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BBEJIEHUE

Pabourie mporpaMMel MperycMaTpUBAIOT 0053aTEILHOE BBIMOJHCHHUE IISCTH JTA0OPAaTOPHBIX PaboT Mo (PU3MKEe BO BTO-
poM cemecTpe 0OydeHUs, IIECTH JTa0OPATOPHBIX PabOT B TPEThEM ceMecTpe OOyUYCHHUS U IIECTH JabOpaTOpHBIX paboT B YeTBEp-
TOM ceMecTpe 00ydeHus. DTH pabOTHI BHIMOIHSIIOTCS 0 WHAWBHAYATBHOMY IpadUKy, HMEIOLMIEMYCS B KaXI0# JIabopaTopuu Ka-
dbenpol pusnkn. be3 BRIMOTHEHHUS MIECTH padOT U cAadu OQOPMIICHHOTO COTJIACHO TPWIIOKEHHBIM 00OpasiiaMm oT4eTa 1o Mpoje-
JIAHHBIM W3MEPEHUSM U MOJIYICHHBIM Pe3yIbTaTaM CTYACHT He JOIMyCKaeTCs K SK3aMeHy WM K 3a4eTy 1o (pr3uke.

Kaxaplii caaHHBIA OTYET 10 OAHOM paboTe oneHMBaeTCs B 2 Oaiuia Tekymied arrectaiuu. CTyIeHT HMEET MPaBo OTBE-
TUTH Ha BOTIPOCHI M T€CTH, 00OCHOBBIBAIOIINE TEOPHIO W METOIHMKY BBIIOTHIEMON paboTHl. YCIIenIHas cjada Takoro TeopeTHYe-
CKOTO MHHHMYyMa 10 Ka)/101 paboTe OLEHUBACTCS TaKkKe B 2 0aJia TeKyIieil aTTecTaliH.

Janee npuBeeHbl TeOpETHICCKHE 000CHOBAHHS BCEX JIA0OPATOPHBIX PAa0OT, BBIIOIHICMBIX B JTa0OPATOPHOM MPAKTHKY-
Me kadeaps! pusuku Tyal'V no pasnuusbiM TeMaM Kypca QU3UKH, H3y4aeMbIM COTIACHO pab0o4uM mporpaMmam. M3moxeHbl Mu-
HUMAJIbHBIC CBEICHHS, HCOOXOMUMBIC JIJIsl 3alIUTHI BBHITIOJHCHHBIX JTA0OPATOPHBIX PadOT M YCICIIHOTO OTBETa HA KOHTPOJIGHBIC
BOMPOCHI. B ka0l paboTe yka3aH HOPSIOK BBITOTHCHUS YKCIICPUMECHTAIBHBIX U3MEPEHUIA, UX 00pabOTKH U OPOPMIICHUS OTUC-
TOB.



Pa6ota Nel. MccnenoBanue Kocoro yaapa 0 HaKJIOHHYIO TUIOCKOCTh

[{enb pabOTHI: UCCIIETOBATh TPACKTOPHIO IBIKCHNUS IIapa MOCe yaapa O INIOCKOCTh; OIpeaenTs Ko3dduiment Boccra-
HOBJICHHSI CKOPOCTH IIapa.

Teopernueckoe onvcanue

JlabopaTopHast ycTraHOBKa n300pakeHa Ha puc. 1. JIByms nepxkatensimu “J[” 3akpe-
IUIIOT CTaJIbHYI0 HaKJIOHHYIO IUIOCKOCTh M OyHkep “C”, Kynga IOMEIIAlOT MajeHbKUH
CTaJIBHOM MAapHK M. YToJI 0. HaKJIOHA INIOCKOCTH K TOPHU3OHTY ONPENEISIOT, U3MEPUB pac-
crosiamst hy 1 hy OT mTOCKOCTH 0 OIOPHI B IBYX TOYKAaX M PACCTOSHUE | MEKIy STHMH TOY-

xamu. Torza sina = (h, - hl)/l (puc.1).

Ha cranpHyI0 MIIOCKOCTh KJIAMYT IMOJIOCKY YHCTONH OyMard, Ha KOTOpOH OTMeuYeHa
muaus Lil,, u 3akpemsiror 6ymary ckoOoii. T1onokeHue 3TOW JMHUU OTMEUYAIOT PUCKOW B
Touke L; Ha cranpHOM moBepxHOCTH. CBEpXy MOMEIIAIOT JUCTOK KOMMPOBAIbHON Oymaru
cieBa ot 370 nuHuK. Eciu oTKphITh 3aciH0HKY “3”, TO, Maaas ¢ BRICOTHI N U3 ®ECTKO 3aKperui€HHOro OyHKepa, IapuK OyIeT mo-
MaIaTh Ha KOMUPOBAIBHYIO OyMary mpakTUYeCKH B OJIHY TOYKY, PACCTOSHHUE Xg OT KOTOPOH J0 JimHuM Ll , u3MepstoT mo moiy-
YCHHOW Ha OyMare OTMETKe.

B pabote uccnenyercst ynap CTalbHOTO IIapUKA O CTAIBHYI0 MOBEPXHOCTh. [109TOMY OyMakHYHO MOJIOCKY MeperudaroT
mo yuHUM L,L, ¥ cHOBa KJIIaAyT Ha CTAIBHYIO MIOBEPXHOCTH CHPaBa, HAKPHIBAS JIMCTKOM KONMPOBAIBGHOW OyMard M 3aKperuiss
cK00oI Tak, yToOBI MuHUsA LiL, coBnana ¢ otmeueHnHoi puckoit L. Tenepp mapuk OyJeT OTCKaKMBaTh OT CTAIH H, Kak 00CyXa-
eTcs HiKe, OyIEeT IonaaaTh Ha Oymary ¢ pasopocoM, co3jiaBas OTMETKH Ha PasHbIX PacCTOSHMSX X; OT JuHuH LiL, (puc.2.1).I1o

9THM OTMETKaM MOJKHO HaWTHU CpeaHeE PaCCTOSIHUE X = )Q) +< )f> MCKAY ABYMS TOYKaMH IONaAaHUsA IIapyuKa Ha HAKJIOHHYIO

IIIOCKOCTb.

VY nap HaseiBaeTcs a0COMIOTHO YOPYTUM, €CITH MOCIE yaapa MEXaHUYecKast SHEPrys CTAJIKHMBAIOIIUXCS TENl HE U3MEHSET-
cs. B nanHOM ciyuyae mpu abCOMIOTHO YIPYroM yiape IAapHK JOJKEH OTCKOYMTBH OT MIIOCKOCTH C TOM K€ MO BEJIMYMHE CKOPO-
CTBIO, C KOTOPOH OH najan Ha He€. HamoMuuM, 4To HonHas MEXaHWYECKas JHEPrys, COCTOAIAs U3 KUHETHIECKON U IIOTEHIUAIb-
HOM sHeprum, coxpansercd, E . = E . + E . =CONSt, eciu Bce AeHCTBYIONNE B CUCTEME CHJIbI KOHCEPBATHBHBI, T.€. X pabo-

Ta, pPaBHad  H3MEHEHMIO  KHMHETHYECKOH  OHEprud,  paBHa  yYObUIM  TOTEHLUMAJbHOH  DHEPIrMH  CHCTEMBI:
Acore = I > Foudf =—AE,, =AE,,, . Takoii cuioii sBisercs cuma ynpyroctd. Knnertuueckas SHEPrus CTaNKMBAIOMMXCS Tel
NEPEXOAUT B IOTEHIMAIBHYIO SHEPTHIO YIPYrOro B3aUMOJEHCTBHSA H HA000POT.

Ipy abcoMIOTHO HEYNPYTOM yAape CTAIKMBAIOIIUECs TeNa CIUNAITCA M JBMXKYTCA Kak OJHO uenoe. IIpu 5ToM yacTh
MEXaHUUYECKOH dHEpPruM MpeBpaInaeTcs B TEIJIO WM B dHEPIHIO Heynpyrux jaedopmaiuil. I3sMeHeHHe MeXaHWYECKOH SHepruu
paBHO paboTe HEKOHCEPBATHBHEIX CHUII, JeHcTByromux B cucteme. AE . = A .. - IIpuMepoM HeKOHCepBaTHBHOI cuibl OyneT

CHIIa TPEHHUS.

B peanpHBIX CTOTKHOBEHHUSIX CIUMAHMA TN HE IIPOUCXOANT, HO CYMMapHas MEXaHNIeCKask YHEPTHS COYIapSIONIINXCS Tel
YMEHBIIaeTCs. DTy MOTEPI0 XapaKTepPH3YIOT KOA((HUIIMEHTOM BOCCTAHOBIECHUS CKOpocTH. IlycTh cramkmBaroTcs 1IBa Tena, Jie-
TEBILIME CO CKOPOCTAMH V; U V,. JIuHMA, nepneHuKyIspHas K oOLiel KacaTeabHON K INOBEPXHOCTSAM CTAaJIKMBAIOLIMXCS TEl B

TOYKE COMPHUKOCHOBECHUS Ha3bIBaeTCsl AuHKUEH ynapa N (puc.2). Pa3HOCTh OpOeKLuit CKOpOCTEl Ha 3TY JIMHUIO OYAET OTHOCUTENb-
Kacarg¢iabHas

HOM CKOPOCTBIO CONMKEHUs Tel |\7ln —\72n| . Cpasy mociie CTOJIKHOBEHHS CKOPOCTH pasieraromuxcst ten Uy Wiz

u U, ¥ OTHOCHTENbHAs CKOPOCTh MX pa3néTa |Uln - 02n| yMmeHbInatoTes. Koagdunuenrom BoccranoBnenus

CKOPOCTH HA3bIBACTCA BEJINYNHA

e e - Usn
kc _|uln _u2n|/|VJn_V2n| <1. “%gf);\n
B nannoii pabote 07HO U3 Tel (CTaibHask MIOCKOCTh) HEMOABUKHO, U K03 unuent K, onpenerns- Puc.2

eTcs KaK OTHOLIEHWE IPOEKIUi CKOpOCTell Iapuka Ha HOPMaib N K IIOCKOCTH Cpa3y MOCHE COYAapeHHUs
(puc.38) u no coynapennus (puc.3.a): k. = |un/Vn| .
B MoMeHT HaumbONbIIEro COMMKEHHS IIAPUKA C IUIOCKOCTBIO €ro

HOpMaJbHasl TIPOCKIUsI CKOPOCTH OymeT paBHa Hymo (puc.3,0). U mapwuk, u mioc-
KOCTh JehopMHUpYIOTCS (M3MEHSIOT CBOIO ()OpPMY) M BO3HHKACT HOpPMAlbHAsI CHIIA

peakuuu (cuna ynpyroctn Fy,.), koropas OyzAeT OTTaiKMBaTh WAPHK OT INIOCKO-

cTH, coobuias eMmy HoBy1o ckopocTb U, . Ilpu aTom nedopmarnius mpoucxoauT u B

KacaTe/IbHOM HAIPaBJICHHH, PUBOS K MOSBICHAIO CHIIBI, KOTOPYIO OOBIMHO HA3BIBAIOT CHIION TpeHus F, (puc.36). Ota cuna

HE yCIIeBaeT M3MEHHUTH KacaTeIbHYIO MPOSKINIO0 CKOPOCTH MIapuKa, TaK KaK yAap MPOMCXOTUT OYeHb OBICTPO, a IICHTP Mace Ia-

=

PUKa MOKET CMEIIATHCA BAOJb IJIIOCKOCTHU. Ho IIpu 5TOM C03J1aETCSI MOMEHT CHUJI TpCHUSA M ™ = |:F, FTp:| , KO-

1 Th
o . i1y {
TOpBI PACKPYUHBACT MIAPHK, COOOIIAs My YITIOBYIO CKOPOCTh ®. Ilocie 2-3 yiapoB mapuk mepectaér or- Y G /Pa
CKaKMBATh U HAYMHAET KATHTHCS 110 HAKJIOHHON IUIOCKOCTH, a KacaTelIbHas MIPOEKIUS CKOPOCTH IIApHKa I10- ) s
clle yJapa IPakTHYeCKU He U3MeHsAeTcs: Uy = V.

I[Hﬂ pacuceTa BLI6ep€M OCHM KOOpAHHAT, B KOTOPBIX OCh X HaIlpaBJI€HA BAOJIb HaKJIOHHOM IIJIOCKOCTH,
o[ yrjoM 0. K TOPU30HTY, a OCh Y — II0 HOpMaJIM K IJIOCKOCTH (pI/[C.4). HpI/I nagacHuu C BbICOThI h IIOTCHI U~ Puc.4



6
aJlbHasl DHEPTHs IIApUKa MPEBpalaeTcs B KUHETHYECKY0: mgh= Wz/ 2, T.e. IMIAPWK MOJIETAET K IUIOCKOCTH CO CKOPOCTHIO
v =,/2gh. (1)
Ilocme otTckoka MpoceKIusaA €ro CKOpoCTHU Ha OCb X HE MCHACTCA, Ux = Vx =vsina , a I[PpOoCKUUsA
u, =u, = kv, = kvcosd Gyner MeHblle BEIUYHUHBL V,, , HOCKOJIbKY YaCTh MEXaHHYECKOM SHEPIHH IIapUKa MPEeBPaTHIACH B Te-

IUIOBYIO SHEPTHUIO U SHEPTHUIO HEYIPYroi 1eopMaruy Tel.
B BBIOPaHHBIX OCSX MIAPHK JBHKETCS € MOCTOSHHBIM YCKOPEHHEM, HMEIOIIMM NPOeKuuu a, = gsind u a, = —gcosa

(g — yckopenue cBOGOIHOTO MajeHus). B MOMEHT MOBTOPHOTO MAJCHHUS HIAPHKA HA TUIOCKOCTh YPABHEHHS KUHEMATHKA UMEIOT

BHL: x=ut+a £/2=vsina+ gsin ¥/ 2, )
y=0=u,t+a, /2= kvcost (1~ g cost OF/ . (3)

U3 ypasrenns (3) nonyunm t=2k.v/g u, noacrasiss B (2), Haxoaum X = 2v2 sina(kcz+ kc) / g. C yuerom (1) mpuxoaum K

2 X 1 X
aBHEHHIO + Kk, ——— =0, umerneMy peleHue ==,1+—-1]. 4
P ke +e 4hsina yPp ke 2 hsina @

OrmbITHI MOKA3bIBAIOT, YTO MPU COyIapeHuu Te u3 cranu K, ~ 0,55.

[opsiok BeINONHEHHS PAOOTHI
1. lepemenienrem MyHThl A YCTAaHOBUTB MPOU3BONBHBIA HAKIOH MIockocTH (mpumepHo 10-15°).M3meputs BbicoTh hy

u hy, 1nMHY HaKIOHHOM TI0CKOoCTH | Mexay nmuHusimu Ly u Ly (eM.puc.1) u onpenenuts BenuuuHy Sind = (h2 - }‘h) / I

Ipumeuanue. MOKHO TPOU3BOJIBLHO U3MEHSATH [UTHHY HAKIOHHOMN IUIOCKOCTH |, M3MEHsS TTpH 5TOM Jpyrue BoicoThI hy 1 hy.

2. IepemenienrieM Myd 1ol B ycranoButs npoussobHyo Beicoty h (17—20 61) Oynkepa C Hax HaAKJIOHHOM IIOCKOCTBIO.
OTLEHTPHUPOBATh YCTAHOBKY OYHKepa Tak, 4TOObI IapUK MOCIE OTCKOKA yJapHiICs €lle OJUH pa3 O HAKIOHHYIO IUIOCKOCTh B Ha-
MPaBJICHUH €€ MPOI0JIHLHON OCH.

3. [TooKUTh HAa HAKIIOHHYIO TUIOCKOCTh Y3KYIO IOJIOCKY OyMard KpaeM BIOJIb YepThl L;, HAKPHITH CBEPXY KOMUAPOBAJIb-
HOW OyMaroii u 3aKpenuTh 00a ucTa cko0oii. [Ipu npoBeeHIH IKCIIEPUMEHTA CKOOY HE TPOTaTh.

4. TMomectuth mapuk B Oyakep C B clierka OTKPBITOE OTBEpCTHE (ITO MO3BOJIUT O0JIee TOUHO (DUKCHPOBATH HAYAIBLHOE
MOJIOKEHHE IAPUKa). 3aTeM MEIJICHHO OTKPBITh 3aCJIOHKY, aB MAPHKY MPOBAIUTHCS. Y TAPUBIIKCH O MJIOCKOCTD, IIAPUK OTCKO-
YHUT U OCTABHT CIIe] Ha OyMmare.

5. O603Ha4nTh TOUKY yAapa Ha Oymare Toukod 1. OTOrHYTh OT JIMHUU L, U MOJIOCKY OyMaru U KOMUpOBaIbHYIO0 Oymary
TaKkuM 00pa3oM, 4TOObI MOBTOPHOE MajeHHE LIaApHKa N3 OyHKepa NPHUIILIOCH HA METAJUIMYECKYIO TOBEPXHOCTh; OTCKOYHB OT HeEe,
[IapyUK BTOPOU pa3 YAAPUTCS O MMOBEPXHOCTh U OCTABUT CJIe]] Ha Oymare. DTy TOUKy 0003HAUHTh Iudpoit 1.

6. IToBTOPHTH OIBIT IPH OTOTHYTOM Oymare 9 pa3, oTMeuasi CiIeasl OT IOBTOPHBIX yaapoB cooTBeTCTBeHHO 1, 2, ..., 9.
7. CHATB JIUCTHI C IUIOCKOCTH, ONPEACIUTh PACCTOSHHE X Mexkay Toukamu 1-1°, 1-2°, 1-3', ..., 1-9’n 3anectn B Tabm.1.
X+ X+t Xg

8. Boruncnuts cpeqHee 3HaYeHUE < X >=

9

9. OHpe,HeJ'II/ITL CHy‘IaﬁHLIe OTKJIOHCHUA AXI = )ﬁ —< X> KaXXJ0T0 UBMEPCHUA PACCTOAHNS, CPCAHEC KBAAPATUIHOC OTKJIO-

f 1 . S
HeHne S= —12 (A )g)2 . Beraucnuthb norpenrHocts AX pe3ynbrara u3MepeHuid: AX = T (N-KOJTMYECTBO TOYEK).
n- n

10. Beruncnuth cpeqHee 3HaueHHE Kod((UIMEHTa BOCCTaHOBIIC-

Tabiuma 1
_ _ N7 7 X
X, MM AX, MM (Ax) %, mm HHUSL CKOpOCTH 1o (opmyie (4) <kc> = L 1+<—_> —1|. Ipuaumaem
2 hsina
paauyc mapuka r <<h.
11. Beruuciuth abcomotayio AK u otHocutensHyto E norpemrto-
cri: Ak, = B g =Lk 000, (5)
4(2(k.) + Dh sina (ke)
12.Pe3ynbTaThl I3MEPEHUH M PAcUETOB 3anucath B Tabi.1u 2.
Tabmuma 2
[, MM h, MM hy, MM h,, MM Sino <X>, MM S, MM AX,MM <k:.> Ak E, %
13.3anucars pesynbrar B Buge: K, =< k. >*Ak. = ... £ o

KoHTposbHbIE BONIPOCHI U 3aJ1aHus K Ja0opaTopHoii padore Ne 1
1. Yro HaspiBaeTcs K03()(HUIIMESHTOM BOCCTAHOBICHHS CKOPOCTH?
2. Onummre METOAMKY ONpeNeNieHNs: 3TOro Ko QuIeHTa B JaHHOH paboTe. 3auem Hazno ¢uxcupoBars juHuIO L1l , Ha ycTa-
HOBKe?
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3. Kakoe coynapeHne Ha3pIBaeTCs aOCONIOTHO YIPYTUM, a Kakoe - aOCOMOTHO HeynpyruM ? HaOmromaroTest 11 3TH COyJapeHHs B
JTaHHOI paboTte?
4. ChopmynupyiTe 3aKOH COXpPAHCHUs TOJTHOM MEXaHHMYECKOW dHepruu. Koraa 3TOT 3aKOH BBIMOJIHACTCS, 8 KOTa HapyIIaeTcs B
JlaHHOI paboTe?
5. OnumunTe 3Tanbl COyIapeHus MIapuKka co CTallbHOM IIOCKOCTHIO Ha puc.3. [Touemy HOpMasbHas MPOESKIUsI CKOPOCTH IIapHKa
[IPU y/1ape MEHSIET CBOIO BEJIMYHHY, & KacaTelibHasl IPOSKIHsI €r0 CKOPOCTU MPAKTUUECKH HE MEHSETCS ?
6. Bo 4o mpeBpalaeTcs 4acTh MEXaHUUECKON SHEPruu coymapsomuxcs Tea? Kak onpeaenuTs 3Ty 4acTh NP HOPMAJILHOM Ta-
JICHUH IIIAPHUKA HA TUIOCKOCTh, €CIIM M3BECTEH KO(PMHUIIMEHT BOCCTAHOBICHHUS CKOPOCTH K.?
7. C moMomipo puc.4 v ypaBHEHUH KHHEMATHKH IPOJEIaiTe BCE ITAIlbI MMOJYYEHUs pacuETHOM hopmyisl (4).

Jluteparypa
1. CasenseB U.B. Kypc ¢usuku B 3= Tr.: T. 1: Mexanuka. MonekyispHas ¢pusuka - M.: Hayka, 1986. -ti.lll, 819, 24, 25, 27

2. Kommaxos FO.H., ITekap FO.A., Jlarya 11.M., JIexxueBa JI.C. MexaHnKka U TECOPHS OTHOCHTEIBHOCTH,- u3a. Tyal'y. 2010,
-ri1.l 88,11.3 83,6,r11.6 84.

Pabora Ne2. Yrpyruii ynap mapos

[lenb pabOTHI: 03HAKOMHUTHCS C SIBIICHHEM yapa Ha MPUMEpe COyIapeHus MapoB, pacCYUTaTh KOAPPHUINEHT BOCCTAHOB-
JICHHUS YHEPTUH, IPOBEPUTH BBHIIIOJHEHNE 3aKOHA COXPaHEHUS IMITYJIbCA.

Teopernueckoe onucaHue
B pabote uccneayeTcs coyaapeHue IByX HEOOMbIINX METAIMYCCKUX IIAPOB, MOBCIICHHBIX HA HCBECOMBIX HUTSIX JUIH-
Hel |. B m00XeHUN paBHOBECHUS IIAPHI HAXOMASATCS B HIDKHEN TOYKE M KAcaloTCs Ipyr Apyra. VX moyoxeHus og u Py onpemesns-
FOTCS TI0 KPYTOBOH IIIKajie, Ha KOTOPO# JeJIeHUs HaHEeCEHBI B rpagycax. ONWH U3 MIapoB OTBOIAT Ha yroi Aa.
Toraa 0y =0+A0,; - HOBOE IOJIOXKEHUE 11apa, OTMedaeMoe 110 mikaje. [Ipu 3ToM, Kak BUAHO U3 PUC.5, OH

TIOJHUMACTCA HA BBICOTY
h=1(1-cosha,) =1 02sif (Aa,/ 2. (6)

ITocne Toro, KaKk MOMHATHIN IIap OyJET OTIYIICH, OH JBHXKETCS BHU3 H COYAAPSETCS CO BTOPHIM IIa-
POM, BUCSIIKUM HENOABMKHO. CKOPOCTh V HAJIETAIOLIETO 1Iapa B MOMEHT yJiapa MOXKHO OINpPEAEIUTh U3 3aK0-

Ha COXpaHEHMs MEXAaHUYECKOU SHEPTUH (IIOTEHIMAIbHAS DHEPTHS IEPEXOIUT B KHHETHUECKYI0): mgh= m/2/ 2, oTKyna
v =,/2gh. @)
I[anLHeﬁmee JABUKCHUC MIAPOB MOCJIC yaAapa MOXHO OINPCACIIUTL C MOMOIIBIO 3aKOHOB COXPAaHCHUA. 3aKkoH COXpaHCHUs

HMITYJIECA BCET/IA BHITIOJIHEH B 3aMKHYTOHN (MJIM H30JIMPOBAHHON) CHCTEME, HAa KOTOPYIO HE JCHCTBYIOT BHEIIHHE CHIIBI HITH JCH-
CTBHEM TaKHWX CHII MOKHO TpeHeOpeds. DTO CIleAyeT M3 ypaBHEHHs ABWKeHHS (2-T0 3akoHa HpIOTOHA), 3aMHCAHHOTO B BHIC

df = - -
CPencrenns ZFBHCLU =0, oTkyna UMOYIbC Peyerensy = CONSL B HamieM ciryuae cuitbl TsbkecTH MY U HaTspkeHus HUTH N

dt

YPaBHOBENICHBI TOJILKO B HIKHEH TOUKE, B KOTOPON MPOUCXOAUT Yaap.
#0, HO

B3aMMOJICHCTBHE TMPOMCXOOUT OYeHb OblcTpo, 3a Bpems At - 0 (ymap, B3pbiB). Torma H3MEHEHHE HUMITYJbCA

Ho 3akoH coxpaHeHHS WMIIyJbCa Y9acTO MOYXHO NMPHMEHHTH M B HE3aMKHYTOH CHCTEME, B KOTOPOH ZFBHem

AP,y crenes = z FopenAt — O ImpeHeOpexuMo Majio U MOXKHO CUUTATh, YTO Py,epeny = CONSt. B HalleM ciryuae BbIIOMHEHBI 00a 3TUX

YCIIOBHSL.
Cpa3y mocie LEHTPAJLHOIO yJapa Iapbl ABHXKYTCS cO ckopocTsMu U; u U, , HamnpaBIeHHBIMH

BOJIb TOPU3OHTANBHOM THHUK yaapa (puc.2), MpOXOsliel Yepe3 LEHTPhl Macc LIapoB. DTH CKOPOCTH Ha-
IIPaBJICHBI B OJIHY CTOPOHY, €CIIM Macca HaJIeTaloUIero mapa My 0oJblie Macchl My HIapa, BUCEBIIEr0 HENoJ-
BIKHO. Ectm m; < m,, To mapsl pa3ieTaoTcs B pa3Hble CTOPOHEI, KaK II0OKa3aHO Ha puc. 6. B Takom ciyyae,
KOTZla MEHBUIMH IIap HAJIETaeT CO CKOPOCTHIO V Ha HENOABHKHBIM OOJBIION HIap, 3aKOH COXPAaHEHUS M-
ITyJIbCa B MPOEKIUH Ha TOPU30HTAIBHYIO OCh IMEET BUJ

MyV = =My U+ M U, ®)

ITocne ynapa HUTH I0ABECa PA3ICTAOLIMXCS MIAPOB My 1 My OTKIOHATCS Ha MakCHUMasbHble Yruiibl A0, U AB,, a mapsl

noaHUMYTCs Ha BeicoTy hy u hy cootBerctBenHO (puc. 6). CBA3b CKOPOCTH V, ¢ KOTOPOIA Iap My MOMIETAaeT K TOUKe yaapa, ¢ yr-
oM AQ; mepBOHAYANBEHOIO OTKJIOHEHHMSI HUTH ero nojseca (puc5) cnenyer us coornouenuit (6) u (7):

v =2Jglsin(Aa,/2). (9)
AHanOruYHBIMEU COOTHOIICHUSIMH CBsi3aHbl yrisl A0, n AR, co ckopocTsiMu pasnéra mapos Ha puc. 6:
uy =2y glsin(Aa,/ 2, u, =2glsin(AB,/2). (10)
Hoacrasmnss (9) u (10) B (8), monyyrm cOOTHOLICHHE
m, sin(Aay/2) = —my sifAa,/ I+ m, sifAB /2, (11)

TMO3BOJIAIOIICC SKCICPUMCHTAJIBHO MNPOBCPUTH BBINNOJHCHUE 3aKOHA COXPAaHCHUA HMMITyJIbCa IMpPU yAape IIapOB MO MU3MEPCHHLIM
yrijiiaM OTKJIOHCHUS UX HUTEH nojaseca.
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3aKOH COXpaHeHMs OJIHOW MEXaHNYECKOI SHEPruu OyAET BHINOIHITHCS B TOM CIIy4ae, KOrja Bce JeHCTBYIOIIUE B CHC-
TEME CHJIbI KOHCEPBAaTHBHBI. B 3TOM cilydae MpoMCXOAMT a0COJIOTHO YIPYTUH yjap: miapsl P CTOJIKHOBEHUH YIPYro CKUMa-
I0TCSL M YacTh MX KHHETHYECKOH SHEPIMH NPEBpAILAETCsl B MOTCHIUAIBHYIO HEPruio ynpyrod aedopmauuu. B MomMeHT Ham-
Oonblrero commkeHns (aeopManin) Mapbl ABUKYTCS C OJHOH CKOPOCTHIO, a IOTOM HAYWHAIOT PA3JIeTAaThCsl, BOCCTAHABINBAS
cBoto (opmy. IloTeHnanbHas SHEpTUs ynpyroi nedopmManuy mpeBparaeTcsi B KHHETHYECKYI0 SHEPTHIO LIApOB, Pa3sIeTaloNXCs

CO CKOPOCTSIMH U; U Up. B TakoM citydae j1si pOBOAMMOTO SKCIIEPUMEHTA 3aKOH COXPAaHCHUS MEXaHUIECKOW SHEPTHH MOKHO 3a-
2

myv?_my mg
2 2 2
ITpu abcoMIOTHO HEYNPYTOM yaape IIaphbl CAUMAIOTCS M IBIXKYTCS Jajiee ¢ OJHON CKOpOCThIo U. HacTh MEXaHWYECKOM
SHEPIHUH 3aTpadyrBaeTCs Ha paboTy AMCCHUIATUBHBIX CHJI BHYTPEHHETO TPEHHSA, KOTOpas MPEBpAIacTCS B SHEPTHIO OCTATOYHON
nedopManru U BEIICISAETCS B pe3ybTaTe B BUAe Teruia Q. 3aKoHBI COXpaHeHUS NMITYJIbCA M SHEPTHUHU B TOM CITydae MMPUMYT BHJ
my?  (my+my) &

m1v=(ml+mZ)L U > = > +Q.

B cirygae peansHOTO HEHTPAIBHOTO COYAAPEHNUS METAIUTMYESCKHX MIapOB, HCCIEAYeMOTO B paboTe, mapsl He CIUITAaloTCH,
HO JICHCTBYIOIINE AUCCUIIATUBHBIC CHIIBI BHYTPEHHETO TPEHHUS YMEHBIIAIOT MEXaHUICCKYIO SHEPTHIO CUCTEMBI. DTO YMEHBIIICHHE
XapakTepU3yOT BEIWYNHON K0d(GHIMEHTa BOCCTAHOBICHNSI KHHETHIECKON SHEPTrHH K, — OTHOIICHHUsSI KMHETHIECKOU IHEPTHH
IapOB Mocie yaapa K ux sHepruu 10 yaapa. C yderom (9) u (10) BemuunHy 3T0r0 K03(hGUIHEeHTa MOXKHO BBIYUCIHTH 10 HOpMY-
ne

IUCaTh B BUJIE U pelaTh ero COBMECTHO C 3aKOHOM COXpaHeHus uMIryiibea (8).

‘o mluf/2+ mztﬁ/z_ msin’(Aa 5/ 2+ m,sirf(AB 5/ 2
’ m, /2 m, sin? (Aay/ 2) '
Hpe,HOCTaBI/IB HIapaM paCKan/IBaTLCH " COBepHIaTL yﬂapl)l, MOKXHO y6eﬂI/ITBC5{, YTO IMOCTCIICHHO CKOpOCTI/I nu aMHHI/ITyﬂLI

JIBUYKCHUS IIapOB OYAYT 3aTyXaTh, U CO BPEMEHEM IIaPhl HEMOIBMKHO TIOBUCHYT B IOJIOKCHUH paBHOBecHs. Bes kuHeTHueckas
9Heprus OyAeT M3pacxo0BaHa Ha paboTy TUCCHITATHBHBIX CHIL.

12)

[opsi/10K BBIMONHEHHS PAOOTHI

1.3anucaTh HaYaIbHBIE TOJOKEHUS Og U [3g, COOTBETCTBYIOIIME TOUKAM MEPECEUCHUSI HUTEH
OuGUIAPHBIX TIOABECOB C JMHUEH JICICHHS IKAJbI, KOTa LIAPbI HEMOABMKHBI. 3/1€Ch U B JabHEil-
reM 0603Hadenue A" OTHOCHUTCS K HIapy A ¢ MeHbIed Maccoit My, a "B" — k mapy B ¢ menbIei
Maccoit Mp.

2. OtxiaouuTh map A Ha yrou 01 ot 10°10 15° u otrmyctuts 63 HavansHOU cKopocTH. IIpo-
M3BECTH OTCYET MEPBOTO 0TOpOca 060uX ImapoB O, U 3, (Tak Kak cpa3y MPaKTUUECKH HEBO3MOKHO
B3ATh J{BA OTCYETA, TO MOCTYIAIOT TAK: CHaYasa OepyT OTCYET JUIsk OJJHOTO IIapa, 3aTeM MPOU3BOISIT
MOBTOPHBIN Yap U3 TOTO e TMOJIOKEHHUS miapa A u 6epyT OTCUET JJist BTOPOro miapa). Y ap u3 JaH-
HOT'O MOJIOXKEHUsI MPOU3BOAAT He MeHee 10pa3, uToObI [JIs KAXI0T0 1Iapa MOJyYUTh HE MEHEe MATH
3HAUEHHMH 0TOPOCOB HUTEH mociie ynapa (O, u 3,). Haiitu cpennee <0,> u <3>.

3. OneIT IpoaeNaTh A ABYX APYrux 3HaueHui dy. (o1 20° no 25°, ot 30° mo 35°). 3anonauts Tadmiy 1.

4. TIpoBepuTh 3aKOH coxXpaHeHust umiyiisca (8). st 3Toro onpenennTs HadaabHbIE ¥ KOHEYHBIE OTKIOHEHHUS IAPOB

Aa=0q—0q, A, = ((X 2> —Ogu ARy = <BZ> —Bg (puc.6) u paccunTaTh BEIMUMHEI JI€BOH U npaBoii yactu ypasHenus (11):

& =mysin(Aay/2) u &, =-m;sin(Aa,/2)+ m, sinAB,/ J . Pesynbratsl 3anecty B Tabmuiy 2, 1 1o popmyse % [100%
1
paccuYnTaTh Ha CKOJIBKO NMPOLEHTOB OTIMYAIOTCS BETUYNHBL & 1 Ep.
5. Berauciauts K03QQUIMEHT BOCCTAHOBIEHUS dHeprun K, 1o ¢popmyie (12).
Tabmuua 1.

ag° 05,° <a,>,° B2.° B>

0p.,° = ... Bg.° = ... Tabmuna 2.

Ba=o0q=0o.° | Adp=(ap)=0o° |8B2=(B2)-Bo’ & [f2  |E&~&2 000

1

KoHTposbHBIC BONPOCH! | 3aJaHUs K JIA00paTopHOU padoTe Ne 2
1. ChopmynupyiiTe 3aKOH COXPAaHECHUS HMITYJIbCA CUCTEMBI U YCIIOBUS €TO BBIMTOJHCHHUS.

2. Kakasi cucteMa Ha3bIBaeTCsl 3aMKHYTOM, M OyJIeT JIM 3aMKHYTOH CHCTEMA COYAApSIOIINXCS apoB?
3. Chopmynupyiite 3aKOH COXpaHEHHsI OJTHOW MEXaHUYECKOH SHEPTUH CUCTEMBI U YCIIOBUS €0 BHIITOJHEHUS.
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4. Kakas Benmu4rHA Ha3bIBaeTCs KOI()(MUIIMECHTOM BOCCTAHOBJICHHUS SHEPTHMH U MOXKET JIM OHA OBITH OOJIBIICH WM PAaBHOU €IU-
HHALE?
5. [To xakoii MpUYUHE COXPAHIETCS UMITYJIBC [IAPOB MOCIE yaapa, XOTS UX MEXaHMYECKas YJHEPrusl yMEHbIaeTcs? BepHo mu 310
yTBEpXKICHHE?
6. Kako¥i ynap Ha3biBaeTCs aOCONIOTHO YIPYTUM H aOCOMIOTHO HeynpyruM? Kakum ynapom Oyaer coyaapeHue ImapoB B IPOBO-
JIUMOM 3KCIIEPHMEHTE?
7. TlonyunTe CBA3L MEXKIY YIJIOM OTKIOHEHHS! HUTH IIOJIBECA U BBICOTOM moabEMa mapa h (puc.A).
8. Illap ¢ maccoii M, mogHUMaroT Ha BeicoTy h = 9¢cM u oTmyckaroT 6e3 HaYaabHOM cKOpocTH. OH HCIIBI-
TBIBACT LIEHTPAILHOE COyJapeHHe C IMIapoM MaccChl My, BUCEBIINM HETIOABIDKHO HAa HUTH TOW K€ JUTHHBI
(puc.B). 3amumuTe BHIpaXKeHHs 3aKOHA COXPAHEHHS DHEPTUH M 3aKOHA COXPAaHEHHs UMITYJIbca B CIIydac
abCoNIIOTHO ympyroro ynapa. OmpelenuTre ¢ MOMOIIBI0 3TUX COOTHOUICHHH MAaKCHMAJBHYIO BBICOTY
noAabéMa mapos My U My TOCIIe yAapa B cIydae, Koraa M, = My | B cIydae, Koraa M, = ml/ 2.

9. [Ipu ycnoBusX, H300paKEHHBIX HA PUC.2 MPOUCXOTUT aOCOTIOTHO HEYNPYroe coyaapenue mapos. Onpenenure
BeIMYHMHY K03((hHULUEHTa BOCCTAHOBIICHUS] KUHETUYECKOH SHEPIruy B cilydasax My, = My u m, =2my.

10. Caemnaiite BoiBox cootHomrenuii (11) u (12). O6bscHuTE, KAKMM 00pa3oM B JAHHOM paboTe MIPOBEPSAETCS BHIIOJHEHUE 3aKOHA
COXPaHEHUs UMITYJIbCA.

Jluteparypa
1. CasenseB U.B. Kypc ¢usuku B 3= Tr.: T. 1: Mexanuka. MonekyispHas ¢pusuka - M.: Hayka, 1970.- 8823, 27-30.

2. Kommaxos FO.H., ITekap FO.A., Jlarya 11.M., JIexxueBa JI.C. MexaHnKka U TECOPHS OTHOCHTEIBHOCTH,- u3a. Tyal'y. 2010,
1.3 83,6;r1.5 81,5;r1.6 §81,2.

Pa6ota Ne3a. Onpenenenre CKOPOCTH ITYIH € IIOMOIIBIO0 0aUTMCTHYECKOTO MasiTHUKA

ECHB [2360TBI: HCIIOJIB30BaTh 3aKOHBI COXpaHCHUA HUMITYJIbCa U MEXaHUYIECKOMN OHEPrun id U3MEPCHUA CKOPOCTH ITYJIN
0aNTNCTUYECKUM MCTOOOM.

Teopernueckoe onucaHue

BammucTiyeckuilt MasSTHUK TPEJCTABISICT U3 ce0s TSHKENBIA MyCTOTENBIN [HIHHIP, 3aT0JTHCHHBIN IIACTHIMHOM U IOJ-
BCIICHHBIA Ha HUTAX. [[000HBIC YCTPOICTBA HCIOMB3YIOTCS B OAJUTMCTUKE JUIS OMPEICIICHHUS CKOPOCTH OBICTPO JICTAIIUX Tpe-
MeTOB (CHApSIOB, IIyIIb), 3aCTPEBAONINX B MAsTHHUKE, HO TIPH 3TOM B MOMEHT yJapa HE BO3HHKAET CHII, PETATCTBYIONIMX €ro
nBIKeHUIo. [1o yrioy OTKIOHEHHS OaUTMCTHYECKOTO MasTHHKA C 3aCTPSBILIEH B HEM ITyJIel ONPEneNssioT CKOPOCTh IyJIH JI0 yaapa.

Jletsmmast TOpU30HTAIBHO CO CKOPOCTBIO V IIYJIsl Macchl My 3acTpeBaeT B IUTACTIUIMHE, 3AIIONHSIONIEM HETIOIBIKHO BU-
CEBINUH MWIMHIP MasgTHUKA MacChl Mp. DTO aOCOIIOTHO HEYNIPYTUN YIap, MOCiIe KOTOPOTo MAasTHUK C 3aCTPSIBIICH B HEM TyJeit
HAYUHAET JBHIATHCS CO CKOPOCTHIO U (pHcC.7).

IIpu TakoMm ynape MeXxaHUYeCKasi SHEPTHsl CUCTEMBI MyJIsA-MasiTHUK HE COXPaHSIETCS.
3aKOH COXpaHEHHUs MOJHOW MEXaHWUYECKOW SHEPTUU BBINOJHSETCS, €CIM BCE CHIIbI, ACHUCT-
BYIOLIME B CUCTEME KOHCEpBATUBHBL. B JaHHOM ciyyae Ha MyJo JIEHCTBYET AUCCUIIATUBHAS
(HexOHCepBaTUBHAS) CHJIa TPEHUSI, TOPMO3SIII[asi MYJII0 B IUIACTHIINHE. M3MEHeHHEe MeXaHH-
YECKOH PHEPTHu MpH yaape OyAeT paBHO paboTe ITOW CHIIBI, KOTOPYEO MOXHO HAaWTH U3 CO-

myv? (mz + ml) ¢ y
OTHOWICHHS A, = > - 2 (pa3HOCTH KUHETHYECKUX SHEPTHiA TEJl JI0 U MOCIe
ynapa). bonbliast yacts 3T0i pabOTh HAET HA HATPEBAHUE TEIl. Puc.7

3aKOH COXPAaHCHUSI MMIIYJIbCA CIPABEJIUB B 3aMKHYTOW (MJIM M30JHPOBAHHOW) CHCTEME, HA KOTOPYIO HE JEHCTBYIOT
BHCIIIHUE CHJIBI HJTH JICHCTBHEM TaKUX CHJ MOXHO MPEHEOpedb. DTO CIIEAYeT U3 ypaBHEHHUs 2-T0 3akoHa HbIOoTOHA, 3amicaHHOrO

dp _
B BHIIE —p”g:e"“" = Z F,

wom — 04 OTKYJIa UMITYIIBC  Pyerenny — CONSt. Ho 3aK0H coxpaHeHUs MMITyJIbCa 4aCTO MOKHO MPHMEHHTh

U B HE3aMKHYTOH cHCTeMe, B KOTOPOH Z Fovew Z 0, HO B3aMMOJEHCTBHE MPOMCXOAUT OYCHBb OBICTpO, 3a Bpems At — O (yzap,

B3peIB). Torna nsMeHenne umiyinsca AP =>» F,__ At - 0 npereOpexuMo MaJIo, U MOXKHO CYUATATH, 4YTO P . =const.
CUCTEMBI B! CHCTEMBbI

Hell
B LlaHHOﬁ pa60Te, CTpOTro roBops, yaap npoucxoguT HE MIrHOBCHHO. Hyﬂﬂ HEKOTOpPOEC BpeMs T MOPOAOJDKACT JBUIKCHUE
B INTACTUIIMHE, @ MAaATHUK 34 3TO BPEMSA OTKIIOHACTCS OT IMOJIOKCHUA PaBHOBECHSA, TaK YTO BHCITHUC CHJIBI TAXCCTH U HATAXKCHUA

HUTEW He ypaBHOBelieHbl. OnHako BpeMs 1<K T , rae T — mepuon KojicOaHU MasTHUKA, paBHBIA 1 = 2TL/ I/ g, TaKk Kak Oayum-

CTHYECKHIH MasTHUK Ha JABYX HCBCCOMBIX HUTAX ABMKCTCA ITOCIIC yJapa IMOoCTynaTCJIbHO (BCQ €T0 TOYKHU ABUXYTCA C OAMHAKOBBI-
MU CKOPOCTAMH IO OJAMHAKOBBIM TpaeKTOpI/IHM). Takol MagTHUK SIBJISICTCS HE (1)I/I3I/I‘I€CKI/IM, a MaTeMaTHYeCKHUM. 3a Majioe BpEMA
T HUMITYJIbC HC YCIIEBACT USMCHUTHCA U 3aKOH €TI0 COXpaHCHUs IIPpU yAape MOXKHO 3alliCaTh B BUIC

myv = ( m, + ml) L. (13)

ﬂHH MATEMAaTU4YCCKOro MaATHUKA HC HAJ0 YYHUTHIBATh KMHCTHYCCKYIO DHECPIrUi0 BPAIIATCIBHOIO ABMXKCHUSA BOKPYT OCH
moaBseca. HCHTp MacC MasTHHKA IMOAHUMACTCA Ha BBICOTY h, " KHMHCTUYECCKAA DOHEPruA MOCTYNATCIBbHOTO ABMKXCHUA IEPEXOINUT B

MOTEHIUATIbHYIO SJHEPTUI0 KOHCEPBATUBHOMN CUJIBI TAXKECTH! (m2 + ml) o / 2= ( m, + nl) gl, otkyna

u=4/2gh. (14)
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BeicoTy mogpéMa OMpeessoT M0 Yy 0 OTKJIOHSHHS] HUTEH MojBeca, H3MEPIEMOMY MO KPYroBoii mmikane (puc.?).
Macca 6ayuIMCTHYECKOTO MasTHUKAa HAMHOT'O OOJIbILIE MACCHI ITyJIH, TO9TOMY MasTHHK OTKJIOHSIETCSI Ha MaJIblil YToJl, JUIsl KOTOpO-

ro Sin(a/ 2) =0/ 2 (yron usmepsieTcs B paauanax). Eciu paccTosiHME OT OCH MOJBECA /10 [IEHTPa MasTHHKA PABHO |, TO
h=1(1-cosn)=102siA(a/ 3=la?/ - (15)
Hoacrasnss (15)B (14)u (13),HaXO,HI/IM CKOPOCTb IyJIU JI0 yJapa:

v= 2f&|n(“j mzr:lm* aygl . (16)

TlopsiaoK BBIIOJHEHUS Da60TLI

1.B Ta6J'II/IIIy 1 3aHecTd 3HAYECHHUS MACCHI ImyJiy My, MacChl MassTHUKA My, JUIMHbBI HUTU | mux MOTpCIIHOCTU (BGHI/ILII/IHLI
My 1 My, B rpaMMax yKa3aHbl HA ITYJIC 1 III/IJ'II/IH,Hpe). 3amnmcaTh B Ta6HI/IIIy 3HA4YCHUA HOFpeHIHOCTeﬁ HU3MEPCHUS OTUX BCIIUMYUH.

HOFpeHIHOCTL JJIMHBI HUTH I OIIPEACIIACTCA, KaK MOJIOBMHA LCHBI ACJICHUSA HHHCﬁKI/I, C IIOMOIIBIO KOTOpOﬁ HU3MEpPCHA
JJIWHA. HOI‘peHIHOCTL Macc My U My ONpeACiIsICTCs, KaK IO0JI0OBHMHA €AMHHUILBI IIOCIECIHEr0 pa3psaa 4uciaa, yKa3aHHOIO Ha IIyJe U

munuaape. Hanpumep my= 30,3r. [ocnegnuii paspsaz 3to aecartsie. Torga Amy = % =0,05r.

Tabuuma 1.
My, K& Amy, Xr M, KT A, KT I, m Al, M

2.BcTaBuTh MyJo B CTBOJ NPYXKUHHOTO MUCTOJIETA.
3. Haxxumas Ha CIycK, POM3BECTH BBLICTPES M OTCUUTAT T10 IIKAJIE YTOJI O OTKIOHEHHS MAsSTHHKA OT BEPTUKAILHOTO
noJioxeHus (cM. puc.7).

4.3HaveHue yria OTKJIOHCHUS 3ancaTh B Ta0IMIy 2. Tabuuua 2.
a?
Aa?
(Aaio)z
(0)= ... S Aa®= ..

(o] (o] .
5. HSMCpeHI/Iﬂ IIPOBECTHU HE MEHEE N = 9p33. Brruuciaute CpeaHee 3HAYCHUC YyTIJla OTKIIOHCHU <(1> = Zai n; ciy-

N 0 1
YaliHpIe OTKJIOHECHUS KaXI0r0 u3MepeHus A io = O(io —(0() ; Cpe/iHee KBaIpaTUYHOE OTKIIOHeHHE S = ‘/_12 (A(J(f))2 , Tae n—
n —
YHCII0 M3MEPEHUIA; MOTPEITHOCTD pe3yibTaTa m3Mepenuit Aa°® =S/ Jn. PesynbraThl 3aHecTd B Tabnuny 2.
+ . a
6.I1o ¢popmyne (16) (V) = M2 gl sin <7> ONPEJENIUTh CpeIHEE 3HAUEHHUE CKOPOCTH ITYJIH.
my

7. OTHOCUTENBHYIO U a0COMIOTHYIO OTPEITHOCTH pe3yJiibTaTa pacCYuTarh 1o Gopmynam

2 2
E= Amy +Am +ArTl +(£Ij2+(_Acx°
m + My m 21) \<a°>

j , Av =E <v > u3anucars B Tabmuiy 3.

Tabuuua 3.

<v>,Mlc Av, M/c E, %

KoHTposibHbIE BOIPOCKH! U 3a1aHKs K 1abopaTopHoil padore Ne 3a
1. IIpu KakuX YCIOBHSAX BBIIOJHSIOTCS 3aKOHBI COXPAHEHUs UMITYJIbCA U ITOJTHOW MEXaHWYECKOH sHepruu cucteMbl? [louemy npu
CTOJIKHOBEHHH ITyJIH ¢ OAITTMCTUYECKUM MasTHUKOM MOXKHO HCIIOJIB30BAaTh 3aKOH COXPAHCHUS MMITYJIbCa M HEJb3sI HCIIOIb30BATh
3aKOH COXPAHCHUS MEXaHUIECKON SHEPTHH CHCTEMBI “ IyJIs-MasiTHAK 2
2. Kakast cucteMa Ha3bIBaeTCsl 3aMKHYTOW M OyAET JIM 3aMKHYTO# cucTeMa "Iy isi-MasiTHUK ?
3. Kakue cnibl Ha3bIBaOTCSl KOHCEPBATUBHBIMHU M ANCCUIIATUBHBIMH ?
4. YT0 IPOUCXOANT C KNHETUYECKON SHEprueil CUCTeMbl “Iynsi-MasTHUK B MOMEHT ynapa? Kakoii ato ynap? [Ipu kakoM ynape ona
OyIeT coXpaHsThCs?
5. Byzner nu coXpaHsATbCs UMITYJIbC M MEXaHWYECKasi SHEPTHsl CUCTEMBI “IyJIs-MasTHUK  TPH €€ IBM)KSHUH TI0ciIe yaapa?
6. Uem OayutMcTHYECKMH MasiTHUK OTIMYaeTcst OT (u3nueckoro? KakuM BbIpaskeHHUEM OIpeselIsieTCsl IIEpUoJL ero KojeOaHus U 1o-
qemy?
7. Ilyns ¢ Maccoi M, JIETEBIIAS CO CKOPOCTBIO V, BPE3aeTCs B 0aUIMCTUYECKUI MasTHUK ¢ Maccod M' = Km, BrceBmmii
HETOBIKHO (CM. PHCYHOK). BO CKONBKO pa3 M3MEHHTCS MEXaHHYeCKas SHEPIusi 3TOH CHCTEMBI TI0CHe yaapa, U Ha Ka-
KYIO BBICOTY HOJTHUMETCSI LIGHTP Macc MasiTHUKA C 3aCTPSBILECH B HEM ITyJIei? .
8. Cnenaiite u 00bsicHUTE BBIBOA pacueTHOH hopmyrsl (16) a1 CKOPOCTH MyJH. Y




11

Jluteparypa
1. Casenbes U.B. Kypc ¢usuku B 3x 11.: T. 1: Mexanuka. MosekyispHas ¢usuka - M.: Hayka, 1989. - §85, 16, 21, 22, 24, 25.

2. Kommaxos H0.H., ITekap FO.A., Jlaryn .M., Jlexxuea JI.C. MexaHuka U TeOpusl OTHOCUTEIBHOCTH,- u3a. Tynl'Y. 2010,
-1.3 §83,6;r1.5 §1,4,5:r1.6 81,2.

Pabora Ne36. M3mepeHne CKOPOCTH MK ¢ TOMOIIbIO (PU3UUYECKOTO MasiTHUKA

QCHL [2360TLI: HCIO0JIb30BAaTh 3aKOHBI COXpaHCHUS UMITYJIbCa U MEXaHUYCCKOM OHEPrumn Iy U3MEpPCHUS CKOPOCTHU ITYJIN C
IIOMOIIIBIO (1)I/I3I/I‘~ICCKOFO MasTHUKa.

Teopernueckoe onucaHue
B mannoit pabote GpU3MIECKHI MAATHUK IPEACTABISAET COOOM MyCTOTENBIA IMIIMHAP C MACCoM My,

3aMOJIHCHHBII [UTACTHIMHOM M 3aKPEIUICHHBIH Ha IJIMHHOM CTepiKHE ¢ Maccoit M u mmmHo# |. CrepxeHb
MOXET BPAUIAThCsl HA MOAIIMIIHAKE C MACCOM My, BOKPYT HEMOABHIKHOW 3aKPEIICHHONW TOPU30HTAIBHON

ocu O (puc.8). Jletsimiast o CKOPOCTBIO V ITyJIsi C MAaccoil 1M, 3aCTpeBaeT B IUIACTUIMHE U MasTHUK BMECTE C

3acTpsBIIeH B HEM ITyJieil HauMHAeT Bpamarbes BOKPYT ocd O ¢ yrIoBOH CKOPOCTBIO M.
B momeHT ypmapa, usierocs BpeMs T, CO CTOPOHBI 3aKpEIUIEHHON OCHM Ha MasTHUK JIEHCTBYeT

OobIIas BHEIIHSAS CHIA Pk Foe, . , M3MEHAIOMAs NMITYJTbC CHCTEMBI Ha BermanHy AP = Fe, [T On-

HaKO JUHMS JSHCTBUS TOM CHJIbI, KaK M JIMHUS IEHCTBHUS CHIIBI TSKECTH (mﬂ +m ot rrg) g, mpoxoauT Uepes

oce O (B MOMCHT yJapa MassTHUK BUCUT HGHOHBI/I)KHO). MOMEHTEI 3TUX CUJ OTHOCUTEIBbHO ocu O PpaBHbI HYJIIO, 1 MOKHO BOC-
I10JIBb30BaThCA 3aKOHOM COXpaHCHWA MOMCHTA MMIIYJIbCA, KOTOpLIﬁ CIIpaBCJINB, €CJIM CyMMa MOMCHTOB BHCIIHHUX CUJI PaBHA HY-
JIFO UJIN HeﬁCTBHGM TaKUX MOMCHTOB CUJI MOXKHO npeHe6peqL. D10 CJICAYCT U3 OCHOBHOT'O YPAaBHCHUA NAUHAMUKHN BpallaTCIbHOI'O

=0, OTKy/1a MOMEHT HMITyJIbca L =const.

JBIDKEHUS, 3aMUCAHHOTO B BUIE 0L, rovm / dt= Z M T

BHCII

B nanHo# pabote, cTpOro roBops, yaap MPOUCXOTUT HE MTHOBEHHO. [y HekoTopoe Bpemsi T TMPOJOIKACT IBHKCHUE
B IUIACTUIIMHE, & MAsTHHK 33 9TO BPeMsi OTKJIOHSIETCS OT ITOJIOKESHUS] PABHOBECHSI, TaK YTO LEHTp ero Macc C clierka OTKIOHSIETCS
OT BEPTHUKAIH, MPOXOAAIICH uepe3 ock moaseca O. Bo3HMKaeT MOMEHT CHIIBI TSDKECTH, HO BpeMs yaapa T< T , roe T — nepuon
KoJeOaHni MasTHUKA. 32 3TO MaJloe BpeMsi MOMEHT MMITyJIbca CHCTEMBI MyJIs-MasTHUK HE ycmeBaeT M3MeHHuThCA. Jlo ymapa oH
ObL1 paBeH MOMEHTY UMITysIbca yan Ly, =M, VL, rae r —miedo, T.e. KpaTyaiiuiee pacCTOSHUE OT JIMHUKM CKOPOCTH V110 OCH

O (puc.8). IMocie ymapa MasTHHK U 3aCTpsIBIIAsi B HEM IyJIsl HMEIOT OO MOMEHT MHEPLUH |, HAYMHAIOT BPAIaThCS C YIIIOBOI
CKOPOCTBIO ®, ¥ 3aKOH COXPAHEHHUS] MOMEHTA UMITyJIbCa 3AMUIIETCS Kak m,vL = lw . a7
foynapa TOCTe ymapa
MOMEHT HHEpLMU CUCTEMBI MyJIA-MasiTHUK CKJIQJBIBACTCS U3 MOMEHTOB MHepuuu e yacted. LlunmHap BMecte ¢ mynei
uMeeT HeOONBIION pa3Mep MO CPaBHEHHIO C pacCTOsIHHEM | 10 ocH mojBeca, HO3TOMY, HX OOIIHA MOMEHT HHEPLUH MaJO OTJIHU-
YaeTCs OT MOMEHTA MHEPUMU MATEPUAILHOM TOUKHM C MacCOod My + M), HaXOISWIEHCS HAa PACCTOSHUU I OT OCH BPAIIEHUSA:

l+1y :(mLl +mn) r. [MoamumHUK UMEET OYeHb Majbld pa3Mep, U ero MOMEHTOM HHEPIIMH MOXHO MpeHeOpedb. MoMeHT

MHEPIMHU CTEPHKHA OTHOCUTENbHO ocu O, poxoasileil uepes ero kpai, pasen |, = mcr2 / 3.
OOyt MOMEHT UHEPLIUK CHCTEMBI OY/IeT paBeH

I=Iu+ln+lc=mu+mn+% i, (18)

Tlocne yaapa nyijisd ABUKETCA BMECTEC C MAasITHUKOM. D10 abCOMIOTHO HEYIPYrui yaap, Ipyu KOTOPOM MEXaHU4YCCKas
OHEPIrud CUCTCMbI ITYJII-MasATHUK HE COXPAaHACTCH. 3aKOH COXPAaHECHUS IMOJHOW MEXaHMYECKOW IHEPrUu BBIIIOJIHACTC, €CJIM BCC
CHJIBI, IleﬁCTByIOIHHe B CUCTEMC KOHCCPBATUBHLI. B JaHHOM cCJiy4da€ Ha IYyJIto IleﬁCTByeT JUCCHUIIaTUBHAA (HeKOHCGpBaTI/IBHaH)
CUJia TPCHUA, TOPMO3AIas IMyJit0 B MJIACTUIINHE. M3MeHeHne MeXaHUYECKOU OHEPIruu npu yaape 6yaeT paBHO pa60Te 3TOH CHJIBI,

mnv2 123
KOTOPYIHO MOKHO HaWTH U3 COOTHOILICHUS Arp = 2 ——2 (paSHOCTL KHUHETHYECKOH OHEPruun MoCTynaTCjIbHOTO ABUKCHUS
My 0 yaapa u KUHETHYECKON OHCPIrvuU Bpallaromierocs MagdTHUKA OCJIC y,uapa). Bosbmias yacthb pa60TLI CHUJIbl TPCHUS UIET Ha
HarpeBaHue TEJI.

BOSHI/IKaIOHII/Iﬁ Ipyu OTKJIOHCHUU MAsiTHUKA OT IOJIOKCHUA PABHOBECUSI MOMCHT CHUJI TAXKCCTU M = [FC,Z m@] Ha4YnuHACT

TOPMO3UTH BpamieHne. PacctosHue e OT ocu moaBeca 1o neHTpa Macc C CHCTEMBI ITyIIs-MasTHUK MOYKHO HAWTH U3 ONpPEICICHHS
paznyc-BEKTOpa LEHTPA MACC CUCTEMBI MaTEPHUAIbHBIX TeJI ¢ MaccaMM N}, KOOPJIMHATHI LIEHTPOB MACC KOTOPBIX MMEIOT PaInyChl

i e =Xmi/zm. (19)

Jlns cucTeMbl MyJis-MasTHHUK ¢ oOmiel Maccoit M=y, + m + m+ m,., bopmyna (19),kak BuaHo u3 puc.8, naér

I
rc—(mnr+mur+m:2 m. (20)
Kunernueckas OHEPrus BpalllaTCJIbHOI'0 ABUKCHUSA MCPCXOAUT B NOTCHUHUAIbHYI SHCPIHUIO CUJIbI TSXKECTH, KOTOpas OIl-

penensieTcs 1o BeicoTe h moabéMa 1eHTpa Macc: | w? / 2=mgh. (22)
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OTy BBICOTYy MOXHO ONPEAEIUTh IO YINIy OTKIOHEHHS MAasTHHKA OT IMOJOKEHHS PaBHOBECHS
O =0 — 0, U3MepsIeMOMY 110 KpyroBoii mkane (puc. 9):

h=r.(1-cosa) =, O2siff (a/ 2. (22)
Beipasue ® u3 ypaBuenus (21) u noactasnss B (17), monyunm ¢ yuétom (22) ckopocTh myju A0 COy/a-
J2lgh 2sin(a/ 2
PEHHSI C MASTHUKOM: V= 1o =20 W V= M 2lgr . (23)
m,r myr m,r

[ops1ok BEINONHEHHS PAOOTHI

1.3apsauTh NpyXUHHYIO MYIIKY. {75l 5TOT0 OTTSHYTH Ha3aj yaapHbIH CTEp)KEHb, B3SIBIIMCH
3a BeICTYNI A. CTep>KeHb OTTATUBATH JIO TE€X MOP, TIOKa PYrol pyKoH He yaacTcs IOCTaBUTh BRICTYI B
B BEPTHKAJIBHOE IT0JIOXKEHUE, B KOTOPOM OH YAEP’KHBACT CTCPIKEHD U MPYKUHY B CKATOM COCTOSTHHHU.
3atem B Ayno [ Mymiku 3a05KUTh MyJIr0 (JIEBBIH Kpail MyJIi COBMECTHTH ¢ TopLoM /).

2.3amucaTth HaYaJIbHOE MOJIOKEHHE Olg OCTPHSI CTEPIKHS IIPY HEMOABHKHOM LIMIIHHAPE
(puc.9). Ilena HanmenbItero aenenns mkanst 10" (yrioBsix MUHYT).

3.TloBepHyTh BeICTYM B Ha cebst (puBeasi B rOPU3OHTANBHOE MONIOKEHHE), OTCUUTATD ITOJI0KEHNUE OCTPHS O MPU MaK-
CHUMaJIbHOM OTKJIOHEHHH MasiTHUKaA (puc.9)

4. BBIYHCITUTh YroJ OTKIOHEHHS MasTHHKA O = 01 — 0. ONBIT MOBTOPHUTH 5 pa3 (BBICTPES IPOU3BOAUTH TOJBKO MO He-
HOJBIKHOMY MasTHUKY). HailTu cpeliHuii yromi oTKIoHeHHs <0>° ( B YIJIOBBIX Ipajycax).

5. BeruucamTe Maccy Beelt CHCTEMBI "MyNsA-MasTHUK ' 110 opMysie M= m, + m + m+ m,,, rae M, —macca Iy,

l'nu —Macca nuiMHapa, mc —Macca CTCPIKHA, n’]HO)1 — Macca InoArITHuKa. Ha ITyJIC yKa3aHa BEJINYNHaA €€ Macchl, OCTaJIbHbIE

Macchl yKazaHbl Ha yCTaHOBKe. PaccTostHue I OT TOUKH IOABECA JI0 LIEHTpa IMIMHIPA U3MEPSSTCs JIMHEHKOH.
6. Haiitu BennunHy MoMeHTa nHepiuu | Beeil cuctemsl o popmyse (18).
7. OnpenenuTs moyokeHue neHrpa macc C CHCTEMBI "yJIss-MasTHHK" e OTHOCUTENBLHO ToUKH moaseca O (cm. puc.9) mo

dopmyie (20).

. La

2 sm<—>

8. CpenHior CKOpoCTh (V) MyJU [epe]l yaapoM B MasiTHUK paccuuTarth 1o dpopmyse (23): (V) = —21/ Imgr; .
myr

9. JlaHHbIC BCEX M3MEPEHUI U BBRIYMCICHHN 3aHECTH B TaOIMIBl 1 1 2.

Tabmuma 1.
Myon s KO | Mg, KT I, M m,, KT rm m, , Kr 0((()) m, xr I,Kr[M2 fe, M
Tabnuma 2.
Homep onbiTa <o>° <v>, M/c
oq°
[0 J
o =01—0g

KoHTposbHBIE BOIPOCHI ¥ 3a1aHKs K J1abopaTopHoii padore Ne 36
1. [Mouemy B maHHO¥ PabOTE MOXKHO HCIOJIB30BATh 3aKOH COXPAHCHHS MOMCHTA UMITYJIbCA M HEJB3sl IPUMCHHUTH 3aKOH COXpPaHe-

HUSI UMITyJIbCa?

2. Kakas cucteMa Ha3bIBaeTCsl 3aMKHYTOW M OyAET JIM 3aMKHYTO# cucTeMa “ITyJisi-MasiTHUK ?
3. laiiTe onpezneneHne MOMEHTa CHIIBI 1 MOMEHTa UMITynbca. [1o kakuMm GpopMynaM onpenessaioTcss 3TH BEIHYHHBI B JaHHOHU pa-
6ote? [loueMy Npy ABH)KCHUHM MasTHUKA HAaJ0 YIUTHIBATh MOMEHT CHJIBI TSDKECTH M HE HAJI0 YYUTHIBATH MOMEHT CHJIBI PEAaKIUH B
ocH nozaseca?

4. Kakast BeJIMYMHA Ha3BIBACTCSI MOMEHTOM HHEPIHU? Kak BEIYMCIMTE MOMEHT HHEPIIUH CHCTEMBI “ITyJIs-MasTHUK ?

5. ChopmynupyiitTe 3aKOHBI COXpaHESHHSI MOMEHTA UMITYJIECA U TTOJTHONH MEXaHWYECKOH SHEpIuH CHCTeMBbl. byneT i coXpaHsAThCs
MEXaHWYecKasi YHEPrusi CUCTEMBI “IyJIs-MasiTHUK' JI0 U MOCJIE YAapa, M €CIIM HET — TO 110 KaKoW NpuYrHe?

6. Kakyue cuiibl Ha3pIBAaOTCSI KOHCEPBATUBHBIMH, & KAKHE THUCCHIIATHBHBIME?

7. UTO NpOMCXOIUT C KWHETHYECKOH SHEPrHel CUCTEMbI “Iysi-MasTHUK B MOMeHT yzaapa? Kakoii ato ynap? [1pu kakom ynape oHa
OyIeT coXpaHsThCs ?

8. Byzner 1 coxpaHsATbCS MOMEHT UMITYJIbCA M MEXaHMYECKasi SHEPTHS CUCTEMBI “IyJIs-MasiTHUK ' TP e€ IBM)KECHHH NociIe yaapa?
9. Ilyns ¢ maccoli M, jeTeBIIasi CO CKOPOCTBIO V, Bpe3aeTcsi B HW)KHMH KOHEL| HEIOJBMXKHO BHCEBILIETO TOHKOT'O
crepxkHs JUIMHEI | ¢ Maccoii M' = KM u 3acTpeBaer B HEM (cM. pucyHOK). Haiitu: a) paccrostHue I, ot ocu mojaseca O
1o uentpa Macc C cTepxHsl ¢ 3acTpsiBLieit myneit; 0) Beicoty h nmonbéma nentpa Macec C mocine yaapa; B) paboTy Cui
TPEHUs, COBEPILCHHYIO B MOMCHT y/Iapa; T) BO CKOJIBKO pa3 W3MEHUTCSI MEXaHHYCCKasi SHEPTHUsI 9TOW CHCTEMBI MOCTIE
yaapa.

8. Cnenaiite u 00BsICHATE BBIBOA pacueTHOH GopmMyrsl (23) a1 CKOPOCTH MyJIH.

Jluteparypa
1. CasenbeB U.B. Kypc ¢usuku B 3x 11.: T. 1: Mexanuka. Mosekyispras ¢pusuka - M.: Hayka, 1989. - 88 21, 24, 26, 27, 32, 34.

2. Kommaxos FO.H., ITekap FO.A., Jlarya 11.M., JIexxueBa JI.C. MexaHnka U TEOPHS OTHOCHTEIBHOCTH,- u3a. Tyal'y. 2010,
1.4 81-3;r1.5 §82,6,7 1.7 §82-5.
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PaGota Ne3B. MI3mepeHne CKOpOCTH TyJIK ¢ TTIOMOIIBIO BpAIIArOIIeCs T1aTgopMbl
QCHL |2360TLI: HCIIOJIb30BATh 3aKOH COXPAaHCHU S MMPOCKIIUN MOMEHTA UMITYJIbCa AJid ONIPEACICHUA CKOPOCTHU ITYJIN IIPU
BBICTpEJIE.
Teopernueckoe onucaHue

Ha ropusoHTabHO pacronoKeHHOH miatgopMe-aucKe ¢ Maccoil M, U paauycom Iy
3aKpeIvICHbl IB€ CUMMETPUYHO PACIOJIOKEHHbIE U 3aNIOJHEHHBIE MIACTUIMHOM JIOBYIIKH C Mac-
camu M, (puc.10). ITyns ¢ Maccoif M BBICTPENMBACTCS M3 MPYKHMHHOTO MHCTOJNETa CO CKOPO-

CThIO V. BUHTaMU MHCTONET U JOBYIIKH 3aKPEIUISIOT TaK, YTOOBI MyJIst JIETeNla [0 OCH JIOBYLIKH
(puc.10).

[Monanast B NOBYIIKY, IMyJIsl HPWIUIACT K IUIACTWIIMHY, U TUCK BMe- ocs 12
CT€ C JIOBYIIKaMU U NPUIHIIIEH TyJeil HauMHAeT BPaIlaThCs C YIJIOBOM CKO- Bpame““"*(ﬁ
o = z
Puc.1C POCTBIO, BEKTOp KOTOPOH () HampaBlIeH 10 OCcH BpalieHus aucka. Hanpasie-

HHE 3TOTO BEKTOPa MOYKHO OTPECIUTD 110 JBHKCHHIO BPALIAOIIETOCS B Ty e CTOPOHY BUHTA (MPABUJIO BHH-
Ta, puc.11).

BeprukanbHO HanpapieHHAs CHIA TKECTH CO3MAET MOMEHT CHll Mg = [r,mg] , HampaBJIeHUE KO-

€
TOPOTO JIerye ONpe/eiuTh 10 TIPABHITY JIEBOi PYKH, Kak MOKa3aHOo Ha puc.1l:ueThipe majibla IeBoil pykH Ha- Ty 7% AN
IIpaBJICHBI BJIOJIb TIEPBOTO BEKTOpa [, BTOPOH BEKTOP M@ BXOIWUT B JaJ0Hb, OOJBIION MaJel] MoKa3bBaeT @/

HAIPABJICHUE BEKTOPHOIO NPOU3BEACHUS. My . Puc.11

OTO0T BEKTOP HAIIPABJICH NECPICHAUKYJIAPHO OCH BPAILCHUS Z U HE MOXXET U3MCHUTH BEJIMYHUHY IIPOCKLHUN LZ Ha 3Ty OCb

MOMEHTa UMILyJIbCa CUCTEMBI IyJ-IaTdopma, paBHylo L, = 1w, rae | — MOMEHT HHEpLUH CUCTEMBI OTHOCHTEIBHO OCH Bpallle-

uust. OZIHAKO B NOALIMITHUKE OCH CO3/1aETCsl MOCTOSIHHBIA MOMEHT CHIT TpeHuss M [, , HalpaBlIeHHBIH MPOTUB BEKTOpa (), U TOP-

’I‘p )
MOSHIIII/Iﬁ BpallCHUC.
3aMKHYTO’ (I/ISOHI/IDOB&HHOﬁ) CHCTEMOU 6yﬂ€T Ha3bIBATbCA CUCTEMA, HA KOTOPYIO HE HeﬁCTByIOT BHCHIHHUC CUJIbI U MO-

MCHTbBI BHCIIHUX CHJI, NN HeﬁCTBHGM 9TUX MOMCHTOB MOXKHO npeHe6peqL. B rtaxkoii cucreme BCCrja BBIMOJHACTCA 3aKOH COXpa-

HCHMs MOMCHTa UMILyJIbca. B naHHOM ciyyae u3-3a Hanuunst M, cucTema He 3aMKHYTa, M yPaBHCHUE IMHAMHUKH BAILATEIIbHO-
r0 JIBIKEHHS B IPOEKLMH Ha ock Z, dL,/dt= le =~ M, DPUBOLMT K yMCHBIICHHIO BeIM4uHbL L, =1 00.

Oznako coyzapeHue MPOUCXOUT O4CHb OBICTPO, 3a BpeMst T=At — 0, u MoxHO cuutats, 4r0 AL, =-M, [¥ - 0. IIpoek-

Us HA OCb Z MOMECHTA UMIIyJibCa IYJIHU paBHA Er[ynn = [F,mV] ,rne r =l - PacCTOSAHUC OT LCHTPA JIOBYIIKH 10 OCH. Ona He yc-

IEBACT U3BMCHHUTLCS, U MOXKHO 3alIMCaTh 3aKOH COXpAaHCHUA MOMCHTA UMITYJIbCa B MOMEHT yJapa.
mvi = lw . (24)

noyaapa  mocie yaapa
MowmeHT uHepuMH CHCTEMBI MMyJIS-IIATGOPMA CKIA/BIBAETCS U3 MOMEHTOB MHEPUMHU JUCKa |, =m; rﬂ2 / 2, MaJICHBKOMH
—ml2 — 2 .

nymu |, =ml“ u aByx JoByIIeK, pa3MepaMu KOTOPBIX TOXE MOXKHO IIpeHeOpeus, |, =2m |“. B pesynbrare:

2
m, I
| = ﬂzﬂ +2m, 1% +ml? (25)

(ecnu ipu TIpoBenCHUH PabOTHI OKAXKETCS, YTO JIOBYIIKM WMECIOT Pa3HbIe MAcChl M Pa3HBIC PACCTOSHHUS O OCH BpAIICHWS, TO B
dopmyne (25)Hano 3amMeHuTH 2M; % ”hlhz +mp 122)

[Ipu monamaHuy IMyJiy B JIOBYIIKY MTPOUCXOIUT aOCOIIOTHO HEYNPYTHU yaap, MPH KOTOPOM MEXaHWYECKast SHEPTHsI CHC-
TEMBI HE COXpaHIETCS. 3aKOH COXPAaHEHWs MOJHON MEXaHWYeCKOH YHEPTUH BEITIONHSIETCS, €CIIM BCE CHIIBI, AEHCTBYIOIIHE B CHC-
TeMe KOHCEpBAaTHUBHBL. B JaHHOM ciiyyae Ha MyJr0 JEHCTBYET OUCCHIATHBHAs (HEKOHCEPBAaTHBHAS) CHIA TPEHHMS, TOPMO3SILIASL
IyJII0 B IUIACTWINHE. VI3MeHeHne MeXaHM4YeCKOW DHEpruM NpH ynape OynerT paBHO paboTe 3TOW CHIIbI, KOTOPYIO MOXKHO HaWTH
KaK pa3sHOCTb KMHETHUYECKOM SHEpruy MOCTYHAaTEeIbHOIO ABMKEHUS Myl A0 yJapa M KMHETHUYECKOW PHEpPruu Bpallarouiencs

2
m,v® | ? N
2 ——2 . bonbias yacTe pabOTHI CHIIBI TPEHUS UIET HA HATPEBAHUE TEIL.

MoOMEHT cHJl TpeHUsT TOPMO3UT BpalleHHe IaTGOpMBbl, 1 OHa OCTAHOBHTCS CHYCTA BpeMs t mocine yzaapa, MOBEpHYB-

[IMCh HA YroJ §, u3MepseMBbIil 110 KPyroBOM IIKajle, HAHECEHHOM Ha Kpaii miaTdopMsl. [ paBHO3aMeUIEHHOTO BPaIlleH s], IPO-

HCXOJISIIETO C IOCTOSIHHBIM YIJIOBBIM YCKOPCHHEM € U C HAYaJbHOW yIIIOBOM CKOPOCTBIO (O, MOXKHO 3aIliCaTh JABA KHHEMATHYC-
_ £t?
CKMX COOTHOILCHHUS: O=w-¢e u ¢=uwt 5 (26)

Hckimouast oTcloia nepeMeHHyo t, nmoixydaem Ww=./2¢ . (27)

miatopmsl nocie ynapa: Ap, =

YroObl ONpECTUTh BEIMYUHY YIIIOBOTO YCKOPEHUS €, BXOJSINEIO B 3TO BBIPAXKEHHE, HAJIO CJICTKA TOJKHYTh PYKOH TUCK
1aT(hOPMBI, OTHOBPEMEHHO BKJIIOUMB CEKYHIOMEp, M U3MEPUTH BpeMs { 70 MOTHON OCTaHOBKH BpamleHHs IIaT(OpPMBI Ha YTO
a. Torma, uckmouast u3 paBeHCTB (26) HEM3BECTHYIO HAYANBHYIO YTJIOBYIO CKOPOCTh (, TONYYHM HM3BECTHOC KMHEMATHUCCKOE
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BBIpaXXECHHE Of = Et2/2 um £= 20(/'[2 .
OxonyatenbHo U3 hopmyin (24), (25)u (27) HaxouM BETHYHHY CKOPOCTH MYJIX 10 yAapa:

% =|— 2¢ed . (28)
ml

IMopsI0K BBIIOAHEHHUS PAOOTEI

1. Maccs! gucka My, JOBYLIKK M, | IyJd M yKa3aHbl HA YCTAaHOBKE WIIM HA CAMHX TEJIax.

2. Y CTaHOBHUTb JOBYIIKH CHMMETPHYHO Ha TIPOM3BOJILHOM PAcCTOSIHUK | OT ocu BpauieHus aucka (miathopmbr), 3aKpe-
UTh UX (OTBEpPCTHEM, 3aMOJHEHHBIM INIACTHINHOM B CTOPOHY MUCTOJETa). I3MepuTh MHEHKOH paccTosHue | OT OcH BpalleHust
10 neHtpa JoBywky (puc.10).

3. ToAKHYTB JUCK PYKOW M BKIIOYUTH CeKyHaoOMep. OmpeennTs Ha KaKoi yroi O MOBEPHETCs JUCK U Kakoe Bpemst t
npoxoaut 1o ero ocranoBku (puc.10). Onsit npoxenats N = 9 pas, onpenersis KaKAbIi pa3 yriel O; 1 BpeMeHa f .

4. VI3-3a IeWCTBHUS IOCTOSIHHOTO MOMEHTA CHJI TPEHHSI B OCH BpaIICHUs TUCK (TIathopma) IBHKETCS paBHO3aMEJICHHO.

Ilo Q)opMyne Si = BBIYUCIUTH BECJIUYUHY YI'JIOBOI'O YCKOPCHUA B KaXKAOM U3 OIILITOB, a 3aTEM HaWTU CpeaAHEC 3HAUCHUEC YT~

n
JIOBOTO YCKOPEHHS IUTaT(POPMBI, BEI3BAHHOTO TPEHHUEM B OCH: (8) = Zsi n.
=1

5. 3apsauTh NpyXKUHHBIN ACTOJIET U MIOBEPHYTH €T0 TaK, YTOOBI IIPH BBICTPEIIE ITyJIs MOTaia B JIOBYIIKY, KOTOpast
JTOJDKHA OBITH OPHEHTHPOBAHA M0 KacaTeIbHOM K TPAEKTOPUH IBI)KCHHUS BBUIETAIOMICH M3 MACTOJIETA ITyJIH.
6. [Ipoussectu BeicTpen. OmpeAenuTs yroi noBopora ¢ gucka 10 octaHoBKU. OMBIT MOBTOPUTH N = 9 pas, onpenesss

n
o o
KaXXJbI1 pa3 BCJIIMYUHY YyTJia ¢IO , 3aTEM BbIYHCIIUTh CPEAHEC 3HAUYCHHNC <¢> = Zq)lo n. BCHI/ILII/IHy 9TOT'0 yrjia, iSMEpE€HHOI'O B
i=1

rpajycax Hajio IEpeBECTH B paJuaHbl 1o hopmyiie <¢> = 3,142Eé¢i0> / 366 .
7.Omnpeaenuts MOMEHT HHepLHH | [HcKa ¢ JOBYIIKaMH U myJjei mo gpopmyie (25).
8. OnpenenuTs CKOPOCTh myJu o hopmyse (28): (V) = # 2(8)((])) .

9. /laHHbIC BCeX U3MEPEHUI U BBIYUCICHUIN 3aHECTH B TabmuIp! 1-3.

Tabmmma 1. Ta6uuma 2.
m, kr m,, KT m,, KT oM [, M a? t,c | & pan/c’ °
Tabnuia 3.
I, kr-m° (v) , mlc
<£> = pan/c? <¢>° =....°
(d)) = pan

KoHTpoJibHEIE BOIIPOCHI U 3aJ1aHus K JaboparopHoii padore Ne 36
1. Kakas cuctema Ha3bIBaeTCs 3aMKHYTOW M OyJIeT JIM 3aMKHYTOH cucteMa “nyss-miargopma’?

2. [laiiTe onpenesieHHe MOMEHTA CHJIBI 1 MOMEHTa UMIynbca. [1o kakuM GopMynaM OHHM ONpeiessioTcs B JaHHOH paboTe U Kak
OTIPEJCIUTh HANIPABJICHHE 3THX BEKTOPHBIX BEJIHIHH?

3. Kakas BenuunHA HA3bIBACTCS MOMEHTOM HHEpIUH? Kak BBIUHCINTP MOMEHT MHEPLHH CHCTEMbI “myisi-ruiardopma’ mocie
ymapa?

4. ChopmynupyiiTe 3aKOH COXpaHESHHSI MOMEHTA UMITYJIbca. ByIeT i cOXpaHAThCS ero BeIMIWHA BO BPEeMs yaapa, U €Cciii 1a — TO
KaK 3alycaTh ypaBHCHHE 3TOTO 3aKOHA TSI CUCTEMBI “IyJist-ruratopma”?

5. Kakue cuiibl Ha3bIBatOTCSI KOHCEPBATHBHBIMH, a KAKHE JUCCUIATUBHBIMU ?

6. ChopmynupyiiTe 3aKOH COXpaHEHUS! U N3MEHEHHMS! TIOJIHOH MEXaHHMYECKOI SHEpPriuu CUCcTeMbl. YTO MPOUCXOMUT C KWHETHYECKOM
SHepruei cucremsl “myss-miatdopma’ npu ynape? [Ipu kakom ynape oHa coxpaHseTcsi?

7. Byner nu coxpaHAThCS MOMEHT MMITYJIbCa U MEXaHWYECcKast SHEPTUsl CUCTEMBI “IyJIsi-TuaTgopma’ 1pH e€ IBHKEHUH ToCTe ya-
pa? i

8. MasieHbKHil IIACTHIIMHOBBIM MAPUK ¢ MacCoi M JIETEN MO KacaTeNIbHOM K 000/ly TOHKOTO HETIOBUXKHOTO JIUCKA C

Maccoit m'= Kmu ¢ paguycoM I' ¥ IPWIKI K HeMY (CM. prcyHOK). COBEPILUB paBHO3AMEIEHHO OJIMH IIOJHbIMH 000- Vi km
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POT BOKpPYT 3aKPEIUICHHON OCH CHMMETPHUH, AUCK OCTAaHOBMIICS. HaiiTH: a) BeNMMYNHY YIIIOBOrO YCKOPSHHSI JUCKA C MPHIIMMIIAM
[IAPHKOM BO BPEMsI €ro BpallleHHs; 6) BEUYMHY MOMEHTA CHJI TPSHHSI B OCH JAUCKA; B) pabOTy CUJI TPSHHsI, COBEPLICHHYIO B MOMCHT
yIapa; T) BO CKOJBKO pa3 M3MEHHUTCS MEXaHHYECKas SJHEPIHs 9TON CHCTEMBI TOCIIE YAapa.
9. Cnenaiite 1 00BsICHATE BBIBOA pacueTHOH Gopmyrsl (28) st CKOPOCTH MyJH.

Jlureparypa
1. Caenses U.B. Kypc ¢usuku B 3-x Tr1.: T. 1: Mexanuka. MonekyispHas ¢pusuka - M.: Hayka, 1989. - 88 21, 24, 27, 32, 33, 34.

2. Kommaxos FO.H., ITekap FO.A., Jlaryu 1.M., JIexxueBa JI.C. MexaHnka U TECOPHS OTHOCHTEIBHOCTH,- u3a. Tyal'y. 2010,
1.4 81-3;r1.5 §82,6,7 1.7 §2-5.

PaGota No4. M3zydeHue BpamareabHOTO ABUKEHUS

[lenp paboThI: ¢ MoMoIIbI0 MasTHUKAa O0epOeKa U3YIUTh 3aBUCHMOCTh YIJIOBOTO YCKOPEHHsI Tejla, BpaIIaroIierocs oT-
HOCHUTEJIbHO HETOJBHKHON OCH, OT Pe3yJIbTHPYIOIIEr0o MOMEHTA JISHCTBYIOIINX HA HErO CHJI; ONPEACINTh MOMEHT HHEPLHU Bpa-
LIAOIIEr0Cs MasTHUKA M ACUCTBYIOIIHIA B €0 OCH MOMEHT CHJI TPEHUSI.

TeopeTnueckoe OMMCAaHUE
Jyis u3y4eHus: 3aKOHOB JIMHAMUKH BPAIaTEIBHOTO JABIKCHHS MCIIONB3yeTCs MasTHUK Q0epOeka —Ha o,
IIKKB HEOONBIIOrO paauyca [ HaMOTaHa HEBECOMasl HUTh, K KOTOPOI MpuKperién rpys mMaccel M. IIkuB Mo-

JKET BpalllaThbCsi BOKPYT TOPHU30HTAIBbHOM 3akperieHHo ocu O. s co3ganus 0OIBIIOT0 MOMEHTA WHEPIHH

IIKUB COCTUHEH C IBYMsI NMICPIICHIUKYIIPHBIMA MAaCCUBHBIMU CTCPIKHAMH, HA KOTOPBIX MOTYT OBITh 3aKperic- 4

HBI CHMMETPUYHO PACIIOJIONKEHHBIE IPYy3bl Macchl My (prc.12). m m
MasTHIKOM TaKoe YCTPOHWCTBO HA3BIBAETCSA MOTOMY, 4TO, OMYCKasCh, TPy3 M pacKpyuuBaeT MKUB CO /A m N

crepxHAMHA. Korzja HUTE pa3MoTaeTcs MOHOCTHIO, CHCTEMa MPOJIOJDKHT BpallleHHe, HaMaThIBasi HUTh Ha IIKWB }I

IO TIOJTHOW OCTaHOBKH Tpy3a M. IloToM rpy3 cHOBa HaYHET OITyCKAThCS, Bpallas MIKHUB B IMPOTHBOIIOJIOKHYIO

cTopony u T.1. CrcTeMa MepruoANYEeCKH BpaIaeTcs TO B OAHY, TO B JPYTYIO CTOPOHY, aHAJIOTHYHO KOJIeOaHMsIM Puc.12

MasITHUKA.
B nanHo# paGoTe HUTH MMeET GOJIBLIYIO JAIMHY M, lajas BHU3 ¢ BEICOTHI h ¢ yckopenneMm a 6Ge3 HayalbHOM CKOPOCTH,
rpy3 M ymnajgéT Ha MOACTaBKY 3a Bpewms t, usmepsiemoe cekyHaomepom. [Ipocroe KuHEMaTuueckoe cooTHomenue h = atz/ 2 mo-

3BOJISIET 110 M3MEPEHHBIM BelMUMHaM h w t ompenenuTs BeMUUHY YCKOPEHHS TPy3a M, COBEPIIAOIIETO TOCTYATEIbHOE TBIKE-
e AN HHE, ¥ YTIIOBOTO YCKOPEHHS BPAIAIOIIETOCS ITKUBA!

e=a/r=2h/t%r. (29)
Cuibl, IEHCTBYIOIIKME TIPX 3TOM Ha IIKMB M Ha TPy3, MOKa3aHbl HA puc.13. YpaBHEHHE OTUHAMHUKHU I10-
T CTYTIATCJIIPHOTO AIBMKCHHUA I'Py3a M 3anmuIeTcsa, Kak ma= mg— T u mo3BoJgeT HAWITH CUITY HaTAXXCHUA HUTHU.

//M -T
g sz(g_a)zr{grf_?j. (30)

mg L[eHTp MacCC IKWBa HaAXOAUTCA Ha €TI0 OCU U HCIIOJABHIKCH. HOBTOMy ﬂeﬁCTBy}OIHHe Ha IIKMB C 06H16ﬁ

Puc.13 ~ = N
Maccoil M, cuia TsbKecTH M, ), CUila HATSDKEHUS HUTH | U CHJIA PeaKIUy B TOYKe onopsl N ypaBHOBELIEHBI:

m,, g+ T— N=0. IIpu stom nunuu geiicteus cun M, g u N mpoxomir yepes ock Bpawenust O (puc.13) u He co3naror Bpa-
maromux MomeHtoB cui. LIkuB Oyaer Bpalathesi MoI JASHCTBHEM CHJIBI HATSDKCHUS HUTH, CO3JAIOIICH MOMEHT CHJIBI
M = [F,T] . DTOT BEKTOp HAIPABIICH BIOJb OCH BPAIICHUS NIKHBA, KAK M BEKTOP YTIOBOTO YCKOPEHHUS € . DTO MOXKHO OIpejie-

JINTh, HAIIPUMED, UCIIOJB3Ys “mpaBuiio JeBoil pyku” (cM. puc.1l). Beanunny Bpalmaromiero mikuB MoMeHTa cui corsnacuo (30)

MOYKHO BBIYHMCIIHTS 110 (hopmyJie M=Tr= mr( g —2—h] . (31)

t2

B ocu BpalicHus Mpru 3TOM ZleﬁCTByeT MOMCHT CHJI TPCHUS M HaHpaBHeHHLIﬁ B IIPOTHUBOIIOJIOKHYHO CTOPOHY U TOP-

TP
Mo3sIui Bpamenne. OCHOBHOE ypaBHEHHE AMHAMHKHU BPAILATEILHOTO IBIKEHHS MasTHUKA B MPOEKIMU Ha OCh BPAIICHHUS 3a-
nuuwercs B Buge 1€ =M —M,, rae | - MoMeHT unepuuy MasTHUKa (LIKUBA C NPUKPEILICHHBIMA K HEMY CTEPXKHsMu). 3aBucu-
MOCTb YIJIOBOT'O YCKOPEHHS € OT BpAlLlalOLIero MasTHUK MOMeHTa cuil M JuHelHa, ecld MOMEHT CHJII TPEHMS HE 3aBUCHUT OT
CKOPOCTH BpalLlCHUS: €= (M -M Tp)/I . (32)

Memsist Maccy M TOJBEIICHHOTO K HATHU IPy3a, H3MEPSeM BPEMsI €ro maeHust ¢ BeICOTsI N, i o hopmynam
(29) m (31) BEIuHCIIsIEM HECKONBKO 3HAYEHHMIT YIIIOBOTO YCKOpEHHUs £ HpH pa3HbIX BenmuuHax M. Tlo stum 3HaueHu-
SIM CTPOMM TpaduK JTMHEHHOH 3aBUCUMOCTH € = € ( M ) (puc.14).

AM
o sToMy rpaduky, coriaacHo (32), MOKHO OIPEAECIUTE MOMEHT HHEpLUH MasTHHKa O0epbeka | = s u
S

BCJIMYNHY MMOCTOAHHOI'O MOMEHTA CUJI TPCHUSA MTp , OTMCUYCHHOI'O Ha pI/IC.14. I[J'IH 9TOI'0 OCH I‘pa(l)I/IKa JOJIKHBI Ha-

yuHaThcs B Touke €=0.
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[ops1ok BeINONHEHHS PAOOTEI

1. Bpamiast MasiTHUK 3a CTep>KHH A, HAMOTAaTh HUTh Ha IIKUB B 1 nogusats rpy3 C Maccoit M, ykazaHHOH
Ha HEM, Ha MaKCHMAaJbHO BO3MOXKHYIO BBICOTY h U n3MepuTh ee JnHeHKkoi (cM. puc.12). A

2. 3meputh Bpems majaeHus rpysa. s aToro, nmpuuepkuBas OJHOM PYKOH MasTHUK 3a Jro0od u3
CTEepaKHEH, Ipyroil KOCHYThCS TOJIOBKHU ceKyHaoMepa. OJHOBPEMEHHO HaXKaTh FOJIOBKY CEKYHAOMEpA U OTILYCTUTh B
CTEp’KCHb MasTHHKAa. B MOMEHT ynapa rpys3a o IOACTaBKY CHOBAa Ha)KaTh HA TOJIOBKY CEKyHIOMEpA, OCTaHOBUB - -
ero. ITo cexyHnomepy otcunrtaTh Bpems U mageHus rpy3a. OnbIT HOBTOPUTH 5 pa3, MOJHUMAs TPY3 HA ONHY U Ty

e BeicoTy h. Onpenenuts cpenHee BpeMst (t) nageHus rpy3a. [lo ¢popmynam (31) u (29) noacuurats Bparuaro-

C
. 2h h
it MoMenT M =M| g=—— | I 1 yrIoBoe ycKOpeHne Bpalenns €=———.31ech I = 2cM — pajuyc mknsa B,
t (tHr
Ha KOTOPBIM HAMOTaHa HUTb. B
OTOp 0 m, KT t,c <t> c g, C 2 M, H-m
3.Te ke camble HU3MEPCHUA U PACUYECTHI MPOJACIIATh, ﬂ06aBﬂﬂH !

K BUCSIIIEMY Ha HUTH IPy3y TPY3bI-IOBECKH (Macca KaxkIoTo J0BECKa
yKa3aHa Ha HEM).
4. JlanHbIe M3MEPEHNU U BBIYUCIICHU 3aHECTH B TAOJHILY.
5.T1o TpeM BBIYMCIEHHBIM TOYKaM € U M ToCTpOuTH rpa-
¢uk 3aBucumoctH £(M), aHAIOTUYHBIA IPUBEICHHOMY Ha puc.14.
6. ITo rpaduKy OnpeneiuTh:

A
a) MOMEHT MHEPIMH KPECTOBHHBI | =—— = ... KM,

6) MOMEHT CHIIbI TPCHHUS B OCH BpaweHus M= ... H-m.

KoHTposbHEIC BONPOCH! ¥ 3aJIaHuUs K JIA00paTopHOU paboTe Ne 4
1. Kak ycrpoen masTHuk OOepOeka v MoueMy OH HA3bIBACTCS MasiT-
HUKOM?
2. Jlaiite ompejiencHuE BEKTOPOB YIIIOBOTO YCKOPEHHS M MOMEHTa
cwi. Kak onpenenuts HampaBieHHE STUX BeKTopoB? Kyna Hampasiie-

HBI BEKTOPEI €, M 1 MTp Ha pucyHkax 12 wmm 137

3. 3amuiuTe ypaBHCHHS, ONMUCHIBAIOIINE OCTYMATEIbHOE IBUKCHHUE MTOABEIICHHOTO IPy3a U BPALIATEIBHOTO IBU)KCHUS IIKHUBA C
KpPECTOBHHOM.

4. Kak cBsi3aHBI yCKOPEHHUE & Tpy3a M U YriIoBOE YCKOPCHUE IIKKBA E7

5. Kakum 00pa3om B JaHHOM paboTe ONPEAEISIOTCS BETHYHHBI YIJIOBOTO YCKOPCHHS € W BPAIAONMIEro MoMenTa cuin M?

6. [Touemy Ha BpalllcHUE IIKKWBA C KPECTOBUHOW HE OKA3bIBAIOT BIUSHUE JICHCTBYIOIINE HA HUX CHJIA TSHXKECTU U CHJIA PEaKIMH B
ocu mnojBeca?

7. Kakum 06pa3oM B JaHHOI paboTe ONpeessiFoTCs BEMUYNHBI MOMEHTA HHEPLUH MasTHUKA U MOMEHTA CUJI TPEHHUS B €r0 OCH?
8. IIpu Macce MOABENICHHOTO HAa HUTH Ipy3a M< M)y oH OyZAeT BHCETh, HE OIMycKasch BHM3. Halinute BenmmamHy Macchl Mg, CUH-

Tass MOMEHT CUJI TPEHUSI B OCH TOCTOSIHHBIM.
9. Muck (uumusap) ¢ Maccoir M'= KM u ¢ pagnycoMm I MOXKET BpallathCs 6e3 TPeHUs: BOKPYT TOPU30HTAIBHOM 3aKper- &
nenno# ocn cummerprn O (pric.A). K HaMOTaHHOM Ha HEro HEBECOMOM HHUTH MPHKPEIUIEH TPY3 Macchl M. 3ammcas ypas- ma W
€ HEHUS TUHAMUKH, ONPEICINTE BEIMINHY YCKOPEHHMS Ipy3a a. § — yCKOpeHHe CBOOOTHOTO 1A/ ICHHS. Puc.A
M, 10.B omnbiTe Ha puc.12 MEHSIOT MOMEHT WHEpLWH | KPEeCTOBHHBI, MEHsISI MACCy MPUKPEIUIIEMBIX K HEW TPY30B
\\Q/le my. Ha puc.b mokasanbl fBa rpaduka 3aBUCHMOCTH €€ YIJIOBOTO YCKOPEHHUS OT BEIUYUHBI | TpU JBYX MOCTOSIHHBIX

Puch BpamiaImx MoMeHTOB ciil My u M,. Kakoii U3 3THX MOMEHTOB OOJIBIIIE U IOYEMY?

Jluteparypa
1. CasenseB U.B. Kypc ¢usuku B 3-x T1.: T. 1: Mexanuka. MonekyispHas ¢pusuka - M.: Hayka, 1989. - 88 26, 31, 32.
2. Kommaxos FO.H., ITekap FO.A., Jlarya 11.M., JIexxueBa JI.C. MexaHnKka U TECOPHS OTHOCHTEIBHOCTH,- u3a. Tyal'y. 2010,
.4 81-3;11.7 81-5.

Pabora Ne5. OnpeneneHnre MOMEHTOB MHEPIIMH METOIOM KOJIeOaHui

[lenb paboTHI: SKCIIEPHIMEHTAIBFHOE OINpPEEIeHHe MOMEHTOB MHEPIIH OJHOPOIHOTO CTEPXKHS OTHOCHTENBHO JBYX TIa-
pajienbHBIX ocel; nmpoBepka Teopemsl LllTeitHepa.

Teopernueckoe onucaHue

MoOMEHTOM WHEPIMH MaTepUATLHOW TOYKU Ha3bIBACTCS MPOU3BEICHHE € MacChl M Ha KBaJpaT paccTos-
HUS [ 10 OCH BpamieHus. Pa30uBas GU3MYECKOE TEIO HA MAICHLKHC YYACTKH, KOTOPHIE MOXKHO CUHTATh MAaTCPH-
aJbHBIMH TOYKAMH, CKJIAJBIBAEM UX MOMEHTBI MHEPIIMH, ITOJIyYasi BEIMYNHY MOMEHTA HHEPIMH TEJIa OTHOCHTEb-

HO JIAHHOH OCH BPAICHHS | s rena = >m Ii2 (puc.15). MoMeHT MHepLUH SBIIAETCS MEPOIl HHEPTHOCTH Tella IIPU

BpamaTeIbHOM JABUKCHUU. Uem Oombiie BenmnunuHa | , TEM TPYAHEEC 3aCTaBUTH BpallaTbCA MAaCCUBHOC TCJIO, €CIIN
OHO IMOKOWJIOCH, UJIX 3aTOPMO3UTH, €CJIM OHO BPaIfaoCh.




17
Ecnm u3BecteH MoMeHT HHEpLUU TCIa IC OTHOCUTECJIbHO OCHU BpalllCHUS, HpOXOL[ﬂHICﬁ qepe3 UCHTP Mace C, TO BbI-

YUCIUTh MOMEHT UHEpIMHU |, 3TOro Tema ¢ Maccoif M OTHOCHUTENBHO JTI000H Apyroi mapaienbHOR OcH BpaileHus A, Haxoxs-

IIeiics Ha paccTOsHUM 0, MOKHO ¢ ToMOLIbI0 TeopeMbl 1llTeiiHepa: o =1¢ +md?. (33)
B nanHoii pabote BbimonHeHue Teopembl LlTeiliHepa mpoBepsieTcs Ha MPUMEPE TOHKOTO CTEPIKHS C ml & Js
Maccoit m u jumHO#t | (puc.15). UToOs! HAWTH MOMEHT nHepuuH |-, pa3OUBaeM CTEPKCHb HAa KPOIICYHBIC : g A
yuacTkn mmuHoH dX ¢ maccoit dm= dxOnf |. MoMeHT nHepuMH TaKOro y4acTka (MaTepHaibHOM TOUYKH) OTHO- ockC  ochA
|
curensHo ocu C, xak BunHO m3 puc.16, pasen dl. = dm>¢ . Moment UHEPLHY TOHKOTO CTEP’KHsS OTHOCHU- Puc.2.1¢
TEJIFHO MEPICHINKYIIPHON K HEMy OCH, IPOXO/IIEH yepe3 HEeHTp Mace, OyaeT paBeH cymme (MHTerpa- ocsCly gy
J1y), B3ATOM 110 BCEM JJIMHE CTEPIKHS: Lx it x
" mel -2 dm i
|C:Id|C: J. dX_D(Z:__ :_m|2_ (34) Puc.2.16
_ I I 3 12
112 x==1/2

Toraa MOMEHT MHEPLUHH OTHOCUTEIIBHO MapajuIeibHON OcH A, MpOXomsuiel yepes Kpail crepxHs, cornacHo (33) noymkeH ObITh
2 1
paBeH Ia =lc+m(1/2) =§mI2. (35)

Jst posepku Teopemsl LlTeiinepa (35) MomenTs! uxepuuu |, u |- onpexnensiorcs

9KCICPUMCHTAIEHO METOJIOM MaJbIX KOJeOaHMiA, KOTOPBIC MPOUCXOAAT MO TapMOHHYCCKOMY
3akoHy. BHauasne cTep)eHb [UTHHBI | TIOABENIMBAIOT HA JBYX HUTSX JUTMHBI D B TOPH30HTANE-
HOM TostoxeHun (prc.17a) ¥ TMOBOPAYMBAIOT B TOPU3OHTAIBHON MIIOCKOCTH HA MAJBIil yro

$o =4°. Ecii yron Maji, TO HUTH T10JIBECA OTKJIOHSIOTCSA OT BEDTHKAIM HAa Mablii yroi 0g, a

Kpail CTepKHs OTKIOHSAETCS OT IIEPBOHAYAIBHOTO ITOJIOKEHISI HA MaJloe paccTosiHue AX TIpak-
TUYECKH B TOPU3OHTAIBHON TUIOCKOCTH. DTO PACCTOSHHE, KaK IyTy OKPY>KHOCTH, MOKHO BBI-
Pa3uTh Yepe3 Majble YIIIbl, KOTOPBIC HAalO B3STh B paHaHaXx:

Ax=pBy u Ax= (I/ 2) (g (puc.17a), uTo maéT CBsI3b MEXKAY YrIaMu:
b =2b6g/1. (36)
ITpu takom moBopote 1eHTp Macc C CTEPXKHs MOJHUMAETCA Ha BBICOTY he. Eciu cTepikeHb aKKypaTHO OTIYCTHUTh, OH

OyZeT coBepiiaTh MaJyible KOJICOAHHsI B TOPU3OHTAILHON TUIOCKOCTH BOKPYT BepTHKaNbHOW ocu C, mpoxopsimiell depe3 HEeHTP
Macc, ¢ NepuoJioM T¢, LIMKIMYECKON YacTOTOH Wy = 2T;/TC Y Ha4yaJbHOM aMIUTUTYI0N @o. Eciiv HUTH mojBeca uaealbHbl U HE

nehOpMUPYIOTCS TIPU OTKJIOHEHUH, TO KojeOaHus OymyT rapMonndeckumu: ¢ = ¢, COSw:t . B peficTBurensHocTr H3-3a gedop-

MAaIfH 3TUX HUTEH W BOSHHUKAIOIINX B TOYKAX ITOJIBECA NUCCHUIATHBHBIX CHJI TPEHHS KOJICOAHUS ITOCTEIEHHO 3aTyXaloT. MOXHO
CYHTaTh, YTO TOJIBKO TPH MEPBBIX 5-15KomebaHusIX MX aMIUTUTYyAa HE YCIEBAaeT 3aMETHO M3MEHHUTHCS, M MOXKHO HCITOIB30BAThH
(dhopMyITy HE3aTyXarOIIUX TAPMOHUYECKHUX KOJICOaHUN.

Benunuuna yriosoii ckopocty Bpaienus crepkus w=d¢/dt Gyner makcumanbHoii mpu ¢ =0, KOra CTEPKEHD OIyC-

TUTCS Wpay =P W= = 2T/ T . IIpy 9TOM NOTEHLMAIbHAs SHEPTHsl CTEPIXKHSI, IOAHATOTO Ha BBICOTY hc, mepeiiaér B kuxern-
YECKYIO 9HEPIHIO €ro BPAILCHHUSL:
mgh; = IC("‘)zmax/2 = 2T[2¢%| C/T(2: (37)
BeicoTy mogpéMa LeHTpa Macc CTEPIKHS MOXKHO HaWTH, TOCMOTPEB Ha Hero c6oky (puc.176). [lpu manoM yriie moBopo-
Ta 6=6 n he = b(1- coshy) = b2sif (6,/ 2= B2/ . (38)
IMoxcrasmusst (38) u (36) B (37) monyuaem ¢opMylty UL MOMEHTAa MHEPLHHU |, 3aIHMCAHHYIO Yepe3 MEepHOA MalbIX KoJeOaHumil
2
BOKpyr ocu C: lc :]TnG—?[Lb é . (39)

Teneps moaBecHM CTepKEHB 3a KOJCUKO HA €r0 KPAlo M 3aCTABHM COBEPIIATH MAaJIble KOJNICOAHNS B BEPTH- ¢
KaJIbHOM MJIOCKOCTH BOKPYT ocu noxaseca A (puc.18). Oto — dusmueckuii MasitHuk. Ecnu npeHeOpeyb MajibiM MO- I Bt
MEHTOM CHJI TPEHHSI B OCH, MOXKHO CHUMTATh, YTO €ro mepsble 5-15kosebannii OyayT rapMOHHYECKUMH KOJIeOaHMs-

mu 0 =0;Ccosw,t ¢ ammmrynoii Oy uMkIMyeckoit yactoroil Wy = 2TYT, 1 nepuomom T, =214/ 1, /mgd (nepu-
on koneGanuii puznueckoro mastauka, rae d =1/2 - paccrostHue OT LEHTPa Mace 10 OCH TOABECA).
Ipy OTKIOHEHHH CTEPKHS HA MAKCHMaNbHbIH yrou Op neHTp ero macc C MOAHMMAETCS Ha BBICOTY

e = £ (1- cos) = (2sif (8 3="65, (40)

a CTepXKeHb PUobpeTaeT MOTeHIHAIbHYI0 dHepriuio Mgh. , kotopas onpe/esieTcs HOI0KEHHEeM LeHTpa Macc. B HimkHel Touke
9Ta DHEpPrusi MNEePeXOJuT B KHHETUYECKYIO0 HHEPrHi0 BpallaTeIbHOIO JBHXKEHUS C MaKCHUMaJbHOW YIJIOBOW CKOPOCTHIO

Whax = |d6/dt|max =00a =210/ Ty
mgh: = IA(")ﬁ'lax/2 = 2T[26(2)|A/TA%' (41)

IMoncrasmusst (40) B (41), momywyaem GopMyiy Iss MOMEHTA HHEPLHU |, , 3aIHCaHHYIO Yepe3 MepHO MANbIX KoneOaHuii OTHOCH-
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. 2
TeabHO ocH A! lpa=—Tx. (42)
8
IIposepka BoimoaHeHHs TeopeMbl LllTeiiHepa B JaHHOM paboTe 3aKII0YaeTCs B IPOBEpKe cooTHOmeHus (33):
—m2
Iy —lc=ml?/4, (43)

rae BenanuuHsl |, u | Beruucnsiores ¢ nomorsio hopmys (42)u (39).

Hopsnok BeIMOIHEHHS PAOOTEI

1.TloxBecHUTh CTEPIKEHb Ha HUTSX CTPOrO TOPU30HTAIBHO, PACIIONOKHUB €0 MEKAY HAMPABIISIONIMMH TUIAHKY.

2. B3sThCs 32 PaBYIO HAMIPABIISIONIYIO, TOJBECTH K CTEPIKHIO U MOBEPHYTH €ro Ha yroi 4°.3aTeM pe3Ko pa3BepHYTh Ha-
MPABIISIONIYIO IJIAHKY OT CTEPIKHS, MPEIOCTABUB €My BO3MOXKHOCTH COBEPIATh KPYTHIIbHBIC KOJICOaHUS OTHOCUTEIBHO ocH C,
KaK ToKa3aHo Ha puc.17 a.

3. U3meputsb cexyHIoMepoM BpeMsi t- monHbIx N koneGanuii (N = 10,0TcueT BpeMeHH HAYUHATD IIPU HPOXOXKICHUH KO-

. N tei
JeOITIOIIErocs: CTEPIKHS JIF0O0T0 KpaHero moyokenus). Paccuntars nepuo xonebanuit T =Y Onbit noBroputs 9 pas u or-
n

PEACIUTb CPECAHEE 3HAUCHUEC TIEpUOJa <TC> .

4. Jluneiikoit uameputs | —paccTosiHre MeXIy TOUKAMHM IOABeCa CTepkHs U b - muuy Hureit noaseca (puc.17 a). Macca
cTepHs (B rpaMMax) yKasaHa Ha HEM.

5.TlogBecuTh CTEPXKEHB 33 KOHEIl A U 3aCTaBUTh KOJIEOAThCS B BEPTHKAIBHOM IJIOCKOCTH. YTOJI OTKIOHCHUS HE JOJIKSH
npeBbiniath 4°. (cM. puc.18).

N . tai
6. MismepuTh Bpems t, N =10 noHbIX KOMEGAHMI CTEPKHS U BEIYUCIUTS TIeproj konebanuii Ty; =21 . OnbiT mpose-
n

naTh 9 pa3 ¥ onpeneNnuTh CpeiHee 3HAUCHHE MTeproIa (TA> .

7.11o popmyrnam (39) u (42) 1 BEIYHCIUTE MOMEHTBI HHEPLHU CTEPIKHSI OTHOCHTEIIBHO MEPICHANKYIAPHBIX €My, HO TIa-

2
mg (TC>2 u 4yepe3 Kkpai crepxkaa |, = m_g|<_|_A )2 .

16rb 8t

8. CiyuaiiHble OTKIOHEHHS KaKI0r0 M3MEPEHHUs IEPUOI0B PaBHbI COOTBETCTBEHHO, ATy = Tq—<T->n

ATy =T —<Ty >, acpennue kBagparuunbie oTKIOHSHMS: S = /n—]_'lZ(A )%, Sy = ’n—]_'lZ(A Th)? . Horpemsoctn

pe3ynbTaToB H3MepeHus nepuonos AT- = S/ \ﬁ1 AT, =S,/ \/71
9. PaccunTaTh OTHOCHTEIHHBIC U aOCOIIOTHBIE TIOTPEITHOCTH 110 (hOpMYyIIaM

2 2 2 2 2 2 2
EC= % + ZAI +A_b + ZATC : EA: @ +£| +2A_TA : AIC=ECDC; AIAzEADA'
m I b <T.> m I <T, >

10. Boruncinuts BenuuuHsl |4 =l 1 m |2/ 4 yi cpaBHUTH WX 3HAYCHHS, KOTOPBIC TODKHBI COBIIACTh COracHo (43).

pajIeNbHbIX APYT APYTY OCel, NPOXOISAIINX Yepe3 UEHTp Mace | =

11. JlanHbIC U3MEPEHUI U BEIYUCICHHUH 3aHeCTH B TaOIUILI 1-4.

Tab6muma 1. Tabmuma 2.
n tgi, ¢ Tei.c | BTeihc | (ATy)?, ¢ n tai s © Taive | BTaic | (ATy)?, ¢
(Te)= e S=ee ATg =6 (Ta)= s Si=e ATR =6

Tabmuma 3.
m, KT Am, xr I, m Al, M b, m Ab, M
Ta6uuma 4.
2

lc, Kr-M° Alg, kr-m? A, KT M° Al, kT M? N P Kr-M2 mlz, K- M2
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KoHTpoJibHbIE BOIIPOCHI U 3aJ1aHus K JabopaTopHoii padote Ne 5

1. [TaiiTe onpenesnenue U o0bsICHUTE PU3MIECKUI CMBICT MOMEHTA HHEPLUH MaTepUalibHOM TOUYKH M (PU3UUECKOTO Tela.
2. Kaxkum 06pa3oM BBIYMCIUTH MOMEHT HHEPLMH TeJla OTHOCUTEIBHO OCH CUMMETPHH, IIPOXOAsIieH yepe3 nueHTp macc? Crenaiite
9TOT BBIBOJ AJIsl TOHKOTO CTEPIKHS, Ul TOHKOTO KOJbLA, ISl CIUIOIIHOTO AUCKA.
3. Chopmynupyiite Teopemy Llteiinepa. Kakum o6pasom sta Teopema nposepsieTcs: B JaHHON pabore?
4. I3 0aMHAKOBBIX TOHKHX JKECTAHBIX J€Tajel B BUJC DJUIUIICA CHAENANH, Pa3pe3aB UX HA YacTH, U pa3/BU-
HYB Ha OJMHAKOBBIC PACCTOSHUSI OT OCH BpaIleHus1, YeThIpe mwiockue Gurypsl (puc.A). PaccraBpre MOMeH- @E ‘
TBI HHEPLUH |; 3TUX QUTYp B IIOPSAKE BO3PACTAHUS MX BEJINYNH U OOBSICHUTE CBOM OTBET. Tl L S S

/ 85 35 5. Tonkwuii crepskeHb Maccel M 1 auHbl | nMeer MomeHT unepuun | =1kr 32 orHOCH- Puc.A
=——F—=F— TesbHO NepneHauKyIsprHoit ocu C, npoxomsuieii yepes ero rentp (puc.B). Uemy paBeH ero MOMEHT MHEPLMH OT-
P I ‘% HOCHTEJILHO TapajlielbHoM ocu B, Haxomsiueiics Ha paccrostauu 1/47?
nc.

6. /IBa OMMHAKOBBIX TOHKUX CTEPXKHSI C Maccoit M u 1uHO#M | Kaplil nprBapeHbl KOHIAMH MO/ TpPsi-

MBIM YIJIOM JAPYT K Apyry. HaiiTi MOMEHT MHEpLHH 3TOTO YroJIbHUKA OTHOCHTEIBHO NEePIEHIUKYISIPHON ocH A, MoKa- %
3aHHOH Ha puc.B. m,lm /
7. ony4uTe CBsI3h MEXKY MAKCHMAILHOI YIJIOBOI CKOPOCTBIO CTEPIKHS M aMILIMTY 0l ero koneGanuii. Kak ora cko- c.B’
POCTh CBs3aHA C U3MEHEHUEM BBICOTHI LICHTPA MACC KOJIECOIIOIIETOCS CTEPIKHS?

8. IIponenaiite u 06bsICHUTE BBIBOA cooTHOLICHHUH (39) 1 (42).

Jluteparypa
1. Casenses U.B. Kypc ¢usuku B 3-x T1.: T. 1: Mexanuka. MonekyispHas ¢pusuka - M.: Hayka, 1986. - 88 39, 41, 54.

2. Kommaxos 10.H., ITexap F0.A., Jlaryn .M., JlexxneBa JI.C. MexaHuka 1 TeOpHsl OTHOCHTENbHOCTH,- m3a. Tynl'Y. 2010,
-ri.5 85;r1.7 §2-4;rn.9 81,2.

Pabota Ne6. Onpenenenue paanyca KpUBU3HBI BOTHYTOM MTOBEPXHOCTH METOJIOM KaTalOIIErocs IIapruka

[lenb paGoTHI: M3yYUTHh 3aKOHBI JABWKCHHS KATAIOMIETOCS MO CEepHUIecKO BOTHYTOH HMOBEPXHOCTH INApHKa, PacCMOT-
PETh yCIOBHUS BOSHUKHOBEHHS €r0 TAPMOHWIECKHUX KOJIeOaHUN U ONPEACTHTh PAIyC KpUBU3HBI TOBEPXHOCTH.

Teoperndeckoe onucaHune

Vcnosnp3yemblii B paboTe METOM OMpPECICHUs pauyca KPUBU3HBI OCHOBAaH HA U3MEPCHUH
neproJa Majbix KoJeOaHHH IIapHKa, KAaTALIErocs M0 UCCICAYeMOi BOTHYTON MOBepXHOCTH. [Ipu
KaueHUH 0e3 MPOCKATIb3bIBAHUS CKOPOCTh TOYKH A IIApHKa, KaCAOIICHCs HEMOABIKHON MOBEPXHO-
cTH, paBHa HyJ0. [Toatomy muna ayru BC, koTopyro omuirer Touka B Ha moBepXHOCTH KaTsLIEro-
cs wapuka paguyca I, paBHa miuHe Ayrd AC BorHyrtoil moBepxHocTH paguyca R (puc.19):
Spae = Rb= g = B. Yrunl 6 u ¢, ykasanubie Ha puc.19 1 nu3MepeHHbIe B pajiaHax CBSI3aHbI COOT-

HOLIEHHEM 8=Rd/r. (44)
Ha puc.20 nokasaHo, KaKk MeHAETCs HAIPABJIECHUE MOIHOTO YCKOPEHHUs HEHTPa MACC MIAPUKA - ~
. _ _ . _ o o ng. d a{n
d=3 +§,, CKIa/bIBAIOLIECECS U3 TAHTEHIMAILHOTO &, M HOPMANBLHOTO &, yCKOpeHumii. B BepxHeit 2 /91/4

TOYKe MoAbEMa A CKOPOCTb LIApUKA M €r0 HOPMAJbHOE YCKOPEHHE &, = V2/ R paBHBI HymIO, a yCKO-

peHue MIapyuKa paBHO €ro TaHT'€HIMAJIbHOMY YCKOpEHHUIo. B HikHE# Touke Tpaekropun B ckopocts
LIapvKa MaKCUMaJbHa U €€ POU3BO/IHAS B TOUKE MAaKCUMyMa, T.€. TAHICHIIUAJIbHOE YCKOPEHUE, PaBHA
nymo: a, = dv/dt=0. B npoMeKyTOUHBIX TOUKAX TPAEKTOPUH BEKTOp & MOBOPAYMBAETCS, KAK M0Ka3aHo Ha puc.20.

Cuibl TsDKeCTH MY, HopManbHOW peakuuu N ¥ cuia TpeHus cuemieHus Fp,, AeiicTByromue Ha

wapyK, mokasansl Ha puc.21. CKopocTh HeHTpa Mace mapnka Ve =dg dt manpasnena Bnpaso, yBennuusas
npoxonuMsbiii uM myte S=00'= R'Q . TaHreHHanbHOE YCKOPEHHE HANIPABICHO MPOTHUBOIONIOKHO. Ero mpo-
eKIMs Ha KacaTeJIbHOE K TPAeKTOPUH HallpaBjieHue OyleT paBHa
2 2
d-s dd
a=-—7=-(R-1)—. (45)

dt dt

IIpoekiy BEKTOPOB YIJIOBOI CKOPOCTU U YIIIOBOTO YCKOPEHUS IIAapUKa TAaKXKe UMEIOT Pa3HbIE 3HAKH U CBS3a-

HBI C yIJIOM MOBOPOTA 1IAPUKA BOKPYT cBoeil ocn: w=d0/dt, €= —d29/ dt?® . Vuursisas (45) u (44), HAXOMMM CBSI3b TAHICHIH-
IBHOTO M YIJIIOBOTO YCKOPEHHS LIaPUKa IPU KAYCHHUH M0 CHEPUICCKOH IOBEPXHOCTH!
2
. d0e R-r
a =-REZ=""T, (46)
R dt R
3amunieM ypaBHCHHE IMHAMHKU IOCTYNATEIBHOTO IBIKCHHS LEHTPA Mace IIapuka B IPOCKIHMH HA KacaTeJIbHOe Ha-

[paBICHHUE, & TAKKE yPaBHEHUE IUHAMUKH BPAIIATECILHOTO ABMKCHHS IIAPHKa BOKPYT CBOCH OCH, B KOTOPOM TOPMOXKEHHE Bpa-
IIEHUS IIPOUCXONUT U3-3a ASHCTBUS MOMEHTA CHJIBI TPEHHS CLECIUICHHS, a MOMEHT HHEpIUH mapuka | o = 2mr2/ 5 (puc.21):

ma = mesing - F,; 1ce=F, 1. 47

HocenoBaTenbHO HCKIIIOYACM W3 OTUX YPABHCHHH HEH3BECTHYIO F,, 3aTeM MOICTaBIseM € H3 (46), 3aTeM — BBIpaXKeHUE IS
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a, us3 (45).Ilonyuum ypaBHeHuHe ﬂ+isin¢ =0 (48)
HOIYHIMY 42 | 7R-5r '
DTO ypaBHEHHE COBIAJAET C AMHAMUYECKUM YPABHEHUEM HE3ATYXAIOIIMX COOCTBEHHBIX FAPMOHUYECKUX KOJIEOaHMMI
d%%
=2 +wdd=0 49
o et (49)

B TOM Ciydae, Koraa SiNg =@, T.e. yro OTKIOHEHHS [IAPHKA OT IOJOKEHHs PABHOBECHS TOIDKEeH ObITh Mamsiv: ¢ < 5° —10°.
Vpasuenue (49) umeer pewenue B Buge ¢ = ¢ Cos((oot +a ) .

Hamomuum, 4to Gpu3HUecKoe TeIo OyaeT coBepIiaTh TApMOHUYECKHE KOJIEOAHHUS, ECIM Ha HETO JEHCTBYET CUIIA WIIM MOMEHT
CHJIBI, TIPOTIOPLMOHATLHBIE CMEMEHHIO OT TOJNIOKEHHS PABHOBECHS M CTPEMSIIUECS BEPHYTH TEJNO B IMOJOKEHHE PABHOBECHS.
VIMEHHO TaKOW MOMEHT CHJI BO3BPAIL@AET MIAPHK B HUKHIOK TOYKY TPAEKTOPUH, CTPEMACH YMEHBIIUTH yroa ¢. V3 cooTHOEeH

2mrR g
7R-5r
W3-3a HAIMYWsE MOMEHTA CHJI TPEHUS PeasibHbIE KOJleOaHus IIapUKa NPH POBEIECHUH OIIbITA OYIyT 3aTyXaTh, U UCIIOJb-
30BaTh NPUOJIMKEHHE TAPMOHUYECKHMX KOJIEOAHUH MOYKHO TOJBKO C OFOBOPKOM, YTO MX aMILIMTY/A 33 BpEMs KOJeOaHU U3MEHs-
eTcs Masto. [109ToMy JIst ONpeieNieHUs. IEPHoJIa CIIeAyeT u3MepaTh Bpems He 6osiee N = 4-5nonHbIxX Kosebanuii, XoTs 1s Goee
TOYHOTO M3MepEHUs ero Benuuunbl T =t/ N skenarTeabHO U3MEPUTH CEKYHIOMEPOM BPEMS KK MOJKHO GOJIBIIETO Yucia Koneba-

(45)—(47)M0XKHO HAHTH €0 BeTMYMHY, IPOTIOPLUHOHANBHYIO BEIMYNHE ¢ 1pn ManbIx yraax: M, =F,, [ =

HU.
Huknrgeckas 9acTOTa HE3aTYXalOINX MaJIBIX KoJieOaHUH KaTaIoMIerocs Mo chepruuecKoi MOBEPXHOCTH MApHUKa CIeIyeT

n3 cpaBHeHus ypasHenuit (48) u (49): =£[ = 9 . I3 »TOr0 cooTHOMIEHHS NOTy4aeM pacuéTHyro (GOpMyIy JUIs BEJU-
p yp o T 7R-5r y p y pMyITy
0

YHHBI paiiyca BOTHYTOH TIOBEPXHOCTH, BRIPAKEHHOTO Yepe3 W3MEPSIeMbI CeKyHAOMEPOM Tepro ] Konebanuii To:

5 T¢ .5
R=2g—0 +2r, 50
79527 (50)

OT0 BEIpa)KEHUE MOXKET JaTh HETOYHBIM PEe3yIbTaT U3-3a ABYX MPHIUH:

1) peanbHblii eproa KoeOanuii T = 2T§/\lu)% —[32 3aBUCHUT OT Kod(pPuIreHTa 3aTyxaHus 3, KOTOPBIH OBbLI MPUHSAT PaBHBIM HY-

JI1O,
2) npu KoneOaHHUAXK IAPHK OTKIOHSIETCS OT MOJOKEHHS Ha OONBIION Yrod, Uit KOTOPOro He BBIMOJHEHO ycioBue Sing =¢ .

Hopsnok BeIMOIHCHHS PAOOTEHI

1. C nomoIisio Mukpomerpa usMepuTh auamerp d mapuka Ny = 5pa3 B pasHbix MecTax. 3aHeCTH AaHHbIe B Ta0muiy 1.

2. BeIBeCTH IIAPUK M3 MOJI0KEHHS PABHOBECHS TaK, YTOOBI yroJ OTKIoHeHHs ¢ (cM.prc.19) Geut Mai. OnpenenuTs Bpe-
ms t sty (g = 5) nonsbix Kone6Ganui mapuka. OnbT npoBecty N = 9 pas, onpexnenss nepuoy konebanuit T; =§ / n. 3anectn

JTAaHHBIC B TA0JIHIY 2.
3 BrrauciuTh cpeqHie 3HaUCHUS JUaMeTpa <d> Y pajuyca napuka (r) = (d > / 2, a TaKKe nmepro/a KojaeoaHuii (T) .

4. Onpenenuts ciaydaiinsle otkionenus ATy =T —<T> Ka)XJ0r0 U3MEPEHUs IEpUo/ia, a TAKXKe CpeiHee KBaIpaTUuHOE

OTKJIOHEHHE S= }%Z(A 'I,')z . Boraucnute norpemsocts AT pesynbrata usmepenuit: AT = S/ Jn.
n —_—

2
5. AHaJIOTMYHO BBIYKCIIUTE MOTPEITHOCTh U3MEPEHUsI JruameTpa U paguyca Ad = ﬁz‘(di —(d)) u Ar=Ad/2.
MM -
5 (T 5
6.I1o popmyse (50) BBIYKCIUTD pannyc KPUBH3HBI MOBEPXHOCTH <R> = 2 gF +7< r) .
7. Haiitu abcomoTHy0 AR 1 oTHOCcHTEeNbHYIO E morpenrHocTi
B OTIPEJICIICHNH painyca KpUBU3HBI BOTHYTOH TTOBepXHOCTH R 10 hop- Ta6m;1ua 2
2<R>AT AR t, c n T, c AT, ¢ AT ¢
mysam AR=—————+Aru E= x100%. : 2 : ' (AT)
<T> <R>
8. JlanHble M3MEPEHNH U BBIYUCIICHU 3aHECTH B TAOIMIBI 1-3.
Tab6muma 1.
d,m <d>wm <r>,m
Tabnmma 3.

Sc AT, c Ar, M R, M AR, M E, %




21
KoHTponbHBIC BONPOCKH! | 3aJaHuUs K JIa00opaTopHOU padoTe Ne 6

1. TTo xakum popmMysiaM pacCUYUTHIBAIOTCS TAHTCHIIMATBHOE, HOPMAJIbHOE, ITOJTHOE U YIIIOBOEC YCKOPCHUE MapuKa?
2. MajeHbKH{ IIAPUK COBEPINACT KOJICOAaHWs, KaTasCh IO BOTHYTOH MOBEPXHOCTH Mexay Toukamu A u B Vg
(puc.A). B kakux TOYKax yriioBasi CKOPOCTh M YIJIIOBOE YCKOPEHHUE MIapuKa OyayT paBHBI Hym0? B Kakux Tou- w
Kax OHHM OyJyT MaKCHMAJbHbI X IOYEMY? C
3. B Kakux TOYKaxX TPACKTOPHH IIAPHKA HA PHC.A €ro TaHI'CHI[HAILHOE W HOPMAIbHOC YCKOPEHHs OyayT paB- Puc.A
HBI HYJIF0? MOXKET JIM BEKTOP IOJIHOTO YCKOPEHMSI IaprKa OBITh HAMPABIICH HMapaJlIeIbHO WK IIEPICHANKYIISIPHO BEKTOPY YCKO-
peHnst cBOOOHOTO maneHus g ?

4. Kak CBsI3aHBI BEJIUYMHEI TAHT CHIIUAJIBHOI'O a-[ 1 HOpMAJIbHOI'O an YCKOpCHUS 1IaprKa ¢ BEJIMYMHAMUA YT JIOBOI CKOPOCTH O U yT-

JIOBOT'O YCKOpEHHMsI €7
5. Kakoii Oyzer cBsI3b MEXIy 8; U € B JaHHOI paboTe u mouemy?

6. Illapuk KaTUTCA 110 IUIOCKOM MOBEPXHOCTH CO CKOPOCTBIO V 0€3 MpOCKajb3biBanus. Kakumu OyayT BEIMYUHBI CKO- (OR
pocreii Touek A, B u C na ero nosepxuoctu (puc.B)? B J
7. VKaKHTE BCE CUJIbI M MOMEHTBI CHJI, IEUCTBYIOLINE HA KATALUIMMCA IIAPUK, M 3alUIIMTE YPABHEHUS IMHAMHMKU €ro A
MOCTYMATEILHOTO M BPALIaTEIBHOTO JIBUKEHHUS. Puc.b

8. IIpu KaKoM YCJIOBHH IIAPHK OyAEeT COBepIIaTh rapMOHUUYeckue Konebanus? [loueMy yroi OTKIOHSHHS LIAPUKA OT MOJOKCHUS
paBHOBECHSI IOJKEH OBITH MaJl?

9. Ilpoaenaiite u 00bscHUTE BhIBOA Gopmyn (46) — (47) Ilonyuaure pacueTtnyto Gopmyny (50).

10. Mcnionb3yst 5T pOPMyIIbL, IIOTYUHTE BBIPaXXCHHUE JULSL CUIIBI TPEHUs CUerienus Fp , neficTyromei Ha mapux.

11. B HwkHEH TOYKE BOTHYTOW MOBEPXHOCTH KATSIINANCS 03 IPOCKAIb3bIBAaHUS IIAPUK C MACCOW M U C paguycoMm I
HUMeeT CKOpoCTh V. Ha Kakyro MakCHMallbHYTO BBICOTY N MOXeT MOAHSTHCS BBEpX €ro mneHTp mace (puc.B)?

12.Tlo xakuM IpUYHHAM TIOJTydeHHAs B paboTe BeJIMYHWHA Pajlyca KPUBU3HBI IOBEPXHOCTH MOXKET OTIMYATHCS OT
HNCTHHHOTO 3HAYCHUSA ?

Jluteparypa
1. CasenbeB U.B. Kypc ¢usuku B 3x 11.: T. 1: Mexanuka. MosekyispHas ¢usuka - M.: Hayka, 1986. - §8 4, 24, 41-43, 53.

2. Kommaxos F0.H., ITekap F0.A., Jlaryn .M., Jlexxuena JI.C. MexaHuka u TeOpusl OTHOCUTEIBHOCTH,- u3a. Tynl'Y. 2010,
-ri.7 81-5;rn.9 81,2;

Pabora Ne6Ga. Omnpenienienne MOMEHTa HHEPIIMHA METOAOM KPYTUIIBHBIX KOJIeOaHUH

[lenb paOOTHI: M3YYUTh METOJ KPYTHJIBHBIX KOJICOAHWH, MCHONB3YEeMBIH IJIs pacueTa MOMEHTa WHEPLUH TeN Pa3sHOM
¢opmbl. CpaBHUTH HKCIIEPUMEHTAIBHO MOJTyYSHHBIE 3HAYCHNS MOMEHTOB HHEPIIUH 3TUX TeJl C TCOPETUIECKUMHU PaCUueTaMH.

Teopernueckoe onucanue

K kpasiM HenoaBHXHOTO BepxHero aucka /[ ¢ paguycoMm I Ha TpéX CHMMETPUYHO PacIlOj0XEHHBIX HH-
TsX [UIMHBL | TomBenieHa kpyrosas mwathopma paauyca R (tpubuispHsiii moasec, puc.22). B uentp miatdopmsr
MIOMEIIAIOT TEJI0O MAacchl MM, MOMEHT MHEPLMH KOTOPOro HeoOXoauMo u3MepuTh. [Ipn 3akpyunBaHMM HUTEH Ha
MaJiblii yroi miargopma OyJaeT coBepllaTh Majible KoneOaHust C IEPHOJIOM | B TOPH30HTAIBHON IUIOCKOCTH BO-

KpYT BepTUKaIbHOM ocu cummerpun OO, 0IHOBPEMEHHO IOAHUMASICh U OIYCKASCh C EPUOIOM Tyen = T/2.

Ompenenum BoICOTY N moaBEMa MIATHOPMEI TIpH €€ 3aKPYIMUBAHUH B TOPU3OHTAIBHOM TIOCKOCTH HA
Mauslif yroa ¢. CoBmectnM Hadano koopauHaT O ¢ rieHTpoM miathopMel. B monoskeHU paBHOBECHS PAaCCTOSTHUE

2=00" 6BUT0 paBHO 2=CA=\BA2BC? =/I2-(R- 1)’ (51)

(cm. puc.23a). Tlocme moBopora MIATGOPMBI HAa Yroia @ 9STO PACCTOSHHE CTAlO PaBHBIM

z'= AC' =+ B'A2-B'C? , tie B'A=BA=| — qnuna nurtu, a paccrosaue B'C' MoxHO HaliTH U3
tpeyronbhauka B'C'O co ctoponamu B'O=R, C'0= wu yrimom ¢ Mexay HUMHM 1O TeopeMe KO-
CUHYCOB (cM. puc.230):

B'C? = B'0? + C'?? -2B'@IC'@W cop =. = R? + r> —2Rrcosp . Torza

2'= AC'= P- R - P+2Rrcos) . (52) Puc.23
U3 coorsomennii (52) u (51) cnenyer, uro z'2 = Z -2 Rr(l— COSj)) =7 —2Rr[?.sin2(¢/ 2) Ecnu yron moBopora mai, To
sin(0/2)=¢/2n z'=y2- Ro2 = z1- Rp?/ %. (53)

Bocnonb3yemest Teneps hopmyiioii pasnoxkenus B psia Teitnopa (1i S)a =l+toe+ 0(82) . B Hamewm cnydae manoii Be-

2 2
Rr¢ <1, uu3 popmyisl (53) cnenyer z' = 1—1 R
z 2 2

JUIUHOH Oyzaer € =

Rro? _ Rrj?
2z a2 (R-1)

HaHOMHI/IM, 4To (1)I/I3I/I‘-ICCKO€ TCJIO COBEPIIACT rapMOHNYCCKUC KOH€6aHI/IH, €CJIM Ha HETO HeﬁCTByeT ChJjia UJInk MOMCHT

(54)

Bricora nmogbéMa miaTgopMsl, Kak BUAHO U3 puc.230, Oyner paga h=2z—Z =
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CHWJIBI, IPONIOPLIUOHATBHBIE CMEILEHHUIO OT MOJIOKEHHS PABHOBECHS U CTPEMSAIINECS BEPHYTh TEJIO B MOJI0KEHUE PABHOBECUSL.
[Tpu noBopoTe miaThopMbl Ha MAJIBIA Yrod @ TPOTHB YACOBOHM CTPENKH, KaK IOKa3aHO Ha puC.24, HUTh
OTKJIOHSIETCSI Ha 3HAYMTEJIbHO MEHBIIMH yros 0, mponopuuoHaibHEIA yriy ¢. [losiBisromascss Topu30HTaIbHAs

MIpOeKIMsl CHIbl HaTspkeHuss HUTH N co3maér momeHnt cur M = [R, N] , KOTOPBIIA CTPEMHUTCS TIOBEPHYTH TUIAT-

(GopMy B TIPOTHBOIIOIOKHOM HANPABICHUH, BEPHYTH €& B MOJIOKEHUE PABHOBECHS, IIPUUEM BEJUYMHA 3TOIO MO-
MeHTa nponopuuonanbia yriy ¢: M =N, R= Nsin8UR~ ¢ .

ITosTomy miatdopma OyzneT coBeplIaTh Majble TapPMOHHYECKHE KOJIEOAHUA ¢ LUKINYECKOH 4acTOTOH
W =21T: ¢ =0,sin(wyt+a). BE yrosas ckopocts 0= dd/dt =y, O wyt+0) Makcumanbha, Korja Bpawaomascs

miathopMa MPOXOIHT MOJI0KEHHE paBHOBECHS U yroi eé moBopora ¢ =0 Winax = P Wo =21 /T, (55)

rae @o — MaKCHMaJIbHBIN YroJji 3aKkpyurBaHus l'IJ'IaT(l)OpMLI, Korja oHa noJHUMacTCd Ha MaKCUMAaJIbHYIO BBICOTY h.
Ilonnas MmexaHndeckas OHEPprusa CUCTCMbI, CKJIIaJbIBAIOIIAACA U3 eé HOTGHHHaJ’ILHOﬁ Y KHHETHUYECKOU OHEPIruu, COXpaHs-
€TCs, €CJIN BCC ,HeﬁCTByIOHIHG B CUCTEMC CHJIbI KOHCCPBATHBHBI. Takumu cunamMu 6y[lyT CHJIa TAXKCCTHU m@ 1 ynpyrue Cujibl Ha-

TsoKeHus uuter N , €CIIN npeHe6peqL ux ,ueq)opMauMeI‘/i 1 BO3HUKAIOIIMMHU B TOYKAX MoJABECa JUCCUITIATUBHBIMU CUJIAMU TPCHUA.
B stom CJ1y4a€ KMHCTUYCCKAas SHEPTrHUs BpalllaTCJIbHOI0 ABUKCHUA HJIaT(l)OpMI)I C 06H16ﬁ Maccou My, X MOMEHTOM MHEPLUU | B
HIDKHEH TOYKE 6yﬂ€T NEePexXoauTh B MOTCHIUAJIBbHYIO SHCPTHUIO CUJIbI TAXKECTU B BerHeﬁ TOYKE €€ moAbEMa.

| e/ 2 = Mo M (56)
(MakcuMalIbHasE BEICOTA HOABEMA Niyax COOTBETCTBYET aMIutuTy e ¢o).
Cuiibl HATSKEHHS TPAKTHYECKHM MEPIEHANKYIISAPHBI K TIEPEMEIIEHUSIM TOUEK KpeIruieHus HuTel (puc.24) u coBepIiaroT
HACTOJIBKO MaTyI0 paboTy, uTO €€ MOXKHO HE YUHTHIBATH [0 CPABHEHHIO C PAOOTON CHITBI TSKECTH.

Toacrasnsis B (56) coorromenus (54) u (55) u cokpainas B 00eux 4acTsiX PaBEHCTBA BEIUYHUHY ¢g BbIpayKaeéM MOMEHT
MHEPUUH UIATGOPMBI C JISKAIIUM Ha HEil Ipy30M depe3 meprox T MallbIX KPYTHIIBHBIX KOJIeOaHui:

Mg ORI T2

MoOMEHTBI HHEPIMH TEJI, BPAINAIOIIUXCS OTHOCUTEIBHO OOIIeH OCH, CKITabIBAIOTCS. UTOOBI 3KCIIEPUMEHTAIILHO OTpeie-
JIUTh MOMEHT WHEPIHH TeJa C MacCoi M, MOMENIEHHOTO Ha TaTGopMy ¢ Maccoi My, (prc.22), cHavana U3MEpSIFOT TIEPHOJT KOoJTe-
Oanmii T; mycToil maropMbl, a 3aTeM HEPHO KoJieOanuii To MmIaTGopMbl ¢ TPy30M H, corsiacHO (57) BEIUUCIIAIOT SKCIIEPUMEH-
TAJILHO ONpeeIEHHBI MOMEHT HHEPLIMH JIeXkKallero Ha miardopme Tesa:

= B ((m, +m)B-m,T). (58)
4212+ (R-1)?

B geiicTBuTebHOCTH U3-3a AeOpMALKM HUTEH MOJBECa M BO3HUKAIOIINX B TOYKAX MOJBECA JUCCUIATHBHBIX CHJI Tpe-
HUS KPYTHIbHBIE KoeOaHus MOoCTeneHHo 3aryxaroT. Ogaako npu nepBeix 10-25komebanusax uxX aMImIUTyaa (g HE yCIeBaeT 3a-
METHO U3MEHHUTHCS, U MOKHO MCIOJIB30BaTh (POPMYITy HE3ATYXAIOIIUX rapMOHHYECKUX Konebanuii (55).

DKCHepUMEHTANIBHO ONPEICIEHHBI MOMEHT HHEPIHK (Pu3nUecKuX Tes (IUIOCKUX IIACTHHOK, KOTOPBIE KIaAyT Ha IUIaT-
(dbopmy Tak, 4TOOBI IIEHTP KX MAcC COBIAIAI C OChI0 CHMMETpHH TIaThopMbI (C OCHIO BpAICHHUS)) CPABHUBAIOT C BEITHYUHOM MO-
MEHTa UHEPIHH | c, BBIYMCICHHOTO TCOPETHYCCKH.

JIJis Takoro BBIYHCIICHUS UCCIEIYyeMOE TEJIO Pa30MBAIOT Ha OYCHb MAJbIC YYaCTKH, KOTOPHIE MOXXKHO CUMTATh MaTCpH-
aJBHBIMH TOYKAMHU C MACCOM I}, HAXOSAIIUMUCS Ha PACCTOSHUM [ OT OCH BpamicHHs. MOMEHT WHEPIIUH Tela CKIa(bIBACTCS U3

3KCIT

MOMCHTOB HHEPLHH COCTAaBISIOINX €r0 MAaTEPHUAIBHBIX TOYCK: | jysrena =>'m ﬁz (puc.15). Ora BenuuMHa SBISICTCS MEPOit

HWHEPTHOCTU (1)I/ISI/I‘I€CKOFO tena. YUem Oosbline BenuunHa | , TEM TPpYAHEC 3aCTaBUTh BpalllaTbCd MAaCCUBHOC TEJIO, €CJIU OHO II0-
KOWJIOCH, WJIK 3aTOPMO3UTD, €CJIM OHO BpallaJIOCh.

MOMEHTBI UHEPIIMH TEJI CAMMETPUYHON (OPMBI B BHJIE TIOCKHX IUIACTUH JICTKO BBHIYUCIIUTD, €CIIU I dig=dmr
Pa3OHTh UX HA MAJbIE DJIEMEHTBI — TOHKHE MOJOCKH JJIUHBI | MM TOHKME KOJIbIA ¢ pamguycoM I u ¢ Mac- _CA7 > (kombro)
coit dm MOMEHTBI WHEpIMH 3THX 3JIEMEHTOB OTHOCHTEIBHO OCH CHMMETPHH, MPOXOISIICH Wepe3 hX I 'dm

l 2
nentp Macc C, mpuBeneHs! Ha puc.25. s dlc=75dm-l

Hcnonpsyem Taxske Teopemy llITeliHepa: eciid H3BECTEH MOMEHT MHEPLUHU Tesla |- OTHOCHTEIBLHO Cldm,I (momocka)

Puc.2E

OCH BpallleHUs, Ipoxoaduel uepes ueHtp macc C, To MOMEHT uHepuuu |, 3TOro Tena ¢ Maccoil M OTHO-
CHUTEJILHO JII000# ApYyroi mapauiebHON OcH BpalieHus A, HaxoasIIencs Ha paccTosHuH d, OyaeT paBeH
- 2
o =1c+md=. (59)
st npuMepa BBIYMCIMM MOMEHT MHEPIMH TOHKOW IUIACTUHKH B BUJIE PABHOCTOPOHHETO TPEYroJjb-

HHMKa C Maccoi M u cTopoHoii a (prc.26).[IpoBoanm ock X BIOJb BEICOTHI h = \/i_ia/ 2 3TOro TpeyroyibHUKa

W pa3buBaeM €ro Ha MOJOCKH TONIIHHE! X U [UTHHBI Y = 2>g/\/§, MEePIEeHANKYISPHBIC OCH X W HaXOJAIIIe-
Cs HAa PACCTOSHHUM X OT HEPICHIUKYJSPHONW K IUIACTUHKE OCH BpalleHHus A, MPOXOJAIIeH Yepe3 BEPIIMHY

ds ydx 8 xdx
m=

TPEYTroOJIbHUKA. Macca 3To# 0JI0CKH nponopuroHajibHa €€ IIoIaau: dm=— m=

S, ha2 342

OTBETCTBHHM ¢ Teopemoii LlITeliHepa u prc.25MOMEHT HHEPIIMH STOH MOJIOCKHA OTHOCHTEIFHO OCH A paBeH

n. B co-
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3
di, =dlg. +dmé :1—12 drTD§+ dri %= 2—3)(—2)( r. CymMMapHbBIii MOMEHT WHEPIIUH TUIACTHHKH OTHOCHTEIHLHO OCH Bpalle-
a

aust A MOJIYyYrM, CKJIaAblBasg MOMCHTBI MHCPHHHU BCEX COCTABJIAIOIINUX €€ IOJIOCOK (I/IHTGFpI/Ipyﬂ 10 X):

_¢x=h _80mh s _8om_H _ 5
lA_-[XZOdl " 272270 ‘ _27a2GZ_12ma?

[MapannensHas ock C', mpoxoadiias uepe3 LHeHTp Macc C' PaBHOCTOPOHHETO TPEYTOJIbHUKA, HAXOJUTCS HA PACCTOSHUU

AC'=2h/3= a/ J3 (puc.26). Cornacuo teopeme Illreitnepa (59), MOMEHT MHEPUMH IUIACTUHKM OTHOCHTENLHO 3TOW OcH eé
CHMMETPHUH PaBeH le: =1, -mAC 2 =ma?/12. (60) C%ERH b C“ij
AHAIOTUYHBIM 00Pa30M MOXKHO BBIYHCIIUTH MOMEHTHI HHEPLHH IUIOCKOTO JMCKa Paliyca T 5 m
Ry ¥ npsMoyroybHO# IIIACTUHKY ¢ pa3mepaMu ax b (puc.27). Lo=tmR2 I =Lm(a2+b?)
BbIUKCIICHHBIC BEIMYMHB MOMCHTOB MHEpIMH IUIACTHHOK CPAaBHUBAIOTCA C BennumHamu, C, 2 - “C 12
HOJIYYCHHBIME 3KCIIEPUMEHTAIIBHBIM cliocoboM cornacuo dopmyie (58). (et Pn(cnpg;l oyrom)

TTopsinox BeImoJHEHUS pabOThI
1. 3mepuTh TUHEUKOM paryChl BEPXHErO M HUXKHETO AMCKOB R u I, a Takxke anuny nutu |. 3aHectu naHHbIe B TaOIu-

my 1.

2.Pe3Ko moBepHYTH pyKOW BepxHUii auck J| 10 ymopa u otiyctuth (cM. puc.22).Ilpu 3ToM HikHE#R quck-miatdopma 1
JIOJDKEH COBEpIIATh KPYTHIbHBIC KOJIeOaHust, a BEpXHUI JUCK J| TOJDKEH 0CTaThCsl B TIOKOE M3-3a2 TPSHUS B OCH.

3. C nmomMouIpio cekyHoMepa omnpeaennuTb Bpems t; nonubsix N = 20 xonebanuii HeHAarpy>KeHHOTo aucka. OMbIT MOBTO-

PUTH TpH pa3a. BeluucauTe cpenHee 3HaU€HUE ITOTO BPEMEHU <t1> U CpejiHee 3Ha4YeHHe Ieproa KojaeOaHui <T1> = <t1> / n. Pe-

3yJIbTaThl M3MEPCHHI M BBIYHMCIICHUI 3aHEeCTH B Tabmiy 1.
Tabmuma 1.

My KT R M r,m [, M ty, ¢ <t1> c <T1> .C

4. TTonoXuTh Ha HIDKHUK IUCK TIEPBOE MCCIIEAyEeMOEe TEJIO TakK, 9TOOBI MIEHTPHl Macc Tella W AMCKa OBLITM Ha OJHOW OCH.
BennunHa Macchl HIDKHEro AUCKa-IIaTopMbl 1M, ¥ MacChl M BCEX UCCIEAYEMBIX Tell yKa3aHbl HA YCTAHOBKE MM HAHECEHBI

Ha THX Telax.
5. Onpenenuts Bpems t, monnsix N = 20 konebaHuil HarpyxeHHOro Aucka. ONBIT NOBTOPUTh TPU pa3a. Buruncnurs

cpeaHee 3HaYeHHUE <t2> U cpeJHee 3HaueHUe Meproja KojeOanui <T2> = <t2> / N. Pe3ynbTaThl U3BMEPEHUI U BHIYUCIICHUN 3aHe-

CTH B Ta0OIMIy 2.

6. Mcrmonp3yst OJTyYeHHBIC TaHHBIC, BEBIYUCIUTh MOMCHT HHEpIHU | uccieayemoro tena o ¢popmyie (58) u 3anectu

DKCIT
TIOJIYYCHHBIN PE3yJIbTaT B TAOIUILY 2.
7. I3smepuTh pa3Mepsl KOKIOTO UcclieayeMoro tena. [lo npuBeaeHHoi B Tabnuie 3 a1 nanHoi popMel Tena Gopmyre

BBIYHCIINTH TeOpCTH‘{CCKI/Iﬁ MOMCHT WHCPIIUN ITeop 9TOr0 Teja OTHOCHUTEIIFHO TOH K€ OCH, YTO H IIpHU SKCIICPUMCHTE. 3aHecTH

MOJTYYSHHBIH pe3ysbTaT B Ta0mumy 2.

8. CpaBHI/ITL TCOPETUYCCKOC | 1 3KCIICPUMEHTAJIbHOC |

Al

3HAaYCHUSA MOMCHTA MHCPLIU. I[J'IH 9TOI'0O BBIYMCINTH

TEop 9KCIT

3Kcr | Teop

OTHOCHTEIIbHOE OTKJIOHEHHE 3THX BEIHUYUH 1m0 hopmyne E = [100%, roe Al =

TEOp

9. [ToBTOPUTH aHANOTHYHBIE U3MEPEHUSI M BBIYMCIICHHS C IIYHKTA 4 1O MyHKT 8 Ui IBYX APYTHX TEJ, NPUBEACHHbIX B
tabnuue 3. Pedynbrarel 3aHeCTH B TA0IUIy 2.

Tab6muma 2.
Bun rena m, &, <t2> .| ST Vo l1eop » Al =11 een 1 Teop | ! E= Al 100%
U €0 pa3Mepbl KT c c ke P
C ki KFB}IZ TEop
JIUCK
R, = M
IIpamoyronsHUK
a= M
b= M
TpeyronbHUK
a= M
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Ta6mma 3. MoMeHTEI HWHEPLUUH IIJIOCKUX TEJI OTHOCUTECIILHO OCH,
npoxo,uﬂmeﬁ 4UCpe3 HCHTP MACC MCPHCHAUKYJIAPHO UX MJIOCKOCTH.

JMcK paanyca R, IPSIMOYTOJIEHUK PABHOCTOPOHHUIA TPEYTOIbHHUK

Hccnenyemoe teno
R a a
a
b | ' |
a |

Brruncnennsiii 1 1 1

I =—mR§ I =—m(a®+b’ I =—ma?
MOMEHT uHepuun |, aucka ~ o mpaM 15 TPEYr T o

KoHTposbHBIE BOIPOCH! ¥ 33aJ1aHKs K J1abopaTopHoil padote Ne 6a
1. Jlaiite onpeneneHue U 00bICHUTE HU3NICCKHUN CMBICII MOMEHTA UHEPIIMH MaTePHaIbHON TOUKH U (PU3HYECKOTO Tela.

2. Chopmynupyiite Teopemy LllTeiinepa.

3. VI3 oquHaKOBBIX TOHKHX JKECTSHBIX JeTalled B BUe poMOa clienalid, pa3pe3aB UX Ha 4acTH, U pa3iBHHYB €E { } 7|5 ‘ '
Ha OJMHAKOBBIC PACCTOSIHHS OT OCH BpAILICHUs, YeThIpe Mmiockue Gurypsl (puc.A). PaccraBbTe MOMEHTBI L 41, 9,
uHepuuu |j 3TuX GUryp B nopsaKe BO3pacTaHHs X BEIMYHH U OOBSCHUTE CBOW OTBET. Puc A

4. JIa ONMHAKOBBIX TOHKHMX CTEPIKHS ¢ MAacCOW M U JIMHOM | Kaskabli MpUBapeHbl KOHLAMH O IPSMBIM
YTIIOM APYT K Apyry. HaliTh MOMEHT MHEPIMH 3TOTO YrONbHUKA OTHOCHTEIHFHO NEPICHANKYISIPHOM ocH A, TTOKa3aHHON G
Ha puc.b. A

5. Kak BBIYMCIMTH MOMEHT MHEPIMH OTHOCHTEIHHO OCH CHMMETPHH, IPOXO/SIIEH depes eHTp Mace TIoCckoi miactu- | ’lm /
kv o o &)
ueI? IlponmenaiiTe 3TOT BBIBOA M MOIYYHTE pacdeTHBIC (GOPMYIBI IJIsI MOMEHTOB WHEPIMH IUIOCKON MPSMOYTOJIBHON Puch

IJTACTHHBI M TUCKA, TIPUBEIEHHBIC Ha puc.27.

6. [lonyuure pacyeTHYrO GOpMYJTy Uik MOMEHTA MHEPLUH [UIACTUHBI B JOpPME PABHOCTOPOHHETO TPEYTrOJIbHUKA OT- 5 d
HOCHUTEJILHO OCH, JISXKAIIEH B IIIOCKOCTH IUIACTUHBI U TIPOXO/SIIEH yepe3 oaHy u3 ero ctopoH (puc.B). %
7. OOBsICHUTE METOJl KPYTHIBHBIX KOJICOaHUH, KOTOPBIM B JTAHHOHM paboTe 3KCIEePUMEHTAIBHO OINPECIISIOTCS MO- v
MEHTHI HHEPLIUU HCCIIeyeMbIX IiacTuH. Kak Hamo pa3MenaTs MmiacTUHBI Ha TIaThopme?

8. [To xakuM HpUYKMHAM YTOJI OTKIOHCHHUS IIaT(GOPMBI OT IOJIOKEHHS PABHOBECHS JOJDKCH OBITh MabIM? B kakoMm ciydae miat-
(dhopma OyneT coBepiiaTh TapMOHHYECKHE KOJIeOaHus?

9. Kak MakcumalibHas yrioBasi CKOPOCTh IIaTGOPMBI CBS3aHA ¢ aMIUTHTYA0K KOJIeOaHUI B ¢ BHICOTOM MOoabEMA TUIATHOPMBI?

10. ChopmynupyiiTe 3aKOH COXPAHECHHUS MOJIHOW MEXaHUIEeCKON YHEPTUH U 0OBICHUTE, KAKUM 00pa3oM €ro MOXHO HUCIOJIb30BaTh
B IaHHOU paborTe.

11.TIpoxenaiite u o6bsicauTe BoBOA hopmyi (54)u (57).

12. O6BsicHUTE BO3MOXKHBIC TPUIMHBI HECOOTBETCTBUS BETMYMH MOMEHTOB MHEPIIMH, TIOJyJaeMBbIX B JaHHOW paboTe dKCIEpH-
MEHTAJIBHBIM CITIOCOOOM U C IMTOMOIIBI0 TEOPETUICCKUX (HOPMYII.

Jluteparypa
1. CasenseB U.B. Kypc ¢usuku B 3-x T1.: T. 1: Mexanuka. MonekyispHas ¢pusuka - M.: Hayka, 1986. - 88 39, 41, 54.
2. Kommaxos 10.H., ITekap F0.A., Jlaryn .M., JlexxneBa JI.C. MexaHuka 1 TeOpHusl OTHOCHTENbHOCTH,- m3a. Tynl'Y. 2010,
1.7 81-5;r1.9 81,2.

Pa6ota Ne7. Onpenenenue ko duimenta TpeHusI Ka4eHUs IS pa3INYHbIX MaTepUaJIOB

Puc.B

QCHL |2360TLI: OIPCAC/IUTD BEJIMYNHY KO3(1)(1)I/IIII/ICHT& TPCHUA Ka4uCHUA NJI1 PA3JIMYHBIX IMap METAJUIMYCCKUX MOBCPXHO-
CTeﬁ; OIpeACINTb MOMCHT UHCPLIUU (bPISI/I‘IeCKOFO TCJ1a HeCHMMeTpP[‘-IHOfI q)OpMI)I MCTOOOM KoJIeOaHui.

Teopernueckoe onucaHue

ITo TOpU30OHTATBHOM MMOBEPXHOCTH, 00Pa30BaHHON TUIACTUHKAMHU W3 Pa3HBIX METaJIOB, KOTO-
pBIE MOXKHO MEHATH, HACAKMBAsl WIIM CHAMAs WX CO INTBIPEH, MOXKET CBOOOIHO KaTaThCA THKETBIA Ma-
SATHUK Macchl M (prc.28). MasTHHK 00pa3oBaH AByMs [UIHHIAPAMH € paarycamu R u r, mapajuienbHble
OCH KOTOPBIX HE COBMaAaioT. 110 miIacTHHKAaM KaTaeTcs IMUIMHAP C MEHBIIUM PaIuycoM [, TOof KOTO-
PBIM 00pa3yeTcs MATHO KOHTaKTa — 00JacTh, TAe IMINHIP U IJIACTHHKA MPIDKATHl IPYT K APYTY, a UX
MaTepuai 1ehOpMUPOBaAH.

PaccmorpuM BHauane KaueHHE JIF0OOOTO KPYIJIOro Tela, HanpuMep — HWIHHAPA C PagrnycoM I.
Korma nuuHIp NOKOWTCS, JIaBJICHHE B OOJACTH KOHTAKTa paclpejeseHo cumMmeTpuuHo (puc.29a), a

BO3HHUKAIOIAs CHIa HOPMajbHON peakuuu omopbl N MpoXoauT 4depe3 OCh IWIMHAPA. ECiaM jke HMWIMHOAP HAYMHACT KAaTHThCS
BIIPaBO CO CKOPOCTBIO V, TO MPOMCXOAUT NEPEPACTIPEACICHUE JAB/ICHHS, BOSHUKACT KDOXOTHBIH Ba- 6)
S\

JMK M3 CKMMAEMOTO MaTepHala, IPeNnsMTCTBYIomMHA Kadyenuto munuaapa (puc.290). Kauenue Ge3
MPOCKAaJIb3bIBAHUSI 03HAYAET MOBOPOT LMJIMHIPA OTHOCHTENHHO T'OPU3OHTAJIbHOW MIHOBEHHOH ocu

BPAILCHHs, IIPOXOISAIICH YepPe3 TOUKY HPHIIOKCHHs CHIIbI PEaKIiuu oopsr F,

OTa ToYKa CMEIIeHa Ha pacCcTossHuC 0 OTHOCHUTEJIBHO BCPTHUKAIH, npoxoz[;m_{eﬁ qepe3 OCh MaTCpHaT TNIACTHHKHA

. ~ . o
Karsmerocs muiuHapa. Cury Fp MOJKHO Pa3JIOKUTh Ha JBe mpoekiuu: N — cuia HopManbHOM pe- Puc.2€

akuuu u

Tp ~ CWJIA TPCHMS! KQUCHUs WM CUJIa TpeHus cuemienus (puc.290). Ilpu noBopoTe WMIMHApa ¢ paguycoM I Ha yroin

A Boxpyr ocu O OH mepeMecTUTCs BAOJb TOPU3OHTAIIBHON Onopb! Ha paccrosiuue AX=r[Ad, a cuna F,, HanpasienHas npo-
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THUB CKOPOCTHU v , COBEpLIUT pa60Ty, YMCHBIIAIYI0 KHHETUYECKYHO SJHEPIrui0 NOCTYNATCILHOTO ABUXKCHMS HA BEJIMYKHY !

A(mv2/2) = ~FyAx=—F, 10 . 61)

PaoTa MOMEHTa CHiIbl PaBHa NPOU3BEACHUIO MOMEHTA CHIIbI Ha yron nosopora: dA= MLt . Cuast F, u N crpe-

MSTCSl BpallaTh HUJIMHIP B Pa3HBIX HAmpaBieHUsX BOKpYr ocu O. MOMEHTHI 3THX CHJI, PaBHbIC IPOM3BEACHHIO CHJIbI HA IIEYO,
HAIMpPAaBJICHbl B Pa3HbIe CTOPOHBI. VX paboTa OymeT M3MEHSITh KHHETHYECKYIO DHEPIHIO BPALIATEbHOTO [BMXKCHHSI MAasSTHHKA C
MOMEHTOM HHepuuu lo Boxpyr ocu O:

A(|0w2/2)=|:mr D¢ -N 3D . 62)

Paccrosine & (rmuredo cumbl N OTHOCHTENBHO OcH KaTsmerocs Tena O) HasbIBacTCst KOOQOHUIMECHTOM TPEHHS KaYeHHS
(n3mepsieTcst 5TOT KO3(DGHUIUEHT B ANHATIAX JJIHHBI U TPU KAYCHHH METAUTHYECKOTO Tella 10 METAIITY JICKHUT B IpeIesiax
0,1-0,8Mm). [yt METAIMYECKHUX TeT KOIDPHUIUEHT & NPAKTHYECKH HE 3aBUCHT OT CKOPOCTH V M OIPEAENISIETCS TOIBKO YIpy-
MMM CBOWCTBaMU MeTaJlia.

[TomHas MexaHMUYECKasi YHEPTHS CHCTEMBI CKJIaIbIBaeTCs M3 €€ MOTCHIIMAIFHON W KHHETHIECKOI YHEPTHUHU MOCTYIaTelb-
HOTO W BpalaTeIbHOTO MBIKEeHUs. OHA COXpaHIETCs, eClId BCE ACHCTBYIOIIME B CUCTEME CHJIBI KOHCEPBATHBHEI. B Hamiem ciry-
4ae, CKIaabIBas ypaBHeHH (61)u (62), BunuM, 4To cymMMapHas paboTa CUIIbl TPEHUs CLeIuIeHus F,, 1 MOMEHTa 3TOH CHJIbI paB-
Ha HyJ10. Ha 3aMelieHre CKOPOCTH KaTSAIIEroCs Telia OHA He BIUsACT. MeXaHu4ecKas YHEPIrHs KaTAmerocs UIHHIPa YMCHbIIA-
€TCsI Ha BEJIMYMHY, paBHYIO pab0oTe MOMEHTA CHIIBI HOPMAJIbHON PEaKIiK, KOTOPHIA HA3bIBACTCS MOMCHTOM TPEHUS KauCHHUS:

~AE o = ~A(mV?/2+ 16 /2) = N5 T2 (63)

Orta sHeprust uAET HA paboTy MO CKATHIO MaTepHala OMOPbI O/ JaBICHUEM KaTSIIErocs Teja, Ha (GOpMHUpOBaHUE BaJH-
Ka Tepel KaTsIMMCS TeJIOM, Ha TIPEOIOICHIE MOCTHUKOB CIIEIUICHHS (YIaCcTKOB, TIe M3-3a MUKPOHEPOBHOCTEH Ha TIOBEPXHOCTSX
COIPUKOCHOBEHHMS [IMITMH/IPA M OIOPbI BO3HUKAIOT HACTOJILKO OOJIbIINE JABICHUS, YTO MEKIY UX MOJICKYJIaMH BO3HHKAIOT CHIIBI
MEKMOJIEKYISAPHOTO MPHUTSHKEHKS, K OHM B 3THX MECTaX "CLEIUIAIOTCSA" APYT C APYTOM).

PaccMmoTpuM Tereph ABWKEHHE MasTHUKA, H300paxXeHHOTo Ha puc.28. Tak kak oCh OOJIBIIOTO IMWIMHAPA paauyca R Ha-
xoauTcs Hibke oc O MEHbIIEro, KaTaroulerocs 1o MmiIacTHHKAM HWIMHAPA, TO UX 00uuii neHTp Macc C HAXOIHUTCS HA PacCTOsI-
ann OC=1| or ocu O (puc.304a). [Ipr mOBOPOTE MAasITHUKA HA MAIBIA yroi ¢, st KoToporo Sing = ¢, IeHTp Macc MOAHUMETCSI

na Beicory h=1-lcosp = 2 sirf ((I)/ azl ¢2/ %, a MasTHHK IpHoOpeTaeT NoTeHHaIbHyo Hepruto E; . = mgh= mg<|)2 / 2.

B TOukKe MakCHMaJIFHOTO OTKJIIOHEHHS OT IOJIOKCHUS PABHOBECHS MAasTHHK OC-
TAHABIIMBACTCS, U BCSA €T0 MEXAHUYECKast SHEPTHs paBHA MOTEHIHATIBbHOM. [TycTs §o — Ha-
YabHBIM YTOJI OTKIIOHCHHUSI MAsITHHKA OT TTOJI0KEHHUSI paBHOBECHS, a §1 — MaKCUMAabHBIA
YTOJI OTKJIOHEHHUS TOCHe TepBoro koyebanus. Torma moTepss MEXaHMUECKOW YHEPTHA 3a

BpeMs nepBoro kojeOanust paBHa AE = mgl((bg —¢f ) / 2. Dta BenuuuHa coriacHo (63)

paBHa BEIMYMHE PaOOTHI MOMCHTA TPEHUsI KAYCHHUS, KOTOpasi HE 3aBUCHT OT TOTO, B KaKYIO
CTOPOHY OTKJIOHSETCA MassTHUK. OH OCTAHOBHTCSI, COBEPILINB OBOPOT Ha YTOJI ¢1/2 ,a3a-

TEM BEpHETCS, OTKIOHWBINKCH Ha yron ¢§; (puc.300). CymmapHblii Yroj TMOBOPOTa 3a BPEMs MEPBOTO  KOJICOAHUS
AP =g +20y,+¢;.
Jlnst MasbIX YIIIOB MOXKHO CUATATD, 4TO §1/p = ((IJ ot 1)/2 u Ap = 2(¢0 + q)l) . Cootrourenue (63) mpumeT BuI

— 2 2 — —
AE =mol(95 -0F) /2= A, = N6[2(0g+61). (64)
a Tak Kak CHJia HOPMAaJbHON peakinu ypaBHOBelleHa cuioil Tsbkectd, N =mg, to u3 (64) ciaemyer, 4To Uit MajbIX YTJIOB

o=I (¢0 _¢l)/4 .
JIe BTOPOro KOJNeOaHHs MAaKCHMAaJIbHBIH yroll OTKJIOHCHHS OKa)KeTCs PaBHBIM {p, M TE XK 4eThl JaJyT BEIHIUH
ITocne BTOpOTO KOJIEOA aKcuMa 0J1 OTKJIOHEHHS OKaXKeTCs pa € JKe pacyeTsl Ja e
53=1(d1-¢5) / 4 w 1. Hocre n-ro xone6anns uveem d=1 (¢4 —b,) / 4. CxiafbiBasi BCE 9TH BETHYUHBI, HAXOJUM

(90— ¢ (¢
n 0 n
o= (Bo=0n) 5 0 n) (65)
4 4n
BMmecTo yriioB moBOpOTa CMEIICHHE MasTHUKA B JaHHOH paboTe M3MepsieTcsl MOKa3aHHEM CTPEJIKU yKas3atelns JUIMHbI L
Ha juHelike. CTpeska 3aKperuieHa Ha OCH Kartarouierocs: nmwinaapa. [Ipu ero moBopore Ha yroi ¢ och IHIUHIPA CMECTHTCS HA
JUTHHY OyTH X' =TI, a KOHEI[ CTPEIKK cMeCTHTCs Ha paccrosiaue X" = Lsing = L (puc.30a). CymmapHOe CMEIICHHE CTPENKH,
n3MepsieMoe Ha JuHekke, X = X'+ X" = ( r+ L)cl) HPOMOPIMOHANBHO yrity ¢. OTKIOHHMB CTPENIKY BMECTE ¢ MasSTHUKOM Ha pac-
CTOSTHHE Xg, MASITHUK OTITYCKAIOT M U3MEPSIIOT OTKJIOHEHUE CTPEJIKH X, mocie N-ro kojebanus. Toraa, cornacuo (65) koaddurm-
| (X0 = %)
€HT TPEHUS KAYCHUSI MOXKHO BBIUYHUCIHUTE 110 (HopMyIie o=——7—7-—. (66)
an(r+L)
3anuiieM Terneph CUCTEMY YPAaBHEHUH JMHAMHMKH OCTYNATEIBHOTO M BPAIIATEIHLHOTO JBMKECHUS [l MasTHUKA, KATS-
1erocs 0e3 MPOCKab3bIBAHMUS C YCKOPEHHEM & M YIJIOBBIM yCKOpEHHEM € =a/I oTHocuTenbHo ocu cummerpun O (puc.31):



ma= ner=- Fy;

lo€ =t [F,, -mgOsing — N [3.

. . d’p
Uckmodast u3 9TuX ypaBHeHuH nepemennyio Fp, unoacrasmis N =mg, sing=¢, €= —
dt ‘
d? mgl m
[OJIy4aeM ypaBHCHHE 0 + g ¢=- @ . OTO ypaBHCHHE COBHIALAET C JUHAMHYCCKUM Pnc.31
2 2 2
dt®  lg+mr lg+mr
2
. deo
ypaBHEHHEM TapMOHUYECKHUX KOJCOaHHH ? + o.%(b = CONSt, B KOTOPOM LIMKJIMYECKAsi 4acTOTa (g CBA3aHA C MEPHOIOM Koseha-
t
uuit T =t/N, KOTOPBIi OMPEENAIOT, MPOU3BOJS C TIOMOIBIO CEKYHIOMEPA U3MEPEHHE BpEMEHH N KoJieOaHuil MasTHHUKA.
2
2 _(2m mgl . .
Tax kak W =| — | =——— 5 , TO U3MEPHB NCPHOJ KONCOAHMH, MOXKHO HANTH BEIMIMHY MOMECHTA HHEPLUH MASTHU-
T lo+mr
mgl
Ka oTHOcUTENbHO ocu O: lg= Mlr2_ 2 (67)

4t

Hopsnok BeIMOIHCHHS PAOOTEI
1. TMocraButh TSHKETOE TenO (MAasTHUK) M3 JIBYX HAIUHAPOB C HECOBMAMAIONIMMH OCSMH HA METAIINYECKUC TUIACTHHKH W3
OJIHOTO METaJlia, KaK IMOKa3aHo Ha pHc.28, Tak, 4TOOBI OHO HE KacallaCh CTEHOK MPOpPe3H, a cTpenka L mokaspIBaia HyJlb Ha MIJI-
JIMMETPOBOM IIKAJIE-THHENKE).
2. OTKJIOHUTh MAsTHUK W3 MOJOXKEHHs paBHOBECHS, 4TOOBI KOoHel cTpeiku L (cM. puc.30a) okaszaics B TOUKE ¢ KOOPIUHA-
TOH X= % =40MM Ha MUUIMMETPOBOH IIKaje (3TO HaYaIbHAs aMIUIMTYAa KoseOGanuii). OTIyCTUTh MasTHHK, 1 H3MEPHUTb Bpe-

Mt ero N moJIHEIX KOJeOaHMit (n = 10),a TAKXKE BCJIUYMHY X = Xn MaKCHUMAJIbHOI'O OTKJIOHCHHS CTPEIIKH IOCIE N-ro KoJieOaHus

(ammmuTymy N-ro KoneGaHus). BoaucnTs BenMUnuHy Tepruoaa Koiebanuit o Gopmyne T=t/n. [loroputs u3mepenus 5 pas (Ha-
YanbHas aMIUINTYa X, JOJDKHA OBbITh OAMHAKOBOIL). Pe3yiabTaTsl M3MEPEHUH 3aHECTH B TAaOJIMIYy M BBIYHCIUTH CPEIHHE 3HAUe-

HUA <Xn> u <T> .
3. M3mMepeHnst MOBTOPUTH AIsl IIIACTHHOK M3 JABYX APYTHMX METAIUIOB M PE3y/IbTaThl TAKKE 3aHECTH B TaOJIHITY.
4. JTns KaxI0# Napbl KOHTAKTUPYIOIUX METALIOB (IMIMHAP-TUIACTHHKA) 1o Gopmyne (66) onpenenuTs BEIUIUHY KO-

(%0~ (%))
4n(r+L)

macc cuctembl C (puc.30a unu puc.31), a Takke BeqHYHHA paguyca I ONOPHOTO LIJIHHAPA IPHBEACHBI HA yCTaHOBKe. Paccros-
HHe I +L Hajgo M3MEpHTh JIMHEHKOW — 3TO PACCTOSIHUE OT BUHTA, KOTOPBIM CTPEJKa MPUKPEIUIEHA K OCH OIMIOPHOTO LMIIMHIPA 10
TOYKH €€ MepeceueHus ¢ MUJUTMMETPOBOIT MIKAIOH, 0 KOTOPOit ompenensiercs paccrosaue X (puc.30a).

mgl .-\2
5.Tlo dopmymne (67) | =—g<T> —Mr? BBIMUCIUTD MOMEHT UHEPIUHN MasTHUKA OTHOCUTENbHO ocu O ONOPHOro Liu-

4t

JIMHIpA pagdyca I B TPEX Cilydasx, KOrjaa OH KaTaeTcs M0 IUIACTUHKAM M3 Pa3sHbIX METAUIOB (Macca M MasTHHKA NPUBEACHA HA
YCTAQHOBKE).
6. CpaBHuTh NOJIyueHHbIE 3HAUeHH | (B Ipeenax MorpemHoCcTeil U3MEPEHHs M BHIYMCIIEHMH OHU JIOJIKHBI COBIAATh).

B(b(l)HHPIeHTa TPCHUSA Ka4CHUA o= . Bennuuna paccTossHuA | or ocu OIIOPHOI'0 KaTaromierocs nHUJInHApa A0 HEHTpa

BrrancnuTh cpenHee 3HaUCHNE (I > . Bce pe3ynbpTathr 3aHecTH B TaONHITy.

Ta6n1/1ua PE3YJILTATOB USMCPCHUS U BBIYMCIICHUH

m=..... KT ‘ r=... M | l=... M r+L =..... M ‘ Xg = ..nn. M
Haszsanne matepuana
............................... 2 B
t,C n T c X.M |t ¢C n T c .M |t ¢C n T, c Xn s M

KoHTpobHBIC BONPOCH! | 3aJaHuUs K JIA00paTopHOU padoTe Ne 7
1. B yem omiiMuKe MeXaHU3Ma TPCHUS KAUYCHUs M TPCHUS CKONBXCeHHs? OMHAKOBBI JIM CHJIBI TPECHUS CKOJIBKCHUS M TPCHHS Clie-

TUICHHS ?
2.Yro HasbIBaeTcs KO3 (GUIIMEHTOM TpeHHUs KadeHus1? OT 4ero 3aBUCUT BEJIMYMHA 3TOT0 Kod(duimenTa?
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3. [Touemy HeKOHCepBaTHBHAS CHJIa TPEHUsI CLEIJICHUS, JEHCTBYIOIAs Ha KaTseecs: 0e3 MpocKajb3bIBaHUS TEJI0, HE U3MEHS-
€T CKOpPOCTH ero kaueHus? [louemy 3To Teno 3ameuisieT CBOE IBM)KEHHE M OCTAHABJIMBACTCS ?
4. Jlaiite onpenesieHe MOMEHTA CHJIbI ¥ pab0Thl MOMEHTA CHIIBI.
5. Copmynupyiite 3aKOH COXpaHEHHUS [TOJTHOM MEXaHUYECKON YHEepruM cucteMsl. 1o xakoi npuynHe B JaHHOH paboTe yMEHb-
LIaeTCs IOJIHASL MEXaHUYECKast DHEPTHs IBIKYILETrocss MasTHUKA? UTO PH 3TOM NMPOUCXOAUT C MAsITHUKOM M OTIOPHOM IJIACTHH-
KOI?
6. [ToyunTe CBsI3b MEXK/IY BBICOTOI MOABEMA LICHTPA MACC MATHUKA M YIJIOM ¢ €ro OTKIOHEHHUS OT MOJI0KCHHUS PABHOBECHSL.
7. Kak mokazaHne KOHIa CTPEJIKH Ha JIMHEHKE CBA3aHO C YIIIOM ITOBOPOTA MasTHUKA?
8. IIpoxenaiite 1 0OBICHUTE BBHIBOJ pacueTHOM GopMyJbl (66) mis d.
9. ChopmynupyiiTe ycIoBre BOSHUKHOBEHHUS TAPMOHHUYECKUX KOJICOAHHIA.
10. 3anmmmTe ypaBHEHUS JHHAMHUKHN MOCTYMATEIHFHOTO U BPALIATEIBHOTO IBHKECHHUS U, CIICJIAB BBIBOJ, ITOIyIUTE C UX TIOMOIIBHIO
BBIp@KEHHUE IS IUKIMYECKON YaCTOThI (g ¥ MOMEHTA HHepLuH | ucciemyemoro B pabore MastHuka (popmyiaa (67)).

Jluteparypa
1. CasenbeB U.B. Kypc dusuku B 3x 11.: T. 1: Mexanuka. MosekyispHas ¢usuka - M.: Hayka, 1986.- 8§ 21, 24, 53, 54.

2. Kommaxos F0.H., ITekap FO.A., Jlaryn .M., Jlexxuena JI.C. MexaHuka U TeOpusl OTHOCUTEIBHOCTH,- u3a. Tynl'Y. 2010,
-r1.3 83,6;r1.7 82-5;111.9 81,3.

Pabora Ne8. Onpenenenne cUibl TPEHUS CKOIbKEHHS

[{enb pabOThI: UCTIONB3Ys 3aKOHBI COXPAHCHUS HMITYJIbCa U I3MCHEHUSI MEXaHUYECKOM SHEPTHH, SKCIIEPUMEHTAIBHO OTI-
PEleNnTh BETMYNHY CHIIBI TPEHHS CKOJNBKEHHS, a TAKXKE BEITHUNHY KO3 (UIIIEHTa TPEHUS CKOIBKEHHS.

TeopeTnyueckoe onucaHue

IIpu cOnpHUKOCHOBEHUH TEJ MEXIY WX MOBEPXHOCTIMH 00pa3yroTcs MsATHA kacaHus pazMepoM A~1-50MkM, B KOTOPBIX
MHKPOHEPOBHOCTH, MIEPOXOBATOCTH CONPHUKACAIONIUXCS TEI IUIOTHO TPIDKATHI APYT K APYTY. DTH pa3Mephl CHIIBHO 3aBHCAT OT
CBOWCTB MaTepuaia KOHTAKTUPYIOIIUX TEJ U OT BEJIHMYUHBI MPIKAMAIOIIUX UX CHJI. B MSATHAX KacaHWs BO3SHHUKAIOT CHIIBI, CLICII-
JISIFOTI[ME MOJIEKYJIBI IBYX MPUIKATHIX TIOBEPXHOCTEH (IBJICHHE aJre3un).

Ecnu Ha 0THO U3 TeN NOACHCTBOBATH BHEIIHEH CHIIOH F;, KacaTenpHON K COMPUKACAIOMIMMCS TIOBEPXHOCTSIM, a BEJIMYMAHA
9TON CHIIBI MCHBIIIE HEKOTOPOTO MPEACIBHOI0 3HAYCHUS Fpgy TO MATHA KOHTAKTAa CMECTSTCS HA HECKOJIBKO MHKPOMETPOB, UX
IPaHUIBI YyTh U3MEHSTCS, HO Telia APYT OTHOCHTEIHLHO APYyra MPakTUYeCKu He caBUHyTCs (puc.32). B msarHax KacaHus BO3HUK-
HYT CHJIBI, IPETSITCTBYIOIIUE UX cMeleHr0. CyMMapHas BEIMYMHA TAKUX CUJI CIICTUICHUST MUKPOHEPOBHOCTEH HA3hIBACTCS CHIIOW

IPCHUA TOKOA FTprlOl( = F'I.' . OHa YPaBHOBCHIMBACT BHCIIHIOIO CUJIY U MOXKET IIPUHUMATDh mo0oe 3HaueHue ot 0 a0 Fmax (OTHOCI/I'

TeNnbHast CKopocTh Ten V=0). .
Ecnn BHEWHs cuta B, NPEBBICHT KPUTHUECKOE 3HAYCHHE Fiay, TE/a HAYMHAIOT ABHIATHCS, CKOIb-  L1p
3UTh JPYT OTHOCHUTEIHHO JAPYTa CO CKOPOCTHIO V. [IATHA KOHTAKTa MEePEABUTAIOTCS 110 TIOBEPXHOCTH KOHTAK- “A Teno 2

NT‘ Tenol_}jr

THPYIOLMX TeJ, UCUC3AI0T M BOSHUKAKOT B TEX TOYKAX, I/IC HAYMHAIOT CONPHMKACAThCA MUKPOHEPOBHOCTH,  fr . AFo
BBICTYIIBI Ha [IOBEPXHOCTsAX. CyMMa CHII HX CLCIUICHHS 00pasyeT CUIy TPEHHUS CKOIBKCHHUS Fpp. , mpemst-  Fip -
E
CTBYIOIIYIO CMEIICHHUIO TEJ, HO YK€ HE YPAaBHOBEUIMBAIONIYIO BHEIIHIOKW CUTy F, W HallpaBICHHYIO MPOTHB TPT(') y
CKOPOCTH JIBHJKEHUS TeJa. Puc.32
Cuna Fp,c NPaKTHYECKH HE 3aBUCHT OT CKOPOCTH V M OT ILIOIIAH CONPHKACAIOLIMXCS! [IOBEPXHO- )

cTeit (OHa 3aBUCHT TOJBKO OT CYMMApHOM IO i BOHUKAOIIMX MATECH KaCaHHs, KOTOpast POIOPIMOHAIBHA CHIIC HOPMaIbHO-

ro masnenns N, aeficTByrouieil Ha ABIKYyIIeecs Tel0). HeGOoMbIoi pocT 9TOM CHIIBI IPH GOJIBIINX CKOPOCTSX V, TTOKa3aHHbIH Ha
puc.32,CBsi3aH ¢ MOSIBJICHUEM IIACTHYECKOH JleopMalii MaTepraia U Hauary [IpeBpalleH st CHIIbl cyXxoro Tpenus (6e3 cMa3ku)
B Cuily Bsi3koro TpeHusi. Cuiia TpeHHsl HEKOHCEpBaTUBHA, ¢ paboTa HAET HA OCTATOYHYIO Je(OPMALUIO MOBEPXHOCTEH M HA Ha-
IpEBaHUE TEIl.

BenuuuHa CHITBI TPEHUS CKOJBKEHUSI BEIUUCISETCS 10 (popmyiie

FTpCK = “N '

rae p — kodGGUIMEHT TpeHUs CKOIbKEHHUs, 3aBUCAIIMN OT IPUPOJBI COPUKACAIOIIMXCS MOBEPXHOCTEH. Takas 3aBUCUMOCTD Fq,,
MOKa3aHHas Ha puc.32 Ha3bIBaeTCs 3aKOHOM AMOHTOHA-Kyrona.

B mamHOl paboTe mMymi0 ¢ Maccod My TOMEMAIoT B MPYXUHHBIA IHCTOJIET,
IJIOTHO MPHWKHUMAsI K 3aTBOPY C MAacCOW Mg, COEAUHEHHOMY C MPY>XKUHOU, UMEIOIIEH KO-
s¢pduiment xéctroctu K. TIpenBapuTensHO 3aTBOP OTBOAAT HA PACCTOSHHE X, CKHMAs
npykuny Ha 3Ty Juny (puc.33). B MoMeHT BhIcTpesia BCsl MOTEHIHATbHAS YHEPTHS CKa-
TOW MPYKHUHBI IPEBPATUTCS B KWHETUUECKYIO SHEPIUIO IYJIH U 3aTBOpa (TpeHUeM JeTaseit
[IPU PACTATUBAHUY MPYKUHBI MOXHO MTPEHEOpeyb):

kx2/2=(ml+ n’g)vz/Z, (68)

rae K — kodpGHIHEHT KECTKOCTH IPYKHMHBI, YKa3aHHBINA HA YCTAHOBKE.
CoeanHEHHBIN ¢ IPY>KUHOM 3aTBOP OCTA&TCS B MMUCTOJIETE, a MyJIs, BRUIETAIOMIAS CO CKOPOCTHIO V, TIOMAaeT B BUCSIIIEE
Ha TOPU30HTAILHOM CTEP>KHE TEJIO MAcCChl My, W 3aCTPEBAET B 3aIOJIHSIOLIEM €ro IUIacTUiINHe. Takoil ynap, mocie KOToOporo Tejio

C SaCTpHBHIeﬁ B HEM nynei/i HAYMHACT ABUIAaThCs CO CKOPOCTBHIO U, HA3bIBACTCS a0COIIOTHO HCYNPYT'UM. BCHI/I‘II/IHy CKOpOCTH U
MOXKHO OIPEACTINTH C TIOMONIIBIO 3aKOHOB COXPAaHCHUS.

Puc.323




28
3aKOH COXpaHEHHUs MMITYJIbca CIIpaBCAJIuB B 3aMKHYTOMU (I/IJ'II/I H30HHDOBaHHOﬁ) CUCTEME, Ha KOTOPYIO HE ﬂeﬁCTByIOT
BHCHIHHUC CHJIbI UJIN ﬂeﬁCTBHeM TaKHUX CUJI MOXKHO npeHe6peqL. 910 CJICAYCT U3 YpaBHCHUSA 2-T0 3aKOHa HLIOTOHa, 3alIMCaHHOI' 0O

B BUJIE —dp“:jcze““" = Z F

wnent = 0y OTKYZA UMITYTTBC  Poyerens — CONST. Ho 3aK0OH coxpaHeHHs HMITyJIbCa YacTO MOYKHO NMPHMEHHUTh

M B HE3aMKHYTOH CHCTEME, B KOTOPOH , HO B3aMMOJICHCTBHE MIPOUCXOIUT OUEHL OBICTPO, 3a BpeMs - nap,
F z0 ) At -0

BHEUI

B3pbIB). Torna usMeHeHue UMIynbea AP, ey = Z FopenAt — O mpeneOpesxuMo MajIo, ¥ MOXKHO CUUTATh, YTO Pyerens = CONSL.
CunTas, 4TO IMyJIst 3aCTPEBAeT B IUIACTHIIMHE MPAKTUYSCKH MIHOBEHHO, MOXEM 3aIlMCaTh 3aKOH COXPAaHEHUsS UMITYJIbCa

IIPU yaape: myv = ( m, + ml) L. (69)

Mexannueckasi SHEpTHs CHCTEMBI IyISI-MasTHUK TPH HEYNPYTOM yIape He COXpaHseTcs. 3aKOH COXPaHEHWs HOJTHOM
MEXaHUIeCKOW YHEPTUH BHITIOJHEH, €CIIM BCE CHIIBI, IEHCTBYIOIINE B CHCTEMe KOHCEPBATHBHEL. B maHHOM cirydae Ha IyJIio Jei-
CTBYET IMCCHUTIATHBHAS (HEKOHCEPBATHBHAS) CHJIA TPEHHMS, TOPMO3sINas MyJo B TUacTHInHE. VI3MeHeHHe MEeXaHWIeCKOH dHep-

m®(my+m) 7
2 2

KAHETHICCKUX YHEPTHHL 10 U MOCIe yaapa). 3HaYnTeIbHAS YacTh paGOThI CHITBI TPECHUS HAET HA HATPEBAHUE TEI.
ITocne ynapa MexaHm4YecKasi JHEPTUs TaKke HE COXpAHIETCS, TaK KaKk HAa HadaBIlIee CKOJIB3HUTH MO CTEPIKHIO TEJO JEHCT-

THH TIPU yIape OyJeT paBHO paboTe 9TOi CHIIBI, KOTOPYIO MOXHO HAWTH U3 COOTHOWICHUS A, = (pazHoCTH

BYCT NOCTOSIHHAA HCKOHCEPBATHBHAs CUJIa TPDCHUA CKOJILXKCHUSA, paBHAsA FTp = l.lN = l.l(mz + ITh_) g.

Best kuHeTHYECKast SHEPrUsl CKOJB3SIIETO Teda PacXogyeTcs Ha paboTy CHIIbI TPEHUs CKOJIBKEHHUS M, MPOIIs paccTosi-
uue |, m3mepsiemoe no nuHeiike (puc.33),Tero ¢ 3acTpsiBiieii B HEM MMyliel OCTaHABINBACTCS:

m, + my )
A, = [Fpdx= F O=p(m, + m) g]l=%. (70)
Ucknrouas u3 ypasHenuii (68), (69)u (70) mepemenHbIe V 1 U, HAXOAUM BEIHYHUHY CHIIBI TPEHHUS CKOJIBKCHHS:
2
m2 k¢
FTp = ! . Maccoti 3aTBOpa W MPY>KUHBI ISl TAHHOW YCTAHOBKH MOYKHO TMPEHEOpedh 10 CPaBHEHHIO C Mac-
2 (m2 + ml)( m, + ms)
m, k¥ m, k¥
COH IyJu U c4uTaTh, uT0 Mg = 0. ITosTOoMy Fp=—F7—— o U=——"-—"-. (71)
2 (m, +m,) 20g (m, +my)

[opsi/10K BBINONHEHHS PAOOTHI

1. TIpwxaTh 3aTBOP K HeJACPOPMHUPOBAHHOMN MPYKUHE U 3aMETHTH €T0 TIOJIOXKEHHE (PACCTOSIHUE 0 Kpast MPYKUHHOTO
IIKCTOJIETA). 3aTeM OTBECTH 3aTBOP IMCTOJIETA B KpaliHee MOJIOKEHHE, KaK MOKa3aHo Ha puc.33 [ro GUKCUpOBaHUE IPOUCXOIUT
ABTOMATHYECKH), M CHOBA 3aMETHTh €T0 TIOJIOXKEHHE. Pa3HOCTD 3THX MOJIOKEHH, H3MEPSIEMBIX JINHEHKO#, OYIeT CMEIIECHHEM 3a-
TBOpPA, KOTOPOE COOTBETCTBYET CXKATHIO X MPY>KUHBL. 3aHECTH U3MEPEHHOe cMeleHne X B Tabnuily 2. [IoMecTUTh 1yIiio B CTBOI
MPY>KHHHOTO MMUCTOJIETa, IPUKaB €€ K 3aTBOPY.

2. TlepeMecTHTh NOABCIICHHBIN HA TOPU30HTAIEHOM HATIPABJISFONIEM CTEPIKHE IMIMHAP C MACCOM My K CTBOJY MUCTOJIE-
ta 10 ynopa (puc.33).

3. HaxxaTreM Ha CITyCK MPOU3BECTH BhIcTpel. [10 mikaje TuHEWKN U3MEpUTh niepeMeliienue | uiHapa ¢ 3acTpsBIiei B
HEM IyJIcH U 3amucarth 3HadueHue B Tabmumy 1.

4. OnbIT OBTOPUTH 5 pa3, HAWTH CpeaHee 3HaUCHHUE (I) .

m, kX
5. 110 dopmynam (71) BBHIYUCIUTE BETMYMHY CHIBI TPEHHUS CKOJIBKEHUS <FT > = - , @ TaKKe Ko HUIUEHT
2(1) (m2 + ml)
m, ké
TPEHHSI CKOJIbIKCHUS (u) = >, Tae My —mMacca myim, M, —mMacca mHApa, k— kosdduuuent ynpyrocru npy-

2(l)g (m2 + ml)
JKUHBI yKa3aHLI Ha yCTaHOBKe.

PesynbraTel n3MepeHnii U BRIYUCICHUH 3amucaTh B Tabmumax 1w 2.
Tabuuma 1.

bw | | | | | |

Tabnuma 2.
X, M My, KT M, KT k, H/m <|>,M <|: >H <U>

KoHTposbHbIE BONIPOCHI U 3aJ1aHus K Ja00paTopHoii padote Ne 8
1. ITo kakuM IpUYMHAM BO3HHUKAIOT CUJIBI TPEHHS CKOJIBKEHHS M CHIIA TPEHHUS NOK0A? B 4eM paznnume 3Tux cun?
2. Kakast BenmmuuHa Ha3bIBaeTCA KOI(P(HHUIMEHTOM TPEHUS CKOJIBKEHNUS ?
3. 3aBHCHUT JIM BEJIMYMHA CHIIBI TPEHHS CKOJIBXEHUS OT MAaCChl M OT CKOPOCTH JBHXKYILETrocs Teia?




4. Ha miocKOCTH HaxOAMUTCs Tesio Macchl M. KoadduimenT TpeHus ckoybkeHus pased [ (puc.A). I[lpu kakoM Hau- _ m V3
OOoJIBIIIEM yTJIe HAKJIOHA 0, TeJIO eié He OyAeT CKONb3uTh? UeMy paBHA MakCHMalbHas BENUIHHA Fay CHITBI TpEHUS n'€
MOKOSI? SO
mg  2m 5y O.1l0 rOpU3OHTANBHOI [UIOCKOCTH CKOJIB3AT BA IUIOCKUX TEJa U3 OAMHAKOBOIO MaTepHala, Mac- Puc.A
Sk 282, chl, muiomany u CKOPOCTH KOTOPBIX OTJIMYAroTCs B Ba pasza (puc.B). Bo ckoibKko pa3 OTaHYAOTCS IEUCTBYIO-

Puc.b IIME Ha HAX CUJIBI TPCHHSA?
6. ChopmynupyiiTe 3aKOH COXpaHEHHs M M3MCHEHHUs MMIyJbca. Kak 3TOT 3aKOH HCHONB3yeTcsl B JAHHOI paboTe, M MO Kakoi
MPUYHHE €r0 MOXHO HCIIOJIb30BATh?
7. Kakue cuiibl Ha3bIBAIOTCSl KOHCEPBATHBHBIMU M HEKOHCEpBaTHUBHBIMU? [IpuBeIiTE IPUMEpPhI TAKUX CHII.
8. ChopmynupyiiTe 3aKOH COXpPAHEHUS WM U3MEHEHHS TIOJTHOW MEXaHHYeCKOH dHeprur. Kak 3TOT 3aK0H MCTIOIh3YeTCsS B TaHHOM
pabote?
9. Ilyna ¢ mMaccoll M, JeTeBIIas CO CKOPOCTBIO V, BPE3aeTcs M 3aCTPEBACT B HEMOABI)KHO CTOSBIIEM Ha TOPH30H- 1 v _ my!
TAJILHOM IUIOCKOCTH Teje ¢ maccod M'= Kkm (puc.B). Koo dumnment tpenus cKonbxeHus paBeH p. Onpemenure s
MyTh, IPOHJCHHBIH MOCJE ITOTO TEJIOM M' 0 OCTAHOBKH, a TAK)KE BEJIMYHHY MOTEPh MEXaHUYECKOI HEPIUU B MO- Puc.B
MEHT yzaapa. B kakom cirydae atu notepu OyayT Gosnbiie —npu M'> M wiu npy m'< m?
10. Caenaiite u 00bSICHUTE BBIBOA pacyeTHbIX Gopmyin (71).

Jluteparypa
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1.3 81-3,6;r1.5 81,5.

Pa6ota Ne9. Onpenenenre yCKOpeHHsI CBOOOTHOTO TAJCHUS C TTOMOIIBIO (PU3HUECKOTO MasiTHUKA
QCHL [2360TLI: OKCIICPUMECHTAJILHO OMPCACIUTD YCKOPCHUC CBO60HH01"O nagcHus ¢ HIOMOILIBHO (1)I/I3I/I‘-ICCKOI‘O MasgATHHKA.

Teopernueckoe onucaHue

DU3MYECKUM MasSTHHKOM HA3BIBACTCS JIFOOOE MAaCCHBHOE TEJO, COBEPINAIOIICE KOJICOAHMsI B TIOJIE CHII TS-
JKECTH BOKPYT TOPU30OHTAIBHON OCH TMOJBECa, HE Mpoxoasmei yepes menTp macc C. B manHOM paboTe TakuM MasT-
HUKOM SIBIISICTCS [UTHHHBIA METAJUIMYECKAN CTepPIKEeHB, BOIU3M IIEHTpa KOTOPOTO IS YBEIWIEHHUS TIeproa Kojeba-
HHM 3aKpeIuieH MAaCCHBHBIN I'Py3 B BHIE MeTaliMyeckoil yeyeBuilpl (puc.34). Ha crepkHEe BHHTOM 3aKpEILISETCS
MaJleHbKast oropHas npusma “I1”, KOTOpyro MOXHO CMEIIATh [0 CTEPXKHIO, MEHss paccTtosHue d 0 meHTpa mMacc
MasTHuKa C. MasTHHUK IMOABEIINBAIOT B BEPTUKAIBHOM TIOJOXEHHH, CTaBs npusMy “II” Ha TOPU3OHTAIBHYIO OTIO-
PY, OTBOJISIT OT BEPTUKAIK Ha HeOOobIoN yron ¢ u ormyckaior. [Tociie aToro MasTHUK OyAET COBepIIaTh Kojaeha-
HHsI BOKPYT FOpU30HTalIbHOM ocu moaseca OO' (puc.34).

YpaBHEHHUE AWHAMUKH BPalIaTEeIbHOTO ABIDKCHHUS MAsTHHKA B MPOEKIHMH HA OCh BPAIICHUS HMEET BHL:

lo 2¢/ dt?=M , e HPOEKIHsT MOMEHTa CHibl TsbkectH M = -mglHsing (mwiedom cuibl TsbkecTH OyaeT pac- Puc.34

crostare dsing ). DTOT MOMEHT CTPEMHTCST YMEHBITUTH YToJ ¢ W BEpHYTh MasATHHK B BEPTHKAJIBHOE MOJIOKEHHE PABHOBECHSI.

2
9%, M9ing = o, (72)
T

rae lo — MOMEHT HHepIH MasTHHKA OTHOCcUTeIbHO ocu OO,

VYcnoBrueM BO3HMKHOBEHUSI TADMOHUUYECKUX KOJieOaHuii Oyaer aeiicTBre HA (DPU3MUECKOE TEJIO CUJIbI I MOMEHTA CHJIBI,
MPOMOPIMOHANBEHBIX CMEIICHUIO OT MOJIOKEHHS PABHOBECHS U CTPEMSIIUXCS BEPHYTh TEJIO B MOJI0XKEHHE paBHOBeCHsI. B Hariem
Cllydae TAKAM MOMEHTOM OYIET MOMEHT CHIIBI TSDKECTH IPU YCIOBUHM MabIX KoneGanuii (Sing = ¢ ). B atom ciayuae ypaBHeHHE

2
(72) mpeBpamaercss B JUHAMHUYECKOE YPABHCHHE HE3ATyXalOIIUX COOCTBEHHBIX TapMOHHYECKUX KolieOaHUi —2+u€¢ =0,
dt

INomyyaem ypaBHEeHue

uMerolee pemenue B sune ¢ =g Cos((oot + O() , TJIe UKJIMYecKasl yacToTa M IeproJl KoyiebaHui (PU3NUecKoro MasiTHHKa ompe-
JIETSTIOTCS. hopMyTIaMu
_ _ [mgd _2n _ )
p = (*)q)m MasT ~ | ’ T(bl/ls MasT — =2m d’ (73)
0 U3 MasiT mg

3,H€CI) |0 — MOMCHT MHEPLUUU MAsITHUKA OTHOCUTCJILHO OCH I1O/IBECA, d —PpacCTOsIHUE OT OCH IMOABECA N0 LICHTPA MAaCcC MasiTHUKa, M
— €Iro Macca.

TONBKO TIPH MAJBIX yIIaX OTKIOHEHHS MAsTHMKA OT TOJI0XKeHHs paBHoBecus,  <5°—6°, mepron ero koneGanmii He
OyzeT 3aBHCETb OT aMIUIUTYABL. [1jist 6oJiee TOUHOTO U3MEPEHUSI TIEPHOJIa ONPEACIIAIOT BpeMs OOJIBIIOrO YHCia N HOJHBIX KOJe-
Oanmii. Torma T =t/ n. W3-3a Tpenus npusmel “I1” 06 onopy kosiebaHus OyayT 3aTyXarolmuMmu. [103ToMy ynaércs U3MEPHUTH
Bpemst N =10- 20 konebanwuii, a Gpopmyna (73)3aqaéT UX MepHOI ¢ HEKOTOPOH MOrPELIHOCTHIO, YTO CKA3bIBACTCS HA MOTydae-
MBIX pe3yJbTaTax.

YacTHeIM ciydaeM (pU3MYECKOro MasTHHKA SABILETCS MaTeMAaTHISCKUH MajsTHUK — IPY3HK MacChl M, MpeHeOpekUMo Ma-

JIOTO pa3Mepa, MO/BELICHHbIH Ha HEBECOMOM HepacTsuKuMOil HuTH bl | (puc.350). B atom ciyuae |, =m 12,d =1, a nepuon

MAaJIBIX KOJIEOAHHH MAaTEMaTHIECKOTO MASTHHKA Tyar vagr = 2T/ 1/ . Tlepron koneGanmii Gpu3neckoro MasiTHUKA COBIIAJAET



C TIEpHOIOM KOJIeOaHUI MaTeMaTHIeCKOT0 MasgTHUKA, JJIMHA KOTOPOTO paBHA

|
IIIp =m_c:_'j . (74)

OTa IIMHA Ha3bIBACTCS NPUBEJICHHOW JUTMHOW (u3udeckoro masTHuka. Ha paccrosHum |HP
oT ocu nogBeca O Ha JIMHWH, POXOAIIeH yepe3 neHtp macc C, Haxomutcst Touka O, — EHTp Ka-
yanuii (puc.35a). DTo TOUKa, B KOTOPO HAI0 COCPENOTOYMTh BCIO MacCy (PU3NUECKOrO MasTHHKA,
9TOOBI MIEPUOJT MAJIBIX KOJIEOAHUH TOTyYHUBIIETOCS MaTEMaTHIECKOTO MasTHUKA ObUT paBEeH MEepPHO-
Iy GU3MIECKOTO MasITHUKA, KOJIEOMIOMIErocst OTHOCUTENbHO ocH nojseca O: Tg = TOK . Toukn O u

T ¢u3 mast =Tvar vast

Puc.3E

()K Ha3bIBAIOT COIPSAKCHHBIMU.
MowmeHT HUHEPpLUHU TCJIa |0 OTHOCHUTCJIBHO HpOHSBOHLHOﬁ ocu O PpaBCH MOMCHTY MHCPUHU IC 9TOIr0 T€J1a OTHOCUTCIIBLHO
ocH, napannem,Hoﬁ ,HaHHOﬁ nu npoxouﬂmeﬁ YUepe3 NCHTPp Macc C, CJIO’)KCHHOMY C IPOU3BEACHHUEM MACCHI T€Ja IM HA KBagparT pac-

[ / I +md?
crosinust d Mexny ocsimu: 1o =1 +md? (510 - Teopema Ilteiinepa). Cornacto (73), umeem T = 21T |—& = 2 C—d .
g mg

D10 — KBaJApaTHOC YpaBHCHUEC, U3 KOTOPOTO CICAYCT, YTO MAaATHUK 6y;[eT HUMCTb OLlI/IHaKOBHﬁ nepuon KoJieOaHui Tl = T2 u oau-

HAKOBYIO IPUBEIEHHYIO JJIMHY IPHU IBYX pa3HbIX paccTosHusx d; u dy OT ocu mojBeca 10 neHrpa macc (puc.35):
2 2
_ lc+mdf _ [c+md5
P md; mdy
3aBucumocThb mepuoza konebanuii or paccrosHust d mokaszana Ha puc.36. [IpuBoas cootromenue (75) k 06-
IeMy 3HaMEHATeIIo, M coKpalnas oowuid Muoxurens 0y —d,, nonyunm | =md;d, u

lyp =d1 +d5. (76)

Tax kak d2 — pacCTOsAHUC OT OCH IMOABECA A0 HEHTPa MACC, TO MOKHO, NIEPEBCPHYB MASITHUK, KOTO-
pI:Iﬁ Ha3bIBaOT 060[!0THI>IMl B34ATb TOYKY IOABECAa B LHECHTPC Ka4YaHUA Ha PACCTOSAHUU d2 HUWKE LCHTPA MACC, KaK MOKa3aHO Ha
pI/IC.35£l. Ho moxHO MOJABECUTHL MAATHUK Ha TOM K€ PACCTOSHUU BBIIIC LEHTPA MACC, KaK IIOKa3aHO Ha pI/IC.35,B. HpaBaﬂ 4acCTb

/ | dy +d
cootHourenus (75) 0T 3TOro He U3MEHUTCS, KaK U IIEPHOJ] KoJeOaHuii, paBHbIii T = 2 P =2 L =2 Orcrona HaxomuM Be-
g g

_ 418 (dy +dy)
T2
HpH HUCIIOJIB30BAHUHN 060p0THOF0 Maj ATHHKA BBIYHCJICHHASA BCIMYHMHA g 6y,£[eT 60Hee TO"IHOFI, TaK KakK paCCTOHHI/Ie
d, +d, MOXKHO OmpesenuTh, U3MEPSIs PACCTOSHMUS OT KPAaEB CTEPIKHs Ha puc.34, uIMHA KOTOPOro u3BecTHa. Ha anHoi ycTaHoB-

(79)

JIMYMHY YCKOPEHHS CBOOOIHOIO MaJIEHMS: (77)

K€ MasTHUK TIO/IBEIITMBACTCS C OHOM CTOPOHBI OT IIEHTPA MAcc, U HEOOXOIUMO TOYHO 3HATD eTo TMooKeHue. J{ist atoro rpy3 (ue-
YEBHIIA) 3aKPEIUIIETCS MMOCEPEIIHE CTEPKHS, M PACCTOSHUS 0y ¥ 0, OTCUUTHIBAIOTCS OT CEpPEHbI CTEPXKHS, T OyIeT HAXOAUTh-
cs nentp Mace C (puc.34).JIio6oe cMelleHre Ipy3a MPUBEIET K OLIMOKE B ONpPEIEIEHUH (.

Hopsnok BeIMOIHEHHS PAOOTEI

1. OnopHy1o nMpU3My yKpEeNuTh BUHTOM Ha KOHILIE CTEPKHS Tak, YToOBI peOpo, Ha KOTOpoe OHa OyAeT onupaThes Ha OIo-
py, ObLJIO Ha ypoBHE OGiibKael pucku cTepxHs (puc.34).

2. U3meputs paccrosuue d oT pedpa IpU3MBbl 10 LeHTpa Mace MasiTHHKa C, KOTOPBIil B TaHHO# paboTe MpakTHYeCKu
COBITQJIAET C LICHTPOM 3aKPEIUICHHOW Ha CepeHE CTEPIKHS YeueBHLbL. JIJIsl aJbHEHIIEro onpeesieHns 3TOr0 pacCTOSHUS MOX-
HO HCIIOJIb30BaTh PUCKH, HAHECEHHbIE Ha CTEPKEHb Yepe3 KaXKAbli CAaHTHUMETP.

3. PeOpom onopHO# NpU3Mbl YyCTAHOBUTH MasITHUK Ha MOJCTABKY MOCPEANHE POPE3H HEePIEeHANKYISIPHO el H OTKIIO-
HHUTB Ha yroi 4° (KOCHUTECH IPY30M CTEHBI, CM.pHuc.34).

4. CexynmoMepoM u3Meputh Bpems t moansix N = 10konebanuii MasTHHKaA (BKJIIOYATh CEKYHIOMEP M HAYMHATH OTCUET
BPEMEHH CIIEyeT MPU MPOXOKIACHAN MaITHAKOM JIFO00TO KpalHeTo MoJI0KeHusT). Berancmuts nepros konebanuii T=t/n.

5. Tlepemernas OMOPHYIO MPU3MY Y€pe3 KaXKIbIC TPH CAHTUMETPA K IEHTPY CTEPIKHS, T.€. MCHSISI paccTosine d, H3MepsTh
Bpems 10 koebanwii u Benuauny nepuona. [lomyauTs 3Hauenus 15 nepuoaos.

6. [1o moyYeHHBIM JJAHHBIM TOCTPOUTH rPpad MK 3aBUCUMOCTH Neproia Kosiebanuit T oT paccrosiaus d, aHATOrM9HBIN
n300paxeHHOMY Ha puc.36.

7. 11 Ipou3BOIBLHOIO 3HaueHUs nepuoga 1T =T, mpoBecTH HpsAMYI0, HapajlIeIbHYI0 ocu aOCIHCC, KOTOpas AacT JBE

TOUKY IepecedeHns ¢ kpuBoii: ty u dp (puc.36).IIpu stom |p1 =dy +d, —npuBeneHHas AMHa MAsSTHUKA DU BBIGDAHHOM I1e-

pHUOJIe KOJIeOaHHHA.

418,
T2
9. AHAIOrHYHO NOJCYMUTATE BENUYHMHY O CIle YeThIpe pasa, B3siB APYrue 3HAUCHUS IIepHoJa I; U OImpenesisi COOTBET-

8. Yckopenue cB0OOAHOrO NajeHus onpeaeauts no hopmyie (77) g =

CTBYIOLIME MM BEIMYUHBI | 10 mocTpoeHHOMY rpauxy.

10. HafiTi cpeHee 3HaueHUE (g) .
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11. CHy‘IaﬁHLIe OTKJIOHCHUSA KaKA0I'0 UBMEPCHNA YCKOPCHUSA CB060,HH01"0 naacHusd onpeacInTb 1o Q)opMyne

Agi =g —< g> , CpellHEEe KBAIPaTHYHOE OTKJIOHEHHE — S = il Z(A g )2 . ITorpemnocts pesynsrata Ag = S/ Jn, e n=5.
n —

12. JlaHHbIC U3MEPCHUI M BRIYUCIICHHI 3aHECTH B TAOJUIBI 1 1 2.

Ta6uuma 1.
d, m
t, c
T, c
Tabuuma 2.
T, c dy, M d, M g, mlc? Ag; , mlc? (g, )2 Wt | S m/c (g), wic? Ag, m/c?
13.3amucars pesynbrar B Buge: § = (< g >+AQ), m/c* g= ( ..... + ) m/c?

KoHTpobHBIC BONPOCH! | 3aJ[aHuUs K JIA00paTopHOU padoTe Ne 9
1. Kakoii MasTHUK Ha3bIBacTCs (PU3MICCKHIM, a KAKOH — MAaTEMaTHYCCKUM ?

2. BeiBemute opMydTy neproja KouneOaHui PU3NIECKOro U MaTEMaTUIeCKOTO MasTHHUKA.

3. Chopmymupyiite Teopemy llITelinepa n 00bSICHUTE, KaK OHA UCTIONB3YETCS TIPH BBIBOJIE MEPHOJIa KOJIeOaHUH PU3NIECKOTO Ma-
SITHUKA.

4. Tlpn kKakOM YCJIOBHHM MasTHHK OyIeT COBEpIIaTh rapMOHWYeckue Kojebanusa? [lodemy amrumaTyna KoJieOaHWdA MasTHHKA
JTOJDKHA OBITH MaJIoi?

5. Yrto Ha3bpIBaeTCS MPHUBENCHHON UTMHON (PU3MIECKOTO MAsTHUKA M KaK €€ BHIYUCIUTE?

6. Kakas Touka MasTHHKA Ha3bIBaeTCS HEHTPOM KadaHHA? OT 4ero 3aBHCUT TOJI0KEHUE 3TOH TOUKH? JloKaXuTe, 9TO IIePHO KO-
neOaHU MasSTHUKA OTHOCHTEIIEHO OCEH, MPOXOISIIUX Yepe3 CONPSHKEHHBIC TOUYKH OJTMHAKOB.

7. Iepuon xonebauuit GU3HIECKOro MasTHAKA C MACCOW M OJMHAKOB, €CJIM PACCTOSIHUS OT OCEH MOJABECca JI0 IICHTPa MacC PaBHBI
d u d'=3d/4. Yemy paBeH MOMEHT HHEPLMU TAKOTO MASTHUKA OTHOCHTEJBHO OCH, IPOXOISILEH YEPE3 €r0 LEHTP Macc?

I 8. ToHKHi1 cTEpXKEHb ¢ MAacCO M ¥ JMHOU | coBepIIaeT Majble KojeOaHuss BOKPYI TOPH30HTANIBHON ocu moaseca O,
KOTOPYIO MOXHO IepeMelnarsb (puc.A). HaiiTu HauMeHbIINI BO3MOKHBIHM IEepHo]] KoJeGaHui TAKOr0 MasTHUKA U COOT-
BETCTBYIOIIYIO 3TOMY IIEPHOAY NPHUBEICHHYIO JIIHHY.

9. ®u3nyecKuil MasTHUK 00pa3oBaH TOHKMM CTEPKHEM C MACCOM M M IUIMHOM |, K KOHILy KOTOPOTO IPHKPEI-

0

I

m,l N o

Puc, A JeHIpY3 npeHeOpeRKUMO MaIIbIX Pa3MePOB C TOi e Maccoil M. TopusonTanbHas ock nogseca O Haxomurcs Ha O ] 5
' paccrosuuu d =1/4 ot uenrpa crepxkus (puc.B). Haiitu nonoxkeHue HeHTpa Macc MasTHUKA, TOUKY LIEHTPA

KauaHui, IEPUOJ MANIbIX KOJEOaHWI U IIPUBEICHHYIO IIMHY. m,l

10. O6BsicHUTE METOJ ONpEAeIeHUs BETUUNHBI YCKOPSHHSI CBOOOIHOTO TAJCHUs, CACNIaB BHIBOJ pacueTHOH (opMysbl ~H?
(77). Puc
11.Tlo kakuM NpUYMHAM HaiiicHHAs! B JaHHON paboTe BEJIMUMHA YCKOPEHHs CBOOOIHOTO IMaJeHHsI MOXKET OTJIIMYAThCS OT UCTHH-
HOTO 3HaueHus 9,8M/c??

Jluteparypa
1. Casenbes U.B. Kypc dusuku B 3x 11.: T. 1: Mexanuka. MosekyispHas ¢usuka - M.: Hayka, 1986.- §§ 33, 39, 46, 54.

2. Kommaxos 10.H., ITekap F0.A., Jlaryn .M., JlexxneBa JI.C. MexaHuka 1 TeOpHusl OTHOCHTEIbHOCTH,- m3a. Tynl'Y. 2010,
1.7 82,3;r1.9 81,2.

Pabora Nel0. zydenue koneOaHUH MPY>KUHHOTO MasiTHUKA

[{esib paOOTBI: M3YUNTH HE3ATYXAIOLIME U 3aTYXaIOIINE COOCTBEHHBIE KOJIE0aHUs IPY>KUHHOT'O MasTHUKA, ONPEICIUTh UX
3aBUCHMOCTbD OT XapaKTEPUCTHK MasITHUKA, UCCIIEA0BATh 3aBUCUMOCTD IIEpHoJia KOJIeOaHH OT MacChl MasiTHUKA, HAWTH BEJTUYU-
HY JIOrapru(pMUYECKOro JICKPEMEHTa 3aTyXaHHs KojeOaHuii.

TeopeTnueckoe onucaHue
FapMOHHYECKMME Ha3bIBAIOTCS KOJICOAHMS, TPOUCXOIAIINE 110 CHHYCOUIATBPHOMY WIM KOCHHYCOWJAIBHOMY 3aKOHY:
X(t) = Acos t+ ¢, ), rme X(t) —cmemenue Konebmomerocs YU3MYECKOro Tela OT MOJNOKEHHS PaBHOBECHS, A — MaKCHMaIbHOE

CMeEIlEHHE, WM aMImTysia, Wt + g — dasa konebanuii, ¢, —HavanbHas gasa (mpu t =0), W= 21V = 21T — UMKIMYEcKas YacTOTa
KoyileOanmii. AMIUTATYIa A ¥ 9acToTa () TapMOHUYECKHX KOJIeOaHWd OCTOSIHHBI. B MeXaHnke HEOOXOMMBIM YCIOBHEM BO3HHK-
HOBCHHUSI TAPMOHUYCCKUX KoJeOaHWi OyneT AEHCTBHE HA KOJICONIOIICECS TEJO CHIIbI MIM MOMEHTA CHIIBI, MPOHNOPIIHMOHATBHBIX
CMEIICHHUIO OT IMOJIOKEHHSI PABHOBECHS M CTPEMSIINXCS BEPHYTH TEJIO B MOJOXKCHUC PaBHOBEeCHs. Takas CHJIa Ha3bIBACTCA YIPY-
roii (B o0LIeM ciiydae — KBa3HYNPYTOK).

B pabote nccnenyeTcsi NPYKUHHBIA MasTHUK — TPY3UK MacChl M, KOJIEOIIOMIMIACS BIOJb BEPTUKAIBLHON OCH X Ha TIpPY-
KHUHE C KecTKOCThI0 K. Criia ypyrocTd CTpEMHUTCSI BEPHYTh TPY3HK B mosioxkeHue papHoBecust X =0 (puc.37). YpasHenue
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dv
JBHXKCHHUA TAKOT'O MasTHHKaA md—tx = Fyr[px = —k X MOXXHO 3arucarthb B 061].[61/1 Cl)OpMe JIUHAMHUYCCKOT'O YPABHCHUA

COOCTBEHHBIX HE3aTYXAIOLUIMX [APMOHUYCCKUX KoueOaHUil, CpaBeAIuBOM Py ACHCTBUM M0GOH KBAa3HYIPYroi cu-
JIBL d2>§/ dt? + w2 x=0, rae BBeneno 0Go3nauCHME (u% =k/m.

[loncranoBkoW  HETpyOHO  yOeaWTbCs, 4YTO PEUIGHWEM JTOTO  ypaBHEHHS  sBISeTCS  (QyHKUIUS
X = Acosg t+¢ ) ,omuceBaromas KoyebaHus ¢ UUKIMIECKON 4acTOTOi WYy . Ilepron HezaTyxaromux KoseoaHuit

NPY>KHHHOTO MasiTHUKA (prc.2.37)3aBUCHUT OT €r0 MACChl U OT XKECTKOCTH TIPYKUHBI:
To = 21w = 2m/m/ k. (78)
BenuunHy MOCTOSHHOM aMITUTY bl A W HadaabHOH (a3bl (g MOKHO HAWTH M3 HAYaJIbHBIX YCIOBHI UISI CMCILCHHUS U
CKOpPOCTHU MasiTHUKA B HA4aJIbHBII MOMEHT BpeMeHu t =0
x(t=0) = Acoshg; Vy (t =0) =dx/ dt=— Ay sindg . (79)
B mepBom ynpakxHeHHH KOA(PPHUIHUEHT KECTKOCTH NPYKUHKH ONpENeIsieTcss CTaTHIeCKUM MeTonoM. st

9TOrO 110 JMHEHKe ONPEACISIOT AIuHY g cBOOOIHO BUCAIICH HAa OmOpe NPYKUHKH, a 3aTE€M K Hell 10 ouepenu MojBe-
muBaroT 3-5 pasHbIX IPy30B C 3aJaHHBIMH MaccaMu [T}, u3Mepsisi JuiuHy | pactsmyroit npyxunku (puc.38). Cuna

TSDKECTU YPaBHOBEIIEHA CHIIOH yNIpyrocTu: M g= k( | - b) , OTKyza

c=mg/(1- ). (®0)

Borunciennsie no popmyse (80)3Hauenus K ycpeqHsIOT, motyyas BeInUuHY K p,; -

Bo BTOpOM ylpakHEHUH BEIMUYHHY K ONpEeAeNsoT TMHAMUYECKIM METOJIOM, 3aCTaBIIsIsl MOBEIICHHBIE 10 OYEPEIH IPy-
3UKM T} COBEpIIaTh BEPTUKAIbHBIE TAPMOHHYECKHE KOIeOaHus ¢ Maioi ammutuTyaoi (puc.37). CexyHIoMepoM H3MEPSIOT BpeMs

N =10 noNHBIX KoNeGaHMH U ONpeaeNsioT UX nepuosl T; =4 /N . Jlist Gonbliedl TOYHOCTH NEPHO KONEOAHNH KaXKIO0rO Tpy3nKa

m ompenenstor 3-4 pasa, HaXo/s €ro CpeJjHee 3HaUCHHE (T, ) . ITo dopmyre (78) Haxomsat 3HaueHue K s Kaxka0ro rpy3uka:

_ 2

k =4m2m /(T)?, (81)

a 3aTeM preZ[HH}OT A9THU 3HAUYECHUI. kI[I/IH = <k|> . ECHI/I I/I3MepeHI/I5{ HepI/IOHOB HpOBeﬂeHLI aKKypaTHO, BCJIMYHUHBbI kCTaT nu kI[I/IH
JOJIKHBI COBIIACTh C TOYHOCTHIO 10 HOFpeH.IHOCTeﬁ.

B TpeTheM ympakHEHHH HCCICAYIOTCS COOCTBEHHBIC 3aTyXaroIUe KOJICOAHUS MPYKUHHOI'O MasTHHKA, IS
4ero rpy3uK Ha IPYXHHKE OIyCKAIOT B COCYJ C XKHUIKOCTBIO, oOanaromieii Bsaskocteio (prc.39). IIpu He oueHb GOJIb-
LIMX CKOPOCTSIX Ha JBHXKYLIMUCS TPY3UK JIEHCTBYET 3aMe/ISIONIasi ABMKESHUE IUCCUNIATUBHASL CUJIA BSI3KOTO TPEHHS,

IPONOPUHOHANBHASL CKOPOCTH Tena: Fpy =NV, rae N — kodgduimenT Bsi3koro Tpenus. C y4eToM JToi CHIIbI ypaB-
2 d x
HEHUE JIBIKCHUA M—0- = Rupx + Fp x = -k X—na MOJKHO 3aIKCaTh B BUJIC TUHAMHYCCKOTO YPaBHEHHS COOCT-
dt
. d?x dx 5 sk n
BCHHBIX 3aTyXAIOLIMX KoneOanuit, —-+ 2B—+wx=0, roe whj=—, B=——— K0dOOUIKCHT 3aTyXaHUs KOJIE-
dt dt m 2m
Oanuii. B cirydae manoit BsiskoctH, koraa f3 <y, ero penreHueM Oyaer
x() = A e P cog(wt+y), (82)

aMITITINTy1a

rue W= \l(o%— B? — umimueckas yacrora, T = 21'[/\/00(2)—82 — [IepUOJ 3aTYXaIOINX KoJieOaHU, KOTOPBIH BO3pacTaeT ¢ pOCTOM
BA3KOCTH .
B ciydae GOsIbLIOTO COMPOTHBICHHUS CPEbl, Koraa [3 = (W, KoJaeOaHus He BO3HUKAIOT, HECMOTPS 4 \x
0

Ha NPUCYTCTBUE KBa3HyMpyroi cuiibl. [IBHKEHHE MAsITHUKA B TAKOH BA3KOM )KUAKOCTH OyaeT ameproanye-
ckuM (puc.40).

AMmnuTyna 3aTyxaronmx konebanuit A(t) = Ay eht , YOBIBaeT co BpeMeHeM TeM ObicTpee, ueM 0

Oonpmie BenmuuuHa . 3aTyxaHHe KoJeOaHMH XapaKTEepHU3YIOT TaKKe BEIHMYMHOHN JOTapu(MUIecKoro JeK- Puc.4C
pemeHrTa 3aryxanus 0. DTo HaTypaibHBIA JOrapu(M OTHOIICHHUS aMIUTUTYABl B MOMEHT BpeMeHH t K am-

_Bt
IUIUTY Ie Yepes mepuod; 0= In% =Iné®T = BT.
Ae

JlorapudmuyecKuii ZEKPEMEHT MOYKHO BBIYHCIHTD APYTHM CIIOCOOOM:

1, (Ao
==In| — |, (83)
n (A
rae BenuuuHel ammmtyn A, i =0,1,2,.., MeHsIomuecs yepe3 Kaxx bl Iepruo, oKa3aHel Ha puc.41.

Puc.41

Ao 1 OTITyCKaloT, OIHOBPEMEHHO BKJIOUYasi ceKyHaomep. Ilociie Toro, Kak MasTHUK COBEpIIHT N TIONHBIX KOJeOaHWHA, CeKyHIO-

le/[ BBITIOJTHCHUH pa60T},1 TPY3UK B )KUJAKOCTHU OTBOAAT OT IOJIOKCHHSA paBHOBECHA Ha PACCTOAHNUC
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Mep, U3MEpUBLINIA BpeMst t, BEIKITIOUAIOT U OJHOBPEMEHHO I10 JIMHEHKe (puc.39) onpenelsioT aMILITYRy A, N-ro KoaeOaHus.
DTH M3MepEHHs MOBTOPSIOT 3-4 pa3a Ul OJUHAKOBBIX 3HAYEHMM Ag, KaXIbIH pa3 onpeaess nepuos kojaebanus T =t/ n, a 3a-

TEeM HaXoJs cpeJHee 3HaYeHUE TIeproIa (T) Y CpeqHee 3HaUCHUe <A1> .

Teneps 110 popmyie (83) MOXKHO ONPENETUTh BEIMYNHY JIOTapH(PMUUECKOTO IEKPEMEHTA 3aTyXaHus 0, BETMUUHY KOd(]-
0
(T)

[opsi/10K BBINONHEHHS PAOOTHI

1. Onpenenuts 10 JUHENKE NIUHY |g HEPACTAHYTOM IPY>KHMHBI, TOBEMIEHHON HA KpOHIITeiHe (puc.38)/
2.TloouepenHo nozBeIINBas K IIPY)KUHE TP PasHbIX Tpy3a (Ha rpy3ax ykasaHsl UX mMaccel MM, raei =1,2,3 —Homep rpy-

¢uireHTa 3aTyxanus koneoanui 3 = Y BEeTUYHHY KO3(D(HULHUEHTA BSI3KOrO TpeHus N = 2mp.

3a), ONpENeNUTh JUIMHY |; PacTSHyTON HPYXUHBI B IIOJOKEHUH PABHOBECHSI.

Tabuunma 1.

3. JIyist KaXKI0ro TOABEIIEHHOTO Tpy3a 1o hopmyiie (80) BHIUUCIUTE m, kr L ™ k , Hi
KO3 GULHEHT YyIPYrocTH IPYKUHBI K =M g/ (ﬂ - b) , OIIPEIEJIEHHBIH CTa- =1
THYECKUM METOJOM M HAWTHU €ro CpeJHee 3HAaUCHUE (kcm> . JlaHHBIE 3aHECTH i=2
B Tabnuiy 1. =3

4. TlonBecHB KaXXAbIi I'Py3 K ATOH e NPYKHUHE, BEIBECTH MasTHHUK U3 lo=vnennn. M <kcm> S H/m

TMOJIOKCHUSI paBHOBECHA, CMECTHUB BHU3 Ha 2-3 MM, U OTIIYCTHUTb. CeKyH,HO-
MEpPOM U3BMCEPUTH BPEMs ti nonaeix N =10 konebanuii (Ha‘-II/IHaTL OTCUCT HPU MPOXOKACHUUN I'PY30M BEPXHETO WUJIM HUKHETO O~

nosxxenwusi). Haiitu nepuon xonebanuit T, = ¢ / N. OOBIT ¢ KaXIbIM FPY30M [MOBTOPUTH 3 pa3a M HAWTH CPEIHEE 3HAUCHUE ITEPHOIa
KoJIeOaHu <T,> JUTSL KasKI0ro Tpy3a ¢ HomepoM i =1,2,3.JlaHHble 3aHeCTH B TabnuIy 2.

(815). CornacHo dop- Tabmuma 2.
MyJe , OTIPEJICITUTh

3133%1—11/1}1 Koag)(bHuHeHTa m.xr | N b.c Tic <T,> 1€ <T, >2 ) ¢ k' » Him <kmm> , Him
ynpyroctu K; mst pasHbIx i=1 10
Ipy30B, MOJTY4YEHHbIE AU-
HaMHUYECKHUM CIIOCOOOM.
Haiitu ux cpennee 3naue- i=2

JIMH

HHUC <k > " CpaBHHUTL €ro

CO 3HaUEHUEM (kcm> u3 =3

Ta0mIe 1.
6. IToctpouts

rpaduk 3aBUCUMOCTH <T>2

OT Macchl rpy30B M.
7. OmBIT IPOAENATh C IPYKMHHBIM MasgTHHKOM, TPy3 C Maccoi My KOTOPOro MOMEIIEH B cocy ¢ Boaoi (puc.39). Bui-
BECTH IPY3 U3 IIOJIOXKEHHs paBHOBecHs, HarpuMep Ha Ay =20 MM ( 9To HauanbHas aMIUIUTYAA KonebaHuii Ha puc.41), u, oTmyc-

THUB €T0, 0IHOBPEMEHHO BKJIIOUUTH ceKyHaoMep. Onpenenuts Bpems ty, 3a koTopoe rpy3 coepmut Ny = 20 noansIx kojaeOaHui,
a TaloKe aMIIMTYay A, mocie Ny xoneGaHuid. ONbIT BHIIOIHUTS 3 pa3a U HAWTH cpeiHee 3HaUeHUe Iepuoja <T1> W aMIUIUTY/BI

N, -To Koj1ebaHus <A1> .
Ao

N 1
8. Beruucnuth iorapudMuIecKkuii JEKPEMEHT 3aTyXaHUs <9> =— In<—> ; Koo durmenr 3aryxanus 3 = 1 K03¢-

0
(T)
(uument Bs3koro Tperus N =2myB . JlaHHbIe U3MEPEHUI ¥ BBIYUCICHHIT 3aHECTH B TabuuLy 3.

m=... KT, Ny =..... s A= MM Tabiuua 3.

MM e T.c <T1> ' C <A1> , MM <9> B, ¢t | n,xrlc

KoHTponbHBIC BONPOCH! | 3ajaHus K JiabopaTtopHo padote Ne 10
1. Kakue koneOaHus HA3BIBAIOTCS TAPMOHUYCCKUMHU, U KAKOBBI HEOOXOMMBIC YCIOBUS BO3HHUKHOBEHHS TAPMOHHYCCKUX KOyeOa-

HUI B MEXaHUYECKOU cucteme?

2. Korja MasiTHHK COBepIIaeT COOCTBEHHBIC 3aTYXAIOMINE KOJICOAHHS, M YeM OHHM OTJIMYAIOTCS OT HE3aTYXAIOIINX rapMOHHYCCKIX
KoeOaHuit?

3. OT KakuX MapaMeTPOB 3aBUCHT CHJIA BSI3KOTO TPEHUS, U B KAKOM cirydae e€ HaJl0 yIUTHIBATH?

4. Kakue BeTUYUHBI HA3bIBAIOTCA KOIPPHUIIMESHTOM BSA3KOTO TPEHUS W KOAPGUIIUEHTOM 3aTyXaHus Kojiebanuii? Kak oHM BbIUHMC-
JS0TCS B paboTe?



34
5. 3anummTe ypaBHEHUE NBUKCHUS MPYKUHHOTO MAsTHUKA U MOJIYYHUTE C €r0 MOMOIIBI0 TUHAMUAYCCKHE YPABHCHUS COOCTBEH-
HBIX HE3aTYyXaIOIUX U 3aTyXallux KojacOanuii. [[puBeanTe peieHus 3TUX YpaBHCHUIA.
6. Kakue BeMYMHBI Ha3BIBAIOTCS aMIUTUTYI0H, ()a30i M HAYaabHOM (a30i 3aTyXaroIIuX U HE3aTYXAIMMX COOCTBEHHBIX Kolieha-
HHK?
7. Tlpy»KUHHBIA MasITHUK C MACCOM M Ha MPYKUHKE C )KECTKOCTHIO K, COBEpIIAOIINI HE3aTyXaloIUe TAPMOHUYECKHE KOJicOaHus,
MMeEeT B HaJaIbHBIII MOMEHT BpeMeHH t =0 KoopamHATy X = X; M CKOpOCTh V = V. UeMy paBHa aMIINTya U HavanbHas (asza

ATHUX KOJIcOaHMiT?

8. B kakoMm ciiydae npy>KHHHBIA MasTHHK ¢ Maccoi M u ko3¢ dunuentom xéctkoct K Oyaer coBepuiath B KHUIKOCTH anepuo-
JIMYECKOEe JBIKCHHUE, eciIi KOA(GHULUCHT BSI3KOTO TPEHHS [IPU €ro IBH)KSHUU paBeH N?

9. [Monyuute hopmMyny meproaa KoJeOaHUI MPYKUHHOTO MasTHUKA B BSA3KOW JKUAKOCTH. Kak M3MEHSETCs ero BeIUYUHA C POC-
TOM BSI3KOCTH?

10. Kakast BenmuuuHa Ha3bIBACTCS JIOTAPU(PMUUECKUM JICKPEMECHTOM 3aTyXaHHs KoJeOaHMid, KaK OHa CBsI3aHa C MEPHOIOM Kojeba-
HUI 1 KaKuM 00pa30M OHa BBEIUUCIIACTCS B JAHHOM paboTe?

11. OOBsACHUTE METOJ, UCTIOIB3YEMBIN MPH omnpeneiacHurn kodddumrenTa XECTKOCTH NPYKHHBI CTATHYECKAM U JTMHAMHYECKAM
crocoOoM.

Jlureparypa
1. CasenbeB U.B. Kypc ¢usuku B 3x 11.: T. 1: Mexanuka. MosekyispHas ¢usuka - M.: Hayka, 1986.- 88 50, 53, 58.

2. Kommaxos F0.H., ITekap FO.A., Jlaryn .M., Jlexxuena JI.C. MexaHuka U TeOpUsl OTHOCUTEIBHOCTH,- u3a. Tynl'Y. 2010,
-9 81,3.

Pa6ota Nel3. Onpenenenue nokasarens aguadatel MeTogoM Knemana u Jlezopma

[{esib paboThI: ONPEEIUTh BEIMUMHY TOKa3areis aanadaThl BO3AyXa SKCIIEPUMEHTAJIbHBIM METOIOM U CPaBHUTH €€ C
npecKa3aHueM TePMOAMHAMUYECKON TEOPHH Ta30B.

Teopernueckoe onucaHue

Cpenu IpOHCXOISIUX C Ta3aMU IPOIIECCOB YacTO BCTPEUACTCS W OYCHb Ba)KCH aauabaTHUYECKUH Mmpolece, MpOTeKaro-
i 0e3 mepenaun termia. YToObl MOMYyYUTh €r0 YPaBHEHUE, BOCIIOIB3yEeMCs IIEPBBIM HAYAIOM TCPMOJTUHAMUKHU. TEILUIOTA, CO00-
maemast cucreme (rasy), MaeT Ha U3MEHEHUE €€ BHYTPEHHEH SHEPIHU U Ha COBEPIICHUE CUCTEMOUN pabOThl HA/l BHEITHUMU CHJIa-
MU oQ=dU+JdA.

I'a3 (BO31yX) € JOCTATOYHON TOYHOCTHIO MOKHO CUMTATh MAeadbHBIM. Eciim M —Macca rasa, a |1 — ero MoJisipHas Macca,
p — naBnenue, V —00weéM, a T —TeMrieparypa, uamepsieMas B rpagycax KejapBuHa, TO BHYTPEHHSS SHEPTHs HACAIbHOIO ra3a 3aBu-

m .
CHT TONBKO OT ero Temmepatypsl, U =—C, T, a coBepmraemast razom pabora A= pdV. 3xecy C,, — MomsipHas TeTIOEMKOCTb
V]

UeaJbHOTO ra3a Mpy U30XOPUIECKOM Ipollecce, Kora He MeHsIeTcs: 00bEM rasa.
UzsectHo, uto C, = iR/Z , e R = 8,314/:/Khonp — yHuBepcaibHas Ta30Basi MOCTOSHHAS, | — YKCJIO CTENeHEH CBO-
m C = J_Q
dT
(mpuBenEHHAs BEIMYKMHA PaBHA KOJMYECTBY TEILUIOTHI, KOTOPYIO HAJI0 COOOLIMTH CUCTEME, YTOOBI IIOBBICUTEL €€ TEMIIEPATYPY Ha
1K). BenuunHa TEIIOEMKOCTH 3aBUCUT OT crioco0a, KOTOPBIM cucTeMe coobiiaercs temora. Ecnu C = const;ro nporece Ha3bI-

BacTCA NOJUTPOIMNICCKUM.
B pe3yabTaTe A1 UACAJIBHOTO ra3da nepBoC Ha4aJ10 TCPMOJANMHAMUKY 3alMUIICTCA B BUJC

50="cdr=""¢, dT+ pav. (84)
H H

60161 MOJIEKYITHI Ta3a. [lepenaBaemylo Ta3y TEMIOTy yIO0OHO BEIPA3UTh Yepe3 MOJIPHYIO TeIDIOEMKOCTE Tporecca C:

Bocrmons3yemcs Tereps ypaBHECHHEM COCTOSIHUS HICATBEHOTO Ta3a
pV = (nyp)ORT. (85)
Borunciss quddepeniman (m/u) [(RdAT= (X p\) = pdW Vd, uckmouaem dT u3 ypaBuenus (2.84),B KoTopoM [yist aauabaTh-
94eCKOro mporecca, Haynero 6es nepeaayu remia, Haao npuusate 0Q = 0. [TosyyaeM ypaBHEHHUE, CBA3BIBAIOLIEE JaBJICHHE U 00b-
€M rasa:
(Cy +R) pdV= G pdv=- ¢ Vd. (86)

31ech NOICTaBICHA BEIIMUMHA MOH}IpHOﬁ TEIIOEMKOCTH M300apHUYECKOro Mpoliecca, IIpA KOTOPOM HE MCHSCTCS JABJICHMEC Ta3a.

i+2 .
Cp=C +R= > R (312 cB3b Ha3bIBacTCA ypaBHeHUEM Maiiepa).
OrtHoleHue Tena0EMKOCTEl Npy MOCTOSHHOM JaBJIEHHHU U MOCTOSIHHOM 00bEME Ha3bIBAETCS MOKa3aTelleM ainabaTel

y=—2=1*2 (87)

. av dp
IoacraBnsas 31y BemuuuHy B (86), pasgennMm MEepeMEHHbIE M MPOHHTETPUPYEM: YIV:_J._' rnosryyast
p

vInV =—In p+const. Oto — ypaBHeHHe aqradaTHUECKOro Mpollecca AJIsl WIeallbHOro ra3a ui ypasaenue [lyaccoHa, Kotopoe
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0OBIYHO 3aIMCHIBAETCS B BUJIE: pVY =const. (88)
HUcnone3ys ypaBHeHue coctosHus (85), MokHO 3amucaTh ypaBHeHue [lyaccoHa yepe3 npyrue TepMOJHHAMHYECKUE TIe-
peMeHHBIE: TVt =const wm TYp'" =const. (89)
MOJIEKYJTBI Ilens naHHOM pabOTHI — HKCIIEPUMEHTAIBHOE ONPENCICHNE BEIMYUHBI Y UI BO3/1yXa, KOTO-
z PBIi SIBIISIETCSl CMEChI0 MHOTHX 'a3oB — IByxaToMHBIX Ny, O,, Tpexatomubix CO,, H,O u .. Upe-
ONHOaTOMHasA I=3  anbHBIA Tra3 — 3TO COBOKYIIHOCTh HE B3aHMMOJIEHCTBYIOIINX APYT C IPYrOM Ha PacCTOSHUHM MOJEKYI,
X 2 o MMEIOIINX O4YeHb MBI pa3mep. Pasmepom 0JHOaTOMHOM MOJIEKYJIBI IIPEHEOPETraloT, CUnTas ee Ma-
d» o o o =
ByXaTOMHas1 2 j_s TePHAIBHOMH TOUKOH, CIIOCOOHOM JBHraThcs B TPEX HE3aBHCUMBIX HAIPaBJICHUAX, T.. UMetomei | = 3
x#2 Y CTENeHu cBOOOABI. [IByXaTOMHBIE 1 MHOTOATOMHBIE MOJIEKYJIBI MIMEIOT HOTOJIHHUTEIbHBIE BPAIaTEIb-
2, ) HBIE CTETICHU CBOOO/IBI, TTOKa3aHHbIC HA pHc.42.
MHOFO&TOMH&:%?; =6 Tax kak J0J5 MHOTOATOMHBIX M OJIHOATOMHBIX Ta30B B BO3[yX€ Malia, TO MOXXHO OXHUAATh,
Puc.42 YTO BEJIMYMHA Y JUI BO3AyXa OyaeTr OJiM3Ka K COOTBETCTBYIOIIEMY 3HAUCHHUIO JUISl JBYXaTOMHBIX Ia-

s08: y=(5+2)/5=1,4

B pabote ucmonb3yeTcsi ycTaHOBKa, n3o0paxxeHHas Ha prc.43. OHa COCTOUT U3 OOJBIIOTO
creknsHHOTO Oamiona b, coemunsiemoro depe3 kpan K wimu ¢ Hacocom H, wimu ¢ armocdepoii. MaHo-
MeTp M CIy>KUT [UIs U3MEpEHUs pa3HOCTEH JaBIieHUi ra3a B 0ayuioHe U B atMochepe.

IoBepuem kpan K B monoxenue |, coequnsist 6auioH ¢ HACOCOM, U HAYHEM HAKa4YHWBaTh BO3-
nyx B 0amioH. Tak Kak 3TOT Mporecc MPOUCXOTUT JOCTATOYHO MEUICHHO, TO 3a CUET TEIUI00OMEHa
Yyepe3 CTEKSIHHBIC CTEHKM OalIoHa yCIIeBaeT YCTAaHOBUTHCS TEIIOBOEC paBHOBecHe. Temmeparypa
BO3/lyXa BHYTpPHU OaJIOHA MOCIC HaKayuBaHHs OyIeT paBHA KOMHATHON Temmeparype 7; JlaBieHue
BO37yXa BHYTpH 0aJUTOHA BO3PACTET A0 BETUINHBI

PL= Potpghy, (90)

rIe Po— JAaBIICHHE BO3MyXa B OKpyxkatomeil atmocdepe, a pghy — pasHOCTH THAPOCTATHYECKHX JABJICHHUIN XUIKOCTH C INIOTHO-

CTBIO P B JIeBOIT U npaBoii TpyOkax U - o6pasHoro manomerpa (puc.43).

BeitamumM tenepb mpoOKky-3aTBOp U3 KpaHa K, coenuHuss 6aiioH ¢ atMocdepoit. Bo3ayx, pacmupssach, 04eHb ObICTPO
BBIXOJIUT Y€pe3 OTBEPCTHE, TEINIOOOMEH He ycleBaeT MPOU30MTH | MPOLECC MOXKHO CUMTATh aguadaruueckuM. Tak kak y>1,
10, cornacHo (88)u (89), mpu ObICTPOM aTHA0ATHYECKOM PACIIMPEHUM Ta3a U ero AaBJICHHE, U TeMIIepaTypa YMEHbLIAIOTCS: BO3-
IyX B OaiioHe OyleT OXJIaXIaThCs 0 TEMIIEPaTyphl HIKE KOMHATHOM.

B MoMeHT, Korza JaBieHre BO3/1yXa B COCy/e CpaBHHBaeTcs ¢ arMochepHbM ( P’ = [y, BHIPABHUBAIOTCS YPOBHH KU/
KOCTH B MaHOMETpE), NPOOKY KpaHa IUIOTHO 3aKPBIBAIOT B IMOJIOXKEHUH |, mepekpbiBas BbIX0 rasa u3 Oamiona (puc.43).3a cuer
TerI000MeHa Yepe3 CTEKJITHHBIE CTEHKH 3aKphITOro 0ajyloHa HAaYMHASTCSl MEAJICHHOE M30XOPHYECKOE HarpeBaHHUe OXJIaXIEHHOTO
Bo3/1yxa B HeM. [Ipu 3TOM naBieHue B OaioHe pacTeT, M YPOBHHU XHIKOCTH B MAHOMETPE NOCTENEHHO PacXoAATCs 10 TeX Hop,
IoKa TeMIepaTypa BHyTpH OaJjloHa HE CTaHET paBHOM KOMHATHOH: T, = T; . B 3TOT MOMEHT JaBIcHHE BO3/1yXa B OAJUIOHE CTAHET

PaBHBIM P, = Pt ogh 1)

TIpomecchl, mpoTeKaromye B CUCTEMe, N300pakeHbl Ha puc.44. B MOMEHT OKOHYaHUS ajua-
0aTHOrO pacuIMpeHHs B 0AJUIOHE OCTAaHETCs YacTh BO3yXa C Maccoi My, 3aHMMaBIIasl IEPBOHAYAIBHO
o0bveM Vi, MeHbIIHI 00BbeMa OamtoHa V. B MOMEHT OKOHYAHUS H30XOPUIECKOTO HATPEBaHUS TEMIIC-
parypa Bo3yxa B OalJIoHE CpaBHUBaeTca ¢ KOMHAaTHOU: T, =T;.

3anmiieM s ra3a, OCTAIoIIErocs B OayuloHe, ypaBHeHus aaunabaruueckoro (89) u uzoxopu-

1- {1
YECKOT'0 HpOHeCCOB,Tlp_I(_ Y)/Y =T F{) Y)/Y u & :& = &, a 3aTe€M YyCTpaHUM HEU3BECCTHOEC OTHO-

T T 0
: (1=v)/v -
[ICHHE TEMIIePaTyp T =P Jlorapudmupys 3TO ypaBHCHHE, HAXOIUM 1—Y|n P P , OTKyna
T P P2 Y Po P2
= In(py/ Po) . Hoxacrasnsem croga dpopmynst (90)u (91):
In(py/ p2)
| ) In 1+m
n P
T R T B s g o
In| 1+=—= |—In| 1+—=
Po Po

YpoBHE KHaKocTH (BOABI ¢ MIOTHOCTHIO P = 1000 kr/m®) pasmsuraiorcs B mamomerpe M mHa puc.43 Bcero Ha

h =10+ 20cMm, u u3bbITOuHOE HaBieHue raza pgh= 10°Tla MHOrO MeHbIIe aTMOC(EpHOro AaBIeHUs [y = 10° Ia. IToaTomy Be-

_pgh

mmamHa X="-=102<<1, us dopmyite (92) MOKHO Pas3IokKHUTh BCE JOrapu(Mbl B Psifi, OCTABIIAA ClIaraeéMble TOJBKO IEPBOTO
Po

nopstaka Manocte: IN(1+Xx) = x— x2/ 2+ )(3/ 3+ ..= X. Torma cootnomenue (92) naér KoHeuHy0 (GOpMyITy IS BEIYUCIEHHUS TI0-
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hy
KazaTess aanadaThl: y=——-. (93)
h;-h
17N
TOYHOCTH €ro OnpejeeHys B JaHHOM dKCIIEPUMEHTE HE CIMIIKOM BBICOKA, U MO3TOMY BO3HUKAIOT OTKIOHEHHUS OT TEO-
PETUYECKH 0KUIAEMOTO 3HAYCHUS Vocn < Vreop =1, 4. DTO CBA3aHO HE TOJNBKO C TEM, YTO CBOHCTBA PEATLHOIO BO3/lyXa HEMHOTO

OTJIMYAIOTCS OT CBOMCTB MICAILHOTO Ta3a, H COCTOUT OH HE TOJBbKO M3 IBYXaTOMHBIX MoJekys. Ourbka riaBHbIM 00pa3oM CBS-
3aHa C HECOBEPIIEHCTBOM MCIOJIb3yeMoro obopynoBanus. [Ipu ycranoske npoOku kpana K B mosoxenue |l (puc.43) ocrarorcs
KPOXOTHBIE IIENH, U BO3JyX MOHEMHOTY MPOIOJIKAET BHITEKATh M3 OaIoHa npu HarpeBanuu. [loaTomy ypoBens h, oka3siBaeTcs
HEMHOT'0 MEHBIINM TOTO YPOBHS, KOTOPBIH YCTAHOBUIICS ObI IIPH MICAJBbHO 3aKPHITOM OaisioHe. BennunHa Y, u3MepeHHas Ha Ta-
KO yCTaHOBKE B COOTBETCTBHU ¢ (hopmyJioi (93), Toske OKaKETCs] HEMHOTO MEHBIIE HCTHHHOM.

Hopsnok BeIMONHEHHS PAOOTEI

1. Ycranosuts nmpoOky kpana K Tak, uro0bl 6aiuion b, KOTOpBIH HaXOAUTCS MO CTOJIOM, coobrmacs ¢ Hacocom H (B mo-
noxenue | Ha puc.43).

2. OcTopoxHO HakadaTh BO3AyX B OammoH. Korma pasHOCTE ypoBHEH >KHIAKOCTH B KOJEHAX MaHOMETPa IOCTHUTHET
10+ 15 cm, npekpaTHTh HaKaYWBaHUE W IOBEPHYTH MPOOKy Kpana K B monoxkenwue |l, arobsr cocym He coobdmaics ¢ atmochepoi.
[IpobOka kpaHa NOKHA TUIOTHO MPWIIEraTh K €ro CTEHKaM U He JlaBaTh YTEUKH BO3Ayxa. He 3a0biBaiiTe 00 3TOM 10 KOHIIA JKCIIC-
pUMEHTA.

3. Uepe3 HEKOTOpOE BpeMsl, KOTAa JaBJIcHNE B OaJUIOHE OKOHYATEIFHO YCTAHOBUTCS M Pa3HOCTh YPOBHEW B MaHOMETpE
MepeCTaHeT YMEHBIIATHCS, M3MEPUTE Pa3HOCTH Ny YPOBHEH XUAKOCTH B JIEBOM U TIPABOM KOJICHAX MAaHOMETPA.

4. [ToBepHyTh IPOOKY KpaHa, JaBas BO3MYXY B COCYAE PaCIIMPUTHLCSA HapyXy. PasHOCTh ypoOBHEH >KHIKOCTEH B MaHO-
MeTpe Pe3KO YMEHBIIUTCS OBYMS, CIECAYIOUIMMHA JPYT 3a IPYroM cKadukaMu. Kak TOJNBKO IpH BTOPOM CKadKe YPOBHHU KHIKOCTEH
cranyT onuHakoBeiMH, (h;= 0) mpoOKy ciieyeT HeMeAJIeHHO U IJIOTHO IMOBEPHYTH B KpaHe K B monokenue |1, 3akpbiBast 0aJjIoH.

5. ITocne Toro, kak 0aIOH OYJET 3aKPHIT MPOOKOH, YPOBHH JKUIAKOCTH B MAHOMETPE CHOBA HAYHYT pacXoauthes. Cie-
JyeT MOJI0Xk/IaTh, KOT/Ia JaBIICHHE OKOHYATEIbHO YCTAHOBUTCS M PA3HOCTh YPOBHCH B MaHOMETPE MEPECTAHET yBEIUYHUBATHCS.
3aTeM 3aImcaTh YCTaHOBHBIIYIOCS Pa3HOCTbh ypoBHEH N, BOABI B 000MX KOJEHAX MAaHOMETPA.

6. OnbiT MOBTOpUTH He MeHee N=9 pa3 i pasHbIX 3HAYCHHI Ha4aubHOW BenuduHbl Dy, dexaimux B mpenenax

hy

10+ 15cm. [lyst KaXAOro ONBITA BHIYMCIMTH HOKa3atens aguabatel Y; mo dopmyne (93) V:ﬂ’ a 3aTeM OTpEACIUTh eTo

CpeaHee 3HaUYCHUE < Y >. Bce HU3MEPCHHBIC U BbIYUCJIICHHBIC BEJIMYUHBI 3aHOCUTD B Ta6n1/1uy 1.

Tabmmma 1
h,cM
h,, cM
Yi
<y>= Ay = yTeop =
7. OnpenenuTs NOrPEITHOCTD MOJYYSHHOTO 3HAYCHHS TTOKa3aTels aqnadaThl
1 n 2 _ .
Ay= |——— (Vi —(y)) , rie N =9 —uuncno nuamepeHui.
n(n-1)3
8.3ammcars oTBeT B Buze Y = <y> TAY YT o
i+2 .
8.1lo dopmyIe Yieo, =—— BBIYACIHT TCOPETUICCKOE 3HAYCHHE [OKA3aTEeIsl aHabaThl, IPUHAMAst Ui BO3AyXa | =5,
i

U CPABHUTBH TOJIyYCHHBIN pe3ynpTarc <Y >.

KoHTponbHBIC BOOPOCKH! M 3aaHus K JIabopaTtopHOo padoTe Ne 13
1. Chopmymupyiite |-e Hauamo TEPMOIMHAMUKY U 3AMMIIKUTE €r0 JUIsS HAeAILHOro ra3a. Kakumu GpopMmynaMu OnpeieNsitoTest BXO-
JUIIFE B HEro paboTa U BHYTPEHHSISI SHEPTHUsI UICATLHOTO ra3a?
2. Kakoii ra3 MOXHO CUMTaTh HealbHBIM? KakuM ypaBHEHHEM OIMMCBIBACTCS €r0 COCTOSIHUE, M KAKHe BEJIMYUHBI BXOIAT B 3TO
ypaBHEHHE?
3. Kakoii nporiecc Ha3bIBACTCS] H30XOPHUECKUM, H300apUYECKUM, H30TEPMHUUYECKUM H auabaTtideckum? ByayT i1 3TH mpo1ecch
MOJUTPONUYECKUMU ? 3AMUILIUTE YPABHEHHUS dTHX MTPOIIECCOB.
4. [Taiite omnpenenenne TeruoéMKOCTH. [TodeMy [Uis pa3HbIX MPOLECCOB BEIMYHMHA TEIUIOEMKOCTH HICaNbHOrO Tra3a pasindHa?
Kak cBsi3aHbI TEIUIOEMKOCTH N300apUUueCcKOro U M30XOPHUYECKOro mpoiecca?
5. Briseure ypaBaenue ITyaccona (88) s aquabaTiHuecKoro nporecca | MoJIyduTe 13 Hero ypapuenus (89).
6. Kakas BenmmumHa Ha3bIBaeTCs MoKa3aTerneM aanadaTsl? Uemy oHa paBHa ais renust He? s kucnopona O,? s yriekuciaoro
rasza CO,?
7. YT0 MPOUCXOAUT C BHYTPEHHEH dHEPrUeil HIeadbHOTO Ta3a, eClU OH paciupsercs (Wi C)KUMaeTcs) a) u3obapuuecku? 6) uzo-
TepMHUYECKU? B) aanabaTHYECKU?
8. BiiaxHOCTh BO3/yXa HAYMHAET BO3pACTaTh. UTO MPH ITOM MPOKUCXOIUT C €ro IMIOTHOCTHIO U MmoKaszartenieM aanabatei? [louemy?
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9. Kakue nporeccsl MpOUCXOAAT ¢ BO3AyXoM B GasuioHe b Ha puc.43 npu BeIMONHEHHH pabOThHI: a) MPU HAKAYMBAaHUU BO3IyXa?
0) mpu oTKpbIBaHUH KpaHa K? B) npu ero mocieayroriem 3akpsiBanun? [lodeMy IMEHHO 3TH IIPOLECCHI?
10. B kakoif MOMEHT cJelyeT 3aKpbITh KpaH IPH BBIIOJIHEHUU paboThI?
11.loyemy mocie 3aKpbIBaHMSI KpaHa AaBJ€HHE BO3AyXa B COCyJe HaUMHAET PACTH, ¥ 10 KaKOW MPUYHUHE 3TOT POCT OCTaHABIIU-
Baercs?
12. Caenaiite u 00bscHUTE BbIBOA ypaBHeHuit (92) u (93) mst onpeneneHus nokasarens anuadbaTsl Y.
13.TloyemMy MOXKHO H3MEPATH JaBJICHHUE MO0 PA3HOCTH BBICOT ypoBHEH kuakocT B U-o0pa3Hoi TpyOke MaHOMeTpa?
14. Kako#i n1oypkHa OBbITh BEIMYMHA Y TEOPETHYECKH, M 10 KaKUM NPUYMHAM BBIYUCISIEMBIH B paboTe pe3yiabTaT MOKET OTIIH-
4aThCS OT 3TOTO 3HAUCHUS?

JIureparypa
1. CaenseB U.B. Kypc ¢pusuku B 3-x Tr.: T. 1: Mexanuka. MonekyispHas ¢pusuka - M.: Hayka, 1973.- 8§ 94-98.

2. Konmaxos FO.H., Iekap 10.A., Jlexxuesa JI.C. TepMoanHaMuka u MOJeKyiIsspHas pusuka,- u3a. Tyal'y. 2008,r1.1 88§ 4-9.

Pa6ora Nel4. Onpenenenne ko3 PuIreHTa TOBEPXHOCTHOTO HATSHKEHUS BOJIBI METOJIOM OTPHIBA KOJIbIIA

Qem, [ga60T},1: Ha OIIbITC ONPEACIUTH K03(1)(1)I/IIII/IGHT TMOBEPXHOCTHOI'O HATAKECHHUA BOALI ITPU KOMHATHOM TeMIIepaType.

TeopeTnueckoe ONMMCAaHUE

Ha xaxxmyro MOJeKyIy >KHIKOCTH IEHCTBYIOT CHIIBI IPUTSDKEHUSI COCEl- coGoxHas
- BO3MYX
" AE SE. =0 MOBEPXHOCTb
HUX MOJIEKYJ, 00pa3ys CyMMapHYIO CHITY F vion - A1 MoJteky1 “1”, Haxonsmmxcs Ho S0 MOTTT o, 2. / JRHIKOCTH
B TIIyOMHE >KHJIKOCTH U TIOJHOCTBIO OKPY)KEHHBIX COCEJIHHUMH MOJIEKYJIaMH, 3Ta o><-o//><-c>7<§»/ / o b Z.‘g@ ;H/O/B/EPSIP%)(;ICTHHH
O»-aOw-aOw-4O> = s
cwia paBHa Hymo (puc.45). BOau3u mOBEpXHOCTH KUAKOCTH, UL MOJEKyn “27, 4 3 —V ]4; P F -
- MOI -
TO OKpY/KEHHE He MOJIHOE, ¥ BO3HMKAIOT HEHyJEeBbIe CHIIBI F , cTpeMsmmecs - ?;§<Z 1
O _ aBn -
BTSIHYTb 9TH MOJIEKYJIBI BIUIyOb >KUAKOCTH. Takue MOIEKYIbl 00pa3yroT IOBEPX- %%g‘; ~ b Foor™ 0 -
HOCTHBIM CIIOH KOHEYHOMH TOJIIUHBI, HPOIOPIUOHAIBHON pamguycy MeEXMOIEKy- |- %~ - KHAKOCTE -~ -
JIAPHOTO B3aUMOJEHCTBUS. Puc.4E

YroObl MOJIEKYJIa OKa3auach B IOBEPXHOCTHOM CJIO€, €M HAJI0 COBEPIIUTH pabOTy NPOTUB cul K., ¥ yBEIMYUTH CBOIO

oJ1
NMOTCHIUAJIBbHYIO 3HCPIHUIO. CyMMapHaH JOMOJIHUTECJ/IbHAA MOTCHIHUAIbHAA SHECPIHUd MOJICKYJ U3 MMOBEPXHOCTHOI'O CJI0A 06pa3yeT
HOBCPXHOCTHYIO SHEPIHUIO EHOB CBO60HHOﬁ NOBCPXHOCTHU KUAKOCTHU (3T0 MOBEPXHOCTL, KOTOPAsi MOXKET CBO60,HHO L[e(l)OpMHpO'

BaThCsl, HAPUMEDP — IOBEPXHOCTH BOBI, HAIMTOM B cTakaH). Takas SHEpPIus IPONOPLHUOHAIBHA IUIOMAIH S CBOOOIHON HOBEPX-
HOCTH.

s =0S. (94)
KOS(I)(I)I/IIII/IGHT MpONMOPHHUOHAJIBLHOCTH G HAa3bIBACTCA KOS(bd)I/IHI/IeHTOM NOBCPXHOCTHOI'O HATSXKCHUA U 3aBUCHUT OT CBOICTB JABYX
pasiesieHHbIX 001Iei HOBerHOCTLIO cpen (Ha puc.453T0 KUIKOCTH U BO3AYX).

Cymma cun 3 F,,; MOXET cO3/jaBaTh JaBJIEHUE BHYTPU KHJKOCTH, U yPaBHOBELIEHA CHIaMHM JIaBJICHUS F

‘rapy » KOTOPBIE

HATIPABJICHBI IEPIICHIUKYJISPHO K CBOOOJHON MOBEPXHOCTH KXUAKOCTH. Ha rpaHuIle 3T0 IaBieHUe paBHO aTMOC(HEPHOMY, U MO
IUIOCKO# MOBEPXHOCTHIO )KUAKOCTHU C IIOTHOCTBIO P AaBJeHUE OYyIeT paBHO CyMMe aTMOC(EPHOr0 U THIPOCTATUIECKOTO JaBie-
HUSE: Pk = Pary TPON. (95)
Kax BugnaO u3 puc.45, mis monekyn “3” B IOBEpXHOCTHOM CJI0€, KOTOPBIE OKPYKEHBI COCEIIIMU CO BCEX CTOPOH, ypaB-
HOBEIICHBI KacaTelbHbIC MPOEKINH MEXMOIEKYISPHBIX ci: Y, Fy o = 0. He paBHa Hymo Takas cymma Juist Monekyn “4”, Ha-
XOJSIIUXCS HA KPal CBOOOJHOM TMOBEPXHOCTH M OKPY>KEHHBIX COCEIHUMH MOJICKYJIaMHU TOJILKO C OJHOM CTOpOHBI. OHA co3maéT
CHITY TIOBEPXHOCTHOTO HATSHKEHUSI AR, =Y Fyont =0Al . (96)

Orta cuia: a) Bcerja NpuiiokKeHa K KOHTYPY, OTPAaHUYUBAIOIIEMY CBOOOIHYIO TIOBEPXHOCTh M HAMpPABJIEHA MEPIEHIUKY-
JSIPHO K 3TOMY KOHTYpPY; 0) KpOMe TOTO0, OHA HaIpaBlieHa 110 KacaTeIbHON K CBOOOIHOM MOBEPXHOCTH; B) CTPEMUTCS YMEHBIITHUTh
TUIOMIAs CBOOOIHOMN MOBEPXHOCTH; T) MPOMOPIMOHABHA [UTHHE Al ydacTka KOHTYpa, OTPaHHYHBAIOIIETO CBOOOIHYIO MOBEPX-
HOCTb, Ha KOTOPbIN OHA IEUCTBYET.

PaboTta mpoTHB CHIIBI TOBEPXHOCTHOTO HATSKCHHUA WAET HAa YBEIWYCHHE TOBEPXHOCTHOM 3HEp-
run. Ha puc.46 rromans mosepxHocTu yBennunBaercs Ha AS = AIAX, u BHemHss cuia F, paBHas cuie
HOBEPXHOCTHOTO HAaTsDKEHUs, coBepiaet pabory AA, = AF, [AX=0AIAX=0AS=AE,,.

N Y

CBOOOﬂHaﬂ " /

i A
noaepxnocn,/ A F

%

Puc.4€

=~ U“m

Takum 006pa3oM, MOXKHO JTaTh JBa ONpeaeiIeHns K03 HUIneHTa MOBEpXHOCTHOTO HATSHKEHNUS O

1) oH YKCIIEHHO paBeH CHJIE MOBEPXHOCTHOTO HATSKEHHsI, IPUXOJSIICHCS HA €AMHUILY JUTHHBI
KOHTYpa, OTPAaHHYHBAIOIIETO CBOOOIHYIO MIOBEPXHOCTB;

2) OH YHUCIIEHHO paBeH paboTe, KOTOPYIO HAJ0 COBEPINUTh, YTOOBI YBEINYUTD IO/ CBOOOAHON MOBEPXHOCTH pasjie-
Jla cpel] Ha eIUHUILY.

Ha rpanune >HAKOCTH, HAJIUTOH B COCYH, BCTPEUArOTCA TPHU MOBEPXHOCTH! JKUAKOCTH-BO3AYX,
KUAKOCTb-CTEHKA, CTEHKa-BO3ayx (puc.47). [lehopMHUpOBaThCSI U U3rHOATHCS MOXXET TOJIBKO CBOOOAHAS
MOBEPXHOCTh MEXY KHUIKOCTHIO M BO3AyXOM. II0BEpXHOCTh CTEHKH HE CBOOOMHA, HO €€ MOJIEKYJIBI TAKKe

ﬂeﬁCTBy}OT Ha rpaHu4danme ¢ HUMHU MOJICKYJIbI JKUJAKOCTHU, CO3aaBast CUIly AF

or » IPUJIOXKCHHYIO0, KaK U CH-

- __)KI/IZ[K_OCTB _
na AR, , x anementy Al rpaHuupl pasjena cpes B ToUke A (3TOT JIEMEHT HePIEeHANKYIIAPEH INIOCKOCTH Puc.2.47

N
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puc.47).CymMa Bcex CHll, JEUCTBYIOMMX Ha deMeHT Al noipkHa GBITH paBHA HYII0. [IOBEPXHOCTD JKUIKO-

%
o o BO: X
CTH B MECTE KaCaHHs CO CTEHKOMCOCYJa HAYMHAET UCKPHUBJIATLCS, 00pasys yrosn 0 co creHkoi. DToT yroa  # g O3y no%%%i%%ﬂ
2 L H
HA3BIBAETCS KPAEBBIM, 4 MCKPHBICHHBIN yUaCTOK JKHIAKOCTH — MenuckoM. Eci yron 0<0< 9P, kak mo- ” 5
ﬁv %
Ka3aHo Ha puc.47,To TOBOPSAT, UTO KUAKOCTh cMaumBaet crerky. Ecim 90° <0< 18 (puc.48), to Habmo- » co_ T

Jaercs siBeHne HecMauuBanus. @opma oOpasyromierocss MEHHCKa 3aBUCHT OT CBOWCTB COTIPHKACAIOIIMXCS Puc.4€
cpen. Hampumep, ecii CTEHKH cOCy/Ia cMa3aTh )KUPOM, TO HAJTUTAsI B HETO BOJA He OyAeT ux cMaunBath (puc.48).
3amMeTHM, 4TO MOJ MCKPUBICHHBIM y4aCTKOM ITOBEPXHOCTH JKHIKOCTH M3MeHsietcs naBinenue (95). [lox Beimykioit mo-

BepxHOCThIO (prc.48) oHO pacTér, a mox BorHyToit (puc.47) —yMeHbIIaeTcs Ha BeMHYUHY AP =0 (]/ R+ ]7/ R2) ,tme Ry n R, —

[JIABHBIC PAJANYChl KPUBH3HBI IOBEPXHOCTH.
Hnst ompenenenusi ko3 ULHEHTa MOBEPXHOCTHOTO HATSIKCHUS
BOJIbI, HAJIUTOH B YalIKy, B He€ OMYCKAIOT KOJBLIO C HAPYKHBIM JHAMETPOM
D; u ¢ BHyTpeHHuM auamerpoM D,, monsenieHHoe Ha NpysKHHE ¢ KOIpH-
LHUEHTOM XECTKOCTH K, BHcsIei Ha kpoHIITeiiHe (puc.490).
[penBapuTenbHO MPYKHHY CIEAYeT HPOrPagyHpOBaTh, OTBOIS
YalIky ¢ BOAOW B CTOPOHY, IIOCIEHOBATEIbHO, IO OXHOMY, H00aBisis Ha
MOZBEIICHHOE KOJBLO MaJeHbKUE IPY3Bl ¢ MaccaMd AM U U3Mepsis YAJIH-
HEHHE NPYXKHHBI N B 3aBHCHMOCTH OT CYMMapHOH MacChl TpPYy30B
My =2 Am, nexammx Ha konbue (pnc.49a). Usmepenne npousBozsT 1o

JMHEHKe, OTMeyas Ha HEW TOPHU3OHTAILHOE IIOJOKEHHE Kpas KoJbla
(puc.494). Ecim Ny — umina npyskunsl 63 rpy30B (M, =0), To crua Tsike-

CTH TPY30B YPaBHOBCILICHA CHIIOH YNPYTOCTH PACTAHYTOH NpyKuHbl: F =M, g = k( n- @) .

[To BBIYMCIICHHBIM 3HAUYEHUSIM CHWIIBI F W M3MEpeHHBIM 3HAYEHHSM JUIMHBI N CTPOMTCS TPagyUupo-
BouHbI# rpaduk (prc.50). Tak Kak Macchl rpy30B-pPa3HOBECOB H3MEPSIOTCS B MIJLTUTPAMMaX, TO BBIYHUCIICH-
HbBIC 3HAYCHNUS CUIIBI TsDKeCTH F =M}, g Ha 9ToM rpaduke y1o0HO OTKIaAbIBATH BO BHECHCTEMHBIX CAMHHU-

nax, nomus, uro 1 mI" cuiel paBen 9,81[1].06 H.

IMocie aToro Hamo yoparh BCe TPY3bI-pa3HOBECHl M MOJHSITH YAIIKy C AUCTUILITMPOBAHHOW BOION
TakK, YTOObI B BOJY IOTPY3HIOCH TOJIBKO KOJIb10. OHO ODKHO OBITh TIIATEIBHO MIPOTEPTO, M €r0 HEellb3s I110-
CJie 9TOro TpOraTh MajbliaMH, YTOObl HE HAHECTHM HA HEro CIIOW JKUpa, KOTOPHIH HNPUBENET K HECMAYMBAHHIO CTEHOK KOJIbLIA
(puc.48),4T0 UCKA3HT pe3yIIbTAT.

Yariky ¢ BOJOH MEJICHHO OIyCKAIOT BHU3, M OHA YBJIEKAET 3a CO00M KOJIBIIO, pacTaruBaromiee npyxuny (puc.496). I1o
MIPOUCXOUT U3-3a TOTO, YTO HA KOJBIIO C MACCOW M, JEHCTBYIOT NMOKa3aHHbIC HAa puc.49B ¥ ypaBHOBEIIMBAIOUINE APYT IpyTa

cuma TsokectH Fp =mcQg, cuma ynpyroctd pactiruBaeMoi mpyxuHsl F, = KAn u cuia TOBEPXHOCTHOTO HATSKEHHUS

F. = GT[( D, + D2) , IpuIIoXkeHHas cornacHo (96) K IByM KOJIBIEBLIM KOHTYpaM ¢ auamerpamu D1 u Dy, orpaHHYHMBAIOIINM CBO-
00JHY!0 NOBEPXHOCTb BOJBI B MECTe €€ KOHTAKTa CO CTEHKaMM Koblia. Tak Kak BoJja CMauuBaeT CTeHKH KoJjbla, To cuna F, Ha-
IpasJieHa 1o KpaeBbIM yriioM 0 k Beprukamu (puc.49g). [Tostomy
Fup ~Mc 9= k(@)= E =on( Q+ B)coss. (97)

C pocTOM [UTHHBI PY>KUHBI N pacTér BenuunHa COSO B mpaBoil yactu (97) u ymenblinaercs kpaeBoil yroi 0. Tak kak
C0sO < 1, To B MOMEHT, KOT/1a [JINHA [PY’KUHBI CTAHOBHUTCS PaBHOH N =N, , a kpaeBoit yron 6 =0, KOJbLO OTPHIBAETCS OT BOJBI.
Cootnowenne (97) npunnmaer sua F, =k(n, - ) =omn( D+ D).

H3MepHB HECKONIBKO pa3 BEIMYHHY N, B MOMEHT OTPBIBA KOJbIA, M BEYHCIHNB CPEIHEE 3HAUCHHE (nﬂ>, 10 rpagyupo-

BouHOMY rpaduxy (puc.50) onpenensem Benuunny F, (8 H) u BeraucnsieM ko3¢ UIHEHT HOBEPXHOCTHOIO HATSDKEHUS BOIBL

o= LT (98)
(D +D,)
[opsi/10K BBINONHEHHS PAOOTHI
1. lITaHreHUUPKYJIeM U3MEPHUTh HApYKHbIIT D1 1 BHyTpennuit D, auamerps! KoJiblia B IsITH MecTax. JlaHHbIe 3aHECTH B
Tabmuiy 1.
2. OTBeCTH HIKHIOIO YAIIKY C BOJIOH B CTOpOHY. [10/IBECHTH K MPY:KUHE TIOCKYIO YAIIKY, HIXKHSISL 4aCTh KOTOPOi 00pa-

3Yy€T KOJIbLIO, U IO HIKAJIC (HHHeﬁKe) OIPEACIUTD IMOJIOKECHUEC nO BEPXHETO Kpas HOL[BeIHeHHOﬁ YallKnu (KOHLHa) B HCHArpy»x eH-

oM cocrosiuum (F = 0, puc.49a). CMOTpETD Ha IIKaIy HYXHO CTPOTO TOPH30HTAILHO BIOJbL BEPXHEro Kpas yanku (puc.49a).
OO0 3TOM He cienyeT 3a0bIBaTh 10 KOHIIA DKCIIEPUMEHTA.

3. B3sith 071HY THPBKY (Ipy3, THMPBI Ha KOTOPOM YKa3bIBAIOT BEC TPY3a B MIJLTHTPAMMAX CHJIBI), TOMECTUTD €€ B IIEHTP
YaIIKH C KOJIBIIOM, KaK ITOKa3aHo Ha puc.49a, U ONpeeNuTh Mo IKaje TOI0KEHHe N ee BEPXHETO Kpast.

4. VBenuunsas Harpy3ky F =mg (mocnenosarenbHO 100aBisis 0 OJHOM THPBKE, He 3a0bIBAlTE ITOICYMTHIBATE KaXKIbIH

pa3 o0IIyI0 CyMMy HArpy3KH B MUJUIUTPaMMax), ONPEIENISATh M0 MIKajle MOJI0KEHHE N BEPXHEro Kpas Yaliku ¢ KOJbIIOM. J[aHHbIe
U3MEPEHUi 3aHeCTH B Ta0IHIy 2.
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5. CHATb Bce THUPBKH C YaIIKH.

6. [ToauaTk cocyn (HIKHIOK YaIlKy) ¢ BOAOH J0 TeX MOp, MOKa MOBEPXHOCTh BOJBI HE KOCHETCS HIKHETO Kpasi KOJbIIA.
Crenuts 3a TeM, YTOOBI 3TOT Kpail TOJIBKO CMAa4YMBaJICs, HO HE OIYCKAJICS BIIyOb BOJBI, YTOOBI BOJIa HE KOCHYJIACh INIOCKOW I10-
BEPXHOCTH HaJ KOJBLOM. 3aTeM, OYeHb MEIUICHHO H OCTOPOIKHO OIMYyCKas COCYJ, YIOBUTh paBHOBECHE (CHCTeMa HAXOMUTCS B MO-
KO€) Iepe OTPBIBOM KOJIBIA, ¥ 3aMETUTSH 10 LIKAJIC TIOJI0KEHHE N, BEPXHEro Kpas 4aIlku ¢ KoibloM (puc.490). 3mepenus

MpoJieNiaTh He MeHee 5 pa3 u HaliTH cpenHee apupMeTHde-

Tabiuma 1
CKO€ 3HaUYEHUE <nH> . JlarHble 3aHecTH B Tadmuiy 1.
Howmep Dy, M Dy, M N, , MM
7. OCTOPOKHO CHATH KOJBIIO C MPYKHUHBI U TIOJI0- OILITA
KUTh HA MOJICTABKY. 1
8.TlocTpouts rpak rpayupOBKH NPYKHHBI >
n( F) , IPUHUMAs 338 HAa4aJo KOOPIUHAT 3HAYCHUE M. 3
Bun rpaduka npeacrasneH Ha puc.50. 7
9. 3Has pacTsHKEHHE MPYKUHBI (nH> noJ eict-
BHEM CHJIbI IOBEPXHOCTHOT'O HATSKEHHMS, 110 HOCTPOSHHO- C
91030 - - =
My rpaduKy ONpeIenuTh ee 3Hauenne F, B Muiuurpam- pel <D1> S M <D2> S w| (M) = oo MM
3HAUEHHS

Max CHJIbI, @ 3aTeM TIePEBECTH B HBIOTOHBI.
10.Ilepesens Bee Beamuunsl B cucremy CHU, o dpopmyste (98) Boruunciants Ko3Q HUIMEHT HOBEPXHOCTHOTO HATSKEHHSI
F

H

r{{D1)+(02)

BOJBI O =

Tabiuua 2

m, mr
F =mg mI
F=mgH

n, MM

KoHTponbHBIe BONPOCH U 3a7aHus K 1abopatopHoit padote Ne 14
1. Tlo kako¥ mpudrHe 00pa3yeTcs MOBEPXHOCTHBIN CIIOH Y KUAKOW Cpelbl U 4eM ompenessieTcs ero Toinmuna? MMeercs nu Ta-
KO cllol y ujeaipHOro raza? Y TBepaoro rena’?
2. Yro Takoe cBOOOHAS TIOBEPXHOCTH JKUAKOCTH U KOHTYP, OTPAaHUYMBAIOIINN CBOOOIHYIO TIOBEpXHOCTh? [lokaxuTe ux Juis BO-
IIbI, HAJIUTOM B CTaKaH.
3. Uemy paBHa MOBEPXHOCTHAS SHEPTHUS CBOOOIHOM MOBEPXHOCTHU BOJIbI, HAJIUTOW B CTaKaH ¢ nuamerpom D?
4.Yemy paBHaA cHJIa IOBEPXHOCTHOTO HATSHKEHUS JUIS BOJIBI, HAMUTOM B cTakaH? [1o kakoi mpuurHe oHa Bo3HUKaeT? K yemy oHa
MPWIOKEHA U KyJa HalpaBjieHa?
5. aiite nBa onpeneneHus kKo3GPUIreHTa NIoBepXHOCTHOTO HATSHKEHHS. B Kakux emuHUIIaX OH H3MEPSETCS?
6. Macca MoJteKyIibl MBIJIa OOJIBINE, YEM y MOJIEKYIIBI BOJBI, TIOATOMY KYCOK MBUIa TOHET B Boje. [1o KakoW MpHUYWHE MBUIbHAS
IUIEHKA BCIUIBIBAET HA €€ MOBEPXHOCTH?
7. Kakyio paboTy HaJ0 COBEpIINTh, YTOOBI, KaK MMOKa3aHO HA PHUC.A, pacTSHYTh Ha MUpHHY AX paMKy ¢ Ha-
TSAHYTOW Ha HE€ TOHKOW MBUTBHOH TNIEHKOHN, MMeroIel KOdPGHUITUEHT MOBEPXHOCTHOTO HATSKEHUS 67
8. Urto Ha3pIBaeTCs KpaeBbIM yIiaoM? UTo Takoe MEHHCK, U M0 KaKUM MIPHYMHAM OH 00pa3yeTcs Ha Kpalo Ho- .
BEPXHOCTH KHIKOCTH? b ax
9. Kakoe siBJicHUE HA3bIBACTCS CMAauYMBAaHUEM M HECMAYUBAHHEM ? Puc.A
10. C kakoii 1enpio B JaHHOW paboTe Aenaercs rpagyrupoBoUHbIil rpaduk (puc.50), u kak 3TOT rpaduK HUCHONB3YeTCs AJIS OIpe-
JIeJICHUS G7
11. Caenaiite u 00bscHUTE BBIBOA pacu&THON hopmyssl (98).
12.Tlpu omycKaHUM YaIIKU ¢ BOJOU Ha puc.490 KOJbIO HA MPYXKHUHE KECTKOCTU K cMecTUIIoch BHU3 Ha paccrosaue An. Uemy
OyzeT paBeH Ipu 3TOM KpaeBoii yron 07 Kak Benet cest 3TOT yroi npu AajbHEHIIEM OIyCKaHWU YalIKu? B Kakoil MOMEHT KOJIb-
10 OTPBIBAETCS OT BOJBI?
13. ITo kakuM mpUIMHAM HailiJieHHas B paboTe BenUdIrHa KOA(PPUITMEHTA MOBEPXHOCTHOTO HATSKEHHS BOJBI MOXKET OTIHUYATHCS
oT UcTHHHOM ? [ToueMy KOJIBIIO HAJ0 TIIATENILHO MPOTUPATh TIepe] MpoBeAeHeM u3MepeHnii? Kak HecMauynBaHue KOJIbIla BOJIOH
TIOBJIMSIECT HA PE3yJIbTAT?

Jlureparypa
1. CasenbeB U.B. Kypc dusuku B 3x 11.: T. 1: Mexanuka. MosekyispHas ¢usuka - M.: Hayka, 1989.- 88§ 92, 93, 94.

2. Konmaxkos FO.H., IMekap 10.A., Jlexxkuesa JI.C. Tepmoannamuka u MoJiekyispraas pusuka,- uza. Tyal'Y. 2008,rn1.7 §2.
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Pa6ota Nel5. Onpenenenue koddduirerTa BI3KOCTH XKUAKOCTH 10 MeToay CTokca

€llb PaboThl: 03HAKOMUTELCS C SBJICHUEM BHYTPEHHETO TPEHHS M ONMPEACTUTL KOIPPUIMEHT TUHAMUYECKON BAZKOCTH
(k03 hunmenT BHYTpEHHETO TpeHHMs) Mo MeToxy CTokca.

TeopeTnueckoe onucaHue
B pabote uccnenyercs najeHne MaJeHbKUX METAUNIMISCKUX TAPUKOB, C PAIAyCaMH [ U TUIOTHOCTBIO Py B ————

BS3KOHM JKHIKOCTH C IUIOTHOCTBIO p;. (puc.51). Ha aBmxymmiics mapuk ¢ 06béMom V = 4Trr3/ 3 pmedcTBYeT cuna |- =g¥V=(l40
TSOKECTH MQ = P,VQ, BHITAIKMBAIOLIAs CHIa APXUME/a, PaBHasi BECY BHITCCHEHHOI xkuakoctn Fyp, =pVg, u cu- }?_ -—;_
JIa BA3KOT'O TPEHUS CO CTOPOHBI )KUIIKOCTH, IIPOIIOPIIMOHATIbHAS CKOPOCTH LIapHKa W HalPaBJICHHAs IPOTUB BEKTO- —Tflfapx
pa CKopocTH Ipr = —constv. mg v :

[IprunHa MOSIBICHMS BA3KOTO MJIM BHYTPEHHETO TPEHHS B TOM, YTO MOJIEKYJIBI PEaIbHON KHUIKOCTH B3aW- | _ =
MOJEHUCTBYIOT JIPYT C APYTOM M C MOJIEKYJIaMH JBIKyIIerocs rena. Ciion XUIKOCTH YBJIEKAIOTCS IBIKYIIUMCS CO Puc.51
CKOPOCTBIO V TEJIOM U BOJNH3H €ro MOBEPXHOCTH UMEIOT Ty XKe CKOpocTh V (puc.52). Ha ynaneHun ckopocTh K-

KOCTH paBHa HYIIIO.

S R Bosne noBepxHOCTH Tenaa 00pa3yeTcsi TOHKUN MOTPAHUYHBINA CJIOH, B KOTOPOM CKO-

1V i i -

_ ‘ JBIKYLLEECS TEN0 | POCTb CJIOEB KHIKOCTH MeHsieTcst oT V. 10 0. DTOT ot ¢ Tommuuo# d, Ha3sIBaeTCs mOrpa

= d/'"@ == ?1\ Morpanmumpii  HHYHBIM ClIOEM [panaras. Monekyabl pa3HBIX CIIOEB XHIKOCTH BHYTpH cios [Ipanmmis

FTp_ AAny Y | cnoii Tlpanaris  MMEIOT Pa3HbIA UMITYJIbC, M PU CTOJIKHOBEHHH 3THX MOJIEKYJI BO3HUKAET ABJICHUE MEPEHOCA

N _KHHKOCTBl _gradv B ~ T umMmmynbeca. J[BrkyIieecs Telo mepemaaéT CBOM MMITYJIbC JKHIKOCTH, YBIeKas e€ 3a coOoM ¢

~ =() YmepeHOC - . . . . = o

- V=0 HM%ynbca - = HEeKoTOpoil crioif. C TakoM Ke 10 BEIMYMHE CUJION BS3KOro TpeHus F,, HanpaBieHHOU
Puc.52

MPOTHUBOIIOJIOKHO, JKHIKOCT OYIET JeHCTBOBATh Ha TEJI0, TOPMO3S €I0 JIBUKEHHE.

IepeHoc UMITyIIbCa MPOUCXOAUT MPOTHB HAMPABICHUS BEKTOPA QHG V, HAaMpaBJIEHHOTO B CTOPOHY YBEIUYEHHS MOYJIS
ckopocTH V cioéB xuakoctu (puc.52). Bennunna notoka ummyiibca (umimyibe Ap, mepeHocHMbIi 3a Bpemst At uepes moneped-
HYIO TUTONIA/b S) paBHA BEJIMYHUHE CHIIBI BA3KOTO TPEHHUS: FTp =dp/dt= |—r] grad VES, rJie MHOXHTEJIh I Ha3biBaeTcs ko3 durm-
€HTOM JMHAMUYECKOU BAZKOCTH MIIM IPOCTO BAZKOCTHIO (KOG (GHUIHMEHTOM BHYTPEHHETO TpeHUs) cpebl. Tak kak cioii Ipasaris
JIOCTATOYHO Y30K, TO MOXKHO CUUTATh, YTO |grad \* = ( o () / d,~vmu

FTp = —constv.

BenudanHa MOCTOSIHHON B 9TOM BBIPRKCHHH 3aBUCUT OT (DOPMBI U pa3Mepa JBIKYIIETOCs Tea U OT BSI3KOCTH JKHIKOCTH.
JIost MBIOKYIIETOCS IIapuKa C paiuycoM I CHJia BA3KOTO TPEHHsI OnmUChIBaeTcst hopMynoi CTokca:
Fp =6mriv. (99)

Oto# GopMyII0ii crily BSI3KOI'O TPEHUSI MOXKHO OIUCATh TOJIBKO B CIIydae MalbIX CKOPOCTEH V, KOTJa KHUIKOCTh JIBHKET-
csl JaMHHAPHO, W JIMHUM JIBYDKYLIEHCS JKUAKOCTH HUTAE HE IPEPbIBAIOTCS, IUIABHO OTMOas NpersTCTBHE, KakK MOKa3aHO Ha
puc.534, riue BeiOpaHa cucteMa OTCYETa, B KOTOPOM LIAPHK MOKOUTCS, @ KMJIKOCTD BIKETCS
€O CKOPOCTBIO V. 3amTpuxoBaH cioi Ilpanaris.

IIpu BO3pacTaHUM CKOPOCTH V TPOUCXOIUT CPBIB IOTPAHWIHOTO ciios [IpaHmTis,
KakK Toka3zaHo Ha puc.530. 3a mpemsarcTBueM o0OpaszyeTcsi 007acTh, B KOTOPOH KUIAKOCTD

ABHKETCs. TYpOYJICHTHO, co3aaBasi Gecropsinounbie Buxpu. Cuna Feoy, . AeiCTBYOMAs Ha ) amuHapHoc o0TeKame

JIBIDKYIIEECS] TEJO MPH TypOyJSHTHOM OOTEKaHUH, 3HAYUTEIBHO OOJIBIIE CUIIbI BA3KOIO Tpe- —>V_— —KHIKOCTh
HUSI ¥ UMEET COBCeM Jpyryio mpupoay. OHa cBsi3aHa C pa3HOCTBIO NABICHUH JKUAKOCTH C
MIPOTHUBOTIONOKHBIX CTOPOH Iaprka Ha puc.530. DTa cuiia Ha3pIBaeTCS CHIOH JJOOOBOTO CO-

NPOTHUBJIEHHS U UMEET BBIPAXKECHUE —Zcnoi
[pannrna  typOyneHTHOE oOTEKAHME

pv? -
Fconp = AT Si06 » (100) Puc.53

rae S,y — MIOIab JOOOBOIO CEUeHus, P - INIOTHOCTh KUAKOCTH, A - ko duiuenT, papubiii 0,47 1ys mapuka.
Onpenenuts XapakTep 0OTEKaHUS MOXKHO C TIOMOIIbIO KpuTepus PeiiHonbica: ecinu Oe3pa3mepHoe uuciio PeiiHombca,
paBuoe Re=pwud / N, rae d — nonepeuHslii pasMep Tena (IuameTp MIApUKa), MEHbIIE HEKOTOPOT0 KPUTHYECKOTO 3HAUEHHUS Rer ,

TO OOTEKaHHE JIAMHHAPHO, U IeHCTBYeT cuia Bsaskoro Tpenus (99). Ecnu ke Rez R&p , To obTekanne TypOyICHTHO M HCIIONb-
30Batb popmyiy (99) wenbss. Jist mapa Reg, = 2,E
Ilo oT0lf mpuYMHE H3MEpEeHHsA B NaHHOHW paboTe IMPOU3BOIATCA C PAacTBOPOM IJIMIEPHHA, HUMEIOLIIMM IUIOTHOCTb

p=1,261kr/ M u 0o0JIbIIYIO BA3KOCTS IN. B TakoMm pacTtBope mapuk OyJeT majaTh MEIJISHHO, U CIIOH KHIKOCTH OYIyT IBUraTh-

cs mamuHapHO. [Ipu mageHnu B Boje 00TeKaHUe mapuka ObUIO ObI TYpOYIIEHTHBIM.
C yuerom (99) 3anmiiem ypaBHEHHE JABMKEHHS HIAPUKA B BA3KOM JKHIKOCTH B MPOEKIIMH HAa BEPTUKAIBHYIO OCh X
av
(puc.51): ma =mg- Ep - pr =poVg-6m v-ps Ve (101)

CKOpOCTP IIapHKa, a BMECTE C HEH M CHiIa BI3KOTO TPEHHUS OBICTPO PacTyT, W B BSI3KOM TIIHIIEPHHE CITyCTS HEOOIBIIOM
MHTEPBAJ BPEMEHH mpaBast 4acTh ypasHeHus (101)cTaHOBUTCS MpaKTHYECKH paBHOM Hyimo. [Tocie 3Toro mapuk OyIeT ABUraTh-
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Csl C IOCTOSIHHOM yCTaHOBHBmeﬁCH CKOPOCTBIO

- - p)g?

(P2-P)9,, _(P2=P)9 4 _3_2(P2-p)or
6rmr ermr 3 9 n

Ha neGonpmiom y4aCTKE OT MOBEPXHOCTU KUAKOCTU OO PUCKHU CKOPOCTH YCIICBACT YCTAHOBUTLCH. IToato-

MY YCTAHOBHBIIYIOCS CKOPOCTH TAJEHUS [IAPHUKa ONPEIETAIOT, U3MEPAS CEKYHIOMEPOM BPEMS €0 TAJEHHUS OT Ha- h:i_
HECEHHOMN Ha cOCy PHCKH 110 AHa cocyna (puc.54): Ve, =1 Jt.

(102)

ycT

o m3MepeHHO#t TakuM 06pa3oM ckopocTH, corsiacHo (102),MOXKHO OnpenenuTh BETHUHHY KO HULIHCHTA

JIMHAMMYECKOH BA3KOCTH MCCIIEYEMOTO PacTBOpa IIMIIEPHHA: -1l
2 Vyer
2 - r -
n -2(p2-p)or” . (103) x|
9 yeT ==
3aMeTHM, 9TO BSA3KOCTh I yMEHBIIAETCS C POCTOM TEMIIEPATYPEL Puc.54

dv
Tounee xapakrep J[BIKCHHS IIApHKA MOXHO ONpeAenuTh, 3anmcaB ypaBHenue (101) B Bume —=a-—-bv, rme

dt

a=(P2=PVY _(P2-P1)g | _6mr _6mr _ o
m P2 m PV 2pyr?

MEHT BpEMCHU t=0 CKOPOCTb IIapyKa paBHa Vo = O, HUHTErpupyeM 00e yactu TIOJIy4YCHHOI'O COOTHOIICHMSI:

. Pas;[en;m IEPCMCHHBIC, A¢Has 3aMCHY Y = a— bv u cuyras, 4To B HavaJIbHBIH MO-

a-bv

Yo 134
lacw =31 -
0 a

YMEHBLIACTCSL CO BPEMEHEM, M CKOPOCT LIAPUKA CTPEMHTCS K YCTAHOBUBLIEMYCS 3HAUCHUIO Vo, = a/b. I'paduk 3aBucu-

t
fdt . Iomyuum —% In( J =t, otkyna a =eP yy= % (1— e'bt) . DKCIIOHEHTa GBICTPO
0

MOCTH CKOPOCTH OT BpEMEHH MOKa3aH Ha pHc.55.

TTOpAIOK BBINOAHEHUS PAGOTHI

1. 3meputs MukpomeTpoM auaMeTp d mapuka B MIIDIEMETPax (MM) M ONPENENUTh €r0 paauyc I B MeTpax (M).

2. OCTOPOKHO OTIIYCTUTh IIAPHMK IO LEHTPY COCYIa HEMOCPEICTBEHHO HAJ MOBEPXHOCTHIO UCCIIENYEMOM KUIKOCTH
OIPEIENUTE ¢ TIOMOIIBIO CEKYHIOMEpPa BpeMs I POX0XKIAECHUS NIAPHKA MEKILY METAIMYECKMMHU KOJIbLIEBLIMU METKAMHU HA COCY-
ne (cm.puc.54). BepxHsis METKa JOJDKHA HAXOUTHCS HE MEHEE IECATH CAHTUMETPOB OT MOBEPXHOCTHU KUAKOCTH.

3. OnpenenuTs MO NHMHEWKe paccrosuue | MeXIy MeTKaMM U BBIYHMCIMTL YCTAHOBUBIIYIOCS CKOPOCTH INApHKa
Vyer = I/t (B mlc).

4.Tlo popmyne (103)Berunciauts Ko3hduIHeHT quHaMudeckoid askoctu 1 B cucteme CU (B ITa/c). Yuects, 4To mior-
HOCTb HCCIIGLYeMOil XKHIKOCTH, HATHTOMH B cocyn P1= |,2010° kr/m® (ramueprn), a IIOTHOCT MaTepHana, 3 KOTOPOTO H3rOTOB-
nens! mapuk, P; = 11,410° kr/m® (cBuHeL).

5. Pe3ynbTaThl OMBITOB U PACYETOB 3aHECTH B TabuLy 1.

6. [ToBTOpHTH BBINIONHEHHE MyHKTOB 1- Sele st 4eThIpex MIapUKOB.

Tabuuma 1.

Ne d, mm r, M I, m t, ¢ Vyer » m/c |n;, Ta-c An;, Hac |(An)? Ma*c?
1

2

3

4

5

7.Paccunrarh cpenHee 3HaYeHNE KO3 (HUIIMEHTa TUHAMIYECKOH BI3KOCTH ! (r]) =..

8. OHpe,HeJ'II/ITL CHy‘IaﬁHLIe OTKJIOHCHUA Anl = r]i —<n> JJIA KaXKA0ro UBSMEPEHUA U CPEAHEC KBAAPATUIHOC OTKIIOHCHUE

S= }il (Ar]i )2 . Beraucnuts norpentsocts A pesynbTara uamepeHui: An = S/ Jn=...
n —_—

9. 3amucaTh pe3ynbTaT B BUAE: n= ((r]) + Ar]) Mald: n= ( ............ = ) .Tald

KoHTpoabpHBIE BONPOCH U 3a7aHusl K JJabopaTopHoi pabote Ne 15
1. Tlo xako¥i MpyYMHE BO3HUKAET BA3KOCTh XUAKOCTH? Kak oHa mposBIsieTcst?
2. Kaxk o0OpasyeTcst HOrpaHHMYHBIN CIIOW U YeM OOYCIIOBIICHBI €T0 TPAHHIIBI?
3. Kakoe TeueHme )HUIKOCTH HA3bIBaETCs JJaMUHApHBIM? Kakasi cuiia co CTOPOHBI JKUAKOCTH JIESHCTBYET IMPHU 3TOM Ha 00TEKaeMoe
teno? [1o kakoi popMyrsie OHA BBIYHCISCTCS, M OT KaKHUX [MapaMeTPOB 3aBUCHUT?
4. Kakas Belnn4rHA Ha3bIBACTCS KOPPUIIMESHTOM TUHAMUICCKON BI3KOCTU?
5. Kaxkas cuna HaseiBaetcs cuiioii Ctokca? B kakux citydasix OHa AEUCTBYET M KaK HalpaBJieHa?
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6. Kakoe Teuenue Ha3pIBaeTCs TYpOYICHTHBIM? UTO MPU TaKOM IBUKEHUH MPOUCXOIUT C MOTPaHUYHBIM ciioeM? Kakas cuna co
CTOPOHBI )KHUIKOCTH JICHCTBYET Ha IBUKYILEECS B HEH TEJO MPHU TypOYISHTHOM O0TEKaHUU?
7. Chopmynupyiite kpurepuii PeliHoibca U 00BsICHHUTE, KaK MPU MOMOIIU 3TOTO KPUTCPUs ONPEICIUTh XapaKTep IBUKCHUS
KHUJIKOCTH U JICHCTBYIOIIYIO CO CTOPOHBI KHUJIKOCTH CHITY.
8. Ha pucyHke ykaxxute HaIllpaBICHHs BCEX CHJI, ACHCTBYIOUINX HA MAJAFONIUI B BA3KOH XKHUIKOCTH IIAPUK, M 3aMUIIUTEC UX BBI-
paxkeHus. MEHsIeTCsI I CO BPEMEHEM BEJIMUNHA ATUX CHII?
9. 3anmmuTe ypaBHEHHUE ABIXKEHUs (241 3akoH HprOTOHA) ISl TIAAFOIIETO B SKHAKOCTH IIAPUKA W OTIPEIEIUTE C €ro TIOMOIIBI0
YCTaHOBHBILYIOCSI CKOPOCTH JABHIKCHUSI IAPHKA.
10.Tlouemy myTh |, IpOMICHHBIH ITAPHUKOM, HAZIO OTCYUTHIBATH HE OT MOBEPXHOCTH JKUIKOCTH, & OT PUCKHU, HAXOIAIICHCS HIKE?
11.BriBesute pacuetnyro Gpopmyay (103)wis kodppuIiHeHTa JMHAMUYECKON BI3KOCTH.
12. TTo u3aMepeHHOW CKOPOCTH MAJEHUsI OJHOTO M3 MIAPUKOB M BBIYUCICHHOW BSI3KOCTH I TMPOBEPHTE BHIMOJHEHUE YCIOBUS
Re< Re, kpurepus Peiinonb/ca. Byner nu B oToM ciydae Ha IIapuk AeiictBoBath cuna Crokca?

13./IBe cBuHLIOBBIE ApoOMHKM 11 2 ¢ pa3HBIMU pajuycamu 1 U I, >y cOpocnin 6e3 HavaabHOW CKOPOCTH B BA3KYIO JKHJIKOCTb.
Hapucyiite rpaduku 3aBUCHMOCTH CKOPOCTEH THX IIApPUKOB OT BpeMEHH naaeHus t u cpaBHute 3TH rpaduku. Kakoi mapux
OblcTpee ynaa€T Ha THO cocylla U ITouemMy?

Jluteparypa
1. Casenwser U.B. Kypc ¢usuku B 3-x T1.: T. 1: Mexanuka. MonekyispHas ¢pusuka - M.: Hayka, 1989.- 88 78,79.

2. Konmaxos FO.H., Iekap 10.A., Jlexxuepa JI.C. TepmoanHaMuka u MOJEKyIsspHas pusuka,- usa. Tyal'Y. 2008,ri1.5 §5,6.

Pabora Nel6. Onpenenenue IuMHBI CBOOOAHOTO Tipodera u 3HPEeKTUBHOTO TuaMeTpa MOJIEKYI BO3IyXa

[{esib pabOTBI: O3HAKOMHTRLCSI C OJJHAM U3 METOIOB OIPEJIe/IEHHs MUKPOIapaMeTpoB (cpeHel JUTHHbBI CBOOOHOTO MPO-
6era 1 3)QEKTUBHOTO AHAMETPa MOJIEKYJI BO3/IyXa) Yepe3 TEPMOJANHAMUUYECKHE MAPaMETPhI, UCCIEI0BATh MPOIECC TEUEHHs ra3a
0 KaImIuLIpy.

TeopeTnueckoe ONMMCAaHUE
IIpu CTONKHOBEHHH MOJIEKYN Ta3a COMMKAIOTCS WX DJICKTPOHHBIC O0OJIOYKH, W CHUIBI a
KYJIOHOBCKOTO B3aUMOJICHCTBUSI PACTAIKUBAIOT MOJEKyIbl (puc.56a). MunumanbHoe paccTos- \

HHUE, HA KOTOPOE COMIDKAIOTCS MPH CTOJIKHOBEHUH LIEHTPHI JBYX MOJICKYI, Ha3bIBaeTCs dPQek- d )
TUBHBIM jinametpoM Mosiekyibl d. Kpyr paguyca d ¢ meHTpoM B MOJIEKYJE MMEET IUIONIAh 7/1-.__,\?1 o)

Z S LEEEN
0 =1d?, koTopyIo Ha3kBaIOT Y)DEKTHBHBIM CeYeHreM MOJIEKyIbl. [lonagas B mpeensl 3TOro F MOIEKY TbI
Kpyra, Jpyrie MOJIEKYJIBI PACCEMBAIOTCS, OTKIIOHAIOTCS Ha MOJIeKye-Mumenu (puc.560). Puc.5€

IponopIHoHanbHas TeMneparype rasa E ., ~T . Monekynsl MOIyT cOMM3UTBLCSA HA MEHbIIEE PACCTOs-

C poctoM TemrepaTypbl pacTeT KMHETHYECKas JHEPTUs CTaJKWBAIOIIUXCS MOJIEKYII, E
noT
_T dyxd® d=const
+

uue d. Ho moreHnumanbHas 3HEPrus KyJOHOBCKOTO OTTAIKUBAHMS BO3PACTAET MPH COMMKEHUH MOJIEKYIT m
HACTOJBKO GBICTPO (PrC.57),4TO MOXKHO CUHTATh, 4TO 3(MEKTHBHEII JUAMETP MOJICKY] MPAKTHUECKH HE ..
3aBHCHT OT Temmnepatypsl. d = const. E ¥ |

CpenHee paccTOsHHE, MPOXOJUMOE MOJICKYJIOW MEXKIY OBYMs IOCICIOBATEIBHBIMH COyIape- R Exun~T1 <T2)
HUSMH C JPYTHMH MOJIEKYJaMH ra3a Ha3bIBACTCS CpelHed JIMHON CBOGOIHOTrO mpoGera MONEKYIBI A. () A
Ora BeJIMYMHA CBsI3aHA C KOHIIEHTpAIME MOJEKyJ ra3a N (4UCIIOM MOJIEKYJ B eUHUIE 00bEMA) COOT- Puc.57

1 (104)
V2on  2rd?n

Bemuunna A onpezensercs B JaHHOH paboTe MO CKOPOCTH BTEKaHMs Tasa (Bo3myxa) M3 aTMOCHEPBI B atwocdepa
cocyn yepe3 Kamwuip paguyca I (puc.58). M3-3a MHKPOCKONHYECKOH MIEPOXOBATOCTH CTEHOK KamWILIIpa
TIPOUCXOMUT aaresus (MPUIMIIAHAE) MOJIEKYJ Ta3a K MOBEPXHOCTH cTeHOK. CIloi rasa, HEMoCPeICTBEHHO CO-
MPUKACAIOIINICS CO CTEHKOM Kammiisipa, HEMOABMKEH, a B LIEHTPE KAITMIUISIPA ra3 JABMKETCS ¢ MAaKCUMAIIbHOM
CKOPOCTBIO Vmax Pa3HOCTH CKOpOCTEH CIIOEB ra3a MPUBOAUT K MPOLIECCY NEPEHOCA UMITYJIbCA OT LEHTPAIBLHOM
OCH KalMUIsIpa K €ro CTeHkaMm. BenuyuHa MoToKa MMITYJbCa, paBHAs UMITYJIbCY, HEPEHOCHMOMY MOJICKYJIaMH
rasa 3a eJIMHUIly BPEMEHHU Yepe3 MOMEepeyHyIo IUIOMIaAb S B COOTBETCTBHU CO BTOPHIM 3akoHOM HbioTOoHA pas-
Ha BEJIMYMHE CHJIbI BS3KOTO MJIM BHYTPEHHETO TPEHHS

_dp_ - _

Iy =" F.p =N|gradv| S (105) Puc.58
rze K03 GUIMEeHT N HaszbiBaeTcsd K03)GUINEHTOM IMHAMUYECKOW BI3KOCTH MJIM MPOCTO BA3KOCTBIO ra3a. Jra Ccu-
Ja, NefCcTBYs Ha ra3, HAlpaBlieHa MPOTHB CKOPOCTH ra3a B KalWULsIpe U 3aMeJIsieT ero ABMKEHHE 110 KaluUIsIpy.

JlaGoparopHast ycTaHOBKa moka3aHa Ha puc.59. B mpoOke, mIoTHO 3aKphIBaloIIeil cOCya ¢ BOJOH, Haxo-
JMTCS KaWUISIP JUTHHBI |, cCoeMHSIONmuit BO3MyX B cocyme ¢ atMmocdepoii. Bun3y Haxomautes TpyOKa, TUIOTHO 3a-
KpbiTasg kpaHoMm “K”, depe3 KOTOPYIO BOJIa MOXKET BBITEKATh M3 cocyna. [lepBoHavanbHO JaBJIeHHE Py BO3IyXa B
COCyJle PaBHO JaBIECHUIO P, arMocdepsl CHapyxu. JlaBieHue KUAKOCTH BHYTpU TpyOKu, B cedeHuu kpana “K”,

) —-—

Exnma~T

HOILIEHUEM A=

JIMHUHU
TCUCHUSA
rasa

CKJIQ/[bIBACTCS U3 NABJICHHS BO3/yXa B COCYJ€ M TMAPOCTATHYECKOTO JABICHHS CTONOA BOMBI, MMEIOMICH ILIOT-
HOCTb Ppqoy M BBICOTY N, OTCUMTBIBAEMYIO OT MOBEPXHOCTH BOJIBI 10 KpaHa (puc.59): Py +Pyony; 9N> Py - Tlo-

aToMmy eciu kpaH “K” OTKpBITh, TO BOJa HaYMHAET TOJ NAaBJICHHEM BBITEKaTh U3 COCya MO TPYOKe CIUIONTHON
CTpyEH.
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OO0BEM BOIBI B COCY/IC YMEHBIIACTCS, HO BTEKAOMIHI [0 KAMWLIAPY BO3yX HE YCIIEBACT 3aMOIHUTh 3TOT 00BEM H3-3a
MaJIOro paauyca Kanwuisipa. /laBieHune P Bo3ayxa BHYTPU COCYyJla YMEHBUIAETCS, M KOTJa JABJIEHUE BOJBI B CEUEHMM KpaHa
CpaBHSIETCS C aTMOC(EPHBIM JIaBJICHUEM CHAPYKH,

p + pBOﬂBI gh = QTM ! (106)

BOJIa HAYHET BBITEKATh U3 TPYOKH OTACIBHBIMH KAIJIIMHU. B 5TOT MOMEHT Hall0 M3MEPHUTEH HAYaIbHOE 3HAUYCHHE BBICOTHI hy.

Uro6sl nasienre (106) He M3MeHATOCH, 0OBEM Kallejlb BBITEKIIEH BOIBI JOJDKEH ObITh paBEeH 00bEMY BO3IyXa, IPOTE-
KaIOLIEro M0 KalWLIspy.

JUi1st BBIYKCIIEHHS 3TOr0 00bEMa, BBIICINM B KalMULIPEe BO3AYLIHBIA IMIHHADP IIMHEL | ¢ pagnycoM X U MonepevHbIM Pyt Eao
ceuenneM S'= 7% (puc.60). Cornacuo (105)Ha ero 60KOBYIO IOBEPXHOCTD Sy = 277X| meHCTBYeT TOpMO3SIIas CHIIa BSI3KO- 5

ro tpeust: Fp, = —n% S50k » THE % <0. J

[Tpu ycTanoBUBIIEMCs T€YEHHH LIEHTP MACC TAKOT'O BO3IYIIHOTO LIIIMHIPA ABUKETCS ¢ HOCTOSHHON CKOPOCTBIO, U CH-

na FTp YPaBHOBEIIMBAETCA PA3HOCTBIO CHJI IABJIEHHs HA OCHOBAHUS LWMIMHAPA: Fry = (Pary — P) S'. Otciopa, ¢ yuerom (105)n

dv P leocyn
(106), monyuaem nuddepenumnanpHoe ypapHenue 2n| dx = PN . Puc.60

Pa3;[en${ﬂ B HCM IICPEMCHHBIC, UHTCTPUPYECM, YUUTHIBAS, UTO Y CTCHOK KalMJLIAPa, IIpU X = I, CKOPOCTh ABMIKCHHUS BO3ayXa V = 0:

h¥ h
_pBO,ZlLIg J’ xdx, oTkyma V= PFron 9 (1’2 _ XZ)
21l g In|

(cxopocTH cioéB Bo3yXa B KalMJUIIPE MEHSIOTCS [0 MapabolIMdecKoMy 3aKoHY). Pa3o6bEM Tereps monepevyHoe CeYeHne Kanmusipa Ha Oecko-
HEYHO y3KHe KOJIblia paguyca X ¢ TomuuHoi dv u ¢ mromaznpio dS'= 2n Xdx. 3a Bpemst T 4epe3 3Ty IUIOIaab O CKOPOCTBIO V IIPOTedeT 00beM

}dv = (107)
0

raza dV = dSOit, a 00bEM BO3/1yXa, IPOTEKAIOIIETO 38 BPEMs T uepe3 Bce CeUeHHe Karuuisapa Oy/eT paBeH

V= jvr Prxdx= MJ‘( P - x2) xdx= Mr (108)
0 2nl o 8nl
(oTa hopmyna HassiBaercst hopmyioii [Tyaseiis).
Ipu TIOTHO 3aKPBITON MPOOKE KAILIM BBITEKAIOT U3 COCYNla OYCHb MEAJICHHO. 3a BpeMs T, U3MEPSAEMOe CEKYHIOMEPOM,
YPOBEHB BOABI B COCYJE C INIOIIALI0 CeUeHUs S Ha pUc.59 MOHM3HUTCS HE3HAUYUTENBHO, OT ypoBHs hy no hy, rne hy —h, << h.

[ostomy B opmyny (108) mokuo moxcrasute cpemuee 3uadenne h=(h +h,)/2. IlpupaBnnBas oGbem BbITEKIIEH BOIBI
V =(h - h,) S u 0bbem Bo3myxa, NOMaBLIEro B COCYA B COOTBETCTBUH ¢ (opmynoii [Tyaseiins (108),Haiinem pacuérayio popmy-

— T[r4pBOLll>lg (hl+ hZ)T
18s(h-h)

3aMeTHM, 4TO ATOT Pe3yNbTaT CHPaBEAIUB TOJbKO MPU JIAMHHAPHOM TEUYEHUH BO3AYyXa MO KalWUIAPY, KOTJa CJIOH ras3a
JIBMDKYTCSI BIOJIb HUTJE HE MPEPHIBAIOIINXCS M IUIABHO OTMOAIONINX MPEISTCTBHS JIMHUM, Kak MokazaHo Ha puc.58. [Iposeputs,
BBITIOJTHEH JIM JIAMUHApHBIM XapakTep TeueHHs, MOKHO IpHW IoMoIM Kputepus PeiiHonbica: Oe3pasmepHblil napamerp Peii-
Hosb/ca Re He joikeH HpeBbllaTh KpuTHYeCKoro sHayeHus Reg,. Ecin Re2 Rg,, T0 BO3HHKAIOT TypOYICHTHBIC BUXPH

Iy Ut K03 dHULIneHTa BI3KOCTH BO3IyXa:

(109)

(puc.530), u monyuennsie popmyisl (108)u (109)He cipaBeiuBbI.
B mauHoit paboTe B ciydac TedeHMs rasa (BO3LyXa) C IVNIOTHOCTBIO P, [0 LITHHAPHYECKOMY KAMILLIPY, ITapaMeTp

prasapBonmg ([-!I. + hz) r3
8r]2I

JInst BBIYKCIICHUS CpeHel JUTHHBI CBOGOIHOTO TIpobera A HCIonb3yeM GopMyITy I BA3KOCTH Ta3a, MOJy4acMyro pr

Peiinounb ica BeIarciIsgeTcs o Gpopmyie Re= ,a Rey, =2000- 2000. (110)

aHaJM3e SIBJICHUH IepeHoca: n= %)\pr%a <v>, (112)
N 8RT
IHoxacrasmss B (111) hopmyiay mnst cpeaHeil CKOPOCTH MOJIEKYII rasa (V) = |[—— ¥ BBIp@KEHHUE I IUIOTHOCTH Trasa
Praza = % = % , IOJIyYeHHOE U3 YPaBHEHUS COCTOSIHKS, HAXOAUM CIICIYIOIIYIO PACUCTHYIO (HOpMYITy IS A
3n |TRT
Npl Y LLALE (112)
Py 8u
[Jpyras ¢popma 3anucy ypaBHEHHUS COCTOSIHUS I'a3a MI03BOJISIET BHIPA3UTh KOHIIEHTPALMIO €r0 MOJIEKYJT Kak
n=p/kT, (113)

rxe k =1,3801023 JLk/K — moctosiHas Bonbimana. U3 dpopmyn (104)u (113)Haxoaum pacuetHyo Gpopmyy st 3G dexTuBHO-

d= k—T
x/zrr)\p'

T'O IMaMeTpa MOJIEKYJIbL: (114)
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TopsI0K BEINOIHEHHS PAGOTHL

1. Otkpeith kpan K. JI0KAaBINKCEH, KOT/IA BOJA HAYHET BBHITEKATh KAIUIIMH, BKIIOUUTH CEKYHIOMED W
OJJHOBPEMEHHO 3aMETHTH MOJIOKEHUE YPOBEHB BOLI Ny B coCyiie Mo 3akperieHHoN cOoKy uHelike (cM.puc.59).

2.Koraa ypoBeHb BOJBI B COCYJIE, BHITEKAIOMIEH Yepe3 HUKHIOK TPYOKY OTAeJbHBIMHA KAIUISIMH,
YMEHBIIUTCS TPUOIU3UTENBHO Ha 1 M, OZIHOBPEMEHHO 3aKPBITh KPAH U OCTAHOBHUTEL CEKYHIOMED.

3. 3anmcars BpeMst BEITEKaHHsA T U HOBBIA ypoBeHs h, Boasl. Paccrosuus hy u hy nomkHe! 6bITh 3aMe-
PEHBI OT MOBEPXHOCTH KUIKOCTH 10 Kpana K (puc.61).

4. Vizmeputh TepMoMeTpoM Temneparypy t °C , HalTH TepMOIHHAMHUYECKYIO TeMIIEPATypy

T= (t 0+273) , K, 6apomeTpom n3meputs armocepHoe qaBieHue .

5. Berauciauts K03pPUIHEHT qMHAMUYIECKON BA3KOCTH Bo3ayxa I 1o dopmyte (109).

6. BEIUKCIHMTE CPEIHIONO IIMHY CBOOOIHOrO mpobera A Mojiekyi Bo3ayxa 1o ¢popmyie (112).

7. Berancnutb 3G heKTUBHBIN qraMeTp MoJeKy Bo3ayxa d o dopmyse (114).

Bo Bcex aTux hopMyiax I — paanyc Kanmuusipa, | — anuHa kanmwuisapa, S — miomans cedeHust cocyaa ¢ Booit. Mx senu-
YMHBI [IPUBEICHBI HA YCTAHOBKE. Ppon =1000xkr/m® — mnotrocTs Bogel, R = 8,31 [x/momsK — yHHBepCaIbHAS ra3oBas MOCTO-

sunast, k = 1,3810% [Ix/K — nocrosinnas Bonbumana, M = 0,029kr/mMonb — MoNIsipHast Macca Bo3ayxa, g = 9,8m/c? — YCKOPEHHE
CcBOOOHOIO MMaCHHS.

8 JlaHHbIe M3MEPEHNIA ¥ BBIYUCIIEHUI 3aHECTH B TAOJIHILY:
hy, M hy, M T,c T,K p, Ia n, alc A M d,m

KoHTpoabHbIe BOMPOCH! ¥ 3afaHus K JJabopaTopHoit pabore Ne 16
1. Kakue BeaM4MHBI HA3bIBAIOTCS dGPeKTuBHBIM auametpoM d U cpeaneit uHON cBOoOOaHOTO Mpobera A Monekynbl? Kak atu
BEJMYHUHBI 3aBHCST OT TEMIIEPATYPHI M JaBJICHUS ?
2.T'a3 cosepiuaer u3obapuueckuii (MM U30TEPMUUECKHI) TPOLIECC, IPU KOTOPOM ero temrepartypa T (Win naBieHue ) yBesu-
YMBAIOTCA B J(Ba pasza. UTo [pH 5TOM MPOMCXOAUT ¢ BeauunHamu d u A?
3. Kakas BenanunHa Has3biBaeTcs K03()GUIMEHTOM AMHAMUYECKOH BA3KocTH rasa N? Kak BenmudynHa I,,, 3aBHCHT OT JaBJIEHHS P

U TemrepaTtypsl 17

4. Kakue siBJICHUS HA3BIBAIOTCS SBJICHUAMU mepeHoca? [[puBeanuTe npuMepsl TAKUX SIBJICHUIA.

4. Yem BBI3BAHO MOSBICHHUE BSI3KOTO (BHYTpeHHETO) TpeHus? Kak HanpaBiieHa U 4eMy paBHa CHJIa BSI3KOTO TPEHUSA?

5. O6bsacaute BoiBOA (opmyisl ITyaseiins (108).IIpu KakoM yCIOBHM OHA CIIPAaBEAIMBA, M YEM SBISETCS BedMduHa V B 9TOMN
dhopmye?

6. [Ipu orkpeiBanuu kpaHa “K” Ha ycranoske (puc.59) Boja cHauaya BBITEKAET U3 COCYa CTPYEH, a MOTOM — OTAEIbHBIMH Kall-
ssimu. [Touemy? Uemy paBHO HpH 3TOM JIaBJICHUE BO3/lyXa BHYTPH cocyna?

7. ‘{epe3 KaruJijigp B COCYJ BTCKAC€T BO3AYX C 00BEMOM VBOS)J =1 CM3 . CKOJIBKO KaIlellb BOJbI BBUJILETCS IPU 3TOM U3 COCyla, €C-

JIM KQKIYIO KarIi0 MOXHO CYATAThH HIAPHKOM C paanycoM 1 mm?

8. Caenaiire u 00bscHUTE BBIBOA pacyeTHbIX Gpopmyin (109), (112 (113)ans Bemuuud N, A u d.

9. CpaBHUTE BBIYKCIIEHHBIE BEIUMYHUHBI I, A 1 0 AJst BO3yXa C IKCIIEPUMEHTAIBHBIMU JaHHBIMHU JJISl 3TUX BEJIUYUH TPU TEMIIE-
patype 20°C, koTopble MOXkHO HaliTu B MlHTepHETE. UeM MOTYT ObITh BBI3BAHBI OTKJIOHEHHS OT NPABUJIbHBIX 3HAYEHUN?

10. Kakoe TedeHune ra3a Ha3bIBaETCs JJAMHHAPHBIM ? Kak MpoBepUThH yCIIOBUE JIAMUHAPHOCTH C TMTOMOIIBIO KpuTepus PeitHonbaca?
Crenaiite 3Ty IPOBEPKY, MPOBEISA BHIUUCIEHHS ¢ TIOMOIIBI0 Gpopmysts (110).

Jluteparypa
1. Casenses U.B. Kypc ¢usuku B 3= Tr1.: T. 1: Mexanuka. MonekyispHas ¢pusuka - M.: Hayka, 1989.- 88 62, 78-80.

2. Konmaxkos FO.H., IMekap 10.A., Jlexkuesa JI.C. TepmoanHamuka u MoJieKysspHas ¢pusuka,- uza. Tynl'Y. 2008,r1.5 §1,3,5,6.

Pa6ota Ne21. MccnenoBaHue 3IEKTPUIECKOTO TIOJISI MPOBOJHUKA C TOKOM

[lenb paOOTHI: M3ydEHHE CBOMCTB DJEKTPUUECKUX IOJICH B MPOBOIAIICH KUIKOCTH, MOTy4deHHE Trpaduaeckoro m3oopa-
KCHHUS TIOJIS C TIOMOITBI0 AKBUMOTEHIMATIBHBIX TTOBEPXHOCTEH M CHIIOBBIX JIMHUH.

TeopeTnueckoe ONMMCAaHUE
IIpocTpaHCTBO B KIOBETE MEMNKTY IBYMSI METAIUTMIECKUMH DJIEKTPOaaMu (aHOJOM U
KaTOJIOM) 3aJIUTO CIIAbOMPOBOISIIEH KUAKOCTHIO C MAJION YAENbHONW MPOBOJUMOCTBIO O .

Ha snexrponsl nogano Hanpspkenne U = ¢, —¢, =€—Ir , n Mex Iy HUMH BO3HHKAET dJIEK-

TpUYECKOE MOoJie ¢ HampshkeHHOCTbI0 E  (puc.62). Jlunuu nampsbkeHHoctH E  (cunmoBblie
JMHHUYU TI0JIsT) HAYMHAIOTCS HA MOJOKHUTEIBHO 3apsHKCHHOM JJIEKTpoAe (aHOIe) W 3aKaHYH-
BAaIOTCSl HAa OTPUIATENHHO 3apsDKEHHOM KaToje. Bmomb HUX, B )KMAKOCTU MPOTEKAET, 3IEK-

TpI/I‘IeCKI/Iﬁ TOK C IINIOTHOCTBIO ] =oE. )KI/I,HKOCTL MCKAY MPOBOJAHUKAMU SBJIACTCA OJAHO-

POJIHBIM IIPOBOJHUKOM (B HEM HET UCTOYHUKOB cTopoHHel DJIC). B TakoMm ciyyae none E
SIBJISIETCSI JIEKTPOCTATUUECKUM TTOTEHIIMATBLHBIM OJIEM, CO3/1aBAEMBIM PA3HOCTHIO MOTEHIHATOB AQ .
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HanoMHuM, uTO pa3HOCTh NOTEHIMATIOB ONpEAEsSeT U3MEHEHUE OTeHIMANbHOM 3Heprun 3apaaa ¢, HaxoAsierocs B
anektpudeckoM moje: AW = gA¢d . Cuna, [eliCTBYOIIAs HA MOJOXKHTEIBHBIN 3apsi eAMHUIHON BEIHUYHHBI, OyIeT HAIPSHKCHHO-

cThio monst E = IE/ q=-gradW/ d, a sHeprus Takoro 3apsaa — NOTEHIMAIOM dekTprueckoro nojist ¢ =W/ g. Ces3b Hanpsiken-

HOCTH W TmoTeHImana |E =-gradd|. TpamseHt m060T0 CKAISIPHOTO TMOTEHNHama ¢ BBIUHCIICTCA TO (QopMylie

gradp = ¢ = T‘;—¢+ Ig—q) +|Zg—¢ . TIpoexuyn BekTopa Hanpsokéunoctn Ey = -3¢/0x; Ey =-0¢/dy; E, = -0¢/0z. Benuunna
X y z

HanpsbkeHHocTH E = E)% + E§ + EZ2 .

[loTeHMaIbHBIM HA3BIBACTCS IMOJIE, IS KOTOpPOI'O B Ka)K[[Oﬁ TOYKE OAHO3HAYHO OHpeAcsICHa BEJINYUHA NOTCHIHUAaIa ¢, U
JJI4 KOTOPOT'0O MOXKHO ONPEACINTL MOTCHIUAJIbHYHO 3HCPIHUIO EHOT . CI/I.]'II)I, BbI3bIBACMbIC TAKMMU MOJAMHU KOHCEPBATUBHELI, T.C.

MOTyYT ObITh OnpezneneHsl cooTHomenneM F =—grad E,,; . YciIoBrHe mOTEHIHANIBHOCTH 3IEKTPOCTATHYECKOTO TIOJIST BBIPAXKASTCSI
TEOPEMOM O NUPKYISIIUN: TUPKYISALUS BEKTOPA HAMPSHIKCHHOCTH JIEKTPOCTATUIECKOTO OIS 110 JIFDOOMY 3aMK- a7

Ty

HYTOMY KOHTYDPY paBHa HYIIIO: L Etl =0 (puc.63).

Jluann E moTeHnHambHOTO 3IEKTPOCTATHYECKOTO MOJS HAYMHAIOTCS M 3aKaHIUBAIOTCS HA DJIEKTpHYe-
CKHX 3apsijiax, WIN YXOIiT B 6ecKoHeYHOCTh. OHM HE MOTYT 00pa30BaTh 3aMKHYTYIO JIMHHUIO. Puc.63
[ToBepxHOCTH, BO BCEX TOYKAX KOTOPBIX IIOTEHIIMAN OJMHAKOB, $ = CONSt, HA3BIBAIOTCS YKBUIIOTEHIIMAIBHBIMH TTOBEPX-

HocTamH (Ha prc.62 OHM MOKa3aHbl MITPUXOBBIMH JIMHUAMK). JIMHUK E 3/1eKTpocTaTH4eckoro mojs o6s3aTeIbHO MepIeH-
JMKYJISAPHBI IKBHIIOTEHIHAILHBIM MOBEPXHOCTSIM, H, KaK BUIHO U3 PUC.62, MX HAIO PUCOBATH H30THYTHIMHU, COCTABJIAIOIIMMH
yron 90° ¢ kaxaoi moBepxHOCTBIO ¢ = const. Bekrop gradd wnanpasied B CTOPOHY yBEIHYEHHS MOTEHIMANa, a TMHUM E —B
CTOPOHY yMeHbIICHHs noTeHImana (puc.64). Uem ryme (mioTHee) pacronoxkeHs! THHnn E , Tem 66npme e- grad® / ¢=0B
JIMYHHA HATPSOKEHHOCTH E. 1B
BennurHy HanpssKEHHOCTH MOYKHO TPUOIIHKEHHO BBIUUCIIUTE 110 hOpMyJie :

E =A¢/An, (115)

rac Aq) — Pa3HOCTH MOTCHIIUAIIOB MCXKAY ABYMA OJIM3KO PacmoJIOKCHHBIMU 3KBUITOTCHOHUAJIbHBIMU ITOBEPXHO-

I3

cTaMH, a AN — paccTosHUE MEXYy HUMH 10 HopMmaiu (puc.64). DTOT OTPE30K COBMAMAET C OTPE3KOM CHIIOBOMN
mnunu (Ha puc.62 Ad = ¢jq —¢; ). Benmunna £ pasnudsa B pa3HBIX TOYKaX CHIOBOW JIMHUU M YBEIHYUBACTCS, €CIIM JIMHUH E

COMIKAIOTCS IPYT K APYTY.

Hopsnok BeIMOIHEHHS PAOOTEI

1.lepeprcoBaTh ¢ YCTAHOBKU B HATYPAJBbHYIO BEeJIMYUHY KOOPJIMHATHBIC IMHEUKU U SJICKTPOIbI HA JIUCTE MIJUTUMET-
POBOIi OyMaru, KOTOPHI B BUE TpaduKa, KOTOPBIHA MPUIAracTcs K OTYETY O BHIIIOJTHEHUU PaOOTEHI.

2. Onpenenuts MOTEHIMAN aHoa § o, U 3aMUCATh €r0 BEJTUUYHHY. Yem (p—2Hox

3. HaiiTi 3KBUMOTEHIUAIBHYIO MOBEPXHOCTh cO 3HaueHueM §; = 0,8p,. Jlns storo 30HA | ]
ClelyeT IOMECTUTh OCTPHE 30H/Ia B IUIOCKUI COCY]] C )KUIKOCTBIO HAJl OJTHOW U3 BEPTHKAIBHBIX -\(P
JIUHUN Y MUUIAMETPOBON OyMaru, pacroJIoO)KEHHOW TOJ MPO3padHbIM JHOM COCyJa, u, Tepe- 1
MeIasi ero BIOJIb 3TOW JTMHUH, HAUTH KOOPAMHATHI TOUKH, B KOTOPOI MOTEHIIMAT UMEET 3Hade-
uue ¢1. OrmeruTh 3Ty TOuky Ha Bamnem rpaduke (puc.65). [Tomeras 30H1 MOCIEA0BATENBLHO
HaJ BTOPOH, HaJ TpEThel | T.N. BEPTUKAIBHBIMH JINHISIMHA MIUUTIMETPOBOM OyMaru M mepeme-
11ast 30H/1 BAOJIb HUX, HATH TOYKHU C TEM K€ MOTECHIHAIOM (. xaron | | xom

4. CoeTMHUB Ha CBOEM PUCYHKE TOYKH C TIOTEHIIHAIOM {1, BBI TIOJIyYHTE MEPBYIO U3 0123456789...
MCKOMBIX SKBHUIIOTEHIIHATIBHBIX TIOBEPXHOCTEH (Ha IMIIOCKOM JIMCTE OHA OYy/IeT SKBHITOTEHIIHAD- Puc.65
HOM JIMHUEI).

5. AHanornvHbie H3MEPEHUsI POJIENIATh st APYTUX 3HAUECHUH TOTEHIMANOB, Harpumep, ¢, = 0,6D4, b3 = 0,54,
$4=10,4b,, 5= 0,2h,. XKenarenbHo BeIOpaTh MX TaK, YTOOBI PACCTOSIHHS MEKTY SKBUIIOTEHIIMATLHBIMY JIMHUSAMU ObUTH MPHUOITH-
3UTENBEHO OMHAKOBEIME. Ha rpadnke momxHO OBITH HAPHCOBAHO HE MEHEE IISATH SKBUMOTEHIIHNATBHBIX JIMHUH.

6. AKKypaTHO, COOIIO/Iast B3aMMHYI0 OPTOTOHAIBHOCTh, HAPUCOBATH HA OyMare CHCTEMY CHIIOBBIX JIMHUN (HE MEHee Tisi-
TH), YKa3aB CTPEJIKAMH WX HallpaBJIeHHE, KaK [TOKa3aHO Ha puc.62.

7. Boraucnuts o popmysie (115)3Hauenus nanpspkeHHOCTH E BO BCex Toukax rnepecedeHus OJHOM U3 CHIOBOMU JIMHUU C
9KBUIOTEHIIMATBHOM MOBEPXHOCTEIO.

IIQ

KonrposnbHble Bonpocs! K 1abopatopHoii padore Ne 21
1. Kakuie monst Ha3bIBaIOTCS MOTCHIUMATBHBIME ? [loUeMy MOTEHIIMAIBHO IEKTPOCTATHYCCKOE MOJIC U KaK 3alHCaTh YCIOBHE €ro
MIOTEHIUAJILHOCTH?
2. KakoB ¢u3nyeckuii CMbICH MoTeHIMana? Pa3HOCTH MOTEHIMATIOB?

3. Kak ompenensercst u kakoi (hpU3MYECKHI CMBICT UMEET BEKTOp HAIpsDKeHHOCTH E  anekrpocrarnyeckoro mois? Kak oH cBsi-
3aH C ITOTEHIHATIOM?
4. Kak BBIYHCIIUTH IPAIMEHT MMOTEHI[HAJIA, €T0 HAMPABIICHHE U €T0 BETHYNHY ?
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5. HaiiuTe BeIMYMHY M HAIpaBieHHe BeKTopa E B TOUYKe HAa IUIOCKOCTH Xy, B KOTOPOH IOTCHIMAI MMEET BBIPAKCHHE
d = AX"y", rie A n, m— uenbie gncia (0 yKa3aHHIO MPEMOAaBATENs).
6. UTo Takoe SKBUMOTEHINAIbHbIE HOBEPXHOCTH? KakoBa B3anMHas OPUEHTAINS IIOTHOCTH TOKA | , TEKYIIEro MO JIEKTPOIINTY,

BekTopa E W Takmx moBepXHOCTEH?

7. Tlouemy BCe CHUIIOBBIE JTMHUM (UMK E ) 2J1eKTpoCcTaTHuecKoro mosis B BHITOJIHEHHOM paboTe 0OBIYHO HE
SIBIISTFOTCS TIPSIMBIMY JIMHUSIMU ?
8. Hapucyiite Ha mucte Oymaru KapTHHY M3 HECKOJIBKHX KPUBBIX JIMHHUMU, SBISFOIUXCS YKBUMIOTCHIIMATHHBI-

MH TOBEPXHOCTSIMH, ¥ OOBACHUTE, KAK 110 9TOif KAPTHHE PACCUMTATh BEIMYHHY M HAIPAaBJICHHE BeKTopa E .
9. Tpu SKBHUIIOTEHIMATBHBIC TOBEPXHOCTH UMEIOT HA TUIOCKOCTH XY BUJ KOHICHTPHUUECKUX OKPYKHOCTEH C
HeHTpoM B Havaie koopauHat O (puc.A). Uemy paBHa BeaWYHWHA HANPSHKEHHOCTH DIICKTPUYECKOTO TIONS B
TOYKE C KOOpAWHATAMH X = Y = 3cM?

meTann 10. HapucyiiTe KapTUHY CHJIOBBIX JIMHUH M SKBHUIIOTEHITHAILHBIX TTOBEPXHO-
- OB/::: ——=Z-___ B crei mang ABYyX ONM3KO PACIIOJIOXKEHHBIX TOYEYHBIX 3aPSANOB, UMEIONIMX OJMHAKOBYIO BEJIUYUHY W
AB 7T \A\Oﬂ . OJMHAKOBBI (Pa3HbIii) 3HAK.
2B I ?B\\r 11. B6am3u miiockoi rpaHuIBl METalia, B BO3AyX€e, YKBAIIOTEHIIHATIbHEIE TIOBEPXHOCTH dJIEKTpHUe-
3B Bosayx CKOTO IOJIs1 UCKPUBJICHBI 1 IMEIOT BEJIMYKMHY MMOTEHIMANA, YKa3aHHYI0 Ha puc. b. Ykaxure Hanpas-
Puc.b JICHHE JICKTPUYECKOI CHIIBI, JICHCTBYIOIICH Ha 3JCKTPOH, Haxoasiuiics B Touke 0.
Jlureparypa

1. CasenwseB U.B. Kypc ¢usuku B 3-x Tr1.: T. 2: Dnekrpuuectso - M.: Hayka, 1970.- 88 5, 7, 10-12.
2. Konmaxos 0. H., ITekap 0. A., Jlaryn 1. M. DiieKTpHueCcTBO U MarueTusm,- u3a. Tyal'y. 2008,ri.1 88 1,2,6,7.

Pabora Ne22. I3mMepeHne conpoTUBICHHH TPOBOJHUKOB MOCTOBBIMU CXEMaMHU

Qem, [ga60T1,1: O3HAKOMIJICHHUC C NpUHIUIIAaMH pa6OTI)I MOCTOBBIX CXEM, OMNPECACIICHNUEC YACIbHOTO COIMPOTUBJIICHUSA C 110~
MOIIbIO MOCTa Y UTCTOHA, OIpEACICHUE COIPOTUBJICHU IraJIbBAHOMETPA € MTOMOIIBIO MOCTa TomcoHna.

TeopeTnueckoe onucaHue
DOnexTpudecKkasl CxeMa yCTaHOBKH IpHBeeHa Ha puc.66. M3Mepenne ynenpHOTO COMPOTHRICHHS y9acTKa MPOBOIA IITH-
HOit |; ¢ nnamerpom d He TpeOyeT HCMONB30BaHMST MOCTOBOM cxeMbl. B aTom ciywae kimroun S1 u S2 pa3soMKHYTHI, U IPOBOA

HAMPSAMYIO NOACOeTUHEH K HCTOUHUKY TocTosiHHON DJIC € (puc.67).

o d
W3mepsist Tok |, Tekymmii o y4acTky mpoBoja |y, JUIHHY KOTOPOTO MEHSIOT JBHK- S3
KoM Kponmireiina K, a Takxke nagenne Hanpsokenus U Ha HeM (€ro MOXKHO MEHSTH C IIOMO- RlD -1, Ry Roy 77
IIBIO JBMKKA peoctara R), HAXOAUM CONPOTHUBIICHUE POBOIA <
R =Ry = U/l R T

v X
(3akon Oma). DTO COMPOTHBIICHHE CBS3aHO C UIMHOM mpoBoaa || u ¢ mwio- r

S2

IAJ(bI0 TIOIIEPEYHOI0 CeYeHHs S = T[d2/ 4: Ryp = ph/S, otkysa Haxomum

BEJIMYMHY Y/IENBHOTO CONPOTUBIIEHHUs MaTepuania mposoga P =US/ | ly . Puc.6€

MexaHu3M BO3HHKHOBEHHS SJIEKTPUYECKOIO CONPOTHBIEHUSI MOXXHO OOBSICHUTH KAaueCTBEHHO. CBO-
00/1HBIE DJIEKTPOHBI B IPOBOAHHUKE YCKOPSIIOTCS 3JEKTPUYECKUM I10JIEM, CO3/IAIOIIUM TOK, HO HE MOTYT IPHOO-
pecTH GOJIBIIYI0 CKOPOCTh, TaK KaK PACCEMBAKOTCS B CTOPOHBI MPU B3aUMOJEHCTBHU € _o# oA ot
JNMEKTPUYECKUMH MOJSIMH HEMPEPBIBHO KOJICOMIOIUXCS aTOMOB mpoBoaHuka (puc.68). @
Kak BUIHO, 37€KTPOHBI ABMKYTCS XaOTHUECKH M CMEIIAIOTCS MIPOTHB AJICKTPHIECKOTO A

A B N
= . L . y @ /@
nojiss E ¢ oyens HeGOIBIION yepeHEHHOM npeiidoBoil CKOPOCThI0 U <1 MM/C, co3aBas 2JIeKTPUYECKHUIA /g \é>< £ 7
j=-enu=Ep. Il i i a7 A7 o it
TOK C IUIOTHOCTBIO | =—enU= E/p. [IpaBmibHO Takoil mpolecc ypaBHEHHWSIMHU Kiacchueckoil dpusukn (@ @) e
onucath Helb3s. PaccesHue 3JeKTPOHOB HA TEIJIOBBIX KOJEOAHUSIX aTOMOB PELIETKH MOIYHHSIETCS 3aKO- E<—m">0
HAM KBaHTOBOM (M3MKH. MOXHO CKa3aTh, YTO BEIUYHMHA yJEIHHOTO CONPOTUBIICHUS P 3aBUCUT OT KOH- Puc.68

LeHTpauuu N CBOGOL[HLIX QJICKTPOHOB U ATOMOB, OT KOH(l)I/IpraIII/II/I HX DJICKTPOHHBIX 06na1<013, OT OpUCH-
Taluu U 0COOEHHOCTEH TEIIOBEIX KOJIEOaHMI aTOMOB Cpeabl, OT TEMIIEPATYPHI. Yewm cunbHEE paccesaHue CBO60Z[HI)IX DJICKTPOHOB,

TeM MeHbIIe UX IpetidoBas CKOpocTh U HANpaBIEHHOTO IBIDKEHHS, TeM OOJbBIIE HJIEKTPUIECKOE CO- LI=T
- 1 3
MPOTHUBIICHUE U MCHBIIIC BEJIMYMHA TOKA | . R, In \J/ Ry i
=
[pu 3ambikanud Kioda S2 cxema Ha puc.66 o6pasyer Moct Yurcrona (puc.69). B mannom  Al—=—[ B e
ciydae npasuia Kupxroda aiis pa3BeTBICHHOH eI UMEIOT BUIT: I =0+l o=l o4 o l,SI Ry e
=lptlg=lot 4 R, R Egr
31ech Rﬂ — COIIPOTHUBJIEHHE Jlha- |)1 =ly=lq1=l 3= 4 1 LT 1
_ o . ¢
ronanu mocta AB, | — Tok, TeKymmii o I3Ry+ 1R, = 1R =0; Puc.6
9TOM auaroHanu yepes kimou S1.Hamnpas- - - =0
A p P 14Rx = 12Ry = 1; R, =0

JICHUsI TOKOB yKa3aHbl Ha puc.69.
[ (R+r1)+11R + 1R, =E.
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Pemure 3allMCAHHYI0 CUCTEMY ypaBHeHI/Iﬁ u yGC,HI/ITeCL, 4YTO II0 JuWaroHainu MoCTa OOJDKEH TCYb TOK

_ RR-RB _
" R(R+*R+R+ R)+( B+ B( B B

Huu ycnosud [RyR = Ry B|. B atom ciayuyae I3 =14, |1 =15, u npu BKIIOYEHNH WK BBIKIIIOYEHUH Nepekitoyarens S1mnokasa-

I MocT Oyaer ypaBHOBEIIEH, €CJIM ATOT TOK PaBeH HYJIIO, T.€. IPU BBINOJIHE-

HUS BoJIbT™MeTpa V Ha puc.66 He MEHSIOTCSI.
MocToBast cxeMa YHUTCTOHA MO3BOJISIET ONPENENHTh HEM3BECTHOE COTNPOTHBIECHNE R, , ypaBHOBEIMIMBAsS MOCT ABIKKOM

kponurreiina K. Tak Kak CONPOTUBICHHS y4acTKOB IIPOBOJA MPONMOPLUHUOHANbHbI UX miuue, R=pl/ S, to, kak BuxHo U3 puc.66,
R =R |_1/( I-1y) , rae | —obmas amina nposoza.
Takas MOCTOBas CXeMa IMO3BOJLIET AOCTATOYHO TOYHO HM3MEPUTh BelHYUHY comporuBieHus R, >1Om. Ho mpu

MEHBIIEM COIIPOTUBJICHUA HeO6XO,I[I/IMO YUYUTBIBATH CONPOTHUBJICHUEC COCAMHUTCIIBHBIX ITPOBOAOB M, T'JIABHBIM 06p8.30M, COIIpO-
THUBJICHUC KOHTAKTa B MCCTE IMMOJACOCAUHEHNA COCANHUTEIILHOTO ITPOBOAA C UBMEPAEMBIM COIIPOTHUBJICHUEM, UMCIOIIIUM BCINYNHY

Reour > 1074 Om. INosromy mansle conpoTusienus R, <0,10M npumauBaroT K COSUHUTEIBHBIM IPOBOJAM HE B OJHOM, a B

JBYyX MECTax, MCIOJIb3Yys [ M3MepeHnii Moct ToMCOHa, HMEIOLINH JOMOIHUTEIbHYI0 anaroHans Rg — Ry (puc.70). Ecin ator
R, RR R_R
R R+R+Rl R R

Conporusnenus Ry u Ry mopbuparor Tak, 4ro6bl BeinonHsIoch yeinoue Rp Ry = R Ry. IIpu sTom

(1,=0)
MOCT ypaBHOBELIEH, TO 10 auaronand AB Tok ne Tewer * * .Bortom ciiyuae R, = Ry

BKJIaJ] CONPOTHUBJICHUH JIBYX KOHTAaKTOB B MECTE IT0JICOEAMHEHUS PE3UCTOPOB OyJIeT CKOMIIEHCHPOBaH
U €r0 MOXKHO He y4uThIBaTh. IIpu 3TOM TOK B conpotuBienun Ry orcyrcrByer. [IpoBeputh ycioBue
paBHOBECHSI MOKHO paspbiBasi KOHTAKT 1er KimodoM S1 prc.70). Toku B mIe4ax MOCTa He TOJKHBI
U3MEHHThCsS. 3aMeTHM, 4To B 3ToM ciaydae R, = Ry R/ R, T.e. ypaBHoBeiuenustii Mmoct Tomcona 1a-

©T TOT K€ Pe3yNlbTaT, YTO U MOCT YHTCTOHA, HO MO3BOJLIET U3MEPHUTh BENMYMHY R, 3HAUHTEIBHO r
TOYHEe.
Iopsaok BeINOJHEHHS PAOOThI
Ornrcanue yCTaHOBKH Puc.70
— OOmmii BUJ yCTaHOBKH mpezcTtabieH Ha puc.71. K ocnoBanuro (1) npukperuieHa Ko-
T 4 noHHa (4) ¢ HaHeCeHHOU MeTpHuyeckoi mmkajoi (6). [ToasuwkHbIM KpoHiTeiH (5) MoKeT
_/ MepeIBUraThCsl BAOJIb KOJOHHBI. MeX/y BEpXHUM M HH)KHUM HEMOJBMIKHBIM KPOHIITEH-
i {— 5 HAMU HATAHYT pe3ucTuBHBIA mpoBoj (3). Haxarne kiaaBumu S npubopa (2) BeI3bIBaeT
BKJIFOUCHHE HAMPSDKEHUS [IMTAHUs, TIPH 9TOM BbICBeuuBaetcst uuaukatop (7). [lepexiroue-
% /6 HHEM KIaBUIIN S2 BbIOHpaeTcs BUI paboThl ycTaHOBKH (MOCT ToMCOHA WITH Ompe/eseHre
2 - 7 yIEIBHOTO COIPOTHBIICHHUS TPOBOTHUKA).
) h [epexmovenue KaaBuiy S3MO3BOJISIET TOYHO TOK WM HAMPSHKEHUE PH HUKHEM
(=] NOJIOKEHHUHU neperuovartens S1u Haxaroi kinasuime S2.Knasuma S3Taxoke CIy Ut Juist
A - 6}? nepekiodeHus pesuctopos RO B mocty ToMcoHa mpu oTkatoi knasuiie S2.Pyuka pe3u-
ctopa R no3BoJisieT peryaupoBarh CHIIy TOKa B CXeMe.
S1 S2 83 !
2 o — o OrmnpejiesieHre yIIbHOIO CONPOTHUBICHHS PE3UCTUBHOIO MPOBOIA.
= = VYcraHoBute pesxxuM pabOThl YCTAHOBKH JJISI OIPENICNICHHsT Y/ISIbHOTO COMPOTHB-
Puc.71 JIeHHUs MPOBOJHUKA. J{JI 3TOro HE0OXOAMMO MPOU3BECTH CICAYIOLIME ONEPALHU C Mepe-

KITFOYATEIISIMU M KIIABUIIIAMHU:

1.ocraBuTh nepekitovaTesib S1B HIDKHEE MOJI0KCHHE.

2. Haxatp xnaBuiry S2 fonoxenue V — mA).

3. KnaBumia S3 B HaxkaToM moJsioxkeHud. [Ipy TakoM MOJIOXKECHUU TEepeKIoYaTesel U KIaBUIled BKIIIOYCHA cXema, U30-
OpaxeHHast Ha puc.67.

4. BxirounTe BUIIKY IPOBOJIA OT YCTAaHOBKH B po3eTKy HanpsukeHnem 220B. Haxmure knasuiny S (CeTs).

5. IlepeaBUHBTE MOJBWKHBIM KPOHIITEWH Ha KOJOHHE Ha 35 cM OT ocHOBaHUS (HEOOXOIMMO ONPENEIHUTh OJIOKEHHUE
PHCKH Ha TOABW)XHOM KPOHINTEHHE IO IIKaje Ha KOJOHHE). Perymstopom Toka R ycraHoBuTe Takoe 3HAYCHHE TOKa, YTOOBI
BOJIBTMETP MMOKA3bIBAJ MPUOIU3UTENLHO 2/3 U3MEPUTEIHHOTO qHAIIa30Ha.

6. 3anumuTe MOKa3aHUs aMIIepMeTpa ¥ BOJIbTMETpa B Ta0uiy 1.

7.3HaucHNe HANPSDKEHUS M TOKA U3MEPhTE IS TPEX Pa3IMYHbBIX JJIUH MPOBOJIHUKA.

8. Berunciute yaeapHOe CONpOTHBICHHE MpoBoHuKa 1o Gopmyne p =US/ Il , roe U — HanpsikeHHe Ha TPOBOAHKKE;
| —Tok B MpOBOIHMKE; | — IUTHHA IPOBOJHUKA; S— IUIONIA (b €TO MOTIEPEYHOTO CEUCHHUS ISl TPEX MPOBEJICHHBIX H3MEPCHHIA.

Jlanuble 3aHecTd B TabMIy 1.
Tab6muma 1.

Nerw/m | U,B [I,10°A [I,m | S M pi, OM-M <p>, OmMM | Ap;, OM'M | <p>0Om-M | Ap, OM-M E %
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9. PaccunraiiTe cpeaHee 3HaYECHUE YACILHOTO COMPOTUBIICHHS <p> .

10.Omnpenenure cirydaiiHple OTKIOHEHU AP = P —(p) JUTS KaKI0ro u3Mepenus | =1,2,3 u cpeHee KBaapaTHIHOE

/ 1
OTKIIOHEHHE S = —].Z(Api )2 . Beraucnute morpenraocts AP pesynbraTa n3MepeHuit: Ap = S/ V3 , @ TAK)KE OTHOCUTEIIb-
n —

HYIO NIOTPEUIHOCTh E = % [100%. Pe3ynbrarhl BEIYHCIIEHUH 3aHECTH B Tabiuiy 1.
p
11.3anmcats pe3yabTaT B BUue: P = (<p> + Ap) OM-M: p= ( ............ G R OM:M

OmnpejienieHye CONPOTHUBICHNS raJbBaHOMETpPa C MOMOIIbI0 MocTa ToMcoHa.

1. Cxema mocta Tomcona moka3ana Ha puc.70. st BKIFOUCHHS TaKoil cXeMbl HEOOXOAUMO OTXKaTh Kiapuiy S2 (roso-
YKEHHE — MOCT)

2. [lepexmrouatenb S1,pa3pbIBaloNuil JUaroHaIb MOCTa, IOCTABHTE B HIDKHEE MOJIOKECHHE; OTOKMUTE KIaBUITY S3,mpu
9TOM B ILIEYO MOCTa MOAKII0YAETCs epBbIi pe3rcTop Ro;.

3. Perymstopom R (puc.71) ycTaHOBHTE CTPENKY BOJABTMETPA TaK, YTOOBI OHA HE 3allIKAIMBaIa.

4. TocraBbTe nepekioyaTenb S1B BepxHee MOJ0KEHHE, TP ITOM MOKa3aHHEe BOJIBTMETPa U3MEHUTCS; TIepeBHUrast 1o
MPOBOJIY TMOJBIKHBIN KpoHIITeHH 5 (prc.71), nobeiitech mepBOHAYATBHOTO MOKA3aHUS BOJBTMETPA (Kak W TPH HIKHEM TIOJIOXKe-
HUHM Tiepekirouatess S1),T.e. ypaBHOBECHTE MOCT.

5. [IpoBepbTe paBHOBECHME MOCTa IEPEBOJIOM Iepekmodartesisi S1 B HU)KHEe M BHOBb B BepxHee nosioxeHue. Ctpenka
BOJIETMETpA IIPH 3TOM HE J0JDKHA U3MEHSITH CBOETO MOJI0KCHUS.

6. 3anuinuTe 3HAUYCHNUE COMPOTUBIICHUS MOIKIIOUEHHOTO pe3uctopa Ry 1 JunHy mpoBogHKKa |1 OT OCHOBaHHMS 10 PUCKH
HA MOJIBHXKHOM KPOHIITEHHE B TaOmuIy 2.

7. BepHute nepexnmodatens S1B HIbKHEe MOJIOKEHHE, pa3phiBas JUaroHaslb Mocta. Haxkmure kiaBumry S3,TeM caMbIiM
MOJIKJIFOYast B IUIEY0 MOcTa BTOpoil pesuctop Ry, IlepeBeante nepexiodatens S1B BepxHee MOJ0XKEHHE, 3aMbIKasi AXArOHAIb
Mocra, [Tokazanue BosibTMeTpa u3MeHHUTCss. CHOBA ypaBHOBECHTE MOCT MEpPEBUIKEHHEM IMOJBHKHOTO KpoHIuTeiHa. [IpoBepbre
paBHOBECHE MOCTa IIEPEBOJIOM Iepekiiouatenss S1B HIKHEe U BHOBb B BepxHee mosioxenue. CTpenka BoJIbTMETpa IPU ITOM HE
JIOJDKHA U3MEHSITh CBOETO MOJIOXKEHHUSI.

8. 3anurnTe 3HAYCHHE COTPOTHUBIICHHS MO IKIIIOUCHHOTO pe3nuctopa Ry, 1 HOBYIO JUTHHY MPpOBOAHKKA |; OT OCHOBaHHMS 110
PHUCKH Ha TOJBIKHOM KPOHIITEHHE B TaOMUILy 2.

9. IloBTOpHTE MyHKTHI 2—8TpH IBYX APYTHX 3HAUCHUSIX HAMIPSDKCHHS, U3MCHSISI €r0 peryistopoM R.

Iy
10. ConporuBieHue rajapBaHOMETpa Bbiuucaute 1o popmyne Ry = Ry L

1

,tae | = 51cM — arMHa BCero mpoBoja.

9. PaccunraiiTe cpeaHee 3HaUECHUE CONIPOTHUBIICHUS <RX> .

11.Onpenenuts ciaydaituele oTknoHeHus ARy = R —( F)’(> IUTs Ka>KZI0T0 n3Mepenus | =1— 6 u cpenHee KBaJpaTHIHOE

2 .
OTKJIOHEHHe S = (A Ri ) . Berauciute norpemnocts AR, pesynbrata uamepenuil: AR, = S/ V6 , a Taxke otHOCH-

R
TEIHHYIO MOTPENTHOCTh E = (R X> [100%. Pe3ynbTaThl BEIYMCICHUA 3aHECTH B TadmUITy 1.
X
11.3anucars pesynbrar B Buge: R, = (( R)*A R() Om-M: Re = (v o ) OM-M
V3MepeHust 1 OKOHYATEIBHBIN PE3y/IbTaT 3aHECUTE B TaOIHIly 2
Tabuuma 2.
Nen/n | Ry, Om l4, c™M R, Om <Rx> ,OMm | AR, Om AR, Om E, %

KonTponsHble BOpock! K 1abopaTopHoi padore Ne 22
1. OOBsicCHHTE MEXaHM3M TIOSBJICHHUS JJIEKTPUIECKOTO TOKA B MeTayutax. Kak ABMKYTCsl CBOOOHBIC 3JICKTPOHBI B METALTHYECKOM
MIPOBOIHHUKE, MTOJKIIOUEHHOM K HCTOUHHKY HampsukeHus1? [loueMy Masia CKOPOCTh X HAIIPABICHHOTO JBH)KCHUS ?
2. TTo kako# MpUYKMHE BOZHUKAET JICKTPUIECKOE CONpoTrBiIcHre? Kakyro BeIMUMHY HA3bIBAIOT YACIbHBIM CONPOTUBICHHEM? OT
YEero oHa 3aBHUCHT?
3. Kak BBIYHCIUTH COMPOTHBIICHHE OJTHOPOIHOIO YIaCTKa IIPOBOJHKKA, 3HASI €70 Pa3Mephl?
4. Copmynupyiite 3axkoH OMa Uit OTHOPOJHOTO YYACTKa MPOBOJIHUKA B OOBIYHON U B IOKAJIBHOU (opMe.
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5. IIpoBoJioKa MOJIKIOYEHA K HCTOYHHMKY HOocTossHHONM DJIC € ¢ BHYTPEHHHM CONpOTHBIeHHEM I. Jlnuny | &
MpOBOJIOKH yBenumin B 4 pasa. Kak Hao usMeHuTs , tuameTp d mpoBOJIOKH, YTOOBI TEKYIIHIA IO TIPOBOJIOKE d
TOK HE NU3MEHHUIICS ?
6. Chopmynupyiire npasuina Kupxroga. O0bscHUTE, KaK UMH T10JIb30BATHCA.
7. 3amummre cucTeMy ypaBHeHHWi mnpaBwmin Kupxroda st onpeneneHus TOKOB B HEypaBHOBEIIEHHOH MOCTOBOM
cxeme, M300paKeHHON Ha pHUC.A.
8. Cnenaiite BBIBOJ yCJIOBHSI PABHOBECHSI MOCTOBOI CXEMBI.
9. UeM OTJIMYAIOTCS MOCTOBBIE cXeMbl YUTCTOHA W ToMmcoHa? B kakux ciaydasx OHU MpUMEHSIOTCA? MOXKHO JIH
HCIIONIb30BaTh cXeMy ToMCOHa BMECTO CXEMbI Y HTCTOHA?
10. OnpenenvTe BeTUUUHY U HamlpaBleHUE TOKA, MPOTEKAIOIIETO Yepe3 conpoTuBieHne R Ha puc.b,

R
Te ey THe €,=10B, €,=5B, R=100m, a BHyTpeHHUE CONPOTHUBIEHUI 0OOMX HCTOUHMKOB DJIC
Puc.b paBHbl [ =10M . URl
11. 3anuumure cucremy ypaBHeHui (mpasuin Kupxroda) ms onpeneneHus TOKOB, MPOTEKAOIINX B pas- REZ Epr
BETBJICHHOH 1IeNH, M300pakeHHOHU Ha puc.B. er e R,
3270 T Gau.F
Puc.B

Jluteparypa
1. Casenses U.B. Kypc ¢usuku B 3-x Tr1.: T. 2: Dnexkrpudectso - M.: Hayka, 1970.- 88 31-33, 35,36.

2. Konmaxos 0. H., ITekap 0. A., Jlaryn 1. M. DiieKTprUYeCTBO U MarHeTusm,- u3a. Tyal'y. 2008,rin.5 88 1-7.

Pabora Ne2 3. PenakcanmoHHbIE KOJIEOAHUS

[{enib pabOTHI: UCCIIEOBAHUE XapaKTepa PETaKCAIIMOHHBIX KOJICOAHUI B CXeMe ¢ ra30pa3psiIHOM JTaMIIoi U Onpe/ieeHue
UX MapaMeTpoB.

TeopeTnueckoe onucaHue
TazopaspsgHas maMiia, n300pakeHHas Ha pHC.72, 3aMoTHeHa HeoHOM. [Ipu cpemHeM MmoJio-

xeHuu Kroya Kk Hell moIKiroueH peoctar ¢ OOIUM CONPOTUBICHUEM R, 10 KOTOPOMY TE€UYeT TOK 4 |K R

I, =€/(R+T), cosnannbiii ucrounukom nocrosuuoii IJIC. Ha nammny mnonaercs nanpsokenne U ¢ Ie t o (V) 1R
4acTu peocrarta, uMmerouiei conporusienue R (puc.72). Tlepensuras OBHIKOK peocTata BIIPaBo, —‘Z'X—|Z'3 e r]l
yBEeJIMUUBaeM BeIMUMHY conpoTuBienus R u nampsxenus U = |4R;. HelitpanbHslii ra3 — gocrarou- 1

HO XOPOIINH JUANEKTPUK, X TOK B JIAMIIE IPAKTHYECKH OTCYTCTBYET. Puc.72

Ho xorma manpspbkenne U gocturaer 0OJBIION BEIMYHHBI, pabdoTa 10 YCKOPEHHUIO 3JIEKTPOHA, BBUICTEBIICTO C aHOJA,
TPEBBINIAET SHEPTHIO HOHM3AmMK atoMa HeoHa, A=eU> B o0y, - Hameraiomui 51eKTpoH BEIOMBAET JJIEKTPOH W3 aTOMA.
Jaiee Ba 37EKTPOHA YCKOPSIFOTCS, BBIOMBAIOT €IIe JBA JIEKTPOHA H.T.II. YHUCIIO 3JIEKTPOHOB, MOMAJAIONINX Ha aHOJ, U UOHOB,
MePEMEIIAIOIIUXCS K KaTOLy, pacteT aBuHooOpasHo (puc.73).[lostomy pe3ko pacter Tok | , mpoTeKarouii uepes JIaMIry U pe3-
ko ymensmraercsa e€ comportusienne R, = U/ |. Jlamma “3axuraercs”. IIoMHUMO HOHU3AIM¥ IIPOUCXOJUT

npotiecc Bo30YyXKIEHHsI aTOMOB, KOTOPbIE HAYMHAIOT UCITYCKaTh CBETOBbIE (POTOHBI. ['a3 cBeTHTCS.

Ecnu Teneps ymeHbinath HanpsbkeHue U, TO B KaKOH-TO MOMEHT HEPrHU 3JEKTPOHOB HE XBaTaeT
JUTSl MOHU3AINH, U JlaMTa “TacHeT . 3a)xedb JJaMIy BCerJa TpyAHee: HeoOXoauMa OOJIbIas SHEPTHsl IS BbI-
JIeTa 3NEKTPOHA U3 XOJIOMHOT'O KaToJa, ¥ HeoOXOAUMO CO3/1aTh B JaMIle OOJIBIIOE YHCIO CBOOOTHBIX DJICK-

TPOHOB U MOHOB. B “ropamen JIaMII€ UX MHOT'O, KaToJ HarpeT OOJILLINM TOKOM |, 1 MO2TOMY

HanpspbkeHue 3axuranus U, Bcerna 6omblie Hanpsbkenus ramenus U, .

Knrouom K noakinrouum B 1ienb KoHaeHcatop ¢ émkocthio C. Eciu ammna He ropwr, a)]
To € comporuienne R > R . Konnencarop maumnaer 3apspkartbesi. IIycTb KOHIEHCATOp [k
nojacoennHeH k uctounuky DJIC gepes conporuBnenue R
(puc.74a). lpasuno Kupxroda mis storo koutypa U + IR =¢ . IMoacrasnsem | =dg/dt, E}E —E

Uc =q/C, pasgenseM MepeMeHHble W MHTEIPUPYEM  [OJNyYEHHOE  yPABHEHHE

1 dg _ 1§ ; €C-q)_ t
J.i = ——jdt , uTo Ja€t In| —— |=—-——. OTcroza cieayeT, 4yTo 3apsl U HampsoKe-
14-€C  RCy €C RC

HHUE Ha KOHJEHCATOPEe PacTyT CO BPEMEHEM SKCHOHEHIIMAIbHO! q(t) =CU¢ (t) = EC(l— eXp(— i/ RQ) .

I +1; =1y
Hamra cxema BKIIOUCHHS KOHIEHcaTopa 6oiee ciaoxHa (puc.74p). [Tpasuna Kupxroda 1t Heé uMmerot Bux 1 |, (R -R+ r) +Us =€
Uc-11R =0.
d € R+r
Uckimrouast toku |, u |, , mpuxoxum  ypasrenuto | = da_ o-fBq,rme a= ,B= .
dt R-R+r CR(R- R+ )

Kak u panblie, pa3aensieM MepeMeHHBIC 1 HHTETPUPYEM, j% = jdt *),
a-pq
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€
HOJTy4ast 3aKOH YBEJIMUYEHHs NaJICHHs HAIIPsKEHUs IIPU 3aps/ike KOHJIEHcaTopa ¢ TeueHneM Bpemenn U :% = R—?r(l— exp(—t/ [3)) .

Korna nanpsikenne U JOCTHraeT BETMUUHBI HAMPSKEHUS 3aKUranus Jamnsl U, , Jamma 3akuraercs. A Tak Kak e€ co-
npotuBieHre R, O4eHb Mano, TO KOHAGHCATOp HA4YMHAET paspsbkaThes depes jammy (puc.74p). Ilpasuio Kupxroda
dq dg dt
Uc +IR, =0 maer —=-R,— . UnTerpupys, |— =-— J'— , TTOJTydaeM 3aKOH pa3psjia KOHIeHcaTopa:
C dt R C
q(t) = CUc () = gyexp(-Y R .

le/[ paspsaAc NaaCHUC HaANpSXKCHUA Ha JIaMIIC YMCHBIIACTCH, NOCTHUIACT HANPSDKCHUA —  --------—"""N\ ii====

ralmcHus Ur, JlaMIia TaCHET, U KOHACHCATOP CHOBA HAYMHACT 3apsKaTbCiad OT UCTOYHHUKA SI[C (]3 """" y A

U~ 3apsaKa
C KOHJIeHCcaTopa
=\

Bo3HuKalOT aBTOKOIe0aHHs — He3aTyXaroliie Kojaebanus, Ui NOoAep KaHusl KOTOPbIX He TpeOy-

eTCsI pUJIarath BHEIIHEe KoJieOaTelbHOe BO3JICHCTBIE — JJaMIla TO 3aropaeTcsi, TO TaCHET, a Ha-

IpsDKeHUE Ha KOHJEHcAaTope mepuogudecku Mensercs B npenenax U, <Ue <U,, kak moxas3aHo

Ha puc.75. Puc.75
H3-3a Maoro conpoTuBIeHNS 3axokEHHON Tammel R, < R paspsin koHIeHcaTopa depe3 He€ MPOUCXOIUT OYEHb OBICTPO

‘s—paspsin

\TfOH,I[eHcaTOpa I3

(naMna MUTAET KOPOTKUMHA BCHI)IIHKaMI/I). MOo>HO cuMTaTh, 4YTO nepuon konebauuii T PpaBCH BPEMCHH, 3a KOTOPOC KOHACHCATOP
3apsAKaCTCA OT HAIIPSXKCHUSA Ur J0 HalpsAKEHUA U3 .

Bu1600 pacuemmnoii ¢popmynst. Utobbl Haiitu Benunuuny 7, caenaiite B 3anucaHHoM Bbime ypasherun (*) sameny =UcC, u

Us T
1-CBU, /

npeobpasyiiTe ero K BHIY j _dYe —Bj dt. Bbelumcnsts uWHTErpam, Mmoiaydute T = —lln 1-CBY, /a . VYurure, urO

g.Uc—(a/CB) T B |1-CpU, /a

R+r)U
CBY, _ % <1, Tak KaK B ncnonb3yemoii ycranoske Bemmanna DJIC €3> U, . Tak kak In (1+ X) OX mpu X <1, monyuennsiii pe-
a il
C(R-R+r
3yJbTaT NPUHUMAET BUA T = E(U3 - UF) = w(u3 - UF) .
a

HpI/I HCU3MCHHOM II0JIOKECHUU ABUKKA peocTaTa Rl nepuoa MUraHus JaMIibl 6y,ueT mponopuruoHajICH €MKOCTH I10JICOE-

nuHeHHoro koHgencaropa, T ~ C . IToacoenunss Tymbaepom K (puc.72) To sranoHHslit koHIeHcaTop ¢ éMkocThio C, , TO Hccie-

ﬂyeMHﬁ KOHACHCATOP, MOXKHO, UBMCPUB IICPUOAbl MUTAHUA JIaMIIbl, BLIYUCIIUTH €0 HEU3BCCTHYIO EMKOCTh
C, =CT, /T, . (116)

Tlopsigox BeIOJHEHUS PaOOTHI
A. TTocTpoeHue BOJbT-aMIIEPHON XapaKTEPUCTUKNA HEOHOBOM JIaMIIBL.

1. Pa3bepuTech B Ha3HAUCHHUH JJIEMEHTOB CXeMblI (pHc.76).

2. Perynaropel R1 u R2 noBepHuTe 10 yrnopa npoTHB 4acOBOW CTPEJKH, Iie- @ S, R,
peximouatenb S1ycTaHOBHTE B HEHTpPaIbHOE MOJIOKEHHE. rla

3. BriitounTe ycTaHOBKY B CETb. Cx[ T C» 6/)

4. MeieHHO yBeNMUMBas HAIpsDKEHUE C MOMOIIBIO moTteHnuoMerpa R1, 3a- 63
MeThTe MOMEHT 32KMI'AHHs JaMIbl (CTPEJIKa MUKPOAMIIEPMETPA PE3KO OTKIOHHTCSA OT ‘]~
HyJ1s1). BonbTMeTp nokaxeT HanpsokeHue 3axuranus Us (kHonky S2B mporecce u3Me- S, { G
pEHUii 1epKaTh 3aMKHYTOIA). R

5. Iponomkas yBennuuBaTh Hanpspkenue U, 1 yepes paBHbIE HHTEPBAJIBI €r0
U3MEHEHHs, H3MEPSIEMOT0 BOIBTMETPOM V, H3MepsIHTe TOK, TEKYLIHil 4epe3 JaMIry. Puc.76

6. [Tocie NOCTHXXEHUSI MaKCUMAaJILHO BO3MOXKHOTO HAIIPSDKEHUS HAYHUTE YMEHb- Ta6mumal.
IIATh €ro 0 MOJHOro rameHus Jamisl (Ur), Takxe 3alKChIBas 3HAYCHHS TOKA. Tipu yeemme- | Tipy yMemn1me-

7. Jannbie 3aHecuTe B Ta0umy 1. - -

8.Tlo naHHBIM Ta6111/1111,1_1]c Ha OJTHOM I10JIe IOCTPOMTE /1Ba rpauKa 3aBUCHMOCTH HATIpSOKEHTS HATDSOKEHTS
Toka B namre ot Hanpsokenus | = f(U) (mpu yBennuennu u npu ymensiuennn U). UB | LvxA | U B | I vxA

b. Onpenenenre BeINYMHL HEN3BECTHON EMKOCTH.

1.Tlepexmouarens SlnocraBsTe B nojoxenne C, (B LENb BKIOYAETCS STaI0H-

HBIl KOHAEHCATOp, EMKOCTb KoToporo C, mpuBeieHa Ha yctaHoBKe). Pyuky R2mosep-

HUTE 70 yIopa MNPOTUB YaCOBOM CTPENKH.

2. Ouensn MCIJICHHO YBEJIWYUBAsA HANPAKCHUEC, ﬂ06eﬁTeCL BO3HHUKHOBCHHSA KOJIC-

OaHuil ¢ KaKk MOKHO MEHBIIEH lIaCTOTOI‘/‘[, Ha6J'I}O,HaeMI>IX 10 MMT'aHUIO HEOHOBOM JIaMIIOY-

kn. Usmepbre Bpemst t, N = 10muranuii namnouxu. ITo popmyne T, =t, /10 paccunraii-

Te TepHO KOJeOaHHH.

3. He Tporas ocranbusie peryasropsl R1 u R2, nepexmouarenem S1 Bkiroun-

Te B LIeNb KOHJeHcaTop HensBecTHOH eMkocTu Cy M3mepste Bpems t, N = 10muranuit

JIaMIIOYKH U OIIpe/ieNIuTe nepuoj konebanuit T, =ty /10 .

4. CornacHo ¢opmyne (116)naiinure HensBecTHYIO eMKOCTh C, .
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5. PesynbraThl 3aHecure B Ta0uuIy 2.
Tabiuma 2.

c| Ty.c| C,,Mx® | Cy, Mxd

t,,e| t.,c| T

R

KoHTpoabHbIe BOMPOCH! K JabopaTtopHoi padote Ne 23
1. [TepBonayanbHO KOHAEHCATOP ¢ EMKOCThIO C B M300paskeHHOW Ha puc.A nenu ObuT He 3apspkeH. Kimou K 3aMk-
HYIH, TIOJCOSIHHSI KOHIEHCATOp K HCTOUHNKY TocTostHHON D/IC € depes comportusinenue R. cmons3ys mpapuno | € Kj
Kupxroca, 3anummre ypaBHEHHE 3apsAAKH KOHICHCATOPA, PEIIUTE €ro, HAXOMs 3aBHCHMOCTh HANPSDKCHUS Ha 00- R C

Ki1aakax konaencaropa U ot Bpemenu t. Hapucyiite rpadux 3aBucumocta Us =U (t) . Puc.A

2. Kongnencatop ¢ ¢ émxocteio C B 300pakeHHOil Ha puc.b nenu umen 3apsan (. Kmou K 3amknynu. Mcnons3sys |—k1
npaBuio Kupxroda, Bbr4MCITE 3aKOH M3MCHEHHs 3apsijia Ha KOHACHCATOPE OT BPEMEHH M HAPUCYHTe rpaduk 3aBU- [1p %o
CHUMOCTH ( = q(t) . c

3. KaxyIo poJib UrpaeT B JaHHOM paGoTe 3aONHEHHAs HEOHOM j1aMIouka? [loueMy B MOMEHT 3aKHraHus OHa HaumpHa- DHC.b

eT cBeTHThC? Kak M3MEHSIOTCS apaMeTphl IS B MOMEHT 32)KUTaHUsl U B MOMCHT TalieHus Jammoukn? Kak mporecc nonmsa-
L[UM Ta3a B JIAMIIOYKE BIHMSICT Ha MpOTEKaromuii uepe3 He€ Tok? Kak MeHseTcs CONPOTUBICHUE JIAMITBI MPH ¢€ 3a)KUTaHUH U Ta-
EHUH ?

4. TTouemy nipu 3amMbIKaHu® Kiroda K Ha puc.72 mamMnodka HaYMHAET MUTaTh? UTO MPH 3TOM MPOUCXOANT C HANPSHDKEHUEM Ha 00-
KJaJKax KoHjaeHcatopa? Kakas BelTMuMHA HCIIBITHIBACT PEIAKCAIMOHHbIC KOJICOaHus, U 10 KaKOW MpHIHHE?

5. [Touemy HampsbkeHue 3axuranus Us ra30HANOTHEHHOH JIaMITbl OoJIbIle, YeM HanpspbkeHue e€ ramenus Ur? [Touemy mpu 06-
patHOM cooTHomeHnn Ur > Uz penakcarimoHHbIe KoJIeOaHUS BOSHUKHYTh HE MOTYT?

6. B siekTpudeckoil 1enu s U3ydeHus pellakCallioOHHbIX Kojebanuii koHmeHcatop éMkocteio C; = 3600n® 3amMeHSIOT KOH-
neHcaropoM ¢ éMKocThio Cp = 900n®d. UTo mpou3oiineT npu 3TOM C IMEPUOIOM PEIIAKCAIIMOHHBIX KOJICOaHM?

7. Cpenaiite BbiBoA pacuetHoii popmynst C, = CT, /T, .

Jluteparypa
1. Casenses U.B. Kypc ¢usuku B 3= Tr.: T. 2: Dnekrpuuectso - M.: Hayka, 1970.- 88 24,25, 33, 35, 36, 84-88.

2. Konmaxos FO. H., TTekap 0. A., Jlaryu U. M. DniekTpruectBo U Maruetusm,- u3a. Tyal'yY. 2008,rn.4 881,2rn.5 881,5-7.

Pabota Ne24. TepmodniekTpuuecKue sIBJICHUS

[{enb paboTHI: O3HAKOMIICHHE C TEPMODIICKTPUIECKUMH SBICHUSAMH, TPaIyHpOBKA TEPMOIIAPHI U OIIpeaesiCHIe YACTbHOM
TEPMODJICKTPOIBHKYIIEH CHIIBI.

TeopeTnueckoe onucaHue
HUccnenyemast B paboTe TepMomnapa — 3TO 3aMKHYTas [IEIb U3 MPOBOJIHUKOB, H3TOTOBICHHBIX U3 Pa3-
HbIX MeTauioB (puc.77). Eciu koHTaKkThl (Crau) MPOBOJHHUKOB IMOJIEPXKHUBATh MPU PA3HBIX TeMIIEpaTypax

mertamn 1

Ty # Ty, o B nenu BosHukaeT TepMODJIC €y, W MPOTEKACT TEPMODICKTPUICCKHIT TOK j . D10 — 2dhbext

3eebeka. Bemmumnaa tepmodJIC mpomopuHoHaNbHA Pa3HOCTH TEMIIEPATYp: € repmo =0((T)(T1—T2), rae

a (T) —K03(QGUITMECHT, Ha3bIBaeMbIi yaeapHoi TepMoDJIC — 310 BenmnyuHa TepMoD/IC npu pa3HOCTH TeMIe-

paryp nByx cnaeB B AT =1K.

Bui600 pacuemnoii ¢popmynsi. I1onyunTs 3aBUCUMOCTD €y OT Pa3HOCTH Temneparyp Ty — T, HOCTATOMHO MPOCTO, €CIH CUHTATH

ra3 CBOOOAHBIX 3JEKTPOHOB B METa/lIe WACANBHBIM Ta30M. Beck nepemeammii u3 01HOrO MeTaia B APYroi 3apsn, T.e. MepeIIene 3IeKTpo-
HBI MOTYT PacIpeeIUThCs TOIBKO MO MOBEPXHOCTH MeTalia. BHYTpH 00beMa IIOTHOCTE 3apsijia OCTAaeTCsl PABHOM HYITIO narpes, T} >T5

¥ KOHIIEHTPAIUK JJIEKTPOHOB Ny U Ny He MeHAIoTCA. [Ipu MosBIeHHH TEPMOdIEKTPHIECKOTO TOKa depes cmaif |, narpe- " 1i_>_e N

ThIif 10 TemmepaTypel Ty 3a kakoe-To Bpems mepenocutes 3apan —€N, T.e. N 2/IeKTpoHOB, 3aHMMaBmMX B Metamte 1 oo | 1o

o6seM V; = N/ ny mepexomst B MeTaimn 2, Tie 3aHUMArT o0bEM Vo = N/ 1y (puc.78). IIpOHCXOUT H30TEPMUIECKOE H3- 1 . 2

MeHEHHEe o00BeMa DIEKTPOHHOTO Ta3a. PaOoTa, coBepmraeMas Hag Ta30M MpH  H30TEPMHYECKOM Iporiecce -eN<:|]I "

A;=VRTIn(\/ )= Nk ]‘In( R/ Q) , rae Ky — mocrosuuas Boxnbumana. IIpu mepexozie TaKOro e YHCIIa SICKTPOHOB OmmHeHPHe’B? 8
uc.

yepe3 BTopoii cmait || mpu temneparype T, OyzmeT coBepiieHa pabota Ap = NkBTZIn( nz/ "h) . Cymmapnas pabota Hax
9IIEKTPOHHBIM ra3oM Oyaer paGoroit TepmoIIC (mo ompenenenunto DJIC € paHa paGoTe, COBEpIIAEMON HAM MOJOKHUTEIBHBIM 3apSIIOM €/IH-
HUYHOW BEJIIMHEI): ENSTepMO =A+A=Nk(T- 'E)In( q/ nz) . Orcrona

ng

[ﬂTl - T2) =a (T) [ﬂTl— T2) , TI€ €= BeIMYUHA 3apsjia dJIEKTPOHA.

k
€ ="5n
Tepmo T

ny

B ﬂeﬁCTBHTeHLHOCTH MOJIYydYCHHas q)opMyna JACT JIUIIb KAYE€CTBEHHOE€ 06’B${CH6HI/IG 3aBUCUMOCTHU TepM03ﬂC OT TeMIIe-
paTtyp cnaceB TECpMOIIaphbI. SHGKTPOHHLIIZ ra3 B METAJVIC HE SABJACTCA KIACCUYCCKUM Ia3OM, MOAYUHAIOMIUMCA PaCIpeACICHUIO
MaKCBeJ’IHa-BOHLHMaHa. HpaBI/IHLHOG OGLHCHGHI/IG KOHTAKTHBIX TCPMOIJICKTPHUICCKUX HBJ’IGHI/Iﬁ MOXKET 6LITL TMOJYUYCHO TOJIBKO B
KBaHTOBOﬁ TCOPUHU.
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Ha moBepxHOCTH 1F000TO MeTayuta 00pa3yeTcss MBOWHOW 3JIEKTPUUCCKUMA E E sweprus snextpora
CJIOH, CBSI3aHHBIN C TEM, YTO pPaclpe/ielIeHHE MIIOTHOCTH CBOOOIHBIX JJIEKTPOHOB HE Es E .
COBIIAJIACT C PACIPECICHHEM IUIOTHOCTH MOJIOKUTEIbHBIX MOHOB. TONIIMHA 3TOrO T Apprxg, B PUYYME
cnost d He MPEBBINIAET HECKOJIBKUX MEXATOMHBIX PACCTOSHHN, U BHYTPH CJIOS BO3- Appixi Euz 7(2 B METANNE

|

HHUKAeT 3JIEKTPUYECKOE I0JIE C HAMpsDKEHHOCThIO E., , mpemsrcTByromiee BBIIETY
CBOOOJHBIX 3JIEKTPOHOB C 3apsgoM —€ u3 meramna (puc.79)Uro0bl 371€KTPOH XOTS ~  ———————————

-FF ¥ F F A-

Obl C HyJIEBOIl CKOPOCTBIO MOKMHYJI METAJL1, €My HaJo NpPEoJOJIeTh 3aluparomiee E++1\/Ea;;nt1+l+++¢: _l, meTanmn?2
noine, cosepumB pabory A, = ek, [d. Takas MUHUMAaNbHAsE SHEPrus, KOTOPYIO N ﬂf_'p_'_ +1e_'_'%1/$5 _: L0570, ¢ Iﬁ::
HaJgO0 COOOIINTH IEKTPOHY, IJIS BBIJIETA, Ha3bIBACTCS paboTOl BBIXOJIa DIIEKTPOHA o d_‘; """ é Cﬂ: | d; - - VE;H
13 MeTaia. DHEeprus IeKTpoHa E;, BHyTpm MeTaina MeHbIIE SHEPTUH JIEKTPOHA Prc.78

E, BHe MeTasa, B BAKyyMe, Ha BEJMUUHY PabOTHI BBIXOAA: Ay,

=E, -E,.

KOHHGHTpaHI/II/I Ny u n2 OJICKTPOHOB U BEJIUYUHbBI pa60T1,1 BbEIXOJa Al n

TE SHEPTHSA SNEKTPOHA

Ao B pa3HBIX METANIAX PA3IUYHbI, IpUYeM 00a MeTa/uia Ha puc.7/9 He 3apsDKEHBI U

HUMCIOT O,HI/IHaKOBHﬁ notreHnuan. Ecium ux coeaquHuTh (CHaHTL), TO SHEPTUU IJICK-
TPOHHOT'O ra3a B 06HIeM MPOBOAHUKE BBIPABHUBAIOTCA U3-3a TOI'O, YTO JJICKTPOHLIL

OyIyT IIEPEXOIUTH U3 METAIUIA C MEHBIIEH PabOTOM BHIXO/A, TIE UX dHeprus Gonp-  ° MO Enaﬁ+ N
me, B METaJI ¢ OoJbIei paboToi BhIXOMA, 3apsKas METaul ¢ OOJbIIe paboToit - Merawl :: meTa 2 :
BBIXO/Ia OTPHUIATENHHO, @ METAI C MEHbIEH paboTOi BBIXO/A — MOJIOKHUTEIHHO - 00 s N ﬂ’zio +t
(puc.2.79).D1eKTPOHBI IEPEHOCAT 3apsil, KOTOPBIN paclpeneNsseTcs 10 TOBEPXHO- Pic.8C

CTH METaJUIOB, B TOM WYHCJE IO IOBEPXHOCTH WX COTPHUKOCHOBEHHs (cras,
puc.2.80).BHyTpu 0oGbeMa INIOTHOCTH 3apsifa OCTACTCSI PABHOM HYJIIO, 1 KOHIECHTPALUK 3JIEKTPOHOB Ny W Ny He MeHstoTcst. Ec-

JIM TIEPBOHAYAIIBHO HOTSHIMAI 000MX METAIUIOB OBLT PaBeH HYJIIO, TO TeIepb OHHU MPHOOpeTaroT moTeHmuansl §1 <o u MexIy
HUMU co3naercs KOHTakKTHasi  pa3HOCThb MOTEHLIUAJIOB, MPONOPIIMOHANIbHAS ~ pPa3HOCTH  paboT BBIXOJA:

A=, = (Amx 1~ Aux 2) / €, KOTOPYIO Ha3bIBAIOT BHEIHEH KOHTAKTHOW PA3HOCTHIO MOTCHIUATIOB.

3 Ecmn gBa cnas TepMonapsl UMEIOT OJAMHAKOBYIO TEMIIEPATYpY, TO B 3aMKHY- Ap oxacrenne, T
TOW LENM KOHTaKTHBIE Pa3HOCTH MOTEHUHMANOB, urpatomue pons J/C, ypaBHOBemH- iy —
BAIOT JAPYT Apyra, ¥ TOK B TepMomape otcyrcTByeT (puc.81a). Eciu Temnepatypsl cra- —‘4‘ * A(p?Tz)
€B pa3Hble, TO UMEETCA TPU NPUUKHBI BO3HUKHOBeHHs TepM0DJ[C. MceTalLy MCTa/lT METAILI ]' MeTani

1) BenuunHa paboThl BhIXOJA Cab0 3aBHCUT OT TEMIIEpaTyphl MeTamia. Be- ! 2 1 {{npos]) 2

JIMYMHA PA3HOCTH PadOT BBIXOJIAa PACTET C POCTOM TEMIIEPATyphl, 1 KOHTAKTHBIE pa3Ho- a) :‘i 6) - iA(p(Tl)
CTH MOTEHLHUAJIOB CMAeB, HAPETHIX [0 Pa3HBIX TeMmImeparyp, pasauunbl (puc.8106). B AQ HarpeB,_Tl>T2
nenu BosHHKHET 3¢dexrusHas DJC € = A, (Tl) -Ad 2(T2) , IPOTMOPIIMOHANIbHAS pa3- Puc.81

HOCTH TEMIIEPATyp CIAeB  CO3AAI0MIAst TOK POBOAMMOCTH oy -
2) Ilpu HarpeBaHMH MeTallla BO3PACTAET KOHIEHTPALHA CBOOOIHBIX 3JIEKTPOHOB, CIIOCOOHBIX
HAIPABJICHHO NEPEMEIIATHCS 110 IPOBOAHKUKY M CO3MaBaTh TOK. JuQy3HoHHbIC NOTOKH ¢, CTPE-

MSIIIMECs] BBIPOBHSATh KOHUECHTPALMIO TAKUX DJIEKTPOHOB 10 pa3Hble CTOPOHbBI CIias, PacTyT ¢ POCTOM
TEMIIEPATYPhl U He OyAyT CKOMIIEHCHPOBAHBI IIPH Pa3HBIX TeMmiepaTypax cnaeB (puc.2.18), nmpuBoms K
HAKOIUICHHIO 3apsiaa. YToObI 3TOT 3apsi/ BOJIM3M KOHTAKTOB L[ENH HE POC, BOBHUKAET TOK MPOBOAUMOCTH

C TUTOTHOCTBIO ijOB , HaTlpaBJIeHNe KOTOPOTO TI0Ka3aHo Ha prc.82 (rak Kak 3JeKTPOHBI 3apsHKEHBI OTPH-

aTEeIBHO, TO TOK jnpOB nepeMeIaeT uxX B HallpaBJICHUH, 0OpaTHOM HANPaBJICHUIO TU(PQPY3HOHHOTO TO-

TOKa J xahd )

3) Konebanus atoMoB PCUIETKN METaJlla NMPEACTABIIAAIOT B BUIE rasa KBaSI/I‘IaCTI/IH-(l)OHOHOB, Ha KOTOPBIX PaCCECUBAIOTCs
JBUXXYIIHUECA B METAJLJIIC JJICKTPOHEI. IToTok (bOHOHOB, HpOHOpIII/IOHaJ'II)HHﬁ TPaauCHTY TEMIICPATyphl U HaHpaBHeHHLIﬁ K X0J0ona-
HOMY CIIak0 YBJICKACT JJICKTPOHBI 3a coboii. D10 TNIPUBOJUT K YBEIIMYCHUIO TCPMODJICKTPUICCKOT'O TOKA.

Bce 3T MexaHu3Mbl BO3HMKHOBEHHUS SIBIICHUS TEPMODJICKTPHUICCTBA MOTYT OBITE IIPpaBUJIbHO OITMCAaHbI TOJBKO B KBAHTO-
BOI1 TCOPUU METAJITIOB. Hx CyMMapHO€ JIeCTBHE TNIPUBOJUT K HOABJICHHUIO JOCTATOYHO 00JIbII0# TepM03ﬂC. Tak yAaeiabHas TEp-
MOS).IC TmapbIl Pd-Ag paBHa 86 MmxB/K. TepMonapLI HMCIIOJIB3YIOTCS, HAIPUMED, B KAa4€CTBE UCTOYHHKA TOKa B Ir€OTCPMaAJIbHBIX

ANEKTPOCTAHIHSX, UK IS TOA3aPSIKH aKKyMYJISITOPOB HMOABOIHBIX JIOJOK.

Oo6patHbIM siBeHHIO 3eeOeka OyneT a3 ekt [lenpThe: eciii B 3aMKHYTYIO LIETb U3 IBYX
Pa3HOPOIHBIX MPOBOJHUKOB BKIHOUKMTH BHemrHU uctounuk DJIC (puc.83), To BbI3BaHHBIN 3TUM
HUCTOYHUKOM TOK OXJIAJKIAET OJUH M3 KOHTAKTOB MEX/y MPOBOJHMKAMH M HarpeBaetr Ipyroii (B
3aBHCUMOCTH OT HATPABJIEHHS TOKA U XapaKTEPUCTUK METAJUIOB). B pacCMOTPEHHOM BBIIIIE CITy-
Yyae MeTajul 2 3apshKeH MOJIOKUTENBbHO, a Metaut 1 —otpuriarensho (puc.80). [lepexonst u3 me-
tayuia 1 B MeTat 2, 3JIeKTPOHbI OYAyT YMEHbIIATh SHEPTHIO B3aUMOJCHCTBHUS C DIIEKTPUUECKUM
nosieM Ha BenuunHy €A, oTaaBas eé obmactu BOIM3H criast U Harpesas eé (puc.83). 1o Toii ke

MIPUYIUHE TIepeX0/1st 00paTHO B MeTaslT 1, 31eKTPOH 3a0HUpaeT 3Ty SHEPTHIO, OXJIAXKIash BTOPOH criaii.
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INopsanok BeINOJIHEHHS PabOTHI
1. Ompepenute Mo TepMoMeTpy “Tep” Ha ycTaHOBKe (puc.84) KOMHATHYIO TeMOepaTtypy t

'KOMH !
OJIMHAKOBYIO ISl CTIACB @, DU C IpH BEIKITIOYEHHOM Harpesatene R.

2. BkmounTe ycTaHOBKY B ceTh. HarpeBas pabouuii cnait Tepmonapsl, yepe3 kaxasie 5°C nzme-
paiite no BoabTMETpY BenuuuHy TepMoOJIC €' . Harpesanue npoussoaute 10 80°C. Pesynbrarsl usme-

PEHMIA 3aHECHUTE B TAOIHILY.
3. Ilpu poctuwxenun 80°C BBIKIIOYMTE YCTAHOBKY M IPOJOKMTE M3Mepenue Tepmod/IC €

IIPH €CTECTBCHHOM OCTBIBAHWHU pabouero crmasi, GUKCUpYsl e€ 3HAUCHUE MPH TEX K 3HAYCHUAX TeMIlepa-
TYpBI, KaKue ObLTH B3ATHI IPU HATPEBAHUH, HO B 00PaTHOM MOPSAKE BIUIOTH 0 KOMHATHOMW TEMIIEPATYPHI.
JlaHHBIC 3aHECHUTE B TAOJUILY.

4. JInst KaXI0TO 3HAYCHUS TEMIICPATYPhI
BBIYHCITUTE cpeaHee 3HaueHue TepmodJIC

t,°C | At,°C | ¢'_,MB | €" ,MB | €

T

MB

T

&

L ”
= E(s e T) U nocTpoiite rpadux 3aBu-

CHUMOCTH ST OT Pa3HOCTU I/ISMepeHHOﬁ U KOM-

HaTHOM Temnepatyp At =t—t ., (puc.85)
€0 ~€ = ° =
5.1lo d)OpMyHC o= T2 Tl BBIUMCITH- tKOMH =...°C a=... MB/K
Aty - Aty

Te BETUYNHY yAelbHOH TepMoDJIC O, HCTIONB3Ys MPSIMOJIMHEHHBIN Y4acTOK TOCTPOCHHOTO Tpaduka. YJacToK rpaduka JOHKEeH
Co/IepKaTh HECKOJIBKO SKCIIEPUMEHTAIIbHBIX TOYEK.

KoHTposbHbBIE BOIPOCHI K JIabopaTopHOU padoTe Ne 24
1. Yro mpencrasiseT coboit Tepmonapa? B yem cyTh apdekra 3eedexa?
2. KaxkoB ¢usndeckuii cMbIcH ynenbHoi TepMoJIC, n3amepsemMoii B JaHHOH paboTe?
3. UYto HamO caenaTh ¢ TePMOTIAPOi, YTOOBI YBEIMIUTH BOZHUKAIONTYIO B Hell TepMoDJC? I'te mpuMeHstoTCS TepMOTaphl?
4. Yro yaepikuBaet ra3 cBOOOJHBIX 3JEKTPOHOB B Metaiute? Kakast BeJM4yrHa Ha3bIBaeTCss pabOTON BbIXOJA 3JIEKTPOHA U3 METal-
na’? HampsbkeHue Kakoi BeTMYMHBI HaJI0 TIPHIIOKHUTH K METAILTY, YTOOBI BHIPBATh U3 HETO JJIEKTPOH?
5. Nmerotest aBa metaimia 1 u 2 ¢ pasHoii paboroit Berxoza anektpona ( A < A, ). Kakoii 3 MeTayuioB npy MX KOHTaKTe OKaKeTCst

3apsHDKEHHBIM TTOJIOKUTENILHO, @ KAKOH — OTPHUILIATEIIFHO U TOYeMy?

6. [Toyemy mpu COCTMHEHUU Pa3HBIX METAJUIOB 00pa3yeTcsi KOHTAKTHAsI Pa3HOCTh MOTEHIMANoB? UeMy paBHa e€ BelnInHaA?

7. Kakue (usnyeckue NpUYHHBI TPUBOIAT K mosiBlicHHIO TepM0o/IC B 3aMKHYTO#! 1leny U3 JBYX pa3HOPOIHBIX MeTauioB? Kako-
BBl MEXaHU3MBI MosiBIIcHHS TepM0D[C?

8. [Nouemy mpu OAMHAKOBOU TeMIIEpaType CIaeB JICKTPUUCCKUI TOK B TEPMOIApe HE TEUET, a IPHU Pa3HOW TeMIlepaType — IOsB-
nsieTcsi? UeM 00yCcIIOBIIEHO HAIIPaBJICHHUE 3TOTO TOKA?

9. B uem 3akirouaercs siBienne [lenstoe?

10. HapucyiiTe 3aMKHYTYIO LI€lb M3 JBYX Pa3HOPOAHBIX METAJUIMYECKHX MPOBOAHHKOB 1 M 2, B KOTOPYIO BKJIIOYEH MCTOYHHK
puemned DJ[C (puc.83). VkaxuTe, Kakoil U3 cracs OyIeT HAarpeBaThesl, a KAKOW OXJIaKIaThCS U 110 KaKOH NPUYHMHE, €CII paboTta
BBIXOJIa DJICKTPOHA U3 IEPBOr0 METaslIla MEHbIIE, 4eM 13 Broporo (A < Ay)?

Jlureparypa
1. CasenwseB U.B. Kypc dusuku B 3-x T1.: T. 2: Dnekrpudectso - M.: Hayka, 1970.- 88 74-77.

2. Kommaxos 0. H., ITekap 0. A., JlTaryn 1. M. DiieKTpruecTBO U MarueTusm,- u3a. Tyal'y. 2008,ri1.6 §81-3.
Pabora Ne25. OnpeneneHue yenbHOTO 3apsaa 2JIEKTPOHA METOIOM MarHeTpoHa

Qem, [ga60T},1: HU3MEPUTH yﬂeﬂLHHﬁ 3apsaa 3JICKTpOHA ¢ MTOMOIIBIO MarueTpoHa.

TeopeTnueckoe ONMMCAaHUE
B nanHO# ycTaHOBKE MarHeTpOH — 3TO BaKYYMHBIN MO ¢ KaTOJOM W aHOJOM, CIeIaHHBIMHU
B BHJC JUIMHHBIX LMJIHHIPOB ¢ oOuieil ockio U paauycamu I, u r, (puc.86). Bokpyr aHoaa paBHO-

MEpHO HaBUTa 0OMOTKa (KaTymika) u3 N BHUTKOB, MPHUXOMSIIMXCS HA eAWHMITY UTHHBL Korma mo ka-
TYIIKE TPOTEKAET TOK |, BEMUMHA KOTOPOTO PEryIUpyeTCs MOTEHIHOMeTpoM R (moTeHmmoMeTp — 3T0
PE3KUCTOP C PETYIUPYEMBIM COTPOTHBIEHUEM), TO BIOJb OCH KATYIIKH, B IPOCTPAHCTBE MEKAY KATO-

J0OM M aHOJOM, CO3AaCTCd MarHuTHOC I10JI€ C PIH[[yKHPIeﬁ B.
Ha OJICKTPOHBI, BLUJICTAIOIIUE C KaTOAa NPAKTUYCCKU C HyHeBOﬁ CKOPOCTBIO, 6yﬂeT [leﬁCTBO'

BaTh DJICKTPUYECKOE TOJIC C HAMPSDKEHHOCTBIO E , TUHMM KOTOPOro HANpaBJIEHBI [0 pajuycaM OT HO-
JIOKHUTETHHO 3apsHKEHHOTO aHOJA K OTPHUIIATENBHO 3apsHKEHHOMY KaToy, Kak IoKa3aHo Ha puc.87,rme
n300pakeHo TOMEPEeYHOE CeUeHNEe MAarHETPOHA.

B ciydae oTcyTeTBHsS MarHuTHOTO 1ojiss B =0 snexrpons jetar npotus muauiit E (tpaektopus 1), momamas Ha aHOX U
co3/1aBasi aHOJHBII TOK |  , BEJIMYMHA KOTOPOTO OMpejessercs najeHneM HanpsokeHnst U (pasHOCTBIO MOTEHIHAIOB MKy Ka-
TOJOM M aHOJIOM).



[Ipu mosBieHUM MarHUTHOTO TMONs B Ha 3JEKTpOHEI C 3apsgoM —€

KpoMe 3MeKTpudeckoil cocraBnsromeit F,, = —€E Oyner nmeilicTBoBarth MarsuT-

Hasg COCTaBJIsArOIIass CHJIbI JIopeHua F

Mars — —e[v, B] OTa cuna OTKIOHSET

JJIEKTPOHEI B CTOPOHY (prc.87), MeHsisl HanpasiieHHe UX ckopoctu V. Ilpu He-

Gonbioil BemmuMHe B BCe BBUIETAIONIME C KATONA AJEKTPOHBI MO-TIPEKHEMY
HomaxyT Ha aHo[ (TPAacKTOpHS 2), W BeIMYNHA aHOJHOTO TOKA HE H3MEHHUTCS. Puc.87

[Ipn yBenu4yeHNN MHAYKIMH MarHUTHOTO TIOJIST 1O KPUTHUYECKOTO 3HAYe-
Hust B, Tpaekropus 3 91eKTpOHA U3rHOAETCs HACTONIBKO, YTO TONBKO Kacaercs anoxa (puc.87).C oToro MOMEHTa aHOAHBII TOK

HaYMHAeT YMEHBIIATHCS, TaK KaK IPH OOJIbIIEM 3HAYEHHH B TPaeKTOPUH JIEKTPOHOB HCKPHUBIAIOTCS TaK, YTO JJIEKTPOHBI HE
MONAaAaoT Ha aHoj (Tpaekropuu 4 Ha puc.87).

Ecnu jumHa kaTymku ¢ TokoMm | OeckoHe4yHa, TO B TAKOM COJICHOMJIE CO3/1AeTCSl MHAYKIHS
MaruutHoro nois B =pglIn, rae n= N/ |- 4ucno BUTKOB, NIPUXOASIIUXCS HA €IUHUIYY JUIMHBL [Ipn

JMOCTHKCHUH KPUTHYECKOTO 3HAYeHHs |, aHOMHBIM TOK IOJKEH PE3KO YMEHBIIUTHCS N0 HYys (Bce

Kp
9NIEKTPOHBI MIEPECTAIOT MOMaAaTh Ha aHO[). B AeHCTBUTENPHOCTH, JIMHA KATYIIKA KOHEYHA, U BEJHU-
YMHA UHAYKLHH yMeHbInaeTcs Ha e€ kpasx (puc.88). Eciu B 6eCKOHEYHOM CONCHOUIEC HHIYKIIHS OIS

paBHa B, TO MOJOBMHA COJICHOM/IA CO3/ACT MOJIOBHHY 3Toro moss. Ha kpaio MOJTyOECKOHEYHOM Ka-

TYUIKU [IOJIE paBHO BKp /2. Ecmu B LEHTpEC KOHEYHOU KaTyHIKW MarHeTpoHa noJji¢ JOCTUIJIO BEJINYU-

Hbl B> B, M 9IEKTPOHBI IEPECTAIOT NONANATh HA aHOL, TO Ha e€ Kpasix B < B, n BbUICTEBIIME C KATO/A DIIEKTPOHBL BCE eLIe
JIocTUratoT aHoxa. Haunnas ¢ Touky 3, BeIW9IrHA aHOJHOTO TOKAa YMEHBIIAETCs TOCTETICHHO, IT0 Mepe TOTo, Kak ¢ pocToM B Bce
MeHbIIIee YUCIIO IIEKTPOHOB Ha Kpasx MarHeTPOHA IIepeCcTaeT IMoMafaTh Ha aHO.
Buvioo pacuemnoii ghopmyavt. B ckpemennsix nomsix E u B Tpaekropus anexTponos He 6ygeT OKpyKHOCTBIO. Y 100HO MepeiTn
B NWJIMHAPUYCCKYIO CUCTEMY KOOpAUHAT, B KOTOpOﬁ OChb Z COBHAJIa€T C OCHIO MarlHeTpoHa, a é— y _%,—9 — B3aMMHO HNEPHNECHIAUKYJISAPHBIC €OU-
HHUYHBIC OPTBI CUCTEMBI KoopauHaT (prc.89). BouieTeBmnii U3 KaToa ¢ HyJI€BOil CKOPOCTHIO 3JIEKTPOH C 3apsoM —€ JIBHKETCS B IIOCKOCTH,
HEePIeHUKYISIPHOI OCH Z 1 npruodpeTaer ckopocTs V = &V, + §Vg. MoMeHT ummynbca
L= [f,mV] =mlet r O =€, Mry mensiercs mox AefictBreM MoMeHTa crisl JIoperna
V. V
r Ve

M = [F,—eE— e[\7, B}} =- {*r,[v, aB:I] (Bextopsl I 1 —-eE napasuienbabl). PackpbiBas ABOMHOE BEKTOPHOE
TPOU3BEICHHE O MPABHITY |:£—i,|:a, _C:H = _C( _anb) - at( aT (), yaTEM, 9TO (F [H:’;) =0 (ckansgpHOe NMPOU3BEIECHUE B3aAUMHO MEPIECHIUKYJIAP-
HbIX BekTOpoB). [Tostomy M = &, [eBV,, rme v, =dr/dt.

IToacTaBUB MONy4YEHHbIE BRIPAKEHUS B yPaBHEHHE JUHAMUKI dL/ dt= M, nonyunm ypasnenue

d __ dr_df Bef
—(mrvg) =Ber—=—
dt dt dt| 2

JKAETCs K aHOJIy 110 KacaTelbHOI 1 He MMEeT B 3TOi TOUKe pajualbHoii npoekumu ckopoctr (V, =0 u V =Vg):

. MHTerpupyem o6e 4acTu 3TOro ypaBHEHHs, CUUTAs, YTO 3JIEKTPOH JABIKETCS 10 TPAGKTOpHH 3, Npubdin-

ra
J d ( Be|2/ 2) = B% laz - lf) / 2= myV. JlonereB OT KaToa o aHOIa, HICKTPOH OYIeT YCKOPEH pa3HOCThIo moTeHmanos U , MexIy aHo-

N

2 2
. mv? 2eUp Be( fa ™ I ) y
JIOM U KaTOAOM u mproOpetérT sxepruro €U, = , OTKyzma V = = . Cumrasi, YTO aHOAHBIH TOK B MAarHETPOHE Ha-
m 2my
YUHACT YMECHBIIATHCS [PH JOCTHKCHHH KPUTHUYECKOI BEJMYHHBI HHAYKLIUH B [ICHTPE KATYIIKH,
B= ka =Ho IKpn' (117)
HaXOJMM M3 HOJYYCHHOTO YPaBHEHHS BEIMYMHY YJICIBbHOTO 3apsijia dJICKTPOoHa (OTHOLICHHUS ero
2
e aJ Ala
3apsia K Macce): —_— s —. (118)

2
" g (i2-if)

Hopsnok BeIMOIHEHHS PAOOTEI

1. O3HaKOMBTECh CO cxeMoll anekTpuyeckor 1ienu Ha puc.90. Onpenenure
LEHY JEJICHUS KAXKI0r0 U3MEPUTEILHOTO IPUOopa.

2. Pyuku notennuomerpoB [TA u Il noBepHUTE MPOTHB YaCOBOW CTPEIKU JI0
yHopa, yCTAHOBUB HYJIEBEIC 3HAYCHHUS.

3. Bxitounte ycTaHOBKY B ceTh. Pyukoit moreHmmomerpa [TA ycraHOBHTE
aHogHoe HampspkeHne Ua; W mojiepxuBaiiTe ero MOCTOSHHBIM 10 KOHITA CHATHSA OJI-
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HOM XapaKTEePUCTHKH.

4. CHUMHTE TaK Ha3bIBaEMYI0 COPOCOBYIO XapaKTEePUCTHKY MarHerpoHa |, = f (I ) , T.€. 3aBUCUMOCTb BEJIMYUHBI aHOJ-

HOT'O TOKa IA OT TOKa KaTYIIKHU l. I[Jlﬂ 9TOT'0, YACPKUBAsA KHOIIKY S B Ha)KaTOM COCTOSAHHH, MCIJICHHO yBeHH‘IHBaﬁTe TOK | B Ka-

TYIIKE C MOMOIIIBIO pydKH moTeHImomMeTpa I1 u 3aHOCHTE B TaONHMIly 3HAYCHHS TOKA | M COOTBETCTBYIOIIME WM 3HAYCHHUS aHOM-
Horo Toka | . CHumute He MeHee 10 3HaueHnii Toka i yCTaHOBJIEHHOTO aHOAHOIO HanpsikeHus Ups.

5. AHanoru4Hbie cOPOCOBBIC XapaKTEPUCTUKU CHUMUTE JJIs JBYX APYTrUX 3HaUcHHH aHOAHOTO HanpsokeHUst Upy U Ups.
Pexomennyembie BeaumanHbl Upai, Up, U Upz yKazaHsl Ha TabopaTOpHOW yCTaHOBKe. Bce pe3ynbTaThl M3MEPEHHH 3aHECHTE B
Ta0IHILy.

6. [IpuBeuTe YCTAHOBKY B HCXOJIHOE COCTOSIHAE U OTKJIIOYHUTE OT CETH.

7.11o U3MEpeHHbIM JaHHBIM MOCTPOiiTe TpaduKu Tpex COPOCOBBIX XAPAKTEPUCTUK B OJHUX KOOPAH-
HATHBIX OCSX.

8. Ha rpaduke ka0l XapaKTEpUCTUKU Haiiaure TOYKy cOpoca aHOIHOIO Toka |a M COOTBETCT-

In

Up=const

BYyIomice e KPUTHUYECKOC 3HAYCHUEC TOKA B KaTYLIKC | KpI/ITI/I‘IeCKI/Iﬁ TOK MOKHO OIIPEACINTh KaK TOK Ka-

Kp *
TYIIKH, IPA KOTOPOM TOK aHOJa HAUMHACT PE3KO YyMEHBIIAThCA. [Ipi n3MepeHnsx aHOIHBIA TOK BHawyane Ha- 0 [
YUHACT YMEHBIIATHCS HE CITHIIKOM 3HAYMTEIHHO U cOPOCOBBIC XapPaKTEPUCTHKH BBITILIIAT TaK, KaK MOKa3aHO Puc.91
Ha puc.91. Ha 3ToM prcyHKe ITOKa3aHO KaK ¢ OMOIIBIO ABYX MPSIMBIX ACHMIITOTHUECKHUX TMHUH OMPEIEHTh

TIOJIOKEHUE TOUKH |, .

9. Ilo dopmyne (117) Bbrumcaute 3Ha4CHUC [Ny /m
KPUTHYECKOH WHIYKIMHA MArHUTHOTO TMOJS KATYIIKH

lp s a3arem mo popmyne (118)paccunraiite Benmunmy

YACJIBHOI'O 3apsaja 3JICKTpOHa e/ M I KaXXJI0ro U3 Tpex

1

OIIBITOB C pPa3HbBIMU 3HAYCHUAMU UA' n Haﬁz[me €ro 10

cpejHee 3HAYCHHE. (e/ rn) ) lep s A

10. Omnpenenure ciydaitHble OTKIOHEHHs B, T
p 1
A(e/m) = ¢ m-( £ M Wi kax0ro H3MeEpeHus

e/ m, Kn/kr

i =1, 2,3 u cpeaHee KBapaTHIHOE OTKIOHEHHE

— — 1
T ; (g/m) . =t s Kn/kr (¢/m), 6, =1 76016 Kn/xr
S= -1 (A ¢ m)” . Borancimre norpemnocts (9KCIIEPUMEHTAIILHOE) ThOIHMIHOE)

A e/ m pesynbrata usmepennii: Ae/ m= $/ V3. Pe3ynbTaThl BEIYUCICHHUA 3aHECTH B TAOJIHILY.

11.3anmcath pesynsrar 8 Buge  (€/m). = (( gmEA p r)1, KJ/Kr ¥ CpaBHUTE €TO C TaOIMYHBIM 3HAYEHUEM OT-

HOIIIEHHE BEIMYUHBI 3apsia siekrpona € =1,602[110 19 Kn K ero macce m= 9,11M10 Sl kr.

KoHTpoabHBIe BONPOCH K JabopartopHoit pabore Ne 25
1. Ha asnexTpudeckoii cxeMe yCTaHOBKH MOKaKUTE 3aMKHYTYIO IETTh, IT0 KOTOPOii TedeT TOK | karyrmiku (cojeHou ), U Telb, TI0
KOTOPOH TeueT aHOJHBIN TOK | 5 . YKakuTe NpuOOphl, KOTOPBIE U3MEPSIOT ITH TOKH.

2. C xaKoii 1eJIbI0 MarHeTPOH OKPYKEH BUTKaMU cojieHona? UTo MeHsIeTCs IIPU YBEIMYCHUHU TOKA |, TEKyIIero mo 3TuM BUTKaM?
3. KakoBa BennuyuHa M HAIIPABICHHE BEKTOPa WHAYKIIUK MarHUTHOTO TIOJIs, CO37aBaeMoro B MaraeTpone? Kak MOXHO U3MEHHTh
9Ty BEJIMYHHY?
4. Hanmmmute BeIpaxkeHue ciibl JIopeHna, KoTopast ISHCTBYET Ha JIICKTPOH, IBIKYIIUICS B CKPEIICHHBIX 3JICKTPUYCCKOM M Mar-
HUATHOM TOJISIX. Y Ka)KUTE HAMPABJICHUE SJIEKTPUUECKOM U MATHUTHOW COCTABJISIONIUX 3TOU CUJIBI.
aHoA ¢ 5. Hampasnienue Toka |, TeKyIero mo BUTKaM HAMOTAaHHOW Ha IMJIMHIAPUIECKUN aHOJ| KaTyITKH, yKa3aHO Ha PUC.A.
YkaxuTe ¥ 00bICHUTE MPABUILHYIO TPACKTOPHUIO IBHKESHHSI OJHOTO U3 JIEKTPOHOB, CO3AIOIINX aHOAHBIN TOK.
6. Uto Ha3bIBaeTCs yACITBHBIM 3apsA0M 3JIEKTPOHA, KaK BBIYUCIHUTH €T0 BEIUYMHY M Y€MY OHa JIOJDKHA OBITh PaB-

'v Ha?
& 7. YKaxuTe COOTBETCTBUE TPAEKTOPHI DJIEKTPOHOB, BHUIETAIOIIUX U3 KATOJa HA JIEBOM
Puc.A puc.b, u Touek rpaduka 3aBUCUMOCTH aHOJHOTO TOKa |, OT Toka |, mpoTekarorero mo In

. 1
BUTKaM KaTymikd (mpasbiii puc.B). r Al 2 \4

8. ObwsicHHTE MOBeaeHNE TPAdUKOB 3aBUCHMOCTH |5 =14 (1) : mouemy npu yBemmdennn Toka | Benuan- \i” 51
Ha | BHa4aje He MEHSCTCS? HA KAKOM OCHOBAHWH ONPEIEISIOT KPHTHICCKOE 3HAYCHHE TOKa |, ? 110~ Puc.B

YeMy IOCJC NOCTUKCHUA KpPITH‘IeCKOﬁ BEJIMYUHEI | aHO,HHLIﬁ TOK YMCEHBIIACTCA MNOCTCNICHHO, a HE MaJacT CKa4YKOM 10 Hyﬂﬂ?
Mo4ueMy BeJINYUHA IA BO3pacCTacT C pOCTOM HAIIPSIKCHUS UA ?

9. Cnenaiite 1 0OBSCHUTE BBIBOJ pacueTHOW (HOPMYITBI IS BEIYUCICHHS YACITHLHOTO 3apsiia JIEKTPOHA B JaHHOW paborTe.

10. Mo:eT 1M 3IEKTPOH B CKPELIEHHBIX OJHOPOJHBIX dNeKTpudeckoM E u marmutHom B monsx msuratscs ¢ mocTostHHOlM mo
BEJIMYMHE ¥ HAMPABICHUIO CKOPOCThI0? Eciy 1a, TO Mpy KakuX YCJIOBHUSX, U YeMy paBHa MHHHAMAaJIbHAS BEJIMYHMHA TAKOH CKOPO-
ctu?
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Pabora Ne26. MaruutHoe nojie 3emMin

ECHL [28.6OTI>I: N3MEPCHUE FOpHSOHTaHBHOﬁ COCTABJISIOIIEH MAarHUTHOTO TTOJIS 3eMJIH METOI0M TaHTr€HC-TaJIbBAHOMETpA.

TeopeTnueckoe onucaHue

IInockocTe KOMIaca COBMNAAAeT C TOPU3OHTAIBLHOM
IUIOCKOCThIO. MHIYKIMs MarHUTHOTO moJisi 3emun Oyxaer
CYMMOW TOPHU30HTAJIbHOW U BEPTUKAIBHON COCTABJISIIOIIUX

% = Brop + Bsepr (puc.92).

B CCBCPHOM TMOJyHIapuy BCPTUKAJIbHAad COCTaB-

B) Topu3oHTaJIbHasA
ILTOCKOCTb

msomast By, HampapieHa BHH3, MEPICHIMKYISIPHA IIIOC-

KOCTH KOMIIaca U HE ,Hef/iCTByeT Ha €ro MarHuTHyr CTpCJIKYy,
KOTOpas HallpaBJicHa BAOJIb FOpI/I30HTaHLHOﬁ COCTaBJ’IH}OHleﬁ

I§mp (puc.92a). B 5TOM >Xe HampaBiIeHUH OPHEHTHPYIOT

IUIOCKOCTh KATYLIKHM TaHTeHCc-ranbBaHoMeTpa u3 N BHUTKOB Puc.92
(cTpenka komIaca — B €ro LEHTPE).
Eciu no karyIike IpoIycTUTh TOK |, TO B IEHTpe BUTKA paaunyca R OyaeT co3maHo MarHUTHOE TOJie TOKa ¢ MHIYKIHEH

B, =gl / (ZR) (3T0 BBIpaXKEHHE MOXHO MOJYYHUTh C MOMOIIBIO 3aKoHa bro-CaBapa). B karyiike u3 N BUTKOB cyMMapHas HH-

JOyKIMSA MarHUTHOTO IOJIA TOKA IEepIeHANKYIIpHA IIIOCKOCTH KaTyIIky, paBHa B, =gNI / (2 R) Y OTKJIOHSIET CTPEJIKY KoMIlaca
Ha YTOJ 0. OTHOCHTEJIBHO TOPU3OHTAIBHOM JIMHAM MarHuTHOTO Mepuanana (puc.926,8). CTpenka yCTaHOBHUTCS B TOPU3OHTANG-

HOH IIJIOCKOCTH BAOJIb PE3YJIbTUPYIOLICTO BEKTOpaA Bpes = a"op + 3< . I/ISMepI/IB TAHI'CHC yIJla OTKJIOHEHHS CTPEJIKM KOMIIaca 0.

tga = B, / Bop (pnc.92p) serko HaiTH rOPU3OHTANBHYIO COCTABIIAIONIYIO HHAYKIMH MArHUTHOTO MOJIs 3EMIIM B MECTE HAXOJK-

HoIN
JIeHUs KoMI1aca: Brop = 0 (119)
2Rtga
q 1
eM OoJbIlle BeTudrHa TokKa | B kaTymke, TeM OO0JIbIIe YIoJl OTKIIOHEHHS CTPEIKH. > /
M CTOYHUKOM MOCTOSIHHOTO MAarHUTHOTO IOJISL SIBIISFOTCSI ABHXKYIIMECS JIEKTPHUYCCKUE 3apPS/Ibl WITH % / q TS
TOKH JIF000H MPUPO/IbI, HAPUMED, TOKH HAMATHUYUBAHKS B MATHUTHBIX cpeax (puc.93). JIuHuu uHAYyKIMH B

B oxBaTbIBarOT JIMHKMM TOKA U BCeraa 3aMKHYTBI. PHC'93
HOSTOMy MAarfvMTHOC I10JIC HAa3bIBAOT BUXPEBLIM, B OTJIUYHE OT MOTCHIUAJILHOI'O 3JIEKTPOCTATUYCCKOI'O I10JIA, JIMHUU

HANPSKEHHOCTH E KOTOPOro HAYMHAIOTCS MM 3aKAHUMBAIOTCS HA SIEKTPHUCCKUX 3apsgaX. IIOMHHTE OHAKO, YTO M JJIEKTPO-
CTaTUYECKOe, M TOCTOSIHHOE MAarHUTHOE IOJIE SBISIOTCS COCTABIITIONIMMHE €IWHOTO 3JIEKTPOMATHUTHOTO TOJIS, OMHUCBIBAEMOTO
ypaBHeHHsIMU MakcBeiia. [locTossHHOe MarHUTHOE 1OJIE B OJIHOM MHEPIMAIbHOM CHCTEME OTCUYeTa MPEBpaIIaeTcsl B 3JIEKTPOCTa-
THYECKOe I10JIe B IPYTOH CHCTEMe OTCUeTa ¥ Ha000pOT.

o o ~ FMaFH: q [V:B]
OMPEIENAIONIYIO BEIUUUHY CHITBI, JIEHCTBYIOIIEH Ha JBWKYIIUMCS B MAarHMTHOM moje 3apsan ( (mar- q
HHUTHAs cocTaBlistiomas bl Jlopenna) win Ha saement Toka |dl  (cuma Ammepa, puc.94). Bennunna 5$°—/A/§
v
MarHMTHOT'O I0JIst IIPONOPLHOHAIbLHA BETMYMHE €r0 MHIYKIIHH. \

Oobvacnenue npupoosl MAZHUMHO20 ROA 3emau. T d 13A g I[dl.B]

Wapyknuio MarHuTHOTO Tonisi B MOXHO paccMmarpuBaTh Kak BEKTOPHYIO XapaKTEPHCTHKY, T»

TeoMarnuTHOE MOJE He TOCTOSHHO W Ha 95% co3maeTcs B 3€MHOM Sjipe, HMEONIEM PajHyc
R; = 2900kM . BHewuHss 9acTh AApa COCTONT U3 PACILIABICHHOTO TIPH OYCHB GOMIBLIOM JABICHHH KHIKOTO XKe- =< B
AN,

Jiésa € TeMr[epaTypoix’I ~ 4600K, B KOTOPOM CO3Jal0TCsI KOHBCKIIMOHHBIC ITOTOKHU JKUJIKOCTHU. DTH IOTOKH BCE BpeE-

Ml paca aloTcs Ha OTeIbHbIE TUTAHTCKHE BUXPH, BMECTE C KOTOPBIMHU JABIKYTCS “BMOPOXEHHBIE” B HUX JTUHUU Puc.94
gge]g%onpomﬂme" > uHayKinn B, co3nanHble TOKaMu 3apsDKEHHBIX MOHOB M 3JIEKTPOHOB. BUXpu »kuakoctu mpu TypOy-
= ©B @ 2B JIEHTHOM JBIDKEHHHU NEPEeKPyYHBAIOTCS, Pa3AeNsAoTCs, HAKIadbIBAlOTCA ApYT Ha Apyra. Ilpu sToMm, Kak

st ¢
IIOKa3aHO Ha pHC.95, CKIIaJIbIBAKOTCS JIMHUU B , YCUJIUBasd, ocabsis win Jla)K€ MCHSSL HAlIpaBJICHUE pe-
& 2ﬂ@ 3YJIbTUPYIOLIECTO MArHUTHOT'O I1OJIA. HOZ[O6HI)IC IponeCChbl U3y4acT MArHUTHAA T'MAPOANHAMUKA.
B Ppe3yJabTaTeC BHEC 3€MHOI0 sZipa CO34acTCsA PE3YJbTHPYIOMIEEC MArHUTHOC IOJIC, KOTOPOC Ha
80% COBITagacT C oJIEM MarfiuTHOT'O JUTIOJISA C OIrPOMHBIM MarHuTHBIM MOMCHTOM

Puc.95
— 2
Pm =8, 3002 A (puc.96). [TosokKeHNE FTOTO JUIIONSA MEHAETCS ¢ MEJIEHHBIM U3MEHEHUEM BHX-

PEBOTO ABMXKEHUS IEKTPOHECYILeH xkuakocTH B siape 3emnu. Llentp aumonst cmerueH npubnusurensio Ha 300-400km ot 1eHTpa 3emiH, a ero
0Cbh HE COBIAJACT C OCBIO BPAIIEHUS 3€MJIM M IEPEceKaeT MOBEPXHOCTh 3€MIIM B TOYKAX, KOTOPbIE HA3bIBAIOTCS '€OMATHUTHBIMU NOIIOCAMU
(pnc.96). B Hacrosiiee BpeMmst F0KHBIH T€OMAarHUTHBIN MOMIOC 3eMIN HAXOAUTCS BONM3M CEBEPHOTO IOJIIOCA U MOCTEIICHHO MEPEMEIIaeTCs CO
cpenneii ckopocteio 10km/rox ot ceBepHoro modepesxbs Kananst kK CHOUpH.
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I[peﬁq) MariuTHBIX ITOJIFOCOB CBsA3aH HE TOJIBKO

OCB BpATIEHAS | @y och
C M3MEHEHHEM TOKOB B siJipe 3eMJIH, HO U C TeM, YTO Be- 3eM S yrocdepa BpAICHHS 3eMIH 7
JIMYUHBI YTJIOBBIX CKOPOCTEH BpalIeHUS 3€MHOTO spa, FOSKHBII S0 B
it 06 - ICOMATHHTHBIH Y\ ! CCBCPHBIM

MaHTUHU W TBEpIOW 000J0YKH (JIHuTOC(hEphl) HE COBMAja: MaHTHS HTHY 1, TIOIOC

10T . [ToaToMy 3eMHas Kopa IOHEMHOT'Y CMeIIaeTcs OTHO-
CHUTEJIBHO OCH BpalieHus: 3eMJIM ¥ OCH MarHUTHOTO JTUIIO-
nst. 600 MHJUTMOHOB JIeT Ha3aJ KOHTHHEHTH (Y4acTKd
3€MHO# KOpBI), KOTOpbIE cefiuac HaXxOATCsl BONU3M DKBa-
TOpa, HAXOIWIKCH Ha mostocax 3emin. Tam ke (HeMHOro
F0)KHEE COBPEMEHHOTO DKBATOPA) HAXOMIICS, HAMPUMED,
CEBEPHBII MarHUTHBIN TOJIIOC.

M3BecTHO, YTO MarHUTHOE MoJjie 3eMJIM THICSUU pa3
MEHSJIO HalpaBleHHE MarHUTHBIX MOJIIOCOB, IIOCTEIIEHHO, |
pa3 B 10 ner, YMEHBILAsICh 10 HyJNd, a 3aTeM BO3HHKas B <
MIPOTHUBOIIOJIOKHOM HampasieHuu. [Ipu 3ToM B TeueHHn Puc.96
10° — 10 ner 3emus okasbiBanach 6€3 3aUTHOTO MArHMTHOTO TOJI, MPEIOTBPAILAIOIIETO €€ MOBEPXHOCTh OT IONAJAaHHs CHIBHBIX TOTOKOB
KOCMHYECKHUX Jyueil. OOBSCHUTH 3TO MOXKHO TOJILKO TIEPEMEHON HAMpaBJIeHUs TOKOB B siipe 3emutu (puc.95).

PO
JFe

(e
<1

CEBEPHBIH
TeOMarHUTHBIH
TOJIIOC

B nacrosmee BpEMS MHAYKIUS B Mot 3eMiIM MaKCHMaJlbHa Ha MarHUTHBIX TIOJFOCax (’*65 MKTJ’I) ¥ MUHHAMAajibHa BOIU3H 9KBaTopa

(~35mkTun). ['opu3oHTalIbHAS COCTABISIOIIAS BFOp , Ha000pOT, MaKCHMAJIbHA HA DKBATOPE, TJi¢ JIMHUK B 1mourtu ropusoHTanbuel, u BFOp =0

Ha MATHUTHBIX MOJIFOCAX, I/e TMHuM B Hanpasnensl mo Beprukamu K noBepxuoctu 3emiu (puc.96). B paitone Tysst BFOp = 25mkT.

OnHako, B 36MHOM KOpe MHOTO HAMAarHWYEHHBIX (hEPPUMATHHUTHBIX PYyJ, KOTOPHIE CO3JAIOT AHO- T ——
BpamCHUA
MaJlbHOe MarHuTHOe mone (~4% MarHUTHOTO HOJS 3eMIiH). DTH MCTOYHHKHA MarHHTHOTO IOJISI HAXOZSATCS P Beapmr| OPHSOHTA
— [EEYNN E BEPTHUKAIb

BOJIM3M 3€MHOM [OBEPXHOCTH M MOTYT 3aMETHO M3MeHHTh (GopMy U HanpasieHue JuHud B, Brons kotopoii

opuenTtupyetcs crpenka kommaca (puc.2.29). Tak B paiione Kypckoil MaruuTHOW anomanuu qunun B Ha-
[PaBJICHBI TaK )K€ BEPTHUKAJIBHO, KaK H Ha MArHUTHOM IIOJIIOCE.

3aMeTHOE BIMSHHE Ha CTPENIKY KOMIIaca OKa3bIBAIOT TAKXKE HOHOC(EPHBIC TOKH, BHI3BaHHBIC [TOTO-
KOM COJIHEYHBIX KOCMUYECKHUX JIy4del (IOTOKOM IIPOTOHOB, MOMAIA0NIINX B MATHATHOE MoJjie 3emin). B nepu-
0]l CHJIBHBIX MarHUTHBIX Oypb (BO3MYILICHHI MarHHTHOTO MOJISi 3€MJIM, BBI3BAHHBIX COJHEYHOH aKTHBHO-

crbio), BemmanHa Bgg, o Moker m3mennThes Ha ~ 1+ 2 MTo, 9To BOIM3H MONSPHOTO KPYTa, T/Ie Malla Be- S | ) L YK
NN\

noJist

JIMYrHa BFOp ; BBIBOBET OTKIIOHEHHUS CTPEJIKU MarHUTHOI'O KOMIIaca Ha 10-20 (38. CYTKHU MOJIOKECHUEC MarHUT- Puc.97
uc.

HOTO TOJTFOCa 3€MJTH MOXKET OTIHCaTh Kpyr 11aMe€TpOM B COTHIO KPIJIOMeTpOB).

[lopsioK BBINOJIHEHUS Da60TI>I

1. He BkJIfOYast MCTOYHUK TOKA, YCTAHOBUTE TAHICHC-TAIbBAHOMETP B IUIOCKOCTH MAarHUTHOTO Mmepuauana. [Ipu stom
CTpeliKa KoMIlaca JoJoKHA ObITh HAIpaBieHa [0 JUaMeTpPy TaHreHC-TalbBaHOMETPa (BIOJb INIOCKOCTH BUTKOB, prc.92a). O6pa-
TUTE BHUMaHUE Ha TO, YTOOBI CEBEPHBII KOHEI[ CTPEIIKM YKa3blBaJl Ha HYJIEBOE 3HAYCHHE KOMIIAca.

2. YcTaHOBHUTE PEryJsTOp MOTEHIMOMeTpa (MM peocTara) Ha MHHUMAJbHBIM TOK Yepe3 TaHTeHC-TaTbBaHOMETP H 3aTeM
BKJIFOUUTE UCTOYHUK TOKA.

3. M3MmeHssi peryssiTopoM MOTEHIMOMETPa TOK 4Yepe3 paBHbIC MHTEPBAJbl, ONPEACISATE YroJ OTKIOHCHHUS 0. CTPENIKU
(puc.926). Heob6xoaumMo HEKOTOPOE BpeMst, YTOOBI CTpesIKa KOMITaca YCIIOKOMIIACh U TepecTalia KoinebaThes. 3anuchiBaiiTe Belu-
YHHBI TOKA | W yIJibl OTKIOHEHHS OT MEPBOHAYAIBLHOTO MOJIOKEHUSI CEBEPHOI0 Ol M I0KHOTO Oy MOJIOCOB CTPEIKH B TAOJHILY.
W3meputh Hano He MeHee 5 3HaueHuit Toka (M COOTBETCTBYIOIIHE UM YTIIbI).

BHuMaHMe: OTKJIOHCHHE JH0O0T0 MOJIF0CA CTPENIKH €CTh Pa3HOCTh HAYAILHOIO U KOHEYHOT'O IOKa3aHUs KOMIlaca W He
MOXeT TpeBbIcUTh 90°.

4. VI3MeHHTe HANpaBJICHUE TOKA B TaJbBAHOMETPE C MOMOIIIBIO MEPEKII0YaTeIs Ha yctaHoBke. [Ipogenaiite myHKT 3, yc-
TaHAaBJIMBAs TE )K€ 3HAYCHUSI TOKOB U (DUKCHPYS YIIIbl OTKJIOHEHHUS OT NEPBOHAYAIHHOTO MMOJIOKEHHSI CEBEPHOT0 O3 U F0)KHOTO Oy
oJIFOCOB cTpenku. CTpeska OyIeT OTKIOHATHCS OT IePBOHAYAIBHOTO MOJIOKEHUSI B JIPYTYIO CTOpoHY. JlyOnupoBaHue u3MepeHun
JIeJIaeTCsl Uil TOTO, YTOOBI MCKITFOYUTh CUCTEMATHYCCKYHO MOTPEIIHOCTh, CBSI3aHHYI0 ¢ HETOUYHOU YCTAHOBKOM KaTYIIKU B IIOC-
KOCTH MarHUTHOTO MEPHJIMaHA, a TAKXKEe C ONpPEJICICHUEM caMOoil 3TOH MIOCKOCTH. JlaHHbBIC 3aHecuTe B TaOJIHILY.

Neo/m | I,MA | a,,° | a,,° | 03,° | a,,° (a),° | tg{a) | Brop,MxTa OB , MkTn E
1

2

3

4

5

- - - 7
N = ....BHTKOB R=...m Mo=4T[10"' Tu/m <Bmp> = kT (ABFOP)max = .....mxTn

5. Onpenenure cpenHee 3HaUCHNE yTriTa <0(> JUTSL KQKITOTO 3HadeHus Toka | mo gpopmyne <(x>= (a1+a2+a3+a 4) / 4.

6.I1o ¢popmyne (119)Hano BEIYUCIUTE Brop AU KasK10ro 3HAYCHHS TOKA, [OJCTABIIsS BMECTO O CPelHEe 3HAUCHHE

ATOTO yTia <0(> . Bemuumaber R u N yka3zaHbl Ha yCTaHOBKe.
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7. 110 BEIYMCIIEHHBIM 3HAYEHUAM Bmp HalIuTe CpeHee 3HaUYeHNe TOPU30HTAIBLHON COCTABJISIONIEH HHIYKIIMA Mar-

HHUTHOTO TOJIs 3eMIIH <Br0p>
8. Onpenenute oTHOCHTENBHYIO £ 1 abcomothyto AB,,, norpeumsocty no gpopmynam

E :£+E+_2Aa

I R sinu’ BBrop = Brop LE
B koTopbiX Al, AR 1 A0 ompenesstoTcs: Kak TMOJOBUHA IeTeHHS MpuOopa, ¢ TOMOIIBI0 KOTOPOTO OBUIA U3MEpPEHbI BeMYuHHI |, R
u 0, npudem A0 Ha0 BLIPa3uTh B pagnanax. Eciiu 3HadeHHe KaKoil-mubo BEIMYHHBI YK€ YKa3aHO B OMHCAHUU YCTAHOBKH, Ha-
npuMep R, To aOCOMIOTHAS MOTPEIIHOCTh ATOM BEIWYHHBI ONPEENIIETCS KaK MMOJIOBHHA €MHHUIBI IIOCIICAHEro pa3psaa. [Ipumep:
R=20,15cm. Equnnna mocieaHero paspsaa - 3To ogHa coras. Takum obpasom, AR = 0,01/2 = 0,005Mm.

9. Onpenenure HanbOoJIbIIIEE 3HAYCHNUE A0COTFOTHON TIOTPEITHOCTH (ABmp) 1 3alAIINTE PE3YIbTAT U3MEPCHHI B
max

Buze B, =<BF°p>i(Aa°p)mw MKT, T.€. Brop = evvnnd v MKT .

BHMTE NOJYYEHHOE 3HAUYECHM op HACTHHHBIM, KOT B paiioH JIbI paBH op = MKT.
Cpa € MOJIy4EHHOE 3HAUYCHHE C HC otopoe B paiione T aBHO 25 mxT

KoHTposbHBIE BOIPOCHI K JIa00paTopHOU padoTe Ne 26
1. Yro sBIIsIeTCS MCTOYHHUKOM MMOCTOSTHHOTO MarHUTHOTO NOJis? UeM MOCTOSTHHOE MarHUTHOE TI0JI€ OTIUYASTCS OT DJICKTPOCTATH-
YECKOTO TOJISl ¥ IOYEeMY OHO Ha3bIBAETCS BUXPEBBIM?
2. Jlaiite onpeeneHne BEKTOpa UHAYKIUA MarHUTHOTO MOJISL.
3. Chopmymupytite 3akoH brno-CaBapa 1 oJTyduTe ¢ €ro MoMOIIBI0 POPMYIY JUIsl BETHIHUHB HHAYKIIMA MarHUTHOTO TIOJIS B IICH-
TpE ¥ Ha OCH TaHTEeHC-TalTbBaHOMETpa ¢ TOKOM |, N BUTKOB KOTOPOTO UMEIOT paauyc R.
4. HapucyiiTe TUHUM UHIYKIUH MAarHATHOTO II0JISl, CO3J@HHOTO TOKOM, TEKYIIMM II0 TaHreHC-TalbBaHOMETpPY. ByayT nn oHun
3aMKHYTBIMH U [I0YEeMYy?
5. C xakoil ciIoi Wi MOMEHTOM CHIIBI MATHUTHOE I10JIe 3€MII JICHCTBYET Ha MBIKYILYIO 3apsDKCHHYIO YaCTUIy? HA MPSMOJIH-
HEIHBIN IPOBOIHUK C TOKOM? Ha KPYTOBOY BUTOK C TOKOM? Ha CTPEIIKY MArHUTHOTO KoMIiaca?
6. [NokaxxuTe Ha SKCICPUMEHTAIBHON YCTAHOBKE HANPABJICHUE BEPTUKAJIBHON M TOPU3OHTAIBHOW COCTABISIOIIMX BEKTOPA HH-
JyKIIMA MAarHUTHOTO MOJIs 3eMJIH, a TAK)KE HAMPABICHUE BEKTOPA WHAYKIIMH MarHUTHOTO TMOJIS, CO3AHHOTO TOKOM, TEKYILUM IO
BUTKaM TaHT'€HC-TaJIbBAaHOMETpa. B Kakyto cTOpoHy OyAeT NOBOpaYMBATHCS CTPEIKA KOMIIAca MPH YBEIUYCHUU W YMEHBIICHUH
ToKa? _leepTukans

N

7. I1110CKOCTL BUTKOB KaTYIIKU TaHI'CHC-TaJIbBAHOMETpA IapajlyicJibHa BEKTOPY BF FOpHSOHTaHLHOﬁ cocrTraB-

JSTFOIIEH MHAYKIIMK MarHATHOTO Totst 3emutd (puc.A). | —Tok B karymike, N — 4HCII0 BUTKOB B KaTYIIKe, [ — HX

pamuyc. IIpy KakoM yCJIOBUM CTPEKAa KOMIIAca B LIEHTPE KaTYIIKH MOBEPHYTA HA yroi o = 45 oTHOCHTENbHO

IUTOCKOCTH BUTKOB?

8. IIpsmoit GeckoHeuHbI TOK | TEYET BHONB BepTHKANBHON ocH Z ['Opu3oHTaJIbHAs COCTaB- Prc.A

JSIFOIIAsT MHAYKIIMA MAarHUTHOTO MOJs 3eMJIM HampaslieHa BIoib ocu Y (puc.B). Ykakure B

KaKO# TOYKE M HAa KAKOM PACCTOSHHUM OT TOKa | BEKTOpP MHAYKIUH CYMMAapHOTO MarHHTHOIO IOJISI TOKA U Mar-

HUTHOTO TOJIs1 3eMJIK Oy/eT HAIIPABICH BEPTUKAJIBHO.

Puc.B 9. Cnuenaiite BIBOJ pacueTHOM (opmynsr (119) aust onpeseneHust BEIMYUHBI TOPU30HTAIBLHON COCTABIISIONIEH
WHIYKIIUA MATHUTHOTO TTOJIST 3€MJIH.

10. Kakue npuuuHbI IPUBOIAT K MOSIBICHUIO MArHUTHOTO 1oJIst 3emin? Kak HanpaBieHbl TMHUM HHIYKIIUH TEOMAarHUTHOTO MOJIst

B CEBEPHOM H FO)KHOM TOJIYIIAPUH?

11.TloyeMy MarHUTHBIN KOMIIAC HEINb3sI UCIIOIH30BaTh BOJIM3HM r€OMarHUTHBIX TOT0cOoB 3emun? HanpasiieHa i cTpesika Komria-

ca Ha CeBEPHBII MOJIIOC?

12. Yto JO/MKHO MPOUCXOMUTH C BEIMYUHON MOPU30HTAIBLHON COCTABILSIIONICH MAarHUTHOTO MOJIs 3€MIIM B 3aBUCHMOCTH OT I'eo-

rpadudeckoil mupote? [lodemy B pa3HbIX TOYKAaX 3eMIIM HA OJHOW MIMPOTE M B Pa3HOE BPEeMsi CTpEJIKa KOMIIaca MOXKET HE MOKa-

3BIBaTh HA TCOMArHUTHBIN MOJOC?

Jlureparypa
1. CasenbeB U.B. Kypc ¢usuku B 3x 11.: T. 2: Dnekrpuuectso - M.: Hayka, 1970.- 88 39-42, 48.

2. Kommaxos 0. H., ITekap 0. A., Jlaryn 1. M. DiiekTpruecTBO U MardeTusm,- u3a. Tynl'Y. 2008,rn.7 §85,8,9r:1.8 §81,2.

PaGora Ne27. UcciienoBanue MAariuTHOTO T10JIS COJICHOUAA

[lenp paboOThI: 3KCIEPUMEHTAIBLHOE OINpEe/iCHHE 3HAYCHUII MArHUTHON HH- a)jj >R e
JIYKIMU Ha OCH COJICHOMJA U CPABHEHHE UX C PACUETHHIMU 3HAYEHUSIMH. b }\ W i \}\ Ul

yATAYA} e
_>___\___\}”J“ //u\/\\/ /I\ /ol MUMUBM

rv.viiviviviva'ivivivivi

TeopeTnueckoe omUcaHue
C MOMOIIIBIO TEOPEMBI O HUPKYJISIMU JIETKO BBIYHCIHUTE MOJIE BHYTPU OECKO-
HEYHOTO COJICHOMJA, [0 BUTKAaM KOTOPOro Tedyer TOK |. IIpsMble JIMHUHM WHIYKIHHA

B,, BHYTpH COJCHOMIA YXOAAT B OECKOHEYHOCTh, U 0XBaTbiBasi N BHTKOB COJICHOMIA
OPSIMOYTOJIBHBIM KOHTYPOM InHBL |, M300paK€HHBIM INTPUXOBOM JMHHEH  Ha
puc.98a, nonyuaem §Bdl = B, =pgIN win B, =pgIN/I.
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B uccnenyemMoM coneHOHIe KOHEUHOH JUIMHEL | ¢ pafiycoM BHTKOB [ IMHHMYM MHAYKOuK B usornytsl (puc.980), u
yIOOHOTO [Tl HHTETPUPOBAHUS TI0 TEOPEME O LIMPKYJSILIUKE 3aMKHYTOr0 KOHTYypa HeT. [t BeiuucieHus B Ha ocu Takoro cose-
Houza, uMmerorero N BHTKOB ¢ TOKoM |, Bocmonbs3yemcsi 3akoHoM buo-CaBapa. Onpenenum uHAyKUuoo B B Touke A, Haxoxs-
1Ieiicss Ha PacCTOSIHUM & OT Kpasi cojieHouaa. Pa300béM OOKOBYIO MOBEPXHOCTh COJICHOUIA HA Y3KUE KOJIbLICBBIE MOJOCKH LIHPHU-
bl dX Ha paccrosHuu X oT Toukd A. ITo Bcem N BuTkam Ha 60K0BO# moBepxHOcTH mpoTekaeT Tok NI , a mo Takoil mosocke
teuer Tok dl = NI [@¥/ |, nponopumonanbHblii €€ mupuHe.

C MIOMOIIIBIO 3aKOHA BI/IO'CaBapa JICETKO MMOKa3aTh, YTO HAa OCU KPYIrOBOI'0 BUTKA paanyca ro ¢ TokoM | Ha PacCTOsIHUU X

2
| )
ot uentpa O Butka (puc.98B) co3maeTcss MarHUTHOE MOJIE ¢ HHAYKIHeH B, = ui—s/z . AHAJIOrM4YHO, KOJIbLIEBOM TOK dl
(r6+x?)
2
Hod! "o
co3mact B Touke A mone dB= 2 37 CyMMHupYs BKIIaJbl BCEX MOJIOCOK, T.€. BBIYUCIISSL MHTErpaji, HAXOIUM pac-
2 2
(r8+%)

YCTHYIO (bOpMyJ'Iy I TEOPECTUICCKU BBIUKCIICHHON BEIIMYMHBI WHAYKIWU MAarauTHOTO MOJII Ha OCU KOHCYHOI'0 COJICHOUuAa JJIn-
uel | Ha PacCTosiHUK & OT €ro Kpas.

(120)

x=l-a 2 ]-a
HoNIrg dx HoNI I-a a
B.,= | dB= = + .
. XJ—a 2 —Ia(r(2,+x2)?%2 2 \/r§+(l ~a)? \/r§+a2

Kpome 3T0r0, BenmmunHa HHAYKIUYU OMpPEesaeTCs B JaHHOH 1a00opaTOpHO# paboTe IKCIIEPUMEHTANBHO C TOMOIIBI0 Oall-
JIMCTHYECKOTO TajlbBaHOMETPA.

Cxema 3kcniepuMeHTa n3o0pakena Ha puc.99. 5

o ocu conenonna anuuel | U paguyca g, COCTOSIIETO ~

u3 N BHUTKOB, IEpeMeNAeTCsl MaleHbKasi M3MEPUTEIbHAs KaTyIl-
ka K, m3 N, BHTKOB ¢ mimomanpio S, W C HMHIYKTUBHOCTBIO

l!

COJICHOU T “l

|
\
L

le , pacCTossHUE a KOTOpOﬁ OT Kpas COJICHOMJA OIPCACIIAOT IO

. o a-| |
MTOJIOKEHHUIO COBMEMIEHHOTO C KaTyIIKO# yka3zaTens. Knomkoit S % - n !
COJIEHOUJI IOAKIIIOYAIOT K MCTOYHUKY IOCTOSHHOIO TOKa, U IIO 74- 70
v i ST
€ro BUTKaM HaYMHAET TeUYb TOK |, CO3/aI0NIMI HA OCU COJICHOU/IA ( F
v B M
MarHuTHoOe noje ¢ uHayknued B . Bosnukaromas B coneHouze BHJI CBEPXY

OJIC caMOMHIYKIMK TPEHSATCTBYET MTHOBCHHOMY IIOSBICHHUIO Pic.99
atoro Toka. OH HapacTaeT O yCTAaHOBUBIIETOCS 3HAYCHUS HEKO-
TOpoe BpeMsi T, B T€YEHHE KOTOPOTO MEHSETCA Ioye B, a B U3MepUTeNbHOW Karymuke K, Bo3pacTaeT MarHUTHBIH IOTOK
@, =BN,S§,.

M3mepurenpHas KaTymka COSAMHEHA ¢ paMKOH OaJTMCTHYECKOTO TallbBAHOMETPA, U 00pa3yeT 3aMKHYTYIO IIeTlb C CO-
nporusieHreM R . B Takoii nenun Bo3unukaet DJ1C unnykuuun €, = —dd, / dt u nosIBISIETCST MEHSIOLIMIACS TOK |, 9TO MPUBOAKUT

k nossiaennmio DJC camomnaykumn € =-L,dl,/dt. Unrerpupys mno Bpemenn ypaBHehne npasuia Kupxroda,

T T
_do, dﬁ, HonyqaeM—RJ- IMdt=—J. ao, —LMJ.dII,I =-BN, S, . 3necs J.Indt=q - 3apsj, TMPOTEKIINH
0 0

-I,R=€, +& =

dt dt
gyepe3 U3MEPUTEINILHYIO KaTYIIKy 3a BpeMs yCTaHOBIIeHUS 1o B B coneHounpe. Tok |, B MOMEHT T mpekpariaercs, Tak Kak Be-
nuyuHa @, NOCTUraeT MOCTOSHHON yCTaHOBUBLIEHCS BeIUUYMHBL, U ucue3aeT D/C UHAYKIMY, IPUBOIUBIIAS K IIOSBICHUIO TOKA.
T

TMostomy |, (1)=1,(0)=0n J.OdlM =0.

TakuM 00pazoM, MPOTEKIIHN 110 U3MEPHUTEIHLHONW KaTyIIKe 3apsj ( MPONOpIUOHANIEH YCTAHOBUBIICHCS BEJIMIMHE WH-
IOyKIAH MarHUTHOTO TIOJIS B TOM MecTe, Tie oHa Haxoautes: 4= BN, § / F.

WupykuuoHHsIl TOK |, IpoTekaer o MoJBEIIEHHON Ha HUTU IPSIMOYTOJIbHOM paMKe OaJIMCTUYECKOrO ralbBaHOMETpa
¢ wiomanpio S, , nmetoweid Ny, BUTKOB 1 Oonboit Moment nuepuun |, (puc.99). [1oCTOSHHBIA MarHuT U XKeJNe3HbIH LMIHHIP
F, KOoTOpBIi 0XBAaTHIBAIOT BUTKH PaMKH, CO3AI0T MarHUTHOE IOJIE C MHAYKIUeH B,  , TMHUH KOTOPOTO paJHalibHbI, U IIPH I1OBO-

poTe paMKH Ha JIto00i yron 6 mapamiensHsl mwiockocty pamku “Iln" (puc.99).IIpu nporekanuu Toka |, , paMka UMeeT MarHuT-

Hblil MOMEHT Py = [,NpS,, n Ha He€ nelictByer MomeHT cun M :‘[ Brm; E\J‘ =1, Ny, & B, sin 9. CorniacHo ypaBHeHUIO 11~

dw
HaAaMHUKHU BpalllaTCJIIbHOI'O ABUXXCHUA, —_— = . FaMKa IpuxoauT BO Bpall€Hue, Inpuo cTas 3a BpEMs TJIOBYHO CKOPOCTH
Ip p =M .P ) T
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YToOBI 3aKPYTHTH HUTP IOJBECA HA Yroi 6, K Heil Halo NPUIOKUTE MOMEHT CHIIBI, IPOIOPIMOHAIBHBIN YIIIy 3aKpydH-

Banus: My, =K0, rae K =const. [lonyuennas paMkoii KHHETHIECKas SHEPTUS BPAIIATENBHOTO ABHKEHHS IPEBPALIAETCS B pa-
I poo2 K 62

00Ty MOMEHTA CHIIBI > = J. M, d6 = KJ. 6de = —

Ha HuTH mojBeca yKperuieHO KpoileuHoe 3epkaibile 3 (puc.99), koTopoe BMECT€ C HUTHIO MOBEPHETCS HA yroi
0=w Ip / K . JIy4 JaMIOYKM OTpaskaeTcsl OT 3epPKaiblia U CO3JAeT CBETOBOW 3alUMK HA IIKaje, HaXOIAIIeHcs Ha yaaaeHun b.
Ipu 1OBOPOTE 3€pKajblia Ha MaJblid yroj 0, 3aid4uK CMECTHTCS 10 IIKaje Ha paccTosiHre O =b[20. YuuTeiBas Bce MONyYeHHBIE

pe3yibTaThl, BUAUM, YTO SKCHCPHUMCHTAJILPHO ONPEACICHHAA BCIMYMHA WHAYKIMKA MAarHUTHOTO IIOJII HAa OCH COJICHOHMIA B TOM
MECTEC, TA€C HAXOAUTCA U3MEPUTECIIbHAA KaTyIIKa KH, IIponopuroHaJIbHa OTKIIOHECHUIO 3agmKa;

Kip
26N, N, $ § B

CoBpeMeHHBIE TTPUOOPHI, H3MEPSIOIINE MaJble N3MEHEHHS TOKa WM HANPsDKEHUS, OCHOBAHBI HA IMPUHIINIE U3MEPEHUS
MIPOTEKILETO T10 LEIH 3apsaa U 00JIaAaroT HAMHOTO OOJIBIIEH YyBCTBUTEIFHOCTHIO H TOYHOCTBIO.

Byen = Kb, e k= (121)

[ops1ok BEINONHEHHS PabOTEI
1. O3HaKOMBTECH C YCTAHOBKOM 1 BKIIFOUHTE ee B ceTh (220B).
2.Pyukoii Ha yCTaHOBKE IOMECTUTE U3MEPUTEIIbHYIO KaTymky K, y OZHOro U3 KOHILIOB COJIEHOUA, OIPEEIINB €€ 110-

noxxeHne & (paccTosiHAE OT Kpast COJIEHOM A JI0 TOUKH, B KOTOPOH OIpee/sIeTCs 3HAUEeHHE MATHUTHON WHIYKITHH) C TOMOIIBIO
yKasarels Ha mkaie (nuHeiike, cM.puc.99).

3. Haxxmure Ha KHONIKY S U M3MeEPhTE OTKIOHEHHE CBETOBOIO 3aliunKa O II0 IIKale rajbBanoMeTpa. He ormyckas KHoI-
KY, OTIPE/ICINTE CHITy TOKA B COJICHOM/IC IT0 MUJLITUAMIIEPMETPY.

4. Takue e U3MEPCHUS PACCTOSHUS g U OTKJIOHEHHMS 3aifunka O mpojenaiite 1 Apyrux noyoxeHud katymku K, , me-
pemenias ee Kaxapli pa3 Ha 1 cM BIOJB OCH COJICHOMIA IO YIIOpa. 3aHECUTE JaHHBIC B TAOJIHILY.

5.11o dpopmyne (121)Haiinure SKCIIEpUMEHTAILHEIE
3HA4YCHUA MarHiTgog HHE[yKuzxm, BOCHOHBSOBEBH.II/ICL 3HA4YECHU- @M 8, nex B3KC“ T COSBl COSBZ BTGOP » T
eM K, yKa3aHHBIM Ha YCTAHOBKE. 0

6. [l Tex ke 3HaUeHW @ paccumTaiire mo popmyrne | 0,01
(120) reoperryecky BHIYMCICHHBIE 3HAYEHUS HHIYKIIUK Mar- | .....

NI a
HUTHOTO ITOJIS BTeop =u02—|(cosﬁl + CO§2) ) N

a l-a
e Cospy = o=, COp = Tm———
Jré+a Jré+(1-a)

yuceHui 3anecTy B Tabuiy. 3Hadenust N u | aHbl Ha yCTaHOBKE.
8.1lo 3HauenusiM B, , olpe/ieIeHHBIM Ha OIBITE, U BTeop , BEIYHUCIICHHBIM TEOPETHYECKH, TIOCTPONTE TpaduKu

. [lanHbie BbI-

Byen = fi(a) u Breop = 2 (@) B onHuX KOOpAMHATHBIX OCSX (Ha OAHOM JHcTe). CPaBHHUTE IOCTPOCHHBIE IPadHKH.

KoHTpoabHbIe BOMPOCH! K JadopaTopHoit padote Ne 27
1. HapucyiiTe TUHUN WHIYKIIMA MAarHUTHOTO TOJIS, CO3JAHHOTO TOKOM, TEKYIMM [0 BUTKAaM KaTYIIKH-COJIEHOUIA C yYETOM Ha-
MPABJIEHHS ITOTO TOKA. ByIyT JIK 3TH IHHUU 3aMKHYTBIMH U TI0YEMY?
2. Chopmynupyiite TEOpEMY O IUPKYJISIUN BEKTOPA MATHUTHOW MHAYKIIMU U C €€ MOMOIIBIO OMpPEIEIUTEe BEIINUUHY UHIYKIIUU
MAarHATHOTO TIOJIST BHYTPH OECKOHEYHO JUTMHHOTO COJIEHOM A C TOKOM |, y KoToporo Ha amuay | mpuxomgurcst N BUTKOB.
3. Chopmynupyiite 3akoH bruo-CaBapa 1 ¢ ero moMoOIIbI0 HOTYYUTE BEIPAKCHNUE BEITUYUHBI HHAYKIMA MAarHUTHOTO TOJIS HA OCH
KPYTOBOI'O BUTKA C TOKOM.
4. Chenaiite BBIBOJ pacyeTHOM GOPMYIIBI ISl BEIMIUHBI HHAYKIIMK MarHHTHOTO TIOJISI Ha OCH COJICHOMIA KOHEYHOM JIHHBI | ¢
paarycoM BUTKOB I
5. Onpenennre BEIUYUHY OTHOIIEHHS WHIYKIMM MArHUTHOTO IOJ B LeHTpe cojenouaa (mpu a=1/2) u Ha ero xpasx (upu
a =0 wm |). CoBnagaer i1 3Ta BEIUYUHA C TOM, YTO CIIEAYET M3 MOCTPOEHHOro Bamu rpaduka?
6. O0bsicHHUTE NPUHIUI PAbOTH OATUCTUIECKOTO TaTbBAHOMETPA, UCIIOJIL3YEMOr0 B JAHHOH paboTe.
7. B 4yem cocTouT siBiicHHE dJeKTpoMarHuTHOM uHaykuuu? Chopmynupyiite 3akon Dapanes mist onpeneneaus DJC smekTpo-
MarHUTHON MHAYKIMU U C €r0 TOMOIIBIO O0BSCHUTE, MOYEMY 3apsil, IPOTEKAIOIIN 10 U3MEPUTEIbHON KaTYILIKE, MPOMOPIHOHA-
JICH BEJIMYMHE MHAYKIMA MarHUTHOTO TI0JIs, B KOTOPYIO e€ BHOCAT. [loueMy pa3Mep M3MEepUTENbHON KaTYIIKU A0JDKEH ObITh Ma-
JIBIM?
8. [NoueMy npu BKJIIOYCHHH TOKAa B COJICHOHMJIC MTOBOPAYHMBACTCS 3€pKaJbIle, CO3aroliee CBeToBoM “3aiuuk”? [loueMy Bpariaro-
K 3epKaliblie MOMEHT CHJI IIPOMOPLUOHAICH H3MEPSIEMON HHAYKIIMA MArHUTHOTO TIOJIS?
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9. [Touemy cBeTOBOH “3aifunk” cpa3y e BO3BPAILACTCS B UCXOJHOE IIOJIOKEHUE, €CIIN HaXKaTh KHOIKY BKJIIOYEHHUS TOKA B CO-
JICHOWJIE ¥ HE OTITyCKaTh e€?
10. Caenaiite BbIBOA (OPMYIIBI 3aBUCUMOCTH cMelIeHHs O “3aifumMka” OT BemM4YMHBI HHAYKIMH B. OT kakux mapameTpoB ycTa-
HOBKH 33aBHCHT KO()()HUIHEHT MPOHOPIHOHATBHOCTH K MKy STUMH BeIMIHHAMU?
11.KakuM crioco6oM IpoIie BCEro YBEINYHUTh CMENIEHne O “3aifunKka”, He MEHss CHIIy TOKA B COJEHOMIE U MapaMeTPhl H3MEPH-
TEIHLHOU KaTYIIKU?
12. [ToueMy GaIMCTHYECKHE T'aIbBAHOMETPBI, H3MEPSIOIIHE BEJIMYMHY TOKa IO BEIMYHMHE IIPOTEKAIOIIETo 3apsaa 6oyiee TOYHHI,
4eM OOBIYHBIC aMIIEPMETPHI?

Jlureparypa
1. Cagennses U.B. Kypc ¢usuku B 3= 11.: T. 2: Dnekrpuuectso - M.: Hayka, 1970.- 8§88 39-42, 48, 55-57, 59, 62.

2. Konmaxos 0. H., TTekap 0. A., Jlaryn U. M. DnekTpruecTBO U MarHetusm,- u3a. Tynl'Y. 2008,rn.7 §85,8,9r1.8 §81,2.
3. Konmaxkos FO.H., IMekap 10.A., Jlexkuesa JI.C. DnexkrpomarueTusm u ontuka,- usa. Tynl'Y. 2010,rn.1 88 3-5.

PaGora Ne28. OnpeneneHue HHIYKTUBHOCTH TOPOHIa C PEPPUTOBBIM MAarHUTOPOBOIOM
QCHB [23.60TBI: N3Yy4YCHHUE 3aBUCUMOCTH HHAYKTUBHOCTH TOPOHJIA OT CHJIBI TOKA.

Teopernueckoe onucaHune

DnexkTpuyeckas cxema ycTaHOBKH n3o0paxeHa Ha puc.100.Ha TopounaibHbIi cepaedHuk
HaBuTa 00MOTKa M3 N BHTKOB TOHKOTO NPOBOJA, IO KOTOPOMY TE€UYET TOK | OT MOIKIIOUYEHHOTO
ucrounuka nepemeHHoit JIC ¢ aMmuTy0d €y M HUKIMYECKOH yacToTOM . BennunHy Toka Me-

HSIOT, U3MEHssI conpoTuBiieHne noteHimoMeTpa R. Ecian L — HHAYKTHBHOCTH Takod TOpOMAAib-
HOW Karywikd, a R, —eé omudeckoe (akTHBHOE) compoTusieHue, To ¢ yueroM DJIC caMOMHIYK-

i npaBwio Kwupxroda g m3oOpaxkenHod Ha puc.100 3amMkHYTOW Lenu HMeeT BHI
I(R+ R<)=80 COS((,ot)— LOdI/ dt. Pemenne 5TOro ypaBHEHHs BBIHYXKIEHHBIX KoneGaHuil n3-

BCCTHO. AMHJ’II/ITy,Ha BBIHYKJCHHBIX KoJieOaHU TOKA B eI CBA3aHa C aMHJ'IPITy[[Oﬁ SﬂC Yepe3 MOJHOC CONPOTHUBJICHUC LCITH

HEPEMEHHOMY TOKY z =\/(00L)2 +(R+ F}?<)2 ,re. | =lgsin(at +a) =82—Osin(u1 +a).

CormnpoTuBienune WL Ha3bIBAIOT HHAYKTHBHBIM COMPOTHBICHHUEM.
MOXHO HaiiTH NaJeHHe HANPSDKEHMS Ha KOHTaKTax topomansHod karymku: U = IR +Ldl/dt. IMoacranoska naet

U = 1R, sin(wt +a) + lowl cofwt +a) wm U = lgy/(wl ) +R? (cosBBinwt+a)+ si®Ocofwt+a)), rae
cosB:L, sin9=w—L,T.e. U= |0«/((d_)2+Rl% cos{wt+o - 6)

(o) +R? (o) +R? =Ug

AMnepMeTp 1 BOJIBTMETP UBMEPAIOT HE aMIJIMTYAHBIC , a JEUCTBYIOIIUE WIIH S(bd)eKTI/IBHI)Ie BCJIMYMHBI TOKA U HAalIPsKE-

Hua | =1g / \/E , U=Uqg / \/E . OTO BeJIMYUHBI MOCTOSTHHOTO TOKA, KOTOPBI OKa3bIBaE€T TAKOE K€ JeUCTBUE, KAK U NIePEMEHHBII

2 .
ToK ¢ ammuTygamu |, Ug. Mx orHomenue pasHo otHomenuto ammwintyx U/l =Ug/l g =4/ (od_) +RK2 . B nanHoit pabore

COTIPOTHBIICHNE TIPOBOJ[A, HAMOTAHHOTO HAa TOPOHNANBHBII CepIeTHHK, CUUTaeTCs mpeHeopexnmo ManeM, R, =0, uTo mo3Bos-

€T ONPCACTIUTbL UHAYKTUBHOCTD KAaTYIIKH! 110 U3BMEPCHHLIM IMOKa3aHUAM aMII€epMETpa U BOJ'ILTMeTpa:
U
L=—. (122)
lw
YUT0OBI BEIYUCIATH HHIYKTUBHOCTD L, BOCIIONB3yeMCsl TEOPEMOM O MIUPKYJISAIMNA BEKTOpa HHAYKIIMKH B MarHuTHOTO 1M0-
JISl, JIMHUKM KOTOPOT'O BHYTPH COJIEHOM 1A 00pas3yroT 3aMKHYThIe OKpykHOCTH (pric.100).IIprHAB TaKyr0 OKPYKHOCTb paauyca I 3a

KOHTYP MHTETPUPOBAHUS, ITOJYIUM <j'>I§dT = Bf dl = B2 = ppgIN (xorTyp oxBatsiBact N BuTKOB ¢ TokoM |). Benmunna mar-

HHoIN
L

HHATHOIO mojst B = 3aBUCHUT OT PpacCTOSIHUS I 10 LICHTpa 0 TOopouaa. H03TOMy MarHUTHBIA HOTOK qepe3 miomanb SB

oxuoro Butka (puc.101) MOXKHO TONBKO NMPUONH3HUTENbHO 3amucaTh B Buge @ = BS, . Ilotok uepes Bce N %‘f}om a}
Sp '

2
HHoS, N° Sy
21T

BUTKOB CBA3aH ¢ MHAYKTUBHOCTBIO KaTymku: @ = NBS, = LI. Orcrona L = . PesynbTat BBIUKCIIE-

HusA L 1o 3Toit dopmyre, Tae I — paguyc OCH TOPOWAA, TeM TOYHEEe, 4eM MEHBIIE TIONepedHoe CeucHne S,

cepaeuHuka. B manHOM paboTe ompenesseTcss 3aBUCUMOCTh HHIYKTUBHOCTH L OT BETMYMHBI MATHUTHOM TIPO- Puc.101
HUIIAeMOCTH [ (eppuTa, U3 KOTOPOTO U3TOTOBJICH CEPACUHHK.

[IpaBuiabHO OOBSICHUTH MATHUTHBIC CBOWCTBA JIFOOOT0 MarHeTWka — (heppoOMarHeTHKa, mapaMarHeTUKa Wi JUaMarHeTH-
Ka — MOXKHO TOJBKO C IIOMOIIBIO 3aKOHOB KBaHTOBOW (u3MKH. B wacTHOCTH, (heppUT — 3TO MAarHUTHO-YIOPSIOYCHHAs Cpela, B
KOTOpOWl MarHWTHbIE MOMEHTBI aTOMOB BBICTPAWBAIOTCS CTPOTO BJOJb OJHOTO HAMPABICHHUS IMOJ JACHCTBUEM OOMEHHBIX CHII
KBaHTOBOHM IPUPOJIBI, HE WMEIOLIMX aHAJora B KiIacCHYeCKoi (usuke. DeppuThl OTINYAIOTCS OT (EPPOMArHETHKOB TEM, YTO
MarHUTHBIE MOMEHTBI aTOMOB Pa3HOTO COPTa HAIpaBIEHbI B pa3Hble cTOpoHbI (puc.102,peppur Mn,Os).
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[Ipr W3MEHEHHWH MAarHUTHOTO TONA B (eppHTax HE BO3HHUKAIOT TOKHU >
®Dyko, MOCKOIBKY (peppUThl HE MPOBOAAT AIEKTpUdeckuid ToK. [1o 3Toi mpuyrHe d*)/?_cf)_/( T(/Q Pma
(eppUTHI HCTIOTB3YIOTCS B KAYSCTBE MaTepHaia JUisl U3TOTOBIICHHS CEPICYHUKOB $ cT> p %ﬁ ¢ (B N ¢ i ¢ ¥ $ ¥ $ 4 = ¢ $ $ 4
TpaHc(hOPMATOPOB, MOCKOJIBKY H3-32 OOJBIIOW BEIMYMHBI MATHUTHOW MPOHU- ) 7’/’ 7$tj Prai 4 ¢ { ¢ i $ 4 $ $ $ ¢ ¢
ACMOCTH |l IMO3BOJISIOT CO31aTh OOJBIIOE MATHUTHOE TIOJIE, a B CIIy4yae mepe- QO Q_MEn — D, Mn, O3
MEHHBIX TOKOB HE HarpeBarOTCs, TaK KaK B HUX HE IIPOUCXOLUT IOTEPS DHEPTUHU maz Puc.102

Ha BBIICJTICHHE JDKOYJIeBa TEIUIa, KOTOPOe 00sM3aTeIHHO BBIACISIIOCH OBl TIPH 3a-
TyXaHUH WHAYKIIMOHHBIX TOKOB DYKO B MPOBOAAIIEH (heppOMarHuTHOU cpejie.
MarHuTHbIE MOMEHTBI Pa3HbIX aTOMOB P, 3HAYHTEIBHO OTIMYAIOTCS MO BEIMYMHE. MarHUTHBIE MOMEHTHI TPYIII CO-

CeIHHX aTOMOB, KaK U B (eppoMarHeTHkax, OyAyT HampaBieHbI B OfHY CTOPOHY &) ng 6) B) I Hegx
(gnc.lOZ)_. OTO MNPUBOAUT K TOSABICHUIO OTPOMHOIO MArHUTHOIO MOMEHTa ‘\x /’ T/»\L B pImT i T P
Pm = Z Pma Bcero depputa (puc.103a). [TosToMy Gepput HemUTCs HA JOMEHEL [ [rryrrats ¥z, M | nomer [1E[kial
AT ma ARV YAV Y
. —4 . 6 FAAA AR A4 Ty — mm“
— y4acTKH KpUCTAUIMYecKoi pemerku ¢ pasmepom d ~10" +10 ° M, B KOTOPBIX tH M | omena  [Hib A
o AAAV AR
MArHUTHBIE MOMEHTHI aTOMOB IOJ JEHCTBHEM OOMEHHBIX CHJI OPHEHTHPOBaHBI | Littittt A Ft
Sgna
napannenbHoO, HO B COCEIHHX JOMEHAX WX HATPABJIECHHS IPOTHBOIMOJIOMKHBI ,/ ,L \ d D
(puc.103p). B pe3ynbraTe MHAYKIHS MAarHUTHOTO mois B B (eppure cHibHO Pnc.103

yMEHbIIEeHa U IPAaKTUYECKH paBHa HYJIIO, €Clii (eppUT HE HAMarHu4eH.
be3 ¢eppuToBOro cepieuHHKa TEKYIIMH MO Kartymke TOK | co3maér BHyTpH He€, B BO3JYLIHOM IPOCTPAHCTBE, IOJIE C

uanyknuer By =pHgIN /(2T[r). MarauTHble MOMEHTBI JJOMEHOB B (DEPPUTOBOM CEpACUYHUKE HUMEIOT B OTOM IIOJIE DHEPTHIO
W = -1, 1B . lomeHbI, OpHEeHTHPOBAHHBIE 1O MO0, IMEIOT MEHBIIIYIO YHEPTHIO WT == By B cos@® =- [T B, yem nomeHs!,

opueHTupoBanubie nporus nonst, W, =—-p, B cos180 =+ By, B - loMeHsI ¢ MEHbLIEH SHEpriel HAYMHAIOT PACTH, & AOMEHBI

¢ 6OIblLIEii SHEPrHel — yMEHbIIATHCS B pa3Mepax. [Ipu 9ToM atombl (eppuTa He CMEIIAIOTCS], a HALPABJICHUS. KX MATHUTHBIX MO-
MEHTOB P CJIOSIMU MeHsOT HanpasieHue (puc.103p). [Ipoucxonut nepeMenieHne CTeHOK (rpaHuL) 1oMeHoB. He ckoMmeHcu-

POBAaHHbIE MATHHTHBIE MOMEHTBI JIOMEHOB CO3/IAI0T JOTIOJHHUTENLHOE MATHUTHOE Nojie B, , KOTOpoe CKiIaabIBaeTCs ¢ MAarHUTHBIM
nojiem Toka: B=B, + B .
JlonoTHUTENBHOE 10JIe, CO3JaHHOE MAarHUTHBIME MOMEHTaMH aTOMOB CPEZIBl XapaKTepPU3yIOT BEKTOPOM HaMarHUYEHHO-

ctu J= Z Bna - 2TO cyMMa MarHUTHBIX MOMEHTOB aTOMOB B eiuHHIEe 00béMa cpexbl. B deppomarnerukax u deppurax
enV

B =B +pgJ, HO Mexxny BekTopamu By m J Het numeitHO# 3aBucuMoctu. C poctoM monst By ckopocTs mepeopueHTanuu no-

MCEHOB BHa4daJI€ paCTCT, JOCTUIaCT MaAKCUMYyMa MpU B| = a< (COOTBeTCTBy}OIIIee 3HAYCHUC HANIPAKECHHOCTU HK = BK/“‘O Ha3bI-

BAeTCs KODPUUTHBHOM CHIIOH), a ipu GosbIInX BenmunHax B Bce moMeHbl OyayT HepeopHEHTHPOBAHBI [0 HAIPABICHUIO ITOJIS

B, (machiuieHwue). 3aBHCHMOCTD HHAYKLIHMHK HOJSI B B deppure otr Benmuunbl B) craner nuneiinoit (puc.1044a). Takas 3aBucu-

MOCTB Ha3bIBaCTCs K[!I/IBOﬁ HamarupuuBanus CTolieToBa.
C'-II/ITaH, 4YTO IIOJIC B CpeA€ BO3pacTacT MNPONOPLUHAOHAIBHO BCJIUYUHE B HACBIIIIEHHAE
e

MAarHuTHOHM mpoHunaeMmoctu |, B =pB, , nomydaem 3aBucumocTs | deppura oT a)

BEJIMYMHBI MArHUTHOTO MOJIS TOKA WJIM OT BEJIMYHMHBI TOKA |, MpommycKkaeMoro o
BuTkam Katymku (puc.1040). Ipu Gonpmux Bemmumuax | U — 1, T.e. deppur

|
0 .
BCICT cebs Kak napaMarHeTuk. Tak xak L ~ KU, TO 3KCOCPUMCHTAJIbHO Onpeac- By Bl

nsieMbli Tpadpuk L = L(I ) , €CJIM TIpeHeOpeYhb COMPOTUBICHUEM MTPOBOJA KATYIII-

ku R, =0, nomwken umers Ty ke popmy, 4to U rpadpux | = p.(l ) (puc.104p).

[opsi/10K BBINONHEHHS PAOOTHI
1. Pa30eputech B diieKTprUecKoii cxeMe yctanoBkH (puc.100).Onpenenure HeHy IeICHHs KaKI0T0 U3 M3MEPUTEIBHBIX
pudOopoB.
2. Bxirouute yCTaHOBKY B CETh.
3. M3MmeHss HanpsDKEHUE Ha TOPOUJIE C MOMOIIIBI0 oTeHmoMerpa R, m3mepbTe 3aBUCMMOCTB TOoKa | oT Hanpspkenus U
(ue menee 103Hauenuit). Jlyis 3aMbIKAHUS LIS HA YCTAHOBKE CIYXHUT KHOMKA S.3aHECUTE MOTyYCHHbIE BETHYMHBI B TAOIHILY.
4. BBIKITIOYUTH YCTAaHOBKY U3 ceTu. [lomyuynTe moamuch mpenoaBaresis Mocie 3aBepIleHIs SKCIICPUMEHTA.
5. 110 dpopmyne (122)moacunraiite SKBUBAIEHTHYIO HHAYKTHBHOCTH TOPOKM/A [IPU BCEX CHATBHIX 3HAUEHMSIX TOKA M HAIPsDKe-

Husl. Pe3ynbraTel 3aHeCTH B TaOIHITY. A U B [ Tn

7. octpoiite rpaduk 3aBucumoctu L = f (I ) . 1

KonrposnbHble Bonpocs! K 1abopatopHoii padore Ne 28

1. Chopmynupyiite TeopeMy O LUPKYJSLHMK BEKTOpa MarHUTHOM MHAYKUMHU U C €&

NMOMOIIBIO ONPEACIUTE BCINYNHY HWHAYKIHUU B MarHuTHOrO MOJs BHYTpHU TOpPOU-
,HaJ'II:HOﬁ KaTYyIIKH € (beppI/ITOBI)IM CCPACHHUKOM. OL[I/IHaKOBa JIM BeJIMYMHA B BO BCEX TOUYKaAX Cep[[e‘IHI/IKa?
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2. Kakast Benn4rHa Ha3bIBAaCTCS MHIYKTUBHOCTHIO? B Kakux enuHUIaX oHA u3MepsieTcs? Kak cBs3aTh HHIYKTUBHOCTh TOPOH-
JTAJTEHOW KATYIIKU ¢ BEIMYMHON WHAYKIIUU MATHUTHOTO TIOJIS BHYTPH HEeE?
3. Kakas BenmuuHa Ha3bIBACTCSI MATHUTHOM MPOHHUIIAEMOCTBIO PEPPUTOBOTO cepieunuka? K kakoMy 3HAUCHHIO OHA CTPEMHUTCS,
eciu pepputT IOMECTUTH B OYE€Hb CHIIBHOE MArHUTHOE TI0JIe?
4. Tlomyuute GopMyny HHIYKTUBHOCTH KaTyluku. [louemy B qaHHOI paboTe BaxkHa €€ 3aBUCUMOCTh OT MAaTHUTHOW MTPOHHUIIAEMO-
CTH CepJIcUHUKA?
5. IloueMy aMIiepMeTp U BOJILTMETD B JAHHOM pabOTe U3MEPSIOT HE UCTUHHBIE, a d3p(eKTUBHBIE (IEHCTBYIOIINE) 3HAYEHUS TOKA |
n Hanpsokenus U? Kakast BennunHa Ha3biBaeTcs 3 PEKTUBHBIM 3HAUEHHEM TOKa (HAIPSIKEHHS)?
6. 3anmumute npasmwiio Kupxroda ams nenu, B KOTOPOH KaTyIIKa MOIKII0YeHA K UCTOYHUKY niepeMenHoi DJIC, u mony4ure ¢ ero
MIOMOIIBIO pacueTHyIO Gpopmyiy (122).
7. Iloyemy ceplieYHUK KaTYIIKU H3TOTOBIICH U3 (peppuTa, a He U3 CTaju ¢ OOJBIINM 3HAYCHHEM MarHUTHOM MPOHUIIAEMOCTH ?
8. [Touemy eppUT caMONPOU3BOIILHO ACTUTCS Ha TOMEHBI? UTO Takoe TOMEH?
9. Kakas BenM4KHA HAa3bIBACTCS BEKTOPOM HAMArHHYCHHOCTHU ?
10. Cepneunux u3 ¢eppura HaXOAUTCS BO BHEIIHEM MarHUTHOM mose B, , cozpanHOM TokOM, TekymuMm no katyuke. Kak HaiiTu

MHJYKIMIO MarHuTHOTO 101 B peppute? [loueMy oHa He MeHsieTCs NPSAMO NPONopLuoHanbHo B, ?

11. O6wsicHUTE, KaK HaMarHu4YuBaeTcsi GeppuT Npu yBeaudeHur Toka | B karymke? Uro npoucxoaut ¢ nomenamu? Korna Bos-
HHKaeT HacklleHne? Uto Takoe kpuBasi HamarunuuBanus CtoneroBa?

12. O0ObsicHUTE BHJ dKCIIEpUMEHTaNbHOTO rpaduka L = L(I ) , oJlydyaeMoro B naHHoil pabore. ITo kakol mpUYMHE WHIYKTHB-

HOCTH KaTYIIKH 3aBUCUT OT Toka | ? Kakum momydurcs rpaduk 3aBUCUMOCTH, €CJIH yOpaTh CEpJCUHUK ?

JluTeparypa
1. Casenwves U.B. Kypc ¢usuku B 3-x T1.: T. 2: Dnexrpuuectso - M.: Hayka, 1970.- 8§88 42-44, 50, 54, 55, 56, 59.

2. Konmaxos 0. H., TTekap 0. A., Jlaryn W. M. DniekTpruectBO U Maruetusm,- u3a. Tyal'yY. 2008,rn.7 89,ri1.9 §84,6.
3. Konmaxkos FO.H., IMekap 10.A., Jle:xkuena JI.C. DnekrpomaraeTusm u ontuka,- usd. Tynl'Y. 2010,rn.1 88 3,4-5.

4. Kommaxos 1O. H., Jleeun /.M., Cemun B.A. OcHOBBI ()M3HKHN KOHJICHCUPOBAHHBIX cpell ¥ pu3uku Mukpomupa: .1,
-u3n. Tynl'Y. 2014, §87.3-7.6.

Pa6oTa No29. MccnenoBanue dIEKTPUUECKUX 3aTyXalOIIMX KOJIECOaHMH C MTOMOIIBI0 ociiiiorpada

[{esib pabOoThI: 03HAKOMIICHHE C METO/IOM IMOJYUEHHS 3aTYXaIOIINX AIEKTPUUECKUX KOIEOaHU U OlpeiesIieHUe napamer-
POB K0JIe0aTeTHLHOI0 KOHTYpa C TIOMOIIBIO ociimuorpada.

TeopeTnueckoe onucaHue
R
DnexTpuyueckas cxeMa yCTaHOBKM NpuBeneHa Ha puc.105.Teneparop co3maer K, % 1K,

MMITYJIbCHl HanpsokeHns U,  NPaKTHYECKH MpAMOYTOAbHOH (HOPMBI, KOTOpBIE C me- | §“§ w1 R x

puogom I', NOJAIOTCA HAa KOHAEHCATOP 3NEKTPUYECKOTO KoJIeOaTeIbHOro KOHTYDA, U %% tL ‘L" iy 165

noakoueHHsli Tym6aepom Kj. JTHTENnbHOCTh UMITyJIbCa T OdeHb Mana (T<< T, , cM. = EZ 2Uy £
UH MMHlebcuoe nanpsxernn  puc.106), HO 3a 9TO BpeMs KOHIEHCaTop ¢ éMKocThio C P;Z“ngmaq’

|| ” ; YCIIEBAET 3apPSAMUTHCS, U HA €ro OOKIaJKaX OKa3bIBAETCS
3apsn g = CUg. 3ateM KoHIEHCATOp paspspKaeTcs M B IIENH KoJIeOaTeNbHOr0 KOHTYpPa BO3HUKAET

T 2w 3l

R T —— nepeMeHHbIH Tok. Ha kiieMMbl BepTuKaiibHO# pa3sepTku “Y” ocumorpada nogaercs HarpsbKeHne
Y X

; Uy, cosnaBaeMoe Ha KOHIAX KaTyUIKH ¢ WHIYKTUBHOCTBIO Lg (cm.puc.105). [oayuum 3aBUCH-

0 Ty 27, 3l  MOCTb 3TOrO HaNpPSHKEHUs OT BPEMEHH.
Puc.10¢€ Bv1600 pacuemnoii gpopmynvr. INCKTPUUECKUN KOJICOATSIBHBIA KOHTYDP — 3TO IeMb, 00Ja-
narormast EMKocTeio C, MHAYKTUBHOCTHIO L 11 oMuuecknm comnporuieHneM R (puc.107).Teneparop

HMITYJILCOB TOJKJIIOYAETCS K 9TOM LENH TOJIBKO Ha BpeMsl 3apsiiku KoHaeHcaTopa. OcTaabHOe BpeMst (TM - T) B
Leny KoHTypa umeercs eauHcteeHHas DJIC camounngyknuu €. B katymke L. [IpaBuno Kupxroda ang takoro
koHTypa UR +U =€.. Tlocme moacTaHOBKM BBIpaXKEHMII OISl MaIeHHS HANpPSDKCHHS Ha CONpPOTHBICHHH
Ug = IR, Ha xonzencarope Ug = q/ C, wi DJC camonnaykuuu £ =—Ldl / dt, a Takke ompeesieHUsT TOKA
| =dqg/dt, momyuaem ypaBHeHHME cOOCTBEHHBIX 3aTYXAIOIMX KOJIeOaHMii 3apsi/1a HA KOH/IEHCATOPE:

d2q

dt?
[MapameTp p Ha3bIBAIOT Koa(bq)HuHeHTOM 3aTyXaHus Kone6aHm“1.

+ZB b0 =0, e wf = B- (123)

Pemenune 3Toro ypaBHeHuUsI UMEET BUJ q(t) = Ooe_I3t Cos(wt) (mpu t =0 3apsx HA KOHAEHCATOPE MaKCHMAJCH U PaBeH

qO) w= \) LC 4L2

3aTyXaHHs KOJIeOaHUH 3aBUCHUT OT BEJIMYMH EMKOCTH KOH/IEHCATOPOB M CONPOTHBIICHUI PE3UCTOPOB, MOAKIIOYAEMBIX TyMOepa-
miu K 1 K; (puc.105).B yactHOCTH, P OYeHb OOJBLIONH BeNHYHHE conpoTuBiaeHHs R win 6onbuioit Bennuune émkoctu C, KO-

2
— IMKJIMYECKash 4acToTa 3aTyXarommx Konebanuit. Ux mepuox T = 2T/, a Takke CKOPOCTh
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2 2 —
raa wp <P, wm R2 F{(p =2,/ I/ C, xoneGanns BO3HUKATH HE MOTYT (BEIMYMHA COTPOTHBICHHUS R HasbiBaeTCs KPUTHYC-
CKOI).
Toxk B uemn Boipasutes kak | (t) =dg/dt=-Bay eht cos(wi-wgq &kt sifw }. Beoas o6o3nauenus

sina=-—2__ cosn S , yutem, uto o +B? =y, u cos(8+a) = simt si®- coa cd. Monyuaem
’w2+82 ’w2+[32

| (t) = qot,ooe_Bt COS((,ot+ O() - KosiebaHus TOKa B LIENM KOHTypa omepexaeT 1o ¢ase xonaedbanus Hanpskenus Ug = q(t) / C ma

KOHACHCATOPEC HAa BCIIMYUHY Q.
B KaTylKe MHAYKTHUBHOCTHU L CO31a€TCd MariuTHOC 110JI€ C HHHyKHHeﬁ, BCIIMYMHA KOTOpOﬁ nponopuruoHaJibHa BEJIU-

4HHE TOKA, MPOTEKAIOWIEro 110 BuTKaM Karymku, B~ | (t). JInHAM MHAYKUMA NPOHM3BIBAIOT BUTKH APYToil KATYLIKH C MHIYK-

TUBHOCTBIO Ly, M CO3/IAI0T B Hell IepeMeHHbIH MAHATHBIH OTOK, TAK)KE MPONOPLMOHATLHI Beuunne Toka @y ~ B~ 1(t).
INagenne HANPSDKCHUS HA KOHIAX KATYIIKK Ly, €Ciii mpeHeOpedh OMHYECKHM COIPOTHBICHHEM e€ BUTKOB, OyIeT paBHO

B/IC B3aumHol unHayKIMy £,, = —ddq/dt = L, dl/dt, rae L,, — kooddpuument B3anmMHON MHAYKTHBHOCTH. VI3MEHEHHE TOKA B

OJIHOM 3aMKHYTOM KOHType MpUBOAUT K mosiBieHuto DJC B ApyroMm, coceqHeM 3aMKHYTOM KOHType. BenuunHy MHAYKTUBHOU
CBSI3U MEXIY KaTymkamu (Bennuuny koddgurmenta L,,) oObIYHO yBEIMYMBAIOT, HAMATBIBAsl BUTKU KaTyIIEK Ha 00w deppu-

TOBBIM CEPIEYHHMK ¢ OOJIBIION BETMYMHON MarHUTHOM HpoHumnaemMocty [ (puc.107). Uy
[MoacraBisist MOJMy4YeHHOE BBIIE BRIpAKEHUE [ist ToKa | (t) , HAXO UM €1 U,
172 1,
_ _ . 773 U
€45 = LquwO(Be Pt cog(wt+a) +weP! sifwt+ 0()) = m /\TV/VV\V,\ }
0 R
. I
= e " |cosa cogwt+a)— s sifwt+a)) = e cqso thT+ . s
LusGossge P ( fot+a) fot+a)) = L, guie™  cof ) U
Hampspkerne,  momaBaeMoe  Ha  KJIEMMBl — BEpTUKanbHOW  pa3BepTtku ‘Y, Puc.10¢

Uy =€, =U yoe_Bt COS(wt+ 6) vrae Uyg = LB3q000% (puc.108), MeHsieTCst CO BpeMEHEeM [0 TOMY K€ 3aKOHY, 4TO M KOJIeOaHUs

aMIUTATyJa
3apsia Ha KOHIEHCATOPe, HO CIBMHYTO 1o (aze Ha O =TT+ 20 . Ha kjieMMBbI rOpU30HTAIBHOM pa3BepTku “X” ocruuiorpada mo-
Jaercs nunooOpasHoe HampsbkeHue U, , Iepuoj M3MEHEHHS KOTOPOTO COBHNAJaeT ¢ MEePHOJOM HOSBICHUA HMILYyIbCOB 1,

(puc.106).3a 510 BpeMst KosieOanus Hanpsokenus U y » IPOMCXOISIINE C MEHBIINM [IEPHOZIOM

2
T:E:L:ZV/ L_Ri (124)
W 2 _n2 LC 4.2
YCIEBAIOT 3aTyXHYTh, U Ha 3KpaHe ocuuiuiorpada BUIHA KapTHHA, TToKa3aHHas Ha puc.108.
Tl'opu3oHTanBHAS OCH pa3BEepPTKH KaTHOpOBaHA B €AMHUIAX BPEMEHH, YKa3aHHBIX Ha MaHENH ocoumuiorpada, 9To mo3Bo-
JSIET OTIPEIeIUTh BPEMEHHOM HHTepBan T MeXIy AByMs COCEIHHMH MakcuMyMmamu rpaduka (puc.108),T.e. sKCIIepUMEHTAIBHO
oTpeIeNIIeMbIH TIEPHOT 3aTyXaIOMINX KOJIeOaHNH.

3aryxaHue KoJIeOaHW XapaKTePU3yIOT BEITUYMHON JOrapruMHUUECKOTO JIGKPEMEHTa 3aTyXaHus O — 3TO HaTypaJbHBIN
sorapu(M OTHOLICHUSI AMILTUTY/ bl KOJIeOaHUI B MOMEHT BpeMeHHU I K aMIUIUTY/Ie Yepe3 MepHoI;

U,oe ™ /
8=1In #—T =In (e+BT) =BT. Honcraemsis (123)u (124)Haxoaum, 4To 0= v/ L1 (125)
Uyoe PP CRZ 4
Ho MoxHO BOCIOJIE30BaThCs Npyron (Gopmymnol s BeraucieHUs 0. Uepe3 Kaxaplid NepHOA aMILTUTYIa KOJIeOaHMi
U, _U Upn-
yMEHbBIIAeTCsl B ST pas: U—l =U_2 =.= ULl =T (Bemmumnbl ammutyn U, mnokasamel Ha puc.108). Orcrona
2 3 n
U -
AT = én )BT . Homyunnu apyryio Gopmyiy st BerauciieHus 0:
n n-1pa3
U
SN R (126)
n-1 (U,

OpHako, B paJMOTEXHUKE UCIOIB3YIOT APYTYIO BEIUYHUHY, OOPATHYIO K 0 M TakKe XapaKTepU3YIOIIYI0 OBICTPOTY 3aTy-
XaHUs CKTPUICCKHUX KOJIeOaHUH — JOOPOTHOCTh KOHTYpa
Q=1y6. (227)
OTa BeaMYMHA NPOMOPIMOHANFHA OTHOLICHHUIO 3a[IaCEHHOM B KOHTYPE SHEPTUH K SHEPTHH, TepsieMoii 3a nepuoy T B BHIE JXKO-
ylieBa TeIia, BBIICISIONIErocs Ha aKTUBHOM conpoTuBieHnu R. Uem Beiie 1o6poTHOCT, Q K0J€0aTeIbHOr0 KOHTYpa, TeM Me/-
JICHHEE 3aTyXaloT B HEM 3JIeKTpUYecKue KosebaHus. B npuéMHBIX PaJHOTEeXHUYECKHX YCTPOHCTBAX KOHTYPHI ¢ 0OJbLION 100-
POTHOCTBIO HCIOJB3YIOT IS BBIICICHHS M YCUJICHHS 3JCKTPOMATHUTHBIX CHTHAJIOB C OINMpPEAEICHHON 4acTOTOH M, COOTBETCT-
BYIOILICH pPE30HAHCY KOJICOaHUI.
Ioacrarsis B onpexenenue gooporHoctu Gopmyny (125), HaxoquM TEOPETHUECKYIO pacyeTHYIO (OPMYITy sl BBIYKC-
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JIEHUsS! JOOPOTHOCTH: Q =g = —- (128)

1
CR? 4
HODS[Z[OK BBITITIOJIHCHU S Da60TLI

1. OSHaKOMI/ITLCﬂ C SHGKTqueCKOﬁ CXGMOI71 YCTaHOBKI/I.

2. TloaxmIouuTs B KOHTYp KoHAeHcaTop ¢ éMkocTtbio C = C; u pesucrop ¢ conpotusnenueM R= R (puc.105).Bxiro-

YUTHh YCTAHOBKY B ceTh. BKimounTh ocimmiorpad. J[oouThest Ha skpaHe ocuuiuiorpada n300pakeHns 3aTyXalomuX KoJIeOaHui
(puc.108).

3. U3mepuTh BeMIuHyY Tiepuoaa kojebanuii T B JeJCHHIX, HAHECEHHBIX Ha dKpaHe oCIIuIorpada BIoJIb TOPH3OHTATb-
HOM ocH (9TO pacCTOSHHE MEXITY COCETHUMH MAKCUMyMaMH WIIH MUHEMyMaMu KpuBoi, puc.108).Ha manenu ocuuuiorpaga
HAWTHU PEryJISATOP TOPU3OHTAIBHOM (BPEMEHHO) pa3BepTKH, YKA3bIBAIOIIKI Ha [IEHY OJHOTO JICJICHUS B eIMHUIIAX BpeMeHH (MS
WK US). YMHOKHB BEIMYUHY T B JIEICHUSAX HA [IEHY OJHOTO JICJICHUS MOJYYHUTh IKCIIEPUMEHTAIILHO OTPECIICHHYIO BEIUUNHY
nepuona konebanuit T, .. .

4. TlepepucoBaTh KPUBYIO H300pakeHHs 3aTyxXaronux konebanuii (prc.108)c sxpana ocruuiorpada Ha JUCT MUILIH-
MeTpoBoi Gymare B Macmrabe 1:1, TiarensHo cobuoas Bee pasMepsl (i BHadajie choTorpadupoBath KpUBYIO HA SKpaHe, a
3aTeM paclievaTarh MoJy4eHHyI0 GoTorpaduio Ha KOMIIBIOTEDPE).

5. [ToakTIOYUTH B KOHTYP
koHieHcaTop ¢ émkocteio C=C, u

pesucTop ¢ conporueieaneM R= R, . C, Mx® LTu | ROm | wy,c B,ct Treop+ € | Oreop | Qreop

Benuuunsl EMKOCTEH U CONPOTUBIIE-
HUH, a TAK)KE BEINYNHA UHYKTUBHO-
ctu L yka3aHbl Ha yCTaHOBKE, 3aHECTH
ux B Tabnuy 1. JloOuThCcs Ha IKpaHe
ocumutorpaga HoOBOro U300paskeHHMs 3aTyXarOLIUX KOJIeOaHHH.

6. [ToBTOpPUTH BBIIOIHEHHE YHKTOB 3 U 4, 0Iy4ast HOBBIH Ipaduk U HOBOE 3HAUCHUE T, .. .

Tabmuma 1

7. BEIKITIOUNTE UTaHKHE OCLIILIOrpada U BEIKIIOYHTD YCTAHOBKY.
8.I1o HapucoBaHHBIM Ha ABYX IpauKax KPUBBIM U3MEPUTSH JIMHEHKoM ammmuTyansle 3Hadenus Uy, U, , U5, Uy, .. B

MIJUTEMETpaX (3TH 3HAYCHHUSI OTCUMTHIBAIOTCS OT TOPH30HTAIBHOMN OCH, COOTBETCTBYIOMIEH 3HaueHnio U = 0,k KoTopoii 6yayT
CXOJUTHCS KOJIeOaHusl, ¥ KOTOPYIO Hal0 HaHECTH Ha rpaduke). 3aHECTH UX B TaOIHILy 2.

Tabmauia 2.
C, Mx® L, Tu R, Om n Ul’ MM Un , MM 0 <e> = 63KCH T3Kcn ,C Q3Kcn
2
S
4
2
S S S SRR DU
4

9.Ilo ¢popmyne (126)BEIYKUCINTD JIOTapUPMUIECKHUIA TeKpeMeHT 3aTyxanus 0 s N = 1,2,3 (e MeHee Tpex pas I Ka-
MKIIOr0 M3 IBYX IPad)KOB).
10.PaccumraTh €ro cpejiHee 3HAUYEHHE, [TOJTYIEHHOE B IKCIIEPUMEHTE (9) =0, cn - o dhopmyne (127)Bbrunciants 106-

POTHOCTb KOHTYpA, HAWACHHYIO IKCIIEPUMEHTAIBHBIM MeToIoM Q, ., = T;/(G) . Pesynbratel BeIdMCICHNMI 3aHECTH B TaGuuILy 2.
11.TIo popmynam (123), (124), (125) (128) BBIUHCIUTS PacUETHBIE 3HAYCHHS YaCTOTHI (), KO UIHEHTa 3aTyXaHUs
P, meprona koneGauuii T ey, , TOrapuGMHUIECKOTO IEKPEMEHTA GTeop 1 TOOPOTHOCTH QTeop JUTSL KOKITOTO M3 IBYX OIBITOB. Pe-

3yJIBTaThl BBIYHCICHUHN 3aHECTH B Tabmuiy 1.
12.CpaBuutb Benuuunsl T, 0 1 Q, moIyYeHHbIE SKCIIEPUMEHTAIBHBIM METOIOM (Ta0iKIa 2) U BRIYUCIEHHBIX 10 TEOPE-
THYECKUM (opmynam (tabnuua 1).

KoHTposibHbIE BOIIPOCHI K 1abopaTopHoii padbote Ne 29
1. Kakas nenb Ha3bIBaeTCS JJIEKTPHUECKUM KOJIe0aTeIbHBIM KOHTYPOM?
2. 3armmmmre npasuio Kupxroda st 3aMKHYTOH 1en, coiepikauieid KoHneHcaTop ¢ EMKocTbio C, KaTylIKy ¢ HHIYKTUBHOCTBIO
L wu pesucrop R u mpusenure ero k quddepeHunanI-HOMY YpaBHEHHIO COOCTBEHHBIX 3aTyXalOIIMX KojeOaHUi 3apsja Ha KOH-
JIeHcarTope.
3. 3anuunTe BhIpaXeHHs Ui K03 GHULNEeHTa 3aTyXaH!s1, IMKIMYECKOH YacTOTHI U TIepHojia Takux Kosiebanuid. Kak onu 3aBucsT
ot mapametpoB C, L u R?
4. Yto MPOMCXOINUT C BEIMINHON Teproa (4acTOThl) COOCTBEHHBIX KOICOaHHI IPU YBEINYCHHU CONPOTHBICHHST R? npu yBenu-
yeHnu éMxocta C?
5. YeMy paBHO KPHTHYECKOE CONPOTHBICHUE KOHTYpa Ry, ?Yto nponcxonut ¢ konebanusmu npu R2 R, ?

6. 3anumuTe BhIpaKEHUE 3aBUCUMOCTH KosleOaHui 3apsijia (| Ha KOHJAEHcAaTope U NajeHus Hanpsokenus Uc Ha ero obkiaajkax ot

BpPEMCHHU.
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7. Iloxyuynre 3aBUCUMOCTD BEIMYUHBI TOKa | B KOHTYype OT BpeMeHu. YeMy paBeH cABUT (a3 Mexay konebanusmu Ugs u |?

8. Kak u3MeHsI0TCs CO BpeMEHEM aMILIUTY /bl Kojebanuit U u 1?

9. Kakas BeJqM4MHA HA3bIBACTCS JOrapU(PMUUYECKUM JEKPEMEHTOM 3aTyXaHus Kojiebanuii O ? Boipasure BennuuHy 0 vepes ma-
pametpel C, L u R

10. B anmektpudeckoM KoJjiebaTeaTsHOM KOHTYpe comnpoTuBieHne R u mHaykTHBHOCTH L yBenmuumnu B ABa pasa. Bo ckombko pa3
HaJI0 U3MEHUTH EMKOCTH C, 9TOOBI JIoTapruPMHUUECKHIIA TEKPEMEHT 3aTyXaHnus KoJdeOaHui He N3MEHWICS ?

11. Kak BBIUUCIHATH JOOPOTHOCTH KOJeOaTenbHOTO KOHTYpa? UTo XapakTepu3yeT BeIUInHa JOOPOTHOCTH?

12.Kak onpenensiercst Bennunna J/1C B3anmuoi nnaykuun? Kakosa pois stoit 3/1C B nanHo# padore?

13. O0ObscHHTE, KaK BO3HUKAET KapTHHA 3aTyXarollMX KoieOaHui Ha skpaHe ocuuuiorpada? Kakosa posib reHepaTopa npsmo-
YTOJIBHBIX UMITYJILCOB?

14. O6bscHUTE, KaK OMPEACIUTh BEIMYMHY JIOrapU(PMUUECKOro JeKpeMeHTa 3aTtyxanus 0 mo kapruHe, HaOMIOJaeMOW Ha dKpa-
HE?

15. Kakum 00pa3oM 1o JaHHOH KapTHHE MOKHO OINPEEIUTh BEIMYHHY IIEPHO/Ia 3aTyXalOLIUX KoJeOaHuNi?

16. ITepron coOCTBEHHBIX 3aTyXalOMMX KojieOaHUI B 3JIeKTpUUYECKOM KoJiebatensHoM KoHType 7 = 2 Mmc. 3a Bpems At = 10mc
aMIUIUTY/a TaKUX KoyiebaHui ymeHbluaercsi B e = 2,71828pa3. Uemy paBeH sorapupMu4ecKuil JEKpEeMEHT 3aTyXaHHsl Kojeba-
HUi1?

17.B konrype ¢ 3agannbivu napamerpamu C u R usmenstor uHaykTuBHOCTS L. [Ipn kakoM 3HaueHun L muxiimueckas yactora
COOCTBEHHBIX KOJIe0aHUI UMeeT MaKCUMAaIIbHYI0 BeIH4nuHy? YeMy paBHA Wy 7

Jlureparypa
1. Casenbes U.B. Kypc dusuku B 3x 11.: T. 2: Dnexrpudectso - M.: Hayka, 1970.- 88 59, 62, 99, 100.

2. Konmaxos FO.H., ITekap 10.A., Jlexxuesa JI.C. Dnexrpomaruetu3m u ontuka,- usn. Tynl'Y. 2010,r.l §84,5,r1.3 §2.

Pabora Ne30. Onpenenenue xapakTepUCTHK KOJIeOaTEIFHOTO0 KOHTYpa METOZOM Pe30HaHCa

[{enb paboTHI: SKCIIEPUMEHTAIFHOE UCCIIETOBAHNE OCOOCHHOCTEH SBIICHNUS pEe30HAHCA B JIEKTPHUIECKOM KOJIeOaTeTbHOM
KOHTYpE, YCIIOBHI €ro BOSHHKHOBEHHS U ONPEIETICHIE OCHOBHBIX XapaKTEPUCTUK KOJIeOaTEIFHOTO KOHTYpa METOIOM PE30HAHCA.

TeopeTnueckoe ONMMCaHUE
DnekTpuyecKas cxema JIabopaTopHO yCTaHOBKHU Moka3ana Ha puc.109.Hcrounuk nepemennoit 9JIC ¢
aMIUIUTY0i €y M LUKIMYECKON 4acTOTOM (0 BKJIIOYEH B LEIb HJIEKTPUUECKOro KoJaeOaTeIbHOro KOHTYypa, Co-

CTOSIIYIO U3 KaTYIIKKM ¢ MHAYKTHBHOCTBIO L, KOHIEHCAaTOpa ¢ IepEeMEHHOM éMKOCThIO C' M PE3UCTOpa C COMpPOo-
TUBJIEHHEM R.

IlpaBuno Kupxroda nms Taxoi 3amkHyTod uenu umeer Bung Urg+Uc-=E.+E& COS(u)t) , TIe

Ug = IR — nanenue nanpsokenus Ha pesuctope, Uc = 0/ C — nagenne HanpshkeHUs Ha KOHAEHCATOPE € 3apsIoM
g, € =-LdI / dt— D3JIC camouHayKIIMH, BOSHUKAOMIAsE B Karyiike. [10CTaBsiss BeIpaXkeHue Toka | =dq/ dt, Puc.10¢€
CO3JIAaHHOTI'0 M3MEHEHHEM 3apsijia Ha KOHIEHCATOPE, II0JIydaeM YPABHEHUE BBIHYXKICHHBIX DIEKTPUYECKUX KOJIEOAHMM
d—22q+2[3$+(u(2)q=8—ocos(wt), r;[e(ug=i,[3=3.
dt dt L LC 2L
[oacrasisst B 9TO ypaBHEHHE BBIPAKEHHE Ul YCTAHOBUBIIMXCS KOJ€O0aHU 3apsia, NPOUCXOAIIMX C YaCTOTON BHELI-

uett DJ1C u ¢ aMITUTY 01 A, HE 3aBUCSINEH OT BpeMeHH, ( = ACOS((ot— d)) , IPUXOJIUM K PaBEHCTBY

. €
Ax? (-cos(wt—0))+ BAw(- si{wt-¢))+wi A cofwt-$) ==2 cdsot).
=coq wt—¢+T1) = cofwt—¢+17 2 L
TpI/I KOHeGaHI/Iﬂ C OI[I/IHaKOBOﬁ qaCTOTOﬁ ® Y1 pa3sHbIMH HadaJIbHbBIMU (l)a3aMI/[ B ﬂeBOﬁ YacCTH 3TO-
ro ypaBHCHU CKJIaJAbIBacM METOJIOM BeKTODHOﬁ JauarpaMmabl (pI/IC.l].O),HOJ'IleaH B PE3YJIbTATE CIOKCHUA
BEKTOD, COOTBeTCTBy}OHII/[ﬁ HpaBOﬁ yactu. U3 MNpAMOYTOJIBHOI'O TPEYT'OJIbHUKA HAa 3TOM PUCYHKE CIEAYCT,

2 €2
4qTo A2 (u)cz) —(oz) + (ZBA(Q)Z = —(2) ; tgd = sz . Orcrona BUAHO, YTO aMIUTUTYJA BBIHYKISHHBIX
L

oo% - W
KoJjeOaHui 3apsaaa Ha KOHACHCATOPE 3aBUCUT OT 9acTOTHI epemenHoi DJ1C:
&/L
Aw) = o/

\/(oo% - w2)2 + 4{32002
Takast e 3aBUCUMOCTb OT YaCTOTHI () OYIET y aMILTUTY/IbI KoJleOanuii Hanpshkenus Ha konnencarope Uc =q/C (puc.111p).
Haxons Tok B nenu, | =dg/dt= —A(,osin(u)t—d)) = Cos(u)t—d) +17/ 2) , BUJIUM, YTO KOJI€0aHUS TOKA OINEPEKAIOT KO-
€o _ €o

A(w)w=
(II)\/(Q% _wz)z +4p°e’ (1 - Looj2 +R?

neGanus Hanpsokenns Uc o gase Ha TY2. Ammunryza Toka g (oo) =

Cw
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TAKOKe 3aBHCHT OT 4acTOTHl ® (puc.111p). E€ cBA3BIBAIOT C aMILIUTY- a) Mol pesomamc  G) o
noit DJIC BHeIIHEro UCTOYHUKA (POPMYJION, aHATIOTHYHOU 3akoHy OMma g L. @pmenm €| kfﬁ( a b Hemn
B LIENIH TIOCTOSIHHOTO ToKa: | =€q/Z , rue Bennuuny nguc xonzencarope 10
1 2
Z(w)= (——Looj + R e

Cw 0 ® ®
HAa3bIBAIOT IOJIHBIM CONPOTHBIICHUEM LICMH IMEPEMEHHOMY TOKY. 3amu- 0 Opes 0 Opes 1=Wp
canHas popmyna cBsa3piBaeT aMmaUTyabl Toka U DJ[C. Comporusie- Puc.111

e Xc =1/wC HasbiBaeTcst EMKOCTHBIM CONPOTHBIEHHEM, 8 X| = WL - HHAYKTHBHBIM CONPOTHBICHNEM (ITH CONPOTHBICHUS

Ha3bIBAIOT PEAKTUBHBIMH).
AMIUIMTY/IBI TafeHus Hanpsbkernst Ha KompeHcatope U = Omax/C = Xc lp ¥ Ha KaTymke MHIYKTUBHOCTH (eCim

Rearyman =0), Uy o :|—L di/ dt'max = X lg cBa3anbl ¢ aMmmnTy0i Toka |y peakTuBHBIMU comnpoTHBieHUsMH. Ho, MOCKOTBKY

xonebanust Uc u U caBuHYTHI MO ase OTHOCHTENBHO KOJNEOAHMH TOKA HA BEJIMYMHY TY2, TO CPEHSA MONIHOCTH TOKA IS

T T
HUX paBHa Hymo. Hanpumep, R~ = %J.UC Idt ~ ICOS(Q)t—d)) Sir‘(oot—d)) dt= C Ilpu npoTekaHHH MEPEMEHHOTO TOKA Ha peak-
0 0

THUBHBIX COMPOTHUBJICHUAX HEC BBIACISACTCA IKOYJICBO TCILIO.
Ha 00b14HOM OMUYECKOM COIIPOTUBJIICHUN R PE3UCTOPA, KOTOPOC HA3BIBACTCA aKTUBHBLIM CONPOTHUBJIICHUEM, BBIACIACTCA

T T
cpenHsAs MOIIHOCTH Pg :%J. I2Rdt:%j Ig Rcos? (mt—q;) dt:—; |02 R. Amnepmerp B nemnu (puc.109) u3mepsier He aMILIUTYA-
0 0

HO€, a DOGEKTUBHOE WIN AEUCTBYIOIIEE 3HAUYEHNE TOKA |3¢]q> =lg / JE . OTO BeNMMYWHA TAKOTO IMMOCTOSHHOTO TOKa, KOTOPHIH BbI-

JACIIACT B IENU Ty K€ MOIIHOCTD, YTO U HepeMeHHHﬁ TOK C aMHﬂHTyﬂOﬁ |0 .

W3 puc.111 BuaHO, 9yTO NMpHU HEKOTOPOH YacToTe BHemHel DJ]C HabmomaeTcs ABJIeHUE pe30HaHCa — PE3KOE YBEIINICHHE
aMIUTUTY/Ibl TOKA B LEMU WIK aMIUTMTY/Ibl HAMPSDKSHUS] Ha KoHAeHcaTope. Takas 4acToTa Ha3blBAeTCs PE30OHAHCHOW 4acTOTON

(*)peS n onpeaciasdaeTCs U3 yCJIOBUA MaKCUMyMa. ﬂﬂﬂ HaIllpsPKEHUA Ha KOHACHCATOPE aMIUIMTYyJda UCO = A((A))/C MaKCHUMaJIbHa

. . d 2 _ 2V 422 = = o —2p2 =
P MUHUMAJIbHOM 3HA4YCHUU 3HAMCHATCIIA. 7du)2 0)0 w +4-B = O, 4yTO AacT mpesUC = Qb B =

HaHCHasg 4acToTa IJId aMINIMTYIbI 3apsaaa Wi HAIIPSAXKCHUA Ha KOHIACHCATOPEC. AMHHI/ITy,Z[a TOKa MaKCHuMaJibHa, €CIIn

1 1
—=Lw=0 , T.C. | = (.00 = ———= —PE30HAHCHAA YaCTOTAa IJISI aMIIJIMTYAbI TOKA B LICIIN.
Co “pes JLC

OOBIYHO PE30HAHC HCHOJB3YeTCs B KOHTYpax C O4YeHb MalbiM Kod(GHIMEeHTOM 3aTyxaHums [3 << Wy, AT KOTOPBIX
WpesUg = Wpes | :]/\/E Pe3onaHCHBIE CBOMCTBA K0/I€0ATENbHOTO KOHTYpa OIPENEIAIOTCS ABYMS XapaKTePUCTHKAMH. DTO
BOJIHOBOE WJIM XapaKTePUCTUYECKOE CONMPOTUBICHHE KOHTYpPa p — BEJINUYHMHA ero EMKOCTHOrO (MM MHAYKTUBHOIO) COIPOTHBIIC-
HUSL [IPY PE30HAHCHOM 4acToTe! P = X¢pes = X pes = LUdpey| , T P :\/L/—C .

Jpyras xapakTepHcTuka — ZOOPOTHOCTE Q KOHTypa. OTO — OTHOIICHHE aMITINTY/bl HANPSDKCHHUS HA WHIYKTHBHOCTH

Ulo _ Xy lg _ L®es o 1 /L P
HNJIN HAa KOHACHCATOPE) K aMIIJIUTYAC 3 C IIpU PE€30HAHCE. = = = , T.C. =, — =—.
( pe) yae DJIC npu p Q . £ IR Q RVCTR

Yem Gosblie 10OPOTHOCTB, TEM BBIIIE M YK€ LIMPHHA PE30HAHCHBIX KpHBbIX Ha puc.11l.Illupuna Aw pe3oHaHCHOH
kpuBoii Ha Bbicote 0,70 gmay NpHOIM3HTENBHO paBHa AW= wy/Q = R/ L (puc.1115). B npueMHBIX yCTPOICTBAX HAZI0 HCIIOIIb-
30BaTh KOHTYPHI C OYEHb OOJIBIION JOOPOTHOCTHIO M MajbIM 3aTyXaHHEM KoJjieOaHM, YTOObI BBIACIUTh U YCHIIUTD CUTHAI C OII-
pellesieHHON 4acToToM, nonaaatommeii B narepsan Aw . B TexHuKe 10OPOTHOCTH ONPENEISIOT KaK BEJINUYNHY, TPOIIOPIHOHATIBHYIO
OTHOIICHUIO 3aIlaCeHHON B KOHTYPE YHEPIUH K SHEPrHH, TepseMoi 3a nepuon 7 B BUIE JUKOYJIEBA TeIlla, BBLACIAIONIErOCS Ha

2 2
LI RI
0 0 T
2 2

B nanno#t pabore ucrounuk DJ[C uMeeT MOCTOSHHYKO YacTtoTy W=2TV, tae V =50T1.

aKTUBHOM compoTuBicHnn R: Q ~

CTpOI/ITCSI 3aBUCHUMOCTHU TOKa B LICTIU OT HepeMeHHOﬁ émkoct C BKIIIOYSCHHOI'O B Lenb KoHAeHcaTopa.

[Ipu BEIIOTHEHWM YCIOBHS PE30HAHCA TOKA 0.)=]/ VLC wnnmm Cpe3 =]/(L002) aMIUTHTYAa TOKa OyIeT

MakcuManbHa (puc.112),9T0 Ho3BONAET PACCUUTATS!
WHIYKTUBHOCTb LEIHU L= ]/ (Cpe3(,o2) , (129) Puc.112

€& BOJTHOBOE COTNPOTHBIIECHUE p= L/ Coes (130)

1 T0OPOTHOCTB KOJIe0aTeIbHOIO KOHTYpa Q=p/R. (131)
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[opsok BeINONHEHHS PaOOTEI
1. O3HakoMHUTBCs O cxeMoit yctanoBkH (prc.109).
2. BKJIIOYHTh YCTAHOBKY M IEPEKITI0YATENEeM MOAKIIOUYHUTE B IIEIb PE3UCTOP C CONMPOTHBICHHEM Ry (BemM4MHBI compo-
tupneHnid R; u R, yka3aHbl Ha yCTaHOBKe).
3. CHATb pE30HAHCHYIO KPUBYIO, T.€. U3MEHsS 3HAUCHHsI eMKOCTH KoHzaeHcaTtopa C, U3MepsTh MOKa3aHUsi MUKpOaMIIep-
METpa, KOTOPBIii [10Ka3bIBACT S PEKTUBHOE 3HAYCHHUE TOKA |4, , M JAHHBIC 3aHOCHTH B Tabuuuy 1.

4. TlepexmoyareieM BKIOYNATh B KOHTYP APYrod PE3HUCTOP C CONPOTHBIACHHEM Ry W CHATH BTOPYIO PE30HAHCHYIO KpH-
BYIO, TIOBTOPSIST ACUCTBHS ITyHKTA 3.
Tabmumal.

JlemeHus: Ha KOHIEH-
catope
C, n®

Lo » MKA (st Ry)

Lo » MKA (st Ry)

5. 1o gaHHbIM TabauIel 1 B OJHUX KOOPAMHATHEIX OCAX (HA OJHOM JIUCTE) TOCTPOUTH JBa Ipad)Ka PE30HAHCHBIX KPH-
BbIX |,q¢ = f(C) ans nByx conpornenennii Ry u Re.

6. 110 ABYM pe30HAHCHBIM KPHBBIM ONPEACIUTH 3HAUCHUs eMKOCTH Cpe; , COOTBETCTBYIOLIME MAKCHMAIILHOMY 3HAYEHHUIO

TOKa |3q)(b=|0/\/§

7. OnpenenuTe HHIYKTHBHOCTh KOHTYpa L mo dopmyne (129). PezoHaHcHas yacToTa AJIS TOKA B IAHHOM Cllydae COBMa-
JAeT ¢ YaCTOTOM NEPEMEHHOI0 TOKA B LEMH: Whe, = 2TVg . YacToTa 9TOro ToKa Vo ykasaHa Ha ycTaHoBke. IIpu akkypaTHO Bbl-

TIOJTHEHHBIX U3MEPEHHSAX BeTMINHBI PACCYMTAHHOM MHIYKTHBHOCTH L B mpemenax MmorperHoCcTei J0KHbI COBIAIATD.
8. PaccunTaTh BOJHOBOE CONMPOTHUBIIEHHE KOHTYpa p 10 (opmyite (130).
9. Paccumrath 106poTHOCT KOHTYpa Q 10 opmysae (131).
10.Bce pe3ynbTaThl BEIYACICHUH 3aHECTH B TaOIHITY 2.
Tabnmma 2.
Ches, 1D Whes s ¢t L, I'n R, Om p, Om Q

pes !

KonrponsHeie Bonpock! K 1abopatopHoii padore Ne 30
1. Kakas niernb Ha3bIBaeTCs JCKTPUICCKUM KOJICOATEIIEHBIM KOHTYPOM ?
2. Hapucyiite 3aMKHYTYIO 1eTIb, COACPKAIIYI0 KOHACHCATOP ¢ éMKOCTBhIO C, KaTYIIKy ¢ MHIYKTHBHOCTEIO L, pe3ucrop R wu wmc-
TOYHUK TOKA C IEPEMCHHOM

SIC €y cos((ot) 3anmuure npasuino Kupxroda ¢ yuerom 3/1C caMOMHAYKIMU B KaTyIIKe W NpuBeauTe ero K auddepeHnnans-

HOMY YpaBHEHHIO BBEIHYXIEHHBIX AJIEKTPUIECKUX KOJICOAHIH.
3. KakoBa ammmntysa u 9acToTa BEIHYKICHHBIX Konebanuii? C IOMOIIBI0 METO/1a BEKTOPHOH AMarpaMMBbl OJTYIHTE BEIPAKEHUS
JUIsL aMIUIATY bl HanpsikeHuss U Ha KOHJIEHCATOPe U aMILIMTY/bl CHIIbI TOKa | B 1emu.

4. KakoBa pa3HOCTb (a3 MeX/y BbIHYKJEeHHbIMU Konebanusmu U u |?

5. Kakue BeJMYMHBI HA3bIBAIOTCS HHIYKTUBHBIM, EMKOCTHBIM, aKTHBHBIM H TIOJIHBIM CONPOTHUBJICHUEM IICITH IEPEMEHHOMY TOKY?
6. Kakas Benmunna HaszsiBaeTcst 9Q(QEKTUBHBIM (ICHCTBYIOMNM) 3HAUECHHEM TOKa (HanpsikeHust)? Ha Kaknux sJeMeHTax [erH Bbl-
nesiercs 3¢ heKTUBHASI MOIITHOCTh

7. Kakoe siBJicHUE Ha3bIBacTCS pe3oHaHCOM? UTo Takoe pe30HAHCHAS YacTOTa U KaK ¢€ BEIYUCIIUTH ?

8. Pe3oHaHC KakoW BETMYHMHBI HAOIIOIAETCsI B JAHHOU pabore?

9. Haiitu pe30HaHCHYIO YacTOTY Ui KOJIieOaHuil 3apsia Ha KOHICHCATOpE.

10. Haiitu pe30HaHCHYIO YacTOTY JUIs KOJICOAHUH CHJIBI TOKA B LICITH.

11.Yacrory BHemHero uctounuka DJ1C nocreneHHo yBeauuuBaioT. Pesonanc kakoil Benmuuunsl, U mnn |, HacTynut panple?

12.Kakasi BelIMYMHA HAa3bIBACTCS BOJHOBBIM CONPOTUBIICHHEM KOHTYpa? Kak e€ BEIUUCIUTE?

13. Kakasi Benn4rHA HAa3bIBACTCS JOOPOTHOCTHIO ICKTPUIECKOTO KOJIeOATeIbHOrO KOHTYpa?

14. Y10 npoUCXOJUT C KPUBOM aMIUIUTYAHO-YACTOTHON XapakTepucTuku Toka (puc.2.430) npu yBeIMYEHUH aKTHBHOTO COIMPO-
TuBjaeHns R nenn?

15.Tlouemy B paiHONIPHEMHUKAX HAJIO UCIIOJIH30BATH IPUEMHEII KOHTYP C BRICOKOH TOOPOTHOCTBIO?

Jluteparypa
1. Casenses U.B. Kypc ¢pusuku B 3= Tr.: T. 2: Dnekrpuuectso - M.: Hayka, 1970.- 88 59, 100, 101.

2. Konmaxos FO.H., IMekap 10.A., Jlexxuepa JI.C. DnekrpomMaraeTusMm u onrtuka,- u3g. Tynl'Y. 2010,r1.1 84,r1.3 §82-4.
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Pa6ota Ne31. Onpenenenue pagnyca KpUBU3HBI JUH3BI ¢ TOMOIIBIO Koyielr HproToHa

eJb pabOoThI: 03HAKOMIICHHE C SBJICHUEM MHTEp(EPCHIINU B TOHKUX IUICHKAX, ONpEeIiCHHE panuyca KPUBH3HEI Cepu-
YEeCKOH MOBEPXHOCTH JIMH3BI HHTEP(HEPEHITTOHHBIM METOIOM.

Teopernueckoe onucanue

UnrepdepeHnnoHHast KapTHHa YepeayIONIUXCs YCTONIMBEIX MAKCUMYMOB H MHHHMYMOB OCBEIICHHOCTH (MHTEp(hepeH-
IMOHHBIX TIOJIOC) TOTYYAETCs TIPH CIIOKEHUH KOTEPEHTHBIX JIy9Ied CBETa, T.€. DIICKTPOMATHUTHBIX BOJH, HMEIONIUX MTOCTOSIHHYIO,
HE 3aBHCAIIYI0 OT BPEMEHH Pa3HOCTh (a3, pa3IndHyIo B pa3HBIX TOUKaX.

B nanHoit pabote HaOmromaeTcss MHTEp(hEPEHIMOHHAS KapTHHA TIOJIOC PAaBHOM TOJIIIMHBEI,
moJryyaemMasi IIpy JeJICHUX Ha JIBa JTyda BOJHOBOM MOBepXHOCTH AA' MOHOXPOMAaTHYECKOTO CBETa C
JUTHHOM BOJIHBI A, TIAJIAIOMIET0 HA IIOCKYIO TUICHKY C TOJIIUHOM O ¥ ¢ moKa3aTeaeM MpeoMIIeHUs N
(puc.113). [Tnockast cBeTOBask BOJIHA OT YJAJICHHOI'O MCTOYHHMKA MAJaeT Ha MIEHKY MO YIJOM (.
Jlya 1 mpenomiisiercs B TOUke A MO YIIoM f3, OTpakaeTcs OT HHKHEH MOBEPXHOCTH IUIEHKU B TOY-
ke D u BBIXOAMT U3 TUIEHKHU IO TEM JKE YIIIOM 0. B TOUke B. BTOpoii KorepeHTHBIN JTy4 2 0Tpaxaercs
oT 1wi€HKY B Touke B. Jlns oOpa3oBanus BUAMMONM MHTEP()EPCHIMOHHON KApTHHBI CKJIa(bIBAFOIIIIC-
Csl JIY4H TOJDKHBI PACIIPOCTPAHATHCS MO MaJIbIM YIJIOM JPYT K ApYry. Beimeniive u3 miéHku JIydu Puc.113
1' u 2' uarepdepupyrOT MPAKTHYCCKH HA MOBEPXHOCTH IUIEHKH B TOYKe B, u a3 BuauT HHTEpPEPSHINOHHYIO KapTHHY Ha I0-
BEPXHOCTH TUIEHKH.

Onrrdeckas JUIMHA TIYTH Jy4a — 3TO MPOW3BEICHHE PACCTOSHUS |, MPOXOMUMOr0 Iy4OM, Ha MOKAa3aTelb MPEIOMICHHS
cpenbl N. Eciam Ny — mokasaresb MpeJIOMIICHHs Cpebl HaJl MIEHKOHM, To 1yd 1 mpoxomuT oT moBepxHOCTH paBHBIX pa3z AA' mo

ToukH B BcTpeun ¢ 1ydom 2 onTHYECKyro JUTUHY ITyTH (AD+DB) (h, amyu 2 —muny A'B M4 (puc.113).

OnTudeckast pasHOCTh X0/1a A - 3TO Pa3HOCTh ONTHYECKUX JUITMH ITyTeH HHTEPPEpUPYIOMUX TydeH:
A =(AD+DB)h~A'B [hy. Yurem, uro AD =DB =CD/cos3 =d/ co$,a A'B =(AC +CB) &ina = 2 tgB s .

CornacHo 3aKOHY MPEIOMIEHUS SI-nO( = ,uro naér A'B = ZdLsz . [TosTomy
sinB  nq n, cosB
A:ﬂ—mzzdncoqs: an| + sifp= 24/ f- 7 sifa. (132)

cos3 n; co$
Tak KaK Ha MCXOHOW BOJHOBOH MOBEPXHOCTH JIydd 1 M 2 MMEIOT OJuHaKOBBIe (Da3bl, TO B TOYKaX MaKCHMyMa OCBe-

[IEHHOCTH BBIIIOJIHSETCS YCIIOBHE MHTEPEPEHIIMOHHOTO MaKCHMyMa: ONTHYECKash Pa3HOCTh XOJa CKJIAJIbIBAIOIMXCS MOHOXPO-
MaTUYEeCKHX JTydell paBHA YETHOMY YMCILy JUIMH MOMYBOTH: Apay =2MA/2, rne m=0,+x1+ 2+ 3,.. (B TouKkax uHTepdepeHy-

OHHBIX MUHUMYMOB OCBEILEHHOCTH ONTHYECKas Pa3HOCTb X0/1a paBHA HEUETHOMY YHMCIy JJIMH NONYyBOIH Apin = (2m + 1) N 2).

Heo0xoauMo y4ecTs, 4TO MPH OTPAXKECHUU OT ONTUYECKH 00Jiee IIOTHOW Cpe/bl ¢ OOJIBIIUM TTOKA3aTeIIEM MPETOMIICHUS
IIPOMCXOIMT CABHT (pa3bl OTPAKEHHOM BOJHBI Ha T, YTO MPHUBOIMT K M3MEHEHHIO ONTHYECKON Pa3HOCTH Xo1a Ha A/2. DTo mpo-

HCXOJWT, HAIPUMEp, €CIH IUIEHKA HAXOJUTCS B BO3AyXe, Ni = Ny =1, U moreps MOIyBOIHBI HAOMIOAAETCA MPU OTPAKEHUU OT

WIEHKH Jiyda 2. B TakoM ciydae ycnoBue HHTEp()EepeHIMOHHBIX MAKCHMYMOB 3aIHIICTCS B BUJIC 0)
. A A
Aoy = 204 n? —sina += = 2m> cBer A
- 2 2 bovgt Ty,

B nmanHO# paboTe TOHKOH TUIEHKON SIBISIETCS MPOCIIOHKA MEXIY CTCKISTHHON TUIACTHHKOM R-d 1

u JIexalel Ha Hell MI0CKO-BBINYKJION CTEKIIAHHON uH30# ¢ pamuycoM R (puc.114).Ceer ot nam-  SZA 7 B 7 7|~
N . ZF p

ITOYKH, MPOXOASIIHNIA depe3 cBeTOGHUIBTP ¢ MOIOCOi mpomyckanus OA =50 HM , HE COBCEM MOHO- dN 2 @
XPOMATUYEH. 2“ ., 2 L7, ”{

YcinoBue BpeMeHHOM KOr€pEHTHOCTH )\2/ OA = A = 2dNn mo3BOJIAET PACCMOTPETH KAPTUHY Puc.114

HHTEP()EPEHIIMOHHBIX OJIOC TOJABKO IPH OYEHb MAJIOW TOJIIMHE IIEHKA d < )\2/ 2nOA ~ 2 MkM . [TosTOMy 3Ta KapTHHA MMEET

OYeHb Mablii pasmep 1 HabmarogaeTcs BOu3u ueHTpansHoit Touku C (puc.114)B Mukpockorn ¢ koadduuueHToM yBenndeHus K.
BO6sm3u 3T0# TOUKHM NPOCIIONKY MEXKIY CTEKIaMH, 3all0JIHEHHYIO MJIM BO3JyXOM, HIIM XHIKOCTBIO C ITOKa3aTelieM mpe-

JIOMJIEHHS N, MOHO CUHTATh TIOYTH TUIOCKOM, & CBET — IaIaloNMM Ha Heé MPAKTHIECCKH HOPMAJIbHO (0( = O) . IIpu 1r060M TIOKA-
3atene npenoMiIeHust N (N < Nypera WA N> Moo, ) OOUMH U3 Tydeil oTpaxaeTcst oT Ooiee IUIOTHOM Cpeisl, H YCIOBUE, HATIPU-
Mep, HHTEPPEPEHIIMOHHBIX MUHUMYMOB HMeeT B App =2dn+A/2= ( 2m+ ]))\/ 2. Ho w3-3a Maoii KpUBU3HBI BEPXHEH I0O-

BEPXHOCTH MPOCIIOWKN OTpakeHHbIe OT He€ yyun 1 u 2 mepecekyTcs He Ha €€ MOBEPXHOCTH, a B OJIM3KO pacroyioxKeHHOH Touke P
BHYTpH JH3bl (puc.115). ChokycHpoBaTh MHKPOCKON HA 3Ty TOYKY AOCTATOYHO TPYAHO, IODTOMY HE CTOMT L
TPOTaTh PYYKH €ro PeryJIMpOBKH, YTOOBI HE COMTh HACTPOHKY.

Ha6tomaembie HHTep(QEPEHIHOHHBIE MONOCHI KIMEIOT BHA KOJel ¢ paauycom I (kombua HproToHa) B TEX
MecTax, e ToiurHa npocnoiiku d oanHakosa. U3 mpsimoyronbHoro tpeyroisiuka ABO Ha puc.114 Haxoaum

AB%=A02-BO? nm 12 =R? —( R- d)2 = 2 Rd (o4eHb Maoil BEIUYHHON d? ~ A% mosxHO nperedpeus). OT-

% CTEKIIO o
croma 2d = r2/R U yclioBHE HUHTep(epeHIMOHHOr0 MUHUMYMA Ay = rzn/R+)\/2 = (2m+ ]))\/ 2 naer BeJH- PI/Ié.llE
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YMHY paJnyCOB TEMHbBIX KOJICI] Hrerorona (MI/IHI/IMaHLHaSI OCBeHICHHOCTI)):

rm =+RANY N, (133)

rae m=1,2,3,...— HOMCD KOJIbLA. B LEHTPE KApPTUHBL IIpU M = 0 BCCraa OKaXXCETCsa TCMHOC IIATHO. CBeTIible KOJIbLIa (MeCTa C

MaKCHUMaJIbHOM OCBEILIEHHOCTBIO) HMEIOT PAJHYChI Iy, = /RA ( m-1/ 2) / n.

B npoxopsmiem cBete 3a TOHKOH TUIEHKOM HHTepdepeHIMOHHAs KapTHHA He HaOJII0AaeTcsl, IIOCKOJIBKY pa3HOCTh B BEJIU-
YHHE OCBEIIEHHOCTH MAaKCUMYMOB U MUHMMYMOB OUYEHb MaJja U IJla3 HE MOXKET Pa3IMYUTh CBETIIbIE MTOJIOCH! HA CBETIIOM (hOHE.

W3Meputs paauyc Koiblia ¢ MOMOILBIO MHUKPOCKOIA 3aTPYJHUTENBHO, TaK KaK NMPU U3MEPEHUH HEBO3MOXHO TOUHO U3-
MEpHTbH MOJOKEHUE LEHTpa TeMHOro msatHa B Touke C (puc.115).[loaToMy H3MEpSIOT pa3HOCTh PAIUYCOB COCETHUX TEMHBIX KO-

2
r -r n
eI Mst —'m =y /% (\/m +1- \/ﬁ) , OTKyJIa HaXOMSIT PaJnyC KPUBU3HBI TUH3EI R = % , (134)

rae m=12,3,..- HoMep Kojblia.

Onwmcanue yCTaHOBKH

YcraHoBKa, UCTIONIb3yeMasi B TAHHOW paboTe, cxeMaTHIeCcKH n300paxena Ha puc.116.
CBeT OT HCTOYHHKA S, Ipoiiasg depe3 KoHneHcopHyto a3y K u ceerodmistp G, B Buze myd- V
Ka MapaJuIeNbHBIX JTydell momanaeT Ha HOIyHnpo3padHylo IIacTHHKY N, pacroiiokeHHYIO MOJ
yriioM 45° k HampaBJIeHUIO MaJAl0IIUX CBETOBBIX JTy4el. OTpakasch OT IIIACTHHKH, CBET Majia-
eT Ha JInH3Y JI, exkanryro BBIITYKIJIONH CTOPOHOH Ha riaakoi crekisHHou miactuke [1. Komnbia ﬁ 7 g
HrroroHa HaGIIIOAaI0TCS € TIOMOIIBIO MEKPOCKOIa. M3MepeHne paanycoB KoJeL IPOU3BOIUTCS N+ Il I/"\I,/%
6apabaHoM OKyisip-MuKpoMeTpa M, onTryeckoe M300pa)KeHHE MIKAIbl KOTOPOTO HAKJIAJBIBA-
eTcsl Ha KapTuHy Kouel] HproToHa.

Hopsnok BHITOTHEHHUS PaOOTHI

1. Pa3beputech B YCTPOHCTBE MUKPOCKOTIA.

2. BximounTe B ceTh 6,3B 0cBeTHUTEE MUKPOCKOTIA.

3. YcraHoBHUTE Ha yTH Jyda KpacHblii cBeTodunsTp G. Ilone 3penns, BUIMMOE B OKY- Puc.11¢€
JISIp, OKPACHUTCS B KPACHBIH [IBET.

4. Hatinute konbiia HetoTOHA B TIOJIE 3peHHUs MUKpOCcKoria. Buumanue! BepTukanbHas 0cb CHMMETPHH JTMH3BI HE COBIIA-
JIaeT C LIEHTPOM IIPOPE3aHHOTO KPYIiIoro okomika. [ToatoMmy BHavase, He MpUKaca-
SICh K PeryJJapoBOYHBIM BHHTaM B!, mocMoTpuTe B OKyIsip MUKpOCKOMa. Xopo-
110, €CJIH B TI0JIC 3PCHUS BUJIHA KapTUHA KOJBLEBBIX mMoJioc. Eciu xe moine 3peHust
OCBEIICHO PAaBHOMEPHO, TO OYCHb OCTOPOIKHO M MEIJICHHO MOIPOOYHTE MOTHUMATD
WK OITyCKaTh TyOyc MUKpockona T He oTpbIBas ria3 ot okyasapa! HenpepeiBHO
HaOJroIaliTe B OKYJISIp TOJIe 3peHus. Eciu koublia mosBsTcs, X0Tst Obl COOKY, ycTa-
HOBHTE TyOyC MUKPOCKOIIA TaK, YTOOBI OHHM OBUIM BUIHBI MAKCHMAJIEHO PE3KO U
Oonpmie ero He capuraiire. [locne 3Toro, He OTPHIBas IJ1a3 OT OKyJsApal, oueHs oc-
TOPOKHO BUHTaMH B BBIBeIuUTE IIEHTP HHTEPHEPEHIIMOHHOM KapTHHBI (IICHTpaTh-
HOTO TEMHOTO IIITHA) B TIOJIE 3PSHUS TaK, YTOOBI OH JIe)KaJl Ha JINHAH JABHKCHUSI TIe-
PEKpecTHs, BUAUMOTO B OKYJISIP, © MOKHO OBIIO YETKO BHIETH S5-7 TEMHBIX KOJIEII C
OJTHOM CTOPOHBI OT LIEHTPA, KaKk n300pakeHo Ha puc.117.

Puc.117

5. M3MepbTe paccTOsIHUE MEXKAY TEMHBIMU KOJIbLAMU Al =41 =T 1 € TI0-

MOIIBIO OKYJIIP-MHUKPOMETPA, HEMOIBI)KHAS IIIKaIa KOTOPOTO ¢ IeHO neneHus 1 MM HaOIroaeTes B MOJIe 3pSHHUS MUKPOCKOTIA
(puc.117).Kpome HETIOABIKHOM MIKAJBI B TTOJI€ 3PEHUS HAXOIATCS TIOBIKHOE TTEPEKPECTHE U IBOMHAS YepTa, KOTOPHIE mepe-
MEIIAIOTCS 110 TIOJTI0 3pEHUs TIPU BpalleHuu 6apadana oxyIsip-MmukpomMeTpa M. OHO JeneHne HeNmoABIKHOM nikajisl papao 100
JIEJIEHUSIM IIKaIBl OapabaHa OKyIsip-MUKpoMeTpa. [ m3MepeHust Halo IIOCTaBUTh ITOABIKHOE IIEPEKPECTHE Ha IIEPBOE TEMHOE
KOJBII0. [IpemnonoxuM, 9To OABHKHAS TBOMHAS YepTa MPH 3TOM YCTaHOBWIACh Mex Iy mudpamu 3 u 4, a ykazaTesb Ha 6apabda-
HE MHUKPOMETPHUYIECKOTO BHHTAa M CTOHUT NPOTHB AeNeHus 65.3T0 3HAUUT, 9TO TOYKA IEPBOTO TEMHOTO KOJIbIIa, OTMEUEHHAS TIe-
peKpecTHeM, HaXOAUTCS Ha JelieHuH 3,650KyIsap-MUKpoMeTpa. 3aTeM IEeHTpP MePEKPECTHsI Ha0 MMOCTABUTh Ha BTOPOE TEMHOE
KOJIBLIO, KaK N300paxkeHo Ha prc.117 u cHOBa MPOM3BOIUM MOI00HBIN oTcueT. [TycTh HOBBINM oTcUeT maeT yucio 4,27.

[Ikana okyJIAp-MUKPOMETPA JIEKHUT B OJHOM IUIOCKOCTH C JICHCTBUTENBHBIM H300pakeHueM kojen HproToHa, momyyaro-
HIAMCSI TIPU POXOKACHHH JIydeii uepe3 00bEeKTHB MUKPOCKOTA. Y BEJIMUEHHE, TaBaeMoe 00BEKTUBOM MHUKPOCKOIa, paBuo K = 9,5.
Jlyist moNyveH s PACCTOSIHUSI MEKIY KOJIbIIaMu (B MM) CIIeyeT U3 BTOPOrO OTCYETA BHIYECTh MEPBBIA U PE3YNIbTAT IMOAEITUTH Ha
9.5: 1\~ =%5= 0,065mm

6. Takue xe oTcdeTsl onpeaenute st 3, 4u 5o xosen. Haiinure paccTostHUS MKy COCETHUMH KOJIBIIAMHU.

7. Pe3ynbTaThl N3MEPEHUH ¥ BHIYMCICHUH 3aHECTH B TA0JIAILY.

8. YcraHoBuTe Ha IMyTH JTyda 3¢IEHbIH cBeToGmIbTp G (fT0sIe 3peHus OKPACHUTCS B 3€JIEHBIH 1BET).

9. IToBTOPUTH N3MEpPEHUS TTYHKTOB 5-7.

10.TIo ¢popmyne (134)Berarciute paanyc R JMH3bI 10 K3MEPEHHBIM PACCTOSHUAM MEKIY COCEAHUMH KOJblaMu. JIiu-
HA BOJIHBI CBETA A, IPOMYCKAEMOr0 CBETOPHUIBTPOM U [TOKA3aTelh MPEIOMIICHUS N CPEIbl MEKIY JTMH30M U IUIACTUHKON YKa3aHbI
Ha YCTaHOBKE.
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11. Hafigute cpenHee 3HAaUCHHUE dTOTO paamyca (R) , BEIM4YMHbI (MOIy/H) OoTKIOHeHHsT AR = | R—( F§| , IX CPETHIOI0

BEITUYHHY <AR> 1 OTHOCHTEIHHYIO MOTPEentHoCTh E = <<A?R>> (100 %. Pe3ynbTaThl 3aHECUTE B TAOIIHILY.
A= HM  (KpacHBIH CBETO(UIBLTD) N= i
Howmep Orcyer a1 —Tm. MM | R MM <R> MM | AR, MM | <AR>, mm | E, %
KOJIbIIa M | M0 MIKasie
OKYJISAp-
MHUKpOMETpa
1
2
3
4
5
A= HM  (3enéHblil cBeTOGUIBTP) N= i,
Howmep Orcuer a1 —Tm. MM | R MM <R> MM | AR, MM | <AR>, mm | E, %
KOJIbIIa M | 10 MIKase
OKYJISAp-
MHKpOMeETpa
1
2
3
4
5

KoHTposbHBIE BOIPOCH! K JIabopaTtopHOU padoTe Ne 31
1. Kakue HCTOYHHMKH CBETa MOXHO CUYUTATh KOTePEHTHBIME? OT KaKUX MEPEMEHHBIX MOKET 3aBHCETh PAa3HOCTh (a3 KOTEPSHTHBIX
CBETOBBIX BOJIH?
2. Yto TaKkoe onTHYecKas JIMHA ITyTH U ONTHYECKasi pa3HOCTh Xoaa?
3. KakoBBI yCII0BUS MOSBIEHUSI MAKCHMYMOB I MUHIMYMOB OCBEIIIEHHOCTH NP WHTEPHEPEHITNHA KOTEPEHTHBIX CBETOBBIX BOJH?
4. Hapucyiite xo/ J1y4eii, HHTEp(EPUPYIOIINX HA TOBEPXHOCTH IUIOCKOM IJIEHKH, M cieaiTe BbIBog hopmyisl (132) s pa3Ho-
CTH X0J1a 3TUX JIy4eil.
5. Tlouemy npu BBIBOJIE 3TOM (GOPMYJIBI HAZIO YIUTHIBATH CABUT Ha A/2? B KakoM cilydae 3TOT CIBHT yYMTBIBATH HE HAI07?

6. Uto sBNISETCS TOHKOM IUICHKOW, Ha KOTOPO# MPOUCXOIUT UHTepEPEHIIHs B JAHHOH paboTe?

7. Yemy paBna ToymmHa d BO3IYNIHOM MPOCIONKH B TOM MECTE, IJI€ B OTPaXKEHHOM CBETE HAOJIIOIAeT- Y
cs TpeThe cBeTNIoe Koablo HeroToHa (cM. pucyHok). CBeT ¢ JuiMHOM BoiaHbI A = 600 HM Iajgaer HOp-

CTCKJIO
MmanbHo. [Tokasarens npenomnenus crexna N, =1,5. BO3/YX d

CTCKJIIO
8. Uro Takoe nHTEphEpeHIIMOHHAs KapTHHA 1 TI0YeMy B JaHHOH paboTe oHa mMmeeT B Koier Heroro-

Ha? B kakoM MecTe OHa BO3HHUKAET?

9. [Toyemy HabMIOaeMast KapTUHA UMEET OYCHb MaJbIi pa3mep? Kakoe yciioBue orpaHu4YMBaeT 3TOT pa3mMep?

10.TIponenaiire BeiBoa hopmyssl (133) ast pagnyca TEMHOTO KOJBIIA.

11. MOHO JiH, H3MEPHB PAIUYC MEPBOTO TEMHOT'O KOJIBIA, BEIUUCIUTD PATUYC JFOOOT0 TEMHOTO WM CBETJIOrO Kojblia HeroTo-
Ha? Kakum obpazom?

12. Kak u3MeHuTCs pasMep kouel] HploTOHA, eciid MepeKIOYnTh CBEeTO(GMIBTP U OCBEINATh JUH3Y HE KPACHBIM, a 3€JICHBIM CBeE-
TOM?

13. Yto npon3oiaeT ¢ HabmroaaeMoi KapTuHOH Kosenm HpIoTOHa, eCii BO3MYIIHYIO MPOCIONKY MEXKIY JIMH30U 1 TIACTHHKOMW 3a-
MOJIHUTH BOION?

14. UsmeHuTcs a1 BUI UHTEP(HEPEHIMOHHON KapTHHBI U BBIBOJ KOHEYHOM (opmyiibl (134),eciau mpocioiiKy 3amoJHUTh HKUIKO-
CTBIO C TIOKa3aTeJIeM MPEJIOMIICHHUST OOJIBIINAM, YeM y cTeksia? UTo mpu 3ToM OyaeT BUIHO B IIEHTPE KAPTHHBI ?

Jlureparypa
1. CasenbeB U.B. Kypc ¢usuku B 3=x 11.: T. 3: Ontrika. AtromHas ¢pusuka - M.: Hayka, 1970.- 88 18-20.

2. Konmaxkos FO.H., ITekap 10.A., Jlexxkuesa JI.C. DnekrpomaraeTusm u ontuka,- u3i. Tynl'Y. 2010,r1.7 883,6.

Pabora Ne32. VI3mMepeHue IIMHBI BOJIHBI Ha AU(PAKIIMOHHON perieTke

[{esib pabOTHI: M3yYEHHE SIBICHNSI MHOTOJTy4eBOM HHTEP(EPEHIIMN 1 ONpeeIeH e AIMHBI BOJIHBI CBETA C TIOMOIIBIO JTU-
(bpakImOHHOH pemETKY.

TeopeTndeckoe ONMMCAaHUE

HHTepdepeHnus —3To npoiecc 00pa3oBaHus YCTOWIUBBIX YePEAYIONUXCSI MAKCUMYMOB 1 MUHHUMYMOB OCBEIIICHHOCTH,
BO3HUKAIOIIUX TIPH CIIOKECHUU KOTEPEHTHBIX CBETOBBIX BOJH (Jyueit), pa3HOCTh (a3 KOTOPBIX B KAXKI0M TOUKE MOCTOsIHHA (He 3a-
BUCHT OT BpeMeHH). B naHHo# paboTe mIocKasi CBETOBAast BOJHA MMAa€T HOPMAIbHO Ha AUPPAKIMOHHYO PEUIETKY — MPO3PAuHyIO
IUIACTUHKY, HA KOTOPO# HaneceHsl N mapauiebHbIX HEMPO3PaUHBIX MITPUXOB. PaccTositue d Mexay HUMH




Ha3bIBAETCS TOCTOSIHHON pemeTKr. CBET MPOXOAUT Yepe3 e MEX Ty IITPUXaMH,
pacceuBasich BO Bce CTOPOHBL. ToHKas coOuparomiast J1H3a ¢ (POKYCHBIM PAaCCTOSIHUEM
f cobeper napasienbHbIe JTyYHd, PACHPOCTPAHSIONIUECS O OJHUM YIJIOM (¢ K Ha-
MPABJICHUIO MAJIA0NICH BOJHBI, B OJHOM Touke P 3KkpaHa, Haxoxasmierocs B (hOKaIbHON
wockocTy JuH3bl (puc.118).Jly4, npoxosiiiuii uepe3 ueHTp JuH3bl C 1Mo YoM ¢
k e€ ontryeckoi ocu CO He mpenoMsieTcs.

Jyist BceX MpOXOSIIUX Yepe3 JIMH3Y MPETOMIICHHBIX JTy4Yei ONTHYecKas IJTH-
Ha IyTel OT BOJIHOBOU moBepxHocTH BB' mo Toukw HabGmonenus P onnnakosa. ITo-
ATOMY Pa3HOCTh (a3 ITHX JIyUeH ONPEeNIeTCs PACCTOSHUEM, POXOIUMBIM HMH OT
BOJIHOBO# moBepXHOCTH AA' majaronieil BOJIHBI 0 BOJHOBOM mmoBepxHOocTH BB'
MPEJIOMJIEHHOM BOJIHBI (3TH MIOBEPXHOCTH IEPIEHIUKYIIPHBI K HAIIPABJIEHUIO PAaCIpo-
CTpaHEHHS CBETA). Prc.11¢

ITycTh perieTka ocBelieHa MPakTHIECKH MOHOXPOMATHIECKUM CBETOM C JITTMHOW BOJIHBI A. JIyd cBeTa OT Ka)<a0H mocie-

JIYIOIIEN e IPOXOAUT JuiiHee paccTosaue A =dsing (puc.118),4To cOOTBETCTBYET CABUTY (ha3bl HA O = (ZTV)\) [A . Takum
o6pa3om B Touke P cknamsiBaercst N jrydeif ¢ 0IMHAKOBBIMHE 0 BEJMYHHE, HO CIBUHYTHIMHU 110 (Da3e HA oL CBETOBBIMU BEKTOpaA-
v Ep= Ep(ag) + Eg(a ot a)+ Eofa g+2a)+..+ Eda g+ ( N-Da).
or 1-it memu ot 2-ii menn ot 3-if menn ot N-if menn
CJ10%KUM 3TH BEKTOPBI METOJIOM BEKTOPHOM auarpammebl (puc.119),coequnsist Touku Havana A u koHia B Bcex BekTo-
poB EO 06pasyIoLmx OKpy*KHOCTb paguyca R ¢ nenrpom B touke O. Kak Buamo u3 puc.119,0tpeskn Eg/2=AC= RSin(O(/ 2)
u Ep/2=AD= RSin( No/ 2) Oynyt kareramu TpeyronbHukoB ACO u ADO, otkyna

Ep/Eq= Sin( Not/ 2) / Sir(O(/ 3 . IHTEHCHUBHOCTB CBETOBOM BOJIHBI MIIM OCBEIIEHHOCTh KPaHa B TOM MECTE,

KyJa OHa nomaaacT, NpornopuruoHalbHa KBaapaTy €€ CBETOBOTO BEKTOpa | ~ E’Z . HOHy‘II/IJ'II/I 3aBUCHUMOCTb
MHTEHCUBHOCTH CBETA, MPOIIEIIIETo Yepe3 TUPPAKIIUOHHYIO PEIIETKY OT YIJIa PACCeSTHHS (:
.2 .
sin“(Na/2 21 sin
|=IOM,mea=—¢, (135)
sin“(a/2)

I'maBHBIC HHTEP(DEPEHIIMOHHBIE MAKCHMYMBI COOTBETCTBYIOT HYJIEBBIM BEIMIHHAM 3HAMEHATEIS
3TOTO BBIpAXKEHHs IIPH /2 = TIM wiiu

: c
dsing =m\, m=0,+1+ 2+ 3,.. (136) Puc.11¢
Ipu 3ToM uucnurens Beipaxkerus (135)takxke pasen Hyo. Mcronb3yst mpaBuio CrIeKTp
Jlonurans, momydaeM BeTUIHMHY MaKCUMaTbHOH HHTCHCHUBHOCTH | =N?| , KoTopas 00- 7 \‘ ”/] -ro
max 0 - ~ 2-TO
pasyer 3a pereTKoi OYeHb Y3KUE U SIPKUE JIMHUM - CHeKTPhI M-ro nopsika (puc.120).Benu- mopsizika
4yuHa |y MHTEHCUBHOCTH CBETa, IPOLIE/IIEro Yepe3 OAHY Lieib, OyAeT yMEeHbIIAThCA IPU sin®
YBEJIMUYCHUH yIJIa (¢ U3-3a siBJIeHHs Anpakiyy cBeTa Ha mieu. [103ToMy criekTpsl 0oliee Bbl- _%77» % 0 % 27»
COKOTO MOPSIIKA UMEIOT MEHbIIYI0 HHTEHCUBHOCTb. Pric 120

Cocennue riaBHbIe HHTEPHEPESHIMOHHBIE MAKCHMYMBI Pa3eiICHbI IPAKTUYCCKH HE
OCBEILCHHOW 061aCTHI0, B KOTOPOi HaxoanuTcst N-1 MHHHMYMOB OCBEIICHHOCTH, COOTBETCTBYIOIIMX HYJICBOMY YHCIHTENIO BBI-
paxenus (135)npu Henynesom 3Hamenarene, koraa dsing = m\/ N, m —uenbie uncna, e pasusie 0,+ N,+ 2N + 3N ,... Tlo-

9TOMY TOJIIWHA HAOIIOAaeMBIX CIIEKTPOB O YMEHBIIIACTCS MPH YBEITHUEHUH YHCIIa OCBEIEHHBIX IeIeH PerIeTKH.

B nanHoit paboTe B KauecTBE HCTOYHUKA CBETA MCIONIB3YETCs JIaMIla HaKaTHBaHHUS | chekTp mopsika
naromas “Oenplid’ CBET C pa3HBIMU JIJTUHAMH BOJTH A OT (PHOJIETOBOTO A0 KPaCHOTO. YTJIbI, IO  xsch (1>c§ >1|<|£0 y2:T0
KOTOPBIMH HaOJIIOIal0TCS MAKCUMYMBI pasHoro nseta (136)He CoBIIanaroT, U 3a pelIeTKON s ¢ e
BUJIHBI pajyKHble ojtocku (puc.121) (tentpanbhslii ciektp 0-ro nopsaka, ocraercs “6e- HHHH‘ mmm MM HHHH‘
76IM”). 21 -%I 0 2(} sin®

B kauecTBe JIMH3BI HCIIOJIB3YETCS XPYCTAIHK [J1a3a HaOmronaTelns, GOKyCUPYIOIIHT Pnc.12 1

CIIEKTp Ha ceTyaTke rnasa (puc.122).

Jly4m cBeTa OT JaMITBI, OTKJIOHSIEMBIC TUPPAKIIMOHHOW PEIISTKO MO yr-
JIOM (0, CO3J]AI0T N300paXkeHHe crekTpa B Touke A ceryatku. Ho ria3 meiraercs
paccMOTpETh LIEh B HEMPO3PaYHOIl quadparme, uepes KOTOPYIO IPOXOIAT TyIH Jlamna
CBETa OT JIAMIIbI, U KOTOPasi pacroJioKeHa Ha JIMHEeHKe, HaXOIsIIeics Ha yaaJeHUu
L. I'ma3 akkoMOIpOBaH Ha 3TO paccTosiHue. 300paxkeHne crieKTpa OH yBUANT HA BARVIMbIC
TaKOM e PacCTOSIHUU B TOYKe B JMHEWKH, KOTopas B JAHHOM DKCIIEpUMEHTE Oy- CIIEKTPBI
net skpanoM. Jlunust AB npoxoauT yepes LeHTp XPYCTaIuKa U HAKIIOHEHA MO/ yT- Puc.122
JIOM @ K ocu cuMMmeTpud. Ha prc.122 BuaHo, uTo KoopauHata | HabIr01aeMoro criekTpa Mro mopsiaka MOKeT ObITh BHIYHCIEHA
kak | =LAg¢ . Yrom ¢ oveHb Man 1 MOXKHO CYUTATh, 4To0 cornacHo (136) tgd = sing = m\/d. Tlpuxomum K COOTHOMIEHHUIO,

U300pakeHue
Ha ceTyaTke
rnasa

peluerka

¥

nHHeHKaég JudpakLnoOHHas

|||| [0 le
t~ A/
-

2]

cBET} TMH3a
Xpycranuka

CBeT

s

TMO3BOJIAOIIEMY BbIYHCIIUTL JJIMHY BOJIHBI y4aCTKa CIICKTpa J'I}O601“O LIBETA.
Id
A=— (137)
mL
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[opsok BeINONHEHHS PaOOTEI

1. Bkirounte yCTaHOBKY B CETb.

2. [Tpn6am3uB 1133 K AUPPAKIHMOHHON peléTKe, ITOBEPHHUTE MIKATY-JHHEHKY C NPOpPEe3aHHOHN LIEbI0 U TU(PPaKIIMOHHON
pemETKON 1 HaNpaBbTe €€ Ha NCTOYHHK CBETA TaK, YTOObI Ha JIMHEHKe 10 00€ CTOPOHBI OT I1eu ObLIIM BUIHBI HHTEpdepeH-
LUOHHBIE CIEKTPBI 1-r0 U 2-ro nopsaakos (cM. puc.122).

3. 3amepbTe paccTossHue L OT THHEHKH 10 TUGPAKITUOHHON PEIIETKH.

4. 3amepbTe paccrosinue | OT cepemuHbI HEHTPAIBHOIO MaKCUMyMa JI0 CepearHbI MakcuMyMa M=1-ro mopsiika CHHEro
I[[BeTa BHaYaJe CJIeBa OT LIENH, a IOTOM CIIpaBa OT LIEJIH.

5.T1o popmyne (137)Bbruncnute ABa 3HAUCHUSI IJHHBI BOJIHBI A CHHETO L[BETa [0 IBYM W3MEPEHHBIM PACCTOSHHSIM.

6. 3amepbTe paccrosiaue | 10 cepeanHbl MaKCUMyMa M~2-T0 MOPsIIKa CHHEro IBETa CHaYaja CIIeBa, a IOTOM CIIPaBa OT
1esd U cornacHo (137)BbIUnCiiiTe COOTBETCTBYIOIINE UM JUTHHBI BOJIH A. [loydeHHbIe JaHHBIC 3aHECHTE B TaONHUILY.

7. AHanorn4Hble U3MEPEHHUS MIPOBEAUTE [UIS XKEJITOTO0, 3eJICHOT0 U KPaCHOT'O IIBETOB M0 YKa3aHHIO IIPENoAaBaTeNs.

8. Berancnute cpeHee 3HaUCHUE ()\) JUISL BCEX TIOJIYYEHHBIX JUIMH BOJIH OJHOTO IBeTa. Paccuuraiite BennuuHbl (MOIy-

JIM) MX OTKJIOHEHHUS OT CPEAHETO 3HaUeHuss AN = |)\ —()\>| , @ TAK)KE CPENHIOI0 BEIMYMHY TAKOTO OTKJIOHEHHS (A)\) 1 OTHOCH-

TEIHHYIO MOTPENTHOCTh E = <A—)\> (100 %. Pe3ynbTaThl 3aHECUTE B TAOIHILY.
)
L=......... cM
Ler m I, cm A, HM <)\> cum | DA, HM (AA) um | E. %
CUHUH 1 cieBa
crpasa
2 cieBa
crpasa
3emenbrii | 1 cieBa
crpasa
2 cieBa
crpasa
KpacHeii | 1 cieBa
crpasa
2 cieBa
crpasa
KENTHIN 1 cieBa
crpaBsa
2 cieBa
crpaBsa

KoHTposbHBIE BOIPOCHI K JIa00paTopHOU padoTe Ne 32
1. B 4em 3akimroyaeTtcs sSIBICHUE UHTEPPEPEHIINH, U TP KAKUX YCIOBHUIX OHO HAOIIOIaeTCs?
2. Tlouemy Ha KpaHEe HE MOSBHUTCS MHTEPPEPEHIIMOHHON KapTUHBI, €CIIM HA HETO HAMPaBUTh JYYH CBETa OT ABYX (hoHapeii, mpo-
MyLIICHHBIC Yepe3 OJIMH U TOT ke CBETOQUIBTP?
3. Uto sBiIsIETCS KOTEPEHTHBIMH MCTOYHHKAMH CBETa B JaHHOW paboTte? OT Yero 3aBHCHT PAa3HOCTH XOJa JIydei, HCITyCKaeMBIX
STUMH UCTOYHUKAMHU ?
4. Cpenaiite BBIBOJ paclpeelIeHHs MHHTEHCMBHOCTH CBETa 3a AU(GPaKIMOHHOM pemeTkoil (135) 1 moiyduure ycioBus MHTEPdE-
PEHIIMOHHBIX MAKCHMYMOB 1 MUHHMYMOB.
5. Ha nu¢)pakioOHHYIO PEIIETKY ¢ MOCTOSHHON d = 2 MKM HOPMAaJIbHO MaJaeT CBET ¢ JIMHOM BOJNHEI A = 600HM. CKOJIBKO MH-
TephEPEHINOHHBIX MAKCUMYMOB (CIIEKTPOB) MOXHO HAOJIIOATh 32 PELIETKON?
6. [ouemy B maHHOW paboTe HAONIONAIOTCS HE OTICIBHBIC Y3KUE JIMHUH CICKTPOB, a MPOTSLKEHHBIC pay’KHbIC MOJOCKH? Yem
00YyCIIOBIICH MOPSIOK IIBETOB B KAXKOW TaKOH MOJIOCKE?
7. Ilouemy HaOmOIaeMbie B pabOTE MOJOCKU CHEKTPOB 00Jiee BHICOKOTO MOPSIKA UMEIOT OOJIBIIYIO IIMPUHY, @ UX HMHTCHCHUB-
HOCTB, HA00OPOT, YMCHBIIACTCA?
8. [loyemy meHTpaNbHAs MMOJIOCA CIIEKTPa HYJIEBOTO MOPSIKA UMEET TOT JKE I[BET, YTO U CBET, UCITyCKAEMBIi JIAMIION ?
9. BynyT ¥ TIOJIOCKHU CIIEKTPOB 00JIee BEICOKOTO TOPSAKA MTEPEKPHIBATHCS, 00pasysl CILIONIHYIO Pa3HOIBETHYIO TIoJlocy 0e3 mpo-
MeXyTKOB? HaunHast co crekTpa Kakoro mopsaka M Mpou30HaET 3To epeKphIBaHUE?
10. [Touemy, ecnu epeABUHYTH JIMHEHKY M MPOMU3BOIBHO W3MEHHUTH paccTosHuE L, T1a3 mo-npekHeMy YBUAMT YeTKHe H300pa-
KESHHS PaTyKHBIX OJOCOK-CIIEKTPOB HA HEW?
11. O6bsacuuTe BBIBOJ pacuéTHoi Gpopmysibl (137) 11 onpeneneHus A.
12.Paccrosiaue L = 50cm (puc.122).HaliguTe MUpUHY pagy’KHOM MOJOCKH CIIEKTPa 2-T0 NOPSIKA Ha JMHENKE, €CIIH IIOCTOSTHHAS
peuétku d = 4 MKM.

Jlureparypa
1. CasenbeB U.B. Kypc ¢usuku B 3x 11.: T. 3: Ontika. AtromHas pusuka - M.: Hayka, 1970.- 8§ 25.

2. Konmaxos FO.H., ITekap 10.A., Jlexxnesa JI.C. DnekrpoMaraeTnsM u onTrka,- usa. Tynl'Y. 2010,r1.7 87.
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Pa6oTa Ne33. [IpoBepka 3akona Masroca

Qem, pa60T},1: O3HAKOMJICHHUEC C ABJICHHUEM IOJIAPU3ALNU CBETA U IKCIICPUMEHTAJIbHAsA IMPOBEPKA 3aKOHA Marroca.

TeopeTnueckoe oMucaHue

DyeKTpoMarHuTHas (B 4aCTHOCTH - CBETOBAsA) BOJIHA SBIAETCSA NEPEMEHHBIM JJIEKTPOMATHUTHBIM  ,oov 4 /5 nyr
— 3 C
T0NeM, B KOTOPOM BEKTOp HATPSUKEHHOCTH E OIeKTpHYecKoro mojis, BEKTOp HampsikeHHocTH H wmar- (& 25
HHUTHOT'O IOJIsI ¥ BEKTOP CKOPOCTH C BOJIHBI 00pa3yloT MMpaBylo TPOiKy BekTopoB (puc.123).Tak kak Be- H ~ cr
JIMYKHBI 3THX BEKTOPOB COIIACHO TeopuH MakcBeluta CBS3aHbl COOTHOLICHHEM +/€gE = \UgH (B Bo3ay- Puc.123

X€ WK BaKyyMe), TO JUIs OTMCaHHsI CBETOBON BOJHBI UCTIOJIB3YIOT TONBKO OJWH BEKTOP E , KOTOpBIN HAa3hIBAIOT CBETOBBLIM BEK-
TOPOM.
-8 . 419
HcmyckaroTes: CBETOBBIE BOJHBI BO30YKIEHHBIMU aTOMaMu cpeiabl. Bpems usiaydenus atoma T~10"° +107 ¢ ouyens
Mato. [103ToMy KaKblii aTOM CIIOCOOEH UCITYCTUTh OYEHb KOPOTKHI OTPE30K — YT BOJIHBI IIMHOM CT <3 M (puc.123).
B MHOTOYHCICHHBIX IyraxX, UCIYIIECHHBIX Pa3UYHBIMU aTOMaMH, BeKTop E MeHser opuenraruroo. B dacTHOCTH, OH

MOXET KOJIebaThCst B pa3HbIX MIOCKOCTAX (puc.124a). Takoil cBeT ¢ HEYMOPSIOYEHHON OpHEHTAlHell CBETOBOrO BEKTOpa Ha3bl-
BaeTCsl €CTeCTBEHHBIM. CBET C YHOPSIOUCHHOHN OprUeHTanueil CBeTOBOTO BEKTOPA HAa3bIBAIOT MOJIAPH30BAHHBIM.

Caert, B KOTOPOM BO BCeX ITyrax Bektop E komebnetcst B omHoii miocko- — CCTCCTBCHIBIM CBET E %
cti  (IUIOCKOCTH  TIONAPW3AIMH), HA3bIBAIOT  IUIOCKO- WM JIHHEHHO- E &%&Qﬁ =
o o %%” = E ¢
nojspuzoBanueM (puc.1246). B manHol pa0oTe Takod CBET MOJYYAIOT C ITOMO- z% %
IOBIO TIOJIApHU3aTOpa — ruOKof TIEHKHA W3 neryjionga, B KOTOPYIO BKpaIlJICHBI %%_, Hﬂoc]{onoﬂ;{py[?,ogaHH],H}'[
MHOTOYHC/IEHHBIE KPUCTAIUIMKK repanaruTa. [10100HbBIE aHU30TPOIIHBIE KPHUCTA- a) 0) CBCT
7Bl 00Jaal0T CBOMCTBOM pasleiiTh MaJaloliMil JIyd €CTeCTBEHHOTO CBETa Ha Puc.124

“OOBIKHOBEHHBIIT" M “HEOOBIKHOBCHHBIH' Jy4Hd, KOTOPBIE SBISIOTCS IUIOCKO-TIOJSIPH30BAHHBIME (SIBJICHHE TBOMHOIrO Jydernpe-

nomenus). Bektopsr E B Takux nydax KoneGIOTCS BO B3aHMHO MEPIEHIHKYIAPHBIX IIIOCKOCTSX.

OTH Ha3BaHUS BO3HUKIH U3-3a TOTO, YTO “OOBIKHOBEHHBIN~ JyY MOTYHUHACTCS OOBIYHOMY 3aKOHY IPCIIOMIICHHS, a “He-
OOBIKHOBEHHBIH" JIyd HAPYUIAET ITOT 3aKOH. DTH JIYYH MOTYT PACIIPOCTPAHATHCS B KPUCTAIUIE B PA3HBIX HAIPABICHUSX.

Kpome Toro, KpucTasibl repanatiura 001aJaloT CBOMCTBOM IMXPOHM3Ma. OHM MOJHOCTHIO TOTJIOMIAIOT OJHH U3 JTydedl —
“ OOBIKHOBEHHBIH' WM “HEOOBIKHOBEHHBIN . [109TOMY Ha KpHCTAaJII MaNaeT €CTECTBEHHBIH, a BBIXOJAUT W3 KPUCTAIIA TIOCKO-

noJsipu3oBaHHbIi cBeT. CBeTOBOM BekTop E masmaroieit Ha mossipu3aTop BOJIHBI, OPUEHTUPOBAHHBIH MOJ] YTIIOM 0. K OCH MTPOITyC-
kanus nossipusaropa OO, HaJo pa3fenuTh HA HepHEHANKYIsIpHYI0 Eq = ESiNO u napasntensHyro -

E‘| = Ecosa cocramstomue (puc.125). IleprieHauKysipHasi COCTaBIISIONIAs OyJeT MOTJIONIeHa, U g /W /Z)En
¢

TPOIIe/IIas

BOJIHA

(O’ TIOJISIpU3aTop

Pnc.125

yepes3 HOISIPU3aTOP MPOoiieT MI0CKO-MOIAPU30BaHHAS BOJIHA CO CBETOBBIM BEKTOPOM Eﬂ . ronaiomat E
HTEeHCMBHOCTH CBETOBOM BOJIHBI MPOMOPIMOHAIbHA KBaApaTy €€ CBETOBOIO BEKTOpA!

| ~E2. Ben na HOJIIPU3aTOP NaJaeT €CTECTBEHHBII CBET C UHTEHCUBHOCTBIO | .. , B KOTOPOM 11y-

T'¥ BOJH OPHUEHTUPOBAHBI MOJ[ BCEBO3MOKHBIMH YTJIAMU 0, TO YCPEIHSS MHTEHCUBHOCTh IPOILIEANIETO CBETA 110 BCEM yIJaM, IMO-

JIy4Yum IHpOI]_I =1 ecr <COS2 G> =1 eCT/ 2. W neanbHbIin MoJApU3aTop oc1abiseT UHTEHCUBHOCTD nagarmero Ha HEro €CTCCTBCHHOIo

CBETa B /IBa pasa.
M cTOUHHKOM €CTECTBEHHOI'O CBETa B ,HaHHOﬁ pa60Te SABJACTCA JIaMIIOYKa, CBET KO- ' P
: E

o o €CTCCTBEHHbII
TOPOU MOCJICAOBATEIILHO IIPOXOJAUT YE€PE3 JBa IOJIIpHU3aTOpa (pHC.126).HepBBIH noJisipusa- CBET

TOP MPOIYyCKaeT HJ'IOCKO-HOJ'IﬂpI/I?)OBaHHLIﬁ CBE€T CO CBCTOBBIM BEKTOPOM E wu ¢ unrencus- \||>

- 1 )\ (boTommon
HOCTBIO g ~ E2. Bropoii monspuzatop, Ha3bIBAIOT aHAIKW3aTOPOM. Ero MOXHO Bpamiath TONSPH3ATOp  AHATH3ATOP
BOKPYT HaNpaBJICHUS PAacIPOCTPAHECHUS CBETa, MEHSS YTOJl O MEXIY OCSIMH MPOITYCKAHUS Puc.12€

nonspusatopos B npegenax 0< o < 360 . Cormacno puc.1250H NPOIYCTUT CBET CO CBETOBHIM BEKTOPOM E, = Ecosa u ¢ un-
TEHCHBHOCTBIO

| =lgcofa (138)
DTo BBIpa)KCHHE Ha3bIBAIOT 3aKOHOM Maiioca: HHTEHCHBHOCTD CBETa, NPOLIEAIIEro Yepes3 aHaJIu3aTop, paBHA MHTEHCHBHOCTH
[aJalolIero Ha Hero CBETa, MPOIIENIEro yepes Mospu3aTop, yMHOKEHHO! Ha KBapaT KOCHHYCA yIila MeXKIy OCSMHU IPOITycKa-
HUS TTOJISIPU3aTOpa U aHAIN3aTopa.

[Ipomeammit yepes aHATU3aTOP CBET MONANaeT Ha GOTOTUO, B M KOTOPOTO HAXOAUTCS MIUUTHaMIepmeTp. Benmanaa
¢doToTOKA, M3MEPSIEMOTO MIJLIHAMIIEPMETPOM, MPONOPIHOHATEHA HHTEHCHUBHOCTH MPOIIESANIETO Yepe3 aHalIu3aTop CBETa MU

ocBeneHHocTr (Gotoguona E ~ | . DkcriepuMeHTanbsHO U3MEPEHHBIH TpaduK 3aBUCHMOCTH 3TOTO TOKa OT coS o joKeH BBITH
IpsIMOil THHMEH.

PeasbHbIe TOISIPU3ATOPHI MPOITYCKAIOT YaCTh €CTECTBEHHOTO cBeTa. CMECh €CTECTBEHHOTO U IIOCKO-MOJISIPU30BAHHOTO
CBETa HA3hIBACTCS YACTUYHO MOJIIPH30BAaHHBIM CBETOM. TaKo# CBET XapaKTepH3yeTcs CTeNeHbio monspu3anuu P. s e€ onpene-
NeHus Hajgo Bpamarh anamusatop (puc.126)ma 360 u M3MEpUTh MAKCHMMAIBHYIO U MUHUMAIbHYIO HHTEHCHBHOCTD IIPOLIEILIETO

| =
cera. Torma P =-M&X__MIN 7004,
max +1 min
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[opsok BeINONHEHHS PaOOTEI

1. BKJIIOYHTh YCTAHOBKY.

2. Ilpun BpauieHun aHaianzaTopa OyaeT MEHSThCS MHTEHCHBHOCTH MPOIIE/IIEro Yepe3 Hero CBeTa, MOMaJaloniero 3aTeM
Ha QoTonnoa. DTa MHTEHCHUBHOCThH IPONOPLMOHAILHA OCBEIIEHHOCTH (OTOANOA U NPONOPIHMOHAIBHA TOKY, TEKyLIeMy 4epe3
dotomuon. [ToaToMy U3MEPHUTENBHBIN TPHOOP, H3MEpsIOLINi HOTOTOK (prc.126),nporpanyupoBaH B eHHHLAX OCBEIICHHOCTH E
U SBJIETCS JIOKCMETPOM — IPUOOPOM, H3MEPSIOIIUM OCBEIIEHHOCTb.

Bpamas anamuzatop, Hago 3aMETHTh W 3alMcaTh HanOoJblIee 3HAYCHHE IOKa3bIBaeMON HPHUOOPOM OCBEIIEHHOCTH
E/nax ¥ HaNMeHbIIee 3HAUCHHE OCBEMIEHHOCTH E,i,. Hamo 3anmcats Taxoke 3HadeHHe yrma O Ha TUMOe aHAIM3aTOPa, COOT-

BeTCTBYyIoLee Ep 5., KOTOPOE COOTBETCTBYET Haually OTCUYETa YIJIOB 0. B 3akoHe Mamoca (138).
3. Ecim O — mokasaHusl yIyia HoBOpoTa Ha JIMMOe aHalInu3aTopa, To CleyeT yCTaHOBUTh yKa3aTelb JMMOa Ha 3HAYEHUM

Gl = GO (J'IIOKCMeTp MOKaKET MAaKCUMAJIbHYIO OCBCLICHHOCTDH Emax)! a 3aTeM, MoBOpavYuBas M0 aHaJM3aTopa 4epe3 KaKAbIC

15° no 360° (0 =0y +15°, 0 =0ag+ 30, ..., o1 =0gp+ 360)), 3aMKChIBATh MOKa3aHUsI JIOKCMETPa, COOTBETCTBYIOIIUE YTIIY
nosopora 0 =01 —0g, B Tabauiy 1.

Tabmuma 1
o,rpaxr |0 |15 (30| 45( 60| 7§ 9Q 10520/135|150/165|180(195|210(225|240(255|270(285|300(315|330(345|360(195
OcselieH-

Hocts E

4. CornacHo 3akoHy Maioca 0OIMHAKOBBIM 3HAYCHUSM COS O JIOJIKHBI COOTBETCTBOBATH OJMHAKOBBIE 3HAUYEHHS OCBE-
nieHHocty. Ux cnenyet nepeHectr u3 tadmunbl 1 B Tabnumy 2. [Ipu 3ToM Ui yueTa CUCTEeMAaTHYECKOM OIIMOKH, CBSI3aHHOW C He-
MOJIHOW (4aCTUYHOM) MoNsIpHU3alell CBeTa, NPOMyCKaeMOil CHCTEMON U3 MOJSIPU3ATOpa U aHAIM3aTOPa, CIIEAYET U3 KaXI0ro pe-
3yIbTaTa BEIYECTh MUHUMAJIbHOE 3HAUEHUE OCBEIEHHOCTU Ej,, 1 B Tabnuny 2 3anucaTs yxe pasHocts E*=E-E

min *
Tab6muma 2.

cofa=...... cofa=..... cofa=...... cofa=....... cofa=...... cofa=...... cofa=......

a, E*, |a, E*, a, E*, a, E*, a, E*, a, E*, a, E*,

rpan JIK rpan JIK rpan JIK rpan JIK rpan JIK rpan JIK rpan JIK

0 15 30 45 60 75 90

180 165 150 135 120 105 270

360 195 210 225 240 255

345 330 315 300 285
By = By = By = [, By = By = By =

5. J1ns1 Bcex yriioB ¢, yKa3aHHBIX B 3TOW TaOIHIIE B OJHOM CTOJIOIE BEIMYHHA cofa Oyzaer oJHAKOBA. A JIJIs 3HAYCHHUI
OCBEIICHHOCTH E* , COOTBETCTBYIONIEH 3TOM BEIWIMHE, HAJO0 HAUTH cCpeHee 3HAUCHUE E*Cp , JUIT KOTOPOTO JTOJDKEH OBITh BBI-
MOJIHEeH 3akoH Maittoca (138).

6.1lo nanHbIM TabnKLa 2 TOCTPOUTH rpaduk 3aucumoct E* ) = f (COS2 0() , KOTOPBIH TOJKEH OBITH MPSIMOM JIMHUEH B
cily4ae BBITIOJHEHHs 3aKoHa Maittoca.

KonrposnbHble Bonpocs! K 1aboparopHoii padore Ne 33
1. [ToueMy CBETOBYIO BOJHY MOKHO ONHCATh CIUHCTBEHHBIM CBETOBBIM BEKTOpPOM? UeM BUAMMBIN CBET OTIMYACTCS OT UH(ppa-
KPaCHOTO WJIM PEHTT€HOBCKOT'O U3JTYUCHUS ?

2. B KaKOM HamnpaBJIeHHH IBUKETCS CBETOBAs BOJIHA, B KOTOPOil BEKTOp E HampasieH Bosib ocH Y, a Bektop H - B1oB ocn X?
3. Kaxxpiit aToM HCIycKaeT MoJsIpu30BaHHOE 3JIEKTPOMAarHUTHOE U3ITydeHne. KakuM 00pa3oM BO3HHKAET eCTECTBEHHBIH CBET?
4.Yem oTiIMYaETCS €CTECTBEHHBIN 1 TUIOCKO-TIOJISIPU30BaHHBIN CBET?

5. KakuMm 06pa3zoM mosisipu3aTop mpeBpaiaeT Magarolinid Ha HETO €CTECTBEHHBIN CBET B TUIOCKO-TIOJIIPU30BaHHBIN? IMEIOTCS JiH
ZIpyTHE CTIOCOOBI MOTyYeHHsI INTOCKO-TIOIIPU30BAaHHOTO CBETA M3 €CTECTBEHHOT0?

6. Kak u3MeHHTCSI HHTCHCHBHOCTD €CTECTBEHHOTO CBETA MOCIIEC MPOX0XKICHUS MOJIsIpU3aTopa?

7. Chopmynupyiite 3akoH Maitoca. I } :

o 0 200°
8. EcTecTBeHHBII CBET ¢ HHTEHCUBHOCTBIO | majaeT Ha cucTeMy u3 Tpex noispusaropos. Ocu npo- Ny 0
HycKaHust KpaiiHux nomsipuzaropoB 1 u 3 ckperens! no yriaoM 90°, a 0ch LEHTPAIBHOTO MOJSPH3a- 1 2 3

Topa 2 00pasyer yroi o ¢ ochbo mojsgpuzaropa 1 (cM. puc.A). CBeT ¢ KaKOil HHTEHCHBHOCTBIO | BBIN- Puc.A

JIeT U3 3ToH cucteMbl? [Ipy Kakol BEJMYMHE YTJia 0. MKHTEHCHUBHOCTE | OyJeT MakCUMallbHOMN?

9. Kak onpenenuts CTerneHb MOJISIPU3AMU YaCTHIHO-TIOSIPU30BAHHOTO cBeTa? BhIuucinTe e€ BENMYMHY 110 MOJTYYEHHBIM pe-
3yJbTaTaM U3MEPEHUIA.

10.Yemy paBHA CTETIEHb NOJSAPU3AIIHI CMECH H3 IIOCKO-MOJIIPU30BAHHOTO CBETAa C MHTEHCHUBHOCTBIO | M €CTECTBEHHOTO CBETA C
HHTEHCUBHOCTHIO 1/27?
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Pa6ota Ne34. 3mepeHue mmpuHbl Bosioca AUGPAKIIMOHHBIM METOJIOM

[esb paGoOTHL: U3YYHUTH ABJIEHHE QUPPAKIMU CBETA HA Y3KOM 1IEIM WM Y3KOM NPENATCTBMH, ONPEAEIUTh IIUPUHY OYEHb
TOHKOTO TpeaMera (BoJoca) ¢ MOMOUIBIO AUPPAKIIMOHHOIO METO/IA.

TeopeTnueckoe ONMMCAaHUE

[Ipu nonydeHnn MHTEPPEPEHIIMOHHON KaPTUHBI CKIIAABIBAIOTCS JIy4d (BOJIHBI) OT KOHEYHOIO YHMCJIa KOTE€PEHTHBIX HC-
TOYHHUKOB CBeTa. J{ubpakiponnas kapruHa (qudpakius) BOSHUKAET MPU CIO0KEHUN OECKOHEYHOTO YUCIIa BTOPUYHBIX BOJIH, HC-
MIYCKAEMBIX KaXI0H TOYKOM BOJHOBOIM MOBEPXHOCTH CBETOBOI BOJIHBI, TaAI0IEH Ha MPEMSTCTBHUE.

PaccMoTpuM TUIOCKYHO CBETOBYIO BOJIHY C JJIMHOM BOJHBI A, MAJAIONIY0 HAa OYCHb Y3KYIO IIEb IIUPUHBI & B HEIPO-
3paunoit mupme (puc.127).CornacHo ypaBHeHUsIM MakcBeIlia, KaX/Iblil Maliblii y4acTOK €€ BOJIHOBOM MOBEpPX-
Hoctu AB, coBmamaromiei ¢ IIOCKOCTBIO MIETH, CO3AaET BTOPHYHYIO JIEKTPOMATHUTHYIO BOJIHY CO CBETOBBIM

BEKTOpOM OFE , pacrpoCTpaHSIONIyIocs BO BCex HampasieHHsx. CyMMa TakWX BOJIH, YXOIMAIIUX O YIJIIOM @ K
HaTpaBJICHUIO MTAICHUS CBETa, 00pa3yeT MIIOCKYIO BOJIIHY, OTHOAONTYIO MPETATCTBUE M PACIIPOCTPAHSIONIYIOCS B

obnacth reometpuueckoil Tenn (opuHimn [roiirenca-OpeHess).

BounHoBas nosepxHocts AC  Takoi NMperoMIIeHHOW BOJIHBI IIOBEPHYTA Ha YTroJl @, T.e. JIyYH, UCIyIIEeH-
HbIE MPOTHBOMOJOXKHBIMU Kpasmu mend A u B, wumeror pasHocts xoma A =BC=asing u casur oda3

Puc.127

21 . Ny . o . = £
a= Tasmcb . Ha BexTOpHO# AnarpamMme pe3yabTHPYIOIIUI CBETOBOII BEKTOP OTKIOHEHHOW Ha yrout ¢ Boiubl Ep =Y OE Gyner
XOpJOW AYTH C YIJIOM 0. Ha OKPYXHOCTHU ¢ paauycom R (puc.128a). Jnuny 3toit nyru Ro Haxomum, ckia-
JIbIBasi T€ K€ BEKTOPHI 3E B BOmHE, pacnpocTpansitorieiicss 3a menpo mox yriaom ¢ =0 6e3 caura das

(puc.2.140), 1 UMeEIOILEH CBETOBOM BEKTOP EO =Ro . U3 npsMoyTosbHOTO TpeyroibHuka AOB Ha puc.128a
Ep . (o 2Ey . ([«

HaxoquM — = Rsin| — |, orxkyma Ep =——=sin| — |.

2 ( 2) T [zj

MHTEeHCUBHOCTH CBETOBOM BOJIHBI MJIM OCBEIIICHHOCTH OKpaHa B TOM MECTE, KyJla OHa ImonaaacT, IIpo-

MOPLHOHANTbHA KBAJAPATy €€ CBETOBOrO BeKTopa | ~ E2. [Mony4ninu 3aBHCHMOCTh HHTCHCHBHOCTH CBETa,
MPOIIE/IIEro Yepe3 y3KYIO IIelb Lunpm—m a OT yrJia paccesiHus ¢: SESE
4] 2rasin =
:—gsm S| mea :Tq). (139) E,
a Puc.1286
JudppakiMOHHBIE MUHUMYMBI HAOOIAIOTCS I 0/ 2 = TIM 1t
asing=m\, m=+1+2+ 3 ... (140)
ceeT)\B DTO yCIIOBHE MOXHO TaKKe IOJyYUTh, Pa3AenuB INIOCKOCTD IIEN Ha YYacTKH — 30HBI
Dpenensi, pacCTOsIHUS OT MPOTHBOIOIOKHBIX TPAHHI[ KOTOPBIX 0 BOJHOBOM moBepxHocTH AC
A OTJIMYAIOTCSA Ha M2, 9TO COOTBETCTBYET CABHUTY (a3 Ha Tt (puc.2.15).IloaToMy CBETOBBIC BOJHBI
7 oT cocenHux 30H DpeHeltst NpUXO/IT B TOYKY HAOMIOJCHUS B IPOTUBO(A3E U TacsT APYyT ApYyra.
JAubpakunoHHBIA MHHIMYM HaOIOJaeTCsl, €CIHU IIeNIb OTKPBIBACT Y€THOE Ynciio 2M 30H Dpe-
somnt menst: asing = 2m\/ 2 (cm. puc.129). I,
Dpenens JudpaknmoHHas KapTHHA, COOTBETCTBYIO- 0) 0
Prc.12¢ mas pacnpeneieHno uareHcuBHocT (139),
T HaOJIIOTaeTCs Ha DKpaHe, CTOSIIeM 3a IIe-
1610 Ha OonbmoM yaaigenuu L (puc.1304). Yron audpakiuuu ¢ Mai. [Tostomy /; L x
KOODPMHATHI MUHUMYMOB OCBEILEHHOCTH Ha YKPaHEe CIIEAYIOT U3 YCIOBUS JE o X
_ ing = A - Puc.130 T, A, =
Xm = LOg¢ = Lsind —?m, rme m=+1+2, ... (141) uc. Xo X 0 X X

I'padyik 3aBUCHMOCTH OCBELICHHOCTH JKpaHa, cooTBeTcTByrowuit popmyne (139), mpencranen Ha puc.1306. Len-
TpaJibHas SPKO OCBEIIEHHAs Mojoca mupuHbl A =X — X q = 2LA\/a HasbiBaeTcs audpakuvoHHBIM M300paxenueM uienu. [pu

YMEHBIIEHUH IMUPUHBI IETU a (TEOMETPUYECKOTO H300paKeHHsI €M) IIUPUHA LEHTPAIBHOM MOJIO0CH OyAeT BO3pacTath. I1o eé
0okaMm OyayT BHIHBI CIa00 OCBEUICHHBIC OOKOBBIC MOJOCKH IIMPHHEI L)\/ a . Vx naubonpmue ocsemennoctu | =0,04721,

I, =0,01651 u T.x.
HanpaBum Tereph Jiyd Jla3epa WK JTa3epHON YKa3KH Ha TOHKUEN mpeamer (BOJOC),

A na36pa
HIMpUHA KOTOPOro paBHa mmupune menu a (puc.131). Tpeamer 3akpoer yuactku BC BosHO- 7&
BOI1 IOBEPXHOCTH U IOCIEC AU(PPAKIUKM HA IKPAH MOMACT CBETOBAs BOJIHA CO CBETOBBIM BCK- // C
TopoM Epp. V3kas miens Ha000pOT OTKpBIBAJIa 3TH YYacTKU U 3akpbiBana ydactku AB u CD 3KpaH

(puc.131), co3naast BoHy ¢ BekTopoM Ep . [IpH OTCYTCTBMH NpENATCTBHS BCE y4aCTKH OT- Pnc.131
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KPBITH H CyMMa TUX BEKTOPOB = TBETCTBYET y3KOMY NapajuIeIbHOMY Jydy T , TTAZIAIONIIEMy Ha PKpaH U
cymMma 3 extopoB Ej = Ep + By cooTBeTcTBYeT y3K0 apannenasHo a3epa, IaJaloNIIeMy Ha 3Kpa

CO3/IAI0IIEMY OUEHb y3KOE SAPKO OCBENIEHHOE MATHO. 3a MpeaenaMu 31oro natHa Ej =0, M 03TOMY OCBEIIEHHOCTh SKpaHa 3a
_ L \2 =
cuet audpakiuu Ha emeé Gosiee y3koM npeamere OyzaeT paBHa | ~ <E1-% > = <( Ej- EP) > = < EP2> .

DTOT pe3ynbTaT Ha3sIBAETCS MPUHIMIOM babWHE: 3a TpenenaMu IEHTPAIBHOTO MATHA TUPPAKIIHOHHAS KapTHHA, TTOJY-
YyeHHas py AM(PAKLIUK CBETA HA TOHKOM IPEAMETE MIMPUHBI 8, COBHAgaeT ¢ AM(pakiuoHHoM kapTuHoii (prc.1306), nonyueH-
HOM Ha y3KOU e TOU e IIUPHUHBI a.

H3mepss KoopaAuHATBl X, AMGPAKLMOHHBIX MUHMMYMOB Ha 3KpaHe, MOXKEM HAaWTH Kak LIIMPUHY ILENH, TaK U LIUPUHY

TOHKOTO BoJjioca corjiacHo ¢popmyie (141): a=2LAm 1 +i ,THe m=x1+2, ... (142)

Xm  [Xm
Hopsnok BeITOTHEHUS PaOOTHI
1. Ha onTryecKyio CKaMblo MEXKAY JIa3epOM H yIaIEHHBIM 3KpPaHOM YCTAHOBUTE JACP)KaTeNb-IIHPMY C IPUKPETUICHHBIM K
€ro IPOPE3U BOJIOCOM.
2. BxirounTe J1a3ep W IOCTUPOBOYHBIMH BHHTAMH OT-
pEeryIupylTe ero MNpakTH4YeCKd Ha PaCXOIAUIMHCA JIyd Tak,

94TOOBI OH PAcIpPOCTPAHSUICS BJIOJb ONTHYECKON CKaMbH U I10- N

najai Ha Bojoc (puc.132).Ha skpane nosiButcs qudpakiuoH- Boni-ﬁ)_ Iy J1asepa
Has KapTUHA B BUJE SIPKOH LIEHTpanbHOM MOJOCKM U 3HAUM- Jlasep

TEJILHO OoJiee ciaOblXx OOKOBBIX IOJIOCOK, aHAJIOTHYHAas H30- AN -

OpaxxenHOH Ha puc.131. IleHTPBI TEMHBIX HPOMEKYTKOB CKaMbi |= L
MEXAY 3TUMH IOJIOCKAMH COOTBETCTBYIOT TOYKaM ANU(PPAKIH- Puc.132

OHHbBIX MUHUMYMOB C KOOPAHHATAMU Xy, -
3. V3MepbTe KOOPAUHATEL X, M=+1,+ 2+ 3 mectH koOpAUHAT IU(PPAKIMOHHEIX MUHUMYMOB Ha dKpaHe (TpH clieBa u

TPH CIIPaBa OT HEHTPAILHOIO MAaKCHMYyMa), a TaKKe paccTosiare L oT Boioca o 3kpaHa. Pe3yapTaThl 3aHECTH B TAOJIHILY.

m Xy » MM a, MKM <a> . MKM Aa, MKkm <Aa> . MKM E, %

A= HM; L=.......... M; a:(a)i(Aa): ............ F o HM

4. BBIKITIOUHTE Ja3ep.
5.Tlo ¢popmyne (142)onpenenure Tpu 3HAYSHUS [IMPUHBI BOJIOCA &, HAWIWTE Cpe/iHEe 3HAYECHUE (a) . Paccuwuraiite Be-

JIMYHHBI (MO,HyJ'II/I) OTKJIOHECHUSA OT CPECAHETO 3HAUCHUS Aa= |a—<a>| , @ TAK)KE CPEAHIOI0 BEJINMYUHY TAKOI'0 OTKJIOHCHUSA <Aa> n

Aa
OTHOCHTEJIbHYIO TTOTpemHocTh E = <—> (100 %. Pe3ynbTaThl 3aHECUTE B TAOIHILY.
(a)
KonTpoabpHbIe BOIpOoCH K labopaTtopHoi pabote Ne 34
1. Yem paznuyarotcs siBIeHUS HHTepepeHITnT 1 TUdpaKIun?
2. B uem 3akmovaercs npunnun I rolirenca-Openens?

3. CeT HOYBIO MTAaET U3 KOPHUIOpa B HE OCBEUICHHYIO KOMHATY Yepe3 el B IPUOTKPHITON ABepH. Habmrona-

Tenpb “1” BUIWT 3Ty CBETAIIYIOCS IIENb HA MPOIOJHKEHUH CBETOBBIX Jy4ei. [1o kakoil mpuyuHe U 3a CUET KAKUX  CBeT, 1 9
(u3NYeCKUX SBICHUY IENb BUANT HaOmonaTens “2"7? 2 @ KOMHATa

4. Tpoaenaiite 1 00bscHUTE BBIBOA opMmyisl (139) 111 HHTEHCHBHOCTH CBeTa, JU(PAarkpOBaBLICroO Ha y3KOif
LIEJIH.

5. Uro takoe 30Hbl @penens? Kakyo ¢popMmy nmeror 30HbI OpeHens U rae OHU PaclojIoXeHbl IPH PaCCMOTPEHUH Tudpakunu
CBETa Ha Y3KOM Imenn?

6. ChopmynupyiiTe ycinoBre BOZHUKHOBEHUS AU(PPaKIIMOHHOTO MHHUMYMa MPH TH(PpaKINK CBETa HAa Y3KOU IIEIH.

7. Ha y3ky1o mienb MUPHHBI & = 2 MKM B HETPO3pPavyHOM TPEIATCTBUU TaJaeT HOPMaJbHO CBET ¢ JUIMHOHN BOJHBI A = 500 HM.
Ckoutbko 30H DpeHens MOXKET OTKPbIBATh 3Ta el IS HAOII01aTelis, HaXOsIIerocs 3a npersrctBiueM? OT 4ero 3aBUCHT YUCIIO
OTKPBITBIX IIETbI0 30H?

8. Ha y3kyto mienb mupuHbI & = 2 MKM B HETIPO3pavyHOH IMHUpMe TIaaeT HOPMaIbHO CBET ¢ JUIMHOM BoJHBI A = 500HM. Bo ckomb-
KO pa3 Au(pakIMOHHOE N300paXKeHNe el Ha JKpaHe, YJAJIeHHOM Ha pacctossaue L = 1 M, 60ibIle reoMeTpuIeckoro n3oopa-
KCHUS IIEITH?

9. B uem 3akmouaercs npuHuun badbnune?

10.Toxyuute pacuétayro popmyny (142) nst onpeneneHus! UPHHBI BOJIOca?

11.Yro npoucxomur ¢ 1udpakInOHHON KapTUHOI Ha HKpaHe, €CIM TOHKHH BOJIOC 3aMEHUTH 00JIEe TOJICTHIM?

12.Tlouemy Juist IPOBE/ICHHS IKCIIEpUMEHTA HE00X0IMMO MCIIONIB30BATh JIyY J1a3epa, a He CBeT (JoHapHKa?
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Pabora Ne35. Onpenenenue moxkasaTesns MpeIoMICHUS
MPO3pavHOM CpelIbl C MOMOIIBI0 HHTEphepomeTpa MaiikenbCcoHa

[{enp paboTHI: 03HAKOMUTHCS ¢ paboToit mHTepdepomerpa MaiikenbcoHa, HHTEP(HEPESHIIMOHHBIM METOJOM U3MEPHUTH T10-
Ka3aTesb MPEeJIOMIICHUS MPO3PAYHON TUAJIEKTPUIECKON CPEIBI.

TeopeTnueckoe onucaHue

ITpunnun peiictBus uHTEphepoMerpa MalkenbcoHa COCTOUT B cieayionieM. JIlyd MoHOXpoma- wrepiarol 7 =]
THYECKOTO CBETa C JJIMHOW BOJIHBI A OT HUCTOYHHKA S TIONMAacT HAa CBETOJCIIUTEIBHYIO TUIACTHHKY IT \_BO3LJ
(puc.133). JIya 1, yacTHIHO OTPA3MBIIMCH OT €€ BepXHEH MOBEPXHOCTH, MOMANacT Ha TOPU3OHTAIBHOE L o
3epkano 1, oTpakaeTcs, MPOXOJUT Yepe3 IIACTHHKY M CO3IaeT CBETOBOE IATHO Ha dKpaHe. YacTh cBera =
(7yu 2) mpoxoaMT yepe3 IUIACTUHKY, OTPAKAETCsl OT BEPTUKAIBLHOTO 3epKaja 2, 3aTeM OTPaXKaeTcs OT
HUKHEH MMOBEPXHOCTHU IUIACTUHKH U TOXKE IMOMaJaeT Ha dKpaH. Pa3HOCTh myTel, MPOWJEHHBIX TUMU JTy-

*0n

2 2 3epkano 2
21,

"‘3Kpau
gamu, pasua 2(l, —1;), kax Bunno u3 puc.133.JIyun 1 1 2, nonasume Ha SKpaH, KOTEPEHTHDI, TaK KaK Puc.138

MOJIYYWIJINCH JIeJICHUEM OJJHOTO I1a/IAIOIIEero Ha IUIACTHHKY Jiyda. OHM HHTep(EepUpYIOT, co31aBas MHTEP(EPEHINOHHYIO KapTHHY.
YcnoBue, HanpuMep, MakcuMyMa nHTepdepeHInH, 3alIMCaHHOe I ONITHYECKOH Pa3sHOCTH X0/1a JIy4ei, UMeeT BU

A=2(l, —Il)nBO?’)1 =2m[}/ 2, rae M — uesoe Yuco. (143)

B neiicTBUTENnbHOCTH Jyur 1 1 2 SIBISIOTCS PACXOSIUMUCS TIOJI MAJIBIM YIJIOM CBETOBBIMH MYYKaMH, KOTOPBIE CO3AAI0T
Ha 9KpaHe OCBeleHHbIe TaTHA. [I0BOPOTOM 3epKa 3TH ISITHA COBMELIAIOT APYT C APYroM, U UHTep(hEepeHIMOHHAs KapTHHA UMe-
€T BUJI [TAPAJUIEIBHBIX [0JOC MAKCUMAILHONH 1 MHHUMAaJIbHOW OCBEIEHHOCTH, TOJIIMHA KOTOPBIX 3aBUCHT OT YIJIa, M0/l KOTOPHIM
TIepeceKaroTCs My4Jku cBeta 1 u 2.

Ecnu n3MeHnTh ONTHYECKYIO Pa3HOCTh Xofa (143)na Bemuuuny OA,  g)

zZ
HalpuMep, IepeABUHYB OJHO U3 3epKajl, TO HHTep(hepeHIHOHHAs KapTHHA Ha @ S 7a—
a
skpane casurercs Ha N mosioc, tae 0A = NA . a2 —d— E
kv . 7%

B JIaHHOH pabore Ha myTd Jy4a 2 (puc.133) mexay 3epkaiom 2 u A 1C 5
CBETOJICJIUTEIbHON IUIACTUHKOM IMOMEINAIOT HCCIEeNyeMYI0 IUIOCKYIO Iula- v 1 seprano2  Aopwans 4 reprano 2
CTHHKY U3 MPO3PAYHOr0 JMAICKTPHKA TOJIIHHEI d C [OKa3aTesieM IpesomIie- y %

Hug N. Ecmm yy 2 magaeT Ha IIacTMHKY HOpMaibHO moj yriiom O =0 Puc.134

(puc.1343a), To onTHYecKas JUIMHA TTyTH, IPOXOAUMAs JIy4OM OT TOUKH A Ha
JIeBOM MOBEPXHOCTH IUIACTHHKH JI0 3epKaia 2 1 00paTHO, paBHa Ay = 2(n D\C+CB) = 2( nd+ |- d) .
TToBOPOTHBIN CTOMKMK MO3BOJISET MIOBEPHYTH [UIACTHHKY Ha Yroj o BOKPYT Touku A (puc.134(5). Beruucianm, Ha CKOJIBKO

MOJIOC CABHHETCS MHTEp(EPEHIIMOHHAsI KapTHHA Ha dKpaHe I0Cie MOBOPOTa IUIACTUHKK Ha yroj o. B miacTuHke Jiyd mpenomis-
€TCsl 1101 YIUIOM 3 ¥ BBIXOAUT U3 HEE B BO3MYX CHOBA IOJ yIjioM o, (puc.134p0).

OnTuyeckas JJIMHA IIyTH JIyda OT TOYKH A JI0 3epKana U OOpaTHO CTaHeT paBHOH Ay = 2(n DAD+DE) . 13 pucynka

nd _dEd:os(a—B)+|
cosB cof '

[Moncrasnsist COS(O( - B) = co® COB+ sio S[hu yunThiBas 3aKOH HpeiomieHus Sinf = (nBow sina ) / n= sin/ n, nonyuaem

BHHO, uto AD =d/cosP, DE=FB= AB-AF=|-ADcos(a -B). T.c. A, :2(

Ag =2(d n® —sina + - d cosx). (144)
Ipy moBOpOTE MUIACTHHKM ONTHYECKasi Pa3HOCTh X0Ja U3MEHHTCs Ha BenuuuHy OA = Ay —Ag, a uHTephepeHuoHHas
0A _2d( .
KapTHHA Ha YKpaHe CMECTUTCS Ha N = ~ = ~ n® —sina - cost + + n| momnoc. (145)

B mpouecce paboThl cHavyana Ha MyTH OJHOTO M3 MHTEP()EPHUPYIOIIUX JIydel JIa3epHOr0 M3JIy4EeHHs], UMEIOIIEro BhICO-
KYIO CTEIIeHb MOHOXPOMATUYHOCTH, CTABUTCS STATOHHAS TIACTHHKA C M3BECTHBIM MOKa3aTeneM IpeioMieHus Ny (eé Tommuuna dy
u3MepseTcsi MUKpoMmeTpoM). [loBopaurBast MIIaCTHHKY Ha pasHbIe YIIIbI 0 M U3Mepsis yrciio nonoc N, Ha KOTOpoe CABUTACTCs Kap-
THHA [IPU K&XKIOM I0BOpoTe, 10 hopmyre (145)BBIUKCIAIOT ATUHY BOJIHBI HCHOJIB3YEMOTO CBETOBOTO H3IyUCHHUS:

2d .
)\:WO( n%—5|n2a—cosx+ 1—n0). (146)
3areM SKCIEPHMEHT MOBTOPSIOT € APYro# IJIACTHHKOM, nu3Mepus €€ toamuny d u, cornacHo (145),onpenensmor eé Ko-
2 a2
+
s uIMeHT npenoMieHus N no popmyre N = V;& ,Tae y=1-cosu —';l—;\ . (147)
Y

[opsi/10K BBINONHEHHS PAOOTHI
1. BrimouuTe s1azep. Cxema 1abopaTopHO# ycTaHOBKH H300paxkeHa Ha puc.135.TToBopoTHbie mpu3Mbl A u b Hampasis-
0T JIyY Jia3epa Ha CBETOJICIIUTEIbHBIN KyOUK, KOTOPBIN NEUT MaJaroInuil 1yd Ha aBa tyda 1u 2. JIyu 1, orpaxk€HHblil cBeTOIC-
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JUTETHHOMN MMOBEPXHOCTHIO KyOHMKa, YXOIUT BBEPX M OTpakaeTcs oT 3epkana 1. B B

Otpaxénuplii 1yd 1' mpoxoauT depe3 KyOUK M MOMajacT Ha dKpaH (MoBepX- sepkano |
HOCTb CTOJNA) BHU3Y. JIyd 2, npolieAiunii yepe3 KyOuK, OTpaxaeTcsi OT 3epKa- A v nconenyewmas
Ja 2, mpeBparuasch B qyd 2', KOTOPBIH BO3BpalaeTcsi K KyOuKy, oTpaxaercs nasep 1 TUTaCTHiKa
OT €ro CBETOJENUTENbHON MOBEPXHOCTH U YXOAUT BHU3, K dKpaHy, I1e UHTEep-  BKI 1 2 B
(bepupyer ¢ nydom 1'. B> myd Pl B

2. IOcTrpoBOYHBIMU BHHTaMH B MJIOCKOCTH 3epKal ciierka rnoBopa- g 3epKaJI(12
YHBAIOT, YTOOBI IATHA OT Jydel 1' M 2' Ha DKpaHe COBIANM, a CAMH IIy4d Puc.135 oKpar,/~ By, 7 VI | J,IOBOPOTHRIH

CTOJIMK
CXOAWJIHCH K 9KpaHy MOJ 0YeHb MAJbIM yTiioM, He paBHbIM 0. B Takom ciydae

Ha dKpaHe, B TOM MECTe, Te COBMAIM IsATHaA OT jtydedd 1' u 2", Oyder BuaHa nHTephEPEHIIMOHHAS KapTHHA B BHIE Mapaslieib-
HeIX nostoc (puc.135).

3.Ha nytu nyueit 2u 2' B gepikaTeib-KacceTy MOBOPOTHOIO CTOIHMKA IIOMECTUTE STAIOHHYIO
MPO3pavHyIo IACTUHKY. [Ipu 3TOM sy 2 OyaeT oTpaaThCsl HE TOJBKO OT 3epKaja, HO U OT IUIACTHH-
ku. Bo3bMuTe TOHKHE MCT OyMaru M MoJHECUTE ero Kpai K ImajarolieMy Ha IUIACTUHKY JIydy 2 U OT-
pak€HHOMY JIydy, Kak nmokazaHo Ha puc.136.Ha kpato Oymaru OymyT BUAHBI 1B€ TOUKH Su S'oT ma-
JIAFOIIET0 U OTPAKEHHOIO OT IUIACTHHKY Jiy4a. [I0BEpHUTE CTOMMK C TUIACTUHKOM TaK, 4TOObI ToYka S'
coBrasa ¢ To4kod S [Ipu 3TOM IIIOCKOCTh IUIACTUHKY OYAET NEepreHIUKYIsIpHa JIydy 2, a yKazaTeiab Y
HOKAXET BEJINUUHY O'y yria (3Ha4eHUs yIrIoB HOBOPOTAa O' HAHECEHHI II0 KPYry Ha MOBOPOTHOM CTO-

JIMKE). DTOT yroi OyIeT COOTBETCTBOBATH YIiy magenus O =0 nyua 2 Ha muacturky (puc.1344).

4. MeyieHHO TIOBOpPAYMBalTe CTOJMK BMECTE ¢ IIIAacTHHKOU. [Ipu 3TOM mosiockl nHTepdEepEeHITMOHHON KapTHHBI Ha dKpa-
He HauyHyT cMermarses (monsti). Cocumraiite uncio monoc N, Ha KOTOpOe CMECTHTCS MHTEp(hEpPEHIIMOHHAS KApTHHA, U OTIpejie-
JMTE 3HAau€HHE yriaa O' Ha HOBOPOTHOM CTOJMKE. DTO O3HA4aeT, 4YTO IUIaCTUHKA Oy/leT NOBepHyTa Ha yroi O =d'-d',
(puc.1340).

5. CHoBa BepHUTE CTONUK B IIOJOXKEHUE, KOT/la yKa3aTenb Y IOKaKeT 3HaueHue 0O'y, ¥ MOBTOpuUTe AeiicTBUA IMyHKTa 4
U IpYTOTO YHCIa CMEIMIEHHBIX nojoc. CaenaiiTe He MEeHee TpeX TaKuX M3MEPEHHH ¢ pa3HBIMH yIJIaMH IOBOPOTA, Il KOTOPBIX
4KCII0 CMemeHHBIX 1motoc JaekuT B naTepBasie 20< N < 100. Pesynsrarhl m3mMepenunii 3anecute B Taduimy 1.

6. 3aMeHUTE ITATOHHYIO IIACTHHKY HA JAPYTYIO, HCCIIEAYEMYIO IIACTHHKY M3 CTEKJIA WK TUIacThKa (M0 YKa3aHWIO mpe-
nomasareist). Cruenatite s Heé He MeHee TPEX M3MEPEHHI, OMUCAHHBIX B TyHKTE 4 (C pasHbiM yucioM N CMEIIeHHBIX MOJI0c).
Pe3ynbTaThl H3MEpEHHIA TaK)Ke 3aHECUTE B TAOJIHIY 2.

7. BeIkimrounTe jnasep.

8. MukpoMeTpoM H3MepbTe TONIHHY Oy TanoHHOMN U ToMuuHY 0 HCClIexyeMOoil IIaCTHHKH.

9.Ilo ¢popmyne (146)onpenenure AIMHY BOJHBI A JIa3€pHOI0 M3Iy4YEHUs IS TPEX HPOBEIAEHHBIX ONMBITOB (IOKA3aTENb
HPEIOMIICHYS Ny TAIOHHOI INIACTUHKY yKa3aH Ha YCTaHOBKE).

10. Beruucnure cpeaHee 3HaUCHHE ()x) . Paccuuraiite Bean4nHbl (MOIYIH) OTKJIOHEHHS OT CPEIHEro 3HAYCHUS

A\ = |)\ —()\>| , @ TAK)KE CPEHION0 BEIMUUHY TAKOIO OTKIIOHEHHMS (A?\) 1 OTHOCHUTEJIBHYIO IOIPENIHOCTE E = <<A)\—>> [100%. Pe-

3yJIbTATHI 3aHECUTE B TaOyMILy 1.

11. Mo dopmymne (147) on- Tabmmnna 1
penenuTe BeJIMYMHY TOKa3aTels DralloHHas IUIACTUHKA. Opg=.covvvvnns rpan, dO s MM, M=,
MPpEJIOMJICHUA PICCJ'Ie[[yeMOﬁ mIia- N

CTUHKH [Jid TpeX MNPOBCACHHBIX

g o', rpag
onbITOB  (MCMONB3YHTE OMpeeNicH-

a=a'-a'y ,rpaz

Hoe B myHkre 10 3HauYEHUE X
A=(A)). i

< >)12 B AN, M

. Bwrumcnmre cpemmee
P A=(A)E(AN) = N, E= %

3HAYEHHE (n) Paccumraiite Benu-
yuHBl  (MOJXYJIHM) OTKJIOHEHHS OT TaGmma 2
CpE/tHEro 3HaYCHNA An:|n—<n>|, a Uccnenyemas IIacTUHKA. Og=.......... rpax; d=........... MM, A=..oo..... HM
TaKKe CPEOHIO BEIUYHHY TaKOTO N
OTKJIOHCHHSI <An> U OTHOCHUTEJBHYIO o', rpag

(An) a=a'-a'y ,rpaxn
norpemHocts  E =--—+[100%. Pe- v

(n)

3yJIbTAThI 3aHECUTE B TAOJHUILY 2

n
An

n:(n)i(An):..........i ............ HM; E=......... %
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KoHTposbHbBIe BOIPOCH! K JIabopaTtopHOU padoTe Ne 35

1. [ouemy s 0Opa3oBanus HHTEPGEPEHIIMOHHON KapTHHBI HAJI0 MCIIOJIh30BaTh KOTEPEHTHBIC HCTOYHHUKH cBeTa? Kakue ncrou-
HUKH CBETa HA3bIBAIOTCS KOTCPEHTHBIMHU ?
2. Yto Takoe onTHYeCcKas JUIMHA IyTH U ONTHYECKasl pa3HOCTh X01a?
3. KakoBbl ycIOBUS MOSBICHUS MAKCUMYMOB 1 MUHIMYMOB OCBEIIICHHOCTH NP UHTEPHEPEHIHMH KOTEPSHTHBIX CBETOBBIX BOJH?
4. Kak obOpa3yercs uHTepdepeHIMOHHAs KapTHHA B HHTepdepomeTpe Maiikenbcona? Onucath IPUHIUI pabOTHl TAKOTO UHTEP-
¢dbepomerpa.
5. YTo M0DKHO MPOUCXOIUTH € MOJ0CaMU MHTEP(EPEHIIMOHHON KapTUHBI TIPH Pa3MEICHUH Ha IyTH OJHOTO U3 Jydeil CTeKIIsH-
HO¥ mmacTuHKU ? [Ipu moBopoTe 3To# Tutactuku? [Ipu cMeneHny 0AHOTO U3 3epKall nHTephepoMerpa?
6. JlazepHbIii Tyd, HCIIOJIB3yeMbIH B HHTEp(epoMeTpe, UMEET IUTHHY BOJHBI A. Ha kakoe 4uciio mojioc cMecTuTest HHTepdepeHIm-
OHHasl KApTHHA HA YKpaHe, eCIH: a) 3epKajio 2 OTOJABUHYTh OT CBETOJEIUTEIHHOM MIIACTUHKK Ha paccrosiHue a (puc.133)? 6)
MOMECTHUTh Ha IyTH OJHOTO U3 Jiyded 1 wim 2 meprneHIuKyIIpHYIO MPO3payHyIo IUIACTUHKY TOJIUHOM d ¢ moka3zaTteneM mpe-
nomuenus N (puc.134a)?
7.BeiBectu popmynsl (144) — (147).
8. OOBsICHUTH METOJT OIIPEICIICHISI MOKAa3aTeNs MPEIOMIICHUST HEM3BECTHOTO MPO3PaYyHOro MaTepualia B JaHHOH padoTe.

Jluteparypa
1. Caenses U.B. Kypc ¢usuku B 3= Tr.: T. 3: Onruka. AtomHas ¢usuka - M.: Hayka, 1970.- 88 17-20.

2. Konmaxos FO.H., Iekap 10.A., Jlexxuepa JI.C. DnekrpoMaraeTusM u onrtuka,- ua. Tynl'Y. 2010,r:1.7 883, 6.

Pa6oTa Ne41. OnpeneneHue MMUPUHBI 3aMIPEIICHHON 30HBI
MOJTYIIPOBOIHUKA M TEMIIEPATYPHOTo KO3 UIIEHTa CONPOTUBICHUS METaJlIa

[{enb pabOTHI: WCCIIEIOBAaHUE 3aBICUMOCTH COIPOTHBIICHHS MOIYIIPOBOIHIKA H METaJlIa OT TEMIIEPATypHhI, OTIpe/IeIeHNE
IIMPHUHEI 3aIIPeeHHOM 30HBI MOTYIPOBOJHIKA U TEMIIEPAaTypHOTO K03 (HUIHeHTa COPOTUBICHUS METalIa.

TeopeTnueckoe onucaHue

Kpucrannuueckas perierka TBEpIAOro Teja sBIsSETCS OJHOW KBAaHTOBOW CHCTEMOM, B KOTO-
poii, coryiacHO npuHImNy [layny, HE MOTYT CYIECTBOBATh 3JIEKTPOHBI C OIMHAKOBOW dHEpPruci u
JIPYTMMHU KBaHTOBBIMH uuciiaMu. [1loaTomy B cucteme ¢ N aroMaMu KaxIblii SJHEPreTHICCKHUIA Ypo-
BEHb JJICKTPOHA B OTJICJILHOM aTOME W3-3a B3aUMOJICHCTBUS C MOJISIMU COCEHUX YACTHUI[ PACIICIUIS-
ercst Ha N ypOBHEMH, KaX bl U3 KOTOPBIX MOXKET OBITh 3aHAT oqHUM K3 N 3JeKTPOHOB. DTH paciie-
IUIEHHbIE YPOBHU Ha dHepreTudeckoil auarpamme (puc.137) oOpas3yroT paspelieHHble YHepreTHye-
CKM€ 30HBbI IMPUHOH ~ 1B, pasaenenHble MHTEpBaNaMu dHepruu mwmpuHoi AE,, KoTopsle aek-

) IUSNIEKTPUK §)IPOBOIHUK

TPOHBI UMETh HE MOTYT (3alpElIeHHBIMU JHEPreTUuecKuMU 30HaMu). Kak U B arome, 3JIEKTPOHBI
3aIIOJTHAIOT Pa3peIICHHbIC 30HBI C HAWMEHbLICH SHeprueil. BepxHss, MONHOCTHIO 3aMONHEHHAS
9NIEKTPOHAMH JHEPreTHYecKasi 30Ha HAa3bIBAeTCsl BAIICHTHOM, a Jie)allasi HaJ Hell mycTtas WM 4dac-
THYHO 3aIl0JTHEHHAs 30Ha — 30HOU mpoBoauMocTu (puc.137). Puc.137
PaccTosiHne MexIy OTICNbHBIMH pACUICIVICHHBIMH YPOBHSMH DHEPIUM B pa3peLICHHOW 30HE OYeHb Majo:

N. 3aroyHECHUE YPOBHCH
3JICKTPOHAMH

OE ~15B/N ~107%35B. [ToaTOMy 3J€KTPOHBI M3 YAaCTUYHO 3aIOJTHEHHOH 30HBI MPOBOJAMMOCTH MOTYT W3MEHHTH CBOIO CKO-

pOCTh, TIEpEeXo/is Ha COCEJHUE CBOOOJHBIC YPOBHU JHEPTHU M CBOOOJHO MEPEMEIIAscCh M0 KPUCTAJUTNYECKOH pemérke. Takas
cpena Oyaer npoBoaHuKoM (puc.1370).

B BasienTHOI 30HE BCe YPOBHU 3aIOJIHEHBI, a TpuHIUN [laynu 3anpeiaer nepexoa Ha 3aMoJHEHHbIN ypoBeHb. Kak npa-
BHJIO, TAKK€ BaJICHTHbIE 3JIEKTPOHBI HAXOIATCS B aTOMax (MOHAxX) M He MOTYT mepeMerarsest. Cpena ¢ mycToii 30HO# MpoBOIMO-
cTH OyaeT audnieKTpuKoM (prc.1374a).

B nonynposonnukax npu T = 0K 30Ha npoBoaguMMOCTH Takxke mycTa. Ho, B OTIIMYHE OT  nonynpoBofHuK MOTYNPOBOIHHK
JIUDJICKTPUKOB, IIMPHHA 3aMPEIICHHON 30HBI, OTIACSNSIONICH €€ OT 30HBI MPOBOAMMOCTH, MaJa, mpu T=0K npu T>0K

o - 30Ha
AE, <15B. IlostoMy naxe Ipu KOMHATHOW TeMIlepaType Ou4eHb HeOOoubllas 4acTbh MIEKTpo- | & £ posonimvoctin

HOB W3 BAJICHTHOW 30HBI MOXKET OTOPBATHCS OT aTOMOB M CTaTh CBOOOIHBIMH, T.€. IEPEUTH B b <108 0 "~ o7eKTpOHbI
30Hy nposBomaumocTy (puc.138). Takue MoaynpoBOAHUKH 0e3 MpHUMecedl Ha3bIBAIOTCS COOCT- sx 1B Ly
BEHHBIMH.

INokuparomue BaJEHTHYIO 30HY 3JIEKTPOHBI BBIPBIBAIOTCA M3 CBA3YIOMIMX MEKATOM- T
HBIX OpOHWTalled — TMEepPEeKPBIBAIOIINXCS DJIEKTPOHHBIX O00JIAKOB, CO3MAMOIINX MEXKATOMHYIO Pnc.138
cBsi3b. Ha 3TOM MecTe B opOHTaNy 0cTaéTesi BAKAHTHOE MECTO, HE 3al0JHEHHOE JJIEKTPOHOM H
HMEIOIIEe MOJOXKUTENbHBIN 3apsi — aAbipka (puc.139). BAIEHTHbIE 3nempom,1 B CBA3YIONIIX
= op6manﬂx
BximounB BHEITHEE 3JIEKTPHUECKOE TONe ¢ HAPSHKEHHOCThIO Ey, , MBI 3a- / R_ / \_ / \_ / R_‘/ R_
CTaBUM BBIPBABLIMECS] CBOOOIHBIE DIICKTPOHBI MPOBOAUMOCTH JIBUTATHCS MPOTUB I10- \( 7
- . 1
11, CO3aBasi TOK C IUIOTHOCTBIO |, . OZTHOBPEMEHHO Ha TaKHE HIIEKTPOHBI ICHCTBYIOT -—\ Kﬂﬁ\pg f._\+e —\ HBH%S%%%
. _ -
DIIEKTPHMECKHE NOJIA BCEX COCEIHMX MOHOB 1 IEKTPOHOB, CO3AAIOIIAE 0N PeleT / /*\ / k: .
N - >
KH C HaNpsHKCHHOCTHIO Epem. BrusiHue 3THX TOJEH YYHTBIBAKOT, 3aMEHsSI Maccy \/ H/ ﬂ/ \/ \/ Hﬁmeme Js
0 CcBOOOIHOTO
CBOOOJHOIO IEKTPOHA M, Ha d(QQeKTUBHYIO Maccy M, U 3allUCaB ypaBHEHHE JBU- SIEKTpOHA

Puc.13¢€
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JKEeHMsI IIEKTPOHa B pemeTke M, dV/ dt= - G(EBH + Epem) B BHIE
my dv/dt=- &, . (148)

Kpome cBOOOIHBIX 3JIEKTPOHOB MO PELIeTKE HAYHYT JABUIaThCS HE3AIOJHEHHbIC BAKAHTHBIE MECTa — JIBIPKH, B KOTOPbIE
OyIyT 3a cueT TYHHEIbHOTO d(h(eKTa mepeckakuBaTh, Kak mokazaHo Ha puc.139,BaleHTHBIE JIEKTPOHBI U3 COCETHUX OPOUTATICH.

Taxoit mpouecc MOXKHO pacCMAaTpUBATh KaK JABUKCHUC KBA3UYACTHUIL-ABIPOK C 3(1)(1)6KTI/IBHOI71 Maccou mE " C IIOJIOKUTCIIbHBIM 3a-

pAaoM +€, KOTOpOe CO3JIaeT IBIPOYHBIM TOK C IUNIOTHOCTBIO TH . [lonynpoBoqHUK 00JIaIaeT OAHOBPEMEHHO JICKTPOHHON U JbI-
POYHOM MTPOBOJAMMOCTEIO, @ €T0 YACILHOE COMPOTHBIICHHUE 3aIAIIESTCS B BUIIC

O=NQlg+ 1) ly, (149)
rae Ng, N; — KOHUEHTPALMH JJIEKTPOHOB U ABIPOK, Hg, H; —UX IOABHKHOCTH.

Pacnpenenenune JIEKTPOHOB MO SHEPTHSM B Cpe/iaX OMUChIBaeTCs pacnpenenennem Pepmu-Jlupaka:

=+ JEf,(E) dE (150)

) exp((E— E(b)/kBT)+ 1_

— dysakims @epmu. OHa paBHA BEPOSITHOCTH 3aIOTHEHHS dJICKTPOHOM YpOBHs ¢ sHeprued E. Kak BuaHo, fq) (E) <1, rt.e. pac-

(9T0 UKCIIO BMIEKTPOHOB B enHULE 00beMa ¢ dHeprusamu oT £ 10 E+dE). 3necs fg, (E) (151)

OpEaAcCICHUC 150) cornacyercs ¢ 1 uHuunoM Ilaymu. E 4 — sHe T'vsd, KOTOpas Ipu T =0 K nassiBaercs pHeprueii @epmu nin
¢

yposHem Depmu. ITO ypOBEHb YHEPIUH, BEPOSATHOCTD 3aIlOJIHEHUs KOTOPOro pasHa fg (Eq)) =12.
C pocroMm TemmepaTypsl BenudnHa Egj He3HaYMTENFHO BO3PACTACT, M OHA HPHOOpETaeT APYroil PU3MICCKHH CMBICI:

Eq) (T) — BEJIMYMHA YHEPTHH, HA KOTOPYIO H3MEHSIETCS SHEPTHS CUCTEMBI TIpH T00aBICHUH B HE€ eI OHON CBOOOHON YaCTHIIBI

(amektpona wnM Apipku). Takas BennuuHA B (M3HMKE HA3bIBACTCS XMMIOTEHHHWAIOM. B Merammax (MpOBOJHHMKAX) BEIHYHHA
Eq)(T) NPaKTUYECKU COBIAJAET C BEPXHHM 3allONHEHHBIM 3JEKTPOHOM JHEPreTHYECKHM YPOBHEM B 30HE IPOBOAUMOCTH
(puc.13706).

B cob6cTBenHbIX oNynpoBogHuKax (Si, Geun.T.1.) s Toro, 4ToObl SJIEKTPOH OTOPBAJICSA U CTal CBOGOAHBIM (mepeién B
30HY MPOBOAMMOCTH U IPHOOPEN sHepruto E =0, puc.138),eMy Hano nprHoOpeCTH SHEPTHUIO, PABHYIO IIUPUHE 3alPEIIECHHON 30-
el AE,. Ho mpu 5ToM Ha BepXHHX YPOBHAX BaJICHTHOH 30HBI oOpasyercs Iblpka ¢ sHeprueit E =-AE, (puc.138). IIpn

mE = nE Ha Ka)KJIyl0 4acTHIly, SJIEKTPOH M JbIPKY, IPUXOAMTCA cpenss oneprus Eq =—-AE /2, 1.e. ypoer» ®epmu Ep B
COOCTBEHHOM MOJIYIIPOBOJHUKE PACIIONOKEH MOCEPEIMHE 3aNPeLIeHHOM 30151 (puc.138).

Tax xak npu xomHatHOW Temmeparype KgT =1,38010 23 Jx/K 300K ~ ~ 4EI.0_21I[>1< =0,0253B « AE, , To exuHu-
ueil B 3Hamenarene Gpopmyinl (151)MoxkHO nperebpedb. BeposATHOCTH 3amoIHeH s JIEKTPOHAME YPOBHEH B 30HE IPOBOAMMOCTH
AE, +2E

2k T
OyzeT pacupesenenneM Makcgesaa-boabMana, I03BOJIAIONIMM PACCUMTATH KOHLEHTPALMIO CBOOOIHBIX 3JIEKTPOHOB!
«\32  AE, E . 2 _AE
=ﬂe_2k5TTx/_E(;kﬁT de= | Meks T ’ 25T (152)
21eh® 0 N

[MoABMKHOCTH L DIIEKTPOHOB M IBIPOK €100 3aBHCAT OT TEMIIEPATYPhI, & UX KOHLEHTPALUK B COOCTBEHHOM IOJIYIPO-

BOJIHUKE OJMHAKOBBL Mg =N . TemmeparypHas 3aBUCHMOCTh yIeibHON npoBoguMocT (149) nomynpoBoaHMKA NPHMET BHJL

oueHp Mana: fg (E) = exp[— ] < 1. Takoit 3eKTPOHHBII ra3 Ha3bIBacTCs HEBBIpOXKACHHBIM. Ero pacnpenenenue (150)

Ne

0=0g, exp(—AE3 / 2kBT) a ero CONpOTHBJIEHHUE, NPSMO IPONOPLHMOHAIBLHOE YJEIbHOMY COIPOTHBICHUIO M OOpaTHO MpOIOp-

AE
LMOHANBLHOE Y/ENbHOI NpoBoauMocTH, R, ~1/0 npumer Bux R, =R exp[ X fl_ J (153)
b
Yr1oObl yOpaTh HEU3BECTHYIO MOCTOSIHHYIO Rp, 3amumem cootnomienue (153) mpu komHaTHOW Temmepatype T,
A A
R0 = Ryexp E, Y HalEM OTHOIIICHHE JICBBIX M IIPABBIX YaCTECH JBYX YPaBHCHHUIA: Ro =ex ARf1 1
2k Ty 21650 T

Rio _

A 1 1
BbIunciauM jiorapu(M OT 3TOr0 BhIpakeHHs, N (—] =2—E39 , Tne 0 T UsmepuB He-

R, 0

CKOJIBKO 3HaueHuil conpotuBiieHus R, oT Temmeparypsl T, MOKHO NOCTPOUTH IpadUK 3aBUCUMOCTH JIM-

HEeWHOU 3aBUCUMOCTH In(Rﬂo / RI) ot 0 (puc.140). Puc.14(
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H_[I/IpI/IHa 3anpe1ueHH0171 30HBI COOCTBEHHOIO MOJYIIPOBOAHUKA BBIYUCIACTCA 11O TAHI'CHCY YyIJIa HAKJIOHA 3TOT'O rpaq)n-

AIn(Ryo/R)

KakKocHu 9: AE, =2k , 154
3 ‘b ) ( )
1 1 23
roe 0= I —? , kg =1,38010°° J1x/K - nocrosnnas bonsumana.
0

Konnenrtpaiys cBOOOAHBIX 3JEKTPOHOB B COOCTBEHHBIX IOJIYIPOBOJHUKAX OYEHb Majla Ng ~ 10+ 10°% 2. B meran-

Jlax OHa 3HAYUTENILHO OoJjblIe, Ng ~ 1079+ 10°° M >, M IIPAKTHYECKH He MEHSICTCS ¢ POCTOM TemrepaTypsl. CYIECTBEHHOI cTa-

HOBHTCSI TEMIIEPATypHasi 3aBHCUMOCTb TOJIBIKHOCTH CBOOOIHBIX 3JIEKTPOHOB, KOTOpPasi HPOMOPILHOHATbHA CPeIHEH IITHHE CBO-
6oaHOrO Mpobera dMEKTPOHA B MeTaIe: U~ A .

Jlnst 0GBIYHOTO Ta3a W3 MOJICKYIT 9Ta JJIMHA 3aBhceNa OT 3()(HEKTHBHOTO JHAMETPa MOJIEKYIT A = ]/ (f211d2n) . B ciiyaae

MeTajula moo0Has 3aBUCHMOCTh COXPAHHTCS, HO PACCEMBAIOTCS 3JIEKTPOHBI Ha KOJEONIOMMXCS WOHAX permeTkd. KBamgpaTt am-
wiuTyael d Takux KoJgeOGaHuil TPOTOPIMOHATIEH SHEPTHH OCIHILIATOPa (HOHA), KOTOpast BO3pAacTaeT MPOMOPIHOHAIBHO TeMIIepa-

Type: d’?~E~T. [TosTOMy ynenpHas NPOBOAMMOCTh METajUla 3aBUCHT OT TEMIIEpaTypbl OOpaTHO NPONOPLUOHAILHO!

o=pen, ~YA ~ ZI,/ o ~ ~T. Conporusnenue meramna R, ~1/0 npakrtuueckn NMHEHHO PAacTeT ¢ POCTOM TEMIIEPATYPHI:
R, = Ry(1+af), (155)

rJe o —TeMIepaTypHblil Kod(hGUIIMEHT CONPOTUBIEHUS MeTalIa, Ry —ero conpoTuBieHne Ipu TEMIEPaType t° =0°C.

HOCTpOI/IB I‘pa(l)I/IK JIMHEHHON 3aBHUCHMOCTHU HU3MEPACMOT0 CONPOTUBJICHUA MCTaJlJla OT TEMIICPATYPhI

B °C (puc.141), MOXHO HAHTH BEIMUYHHY Ry u 1o TaHreHcy yria HakjoHa rpaguka K OCH t° ompememuts Ry

AR,
BEJINYUH a=——. 156
y RoAL (156) Puc.141
Hopsnok BeIMOIHEHHS PAOOTEI
1.Pa300parhbcsi B HA3HAYEHHH DJIEMEHTOB CXeMbI (CM. mpuioxkeHnue 2 Ha 1ab0pPaTOPHOU YCTAHOBKE).
2. O3HaKOMUTHCS ¢ HHCTPYKIHEH TT0 paboTe ¢ MOCTOM MOCTOSTHHOTO TOKA.
3. [ToAKITIOYUTD TOJIYIIPOBOAHUK K MOCTY MOCTOSIHHOTO TOKa, IOCTaBUB KJII0Y S B nosoxenue 1. MI3MepuTh cONpoTHB-

JIeHHE MOJIyNPOBOJHNKA R, Ipu KOMHATHOH TemuepaType.

4. [ToaxIII0YNTh METAILUT K MOCTY IOCTOSTHHOT'O TOKa, IMOCTaBHB K04 S B 1oyioxkeHue 2. Vi3aMepuTh conpoTHBIEHUE Me-
taula R,y Ipu koMHaTHOMH Temmeparype.

> (o] >
5. 3anucarhb B IEPBYIO CTPOUKY Tabinipbl 1 HavanbHble 3HAYEHNsS KOMHATHOM Temneparypsl ty  u comporusiennii Ryg

u RVIO .

6. BKimtounTh yCTaHOBKY B ceTh. TyMOepoM BKIIIOUNTH HarpeBaTenb. Kimrou S HaxomuTces B mojokeHuu 2. Uepes kax-
nete 10°C usmepsiercst conporusienne Metauia R, . 3HaueHus temneparypsl B °C 1 M3MEPEHHBIX CONPOTHBICHHUH 3aHOCATCS B
Tabmmy 1.

7. Korna temneparypa gocturier 100°C  BBIKJIIOYHTH HArpeBaTeb M MOAKIIOYHUTH K MOCTY IOCTOSHHOTO TOKAa MOJY-
IPOBOIHHK, IepeBenst kimod S B monoxkenue 1. [Ipu octeiBanmn gepe3 kaxapie 10°C u3mepsats conpotusieHne R, u 3aHOCHTD

HN3MEPCHHLIC BEJIMYMHDBI COMPOTUBJICHUS U TEMIICPATYPhI B °C B Ta6m/1uy 1 Bmnots 0 HavaJlbHOI KOMHATHOM TeMIEpaTyphl.
8.Ilocne okoHUaHMS I/I3MepeHI/II71 BBIKIIFOYHUTH YCTAHOBKY.

9. [ocTpouTh rpaduKi 3aBUCHMOCTH CONPOTHBIICHHS TIOTYTIPOBOJHMKA U MeTaiia oT Temmeparypsl t°C . Ipaduk 3aBu-

cumoctu R, = f (to) JIOJDKEH OBITh psAMOi JnHuei (puc.141).Ilonb3ysachk mocTpoeHHbIM rpadukoM u hopmyioi (156)ompene-

UTh 3HAUeHUe conpoTuBnenus Metanna R o npu t® =0°C u TemnepatypHblii Kod)GUIMEHT CONPOTHBIEHUS MeTALIA O .

9. Ilepesectu Temmnepatypy B cuctemy CH: T =1t° +273 K. 3anonauts tabmuiy 2. Bce BhIUHCIEHHBIE pe3yIbTaThl 3aIH-
CBIBATh C TOYHOCTBIO JI0 TpeX 3Havarmux mudp. . [locrpouts rpaduk 3aBucumoctu In (Rno / Rl) ot 0 (puc.140).Ilons3ysck mo-
CTPOCHHBIM rpadukoM u Gpopmynoit (154)onpeneanTs BeTHIUHY LIMPUHBI 3aNPELICHHON 30HbI COOCTBEHHOTO MOTYMPOBOIHUKA B
IIx, a 3atem B 5B (1B =1, 6101° JIx).

Tabmuma 1.

Tabmmma 2.
ITonynpoBogHUK Metann 1 e | oo i ] _1 o h R
t°c | RiOm | °c | Ri,Om || LK | 7 T T R, InE AE,, Jlx | AE,, D8
tooz R'IO: '[OO: RMO=
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KoHTposbHBIe BOIPOCH! K JIabopaTtopHOU padoTe Ne 41

1. O0bsicHUTE MPUYMHY BOSHUKHOBEHHUS Pa3pELICHHBIX 1 3aMPEIICHHBIX YPOBHEH dHEPruu (IHEPreTHUSCKUX 30H).
2. Kakue sHepreTuueckue 30Hbl Ha3bIBAIOTCSl 30HOI MPOBOJUMOCTH M BAICHTHON 30HOI? UeM OTIMYAIOTCs AIIEKTPOHBI, HAXOMS-
yecs B 3TUX 30HaX?
3. Chopmynupyiite npuniun [laynu. Kakyro poib OH UTpaeT HpHU 3alOJIHEHHH JJIEKTPOHAMH Pa3pEIICHHBIX JHEPreTHYCCKHIX
30H?
4. B uem pa3nuyue CTPYKTYPbI JHEPIeTHUECKHUX 30H Y AMAIISKTPHUKA, MOJIYITPOBOAHMKA U MeTallia?
5. Uro Ha3bIBaeTCs CBSI3YIOLIMMH MOJIEKYJSIPHBIME OPOUTAISMHU U YTO MPOUCXOAUT C OPOUTAISIMU TIPH HEPEXOE IJICKTPOHA U3
BaJICHTHOU 30HBI B 30HY MPOBOJUMOCTH?
6. [Toyemy B MeTaJuIe HA/IO YYUTHIBATH TOJBKO JJIEKTPOHHYIO IPOBOJUMOCTh, @ B MOJYIPOBOIHUKE HEOOXOAMMO YUECTh U JJIEK-
TPOHHYIO U IBIPOYHYIO IPOBOAMMOCTE? UTo Takoe “mpipka”? Kak oHa mepemeraercs?
7. Yto Ha3biBaeTcs 3G GEKTUBHON Maccoi 3eKTpoHa U IpIpku? Kak BennvrHA 3TON Macchl BIUSCT Ha BeNM4nHy Toka? [Ipu ka-
KOM YCJIOBHU BEJIMYHMHA TOKA, CO3/IaHHOTO JIBW)KEHHEM JJIEKTPOHOB COBHAJIAET C BEJMYMHOHN TOKA, CO3JAHHOTO JBIKCHUEM JIbI-
pok?
8. Kaxk ynenpHasi mpoOBOIUMOCTB CPEJIbI CBS3aHA C KOHIICHTPALUEH CBOOOIHBIX 3apsKEHHBIX YaCTUI[?
9. Uro Ha3biBaercst pacnpenenenneM Pepmu-/{upaka? B kakom ciydae 3To pacrpeneieHHe NpeBpallaeTcsl B paclpeesieHne
Makcgeita-bonsimana?
10.Yto Takoe pynknus Oepmu 1 KakoB €€ GU3HISCKUAN CMBICT?
11. laiire onpenenenue sueprun Gepmu E g . T'ne pacnionoxen yposers Eg B Meramie? B coOcTBeHHOM HOIYNPOBOAHHKE?

12. Kakoit 37eKTpOHHBIN Ta3 Ha3bIBaeTCsS HEBBIPOXKIEHHBIM? CHOPMYIUPYHTE YCIOBHE HEBBIPOKICHHOCTH TAKOTO Ta3a.

13. Cuenaiite BBIBOJ BhIpaskeHUH (2.21) 1151 KOHIEHTPAMH CBOOOJHBIX JIEKTPOHOB ¥ (2.22) 17151 CONPOTHBIEHHUS OTYIPOBOI-
HuKa. OOBACHUTE IKCIIOHCHIIMATBHYIO 3aBUCHMOCTh 3TOTO COMPOTUBIICHUS OT TEMIICPATYPHI.

14. O0bscHUTE METOIUKY BBIYHMCIICHUS IIMPHUHBI 3aMIPEIICHHOM 30HBI MOJIYIPOBOJHIKA B TaHHOH padoTte. Kakoii qomkHa OBITh €€
BEJIUYHMHA?

15. O0ObsAcHATE MPUYUHBI 3aBUCHMOCTH COMPOTHBICHHS METala OT TEMIECPATyphl W JIMHCHHBIA XapakTep 3TOW 3aBUCHUMOCTH
(2.24).

16.Yro Ha3kIBaeTCS TEMIEPATYPHBIM KO3 GUIIMEHTOM CONpOTHBICHHS MeTaiuia? OOBsICHUTE CIIOCO0 ero ONpeeNiCHHs B TAaHHOM
paborte.

Jluteparypa
1. Casennses U.B. Kypc ¢usuku B 3= Tr.: T. 2: Dnekrpuuectso - M.: Hayka, 1970.- 88 69-72, 48.

2. Komnmaxos 0. H., JleBun /.M., Cemun B.A. OcHOBBI (h)M3UKH KOHAEHCUPOBAHHBIX cpea U pusuku Mukpomupa: 4.1,
-m3a. Tyal'yY. 2014,r1.2 §2.2,r1.5 85.1,r1.6 886.1, 6.2.

PaGota No42. MccnenoBanue TyHHENbHOTO 3 dexTa
C IMMOMOUIBIO MOJYIPOBOJHUKOBOTO TYHHCIILHOTO JUOda

Qem, pa60T},1: H3Yy4YCHUC pa60T},1 TYHHCJIbHOT'O AHUOJia U O3HAKOMJICHUE C TYHHCJIbHbBIM 3(1)(1)8KTOM B TYHHCJIBHOM OHOJC,
OIIPEACICHUEC TOJIOKCHUSA YPOBHSA CDepMI/[ B BBIPOXKJACHHOM IOJYIIPOBOAHUKE.

Teopernueckoe onucanue

Best kpucTaminyeckas pelieTka noJIynpOBOJHIKA SBISETCS OJHONH KBAaHTOBOM CHCTEMOM, B KOTOPO#, COTJIACHO IPUHIIH-
my [layiu, He MOTYT CYIIECTBOBAThH JIEKTPOHBI C OJIMHAKOBOW YHEPTUei U APYIrMMHU KBAaHTOBBIMH unciaMu. B cucreme ¢ N aro-
MaMH Kbl SHEPreTUYECKUH YPOBEHb JJIEKTPOHA B OTHACILHOM aTOME H3-32 B3aMMOJCHCTBHS C IMOJIIMH COCEIHUX YACTHIL
pacmersiercs Ha N ypoBHEH, KXl U3 KOTOPBIX MOXKET OBITh 3aHAT OJHUM JJICKTPOHOM. DTH YPOBHH 00pa3yroT pa3pelieH-
HbIC DHEPreTUYECKUE 30HBI Pa3J/ieIeHHble HHTEPBAIaMU YHepruu WupuHOi AE,, KOTOpbIe 3eKTPOHBI UMETh He MOTryT (3ampe-

IICHHBIMH YHEPreTUYSCKUMHU 30HAMH).

ONeKTPOHBI 3aMOJIHAIOT pa3pelIeHHbIE 30Hbl C HAUMEHbIIEH dHepriell. BepxHsis, HOTHOCTHIO 3al0JIHEHHAs YIEKTPOHAMHU
SHEPreTUYECKas 30Ha HA3BIBACTCS BAICHTHOM, a JIeXKalas Hajl HEH MyCTas Wil YaCTHYHO 3alOJHEHHAs 30HA  30Ha
— 30H0# mpoBoMocTH (puc.142) L_TPOBOIMOCTIL

D it ) " = CBOOOTHEIC

DJIeKTPOHBI U3 BaJIEHTHOW 30HBI HAXOMSATCS B CBSZYIOLIMX MEXAaTOMHBIX OpPOUTAIISX, CBA3aHBI C aTo- = SJICKTPOHEL
MaMmu. B momynpoBomHuKax 30Ha npoBogumoctd npu T = 0K mycra, 1 oTeneHa oT BaJI€HTHON 30HBI Y3KOM
3anpenieHHol 30HoH mupuHoit AE, ~15B. Ilepexoas B 30Hy NPOBOJAMMOCTH, BaJICHTHbIE 3JIEKTPOHBI Bbl-

PBIBAIOTCS U3 CBS3M M CTAHOBATCS CBOOONHBIMU. Ha Mx MecTe B pelieTke 00pa3yroTcsi BAKAHTHBIC HE3amoJ- 30Ha
HEHHBIC MECTa C MOJOXKHUTEIBHBIM 3apsAA0M, KOTOPBIE MOTYT IIEPEMEIIAThCS [0 PEIIETKE 3a CUST TYHHEIBHBIX
CKauKOB BAJICHTHBIX JIEKTPOHOB M3 COCEHMX cBasel (puc.139).5To mepeMelienne NPUHATO NPEACTABIATE Py 142
JIBUYKCHUEM CBOOOJIHOM KBa3HMUYACTHILI-ABIPKH C ITOJIOKUTEILHBIM 3apsaoM +e. Takum o0pa3oM, B MOIYIIPO-

BOJIHHKE CO3/IAfOTCS JIBa TOKa (IIEKTPOHHBIN M JABIPOYHBIN), HAMIPABICHHbBIE B 0HY cTOpoHY (prc.139).[sIpKu 3amoTHIIOT BepX-
HHE YPOBHH BAJICHTHOM 30HBI KOTOPbIE TIOKHHYIIU JJIEKTPOHBI (prc.142).

[MoympOBOHUKH JIETUPYIOT, HOOABISA B MX PENIETKY HOHOPHYIO MpPHMech (aTOMBI ¢ GOMBIIMM YHCIOM BAICHTHBIX
2JIEKTPOHOB, prc.153). Torga BOIM3H 30HBI IPOBOJAMMOCTH TAKOTO IOJYIIPOBOIHUKA N-TUIIA 00pasyeTcs y3Kas 30Ha JOHOPHBIX
ypoBHe# sHeprun (puc.152). IIpu n06aBieHHH aKIENTOPHON npuMecd (ATOMOB C MEHBIIMM YHCIIOM Bal€HTHBIX DJIEKTPOHOB,
puc.154) akuenTtopHble YpOBHH SHEPIHHM B IOJYYHBIIEMCS HOJYIPOBOAHHMKE P-THUIA OOpasyroTCs BOIM3M BAJICHTHOM 30HBI
(puc.155). Yuco 3Tux ypoBHEW paBHO YKCIY aTOMOB IMPUMECH. B CHIIBHO JIETMPOBAHHBIX MPUMECHBIX MOJYIMPOBOJAHUKAX KOH-
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LEHTpalMs NPUMECU HACTOJIbKO BEJIMKA, YTO JOHOPHBIE M aKIENTOPHBIE YPOBHU CIMBAIOTCS, COOTBETCTBEHHO, C 30HOU MPOBO-
JUMOCTH U € BaJleHTHOU 30HOH (puc.143). JJoHOpHbBIE 3JEKTPOHBI U ABIPKH, 00pa30BaBIINeCs Ha aKLUENTOPHBIX YPOBHSX, CTAHO-
BSITCS CBOOO/IHBIMH Y MOTYT I€PEMELATHCS [0 BCEMY HOIYIIPOBOJHUKY .
Oneprueii Pepmu By HasbiBaloT MUHMMAIBHYIO BEIMYMHY YHEPIHH, KOTO-

6 6 .. .. MOMYTIPOBOAHHK TOJTYIPOBOAHHUK
PYIO HaIO 3aTpaTuTh, YTOOBI T0OABUTH B KPUCTAIUTHUECKYIO PEIIETKY eII€ OTUH CBO- g n-mm L pomma

OOMHBIN IEKTPOH WX ABIPKY. Tak Kak B COOTBETCTBHU ¢ mpuHIHIOM Ilaymu »Ta gac- 30Ha

v BOIUMOCTH
THIA MOXET 3aHATH TONBKO CBOGOJIHbI YPOBEHE OHEPIUH, TO B NMOMYNPOBOJHIKE N y.n TPOBOMHIMOC
¢ } noropHsIe
THIIA 3TOT YPOBEHb E£ NPAKTHYECKH COBIAIAET C BEPXHUM yPOBHEM 3aIIOJIHEHHBIM YpoBHH
3anpeincHHast 30Ha
3JIEKTPOHOM B 30HE MPOBOJUMOCTH, & B MOJNYIPOBOJAHUKE P-TUMA — C BEPXHUM YPOB-
AKLCITOPHBIC ' — ,.p
Hem suepruu E P, sanonnennom awipkoit (puc.143). YPOBHH Ly
q) BaJICHTHasA
p-niony- B 1 n-Tony - [Ipy KOHTaKTE MONYMPOBOJHUKOB PAa3HOTO soHa
MPOBOMHUK| _ | TPOBOAHMK THIA 33 cYeT AU y3uHr OTPULATENHHO 3apsKEHHBIE Puc.14¢
3= SIIEKTPOHBI M3 IIOJYNPOBOAHMKA N-TUIA HAYHMHAKOT NPOHHUKATH B MOJNYIPOBOJHUK P-THIIA, &
I
! HOJIOKHUTEIHLHO 3aPSUKEHHBIE IBIPKM — B 0OpaTHOM HampabieHud. Ha rpaHuile KOHTaKkTa OHM
30Ha PEKOMOUHUPYIOT (JMEKTPOHBI 3aMOJHSIIOT BAKAHTHBIE MECTA B MEKATOMHBIX OpOuTansx). Bos-
"POBOMOCTH HHUKAET IBOWHOMN 3JEKTPUYECKHUM CIIOW — 3aIUpArONIMiA CIIOW MalloN IMHPHHBI O, 00 HEHHBIM
cBOOOIHBIMY HOCHTEISIME 3apsifa. Ero mosie ¢ pa3sHOCTBIO MOTEHIMANoB AQ, HPEmsITCTBYeT
14 v
£} Ej JManbHEHIIeMy NepeHoCy YacTHIl M SHEPIUU YACTHIL JIEKTPOHHOTO U JIIPOYHOTO Ta3a. Y POBHH
| TMIEKTPOHBl  3HEprMH B MOJYNPOBOAHMKAX CIBHIAIOTCS HA BENMYMHY SHeprud eAd, HeoOXomuMmoil siek-
| 3ampelieHHas _
' 30Ha TPOHY UIs TIPEOIOJICHHS 3AMPAIOIIEro mojs, a sueprun depmu, BeipaBHuBaroTcs (puc.144):
EY'=El+e\d, = .
b - By T
Puc.144 DnekTpoHs! ¢ 3p(eKTHBHONH Maccoii mE (148) 3an0NHAIOT YPOBHU SHEPTUH B COOT-
32
(Zme'])
BETCTBHHU ¢ pacnpenenenneM Pepmu-/npaka: dng =-——"——V Efy ( E) dE (370 4meI10 21eKTPOHOB B e/lMHHLE 06beMa ¢ Hep-

213
1

:exp((E—E(b)/kBT)+1

HHS DJIEKTPOHOM YpoBH# ¢ sHeprueil E. Yposens sneprun E =0 i cBOOOJHBIX 3IEKTPOHOB COOTBETCTBYET AHY u HE)

rusmu ot E o E+dE), rie fq) (E) - bynkims depmu, paBHAS BEPOSITHOCTH 3aIOTHE-

\_E
1300paxeHHbIi Ha puc.145, MoKa3bIBaeT, YTO BCE YPOBHU dHEPrHH BILIOTH 10 ypoBHs Depmu By, Oyayr sanonse- 0 Eg
HBI DJIEKTPOHAMH, & YPOBHH, JIEXKaIlIne Bbiie — cBOOOAHBI (prc.144). Takoii 2JIEKTPOHHBIN ra3 Ha3bIBAETCS BBIPOK- Puc.145
JICHHBIM U OTJIMYAETCSI OT HEBBIPOKIACHHOTO JJIEKTPOHHOIO Ta3a B cliabo JIETMPOBAHHBIX MOJYNPOBOJHHKAX, MMOJUHUHSIIOLIETOCS
pacnpenaenennto MakcBeiia-bonbnmana (152).Tak xke BRIpOXkIeH OyA€eT ra3 AbIpoK. [103TOMY YpOBHH SHEPIMU B BAJIEHTHOM 30-

30HBI IpOBoAMMOCTH. Tak Kak npu koMHaTHOH Temmeparype kgT = 0,0253B <« Ep » To rpadux dpyHxumm f b (E) ,

P
+| - HE P-TIOJIYIIPOBOIHUKA, JISKAIIHE BhIIe ypoBHI Depmu Eq) (puc.144)He 3amoIHEHBI.
I
E3 | R [Mpunoxxum k p-nN-diepexory NpsiMoe BHelIHee HanpskeHHe Uy, , yMeHbIIas MIUPUHY
oo —y Jymm 3aMMparoNIero cos O U CMemIast SHepreTHIeCKre YPOBHU B N-TIOJIYIIPOBOTHIKE BBEPX OTHOCH-
-TIOMy- = N-TIONy- Y
IPOBOJHHUK |-+ MPOBOHAK TEJBPHO JHEPreTHYCCKUX YPOBHEH B p-momynpoBonHuke Ha BenmmuuHy €Uy, (puc.146). Ha-
—l 8 ~—

IMPOTHUB 3aHATBIX JJICKTPOHAMU ypOBHeﬁ BOIU3HU JHa 30HbI IPOBOJAMMOCTH N-MOJYIIPOBOJHHUKA
! OKaXYTCs HE3aHATHIC YPOBHU SHECPIrUuu BOJIU3HU BEpXxa BaJICHTHOM 30HBI P-TI01yIIpOBOJAHMKA

30Ha (mpipru). Ho ot ob6nactu pa3feneHsl TPEyronbHBIM MOTeHInaabHbpIM Oapeepom ABC 3ampe-

AN PosormooTH IIEHHOM 30HBI.
P — [Iupuna 6 Gapbepa masia, W AJIEKTPOHBI W3 30HBI MPOBOJUMOCTH N-00JACTH MOTYT
1 B— ‘E MIPEOJIONETh €ro 3a CYeT TYHHEIbHOro 3¢ddekTa B HampaBiICHHH, TTOKa3aHHOM CTPENKOW Ha
Eé k> puc.146.KBanToBast Teopust Ja€T BhIpaxxeHUE I K0P OUITMEHTA IPOXOKICHUS WA BEPOSIT-

3anpeLienHas  HOCTH HPEOIOJeHUs Gapbepa:
Hi

= [
D = Dy exp —%j./zmg(u(x)—E) dx|, (157)
0

BaJICHTHAsA
30Ha

Puc.146

TAC MOTCHIUAIIbBHAA JHEPTUA U (X) OJICKTPOHA MCHACTCA MPOIMOPIHUOHAIIBHO

J4C -
BEIMYMHE HAMPSOHKEHHOCTH [E, amekTpuueckoro Tmonisi B mOpedenax 3amuparoimiero cios  (puc.147): 0 o

Puc.147

3

U (X) =E+ E - &, x, rne Ey = €E,0. [Toacrasmssd o1o Bepaxenue B (157)u unterpupys, Haxoaum

4R

D = Dy ex
0 3

5. (158)
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Tak xak Eg = AE, ~153B, to Benuuuna koddduiuenta npoxoxaenus D yBenuuurcs 1o poneil eIUHULBI, €CIH IIUPHUHA 3a-

MHUPAIOIIETO CIOS YMEHBIIUTCS A0 O ~ 108m. B o6bunbIx MOJYNPOBOJHUKOBBIX P-N-TiepexojiaXx OHA paBHA ~ 107 +106u.
OTH XapaKTepHble BEIHYMHbI JAIOT NPEICTABICHNE 00 YCIOBHAX, IPH KOTOPHIX TYHHENBHBIH MEpexXoi B ITOIYIPOBOAHUKAX CTa-

HOBUTCS CYILIECTBEHHBIM. i 1
Bonbr-amriepHasi XxapakTepHCTHKA MOTYIIPOBOAHUKOBOTO TYHHEIBHOTO auona (P-N-mepexosa) moka- |6

3aHa Ha puc.148. Bennumnua sHepruu E aexTpoHa npu TyHHenbHOM 3¢dekre He usMensiercs. Ilpu mocte- Al 77 L

MIEHHOM YBEJTMIECHUH MPSIMOTO BHEIIHETO HampspkeHHs Uy, TPOTHB 3aIlONHEHHBIX 3IeKTPOHAMH YpOBHEH B ___ a ,_j Usn

30HE MPOBOJIMMOCTH N-TIOJYNPOBOAHUKA OKasblBaeTcs BCE OOJbLIE MyCTHIX YPOBHEH BaJCHTHOW 30HBI [- O Uax

TOJTYNPOBOAHMKA. UNCII0 TYHHENBHBIX NEPEXOAOB M TYHHENbHbIA TOK |1y, Bospactaior (yuactok “a-0" ma o

puc.148).IIporucxoaur peKOMOMHALMS JIEKTPOHOB M IBIPOK, HO MX IOTOK HE MPEKPAIAeTCs, HOCKOIBKY OHU Puc.14¢

HHKEKTUPYIOTCS B OJYIPOBOIHUKH BHEUIHUM HCTOYHHKOM TOKA.

DTOT TOK NOCTHTAaeT MaKCHMyMa B TO4ke “0”, KOT/Ia MaKCHMaJIbHO TIEPEKPBIBAIOTCS 0OJACTH 3aIOTHEHHBIX JJIEKTPOHA-
MU YPOBHEH 30HBI IPOBOAMMOCTH N-TIOJYIPOBOIHUKA U 00JIACTH HE3AMOJHEHHBIX YPOBHEH BaJCHTHOW 30HBI P-TIOJIYIPOBOAHUKA
(puc.146).Pacuer moka3pIBaeT, YTO MAKCUMYM TYHHEJIBHOTO TOKA JOCTHIAaeTCs MPH BEJIMYHHE MPSMOrO BHEIIHErO HAMPSHKEHUS,

255 -3)+(E2- &)
3 e

Kparo BaJICHTHOM 30HEI p-OGJ’IaCTI/I, Eg — 3HAYCHUEC DHCPIUU, COOTBCTCTBYIOLICC HMUKHEMY KparO0 30HbI IIPOBOAUMOCTHU n-O6J'IaCTI/I,

paBHOH Uy = , TI€ € — 3apsiJ AJIEKTPOHA, Ef — 3HAa4Y€HHE YHEPIWH, COOTBETCTBYIOIEE BEPXHEMY

E({)) u E(g - ypoBau @epmu B P- 1 N-061actsx (cMm.puc.146).Ecau cuntath, YT0 KOHUESHTPALMH IPHUMECH B 00OUX HOIYIPOBOI-

n_pen
4Ey—E;
HHUKaX paBHBL, TO Uay = §E¢>— YTO HO3BOJISIET ONPEIEIUTh MOJNI0KEHHE ypoBHS depMu B TYHHEIBHOM IOJIYIIPOBOAHUKO-
e
BOM JIMOJI€ OTHOCHTEJILHO JIHA 30HBI TPOBOAMMOCTH B N-001acTH: E‘g - Eg =3eUnay/4- (159)
+ - U [Ipn nanpHeWIIEM yBEIUUCHUHN TIPSIMOTO HanpsokeHust Uy, 3aroIHEeHHbIE yPOBHH 30HbI
| BH o
K MIPOBOAUMOCTH N-TIOJIYIPOBOIHUKA CMECTSTCS €Il BBIIIE M OKaXyTCs HAIPOTHUB 3alpeIleHHON
77ypm=0 30HBI P-TIOTYMPOBOIHUKA, KyAa JJIEKTPOHBI epexoauth He MoryT (puc.149). TyHHeNbHbIH TOK
-+
p-mony- n-TIoIy - yMmeHblnaercs (Touka "t Ha puc.148). Eciu npomomxats yBenuuuBath Uy, , TO pacTeT BKIax
MPOBOJHUK |— + MMPOBOJHUK
=5 = T Hy3HOHHBIX TOTOKOB 3JIEKTPOHOB U ABIPOK, CO3JAIOIINX BOJIBT-AMIICPHYIO XapAKTEPUCTUKY

OOBIYHOrO MOJIYIPOBOIHUKOBOrO auona (puc.159). Ha puc.148 sta xapakrepucTuka MoKaszaHa
IITPUXOBOH uHUEH. [103TOMY ¢ POCTOM MPSIMOT0 BHELIHETO HAIPSDKEHUS TOK B TYHHEIIBHOM P-
N-Tlepexo/ie CHOBA HAYHET Bo3pacrarh (yuactok "n" Ha puc.148).

Manaromuii yuactok "6-r" BoJbT-amMmepHoOi xapaktepuctuku (puc.148)cooTBeTcTBYET

n
P Ly oTpuuaTenbHOMy AuddepeHInaIbHOMY COPOTHBICHHIO P-N-Iepexoa:
b du AU
JaIPRIISHHAS Rﬂ = dIBH = _F <0. (160) —=|+ Usn
aJCHTHA. . >
B J;OIII;I'aH 51 B cnydae, xoraa TyHHENbHBIA P-N-IEpeXo]] BKIIO- » ,]1-531 — i
-TIONy- <€~ =1 7-TOJy-
Puc.149 YEH B 3JIEKTPUYECKYIO LENb C aKTUBHBIM COHPOTHBHCHHCM nposomemx |- 3| mpopoHie
Riem ¥ Ry + Rieny <0, BO3HMKAET HEYCTOHYMBOCTB, KO- ‘ > 5 =

TOpasi MPUBOTUT K IOSBICHUIO JJICKTPUYECKUX KojeOaHwit. [103TOMYy TyHHeNbHBIE P-N-
MEPEXO/Ibl HCIIONIB3YIOT JUIS TCHEPALUH JICKTPHUUSCKUX KOJICOaHUH HITU 3JICKTPOMArHUTHOTO
U3IYYCHUS C OOJIBIION YaCTOTOM.

OMHOCTOPOHHEH MPOBOJAUMOCTBIO TYHHEIbHBIC P-N-Iepexo/ sl He 00nanaroT. [Ipu-
JIOXKUB K TaKOMY Ilepexony oopatHoe Hanpspkerue U,, <O, MbI CMECTUM YPOBHU HEPIUH Eé;'

B Ipyryio cTopony (puc.150).HanpoTus 3amoiHeHHBIX 3JEKTPOHAMHI YPOBHEHN SHEPIUH Ba-
JICHTHO# 30HBI P-IIOJIYIPOBOTHUKA OK&XKYTCsl CBOOOHBIC YPOBHH 30HBI IPOBOJAUMOCTH N-
MOJYIIPOBOIHUKA, ¥ TYHHEIbHBIC MTEPEX0Ibl OYAYT MPOUCXOTUTH B 00paTHYIO cTOpoHY. Ha
BOJIbT-aMITEPHOM XapaKTEPUCTHUKE ITO COOTBETCTBYET TYHHEIBHOMY 0OpaTHOMY TOKY (ydua-
cTok "B" Ha puc.148).

BaJIcHTHAs
30Ha | 3anpeIneHHas
30Ha

[opsi/10K BBINONHEHHS PAOOTHI

1. O3HaKOMHTBCS CO CXEMOW YCTaHOBKH, KOTOpas BKIIO4aeTcs kimodoMm S. [Torenmmometp R
[O3BOJIET PErYIUPOBATh HANPSUKEHUE HA TyHHEIbHOM auoje I (puc.151)

2. BKIFOYUTh YCTaHOBKY B CETh.

3. Cuars 3aBucumocts | = f (U ) , TUIABHO M3MEHSISl HANPSDKCHHUE Ha TUOJIE ¢ TIOMOIIBIO MTOTEH-

Puc.151

nuomMeTpa oT 0 JA0 MaKCUMyMa 4€pe3 paBHbIC NHTCPBAJIbI. C YBEJIIMYCHUEM U BEJIIMYMHA TOKAa | CHayaja
JAO0JKHA pacTH, IOTOM YMCHLIIATHCS, IOTOM CHOBA pacTU (pHcl48) HOJ‘Iy‘IeHHLIe JaHHBbIC 3aI11ucaTh B Ta6J‘II/IIIy.
U, B
I, mA
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4. BEIKITIOYATE YCTAHOBKY. [IOCTPOUTH BOJNBTAMIIEPHYIO XapaKTEPUCTHKY TYHHEIbHOTO auoaa | = f (U ) Ha MAJUTUMET-

poBoii Oymare.
5. Onpenenuts 3HaueHue HanpspkeHUst U gy, IPH KOTOPOM TYHHEJBHBIH TOK MMEET MaKCUMallbHOE 3HaueHue (Touka "6"

Ha puc.148),u ¢ momomipio Gopmyisl (159)onpenenuTs B 3JeKTPOH-BOJIBTAX MMOJ0XKEHHE YpOBH DepMHU It TYHHEIBHOTO P-N-
repexo/ia OTHOCUTEJIFHO JTHa 30HbI MPOBOANMOCTH B N-00sacTy.

6. [To moctpoerHomy rpaduxy u Gopmyne (160)paccunTtats AnddepeHuransHOe CONPOTUBICHNE "ANAMOIIEro” y4acTKa
KpuBO# (y4acTok "0-r'" Ha puc.148).

KoHTponbHbIe BOOpOCH K labopaTopHOi padoTe Ne 42
1. OOBsicHUTE IPUYNHY BOSHUKHOBEHHUS Pa3pEIICHHBIX U 3alPEIIeHHBIX YHEPTETHYECKUX 30H.
2. Kakne sHepreTHuecKre 30HBI Ha3bIBAIOTCS 30HOW MPOBOJAMMOCTH M BAJICHTHOW 30HOW? UeM OTIMYAIOTCS 3JIEKTPOHBI, HAXOMIs-
Hecs B DTUX 30HAX?
3. Kak o0pasyroTcs u rae pacroyioKeHbl aKIeNTOPHBIE M JTOHOPHBIE YPOBHU YHEPTUU B MPUMECHBIX HMOJIYIMPOBOTHHUKAX? UTO C
HUMH [IPOUCXOTUT B MOJIYIIPOBOTHUKAX, 00pA3yIOIIUX TYHHENLHBINA P-N-Tiepexon?
4. Yro HaswiBaercs oHepruei @epmu? I'ne Haxoaurcs ypoBeHb Oepmu?
5. Chopmymupyiite npuniun [laynu. Kakyro poip OH UTpaeT HpHU 3alOJIHCHHH JJIEKTPOHAMH Pa3pEIICHHBIX YHEPreTHYCCKHIX
30H?
6. B yeM oTiimune OOBIYHOTO U TYHHEIHHOTO IHOJYHIPOBOJHHKOBOro nuona? Kakas QyHKIuUs pacnpefelcHHs OMHUCHIBACT DIICK-
TPOHHBIN U JABIPOYHBINA Ta3 B ITUX MOTYIPOBOJIHUKAX ?
7. KakoB ¢usuuecknii cMbici yaknun Pepmu? Hapucyiite rpaduku 3Toi pyHKIMH 7151 COOCTBEHHOTO M CHIILHO JISTHPOBAHHO-
T'O TPIMECHIO TTOJTYTIPOBOJAHNKA M C UX TIOMOIIBIO OOBSICHUTE YeM OTINYAETCS BBIPOKACHHBIH W HEBBIPOXKACHHBIA 3JIEKTPOHHBIN
ras.
8. B uem 3akimoyaercs CyImHOCTh TYHHEILHOTO 3¢ dexra?
9. O0BsACHUTE, KaKOW MOTEHITHAIBHBIN Oapbep MPeooJIeBaOT JIEKTPOHBI 3a CUET TYHHENIbHOTO dddekTa B manHol padote? [lo-
nyunte popmyiy (158).
10. ITo kakoit mpuYKMHE TYHHEIBHBIC MEPEXOAbl OTCYTCTBYIOT, €CIIM HA TYHHEIBHBIN IHOJ HE MOJABaTh BHEIIHEE HAMPSDKCHHE
(puc.144)?
11. HapucyiitTe 2HEpreTHYECKUE TUArpaMMbl TYHHEIBHOTO P-N-TIepeXxo/ia MPH Pa3InIHbIX BEIMYUHAX BHEIIHETO HAMPSDKECHUS H C
UX MOMOIIBIO0 OOBSICHUTE BCE YYACTKU BOJIBT-aMICPHON XapaKTEPUCTUKHU Ha puc.148.
12.TIpu KaKOM YCJIOBHHM TYyHHEINILHBIH TOK B JI0/ie OyeT MaKCUMaJIbHBIM ?
13.Tlouemy uMeeTCs y4aCTOK C OTPUIATEIBHBIM JU(PepeHIIMATEHBIM COTPOTHUBICHUEM U KaK €r0 PaCCUUTATh?
14.Tloyemy nipu 0OpaTHOM BKITFOUEHUHW TYHHEJILHOTO JAHOAA B HEM TOSIBIISIETCS OOJBIION TOK?
15. CpaBHHTE BOJBT-aMIIEPHBIE XaPAKTEPUCTUKU OOBIYHOIO M TYHHEIBLHOIO MOJYNPOBOAHUKOBOrO auozia (p-n-nepexona). O0b-
SICHUTE UX pa3JInire.
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Pabora Ne43. Onpenenenue NIMpUHBI 3aTUPAIOIIETO CIIOS P-N-Tiepexoa
Y KOHIICHTpAIlUX IPUMECH B 00JIaCTH JJABUHHOTO TTPO0O0s

[{enb paboTHI: O3HAKOMIIEHHE C pabOTOH MOITYIPOBOJHUKOBOTO AMOJA M CTAOMIUTPOHA, N3yUSHHE MEXaHU3Ma JJaBUHHO-
ro po0ost P-N-epexoma, onpeaesieHIe MUPHHBI 3aIAPAOIIETO CI0S M KOHIICHTPAIIUH TPAMECH.

TeopeTnueckoe onucaHue
Kpucrannuyeckas pemerka mojlynpoOBOJHUKA SBIISETCS OJHOW KBAaHTOBOM CHCTEMOW, B KOTOPOM, COTJIACHO HMPUHIIUIY
ITaynu, HEe MOTYT CyIIECTBOBATh JEKTPOHBI C OJIMHAKOBOM 3HEPTHeil U APYrUMU KBAaHTOBBIMH uuciaamMu. [103ToMy Kaxablid pa3-
PELICHHBI YPOBEHb YHEPTUM aTOMa pacIIeIUIsieTCs HAa OYeHb OJIM3KO PacIiONIOKEHHBIE YPOBHU SHEPTHH, KaXKIBIA M3 KOTOPBIX
MOJKET 3aHMMaTh OJMH 3JIEKTPOH — pa3penieHHbIe SHepreTnyeckne 30H6l. OHM pa3AeieHbl HHTEpBaIaMy YHEPTHH, KOTOPHIE dJIeK-
TPOHBI IMETh HE MOT'YT — 3alPElICHHbIMU YHEPreTHIeCKUMU 30HamMu mupuHoit AE, . DnexTponsl

MOJIyITPOBOAHUK
3aM0JHSIOT 30Hbl ¢ HAMMEHBIIUMU SHEPTUAMU. BEpXHssA MOJHOCTBIO 3alI0IHEHHAs 3JIEKTPOHAMU n-THIA
o o TIPOBOANMOCTH
paspeleHHast 30Ha Ha3bIBaeTCS BAJCHTHOW. DIEKTPOHBI M3 BAJICHTHOM 30HBI CBA3aHBI C aTOMAMHU piisﬁempoﬂm
= (OCHOBHEIC
PELIETKH U HE MOTYT CO34aBaTh TOK. {ocHobbte oata)

Crenyrolnasi, jexaias BbIllIe pa3pelieHHas 30Ha Ha3bIBAETCS 30HO# mpoBoauMocTH. B
nosxynpoBoaHukax npu T = 0K 30Ha MpoOBOJMMOCTH MycTa U OTAEJICHA OT BaJCHTHOW 30HbI 10C-
TaTOYHO Y3KOH 3ampelieHHoll 30Ho#l mupuusl AE, <15B . Ilpu HarpeBaHuM BaleHTHBIH K-

JABIPKU (HeOCHOBHLIe
TPOH MOXET OTOPBAThCS OT aTOMa W MEepelTH B 30HY MPOBOAMMOCTH (cTaTh cBOGOAHBIM). Ha — HOCHTEIH 3apsizia)
MecTe, KOTOpOe OH TIOKHHYI, 00pa3yeTcs BaKaHTHOE MECTO — “NIBIpKa” ¢ TOJIOKUTEIBHBIM 3apsi- BaJICHTHAsA
oM (puc.152). Takoe BAKaHTHOE HE3AMOJHEHHOE 3JIEKTPOHOM MECTO MOXKET 3AIIOIHITHCS COCEN- Puc.152

HUM BaJICHTHBIM 3JICKTPOHOM, [TEPECKAKUBAIOIINM 3a CUET TYHHEIBHOTO 3P (eKTa, KaK MOKa3aHo
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Ha puc.139. B pesynbpTare ApIpKa mepeMeraeTcs Mo peleTke u e€ MOXKHO PacCMaTpPHBATh KaK CBOOOIHYIO MOJIOKUTEIHHYIO
KBa3U4aCTUIY-AbIPKY. CBOOOIHBIE HOCUTENH 3apsiia (BHIPBABIINECS M3 ATOMOB DJIEKTPOHBI U JIBIPKK) HA3BIBAIOTCSI COOCTBEHHBI-
Mu. VX KOHIEHTPALMHU OJIUHAKOBBL: Ng = .

OOBIYHO COOCTBEHHBIE TONYIIPOBOAHUKA — 3T0 Siman GE, 3JeMEHTHI ¢ YETBIPbMS BAIEHTHBIMY 2JIEKTpOHaMH. VX jeru-
pyIOT, 100aBIsisl B HUX MPUMECH aTOMOB C OOJIBIIIMM HJIM MEHBIINM YHCIOM BAJICHTHBIX DJIEKTPOHOB.

UYUro0bl NOJNYYHUTH OJYIPOBOJIHUK C JIEKTPOHHON MPOBOJMMOCTHIO MIJIM HOJYIPOBOIHUK N- f& /K /K )&
THUIA, B PEIIETKY COOCTBEHHOTO MOJYIPOBOAHMKA BBOSIT JOHOPHYIO IPHMeECh, aTOMbI KOTOPO# HMe-
FOT Ha OJIMH BAJIICHTHBIN JJICKTPOH GOJbIe, YeM aToMbl pemetku. [t Sin Ge MoHOpHOM MpUMechio
Oyzer, Hanpumep, pocdop P (puc.153).

JIvirHuiA 3EKTPOH B aTOME MPHMECH HE YYACTBYET B CO3JJAHMM MEXKATOMHOM CBSI3H, HO

+ v v
CBSI3aH C TIOJIOKUTEIFHBIM HOHOM TpuMecH P~ KyJOHOBCKOH cmitoif. MOXXHO CUHTATh, YTO ITOT
JIEKTPOH HAXOIWTCS HA MEPBOH OOPOBCKOIT opOuTe ¢ paanycoM [q. Pemast cucremy n3 ypaBHEHUS
* Vf ez *
ABHMXKCHHSI W TIOCTyNnaTa kBaHTOBaHWsA bopa, mp—= =K., =———, m;r =1k, naxoxum
1 4TEQET]

SHEPTHIO DIIEKTPOHA, UMEIOIIETO 2 PEKTUBHYIO MACCY mE (cM.(148))B 0CHOBHOM COCTOSIHUM

* 2 2 4 *
Elzmevl_ e ___€m (161)

2 ATEgEn 32ﬂ28(2)£2h 2
rie €— AMIJICKTPUYESCKas MPOHUIIAEMOCTb MOJTYIPOBOTHHKA.
Ora sHeprust Mana, E; ~—0,015B, u obpa3yeT JOHOPHBIA YpOBEHb SHEPIHH, HAXOAAIIMICSA B 3alpEIICHHON 30HE Ha

HebonbIIoM paccrosnun AE; = | E1| OT jHa 30HbI npoBoaumocTH (prc.152).B cootBercTBHU ¢ mpuHLMIOM [Taynu, Yyucao T0HOp-

HBIX YPOBHEH PaBHO YHCIIy aTOMOB IIPUMECH B pemeTke. J0CTaTOYHO HArpeTh JITHPOBAHHBIM MOIYNPOBOAHHUK A0 TEMIIEpaTyp
T2 | E1| / ks ~100 K, rne kg -mocrosiHnas Bonbimana, kak Bce NOHOPHBIE SJIEKTPOHBI OTPHIBAIOTCS OT HOHOB U CTAHOBSITCS CBO-

GOJIHBIMH, TIEpEXOIIT B 30HY mpoBoanMocTd (prc.138u 139). T.e. yxke npu KOMHATHOM TeMmIlepaType B MOMYIPOBOIHHKE N-THIIA

HaXoOuTCs 0O0JIBIIIOE YUCIIO CBOGO[[HI)IX JOHOPHBIX 2JIEKTPOHOB C KOHHGH’I‘paHHeﬁ ng = no ~ 1023M_3 (OCHOBHLIX HOCHUTEJICH 3apsi-

1a) ¥ HAMHOTO MEHBILEE YHCIO JABIPOK (HEOCHOBHBIX HOCHTENEW 3apsja) ¢ KOHIEHTpanuen

V\E Honynp%}?(;ﬁﬁf n; =n, < 107973, 00pa30BaBIINXCs P OTPBIBE AIEKTPOHA U3 BANICHTHOI! 30HbI (prc.152).

Hl=—=
=1POBOJIMMOCTH IHonynpoBoAHUK P-TUIA TOJIYYAIOT IIPU BHEAPEHUHU AKIIENTOPHON IPUMECH C MEHBIIUM
BNIEKTPOHBI (HEOCHOBHKIE  yyCITOM BAJIEHTHBIX DJIEKTPOHOB B atoMe (prc.154 Atom mpumecu B siexrpuueckw HelTpa-
HOCHTEJIM 3ap1a) =
JeH W BaKaHTHAs CBA3b A HE SABJACTCS IONOKHTEILHO 3apsKEHHOM /S\f \_/ '\_f N
JeIpkoi. Ho ypoBeHb 3HEpruu, COOTBETCTBYIOUINI COCTOSIHUIO A Haxo- ;[pra ,._>;. <

L AKLENTOPHbIE YPOBHU
By et qutcs Ha HeGonmbmoM paccrosuuu AE, ~0,015B Bbume BepxHero /g \f \/
ALy TIBIPKHY (OCHOBHBIE

HocuTeAM 3apaTa) ypoBHs BajeHTHOM 30HBI (puc.155). OH Ha3bpIBAETCSA AKUIENTOPHBIM ><> <__> <_><
BaenTHAs ypoBHeM. UHMCII0 aKUENTOPHBIX YPOBHEH PABHO YHCIY aTOMOB aKIEI- \ Daat /—\' iy —\SI/

Puc.155 TOPHOU IPUMECH. . Puc.154
Vike Inpu HeOOIBIION TEMIICPATYypPEC BAJICHTHBIC JJICKTPOHBI M3

COCEJIHMX CBS3€EH 3a CYET TYHHENHHOI0 3()(eKTa NepecKaKuBaIOT B BakaHTHBIE MecTa A (puc.154).Bce akuenropHele ypoBHU Oy-
IIyT 3aMOJHEHBI 3JICKTPOHAMH, a B BAJICHTHON 30HE P-MIOJYIIPOBOIHUKA IOSBATCS OCHOBHBIC HOCUTEIH 3apsia — ABIPKU C KOHIICH-

Tpanuei nf =n, ~ 107373, [Ipu 3TOM YHCIO 3MEKTPOHOB, BHIPHIBAIOIINXCS U3 BAJICHTHOH 30HBI M MEPEXOIAIINX B 30HY IPOBO-

JUMOCTH MaJio, T.€. B P-IIOJIyIIPOBOJHMKE JJICKTPOHEI C KOHHeHTpaLIHeﬁ ne = nH < :I.OZOM_3 6yﬂyT HCOCHOBHBIMHU HOCUTCIISIMU 3a-

psma.
CpeHIOo0 SHEPIHI0 YaCTHIL JIIEKTPOHHO-ABIPOYHOTO ra3a XapaKTepusyIoT BennanHoii sneprun Oepmu E g, , OHa paBHa

M3MCHCHHIO DHEPTHH Ta3a HpH J00aBICHHH OJHO YacTHIbl. B momynposonHuke N-tuma yposenb Eg pacmonoxken BOmM3H 10-

HOPHBIX, & B TIOJYIPOBOJHUKE P-TUIA — BOMM3U aKLUEMTOPHBIX YPOBHEH (IUTpHXoBas nuHuS Ha prc.152u 155).

P-TIOATYTIPOBOHIK |n_'noﬂynpo]30ﬂ‘HHK CoeuHUM MOJYIPOBOIHUKH p- U N-THIA, co3aaBast P-nruepexon (puc.156). Kon-
—EL +
a) e _Eli+ LUEeHTpaLus ng 9JIEKTPOHOB B MOJYNPOBOJHUKE N-THIAa HAMHOTO MPEBBIIIAET UX KOH-
C——=—p>4| OJIEKTPOHEI
ABIPKH | =, p .
| LEHTPALHI0 Ng B IOIYNPOBOAHUKE P-TUna. BosHuKaeT nuddy3noHHBIH MOTOK dIeK-
E S0

TPOHOB U3 N- B P-TIOJYTIPOBOJAHUK M aHAIOTWYHBIA AU((y3MOHHBIA TOTOK IBIPOK U3

6) TPOBOAMMOCTH p- B N-nmonynpoBogHUK. B MecTe koHTakTa ,I[I/I(l)(l)YHZ[I/Ipy}OH.[I/Ie QJICKTPOHBI U OBIPKA
!
JTIOHOPHBIE QCKOM6I/IHI/IQYQT (CBO60£[HBI€ QJICKTPOHBI 3aIl0JIHAIOT BAKAHTHBIC MECTa B MEXaTOM-
Of----v 22308 /YPOBHH - -
gl pputuiyiytegutyyi) Ity —r= ___ HBIX CBA34X, BO3BpAIlasChb B BAJICHTHYIO 30Hy). O6pazyeTc;{ 3anMparomy CJI0W MIn-

A o b'£=E£ +eAPs  pyupr §, 06eHEH DI CBOGOIHBIMU HOCHTE MM 3apsna (puc.156). Tak Kak 31eKTpo-

AKLECNTOPHbIC o o o
Hbl U ABIPKU HNEPEHOCAT 3apsad, TO 3allparolinuu CJIOU 6y,ueT JABOWHBIM JJICKTpUYC-

YPOBHH
‘ 30Ha

Puc.15€ CKHMM cJloeM, 3anupatoliee noje E, koroporo mpemarcrsyeT nud@dy3nu 0CHOBHBIX

HOCHTENEH 3apsijia ¥ noMoraet ,HI/I(l)(l)yZ’)I/II/I HEOCHOBHEIX HOCUTEIICH.
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B pesynbraTe BO3HHKIICH KOHTAKTHOH Pa3sHOCTU MOTeHNMAI0B A, ypOBHU SHEPIUH 3IEKTPOHOB B P-obiacTu OymyT

cMeleHbl BBepX Ha BenudnHy €A, (puc.156).1Ipu stom ypoBuu Depmu, Wi cpefHHe SHEPIul CBOOOIHBIX HOCUTENIEH 3apsaa
B N- 1 P-TIOJIyIIPOBOJAHUKAX, HAXOIAIIMXCS B KOHTAKTE, BHIPABHUBAOTCS: E(g = E£ +e\d,. (162)

Juddy3noHHBIE TTOTOKH AJIEKTPOHOB U JIBIPOK M3 N- B P-007acTh U U3 p- B N-00J1aCTh, MPONOPITMOHATHHBIE KOHIICHTPA-
LM YaCTHIl BOJIM3U KOHTAKTHOTO CJIOsI, ypaBHOBelIeHbl. HO OCHOBHBIM HOCHUTEIISIM 3apsijia MPUXOAUTCS MPEO10IeBaTh OTCHIIH-

aNIbHBIH Gapbep BBICOTEI €A, . Uncio gacTull, CioCOOHBIX MPEoa0IeTs Oapbep, Mallo U OIPEASISIETCS pacipeaeneHneM bobi-

Masa. HOTOKy HEOCHOBHEIX HOCHTENEH 3alyparoniee 1moJje rnoMoraeTt, 1 OHU Mpeoa0JCBar0OT KOHTAKTHBIN CJIOM ITOJHOCTBIO. Y CIIO-
BUEC PAaBCHCTBA [[I/I(l)(l)yi’)I/IOHHI)IX IMOTOKOB, HAIIPUMEP, JJICKTPOHOB, 3alMUIICTCA KaK

eAd
3 | = - p
- =jp. n= consh. (163)
kg T P
IToxaxmtounm Teneps K p-N-Tiepexoy UCTOUYHUK BHEIIHETO 3JIEKTPUYECKOTO HampshKe-
HUs, KOTOPBIA cO3/aeT Ha KieMMax P-N-nepexoia pa3sHOCTh MOTEHUUANOB Ay =U,, H

jn_ p = constng ex

JIOTIOJIHUTENBHOE DJEKTPHYECKOE TIOJIE C HATIPSHKEHHOCTBIO Eg, . YpoBHn ®epmu B pP- u N-

obnactsax cmectarcs Ha Benmmunny €U, . Ecim mone E,, Hanpasieno mpotnBomonoxkHo 3a-

nuparoniemMy IMoJjro E3 pP-n-nepexoaa, TO TOJIIMHA 3alHUPAOIICrO CJI0s YMCHBIIACTCS

(puc.157). Takoe noAKIIOUEHHE p-N-TIEPEX0a HA3BIBAETCSA MPIMBIM. I10TeHIMAIBHBIN Gapbep
JUISL OCHOBHBIX HOCHTEJNIeH 3apsaa yMmeHblnaercs, a ux audQy3rHoHHbIN MOTOK BO3pacraet u
yKe HE CKOMIICHCHPOBAH OOpATHBIM MMOTOKOM HEOCHOBHBIX HOcHTelsieil. Tak Kak 3TH MOTOKU

E(‘i)) +e(,

palleHTHa S MEPEHOCAT IEKTPUUCCKHUIA 3apsil, TO B p-N-IIEPEX0e BOSHUKAET MPSIMOM 3JICKTPUIESCKUN TOK,
Puc.157 KOTOPBIH ¢ yuerom (163)3anuimercst st S1EKTPOHOB B BUAE  je = jn. p~] p. n=
e(Aq) 37 UBH) eU
=consthy exp-———————= |- congh? = condt]| exp—2L |- |:
kgT kT

AHaNOrMYHBIN TOK B TOM XK€ HalPaBI€HUU CO3JanyT U AbIPKH.
Ecnu nomeHsTh montoca BHEIIHEro uctounuka (puc.158), 1o ero mone E,, Gymer ycunusate 3anmmpatouiee moue E, .

- |+ Usu TonumHa 3aMUparoero cJios yBEIMIUTCS, KaK U BeJIMYHHA MOTEHIMAIBLHOTO Oapsepa. 1o —
1
L | J o0paTHOE MoaKIroueHHe P-N-miepexona. 3Hak Uy, B dopmyine 1t ToKka MOMEHSAETCS, H Ma-
= - 2 H =
P J [CEsi Eaw 7 JBIM CJIaraeMbIM exp(—eUBH / I<ET) MOXHO IpeHebpeub. Uepes p-n-miepexoi moTedyer 00-
D a— i i

5 PATHBIHA TOK, KOTOPBII MPaKTHYECKH OYZET TOKOM HEOCHOBHBIX HOCUTENCH 3apsia;
obparHoe
MOJIKITFOUYEHUE

i - p
JHeOCH - Consme .

[Momyunnu 3aBHCUMOCTh BENIWYHMHBI TOKa |, mpoTekaromiero depe3 P-N-epexon, OT
30Ha

P
13+
Ed’ NpOBOAUMOCTH  BCJIIMYWHBI IMPUIIOKCHHOTO BHCIIHETO HAIIPSKCHUA UBH’ WX BOJIBT-aMIICPHYIO XapaKTCpHu-

_____________ £y CTMKY p-n-nepexona (puc.159):

3arnpeiieHHas eU
30Ha — BH |_
I _IHeOCH ex 1. (164)
kg T
Prc.15¢ Tok co3maercst IBMKEHHEM Kak 3JIEKTPOHOB, TaK U JBIPOK. ]
Tak Kak KOHIIEHTpAIMs HEOCHOBHBIX HOCHTENEH 3apsana odeHb Mama: NE < Ny, To oGpaTHBIH TOK obpartoe
TIOOKJIFOYCHUC
OUYEeHb MaJl U TPaKTUYECKH MOCTosiHeH. Ho mpu Bo3pactaHnu oOpaTHOTO HANpsDKEHUS 10 BEJINYHHBI
Upp (Hanpsokenus npo0os), 06paTHbIH TOK pe3ko Bozpactaet (puc.159).91o — naBuHHbIi 1POOOH. U'np L 0 Usn
C pocToM 00paTHOTO HAINPSHKEHHS BO3pPACTAeT BEJIMYMHA Ha- IH/LOCH npsMoe
p-mn1 ES N-Tun npsbkeHHocTd E, 3ammparomiero moss, yCKOpSIOIIETO HEOCHOBHBIE HO- TOTIJTIOYCHHUE
-e -

AT CHTEN 3apsiia, HapUMep, 2JIEKTPOHBI B P-mojynpoBoaauke (puc.160). Puic.15¢

N .15¢

Ha paccrostnun cpenHeid JuIMHbI CBOOOAHOTO Mpobera A MOTEHIHAI I10-
1 M3MeHseTcs Ha BenmduHy E.A 1 Takoi 21eKTpOH ¢ 3apanoM —€ mpuoOperaeT sHepruio €E A .

eUnp Eciut 9Ta 9HEprus npeBbllIaeT MNPHHY 3anpelieHHoi 30ubl, €E,A 2 AE;, To nepBoHa4aIbHO yCKO-

PSBIIMICS 21€KTPOH 1 OTHaeT e€ BaJICHTHOMY 3JIEKTPOHY 2 M BHIOMBAET €ro
U3 MEXATOMHOI cBs3u (BaseHTHOW 30HBI). Jlanmple 3eKTpoHbl 1 1 2 CHOBa YCKOPSIOTCS MOJIEM

3anpelleHHas = .
P E, , BBIOMBAIOT HOBBIE JIEKTPOHBI, PO ele oHO paccrosHue A U T.1. (puc.160). Uncio Hocu-

5 30Ha
BaJIEHTHas 30Ha Tesel 3apsaa U 00paTHBIN TOK PacTyT JABUHOOOPA3HO.
Puc.160 OpmHako, Tpy BEIOMBAHHUH JJICKTPOHA U3 BAJICHTHOW 30HBI 00pa3yeTcsl KBa3U4acTHIIA-IbIPKa

C MOJIOKUTECJIbHBIM 3apsa10M +e, KOTOpass yCKOPACTCA MHOJIEM E3 B MPOTUBOIIOJIO)KHOM HAIIpaBJICHUU U, npoﬁm{ paccTossHuC )\,,

MPHOGpPETaET SHEPTHIO, JOCTATOYHYIO ISl 00pa30BaHMS HOBOM 3JIEKTPOHHO-IBIPOUYHOM mapsl u T.i. (puc.161).JlaBurooOpasHoe
HapacTaHHe YKCiIa HOCHTEIeH TOKa MOXKET IPOUCXOUTh Ha PACCTOSIHIHU TIOPsAKA CPe/IHe AMHBI CBOOOIHOTO mpodera A.



Benuunna 3anuparomiero moJsisi He OJMHAKOBA B Pa3HBIX TOUKAaX 3alHparoIIero cios. B maHHOM i
o . v 3
paboTe UCIoNb3yeTCss HECUMMETPHYHBIN P-N-TIEPeXxo1 Ha OCHOBE KPEeMHUsI Si ¢ TUIJICKTPUYCCKON MPOHU-  _¢
* [
AeMOCThIO € =12 . pP-MONyNPOBOAHUK JISTUPOBAH CHIIBHO M COJCPKHUT OIPOMHOE YUCIIO aTOMOB IPUMECH  —~—§ de
s ==
D

C BAaKaHTHBIMH CBs3AMH. [103TOMy ClIOH OTpHMLIATEILHOTO 3apsaa, BO3HUKIIEro mocine anpdysun B Hero —=—¢
3JIEKTPOHOB OYEHb y30K. N-IIOJIYHPOBOIHHK JIETHPOBaH C1a00 M 0671aCTh MOJIOXUTENEHOTO 00BEMHOTO 3a- : N
pAzia, MOSBUBLIETOCS MOCIE PEKOMOMHALMA C NPHILEAIMMA ABIPKAMH, 3aHUMAET NPAKTUYECKH BCIO WH-  sarmoaionu cioii
puHy & 3amupatomiero ciost (puc.162). Puc.161

IInoTHOCTH 3TOTO 3apsaaa OompeaciseTcs BEJIMYUHOM KOHIICHTpalun L[OHOpHOﬁ npuMmecud B N-

TOJyNIPOBOIHUKE: P = €I}, KOTOpas BCIOY OJIMHAKOBA. 3aBHCHMOCTh HATPSKEHHOCTH 3aITH- p-THn n=THI
paIOILEro MoJsg OT PACCTOSHUS X HIIEM C TOMOLIBI0 TeopeMbl ['aycca A 3aMKHYTOH MOBepX- LR e
HOCTH, 0003HaYeHHOU INTPUXOBOH JNMHMEN Ha puc.162, BHYTPH KOTOpOW HaxomuTCs 3apsi E—oi %—':—: T .
g = pSx. Bue 3anmparomero cmos E, =0, n nuanu E, mepecexaroT ToibKO OAHY HOIEped- TR Bt o 4B
S+ o+ o+ + o+t
nyro nnomanxy S Torna $E,dS=E, S= degy , otxyna E, =enyee . [padux otoit dynx- 1+ Steaxs
| —X—
UK PaKTHYeCKu oOpasyet Tpeyroibuuk (puc.2.44).I1pu BOZHUKHOBEHUH JIABUHHOTO MPO0O0s e E,
Pa3HOCTh MOTEHIMAJIOB HA 3aIIMPAIOIIEM CJIOe WIIM HaNpshKEHHe Mpo0osi OyieT paBHA IUIONIA N o6nacTs ! > Ermax
2 oOpazoBaHusi |7,
. _ _ (0 _ 1 — erQé JIAaBUHBI iL{’,
nox rpadukom: Ad, =U,, = jo E,dx= 5 Emaxd = 23—80. Orcroa mosty4aeM BBIPaKEHUE IS |7
o
2¢ee
KOHI[EHTPAIIMH TIPUMECH ng = —20UHp . (165) Puc.162
ed

Paccunrars Gpopmyiry st onpeesieH st IHPHHEL & 10 U3MEPEHHOM BenuanHe U, CII0XKHO, TaK KaK JABHHHEIHA IP0OOi

Oy/eT BOSHHMKAThH HE BO BCEH 00JIACTH 3aIMPAOIIETO CIIOS, @ TOJIBKO B 00JaCTH C JOCTATOYHO OOJIBINON BEIHYMHON 3aIHPAIOIIETO
noist. Ha puc.1623ta o6nacth 3amrpuxoBaHa. [1oaToMy Hcmonb3yeTcs: GopMylia SKCIIEPUMEHTAIbHO ONPEAeTICHHOW 3aBUCHMO-
CTH JIJIsl JAHHOT'O TUMA P-N-Tlepexoa;

6:2UHp In %
b b

riae au b —nocrosiHubIie, IpUBEIEHHBIE HA SKCIIEPUMEHTAILHON YCTAHOBKE.
SIBieHue JNABUHHOTO MPOOOS HMCHOJIB3YeTCs s CO3JaHHs MOJYIIPO-
BOJIHMKOBBIX CTaOMIUTPOHOB (auomoB 3eHepa). Dto P-n-mepexon (moaympo-
BOJHHMKOBBIN J10.), paboTaroIuil B 00JIaCTH JABHHHOTO Ipo6os (IpH Iojaue
obpaTHOro HampsokeHus, puc.159). Cxema MOIKIIOYEHUS U BOJIBT-aMIIEpHAS
XapaKTepUCTHKA CTaOWIMTPOHA M300pakeHsl Ha puc.163.3agaua crabunurpo- Puc.16<
Ha — cTabMIM3upoBaTh HanpsbkeHue. Kak Obl HU pocCIio MmojaBaeMoe Ha CTaOH-
NUTPOH Hanpspkerue Ug, Ipu foCTKeHHH HanpspkeHus npo6ost Uy, Hanpspkenue U,, cHUMaeMoe CO CTaOMIIMTPOHA, CTaHO-

LY

, (166)

Butcsa paBubiM U, = U, 1 ocraéres moctosHHbIM (puc.163).
2 np

[opsiok BeINONHEHHS PaOOTHI
1. O3HaKOMHTBCS CO CXEMOW YCTaHOBKH, ITOKa3aHHOM Ha puc.164.BxoxHoe Ha-
npsokenueU; =Ug +U, cHumaeTcs ¢ norenuoMerpa R u nopaéres Ha mocienoBaTeb-

HO COeZMHEHHbIE 6AJUIACTHOE CONPOTHBICHHEe Ry M ONMH U3 IEMEHTOB: a) CTaOHINTPOH

C; 6) muox /I B ciaydae mpsiMOTO TOAKIFOUeHUs; B) 110 J] B ciiydae 06paTHOTO MOKITI0-
YeHUs. DIIEKTPUYCCKHUIA TOK, TEKYIIHHA Yepe3 3TOT dJIEMEHT, ONpeAersieTcs 1o popmyIie

U, -U Puc.164
| =—1 =2, (167)
Rg

JluneBas manens ycTaHOBKH M300paxkeHa Ha puc.165.TIpu omxaTol KHOTIKE
“Bp10ODP” B 1emb puc.164nogkmodaercs cTadumuTpoH. [Ipy HakaTo# KHOTKe “BBHIOOP” B
LeMb TOAKIIYAETCs TOAYIPOBOAHMKOBBIN THO/ B PEXKUME MPSIMOTO BKIFOUSHHUS, €CITU W W
HakaTa KHOIKA “JMON" M B peXXMMe 00paTHOTO BKJIFOUCHUS, €CJIA KHOTIKA “ IO OTKa-
Ta. opsAIIuii CBETOIHOA-HHIMKATOP MOKA3bIBAET, KAKON M3 DIIEMEHTOB MOJKIIIOYEH K CO- 00p.BxT TpAM. BT cTabunnTpOH corb
npoTusieHuo Ry BI‘ﬂ:6(|)p OR —

2. Pyuky notennuomerpa R HOBEpHYTH IMIPOTHB YaCOBOW CTPEJIKH 10 yIopa. Prc. 165

3. BKJIIOYHTH YCTAHOBKY B CETh.
4.3aMKHYTb LENb KIH0YoM S (KHOIKa “ceTs”).
5. Memstst Bxoguoe Hanpspkerne U;  oT O 10 MakcHMalbHO BO3MOXHOTO Yepe3 paBHbIC HHTEPBAIBI, CHITh 3aBUCHMOCTb

U,=f (U l) JUTSL CTAOMJIMTPOHA M JIJISL IMOJA C TIPSIMBIM M OOpaTHBIM MOAKIIOUYeHUEM. J[aHHbIe 3aHECTH B TaOIHUILY.
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= OMm (3HaveHHe MPHUBEJCHO HA YCTAHOBKE) Tabmuna
CTaOMIUTPOH U,.B
uU,,B
I, MA
A0, IPSAMOE U,.B
BKITIOUCHHE U, B
I, MA
o, oopatHoe U,.B
BKITIOUCHHE U, B
I, MA

6. BBIKIIIOUNTD yCTaHOBKY.
7.11o dpopmyse (167)onpenenuts 3HaYCHHE TOKA |, MPOTEKAOIIETO Yepe3 CTAOUIUTPOH HIIH AHOJ, I KaXIO0ro 3HaYe-
Hus Hanpspxenus U, . Pesynbrarsl 3anectu B Tabuuny.

8. Noctpouts rpaduku 3aBucumocteid | = f (U 2) Juist crabuimTpoHa u nuoaa. CpaBHUTH UX ¢ rpadukamu Ha puc.163
n 159

9.Ilo rpaduxy | = f (U 2) Autst CTAOHIIMTPOHA ONPE/IETHTh 3HAYCHHE HANPsDKEHHS Ipobost U pp =.......... B.

10.11o dpopmyste (166)paccuntaTs MHUPHHY 3aMHPAIOLIETO CI0s P-N-epexoaa CTAOHIUTPOHA & = .......... M.

11.TIo dopmyre (165)BLUUCINTS KOHIIEHTPALHMIO OCHOBHBIX HOCHTENEi 3apsia (KOHIEHTPALHIO IPUMECH) N =... M .

Benmmuunst @, bu € nipuBeieHbI HA YCTAaHOBKE.

KoHTposbHBIE BOIPOCHI K JIabopaTopHOU padoTe Ne 43
1. Kakue sHepreTH4ecKue 30HbI HA3bIBAIOTCS 30HON MPOBOJIUMOCTH M BaJICHTHON 30HON? UeM OTIIMYAIOTCS 3JICKTPOHBI, HAXOIS-
myecs B 3TUX 30Hax ? [ToyeMy 2JIeKTPOHBI HE MOTYT HAXOIUTHCS B 3aIPEIICHHON 30HE?
2.Yro Takoe kBazudacTuia-npipka? Kak ona odpasyercs u nepeMemaetcs?
3. YeM oTIIMIArOTCSI COOCTBEHHBIE M PUMECHBIE TIOTYTPOBOTHUKA ?
4. Yem 0oTIHYAIOTCS MOJYMPOBOAHUKH P-TUMA U N-TUMa? YUTO SBJISETCS OCHOBHBIMU U HEOCHOBHBIMH HOCHTEIISIMH 3apsijia B 9THX
noJynpoBogHukax? KakuM o0pa3oM OHH MOSIBISIOTCS B MOJYHNPOBOAHHMKE, M OT YEro 3aBHCUT WX 4ucio? [IpHu Kakux yclIoBHSIX
YKCII0 HEOCHOBHBIX HOCHTEJICH B MOJIYIPOBOIHUKE MOXKET MPEBBICUTH YUCIIO OCHOBHBIX HOCUTEIICH 3apsaa’?
5. Kak BO3HHKAIOT JOHOPHBIC U AKICITOPHBIC YPOBHU SHEPTUH ?
6. [oxyuute popmyny (161)u 06bscHUTE €€ BBIBOL.
7.Yro HasbiBaercst sHeprueii (ypoBHem) DepMu U rjie pacioiokKeH STOT YPOBEHb B MOIYPOBOHUKAX N- U P-TUIA?
8. Kak Bo3HHKaeT 3anmparomuii ciioi B P-N-nepexone? Uem onpenensercs HalpaBiICHUE HANPSDKEHHOCTH 3aTUPAIOIIETO MO ?
9. O6bsacuute popmyny (163).
10. Umeetcst p-n-niepexon. Kak Hamo MOAKIIOYUTH BHENTHUA MCTOYHHK HATPSDKEHUS, YTOOBI 3alMPAIOIIHA CIIOW YMEHBITHICS?
Yeenuuuncs? Kakoe moakiIroueHre Ha3bIBAETCS TIPSIMBIM B OOpaTHBIM ?
11. O6bscHuTE TpaduK BOIBT-aMIIEPHON XapaKTEPUCTUKU P-N-tiepexoa. [ToueMy TOK Mpu MpsIMOM BKITIOYSHHH BO3pacTaeT dKC-
MOHEHIUATIBHO, @ TP 00PATHOM BKIIFOUEHHH HE U3MEHSETCS?
12.Tloyemy p-N-miepexo/1 UCTIOJIB3YIOT B KAUECTBE BBIIPSMUTEINS TOKa?
13.Tloyemy mpu yBEIUYEHUU OOPATHOTO HATIPSKCHHUS HAOIFOIACTCS PE3KOEe YCHUIIEHUE TOKAa HEOCHOBHBIX HOCUTENEH 3apsiia?
14. O6bsAcHUTE BO3MOKHBIC MEXaHU3MBI JIABUHHOTO IIPOOOS.
15. Kak paboTaeT mosyrnpoBOHUKOBBIN CTAOMINTPOH M KAKOBO €ro IpeIHA3HAYCHUE.
16.TIpojernaiiTe BBIBOJ] HATPSHKEHHOCTH 3aMTHUPAOIIETO TI0JIT B HECUMMETPUIHOM P-N-miepexoe (puc.162).
17.Tonyuute dopmyny (165) 1151 KOHIIEHTpALMH IPUMECH OCHOBHBIX HOCUTEIIEH 3apsina.
18. Kak usmenutcs popmyna (165),ecnu p-n-nepexoa OyaeT CUMMETpHUYHBIM (KOHLIEHTPALMH IPUMECH B 000X MOJTYIPOBOAHH-
KaxX OJMHAKOBBI)?

Jluteparypa
1. CasennseB U.B. Kypc ¢pusuku B 3= 1r.: T. 2: Dnekrpuuectso - M.: Hayka, 1970.- 88 72, 78.

2. Konmaxkos 0. H., JleBun /.M., Cemun B.A. OcHOBBI (pM3UKH KOHAEHCUPOBAHHBIX cpea U pusuku Mmukpomupa: 4.1,
-u3a. Tynl'Y. 2014,r1.6 86.2, 6.3, 6.5.

PaGota Ne44. M3ydeHne moaynpoBOHHKOBOTO TPHOIA

[{ens pabGoOTHI: O3HAKOMIIEHHE C YCTPOHWCTBOM M pabOTOH MOIYMPOBOJHUKOBOTO TPUOJA, CHITHE BXOJHON M BBIXOHOM
XapaKTePUCTHK, onpeneicHne kodhpuinenTa yCuacHus .

TeopeTndeckoe ONMMCAaHUE

ITonynpOBOAHKUKY JISTHPYIOT, HOOABINSS B UX PEMIETKY MpuMech. Ecim aToMBI IpuUMecH cojiepkaT OoJbIliee YHCIIO Ba-
JISHTHBIX 3JIEKTPOHOB, YeM aTOMBI OCHOBHOH PEMIETKH MOJYIPOBOIHUKA, TO MPUMECH HA3BIBAETCS JIOHOPHOW, U B MOJTYICHHOM
TakuM 00pa3oM MPUMECHOM IOJYIPOBOTHUKE N-TUIA OCHOBHBIMH HOCHUTEIISIMU 3apsaa OYAyT 3JIEKTPOHBI. ATOMBI aKIENTOPHON
MIPUMECH COJEPKAT MEHBIIIEE YHUCIO BAJIEHTHBIX AJIEKTPOHOB, U B MPUMECHOM MOJYIPOBOJHUKE P-TUIA OCHOBHBIMHM HOCHUTEISIMHU
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3apsiga OyAyT KBa3UUacTHUIIbI-JBIPKH.

B o0xacTy KOHTaKTa NOJXYNPOBOJHHUKOB [0- U N-THUIIA BO3HUKAET 3alUPAIOIIUI CIIOH, SJIEKTPHYECKOE 110JIe KOTOPOro Ipe-
ISITCTBYET TOKY OCHOBHBIX HOCHTEJIEH N TIOMOTaeT TOKY HEOCHOBHBIX HocuTeseit 3apsina. [Ipunaras Kk KOHTaKkTy npsMoe BHeLIHee
HalpspKeHHE, MOXHO YMEHBIINTH 3alMpParoIinil CJI0i W YBEJIMYUTb TOK OCHOBHBIX Hocuteneil. [Ipu BKIltoueHHH 0OpaTHOrO Ha-
NpsDKEHHS TOK OCHOBHBIX HOCHTEJIEH OTCYTCTBYET M Yepe3 P-N-nepexo]] TeYeT O4eHb Malbli 00paTHBIH TOK HEOCHOBHBIX HOCHUTE-
neii 3apsaa (puc.159). JleransHoe 00BICHEHHE MOABJIEHHS IPUMECHON IPOBOIUMOCTH B IIOJNYIIPOBOAHUKAX P- M N-THIIA U 00BsIC-
HEHHUE BOJILT-aMIIEPHOW XapaKTEPUCTUKHU P-N-TIepexo/1a MOKHO TPOYECTh B OIMMMCAHWH JIA00paTOpHOU padboThl Ned 3.

[oaypoBOIHUKOBEIN TPHO (OUIIOJIAPHBIA TPAH3UCTOP) COCTOMT M3 TPEX JIETUPOBAHHBIX O0JIACTEN ¢ YepeqyIOIIUMCS
THIIOM TIpOBOIMMOCTH (P-N-P Wik N-P-n): aMuTTepa, 6a3bl U koiutekropa. OH MO3BOJISET YIPABIATH TOKOM, TEKYIIUM IO TIOIY-
MPOBOJIHUKY W YCHIIMBaTh JIHOO BXOMHOE HAMpPsDKEHHE, MO0 TOK. BXOMHO#M CHTHAM MomaeTcss Ha SMUTTEPHBINA mepexon (p-n-
MEepPexo. MEXXAY IMUTTEPOM U 6a30i), BBIXOAHON — CHUMAETCsI ¢ KOJUIEKTOPHOTO P-N-Tiepexoaa Mexay 6a30ii i KOJIIEKTOPOM.

B nanHo# paboTte P-N-P-TpaH3UCTOP MOAKIIOYEH MO cxeMe ¢ obueii 6a3oit (prc.166).

BxoanbM curHanom Oyzet najgenue Hanpsokenus Up, =U, Mexay smuTTepoM u Oa-

300, KOTOpPOE MOXHO M3MEHATH C TIOMOIIBIO peocTaTa. B cooTBeTcTBHM ¢ prc.157 Takoe mom-
KJIroueHne OyJeT HpsIMbIM JUisi P-N-Iepexoa Ha rpaHuiie SMUTTep-0a3a. ToluHa 3anuparo-
IIETO CJIOSl B 3TOM IIepexo/ie yMEHbIIaeTcs, a TOK |, , TeKyIuid yepes SMHUTTEp PE3KO yBEIH-

YMBACTCA JaXKe IpU HEOOJIBLIIOM YBCIIMYCHUUN AUB BXOJHOI'O HAIPAKCHUS.

Cospatomue Tok |, OCHOBHbIE HOCHTENH 3apsa (B JAaHHOM CiIydae 3TO JbIPKH U3 P- peocTar R
0061acTH) monajaoT B 6a3y U HAUMHAIOT PEKOMOMHHUPOBATH C OCHOBHEIMH HOCUTEIISIMH 3apsiaa 7 n16 5
B Hel (¢ anexTpoHamu). [13-3a 3TOro NpoHUKAIOMUIT U3 IMUTTEPA OTOK OCHOBHBIX HOCHTENEH -3
3apsjia 0JKEH yMEHBINAThCA C ITyOMHOM mpoHMKHOBeHHs B Gasy. Paccrosmme |, Ha KoTo- _Z ::1; _[:
POM TaKoi IOTOK yMEHbIIaeTcs B €= 2,72 pa3, Ha3bIBaloT AU((y3MOHHON AIMHOM. omurrep g1 komnexTop
Ba3y jmenaroT HaCTOJNBKO TOHKOM, 4TO ee TommuuHa |g < 10" M oKa3sbIBaeTCS MHOTO 6a3aPHC 166

Menbine nud@ysuonnoit anunel g <. [lo3TOMy OCHOBHBIE HOCUTENHU 3apsjia B IMUTTEPE,

co3jamonye Tok |, , He ycreBaloT peKOMOMHUPOBATH B 0a3e M OKa3bIBAIOTCS B KOJUIEKTOpE, rae co3maioT Tok |, . Kpome Toro,
YTOOBI YMEHBIIUTHh PEKOMOWHAIIMIO B 0a3e ee¢ JETUPYIOT 3HAUYUTEIBHO ciiadee, 4eM IMUTTEP U KOJUIeKTop. [loaToMy uucio HocH-
TeJe 3apsyia, He YCIeBIINX PEKOMOMHUPOBATH B 0a3e U NEPECKOYMBIIUX U3 SMUTTEPA B KOJUICKTOP, YMCHBIIACTCS HE3HAUUTEIb-
Ho. Hocutenu 3apsna, pekoMOuHUpOBaBLINE B 6ase, co31ar0T Mainblii ToK |g (puc.166). CoxpaHuBuinecs mocie mnepexona us
3MHTTEpA JbIPKU OyIyT HEOCHOBHBIMH HOCHTEISIMH 3apsija B 0ase (mosynpoBogHuke N-tuma) u cosparot Tok | =1, =I5, Texy-
IUA Yepe3 KOJUICKTOP.

Hanpspkenrne Ha BTOpoM P-N-iepexoae 0a3a-KOJUIEKTOP COOTBETCTBYET OOpaTHOMY MOAKIIOYCHHIO M, KaK CICIyeT W3
BOJIbT-aMIIEPHOH XapaKTepUCTUKH P-N-riepexoja Ha puc.159,mpakrtudecky He BIUSET Ha BEIMYUHY TOKAa |, HEOCHOBHBIX HOCH-

I
teneit 3apsaa. KoagduuuenT ycnneHus no Toxy a=X=1--20 (168)
2 | 2
Bcerna OyneT MeHbLIe eJUHHIBI, T.. YCHICHHE II0 TOKY OTCYTCTByeT. OOGBIYHO MOIKIIOUCHHE TPAH3UCTOPA IO CXeMe ¢ oOmei

0a30# HUCHOMB3YIOT JUIsl yCUIIEHHs BbIXOaHOTO Hampspkenus Ug, =U, =1, R= 1R, KoTopoe MOXHO yBEINYUTh, yBETHIUBASL

GOJIBILIOE COMPOTHUBIEHNE R, BKIIOUEHHOE B IIENb KoJuiekTopa (prc.166).

Bxo/1HOIf BOJBT-aMHEPHOH XapaKTEePHCTUKOH TpaH3WCTOpa HasblBaeTcs 3aBucuMocTh |, = f (Ua) L 1150
npu U, =const. Tak kak BXOAHOE HANpsHKCHHE COOTBETCTBYET NMPSAMOMY MOIKIIOUEHHIO 3MHUTTEPHOTo P-N- ) U=0
nepexoja, To, coriacHo puc.159,tok |, , Tekymuil yepe3 IMUTTEp, PE3KO BO3PACTAET Us
Uos>Unn Jake IpH HeOONBIIOM yBeIndeH!un BxogHoro Hanpspkenust U, (puc.167).ITosromy paxe Puc.167
Ux>Us1 HebonblIoe M3MEHEHHE BXOAHOTO HanpspkeHus U, NpUBOAMT K GOJIBLIIOMY M3MEHEHHIO
Usi>0 TOKa B Komnekrope |, =al, =1, .
=0 BbIX0/HO#i BOJBT-aMIIEpHON XapakTepUCTUKON TpaH3ucTOpa Oyner 3aBucumocth |, = f (U l()
0 Us« mpu U,=const. Hanpsokenne U, mogaHO HAa KOJUIEKTOPHBIA P-N-TIEpexoi B 0OpaTHOM HAIPABIECHHH U
Puc.168
IPAKTHYECKH HE BIUSET Ha BeJMuuHy Toka |, (puc.168).
Takum 06pa3oM, BKIKOYEHHBIH 10 cXeMe ¢ o0lIel 6a30i TPAaH3UCTOP MO3BOJISET YNpaB- 1 _
JISITh HAMPSKEHUEM Ha BBIXOJIE M TIOIY4aTh OO0JIbIION KOA(MOUIHMEHT YCHUICHHS 10 HAMPSHKEHUIO 4|
AU, =% - RAI, (169) Is ) n16 .
AU, AU, AU, Iy 3=
3a CYET PE3KOIo YBEJIMUYEHHs ToKa |, Ipu HEOONBIIOM YBEINYEHUH BXOJHOrO HanpshkeHus AU, . I :I:E _11<>
MOKHO HCIOJIB30BaTh TPAH3UCTOP U KaK YCHJIUTEIb TOKA, BKIIOYAs €ro o cXeMe ¢ 00- A/x  smutTep Gasa KoJnexkTop

muM smurrepoM (puc.169). Ananornuno cxeme Ha puc.165, Tok |, , Texymmuit gepes smurTep + I—_@ s
YCUJICH TIPH NPSMOM IOJKITIOYEHHH BHEIIHETO HANPSHKEHHUS MEXKIY SMHTTEpoM H 6a3oil. Hocu-

TEJIN 3apsiAa, CO3IA0IINE 3TOT TOK, HE YCIIEBAIOT 3aMETHO PEKOMOWHHPOBATh B OYEHb TOHKOH Puc.169
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0ase, TOK |5 B KOTOpOI OueHb MaJl, X OKA3bIBAIOTCA B KOJLUIEKTOpE, co3aaBas Tok |, =1, —| 5. Koadduuuentom ycunenus no
TOKy OyJeT OTHOIICHHEe U3MEHEHNS TOKa B KOJUICKTOpE K M3MEHEHHUIO TOKa B Oa3e:
_Al Al -Alg

A A

Kak BuiHO, 3TOT K03(DUIMEHT yCHIIEHHS ONpPENIENsIeTCs COOTHOMEHHEM Mesxky uddysnonnoit amunoit |, u Tommu-

~100+ 100C. (170)

HOI 0a3bl IE , @ TAKIKC CTCIICHBIO JICTUPOBAHUA SMUTTEPA, KOJIJICKTOpA U 0askl.

[ops10K BEINONHEHHS PaOOTEI
1. Pa3beputech B Ha3HAYEHUM M PACTIONOKEHHUH 3JIEMEHTOB CXEMBI, H300paxkeHHOI Ha puc.166.Hanpsxenune U, Ha

BXO/JI€ U3MepsETCsl BOJILTMETPOM V4, HanpsbkeHue U, Ha BBIX0JlE — BOJIBTMETPOM V>, TOK SMUTTEPA U KOJUIEKTOpA — MUJIIIMAM-
nepMmerpamu MA; 1 MA; cooTBeTcTBeHHO. OnpeieNuTe ey AeNeH s Kalbl Ka)X0ro U3 NpuOopoB.
2. CHuMHTE BXOIHYIO XapakTepuctuky |, = f (U 3) HOJIyIpoBOgHUKOBOrO Tpuoga npu U, =0, u3Menss HanpspkeHHe

U, ot Hyi1s1 10 MakcuManbHO Bo3MoskHOTO yepe3 0,4B (cm.puc.167). [Janusie 3aHecute B Tadmuiy 1. Tabmuma 1.

U,.B

1, A

R, Om

3. CHUMUTE BBIXOAHBIE XapaKTEPUCTHKH TIOIYIIPOBOAHUKOBOrO Tproaa |, = f (U K) npu U, =0, 1, 2, 3B, usmenss Ha-

npsbkenre U, OT HyJIst 10 MAKCHMaIIbHO BO3MOXKHOT0 depe3 1B (cm.puc.167).. lanusle 3aHecute B Tabnuiy 2.

Tabiuma 2.

u,,B | I,,A U

(mprt U ¢ max)

91 27

Us
4. Vicnionp3ys TaHHBIE TaOIHIBI 1, oTIpeieTuTe BXOIHOE CONPOTURIICHHE Tproaa R = I_ .

5.Tlocrpoiire rpaduk 3aBucumocru |, = f (UB) mpu U, =0.
6. ITocrpoiite rpaduku 3apucumoctu |, = f (U l() 1u1s Beex 3HadeHui U, (ceMeiicTBO KPHBBIX, aHAIOTHYHBIX puc.168).

7. Onpenenure K0O3GHHUIMEHTH! yCHIICHHS 10 TOKY O = — npu makcuManbHOM 3Ha4eHun U, u pasnuanbix U, .

e}

KonTpoabHble BOmpocH! K labopaTtopHoi paboTe Ne 44
1. Kakue sHepreTHUeCKrUe 30HBI HA3bIBAIOTCS 30HOM MPOBOJAWMOCTH M BAJICHTHOH 30HOW? [loyemMy 3JIeKTpOHBI HE MOTYT Haxo-
JIUTHCS B 3aIIPEIeHHON 30HE?
2. Yto Takoe KBa3u4acTHIla-apipka? Kak oHa o0paszyercs u nepeMeriaeTcs?
3. UeM OTIIMYAOTCS MTOTYMPOBOIHUKHU P-TUMA U N-THa? UTo SBJISETCS OCHOBHBIMH U HEOCHOBHBIMU HOCHUTEIISIMU 3apsia B 9THX
MOJTYNpoBogHUKAX ? OT Yero 3aBUCUT UX YHCIO?
4. Kak BO3HHMKACT 3aMUPAIOIINIA CJIOH B P-N-Tiepexoae?
5. Nmeetcst p-n-nepexon. Kak Hamo MOAKIIOYHTH BHEIIHWN MCTOYHHK HATPSKCHUS, YTOOBI 3alUPAIOLINIA CIIOW YMEHBIIUICS?
Yeenuuuncs? Kakoe moakimroueHre Ha3bIBAETCS TPSIMBIM B OOpaTHBIM ?
6. O0bsicanTe TpadvK BOJHT-aMIIEPHON XapaKTEPUCTHKH P-N-miepexona. [louyemMy TOK TpH MPsIMOM BKITFOUEHUHU BO3pPAcTaeT JKC-
MTOHEHITNATIHHO, a IPX 00PAaTHOM BKIIOUCHUH HE U3MEHSACTCS ?
7. Kak ycTpoeH OUITOJIIpHBINA TPAH3UCTOP M KAKOBA CXeMa €ro MOAKIIOYEHHUs ¢ 00IIei 6a30ii?
8. Ilo xakum npuyuHaM Tok |g , Tekymuil uepes 6a3y oueHb man?

9. Kak onpenenuts KO3QPUIMEHT ycuiieHHs 0 TOKY ¥ IOYeMy B JJaHHOW paboTte oH MeHblie 17

10. Yto Ha3pIBaeTCsl BXOJHOM M BBIXOJIHOHN BOJIBT-aMIIEPHON XapaKTEPHCTHKOHN MOJYNPOBOAHUKOBOrO Tproaa? OObSICHUTE BHUI
rpadukoB Ha puc.167u puc.168.

11.TToyemy npu IOJKITFOUEHUH TI0 CXeMe ¢ 00IIel 6a30i monydaercs 600JabIIoN KOAPGUITUEHT YCUIICHHUS M0 HANIPSHKCHHIO ?
12.Tloyemy nipu IOJKITIOYEHUH 110 CXEME C OOIIMM dMUTTEPOM TOTydaeTcss 00JbIION KO3 (UITUEHT YCUIICHHS IO TOKY ?

Jlureparypa
1. Casenbes U.B. Kypc ¢usuku B 3x 11.: T. 2: Dnexrpuuectso - M.: Hayka, 1970.- §78.

2. Konmaxkos 0. H., JleBun JI.M., Cemun B.A. OcHOBBI ()M3UKH KOHAEHCUPOBAHHBIX cpea U pusuku Mukpomupa: 4.1,
-u3a. Tynl'Y. 2014,r1.6 86.5.



93
PaGota Ne45. MccnenoBanue 2IEKTPUIECKUX XapaKTEPUCTUK
MOJIYIIPOBOTHUKA C TOMOIIBIO ddexTa Xota

ﬂem, [2360TBI: U3MCPUTH XOJUIOBCKYIO Pa3HOCTh IMOTCHONAJIOB U BBIYHUCIIUTE ITOCTOSIHHYIO Xonna, KOHOCHTpAIUIO HO-
cureneu 3apsaja U uX MNOABUKKHOCTH B UCCICAYEMOM IMOJYIIPOBOJAHUKE.

TeopeTnueckoe ONMMCAHUE
Oddekrom Xonna Ha3pIBaCTCS MOSBICHUE TIONEPEYHON PA3HOCTH MOTCHIIMATIOB B MPOBOJIHUKE C TOKOM, IOMEIIIEHHOM B
MarHMTHOE MOJIE.

Tok | cospaercst ynopsI04eHHBIM ABHKEHIEM CBOOOJHBIX HOCHTENEH 3apsija B mo-  O/YIPOBOIHHK TE’;ECT/;]
JYIPOBOJIHUKE — DJIEKTPOHOB W JABIPOK, ABMXKYIIUXCS CO CpenHen E{peI/I(bOBOI/I CKOPOCTBIO. @, B 0, 1
[110THOCTL TAKOTO TOKA C Y4ETOM 3HaKa 3apsi/a YacTHIl UMeeT Bul | =—enV, +env,,rae [ f o [, «e "¢

€ A aft <=M snexrpoi
Ng ¥ N, —KoHueHTpanuu, Vg U V; — IpeiidoBbIe CKOPOCTH IIEKTPOHOB M ABIPOK COOTBETCT- f—Ve Ex-
d -
BEHHO. HOJTprOBO,Z[HI/IK/—T B;ECT; j
v B v - -
B monepedyHoM MarHMTHOM TI0JI€ ¢ UHAYKIMeW B Ha yacThIel ¢ 3apsimoM ( IEHCTBY- 0, p-Tuna Bl g
— oD = —Vp—= [
€T MarHuTHas cocTaBisitomas cuisl Jlopenua F, = q[v, BJ, OTKJIOHSIONIAS WX B nepnenau- -7 AR e~
I 1 ZZ M+ +e
- o al- E e + JIbIpKH
KynspHoM Hanpasienun (puc.170).B pesynsTaTe Ha oqHON 6OKOBOI rpaHM IOJIYHPOBOAHMKA ¥|=fx<—"""—4
00pa3yeTcst H30BITOK AJICKTPHYESCKOTO 3apsijia, MPUHECEHHOTO YacTUIAMHM, a Ha JPYIOM — HX d Puc17C
UC.

HCJOCTaToOK, T.C. 00JacThb ¢ 3apsAI0OM NPOTHUBOIIOJIOKHOI'O 3HAKaA. OTH 3apsabl CO34at0T B IIPO-
BOJHHMKE C NOINCPEUYHBIM pasMepoOM d MONEPEYHOC ICKTPUUCCKOC IMOJIC C HAIIPAKCHHOCTBIO

E, =U,/d (171)

— noste X0Ju1a ¢ XOJUIOBCKO# pasHOCThIO moTeHimanoB U, = ¢ —¢,, koTopas onpenensercs yciaoBHEM PaBHOBECHS JIEKTPHYE-

CKOI 1 MAarHUTHOM CHII, ﬂeﬁCTBy}OHIPIX Ha 3apsDKCHHYIO YaCTUIY B IIONCPCUYHOM HAPABJICHUHU!

F,=-F, wm eE =eB. (172)

B nprMecHOM MoJIyNpPOBOAHUKE KOHIIEHTPALMs HEOCHOBHBIX HOCUTENIEH 3apsijia IPEeHEOPEKUMO MaJIa, ¥ UX BKJIa1 MOXK-
HO HE YYHUTBIBATH 110 CPABHEHHIO C TOKOM OCHOBHBIX HOCHUTeJeH 3apsaaa. [IOTHOCTh TOKa ONPENEISETCS TOILKO KOHIIEHTPALMEH
N OCHOBHBIX HOCHUTEJIEN M MX IPEH(POBOH CKOPOCTHIO V: j=env. (173)

W3 puc.170BunHo, YTO B IOJIYNPOBOJHUKAX P- M N-THIIA HAaIpaBJeHUE HANPSKEHHOCTH XOJUIOBCKoro nois E, onuna-
KOBO, HO ITPOTHBOIIOJIOKEH 3HAK 3apsi/ia Ha OOKOBBIX TPAHSX IMOJYIPOBOAHUKA. ITO MO3BOJIIET ONPEACIUTH HE TOJIBKO BEIHUUHY,
HO W 3HAK 3apsja 4acTHUll, CO3IAI0NINX TOK | =S =ervlad, (174)

rae S = ad- miommans nonepeyroro ceuenus (puc.170),T.e. ONpenenuTh THIT ITOJYIPOBOJIHUKA.
Ucnons3ys coorHomenus (171), (172u (174),naxonum:
UX=EXd=VBd=iE AITH UX=RXE, (175)
en a a
rne R, =1/ en- mocrosunas Xomuna.
BennauHy TOKa B MpOBOAMICH cpelie XapaKTepU3yIOT BETUIMHON MOJBMIKHOCTH L CBOOOHBIX HOCUTeNeH 3apsna. Ona
paBHA OTHOLICHHIO APeH(OBOIl CKOPOCTH HOCHTENeil 3apsiia K BeINYMHE HANPSKEHHOCTH E_, NPOJOIBHOrO CTOPOHHEro JJek-

TPUYECKOT0, CO3/IAIOIIETO 3TOT TOK: H=V/E, . (176)

ITI0THOCTB TOKA ] MOXHO 3amucath ¢ MOMOLIbI0 3akoHa OMa B JIoKanbHO# Gopme: | = OE, . IIpupaBHuBas K BbIpaxke-
1 N
Huto (173)c¢ yuerom (176),Haxogum | =—0 = R, 0, rae 6 — yAenbHas IPOBOAUMOCTS cpeasl. E€ BenmunHa, a Taxoke pasmep a
en

MPUBEJICHBI Ha SKCIIEPUMEHTAILHOM yCTAaHOBKE.

3ameTnM, uTO nocTOsIHHAs Xouta paHa R, =1/ en tonbko B MeTanax, rae cBOOOHbIE HOCUTENH 3apsiia 00pasyloT BbI-
POXIICHHBIN SJIEKTPOHHBIN ra3 U Mo MUUHSIOTCS pacipenenenuo Oepmu-/Iupaxa (150).

B mosynpoBoHUKAX 3TOT ra3 HEBBIPOXKIAEH M MOJUUHSIETCS pacrpeneieHuio Makcgeiia-bonbimana (152). Yuer pac-
MIPECIICHHSI AIIEKTPOHOB O YHEPTHSAM U CKOPOCTSM MPUBOJIUT B 3TOM CITydae K BEIPAKCHUIO

3
Ri=—. (177)
8en
HOSTOMy IIOABHNKHOCTHh OCHOBHBIX Hocheneﬁ 3ap5ma B HOHprOBOI[HI/IKe BBIYHUCIIACTCA 11O (bopMyne
3n
U= ? Ol RX . (178)

Jns u3Mepenus X0oI0BCKOM pa3sHOCTH noTeHuuanoB U, Kk G0KOBBIM IOBEPXHOCTAM HONIYIPOBOJI-

HUKa MPUCOCANHAIOT KOHTAKTBI U3MEPUTECIBHOI'O an60pa (BOHLTMeTpa). C[[eﬂaTL 9TO Tak, YTOOBI BOJIBT-
METPp U3MEPAJ TOJIBKO BCIMYUHY UX 3aTPpYAHUTEIILHO. KOHTAKTHI 6yﬂyT NOACOCAUHEHBI B TOYKaX, CABUHY-

ThIX Ha paccrosaue Al B pononsHOM HampapieHuH (puc.171).IoaToMy BONBTMETP H3MEPHT Pa3HOCTH IO-
tenuuanos U; =U, +AU., roe AU, = E_, [Al - gomonnutensHas pa3HOCTh IOTEHLMATIOB, BbI3BAHHAS

Puc.171

cT?
MMPOAOJIbHBIM CTOPOHHUM JDJICKTPUICCKUM ITOJIEM, CO3AAal0IIUM TOK.
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Ecnu noMmeHsTs HanmpaBlleHWEe MarHUTHOro nojii B, To Ha puc.170nanpasnenns cun F, u F, n 3naxu 3apa10B no-
MEHSIOTCS MECTaMH, a BEJIMYMHA MOMEPEYHON XOJUIOBCKOM Pa3HOCTH MOTCHIMAIOB U3MEHHT 3HAK. BOJIIETMETp U3MEPUT pa3HOCTh
noteHuuanos U, =-U, + AU, . [IpoBozas aBa u3MepeHus ¢ pa3HbIMU HalpaBlIeHUAMH 1oii B, MoxxHO yOpaTh acUMMeTpUIO B
MOJIKJIIOYEHHH U3MEPHUTEIILHOTO MPUOOpa U U3MEPUTh TOYHOE 3HAUCHUE BETUIHHBI
Uy =(Up-U,)/2. (179)
Hopsnok BeIMOIHEHHS PAOOTEI
1. O3HaKOMBTECh C YCTAHOBKOW ISl MCCIIEAOBAHMSI MOJIYNPOBOIHUKA U C €€ JIIEKTPUUYCCKON
cxemoit (puc.172),koTopasi COCTOUT U3 ABYX IleNei: nenu obpasia u menu snekrpomaraura. O6e 1e-
U TyMOJIEPOM S MOAKJIIOYAOTCS K CBOMM UCTOYHHUKAM MOCTOSTHHOTO TOKA, PACIOJIOKCHHBIM BHYTPU
mynbTa ynpasieHus. Llenu comepxaT MuuinaMmnepMeTpsl MA;, KOTOPBIH H3MEPSET TOK B MOJYIPO-
BOJHUKOBOM 00pasie I1, u MA,, KOTOpHIl H3MEPSET TOK IJICKTPOMArHuTa. BenndmHa TOKOB U3Me-
HeTcs moTeHnuoMeTpamMn Ry n R, . [lepekmiouarens Toka S| CIyXKHT U3MEHSET HANpaBlIeHHE TO-

Ka uepes IEeKTPOMArHHT, T.¢. HANMPABIEHHE MATHUTHOTO Mol B B o6pasite.

DNEeKTPOMArHUT Mepe] pa3MelleHneM o0pasiia mporpagyupoBaH sl OMPECICHHOTO MEKIIO-
JIOCHOTO 3a30pa, MO3TOMY KATeropuYecKH 3ampemaercs KPYTHTh BHHTHI KpeNJeHHHA MO-
JKCHBIX HAKOHEYHUKOB 2JIeKTPOMATHHUTA. Puc.172

HamnpsbkeHrue Ha NMOTEHIMANBHBIX KOHTAKTaX 00pasla U3MepsieTcs] ¢ MOMOIIBI0 MOTEHIHO-

Mmetpa I1I1-63, KoTopsIi MOAKIIOYaeTCA K KOHTakTaM 3 U 4 (cM. prc.172) U u3MepseT XOJUIOBCKYIO Pa3HOCTh IOTEHIMAIOB
U, . Kak cka3aHo BbllIe, 4T00bI yOpaTh acCHMMETPHIO MOgKIIOYeHHUs, BennunHy U, Bbrancisitor o gopmyre (179),rae Uy u

U, — nomnepevHast pa3HOCTh MOTEHIIMATIOB, H3MEPCHHAS JIJIsl PA3HOTO HAMPABIICHUS] MATHUTHOTO TIOJIS.

2. 03HaKOMBTECH M0 CIENUATBHON MHCTPYKIMH C TTOPSIKOM padboThl Ha noteHnuomerpe [1I1-63.

3. [loaroToBbTe K M3MepeHusM noTeHuuometp I1I1-63, mocTaBpTe Ha MyJNbTE yHpaBICHUS TyMOJep Hampaslie-
HHUS MOJS B MOJOXKEHUE «+» ,a pyukn «[ok obOpa3ma» u «Tok 3JIeKTpOMarHuTa» B KpaiHee MOJOKEHUE MPOTHB 4aco-
BOM CTpeJKH.

4. BcTaBbTe MHYp MUTAHUS MyJIbTa yIpaBieHHs B po3eTKy «220B» u tym6iaepoM «CeTh» BKIOYUTE UCTOTHUK
nutaHus. [Ipu 3TOM Ha myNIbTE JOJDKHA 3arOPEThCS CUTHAJIBHAS JIaMIIa.

5. Pyuxoii «Tox 06pasua» HacTpoiite TOK |6, =20 MA, a pyukoii «Tok snekrpomaraura» — | =50 MA.

6. U3smepbTe ¢ momotnpio moTeHmuomerpa [1I1-63 Hampsxenue U; Ha MOTEHIIMANBbHBIX KOHTaKTax o0Opasia u 3aIu-
LINTE ero 3HAYCHUE B TAOIUILY CO 3HAKOM «+>, KOTOPBIU yKa3bIBACT MEPEKI0YATEINb MOJIIpHOCTH nmoTeHnuomerpa [1I1-63!
7. MI3MeHuTe HanpaBICHUE MArHUTHOTO IOJS B 3a30p€ JIEKTPOMArHuTa, MOCTaBUB TyMOJep S B HOJOXKEHHE «—».

Mar”"

N3mepnTe ¢ momompio moTeHmuomeTpa II1-63 nHanpsokenne U, Ha MOTEHITMATBHBIX KOHTaKTaX 00pasiia v 3aIuIIiTe ero 3Ha-
YeHHEe B TAOJHUILY CO 3HAKOM «-», KOTOPBIN YKa3bIBaET MEPEKII0YATEND MOISIPHOCTH TOTEHIIMOMETPA.
8. AHajorHYHBIE U3MEPEHHUS CHIENIaiiTe PU TOKax 3JIeKTpoMarHura | =100, 150, 20G1 250 MA. TIpu 5TOM MO-

TeHnroMeTpoM Ry BCE Bpems mojiepixkuBaiite BelnuuuHy ToKa B 06pasie | g, = 20 MA.

Mar”d

9. Ilo ¢opmyne (179) Beruncnure Hanpsbkenue Xoita U, Uit Bcex 3HadeHHi Toka Maruura. Ilo rpagyupoBou-
HOMY TpauKy, IpUiaraeMoMy K 3JeKTPOMAarHuTy, HaliAuTe 3HaYeHUs MarHUTHON MHOYKIUU B B 3a30pe siekTpomar-
HUTa [JIs UCIOJIb30BABIIMXCA IPU U3MEPEHUAX 3HaueHusAx Toka |, . 3Hauenus U, u B 3anecure B Tabnuny. Ha

MHIJUIEMETPOBO# Oymare mocrtpoiite rpadux 3asucumoctu U, = f (B) .
U,a o o
10. Cornacuo dopmysne (175)Beruncanre nocrosinnyio Xomra R, =—2— naus paznnuHelx 3HaueHui B u Haiinnte
o0p

ee cpeliHee 3HaYeHUE (RX> (pa3Mepsl 06pa3na yka3aHbl Ha IPalyupOBOYHOM rpaduke).

. 3n
11.Wcnons3ys Beipaxkenue (177),Beluncanre KOHIEHTPAIMIO HOCUTENEH 3apsaga N=———, rae €=1,6[10 ¥ K.

8e(R.)

y 3n y
12.T1o popmyine (178)BpIunciuTe MOIBUKHOCTh HOCUTENEH 3apsina [ =§0<RX> (3HauYeHHE yAeTbHON IPOBOIH-
MOCTH O yKa3aHO Ha I'PagyHpOBOYHOM rpaduke).

| e Tabauna
MA|B, Tn |U,B |U;B U,,B |R., M¥Kn <RX> , M/Kn n, m i, M%/(Blc)

X!
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KoHTposbHBIE BOIPOCH! K JIabopaTopHOU padoTe Ne 45
1. B 4yem 3aximouaercs ekt Xomna?
2. O0BsCHUTE MEXaHN3M BO3HHUKHOBEHUS Pa3HOCTH MOTEHLIMAIOB X0JUIa.
3. Caemnaiite u 06bscHUTE BBIBOA opmyibl (174).
4. Boznukset 11 3¢ dext Xomta B coOCTBEHHOM TOJIYITPOBOJAHUKE, B KOTOPOM KOHIIEHTPALMHU 3JIEKTPOHOB U ABIPOK, a TaKKe MX
ZpeiidoBbIe CKOPOCTH OMHAKOBHI? [Touemy B paboTe HccaeayeTcsl MPUMECHBIN TOTYTPOBOIHUK ?
5. Kakum o6pazom ¢ momotipio 3¢ dexra Xosma MOKHO ONMPENETUTh THTT IPUMECHOTO TOJTYITPOBOIHUKA?
6. Yto Ha3BIBaeTCS MOJIBIIKHOCTHIO CBOOOTHBIX HOCUTENCH 3apsaa?
7. B Kakoii cpejie MOABMXHOCTD AJIEKTPOHOB 00JIbIIIe — B METAJUIC HJIH B TIOJYIIPOBOAHUKE N-THIIA U OYeMY?
8. IlpuBeaute GopMyJibl Al BEIYUCICHHS MTOCTOSIHHON XO0Ia B MeTaijie ¥ B NojiynpoBoaHuke. [Touyemy 3tu ¢hopmyiibl pasiny-
HBI? B Kakoii cpene nocrosiHHas Xoiuia Oosbie?
9. Caemnaiite u 00bscHUTE BBIBOA (opmyibl (178).
10. Mi3MeHuTCS JIN TTOABMYKHOCTD HOCUTEJNEH 3apsia B HCCIIEAYEMOM IMOJTYIPOBOIHHUKE, €CIH YBEIHYUTh HAPSKEHHOCTh CTOPOH-
HEro IO0JIsl, CO3/1al0IEero TOK?
10. [Toyemy miist TOTO, 9TOOBI U3MEPUTH XOJIJIOBCKYIO Pa3HOCTh MTOTCHIMATIOB MPUXOIUTCS JeNaTh JBa U3MEPEHHS C Pa3HbIM Ha-
MPABJICHUEM MAarHUTHOTO MOJIS?
11. O6bscuute BoIBOA popmyis (179).

Jluteparypa
1. CasenseB U.B. Kypc ¢usuku B 3-x Tr1.: T. 2: Dnexkrpuuectso - M.: Hayka, 1970.- §872,73.

2. Komnmaxkos 0. H., JleBun /.M., Cemun B.A. OcHOBBI (pM3UKM KOHAEHCUPOBAHHBIX cpea U pusuku Mmukpomupa: 4.1,
-u3a. Tynl'Y. 2014,rn.5 85.2.

PaGota Ne46. MccnenoBanue sIBICHHS TUCTEPE3NCA C TIOMOIIBIO OcIIuIorpada
[lenn paboOTHI: HCCIENOBATH SBJICHHE MAarHUTHOTO THCTEpE3nca B PeppOMarHeTHKE M ONPENSIUTh €ro MapaMeTphl.

TeopeTnueckoe ONMMCAHUE
CBolicTBa MAarHUTHOTO TOJISL B CPeic MOKHO OOBSICHUTH TOJBKO C TIOMO-

b0 3aKOHOB KBaHTOBOW (u3nuku. OOMEHHBIE CHIIBI KBAHTOBOH MPHUPOJBI, HE a) .0 J B) [’{BH
o 5 m - -
HMMEIOIINE aHaJora B KJIACCHYECKON (DM3UKe, YIOPSA0UYNBAIOT MATHUTHEIE MOMEH- \ x / {,B\ tl B prmT y T P
. P\ my

THI OTIENBHBIX aTOMOB (heppoMaraeTuka (peppura), BEICTpanBas WX B OJI- TEAREERE] D ATV TV
Pma Pepp (eppura), P prabatircima HHMULEMCH Al
HOM HarpasieHuHd. 1Ipu 3TOM JOJDKHO IOABUTHCA CyMMAapHOE MArHUTHOE IIOJIE nnn M [crenxa  |HIRRAAEY
i - FAARAAAL A4[piltaliy ] | OMCHA g g qli oty
orpoMHoii BenuuuHbl (prc.1733p). Uro6bl yMEHBIIUTE SHEPIHIO 3TOr0 1o, hep pn A ’%ﬂ' IO
—_ A A4 = =3

POMAarHeTHK CaMOIPOU3BOJIBHO JENUTCS Ha OTACIbHBIC O00JacTH JIOMEHBI / * \ S HepeMeleHIe
(puc.1736). BHyTpH JOMEHAa MarHUTHBIE MOMEHTBI aTOMOB BBICTPOEHBI B OJHY CTCHOK

Puc.175

CTOPOHY, @ MATHUTHBIC MOMEHTBl Pry, = D Pma COCEAHHX JOMECHOB OPHEHTHPO-
BaHbI B Pa3HbIE CTOPOHBI, YTO YMEHBIIAET CYMMAapHYIO SHEPIHIO CO3JaHHOIO UMW MAarHUTHOTO MOJIsI 0 Hyns. Pasmep noMeHoB

ouenb mMan (d ~ 1074+ 10_6M).
Bo BHeIIHEM MarHUTHOM MOJIE C HANIPSDKEHHOCTBIO Hy, MarHWTHBIA MOMEHT noMeHa nMeeT dHepruio W = —Ho Py Hyy -

OTa 5HEprus MEHbLIE y AOMEHOB, HANPABJIEHHE MATHUTHOIO MOMEHTa [, KOTOPBIX COBIAJAET C HANPABICHUEM I:|BH. Taxue

JIOMEHBI HAUMHAIOT PACTH 3@ CUET TOTrO, YTO MATHUTHBIC MOMEHTHI aTOMOB M3 COCEIHET0, SHEPIreTUICCKH HEBBITOTHOTO JOMEHA C

MarHMTHBIM MOMEHTOM P, HAYHHAIOT CIIOSMH MEHSTh HANPABJICHUE OPHEHTALUH, IPUCOCUHSSCH K SHEPTETHIECKH BHITOAHO-

My momeny (puc.173p). [IpoUCXOIHUT epeMeIeHHe JOMEHHBIX CTCHOK — TPAHUI] MEX Y IBYMsI TOMEHAMH.
IIpu 5TOM BHYTPHM MarHeTHKa BO3HMKAET MAarHHTHOE IOJe ¢ MHAyKiuel B, kotopas pac-

TET C POCTOM HBH HEIIMHEHHBIM 06pasoM (kpuBasi | Ha puc.174).IIpu Gonsiuoit Bemmanae H s BCE

JIOMEHBI TIEPEOPUECHTHPYIOTCS BIOJIb BHEIIHETO IOJIs, U MPOUCXOJUT MATHUTHOE HACHIIICHUE — UH-

nykiws nmois B BHyTpu deppomarnertika nepectaér pactu (yuactok |l Ha puc.174).
Ecitit BBIKIIFOYUTH BHEIIHEE T10JI€, TO Pa3MarHUYMBAHNUE IPOMCXOONUT APYTUM IyTéM (KpuBast
1), u npu Hynesom BHeuHeM none H,, =0 B eppomMarHeTike COXpaHsIETCS MArHUTHOE HOJIE C OC-

=]

TaTOYHOH MHIYKIHEH B Takoe HECUMMETPHUYHOE MPOTEKaHHE Ipoliecca MpU HAMArHUYH- Puc.174

oCT *
BaHUU U Pa3MarHUYHUBAHUU HA3BIBAETCS MATHUTHBIM THCTEPE3UCOM.

OOBsICHSIETCS. ATO TEM, YTO B KPHCTAJUINYECKON peléTke (eppoMarHeTHKa UMEETCSl OTPOMHOE  « « « « « « !
qUCIO0 Ae(eKTOB CTPYKTYphl (BaKaHCHM, JHCIOKAIMI), HA KOTOPBIX 00pa3ylTCs YCTOWYHBBIC JOMEHBI I = :\(b:
KHHKAIOBUIAHOM (hopMbl (prc.175), HaMarHUUeHHbIE TaK, YTOOBI YMEHBIIUTH SHEPTHUIO MATHUTHOTO I10- <
nst. JInist nepeMerieHus TOMEHHOW CTEHKH 3TH JIOMEHbBI IOJDKHBI ObITh Pa3pylIeHbl, 4TO TpedyeT Jomos- <
HHUTENbHBIX 3aTpaT dHEPTUH. B mpoliecce nepeMarHuuMBaHus JOMEHHbIC CTCHKU 33/ICPIKHBAIOTCS HA Ta- CT&gﬁ’;;‘;::
KuX AedeKxTax, nepeMerianTcs KPOXOTHBIMH CKauKaMH OT OJHOT0 AedeKTa K APYroMmy, YTO BHUAHO HA <+ < < <« <!<lcTeHka > >
KpuBoii pasmaranunBanus |l Ha puc.174 6bdekr bapkraysena). Puc.175

UroObl pa3MarHuTUTh (HepPOMArHETHK, HAJ0 MPHUIOKUTh K HEMY BHEIIHEe MarHUTHOE I0Jie 00pPAaTHOTrO HAMPABJICHUS C
HANPsDKEHHOCTBIO H, , Ha3kIBaeMOW KOIPIUTUBHOM cuitol (puc.174).

I RZREERER
I Z2ZE R AR EE]
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[ponomxkas yBeIMIMBaTh HANMPsDKEHHOCTh H,,, BHelIHero mois B oOpaTtHOM Hampasnenud (kpuBasi IV Ha puc.174), dep-

BH
POMArH€TuK nNepeMarin4nuBaroT. OH OKaXKeTCsl HAMarHu4eH J10 HAaCbIIICHUA BAOJIb HOBOI'O HAMIPABJICHUA OJISA HBH . 3aMKHyTa${ KpuBas

3aBHCHMOCTH MHIYKIIMH MarHUTHOTO TOJIS B (hepPOMArHETHKE OT HAMPSHKCHHOCTH BHEITHET0 MarHuTHOTO moutst (prc.174)HasbiBaeTcst
netniéii MarHUTHOTO TUcTepesuca. [11omaap NeTian Ha 9TOM PUCYHKe paBHa paboTe, 3aTpauyMBacMoil Ha MepeMarHiuMBaHUe CANHUILIBI
00béMa (heppoMarHeTuka.

3aMeTuM, 4TO MeTis Ha puc.174 cOOTBETCTBYET MEIUICHHOMY, KBa3UCTaTUUECKOMY M3MEHEHuIo nois H

su » KOTTIA IIPU

Ka)kZIoM 3HadeHun H,, BenuuuHa uHAyKiuu B mons B ¢eppomarHeTnke ycrneBaeT yCTaHOBHThCs. EciM BHEIIHEE MarHUTHOE
T10JI€ MEHSIETCS ¢ OOJIBILON YAaCTOTOM (0, IPOUCXOUT 3HAYUTENbHAS 3a1€pyKKa HAMarHHUMBaHMs U3-32 TPEX OCHOBHBIX ITPUYHH:

1) Bo3HHKAIOT HHAYKLUMOHHbIE TOKH DyKO, MPONopuroHaIbHbe ckopocT u3menenus dH,, /dt. Ux marautHoe mone
MPEIATCTBYET N3MEHEHHIO MAaTHUTHOTO ITOTOKA M CACPIKUBAET MPOIlecC N3MEHEHHS HHIyKIH B.

2) PacniostoxeHne JOMEHOB W BTOPUYHBIE JJOMEHBI Ha eeKTax 3aMeIIIsIOT IepeMenieHre TOMEHHbBIX CTEHOK.

3) U3menenne HamMarHu4eHHOCTH J (heppOMarHeTHKOB OTCTAET BO BPEMEHH OT H3MEHEHHUsI HanpspkeHHocTdH H, , uTo Ha-

BH '’

pymaet cBsizb J = XH . DTo CBOHCTBO MarHUTHBIX Cpell HA3bIBASTCS MATHUTHOW BS3KOCTBIO.

B pesynbraTte ¢ yBenMuYCHHEM YacTOTHI ® (GOpMa METIM THCTEpe3rca MOCTCICHHO MPUHUMAET BCE
Oosee OKPYTIbIA BH, TOCTENICHHO MPUOIMKarouiics mo popme K dutuicy (puc.176).

Ietmro rucrepesrca HAOMIOAAIOT HA IKpaHEe ocHWLIOrpada B yCTAHOBKE, CXeMa KOTOPOM MpUBEACHA
Ha puc.177.Ilepemennsrii Tok |; ¢ yacroroit v = 50111 mporekaetr mo HamMarHuuuBaromie oomMmorke “1”, Ha-

BHTOH Ha (eppOMArHUTHBIA TOPOUMATIBHBIA cepaedHuK, umeronuii N; BuTkoB. JInHnn HanpspkeHHoctn H

Puc.176€
CO3aHHOTO UM MAarHUTHOTO IT0JIs1 00pa3yIoT 3aMKHYTHII KPYTOBOW KOHTYP BHYT- —
pu Topouna. N R, _ﬂz p
W obworka2 OOBIYHO BMECTO TOPOUAATIBHOTO CEPACYHUKA  ofMOTKA | C Tue x
+ o< [ffff’’—s—e wucHoNB3yIOT HMIMHAPHYECKOE KOMBIO U3 (eppomar- 0OMOTK 2 |
oGmorca 1[I L HETHKAa C HABUTHIMU Ha HEro obmortkamu (puc.178). i ?;{] Xg_<_
——— UeM TOHBIIE TOIIIMHA KOJbLA O, TEM MEHBIIE IUIOT- ocu:m;orp:acb
D =~ HOCTh TOKOB DyKo B TONIIE PeppoMarHeTuka, U TeM
Puc.178 ommke Gopma meTim THCTepe3nca K BHAY, H300pa- Puc.177

JKeHHOMY Ha puc.174.

3ammcaB TeopeMy O MHPKYISIHE H 10 3TOMY KOHTYpY, HMEIOIIeMy AuaMeTp, COBMAIAoNmii ¢ anamerpom D, cpemneit
auHuu Toporaa, H D, = Nqlq, MoxkHo HaliTu BenuuuHy HanpsbkeHus U; Ha conpoTusiaeHHU Ry, BKIIOUEHHOM B IieNb HAMarHu-
YHBAOIMICH OOMOTKH. JTO HAINpsIKEHHE, MPOMOPIHOHANFHOS BenunHe H, mogaercs Ha KIEeMMbI TOPU30HTAIBHON Pa3BepTKU OC-
uuorpada: U,=U; = D, H ——R. (180)

Ny

Ha TOT )¢ cepieyHuk HaBUTHI N, BUTKOB BTOPOH, H3MEPHUTENBEHOW 0OMOTKH “2”, C IUIOIMIAJbI0 CEYCHUS OJHOTO BUTKA

S, . [lepeMeHHOE MarHUTHOE TIOTE C MHAYKIHEH B s d)eppOMarHeTHKe co31aéT B 910 00MoTKe DJIC 3NMeKTpOMarHUTHON MH-

ao _
IOYKINA &, =- 233 (181)
dt
B uens BTOpoil 0OMOTKH, 10 KOTOpPOii OyAeT Tedusb nepeMeHHHﬁ TOK |, BKIIFOUCHBI GOIIBILIOE compoTuBieHne R, i KOH-
aeHcatop ¢ 6oabmoii émrocteio C. M3-3a storo Hanpsbkenne Uc Ha KoHIeHcaTope OyAeT 3HAYUTENbHO MEHBIIMM IaJCHHS Ha-

npsokenust 1,R, Ha comporuBneHuu. MHIYKTHBHOCT OOMOTKH “2” M €€ cOmpOTHBIEHME Takke oueHb Maibl. I[loaToMy 3aKkoH

OmMa 11 3aMKHYTO#H IeTH BTOPOH 0OOMOTKH 3aIUIIETCs B BUIC Sn =I,R,, oTkyna

N dB
I, = _No§, dB (182)
R, dt
RGCuenouka B 3TO# 1ienu SBJISETCS HHTETPUPYIOLIEH, TAK KaK Hanpﬂmeﬂne Ha KOHJICHCATOPE, KOTOPBIH 3apshKaeT TOK o,
q_1 Nz% N 3
MOKHO BBIUMCIUTE 110 popmyite U, =U-=—=—||dt = t=——=LB. 183
bopmy y=Uc=c=¢l1A I 5 C (183)

DT0 HampspKEHHE, MPOMOPIMOHATBHOE WHAYKIMKA B, momaercs Ha KIeMMBI BepTHKanLHoﬁ pasBepTku ocummuiorpada (puc.177).
BunuM, uro RCGuenouka He TONBKO MHTEIPUPYET, HO U ociabmser Benuuuny Ue, nenas e€ MHOro MeHbluel Bennuussl |,R,.
O[HaKO OYCHb CHIILHO OCIIA0UTh BXOJHOW CUTHAJN HEJNb3s, U TIOCTOSTHHAS pa3psia KOHIACHcaTopa OepETcs paBHON BpeMeHH, HEO0-
XOJMMOTO JUIsl IIPABUJILHOTO MHTETPUPOBAHUS, T.€. Iepuo1y Konebanuii: RyC= T=1/v.

Tax xak Uy ~Xx~H, a Uy, ~y~B, 1o ayu ocumnorpapa Oyner pucosatb Ha dKpaHe

neraro rucrepesuca (puc.176). Heo6xoaumo oTkanubpoBath ociuuiorpad, T.e. HalTH KO3 PHIH-
€HTHI [IPOIOPLHOHATBHOCTH K MEXIy AJIMHOW JMHUIA, PUCYEMBIX Jy4OM, M HCTHHHBIMU 3HAUCHUS-
mu H u B (4yBCTBUTENBHOCTH BXOIOB OcuULIOrpada).

J1st 3TOro OTKIIIOYAIOT OOMOTKH TOPOWAA, U KII0OYOM S MOJKIIIOYAIOT MOCIEA0BATENBEHO K
KJIeMMaM BEPTUKAILHON M TOPH30HTAIBHON Pa3BEpTKU ocLiiuiorpada IMepeMeHHOe BHEIHee Ha-
npspxerne U =Ug coswt , usmepsiemoe BonsT™MeTpoM V (puc.179). Jlyu HauHeT pucoBaTh BEpTH-

Puc.179
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KaJIbHYIO WJIU T'OPU30OHTAJIbHYIO JIMHUIO, JJINHA KOTOpOﬁ I ImponopuroHajibHa HAIIPAKCHUTIO uU:
U =Ugcoswt =k [y coswt . (184)

Ha puc.179 510 BepTukanbhast quHus, uMeromas oduyio iy |y =2q. Ho BonbTMeTp U3MepseT He aMILIATY/HOE, & JAEHCT-

Bytouee uinu 3¢ dexrupHoe 3HaueHne Hanpsokenus U '=Ug / \/E — 9TO BeJIMYMHA HAMPSIKEHUS TaKOro Mo-

CTOSIHHOT'O TOKa, KOTOPBIA CIIOCOOEH BBIACIHTH TAKYIO YK€ MOJE3HYI0 MOIITHOCTh, 9TO M IEPEMEHHBIH TOK
¢ ammumatynoi Hanpspkernus Ug. IToaToMy 3aBHCHMOCTB JUIMHBI TUHAX HA SKpaHe OT W3MEPEHHOT0 HaIps-

KeHHs Ha BXoje Y ocumwiorpada, nmeet ug |y = 2\/§k)}J y- HocTpous rpaduk 5TOH 3aBUCUMOCTH

Puc.180
(puc.180),HaiinéM K0d>(hGHUIUEHTHI YyBCTBUTEILHOCTH BXO0B OCIMiLIorpada:
/20U, /200,
ky = s ky = . (185)
Al Aly
JuuHy nuHUE Ha 9KpaHe ocuuiuiorpada onpeAeNsoT 0 CETKe M3 KBAIAPATHKOB C SHHUYHON Ly
CTOPOHOIH: IX( y) =My y)» TAS My(y) ~HMCIIO TAKMX KBAIPATHKOB (puc.181).Cornacuo (184)Hampsoke- Bacr
HUE, OJJaHHOE Ha BXOJ ocIiuiorpada, OyaeT paBHO ny // / -
Uy =Ky Ny 4 - 186 1 :
() =™ (186) SEssvARsEy 5as
IMpupasuuBas ero 3xHadenusm (180) u (183), monydyaeMm BeIWYHMHBI KOAPIMTHBHOM CHJIBI BHEIIHETO BRSZat BEdlan
MarHUTHOTO MOJIs B (peppOMArHETHKE M OCTATOYHOM WHIYKIIMK MAarHUTHOTO TOJIs, CO3JJAHHOTO B HEM! / g H
I
_ kN _kRC Puc.181
Hy = Nyo Boer = ny, (187)
D N>S
ch 2
T/le KOJIMMECTBO KIETOK Ny M Ny ONPEIENIOT IO MOMy4eHHO! Ha 9KpaHe KapTHHE NeTIM ructepesuca (puc.181).
~ kX Nl ky R2 C "
IMnomane oxHo KieTkH Oyner paBHa BjH; =——[0-———. YMHOXHB 5Ty BeIH4IMHy Ha YHCIO KIETOK S" BHYTpH
R N2 §
METJH, TONyYrM e€ IUIOIaab, PAaBHYIO SHEPTUH, 3aTpauuBaeMoll Ha MepeMarHUYMBaHUE SIUHUIIBI 00bEMa (eppoMarHeTrka 3a
R,C
OJIMH IMKJ (32 mepuos T): W=j BdH=BH, = k IS,Z—M gs. (188)
RN, QTR

OT0 3Heprus, 3aTpaunuBaeMas Ha NEePEOPUCHTUPOBKY JOMEHHOU CTPYKTYpBI, KOTOpask NEPEXOAUT B TEILIOTY, T.€. IIPU IepeMarHu-
YMBAaHUM TeMIIepaTypa (eppoMarHeTHKa JI0JKHa PACTH.

Tak kak 3a CCKYHAY IMPOUCXOAUT ]/V HUKJIOB NIEpEMAaroiniuBaHusd, TO MOTCPS SHEPTUU HA MECPEMArHUYMBAHUC 3a OAHY
CeKyH/Iy, T.C. BhIIesIeMas B eIMHUIE 00beMa (peppoMarHeTrka, T.€. TeIIoBasi MOIIHOCTh, BBIYUCIISETCS TI0 (hopmyIie
dw
—— =W, (189)
dt

=l

[ops10K BEINONHEHHS PAOOTEI

Honyuenue Ha sxpane ocumiorpada neTim rucrepesuca T

1. Bkirounrte ycTaHOBKY M ocumniorpad B ceTh ¢ HanpspkenueM "220B". nunesas /o
naHeJb ocHuiuIorpada 1 ycTaHOBKH NokaszaHa Ha puc.182.ITocraBsTe TyMONEp S, pacnosno-
JKEHHBIN Ha IMaHemnu, B oyioxxenne "Berkn” wim "Touka". Perynupys pyaxkamu " SpkocTs”,
"®oxkyc", "Cmemenue X" u "CMemnienue y", nooeitech, 9T00BI B IIEHTPE dKpaHa ocmiorpada
Haxoxuiack c(OKyCHpPOBaHHAS CBETAIIAsICSA TOUKA.

2.TloctaBbTe pyUKy S mepekitoyaTelis Ha TaHeny B mojoxenue "Ilets”, TymOnep S

J—

\
e

- B mostoxenwue "Bxi.". [Ipu aToM cxema, mokazanHas Ha pruc.177.,ToKITI0YaeTCs K HICTOYHH- o ‘6 o
Ky NHTaHUS. APKOCTb (HOKYC BBEPX- BNEBO-
3. Usmensist HanpsbKeHUe pydkol R, monydnte ua skpane ocuuiorpada nsobpaxe- "BHM3  BMIPABO
HHE MeTIIM TUcTepe3nca pasmMepoM B 2/33kpana. LleHTp meTnu JOKeH HaXOAUThCS B TOUKE YC% y E% Ce{l'b
nepecedeHust oceil X 1 Y, T.e. B LIeHTpe dKpaHa. [lociie moiaydeHus neTiy rucrepe3nca Ha sKpa- passepTa
He ocumuutorpaga ocumuiorpada pydku "Ycwienue X" u "YcuwieHue y" npu JanbHEHIIEM Bbl- YC% X
MOJIHEHUH PabOThI IOJZKHBI 0CTATHCSI B HEM3MEHHOM IOJIOJKEHHH. nnasto
4. Ckomupyiite n300paxeHue MeTIr TUCTepe3nca ¢ IKpaHa ocLIorpada Ha MUILTU- y 1 x L BHewW BHYTP Cpr
METPOBYIO OyMary ¢ y4eToM pa3Mepa KJICTOK Ha dKpaHe. <_<7"_T<"_T" -6
5. Onpenenure mIomans MeTIM THCTEpe3nca S" Kak CyMMY KIIETOK €AMHUIHOM
ILIOIIA/IM M KOOPAMHATBL Ny 1 Ny TOYEK, B KOTOPBIX METJIS [IEPECEKAET KOOPANHATHBIC OCH X 1 nerist 2 B.Kz“
« Y HaokpaHe ocrmtorpada (prc.181). TOqKaS/Q :):SnmopU
SR S, Kann6poska ocuuiorpada. 1 R
y 6. Pyuky R Ha maHenn moBepHUTE B KpaiHee JIEBOE TOJIOXKeE- lewa penenn
N Hue. [Tepexmodarens S; MOCTaBLTE B MOJOXKEHHE "OCh X', TIPH dTOM K Puc.182

1 WCTOYHUKY MMHUTaHUS TOJIKIII0OYAETCs cXeMa, moka3aHHas Ha puc.183,u
Puc.183 Ha BX0J ocruiiorpada ¢ noreHuuomerpa R monaercs Hanpsbkenue U 'y ropU30HTaIbHOM Pa3sBEPTKH.
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7. N3menss HalpsKEHUEe py‘-lKOf[ Ror 0 JA0 MAKCUMAJIbHOT'O 3HAYCHUA Ha BOJIBTMETPE, CHUMUTE 3aBUCUMOCTD JJJINHBI

FOPU30HTANIBHON JIMHUK Ha 9KpaHe ocLmuiorpada oT HaNpsHKEHHs, II04aBaeMoro Ha Bxoa x:, |y = f (U 'x) .
8.IlocraBpTe nepexioyaress S Ha MaHesH B roJioxkeHue "och y". IIpu aToM Ha ocumintorpad Oynet noxaBaThbes Ha-
npsokerne U 'y BepTHKaIbHOM pasBepTki. CHUMUTE 3aBUCUMOCTb [JIMHbI BEPTUKAIbHON JINHAN HA dKpaHe ocuuuiorpada ot

Hanpsikernst U’y Iy =f (U 'y) . Pesynbrarel uamepennii 3anummre B Tabumiy 1. B He€ sxe 3aHecuTe napameTpsl, HEOOXOUMBbIE

JJIs BBIUHCIICHUN K YKa3aHHbIC Ha YCTAHOBKE.

9. IocTpoiiTe rpadMKU 3aBUCUMOCTEMN Tabmma 1
l=f(U" L=f(u Uy,B|lxy,m | U'y,B|Ily,M
X = ( X)I/I y = (U y). SB: _____ M2 Ni=......
10.C noMomip10 NOCTPOEHHBIX rPa(hHKOB, C=.... ) No= ...
ananorngusix puc.180,mo hopmymnam (185) maiimu- R=...... OM D.=...... M
Te YyBCTBUTEILHOCTH BX0J0B ociyuuiorpada K, n Ro=...... OMm V= ¢t

Ky . Llena nenenust BOJIbTMETPA PH NOJKIIOYEHNN
nanpsokennit U'y u Uy ykasana na nanenu (puc.182).

11.TTo dpopmynam (187)onpenennure BeanurHy OCTaTOYHOM HHAYKIMK B, deppomarHuTHOro cepaeuHuKa U BeIUIH-
Hy H, Ko’puuTHBHOM cuisl. 31eck Ny U Ny - 9ACIIO KICTOK, IOKa3aHHOE Ha puc.181, S, - mnomange Topora, OXBaThIBaeMast

OJTHUM BHUTKOM.
12.TIo ¢popmyie (188)ompeaennTe SHEPTHIO IEPpEMAarHUYMBAHUSA W, IPUXOIALIYIOCS Ha eMHHUILY 0O0beMa heppomarte-
THKA 33 OJWH IUKJI [lepeMarHnuuBanus (3a mepuo T). 31ech S" - UMCII0 KIETOK BHYTPH IETJIM HA SKpaHe ocnuiiorpada.
13.TIo dpopmyse (189) onpenenute moTepu IHEPTHUH Ha EpeMarHMYMBaHUE 32 OIHY CeKyHAY, rae V =50T'1 - yactora
NIEpEeMEHHOT'0 TOKA, [10/[aBaeMOr0 Ha HAMarHH4MBaIOIyl0 OOMOTKY.
14. Bce nosxydeHHbIE pe3yabTaThl 3aHECUTE B TA0IUIy 2.

Tabmuua 2
Ny | ny s" Ke,Bm | ky,Bim | By, T | Hy, Alm Tk dw Ix
P | e

KonTpoabHbIe BOmpoCH K labopaTopHOi paboTe Ne 46
1. ITouemy deppoMarHeTnK UMeeT JOMEHHYIO CTPYKTYpy? UTo Ha3pIBaeTCs MarHUTHBIMM JJOMEHAMH M KaKOBA IPUYMHA UX TOSB-
JICHHS?
2. Yo npoucXoIUT ¢ JOMEHHOU CTPYKTYpOil eppoMarHeTrka NpH MOMELIEHNH €ro Bo BHelHee roje? [loueMy MHAYKIMS Mar-
HHUTHOTO 110J151 B ()eppOMAarHeTHKe He PAacTeT BBILIE ONPEEICHHOI0 3HaYeHHs ?
3. B ueM 3akmovaeTcs sBIICHHE MarHUTHOTO rucrepesuca? OObsSCHUTE CYIIECTBOBAHUE METIH T'MCTEpE3NCa.
4. ITogeMmy Tp¥ BBEIKITIOUEHHH BHEUTHETO MArHUTHOTO TIOJSI MHIYKIMS MarHUTHOTO TOJIS B (peppoMarHeTHKe He CTAHOBUTCS PaB-
HOM Hymr0? UTO HaI0 PEANPHUHSATh, YTOOBI pa3MarHUTUTh HAMATHUYICHHBIH (eppoMarHeTuK?
5. Yrto Ha3bpIBaeTCS KOOPUUTHUBHOMN CHIION U OCTATOYHON MHIYKITUEH?
6. [To kakuM MpPUYMHAM TIETISI MATHUTHOTO THCTEpe3uca aedhopMHUpYeTCs, Kak Toka3aHo Ha puc.176?MoXHO i yCTpaHUTh Je-
(dhopmManuio MeTIM U KakKuM 00pa3oM?
7. O0bscHUTE MPUHIHI PAbOTHI TaAOOPATOPHON YCTAaHOBKH, N300pakeHHOW Ha puc.177.1' ne B Hell UCIONb3yeTcs SBJICHHUE DJICK-
TPOMAarHUTHOW MHIYKIMH U KaKylO poJib Urpaet konaeHcarop C?
8. ITouemy compotusienue R, u émxocts konaeHcaTopa C NODKHEI ObITH 60MBIIUMHU? UTO OrpaHUMYMBACT UX BEJIHMUHHY ?
9. Caemnaiite u 00bsicHuTe BoIBOA (opmyrn (180)-(183).
10.ITouemy HampspKEHHMs, IT0JJaBaeMble Ha BXOABI X WY ocuwuiorpada nponopunoHansuel H u B?

11.Ilouemy B naHHOU paboTe He HaOIIOAaeTCs JIMHEHHas 3aBUCUMOCTh B = lgH Mexny unnykiyeil 1 HanpssKeHHOCTBIO Mar-
HHUTHOTO TIOJISI?
11. Kax otkanu0Oposats ocuusiorpadg? O6bscaute cnocod nomyuenns popmyn (185) wis uyserurensnoctu Ky u Ky, ero Bxo-

nos? Kakoii cmbicnt umetor koodduuuentst Ky n Ky ?

10. KakuMm 06pa3om, ¥ 1Mo KakuMm GopMmyJiaM B JaHHOK paboTe ONMpenessIFoTCsl BETMYMHBI OCTATOYHONW WHIAYKIIMH W KOIPIIUTUBHON
CHIIBI?

11.Yemy paBHa IIIoIas NETIH MAarHUTHOTO ructepesuca? Kakoii cmbicit ona nmeet? Kakum 00pa3oM oHaA BBIYHCIISIETCS?
12.Tlouemy mpu poBeACHUU PabOTHI PeppOMArHETUK HATPEBACTCS U KaK BBIYUCIUTH KOJIMYCCTBO MOJTYYCHHON UM TEIUIOTHI ?

Jlureparypa
1. Casenbes U.B. Kypc dusuku B 3x 11.: T. 2: Dnexrpudectso - M.: Hayka, 1970.- 88 54-57, 61-63.

2. Konmaxkos FO.H., ITekap 10.A., Jlexkuesa JI.C. DnekrpomaraeTusm u ontuka,- usi. Tynl'Y. 2010,r1.1 883,51 2 §2.
3. Konmaxkos 0. H., JleBun JI.M., Cemun B.A. OcHOBBI (hM3UKH KOHAEHCUPOBAHHBIX cpea U pusuku Mmukpomupa: 4.1,
-u3a. Tynl'Y. 2014,r1.7 87.5,7.6.
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Pa6ota Ne47. Onpenenenue Touku Kropu

[{esib paOoTHI: ONpeienuTh 3HaUeHKe TemIepaTypbl Kiopu uccineayemoro ¢peppoMarHuTHOTO 00pasia.

Teopernueckoe onucanue

B ¢eppomMarHuTHBIX cpefax BO3HUKACT SBJICHHE MATHUTHOTO YIIOPSIOYCHHUsI, KOTJa OOMEHHBIC CHJIBI KBAHTOBOW IPHPO-
IIBI, HE UMEIOIINE aHaJora B KIACCHUECKOW (pr3mKe, BBHICTpAMBAIOT MAarHUTHBIE MOMEHTHI COCEIHHX aTOMOB BIIOJb OJHOTO Ha-
npasjieHdss — ocu Hamaruuuenus (puc.184a). CBs3aHO 5TO ¢ MAarHUTHOW aHW30TPOIUEN, CYIIECTBYIOIIEH B (heppOMArHETHKE:
SHEPIUsi MarHUTHOTO I10JIs KPUCTAJUIMYECKON PELIETKH CTaHET YyTh MEHbIIEH, €ClIM BCE CIIMHOBbIE MAarHUTHbIE MOMEHTBI Prng

aTOMOB (JIEKTPOHOB M3 YACTHYHO 3AIOJIHEHHOW aTOMHOM MOJ000JI0YKH) MOBEPHYTCS WM BIOJIb 3TOM OCH, WK B IPOTHBOIO-
J0kHOM HarpasieHn. CrHH-OpOUTAIBHOE B3aMMOEHCTBHE BHICTPAMBAET OPOHUTAILHBIE MATHUTHBIE MOMEHTEI aTOMOB TIapa-
JIEJILHO MX CIIMHOBBIM MarHUTHBIM MOMEHTaM. B pesynbTaTe Bce MarHUTHBIE MOMEHTHI ATOMOB OYyT OPHEHTUPOBAHBI B OJHOM
nanpasienun (puc.184a), 4ro co34aéT OrpPOMHYIO IIOCTOSHHYIO CIOHTaHHYIO (CaMONpPOHM3BOJIbHYIO) HAaMarHUYEHHOCTh

Z _n,na, KOTOpasi COXpaHACTCAd OaXKXE B OTCYTCTBUEC

OCBb o
B 1IvS HaMardHU9UBaHUS JNVH
- P — 0 3 TT .
BHEIIHET0 MarHuTHOro noist H . OtuM oObscHsaeTcs cy- ﬁ& A P v | 4P,
LIECTBOBAHUE MArHUTHOTO MOJISl Y OCTOSIHHBIX MarHUTOB. uirRiroi Naower (7 T T T oI
[1770THOCTh 3HEPTHHM MAarHUTHOTO IOJIS IPU ITOM Himqma T T NN
IOJDKHA NOCTUTATh 000N BEJIMYUHBI ﬁmi%riomﬂ\ l T J/ T mi mi
= Bz/ 210 ~ HoJ3/2, uTo SHepreTHUECKH HEBHIOHO. e NN nepemeuere
[MosroMy deppoMarHeTHk CaMONPOU3BOJILHO JCIUTCS Ha 0) B) r)
KpOILIEYHbIE 00JaCTH — MarHuTHbIE HoMeHbl (puc.184() Puc.184

pasMepomM d ~10_6 +:I.O_4M . B cocenHux goMeHaX MarHMTHbIE MOMEHTHI aTOMOB OPHUCHTHUPOBAHBI B IMPOTUBOIOJIOXHBIX Ha-

npaBJeHHUsX. VX MoJsi KOMIEHCUPYIOT IpyT Ipyra, 0cnadisisi CyMMapHYI0 HaMarHUYeHHOCTh (heppoMarHeTika J W MarHUTHOE
TOJIe B HEM MpakTudecku 10 Hyist (puc.184p).

B xaxmoM J1oMeHe MarHHTHBIE MOMEHTHI aTOMOB CKIIQJBIBAIOTCS, CO31aBasi MOMEHT Py, = Z Prm - Bo BHEmHEM Mar-
HUTHOM MI0JI€ C HaIpsDKEHHOCThIO H MarHuTHBIR MOMeEHT JomeHa mmeeT sHepruio W = —Ug iy, [H. Jlomensl, B KOTOpBIX

Py 11 H, dpHepreTHuecky BHITOJHBI U HAYMHAIOT PACTH, a JOMEHBL, B KOTOPBIX Py, T H yMeHblIaroTcs 3a cyeT TOro, 4To Ha-
YMHAKOT MEPEMENATHCS CTEHKH JoMeHOB (puc.184r). IIpu 3ToM atoMsl peppoMardeTHKa He CMEINAOTCS, a CIIOSIMH HIEPEOPUEH-
THPYIOTCS, MCHSIFOT HAIPABIICHHUE WX MAarHUTHBIE MOMEHTH P, . HamaramuenHocts cpenst J pactér. KpuBas pocra HamMarHu-
YEeHHOCTH C YBEJIMUECHHUEM HampspkeHHocTH H mokaszana Ha puc.185.

Ha ygactke “a” cMemeHne JOMEHHBIX CTEHOK emé oopatumo. Ha ygacTtke “6” cTeHKH cMemaroTes He-
obOpatumo. [Ipu BBIKIIOYEHWM BHENIHEIO MAarHUTHOTO IOl OHM “3acTpeBaloT’ Ha Ae(eKTax CTPYKTYpbI
(puc.175) u BO3HHKaeT siBneHHe ructepesuca (puc.174): 9Todbl pa3MarHUTHTh (HEPPOMATHETHK HEOOXOIHUMO
BKJIIOYUTH OOpPaTHOE MAarHUTHOE IOJIE C HANIPSHKEHHOCTbI0 H  , Ha3bIBaeMoe KOIPLUUTUBHOHN CHIION.

Ha yuactke “6” Bce JOMEHBI IEPEOPUSHTHPYIOTCS U CIIUBAIOTCS B OAUH JOMEH, B KOTOpoM Py 11 H .

HaMaranueHHOCTh PaKTHYECKH MepecTaét pacTy (SBJICHHE MATHUTHOTO HACBIIICHNU).

Wupykuus marautHOTO TI0Jsl B B 11R0001 cpesie cBsA3aHa ¢ HaNpsKeHHOCThI0 H  Gopmyoit
B=po(H+3), (190)
KOTOPYIO B OIHOPOAHOM MAarHe€TUuKe OGLI‘-IHO 3allMCbIBAIOT, UCIIOJIb3Ys CBA3b J = XH , 4€PE3 MAarHuTHYIO MpOHUIIAEMOCTDb },L:
B=pguH , e p=1+%.
Bce maruetuku (cpem,l, 06naﬂa}onme MariuTHbIMHU CBOﬁCTBaMH) JACJIATCA HAa TPU OCHOBHBIX KJiacca.

— y IMaMarHeTHKOB X = -10%+-10°u M<1 (Hp Cu, Zn,...);

Xa
— y IApaMarHeTHKOB X = +107°+10% u p=1 (0, Al Pt,...);
— vy deppomartetnkoB (ninu anTudeppoMarHeTukoB) X >1 u > 1.
B deppomarnernke (Fe, Ni,...),kax BugHo u3 puc.186,MarHuTHAs BOCIPHHMYHMBOCTD ) HE OCTOSHHA, @ 0 h}’f 18 EH
..Puc.

3aBUCHT OT BennduHb H. BBoasT Benmumny auddepeHInanbHOi MarHUTHOH BOCHPUAMYNBOCTH X, = 0J/0H .

I'paduk ee 3aBUCUMOCTH OT BEJIMYHMHBI HANPSHKEHHOCTH BHEIIHETO 101 H Ha3biBaroT kpuBoii CtoseToBa (puc.186).
MakcuMyM 3TOM BEJITHYHHBI, @ BMECTE C HUM MaKCHUMYyM BEJIMUMHBI MATHUTHOU MPOHUIIAEMOCTH eppoMarHeTuka [ >>1

AOCTHIaeTCsl, €CIIU BeNUYnHA H CTaHOBUTCS PaBHOM KOSPLUTUBHOMU cuite H . B 061acTi MarHUTHOrO HaChIUEHMS, IPU GOMIBLIOH
BEJIMYMHE HanpsokeHHOCTH H, Bemmumba X, — 0,a Y — 1. ®eppoMarHeTHK CTaHOBUTCS MaPaMarHETHKOM.

I'paduxm Ha prc.185u 186,a Takxke meTist rucrepesnca Ha puc.174 cooTBETCTBYIOT MEIJICHHO M3MEHSIONICHCS HAIpsI-
xernoctn H. B naGopaTopHoii ycranoske mone H co3maéres mepemennbiM Tokom | ¢ wactotoit v =50 Iy, TeKyIum 1o 06-
MmoTke (kaTymike) “1” u3 N BUTKOB, HABUTOW HAa OJMH U3 KOHIIOB (heppOMArHUTHOTO cepaeyuHuka (puc.187).



Takoit Tok cozgaér nepemennoe moine H =KNI , rae kosdpumu- ~220 B B
edr K, HMerouii pa3sMepHOCTh [M_l], 3aBUCHT OT JUIMHBI U pajguyca 00- /S ot
moTkH “1”. JIunmu wHIyKnuu B BO3HHKIIEro B (eppoMarHetke mar- ~— OOMoTKa 1 obmorka 2 .
HHUTHOTO MOJISI, MEHSIOIIETOCsI C TOM JK€ YacTOTOH V, IPOHU3BIBAIOT BUTKH / Harpes E")
BTOpOH 0OMOTKH (KaTywiku) “2”, HABUTOW Ha IPYyroil KOHel CepaeYHHUKA C A (eppomarnuTHbIif
CeyeHHeM S U BBI3BIBAIOT B Hell mosBieHue mnepeMenHoit DJC anekTpo- COPACHHIK
MarHuTHOH muaykuun €., =-d ( BS)/ dt=—pou SIdH d. Bennunna ~30B TepMonapa
aroit DJIC usmepsiercst BombTMeTpoM MV, (prc.187)u nponopiuoHanbHa Puc.187

3¢ dexTuBHON MarHUTHOU NPOHUIIAEMOCTH cepiedHuka: €, ~ |l . Hamom-
HHM, 9TO BOJBTMETD H3MEPSIET HE 3aBHCAIICE OT BPEMCHHU ACUCTBYIOIIee Min dhGheKTHBHOES HAIPSUKEHKE, BO3HUKAMOIIEE B 00-
MOTKe “2”.

Kak BuIHO W3 CriakeHHOU NeTiu rucrepesuca Ha puc.187,B mepeMeHHOM MarHuTHOM 1osie heppOMarHeTHK He ycreBa-
€T HaMarHUTHUTbCA JI0 HACBILIIEHHU U €r0 MarHUTHAsE BOCIIPUMMUYUBOCTh MeHsAeTcs BOIu3u 3HaueHus H, . Dddexrusnas Bennyuu-

Ha  Benmuka (puc.186)u p> 1.

Ipu HarpeBanun (eppoMarHeTrKa Boie Temueparypsl (Toukn) Kropu Te komeGaHWs aTOMOB PELIETKH CTaHOBSITCS Ha-

CTOJIbKO CHJIBHBIMH, YTO TEIJIOBOE JIBIDKEHHE pa3pyliaeT oOMeHHoe B3anuMoelicTBre. [Iporcxoaut pa3oBblii epexo BTOPOro po-
Ja, IIpU KOTOpoM (heppoMarHeTuK Ipeppalnaercs B napamarsetuk. IIpu remneparype T > T MarHutHas BOCIPUHMYHUBOCTb OBICT-

PO yMeHblIaeTces cornacHo 3akoHy Kropu-Beiicea: X=——7, (191)

rae C —noctosiaHas Kropw.

HarpeBanue GpeppoOMarHuTHOrO CEpACYHHUKA B JTa0OPATOPHOM YCTAHOBKE ITPOMCXOIUT B €r0 IEHTPAIBLHOM YaCTH, a TEM-
nepaTypa HarpeBartessi U3MepsieTCsl C MOMOIIBI0 TePMOMAphI, pabouyuil KOHEIl KOTOPOil MOrpyKeH B HarpeBaTesb BMecTe ¢ dep-
pomarsetuxoM. Bemnuuna TepmoDAC €, BO3HUKaIONas B TepMOIape NPy U3MEHEHHU TeMIIepaTypbl, U3MEPAETCS BOIbTMETPOM

mV; (puc.187).T1o rpagyupoBo4HOMY rpadHKy, UMEIOILIEMYCS HA YyCTAaHOBKE, MOXKHO Ka)IOMY 3HAYEHHIO €; COMOCTABHUTBH 3HA-

YeHHe TeMIeparypsl T.
Cepae4yHuK NMpH 3TOM HarpeBaeTcs HepaBHOMepHO. PaspyiieHue (eppoMarHUTHBIX AOMe-
HOB HAUYMHAETCS B LIEHTPAIBLHON 00JIaCTH HarpeBares, a Ha KOHLE Cep/eYHUKa, I/1e HaXOIUTCS U3-

5%

won oXTaKACHHEN
MEpHUTCIIbHAs KaTyIlKa 2 , TEMIEeparypa €1 HE JOCTUlJIa TOYKU KIOpI/I " JTOMCHBI COXPAHAIOTCH. 1 ;
[lo Mepe HarpeBaHus pacTeT 00JACTb CEpACYHUKA, B KOTOPOH T = Te, YHCIO COXPAHMBLIMXCS J10- Iea Tey r(€y
Puc.18¢€

MEHOB cokparaercs u 3 dexrnBHoe 3HadeHne €, ~ I yMeHblaercs miaBHo (puc.188).

Kpome Toro, Hafio y4ecTh 3ama3IbIBAHUE HATPEBAHUS WM OXJIAXKICHHS CepICUHUKA. H3MEPUTEIbHAS TepMOIapa MoKa-
3bIBaeT OOJIBIIYI0 TEMIIEPATYypy, KOIrJa CepAeuHHK eumé He ycmes mporperbes. [loaTtomy u3mepenue touku Kropu mpous3BoastT
CHayaja MpH HarpeBaHWH, a OTOM IPU OXJIAXKICHUHU CepACYHUKA, KOT/Ia CEPACYHHUK ellIe He yCIen OCThITh. [10 AByM mosydeH-
HBIM 3HaYeHWIM T (puc.188)Haxomsr cpenHee 3HadeHne Temmneparypst Kiopu:

Te =(Ter + Te2)/2- (192)
[opsok BeINONHEHHS PaOOTEI
1.Cxema ycraHoBku H300pakeHa Ha puc.187.Ilepex Hauamom paboTsl mocraBbTe TyMOJIEp S B nosioxkenue "Buiki'”.
2. BkimounTe yCTaHOBKY B CeTh ¢ HampshkeHuem "220 B".
3. 3anumuTe Moka3aHus MAJUTHBOIBTMETPOB MV 1 MV, B Tabmuiy.
4 Bxmouute Harpesatens Tym61epom S. CHumute npy Harpese 3aucuMoctb JJIC uuaykunn €., (110 MUILIMBOIBT-

MeTpy MV,) OT TeMIepaTypsl dyepes Kaxaoe JAelieHne MUILIMBOIbTMEeTpa MV, okaseiBatomero suadenus tepmo DJIC €, . Jlan-
HbIE BHECHUTE B TaOIuIly. MI3MepeHus IpoBOIUTE JI0 TEX MOP, IMOKA MOKa3aHUsI MUJLIHBOJIBTMETpa MV, He ynanyt Ha 70%.

€ ,MB Touxa Kropu
t,°C Ter=.nenn K
82H3.Fp ! MB TCZ T K
€20x1» MB Te=.n..n. K

5. Beikimounte HarpeBatenb TyMOJEpoM S ¥ 3alUIINTE MOKa3aHUs MIUTHBOJIBTMETPOB MV 1 MV, IpH OXITaKICHIH
obpasua B Tabauiy. Benmuuunsl €, , U3MepsieMble IPUOOPOM MV,, onpesiessiTe NPy TeX JKe 3HAUEHUAX &, 4TO M IIpU Harpe-

BaHUM 00pasiia.
6. Ucnons3ys Tabnuuy 3aBucumocty Tepmo D/1C €; oT TeMieparypsl, IPUBEJEHHYIO Ha YCTaHOBKE, HAlUTe U 3aIlu-
[IMTE 3HAYCHHSI TEMIIEPATyPhl, COOTBETCTBYIOIIHE KaKIOMy 3HaueHHI0 Tepmo DJIC.

7. ocrpoiite rpaduku 3aBucuMoctd IJIC HHIYKIUU OT TEMIEPATYPhI IPH HArPEBAHUH U OXJIaXIeHHH oOpasna (Ha oJ-
HOM pHUCYHKE, cM.puc.188).

8.Tlo xaxxnoMy u3 rpadukos onpenennte To4ky Kiopu Toqy n Tep, 1 Haiinure ee cpenuee 3Hauenue (192).
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KoHTposbHBIE BOIPOCHI K JIa0opaTopHOU padoTe Ne 47

1. ITouemy deppoMarHeTuK UMeeT JOMEHHYIO CTPYKTYpy? UTo Ha3bIBaeTCs MarHUTHBIMH JJOMEHAMH M KaKOBA IPUYMHA UX TOSB-
JICHHS?
2. Yo npoHucXoIUT ¢ JOMEHHOU CTPYKTYpoil eppoMarHeTrka NpH MOMELIEHHH ero Bo BHelHee roje? [loueMy MHAyKIMs Mar-
HHUTHOTO 110J151 B ()eppOMAarHeTHKe He PAacTeT BBIIIE ONPEEICHHOI0 3HaYeHHs ?
3. Uro Ha3bIBaeTCSl MArHUTHOM MPOHHUI[AEMOCTHIO U MATHUTHOW BOCIIPHUMYHBOCTBIO CPE/IbI?
4.Yem pasznuyaroTcs qua-, mapa- U GeppoMarHeTHKN ?
5. Ilo kakoi# npuYMHEe 3HAYCHHE MArHUTHOW MPOHHIIAEMOCTH (peppoMarHeTUKa BEIHMKO MPU MAJbIX 3HAYCHUSIX HANPSIKEHHOCTH
BHEITHETO MarHuTHOTO 1Moyt H ¥ pe3ko ymeHbpImaercst ¢ poctom H?
6. [Ipu kakuX yCIOBUAX eppOMarHUTHAS cpeaa CTAHOBUTCS IMapaMarHUTHOM ?
7. Uro Ha3bIBaeTcs Toukoi Kropu?
8. Hapucyiite cxemy 1a00paTOpHOH YCTaHOBKU M OOBSCHUTE NPUHLINI €€ NeHCTBHSI.
9. Uro n3mepsoT BOALTMETPBI MVy 1 MV,?
10.Tne B nanHO# paboTe UCIONIB3YETCS SBIEHUE AIEKTPOMAarHUTHON MHAYKIMH, 1 toyeMy D/1C MHAYKIMK 3aBUCUT OT TeMIlepa-
TypBI?
11.Kaxum 00pa3oM B JaHHOI paboTe ornpenessercs TeMieparypa GeppoMarHiTHOTO CepACYHUKA?
12. O6wsacuute rpadukn 3aBucuMoct Ha prc.188. [loyemy 3T Tpadvku HE COBIATAIOT MPH HATPEBAHUHM W TIPH OXJIAXKICHUU
(dbeppomaraeTnka’?
13.Tlouemy eppoMarHuTHbII CEpACUHUK, HATPETHIH BhIlIe TeMIeparypbl Kiopu, npu 0XJIaxIeHHH BOCCTAHABIMBACT MarHUTHbIC
cBoiicTBa?

Jlureparypa
1. CasenbveB U.B. Kypc ¢usuku B 3-x 11.: T. 2: Dnexrpuuectso - M.: Hayka, 1970.- 8§88 44, 54, 54, 55, 56, 62.

2. Konmaxos 0. H., TTekap 0. A., Jlaryn 1. M. DniekTpruectBO U Maruetusm,- u3a. Tyal'yY. 2008,rn.7 89,ri1.9 §84,6.
3. Konmaxos FO.H., ITekap 10.A., Jlexxkuesa JI.C. DnekrpoMarueTu3m u onTuka,- u3a. Tynl'Y. 2010,rm.188 3,5.

4. Kommaxos 1O. H., Jleeun /.M., Cemun B.A. OcHOBBI (M3HKHN KOHJICHCUPOBAHHBIX cpell ¥ (pu3uku Mukpomupa: .1,
-u31. Tynl'Y. 2014, 887.5, 7.6.

Pabora Ned9. 3MepeHne BBICOKHX TEMIIEPATyp C MOMOIIBIO ONTUYECKOT0 ITUPOMETpa

[{enb pabOTHI: 03HAKOMHUTHCSA C METOIaMH ONTHIECKON MUPOMETPHH U C UX ITOMOIIBIO OTIPEIEIATE TEMIIEpaTypy Harpe-
TOTO TeJIa ¥ BEIYUCIIUTH IKCIIEPUMEHTAIIbHOE 3HaUeHHEe ocTossHHON CTtedana-bonmbiimMaHna.

TeopeTnueckoe ONMMCAaHUE
OnTuueckoll MUPOMETPUE Ha3bIBAETCS METOJl U3MEPEHUS! BBICOKMX TEMIEPATYp MO TEIUIOBOMY H3IIYUYEHHUIO HArpeThIX

Tesl. DTO M3ITyYCHNE XapaKTepU3yeTCs BENWYMHON CIEKTPAIbHON M3IIyYaTeNbHON CIIOCOOHOCTH I')T HArpeToro Tena. 3HEprHs

TCIUIOBOT'O U3JIYUCHHA, YHOCUMaAsA C €ANMHHUIBI IOBEPXHOCTHU TEJIa 3a €AUHUIY BPEMCHU JJICKTPOMArHuTHbIMU BOJIHAMU C JJIMHAMU

BOJIH OT A 10 A +dA paBHa dW=rnd\. (193)
Ecnu npoHHTErpHpOBAaTh 3Ty BEIMYUHY II0 BCEM 9acTOTaM, [OJIyIUM JHEPreTHYCCKYI0 CBETUMOCTD HATPETOrO Tea
0
R=[, nrd\. (194)

3TO0 — 3HEPrus, N3ayIaeMas C €IUHHLEI TIOBEPXHOCTH TeJla 3a €IMHHITY BPEMEHH 110 BCEM HAIIPaBJICHUSM B BHIIE dJIEKTPOMArHHUT-
HBIX BOJIH CO BCEMH BO3MOXKHBIMH UTHHAMH BOJIH A.
IToBepxHOCTH TFO00TO TENA XapaKTEePU3yeTCs BEIMUMHON CIIEKTPAIbHON MOTIOMATENbHOM CIOCOOHOCTH )T - 9TO OT-

HOILIEHHE TIOTJIONIEHHON MOBEPXHOCTHIO SHEPTUU K MAJAIONICH HA ATY MOBEPXHOCTh YHEPTUH TEILIOBOTO MU3JIyYEHHUs C JJIMHAMU
BOJH OT A 10 A +d\. Ecin MOBEpXHOCTH MOTIIOIIAET BCIO MAAMOIIYI0 Ha He€ SJHEPrHIO JICKTPOMArHUTHOTO M3IydeHUs 1 a1 =1,

TO TEJIO HA3bLIBAETCS a0COIIOTHO YCPHbIM (HOBerHOCTL 3BC3], HaanMep). ﬂﬂﬂ JIO0BIX APYTUX TCJI U3J1y4aTeJibHas U IOTJiola-
TeIbHAs CIIOCOOHOCTH CBSI3aHbI YHUBEPCAJIbHBIM 3aKOHOM U3JTYYCHUA Knpxrod)a:

rr =axt OF(AT), (195)

rae yHuBepcanbHas QpyHkims f ()\,T) = I\Tuepn OYJCT H3JIY4aTCIBHOI CIIOCOGHOCTBIO aGCOIIOTHO YEPHOIO TEIIA.

[IpaBunbpHOE BRIpayKEHHE 3TOH (HYHKINH, COTIACYIOMIEECs C SKCIIEPUMEHTAIBHBIMH JaHHBIMH, OBUTO ToirydeHo [Trankom
B TIPEATIOJIOKEHHH, YTO JIF000€ 3JEKTPOMAarHUTHOE M3ITyYeHHE IIPOUCXOANUT OTAEIBHBIMA TOPUUSMHU-KBaHTAaMHU — (OTOHAMH, Ka-

YKABIA U3 KOTOPBIX UMEET DHEPTHUIO E(p =hiw= 2T[Ch/ A, TIe C — cKopocTh cBeTa, 7 =1,055110 34 JIx [¢ — mocTosnHas [Tnanka.

[Nony4yeHHOE NPH 3TOM MPEANOI0KEHUH BbIpaxeHue GyHKuuu f ()\,T) HasbIBaeTcs Gpopmynoii [Tnanka:

f (7\,,77) = r?»T 4epH

aréc?h onen) )
f ()\’T) = AT uepn = NG ex AkgT -1, (196)

rae kg =1, 381023 Jx/K —nocrosinnas bonbumana. E€ rpaduk npencrasiex Ha puc.189.

B3sB HHTErpat OT 3TOr0 BhIpaKEHUsI, MoaydnM 3akoH Credana-bonpimMana; m %
Puc.189
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e 0 =5,67032010° BT/ (M2 K 4) - nocrosiHHas Credana-bonbpumana. Eciau ydecTs, 4To oKkpyXkarommasi cpeaia MMeeT HeHyle-

BYIO TeMIIepaTypy Tg,, TO SHepreTHYecKasi CBETUMOCTb aOCONIOTHO YCPHOTO Tella NPUMET BHJL RmpH = 0(T4 - 'I;g) . Ho B na-
weM ciydae T > o ¥ MOXKHO HONIB30BaThCs POPMyIOit (297).

MakcuMyM H3JTy4aTenbHOH CMOCOOHOCTH IPUXOMHUTCS HA JUIMHY BOJHBI A, KOTOPYIO MOXKHO HaWTH M3 YCJIOBHUSL

dryt / d)\‘)\_)\ = 0. BeruucneHre NpUBOJUT K 3aKOHY cMellieHns BuHa
-‘m

AT =b=2,89810° mK. (198)
Peanburie Tena H3JIy4arOT MCHbBIIC DHEPIruu, 4eM aGCOJ'HOTHO YEPHOE TECJIO. Cpe;m HUX UMECKOTCSA TaKHE, Mmorjiaouiareiib-
Has CHOCOGHOCTL KOTOPBIX NPAKTUICCKU HE 3aBUCUT OT AJIMHBI BOJIHBI U3JIYYCHUS U OT TEMIICPATYPHI. Takue Tena Ha3bIBAIOT “ce-

peimu” . 3akoH Credana-bonbimana (197) s “cepbix” Tell MOKHO 3aIlMCaTh B BUIE Reep = AoTH, (199)

rne koHcrtanty A<1 HasbiBaroT kod(h¢uunenroM nornomenus. OOBIYHO MOIJIOMIATENbHAsS CIIOCOOHOCTD PEabHBIX Cpell HMEeT
CIIOXKHYIO 3aBUCHMOCTB OT A U T, M 3amMicaTh Il HUX MPOCTYIO 3aBUCUMOCTh (199)Henb3s.
B nanHoit pabote onpenensercs TeMneparypa HUTH HaKaja JaMIIbl, HCITyCKaIOIIeH CBET B OITHYECKOM JMara3oHe, B KO-
TOPOM JUIMHA BOJIHBI A Majia U 9KCIOHEHTa B BhipakeHnu (196)Hamuoro 6osbiie eauHuibl. Toraa MOKHO IPHHSTH
4ec?h 2rch
f ()\’T) = AT uepn = 5 &Xpg -~
A AkgT
DT0 —3aKOH U3NydeHus BuHa, cipaBeIUBEIM B 001aCTH KOPOTKUX JJTUH BOJIH.

Hpuniyn feiCTBIs APKOCTHOTO IHPOMETpa, CXeMa ACHCTBHS KOTOPOTO IOKa3aHa HA g 7~ | o
puc.190, ocHOBaH Ha CpPaBHEHWH SIPKOCTH HCCIIEAYEMOTO HArpeToro Tejia (HATH HAKATHBAHHUSA 2 | 3 S 5
JTaMIouKkH 9) ¢ APKOCTHIO ITATIOHHOTO a0COTIOTHO YEPHOTO Tela, KOTOPBIM SBISETCSI HUTH HaKasa
nupoMeTrprdeckor mammbel 7. Obe HUTH HaAOMIOMAIOTCS B Ioyie 3peHus okynsapa 1. Bpamenuem
KOJIbIIa HABOJKH PE3KOCTH S IepeMenaloT 00beKTHB, HApaBIeHHBI Ha HUTh Hakama 7, U J00Ou-
BAIOTCSl OJIMHAKOBO YETKUX HAKIIABIBAIOIIMXCS IPYr Ha Apyra B IOJie 3peHUsl OKyJisipa U300pa-
KESHHH 00eNX HUTEH.

YenoBeueckoMy Iila3y TPYJHO CPAaBHUTH SIPKOCTH ABYX M300paKEHHH pa3HOro LBETa, HO
SIPKOCTH WJIM OCBEILEHHOCTH ABYX IPEJMETOB OJHOTO IIBETa IJla3 CPaBHHBAET OYEHb XOPOILIO.
[Mo3ToMy Ha TyTH Jiyueil OT HCTOYHUKOB 7 U 9 CTaBAT CBETO(PHIBTP 2, MPOMYCKAIOLINIA KPACHBIN Puc.190
cBeT ¢ A = 660HM B y3KOM HHTepBaje IIHH BOIH AM .

Haxkan 3TanoHHo# HUTH 7 NHPOMETpPa YBEIHMYMBAIOT WIM YMEHBILIAIOT, Bpalas PEryisaTop 3 Ha MUPOMETPE U M3MEHSIS
TOK, TEKYIINH Yepe3 peocrar, 10 TeX Mop, [0Ka B M0JIe 3pEHUsl OKYJIsipa HUTh / HE CTaHET Hepa3IMYMMOH Ha (oHe packaleHHOW
HHUTH Hakana Jammnovku 9. DTo o3Ha4yaeT, YTo 00e HUTH OJMHAKOBO M3Iy4alOT B HHTepBaje BOMH AA , HIMEIOT OJHHAKOBYIO sp-
KOCTb M HCITyCKAIOT 0iuHaKoBYI0 sHepruto. Cornacuo (193)u (195)nonyunm

Fraepn (AT )N =1y (AT )AA = ay1 1y gepu (M T) O (201)

(200)

JUIS HUTH IupoMerpa 7 JUTSL HUTH HaKaa J1aMIovky 9
Perymnsarop 6 mo3BossieT MEHATh HAaKall JTaMIIOYKH, U3MEHSSI HICTUHHYIO TeMIepaTypy 1 e€ HuTH. JpKOCTHOH TeMuepaTy-
poil T'q uccienyeMoro Tejla Ha3bIBA€TCs TaKas TeMIlepaTypa aOCONIOTHO YEPHOIO Tela, SIPKOCTh KOTOPOIrO COBIALAET C SIPKO-

CTBIO HCCIICAYEMOTr0 TeJa ISl HCIOIb3YeMOro HHTepBasa JIuH BOJIH AM .
Iostomy B coorromennu (201)sranoHHast HUTH TMPOMETpa UMeeT Temieparypy I, KOTOPYIO OIpPEeNsIoT [0 BepX-
Hel 1kane cTpenouHoro npubopa 4 (prc.190). Ecau naMnouka o4eHb sSpKasi ¥ CTPeNKa MUPOMETpa 3allKaIuBaeT, BKIKYAIT 10-
TIOJTHUTEJBHBIN KpacHbI cBeTOGMIBTP 8, 0cIadisisl IOTOK CBETa, M IIPOBOJAT U3MEPEHUS 110 HIDKHEH LIKaJle TUPOMeETpa.
SlpkocTHas TemmepaTypa Bcerga OyAeT MeHbllle MCTHUHHOI TeMmIepaTypbl HUTU Hakana, Tak Kak axt <1 u coriacHo

(195) npu ouHAKOBOM TeMIIepaType abCOIIOTHO YEPHOE TEJIO BCEraa OyaeT UCIyCKaTh OOJIbIIE SHEPTUH, YeM JH000E APYroe Te-
710, ¥ OyZeT UMEeTh OONBIIYIO IPKOCTb.
Ioacrasum (200) B (201) v BbUKCIMM JOorapudM OT JEBOH M IPaBOM YACTH IOJYYEHHOTO YpaBHEHHS. DTO HaéT

_2meh _ Ina,t _2nen , OTKY/Ia, U3MEPHB SIPKOCTHYIO TEMIIEPATYPY IO IIKAJE MAPOMETPA, HAXOAUM UCTHHHYIO TEMIIEPATYPY
AkgTy ANgT
o TH 21TCh
HUTH HaKaja JIAMIIOYKH, CeTaHHON u3 Bosbppama: T =——-———, e G =—— = 2,18310 K. (202)
I+TgInayr /G KgA

3aBUCHMOCTb MOTJIONIATENLHON CIIOCOOHOCTH BOJIb()pama OT TeMIIepaTyphl He JuHeiHa. Ho ajst u3MepsemMoro uHTepBa-
Jla TeMIeparyp, Kak BUAHO U3 TaOMULbl 1, MOXKHO NPUONIMKEHHO NIPUHATH €€ BelUuuHy paBHOU a1 = 0,45 1 BEIYUCIATH TeM-
neparypy HUTH 110 popMmyie

T Ina
T=—A e Cp=—2' =-3,6610°K™. (203)
1+CyTy G



103
Tabnuna 1. 3aBUCUMOCTB NMOIIIOMIATEIFHON CIIOCOOHOCTH BOJIb()pamMa OT TEMIIEPATYPEI

T, K 1000 1200 1400 1600 1800 2000 2200

anT 0,456 | 0,452 | 0,448| 0,443 0,469 0,466 0,465

Toxk |, nporekaronuii MO0 HUTH HaKaja JJAMIIOYKH, HarpeBaeT NMPOBOJHMK. Temneparypa HUTH pacTeT Sg , S s
JI0 TeX TI0p, TI0Ka He YCTAHOBHUTCS TEINIOBOE PABHOBECHE: BCE BBIJIEIISIONIEECS B HUTH JDKOYJIEBO TEIUIO W3Iyda- ¢ —{=——==
eTcs uepe3 e€ OOKOBYIO MOBEPXHOCTh S B BUJIE TEIUIOBOTO M3JIYYEHHS CO BCeMH JuiHHamu BoiH (puc.191). Pe- s s U§ Ts
aJNbHOE TEJIO NPU YCTAaHOBHBIIEWCS TeMreparype T H3JIydaeT MEHbIIE SHEpruH, 4eM abCOIIOTHO YepHOE Telo. Prc 191
Kpowme toro, Hafo y4dects, 4yTo BoabTMeTp Ha puc.190 m3MepseT najeHune HaNpsDKEHUST HE TOJIBKO Ha HUTH, HO '

1 Ha METaJUIMYECKOM YacTH LIOKOJIS JIAMIOYKH, KOTOpas TaKkXkKe TepseT TEIUIO 3a CYeT MEXaHW3Ma TEIJIONPOBOJHOCTH, a HHUTh
HMeeT BUJ He IPSMOT0o NPOBOJHHUKA, & CIIUPAIH, U e€ M3Iy4eHHe TPpeeT CTeKIIHHYIO KOOy JIaMIIOYKH. B pesynbrate Bcex STHX
(bakTOpoB ypaBHEHHE TEIJIOBOT0 OanaHca AJIst JAHHOW YCTAaHOBKH MOYKHO 3aIllUCaTh B BULIE

a,roT*sS=alU, (204)
rze o - Ko3QQUIKUEHT, MCHbIHIA 1, NPUBEACHHBIN, KAK M BEJIMYMHA IUIOMAAA S HAa YCTAaHOBKE.
alu
DTO paBEHCTBO MO3BOJISET paccunuTaTh octossHAyo Ctedana-bonpimana: O=—7—. (205)
a;\TT S

TTopsI0K BEIOTHEHHS PAOOTHI

1. He Brirouasi yCTAaHOBKY B CETh, O3HAKOMHUTBCS C PACIIOIOKEHHEM PYYEeK PEryIMPOBKH JaOOpAaTOPHOM YCTAHOBKH U
mupomerpa (puc.190). OnpenenuTs 1eHyY Je/ieHUs] BOJIBTMETPA U amrepMeTpa. [loctaButh perynsatopsl 3 U 6 B HCXOJHOE T0JIO-
KCHHUE, IOBEPHYB UX MPOTHB YaCOBOW CTPEIIKH.

2. BKJIIOYHTh YCTAHOBKY B C€Th, perynsatopom 3 (cm.puc.190)u ycTaHOBUTH TaKOW TOK, ITPU KOTOPOM CBETSIIIASCS HUTh
JIAMITBI TAPOMETpa 7 XOPOIIO BHIHA B OKYJsp. [lepememniast OKysip 2, HOJXYYHUTh PE3KOE M300pakeHUE ITON HUTH.

3. PerynsaropoM 6 ycTaHOBHTH MHHHMAJBHBIA TOK B HCCIICAYEMOH JIaMIIe, IPH KOTOPOM ¢€ HUTh Hakana 9 BHIHA B OKY-
JISIp B BUJIEC CBETSILCHCS ciupany Ha ()OHE HUTU IHpoMeTpa 7. 3amucarh 3Ha4eHus Toka | u HanpspkeHus U B ucciienyemMon Jiam-
e Hakaja B Tabuiy 2. OnpeaeauTh MOIHOCTD, moTpebisemyro gammoi P = | [l , u Takke 3amucarh B Ta0IHIy 2.

4. Bpamas perynastop 3, yCTAHOBHTH TaKOW TOK B MUPOMETPHUYCCKON JIaMIle, MPU KOTOPOM SIPKOCTh HUTHU MUpoMeTpa 7

CpaBHSETCS C APKOCTBIO HUTH Hakanma 9. 3Hauenue tg APKOCTHOM TemmepaTypsl B °C  ompenensieTcs o BepXHeii mIKaje cTpe-

no4HOTO TIprbopa 4 (Ha mikajie npubopa TeMIepaTypa JaHa B rpaaycax
Henbens). M3smepenne sIPKOCTHON TeMIEpaTyphl IPU 3aJaHHOM TOKE [ A
naMnbsl 9 TpoBOIUTH TpH pasa. Haiiti cpeaHee 3HaueHUE SPKOCTHOU ’
TEMIIEpaTyphl U 3a1ucarh B Tabuuiy 2.

5. AHanornuHble H3MEpeHHs MPOBECTH VI YETHIPEX IPYTHX
3HAYCHUH TOKa JIaMIIbI 9, yBEMYMBasl €ro KaXKAbIH pa3 Ha OAMHAKOBYIO
penmanny. Ecnn crpenka mupomerpa samkanmeaeT npu mimepenmn | s °C
TeMIePaTyphl, BKJIIOUUTE CBETOQMWIBTP 8 U U3MEPEHHE TeMIIepaTyphl
MIPOBOJIUTE IO HIDKHEH ITKae. (t }1> ,°C

6. ITo dopmyre (203) BEIYKCIUTD AJIS KaXKIOTO TOKA TEPMO-

Tab6muma 2.

TUHAMAYECKYIO TeMIIepaTypy T, HCIIONB3Ys cpenHee 3HauYCHHe (T ﬂ> ,

MOJTyYCHHBIC PE3YIIbTAThI 3aIKCaTh B TAOIUILY 2. T. K s
7.Tlo gpopmysie (205) 115 Kax10r0 ONbITa HATH MocTosHAYD | O Br/m’K
_ 2104
Credana-bonbimana 0. OnpeienUTh CpeHee 3HAUCHHE <0> . <0 T Br/m°K

KoHTposbHBIE BOIPOCHI K JIabopaTopHOU padoTe Ne 49
1. Yro mpencraBisieT coO0H TETIOBOE N3ITyUYeHHE HATPETOTO Teya?
2. Kakas BeMurHa Ha3bIBACTCS CIIEKTPAIbHOW M3ITydaTeIbHON CITIOCOOHOCTHIO? CIIEKTPAIBHOM MOTJIOMIATEIFHON CITIOCOOHOCTRIO?
SHEPTETHIECKON CBETUMOCTHIO?

3. B uem 3akmrouaetcs 3akoH Kupxroda ais temnoBoro usnydenus? Kakoil cMmbicn nmeer yHuBepcanbHas GyHkuus f ()\,T) B
3TOM 3aKOHE?

4. Yto Ha3bpIBaeTCs a0COMIOTHO YepHBIM TesoM? [IpuBenuTe mpruMepsl TaKUX Tell.

5. Kak, 3Hast m3)1y9aTenbHy0 CIIoCOOHOCTD, BEIYUCIUTD SHEPTHIO, U3Ty4aeMyI0 HarpeThIM TeJloM 3a BpeMs At?

6. Chopmynupyiite 3akoH Credana-bonpimana n 3akoH cMenienus: Buna st u3imydenust abCOIIOTHO YEPHOTO Tena?

7. Kak usmenurcs rpaguk Ha puc.189 npu yBenmuenun temnepatypbl? Hapucyiite Ha ogHOM moiie Ba rpaduka 3aBUCHMOCTH
AT uepn OT A TIPH Pa3sHBIX TeMIEpaTypax.

8. ITo mpsimomy mpoBoay miuHbl | = 1M ¢ MansiM paguycoM I = 1 MM, HaxoasIeMycs B Bakyyme, TeueT Tok | = 1 A. VenbHoe

COINPOTUBJIEHUE IIPOBOJA P = 10 Om B1. Omnpenenure yCTaHOBUBIIYIOCS TEMIIEpaTypy poBoja, eciii 0 = 5, 67010° Br/im?K*.

9. UeM OTIMYAIOTCS SHEPTETUIECKUE CBETUMOCTH a0COJIIOTHO YepHOTO U “ceporo” Tena? MOKHO M BCe peallbHbIC Tella CIUTATh
“ceppiMu”?

10. O6BsicHUTE Ha3HAYEHUE BCEX AIEMEHTOB JIa0OpaTOpHOU ycTaHOBKH Ha prc.190.u 00bsACHUTE IPUHITUI €€ JeHCTBYSI.
11.3agem B maHHOHU paboTe Ucmoyb3yeTcs cBeTopuibTp? [loueMy u3MepeHHs Helb3sl BRITIOTHUTD 0€3 CBETOPMILTpa?
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12.B yeM cOCTOUT CyTh METOJIa ONTHYECKOW mUpoMeTpun? Kak MOXKHO M3MEPUTh TEMIIEpaTypy HarpeToro Teja Ha paccros-
HHH 10 ero sipkocT? Temneparypa Kakoro Tena onpeiesieTcs 1o LKajle MUpoMeTpa’?
13.Yto0 Ha3bIBaeTCS APKOCTHOH TeMIepaTypoit HabarogaeMoro Tena (HUTH Hakana)?
14. Cpenaiire BbiBo hopmysbt (201)u 0OBSICHUTE STOT BBHIBOA.
15. AGcomoTHO YepHOe M “cepoe” Teno MMEIOT OAMHAKOBYIO TemrepaTypy. Kakoe m3 aTux Tenm umeeT OOJBLIYIO SIPKOCTH?
OOJIBIITYIO IPKOCTHYIO TEMIIEPATypy?

Jluteparypa
1. Casennses U.B. Kypc ¢usuku B 3= Tr.: T. 3: Onruka. AtomHas ¢pusuka - M.: Hayka, 1970.- §849-54.
2. Kommaxos H0.H., [Tekap F0.A., Jlexnesa JI.C., Cemun B.A. OCHOBBI KBaHTOBO#1 TCOPUH U ATOMHOM (PHU3HKH,
-m3a. Tyal'y. 2010,rn.1 §81-5.

Pa6oTa No50. CHsiTHE XapaKTEPHUCTHK U OTpe/IeIICHUE TapaMeTpoB (DOTOIEMEHTA

[{enh paboOThI: 03HAKOMHUTLCS C SIBJICHHEM BHEUTHETO (oTodddekTa u paboToi PoTodIeMeHTa, BEIYUCIUTh YYBCTBUTEIb-
HOCTH (pOTOITIEMEHTA.

V]

Teoperrueckoe onMcanue MOKCMETp EICT?IIHHK @

B pabote uccnenyercs spneHue BHelHero Gorosddekra: cBeTOBOI NOTOK OT S@a peoctar
HCTOYHMKA CBETA MAJaeT Ha METAUTMUECKUM KaTo (POTORIEMEHTA (IBYXDIEKTPOIHOM o =g
BaKyyMHOM JIaMIIbl) U BHIOMBAET M3 METAIUIA DJIEKTPOHBI, KOTOPBIE TIOTAIAI0T HA aHOJ T ' LL(}

U CO3JAI0T U3MEPAEMBI MUKpoamIiepMeTpoM HA dortoTok (puc.192). s <,
OTOPE3UCTO <
[IpaBUIIbHO OOBSCHUTH 3TO SIBICHUE MOKHO TOJIBKO C TIOMOIIBIO KBaHTOBBIX P P xarox

MPEJCTAaBICHUN O MPUPOIE CBETA. CBETOBOI MOTOK C YaCTOTOW ® COCTOWT M3 OTICIb- Puc.192
HBIX KBAHTOB-(DOTOHOB, KaXIbI M3 KOTOPBIX BeleT ceOs Kak 4acThia ¢ dHeprueil Eg =7w u ¢ uMmynscoM Py, = hwy/c, rue

A =1,055110 34 JIx [¢ — mocrosunas Ilnanka, ¢ = 310 m/ic- CKOPOCTH CBETA.

Ora sHeprus nepenaércs (GOTOHOM OJHOMY M3 DJICKTPOHOB MPOBOJUMOCTH BHYTPH METAaJlIA.
BoOmm31 OBEpXHOCTH METaJlIa UMEETCS IBOWHOM IEKTPHIECKUN CIIOH, CO3AIONTHI STIEKTPHUIECKOE TI0JIe
C HATPSDKEHHOCTHIO E , MPENsATCTBYIONIEE BBLIETY JJIEKTPOHA U3 MeTaswa. UToGbl SIEKTPOH ¢ 3apsioM —e
MOKUHYJI MeTal U mpeoponien 310 tone (puc.193), eMy Hago cOOOIINTh MHUHHMAIBHYIO SHEPIHIO
A= ek, xoTopas Ha3pIBaeTCsl pabOTON BBIX0JIa DJICKTPOHA U3 METaJlIa.

OcrTaBmiasicst 9aCTh SHEpTUH OyIeT KHHETHIECKOH YHEePTHell IIeKTPOHA, BEUICTEBIIETO M3 MeTayuia. Eciu anekTpoHy Ie-
pena€rcst Bes dHEPrust POTOHA, TO OH BBUIETAET C MAKCUMAJIbHOM CKOPOCTBIO V¢ B COOTBETCTBUM C ypaBHEHHEM OHHIITEHHa

2
Vv

st potoaddexra: Ep =hw= A+% . (206)

B cooTBeTcTBHE € 3TUM ypaBHEHHEM (DOTOTOK BO3HUKACT TOJBKO IPH YaCTOTE MAJAIOIIETr0 Ha METAIlT CBe- HoTOTOK
Ta, IPEBBIIIAONICH 3HAYCHNE, HA3BAHHOE KPACHOH rpaHuieii GoToddderTa: W Wy, = A/ (puc.194).I1pu 5ToM ToK
BO3HHUKACT MPHU OCBEIICHUH MOMEHTAIBHO, 0€3 HAKOIUICHUS SHCPIHH CBETOBOW BOJIHBI BHYTPH METAJUIMYECKOTO Ka- To—G
TOJIa, MMOCKOJBKY YHEPTus (POTOHA HepenaéTcs AIEKTPOHY MTHOBEHHO. JTO YKa3bIBAET HA KBAHTOBYIO MPHPOJY CBETA. K11994

Puc.

B paGote cHHUMAIOTCsS BOJIbT-aMIIepHbIe XapakrepucTuku Qoroanemenrta (puc.195). Ucrounnku Toka € u
£, TOIKIIIOUEHBI TaK, YTO MEepeIBUras ABHIKOK PEOCTaTa MOXKHO HMOAATh Ha (POTOIIEMEHT KakK Ips-

MoOg, TaK 1 o0paTHoe HanpsukeHue (prc.192).

Ecnu npsiMoe HamnpsbkeHe npesbiinaet Benuuuny U, pOTOTOK mpekpaiaeT pacTH, Tak Kak
BCE DJICKTPOHBI, BbIOMBaeMble (DOTOHAMH M3 KaTOJa JOCTHIAl0T aHO/AA, U MHUKPOAMIIEPMETP PErucT-
pupyeT HOTOTOK HachieHus |, .

HenyneBoii (oTOTOK Ha6Ir01aeTCA TP 0OPATHOM HAMPSHKEHHH, YTO TAKKe yKashiBaeT Ha ©00PAaTHOC|NpsAMOe HarpsieHue

KBaHTOBYIO IPUPOy cBeTa. BBIONTHIE ¢ MaKCHMAaJIbHOM CKOPOCTBIO AJIEKTPOHBI TOPMO3SITCSl 00paT- Puc.19E
HBIM TI0JIEM ¥ OyIyT MOJHOCTHIO OCTAHOBJICHBI M HE JOJIETST O aHOJA, €CIIH BCS MX KUHETHYECKas

OHEPIrud 6y,ueT 3aTpavucHa Ha pa60Ty OPOTUB CUJI JICKTPUUCCKOTO MOJIS: rrbvzmax/Z = eU3 , OTKYyJla BEJIMYMWHA 3aICPKHUBAIOUICTO

HaOpsHOKCHU WA 332!6[2)KI/IBa}O!!!eﬁ PAa3HOCTU NOTCHIHAJIIOB U3 = (h(x)— A)/e
(207)

OcsemenHocTs E kaTolla MOYKHO H3MEHSATB, YBEIMYNBAs MM YMEHBIIAs TOK, IPOTEKAIONHI Yyepe3 HCTOYHHK cBeTa. Mc-
TOYHHK CBETA OJHOBPEMEHHO OCBEMIAET U KaTo[ (POTOdIEMEHTA B (POTOPEIUCTOP, BCTPOEHHBIH B mokeMeTp LX (cMm.puc.192).do-
TOPE3UCTOPOM SIBIISIETCS IOJIYIPOBOJIHHUK, B KOTOPOM (POTOHBI BEIOMBAIOT BAJICHTHBIE SJIEKTPOHBI U3 MEXaTOMHBIX CBA3CH, YBEIH-
YKBas ACKTPOHHBINA U JBIPOYHBII TOK U YMEHbIIAs conpoTuBieHue npudopa (ot 1 MoM B temuote 10 10-1000M nox aeiictu-
em cBera). llIkana moKcMeTpa MporpaaydpoBaHa Tak, 4TO MO U3MEHEHHIO TOKa B HEM CTpelika MpHOOopa MOKa3plBaeT OCBEILCH-
HOCTb B JIFOKCax (JIK).

BennunHa OCBEIIEHHOCTH MJIM MHTEHCHBHOCTH CBETOBOTO ITOTOKA IPOIOPLHOHAIBHA YHCITy (POTOHOB B HEM, T.€. IPO-
HOPLMOHANIBHA YUCITY BRIOUTHIX U3 KATOJA SNEKTPOHOB U TOKY HachimeHus: |, =KE (puc.195).

Hcmonb3yst ToyYeHHBIE Ha CHATBIX BOJIBT-aMIIEPHBIX XapakTepucTrkax (puc.195)3HaueHus i TOKa HACKIIIICHHUS,



MOHO OIPEENINTh BEJINYMHY YyBCTBHTENbHOCTH (orodnementa k =Al, /AE (cm.puc.196). Dta BenuunHa Xxa-

pakTepu3yeT CroCOOHOCTh (POTOIIIEMEHTA pearupoBaTh Ha CBET.
3amMeTHM, HaKOHEI], 9TO CBOOOHBIN 3JIEKTPOH HE MOXKET MOTIOTUTE WIH HCITYCTUTh GoTOH. DOTOH BenmeT

ce0st KaKk PeNATHBHCTCKAs YaCcTHUIA, JBHIKYINASACS CO CKOPOCThIO cBeTa. [103TOMy 3aKOHBI COXpPAHEHUS SHEPTUH U Puc.19€
HMITyJIbCa TP HOTJOIIEHUN (OTOHA 3JIEKTPOHOM HAJO 3alHcaTh B PEISITUBHCTCKON (hopme. B mHepmmanbHOI
CHCTEME OTCYETA, B KOTOPOI CBOOOIHBIN 3JIEKTPOH MOKouTCs (prc.197),0Hd HMEIOT BUI; Ey, Py me? E, B,
mec? v
Exb + m(‘z =E= ﬁ ; (208) doron 3IEKTPOH
1-v?/c Puc.197
y Mo/ ___mé
Uckmouus n3 cucremsl ypapuenuit (208) snepruio porona Ey, nomyunm +rT}e(:,2 = , OTKyZIa

1- v2/c2 \1- vz/c2

CJIEIyeT, YTO CKOPOCTh DJICKTPOHA PaBHA CKOPOCTH CBeTa V = C, YTO HEBO3MOXKHO. HeBO3MOXKHO moriornieHre GoToHa cBOOO-
HBIM DJICKTPOHOM.

Takum o0pa3oM, MOTJIONICHHE (POTOHA JICKTPOHAMH MPOBOJAUMOCTH BHYTPU METaJlIa MPOUCXOAUT HM3-3a TOTO, YTO ITH
AJIEKTPOHBI HE CBOOOJIHBI, @ B3aUMOICHUCTBYIOT C 3JICKTPHUUCCKUM IT0JIEM KPUCTAILTMYSCKON pEeHIéTKU MeTasuia. YacTh SHEPTUH Imo-
TIIOMIEHHOTO (POTOHA OyJeT mepefaBaThCsl PEMIETKE U 3JICKTPOHBI OYAYT BBUICTATh U3 METaJIa CO CKOPOCTHIO MCHBIICH YeM Ta,
41O yKa3aHa B ypaBHeHuu Gpotodddexra (206),4T0 0OBICHAET NOCTENEHHOE YBeIHUeHrne (POTOTOKA 70 HACKIIeHUs Ha puc.195.

Hopsnok BeIMOIHEHHS PAOOTEI

1. Pa3o0Opatbcs B HA3HAYCHUU M PACIIONIOKCHUH PUOOPOB U PETYISITOPOB HA ycTaHOBKe. CXeMa YCTaHOBKHU H300paKeHa
Ha puc.192. Ikaner mokcmerpa (LX), mukpoammnepmerpa (LA) u BoasTMerpa (V) pacrosokeHbl Ha MaHeIH YCTAHOBKH, BHYTPH
KOTOpOU HaxosATcs (OTOAIEMEHT, (POTOPE3UCTOP, UCTOUHHK CBETA M MCTOYHHK MTUTAHHSI.

2. TymOsiep S mocTaBUTH B MojIokeHue "BBIKI", @ ICTOYHUK OCBEIICHHOCTH PACTIONOKUTH HA MAaKCUMAIBHOM yJaJIeHUN
0T (OTORIEMEHTA, [UIsl YETr0 PEryJIsATOp OCBEllleHHOCTH Ry MoBepHYTH BIIPaBO 0 yHopa.

3. Pyuky norenipomMerpa R moBepHYyTh MPOTHUB YaCOBOM CTPEINIKHU JIO yIOpa.

4. BKJIIOYNTH YCTaHOBKY B ceTh "220B".

5. Usmensts Hanpspkenne U moreHimomMerpomM (peoctatoM) R, CHATH 3aBUCUMOCTD ()OTOTOKA | OT HAIpsOKEHHS, 1o1a-
BaeMoro Ha (oTosnemMeHT, npu oceemennoctu E = 0 JIk.

6. TymOyiepoM S BKITIOYHTH UCTOYHUK CBETA M U3MEPHUTH 3aBUCUMOCTH (hOTOTOKA | OT mpriiaraeMoro kK (hOTO3JIEMEHTY

Hanpspkernst U monyants 3aBucumocts | = f (U ) MIPU pa3IMuHbIX 3HAYCHUSIX OCBEICHHOCTH. JlaHHbIE H3MEPEHHIi 3aHECTH B
tabnuiry. [1o MoTyYeHHBIM JaHHBIM TIOCTPOUTH BOJIbTAMIIEpHBIE Xapakrepuctuku | = f (U ) npu E = const {emeiicTBO KpUBBIX
CTPOUThH Ha OJHOM I10JI€, KaK [TOKa3aHo Ha puc.195). Tabmumna
E, nx U,B I, A
I, A
I, A
I, A
I, A
I, A
I, A
Al =......... A; AE=...... JIK; k=....... Alnk

7.1I1o nocTpoeHHBIM IrpadykaM OIpeeIUTh BeIMUMHBI TOKA HACHIIIEHHS |, IpH KaxIOM 3HaYeHUH OcBelleHHoCcTH E,
3aHECTH UX B TAOJIMILy ¥ HOCTPOUTH IpadyK 3aBUCUMOCTH TOKa HachllieHus |, oT ocBemenHocty E

8.11o stomy rpaduky (cm. puc.196)onpenenuts 4yBCTBUTENBHOCTS hoTodnementa K = Al /AE .

KonTpoabHbIe BOIpoCH K labopaTopHoi paboTe Ne 50
1. B yem 3akmrouaercs sineHue gorodddekra? [louemy oH Ha3pIBACTCSI BHEIITHIM ?
2. TTo xaxuM ipuIUHAM OOBSICHHUTD sIBIIEHUE POTOIPPEKTa MOKHO TOJBKO C TIOMOIIHIO KBAHTOBOM TEOPUU?
3. Kaxkas gactuna Ha3biBaeTcs (oToHOM? KakoBbI €€ 3HEpTHs U UMITYJIBC?
4. Kaxast BellMunHa Ha3bIBaeTCsl pabOTO BBIXO/a 3JIEKTPOHA U3 METasIa?
5. 3anumuTe ¥ 00bsICHUTE ypaBHeHUE DUHIITEHHA 11t hoTodddeKTa.
6. Uro Ha3bIBaeTcs KpacHOi rpanuuei ¢porospdexra? [louemy dporordpekT HEBOZMOKEH NPU Majoil YyacToTe HaJaroliero Ha
MeETaJlI CBeTa?
7.Yro u3 cebst npeacTaBisieT POTOIEMEHT, HCIIONIB3yeMbIl B paboTe? C nmomoisio prc.192 o0bscHUTE cXeMy SKCIIEpUMEHTA.
8. Uro Ha3bIBaeTCs 3aePIKUBAIOINM HAPSHKEHUEM U KaK OMPEIeNIUTh ero BEIHUUHY ?
9. [Touemy BenuurHA (OTOTOKA MEPECTAET PACTH C YBEIMUCHUEM TPSIMOTO HampspkeHwsi? OT 4ero 3aBUCHT BeIMYHWHA POTOTOKA
Haceienus |, ? [louemy BenuuuHa |, IponoplMoHaabHA OCBELIEHHOCTH KaToa?

10. O6bsacuuTe MPUHIHUIT UBMEPEHUA OCBCHICHHOCTU CBETA JIIOKCMETPOM.
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11.Yro Ha3bIBaeTCs YyBCTBUTEIBHOCTHIO (poTOIIEMEHTA?
12. JTlokaxxuTe HEBO3MOXKHOCTD MOTIIOIICHHUS (HOTOHA CBOGOAHBIM dIEKTPOHOM, peluuB ypaBHeHus (208).
13. [loyemy BenuuuHa (OTOTOKA HE paBHA HYJIIO IPH T10/a4€ Ha (OTOAIEMEHT 00pPaTHOTO HAIPSHKEHUS M II0YeMY DTa BEIWYrMHA
BO3pacTaeT He CKaYKOM, a TIOCTEIIEHHO?

Jlureparypa
1. CasenbeB U.B. Kypc ¢usuku B 3= 11.: T. 3: Ontuka. AtromHas ¢usuka - M.: Hayka, 1970.- 856.

2. Kommaxos H0.H., [Tekap F0.A., Jlexnesa JI.C., Cemun B.A. OCHOBBI KBaHTOBO#1 TCOPUH U ATOMHOM (PHU3HKH,
-u3a. Tyal'y. 2010,ri1.2 §1.

Pabora Ne51. zydenue nonynpoBOAHUKOBOTO (poTORIEMEHTA

[{esib pabOTBI: 03HAKOMHTHCS C SIBICHHEM BHYTpeHHEro Goroaddexra u ¢ paboTol 1MorylpoBOAHUKOBOrO (OTOIHOA,
ONpPENENINUTh €T0 XapaKTEPUCTUKH.

Teopernueckoe onucanue
DNEKTPOHBI B KPUCTAJUITMIECKON PEMIETKE TBEPJOrO Tela MOT'YT UMETh OTACIbHBIC OUYCHb IUIOTHO PACIIONIOKCHHBIC 3HA-
YCHUS SHEPTHH — PA3PCIICHHBIC YJHEPIeTHYCCKIE 30HbI, KOTOPHIC Pa3/IeliCHbl MPOMEKYTKAMU 3HAYCHUN SHEPTHH, KOTOPBIC JICK-
TPOHBI UMETh HE MOTYT — 3alpCIICHHBIMI YHEPreTHYCCKIUMH 30HAMH. B OCHOBHOM COCTOSHUH 3JICKTPOHBI 3aIOJHSIOT 30HBI C
HAMMEHBIIIMMU YHEPTUSIMH. BepXHsisl MOTHOCTHIO 3aIIOJIHEHHAS JJIEKTPOHAMH Pa3pellieHHasl 30Ha HA3bIBACTCS BAJCHTHOW. DJek-
TPOHBI U3 BAJICHTHOH 30HBI CBS3aHBI ¢ aToMamu. Clexyromasi pa3penieHnas 30Ha, JeXalnas HaJl BaJICHTHOM, Ha3bIBaeTCs 30HOW
nposoaumocty (prc.198).3amnonusromnpe eé 3JeKTPOHBI MOTYT IIEPEMENIATECS 0 PEIIETKE, CO3AaBast DIEKTPUUECKUN TOK.
B coGCTBEHHBIX MOJYNPOBOAHHUKAX (3TO, HATIPUMED, ATOMBI Si

F NOJIYITPOBOAHUK CBA3aHHBIC 'BJ'IeKTpOHbI
nian Ge ¢ 4eThIpbMs BaJICHTHBIMU JJIEKTPOHAMH, B MEKATOMHBIX © _30Ha n-Tuna H3 BAJIEHTHOM 30HbI
IPOBOIMMOCTH Ra V/> \4
OpOHTANAX, KOTOPHIE CBABIBAIOT ATOMBI B KPHCTAJUTMYECKYIO pe- Eot —F5/IeKTPOHBI / / PN Vg
CB 1

metky) npu T=0 K 30Ha IpOBOJMMOCTH IIyCTa, HO OTHEJIEHA OT

. (OCHOBHBIE |
HOCHTE/IH 3apsa) /a
JIOHOPHbBIE YPOBHU / OHOPHI:II/I

BaJICHTHON 30HBI Y3KOU 3aMpeleHHONH 30HOH, UMEIoLed UPUHY A _7\/ * 5J1eKTPOH
AE, <15B. IlonynpoBoAHUKU JETHPYIOT, J00aBiIsis B HUX JO- l 3ampelleHHas 30Ha blpxa Iniglg]/MeC”
o 9 _ IBIPKH (HEOCHOBHBIE

HODHYIO TPUMECh, aTOMBI KOTOPOif CONEpXAT JIMIIHUA BaTeHT ocHTem Sapana) 4N \’
HBIA 3JIEKTPOH, ¥ TIOTY4Yal0T IPUMECHBIN MOJYNPOBOIHUK N-THIIA. WEBASYIOLIHE

o BaJICHTHAs CBOOOIHBIN SJIEKTPOH, ™ MEXKATOMHBIS
JIviiHui 51€KTpoH cBsA3aH ¢ noHOM mpuMecH (puc.198),Ho sHep- 30Ha 13 30HbI IPOBOIHMOCTH opGuTanm
rust cBsi3u oueHb Manma E., =0,01+ 0,025B. Dneprermdeckue Puc.19¢€

YPOBHH TaKUX 3JEKTPOHOB Ha3bIBAIOTCS AOHOPHBIMU YPOBHSIMH U HaXOMAATCS Ha MajJOM PACCTOSHUHU OT HIDKHETO YPOBHS 30HA
npoBoauMocTH. [Ipy KOMHATHOI TeMmIepaType Bee JOHOPHbIE HIEKTPOHBI NIOTYYaloT TemioByio sHepruio 3KgT/2> E,, u, otpsI-

BasiCh OT HOHOB, CTAHOBATCA CBOOOJTHBIMH, T.€. IEPEXOST B 30HY IIPOBOJMMOCTH. B momynpoBoganke N-THma ocBOOOMBIINECS
13 aTOMOB IPUMECH IEKTPOHBI OYIyT OCHOBHBIMU HOCUTEIISIMU 3apsijia.

[Ipu HarpeBaHMM BaJICHTHBIE 3JIEKTPOHBI TAKXKE MOTYT BBIPBATHCS M3 CBA3YIOLIEH MEXaTOMHOM OpOHTaIH, HO JUIsl 3TOTO
UM HaJl0 HOJTYy4UTh 3HAUMTENILHO OONBLIYIO SHEPTHIO, IPEBBINIAIONIYIO IUPHHY 3anpenieHHol 30Hpl AE, (puc.198).Yucno unu

KOHLIEHTPALHSI TAKAX 3JIEKTPOHOB MHOTO MEHBIIIE YHCJIa OCBOOOUBIIHMXCS 3JIEKTPOHOB JOHOPHOW MpuMecH. B BaneHTHOU 30He,
OTKYJIa BBIPBIBAIOTCSI 3JICKTPOHBI, 00Pa3yIOTCsl BAKAHTHBIE MECTa — HE3alOJHEHHbIE JHepreTHueckne ypoBHU. Ha 3T BakaHTHBIE
MECTa 3a CUET TYHHEJILHOTO 3P QeKTa MOryT IIEPECKAKUBATh BAJIEHTHBIE DIIEKTPOHBI U3 COCEAHUX aTOMOB (puc.88), cosmasas 1e-
PEHOC 3JIEKTPUUYECKOro 3apsiaa. Takoil mepeHoC paccMaTpUBAIOT KaK IBIDKCHHE CBOOOIHOM KBa3HYACTHIBI-IBIPKH C 3apsiaoM +e.
[MonynpoBogHUK 06IamaeT U dICKTPOHHOM, U ABIPOYHOH MPOBOANMOCTHIO0. HO B MOJTYyNpoBOAHKKE N-THIIA YKCIO ABIPOK Mo H
OHH OyIyT HEOCHOBHBIMU HOCHTEIISIMH 3apsiia.

Eciu mosynpoBOIHHK JETHPYIOT, 00aBIss aKLIENTOPHYIO IPUMECh M3 aTOMOB, B KOTOPBIX YHCJIO BaJICHTHBIX JJIEKTPO-
HOB, 00pa3yIOLIMX MEKATOMHBIC CBSI3H, MEHBIIIE, YeM B OCHOBHOW PELIETKE MOJYIPOBOIHUKA, TO MOMYYAIOT MPUMECHBIH MOJY-
NIPOBOAHUK [P-THNa. BakaHTHOE HE3aNOJHEHHOE 3JIEKTPOHOM MECTO B CBS3YIOLIEH OpOMTald COOTBETCTBYET AKLEHTOPHOMY
YPOBHIO BHEPTHH, JexaleMy Ha HebonbmoMm paccrosanu AE, ~ 0,01+ 0,023B ot BepxHero
YPOBHS BaJIeHTHOM 30HbL. [Ipy HEOOBIIOM HATPEBAHUH COCEAHHE JIICKTPOHBI U3 BAICHTHOMH 30- =
HBI [IEPECKAKMBAIOT HA 3TH BakaHTHbIe MecTa (prc.104),T.c. MOJHUMAIOTCSI U3 BAJICHTHOH 30HBI
Ha aKUenTopHble ypoBHH 3Hepruu (puc.199). B BaneHTHOH 30HE 00pa3yroTcsi GONBLIOE YUCIIO
JBIPOK, PABHOE YKCIIy aTOMOB NpHMecH. B mosynpoBogHuKe P-TUOA ABIPKH OyIyT OCHOBHBIMH
HOCHTEJISAMH 3apsifa, a HeOObIIOE YKHCIIO AIIEKTPOHOB, BHIPBABLIMXCS U3 BAJICHTHOW 30HBI B 30HY

3JIEKTPOHBI (HEOCHOBHEIE
HOCHTEJIH 3apsiia)

AKOENTOPHBIC YPOBHU
7

MIPOBOAUMOCTH — HEOCHOBHBIMH HOCHTEIISIMH 3apsijia. A, T mipicu (ocromie
TTonynpoBOAHUKOBBIH (POTOIIEMEHT U3rOTABIUBAIOT HAHECEHUEM TOHKOTO CJIOS TOTY- OCHTeNH 33psTa)
HPOBOJHKKA N-THTIA HA TIONYTPOBOAHMK P-THIHA. B MecTe MX KOHTaKTa o6pasyercs y3Kas 0071acTb S
p-n-niepexona wwmpuubl Al. Haunnaetcs auddys3us 0OCHOBHBIX HOCHTENCH 3apsiia: IbIPKU U3 - Punc.199
o0JlacTH HAYMHAIOT IIEPEXOANUTH B N-00J1aCTh, IIEPEHOCS ITOJIOXKUTEIBHBIN 3apsiy a SIEeKTPOHbI — B sanuparoLHii
obparHom Hanpasienuu (puc.200).B y3kom cioe Tomuuasl Al OHH PEKOMOMHUPYIOT: 3JICKTPOHBI 3aI0JI- _cno#.
HSIOT BaKaHTHbIE MecTa (IBIPKH) B CB3YIOIIUX OpOUTAIsX. B pesynsraTe 00pasyercs 3amuparonnii cioi, r [T te @
00eTHEHHBI CBOOOTHHIMU HOCHUTEIISIMU 3apsiga. B HeM, kak moka3aHo Ha puc.200, obpasyercs nMBOHHOM - i:—'E_‘r;;
JNIEKTPUYECKUIl CIIOH ¢ 0OBEMHBIM 3apsIOM, CO3MAIOIINM DJIEKTPHYECKOE T0JIE ¢ HAIPSIKEHHOCTBIO E3 @ o+ B
OTO T0JIe MPENATCTBYET AajbHeimend Anpy3un OCHOBHBIX HOCHTEJNIEH 3apsija, HO MOMOTaeT JIBH)KEHHIO Al

HCOCHOBHBIX Hocheneﬁ, 3aCTaBJIdsA DJICKTPOHBLI ABUTAaTbCA U3 p-OGJ’IaCTI/I B n-06nacn,, a JbIPKH — B IIPO- Puc.200
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THUBOIIOJIO)KHOM HallpaBJICHUHU.
DoTORIEMEHT B ,HaHHOﬁ pa60Te BKJIIOUCH B PCKUME d)OTO,HI/IO,Ha: Ha P-N-Iepexon J’ﬂf\.l
Hu

nos1aéTcs 00paTHOE HANPSUKEHHE, KOTOPOE MOKHO H3MEHATS C MOMOIIBIO peoctata R, kak  MOKMETP Caora R
TI0Ka3aHO Ha TPMHIMMMANBHON cxeme ycTaHoBku (puc.201). DOTOHBI CBETOBOTO H3ITyde- =
HUA TIPOHMKAIOT B 06BEM MOJYIPOBOAHMKA M BHIPHIBAIOT BAICHTHEIC YIEKTPOHBI M3 CBA- - L™ i T
3YIONMUX OPOUTAJIEH, MepeBOs UX U3 BAJICHTHOUW 30HBI B 30HY NMPOBOJUMOCTH. DTO — BHYT- @ Sy

penanit GoTOdPdEKT, Tak KaK BBIOUTHIE AIIEKTPOHBI OCTAIOTCS BHYTPH IOIYIIPOBOTHHKA. toropesuerop 4016500
Yactb sHepruu noraomeHHoro gorona Ej pacxonyercs Ha HpeoloneHue HICKTPOHOM 3a- Puc.201

IPCLICHHOI 30HBI, YaCTh IIePENacTcsl KPUCTALINIECKOH PeLIeTKE TTONYIIPOBOIHNKA, @ OCTABIIASCS YacTh NMPEBPAIIACTCS B KHHE-
THYECKYI0 SHEPTUIO BEIPBAHHOTO AJICKTPOHA: Ep =hw=AE; + B + By - (209)

(Kak noka3zaHo npu peuieHnd ypaBaeHuit (208),31ekTpoH HE MOXKET H3MEHHUThH CBOM MMITYJIEC Ha BEIHYMHY HMITYJIBCA MTOTJIOICHHOTO
¢dorona. Yacts uMmysbca GOTOHA, a CIIEIOBATENBHO U YAaCTh SHEPTUH Epem , TOJDKHA OBITH HIEpe/iaHa PEIIETKE MOTYIIPOBOIHUKA).

Ipu oTcyTcTBUM OcBemieHuss (GOTOANO paboTaeT Kak OOBIYHBIN MOJTYIMPOBOMHUKOBBINA Anox (P-N-mepexoj), BOJBT-
aMIIepHas XapakTePHCTHKAa KOTOPOro Moka3aHa Ha puc.159 (OObscHeHHe CBOWCTB P-N-liEpexojia MOKHO IPOYECTh B ONMCAHHU
naboparopHoii padoter Ne43),

[Ipu 0OpaTHOM BKJIIOUEHHH HANPSHKEHHOCTH AJIEKTPUUECKOTO IM0JIsl, CO34aHHOTO UCTOY-
HUKOM TOKa, IPEMSTCTBYET MPOTEKaHUIO TOKa OCHOBHBIX HOCHUTENEH 3apsjia M yBEJIWYHMBaeT 3a- |=
MUPAOLIUH CJIOW, HO IIOMOTAeT JBIKCHUIO Yepe3 HEro HEOCHOBHBIX HOCHTENeH — JIBIPOK U3 N- |
obnacty 1 3IeKTPOHOB K3 P-obnactu (puc.202). Tok, Tekyiuuii yepe3 HOTOANOA HPH OOPATHOM  cser
HaIpsDKEeHUU U [IPU OTCYTCTBHU OCBELIEHHs Oy/eT TOKOM HEOCHOBHBIX HOCHTENEH 3apsiaa v Ha- YW= O i

AN + ’ |
3BIBAETCS] TEMHOBBIM TOKOM: AN H & o 7
AN H 53 - EBH
_ eUBH AN : -l. :
Lewr = eocn | €XP) kT =1{,rne Uy, <0. (210) re @‘_e ]Hﬁ

b E
Jliist ero n3MepeHnst HeoOX0IUMO KoY S, iepeBectH B riostoxkenwue | (puc.201), momkmouas qys- nposoaﬁ%%&u
CTBUTEIIbHBIA CTPEIIOYHBII rallbBAHOMETP.
IIpu ocBeleHNH 3HAYUTENILHO BO3pacTaeT YHMCIIO HEOCHOBHBIX HOCHTENEH 3apsna, BbI-
6uBaeMbix (oronamu. TommnuHa N-06JacTH NOJKHA OBITH Mayoi, yTOObI ()OTOHBI IPOHHUKAIIH

BHYTpb 3amuparomero ciosi (puc.202). Yucno (GOTOHOB MPOMOPLUHOHAIBHO OCBEIIEHHOCTH E, %
co37aBaeMOi UCTOUYHUKOM cBeTa. [loaToMy (POTOTOK, CO3AaHHBIN MOSBUBIIUMUCS IIPH BHYTPEH- BalleHTHAs 30Ha
HeM (oTodddexTe HEOCHOBHBIMU HOCUTEIIIMU 3apsfa TaKkKe MPONOPLUOHANEH OCBEIEHHOCTU Punc.202

(bOTOHHO,Ha: |q) =KE . DTOT TOK 3HAUYHUTENHHO OOJNBIIE TEMHOBOTO TOKA M I €T0 UBMEPCHUA HAal0 MEPEBECTU KITIOY SZ B I10JIO-

xenue |l (puc.201),moaxiroyas MUKpOAMIIEPMETP.
B pesynbTate momy4aeM BOJBT-aMIIEPHYIO XapaKTEPHCTHKY (HOTOANOMA!
eU06p
| neocu | €XP F -1|-kE , Thoe UBH <0. (211)
B

emn | o=
Ipu BBIMOMHEHMU PAOOTHI HAJIO MOCTPOUTH I'PaMKK 3aBUCUMOCTH TOKa | OT BeauduHbI 06paTtHOro HampsbkeHus Uy, ,
nojaBaeMoro Ha (oToaHO MPH HECKONBKUX 3HaueHUsX ocBeuieHHoctH E (puc.203). [IpumepHblit BHI 3THX rpaduKOB MOKa3aH
Ha puc.203,npudem ctpostcs onu B obnactu Uy, <0. C yBenuyeHHeM OCBELIEHHOCTH YBEIHYUBAETCS

6 I
KOHIIEHTpAIMs CBOOOIHKIX DIIEKTPOHOB M JBIPOK, a TOTOMY MeHseTcs n BennunHa Toka (210).C poc- Hontonoe
TOM OOPATHOrO HATPSKEHHS BCE HEOCHOBHBIE HOCHTENH 3apafa OylyT MOAXBATHIBATHCSA 3JIEKTpUUE- R
CKUM TI0JIeM U TPOXOIUTH uepe3 P-N-Iepexosl, @ MPOTUBONONOKHO HAIPABICHHBIA TOK OCHOBHBIX 3a- f=(——LToMi—l U
_—/
PAZIOB CTAHET PAaBHBIM HyI0. DOTOTOK IEPECTAHET U3MEHATHCS, JOCTUIas BEIMUMHBI TOKA HACKILIEHUS 7]
I, (puc.203). Ly
fy . g
Bennunna ocBereHHocTH E  m3MepsieTcs cTpenodnsiM mprubopoM — irokemerpoM (puc.201). Puc.203

Bx1rodeHHBIH B €T0 IeMb MOTYITPOBOAHUKOBBIH POTOPE3UCTOP MEHSIET CBOE COMPOTHBIICHUE MO JCH-
CTBHEM IIOTOKa ()OTOHOB OT MCTOYHMKA CBETA, KOTOPbIE, NPOU3BOAS BHYTPEHHHH (OTO3()(HEKT, YBEIHUMBAIOT KOHLEHTPALHIO
CBOOOIHBIX JJIEKTPOHOB M JBIPOK B poTopesucrope. M3MeHeHne CONPOTHBIICHUS IPUBOANT K M3MEHEHHUIO TOKA B LIEIH JFOKCMET-
pa, IPOMOPLUOHATIEHOTO CYMMAapPHO# SHEPTUH MaJaloINX Ha SAHMHHIY IUIoMand GOTOHOB, T.€. ocBeleHHocTH. [1Ikana okeMeT-
pa IporpagyupoBaHa B JIOKCaX — €ANHULAX OCBELICHHOCTH.

Io moctpoennbiM rpadukam (puc.203) MOKHO ONPEneTUTh CICAYIONINE XapaKTePUCTUKHU MONYITPOBOJHUKOBOIO (oTo-
JJIEMEHTA!
— cratnueckoe conporusnenne R, = U/ ; (212)
— nuddepeHIHaIbHOE CONPOTHBIIEHHE Rugp = AU/AI; (213)
(3TH BEIMYMHBI OMPEACIAIOTCS MO rpaduKaM, MOTYUYSHHBIM [UIS Pa3HBbIX 3HAUCHHH OCBEMIEHHOCTH ISl OJHOTO
U TOTO e 3HaueHusi obpaTHOro HampspkeHust U, s KOTOporo rpaguk uMeeT NpHOIU3UTEIBHO BHI NPSAMOM
nuHuM, puc.204).

Ompenenss no rpadukam puc.203 Benu4uHbl TOKA HACBILEHUs |, Ipu pasHoil ocBemieHHocTH E, ctpoum rpadux 3toit

Puc.204

3aBucuMocTH (prc.196), 10 KOTOpOMyY MOXKHO HaliTH BeIMYNHY YyBCTBHTENbHOCTH (oTodnementa K = Al, /AE , kotopas xapax-
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TEPU3YCT CITOCOOHOCTD (bOTOSHeMeHTa pearupoBaTb Ha UBMEHEHUEC OCBCUICHHOCTHU.

3aMeTuM, 4TO MoKa3aHHbIH Ha puc. 202 HOMYIPOBOJHUKOBBINA (OTOIIEMEHT MOXKET paboTaTh B =l R
=11y
JPYrOM PEXMME BEHTHJIbHOrO (Goroddderra, ecian He MOIKIIOYATH €0 K HCTOYHHKY TOKA, & 3aMKHYTh Ha -

w2

comporusierne R (puc.205). BosHukiee B 3anuparoieM cioe Mojie ¢ HampsKeHHOCThio E, 3acraBmer www> @ s —:<[_
VN> et ; @
TCPEMEILATBCS BOSHUKAIOLNE 10/ ACHCTBUEM CBETa HCOCHOBHBIC HOCHTENH 3apsifa B PasHBIC CTOPOHBI — > (7, if (T }1 e
-_— 1
AbIPKH 13 N-06/macTu B P-001aCTh, a HIEKTPOHBI HA000POT, co3nasas PoToToK |4 = KE , nponopuxoHaib- m e b d;
o A
HBIH ocBemenHocT E. [Ipu pazoMkHyTOM Kitode S OHHM He MOKUAAIOT MOTYIIPOBOIHUK, 3apspKast P-00IacTh == A te
MOJIOXKHUTENBHO, & N-00MacTh oTpunareabHo (3Haku “+” u'-" Ha puc.205). Ha mpoTHBOMONOKHBIX KOHIAX Puc.205

(1)0T03J'IeMeHTa o Z[ef;ICTBI/IeM CBETa CO3/IaETCs Pa3sHOCTh MMOTEHIHAJIOB, KOTOPYIO HAa3bIBAOT !]!OTOQZ IC S‘b .

3Haku 3apsjoB MoKa3biBaloT, uto 31a DJIC co3maér Ha p-h-mepexone npsmMoe Hampspkerue (cpaBHute ¢ puc.107), a motomy ona

£y
AOIDKHA CO31aBaTh BCTPEUHBIH TOK |y =1 000, | €X Tl 1|, xoTopsIit Ha3biBaoT TokoM yreukn (cm. (164)).IIpu pasomkHyTOM Kiroue S
b
TOK 4epe3 OTOIEMEHT He Te4ET, a IOTOMY TOK yTeYKH KoMIeHCHpyeT goTtoTok: |y =1y . Orciona Haxonum BemnanHy Gpotod/1C:
ksT I
gy=-b-|1+—2|. (214)
€ IHeOCH
Ipu 3amkHyTOM Kittoue S (puc.205)4epe3 conporusieHne R noreder He CKOMICHCHPOBaHHBIH TOK | = | ¢ |y, cosnasas Ha HeM na-

neHue Hanpspkenus Uy, = (I(b -1 y)R » KOTOpOE B CBOIO 04epe/lb ONPEIEIAeT BENUIUHY TOKa yTeukd |y =1 eqey (exp(eUBH / kBT) - ]) . B atnx

dopmynax |eocy - TOK HEOCHOBHBIX HOCHTEINEH 3apsa/a MPU OTCYTCTBMHU OCBELIEHH, T.€. TEMHOBOM ToK. Kak BuauM, poTosnieMenT npeobpasy-

€T CBETOBYIO SHEPTHIO B ANEKTPHUECKYIO.

IlopsnoK BRITOTHEHUS Da6OTBI
1. Pa36ep1/1TeCL B Ha3HA4YCHUHU U PACIIOJIOKECHUU U3MEPUTCIIbHBIX HpI/I60p0B

U PEryJupoOBOK Ha maHenu ycranoBku (puc.206). Onpenenure LeHy ASICHHUS KaXI0-
ro npubdopa. m ‘f‘/\\’ ‘XYEN\&’

A) CHsTHEe TEMHOBOH XapakTepUCTUKU (POTOIHOIA
2. Bkirounrte ycTaHOBKY B CETh M BBIKIIOUHTE ocBemienne ¢oronuona. [pu I: Kackap g;OOOMKKAA
Kackap U- M
9TOM BKIJIFOYAETCS IKaja Kackana | aByxkackagHOro MUKpoammepmerpa Ha puc.206. {‘ o %) J
70 " - BBIKJI®BKJI BKJI BBIKJI
Pyuxoii “per.namnp.” (morennuomerp R Ha puc.201) ycTaHOBUTE W U3MEPHTE MaKCH OCBELl perHamp per oCBeil  ceTh
MajibHOe HanpskeHue U o, , KOTOpOEe MOXKHO 110JaTh Ha (POTOUOA. Pric.20€

3. Usmensts HanpsokeHue Ha doroxuone uepes U, /10, u3mepbTe 3aBucu-
MOCTB TOKa |, TeKyIero 4epe3 poToIHo OT OAAHHOTO Ha Hero HampsbkeHus U. Pe3ynbTaTel H3MEpEeHUH 3aHECHTE B IIEPBHIC J(BE

CTpOYKH TaOIHIB! 1. Tab6muma 1
E=0 U,B Rer OM | Ryyg .OM
A
E=...1x |UB
I, A
E=...1x |U,B
A
E=...1x |U,B
A
K= Alnk

B) CHsiTHe CBETOBBIX XapaKkTepHCTUK GOTOMMOA

4. Bxmounte ocBenieHue. [Ipu aTom BrIto4aeTces mikaina kackazaa |l mukpoammepmerpa. [IpoBeanTe aHaIOrHYHbIE U3Me-
peHust 3aBUcUMOCTH ToKa | oT HanpspkeHust U 1pu TpexX-ueThlpex pa3iMdHbIX 3HAUYEHHSX OCBELICHHOCTH, KOTOPBIE yKa3aHbl Ha
ycranoBke. (Ecii OHM He yKa3aHbl, TO PyYKOH “per.ocBelll.” ONpeaenTe MaKCUMAJIbHOE BO3MOXKHOE 3HAYEHHUE OCBENIEHHOCTH Ha
ycraHoBke Epgy. Torma Tpu pasnuusbix 3HadeHus E MOXHO ycraHOBHTH npuOmmkeHHO E = Epa /3, E=2Eqa,/3,

E = Eax). JlaHHbIe n3Mepenuii 3anecure B Tabumiy 1.

B) Hccnenopanue dhoroanona B pexknme GorodJIC

5. Vcranosute pyukoi “per.Hamnp.” Benmunny U =0B. IIpu 3tom Ha doToamon He momaércsl BHEIIHEE HANPSDKEHUE U
BKJIFOUCHHBIHA B 3JIEKTPUUECKYIo merb Ha puc.201BonbsT™MeTp V' Hrpaer poib 0alIacTHOTO COMPOTHUBIIEHUS, BKIIOYSHHOTO MTOCIIe-
JIOBATEJIbHO C MUKPOAMIIEPMETPOM UA, KOTOPBI HAYMHAET BBIMOJHSITH POJIb BOJHTMETPA, U3MEPSIOUIETO Ma/leHHe HANPSHKESHHS
Ha poroauoze, .. Benuunny porod/IC € . lllkana MUKpoamIiepMeTpa, BKIIOYEHHOIO 10 2-My Kackaay OyleT UMETh Ipeselbl

n3mepenns: 0-500mB. Onpenenure ueHy AeieHNs TAKOH Kb,
S

6. Mensst pyukoil “per.ocBel.” BeJIMYMHY OCBELICHHOCTH Yepe3 paBHbIE HHTEPBAJIbI, H3MEPbTE COOTBETCTBYIOLINE 3HA-
YeHust €g M0 LIKAJIe MUKPOaMIIEPMETPa U 3aHeCHTe B Tabumiy 2.
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Tabiuma 2.

U=0 €y, MB

E, JIK

7. BeIKITIOUnTE YCTaHOBKY.
8.1lo manHBIM TabUIBl 1 HOCTPOTE HA OJTHOM JIUCTE MIJLTUMETPOBOM OyMaru CeMeHCTBO TpaKOB 3aBUCUMOCTH

| =f (U ) JUTS pa3HbIX 3HAYSHHUI OCBEIIEHHOCTH E. Y4uTHTE, 4TO Ha MOTyPOBOIHUKOBEIN (POTOMMOM MTOTAETCS 0OpaTHOE Ha-
npsbxenue U. IToaToMmy By rpadukoB MOJTyduTCs TAKUM, Kak H300paxkeHo Ha puc.203.
9. Ha kaxxnom rpaduke BoIOepUTe HHTEPBAN, TAE 3aBUCHUMOCTh | = f (U ) NpUOIM3UTENHHO JMHEHHA, KaK II0Ka3aHo Ha

puc.204, u o popmynam (212)u (213)BbIUKCINTE CTATHYECKOE U TUP(PEPEHIHATLHOE COMPOTHBIEHNE (POTOIMOA TIPH PA3HBIX
BEeIMYHMHAX OCBenIeHHOCTH E. Pe3ynbTarh 3anecute B Tabumiy 1.

10.ITo nanueiM Tabnuuel 1 nocrpoiire rpaguk 3aBUCMMOCTH TOKA HACBILEHUS |, OT BeIMYMHBI OCBELIEHHOCTH E:

l,=f (E) . ITo aTomy Tpaduky, Kak mokazano Ha puc.196,onpenenure BeTUUIUHY 9yBCTBUTEILHOCTH (POTO-
anementa k =Al, /AE .

11.T1o naubM Tabanipl 2 nOCTpoiTe rpaduk 3aBucHMocTh BeandnHbl Goto/IC € OT ocBeleHHo-

cru poTosnementa € = f (E) (puc.207).ITosToMy rpaduKy ONpeAeuTe BETHIUHY IPaTyHPOBOYHOTO KOI(-

¢unuenrta poroDJC A = Aty / AE , xapakrepu3ymoiero, Hampumep, 3G (GEeKTUBHOCTh COTHETHBIX OaTape.

KonTponbHbIe BOOpoCH! K 1labopaTtopHoi padoTte Ne 51
1. Kakue sHepreTHYecKre 30HbI HA3bIBAIOTCS 30HOW MPOBOJIUMOCTH M BaJICHTHOU 30HON? UeM OTIIMYAIOTCS 3JICKTPOHBI, HAXOIS-
myecs B DTUX 30HaX?
2.Yro Takoe kBazmdacTuia-apipka? Kak ona odpasyercs U Kak mepeMeniaeTcs o KPUCTALNTHISCKON PemETKe MOTyPOBOIHAKA?
3. UeM oTiHMUarOTCs MPUMECHBIE TOTYIPOBOIHUKH N- 1 P-Tuna? Hapucyiite s HUX dHEpreTUYecKue auarpaMmmel. Uto sisercs
OCHOBHBIMH M HCOCHOBHBIMH HOCHUTEJISIMH 3apsijia B 3TUX MOJIYIPOBOTHUKAX ?
4. Kak o0OpasyeTcs 3auparouil CIo B MECTe KOHTaKTa P- ¥ N-TOIyIpOBOIHUKOB? OOBACHUTE HANIPABJICHUE 3aMHPAIOIIETO MO-
JISl B HEM.
5. Uro Ha3biBaeTCs MPSIMBIM U OOPAaTHBIM BKJIFOUEHHEM IOIYIPOBOIHUKOBOTO (poromuona? [Touemy Ha HEro HajJo mMojaaBaTh 00-
paTHOE HanpsDKEHUE?
6. B uem 3akimoyaercs siBeHue BHyTpeHHETo GoTodddekxra? Uem BHYyTpeHHHUH (OTOIPPEKT OTIMUAETCS OT BHEIITHETO?
7. O6bsacuute ypaBaeHue (209).
8. Uto m3 cebst mpeacTaBiseT MCIOJIb3yeMblil B padoTe doTodnement? [lodemy ciol N-TIOTYNPOBOJHUKA B HEM JOJDKEH OBITH
OYCHb TOHKUM?
9. Hapucyiite 1 00BACHUTE BOJIBT-aMIIEPHYIO XapaKTEPUCTUKY MOITYIPOBOAHUKOBOTO (oToaroaa. Kakoii m3mepsieMblii B paboTe
TOK Ha3bIBACTCS TEMHOBBIM ?
10. Yto mpoMCXOAWUT C BOJBTAMIICPHON XapaKTEPUCTHKON IpH yBEIHMYCHHH OCBEHICHHOCTH? OOBSICHUTE BUA TpadUKOB Ha
puc.203.
11. Kakum 00pa3oM B JaHHOW paboTe M3MEpPSeTCs OCBEIICHHOCTh, co3laBaeMas UCTOYHUKOM cBeta? Uem doTopesucrop Ha
puc.201 otnmyaercs ot ¢poroauoaa’?
12. Kak paccunraTh cTaTHueckoe u nuddepeHuaibHoe conpoTuBieHre Gotoanona? Kak HaiTH BeIMYUHY €ro YyBCTBUTEIHHO-
CTH K OCBEIIECHUIO?
13. Kakum 00pa3om MorynpoBOAHUKOBBIN (POTORIEMEHT MPeoOpa3yeT SJHEPTHIO CBETa B JIEKTPUIECKYIO SHEPTUIO TOKa?
14. Kakas BenmunHa HaszbBaeTcs (oToJ[C? Kak oHa 3aBUCUT OT OCBenIeHHOCTH (hoTodemenTa? Cuenaiite U 00BACHUTE BBIBOT
e€ BolpakeHus (212).
15.Tloyemy B pexxuMe BEHTHIIEHOTO (oTod(PdeKkTa BOZHUKAET TOK YTEUKH M OT YET0 3aBHCUT €T0 BEIIMYNHA?

Jluteparypa
1. Casenwses U.B. Kypc ¢usuku B 3-x T1.: T. 2: Dnexkrpuuectso - M.: Hayka, 1970.- §78.

2. Casenbes U.B. Kypc ¢pusuku B 3-x T1.: T. 3: Ontuka. AtomHas pusuka - M.: Hayka, 1970.- 8§56.
3. Kommaxos 10O. H., JIeun [I.M., Cemun B.A. OcHOBBI pU3NKH KOHIACHCUPOBAHHBIX cpea U (U3HKH MUKpoMupa: U.1,
-u31. Tynl'Y. 2014, 886.4, 6.5.

Pa6oTa Ne52. Onpenenenue NoTeHIMAIOB BO30YKICHHS M HOHU3AIIUH aTOMOB rasa

[{enb pabOTHI: 03HAKOMUTHCS ¢ PAOOTOM ra30HAMOIHEHHOMN SIICKTPOHHOM JIaMITBI (THPATPOHA), OTIPEIEITUTh MOTEHITHAITBI
BO30YKIICHWSI M HOHM3AINHN Ta3a.

TeopeTnueckoe onucaHue
OJNEeKTPOHBI B aTOMaX MOTYT HAXOIUTHCS TOJIBKO B CTAI[MOHAPHBIX COCTOSHHSX C OTHAEIHHBIMH TUCKPETHBIMHU pa3perieH-
HBIMH 3Ha4eHMsIMH 3Heprun E, < 0. DHeprermdeckas quarpaMMa TaKHX COCTOSIHHI Toka3aHa Ha puc.208. CtammoHapHOE co-

CTOSIHUE C HaMEHBIIEH 3Hepr1/1e171, KOTOPYIO MOXKCT UMETH JJICKTPOH, HAa3bIBACTCSI OCHOBHLIM. B 3TOM cocTOsIHUM aTOM HE B036y'
KICH.
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CocrostHus ¢ 00Jiee BBICOKUMHU SHEPTHSIMH Ha3bIBAIOTCS BO30YXKAeHHbIMU. Oka-

3aThCsl B BO30YXICHHOM COCTOSIHHM JJIEKTPOH (QTOM) MOKET TOJBKO MOJYYHB SHEPTHIO,
PaBHYIO PAa3HOCTH DPHEPTUM CTAIIMOHAPHBIX COCTOSHHUIA, HAIPUMED, MOTJIOTUB (POTOH C Yac-

E>0
TCBooouHme 7
JNEKTPOHBI ()&

CBsA3aHHBIC

E<Q TOTOH @ u ¢ sueprueit iw=E, — E, (% —mnocrosunas [1nanka). Haxoxurscs B Bo30yx-

TiepBoe \ _
BO3GyKIeHHOe | 1 \ JIEHHOM COCTOSIHHH aTOM MOKeET oueHb Henonro, At ~1078c, mocue wero JJIEKTPOH BO3-

coctosiHue | | U3JTy4eHHe E; i B 8
BpAIllaeTCsl Ha HIDKENE)XKAIIUI SHEPTeTHIECKUI YpOBEHB, HCITyCcKast OTOH ¢ TOH ke JacTo-
BO3GyKIEHIe he E‘B Toit ® (prc.208).Kak mpaBuino, nmepexoasT B BO3OYKICHHOE COCTOSHUE BAaJCHTHBIC HJICK-
aTOMa‘-QOi JLLO‘)"\EJ_OHH%HH;[ TPOHBI M3 BHENTHEW 000J0ukn aroma. UToOBI mepeiiTn Ha OnybKalIiii mepBbIii BO30Y:K-
ALy ] eHHbIIl ypOBeHb, UM HAJ0 IOIYYNTh MHHUMAIBHYIO OJHEPTHIO BO30YyKACHHA

Eocii T ocrosrOE cocrostie a yp ! A v y p YHRA =

Puc.20€ (puc.208). lorenunanom Bo3Oyxaenus aroma ¢, (TouHee — IEPBBIM MOTCHIUAIOM BO3-
OyKIeHHMS) HA3BIBACTCS YCKOPSIOIIAs PA3HOCTh MOTEHIIHANIOB, IIPOXO/IS KOTOPYIO JIEKTPOH C 3apsioM —€ MPHOOPETaeT SHEPTHI0
E, = ep, , nocrarouHyo 111 BO30YKICHHUS aTOMa.

Ecnu mornmomeHHbIi GOTOH UMeeT SHEPTHi0 /W' = |O— EOCH| , TO DJIEKTPOH BBIPHIBACTCS M3 aTOMa, M IBHXKETCS CBOOOTHO

¢ 00O TOJIOKUTENBHON KUHETHYECKOH dHEeprucit mv2/ 2>0. Dro — mporecc HOHHU3AMK aromMa. MUHMMaIbHAS JHEPIHS

E = | EOCH| , KOTOPYIO TOJDKEH JUIS 3TOTO TOIYIHUTh dJIEKTPOH, HAXOISAIIUICS B OCHOBHOM COCTOSTHHH, Ha3bIBACTCS DHEPTHEH HO-
HU3AIMKM aTOMa, a Pa3HOCTh MOTCHIIMAIOB, KOTOPOW JOJDKCH OBITh YCKOPEH JJIEKTPOH ISl MPHOOPETEHUS TaKOH SHEpPIHH,

¢i = E| /e, Ha3bIBACTCA INOTCHIIMAJIOM HOHM3allMM aToOMa.

Jnst onpenieneHus MOTEHIINATIOB BO30YXICHNS M HOHN3AIMU B paboTe UCIIOIb3YyeTCs TH- @.}4_ 3
paTpoH — TPEXAIEKTPOAHAS JIaMIIa, 3aIll0JIHEHHast ra3oM. [IpuHIUNuanpHas cxeMa yCTaHOBKH 110~ Ix KOJUICKTOP
ka3aHa Ha puc.209.Ha cerky nammsl nogaércs nojoXuTenbHOe HampsbkeHue U, OTHOCUTENBHO L (axon)

KaTola, peryiaupyemMoe moTeHuoMerpoM R. BrulerTeBmine M3 Harperoro Katojxa 3JIEKTPOHBI yc-

KOPSIIOTCS DJISKTPUYECKHUM II0JIEM MEXIy CEeTKOH M KaTOIOM U IOIAJaloT Ha CETKY, co3JaBas ce-

TOYHBIH TOK | , n3MepseMblil MUILIHAMIIEPMETPOM MA., THpan0H©—4 &
Ha xosnexTop, KOTOPBIi B 0OBIYHOI JlaMIIe SIBJISIETCSl aHOIOM, NMOAAETCS OTPULIATEIEHOE '

HalpspKEeHHE OTHOCUTENBHO KaTo/a, KOTOPOe NpeNoTBpaIlaeT NONaJaHue JJIEKTPOHOB Ha KOJI-

JIEKTOP 2JIEKTPOHOB, TOPMO3sI ¥ IOBOPAUMBASI UX K CETKE. Puc.20¢
Ecnu mocTeneHHO yBemMInBaTh yCKOpsifolnee Hanpsbkerne U ., To IpH JOCTIDKEHHUH MOo-

TeHnuana Bo30yxaeHus U, = ¢, yCKOpEHHBIE 3JIEKTPOHBL, JICTAIINE C KaToja, IPHoOpeTaloT BOIM3N ceTkr sHepruo E, = ep,
JIOCTATOYHYIO, YTOOBI TIPM CTOJKHOBEHWH C aTOMaMH Ta3a BO30YAWTH WX, IepenaBasi CBOI0 dHepruto. Bo30OykIeHHbBIE aTOMBI He-
MEUICHHO BO3BPAIIAIOTCS B OCHOBHOE COCTOSIHUE, n3iy4as QoToHbI ¢ sHeprueil 7w = E, = e, . Haunnaercs ceuenne rasa. Hc-

MYIIEHHbIC TPH 3TOM (OTOHBI MOMAJAIOT HA KOJUIEKTOP, IPOU3BOAs PoToI(hdEKT 1 BHIOHBAS U3 KOIIEKTOPA IEKTPOHBI, KOTOPBIE
TaKKe JeTat K cetke (puc.210). I

. vy (v K
IIpu sToM co3pmaérea odeHb crnadblil TOK KoilekTopa |, KOTOphIA M3MepsieTcs 4yBCTBU- KOJUIEKTOD
€ —€ -
TEIbHBIM CTPeIoUHbIM Npubopom MII. DTOT TOK pe3ko Bo3pacTaeT NpH yBeIWYeHUH Hanpsbkenus U, . K %D é\; orosdbexr
Z
&
ITo nosiBIE€HUIO TAKOTro TOKa Ha rpaduke 3aBucumoctd |, ot U, (puc.211)onpenensioT BeIHYUHY B 5036y aCHHbIE
aTOMBI
noteHuuana Bo3oyxaeHus ¢, atomoB rasa. B pabore Takke BBIYUCIAETCS Y4aCTOTA U AJIMHA BOJHbI CeTKAF oo m e Ic
I U3JTy4eHUs! BO30YKICHHBIX aTOMOB! b et f‘;( alnempom,r
iy
21T +eé oV é @ AOHEI
, 0= -2 (215) egosal
h Y KaTon HOHM3ALWAS
0 (PB UC YtoObI HE NOBPEIUTH H3MepHTeJ’IBHbII>i HpI/I60p I/IH, €ro Hal0 OTKJIFOYHTH, 3aMbIKas KJIHOY Puc 210
Puc.211 Stiuc.209),xoraa crpenka npubopa NPUOIU3HUTCS K IPEACTy H3MEPUTEIIBHOM IIKaJIbL.

Bokpyr Harperoro xatoja mMeeTcs SKpaHHpYIOIiee 00JIaKo W3 TMOKHHYBIIMX KaTOJ 3JIEKTPOHOB, KOTOpOE
MIPEISTCTBYET BBUIETY CIEAYIONMINX AJIEKTPOHOB. M3-3a 3TOTO 0ONaka CEeTOYHBIA TOK BO3pAcTaeT IOCTATOYHO IUIAaBHO, COTJIACHO

3aKOHY BOFyCHaBCKOFO-ﬂSHFM}Opa: IC = constll 3/2. HpI/I JOCTHMXKCHHUH IIOTCHIMAla MOHH3allMK CTaJIKUBAOIIUCCA C aTOMaMu

rasa 3JIEKTPOHbI HAYMHAIOT BEIOMBATH M3 HUX HOBBIE 3JICKTPOHBI, YBEJIMYHUBAIOIINE TOK ceTKH. HO OCHOBHOE BIIHSIHUE HA 3TOT TOK
OKa3bIBAIOT 00Pa30BaBIIMECS] HOHBI, KOTOPbIE ABMIKYTCS K OTPUIATENILHO 3apSHKCHHOMY KaTOJy M OCHAONISIOT JeHCTBHUE SKPaHH-
PyIOLLETO BIIEKTpoHHOro 00aka (puc.210).B pes3ynbTaTe c€TOUHBIN TOK UCIBITHIBAET PE3KUI CKAUOK, IT0 HAIUYUIO KOTOPOTO OII-

peleNAioT BeNUYKMHY OTeHIMata nonnsauun §; (puc.212). I,
BenmurHbl oTeHIuana Bo30yxaeHus ¢, 1 MOTeHIHaIa HOHU3aMH §; PasinYHBIX Ta30B [IPUBEACHBI B
cienyroniei tadumme 1: Tab6muma 1. .
Ta3 H, He Ar Kr Xe Ne Na Hg 5 (p 0
¢,,B | 11,2 | 20,9 11,6 10,0 8,5 16,68 2,1 4,9 Le
Puc.212

¢;,B | 156 | 24,6 15,8 14,0 12,1 21,4 51 10,4

CpaBHHBasI TOTYICHHBIEC PE3YNIBTATHl C STHMHU JaHHBIMHU, HEOOXOAUMO OTIPEIEIUTh KaKOH Ta3 HaXOAUTCS B THPATPOHE.
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[lops1OoK BBINOJIHEHUS Da60TLI
1. Pa36ep1/1TeCL C Ha3HA4YCHUEM U PACHOJIOKCHUEM JJIEMCHTOB CXEMbI Ha pI/I0209 " OIpEACINTC LNEHY ACJICHUSA BOJbT-
METpa, UBMEPAIOUICTO YCKOPSAIOMICEC HAIPSI)KEHUEC UC MCIKAY KaToAOM U CeTKOﬁ, 1 MWJJIHAMIICPMETPA, U3MEPAOLICTO CEeTOYHBIN

ToK |, . Komnexkropuslil Tok |, BBUly €10 MajgocTH, U3MEPSETCS B JENEHUAX IIKaAJIbl CIIENUAIbHOIO H3MEPUTEIBHOIO YCTPOUCT-

Ba UII (kaToAHOrO BOJBTMETPA C OOJBIIMM BXOTHBIM COMPOTHUBICHUEM).
2. He 3aHOCs naHHbBIe B TaOJiMIly, TPOBEIUTE MPEABAPUTEINILHBIN dKCIIepUMEHT. [1aBHO yBeIM4MBas OT HyJISl HApsDKe-
Hue U, Ha ceTke, 3aMeTbTe Takoe 3HaueHHe U, , IpU KOTOPOM MOSBUTCS TOK B KOJJIEKTOpE, U Takoe 3HaueHue U; , Ipu KoTopoM

HAYHETCSI PE3KOE BO3PACTAHNE CETOYHOIO TOKA.
3. Haunute usmepenue 3aHoBo, u3Menss Hanpsxkenue U, ot O no U, uepes untepaist 2 B, a 3atem uepes 0,2 — 0,38

or U, 1o npenena. Ilpu 3toM usMepsiite 3HaueHus Toka Kojuiekropa |, u Toka cetku |, . JlaHHble 3aHecuTe B Tabnuiy 2. Bo
u3bexaHue BbIxona u3 ctpos npudopa UI1 oTkiaounTe ero, Kak ToJdbK0 cTpeika npudopa UII moiiger 10 KoHIa NIkab!

Tabiuuma 2.
U,,B
I, nen
l,, mA
By = o B; O = e B; W= e, ¢ = e M

4.Tlo nony4eHHBIM JAHHBIM HOCTPOiTe rpadukn 3aBucumocreit |, = f (UC) ul, =f (Uc).

5.T1o rpadukam onpenenanTe BeIHINHY IOTeHIMaNa Bo30yxaenus ¢, (oro 3Havenue U, =U, , npu KoTopoM Bo30YyK-
JCHHBIC aTOMBI Ta3a HAYMHAIOT HCITyCKaTh (HOTOHBI, co3aaroinue HoToTok B pudope VII) u BeIMYHHY MOTSHIHATA HOHU3AL[HN
¢; (oto 3Hauenue U, =U; , npu KOTOPOM 4HCIIO BEIOUTHIX U3 ATOMOB 'a3a 3JIEKTPOHOB JTaBUHOOOPA3HO BO3PACTAET, PE3KO yBe-

JIMYMBAsE CETOYHBIN TOK).
6.I1o ¢popmynam (215) BeIYKCINTE YACTOTY M JJIMHY BOJIHBI H3JIyYEHHS BO30YKIEHHBIX aTOMOB rasa.
7.Tlo mpunaraemoit Tabnmie 1 onpenenure, Kakol ra3 HAXOUTCS B JIAMIIC.

KoHTposbHBIE BOIPOCH! K JIa0opaTopHOU padoTe Ne 52
1. Kakoit mpouecc Ha3bIBaeTCs BO30yxaeHHeM aroma? UeM BO30YKICHHBIH aTOM OTJIMYAETCs OT HeBO30ykaeHHoro? Yro mpowuc-
XOJHT C BO30YXKICHHBIMU aTOMaMU?
2. Onumre MpoLece HOHU3AUHU aToMa ra3a. Kakum 00pa3oM 3TOT MPoLece MPOUCXOIUT B JaAHHOU paboTe?
3. OOBsICHHUTE PHEPreTUYECKYIO AnarpamMmy atoma Ha puc.208.
4.Yro Ha3bIBACTCS MIEPBBIM MMOTCHIIUAIOM BO30YKICHHS U MOTCHIUAIIOM HOHU3AIIUN aToMa?
5. O6bscaute cxemy ycrtaHoBkd Ha prc.209.TloueMy MOKHHYBIIHE KaTOJ DJIEKTPOHBI CO3JAI0T TOK CETKH M HE CO3/Ial0T TOK KOJI-
JIeKTopa’?
6. B uem cocrourt siBnenue Gporodddekra u Kak OHO UCTIONB3YeTCsS B pabOTe IS ONpeaeTICHHS MOTSHITHANIA BO30YKIACHMS ?
7.4t10 co31aéT TOK KOJUIEKTOPA U MOYeMy MO TpaduKy 3TOr0 TOKa MOKHO OMPEIeNIUTh BETMYUHY [TOTEHIIMAIA BO30YKACHHS ?
8. Kak no rpaduky 3aBUCHMOCTH TOKa KOJIJIEKTOPA ONPEICIUTh [UINHY BOJHBI H3JIyYeHUs CBETSLIErocs raza?
9. B wem 3akimoyaercs 3akoH borycnasckoro-JIsnrmropa?
10. [To kakuM MpPUYUHAM TOK CETKH PE3KO BO3PACTACT, KOT/Ia HAMPSDKEHHE MEXIY CETKON M KaTOJOM JOCTUTaeT BEIHYMHBI I0-
TEHI[MAaJIa NOHU3ALUU ?
11. Kakum 00pa3oM B JaHHOW paboTe ompeaenseTcs BU ra3a, 3aloHsII0IIEero THPATPOH?

Jluteparypa
1. CasenwseB U.B. Kypc ¢usuku B 3-x Tr1.: T. 2: Dnexkrpuuectso - M.: Hayka, 1970.- §884,85.

2. Casenbes U.B. Kypc ¢usuku B 3-x T1.: T. 3: Ontuka. ATomHas ¢usuka - M.: Hayka, 1970.- §856,62.
3. Kommaxos 10.H., ITekap F0.A., Jlexxnepa JI.C., Cemun B.A. OCHOBBI KBAHTOBOH TEOPHH U aTOMHOHN (PU3UKH,
-u3. Tynl'Y. 2010,r1.2 81,r1.3 83.

PaGoTa Ne54. M3yueHue crieKkTpa aToMa BOA0poaa

[{enb pabOThI: 03HAKOMHTHCS C PAOOTON ra30HAMOIHEHHOMN JIEKTPOHHOI! TaMIibl (THPATPOHA), ONIPENSTUTh MOTCHIIHAIBI
BO30y’K/I€HHS 1 NOHU3ALNH I'a3a.

Teopernueckoe onucanue

DOJNEeKTPOH B aTOMe BOJOPOJAa MOXKET UMETh TOJBKO OTACIBHEIC pa3perieHHbIe 3Haue-
HUS DHEPTUH, KOTOPBIE MOKHO HAalTH, pelas KBaHTOBOMexaHndeckoe ypasHenue llpenunre-
pa. OmHaKo MpaBHUIIbHBIE 3HAYCHUS 3TUX YHEPTUH, KaK 0Ka3aJ0Ch, MOKHO HOJIYYHTH B ITOITY-
KJIACCHYIECKOH TEOPHH, CUHTAs YTO DJEKTPOH B OJHOIJICKTPOHHOM aToMe HAXOOUTCS B CTa-
IIMOHAPHBIX COCTOSIHUAX Ha JUCKPETHBIX OOPOBCKUX OpOMTax ¢ pamuycamu I, n=1,2,3,..

(pmc.213), s  KOTOPBIX BBITONHSETCS KBAaHTOBBIA _mocTynat bBopa  mgV,r,=ni,

raen=1,2,3,.., V, — CKOPOCTb JJIEKTPOHA.

Hcnons3ys ero BMecTe ¢ KJIaCCUYECKHM ypaBHEHHMEM JABMXKEHUsS JIEKTPOHA IO Kpy-
roBoi opbure nox neiicteueM cuibl KyioHa, roigydaeMm BEJIMYHHY SHEPTUH 3JIEKTPOHA, HaXO0- Puc.213



112
Jsinerocst Ha N-i GopoBckoi opOuTe aroMa BogopoIa:

_ k%'m
=t
21°n2
rae Mg, €— Macca U 3apsif 2IEeKTPoHa, /i —nocrosHHas [Inanka, K = ]/4Tl£0 . Uem Oonbiie paguyc opOUTHI 2JIEKTPOHA, TeM 00JIb-

., n=1,2,3,.., (216)

III€ er0 SHEepPTHS.
IlepeiiTn U3 OAHOrO CTALIMOHAPHOIO COCTOSHHMS C dHeprueill E, B npyroe cranuoHapHOe COCTOsHHE ¢ 3Heprueit Ep:

3JIEKTPOH MOJKET TOJIBKO MCITYCTUB MIIU IOIJIOTUB (POTOH ¢ sHeprueit 7wy, , p = |En- - En| (puc.213).

B B030Y)XIEHHBIX COCTOAHUAX C dHepruamu E,, n=2, T.e. Ha ynanéHHBIX GOPOBCKUX OpOUTAX, IEKTPOH MOXKET HaX0-
JWTHCS B TEYEHHE OYCHb MAoro BpeMern At ~10Cc, mocie 4ero caMompon3BOIBHO EPEXOIUT HA MEHEe yIaIeHHbIE OPOHTHI C
MEHBIINM 3HaYCHHEM YHEPIUH, UCITyCKasi GOTOHbI, H B KOHIE KOHI[OB OKa3bIBACTCS B OCHOBHOM COCTOSHMM (N=1) ¢ MHHHUMAaJIb-
HOIl BO3MOXHOH 3Heprueit E; = -13,65B.

YacToTsl JJIMHBI BOJIH U3JIYUYCHHUA BOAOPO/Ia 3aIIMChIBAIOT B BUIC

-1
E,-E 1 1 21C 111 1
(On_,nszzsz — -, }\n_}n.:—:— ——-— (217)
h n? n? Wy Rn? n?
4
e
rae R= % —nocrosinHas Punbepra. (218)
64Tl3£0ch
CnexTp atomMa BOJOPOZA MOXKET OBITh pa3JiefieH Ha CHEeKTPaJbHBbIE CEPHH, E oo
COOTBETCTBYIOIINE MEPEX0JaM JJIEKTPOHA HA OMNPE/CIICHHBI YpOBEHb JHEPIHU CO Ly e "4 Bo3ByCIEHHbIE
o ~—n= £
BCEX JICHKAIIMX BBIIIEe BO30YKICHHBIX DHEPreTHIECKUX ypoBHei (puc.214).Cootset- Es : 4 %\ 3 Cocilo,mm
/ w  cepus
CTBYIOIIIHE MTEPEXOJIbI MEXKTy OOPOBCKUMHU OpOUTAMHU MTOKA3aHbI Ha puc.213: l 1 TMamena
cepust JlalimaHa — niepexo/ sl Ha OCHOBHOW ypOBEHb dHepruu N — N'=1; 2 | a2

cepus
cepust BanbMmepa — niepexosl B 1€ Bo30ykIeHHOE cocTosiHue N —» N'=2; %ﬁ‘” bansuepa
;
cepus ITamena — nepexoasl N — N'=3; cepust
, Jlaifimana
cepust bpokera —nepexoapl N —» N'=4; u T.1. ‘
JIMHUK CIIEKTPAIbHBIX CEPHH C yMEHBIICHHEM THHBI BOTHBL M ¢ L1
POCTOM TJIABHOTO KBAHTOBOTO YKCJA N PACIONATAOTCS BCE GOJIEE TIOTHO U OKAHYH- Puc.214
BAIOTCS OOJIACTBIO CIUIOMIHOTO CIIEKTPA TOPMO3HOTO U3Jy4EHHs (3aIITPUXOBAHHBIE yIACTKU Ha puc.215).

OCHOBHOE
n=1 cocrosiHue

Kak BUAHO W3 3TOr0 pUCYHKA, W3-3a OOJIBIIOTO MpOMe- copun copu
JKyTKa MEXIy ypPOBHIMH E1 u E2 cepust JlaiiMaHa monanaer B Jlaiimama baibMepa cepus [lamena cepus bpokera

r'J\ P ) D
yabTpaduonetoByro oonacts. Cepus ITamena u nepekphIBaIOIIas- %H‘ %“JH ‘ ‘ %HHH ‘ ‘ ‘ ‘ QHH ‘ ’k i
cs ¢ Hel cepust bpokera okaspiBacTcs B MH(PAKpacHOH 00MaCTH. s 555 400 600 800 1000 1200 1400 1600 1800 :
I'a3 MOXeT BHIETh TOJBKO TPH MEPBbIe IMHUU cepud bambMepa ¢ VST sy | MEQpaKpaceos wanyueHme
A5, ,=656um (mmHEHT Hy kpacHoro msera), ¢prionetoBoe ~Gper
- a H3ITyYEeHHE
A, ,=486HM (muHUS HB OUPIO30BOrO 1BETA) (219) Puc.215

u A ,=434um (mnna Hy temuo-guonerosoro usera). [loatomy cBeueHne Bo30ykIEHHOTO BOAOPOAA MMEET PO30BATYIO OK-

packy (cMech yKa3aHHBIX IIBETOB).
V3mepeHne JaHHBIX CHEKTPAIBHBIX JTHHHI IIPOU3BOIUTCS C HOMOIIBI0 MOHOXPOMATOPa, ACHCTBHE KOTO-
pOro OCHOBAHO HA SIBJICHUH AUCIEPCHU CBETA: BEIMYHHA N MOKA3aTeIsl MPEIOMICHHUS CPEIbl YMEHBIIASTCSI C POC-
TOM JUTHHBI BOJTHBL A (prc.216).
Ipoxomst 4epe3 mpu3My ¢ mokasarelieM mpenomiienus N (puc.217),CBETOBOI J1yd OTKIOHS-

sina _ n(A)
€TCsI COTIIACHO 3aKOHY MPETOMIICHHS ——— = ————
SmB nBosuyxa
Jist myda (puoJIeTOBOTO CBETa BeIMYMHA N OOJIbBIIE, YeM [T KPACHOTO W OH MPEJIOMHUTCS Ha nipu3Ma st
MenpIui yron B. [pusma pasiaraeT OpoXoAsiinii yepes Heé Jayd OeJIoro CBETa CO BCEMH JIHMHAMM Puc.217

BOJIH B CIIEKTp, KaK MOKa3aHo Ha puc.217.

Cxema MOHOXpoMaTopa mokaszaHa Ha puc.218. ctounnkom cBera ciy- e

TIOBOPOTHBIN

JKWUT Ta3, aTOMbl KOTOPOTO BO30YXkIAIOTCs JIEKTPUYECKUM Pa3psIoM U HMCIyC- cToNHK Koqmmaropa
KaloT CBET, 13 KOTOPOTO JIMH3bI KOIUIMMATOPa OPMHPYIOT 1yd. DTOT Iy4 najaet —
Ha CHCTEMY M3 TPEX MPHU3M, 3aKPEIUIEHHBIX Ha IOBOPOTHOM cTojMKe. MX 3a/aua npUsM
— pas/IeNuTh NaJaoIIyii JTyd B PacXO/SUIMICS MyYOK CBETA C Pa3HBIMH JTMHAMH
HUCTOYHHK
BOJIH U IOBEPHYTH 3TOT My4ok npakTruecky Ha 9. o6bexTHE— ggma
Ipusmer 1 v 3 caenansl U3 TSHKETOro crexia ((GIUHT), npusMa 2 — u3 YKa3aTenio

. > Gapabana
JErkoro crexia (KpoH). JIucnepcuu IpU3M CKIIabIBAIOTCS, M JIYYH C Pa3sHbIMU A, 3pMTenW
HaOJII0aeMBIE B 3PHUTENLHYIO TPYOy, PaslesssioTcs Ha JOCTATOYHO OOJIBIION y6a/

yroj. Eciu HanpaBuTh B II€Ib KOJUIMMATOPa CBET OT JIaMIIBI HAKaJIMBaHKs, TO B Punc.218
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3pUTENIBHYI0 TPYOY BHJIEH CIUIOIIHOM CIIEKTp, B KOTOPOM I[BETa HENPEPHIBHO MEHSIOTCS OT TEMHO-KPAaCHOrO 1O TEMHO-
¢uoseToBoro.

B usnyuennn Bogopona OGyayT HaOIIOAATECS TOIBKO TpU criekrpanbhbie smann Hy, Hg u Hy. Bpamas Gapaban 3a

pudIIeHOE KOJIBIO, TOBOPAYMBAEM CTOJIMK C MPU3MaMH, T.€. IOBOPAYMBACM BBIXOMSIIMNA U3 MPU3M ITy4OK CBETA, H COBMEIIACM
yKazarelb, BUAUMBIH B II0JIe 3peHUsT TPYyOBbI, C M3MEpsIeMON JTUHKEH criekTpa. [lpu 3ToM ykazatenb Ha OapabaHe, TBHKYITUHCS
IIpH BpallieHny OapabaHa 10 BUHTOBOW JIMHUH, TTOKaXKeT oTcueT-udpy, HaHECEHHYIO Ha OapabaH.

YUToOBI TOHATH, KAKOW JUIMHE BOJHBI COOTBETCTBYET 3Ta NU(pa, HEOOXOANMO IIOCTPOUTH TPaAyHPOBOUHEIH rpaduk. s
9TOTO HAIO HANPABUTH B IIENb KOJUIMMATOPa CBET OT HEOHOBOW JaMIIBl. B 3purensHyro TpyOy OyIayT BHIHBI MHOTOYHCICHHBIC
JMHAY CTIEKTPa BO30YKIEHHOTO HEOHA, JIIMHBI BOJH KOTOPBIX, IBET U IPKOCTH IIPUBEIEHEI B clieAyromeil Tadmme 1:

Tabmuma 1.
I(BET OTHOCHT |\, HM |IBeT OTHOCHT |A, HM |IBeT OTHOCHT | A, HM
JIMHUH | SIPKOCTh JMHUH | IPKOCTD JIMHUH | IPKOCTh
KpacHas 1 703 | spko- 2 630 | opamx 4 588
1 693 | kpacHas 8 627 | xenras 10 585
2 672 3 622 3 576
3 668 5 616 | 3encHas 10 540
5 660 | kpacno- 5 614 5 534
5 653 | opamx 3 610 3 533
6 651 4 607 2 514
ApKO- 10 640 2 603 1 508
KpacHast 10 638 2 598 2 503
5 633 | opamx 3 594 |romy6as 5 483

Bpamas Gapaban u coBMelas yKasarellb B [0JI€ 3peHUs TPYObI ¢ JUHUSAMHM CIIEKTPa HEOHA U3 TOM TabauIs! (ocTaToy-
HO B3SITh CaMBbIC SPKHUE JIMHUK U3 Pa3HBIX 00nacTeil A), HAXOAUM COOTBETCTBHE OTCUETa 1Mo Oapa- gTC‘I(jT 1o
apabany
Oany U JUIMHBL BOJHEI CBETA M3 Tabauuel. [To momy4eHHBIM JaHHBIM HAJ0 MMOCTPOUTH Ipalyupo- 15 cnieicrpa Ne
BOuHbIM rpaduk (puc.2.93).
- \OTC‘ICT
HanpaBuB 3areM B KOJUIMMATOp CBET OT BO30Y)KJIEHHOT'O BOJIOPOAA, U coBMellas yKkasa- 1 oit
TeJb C TPEMsl TMHUAMH €T0 CIIEKTpa B cepuu banbMepa, oTMedaeM OTcueTsl Uit nuHui H Ha rpa- |/
IYHUPOBOYHOM rpaduKe U OmpeaesisieM ux JIMHbI BOJH (puc.219). -

ul A

st kax ot u3 nuHui, corimacHo (217),M0XKHO HAWTH BEIUYUHY TOCTOSIHHON Punbepra ’ 7\«H kH . o

-1 y Mg o

1 1 1
R= S| .raen=345. (220) Puc.219
An.2\2% n
Breraucisis cpennee 3HaUCHHE <R> , HaxoauM coryacHo ¢popmyite (218)Benuuny nocrosuHoi [lnanka:
e e

h=t 4 Te€ (221)

= 3| y
41T C£S<F§
e e=1,6010%° K, m, =9,1110%r, £ =8,8510% d/m, c =30CF mlc .

Hopsnok BEINOTHEHUS PaOOTHI

1. O3HaKOMBTECH C ONMMUCAHWEM YCTAHOBKH M TIPUHIIUIIOM paboThl MOHOXpoMaTopa YM-2 (puc.218).Tlepen BKIIFOUCHHEM
B CETh NPOBEPHTE TOJOXKEHHE TeperimodaTenield Ha Onoke mutanusa. [lepekmiouyatens «CETb» mommkeH OBITH B IOJIOKEHUH
«BBIKJI».

2. [lomectute mepen BXOJHOMW ILEJIBI0 MOHOXpOMATOpa JIaMITy HaKajJMBaHMs, TOBEPHYB OCBETHTENb TaK, YTOOBI €€ CBET
nomnajan B OKOWIKO MoHoxpomartopa. Ilepesenute nepexmouatens «JIAMIIbI» B nonoxenun «IAMITA HAKAJIMBAHUWS».
Bxumrounre ycranoBky B cetb ~220B, nepeBoast nepexiodarens «CETb» B nosnoxkenne «BKJI». [Ipu aToM nomkHa 3aroperbest
curHanbHast JaMibsl «<CETh» u 3axeubcst 1aMna HaKaJIMBaHMUS.

3. Yo6enurech, 4TO B OKYJISIp MOHOXPOMATOPa BUJIEH CIUIONIHON pa/lyKHBIH CIIEKTP, CO3/1aBaeMblii 3Toi jtamnoi. Haiinure
B TIOJIe 3pCHHS OKYJIAPa PUCKY €ro yKasaTelns u yOeauTech, 4To NpHu BpauieHnd 6apabaHa aiuH BoaH (cM.prc.218)3ta pucka cme-
IIaeTcs BAOIb CHEKTpa.

4. [TepeBemute nepexmoyatens <« IAMIIbI» B monoxenne «<HEOH». [Tpu 3TOM J0/DKHA 3a)KeUbCsl JIaMIIa, 3arl0THEHHAS
HEOHOM.

5. Hanpagisist cBeT OT 3T0i1 JIaMIIBI B OKOIITKO MOHOXpOMAaTopa W MeIUIEHHO ITOBOPavYHMBasi OCBETUTENb, T00eHTech Hanbo-
Jiee SIPKOTO M300pakeHNs CIIeKTPaJIbHBIX JINHUN HEOHA B OKYJISIpe MOHOXpOMATOpa.

6. [IpousBenuTe TpaaTyupoBKy MOHOXpoMatopa YM-2. I'panynpoBKy HauyHUTE ¢ (PHOIETOBOM 00JACTH CIIEKTpa HEOHA.
Just aTOrO Bpalias H3MepUTeNbHbIA Oapaban miuH BoiH (cM.puc.218), coBMecTHTE ¢ yKa3aTeaeM OKyJsipa MepByro (HOJIETOBYIO
JIMHUIO CIIEKTpa HEOHA M 3alMIINTE B TaONMIly 2 3HaYeHHUE yriia IOBOPOTa Ha M3MEPHUTEIILHOM OapadaHe, pacroyio)KeHHOM IPOTHB
pHCcKH yka3zartesns. /laHHbIe IEpBBIX TPEX KOJIOHOK 3TOM TAaOIUIBI BO3BMHTE U3 NPUBEICHHOM BhIle TaOumuue! 1. Benuunna oTHOCH-
TEJILHOH SPKOCTH OMOXKET HAWTH COOTBETCTBUE JIMHUI U3 TaOIMIBI 1 M JIMHUI CIIeKTpa HEOHa, BUANMBIX B OKYJLSP.

7. IIpoBenuTe aHAIOIMYHBIE M3MEPEHNUS JUISl BCEX OCTANIBHBIX BHIMMBIX B MOHOXPOMATOP JIMHUH CIIEKTPA HEOHa, 3aIHChI-
Basi ©3BMEPEHHbIE 3HAYESHUS yIiia IOBOpOoTa Oapabana B Tabmuiy 2.

8. ITocTpoiiTe rpagyrupoBOYHbINA TpaduK MOHOXpoMmaropa (puc.219),T. €. 3aBUCHMOCTh OTCUETa Ha GapabaHe OT JJIMHBI
BOJTHBI M3JTy4EHUS] HEOHA, IPUBEIEHHBIX B Ta0umIe 1 1 mepeHeceHHbIX B TaOIUILy 2.
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Tabnuua 2 (I7MHEL BOJH JIMHUH B CIIEKTPE HEOHA)

et muHun OTHOCHTENbHAS IPKOCTh JlimHa BOITHBI, HM Yron moBopoTa
Oapabana

9. YcraHoBUTE mepe] BXOAHOU LISIbI0 MOHOXPOMATOpa BOAOPOAHYIO JIAMITy, IIOBEPHYB OCBETUTEIh TaK, YTOOBI CBET BO-
JTIOPOJTHO¥ JIAMITBI IOMAIA) B OKOIIIKO MOHOXPOMATOpA.

10. B cnektpe BOJIOPOTHOMN JaMIlbl HApSAAy C JIMHUSIMH aTOMapHOTO BOJOPOAA HAONIOJAIOTCS IOJOCHI SMUCCHOHHOTO
CIIEKTpa MOJEKYIIPHOro Boxopoza. [1o3ToMy HmouCK NMHMI HYXKHO HauyMHATH C Haubollee MHTEHCUBHOM KpacHOU muHuuM H .
OHa OyneT nepBoi TUHUEH, BUIUMOM MPaKTHYECKH Ha CaMOM TpaHuIle KpacHOTo criekTpa. Bparmras 6apabaH, COBMECTUTE 3Ty JIH-
HHIO C yKa3aTresieM OKyJisipa U u3MephTe B JielieHns1X 0apabana e€ [UInHy BOJIHBI. Pe3ynbTaThl I3MEpEeHHs 3alUIINTe B TA0IHIy 3.

11. Bropast smanst  Hp - seneHo-romybast (B mpomexyTke mexny Hy u Hp pacmonaraercst MHOKECTBO KpacHO-

JKEJNITHIX U 3eJICHBIX CPABHUTEIBHO CIIA0BIX U Pa3MBITBIX MOJICKYJSIPHBIX M0s10c). COBMECTUTE ITY JIMHHUIO C YKa3aTeleM OKyJIspa
3aHecuTe NOKa3aHMsl U3MEPUTEILHOro OapabaHa B AejIeHUsIX B Tabuuiy 3.
12. Tperbst muanst Hy - Buana xak TéMHO-¢uonerosas. Ilepen 5T0i anHuel pacnonaratoTes Ase crabble pasMasaHHbIe

MOJIEKYJISIPHEIE TTOJIOCH (PHOIETOBO-CHHETO I[BeTa. M3MephTe 1Mo OapabaHy MMOJI0OKESHHE dTOW JTMHUH U 3aHECUTE B TAOIHITy 3.

13. ITo mocTpoeHHOMY B ITyHKTE 8 TpaaynpOBOYHOMY rpaduKy IepeBeUTe MOKa3aHUsd U3MEPUTEIILHOTO OapabaHa Jis
KaKJ0W U3 TpeX JIMHUK ceprr bambMepa B JUTMHY BOJHBI A B HM, KakK 3TO MOKa3aHo Ha puc.219, u 3anumuTe ux B TabIuUIly 3.

Tabmuma 3.
ITepexon cepun bab- O06o3HaueHHe - Yron moBopoTa uaMepu- JlmvHa BOJTHBI, HM ITocTosinHas Punbepra
Mepa HUU TeIpHOro OapabaHa R m*!
n=3-n'=2 Hy
n=4_-.n'=2 HB
n=5-n'=2 Hy
(R) S M_l; A=, Jx-c

14. C nomompto popmyi (219)u (220) BerumciuTe Ui KaxI0M JIMHUK MOCTOsSHAYIO Pundepra R. He 3a0yapre Bce BBI-
yucnenus npou3Boauts B CH. BeiuncinTe U 3anummre cpeaHee 3nadenne <R>.

15. C nomorpro ¢popmyisl (221) Berauciaure nocrosauyto Ilnanka 7. Ipu Berumcienun npuasts €=1,6010 YK,
m, =9,11M10% r, &, =8,85(10% d/m, ¢ =3P mic.

KonTpoabHble BOmpocH! K labopaTtopHoi paboTte Ne 54
1. Chopmynupyiite KBaHTOBBIM IOCTyIaT bopa u cuenaiite ¢ ero momomuisio BBOA (hopmyiisl (216) aist SHEPTUM DIIEKTPOHA B
aToMe BOJIOpO/a.
2. Yto Ha3bIBaeTCS OCHOBHBIM M BO30Y)KICHHBIM CTAllMOHAPHBIM COCTOSHHEM 3JIeKTpoHa? CKOJIBKO BO30YKICHHBIX COCTOSHUI
MOJKET OBITh Y 3JICKTPOHA B aTOME BOAOpOAa?
3. B kakoMm ciydae aToM BOJOPOa MOTJIONIACT, a B KAKOM CIIy4ae UCITYCKaeT (POTOH IEKTPOMATHUTHOTO H3ITyUCHHS ?
4. Cnenaiite BoiBoa (opmyn (217) s 4acTOT U ANKH BOJH H3IyYSHHUS BOJIOPOA.
5. Yto Ha3bIBacTCs NOCTOSIHHOW Punbepra?
6. Uto Ha3bIBaeTcs crieKTpaibHbME cepusimu Jlatimana, bambmepa, [amena, Bpakera? Kakue cepun BHIHBI, 8 KAKUE HET, W MO-
qemy?
7. B 4gem 3akimovaeTcs sBIICHUE AUCTIEPCUH CBEeTa?
8. JIyu Gesioro cBera magaeT U3 BO3IyXa Ha IUIOCKONAPAIICAbHYIO JIACTHHKY M Ha PU3MY, HU3T0-
TOBJICHHBIE M3 TIPO3PAYHOTO MaTepuaia ¢ OOJBINON quctiepcueii. B kakom mopsiake CIeIyroT BeTa
CHEKTpa JJIs JIydel, IPOIIEANINX Yepes3 ITH Teda (CM.pUCYHOK)?
9. O0BsICHUTE HA3HAYCHHUE TIPUBEICHHBIX HA prc.21831eMeHTOB MOHOXpOMATOpa, U MPUHITUIT €T0
JIEHCTBUSL.
10. TToyemMy Jy4 pO30BATOrO M3IYYCHHS OT BOJOPOIHON JIaMIBI BUJICH B 3pUTEIHHON TpyOe Kak
JIMHEHYaTHIH CIIEKTp, aHAJIOTMYHBIA TOMY, 4TO IOKa3aH Ha puc.215?
11. Kak mocTpouTh IpayHpPOBOYHEIH Ipaik MOHOXPOMATOpA | IJIs Uer0 OH HYXKEH B JAaHHO pabore?
12. Tlo ¢dopmyne (217) BoruuciuTe TEOPETHUECKHME 3HAYEHUsI TPEX BHUIMMBIX JIMHHUN B cepur baibmepa criekTpa BOAOpOJa U
CPaBHHUTE UX C TEMHU, KOTOPBIC OBLIU MOIyYeHBI B padboTe. YeM MOXKeT OOBSCHATHCS UX pa3indue?

Genbii
CBET
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13. Caenaiire BeiBog hopmystnl (221),110 KOTOPOit BEIYKCIAETCS MOCTOsIHHAS [1naHKa.
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