JIBOMHOI

YcioBue

3aganue 3.

Coennnnre pr}KI/IHbI napaJijieIbHO.

H' HIHIIHIHIIHIIHHIHIIH\\

iy

OO0 OO OO lH

"-u—

(i

B

P,

3.1 DKcIepuMeHTaIBHO TOKAYKUTE, 9TO 3aKOH [ 'yKa BBITIOTHSIETCS U I « TBOWHON» TPYKUHBL. 3.2
N3mepbTre KEeCTKOCTD «JIBOIHOY MPYKUHBI, CPABHUTE €r0 ¢ TEOPETUIECKUM 3HAUECHUEM.
Pemenne

Samaua 9-3. CucreMmaTndecKue IMOTPENTHOCTU JIEKTPUIECKUX CXEM

Yactp 1. IlorpemHocTs memTenisa HATIPSI>KEHUS.

1.1 Pacuer HampszKeHHMiI IPOBOJUTCS ¢ MCIIOJIb30BaHneM 3akoHa OMa U 3aKOHOB IIOCJIEI0BATE b
HOI'O U IapaJslIeJIbHONO COeIUMHEeHNs ITPOBOTHUKOB. Tak

Ry
U, =U ) 1
0R1+R2 (1)

7151 pacdera HaIPsIZKEHUST IPU TOJIKJIIOUEHAN HCCIeLyeMoit et 7 B (hopmyste (1) conporusienue

R, 3amenuTh conporuBieHneM R napasiieibHO COIMHEHHBIX PE3UCTOpa Ry 1 mcc/ielyeMoit mernm
conporubieaneM r. IIpu sTom

1 1 1
T:_+_- 2
R (2)
Torma
R 1 1 1 U, RiR R
R1+R2 1+§_1 1—{—R2<RL_|_1> 1+R—1+7 1—|—R—1 T<R1+R2) Ry A
1 r

(3)
[Ipu BBIBOJIE yUTEHO, UTO JIjII MAJOIO M3MEHEHUs] HaIPSKEHUs JTOJKHO BBIOJHSITHCS YCIOBUE
r > Ry, Ry. Ha ckosibKO 9T0 MeHblIIe, TIoKa3biBaeT (opmysia (3), 13 KOTOPOH CJIejLyeT, 9YTO OTHO-
CUTEJIbHOEC U3MEHEHUE HallPpAXKEeHUA PpaBHO

o U, — U, _ RiR n
v U1 T’(Rl—FRz).




VYkazannoe u3MeHeHne HallpA2KCHHE He IIPEBLICUT YKa3aHHYIO BEJIMYUHY IIPU BBIIIOJIHEHUU YCJIOBUA

R1R2 RlRQ
B B - s S 5
r(Rit Ry~ "= (5)

Ev(Rl + RQ) ’
IIpu R1 = R, =10 Om u ey = 0,01

r > 500 Owm. (6)

Teoperuueckwnit Typ. Bapuant 2. 8
Yactp 2. IlorpemnocTtb, BHOCUMasi aMII€ePMETPOM
2.1 CI/IJIbI TOKa B IIPUBEJCHHBIX HEIIAX PACCHUTBIBAIOTCA 3JIEMEHTAPHO:!

;W
r
f_ U Uf, Ba
]_T+RAN r (1 7“) (6)
a) o)
RA
U, Ui
o1 LoDl ,
1 I Puc. 3

Taxkum o6pa30M, OTHOCUTEJIbHOE U3MEHEHUE CUJIbI TOKa IIPpU ITOJAKJIIOYEHUU aMIIEpMETpPa PaBHO

I-1 RA
€A ] r ( )

VYkazannoe TpeboBaHme OYJIET BBIIOJHEHO, ITPU

R
" <4 Rp<ear=0,100um (8)
.

Yacts 3. IlorpemnocTb, BHOCUMAasi BOJIBTMETPOM.

3.1 /Ina pemenus 3Toi 9acTu 331241 JIOCTATOYHO 3aMETUTh, UTO pacCMaTpPUBaeMble 371€Ch CXEMbI
MIOJTHOCTBIO SKBUBAJIEHTHBI cxeMaM, paccMoTpeHHbIM B Hactu 1. [TosToMy MOXKHO BOCTIOIB30BATHCS
pe3yJibTaTaMu, OJyYeHHBIMHA B TOU YaCTH, €CJIM CONPOTUBJIEHNE " 3aMEHUTh Ha COITPOTHUBJICHUE
BosibT™MeTpa Ry . Torma ornocuTeibHOE N3MEHEHNe HAIIPSZKeHNs He peBbicuT 1% 1npu BeIIOJIHEHNN
YCTIOBUSA

. By <e = Ry > 1, Ry
Ry (R, + Ry) v v ev(Ry + R2)
Yactp 4. KoppekTupoBka nuzmepeHHoiit BAX

4.1 B ncnoJib30BaHHON cXeMe ITOKa3aHUsd BOJIbTMETPa PaBHBI HAIIPAXKEHNIO Ha HCCJICAYEMOM 3JIC-
MeEHTe

= 500 Ow. (9)

U=0. (10)

\)



AmMiiepMeTp MOKa3bIBAET CYMMY CHJI TOKOB U€pe3 HCC/IeIYEMblil 9JIeMEHT U BOJIBTMETP:

[=1+1I,4 (11)

Puc. 1

Taxum obpazoM, i KOPPEKTUPOBKHU TOJIYIEHHON 3aBUCUMOCTH HEOOXOIMMO M3 ITOKA3aHUl aM-
IepMeTpa BBIYECTh CHJIY TOKA Yepe3 aMIepMeTpP, KOTopas pacCInThIBaeTcs 10 3akoHy Oma:

0
I'=1——. 12
e (12)

HeobxoaumMblie pacdeTbl U CKOPPEKTUPOBAHHBIN I'paduK MpuBeaeHbl B Tabsuie n Ha Ojanke. Ha
9TOM I'paduKe: BEPXHssl KpUBasi — UCXOAHBIN Paduk; HIKHSS IpsMasi — 3aBUCUMOCTD CHUJIBI TO-
Ka 4epe3 BOJBLTMETD OT HalpSXKEHUsl, CPeJHssd KpUBas — <«UCTUHHBIA» I'padUK BOJBTAMIIEPHOI
XapaKTEePUCTUKHU UCCIelyeMoro sjemenTa. Teoperuyueckuit Typ. Bapuant 2. 9

Biank k 3azade 3 (Hacts 4)

BAX
14,0
12,0 //"
10,0 — >
/
8.0 //C

2,0 P — e 4
—

Cuna Toka, MA

0,0 t
0,0 1,0 2,0 3,0 4,0 5,0 6,0

Hanps:keHne U, B

Tabauma 1.



U,B| I mA | I, MA | I, MA
0,00 | 0,00 0,00 0,00
0,50 | 2,46 0,25 2,21
1,00 | 4,00 0,50 3,50
1,60 | 5,31 0,75 4,56
2,00 | 6,50 1,00 5,50
2,50 | 7,60 1,25 6,35
3,00 | 8,63 1,50 7,13
3,50 | 9,61 1,75 7,86
4,00 | 10,56 | 2,00 8,56
450 | 11,46 | 2,25 9,21
5,00 | 12,34 | 2,50 9,84

Pacyernbie dpopmyiibl i

Cwta Toka 1gepe3 BosbTMeTp: [y = %.

Cuta ToKa 1depes3 uccseayeMsblit snement I, = I — Iy

Teopernueckuii Typ. BapuanT 2. 10

Pemenns 3amau. 10 kJjacc.

3agada 1. IIpuBsazanHasi TejiexkkKa

Yacrs 1. «Bricokuii 6J10K»
—
AV

l@ o - 1 Puc. 1
[ |

1.1 3a maJiblii mpoMexkyTOK BpeMeHun At TejieyKKa CMECTUTCS BIIPABO 110 MOPU3OHTAJM HA Pac-
crostare uiAt. Ilpu sTom jjmHa HUTH yMeHBIUTCH Ha Beawmauny vAt. 13 coorBeTcTByIoIiero
[IPSIMOYTOJIBHOT'O TPEYTOJIbHUKA I10JIydaeM

VAL = 1y At cos a.
VAt = u At cosa
U3 (1) HAX0aUM UCKOMYIO 3aBHCUMOCTD
v

uy (o) = (2)

cosa

v
uy(a) = cosa

1.2 Ucnosns3ys (2), HaiijleM MCKOMbIe 3HAYEHUsI CKOPOCTEHl TeJeKKH Ha OGECKOHEYHOCTH U IIPU
a = 35°.
Yactb 2. «IloaBu>kHbIii OJIOK»




vanoit A5C  npu apmwkenun Tenexkn

oo — U

I 3TOM J[JJIHHA Y4YacCTKa AB HHUTH

2.1 Ilockonbky Huth ABC' HepacTszkuma, TO jjuHa jgoMaHoit ABC' npu IBUKEHUU TeJIeKKN
octaéres nocrosgauoit. CieoBaTe/IbHO, YMEHbIICHHIE JIJIMHBI OJTHOTO 3B€HA JIOMAHON 38 HEKOTOPBIT
IIPOMEXKYTOK BPEMEHU JIOJIZKHO PABHATLCS YBEJMYEHUIO JIJIMHBI €€ BTOPOT'O 3BEeHA.

[Iycth 3a HEOOJBITION TTPOMEXKYTOK Bpemenn At TejiezkKa CMECTUTCS BIPABO Ha paccrosuue uAt.
[Tpu sTom jymmaa yaactka AB HuTH yMeHbIHTCA Ha Besmauny (Puc. 2)

Alap = ulAtcos a. (5)

AiAB —uAtcosa

BC HHUTH 34 OTOT KE I

C ,ZprI‘Oﬁ CTOPOHBI, JIJINHa YyYaCTKa BC uuru 3a 3TO0T XK€ IIPOMEZKYTOK BPpEMEHU YBCJIMIUTCA Ha

Alpe

Alge = (v — u)At. (6)

[Tpupasuusasg (5) u (6) M0 yCJIOBHIO He PACTSZKUMOCTH HUTH, [TOJTYIUM

Alap = Alpc = uAtcosa = (v—u)At. (7)
Algr = ('U — u]ﬂt
U3 (7) HAXOIUM HCKOMYIO 3aBUCHMOCTDH Uy (v)

(0) = —
(o) = ——.
4 1+ cosa

Alyg =aAlge = ultcosa = (v—u)at

iMocTh e (@)
v
U @) = 1+ cosa .

2.2 Ucnonb3ys (8), HaiijieM MCKOMbIe 3HAYEHUsI CKOPOCTEil TeJIeXKKH Ha OECKOHEYHOCTH U IIPU

a = 35°
v v M
- =0°)=— = =075— 9
Us U4(O€ ) 1+ cos 0° 9 ) C’ ( )
v M
- =35 = —— —(0.82—. 10
ug = ua( ) 1+ cos 35° e (10)
w w M
Us =U@=0)=g o g =3" 075
i M
e A s P2 &



Bamernm, ITO HOJIydeHHOE 3HadeHre (9) MOXKHO 6bLIO HafiTh 1 6€3 NCIoIb30BaHus (8), MOCKOIBKY
U5 COOTBETCTBYET CJIYYAI0 MOIBUYKHOTO OJIOKA, HA KOTOPOM <«IIPOUTPBIBAIOT» B CKOPOCTH B JBa
pasa.

Teopernueckuii Typ. Bapuant 1.

Yactb 3. «Huskwmii 6J10K»

3.1 /lamHast 9acTh 3aJa49u caMas IIPOCTas, MOCKOJIbKY IPU TaKOW CXeMe BBITSKKH TEIE:KKH €€
CKOPOCTh HE3aBUCUMO OT yIJIa (v BCerja Oy/eT paBHA 110 MOJLY/II0 CKOPOCTU HUTH.

3amada 2. Kapre3auaHcKuii BomgoJias.

Yacts 1. BoiHy>K/1eHHOEe morpy2KeHue.

1.1 Tak Kax Temieparypa BO3/yxa B TPyOKe M €ro Macca He W3MEeHAIOTCHA, TO JJIsi 9TOTO BO3/IyXa
cupaBeInB 3akoH Boitns-MapuorTa:

PyL = P(L —x) (1)
C npyroit CTOPOHBI, JaBICHIE BO3/IyXa B TPYOKE MOXKHO BBIPDA3UTH UePE3 TMIPOCTATHYICCKOE JTaB-
JIEHVE BOJIbI:

P=F+z—x (2)

3/1ech, KaK CKa3aHO B YCJIOBUU JIABJIEHUS BO3/yXa N3MePSIeTCS B METPAX BOJISHOI'O CTOJIOA.
)
£

B stux YpaBHECHUAX JIB€ HEU3BECTHbLIC BEJIMYMHDLI: JaBJICHHUE BO3/yXa B pr6Ke P u BnICcOTA Z,
IIO9TOMY 39Ta CUCTEMa MO2KET OBbITD pelieHa:

PL=(Py+z—zx)(L—2z)=
2 — (Py+2)x— Ly + (Py+2)L — P L=0=
2~ (Pp+z+Lx+2L=0= (3)
(Po+2+1L) \/(P0+z+L)2
T = — 7 + —_——
’ 2 4
N3 naByx KOpHeil ciieyeT BbIOpaTh KOPEHb CO 3HAKOM MHHYC. B KadecTBe 0OOCHOBAHHS TAKOI'O

BbI60pa MOZKHO IIpUBECTU CJIGILyIOHlHﬁI apnu z = 0 BBICOTA T TaK:xKe JOJI2KHa PaBHATbHCA HYJIIO.
HOQTOMy OKOHYAaTEJIbHO IIOJIYIUM

—zL

(P0+Z+L)_\/(P0+Z+L)2_ZL. n

x(z) = 5 1



Cxemarudeckuit rpacduk 9TOH 3aBUCUMOCTH [TOKA3aH HAa PUCYHKE: [IPU YBEJIMYCHUN 2, BEJIUUUHA X
MOHOTOHHO CTpeMuTcs K L.

7
7
/]

BbicoTa cTtonOuka X
\\

FnyGuHa z

Teopernueckunii Typ. Bapuant 1.

1.2 Cuny Apxumejia MOYKHO BBIPA3UTH 110 U3BECTHON (hopMmysie, KaK BeC BbITeCHEHHOH BOJbI. O/1-

HaKO, HeOOXOMMO PacCMOTPeTh JBa ciaydasi: A) [uryGuHa morpyzkeHust MeHblle JJINHbI TPOOUPKH
z < L. B arom ciyqae

Fa = pgs(z — ) (5)

Tak Kak x pacrer MeJjIeHHee, YeM 2, TO B 3TOM cJiydae cujia ApxumMme/ia BO3pacTaeT [IPU YBeJInIeHUN
z. B) I'ny6una morpyxkenus: 60JibIe JymHbl Tpobupkn z > L. B srom ciyqae

Fa = pgs(L — x). (6)

B sTom ciyuaae cua Apxumesa ¢ poctom z yobiBaer. Cxemarudeckuii rpaduK 9TOi 3aBUCUMOCTH
IIOKa3aH Ha CJIe/IYIONIEeM DUCYHKE.

'\R

Cuna Apxumega F
T —

MybuHa z

1.3 Takum obpasom, cuia Apxume ia IPpUHIMAET MaKCHMaJibHoe 3Hadenne npu z = L. Kak ciemyer
u3 hopmyJbl (4), Ipu ITOM BeJndnHa T Oy/IeT paBHA



Py +2L Py + 2L)? Py +2L P2+ 4P L
x(z):w_\/w_[ﬂ:(o_l_ )_ 0+ 07
a MaKCUIMaJIbHOE 3HaAYECHNE CUJIbI ApXI/IMe,ILaZ
Py +2L P2 +4P,L
FAmax:pgs(L—l'):pgs L_M_i_ [)—i_—O —

2 4

|P? +4P,L P,

Samernm, uro npu Fy > L 970 MakcnMaJsbHOe 3HaYeHue cTpeMuTcs K L. /leficTBuTeIbHO B 9TOM
IpUOJINKEHNN U3MEHEHHUe JIaBJeHNe BO3/yXa B TPYOKe IPH IOIDYKEHUU IPEHEeOPEKUMO MaJIo,
II0O9TOMY MOKHO CUMTATh, YTO BO3/IyX 3aHUMAET BCIO TPYOKY.

1.4 Cuny Apxumejia MOXKHO BBIPA3UTh KaK PA3HOCTDH CUJI JIABJICHUI HA 3aKPBITHIA BEPXHUIT TOpeI]
TPYOKH, TIO3TOMY

Fy=(P— (B +pg(z—L)))s, (8)

YTO, KOHEYHO, PABHOCUILHO UCIIOJIb30BAHHOMY PaHEe IMOIXOLY.
Teopernuecknii Typ. Bapuant 1.
1.5 Ha rpacduke 3aBucumoctu cuyibl Apxumesia OT IIyOUHBI TOTPYZKEHUST OTMETUM YPOBEHDb CHJIbI
TazkecTu. g 9T0r0 mpoBeeM BepTUKAJIbHYIO JUHUIO 2 = 1)L 10 nepecevuenus ¢ rpaduKOM 3aBU-
CHUMOCTH CHJIbI Apxume/ia OT Tyiybunbl. B Touke nepecedenus 9ta cujia 6y/1eT paBHA CHUJIE TAKECTH.
asee poBejieM rOPpU30HTAJILHYIO JIMHUIO HA YPOBHE CUJIbI TSAXKECTHU JIO ME€PECEUeHUs] CO BTOPOit
BeTBbIO rpacduka. Abciucca 3Toit TOYKU 1 OyIeT UCKoMast TiiyOuHa 2.

"

F 4
WM

nL = z

ﬂeFKO IIOKa3aThb, 9TO IIOJIO2KEHNE PaBHOBECHA B TOYKE 271 ABJIAETCA HGYCTOIZLIHBBIM, IIO9TOMY, €CJIin
rIyOnHa MOrpyKeHus CTaHeT 4yTh OOJIbIe, YeM 21, TpyOKa yToHeT. Takum obpa3oMm, Jijid pacdeTa
9TOM TJIyOMHBI HEOOXO/IMMO PEIIUTH CJIeIYIOIee YpaBHEHHE

Fa(nl) = Fa(z). (9)

Wcnonb3yst mosydentbie hOpMyIIbl s CHIIBI ApxXuMesia, moryauM TpedyeMoe ypaBHEeHUe:

(z—2)o=(L—2(x)) =



2
he— I (P0+z+L)+\/(P0+z+L)

2
rae 0003HATEHO

hoz(z—:z:)oan—(

I L+ L B L+ L)?

2

Bricora cTobuka Bozmyxa B TpyOKe, KOrjla OHA ILJIaBAET HA IMOBEPXHOCTH.

Hamuoit ypaBHeHIE 09eHb TpoMO3K0. OJTHA IPU JAHHBIX 33/IaHHBIX B ycsioBuU Beanduna L < F.
Tax Py = 10m, a L = 0,10Mm. [TosToMy MO2KHO TTpeHEOpPEYh U3MEHEHNE JIABICHUS Ha BHICOTE TPYOKH.
B stom ciyuae hy &~ L - upu norpyenun TpyOKH Ha e€e BBICOTY 00beM BO3/lyXa B HeEll OCTaeTCs
Henm3MeHHbIM. B 1mosioykennn paBnoBecust cuiia Apxumesia, a cJIeJI0BaTeIbHO, U CHIa TAXKECTH TPYO-
KU paBHBI mg = pgsnL. Ilpn norpykennn Ha IIyOMHY 2 JaBJIeHWE B TPYOKe CTAHOBUTCS PABHBIM
(Py + z), mosTOMY BBICOTA CTOJIOA BO3/yXa B TPYOKE OKA3bIBAETCsI PABHOMN

P,L

P L= (P +2)h=h=—2"_ 12
0 ( 0 ) (PO + Z) ( )

HpI/I 9TOM CuUJIa ApXI/IMG,ILa ,ILOJI)KH& CTaTb paBHOfI cuJjie TdKeCTu

P,L
sh = pgsnl = —2~ _ — pL. 13
pg pgsn Bt " (13)
I/IS 9TOI'O ypaBHeHI/IH SJIeMeHTapHO HaXOIMUM
1 _

v==—1p =925 (14)

YacTp 2 nanHO#l 3a/1a4n peraeTcs aHaJOI'TYHO, TOJIbKO B 3allNCAHHBIX YPABHEHUSIX CJIEIyeT pac-
CMATPUBATh 3aBUCUMOCTH ITAPAMETPOB HE OT Z, a OT JaBJeHHUs BO3/yXa B cocyae P;.
Teopernueckuii Typ. Bapuant 1.

Yactb 3 KoHcTpyKTOpCKasi, pejaocTaBisgeT OoraTble BO3MOXKHOCTHU i TBopdecTBa. OJ1HaKO
OCHOBHBIMHU HJIESIMU SIBJIAIOTCS: IIOMEIIEeHNe TPYOKU B 3aKPBITHII COCY/, U IIpeaBapuTe/IbHOEe Ha-

IIOJTHEHU N TPY6KI/I BO,ZLOIL/'I, TaK qTO6bI OHa IlJIaBaJia «Ha I'PpaHU» - IIPU HESHAYUTEJIbHOM H3MCHEHUU
obbema cocyna (a, caeoBaTesIbHO, 1 0ObeMa BO3/yxa B TpyOKe) TpyOKa HAYMHAJA TOHYTb.
3anaya 3. AMiiepmerp, BOJIBTMETP, OMMETP M TIP.

Yactp 1. IIpubopbl MarHuToO3JIeKTPUYIECKOI CHUCTEMBI.

1.1 Ilpu mporyckanuu TOKa depe3 paMKy Ha Hee OyIyT JeiicTBOBaTh MOMEHTBI CHJI CO CTOPOHBI

MarauTHOI'O TIOJIT W CO CTOPOHBLI MPYXKUHBI, B Pe3yJIbTaThl paMKa MepeijieT B HOBOE IOJIOYKEHHE
PaBHOBECH S, KOTOPOE OIpeJIe/IsdeTcs YPaBHEHNEM

IBSsin(gpo + 0) = k. (1)

rjie § - yroJI OTKJIOHEHUsI CTPEJIKH OT «HYJIEeBOro» Tosioykenus. U3 ypasuenus (1) ciesyer, aro s
«JIMHEHHOCTHY TTPUOOPA HEOOXOIUMO, ITOOBI MOMEHT CO CTOPOHBI MATHUTHOTO TIOJIsI CJ1a00 3aBUCET
OT MOBOPOTA PAMKH. DTO JOCTUTACTCA IPH o = 90°, B 9TOM carydae sin(po+0) = cosd ~ 1. abivu
CJIOBaMH, B ITOJIO2KCHHHN PaBHOBECHUA HOPMaJIb K paMKe JTOJIZKHa 6bITb NeprHueHIuKyJadpHa JIMHUAM
MArHUTHOTO TIOJIA, WJIM MATHUTHDLIC JIMHUU JIOJIKHBI JIEXKATh B IJIOCKOCTH paMku. Kpome Toro,
DU TAKOW OPUEHTAIMU MOMEHT CHUJIbI CO CTOPOHBI MATHUTHOI'O TTOJI MAKCHMAJIEH, ITO MOBBIIIAET
JYBCTBUTEJIbHOCTDL I'aJIbBaHOMETDA.



1.2 YT0o0OBI «IpeBpaTuThy rajJbBAHOMETDP B BOJIBTMETD, K HEOOXOUMO MOCIEI0BATE/IHLHO MOJIKJIIO-
YUTh JIONOTHATEIBHBI PE3UCTOP OOJIBIIOrO CONPOTUBIIeHNs R (3HATUTEIHHO MPEBBINIAIOIIErO CO-
[POTUBJIEHNE SJIEMEHTa, Ha KOTOPOM [IPOU3BOIUTCS H3MepeHne Hanpsizkenns ). B arom ciydae cuia
TOKa Yepes3 raJbBaHOMeTp OyJleT paBHA

== (2)

CreioBaTelIbHO, JIaNa30H U3MepsieMbIX HAIPsizKeHW OyeT jiexkarh B uaTepBase [Rlnn, Rlpax].
Jlannast cxema paboTaeT CTPOro B JIUHEHHOM PEXKIME.

1.3 Tak Kax rajabBaHOMETD U3MeEpSieT CHUJIy TOKa, TO OMMETP HOJXKEH COAeprKaTh UCTOYHUK TOKA.
[Ipu uporekanuu ToKa 4epes3 M3MepsieMbIil Pe3UCTOp, HALPSZKEHHE Ha HEM IIPOIOPIUOHAIBLHO €ro
conporupiaeHnio. [1osToMy KejtaTesIbHO, YTOOLI CIJIa TOKA B LN 3TOr0 PE3UCTOPA He 3aBUCEJIa OT
€ro COIIpOTHUBJICHUA. ﬂﬂﬂ 9TOro cjieayeT NCTOYHUK C 60.HBH_H/IM BHYTPEHHUM COIIPOTHUBJICHHUEM (I/IC—
TOYHUK TOKA). MOXKHO MpocTo J06aBUTh PE3UCTOP € HOJIBIIIM COMPOTHBIEHHEM B M3MEPHUTETbHY IO
nenb. Jlanee cienyer usMepaTh HalpszKeHHe Ha M3MEPSEMOM PE3UCTOPE, TO €CTh UCIIOJIb30BaTh
paspaboTaHHYIO CXeMy BOJIBTMETPA. TakuM 0OpasoM, «BLIPHCOBBIBAETCA» CJEAYIONAs CXEMa, OM-
MeTpa U €ro MOJKJIIOYEHUS K U3MepPsieMOMY PE3UCTOPY.

R|]

A

Teopernuecknii Typ. Bapuant 1.

B sroit cxeme: Ry - conmpoTuBiIeHNe B TN UCTOYHUKA TOKA, Ry - CONPOTUBJIEHNE B IENH BOJIBT-
MeTpa; R, m3MmepsieMoe Halpskenne. MexK 1y STUMU COIMPOTUBIECHUSIMU JIOJI?KHO BBITIOJIHATHCA CO-
otHomenue: Ry > Ry > R,. [lpu BbinosiHenun 3TuxX ycjaoBUil cujia TOKa depe3 pe3uctop Oyjer
paBHa:

U, 1 U,
Io= (2R, ) — = -—"") R, 3
¢ R, Ry RoRy (3)

1 IIPOIIOpIUOHAJIbHA U3MEPAEMOMY COIIPOTUBJICHUIO.

10



Hactp 2. DaeKTpocTaTUdeCcKuii BOJIbTMETP.
2.1 IlracTuHbl 31€KTPOJIOB B 00JIACTU UX HEPEKPBHITHS MOYXKHO PacCMaTpUBaTh KakK KOHJIEHCATOD,
€MKOCTDL KOTOPOI'O 3aBUCHUT OT CMEIICHMNA HOILBHH(HOfI IIJIaCTUHBI:

60[(.17 + .2?0)
¢ =TT (4)
d
[Ipu npoBejiennn u3MepeHuit STOT KOHJACHCATOP (DAKTUYECKH MOJIKII0IaeTCs K UCTOYHUKY ITOCTO-
sunoro Hanpsikeuusd U. [TosTomy sHEprus 3Toro KoHJeHCATOPa paBHA,

CU?
We == (5)

[Ipu BrarmBanum MOABMKHOTO 3JIEKTPO/Ia EMKOCTH KOHJIEHCATOPa YBEJIUINBAETCA, TIOITOMY YBEJIH-
YUBAETCA U €0 SHEPIus. DTO IMPUBOJUT K OIPEIEJICHHOMY TapaJoKCy: IJIACTHHA JOJIKHA HE BTsI-
IUBaThCS, & BBITAJIKUBATLCS M3 3a30pa HEIOABUXKHOIO 3j1ekTpoial? OnHako, HIKAKOTO [apaIoKca
HET: JIeJI0 B TOM, 9TO KOHJIEHCATOD He ABJSeTCS 3aMKHYTOM CUCTEMOIl, OH TOIKJIIOUYEeH K UCTOIHU-
Ky HanpsizkeHus. [Ipn yBemaennn eMKOCTH YBEJIMUUBACTCA 3apsi)i KOHJIEHCATOPA, CJIEI0BATETHHO,
UCTOYHUK COBEPIIAET PabOTy 110 3apsijKe KOHJEHCATOpa, IIO9TOMY €ro SHeprus yMmeHbiaercsd. M3-
MEHEHHE SHEPIUN UCTOYHUKA PACCIUTHIBACTCS CJIEIYIOMIIM 00Pa30M:

Wy =—-A=—qU = —CU?. (6)
[TostHast SHEpPrUs CUCTEMBI PaBHA
cU?
W=Wec+Wy=— 5 (7)

Taxum obpa3oM, Npu BTATUBAHUU TIOJIBUYKHON TIJIACTUHBI CYyMMapHast SHEPIUsl yMEHbIIAeTC s, CJie-
J0BaTeJIbHO, Ha TIACTUHY JIEUCTBYET CUJIa, HAIIPABJIEHHAs K HENIOJIBUKHOMY 3JIEKTPOJIY U paBHAas

Ax 2 Az 2d (7)

€0l 2
—U* = kux.
5 dU x (8)
Torma cMerenre mJIaCTUHBI
. €0l 2
T= o de . (9)

Teopernuecknii Typ. Bapuant 1.

2.3 3aBHCUMOCTD CMEINEHUsT OT HAIPsIKeHUsI HeJUHeHHas, /I ee JIMHeAPU3AIUU MOXKHO ITOTIbI-
TaTbCd 3aMEHUTH MPSIMOYTO/IbHbIE IUIACTUHBI Ha TJIACTHHY Oojee «xXuTpoit» dhopmbl. [isg sToro
HEOOXOIUMO JIOOUTHCS BBITOJTHEHUS YCJIOBUS % = ~v+/z. Takasi reomerpuyeckas 3aja4a MOXKeT
OBITH peIeHa.

Yactb 3. «Papagomerp»

3.1 Ecm B menu moIKJTIO9eH BOJTBTMETP MarHUTOIIEKTPUIECKOI CHCTEMBI, TO €T0 MMOKa3aHus Oy Iy T

paBHBI HYJIIO. Tak Kak Mmocje 3apsaKi KOHJIEHCATOPOB TOK Yepe3 BOJIBLTMETDP MPEKPATUTCH.
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3.2 Tak Kak TOK 4epe3 3JIeKTPOCTATHYECKHH BOJBTMETD HE Teder, TO BEPXHIOI (C pe3ucTopaMu) u
HIDKHIOI (C KOHJIEHCATOPaMI) BETBH MOCTa MOYKHO pacCMaTpuBaTh He3aBucuMoO. [Ipumem moren-
rua/ Touku D paBHBIM Hy/10. Toraa moreHrmaa Touku A Gyier paBeH

R,
R+ Ry

[Morenrnuan Toukn B paBeH HaIpPsiKEHUIO Ha KOHeHcaTope (. DTO HAIpPsZKEHNE MOXKHO HAWTH,
paccMaTpuBag IBa IIOCIEI0BATECIbHO COCOUHCHHBIX PE3UCTOPA!

pa = 1Ry =Up (10)

C1 Uy = CLYU. C
e 22 :>U1:U0—2. (11)
U1—|—Ux:U() O]‘I’CQ
[Tokazanust BoJIbTMETPA:
RQ CQ )
Uy = U — 12
v 0<R1+R2 Ch + Cy (12)
3.3 Moct Oyjier cOataHCUPOBaH IIPU BBIITOJHEHUN «CUMMETPUIHOTO» YCJIOBUSA:
R C
=2 =22 (13)
R,
Teopernuecknii Typ. Bapuant 1.
Pemienng 3amad. 11 kJjacc.
anganue 1. Jlerkasg pa3zMuHKa
Samaua 1.1
1.1.1 BayTpenHsisi SHEPrus ra3a pacCInuTbIBAETCs 110 hOpPMYIIe:
U=CyvRT (1)
BanmuireM TakKe ypaBHEHHNE COCTOSHUS Ta3a
PV =vRT (2)
W3 stux ypaBHEHUIA CJI€/IyeT, 9TO
U=CyPV (3)

BuyTpennsis sHeprus Bo3jlyxa B KOMHATE HE U3MEHHUJIACH.

1.2.1 Tem He MeHee, Ha HarpeBaHMe BO3/LyXa TeIIOTa HeobxouMa. V3MeHeHne BHy TpeHHEH SHepTrun
0Ka3aJI0Ch PaBHBIM HYJIIO, IIOTOMY, YTO 9aCTh BO3/lyXa BbIILIa Hapy:Ky. CI0XKHOCTH pacdeTa IoJI-
HOTI'O KOJIMYIECTBA TEIIOTHI 3aKI0UaETCA B TOM, YTO B ITPOTIECCe pas3Hble MMOPIIUH BO3TYXa BBIXOUIA
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IIPU PA3HBIX TEMIlepaTypax, MoIydas pa3Hoe KOJUIeCTBO TelJI0Thl. PaccMoTpuM, KaK N3MEHJIOCh
KOJIMYECTBO BO3/lyXa B KOMHATE MPHM U3MEHEeHUH TeMieparypbl. s sroro Beipasum u3 (2) 3aBu-
CAMOCTB KOJIMYECTBA BENIECTBA B KOMHATE OT TEMIIEPATYPBL:

PV
V= —— (4)
RT
Tora Ipu U3MEHEHUN TEMIIEPATYPBI Ha MAJIyIo Benauiy d1’ 9ucjio Mosiell yMEeHbIIAIoCh Ha
PV dT
dv = —— (5)
R T?

Ora IopHun«A BO3AyXa IIOJIYy4dnJIa KOJIMYIECTBO TEILJIOTHI, paBHOE

PVT—T,
R T2
Bnech Cp =Cy + R = %R - MOJISIpHAsSI TEILIOEMKOCTH MPH MOCTOSTHHOM oObeMe (Irporiece u3obap-
Hbiil). s TouHOTO pacuera KOJIMYECTBA TOJIy9IEHHON TEIIOThl HEOOXOANMO MTPOMHTErPUPOBATH
Beipazkenne (6). OHaKo, TaK KaK OTHOCHTEIHHOE N3MEeHeHne abCOTIOTHON TeMIiepaTypbl He BeJIi-
KO, TO B 3HAMeHaTeJ/ile 3TOr0 BhIparKeHHs M3MEHEHHEeM TeMIlepaTypbl MOXKHO INpeHebpedsb. Torma

KOJIMIECTBO TEILIOThI, YHECEHHOE Ha YJIUILY MOXKHO IIPEJICTaBUTh B BU/IE:

5Q = Cp(T — Ty)dv = Cp dT (6)

2 2
1 (AT 7 AT
—|— ] =-PV | — ) ~52k/lx (7)
2\ Ty 4 To
MojiHO 3aMeTHUTH, 9TO 9TO BhIParKeHHe MOJIHO IPEeJICTABUTh B HAMISIHO hopme (KOTOPYIO MOXKHO
HOJIyYUTh HA OCHOBAHUM KAUYECTBEHHBIX (DU3UYECKUX PACCYKJICHNIH)

Cp
- fp
Q@ 7 v

1

Teopernuecknii Typ. Bapuant 1. 1

Samaua 1.2

[IpuuuHoit n3MEHEHNsT MHTEHCUBHOCTH OTPAYKEHHOTO CBETA ABJIACTCS MHTEPMEPEHINs BOIH, OTpa-
JKEeHHBIX OT IepejiHeil u 3ajueil moepxuocreil mienku. [Ipu narepdepeniium 18yX BOJH OJMHAKO-
BOIl MHTEHCUBHOCTH MWHTEHCUBHOCTH PE3YJILTUPYIOINIEH BOJTHBI OMUCHIBACTCS (DOPMYIIOit

I =1Iy(1+cosyp), (1)

[ne ¢ pasnoctb a3z Mex 1y uHTepdepupyomumMn BoJiHaMi. PasHocTh a3 Mexkly yKa3aHHbI-
MH BOJIHAMHU IIPOTOPIMOHAIbHA TOJIIUHE [JIEHKH, WX 00paTHO IPOIOPIMOHAIbLHA, €€ ILIONIA/IN.
[Ipu MajioM M3MEHEeHHH ILIOIIA/IN, TOJIINHA IJIEHKH TaKKe OyJIeT M3MEHSTbCs MaJjio, TOLJIa 9TO
U3MeHEeHUe TOJIIUHBI MOYKHO BBIPA3UTh CJIEIYIONIUM 00pa3soM

hoSo AS
h=—220 ~po(1-22 2
So+ AS °< So) 2)

Takum 06pazoM, MOYKHO CINTATh, YTO U3MEHEHNe TOJIIINHBI IUIEHKN, &, CJIeJ0BATEHLHO, U PA3HOCTH
daz Mex Ty JIBYMs BOJIHAMU IIPOMOPIIMOHAJILHO M3MEHEHUIO ee IO M. Tak Kak IpU HavaIbHOM
IO/ Sy MHTEHCUBHOCTH JIOCTHUIJIA MAKCUMYyMa, TO MPU ITOH IJIONAIN PA3HOCTh (ha3 COCTaAB-
JISTIa TIeJI0e IUCJIO0 277, IIO9TOMY MOZKHO ITOJIOJKUTh, B 9TOT MOMEHT Pa3HOCTh (ha3 paBHSIACH HYIIIO.
g marnsganoctu n300pa3suM rpaduk THTEHCHBHOCTHA OTPayKEHHOT'O CBETA OT PA3HOCTH (has.
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1,5 \

1,0

T v

0.0 ! \ /
5 T 20T
T

n3MeHeHWe pasHocTH a3

Wrak, mpu AS = 0 pasnocTh a3 TakzKe paBHSIJIACh HYJIIO, 8 HHTEHCUBHOCTD JTOCTUIJIA MAKCHMAJIb-
HOT'O 3HAYUEHUs B 2 YCJOBHBIX eIMHUIIBI. /lajiee MHTeHCUBHOCTD MOHOTOHHO YOBIBAJIA — CJIEI0BATE /b
HO, BCE€ UBMEHCHUSA IIPOXOLAT B IIpeae/iax OAHOT'O IIOPAIKa I/IHTep(bepeHHI/II/I. BaTeM MHTEHCUBHOCTDH
YMEHBIIIACH B 4 pa3a, cIeoBaTesbHO, oHa crasa pasHoii 0,5. [sust va dopmysty (1), He croKHO
3aMETHUTDb, YTO B 9TOT MOMEHT KOCHUHYC ¢ABUTA (a3 cTaj paBHbIM —(0,5, 9YTO COOTBETCTBYeT pa3-
Hoctu a3z B = + I = %7?. s Toro, 9ToObBI MHTEHCUBHOCTH CTaJja PaBHOW HYJIIO, HEOOXOINMO

ITOOBI paBHOC’12‘b Cb?B craja pasHoit . To ecTh daza MOJIKHA JTOMOJTHATEILHO U3MEHUTCA Ha %7?'.
[Ipu m3menenun 1romaau Ha Beamduny ASy, dasza HO/KHA U3MEHHTHCS B D pa3 MeHbIe, UeM
IpyM U3MEHEeHNH ILTommaan Ha BegmaumHy AS;. A Tak Kak m3MeHeHHne pasHocThu (a3 U U3MEHEHUe
ILJTOIA/ T TTPOTIOPIIMOHAJIBHBI JAPYT JAPYTY, TO U3MEHEHHe ILIOMA N JTOJI?KHO ObITh B H pa3 MeHbIIIe,

T.C.

1
ASy = SASI. (3)

Teopernuecknii Typ. BapuanT 1. 2
Samaua 1.3
SanuiieM ypaBHeHUs 3aKOHA COXPAHEHUs UMITYJIHCA

h h
o 1
N TP (1)
U1 3aKOHA COXPaHEHUs SHEPTHH
he 5, hc
— = —+4+F 2
N + mec )\ + (2)

3nech p, E - uMmmybe u 9HEprus 3JeKTPOoHa mocjie B3aummojeiicteus. JlobaBum ypaBHeHUE CBs3U
MEZKJLy dHEeprueil U UMITYJIbCOM 3JIEKTPOHA

E? = p*? + m?c! (3)

[Tpu akkypaTHOM (M HE CJIMITKOM TPOMO3JIKOM) DEIIeHUH IOJIyIeHHON cucreMbl ypasHeHuit (1)
-(3). mosty4aeM M3BECTHBIN pE3y/IbTaT JIJIsd CABHUrA JJTMHBI BOJIHBI:

Ar— 2t 4,8 10712 . (4)

mc

14



Teopernueckuit Typ. BapuanT 1. 3

3amaua 2. HerapmoHudeckue KoJjiebaHUS.

1.1 [Ing mocTpoeHnst cxeMaTHIecKoro rpaduka MOTeHIMATLHON (hYHKINH (3aBUCHMOCTH TIOTEHITN-
AJIbHON SHEPIUU OT KOODJIUHATHI )

Ux) =kd® (= + = —2 (1)

Cremxyer OTMETHTH €€ OYeBHUIHbIE CBOHCTBA: - (DYHKIIUS SIBISETCS YETHOM, MMO3TOMY ee Ipaduk
CUMMeTpUIEeH OTHOCUTEIHLHO OCU OPJAUHAT; - PYHKIUs 00paIaeTcs B HOJIb TP & = a; - npu & — 0
MOTEHIINAIbHAA SHEPTUA CTPEMUTCHA K OCCKOHEYHOCTHU, T.e. B HYJIE CYIIECTBYET OECKOHEUHBIH IO-
TEHITUAIBHBIN Oapbhep; - IpU T — 00 (PYHKIUA TPUOIUKAETCA K KBaJIPATUIHON 3aBUCUMOCTH, €€
rpaduk npubanzKaeTcd K rnapadosie. ITUX CBOWCTB BIIOJIHE JOCTATOIHO, YTOOBI TIOCTPOUTH CXEMa-
Tudeckuit rpaduk 3aBucumoctu U(x), KOTOPBIN MOKa3aH Ha PUCYHKE.

3aBUCUMOCTb NOTEHUHanbHOW 3HEpruu oT
KoopAWHaTbl

N\ /
N /]

‘\\ //

-4,0 -3.0 -2,0 -1,0 0.0 1.0 2,0 3.0 4,0

noTeHuManbHan aHeprmua UiUo

KoopawnHaTa x/a

1.2 TlorenmnuanbHas KpuBasg UMeeT TOYKY MHUHUMYyMa, YTO COOTBETCTBYET HAJUYUIO TTOJIOXKEHUS
ycroitunBoro pasuoBecus. [losTomy Touka Oyser coBepiiaTh KojedareabHoe JBUKeHne. Tak Kak
3aBUCUMOCTD MTOTEHITNAJIBHON SHEPTUU OT KOOP/IWHATHI He sIBJIAeTCs KBaJpaTudHoil. To Kosrebanus
He Oy/IyT TapMOHUYECKUMU.

U(x)

BUNN

E=U(x,)

™

N

P S

/|
s

i

1 0

1.3 Kak 0b1710 oT™Meueno BO/m3u © = () OTEHIUAJIbHAST SHEPTIHUST CTPEMUTHCA K OECKOHETHOCTH, 110~
9TOMY MaTepuaJjbHas TOYKa HE CMOXKET ITPeojIo/IeTh 3ToT bapbep. [losaTomy B jranbreiiem jocra-
TOYHO PacCMaTpPUBaThH TOJILKO 00acTh > 0. i KauecTBEHHOTO aHan3a XapaKTepa JTBUKCHUS
MOXKHO BOCIIOJIb30BaThCSl ypaBHEHNEM 3aKOHA COXPaHEHUsl SHEPIUU
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mv2

D+ Ux) = Ulan) @

B koTOpOM M0JTHAST SHEPTUS TOYKHU OIPEJIessAeTcst HadaabHbIM yeaoBueM F = U(xg). Touku BO3-
BpaTa, B KOTOPBIX CKOPOCTH 0OpaIaeTcsd B HOJIb 33JIaI0TCH YpaBHEHUEM:

U(z) = Ulxo) (3)

DTO ypaBHEHHUE WJLIIOCTPUPYETCS PUCYHKOM, Ha KOTOPOM OTMEYEH YPOBEHDL IOJTHON SHEpruu u
TOYKH T, L1, B IPEJIEIAX KOTOPBIX ITPOUCXOINUT JIBUZKEHIE TOUKU. JLJIst ompe/ieieHust mpejiesioB
Teopernuecknii Typ. Bapuant 1. 4

JIBUZKEHUsT HEOOXO/IMMO PEIUTh ypaBHeHre (IprdeM HaJl0 BEIOUPATh TOJIBKO MOJOKUTETIbHbIE KOP-
HI)

2 2 2 2
9 (T a - 9 [ Tp a
k:a <¥—I—E—2)—ka <§+P_2) (4)

0

MozkHO PEHIUTDL 9TO YpaBHEHHE CTaHAaPTHBIMAW METO/IaMU (OHO CBOJUTCHA K 6I/IKBa,ZLpaTHOMy YpaB-

nernio). Ho mpomie 3aMeTnTh, 9T0 ypaBHeHue CHMMETPHYHO OTHOCHTEILHO 3aMEHBI & — <.

[TosToMy BTOPOIl TIOJIOKUTETBHBIN KOPEHb STOTO YPABHEHUS T = ~-.
Zo

Taxum obpaszoM, MaTepua/ibHasd TOYKA OyJIeT JIBUTAThCd BHYTPHU MHTEPBAJIA

Zo

€ [:170, i} . (5)

1.4 Masbie KosiebaHusi TOYKN IPOUCXOIAT BOJIU3U TOJIOKEHUsT paBHOBecus © = a. 1loaTtomy mpe-
CTaBUM KOOP/IMHATY TOYKHU B BHUJIE

v =(a+y) (6)

I'ne oTknoHEHHE OT TOJIOXKeHUs paBHOBecHA Yy K a. Jj1d ynpomeHnsa MOTeHIHAIbHON (yHKINN
npeobpa3yeM ee K BUJLY

2 2 +y)2 CL2
Ule) = ka? (S + S —2) = ka2 (1 —2) =
= (G G =2) = (U
(aty+at—2atyPe®  L(@ty’—a)’ _ ,Qay+y?)
(a+y)2a? (a+y)a? (a+y)2a?

Tenepnb ciresryeT npeHedpedb BCEMU CJIaraeMbIMU, UMEIOIIUMU OOJIBINNI TOPSIOK, IeM ¥

2
= ka?

2.

2
(2ay + y?) 2 (2ay)?

Ur) = ka’? 2727~ ka? 22 — 4kq)°. 7
@) =R ey = apar = g
B sToM npubanzKenun ypaBHeHHE 3aKOHA COXPAHEHUs] SHEPIUU IPUOOpeTaeT BU/L
mu? ) )
T + 4ky = 4ky0, (8)

KOTOPOE ABJIACTCS yPaBHEHHEM MapMOHHYECKUX KojlebaHuii ¢ KpyroBoit yacroroit w? = %,
CuresroBaTesibHO, IEPHOJT MAJIBLIX KOJIeOaHuit onpeiessgercs 1o hbopmyJie
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m m
T=2m— = —. 9
"Wk "V 2k ©)
Teopernueckuii Typ. BapuanT 1. 5

1.5 IIpu Gobmux aMIIUTYIaX KOJEOAHUI MOYKHO MTPUOJIUKEHHO CUYUTATH, UTO

U(x) = ka® (10)
MpubnuxeHne Bonbw KX KonebaHUIA

G0 i

. /

40 //
30 /f
20 /
N o

U ad

0 1 2 3 4 5 6 7 8
KoopAWHaTa X/a

aHeprua UlUo

[Ipu z > 0 u obparmaerca B beckorneunocTsb pu x = 0. ['paduk 31o0it mpubIMKeHHON DYHKIUN TT0-
Ka3aH Ha pucyHke. J[BukeHue B 3TOM cjiydae MOYXKHO IIPEJICTABUTH KAK TAPMOHUYECKUE KOJIeOaHUST
upu z > 0 u abCco/TIOTHO yIpyroe oTpakeHue B Hadaje KoopauHat. [losromy mepmos takmx Ko-
Jlebanuii OyJleT paBeH IOJIOBUHE MEPUO/Ia TAPMOHUYECKUX KOJIEOAHUI C IMOTEHITNAJILHOMN SHEeprHeit,

onmcbiBaemoit yukimeit (10):
7oL [ m (11)
= — - 2T — =T - .
2 2k 2k

drtoT Iepuo/1 CoBIlaJgacT C IIEPUOJIOM MaJIbIX KoJiebaHuil.

1.6 Bocnosib3yemcst «IOJICKA3KOi» W IMOJyYUM YpaBHEHHUE JIJIsi KBaJIpaTa KOOPJAUHATHI YaCTUIIBI
2 = 2%, CKOpPOCTb N3MEHEeHHs 3TOH BEeJMIIHEl PABHA

V, = (2) =222’ = 2zv (12)
Tor/1a CKOPOCTh YACTHIBI PaBHA!
V.
= = 13
V=g (13)
BrIpasuM MOTEHIHAIBHYIO SHEPIHIO Yepe3 IapaMeTp z:
22 a® z a®
Ur)=ka* | = +— -2 =kd* | S+ ——-2]). 14
(7) a <a2+a:2 ) a (a2+z ) (14)
ITofcTaBUM STH BLIPasKCHUE B yPaBHEHNS 3aKOHA COXPAHEHUS SHEPIHH:
mu? m (V.\? (2 —a?)? (20 — a?)?
MY () = U ENCH (0 —k . 15
2 +U() (%0) 2 <2x> + z 20 (15)
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VuanTeiBas, 9T0 12 = Z, IOIYIIM

2\2
m 20— Q
— V24 4k(z — d®)? = PP R (16)
2 20
B 9TOM YpaBHEHHUU MO2KHO BbIJICJIUTDH IIOJIHBII KBa/JIpaT OTHOCUTEJILHO HepeMeHHOfI Z W IIpUBECTU

€ro K BUay

%Vf 4 dk(z — b)? = E. (17)

A 910 ypaBHEHHe TaK:Ke SIBJISIEeTCs yPABHEHHEM rapMOHUYECKUX KOJIEOAHUM, JJisi KOTOPBIX TEPUO/T
He 3aBUCUT OT aMIuuTyabl. CleoBaTebHo, nepeMenHasa z (MO3TOMY U & = +/z) U3MEeHsIeTCs
MEPUOIMYECKU, C IIOCTOTHHBIM TEPUOJIOM, HE 3aBUCAIINM OT aMILIUTY/Ibl KOJIEOAHMI.

1.7 g Toro, 94ToObI MOJYYUTHL 3aBUCUMOCTH KOODJMHATBHI OT BPEMEHU, HEOOXOJIMMO ITPOBECTH
peobpa3oBaHus, AHOHCUPOBAHHBIE B IIPEJIBLIYIIEM ITyHKTe 3a1a9u. OJIHAKO, MOYKHO TIOHTH 1 6oJIee
MIPOCTBIM JIOTHYECKUM ITyTeM:

Teopernuecknit Typ. BapuanT 1. 6

- IepeMeHHas 2 N3MEHAeTCs 110 TAPMOHUIECKOMY 3aKOHY, TIO3TOMY OTKJIOHEHUS OT CPEeJIHEN TOUKU B

2
00€ CTOPOHBI JIOJIZKHBI OBITH OJIMHAKOBBI;, - KOOPJAUHATA T U3MEHACTC B IIpe/ie/iax [91:0, Z—O} , TO3TOMY

4
IIepeMeHHad 2 = 113’2 JIEZKUT B HHTEPBaJie |:ZL'3, %], - CpeaHdd TOYKa JIJid IIEepEMEHHOU < HUMeEeT
0

s _1(,2 | a*). " .2 =_1(,.2 a*
3HAYCHUE Z = 3 <x0 + ?g) ; - AMILINTY/Ia U3MEHEeHUd NepEeMEeHHO 2 paBHa A= To—Z =3 (xo — ?g)

[Tosromy 3aKOH M3MEHEHHsI TIEPEMEHHOl 2z JI0JKEeH UMeTh BiJL (1iepuoj; Kosebanuit 3aiaercs (op-
myutoit (9)):

4 1 4
a_2 + = x%—a—Q cos wt. (18)

1
z=2zZ+ Acoswt = — x§+
2 xg 2 T

Haxomnerr, Bo3Bpailnasich K KoopuHaTe Touku. [loryaum 3aKoH ee U3MEHEHUS:

1 at 1 at
x(t) = 5 z3 + el R x3 — ) coswt (19)
0 0

[ToncraBnss 3a/laHHOe HaYaJILHOE 3HAYECHUE T( = 3a, MOy IUM

z(t) = 3\/41 + 40 cos wt (20)

['pacduk sToit PyHKINYU TOKA3aH HA PUCYHKE.
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3aKkoH ABMKEeHWA TOYKN

3 77N

KoopauHaTta x/a

epems tT

Teoperuueckwuit Typ. Bapumant 1. 7

3anauga 3. Dddekrt DitHmTeiina-ne-laaza

1. B moJiHOM COOTBETCTBHUU C TEOPETUYECKMM BBEJEHUEM MOMEHT UMITYJIbCA IJIEKTPOHA, BPaIlaio-
IErocd 10 KPyroBoil opobuTe BOKPYT sJipa aTOMa, OIPEIe/IdeTcs COOTHOIIIEHUEM:

L =meor (1)

2. DJIEKTPOH, JABMKYIIUIICA 110 KPYyroBoil opOUTe, aHAJOIMYEeH KPYTrOBOMY TOKY, CHJIa KOTOPOI'O
MOKeT OBbITh 3allucaHa B BUJIE:

e ev
1= == — (2)
T 2nr
Toria MarHuTHBINE MOMEHT TAKOTO KPYT'OBOI'O TOKA:
. evr
D, = 171'7“2 = —2 (3)

He crouT 3a6bIBaTh O TOM, YTO MOMEHT MMIIYJIbCA ¥ MAHUTHBI MOMEHT, - 9TO BEKTODHbIE BEJIH-
quHbl. BesecTBre Toro, 4To 9J1eKTPOH — OTPHUIIATEHLHO 3apsizKeHHAsl YaCTUIA, a 33 HAIPABJICHUE
TOKa IIPpHUHATO HallpaBJICHHUC IBUZKEHHUA ITIOJIO2KUTEJIbHO 3apA?KEHHbIX YaCTHIl, COOTBETCTBYIOIIHC
MOMEHTBI HallpaBJIEHBI B pa3Hbl€e CTOPOHLI.

3. Boipasum rupomarmmTHOE OTHOIIEHHE ¢ ucmosb3oBamueM (1) u (3), ¢ ydueroM HaIpaBIeHHS
BEKTOPOB:

— € 7
— e —
m = — 4
p o, (4)
Dm e 10 K
=— = =8,78 - 10" — 5
L 2m, ’ KT (5)

4. PaCCl\/IOT M MOMEHT UMIIYJIBCA BCEX FJIEKTPOHOB, OTBEUAIOINNX 38 MarHUTHBIE CBOMICTBA IINJINH-
y. : i\ I

Jpa. I/ICHOJIbSyH TUPOMAarHUTHOE OTHOIIECHUE, CBA2KEM 3HaYCHUE CYyMMapHOI'0 MOMEHTa HUMILYJ/IbCA

QJIEKTPOHOB C MalrHUTHBIMM MOMEHTaMM KaxKJ0I'o U3 HUX:
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— 2me,
Le=—=="% bumi (6)
(@)

Msmenenune MoMeHnTa UMITYJIbCa JIEKTPOHOB IIPXU U3MEHCHHUN MAal'HUTHBIX MOMCHTOB!:

— 2m —
ALe:— = Amz 7
% o

HOCKOJIBKy CyMMaprIﬁ MOMEHT UMIIYJ/IbCa IMUJIMHAPA HE USMEHACTCA, MOXKHO 3alliCaTb:

AL, + AL = 0 — ALy, = —AL, (8)

N o wurory:
Teopernueckuii Typ. BapuanT 1. 8

2m,

AT A o

Al = """ Apy. (9)
(@)
5. HpI/I U3MEHEHUUN HallpaBJICHHWA MalrHUTHOI'O IIOJIA Ha IIPOTUBOIIOJIOZKHBIE MalHUTHBLIE MOMEHTDL
9JIEKTPOHOB, BPAIAIONINXCS HA KPYTOBBIX OpOUTaX, MIEPEBOPAUNBAIOTCA:

Torna B coorBercTBun ¢ (9) moayvaem:
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AT ¢ 5 ™ . AT

—  2m,
ALy = - (—2pm)N, (11)

[ne N — KoJMYecTBO 3JIEKTPOHOB, OTBEYAIONINX 3a MarHUTHBIE CBOcTBa obpasna. [lockoabKy
KOJIMIECTBO TaKNUX 3JIEKTPOHOB COBIAJ/IAET C YUCIOM ATOMOB, TOJIyYaeM:

m

N = N 12
Rl (12)
1 B urore:
AT 4m}» m AT
— dmem .
ALy = — — Napy, 13
I, e M AP ( )

I/ICXO,ZLH U3 U3MEHEeHUdA MOMEHTa HNMIIYJIbCa HTUJINHIPA Haﬁ,ILeM KOHEYHYIO YIJIOBYIO CKOPOCTHL Bpa-
IIEeHUS:
dm. m
ALHPUI =IAw = o MNApm (14)

OTKy,H‘a C y4€eTOM BbIpazK€HUAd JIJIgd MOMEHTa MHEPIUKU TUJINH/IPa IIOJIyYaeM:

8m
w= Napm 15
eMr? AP (15)
6. BbiBoj ypaBHEHUS KPYTUJIHHBIX KOJI€OaHU MIMHApa: V3MeHeHne MOMEHTa UMITYJIbCA:
dL
— =T1d"(t 16
7 (t) (16)

OHO cBsA3aHO C JIefCTBUEM CJIEYIOMNX BPAIIAIOIINX MOMEHTOR:
A) Bossparmatormuii MoMeHT

M, = —Iwia(t), (17)

OTBEYAIONINIT 38 COOCTBEHHbIE KPYTH/IbHBIE KOJIEOAHUS C IUKJIMIECKON YacTOTOM Wy
B) MomeHT cuit BS3KOrO TpeHUsi, OIUCAHHBINA B YCJIOBUH 3a/1a4N:

My = —ka/(1), (18)

rie o (t) - yruioBasi CKOPOCTb BPAICHUST [IAIHH/PA;

B) MexaHndaeckuii MOMEHT, CBsI3aHHBIII ¢ lepeMarHUINBAHIEM IHJIMHPA BO BHEIITHEM [IePEMEHHOM
MarHuTHOM I10JIe, JII0OE3HO IPEIOCTABICHHDIN aBTOPAMU 3a/1a9u:

Teoperuueckwnit Typ. Bapuant 1. 9

4P,
M3 = ——w cos wt (19)
g

YpaBHeHHUE JUHAMUKU BPAIATEIbHOTO JBUXKEHUS ITUIMHIPA TOTIA:

dL
E:M1+M2+M3 (20)
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VpaBueHne KpyTUJIbHBIX KOJIeOAHUN MUINHJIPA BO BHEITHEM IEPEMEHHOM MATHUTHOM IOJIE C yte-
TOM BCeX NPUOJINKEHU, OMUCAHHBIX B YCJIOBUU 3aJIa9U BBITVISIUT CJIEIYIONIIM 00Pa30oM:

4P,
1" (t) = —Iwia(t) — kd/(t) + —w cos wt (20)
g
7. IlogcraBum B ypasaenue (20) dbyHKIuo, onucantyo B ycaoBun 3amaqdm: «t) = Asin(wt + ¢).
J1Jis1 IOJICTAHOBKU BBIPA3UM IIPOU3BOJIHBIE OT JAHHON (DYHKIMU 110 BPEMEHN:

() = wAcos(wt + ) (21)

o' (t) = —Aw?sin(wt + @) (22)

[Moacrapnsa (21), (22) B (20), u yuuThiBasi, 9T0 4acroTa KOJCOAHUN BHEIIHErO IEPEMEHHOIO Mar-
HUTHOT'O II0JIsI PaBHA COOCTBEHHOI YacTOTe KOJIeOaHUN CUCTEMBI W = Wy, IOIyIaeM:

AP, . 4P,
at) = W—gksm(wt), T.e A= P =0 (23)
8. BrIpasum Toria TupoMaruuTHOE OTHOIICHUE:
4P,
— m_ —8,7-10" 24
g 7T|Oémax|l{} ? ( )

9. Ornuvne n3MEpPEeHHOr0 3HAYEHUs] THPOMATHUTHOTO OTHOIIEHUsT OT MPEICKa3hIBAEMOTO TeOpHeit
00bsICHSIETCH HAJIMYNEeM COOCTBEHHOI'O MArHUTHOI'O MOMEHTA 3JIEKTPOHA U fJpa aToMa — CINHA.
Teopernuecknit Typ. BapuanT 1. 10
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