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DT0 mocobue NnpejHa3HAYeHO JJId CTYJIEHTOB 1 Kypca XUMHYECKOro ¢a-
kyJsbTeTa Mockosckoro ['ocynapcrsennoro YauBepcuteta nuMenn M.B. Jlomo-
HOCOBA, MOCEMAIONNX (paKyIbTATUBHBIA Kypc 1o dhuzuke. OHO IPeacTaBIsIer
c000# KOHCIEKT JIEKIUil, KOTOPbIE YuTaeT aBrop. Jlag narisanoit uuiocrpa-
UK 3aKOHOB U JIYUIICI'O UX INOHUMaHUA PaCCMaTPUBAIOTCA HEKOTOPLIE 3ada-
qu. [lenb 3TOro Kypca coctouT B TOM, 4TOOBI ITOMOYDb MOBTOPHUTH (DH3UKY
TeM CTyjJeHTaM 1 Kypca, KOTOpble He CIaBajd COOTBETCTBYIOIIME dK3aMeH
o BbIOOpY. OJTHOBPEMEHHO € STHUM, JAHHBIH Kypc MOXKeT ObITh MOJIe3eH H
OCTAJIbHBIM TIEPBOKYPCHUKAM, HOCKOJIBKY B HEM MPUMEHsIeTCsl 0oJiee CJI0XK-
HBIA MaTeMaTHYeCKUil anmapar, 4eM B paMKaxX IMIKOJbHOTO Kypca.
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4.3 ®opmMmysa TOHKOM JIMH3BI

OI'JTABJIEHHE



I'taBa 1

Mexannka

1.1 Knmemaruka

Kunemaruka — pasjes MeXaHUKHU, M3ydAIOINl JBUzKeHUEe Tejl 063 aHam3a
HPUYHH, 00YCIOBIUBAIONINX ITO ABMKenue. [Ipocreiineit momenbo dusnye-
CKOTO TeJsia ABJsieTcst Marepuaibias Touka (MT). Dro reso, pazmepamn Ko-
TOPOT'0 MOXKHO TIpeHeOpedb B YCIOBUAX JAHHON 3a1a9d.

X

Puc. 1.1: TTosioxkenune M'T B MOMeHTBI BpeMeHU t1 u iy

[Hosioxkenue MT B ipsiMmoyro/ibHO JIeKapTOBOI cUCTEMEe KOOPAUHAT 3313~
eTCd PaanyC-BEKTOPOM, NPOBEJICHHBIM W3 HaYaJ1a KOOPAWHAT K JAHHON TOY-
Ke. Pa;myc— BEKTOPD MOXKHO 3alluCaTh Yepe3 IPOeKIUN Ha OCU U € JUHUYIHBIC
BEKTOpPA, HAIPABJIEHHBIE BI0Jb KOOPAMHATHBIX OCeil:

m(t) = x(t) - ex +y(t) - €, + 2(t) - €2, (1.1)

rje €,,€, U €, eJJMHIYHble BEKTOPa BIOJb OCeil T, Y U Z COOTBETCTBEHHO, &
z(t), y(t) n z(t) mpoexnuu PAIUYC-BEKTOPA HA COOTBETCTBYIOIINE OCH.



2 I'JTABA 1. MEXAHHKA

Ha puc. 1.1 nyukrupom obo3nadena tpaekropus asuzkenus M'T. 113 To-
ro yKe PUCYHKa BHIHO, YTO BEKTOpP IepemelmeHus A7 3aBHCHUT OT BbIOOpa
MOMEHTOB BpeMeHH ti u to. [loaTOoMy, ycTpemsss nHTepBaa BpeMeHH K Hy-
JIO, MbI IIPUXOJIMM K IMOHATHIO MITHOBEHHOU CKOpocTu. Mruosennas cKopocTh
MT ecth nepBasi NpON3BOAHASA PAJINYC-BEKTOPA 10 BpeMeHu. B j1ekapToBoii
cucTeMe KOOp/IMHAT:

I AT dr
(*) T A0 AL dt
IJie MPOEKINN BEKTOpa CKOPOCTH Ha KOODAMHATHBIE ocu v, = &(t),v, = y(t)
u v, = Z(t) ABASIIOTCS TPOU3BOJHBIMU [0 BPEMEHH COOTBETCTBYIOMIMX CKa-
JIAPHBIX (DYHKITHI.

Touro Tak ke MBI ONpPENEaAeM BEKTOP MOJTHOTO YCKOPEHWs, KaK MPON3-
BOJIHYIO CKOPOCTH II0 BPEMeHU:

U Uy - €x + Uy - € + U, - €L, (1.2)

AT dv
alt)=lim — = —=a,-€,+a,-€,+a,-e. 1.3
=M ar =g~ Gt a Gt g (1.3)
[JIe UPOEKIMU BEKTOPA YCKOPEHHs Ha KOODJAMHATHbIE OCH 4, = Ug(t) =

i(t)aay = vy@) =ij(t) ma, = v.(t) = £(t)
Hanmpuwmep, i paBHOYCKOPEHHOTO JBUYKEHUST BIOJIb OCH Y-

1
y(t) = yo + vo,t + §ayt2 (1.4)

vy (t) = voy + ayt
ay(t) = a,

Motysib 1106010 BEKTOpa HAXOJAUTCS, KaK KBaJIPATHBIH KOPEHb U3 CYM-
MBI KBaJIPATOB HPOEKIHH BEKTOPa Ha OCH KOOpAuHAT. [JIsd MOy BEKTOpA

VCKODEHUSI:
@] = /a2 + a2 + a2. (1.5)

[IpoiiieHHbBIH IYTH § MOXKHO HaiiTH 10 bopMmyJie:

[2)
s:/ \/ V2 +vp + vidt (1.6)
t1

—

1. Pammyc-sextop MT onpenenserca BuipazkenneM 7 = 3t - €, + 4t2 - €y +
7 - €, (M). Boraucsauts a) nyth s, npoiigennsit MT 3a mepsbie 10 ¢
JBHZKeHHsI, 0) Moy b nepemeriennst |Ar] 3a 910 BpeMs, B) 00bACHATH
HOJIYYEHHBIA Pe3YJIbTAT.

3agaun
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2. Kommonentsl ckopoctn MT m3MeHSIOTCI CO BpeMeHeM I10 3aKOHAM:
Ve =VWy-coswt,V, = Vy-sinwt,V, = 0, rne Vy u w — koncranTel. Hajitu
MOoayIb ckopocTu M'T, MOy Ib YCKOpPEHUs, a TaKKe YToJI Me¥KIy BEKTO-
paMu CKOPOCTH U ycKopeHusi. Ha ocHOBaHWMM TOJIyIeHHBIX Pe3y/IbTaTOB
cJenaTh BeIBOJL O xapakTepe jaBuzkenns MT.

3. Jlpuraresib pakerbl cOOOIAeT eff npu B3JIETE MOCTOSIHHOE YCKOPEHUE
@, COCTABJIAIONTEE YTOJI (v ¢ TOPU3OHTOM. Uepe3 BpeMs T TOCIe CTapTa
JIBUTATEIb BhIK/TI0YaloT. Halitu paccrosguue L MexKIy TOYKAMHU CTapTa
U IaJeHusl pAKeThl, CUATAs, 4TO €€ JIBUKEHUEe HAYaI0Ch Oe3 Hava IbHOR
CKOPOCTH.

Pemennuga

1. Jns orera Ha myHKT a) BocmoJb3yemcsa 1.6. st sToro cmepsa pac-

canraem: v, = 6t,v, = 8t, v, = 0.
10

VnTerpupoBanmue JaeT: s = f010 V6412 + 36t2dt = % = 500 M.
0
OtBevas Ha BOHOPOC MyHKTA 6), BoCmoJb3yeMcest hopMyJIoii st ompe-

JIeIeHUsT PACCTOSTHUS MKy TOUKAMIU:
AT = /(29 — 1)+ (y2 — y1)% + (22 — 21)? = V3002 + 4002 + 02 =
500 wm.

Y106Bl OTBETHTH Ha BOIPOC MYHKTA B), HY’KHO BBISICHUTH 10 KAKOii
TpaekTopuu asuzkeTcd MT. [lockonbKy KoopauHaTa 2 He MeHseTcd O
BpeMeHeM, TO JIBUZKEeHHe TMPOUCXOIUT B IJIOCKOCTH 2 = 7. TpaekTopus

_ 4 " .

upejcraB/isger u3 ceds upamyio y = . [losromy mpoitnenusiii myrnb
COBIAIAET MOJIYJIEM BEKTOPA MEePEeMeIeHH.

2. Mojysib BeKTOpa CKOPOCTU U YCKOpeHud HaiijeM 110 (gopmynam 1.5.

0] =/ V2 + V7 + V2= \/%Q'Cos2wt+%2-sin2wt =V
|| = \/ az "‘GZ + a2 = \/(—Vow)QsinQ wt + (Vow)? cos? wt = wVj

CxaJisipHoe 1pou3sBejieHne HallEM 1o dhopmysie:

(0-@) = vyt tvy-a, = — Vi -cos(wt)-w sin(wt)+ Vi -sin(wt)-w cos(wt) = 0

Takum ob6pa3oM, BeKTOpa U U d B3aHMHO OPTOTOHAJBHBI. A ¢ ydeToMm
TOr0, YTO KOOPAMHATHL L U Y TOKE MEHSIOTCI 110 TAPMOHUYECKOMY 3a-
KOHY, TO MO2KHO II0Ka3aTb, 4YTO OHHU YJA0BJICTBOPAIOT KaHOHUYCCKOMY
2?2 = (%)% u MT
ypaBHEHHIO OKpyzKHOCTH: 1° + y* = (=2)". W3 aroro crenyer, 1ro
JIBUZKETCS 110 OKPY?KHOCTH PaJuyca ~* ¢ HOCTOAHHOR M0 MOJYJIIO CKO-

pocthio Vj.
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Puc. 1.2: Tpaekropus moJiera pakeThl.

3. PazobbeM 3amady Ha JBe BCIOMOTATEILHBIC: NMPSMOJIHHEHOE IBUZKE-

HHUe Ha 1-OM ydJacTKe W ABHYKEHHE 110 IapaboIHdecKOi TPaeKTOpUU Ha
2-om yuactke (cm. puc. 1.2). Torma L = Iy + lo. TTockonbky apuzkenne
Ha 1-OM ydYacTKe BIOJIb OCH X PABHOYCKOPEHHOE K 6e3 HavasbHOI CKO-
pocTH, TO cormacHo 1.4 nmeem: [ = %%TQ. (@ - MPOEKIIUST YCKOPEHHUSI
Ha OCh ).
JIBrzKenue BIo/Ib OCH T Ha 2-OM y4aCTKe SBJISeTC PABHOMEPHBIM, T.€.
HPOUCXOIUT ¢ HOCTOAHHON CKOPOCTBIO Vg, KOTOPAS HMOJYyYeHA B KOHIE
1-oro yuactka. IToaromy ly = v, ts. 3aech ty - BpeMd 1oJ1eTa Mo mapo-
OaIMIecKOil TPACKTOPUH [0 MOMEHTa IaJeHud. Bpems moJera Haiigem
U3 YCJIOBHUS:

1
0:H+wm—§m2

voy £ /5, + 29H

g

t1o =

Qu3nyuecKnii CMBICJ UMEET TOJBKO MOJOKHUTEIbHBIT KopeHb. [loaTomy
ly maiimeno. Ocraercst TOJIBKO BBIPA3UTH HAYAJIBHYIO CKOPOCTH Ug, =
@, T Ha BTOPOM YYaCTKe M MaKCUMAaJbHYIO BLICOTY IOAbeMa Ha l-oM

H=%"0 :
yaactke H = =5—. OKOHYIATENIHLHO MOJIYIUM:
1 gy T2 g
L= a7+ (1+,/1+2),
2 g ay

LIe a, = aCcos, a, = asina.
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1.2 JImHamMuka

MSyan MeXaHn4eCKOe ABUZKEHUE, JHUHAMHUKa BbIACHACT IIPUYXUHBI TOI'O WUJIAU
NHOI'O XapaKTepa 9TOro ABUzKCHU . OHI/I O6yCﬂOBﬂeHBI BSaI/IMO,ZLefICTBI/IeM MeZK-
ay tenavu. Mepoii B3anMoJeHcTBUAS Teja ¢ OKPYKAIONUMHU €r0 TeJaMHu |
noJisiMu sBJsgercs cuta. B cucreme CU ona m3mepsiercs B HpioTonax (H).

Cuet 1o TpupoO/Ie OBIBAIOT TPABUTAIMOHHBIMH, 3JIeKTPOMATHATHBIMH, A/1€P-
HBIMH U CJa0BIMU. ZLBEL IoCJIieAHUX TUIla IIPOABJIAIOTCA JIMIILb Ha MaJIbIX pacC-
CTOAHHAX, KOI'Ia 3aKOHDbI KJACCA9eCKON MeXaHUKNA HEIIPpUMEHUMBI. Takum 00-
pa30M, IIpU peHieHuun 3ada4 Mbl UMeeM J€JI0 TOJbKO C JABYMdA IEePBBIMH TH-
IIaMHU: FPABUTAIMOHHBIMHY - CUJI& TAKECTH H BCEMH OCTAJIbHBIMU, HMEIOIUMU
3J1eKTPOMArHUTHYIO IPUPOJLY.

OCHOBHBIMHU 3aKOHAMHU JIMHAMUKH sIBJISIIOTCsE Tpu 3akoHa Hpiorona. Ilep-
BBIII 3aKOH IOCTYyJIUpyeT CyIIeCTBOBaHUE HMHEPHUAJIBbHBIX CHUCTEM OTCYeTa, B
KOTOPBIX CHPaBEJIMBLI JIBA JPYIUX 3aKOHA HBIOTOHOBCKOM jguHamMuku. [lep-
BBIIl 3aKOH IJIACHUT:

CYULECMBYIOM CUCTEMDL OTNCYEMEA, 6 KOMOPLLT MEAO J6UNCETNCA NPAMOAU-
HetiHO U PABHOMEPHO, eCAU Ha He20 He delicmeyrom dpyzue meaa UL UT
deticmeue CKOMNEHCUPOBAHO.

Bropoit 3ak0H CBA3BIBaeT BEKTOPHYIO CYMMY CHJI, JeHCTBYIOMINX HA TEJIO
u yckopenue Tesa. Hamomunm, aTo B cucteme ClU yckopenme m3MmepseTcd B
M/c?.

Yewopenue meaa nponopyuonasbho pasnodeticmsyrou,eti cul, NPULOHCEHHBLT
k meay. Koaddunyuenmom nponopyuonasvrocmu A6AAEMER UHEPMHAA MAC-
ca m. OcHOBHO eauHuIEH nu3Mepennsa macchl B cucreme CU apasercs Kuio-
rpamm (Kr).

SF = ma (1.7)

Tperwuit 3akon HrloTona ycranaBiuBaeT B3aUMOCBS3b MEKIY CUJIAMU, C
KOTOPBIMH TeJIa JeiCTBYIOT JAPYr Ha JIpyTa.

Fiy = —Fy, (1.8)

Tenra 63aumM0deticmsyOm ¢ CUAGMU PABHBLMU NO MOOYAIO, HANDPABAEHHHLMU
8 NPOMUBONOAONHCHBLE CMOPOHDL. IMU CUNDL NPUNOHCEHDL K DASHBIM TEAAM,
HO UMENM 00HY U MY dHce Npupody.

Hasee mpemiaraores 3ajadn Ha guHaMuky. Cpegw HUX eCThb 3aa4d C
OJI0KaMu, TJe BCIOAy OJI0K CUMTAETCSA HEBECOMBIM, a B OCH OJIOKA OTCYTCTBYET
TpeHue. HI/ITI/I CHUTAIOTCA HEBECOMbBIMU U HEPACTAZKUMbIMH.
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Sagaun

1. C kakum yCcKOpeHHeM U B KAKOM HaIpaBJIEHUU OYIyT IBUIAThCA IPY3bI
¢ MaccaMu mq W ma (Mg > My), €CoU STH T'PY3bl CBI3aHBl HUTHIO,
HEPEKMHYTON Yepe3 HermojABHKHBIA 0J0K? (cM. puc. ¢ Grokamu 1)

2. Haiitu cuny narsxkenus 1 HUTH B yCTpOHCTBe, H300parkeHHOM Ha PHC.
2, eciu Maceol Test my — 100 1, me = 300 1.

3. Haiitu yckopenus TeJ, n300pazkeHHBIX Ha puc. 3. Maccol e my = 100
r, mg = 200 r 1 mg = 300 1.

4. Haiitn yckopenue OpyCcKa COCKaJIb3bIBAIONIEI0 ¢ HAKJIOHHOM IIJIOCKOCTH,
cocrapjgionieit yroan « ¢ ropusontoM. Koaddumnument cyxoro rpenuns
MeyKJIy MOBEPXHOCTBIO OPYCKOM W HAKJOHHON IJIOCKOCTBIO paBeH o >
arctan(p).

5. HaiiTn MUHUMAaIBHYIO CKOPOCTH TeJa, uMes KOTOPYIO, OHO OyJeT JBH-
rarbCs MO Kpyrosoit opbure Bokpyr 3emun. Macca 3eman M = 5,97 -
10%* kr, pagmyc OpOMTHI CUMTATH PABHBIM pagmycy Jemsm R = 6400
kM. [pasuranuonnas nocrosunas G = 6,67 - 10711 m3 /(kr-c?).
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Pemenuga

1. Jlng perienus 3aadu BOCHOJIB3YeMCsl 3aKOHaMU juHamuku (cM. 1.7
1.8). TIpu perennu 3a1ad HaM MOTpebyeTcss BHIOPATH KOODAWHATHbIE
OCH M 3alucaTh 2-oi 3aKOoH HbIOTOHA B IpoeKIUH Ha 3TH ocu. Kpo-
Me ITOr0 MOXKeT MOTpebOBAThCS ypaBHeHWe KHHEeMAaTu4IecKoit csa3u. B

JIAHHOM CJIy4ae HalpaBUM OChb Y BEPTUKAJILHO BHU3, U JJId KaXKJIOrO
rpy3a 3amwuiineM BTOpoit 3akon HbioToma B mpoekinuu Ha 3Ty och. Ha
KK/l TPY3 AelCTBYeT CuJia TAXKECTH W HAaTAKeHWs HUTH:

mig — 11 = miay

mag — 1o = maas

YUHTBIBAA TO, YTO HUTH U OJOKH HEBECOMBI, a TPeHHe B och OJ0Ka OT-
CYTCTBYeT, Mbl MOYKEM 3aK/IOUUTb, 4o cujia 1) pasHa 1o Moy/io Th.
Ecau ke yunrniBaTh Maccy OJI0Ka WM TPEHHE B OCH, TO HEOOXOINMO
3aMncaTh ypaBHEHUE JTUHAMUKH BPAIATEILHOTO JBUZKEHUS JJIsT OJI0KA.
DTO JACT MOMOJHHUTETbHOE YPaBHEHUE CBA3M JJId CUJ HATAZKEHUs, HO
DU STOM OHU He OYAYT paBHBI ApyT ApyTy. [lo yeaosuio Hamreil 3axaqn
9TO ypaBHEHUE He TpedyeTcsl YUUTHIBATD.

A ypaBHeHWe KHHEMATHYIECKON CBSI3U HAM MOHAIOOUTCs, ITOOBI CBsi-
3aTh MPOEKINN YCKOPEeHUH a1 u as. g 3roro Ham norpedyercst ycJio-
BH€ HEPACTAKUMOCTH HUTH: Y1 (t) + yo(t) = [. Dra 3ammuch o3HAdaeT,
YTO CyMMa KOODJIMHAT T'PY30B Y1 W Yo BCerJa paBHA JJIWHE HATH .
[IpomudbdepennupoBaB IBaXKIbI IO BPEMEHU, MOJIYUUM: a1 + ag = 0.
[ToscraBisist 3TM COOTHOIIEHUS B CHCTEMY, PEIIUM €€ OTHOCUTE/IHHO ('
my — Mme

ap = g
m1+m2
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OtmeTnM, ITO B cIydae paBeHCTBA Macc, I'PY3bl He OYAYT UMeTh YCKO-
penus. [Ipu BeIMOTHEHNST HEpaBeHCTBA My < My YCKOPeHUe OYIAeT HMeTh
JpYroi 3HaK.

2. Pemrag 3a1a4y ¢ OMHUM IOJBHKHBIM U OJHIM HEMOIBHKHBIM OJIOKAMI
MOJIYIHM AHAJOTHIHYIO CHCTEMY YPaBHEHMH, HCIIOAb3Ys BTOPOH 3aKOH
Hpiorona. Cuta HaTs:KeHUs HUTH TEPEeKUHYTHIH depe3 oba OJI0Ka U

//// e S // - ///
I Y R 1t
T T AT
1 1 . 1
T
2
ps |
e W,
29' Y

TOM, HA KOTOPOI MOJBEIeH BTOPOit OYyAyT CBsA3aHbI CJIeAYIONUM 00pa-
3oM: Ty = 21%. D10 gBIgETCS CJIEICTBAEM HEBECOMOCTHU IIOABHKHOIO
6/10Ka. A ypaBHeHHe KHHEMATHYECKOH CBI3M B JAHHOM ciydae Oymer

BHITVIIJETh TakK: a; + 2a; = 0. Pemasa cucteMy, TOJIYYUM IS CHJIBI
HATI KEHUSI: 3
mims
Th=———g
4my + mo

3. g aByX HENOIBHXKHBIX M OJIHOT'O IOJBUXKHOIO OJIOKA aHAJOTHYHO
IpeIBIIYIIAM 3aa9aM 3aluIIeM CUCTeMy ypaBHeHuit. B obmem ciydae
oHa OyJieT COCTOSATh U3 ISATH ypaBHEHUi: Tpu 10 2-oMy 3akony Hbro-
TOHA, JIJIA KayKJIOT0 T'Py3a, OJHO JJIsi HEBECOMOT'O MOABUKHOTO OJIOKA 1
ypaBHeHUe KMHEMaTU4IeCKOH CBA3M.

(
mig — 11 = miay

mag — Ty = maay
mzg — Ty = mgzas
Ty = 2T}

ay +2ay +az =0

\

Y100HO 1OJCTaBUTh 4YeTBEPTOE yPaBHEHUE BO BTOPOE U PEIIUTH CH-
CcTeMy W3 YeTbIpexX ypaBHEHUN OTHOCHTETBHO YeTHhIPEX HEM3BECTHBIX
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ai, as, as, Th. Ilo ycgoBuio 3ajaqm HAC HHTEPECYIOT TOJIBKO YCKOPEHHUS.

mimeo + 4m1m3 - 3m2m3

ay =
mimse + 4m1m3 -+ moms
mimseo — 4m1m3 + maoms
g =
mima + dmims + mams
—3mims + 4dmims + mams
as =

mims + dmims + mams

4. Jlng perieHus 3aJa9d PO HAKJIOHHYIO ILIOCKOCTH HAM IOHAJI00HTCS

3anncaTh 2-oif 3akoH HploToHa B TpoeKnuu cpasy Ha ocu xr u y. Ha
OpyCOK JefICTBYIOT CHJIBI: TSKECTH Mg, peaknuu Oomopbl N m cyxoro
rpenud [y,.. B Bexropnom Buje 2-oit 3akon HeloTona nnsa Opycka:

AN y 4

mp mg'

mﬁ—i—ﬁ—b—ﬁﬂ:md’

Ocpb x mpoBesieM BI0JIb HAKJIOHHOHN IJIOCKOCTH, & OCh ¥ €il IepIleHIu-
KyasdapHo. [Ipoemupys Ha KOOPIUHATHBIE OCH:

mgsin(a) — Fr, = may

—mgcos(a) + N =ma, =0

[IpaBast vacTh BTOPOro YpaBHEHUs paBHA HYJIO, T.K. TPOEKITUs yCKOpe-
HUs HA OCb Y paBHa HYJ10. [lo ycjoBuio 3ajjauu OPYyCOK COCKaJIb3blBa-
eT BHU3, a 3HAYUT MOZKHO BOCIOJIH30BATHCH BBIPAKEHUEM JIJIT MAKCH-
MaJIbHOT'O 3Ha4YeHus cusibl Tpenud: Iy, = pN. Ioacrasiasas B cucremy,
HOJTY IUM:

a, = g(sin(a) — pcos(a))
HTepecHo paccMOTpeTh JBa MPEIEIbHBIX Caydad: 1) oTcyTcTBHE Cy-
xoro Tpenus, T.e. 4 = 0 u 2) p > tan(«). B caygae 1) 6pycok Gymer

COCKAJIB3BIBATH C MAKCHMATHHBIM YCKOPEHHEM a, = ¢gsin(a), a B ciy-
qae 2) OygeT MOKOUTCS, eC/IM OH He UMeJ HAYAJIBHOU CKOPOCTH.

Ha Teso neiicrByer cuna Bcemupuoro rarorenus: |F| = G2 Ha-
JasibHas CKOPOCTh HalpabjeHa ropu3oHTaabHo. Cuia, a BMecTe ¢ Heil
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1 YCKOpeHHe, HAIPaB/IeHbl K IMEHTPY 3eM/IN U IepIeHIuKYIIPHBI CKO-
POCTH, TIOITOMY TPAeKTOpHeil JIBUKeHUsI OYIeT OKPYKHOCTH (CM. 3a-
naay 2 uz pazgena "Kunemaruka"). TIOCKOIBKY CKOPOCTH BEKTOPHAs
BEJMYMHA, a JBUXKEHHE 110 OKPYXKHOCTH pajuyca R COIpPOBOXKIaeTCs
U3MEHEHHEM HAIPaBJIEHUS BEKTOPA CKOPOCTH U, TO CJIeJI0OBATEBHO, Ya-
cTuna uMeeT yckoperne. OHO HA3BIBAETCS MEHTPOCTPEMUTEIBHBIM, T.K.
HAIIPABJIEHO K IIEHTPY OKPYzKHOCTH. MOay/Ib ero paBeH:

02
ap = —
R
Torma, mo 2-omy 3akony HbioTona:
M
ma, = G Rzn
v? Mm
=G
"R R
GM
V=14]—=
R

Pacuern mator: v &~ 7,9 KM/c. DT0 CKOPOCTH HA3BIBAECTCSH MEPBAsi KOC-
MHN4YeEeCKad.

1.3 Craruka

CraTuka - 370 pa3ies MeXaHuKI, KOTOPBIH N3yYaeT YCI0BUS PABHOBECHS Te.
[Ton paBHOBeECHEM MOIPa3yMeBaeTcs OTCYTCTBHE MOCTYMATEIHHOTO U Bpala-
TeJIbHOTO JBU:KeHHA. [lo3ToMy mOMHUMO paBeHCTBa HYJIIO CYMMBI BCEX CHJI,
JefICTBYIOIUX Ha TEJIO:

SE =0 (1.9)

,ZLO6&BJIH€TCH ycjgoBue paBE€HCTBO HYJIIO MOMEHTOB CHJI:
XM =0 (1.10)

MomenT cuasr M - sBiasercs BEKTOPHOU BEJIWYMHON M Ooupejelsercd cie-
JIVIOIITAM 00Pa30M: M = [Fﬁ] DTOT BEKTOp HANPaBJIeH MePHeHIUKYISIPHO
IJTOCKOCTH XY, B KOTOPOH JI€YKAT PaAJINyC-BEKTOD I° M BEKTOP CHJIBI F. [Tep-
IeH/INKYJISIPHAs OCb, COBIAJIAIONIAs C HAIIPaBJIeHUEM M , 0b0o3HA"aeTcd 2, 1
DU PeIleHud 3a71a9 TpeOyeTcs UCMOIb30BaTh TOJIBKO TPOEKITUN HA ITY OCh.
[TosTomy yesoBue 1.10 mpuHUMaeT BU:

M, =0 (1.11)
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OcHoBHOII eiuHAIIEH H3MepeHns MOMeHTa cuibl B cucreMe CU asisgercs H-m.

Sagaun

1. JIBa mpyra mepzKaT TOpH30HTAJIBLHO OpeBHO Macchl m= 20 KI' ¥ JJINHBI [
= 1 m. Oue w3 HEUX B3siJICS 3@ JIEBLIH Kpail, a BTOPOil Ha PacCTOSHUU @
= 0,2 M oT paBoro kpas. Kakue cuibl 1aBjieHus Ni 1 Ny UCIBITHIBAIOT
Jpy3bsa! BpeBHO cUUTATH OTHOPOTHBIM.

2. Taxkeablit MUIMHAPUIECKNH KATOK MaCChl M HEOOXOAMMO TOIHITH Ha
CTYMEeHbKY BbICOTHI h. HaiiTn MuHuMaabHyIo cuiy F , KOTOPYI0 HEOOXO-
JIIMO MPHJIOKHTD K MEHTPY MACC KaTKa B FOPU30HTAJIHLHOM HAIIpaBJie-
HUU, €CJIU PaJguyc Karka R O0JIbIle BHICOTHI CTYIEHBKH A.

Pemennuga

1. Ha OpeBno jpeiicrByior jBe cujibl peakiuu onopbl Ny, No u cujia Ts-
xectn mg. Kaxkapiit u3 apy3eit UCIBITHIBACT CUTY JABJICHUs, KOTOPAs
no 3-My 3akoHy Hb0TOHA paBHA IO MOMYIIO ¥ TPOTHROMOJIOYKHA 10 Ha-

IIPABJICHUIO CHJIC PEAKIIUU OIIOPHL: ]\71 = —]\71 u NQ = —]\72. Ho riiasnoe,
YTO CHJIbI JaBJE€HUAd U PEaKIHUH OIIOPLI MPHUJIOXKEHBI K Pa3HbIM TeJIaM.
Hanpasum och y Beprukaabuo BBepx. [Ipu perrennu 3aj1a4 Ha craTu-
Ky cylecTByeT cBoOOJia BbIOOpa ocu Bparienud. Jng nanHoi 3ajadu
MOXKHO BBIOPATh OCh, MIPOXOJISAILYIO Yepe3 MeHTP TAKECTH, T.e. Iocepe-
JuHe OpeBHA, T.K. IO YCJIOBUIO OHO OgHOpomHO. Mcmoan3ys 1.9 u 1.11

MMOJIYyYUM CHCTEMY:

N1 + N2 —mg = 0
éNl — (% — a)Ng = O
Pemag cucremy ypaBHEHUH, MOJTYIUM BhIpaxkeHus i cua Ny 1 No:
[ —2a
2(l —a)
l

Ny— —
2T ou—a)

Ny = mg
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[loxcTaBiss YucaeHHbIe 3HAYCHUS, TOJTY IHUM:
Ny = 75 Hu Ny = 125 H. B pacuerax nonaraaock, uro g = 10 m/c?.

2. Nzobpazum cujibl JeRCTBYIONIAE HA MUJIUHIPUICCKHIT KATOK B MOMEHT
BpPeMeHH, KOIJIa MPOUCXOJUT OTPHIB OT INOPU30HTAJIBLHON MTOBEPXHOCTH,
U OH yIUpaeTcd B YIoJ cTyleHbKU. Ha KaTOK JeficTBYIOT TPH CHUJIBIL:

F
- N
‘ et —»

mg, V///

TSIZKECTH M({, TOPU30HTAIbHAs cuta I u cuia peakiun onopst N. Jlis
peleHns 331290 JJOCTATOYHO 3aUCaTh JUITH YCIOBHE PABEHCTBA HYJIIO
CYMMBI IIPOEKITNIl MOMEHTOB CUJI HA OChb 2.

N \r |V
‘

FRsina —mgRcosa =0
h(2R — h)
R—h

F'=mgcota=mg

1.4 3akoHBI cOXpaHeHUs

Vmiyibe Tes1a - 3To Mpon3BeaeHne MAacChl Ha CKOPOCTh p; = m,;U;. Kak ciaemy-
eT U3 OUpeJe/IeHus, 9Ta BeInInHa BekTopHad. OHa u3Mepsercsa B Kr-(nM/c?).
VIMITy1bC CHCTEMBI TeJI SIBJISI€TCS BEKTOPHOM CyMMOM HMIY/IbCOB TeJ, BXOIsI-
X B CUCTEMY P = >p;.

CrencrBueM 3aKOHOB JuHAMHKH (CM. Belpaxkenust 1.7 u 1.8) sBisercs

3aKOH U3MEHEHHA UMIIYJIbCa:
USMEHEHUE UMNYALCA CUCTNEMDBL PAGHO UMNYALCY BHEWHUTL CUADL!

AP = SF"At, (1.12)
rjae S Feat BEKTOpHAsA CymMMa BHemHuX cuji, At - Bpems aefictBus. Feau

UMNYABC BHEWHUT CUA PABEH HYANW, MO UMNYABC CUCTIEMDBL COTPAHAEICA.
DTO gBJIsgETCA COJIePKaHUEM 3aKOHa COXpaHE€HHUAd UMIIYJIbCA.

AP =P, — P, =0, (1.13)

T.€. KOHEYHBIIl UMIYJIbC CUCTEeMBI P paBeH HadaJbHOMY P;.
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B obmmeMm cirydae MexaHHIeCKOil paboTo CHIBI HA3BIBAIOT BEJIMUUHY OIpe-
;LeﬂHeMyIO, KaK HHTeIrpaJi:
2
A= / Fdr (1.14)
T

—

1

Pabora msamepsiercsa B jkoyasix (/Ix). B gacTrOoM ciydae 0HOPOIHOTO CH-
JIOBOTO TIOJIST ¥ IPSIMOJTUHEIHOTO TepeMelenns, Bbipakenne 1.14 npuanMaer
B A = (F7).

Ecau paboTa 3aBUCUT TOJIBKO OT HAYAJIbHON W KOHETHONH TOUKH WHTETDU-
pPOBaHUs, a He 3aBUCHT OT (POPMBI TPAEKTOPUHU, TO TAKHE CHJIBI HAZBIBAIOTCS
norennuaabHbiMu. [Toaromy ya00HO BBeCTH XapaKTepUCTUKY, KOTOPas Ha3bi-
BaeTCd NMoTeHNuaabHOI sHeprueit W,. Ona cBa3ana ¢ paboToN MOTEHIHAID-
HBIX CHJI CJIEAYIONIAM 00pa3oM:

Ap = =Wy — Wp1) (1.15)

Kunernueckaga dHEPIrud TeJla TOXKe CKaJldpHad BeJINMYHHA:

Wy = — (1.16)

[lorennuasibHass 1 KHUHETHYECKasd dHEPrusi, KaKk U paboTa, U3MepPsIOTCs
B mkoyaax. llomHoit mexanudeckoit sueprueit Tena W HasbiBaeTca cymMma
KuHeTn4eckoil n norenmuanpuoit: W = Wy, + W),. Iloano#t Mexannyeckoi
SHepruell cucTeMbl HA3bIBAETCs aJrebpandeckas CyMMa SHEPTHI TeJl, BXOIs-
IUX B CHCTEMY. 3aKOH M3MEHEHUs SHEPIUu:
uamenerue noanot mexanuveckoti snepeuu AW pasno pabome wenomernyu-
anbHolz (Quccunamuenvir) cun Ags:

AW = EAdisv (]‘]‘7)

rie X Ags - 9T0 cymMMapHas paboTa JTHCCUTIATUBHBIX cuil. [IpuMepoM Takmx
CUJI gBJIseTcsd cujia TpeHus. B ciaydae Korja ona copepiiaer padory, TO Me-
XaHUYIeCKas SHEPTHUSA MePeXOIuT B TEILIO, T.e. nuccunupyer. Fcau sce maxue
CUNDL OMCYMCMBYIOM, AUOO CUABL HE COBEPWAOM PAOOMY, MO NOAHGA ME-
TAHUMECKAA IHEP2UA CUCTEMDL COTPAHAEMCA. DTO €CTh CO/lepKaHNe 3aKOHA
COXpaHEeHUs MOJTHON MEXaHWYeCKOU SHEPruu.

T.€. KOHEeYHad IMOJITHad MeXaHnvdeCKad IHEPIrud CUCTEeMbI W2 paBHa HavYaJIbHOM

Wi.
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Sagaun

1.

Kaxkosa cpennssa cuia gaBiaenust F' Ha miedo npu cTpeabde U3 aBToMa-
Ta, ecan Macca myau m = 10 1, a CKOPOCTH IIyJiu TIPU BBLJIETE U3 CTBOJIA
v = 300 m/c? Yncso BHICTPEIOB K3 ABTOMATA B IMHUIYY BDEMEHH 11 =

300 mum L.

Msa maccer m — 150 r ynapsieTcst 0 TJIaIKyiO CTeHKY 1Mo yriioMm o = 30°
K Heil U oTcKakuBaeT 0e3 morepu cKopocTu. Hajitu cpemnioio cuny F),
JTeHCTBYOIIYIO Ha MY CO CTOPOHBI CT€HKH, €CJIU CKOPOCTh MAda ¥ —
10 m/c, a mpopo/KuTeabHOCTh yiaapa At = 0,1 c.

U3 opyaus macest M = 3 1, He UMEIONIErO IPOTUBOOTKATHOIO YCTPOii-
cTBa (CTBOJI YKECTKO CKperieH ¢ jiad)eToM), BBLJIETaeT B FOPU30HTAb-
HOM HAaIlpaBJIE€HWHW CHAP Macchl m = 15 Kr co ckopocThio v = 650
M/c. Kakyto cKOpocTh 4 HOJIydaeT opyjue IpH oTaade’

[lymka, crodmas Ha I[JIaIKOH TOPH30HTAJIBHOM ILIOMIAIKE, CTPeIderT
mon yrioM « = 30° K ropu3oHTy. Macca cHapsgga m = 20 Kr, ero
HavaJjibHas ckopocrb v = 200 m/c. Kakyio ckopocrb u upuobperaer
IyIIKa Opu BeICTpese, ecan ee macca M = 500 kr?

JleTstmast ¢ HEKOTOPOH CKOPOCTHIO IIyJsl MOMALAET B MEIIOK ¢ ITECKOM
" BXOJUT B Hero Ha riaybuny [, = 15 cm. Ha kakyio riybuny [o BOii-
JIET B IECOK ITyJis TOH 2Ke MAacChl, €CJIU CKOPOCTH ee JIBHKeHHsS OyIeT
BaBOe Oostbiie? CYUTaTh CUJIY CONPOTUBICHUS IBUKEHHIO IIY/IH B ITeCKe
HOCTOSHHOI.

[IpoucxomuT meHTpaJbHOe COyAapeHue ABYX aOCOTIOTHO YHPYTUX IiMa-
POB, UMEIOITUX MaCChl My, U Mo U CKOPOCTU vy U Vo HaidiTu ckopoctu
MMapoB MOCJE COYTapPEeHns.

Pemienuga

1.

JImst HaxXOXKIeHHsI CUJIbI JIABJIEHUS BOCIOJIB3YyEMCsl 3aKOHOM M3MEHEHHSI
nMiyabca 1.12. 3anuimeM 3TOT 3aKOH B MPOEKIHH HA OCb X, KOTOPYIO
HaIllpaBUM TOPU30HTAJIBHO BJIOJb HAIIPaBJIECHUS CKOPOCTH Iry/n. Torma:

mu, — 0 = F,At
1
At = —

n
F, =mu.n

Breinosinum ojicranoBky uncsioBbix 3uadennii: F' = 0,01 -300- % =15

H.
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2. AHa;mOrMYHO TOMY, KaK B IpeIbLAyINel 3aatde, BOCIOJIb3YEeMCS 3aK0-
HOM W3MEHEHUs UMITYJIbCA.

mu, — (—mu,) = F,At
v, = vsin a
2mu sin a

F, =
At

g cnael naBaenus = w =15 H.

3. B manHOM ciydae BOCIOJIB3YyeMCsl 3AKOHOM COXpaHeHusT uMiyJibca 1.13,
T.K. CyMMa BHEHNTHUX CUJI pPaBHa HYJIIO.

mv— Mu=20
mo

U= —

M

L 15650 _
st ckopocTu nostyaum 3nadenne: u = o= = 3,25 M/c.

4. Jlng pemenus JaHHON 3372494 OTPEOYeTCsd TPUMEHUTH 3aKOH U3MEHe-
HUS UMITYJIBCA JIJIS CHCTEeMBI, cOCTodMell n3 opyausd u cHapgaa. CyM-
MapHbBI# UMITYJIBC 710 BBICTpeJIa OB PaBeH HYJIO, a MOCJe BEKTOP CyM-
MapHOTO UMMY/JIbCa HUKAK He MOXKET ObITh paBeH HYJIIO, T.K. BEKTOpa
UMITYJIbCA CHAPS/IA U IYIIKH HAIIPABJIEHBI IO YIJIOM JIpyT K Apyry. Ho
YUHUTBIBAS TO, YTO BJIOJIb TOPU30HTAJIBHON OCU T He JieficTBYyeT HUKAKNIX
CHAJI, TO MOXKHO BOCHOJIb30BATHCA 3aKOHOM COXPAHEHHSA M4 ITPOCKIUN

Ha 9Ty OCh.
mu, — Mu=20
Vp = U COS
MU COS (v
U= ——
M

. . 20-200-
Pacuér naér: u = 220050 ~ 6,9 m/c

5. DTa 3aja4a pelraeTcs ¢ UCIOJb30BaHUEM 3aKOHA U3MEHEHUs dHEPTHH
1.17. HavaibHas KHHeTHYECKast SHEPIUsl YMEHbBIIAeTC 3a cUeT padbOTh
cuiibl Tpenust. Ilorennualibuast SHEPrus 1IPU ITOM HE MEHSIeTCH.

=10

O_mv

- _Ffrll
O - = —Ffrlg

So
NS

Pemas, monyunm lo = 4l;.
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6. AGCOJTIOTHO yHpyroe coyJapeHue IMo/Ipa3yMeBaeT BBHITIOJTHEHUs 3aKOHA
coXpaHeHUs MexXaHU4ecKoit sneprun. [losromy nannas 3amada penraet-
¢S C UCIOJTB30BAHNEM 3aKOHOB JIBYX 3aKOHOB COXPAHEHUS: UMITYJIHCA U
sueprun. OO03HAYNM U U Uy CKOPOCTHU IIAPOB MOCJE COYIaPEHHS.

MUy + Mo = M1 + Mal2
L myE =y B, 3
mi—+ + ng = m17 + meo—=-

Mpbl uMeeM cucTemMy U3 JUHEHHOIO W KBaJIpATHOIO ypaBHEeHHS. ITOOBI
PEelIuTh CUCTEMY, cobepeM Bce cjaraeMble ¢ My B JIEBOI YacTH, a ¢ Mo
B NPaBO.

my(vy — 01) = mo

ml(

[To/te/1vB 11O4YJIEHHO TIPaBbIe U JIEBble YaCTH PABEHCTB MOJIY UM CUCTEMY
13 JBYX JUHEHHbIX ypaBHeHuil. [Ipw 5T7OM MBI HCKIIOYaeM TPUBUAJIb-
HBIH ciydail: v; = U1 1 vy = Us.

mivq + Moy = m11~)1 + mzf)g

U] + U1 = vy + Uy
Permnas, moayuuM BhIpazkKeHHd CKOpPOCTeii 11ocjIe coyIapeHus:

(m1 — m2>’01 + 2m2v2

mi + Mo
(m2 — m1>U2 + 2m1v1

Vo =
my + Mo
PacemorpuwMm caydait, Korma my, = me. Torma v; = vy U U9 = v, TO €CTh
mapbl OOMEHSIOTCS CKOPOCTSIMHE.

1.5 T'apmoHmYeckue KojedbaHnd IPy3uKa Ha IIPY-
JKUHKE

PaccMmorpuM rpy3uk Macchl m TPUKPEIIEHHBINT K CTEHKE TMTOCPEJICTBOM TIPYy-
JKUHBI 2KeCTKOCTHU k. EC/IH ¢MeCTUTh IPY3UK OT IOJIOKEHHS pABHOBECHST, JIHOO
COODIIHUTL €My HAaYaJIbHYIO CKOPOCTh, TO BOZHUKHYT KoJsiebanus. Bocmob3y-
eMcst BTOpbIM 3akoHoM Heiorona (em. 1.7) jgist sToro ciaydast. B ropusonrtasib-
HOM HaIPaBJIeHUH HA TeJIO JEeHCTBYeT TOABKO cuiaa yupyroctu: F, = —kAx.



1.5. TAPMOHNYECKHNE KOJEBAHNA TPY3UKA HA ITIPY2KNHKELT

Puc. 1.3: Konebanust rpy3uka Ha mpyKuHKe.

BeprukanbHO meficTByIomas cuia TIyKEeCTH CKOMIIEHCHPOBaHA CHUJION peak-
nmum onophl. 1lodToMy cpasy 3anumreM 3TOT 3aKOH B MPOEKIUN Ha TOPU30H-
TAJbHYIO OCb I:

ma, = F,
ma, = —kAx
mAT = —kAx
AT+ ﬁAx =0
m

31ech MBI y49IH, 9YTO BTOpas IPOM3BOMHAS KOOPAMHATHI 110 BPEMEHH PABHA
IPOEKITNH YCKOpeHust Ha och o AL = (& — &y) = & = a,. Ecan mig kpar-
KOCTH CMeIeHIe OT II0JIOZKEeHUsI PABHOBECHsI 0003HAYUTH CJIEIYIONUM 00pa-
3oM: Az = £, To B 9TUX 0003HATEHUIX MOYKHO 3aIUCATh IuddepeHnaIbHoe
ypaBHeHHEe CBOOOIHBIX FAPMOHUYECKHUX KOIeOAHMI:

£+ wé =0, (1.19)

LIe Wy = \/g - NUKJXYIECKAI 1aCTOTa COOCTBEHHBIX KOJIeOaHUA.
PermrenneM 3T0oro ypaBHeHHS SIBJISIETCS TapMOHAIecKast (DYHKIINS BpeMeHH
t:
& = Acos(wot + ¢o), (1.20)
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rie A - ammuTyaa KoiaebaHwuii, ¢y - HadaabHas daza Komedbarmii. CoryacHo
1.2 mpoekmus cKOpOCTH Ha OCh T:

vy =& = —wpA sin(wot + @) = —wg sin(wot + @) (1.21)

B mponecce kosiebanuit MpoUCXOIUT IIPeBpalleHue TOTeHIIUAIbHONR SHepP-
ruu W, necdbopMupoBaHHOl IPYZKUHBI B KHHETUIECKYIO SHEPTUIO rpy3uKa W,
u obparno. IIpu arom nosinast sueprust W ocraercss HeM3MEHHOI:

mvd kA2 m&* k&2

= = = — 1.22
W 2 2 2 * 2 ( )




I'1aBa 2

Moaekynsgapnasi (pusuka

2.1 Moaeab njaeajibHOTO Tra3a

B pazgene MonekynaspHON (BU3WKW YACTO BCTPEYAIOTCH 33Ja9d, B KOTOPBIX
HYKHO OIMCATH COCTOsiHUE Ta3a. OHO OMUCHIBACTCS ¢ IOMOIIHIO MAKPOCKOIIU-
YeCKHUX MapaMeTpoB JaBieHus p, oobema V u temmeparypsl 1. CocrosiHue
ra3oB BO MHOTHX CJIydasgX MOYKHO ONUCATH HCIOJIB3YS MOJETb U1eaJTbHOrO
raza. HamoMHEM, 9TO OHa MO/pa3yMeBaeT cjemyroliee:

® MOJIEKYJIbl HpejacTaBidgior u3 ceds M'T, T.e. oObeMOM MOJIEKYJI MOYKHO
npenedpedb

® MDbBI TaKZKe HpeHe6peraeM B3aI/IMO,ZLeIL/'ICTBI/I€M MOJIEKYJI, T.€. HE YIUTbIBa-
€M X B3aHMMHOE€ IIPpUTAXKEeHHe U OTTaJIKHNBaHue

® T10JIaraeM, ITO MOJIEKY/IbI aOCOMIOTHO YIPYTO COYAAPSIOTCS MEXKIy CO-
00if 1 CO CTEHKAMU COCY/IA.

Jlammabie MOJIe/IbHBIE TPEICTABICHUS MTO3BOJISIOT TPUMEHUTH 3aKOHBI JTH-
HAMWKHM, PACCMOTPEHHBIE B IPEIBIAYIIEM Pa3Jeie, K OTJEJbHBIM MOJIEKY-
sgaMm. [locse ycpeanenus: 1mo OOJIBIIOMY YHCIY MOJIEKYJ yJIAeTCd MOJIYYUTh
CBA3b MEKJy MAKPOCKOTTMYECKNMH MapaMeTpaMu, T.€. MaCCOW W CKOPOCTHIO
OTJIETIBHON MOJIEKYJIbI, & TAKKe YIIOMSHYTHIMH paHee MAaKpPOCKOMUIECKUMHU.

2.2 (OcHoBHOe ypaBHEHHE MOJIEKYJISIPHO- KINHEe-
TUYECKOI Teopuun

BoiBejieM OCHOBHOE ypaBHEHUE MOJIEKYJISPHO-KUHETUYECKOU TEeOPUM, UCIIO/Ib-
3yd KJacCH4YecKue 3aKoHbl Mexanuku. [Ipejacrasum, 4ro B cocynue, 00 beMoM

19
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V, v mac HaxomuTcd N MOJeKysa maeasbHOro rasa. CHadasga pacCcMOTPHM
abCOIIOTHO YIIPYTOe CTOJKHOBEHUE OTJAETbHON MOJEKYIbl MAacChl m, € Bep-
TUKAJIbHON CTEeHKO# cocyna. IlycTh MoseKyma momneTaeT K Hell ¢ HEKOTOPOi
cpefHeil CKOPOCTHIO ¥ 1o HEKOTOPbIM yrjoMm. OcCh o HampaBUM TOPH30H-
TaJbHO W TMEPHEHIUKYIIPHO K cTeHKe. B pesyabrare abCOJIOTHO yIPyTroro
coynapenus 3a BpeMs At UMIYJIbC MOJEKY/Ibl MEHAETCS Ha |A15| = 2mu,.
SanurnieM 3aKOH U3MeHEHUs UMIYIbCA B MPOEKINH HA OCh I:

Puc. 2.1:
2mu,
F, = ) 2.1

JlaByieHne Ha CTEHKY COCYJA MOXKHO BBIPA3UTh, YUNTHIBAA, UTO 33 BPEMSI
At 10 CTEHKH JOJIETUT CJIeAYIoNee KOJHIeCTBO MOJIEKYI:

N
N1 = WUZAtS, (22)

re S - IJIOMA b CTEHKH COCY/Ia. 3/1eCh ObLIO YUTEHO, YTO IIPOEKIIHsS CKOPOCTH
C PABHOI BEPOATHOCTBIO MOXKET UMETh TOJOKATEAbHOU WJIN OTPUAIATEIHHOM.
Toryia camo aBjieHne BbIparKaeTcs CJIeyIONUM 00pa3oM:

NF, Nuv,AtS2muv,
SpasLig = nmuv? (2.3)
S 2V SAt
OTMmeTnM TakzKe, 9TO B CHJIY TOrO, 9TO NPOEKIUU CKOPOCTH HA OCH I, ¥

2
U Z PABHOBEPOITHBI, MOYKEM, UCIOJIb3Y4 U?: = %, BaImCaTh:

nmuv?

3
Cpe/iHsisi KHHETHYECKAs SHEPIUsl ABUZKEHUS MOJIEKYJI CBsI3aHa ¢ aDCOJTIOT-
HOit Temmeparypoit T' caeaytomnum 06pa3om:

(2.4)

p:
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muv 3
W= = S (25)

Tor1a oKOHYATEJBHO 110JIyYaeM:
p=nkT (2.6)

Ormernm, uro B cucreme CI1 mapienue n3mepsiercs B nackanasx ([la), a
abcosoTHast TeMieparypa B KeabuHax (K).

YuurbiBag oupejejieHue KOHIEHTPaluu: n = %, HpUJIEM K OCHOBHOMY
YPABHEHUIO COCTOSHUSI HIEATHHOIO TA3A.

N
= —kT
P=v
pV = vNkT
pV =vRT

2.3 IlepBoe HavyaJi0 TepPMOJAMHAMUKNI

Dueprug () coobIaeMas TeJly B BUJIE TEIJIOTHI, uaeT Ha u3MeHenrne AU BHYT-
peHHeil SHepruy ITOTro TeJa  Ha COBepIineHnn paboThl A Hall OKPYZKAIOIMIMME
TeJIAMH.

Q=A+AU (2.7)

Pabora copepimaemasi ra3oM ¢ CJIydae H300apHOTO IPOIECca OmpeaessaeT-
cs, KaK IPOU3BeJIeHNe jTaBjeHnst Ha u3Mmenenne oobema A = pAV.

B obmem ciiydae BHYTpeHHsIsT SHEPTHUs CKJAJBIBAETCS U3 KHUHETHIECKOM
SHEPTUHW MOJIEKYJ W WX MOTEHIUAJIHHONW SHepruw B3aummojeiicTBusg. B wmo-
JTeJId WIeaJIbHOTO ra3a He YUMTHIBAeTCd IIOTeHIHa bHasg dHeprus. Ilosromy
IUTsT V' MOJIEll MIeaabHOTO 00HOGMOMHO020 Ta3a BHYTPEHHssI SHEPIHs PaBHA
U= %VRT, e R -yHuBepcaJibHas ra30Bast MOCTOSHHAA. AHAJOTHIHO MOK-
HO 3aIUCATh BBIPAYKEHWE )i BHYTPEHHEIl SHePTuu Jd6yramomHo20 uaeab-
noro raza U = 2vRT.

Sagaun

1. Paccuuraiire oobem V', 3anmMaeMbiM 1 MoJieM MJIeaIbHOTO Ta3a MpH
HOpMaJIbHBIX yestousx (p = 101,3 klla, ¢ = 0°C).

2. Oupejesiure OTHOIIEHUE MOJISIPHON TEILJIOEMKOCTH IIPH HOCTOSTHHOM JaB-
nennn C), K MOJAPHOIl TEIIOEMKOCTH IPH NOCTOAHHOM o0beme C,.
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Pemienusa

1. Jlyis oTBeTa HA BOMPOC 3a/1a4W HAM MOHAJI00UTCI OCHOBHOE YpaBHEHHE
COCTOSHUY UJICAJIbHOIO Ta3a B BAJIE:

vRT
p

V:

[loncramoBka YHCJIEHHBIX 3HAYeHnil maer: V = % r~ 22,40

2. llo ompeneneHnuIO TEMI0EMKOCTH:

_(AQ
Co= (E)U

_ (AQ
Cr= (El

CorytacHO epBOMY HAYaJIy TePMOJAMHAMHUKH 2.7 MOJIYIUM KOJTHIECTBO
TeILIOThI, HEOOX0UMOE COODIIUTH OJJHOMY MOJIIO UJIEAJTHLHOT'O OJHOATOM-
HOTO Ta3a NMpU W30XOPHOM MPOITiecce, eC/I TEMIIEPATYPa Ta3a yBeJINdn-

nach Ha AT 5
AQ, = QRAT

[Ipu u306apHOM IIpolecce BHYTPEHHAS SHEPIUs U3MEHIeTCs Ha TaKyIo
JKe BeJIMYHMHA U JIOMOJHUTEIbHO COBepIIaeTcsa paboTa:

AQ, = SRAT + pAV

CoracHo OCHOBHOMY YpPaBHEHUIO COCTOAHHUA UACAJIBHOI'O I'a3a:

pAV = RAT
OKoHYATETBHO IOy TaeM:

3

C,==-R
2
5

C,==-R
P2

,HJIH OTHOIIEHHUA IIOJIYYIHM:



I'taBa 3

SJIGKTPI/I‘IQCTBO n Mal'HETnu3mM

3.1 DJIeKTpoCTaTHKa

B narroM pasiesne n3ydaroTces 3JeKTpAIecKue MoJsd, KOTOPble CO37ai0T Hello-
JIBUKHBIE 31eKTpudeckue 3apsanbl. B cucreme CU 3apsabl u3amepsmoTcs B
kysaonax (Kuo). Marepec mist u3ydeHus: IpejCTaBIsiioT CUIOBbIE W HEPIeTH-
JeCKHe XapPaKTEePUCTUKH TOJIsl, TAKMe KaK HANPSKeHHOCTH U norenmuaa. O
TOM, K&K OHM ONPEJEJISIIOTCS U B KAKNX eJIMHUATIAX NU3MEPSIOTCS, pedb MOoHIeT
JTAJIBIIIE.

3.1.1 3akon Kysona

CrepBa paccMOTPUM JIBa TOYEUYHBIX HEMOJABUKHBIX ITEKTPUUECKUX 3apPsa
q1 1 ¢o. 3akon Ky/iona ycraHaB/IMBaeT CUIy B3aUMOIACHCTBUS MEXK/y HUMHU.
Ona mponopnuoHAJbHA POM3BEIEHUIO ITUX 3aAPSI0B U 00PATHO TPOMOPIH-
OHaJIbHA KBAJIPATY PACCTOSHUS I" MEKIY HUMH. DTa CUIA JIEHCTBYET BIOJH
JINHUH, COeJIUHAIONIeN 3TN 3aps/ibl. PasHONMeHHBIe 3aps/ibl TPUTATUBAIOTCS,
a OJTHOMMEHHBIE OTTAJKUBAIOTCS.

= 1 Ghq T
Flry= — - —=.- 3.1
(r ey 12 1 (3.1)

3.1.2 Hanpsa>KeHHOCTb 3JEeKTPUIECKOTr0 IMOoJId

HanpsizKeHHOCTD 3JIEKTPHIECKOro 1oJ1st ( F) - cuioBasi XapaKTepPUCTHKA MOJI,
KOTOpasd paBHa OTHOLICHUIO CUJIBI, JeficTBylomeil Ha HPOOHBIA 3apaj, gp K
BeIMInHE 3TOr0 3apsiaa. OHa, KaK U CHIa, ABJISeTCS BEKTOPHON BEJIMYHHOM.

23
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-t (3.2)
qPr

Caemxyer OTMETUTD, YTO BEJIUUHHA ITPOOHOTO 3apsiaa J0JKHA OBITH MaJIOH,
ITOOBI He MCKAXKATh CYMIECTBYIONIEH KapTUHBI CHJIOBOTO 1OJs. Jlas1 HarIsI-
HOI'O OHMCAHUYI TaKOii KapTUHbI UCIIOJb3YIOTCAd CUJIOBbIC JIMHUU. KaC&Teﬂb—
Hbl€ K 9THUM JIMHUAM YKa3blBalOT HallpaBJIEHHNE BEKTOPa HAIIPAZKEHHOCTH, a
T'YCTOTa Ka4eCTBEHHO IMOKa3bIBa€T I'JIe HAIIPAZKEHHOCTH 60ﬂbﬂle, a e MEeHb-
mre. [osie Ha3BIBaeTCS OJHOPOTHBIM, €CJIH CHJIOBbIE JTUHUU HPEICTABIAIOT CO-
Ooit mapaJ/iIeabHbIe JIMHIH, PACIOJIOKEHHBIe Ha, PABHOM PACCTOSHUHU IPYT OT
japyra. Todednbiit 3apsi cO3/a6T HEOAHOPOIHOE I10JI€, CUJIOBBIE JIUHUU, KO-

TOPOTO ABJAIOTCA pPaJHaJIbHBIMHA.
Ha puc. 3.1 n3o0pakeHbl CHJIOBBIE JIMHUM JJIs JIBYyX TOYEYHBIX PA3HO-
HMEHHBIX 3apsI0B, HO OJMHAKOBBIX 10 Momyst0. Creayer OTMETHTD, UTO CH-

\ED/
A

Puc. 3.1: KapTura crIOBBIX JUHWUHN 119 pa3sHONMEHHBIX 3aPsA/10B.

JIOBBIE JIMHWW TI0JIS, CO3/IaBAEMOT0 CTATHUYECKUMHI 3apsIaMi UMEIOT CBOE Ha-
JaJ10 1 KOHeTl. JIMHUM HauuHAaTCd Ha MOJTOKUATETBHBIX 3apsaaax, a 3aKaHIu-
BalOTCd Ha OTpHUNATETbHBIX. VIHOT/Ia, KaK Ha MPUBEAEHHOM PHUCYHKE, JJUHUN
yXOA4T Ha OECKOHEYHOCTb, U BO3BPAIAsdCh ¢ OECKOHEYHOCTHU, 3aMbIKAIOTCS
Ha OTPUIATEJTLHOM 3apsjie. B ciydae 1ByX OJHOMMEHHBIX OJNHAKOBBIX 3apsi-

WAL
VAN

Puc. 3.2: KapTuna crIOBBIX JUHUHN 1719 pa3sHOUMEHHBIX 3aPsAI0B.

J0B (CM. puc.3.2) KapTUHA CUJIOBBIX JUHUI BBINJISIIAT HHAYE: JIUHHU YXOIAT
Ha OECKOHEYHOCTH M TaM 3aKaHuuBaioTcs. TodHO mocepegumHe MeKIy IBYMsI
OJIMHAKOBBIMU 3apsi/laMU HAIIPSIKEHHOCTD T10JI paBHA, HYJIIO, IO3TOMY B II€H-
Tpe TaKOro MOJIsi CHJIOBBIE JIMHUH HMEOT MEHBIIYIO IJIOTHOCTh. AHAIN3UPY
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ONMCAaHHBIE CJIYIad MOYKHO ITOHATD, UYTO B JJAHHBIX IPUMEpPaX HAIPIKEHHOCTh
B PA3HBIX TOYKAX IMPOCTPAHCTBA PA3IUIHA.

Ecau HAIps2KeHHOCTD BO BCeX TOYKAX OJMHAKOBA, TO, KAK OBLIO OTMEYEHO
BBIIIIE, TAKOE SIBJIAETCS T0JIe HA3BIBAETCS OXHOPOAHBIM. Jlajee sTor ciydaii
Oy/ileT pacCMOTpeH Mo ApodHee.

3.1.3 IllorennmuaJjbHaga 3Heprud. lloreHnuaJa

[Torennuasibuas sueprus ObLIa onpeesnena B pasjene 1.4. B ajnekrpocraru-
Ke pedb OOBIYHO HJIeT O MOTEHITNAJbHON JHEPTUU JJTEKTOCTATUIECKOTO IO,
Haiinem norennuanbHyio sHepruio 3auMmoneiicrsus W, 1ByX TOYEHHBIX 3a-
PATOB ¢ U @y, HAXOAAMMUXCA Ha paccTodHuu R apyr ot apyra. /las storo
Bocnosib3yemcs onpejenenusavu 1.14 u 1.15. /g sroro nocunraem padory
[0 MEPEMEIEHNI0 g2 B TOJIe ¢ Ha OECKOHETHOCTb.

>~ 1 1
A:/‘ D2 2

r Admeg  1r? dreg R

A=W, - W,

Y100HO Ha GECKOHETHOCTH MOJOKUTH MOTEHIINATBHYIO SHEPIU0 PABHON HY-
a0. [Ipn Takoit HOpMUPOBKe MOTEHIHAIbHAS YHEPTUS B3aUMOJIENCTBUS TBYX
TOYEUYHBIX 3aPsJIOB ¢ U @2, HAXOJHAIIUXCSA Ha paccTossHuu [ Japyr or apyra:

_ !l ae
! 4meg R

AHasornaHo TOMY, KaK paHee Obl1a BBEJIeHA CHIOBAA XapaKTEPUCTUKA T10-
JIsl - HANIPSI?KEHHOCT b, BBE/IEM SHEPTeTUIeCKY 0 XapaKTePUCTHKY - TOTeHIIHAT.
OTa BeJIMYNHA SIBJISIETCS OTHOIIEHNEeM TTOTeHITUATHEHOM SHePTUU MPOOHOTO 3a-
PAJa ¢py B JIEKTPUYECKOM HOJIe K BeJIMYuHe 3TOro 3apdna. Hamomunwm, dro
npOOHBIR 3aps)i TOJI2KeH ObITH MaJi, 4TOObI HE HCKAYKaTh CYIIECTBYIONLYIO
KAPTHHY CUJIOBBIX JIMHHUIL.

W 3.3
o . (3.3)

[Tocko/ibKy, KaK OBLIO OTMEYEHO paHee, MOTEHIUAJ OIpeIeeH ¢ TOIHO-
CTHIO 0 TIOCTOSHHO BEJTUYNHBI, TO (PUBUUECKUN CMBICT UMEET PA3HOCTDH TO-
TEHIINAJIOB!

W, W A
G —fp=— —— = —

Qpr Qpr Qpr
[TosTOoMy, paboTra 3JeKTPUIECKUX CUJI [0 TePEMEIIeHHIO 3apsia U3 TOUYKH
1 B TOuKy 2 paBHA LPOU3BE/EHUIO 3apsjia HA PA3HOCTb IOTEHIUAJIOB. ¢ —
(o el Ha3bIBAIOT HAIPsKeHneM MexK 1y Todkamu 1 m 2 u obosnauaior U.
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Enuaunp uamepenust - Boibrhl (B). OKOHYATEIBHO MOTYIUM CBSI3b MEZKILY
paboTOH FJIEKTPUUECKUX CUI U HAIPI KEHHEM:

A=qU (3.4)

M3 namHOTO ONpeneneHud CJaeyeT, 9TO IPOU3BeeHNe 3apda/ia Ha HalpIKe-
Hue jgaet pabory. Temepb cTaHOBUTCS HOHATHBIM, IMOYEMY TaKas BHECHCTEM-
Has eJWHUIA, KAK JIeKTPOHBOJIBT (3B) HcHosib3yercs s U3MEepeHus: pa-
O0TBI, COBEPIIAEMOI IJIEMEHTAPHBIMU YaCTUIIAME, HAPUMED 3JIEKTPOHAMH.
DTa eIMHUIA U3MEePEeHUs MPUMEHSIeTCS B aTOMHON (pU3nKe W XUMHUH.

3.1.4 DaekTpoémkocTh. KoHIeHCcATOPHI

Ecyin B34Th /iBa NMPOBOJHUKA U COOOIIUTH UM PAa3HOMMEHHbIE 3apsjbl, TO B
OKPYKAIOIEM WX MPOCTPAHCTBE BOZHUKHET 3IJEKTPUYECKOEe ToJje. [oBopdr,
YTO B TAKOM CJIYYa€ MBI HMEEM JIeJIO C 3JIeKTPUICCKUM KOHJICHCATOPOM. DTO
CJIOBO MMeeT JIATUHCKUM KOpeHb, M OHO 03HAYAeT, YTO-TO CIyIIAeTcs UJIN Ha-
KalmuBaeTcsa. B 1anaoM ciydae pedb WAeT O HAKOIIeHuH dHeprun. [IpoBos-
HUKH, KOTOPBIM COODIIAIOT 3apsi/l, HA3bIBAIOTCH OOK/JIaIKaMi KOHJIEHCATOPA.
DnexkTpoéMKocTh C' - 3TO BeINYNHA PABHAS OTHOIIEHWIO 3aPs/ia Ha OOKJIa -
KaxX K HalpgazxKenuio U Mexk1y HUMH:

=1 (3.5)

PacemoTpuM 10CKHi KOHIEHCATOP, T.€. KO OOKJIAIKHU MPEICTABIISIOT
u3 cebs MI0CKHe MIacTUHbl. Kem 3aps] Ha HUX pacupejie/ieH PaBHOMEPHO,
TO JIEKTPUIECKOE MOJIe B IIPOCTPAHCTBE MEKTy OOKJIaIKAMI MOKHO CUUTATh
oTHOpPOIHBIM. KoHeuHo ke BOJIN3HU rpaui] 00K I0K ITPUXOJUTCH YINTHIBATD
kpaesbie 3dexThl. JIpyruMu cJIoBaMHU - 9TO OTKJIOHEHHUS OT OHOPOIHOCTH,
KOTJIa CHUJIOBBIE JIMHAU MCKaxKaloTcs. [1o 9Toit mpuvnHe 9acTo j1e1aercs oro-
BOPKA, 4TO JIMHEHHbIe pa3Mepbl O0KJ/IAJ0K IIJIOCKOIO KOHJEHCATOPa MHOI'O
O0JIbIlIe pacCTOAHUSA d MEYK/Ly HUMH.

EMKOCTB ILJTOCKOTO KOHJIEHCATOPA PAaBHA!

€€pS

0=, (3.6)

rae S - WIomWAlb IJIACTHH.

Haiimem ¢BsI3b MeXKIy MOJYJIeM BEKTODPa HAIPSIKEHHOCTH |E | u mamps-
keareMm U 111 OJHOPOJHOIO 10Jsd. Byjgem nepememiars 3apsiji ¢ BIOJb CU-
JioBbIX JjuHuii. Torga yros MexKiay BeKTOPaMH HAIPSKEHHOCTH U BEKTOPOM
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|

+ + + + + +

Puc. 3.3: Kapruna cuioBbIX JIUHUN OIHOPOIHOTO 3JIEKTPUUECKOTO TIOJIA MEZK-
J1y OOKJIaJKAMHU ILJIOCKOTO KOHJIEHCATOPA.

dJeMeHTapHOoro repemettnenus dr 6yger pasen 0. CoryiacHo onpeeeHuIo Me-
XaHHIeCKON paboThl 1.14 M olpeieIeHIIO HANPSIKEHHOCTH 3.2 3aIIUIIeM:

T2
A= / q|E||dr|cos0 = qFd,

71
rjie d - paccTosiHme MeXkKay ToYKamu 1 u 2. DTW TOYKH MOTYT HAXOIUTCS
Ha OOKJIaJIKaX, TOTJa d - PACCTOSHUE MEYKJy OOKJIaJKaMu. Y4uThiBas 3.4,
MOJTydaeM HCKOMYIO ¢Bsi3b Mexkty |F| u U, cipaBeyIuBYIO JJisl OHOPOTHOTO
TOJIS:

U=FEd

DTO COOTHOIIEHNE MMOMOTAeT MPeACTaBuTh, modemy B cucreme CU egmanmeit
M3MepEHHs HAIPSZKEHHOCTH JIEKTPUIECKOrO OISl siBJisieTcs B /M.

B npoctpancTBe MexK Ty 00K/1aKaMU IJI0OCKOT'0 KOH/IEHCATOPa HAIlPSAZKeH-
HOCTh B JiBa pasa OoJIbIlle, 4eM CO37aeT TOJIbKO OHA OOKJIa/IKa. Y YNThIBas
9TO ODCTOATEILCTBO, PACCUUTaeM pabOTy IO IepeMeIeHuIo OJHOU U3 ILIa-
CTHH B II0JIe JIpYTro#f Ha paccrosHue d:

YuurbiBag 1.15, mojyduM Jijisi SHEPIUU 3aPAzKEHHOTO KOHJIEHCATOPA:

U cur g
_ v _ 7 (3.7)

W 2 2 2C
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KonaencaTopbl HAXOAAT MUPOKOE MPUMeHEHNE B 9JIEKTPOTEXHUKE: OT YCTPOMCTB
HAKOILJIEHUSI SHEPTUH JIO JIeMEHTOB Ha KOTOPBIX peaJin30BaHa OllepaTUBHAS
TaMsITh B KOMITBIOTEPaX.

PaccmorpuMm napaJiiesibHoe U 1OC/eI0BaTe IbHOe COeJIMHEHNe KOHICHCa-
TOpoB. B niepBoM ciiydae, T.€. P NapaJLIeJIbHOM COeINHEHUN, HA KOH/ICHCa-

C

fo - SHHE

Puc. 3.4: [TapaJutesibHOE M 1TOC/IE/I0BATENIBHOE COEIMHEHNE KOH/IEHCATOPOB.

TOpaxX OJIMHAKOBOE HAITPSIyKeHNe, a 3apda/ibl CyMMHUpPYyIoTcs. Bo BropoMm cirydae
HA00OPOT: CYMMUPYIOTCS HAIPAXKEHU, a 3apd/ibl Ha OOKJIAJIKAX PABHBI IO
mozyJo. ITosTomy obmaa eMKocTh IpH HapaJiiesabHoM coeuHeHud C:

qZQ1+QQ201U+CQU:(Cl+CQ)U
q=CU
C,=C)+Cy

AHaIoru4HO I €MKOCTH TOCJIeI0BaTeILHOTO coeannenus C:

1 1
U:m+@:i+ﬁcw<—+—)

Cy Oy Cy Oy
q
U=~
Cs
L1 n 1
s B Cl C(2
3agaun
1. JIBa orpunarejbHbIX TOYEYHbIX 3apdia ¢ = -9 nKu u ¢ = -36 uKu

PACIIOJIOXKEHBI Ha PACCTOAHUU T = 3 M ApyTr or Apyra. Korjga B meko-
TOpPOIl TOYKe MOMECTHJIN 3apsji ¢y, TO BCE TPW 3apsja OKA3aJNCh B
paBHOBecuu. HaiiTu 3apsa/1 gy U paccTosgsHUe MKy 3apsaaMu ¢ U qo.

2. OnmHAKOBBIE IO MOMIY/K, HO pas3Hbie IO 3HAKY 3apsabl ¢ = 18 uk,
PACIIOJIOKEHHBI B JIBYX BEepIIUHAX P OCHOBaHUH a — 0,2 M paBHOOE/I-
PEHHOTO TpeyroabauKa. HaiiTu Hanps:KeHHOCTh [ B TpeTheil BepIinHe,

1 1
eciu GOKOBBIE CTOPOHBI PABHBI A ) 750 0) 50 B) a.
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3. DJIEKTPOH, IpoJeTast B JIEKTPHICCKOM MOJIE IyTh OT TOYKA 1 K TOUKe
2, yBeamamI ¢Bor0 CKopocth ¢ vy = 10% Mm/¢ 10 vy = 3-10° m/c. Haiitu
PA3HOCTH TIOTEHIAATOB MKy TOUKAMA 1 U 2 3JIeKTPHUECKOrO MOJIs.

4. Kaxkoit 3aps nmporedeT no mpoBOJaM, COEIUHAIONIETO OOKIAIKY TIJI0C-
KOI'0 BO3/IYIIHOIO KOHJIEHCATOPa W MCTOYHUK TOKA ¢ Hampszkenuem U
= 6 B, npu nmorpykeHnu KOHjeHcATOpa B KepocuH. mdaekTpudeckas
NPOHHUIAEMOCTD KepocuHa € = 2, Iiomap miactui S = 180 cm?, pac-
CTOSIHUE MEXK 1y IIacTuHaMu d = 2 MM.

Pemenug

1. Pacnosiozxkum 3apsji gy MEXKy 3apajgaMu ¢ U @z. B 3TOM ciiydae CHJIbl,
JIEHCTBYIONINE HA 3aPsi MEYK/Iy HUMU, TTPOTHBOIOI0KHO HAITPABJIEHBI.
Ob6o3HayuM paccTosHue MEXKY 3apsiaMi ¢ U ¢o KaK T. 3aliiieM pa-
BEHCTBO CHJI II0 MOJLY.IIO:

1 N9 1 - 229
drey a2 ey (r —x)?
2 _ &2 2
r—z)=-—"x

( ) i

[loacTaBisgs ducjaeHHble 3HAYCHUA, PEIIUM KBaJIpaTHOE ypaBHEHUE:
2 _
x+2xr—3=0

[Tosryaum nBa perennsi: 1 = 1 M u r9 = —3 M. Bropoit orBeT coor-
BETCTBYeT CJIydYar0, KOTJAa MOJIY/IN CHJ PaBHBI, HO HANPABJIEHbI B OIHY
CTOPOHY, IIO9TOMY OH HE YJIOBJIETBOPSET YCJOBHIO 33/1a4H.

2. Iyt HaXO0XKJIeHUs HAIIPSAZKEHHOCTH B TPEX TOYKAX, IOCTPOUM COOTBET-
CTBYIOIUE PABHOOEIPEHHBIE TPEYrOJAbHUKHN. Pe3ybTupylonias Hampsi-

2KEHHOCTDb B KazKJO0M U3 TPEX CJAYy4YaeB CKJIQJAbIBa€TCAd U3 CYMMBI ABYX



30 I'JTABA 3. SJIEKTPUYECTBO U MATHETHU3M

BEKTOPOB, KOTOpBIC PABHBI JAPYr APYTY IO MOJAYJIO, HO HAIPABJICHBI
BJI0JIb GOKOBBIX CTOPOH PaBHOGEIPEHHBIX TPEYrOJbHUKOB. B ciyuae 1)
yrosi « upu ocHoBanum pasen 30°, B ciayuae 2) 45° a B 3) 60°. To-
I8, BOCIHOJIL30BABIINCH MPABIIOM IIAPAJLICJOIPAMMA I CAOXKCHUST
BEKTOPOB, TOJIYUHNM:

E,=2
4mega

5 cosag, 1 =1,2,3

%

HOZLCT&B.HHH PaCCTOAHUA U 3HAYEHUA YIJIOB!

3v/3¢q

EFL=—
! 4dmepa?
24/2
B, — 2V
4dmepa?
q
. =
3 4eqa?

3. [laHHYI0 33719y MOYKHO pellaTh, UCIOIb3Ys 3aKOH COXPAaHEeHUS TTOTHOM
MexaHn4decKoit sneprum 1.18:

mv2 va
Tl + €(b1 = TZ + 6@252
2 2
) MWy MUy
€(¢1 ¢2) 5 5
m
1 — P2 = %(Ug —v})

4. Buipasum 3apsj Ha 00KJIaJKax 0 U TOCJE MOIPYKEHUS

q =CU
g = CU

S
Ag=q—qi=(Co—CNU = @—1)%(]

3.2 1loCTOSAHHBIN IJEKTPUIECKUIA TOK

DJIEKTPUIECKHUI TOK - 9TO yHOPsAI0YeHHOE ABUKEeHHE HocuTeeit 3apsiaa. 11o-
MHMO 3TOTO, HOCHTEIN 3apsiia YIacTBYIOT €Ilé W B TEIJIOBOM JBHXKeHnH. B
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OTJIMYHMH OT JIEKTPOCTATUKH, IPH IPOTEKAHUN TOKA €CTh 3JEKTPUIECKOE II0-
Jie BHYTpH npoBogHuKka. OHO B obecriednBaeT yopsaodennoe apuzkenue. Cu-
JIa 3JIEKTPUIECKOTO TOKA OMPEIEISIeTCsl, KAK OTHOIIEHHE 3apsaaa Ag, TPOTeK-
Iero Yepe3 NpoBOIHUK 3a nHTepBast Bpemenn At. Ecyin ycrpemuts uaTepBas
BPEMEHU K HYJ/II0, TO MPHIEM K OIPEIEJIEHIIO CHIBI TOKA Yepe3 ITPOU3BOIHYIO:

Aq
At
Cuyia ToKa sBJIsgeTCs CKAJIAPHONR BEIUINHON, U MOZKET OBITH MOJIOKHTEILHON
1 oTpuIaTeNbHON. EauHuib u3mepenus ammepst (A).

BrejieM elnié moHsgTHe IJIOTHOCTH JIEKTPUYECKOr0 TOKa j. Momysb 31oit
BEJIMIUHBI €CTh OTHOIIEHNE CHIbl TOKAa Al, TPOTEKAIOIIEro depe3 MAIYIO ILI0-
ma1b, K BeInduHe 37oi miomaan AS.

q (3.8)

I = lim
At—0

2 Al

il = AS50 AS
DTO yKe BEKTOpHAs BEJIMYMHA, KOTOPas HAIpaBJIeHa BIOJb CKOPOCTH YIIO-
PSIOUEHHOIO JIBUXKEHHsT HOcHTeael 3apsaaa. OCHOBHAA eIUMHHUIA MU3MEPEHUS
A/

Ha npumepe IMIMHAPHYECKOrO HPOBOAHUKA, B KOTOPOM CO3JaHO OJIHO-
POJHOE SJIEKTPHYECKOe II0JIe, HAEM CBI3b MEXK/Y ILIOTHOCTBIO TOKA M CKO-
POCTBIO YIIOPSAIOYEHHOIO JIBUKEHHsI HOCHTeJel 3apsia u. Beipasum 3apsn
Aq, KOTOpBI oKazajicsa B obbeMe npoBoaHuka AV depes sj1eMeHTAPHBIN 3a-
Pl € 1 KOJIM4YecTBO 3apszkennbix yacrun, N. B ciiyuae merasiia Hocureasamu
3apsa ABIIOTCA 3IeKTPoHbl. O603HAYNM KOHIEHTPAIMIO 3JICKTPOHOB B Me-
tasae n. Torma: N = nAV, a Aq = enAV. [Insg nJIoTHOCTH TOKA:

Al Aq enAV

T=AS T ASAt ASAr M

(3.9)

3.2.1 3akon Owma

Jlng ygacTKa npoBojHuKa copMmyaupyeMm 3akoH Oma: ommowerue Hanps-
otcerue U % cune moxa I asasemes nocmoanHoti 8eAUNUHOT U HA3bLEAEMCA
conpomusaenuem R.

U
= _ 1
R= (3.10)

B cucreme CU conporupiienne u3mepsiercs: B omax (Om). Conporusienune oji-
HOPOJIHOT'O IIPOBOJHNUKA IMOCTOSTHHOTO CeYeHUs!, HAPUMeD IIHJINHIPUIECKOr0
IPOBOJIA, 3aBUCUT OT €r0 JIJIUHBI [ U IJIOMIAy MOIePEeYHOro cedeHus S cie-

JIVIOIIHM 00Pa30M:

[
R=p-

o (3.11)
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rJe p - yJeJabHOe COlpOoTHBIeHHe MaTepuaia. Ono m3mepsgercd B OM-M. JT1a
BeJIMYUHA JIJI METAJLIOB JTUHEHHO pacTeT ¢ YBeJIUYeHHEeM TeMIepaTyphl ¢ 1o
CIEYIONIEMY 3aKOHY:

p=po(l+at), (3.12)
r7ie po - yaeapHoe comporunerue npu 0°C, a - remneparypubiii ko3 duriu-
€HT COINIPOTHUBJICHUA.

R

1

Puc. 3.5: [locnenoBarenbHOE 1 napasseabHOE COENHEHNE COMPOTHBIEHHII.

AHaJIOrMYHO TOMY, KaK paHee ObLJIO PACCMOTPEHO MOCJIEI0BATEIHLHOE U
HapaJIeIbHOe COeIMHEHIE KOHIEHCATOPOB, PACCMOTPUM COEIUHEHUs COTIPO-
TUBJIEHUA. HpI/I MmapaJjjeJIbHOM COeANHEHNN, Ha COIIPOTUBJICHUAX OJUHAKOBOE
HAIPSKEHUe, a TOKH cyMMUpPYIoTcs. [Ipu nmocsemoBaresibHOM, HA0O0POT: TOK
OJIMHAKOB, a HAIPKEHUsT CYMMHDPYIOTCs. [Ipu mocsieioBaTeIbHOM CoenHe-
HUW COMPOTUBIeHNE R:

U:U1+U2:R1[+R2U:(R1—|—R2)[
U=R,I
R, =R+ R

[Tpu napa/ieJbHOM COIPOTUBICHUE [T

U U 1 1

R, | R, R Ry
U
= —
R
1_1+1
R, Ri R

3.2.2 DaekTpOABMXKYINAsA CUJIA

s nmojieprKanus MOCTOSHHOTO TOKa HEOOXOJIMMO HaJU4due MCTOYHUKA, B
KOTOPOM CTOPOHHHE CHJIBI OVIVT pa3iedThb 3apsibl. B mpoTuBHOM ciydae
TPOM30HIeT Takas CUTyallMs, KaK P 3aMbIKAHUU TJIACTUH KOHJEHCATOPA:
C TOJIOXKUTEJIbHO 3apsi?KeHHON OOKJIAJIKU 3apsi/l llepeTeder Ha OTPULATE/Ib-
HO 3apsAzKEeHHYIO, B pe3y/brare OOK/IaJKU CTaHyT HefTpaJbHLIMU, U MOJE B
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IPOCTPAHCTBE MeXKJy HUMH HCYe3HeT. PaboTy 1o pasgenenuto 3apsana Aeq
COBEpIIAIOT He KYJOHOBCKHE, a CTOPOHHUE CHJILI, HAIIPAMED, HMEIOITHE XUMH-
JecKyio npupoay. OTHoIIeHre 3T0i paboThl K BeIHMUHHE 3apaia HASLIBACTCH
ssekTpoaBrKyteit cuioii (D1C):

Aewt
q

&= (3.13)
Bakon OMma Jj1d mosHo# menu casbiBaer /1C, cumy Toka M MOJIHOE CO-
IPOTHUBJICHNE:
&
R+7r’
rige r - BHyTpenHnee COlIpoTUuBJJICeHUE UCTOYHUKA.

(3.14)

3.2.3 3axkon /Ixkoyng-Jlenna

Corytacuo 3akony xkoysisi-Jlenna, B NpOBOIHUKE BBIIE/ISIETCS TEILIO, KOTO-
poe paBHO padoTe IEKTPUUECKUX CUJI TIO ITePEMEIeHHIO 3apa/ia B Io/1e:

Q=A=AqU =1UAt (3.15)
Ucnons3yst 3akon Oma jpis yaactka ternu 3.10, mogyanw:

2
Q = IUAt = I?RAt = %At (3.16)

MomuocTh P - 9T0 paboTa coBepIlleHHAsI B €IMHUILY BPEMEHH:

U2

P=1U=I°R
R

(3.17)

3ajgaun

1. Haiitu conporusienue R GuUMeTALTHIECKOrO (¥KeJIe30-MeJib) MpOBOJIA
gmabl | = 100 m. [lnamerp BHyTpenneit xene3noit qactu d = 2 MM,
obmuit quamerp D = 5 MM. YAeJbHOE CONPOTHBICHUE YKEJIe3a p; —
0,120 MxOwm-M u megu py — 0,017 MrOM-M.

2. KakoBa momkaa 06iTh DJIC mcTOYHNKA TOKa B cxXeMme, n300paskKeHHOi
HA PHC., YTOOBI HAIPAXKEHHOCTH JTeKTPUIECKOr0 IO/ B IJIOCKOM KOH-
nencarope 6pia F = 2,25 kB /M. Bayrpennee conporusienne r = 0,5
Owm, conporusiienne pesucropa R = 4,5 OMm, paccrosHue MexK1y ILIa-
cruHaMu Koujencaropa d = 0,2 cM.
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3. JIBe namMnovKy HAKAIUBAHUS TOTPEOIIIOT OJUHAKOBYIO MOIIHOCTEL PP =
100 Bt. Ho ojiia u3 HuX paccyuTana Ha padOTy B CETH ¢ HAIpsKEeHUEM

U, = 120 B, a gpyrasg ¢ Uy, = 220 B. Haiitu conporuBierus cnupaJieit
R1 n RQ.

Pemienne

1. Cmepsa HaiijieM CONMPOTUBJIEHUsT TPOBOAHUKOB Ry u Ry. Cpasy Bbipa-

wd? (D2 —d?)
30M mIomaam S; = - H Sy = —— . I corIacHo npasuiIy s

napaJjjaeJbHOro CoeJIJuHeHMA:

pil

R, = P

1=,

pal

R, = 2

2= g,
RiRy  pipal

- Ri+ Ry, p1.52 + p2iSi

2. HampsizkeHne Ha KOHJIEHCATOPE PABHO HAIPSKEHHIO HA PE3UCTOPE, T.K.
OHH COeJMHeHbI HapasutesbHo. CHly TOKa B IIENU BBIPA3UM IO 3aKOHY
Owma jyrs nosnoit nemn (cm.3.14).

Uo = Up
Ed=IR
E
g BdR+r) _op

R
3. Haiinem conporusienus ucnoib3yd dpopmyay 3.17:

U2
a

[oxcrasisiss aucsiennbie 3uadenust, nojgydnMm 1 = 144 Oma u Ry = 484

Owma.

R
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3.3 Maruaerusm

Bokpyr HpoBOJHUKOB C TOKOM CylecTByeT MaruutHoe mnojie. Mol O6ygem ero
ONUCHIBATH CUJIOBOI BEJTMYUHON - WHJTYKITHEH é . B cucreme CU 31a Beanumna
m3mepsiercss B Tecsiax (Tur). AHATOrMYIHO TOMY, KaK MBI HCIOJIH30BATH TTOHSI-
THE CUJIOBBIX JIMHUUA A4 3JIEKTPUICCKOTO TOJId, IPUMEHUM TAKOe HATJIAJTHOE
IpeJicTaBJIeHAe H JIJI MATHUTHOIO IOJg. B oT/imdume oT 3J1eKTpocTaTHIecKo-
I'0 1O0JIsl, JIAHUK MArHUTHOI'O 1I0JIsI BCET/1a 3aMKHYThI CAMu Ha ce0sl, T.e. y HUX
HET HU HaYaJla, HU KOHIIA.

3.3.1 Cwuapl B MAarHuTHOM I10J1€

M3BecTHO, 9TO HA HPOBOJHUKK HOMEIIEHHbIE B MAaIHUTHOE 10JE, JeficTByeT
cuna Avmepa Fy. JIas omHOPOZHOrO MATHUTHOTO IMOJIST B IPAMOIHHEHHOIO
MMPOBO/IHUKA JIJIMHBI [ CITPABE/IINBO BhIParKeHUe:

Fy = I[IB], (3.18)

rJe [ - 570 BEKTOP, HANPABJEHHBIH BJIOJIH HAIIPABJIEHUA TPOTEKAHUS TOKA, 110
IPAMOJIUHERHOMY IPOBOJIHUKY W UMEIOIUH JIuHy [, TaKyIo 2Ke, KaK caM Ipo-
BOJIHUK. MO IyIb BEKTOPHOTO TTPOU3BEIEHNS paBeH MPOW3BEIEHUI0 MOy el
Ha CHUHYC yIJIa MeKJIy BeKTopamu. [lodTomMy, aasd MOIyIS CHUIBI MOJTydaeM
BbIpaXKeHUe:

|[Fal = 1]I]| B sin(a)

BekTop cmiibt Fy HePIEeHIKYISPeH IJI0CKOCTH, B KOTOPOH JIeZKaT BEKTOPa, [
u B. Bioan HOPMAJIH BO3MOZKHBI JIBA B3AMMHO IPOTUBOIOIOKHBIX HALIPABJIE-
HUA BEKTODa CHUJIBI. BepHoe MOZKHO OlIpeaeJ/IUTh 110 IIpaBUJ1y 1IIPpaBOI'O BUHTAQ
(6ypaBumka), Bpalasi BUHT OT [IePBOIO BEKTOPA KO BTOPOMY TI0 KpaTdaifiiei
TpaekTopun. JInbGO BOCITIOIH30BATHCS MPABUJIOM JIEBOI PYKH, KOTOPOE Cpas3y
IO3BOJIAT OIIPEIEJIUTDH HAIIPABICHUE CHJIBL.

Ha ormenbHyto 3apszKeHHYIO YaCTHIY B MATHHTHOM II0JIe JefCTBYeT CHIa
Jlopenmna:

Fy, = ¢[oB] (3.19)
AH&JIOFI/I‘{HO TOMY, KaK IIOCTYHIHUJINA paHee, BbIpa3uM MOAYJIb:
|F1| = lql|v]| Bl sin(«) (3.20)

U OlpeJieTUM HallpaBJIeHue OJHUM W3 JIBYX OMUCAHHBIX criocoboB. [lpu sTom
HEOOXOJIUMO y4ecTh, YTO HanpasJjeHue cuibl Jlopenna, neficTByromeit Ha OT-
PUIATE/ILHO 3aPSKEHHYIO 4acTHUILy Oy/leT IPOTUBOIOJIOXKHO TOH Cujie, KOTO-
pas JeficTByeT Ha MOJOKUTETHHO 3apPIKEeHHYIO.
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3.3.2 MarauTHblii IOTOK

MaruuTHblit moTok ® 1MoKaspIBaeT HACKOJIHKO I'YCTO MMOBEPXHOCTH ITPOHU3aHA
CHJIOBBIMH JIMHASMHA. DTO MOHATHE HIPAMEHUMO U JJIsI SJIEKTPUIECKOIO MO,
U JIJIS HEKOTOPBIX JPYTUX BEeKTOPHBIX IOJI€H, HO MBI OYJIeM ero UCI0JIb30BaTh
TOJIBKO JIJIs1 MATHUTHOTO.

d = /(éﬁ)ds, (3.21)

r71e 77 - HOpMaJIh K OECKOHEYHO MaJI0i moBepxHOCTH d.S. O4eBUIHO, ITO TTOTOK
ckassipaast Bennanna. OHa u3Mepsiercs: B BeGepax (B6).

B cay4gae omHOPOAHOTO MOJIA W TLIOCKONH TMOBEPXHOCTH BhIpakenue 3.21
npuHuMaeT 6ojiee MpocToil BU;

® = | B|S cos(a)

DAEKTPUIECKHI TOK MOPOXKIAET MArHUTHOE II0JIe, KOTOPOE IIPOMOPIIHO-
HAJbHO CHJIe TOKa. TakKuM 0Opa3oM, U MAarHUTHBI MOTOK ITPONOPIUOHAJIEH
9TOHU BeJIMYUHE:

®=LI, (3.22)

riae L - 370 MHAYKTUBHOCTD, KOTOpas u3Mepsiercst B reapu (I'u).
O1HOPOIHOE MATHUTHOE MOJI€ MOYKEeT OBITH CO3/aHO BHYTPHU OYEeHb JIJIHH-
HOW KATYIIKH. JHEPrUsl MarHUTHOTO MOJIA, KOTOPas 3araceHa B KaTYIIKe

JaeTCd BbIpazKE€HUEM:

oI  d*  LI?

3.3.3 3akoH 3JIeKTPOMATrHUTHOMN WHIYKITUN

CorytacHo 3aKOHY 9J€KTPOMArHUTHON MHIYKIUH, OTKpBITOro Maitkiom Pa-
pameeMm B 1831 romy, npn m3MeHEHHN MarHUTHOTO ITOTOKA B KOHTYDe BO3HU-
kaerT DJIC. Ona nasniBaerca DJ1C unayknum.

AP . I
Cing=—1lm — =—-d = Ld

At—0 At B E (324)

Maremartudeckyio hpOPMYJUPOBKY MOXKHO U3IOKUTH CJACIYIOIMIAM 00PaA3OM:
91C uHYKIUK paBHA IPOU3BOIHON MArHUTHOTO IMMOTOKA 110 BPpEeMEeHH, B3ATOI
¢ oOpaTHBIM 3HAKOM.

3agaun
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1. Baps:keHHas JacTHIA MACCHI M € HOJOKATEIBHBIM 3JIEKTPUIECKAM 3a-
PSIIOM ¢ BJIETAeT B OJHOPOJHOE MATHUTHOE Mo/ ¢ HHAYKIHei B. Bek-
TOP CKOPOCTH YACTHILI HePHeHAUKYISPEH JTUHUAM MATHATHOTO IOJIS
(v L é) Haiitu paguyc okpyzkuocru R 110 KOTOpoii Oyaer JABUIraTbCs
YACTHIA.

2. TlpoBopamuii BUTOK miomagn S = 2 c¢M? pacrosozkKeH NepHeHIHKY-
JIAPHO K JIMHUSM HWHJIYKIMA OJHOPOJHOIO MarHUTHOTO moJig. Hafiru
uuayupyemyio B Butke DJIC, eciu 3a Bpema At — 0,05 ¢ marauTHas
UHIYKIES paBHOMepHO yObiBaer ot By = 0,5 Tt mo By = 0,1 T,

Pemennuga

1. B MarsuTHOM 10/1e Ha YacTuiy gefcrsyer cuia Jlopenna: Fy = q[7B].
Jlpyrue cmibl, Takue, KaK CHJIa TAXKECTH, B JIAHHOM CJIydae MOYKHO
He yuuThiBaTh. Ha dacTuily jeiicrByer cujia, KOTopas olpejieiser Ha-
npassenne yckopenus. Cnia, a BMecTe ¢ Heil W yCKODEHHE, IepIeH-
JINKYJISIPHBI CKOPOCTH, TTO3TOMY TPAEKTOPHE IBUKEHUST Oy/IeT OKPY K-
HOCTh (cM. 3a1ady 2 u3 pasziena "Kunemaruka"). I[IocKoIbKY CKOPOCTH
BEKTOpPHAsl BeJTMYNHA, & JIBHKEHHE 110 OKPYKHOCTH paauyca R compo-
BOXK/IAeTCH U3MEHEHHEM HAlIPAB/IeHUs BEKTOPA CKOPOCTU U, TO CJIej0-
BaTEIHHO, YACTUIA IMeeT yckoperne. OHO HA3BIBACTCS IEHTPOCTPEMH-
TeJbHBIM, T.K. HAIPABJIEHO K IEHTPY OKpPYzKHOCTH. MOIy/Ib ero pasen:

Torpa, o 2-omy 3akony HbloTona, u y4uTbIBasi, 9TO MOJIYAb BEKTOP-
HOI'O IIPOU3BCACHASA PABCH IPOU3BEICHUIO MOAYJICH BEKTOPOB Ha CUHYC
VIJIa MEKJY HUMU, ITOJTYYIaeM:

ma, = quB
2

v
~ — quB
mR qu
_my
=B

2. Bocnosb3yemcd ompejiesieHHeM MAarHUTHOTO IIOTOKA W 3aKOHOM 3JIeK-
TpoMaruuTHOH wHayKnmu (cM. 3.21 u 3.24). YauTeBasg TO, 9TO HOJE
OJHOPOJHO U MEPIEeHIUKYIAPHO HOBEPXHOCTH, IOTOK Yepe3 BUTOK pac-
cunteiBaercss:: ¢ = BS. A moCKoIbKY 1oJie yObIBaeT paBHOMEPHO, TO
HaM He IIPHUJeTCd PacCcMaTpuBaThb Lpejes OTHOIIeHUd M3MeHeHUd I10-
TOKa K MU3MEHEHUIO BPEMEeHHN.

Ad (By — B1)S

Ema =~y Al O
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L

—

c |}
||

-1+

Puc. 3.6: Koyebanust B 3JIeKTpUIECKOM KOHTYpe.

3.4 Konebanus B 3JIeKTPUIECKOM KOHTYPE€

Ecin COECJMHUTDb KOHJCHCATOP M KAaTYIIKY HWHAYKTHBHOCTHU IIapaJlJieJIbHO, TO
B TaKOM KOHTYP€ MOI'YT BOSHUKHYTD 3JIEKTPHYIECKUE KoJiebanus. BOCHOJIbSy—
eMcd 3akonoM OMma JJId TaKOT'O KOHTYPa:

UC:gz’nd

q dl
4 _ 7=

C dt
7+ L =0
1T~

Anasorngno 1.19 MbI TPUTILTH K YPABHEHHUIO TAPMOHUYIECKUX KOJIe0aHmii, T/1e
B KadecTBe IMepeMeHHOH ucrnoJib3yercs 3apdan q. llukandeckas dacTora cob-

CTBEHHBIX KOJieOaHWl B JIAHHOM CJIydae paBHA Wy = ,/%. Pemrenne 3Toro
YPaBHEHUA:

q = qo cos(wot + ¢o)
CoracHo onpeieIeHII0 CHUIbI TOKA, 3.8:
I = —woqo sin(wot + ¢o)

DHeprus 3alaceHHas B KOHTYpe:

2 2 2 2
W 9o Li; q LI
2C 2 2C * 2 (8:25)
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I'eomeTpuyeckasi OIITHUKA

Cser mMeeT KaK BOJTHOBYIO, TaK W KOPIYCKYJsapHyio mpupoay. Ho B psame
CJYYaeB MOXKHO MOJOUTH POPMATBLHO K OIUCAHHIO PACIPOCTPAHEHHST CBETA:
CUYUTATh, YTO BHYTPHU OJHOPOTHOM CPeJibl CBET PACTPOCTPAHIETCA TPIMOTN-
ueitno. llpesiomsienue, T.€. OTKJIOHEHUE OT II€PBOHAYAJIBHOI'O HAIPABJ/ICHUS,
MOZKeT TTPOMCXOUTH TOJHKO Ha Tpanuiie pazjesna cpei. [loaromy B pasmeste
reoMeTpuyiecKas ONTHKA JOCTATOYHO c(POPMYJIUPOBATH CJAEIYIONIUE 3aKOHBI.

4.1 3aKOHBI OTPaXKEHUS N IIPeJIOMJICHIS

VToa1 o MeXk 1y TaJafoIuM JIYIOM U HOPMaJIbIO HA3BIBAETCS YIJIOM Ha eHNd.
YVroa [ MexXIy HOPMAJIbIO0 U OTPa’KeHHBIM JIyYOM HA3BIBAETCA YIJIOM IaJe-
Hud. Jlyd magaionuii, HopMaJjb K HOBEPXHOCTH, BOCCTAHOBJICHHAs B TOYKE
NaJeHUs, U OTPAYKEHHBIN JIYYT JIeZKAT B OJHOI IJIOCKOCTH. YTOJI MaJICHUS Pa-
BEeH yIUIy orTpazkenus (cM. puc. 4.1).

JIy4 magaromuit, mpeJOMIeHHBIH 1 HOPMaJIblo, BOCCTAHOBJIEHHOM B TOUKe
MaJIeHns JeKaT B OJTHOM TJTOCKOCTH. YTOJ MaJdeHusd v M YTOJI TPEJTOMICHUST
7 CBA3AHBI CJCAYIONUM COOTHOITCHHEM:

sina Ny

(4.1)

siny  ng

4.2 TlosnHOE BHyTpeHHEe OTparKeHue

Ecmm yd cBeTa majilaeT Ha TpaHUILY pas/iesia IBYX CPel CO CTOPOHBI ONTHYe-
cku 6oJjiee IJIOTHOM, TO BO3MOYKHA CUTYAIUs, KOTAa HEeT HPEJTOMICHHOIO JyYa,
a ecTb TOJILKO OTpakeHHbli. Ecjiu jiyd cBera pacupocrpaHsiercs B Bojie U la-
JlaeT Ha T'PaHUILY pas/iesa ¢ BO3JYyXOM, TO JJis YIJia MOJHOT'O BHYTPEHHEero

39
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Puc. 4.1: NnocTpanus 3aKOHOB OTPAKeHUS U IPEJIOMICHUSI.

OTpaZKeHHsI YCJIOBUE BBITJIAIUT CJIEAYIONIHM 00pa30M:

1
siny = — (4.2)
U]

4.3 PopMyJia TOHKOI JIMH3bI

[Ipozpaudnoe TeJsio, OrpaHudYeHHOe CHEPUIECKUMU MOBEPXHOCTIAMU, HA3LIBA-
10T JuH30M. JIMH3BI 00/1a1I0T TAKUM CBOHCTBOM, YTO OHU MOTL'YT COOMPATDH
WM paccenBaTh cBeT. PaccMOTpUM CTeKIIHHBIE JTUH3BI, HAXOJAIINECS B BO3-
nynrHo# cpefe. Torma, eciau MOBEPXHOCTH JIMH3BI BBIIYKJIBIE C JIBYX, JIHOO €
OJTHO# CTOPOHBI, TO OHA cobWpaloIas. K e MOBePXHOCTH BOTHYTHIE, TO
ona pacceunaiomas. Ha puc. 4.2 cjieBa cxemarndecku u3odbpazkeHa coOnparo-
mast ina3a. [lyakrupraas muausg OO’ - 5170 iaBHast ONTHYECKAs OCh, KOTOpas
MIPOXOJNT Yepe3 MeHTp JWH3H. [lapaiesbHbIil Ty90K JIyveil, ma aloii Ha
3Ty JIMH3Y B/IOJIb TJIABHOW ONTUYECKOl ocu, coOmpaercd B Touke F', KoTopas
Ha3bIBaeTC (POKYCOM.

st paccewBatoreii uH3b (copaBa Ha puc. 4.2) JyUu PacXoisiTes, a uxX
HPOJIOJIZKEHUS COOUPAIOTCS B TOUKE, KOTOPas HA3bIBACTCH MHUMBIM (DOKYCOM.

Cobuparoras TuH3a B OOJBITHHCTBE CIYYaeB JaéT AefiCTBUTEIbHBIE H300-
paxkeHusd, T.e. TaKue, KOTOPble MOXKHO yBHU/IeTh, pa3MeCcTUB 3KpaH. Paccen-
BaloOIIas Ke JaéT TOJIbKO MHUMbIE U300PaKeHUSI.

QopMysta TOHKON JTUH3BI CBA3BIBAET PACCTOSTHUE OT TIPeMeTa J0 JIMHIBI
d, paccrosiuue OT JIMH3bBI 70 n300paxkenus f u pokycHoe paccrosinue F':

o =*= (4.3)

SN
| =
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Puc. 4.2: Cobupatomias (ceBa) u paccenBaolias (CIpasa) JUH3BL.

3HaK MUHYC IIepeji BTOPBIM CJIaraeMbIM B JIEBOIl 9acTH CTaBUTCS, €CJU U300-
pakeHue MHHMOE, a B IIPABOH YaCTH 3HAK MUHYC CTaBUTCH, €cId (DOKYC MHH-
MBIif, TO €CTh KOT/1a (pOpMyIa IPUMEHSIETCS M7 pacCenBaIONeil TUH3bI.

3agaun

1. Tlimockoe 3epkaJsio mosopaunBaioT Ha yrog ¥ = 25°. Ha kakoit yrou
HOBEPHETCS OTPAKEHHBIH OT 3epKaJia Jyd?!

2. Jlyu cBera mnajaeT mepHEHIUKYJISAPHO K OOKOBOI TOBEPXHOCTH TPU3-
MBI, IIPEJIOMJIAIONINI yroJ KoTopoit ¢ = 30°. Haiitu yros orkjaoHeHus
0 jyda OT IepBOHAYAILHOIO HAIIPABJICHHUS IIOCJE BBIXOJA U3 MPH3MBI.
IlokazaTess mpestoMaeHUs OPU3MBI 1 = 1.4.

3. OcBermenHas 1meIb BBICOTHL A = 5 ¢M TPOEKTUPYeTCs ¢ MOMOIIBIO CO-
oupatoieit JUH3bI ¢ HOKYyCcHBIM paccrosgaueM F' = 10 cMm Ha ’KpaH,
OTCTOsINeH oT JuH3bI Ha paccroguun f = 12 cm. Haiitu Beicory H
n300parkKeHud IIe/ I Ha IKPaHe.
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Pemienusa

1. 13 mpuBeeHHOr0 pUCYHKA BHJIHO, YTO TOCTIE TTOBOPOTA 3ePKaJjia HOBBIH
yroJi najieaus paser o + W. Yroj Mex/ly BePTUKAJIbIO U OTPAZKEHHBIM
JIy9OM TIOCJIe TIOBOPOTA 3epKaja paseH « + 2W. CiemnoBaresibHO, OTpa-
JKEHHBIN JIyd ToBepHeTcs Ha yro: o + 2V — a = 2¥ = 5(°

2. Paccmorpum xoi Jiyda cBeTa: Ha IE€DPBYIO TDAHUIy DPa3jeja OH MHa-
JlaeT TEPIeHIUKYJIAPHO, MOITOMY IIPOIIEANAN JTyd HE IIPEJOMIISIeT-
cda. Ha Bropoit rpanune pasjesia NpuMeHHM 3aKOH mpesjomienus 4.1,
VUIUTBIBAsI, 9TO TPU3MY OKPYKAET BO3JYX C MOKA3aTEJeM IPeIoMJIe-
ausg n; = 1. U3 npamoyronbaoro tpeyroibuanka ABC ciaegyet, 4To
/B = % — ¢. Ciejosare/ibio, yroa najenus pasen ¢ = 30°. Mcxombrit
yros orkjaonenns 6 = a — ¢ [loaromy okoHuaTeHHO:

A

6 = arcsin(nsin ¢) — ¢ = arcsin(1,4 - 0,5) — 30° ~ 14°
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3. st peleHnst BOCIOJIb3yeMcsa (bopMy/I0ii TOHKOH uH3H 4.3 1 101001-
eM TpeyroabaukoB ABO u A1 B0.

W3 sTux AByX ypaBHeHHI BbIpaxkaeM H =

L(f—F)=1cm
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