[image: image1.png]1.1.1. Jlga Tena GPOCH/IH OJHOBPEMEHHO M3 OJHOM TOYKH: OIHO -
BEPTHKANBHO BBEPX, NPYTOE - MOA YrIoM 9=60" x ropuonty. Hauanshas
CKOPOCTb KaXIOro Tena v, =25 m/c. IlpeneGperas conpoTHBIEHHEM BO3IyXa,
HaliTH paccTosHHe MeXly TenamH uepes f, =1,7c.

Pewenue.
VpaBHeHHs [BHKEHHS NEPBOrO Tella, GPOILICHHOTO BEPTHKAIBHO BBEDX,
HMEIOT BULL:
x=0,
N i
y=vot— >
a ypaBHeHHs IBUKEHUA BTOPOTO Tesa
x=vytcosd,
2

. gt
=vtsing—=—.
Y=Vl 2

K MoMeHTy BpemeHH f, iepBoe Teso GyneT B TOUKe C KOOpAHHATAMH
x =0,

a BTOOE TeJIO - B TOUKe

. &
=Vglosin@—=".
Y2 =Volo 2

PaccrosHue d MexXTy STHMH TOYKaMH PaBHO

d =[x, =% + (3, =3, 2] = voto 2T —sn6) .

Mcnonb3ys 4MCeHHBIE YCIOBHA 3alaud, MOJNy4aeM HCKOMOE DacCTOSHHE
d=22m.

OtBet: d = vytoy2(1—sin6) =22 m.




[image: image2.png]1.1.2. Paauyc-BeKTOp 4YaCTHUBI MEHSETCS CO BPEMEHEM ! MO 3aKOHY
r=bt(1-at), rae b - NOCTOAHHBIA BEKTOP, & - MONOKHTENbHAA MOCTOAHHAS.
Haiiu:

a) CKOpPOCTb V M YCKOPEHHE @ YaCTHLBI B 3aBHCHMOCTH OT BPEMEHH;

6) MPOMExXyTOK BpeMeHH Af, M0 HCTEUYEHHH KOTOPOTO YaCTHIA BEpHETCS

B MCXOJIHYIO TOUKY, & TAKXKE MyThb, KOTOpBIH OHa NPOFiZIET MPH 3TOM.




[image: image3.png]Pewenue
JuddepeHumpys panuyc-BeKTOp HacTHUBI 7 MO BPEMEHH, MOyyaeMm
CKOPOCTb YacTHIbI V B BHAE
v d—r=b(l—2m)‘
dt
anbdepeHunpyd, 3aTeM, MONyYeHHOE BBIPAKEHHE ANA CKOPOCTH HaCTHUbI V
eule pa3 Mo BpEMEHH, NPUXOIUM K BHIPAXEHHIO 11 YCKOPEHHS
a=-2ab.

W3 5THX BBIpaXeHHl BHIHO, YTO BEKTOP YCKOPEHHSA HacTHLbl a
MOCTOSIHEH M HAaNpaBlieH HABCTpey ee CKOPOCTH ¥ H, CIIEJ0BATENBHO, YacTHLA
ABHKETCA paBHO3aMEMJIEHHO. B HeKO‘l‘Oleﬁ MOMEHT BpEMEHH lq yacTvua
JOCTHTHET TOYKH MOBOPOTa, B KO‘I‘OpOﬁ €€ CKOpOoCTh vV oﬁpa‘rmcx B HOJIb.
Vcnosue v =0 onpenenser BpeMs ABHKEHHA YACTHIBI IO TOUKH MOBOPOTa

1
2a°
a paJHyc-BEKTOp TOYKH MOBOPOTA r, HaiIeM MOACTAHOBKOH BpEMEHH I, B

1o

HCXOZIHOE  BbIDaXEHHe, OMNpeliensiollee  3aBHCHMOCTh  pajMyca-BeKTOpa
YACTHUBI OT BPEMEHH
b
bty(1-ary) =—.
0 " 4a
Tak Kak 4acTHIA ABHXKETCA MO MpAMOii JHUK (BekTop b =const), To ee
nyTh 1O MOBOPOTA H OGPaTHO paBeH YJBOEHHOH IUIMHE pajuyca-BEKTOpa I,
TO4KH 110BOpoTa. CrieioBaTebHO, HCKOMBIi MyTh paBeH
L}
2a
TIpomMexyTOK BpeMeHH Af, 110 HCTeYEHHH KOTOPOTO HacTHLA BEPHETCA B
HCXOJIHYIO TOUKY OTIPE/IENSETCS 3 yPaBHEHHS
r=b(1-ar)=0,

T

2Jr,





[image: image4.png]KoTopoe MMeeT 1Ba Kops t=0 u t=1/a. TlepBhlii KOpeHb COOTBETCTBYET
MOMEHTY CTapTa TOYKH, a BTOPOH KOpeHb MOMEHTy ee BO3BpaTa B TOUKY

crapra. [T03TOMy HCKOMBIH MPOMEKYTOK BpeMEHH At paBeH
At=1/a.

Oteer: a) v =b(1-2a1); a =—-2ab.6) At =1/a; s=|b|/2a




[image: image5.png]1.1.3. Touka IBHKETCA, 3aMeUIAACK, N0 MPAMOH C YCKOPEHHEM, MOJYJIb
KOTOPOTO 3ABHCHT OT €e CKOPOCTH v mo 3akony a=avVv, rae @ -
NONIOKHTENBHAA MOCTOAHHAA. B HAUaIBHBIH MOMEHT CKODOCTH TOUKH PaBHa V.

Kakoii myTs oHa npoiizer 10 octaHoBkH? 3a Kakoe BpeMs JTOT MyTh Gymer
npoiinen?

Pewenue
Tak Kak TOuKa JBHKETCA 3aMefACh, TO an(depeHuHanbHOe
YpaBHEHHe, onpejienfioniee 3aBHCHMOCTb CKOPOCTH TOYKH OT BPEMEHH, HMEET
BUA
oy,
dt

Peluenne 5TOTO ypaBHEHHS C Da3NEAIOMMMHCA NMEPEMEHHBIMH, C YYETOM
HaYaJILHOTO YCOBHA V=V, NpH t =0, naeT

Bpems f, 10 OCTAHOBKH TOYKH ONpeeNseTcs u3 yciosHs v =0, oTkyaa

2o

=220
a

Haiinem ypaBHeHue nBHKeHHA TOUKH. [[14 3TOro HanMpaBHM OCh X BIOJb
npAMOi, MO KOTOpOH MBHXKETCA TOouKa M cocTaBuM mHddepeHunanbHOE

YpaBHeHHE ee ABHKEHHS
2
dx ot
v=—=|\vg——| .
dt 2
Pewenne storo YPaBHEHHs HMEET BHJ

' 2
x=J'( Vo—%] dt—l 1\/3—(1 vo—%] N
0

3a





[image: image6.png]a KOOD/IHHATa TOYKH OCTAHOBKH ONPEME/HTCA MOJCTAHOBKO# B 3TO BEIpakeHHe
BPEMEHH JIBHOKEHHS TOUKH JI0 OCTAHOBKH fo BMECTO TEKyLIero BpemerH t. ITyTs
5 MPOIIEHHBIH TEJIOM JI0 OCTAHOBKH KaK pa3 paBeH JTOi KOOpIHMHATE, TaK KaK
TOYKa BILIOTH 0 OCTAHOBKH BCE BPEMA JBHTANach B OIHY H Ty e CTOpOHY. B
pesyJibTaTe NoNyyHM





[image: image7.png]1.4.9. OnHoOpoaHBIii wap ckaTbiBaeTcs Ge3 CKONBKEHHS MO HAKIOHHOH
TUIOCKOCTH, COCTAaBAAIOLIEH yron @ ¢ ropu3oHToM. Haiitn yckopeHne ueHTpa
mapa M 3HaueHHe Kod(pdHuMeHTa TpeHHs k, MPH KOTOPOM CKOJBKEHHS He
6yner.

Pewenue
Cunpl, JeficTBylouHe Ha wap Maccoil m, nokasaHsl Ha puc. 1.32.
VpaBHeHHe IMHAMHMKH JIBHXEHHA UEHTPa MacC wapa B MPOEKUHH Ha OCh X

N HMeeT BHA
Fry mgsina~Fp=ma,
\‘ a OCHOBHOE ypaBHEHHe JMHAMHKH BDALIATeNBHOTO
ZIBHXEHHS Wapa C PaIMyCcoM R OTHOCHTENBHO OCH,
* A npoxoismeii  uepes  €ro  UEHTp  Macc
Prc. 1.32 TeprieHHKYIAPHO TI0CKOCTH pucyHKa,
o onpenenseTcs BeIpaxKeHHeM
do
J—=FyR,
ar Tk

rae J =(2/5)mR* - momeHT unepumu wapa. CrielyeT OTMETHTB, YTO CHIa
Ly

TpeHMs, MeHCTBYIOWas Ha 1ap, 3TO CHIA TPEeHWs TNoKos (Wap He
NPOCKaNB3bIBAET) M MO3TOMY OHA MOXeT, BoOGIe roBops, NPpUHMMaTh JoGoe
3HayeHHe B qwnanasoHe ot 0 1o kN =kmgcosa. KonkperHoe 3Hauenue Fr,
HOMKHO ObITh ONpeneNeHo B pe3yibTaTe pelleHHs NPHBEACHHBIX Bbille
YPaBHEHHil.

JIpyruM HEM3BECTHBIM B PAcCMAaTPHBAEMBIX YPABHEHHSX SBISETCS
YCKOpeHHe LieHTpa Macc wiapa a. [IpuHHMas BO BHUMaHHe, 4TO NPH OTCYTCTBHH
NPOCKATBIBIBAHMA CKOPOCTh LEHTPAa MacC Wapa v CBA3aHA C yIIOBOH
CKOPOCTBIO ~ BpallleHHs @  COOTHOLIEHHEM Vv =@R, KOTopoe mocie
muddepeHupoBaHIS NI BpeMeHH NpuHUMaeT BHA a = (dw/dt)R , npuxomum k
CHCTeMe M3 IByX ypaBHEHHi

mgsin@—Fyp=ma
J(a/R)=FyR.
Pemwas 5TH ypaBHeHHS OTHOCHTENBHO a H Fyy, moyyaem
mgsina 5 .
—F———=2gsina,
/R +m 1
Fyp=(2/T)mgsina.




[image: image8.png]VcnoBHe OTCYTCTBHS MPOCKaib3bIBaHHA Wapa 3To TpeGoBaHHe TOTO,
4TOGBI CHIA TPEHHs HE MPEBHIIANA MAKCHMATbHYIO CHIy TPEHHS NMOKOA, TO
eCcTh




[image: image9.png]\2/7)mgsina <kmgcosa,
otkyma k 2 (2/7)tga.

Orser: a=(5/7)gsina, k>(2/7)ga.

1.4.10. OnHoponnbiii  map Macchl m=50kr ckaThiBaetcs Ge3
CKONbXKEHHA 10 HAKIOHHOH TUIOCKOCTH, COCTaBisiomed yron a=30° ¢
ropusonToM. HaiiTH KHHeTHuecKyio JHeprHio wapa uepes f=1,6c nocne
Havana ABHKEHHS.

Pewenue
Kak cnemyerT u3 mpempiayiieii 3ajaud, YCKOPEHMe LEHTpa Macc Liapa
onpenensietcs Beipakentem a=(5/7)gsina u, cnenosatensHo, Yepes BpeMs ¢
cKopocTh LenTpa wapa Gyner paswa v=ar=(5/7)gtsine, a ero yrnosas
CKOPOCTB BpallleHHA K 3TOMY MOMEHTY BPEMEHH €CTh
w=2= E&Sin a.

R TR

KuHeTHueckas SHeprus wapa B MOMEHT BpeMeHH ¢ GyeT paBHa

w? Jo' 5 55,
——+——=—mgt"sin“a.
22 14

Hcronb3ys unciieHHble laHHbie 3a1auu, nonyyaem T =0,11 k[lx.

Otser: T =%mg212sin2 a=0,11 kJIx.




[image: image10.png]2.1.1. OnpenenuTh HaMMEHbIIIEE BO3MOXKHOE JIaBNieHHE H/IEabHOTO ra3a
B IpOLECCe, MPOUCXOAALIEM MO 3aKOHY T=TD+a/V’. me T, w a -
NOJIOXKHTENBHBIE MOCTOAHHbIE, V — 06beM oaHoro mons rasa. MsoGpasurs
TIpUMepHBIH rpad MK 3TOro mpoliecca B napamerpax p u V.




[image: image11.png]Pewenue.
KomOunnpys ypasHenne mnpouecca T =T,+ av? ¢ YpaBHeHHEM
COCTOSIHMS MJIEANILHOTO Ta3a jyisl oAHOro Mons pV = RT , nonyyaem ypasHeHHe
npolecca B koopauHatax p u V.

R
—L+aRV.
Py

HccnenyeM 5TO  BHIpaKEHHE HA MHHMMYM, JUIA 4erO  BBIMHCIHM
npoussoaHyto dp/dV v NpupaBHSEM ee K HyHO:

dp __RT,
av v?

+aR=0,




[image: image12.png]oTkya o6bem Vo, MpH KOTOPOM AaBienHe MHHUManbHO pasen Vo = [Ty/@, a

HauMeHblUee BO3MOXKHOE JaBIEHHE Py MIEATBHOTO Ta3a B PacCMAaTPHBAEMOM
NpOLIECCE OTPEIENSETCS BHIPAKEHHEM

RT“ +aRV, =2R\[oT, .

Oreer: p,=2R\/aT, .




[image: image13.png]2.2.2. HaiiTH MONApHyl0 MacCy rasa, eciM mpH HarpeBaHuu m=0,5 kr
aToro rasa Ha AT =10 K usobapuueckn TpeGyercs na AQ =148 xlx Temia

Gonblle, yeM NPH H30XOPHYECKOM HAarpeBaHHH.




[image: image14.png]Pewenue.

Konuuectso temna Q), Tpebyemoe npH H306apHueCcKOM HarpeBaHHH Ha
AT, paBHO

m
[} =F/I—£"AT'

Tlpn M30XOpHYECKOM mpolecce HarpeBanus rasa Ha AT notpeGyercs
KOJHYECTBO Teria

m
0= AT
To ycnouio 3a1aun
m m
Q-0 :E(cp —¢,)AT :ERAT =AQ,

OTKYZla HCKOMas MOJIApHas Macca rasa paBHa

_ mRAT

AQ

Hcron3ys YMCIeHHBIE YCIOBHA 3ajauH, nofyyaem M=28 r/mons (a3or).

Otser: M = M=28 /Mo,
AQ




[image: image15.png]2.2.3. OnMH MOJb HEKOTOPOTO HIEATHHOTO ra3a H306apHYeCKH HarpenH
Ha AT=72K, coobums emy konuuectso Terma Q=1,6 kllx. Haiitn
TIpHpAILIEHHE Ero BHYTPEHHEH SHEPIHH H MOKA3ATENb aIMataTl ¥ =, /c, .

Pewenue.
Konuuectso Ttenna Q, TpeGyemoe npH H300apHYeCKOM HArpeBaHHH
OZIHOTO MO rasa, PpaBHO
AT
Q=c,AT= RAT
y-1





[image: image16.png]oTKyna

__Q
Y= o-rar’
2 NpHpauIeHHe ero BHyTPeHHeil SHePruH ONpeeNsieTcs BHpakeHHeM
AU :CVAT=%=Q-RAT4

Hcnonb3ys uncienHsle ycnosus sanauu, nonysaem AU =1 kIlk, ¥ =1,6.




[image: image17.png]Q

O : AU =Q - RAT =1 s YE—— =
TBET: Q kIx, ¥ O-RAT

1,6.




[image: image18.png]2.2.1. Kakoe KONMYECTBO Temjaa Hamo CcooGWMTH a30Ty MpH
H306apHUeCKOM HarpeBaHuy, 4To6bl ra3 cosepuinn paboty A=2,0 Ix?

Pewenue.

KonuuecTso Ternuia, nojysaemoe ra3om npH H306apHyecKOM HarpeBaHuH

Ha AT , onpenenseTcs BbIPaXKEHHEM
0="car,
M
a pa6ota, coBepiuaemas ra3oM npH H306apHOM Mpouecce paBHa
A=pAV =L RAT.
M

Orciona nonyyaem
Ay
7=
Jlns IBYXaTOMHOTO Ta3a, KOTOPHIM sBsercs asor, ¥=7/5 (6e3 yuera

C,
Sy
0=%

KoJneGaTeNBHBIX CTeneHei CBOéolILI MOHCK)’"), MO3TOMY HCKOMOE€ KOJIHYeCTBO
Tena, KOTOPoe Hallo COOGUIMTS rasy, paBHo Q=7 JIxk.

Ortset: Q0 =A—71 =7 JIx.



[image: image19.png]2.3.1. Bo cKOJIbKO pa3 HaZl0 PacUIMPHTh aIHabaTHYeCKH ra3, COCTOSUMi

M3 KECTKHX JBYXaTOMHBIX MOJeKyJ]l, 4TOGBI MX CpEaHAs KBaJpaTHuHas
CKOpOCTh yMeHbLIKIAch B 77= 1,5 pa3a?

Pewerue.
Tlycts HauanbHas TemnepaTypa rasa pasna T, a koHeuHas T». Toraa, no
YCOBHIO 3a71auH




[image: image20.png]Vie/V2w = T[T, =177

Tax kak npu anuaGatuueckom npouecce TV’ = const , To
T =y =

oTkyaa
v,
Vi

HITH, C y4ETOM TOTO, uTO ¥ = (i +2)/i,
Valvi=n'.

JUnsi XKECTKMX JBYXaTOMHBIX MOJNIEKYJl YHCIIO NOCTYNATeNbHBIX CTeneHeit
CBOGOABI Npocr = 3, YHCNO BpAILATENbHBIX CTeNeHeli CBOGOMBI Ny =2, @ YHCIO
KoneGaTeNbHBIX CTeneHeil CBOGOMBI Nyo,=0, MosToMy, i= HnoertNapt2Myon=5.
Taxum obpasom, V,/V, =1,5° =7,6.

Oteer: V,/Vi=n'=7,6.




[image: image21.png]3.1.4. CucTema coCTOMT M3 miapa paauyca R, 3apskeHHOro chepHueckH
CHMMETPHYHO, H OKpYsalowiell Cpe/ibl, 3anoOJHEHHOH 3apAnoM ¢ 0ObeMHOM
TIIOTHOCTBIO P =@/ r, TAe ( — NOCTOAHHAS, F — PACCTOAHHE OT LEHTPa wapa.
Haiith 3apsA wapa, npH KOTOPOM MOZYJb HANPSXEHHOCTH JJIEKTPHYECKOTO
noas BHe WApa He 3aBHCHT OT r. YeMy paBHa 5Ta HANPAKEHHOCTH?
JInoneKTpHYecKas POHHLAEMOCTb BCIOTY PaBHA eHHHLE.

Pewenue
Hanpx)xeuuoc’rb TNoJis BHE LIapa Ha pacCTOSAHHH r ONMpeNenseTcs 3apaaoM
wapa M 3apsoM Cpellbl, 3aKIIOUYeHHOH Mexay cdepamu pamuycoB R u r.
3anumem Teopemy I'aycca:

4m?E, = (g+ [p()amidn)/ e,
R
Tlpou3Benss HHTErpHPOBAHKE, MOTYYHM:
—27aR?
E, qAZ+2/mr)/4ﬂ£0
r
Otcioga  BHOHO, 4TO 3HAaYeHHe 3apsia wWapa, MpPH KOTOPOM
HAMPSKEHHOCTh HE 3aBHCHT OT r PaBHO ¢=270R’, a COOTBETCTBYIOMIAs
HanpsKeHHOCTh paBHa E = a/2¢,.

Orser: g =270R*, E=al2s,.




[image: image22.png]3.1.6. VimeroTcst B TJIOCKHX MPOBOJIOYHBIX KOJIbLA paauyca R kaxnoe,
OCH KOTOpBIX COBMAJaKT. 3apsasl konel paBHbl ¢ M —g. Haiitn pasHocts

NOTEHIHMANIOB MeXIy LUEHTPaMH KOJell, OTCTOSWMMH JPyr OT Apyra Ha
paccrosiuue /.

Pewenue
OGO3HAUNM TOUKAMH «a» H «b» LEHTPBI MONOKHTENBHO H OTPHUATENBHO
3apsmkeHHBIX Kojiell, TOrna H3 CHMMETPHH 3a71a4H ClIeNlyeT, uTo:

o= |L L | 54—
iR Jear) P

Orcioza Nerko HaiTH Pa3HOCTh MOTEHLHANIOB.

Omer: Ap=—d_(L___1 _
276, (R JR*+17





[image: image23.png]3.1.11. ToTeHUHaN 3MEKTPHUECKOTO MONS HMEET BHA @ = Q/(xy — %), e

@ — nocrosHHas. HaiiTH MpoekuMIo HaMPSKEHHOCTH 3JIEKTPHYECKOrO Mojs B
Touke M{2,2,~3} Ha Hanpasnenue Bextopa @ =i +3k .

Pewenue
TIpoeKuHH HaNPAXEHHOCTH NOJIA HaiizieM ¢ noMombio popmysi (3.1.2):
E,=-ay, E,=-ax, E,=20z.

Tpoekuus E, HaNpMmKEHHOCTH HA HANpaBICHHE BEKTOPA @ MOKET OBITh
BBIpAXEHa yepe3 CKalspHoe npoussenehue: E, =(aE)/a (momyns sektopa a
pased 10). Otciona Haxonum Hckomyio npoekumo: E,=a(6z-y)/ 10.
TloacTaHoBKa KOOPAMHAT TOUKH M NPHMBOIMT K OKOHYATENLHOMY OTBETY
E,=-19a/ 10.

a

Otser: E,





[image: image24.png]3.3.3. Haiiti eMKOCTb CepHuEcKOro KOHIEHCATOpa, panychl 0GKIIaok
KOTOPOTO PaBHbI @ H b, IpHYeM @ <D, el NPOCTPAHCTBO MEKIY OOKIaIKaMH
3aMoHEHO:

) OZIHOPO/IHBIM JIHDJIEKTPHKOM C MIPOHHLLAEMOCTBIO &

6) AM3NIEKTPHKOM, NPOHHLAEMOCTE KOTOPOTO 3aBHCHT OT PACCTOSHHS T

OT LieHTpa KOHAEHCATOpa KaK £ = @/ r, & — MOCTOAHHas.




[image: image25.png]Pewenue
H)’C‘Tb 3apsj KOHIEHCaTopa paseH g. Torna INIEKTPHYECKas HHAYKUHA
BHYTPH paBHa D:q/AlD‘z, a HanpsxeHHocTs nons E = D/ g,e(r). PasHocts
MOTEHUHANIOB MeX]y Chepami B CBOIO OYepe/lb paBHa
b

U = [Edr,

a emkocth C=q/U. Takum oOpasoM a1 €MKOCTH HMeeM Cleayloliee
BBIDAKEHHE!

Tposons uHTerpuposanue Jns  ciysaes a) u  6), monyunm
COOTBETCTBYIOLIHE EMKOCTH.
Ortser: a) C =4neg,abl/(b~a), 6) C=4xag,/Inb/a).




[image: image26.png]3.5.1. Tok I TeyeT BIOML JMHHHON TOHKOCTEHHOH TpyObI pammyca R,
MMeIOLLeH N0 BCeH IHHE MPOJIONBHYI0 Npope3b WHPHHEL i . Halith nuaykumuio
MarHHTHOTO MOJsi BHYTPH TPYOBI, ecni h << R.

Pewenue
M3 TeopeMbl O LMPKYIsILMKH BEKTOPA MarHHTHOH HHYKUHH ClEyeT, 4To
BHYTpH TpyObl Ge3 mpope3d MAarWMTHas MHIyKUHMs paBHa Hymio. Takum
o0pa3oM, HHAyKUHs B TpyOe ¢ npopesbio paBHa 10 aGCONIOTHON BeTHUHHE




[image: image27.png]HHIYKUHH, CO3IaBAEMOl TOKOM, TeKylMM bl MO BhIpE3aHHOH 4acTH TpyGbI.
DTy MHIYKUHIO HaiiieM 1o Teopeme O uMpKy.simH. ToK, KoTopblii Tek Gkl no
BLIPE3aHHOI YacTH TPyObi, pasen I, = [h/27R, te R — paccTOAHHE OT TOUKH

HabmozieHus 10 npopesu. B 3ToM cnyuae Teopema o umpkymsuuu (3.5.2)
npHHHMaeT BUI: 27RB = ], Otciona Haxonnm B = plh/ 47 R?.

Otser: B = yu,lh/47°R?.




[image: image28.png]3.6.4. KaTyuwky MHAYKTMBHOCTH L M COMPOTHBIEHHS R MOMKMOUHIN K

HCTOYHHMKY MOCTOSHHOTO HampskeHHs. Uepes CKONBKO BPEMEHH TOK uepe3
KaTyWKy OCTHTHET 7] = 0,5 yCTaHOBHBIIErocs 3HaueHHA?

Pewenue
B Haweii uenu aefictyior IJIC HCTOUHHKA MOCTOSHHOTO HAMPAXKEHHS £
u DJIC caMOMHIAYKUWH. JINs ONpefeNeHHs 3aBHCHMOCTH TOKA OT BpeMeHH
BOCTOJIB3yeMCS 3aKoHOM OMa 15 3aMKHYTO# LemnH:




[image: image29.png]E-L a =IR
dt
Pewas 310 auddepeHunanbHoe ypaBHEHHE CTAaHIAPTHBIM METONOM
pa3feneHHs TMepeMeHHbIX C y4eToM HauaibHoro ycnous [ =0 npu r=0,
MOJTy4HM 3aBHCHMOCTS I(1):

1= i(hexp(—— ﬁt)j

VcraHosuBlieecs 3HaueHHe Toka paBHO E/R. Otcioma ypaBHeHHe mns
onpeneNeHns BpEMEHH ! HMEET BUIL!

n=1-ex (_R’)
P| L

Orciona Haiinem Bpems t =—(L/R)In(1-7).

Orger:

=—(L/R)In(1-17).




[image: image30.png]5.3.2. Mexay TOYEYHBIM MCTOYHHKOM CBETAa M JKPAaHOM MOMECTHIH
nHadparMy C y3KHM OTBEPCTHEM, PAJHYC KOTOPOTO r MOXKHO MEHSTb.
PaccrosHus OT auadparmbl 10 HCTOYHHKA M 3KpaHa paBHbl a=100 cM u
b=125 cm. OnpeneIuTh [UIHHY BOJHEI CBETA, €CIIH MAKCHMYM OCBELIEHHOCTH B
UeHTpe AM(PAKLMOHHOH KapTHHEI Ha dkpaue Habmonaercs npu r=1,00 M u
cliefytomHii MaKCHMyM nipH r5=1,29 M.

Pewenue
TIpeAnoNoXHM 4TO TPH 7 =7} JIA UEHTPANIBHOH TOUKH IH(DPaKUHOHHOMH
KapTHHBI Ha OKpaHe auadparma otkpeiBaer m 30H ®penens. CormacHo

dopmyre (5.3.1)

ab
= . 1
n ‘a+bml )

Cnenyromii MakcuMyM nipu r = r, Gynet HabmonaTecs, Korja uncio
OTKPHITEIX 30H DpeHes yBETUUHTCA Ha JIBe

2

Bo3Boas ypasHenns (1) i (2) B KBajpaT 1 BLIYHTAs MIOC/E 3TOTO U3 MOCIEAHErO
YPaBHEHHA MEpBOE, MONYyYHM

2abA

a+b
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=0,6 MKM.
2ab

Ortser: A=




[image: image32.png]7.1.4. TIpH nOO4EPEIHOM OCBEIIEHHH MOBEPXHOCTH HEKOTOPOTO MeTallia
cBeToM ¢ amuHaMu BOH A= 0,35mkm u A,= 0,54 MKM 0GHapyXHiH, uTO
COOTBETCTBYIOWHE MAKCHMANIBHBIE CKOPOCTH ()OTO3/IEKTPOHOB OTIHUAKTCA
apyr ot apyra B 77 = 2,0 pasa. Haiitu paGoty BeIXOaa C MOBEPXHOCTH 3TOTO
MeTanna.

Pewenue
C nomowsio popmya (7.1.1), (7.1.3), (7.1.4) naxonum
2 2(2zch
Vinax ) —A|,
TJie m — Macca 3MeKTPOHa, A — JUTHHA BOJIHBI MA/IAIOLIETO H3NyYeHHA. Boiuncss

OTHOIEHHE MAKCHMAlbHBIX CKOPOCTEHl 3NIEKTPOHOB, COOTBETCTBYIOIHX
JNMHAM BOTH Ay 1 4,

Yimax

Vamax
TofTyyaeM ypaBHeHHe

H3 KOTOPOTO HaXOIUM




[image: image33.png]Zzt'ch(rf/i1 —22)
A=———r .
(1)

TloncTaBass YHCAEHHbIE 3HAYEHHS BEHYHH, HMeeM A = 1,9 3B,

2;!071(7]211 -Ai)
Ay (n? 1)

Otget: 4= =199B.




[image: image34.png]7.4.1. DneKTpOH C KHHETHYecKkoii sHeprueil T =45B nokamu3oBaH B
obnacth  pasvepoM /=IMkM. OUEHHTb C TOMOUBIO COOTHOLIEHHS
HeonpeneneHHOCTeﬁ ‘OTHOCHTEJIbHYH0 HEONPENENIEHHOCTh €r0 CKOPOCTH.

Pewenue
Tonaras B dopmyne (7.4.1), Ax=l, Ap, =mAv, nomyuaem mis

HeomnpeneJIeHHOCTH MOAYJIS CKOPOCTH 3JIeKTPOoHa hopMyny




[image: image35.png]h

Avz—, (1)
ml
fe m- Macca ONEKTPOHa. VuHThiBad, uTO No yciopHio 3amaun T <<mc,
HaXOUM v=vJ2T/m. Takum obpasom, s OTHOCHTENBHO#H
HEONpE/IeNEHHOCTH MOy CKOPOCTH 3JIEKTPOHA MOJTy4aeM OLEHKY
Av h
— = —— 2)
v IN2mT
TIOACTaBNAA YHC/EHHBIE 3HAYEHHS BETHYHH, HAXOAMM Av/
Av h
Otser: — 107,

v IN2mT




[image: image36.png]7.5.1. YacTHua Macchl m JBHXETCA MO KPYTOBOi OpOHTE B LEHTPaNbHO-
CHMMETPHYHOM TIOJTe, TAle ee MOTeHUHANbHAN IHEPTHSA 3aBHCHT OT PACCTOSAHHA &
n0 ueHtpa nons kak U :xrz/Z‘ K- MONOXHTeNbHas nocrosHHas. Haiitu ¢

nomouslo GOPOBCKOTO YC/IOBHS KBAHTOBAHHA BO3MOKHBIE PalHyChi OPOHT H
3HaYeHHE MOJIHOH SHEPTHH HACTHLBI B JAHHOM TloJle.

Pewenue
Cuna, HeficTBylollad Ha 4acTHUy B JAHHOM TNOTEHUMAIBHOM ToJe,
OMpeNeNseTCs BbIPaKEHHEM

F=-VU(r 1

rae r- paaMyc-BeKTOp 4YacCTHLbI. Hpeunonox(um, YTO YacTHUA NBHXETCA No
kpyroBoii opGure. CornacHo ycnosuio kaHToBaHMs Bopa (7.5.1) paamyc
OpGHTBI 1, IOJKEH GBITH CBA3AH C MOJyJIEM CKOPOCTH V COOTHOLIEHHEM

mvr, =nh, )

rae n = 1,2,... - TIaBHOE KBAHTOBOE YHCIO, MPHHHMAIOLIEE LEOUHCIEHHbIE
3HayeHus. C Apyroii CTOPOHBI, 3amHileM oObIMHOE KIACCHYECKOE ypaBHEHHe,
CBA3bIBAIONIEE CKOPOCTh H PAHyC OPGHTHI MPH IBHKEHHH YaCTHLBI B CHIOBOE
none (1) (BTopoii 3akoH auHamuku Hetotona)

m V2

=kr,. 3
Ta

C nomowsto popmy (2), (3) Haxoaum

hn . @
m

rae (uo=JK/m. W3 paseHctBa (3) cneayeT, YTO KMHETHYECKAas SHEPTHS
BBIPAXKAETCA Yepe3 NOTEHUHAIBHY 0 S3HEPTHIO COOTHOLLIEHHEM
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Tlo3TOMy MOJHAsA SHEPTHS YACTHLbI B COCTOSHHH C TJIABHEIM KBAHTOBBIM
YHCIIOM 1 paBHa

2
Enzﬂz"—+u(r,,):zz/(rn):ho,\,n, ©)

3 E, =hayn, tae @y=\k/m,n=12...

Otser: 1, =





