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JIABOPATOPHAA PABOTA Nel
NCCIEAJOBAHHUE KOCOI'O YAAPA O HAKJIOHHYIO IIVIOCKOCTb

Lenn Da6OTBII PaCcCMOTPETh KWHCMATUKY ABUKCHUS IIapa I10CJIC yaapa O IIJIOC-
KOCTb, OIIPpCACIUTD KOB(b(bI/IHI/ICHT BOCCTAHOBJICHUS CKOPOCTH 1Iapa.

TeopeaneCKaﬂ 4acTb

B nanHoii paboTe paccMaTpuBaeTcsd KMHEMATHKA JBHXKEHHSI Teja MoJ YoM K ro-
PHU30HTY B pe3yJbTaTe COYAAPEHUs C HAKIOHHOM IUIOCKOCTBIO.

CranpHOU IapuK, Nagas ¢ HEKOTOPOU BBICOTHI, MEPE] o
yZIapoM O HAaKJIOHHYIO IUIOCKOCTb MMEET CKOpOCThY,, a

OopAauHaT, KakK IIOKa3aHO Ha pI/IC.l, IIOMCCTHUB HA4YaJI0 KOOP-

A
oTckouuB oT Hee, —U  (cm. puc.l). Beibepem cucremy ko- “‘*5\
-
0
nuHaT O B TOUKY MEPBOTO COYAApEHHU IIapuKa ¢ HAKJIOH- f

HOW mmockocThio. [Ipoeknuu ckopocteit V, u U, Ha och X

paBHbI, TO €cTb Vox = Ugy, Tak Kak yJgap MOXKHO CUHTATh
MTHOBEHHBIM, U JCHCTBUE CUJIBI TSDKECTH M CUJIbI TPEHUS
3a KOPOTKOE BpEMSI HE OKa)K€T CYIIECTBEHHOTO BJIMSHUS HA UMIIYJbC MIApUKa BAOJb
ocu X (3aKOH cOXpaHeHHUs MPOEKIMU UMIYJbca). PaccesHue MeXaHHMUECKOM SHEPTUH
IpHU yJaape XapakTepusyercs: ko3hOUIMeHTOM BOCCTAHOBICHUS CKOPOCTH Ke.

Koadduuuenrom BoccTaHOBJICHHS CKOPOCTH TeNa MPU yIape O MAaCCUBHYIO He-

HOBIKHYIO TIOBEPXHOCTh Ha3bIBaeTCA OTHOLICHHEK, = % , rae Vn u U, — npoekuuu
n
CKOpOCTEHl Tena COOTBETCTBEHHO J0 U MOCIE yAapa Ha HOpMallb K TOBEPXHOCTH.
Jlist nanHO#M pabOThI COTJIACHO pHUC.2

U
k, =—2, (1)
Vv
oy
rae Voy 1 Ugy - IPOEKIMU Ha OCh Y CKOPOCTEH IIaprKa COOTBETCTBEHHO JI0 U MOCIIE TIep-

BOT'O yJapa O HAKJIOHHYIO ITJIOCKOCTb.

OTCKOUYMB OT HaKJIOHHOM IJIOCKOcTH B Touke O co ckopocthioU,, mapuk Oyner
JIBUTAThCS B BO3JIyXE C TOCTOSHHBIM yCKOpeHHEM a = ( (CONPOTHBICHHEM BO3IyXa

npeHebperaeM) U BTOPOM pa3 yIapuTCs O HAKJIOHHYIO IIOCKOCTh. [lookeHue mapuka
IpU BTOPOM COYJApeHUH OTHOCUTENHHO TOUkH O ompenenuM H3 3aKOHA JBUKCHUS B
MPOEKITNH Ha OCh X
X=X, +U, t+o,t/2.
[Tpu BBIOpaHHOM Havajie KOOPAWHAT U MOJIOKUTEITFHOM HAIIPABJICHUU X, KaK MOKa-
3aHO Ha puC. 2, Xo = 0, Ugx = Vox = VoSina, ax = g SiNa, M03TOMY PacCTOSHUE X MEXKITY
NIEPBBIM U BTOPBIM COYAapEeHUEM



x=V.tsino.+gsinat®/2. (2)
Bpems t Mexay AByMs COyIapeHHMSIMH HaleM W3 3aKOHA JBIKCHHUS B MPOCKIIMU
Ha OCb Y
y=Y, +Ugt+a,t?/2

3neck y =0, Yo =0, c yaerom (1)U, =k,

o| =KV, cosa, o, =—gcosa. [Tostomy

0=0+kV, cosat —gcosat?/2
OTKyZa t=2kV,/g (3)
Vo OIIpCACINM H3 3aKOHA COXPAaHCHUA MMOJIHOM MEXaHUYECKOU OQHCPIUHU (HOTepHMI/I
Ha COIIPOTHUBIJICHUC BO3yXa HpeHe6peraeM)

2
mgh=mV, /2 4)
rac mgh — INOTCHHHUAJIbHAA SHCPIHA HIAapUKa B TOYKC A, nu3 KOTOpOﬁ OH HAYMWHACT IIa-
AaThb 0e3 HayaJLHOMI CKOpPOCTH (B Touke O IMOTCHOUAJIBHYIO SHCPIUIO IIAapHWKa IIPHUHH-
mvV?

MacM paBHOP'I HYJ'II-O); — KHMHCTHYCCKAs SHCPI'UA IIapruKa B TOUYKC 0, nepea yaapom

O HAaKJIOHHYIO IINIOCKOCTbD.

W3 paBencTBa (4) nmMeeM V, =4/2gh (5)
Honcrasus (3) u (5) B (2), Haiizem X =4k _hsino +4k’hsina
Orcronak’ +k_ — L =0. PemmB 3T0 KBajJ|paTHOE YpaBHEHHUE, MTOJTYUUM
4hsina
1
k. == 6
=3 ©

B peanbubix cinyuasx 0 < K < 1.
3aKoH coxpaHeHUs MOJHOI MEXaHUYECKOI IHePruu

IMosiHast MexaHUYeCKasi IHEPIrUsi KOHCEPBATUBHOM CHCTEMbl, HAXOASIEHCHA B
CTAIMOHAPHOM NMOTEHUUAJBLHOM MoJie, moctossuna: K+U __+U _=const, rae U.os

cob 6Heut

— cOOCTBEHHAs MOTEHIMAJIbHASL SHEPTUsI CUCTEMBI - 3TO SHEPIUs B3aUMOACUCTBUS APYT
C IpPYroM BCeX 4YacTHI] cucTeMbl. OHa 3aBUCUT OT B3aMMHOI'O PACIIOJIOKEHUS YaCTHUL]
cucteMsbl; Ug,e, — BHEIIHSAS NOTEHUHAIbHAS 3HEPIUSl CUCTEMBI - 3TO CyMMa MOTEHLU-
aJIbHBIX DHEPIUM BCEX €€ YaCTHIL], HAXOMIIMXCS BO BHEIIHEM CTAllMOHAPHOM NOTEHIH-
allbHOM ToJie; K — KMHeTHYecKasi 3Heprusi CUCTEMBI — 3TO CyMMa KMHETUYECKHUX 3HEP-
T'UM COCTABJIIONIUX €€ YaCTHIIL.

Ecnu pabota cui cTaniMoHapHOTO MOJS HaJl YacTUIEH HEe 3aBUCUT OT IMyTH, POU-
JICHHOTO YaCTHULIEH, a 3aBUCUT TOJIBKO OT HAYAJIBHOI'O U KOHEYHOI'O ITOJIOKEHUS 4acCTH-
L(bl, TO TAKKE CHUJIBI Ha3bIBAIOTCSI KOHCEPBATUBHBIMHU, A [10JI€ MOTEHIMAJIBbHBIM.

Heynpyroe coyanapenue teJ
AGCOJIIOTHO YIIPYTMM Ha3bIBAETCS TAKOE COYAapeHHE Tel, MPU KOTOPOM MX CyM-
MapHas MOoJHAsI MEXaHUYECKasi SHEPTUsl HE MEHSIETCS.



Ha npaktuke aGCOMIOTHO yOpyroro coyAaapeHusi He BcTpedaercs. 3a cueT padoThl
BHYTPEHHHUX JIUCCUIIATUBHBIX CHJI YacTh MOJHOM MEXaHMYECKOW SHEPIHH COYAapsIo-
HIMXCSl TNl MPEeBpaIaeTCss B TEIUIOBYIO (BHYTpEHHIOI) sHepruto. [lonHas mexaHuue-
CKasl SHEPTUs CUCTEMbI YOBIBACT, a COyAapsIonIrecs Tena AepopMUPYIOTCS (M3MEHSIOT
cBoio (hopmy). Takolt ynap Ha3bIBaeTCS HEYNPYTHM.

Ecnu mocnie coymapeHus Tena ABWXKYTCA C OJHOM CKOPOCTBIO BMECTE, TO yAap
Ha3bIBaeTCsl aOCONIOTHO HEYNpyruM. Takum oOpa3oM, IpH HEYIPYroM COYIapeHHUH
MOJIHAs MEXaHUUYECKasl SHEPT Ul HE COXPAHSIETCS.

IopsioK BbINOJIHEHUS PadOThI

Puc.2

1. IlepememienueM My(Thl A YCTaHOBHUTH IPOU3BOJBHBIM HAKIOH IJIOCKOCTU
(mpumepHO 10-15°). 3meputh BoicoThl Hi 1 Ha, nvHY HakiIoHHO# miockocTh | Mexmy
muausME Ly u Ly (eMm.puc. 2) u onpenenuthSino :Sino = A -H, :

[Tpumeuanne. MOXXHO MPOU3BOJIBHO HM3MEHATH JJIMHY HAKJIOHHOHN miockocTul,
U3MEHSISl IPU 3TOM JApyTHe BoICOTHI Hi 1 Hy.

2. Iepememniennem My Tl B ycranHoBUTH mpou3BosibHYIO BbicoTy h (17 — 20 cm)
Ooynkepa C Hajg HAKJIOHHOHM TUIOCKOCTHIO. OTIEHTPUPOBATH YCTAHOBKY OyHKepa Tak,
yTOOBI MIAPHUK MOCIE OTCKOKA yAApWJiCS €Ile OJWH pa3 O HAKIOHHYIO IUIOCKOCTh B
HAMpaBJICHUU €€ MPOIAOJIbHON OCH.

3. TlonoxuTh Ha HAKJIOHHYIO MIOCKOCTh Y3KYIO MOJIOCKY Oymaru Kpaem BAOJb
4yepThl L1, HAKPHITH CBEPXY KOMUPOBAIBHOW Oymarod u 3akpenuTh 00a JUCTa CKOOO.
[Tpu npoBeneHuu 3KCriepuMeHTa CKoOy He TPOrath.

4. Tlomectuth mapuk B OyHkep C B ciierka OTKPBITOE OTBEPCTHE (ITO MO3BOJIUT
0osee TOYHO (PUKCHPOBATh HAYAIBLHOE MOJIOKEHHE IIAapHUKa). 3aTeM MEIJIEHHO OTKPBITh
3aCJIOHKY, JaB IIAPUKY NPOBAIUTHCS. Y JAPHUBIIHCH O IUIOCKOCTh, INAPUK OTCKOYUT U
OCTaBUT clie]] Ha Oymare.

5. O603HauuTH TOUYKY yaapa Ha Oymare Toukoil 1. OToruyTh OT MHUMU L1 1 mosnoc-
Ky OymMaru u KOInupoBaJIbHYI0 Oymary Takum o0pa3oM, 4ToObI MOBTOPHOE MaJIeHUE 11a-
puKa u3 OyHKepa MPUIILIOCh HA METAJUIMYECKYI0 MOBEPXHOCTh; OTCKOYMB OT Hee, Ila-
PHUK BTOPOI pa3 yJlapuTcsi O MOBEPXHOCTh M OCTABUT cJe/ Ha Oymare. DTy TOUKy 000-
3HAYUTH IUppon 1°.



6. [ToBTOpUTH OMBIT MpU OTOrHYTOM Oymare 9 pa3, o0o3Hauas ciaeabl OT MOBTOP-
HBIX yIapOB COOTBETCTBEHHO 17, 2°, ..., 3°.

7. CHATB JIUCTHI C TIIOCKOCTH, OMPEAEIUTh PACCTOSHUE X; MEXAY Toukamu 1-17, 1-
2°,1-3°, ..., 1-9’ u 3anectn B TadI.1.

X + X, +ot X
5 :

9. OnpenenuTh ciry4ailHble OTKIOHEHUS AXj = Xj — < X > Ka)KJ0r0 U3MEpPEHUs pac-

8. Beruucnuth cpegHee 3HaUYCHHE < X >=

1 2
CTOSIHMS, CPCJHEE KBaJPAaTUIHOC OTKJIOHCHHE S :\/—12(Axi) . Bpluuciaure mo-
n —

. S
IPEMHOCTh AX pe3ybpTaTa U3MEPEHU: AX = T (N-KOTMYECTBO TOYEK).
n

10. Beraucnutb < K > o hopmyiie (6), mojactapiisis X = < X >, [IpuHuMaem paanyc
mrapuka r << h.
11. Beruuciutes abcomotHyio AK; u  oTHocutTenbHylo E  morpemrHo-

ctu: Ak, = Ax —; E-= Ak, 100%.
42k, +Dhsina K.
12. Pe3ynbTaThl U3MEPEHUI U pacyeTOB 3anucath B Ta0.1 u 2.
Tabmauma 1
Xi, MM AXi, MM (AXi) 2, Mm?
Tabmura 2
I, h, | HyMmMm | HovmMm | Sina | S, | AX.Mmm | <k:.> | Ak | E,
MM | MM MM %

13. 3anucats pesynbrar B Buge: K, =<k, >=*AKk_.

KoHTpoJibHBIE BONIPOCHI

1. Yro Takoe ko>((UIMEHT BOCCTAHOBIEHUS CKOPOCTH, KaKOBa METOJHMKA €ro
ompeelIcHus B JaHHOM padoTte?

2. 3anucarb 3aKOH JBUKEHUS IIapUKa MEXY MEPBBIM U BTOPBIM COYJAPEHUSIMU C
HAKJIOHHOM TUIOCKOCTBIO KOOPJIMHATHBIM criocoboM. Kak ompenenuts paccrosiHue X u
BpeMs t MeXy 3TUMU COyTapEeHUsIMU?

3. ChopMynupoBaTh 3aKOH COXpaHEHHUs MOJHONW MexaHudeckou sHepruu. Kak on
NpUMEHSIETCS B JaHHOU paboTte?

Jluteparypa
1.CapenneB U.B. Kypc obmeit pusuku. T.1. M:Hayxka, 1986.- ri.lll, §19, 24, 25, 27



JIABOPATOPHASI PABOTA Ne 2
YIPYI'UH YIAP IIAPOB
HGJIB Da6OTBIZ O3HAKOMMUTLCA C ABJICHUCM Yapa Ha IIPUMCPC COYAAapCHUA I1apOB,

pacCUuTaTh KOC—)(I)(i)I/IHI/IeHT BOCCTAHOBJICHHA SHCPI'UH, IIPOBCPUTH 3dKOH COXPAaHCHUA
HMIITYJIbCA.

TeopeaneCKoe OIMucCaHHue.

OTxonnM mapuk A ¢ Macco M, Ha yronAo =ao, — 0.,
I7e o, U O, IIOKa3aHus 0 IKaine u3Mepenus. Ilpu sTom mia-
puK nogHUMETCs Ha BbicoTy h (cwm. puc.l). Kak BugHO U3 pu-
CYHKa BBICOTY MOJbEMA MOXHO BBIPAa3UTh YEpE3 JUIMHY IOJI-
BECA U yTOJI OTKJIOHEHUS AL

S h:I(l—cosAoc):I-Zsinz(A—;j. 1)

[Tocne ocBoOOXIeHHS IIaprKa 0€3 HAa4aJIbHOM CKOPOCTH
OH OYJIET YCKOPATHCA M B HIKHEH TOYKE CBOCH TPACKTOPHH MPHUOOPETET TOPU3OHTATb-
HYIO CKOPOCTb V,;, KOTOPYIO MO’KHO HalTH U3 3aKOHA COXPAHEHUS SHEPTHU:

2
m,gh = m12Vl = v, =+/2gh =\/2gl -2sin’(A0/2) = 2sin(Aa/2)/gl . (2)

- B HmxHEN TOuke CBOEW TpaeKTOpUU IIApUK A CTalKWBa-
% eTcsl ¢ WapukoMm B, u mocie o4eHb KOPOTKOro yjapa OHH pa3-
5 JIETAIOTCA B MPOTUBOMOJIOKHBIE CTOPOHBI C TOPU30HTAIBHBIMU
Uj<—0o (=1U, cxopoctamu U, u U, (cm. puc.2). Tak kak BO BpeMs yJaapa Cu-

JIbI HATSIKEHUSI HUTEH U CUJIbI TSOKECTH, IEMCTBYIOIIME HA IiIa-
Puc. 2 PUKH, HampaBJ€Hbl MO BEPTUKAIU, TO JOJIKEH BBITIOJIHATHCS
3aKOH COXPAHEHHUS TOPHU30HTAIBHOW MPOCKIIMU UMIYJIbCA CH-
CTEMBI:
mv, =—-mu, +M,u, (3)

B GonbIIMHCTBE CllydaeB peayibHBbIC yJapbl TEd HE SIBISIOTCSA YIPYTUMU H3-3a
BO3HUKHOBEHUS JUCCUIIATUBHBIX CUJI BHYTPHU 3THX Tel (BHYTPEHHEE TPEHHE), TOATOMY
KMHETHYECKasi YHEPTUs CUCTEMbI B IIEJIOM TIPH yaape yMeHbimnaercs. Koadduimenrom
BOCCTAHOBJICHUSI KHHETUYECKOM SHEPIUY Ha3bIBACTCS BEJIMYMHA, paBHAS:

K, = 2 22 :m1u1+r2n2u2
myvy mv;
2
KoadduuneHT BoccTaHOBIEHHMS CKOPOCTH Bcerga MeHble enumHuipl: K <1.

(4)

PaBeHCTBO eMHUIIE O3HAYAET MOJTHOE COXPAHEHHUE PHEPTUHU, YTO MOKET OBITh TOJILKO B
UJICAIbHOM CJIy4ae OTCYTCTBHUSI IUCCUTIATUBHBIX CHII B CUCTEME.

[Tocne cronkHOBeHMs (CM. pHUC. 3) IeWCTBHE AUCCUNATUBHBIX CHJI BHYTPEHHErO
TPEHUS MPEKPAIIAETCs, U, €CIIM TPeHeOpeyb MOTepPeil SHEPTUH BO BpEMsI JIBUKEHHUS U3-

7



3a CONPOTHBJICHHS BO3/1yXa, MOXHO BOCIIOJIb30BaThCS

3aKOHOM COXPaHEHUs SHEPTUM JJI1 KaKJIOro IIapa B OT-
LA

02 "AB2 nenbHOCTH. Ilap A oTkiIOHUTCS Ha yroil Ad, W IOJHH-

] , MmeTcs Ha BeIcOTy Ny, a map B oTkmnonutes Ha yron AB, u

______ MOAHUMETCS Ha BBICOTY h,
bl
1 ] <=—tCr> U5 h, Hcnons3yst ypaBHEHMs AaHAJIOTUYHBIE YPABHEHUAM

A B (1) u (2), BEIpa3uM CKOPOCTH LIAPOB IIOCIIE yaapa:
Puc.3
2
m,gh, = mlzul = U, =+/2gh, = \/Zgl .2s5in? (Aa,/2) = 2sin(Aa, /2) /gl
(5)
m,u,

m,gh, = i J2gh, = \/Zgl -2sin*(AB,/2) = 25in(ABZ/2)\/a.

IToncrasisis (2) u (5) B (4), moJiyduM BbIpakeHue JJIsl pacuyeTa kKo puirenta
BOCCTAHOBJICHUS] SHEPTUU:

_ m1-4sin2(Aa2/2)-gl +m, -4sin2(ABZ/2)-gl _
ml-4sin2(Aoc/2)-gI

_ mlsinZ(Aa2/2)+ mzsinz(ABZ/Z)

mlsinz(Aoc/Z)

[Moactasmnss (2) u (5) B (3), MOTYyYHUM 3aKOH COXPAHEHHS UMITYJIbCA B BUJIC:
mlsin(A—Za):—mlsin(%j+mzsin[%ﬁz). (7)

IHopsinok BbINOIHEHHS PAadOTHI

K

3

(6)

1. 3anucarh HavaJgbHBIE MOJIOKEHUS Olp U 39, COOTBET-
CTBYIOIIME TOYKAaM TIEpeceueHuss HUTeH OU(MISpHBIX TOM-
BECOB C JIMHUEH JIeJIEHUsI IIKaJbl, KOT/a IMapbl HEMOABUXK-
HBI. 37€Ch U B JajbHEHIIEM 0003HaueHHe "o OTHOCUTCS K
mapy A ¢ MeHbIIei maccoit my, a "f" — x mapy B ¢ MeHb-
e Maccou M.

2. OtkyioHuTh map A Ha yroa o1 ot 10° no 15° u ot-
nycTuTh Oe3 HadaibHOM ckopoctu. [IpousBectu oTcuer

Puc.5 MepBOTro 0TOpoca obomx mapoB oy U B2 (Tak Kak cpasy
MIPaKTUYECKU HEBO3MOKHO B3SITh JIBa OTCYETA, TO MOCTYNAIOT TaK: CHayaja OepyT OT-
CYET JUIsl OAHOrO IIapa, 3aTEM MPOU3BOAST MOBTOPHBIN yIap U3 TOTO K€ IMOJOKECHUS
mapa A u 6epyT OTCUET AJI BTOPOro mapa). Y aap U3 JaHHOTO MOJI0KEHUS TPOU3BOAST




He MeHee 10 pa3, yToOBI 711 KaXA0ro Hiapa MoJyduTh HE MEHEee IATH 3HAaYeHHUH OT-
OpocoB HUTe mocie yaapa (a2 u B2). Halitu cpennee <owp> u <B2>.

3. OmbIT IpoaenaTh s ABYX APYTrux 3HaueHui ou. (ot 20° mo 25°, ot 30° mo
35°). 3anoaHuTh TabIUIy 1.

4. ITpoBepuTh 3aKOH coxpaHeHHs ummyibca (7). i aToro paccuutaTh CKOPOCTH
vyl um U, mno c¢opmyram (2) u (5), yuuThBasg, YToAo =0, —0,,
Ao, = <0c2> -0, AB, = <Bz> —B,- PacCumrate neByro wacte ypaBHeHus (7)
& =m;sin (Aoc/ 2)H IIPaBYIO 4acTh ypaBHEHHS (7)
&, =—m;sin(Aa,/2)+m,sin(AB,/2)u 3anectu B Tabmuiy 2. PaccunTaTh Ha CKOIBKO
MPOIICHTOB OTJIMYAIOTCS JieBasi W TMpaBas dacTh ypaBHeHus (7) mo ¢opmyre:
S8 .100%

1
5. Beruncauts k03¢hGUIIMEHT BOCCTaHOBJICHUS YHEPTUH 10 popmyiie (6).

Tabmuma 1.
al’o az,o <a2>’0 BZ,O <BZ>,O
1] N
Ay, = Bo.° =
TaOmnuma 2.

Aoz, |Acz,°[ AB2,° . i | "
Oal' (058 BZ! alzmlsln(A_;‘J gz:—mlSIH(Agzj-l-mzsln(AZBZj

KoHTpoJsibHBIE BONIPOCHI

1. Bygaert nu cucreMa mapoB 3aMKHYTOM?

2. ChopmynnpoBaTh 3aKOH COXpaHEHUS UMITYJIbCA CUCTEMBI.

3. CoxpansieTcs 11 UMITYJIbC CUCTEMBI 11apoB nocie ynapa? [louemy?

4. Bupn ynapa B nanHo# pabote. [Ipoananusupyiite moiaydeHHbIN K03PHUIIMEHT
BOCCTAHOBJICHHSI SHEPTUU.

5. Korna nomnas MexaHudecKkast SHEPTHs CHCTEMbI coXpaHseTcs? PaBHbI n kuHe-
TUYECKHUE SHEPTUU CUCTEMBI IIapOB JI0 U Moclie yaapa?

6. MoeT I B HEKOTOPOU CUCTEME HE COXPAHSITHCS MEXaHUUeCKast SHEPTHUS U
OCTaBaThCsl MOCTOSTHHBIM MOMEHT UMITYJIbca?

7. TlonyuuTs pacuetHbie GOpMYIBbI CKOPOCTEH IIAPOB MOCTE yaapa.

Jluteparypa
1. CasenneB U.B. Kypc o6uieit pusuku. 1.1. M: Hayka , 1970.- ro. 11, §23, ¢.75-
77, ra. 111, §27-30, ¢.89-106



JIABOPATOPHAA PABOTA Ne 3a

N3YYEHHUE CKOPOCTH ITYJIX C IOMOIIBIO BAJVNIMCTHYECKOI'O
MASATHHUKA

Lenn Da6OTBII Hcnonp3oBaHue Ha IMPAKTUKC 3dKOHOB COXPAaHCHUA UMITYJIbCA U MC-
XaHUYECKOU OHCPIUU OJIA U3MCPCHUA CKOPOCTH ITYJIH.

Teopernueckoe onucanue

CKOpOCTh MOCTYNATENbHOTO JBHKEHHUS ITyJIH ONPENEIsieM C MOMOUIbI0 OaJTUCTH-
yeckoro masTHuka. OH mpencTaBiiieT coO0M OTKPBITBIA ¢ OJHOTO KOHLA ITyCTOTEIbIN
MAaCCUBHBIN IIMJIMHIP, MOABEIICHHBIN HA TBOMHOM OMQMISIpHOM To/Bece. BHyTpeHH: s
4acTh IWJIMHJIpA 3aM0JHEHA IUIACTUJIMHOM, YTOOBI COyJIapeHUE JIETAIETo Tena (Iysu),
CKOPOCTb KOTOPOTO HY>KHO U3MEPUTh, C OAITTUCTUUECKUM MasiTHUKOM HOCHUJIO HEYIIPY-
ruil xapakrep. Ilocne Heynpyroro coynapeHus Teiaa ABHXKYTCS KaK €IMHOE LEJOoE C
o0IIIel CKOPOCTHIO.

[Tyns Mmaccoit My, IBUKYIIASICSA B TOPU30HTAIBHOM HAIIPABICHUH CO CKOPOCTHIO V
BJIETAET B MWIMHAP OaUTMCTUYECKOr0 MasiTHUKA U 3acTpeBaeT B HeM. [locie coynape-
HUS UIMHIP MaSTHUKA MacCoOM My COBMECTHO C 3aCTpPsBIIEH B HEM Iysel nmpuodpeTa-

et HekoTopyio ckopocthU,. Ha OCHOBAaHMHM 3aKOHA COXPAHEHHMS MMITYJIbCA MOKEM 3a-
nUcaTh B BEKTOPHOM BUJIE
mV = (m, + m,)U
¥ B IIPOEKIIUHN HA OCh, COBITAJAIONIYIO C HANPABJICHUEM JBMKCHUS IYJIA U MasTHUKA C
IyJIEH,
mV =(m, +m,)U (1)

HenocpencTBeHHo mocne yaapa cucteMa "MasTHUK-3acTpsiBlIas myJisi" oOrnamaer
KUHETHYeCcKol sHeprueii (M, +m,)U?/2, koTopas Mo Mepe OTKIOHEHWS MasTHHKA OT
BEPTUKAJIFHOTO TIOJIOKEHUSI MPEBpaIlaeTcs B MOTEHIHMAJIbHYIO 3Hepruto (M, +m,)gh.

Ecnu npeneOpeub NoTepssMHU SHEPTUU HA TPEHUE, TO HA OCHOBAHUH 3aKOHA COXPAHECHHUS
MEXaHUYECKON IHEPTUH ITOTyIUM

1 2
E(m1+m2)u :(m1+m2)gh (2)
- rae h — BbIcOTa moabeMa IIEHTpa Macc CHCTEMbI "MasTHUK-
i nynsa". W3 pucynka caeayer, urocosa=(I-h)/l, rne a —
, Lo yroJl OTKJIOHEHHS MasiTHHUKA OT BEPTUKAJILHOTO TOJI0XKCHHS; |
/ / — JUIMHA OJABECa.
Y Orcrona h=Il(1-cosa),
ié S [Toncrapiss 3Hauenue h B (2), momydaem
h -
— - = U =.2gI(1-cosa) =+/2gI2sin*(a/2) ~a\Jg  (3)

(mpu ManbIx yrmaxsin(a/2) ~ a/2, rae o usMepsiercs B

pajuaHax).
[Toncrasisis (3) B (1), momydaem UCKOMYIO CKOPOCTh
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V:Ma\/a (4)

ml
3akoH CoOXpaHCHUA MOJIHOM MeXaHHYeCKOM IHEPTUN

HO.]IHaH MeXaHn4dYeCKraa 3Hepl“l/lﬂ KOHcepBaTl/IBHOﬁ CHUCTEMBI, HaXOHﬂmeﬁCH B
CTalll/IOHapHOM NOTCHIMAJBHOM I10J1€, IIOCTOSIHHA
K+U _+U = const

cob 6Hew

rne Uqos — cOOCTBEHHAs MOTEHIMATIbHAS SHEPTUsI CUCTEMBI — 3TO HEPIUsl B3aUMOJIEH-
CTBUS JIPYr C APYTOM BCEX 4acTHUI] CUCTEMBl. OHA 3aBUCHUT OT B3aMMHOT'O PACIIOJIONKE-
HUS 9acTULl CUCTEMBL; Ugye,, — BHEIIHSAS MOTEHIMANIbHAS SHEPTUS CUCTEMBI — CyMMa T10-
TEHLMAJIbHBIX YHEPTUM BCEX €€ YaCTHULl, HAXOMSIIMXCS BO BHEIIHEM CTAllMOHAPHOM I10-
TEHIUAIBbHOM 1oJe; K — KuHeTn4eckass 3HepIrust CUCTEMbI — 3TO CyMMa KUHETHUECKHUX
DHEPI'Ui COCTABIAIOIIMNX €€ YACTHII.

Ecnu pabota cui cTaliMOHAapHOTO MOJs HaJ YaCTULEH HE 3aBUCUT OT ITyTH, MPOU-
JIEHHOT'O YaCTHUIIEW, a 3aBUCUT TOJIBKO OT HAYaJIbHOTO M KOHEYHOTO IOJIOKEHHS YaCTH-
1bI, TO TAKUE CUJIbI HA3BIBAIOTCS KOHCEPBATHBHBIMH, 2 IT0JIE MOTEHUHAJIbHBIM.

3akoH COXpaHCHUA UMITYJbCA

3aMKHYTOH CHMCTEMOM HA3bIBACTCS CHUCTEMA, HA KOTOPYIO HE IEUCTBYIOT HUKAKHE
BHEIITHHUE Tena (MM UX B3aUMOJCHCTBHEM MOYKHO ITPEHEOPEYb ).

I/IMl'ly.]'ILC CUCTEMBbI YaCTHUIl 0CTACTCH MOCTOAHHBIM, T.€. HC MCHACTCH CO Bpe-
MEHEM, €CJIM CUCTEMA 3AaMKHYTaA WJINK CyMMa BCE€X BHCIIHUX CHJI, IleﬁCTBYIOIHHX Ha
4acTHIbI 3TOM CHUCTEMBbI, pPaBHA HYJIO:

p=>_ P (t)=const
Y HE3aMKHYTOW CHCTEMBI MOXKET COXPAHITHCS HE MMITYJIBC P, @ €r0 MPOCKITHS P

Ha HAIPaBJICHHE X, €CIM PEe3yJbTUPYIOWIAs MPOEKIMN BCEX BHEIIHUX CHJI HA 3TO
HaIlpaBJICHUE PABHA HYJIIO.
IHopsinok BbINOIHEHHS PAadOTHI
1. B Tabn.1 3anucaTh 3HaY€HUE MACCHI ITyJIM M1, MACChl MasiTHUKA My, IJTMHBI HUTH
| u ux morperHOCTH (M1 U My B rpaMMax yKa3aHbl Ha MyJIC U [IUITHHIIPE).
Tabmanma 1
My, KT | AMy, KT | My, K& |Amy, kT | |, M Al, M

2. BcTaBUTH IyJII0 B CTBOJI NIPYKUHHOTO IMUCTOJETA.

3. Haxxumas Ha cItyCK, TPOU3BECTH BBICTPEI U OTCUUTATH IO IIKAJIE YTOJ OTKIIO-
HEHUSI MAATHUKA OT BEPTUKAIBHOIO MTOJIOKEHUS.

4. 3HaueHue yriia OTKJIOHEHUS 3anmucaTh B Ta0J.2.
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Tabmuma 2
ol

Ao’

(Aaf)?

<a>= .. ° <a>= .. pal

3. HBMepeHI/IH IMPOBCCTHU HC MCHCC 9 pa3; oNnpcaCIIuTb CPCAHCC 3HAYCHUC YIJId OT-
KJIOHEHHA < a >, CﬂyqaﬁHBIG OTKJIOHCHUS KaXXI0I'0 M3MCPCHUA AOCi, CpCcaHCC KBaapa-
THUYHOC OTKJIOHCHHUC

1 2
S Z\/EZ(A%) )

rae N — 9uciio uaMepeHuit (N=9); morpenrHocTs pe3yabrata u3MepeHuit Ao = S/ Jn.
6. ITo popmyie (4) onpenenuTs cpeHee 3HAaUEHUE CKOPOCTH ITyJIU, MOACTABIISS
CpelHee 3HaUYeHUe < o >, BBIPAXKECHHOE B paJlaHax.
7. OTHOCHTEIBHYIO U a0COIIOTHYIO TOTPEIIHOCTH PE3yJIbTaTa PACCUUTATh 110

dbopmynam

2 2 2 2
E= Am, +Am, + Amy +(A—Ij +( A ) ,(Av=E <v>
m, +m, m, 2l <a>

U 3anucarh B Ta01.3.

Ta0Omuma 3

<ov>,M/c | Av, M/c E, %

KoHTpoJibHBIE BONIPOCHI

1. Korna uMnysibC CUCTEMBI COXpaHSIETCA?

2. byzaer nu cucrema "mynsg-MasTHUK' 3aMKHYTOM?

3. CoxpaHsA€eTCs JIM UMITYJIC CUCTEMBI ''TTYJISI-MAsATHUK' TIPU IBUKEHUHU €€ MOCIIE
yaapa? [Touemy?

4. Bun ynapa B 1aHHOM padote.

5. Korpia nonnas MexaHuueckasi 3HEprusi CUCTEMbI COXpaHsieTcsi? PaBHbI JI KUHe-
TUYECKHUE DHEPTUU CUCTEMBI '"TIyIsI-MasiTHUK' 710 ¥ TTocie yaapa?

6. [onyuuTs pacueTHyro GopMyay CKOPOCTH MYJIH.

Jlureparypa

1.CaBenseB U.B. Kypc obmieii puszuku. T.1. M:Hayxka, 1986.- ri.IlI, §24, c.27-29,
226-228;
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JIABOPATOPHASA PABOTA Ne 36

N3mepeHue CKOPOCTH IYJIM ¢ MOMOIIbIO (PU3UYECKOT0 MAITHUKA

Lenn Da6OTBII IMPAKTUICCKOC UCIIOJIb30BAHUC 3daKOHOB COXPAaHCHUA MOMCHTA UM-
ITyJibCa U MEXaHMYECKOU OHCPIUU IJIA OIIPCACICHUSA CKOPOCTH ITYJIN.

Puc. 2

TeopeTnueckoe onucaHue.

B nmanHoii pabote ¢puznyecKkuii MasTHUK MPEACTABISAET
co0o¥ MWIMHIP Maccor My (YaCTHYHO HATMOJHEHHBIN Ijia-
CTUJIMHOM), YKPEIUICHHBIA HA TOHKOM CTEP>KHE Maccol Mg 1
mmaHou | (puc.1). [lomokeHue IeHTpa Macc IMMIMHAPA OT-
HocuTelnbHO Touku O 3agaauM paguycoM-BekTopoMmi . B
MasATHUK CTPEJISIIOT B TOPU30HTAILHOM HANPABICHUU MYJIEH,
UMEIOIIeH Maccy My U CKOPOCTh V. [y BXOIUT B IIJIaCTH-
JUH (HeYTIpyTuid yaap) u cooOuaeT Gpu3niaeckoMy MasiTHUKY
YIJIOBYIO CKOPOCTh®. B pe3ysnbTrare 3TOro MasTHUK OTKIIO-
HUTCS HA YroJI o ¥ ero 1eHTp macc C noJHUMETCS Ha BBICO-

Ty h (puc.2). Cucrema "myns-mMastHUK" He3amKHyTas. Ho
€CJIM BO BpeMs yZapa MasTHUK HE yCIEET OTKIOHUTHCS, TO
MOMEHT BCEX BHEIIHUX CHJI OTHOCUTENBHO TOUKH O B Te-
YCHHE ITOr0 BpeMeHH OyeT paBeH HYIIO (M yuen = 0).

Orcrona BBIBOJI: MOMEHT HMMITyJbca L JaHHOM cH-
CTEeMBI OYyJIeT OCTaBaThCs MOCTOSHHBIM OTHOCHUTEIBLHO TOY-

ku O (I:: const). MoMmeHT uMITyJIbCa I:l OTHOCHUTEIIBHO
Touku O (puc.3) Ayg Bcel CUCTEMBbI MEpe]l yAapoM paBeH

MOMEHTY HMIIyJIbCa IIyJIM: I:l = [f X r)n] =m. [F X G], riue

P, =M U — UMIYNbC ITyJHU 10 yaapa (MasTHUK HaXOIUTCS B TIOKOE).

—

Hanpasnenue Bekropa L, onpenensercs mpaBuIOM IPaBoOro BUHTA (CM. IIPHIIOKE-

HHE), a ero MOyJIb (M mpoeKIms Ha ock Z) L, =m vrsin90° =m vr.

Puc 3

r .o0°

Tak kak Ooch BpalleHUsI MAasITHUKA MEPIEHANKYISAP-
Ha IUIOCKOCTH €r0O BpallleHus, TO MOMEHT uMmiryiasca L,
BCEM CHCTEMBI OTHOCUTEIBHO TOW ke Touku O mocie

yaapa (korjaa myJist 3acTpsiHeT B ruiactuiune) L, = J.

Hampasnenune Bektopa L, coBmamgaer ¢ Hampasie-

p, HueM Bekropal,, a Moxmyms (u mpoekums Ha OCh

Z)L,=Jo. IlockompKy cuctema OymeT BpamaTbcs BO-

Kpyr HemoJBwxHOW ocu Z (cMm. puc.l), To J — MOMEHT
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WHEPIIMHU BCEH CUCTEMBI "MyJIA-MASITHUK' OTHOCUTEIBHO 3TOM OCH.

Ha ocHOBaHUM 3aK0Ha COXpaHEHUs MPOEKIIMM MOMEHTA UMITYJIbCa HAa OChb Z UMEEM

mour=Jo. (1)

MomeHT nHepuuu J BCEl CUCTEMBI KaK BEJIMYMHA aJUTHUBHAs PABEH CyMME MO-

MEHTOB MHEPIIMHU COCTABIIIOIIMX €€ TEJI OTHOCUTENIBHO OCH Z, T.€.
J=J I +J, +J,,

1€ Juon — MOMEHT MHEPLIMY MOALIMITHUKA (BEIMYMHA €r0 MaJja [0 CpaBHEHUIO C J¢, Jy 1
Jn ¥ €10 MOXKHO NpeHeOpeyb);

2
m.|
J.="°¢ 4 — MOMEHT UHEPLUU CTEPKHS;

—m r2_ )
J, =M, "~ MOMEHT MHEPUMH LMIMHAPA (T.K. Pauyc UUIMHIpA Maj 10 CPaBHE
HUIO C I, TO MOMEHT MHEPLIUHU €T0 PaCCUUTHIBACTCS, KaK JJIsl MaTepUaibHON TOUKH);
_ 2
J_ =M r°— MOMEHT UHEPLUH ITyJIH.
CrnenoBaTenbHO, B JaHHOU padoTe

J :%mclz+mur2+mnr2, (2)
N3 paBenctBa (1) ckopocTh L MynH Nepe yIapoM B MasiTHUK
o=32 3)
m.r

VYTI0Bast CKOPOCTh ® BCEH CHUCTEMEBI MOCTE yaapa MOXET ObITh ompeiesieHa o 3a-
KOHY COXpaHCHHSI MEXaHWMYECKOW dHEPrHH, KOTOPBIM B JaHHOM CIllydae 3aIldIIeTCs B
BUJIC

Jo’
——=mgh, (4)
2
2
rie JO A — KMHETHYECKAsl YHEPTUsl BPAIIATEIbHOTO IBUKEHUSI CUCTEMBI TIOCTE yia-
pa mynu;
mgh  — moTeHuMa bHasE YHEPTHUS CUCTEMBI TIOCIC OTKIIOHEHHUS €€ Ha MaKCUMaJlb-
HBIU YTOJI QL.
31echb

m=m, +m +m +m_, (5)
rje M — macca BCei CUCTEMBI "Mysi-MasiTHUK"; Myo; — Macca MOAIINITHUKA.
N3 puc. 4 cnegyer, 4To BbIcOTa mojibeMa 1eHTpa macc C CUCTEMBI

h=rc—rccom:2rcsin2%, (6)
Bripazus ® u3 (4) c yuerom (6) 1 mojictaBuB B (3), HAlAEM CKOPOCTh L MYJIU:
2sin<
v=—-=/Imgr, . (7)
m_r

IlenTp macc (LICHTp WHEPIIMH) CHCTEMbI OTHOCHTEIbHO TOukH O OINpeaciuM Io
bopmyie
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_ XmfF,
=S ®)
zm,
rac ﬁ— pa,Z[I/ch-BeKTOp OTACJIBHBIX TCJI CUCTCMBI, M; — Macca 3TUx Tei.

®opwmyna (8) B mpoeKuu Ha och ) (¢ HadanoM B Touke O) Il JaHHON CHUCTEMBbI
3aIUIIETCS B BUJIC

I
M, 2 +M,F +m,r

I, = .
My, + M, +M, + My

©)

[Ipunoxenue
IIpaBus10 IPAaBOr0 BUHTA.
- Yame Bcero mpaBuio IMPaBOrO BUHTA CBA3AHO C ONPENEICHHEM
HAMNpaBJICHUS] BEKTOPHOTO TPOU3BEICHUS JBYX BEKTOPOB.

BekropHoe npousseneHue, 0603HaqaeMoe[A>< B] , IBYX BEKTO-

—

poB A u B ecth BektopC, Moaynb kotoporoC=A-B- ‘Sina , T7e o
. &~ YIOJ MEXly BEKTOpamu AuB.
A —
~— Hamnpasnenue Bekropa C nepneHAUKYISIPHO MIIOCKOCTH, B KO-

TOpOH Jexxat BekTopbl A M B, u coBnagaer ¢ HampaBiIeHUEM TOCTY-

—

NaTEJILHOTO JABM)KCHHUS IMPABOTO BUHTA MPHU €ro moBopoTe oT A k B Ha yron, MeHbIIUH
7 (CM. puc.)

IHopsinok BbINOIHEHHS PAadOTHI

1. 3apsauTh NPY>KUHHYIO MYHKY. JJIsl 9TOr0 OTTSAHYThH B
HazaJ yAapHbIM CTEpPXKEHb, B3SBIIKCH 3a BRICTYN A (puc.4).
CrepxeHb OTTAIUBATh 0 TEX IOp, MOKA APYroil pyKon He ]| E.:.:.:_:__-,---IH!%]
yAACTCsl MOCTAaBUTh BHICTYIT B B BEpTUKAIBHOE MOJIOKECHUE, { ____________ W
B KOTOPOM OH YJEPKUBAET CTEPKEHDb U MPYKUHY B CKATOM
COCTOSIHUU. 3aTeM B ayio /I MyIIKW 3a10KUTh MyJro (Jie- Puc.4
BBIW Kpail MyJiIn COBMECTUTH € TOPIIOM /[]).
2. 3anucaTh HAYaJbHOE IMOJIOKEHHE O, OCTPHS /
CTEp>KHSI TIPU HEMOABMKHOM IHiuHiape. [leHa HauMeHb- /
niero aesieHus mwkaibl 10" (yriioBbIX MUHYT). /
3. [loBepuyTh BicTYyn B Ha cebst (mpuBeas B ropu- /
30HTaJIBbHOE MOJIOKEHHUE), OTCUNUTATH IOJIOKEHUE OCTPHS /
ol P MaKCUMaJIbHOM OTOpOCe MasiTHUKA (puc.S) Lo,
4. BBIYUCIUTh yTOJ OTKJIOHEHUS MasTHUKA OL = O3 — (2 D
0lo. OTBIT MOBTOPUTH S5 pa3 (BBICTPEN MPOU3BOAUTH TOJIb-
KO TI0 HEMOJBMKHOMY MasiTHUKY). Halitu cpegnuit yron
OTKJIOHCHHUS <O.>.

15



5. Beruncnouth Maccy Bcelt cucteMbl 'mynsi-masTHUK' M 1o dopmyre (5). Macca
MyJIM yKa3aHa Ha Hel, a OCTaJIbHbIE MACChl — HA YCTAHOBKE.

6. [TogcunTaTh MOMEHT MHEPITMHU J BCelt cucTteMsl 1o hopmyiie (2).

7. Onpeaenutb noJiokeHHe IeHTpa Macc C cuUcTeMbl "MyJs-MasTHUK" OTHOCHU-
TenbHO Touku O 1o hopmye (9).

8. CpellHIOI0 CKOPOCTh <L> MYJIH MEpe]] YIapOM B MAasTHUK paccuuTarh 1o ¢op-
myie (7), HoACTaBssA o = <™.

JlaHHbIe U3MEPEHUI 1 BBIYUCICHUH 3aHeCTH B TaOmuibl 1 u 2.

Ta0muma 1.

Mo, | Me, | 1, [ My, [ 1, | My, [ M, [, e,
KT K[ |M |Kr |M |Kr |Kr | kr-M2 | M

O =...° Tabmma 2.
Howmep <o>0 | <V>,
OIIbITA M/c
Otlo
a’=0o—0l,

KoHTpoabHbIE BONPOCHI

1. bByner nu cucrema "mysns-MasTHUK' 3aMKHYTOW?

2. Korma MOMEHT UMITYJIbCA CUCTEMBI COXPAHSAETCS?

3. CoxpaHsieTcs 1M1 MOMEHT UMITyJIbCa CUCTEMBI ''MIyJII-MasATHUK' TMpU Bpalie-
HuHM ee nociue yaapa? [Touemy?

4. Bun ynapa B 1aHHOM padoTe.

5. Korna nosiHast MexaHu4deckas JHEPTUsl CUCTEMBI cOXpaHsaeTcs? PaBHbI 1 Ku-
HETUYECKUE SHEPIUU CUCTEMBI '"TyNIsI-MasiTHHUK'" 0 U 1ocie ynapa?

6. MoeT 11 B HEKOTOPOM CHCTEME HE COXPAHAThCA MEXaHWYECKas SHEPrus U
OCTaBaThCsl IOCTOSSHHBIM MOMEHT UMITYyJIbCa?

7. llony4unTs pacueTHyr0 GOpMYITy CKOPOCTH MYJIH.

Jluteparypa
1. CaBenbeB M.B. Kypc oOmeit ¢uzuku. 1.1. M: Hayka , 1986.- . III, §24,
c.27-29,
2. UponoB U.E. OcHOBHBIE 3aKOHBI MEXaHUKHU: YueO. mocodue. 3-e u3j., nepe-
pab. u gom. — M.: Beiciias mikosna, 1985. rn.3, §3.4, rn.4, §4.5, .5, §5.1, 5.2.
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JIABOPATOPHAX PABOTA Ne 38

W3YUYEHUE CKOPOCTH ITYJIM C MIOMOIIbIO BPAIIIAIOIIEHACS
IHJIAT®OPMbI

Lenn Da6OTBII HpI/IMGHI/ITL 3daKOH COXpaHCHU:A IIPOCKIINHN MOMCHTA UMITYJIbCA IJIA
OIIPCACICHUA CKOPOCTH ITYJIU IIPU BBICTPCIIC.

Teopernueckoe onucanue

VYcranoBka npeacraBigeT u3 ceds auck 1
(mmatdopmy), 3aKperuieHHbIi Ha ocH (puc.l).Ha
JMCKE MMEIOTCSI MPOJIOJIbHBIE MPOPE3H, BAOJb
KOTOPBIX MOTYT TEpPEeMEIIaThCs JIOBYIIKH 2 U
3aKpEIUISITHCS HA HY>KHOM PAcCTOSTHUU OT OCHU
BpamieHus. [lucroner 3 3akperieH cOOKy Ha
nojicTaBke 4, MOXKET MOBOPAYUBATHCS U TEpe-
MeEIIaThCs JUIsl CTPENbOBl B JIOBYIIKY (IO Kaca-
TEJIbHOW) U 3aKPEIISIeTCS BUHTOM-0apanikom 5.
[ToacTtaBka Takxke MOKET MOBOPAYMBATHCS, TI€-
peMenaTbCs W 3aKpEIUIIeTCS  BUHTOM-
OapamkoM 7. YTOJI MOBOPOTA AUCKA OMpPENEsIeTCs C TOMOIIBIO IeJICHU Ha HEM H yKa-
3aTensa 6 Ha MOJICTaBKe.

[Tpown3Bozas BBICTpEN U3 MPYKUHHOTO MHUCTOJIETa B JIOBYIIKY, YCTAHOBJICHHYIO Ha
Bpaiaronieiics miardopme (IUCKe),IPUBEIEM BO BpallaTeabHOE JIBHKEHUE TIaTdhop-
My. Ha ocHOBaHMM 3aKOHAa COXpaHEHHs MPOEKIIMH MOMEHTA MMITYJIbca MOKHO 3aIu-
caTh:

mVl=(J +ml®)o, (1)
rae m — macca mysu, | — riedo ummnysbca MmyJid, pacCTOSIHHE OT OCH BpAIlCHUs JI0 JIH-
HUU UMITYJIbCa TyJH, V — CKOPOCTh MyJH, J — MOMEHT UHEPIUHU TIaTHOPMBI C JIOBYIII-
KO OTHOCHUTENIbHO OCH BpAILEHUs, (» — YIJIOBasi CKOPOCTh IIAaTGOpMBbI cpa3y Moclie
yaapa. Orcrona cienyer

V = +ml®)o/(ml). (2)

VYurts, uto mocne ynapa miatdgopma BpaimaeTcs paBHO3aMEIJIEHHO U TTOBOpAaYMBa-
€TCs 710 MOJIHOW OCTAaHOBKM Ha Yroji ¢, BBIPA3UM ( YEpE3 YIiOBOE YCKOPEHHUE & H
yronQ: o’ = 2e¢. BenuuuHy &, B CBOIO 0o4epesib, MOKHO HAWTH U3 IOMOIHHTEIHHOTO
HaOJII0/ICHHS BpallaTeIbHOTO JBIKCHUS JUCKA, BEI3BAHHOTO TOJYKOM PYKH:

200
&="2 (3)
rJIe o — yroJ MOBOPOTa IIaTGOPMBI JO OCTAHOBKH, t — BpeMsi 3TOr0 MOBOPOTA.
OxoHyaTenbpHO 118 V nMeeM
J+ml®
V=——/2¢0. 4)

mi
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3aKoH coxpaHeHHs MOJHON MeXaHHUYeCKOH JHEPIruu

IMosiHass MexaHMYeCKasi JHEPIrusl KOHCEPBATUBHON CUCTEMbI, HAXOASIICHCH B
CTALIMOHAPHOM MOTEHIIMAJILHOM I10JI€, IOCTOSTHHA:
K+U _+U_ =const

cob 6Hew

rne Uqos — cOOCTBEHHAs MOTEHIMATIbHAS SHEPTHSI CUCTEMBI — 3TO HEPIUsl B3aUMOJIEH-
CTBUS JPYT C APYTOM BCEX 4acTHUI] cUCTeMbl. OHA 3aBUCUT OT B3aMMHOTO PACIIOJIONKE-
HUS 4acTULl cUCTeMBI; Ugye,, — BHEIIHSSA MOTEHUMATIBHAS SHEPTHS CUCTEMBI — CyMMa T10-
TEHIMAIBHBIX YHEPTUM BCEX €€ YACTHUILl, HAXOISIIMXCS BO BHEIIHEM CTAllMOHAPHOM I10-
TEHUHAJIBHOM T0Jie; K — KHHEeTHYecKasi SHEPrusi CUCTEMbI — 3TO CyMMa KHHETHYECKHUX
DHEPIUi COCTABJIAIONIUX €€ YACTHULL.

Ecnu pabota cui cTaliMOHapHOTO MOJS HaJl YacTHIEH HE 3aBUCUT OT IyTH, POU-
JICHHOI'0 YaCTHUIIEH, a 3aBUCUT TOJIBKO OT HAYaJIbHOI'O ¥ KOHEYHOI'O IIOJIOXKEHHUs YacCTH-
1(bI, TO TAKUE CUJIbI HA3BIBAIOTCA KOHCEPBATHBHBIMM, 2 I10JI€ NOTEHIHAIBHBIM.

3akoH COXpaHCHUA MOMEHTA UMITYJbCA

3aMKHYTOH CHCTEMO# HA3bIBACTCS CHCTEMA, HA KOTOPYIO HE JIEHCTBYIOT HUKAKUE
BHEIIHHE MOMEHTBI CHJI (WJIM UX JEHCTBUEM MOXHO IIPEHEOPEYB).

MOMEHT MMIIYJIbCA CUCTEMBbI 0CTACTCH NMOCTOSHHBIM, T.€. HE MEHSIETCS CO Bpe-
MEHEM, eCJIM CHMCTeMa 3aMKHYTa WJIH CYMMAPHbIM MOMEHT BCeX BHELIHHMX CHJI,
ACHCTBYIOLIUX HA YACTHIbI CUCTEMbI, PABeH HYJIIO.

Takum 00pa3oM B MHEPLMAIIBHON CHCTEME OTCUYETa MOMEHT MUMITYJIbCa 3aMKHYTOMN

crcTeMsl yacthr L = Z I:i (t) =const .

Y He3aMKHYTOH CHCTeMBbI MOXET COXPaHAThCA HE caM MOMEHT umiyibca L, a
€ro NMpOeKUMs Ha HEKOTOPYIO HENOABWKHYIO OCh Z, €CIIM IIPOECKLHS CYMMapHOro MoO-

Menta M BCEX BHEILIHUX CHJI HA ATY OCh Z paBHA HYJIIO.

BHewl
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ITopsaaoK BbINOJTHEHUsS] padOThI

1. Maccel 1ucka, JOBYIIKH, ITyJIM YKa3aHbl B ONMCAHUU WM HA CAMHUX TeJax.

2. YCTaHOBUTH JIOBYIIKA CHUMMETPUYHO HA TMPOU3BOJIBHOM PACCTOSIHUM OT OCHU
BpaIICHUs JUCKA, 3aKPENUTh UX (OTBEPCTUEM B CTOPOHY MHUCTOJIETA).

3. ToakHYTh TUCK PYKOH U MYCTUTh CEKyHAOMEp. 3apUKCUPOBATH YTOJ O U BpeMs
noBopota t qucka. OneIT npoAenats 9 pas, onpenenuts o; u ti. Hailtu cpennue 3Have-
HUA <0> U <t>.

i, °© ti,

4. 3apsaauTh MUCTOJIET, TIOBEPHYTh €0 TakK, YTOOBI IIPH BBICTpEJC MyJs Iornajia B
JIOBYIIIKY B HANpPaBJICHUH IO KACATEJIIbHOU K TPACKTOPUU JBUKECHHUS JIOBYIIIKH.

5. IIpousBectu BoIcTpel. ONpeaenuTs yroi noBopoTa ¢ aucka. OnsIT HOBTOPUTH 9
pa3, onpeaenss KaxXIbplid pa3 @i, 3aTeEM ONPEACIUTh < (P >.

6. OnpeeuTh MOMEHT UHEPIIMH JIUCKA C JIOBYIIKAMU 10 (popMyIie

1
J==mrZ+ml?,
2 66 J

rae M, — Macca JucKa, Fp — paamyc AMcKa, M, — Macca JOBYIIKH, | — paccTosHue 10
IICHTPA BPAIICHUSI.
J
m,Kr | My KO | M, KT |5 M I, M ',
K2'M

7. OnpenenuTh yriioBoe yckopenue mno gopmyse (3), mojacrasmisst o = <o>, CKO-
pocTh mynu o popmyiie (4), moacTaBisst @ = <@>.
<o>, pax | <>, pam | & paw/c? V, M/c

KoHTpoJsibHBIE BONIPOCHI

1. Korma MOMEHT UMITyJIbCa CUCTEMBI COXPAHSETCA?

2. 3anucaTh B BEKTOPHOH (hopMe JI0 U MOCIE yAapa MOMEHT UMITYJIbCA CUCTEMBI B
JTAaHHOU paboTe, ONpeIeTuTh €ro MOAYJIb U HalpaBJICHHE.

3. CoxpaHnsieTcsi JiIi MOMEHT UMITYJIbCa CUCTEMBI B JaHHOW paboTe MpH BpallleHUU
ee nocse ynapa? [louemy?

4. Bug ynapa B J1aHHO# paboTe.

5. Korna monHast MexaHn4uecKas SHEprusi CUCTEMbI coxpaHsieTcs? MoxeT i B He-
KOTOPOM CUCTEME HE COXPAHATHCA MEXaHUYECKast SHEPTHSI U OCTABAThCS MOCTOSIHHBIM
MOMEHT UMITyJIbCa?

6. [lomyuuTh pacueTHyI0 (HOPMYITYy CKOPOCTH ITYJIH.

Jluteparypa
1.CapenneB U.B. Kypc obmieit pusuku. T.1. M:Hayxka, 1986.- rilll, §24, ¢.27-29;
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JIABOPATOPHAA PABOTA Ne 4

N3YYEHUE BPAIIATEJIBHOI'O AIBUKEHU A

Lenn Da6OTBII HU3Y4YUTHb 3aBUCUMOCTD YIJIOBOI'O YCKOPCHHA TCJId, BpalllatOIICTrOCsA

OTHOCHUTCIIBHO HGHOI[BH)KHOI\/’I OCH, OT PE3YJIbTHPYIOIICIO MOMCHTA ,HeﬁCTBYIOIHHX Ha
HCTO CHUIJI.

Teopernueckoe onucanue

m : DKCIepuMEHT TpoBoAUTCS Ha masitTHuke OOepOeka, KOTO-
M, pBIil yCTpoeH cleayromuM oopa3zom (puc.l). Ha HenoaBuxHyto
s TOPU30HTAIBHYI0 OCh HaJIeT IKUB paguycoM I. Co IIKHBOM
F KECTKO CKpeIUIeHa KpecToBHMHA. Ha CTepKHSIX KPECTOBUHBI
a5 HAXOJSATCA Tpy3bl Maccoil M. ['py3pl MOXXHO cMemaTh BIOJIb
CTEpKHEU, U3MEHSS IPU ITOM MOMEHT MHepIuu J masTHuka. Ha
- h IIKMB HaMaThIBAe€TCs MIHYP C Ipy3oM Maccoi M. [lpu omyckanuu
[F rpy3a MasiTHUK BpallaeTcsl BOKPYT HEMOJBUKHON TOPU30HTAIIb-
mg HOW ocu Z. M3mepuB BbicOTy h U Bpems i, B TeUueHHE KOTOPOTO
Yeoova Ipy3 M3 COCTOSHHSI MOKOS OMYCTHWJICS Ha h, MOXHO HaWTH MoO-
JyJTb TTIOCTOSIHHOTO YCKOPEHUS U3 3aKOHA JIBHXKCHUS
Puc. 1

y=Y, +Vt+a,t?/2.

[pu BLIOpanHOii ocH Y, HanpasienHon Buu3, Y —Y, =h, V, =0, a,=a

[ToaTomy a=2h/t?. (1)
Ecnu HUTH HepacTsKuMa, TO Jr00ast TouKa MOBEPXHOCTH IIKMBA UMEET TaHTEHIIH-
QJIHOE YCKOpPEHHUE, MOJYJb KOTOPOTO PAaBEH MOIYJI0 YCKOPEHHs Ipy3a, T.e.O, =0 .
Tak kak o, =¢r, To ¢ yuetoM (1) umeem
e=2h/t?r (2)

—

Ha rpy3 aelicTByIOT JBE CUJIBI: CHJIA TSKECTH MJ co CTOpOoHBI 3eMiu U cuna F co
CTOPOHBI HUTH.

3anwuiiem BTOpor 3akoH HbIOTOHA 11 Tpy3a, IBMXKYIIETOCS C MOCTOSTHHBIM YCKO-
pEHUEM 8 , HalIPaBJIECHHBIM BHU3:

ma=mg+F
B mpoekin Ha 0Chb Y 9TO ypaBHEHHE TIEPEITUIIIEM TaK:
ma, =mg, — F,
[Ipu BBHIOPAaHHOM MOJIOKMTENBHOM HANpPABIECHUU OCH Y BHHM3, a,=a, §,=(,
F, =—F . IlooTomy
ma=mg-F
oTkyna F =mg —ma wunu ¢ yuetom (1)
F =m(g —2h/t?) (3)
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Bpaimenne masatHuka co3maercs MOMEHTOM cuiibl M =[rF,], mpoekius KoToporo
Ha HETMOJIBIXXKHYIO och Z M; = Fr.
Hanpasnenne M omnpenensercs mpaBuioM IpaBoro BuHTa. F =F 1npu ycnosun

HEBECOMOCTH HHUTH, TIOITOMY C ydeToM (3)
M_=m(g-2h/t*)r. (4)

B nanHoil pabore rpy3ukm M; CHATHI U MO-

p MEHT MHEPINH J MasgTHUKA MTOCTOSHEH.
W3meHnsist Mmaccy M rpysa, HapuMmep, yBelu-
quBas €e, U U3Mepss BpeMsl MajeHUs rpy3a ¢ OJI-
! HOM W TOM ke BBICOTHI N, o dopmynam (2) u (4)
Ag HaiiieM € 1 M; B KaX/10M OTIBITE C OPEICTICHHBIM
rpy3oM. [lo »TuM 3HaYeHUAM MOCTpOUM Trpaduk
p AM ¢(M;) (puc.2). YpaBHeHHE NWHAMUKH BpalllCHUS
v MasTHUKAa B TPOCKIMH HA OChb Z HWMEET BHJI
Je=(M,-M_). Tlomp3ysce puc.2, Hatinem mo-

IyJIb MOMEHTA CUJI TPEHUS, paBHbI oTpe3ky O/],

AM
U MOMCHT MHCPIHWHU MasTHHKA J=—.

Ag

Puc. 2

IIpaBujio npaBoro BuHTa (0ypaBumMKa).
BexTopHoe npou3BeeHHe IByX BEKTOPOB

BekTopHoe mpousBeneHue, obo3nauaemoe oo [A,B], mubo Ax B, nByx Bekro-

poB A u B ectb BeKTOpé , MOYJIb KOTOPOI'O

C = ABsina,
TJ€ 0. — yroa MEXKIY BEKTOpaMu AuB.
Hanpasnenue Bexkropa C MEPIIEHAUKYJISIPHO IUIOCKOCTH, B KOTOPOU JIEKAT BEKTO-

—

pel A u B, u coBnagaeT ¢ HampaBiieHHEM MOCTYNATEIbHOTO ABUKEHUS MPABOTO BUHTA

—

npu ero nosopore oT A k B Ha yrosn, MeHbIIN 7.

IHopsinok BbINOIHEHHS PadOTHI

1. Bpamas mMasTHUK 3a cnuibl A, HAMOTaTh HUTh Ha MIKUB B u

A nojHATh Tpy3 C mMaccoit M, ykazaHHOW Ha HEM, Ha MaKCHMaJbHO BO3-
MOXHYIO BBICOTY h.

B 2. N3meputh Bpemsi nageHus rpysa. [IpunepxuBas olHONH pyKoit
MasiTHUK 3a JII00OM M3 CTepyHEH, APYyroil KOCHYThCS TOJIOBKU CEKYH-
nomepa. OTHOBPEMEHHO Ha)aTh I'OJIOBKY CEKYHJIOMEpa U OTIYyCTUTh
CTEpKEHb MasiTHHKAa. B MOMEHT yaapa rpy3a O IIOACTaBKy CHOBa
Ha)kaTb Ha TOJIOBKY CEKyHIOMeEpa, ocTaHOBHB ero. [lo cexynmomepy
otcunTath t mageHus rpysa. OnbIT MOBTOPUTH 5 pa3, Oepst OJJHO U TO ke
h. Onpenenuts cpennee Bpems < t > magenus rpysa. [loncuurars Bpa-
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naromuid MoMeHT M, mo ¢opmyne (4) u yrioBoe yckopenue ¢ mo popmysne (2), uame-
PHTB JIMHEWKO# h, I =2 cM — paguyc mkuBa B, Ha KOTOPBIl HAMOTaH HIHYP.
3. To xe camoe mpojenars, J00aBIAS K TPY3y Meperpy3ku (Macca KakIaoro mepe-

rpy3Ka yKa3zaHa Ha HEM).
4. JlanHble U3MEPEHUN U BBIUKMCICHUHN 3aHECTU B TaOJIMILY.

mkr |[t,c |<t>c |&gc? |M,HwM

5. IToctpouts rpaduk 3aBucumoctu &(M,).
6. Onpenenute 1o rpaduxky (cM. puc.2): a) MOMEHT HHEPLUHUH KPECTOBUHBI

AM
J =——; 0) MmoMeHT cuiibl TpeHust Myp, MOZlyJIb KOTOpOTO paBeH oTpe3ky O/I.

KOHTpOJILHbIe BOIIPOCHI

1. Onucate masiTHuk O6epoOeKa.
2. 3anucaTh 3aKOHBI M YpPaBHEHUS ABMKCHUS I rpy3a u MasTHHKa O6epOeka.

3. Kak mpaktuyecku Ha MmasgTHuke O6epOeka MOKHO U3MEHUTh MOMEHT MHEPIUH U
MOMEHT cui1? OT 4ero 3aBUCUT BpeMsI IBUKEHUS Tpy3a?
4. Jlath onpeeneHre yriioBOMY YCKOPEHHUIO U MOMEHTY cuil. Kak onpenenuts Mo-

IyJib U HAITPaBJICHUE YTJIOBOTO YCKOPEHUSI, MOMEHTA CUJIbI, BPALIAOIIETO MASITHUK?
5. Ha pucyHke npeacTaBieHbl 1Ba rpaduka 3a-

BHUCHUMOCTH YI'JIOBOI'O YCKOPCHHA OT MOMCHTA MHEP-
WK IMPHU TOCTOAHHBIX MOMCHTAX M BHENIHUX CHII.

Kaxkoii 13 3TuXx MOMEHTOB OO0JIBIIIE?

£

Jlureparypa
1. CasenneB U.B. Kypc obmieit ¢pusuku. 1.1. M:Hayka, 1986.- rn.IIl, §29, rn.V, §

38, 39.
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JIABOPATOPHAX PABOTA Ne 5
OIPEJEJEHUE MOMEHTOB MHEPLIMA METOJ10M KOJIEBAHUM
Llenb pabOTHI: OIPEIEIUTH FIKCIIEPUMEHTATIBHO MOMEHT UHEPLIMHM OHOPOJHOTO

CTEP>KHSI OTHOCUTEIBHO JIBYX MapajlIebHBIX OCEN, PE3YIbTAT COIOCTABUTH C TEOPEMOM
[Teitnepa.

Teopernueckoe onucanue
B nanHnoit pabote MeTogoM KojiebaHuii onpese-

JsieM MOMEHTHI WHEPIMHM CTEP)KHS OTHOCHTEIIBHO

A | ocH, TIPOXOSIIEH uyepe3 UEeHTP Macc, Je, 1 OTHOCH-

U / TEJIHHO TApAICIHHOW €M OCH, TPOXOJAIIeH uepe3

b \ / KOHeIl cTepkHs, Ja. s ompeneneHuss MomeHTa

)\\Al ‘ ,’ uHepuuu Je HabIIro1aeM Majbie KOJIeOaHHUS CTEPIKHS

L (Po\\ﬁ .c i Ha Oudunsapuom noxasece (puc.l,2). [ns onpenene-

A f7==B  HUS MOMEHTa MHEPIHH CTepXHS Ja HAOIIOaeM Ma-
1/ : \\\ K JIbIe KoJIeOaHus, TIOJIBECHUB €T0 3a KOHEII.

W 3a cuer TpeHHs B TOUYKAX IMOJBECA YHEPTHUsl KO-

Puc.1 nebanuii crepkHs yMmeHbmaercsa. OpHako ecnu
OTpaHUYUTCS HAOJIIOICHUEM HECKOIBKUX KOJEOaHMit
(B mpenenax 10-20 konebanuii), To paboTa cuil TpeHus OyaeT HeBenuka, Ee MoXHO He

YUYUTHIBATH M MPU MaJBIX yriiax OTKIOHeHHs (6-8°) kojeOaHHs CUMTATH TapMOHHYE-
. 21
CKHMU: @ =@, SIn ?t. (1)

r7€ (o — YIJoBas aMIUIUTyAa; | — mepuoj konebanui. Tak kak pabOTON CUI TpeHUS
npeHedperaem, To MoJHAs MEXaHUYECKasi JHEPTUsI CTEPIKHS OCTaeTCsl HeM3MeHHoM. [Ipu
MPOXOXKJECHUU TOJOKEHUSI PABHOBECHUSI CTEPXKEHb 00JadaeT TOJIbKO KHUHETUYECKOU

y 1.,
sHeprueii: K =§Joo , TIe  — MaKCHUMaJlbHasi YIJoBas

W, CKOPOCTS.
[lpy OTKIOHEHWW CTEP>KHS OT TIOJIOKEHHS PaBHOBE-

b A CHsl HA MaKCUMAJIBHBIA YTOJ €ro IOJIHAs MeXaHW4ecKas
0 sreprus (noreHumanbaas) U = mgh, roe h — makcumab-
h oo Hasl BBICOTA TOAHSATHUS [ICHTPA MACC CTEPIKHSL.
Puc A 3anuiieM 3aKOH COXPaHCHUS SJHEPTUU

%szzmgh. (2)

®opmybl (1) 1 (2) TO3BOJSIIOT HAWTH MOMEHT UHEPLUU J, €CIIM U3MEPEH HA ONBITE
nepuoy Konedanu T.

1. OnpenesieHue Jc — MOMEHTA HHEPIUM CTEPKHS OTHOCUTEJIBLHO OCH CUMMeET-
pun
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CrepxeHb Ha OU(DUIIPHOM TOJIBECE COBEPIAET KPYTHIIbHBIE KOJIeOaHusl (CM. puc.
1). OnpenensieM ero MakCUMaJIbHYIO YIJIOBYIO CKOPOCTh @, npoauddepenuuponas (1)
110 BpEMEHHU:

d 27 27 27

_(P:—(pocos_t; = 0=—0,. (3)

dt T T T

MaxkcuMmanbHas BBICOTa IOIBEMA LEHTPA MAcC CTEPHKHS OINPENENSAETCS YIIIOM Yo

2
(cM. puc. 2): h=b(l-cosy,) = 2bsin? % ~ Zb(%) , riae b — nmuHa HUTH oBECa; Yo

— MaKCUMAaJIbHBIA YTOJ OTKJIOHEHHUS HUTH, OJHO3HAYHO CBSI3aHHBIM C MaKCHUMaJbHBIM
YIJIOM OTKJIOHEHUSI CTEPXKHS OT TMOJIOKEHHSI PABHOBECHS (. [IpH MaJbIX 3HAYEHUSX (g
U Yo KOHEIl CTePXHS MPOXOAUT MyTh AAj, KOTOpBIM NPUOIUKEHHO MOXKHO CUUTATh

paBHbIM maiuHe oy AA;: AA = IE(po ~by,, Wy, = %(po .

Temneps BeIpazuM h yepes yrom ¢q:

2 2 2 2
1 101 0
h=2b| =2 | =2b-=| — =9 4

(2) 4 2b(p°l 8b @

IToncrasisis (3) u (4) B (2), nostyyaem

2
= mg|2 Tcz . (5)
167°b
2. Onpenenenne Ja MOMEHTA HHEPUMHU CTEPKHS OTHOCUTEJIBLHO OCH, MEPIeH-
TUKYJISIPHOI eMy U MPOXOAsieil yepe3 KOHell.
A B popmyiny (2) mojacraBisieM COOTBETCTBYIONTUE 3HAYCHUS
MaKCHUMaJIbHOW CKOPOCTH TPHU MPOXOKIECHUU TTOJIOKEHHS PaBHO-
BecHs w U3 (3) U MaKCMMaJIbHOM BBICOTHI IMOJHATHS IIEHTpa Macc h

J

o b JF'C C\ (puc.3). U3 puc.3 noaydaem cBsA3b MEXIy N M yriioM ¢o:
-7 h:l(l—COS(p):I—ZsinZ&zl Po 2:l(p2 (6)
- 2 2 2 2 ) 47
Puc.3
N3 pasenctBa (20) ¢ yuerom (3) u (6) nosryqaem
mgl
JA:éTAZ. (7)

Takum 00pa3om, U3Mepsisi Ha OMbITE NEPUOAbl KOJIEOAHUM cTepkHS T¢ U Ta, ITUHY
HUTH T0JIBECA, JIMHY CTEP>KHSI, MOYKHO BBIYUCIUTH MOMEHTBI MHEPIMH Jc U Ja CTEpKHS
OTHOCHUTEIIBHO MAPAJUICIIBHBIX OCEH, @ PE3yJIbTAT COMOCTAaBUTh ¢ Teopemoin LlITeitHepa.

MoMeHT MHepunu
MOMEHT HHEPIIMU ABJISECTCS MEPO HHEPTHOCTH TBEPAOIo Teja IPH ero Bpa-
LICHUH.
MOMEHT MHEpPLIMU TBEPAOTO TENA 3aBUCHUT OT PACIPENEIICHUS MAaCC OTHOCUTEIIBHO
OCH BpAIlCHUS U PABEH CYMME MOMEHTOB MHEPLUH COCTABJISIOIIMX €r0 MAaTEPUATIbHBIX
TOYEK:
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J=> Amr? WM J =jr2dm

rac AM; uim dm — macca BJIGMGHTapHOﬁ TOYKH, a r2 001 riz — KBaapaT pacCTOAHUA OT

ATOM TOYKHU A0 OCH BpalllCHUA.

Tepema IlTeiinepa
MowmeHT uHepiuu Tena J OTHOCUTENBHO MPOU3BOJILHOM ocu O paBeH MOMEHTY
MHEPIUH Je 3TOrO Tejla OTHOCUTENHHO OCH, NapaJljieibHOW JAHHOH M MPOoXoasiIei
yepe3 neHTp Mmace C, CII0KEHHOMY ¢ TPOU3BEEHUEM MacChl Tejla M Ha KBaApar pac-

crosiaust d Mexry ocsamu: J =J_ +md?

ITopsiaoK BHINIOJTHEHUS

1. TlonBecuTh CTEPKEHb HA HUTSAX CTPOTO TOPU3OHTAIBHO, PACIIOIOKHUB €I0 MEKIY
HaIPaBJISIIOLIIUMH.

2. B34TbCs 3a MpaByIO HAIMPABIISIOLLYIO, IOJIBECTH K CTEPKHIO U ITIOBEPHYTH €0 Ha
yroi 4°. 3atemM pe3KO pa3BEPHYTh HANPABISIIONIYIO IUIAHKY OT CTEPXKHS, TPEAOCTABUB
eMy BO3MOXXHOCTh COBEpIIAaTh KPYyTWJIbHBIE KoseOaHusi oTHocutenpbHo ocu CC'
(cm.puc.1).

3. U3meputh cekyHaoMepoM BpeMs tc mosHbIX Ni konebanuit (N1 = 10, oTcueT Bpe-
MEHHM HAUYMHATh MPH MPOXOXKJICHUH MasiTHUKOM JIFOOOro KpaiiHero moJioxeHus). Pac-

CUUTaTh MEPUOJ KoyeOaHui T :%i. OneIT NOBTOPUTE 9 pa3 U omnpenenuTsh cpeaHee
1
3Ha4YeHHUe nepuoaa < T¢ >.

4. Nsmeputh | — paccrosiHre Mexay TOUKaMu mojBeca crepkHs A u B; b - miuny
HUTEW nojBeca. Macca CTep)KHs yKa3zaHa Ha HeM (B TpaMMax).

5. IlonBecuTh CTEp>KeHb 3a KOHEI[ A M MPUBECTU B KOJICOAHUE B BEPTUKAILHOMN
IJIOCKOCTHU. YTOJI OTKIIOHEHHSI HE TOJDKEH MPEBBIIIATH 4°.

6. Onpenenuts BpeMs 10 xoneOaHui CTEPKHS U BBIYUCIUTD | ai. ONBIT MpoenaTh
9 pa3 u onpenenuth < Tp >.

7. o popmynam (5) u (7) BEIYUCIUTH MOMEHTHI MHEPLIUU CTEPKHS OTHOCUTEIIHHO
MEPHEHINKYJIAPHBIX €My, HO TapajulesIbHBIX JIPYr JIPYry OCEH, MPOXOIAIIUX YEpe3
ueHTp macc (J¢) 1 KoHen ctepxHs (Ja), MOACTABIIAS B HUX CpEIHHE 3HAUeHUsd < T¢ > u
< Tp>.

8. CiyyaliHble OTKJIIOHEHHS] KaXKJIO0T0 U3MEPEHUS MEPUOJ0B PaBHbI COOTBETCTBEH-
HOAT, =T,—<T,>, AT, =T,—<T, >, a cpexlHue KBaJpaTHYHbIE OTKJIOHE-

1 1
HUS: S, = \/nZ(ATd)Z Sp= \/nZ(ATAi)Z . IlorpemHocTu pe3ynbTaTOB H3MeEpe-

HUsI NepuoJoBAT, =S, INGY AT, = SA/\/H.
9. OTHOCUTENBHBIC U A0COJIFOTHBIE TTOTPEITHOCTH MOICUYUTATh TIO PopMyIam

2 2 2 2
<[22 (2 mee
m I b <T, >
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2 2 2
S OEOREATR
m I <T,>

2
10. Beruncauts Benu4yuHbl J, —J, # mz . CpaBHUTB UX 3HAYCHUS.

11. lanHble U3MEpeHU 1 BBIYUCIICHU 3aHeCTH B Ta0. 1-4.

Ta0muma 1. Ta0muna 2.
Ny | ti,c Tei,c Ny | tai,c Tai,C
<T.,>= <Tp>= ATa =
AT=

Tabmuma 3.
m,xr |Am,kxr ||, M Al,bm |b,M Ab, m

TaOnuma 4.

2

JC1 AJC1 ‘]Ay A\]Ay ‘JA - ‘]c ! ml_ y
Kkr'M% | kiM% | kroM? | KTt M? KD M2 4

KoHTpoJbHBIE BONIPOCHI

1. KakoB ¢u3uyeckuii CMbICI MOMEHTA HHEPIIUU MaTepUATbHON TOUKH, TBEPAOTO
Tena?

2. Kak BBIYMCIUTh MOMEHT UHEPIIMHU TEJIa OTHOCUTEIBHO OCH, MPOXOAIIEH Yepe3
LEHTp mMacc?

3. ChopmynupoBats Teopemy lllteitaepa.

4. NOJIYy4YUTH CBSI3b MEXKIY MAKCUMAIIBHOM YIIIOBOM CKOPOCTHIO CTEPKHS U aMILIH-
TyJION ero KoJaeOaHwmii.

5. [Monmy4unTs opMyITy JUTsl pacueTa MOMEHTA MHEPITUH I1apa, KOJIbIA, CTEPIKHS
OTHOCHUTEJIBHO OCH, MIPOXO/IAILEH Yepe3 LIEHTP Macc.

JIureparypa

1.CaBenveB U.B. Kypc obmieti huszuku. T.1. M:Hayxka, 1986.- rn.V, §39, 41, rn. VII,

§54.
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JIABOPATOPHAA PABOTA Ne 6

OIIPEJIEJIEHUE PAJINYCA KPUBU3HBI BOTHYTOM NOBEPXHOCTH
METO/IOM KATAIOHMIETI'OCA ITAPUKA

Lenn Da6OTBIZ HN3Yy4YUTDb 3aKOHBI IBHKCHUA KaTAOIICTOC: 110 C(l)epI/I‘{eCKOﬁ BOTHY-
TOH IMOBCPXHOCTH IMIApUKaA, paCCMOTPCTDL YCJIOBUA €TI0 'aPMOHHYCCKHUX KoJIeOaHUH U
OIPCACINUTDL paanyC KPUBU3HBI TIOBECPXHOCTHU

Teopernueckoe onucanue
Pannyc kpuBu3HbI R rnagkoit cgeprudeckoil MOBEPXHOCTH MOKHO OMPEIEIHTD,
u3MepuB nepuo kojebanus T mapuka, KaTaromerocs mo 3Toi MOBEPXHOCTH.
@]
Ecnu npenebpeub moTepsiMu SHEPruu, 3aTpauyvBaeMoi Ha
IIPEOJIOJICHNE TUCCUIIATUBHOW CHUJIBI TPEHUS, TO JUIsl KaTarolle-
rocs 0e3 MpoCKalb3bIBaHMS IIapUKa JOJHKEH BBIINOJHATHCS 3a-
KOH COXpaHEeHHMsl MexaHudeckoi sHepruu. Llentp macc C mia-
pUKa IBUXETCA IMOCTYNATEIbHO, HO, KPOME TOro, LIapuK Bpa-
_ i IIaeTCs OTHOCUTEIBHO OCH Z, IpoxoAsiel uepe3 Touky C nep-
T e NeHAUKYISIpHO MiockocTu (puc.l). IlosTomy monHass mexaHu-
YyecKasi DHEpIHs 1IapyuKa

mv/
2

E_ J o

+

+ mgh = const . (1)

2
3aech M — Macca mapuka; J = gmr2 - €r0 MOMEHT UHEPIIMU OTHOCUTEIBLHO OCH Z; I

— paauyc 1apuka.
Moaynb yriioBoi CKOPOCTH @ IIapUKa BOKPYT OCH Z CBSI3aH C MOJYJIEM CKOPOCTH
V. MOCTYNaTenbHOTO ABMKEHUS IEHTPA MacC COOTHOLLIEHUEM

de V
dt r @)
[Toacrasmnss (2) u Beipaxkenue st Je B (1), momyyaem
2
E :lmrz(@j +mgh = const . (3)
10 dt

Ho npu xauennn mapuka 1o chepruieckoil moBepXHOCTH €ro EHTP MacC OTKJIOHSI-
€TCsl OTHOCUTENBHO 1leHTpa O moBepXHOCTH Ha yrod ¢. 13 puc.1 BUIHO, 4TO yroi ¢
CBsI3aH C YIJIOM MTOBOPOTA @ MaprKa OTHOCUTEIHLHO OCH Z COOTHOIIIEHUEM

R 1
0= T(P 1 (4)
rae R'=R—r . Kpome toro, u3 npssmoyroisibHoro tpeyroysibhuka OBC cnenyer, 4To
h=R'-R'coso. (5)

[Toacrasnss (4) u (5) B popmyiny (3), BeIpakaeM MOJTHYIO MEXAHUYECKYIO SHEPTHUIO
IapuKa 4epes3 yroi .
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7 do ?
E=—m(R")?| — mgR'(1— cos o) = const . 6
1O(>[dt]+g( %) ©)

B BepxHell TOYKE TPAEKTOPUM CKOPOCTH IIApWKA PaBHA
HYJIFO M BCsSI MEXaHMYECKasi dHEPIHs LIapuKa NEpPEXOAUT B I10-
TEHUHaNbHYy10. [Ipr IpOXOKIEHUN IIAPUKOM IOJIOKECHUS paB-
HoBecust (N=0) cKOpOCTh M KHHETHYECKas SHEPrusl MIapHhKa
MaKCUMaJIbHBI.

PaccMOTpuM KHMHEMATHKy IBHWKEHHs mapuka. CKOpOCTb

—

- “V ¥ o~
e T V. ero nenrpa macc C Bcerja HampaBlieHa IO KacaTeIbHOW K

c

Puc.2 Tpaektopuu (puc.2). [lonHoe yckopeHue a 1eHTpa Macc paBHO
CyMME€ TAaHT'€HIHMAJIBbHOIO & M HOPMAaJbHOIO &, YCKOPEHWH.

YckopeHHue d_ HapaBJIeHO TaKXKe 0 KacaTesbHOU K TpaekTopuu. Ero Moxysb cBsi3aH ¢
MOJ1yJIEM YTJIOBOT'O YCKOPEHUS BPALLEHUS IIapHKa BOKPYT OCH Z (GOpMYJIOif

d?0
a=r—.. 7
yCKOpeHI/Ie an HaHpaBJIeHO K HeHpr KpI/IBI/I3HBI. EFO MOI[yHB
V 2
S ®

OTU MOAYIM M3MEHSIOTCS MPU KOJeOATENbHBIX JIBMKEHUSAX IIapUKa MEePUOIUYe-
cku. B BepxHel Touke TpaeKTOPUH MPHU HAUOOJBIIEM OTKJIOHEHUH IIApUKa OT MOJIOXKE-
HUs paBHOBecus V. 1MIapuka U a8, paBHBI HYIIO, a &, JocTUraeT Makcumyma. [Ipu mpo-
XOKJIEHUH TIOJIOKEHHST paBHOBECHSI, HA000POT, ar =0, a V¢ 1 8, MaKCUMaJIbHBI.

Haitnem nepuona konebanmii mapuka. J[jist 35Toro HeoOX0AMMO MOJYYUTh JUHAMHU-
YeCKOe ypaBHEHHE KoJieOaHMU (T.e. ypaBHEHUE AMUHAMHUKHU JIJI1 TOCTYMATEIbHOTO WM
BpaIllaTeJIbHOTO JIBIXKEHUS KOJIEOJIIoIIerocs mapuka)./lis qro0bIX He3aTyXarlux rap-

MOHHUYECKUX KOJIEOAHUI 3TO ypaBHEHUE UMEET OOLIUI BUJT
2

%+(ﬂ§x=0. (9)

dusnveckKoe TeJo 0yIeT COBepIIATh TApMOHUYECKHE KOJIeOaAHNS B TOM CJIY-
yae, eCJIM HA Hero JIelCTBYeT CWJIA WM MOMEHT CIWIbI, IPONOPLHUOHAIbHbIE CMe-
IIEHUIO OT MOJIOKEHHUSI PABHOBECHS U CTPEeMSIIIIHECS BEPHYTH TeJIO B MOJI0KEHUE
pPaBHOBeCHS.

Bocnosnb3yemcs 3akOHOM COXpaHEHUsI MeXaHn4eckol sHepruu (6). BozpMeM mnpo-
M3BOJHYIO TIO BPEMEHH OT 00EUX YacTei 3TOro ypaBHEHUS, COKPATUM MOJYYEHHOE BbI-
paxenne Ha MR'(d¢/dt) u npuBenem ero K Buay, aHamoruaHOMY (9):

d’p 5 :
—ZP+—-g.sm(p:O. (10)
dt® 7 R
OTcrosia BUHO, YTO MIApUK OyAET COBEpIaTh rapMOHMUYECKHE KOJIeOaHUsI OTHOCH-
TEJIHO TMOJIOKEHHsI PABHOBECHS B TOM cliydae, Koraa Sing ~ ¢. T.e. ycioBreM rapmo-

HUYECKUX KOJeOaHuil B JaHHOU paboTe OyAyT Majible YIibl OTKJIOHEHHS IIapuKa OT Io-
JIO’KE€HUS PABHOBECHS.
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B orom cmywae yrom @ U3MEHSETCA 1O TapPMOHHYECKOMY  3aKOHY
¢ =0o,Sin(o,t+a), rae
27 5¢
O, =—=,[—.
T 7R’
Ucnonb3ys Beipakenus (4), (7) u (8), MOKHO BBIYMCIUTH 3HAUYCHUS CKOPOCTH U
YCKOpPEHUS IIapuKa B JOOOW MOMEHT BpeMeHH. UToObl HAalTH 3aBUCHMOCTH pajanyca
KPUBHU3HBI R cdeprueckoil MOBEpXHOCTH OT MEproaa 1, KOTOPYIO HAXOAuM U3 (hopmy-
ab1 (11), noacrtaBum B Hee R'=R —r:

2
R:gg;-—anrr. (12)

(11)

[Tpu BBIYUCIICHUN MBI HE YYUTHIBAIM, YTO MEXaHUUYECKAs SHEPTHsI MapUKa YMEHb-
IaeTcs 3a CYET pabOThl AUCCUIATUBHON CHIIBI TPCHHSI M TIOTOMY B JIEHCTBUTEIIEHOCTH
KoJieOaHus maprka OyayT 3aTyXaloIUMH. 3aTyXaHueM KosieOaHuii B pabote rnpeHeope-
raem.

3aKoH coxpaHeHUs MOJHOI MEXaHUYECKOI IHePruu
IMosiHast MexaHMYeCKasi JHEPIrUusl KOHCEPBATUBHON CUCTEMbI, HAXOASIICHCH B
CTAMOHAPHOM MOTEHIUAJILHOM I10J1¢, IOCTOSIHHA:
K+U _+U__ =const,

cob sHeu

rae Uqs — coOOCTBEeHHAs MOTEHIMAIbHASL SHEPTUSI CUCTEMBI — 3TO YHEPTUSI B3aUMOJICH-
CTBHUSI IPYT C APYrOM BCEX 4acTull cUcTeMbl. OHA 3aBUCHUT OT B3aMMHOTI'O PacHOJIOXkKe-
HUS 4acTUIl cucTeMbl; Ugye,, — BHEITHSIS IOTEHIIMATIBHAS SHEPTHS CUCTEMBI — 3TO CyMMa
IMOTCHIMAJIBHBIX YHEPIUM BCEX €€ YaCTHUL, HAXOMSUIMXCA BO BHEIIHEM CTallMOHAPHOM
NOTEHIIMAIBHOM TioJie; K — KMHeTHYecKasi SHEPIrHsl CUCTEMbl — 3TO CyMMa KHHETHYe-
CKHUX DHEPIUH COCTABJISAIOIIMX €€ YaCTHLL.

Ecnu pabota cui cranoHapHOTO TMOJIS HaJl YacTHUIEH HE 3aBUCUT OT IyTH, MIPO-
JICHHOTO YaCTHUIIEH, a 3aBUCHUT TOJIBKO OT HAYAJIBHOI'O U KOHEYHOI'O IOJIOKEHUS 4aCTH-
IbI, TO TAKUE CHUJIBI HA3bIBAIOTCS KOHCEPBATUBHBIMHU, A M0JI€ MOTEHUMAJIbHBIM.

IHopsinok BbINOIHEHHS PAadOTHI
1. C moMoIIpi0 MEUKPOMETpA 5 pa3 B pa3HbIX MECTax U3MEPHUTh AUaMeTp Iapuka d
Y BBIYHMCIUTH paguyc I = d/2.
2. BeiBecTH MIApUK U3 MOJIOKEHUS PABHOBECHS TaK, YTOOBI YroJl OTKJIOHEHUS ¢
(cm. puc.l) 6bu1 Man. Onpenenuth BpeMms t matu (N=5) MOMHBIX KOJeOaHU ITapUKa.
OmbiT mpoBectu 9 pa3. Onpenenuts nepuon konedanuit T, =t /n. 3aHecTn naHHBIEC B

|
Tabn.1.
3.BeunciuTh cpeaHue 3HAUYCHUS pajauyca Imapuka < I > U nepuoja KojaedaHui
<T, >.
4. Onpenenuts citydaiible OTKIOHeHUs AT, =T,—<T, > Kka)aoro u3MepeHus Ie-

1 .
pHUoJa U cpeiHee KBAAPATUIHOE OTKIOHEHHE S = \/—12(AT')2 .Beraucnute morper-
n —

HocTh AT pesynbrara usmepenuii: AT =S/ Jn.
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5. lloactaBnsas <r> u <T > B ¢popmyiny (12), BBIYUCTUTH paanyC KPUBHU3HBI MO-
BepxHOCTH R.

6. Haiitu aGcomtoTHyto AR 1 oTHOcuTenbHY0 E morpemHoct B onpeaeneHuu R
o ¢hopmysiam

AR=Z2SR>AT L\ g AR
<T> <R>

JlaHHbBIE U3MEpPEHUH 1 BBIYUCIICHU 3aHeCTH B TabI. 1-3.

Ta0muma 1.
d, m <d>wMm |<r>wm
Tabmuia 2. Tabmua 3.
tic |n |[Tic S,c |AT, |R, |AR, |E, Ar,

C M M % M

KoHTpoJibHBIE BONIPOCHI

1. V3 kakuX COCTaBJISIONIMX CKJIQAbIBACTCS MOTHAS YHEPTHUs IIapuKa?
2. Korna coxpansiercs oJiHasi MEXaHUYECKasi JHEPTUSI?
3. Kak HanpaBieHbl CKOPOCTh U YCKOPEHUE LIEHTpa MaccC Mapuka?
4. VKaXuTe MOJI0KEHUE IIapuKa, B KOTOPBIX €0 IEHTP Oy1eT UMETh:
a) MaKCUMaJIbHOE yTJIOBOE YCKOpPEHHE; 0) MaKCUMAJIbHYIO JIMTHEHHYIO CKOPOCTb;
B) TaHIE€HIMAJIbHOE YCKOpPEHHUE, paBHOE HYJIIO; T) HOPMAIbHOE YCKOPEHHUE, PaB-
HOE€ HYJIIO;
OOBsicHUTE Balll BBIOOP.
5. Kakoii Bua uMeeT TMHaMU4YeCKOe ypaBHEHUE KoyeOaHui mapuka?
6. Chopmynupyiite ycliOBHsI, IPU KOTOPBHIX BO3ZHUKAIOT TAPMOHHYECKHUE KoOJieOa-
HUSL.
7. I[louemy yron OTKJIOHEHUS Iapuka (OT TOJIOKSHHSI paBHOBECHS) JTIOJDKEH OBIThH
main?
JIureparypa
1.CaBenweB U.B. Kypc obmieti huszuku. T.1. M:Hayxka, 1986.- rn.l, §4, rn.111, §24,
.V, §41-43, 53.
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JIABOPATOPHAA PABOTA Ne 7

OIIPEJAEJIEHUE KOY®POUIIUMEHTA TPEHUA KAYEHUSA J1JIA PA3-
HbIX MATEPHUAJIOB

Llenb paGoThI: onpeaeanuTh Ko3(pGOUIIMEHT TPEHUS KaueHUs IIUJIMHIPa IO TII0CKO-
CTH JUIS pa3IMYHBIX TIap METAITHYECKHUX IMOBEPXHOCTEH U ONPEACTIUTH MOMEHT UHEP-
IIUU CJIIOKHOM CHUCTEMBI METOJIOM KOJI€OaHUN

Teopernueckoe onucanue
PaccMOoTpuM HHMIMHP, TOKOSIIMICS Ha TOPU30HTAIBHOM IUTOCKOCTH (puc.l,a). Ha

HCTO IIGfICTBYI-OT ABC B3dMMHO YPABHOBCHINBAIOIMUC CHJIBL: CHJIA TAXKCCTHU G= m(j , TAC

M — Macca MUTMHPA, ¥ HOpManbHas peakuus mwiockoctn N . Ecn mpmmmzap (komeco)
KATHUTCS MO MJIOCKOCTH, TO MOSBIISIETCS TPEHUE KaueHHsl. MOXKHO BBIIEIUTH CJIEIYIOLIUE
IPUYHUHBI €0 BOBHUKHOBEHUSA. W UIMHIP U TUIOCKOCTh NMPU KaY€HUU AEPOPMUPYIOT-
cs. [Ipu 3TOM IPOUCXOAAT MOTEPH MEXAHWYECKOW SHEPIHH, CBSI3aHHBIE: a) C padOTOM,
3aTpadyrBaeMoil Ha oOpa3oBaHME Bajduka A 1eQOPMUPOBAHHON IJIOCKOCTH MEpE] KaTs-
muMcest nuiauHApoM (puc.1,0); 6) co ckatueM IJIOCKOCTH Mepes KaTSAMMMCS LUJINH-
JPOM U BBIIPSIMIIEHUEM €€ 32 HUM; B) C IPEOJ0JICHUEM MOCTUKOB CLEIUIEHUs — TeX 00-
JacTe!l Ha MOBEPXHOCTU CONPUKOCHOBEHUS LMJIMHAPA U IUIOCKOCTH, TIE€ U3-3a HEPOB-
HOCTHU MOBEPXHOCTEN CYLIECTBYIOT HACTOIBKO OOJIBIINE AABJICHUS, UYTO MEXY MOJIEKY-
JaMU LOWAJUHAPA U IUIOCKOCTH BO3HUKAKOT CUJIBI MEXMOJIEKYJISPHOTO NPUTSHKEHUS U
OHM B OTUX MECTaX "CLHEIUISIOTCS IPYT C APYTOM.

a 6 OTU TpU NPUYUHBI TPUBOJAAT K TOMY, YTO TOYKA

NPUWIOKEHUST HOpMainbHOU peakunn N cMemaercss Ha
paccTosiHUE J, B PE3yibTaTe BO3HUKAET MOMEHT CHJIbI
pEeaKIuy, HAMpPaBJICHHBIN 10 OCH BpalleHUs, KOTOpas

o
]

N ; A MPOXOJUT MEPIEHANKYIISIPHO TUIOCKOCTH PUCYHKA 1,
MPEISATCTBYIOINAN KAaUeHUIO HWIUHAPA. MoayJsb 3TOoro
MOMEHTa
Puc. 1 M, =No 1)

HOBTOMy Mk Ha3bIBAlOT MOMCHTOM COIIPOTHBJICHUA KaYCHUIO, @ BCIIMYNHY 5, quc-

JIEHHO PaBHYIO CMEIICHUIO TOUYKH MPHIIOKEHUs peakuuu miaockoctd N — kosddunmen-
TOM TpeHus kaueHus. KoadduuueHT TpeHus: KaueHus U3MepseTcsl B eIMHULIAX JITHHbI
U, KaK MmokasbiBaeT onbIT 0 << R (R — paguyc muunapa).

31



B pabote ucnonb3yroTcsi ABa )KECTKO CKPEIJICHHBIX
muwinHApa A 1 B ¢ HecoBmajaronyMu mnapauieIbHbIMU
ocsiMmu. OHU MOTYT BpalllaTbCcsl HA TOPU3OHTAIBHO PACIIO-
JIO’KEHHBIX 00pa3iiax pa3audyHbIX MeTallioB 1,2,3 (puc.2)
BOKpYT ocH 1mwmHapa A paaguycom R. Crpenka /I, npu-
KperUieHHasi K HHIMHAPY A, pukcupyet Ha mkaine H nu-
HEHHOE CMeIlleHrEe KOIeOolenlcs CUCTEMBI OT MOJI0XKe-

Puc. 2 uus paBHoBecHs. 11l — MITBIPEKK I yaepiKaHus o0pas-
os 1,2,3.

Tak kak ocu mMHAPOB A U B He coBmaaaroT, TO HeHTp macc cuctembl C Haxo-
nutcs Ha muaun AB Ha pacctostHuu CA = [ ot ocu mwmHapa A (puc.3). MoMeHT KoH-
CepBAaTHBHON CUJIbI TshKecTH M =mglSing cTpeMuTcs BepHYTh CHCTEMY B IIOJIOKCHUE

S S N N N 1,

paBHOBECHUS M IIPU MaJIbIX yIjaxX MmoBopoTa ¢ (SiN@ =~ () NpOonOpHHUOHATICH CMEIIECHUIO
13 TI0JIOXKEHUS PABHOBECHUSI (0. DTO SIBISICTCA YCIOBUEM TapMOHMUYECKUX KOJIeOaHUM, KO-
TOpbIe OYyJIET COBEpIIATh CUCTEMA OTHOCUTEIBHO MOJI0KEHUS paBHOBecus ¢ = 0 (cTpen-
Ka J| OTKJIOHSETCS TO B OAHY CTOPOHY, TO B APYT'YIO CTOPOHY OT moJioxkeHus O Ha mIKa-
ae H).

N3-3a neiicTBHS TMCCUIMIATUBHBIX CUJI TPEHUS KOJIe-

u OaHus cuctembl OyayT 3aryxaTh. OnpenenuM ypaBHEHUE
ATUX KojeOaHuil. 3anuiieM ypaBHEHUE ITUHAMHKU Bpa-
IATEIbHOTO JIBUKEHUS CUCTEMbl OTHOCHUTEIIBHO MTHO-
BEHHOW OCH Bpalll€HUs, NPOXOASAIIEH Yepe3 TOUKy S Ka-
CaHUs MWIMHAPA A C IUJIOCKOCTBhIO MEPHNEHIUKYISPHO
mI0ckocTu puc.3. KpomMe MOMEHTa CHUJIbI TSXKECTH JIeH-

_ CTBYET MOMEHT COMNPOTHBIICHUS KAUYCHUIO HA LWIUHAP

(1). Benmnuuna xosdduienta TpeHUs: KaueHUs! IPOTOp-

HUMOHaJIbHA cKopocTh V KaTsierocs 0e3 MpocKaib3biBa-

HUA nwimHapa A. Eciu y4ecTh CBS3b JINHEMHOM U YIJIO-
Boit ckopoctu mwmHapa:V = R(de/dt), To

Puc. 3

8=kV:de—(P, (2)
dt

1 u3 popmynsl (1) M, =Nd=Gd = mgkR?j—f[P.

Toraa ypaBHeHI/Ie JUHAMUKU UMECT BU
2

d—(zp:—mglsin(p—mgde—(P, (3)

dt dt

rac J — MOMCHT I/IHCpHI/II/I CHUCTEMBI OTHOCUTCIIBHO MFHOBeHHOﬁ ocu BpaH_ICHI/ISI S, 3HAKHN

B ypaBHEHUHU (3) MOKa3bIBAIOT, YTO MOMEHTHI CHJI MPENSATCTBYIOT YBEIMUYECHHIO yTia OT-

KJIOHEHUS ¢.

[Mpu Manbix yriaax ¢ (SIN@ =~ @) 3T0 ypaBHEHUE aHATOTMYHO JUHAMUYECKOMY

YPaBHEHHUIO 3aTyXalOIUX KOJICOaHHIA:
d’p do
T 2B+ wlp=0, 4
e B praiea (4)
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_ mgkR

rae B ] (5)
> _mgl
CO0 - J ' (6)

[TosToMy yros OTKJIOHEHUS CTpenKu [] OT mosioKeHus paBHOBECUS U3MEHSIETCS 10
3aKOHY

—pt
p=0,e " cosot, (7)
2 2
re =0, —p° - (8)
4acTOTa 3aTyXaloIIUX KOJEOAHUN; @o — YroJ OTKJIOHEHHS CTPEIKH B HauaJdbHBIA MO-
MeHT BpeMmeHu. Konebmomascs TakuM o0pa3oM cucTeMa SIBISIETCS Pa3HOBUIHOCTHIO
(U3UUECKOro MasiTHUKA.
CoBepmmB n MONHBIX KosieOanuii 3a Bpems t = NT (T — nepuon kosebanuii), cTpen-

Ka OTKJIOHUTCS Ha YTOJI ¢n (¢n < ¢o). Tak xak ITuHEHHOE cMeleHne a cTpenku [l BIoib
mkansl H mpomopuuoHanbHO yriy moBopoTa cTpelku ¢, To u3 (7) ciaemyer, 4dro

1
o, /9, =a la =e®" orkyna nomyunm f = &,
nT a
1 a,
Bennunny 0==In—= 9)
n a,
HAa3bIBAIOT JIOTAPU(PMUYIECKUM JCKPEMEHTOM 3aTyXaHHUSL.
Nmeem B= % (10)

[Moncrasisas Beipakenust (6) u (10) B dpopmyny (8) u yuurtbiBas, uro o=271/T,
HaxoAuM (opMyiy IJsi OmpeleleHHs MOMEHTa MHEepUuu J CUCTeMbl OTHOCUTEIIBHO
MTHOBEHHOM OCH BpalleHus S:

mgIT?
- 11
4r® + 07 (11)
N3 dopmyi (5), (10) u (11) onpenenum BeipakeHue s K:
= % _ (12)
R(4n" +07)
B nanHoii paboTe MOKHO JIMIIb TPUOIMKEHHO OLEHUTh KOA(P(UIIMEHT TPEeHUs Ka-
do

yeHus. J{ns atoro BocnonbzyeMcs hopmynamu (2) u (7). Halinem npousBoaHyO E:

d _ gt s
d_(tp =@, (-pe ™ cosot —me ™ sinwt)

MaxkcuMmasbHasi CKOPOCTh ABMKEHMSI IIEHTpa UMWIMHIpPA A TOCTUTAET TPHU I1yJI€BOM
yrJie OTKIOHEHHS ¢. JTO YCIOBHE BBINONHsETCs, kKorma CoSot=0 (Sinot=1). dus
YIIPOIIEHHs BHYUCIEHUH MOKHO MOJIOKHTh € ~1 (aMmuTyna cmabo yMeHbIIaeTcs
3a BpeMsl IepBOTo KoJeOaHus).
do

Torna
dt

¢,

33



Takum 00pa3oM, MaKCUMAaJIbHYI0 CKOPOCTb KayeHHs LMJIMHIPA, a TAKXKE OLEHKY
JUTsl KO3 (ULIMEeHTa TPEHUST KaueHUsI MOKHO OMUCaTh cienyoiei hopmynoi

. 2

d=kV = de_(p ~ kRop,m ~ kR -arcsin T
dt |AD|+R ) T

HOI[ I_[I/IJ'II/IHI[p A IHOAKIAABIBAKOT IIJIOCKUEC ITNIACTUHKHU U3 paBJII/I‘—IHOFO MaTepI/IaJIa,

YTO TIO3BOJISIET OMPEACIUTh KOAD(DHUIMEHTH TPEeHHS] NUIWHApPA ISl PA3TUYHBIX I1ap
(IUAMHAP-TUIACTUHKA) U CPABHUTH MOJIYYEHHBIE PE3YJIbTAThI.

(13)

3akoH CoOXpaHeHUuA MOJIHOM MeXaHHYeCKOoM IHEPTUN
Ilonnas MexaHudeckas OHCPIUA KOHCGpBaTI/IBHOﬁ CHCTCMBI, Haxom{meﬁcx B CTa-
MHUOHAPHOM IMOTCHIHUAJIIBHOM IIOJIC, IIOCTOAHHA. Ecan pa60Ta CUJI CTAODUMOHAPHOTO ITIO0JIA
HalI ‘laCTI/ILIeﬁ HC 3aBUCHUT OT IIYTH, HpOﬁIIeHHOFO I-IElCTI/I]_IGI\/'I, d 3aBHCUT TOJIBKO OT
Ha49aJIbHOT'O 1 KOHCYHOI'O ITOJOKCHHA YaCTHUIbI, TO TAKUC CHUJIbBI HA3BIBAIOTCA KOHCCPBA-
THUBHBIMH, a I10JIC IIOTCHIOHAJIBHBIM.

3aK0H M3MEHEHUS MEXaAaHUYECKOM IHEePTruM
[IpupaiieHne MeXaHUYECKON IHEPTUU YACTHUIIBI PABHO padOTEe HEKOHCEPBATHUBHBIX
CHIL.

IHopsinok BbINOIHEHHS PadOTHI

1. ITocTaBUTh KOJIEOATENBbHYIO CUCTEMY Ha METAJUIMYECKHE TUIACTUHKHU U3 OJIHOTO
MeTasuia Tak, Y4ToObl OHA HE Kacallach CTEHOK MPOPE3H, a CTPeJIKa MOKa3bIBaja HyJIb.

2. 3ajaTh HayaJdbHOE OTKJIOHEHHE (AMIUTUTYY) O, = 40 mm. Onpenenuts Bpems t
JUIs1 N TTOHBIX Kosiebanuit (n=10), aMmInTy1y o, N-ro KojaebaHus v BeIUYUHY Tepruoaa
no ¢gopmyne T=t/n. [ToBToputh M3MepeHus 5 pa3. HauanbHas aMImmTyna o, JOJDKHA
OBbITh OJIMHAKOBOM. /laHHBIE U3MepeHus 3aHEeCTU B Ta0J.]1 U BBIUKCIUTH CPEAHHE 3HAUE-
HAI < o >u<T >,

3. U3mepenusi HOBTOPUTH AJIA IUIACTUHOK M3 JIBYX APYTHX METAUIOB U JJAHHBIE
TaK>Ke 3aHECTH B TaO. 1.

4. Tlo cpegnum 3HaueHusIM < dp > 1 < T > 1o popmynam (9),(11),(12) u (13) ompe-
JEUTh JorapuPMUUYECKUid TEKPEMEHT 3aTyXaHus ¢, MOMEHT UHEepUUHU J, KO3 HULIUEeHT
POTIOPIIMOHATLHOCTH K U KOA((GUIIMECHT TPEHUS KaueHUsl 0 JUIs KaXIIOi Mmapbl MeTal-
J0B (UMJIMHAP-TUIACTUHKA). 3HadueHust m, | 1 R qaHbl Ha ycTaHOBKE.

5. CpaBHUTH MOJYYEHHBIE B TPEX OMNbITAX 3HAYEHHUS] MOMEHTA MHEPIUU J, BBIUKC-
JIUTH €ro cpeliHee 3HaueHue < J >. Bce manHbIe 3aHecTH B Ta01.2.

Tabmuma 1. m=..., R=...I= ..., |AD|=..., o=
HasBanue marepuaina
: 2. :
t,C n|Tecla, |tLcin |Tcla, [tc|n|T.c|an,
M M M
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<T>= <o <T>= <o, | <T>= <o
>= >= >=

Ta0muma 2.
1. 2. 3.
91 .J, Ke * kl, (92 J, Ke * kg, (93 J, Ke * k3,

M c M2 C M c

51, 52, 53;
M M M

<J>=

3aTyxaHus KOJeOaHUM CUCTEMbI?

MBI?

KonTpoabHbIE BONPOCHI

1. KakoB MexaHU3M BOZHUKHOBEHUSI MOMEHTA CUJI TPEHUS KAUEHUSI?
2. KakoB ¢wusnueckuii cMmpica kodduimenta TpeHus kaueHus? B uem npuumna

3. quy pPaBCH MOMCHT CHUJI COIIPOTHUBJICHUA KaUCHHUIO, KaK OH HaHpaBJ'ICH?
4. Korz[a COXPaHACTCA U KOrga U3MCHACTCA ITOJIHAA MEXAHUYICCKAsA OHCPIrusd CUCTC-

5. Yro Takoe norapupMuUecKuil JeKpEMEHT 3aTyXaHUsI?

6. UTo Takoe TMHAMUYECKOE YPaBHEHHE 3aTyXaloluX KoJieOaHuii?

7. BeiBenute pacuetHbie (popMyIbl s onpeaeneHus MmoMeHTa unepuuu J (11) u
koapurmenta K (12).

1.CaBenseB M.B. Kypc o6mieit ¢m3uku. 1.1. M:Hayka, 1986.- rIll, §21, 24,
VI, §53, 54
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JIABOPATOPHAS PABOTA Ne 8

OITPEAEJIEHUE CUJIbI TPEHUA CKOJIBXKEHUSA

Lenn Da6OTBII OKCIICPUMCHTAJIBHO OIIPCACIIUTD CUITY TPCHUA CKOJIbXKCHUS, UCITIOJIb-
3yA 3aKOHBI COXpAaHCHUA UMITYJIbCA U U3MCHCHUA MEXaHUYECKOU OHCPIHH.

Teopernueckoe onucanue

Ha mo6oe aBukymieecs Teso JeHCTBYIOT CUIIbI TPEHHUSL.

BHemHnM (CyXrM) TpEHHEM HAa3bIBAIOT SIBJICHUE, 3aKIIIOYAIOIIEECs] B BOSHUKHOBE-
HUU KacaTeJIbHbIX CHWJI, MPEMATCTBYIOIIUX OTHOCHUTEILHOMY MNEPEMEIIECHUIO TEN, B Me-
CTE€ KOHTAKTa ITUX TE.

Ecnu Tena HENOABWKHBI APYT OTHOCUTENIBHO APYTa, TO TOBOPAT O TPEHUU ITOKOS;
IIPU UX OTHOCHUTEJILHOM IEPEMEIEHUH F'OBOPAT O TPEHUHU CKOJIbKECHUS.

I AmoHTOH 1 II.Ky/l0OH yCTaHOBMIM ONBITHBIM IIyTEM 3aKOH CTaTUYECKOI'O Tpe-
Hus: llpenenpHoe 3HaY€HWE CHUIIBI CTATUYECKOTO TPEHUS IPSMO MPONOPLUUOHAIBHO
3HAYEHHUIO CHJIBI HOPMAJIBHOT'O JIaBJICHHS TEJIA Ha OIOpY, T.€.

F,:p =u'N; (1)
rae u* — koapPUIUEHT CTaTUYECKOIO TPEHUs; 4™ 3aBUCUT OT MaTepuaia U COCTOSTHUS
IIOBEPXHOCTH COIPUKACAKOLIUXCS TEIL.

JUtst TpeHus CKoJIbKeHUsl 3aKOH AMOHTOHa-KynoHa 3amuchIBaeTCs aHaJIOTMYHO
(1)

F,, =uN, (2)

r7ie 4 — KOd(pPUIMEHT TPEHUS CKOJIbKEHUS.
[Ipu ManbIx ckopocTsx Ha manoMm uHtepBaie OA

™ CWJIa TPEHUS MPUOIMKEHHO TOCTOSHHA, 3aT€M YMEHb-
. mIaeTcsi, JOCTUTaeT MUHUMYMa U HAYMHAET BO3PACTATh
by *\d/ (puc.1). Crporoili Teopuu CUJ TpPEHUS e€lIe HET, HO

MOXHO JaTh Clieytoiiee 0ObICHEHUE BO3HUKHOBEHUIO
CHUJI TPEHHUS: HA MOBEPXHOCTSX TEJI UMEIOTCS OTAECIbHBIC
BBICTYMNBI. [Ipy 3anermineHnn ux CylmeCTBEHHYIO pOJb
WUTPaIOT CWJIbl MOJIEKYJSIPHOTO TMPUTSIKECHUS, NCHCTBY-
O A V. romme B 3arerieHusx. COnpUKOCHOBEHHUE TeJ IMPOHUC-
Puc. 1 XOJUT B JACHUCTBUTEIIBHOCTM HA OTAEIBHBIX Y4YaCTKaX.
Hx o6mias miomnaapb 3HAYUTEIIPHO MEHBIIEe BUAUMOM ILIOIIAAU CONMPUKOCHOBeHUs. Ha
ATUX YYaCTKaX CO3/Ial0TCSI BEICOKHME MECTHBIE JaBJICHUS, KOTOPHIE BBI3BIBAIOT AedopMa-
MU TIOBEPXHOCTHOIO CJI0SI M B3aUMHOE BHEAPEHHUE OTACIBbHBIX MUKPOYACTEU TEI.

[Ipu nelcTBUU CUI TPEHUS CKOJIBKEHHSI BCETIa MPOUCXOIUT MPEBPAILLICHUE MEXa-
HUYECKOUW HEPruu BO BHYTPEHHIOWO, B pe3yybTaTe Teja HarpeBaroTcs. Cuily TpeHus
MOATOMY Ha3bIBAIOT JAUCCUIIATUBHOUN. PaboTa cuibl TpeHUS 1O J000MY IMyTH OOBIYHO
orpunarenbHas (A, < 0).
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JIyist onpenienieHust CUITbI TPEHUST CKOJTBKEHHSI B JaHHOW paboTe MPUMEHUMBI 3aK0-
Hbl COXPAaHEHUs UMITYyJIbCA U M3MEHECHHS MEXaHHUYECKON 3HEPruy MpPH HEYIPYroM Co-
yAapeHuu myiau ¢ muiuHApoM. IIpu BeICTpene u3
npykuHHOro nucroinera Il myns momamaer B 1u-
. muuap L, mepeMemiascy ¢ HUM MO HAIpPaBJISAIOMIEH
1 H (puc.2). [lo mxkane nuneitku JI onpenensercs Be-
JUYMHA NEPEMENIEHUS HUIIMHIpA C IyJIe Npu AeH-
Vi
X

CTBUHU CWJIbl TPEHUS CKOJIBXEHUS B MECTE KOHTaKTa
LWJIMH]IpPA C HAITPABIIAIOLIEH.
PaccmoTrpum cucremy "nyns-uunusap’. B
HaIlpaBJICHUU BbICTpeNa (OCh X) COXpaHAETCs MPo-
Puc. 2 €K1 UMITYJIbCA OTOM CUCTEMBI, T.€.

mV, =(m +my)u,, 3)
r7le Mm; U My — Macchl MyJIH U LHWIMHAPA COOTBETCTBEHHO; Vy U Uy — MpoeKun cKopo-
CTEH IMyJIM J0 yJapa U CUCTEMBI ITOCIIE yAapa IIyJIH COOTBETCTBEHHO.

Ha cucremy "nynsa-uunuaap" nmocne ynapa IEMCTBYET CHIIA TPEHUS CKOIbKEHUS.
YuuTsiBasi, 4TO NOTEHLMAIbHASL SHEPTUS ATOM CUCTEMbI HE U3MEHSETCA, IPUMEHSEM 3a-
KOH MU3MEHEHUSI MEXaHUYECKOW 3HEPIUu:

1
E(ml + mZ)U ? = FTpI ' (4)

rae F,,l — abcomoTHoe 3HaYeHne pabOThI CHITBI TPEHHS CKOJIBKEHHS TIPH TTepeMeltie-
HUM [WIMHAPA C MyJiel Ha paccrosHue .
AHaAJIOTMYHO UMEEM JIJISI CUCTEMBI ''TIPY>KUHA-3aTBOP-TTYJIs ' :

2 2
k; _(m, +;n3)v “F' X, (5)
rae K — koadduiueHt ynpyroctu; x — aedopmaiiust mpyKrUHbI, M3 — Macca 3aTBopa (3a-
TBOp ocTaercs B cTBoje); F',, — abconoTHOE 3HaUeHHEe pabOThl CUIIbI TPEHUS MIPH I1e-
pEMEIICHUH 3aTBOpa C IMyJIe B CTBOJIE HA IMyTH X (BBUAY €€ MaJOCTH MPUHUMAEM pPaB-
HOM HYJIIO).
N3 (3), (4) u (5) nonyyaem

B kx*m? 1
" 2(m+m)(m, +m,) |
[Mpumeuanue. Bemuunbl K, Mi, M, yka3aHbl Ha yCTaHOBKe; M3 = 0.

(6)

3aK0oH coXpaHeHUs MOJHOI MEXaHUYeCKOIl IHePruu

IHoanas MexaHu4deckKas JHeprus KOHcepBaTnBHOﬁ CHCTEeMbI, HaXoAAIelHcsa B
CTaIII/IOHapHOM NOTECHIMAJBbHOM I10J1€, IIOCTOSIHHA:
K+U _+U =const

cob 6Heut

rae U.,; — cCOOCTBeHHAs! MMOTEHIIMAIbHAS SHEPIUsl CUCTEMBI — 3TO DHEPTHUS B3aUMOJICH-
CTBHUSI IPYT C APYrOM BCEX 4acTull cucTeMbl. OHA 3aBUCHUT OT B3aUMHOT'O PacOJIOXkKe-
HUS YacTUl cucTembl; Ugy,e,, — BHEIIHSS MOTEHIIMATbHAS YHEPTUSI CUCTEMBI — 3TO CyMMa
MOTEHIMAIIBHBIX YHEPIUM BCEX €€ YACTHUI, HAXOASIIMXCA BO BHEIIHEM CTAIMOHAPHOM
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MOTEHIUAIBHOM ToJie; K — KuHeThueckasi 3HEpTrusi CUCTEMbI — 3TO CyMMa KHUHETHYe-
CKUX DHEPTUM COCTABIISIIONINX €€ YaCTHII.

Ecnu pabota cui cTaniMoHapHOTO MOJIS HaJl YacTUIEH HE 3aBUCUT OT IyTH, IPOU-
JIEHHOTO YaCTHUIIEH, a 3aBUCUT TOJHKO OT HAYAJIIbHOTO U KOHEYHOTO IMOJO0XKEHHUS YacTH-
1bl, TO TAKWE CUJIbl HA3bIBAIOTCSI KOHCEPBATHUBHBIMHU, a T10JIC MOTEHINAIbHBIM.

3aKoH U3MeHeHUsl MeXaHn4ecKoil YHeprum. [Ipupamienne MexaHnuecKko sHep-
I'MH YaCTHUIIbI paBHO pabOTe HEKOHCEPBATUBHBIX CHIL.

3akoH COXpaHCHUA NMITYJIbCa

3aMKHYTOI CHCTeMO# HAa3bIBAETCS CUCTEMA, HA KOTOPYIO HE IEUCTBYIOT HUKAKHE
BHEIIHHE Teja (WM WX B3aUMOJICHCTBUEM MOKHO MPEeHEOpeYb).

NMnyJsibe cHCTEMBbI YaCTHIl OCTAETCH NMOCTOSAHHBIM, T.e. HE MEHSAETCH CO Bpe-
MEHEeM, eCJIH CHCTeMa 3aAMKHYTAa MJIM CYMMa BCeX BHELIIHHMX CHJI, AefCTBYIOIIUX HA
YaCcTULbI ITOH CUCTEMbI, PABHA HYJIIO:

p=> P(t)=const
VY HE3aMKHYTOW CHCTEMBI MOYKET COXPAHSATHCS He UMITYJILC [, 2 €ro MPOoeKIus Py

Ha HaIIPaBJICHUE X, €CJIM PE3YJIbTUPYIOIIAs IIPOCKIIMM BCEX BHEIIHUX CUJI HA ITO
HaIIpaBJICHUE PABHA HYJIIO.

3akoH U3MeHeHus UMIyJabca. [ [pon3BoHas UMITybCa IO BPEMEHN OKA3bIBAECTCS
pPaBHOI BEKTOPHOU CyMME BCEX BHELIHUX CHJI (BEKTOpHAsI CyMMa BCEX BHYTPEHHHUX CHUJI
paBHa HYJIIO), JEHCTBYIOLIMX HA YACTULIBI CUCTEMBI

dp/dt=>"F,..

IHopsinok BbINOIHEHHS PAadOTHI

1. OrBectn 3aTBOp 3 muctoinera II B kpaitHee mosioxkeHUe ((HUKCUPOBAHHUE €TI0
IIPOUCXOJIUT aBTOMATHUYECKH ). CMENIEHNE 3aTBOPA COOTBETCTBYET CKATHUIO X MPYKHUHBI.
IIoMecTuTh myJIr0 B CTBOJI IPYKMHHOT'O ITUCTOJIETA.

2. Ilepemectuth nunuuAp Ll B cTOpOHY CTBOJIA MUCTOJIETA O YIIOPA.

3. Haxxatuem cBepxy BHU3 Ha ciyck C npousBectu BbicTpen. [lo mikane nuHerKn
JI onpenenuth nepemertenue | nuanHapa ¢ mysei.

4. OnbIT MOBTOPHUTH 5 pa3, HAUTH cpenHee 3HaueHue < | >.

5. Beraucnute < Fp, >, moxacrasnss | =< | > B (6). Pesynbrarsl u3mepeHuii u BbI-
YUCJIEHU 3anucaTh B Tabi. 1 u 2.

Tabmuma 1.

|, m

Ta0muma 2.

X, M my, ke | My, ke |K,Hm |<I>m |<F,,> H
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KonTpoabHbIe BONPOCHI

1. ChopmynupoBath 3akoH AMoHTOHA-KyIoHa.

2. ChopmynupoBaTh 3aKOH COXPAHEHUSI U U3BMEHEHHS UMITYJIbCa.

3. B xakux ciayyasix MOKHO PUMEHSTh 3aKOH COXpPaHEHUs UMITyJIbca AJid He3a-
MKHYTBIX cUCTEM?

4. BriBecTH pacueTHYI0 GOpMYITY JIsl OTIPEEIICHUS CHIIBI TPEHUS CKOJIbXKEHUS.

5. ChopMynupoBaTh 3aKOH COXPAHCHUS M M3MCHECHHSI MEXaHUUECKOW YHEPTHH.

6. OnpenenuTsb MyTh, MPOXOJUMBINA TEJIOM JO OCTAHOBKH, €CIIM 3a/1aHbl HAYAJIbHAS
ckopocTh U, Tena nociue yaapa u Ko3QQPHUIIMEHT TPEHUS i Tella O TOBEPXHOCTb.

1.CaBenweB U.B. Kypc obmieti husuku. T.1. M:Hayxka, 1986.- rn.ll, §15, 20-22, 24,
27
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JIABOPATOPHAA PABOTA Ne 9

OIIPEJAEJIEHUE YCKOPEHUSA CBOBOJHOI'O NTAAEHUSA
C IIOMOIbIO PUZNYECKOTI'O MAATHUKA

Lenn Da6OTBII OKCIICPUMCHTAJIBHO OIIPCACIUTDL YCKOPCHHUC CBO6OI[HOFO IHaacHUA
C ITIOMOIIIBIO (1)I/ISI/I"I€CKOFO MasaTHHKA.

Teopernueckoe onucanue

MaremMaTH4eCKM MasTHUKOM Ha3bIBAa€TCA MaTepHasibHash TOY-

Ka, NOJBEUICHHAs HAa HEBECOMOW M HEpaCTsHKUMOW HUTH. DPusnde-

od CKUM MasiTHUKOM Ha3bIBaeTCS JIIOOOE TBEPJOE TEJO, CIIOCOOHOE CO-

z c BepIIaTh KojeOaHusl MOJ JEHCTBUEM CHIIBI TSKECTH BOKPYT HEMO-

mg JIBH>KHOW TOPU30HTAIBHOM OCH, MPOXOAsIIel uepe3 Touky O, nexa-
IIYy1O BhIIIE ero neHTpa macc C.

OTKIIOHUM MasiTHHK W3 TOJIOKEHHSI PAaBHOBECHSI HA HEKOTOPBIN

yron ¢ (puc.l) u ornyctuMm. Bo3HuKaeT BpamlalIMM MOMEHT CHJIBI TSDKE-

Puc. 1

ctuM =[d, mg], npoexuus KOTOPOro Ha Och Z M, =—mgdsin, rme m — macca Tena; d

— paccTostHUE OT OCH BparieHus Z f0 1eHTpa macc C. 3HaK MUHYC BbIpaxkaeT TOT (akT,
YTO MOMEHT M; CTpeMUTCS YMEHBIIHUTH yroi ¢. [Ipu mManbix konebaHusx yroi ¢ Mai u
MOXHO TOJIOKUTHSINQ = @, mostomy M, =—mgh - ¢. IIpumenss ypaBHeHHE JUHAMHUKH

d 2
BpallaTeabHOro ABMXKEHUAM, = J -?ZP, nosyuyuM AuddepeHrnaIbHoe ypaBHEHUE
. d’p
rapMOHUYECKUX KosieOaHuid  (pu3nmyeckoro MasTHHKa: J - o =—-mgd-@ wm
d’¢ mgd y y
——+——@=0. CpaBHUBas 3TO ypaBHEHHE C YpPaBHEHHEM KOJI€OaHUI MaTepHUaIbHON
dt>  J

2
X o o
TOYKH F+0)§X:O MOKHO HaWTH COOCTBEHHYIO 4YacCTOTYy KoJeOaHWil (hU3UYECKOTO

mgd
MasiTHHUKA (Do = T HJIX BBIPA3HUTH IICPHUO
T:E=2n —J =27I\/I, 1)
®, \/ mgd g
rae I=J/md - (2)

MpUBEICHHAS JyIMHA (QU3NYECKOTO MAasSTHUKA (JVIMHA HUTH MATEMATHYECKOI0 MAasiT-
HHKA ¢ TAKUM JKe TIePHO0M, UTO U 'y GU3NIECKOr0).
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A B nannoii pabore ¢usznueckuii MasTHUK HpPEACTaBiIsieT coOOit
-2 METaJUIMYECKU CTepKEHb, B LIEHTPE KOTOPOTO >KECTKO 3aKperuieH
1 MacCUBHBIN Tpy3 (puc.2). Ha BepxHell MoJIOBUHE CTEPKHSI HAXOIUT-
Csl IpU3Ma, KOTOPYIO MOXKHO NepeMeniaTh U 3aKpervisiTh B BhIOpaH-
— HOM IIOJIO)KEHUU. OKCIIEPUMEHTAIBHO YCTAHABIMBAETCS 3aBHCH-
1 MOCTb IepHoJia KoJeOaHUil MasiTHUKA OT PacCTOSIHUS MEXKYy peopoM
3 A npusmsl u ieHTpom Mace C. Bun rpaduka npuseneH Ha puc.3.

JJi IpOM3BOJIBHOTO 3HAUYEHUs mepuoa T mpsimasi, mapaaiesb-
Has ocu abcuucc, 1aeT IBE TOYKH nepeceueHus ¢ KpuBoil: 1 u 2. To
€CTh, pacrojiarast peopo Mmpu3Mbl B Touke 1, Haxoxs-
mieiicst Ha paccrosauu d; or C, a 3areM B TOYKe 2,
HaxoJsIIelcs Ha pacctossHud Oy oT C, morydum om-
HAKOBbIE 3HAYEHUS TMepHoja KoJeOaHWW MasTHHUKA:
T:=T,=T. Torna na ocHoBanuu (1) u (2) momyvaem,
4TO MpHBeACHHas JuuHa | oTHOcHTenbHO TOukm 1
paBHa TPUBEICHHON JuMHE |; MasTHHKA OTHOCHUTEIb-
HO TOYKH 2.

(=
w2
11

d

b

@)

[ &=

Puc. 2

Hcnionb3ys BeipaxkeHue (2), umeeM

Puc.3
= o (3)
md, md,
ITo Teopeme LlIteintHepa
J,=J,+md/ul,=J_+md?, (4)

rae Jo — MOMEHT MHEPUHMH OTHOCHUTEIBHO TOPU3OHTAJIBbHOW OCH, MPOXOIAIICH udepes
neHtp Macc C u nmapajuiesIbHOW OCH KoJieOaHUM MasiTHUKA.

Tepema IlTelinepa
MomeHT uHepiuu Tena J OTHOCUTENbHO MPOU3BOJIBHOW OCM A paBEeH MOMEHTY
HHEPIIUHA J; ATOTO Telda OTHOCHUTEIBHO OCH, MapaJuleJIbHOM JaHHOI W NMpoXoasimiei
yepe3 neHTp mMace C, CI0)KEeHHOMY C IPOM3BENEHUEM MAcChl T€JIa M Ha KBaapar pac-

crostHust d MEXKTy OCAMH: J,=J_+md?

[Toncrasisis (4) B (3), uckirouas Je ¥ cokpariasi Ha M, Mojaydaem
l=d, +d,. (5)
Takum 00pazomM, uMest IKCIIEPUMEHTATIBLHYIO KPUBYIO (cM.purc.4) Juist 1000T0 3Ha-
yeHus T ¥ pOBeIs TOPU3OHTANBHYIO MpsAMYIo, 1o Gopmyite (5) onpenenum |. Toraa u3
(1) maitmem yckopeHue CBOOOTHOTO TIaJCHUS
A’
g= T2 (6)
Ha npsmMoii, coemunsionieit Touky moaseca A ¢ neatpom macc C Ha paccTosiHuH |
(T.e. HA PACCTOSIHUM, PABHOM IPUBEACHHON JTMHE (PU3NUECKOTO MasiTHUKA) OT 2, HaXO-
JIUTCA TOYKa 3. DTa TOUKA HA3bIBACTCS LICHTPOM KadaHUs. Eciy nepeBepHyTh MasiTHUK
U OCh KoJiebaHus OyJIeT MPOXOAUTH Yepe3 TOUKY 3, TO MEPHUOJ] ero KoueOaHui He u3Me-
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HUTCA. Toukn 2 U 3 Ha3bpIBAKOTCS CONMPSKEHHBIMH (cM. puc.2). Takxke OyayT compsi-
YKEHHBIMH TOYKH | u 4.
IHopsiaok BbINOJIHEHHS] PA0OTHI
1. OnopHyto npu3My YKpENUTh Ha KOHLIE CTEPKHS TaK, YTOOBI €€ ped-
po A ObuIO Ha YpoBHE OuKaiIlIed PUCKH CTEP’KHSA, KaK IOKa3aHO Ha
puc.4.
2. Usmeputs paccrosiaue d ot peOpa mpusmbl n0 meHTpa mMacc C

A

sl L LT

e CTEpKHA (Ha BEPXHEH MOJIOBUHE CTEPKHA yKa3aHbl 3HAYEHUSI PUCOK Yepe3
10 cMm ot entpa C).
3. PeOpom omnopHO#M MpU3Mbl YCTAHOBUTH MAasiTHUK Ha MOJICTaBKY IO-
CpeArHE MPOpe3u MEPNEHIUKYISIPHO € U OTKJIOHUTH Ha yroa 4° (KocHH-
. TECh IPY30M CTEHBI).
Puc. 4

4. CexynnomepoMm u3MepuTh Bpems ti momHbeix Np = 10 konebanuit
(HauYMHATh OTCYET BPEMEHHU NPU MPOXOKACHUHU MASITHUKOM JIF000ro Kpai-
HETO IMOJIOXKEHUS ). BerauciuTh neproa kosebanuii T; = ti/n;.

5. Tak e oIpenenuTbh BEIUYMHY NEpUOAa, MepeMelias KaxAblii pa3 ONOpPHYIO
IpU3My Ha TPU CAHTUMETPOB K LEHTPY cTepkHs. [lomyunTs 3HaueHus 15 nepuoaos.

6. [To moxy4eHHbIM JaHHBIM OCTPOUTH I'paUK 3aBUCUMOCTH MEPHOJa KOJIeOaHH
T ot paccrosinus d. Bun rpaduka npuBeneH Ha puc.3.

7. J11s mpOM3BOJIBHOTO 3HAYEHMs NEpUoAa | MPOBECTH MPAMYIO, MapalICIbHYIO
ocu abcuuce, KoTopas 1acT Be TOUYKU IepecedeHus ¢ kpuBoi: di u dy.d, +d, =1— npu-

BeJICHHAs JUTMHA MasiTHUKA [P 3TOM NEPHOJIe KOIeOaHUIA.

8. Yckopenue cBOOOHOTO MaIeHUs ONPeeTuTh 1o popmyiie (6).

9. AHanoruyHo TMOJCUMTATH Qi €Ille 4YeThIpe pa3a, Oeps Apyrue 3HaUYeHUs [ U
OIpeIeIIsiss COOTBETCTBYOIINE MM |.

10. Haiitu cpennee 3Hauenue < ¢ >.

11. Cny4aiinple OTKJIOHEHHUS KaXI0T0 U3MEPEHHS YCKOPEHHUSI CBOOOTHOTO TaJCHUS
onpenenuTs 1no (opmyneAg, =0,—<Qg>, a cpeiHee KBaApaTUUYHOE OTKIOHEHHE —

S= \/nLlZ(Agi)z . Tlorpemsocts pesynsrataAg =S /+/n .

12. JlanHBIC U3MEPECHUIA U BEIYMCIICHUNA 3aHECTH B Ta0J.1-2.

Tabmuma 1.

d, m

tc

T,c

Ta0muma 2.

Ti,c |di,m | do,m | gi, m/c? | (AG)?, m/c? | <g> S, m/c? | Ag, m/c?

13. 3anmcars pe3ynbTat B Bue: § = (< g > +Ag), m/c?
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KonTpoabHbIe BONPOCHI

1. JaiiTe onpeneneHre MaTeMaTH4eCKoro U (PU3NYecKoro MasiTHUKA.

2.BeiBeauTe popMyiy nepuojia KojaeoaHuii pu3nueckoro MasiTHUKA.

3. Uro takoe npuBeaeHHas qrHa? Kak oHa cBf3aHa ¢ MOMEHTOM MHEPIUU (PU3U-
YECKOro MasiTHUKA?

4. Yto Takoe CONpPSKEHHBIE TOYKU?

5. Chopmynupyiite Teopemy lllTeitnepa.

6. lllap u IUCK ¢ OAMHAKOBBIMH PaTUyCaMH M MAacCaMH COBEPIIAIOT KOJIeOaHUS
OTHOCUTEIIbHO TOPU30HTAJIBHOW OCH, MPOXOJSIIEH IO KACaTEIbHOM K ITOBEPXHOCTH.
PaBHBI JI1 4aCTOTHI UX KOJIEOAHUIT?

Jlureparypa
1.CaBenneB U.B. Kypc obmieit pusuku. T.1. M:Hayka, 1986.- IV, §33, .V,
§39, rn.VI, §46, rn.VII, §54
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JIABOPATOPHASA PABOTA Ne 10

N3yuenne Ko1e0aHUI MPYKUHHOTO MAATHUKA

Ienb paGoThI
N3y4unth cOOCTBEHHBIE KOJIEOAHUS MTPYKUHHOTO MasiTHUKA B BO3/yX€E, ONPEIEITUTh
KECTKOCTh MPYKUHBI ABYMSI CIIOCOOAMHU.

TeopeaneckoeBBeneHne

— I'apmoHnuyeckue Koe0aHusl.

// %\ ["apmoHnueckue KosieGaHus NPeACTaBISAIOT cO00N Mepruoau-

| YECKUHM MPOLECC, B KOTOPOM M3MEHCHHUE BEIUYMHBI MPOUCXOINAT

\ o / ¥ 1o 3aKOHYy KOcHHyca (Wi cuHyca). Hampumep, npoekuust paany-

ca-BeKTOpa I TOYKH, ABUXKYILEUCA IO OKPYKHOCTH, Ha OChb X, JIE-

Kalllyl0 B IUIOCKOCTU JBM)KEHUS TOYKU (puc.l), n3MeHsercs co

BPEMEHEM I10 KOCUHYCOMJAJIBHOMY 3aKOHY. Eciu OKpy»XHOCTH

uMmeeT paguyc A=|T |, a yriaoBas CKOpOCTb BpallleHUS TOYKH ® MOCTOSHHA, TO MPOEK-
s

Puc.1

x = Acosp = Acos(at +,)

[lepnon w3MEHEHHMS X, OUYEBHIHO, OyAeT paBeH
T=2n/w, rne T — BpeMs 0AHOrO 000POTa TOUYKH, Yepe3
KOTOPOE BECh MPOIECC B TOYHOCTU IOBTOPSICTCS; © —
o ; UKJINYecKass (KpyroBas) 4acToTa; (o — HayaJabHBIN
yroJI IOBOPOTA OTHOCHUTENIBHO ocH X. ClieZIoBaTeNbHO,
OTJIMYACTCSI MHOKHTENIEM 27 OT YaCTOTHI V.

LSS S LSS

AL 0 ©=2m1v
e | x iﬁ Tak kak MakCUMaJbHOE 3HAUYEHHE KOCHUHYCa PaBHO
€IMHUIE, TO MAKCUMAJIbHOE 3HAUY€HUE X paBHO A. OTO
Puc ? ¥ MakCHUMajbHOE 3HAUYEHHE Ha3bIBAETCS aMILIUTYIOH KO-

neOaHui.
AprymeHT kocunyca (ol+@,) HocuT Ha3zBaHue a3bl KoJeOaHU, a (o — HAYAIbHOM
¢da3wl KosIecOaHMIA.

[TycTh Teneph rapMoOHUUYECKUE KOJIeOaHUsI BAOJIb OCH X COBEPIIIAET MaTepUuaibHas
TOYKa MaccoM m. BrIICHUM Kakas IIpU 3TUX YCJIOBUSAX Ha HEE JIOJDKHA JIEMCTBOBATh CH-
Ja.

[Tpoekiusi CKOPOCTH TOYKH Ha OCh X

Vyx = dx/dt = — Awsin(ot + ¢,),
MPOEKIINS YCKOPEHUS
ax = dvy/dt = — Aw?cos(ot + @o) = — w?X.
ITo BTOpOMY 3akOHY HbrOTOHA
F =ma, =-mw’x=—kX,
riae K — nmoctostHHbIN KO3 DUITUCHT.
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Taxum oGpazom, AJig TOro YTOOBI MaTepUaIbHAs TOUKA COBEpIaia TapMOHUYECKHE
KoJie0aHus, IEUCTBYIONIAs Ha HEE Chja JOJDKHA OBITh IIPOMOPIIMOHATFHA X U HaIlpaB-
JIeHa B CTOPOHY, MPOTHBOIOJIOKHYIO CMEIICHHUIO X. Takas cuja Ha3bIBAeTCS yMpyroi
(wm B o011IeM cllydae — KBa3uymnpyrom).

PaccMoTpuM cucTeMy, COCTOSIIYIO M3 TPy3a MacCOi m, TIOJBEIICHHOTO Ha TpY-
KHHE, MAaCCOH KOTOPOH MOXHO npeHedpeub (puc.2). Ilycrs |, — amuHa npyxunsl 6e3
TIOJIBEIICHHOTO K Hel Tpy3a, TOra MO/ TSHKECThIO Ipy3a NpykuHa pactsHercs Ha Al = |
— |, . B monoxxeHn# paBHOBECHS MOIYJb CHIIBI TSDKECTH Mg PABEH MOJYIIIO YIPYTOM
criibl KAL:

mg =k(I-1,), (1)
rae K — koagdunment ynpyroctu npyxunbl. Kosddumnuent K aucieHHo paBeH cuie,
KOTOPYIO HY’KHO IIPWJIOKUTh K MPYKUHE IpU yIpyroi nedopmannu, YToObl pacTAHYTh
(unu cKaTh) NPYKUHY HA €UHUILY JJIUHBL.

Ecnu BbIBeCTH TIpy3 U3 noJoxkeHUs paBHoBecus 0, To Ha rpy3 Oyner JeiicTBOBaTh
JIOTIOJIHUTENbHAST CUJIa YIIPYTOCTH, MPOEKIMS KOTOPOW Ha HANpaBJIEHHYIO BHHU3 OChb X
Oynet paBHa F = — kx (3axon ['yka). [Tox neficTBHEM 3TO# CHIIBI TPy3, OCIE CMEICHHUS
Ha X = A ¥ npefocTaBieHHbI caMoMy cebe, OyJeT coBeplIaTh rapMOHUYECKHE KoJie-
O0anusa. OCHOBHOE ypaBHEHHE JMHAMHKHU TOCTYIMATEIBHOTO IBMKEHHUS (BTOPOU 3aKOH
HrroToHa) /U1 rpy3a NpUHUMAET BU

d?x
m—- = —kX. 2
e (2)
Pemenue aToro ypaBHeHus umeet BU (puc.3)
X =AC0Smot. (3)

@ynkuus (3) — 3TO 3aKOH JBUKEHUS Ipy3a Ha NPYXKHUHE, T1Ie A — aMIUTUTY 1A KOJie-
OaHus, T.€. HAUOOJIbIIEE OTKIOHEHUE TPy3a OT MOJI0KEHUSI PABHOBECHS.
[Moacrapnss pemenue (3) B (2), nomydaeM — Mm?ACOSmot = — KACOSmot.
Otcrosia coOCTBEHHAs! YaCTOTA CUCTEMBl (D = \/k/_m :
Tak xak T = 27t/ 0o, TO

T =2nm/k . (4)

B paccMOTpeHHOM NpuMeEpE HE YUYUTHIBAIACH CHIIA COPOTUBIICHHUS, IO3TOMY KO-
JeOaHus CAUTAIIUCH HE3aTyXaIOIUMHU.

IHopsigok BbIMOJIHEHHSI PadOTHI

1. IIpy nATH pa3aMyHBIX Ipy3ax B IMOJOKEHUU PABHOBECHS ONPENECIUThH JJINHY
PYXHHBI |,
2. IToctpouTts rpaduk 3aBucuMoctd Y =mg orX =1. B aToMm ciayyae nmomydaercs

nuHelHas 3aBucuMocTh Y = AX+ B, tne A =k, B, =k]l, (cm. popmyny 1). Meronom
HaWMEHBIINX KBaJIpaTOB OLECHUTH KOIPQUIMEHT ynpyroctd K, ¥ HadalpHYIO JUIMHY
npyxussil, = B, /k; . Maccel Bcex rpy30B yka3aHbl Ha HUX. [laHHBIC 3aHeCTH B TaOL. 1.

3. IloaBecuTh Ipy3 K 3TOU K€ MPYKUHE U BHIBECTU MASITHUK U3 TOJIOKEHUS PaB-
HOBECHS, CMECTHB BHM3 Ha 2—3 MM, U OTIYCTUTh. CEeKyHAOMEpPOM HU3MEPUTH Bpems t
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nosHbIX N = 20 KoneOaHuil (HAaUMHATH OTCYET MPHU MPOXOKACHUU IPY30M BEPXHETO WU
HIDKHETO mosioskenus). Torma nepuoa konedbanuii T = t/n.

4. IIpoaenaTh MyHKT 3 JJII YETHIPEX TPY30B Pa3IWyHON Macchl. JlaHHbBIE 3aHECTH
B Ta01.2.

5. HocTtpouts rpaduk 3aBucuMoctd Y =41’m oT X=T7, ucxoms u3 GopMyImsl
(4). B aToM ciydae nomyuaercs JTHHEiHas 3aBucUMocTh Y = AX+B,, roe A, =Kk,. Me-
TOJIOM HaUMEHBIINX KBaPAaTOB OIPEAEIUTh 3HaUeHUE K03 dUIMEHTa yIPyrocTuk, .

6. CpaBuuth K, u K,, NCHIONB3ysl pacCUMTaHHBIE MOTPEIIHOCTH KOAPPHUINEHTOB
YIIPYTOCTH B JIBYX dKcIiepuMeHTax. JlJIs 3Toro BBECTH pa3HOCTh 3THX uucen Z =K, —K,,

U paccuuTaTh €€ NorpemHocTs Az. Eciau OyAeT BBITOIHATHCA COOTHOLIEHUE Z < AZ, TO
MO>KHO CUUTATh PA3JIMYME B YUCIAX HECYIIECTBEHHBIM.

Ta0Omuma 1.
m, Kr mg, H I, M k., H™m
Tabmuma 2.
m, Kr t,c T,C An®m,xr | T2, c? K,, H/m

KoHTpoJibHBIE BONIPOCHI

1. KakoBbl HEOOXOIUMBIE YCIOBUS I BO3OYXKACHUS TAPMOHUYECKUX KOJIeOaHUI
B MEXAHUYECKOM CUCTEME?

2. YewMm ompepensieTcs nepuo, aMIuIuTy1a U HadayibHas (paza CBOOOHBIX MEXaHHU-
YECKUX FapMOHUYECKUX KOJIeOaHMt?

3. KakoB ¢u3uueckuii cMbici ko3 pUireHTa ynpyrocTa npy>KuHbl?

4. 3anucaTh JUHAMUYECKUE YPAaBHEHUS U 3aKOHBI ABMKEHUS TPy3a Ha IPYKUHE.

5. [onyuuts hopmyiy epuoaa KojaeoOaHu Mpy>KMHHOTO MasiTHUKA.
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JIABOPATOPHAA PABOTA 13

ONPEJEJEHUE OKA3ATEJISI AIMABATHI METOJIOM KJIEMAHA
U JIE30OPMA

Heap padoTbl: onpenenuTs Noka3aTeslb aauadaThl U CPAaBHUTH €r0 BEIMUYUHY C
TEOPETUUYECKUM 3HAUCHUEM.
OO0opynoBaHMe: CTEKIISIHHBIN OaIOH, KpaH, HACOC, MAHOMETP.

Teopeanecxoe BBCIACHHEC

Cpenu mpoiieccoB, MPOUCXOMASIINX C ra3aMu, 4acTO BCTPEYAETCS M OYEHb Ba)KEH
aanabaTUYECKUI Ipoliecc, MPOTeKAONIUIA 0e3 nmepeaayum Temia.

YToOBI MOJYYUTH €r0 ypaBHEHHE, BOCIIOJIB3YEeMCs MEPBBIM HayajioM TEPMOJIMHA-
MUKH. Ero dopmynupoBka: Temiaora, coobdmaemas cucreMe (rasy), HIeT Ha U3MEHCHHE
BHYTPEHHEH 2HEPruM CHCTEMbl M Ha COBEpIICHHE CHCTEMOMN pabOTHl HaJ BHEIIHUMU
cuiaaMu (TPOTHB JCHCTBUS BHEIIIHUX CHJIT)

0Q =dU +5A.

Jlns 3amucu mepeaBaeMoro Temia yAo0HO BBECTU TOHSITHE TEMJIOEMKOCTU

oQ

C=—-910 BCIIM4YHNHA, paBHAAd KOJIHMYCCTBY TCIUIOTBI, KOTOPYIO HAO0 COO6IHI/ITI> CH-
dT

cTeme, 4YToObl MOBBICUTH €€ Temneparypy Ha 1K. [lanee atum cumBosiom Oynem o0o-
3Ha4aTh MOJISIPHYIO TEINIOEMKOCTbh, OTHOCSIIYIOCS K | MOJIIO BEIIECTBA.

BennuuHa TEmI0OEMKOCTH 3aBUCUT OT €HOco0a, KOTOPBIM CHCTEME COOOIIAeTCs
Terio. [Ipomecchl ¢ MOCTOSHHOW TEIUIOEMKOCTBIO HA3BIBAKOTCS ITOJIMTPONINYECKUMMU.
OpHUM U3 TaKUX MPOLIECCOB SIBISETCS MPOLECC HarpeBaHUS UACAIBHOIO rasza IpH Io-
CTOSSHHOM 00beMe (M30XOpuYeckuil mpouecc). MonspHas TeII0EMKOCTb TaKOro Ipo-
necca odbosHauaercsaC, .

Tak kak paboTa, coBepIaemasi ra3oM IpH yBEIUYEeHUU ero oObema Ha dV paBHa
OA=pdV , To npu H30XOPUYECKOM IMpoiiecce padoTa Ira3o0M HE COBEpIIAcTCs, T.C.

0Q=dU u
_8Q _au
CV_dT S dT

OTCIOI[a, HN3MCHCHHC BHYTpeHHeﬁ OQHCPIUK OAHOI'0 MOJIA HACAIIBHOI'O ra3a 6yneT

V =const

dU =C,dT, a ans mpousBonbHOIl Maccel M raza dU = mC\/dT :
1l

Torma nmepBoe Havajgo TEPMOJWHAMUKH JIJIS MICATBHOIO ra3a MOYKHO 3alKcaTh B
BUJIE:

5Q="cdT ="c,dT + pav. 1)
u n
[Ipomecc, mpoTekaronuii Mpu MOCTOSHHOM JABJICHWUH, Ha3bIBaeTCs H300apude-

CKHM, a MOJISIpHasl TEIIOEMKOCTh JUIsl Takoro mporecca obo3zHavaercs Cp . Haiinem
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CBA3b MCIKAY TCIINIOCMKOCTAMMA IJI1 YIIOMAHYTBIX IIPOLCCCOB. I[J'I?I 9TOIr0 HaM IIOHAaAO-
ourcs YPaBHCHHUC COCTOSAHUA IJIXI OAHOI'O MOJISI HACAJIBHOT'O I'a3a

RT = pV, ()
rae - R - yHuBepcanmbHas raszoBas moctostHHas. OTcioma, mpu P=CONSt, HaxoauM,
dv
4TO0 — = —, a u3 ypaBHeHus (1) umeem
dT P=const P
C,dT + pdVv dv
C, = =C, +p| — [=C, +R. 3
p e SR el 3)

DTa CcBs3b MOJISIPHBIX TEIJIOEMKOCTEH Ha3bIBaeTCsl ypaBHEHUEM Maliepa.
Tenepsr paccMoTpum aamabatuyeckuii mporiecc, At koroporodQ =0, u mepBoe

Hayvajuo TepMoauHamMuKy (1) 71 OJHOro MOJIS UCAIBHOTO ra3a 3aluIIeTCs B BUAE:
pdV =-C,dT . (4)
B ypaBHeHuH coctosiHug (2) AJiE OJHOTO MOJISI UACAIBHOIO ra3a MEHSIOTCS BCe
TepMOJUHAMHUUYECKue TmapameTpsl, P, V, u T. Beruucnsas nuddepennuan, momy-

qum dT = M [loacTaBisii 3TO BhIpaXk€HUWE B YypaBHEHHE (4), HaXOAMM,
gro (C, +R) pdV =C, pdV =-C, Vdp.

OtHolleHre Y =—> Ha3pIBAETCA MOKa3areleM aauabarhl. B mocineqHeM moiry-

YCHHOM YpPAaBHCHHUH PA3JACIUM IICPCMCHHBIC U IIPOUHTCTPUPYCEM:

v __ Jd_P
V p’
OtcromayInV =—In p+const. Otcioga moiydaeM ypaBHEHHE aanadaTHYCCKOIO

nponecca Iyt HacaJIbHOIO ra3a njin ypaBHCHHC HVaCCOHa:
pV' =const. (5)
Hcnions3ys ypaBHeHHE cOCTOsiHUS (2) MOXKHO 3amucarh ypaBHeHue [lyaccona de-
pe3 aApyrue TeEpMOANHAMUYECKUE ITIEPEMEHHBIE:
TV =const umu T'p"" =const. (6)
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NneanbHblli Ta3 - 3TO COBOKYIHOCTH HE B3aWMO-
JICUCTBYIOIIUX JIPYT C IPYTOM Ha PACCTOSIHUM MOJICKYJI.
o THOATOMHAS . Takue MoJeKyabl K TOMY Xe He aedopMUpYIOTCs, T.€.

v 1= 3 umeror MOCTOSIHHYIO0 ()OPMY U OYE€Hb MaJbId paszmep.
7 T o Pa3zMepoM o1HOATOMHOM MOJIEKYJIbI BOOOIIE MpeHeOpe-
oz raloT, cCUuTas €€ MaTepuajbHOW TOYKOH, CIOCOOHOM
JByXaToMHas €& #—= | =5
w50,

MOJICKYJIBI
Z

X

ABUI'aTbCAd B TPCX HC3aBUCHUMBIX HAIIPABJICHUAX, T.C.

Zy, umeromieid 1 = 3 creneHn cBoOOAbl. JIByXaToMHbBIE U
MHOTOATOMHAS %? i=6 MHOTOaTOMHBIE MOJIEKYJbl HMEIOT JOIOJHHUTEIbHbIE
x#2 BpallaTeIbHbIe CTENIEHU CBOOO/IbI, MOKa3aHHbIE HA PUC.

Puc. 1 1

BuyTpenHsis sHEprus WacalbHOTO raza CKJIAJbIBA€TCS TOJIBKO U3 KUHETHYECKOU
HEprun ero Mosiekys. CKOpOCTH MOJEKYJ TaKOro raza pa3jiudHbl, HO MOJYUHSIOTCS
pacnpenenennio Makcsemia. C ero moMoIIbl0 MOXHO BBIYHCIIHTh CPEIHIOI0 SHEPTHIO,

1
NpUXOAAUIYIOCS Ha 1 cTeneHb cBOOOAbI MOJIEKYIIbIL: EkT ,rme K=R/N, - mocTossHHas

bonbumana, R -yHuBepcanbHass razosas mocrostHHas, N,- uucino Asoragpo. Torga
CPEIHSISI PHEPTUsI OJJTHOH MOJICKYJIBI C | CTENEeHsIMH CBOOOIBI paBHA < E >= %kT , & TaK
kak 1 w™momp raza comepxkur N, MOIeKyl, TO €ro BHYTPEHHSS OHEPruUs
U :NA<E>=%RT.

CpaBnauBas ¢ TepmoguHamudeckon ¢opmynon U =C, T, HaxonuM, 4TO uaeaib-

HBI ra3 M3 MOJIGKYJ C | CTENEeHIMH CBOOOJBI WMEET MOJIAPHBIC TEIJIOEMKOCTH
i |+ 2
C, ==—R; C,=C, + R=——R, u nokazaresnp agradaTs
2 2
I+ 2
Y="""" (7)
JIns omHoatoMHOro rasza y=1,667, nyis nByxaromuoro - y=1,40, 1ius MHOroaTom-
Horo - y=1,333.
Bozayx siBnsieTcs cMechi0 MHOTHX Ta30B - IByXaTOMHBIX Nz, O2,..., TpeXaTOMHBIX
- CO2, HoO m 1.11. Tak Kak 09 MHOTOATOMHBIX U OJJHOATOMHBIX I'a30B B HEM MaJia, TO
MO>KHO OKWJaTh, YTO BEIUYMHA Y JJIs1 BO3Ayxa OyAeT OJIM3Ka K COOTBETCTBYIOIIEMY

3HAYCHUIO JIJIs1 IBYXaTOMHBIX razoB:y ~1,4.

JIJIsi 9KCTIEpUMEHTAILHOTO OTPENIeTICHUsT TI0-
KazaTensi aauadaThl BO3AyXa HCIOIB3YETCS yCTa-
HOBKa, M300pakeHHass Ha puc.2. OHAa COCTOUT W3
0O0JBIIIOro CTEKISTHHOTO OamoHa b, coenrHeHHOro
yepe3 kpad K ¢ nacocom H unu armocdepoii. Ma-
HOMETp M CIyXHUT 1IJI1 W3MEPCHUS pa3HOCTEH
JaBJICHU ra3a B 0ayuioHe U B aTMocdepe.

T, armocdepa B ycnoBusix sKkcrepuMeHTa BO3AYyX MOXKHO
Puc. 2 CUUTATh UJI€aJIbHBIM Ta30M.

atMocdepa b H
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[ToBepuem kpan K B monoxenue |, coequnsst 6aiioH ¢ HACOCOM, U HAYHEM HaKa-
YHBATh BO3IyX B OJIOH. Tak Kak 3TOT MPOIECC MPOUCXOAUT JOCTATOYHO MEAJICHHO, TO
3a CUEeT TEIUI00OMEHA Yepe3 CTCKIISTHHBIE CTCHKH OaJlJIOHA YCIIEBAET YCTAHOBUTHCS TEIl-
JIOBOE paBHOBecHe. TemrmepaTypa Bo3ayxa BHYTpH OajuioHa MOCie HaKadyuBaHUS OyneT
paBHa KoMHaTHOU TemmepaType T1. Ho naBneHue BHYTpH BO3pacTeT 10 BETUIHHBI

P =P, +pghy, (8)
e Po - AaBJICHUE BO3yXa B OKpyXKaromeil atmocdepe, a pgh, - pa3HOCTb THAPOCTATH-
YECKUX JABJICHHI KUAKOCTH C IJIOTHOCTBHIO P B JIEBOM W mpaBoi TpyOkax U - oOpasHo-
ro maHomertpa (puc. 2).

Boitamum Teneps TpyOky kpana K, coemuusis 6amionH ¢ atmocdepoil. Bozmyx
O04eHb OBICTPO BBIXOAWT 4YEpE3 OTBEPCTHE, PACIIMPAACH, TEIJIOOOMEH He ycleBaeT
NPOU30MTH U MPOLIECC MOXKHO CUUTATh aauabaTudecKuM. B cOOTBETCTBUM C ypaBHe-
HUeM (3-6) pHu pe3KOM YMEHBIIICHUH 1aBIICHUSI YMEHBIIUTCS U TEMIIEpaTypa: BO3IyX B
OajuioHe OyIeT OXJIaXICH 10 TEMIIEPATYPhl HM)KE KOMHATHOM !

B MomeHT, Korja fgaBieHHME BO3JyXa B COCYJE CPaBHUBAETCA C aTMOC(hEepHBIM
(p' = p,, BBIPaBHUBAIOTCA YPOBHU XHUIAKOCTH B MaHOMETpE), IPOOKa KpaHa IUIOTHO 3a-

KpbiBaeT OauioH B nosioxkenuw |l (puc. 2). 3a cyer TemioooMeHa yepe3 CTEHKU 3aKphI-
TOro 0ajuIOHa HAYMHAETCS M30XOPUUECKOE HarpeBaHUE OXJIAXKIECHHOTO BO3/yXa B HEM.
[Ipu 3TOM naBiieHUe B OAJJIOHE PACTET U YPOBHU KUAKOCTH B MAHOMETPE MOCTEIIEHHO
pacxosITcsl 10 TeX Mop, MoKa TeMmmepaTypa BHYTpH OajuloHa HE CTaHET PaBHOM KOM-
HatHOU: Ty = T1 . B 3TOT MOMEHT JaBiieHHE BO3/yXa B Oa/VIOHE YCTAaHOBUTCSI HA BEJIH-
YUHE
P, = Po +pgh,. 9)
[Tponecchl, mpoTekarome B cUcTeMe, U300pakeHbl Ha puc. 3. B MOMeHT okoH4a-
HUSI aanabaTHOTO paclIUpeHus B 0aJIOHE OCTAHETCs YacTh BO3JyXa ¢ Macco M , 3a-
HUMAaBIIas epBOHaYaIbHO 00beM Vi, MEHBIINI 00bema OaiioHa Vi .
3anuiieM JJs 3TOM YacTh ypaBHEHUs aguadaThye-
i il
ckoro (6) u nzoxopuieckoro mnporeccos: T,p," =Tp,” u

T2=T1 &_ p2 — p2

=_—==_%, a 3aTeM YCTPaHUM HEU3BECTHOE OTHOIIIE-
T T, T,
2 1

T<T, HUE TEMIeparyp:

1y

Vg V ' v
’ LI (3 (10)

T Po P,
Jlorapudmupys nocnenanee ypasuenue (10), moayuum
—1_yln 1y =In P , OTKyza y:—ln(pllpO). (11)
Y Po P, In(p,/ p,)

[Toacrasmnsiem croga dhopmysl (8) u (9):
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pgh,

| | In| 1+ ——=
= n(pP./ Po) _ Po , (12)
In(p,/ py) —In(p, / ) In 1+m “In 1+Pghz
Po Po

Ho ypoBuu xuakocts (BOIBI ¢ IIOTHOCTEIO p = 1000 kr/mM%) pasasurarorcs B Ma-
HomeTpe M Ha puc. 2 Bcero Ha h~10+20 cm, u u30bITOUHOE AaBjieHue rasa pgh ~10°

5
ITa mHOro Menswme armocepHoro nasineHus p,~10° Ila. Ilosromy BenmuunHa

h _
X= PN 10? <<1, u B dopmyne (12) MOXKHO pa3NOKHUTH BCE JOrapubMbI B P,
Po
X2 X
OCTaBJIsisl cIaraeMble TOJIBKO TIepBOTO Mopsaka mamoctu: IN(1l+ X) =X — > - 3 +..2X

Torna u3 popmyinsl (12) noxyyaeM KOHEeUHYIO (GOPMYJy Jisi BBIYMCIECHHS MOKa3aTems
annadaThl:

Y= hth : (13)
2
TaKoii oKasaTelb MO3BOJIIET OMHCATh MHOTHE CBOICTBA UCCIEAYEMOr0 rasa, HO
TOYHOCTB €TI0 OHpe):[eJIeHI/ISI B JaHHOM 3KCHepI/IMeHTe HC CJIHMIIKOM BBICOKA, U HO3TOMY
BO3HUKAIOT OTKIOHEHNS OT TCOPETUYECKH OKUAEMOTO 3HAYCHAA Y ., <Yy &1, 4. DTO

CBSI3aHO HE TOJIBKO C TEM, YTO CBOMCTBA PEAJbHOIO BO3/yXa HEMHOI'O OTJIMYAIOTCS OT
CBOMCTB HJI€aJIbHOTO Tr'a3a M COCTOUT OH HE TOJBKO M3 JBYXAaTOMHBIX MOJIEKYJ, HO,
IJIAaBHBIM 00pa3oM - ¢ HECOBEPLICHCTBOM HCIOJIb3yeMoro odopynosanus. IIpu ycra-
HOBKe NpoOku kpaHa K B nonoxxenue |l (puc.2) ocrarorcst KpOXOTHBIE LIETH, U BO3IYX
TIOHEMHOT'Y MPOJIOJKAET BBITEKATh M3 OAJUTOHA TpU HarpeBaHuu. [loaTomy ypoBeHs hy
OKa3bIBAE€TCS HEMHOTO MEHBIIMM TOTO YPOBHS, KOTOPbI YCTaHOBUJICS ObI MPU HJI€aTb-
HO 3aKpbITOM OaioHe. Bennunnay, n3amMepeHHasi B TakO yCTaHOBKE, B COOTBETCTBHUH C

dbopmyioii (13) Toxke okakeTcst HEMHOTO MEHBIIICH, YeM UCTHHHAS.
KoHTpoJibHBIE BONIPOCHI

1. Chopmynupyiite |-e Hayasi0 TEPMOJIMHAMUKY Y 3aITUIIUTE €0 JJIsl U EaJIbHOTO
rasa.

2. Kakoii raz MOXHO cuuTaTh uaeadbHbIM? OT KakuX TEPMOJIUHAMUYECKHUX Tapa-
METPOB 3aBUCHUT BHYTPEHHSS SHEPTUS UICATBHOIO ra3a U 4YTO OHA ONMCHIBAET?

3. Kakue BenMuMHbBI BXOAST B ypaBHEHUE COCTOSHUS MaeallbHOro raza? Kakos ero
BU?

4. JlaiiTe omnpenesieHUE TEIUIOEMKOCTH. YeM OHa OTJnYaeTcss OT MOJIIPHOW U OT
yAenbHOU TeroeMkocTeil? [loueMy 1isi pa3HbIX MPOLIECCOB BEJIIMYMHA TEIJIOEMKOCTH
OJIHOW U TOM e cuctema paznuuyHa? Kakue BenTuunHbl CBA3bIBACT ypaBHEHUE Maiiepa u
KaK €ro MOJIy4YHUTh?
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5. Kakoii nponiecc Ha3zbIBaeTcs aguadbarndeckum? nonurponudeckum? Jlokaxwure,
4YTO M300apUUeCKUil, N30TEPMUUECKUI U U30XOPUUYECKUN MPOLECCHI SIBISIFOTCS TOJIUT-
pornnueckuMu. Kak Ha IpaKkTHKE OCYIIECTBUTh a1nadaTUUECKU ITpoLecc ¢ razoM?

6. BeiBeaure ypaBHenue Ilyaccona (3-5) nna aguabarudeckoro mpouecca. [lomy-
YUTE U3 HEro ypaBHeHHUE (3-0) ¢ MOMOLIbIO YpaBHEHUS COCTOSIHMS. YTO Takoe mokasa-
TeNb aauadaTer?

7. VneanpHBIi Ta3 pacmupsercs (Cxkumaercs) aguabaThyecku (M300apUyuecKH,
U30TEPMUYECKH). UTO MPHU 3TOM MPOUCXOIUT C JIaBIICHUEM, OOBEMOM, TEMIIEPATYpPOH U
BHYTpEHHEN 3Heprueil raza? OHM yBEIMYMBAIOTCS, YMEHBIIAIOTCS WM HE U3MEHSIOT-
cs1i? Hapucyiite nmpumMepHbie rpapuKy 3TUX MpoleccoB Ha Auarpammax a) T - p; 6) T -
V;B)p- V.

8. 3amumure BeIpa)keHUE BHYTpeHHEH 3Hepruu, temioemkocreit C,,C, u nokasa-
TeNsl anauadaTtbl B MOJIEKYJISIpHO- KMHETHYecKol Teopuu. Kak OoHM 3aBHCAT OT 4dmcia
CTereHer cBOOOIBI | MOJICKYJT ra3a?

9. BnaxxHOCTh BO3yXa B KOMHATE€ HAYMHAET BO3pacTaTh. YTO IPU 3TOM MPOUCXKO-
JIUT C €ro MIIOTHOCTHIO U TIoKa3zaTesaeM aauadatel? [louemy?

10.Kakue mporeccol ¢ Bo3ayxoMm B OamioHe b Ha puc.3- 2 mpoucxoasT mpu BbI-
MOJIHEHUH PaOOoThl: a) MpHU HAaKauWBaHUM Bo3Ayxa? O) mpu OTKpbiBaHMM KpaHa K? B)
IIPH €r0 MOCIEAYIONIEM 3aKpbIBaHUH? [l04eMy UIMEHHO 3TH ITPOLIECCHI?

11.B kakoii MOMEHT CJeIyeT IUIOTHO 3aKpbITh KpaH IMPHU BBINOJHEHUU PaOOTHI?
[louemy naBineHue BO3[yXa B 3aKPHITOM COCYJI€ HAYMHAET CHOBA BO3pAcTaTh JO BEJIH-
YUHBI pp? B Kakoli MOMEHT M 1O KakOM MpUYMHE 3TOT POCT JABJICHUS IpeKpauaeTcs?
[ToueMy naBieHHE p, HE MOKET BO3pAcTaTh A0 NEPBOHAYAILHON BETUYUHBI p1 7

12.BeiBenute ypaBHenus (3-11) u (3-13) mns ompeneneHus mokaszaTens aauada-
Ty . JIOKa)KUTE 3TOT BBIBOJ,.

13.Kak u3mepser aaBieHue Bo3ayxa B OamioHe manomeTp M Ha puc. 3-2?

14.TlouemMy SKCIIEpUMEHTANILHO OIpeAessieMas BEIMYMHA [MOKa3aTessl Y MEHbLIE
Teopernueckoi? Kakoil oHa aomkHA OBITH corjacHo Teopuu? OOBSICHUTE NTPUYHUHBI
pPacXOXACHHUS.

IHopsinok BbIMOJIHEHHSI padOThI

1. YcranoButh npoOky kpana K tak, uroOsl 6aysion b, KOTOpBI HaXOIUTCS O
CTOJIOM, coobmacs ¢ HacocoM H (B monoxxenwue | Ha puc. 2).

2. OcTOpOoXHO HakauaTh BO31yX B OamioH. Korma pa3HocTh YpOBHEW JKHUIKOCTH B
KojieHax MaHomeTpa gocturHeT 10-+15 cM, mpekpatuTh HakauMBaHHE W TOBEPHYTh
npoOky kpaHa K B monoxenue ||, utods1 cocyn He coobmancs ¢ atrmocdepoit. [Ipodka
KpaHa JI0JbKHA TUIOTHO MPUIIETaTh K €ro CTeHKaM W He JlaBaTh yTeuku Bo3ayxa. He 3a-
ObIBaiiTe 00 3TOM 10 KOHIIA HKCIIEPUMEHTA.

3. Uepe3 HEKOTOpOe BpeMsl, KOT/a AaBICHHE OKOHYATEJIbHO YCTAHOBUTCA M pas-
HOCTb YPOBHEH B MaHOMETpE MEPECTaHEeT YMEHBIIATHCS, U3MEPUTH N, - pa3sHOCTH ypoB-

HEl B JIECBOM M MpaBOM KosieHax maHomeTpa. Ecnu wHacoc H mpotekaer, wim mpoOka
KpaHa HE MOXeET OBITh 3aKpbITa OYEHb IUIOTHO, TO Pa3sHOCTb ypoBHeW h Oyxmer mocto-
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SHHO yMEHBIIAThcA. B 3TOM cityuae ciiemyer momoxaarh, korna h mocturHer BeIOpaH-

HOT'O 3HAY€HUs, U Cpa3y BBIIOJIHUTH CIEAYIOIINUNA IyHKT paOOThI.

4. BelHyTh NpOOKY KpaHa, JaBas BO3AyXy B COCYJE pacUIMpUTHCS Hapyxy. Pas-
HOCTh YPOBHEH JKHUIKOCTEH B MAHOMETPE PE3KO YMEHBIIUTCA ABYMS, CIETYIOIIMMU
JPYT 32 Ipyrom ckadykamu. Kak TONbKO pH BTOPOM CKAUKe YPOBHH >KHJIKOCTEH CTaHYT
omuaakoBbiMH, (h=0) mpoOKy ciieyeT HeMeIJIeHHO M MJIOTHO BCTaBUTH B KpaH K B
nosnoxkenue 1, 3akpriBas OanioH.

OO0 »TOM MOMEHTE BBIpAaBHUBAHUS JIaBJICHUS BHYTPHU U BHE OaJJIOHA MOXKHO CYAMTH
U TI0 IPEKPALIECHUIO 3BYKa U3/JaBAEMOTI'0 BBIXOISALINUM BO31YXOM.

[lepen nanpHEHIIMM BBIIOJIHEHHEM PA0OTHI HECKOJBKO pa3 MOTPEHUPYWUTECH B
BBITNIOJTHEHUH ITYHKTOB 1 - 4, 4TOOBI HAyUYUTHCS BCTABIAThH MPOOKY OBICTPO U B HY>KHBIN
MOMEHT.

5. Ilocne Toro, kak 0ayuIoH OyJET 3aKpbIT MPOOKOH, YPOBHH KHUAKOCTH B MAHOMET-
pe CHOBa HauyHyT pacxoauTbes. Cremyer MoJ0kAaTh, KOTa JaBJIECHUE OKOHYATEIbHO
YCTAaHOBHUTCSI U Pa3HOCTh YPOBHEW B MAaHOMETPE IEPECTAHET YBEINUYUBATHCS. 3aTEM 3a-
IHCaTh YCTAHOBUBIIYIOCS Pa3HOCTh YpOBHEW h, BOABI B 000MX KOJIEHAX MaHOMETpA.

6. OnbiT noBTOPUTH HE MeHee N = 9 pa3 sl pa3HbIX 3HaYECHUN HaYaIbHOU BEIHYH-
HbI h, Jexamux B npenenax 10 +15cwm.
JUI KayKoro OmbITa BEIYMCINTE y; 10 opmyde (13), a 3aTemM onpenenuTs cpen-
Hee 3HaueHUe MoKa3aTelsd aaquadaTei< y >. Bce u3MepeHHbIe U BHIYUCIICHHBIC BETUYU-
HBI 3aHOCHUTH B TaOIUILy 1.

h,cm
h,, cMm

Y
<y>= Ay = =

Ymeop -

Tabmuma 1

/. OnpenenuTth MOrPEIHOCTh MOJYYEHHOTO 3HAUE€HUS MoKa3aTens anuadarsl Ay .

8. Ilo dopmyne (7) BBIUMCIUTH TEOPETUUYECKOE 3HAUCHUE IOKa3aTess aauada-
THLY,,,,» CIUTAs JUIs BOMyXa | =5, N CPABHUTB MONYYEHHbIH PE3YIbTAT C< Y >.

Jluteparypa
1. CagenneB U.B., Kypc o6mieit ¢puzuku,1973, ra. Xl, c. 94 - 98.
2. Kommakos FO.H., Tlexap 10.A., Jlexxuesa JI.C., TepmoanHamMuKa ¥ MOJIEKYJISAP-

Hasg ¢usmka, 1999, rm. I, 4 -9.

53



Jlabopatopnas pabota Ne 14

OITPEAEJIEHUE KO®OPUIIUMEHTA IOBEPXHOCTHOI'O
HATAKEHUSA BOAbBI METO/IOM OTPBIBA KOJIBIIA

Lens pa®oThl: U3MEPUTH KOAP(HUIIUEHT TOBEPXHOCTHOTO HATSKEHUS BOJABI IIPH
KOMHATHOM TeMmIeparype.

Teopernueckoe onucanue.

Kuakoctn 0651a7ar0T MOBEPXHOCTHBIM CJIOEM,
COCTOSIIIUM M3 MOJIEKYJ, oOnagaronmx OobIiei mo-
_ , TEHIIMAIBbHON JHEPIUH, 4YeM BHYTPEHHUE MOJIEKYJIBI.
SEpSD @Momwmmm Mexay MonekyiaaMu JIEUCTBYIOT CHJIBI MPUTSKEHUS,
- z OUYeHb OBICTPO YOBIBAIOIIME C PACCTOSIHHUEM, TIOITOMY
e === e BO3JIE KaXIIOM MOJIEKYJBl MOKHO OUYEpPTUTH cdepy

Puc.1 MOJIEKYJISIPDHOTO JEWCTBUSL TaK, YTO BBIICICHHAS MO-
JeKyna OyJeT B3auMOJICHCTBOBATh TOJBKO C MOJIEKY-
JaMHU, OKa3aBIIMMHUCS BHYTpHU 3To# cdephl (puc. 1).

Ecnu Mosnekyiia HaXOIUTCSI BHYTPH KUIKOCTH, TO OHA B3aUMOJEICTBYET C MOJIe-
KyJIaMH-COCEIIMH, OKPY>KAaIOIIUMH €€ CO BCEX CTOPOH, M PE3YyJIbTHUPYIOIIAs CHII IPU-
TSOKCHHUS paBHA Hy/i0 (a u b Ha puc.1). Haobopot, MoJiekyna, HaXoAsImascs Ha I10-
BepxHOCTH *)uakoctd (0 Ha puc.l), OKpyKeHa MOJIEKYJIaMH-COCEIIMH JIUIb HAIOJIO-
BUHY U Ha HEe JCHCTBYET HECKOMIIGHCHUpPOBAHHAsl CUJIa, HAIpaBJICHHAs MEpPHEHIUKY-
JIIPHO K TTOBEPXHOCTHU BHYTPb KUJAKOCTU. Takas e cuiia, TOJbKO TOMEHbIIIE, 1eUCTBY-
€T U Ha JII0OYI0 IPYTYIO MOJIEKYJy, OKa3aBIIYIOCS BHYTPH CJIOSl TOJIIMHOW, paBHOM pa-
JIMYCY MOJIEKYJIIPHOTO AeicTBus (¢ Ha puc.l).

CrnenoBaresibHO, TOBEPXHOCTHBIM CJIOM OKa3bIBAET JABJICEHHE HA OCTAJIBHYIO
KUJKOCTH (JaBJIeHWE HA3bIBAIOT BHYTPEHHUM) U OHO JIOCTUTAET OYE€Hb OOJIBIIUX BEIIH-
9uH. JTO, B CBOIO OYePE/Ib, 03HAYACT, YTO TTOBEPXHOCTHBINA CJION 00J1a1aeT N30BITOYHOM
(IO CpaBHEHHIO C OCTAILHOM >KUJKOCTBIO) DPHEPTUEH, KOTOPYIO HA3bIBAIOT MOBEPXHOCT-
HOM. OUeBUAHO, YTO OBEPXHOCTHAS SHEPTUs MPONOPLUHUOHAIIBHA YUCITY MOJIEKYJ B T1O-
BEPXHOCTHOM CJIO€, T.€. TJIOMIAU TOBEPXHOCTH KUJIKOCTU S

Unos=0"S. (1)

KosgppuuueHT NpOonopuuoHaIbHOCTH G, YUCJICHHO PABHbII MOBEPXHOCTHOMI
JHEPIruHu, MPUXOASIIEHCH HA eJUHUNY IUIOINAAHA MOBEPXHOCTH, Ha3bIBaeTcsl K03 (-
(pUIHEHTOM NOBEPXHOCTHOI0 HATSI2KEHUSI.

N3BecTHO Takke, YTO B COCTOSIHUM YCTOWYMBOIO paBHOBECHs JII0Oas cucreMa
o0nazaeT MUHUMAJILHOM MOTEHUHUATbHON sHeprueil. [103ToMy MOBEpXHOCTHBIN CIION
CTPEMUTCS MPUHSATH Takyto (GopMy, TP KOTOPOI €ro MOBEPXHOCTh OyJeT HauMEeHbIIeH
(torma u Uyes TocTUTaeT MUHUMYMA, Kak 9To ciaeayeT u3 Gpopmyssl (1). Ecim ke uckyc-
CTBEHHO YBEJIMUMBATh MOBEPXHOCTH KUAKOCTH, TO B TIOBEPXHOCTHOM CJIO€ BO3ZHUKAIOT
CHUJIBI, TIPEMATCTBYIOIIUE dTOMY, — OHU Ha3bIBAIOTCSl CHUJIAMU MTOBEPXHOCTHOTO HATSKE-
HUS

nencTBUs

Takum 00pa3om, MOBEPXHOCTHBIN CJIOW MOXO0X Ha YNPYTylO IUIEHKY, KaKk OyaTo
OBl HAXOSALIYIOCS HA IOBEPXHOCTH KHJIKOCTH.
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: Paccmotpum npumep. Ilycts xuakast (MbUIbHAS) MJICHKA
L1 orpaHu4eHa MPSMOYTOJbHOM MPOBOJOYHOM pPaMKOM, OJHA U3
CTOPOH KOTOPO# JyHOI | MOXeT mepeMeriarbest BJ0Ib 0CH X

(puc.2) mox neWicTBMEeM BHeEIIHEW cuiblF . DToit cume Oyaer

dx HpOTHBOI[CﬁCTBOB&TL ChJIa IMMOBCPXHOCTHOI'O HATAKCHHUA FH B

Puc.2

cllydyae KBasucTaTuueckoro (memsieHHoro) mpoueccak, =F.
[Tprn mepememennn Ha OX cmima F coBepmaer padorydA=FdX, a moTeHIMaabHas

sHeprus mnosepxHocTH yBenmumBaeTca HadU, =c-l-dx. Tax kakdA=dU__, TO
F=c-lu
F.=c-1. (2)
. ®opmyna (2) MO3BOJSAET MO-IPYyroMy oIpese-
OBCpPXHOCTH
wuaKoeTH JIATh G, & UIMEHHO KaK CHJIy MOBEPXHOCTHOIO HATsI-
@ JKeHHs, MPUXOAAIIYIOCS HA eIHHHIY AJIMHBI KOHTY-
ormamoms P2 OTPAHHYHBAIOIIET0 HOBEPXHOCTb. M3 sToro xe
KOHTYP IprMepa BUIHO, YTO CHJIA TIOBEPXHOCTHOTO HATSHKEHHUS
Puc.3 HalpaBjIeHa 10 KacaTelIbHOH K MOBEPXHOCTH M Iep-

NEHIUKYJSIPHA K JIMHUW, OTPAaHUYUBAIOIIEN TOBEPXHOCTH (pHC. 3).

Onucanue yCTAaHOBKH
YcTaHOBKa COCTOUT U3 MPYKUHBI 1, K KOTOPOH MOJBENIEHO JETKOE AITFOMUHHUEBOE
KOJIBIO 3 C TOHKMMHU CTEHKAMH M YalIKOM 2 HaBepXy, MacIUTaOHOW JTMHEHKH 5 U cocya
4 ¢ TUCTUIUTMPOBAHHOM BoAOM (puc.4).

Ecnu cocyn ¢ BomoW MoABECTH K KOJIBIY IO COIPH-
KOCHOBEHUS, a 3aTEM IUIAaBHO OIyCKaThb, TO XUIKOCTD,
CHENMBIINCh C KOJIBLIOM, OyAeT TAHYTh €ro 3a coOoH,
pacTAruBas MPY>KUHY 10 TEX IOp, IOKa KOJIBIIO HE OTO-
pPBETCS OT JKMAKOCTU. B MOMEHT Iepes caMbIM OTPBIBOM
HACTYyIIaeT PaBHOBECHE, KOT' 1A U KOJIbLIO, U JKUJIKas IUICH-
Ka MOKOATCA. B 3TOT MOMEHT chjia ynpyrocTy ImpyKHHBI
paBHa CWJIE IMOBEPXHOCTHOIO HATshKeHUA. [loBepxHOCT-

F Hasl TUIeHKa OyZeT UMeTh BUJ, TOKa3aHHbIN Ha puc. 5., rae AF,

— CHJIA TIOBEPXHOCTHOT'O HATSKEHUS, IEUCTBYIOIIAsl HA JIIEMEHT
KOHTypa. Moaysb ITOJTHOW CUIIBI

A M g N _
Al Y =l YRy F =o(L+1,), 3)
seavesnsy By il rae |, u |, — naMHBI IBYX KOHTYPOB (OKpPY>KHOCTEH), OTpaHUYH-

BAIOIIMX MOBEPXHOCTh kuakoctu. Tak kakl ==nD,, |, =nD,,
rne D, u D, — BHemIHHI ¥ BHYTPEHHHUH TUAMETPhI KOJIbIA, TO

u3 (1) monyuaem

I:H
"B, 45 K
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BoinosiHeHue padoThI
1. IlItanreHnupKyneM H3MEpUTh HapykHbli D, u BHyTpeHHuil D, nuamerpsl
KOJIbLA B IISATU MecTax. /laHHbIe 3aHecTH B Tabiuny 1.
2. IlogBecuTh KONBLO K MPYKUHE.
3. OnpenenuTs MO MKaJIE MOJOXKEHUE N, BEPXHEH YaCTH YAIIKK 2 HaJl KOJIBLOM B

HeHarpyxeHHoM coctosiHuu (F=0). CmoTpeTh Ha MIKaly HYKHO Tak, YTOOBI MepeHui
BEpX YalIKy coBMai ¢ 3aaHUM. OO0 3TOM He clieyeT 3a0bIBaTh /10 KOHIA IKCIIEPUMEHTA.

4. B3ath onHy TUpbKY (IUdpBl Ha KaXAOW TUPbKE yKa3aHbl B MWUIMTPaMMax),
IIOMECTHUTH B LICHTP YAIlKK 2 U ONIPEJEINUTB 10 IIKaJIE ITOJI0KEHUE N, €€ BEPXHETO Kpasl.

5. VYBenuuuBas Harpy3ky F (mociemoBaTenbHO J00ABISS 1O OJHOW TUPBKE, HE 3a-
OBIBATE TIOJCYUTHIBATh KAKIBIM pa3 OOIIYI0O CYMMY Harpy3kd B MHIJUITUTPaMMax),
ONPENEIATH IO MIKAJE MOJI0KEHUE N BEPXHEro Kpas yamku 2. JlaHHbIe H3MEPEHU 3a-
HECTH B Ta0OI. 2.

6. CHATH BCE TUPBKHU C YAIIKH.

7. llogauMats cocyn 4 ¢ BOJIOM JI0 TE€X MOP, IMOKA MOBEPXHOCTh BOJAbI HE KOCHETCS
HUKHETO Kpas koJiblia. CrequTh 32 TeM, YTOObI 3TOT Kpal TOJIBKO CMAauuBaJICs, HO HE
OITyCKaJICA BIIIyOb BOJBI. 3aT€M, MEIJIEHHO U PAaBHOMEPHO OMYyCKasi COCY]l, YJIOBHUTH
paBHOBecHe (CHUCTeMa HAaXOJUTCS B TIOKOE) TMEpel OTPHIBOM KOJIbLIa M 3aMETUTh I10
IIKaJIe MOJIO0XKEHUE N, BEPXHEro Kpas Jamku. Mi3mepeHus npojenars He MEHee 5 pa3 u

HalTHU cpeliHee apupMEeTUIECKOe 3HaquHe<nH>. JlanHbie 3aHecT B Ta0auny 1.

8. OCTOpPOKHO CHATH KOJBLO C MPYKUHBI U ITOJOKUTh
Ha YCTaHOBKY.

9. Iloctpouth rpaduk TrpagyupoOBKH MPYKUHBI n(F),

NpUHUMasl 32 Hayauo KOOpAMHAT 3HaueHue N,. Bun rpadu- . {
Ka TpeJICTaBIICH Ha pUC.0. I

10. 3Hasa pacTsikeHHe NPY>KUHbI <nH> oA ACHUCTBUEM  ng F, F
CHJIbI TIOBEPXHOCTHOTO HATSKEHUS, MO0 TIOCTPOEHHOMY Ipa- Prc.6

(uKy onpenenuTs ee 3HaueHue F, B MUIMTpamMMax, a 3aTeM nepesectd B HproTOHBI.

11. Berurciiuts B CU k03¢ PpULIMEHT MOBEPXHOCTHOTO HATSKEHUS BOJBI G.
Tabmauma 1

Howmep onsbiTa D1, M Dy, M n

Cpennee 3HaYeHUE

Tabmuma 2
F
n
Fo, H= o,Hm=
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KonTposabHbIE BOIIPOCHI.

1. Kak 0OBSICHUTD CTpEMJIEHUE KUIKOCTH COKPATUTh CBOIO CBOOOIHYIO IOBEPX-
HOCTB?

2. Ha uro 3aTpaunBaercs paboTa nIpy yBEIUYEHUH IOBEPXHOCTH KUAKOCTU?

3. latp nBa onpeaeneHus K03 PuirienTa HOBEpXHOCTHOTO HATSKEHUS. EquHUIIbI
€ro U3MEPEHUSI.

4. BeiBecTu pacueTHYI0 (hopMyity KO3PPUIUEHTA TOBEPXHOCTHOTO HATSKEHUS.

5. Kak HanpaBiieHa cujia HOBEPXHOCTHOIO HATSDKEHHSI B MOMEHT OTPbIBa KOJIbIIA?

6. Kak 1 0T yero 3aBUCAT CHIIbI MOJIEKYJISIPHOTO B3aUMOJCHCTBUS U KO PULIeHT
MOBEPXHOCTHOTO HATSKEHUS?

7. MOXHO 71 OonpeIeuTh KO3((OUIMEHT MOBEPXHOCTHOTO HATSHKEHUSI METOJIOM
OTpBIBa KOJIbIIA, €CIIU )KUIAKOCTh HE CMAaUYUBAET KOJIBLIO?

Jlureparypa.
1. CasenneB U.B. Kypc ¢usuku. T.1 - M., Hayka, 1989. 352 c. I1ap. 92,93,94.
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JlabopaTtopHas paborta Ne 15

OIPEJEJIEHUE KOD®OUIIUEHTA BSI3KOCTH KUJIKOCTH
10 METOAY CTOKCA

Lenp pa®OThI: MO3HAKOMUTHCS C SIBIICHUEM BHYTPEHHETO TPEHUSI U OIIPEICIUTD
KO3(pbULIMEHT BHYTPEHHET0 TPEeHUs (IMHAMUYECKU KOA(DPUIIUESHT BA3KOCTH) IO Me-
toxy Crokca.

BbinoJsiHeHue padoThl

1. Usmeputh MukpomeTpoM auamerp d mapuka B MHJUIMMETpax (MM) M OIpene-
JIUTh €r0 PAInycC B METpax (M).

2. OCTOpOXXKHO OTITYCTHTh LIAPUK IO IIEHTPY COCYyJa HEMOCPEACTBEHHO HaJl MO-
BEPXHOCTBIO UCCIIETYEMOM KUAKOCTU U OMPEIEITUTh C TIOMOIIBIO CEKyHIOMepa BpeMs t
MPOXOXKJICHUS IIapUKa MEX]y METaUIMYECKUMH KOJBIEBHIMU METKaMU Ha COCY/IE.
Bepxusiss MeTKa T0OJDKHA HaXOAUTHCS HE MEHEE JECSATH CAHTUMETPOB OT MOBEPXHOCTH
KUKOCTH.

3. OnpeaenuTh Mo MacTaOHOM JTMHEHKE paccTosiHue | MEeXIy METKaMH M BBIYHC-
JIUTH CKOPOCTH mmapuka V = |/t (Berauciauts B CH).

4. OnbIT NOBTOPHUTH €IIE C YETHIPHMS IIAPUKAMU.
5. Beruncnuth quHamudeckuid kosdduiment Bsizkoctn B CU mo dopmyne (2) B

Ka>XJ1OM OIIBITC U HaWTU CPCOHCC 3HAUYCHHUC <1’]> .

6. Pe3ysibTaThl ONBITOB M PACYETOB 3aHECTH B TAOJIHILY.

Ne o |d, [r, (L[t v, [, [Ami [(Am)?

MM (M |M [c |M/c |ITa-c |[Ta-c |[Ta%c
2

1
5
=
[InotHOCTH HccnexyeMoit xuakoctu py = 1,2-10% kr/m3;
IJIOTHOCTH cBUHIA P2 = 11,4-10% kr/m3,
7. OmpenenuTs CIyd4alHbIE OTKIOHEHHA An, =), —<n> KQKIOr0 U3MEpEHUs U
1 2
cpejiHee KBaJpaTHYeckoe OTKIOHEHHe S = —lZ(Ani) . BBIUMCITHTB MOrPEIIHOCTS
n —

An pe3yabTaTa U3MepeHui: An =3 / Jn
8. 3ammcarth pe3ysbTarT B BUJE: 1= ((n) + An) Ia-c.
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Teopernueckoe onucanue

HeonHopoiHOE TeueHHe KUIKOCTH, T.€. TAKOE, IPU KOTOPOM CKOPOCTh TE€UEHUS
e pa3ivyHa B Pa3HbIX MECTax, HE SIBISIETCS PABHOBECHBIM.
Tpenn [ToaToMy B >XHIKOCTH OyAYT NPOUCXOIUTH IMPOIIECCHI,
' CTpPEMSILUECS BBIPOBHATh CKOPOCTh Te4YeHUsA. Takue mpo-
LIECCHl HA3bIBAIOTCS BA3KOCTBIO WJIM BHYTPEHHUM TPEHUEM.
[Ipenmnonokum, 4To KUAKOCTh BCIOJy TE€UET B HaIpaBIie-
HAW OCH Z , a 3HAYECHHUE CKOPOCTU V MEHSETCS TOJIBKO B
Puc.1 HaIlpaBJICHUU X , MEPIEHIUKYISIPHOM TeueHuto (puc.l).
Torma B HampaBJIEHHMM OCH X BO3HHUKAET MOTOK MMITYJIbCA.
Nmnynbe, nepeHocuMBbIN 3a 1¢ yepe3 eqMHUYHYIO TUIOAKY, IEPIEHAUKYIISIPHYIO OCH

X, Ha3bIBAETCS INIOTHOCTBIO MOTOKA MMITYJIbCA M 0003HAYAETCA |, -

“—TloTox HMOymCa

W3 06mux coOOpaKeHuid CIETYeET, YTO |, TPONOPIHMOHAILHA TPAUEHTY CKOPO-

CTH TCUYCHH:A H HAIIPaBJICHA IIPOTUB I'paJUCHTA, T.C.

) dv
J,=— i (1)

r7e 1 — KO3 PUUUEHT BA3KOCTH CPEJIbI.

,O O O O PaccMoTpuM Temnepp BA3KHU IOTOK, BO3HHKA-

uoﬁomm IOIIMM B )KUAKOCTHU I10J IEUCTBUEM KacaTEIbHOU CHU-
E / JIbl, CTPEMALICHCA CMECTUTh OJMH CJIIOW MOJIEKYJ OT-
HocuTelbHO npyroro (puc.2). Ilycte f - cuna, neii-

Oy =y > 1O CTBYIOIIasi Ha €IUHMIYy MOBEPXHOCTH, a O -
Puc.2 pacCTOsIHUE MEXKIY COCENHMMM ciosmu. Torma Ha

OJIHy MOJIEKYJdy OyAeT NelCTBOBaTh CHJIA, paBHAas
f/nd, rme N —xoHueHTparws Mosieky. [Ipu nepemMeneHur MOJISKYJIbl B aKTUBUPOBAHHOES

a
cocrosiaue (puc.3) cuia f/nd coepiaeT paboTy, paBHYIO 53 MO3TOMY MOTEHIHAITb-
n

HBI Oapbep clieBa OT aKTUBHUPOBAHHOTO COCTOSTHUSI YMEHBILAETCSl Ha BEJIIMYMHY 3TOU
palboThl (BHEIIHSS CUJla «[TOMOTAaeT» MOJIEKYJIe COBEPIIUTh CKAYOK B MPSMOM HAaIpaB-
JICHUHU), a CIIpaBa, HA00OPOT. YBEIMUUBAETCS (BHEIIHSIS CHJIA «IIPEMSTCTBYET» MOJICKY-
Ji€ COBEpPIIMTh OOpaTHBI CKayok). OJTa cUTyauus H300pakeHa Ha puc.4, r1e

f a
AU =——
no 2
———— AKTHRHPOBBHEOS U
u COCTONENE
Ionoxenue
pPAaBHOBECHR
Caofommnit
vaen : .
3, " } S A[,- I— .\ . . 7.‘} -
e a2 | RN AU z

Puc.3 Puc.4.
[ToaToMy MpHu HATMYMK BHEIIHEH CHIIbI YaCTOTHI IEPECKOKOB B CBOOOIHYIO STUCHKY
Y1 ¥ OOpaTHOTO MEepecKoka Y, OyayT HEOJWHAKOBBI, U B PE3yJbTAaTe BO3HUKAET MOTOK
MOJIEKYJI B HAIIPpaBJICHUU IIPWJIOKEHHOU CHJIBI, CKOPOCTh KOTOPOTO
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U,-AU U, +AU U, AU AU
— — Kk K — Kk Kk K
v=a(y,—v,)=ay|e “ -e ¥ |=aye|ek —e

B pesynbrare nmepeHoca ummyiibca (B HalpaBICHUU X) B KUIAKOCTH BO3HHUKAIOT
KacaTeIbHbIE IO OTHOUIEHUIO K TEUEHUIO CUJIbI BSI3KOTO TPEHUS

dv s, )

dt

riae S — momanp, Ha KOTOpyro AelcTByer F .

F@ﬂ3 = T]

N3BecTHO, YTO BA3KOCTH I'a30B C POCTOM TEMIEPATYpPbl PACTET, TOrAAa KakK Bs3-
KOCTh JKUJKOCTEH yObIBaeT. JTO pasznuune 0OYCIOBICHO KaueCTBEHHO Pa3HbIM Xapak-
TE€POM TEIIOBOT'O IBH>KEHHSI MOJIEKYJI ra3a U KUJKOCTH.

[1o cBoEl CTPYKTYpE KUAKOCTh OJIMKE K KPUCTAIUIMYECKUM TBEPJIBIM TEJIaM, YeM
K razam. TenjaoBoe JBUKEHUE MOJIEKYJI KHJKOCTH CBOJUTCSA K KOJIEOAHUSIM OKOJIO He-
KOTOPBIX TMOJIOKEHUN paBHOBecHA (y3J10B), KOTOPHIE B OTIUYHE OT TMOJOXEHHUN paBHO-
BECHsI B KpUCTAJUIaX HOCAT BPEMEHHBIN XapakTep —4epe3 HEKOTOpoe BpeMs (Bpemsi pe-
JaKcaluu) MOJIEKYJIa KUJIKOCTU CKa4YKOM MEPEXOIUT B HOBOE, CBOOOJHOE MOJIOKEHUE
paBHOBecHs. UTOOBI COBEPUINTH 3TOT MEPEXOJ, MOJIEKYJA JOJDKHA MPEOJ0JIETh TOTEH-
MaJIbHBIN Oapbep, BricoTa KoToporo U, Ha3biBaeTcs sHepruen aktupamuu (puc.3). Ya-

CTOTa TAaKUX IICPCXOA0B Y OIIPCACIIACTCA paCIIPCACICHUCM BOJ'II:HMaHaZ
U

Y=708 T, (3)
raAc Yo — HCKOTOpasa KOHCTAaHTaA.
OI‘IGBI/II[HO, 4YTO B OTCYTCTBHMC BHCHIHHUX CHJI YaCTOTLI IICPCXOA0B B IIPSIMOM H 06'
PaTHOM HaAIIPpABJICHUAX 6y,Z[yT OJNHAKOBBIMH M HHKAKOI'O PC3YIIbTUPYIOIICIO TCUYCHUA

WY
He BO3HHMKaeT. Tak Kak  OOBIYHO & <1l wu e¥ zliﬂ, TO
KT KT
2ay, AU -2 afy, =2 F dv
v=—"0"¢ kK —— 0o kT C yyeroMm TOro, uro f =—% =n|—|~—, nomydaem
KT noKT 7 Max i

5 (ST nkT
BBIpaXKeHue 1151 Kod(pduiireHTa BI3KOCTH B BUIE n=—=|—| —e~.

\Y a Yo

KT
Kak nokassIBarOT pacuersl, Y, ~ o rne h — nocrosinnas [Tnanka. [Tonaras Tak-

xKea =~ 0, MOTy4YUM OKOHYATEIIbHOE BhIpaKeHHE ISl KOO (UITMEHTA BSI3KOCTU KHUKO-
U

Ua
CTH: n=nheX" . (4)

Kax cnemyer u3 dopmynsl (4), BI3KOCTb JKUIKOCTH PE3KO (IKCIIOHEHIIUAIBHO)
yOBIBaeT ¢ pocTOM Temneparypbl. KpoMe Toro, BA3KOCTh CUIILHO 3aBUCHUT OT BUIA KU~
KOCTH Y OT €€ YUCTOTHL.

JleficTBUe CUJI BHYTPEHHEro TPEHHS JIETKO HaOJIoAaTh MPU JABUKEHUM Tejla B
*KuakocTd. [Ipu ManbIx CKOpOCTSAX U ynobooO0TekaeMoi (opMe Tesa, Korja He BO3HU-
KaeT BUXPEH, CHJIa COMPOTHUBIICHUS OOYCJIOBIIEHA UCKIIOYUTENBHO BS3KOCTBIO JKUJIKO-
ctu. CIliof KUIKOCTH, HETIOCPEACTBEHHO MPUWIETAIOIINI K TBEPIOMY TENY, YBIEKAETCS
MM TOJHOCTHIO. ClieIyIonuid CI0M yBIIEKAETCS 32 TEJIOM C MEHBIIEW CKOpOCThiO. Ta-
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KM 00pa3oM, MEXKIy CJIOSMH BO3HUKAIOT CHJIBI COMpOTHUBICHHS. (711 HEOBICTpOTO
JBYKCHHSI Mapuka B XKUAKOCTH CTOKC BBIBENI MyTEM TEOPETHUECKOTO PACCMOTPEHUS
dbopmyiy pacueTa CWIbI COIPOTUBNICHUS: F =6mnrv, (5)

r7i€ 1 — IMHAMUYeCKUM KO3(PPUIIUEHT BA3KOCTH; I —paJInyC IIapuKa; V — CKOPOCTh €ro
JIBH>KCHUSI OTHOCUTEIBHO JKUIKOCTH.
[IpenocTaBuM ManeHBKOMY IIAPUKY BO3MOKHOCThH MaJaTh B dKUJKOCTh MOJ JACH-
CTBUEM CHUJIbI TsKecTU. Ha Hero OyayT neicTBoBaTh ClEAyIOIKe CUIlbl (puc.S):
1. Cuna TspKeCTH, HampaBieHHas [0 BEPTUKAIM BHH3

S 4 5
T G=mg=p,Vg = gnr p,J, rae p, — IUIOTHOCTh LIapUKa, ( -
> -
1
- L;-- I ycKOpeHHe CBOOOJHOTO MajeHUs.
6T 2. Burrankuparomas cwia Fi, sBIsStomascs pe3yJbTaToM
e s TUJPOCTaTUUECKOro AaBiicHUs . OHa Hampapi€HA MO BEPTUKAIN
uc.
BBEPX M paBHA IO 3aKOHY ApXHUMEJA CUJIE TSKECTH KUIKOCTH B
4
o0BeMe Tea: F= —Tchplg , Tl€ p; — IJIOTHOCTD KUAKOCTH.
3

3. Cuna BHyTpeHHero TpeHusi F, . OHa HampaBiieHa MPOTUB HAIPABJIECHHS CKOPO-

CTH IIapuKa, T.€. BepTUKaibHO BBepX. [1o popmyne Ctokca

F, =6mnrv

Cunst G u F1 mocTosiHHBI, a cuna F, yBennauBaeTcsi 0 Mepe yBETMYCHHS CKOPO-
ctu mapuka. [Ipu HEKOTOpOH CKOPOCTH V HAcTymaeT MOMEHT, korna cuia G, Hampas-
JIeHHasi BHU3, Oy/IeT ypaBHOBeIlIeHa cwiamMu F1 1 F, , HanpaBieHHBIMU BBEPX; C 3TOTO
MOMEHTa HIapuK OyJeT IBUraThCsi PaBHOMEPHO, B COOTBETCTBUU C MEPBHIM 3aKOHOM
Herorona. CkopocTh paBHOMEPHOTO Na/ICHUs HEBEJUKA, €CJIM LIapUK Mall, U €€ JIETKO

4 4
u3MepuTh. Toraa u3 ycioBUsi paBHOBECHS CUJIT gnrsng = gnrsplg + 6mNrv

MO>KHO OTIPEJICTTUTh TMHAMUYECKUN KOA(DOUIIMEHT BI3KOCTH
n= g grz u . (6)
9 Vv
KoHTpoJibHBIE BONIPOCHI

1. Hammncats o61iee BeIpakeHUE ISl BI3KOW CHIIBI U TPOUJUTIOCTPUPOBATH YepTe-
KOM.

2. Jlatb ompenaenieHre TUHaAMUYecKoro koddduimenTa Bsi3koctu. KakoBa equHuiia
ero usmepenus B CI1?

3. Kakue cunbl JeHCTBYIOT HA IIAPUK, IBWKYLIUMNCS B TJIULIEPUHE?

4. IloueMy pucka 1 AOJDKHA HAXOJUTHCS HECKOJIBKO HUYKE MOBEPXHOCTH KUJKO-
ctu?

5. BeiBectu pacuetHyro GopMyay AMHAMUYECKOTO KOd(PpUIIMeHTa BI3KOCTH T).

6. Kak BSI3KOCTb KUJKOCTH 3aBUCUT OT TEMIEPATYPHI?

Jlureparypa

1. CasenveB U.B. Kypc ¢usuxu. T.1 - M., Hayka, 1989. 352 c. [1ap. 78,79
2. JIa6. pab6. Ne 15 Onpenenenne ko3 duiimenTa BI3KOCTH KUIKOCTH
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JlabopaTtopHas paborta Ne 16
OINPEJAEJIEHUME JJIMHbI CBOBO/JHOI'O ITPOBET A

N I9OPEKTUBHOI'O TMAMETPA MOJIEKYJ BO3YXA

[lenp pabOTHI: 03HAKOMUTHCS C OJHUM WX METOJOB ONpEACICHUS] MUKPOIIapaMeT-
poOB (cpenHel IJIMHBI CBOOOAHOTO Mpobdera u A3(PEKTUBHOTO THUaMeTpa MOJICKYJT BO3TY-

Xa) yepe3 MakpornapaMmeTpsl.

h, | by

Puc.1

myiie (6).

Bbinosinenue padoTbl.
1. OtkpoiTh KpaH K. Jlo)kaaBmmck, KOraa BoJa HAYHET BBITEKATh
KAaIUISIMU, BKJIFOYWTH CEKYHJOMEP M OJHOBPEMEHHO 3aMETUThH YpPO-

BEHb BOJIBI N1 B cocye.
2. Korya ypoBeHb BOJIBI B COCY/IE YMEHBIITUTCS MPUOIU3UTEIBHO

Ha | cM, OZTHOBPEMEHHO 3aKPbITh KPaH U OCTAHOBUTH CEKYHIOMED.
3. 3anucarh BpeMs BHITEKaHHUS T U HOBBIN ypoBeHb Ny BOIBI.
4. I3meputh TEPMOMETPOM TemIiepaTypy t u 6apomeTrpom aTmMo-
chepHoe nasneHue P.
5. Berunciuth ko3 PuiiueHT Bs3kocTu 1 mo gopmyie (5).
6. Beranciuth cpeiHio IJIMHY CBOOO HOTO TIpobera A 1mo ¢op-

7. Beraucnuth 3 PeKTUBHBIN JUaMeTp MoJieKylT Bo3ayxa d mo gpopmyie (7)

JlaHHbIE U3MEpEeHU U BHIYUCIICHUN 3aHECTH B TaOJUILY:

hi,m |hg, M |1, C

T,K [P, Tla |n,xr/mc |[A, M |d, M
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Teopernueckoe onucanue

Cpeonetl OnuHol c60000H020 npobeea MoJe-
KyJI A Ha3bIBAE€TCS CPEIHEE PACCTOSHUE, IPOXOAU-
; MO€ MOJIEKYJION MEXKIy ABYMs IOCIJIEIOBATEIbHBI-
R E; (~T2) MM CTOJKHOBEHHSIMHU C IPYTUMHU MOJIEKYJIAMHU.

Paccrostaue d, Ha KOTOpOe CONMMKAIOTCS TIPU
CTOJIKHOBEHUH IEHTPHI MOJIEKYJ, Ha3bIBACTCA (-

” | X GpexkmusHviM  ouamempom Mmonexyavi. Ha puc.2
\\/' BUJIHO, YTO 4eM OOJIbIlle HayaibHas KUHETHYECKas
DHEPTUsi MOJIEKYJIBI (T.€. UeM BBIIIE TEMIIEpaTypa),

Puc.2 teM Oonbmie 0. CremoBatenbHO, 3((EKTUBHBIN
IUaMETP MOJIEKYJ YMEHBINAETCS C IOBBILICHUEM
Temnepatypsl. IIpaBaa, usmeHenue d ¢ pocToM TemIepaTypa He3HAUUTeNbHO. Bennun-
Ha & =nd’ Ha3BIBAECTCS OPPEKMUCHIM CeueHUeMm MONEeKYIbL.
MonekynspHO-KMHETHYECKass TEOpUsl Ia30B HPUBOJUT K BbIBOLY. UTO UIMHA
cBOOOJHOTO Mpolera A 0OpaTHO MPOMOPLMOHATIbHA KOHIIEHTpauuu N u 3pPpeKTuBHOMY
IIOIEPEYHOMY CEUEHHIO MOJIEKYIIBI

1
= (1)

Ota dopMmyna UMeEET OYECBUAHBIA (U3HUECKUI CMBICT: CBOOOJHBIA MpPOOEr TeM
MEHbIIIE, YeM TYIIE PACTIONI0KEHBI MOJIEKYJIHI (T.€. ueM Oosbline N) u ueM OoJIbIle mepe-
KpbIBacMast Ka)kJI0M MOJICKYJIOH IIIoIIaab (T.e. YeM OOJIbIIe G).

[Tpu mocTosTHHOW TeMIlepaType TUIOTHOCTh MOJICKYJI N MPOTIOPITMOHAIBHA JaBjie-
HUto Taza. ClieqoBaTeNbHO, JIMHA CBOOOJHOrO mpobera oOpaTHO MPOMOPIHMOHATBHA
JTABIICHUIO:

1
P
N3-3a ymensiierus 3¢pHEKTUBHOTO JUaMeTpa MOJIEKYN JJWHA CBOOOIHOTO IMPO-
Oera mpu MOBBIIIIEHUU TEMIIEPATYPHI C1A00 pacTeT.
N3meputh A mpakTUYECKH HEBO3MOXKHO, HO 4Yepe3 A BhIpaXkaroTcst Bce Kodpdu-
IIUEHTHI IEPEHOCa, KOTOPBIE CPABHUTEIHLHO IMPOCTO MOYKHO H3MEPHUTH Ha OIIBITE.
JluHamMuueckas BI3KOCTh Ta30B BhIpaXaeTcs CIACAYIONINM 00pa3oM:

rac <V> — CPCAHAA CKOPOCTDb I'a30BbIX MOJICKYJI, P — INIOTHOCTH Ira3a.

CHauana HY>XHO U3MEpPUThH BSI3KOCTH 1, 3aTeM M0 (opmyse (2) BHIYUCIUTH CBO-

OomHbIi Tpobder A U, HakoHell, o GopmyJe (1) BerauciIuTs ¢ wiu d.
Yro kacaercs OmbITa, TO HYXHO BBIOpaTh Takoe Qu3nye-

{ e CKO€ SIBJICHHE, YTOOBI OHO MO3BOJISIIIO MPOCTHIM 00pPa3oM HU3Me-
WZZ ll ll UZZZ] pHUTH BA3KOCTH BO34yXa.
. B Hacrosieit pabote B KaueCTBE TAaKOTO SIBJICHUS UCIIOJb-
3yeTcs BSI3KOE TeUEHHUE BO3yXa Yepe3 KaruJuisp.

Ha puc.1 nszoOpaxena cxema ycrtaHoBku. Ee OocHOBHas
yacTh — Kanwurap L, moka3aHHbIl Ha puc.3 B yBEIHMYEHHOM

Puc.3
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macuirade.
Ecnu Ha KOHIAX Kanmujuiipa co3/aTh pa3HOCTh AaBieHuit AP=P—-PB, to B ka-

NWUISIpe BOSHUKAET BSA3KOE TEUEHHE BO3/AyXa, MPO(HIb CKOPOCTEH KOTOPOTo MOKa3aH
Ha puc.3. 3a BpeMs T 4epe3 Hero mpoTekaeT 00bheM Bo3ayxa V, KOTOPBI MOKHO BBI-
qucauTh 1o dhopmyite [lyazeiins:

4
v =""_Apr, 3)
8nl
rae I' — paanyc Kamwusipa, | — ero mmHa.

Pa3zHocTh NaBiieHMI Ha KOHIAX KaNWUISApa YCTaHABIMBACTCS OJaromaps ToMmy,
4T0 yepe3 kpaH K u3 O6asioHa BeITEKaeT BOA.

Heobxomumo, 4To0bl Bojia BhITeKaa KaruisiMu. Toria naBieHne Bo3ayxa B 0a-
noHe P, m rumpocraTndeckoe JaBlieHHE CTOI0A )KUAKOCTH BBICOTON h ypaBHOBecCHT at-
Moc(hepHOE p JaBJICHHE T.€.

R+ PO =P,
OTKyJa CIIeyeT
AP =P —F =p,,,9N
Tak kak h MeHsieTcs1 MeIJICHHO, TIPUYEM H3MEHEHHE JIMHEWHOE, TO B hopmyy (3)
CIIC/TyeT MOICTABIISATH CPEHEE 3HAUCHHE

h
AP :peodblg<h>:p60()blg hl-iz_ 2 ' (4)

C npyroit cTOpOHBI, 00BEM BO3/yXa, MPOIIESAINIETO Yepe3 KamuuIsip, paBeH 00beMy
BBITEKAIOIIEH BOJIBI, KOTOPBIM JIETKO OTIPeaeIIsieTCs 1o hopmyJie

V=5(h—h,).
Urtax, cieayer usMeputh 4 Beauunnsl: V, T, Ny u h,. 3atem naiitu AP o hopmyie
(4) u m u3 popmyis (3).
— nr4peoébzg (hl + h2 )ﬂE (5)
161S(h, —h,)

Octaercs BBIYMCIUTh A, 1 d. IJIs1 3TOro HY>KHO HECKOJILKO IpeoOpa3oBaTh HCXOI-
Hbie popmysl (1) u (2).

YuursiBas, 4To <V> = IE up = % , 13 popMyIbl (2) HaX0IUM
Ty

p=n [RE 6)
P\ 8u

Tak kak n= %, TO U3 hopmyisl (1) umeem:

/ KT
d= \/ETEP?\. ' g

Bo Bcex popmyrnax I — pagnyc kamwuisipa, | — mmHa kanmuispa, S — ruromasis ce-
YeHust cocyaa ¢ BoIoH, p,, =1000 kr/m® — mwiotHOCTH Bombl, R = 8,31 JI/mMons-K —
yHHBepcaibHas rasoBas nocrosunas, kK = 1,38-10%% JIx/K — mocrosunas Bonsumana, p

64



= 0,029 Kr/M0JIb — MOJISPHAs Macca Bo3ayxa, § = 9,8 M/c? — yckopeHne cBOOOIHOro na-
nenus, T = (t+273)K

KoHTpoJibHBbIE BOPOCHI.

1. laTb onpenenenne cpeaHeil IMHbl CBOOOAHOTO Ipodera MOJIeKyJI.

2. Kak 3aBucut amuHa cBoOOIHOTO poOera oT TeMIepaTypbl?

3. Kak 3aBucut 1imHa cBOOOJHOTO rpodera Mpu MOCTOSHHOM TeMIiepaTrype oT
JaBJIEHUsA?

4. Yro takoe 3¢(HeKTUBHBIN TUaMeTp MOJICKY?

5. Kakum MeTo10M ompenensieTcsi CpeAnsisi AIruHa cBoOofHOTo npodera u s dek-
TUBHBIN AUAMETP MOJEKYJI B JaHHON padoTe?

6. Kakue siBneHust Ha3pIBaIOTCS SIBJICHUSAMH MepeHoca?

7. UTo Takoe BSI3KOCTh WJIM BHYTPEHHEE TPEHUE?

Jlureparypa
1. CagenneB U.B. Kypc ¢usuku. T.1 - M., Hayxka, 1989. 352 c. I1ap. 62,78-80.
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JIABOPATOPHAA PABOTA 21
HCCJIIEJOBAHHUE SJIEKTPUYECKOI O 1101 IIPOBO/JJHHUKA C TOKOM

Llenb paGOThl: M3YyYECHHUE CBOMCTB AIEKTPUUYECKHUX TMOJIeH B MPOBOJSAIICH KUJIKO-
CTH, MOJy4eHUE TpahUIecKOro U300paKeHUs MO ¢ TOMOIIBI AKBUIIOTEHIIMAIBHBIX
MMOBEPXHOCTEN U CUJIOBBIX JIMHUMN

A S\— OcCHOBHO# 4YacThIO JTAOOPATOPHON YCTaHOBKHU

v — | sBeTes kroseTa (IpSAMOYTOBHBIA COCY) C
i TG c1abonPOBOIAIIEH KUAKOCTHIO U JIBA DJIEKTPO-
/ na A u K (puc.l). Pa3HOCTh NOTEHIIAIOB MEX-

Ay OBIJICKTpoaaMH CO3JacTCAd HWCTOYHUKOM II0-
CTOAHHOI'O HAaIPsKCHUS. K OIHOMY H3 OJJICK-

S A TposoB K (kaTomy) mpuCOeIMHEH OJHOU KJeM-

e X MO BOJBTMETp, Apyras KiieMma KOTOPOro Co-
eauHeHa ¢ 30Ha0M 2. [Ipu kacanuum 30HA0M Ka-
KON-JT10O0 TOYKH JKUJIKOCTUA BOJIBTMETP MOKAKET
MOTEHIIMAJ TON TOYKM OTHOCUTENHHO KaToja (MOTEHIIHa KaToa MPUPaBHUBACTCS HY-
m10). MI3mepsis MOTEHIHAIbl Pa3IUYHbIX TOYEK MOJIS, UMEIOIIMX OJAUH U TOT K€ MOTEH-
1[MaJjl, MOXXHO MOCTPOUTh CUCTEMY DKBHUIOTCHIIMAJIbHBIX JIMHUMN, 3aTeM U300pa3UTh CO-
BOKYIMHOCTh CUJIOBBIX JJUHUW U MPU HEOOXOAUMOCTH BHIYUCIUTE E B 7110001 TOUKE MOJIs

o ¢popmyie (7).

Puc.1

IHopsinok BbINOIHEHHS PAadOTHI

1. ITepepurcoBaTh ¢ YCTAaHOBKHM B HATYPaJIbHYIO BEIMUNHY KOOPAUHATHBIC JIMHEH-
KM Y 3JIEKTPOIBL.

2. OnpenenuTs NOTEHIMAT aHOAA (A, U 3aMKCATh €r0 BEJIUYHHY.

3. Haiitu sxBunorenuuans co 3HaueHueMm @1 = 0,8pa. s aToro ciexyer mome-
CTUTh OCTPHUE 30HAA B COCY] C KUIAKOCTBHIO HAJl OJHOM U3 BEPTUKAIbHBIX JTUHUN MUJI-
JUMETPOBON OyMaru, pacrojaoKeHHON MOJ| MpO3payHbIM COCYJIOM U, TepeMenias ero
BJIOJIb 3TOW JIMHUM, HAUTU KOOPJMHATHI TOUKH, B KOTOPOU MOTEHIMAII UMEET 3HAYECHUE
¢@1. OTMETUTH Ty TOYKY Ha BarieMm rpaduke Ha ctp.l. [lomemas 3017 mociaenoBaTenb-
HO HaJl BTOPOM, HaJl TpeTel U T.J. BEPTUKATBHBIMU JUHUSIMHU MUJUTUMETPOBON Oymaru u
repeMenias 30HJ BJIOJIb HUX, HAUTH TOYKU C TEM K€ MOTCHUUAIOM (1. ECIM HYKHBIU
MOTEHIMAI OTCYTCTBYET Ha BEPTUKAIBHON JIMHUH, TTIOMPOOYNTE ABUTATHCS 110 TOPU30H-
TATBHOW JIMHHM.

4. CoequHUB Ha CBOEM PUCYHKE TOUKH C MOTEHIIUATIOM (1, BbI IOJIYUYUTE MEPBYIO
13 UCKOMBIX SKBUITOTCHIIUAJICH.

5. AHanoruyHble U3MEPEHUS MPOAENIATh JJIsl HOTEHUUANOB (2 = 0,64, (3 =
O,4([)A, ¢Pgq = O,2(pA.

6. AKKypaTHO, cOOII0/Iasi B3aUMHYI0 OPTOTOHAJIBHOCTh, HAPHUCOBATh Ha Oymare
CHUCTEMY CUJIOBBIX JIMHUM, YKa3aB CTPEJIIKAMU WX HANPABJICHHUE.

7. Beruucnuth o popmyie (7) 3Haduenus E Bo Bcex TOUKax rnepeceueHus: Kakou-
100 OTHOW CHUJIOBOW JTMHUH C KBUIIOTEHITUAIBIO (TIO 33TaHHIO TIPETIOaBaATEs).
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8. [lomyunth moamuck mpenoaBaresss 00 OKOHYAHUH SKCIIEPUMEHTA.
Teoperuuyeckasi 4acTh

Ecnu Toku craunoHapHsble (T.€. HE U3MEHSIOTCS BO BPEMEHH), TO paclpeeieHue
AIIEKTPUYECKUX 3apsA70B B MPOBOJSAIIEH Cpesie TOKE HE MEHSAETCS BO BPEMEHHU, XOTs U
IPOUCXOAUT ABUKEHUE 3apsiioB. ITO OOYCIOBIEHO TEM, UTO B KaXJO0H TOUKE MPOBOJI-
HUKA Ha MECTO YXOJSILIHUX 3apsAI0B HEMPEPHIBHO MOCTYMAKOT HOBBIE 3apSAbl B TAKOM K€
konuuectBe. [loaTomMy B cilydae MOCTOSSHHOTO TOKa JABMKYIIUECS 3apsiibl CO3AIOT Ta-
KO€ K€ MOJIe, YTO M HEMOJBWKHBIE 3apsiibl TOW k€ KOHUEHTpauuu. ClenoBaTenbHoO,
AIIEKTPUYECKOE MOJIe IPOBOJIHUKA C MMOCTOSSHHBIM TOKOM Oy/IE€T MOTEHIIMAIbHBIM, KaK U
M0JI€ HEMOABUKHBIX 3apsA0B (JIEKTPOCTATUIECKOE).

Cutbl, AEMCTBYIOIINE HA 3JIEKTPUYECKHUIA 3apsl CO CTOPOHBI MOJISI HEMOABUAKHBIX
3aps0B, SIBISIOTCS MOTEHIHAJBHBIMU. DTO 3HAYUT, YTO paboTa, coBepiIacMasi STUMU
CHJIAMM HaJl IEPEMEIIAIOIIHUMCS TOYEYHBIM 3apsAA0M (', HE 3aBUCUT OT TPAEKTOPHUH 3TO-
ro 3apsja, a 3aBUCUT JIMIIb OT €ro Ha4aJIbHOTO M KOHEYHOro IoJioxkeHuil. [lone cranu-
OHAPHBIX 3apsAJ0B, B KOTOPOM U JACUCTBYIOT TAKUE CHJIbI, TAK)KE HA3bIBACTCS NMOTEHLH-
aJIbHBIM. Pab0oTa NOTEHIMANBHBIX CUJI IPU MTEPEMEILIEHUH 3apsiia COBEPILAETCS 3a CUET
YMEHbILIEHUSI TOTEHUUATbHON SHEPTUU €r0 B3aUMOJCHCTBUS € MOJIEM Ajon = — AU.

Kaxx10i1 Touke NOTEHIMAIBHOIO MOJISI MOXKHO CONOCTABUThH CIELHAIBHYIO CKa-
JSApHYIO (DYHKIMIO KOOpAMHAT ((X,Yy), Ha3blBaeMylo noreHuuaioM. llorenuman umc-
JIEHHO paBEH MOTEHIMAIbHON SHEPrUl eAMHUYHOI0 NPOoOHOro 3apsaa (', HOMEIEeHHO-

r0 B JJAHHYIO TOYKY TIOJIf, T.€. o(x,y)= M (1)

rae q' - BenmuuHa mpoOHOro 3apsiaa, a U(X,y) - ero noTeHuanibHas SHEPTUs B TOUKE
NI0JISI C KOOPIMHATAMH X U Y.

Ecnu npuHATh moTeHuMan Ha OECKOHEYHOCTH PaBHBIM HYIIO, TO (pU3MUECKUI
CMBICII TIOTEHIMAJIa MOXHO MPEACTaBUTh KaKk padoTy BHENIHMX CHJI IO INepemenie-
HMIO e[INHUYHOI0 MPOOHOIO0 3aps/aa U3 0eCKOHEYHOCTH B JAHHYIO TOYKY. COOTBET-
CTBEHHO Pa3HOCTh MOTEHIMAJOB - 3TO pabOTa BHELIHUX CHJI MO MEPEMELICHUIO €lU-
HUYHOTO MPOOHOTO 3apsijia U3 MepBOM TOUYKH BO BTOPYIO.

[ToTeHnman sBIsSETCS BCIIOMOTATEIBbHOM - DHEPTrEeTUYECKOW - XapaKTEPUCTUKOU
M0JIsI, OCHOBHAS K€ €r0 XapaKTEPHUCTHUKA - CUJIOBAs - HA3bIBAETCS DJIEKTPUUECKUM BEK-

TOPOM WJIM HaNpPsHKEHHOCTBIO 3JIEKTPUYECKOTO MOJISL. DJIEKTPHUYECKMM BeKTOopoMm E
Ha3bIBaeTCs (hr3MUecKas BEIUYMHA, YUCICHHO paBHAas CUJjie, ICUCTBYIONICH Ha eMHUY-
HBIM POOHBIN 3aps/l, TOMEIICHHBIN B JAHHYIO TOUYKY TOJIS, T.€.

_ F(x,

L) (2)
q

Tak e, Kak ¥ NOTEHUUAN, JIEKTPUUECKUNA BEKTOp sABIsieTC (yHKLIHUEH KOOpaH-

HaT. Mexny E u ¢ cymecTByeT 3aBUCHMOCTD, BHITEKAIOLIAsl U3 ONPEACIICHUs ITUX Be-

JTUYHH: E=—grade (3)
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rae grad @ Ha3pIBaeTCS rpaJiieHTOM MOTeHIIHANIA. B TByXMepHOM ciiydae B IeKapTOBOU

cucTeMe KoopauHaT grad g =€, 2—(0 +€, 9 (4)
X

€, " €, - eIMHIYHBIC OPTHI KOOP/MHATHBIX Oceil. Takum oOpaszom,

0 0
Ex :__¢’ Ey = -2 (5)
OX oy
s HarnagHoro (rpaduueckoro) u300paskeHUsl MO UCIIONIB3YIOT SKBUIIOTEH-
LMaJbHbIE MOBEPXHOCTU MU CUJIOBBIEC JIMHUHA. JKBHINOTEHUHMAJIbHbIC MOBEPXHOCTH -

MMOBEPXHOCTU PABHOIO MOTEHLHANA - YIAOBJIECTBOPSIOT YCIOBHUIO go(x, y,z)=const; B

paccMaTpUBaEMOM ClIydae IUIOCKOTO IOJIS 9TO YK€ HE IIOBEPXHOCTb, a JIMHUU, YPaBHE-
HHUE KOTOPBIX go(x, y) =const.

CusioBble JMHHH - OTO IrCOMCTPHUUCCKHUC JIMHNUU, B KEDKI[OI?I TOYKC KOTOPBIX BCK-

TOp E HaIIpaBJICH IIO KacateJbHON. MOXHO II0Ka3aTb, YTO SKBHIIOTCHIHUAJIBHBIC IIO-
BCPXHOCTH U CHJIOBBIC JIMHHUHK B3aMMHO IICPIICHAHUKYJIAAPHEBL, 4 T'PAIUCHT HAIIPABJICH II0
HOpMaJIN K BKBI/IHOTGHHHaJILHOﬁ IIOBCPXHOCTHU U PaBCH IIO0 MOIYJIIO d@/dn , TIC dn -

pPacCTOSIHUE IO HOPMaJd MEXAY ABYMS SKBUIIOTEHIIUAIBHBIMH TMOBEPXHOCTSIMH, IO-
TEHI[UAJIBI KOTOPBIX OTJIMYAIOTCS Ha OECKOHEYHO MalTyro BelimuuHy d¢. [TosTomy

E :—d—¢én, (6)
dn

rae €, - €IMHUYHBIA BEKTOD, HAIpaBJICHHBIM 110 HOPMaJIM K SKBUIOTEHUUAIBHOHN I10-

BepxHocTU. Kak BuHO, BeKTOp E HampaBiieH B CTOpOHY yObIBaHUS MOTEHIMANIA.
Bo Bcex mpakTUYeCKUX NPUII0KEHHUSIX BMECTO TOUHOM (HhOpMYJIbI (6) MPUXOIUTCS
UCITIOJIB30BATh MPUOINKEHHOE BbIPAKEHUE

A
E~22 (7)
An
CI/IJ'IOBBIC JIMHUU MOXHO BOCHpOHSB@CTI/I, y‘II/ITBIBaH, qTO OHHU B Ka)KI[OfI TOYKC

IMPOCTPAaHCTBA JOJIKHBI OBITH I’lepneHauKleﬂprl IKEUNOMEHYUUATIbHBIM NOBEPXHOCMAM.

KoHTpoJibHBIE BONIPOCHI

1. Kakue nosist Ha3pIBatOTCA MOTEHIMANbHBIMU? Kak 3anucarh yciaoBUe MOTEHIIU-
aJbHOTO XapakTepa moisi?

2. Uto Takoe moteHnuan? PasHocth moTeHimanos? KakoB Gpusnyueckuii cCMbICT
ITUX XAPAKTEPUCTHUK?

3. Kak Ompe/essieTcst i Kakoi CMBICIT HMeeT dIIeKTpiaecknii Bektop E ? Kak on
CBSI3aH C IIOTECHIINAIIOM?

4. Yto coboi mpeAcTaBiseT rpagueHT noTeHuana? Yemy paBeH ero Moyb?
[Tpoexunn? Kak on HanpasneHn? Kak oH HanpaBieH?

5. Ilouemy nosie TOCTOSIHHOTO TOKA SIBJISIETCS MOTEHIMATbHBIM?

JIureparypa
1. CaenneB U.B. Kypc obmieit dusuku. - 2-e u3a. - M.: Hayka, 1982, 1.2
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JIABOPATOPHAS PABOTA Ne22

W3MEPEHUE COIMPOTUBJIEHU MPOBOJHUKOB MOCTOBBIMHU
CXEMAMUA

Llenp D&60TBI: OIIPCACICHUC YACIBbHOI'O COIIPOTUBIICHUA C IIOMOIIBIO MOCTA yI/ITCOHa,
OIIPCACICHUC COIIPOTHUBJIICHUA I'aJIbBAHOMCTPA C IIOMOINBIO MOCTaA TomcoHa.

Onucanmne YCTaAaHOBKH

— OOmmii BUJT yCTaHOBKM npeacTasieH Ha puc.l. K

i /_4 ocHoBaHuo (1) mpukperieHa kojoHHa (4) ¢ HaHe-

CeHHOM wMeTpuueckod mikaino (6). ITloaBuxkHBII

: e KPOHIITEWH (5) MOXKET MepeIBUraThCs BJOJIb KOJIOH-

3 5 Hbl. MexXay BEepXHHMM U HUKHUM HEMOJBUKHBIM

5 Y 7 KPOHIITEMHAMHM HATSHYT PE3UCTUBHBIA TIpoBOj (3).

7 Ik Haxatue xnaBumm S npudopa (2) BbI3bIBAET BKIIIO-

\ =] YeHUE HaIpsHKEHUS MUTaHUA, MPU STOM BBICBEUHBA-

| /@.R ercsa uraukarop (7). IlepexnroueHneM KiaBHIIM S2

S $> S3 ;  BblOMpaercs BuI paboThl ycTaHOBKH (MocT ToMmcoHa

s & S WM ONpPEJCICHHE YIENBHOTO CONPOTHBIICHUS IIPO-
- - BOJTHUKA).

Puc.1. OOmuii BUJ yCTaHOBKH [MepexroueHne KIaBUITH S3 MO3BOJISIET TOYHO

TOK WJIM HAINPSDKEHUE TIPU HUKHEM TTOJIOKCHUU Tie-
pexmrouarens S1 u HaxxaTo kiaBuie S2. KnaBuina S3 Takke CIIyKHUT AJIs IePEeKITIoue-
HUSl pe3ucTopoB Rg B Mmocty TomMcoHa mpu otkaTtoii kinaBuie S2. Pyuka pesucropa R
TI03BOJISIET PETYJIMPOBATh CHUITy TOKA B CXEME.

IHopsinok BbINOJIHEHHS PadOThI
OmnpenesieHue yaeJbHOT0 CONPOTUBJICHUS PE3UCTUBHOIO NMPOBO/A.

YcraHoBUTe peXUM pabOThI YCTAHOBKHU JJIsi OIpe-
Ry JIEJIEHUS YAEIBHOTO COIPOTHUBIICHMSI IPOBOJHMKA. {751
T 3TOro HeoOXOAMMO HPOM3BECTH CIEAYIONINE ONePAIUU
@_REI C TIEPEKITIOYATENAMH M KJIABUILAMMU:
1. ITocTaBuTh nepexntovarens S1 B HUXKHEE MOJIO-
Puc.2 JKCHHE.
2. Haxats kinaBumny S2 (nmosoxxenue V — mA).
3. KnaBuma S3 B HaxaToM noJioxkeHuH. [Ipu TakoM MosiokeHun nepexirovaresei u
KJIaBUILIEH BKJIIOYEHA CXeMa, M300pa’keHHas Ha puc.2.
4. BxirounTe BWIKY NpPOBOAA OT YCTAaHOBKM B pO3€TKy HampspbkeHuem 220 B.
Haxxmute knaBuiry S (CeTh).
5. TlepenBuHbTE MOJIBWKHBIM KPOHIITEHH Ha KOJIOHHE Ha 35 CM OT OCHOBaHUS
(HEOOXOIUMO ONPENETUTh MOJOKEHHE PUCKM HA MOJBM)XKHOM KPOHIUTEWHE MO IIKaje

Ha KOJIOHHE). Perynsatopom Toka R ycTaHOBUTE Takoe 3HAYEHUE TOKA, YTOOBI BOJIBT-
METp MOKa3bIBaJI MPUOIUZUTENBHO 2/3 U3MEPUTENHHOTO JUana3oHa.
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6. 3anuImMTe MOKa3aHus aMIepMeTpa 1 BoJIbTMeTpa B Ta0. 1.

7. Y enbpHOE CONPOTHBIICHUE MPOBOJIHUKA MOJICUUTATh 10 popmyne p=US/Il, rae
U — nanpspkeHune Ha npoBogHHKE; | — TOK B mpoBogHuKe; | — amuHa npoBoaHuKa; S —
IUIONIA/Ib €r0 MONEPEUYHOTO CEUEHUS.

8. 3HaUEHHE HAIIPSKEHUS U TOKA U3MEPhTE I TPEX PA3IMUHBIX JUIMH POBOJIHHKA.
JlanHbIe 3aHecTH B Ta0M. 1.

Nerm/m | U,B | 1,103A | Lm | S,m? | p, <p>, Ap, <p>0mMm|E%
OmM'm OmM'Mm Om-Mm

Onpeneﬂeﬂne COIMPOTHUBJICHHUA TAJIbBAHOMETPA ¢ MOMOIIIBIO MOCTA ToMcoHa.

1. Cxema mocta Tomcona noka3zaHa Ha puc.4. [{ns BKIIOYEHHUS TaKoil CXeMbl HEOO-
XOJIMMO OTKaTh KJIaBHIITY S2 (TIOJIOKEHHE — MOCT)

2. Ilepexmrovarens S1, pa3peIBarOIIM AMArOHAIH MOCTA, MIOCTABETE B HUKHEE T10-
JIO’KEHUE; OTOXXKMUTE KJIABUIY S3, MPU ATOM MOJKIIOYAETCA B TUIEUO MOCTa PE3UCTOP
R()]_.

3. Perynsatopom R ycTaHOBUTE CTpEIKY BOJIBTMETpPA TaK, UTOOBI OHA HE 3alllKaJIMBa-
na.

4. TloctaBbTe MIEepeKIOYaTeNbh S1 B BEpXHEe MOJI0KEHNE, ITPU ITOM MOKa3aHHUE BOJIb-
TMETpa U3MEHHUTCS; C TTIOMOIIIBIO TIOJIBHIKHOTO KPOHINTEHHA JoOeHTeCh MepBOHavaIbHO-
ro MOKa3aHWs BOJLTMETpa (Kak M MPU HUKHEM ITOJIOKEHUM Tepekmodarens S1), T.e.
YPaBHOBECHTE MOCT.

5. IIpoBepbTe paBHOBECHE MOCTA MEPEBOOM TepekaouaTens S1 B HUKHEe U BHOBb
B BepxHee nosiokeHue. CTpesika BOAbTMETPA IPU 3TOM HE JOJHKHA M3MEHSATh CBOErO
HOJIOKEHUS.

6. 3anuumuTe 3HAYEHHWE COMPOTHBIICHMS MOJAKIIOYEHHOro pe3uctopa Roi m miaunHy
npoBOHUKA |1 OT OCHOBaHMS 10 PUCKU HA MOJBIXHOM KPOHIITEHHE B Ta01.2.

7. Bepuute nepexiodarenb S1 B HUKHEE MOJIOKEHUE, pa3pbiBas JUaroHajab MOCTA.
Haxxmure knaBumry S3, TeM cambIM MOAKIIOYAs B IJIEY0 MOCTa pe3uctop Ry, [lepese-
UTe TIepeKrovaTesb S1 B BepxHee MmoIoKeHUe, 3aMbIKast TuaroHaib MocTa, [loka3zanue
BOJIbTMETpAa H3MEHUTCS. CHOBa YpPaBHOBECHTE MOCT NEPEABUIKEHHUEM IOABUKHOIO
kpoHuuTeitHa. [IpoBeppTe paBHOBECHEe MOCTa MEPEBOIOM INepekitodarens S1 B HUKHee
Y BHOBb B BepXHee moJioxkeHue. CTpesika BOJLTMETPA MPU 3TOM HE JIOJIKHA U3MEHSATH
CBOET0 MOJIOKECHHUS.

8. 3anuimmTe 3HAYEHUE COMPOTHUBIICHMS MOJKIIOYEHHOro pe3uctopa Ry m miaunHy
npoBoHUKA |1 OT OCHOBaHMS 10 PUCKU HA MOJBMXHOM KPOHIITEHHE B Ta01.2.

9. IToBTOpUTE MYHKTHI 2 — 8 €IIe IPU ABYX PA3IMYHBIX 3HAUCHUSX HAMPSKCHUS, U3-
MEHSS €ro peryisatopoM R
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Il
10. ComnporuBneHue rampbBaHoMeTpa Bbrauciaure no ¢opmyne R =R, L rae
—h
I=51, cM — nuHA Bcero nmpoBoja.

M3MepeHnst 1 OKOHYATEIbHBIN pe3yIbTaT 3aHeCUTe B Ta0I.2
No Ro,OM |l,eM |R, OM |<Ry>,Om |AR,,OM |<ARy> Om |E, %
/11

Teopernueckoe onucanme
Tok, TeKyIlIU IO TPOBOAHUKY, YJIOBJIETBOPSET 3akoHy OMa:

| == (1)

riae U — HanpspkeHue Ha POBOJIHKKE; R — compoTuBieHUe poBoAHMKA. OMBIT IM0-
Ka3bIBAaCT, YTO COMPOTHUBJICHHE IIPOBOIHUKA 3aBUCUT OT €ro (pOopMbI, pa3MepoB U MaTe-
puana, U3 KOTOPOro M3TOTOBJICH MPOBOAHHUK. CONPOTUBICHHE OJHOPOIHOTO ITUJIMH-
JPUYECKOTO MPOBOIHUKA MOKET OBITh IMOJICYUTAHO 110 hopMyJie

R=p @
S
rae | — nnvHa npoBomHKKA; S — TUIONIA/b MTOTIEPEYHOTO CEUYCHUS; P — BEJIMYMHA, 3aBU-
csillasi OT MaTepuala MPOBOJAHMKA, Ha3bIBaEMasl YOeIbHbIM CONPOMUGIEHUEM Mamepuda-
Jaa.
p=R> ()
OTtcrona BUIHO, YTO yIEJIBHOE CONPOTUBIICHUE P YUCIEHHO PaBHO CONPOTHUBIIEHUIO
MPOBOJIHUKA, UMEIOLIETO JUIMHY | M M TIJI0IIaAb MOMEPEYHOTO CEUCHUS 1m?. B cucreme
CH enuHuEel yAENbHOTO CONPOTUBIEHUS ABIsieTC 1| OM' M.
Kpome yiepHOro ConpoTUBICHUS P UCIIONB3YIOT TaKyKe 00paTHYIO BEIUUHHY:

Gzi (4)

Yo,
Ha3bIBAEMYIO YAEJIbHOWU MPOBOJIMMOCTBIO UIIN YJIETBHOMN 3JIEKTPOIPOBOJHOCTHIO.

Ecnu mpoBOAHMK MMEET MPOU3BOJBHYIO (POPMY WUIIU KJIEMMBbI, 4Yepe3 KOTOphIE MOJI-
BOJAT K HEMY HaIPsDKEHHUE, PACIOJIOKEHBI B IPOU3BOJIBHBIX TOUYKAX €0 MOBEPXHOCTH,
TO COMPOTHUBIICHHUE €T0, ornpesensieMoe 3akoHoM Oma (1), coxpansieT cBoit cmbicit. Oi-
HAaKO B 3TOM CJy4yae CONPOTHBIICHHWE HEIb3sl BBIYMCIUTH C MOMOIIbIO (hopmyisl (2).
[lmotHOCTH TOKA

dl

g (5)

71



OyZeT pa3IMyHOM B pa3HbIX TOYKaX NpoBOAHUKA. [Io3TOMY pacnpeneneHue mIOTHOCTH
TOKa B 00beME IPOBOJHUKA CIENYET ONPEAEIATh, UCHIOIB3Ysl (PYHIAMEHTAIBHOE COOT-
HOLIICHUE

j=oE (6)
HaszbpIBaeMoe 3akoHOM Oma B JIOKabHOU (opme ( E - BEKTOP HANPSIKEHHOCTH JJIEK-
TPUYECKOTO MOJIA B TAHHOW TOYKE MPOBOIHUKA).

DU3NYECKOE COACPIKAHUE TOHITUU YIAEITBHOTO CONPOTHUBIEHUS W YACIBHOU JJICK-
TPOIPOBOJIHOCTH MOYKHO MOHSATH, UCXOS M3 MPEACTABICHUN KJIACCUYECKOM IJIEKTPOH-
HOHM Teopuu. B 3To# Teopuu mpeamnosiararoT, 4To CBOOOJHBIC AJEKTPOHBI B MeTaslIax
BEeIyT ceOs MoJ00HO HaealbHOMY Ta3zy. Eciu B MPOBOJHUKE CO3/IaTh AJIEKTPUUECKOE

nosie E, To Ha xaomuueckoe TEIIOBOE ABMKCHHE DIICKTPOHOB,
KOTOPOMY COOTBETCTBYET CPEIHSSI CKOPOCTb < 0 >, HAJOXKUTCS YHNOPSAJOUEHHOE
JBIKEHUE CO CPETHEN CKOPOCTBIO Dy — ckopocmbio Opetigha. Ilpu sTom
J =eno, (7)
r7ie N — 9UCJIO 3JEKTPOHOB B €IMHUIE 00beMa; € — 3apsij dnekTpoHa. [Ipeamnomnaraercs,
YTO MaKCHUMAaJIbHOE 3HAUYECHUE HAINPaBJICHHON COCTaBISIOLIEH CKOPOCTH Umax, KOTOPYIO
IpUOOpETaeT IEKTPOH MEXTY IBYMS IIOCIIEI0BATEIbHBIMU CTOIKHOBEHUSIMU C HIOHAMU
KPUCTAJIIMYECKON PEIIETKH, TOJIHOCTBIO TEPSIETCA MPHU CTOJKHOBEHUU. [Ipu aTom 3HEp-
T'Usl YIOPSJOUEHHOTO JIBUKEHUS 3JIEKTPOHA MPeoOpa3yeTcss BO BHYTPEHHIOW SHEPTHUIO
IPOBOJIHMKA, KOTOPBIN HAarpeBaeTcs MU MPOXOXKACHUU 110 HEMY 3JIEKTPUUECKOIO TOKA.
Bbruncnenuss mpuBOAST K CIEAYIOLIEMY BBIPDQXKEHUIO JUISI CPEOHEM CKOPOCTH s
HAIPaBIEHHOTO JBUKCHHSI SJICKTPOHOB
0. = eEA (8)
2m<o >
rae A — CpenHss JUIMHA CBOOOJHOTO Mpodera 3JIeKTPOHOB, KOTOPYIO CUUTAIOT IO IO-
PSAKY BETMYHMHBI PaBHOW MapaMeTpy KPUCTAUITMUECKON PelIeTKH MeTaiia; M — macca
DIIEKTPOHA.
[Toncrainsst hpopmyny (8) B popmyny (7), mosrydaem

. e’nlE

| — 9)
2m<o>

YTO TP COMOCTaBIEHUU ¢ GopMyIioi (6) JaeT sk G BEIPAKEHUE
2
n

oo N4 (10)

2m <o >

OnpenesieHue CONPOTUBJIEHUSI MPOBOAHUKA € IOMOIIbIO MOCTA YUTCOHA
J{nst onpenesieHus: COMPOTUBIICHUS! TTPOBOIHUKOB CYIIECTBYIOT Pa3IMYHbIE METO/IBI.
OnHuM U3 HUX SBJSETCS METOJ U3MEPEHUSI CONPOTUBIICHUM MPU MOMOIIA MOCTOBOM
cxeMbl. MOCTOBBIE CXEMBbI IIPEACTABISAIOT COOOM pa3BETBICHHBIC IIEMH, I pacyeTa Ko-
TOPBIX MPUMEHSIOTCS npasuia Kupxeoga.
[TepBoe mpaBunio Kupxroda rimacur, 4to anredpanyeckas cyMMa CUJI TOKOB, CXOJs-
HIUXCS 8 Y3/, paBHA HYJIIO:

> 1,=0 (11)
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VpaBuenue (11) moxkno HanucaTh g kaxaoro u3 N y3noB nenu. OnHako HE3aBU-
CUMBIMHU SBJISIIOTCS ToJbKO N —1 ypaBHeHue. HanpaBiieHHsI TOKOB B y4acTKax IIEIH BbI-
OMparoTCs MPOU3BOJIBHO, a 3HAKH JJIsI ONPE/ICICHHOCTH CUUTAIOT TOJIOKUTEIIbHBIMU IS
TOKOB, IMOJIXOJISIIMX K Y31y, U OTPHUIIATEIbHBIMU JISI TOKOB, OTXOSAIINX OT y3JIa.

Btopoe mpaBuiio riacuT, 4to anrebpandeckas CymMma HaIpsHKCHHR 6 3aMKHYMmMOoM
KOHmMYpe paBHa ajreOpandeckoi cymme 3.7.C., BXOJAIIUX B 3TOT KOHTYD:

2 R=2 ¢ (12)

[Tpu 3amaHHOM HampaBieHHH 00XOJa KOHTYpPOB IIO-
I I, JIOKUTEJIbHBIMU CUUTAIOTCSI T€ TOKH U 3.1.C., HaIpaBlie-
/ \ HUS KOTOPBIX COBIAJAIOT C HAIIpaBJIeHUEM 00X0/1a.

A B Cpenu ypaBHeHuii (12) He3aBUCUMBIMUA OYJIyT TOJIBKO
D (F YpaBHEHUS JUIsl TEX KOHTYPOB, KOTOPBIE HEJIb3S MOTYYUTh
\’ / HaJIOKEHHUEM JPYTrUX KOHTYPOB JAPYT Ha Jpyra.

I MocToBas cxema MOCTOSIHHOIO TOKa, YacTO Ha3blBae-
s G Mast COKpalleHHO MOCTOM YurcoHa, NPE/ICTABIACT coOoi
‘I 3aMKHYTBIA YETBIPEXYTOJIbHUK, COCTABIIEHHBIN U3 COMPO-
tuBieHu Ry, Ri, R2, Ry (puc.3). B nuaronans 4B 4eThI-
PEXYTOJIbHUKA BKJIFOYAETCSI UICTOYHUK IOCTOSHHOTO TOKa
C DJIEKTPOJABHKYILEH CWIOH € B JUAaroHalb — YyBCTBUTEIBHBIN rasbBaHoMerp I'. Ota
JMaroHaJlb CX€Mbl M Ha3bIBA€TCSI MOCTOM B COOCTBEHHOM cMbIciie. Bech mponecc uzme-
PEHUI IPU IOMOIIIM 3TOM CXEMBI CBSA3aH ¢ TPEOOBAHNWEM PABEHCTBA HYJIIO TOKA B MOCTE,
OTCIOJIa U PacIpOCTpaHEHUE Ha3BaHMs "'MOCT" Ha BCIO cxemy. [Ipu mpou3BOJIBHOM CO-
OTHOUIEHUHU CONPOTUBIIEHUH, COCTABJISIOIIMX BCIO MOCTOBYIO CXEMY, YEpE3 rajbBaHO-
METp, pa3yMeeTcs, JAOHKEH UATH TOK, HO (3TO MOXHO IMOKa3aTh MPOCTBIM PAcuyeTOM)
CYILIECTBYET OJHO OMPEJEICHHOE COOTHOIIEHHE MEXAY CONPOTUBICHUSIMHU, COCTABIIS-
IOLMMHU CXEMY, TP KOTOPOM TOK, MAYLIMH Yepe3 rajibBaHOMETP, 0OpallaeTcsi B HYJIb,
XOTS TPU ATOM BO BCEX APYTHX 3BEHBSAX CXEMbl TOK HE PABEH HYJIIO.
Ecnu Tok B raibBaHOMETpE OTCYTCTBYET, TO npuMeHss k koHTypam ADCA u CBDC
BTOpOE npasuio Kupxroda, moayyum
LR, —1,R =0
I,R,—I,R, =0
[Tpumensisa k y3nam C u D nepBoe npasuio Kupxroda, Oynem umersb
Iozlx’ |1:|2 (14)

N3 Boipaxenuit (13) u (14) nomyuum 2— = % W1
2

Puc.3

(13)

_rR
R, =R, (15)

X
2

C OnpenesieHue CONPOTUBIICHHUS FAJIbBAHOMETPA C
Ry noMoub Mmocra Tomcona
S1 Ro Jima  v3MepeHHnst CONPOTHBIIEHUS MCIIOJIb3YETCSA
MOCT MOCTOSIHHOTO TOKAa C HEKOTOPbIMU U3MEHEHUAMU
R Ry B B PacIOJIOXEHUH €r0 OTACIbHBIX yacTen. Cxema MocTa
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TomcoHa noka3zana Ha puc.4. Llernb nuTaeTcss OT HCTOYHUKA MTOCTOSIHHOTO HAIPSKEHUS
G. BennuuHa HanpspKeHUs! PETYIUPYETCsl TaK, YTOOBI NP 3aIaHHBIX 3HAYEHUSIX COIPO-
TuBNeHU Ry, R1, Ry cTpenka ragpBaHoOMeTpa HE BBIXOIMIIA 32 TIPEIEIIbI IKAJIbI.

ComnportusiienueM R, cinyxkut mMarazus conpotuBiieHuid. ConpotuBieHusMu R; u Ry
ciyxat yactu peoxopaa AB (puc.4). Peoxop/ioMm Ha3bIBaIOT OJHOPOJHYIO MPOBOJIOKY,
U3TrOTOBIIIEMYIO U3 BBICOKOOMHOTO Matepuaia. [lo mpoBosioke peoxop/a nepeMeniaet-
Csl TIOJABMKHBIA KOHTAKT D, coeMHEHHBIN ¢ raabBaHOMETpoM [. DTOT KOHTAKT IEIUT
peoxopn Ha nBe yactu: AD u DB. BeneacrBue Toro, 4ro mpoBoJIOKa peoxopia OgHO-
pOJIHa M TIIATEJBHO KaJIMOpOBaHa, OTHOLIEHUE CONMPOTUBIEHUN ydacTKoB uenu AD u
DB (e peoxopa) Ha OCHOBaHUH (POPMYIIBI (2) MOKHO 3aMEHUTh OTHOIIIEHHEM COOT-
BETCTBYIOILMX JJIMH IIJIEY pEOX0opaa:

2 2

Ecnmu norennmanst Touek C u D paBHbl (9c = @p), TO Tok B auaroHanu CD pasen
HYJII0, ¥ TIOTOMY 3aMbIKaHUE U Pa3MbIKaHUE KHOIKHU S1 HE OYyT BBI3BIBATh U3MEHEHUN
TOKa B BETBSIX MOCTOBOM CXEMBbI, B TOM YHCJI€ U B BETBU rajibBanomerpa ['. Ilpu stom
OyJieT BBIMOJIHATHCS cooTHOIIEeHUE (15):

R, =R, % = RO:—l
2 2

TakuMm 00pa3oM, MOCTOBasi cXeMa MOKET ObITh MCIOJIb30BaHA HE TOJIBKO JJIs U3Me-
PEHHI CONMPOTUBIICHUI Pa3IMYHBIX POBOJHUKOB, HO U JUIsl U3BMEPEHUST CONTPOTUBIICHUS
ranbBaHomeTpa. [Ipu 3ToM He Tpebyercs BKIIOUEHHE BTOPOro Mpubopa B JMAroHaib
CXEMBI JIJISl UCTIOJIb30BaHUS CXEMbI B OOBIYHOM HOPSIKE.

KoHTpoJsbHBIE BONIPOCHI

1. OOBSICHUTh MEXaHU3M DJICKTPONPOBOJHOCTH MeTallloB. KakoBa mpupoaa comnpo-
TUBJIEHUA? UTO Takoe yeIpHOE CONPOTUBIIEHNUE, OT YETO OHO 3aBUCUT?

2. ChopmymnupoBats npasuia Kupxroda. [TosicHUTH, kKak MU TOJIL30BAThCS. 3aMu-
caTh YPABHEHMS JJIsI ONIPEAETIEHNS TOKOB B HEPABHOBECHOM MOCTOBOM CXEME.

3. BriBecTu ycioBu€ paBHOBECUSI MOCTOBOM CXEMBI.

4. Yem ornuyaroTcs MOCTOBbIE cxeMbl ToMmcoHa u YuTcToHa? B Kakux ciydasx
IPUMEHSETCS Ta WM Ipyras MOCTOBAsl CXeMa JUJIsl U3MEpPEHUs
CONPOTUBJICHUI?

5. Haiiaute TOK, MpOTEKAIOIIMKA 4Yepe3 COMmpoTUBIICHHE R
Ha puc.5. &=10B, &=5B, R=100M, BHyTpEeHHHE COMPOTUB-
JIeHUs 3.1.C. paBHbI I = 1 Om.
6. 3anuIInUTEe CUCTEMY YPABHEHUM I TOKOB, MPOTEKAKOIINUX
B DJIEKTPUUYECKOMN CXEME Ha pUC.6.

Jlureparypa
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1. CasenneB U.B. Kypc o6mieit dusuku. - 2-e u3z. - M.: Hayka, 1982, 1.3. ¢.165-170,
176-180

75



JIABOPATOPHASA PABOTA Ne23
PEJTAKCAIIMOHHBIE KOJIEBAHUA

Llenp pa®oThI: HCcCEAOBAaHUE XapaKTepa pPeslaKCAllMOHHbBIX KOJIEOaHUHN B CXEME C
ra3opa3ps,AHON JaMIoN U UX MPUMEHEHHE

IopsiioK BbINOJIHEHHUS PadOThHI

A. IlocTpoeHne BOJIbT-aMIIEPHOI XapAKTEPUCTUKH HEOHOBOM JIAMIIbI.

1. Pa3zbepurech B Ha3HAYCHUH DJIEMECHTOB n
cxeMmsl (puc.1). @ S1
2. Perymsaropel R; u R, moBepuute 10 Crh
ylopa TPOTHB YacCOBOW CTPENIKH, TMEPEeKIIoya- CXT TG (VD
TENb S1 - B HEUTPAJIbHOE MOJI0KEHUE. 65
3. BkimtouynTe yCTaHOBKY B CETb. ‘
4. MenJeHHO YBEIMYMBAsi HANPSHKCHHUE C R,
MOMOIIIBIO TTOTEHIIOMETpa Ry, 3aMeThTe MOMEHT
3a)KUTaHMs JIAMITBI (CTpeKa MHUKpOAaMIIepMeTpa Puc. 1 CxeMa yCTaHOBKH

PE3KO OTKJIOHUTCS OT HyJs1). BoimpTmeTp moka-
XKeT HanpsbkeHue 3axkuranusa Us (KHONKY Sp B Mpoliecce U3MEpPEHU 1epKaTh 3aMKHY-
TOK).

5. IIponoikas yBeIMUnBaTh HANPSKEHUE, U3MEPSUTE TOK, TEKYLIUN YEPE3 JIaM-
my.

6. [locne noCTHXKEHUST MAKCUMAJIbHO BO3MOYKHOTO HANPSKEHUS HAYHUTE YMEHb-
iaTh €ro A0 noyiHoro ramenus aamisl (Ur), 3anuceiBas 3HaYEHUS TOKA.

7. JlaHHbIE 3aHECUTE B TAOJIUILY

IIpu yBenuuenuu | [Ipu ymMeHbLIEHUN
HaNPSHKECHUS HaNPSHKECHUS

UB |ILMkA |U,B |1, MkA

8. I1o manubM TabauIkl noctpoite rpaduk I = f(U).

b. Onpenesienue BeJIMYUHbI HEU3BECTHOM €MKOCTH.
1. Tlepexmtouarenb S1 nocraBsTe B nojoxeHue CO (B LeNb BKIIOYAETCS ITAIOH-
HBII KOHJIeHcaTop). Pyuky R, moBepHUTE 10 yriopa NPOTHB YaCOBOM CTPEIKH.
2. YBenuuuBas HampsoKeHHE, T00EHTECh BOSHUKHOBEHUS KoJieOaHuM, HaOmroae-
MBIX IO MUTaHHWIO HEOHOBOM JIAMIIOYKH, HaUMEHbIEH yacToThl. Onpeaenure Bpems 10
muranunii mammouxd. ITo gpopmyse T, =t /10 paccuuraiite neproa KoneOaHHil.

3. BrirouuTe B 11enb KOHACHCATOP HEU3BECTHOW EMKOCTH U OTIPEICTTUTE TICPHO.T
konebanuii T, =t /10. ITpu atom pyuxu R u R, He Tporaiire!

4. Haiingure emxocts C,, 3Has u3 popmyisl (7), 4To
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T = u,-u, RC,T = v,-u, RC, , u cnenoBatensHo C, =C, L
£ & T
c|T

3

3

t,c|t c|T,c|C, ,Mmx® | C, Mxk®D

K X1

TeopeTquCKoe OITMCaHHuEe

JUid nOoay4deHUs JJIMTENbHO CYIIECTBYIOIIMX JJIEKTPUUECKUX (M MEXaHMUYECKHUX )
Kosie0aHuil OOJIBIIOE 3HAUEHUE UMEIOT aBTOKoJieOaTeabHble cucTeMbl. OHU XapakTepu-
3YIOTCS CIEAYIOIMMH OTINYUTEIILHBIMUA CBOMCTBAMM.

1. ABTOKOJEOATENBHBIE CUCTEMBI CIIOCOOHBI TEHEPUPOBATh HE3aTyXakoIUeE Koje-
OaHus. DTH KoJeOaHHUsI MOTYT ObITh FTAPMOHHUYECKUMU WA O0JIee CIOXKHOU (POPMBI, HO
OHM MOTYT MPOJOJKATHCA HEOTPAHUYEHHO JIOJIT0, 0 TEX IMOp, MOKa HE BBIWIYT U3
CTpOSI AJIEMEHTHI, 00pa3yIOIIE CUCTEMY.

2. ABTOKO€0ATENBHBIE CUCTEMBI OTJIMYAIOTCA OT KOJIEOATEIbHOIO KOHTYpa C CO-
IPOTUBIICHUEM, PABHBIM HYJIO. Takoil KOHTYp MPEACTABISIET COOOM HI€albHBIA CIY-
yail, He JOCTHKMMBII Ha MPaKTUKE, B TO BpeMs, KaK aBTOKOJIE€OATEIbHbIE CUCTEMBI 5IB-
JISIFOTCS peabHBIMU YCTPOMCTBAMU, COITPOTUBIIEHHE KOTOPBIX HE PABHO HYIIIO.

3. B aBTOKOJIE0aTENBHBIX CUCTEMAX HE3aTyXarolue KojaeOaHuss BOZHUKAIOT 110
BIIMSIHAEM IIPOLIECCOB, MPOUCXOIAIINX BHYTPH CUCTEMBI, U JUI UX MOLAEP/KAaHUS HE
TpeOyeTcs HUKaKuX BHELITHUX BO3/CHCTBHIA.

4. B coctaB aBTOKOJEOATEIbHBIX CHCTEM BXO-

JUT UCTOYHUK SHEPTUU (B Cllydae MEXaHMYECKHX KO- R
nebaHuil - cxkaras MpyKuHa, MOJHATHIN Tpy3 U T.1., B HJT
clly4ae 3JIEKTPUUYECKHUX - OaTapesi Wik UHOW UCTOYHUK ~—_—— — g
TOKa). ODTOT HCTOYHHMK MEPUOJMYECKH BKIIFOHAETCS G
CaMOM CHCTEMOM M BBOJWUT B HEE ONPEACIICHHYIO
HHEPrUI0, KOMIIEHCUPYIOLIYI0 TOTEpU Ha BbIACIICHUE
tera Jxoyng-Jlenua, yto u Aenaer kojgedaHus He3a-
TyXawIuMHi. PaccMoTpuM B KauecTBe MpUMeEpa aBTO-
K0JIe0aTEIbHON CUCTEMBI DJIEKTPUUYECKYIO LIEMb, COJEPKAIYI0 KOHAEHCATOp U CONpO-
tuBnenue (puc.2). Pa3psa koHmeHcaTopa yepe3 COMPOTHUBIICHUE MPEACTABISIET COOOM
arepuoIMIECKHi Tpouecc. Paspsay MOXKHO, OJTHAKO, MPUAATh MEPUOAUYECKUN XapaK-
Tep, BO30OHOBIISIA 3aps] KOHJIEHCATOpa Yyepe3 paBHbIe MPOMexyTku BpemeHu. Komneba-
HUS B 3TOM CIIy4ae SIBJISIIOTCA COBOKYIHOCTBIO JIBYX Aall€pUOAMYECKUX IPOLIECCOB -
npolecca 3apsku KOHAEHcaTopa U Impoliecca ero paspsaku. Takue koneOaHus Ha3bl-
BAIOTCA PeNaKCayuOHHbIMU.

B Hamelt yctaHoBke poJib "Kiroda", 00ecneurBaroero NonepeMeHHy0 3apsiaKy
U pa3psAIKy KOHJEHcaTtopa, urpaer raszopaspsanbiii auon HJI (HeoHoBas namma).
HeoHnoBast naMiia BKIJIIOUE€HA NapajljieibHO KOHAEeHcaTopy. Eciin Obl HEOHOBOMW JIaMIIbl
He ObLIO, TO HAaNmpsDKEHHE Ha KOHJIEHCATOPE YBEIMYMBAIILCH Obl C TEUCHHUEM BPEMEHU
MPOMOPIMOHANIBHO 3apsify q M cTpeMusioch Obl acumnToTuyecku Kk JJIC mcrodHuka.
YpaBHeHUE 3TOM KPUBOU BhIpaxkaeTcst opMysioi

N

Puc. 2
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Uc=¢(1-e ") (1)

rae U, - HanpsbKeHHe Ha KOHJeHcaTope, € - J1C ucroynuka, t - Bpems, R - comnpo-
TuByieHUE 1enu, C - eMKOCTb KOHIEHCATOpA.

B oM, 4T0 3TO Tak, MOKHO yOemUThCsI, 3amucaB 3akoH Oma JIj1s ydacTka 1enu 1-
G-R-2, m3obpakenHoro Ha puc.3 (kirod S 3aMKHYJIH B MOMEHT t = 0);

(¢2—¢1)+IR28 (2) R 1]
Vunrsisas, uto | =dg/dt u (¢, —¢,)=U. =q/C, nepenumem L c +H 2
dg ¢ & G "1
aBHeHUe (2) B BUIE —_—t—=— 3
yp 2) T RC-R (3) )
PasjiesieHne mepeMeHHBIX JaeT S
e—q/C
Wurterpupys ypaBHenue (4) B mpenenax ot 0 mo t, Haxoqum RCIn (1— gC) =—t oTkyna
q:EC(l—e_t/’) v U :g(l—e_t/f) (5) U
rae 7 = RC - Bpems penakcanum. T T
HavanbHyro yacTh KpUBOW MPUOIMKEHHO MOKHO 7
IIPEICTABUTH IIPSMOU JINHUEH: e P Htsb: R i Iy
t Usf =A==
U.=¢—, (6) T i tr
T 0 t
Tak kak € V" ~1—t/7r mpu t0 7 =RC. Puc. 4

[Ipy HanM4YMKM HEOHOBOM JIAMIIbI IPOUCXOIUT HHOE.
OcHOBHasi 0COOEHHOCTh HEOHOBOMW JIAMIIbl COCTOMT B TOM, YTO OHA HAYMHAET MPOBO-
JIUTHh TOK TOJBKO MPH ONPENEICHHONW PAa3HOCTH MOTEHIMATIOB MEKIY €€ JIEKTPOJIaMHU
U,. Ecnu Hanpsixenue Ha anektponax jamnbl U < U,, TOK yepe3 jlaMily HE UJET, Tak
KAaK HEOH SIBJIIETCS TMAJIEKTPUKOM. B 3TOM cirydyae BHYTpEHHEE COIPOTUBIICHUE JIAMIIBI
0eckoHeuHo Benuko. [Ipu paznoctu noteHuuanoB U, NPpOUCXOAUT MPOOOH AUIIEKTPHU-
Ka, U 4epe3 JIaMIly UIET TOK - JIaMIla 3aKUraeTcsi. BHyTpeHHee CONPOTUBIICHUE €€ NPH
OTOM CKAa4YKOM YMEHBIAETCS 10 ONPEIEIICHHOM KOHEYHOU BenuyuHbl. U, Ha3pIBaeTcCA
IIOTEHLUAJIOM 3aKUTaHMs JIAMIIbI, OH 3aBUCHUT OT PACCTOSHUSA MEXIY JJIEKTPOIAMH,
(GOpMBI 3TIEKTPOIOB, @ TAKXKE OT MPHUPOJIbI U TaBJICHHS HAMOIHSIOMmEro Jammny rasa. [o-
CIIe 3aKMTaHusl JIaMIla MOYKET TOPETh yxKe TpH 0ojiee HU3-
KOM HamIpsKEHUH, TaCHET OHA IPU HEKOTOPOM HaIpsiKe- b
Hun U, HA3pIBa€MOM NOTEHIIMAJIOM TalllCHHUS.

B pesynbrare mepuoInyYecKOro NMOBTOPEHUS IPO-
LIECCOB 3aXKUT'aHUS M TalllEHUs] HEOHOBOW JamIibl BO3HU- I,
KalT Konebanusa HanpsbkeHust U, BbIpakaeMble NMHIO- [ |- - — — _

T C
oOpasHoi kpuBoi (puc.4). [lo TakoMmy ke 3akOoHy HU3Me- |
HSIeTCS U 3apsi]l KOHEHCaTopa. U U U
Puc. 5
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[Ipeamnonoxxum st MPOCTOTHI, YTO BpeMs pa3psaKd KOHJEHCATOpa BEChbMa Majio
110 CPaBHEHHUIO CO BpEMEHEM ero 3apsiaku. Torma mepuos KojaebaHuii - 3T0 €CTh BpeMms,
B TEUYEHHE KOTOPOro HampsikeHue moBbimaeTcss oT 3HadeHuss U, go U, Ucnons3ys
dbopmyiy (6), MOXKXHO TIOJTYIUTH JJIsl HETO BRIPAKCHHUE
7= g Yol
£ g

(7)

BosbT-aMnepHas xapakTepuCcTHKa HEOHOBOM JIaMITbl UMEET BUJI, MOKAa3aHHBIM Ha
puc.5. IIpu Manom HanpsKEHUU HA AJIEKTPOJIaX TOK uepe3 JJlaMmmy paBeH Hydqro. [lpu 3a-
s)kuranuu J1amibl U=U,; TOK CKaYKOM JOCTUTaeT BeIWUnHbI [,. [Ipn nanpHenmemM yBenu-
YCHHUM HANpsDKSHHUS TOK B JIaMIIe BCe BpeMs Bo3pactaer Imo npsmoi ab. Eciau ymeHb-
IIMTH HAINPSHKCHHUE, TO TOK YMEHBIIUTCS 10 IpsMoit b, 6imskoii k ab. Korma Hanpsoke-
Hue ynaaet 10 U, TuiaBHOE YMEHBIIIEHUE TOKa OYET €1lle MPOI0KAThCSA, U JTUIIb NPU
U = U; Tok uepe3 JaMIty CKauKoM MajiaeT 10 HYJIA.

KoHnTposibHbIe BOPOCHI

1. Yro coboit npeacrasistoT aBTokoneOanus? Ilpusenure npumepsl aBTOKOJI€0a-
TEJbHBIX CUCTEM B MEXAaHUKE U DJICKTPUUECTBE.

2. Ucnonwzys npasuiio Kupxroda, 3anummure nuddepeHimaibHoe ypaBHEHHE
3apsAKH KOHJIEHCATOpa U HaluTe ero pemenne. Kakoil BUua UMeeT 3aBUCHUMOCTh
HaIpsHKEHUST Ha OOKJIaIKaX KOHJEHCATOpa OT BpEeMEHH?

3. [InacTuHbI 3apsHKEHHOTO KOHJIEHCATOPa 3aMBIKAIOT IMMPOBOIHUKOM COIPOTHUB-
nenueM R. Kak O6picTpo KOoHIeHCAaTOP paspsaauTces Ha 99%? (perieHune, aHaIOTUYHOE
pelIeHunIo 3aa4uu u3 Bonpoca No2).

4. KakoBa poJib HEOHOBOM JIAMIIbI B H3y4aeMOM cxeme?

5. [lonyuurte camoctosiTenbHO dhopmyiy (7).

Jluteparypa

1. Uponos U.E. "OcHoBHbBIEC 3aKOHBI 3JiekKTpoMarHetusma’ uza.2-e, M.: Beici.
K., 1991, 289 c. §5.6 Tlepexoansie mpoiiecchl B 1IEMU ¢ KOHAEHCATOpOoM (cTp.124)
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JIABOPATOPHAS PABOTA Ne24
TEPMOJSJIEKTPUYECKHUE ABJIEHHA

Llenp pa®oThl: 03HAKOMJICHHE C TEPMOIIICKTPUUECKUMH SIBJICHUSIMU, TPATyHpPOBKA
TepMOMaphl U ONpeiesICHUE YACIbHON TEPMOIIEKTPOABIKYIIEH CUIIBI.

Ilopsaok BeINOTHEHUs1 padoThI
1. Onpenenure no tepmomerpy TEP Ha ycTaHOBKE KOM-
HATHYIO TEMIEPATYPY tomn, OMHAKOBYIO JJIS CMAeB a, b U ¢ mpu
BBIKJIFOUEHHOM Harpesaresie R.
2. BxirounTe ycTaHOBKY B ceTb. HarpeBas pabouuii craii
TepMmomnapsl, yepe3 Kaxasle 5°C u3MepsiTe Mo BOJIBTMETPY Be-

mnunny O.J1.C. ¢&; . HarpeBanue npoussogure 1o 80°C. Pesyib-
TaThl U3BMEPEHUHN 3aHECUTE B TAOJUILY.
3. IIpu poctrxkenun 80°C BBIKIIIOYUTE YCTAHOBKY M MPO-

JIOJDKATE M3MEPEHUE TEPMO-3.1.C. &£ HPU E€CTECTBEHHOM OCTBI- Puc.1 Cxema
BaHUM paboyero crnas, PUKCUPYS Te K€ 3HAUCHUS TEMIIepaTyphl, YCTaHOBKH
Kakue ObUIM IpU HArpeBaHUM, HO B OOPaTHOM MOPSIZIKE
BIUIOTH /10 KOMHATHOM. JlaHHbIE 3aHecuTe B TaOIUIy U Gr
IOJIy4UTE MOANKCH IIPENoAABaTeNd O 3aBEPUICHUM JKC- £l — — — — — —
NEPUMEHTA.

4. Jlia kaxa0¥ TemnepaTypbl BBIYUCIUTE CPEAHEE

1 1l " -
3HAYCHHE & = E(gT + eT) Enf - -

Y [IOCTPOiiTe TpaUK 3aBUCUMOCTH &; OT At=t-tiouy 0 At Aty At

. Beruucnure BeJmuuH JIbHOU TEPMO-D.]1.C.
> CJHTE BE Y YACTLHOM TEPMO=3.21.C Puc.2 T'padux &; (At)

0L, UCTIOJIb3YS IMPSIMOJIMHENHBIN Y4aCTOK IIOCTPOEHHOIO

& — &
rpaduka Tak, Kak 3TO MOKa3aHo Ha pHC.2, o popMmylie o = N AL YyacTok rpaduka
, -

JOJIKCH COACPIKATH HCCKOJIBKO SKCIICPHUMCHTAJIBHBIX TOUCK

t,°C|At,°C| g ,MB | & ,MB | &, MB

teonn = +vv. °C o=....

Teopernueckoe onucanme

Meramur B LIEJIOM 3JEKTPOHEUTpaneH. DJIEKTPOHbI IMPOBOJUMOCTH B METAILIE
JIBIKYTCS Xa0TUYECKH C OTPOMHOM ckopocThio V ~ 10° m/c. HekoTophble U3 HUX MOTYT
CIIy4yallHO BBIMTH HapyKy M3 MeTajuia. Y JaJeHue 3JIEKTPOHA OT HAPYKHOTO CJI0s MTOJIO-
JKUATEJIbHBIX NOHOB PELIECTKU IPUBOJUT K BOSHUKHOBEHHUIO B TOM MECTE, KOTOPOE MOKH-
HYJI 3JIEKTPOH, U30BITOYHOTO MOJIOXKUTEIBHOTO 3apsiaa. KylnoHoBckoe B3auMozeicTBre
C 3TUM 3apsI0M 3aCTaBJISIET AIEKTPOH, CKOPOCTh KOTOPOTO HE OUYEHB BEJIMKA, BEPHYTHCS
o0OpatHo.
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I N . TPOHOB.
Memant D10 001aK0 00pa3yeT COBMECTHO
Puc.3 C HaApYXXHBIM CJIOEM HOHOB JIBOMHOU

aneKkTpuueckuil cmoit (cm.puc.4). Bos-

HUKAIOIIee Ha FPAHMIIE pa3zelia deKTpuyeckoe noie E. crpemur-
Csl BEpHYTh BBUICTEBIIINE JIEKTPOHBI B MeTayu1. PaboTa, coBepima-
eMasi MPOTUB CHJI 3TOTO MOJIS MPU MEPEXO0JIE JIEKTPOHA U3 METal-
Ja HapyXy, UJIET Ha YBEIWYECHHE MOTEHUHAIBbHOW SHEprum 3jekTpoHa W = -e@. Ilo-
CKOJIbKY 3apsijl AJIEKTPOHA OTPHIIATEIEH, NOTEHIMA TOUYKU U MOTCHIHAIbHAS YHEPTUs
AJIEKTPOHA B 3TOM TOYKE UMEIOT pa3Hble 3Haku. OTCIoAa CIEAYET, UTO MOTEHIINAI BHYT-
pu MeTaiia OoJbIlle, YeM MOTEHIMA B HETIOCPEACTBEHHOM OJIM30CTH K €ro MOBEPXHO-

CTH B BaKYYME (Pyer > Ppax)-

W3 KBaHTOBOW TEOPUU HU3BECTHO, UTO DSJIEKTPOHBI
IPOBOJAMMOCTH B METaJlJIE MOT'YT UMETh HE KaKHe YyTOAHO, a
TOJIBKO OTJIEJbHBIC PA3PELICHHbIC 3HAYEHUS] YHEPIUH, KO-
TOpBIE 3aKJIIOYEHBI ITPU aOCOIIOTHOM HyJie B npezaenax ot 0
710 MaKCUMAaJIbHOTO 3HAYE€HUs , COBIIAJIAIOLIETO C dHepauel
Depmu} Er (Mam xumuyeckum nomenyuaiom MeTauia). Jta
BEJIMYMHA XapaKTEPU3YyeT T€ AJIEKTPOHBI B MeTaie, KOTO-
pbeie 00J1aJal0T HAaMOOJIBIIMMU CKOPOCTSMH, U KOTOPBIM
Jierdye BCEro BbIPBAThCs M3 Metaiuia. Ha puc. 5 sHepreTtnye-

W

7++++++ +
|4 grad e +
—_— +

- |+
Memann  +

- |+
S +
= +
— |+ +
i e e S =

- Takum 00pa3om, OTAENbHBIE 3JIEKTPOHBI BCE BpEMsI MO-
el | 1) KM#aroT HmOBEpPXHOCTh METallla, YOAIAIOTCS OT Hee Ha He-

y CKOJIbKO MEKAaTOMHBIX PAcCCTOSHUM M 3aT€M MOBOPAYMBAIOT
oOpatHo (cM.puc.3). B pesynpraTe MeTamsl OKa3bIBAETCS
OKPYXEHHBIM TOHKHUM OOJIAKOM 3JIEK-

6aKyyM

Puc.4

WBaK
ABHX: ey

l

VVMET

0

pasMep KycKa [

MeETala

Puc.5

CKHME€ YPOBHHU 30HBI TPOBOJUMOCTH BIHCAaHBI B "SHEPreTH-
YECKYIO IMY"', KOTOPYIO HA3bIBAKOT HOMEHUUAIbHOU SAMOU.

SHEPTUs, KOTOPYI0 HEOOXOAMMO COOOIIUTH SJIECKTPOHY
JUISL TOTO, 4TOOBI YAQJIUTh €ro M3 METalljla B BaKyyM,

+++++ -+ + 1]
. Al B
7++zl+++7 —++ni+—
o | T Jnst ynaneHus 3a npenesibl MeTajuia pa3HbIM 3JIEKTPOHAM
- = — T HY>KHO COOOIIUTH HEOJMHAKOBYIO dHEpruto. Haumenvuias
4 €01
EF] e ¢2
Eg Ha3bIBaeTCsa padoToil BHIX0A.
Puc.6 AB];IX = WBaK - EF = e(P

Benuuuna ¢ Ha3sbl-

BACTCS NOMEHUUAIOM 6blx00d 3JIEKTPOHA W3 MeTaia.

Jlnst metanna paboTa BRIXOAA paBHA HECKOJIBKUM 3B u

CUJIBHO CHIJKAETCA IIPU 3arpsA3HCHUM MOBEPXHOCTU. Pa-

00Ta BBIXOJ]a AJIEKTPOHA W3 METa/lla HEMHOTO 3aBUCHUT

OT TEMIIEPATYpPbl. ITO BBI3BAHO TE€M, UTO U3MEHSETCA C
TEMIIEPATypor BeanunHa 3Heprun Pepmu Er.

Mertannel pa3iInyarTCs 3HAYEHUEM KOHLIEHTpa-

MU CBOOOAHBIX 3JIEKTPOHOB N, pabOTOM BBIXOAA U MO-

noxxeHueM ypoBHs Depmu (cm.puc.6). Uem Ooblie
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KOHIICHTpAI[1si CBOOOHBIX 3JIEKTPOHOB, TEM BBIIIE PACIONI0XKEH ypoBeHb Depmu. Ecnu
METaJIbI COCAMHUTH (CcM.puc.7), To HauHeTcs nuddy3ust cBOOOTHBIX 3JIEKTPOHOB M3
MeTajia, B KOTOPOM HX KOHIIEHTpaIus OoJibllle, B METaJlI, T/ie OHa MeHbIe. [Ipu aTom
MIEPEHOCUTCA 3apsAjl, OJMH METAILI 3apsiKACTCs MOJI0XKUTEIBHO, IPYTOl - OTpUIATEIb-
HO. BOnM3u rpaHuIel pasiesia METaajIOB BO3HUKAET JBOMHOM SJIEKTPUYECKHUM CIION |

NOSIBISIETCS 3JIeKTpudeckoe mnone E KOTOPO€ OTTAJIKHBACT AUPPYHIUpPYIOUIHE

KOHT 7
ANIeKTpoHBI 00paTtHO. Hactymaer dunamuueckoe pagnosecue: CKOIBKO 3JIEKTPOHOB Tie-
PEHOCHUTCS Yepe3 rpaHuily 3a cueT AU Qy3un, CTOIBKO K€ BO3BpaIlaeTcs 00paTHo dJie-
TPUYECKUM IOJIEM B MECTE KOHTAKTA.

B cratuctuueckoil ¢pusmnke 10Ka3bIBACTCs, YTO YCIOBHEM PABHOBECUS MEXKIY CO-
MPUKACAIOMIMMHUCS METallIaMU (2 TaKkKe MEXIY MOJIYIMPOBOJHUKAMHU WM METAIOM U
MOJIYITPOBOJTHUKOM) SIBIII€TCSI paBeHCTBO 3Hepruil ®epmu:Er; = Epy (cM.puc.7; B aTOM
ciydyae ypoBHu dDepMu pacrosaraioTcs Ha oHo# Bbicote). [Ipu coOmrogeHnu Takoro
YCIJIOBUSI MOTEHIMATIbHAS YHEPTUS Wiy AJIEKTPOHA B HEMOCPEJICTBEHHON OJM30CTH K
MMOBEPXHOCTH MEPBOro MeTasia OyeT Ha (€2 - (1) MEeHbIIE, 4eM Wiy, BOJIU3U BTOPO-
ro metaia. CinegoBaTenbHO, MOTEHIIMAN Ha MOBEPXHOCTH MEPBOro MeTayia OyJIeT Ha

€p, —€p,
U, =—"% -

=@, — @, BBIIIC, 9€M Ha IIOBCPXHOCTH BTOPOTO.

Bennuuny U,, Ha3bIBaIOT 6HewHel KOHMAKMHOU PA3HOCIbIO NOMEHYUAIO08.
Kak BuaHO u3 puc.7, NOTEHUMANIbHAs JHEPrus
DJIEKTPOHA B IIEPBOM METAJUIE MEHBIIE, YEM BO BTOPOM, }1
Ha Er1 - Epp. CooTBETCTBEHHO MOTEHIIMAT BHYTPU MEPBO-
ro MeTajlla BbIIIE, YEM BHYTPHU BTOPOIO, Ha BEJIUYHHY [
U. = EFl — EFz
12 '
e !
Bennuuny U,, Ha3bIBaIOT GHYmMpeHHeu KOHMAKm- Puc.8

 S—

HOU_pa3zHocmbvlo _nomenyuanog. KOHTaKTHBIE Pa3HOCTH
MOTEHIIMAJIOB MMEIOT HEIJIEKTPOCTATHUECKYIO MPUPOIY
(Bo3HuKaeT 3a cueT nuddys3un), T.e. SIBISIOTCSA IEKTPO-
JBIDKYIIIAMHE CHJIAMH, CITOCOOHBIMH CO3/1aTh TOK. {

| |

ABaenue 3eedeka. &
Ecnu cnaste B KOJIBIIO MPOBOAHUKH M3 Pa3HBIX Lrepwo |
METaJUIOB (pHUC.8), TO BO3HUKAIOIINE KOHTAKTHBIE PA3HO-
CTH TIOTEHIIMAJIOB B pa3HbIX CHasX HapaBJICHbI
HaBCTpeuy APYT APYTY U KOMIIEHCUPYIOTCS: TOK [0 TAKOW 3aMKHYTOMU 1IE€MU HE MTOTEYET.
3eebex oOHapyxwui B 1821 r., 4To ecnu cmam IByX Pa3sHOPOJHBIX METaJUIOB, 00-
pa3yoIUX 3aMKHYTYIO LEelb (Ha3bIBAEMYK TEPMOIApOr; CM.pHUC.9), MOoaaepKuBAThH
MPU Pa3IUYHBIX TEMIIEpaTypax, TO B LENU TeYeT TOK. M3MeHeHue 3Haka y pa3HOCTH
TEMIIEPATYp CIAeB COMPOBOKIAETCS N3MEHEHUEM HAMPABJICHUS TOKA.
Kak ormeuanoces Bbime, ypoBeHb PepMu 3aBUCUT OT Temieparypbl. [loatomy
CKAUOK MOTEHIMaja MpHU MEepexo/ie U3 OJHOI0 MeTala B APYroil (BHYTPEHHSSI KOH-
TaKTHasi Pa3HOCTh MOTEHIMAJIOB) /JIsl CHaeB, HAXOAIIMXCS MPU Pa3HbIX TeMIEpaTypax,

Puc.9
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HEOJMHAKOB U CyMMa CKayKOB MOTEHIMaja sl BCeW 1enu OTJIMYHA OT Hyls. OqHOro
ATOTO OBLIO OBl TOCTATOYHO JJIs1 BOSHUKHOBEHUs TepMo DJIC.

Ermo =Up (T)) +U,, (T,) = %{[EE (T.)—Ee, (T,) ] +[ Er, (T,) - E¢, (Tz)]} _

1

:—{[EFZ (T,)-Eq (T) ][ B~ (T,)-E; (Tl)]} ::falz (T)dT %0

e

Oyukims o, (T) HaseBaeTCS YOenbHOU mepmodnexmpodsucyuieli cuiot. Ona

3aBHCHUT OT MPUPOJbl METAIIJIOB U OYEHb C1a00 3aBUCHUT OT TEMIIEPATYphl, TAK YTO IPHU
HE OYCHb OOJIBIION Pa3HOCTU TEMIIEPATYp CHAeB €€ MOKHO CUUTATh MOCTOSHOM:

g =q, (T2 —Tl)

TEpMO

1o Tepmornape, KOHLII KOTOPOI MOMEIIEHBI B 001aCTH € pa3HON TeMIEpaTypoil
IIOTEYET TOK.

Ecnu HarpeT Toapko ouH U3 crnaes,To TepMo DJC He 3aBUCHUT OT KOJINYECTBA
COEMHEHHBIX MOCIEA0BATEIBHO pa3HOpoaHbIX MeTaiuioB! Tepmo D/1C cozmaerca
TOJIBKO JIByMs METAJIJIaMU, Cail KOTOPBIX HAIPEBAIOT.

YT0oOBI MOHATH BTOPYIO IPUYMHY BO3HUKHOBEHHS TepMo D/IC, paccmoTpum o-
HOPOAHBIA METAJUTMYECKUI MPOBOAHUK, BJOJIb KOTOPOI'O UMEETCS IPaIUEHT TEMIIepa-
Typbl. B 3TOM ciiydae KOHLIEHTpaus 3JIEKTPOHOB ¢ 00JIee BBICOKOM SHEPIHUel y Harpe-
TOTO KOHIIA OyJIeT O0JIbIIIE, YEM Y XOJIOAHOTO; KOHIIEHTPALIMS 3JIEKTPOHOB C O0Jee HU3-
KOM pHepruei 0yer, Ha000pOT, Y HAarpeTOro KOHIla MeHbIe. Bob mpoBoiHUKa BO3-
HUKHET TPAIMCHT KOHUEHTPALUH 3JIEKTPOHOB C JAHHBIM 3HAYEHUEM SHEPTUU, YTO I10-
BJIEYET 3a co00i muddy3uto 0osiee OBICTPHIX FIEKTPOHOB K XOJIOIHOMY KOHILY, a OoJjee
MEJIJIEHHBIX - K TEIJIOMY.

Hubdy3roHHBIN TOTOK OBICTPBIX AJIEKTPOHOB Oy1€T OOJIbIIE, YeM MOTOK ME/I-
JICHHBIX AJIEKTPOHOB. [109TOMY BOJIM3HM XOJIOHOTO KOHIIA 00pa3yeTcst H30BITOK dJIEK-
TPOHOB, a BOJIM3U rOpsAYEro - UX HeIOCTaTOK. B pe3ynbTare BHYTpH MPOBOJHHUKA BO3-
HUKHET 3JIEKTPUYECKOE MOJIe, HAPABJICHHOE HABCTPEUY I'PaIMeHTy TemMneparypbl. OHO
OyJeT YMEHbIIATh MOTOK OBICTPBIX M YBEJIMYUBATH MOTOK MEJIEHHBIX 3J€KTPOHOB. Ko-
raa 00a MoToKa BEIPABHSIOTCS B KaXJAOM CEYEHUU, HACTYIUT PABHOBECHOE COCTOSIHHUE.

Mex 1y KOHIIaMH IPOBOJTHHMKA, HAXOSAIIMMUCS pu Temneparypax T1 u T, mo-
SBUTCS pa3HOCTb MMOTEHIINAJIOB

TZ
APy = j pdT
Tl
Bennuuna B Hepenuka - nopsaka 1074 B/°C. I[TosToMy 00HApYXHUTh Pa3sHOCTH II0-
TCHLIHAIOB AQ, .. . ObIBacT TPyIHO.

3a cueT HeOIMHAKOBOCTH [3 171t MeTayioB 1 u 2 Bo3HukHET D/[C

T, T T, T,
Ertrs = Tj BdT + Tj B,dT = Tj BdT - Tj B,dT
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Takum o6pazom, Tepmo DJIC cnaraercs U3 CyMMbI CKa4KOB MTOTEHITMAIA B KOH-
TakTax (Crasx) ¥ CyMMbI H3MEHEHUI MMOTEHIINANIA, BBI3BaHHBIX MU dy3ueit HocuTes
TOKa.

=& . TE

gTCpMO KOHT by

KonTpoabHbIE BONPOCHI

1. Yro mpencrasisier coboii Tepmomnapa? Kakoe siBnenue HazpiBaeTcs dhpexTom
3eeOeka?

2. KakoBbI ICTOYHHKH BO3HUKHOBEHHUS TEPMO-3.11.C."?

3. [Touemy Bo3HMKaeT AU y3MOHHAS COCTABIAIONIAsS TEPMO-3.1.C.7

4. ITouemy BO3HUKAET KOHTAKTHAs pa3HOCTh MOTEHUIHAIOB? OT 4ero oHa 3aBU-
cut?

5. Yrto Takoe paboTa BbIX0/1a 3JEKTPOHOB U3 MeTaiuia? KakoBa ee ¢puznueckas
MPUPOJIA U MOPSAIOK BEJIMUUHBI?

6. byaer 1 B 3aMKHYTOM 1IenH, COOpaHHOM U3 Pa3HOPOIHBIX METAJIOB, BO3HU-
KaTb 3JIEKTPUUYECKUN TOK ITPU OAHOPOAHOUN TeMmepaTtype? [louemy?

7. UTo Takoe yneynbHas TEPMO-3.11.C. U KAKOB €€ CMBICIT?

8. IMeeTcst KOHTAKT ABYX METa/IOB 1 U 2 ¢ 0JIMHAKOBOM pabOTOM BBIXO/a, HO C
pa3HoOM
KOHIICHTpaIel CBOOOAHBIX AIEKTPOHOB N1<N,. Kakoil MeTaiut 3apspKaeTcst MOI0KU-
TEJIbHO, KAKOM - OTPUIIATEIIHHO?

9. lmeeTcsd KOHTAKT IBYX METAJUIOB | U 2 ¢ OAMHAKOBOW KOHIEHTPALUEH, HO
pasHoOM
pabotoii Beixoma A; > Aj. Kakoii U3 HUX 3apsKaeTcs MOJIOKUTENBHO, KaKOU - OTpHUIIa-
TEIbHO?

Jlureparypa
1. CasenbeB U.B. Kypc oOmeit ¢pusuku. Tom Il. "Onexrpuuecrso", M.:Hayka,
1970, 442 c. §76 KoHtakTHast pa3HOCTh NOTEHIMANIOB, §77 TepMosnekTpuyecKkue siBie-
HUSL.
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JIABOPATOPHASA PABOTA Ne25

OIIPEAEJIEHUE YAEJBHOI'O 3APAIA JIEKTPOHA
METOJOM MAT'HETPOHA

Lenn Da6OTBII O3HAKOMIJICHHUC C OMTHUM U3 MCTOA0B U3MCPCHUA YACIIBHOI'O 3apsaaa
9JICKTpPOHA.

IopsiioK BbINOJIHEHHUS PadOThHI

1. O3HaKOMBTECH CO CXEMOI AIEKTPUUECKON 1IeTH, JaHHOM Ha puc.l, a Takxke Ha
MaHeNd YCTaHOBKU. OnpenenuTe UeHy ASNICHUs KaXXI0ro U3MEPUTEIIbHOTO Tprodopa.

2. Pyuku noreHuumometpoB IIA u Il moBepHUTE MPOTHB YACOBOW CTPENIKH O
ynopa (T.e. Ha HyJIb).

3. BxirounTe ycTaHOBKY B ceTh. Pyukoi nmoteHuuomerpa [IA ycrtaHoBuTE aHOA-
Hoe HanpsikeHne Uar ¥ MOJNEPKUBAUTE €ro MOCTOSHHBIM J0 KOHIIA CHSTHUSI OJTHOM Xa-
PaKTEPUCTHUKH.

4, CHUMHTE TaK Ha3bIBAEMYIO COPOCOBYIO XapakTepucTHKy MaraerpoHa Ia = (1),
T.€. 3aBUCUMOCTb BEJIMUYMHBI aHOJHOTO TOKA Ia OT Toka karymku . [{ns atoro, yaepxu-
Basl KHONIKY S B HA)KaTOM COCTOSIHUU, MEJJIEHHO YBEJIIMYMBANTE TOK | B KaTyllke ¢ mo-
MOIIIbIO py4yKku noTeHmomeTpa Il u 3aHocuTe B TaOIHITy KaXK10€ 3HAYEHUE ITOr0 ToKa |
Y COOTBETCTBYIOIIEE €My 3HaUCHUE aHOAHOTrO TOKa [ao. CHumuTe 10 3HaUueHHI TOKa Ka-
TYIIKY JIJIs1 aHOHOTO HanpspkeHust Uag.

5. AHanoruyHbele cOpPOCOBBIE XapaKTEPUCTUKNA CHUMHTE ISl aHOJHBIX HampshKe-
Huil Uaz 1 Uas. Pexomennyembie BenmuuuHbl Uar, Ua2 1 Uaz ykazaHbl Ha 1a00paTOPHBIX
ycTaHOBKax. Bce pe3ynbrarhl U3MEpEeHUM 3aHECUTE B TAOJUIly U TMOJIYYUTE TMOJIUCH
MPETO/IaBaTEIIS O 3aBEPIICHUN YKCIIEPUMEHTA.

6. [IpuBeanTe yCTAaHOBKY B HCXOJTHOE COCTOSIHUE U OTKIIFOUHUTE OT CETH.

7. 1o TaOMUYHBIM TaHHBIM MOCTPOUTE TPA(UKH TPEX COPOCOBBIX XAPAKTEPUCTHK
Ha OJHUX KOOPJIMHATHBIX OCSIX.

8. Ha rpaduke kaxxmoil XxapakTepuCTUKA HAMIUTE TOYKY cOpoca aHOJHOTO TOKa
|a 1 cooTBeTCTBYIOIIEE €l KPUTHUECKOE 3HAUYEHHE TOKa B KaTymike . Kputnueckuii
TOK MOYHO OINPENEINTh KaK TOK KaTYyIIKH, IPH KOTOPOM TOK aHOJla HAYMHAET PE3KO
yMeHbIaTecs. Beranciure By, mo popmyne (1,a).

9. Tlo dopmyrne (1) BbrumciuTe €/M UL KaKIOrO U3 TPEX ONBITOB M HAWJUTE

CpeZiHee €ro 3HaUYCHHUE.
10. IlonydyeHHOE cpenHEe 3HAUYCHUE (e/m)

@PAI
CPaBHUTE C TAOIUYHBIM. e

PV

Puc. 1. Cxema ycTaHOBKH
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Ne n/n Uy=.. U, =.. Uy=..

I, MA | Ia, MA | |, MA | |5, MA | |, MA | |A, MA
1
10
e/m, Ki/kr
(e/m)=...... Kur/kr e/m=1,76-10" Kn/kr
(9KCIIepUMEHTAIBHOE) (TabnuuHOE)

Teopernueckoe onucanue

YaeabHblil 3apsj - OTHOILIEHHUE 3apsiia K Macce - OHA U3 OCHOBHBIX XapaKTEPH-
CTHK DJIEMEHTAPHOM YacTULbl. Er0 MOXKHO ONPENeNnTh, 3ydas IBHKEHUE 3apPSKEHHON
YaCTHULBI B JIEKTPUYECKOM U MAarHUTHOM NOJISIX. BO3AENCTBYS HA IMMOTOKH 3JIEKTPOHOB
Y MOHOB 3JIEKTPUYECKUM M MarHUTHBIM ITOJISIMH, MOKHO YIIPABIISATh 3TUMH IOTOKAMH,
T.€. U3MEHUTh CKOPOCTH YACTHIL I10 BEJIMYMHE U HANPABJICHUIO. JTHU SIBJIICHUA JIeXkKaT B
OCHOBE JICUCTBUS PA3IUYHbIX 3JEKTPOHHBIX U MOHHBIX IPUOOPOB (3JEKTPOHHBIX MHUK-
POCKOIIOB, YCKOPUTENEW 3apsDKEHHBIX YacTHL], AJIEKTPOHHO-JIYYEBBIX TPYOOK, 3JIEK-
TPOHHBIX M MIOHHBIX JIAaMIT U T.1.).

JIBUKEHUE IIEKTPOHOB BO B3aMMHO ITEPIEHANKYJIIPHBIX .
JIEKTPUYECKOM M MATHUTHOM IOJISIX IPUMEHSETCS B CIIELUATIb- 37\

ﬁ;/ A

HBIX MpUOOpax - MarHeTpoHax (TeHEepaTopax IEKTPOMArHUTHBIX T
KoJieOaHUM B 00J1aCTH CBEPXBBICOKUX YaCTOT). MarHeTpoH MOX-
HO MCMOJIb30BATH ISl ONPEACIICHHS YAEIBHOTO 3apsiia dJIEKTPO-
Ha. I

Kondurypaius noseit B MarHeTpoHe Takast k€, Kak 1 B
JBYX3JIEKTPOJAHOM JamIe (IU0A€) ¢ UMIMHAPUYECKUMHU COOCHBI-
MU aHOJIOM U KaTOJIOM, TOMEUIEHHOM BHYTPb KaTyIIIKH, CO3/1a-
IOIIIel MarHUTHOE 1oJie (pUc.2). DIEKTPUUECKasi CXeMa YCTaHOB-
KM COCTOUT U3 LIEMHU aHOJa, HaKaya IU0J1a U LENH KaTYyIIK!
(puc.1). AHOHOE HAIPSKEHUE U BEJTUYMHY TOKA KaTYIIKA MOX-
HO perynupoBaTh noteHuuoMerpoM ITA u I1. Hanpsixkenue naka-
na Uy moCTOsTHHOE. DIEKTPUUECKOE T0JIE€ B JIAMIIE HAIMIPABIICHO IO paJiiycaM aHoa, a
MOCTOSTHHOE MarHUTHOE T0JIE - MapaJieIbHO OCcH aHoaa (puc.2). TakuM 00pa3oM, dJeK-
TPUYECKOE U MAarHUTHOE MOJIsS B3aUMHO MEPIEHIUKYIISPHBI.

[Ipu BBIKJIIFOYEHHOM MAarHUTHOM TOJI€ 3JIEKTPOHBI, SMUTHPOBAHHBIE KaTO/IOM,
JBIDKYTCSI OT KaToJ1a K aHOAY T0 paauycam (puc.3,a) moja IeUCTBUEM YCKOPSIOIIEH CU-
JIbI

———

F

L

4

Seramseg

(T

Puc. 2. Kondurypanus
1I0JIEN B MarHETPOHE

F, =—eE,
r7ic € - abCOMIOTHAS BEIWYMHA 3apsiia dJICKTPOHa; E - HaNpsHKeHHOCTH 3JIEKTPUYECKO-
r'0 MOJIsI B MPOCTPAHCTBE MEXIY aHOJAOM U KaTOIOM.
B aHomHOM 1Ieny B 3TO BpEMsI BOZHUKAET HEKOTOPBIM aHOIHBIN TOK I A, BeIMunHa
KOTOPOT'O 3aBUCHUT OT aHOAHOTO HanpsiKeHUs: Ua M BEIMYMHBI TOKA HaKaa.
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HpI/I BKIIIOYCHHWHW MArHUTHOT'O IIOJIAA HAa SJICKTPOHLI JOIMOJIHHUTCIIBHO K Fe Ha4YnHa-
cT I[CﬁCTBOBaTB CO CTOPOHBI MArHUTHOTI'O ITOJIAA CHJIA

IEm = —e[\7>< é]

Ota cuiia MepneHANKYJISIpHA CKOPOCTU BJIEKTPOHA V H
MHAYKIHH MATHATHOTO MOJSL B, IIOSTOMY OHa MCKpHB-
JSIET TPACKTOPUIO KaXKJIOTO 3JIEKTPOHA, XOTS TPAECKTO-
pusi OCTaeTcs B IUIOCKOCTH, TEPICHIUKYISIPHOU OCH
nuona. [Ipu MagoM MarHUTHOM TI0JI€ TPACKTOPHSI IJICK-
TpPOHA MCKPUBISAETCS caab0 U DJIEKTPOH TOMagacT Ha
anon (puc.3,b). Ilpu ycuineHurn MarHMTHOTO TOJISI Tpa-
EKTOpPHSI DJEKTPOHA MCKPUBIISIETCS CUJIbHEW W MpU He-

KOTOPOM 3HAYCHHHN HHIAYKIOHWHW MAIrHUTHOI'O IIOJIA B, Puc. 3. Tpaekropuu 351ekTpoHa

HA3bIBAEMOM KPUTHUYECKUM B_ , TpaeKTOpus sJeKTpoHa  PY PasHBIX TOKAX KaTyIIKH

kp
KacaeTcs aHoja B OfHOM Touke (puc.3,c). ITO COOT-
BETCTBYeT cmany (copocy) aHomaHoro Toka la. Ilmas-
HOE, a HE PE3KOE YMEHBIIICHUE aHOJAHOTO TOKa MpPH
JanbHEHIIeM yBEIMYEHUH MHAYKIIMM MarHUTHOTO TIO-
7151 OOBSICHSIETCSL TEM, UTO DJIEKTPOHBI, SMUTUPOBAHHBIC
KaTOJ0M, UMEIOT pa3HbIe CKOPOCTH, a 3HAYUT, U TIO-
pa3HOMY pearupyroT Ha OJHY M Ty K€ BEIHMYHUHY Mar-
HUTHOTO ToJisA. [Ipw mampHE#IIeM yCHICHUH MarHHUT-
HOTO 1OJIs1 OOJIBIIMHCTBO JJIEKTPOHOB YK€ HE OyZAeT npu B=B
kacatbcs aHona (puc.3,d). Eciu Obl BCe 2JIEKTPOHBI
MMENH OJIMHAKOBBIE CKOPOCTH, TO COPOC aHOIHOTO TO-  Puc. 4. K BriBoy hopmyisi (1)
Ka mpowusomien Obl cpazy A0 HyJS NPH JOCTHKCHHUH
KPUTHUYECKOTO TOKA KaTYIIKU, MPU ITOM COpPOCOBas XapaKTepUCTHKA Obliia ObI MPSMO-
YTOJIbHOM.

Ha puc.3 n3o0pakeHbl TpPaeKTOPUHU IJIEKTPOHA MPHU Pa3HOUN BEIMUYUHE UHIYKIIUN
MarHuTHoro nojs B, 3nakamu "+" 0003HaYEHBI IPOEKITUS HA TUIOCKOCTh YEPTEKa JU-

p=0 MPAERMopUA

Kp

HUM MHAYKIUY MarHUTHOTO 1oJjis B, HanpaBieHHBIX NEPIIEHINKYISPHO IJIOCKOCTH 32
YepTeK.
N3 3ak0Ha ABMKEHUS AJEKTPOHA B CKPEILIEHHBIX MOJISIX MostyvaeTcs: hopmyna, 1o
KOTOPOY MOKHO BBIYMCIIATH YJI€JIbHBIN 3apsij] QJIEKTPOHA:
8U I}
— A"A ’ (1)

&
m B2 (r,f —rkz)2

rae Ua - aHOIHOE HaIIPSKEHUE; TA - PAAUYC aHOAQ; I'k -PaAnyC KaTo/a;

B, = 41,1, (1,2)
N - 9UCII0 BUTKOB Ha CMHUILY JUTMHBI KaTyIIKH, CO3/aolIel MaruutHoe none; | - -
KPUTHUYECKUA TOK B KaTyLIKE.
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ypaBHeHI/IC ABWIKCHUS 3JICKTPOHA B MAIrHETPOHC NMCCT BHU

dv =
m—-=~F, 2
el (2)

rIe Ifﬂ = —e( E+ [\7 X E]) - JlopennieBa cuna.

Jliia ynpoIeHus: BBIYUCICHH U1t BBIBOAA (hopmyitbl (1) MOXKHO BOCIIONB30BaTh-
Cs1 XOPOILIO U3BECTHBIMU CJIEICTBUSIMU YpaBHEHMS (2), @ UYMEHHO: YpaBHEHUEM MOMEH-
TOB

—

dL -
—=M 3
ot 3)
N 3dKOHOM COXPaHCHHUA DHCPIUH JICKTPOHA
2
mTV — e = const 4)

B stux ypaBHeHusx L = [F X m\7] - MOMEHT UMITYJIbCA 3JIEKTPOHA OTHOCUTEIIBLHO
touku O (puc.4), M = [f X Fn] - MOMEHT JIOpEHIIEBOM CUIIbI OTHOCUTEIIBHO TOU K€

TOYKH, () - ICKTPUICCKUHN MOTEHIHAI, a (—e(p) - MOTCHIIMAJIbHAS YHEPTHS DJICKTPOHA.
Pa3nosxuM CKOPOCTH 3JICKTPOHA Ha JIBE B3aUMHO MEPIICHIUKYJIIPHBIC COCTABIIS-
romue v, u v,. Torga L :[Fx mX_}Z] (Tak Kak v, ||[F u [?xﬁl]:O).

— —

MoHO TaKKe I0Ka3aTh, 4TO M =erv,B
[TosToMy, mpoekTupys ypaBHeHue (3) Ha OCb z, moydnM —= = M, uim
d = B 5
E(mvzr) =erv, (5)
Tax kak v, =dr/dt, To mpaBast yacTs ypaBHeHus (5) mpeobpasyercs K BULY
1 _d/,
—eB—(r").
2a”)

Coxkpainas Ha dt ¥ HHTETPUPYS TOJYYESHHOE PABSHCTBO OT I'k JO T, MOJIYYUM
eB
mvzr:—(rz—r,f) (6)
2
[Tpu 5TOM y4TEHO, YTO 3JEKTPOHBI BBUIETAIOT C KaTO/1a C HYJCBOW CKOPOCTHIO:
v,=v,=0mpu r=r,.

IIpu B = By, Kak y’xe rOBOPUIIOCH, TPACKTOPHS MJIEKTPOHA KAcaeTCs aHOa, 3HA-
4YUT, v =V, Opu I =TI,. Torna u3 Beipaxkenus (6) Haxo1um

eB r 2
e (7)
A
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VpaBHenue (4) B TOUKe I' =, IpPUHUMAET BUJ

2
mv
—=eU,, (8)
2
TaK KaK COIlSt:() BBI/II[y TOFO, YTO IIOTCHIIKAJI KaTOda paBeH HyJ'IIO TakK K€, KaK U CKO-
pOCTB HaCTHUI], B6JII/IBI/I KaTroJaa.

Uckmrouast v u3 cootHomenuit (7) u (8), mpuxoaum k Gopmyte (1) mis e/m.

KoHnTposibHbIe BOPOCHI
1. Yro Ha3bIBaeTcA yAEIbHBIM 3apsaoM? Kakol MeToa U3MEpeHus yIEIbHOr0 3apsaa
3JIEKTPOHA UCIOJIb3YETCs B ATOM pabore?
2. Yemy paBHa U KyJia HalIpaBJICHA CUJIA, C KOTOPOU JIEKTPUUYECKOE MOJIE IEUCTBYET Ha
3apSKEHHYIO YacTUIy?
3. Uemy paBHa U KyZa HalpaBJIeHA CUja, C KOTOPOW MarHUTHOE I10JI€ IEUCTBYET Ha 3a-
PSKEHHYIO YaCTHILY.
4. [louemy noay4yeHHbIE COPOCOBBIE XapPAKTEPUCTUKH HE IPSIMOYTOJIbHbIE?
5. Ha ocHoBe kakux cooOpaxeHHil BRIBOAUTCS padboyast popmyna (1)?
6. MOXET JI1 3JIEKTPOH B CKPELIEHHBIX OJHOPOJIHBIX MOJISIX JBUTATHCS MPSMOJIUHENHO
1 paBHOMepHO? Ecnu fa, TO py KakuX yCIOBUSX?

Jlureparypa
1. Uponos U.E. "OcHoBHBIE 3aKOHBI dJIEKTpOMarHeTusma' ussm.2-e,
M.:BoicuLiik., 1991, 289 ¢ §1.1 Dnekrpuueckoe noje; §6.1 Cuna Jlopenna. [Tone B.
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JIABOPATOPHASA PABOTA Ne 26

MATI'HUTHOE IOJIE 3EMJIA

Lenn Da6OTBII HN3MCPCHUC FOpHSOHTaHLHOﬁ COCT&BHHIOHIGﬁ MAarguTHOTO I10JIA
3emiu MCTOOOM TAHTCHC-TAJIbBAHOMCTpPA.

IopsiioK BbINOJIHEHUS PadOThI

1. He BKJIfO4Yasi ICTOYHUK TOKA, yCTAHOBUTE TAHT'€HC-TAJIbBAHOMETP B ILUIOCKOCTH
MarHuTHoro mepuauana. Ilpu 3ToM cTpeika Kommaca JOJKHA OBITh HaIpaBlieHa IO
TUaMeTpy TaHTeHC-TabBaHOMeTpa. OOpaTuTe BHUMaHUE HA TO, YTOOBI CEBEPHBIN KO-
HEIl CTPEJIKKM YKa3blBaJl HA HYJIEBOE 3HAUEHUE KOoMIIaca.

2. YcraHOBUTE ABMKOK MOTEHIIMOMETpA (WM PE3UCTOPa) HA MUHUMAJIbHBIA TOK
Yepe3 TaHT€HC-TaJIbBAHOMETP U 3aTE€M BKIIFOUUTE UCTOUYHUK TOKA.

3. U3meHsaAa TOK uepe3 paBHbIE HHTEpPBAIbI, 3a(UKCUPYHATE YTOJ OTKJIOHEHUS
ctpenku (puc.3). Heo6xoaumMo HEKOTOpoe BpeMs, YTOOBI CTpesika KomIaca YCIOKOHU-
Jach U TiepecTana Kojie0aThCsl. 3anuIInTe BEJIMUYMHY TOKa | ¥ yriibl OTKJIOHEHHS OT mep-
BOHAYAJIBHOTO TOJIOKEHUS CEBEPHOTO Ol1 M IOKHOTO Ol TIOJIFOCOB CTPEJIKH B TaOJIHILY.
[lonmyunTs HE MeHee S5 3HAue€HHUW TOKAa (M KOHEYHO COOTBETCTBYIOIIME UM YI-
7bl). BHUMaHWe: OTKJIOHEHHE JIIO00T0 TMOJI0ca CTPEIKU €CTh Pa3HOCTh HAYaJIbHOTO U
KOHEYHOTI'0 MOKAa3aHMs KOMIAca U HE MOYKET MPEBBICUTH 90°.

4. I3MeHHTE HaIpaBJICHHE TOKA B ralbBAHOMETPE C MOMOILBIO MMEPEKII0YaATENs
Ha ycraHoBke. [Ipojenaiite myHKT 3, ycTaHABIMUBAs TaKue K€ 3HAYCHUS TOKOB M (PUK-
CUPYsI YIJIbI OTKJIOHEHUS OT MIEPBOHAYAIBLHOTO MOJIOKEHUS CEBEPHOTO O3 U FOXKHOTO Ols
MIOJTFOCOB CTPENKU. Jyoauposarue uzmepenuti oeraemcs 0Jis mo2o, 4moowvl UCKIIOUUMD
CUCMEeMamMUYecKyl0 NOSPeutHoCmy, C8A3AHHYI0 C HEeMOYHOU YCMAHOBKOU KAMYWKU 8
NJIOCKOCMU MACHUMHO20 MepUOUaHa, a maxdice ¢ onpeodeieHueM camou 3motl ni0CKO-
cmu. JlaHHBIC 3aHECUTE B TAOJIUILY W TIOJYYUTh MOJIMUCH MPEMOAaBaTENs O 3aBEPIICHUN
skcnepumenTa. [locae 3Toro MoXKHO MPOJOJKUTH BRIYUCIICHUSL.

Ne |1, o1,° | 02,° | 03,° | 0g,° | <0>,° | tg<o> | Brop, | E, oTHOCHTEB- ABrop,

n/n | MA MK T | Hast morperi- MK T
HOCTH a0c. morp.

N = .... BUTKOB; <Brop> = .... MKTH; (ABrop)max= ... MKTII

R=... M;

Ho=4m-10""T'u/m; Brop = (.. £ ... ) MKTHL

5. OnpenenuTs cpeHee 3HaUEHUE yria <o™> JJIsl KaXI0ro 3HauyeHus Toka I mo
dbopmyie:
(a)=(y+a, +a,+a,) /4
6. ITo popmyse (6) BeraucanTs Brop 47151 KaXkA0T0 TOKA, MOACTABIISAS BMECTO O

cpenHee 3HadueHue <o>. R u N yka3aHbl B OMCAHUU YCTAHOBKH.
7. Y13 Bcex nmomy4eHHbIX B, HATH cpennee 3HaueHue <Bop>.
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8. I[lo 1aHHBIM OIIBITOB ONpEAEIUTEe OTHOCUTENbHYIO E 1 abcomoTHyI0 AB;(p IO-
Al AR 2A«a

TpeurHoCTy 1o hopmynam E=—+—+—,
I R sin2a
ABmp = Bmp -E
Al, AR u Aol onpeaensitoTcsi Kak MOJIOBUHA JEJ€HUsT Nprudopa, ¢ MOMOIIbI0 KOTOPOTO
O M3MepeHsl I, R u o, mpudem Aol Hazlo BeIpa3uTh B pajuaHax. Eciou 3HaueHue ka-
KOH-Tr00 BETUYHMHBI YK€ YKa3aHO B ONMMCAHWW YCTAaHOBKH, Hampumep R, To abcomrot-
Hasl OTPEIIHOCTh 3TOM BEJMYUHBI ONPEAECIACTCA KaK MOJOBUHA €IUHULIBI IMOCIECIHETO
pazpsaa. [Ipumep: R=113,15 m. Eqununa nociaeanero paspsaa - 3To oJiHa coTasi. Takum
obpazom, AR =0,01/2 = 0,005 m.

9. Haiitu HanGosbiiee 3HaueHe aOCOMIOTHON TOTPEITHOCTH. Pe3ynbpTaT npe-

CTaBHUTh B BUJIE B.., = (< B.op £ (ABrop )max >)MKTJ’I

Top

CpaBHUTH NOITYYEHHOE 3HAaUCHHE Bop € TAOINYHBIM (CM. TEOPETUUECKOE ONUCAHUE).
Teopernueckoe onucanue

MarnuTHoe nosie 3eMJIH B LIEIOM MOJ0OHO MOJII0 OJ1- AC
HOPOJHOHAMAarHW4YeHHOTO mapa (puc.l). MaruutHas och B /
HACTOSIIIIee BPeMsl HaKJIOHEHA K Teorpaduueckoil moj yriiom
11°; mo»TOMY KOOpPJMHATHI CEBEPHOTO MAarHUTHOTO IMOJIOCA /
(8 FOxxHom nostymapuu) 79° 1o.u1. u 69° 3.1. N g

FOxHbBI1 MarHuTHBIN NoI0C HaxoauTcs B Kanane Ha /
pacctostHum 1140 kM OT ceBepHOTo reorpauiaeckoro B CTO- 2eozp.
poHy THXOro okeaHa, a CEBEPHbBI MarHUTHBIA - B AHTapK- e
Tujie. BeanunmHa MarHUTHOTO TOJISI Y MOBEPXHOCTH 3€MIIH seor Qfé
MeHsieTcss oT 62 1o 73 MkTH, a TOpU3OHTAIBHON COCTaBISl- o ZO
101EH - OT 0 Ha CEBEPHOM M KO)KHOM MAarHHUTHBIX MOJIOCAX Puc.1
1o 41 MxTn Ha 3xBaTope.

B neiicTButenbHOCTH moJie 3eMIM UMEET HAaMHOTO 0o0Jiee CIIOXKHYIO0 KOH(pUTypa-
1110, YeM H300pakeHHas Ha puc.l. Bo-mepBbIX, CyIIECTBYIOT MHOTOYHUCIEHHbBIE Mar-
HUTHBIE aHoMayuu (Hanpumep Kypckas), B palioHaX KOTOPBIX IMOJIE JTIOCTUTaeT 3HAYM-
TEJbHO OOJIBIIUX BEWYWH, 4eM ykazaHHble BbIlie (10 200 mxTim). Bo-BTOphIX, Moje
CUJIBHO UCKAXEHO COJTHEYHBIM BETPOM U IBHO HECUMMETPUYHO OTHOCUTEIHHO MAarHUT-
HOHM ocu. KpoMe Toro, MaruuTHasi OCb 1 MarHUTHBIE MOJIOCAa CO BPEMEHEM M3MEHSIOT
CBOE MOJIOKEHHE, a TAKKE CYIIECTBYIOT BEKOBbIE BapHalliy BEIWYUHBI TOJISI (B HACTO-
s1ee BpeMs OHO yObIBaeT nmpuMepHo Ha 1% 3a necarumnerue).

Uto Kacaercsl MPOUCXOXKICHUSI TEOMArHUTHOTO TOJIL, TO CTPOroMl TEOpUU MOKa
HET; IPEANOJIaraeTcs, YTO OCHOBHBIM €r0 UCTOYHUKOM SIBJISIFOTCS AJIEKTPUUYECKUE TOKH,
HUPKYJIUPYIOLIUE B )KUIKOM SIApE 3€MIIH.

MarnetusMm - 310 ocobast popma B3aMMOJACHCTBUS IJIEKTPUUECKUX TOKOB M Mar-
HUTOB (T€JI C MArHUTHBIM MOMEHTOM) MEXK]Iy COOOM UM TOKOB C MarHUTaMu. MarHuTHoe
B3aMMO/ICHCTBUE MPOCTPAHCTBEHHO PA3JCICHHBIX TEJ OCYIIECTBISETCS MACHUMHbIM
noiem, KOTOpPO€, KaK W DJJIEKTPUYECKOE TMOoJie, NPEJICTaBiseT COOO0W MpOsBICHUE

MdAZH.
0CH
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AJIEKTPO-MAarHUTHOU (OPMBI TBIKCHUS MaTepuH. VICTOUHWK MarHUTHOTO TIOJIS - JIBU-
KYIIANUCS STEKTPUUYCCKUMN 3aps/l, T.€. IIEKTPUUECKUHN TOK.

OcHOBY TeopuHU 3JIEKTpOMarHeTu3Ma o0pa3yroT ypaBHeHUs1 MakcBena, urparo-
IIMe TaKylo ke pojib, Kak 3akoHbl HbrtoToHa B Mexanuke. OHO U3 HUX 3aIUCHIBACTCS
tak: divB =0. DT0 ypaBHEHHE 03HAYACT, UTO HeMm MASHUMHbBIX 3APA008, KOMOpble CO-
30aeanu Obl MacHUMHOe Noje, KaK dleKmpudecKue 3apsaobl co30aiom 2J1eKmpuiecKoe
no’e.

Bropoe ypaBHeHne MakcBensa BBITISAUT Tak: IOt B= ,uoi, riae ] - IJIOTHOCTh
TOKa, MOPOXKIAIOIIET0 MAarHUTHOE T10JI€. ITO YPAaBHEHUE TOBOPUT O BUXPEBOU MPUPO/IE
MarHuTHOTO TOJIA (BUXPbh - TO K€, YTO U poTop). JIuHUHN B He UMEIOT HU Hayajia, HU
KoHIa. OHU SBJIAIOTCS MO0 3aMKHYTBIMHU JIMHUSAMH, JTUOO YXOISIT HA O€CKOHEYHOCTD.
CuioBO# JIMHMEW MarHUTHOTO TOJISI Ha3bIBACTCS JIMHMS, KacaTeabHas K KOTOPOH B JIIO-
00if ee TOYKE COBIIaJIaeT C HAIPABJIICHHEM MArHUTHOTO IOJIS B. Eciu pacceIaTh Mar-
HUTHBIE OMUJIKK B MATHUTHOM T10JI€, TO OHU BBICTPOSITCS BAOJIb CUIIOBBIX JIMHUH.

Kak n3BecTHO, OCHOBHOM XapaKTEPUCTUKOW BCAKOTO MAarHUTHOTO TOJIS SIBJISIETCS
BEKTOP MarHUTHOM MHYKIIMU B. Dro cuitoBas XapaKTEepPUCTUKA, T.€. BEKTOP B orpee-

JSIET CHITY, JCHCTBYIOIIYIO CO CTOPOHBI MAarHUTHOT'O TOJIS Ha 3jeMeHT Toka ldl .

dF =Idl xB. (1)
U3 dbopmymnel (1) cnexyert, uto B= dF_—/dI, (2)
I sina

rae dl - qTMHA 7TEMeHTa ¢ TOKOM, a O - Yol Mexay B u dl, re. MOJTyJTh BeKTOpa B
YUCJIEHHO PaBEH MOJYJIIO CUJIbI, IEUCTBYIOIECH HA €IMHUYHBIA DJIEMEHT TOKA, paclo-
JIO’KEHHBIN NEPIEHAUKYIAPHO MArHUTHBIM CUJIOBBIM JIMHUSIM.

JlelicTBHE Ke TOJISI HA KOHTYP C TOKOM WJIM IIOCTOSIHHBIM MarHuT OIpeJie-
JSICTCS MOMEHTOM CHJI M = B, X B, (3)
rae P,, - MarHATHBIA MOMEHT KOHTYpa (MM MOCTOSIHHOTO MarHuTa). MarHuTHBINA MO-

MEHT KOHTYpa C TOKOM - 3TO BEKTOp, YMCIEHHO paBHbIU IS (S - miomanas kKoHTypa) u
HAIpaBJIECHHBIA B CTOPOHY IOJIOKUTEIbHOM HopMmamu i, T.e. P, = I1SN. MaraurHslii
MOMEHT TIOCTOSSHHOTO MarHuTa - 3TO BEKTOpPHas CyMa MarHUTHBIX MOMEHTOB BCEX €T0
aTOMOB.

N3 dbopmyiel (3) crnenyeT, uTo cBOOOAHAS MarHUTHAS CTpeJiKa (MajJeHbKUM T0-
CTOSIHHBIA MarHUT) YCTAHOBUTCS BJIOJIb CHJIOBBIX JTMHUH BHEITHETO TOJIS.
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Metoa TAHICHC-TAJIbBAHOMETpPA

AAOCKOCTL
MazHUTNHO20
Mepuduara

AAOCKOCING
MAZHUMHO20
Mepuduana

Puc.2 puc.3

TanreHc-ranbBaHOMETpP TPEACTABIACT COOOM IIOCKYIO KaTyIIKy paauyca R ¢
YUCJIOM BHUTKOB N, pacIioloKeHHYI0 B BEPTHKAJIbHON IUIOCKOCTH. B IleHTpe KaTyIIKu
YKpeIlJIeH OOBIYHBIN KOMITAC, CTPEIKa KOTOPOTO MOKET BpaIlaThCs BOKPYT BEPTHUKAIIb-
HOI ocu. [loaTOMy B OTCYTCTBHE TOKA B KaTYIIIKE CTpeJiKa KOMIIaca YCTaHABIUBACTCS B
OTJINYHE OT CBOOOJIHOM CTPEJIKK HE BJI0JIb MAarHUTHBIX CHJIOBBIX JIMHUN F€OMarHUTHOTO
MOJISI B TDIOCKOCTH MarHUTHOTO MEpPHIMAHAa, a BAOJh TOPHU30HTAIBHON COCTaBIISIONMICH
BekTopa B (puc.2).

Ecnu coBMECTUTH IMIIOCKOCTh KATYIIKA TAHTEHC-TATBBAHOMETPA C TUIOCKOCTHIO
MarHUTHOTO MEpHANaHa, TO CTpeKa KoMIlaca B OTCYTCTBHE TOKa OYJET pacrojiaraTbCs
BJIOJIb TOPU3OHTAJILHOTO JUaMeTpa KaTymku. [Ipw BKIFOUEHWHM TOKAa BO3HHKAET Mar-
HUTHOE TT0JI€ KaTYyIIIKH

IN
Bk:ﬂoﬁi (4)

MEePIEeHIUKYJISIPHOE IJIOCKOCTH KaTYIIIKU, a 3HAaYUT, 1 B

rop *
OueBUIHO, YTO CTPEIKA KOMIIAca YCTAHOBUTCS BIOJIb PE3YJIbTUPYIOLIETO MOJIS
(puc.3).

Kak BumHO U3 puc.3 ;—k =g, (5)
Top
I OL - YIOJI OTKJIIOHEHHUS CTpeNKh. ITosTomy
B IN
TOp = < = Iuo ) (6)
tga 2Rtga

3axkon buo-Casapa-Jlanuaca
VHAYKIHS MATHAUTHOTO MOJSL B, CO3aHHOTO UIMHHBIM
MIPOBOJIOM MPOU3BOJIBHON KOH(PUTYpallUU, 10 KOTOPOMY TE€UEeT
TOK [, paBHa BEKTOpPHOW CyMM€ MHIYKIMHA MarHUTHBIX I10JIEU
dB , CO3JIaHHBIX KaXKJIbIM 3JieMeHTOM utnHbl dl 3Toro mposo-
na. 3akon buo-Casapa-Jlamnaca naetr popmyny:

Puc.4
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4z v

rae ldl - amemeHT Toka, I - paguyc-BEKTOp OT 3TOrO 3JEMEHTA J0 TOYKH, B KOTOPOH
HaXOqUTCI MAaronuTHOC IIO0JIC. Kak BHUJIHO U3 (I)OpMYJIBI, IIOJIC MCPICHAUKYJIAPHO ILIIOC-
KOCTH, B KOTOpOfI JICKAT paanyC-BCKTOP U 3JICMCHT TOKaA. MOI[yJ'IL HHAYKOHWH, CO3daBa-
B — Ho ldisina

€MOI JIIEMEHTOM TOKa, HaXOAUTCA o opmyrie d A >
T r

i€ O - YTOJI MEXKIY pajlyCoOM-BEKTOPOM M SJIEMEHTOM TOKA.

[Ipu BBIBOJE MHAYKIMU MArHUTHOTO IOJS B LIEHTPE KPYroBOro BUTKa HEOOXOAU-
MO y4ecTb, uTo yroi o =90° (paauyc Bcerna neprneHIuKyIsIpeH KacaTeIbHOM K OKPY K-
HOCTH), a I =R (paguyc BUTKa). OTH 3HaU€HUs OyAyT OJMHAKOBBI JJISl BCEX JIEMEHTOB
TOKA BUTKOB.

KOHTpOJILHbIe BOIIPOCHI

1. YUto Ttakoe maruutHoe noJie? Kakumu csorictBamu oHO oOamaer? Mmeer i uc-
TOYHUKH, BUXPH?

2. JlaiTe onpeieJIeHUE BEKTOpa B . Uro Takoe CHIIOBBIC JTUHHH?
3. Kak marauTHO€ 1noJie IEUCTBYET Ha 3apsil, Ha IPOBOJ C TOKOM, HA BUTOK C TOKOM?
4. Chopmynupyiite 3akoH buo-Capapa. BeiBegute popmyny (4), ucnonb3ys 3ToT 3a-
KOH.
5. TlokaxkuTe KapTUHY CWJIOBBIX JMHUNA MarHuTtHOro mnojis 3emud. [lokaxure Kak
HaIpaBJIcH

—

BOJIM3M MOBEPXHOCTH 3€MJIM B CEBEPHOM MOJIyIIapUH BeKTOp B U Hailnute ero co-
CTaBJIAIOIINE (TOPU30HTAIBHYIO U BEPTUKAIBHYIO).
6. Kak mensiercst B, | B 3aBHCHMOCTH OT reorpapuyeckoi mmupoTsr?

7. YUTO U3BECTHO O MPUPOJI€ FTEOMATHUTHOTO MO ?

Jluteparypa
1. CaenveB U.B. Kypc oOmieii ¢puszuku. - 2-e usa. - M.: Hayka, 1982, 1. 2. .
"MarsuTtHO€ noJie B Bakyyme".
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JIABOPATOPHASA PABOTA Ne 27
NCCIEAOBAHUE MAT'HUTHOI'O ITOJIAA COJTEHOUIA

He.]'lb paﬁoTbI: OKCIICPUMCHTAJIBHOC OIIPCACIICHUC 3HAYCHUN MarHUTHOM HHAYK-
M Ha OCH COJICHON A U CPAaBHCHHUC UX C PACYCTHBIMU 3HAYCHUAMMU.

IopsiioK BbINOJIHEHHUS PadOThHI
1. O3HaKOMbTECH C YCTAaHOBKOM M BKJIIOUUTE €€ B ceTh (220 B).

2. Pydkoy Ha yCTaHOBKE MIOMECTUTE U3MEPUTEIBHYIO KaTylKy L2 y OIHOro u3
KOHIIOB COJICHOU/IA, ONIPEACIIUB €€ MOJI0KEHUE @ (PaCCTOSHUE OT Kpasi COJICHOU A J10
TOYKH, B KOTOPOI OIpeAeseTcsl 3HaYeHUE MarHUTHOM MHAYKI[MHU) C IOMOIIIbIO yKa3a-
TEJIs Ha IIKaJe.

3. HasxxMuTe Ha KHOIIKY S, U3MEphTEe OTKIOHEHHE CBETOBOTO 3aifYHKa O IO LIKaJe
ragpbBaHoMeTpa. He oTmyckast KHOIIKY, ONIpeienTe CHITy TOKa B COJICHOUAE MO0 MUJLITH-
amIiepMeTpy.

4. Takue xe U3MEPEHHUS a U oL IPOJeaiTe sl APYTUX MOJIOKEHUN KaTylky L2,
nepemenias ee Kaxapli pa3 Ha 1 ¢M BJI0JIb OCH COJICHOMA JI0 YIIOpa. 3aHECUTE JaHHbIC
B TaOJIUILy, TIOCIIE YEro MOJYyYUTE MOAMUCH PENOJaBaTeNs O 3aBEPILIECHUHU SKCIIEPUMEH-
Ta.

5. ITo dopmyne (5) HaliauTe SKCIIEPUMEHTAIBHBIC 3HAYSHUSI MAarHUTHON MHTYK-
I[UH, BOCIIOJIb30BABIIUCH 3HAYCHHEM K, yKa3aHHBIM Ha YCTAaHOBKE.

6. Jlyis Tex ske 3HaYeHH a paccuutaiite 1o ¢popmynam (3) u (4) TeopeTrudeckue
3HAYCHUS MAarHUTHON MHIYKIIMH B COJICHOMIC.

7. laHHBIE BBIYMCICHUI 3aHECTU B TAOJIHILY.

a,M | o, 1en | Bocen, T | COSPB1 | COSP; | Breop, T

K=.... : l=....
8. [Moctpouts Tpaduk Boxen = f1(2) 11 Breop = f2(2) 1o pesynbraram, momydeHHbIM
U3 OIBITA U MPH TEOPETHYSCKOM PacyeTe, Ha OJTHUX KOOPAWHATHBIX OCSX.

B=0 P Teopernueckoe onucanue
DLDODDEDRDDDDDRDPDDDDD 9
HaubGouee npocToit Buj pacrnpe/iesicHus 3Haue-

§0 HUW BEKTOpa MarHUTHOM MHAYKIMU B nmeercs B

M ciydyae OECKOHEYHO JJIMHHOTO COJICHOUA - IIUITUH-
JPUYECKOM KaTYyIIKH, 10 BUTKaM KOTOPON IPOTEKAET
aJeKTpuYecKuid TOK. OMBIT MOKA3bIBAET, UTO YEM
JUIMHHEE COJIEHOM, TEM MEHbIIE UHIYKIMS MAarHUT-
COCOREEEOPEOEOEHE®®@®®  HOT0 HOJISI BHE €ro. /{1 66CKOHEUHO JJIUHHOTO COJIe-
/ HOMJIa MarHUTHOE T10JIE CHAPY>KU OTCYTCTBYET BOOO-

Puc.1 11e, a BHYTPH €ro JIMHUM BeKTopa B HampasiieHbl
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BJIOJIb €T0 OCH, IpUYeM BeKTOp B cocTaBisieT ¢ HampaBJIeHHEM TOKA B COJICHOMIE TIpa-
BOBHHTOBYIO cucTemy (puc.1).

N3 Teopembl 0 upkynsauun B ciienyeT, 4To BHYTpU OECKOHEYHO JJIMHHOTO CO-
JIeHOM 1A

B, = 1,Nl (1)

r7ie N - INIOTHOCTh BUTKOB (YMCJIO BUTKOB Ha €IMHUILY JITUHBI).

Haiinem MarHuTHYI0 MHAYKIIMIO Y KOHIIA MOJyOECKOHEYHOTO COJICHOM A, IS de-
T'0 TIPEJICTaBUM OECKOHEYHBIN COJICHOU ] COCTOSAIINM U3 IBYX HICHTUYHBIX MOTy0ecKo-
HEYHBIX, COCTUHSIONMXCSA M0 1ockoctd P (puc.l). B Touke M marHuTHas HHAYKIUs B
MOXeET OBITh omnpesesneHa 1o hopmyse (1). Ecim ynaaute oguH U3 moay0ecKOHEUHbIX
COJICHOHMJIOB, TO, YYUTHIBAsI, YTO OHW BHOCHJIM OJJMHAKOBBIN BKJIA]] B MArHUTHYIO HH-
JTYKIUIO B TOUKE M, MarHuTHasi MHIYKIMS y KOHIIA MOJyOeCKOHEYHOTO COJIEHOMIa Ha
ero ocu OyJeT paBHA IOJIOBHHE 3HaYeHUs B, onpenensemoro no gpopmyie (1), T.e.

B = el @

MarauTHOe Moje B TOYKaxX Ha OCH COJICHOn A
KOHCUHOM JJINHBI MOXCT OBITH paccuynuTaHo C IIOMO- B,

mpto 3akoHa bruo-Caapa. [IpeacrtaBum coneHoug Kak \ j : O T ﬂ -
F
o \
\

HEIPEPBIBHYIO CHCTEMY KOJBLEBBIX TOKOB (puc.2).
Koubity mupuHOW OX COOTBETCTBYET KOJBIIEBOM TOK ]
Indx, rme N - 4KCIIO BUTKOB COJICHOMIA HA CIUHHMILY Ld;x
ero mmHbl. Kak cienyet u3 3akona buo-Casapa, aie-
meHT dl kosbieBoro Toka co3maet B Touke O Ha ocu

T

COJICHOMA T10JI€ C UHIYKIINEN Puc.2
dg' = £a!Ndx . B
A7d? dB di
[Ipu onpeaeneHny MHIYKIIMM MAarHUTHOTO MOJISL  y d '
KOJIBLIEBOTO TOKa B Touke O ciemyer y4yecTb, 4TO ?} o 5 [%
CyMMapHasi KOMIOHEHTAa MarHUTHOW MHIYKIIUU TOJISI, 5 —
CO3/1aBaEMOT0 JII000W mapoil CUMMETPUYHO PaCIoJio- \

KeHHbIX 31eMeHToB 0l , HanpaBieHna Bmoms ocu X,

ax
IO3TOMY
Indx e o
dB=dB, =£""cosa | di=
47z'd 0 Pnc.3
Indx Indx r? . Indx .
= Lo 2 o, cosa = P = sin g = Hsin® g
47d 2r, d 2r,
X—a dx dg
Taxk xak =Clgf, 0 — = ———>—, U MAarHUTHas HHIYKIHs Ha OCH COJEHOU A
0 I sin“ g
paBHa:
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B
Bz—ﬂonjsin,b’d,b’z ﬂozm(cos,ﬁ2 —~cos3,)
A

YuuteiBas, uto €0S 3, =—C0os B, u N=N/l, rae N - 0IHOE 9KCII0 BUTKOB COJE-

In
Hou/a, a | - ero JyIMHA, OKOHYATEIILHO MOTYYUM B= %(COS B, +cos ﬂz)

3)

Kocunycsl yrinos £ u 3, BeIpakaroTcs GopMylIaMu
| -a

a
CoS ff,=———, COSp3, = (4)
JrZ+a’ 2 +(1-a)

rac ro - paanyC BUTKOB COJICHOMA, a - PAaCCTOSHUEC OT Kpas COJICHOH A 10 TOYKHU, B

KOTOPOM OIpEeNeNseTCs 3HaYEHNE MAarHUTHOW HHAYKIIHAH.
OOmumii BU MArHUTHOTO TOJIsI KOHEYHOT'O COJIEHOU 1A U300paxkeH Ha puc.4.
DKCIEpUMEHTANIBHOE U3YUYCHUE PACTIPEIEICHUS 3HAYe-

HUW MarHMTHOW MHAYKIHUU MOJISI BHYTPU COJIEHOW]IA Tpe/iia-

raercs IMPOBECTU C MOMOIIBK YCTAaHOBKH, COCTOSIIIEN U3 HC-

TOYHMKA IIOCTOSTHHOT'O TOKa; CoJleHouaa L, MarHUTHOE I0JIe

KOTOPOT'O MCCHEAYETCS; MAJEHbKOW M3MEPUTEIIbHOM KATyIII-

KH L2, KOTOpasa BBCACHA B COJICHOUI |_1 N MOXCT IICpCMC- U

IIATECS BAOJIb €r0 OCH; OAaUIMCTUYECKOTO TajlbBAHOMETpA
P2, coequnennoro ¢ karymkoil L, ; BeIKIrodaTens S v Muil-

muamnepmetrpa Pl, ¢ moMonipro KOTOPOro MOKHO W3MEPHUTH
ToK B coneHouzae L, (puc.5). Ilpu m3MmepeHMHM MHAYKIUU Puc.4

MarHMTHOTO MOJIs KaTylKy L, ycTaHaBIMBaIOT B KaKOi-T1MOO TOYKE HA OCH COJIEHOMIA
L,. B MOMeHT 3aMbIkaHUs KHOIIKOW S 1enu coseHonga L, Tok B Hem BozpacraeT ot 0
110 TIOCTOAHHOTO 3Ha4eHus | . IIpy 5TOM MarHUTHBIA ITOTOK 4€pe3 BUTKHM KAaTylIKH L,
nsmensercs ot 0 no @ =BS N, , rae S, - miomans ceuenus, a N, - UUCIO BUTKOB Ka-
Tymku L,. MI3MEHeHHe MarHUTHOTO NMOTOKA NMPUBOIUT K BOSHUKHOBEHUIO B KaTYIIKE
L, snexTpoaBHKyIIEH CHIIBI MHAYKIUY 110 3aKOHY Papajes:
do
odt

H, KaK CJICACTBUC, ITOABJIICHUIO B LICIIKM KAaTYIIKH |_2

o+
U
—

UHIYKITHOHHOTO TOKa | (s671enue snexmpomae- G @
HUMHOU UHOYKYUU); B PE3YJIBTATE YETO CBETOBOM
3aifuMK raJbBaHOMETPa CMEIIAeTCsS Ha Yol O, S

MIPONIOPLUHUOHAIIBHBINA KOJIMYECTBY JIEKTPUUECTBA
t

gq= jidt , TPOTEKIILIEr0 Yepe3 U3MEPUTCIIbHYIO
) L2 P2

L1

Puc.5
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1.
4acTh YCTAHOBKH: X = —'[ idt, rme b - GannmucTryeckas MOCTOSHHAS raIbBAaHOMETPA.
0
Eciu nonHoe conpoTuBICHNE LEA U3MEPUTENBHOMN KaTyllku L, paBHO R, TO

&

= R U TI03TOMY

bR

[|d® _1T _® _BSN,
bR

:b—RO

0

Torna ais MarHUTHOM MHIYKUIUU UMeeM B = N wm B =Ko (5)
0" 70

rae nocrosinHast K =bR/S;N, nmpuxnMaercs 3a neHy neneHus 6aJUIMCTHYECKOTO rajb-
Ba"HoMmeTpa. [To popmyse (5) onpenenstorcs SKCepuMeHTaIbHbIC 3HaUY€HUSI MATHUTHOM
WHIYKIIUH TIOJI HA OCH COJICHOM/IA.

TeopeMa 0 HUpPKYJIALMHU
L{MpKyISIHMS BEKTOPA HHAYKIIME MATHHTHOTO MOJSE B 10 3aMKHYTOMY KOHTYpY paBHa
anredpanyecKoi CyMMe BCEX TOKOB, OXBAThIBAEMbBIX KOHTYPOM, YMHOKEHHOM Ha (/.

gjédr:
L

Hanpumep, IUPKY/SIOUsS B M0 KOHTYpY, OXBAaTHIBAIOIIEMY Ba PABHBIX 10 CHIIE TOKA,
TEKYIIUX B MPOTUBOMOJIOKHBIX HAMPABJICHUSX, paBHA HYJI0. 3HaK ToKa | yuuThIBaeTcs
1o o0mieMy MmpaBuily: €Clii HampaBiIeHre 00X0/ja KOHTypa L 1 HampaBlieHHe TOKa CBsI-
3aHbI TPABUIJIOM MIPABOTO BUHTA, TO 3HAK | TOJIOKHUTEINEH.

[Tpu BeIBOZIE popMmyibl (1) HaO yuecTh, UTO HA ABYX ydacTKaxX KOHTYpa (CM.
puc.1) yron mexay B u dl paBeH 90° i CKaSIPHOE IIpoU3BeIeHne B - dl =0, a ogun
Y4aCTOK IIPOXOJUT BHE COJIEHOUIA, TJIE TI0JIE B npaktuuecku paBHo 0. [TonHbIM TOK,
OXBAaTbIBAEMbI KOHTYPOM, PaBEH Z l.=N-lI=nll,roe N - gyncno BuTKOB, MpuxoIs-

|
HIMXCS Ha auHy | .
3akon buo-Casapa-Jlamiaca

VIHIyKI{si MATHATHOTO TOJSE B, CO31aHHOTO [UTHHHBIM IIPOBOLOM [IPOH3BOIIb-
HOM KOH(UTYpaIUH, 0 KOTOPOMY TedeT TOK |, paBHA BEKTOPHOW CyMMe WHTyKIIUN
MArHATHBIX 10Jeil 0B , CO3JaHHBIX KaIbIM IEMEHTOM [UTH-
uel dl aToro nposona. 3akon buo-CaBapa-Jlariaca gaer ¢op-

MyJy:
I{dl xr
5 _ My ': ]
d& = A re ’
rIe ldl - snemenT TOKa, I - paAnyC-BEKTOP OT ITOTO JIEMEH-
Ta 10 TOYKH, B KOTOPOH HAXOAUTCS MarHuTHoe mnoJje. Kak Bu-
HO 13 (OPMYJIBI, TIOJIC TIEPIIEHANKYIISIPHO TUIOCKOCTH, B KOTO-
POM JIeXKAaT PalnyC-BEKTOP U JIEMEHT TOKa. MOyb UHTYK-
IIUH1, CO31aBAEMOM 3JIEMEHTOM TOKa, HAXOAUTCS 1o (hopmyrie

98



B:ﬂ IdIsina

]
4z r?
I O - YTOJI MeXKAY PaInyCOM-BEKTOPOM H 3JICMEHTOM TOKa.

d

KonTpoabHbIE BONPOCHI

1. Uto Takoe MarHuTHast UHAYKIUA?

2. Chopmynupyiite TeOpeMy O MHUPKYJSIUA BEKTOpA MArHUTHOW WHIYKIIUW U
UCITOJIB3YUTE €€ VIS pacueTa BHYTPU OCCKOHEYHO JUTMHHOTO COJICHOMIA.
3. [omyuurte dhopmyny aJisi ONpeAeTICeHIs] MArHUTHOW WHAYKITUN Ha OCH COJICHOM/IA KO-
HEYHOU JUIMHBI, TpUMEHsis 3akoH bruo-CaBapa v MpUHIUI CyHIEPIO3ULIUH.

4. B 4yeM COCTOUT SIBJICHUE 3JEKTPOMAarHuTHOM MHAyKnuu? Kak ucnonb3yeTcs
ATO SBJICHHE B IaHHOM padoTe?
5. Kakum 00pa3oM MOKHO BJBOE€ YBEJIMYUTH CMEICHUE 3ailuMKa B HCIOIb3YyeMOM
YCTAHOBKE, HE YBEIIMUYMBAs CUJIbI TOKA B COJICHOMJE U HE MEHSA MapamMeTpPOB U3MEPH-
TEJIbHON KaTyIIKU?

6. UeMy MpomopIMoHalieH yTroji OTKJIOHEHHUs CBETOBOIO 3ailuMka B OalIMCcTHUe-
CKOM rajibBaHoMeTpe. BeiBecTr pabouyro popMyity st MHIYKIIMH MAaTHAUTHOTO TOJIA.

7. Ucnionw3ys TeopemMy O MUPKYJSLIUY , HalauTe 3aBucuMocts B=B(r) mist Topo-
MJIAJIBHOM KATYIIKHA C YACJIOM BUTKOB N.

Jlureparypa
1. CaenseB M.B. Kypc obmeit ¢uzuku. Tom |l "Onexrpuuecto". M.:Hayka,
1970, 442 c.§42 Hupkynsuus Bekropa B. Ilone conenounna u toponaa
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JIABOPATOPHAA PABOTA Ne 28

OIIPEAEJIEHUE UTHAYKTUBHOCTHU TOPOUJTA
C ®PEPPUTOBBIM MAT'HUTOITPOBOJIOM

Ieanb DﬂﬁOTbI: N3Yy4CHHUC 3aBUCUMOCTH MHAYKTHBHOCTHU TOPONAA OT CHUJIbI TOKA.

IopsioK BbINOJIHEHUS PadOThI

1. Paz0eputech B 2JIEKTPUUYECKON CXeMe YCTaHOBKHU. OnpenenuTe eHy HauMEHbIIIe-
T0 JISJICHUS N3MEPUTEIHHBIX TPHOOPOB.

2. BkirouuTe yCTaHOBKY B CETb.

3. 3MeHsisl HanpsKeHUE Ha TOPOUJIE ¢ TOMOIIBIO MOTEHIIMOMETpa R, CHATh 3aBucH-
MocTh Toka | oT Hanpspkerust U (10 3nadenwmit). J{s 3aMbIKaHUS HEH CIYKUT KHOTIKA
S. 3aHecure naHHBIC B TAOJIHITY.

4. BBIKIIFOYUTh YCTAaHOBKY U3 ceTu. [lonyunTte noanvch npenoaBaTess mocie 3a-
BEPIICHUS SKCIIEPUMEHTA.

5. ITo dopmymne (11) moacuuTaTh SKBUBAJICHTHYIO HHAYKTUBHOCTH TOPOUIA MIPU
BCEX CHSTBHIX 3HAUCHUSX TOKA U HaNpsDKeHUs. Pe3ynbTarsl 3aHecTu B TaOHILY.

7. Iloctpouts rpaduk 3aBucumoctu L = (1)

LA |UB |LTn

Teopernueckoe onucanue

TopoumanbHas karymka (TOpPOWJ) MPEACTABIISET
co0o¥i MPoBOJI, HABUTHIN Ha Kapkac (MarHUTOIPOBO),
umeromuii popmy Topa (puc.l). Ilpu nmpomyckanum
TOKa IO TUIOTHO HAaBUTOMY MPOBOAY 0Opazyercs mar-
HUTHOE T10JI€, HAMPSHKEHHOCTh H KOTOPOro BHE TOPO-
uja MPaKTUYECKU paBHA HYJIIO, & BHYTPH BBIUYUCIISAETCS
o ¢hopmyiie

H=IN/l=In (1)

rae | — cuna Toka, N — oJTHOE YKCIIO BUTKOB, N — YHC-
JIO BUTKOB, MPUXO/IAIIEECS Ha CIUHUILY JUTHHBI TOPOU-
na. ®opmyna (1) crnpaBemsivBa 1jisi TOpOHUJA, JJIMHA
| (I =27r) xoToporo 3HauyMTEaHLHO OOJIBINE, YEM JHa-

METp MarHuTonpoBoja. MoKHO MPUHATH MATHUTHOE T0JI€ BHYTPU TAKOT'O TOPOUAA OJI-
HOPOJIHBIM.
Wunyxnus marautHOro noist B = yu A wmu ¢ yuetoMm (1)

B =uunl (2)
r7ie (. — OTHOCUTEIbHAS MarHUTHasl MMPOHUIIAEMOCTh Cpelibl (BelecTBa MarHUTOIIPOBO-
1a), (o — MAarHUTHAs MMOCTOSIHHASL.

[ToTok MarHMUTHOM MHAYKLMH, CLEILUIEHHOW ¢ TopouaoM @ =@ N rane @ =BS —

2
MOTOK Yepe3 OJWH BHTOK TOpOHaa Iuromanpto S =nd“ /4. YuuteiBas paBeHCTBO (2),
oJIyqaem
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@ = uu InSN = pu n’ISI (3)

Ecnu xaprac mopouoa nemacnummbiii, TO TOJIE B , 4 3HAUMUT, U TIOJHBIM MAarHUTHBIN
MOTOK @ OyayT MPOIMOPIIMOHAIILHEI CHIIe TOKa |, 1 MOYKHO HamucaTh
O=LI 4)
rae L — koadduiment, Ha3pIBaeMbIi uHOyKmusHocmoio Topouna. L — dbusmdeckas Be-
JUYMHA, YUCIICHHO paBHAss MarHUTHOMY TIOTOKY, CIIETUIECHHOMY CO BCEMH BHTKaMH, KO-
I/1a TOK, CO3JAONINI ATOT MOTOK, PAaBEH €INHUIIC.
Enununeit unagyktusoctd B CU aBnsiercst reapu (I'v). MarHuTHBIN OTOK U3Mepsi-
etcs B BeOepax (BO): 1I'n=1 BO/A.
Comnoctaisist Beipaxkenus (3) u (4), mojiydaeM HHAYKTUBHOCTh TOPOHU 1A
L = pu n’SI (5)
Bce BBIEn3m0keHHOE CITPaBEUTHBO U JIsl 0ECKOHEYHO JJTMHHOTO COJICHOU/IA.
[Tpu n3mMepeHnn CUIIBI TOKA B TOPOUJIE BOZHUKACT 3.]1.C. MHIYKIIUN, KOTOPYIO Ha3bI-
BAafOT 3.71.C. CAMOUHTYKITUN
8Si:_ch:_d(L1):_Lﬂ_Id_L (6)
dt dt dt dt
Ecnu npu m3MeHEHHSIX CHUIIBI TOKa WHIYKTUBHOCTH OCTAETCS MIOCTOSTHHOM (YTO BO3-
MO>KHO, KOT'/Ia MAaTHUTOTPOBOJ HEMarHUTHBIN ), TO 3.]1.C. CAMOUHIYKIIHH
f ==Ly (7)
CootHomenue (7) gaeT BO3MOXKHOCTb OMPENIETUTh UHAYKTUBHOCTh Kak KO3 huUIiu-
€HT MPOMOPIIMOHATBHOCTH MEX]Y CKOPOCTHIO M3MEHEHHS CUJTBI TOKA B KOHTYPE U BO3-
HUKAIOIIEH BCJIEICTBHE STOTO 3.11.C. caMOMHAYKIMH. OTHAKO TaKoe OMpeJeieHe mpa-
BOMEPHO JIUIIb B Ciiydae, korjga L =const.
B npucymcmeuu ¢gpeppomacnemuxa L 6ynet pyukumeir ot | (uepe3 H). Caemosa-
TenbHO, dL/dt B hopmyite (6) moxxno 3anmcath kak (dL/dl)(dl/dt). Torna

J H &g :—(L+I%jd—l (8)

dl ) dt

Orcoga BUAHO, YTO MpPH

HAIM4YUu  (peppoMarHeThKa

KOd(QPUIIMEHT  TPOIOPIHO-

HAJILHOCTH MeXny & u dl/dt

— OTHIOAb HE paBeH L, Kak ObI-

JO yKa3aHO B COOTHOIICHUU

¢ H ¢ H (7).

Puc.2. Puc.3. Eciu marsaronpoBoja To-

pouga H3roToBieH u3 dep-

POMarHMTHOrO Matepuana (>keies3a, HUKelsl, KoOanbTa, UX CIUIABOB U COEIMHEHUI ), TO

OTHOCHTENbHAS MarHUTHASI TIPOHUIIAEMOCTD (i SIBISIETCS CIIOKHON (pyHKIIMEH OT Hampsi-
KEHHOCTU H MarHUTHOTO TOJISI B TOPOHIE:

_ B 14 J(H)

uH H

JH Mmax_

©)
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rae J — HaMarHUYeHHOCTh, T.€. MACHUMHbBIL MOMEHM eOuHuybl 00vema ¢heppomacte-
muka. XapakTepHbId BUJ 3TOM 3aBUCUMOCTH M300pakeH Ha puc.2. Ha puc.3 nmokazana
3aBUCUMOCTh HAMAarHMYE€HHOCTH OT HANpPsHDKEHHOCTH HaMarHu4uBaromiero mnoss. Hauu-
Has ¢ HEKOTOPOTO 3HAUYEeHUs H, YMCIIEHHOE 3HaYeHUE BEKTOpA HAMAarHMUYEHHOCTH TMpaK-
TUYECKU OCTACTCS IOCTOSIHHBIM U PaBHBIM J,,. ITO OOBSACHSAETCA CISAYIOMIUM 00pa3oM.

[Ipu ompeneneHHBIX YCIOBHUSIX B KpPUCTaIaX MOTYT BO3HHUKATh TaK Ha3bIBacMbIe
oOMeHHble CUbl, KOTOPbIE 3aCTaBIISIOT MAarHUTHBIE MOMEHTBI aTOMOB YCTaHABIMBATHCS
napajuiesibHO JApyr Apyry. B pesynbrare Bo3HHMKaOT oOmactu (pazmepom 1-10 Mkm)
CHOHMAHHO20, M.e. CAMONPOU3B80JIbHO20 HAMATHUYMBAHMS. JTHU O0JIACTH HA3BIBAIOTCS
Ooomenamu. B mpenenax kaxxaoro goMeHa (peppoMarHeTMK HaMarHU4YeH 710 HACHIIICHUS
U UMEET ONpPEACTICHHBIN MarHUTHBIA MOMEHT. HampaBieHusi 35TUX MOMEHTOB JIsl pa3-
HBIX JJOMEHOB Pa3JIUYHbI, TOATOMY MPU OTCYTCTBUU BHEIIHETO MOJII CyMMapHBIA MO-
MEHT 0o0pa3lia paBeH HYJII0 W 00pasel] BUEJIOM MPEACTABISETCS MAKPOCKOIIMYECKU He-
HaMarHUYE€HHBIM.

[Ipy BKIIFOUEHUN BHEUIHETO MATHUTHOTO MOJISI TOMEHbI, OPUEHTHPOBAHHBIEC IO IO-
JIF0, PacTyT 3a CUET JOMEHOB, OPHEHTUPOBAHHBIX MPOTUB MOisl. OUYEBUIHO, YTO Mar-
HUTHOE HACBHIIIEHUE HACTYIAET TOT/a, KOT/Ia BEKTOPhl MAarHUTHBIX MOMEHTOB 8cex 00-
MeHO08 YCTAHABIWBAIOTCA MApAJJIEIbHO BHEIIHEMY MAarHMTHOMY mMoiito. Ilockonbky

B =u,(H +J), To 3aBucuMOCTb B 0T H nmeeT Bu, n300paXKeHHbIH Ha pHC.4.

B otHOCuTENnbHO cnabbIX Moisix B pacteT ObicTpee
H BcneacTBue ObICcTpOro pocta J, mo3TOMy 4 yBEIHYH- B
BaeTcs M0 U max (cM. dopmyny (9)). B cunbHbIX mossix
HAcTyIaeT HacChIIeHWe HaMarHudeHHoctn (J = J, =
const), mo3ToMy Ipu JOanbHEmemM pocte H OTHOUIe- AB
e J/H —0 u MarHuTHas TPOHMUIIAEMOCTH [ CO-
riacHo ¢opmyne (9) HaumHaeT yObIBaTh, CTPEMSCh K ]
equauie (cMm.puc.2). CiaegoBaTeabHO, B CUIBHBIX Mar- I
HUTHBIX MOJISIX UHIYKLHS B BO3pacTaeT ¢ yBEeIUYEHU- 5 A‘J‘{ 7
eM H 1o quneunomy 3aKomy. e 4

WUtak, u ¢deppoMarHeTMKoB sBIsAETCS (PyHKIUEH '
HanpspkeHHocTH (Wi Toka, Tak kak H ~1). M3 ¢opmynsl (5) BUAHO, YTO MHIYKTUB-
HOCTbh TOPOMJIa 3aBUCUT OT €r0 T€OMETPUUYECKUX Pa3MEPOB U OTHOCUTEIHHOU MATrHUT-
HOI mponuIiaeMoctTu cpenbl. ClienoBaTeIbHO, B MPUCYTCTBUU (peppoMarHeTruka L To-
pouna 3aBucuT ot | Tak ke, kak y oT H. JIjs HEMarHUTHBIX MarHUTONPOBOAOB i =
const, mosTomy L = const mpu u3mMeHeHnn Toka. B manHOl paboTe B KauecTBE MarHu-
TOTIPOBOJIa B TOPOUJIE MCIIONIB3yeTCs (heppuUT — MaTepuali ¢ MarHUTHBIMH CBONCTBaMU
dbeppoMarHeTuka, HO ¢ HU3KOH (MJIM HYJIEBOW ) TPOBOIUMOCTHIO.

[Tpu mpoxoXkIeHNU MOCTOSHHOTO TOKa yepe3 OOMOTKY TOpOMJa OH OKa3bIBaeT aK-
TUBHOE coNpoTuBiieHUE R, 00yClIOBICHHOE 3IEKTPUYECKUMU CBOMCTBAMU MPOBOIHHKA,
JUIMHOW W CE€YEHHMEM MpoBoAa. Ecim mo Toponay NpOnyCTUTh MEPEMEHHBIM TOK, TO
MOJIHOE COTIPOTHUBJIEHUE TOPOU]IA BO3PACTAET.

DddekTrBHAs cula TOKA B LIENH, COAEp KA NHAYKTUBHOCTb, EMKOCTh M aKTHB-
HOE COIPOTHUBJICHHE, onpenensercs Gpopmynoi
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| = Y (10)

2 2’
\/ R*+ (XL o Xc)
rie U — s¢pdextuBHOE HampsbkeHHe, X, =@l — HHIYKTUBHOE CONPOTHUBIICHHE,

Xc =1/@wC — eMKOCTHOE CONpOTHBIECHUE, Z = \/ R? + (X, —X.)? — monHoe conpoTus-

JICHUE 1IENH, (® — UKINYECKas 4acToTa.

Tak kak AJi1 UCCIeAyeMOro TOpoua aKTUBHOE CONMPOTHBICHHE R Marno mo cpaBHe-
HUIO C UHIYKTUBHBIM X|, @ €MKOCTHOE COMPOTUBJIEHUE Xc MPAKTUYECKH OTCYTCTBYET,
To popmyay (10) moxkro 3amucath B Bujge | =U /wl, oTkyna

LY (11)
lo

rae o = 2xv, a v =50 I'm.
TeopeMa 0 HMpPKYJIALMHU
L[MpKy/IAIHMS BEKTOPA HANPSKEHHOCTH MATHHTHOTO OIS H 110 3aMKHYTOMY KOH-
Typy paBHa alre0OpandecKko CyMMe BCEX TOKOB, OXBAaThIBAEMbIX KOHTYPOM.

JH-dI =1,
L i

Hanpumep, mupKysinust H 1Mo KOHTYpY, OXBAaTHIBAOIIEMY [BA PABHBIX IO CHIIE TO-
Ka, TEKYIINX B MPOTHUBOTIONOKHBIX HAIPABICHUSAX, PaBHA HYIIO. 3HAK TOKa | yauThIBa-
eTCs 1o O0IIeMy MpaBUIIy: €ClM HallpaBlieHHe 00Xojia KOHTypa L 1 HampaBieHHe TOKa
CBSI3aHBI IPABUJIOM TIPABOTO BUHTA, TO 3HAK | MOTOKUTEICH.

[Tpu BBIBOAE hopmysbl (1) HamO BRIOpATh 3aMKHYTHIM KOHTYP B BUJE KOAKCHAIBHON
OKPYXHOCTH paauyca I, Jexanieit BHyTpu topouaa (cm.puc.l). [TonHbIA TOK, 0XBaThI-
BaeMbIii KOHTYpoM, paBeH 2. |, =N -1, rme N — uucno BurkoB Ha Topomzae. OOpaTure

i

BHUMAHHC Ha TO, YTO TOK IMPOHU3LIBACT IMMOBCPXHOCTL, HATAHYTYIO Ha KOHTYpP, BCCraa B
OIHOM HallpaBJICHUMU.

KoHTpoJsbHBIE BONIPOCHI

1. KakoB MexaHM3M HaMarHW4YMBaHus (peppoMarHeTUKOB?

2. Yto Takoe BEKTOp HAMarHUYEHHOCTH ?

3. Kak 3aBUCUT BEKTOp MAarHUTHOW UHAYKIIMU OT HAIPSXKEHHOCTH MAarHUTHOTO IO
JI0 Y TIOCJI€ HACBIILICHHUS?

4. Yto Takoe OTHOCUTEIbHAS MarHUTHAsI TPOHUIIAEMOCTh CPE/IbI?

5. Kakum obpazom u 3aBUCcHUT OoT H 171t peppOMarHuTHHIX BEUIECTB U MoueMy?

6. BeiBectu popmymy (5).

7. UTo Ha3bIBaeTCS MHAYKTUBHOCTBIO U B KAKUX €AMHUIIAX OHa u3MepsieTcsi? OT uero
3aBUCUT UHIYKTUBHOCTb?

Jlureparypa

1. CaBenbeB U.B. Kypc o6mieit pusuku. - 2-e uza. - M.: Hayka, 1982, 1.3. ¢.165-170,
176-180
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JIABOPATOPHAA PABOTA Ne 29
WCCJEIOBAHUE DJEKTPUUECKHUX 3ATYXAIOINUX KOJJEBAHUM
Ileab padoThI: 0O3HAKOMIJIEHHE C METOJIOM IOJYYEHHsI 3aTyXaroUUX IEKTPUIECKUX

KoJIeOaHUH U ompeseNieHUue MmapaMeTpoB KoJeOaTeTbHOTO KOHTYpa ¢ TMTOMOIIBIO OCIIUII-
jorpada.

Onucanue JJadopaTOPHOH YCTAHOBKHU

YcTaHOBKa COCTOUT U3 KOJeOaTeIbHOTO KOHTYpa, B KOTOPBIN BXoaAT (puc. 1): 1) ka-

Tymka HHIyKTuBHOCTH L; 2) koHmencaropsl Ci, Cy; 3) omudeckue conpoTtuBieHus Ry,

Rz nyist usmenenust 1oOpoTHOCTH KOHTYpa; 4) ocumuiorpad (30), Ha Beixoa Y KOTOPO-

To TIOJIAHO HAMPSDKEHHUE C KOHTYpa; 5) ucTouHuk nuTanus G obecneynBaromuii mo3a-
PAIKY KOHACHCATOpa KOHTYpA.

R, VYcranoBka paboTaeT cCienyro-

— =S muM obpazoMm. K kouTypy mnon-

S, ./ L 1 Y X KITIOYAIOTCSl  TIEPUOJUYECKUA  UM-

l c.--L¢ R, L MyJIbCHl TUTAIOMIETO HAIMPSHKEHUS

fG —E’j 90| U,. B KadecTBe 3TOro HANPSHKEHUS

UCIIOJIB3YIOTCSl MMITYJIbChl ~ CHH-

Puc.1 XpOHHU3auu ocuusuiorpaga, KoTo-
U pble HMMEIOT BHUJ, IOKA3aHHBIM Ha
B
T T T T puc. 2.

Yepe3 paBHbIE  NPOMEKYTKH

t BpPEMEHH HMEIOT MECTO HMITYJIbChI
Hanpsbkenust U,, a B ocrajbHOe
BpeMsI MEXIY J3THUMHM HMIYJbCaMU

Puc.2 HaIpsHKEHUE PaBHO HYIIIO.

q [Tocne Toro, kak Ha KOHJIEHCATOP KOH-
! ! Typa C1 OBUI TIOCIIAaH UMITYJIBC MMUTAIOIIETO

: ~ : ﬂ ~ HanpspkeHus: U, ¥ KOHIEHCATOP 3apsauiics,
tlU |/ tZU \V B KOHTYype, coctosimeM u3 Ci, L u R, Bos-
HUKAIOT 3aTyXarolue KojcOaHws B Teue-

HUe BpeMmeHH oT {1 1o o, korma Hanpsoxe-

HUE OT BHEIIHETO MCTOYHHKA OTCYTCTBYET.

3aTeM Ha KOHJIEHCATOp B MOMEHT

a, BpeMeHH { mocTymaeT ClieIyromuii

| | 0, UMITYJIbC HanpspkeHust Uy, U Been

3a 3TUM B KOHTYPE BO3HHUKAIOT 3a-

\/ X Tyxamolge KoyjeOaHHs B TEYEHHE
BpeMeHu oT to 1o t3 u T.4.

Pric.4 Takum 00pa3om, B KOHTYpE Tie-

PUOANYECKH TOBTOPSIOTCSA 3aTy-

Puc.3
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Xaromue KoJjeOaHus C TEPHOJO0M, PaBHBIM IMEPUOAY TOJAaYd HMITYJIHCOB BHEITHETO
HanpsokeHus: U,. Kaptuna stux xoneOaHuii mo BpeMeHH OyJeT MMETh BUJ, MPECTaB-
JICHHBIN Ha puc. 3.

To4uHO MO TaKOMYy e 3aKOHY OYyJET U3MEHATHCA U HAIPsHKEHUE Ha KaTYIIKEe WHIYK-
TuBHOCTU L u comportuBiennn R konebGaTenbHOro KOHTypa Hallleid YCTaHOBKH. DTO
HaIpsHKEHHUE, MoJJaBaeéMoe Ha BepTUKaIbHBIN Beixoa Y ocuuuiorpada (30) (cum. puc. 1)
MO3BOJISIET BU3YaJIbHO HAOJIOIATh KAPTUHY 3aTyXalolUX JIEKTPUYECKUX KoJeOaHuM Ha
sKkpane ocumiuiorpada. Eciau nepuon xonebanuil HanpsHKEHUST pa3BepTKUA OCLHUIUIOTPa-
¢a coBmagaeT ¢ MepruoaOM MOJauy MUTAroIIero HanpsbkeHus: Uy, TO Ha dKpaHe OCLUJI-
norpada OyaeM HaOIIOAaTh KAPTUHY 3aTyXalomuX KojieOanui (puc. 4).

Ha puc. 6 1 1 (2 1 T.7. — aMITUTY/IHbIC 3HAUCHUS HAOJII0IaeMBIX Ha SKpaHe OCLUJI-
norpada KojaeOaHmii.

B ycranoBke mpemycMOoTpeHa BO3MOKHOCTh U3MEHEHUS XapaKTEPUCTHK KOHTYpa Ta-
KHX, KaK TepuoJl kojaebanuii T, norapu@mMudeckuil J1eKpeMeHT 0, K0dPUIIUEHT 3aTy-
xaHus B u JoOpoTHOCTH Q TyTeM M3MEHEHHUsS €eMKOCTU U COMPOTHUBIICHUS KOJeOaTelb-
HOTO KOHTYpa.

IMopsiok BeINoTHEHUsI padOTHhI.

1. O3HaKOMUTBCA € AMEKTPUUECKOM CXEMOM YCTaHOBKH.

2. Paccuurtath TEOPETUUYECKH XaPAKTEPUCTUKU KOJIEOATEIBHOTO KOHTYpa JUIsl IBYX
CIIy4aeB:

a) C=Cy, R=R;. 6) C=C;, R=R,. [l;1s1 npubmmkerHoro pacyera T, 6, Q HCIOIB30BaThH
BoIpaxeHnus (8), (11), (15), a nns Tounoro pacyera — cootHouenus (10), (12), (14) co-
OTBETCTBEHHO. Benuuunsl B u p onpenenstor no ypaBHeHusM (6) u (9). Bee ncnonb3o-
BaHHBIC U TIOJTyYCHHBIE JaHHBIC 3aHECTH B TaOIHITy 1:

[TpubnmxeHHo Touno

T 0 Q T d Q

c | L | R | B | p

3. OnpenenuTh XapakKTEPUCTHKU KOHTYpa O, T, Q dKCIIEpUMEHTAILHBIM MTyTEM C HC-
noJjib30BaHueM ocuuuiorpada. s 3Toro BKIIOYUTH YCTAHOBKY B CeTh. JloOHUThCA
M300paKeHHs 3aTyxarommx kKosnebanuii (puc. 6). [lo momyuenHod Ha ocumorpade
KPUBOI OINpenenuTh IKCIEPEMEHTaIbHbIE XapaKTEePUCTUKU KOHTypa. s sToro 3amu-
caTh B Ta01.2 3HAYCHUS Qn U (n+m VIS CIIy9aeB M=3, 5, 7 ¥ ONPEACTUTH Osyen IO HOPMY-
ae (11). 3aTeMm, ucmonb3ys cpeaHue 3HAYCHUS < O > I JABYX CIydaeB KOHTypa, Ompe-
JeUTh dKCIepuMeHTaIbHble 3HaueHus | u Q no ypaBuenusm (12) u (13).

[Ipu onpenenenun norapuPMUUECKOro ACKPEMEHTA 3aTyXaHUs MOKHO IOMOJIb30-
BaThCsI JICCATHYHBIMU JIOrapudpmamu, ecim ydectb, 4To InX=2,303Ig x. [TomyueHnsie

PE3yNbTAaThl 3aHECTH B TAOIUITY 2:
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C L R m Qn Qn+m 0 [ <d>| T Q

4. TlpoBecTH CpaBHUTEIIbHBIM aHAIU3 XAPAKTEPUCTUK KOHTYpa, IMOIYYCHHBIX B
MyHKTax 2 u 3.

CnenaTh BBIBOJ M3 MPOBEICHHOIO aHAM3a U 3aMUcaTh B OTYETE MO J1JaOOpaTOPHOM
pabore.

Teopernueckasi cipaBka:
B upeanbHOM 3JEKTPUYECKOM KOJeOATeIbHOM KOHTYpPE, COCTOSIIIEM M3 €MKOCTH U
WHIYKTUBHOCTH, BO3HUKAIOT, KaK IMPABUIIO0, TAPMOHUYECKHE KOJIEOaHUs C YaCTOTON

O =—F— (1)

B peanbHOM KoNe6aTeTbHOM KOHTYpE BCETIa UMEETCSl OMUYECKOE COMpoTHBIeHHE R
(coemuHUTEIBHBIC MPOBOJA, KATYIIKa WHIYKTUBHOCTH) W TO3TOMY KOJI€OaHHUS B HEM
OyIyT 3aTyXarolMMU — DJIEKTpUYECKas dHEPrus KOHTypa OyaeT yObIBaTh BCJIEICTBHUE
BBIJICJICHUS JKOYJIEBA TETIa U aMIUIUTYbI KoJieOaHus 3apsiia ( Ha oOKIaikax KOHICH-
catopa, Toka | B menu, 3.7.C. CAMOMHAYKITUU € U APYTUX BEIIUUUH TOXKE OYIyT YMEHb-
IaThCSl C TCYCHUEM BPEMEHH.

OToT mpolece (3aTyxaroiue KojebaHus) onuchiBaeTcs AuddepeHIuaIbHbIM ypaB-
HEHUEM:

—+——+—=0, (2)
dt® L dt LC
KOTOpOE SIBIISIETCA CIAeACTBUEM 0000IIEHHOTO 3aKkoHa OMa.

JIeiCTBUTENBHO, ITYCTh KOHJIECHCATOP B KAKOW-TO MOMEHT
BpPEMEHH paspsbkaetcs (CM. puc. 5), u 3a Bpems dt 3apsi Ha
oOKkJIanKkax yMmeHblaercs Ha Benuunby dg=-ldt. Torma ms
yuactka nenu 1RL2, cornacho 3akony Oma, umeem

IR =(¢,—p,) +& 3)
Puc. 5 ra€ @1 U (2 — MNOTEHLUHANbl HA OOKJIAJKaX KOHJIEHCATOPA.
VuauteiBas, uto B ypaBHeHun (3) @ —¢,=U_.=0q/C u

€g = —L((jj—?, u 3amensis | Ha —2—?J’IyIII/IM ypaBHeHue (2). CpaBHUBAs €ro ¢ 0000IIEHHOM

dbopMoii 3aTyXxaronmx MEXaHUYECKUX KOJIeOaHmit

d’x . dx
F-FZBE-I—(DSX:O, (4)
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MOKEM CJIeJIaTh BBIBOJI O TOM, YTO B DJIEKTPUUECKOM KOHTYpe OYIyT MPOUCXOAUTH 3a-

Tyxaromue Konebanus Buna (= q,e”'cos(wt + w,) (5)
R

re Ko3(phUIUCHT 3aTyXaHHs] L= TR (6)

a 4acTOTa 3aTyXalolUX Konebanuit @ =.Ja} — f° (7)

[Tpoananuzupyem popmymy (7).

1
1. Ecnmn o >> B, T0 @~ @, =———= — B KOHTypE€ BO3HHUKAIOT IPAKTUYECKU HE3aTy-

JLC

. 27
Xarolue rapMoHudeckue kojebanus. [lepuon Takux xosebanuii T=—— Oyzaer ompe-
1)

JENATHCS. COOTHOILIIEHUEM T=27+LC, (8)

KOTOPOC HA3bIBACTC:A (bOpMYHOﬁ TomcoHa. yCHOBI/IH, COOTBCTCTBYIOIIIHMC pacCMaTpUuBa-
2

L
€MOMY CIIy4ar0 MOTYT HACTYIUTb, €CIM — << — Wi R << 2, |—.
e Y Y LC 417 C

Bemmuuna L= E 9)

Ha3bIBAETCS BOJIHOBBIM CONPOTUBJICHUEM IEKTPUUECKOro KojiebaTenbHoro Kourypa. C
UCTIOJIb30BAaHUEM TIOHATHSA BOJHOBOTO COMPOTHBICHUS MEPBOHAYAIBHOE YCIIOBHE
@, >> 3 MOXKHO 3anucath Kak R <<2p.

1 R°

c T B KOHTYpE BO3HHUKAIOT 3aTyXaroliue kKoje Oa-

HHUS ¢ YaCTOTOM (0 MEHBIIIEH, YeM 4acToTa COOCTBEHHBIX KojeOaHui KOHTypa. B cooT-

BeTCTBHUM ¢ GopMyIoi (5) st BEIMUUHBI 3apsiia Ha

q g,e™ KOHJIEHCAaTOpe TpaduK 3aTyXalMUX IEKTPUUECKUX

/ KoJeOaHuil OyleT MMEeTh BUJ, NPEICTABICHHBIA Ha

puc.6, T.e. aMIUIUTYAHOE 3HAYEHUE 3apsA/ia HA KOH-

JeHcaTope OyJIeT YMEHBIIATHCS M0 SKCIOHCHITNATh-
HOMY 3akoHy. [lepuos Takux xosiebaHuit

2. Ecnmu 0o > B, TO 0=

(10)

Puc. 6

®opmynoit (10) HEOOXOAMMO TMOJIB30BATHCA IS

OTnpeJeNieHus nepuoa KoiaeOaHuii Toraa, Koraa OMUYECKUM COMPOTUBICHUEM HEBO3-

MOKHO MpeHeOpeyb MO CPAaBHEHUIO C BOJHOBBIM COMPOTUBIIEHHEM KOHTYpa p, TaK Kak
YCIOBHE (), > [3 COOTBETCTBYET HEpaBEHCTBY R <2p.

3. Ecnu ke @, < [, To KosieOaHus B KOHType He BO3HMKalOT. HaumeHbIee 3Haue-

HUE OMHUYECKOTO COMPOTHUBJIEHUS, IPU KOTOPOM KOJieOaHUSI B KOHTYpE HE BO3HUKAIOT,
Ha3bIBACTCS] KPUTHYCCKUM CONPOTHBIICHHEM R, =2p.

JI1st xapakTepUCTUKU OBICTPOTHl YMEHBIICHHS aMILTUTY/ bl 3aTYXaIOIIUX KOJeOaHui
BBOJISATCA JIOTapu(PMUUECKUI JTEKPEMEHT 3aTyXaHUl O, paBHBIM Jiorapu@my OTHOILIEHUS
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aMIUTATYZl ABYX COceOHHX KosieOanui. B paccmaTpuBaemom ciiydae OepyT 3Hau€HUs
3apsiia KOHJIEHCATOpa 4epe3 MPOMEXYTOK BPEMEHHU, PABHBIN MEPUOAY AJNEKTPUUECKUX

On

n+m
CiA PaBHOLICHHOC COOTHOIICHUC

Konebanmii: o =In . 17151 SKCIepuMEHTaIbHOTO ONpeAeIeHHs O Yallle HCIOJIb3yeT-

P (11)

m qn+m

Torga MCHONB3YIOT JBa aMIUIUTYHBIX 3HAUEHHUS 3aps/ia KOHAeHcaTopa: On U On+m
OTCTOSILIIUE APYT OT JIpyra Ha M KoyieOaHUM, WIH B3AThIE Yepe3 OTPE30K BPEMEHU B M
pa3 OoJBIINI, YeM TIepUO/1 KOJICOaHUA.

B kauecTBe aMIUIMTYJHBIX 3HAYEHHUI KOJEOIOMIEHCS BETUYUHBI JIJIsl ONpeaesieHus
JorapuMUUYECKoro JAeKpeMeHTa 3atyxaHus 0 B ¢popmyiie (11) MOKeT UCTOIB30BaThCS
HE TOJBKO BEIMYMHA 3apsaa KOHACHcATOpa (|, HO ¥ 3HAYCHHS HAIIPSKEHUS Ha KOHJICH-
caTope WIHM KaTyIIKe MHAYKTUBHOCTH WJIM BEIMYWHA TOKA B IETH JECKTPUICCKOTO KO-
nebaTeIpHOTO KOHTYpA.

Bennunna norapuMudeckoro JEeKpeMEeHTa 3aTyXaHWs OJHO3HAYHO CBS3aHA C KO-
s dunreHToM 3aTyxaHus f3: o=pT (12)

B pagmorexHuke s XapaKTEpUCTUKH CBOMCTB KOHTYpa HUCIOJIb3YeTCS TOHATHE
nobpotHoctu Q. Ilo pusnyeckoMy cmbICily JOOPOTHOCTH KOHTYpA B 27 pa3 O0JbIIIE OT-
HOIIICHUSI YHEPTUH, 3aTTACEHHON B KOHTYpE K SHEPTUH, TEPSIEMOU Ha JKOYJIEBO TEILIO B
ATOM K€ KOHTYpE 3a OAHO KoJsiebaHue. Kak mokasbIBalOT pacueThl, BEJIMUYMHA JOOPOTHO-
cTi KOHTypa Q CBsi3aHa CO 3HAYEHHEM €T0 JOoTapu(PMHUUECKOTO JEeKpEeMEeHTa 3aTyXaHus

0 COOTHOIICHHEM Q= % (13)
Ucnonwsiyst ypaBuenus (13), (12), (9) u (6) nns BeauduHbl JOOPOTHOCTH MOXKHO B
2
o01IIeM cirydae moJydnTh Q= % —% (14)

JI1sl Ka4eCTBEHHBIX KOHTYPOB C OOJBIIMM 3HAYCHHEM JOOPOTHOCTH aKTUBHOE CO-
MPOTHUBJICHHE R KOHTypa MHOTO MEHBIIIE €r0 BOJTHOBOTO CONPOTHUBIICHHUS P, TIOITOMY B
COOTBETCTBYIOIIMX ciydasx ¢opmyna (14) pis pacdyera 100OpOTHOCTA MOXKET OBIThH 3a-

MeHeHa npuomKkeHHoi Gopmymoir  Q =% (15)

KoHTpoJsibHBIE BOIPOCHI.

1. 3anucate AuddepeHuaIbHOE ypaBHEHUE 3aTyXAOIINX AJIEKTPUUECKUX KoJieOa-
HUU.

2. 3anucaTh ypaBHEHHE 3apsia Ha KOHJIEHCATOPE MPH 3aTyXaoNINX KOJeOaHUIX B
KOHTYpE.

3.Urto Takoe korhuireHT 3aTyxanus J ¥ Kak OH BEIYUCIIACTCS JUTsl KOJIe0aTeIhHOTO
KOHTypa?

4. Yto Takoe BOJHOBOE COMPOTHUBJIEHUE KOHTYpa?

5. Uemy paBHO KpUTHYECKOE conpoTuBiieHne KOHTypa? [10sSCHUTE ero ¢pu3ndecKuii
CMBICIL.
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6. Uto Takoe T0OpOTHOCTH KOHTYpa?

7. Yto Takoe JorapupMUIECKUIl TEKPEMEHT 3aTyXaHus 07

8. ITomy4yuT 3aBUCUMOCTD MEXIY JIOTApU(DMUICCKUM JICKPEMEHTOM 3aTyXaHHs O U
ko3 dunrenTom 3atyxanus f3.

Jlutreparypa
1. CaBenbeB U.B. Kypc ¢usuku. T.2 — M., Hayka, 1989. §70
2. Uponos U.E. OcHOBHBIE 3aKOHBI 3JIeKTpoMaruerusma. — M. Beiciias mkouia.
1983. §11
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JIABOPATOPHASA PABOTA Ne 30

OITPEAEJIEHUE OCHOBHBIX XAPAKTEPUCTHUK JSJIEKTPUYECKOI'O
KOJIEBATEJBHOI'O KOHTYPA METOJ1OM PE3OHAHCA

L{enb paGoThI: IKCIIEPUMEHTATBHOE UCCIIEIOBAHINE OCOOCHHOCTEH SIBJICHUS PE30HAH-
ca HamnpsOKEHUH, YCIOBUH €ro BOSHHUKHOBEHHS M OTPECIICHHE OCHOBHBIX XapaKTepH-
CTHK JIEKTPUYECKOT0 KOHTYpa METOJOM PE30HAHCA.

Onucanue yCTAHOBKH.

JlaGopaTopHas ycraHoBka (puc.l) mpencrtaBisieT cobou
MOCJIEIOBATEILHO COCAWHEHHBIE HMCTOYHHUK TIEPEMEHHOTO
HarnpsbkeHust G, KoHaeHcaTop nepemeHHor emkoctd C U Ka-
TYIIKH WHAYKTHBHOCTH L ¢ akTHMBHBIM compoTuBiicHHeM R.
Kpome toro, B cxeme umeeTcsi MUKpOaMIIepMETp JUIsl U3Me-

Puc. 1 PEHUS CUJIbI TOKA B AJIEKTPUYECKOM KOJI€OATETLHOM KOHTYPE.
Iopsiaok BeINoTHEHUs] padoOTHhI.

1. O3HaKOMHUTBCSI CO CXEMOM YCTaHOBKH.

2. CHATBh pE30HAHCHYIO KPUBYIO, T.€. U3MEHSS 3HAUCHUS €MKOCTU KoHaeHcaTopa C,
U3MEPATH NMOKAa3aHUs MUKpOaMIlepMETpa U JJaHHbIE 3aHECTH B Tabiuiy 1.

3. Ilo nanHbIM Tabmuue! 1 nocTpouts pezoHancHyto kpusyto |, =f(C).

Tabnuual.
JleneHus Ha
KOHJEHCATOpe
C, Mx®
|0, MKA
4. OnpenenuTs 10 pe30HAHCHON KPUBOU 3HaYeHUE eMKOCTH Cpe;, COOTBETCTBYIOLIEE
MaKCUMaJIbHOMY 3Ha4€HUI0 TOKa lo.

5. Onpenenuts UHAYKTUBHOCTH KOHTYpa L mo ¢gopmyne (10). Pezonancuas yactot
Opes coBrmagaet ¢ yactoror J.J[.C. ucrounuka G. 3HaueHHE Mpe; YKA3aHO HA YCTAHOBKE.

6. PaccunTaTh BOTHOBOE CONMPOTUBIIEHUE KOHTYpa p no popmyie (11).

7. Paccuutars 1obpotHOCcTh KOHTYpa Q 1o dopmyine (15). Conportusnenue R yka-
3aHHO Ha YCTaHOBKE.
8. 3amonHUTH TAbIUITY 2.

Cpes, MKD Opes, € L, T'n R, Om p, OM Q

TeopeTuueckoe onucanmue.
Pe3oHaHC BO3HMKAET B AJIEKTPUUECKOM KosiebaTenbHOM KOHTYype (cM.puc.l). D.J1.C.
nctoyHnka G MEHSETCS BO BPEMEHU 110 3aKOHY:
Ug = U cosamt (1)

Hcnonp3ys npasmino Kupxroda 11st KOHTYpa, 3aIUIIeM:

Ri+ 3L 9 U cosat 2)
c dt
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dq

[Toncrapnsist B (2) omnpenesieHHe CHIIBI TOKa IZE’ noyyuM auddepeHinaibHoe

YpaBHEHUE BTOPOIO MOPsIIKAa OTHOCUTENBHO 3apsiia (| Ha KOHAEHCATOPeE:

2
d_<21+5d_q+i :icos(mt) 3)
dt Ldt LC L

Pemenue storo YPaBHCHUA UMCCT BU (BI)IB@CTI/I CaMOCTO}ITeJII)HO):

q= Yo cos(wt — @), (4)
L\/(wg —0°)’ +4p%w°

. R
— coOcTBeHHasl yacToTa KojeOaHui KOHTypa, = oL KO3 UITUEHT

1
e W, =—F—
¢ JLC
2Bw

3aTyxaHus, ¢ =arcty| ——— | — orcraBanue 1o Qase xonebanuii 3apsna Ha OOKIaI-
Kax koHaeHcaropa ot J./[.C. ucTouHHKa.
Huddepenunpys ypaBHeHue (4) mo BpeMEeHHM, HallieM 3aBUCHUMOCTb CHJIbI TOKa B

1eny ot BpeMenu: | = dq Yoo sin(wt— @) (5)

dt L\/(wg —0’)’ +4p*w’

: T
Kak wm3BectHO: —Sin(wt— @)= cos(mt -+ E) . Takum oOpa3zoM, KoJIeOaHUSI CHUJIBI

T
TOKa OTIePEKAIOT 0 (a3e KoJeOaHus 3apsjia Ha KOHICHCATOpe Ha >

PaCCMOTpI/IM BBIPAKCHUC OJIA aMIININTYAbl CHJIBI TOKA!

U,o

l, = (6)
’ L\/(wg —0°)* +4p%w’
1
Beenewm crenyromniue 0003HaYCHUS: R.= Ca (7)
®
— EMKOCTHOE PEaKTHUBHOE COIIPOTHBIICHHCE; R, =Lo (8)

— UHIYKTUBHOE PEAKTUBHOE COMPOTUBIICHHUE.
Ucnonsiyst dopmyn (7) u (8), a Takke BbIpaXXEeHUs 11 g U [, mpeodpazyeM (op-
Mmyiy (6) k Buay (mpojaenath mpeoOpa3oBaHus CAMOCTOSTENBHO):

o= = 9)

2
(1 - Loa) +R?
Co

®opmyna (9) moka3bplBa€T 3aBUCUMOCTh aMILTATY/IbI

CUJIBI TOKa OT 4yacTtoThl @ BHemHer J.J[.C., koTopyto
HAa3bIBAIOT AMILIATYIHO-YaCTOTHOM XapaKTEPUCTUKOMU.

® Omna uzoOpaxkena Ha puc.2. 13 puc.2 BUgHO, YTO TpH
pes coBnageHnu yactotel BHemHed J.J[.C. ¢ HekoTopou
Puc. 2 4aCTOTON (Dpe; AMILJIUTY/IA CHIIBI TOKA JOCTUTAET CBOETO
MaKCUMAaJIbHOTO 3Ha4eHUs. Takoe sBJICHUE Ha3bIBACTCS

(S
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pezonancom. U3 popmynsl (9) BUgHO, 9TO MAKCUMYM aMIUIUTY/IbI CHUJIBI TOKA TIOCTHUTa-
€TCsl B ClIy4ae paBEHCTBA HYJIIO BBIPAXKEHUS B CKOOKAaX B 3HaAMEHaTese, T.€. paBEeHCTBA
€MKOCTHOTO ¥ MHAYKTUBHOTO CONPOTUBIICHUI:

1 Lo=0=a,, i =, (10)
Co
. L
JIeCTBUTENBHO, €CIIN a)— , To R¢ — =.[=
C C
Bennunna p=, /6 (11)

MOJTy4YrJyIa Ha3BaHUE BOJTHOBOTO COMPOTHUBIICHUS KOHTYpA.

Takum 00pa3oM pe30HAHC IJisi CHJIbI TOKA HACTYNAeT MpPU COBMAJCHUU YaCTOTHI
BHemHen J./[.C. u coOCTBEHHOM YaCTOTHI KOHTYpA.

Haiinem 3aBUCMMOCTD OT BpEMEHU HANPSLKEHUS Ha KOHTYPE:

q Y
U.=—= cos(wt— @) (12)
e LC\/((DS —0°)* +4p%w’

HaiiieM 3aBHCHMOCTb OT BPEMEHH HANPSKEHNS HAa KaTyIIKe:
2 2
dl L dq U,o
2
dt  dt \/(cof) —0°) +4p%0’

YuauTeiBas, uTo —COS(wt— @) = cos(a)t -+ 7z) , 3AMETHUM, 4TO KoyieOaHUE HampsKe-

U =L—

cos(wt— @) (13)

T
HUS Ha KaTylIKe WHAYKTUBHOCTH OIEpeKaeT KojiecOaHhe TOoKa B KOHTYpe > (cm. dop-

MyJTy 5), a HalpsDKEHHE Ha KOHJICHCATOPE Ha 7T, YTO O3HAaYaeT KojieOaHus B MPOTUBOd a-
3e.
B ciydae pe3oHaHca 3HaUYCHHE () CTAHOBHUTCS PaBHBIM
ZBwpeg
2

32
0 pe3

@ =arctg =arctg(w) = g
[[upuHa pe3oHaHCHOM KPUBOM (PHUC.2) XapaKTepUu3yeTcs 00OpOmMHOCMbI0 KOHYpa:

UCmax
Q=g (14)

JIoOpOTHOCTh MOKa3bIBAET, BO CKOJBKO pa3 aMIUIMTY/Ja HANpsSKEHUs Ha KOHACHCa-
TOpe Tpu pe3oHaHce Ooublie ammuTyAbl BHeHHed D./[.C. B koHType ¢ BbICOKO 100-
POTHOCTBIO BbIpaxkeHue (14) MOKHO 3aMEHUTh Ha

_P
Q=7 (15)

KoHTpoJ/bHBbIE BONPOCHI.
1. HapucoBaTh NpUHIMIHAIBHYIO 3JEKTPUUECKYIO CXEMY JUIsl HaOII0ACHUs Pe3o-
HaHCa TOKa.
2. 3anucath nuddepeHuanbHOe YpaBHEHUE BBIHYKICHHBIX 3JIEKTPHYECKUX KO-
JeOaHM.
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3. Kakoe siBneHue Ha3bIBae€TCsA PE30HAHCOM?

4. HaifTu pe30HaHCHYIO YacTOTYy AJIA KoJieOaHUM 3apsija Ha KOHJIEHCATOPeE.

5. HaiiTu pe3oHaHCHYIO 4acTOTY ISl KOJeOaHUM CUJTbI TOKA B KOHTYpE.

6. Haiitu pe3oHaHCHYIO 4YacTOTY ISl KOJeOaHWi HaNpsHKeHUs Ha KaTyIIKe WHIYK-
TUBHOCTH.

7. Pe3oHaHC KakoW BETUYMHBI HAOIIOAAeTCs B cXeMe Ha puc.1?

8. Kak n3MeHUTCS KpuBas Ha pUC.2 MPU YBEIMYEHUH AKTUBHOTO CONTPOTHUBJIEHUS B
KOHType?

9. ITouemy B paguoNnpueMHHUKaX HEOOXOAUMO MCIOJIb30BaTh IPUEMHBII KOHTYD C
00JIb1I0M JOOPOTHOCTHIO?

Jlureparypa

1. Uponos U.E. OcHOBHBIE 3aKOHBI 3JIEKTpOMarHeTusma: yYueOHoe nocooue. — M.,
Bricmas mkona, 1983.
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JlabopaTtopnas pabota Ne 31

OITPEAEJIEHUE PAJINY CA KPUBU3HbI JIMH3bI
C IIOMOIbIO KOJIELI HBIOTOHA

Ieap padoThl: 03HAKOMJICHHE C SIBJICHUEM UHTEP(EPEHIIMHN B TOHKHX IUIEHKaX U
OIIpe/IeNICHUE paauyca KpUBHU3HBI CPEpUUECKON MOBEPXHOCTH JIMH3bI, CONpPHUKACAIO-
HIENCA C INIOCKOW MOBEPXHOCTHIO IIJIACTUHKH.

Onucanue yCTaHOBKH
B | VYcranoBKa, MCIonb3yemas B JJaHHOM pabore, cxema-
s B THYecKH n3o0pakeHa Ha puc.l. CBer oT HcTOYHHWKA S,
L npoias uepe3 KoHaeHcopHyo nmuH3y K u ceetopunstp G, B
—— BUJIE ITy4dKa NapajuleIbHBIX JydYed IoIagaeT Ha MOJIyNpo-
s 3payHyr0 IIacTHHKY N, pacronoxkeHHyro noj yriaom 45°
l
|

, HAIIPaBJICHUIO CBETOBOIO MOTOKA. OTpa)xasch OT IUIACTUHKH,

¢l I CBeT majaeT Ha JMH3Y L, nexalnyro BRITYKIIOH CTOpPOHOH Ha

; LA rnmaakon crekinsHHoM 1mactuHke P. Kombsma Herorona

N G R HaOJII0/Ial0TCs ¢ TOMOIIBI0 MUKpocKkomna B. M3Mmepenue pa-

Wy JIMYyCOB KOJIEL MPOU3BOJUTCA OKYJISIPOM-MHKpOMETpoM M,

77 v ONTHYECKOE M300paKeHHUE IIKaIbl KOTOPOIO HAKJIA/IbIBAETCS
»i&.:“__.é_?f&\ , Ha KapTuHY Kojen HproToHa.

P oy e L
i S

Puc. 1
IMopsiiok BbINOJTHEHUS] PAa0OTHI

1. PazobOpaThcs B yCTpOHCTBE MUKPOCKOTIA.

2. BKJIIOYUTH B CETh OCBETUTENh MUKPOCKOIIA.

3. Haittu xonpua HeroToHa B noJie 3peHust MUKpockona. J[jig 3toro cneayet
OYEHb MEJIJIEHHO MOAHUMATh TYOyC MUKPOCKOTA, HETPEPBHIBHO HAOIIOAAs B OKYJISAp MO-
JIE 3pEHUS.

. [Ipn nosiBneHnM KoJeln B MoJie 3peHus ¢ TOMO-
I[bI0 BUHTOB Ha MPEIMETHOM CTOJIMKE MUKPOCKOTA MPU-
BECTHU LIEHTP KOJIEI] B LICHTP MOJIS 3pEHHUS.

5. I3MepuTh pacCTOsIHUE MEKIY TEMHBIMU KOJIb-
namu Ar =i 4 — I € HIOMOIIBIO OKYJISIP-MUKPOMETPA,
HETOJBH)KHAS IIKaJla KOTOPOTro C IIEHOH AeseHus 1 Mmm
HaOJI0AaeTCs B T0JIE€ 3pEHUSI MUKPOCKOIIA.

KpoMe HemnmoaBmXHOM HIKAJIBI B MOJI€ 3pEHUS] HAXOIATCS
IOJBUXKHOM IIEPEKPECTUE U JABOMHAS 4YepTa, KOTOPHIE IIe-
pEMEIAIOTCs 0 TIOJII0 3pEHUs MpU BpalieHuu OapadaHa
OKyJIsIpa-MukpoMeTpa (cM. puc.2). OgHo AelieHUe Hemo-
JBOKHOM 1mikaibl paBHO 100 nenmeHusiM 1mikainbl 6apabana
OKyJIsipa-MuKpomeTpa. [[ns m3MepeHus Haao MOCTaBUTh MOJBHIKHOE NEPEKPECTHE Ha
MepBOe TEMHOE KOoJibllo. [Ipeamnosioxkum, 4To MOJBHXKHAS ABOMHAA yepTa HpPH 3TOM
ycTaHOBUJIach Mexay uudpamu 3 u 4, a ykazatenb Ha OapabaHe MUKPOMETPHUECKOTO
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BUHTA CTOUT MPOTHUB JejeHus 65. DTO 3HAYMUT, YTO TOYKA MEPBOr0 TEMHOTO KOJbIIA,
OTMEUCHHAs MEePEKPECTHUEM, HAXOAUTCS Ha JAeJEeHUM 3,65 OKylsipa-MUKpOMETpa. 3aTeM
LEHTP MEPEKPECTUS] HAJIO MOCTABUTh HA BTOPOE TEMHOE KOJIBIIO M CHOBA MPOU3BOJIUM
noAoOHbIN oTcYeT. [lycTh HOBBIM oTcueT naet yucio 4,27.

[IIxana okynspa-MHUKPOMETpA JICKUT B OJHOM IIJIOCKOCTH C JI€MCTBUTEIBLHBIM
n3o0pakeHueM koJjel, HploToHa, moaydaronaMes Ipu MPOX0KIASHUN JIydel dyepe3 00b-
EKTHB MHUKpPOCKOMa. ¥YBEIMYCHHUE, JaBaeMOe 0OObEKTUBOM MUKPOCKOIIA, paBHO 9,5. Jlns
MOJIYYEHHUS PACCTOSTHUS MEXAY KOJIbIIaMU (B MM) CIIEyET U3 BTOPOT0 OTCUYETA BHIYECTh

. 4,27-3,65
NEePBBINH M PE3yNbTaT MOACIUTE HA 9.5: Ty g — N = ——5¢—= 0,065 Mm

6. Takue xe oTcYeThI MPOBECTH I 3, 4 U 5-TO KOJIEll.
7. Pe3ynbTaThl ”3BMEPEHUN U BHIYMCIICHU 3aHECTH B TaOJIUILY.

Ho- | Orcuer ho— N | R0 | <R> | AR, | <AR>,
Mep | [0 LIKajie MM MM | MM | MM | MM
KOJIb- | OKYJIsIpa-

na MHKpOMeETpa

1

2

3

4

5

OTHOCHUTENBHYIO MOTPEITHOCTh BRIUUCTUTE TI0 popmyiie E = <AR> / < R>, rae <AR>

— cpejiHee 3HaueHUEe MOJIyJIeil OTKIOHeHHH AR = ‘R -~ <R>‘ .

Teopernueckoe onucanme

NuTtepdepeniiueii BOJH Ha3bIBACTCS SBJICHUE YCUJICHUS UK OCIA0JICHUS aMILIu-
TyIbl PE3YJIbTUPYIOMNUX KOJICOAHUW TPU HAIOKEHUU JIBYX WM 00Jiee KOTEPEHTHBIX
BOJIH. BOJTHBI HA3BIBAIOTCSI KOTEPEHTHBIMH, €CJIM WX YACTOTHI KOJIEOAHUM OJIMHAKOBBI U
pa3HOCTh (pa3 KoyseOaHUil MOCTOSSHHA B TEUCHHE BPEMEHHU HAOJIOICHUS., MHOTO OOJIb-
IIEro Mnepuoja KojeOaHui.

B03MOXXHOCTh MOJIy4€HHsI YCTOMYMBOW MHTEP(HEPEHIMOHHOW KapTHUHBI OrpaHu-
YUBACTCS XapaKTePOM aTOMHBIX MPOIECCOB, BCICACTBHUE KOTOPHIX MPOUCXOIUT U3ITyUe-
Hue ceera. IIpolecc M3IydeHUs B KaKIOM M3 aTOMOB jumutcs okono 1078 cexynupl u
CTOJIb K€ KOPOTKOE BpEeMsI MOXKET CYIIECTBOBAaTh MHTEPhEPEHIIMOHHAS KapTHuHa, o0pa-
30BaHHAas BOJHAMM OT JIBYX HE3aBUCHMBIX aTOMOB. Clenyromuid Mmporecc U3IydeHus
HACTyIaeT yepe3 HEONpeIeNICHHbIH OTPE30K BPEMEHHU, U MOATOMY HMHTepdepeHuus 0y-
JIET IPOUCXOIUTH MPHU WHOM paszHocTH (a3. Takum obpazom, nuuTepdhepeHITMOHHBIC Kap-
THUHBI OT HE3aBUCUMBIX aTOMOB CMEHSIOTCSI HACTOJIBKO YacTO M OECHOPSI0YHO, YTO B
pe3yabpTare MOoIy4yaeTcsl yYCpeOHEHHass paBHOMEpPHAs OCBEIIEHHOCTh. [l mosyuyeHus
uHTEepPEPEHITNHN TTPUXOIUTCS MOIH30BATHCS BOJIHAMH, UCITYIIICHHBIMU OJTHUM M TEM KE
aTOMOM B OJTHOM U TOM € aKTe U3JIy4eHus. /[ 3TOro u3iaydeHune ot OJHOTO UCTOYHHU-
Ka He0OXOIMMO pa3eNuTh Ha JBa TOTOKA W HANPABUTh B OJHY M TY K€ TOUKY IO pa3-
HbIM TyTsiM. CoeuHsieMble JTy4Yd UMEIOT HEKOTOPYIO Pa3HOCTh (pa3, KOTopasi 3aBUCUT
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TOJIBKO OT YCTPOMCTBA MHTEPPEPEHIIMOHHOTO PHOOpa U TIPU MOBTOPHBIX aKTax H3IY-
YEHUS COXPAHSIET CBOIO BEJIUUYHUHY.

[Ipu oTpakeHUU CBETOBOM BOJIHBI OT 00EHX
MMOBEPXHOCTEN TOHKOW IJIOCKONAPAJUICIIBHOU MPO-
3pavyHO TUICHKH BO3HHMKAIOT KOT€PEHTHBIE CBETO-
BbIC ITYYKHU, KaK IMOKa3aHO Ha puc.3.

Pa3nocTh (ha3 oTpakeHHBIX BOJIH OIpEAeIIs-
€TCS1 UX ONTUYECKON Pa3HOCTHIO XOJIS:

A=(AB+BC)-n—(AD+1/2), (1)
rae N — mokaszaTesb MPeJIOMIICHUS INICHKH OTHOCH-
TEJILHO Cpejbl, B KOTOPOM OHAa HAXOIUTCA, a 00-
noaHumenvHolll Habee xooa \/2 BO3HUKAET BCICICTBHE M3MEHEHHs (a3bl KoleOaHHi

[Nagatowas KorepeHTHBIC
BOJIHA

N

Puc. 3

Korepeir bl (1V4KH

CBETOBOTO (PJIEKTPUYECKOTO) BEKTOpAa HAa T TPU OMPANCEHUU OM ONnmuyecKu Oojee
NJIOMHOU cpedbl B TOUKE A.
[IpeoOpa3zys ypaBHeHue (1) ¢ ydeToMm 3aKoHA IPETIOMIICHHS, MTOJTy4aeM BhIpaXke-

HHUEC
A=2d nz—sin2a+% (2)
YcnoBue I/IHTep(I)epeHHI/IOHHOI‘O MakKCHUMyMa:
A
A =2k o (3)
YcnoBue nHTEpPEPEHIIMOHHOTO MUHUMYMA!
A:(2k+1)%, 4)

rae K — mopsok MakCuMyMa HJIH MUHEMYMa.

[Tonoxxenust UHTEPPEPEHIIMOHHBIX MAKCUMYMOB U MHUHHUMYMOB, KaK CJIEIyeT U3
dbopmyisl (2), 3aBHCAT TOJIBKO OT yria o, OTCIOJIa U Ha3BaHUE TaKUX MUHTEPdEpPEHIINOH-
HBIX TOJIOC — NOJIOCbl PABHO20 HAKIOHA. Tak Kak OTpa’KeHHbIE KOT'€PEHTHBIE BOJIHBI Ta-
pajUiebHbI, TO UHTEP(PEPEHIIMOHHBIE TIOJIOCKI B 3TOM CiIy4ae JIOKaJIM30BaHbl B OECKO-
HeyHOCTH. VHTEepdepeHITnoOHHass KapTHHA B TOHKUX IICHKAX HAOJIOMAeTCsS TaKkkKe U B
npoxosiieM cBere (cM. puc.l). [Ipu s3ToM onTruyeckast pa3HOCTh X042 MEXIy UHTEpde-
PUPYIOITUMH JTydaMH PaCCUUTHIBAETCS Takke 1o dopmyse (1) ¢ Toil nuiib pa3HUIICH,
410 B (POpMyIIe OTCYTCTBYET ciaraeMoeA/2, Tak Kak

CBETOBOHM BEKTOP B JIAHHOM Ciiyyae He MeHseT (a3l
Kosie0aHu .

AHayiorn4yHasi KapTuHa OyJeT HaOII01aThCs B
clly4ae OTpaKeHHsl CBETOBOM BOJIHBI OT 00€UX TMO-
| BEPXHOCTEH KIMHOOOpPa3HON TOHKOW IJIEHKH (CM.
4 d Puc.4 ¢ puc.4). OTnuune oT NpeabIAyIed CUTyalluu COCTO-

UT B TOM, UTO OTPA>KEHHBIE BOJHBI HE MapaJlIe/IbHbI,
a pacxoMATCs WIM CXOHSITCS B 3aBUCUMOCTH OT HaIlpaBJieHHs majaronieil BosHbl. [lo-
ATOMY TIpH HAOJIOJIEHUU TIa30M WHTEPEPEHIIMOHHAs KapTUHA OyJIeT JIOKAJIM30BaHa B
IUIOCKOCTH, N300paxeHHo! Ha puc.4 myHkTupom OO'.
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B »sTOoM ciiydae uHTEphEpeHLMOHHBIE TOJOCH HA3bIBAIOTCA HOAOCAMU PABHOL
MOAWUHBL, TOTOMY YTO KaKJIbIi MAKCUMYM WJIK MUHUMYM COOTBETCTBYIOT MOCTOSIHHOM
tomuHe KiarHa 0. PacueT MHTEppEpEHIIMOHHON KapTHHBI MOXHO BECTH 1O (opMyJie
(2), ecu yroi KiMHa Mall.

YacTHBIM clly4aeéM MOJIOC PAaBHOW TOJIIMHBI SIBIIIOTCS KOJIbLIA
Hrrotona (cMm. puc.5). Onu HaOII0aI0TCS MPU OTPAKEHUU CBETA OT CO-
MIPUKACAIOINUXCA APYT C IPYTrOM IUIOCKOMAPAIIIEIbHON CTEKISTHHOM ILTa-
CTUHKH U TJIOCKOBBIITYKJIOH JIMH3BI C OOJIBIIUM PAIMYCOM KPUBU3HBI.

PoJsib TOHKOTO KJMHA BBINOJIHSAET BO3AYIIHBIM 3a30p MEXAY ILUIa-
Puc. 5 CTHUHKOW M JIMH30H, MPU 3TOM BO3AYIIHBIN KJIUH SBISETCS chepuieckum,

¢ @ [OJIOCHI PAaBHOM TOJIIMHBI HAONIFOA0TCS BOJIM3H IOBEPX-
—  HOCTH JIMH3BI B 8uOe Ko/ley C LIEHTPOM B TOYKE COIPUKOC-
\ ‘)%d HOBEHUS JIMH3bI U TUIACTUHKU. BeneacTBue Manon TONIMHEI
¥| wu manoro yria kiauHa Touka C Ha puc.4 (pakTUYeCKH CoBMa-
JIaeT C TOUYKOU A, U OTKIIOHEHUEM yueld AB u CB ot BepTu-
KaJli MOXXHO npeHeOpeub. [loatomy, kak criexyer us ¢op-
MyJibl (2) 1 HENOCPEACTBEHHO U3 pUC.6, pa3HOCTh X0/1a MHTEP(EepUpyIOLIMX BOJIH BOJIU-
31 Touku C paBHa: A=2dn+1A/2.
()

N3 reomeTprdeckux cooOpakeHuit (cM. puc.7) cienyer:
2 =R?—(R—d)*=R?-R%+2Rd —d? ~2Rd,

Puc. 6

oTkynad = rk2/2R :
CremoBatesbHO, IPU YCIOBHH BO3AYIIHOTO 3a30pa (N = 1) onTryeckas pa3HOCTh
2
e A
L. 2 6)
R 2
Hcnons3ys ycnoBus Makcumyma (3) wiid MUHUMYMa (4), MOKHO HalTH painycChl
CBETJIBIX WJIM TEMHBIX KoJiell HbI0TOHA B OTpa’>kKE€HHOM CBETE:

X0Jla paBHA: A

rk(TeMH. Borp.) — V Rk (7)
A
M (cpern. B otp.) = R(2k _1)5 (8)

' rzae K — mopsaKoBeIi HOMED KoJiblia, HaunHas ck =1.
N3mepsisi paguychl TeMHBIX KoJjer mo dopmyne (7),
MO>XHO HaWTH pajnyc KpuBHU3HHI JinH3BL. Ho B mabopatop-
HOW paboTe paguychl KOJICIl HaXOIATCS HETOYHO HM3-3a He-
OTIPEICIICHHOTO TIOJIOKCHHS IIEHTpa KOJIel, MO3TOMY, YTO-
OBl MCKIIIOUNTH 3Ty HETOYHOCTh, HEOOXOJIWMO HCIOJIB30-
BaTh Pa3HOCTh PAJANYCOB COCETHUX KOJIEI, YTO MPHBOJIUT K

dbopmyie:

R = (r|(+1 — Iy )2 (9)
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B nanHoil paboTe HUCIONB3yeTCsl KPAaCHBIM WM 3€JIEHBbI CBETO(UIIBTP, KOTOPBIM MpoO-
MyCKaeT CBET C JUTMHOM BOJIHBI A, = 0,7 MKM min A; = 0,52 MKM

KoHTpoabHbIE BONPOCHI

1. Yto Takoe nHTepdepeHIns BOTH?

2. Kakue BOJIHBI Ha3bIBAKOTCS KOTEPEHTHBIMU ?

3. Kak chopmynupoBath yCa0BUSI MUHUMyMa U MAaKCUMYMa aMILTUTY bl TIPH WH-
TepdepeHIuH IBYX BOJIH?

4. Tloka3atb X0OJ1 JTy4el U 3anmucaTh pa3HOCTh X0 PU BOSHUKHOBEHUU UHTEPde-
PEHIIMOHHBIX MOJIOC PAaBHOM TOJIIMHBI M PABHOT'O HAKJIOHA.

5. Beiectu popmymy (2) uz popmyssr (1).

6. Kak Bo3HukaroT koJibiia HetoTrona? [lokazaTh X0 JIyden.

7. BeiBectu popmyIibl a1 paanycoB Kojel HpioToHa B oTpaxenHoM cBete (7) u
(8).

8. BriBectu hopmyinsl 17151 paauycoB kosier; HeroToHa B mpoxosiieM ceete. Cpas-
HUTb pe3yibTat ¢ popmynamu (7) u (8). Uem oTnnyaeTcs UHTEpPEpPEHIIMOHHAS KapTHHA
B OTPAKEHHOM U MPOXOJSAIIEM CBETE?

9. Uto npousonzer ¢ paguycom koien HproToHa, €Ciy NpOCTPaHCTBO MEXKY JTMH-
30U U TIJIACTUHKOW 3aIOJIHUTh BOJIOW?

10. Yto nabmrogaercss (MUHUMYM WIH MAKCUMYM) B IIEHTpe KoJiell HproToHa B OT-
paxxeHHOM U B npoxozsiieM cBete? OObsICHUTS.

11. U3menwntcs nu BeiBoA Gopmyi (7) u (8), eciu mpoCTpaHCTBO MEXKIY JTUH30M U
TJTACTUHKOM 3aIlOJIHUTh KUJKOCTHIO C OOJIBIIIMM, YEM Y CTEKJIa MOKa3aTeJIeM MPeIoM-
neHus?

Jlureparypa
1. CasenneB U.B. Kypc dusuxku. 1.3, Hayka, 1989.
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JIABOPATOPHASA PABOTA Ne 41

OIIPEJIEJIEHUE ILIUPUHBI 3ATIPEILIEHHOM 30HBI TOJYIIPOBOJJHUKA
U TEMIIEPATYPHOI'O KOPPUIIMEHTA COITPOTUBJIEHUA
METAJUIA

Llesnib paGoThI: UCClIEAOBAaHNE 3aBUCHMOCTH COMPOTUBICHHS MOJYIPOBOIHUKA H
MeTalljia OT TEMIEPATyphl, ONpeAeSieHIe IUPUHBI 3aMPEIIEHHON 30HbI TIOTYIIPOBOIHU-
Ka ¥ TeMIrepaTypHoro ko3¢ duiireHTa COnpoTUBICHHS METala.

TeopeaneCKaﬂ qacTb
HOJIprOBOIlHI/IKaMI/I Ha3bIBAIOTCA BCIIC-

6
E s B! epmanui CTBa, MPOBOJAMMOCTH KOTOpbIX B 10° pa3 xyike,
4eM Yy METAJI0B, U PacTeT ¢ POCTOM TEMIIEpaTy-
=377
% 377 Ppbl (2 y MeTayuioB, Kak M3BECTHO, majaer). K uu-
AE,~606 AL,~198 gz  CTBIM IOIY-TIPOBOJHAKAM C COOCTBEHHOW MPOBO-
== .
53 JUMOCTBIO OTHOCATCS 3JIEMEHTBI YETBEPTOM IpyI-
bl [IEPUOJIN-YECKON CHCTEMBI, a UMEHHO: IepMa-
a b HUM, KPDEMHHUH U cepoe 0s10BO. VX cBolicTBa ompe-

JeJIseT 30HHAsl CTPYKTYpa U 3aI0JIHEHUE DJIEKTPO-
HaMHM ypOBHEW 3Hepruu. Kak m y HenmpoBOAHU-
KOB, 30Ha IPOBOJU-MOCTH IOJYIPOBOJIHHUKOB ITy-

Puc.1. 3oHHBIE SHEPreTHUECKHE
JMarpaMMBL: @) - HEIIPOBOHHKA,
0) - OJYIIPOBOTHUKA

cta npu 7=0 K. Ho ecnu y HENpOBOJHUKOB IIUPUHA 3a-
MPELICHHON 30HBbI, OTACISAIOLIECH 30HY HPOBOAUMOCTH OT

BaJICHTHOM 30HbI, 04€Hb BeJIUKA, TO Y MOJIYIPOBOJHUKOB
OHa MaJia u cocrasisier AE3~0,1...1 oB. Ha puc.l noxa-
3aHa 30HHAs CTPYKTypa HEMPOBOJAHMKA (ajiMa3a) U MOJIY-
NMPOBOJIHUKA (TEpMaHUS).

Kax u3zBecTHO, 2HEprusi TEIJIOBOrO BO30YyXIeHUs E
= kT cnuikoM Maja, 4ToObl JIEKTPOHBI MOTJIH TPEOIO-
JIETh 3alPELICHHYIO 30HY, U 30Ha IPOBOJUMOCTHU OCTAETCS
nyctoi (puc.l,a). B momynpoBogHukax, ogHaKo, 3Ta SHEP-
I'vs CPaBHUMA C IIMPHUHOM 3amlpenieHHON 30Hbl AE3 U

Puc.2. MexxaToOMHEBIE CBSA3H:
KpHUCTaJUTHYECKas pelreTka
YUCTOTO MOIYIIPOBOTHIKA

4acTh JICKTPOHOB C BEPXHUX YPOBHEH BaJICHTHOM 30HBI, KaK MMOKa3aHO Ha puc.l,0, me-
PEXOAUT TIPU TEIUIOBOM BO30YXKIECHUU B 30HY MPOBOJUMOCTH. DTa 30HHASI CTPYKTypa
COOTBETCTBYET KPHUCTAJUIMUECKOW pEIIeT-Ke TOJyNMpPOBOJHUKA, HW300pKEHHOW Ha
puc.2,a. MexxaTroMHbI€ CBsI3M, 0003HAUCHHBIE MTyHKTUPOM, 00pa3yOTCsS MPU MEPEKPHI-
BaHWUHU DJIEKTPOHHBIX 000J70ueK aTOMOB G€. DIIeKTPOHBI BaJICHTHOM 30HBI MMPUHAICKAT
AJIEKTPOHHBIM OOoJioukaM. [Ipu TerioBoM BO30YKIEHWH, KaKk TMOKa3aHO Ha puC.2,a,
OJWH M3 DJIEKTPOHOB MOXET NMPHUOOPECTH PHEPIUl0 CBA3UAE73, NPE0JOoaeTh KyJIOHOB-

CKO€ TIPHUTSHKCHHUE CO CTOPOHBI SIIpa U CTaTh CBOOOHBIM, T.€. TIEPEHTH B 30HY MPOBO-
TUMOCTH. B pe3ynpTaTe KOHIEHTpAIKs 3JIEKTPOHOB B 30HE MPOBOJUMOC-TH JIOCTUTACT
sHayenui N, ~ 10%°...10%% (mpu HOpManbHOM TeMIiepaType) U yBeJIMYHBAETCS C PO-

ctoM . DTO 3HAUEHUE HUYTOKHO MO CPABHEHUIO C KOHIIEHTpA-IUEH 3JIEKTPOHOB MPO-
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BogumocTH B Metamaax (N ~ 10%cyu®) u 5TuM 00BACHAETCA IUI0Xas SIEKTPOIPOBOJI-
HOCTB MOJIYIPOBOJHUKOB

E Ecnu Obl BajeHTHasi 30Ha Obla IMOJTHOCTBHIO
3aroJHEHa AIEKTPOHAMHU, TO OHM HE Y4aCTBOBAU Obl

E=0 ]3 i B npoBoauMocTd. Ho Ha MecTe yiieammx u3 BaJeHT-

Epllf HOU 30HBI (BBIPBAaHHBIX U3 BAJIEHTHOM CBSI3M) DJICK-
TPOHOB BOJIM3H BEpXa BaJICHTHOM 30HBI OCTAIOTCS He-

~AEsg—|p3 3al0JHEH-HbIE DJHEpPreTU4YecKue ypoBHH. J[lpyrue
AJIEKTPOHBI W3 BAJEHTHOW 30HBI MOTYT MEPEXOJUTH

Puc.3. Yposens depmn s unctoro no-  T10J1 IEUCTBHEM BHEUIHETO IOJISI HA 3TU YPOBHHU H CO-

MTYHpOBOHMIKA 31aBaTh TOK. TakuM 00pa3oM, MOYKHO ITOyMaTh, YTO

B 3AII0JIHEHHOM JIEKTPOHAMU BAJICHTHOM 30HE IIEPEMEIAETCS HE3AHATOE ITyCTOE MECTO.
Toraa roBopsr, uyto nepememaercs "apipka’. JAbIPKH - 3TO KBa3UYACTUIIbI, HAXOIAIIH-
€Cs Ha MECTE€ BAKAaHTHBIX BAJICHTHBIX CBS3€M MJIM HE3aIlOJ-HEHHBIX YPOBHEH B BAaJICHT-
HOM 30HE M 00J1aJaroIie NOJ0KUTENbHOM 3 (heKTUBHON Maccoil mp>0 U MOIOKHUTEINb-
HBIM 3apsgoM (p=+1€. Ilepexoabl 3J€KTPOHOB HA BaKaHTHBIE YPOBHHU, T.C. dJIEKTpHUYe-
CKHUH TOK CO3/1aBa€MbIi BCEMU DJIIEKTPOHAMHU W3 BAJICHTHOM 30HBI, SKBUBAJICHTEH TOKY
KBa3W4acTULl - JbIPOK.

YucIio 3JIeKTPOHOB B 30HE MPOBOJIMMOCTH COOCTBEHHOTO MOIYIIPOBOIHUKA PABHO
YUCIIYy ABIPOK B BAJICHTHOM 30HE, T.€. Np=Ne. TaK KaK 3JIEKTPOHHBIA U JBIPOYHBIN I'a3bl B
MOJYIIPOBOJHUKE HEBBIPOKICHHBIEC, TO, HATPUMED, IS SJIEKTPOHOB PACTIPEAECIICHUE 10

DHEPrUsM MOKHO 3aIlicaTh B BHJIE dne(E)A\/E f (E)dE, rae f(E) — dynkums pacnpene-

nenuss ®epmu-/{upaka, nokassiBaroiias BEpOSTHOCTb 3aMOJIHEHUS 3JIEKTPOHOM SHEP-
1

exp((E —Eg)/KT)+1’
depmu (3JIEKTPOH MOKET HMETh TAKYI0 JHEPTHI0 ¢ BePOATHOCTBIO 50%); T - abco-

reTu4eckoro ypoBHs ¢ sHeprueit E. f (E,T) = rne Er — sHeprus

JrOTHas Temreparypa; k=1,38- 1072 Lo - K 1. nocrosnuas Boabumana.

B ob6nactu Oonbmux sHepruii (1.e. npu E - EF >> KT) equnuiieil B 3HaMeHaTEIe MOKHO
npeHeopeus. Torna Gyukius Oepmu-/upaka npuHUMaeT BUL:

f(ET)=exp(-——1)
T) =exp(———
P KT
E-Eg
a pacmpe/esieHne Mo YHEPTUsiM MOXKHO 3anucath B Buje dn, (E) AVE exp(—T)dE :

/i€ 32 HYJIEBOM YPOBEHb YHEPTUH MPUHSITO JTHO 30HBI TPOBOAUMOCTH (puc.3). AHano-
TUYHO 3aIUILIETCS paclpeieNICHUe IbIPOK B BAJICHTHOM 30HE. Bbraucsis ne

E=ow E
ne= [ dng=const- exp(ﬁ)
E=0
1)
W Np ¥ IPUPABHUBAS HX, HAXOUM Er=-AE,/2. (2)
CnenoBatenbHO, YpOoBeHb DepMH B YHCTHIX IOJYIPOBOJHUKAX JIGKHUT IOCEPE-
AE
IWHE 3anpenieHHou 30Hb1. T.0. u3 opmyn (1) u (2) BeITeKaeT, 4To ne=Np~eXP(— > ; ).
K
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Tak kak MPOBOAMMOCTH YUCTOTO MOJYMPOBOJHUKA (COOCTBEHHAs] MPOBOJUMOCTB) CO-
CTOUT U3 CYMMBI IIPOBOJIUMOCTEN AJIEKTPOHOB U JBIPOK, a Ka)/Aas U3 HUX IPONOPLHO-

AE
HaJIbHA N, TO OKOHYATEIBHO MOJIYYUM C = G, EXP(— 5 ;
K

). 3HAYUT, COO-CTBEHHASI TIPO-

BOJVMMOCTb IIOJYIPOBOJHHMKA 3KCHOHEHIMAIBHO PAcTET ¢ POCTOM TemmepaTrypsl. Tak
KaK G CBS3aHA C YACJIbHBIM CONPOTHBICHUEM P COOTHOIIEHHEM G =1/p, To s compo-

AEg
2kT ): ()

IIponorapudmupoBas BeipaskeHue (3), nomyunMm InR — INR, = AE3/2kT nmn

TUBJICHHS] COOCTBEHHOTO TIOJIYIIPOBOJHUKA UMEEM R =R, exp(

InR,= AL 1 + const.

2k T

Ecnu moctpouts rpadguk 3aBucumoctd InR=f(1/T), To mony4yum npsiMmyro JTUHHIO.
[lo TanreHCy yryia HaKJOHA ATOU MPAMON MOXKHO OMNPENEIUTh NIUPUHY 3alpelieHHON
30HBI COOCTBEHHOTO MOIYIIPOBOAHHKA!

AEy =2k AR

A(/1T)
rae k =1,38 1073 I - K ~L. nocrostunas Bonbimana.

B Mmerannax sneKTpoHBI TPOBOJMMOCTH 00Pa3yIOT BBIPOKICHHBIN 3JIEKTPOHHBIN
ra3. KoHueHTpaius Takux 3JIEKTPOHOB €J1a00 3aBHCUT OT Temmepatypbl. OgHaKo ux
MOJBMXXKHOCTH b IpomnopiiMoHaabHa JIJTHHE CBOOOHOro IIpodera A 3JeKTpOoHa B METall-
ne: b ~A. Jlnuna cBoGoHOTO ITpodera, B CBOKO OUepeib, 3aBUCHT OT YaCTOThI CTOJIKHO-
BEHUH DJIEKTPOHA C aTOMaMM pelieTKr. KaXaplii aTOM pELIeTKH MPU HAarpe-BaHUM CO-
BEpIIAET O0ecnopsiI0YHbIe KOJIe0aHUsI C AMIUIMTYJAOM @ OTHOCUTEIBHO MOJIOKECHUS

(4)

paBHOBecus. [{uck ¢ miomanpo S ~ nta® MoxKHO MPHUHSTH 32 CEUCHUE PACCESTHUS KOJeo-
JIIOIIErocs aroMa. DJIEKTPOH, MPOXO/Isd Yyepe3 MPOBOJHUK M ToMaias B OJIUH U3 TaKUX
JIUCKOB, OyZIeT UCTIBIThIBAaTh paccesHue. [loaromy ninmHa cBoOoaAHOrO rpodera oOpaTHo
IPOIOPLUOHANILHA CeUEHHUI0 paccesHus: A~ 1/S ~ 1/a%. Ho kBagpar aMIuIuTy bl Koe-
GaHus a® MPONOPIMOHAIIEH SHepTruK E KoneOIIomerocs aroma, a B TBEPIOM TENE CPEJI-
HsIS DHEPTHsl aTOMOB, COBEPIIAIONINX TEIUIOBOE KoJieOaHWe, MPOMOPIIMOHAIbEHA TeMIIe-
parype T. ITostomy B MeTamne b ~ A~ 1/a?2 ~ 1/E~ 1/T , a yzmenbHas dIeKTPOIPOBO/I-
HOCTh MeTajuiac =Neb =const/T , rae n - KOHICHTpALUs 3JICKTPOHOB; € - 3apsill JICK-
TpoHa. CiiejoBaTeNbHO, 3aBUCHUMOCTH COTIPOTHBIICHUSI METAJIa OT TEMIIEpaTyphl OTpe-
JensgeTcs NpuoOIMKeHHbIM cooTHoleHneM R=R,(1+a t), rae t - Temmneparypa, u3me-
penHas mo mkane Lleapcus; o - XapakTepHas JUisi JaHHOTO MeTajlla KOHCTaHTa, KOTO-
pasi Ha3bIBaeTCsA TEMIEPaTypHBIM KO3 (UIIMEHTOM COMPOTUBIEHUS; Ro- compoTuBiie-
uue nipu t=0 °C. I'paduk 3aBucumoctu R=1(t) siBnseT mpsamoii TMHUEH.

[TocTpouB 3TOT rpaduik 1 onpenenuB 3HaYCHUE Ry, MOKHO OTIPEIeTUTh TeMITepa-
TypHBIH KOA(OUIIHMEHT COMTPOTUBIICHUS 110 (HOpMYJIE:

a=-2 (5)
RoAt

OT10T K03 (PUIUEHT paBeH OTHOCUTEIILHOMY U3MEHEHUIO COTIPOTHBIICHUS METaJl-

Jla IpU YBETTMYEHUU ero TemrepaTypsl Ha 1 °C.
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IMopsaok BeINOJTHEHUS] padOTHI

1. PazoOpaThcsi B Ha3HAUEHUH SJIEMEHTOB CXEMBI (CM. MPUIIOKEHUE 2).

2. O3HaKOMUTBHCS ¢ UHCTPYKIMEN IO paboTe ¢ MOCTOM MOCTOSTHHOTO TOKA.

3. Iloak/II04UTh MOJYIPOBOJHUK K MOCTY MOCTOSIHHOTO TOKA, MOCTABUB KIIIOY S B
nosioxkeHue 1. MI3MepuTh conpoTHUBIIEHHE TOJIYIPOBOJHUKA R, MpyU KOMHATHOM Temrie-
partype.

4. IToAKIIOYUTH METAJUT K MOCTY MOCTOSIHHOTO TOKA, IOCTaBUB KIIIOY S B MOJIOKE-
Hue 2. U3mepuTh conpoTuBieHne Metamia R, mpu kKoMHAaTHOM TeMIieparype.

5. 3anucats B TabJ. | HavanpHBIE TEMIIEPATYPy U conpoTuBieHue R, u R,..

6. BKIIFOUHTH YCTAaHOBKY B C€Th. TymMOiepoM BKIIOUUTH Harpesatelsb. Korna tem-
neparypa noBbicuTcs Ha S5°C, U3MEpUTh CONpPOTUBIIEHHE MeTaiia R,. 3aHecTH 3Haue-
HUS TEMIIEpaTypbl U CONPOTUBIEHUS B Ta0J.1. [IoaKII0YUTH MOTYIPOBOHUK K MOCTY.
Korna temneparypa eme noseicutcss Ha 5°C, U3MEPUTh CONPOTUBIICHUE MOJIYIPOBOJI-
HUKa U 3aHeCTU B Ta0j.] 3HaUEHUE ero CONpOTUBIIEHUS U COOTBETCTBYIOLIYIO TEMIIEpa-
Typy. CHOBa MOAKIIOUNUTH METAJJI K MOCTY U U3MEPUTh CONPOTUBIICHUE METallIa, KOrja
TeMIiepaTypa noBeicuThCs eiie Ha 5°C, u 1.1. 10 100°C.

7. Ilocne OKOHYaHMSI U3MEPEHUHN BBIKIIIOUUTH YCTAHOBKY.

8. IlocTpouTh rpauky 3aBUCUMOCTH CONPOTUBIICHUS MOIYIPOBOJHUKA U METaJ-
na oT Temnepatypsl. [lonb3ysck popmysolt (5) U MOCTPOSHHBIM TpadUKOM

R, = f(t), onpenenuts 3HaUYeHNE CONPOTHRIICHUS MeTauta R, ipu t=0° C u Temme-
paTypHbIil KO3(P(ULUHUEHT CONPOTUBIECHUS METAIA O .

9. 3amomuuth Tabm.2. IMoctpouts rpaduk 3aBucumoctu IgR, = f(1/T). Ecmu

yuects, uto k=1,38-10723 e - K1/(1,6-107%)5B - K™%, 1 uro InR = 2,3IgR, T0 dhop-

myna (4) npuaumaet Bua AE3z =2 1074 -A(lgR,)/AQL/T) 3B.
[Tonb3ysich 310N (HOPMYIOI U MOCTPOCHHBIM I'paUKOM, ONPEACIIUTD LIUPHUHY 3a-
NPEIEHHON 30HBI AE .
Tabmuna 1. Tabauma 2.
[TorynpoBOJHUK MeTasn T,K 1/T,K? | IgR,
t,°C |R,,Omu| t,°C |R,,Om

KoHTpoJbHBIE BONIPOCHI

1.0nucath CTPYKTYpy SHEPreTUUECKUX 30H MOJTYITPOBOJHUKA.

2.Yto Ha3biBaeTcsi ypoBHeM Depmu u sHeprueit Gepmu?

3.UeM onpenaensieTcst AIEKTPOHHAS U JIbIPOYHAsl POBOJUMOCTD MOJTYPOBOIHUKA?

4.0O0BSICHUTH MEXaHU3M 3aBHCUMOCTH COMIPOTHBIICHHUS MTOTYIIPOBOIHAKA OT TEM-
nepaTypsl.

5.00BACHUTHh MEXaHU3M 3aBUCUMOCTH COTMPOTUBJICHUS METAJJIa OT TEMIIEPATYPhI

JIureparypa
1. CaBenbeB U.B. Kypc obmieit puszuku. - 2-e uza. - M.: Hayka, 1982, 1.3.
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JIABOPATOPHAA PABOTA Ne 42

NCCIEJOBAHUE TYHHEJIBHOI'O 3®PEKTA C IIOMOIIIbBIO
HOJYIMPOBOAHUKOBOI'O TYHHEJIBHOI'O ITHOJA

Llenp paGoThl: U3ydyeHHE padOThl TYHHEIBHOTO JUOJIa U O3HAKOMIIEHHUE C TYyH-
HeJIbHBIM (()EKTOM B TYHHEIILHOM JIMOJIE, ONpeieJIeHUE MonoxeHus ypoBHs depmu B
BBIPOKJICHHOM MOJIYIIPOBOIHUKE.

Onucanne YCTaAaHOBKH

A Cxema yctaHOBKM mnpeacrtaBieHa Ha puc.l. Kmrou S

CIY’KUT ISl BKJIFOUEHHS yCTaHOBKU. C MOMOUIBIO TO-

Is C TeHIuoMeTpa R MOXHO peryiaupoBarh HalpsKEHUE, I10-
V)

[~
[

JlaBaeMoe Ha TyHHenbHbIM nuon AM-301T. Munnuam-
" MEPMETP CIYXKUT JJISI M3MEPEHUs] TOKa 4Yepe3 MU0,
BOJIBTMETP - JJIs1 U3MEPEHUS HAPSIAKCHUSL.

Puc.1. Cxema ycTaHOBKH

IHopsinok BbINOJIHEHNSI PadOThI
1. O3HaKOMUTBCS CO CXEMOW YCTAaHOBKH.
2. BKJIFOYUTH YCTAaHOBKY B CETb.
3. Cuarp 3aBucuMocTs [(U), miaBHO M3MEHssI HApsiKEHUE HA TUOJIe C TTOMOIIBIO
noreHuoMerpa ot 0 10 MakcuMyMa 4epe3 paBHbIE UHTEPBAJIBL. [lomydeHHbIE TaHHBIE
3amucath B TaOJHILy.

4. BBIKJIIFOYUTH YCTaHOBKY. IlOCTpOMTH BOJBTaMIEPHYIO XAPAKTEPUCTUKY TYH-
HenbHOTO nuoja I(U) Ha MmummmmeTpoBoit Oymare.

5. Onpenenuts 3HaueHne HANPSHKEHUS! Upmax, IPU KOTOPOM TYHHEJIbHBIN TOK UMEET
MaKCUMaJlbHOE 3HayeHue, u ¢ nomoiublo (opmynsl (10) onpenenuTs B 3IEKTPOH-
BOJIbTaX MOJIOXKEHHE YpOBHS DepMu sl TYHHEIBHOTO P-N-Tepexoja OTHOCUTEIHBHO
JTHA 30HBI MPOBOJIMMOCTHU B N-00JIaCTH.

6. I1o moctpoennomy rpaduxy u dopmyne (11) paccuurary auddepeHnuamsLHOE
CONpOTHUBJICHUE "Majaromero” yyactka KpuBou (ydactok "B" Ha puc.5).
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TeopeTquCKoe OITMCaHHuEe

B CcHJIBHOJIETHPOBAHHBIX IOJYNPOBOAHMKAX
P & n KOHIIEHTpAIUsl MPUMECHBIX HOCUTENeH 3apsiga O0oJb-
T soma nposommioctn mas: N = 10%° ...10%° ca®. IlpuMecHbIe HOCHTENH 3apsaa
HAaYMHAIOT B3aMMOJEUCTBOBATH APYTr C APYroM, a IpH-
MECHBIC YPOBHU (JIOHOPHBIC WUJIU AKIIENTOPHBIC) 3a CUET
3TOr0 B3aMMOJEHCTBUS PACIICIUIAIOTCS B 30HY OJIM3KO
PacIoJIOKEHHBIX Pa3pEUIEHHBIX YPOBHEHW 3HEPruu. JTa
30HA CIMBAETCS C 30HOM NMPOBOJMMOCTH B IOJIYIIPOBOA-
HHKE N-TUIA WIK C BAJICHTHOW 30HOM B MOJXYNIPOBOIHH-
K€ p-THIA.
Puc.2. 3oHHA1 CTPYKTYpa TYHHELHO- CrpykTypa SHEPreTUYECKUX 30H TYHHEIBHOTO P-
T'0 BRIPOKACHHOI'O p-N-nepexoaa B )
OTCYTCTBHE BHEIIHEro HATIPAKCHUA N-nepexoja OyJeT TakoM, Kak MoKa3aHo Ha puc.2. Ypo-
BeHb Pepmu Er cmemaercs u OyaeT npoxoauTh BhILIE
JTHA 30HBI TPOBOAMMOCTH B N-00JIACTH U HUKE MOTOJIKA BaJICHTHOW 30HBI B P-00J1acTH.
B cocrosiHnM TMHaMHYECKOrO paBHOBECHS yCTAHABIMBAETCS TaKas BEJIMYMHA ITOTEHIH-
aJIbHOTO Oapbepa Ha rpaHulie p-N-nepexoja, 4yto ypoBHU depmu B p- U n-00J1aCTIX BbI-
PABHUBAIOTCS. DJEKTPOHHBIN I'a3 CTAHOBUTCS BBIPOKACHHBIM, T.€. YHCJI0 CBOOOIHBIX
3JICKTPOHOB CPABHUMO € YHUCJIOM JOIYCTHMBIX pa3pelleHHbIX YPOBHEH JHEPIHH,
Ha KOTOPBIX MOYKET HaXOAUTHCA OTAEIbHBIN AJIEKTPOH, W MPH 3AIIOJTHEHUN THUX ypPOB-
HEll HEe00-XOAMMO YYHUTHIBaTh KBaHTOBbIE 3(@eKThl. (11 Takoro 3JIEKTPOHHOrO Tras3a
BEPOSAT-HOCTH 3anoiaHeHus f cocrosiHus ¢ suepruei E onpenensiercs Gpynkuuen pacmipe-
1

exp((E—Eg)/KT)+1"

BaJICHTHaA 30Ha
SIS

nenenust @epmu-Aupaka:  f(ET) =
(1)

rae Er - sneprus @epmu (3J1eKTPOH MOKET HMETh TAKYK0 IJHEPIHI0 C BEPOSTHOCTHIO

50%); T - abcomoTHas Temnepatypa; k = 1,38 10723 Jx K - mocrosnnas Boabuma-
HA.

JloJiss DNEKTPOHOB, TMEPEXOMSIIUX B pe3yJbTaTe TEIUIOBOTO BO3OYXKICHHUS Ha
YPOBHU SHEPIHH, JIeKaIlUEe Bbilie YPOBHSI DepMu, JJ1s1 BBIPOKICHHOW CHUCTEMBI OUYEHb
He3HauuTenbHa (0Koi0 1% mpu KoMHaTHOU Temnepatype). [IpakTuyeckn MOXHO CUM-
TaTh, YTO B BBIPOXKJICHHOM TMOJYIPOBOJHUKE BCE YPOBHHU JHEPIUU, JICKAIIUE HIKE
ypoBHsI Depmu, 3amoiaHEHbl 3JIEKTpOHAMHU (3allITpUXOBaHHas 00JlacTh Ha puc.2), a
YPOBHU DHEPIHH, JISKAIHUE BhIIEe YPOBHS DepMu, CBOOOTHEI.

DNEKTPOH HE MOKET 3aHATh YPOBEHb SHEPTUH, PACIIOIOKEHHBIN B 3aNpeleHHOI
30He. [[oaTOMY COrJIacHO 3aKOHAM KJIACCHYECKOH MeXaHUKHU 3JIEKTPOH NPU JBUKEHUU
gyepes p-N-nepexo AoJbKeH npuodpectu B Touke O wiu B (puc.2) suepruio E,, paBHy10
HIMPUHE 3alPELICHHON 30HbI, U OKa3aThCsl HA OJJHOM M3 YPOBHEU 30HBI MPOBOJUMOCTH,
JeXKAIUX BbIIIE 3aMPENIeHHON 30HbI B p-o0iactu. Takoi mepexoj SKBUBAJICHTEH Tie-
pexony noteHImanbHbI 0apbep OAB (puc.2). Ecnu nomnas sueprus E kimaccuueckoi
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YaCTHUIBI MEHBIIIE BBICOTHI E, MOTEHITMANBHOTO Oaphepa, TO MPeoA0JIeTh 3TOT Oaphep U
MPOHUKHYTH B 00J1aCTh X > () OHAa HE MOXKET.

OnHako AMEKTPOH SIBISIETCS MUKPOYACTHIIECH, 1J11 KOTOPOU CpaBeJIMBbI 3aKOHBI
KBAHTOBOII MexaHUKH. COrllacCHO 3THM 3aKOHAM MHKPOYACTHLA MOKET NPOHUK-
HYTh CKBO3b NOTEHIHAJIbLHBbII Oapbep MaJjioil IMPHUHBLI M BBICOTHI Ja)Ke B TOM
ciaydae, KOIrJa ee MoJHAsl JHEPrusi MeHbIlle BHICOTHI MOTEHIIHAJBLHOTO Dapbepa. B
ATOM 3aKJII0YAETC CYIIHOCTh TYHHENIbHOTO 3P dekTa.O0BIACHIETCS 3TO SBJICHHUE KBaH-
TOBBIMH A (HEeKTaMu TIPH ABUKECHUU MUKPO-YACTHIBL. B COOTBETCTBHM ¢ MPHHIIUNIOM
HeonpenenenHocru I'eizendepra Ap,AX=7, AEAt>1,

)
T.€. 1711 MUKPOYACTHIIBI HEIb3 ONHOBPEMEHHO ONpPE/ICTUTh TOUHBbIC 3HAUCHHS €€ UM-
yJbCa U KOOPJUHATHI MM SHEPTUU U MOMEHTA BpeMeHH u3MepeHus ( Ap,, AX, AE - He-

OonpeacjacHHOCTH HMIIYJIbCA, KOOpAWHATLL u SHCPIruu MHUKPOYACTUIBI;

hi=h/2m, 7i=1054 10734 Ibic-c - noctosiunas Ilnanka).
Ha xoporkoe Bpemss At MuKpodacTHIla MOXKET JOCTUYL SHEPTUU E,
AEAL = (Eo — E)At > h M, HaXO0JsCh B TaK Ha3bIBACMOM BHUPTYAJIbHOM COCTOSHHUH, I1C-

peseTeTh uepe3 NoTeHIManbHbii 0apsep. Tak kak At oueHb Majo, HEOOXOAUMO, YTOOBI
BBICOTA U IIUPHHA MOTEHIIUAILHOTO Oapbepa ObLITN TaKKe MaJIbIMU.

[Ipu nBM>XKEHUM BJIEKTPOHA B TBEPAOM Teje TYHHENIbHBINA A EKT MpOosBISIETCS B
CaMbIX Pa3JIMYHBIX CIy4dasiX. TyYHHEIBHBIA JUOJ NEMOHCTPUPYET OJHO U3 MPOSIB-JICHUU
TyHHEJIBHOTO 3¢ (DeKTa - MPOXOKIACHHUE IIEKTPOHA Yepe3 MOTEHIIMAIbHBIN Oapbep B 00-
JIACTH p-N-TIepexona.

HaiimeM BepoSTHOCTh MPOXOXKIEHUS JIEKTPOHA Uepe3 MOTECHIMAIbHBIN Oaphep,
n300pakeHHbIN Ha puc.3. B KBaHTOBOW MEXaHMKE ISl OMUCAHUS COCTOSIHUSI MUKpOYa-

CTHII BBOJUTCS BoJIHOBasi pynkumsa\y(X,Y,z). Benmnunna ‘\P(X, Y, Z)‘2 dV npencraBis-

eT co0oli BepPOSATHOCTH TOrO, YTO MHKPOYACTHIIA HAXO-AUTCA B dJIEMEHTE 00BeMa
dV=dxdydz B okpecTHOCTH TOYKH ¢ KOOpAWHATAMH X,y,Z. BoaHOBas GyHKIHs YI0BIC-
TBOpsieT ypaBHeHuio IllpexuHrepa, KOTopoe B OJHOMEPHOM Cliydae 3alMChIBACTCS B
2
B v, 2Mee )y =0,
dx?  7n?
3)

rj1e M - Macca MUKpodacTuipl, U - ee moTeHnuanpHas
sHeprus; E - momnas sueprus yactuiisl. Pemenne ypas-
HeHnus (3) B oomactu 0 < X <L mMmeeT Buj

X

W) = woexp| ~= [ /2mU ()~ Elox

0
(4)
Ecnu noteHuuanbHblil 6apbep MMEET KOHEUHYIO IIUPUHY
OB=L (puc.3), To k03Q-PpuuueHT NpoxoxKIeHUs, paB-
HBI OTHOLIEHUIO TUIOTHOCTH IPOIIEIIET0 yepe3 Oapbep
IIOTOKA 3JIEKTPOHOB K IUIOTHOCTU MOJXOMSILEro K 0apbepy MOTOKA AJIEKTPOHOB, BbIpa-
3utcs hopmynnon
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L
D ~exp —% [ y2mU (x) - Edx |. (5)
0

3nech L - mmpuHa 3anuparoniero cios p-n-nepexona. M3 puc.2 u 3 BunHO, 4T0 B 00J1a-
ctu 0<Xx<L U(X)— E =E, —eex,

(6)
IJI€ € - HANPSDKEHHOCTh 3alAPAIOILETro MOJIsl, BOZHUKAIOLIEr0 Ha FpaHMIle p-N-nepexoaa
U MPUBOJSILIETO K BO3HUKHOBEHHIO MOTEHIHMAIBHOIO Oapbepa; € - 3aps] AJIEKTPOHA.
[ToncraBisst Beipaxkenue (6) B (5) v Mpou3BOAs MHTETPUPOBAHUE B MOKAa3aTeNe IKCIO-
HEHTHI ¢ yueToM eL = E,, monygaem

P n 4/2med’? < oxp _4m /B
3nee 3n >

30HAa IIPOBOIUMOCTH D ~exp| —

; (7)

n

E
E?% E> W3 storo pesynwprata ciemnyet, yro npu E, ~ 1 3B ko-
TS

2 PUIMEHT TPOXOXKJACHUSA, WM BEPOSITHOCTH Iepe-xoaa
BanéaTHaR SoHa AJIIEKTPOHOB Yepe3 p-N- Mepexoj 3a CUeT TyHHEIb-HOro 3(¢-

SIS S LSS S S S S

+ -
SEEEN
Puc.4. 3oHHas cTpykTypa BBI-
POXKACHHOTO p-n-mepexoma  HA 3aIIMPAIOIICTO CJIOA L YMCHBIIACTCA HpI/I6J'II/I3I/ITeJII>HO 0

COOTBETCTBYIOWAA ~ MakcHMy- 108 3 B 0OBIMHBIX IIOIYIIPOBOI-HHUKOBLIXp-N-TIEPEX01ax
MY TYHHCJIBHOI'O TOKa _ -6 -7
mpuHa 3anuparomiero ciosg L = 10® ... 107 M. D1tu xapak-
TEepHBbIC BEIUYMHBI JAIOT MPECTaBIEHNE 00 YCIOBUSX, MPHU
KOTOPBIX TYHHEIBHBIN ()PEKT B MOTYITPOBOIHUKAXCTAHOBUTCS CYIIIECTBEHHBIM.
Eciu x TyHHENBHOMY p-N-TIepexoAy MPUIOKHUTH HEOOJBIIOE MPSIMOE HampsiKe-
HUE, TO, KaK M B Cllydyae OOBIYHOTO p-N-TIepexo/a BeTMYrHa MOTEHIMAIBHOTO Oapbepa
YMEHBIIUTCS, U ypoBHU Depmu 1Mo 00e CTOpOHBI Oapbepa yxe He OyIyT CcOBIManaTh
(puc.4). HanpoTuB 3amoJIHEHHBIX 3JIEKTPOHAMU YPOBHEW B 30HE MPOBOJAMMOCTH N-
00JIaCTU OKaXXyTCsl CBOOOJIHbIC YPOBHU B BaJCHTHOW 30HE p-obiactu. BosHukaer
HECKOMITCHCHUPOBAHHBIN TYHHENIBHBIA TOK |,KOTOPBIHBO3pACTACTIIPUYBEIIMUCHUN TIPH-
JaraemMoro HamnpspkeHus (ydacTtok "0" Ha puc.4) u jocTuraeT Makcumyma (Touka 1) mpu
3HAYCHUU HAIPSKEHUS
I

(1)GKTa, PE3KO U3MCHACTCA OT HYJIA A0 ACCATBIX HOHGﬁ CaH-

HHUIIBI, €CJIM € cTaHOBUTCS mopsika (5...8) 10" B/m u HIAPH-

n
U _2 (ER-Ep)+(Ef —Ep)
max = o
(8)
3necs ER,EP, - yposun ®epmu B n- u p-o6macTsx;
o Upie Unin Uaiew EJ - 3HaYeHMe SHEPTHH, COOTBETCTBYIOIIEE HIKHEMY KPAo

30HBI IIPOBOJIMMOCTH N-00J1aCTH; Elp —3HAYCHHUE PHEP-THH,

Puc.5. BonbramiiepHas xapakre- COOTBCTCTBy}OH.Iee BerHeMy Kpa}o BaHeHTHOfI 30HBI p_
pUCTUKA TYHHEJIBHOI'O MOJIYIIpO- O6J'IaCTI/I (pI/IC4)

BOIHHMKOBOI'O AUOOa o
Ecnu npuHATH, 4TO KOHLIEHTpALs JOHOPHOM U aK-
LHeNnTOPHOI npuMecei paBHbI, TO popmyy (8) MOXKHO Tie-
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penucarhb CiIeIyIIIM 00pa3oM:

U ey = 4 H (9)
max 3 e
OTcroga MOXHO ONPEEIUTh PA3HOCTh MEXIY YpoBHEM dDepma U HIHKHUM KpaeM
30HBI TPOBOJAUMOCTH N-00JIaCTH:

EE - ES = §eU max
4

(10)
B TOM clIy4ae, €CJIM U3BECTHO HANpPsLKEHUE Umax , COOTBETCTBYIOLIEE MAKCUMYMY TOKa
Ha BOJIbTAMIIEPHOM XapaKTEPUCTUKE (pHUC.S).

[Ipu nanpHeilIeM yBEIMYEHWH HAMpPSsDKEHUS TYHHENBHBIM TOK HauWHaeT yObl-
BaTh, TaK KaK MPOTHUB 3aIOJHEHHBIX YPOBHEW 30HBI MPOBOJMMOCTH N-00J7acCTU OKa3bl-
BAlOTCS YPOBHU SHEPrUH, JIeKAIlME B 3alpPEIICHHON 30HE. DTOMY YMEHbIIE-HUIO TyH-

nyn

HEJIBHOTO TOKA COOTBETCTBYET Y4acTOK "B'" BOJIbTAMIIEPHON XapaKTEPUCTU-KU (PHUC.5) ¢
OTpHUlIATEIbHBIM AU PepeHuNATbHBIM CONPOTHBJIEHUEM

Ky =——=x0. (11)

Ipu Hanpsoxerny nopsaka Umin ~0,3 B Hukauil kpaii EES 30HBI npoBoauMo-

CTU N-00JIaCTU OKA3bIBAETCS HA YPOBHE BEPXHEr0 Kpas ElIO BAJICHTHOU 30HBI P-00JaCTH

(puc.6,a).
El p n El p n

3anpeLIeHHas n
P P 30HA Ef
B E; o

. . /iizzi/
. “
Puc.6. 30HHas CTPYKTypa BBIPOKIAECHHOIO P-N-IIEpEX0a:

a) - COOTBETCTBYIOIIAsS MUHUMYMY TYHHEJIBHOTO TOKQ;
0) - IpH NOAKIIOYEHUU OOPATHOTO BHEITHETO HANIPSHKEHUS

TyHHEIbHBIN TOK NIPAKTUYECKU UCUE3AET, TaK KaK MPOTUB MOYTH BCEX 3aMOJTHEH-
HBIX JJIEKTPOHAMH YpPOBHEH SHEPruM B 30HE MPOBOJAMMOCTH N-00JACTH JIEKHUT 3arpe-
nieHHas 30Ha. OJIHaKO TOK B JUOJE HE PaBEH HYJO (TOYKa 2 Ha puc.5 ) U MpU NAlb-
HEWIlIeM YBEJIMYEHUU MPSAMOro HampsuKeHWs Bo3pacTtaeT (ydacTok 'r" Hapwuc.S). OTo
OOBSICHSIETCSI BOBMOXKHOCTBIO OOBIYHOTO TEIJIOBOTO MEPEX0/Ia YACTH JIEKTPOHOB Yepe3
NOTEHIMANTBHBINA Oaphep. [Ipu 3TOM TOK co3gaeTcsi Kak B OOBIYHOM TOJYIPOBOIHUKO-
BOM JIMOJIE, a BOJbTaMIIEpHAsl XapaKTepUCTUKA TyHHEIbHOTO quoaa B obmactu U>Unmin
(puc.5) uMeer ke BUJ, 4TO U Y OOBIYHOTO THOAA.

[Ipu nogaye oOpaTHOrO HANpPSKEHUS MOTEHIMANIbHBIA Oaphep YBEIUUMBAETCS, a

TYHHEJbHBIA TOK | pacTeT mo auHeliHOMY 3aKoHY (yyacTok "a" Ha puc.5) 3a cueTr TyH-
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HEJIBHBIX TMEPEX0J0B BAJEHTHBIX JIEKTPOHOB P-00,1aCTH HA CBOOOJHBIE YPOBHH B
30HE MPOBOJAMMOCTH n-obsactu (puc.6,0). Takum 00pa3om, B TYHHEIBHOM JHOJIEC OT-
CYTCTBYET OJTHOCTOPOHHSISI MPOBOAMMOCTH OOBIYHOTO JAHOIA.

KoHTpoJibHBIE BOIPOCHI

1.B uem cymHocTh TyHHENBHOTO 3 dexra?

2.Yem paznuyaroTcs OObIYHBIN U TYHHEIBHBIN MOJYTIPOBOIHUKOBBIN TUOJIbI?

3.HapucoBate HEOOXOauMBIE AHArpaMMbl 30HHOW CTPYKTYpPbl U OOBACHUTH C HX
MOMOIUIBIO Pa0OTy TYHHEIBHOTO JHOA.

4.B yeM 3aKiI04yarTCsd 0COOEHHOCTH BOJIbTAMIIEPHON XapaKTEPUCTUKU TYHHEIIbHO-
ro JM0Ja MPU IPSIMOM M OOpaTHOM BKJITIOUECHHUSAX ?

5.CpaBHUTH NPUHIUI PaOOTHI U BOJITAMIIEPHBIE XAPAKTEPUCTUKUA OOBIYHOTO U
TYHHETIFHOTO TOJYIIPOBOHUKOBBIX TUOJI0B U OOBSICHUTH Pa3IHUKs.

Jlureparypa

1. CaBenneB U.B. Kypc oOmie#t ¢pusuku. - 2-e uzn. - M.: Hayka, 1982, 1.3. ctp. 175-
188, 199-206, 223-226.
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JIABOPATOPHAS PABOTA Ne 43

OITPEAEJIEHUE HIMPUHBI 3AIITMPAIOHIEI'O CJIOA p-n-IIEPEXOJA U
KOHIHEHTPAIIUU ITPUMECH B OBJIACTH JIABUHHOI'O ITPOBOSA

Lenn Da6OTBI: O3HaKoOMJICHHE C pa60T0171 AnoJa, N3y4dCHHUC MCXAaHHU3Ma JIABUHHO-
ro HpO60§I p-N-nepexona, onpeaACICHUEC IMUPUHBI 3aIMPAONICTO CJIOS M KOHLICHTpaluu

TeopeaneCKoe OIucaHue.

IIPUMECH.
El gnmas E 2EPMAHT
|37
- 311
AE,~ 696 AL ~128
B3
a b

Puc.1. 3ouHble 3HEpreTUUECKHE
JMarpaMMBI: a) - HETIPOBOAHUKA;
0) - MOJTYIIPOBOTHHKA

Puc.2. DnexTpoH 10HOpHOW NpUMeEcH B
KPHUCTAJUTMUECKON pelIeTKe repMaHHs.

E
, | su
IAEg T ‘ | JOHOpHbIE
Ef,, — — = — — —:Iypogrm
AE~ 2B
| s

Puc.3. DHeprernueckue ypoBHH B NpH-
MECHBIX IOJTYIIPOBOIHHUKAX N-THIIA.

DKCTepUMEHTAIBHO ObLIO OOHAPYKEHO, UYTO
Hebonbmue ao6asku (~0,001%) npyrux snemeH-
TOB B YHCTHIC MOJYIMPOBOAHUKH pe3Ko, Ha 2 - 3
NOpsJKA, YBEJIWYUBAIOT MPOBOAUMOCTb. Mcmosb-
3ysl 30HHYIO TEOPHIO, MOKHO OOBSCHUTH MPUUUHY

j33 9TOTO SIBJICHHUS.

PaccMoTpuM KOHKpETHBIM TpUMeEp: MyCTh
4acTh aTOMOB B KPUCTAJUTMYECKON pEIIEeTKE rep-
MaHHUs 3aMelieHa aTOMaMH TMSTUBAJIIEHTHOTO (oc-
dopa. Cam repMaHul YETHIPEXBAJICHTHBIN, IIO-
ATOMY OJIMH U3 DJIEKTPOHOB B atoMe ¢ocdopa He
y4acTByeT B 0Opa3oBaHuM cBs3edl. Ho 3ToOT 3nek-

TPOH HE CTAaHOBUTCSI CBOOOJHBIM, TaK KakK €ro MpUTs-
TUBACT TMOJOXUTEIBHO 3apsSKEHHBIH WOH TPUMECH.
DIIEKTPOH NBUXKETCA MO HEKOTOPOW TPAEKTOPUHU BO-
KpyT HoHa (puc.2).

OpHako »BHeEprus CBSI3M 3TOrO 3JIEKTPOHA C
nonoM oueHb mama: AEn~0,0153B<<AE3. Takue
AJIEKTPOHBI 3aHUMAIOT JOHOPHBIE YPOBHH DSHEPTHH,
pacmoyio)KeHHbIe BOJM3M JHA 30HBI TIPOBOJUMOCTH
(puc.3). JloctaTouyHO COOOIINUTH BJEKTPOHY ATy dHEP-
T'UI0, 4YTOOBI OH OTOPBAJICS OT MOHA W CTald CBOOO-
HBIM.

Takum 00pa3om, IpH TEMIIOBOM BO30YXKICHUU
9T DJIEKTPOHBI IPUMECH JIETKO MEPECKAKUBAIOT Ye-
pe3 Y3KyI 3alpelleHHYI0 IIeib MUpuHOM AEn B
30HY TPOBOAMMOCTH. [Ipy HOpMaJbHBIX YCIOBHUSX
ATO MPOUCXOAUT MPAKTUYECKH CO BCEMHU IpPHUMEC-
HBIMU 2JIEKTpoHamMu. [lo3TOMy MpOBOIUMOCTH TaKO-
TO TIOJIYIIPOBOHUKA TTPOMOPIIMOHAIEHA KOHIIEHTpPa-
M aTOMOB MPUMECH: O ~ NJI, KoTopas Ha 2 - 3 mo-
psizKka OOJIbIIe KOHIIEHTPAIMH CBOOOIHBIX IIEKTPO-
HOB B YHCTBIX TIOJYTPOBOJHUKAX.
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IIaTMBaneHTHAs: NPUMECH HA3BIBACTCA JOHOPHOU MPUMECHIO, & MOJIYIIPOBOAHUKH
C TaKOW IIPUMECHIO - MOJYIPOBOJAHUKAMU n-TUnNa. VX MpoOBOAMMOCTE OIpenensercs B
OCHOBHOM JJIEKTPOHAMU JJOHOPHOU IIPUMECH.

- :I*
- @ -
- :. -

I
Jslpra

Puc.4. DnexTpoH aKmenTOpHOI
OpUMECH B  KPHCTAIMYECKOM
pelieTke repMaHusl.

Jpipounas (akuentopHasi) MpOBOJMMOCTb BO3HUKA-
€T B IOJYNPOBOJHUKAX P-TUIIA C TPEXBAJCHTHOM aKIIEIl-
TOPHOU mpuMechbro. Ecnu, Hanmpumep, TPEXBAJICHTHBIN
aTOM WHJUS 3aMEHSIET OJMH U3 aTOMOB repmanus (puc.4),
TO OJHOTO AJIEKTPOHA JUIsi 00pa30BaHUs BaJCHTHON CBS3H
eMy He xBaTaeT. OJHaKO aKUENTOPHBIA YPOBEHb 3HEPIHH,
COOTBETCTBYIOIIIMM 3TOMY HE3AIIOJIHEHHOMY COCTOSIHUIO,
pacrojokeH BOMU3M BepXxa BaJCHTHOM 30HBI Ha HEOOJb-
momMm paccrossaun A Ea=0,0153B. Ilpu TemnoBoMm BO3-
OyXXIEHUU S3JEKTPOHBl M3 BAJIEHTHOW 30HBI JIETKO Mepe-
CKaKMBAIOT Ha aKIENTOPHBIE YPOBHU (pHC.S).

210 O3Ha4acT, 4TO B KpHCT&JIJIH‘-IGCKOﬁ PCHICTKC OAWH U3 3JICKTPOHOB U3 COCCI-
HEH BAJICHTHOM CBSI3U MNCPCXOJUT Ha BAKAHTHOC MCCTO BOJIM3M aToma IMPUMCCH, KaK I10-

ka3aHo Ha puc.4. Ha ero mecre B BaJeHTHOI 30HE 00-

E pasyeTrcs AbIpKa € IOJIOKUTEIbHBIM 3apsaaoM. Ywucio

}3” 00pa3yIoluXCcsi JBIPOK MPAKTUYECKH PABHO YHUCITY

ATOMOAKLENTOPHOU IPUMECU U IMPOBOAMMOCTH IOJY-

AE~ o8B IIPOBOJHUKA P-TUIIA OIPEAECIISIETCI ABMKEHUEM IBIPOK

B = = —— — — ijf;;’;ﬁ U MPONOpUMOHANIbHA KOHLUEHTpAMU Mpumecu O ~Na.

AE, 1] ]Bg DTO JNBUXKEHHUE MOXET MPOUCXOJIUTHh KaK CBOOOHO,
TaK 1 0y1arogapsi TyHHEJIbHOMY (P eKTy.

Puc.5. DHepretudyeckue ypoBHH B TIpH- VPOBGHB CDepMI/I, KakK MOXHO ITOKa3aTb, CMCIIa-

MECHBIX TOJIYIPOBOJHHUKAX (- THIIA)

€TCs OT CEepPEMHBI 3alpelIeHHON 30HbI TU00 BBEpX (n-
TUI), 11060 BHU3 (p-Tun), [lpu yBenuueHWu KOHIICH-

TpalUu IPUMECH YUCIIO JOHOPHBIX MJIM aKLUENTOPHBIX IPUMECEN PACTET, & HUHTEPBAIBI

A En( A Ea) ymenbimatorcs.

Puc.6. KoHTakT moOIynpoBOJIHUKOB
N- U p- THIOB: a-dHEpreTHYecKas
quarpamMma; O - pacrpeneseHue

TemnepaTypHas 3aBUCUMOCTb IIPOBOAMMOCTU IIPUMECHBIX IMOJYIPOBOJIHUKOB P-
Y N-TUIIOB UMEET 3KCIIOHEHUUAIBHBIA BHUJI, KAK U B YUCTBIX NOJYNPOBOAHUKAX. [Ipu
BBICOKHX TeMIlepaTypax COOCTBEHHAas MPOBOJAMMOCTb CTAHOBUTCA CPAaBHMMOW C TpHU-
MECHOM U pa3anyus MEXy MOJyIPOBOJHUKAMH N- U P-TUIIOB UCUE3AKOT. P-N-NIEPEXO -

3apsIoB.

ATO cHenuaibHbIM 00pa30M BBIPALIEHHBIM KOHTAKT MOJIY-
MIPOBOJHHUKOB N- U P-TUIIOB.

[Ipu koHTakTe BO3HUKAET IU(PPY3UOHHBIA TOK
CBOOOJHBIX JIEKTPOHOB U3 N- B P-MIOJYNPOBOAHUK, A JIbI-
pPOK - B 00paTHOM HamnpasiieHuu. Boiu3u koHTakTa oOpa-
3yeTCs  3aluparOlMKA  CJIOW  MajJOh  TOJILIUHBI

Ax~107%..107" M, TJ€ JJIEKTPOHBI PEKOMOWHUPYIOT C
JBIPKaMHU, T.€. 3aMOJHSIIOT BAKAHTHBIE MECTA B BAJICHTHBIX
cBs3siX. [10ATOMY KOHIICHTpaIHsi CBOOOIHBIX 3JICKTPOHOB
¥ JBIPOK B 3aluparoIieM cjoe Maja. Bo3HukaeT mpo-
CTpPaHCTBEHHBIN 3apsia (puc.6,0), co3MaroUIMi 3amuparo-
IIe€ AIMEKTPUIECKOE MOJIC € .
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Mexay ToJynpOBOJHUKAMH TOSBIISIETCS TOTEHIMATBHBI Oapbep, ompesesnse-
MBIl KOHTaKTHOM pa3HOCTHIO MOTEHUUATOB A@Q M MNPUBOIAIIMN K CMEIIEHUIO BCEX
HPHEPreTUYECKUX YPOBHEW B p- W N-TIOMYyNpPOBOAHMKAX. JIMHAMUYEeCKOe paBHOBECHUE
HacTynaeT, koraa sHeprus depmMu (XMMHUYECKHE TMOTEHIHMAIbl) B MOJYIPOBOIHUKAX
CPaBHSIOTCS: CPEIHEE YMCIIO HOCHUTENEH 3apsiia, MepeceKarolmx p-N-nepexoa 3a cyeT
muddy3un, OyaeT paBHO CpeIHEMY YHCITy HOCHTENICH 3aps/ia, BO3BpAIIaeMbIX 3amupa-
IOLIUM T0JIEM B 0OpaTHOM HaIlpaBJICHUU.

CpaBHHBas SHEPreTUYECKHE AHAarpaMMbl N- U p-MOIYIIPOBOIHUKOB (puc.3,5), mo-
Jy4aeM CTPYKTYPYy SHEPreTUYeCKuX 30H p-N-niepexona (puc.6,a). Eciau k p-n-nepexony
MOJIKJIFOYUTH MPSIMOE BHEIIIHEE HaIpsDKEHUE (BHEITHEE AJIEKTPUUECKOE MoJie HarpaBie-
HO TIPOTHBOIIOIOKHO 3aITUPAIOIIEMY TOJIIO € ), TO TOJIIIMHA 3allMPAIOIIETO CJIOS YMEHbB-
muTcsi. CBOOOMHBIE HOCUTENM 3apsifa (PJIEKTPOHBI U JIBIPKH) JIETYE MPEOJ0JICBAIOT
YMEHBIITUBIIUNCS MTOTEHITUATBHBINA Oapbep.

7 Wx TOk pacTeT, Kak MOKa3aHO Ha KPUBOM BOJbTaAM-
NEepPHOW XapakTEepUCTHUKU p-N-epexoja B o0yacTu
Usnenr>0 (puc.7). Ilpu mnoakiarodeHun oOpaTHOTO
0 HanpspkeHus: UBHem<( ToOJIIIMHA 3alUpPAIONIETO CIOS U
Unens MOTEHIMANIbHBIA Oaphep yBennuuBaroTcs. OCHOBHBIE HO-

CUTENH 3apsJa He MOTYT IPEOoJI0JIETh Oapbep U UMEETCs
MaJIbli TOK HEOCHOBHBIX HocuTeneu 3apsiga (puc.7).Ha
3TOM CBOMCTBE OJAHOCTOPOHHEW MPOBOJAMMOCTH M OCHO-
BaHBbI BCE MPUMEHEHHsS P-N-Tiepexoja B IUO0MaX, TPaH3H-
CTOpax, TYHHENbHBIX TUO0/aX U (HPOTOIMNOIAX.

[Ipu nmocratouno OGosnbmiom obpatHoM HampspkeHun (UBnenr>20B miis HU3KO-
BOJIbTHBIX TTPUOOPOB) HAOIIOACTCS PE3KOE YBEIMUEHUE OOpaTHOTO TOKA, HA3bIBAEMOE
npoboem. Mmeercs nBa Mexanu3Ma mnpobosi p-N-rnepexoa. 3UHEPOBCKUI TPOOOIT BO3-
HUKAET B BBIPOKJICHHBIX MOIYIIPOBOIHUKAX U HOCUT Ha3BaHUE TYHHEIHLHOTO (P deKTa.

JlaBuHHBIN TPOOOY BO3HHKAET B HEBBIPOKIACHHBIX TO-

/E;% / JYNPOBOJHUKAX TMPU OOpPATHBIX HAMPSHKEHUSAX Oojee
By & f“’l’c'U) 20B. MexaHu3M 3TOro mpoOos 3aKIIYaeTCs B CICAY-
S —Ep  IOLIEM. YBEIMYEHHE BHEHIHETO HANPSIKEHHUS, MPUIIO-

KEHHOTO K p-N-Tiepexoay B OOpaTHOM HalpaBJCHHH,
IPUBOJUT K POCTY KHHETHUECKOM SHEPTUH HEOCHOBHBIX
HOCHUTeleH (3JIEKTPOHOB B P-00JaCTH), MOTOK KOTOPBIX

Puc.8. Cxema mepexosioB o7ekTpo-  0CTAETCSl TMOCTOSTHHBIM TPH YBEIMUYEHUHU TMOTEHIHAb-

HOB (HeOCHOBHLIX HOCI/ITGJ’IGﬁ) qepes
p-n-nepexox mpu OOpPaTHOM BKIIO- HOT'O 6apbepa (pHc8)
YeHUU BHEIIHEr0 HATIDSIKEHNS DNEeKTPOHBI MPOBOANMOCTU, YCKOPEHHBIC TIOJIEM,
CTAJIKUBAIOTCSI C MOHAMHU KPUCTAIUIMYECKON PEIICTKU U
COOOIIAOT BAJICHTHHIM (TPUBS3aHHBIM K MOHAM) DJIEKTPOHAM JOCTATOYHYIO SHEPTHIO
JUTsI TIEpexo0/ia B 30HY MpoBoauMocTH. [locneaaue, B CBOIO odepeib, BHOBb YCKOPSIFOTCSI.
B pesynbTaTe KOHIIEHTpAIHs HOCUTENEH JIABHHOOOpa3HO HapacTaerT.
Benuuuna TOKa, TeKymiero depes3 p-N- Mepexoj, MPAKTUYECKH HE 3aBUCUT OT
MPWIOKEHHOTO BHEITIHETO HampspkeHws. B cBsizm ¢ 3TuM 3 GdeKT JTaBUHHOTO MPOoOOos

UCIIOJIb3YETCs B OJMYHPOBOAHUKOBBIX CTA0MIM3ATOPaX HANPSHKEHUS! (CTaOUITUTPOHAX ).

Puc.7.BonbramnepHas  Xapakrepu-
CTHKa MOJIyTIPOBOTHUKOBOTO AM0JIA

—— —
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Teopust maBuHHOTO MPOOOS p-N-TIepexoia MPUBOAUT K COOTHOIICHUSAM: I IIH-
PHHBI 3aIIUPAIOLLErO CJIOsA

2U 2aU
§=—"%1n P (1)
b b
Y KOHIICHTpAIIUX HOCUTENen
2eenU
n="C 0
ed

rac € - OTHOCUTCIIbHAA JUIJICKTPUYICCKAA ITPOHUIACMOCTD ITOJIYIIPOBOAHHUKA (erMHI/IH),

paBHasg 12; gp= 8.85%10 1% ®/m - ANEKTpUUYEcKass NOCTOsAHHAs;, Unp - HampshKeHue

po0os; € - 3aps]l MIEKTPOHa; a=9*10" m1; b=1,8*10% B*m ! - MIOCTOSTHHBIE, MOJTY-
YEHHBIC U3 DKCIIEPUMEHTA.

Onucanue yCTaHOBKH

Ry [IprHIMNMAnpHAsA DJIEKTPUYECKAsl CXeMa YCTaHOBKH
rnokasaHa Ha puc.l. Bxognoe nanpsokenue Ul mogaet-
g VD . ©d Ha NOCJIEJI0BATEIBHO COCIMHEHHBIC OayacTHoe co-
| R @D npotuBiieHne RO ©  TOJYNPOBOJHUKOBBIA  JTHOJ.
T Hanpspbkenue Ha nuone m3mepsieTcss BOJIbTMETPOM V2.
Bxoanoe nanpspkenne Ul=U6+U2. B obnactu naBuH-
Puc.1. Cxema ycranoekn HOT'O MPO0Os HAMpPSDKEHUE Ha JAMOJAE OCTAeTCs MOCTO-
SIHHBIM U paBHbIM Utip.
DNeKTpUYecKUud TOK, TEKyIIUAd dYepe3 JuoA, ompenensercs mno Gopmy-
U, -U,
el =———=. BenuuuHa OGanmacTHOrO COMpOTUBIEHUS RO mpuBeneHa B ONMUCAHUU
0
YCTaHOBKH.

IHopsinok BbINOJIHEHHS PadOThI

1. O3HaKOMUTBCS CO CXEMOMW YCTAaHOBKH.

2. Pyuky noteHimomeTpa R nmoBepHyTh NPOTUB YaCOBOU CTPEJIKH 0 yIOpa.

3. BKIIFOUUTH YCTAaHOBKY B CETh.

4. 3aMKHYTb LIETb KJIIOUOM S.

5. Mensis BXoHOE HanpspkeHue oT 0 10 MaKCUMAaJIbHO BO3MOXKHOTO Yepe3 paBHbBIC
WHTEpBaJIbI, CHATH 3aBUCUMOCTh U2=f(U1), JlanHbIC 3aHeCTH B TAOJIHILY.

RO = ...

L
1,B

2,B
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6. BBIKIIFOUNTH YCTAaHOBKY.

7. OnpeaenuTb 3Ha4€HHE TOKA, MPOTEKAIOUIEro Yepe3 JAUOJ, ISl KaKI0ro 3Haye-
Hus HanpsokeHus Ul.

8. IToctpouTts rpaduxu 3aucumocteit U2=f(U1) u [=f(U2).

9. Ilo rpaduky I=f(U2) onpenenuts 3nauenue Unp.

10. ITo popmyiie (1) paccunTaTh MIMPUHY 3aITUPAIOIIETO CJIOS P-N-Tiepexoaad .

11. TTo dpopmyre (2) BEIYUCITUTH KOHIIEHTPAIIMIO HOCUTENCH 3apsa.

KOHTpOJIBHLIe BOIIPOCHI

1.Kak oTpa3utcst Ha 30HHOM CTPYKType BBEIAEHHE JOHOPHOM, aKIENTOPHOW IPHU-
mecen?

2.I'ne nexut ypoBeHb @epmMu B COOCTBEHHBIX U MPUMECHBIX IMOTYIPOBOIHUKAX?

3.Kak obpasyercs 3anuparoniuii cioit p-n-nepexoa’?

4.Kak u3MeHHUTCS NOTEHUUAIbHBIN Oapbep MpHU MPsIMOM M OOPaTHOM BKJIFOUEHHSIX
p-n-nepexoaa?

5.KakoB MexaHU3M JTaBUHHOTO TIp000si?

6.Kakoe nmprMeHeHrne HaXOAUT ABJIEHUE JIABUHHOTO Tp0o00si?

Jluteparypa
1. CaBenmseB 1.B. Kypc obmeit ¢pusuku. - 2-¢ u3a. - M.: Hayka, 1982, T.3. c1p.
203-206, 223-226.
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JIABOPATOPHAS PABOTA Ne 44
MN3YUYEHUE TOJYITPOBOJHUKOBOI'O TPHOJA
Lenps paboTel: O3HaKOMIIEHHE C YCTPOMCTBOM U pabOTOM MOIYIPOBOJHUKOBOIO
TPUOJIa, CHATHE BXOJHOW U BBIXOJIHOM XapaKTEPUCTHUK, OIpeiesieHne KodPduimeHTa

YCUIICHUA.

Onucanmne YCTaAaHOBKH

DneKTprudecKas cxeMa yCTAaHOBKH JJISI CHSTHSI BOJIbTAMITEP-
HBIX XapaKTEPHUCTHK TPHOJa MpuBeacHa Ha puc.l. Hamps-
*eHue Ha BxoJie Tpan3uctop (Us) uzmepsiercss BOIbTMETPOM
V1, nanpspkenue Ha Bbixojie (Uk) — BoapT™MeTpoM V2, TOK
AMUTTEPA U KOJJIEKTOpa — MUJUIMaMiiepmerpamMu MAT u
MA2 COOTBETCTBEHHO.

Puc.1. Cxema ycra-
HOBKH

IopsinoKk BbINOJIHEHUS PadOThI

1. Paz0eputech B HA3HAYCHUU U PACTIOJIOKEHUU PJIEMEHTOB cXeMbl. Onpenenure
LEHY JIeJIEHUs IIKaJIbl MPUOOPOB.

2. CHUMUTE BXOJHYIO XapaKTePUCTHKY MOIyIpoBoHUKOBOTO Tproaa 13=f(Uk)
npu Uk=0, uzmenss Hanpsbkenre Uz oT HyJist 40 MakKCUMalbHO BO3MOKHOTO 4yepes 0,4
B.

Jlanuple 3aHecTy B Ta0M. 1.

L
7,B

3. CHUMHTE BBIXOHBIC XapaKTEPUCTUKH MOJYITPOBOAHUKOBOrO Tproaa Ik=f(Uk)
npu Us=0,1,2,3B, u3aMeHsisi Hanps>KeHUe oT HyJIsl O MAaKCUMaJIbHO BO3MOKHOTO 4epes
1B. Jlannbie 3aHecuTe B Ta01.2.

L >, L

B |A k,B
(U

KMax)

K,A

134



Us
4. OnpenenuTh BXOJAHOE COIIPOTUBIICHUE TpHoaa R = I_ , ICTI0JIb3YSl JTaHHBIC
3

Tabm.1.
5. IMoctpotite rpaduku 3apucumoctH 13=Ff(Us) mpu Uxk=0 u q1s Bcex 3nauenuii Us
(ceMelCTBO KPUBBIX).

Ix
6. Onpenenute K03()PHUIMEHTHI YCUTICHHS TIO TOKY O = & npu UK, paBHOM Mak-
9

CUMAJIbBHOMY 3HAYCHHUIO U PA3JIMYHBIX Uo.

Teoperuueckoe onucaHue.

[TomymipOBOAHUKOBBIN TPHUOJ (TPAH3UCTOP) - MPUOOP € TPEeMs IEKTPOJIAMH, 1103~
BOJIIOIINN YCUITUBATh M HEIMHEHHO MPE00Pa30BhIBATh AIIEKTPUUECKHE CUTHANEIL. TpaH-
3UCTOP MPEACTABISET COOOM KPHUCTAILI, COAEPIKAIINK ABE 00JACTH OJJHOTO THIIA POBO-
JTUMOCTH, pa3lieJeHHbIE 00JacThIO JIPYroro TUIA MPOBOAMMOCTH, - CTPYKTYpPHI p-N-p
Wi n-p-n (puc.2).

Kaxnaa obnacts cHaOXeHa METaNIMYECKHUM KOHTAaKTOM, K KOTOpPOMY IPHBapeH
BHEITHHIA mpoBoI. [IprHIIUIIOM AEHCTBUS MOTYTTPOBOAHUKOBBIX TPHUOIOB SBIISETCS B3a-
UMOJICHCTBUE TOKOB JBYX OJIM3KO pacHoJIOKEHHBIX p-N- nepexonos. OnHa u3 a1ByX 00-
JacTed TPaH3UCTOpa C OAHUM TUIIOM IPOBOJWMOCTH HA3bIBAETCS SMUTTEPOM, JIpyras -
KOJJIEKTOPOM, CPEAHSISI 00JIaCTh C MPOTUBOIOJIOKHBIM TUIIOM MPOBOJIUMOCTH - OA30M.
Paccmotpum cTpykTypy TpaH3ucTopa n-p-n - TUma.

[Ipu OTCYTCTBUM BHEUIHETO 3JIEKTPUUYECKOTO IMOJSI B AMUTTEPHOM U KOJUIEKTOP-
HOM h-p -Tepexojiax TpaH3HCTOpa OyAyT MpOTEeKaTh MPOLECChl MEpeHOca 3apsiaoB

BCJIE/ICTBUE Pa3jIMYHON HMX KOHILIEHTpalMU IO 00€

B o s 1o
{ 22 w CTOPOHBI KaKA0r0 N-p -nepexoaa.

) 2 Konnentpaiust ABIpOK B p-00JacTH BBIIIE, YEM

P 6 B Nn-o0iactax. OTO BbI3bIBaeT UX AUPQYy3u0 B n-

obnacte. Ilo TOi ’xe mpuuyumHe Oyner MNpoTeKaTh U

> K 5 x muddy3us >eKTPOHOB U3 N-001acTeil TpaH3ucTopa B

~ 6 - p-obsnacte. BenencrBue nuddysuum 3apsaoB B obiia-

Puc.2. Cxemarmyeckoe usobpakenne CTH n-p -Iepexoaos 06p213yeTC$I JIBOMHOM SJIEKTpUIC-
KOHCTPYKIWH TpaH3ncTopoB Thna p-N-p CKUM cJIou (puc.3,a). DIEKTPUIECKOE MOJIE ITOTO CIIOS
S{)afe;;f;a;;lz'nxf);ngggif;’;ofol; IPUBOIMT K IOSBJICHUIO APEH(POBOro TOKa HEOCHOB-
cxemax (B,r). HBIX HOCHTEJCH: NBIPOK M3 N-00JIACTH B P-00JacTh H
3JICKTPOHOB U3 p-objacT B n-objacth. HampaBiienne
npeiida HEOCHOBHBIX HOCUTEJIEH 3apsiga MPOTHUBOIO-
J0KHO JHU(PY3MOHHOMY TMOTOKY OCHOBHBIX HOCHUTE-
nen. Ilpyu noctrkeHnu TEPMOIMHAMUYECKOIO PaBHO-

BeCHsl OOIIMI TOK yepe3 n-P -Mepexo/ibl paBeH HYJIIO.

E////////({////// E//////// VA
B0HA NP0 u;w/ocmw

UMOCTNU

6afl€HmHa}l 30Ha/ saneHmHan 30Ha ;

(g /p/X/A( //%/ﬁk/p/%//%// Hannume KOHTaKTHOM pa3HOCTHU NMOTEHLUAIOB B
’ : R ‘ g;; ‘j‘ ‘ igj JJIEKTPOHHO-ABIPOYHBIX IEPEXONaX NPUBOAUT K BO3-

a

HUKHOBEHHIO TOTEHIIMAJILHOTO Oapbepa sl 3JIEKTPO-
6

Puc.3. Pacnipenenenue 3apsa0B 1 SHEP- HOB M JIbIPOK Ha IrpaHuIax n-p -00s1actu (pI’IC-3aa)-

TEeTHYECKHE UATPAMMBI ITOJIYIIPOBO/I-
HUKOBOTO TPHOAA (sl SJIEKTPOHOB): a)

MPY OTCYTCTBUH BHEIIIHETO MOJIs; 0) -

MPY BKJIFOUCHUH TPAH3UCTOPA B IICTIb C 135
oO1eit 6a30i.



Ecnu Ha BXOn TpaH3ucTopa (SMHUTTEp) MOJATh BHEIIHEE HAMPSHKEHUE B MPSIMOM
HarpaByieHuH (puc.3,0), a Ha BBIXOJ (KOJIJIEKTOP) - B 0OpaTHOM HalpaBJeHUHU, TO yCTa-
HOBUBIILIEECS Ha N-P -mepexojiax paBHoBecue Hapymiaetcs. [loTeHManbHbIN Oapbep B
nepexoje IMUTTEP--0a3a JJIsl AJIEKTPOHOB MOHMKAETCA (110 CPABHEHUIO C PABHOBECHBIM
COCTOSIHUEM), €0 TOJIIMHA U CONMPOTUBIICHUE (I7) YMEHBIIAIOTCS, U TIEPEXO0]T IEKTPO-
HOB U3 AMUTTEpa B 0a3y obieryaercs. [loreHnnanbHbil 6apbep B KOJIEKTOPHOM P-N -
nepexoje, Ha00opOT, BO3PACTAET, MOATOMY JIEKTPOHBI U3 KOJUIEKTOPHOM n -00J1acTU He
CMOTYT TepexoauTh B 0a3zy. TommuHa U conpoTuBiieHre (I'K) n-p-Tiepexoaa TakKe BO3-
pacTaroT U rK>>193.

Takum 00pa3om, mpu mojayue Ha IMUTTEPHBIN N-P -TIEPEXO MPSIMOTO BHEITHETO
HANpPsDKEHUS MMOTOK DJIEKTPOHOB U3 SMHUTTEpa B 0a3y pe3Ko BO3pacTaeT, a dJeKTpUye-
CKO€ T0JI€ B KOJUIEKTOPHOM P-N -TIepexo/ie COCOOCTBYET UX AabHEUIIIEMY JBUKCHHUIO,
T.e. epexony u3 6a3pl B KoywiekTop. Ilpu 3ToM HeOobIIas 4acTh 3JIEKTPOHOB, MPO-
HISIIINX Yepe3 IMUTTEPHBIN N-P-mepexol, pPEKOMOMHUPYIOT C Ablpkamu 6a3bl. [Iporec-
COM PEKOMOMHAIIMH AJIEKTPOHOB MOYHO YTPABIIATH, U3MEHSS TOJIIUHY 0a3bl TpaH3U-
ctopa. IIpu ToHKOI 0a3e OCHOBHAS YaCTh AJIEKTPOHOB, HHKEKTUPYEMBIX IMUTTEPOM B
0a3y, MOCTUTAEeT KOJUIEKTOPA, BCIEACTBUE YEro DJIEKTPUUYECKUM TOK KOJUIEKTOpa Majio

OTJIMYAETCS OT TOKA SMHUTTEPA, a KOIDPUIIMEHT YCUIEHUS MO TOKY O = :—K OyJeT 4yTh
9

MeHblIe equHUIBl. OJTHAKO NMPU TOM BO3MOKHO 3HAYUTEIILHOE YCUIICHNE HANPSYKEHUS,

IOCKOJIBKY IK>>12.

VYcunenue no HanpsHKEHUIO U COOTBETCTBEHHO MO MOIIHOCTH OIPEIENSIETCS He
TOJIBKO CBOMCTBAaMH CaMOT'0 TPaH3UCTOPA, HO U CXEMOM ero BKItoueHus. CyniecTByOT
TPU OCHOBHBIX CXEMBbI BKJIFOUEHUS TPAH3UCTOPA IIPU UCIIOJIB30BAHUH €0 KaK YCHUIIUTE-
Js1: a) ¢ o01Iel 0a3oi; 6)00IMM IMUTTEPOM; B)OOIIMM KOJUIEKTOPOM. Pexkm paboThl
MOJIyTIPOBOJIHUKOBOT'O TPHOJIAa B YCUIIUTEIILHOM CXeMe MOXKET ObITh OIPE/IENICH IO CTa-
TUYECKUM BOJIbTAMIIEPHBIM XapaKTEPUCTUKaM. BXOIHOM BOJIbTAMIIEPHOUN XapaKTepu-
CTHKOM TpaH3UCTOpa Ha3biBaeTcs 3aBUCHUMOCTD 13=F(U3) mpu Uk=const

BrIxoaHOM BONBTaMIIEPHON XapaKTEPUCTUKON HA3bIBAETCS 3aBUCUMOCTh BHJIA
Ik=f(UK) mpu Uk=const.

I L B ciyyae BkitoueHUs TpaH3UCTOPA B LIETIH C OOMIEH
o » / 0a30i1 npu mojaue Ha BXOJ1 (AMUTTEP) HANIPSHKEHUS B TIPS-
MOM, a Ha BBIXOJI (KOJUIEKTOP) B OOpaTHOM HaIlpaBJIeHUU
(HOpMaJbHOE BKJIIOYEHHUE TPAH3UCTOPA) AJIsl aHATIUTHYE-
CKOT'O OMMCaHUs BOJIbTAMIIEPHBIX XapaKTEPUCTHUK MOTY-

P s % TIPOBOJHUKOBOI'O TPUOJA MOJIb3YKOTCS BEIPAKECHU-

Puc.4. CemelcTBO CTaTUYECKUX M IK = _(ala + IKO) , THE Iko - O6paTHBH71 TOK KOJUICKTOpa

BOJBTAMIICPHBIX XapaKTCPUCTHK iy paBHOM HYJIKO TOKE SMUTTEpa (Lienb SMUTTEp-0a3a
TpaH3UCTOpa B cXeMe ¢ o01eit

Gasoii; Pa30MKHYTA).
a)-BBIXOJHbIC; 0)-BXOIHBIC
3HaK MUHYC B ypaBHEHUH (2) 03HAYAET, YTO TOK KOJUIEKTOpa OOpaTHBIN U
HaIpaBJIeH OT 0a3bl (P-00JacTh) K KOJUIEKTOPY (n-o0actk). [Ipu 3HaUeHUAX HATpsiKe-
HUS SMUTTEPA, PABHOM HYJIIO U OOJIbIIE HYJIS, MOXKHO MOJTYYUTh CEMEUCTBO BBIXOTHBIX
XapakTEpUCTHK (puc.4,a).
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BennunHa TOKa B OCHOBHOW YaCTH BBIXOJHOW BOJIbTAMIIEPHOM XapaKTEPUCTUKU
TPUOJIa MPAKTHYECKHU HE 3aBUCUT OT HAIPsDKEHUS Ha KoJuiekrope. [Ipn yBenndyeHuu To-
Ka OMUTTEpA TOK KOoJuleKTopa Bo3pacraeT Haol,. Ha rpanumnax ocHOBHOM 4acTu Xapax-

TEPUCTUKHU (BOJIM3M HYJISI U IIPH TOK KOJJIEKTOPA U3MEHSETCS 3KCIOHEHIMAIbHO. B oc-
HOBHOM 4acTH BXOJHOM XapaKTEPUCTUKHU TOK 3MHUTTEPA 3aBUCUT OT IKCIIOHEHLIUAIIBHO.
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KoHTpoJibHBbIE BONPOCHI:

1.KakoBa 30HHas CTpyKTypa MOJIyIPOBOJHUKOBOIO TPHOIa n-P-N-Tuma?

2.IloueMy BO3HUKAET NMOTEHIIMAIBHBIN Oapbep B n-pP-N-niepexoe?

3.K xakum U3MEHEHUSM B 30HHOM CTPYKTYp€ MPUBOAUT BKIIOUEHUE TPAH3UCTOPA B
1enb paboveil cxembi?

4.YT10 Takoe BBIXOAHASI U BXOJHAS XapaKTEPUCTUKU TPAH3UCTOpA?

5.ITouemy k03 (pPUITMEHT YCUIICHUS 110 TOKY MEHBIIIE STUHUIIBI?

Jlureparypa

1.CaBenneB U.B. Kypc obmieti pusuxu. T.3. M:Hayka, 1982.- ¢.226-228,;
2.Emudanos I'.U. ®usuka tBepaoro tema.-M.: Beicimas mikona, 1977, ¢.253-255.

138



JIABOPATOPHASA PABOTA Ne 46

UCCJEJOBAHUE SIBJEHUSI TUCTEPE3UCA C MTOMOIIBIO
OCLIUJLJIOTPA®A

Lenn Da6OTBII IMOJIYYHUTD IICTIIIO THCTCPC3UCA IJIA Q)CppOMal"HeTI/IKa " OoInpcac-
JINTBH CTO IIapaMCTPHLI.

IopsiioK BbINOJIHEHHUS PadOThHI

Ho.ﬂyqenne HA JKpaHe ocuuIorpadga neryiu rucrepe3uca
— 2 : 1. BkmrounTe yCTaHOBKY B CETh C HAIPS)KEHUEM
"220 B". IToctaBsTe TYyMOJIED S, pacmoIOKEHHBIN HA T1a-
| = ‘ L, = < Hem,Bmnonoxenue "Beiki.". Perymupys pydaxamu "Sp-
(R 3] C o KOSTB", "®dokyc", "Cmemenue x" u "Cwmenienue y", n10-

2 oeiiTech N300paKEHUsI TOUKH B IIEHTPE dKpaHa OCITUILIIO-
e rpada.
Vg 2. IloctaBbTe pyuKy S; NepekiIroyaTess Ha MaHeld B

Puc.1. Cxema ycranosxn nonoxenue "llerns", tym6nep S - B nosjoxxenue "Bxi."
[Ipu 3TOM MOAKITIOYAETCS K MICTOYHUKY MTUTAHUS CXEMA, TOKa3aHHas Ha puc. 1.

3. U3mensisa HanpsxkeHue pydkoi R, moiyunte Ha skpane ociuiorpada n3o0-
paXkeHue MEeTJIU TUCTepe3rca pa3MepoM B 2/3 skpaHa.

4. CkonupyiTe ¢ 3kpaHa ociusuiorpada rnetio rucTepe3nca Ha MUJLTUMETPOBYIO
Oymary.

5. Onpenenure TUIOMIAIL TETIIM THCTEpe3uca S' Kak CyMMY KIETOK €TUHUIHON
IUTOLIAIN U KOOPIAUHATHI Ny U Ny TOYEK, B KOTOPBIX METIS IEPECEKAET KOOPAUHATHBIE
OCU X U Y.

[Tocne momyyeHus MeT/IM TUCTEpE3rca Ha YKpaHe ociiiorpada ocumorpada
pyuku "Ycunenue X" u "Ycunenue y" npu JaabHEHIIEM BBIMOTHEHUN paOOTHI A0JIKHBI
O0CTATHCSH B HEU3MEHHOM MOJIOKEHHUH.

KanubpoBka ocunsuiorpada.

— — " 6. Pyuxky R Ha maHenu noBepHUTE B KpalHEe JIEBOE
4 Sl monoxenue. [lepekmoyarens S; MOCTaBbTE B MOJOXKEHHE X,
| Ll &) ' [IpU 3TOM K WUCTOYHHKY TMUTAHHS MOAKIIOYAETCS CXeMa, IMo-

Ka3aHHas Ha puc.2.
7. 3mensis HamnpsbkeHue pydyko R ot 0 mo Makcu-
. MaJbHOTO 3HAYEHHs Ha BOJHTMETPE, CHUMUTE 3aBUCHMOCTH
JUTUHBI TOPU30HTABHOW JIMHUK HA 3KpaHe ociuuiorpada ot
HanpspbKeHus, mogaBaemoro Ha x, Iy =f(U'y).
8. [ToctaBbTe mepekirouaTeNh S; Ha MaHe Hu B mojioxkeHue y. CHUMHUTE 3aBHCH-
MOCTh JUIMHBI BEPTHUKAJILHOW JIMHHM Ha SKpaHe ociuuiorpada oT HampshKeHHs
U'y,ly=Ff(U',). PesynbraTel n3mepenuii 3anummure B Ta0I. 1.

Puc.2. Cxema kannOpoBKu
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Tabmuma 1

Ule IX’ M Uly; Ly, M
B B
S'= Ny=
R2: R1:
= Dcp—
N,= =

9. IToctpoiite rpaduku 3aBucumocreit Iy =f(U'y) u I, =f(U'y).

10. 13 rpadukoB HailiuTe 4yBCTBUTENBHOCTH BX0OA0B ocuuiuiorpada ky u ky mo
dbopmynam (4) u (5). Llena nenenust BOJIbTMETpPA MPU NOAKIIOUEHUH HanpsbkeHuid Uy u
Uy yka3aHa Ha MaHesu.

OmnpeneneHre oCTaTOYHOM UHIYKIIUU, (DEPPOMATHUTHOTO CEPJICUHUKA 10 HOpMY-

RC |
y NZS- y>»
CEKaeT OCh y; S'- IIoaab TOPOH 1A, OXBAThIBAEMAasi OJJTHUM BUTKOM.
12. Onpenenure KOAPUUTUBHYIO CHITY (DeppOMAarHUTHOTO Cep/IeYHUKA 110 HOopMy-

JC Bocm =k rac ny - KOOpAnHaTa TO4YKH, B KOTOpOﬁ IICTJI TUCTCPC3UCA IICPC-

N .
ne Hy =k 1 Ny , [JI€ Ny - KOOPAXHATA TOYKU, B KOTOPOU METIIS TUCTepe3uca nepe-
CEKAaeT OCh X.
13.0Onpenenure SHEPTUIO MEpeMarHHIMBaHUS, PUXOIAITYIOCS Ha €IMHUITY 00Be-
Ma (peppoMarHeTrka 3a OJuH UK nepeMaranauBanmsa. OHa MporopIHOHAIbHA
IUIOINAAM NeTyM ructepesuca: o = BjH.S", rne By u Hi - 3HaueHns nunnykuuu n

HaNpsHKEHHOCTH TIPU Ny U Ny, paBHBIX 1; S"'- miomaaes netiau rucrepesuca,
RoCN;S™
y ' '

14. Onpenenure MOTEPU IHEPTUM HA IEPEMATHUYMBAHKE 33 OAHY CEKYHAY I10

T.e. ® =Ky K

do
(bopMyneE =V, rae V=508 'y - yacToTa MepeMeHHOro TOKa, 10IaBaéMOro Ha

HaMarHM4MBaIoIIy0 OOMOTKY.
15. IlonydyeHHsble pe3ybTaThl 3aHECTH B Ta0J.2.

Tabnumna 2
Ny, Ny, S", kx, ky, Bocm, Hk, @, do/dt ,
M M m> |\Bm |Bm |Tn |Am | I | I
| e

Teoperuueckoe onucanue
[Ipu omnpenesneHHbIX YCIOBUSIX B KpUCTAJIaX MOTYT BO3HUKATh TaK HA3bIBAEMbIE
oOMeHHble CUbl, KOTOPHIC 3aCTaBIISIOT MAarHUTHBIE MOMEHTHI aTOMOB YCTaHABIIMBATHCS
napajiebHO JIpyr apyry. B pesynbrare Bo3HuKarOT obnactu (pazmepom 1-10 mxm)
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CHOHMAHHO20, M. e. CAMONPOU360JIbHO20 HAMATHUYMBAHUS. DTH OOJACTH HA3bIBAIOTCS
Ooomenamu. B mpenenax kaxaoro goMeHa (peppoMarHeTHK HaMarHW4eH J0 HACHIIICHUS
¥ UMEET OIpe/eTICHHBI MarHUTHBI MOMEHT. HampaBiieHust STUX MOMEHTOB ISl pas3-
HBIX JJOMEHOB Pa3JU4YHbI, TIO3TOMY MPH OTCYTCTBHH BHEITHETO TOJISI CyMMAapHBI MO-
MEHT 00pasia paBeH HYJI0 U o0pa3ell BIEIOM IPECTaBISIeTCS MAaKPOCKOTTMYECKH He-
HaMarHUYEHHBIM.

Ecimu momectuth (peppoMarHeTHK BO BHEIIHEE MArHWTHOE TIOJE, TO JOMEHBI
HAYMHAIOT OPUEHTUPOBATHCS TI0 TIOJTI0, TaK KaK HAUMEHBIITYIO SHEPTHIO0 HUMEET JOMEH C
MarHUTHBIM MOMEHTOM, HaIPaBJICHHBIM 110 BHEITHEMY MO0, JIeliCTBUTENEHO, YHEPTHUS
nomena U ~ ( Py, - H

snew ) MAHAMAIIBHA, KOTZIa BEKTOPBl Py U Heye, TAPATIIEIBHBL, T1€

P, - BEKTOp MarHUTHOI'O MOMEHTA.
[Ipu 3TOM (heppoMarHeTuK HAMarHUYMUBAETCA U CO-

37Jae€T MarHuTHOE II0JIE C HHJ:[yKuHeﬁE . 3aBUCHUMOCTE B OT
HaNPSHYKEHHOCTH BHEIIHETO MarHUTHOTO TOJS Hyyen, HE OY-
/1 / 7 et JuHelHoH (puc.3).
’ C poctoMm BHeuHero nosst B obnactu | rpanuis no-
MEHOB HauMHAIOT cMewaThesi. OpUEHTHPOBAHHBIE IO MO0
L JIOMEHBI pacTyT 3a CYET YMEHbBILIEHUS JIOMEHOB, OPUEHTH-
Puc.3. MaruuTHbii rucrepesuc ~ POBAHHBIX TPOTHB BHEIIHETO mMouis. Ho mpu BBIKIIIOUEHUHU
BHEIITHETO TOJISl TPAHMIIBI JOMEHOB OISATH BO3BPAIIAIOTCS B
ucxogHoe nonoxenue. B obnactu Il rpaHuibl TOMEHOB MPOIOIKAIOT CMENIAThCS, HO
Tenepb CMEIIEHUE CTAHOBUTCA HEoOpaTuMbIM. Ecin yOpaTh BHEIIHEE 1oJie, TO IOMEHBI
OCTaHyTCS YaCTUYHO OPUEHTUPOBAHHBIMH. OOBSICHSIETCS ATO HamuuueM Je(eKTOB
(LeHTpOB MepeMarHnyuBaHus) B geppomartervkax. Jlepekramu MOryT ObITh, HaIlpHU-
Mep, HapyLIEHHUs CTPYKTYpbl KPHUCTAUIMYECKOM PEIIeTKU: HE3alOoJIHEHHbIE aToOMaMH
y3Jbl (BaKaHCHHU), OOPBIBAIOIIMECS ATOMHBIE CJIOU (IUCIIO-
rEEE Lo 1, anwmwu) (puc.d) u T.IL
v L L LT Bokpyr medekToB 00pa3ylOTCs yCTONYUBBIE
I \J |_TOpUYHBIE IOMEHBI KMHKAIOBUIHON (opmbl, obna-
1 S <~ aromme MuHMManbHOU 3Heprueit (puc.5) Korna rpa-
i S jna mpoxonaT yepes Takhe BTOPHUUHBIE JOMEHBI, TO

a 6 X HaJ0 pa3pyliuTh, T.€. COOOUIUTH (PEPPOMATHETUKY
Puc.4. Jlepextsr kpu- HEOOXOIMMOE KOJMYECTBO JHEpruu. BropuuHbie
CTAJITNYECKOH PeeT-  fumn- KWH>KaJIOBUJHBIE JIOMEHBI MPEIMSITCTBYIOT CMELIEHUIO
KHU: JIOMEHHBIX TpaHUIl NMpU NepemMarnuuuBaHuu. Hanps-

YKEHHOCTh H BHEIIIHETO MarHUTHOTO MOJis (00paTHOTrO MO HAMPABJICHUIO), KOTOPOE HAJO
MPUJIOKUTH, YTOOBI Pa3pyIIUTh BTOPUUYHBIC IOMEHBI U BEPHYTh (heppOMarHeTuK B HC-
XOJIHO€ HECHAMarHM4Y€HHOE COCTOSIHUE, HAa3bIBAETCS KOIPUUTUBHOM cuioi Hy.

B o6aactu III sHepreTHyecku HEBHITOIHBIC JOMEHBI HAUMHAIOT IIEPEOPUCHTHPO-
BaThCSl, T.€. UX MAarHUTHBIE MOMEHTHI MOBOPAYMUBAIOTCS BOJIb BHEIIHEro mnosisi. Ecmu
TeTephb BHEIIHEE 1MoJjie yOpaTh, TO GeppOMarHeTHK MOTHOCTHIO HE PA3MArHUTUTCS U CO-
XpPaHUTCA OCTaTOYHAass MHAYKLIUS Boem (32 cUET ocTaBIIMXCS OpUEHTUPOBAHHBIX JOMeE-
HOB). JTO SIBJIEHHE HA3BIBAETCS THCTEPE3NCOM, a KpUBas Ha puc.3 - MeTyiel rucrepe-
3uca.
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Onucanue yCTAHOBKH U OCHMJIJIOTPa(HMYECKOro MeTo1a U3MepeHHs MeT/IM TucTe-
pe3uca
[leTmro ructepesrica MoXKHO HaOIOAaTh Ha SKpaHe ociuniorpada. [puHumnu-
aJIbHasl CXeMa YCTAaHOBKH JUIsl HAOIIOACHU [IETJIM TUCcTepe3nca oka3zaHa Ha puc.l. Uc-
CJIElyeMbIM 00pa31oM sIBIsIeTCS PEPPOMATHUTHBIN CEpJCUHUK Topouaa. Topoun numeer
JB€ OOMOTKHM — HAMarHM4YMBAIOUIYI0 U U3MepuTeNbHyto. [lepBuyHas oOMoTKa Topouaa
yepes noreHuuoMmeTp R u pesucrop Ry nuraercs nepemennsiM TokoM. Hanpsikenue Uy,
CHHUMaeMoe ¢ pesucropa Ri, momgaeTcs Ha TOpU30HTAIBHO OTKJIOHSIOIINE IUTACTUHBI OC-
mutorpada. Tok, MpoTeKaroUHii Mo MepBUYHON 0OMOTKE TOPOUIa, CO3JaCT MarHUT-
HOE T10JIE HAPSIKEHHOCTHIO
H=1 Ny
D¢y
rae I; - cuna Toka B HepBI/I‘{HOI/I o0moTke; N1- YUCII0 BUTKOB MEPBUYHON OOMOTKH;
T Dep- UIMHA cpeiHen JIMHUN TOPOUIA.
Hanpsixenue Ha pesuctope Ri o 3akony Oma Ux=11R1 u, cnenosarensHo, npo-
MOPIIMOHAIBHO HAIPSKEHHOCTH MarHUTHOTO TIOJISI B TOPOUJIE:

TCD Rl
Uy=H—21 (2)

Ny

1)

o o do
Bo BTopuuHoO#l (M3mepuTenbHON) 00MOoTKe Bo3HUKaeT D/IC mHAyKIMU & = -— ,
dt

rac @- TI0TOK BCKTOpa MarHuTHOM HHAYKOWH Y€PC3 MMOBCPXHOCTb, OXBATBIBACMYIO BCC-
MH BUTKaMH BTOpH‘IHOﬁ oomMotku. Ecau S - mIomaab, OXBaTblIBacMasd OJHHUM BUTKOM, a

o dB
Ny - yMCII0 BUTKOB U3MEPUTEIBLHON OOMOTKH, TO & = BSNy Uej = —NpS—
dt

[IpeneOperasi caMOUHIyKIIMEH BTOPUYHOM OOMOTKH, 3ak0H OMa Jj1s1 BTOPUYHOMN
LIeIH MOXKHO 3aIIHCaTh B BUIC & = 15Ry +U¢ + 1Ry,

rae |, - cuna Toxa Bo BropuuHoil nenu; U, - HanpsbkeHUe Ha 00KJIaKax KOHAEHCaTo-pa
C; Ry, - CONpOTHB/ICHHE U3MEPUTEIBHOH OOMOTKH.

IlapameTpsl ycTaHOBKH IOA00paHbI TakuM 00pasom, 4Todsr IRz » Uc n Ry, «R.

NpS dB
Torna MokHO IPUOAMKEHHO CUUTATH, YTO € = |oRy, oTkyna 1, = -~ —
Ry dt
Hanpsbxenue Ha 06Knaz[1<ax KOHJIEHCATOPa, 0YEBHUIHO,
[lpdt NS NS _ NpsB
c c R,C dt R,C R,C

3)

Harmpspxkenue, cHUMaeMoe ¢ KOHJIEHCATopa, MOIaeTCsl Ha BEPTUKAIBHBIC TIACTH-
Hbl ociutorpada. ITostomy Uy =Ue, T.e. Uy npsiMO nponopuyuoHaibHO UHAYKIIUN Mar-
HUTHOTO 1MoJis 00pa3ia B.

WTak, Ha TOPU3OHTAIBHO OTKIIOHSIONINE TUTACTHHBI TI0JIaCTCS HAIPSKEHUE, MPO-
nopiroHagbHOoe H a Ha BEpTUKAIBHO OTKJIOHSIONIUE - HAMPSHKEHUE, MPOTIOPIIUOHAIb-
Hoe B. [loaTOMy 3a OMH TIepHOJl CHHYCOMTAIBHOTO U3MEHEHUS TOKA CIIe]] JICKTPOH-
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HOTO JIyda Ha 3KpaHE OMHWINET MOJHYI0 METII0 TUCTEPE3Uca, a 3a KaKIbIN MOCIeIyIo-
WA TIEpUOJ B TOYHOCTH TIOBTOPHT €€, B pe3yJbTaTe Yero Ha dKpaHe OyJeT BUIHA He-
TIOJIBIDKHAS TICTJISI THCTEPE3HCa.

Jlns onpenenenust H u B ucnonb3yrorest popmyisl (2) u (3):

H - U, N; . B:UyRZC

Ny R,C
Tak KaK OTHOLIEHHs u IIOCTOSHHEI, TO H TPONOPLUOHAILHO HAIIPS-
WDepR NS

xenuto Uy, mogaBaeMoMy Ha BXOJ X ocuuiuiorpada, a B mponopuroHaaIbHO HarpshKe-
Huto Uy, mosiaBaeMoMy Ha BXO/[l y ocLuiorpada.

CnenoBarenbHo, U1 onpenenenus H u B Hy)XHO 3HaTh 4yBCTBUTENBHOCTH BXO-
noB ocumiuiorpaga ky m ky, KOTOpble YHNCIEHHO paBHbBI HANPSYKEHUSAM, BBI3BIBAIOIUM
OTKJIOHEHHE CBETOBOTO MATHA HAa €IUHUILY JJIUHBI.
Ecnu Ha Bxoas! ocipumorpada x u y moodepeiHo moAaTh nepeMeHHbie HanpspkeHus U'y
u U'y, Ha 5KpaHe OyayT HaOMIOAAThCS CBETAIIMECS JUHUH. JITHHBI Topr30HTaIbHOM (lx)
U BepTUKaIbHOHU (ly) JIMHUI MPONOPLMOHAIBHBI YABOSHHON aMIUIMTYJIE MEPEMEHHOIO
HaNPSDKEHUSI.

YyBCTBUTENBHOCTH BXOOB ONPEEIISIFOTCS COOTHOIICHUSMU

_ 2\2a0, @)
Aly
2\2aU 'y

Aly

rae2u | Ju 'y - AMIUIATY/IHbIE 3HAYEHHS HANPSUKEHUH EpeMEHHOTO Toka; | m |y -

X

()

51 ky

pa3mepsl uHuit; U'y u U'y - 3 dexTrBHbIC 3HaU€HNS KATMOPOBOYHBIX TIEPEMEHHBIX
HaIpsHKEHUH, M0JJaBaeMbIX Ha BXOJIbI X U Y ocIruniorpada.

KoHTpoJIbHBIE BONIPOCHI
1.B gem 3akmrodaeTcs sIBICHUE MAarHUTHOTO ructepe3uca’
2.KakoB MeXaHM3M HaMarHM4MBaHUs (eppOMarHeTUKOB?
3.KakoB mexaHu3M rucrepesuca’
4.Kakum npoueccaM B (heppomaruerruke cooTBercTBYIoT yuactku I, I, III Ha puc.
5.YTo Takoe KO3pLUETUBHAS CUJIa U OCTATOYHAs HAMAarHUY€HHOCTH?
6.ITouemy HanpsKeHuUs MoJaBaeMble Ha BXObI X U Y ociuiorpada, mpornopimo-
HaJbHBl H 1 B?

Jlureparypa
1.CaBenseB U.B. Kypc obmieii puszuku. 1.2. M:Hayxka, 1982. ¢.176-180, 197-198
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JIABOPATOPHAA PABOTA Ne 47
OITPEJEJIEHUE TOYKHU KIOPHU

Lenp paGotel: Onpenenuts Touky Kropu deppomarnervka

Onucanne yCTaHOBKH

- — Meron onpenencnus Touku Kropu OCHOBaH Ha U3Mepe-
1o A HUH SJICKTPOJBIKYINEH CHJIbI MHIYKIUU B KAaTyIIKE, KOTO-
} g (S pas OXBaThIBAE€T MCCIEAYEMbIM 00pa3zel, HaXOIAIIUCST B
2T 1 LA, HEPEMEHHOM MAarHUTHOM I10JI€ IIOCTOSIHHOM aMILIMTYIBL.
L__.\,.‘ * M3mepeHus MpOM3BOJSATCS Ha YCTAHOBKE, CXeMa KO-

= ‘ TOpOM ToOKa3zaHa Ha puc.l. B Oe3bIHIYKIMOHHBIA HarpeBa-
—£Y- tenb E momernen ¢peppomarauTHeiii cepaeunuk (1). Ha Bbi-
Puc.1. Cxema ycTanosxu CTyHalolue W3 HarpeBaTelis KOHIbI 00pa3lia HaJeThl JBE
karywku: L1 u L2. IIpu nporekanuu no katymke L1 nepe-
MEHHOTO Toka B Karymike L2 Bo3nukaer DJIC uHAYyKIMH, U3MepsieMass MUJUIUBOJIbT-
merpom mV2. DJIC, Bo3HHKaOIIAs B TepMOIIape pU HAarpEeBaHUH, U3MEPSETCS MUILIIU-

BOJITMETpOM MV 1.
PaGounii koHell TepMoniapbl BMecTe ¢ 00pasiioM nomelieH B HarpeBateib. IJC uH-
JTyKIMH, BO3HUKAIOIIAS B Katymke L2, coriacHo 3akony Papanes
G=2 (1)

dt

Tax xak @~ B, a B ¢popmanbHO MOkHO npeacTtaButh B Buje B=p pnH, To gi~p.
ITockonpky B Touke Kropu p u3zmeHsercs ot Hepeppo >> 1510, IOCTOJIBKY Ha KpH-

Boii 3aBucuMoctH & (T) momken HaOmonaTecs peskuit cnan npu T=Tk.

B nannoit ycraHoBke HarpeBaHue (eppOMarHUTHOTO CepJeYHUKA MTPOUCXOINUT B
cpeaHeit ero yactu. KoHIbI ceplieuHrKa, Ha KOTOPBIX Haxoaatcs kaTymku L1 u L2, He
HarpeBaroTcs, mostomy Ha kpuBoii &j(T) mpu T=Tk BMecTo pe3koro crnaaa HaunHaETCs

yobiBanue DJ1C uHAYKIUH.

ITopsaaoK BeINOJTHEHUsI padoThI

1. [Tepen Havamom paboThl TOCTaBbTE TyMOJEP S B moyoxkeHue "Boixir.".

2. BxirounTe ycTaHOBKY B CETh ¢ HamnpsikeHueM "220 B".

3. 3anummuTe nMoka3zaHus MPUOOPOB B TAOIUILY.

4.Bxurounte HarpeBaTesnb Tymonepom S. CHumute 3aBucuMocTsh JJ1C unmyKuu
0 MIJIJTUBOJIBTMETPY MV2 OT TEMIEPATYPHI YEPE3 KAXKIO0€ JIEJICHUE MUIUIMBOJIBTMETPA
MV 1, nokassiBaroniero 3HadeHust repmo J/IC. /lannubie BHecuTe B Tabnuily. M3mepenus
MPOBOJUTE A0 TEX MOP, MOKA MOKa3aHUs MUJUTUBOJIbTMETpa mV2 He ynaayT Ha 70%.

€1, MB

t,°C

82Harp, MB
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€20x1, MB

5. BelkirounTe HarpeBaTesb TyMOJIEpOM S U 3alUIINTE OKa3aHus npudopos mV 1
1 mV2 npu oxJakIeHu:u oopasia B TaOIuILy.

6. Ucnonb3ys Tabnuiy 3aBucumoctu Tepmo IJIC ot TeMinepaTypsbl, HalauTe u 3a-
MUIIUTE 3HAYEHUS] TEMIIEPATYPhl, COOTBETCTBYIOIINE KakaoMy 3HaueHuto Tepmo DJIC.
Tabnuia npuBeeHa HAa YCTaHOBKE.

7. Iloctpoiite rpaduku 3apucumoct IJ{C MHAYKIIMU OT TeMIIepaTyphl PU Harpe-
BaHUU U OXJIAXJIECHUU 00pa3iia (Ha OJJHOM PUCYHKE).

8. o rpadukam onpeaenure Touky Kropu B Kak10M U3 ABYX CIy4aeB U HaluTe
€€ cpeJlHee 3HaYeHuE.

Teopernueckoe onucanue

@eppOMarHeTHKM - 3TO BEHIECTBA C OYEHb OOJBIIOW MAarHUTHOW MPOHUIIAEMO-
CThIO, BEJIMYMHA KOTOPOM 3aBUCHUT OT BHEIIHEro MarHutHoro noss. K ¢peppomarneru-
KaM OTHOCSITCSI HEKOTOphIe 31eMeHThl rpymisl xenesa (Fe, Co, Ni), psia peako3eMenb-
HbIX 351ieMeHTOB (Gd, Dy, Er), 3n1eMeHThl U MHOTOYHCIICHHBIE CIUIaBHI.

Oco0eHHOCTH MarHUTHBIX CBOMCTB 3THX BEIIECTB MOTYT ObITh OOBSICHEHBI KBaH-
TOBOMEXaHMYECKMMH CBOMCTBAMHU KpHUCTAJUIMUECKOM pemeTku. HamaranunBanue o0b-
SCHSAETCS HaJIU4YUeM (UM BO3HUKHOBEHHEM) B IMPOILIECCE HAMarHWMYMBaHUS y aTOMOB
MarHUTHBIX MOMEHTOB.

MarauutHble MOMEHTBHI OTAEJIBHBIX aTOMOB CKJIAJBIBAIOTCS U3 OPOUTAIBHBIX U
CIIMHOBBIX MarHMTHBIX MOMEHTOB 3JIEKTPOHOB M U3 MarHUTHBIX MOMEHTOB YacCTHL], CO-
CTaBJIAIOIIUX aTOMHOE sIIPO (HYKJIOHOB):

p/wae = Z pm(aﬂ) + Z pmS(Bﬂ)Z pm(ﬂd) ’

B xBaHTOBOI1 MEXaHHKE JOKa3aHO, 4YTO BCJIIMYHMHA MAarHUTHOI'O MOMCHTA YaCTUIIbI

en
10 TIOPSJIKY BEJIMYUHBI P, =—, TJE € - 3apsi/] YaCTULIBL; /i - MOCTOsiHHAS [[naHka
m

(7=h/27); M - Macca 4YaCTHIIBI.

[TockonbKy HYKIIOHBI UMEIOT Maccy npuomm3uTenbHo B 2000 pa3 Gosnbiiryto, yeM
ANEKTPOHBI, UX MAarHUTHbIE MOMEHTHI CYIIECTBEHHO MEHBIIE 3JIEKTPOHHBIX U HUMH
MOXXHO TpeHeopeub. OpOuTaNbHBIE MarHUTHBIE MOMEHTHI SJICKTPOHOB B MHOTOJJICK-
TPOHHBIX aTOMaxX B CPEAHEM OKa3bIBAIOTCSI HAMPABJICHHBIMU B PAa3HbIE€ CTOPOHBI U KOM-
MEHCHUPYIOT JIPYT JIpyTa.

B mMarHuTHBIE MOMEHTHI aTOMOB (peppOMArHETHKAa OCHOBHOW BKJIAJT JAIOT CITUHO-

BbIC MATHUTHBIE MOMEHTBI DJIEKTPOHOB: Pyyy = 2. Prns

E Prms = 2/“5 V S(S +1) .

3 By ——n=s, 152 I'ne u, =en/2m,- marneTon bopa (KBaHT MarHUTHOTO MO-

487 i
e G T L S MEHTA). DJIEKTPOHBI UMEIOT MPOTUBOMOJIOKHBIE (MOMAPHO)

T - n=3, 1=0 HalpaBJCHUsS CIIMHA, a IIOTOMY M IIPOTHUBOIIOJIOKHBIC
6 ¢ = J=
2p° e n=2, =1

NRRR - HaHpaBJ’IeHHfI CIIMHOBBIX MAIrdimMTHBIX MOMCHTOB. HO 9TUM
285 - T - n=2, 1=
2 {

e St Eh MPUYMHAM BEIIECTBa, B aTOMaX KOTOPBIX MOJA000JI0OUKH 3a-

3§ T

Puc.2. 3anomHeHNE dIEKTPOHAMHU
1oa000JI04YeK B aTOME JKeJlesa.
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MOJIHEHBI MTOJIHOCTHIO, HE MPOSBIAIOT (heppomMarHuTHeIX cBoiicTB (He, Be, Ar u 1.1m.).

OnHako y HEKOTOPHIX aTOMOB C HE3AMOJIHEHHBIMH 3JIEKTPOHHBIMU 10/1000J104-
KaMmu (Harmpumep, y Fe) MoKeT MosIBUThCS 3HAUUTENbHBIN CIMHOBBIN MoMeHT. Ha puc.2
MOKAa3aHOo 3aroJHEHUE AJIEKTPOHAMHU MMOA000JI0YEK aTOMOB kele3a (26 anexkTpoHoB). Ha
KaXJI0M 11000010UKe MOXKeT HaxoauThes 2(21+1) sanexktponos (1 - opOuTaapHOE KBaH-
TOBOE YHUCJIO).

CrpenkaMu moka3aHbl HanpaBiieHUs uX cnuHoB. [lomoGosouka 4s UMeeT MEHb-
HIYIO0 SHEPTHIO 3JIEKTPOHOB, YeM nojo0onouka 3d u 3amonHsercs BHayasie. B Hesamno-
HEHHOU noaobonouke 3d sHepreTHUECKre YPOBHU CHavalla 3amoHAI0TCS SJIEKTPOHAMHU
C OJTHOM M TOM ke opueHTauuen cnuHa. Korma Bce BO3MOXKHBIE COCTOSIHUSA C 3TOU OpH-
eHTalue OyayT 3amoJIHEeHbI, 3aMOTHSAIOTCS COCTOSIHUS C Ipyroi opueHTaiuei. [1oato-
My y aTOMOB eJye3a 00pa3yercs OOJbIION HECKOMIEHCUPOBAHHBIA CYMMApHBIN CITH-
HOBBI MarHUTHBIA MOMEHT 3JIEKTPOHOB 3d-1101000JI0YKH:

Prz(amy = 5pmsz(3ﬂ) = Prsziony = 4pmsz(3/1) =4u.

AHaJloru4yHasi KapTUHA U Y IPYTUX BEIIECTB, 001 atoX GeppoMarHuTHbIMU
CBOVCTBaMH.

OneiTel DitHIITEMHA U Ae ['aaza, Modpde nu Kanuupl u ap. mo3BoJIMIN 3KCHEpU-
MEHTAJIbHO U3MEPUTh TMPOMArHUTHOE OTHOIIIEHUE (OTHOIIEHHE MAarHUTHOT'O MOMEHTA K
MEXaHUYECKOMY) HaMarHMYEHHBIX (EPPOMAarHETUKOB, KOTOPOE OKa3aJoCh pPaBHBIM
CIIMHOBOMY THPOMArHUTHOMY OTHOIIEHHUIO ISl 3JIEKTpOoHA. DeppoMarHeTU3M TaKUM
00pa3oM HMeeT CIIMHOBYIO IPUPOTY.

[Ipu cOmxeHnn aTOMOB Ha PACCTOSIHUA MOPSIKA MOCTOSHHON KPUCTaUIMYECKON
pelIeTKH MEXJy HUMH BO3HHMKAEeT cHelu(puueckoe 0OMEHHOE B3aMMOJECHCTBHE, KOTO-
pO€ UMEET KBAaHTOBYIO MIPUPOIY U CBS3AHO C MEPEKPHITUEM DJIEKTPOHHBIX 00JIAKOB aTo-
MOB. B (deppomarnernkax sHepreTudecky Oojiee BHITOJHA TMapajuieibHas OpUEHTAIUS
CIIMHA 3JIEKTPOHOB.

OnHako He BCE BEIIECTBA C HEIOCTPOCHHBIMU 000JI0YKaMH, aTOMbI KOTOPBIX 00-
JaJal0T 3HAYUTEIIBHBIM CITMHOBBIM MAarHUTHBIM MOMEHTOM, SIBIISIFOTCS (heppoMarHeTu-
kamu. HOT1a SHEpreTUYEeCKH BBITOJAHON OKa3bIBAE€TCA aHTUIApAJIJIEIbHAsS OPUEHTALUS
CIIMHOB M MarHUTHBIX MOMEHTOB COCEAHMX aTOMOB. Takue BeniecTBa Ha3bIBAIOTCS aH-
Tueppomaruerukamu (puc.3). Kaxnas crpesnka nokasplBacT HaMpaBIeHUE MAarHUTHOTO
MOMEHTA aToMa.

) ‘ B antudeppomarnervke CnMHOBBIE Mar-

) (A (/7 72V (7}  HOTHBIE MOMEHTHI 3JEKTPOHOB COCEIHHX aTOM-
' A7 (7% HBIX CIOEB HalpaBleHbl B PasHbIE CTOPOHBI H
2 per /~ 7~ KOMIIGHCHPYIOT Apyr apyra. [Tostomy anTH(Ep-
Q228 S @ = poMarHeTHKU He 00NaaloT 3aMETHBIMM MAarHHT-
a 9] HBIMHA CcBolicTBaMu. Ho B HEKOTOpBIX aHTHEp-
Puc.3. AToMHEIE CJI0M KPUCTAJUIMYECKOH pe- POMArHCeTuKax, y KOTOPbIX KPpUCTATNIMYCCKAA PC-
5:::; HaK; (beppomarnerka 6 - aHTHEPPO-  yreTRg COCTOMT W3 HEOHOPOJHBIX aTOMOB, UMeE-
€TCSl HEeCKOMIIEHCHUPOBAHHBIN aHTU(eppoMarHe-

TU3M ((peppuMarHeTusm).

IIpy 5TOM MarHUTHBIE MOMEHTHI Pa3jIMYHBIX aTOMOB HE OJAMHAKOBBI M Oynydu
AHTUIAPAIUIETBHBIMU CO3/1al0T OTJIMYHBIA OT HYJsSI CyMMapHbId MarHUTHBIM MOMEHT.
Takue BemecTBa HasblBalOTCA (peppUTaMu, B OTIMYME OT (DEPPOMArHETUKOB MOTYT
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OBITH HCOJICKTPOIIPOBOAHBI, YTO BAXXHO IS INUPOKOI'O HMCIIOJIB30BAHUA HX B TCXHHKC

(puc.4).
ST Ecnu Obl Bce aTroMHble MarHUTHbIE MOMEHTHI B (eppo-

XSy M MarHUTHOM KpHUCTaJule ObLIIM OPUEHTUPOBAHBI MAPAIIIEIBHO, TO
N F N o OHU cO3/any Obl OrPOMHOE MarHUTHOE Ioje. DTO MOJe HE
R TOJIBKO HE TOJBKO OBl 3aHUMAJI0 00BbEM KPUCTAILIA, HO U BBIXO-

(A () @ W10 OBl 3a €ro Mpeebl.

. . 3HepFI/IH MArHuTHOTO IIOJIA 3a IIpE€aciIaMu Kpucrauiia
Puc.4. ATOMHBIH CIIO#

o 1 —_— — o
KpUCTaIIMICCKON peLIeT- W == I B-HdV mocturiia Ol OONBIINX 3HAUYEHUU. Takoe co-
Kd: peppura 2

- CTOSIHME SHEPTreTUYECKH He BRITOAHO (puc.S). [ToatoMy B 00b-
i il X eme (peppomarnervka o0pazyroTCs CIOHTAHHO - HaMarHUYeH-
HbIE 00JIACTU - JIOMEHBI, KX/l U3 KOTOPBIX 00JIaJaeT orpe-
JIEJICHHBIM MarHUTHHIM MOMEHTOM.

Puc.5. DHepretuuecku
HEBBITOJIHOC HAIPaBJIC-
HUE MarHUTHBIX MOMEH-
TOB aTOMOB B KPHCTAJLIE

JlomeHHast CTPYKTYpa (peppOMArHeTHKOB.

Puc.6. [TocnenoBaTensHOCTh 00pa30BaHUs JOMEHHOM CTPYKTYphI B KpUCTAJLIE

B oTCyTCTBHE BHEIIHETO MAarHUTHOTO IOJS MarHUTHBIE MOMEHTBHI Pa3JIMYHBIX
JIOMEHOB OpPHUEHTHPOBaHbl XaOTHYHO, TaK YTO MAarHWTHOE MoJie¢ BHE (peppOMarHeTHKa
PaBHO HYJIIO (SHEPreTUYECKHU BBITOJHOE cocTosiHue). Ha puc.6 mokasaHo, Kak ncue3aet
N0JIE TIPU MOCJIEA0BATEIbHOM JEJIICHHH KpHUCTaula Ha JOMEHBI. Pa3mep JOMEHOB IO-
psinka 107°- -107° M, B kaxkaoM coaepskutcs mpumepHo 10'° atomoB. [ToaToMy KakabIi
JIOMEH CO3/1a€T MarHuTHOE noJje nopsaka 1 Ti.

[Ipu moBbIIIIEHUH TeMIlepaTypbl peppoMarHeThKa yBEITUUMBAETCA DHEPrusl Tell-
JIOBOTO JIBUKEHHUS €ro MOJIEKYJ, paBHas no nopsaky Benuuusbl kT (k - mocrosiHHas
bonbiMana), U Ipy HEKOTOPOM 3HAYE€HHUU TeMmriepaTypbl Tk 3Ta sHeprusi CTaHOBUTCS
paBHOM 3HEpruu 0OMEHHOTO B3aumojencTBus. [Ipu 3TOM 10MEHbI pa3pyiiatoTcs (Mar-
HUTHBIE MOMEHTBI BCEX aTOMOB B JIOMEHE Pa30pUEHTUPYIOTCS) U (heppOMArHETUK Ipe-
BpallaeTcs B apaMarHeTuk. Temmneparypa, Ipu KOTOpPOil Mcue3aroT (peppoMarHuTHbBIE
CBOICTBa MarHeTHKa, Ha3bIBAIOT Temnepatypou (Toukoit) Kropu.
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KoHTpoJibHBbIE BOIPOCHI

1.O0BSICHUTD CIMHOBYIO NPUPOAY (heppoMarHeTu3Ma.
2.00BACHUTH TOMEHHYIO CTPYKTYPY (eppOoMarHeTu3ma.
3.IloueMy 3HaU€HHE MAarHUTHOM MPOHULIAEMOCTH (PEPPOMArHETUKOB BEIUKO?

4.TToyemy Tipu OMpEEIICHHON TeMIiepaType peppoMarHeTUKu U3MEHSIOT CBOU
MarHUTHBIE CBOKCTBA?

5.Yro Takoe Touka Kropu?

6.1Touemy DJIC nnaykimu B karymike L2 pe3ko yMeHbIIaeTcs MPU TOCTHKEHUU
temriepaTypbl Kropu?

7.HauepTute 1 0OBSICHUTE CXEMY YCTAaHOBKH.

8.ITouemy (peppoMarHuTHBII 00pasell, HarpeThli Bbilie Touku Kropu, npu oxia-
KJCHUU BOCCTAHABJIMBAET MAarHUTHBIEC CBOMCTBA?

Jlureparypa
1.CaBenwseB U.B. Kypc obmieit puszuku. T.2. M:Hayka, 1982. ¢.165-170, 176-180
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JIABOPATOPHAS PABOTA Ne 48

OITPEAEJIEHUE PABOTBI BBIXO/JIA 3JIEKTPOHOB U3 METAJLJIA

Lenn Da6OTBII HCIIOJIB3Ys 3aBUCHUMOCTD TOKA HACBIIICHUS OT TCMIICPATYPhI B Ba-
KYYMHOM OTUOAC, BBIYUCIIUTD pa60Ty BbIXOZd 3JICKTPOHOB N3 MCTAJLIA.

Onucanue yCTAaHOBKHU
JUist onipesiesieHns padoThl BBIXOAA MOYKHO MCIOJIb30BAThH SIBICHHE TEPMOIJICK-
TPOHHOM AMUCCHH, T.€. IBIICHUE UCITyCKAHUSI SJIEKTPOHOB HAKAJIEHHBIM METAJIJIOM.
YToOBl BBUIETEBIIUM W3 METAJIa TEPMOIJIEKTPOHAM HE MELIAIH JIBUTAaThCS MOJIEKYJIbI
BO3/lyXa, HAarpeBacMbIii METaJlI MOMEIIAI0T B OAJUIOH (Yalle CTeKISIHHBIN), 13 KOTOPOTO
BBIKQYMBAIOT BO311yX. B 3TOT 6aion (puc.l) BnasiHel ABa snekTpoaa: 1 —aHoq u 2 — Ka-
TOA. AHOJ NOJAKJIIOYAIOT K IOJOKUTEIBHOMY IIOJIOCY MCTOYHHMKA TOKA, KaTOJ — K OT-
punareabHoMy. M3roTOBISIOT KaToOA B BUJIE CIUPAIIN C ONPEAECIICHHBIM OMHYECKHM CO-

MIPOTUBJICHUEM, PACCUMTAHHBIM Ha HarpeBaHUE JJICKTPU- N

yeckuM TOKOM Iy ompeneneHHoro HanpsbkeHust Uy

(HampspKeHHE Ha Karojie) 0 TeMIlepaTypbl MPUOIU3H- 1 Ry

tenbHO 2800 K. Tok Ik Ha3pIBalOT TOKOM HakKaja WM Ka- 7 o

TOJIHBIM TOKOM. A C‘\L R
Ha puc.1 u3obpaxkeHa nmpuHIUNHAIBHAS CXEMa UC- ot

MOJIb30BaHMs quojaa B pabore. B 31Ol cxeMe mpemycMoT-
pEHAa BO3MOYKHOCTh U3MEHEHHS! TEMIEPATyphbl KATOMAA IO- Puc.1. Cxema yCTaHoBKi
CPEICTBOM MU3MEHEHUS CUJIbI KATOJHOT'O TOKA C MOMOIUIBIO
nepeMeHHoro pesucropa R. BoasTmerp V m ammnepmerp

A mpeaHa3HAYCHBI JJISI U3MEPEHUS HAIPSHKEHUS Ha KaTo- ILE; -
JI€e ¥ €T0 CUJIBI TOKA. 13

3aBUCHMOCTh CHJIBI TOKAa aHOZHOrO TOKa I, or 12~~~ T
HanpspkeHus: U, MeXIy aHOJAOM M KaToJIOM MpU MocTo- Il — T
SHHON TeMrepaType MOCJIEIHEr0 Ha3bIBAIOT BOJIbTAM-

IIEPHOW XapaKTEPUCTUKON AUOAA.

Ha puc.2 n300pakeHsl TpU BOJbTaMIIEpHBIE XapakK- Ua
TCPUCTHUKU AUOJA IIPpU TEMIICpaTypax Ti < T, <Ta. IIpu puco. BonpTaMnepHas XapakTepH-
MaJibix 3HaueHusIX U, 3TH XapaKTEPUCTUKHU COBIAAIOT. CTHKa JIMO/1A TIPU Pa3IMYHBIX TEMIIe-

parypax

ITpu Uz = 0 B TepMOdIeKTpOHBI BOKPYT KaToaa 00-
Pa3yroT IPOCTPAHCTBEHHBIN 3apsii — AIEKTPOHHOE 001aK0. OHO OTTAIKMBAET BHUICTEB-
M€ U3 KaTo/1a 3JIEKTPOHBI U OOJIBIIYIO0 UX YaCTh BO3BpallaeT oopaTHo B karod. Ho Bce
e HeOOJIbIIOMY YHCITY AJIEKTPOHOB YJAeTCsl OJIETETh A0 aHoja. B aHomHOM nenu npu
TOM OyAeT NPOTEKATh CIUIIKOM CIa0bli AieKTpuieckuit ToK. [loaToMy Ha puc.2 yacTh
BOJIbTAMIIEPHON XapaKTEPUCTUKH, COOTBETCTBYIOIIAs HanpsukeHuto U, < 0, He mokasza-
Ha.

[To mepe pocta U, Bce Oosbliiee YUCIO 3JIEKTPOHOB M3 O0JIaka OTCAChIBaeTCA
AIIEKTPUYECKUM TOJIEM K aHOJy M, HAKOHEIl, 3JIEKTPOHHOE O0JIaKO MOJIHOCTBIO pacca-
ceiBaercd. [Ipn 3TOM BCe BBIIETEBIINME U3 KAaTOJA AIEKTPOHBI JOCTUTAKOT aHoja. Jlanb-
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Henmmi pocT Uy HE MOKET U3MEHHUTh CHIIYy aHOJHOTO TOKAa — TOK JTOCTUIAeT HAaCHIIIE-
HuA L.

O4eBUIHO, YTO MMEHHO TOK HACBIIIEHUS XapaKTepU3yeT TEPMONIEKTPOHHYIO
SMUCCUIO. Eciin B €IuHUIly BPEMEHU C €IMHMIBI MOBEPXHOCTH KaTroaa BbuleTaeT N
3NIEKTPOHOB (TUIOTHOCTH IMOTOKA YACTHUI), TO TUIOTHOCTHh Toka HackimeHus | = Ne. Ta-
KUM 00pa3oM, u3Mepsis INIOTHOCTh TOKA HACBIILEHUS, MOXKHO HAWTHU KOJIMYECTBO IJIEK-
TPOHOB, BBUIETAKOUINX C €UHUILBI [IOBEPXHOCTHU IIPH Pa3HBIX TEMIIEpATypax.

[ITOTHOCTH TEPMOIMHUCCUOHHOTO TOKA HACBIIICHUS |, ONIPEeIsieTCs o Gpopmyie
Jlemmana

j, =BT? exp(—%j (1)

3meck B — mocrosnuas, A — paboTa BeIX0/a 2JIEKTPOHA U3 Metamia, k = 0,86-107
»B/K — noctosinnast boibiMana.

DKCIIEPUMEHTAIILHO JIETYe OMPEACINUTD HE ju, a Iy = JuS, rae S — miomiaas mno-
BepXHOCTH Katoaa. Jlorapudmupys dopmyay (1), momyqaem Igl, = 1gS + IgB + 21gT —
Alge/KT.

[Ipu n3menenun Temiepatypsl ciaraemoe 21gT B mocieaHeM BhIpaXKEHUU U3MeE-
HSETCS OUCHb MEJUICHHO 10 cpaBHeHUIO co ciaraeMbiM Alge/KT . [ToaTomy ¢ GobIO#
CTENIEHBI0 TOYHOCTH MOYKHO TTOJIOKHUTh

Al
Igl, =const— kTge (2)

rae const = IgS + IgB + 2IgT.

Bripaxkenue (2) mpeacraBisieT coooi TuHEHY0 3aBucuMocts 1g I, ot 1/T. I'pa-
¢buk sTOM 3aBHCHMOCTHU TTOKa3aH Ha puc.3. [1o atomy rpaduky, Ha3pIBAEMOMY TPSIMOM
Jlemimana, MOYKHO OTIPEACTUTH tga, a Tak kak tga. =Alge/k, To paboTa BbIX0aa JIEKTPO-
Ha U3 MeTaJlia

A=9% 5 10tgo (5B) (3)

Ige

TepMoaneKTpOHHAsT dMUCCHUS IHUPOKO UCTIOIb3YETCS
B YCTPOMCTBAX, COAEPKAIIMX IUOABI, TPUOABIL, TETPOABI, gl
NEHTO/bl, B 3JEKTPOHHOJIYUYEBbIX TpPyOKax TeJIEBU30POB,
ocunsuiorpadoB, B 3JEKTPOHHBIX MUKPOCKOIAX U T.I. fgoL =~
B nanHOM paboTe MCIONB3yeTcs AMOA ¢ Bomb(pamoBon Al :
HUTBIO Hakaja. HaxomuTcs oH Ha maHenu J1abopaTOpHOU ¢
yCTaHOBKH. TaMm ke wu300pakeHa €€ NpPHUHLHUIUATbHAS
DIEKTpUYECKask cXeMa, PeryiasaTopsl HanpsikeHus U, u cu- A2 I/
el Toka Ix. CreBa OT MaHeNu pacrojioKeH OJOK MUTAHHS f(li‘/’% Ppacpmic sapucumocti lg 1 =
ycTaHoBKU. Ha mabopatopHOM cTOjIe pa3MENIeHbl TaKKe:
1. BonbT™meTp V 11 n13MEpeHHs HAIIPSKEHUS Ha KaTOJE.
2. AmmiepMeTtp A U1l 'BMEPEHUS CUJIbI KATOJHOTO TOKA.
3. BonbT™meTp V1 11 n3MepeHust HanpsHKEHUS MEXKTY aHOJAOM M KaTOJIOM.
4. MumnnamnepMeTp mA Uil '3BMEPEHUS CUJIbI aHOJIHOTO TOKa.
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IlopsaoK BbINOJTHEHUsS] padOThI

1. CobmoiaTh TEXHUKY O€30MACHOCTH; MOMHUTh, YTO B YCTAHOBKE HCIOJIb3YETCS
Hanpsioxenue 300 B.

2. PazoOpatbcs B pacnoyioKEHUU U Ha3HAYEHUH U3MEPUTEIbHBIX MPUOOpoB. Ompe-
JETUTh LEHY JEIEHUS KaXI0T0 U3 HUX.

3. BKIIIoUnTh YCTaHOBKY B CeTh. JlaTh mporperbcss HUTH Hakalla [uoAa. Y 0eIuTbes
B CHUJIbHOM HEJNMHENHOMN 3aBUCUMOCTH [, 0T U, B CBsI3U ¢ 3TUM B IyHKTE 4 MHTEPBAJIbI
HanpspkeHus: U, Mpy He3HAUMTEILHOM M3MEHEHWHU CHIIBI TOKa I, cimemyeT Opath jqocta-
ToyHO Oosbimmu (40 — 50 B), a ipu OOJBIIOM U3MEHEHUU CUJIBI 3TOTO TOKA — COKpa-
tath 10 10 B.

4. CHATH BOJbTaMIIEpHBIE XapakTtepuctiku nuona I, = f(U,) mpu Tpex pa3nnynbIx
(PEKOMEHTI0BaHHBIX ISl KOHKPETHOM YCTaHOBKH) 3HAYECHUX TOKa Hakana Ix. [{ns aro-
ro, yctaHoBuB lx = const, uamensats HanpsukeHue U, 0T 0 10 MAKCHMaJIbHO BO3MOXKHOTO
4yepe3 paBHbIC MHTEPBAJbL, 3aMedast IIPU 3TOM 3HAUYE€HHsI aHOJHOTO TOKa ;. Pe3ynbrarsl
usMmepenus Iy, Uy, la, Ua 3anectu B Ta0:1.1.

5. Onpenenutb MOIIHOCTH TOKa Hakaia 1o gopmyine N = I Uy u o rpaduxy, npu-
JIO’)KEHHOMY K Ka)KJI0Oi YCTaHOBKE, OIIPEIEIUTh TEMIIEPATYPY HUTH Hakayia T i Tpex
3HayeHui .

6. ITo nanHbIM TabJ1.1 MOCTPOUTH TPU BOJIBTAMIIEPHBIE XapAaKTEPUCTUKH 1uona [, =
f(U,). [To HuM ompeneuTh TOK HachilieHus I, u paccuutats Igl, u 1/T. BaecTr 31
JTaHHEIE B Ta01.2.

7. Ilo manHbIM TabI1.2 mocTpouTh rpaduk 3aBucumoctu Igly ot 1/T u onpenenuts
o Hemy tgo (puc.3)

8. ITo ¢popmye (3) BEIYUCIUTH pabOTy BbIXOa DJIEKTPOHA U3 BOJIbhpama.

Teopernueckoe onucanme
MeTtami, Kak M BCSKOE KPHUCTAIMUECKOE TeJIO,

u
MPEACTABIISAECT COO0I0 YIOPSIIOYEHHYIO CTPYKTYPY, COCTO-
AIIYI0 U3 aTOMOB, KOTOPBIE HAaXOAATCA B y3JlaxX KPHUCTa- -
JIMYECKON PELIETKHU. 3
Ecnu Obl atoMbl BemiecTBa pacmoJiarajuch Ha 7/ \V 2p
17 2s
OOJIBIIIUX PACCTOSHUSIX JPYr OT Jpyra, TO 3JICKTPOHBI q \F 5

KaXJ0ro aromMa HaxoaujinucCh OBl B IMOTCHIUAJIbHBIX sAMax,

00pa30BaHHBIX KYJIOHOBCKHUM moJieM siaep U = — Ze?/4meol Puca. KyoHOBCKHE 110JI51 aTOMOB,

¥ 3aHAMAaIU Obl JUCKPETHBIC YPOBHH DHEPrHU (pHUC.4), HAXOMIIXCA Ha Golbiiom paccros-
HUHU JPYT OT Ipyra, U SJHEpreTude-

COBMAJAIOUIME BO BCEX aTOMax. CKHE YPOBHH SHEpIHH

B kpucramiax ke pacCTOSHUE MEXIYy aToMaMu

HACTOJIBKO MaJlbl, YTO HA 3JIEKTPOHBI JACHCTBYIOT MOJISI COCEAHUX aTOMOB, MHA4Y€ TOBO-

psi, IOTEHIMAIbHBIE KPUBBIE MEPEKPBIBAIOTCA, 00pa3ys MOTEHIMAJIbHbIE Oapbephl IIH-

puHoOil a (puc.5). [loaToMy B peanbHbIX KpUCTAIaX BEPXHHUE DHEPreTUUYECKUE YPOBHU

OKa3bIBAIOTCS BhIIIE 0APHEPOB, U 3aHUMAIOIINE UX FIEKTPOHBI MOTYT OECIPENSITCTBEH-

HO TEpeMeIaThCs MO KPUCTALTY. DJIEKTPOHHBIE 00JaKka 3THX AJIEKTPOHOB 00pa3yroT

€IMHOE AJIEKTPOHHOE OOJAKO C MOYTH OJHOPOIHON IJIOTHOCTHIO. Takume 0000IecTB-
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JICHHBIC DJICKTPOHBI HA3BIBAIOT CBOOOJHBIMHU, a MX COBOKYITHOCTh — JJICKTPOHHBIM Ta-
30M.
C npyroii CTOpPOHBI, BCIICICTBUE B3aUMOJICH-

u PASPEIICHHbIC CTBHA 3JICKTPOHOB COCCAHHUX ATOMOB HX JHCPICTH-

ii YCCKHC YPOBHHM HAYMHAKOT CMCHIATHBCA M pacCIlCII-
: JATBECA Ha IIOAYPOBHH, 06p213y}1 KBa3sUHCIIPCPhIB-
3s 5 HBIC OHCPICTHYCCKUEC II0JIOChI — Pa3pCUICHHBIC
3allpCIICHHBIC
L 30HEI AHEPreTUYECKUE 30HHBI (puUC.S).
2 OHu paszgesieHbl MHTEpBAJIAMUA DHEPTUU, KO-
TOPYIO JIEKTPOHBI B KPUCTAJJIE UMETh HE MOTYT, —
BaHpeH_[eHHBIMI/I BHCPFGTPI‘-IGCKI/IMI/I 30HaAMMU.
Puc.5. [loTenunanbHas KpuBasi A7l JIMHEHHOM 3J’I€KTpI/IquKI/Ie CBOMCTBA KPHUCTAJlIa OIPE-

MOZEJIU KPUCTAaJlIa U S3HEPI€TUYECKUE YPOBHHU ACIAI0TCA B OCHOBHOM 3allOJIHCHHUEM 30H 3JICKTPO-

N i

SJICKTpOHOB HaMHU. Y METAJUIOB UMEETCA YAaCTHUYHO 3aIlOJTHEH-
- Has 30HA, B KOTOPOW YHCJIO SJICKTPOHOB MEHBIIIC
MeTRILT YyucJia KBAaHTOBBIX cocTOosHMiT. OHA HA3bIBAETCA 30-

BaKyyMm BaKyyM

Holti nposooumocmu. Haxopsmiascs Henocpen-
CTBEHHO TMOJI HEW MOJHOCTHIO 3alOJIHEHHAs 30HA
Ha3bIBaeTcs sanenmuot. Kak cienyer u3 npuHiuna
[laynu, >neKTpOHBI BAJIEHTHOM 30HBI (WK JE000M
JPYroi MOJHOCTHIO 3aIIOJIHEHHOM) J1aKe B MPHUCYT-
CTBUU BHEIIHETO 3JEKTPUUECKOro Mo OyAyT BU-
raTbCsl XaOTHYECKH; TOJBKO SJIEKTPOHBI YACTUYHO
3aMOJHEHHOW 30HBI MOTYT MEPEXOIUTh HA CBOOOI-
HbI€ YPOBHU U OyAyT CO3/1aBaTh MO JEHCTBUEM AJIEKTPUUECKOTO IMOJIS 3JIEKTPUUECKUI
TOK (HampaBJIEHHOE IBUYKEHUE AJIEKTPOHOB). 30HA MPOBOJMMOCTH METAJUIOB JIEKUT
BBIIIIE NMOTEHIIMAIBHBIX OApbEepPOB (BEPXHSA U3 U300PAKEHHBIX HA PUC.S 30H), U 3aI0JI-
HSIOIIME €€ AJIEKTPOHBI 00pa3yIoT ANIEKTPOHHBIN ra3. Kak BuaHO U3 puc.S, 30Ha MpoBoO-
JMMOCTA HAXOOUTCA B MOTEHIMAJIbHOM $IME, CO3JaHHOW BJIEKTPUUYECKUMHU MOJSIMHU
KpaiiHux atoMm. Ha puc.6 nzoOpaxkeHa ynpoIileHHas MOTEHIMaabHas KpyUBas IJis dJIeK-
TPOHOB 30HBI MPOBOJIMMOCTH MeTaluta. [ myouna simbl U, onpeiensieTcst sHEpruen CBsi3u
anexkTpoHoB B metasuie. [Ipu T = 0 K Bce ypoBHH, nexanue Huxe ypoBHs depmu, 3a-
HATBI 3JIEKTPOHAMH, ocTalibHble -- mycThie. [Ipu T > 0 K 31ekTpoHbI, 3aHHMalIOIINE
ypoBHU BOJIM3M Ef, MpUHUMAIOT y4acTHe B TETUIOBOM JABWXKEHUH, T.€. TPUOOPETAIOT J10-
0ABOUYHYIO SHEPIHIO, TTO3BOJISIIOLLYIO UM MEPEXOAUTH Ha BBIIIENIEKAINE YPOBHU U JaXe
BBLJIETATh 3a MPEAEIIbl METAJIA.

ITosToMy paboTOi BBIXOJIa JIEKTPOHOB M3 METajllla} HA3bIBAIOT HAMMEHBIIYIO
HHEPrUI0, KOTOPYIO HAJ0 COOOUIUTH 3JIEKTPOHY, Haxopsuemycs Ha ypoBHe Depmu,
yTOOBI OH MOKUHYJ MeTasul. Ha puc.6 paborta Beixona ob6o3HaueHa OykBoi A. Benuuu-
Ha PabOTHl BBIXOAA MJISi YUCTBIX METAVIOB UMEET TMOPSAOK HECKOIBKUX JIICKTPOH-
BOJIBT, HATIpUMep, s Boibppama A=4,5 3B. OnHako, paboTa BbIX0OJa OYCHb YYBCTBU-
TeJIbHA K COCTOSIHUIO MOBEPXHOCTH METaJlJa, B YACTHOCTH, K ee yucrtore. [loaromy
HAaHECEHHE Ha MOBEPXHOCTh BOJb(pama CJI0s OKHCIA LIEJIOYHO3EMEIbHOTO0 MeTalia
(rannusi, cTpoHLIMS, Oapusi) CHIKAeT paboTty Beixona a0 1,5 — 2,0 3B.

A

ypoeeHb DepMu

Puc.6. [TotenunanbHas siMa U1l 3JIEKTPOHOB
30HBI IPOBOAMMOCTH METalIa
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KoHTpoJibHBbIE BOIPOCHI

1.YT0 Ha3BIBAOT 30HOM MPOBOJAUMOCTH MeTasuia?

2.Kak pacnpenessitoTcs 3JIEKTPOHBI B 30HE IPOBOAMMOCTH 110 SJHEPreTUYECKUM
ypoBHsiM nipu T=0 K?

3.Kako# npuOau3UTENLHO NPOLEHT 3JIEKTPOHOB 30HBI IPOBOIUMOCTH HAXOIUTCS
BbIII€ YpOBHS DepMHU MPpU KOMHATHOM TemMreparype?

4.Tlouemy MeTaIJIBI AJ11 CBOOOIHBIX 3JICKTPOHOB MPEACTABISAIOT COO0M MOTEHITH-
AIBHYIO SIMY?

5.Yrto0 Ha3bIBaeTCs pabOTOM BBIXOJA 3JIEKTPOHA U3 MeTasuia?

6.YUto npencrapnser codoit npsmas Jlenmana?

Jlureparypa
1.CaBenweB U.B. Kypc obmieit ¢puszuku. T.2. M:Hayxka, 1982.
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JIABOPATOPHAA PABOTA Ne 49

N3MEPEHUE BBICOKUX TEMIIEPATYP C TIOMOIIBIO OIITUYECKOI'O
IIMPOMETPA

Lleap pa®oThI: ONpeAEIUTh TEMIIEPATypPy HArPETOro Tejia U BEIYMCIUTD TOCTOSTH-
nyto Credana-bonbimana.

IopsiioK BbINOJIHEHHUS PadOThHI

1. He Bkirouass yCTaHOBKY B CETb, IIOCTABBTE
peryisTopsl 3 U 6 B HICXOAHOE MOJIOKEHUE.

2. BKIIIOUUTH YCTAHOBKY B CETh, PETYISATOPOM
3 YyCTaHOBHUTH TaKOW TOK, IIPU KOTOPOM HHUTH JIAMIIBI
7 xopomio BuaHA B okyisip. Ilepememas okymnsp 2,
MOJIYYUTh PE3KOE N300paKEHNE HUTH.

3. PerynaropoM 6 yCTaHOBUTh MHUHUMAaJIbHbIN
TOK B Jlamme 9. 3anucarh 3Ha4C€HHS TOKA U HaNpshKe-
HUs B Tabnuiy. OnpeneanuTh MOIIHOCTb, MOTPeOIs-
emyto samnon N = |-U, u Takxe 3anucarb B TaOIHILY.

4. Bpamas perynsitop 3, yCTAHOBUTh TaKOW TOK B MUPOMETPUUECKOMN JIaMII€, KO-
rja ApKOCTH 00€UX HUTEW CTaHyT OJMHAKOBBIMHM. 3HAYCHUE SIPKOCTHOW TEeMIIepaTyphl
OTIpEJIEIISIETCS 10 BEpXHEH IIKajie CTpesoyHoro npudopa 4 (Ha mkane npudopa TeMrie-
patypa nana B rpamycax Llemscust). U3mepeHue spkoCTHOUM TemriepaTyphl TIpH 3a/iaH-
HOM TOKE JaMIibl 9 npoBoAauTh TpH pasza. HaliTu cpegHee 3HaUeHUE SIPKOCTHOM TEMIIe-
paTyphl 1 3anUcaTh B TAOJIHILY.

5. AHaNOrMYHbIE U3MEPEHUS MPOBECTU TSl MSITH 3HAUYCHUI TOKa JIaMIIbl 9, yBe-
JIMYMBAs €r0 KKJBIA pa3 HAa OJMHAKOBYIO BeM4YMHY. Ecii cTpenka nupomMeTpa 3amka-
JMBAET MPU U3MEPEHUU TEMIIEPaTyPhl, BKIIFOUUTE CBETOMUIBTP 8 U MU3MEPEHHE TEMIIe-
paTypbl IPOBOAUTE MO HU>KHEW IIKAJIE.

6. ITo dhopmyiie (9) BRIUMCIUTH [J11 KXJA0TO TOKA TEPMOJIUHAMUYECKYIO TeMIIe-
paTypy, UCIIOJIb3Ysl CpeaHee 3HaUeHHe T,, MOJyYeHHbIE pe3yJIbTaThl 3anKucaTh B TaOJIH-

Iy.

Puc.1. Cxema ycraHOBKH

7. Tlo dopmyne (11) nmnsa xaxaoro ombiTa HaWTH mnoctosiHHyo CredaHa-
bonsiMana c. OnpenenHTB CpeaHee 3HaUCHUE <O>.

Teopernueckoe onucanme

OnrTuueckoit TUPOMETpUE Ha3BIBACTCSI METOJ U3MEPEHUS BHICOKUX TEMIIEpaTyp
10 TEMJIOBOMY M3JTYyUYCHHUIO HarpeThIX TEJl.

OCHOBHBIMM XapaKTEPUCTUKAMU TEIIJIOBOTO U3TYUEHUS SIBJISIFOTCS CIETYIOITNE
BEJINYMHBI:

1. CnekTpasibHast u3Jy4aTeabHas ClIOCOOHOCTh TT, PABHAS YHEPTHUH, UCITyCKae-
MOM € €IMHUIIBI TJIOIIA/IA TIOBEPXHOCTHU TEJa B €IMHUILY BPEMEHU B €IMHUYHOM UHTEP-
BaJIe YacTOT BOJIM3U 4aCTOTHI ® TIpH Temmeparype T.
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2. NaTerpanbHas u3aydaTenbHas CIOCOOHOCTh Rt (3HEpreTHUecKkast CBETUMOCTD ),
paBHasl SHEPIHUH, U3ITYyHaeMOU C €IUHUIIBI IUIOIIA/IA TOBEPXHOCTH TeJla B €IMHUILY Bpe-

MeHu npu Temreparype T Bo BceM auanasone 4actot; O4eBuano, uto Ry = [“rrdo.

3. IlornomuarensHasi CHOCOOHOCTH TeJa 8T MPH JTAHHBIX YaCTOTE U TEMIepaType,
paBHasi OTHOIIIEHUIO MOTJIOLIEHHOTO OTOKA SHEPTUH K MaJaroeMy; IO3TOMY BCeraa
ot < 1.

OmHUM 13 OCHOBHBIX MOHITHIA TEOPUH TEILIOBOTO U3IYUYECHHUS SBIsIETCS Pusnye-
ckas a0cTpakius — "abCoJIIOTHO YEpPHOE TeNOo", MoryIonaTesibHasi ClloCOOHOCTh KOTOPO-
ro paBHa | Bo BceM MHTEpBaJie YacCTOT U NpH JIFOObIX TeMiiepaTypax. CriekTpaiabHas u3-
Jy4arenbHas CoCOOHOCTh aOCOIIOTHO YepHOTro Tea obo3HavaeTcs yepes f(m,T). Co-
racHo 3akoHy Kupxroda

for =87 F(0,T). 1)

Takum o6pazom, Borpoc o Buze ¢pyHkuuu f(m,T) sBIseTcs EHTPATBHBIM B TEO-
pPHUH U TPAKTHYECKOM IPUMEHEHUH TETNIOBOTO M3IyYCHHUS.

DKCTepuMEHTAIbHBIE UCCIIETOBAHUS C TIOMOIIBIO MO/IeNeii aOCOIIOTHO YEPHOTO
TeJIa TIO3BOJIFIIH MTOJTyYUTh U J€TATBHO M3y4nuTh GyHKIHIO f(m,T). OmHako, MOMBITKH
BBIBECTH €€ TEOPETUUECKU, UCXOS U3 MPEANOI0KEHUSI O HENPEPHIBHOM U3ITYyUEHUU
3JIEKTPOMArHUTHBIX BOJH HArPETHIMU TEJIaMH, HE IPUBEIIU K YCIIEXY.

B 1900 r. Makc [1nank BeIcka3aj KBaHTOBYIO TMIIOTE3Y: U3yYEHUE IPOUCXOIUT
HE HETPEPHIBHO, a OPIUSIMHU — KBAaHTAMH, IpU4YeM KBaHT 3Hepruu E = 7o, T1€ 7 — MO-
crosiuHas [lnanka, » = 1,054-107%* JIx-c. Bonocneacteuu A.DitHmeiin (1905 r.) passun
3Ty UJICI0, CBSI3aB KBAHT SHEPTUU C MaTE€pUAJIbHBIM HOCUTENIEM — YacTHLIeH cBeTa — (o-
TOHOM.

Taxum o0pa3oM, TEIIOBOE U3JIyUYE€HUE — 3TO UCITyCKaHUE (POTOHOB HArPEThIMU Te-
Jamu.

Hcnonp3ys KBaHTOBYIO Teoputo, [ImaHk TeopeTruecku BbIBeN GpopMyity AJis
f(o,T), Ha3BaHHYIO €r0 UMEHEM, KOTOpast MPEKPACHO COTIIACYETCs C AKCIICPUMEHTAITb-
HbIMU pe3yabTatamu. @opmyna [lnanka nmeer Bux

_ o ho
f (O)’T) - 27IC2 eXth(")j_l y (2)
KT

IJIe ¢ — CKOPOCTh CBeTa, K — mocrosiHHas boybiMana.
B npunoxenusx vaie Bcrpedaetcs ¢popmysa [lnanka, 3anmucanHas B IepeMEHHBIX
AuT, rae A =27/ — aMHaA BOJHBI M3TydeHus. Torma oHa UMeeT BU/I

2.2
f*(X,T)=4nCh 1 (3)
2> 2nhe
exp( j—l
AKT

(3ameTnm, 4TO MEPEX0. OT OJHOM 3aBUCUMOCTHU K JPYTOM OCYIIECTBISETCS C MO-
mortnbto cootHorenus f*(A,T)dA = f(w, T)dw, Bepakaromiero paBeHCTBO CBETOBBIX I10-
TOKOB, IPUXOASIINXCS Ha UHTEPBAJ JJIUH BOJH dA M COOTBETCTBYIOIINIA MHTEPBAJ Ya-
cToT d).

N3 popmymnel [Tnanka (3) BEITEKAIOT KakK CIEACTBUS BCE OCTAIBHBIC YACTHBIC 3aKO-
HBI TEIUIOBOTO M3Ty4eHUs, Harpumep, 3akoH Ctedana-bonbiimana ajist sHEPreTHYECKOn
CBETUMOCTH abCOIIOTHO YEPHOTO Tea:
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Rr =Tf*(x,T)dx=cT4, (4)
0

rae o — nocrosiHHas Credana-bonbpimana, Win 3aKoH cMmemeHus Buna
b
7\,m = _I—_ y (5)

T/1€ Am — JIJTHHA BOJIHBI, HA KOTOPYIO MPUXOAUTCS MAKCUMYM U3JTydaTelIbHOM CIIOCO0-
HOCTH abcomoTHO yepHoro teia f*(A,T), b — mocrosunas Buna.

3aMeTHM TaKXke, 9TO B IPAKTUYECKUA BAXKHOM CITydae BRICOKHX YacCTOT, KOT/IA /o
>> KT (nmm 21ta C/AKT >> 1), dopmymna (3) ynpormiaercst 1 IpuHUMAET BUJ

2.2
f*(k,T) = 47[7; L exp(— ii}?rcj . (6)

Bo Bce npuBenennsie Boite Gopmyibl (3)-(6) SBHO BXOAUT TeMIIepaTypa, mo3To-
My JF000# U3 MIEPEUNCICHHBIX 3aKOHOB MOKHO HCIIOIh30BATh ISl OMBITHOTO OIpe/ie-
JICHUS TEMIIEPaTYPHI.

Onucanue yCTaHOBKH

B nanHo#i paboTe TemiiepaTtypa packajeHHOTO Tejia OMPEACIISIeTCS SIPKOCTHBIM MH-
POMETPOM, MPHUHLMI JIEUCTBHS KOTOPOTO OCHOBAH HEMOCPENCTBEHHO Ha (opmysie
I[Tnanka. Kak nerxo y6eautscs, naa T ~ 2000 K u A =6,6-10"" M (kpacHblii CBET) OTHO-
mrenue 27C 7 /AKT = 10, T.e. 111 pac4eToB MOXKHO HCIOJIL30BaTh HE UCXOIHYIO (HOpMYITy
(3), a mpubmmxeHHoe BeIpakeHue (6).

OCHOBHBIM 3JIEMEHTOM SIPKOCTHOTO IMUPOMETpA SIBISETCSA ITATIOHHOE CBETSIIEECS
TEJI0 — HUTh HaKajla JIaMIIbl MIMPOMETpa, uMeroias By nepesepuytoi 0yksel U. [llkana
peryssaTopa MOIIHOCTH Hakalla 3TOM JamIlbl 3apaHee IMpOrpaayupoBaHa B rpagycax
[enbcust o u3aydeHuro adCOIIOTHO YEPHOTO Tea.

C spKOCTHIO ATAJIOHHOM JIAMITBI CPABHUBAETCS SIPKOCTH M300PAKEHHSI CBETAIIETOCS
Tena, TPU ITOM M3IIyYCHHE BOCIPHUHUMACTCS depe3 KpacHulii ceemoguivmp (A =
6,6-107" m).

MeHsis peryiasTopoM Hakajga 3TaJIOHHOW HUTH €€ SIPKOCTh, MOXKHO JOOUTHCS pa-
BEHCTBA sIpKOCcTel 000MX TeN — 3TAJIOHHOTO M Hccaeayemoro. [Ipu sTtom TemnepaTypa
UCCJIEMYEeMOTO Tea, €CIM Obl OHO ObUIO aOCOJIOTHO YEPHBIM, MPOCTO PABHSIACH ObI
TeMriepaType 3TanioHa. OJHAKO HCCIEAyeMOe Telo abCOIIOTHO YEpPHBIM HE SIBIISETCA,
MO3TOMY OIpezieiieMasl TaKUM 00pa3oM TeMreparypa sBIISIETCS YCIOBHOM, XOTS OHA U
MOXET OKa3aThCs OJM3KOM K UCTUHHOW. JTa TeMIepaTypa Ha3bIBaCTCs APKOCMHOU, T.K.
OTpEENSIETCs MO APKOCTU ATATIOHHOM JIAMITbI.

3Has SPKOCTHYIO TEMIIEpaTypy W MOTJIOMIATENIbHYI0 CIIOCOOHOCTh HMCCIEyeMOro
Teaa, MOXKHO JIETKO OMNPEIENUTh €ro MCTUHHYI Temneparypy. Wcnonb3ys 3akoH
Kupxroda (1) u dopmyny Ilnanka (6), MOXKHO 3amucarh yCIIOBUE PABEHCTBA CIIEK-
TPaJIbHBIX U3ITy4aTeIbHBIX CIIOCOOHOCTEH ATANOHA ¢ TeMnepaTtypoi Ty U UCCIeTyeMOTO
TeJa ¢ TeMreparypou T:

exp| - 2mhc a7 exp| - 2mhc (7)
AT, )T AKT )
[ToTenuupys paBeHcTBO (7), HOTydaeM i HCTUHHOM TEMIIEPATYPhI UCCIIELYEMOTO
TeJla BBIPAXKEHHE
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T
T=t (8)
14T, Ina,t '

rae nocrosiHHasg Cq = Zzic =2,18-10* K.

Kak cnenyet u3 ¢popmyisr (8), T > Ty, Tak kak awr < 1 u Inaxr < 0.

Ecnu uccrnemyeMpIiM TEIOM SBIISIETCS pacKalieHHas BOJIb(ppaMoBasi MM HUKUJIEBAs
HUTH, TO TIOTJIOMIATEIbHAS CIIOCOOHOCTh @it MOKET CUMTATHhCS OJMHAKOBOHM IS BCEX
TEMIIepaTyp U PaBHOM YKCIy MEHBLIEMY €IMHHMIIE (TaK Ha3bIBaeMoe cepoe Teino). Torma
MOHO BOCIMOJIb30BaThCSI HOBOW KOHCTAHTOW, oOo3Hadyaemoil uepe3 C, u paBHOU
Ina,/C4, BcmecTBre yero pacueTHas GopMyIia IPUMET BHT

Tﬂ
T14G,T, 9)

I Bonsdpama anr =0,4 u C; = — 4,2.10° K, a qna mukens a;r = 0,5u C; = —
3,210° K™

JI1st ceporo Tena u3iay4aeMsblil ¢ €ro MOBEPXHOCTH OTOK 3HEPIMH BO BCEM UHTEP-
BaJIe JUIMH BOJIH paBeH SacT?, rae S — mionaas MOBEPXHOCTH TeIa. ITOT MOTOK CO-
CTaBJIsIET OOJIBIIYIO YaCTh MOIIHOCTH, 3aTPAYMBAEMOI Ha HAKal HUTH U paBHOU N =
1,U;. IToaTomy

SacT* = al,U,, (10)

rae o <1 — ko3P GUIMeHT, yYUTHIBAIOIINN TOTEPU MOIIIHOCTU Ha TETUIOMPOBO/I-
HocTb. I3 paBenctBa (10) MoxxkHO onpeaenuTs noctosiuuyio Credana-bonsliMana G:
o= M (11)

 saT4

KoHTpoJibHBIE BONIPOCHI
1.YT0 Ha3bIBAaETCS CIIEKTPAIILHON M3ITydaTeIbHON ClIOCOOHOCThIO Tena?
2.YT10 Ha3bIBAETCS DHEPTETUUECKOM CBETUMOCTBIO TeJa?
3.Kakoii 3aKOH M3Iy4€HHUS SABIIETCS CAMBIM YHUBEPCAIBHBIM?
4.ABCOIOTHO YEPHOE TEJIO U CEpOe TEJIO UMEIOT OJIMHAKOBYIO TEMIIEPATYPY.
Kaxoe u3 Hux uznyvaet 0onblie?
5.Kako¥i 3aKOH TEMJI0BOr0 U3JIYYEHHS UCTIOJIB3YETCS B SPKOCTHOM NUPOMETpE?
6.UTo Takoe SIpKOCTHAs TeEMIieparypa?
7.Kakoii 3aKk0H MpOBEPsIETCS] BO BTOPOU YacTu paboThI?

Jlureparypa
1.CaBenseB U.B. Kypc obmieti puszuku. 1.2. M:Hayxka, 1982. ¢.165-170, 176-180
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JIABOPATOPHASA PABOTA Ne 50

CHATHUE XAPAKTEPUCTUK U OITPEAEJIEHUE ITAPAMETPOB
®OTOSJIEMEHTA

Llenb paGoThl: 03HAKOMUTLCS € SBICHUEM BHeEITHero pororddexra u padboToit
¢doTodIeMeHTa, BBIYUCIUTH YyBCTBUTEIBHOCTH (POTOAJIEMEHTA.

Onucanue yCTaHOBKH

Cxema ycraHoBKHM u300paxena Ha puc.l. IIpubo-
pol: mokemeTp (Ly), mukpoamnepmeTrp (UWA) U BOJIBT-
MeTp (V) — pacronoxeHbl Ha BEpXHEW MaHeIn yCTaHOB-
k. BuyTpu ycTraHoBku Haxonaarcst poToanemMeHT (3), uc-
TouHuK cBeTa (1), poropesuctop (2), a Takke UCTOUHUK
MUTaHUA.

J11is u3MepeHusi OCBEUICHHOCTH Ha MaHeIn UMe-
IOTCSI PETYJISATOP OCBEIICHHOCTH Ry 1 morenimomerp R, Prc.1. Cxema yoraHoBKH
KOTOPBIA TO3BOJIIET U3MEHATH HANIPSHKEHUE, MOAaBaeMoe Ha (JOTORIIEMEHT.

IHopsinok BbINOIHEHHS PadOTHI

1. Pa3zoOpaThcs B Ha3HAUEHUH U PACIIOJIOKEHUU PUOOPOB U

PEryJIATOPOB Ha YCTAaHOBKE. Z

2. Tymbnep S mocTaBuTh B noJjiokeHue "BbIKIL.", HCTOYHUK GK A
OCBEIIEHHOCTU PACIIOJIOKHUTh B KpaliHEM MTPABOM IOJI0XKeE- o

HUU (PETyJIATOP OCBEIIEHHOCTH R1 MOBEpHYTH BIIPaBO /10 N |
yropa). R

3. Pyuky norenuuomeTpa R nmoBepHyTh IPOTUB YaCOBOM L2
CTPCJIKHU O0 yIopa. Puc.2. Cxema ycTaHOBKH ISt

UCCIeJ0BaHMs BHEIIHETo (oTo-

4. BKJIIOYUTH YCTaHOBKY B ceThb 220 B". sbdpexra

5. U3menss Hanpsbxenne U noteHumomerpom R, cHATH 3a-
BUCUMOCTb (POTOTOKA | OT HanpsKEeHUsI, MOAABAEMOT0 Ha (POTOAIEMEHT, IPU OCBELICH-
Hoctu E = 0 Jlk.
6. BxiirounTh ocBeleHrue U noayduth 3aBUCUMOCTD | = f(U) mpu paznuyHbIX 3HAYEHUAX
OCBEIIEHHOCTHU. J[aHHbIE U3MEPEHHI 3aHECTH B TAOJIHILY.

[Toctpouts BonbTamnepusie xapakrepuctuku [ = f(U) npu E = const (cemelicTBo
KPUBBIX CTPOUTH Ha OJHUX OCSAX KOOPJAUHAT).

[TocTpouTs rpaduik 3aBUCUMOCTH TOKA HACHITIICHUS [y,c OT Tnac
ocBeleHHocTH E.

Al
OmnpenenuTs 4yBCTBUTEILHOCTD (oTOdIeMeHTa K = —

AE

Teopernueckoe onucanme
SIBIeHHE BBIPBIBAHHS DJICKTPOHOB M3 BEIIECTBA B BaKyyM HIIM B JIPYroe BeIlle-
CTBO MO/ ICCTBUEM CBETA HA3BIBACTCS GHEUHUM (homodppexmom.
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Ero otkpeiTHEe U uccienoBaHue chirpand (yHAaMEHTaJbHYIO POJIb B IKCIIEPU-
MEHTAJIbHOM 00OCHOBaHWHU KBaHTOBOM mpuponbl cBera. B 1887 roay I'.I'epir o6Hapy-
YKWJI, YTO MPU OCBEIIEHUH OTPHUIATEIBHOIO AJIEKTPOAA UCKPOBOTO pa3psiAHUKA yIbTpa-
(bUOJIETOBBIMU JTydYaMH Pa3psii MPOUCXOTUT MPU MEHBIIEM HAMPSHKEHUU MEXIY JICK-
TPOJaMH, YEM B OTCYTCTBUE TAKOTO OCBEILIECHHUS. M3yueHnemM NJaHHOTO ABJICHUS 3aHUMa-
muce B.I'anbBakc, A.CTOIETOB U Ipyrue UCCIEN0BATEIN.

[IpuHnunuazbHas cxeMa YCTaHOBKH JIsl UCCIIeIoBaHus BHelHero (GoTodddexra
nokaszaHa Ha puc.2. CBeT, IPOHUKAIOIIMNIA Yepe3 KBapLEBOE OKOILIKO, OCBEHIAET KaTo[
K, U3roToBIEHHBIN U3 UCCIIEyEMOr0 BEUIECTBA. DJIEKTPOHBI, UCITyCKAEMbIE BCIEACTBUE
dotorddekra, nepemMenianuch Mo ASUCTBUEM dIIEKTPHUUECKOro Mo K anoay A. B e-
U pudopa MOTEUYET TOK, U3MEPsEeMBbIii TamsBaHoMeTpoM 1. JIBe GaTapen 2 u 3 mo3Bo-
JSIOT C MOMONIBIO MOTEHIIMOMETPA R U3MEHATHh HE TOJIBKO aOCONIOTHYIO BEIMYHUHY, HO
Y 3HAK HaNPsHKEHUSI MEXK]Ty aHOJIOM M KaTOJIOM.

[TonydeHHble Ha TaKOM MPUOOPE BOJIbTAMIIEPHBIE XapaK- I
TEPUCTUKH, COOTBETCTBYIOIIHE JIBYM Pa3IMYHBIM OCBEIIEHHO- Iuo[ ™
CTSIM KaToja, oka3anbl Ha puc.3. CyiiecTtBoBaHue GOTOTOKA B /
obyacTu oTpunaTeNbHBIX HanpskeHu ot 0 10 —U, 00BsICHSIET- Iyp |-

Cia TCM, 4YTO Q)OTOBHGKTPOHBI, BBIOMTEIC CBETOM H3 KaTozaa, 00- |
JJagaroT OTJIMYHOU OT HYJIA HayajJbHOM KMHETHUYECKOM OHCPIU-
ell. MakcuMalabHO€ 3HA4YE€HHUE TOKa IH, Ha3bIBACMOC TOKOM
HaCbIICHHA, COOTBCTCTBYCT TAKMM 3HAYCHUAM HAIIPSIKCHUA >

u o U U
U,, Ip¥ KOTOPBIX BCE AJIEKTPOHBI, BHIOMBAaeMble U3 KaToAa, J0-
CTUTAaOT aHOAA. Puc.3. BonsramnepHsle xa-
OnBITHBIM ITyTEM OBUTH YCTAaHOBJICHBI CIIEAYIOIINE OC- PAKTEPHCTHIHN

HOBHBIE 3aKOHOMEPHOCTHU:

1. KonnuecTBo SMUTUPYEMBIX 3JIEKTPOHOB ((POTOTOK HACKIIIEHUS ) TPOTIOPIIHO-
HaJIbHO MHTEHCUBHOCTH U3JTyUYCHHUS.

2. JIns KaXa0ro BElecTBa MPU ONPEIEIEHHOM COCTOSIHUM €r0 TOBEPXHOCTH
(oOycnoBnuBaroiieM padboty Beixoaa) u temmepatype T = 0 K cymiecTByer Tak Ha3bIBa-
emasi KpacHas rpanuia gororpdexra A, — MaKCUMaIbHAas JIJIMHA BOJHBI CBETA, 32 KOTO-
poit hoTodaddekT He HadIrIaeTcs (el COOTBETCTBYET MUHMMAaJIbHAS 4acTOTa M, =
2mc/ ).

3. MakcumanbHast KHHETUYECKasi SHEPTHs POTOIIEKTPOHOB JIMHEWHO BO3PACTaeT
C 4YaCTOTOU U3JIyYEHHUS.

4. ®otorpdeKT npakTUIecKu OE3bIHEPIIUMOHEH.

B 1905 rogy A.DUWHIITENHH MOKa3al, YTO 3TH 3aKOHOMEPHOCTH JIETKO OOBSCHSIOT-
Csl, €CJIA MPEANOIOXKUTD, YTO CBET MOTJIOIIAETCS TAKUMU KE MOPIUUSAMHU o (KBAHTaAMH),
KaKMMU OH, 10 Tpeanonoxenuto [nanka, ucrmyckaercsi. D1eKTPOH MOTJIOMIAET KBAHT
DHEPIUM ho. HacTh 3TOM SHEPIUH, paBHAs padoTe BbIXOJa A, 3aTpaunBaeTCs Ha TO,
YTOOBI 3JIEKTPOH MOT MOKUHYTH TeJ0. OCTaTOK SHEPTUH 00pa3yeT KUHETUUECKYIO SHEP-
ruto Ey 31eKTpoHa, MOKMHYBLIETO BelecTBO. 1103TOMy 1017KEH BBIITOTHATHCS 3aKOH

1 2
COXpaHeHus dHeprun: hm= A+ > MYV max

159



JHanee DUHIITENHH cAeai Ype3BbIYaiHO BAYKHBIM ILIar: MPUIIHCAT KBAHT SHEPIrUU
ho MaTEpUAJIbHOMY HOCHUTEIO — YacTulie cBeTa — (OoToHy: E¢ = no. Tak kak CKOpOCTb
dboToHa paBHa ¢, TO €ro macca TMOKOS — HYJIO, a peIsSITUBUCTCKAas Macca
Ey no
2T 2
c c
Benuunna umnynsca poToHa OnpenessieTcs o peiasITUBUCTCKON (hopmyne (ass

3 By 7o _
YACTHI] HyJICBOW MaCChI [IOKOST) Py, =—— = —— HIIH, TaK KaK © =2nc/A, — o opmyie
c C
Py = 2nii /)L =K%, TIe K — BOTHOBOE YHCIIO.

Tax kak HampaBieHHE PacIPOCTPaHEHUsI POTOHOB (MM SJEKTPOMArHUTHOM BOJI-

m(b:

HbI) COBIIA/IACT C HANPABJICHUEM BOJIHOBOTO BEKTOpaK , T0 Py, = 7K . DemMeHTapHBIi aKT

BHEIIHET0 (poTo3P(eKTa MOKHO MPEACTABUTH COCTOAIIUM U3 TPEX MPOLIECCOB: MOIJIO-
nieHue (OTOHA JIEKTPOHOM; ABMIKEHHUE AJIEKTPOHA, 00JIaJalolIero U30bITOYHOU 3HEP-
r'Mei, K IOBEpXHOCTH TeJla U, HAaKOHEI], MPOXO0XKJIEHUE €ro yepe3 MOBEPXHOCTHBINA TO-
TEHIUAIbHBIN Oapbep. Bo3HuKaeT Bompoc: 1000 JIM 3IEKTPOH MOXKET NOKHUHYTh Me-
Tay1? 3aKoHBI COXpaHeHHs 3Hepruu E u umiynbca P HCKIIOYAIOT BO3MOXHOCTH I10-

riouieHus1 PoToHa CBOOOIHBIM 3JIEKTPOHOM. DTO BUIHO U3 TOTO, YTO 3aKOHBI COXpaHe-
HMSI SHEPTUU U UMITYJIbCA AJIsl ONTHUYECKOTO Iepexoia MEKTpoHa U3 cocTosaHus By, Py B
cocrostame By, Py Ey —Ej =ho, Pp— Py =1k

HECOBMECTUMMBI HU MPU KaKOH CKOPOCTH 3JIeKTpoHa v < C. Takum oOpa3zom, morsoiie-
HUE CBETA DJICKTPOHAMH MPOBOAUMOCTH B (PoTOA(D(PEKT B MeTaIaX MOT'YT UMETh MECTO
A100 B MPUIOBEPXHOCTHOM CJIOE, II€ CKauOK MOTEHI[Mala U SKCIIOHEHIMAIbHbBIN CTiaj
BOJIHOBOM (D)YHKIIMM 3JIEKTpPOHA BHE METala JIEeJaroT AJIEKTPOHBI MPOBOJUMOCTU CBS-
3aHHBIMU, JTUOO B 00BEME 3a CUET B3aUMOJCHCTBUS FJIEKTPOHOB MPOBOAUMOCTHU C MEPHU-
OJIMYECKHUM MOJIEM KPUCTAINYECKON pemeTku. COOTBETCTBEHHO 3TOMY BHEUIHUH (o-
TO3(P(HEKT MOKET OBITh MOBEPXHOCTHBIM MM O0OBEMHBIM. [IpH 00NBIION MHTEHCHUBHO-
CTH W3JIy4€HHUS BO3MOKHO OJHOBPEMEHHOE MOTJIOLIEHUE SJIEKTPOHOM ABYX WJIH HeE-
CKObKUX (OoTOHOB. Takol GoTodrpdext HazpiBaeTcss MHOTOPOTOHHBIM. [Ipy 3TOM MO-
*eT Habmonatbest GoTodddEKT B 00aCTH JJIMH BOJIH, 3HAYUTEJILHO MPEBBIIIAKOIINX
Ao, T.€. IPOUCXOJIUT CMEUIEHUE KPacHOU rpaHullbl pororddexra.

KoHTpoJsibHBIE BONIPOCHI

1.Kakue Bunbl potorddexra cymectBytor? Kakoit Bua porosddekra Bbl uccie-
oBaIn?

2.Kak otonHas teopusi cBeta o0bsiacHseT Gporordhdext?

3.3anummuTe 3aK0H BHEIHEro (GoTodddekra.

4.Yto Takoe "kpacHas rpanuia” gporodrddexra?

5.01 4ero 3aBUCHUT BEJIMYMHA TOKA HACKIIEHUs pu poTodrPpdekre?

6.Kakas xapakrepuctruka Gotodddexra 3aBUCUT OT YaCTOTHI MAJAIOIIET0 CBeTa?

JIureparypa
1.CasenbeB U.B. Kypc obmieit pusuku. T.2. M:Hayka, 1982.

160



JIABOPATOPHAS PABOTA Ne 54

W3YUEHME CIIEKTPA BOJOPO/IA U ONIPEJIEJTEHUE IOCTOSAHHOM
PUJIBEPT'A

[leab paGoThl: U3YYUTH CHEKTP aToMa BOAOPOJIa, U3MEPUTH JIJIMHBI BOJIH CIIEK-
TpaJIbHBIX JTUHUI cepur bagbmepa ¢ moMoIbI0 MOHOXpoMaTopa Y M-2, BBIYUCIHUTH T10-
cTosiHHy10 Punbepra.

TeopeaneCKoe OInmucaHue.

N3yyeHne aTOMHBIX CIIEKTPOB MOCTYKUJIO KIIOYOM K MO3HAHUIO CTPOCHUS aTo-
Mma. [Ipexae Bcero, ObLJIO 3aMEUYEHO, YTO JIMHUM B CIIEKTPAaX aTOMOB pacIoJiaraeTcs He
OecropsI04HO, a TPYNIHUPYETCS B TaK Ha3biBaeMblie cepur. OTueTiamBee BCEro 3To 00-
HapY>KMBAeTCsl B CIIEKTPE MPOCTEHIIEro aroma — aToma Bojopona. M3mydaembiii um
CHEKTP MOKHO TOYHO PacCUUTaTh, UCIOJIb3Ysl METO/bl KBAHTOBOW MEXaHUKH (T. €. pe-
mas ypaBaenue llpeaunrepa s 2J1eKTpoHa B KyJIOHOBCKOM MoJIe sijpa). OIHaKo mpa-
BWJIBHYIO CIEKTPAIbHYIO (POPMYITy MOKHO MOJY4YUTh O0Jiee MPOCThIM criocoboM. Jlms
ATOr0 MOKHO BOCIOJIb30BATHCS KBA3UKIACCUYECKOM MOJIENBIO BOJIOPOJHOTO aTOMA.

IlepBasi ynauHas MONBITKA CO3/IaHKUS MOJIENIM aToMa BOJOPOJA, KOTopas 0Obsic-
HUJIa ero HaOmomaeMselil criektp, npuHamiexkuT Hunscy bopy (1913 r.). B xoHeunoMm
cdyeTe, bop UCXOaUI U3 TpeX MOCTYJIATOB, KOTOPhIE MOXKHO CPOPMYTUPOBATH CIETYIO-
UM 00pa3oMm:

1. ATOMBI MOTYT IIPEOBIBATh TOJIBKO B OTIPEICICHHBIX CTAITMOHAPHBIX COCTOSHUSX,
B KOTOPBIX OHM HE U3JIYYArOT W HE TMOTJIOMIAIOT SHEPTHH. B 3THX COCTOSHMSIX aTOMBI
00Ja1ar0T IHEPTUSAMHU, 00PA3YIOIIUMHU TUCKPETHBIN PSII;

Ev, B> Es Ey 1)

2. ATOMBI MOTYT M3J1y4YaTh WX MOMIOWATh SHEPTHUIO JUILIb MPU MEPEXOJE U3 O/I-
HOTO CTallMOHAPHOTO COCTOSIHHS B JAPYroe, MPUUeM YacTOThI U3ITydeHHs (TIOTIIOMICHNS)
ONPEAEIAIOTCS IPABUIIOM:

hVZEi—Ej. (2)

3. B cTanMoHapHBIX COCTOSTHUSIX AJIEKTPOH JBUXKETCS BOKPYT Spa MO KPYrOBBIM
opOuTaMm, i1 KOTOPBIX MOMEHT UMITyJIbca JICKTPOHA NMPUHUMACT 3HAYCHHS, KpPATHBIC
h

N =n#n, n=1,2,34... (3)

[To BeIpaxenue camoro bopa, "3Tu nonymeHus: HAXOAATCS B SBHOM IPOTHUBOpE-
YUU ¢ OOILICTIPUHATHIM MOHUMAHHUEM DJIEKTPOJUHAMHUKU, HO MPEACTABISIOTCS HEO0XO-
JUMBIMHU JIJIs1 SKCTIEPUMEHTAJIbHO YCTAHOBJICHHBIX (hakTOB".

i mpocToTel bop MpuHSII, 4TO B aTOME BOJIOPOJA BJIEKTPOHBI BPpAlIakOTCs BO-
KPYI' IPOTOHA TI0 OKPYKHOCTH PAAUYCOM T C UUKIMYECKOM YaCTOTOM ®, U, COTIIACHO
BTOPOMY 3aKOHY HprOTOHA, nMeeM:

2 mv? ke’
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CoryiacHO MPUHITMITY KBAHTOBAHUS COCTOSHUS JIEKTPOHA B aTOMe (ITOCTYJIaT TEO-
puu bopa Ne 3):
mVr = n#, (5)
Pemenue cuctemsr (4), (5) maeT BbIpakeHHE IS PAJANYCOB KPYTOBBIX OpPOHUT
AJIEKTPOHOB B aTOME BOAOPO/A:
fy = ——n?, (6)
kme
[TosHast 3HEPTHs JIEKTPOHA B AaTOME €CTh CYMMa KHHETHIECKON M TIOTCHIIMAILHON
DHEPTUM:

2 2
mV ke
By = —. (7)
2 r
Bripaxkas u3 cuctemsl ypaBHeHHH (4), (5) CKOPOCTB AIEKTPOHA, UMEEM:
ke?
V=, 8
— (8)

[Moacrasss (8) u (6) B (7), momyyaeM (HopmyiTy, BIPAKAIOIIYIO TOJHYIO SHEPTHIO
AJIEKTPOHA B aTOME BOJIOPO/Ia Ha N-0i CTallMOHAPHON OpOuUTE:
—k%*m
nT 2 2 ©)
2h°n
[Ipu nepexoie aToMa BOJOPO/Ia U3 COCTOSIHUS Ny ¢ 3Hepruei E; B cocTostHMe ng
c sHepruen E1 n3imydaeTcs KBaHT CBETA ¢ YaCTOTOU (0, PABHOW:

E

E, - E; =ho. (10)
[ToacTaBisisi HEPTUIO ANEKTPOHA B COCTOSIHUM N2 U B COCTOSIHUU N1 U3 (POPMYJIIbI
(9)umeewm:
k%e'm( 1 1
E,-F = > | 27 T 5 (11)
2n n~ n,

2me
Hanee, Bcmomunasi, 4to E, — E; =i, ©=——, MOXEM 3aIIMCaTh:
A

RS- (12)
A N

®opwmyna (12) HazsiBaeTcs 00001eHHoM popmynoit bansmepa. B nanHoM ciydae
4

R—— 1 =1,097-10" Mt .Dopmyna Bamemepa (12) omuchIBaeT Bech CIEKTp aTOMa
6471:380 o’
BOAOpPO/IA.
BuszyaiibHO MbI MOKeM Ha0I0AaTh TOJIBKO ceputo banbMepa: aig Bogopoaa -
- nN1=2,n,=3,4,5... (puc.1). U popmyna (12) qyst 3T0M cepun
W, sB W, -W,, B
IO
A 4 5
-028 |-w, 7 13,32 K
-0,38 L, ”“ﬁ ) ] 6 — 13,22
:0,54 L W — i 55.5 - :g:
085 |-w, gg ;i:g 8%4 12,
-1.51 Lw, I 'i'u 8a q 12,08




OnHako, CymecTBYIOT U IPYTHE CEPUU. ITO, HanpuMep, cepus Jlaiimana, Bce nu-
HUU KOTOPOH JieKaT B ylbTpaduosaeToBoi obnactu cnekrpa. s atoit cepum ni=1.
Jlunum ocranbhbix cepuit (ITamena, bpakera, [1dbynna u ap.) nexat B uHppakpacHou
obnactu cnektpa. Habop ypoBHeil sHEpriuM 1 BO3MOKHbBIE TIEPEXObI B aTOME IPUHSITO
MOKA3bIBaTh HA SHEPTETUYECKON THarpaMMe, MpUBEAEHHON HA pUCYHKE 1. 31ech npu-
HsAT0 Ef=W, — nosHast sHeprus 35ekTpoHa B atome Ha N- oM ypoBHe. Cepust baabmepa
COCTOUT M3 Psifla CPABHUTEIIBHO SIPKUX JIMHUI, KOTOPHIE B MOPSAKE YOBIBAHUS JJIUHBI
BOJIHBI 0003HauaroT H, - kpacHas smHus, Hp - 3eneHo-romy0as (1Beta MOPCKOM BOJIHBI),
H, — ¢uoneroBo-cunss.

JKCcNepUMEHTAJILHAS YCTAHOBKA

\

& A
JJ | |
|
L 1
. L ¢

——— i —"

yYKa3artejib
BHU/I OKYJISIPA MOHO-
xnomarona YM-2

i:; | Yol os
r—_l

Puc. 2. Cxema sonoxposmaropa ¥ M-2: [ — meTounns ceera; 2
ek, 3 — O0BCKTHE EOUTHMATOP, 4 — QHCOCPCHOHHAR TPHIMA;
i — Gapadian nOBOPOTA NPHIME]
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Pabora BemonHserca Ha MoHOXpoMaTope YM-2. Cxema ycTpoicTBa oka3zaHa Ha
puc. 2. Cgser ot ucrounuka 1 konnencopom K cobupaercs Ha BXOJIHOM 1Ienu 2 MOHO-
xpomatopa YM-2. Ha 6apaban 6 HaHeceHa BUHTOBAs JIOPOKKA C TPaJyCHBIMH JCICHH-
saMu. Boabs JOpOKKH CKOJIB3UT yKa3areib oBopota Oapadana. [Ipu Bpamenun 6apabda-
Ha IpU3Ma OBOPAYMBACTCS, U B LIEHTPE MOJIS 3pEHUS MOSBIISIIOTCS PA3IMYHbIE YUaCTKU
cnektpa. Crnekrpomerp YM-2 HyKJIaeTcsi B MpeaBapUTENIbHON IpaayupoBke. s rpa-
JYUPOBKHU OOBIYHO TIPUMEHSIOT PTYTHYIO UM HEOHOBYIO Jlamnibl. [ pagynpoBodHas Kpu-
Basl JI0JDKHA OBITH MOCTPOEHA B KPYITHOM MacIiTabe Ha JUCTe MHJUTMMETPOBOM OymMarm.
[To ocu X oTknanpIBaroTCs rpagycHele JiejaeHus OapadaHa, a o ocu Y — IJIMHBI BOJH CO-
OTBETCTBYIOIINX JINHUU.

CBedeHue BOIOPO/Ia CO3/Ia€TC B razopaspsiaHoil BojgopoaHou jdamne tuna J[BC-
25 (JAC-30 wmm JI1-2 (D)), nmurtanue KOTOPO# OCYIIECTBIISICTCS OT CHEIIHATLHOTO HC-
TouHuKa. Jlamna npencraBisieT co00W CTEKISTHHBIA OAJIJIOH C BIIAsTHHBIMU BHYTPb 3JIEK-
TPOJAMHU — KaTOJOM M aHOAOM. Pa3psn B jamMiie BOZHUKAET MPU CTOJIKHOBEHUM YCKO-
PEHHBIX 3JIEKTPOHOB ¢ Mosiekynamu Hy wim D; . OGpa3yeMsbie Ipy 3TOM 3JEKTPOHBI U
VOHBI TOJJEPKUBAIOT pa3psa. OTU KE YAaCTHIl OTBETCTBEHHBI 3a IOSBICHHUE HH-
TEHCUBHOI'O PEKOMOMHAIIMOHHOTO CBEYEHHUs pa3psaia B yibTpaduosieroBoi o0nactu
cnekTpa. Kpome obnacteil HEMPEpbIBHOTO CHEKTPa, MPU PEKOMOMHALIMK HAOIIOAAI0TCA
TaKXe CIEKTpajbHbIE JHMHUH, COOTBETCTBYIOLIUE OOBIYHOMY IMHCCUOHHOMY CHEKTPY
aTOMOB U MOJIEKYJ BoJopoJia u Aeirepus. Bo3OyxaeHne ux npoucxoauT IJ1aBHBIM 00-
Pa3oM 3a CUEeT AIEKTPOHHBIX yaapoB. Kpome 3Toro, mis oOsierdyeHus: 3aKuraiusi jgam-
Ibl, BHYTPb TPYOKH BBEJIEHO HEOOJBIIOE KOJUYECTBO MpUMecH HeoHa. [loaToMy criekTp
uziydeHus nammnbsl  JIBC-25 B BuguMoi 061actv uMeeT 00IbIIOE YUCIO JIUHUHN, CPeau
KOTOPBIX OTYETIMBO BUIHBI JUHHUH, OOYCIOBJIEHHBIE W3ITyYEHHUEM aToMa BOJIOPOAA.

J1s TpagyupoBKM MOHOXpOMaTOpa B JaHHOU paboTe MCIONIb3yeTcs CHelranbHast
pPTYTHas CHEKTpasibHasl jJamIa, JJIMHBI BOJH HauOoJiee SIPKUX CHEKTPAIbHBIX JTMHUI KO-
TOpOM MpuBeeHbI B Tabnuue 1. PTyTHas namna siBiisieTcss MOIIHBIM HCTOYHUKOM CBETa B
yIbTpadUoNIeTOBOM 00JaCTH CIIEKTPa, IOITOMY CIeAyeT u30erarh monagaHus IpsMoro
CBETOBOT'O MMOTOKA M3IY4YEHUs OT JIAaMIIbl B IV1a3a U JUIMTEIBHOrO 00sydeHus: koxu. [1o-
BTOPHO BKJIIOYUTHh T'OPEBIIYIO JIAMITy BO3MOXHO BKJIIOYMTH B C€Th JuUIlb nocie 10-15
MUHYTHOTO TNepepbiBa (MOTEHLIMAT 3a)KUTaHUs ropsyeil KBapLeBOW TPyOKH HACTOJIBKO
BBICOK, YTO CETEBOE HANPSIKEHWE HE MOXKET BbI3BATH 3a)KUTAHUE JIAMIIbI, U JIMIIb T10CIIE
TOTO Kak ropejika OCTBIHET, aMIUIMTYa CETEBOI0 HAINPSIKEHUS OKa3bIBAE€TCS JOCTATOY-
HOM JIJIs MOJ[KUTA paspsiia).

IHopsinok BbINOJIHEHUSA PadOTHI

1. O3HaKOMHUTCS C ONKUCAHUEM YCTAaHOBKH M MPUHIIMIIOM PabOThl MOHOXPOMATOPA
YM-2.

2. TlomecTtute mepea BXOAHOM IIETBI0O MOHOXpOMAaTOpa PTYTHYIO JlaMIly, MOBEp-
HYB OCBETHUTEJb COOTBETCTBYIOIIUM 00Pa30M.

3. Tlepen BkItOUEHHEM B CETh MPOBEPUTH IMOJIOKEHUE MEpEKIoUaTesnel Ha OJoke
nutanus. [lepexmouatens «CETb» gomken 661Th B monoxennu « BbIKJI». [Tepexmtoua-
tenb «JIAMIIBD» B monoxenun «PTY THAS».
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4. Bxmouuths ycTaHoBKY B ceTb ~220 B. IlepeBectu nepexmtouatens «CETby B
nonoxennn «BKJD», nepexkmouarens «JIAMIIBI» B monoxenun «PTYTHAS» npu
ATOM JOJIKHA 3aropeThesi curHanbHas gamnbl «CEThy» u 3akeubcs pTyTHas jgammna.

5. MemyieHHO MOBOpauMBasi OCBETUTENb, 100eiTech Hanboee IPKOro u300paxe-
HUS CIEKTPAJIbHBIX JIMHUN PTYTH B OKYJISIPE MOHOXPOMATOPA.

6. IlpousBeaute rpaayupoBKy MoHOXxpoMaropa YM-2. ['pagyupoBKy HAuYHHUTE C
¢dbuoneroBoil obmactu crnekTpa pTyTd. Jjis 3TOro Bpalias HU3MEpUTENbHbIN OapabaH
JUIMH BOJIH 6, COBMECTHUTE C yKa3aTeJeM OKYJisipa MepBYIO (PHONETOBYIO JIMHUIO CIIEKTpa
PTYTH ¥ 3anUIIKTE B TaOIuIly 1 3HaYeHHe yria MoBOpOTa Ha U3MEPUTENIbLHOM Oapabane,
PacroJI0’KEHHOM IPOTUB OTCYETHOIO MHJIEKCA.

7. IlpoBenurte aHaJOTMYHBIE M3MEPEHUS JUJIS BCEX OCTAJIBHBIX BHJIMMBIX B MOHO-
XpOMAaTop JIMHUM CIIEKTpa PTYTH, 3alIMChIBasi U3MEPEHHBIE 3HAUYECHUS YyIJia OBOPOTA B
Tabauny 1.

8. IloctpoiiTe rpanynupoBOUYHBIN rpadk MOHOXpOMAaTopa, T. €. 3aBUCUMOCTb OT-
cuéra Ha OapaOaHe OT JUIMHBI BOJIHBI U3ITy4yeHUs] PTYTU. JJIMHBI BOJIH CIIEKTpa PTYTHOU
JaMIibl PUBEACHBI B Tabnuue 1.

9. VYcraHoBuTe nepea BXOAHOM ILIEIBI0 MOHOXPOMATOpPa BOAOPOIHYIO JIaMITy, T10-
BEPHYB OCBETUTENIb COOTBETCTBYIOLIUM 00pa3oM.

10. Kak yxe ynmoMHHaJIoCh paHee, B CIEKTPE BOJOPOJHOMN JaMIbl HApSALY C JIUHU-
SMU aTOMapHOI'0 BOJOpOJia HAOIIOAAIOTCS MOJIOCHl SMUCCHOHHOIO CIIEKTpa MOJIEKY-
JsipHOTO BOoAOpoa. [103TOMy MOMCK JIMHUI HY>KHO HAUMHATH C HAan0OJIe€ NHTEHCUBHOM
kpacHou JimHUU H,. OHa pacrnosaraercs MpakTUYECKM Ha CaMOM TPAaHUIE KPAaCHOTO
CHEKTpa (JJMHUM CIEKTpa JIaMIIbl Jajiee NPaKTUYECKU OTCYTCTBYIOT). M3mepbTe B nene-
HUsX OapabaHa JUIMHY BOJIHBI 3TOW JIMHUU. Pe3ynbTaThl U3MepeHusl 3aluiiuTe B Tabau-
iy 2.

11. Bropas nuaust Hp - 3eneno-romy6as. B mpomexxyTtke mexay Hq u Hp pacro-
JIararoTCsl MHOXECTBO KPACHO-XKEJITBIX M 3€JIEHBIX CPAaBHUTENIBHO CIA0BIX Pa3MbITHIX
MOJIEKYJIIPHBIX MOJIOC. 3aHECUTE MOKa3aHUsl U3MEPUTENbHOro O0apabaHa B JIEJIEHUSX B
Tadauiy 2.

12. Tperbsa nuuus H, - PuoneroBo-cunsis. [lepen atoit nuHMEN pacnosararorcs
JIBE clla0dble pa3Ma3aHHbIE MOJIEKYJISIPHbIE MTOJIOCHI CUHETO 1iBeTa. Pe3ynbraThl nu3mepe-
HUSI TaK e 3aHECUTE B TaOIUILy 2.

13.Tlo rpagynpoBoYHOMY TIpaduKy MepeBeInuTe MOKa3aHUs U3MEPUTENILHOro Oa-
pabaHa A Kaxa0M U3 Tpex JUHUM cepun banbmepa B AJIMHY BOJHBI A, HM U 3alTUIIUTE
UX B Ta0buILy 2.

14. C nomotpto hopmynsl (13) BerancauTe Juist KaxKa0u JIMHUK NOCTOsSIHHYI0 Puj-
oepra R. He 3a0yasTe Bce BhrunciieHus mpou3Boauth B CU. Beruuciute u 3anummre

cpeaHee 3HaueHue <R>.
4
15. U3 popmyasl r-——
64n’c, ch’
[Inanka. Mcnonb3ys cpennee 3HaueHue <R>, ¢ MOMOIIBbIO ATOTO BBIPAXKEHUS BHIYUCIIUTE
noctossHHyl0 Ilnanka. Ilpu BeMMCIEHMHM OpPUHATH: Me=9-10°! kr, e=1,6:10"° K,

£0=8.,85-101% ®/m, c=3-108 m/cC.

IMOJIYUIHUTC BBIPAKCHUC IJIS BBIYHUCIICHUA MMOCTOSIHHOM

165



Jlnunol 6011 MUHUIL 6 cCHEKmMpe pmymu.

Taonuuya 1
Oxpacka nu- OTtHocuTenpHas sp- JInvHa BOJIHBI, HM Yron noBopora 6apa-
HUU KOCTb Oana
CDI/IOJ'I]C-TOBaH 5 404,66
q)I/IOJ'IgTOBaH 1 407,78
Cuass 8 435,83
["omyGas 1 491,60
3enenas 10 546,07
Kenrasa 1 8 576,96
Kenrasg 2 10 579,07
Kpacnas 1 0,5 612,35
Kpacnas 2 0,5 690,72
Tabnuua 2
Homep op6utsl, | O60o3HaueHune | Yroj noBoporta | J[auHA BOJTHBI, ITocTosinHas
C KOTOpPOH 0Cy- JIMHUU HU3MEPUTEIIBHOTO HM Punbepra, mt
IIECTBJIEH TIe- Oapabana
pexon Ny —2
Ho
Hp
Hy
<R>= ... m? <h>= JIx-C

KoHTpoJibHBIE BONIPOCHI

1. Uto Takoe criekTpanbHas JuHUS, cepusa’? Kakue CylecTByloT cepuu B CIEKTpe

BOJiopoaa?

2. Kak oObsicHseT Teopust Oopa JTMHeHdYaThlid criekTp atoMoB? Kak 3aBUCHT paguyc
OOpOBCKOM OpOUTHI OT TIIABHOTO KBAaHTOBOTO uncia N? Uemy oH paBeH mpu N —o0?

3. [louemy B crieKkTpe BOJOPOAHOMN JIaMIIbI COCTOUT W3 OOJBIIOTO YMCia JTMHHM, a
HE TOJBKO W3 JMHUI aTroMapHOro Boaopoaa? s yero ucnoib3yeTcss B JaHHOU padboTe

pTyTHas namma’?

Jluteparypa

1.CaBenweB U.B. Kypc obmieii puszuku. T.2. M:Hayka, 1982.
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