dPusuka

VYciioBue

SaKII0UNTE/ILHBIN TAIl PECIyOJIUKAHCKON ouMIna el o yduednomy mpeamery «Dusukas 2020-
2021 y4ebHbII TOT

3a,z[aqa 3. CucremaTrunuyeckue IIOI'pemIHOCTH JJIEKTPpUYIeCKNX CXeM

[Tpu npoBejieHny U3MepeHuil BOJbTaMIepHbIX xapakrepuctuk (BAX — 3aBucuMocTb CHIIBI TOKA
qepe3 UCCIIeAyeMbIil 9JIeMEHT OT HAIPSIZKEHUsT Ha HeM) HCIIOJB3YIOT Pas/IHIHbIe SJICKTPHICCKHE
rertn. OJTHOM U3 CaMBIX TOMYJISPHBIX CXEM sIBJIIETCsT CXeMa, TIOKa3aHHas Ha puc. 1.

[Tpu pacyerax Takux Iemeil 9acTo UCIOAb3YI0 PA3JINIHbIE IPUOJINZKEHHs] (CIUTAIOT, YTO COMPOTHB-
JICHHE aMIIepMeTpa PABHO HYJIIO, COIIPOTUBJICHUE BOJIHTMETPA OECKOHETHO OOJIBIITUM H T.1.).

Takue HpI/I6.HI/I}KeHI/IH BHOCAT CHUCTEMaTHUYECKHE IIOI'PDEHIHOCTU B IIPOBOJUMBIE PaCdYETbl N aHaAJIU3
IIOJIYYCHHBIX 3KCIICpUMEHTAJIbHBIX PE3YJ/ILTaTOB.

B nmanmnoit 3aj1aue BaM HEOOXOMMO MOCTPOUTH pa3yMHbIE OIEHKU IOIPENIHOCTENH, BHOCUMBIX TEM
00CTOSATETHCTBOM, UTO MPUOOPHI ABJISIOTCS HE UJICATHHBIMHE.

[Ipu pacuerax peKOMEHJIyeM HCIIOJIb30BaTh MPUOIUKEHHYIO (DOPMYJILY, CIIPABEJIMBYIO TTPU MAJIBIX

X

1
1+=z

~1l—x. (1)

YHacts 1. IlorpentHocTs gesurTesiss HATPSXKEHUS .

Ha puc. 2a nokazana cxema Jie/uTe/ s HAIPSAXKEHUs Ha JIBYX PE3UCTOPaX, COIPOTUBJICHUS KOTOPBIX
paBHBI R, Ry. I3Mensas compoTUB/IEHUS 9TUX PE3UCTOPOB, MOKHO M3MEHATH Hampsizkenue U; Ha
pesucrope Ry. Ilpu nmoak/mmoueHnn K 9TOMy PE3UCTOPY MCCJIEIYEeMO CXeMbl ¢ OOIIUM COIIPOTUBJIE-
uuem r (Puc. 20), HanpsizkeHue Ha pe3uctope R U3MEHSETCsl W MPUHUMAET HEKOTOPOE 3HAYEHUE
U;. O/HAKO, B HEKOTOPBIX CJydasx pasamaneM Mexay U u U; nperebperaior.

1.1 Paccuuraiite 3navenus Hamnpsikenuit Uy u Uj.

1.2 PaccuuraiiTe, npn KakoM 3HAYCHUN COIPOTUBJICHUS HCCICIYEMON MEMU 7 OTHOCUTETHLHOE M3~
UlU;lUl) re upesbimaer 1%. Ilomyanre dhopmyny B obriem Buje u

[IPOBeIUTE YHCJIeHHbII pacder npu Ry = Ry = 10 Owm.
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MeHeHue HallpdKeHusd &y —

SaKII0UNTE/ILHBIN TAIl PECIyOJIUKAHCKON ouMIuai el o yaednomy mpeamery «Dusukas 2020-
2021 y4ebHbI TOT
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Yactp 2. IlorpemnocTtsb, BHOCUMasi aMIIEPMETPOM

B nernwm, nokazannoit na puc. 3a, obosnaduM custy Toka B renu /. [Ipu nogkmodenun ammnepMerpa
CUJIa TOKA B IIENH U3MEHSETCA U CTAHOBUTCS PaBHOI /.

2.1 Paccunraiite, npu KakKOM 3HaYEHUU CONPOTUBJIEHUs amiepMmerpa R4 oTHOCHTE/ILHOE U3Me-
-1
T

[IPOBEIUTE YHUCIeHHbIN pacueT pu r = 10 Owm.

HEeHUEe CUJIbI TOKA B TENN €4 = ue upepbimaer 1%. Iomyuure dopmyny B obmem Buge u

Yacts 3. HOI‘pEHIHOCTL, BHOCHMMAad BOJIbTMETPOM.

Jl1st m3MepeHust HAIIPSIzKEHI S UCTI0JIL3YETCs cXeMa, ToKazanHas Ha puc. 46. [Ipu orcyrcTBun BotbT-
MeTpa HallpsizKeHune Ha pe3uctope Ry pasuo Uy, Ipu MOJAKIIOYEHIT BOJIBTMETPA C COTPOTUBJIEHUEM
Ry, nanpsizkenue Ha 3TOM PE3UCTOpPE CTAHOBUTCS PaBHbIM U7.

3.1 PaccunTaiite, mpu KAaKOM 3HAYEHUN COTTPOTUBJICHUS UCCJIEyEMOIl TEeIH 1 OTHOCUTEILHOE U3~
Ui —Ux
U
MIPOBeIUTE JHCIeHHbII pacder npu Ry = Ry = 10 Owm.

MeHEeHNe HallPsiKEHUs €y = ne npesbimnaer 1%. IMomyunre dopmyry B obmeM Buge u

Yactb 4. KoppekTupoBka nusamepennoiit BAX

C moMoIIbIo CXeMbl, IPUBEJIEHHON Ha puc. 1, TPOBEIEHO M3MEepPeHre 3aBUCHMOCTH CUJIBI TOKA, KO-
TOpOE MOKA3BIBAET aMIepMerp 1, OT MoKasaHmil BoabTMeTpa U 115t HEKOTOPOro HEJIMHEHHOTO Si1e-
MeHTa 1 (ero CONpPOTUBJIEHHE HE MOCTOSHHO, a MU3MEHSITCsI PU W3MeHeHnn Harnpsizkenus ). Compo-
tuBjieHue BojbrMeTpa Ry = 2,0 kOwm, conporusiienue ammepmerpa R4 = 2,0 Owm.

Ha ormenbHoM 6ranke (Ha ciiefyiommeii cTpaHuie) IpuBeIeH IpaduK H3MEPeHHOI 3aBUCHMOCTH.
g Bamrero yinooctsa B Tabsuiie 1 npuBeieHbl YUCCHHBIE 3HAYCHUS STUX BEJIUIHH, 10 KOTOPBIM
IIOCTPOEH rpaduk.

4.1 Ha stom ke GJ1aHKe mocTpoiite cKoppeKTupoBanubliii rpacduk BAX uccremxyemoro ssiemenTa

(3aBI/ICI/IMOCTb CUJIbI TOKa 9€pe3 9TOT IJICMEHT I or HalIpA2KCHHA Ha 9TOM dJIEMEHTE U)

Ha smowm oice aucme npusedume pacuemmvie Gopmyast, no Komopvim Bow nposeau koppexmuposry
epadura, HeoOLOAUMDBLE PACUHEMDBL MONHCEME NPOGecmu 8 c80000nbLr 2pagar Tabruuw 1.

He 3a6ydvme cdamv smom Baarx!
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SaK/IIOIUTE/IbHBIN STAIl PECIyOJTUKAHCKON OJIMMITHaJIbI 110 yueOHoMYy Ipeametry «Pusznkay 2020-
2021 y4ebublit roj
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Buank k 3amaue 3 (Hactb 4)

Tabaumna 1.
U,B| I, MA
0,00 | 0,00
0,50 | 2,46
1,00 | 4,00
1,50 | 5,31
2,00 | 6,50
2,50 | 7,60
3,00 | 8,63
3,50 | 9,61
4,00 | 10,56
4,50 | 11,46
5,00 | 12,34

Pacuernbie dopmyutbi:

6

Pemenune
Samaua 9-3. CucremMmaTndecKue IMOTrPENTHOCTH JIEKTPUIECKUX CXEM

Yactp 1. IlorpemnsocTs feuTenis HATIPSI>KEHUS .

1.1 Pacuer nanpsizkeHnii IpoBOIUTCS C UCIIOIH30Ba~
HueM 3akoHa OMa 1 3aKOHOB T10CJIEI0BATEILHOTO 1 2) 6)
apaJsiie;IbHOrO COeJIMHEHUS TTPOBOIHUKOB. Tak

Ry
Uy =Ujy——L 1
VT P0R 1R, (1)

st pacdera HampsizKEHUs MPU MOJKJIIOYEHUN WC-
caeryemoit tenu B popmyste (1) conporusiienue

Ry 3amenuTh conporuBsienneM Ry mapaJjiebHO COeJIMHEHHBIX PE3UCTOpa Ry 1 uccieryeMoii menu
corrporussieareM 7. Ilpu arom

——— - 2)

Torma
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1
1+

1
0 1 1
1+R2<R_1+F>

1 Uy

T+Ei B R

_Y
R -

[71 :Uo,vi =
R+ Ry

0 R

RiRy \ !
1+ ————r ~
7 ( ’I”(Rl -+ RQ))

(3)

HpI/I BBIBOJIC YYTEHO, 4YTO IJid MaJIOT'O M3MEHCEHHUsA HallPAXKeHUA JOJIZKHO BBIIIOJIHATBHCA YCJIOBUE
r > Ry, Re. Ha ckosbKO 9T0 MeHbIle, oKasbBaeT (opmyrta (3), U3 KOTOPOii cjieflyer, 9To OTHO-
CUTEIbHOE M3MEHEHNe HAIPSXKEeHNsT PABHO

U, — U,

RiRy

gy =

U

" (R + Ry)

(4)

VYkazannoe u3MeHeHne HallpA2KCHNE He IIPEBLICUT YKa3aHHYIO BEJIMYUHY IIPU BBIIIOJIHEHUU YCJIOBUA

R1R2 RIRQ
— < £ = > —. 5
T(Rl + RQ) v 8\/(R1 + Rg) ( )
IIpu R1 = R, =10 Om u ey = 0,01
> 500 Owm. (6)
Teopernueckuit Typ. Bapuant 2. 8
Yactp 2. IlorpemnocTb, BHOCUMasg aMII€EPMETPOM
2.1 Cusbl TOKa B NMPUBEIEHHBIX EIAX PACCIUTHIBAIOTCS
3JIEMEHTaPHO: 2) 5)
RA
U() U —
I _ — 0 ﬂ U
T —|— r —Ol— ¥
oY Uy Ba 1 I 8)
r+Ra 7 r ) Prc.

Takum o6pa30M, OTHOCHUTEJIbHOE U3MEHEHUE CUJIbI TOKa IIPpU ITOJKJIIOYEHUN aMIIEpMETPa PaBHO

(7)

VYkazannoe TpeboBanue OYJIET BBIIOJHEHO, TTPU

R
-4 <epx Rjp<eyr= 0,1OOM.
r
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YHacts 3. Ilorpeninoctb, BHOCUMasi BOJIbTMETPOM.

3.1 Jlyia perienus 3TOi 4acTh 3aJ[a9u JJOCTATOYHO 3aMETHTD, YTO PACCMATPUBAEMbIE 3JI€Ch CXEMbI
MIOJTHOCTBIO 9KBUBAJIEHTHBI cxeMaM, paccMOTpeHHBIM B HacTu 1. [TosToMy MOXKHO BOCIIOTB30BATHCS
pe3yJibTaTaM¥, IOJyYeHHBIMHA B 3TOU YacTHU, €CJIA COIPOTUBJICHUE T 3aMEHATH Ha COIIPOTHUBJICHUE
BosibT™MeTpa Ry . Torma orHocuTe IbHOE NU3MEHEHNE HAIIPSZKeHUsI He PeBLICUT 1% 1pu BBIIOJHEHUN
yCJIOBUA

Rl RQ Rl R2

——<c = Ry >——"———=>5000mMm. 9
Rv(R1 + RQ) v v €V(R1 + RQ) ( )

Yactp 4. KoppekTupoBka nuzmepeHHoiit BAX

4.1 B ncnoJyib30BaHHON cXeMe ITOKa3aHUd BOJIbTMETPaA PaBHBI HAIIPA?KEHNIO Ha HCCJICAYEMOM 3JIE-
MeEHTe

U="0. (10)

AmMiiepMeTp MOKa3bIBAET CYMMY CHJI TOKOB Ue€pe3 MCCJIeTyeMblii
9JIEMEHT U BOJIBTMETD:

[=T1+1I4 (11)

Pnc. 1

Takum o6pazom, Jjisd KOPPEKTUPOBKHU TIOJIYI€HHONH 3aBUCHMOCTH
HEOOXOIMMO U3 TIOKA3AHUI aMIIEPMETPa BHIUECTb CUJIY TOKAa Yepe3
aMIIepMeTp, KOTopasi pacCInThIBaeTcs 1o 3akony Oma:

r=i-Y% (12)
Ry
HeobxomuMbie pacieTsbl 1 CKOPPEKTUPOBAHHDIN I'padUK ITPUBEIE-
HBI B TabsuIie u Ha Oytanke. Ha sToM rpaduke: BepxHssa Kpupas —
ncxoHbIl Paduk; HIKHAS TpAMas — 3aBUCUMOCTD CHJIBI TOKA, de-
pe3 BOJIBLTMETDP OT HAIPSKEHUsl, CPeJIHsAst KPUBas — «MCTUHHBIN»
rpaduK BOJIHTAMIIEPHOI XapaKTEePUCTUKH UCCJIE/LyeMOr0 3JIeMEeH-
ta. Teoperuuecknii Typ. Bapuant 2. 9

Buank k 3amaue 3 (Hactp 4)
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BAX
14,0
12,0 /f"
10,0 ] y
g 80 —
: M
-
g 60
=
S ‘//C)//d/
4,0 £
20 4\_-—-¢_---<>
] 7---0—-__
0,0 Y Y
0,0 1,0 2,0 3,0 4,0 50 6,0
Hanps:keHne U, B
Tabauna 1.
U,B| I mMA |, 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
1,50 | 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

Pacuyernbie dbopmyiibl

. _ U
Cwua Toka 1gepe3 BosbTMeTp: [y = R

Cuna Toka 4depes ucciueyembiii agement [, = [ — Iy.

Teopernuecknit Typ. BapuanT 2. 10
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Pemtennga 3amau. 10 kJjacc.

Sagada 1. IIpuBsaizanHasi TejiexkkKa

Yactes 1. «BbIicokuil 6JI0K»

1.1 3a maJblii TpoMexKyTOK BpeMeHun At TejgeKKa CMeCTUTCs
BIIPABO 110 TOpW30HTa/M Ha paccrosgaue ui;At. Ilpum stom mum-
HA HUTU yMeHbINuTcd Ha Besmanny vAt. V3 coorBeTcTByIOIero
PSAMOYTOJIBHOTO TPEYTOIBHUKA, TOJTYIaeM

vAt = u; At cos a.

U3 (1) HAXOIUM MCKOMYIO 3aBHCHMOCTb

w(a) = — (2)

cosa

VAt = u,Atcosa

1.2 Vcnonb3ys (2), HaiijileM MCKOMbIE 3HAYEHUSI CKOPOCTEH Te-
JIEXKKH Ha OECKOHETHOCTH M IpHu o = 35°.

Yactp 2. «IloaBu>kubIii OJI0K»
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2.1 Ilockosbky Huth ABC mepacTrsikuma, TO JIJINHA JIO-
MaHo#t ABC' 1ipu JIBMKEHUHU TEJIEXKKH OCTAETCS TTOCTOSTH-
Hoit. Cjre1oBaTe/IbHO, YMEHbIEHNE JTUHBI OJTHOIO 3BEHA
JIOMaHO# 3a HEKOTOPBIA HNPOMEXKYTOK BPEMEHU JOJI2KHO
PaBHATHCS YBEJIUYIEHUIO JIJTUHBI €€ BTOPOro 3BEHA.

vanoit A5C  npu agwkenun Tenexkn

. . 2

[Tycth 3a HEGOJIBINOM TPOMEKYTOK BpeMern At TejiekKa |-* u

cMecTHTCs BIpaBo Ha paccrognue uAt. Ilpu sTom jpuna

yaacTka AB HuTH yMeHbInuTC Ha Beaumanny (Puc. 2) 1 3TOM JUIMHA Y4YacTKa AB HUTH
Alap = ult cos . (5)

ABC

WAHOT TPH IBHHEHHAH TRICH KN

: A
g -
u B C v
T
oo = U Pue. 2

1 2T0M JLIHIE YYHACTES AB HHHTH

C napyroit croponsl, jJiuHa ydactka BC HUTH 3a 9TOT Ke IIPOMEKYTOK BPEMEHU YBEJIMIUTCH HA

Alpc

Alge = (v —u)At. (6)

AiAB =ulAtcosa

BC HWUTH 3d OTOT KE 1
[Tpupasuusas (5) u (6) MO yCJIOBUIO HE PACTIYKUMOCTU HUTH, TIOJIYIUM
Alap = Alpe = ulAtcosa = (v —u)At. (7)

Alyg =Alge = ultcosa = (v—u)At
iMocTh Us (@)
v

Ufr) = 1+ cosa .

U3 (7) HAXOIUM HCKOMYIO 3aBUCHMOCTD Uy (v)

v

(8)

ua(ar) = 1+ cosa’

2.2 Ucnonb3ys (8), HaiijieM MCKOMbIE 3HAYEHUsI CKOPOCTEil TeJeKKH Ha OECKOHEYHOCTH U IIPU
o = 35°

9 kacc. DKCIEPUMEHTATBHBINA TYP. 8



(% (% M
= :OO :—:—2075_ 9
s = ua(a ) 1+cos0° 2 7 ¢’ ©)
o (Y M
U = U4<O€ =35 ) = m = 0,82 E (10)
w U M
T )= T ot 2 ¥ ¢
v M
Ug = u‘(ﬂ.’ — 35") = m — 0,82 E

BameTM, 4TO 10JIyIeHHOe 3HadeHne (9) MOXKHO ObLI0 HalTH 1 6e3 ncnosib3oBanus (8), HOCKOIbKY
U5 COOTBETCTBYET CJIy4al0 IOJABHXKHOIO OJIOKa, Ha KOTOPOM <«IIPOUIDBLIBAIOT» B CKOPOCTU B JBa
pasa.

Teopernuecknii Typ. Bapuant 1.

Yactp 3. «Husknii 6/10K»

3.1 /lannag 9acTb 3aJ]a4u camas IPOCTas, MOCKOJIbKY MPU TaKOW CXeMe BBITSKKH TEJIeKKH €€
CKOPOCTH HE3aBUCUMO OT YIJIa (v Bcerja OyaeT paBHA IO MOYJIIO CKOPOCTH HUTH.

Bamaua 2. Kapresuanckuii BogoJias.

YHactp 1. BeiHy>K/1€eHHO€E TIOTPY’KEHUeE.

1.1 Tak kak TeMIrepaTypa BO3/lyXa B TPyOKe 1 €ro Macca He U3MeHsl- P
IOTCsI, TO JIJIsT TOr0 BO3JlyXa CIIpaBeI/INB 3aKOoH Boitig-Mapuorra: 0

R = P(L — ) a L l

C apyroii cTOpOHBI, JaBJeHUE BO3JlyXa B TPYOKE MOKHO BBIPA3UTH ‘ X
dyepe3 rmApocTaTuvieckoe lajesue sogpl: 7 T

P=FR+z—-x (2)

3/1ech, KaK CKa3aHO B yCJIOBHUH JIABJIEHUST BO3/IyXa U3MEPSAETCS B MET-
pax BOJISTHOTO CTOJI0A.

B sTnx YPpaBHEHUAX JB€ HEU3BECTHBLIC BEJIMYMHLI: JaBJICHHUE BO3/1yXa B pr6Ke P u BnIcoTA xZ,
IIO9TOMY 3Ta CUCTEMa MO2KET OBITD perieHa:

9 kacc. DKCIEPUMEHTATBHBIN TYP. 9



PL=(P+z—x)(L—2)=
2~ (Py+2)v— L+ (Py+2)L — PBL=0=
2~ (Pp+z+Lx+2L=0= (3)

(P0+z+L)i\/(P0+z+L)2
2 4

T2 = —zL
N3 nByx KoOpHeil ciegyeT BbIOpPaTh KOPEHb CO 3HAKOM MHUHYC. B KadecTBe 0OOCHOBAHHMS TAKOTO

BBIOOpPA MOYKHO IPUBECTH cjemyronuit: mpn z = ( BBICOTa T TaKKe JIOJIKHA PABHATHCA HYJIIO.
[TosToMy OKOHYATETHHO MOy IUM

x(z) = 5 1 — zL. (4)

(Py4+ 2+ L) \/(P0+2+L)2
CxemaTtudeckuii rpaduK 5TOH 3aBUCUMOCTH MTOKA~
3aH Ha PDUCYHKEe: IIPU yBEJMYCHUU z, BEJIMYUHA T
MOHOTOHHO CTpeMuTcs K L.

Teoperuveckuit Typ. Bapuant 1. -

1.2 Cuy Apxumea MOYKHO BBIPA3UTh 10 U3BECT-
HOIT (hbopmysie, Kak Bec BbITecHeHHON BOjbI. O1-
HaKO, HEOOXOJIMMO DACCMOTDPETh JBa ciaydas: A)
[nybuna morpykeHus MeHbBINE JJTHHBI TPOOUPKU
z < L. B atom ciyuae

BbicoTa ctonOuka X
\\

Fa = pgs(z — z) (5) yd

Tak kak x pacrer MejjieHHee, YeM 2, TO B 3TOM
caydae cuta Apxumea BO3pacTaeT MpU yBeInde- FnyGuna z
wun z. B) [ybuna norpy»kenust 6oJibIie JJIHHBL

npobupku z > L. B sTom ciyyae

Fa = pgs(L — z). (6)

B srom ciayuae cua Apxumesa ¢ pocToM 2 yObIBAET.

9 kjacc. DKCIIEpUMEHTAIbHBIN TYyP. 10



Cuna Apxumega F
]

Fnybuxa z

Cxemaruyeckuit rpaduk 9Toit 3aBUCUMOCTH MTOKa3aH Ha cjeyomeM pucyHke. 1.3 Takum obpazom,
cua ApxmuMme/ia IPHHAMAaET MakcnMaJibHoe 3Hadenne npu z = L. Kak ciemyer u3 dopmyser (4),
IPUA 9TOM BeJIMYUHA T OYyJIeT paBHa

e (Po+2L)  [Fg+4RL

(Po+2L) \/(Po + 2L)2
4 2 4

x(z) = 5

a MaKCHMaJIbHOE€ SHa4YCHUE CHJIbI ApXI/IMe,Hai

Famax = pgs(L — x) = pgs (L — 5 1

[F2 4Pl P
=P98< i > —70> (7)

BamerumM, 9Tto nmpu Py > L 910 MakcuMaJjbHOe 3HadYeHne cTrpeMutcd K L. JleficTBUTE/IbHO B 9TOM

npuOJIMZKEHNN U3MEHEHUe JIaBJIeHNe BO3/yxXa B TPyOKe IPHU MOTPYKEHUH ITPEHEOPEKUMO MAJIo,
MIO9TOMY MOYKHO CUHTATD, YTO BO3/IyX 3aHUMAET BCIO TPYOKY.

(Po+20)  [FE+ 4P0L)

1.4 Cuny Apxumejia MOKHO BBIPA3UTh KaK Pa3HOCTh CUJI JABJIEHWUI HA 3aKPBITHI BEPXHUIT TOpEIT
TPYOKH, ITOITOMY

Fa= (P = (Py+ pglz — L)))s, (8)

9TO, KOHEYHO, PaBHOCUJIBHO MCIIOJIBSOBAHHOMY paHee IIOAXO/Y.

Teoperuueckuii Typ. Bapuant 1.
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(W]

nL =

1.5 Ha rpacduke 3aBucumoctu cuyibl Apxumesia OT TIyOUHBI TOTPYZKEHUST OTMETUM YPOBEHDb CHJIbI
TazkecTu. g 3TOoro mpoBeeM BepTUKAJIBHYIO JUHUIO 2 = 1)L 10 nepecevdeHns ¢ rpaduKOM 3aBU-
CHUMOCTH CHJIBI Apxume/ia oT Tyiybunbl. B Touke nepecedenust 9ta cuja 6y/1eT paBHA CHUJIE TAKECTH.
astee TpoBejieM TOPU30HTAIBHYIO JIMHUIO HA YPOBHE CUJIbI TAKECTU JIO IepecedeHus CO BTOPOI
BeTBbIO rpaduka. Abciucca 910 TOUKKM U OyAeT UCKoMasi TIyOuHa 2.

HQFKO IIOKa3aTh, 9TO IIOJIO2KECHHEC PaBHOBECHA B TOYKE 27 ABJIACTCA HeyCTOI';'ILH/IBI)IM7 I103TOMY, €CJIN
rJIyOnHa MOrpyKeHus CTaHeT 4yTh OOJIbIe, YeM 21, TpyOKa yToHeT. Takum obpa3oMm, Jijisd pacdeTa
9TO# IIyOMHBI HEOOXOINMO PEIINTh CJIEAYIONIee ypaBHeHe

Fa(nL) = Fa(z1). 9)

Ucnonb3ys nosmydentbie GOpMyIIbl i CHIIBI ApXuMesia, MoJiyauM TpedyeMoe ypaBHeHue:

(z—x)o=(L—x(z)) =

ho=L—

<P0+Z+L)+\/(PO+Z+L)2_ZL (1())

2 4

rie o003HAYCHO

ho=(z —x)g=nL—

(Po+nL+L) _\/(POMLJFL)Z — L2 (11)

2

Bricora cTonbuka BO3/1yXa B TPY6K€, KOT'Jla OHa IlJIaBa€T Ha IIOBEPXHOCTU.

JlanHO# ypaBHEeHHE 0YeHb rpoMo3ak0. O1Ha Ipy JaHHBIX 38 IaHHBIX B ycJIoBuH BejmanHa L < Fy.
Tax Py = 10m, a L = 0,10m. ITosTomy MozKHO TpeHeOpedsh N3MEHEHNE JIaBJICHIS Ha BHICOTE TPYOKHU.
B stom ciyuae hy &~ L - npu morpyKennn TpyOKH Ha ee BBICOTY 00bEeM BO3/lyXa B HeEll OCTaeTCs
HEeM3MEHHBIM. B 11os102Kennn paBHoBecHs cuia ApxXuMeia, a cjieoBaTeIbHO, U CIJIa TIXKEeCTH TPYO-
Ku paBHbl mg = pgsnL. Ilpu norpykenun Ha riyOuHy z JaBjieHUE B TPYOKE CTAHOBUTCS PABHBIM
(Py + z), moSTOMY BBICOTA CTOJIOA BO3/yXa B TPYOKE OKA3bIBAETCS PABHOMN
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R

PL= (P +2)h=h=—2"_ 12
0 ( 0 ) (PO + Z) ( )
[Ipu sTom cuta Apxumesia J0IKHA CTATh PABHOI CHJIE TSXKECTH
PyL
sh = pgsnlL = —— =nlL. 13
Py pgsn Bt " (13)
N3 sroro ypaBuenus 3j1eMEHTAPHO HAXO UM
1 _
y==—1p = 925um (14)

YHacTp 2 nannoil 3a/1aum peraeTcs aHaJoruvHO, TOJbKO B 3alIUCAHHBIX YPABHEHUX CJIEyeT pac-
CMaTpPUBATh 3aBUCUMOCTD ITapaMeTPOB HE OT 2, a OT JaBJIeHHus BO3Jlyxa B cocyje P;.

Teopernueckuii Typ. Bapuant 1.

Hacte 3 KoHcTpyKTOpCKAasi, IpeocTaBsger 6orarble BO3MOXKHOCTH JiJIsi TBopdecTBa. OJIHAKO
OCHOBHBIMHU HJIESIMU SIBJIAIOTCS: IIOMEIIeHNe TPYOKU B 3aKPBITHII COCY/, W MpeIBapuTe/IbHOEe Ha-

[IOJTHEHUY TPYOKU BOJOM, TaK YTOOBI OHA IIJIaBaJIa «HA I'PAHUY» - IIPU HE3HAYUTEILbHOM U3MEHEHUN
obbema cocyna (a, caeoBaTesbHO, U 0ObeMa BO3/yxa B TPyOKe) TpyOKa HAYMHAJA TOHYTb.

3amava 3. AMnepmerp, BOJIBTMETP, OMMETP M IIP.

Yactp 1. IIpubopbl MarHuTO3JIEKTPUIECKO CHUCTEMBI.

1.1 IIpu mporryckanum TOKa depe3 paMKy Ha Hee OyJIyT JIeiCTBOBaTh MOMEHTBI CHJI CO CTOPOHBI
MarauTHOI'O TIOJIsI U CO CTOPOHDLI MPYXKUHBI, B Pe3yJIbTAThl paMKa MepeijieT B HOBOE IOJIOYKEHHNE
paBHOBeCHs, KOTOPOE OIIpejie/iseTcsl YpaBHeHEM

IBSsin(pg +0) = ké. (1)

rjie 0 - yroJi OTKJIOHEHHsI CTPEJIKU OT «HYJIeBOro» mnosioxkenus. 13 ypasuenus (1) cieayer, aro jyist
«JIMHEHHOCTH» TPUOOpa HEOOXOAUMO, ITOOBI MOMEHT CO CTOPOHLI MATHUTHOTO IHOJIS C1a00 3aBHCe
OT TIOBOPOTa PaMKH. JT0 jocTuraercs npu gy = 90°, B 3roMm ciryuae sin(pg+9) = cosd ~ 1. Uubivu
CJIOBaMH, B IIOJIO2KCHHHN PaBHOBECHUA HOPMaJIb K paMKe JOJIZKHa 6bITb IepreHIuKyJadpHa JIMHUAM
MATHUTHOTO TOJIA, WM MATHUTHBIC JIMHUU JIOJZKHBI JIE?KATh B IIOCKOCTH paMKu. Kpome Toro,
IPU TAKOH OPHEHTAIIMM MOMEHT CHJIBI CO CTOPOHBI MATHUTHOTO HOJIs MAKCHMAJIEH, YTO TOBBIIAECT
qyBCTBUTE/ILHOCTH IalbBAHOMETPA.
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A

1.2 YT0o0OBI «IIpeBpaTUTh» raJIbBAHOMETD B BOJIBTMETD, K HEOOXOIUMO TOCIEI0BATE/IHHO MO/IK/IIO-
YUTh JIONOTHATEIBHBI PE3UCTOP OOJIBIIOrO CONPOTUBIICHHs R (3HATUTEIBHO MPEBBINIAIOIIETO CO-
[IPOTUBJIEHNE dJIEMEHTa, Ha KOTOPOM [IPOU3BOIUTCS H3MepeHne Hanpsizkenns ). B arom ciydae cuia
TOKa Yepe3 raJbBaHOMeTp OyJeT paBHA

I==. (2)

CreioBaTesIbHO, JUANa30H U3MepsieMbIX HAlpsizKeHu Oyjer jexarh B uarepBasie R, Rlyax]-
Jlamnast cxema paboTaeT CTPOro B JIMHEHHOM PEXKIME.

1.3 Tak kKak raJbBaHOMETP U3MepseT CUJIy TOKa, TO OMMETP
JIOJIZKEH COJIep2KaTh MCTOYHUK ToKa. lIpm mporekanum To-
Ka depe3 M3MepPsAeMbIil PEe3UCTOP, HAIIPSAXKEeHNe Ha HEM IIPO-
MOPIMOHAJIHHO €ro conpoTusiennio. [losTomy xkemareabHo,
4TOObI CHJIa TOKA B I 3TOrO PE3UCTOpPA He 3aBUCETA OT
ero comporuBjenus. /st 3Toro ciemyer ucToUHUK ¢ 00JIb-
UM BHYTPEHHUM COIPOTUBJICHHEM (MCTOYHMK TOKa). MokK-

HO IIPOCTO JIOOABUTL PE3UCTOP € OOJILIITUM COIIPOTHUBJICHIEM Rx |:|
B U3MEPUTEJILHYIO Ielb. [lasee ciieryeT n3aMepaTh HaIpsizKe-
HIE Ha U3MEPSIEMOM DPE3NCTOPe, TO €CTh UCIOIb30BaTh Pa3-
paboTaHHYIO CXeMy BOJIbBTMeTpa. Takum 00pa3oM, «BLIPUCO-
BBIBAETCA» CJICYIONAs cXeMa OMMeTPa U €ro IOJIKJII0UeHUS - |
K U3MEpPIEeMOMY PE3UCTOPY.

A

Teopernueckuit Typ. Bapuant 1.

B sroit cxeme: Ry - compoTHUBJIeHUE B IENM UCTOYHUKA TOKa, [y - CONPOTUBJIEHUE B IENU BOJIBT-
MeTpa; R, n3mepgemoe HampsKenne. MexK 1y STUMU COTPOTUBIECHUAMHA JIOJT?KHO BBITIOJIHATHCS CO-
otHomtenune: Ry > Ry > R,. Ilpu BbIlIOJIHEHUN 3TUX YCJIOBHUII CUJIa TOKa Uepe3 pe3ncTop Oyjer
paBHa:

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

" IIPpOIOPpIHUOHAJIbHA U3MEPAEMOMY COIIPOTUBJICHUIO.
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Hactp 2. DaeKTpocTaTUdeCcKuii BOJIbTMETP.

2.1 IlracTunbl 3/1€KTPOIOB B 00JIACTH UX IEPEKPHITHS MOYKHO PacCMaTpUBaATh KaK KOHJIEHCATOD,
€MKOCTb KOTOPOT'O 3aBUCHUT OT CMEITEHN MOABUKHONU TLJIACTUHBI:

_ gol(x 4 w0)
C = — (4)

HpI/I IIpoBeJeHUN I/IBMepeHI/Iﬁ 9TOT KOHJIEeHCaTOP (baKTI/I‘{eCKI/I IIOAKJ/IIO9IaeTCAd K UCTOYHUKY IIOCTO-
AHHOI'O HaIIPpAZKEHU A U. HOSTOMy OHEPIrud 3TOro KOHAEHCAaTOPa paBHa

cuU?

We = 5

(5)
[Ipu BTATMBaHUN MTOABUAKHOTO IJIEKTPOJIA EMKOCTh KOHJIEHCATOPA YBEJIUINBACTCS, [IO9TOMY YBEIH-
YUBAETCS W €T0 SHEPIHUs. ITO MPUBOINAT K OIPEIETIEHHOMY MapaIOKCy: IJIACTUHA JTOJZKHA HE BT-
IUBATHCS, & BBITAJKUBATHCS U3 3a30pa HEMOABUKHOIO 3j1eKkTpojal? OmHako, HUKAKOTO ImapaioKca
HET: JIEJIO B TOM, 9TO KOHJIEHCATOD HE SBJSIETCH 3aMKHYTOM CUCTEMOI, OH TO/IKJIIOUYEH K UCTOYHU-
Ky HallpsizkeHus. [Ipu yBe/ilm4eHnn eMKOCTH yBeJIMIUBAETCA 3aps]1 KOHJIEHCATOPa, CJIe/IOBATE/IHHO,
UCTOYHUK COBEPIIAET PAdOTY IO 3apsjIKe KOHJICHCATOPA, IIO9TOMY €0 SHeprusd yMeHbinaercd. M3-
MEHEHWEe SHEPIUU UCTOYHUKA PACCUUTBIBACTCS CJIEIYIOIIIM 00PA30M:

Wy =-A=—qU = -CU> (6)
[Tonnag sueprus cucreMbl paBHA
cuU?
W=Wec+Wy=— 5 (7)

Taxum oOpa3oM, IIpu BTATUBAHUU TIOJIBUXKHON IIJIACTUHBI CyMMapHas SHEPIUsl yMEHbIIIAeTC s, CJie-
J0BaTeJIbHO, Ha TJIACTUHY JIEUCTBYET CHUJIa, HAIIPABJIEHHAs K HENIOJIBUXKHOMY JIEKTPOJIY U paBHAas

AW _UPAC &l

Py =5 as ~ 2V (7)

2.2 B nosiozkeHnn paBHOBECHUS 3TA CUJIa KOMIIEHCUPYETCS CUJION YIPYTOCTU TIPYKUHbL:

€0l 2
—U* = kx.
54 U x (8)
Torma cMmerrenne mIacTUHEL
z= Sy 9)
2k

Teoperuveckuit Typ. Bapuant 1.
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2.3 3aBHCHMOCTb CMEIIEHHUsI OT HalpsKeHUsl HeJMHeHHasl, JJisd ee JUHeAPU3AIU MOKHO IIOIbI-
TaTbCsl 3aMEHHUTH IIPSIMOYTOJIbHBIE ILJIACTUHBI Ha ILJIACTHHY OoJiee «XUTpoity (opmbl. s sToro
HEOOXOTUMO JIOOUTHCS BBITIOJIHEHUS YCJIOBUS 45 — ~vv/z. Takass reomerpuyeckas 3ajada MOXKET

dx
OBITH pereHa.

YHactp 3. «Papagomerp»

3.1 Ecyin B 11e1u MOJK/II0OYEeH BOJIBTMETP MAarHUTOIJIEKTPUIECKON CHucTe-
MBI, TO €r0 TIOKa3aHus OY/IyT paBHBI Hy/I0. Tak Kak 1mocJie 3apsi/IKu KOH-
JIEHCATOPOB TOK 4Yepe3 BOJIBTMETD IpeKpaTuTcsd. 3.2 Tak Kak TOK depes

R 4 R
) ——1 1
9JIEKTPOCTATUYECKUIT BOJILTMETD He TeYeT, TO BEPXHIO0 (C Pe3UCTOpa-
MM) ¥ HIZKHIOO (C KOHJIEHCATOPAMM) BETBH MOCT& MOXKHO PacCMaTpU-
CI e |

BaTh He3aBucuMo. I[Ipumem norennman Touku [ paBHbIM Hy/i0. Tora D
MOTeHIAI TOYKu A OyaeT paBeH 1

Ry

U
—_ 10 0
Ry + Ry (10)

w4 = 1Ry = U

HOTQHHI/Iaﬂ TouKu B PaB€H HalIPAKEHNIO Ha KOHIEHCATOPE Cl. to HalIpAKEHNE MO2KHO HaflTH,
paccMaTpuBad ABa IIOCJICA0BaAaTC/JIbHO COCAUMHECHHDBIX PE3UCTOPa:

C1 Uy = CLU. C
LT S U = Uyt (11)
U1+U;C:U0 Cl+02
[Tokazanust BoJIbTMETPA:
R2 CQ
Uy =U — 12
VEO\R 4Ry G+ Cy (12)
3.3 Moct Oyner cbaaHCUPOBAH TIPU BBIOJIHEHUN «CUMMETPUYHOTO» YCJIOBUS:
R2 Cg
2z 2 13
R C (13)

Teopernueckuii Typ. Bapuant 1.

Pemenug 3ama4d. 11 kJacc.

Saganue 1. Jlerkasg pazMuHKa

3agaga 1.1

1.1.1 BayTpeHnHss sHeprus ra3a pacCIuTbIBAeTCs 110 (hpOpMYyIIe:
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U = CyvRT (1)

SanuieM TakzKe YpaBHEHHE COCTOAHULA T'a3a

PV = vRT (2)

N3 stux ypaBHenuii cjiejiyeT, 4To

U= CyPV (3)

BHYTpeHHHH QHEPIrud BO3/yXa B KOMHaTe HE USMEHUJIACh.

1.2.1 Tem ne Menee, Ha HArpeBaHue BO3/IyXa TeIJIOTa HeoOxomMa. V3aMenenne BHy TpeHHel sneprun
0Ka3aJI0Ch PABHBIM HYJIIO, IIOTOMY, YTO YaCTh BO3/yxa BbIILIa HAPYkKy. CJI02KHOCTb pacdera IoJ-
HOT'O KOJIMYECTBA TEIIOTHI 3aKII0YaeTCd B TOM, UTO B IIPOIEcce pa3Hble MTOPIMU BO3/1yXa BBIXOIMIN
IIPU Pa3HBIX TEMIIepaTypax, MojIydas pa3Hoe KOJIUIeCTBO TeIJI0Thl. PaccMOoTpuM, KaK N3MEHSIOCh
KOJIMYECTBO BO3/lyXa B KOMHATEe MPH U3MeHeHnH TeMieparypbl. [l sroro Beipasum u3 (2) 3aBu-
CUMOCTb KOJIMYECTBA BEIIEeCTBAa B KOMHATE OT TEMIIEPATYPbI:

PV
= =T (4)

v

Torna npu m3MeHeHUN TEMIIEPATYPhI Ha MaJIyio BeuduHy d1 9ucjio Mojieil yMeHbINaaoch Ha

PV dT
V=R )

DTa MopIus BO3/LyXa MOy U8 KOJUIECTBO TEIJIOThI, PABHOE

PVT -1,

Buech Cp = Cy + R = %R - MOJISIDHAsI TEIJIOEMKOCTh [IPU MOCTOSTHHOM 00beMe (mporiece n3obap-
ubiil). s TouHOrO pacuera KOJIMYECTBA TOJIy9IEeHHON TEIIOThl HEOOXOINMO MTPOMHTErPUPOBATH
Beipazkenue (6). OjiHAKO, TaK KaK OTHOCHUTE/IbHOE W3MEHEHNe abCOIIOTHON TeMIIepATyPhl He BeJIU-

KO, TO B 3HaM€HaTeJI€ 9TOI'0O BbIPpazK€CHUA M3MEHECHHUEM TeMIIEpaTypPbl MOXKHO HpeHe6peqb. TOI‘,ZL&
KOJIMYECTBO TEILJIOTbI, YHECEHHOEC Ha YJIMIYy MO2KHO IIpE€JCTaBUTb B BUJIE!:

Cp 1 [(AT\?* 7 AT\ ?
:—P‘/— _— :—P‘/ _ ~ 2
@ R 2\ T, 4 Ty 52x]laxc (7)

Mo/ 1HO 3aMeTUTh, YTO 9TO BbIPAsKEHHE MOJHO IIPEJICTABUTEL B HAIJISLIIHON (popMe (KOTOPYIO MOXKHO
HOJIy9UTh Ha OCHOBAHUM KAYECTBEHHBIX (DH3UUECKUX PACCyKIeHNUT)

Q- %CPAVAT (8)
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Teopernuecknii Typ. BapuanT 1. 1

3agaua 1.2

[Ipuunnoit n3MeHeHNsT THTEHCUBHOCTU OTPAXKEHHOT'O CBETA SIBJIETCS NHTePQEPEHIs BOJIH, OTpa-
JKEHHBIX OT epejHeit u 3ajueit moepxuocreil mienku. [Ipu narepdepeniium 18yxX BOJH OTMHAKO-
BOIl MHTEHCUBHOCTUA MHTEHCUBHOCTH PE3YILTUPYIONIEH BOTHBI OIMUCHIBACTCA (DOPMYJIOi

I =1Iy(14cosy), (1)

[ne ¢ pasnocts daz mexiy unrepdepupyionmumMmu BojHamu. Paznocts dhaz Mexy yKa3aHHbI-
MU BOJIHAMU TTPOTIOPIMOHAIbHA TOJIIWHE TJIEHKW, WM 0OpaTHO MPOIOPIMOHAIbHA, €€ TIIOIA/IN.
[Ipu mMajioM M3MEHEHWU TIJIOMIA U, TOJIIUHA TIJICHKNI TaKKe OYJIeT M3MEHATLCA MaJjio, TOTJa 9TO
U3MeHEeHWe TOJIIMHBI MOXKHO BBIPA3UTH CJIELYIONIM 00Pa30M

hoSo AS

h = ho(1l——
0 S,

TSy +AS T 2)
TaKI/IM 06pa30M, MO2KHO C‘H/ITELTI)7 9TO U3MEHECHUE TOJIIIIMHBI HJIGHKI/I7 a, C.He,ZLOBaTe.HI)HO, nu paSHOCTI/I
dasz MexKIy JABYyMsI BOJTHAMHU IIPOIIOPIIMOHAIBHO U3MEHEHHIO ee IIoma/ . Tak Kak Ipu HaYaJIbHOI
IO Sy MHTEHCHBHOCTH JIOCTHUT/IA MAKCHMyMa, TO TPU ITOH IIOMAIN PA3HOCTh (ha3 COCTAB-
JidJla 1eJjioe 4Y1ucJI0 271', HOSTOMy MOZKHO HOJIO}KI/ITI), B 9TOT MOMEHT paSHOCTb cbas paBHHJIaCb HyJIIO.
ﬂHH HalJIAJHOCTH I/1306pa31/IM Fpa(bI/IK MNHTEHCUBHOCTHU OTpa}KeHHOI‘O cBeETa OT paSHOCTI/I cba&

ASI

AS, |

2

NN

1,0

N

St

r 7 2

W3MeHeHWe pasHocTh thas

N [ tn

Nrak, mpu AS = 0 paznocts a3 TakKe paBHSIJIACH HYJIO, 8 HHTEHCUBHOCTD JTIOCTUTJIA MAKCUMAJTb-

HOT'O 3HAYEHNUs B 2 YCJIOBHBIX eIMHUIBL. /lajiee ”HT€HCHBHOCTH MOHOTOHHO YOBIBaJIa — CJI€JIOBATEb-

HO, BCE U3MEHEHUs IPOXOJIAT B MPEJIeIaX OJIHOTO MOPsJIKA MHTeP@EpPEeHInu. 3aTeM NHTEHCUBHOCTD

YMEHbBINNIach B 4 pasa, cjie1oBarebHo, ona crasa pasuoit 0,5. [iisiist va dbopmyity (1), He c10KHO

3aMETHUTDb, YTO B 3TOT MOMEHT KOCHUHYC caBura (a3 craj paBHbIM —(0,5, YTO COOTBETCTBYeT pa3-
s s

noctn pa3 B 5 + § = %7?. g Toro, 9ToObBI MHTEHCUBHOCTH CTaJja PAaBHOW HYJIIO, HEOOXOIUMO
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9TOOBI PA3HOCTH (a3 craja papHoil 7. To ecTh daza HOJIKHA JIOMOJTHATEIHLHO U3MEHUTCA Ha %7?.

[Ipu m3menenun rromaau Ha Beamdauny ASy, dasza HOJKHA U3MEHHTHCS B D pa3 MeHbIe, JeM
[IPU W3MEHEHUN IO Ha BesmanHy AS;. A Tak Kak W3MeHeHHne pa3HoCTH (a3 u n3MeHeHUe
ILJIOIIA/IA TTPOTIOPITUOHAJILHBI JIPYT JIPYTY, TO U3MEHEHHE ILJIOINIAJIHA JIOJKHO ObITH B H pa3 MeHbIIIE,
T.€.

1
ASy = gASl . (3)
Teopernuecknit Typ. Bapuant 1. 2

Sama4da 1.3

Banmiem YpaBHEHUA 3aKOHa COXPaHEHUA NUMITYJIbCa

h h
c_ 1
N TP (1)
1 3akoHa coxpaHeHUsT SHEPTUU
he 5, hc
— =—+F 2
N + me S + (2)

3nech p, - mMIysbCc u 9HEPrus 3JeKTPOHa mocie B3ammojeiicteus. JlobaBum ypaBHeHMEe CBSA3M
MEZKJLy dHEepTrheil U UMITYJIbCOM JJIEKTPOHA

E? = p*® + m2ct (3)

[Tpu akkypaTHOM (M HE CJIMIIIKOM T'DOMO3/KOM) DeIleHWUH MOJIy9YeHHON chucTeMbl ypabHeHwii (1)
-(3). moJrygaeM U3BECTHBIN PE3yJIbTAT JJIsl CIBUTA JIJTMHBI BOJIHBI:

h
AN=2—=48-10"" m. (4)
mc

Teopernuecknit Typ. BapuanT 1. 3

3agada 2. HerapmoHunyeckue KoJjieOaHUSI.

1.1 JIyist mocTpoeHusi cXeMaTuIecKoro rpaduka MOTeHIaIbHON (QYHKIMN (3aBUCUMOCTH [TOTEHIIU-
AJILHOM HEPIUK OT KOOP/IUHATHI)

> a?

Ul)=ka* (= +— —2 (1)

a? 2

Cﬂe,ﬂ;yeT OTMETHUTH €€ OUYEBUIHBIE CBONCTBA!
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- (yHKIUS SBJISETCS UETHON, MOITOMY e€e _
3aBUCUMOCTb noTeHynanbHOW SHEPIUK OT
rpaduK CUMMETPUYIEH OTHOCUTE/ILHO OCU OP- KoOpaMHaTI

JUHAT; - QYHKIUA 0OpaIaeTcd B HOJb IPH
x = a; - npu x — () IOTeHNMAIbHAS SHEPTU
CTPEMUTCS K OECKOHEYHOCTH, T.€. B HYJIE CY-
IeCTByeT OECKOHEYHBIN OTEHIMAIbHbBIN Oa-
pbep; - npu & — 00 (DYHKIUA TPUOITIKAET-
¢ K KBQJIPATUIHON 3aBUCUMOCTH, €€ Tpapuk \ /
npubIMmKaeTcs K mapabosie. DTUX CBOMCTB \ /
BIIOJTHE JIOCTATOYHO, YTOOBI IMOCTPOUTH CXe- \\ /
martudeckuii rpaduk 3asucumoctu U(x), KO- \ /

TOpPBIIT TOKa3aH Ha pucynke. 1.2 [lorenmnuasib-
Hasg KPUBasl UMEET TOUYKY MUHUMYMA, YTO CO-
OTBETCTBYeT HAJUIUIO TIOJIOXKEHUS YCTOIIH-
Boro pasHoBecus. [losTomy Touka Oymer co-
BepIaTh Kojiebare/ibHOe JIBUKeHre. Tak KaK 3aBUCUMOCTD OTEHIIMAILHON SHEPTUH OT KOOP/IMHA~

i

noTeHUKWansHana aHeprua UiUo

-4,0 -3,0 -2,0 -1,0 0,0 1,0 2,0 3,0 4,0

KoopawuHaTa X/a

ThI HE ABJIAETCH KBaaparudHoil. To Kojebanus He OY/IyT rapMOHUIECKUMU.

1.3 Kak 0n110 orMedeno BOausu ¢ = 0 moTeHnna b-
Hasl SHEPIHUs CTPEMHUTHCA K OECKOHETHOCTH, TIOITOMY U(x)
MaTepuabHas TOYKA He CMOXKET IIPEOJI0JIeTh 9TOT Oa-
poep. [loaToMy B JlasibHERIIIEM JTOCTATOYHO paccMaT-
puBaTh TOJILKO obsacth x > 0. i xKadecTBeHHO-
ro aHaJ/In3a XapakTepa JBUKEeHUs MOXKHO Bociob3o- K =U(x,) ’ —
BATHCA yPaBHEHUEM 3aKOHA COXPAHEHUS SHEPIUU /

2 : /
muv i
B xoTopoMm moJtHas SHEPTUA TOYKH OIPEJIE/ITeTCs Ha- le X,

gasibubIM yesioBueM F = U(xg). Touku Bo3BparTa, B KOTOPBIX CKOPOCTH OOpAIAeTcsi B HOJIb 3aa-
I0TCSI YPaBHEHUEM:

U(z) = Ulxo) (3)

DTO ypaBHEHHE WLIIOCTPUPYETCS PUCYHKOM, HA KOTOPOM OTMEYEH YPOBEHBb IIOJTHOW SHEPIUu u
TOYKH T, T1, B IPEJIEIaX KOTOPBIX MIPOUCXOJIUT JBUKeHne Toukn. J[jis1 orpeieienus mpeieon

Teopernueckuii Typ. Bapuant 1. 4

JIBHZKEHUST HEOOXO/MMO PEINTh ypaBHeHre (IpudeM HaJl0 BHIOMPATh TOJBKO IIOJ0KUTE/IbHbIE KOp-
HI)

22 a?

=+ ——2) = ka® x—3+
a? 2 o 2

a2
2
x a* T

ka?

-2 (4)

MozKHO permThb 9T0 ypaBHEHHEe CTAHJIAPTHBIMUA MeToaMu (OHO CBOJIUTCS K OUKBAIPATHOMY ypaB-
uenuio). Ho mporre 3aMeTuTh, 9T0 ypaBHEHHe CUMMETPHYHO OTHOCUTEIBHO 3aMEHbI e g
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[TosToMy BTOPOIt TIOJIOKUTETBHBIN KOPEHb 3TOT'O YPABHEHUS T = ~-.
Zo
Taxum obpaszoM, MaTepua/ibHasd TOYKA OyJIeT JIBUTAThCAd BHYTPU MHTEPBAJIA

v € {zo, i} . (5)

Zo

1.4 Mauible KoebaHUA TOYKHI HIPOUCXOAT BOJIM3Y IIOJIOXKEHIS pPaBHOBECUA T = Q. HO3TOMy Ipei-
CTaBUM KOOP/IMHATy TOYKU B BUJIC

z=(a+y) (6)

[ne orksonenue or moJsioxkenusi paBHoBecus y <K a. jist yrnpornenus NOTeHIUaIbHON DyHKIIHT
peobpasyeM ee K BULY

U(x) = ka? (‘”_2+a_2_2> :ka2<(a+’y)2+ a? )2_2) _

a?>  x? a? (a+y

(aty)+a' —2AatyPe®  H(aty?—a) _ ,Qay+y’)
(a+ y)%a? (a 4+ y)%a? (a+ y)%a?

= ka?

Teneps cieyeT IpeHebpedb BCEMHU CJIAraeéMbIME, UMEIOMIIMI OOJIBIIH TOPAI0K, deM 4 :

2 2)? 2ay)?
2( ay+y) %ka2< a’y) _4ky2 (7)

(a +y)?a? (a)2a®

U(z) = ka
B sTom npubsimkennn ypaBHeHUE 3aKOHA COXPAHEHUSA SHEPIUU IPUOOPETaeT BU/L

2
% 4 dky? = Ak, ®)

KOTOpOE aBJIseTcsl ypaBHeHHeM TapMOHUYeCKHX Kojiebanuil ¢ Kpyrosoil dacToToit w? = 3%,

CrenoBaTeIbHO, TIEPUOJT, MAJIBIX KOJIEDAHMI OIpeIesieTcst 0 hOpMyIe
I'm I'm
T =2m4]| — =74/ —. 9
Rk 2k (9)

1.5 IIpu Goapmux aMIIATYIaX KOJIEOAHUH MOXKHO HPUOJIUKEHHO CINTATh, UTO

Teoperuueckwnit Typ. Bapuant 1. 5

U(z) = ka? (10)
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[Ipu = > 0 u obpamaercs B OECKOHEYHOCTH IPU

x = 0. I'paduk 310l TpubIMKEHHON (DYHKIMH TIO-
60

MpubnuxeHue bonbwKnx konebaHuin

Ka3aH Ha PHUCYHKE. ZLBI/I}KGHI/IG B 9TOM CJiyda€ MOXK-
HO IIpeJCTaBUTh KaK I'apMOHHNYIECKUE KoJIeOaHmIs Ipu 50

T > O n a6COJIIOTHO ynpyroe OTpazKEHHue B HadaJie
40

koopuuat. [Tosromy nepuoj Takux Kosebanuit Oyaer
paBeH I0JIOBUHE ITePUOJIa TAPMOHUYECKUX KOJIeOaHuit

C TIOTEHITNATBLHON SHEPTrueil, onmrcbiBaeMoii hyHKITHEH

3Heprmna UlUo

) /

(10): 20 \ /W/}

1 m

S

0 1 2 3 4 5
KoOpAMHaTa X/a

DTOT IEPUOJ, COBIIAJIAET ¢ IEePUOIOM MaJbIX Kojeba-
HUIA.

1.6 Bocnosib3yemcsi «IOJICKa3KO» U IMOJyYUM YpaBHEHHUE JIIsi KBaJIpaTa KOOPJIUHATHI YaCTUIIbI

z = [L’2. CKOpOCTI) U3MEHEHHUST 9TO BEeJIMINHBI paBHa

V, = (2) = 2z2' = 2zv

Torma cKOpOCTh YaCTUIIHI PaBHA:
V.
2r

Bripaszum noreHnuaJbHYIO SHEPIUIO depe3 IapamMerp 2:

HO,ILCT&BI/IM 9TU BbIPpazKE€HNE B YpPaBHEHUA 3aKOHa COXPAaHEHUA SHEPIUU:

mu? m (V.\° (2 —a?)? (20 — a?)?

y‘H/ITbIBaH, q9TO 1‘2 = 2, IoJIy49uM

_2)2
V24 dk(z —a*)? = 4kMz
2 20

m

(12)

(13)

(14)

(15)

(16)

B sToMm YpaBHEHUN MO2KHO BbIJICJIUTDH THOJTHBIN KBa/JIpaT OTHOCUTEJILHO HepeMeHHOﬁ Z W IIpUBECTU

€Iro K BUIy

%vj +4k(z — b)? = E.

9 kj1acc. DKCIIEpUMEHTAIbHBIN TYyP.
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A 910 ypaBHEHUE TaK:Ke SBJISEeTCs] yPABHEHHEM MapMOHUYECKUX KOJIEOAHUMN, JIJisi KOTOPBIX TEPUO/T
He 3aBucUT OT amiuTyibl. CrieJoBaTesIbHO, 1epeMeHHast z (M03TOMY U & = +/2z) U3MeHseTcs
MEPUOJIMYCCKU, C IIOCTOSHHBIM TIEPUOJIOM, HE 3aBUCAIINM OT aMILIUTY/Ibl KOJICOAHMII.

1.7 g Toro, 94ToObl MOJYYUTH 3aBUCUMOCTH KOODJMHATBHI OT BPEMEHU, HEOOXOJIMMO ITPOBECTH
1peobpa30BaHmsl, aHOHCHPOBAHHBIE B IIPEIbIAYINEeM IIyHKTe 3aa9u. O 1HaKO, MOXKHO MTOHTH 1 OoJiee
MTPOCTHIM JIOTUIECKUM ITyTEM:

Teopernuecknii Typ. BapuanT 1. 6

- lIEpeMeHHad 2 USMEHAETCHA 110 TapMOHUYIECKOMY 3aKOHY, IIO9TOMY OTKJIOHEHHUA OT CpG,ILHGfI TO4YKHU B

2
obe CTOPOHBI JOJIZKHDBI OBITD OJJMHaKOBBLBI; - KOOpJAUHaTa T U3MEHACTCA B IIpeaesiax [{L‘(), ;—0} , IIOTOMY

4
mepeMeHHasg 2 = 2 JIeXKHUT B WHTepBaJie [m%, %], - CpeJiHssl TOYKA JIjIs IIEpEeMEeHHON 2 nMeeT
0

1

3HaYECHUE 2 = 5

22 4+ ). aMTIETYIA H3MEHEHIS TepeMeHHol 2 papia A = 22—z = L (22 — @
§+ % ); - anmnya p p =z—z=3 (%~ %)

[TosToMy 3aKOH M3MEHEHWUsI TIEPEMEHHOl 2 J0JI2KeH nMeTh BuJ (lepuos Kojebanuit 3amaercst hop-
myJt0it (9)):

4
a 1/,

_ 1
z:z+Acoswt:§ x3+x—% +§ xo_iﬁ'—o cos wt. (18)

Hakomnerr, Bo3Bpailasich K KoopiuHaTe Touku. [loyryaum 3aKoH ee U3MEHEHUS:

1 at 1 at
z(t) = 5 x3 + el x3 — 5 ) coswt (19)
0 0

[ToncraBnss 3a/laHHOe HaYAJILHOE 3HAYECHHUE T( = 3a, MOy UM

z(t) = 2\/41 + 40 cos wt (20)

['pacduk sToit PyHKINHU TOKA3aH HA PUCYHKE.
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3aKkoH ABMXEeHMA TOYKN

KoopauHaTta x/a
wd
\
v
N

epems tT

Teoperuueckwuit Typ. Bapuant 1. 7

Samaua 3. DddekT IDitHmiTeiina-ae-I'aaza

1. B moanoMm cooTBeTcTBHH C TEeoOpeTU4IEeCKUM BBe€JeHNEM MOMEHT MMIIYJIbCa 3JIEKTPOHa, Bpallalo-
merocd 110 prFOBOfI Op6I/ITe BOKDYT fdJ/ipa aTOMa, OIIpedesdeTCdad COOTHOIIECHUEM:

L =m.ur (1)

2. DJEKTPOH, JBUKYINUAICS IO KPYTOBOl OpOWTe, aHAJOIMYeH KPYTOBOMY TOKY, CHJIa KOTOPOIO
MOXKET OBbITh 3allicaHa B BU/IE:

e ev
) —_ ——= —— 2
¢ T 27r ( )

TOI‘,IL& MAIHATHBIA MOMEHT TaKOI'O KpPYyToBOI'O TOKa:

— gl —
Pm =177 = = (3)

He crour 3abbiBaTh 0 TOM, 9TO MOMEHT HMMIIYJIbCa K1 MaI'HATHBII MOMEHT, - 9TO BEKTOPHBIC BCJIN-
YUHBDBI. BCJ’[GL[‘CTBI/IG TOIr'O, 9TO 3JIEKTPOH — OTpUIaTE/JIbHO 3apdAKeHHad JaCTUIla, a 3a HallpaBJICHUE
TOKa IPUHATO HallpaBJIeHHWE ABU2KCHUA ITOJIOKHUTE/IbHO 3apPA2KEHHBIX YaCTHUI], COOTBETCTBYIONIINE
MOMEHTBI HallpaBJIEHbI B pa3Hble CTOPOHLI.

3. Belpasum rupoMarsuTHOE OTHOIIEHHE ¢ mcroJb3oBanneM (1) u (3), ¢ ydueroM HampaBiIeHHS
BEKTOPOB!
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4. PaCCMOTpI/IM MOMEHT MMIIYJIbCa BCEX IJICKTPOHOB, OTBCYAIONIUX 3a MalrHUTHbIC CBOIICTBA, IJINH-
Jpa. I/ICHOJIbSyH TUpOMarHuTHOE OTHOHIICHUE, CBA2KEM 3Ha4YC€HUE CYMMapHOI'0 MOMEHTa HUMITYJIbCA

QJIEKTPOHOB C MalrHUTHBIMAN MOMEHTaMM KaxKJI0r'o u3 HUX:

— 2me
L= -2 g
(4)

(6)

Wszmenenune MmoMeHnTa UMITYJIbCa JIEKTPOHOB IIPU U3MEHCHHNN Mal'HUTHBIX MOMEHTOB!:

— 2m —
ALe - - - A mi
K3

HOCKOJ’Ibe CyMMaprIﬁ MOMEHT HMMIIYJIbCa IMUJIMHAPA HE U3MEHACTCA, MO2KHO 3allUCaTh:

— —

ALe + ALan == 0 — ALLLI/IJ‘I =

N 1o wurory:

Teopernueckuit Typ. BapuanT 1. 8

—  2m, —
ALan = c ;Apmz

9 kjacc. DKCIIEpUMEHTAIbHBIN TYyP.
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5. Ilpu u3MeHeHun HalpaBJe€HUT MArHUTHOI'O II0JI Ha ITPOTUBOIOJIOXKHBIE MArHUTHBIE MOMEHTHI
9JIEKTPOHOB, BPAIIAIONINXCS HA KPYTOBBIX OpOUTAX, MEPEBOPAUNBAIOTCS:

Apm = ~2pn, (10)
= T
Torna B coorBercTuu ¢ (9) mosmyvaem:
Al = 225 (-2, (1)

e

F,ZLG N — KOJIMIeCTBO QJIEKTPOHOB, OTBE€YalOUIUX 3a Mal'HUTHBIC CBOIICTBAa o6pa3ua. HOCKOJ’Ibe
KOJIMIECTBO TaKUX JICKTPOHOB COBIIaJa€T C YUCJIOM aTOMOB, IIOJIyYaeM:

m
N =—N 12
7 Va (12)
U B urore:
—_— 4m,
ALHHJ‘I - - m %NAm (13)
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—— 2m

AT e £ M- AT

Ucxonsg n3 m3MeHeHUsT MOMEHTa MUMITYJIbCa ITUJIMHJIpa HalijieM KOHEYHYIO YIJIOBYIO CKOPOCTH Bpa-
MIEeHUA:

dm,. m

Z N, 14
ap Vap (14)

ALy = IAw =

OTKy,ZLa C y49€TOM BbIpazKC€HH AJigdd MOMEHTa MHEPIUU MUJINHIPa II0JIydIaceM:

8
W= Nap 15
eMr? " (15)
6. BoiBog ypaBHEHUS KPYTUJIBHBIX KOJeOaHUN MUINHAPa: V3MeHeHne MOMEHTa UMITYJIhCA:
dL
— = Id"(t) (16)
dt
OHO cBsI3aHO € JefiCTBUEM CJIEYIOMNX BPAIIAIOIIINX MOMEHTOR:
A) Boseparmatoruii MOMeHT
2
M, = —lwja(t), (17)
OTBEYAIONINIT 38 COOCTBEHHBIE KPYTH/IbHBIE KOJICOAHUS C IMUKJIMIECKON YacTOTOM Wy
B) MomenT cuit BS3KOro TpeHus, OIMMCAHHBII B YCJIOBUU 3a/1a4N:
My = —ka/(t), (18)

rje o/ (t) - yrioBasi CKOPOCTb BPAITEHUsT [IHIHHIPA;

B) Mexanundaeckuit MOMEHT, CBA3aHHBII ¢ TepeMArHIIUBAHUEM IIIJINH/IPA BO BHEITHEM [IEPEMEHHOM
MarHUTHOM I10JI€, JII0OE3HO IIPEeIOCTAaBICHHbIN aBTOPAMU 3a,/1adu:

Teopernueckuit Typ. BapuanT 1. 9

4P,
M3 = —wcoswt (19)
g

ypaBHeHI/Ie JUMHaAMUKHN BpalllaTeJIbHOI'O JABHZKEHUA HNUJIMH/IPa Tor/da:

dL
$:M1+M2+M3 (20)

VpaBHeHUE KPYTUJIbHBIX KOJEOAHWI ITUIMH/IPA BO BHEIITHEM II€PEMEHHOM MarHUTHOM II0JIe C yde-
TOM BCeX NPUOJIMKEHUI, OMUCAHHBIX B YCJIOBUU 33JIa9U BBIIVISIUT CJICIYIOIMIMM 00Pa30oM:
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4P,
Ia"(t) = —Iwia(t) — ka/(t) + W—gw cos wt (20)

7. lloncraBum B ypasrenune (20) dyHKImIO, oMicaHnyo B yeaosun 3adaan: at) = Asin(wt + ¢).

Jl1s1 T0/ICTAaHOBKY BBIpA3WM IIPOU3BOIHBIE OT JAHHON (DYHKIUU 110 BPEMEHU:
a(t) = wAcos(wt + o) (21)

o' (t) = —Aw?sin(wt + ) (22)

[Moacrapmsia (21), (22) B (20), u yuuThiBasi, 9T0 4acroTa KOJeOAHWUN BHEIIHENO IEPEMEHHOIO Mar-
HUTHOI'O 110JIs1 paBHA COOCTBEHHOI YacToTe KOoJIeOaHUil CHCTEMBI W = W, HOJIydaeM:

4P, . 4P,
a(t) = 7r_gl<:sm(wﬂ’ T.e. A= P =0 (23)
8. Bolpasum Tora rHpOMarHuTHOE OTHOIIEHHE:
4P,
= ™ —8,7-101° 24
g 7| Qmax |k (24)

9. Ornune HU3MEPEHHOI'O 3HAaYCHUA T'MPOMalrHUTHOTI'O OTHOIIEHUA OT IIPEIACKA3bIBA€MOI'O TeOpI/IefI
00bSICHAECTCA HAJIMYINEM COOCTBEHHOI'O MArHUTHOI'O MOMEHTa, QJIEKTPpOHa U dJApa aTOMa — CIIMHA.

Teopernueckuii Typ. BapuanT 1. 10
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