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Yactp 1
JlaGopaTtopHas padora Ne 1
HccnenoBanue KOCOro yapa 0 HaKJIOHHYIO MJIOCKOCTh

[leab paboThl: pacCCMOTPETh KWHEMATHKY JIBHXKCHUS I1apa MocJie yAapa O IIOCKOCTb; OMPEACIIUTh
K02 (UIIMEHT BOCCTAHOBJICHUS CKOPOCTH IIapa.

Teopernyeckue cBeieHUs!

B nannoii pabore paccMaTpuBaeTcsi KUHEMAaTHKa JBUKCHHS Teja
IIOJ] YTJIOM K TOPU30HTY B PE3YJIbTATE COYNAPEHHUs ¢ HAKJIIOHHOM ILIOC-
KOCTBIO.

CranpHOM WIApUK, Majas ¢ HEKOTOPOH BBICOTHI, MEpPE] yIapoM O

HAKJIOHHYIO IIIIOCKOCTb UMEET CKOPOCTH VO , 4@ OTCKOYHUB OT HEC, _UO

(cm. puc.l). BeiOepem cucremy KOOpJMHAT, Kak IMOKa3aHO Ha puc.l,
MOMECTHB Havajo koopauHat O B TOYKY HEPBOrO COYAapCHHS IIapHKa

Puc.1 C HAaKJIOHHOW ImockocTho. IIpoexnuu ckopocreit Vy, m Uy Ha oce X

paBHBL, TO ecTh Vox = Uox, TaK Kak yZap MOKHO CUUTATh MTHOBEHHBIM, U
JIEHCTBUE CHJIBI TSHKECTU U CHIIBI TPEHUS 32 KOPOTKOE BPEMSI HE OKAKET CYIIECTPAunrn ®ISHUS HA UM-
MyNbC IMApUKa BAONH OCH X (3aKOH cOXpaHeHHsi MPoeKmuH mMmyJanca). P Puc. 1 rexammueckoii
SHEPIUU MPH yaape XapakTepusyercs K03 HUIMeHTOM BOCCTAHOBICHUS CKOPOCTH K.
Ko3dppuumenToM BoCCTaHOBICHUSI CKOPOCTH TEJla IIPU yAape O MAaCCUBHYIO HEMOBUKHYIO I10-

BEPXHOCTH Ha3bpIBaeTcs oTHomenue K. =|U , e Vo 1 Un — IpoeKuu CKOPOCTEH Tena COOTBET-
C n n

CTBEHHO JI0 U IIOCJI€ yAapa Ha HOpMaJlb K IOBEPXHOCTH.
Jlns manHOM paboTHI cortacHo puc. 1

U
0
ke = — 1)
V,
0y
rac VOy n UOy - IIPOCKIIMHU Ha OChb Y CKOpOCTefI mrapuka COOTBETCTBECHHO OO U ITOCJIC IICPBOIO yaapa o
HAKJIOHHYIO IINIOCKOCTh.
OTCKOYMB OT HAaKJIIOHHOM IIJIOCKOCTH B Touke O co CKOPOCTBIO UO’ [IapuKk 6YI[CT JABUTATbCA B BO3-
JyXe ¢ TIOCTOSIHHBIM yCKOopeHHeM d = J (COmpOTHBICHHEM BO3JyXa MpeHeOperaeM) U BTOPOH pa3 yaa-

pUATCA O HAKIIOHHYIO IIJIOCKOCTh. ITonoxenue HIapukKa 1mpu BTOPOM COYAAPCHUU OTHOCUTCIILHO TOYKH @]
ONpEeACIUM U3 3aKOHA ABMXKCHUS B IPOCKIIUHU HA OCh X

a,t
x:x0+UOXt+7X.

HpI/I BBI6paHHOM Ha4daJIe KOOPJAHWHAT M II0JIOKMTEIbHOM HAIIPaBJICHUH X, KaK IIOKAa3aHO Ha pI/IC.l, X = 0 )

Upx =Vox =VpSina, a, = gsina , mo3ToMy paccTOsSHHE X MEX/y TIEPBbIM U BTOPBIM COYIapCHUEM

: sino. - t2
X =V, sing-t+ 3304t

(2)

Bpewms t mexxny AByms cOyapeHUsIMHA HalJIeEM M3 3aKOHA JBUKECHHUS B IPOEKIIUH HA OCh Y
2

= Yo+ Ut +
Y=Yo Oy 2
3nece y =0, Yo =0, ¢ yuerom (1) Uy, =Kk, ‘Voy‘ =kVpcosa, o, =—gcosa . [Toaromy

gcosa-t?

0=0+k,\Vycosa-t— 5

_ 2kVo
g

(3)

OTKyza t



V, ompenennum u3 3aK0Ha COXpPaHEHUs ITOJIHOM MEXaHNYECKON PHEPTUH (IIOTEPSMHU HA CONIPOTUBIIEHHE

BO3/yXa MmpeHedperaem)

2
mV
mgh = —2 (4)
2
rae mgh — INOTCHIOUAJIbHAA DHCPTUA HIapUKa B TOYKC A, n3 KOTOpOfI OH HAYMHACT I1aaaThb 663 Ha‘laﬂbHoﬁ

V¢

cKopocTH (B Touke O MOTEHIUAIBHYIO SHEPTUIO HIapyKa MPUHIUMAaEeM PaBHOU HYIIIO); — KUHEeTH4e-

CKasl 3Heprus mapuka B Touke O nepes y1apoM O HaKJIOHHYIO INIOCKOCTb.
W3 paBencTBa (4) umeeM

Vo =+/2gh 5)

[HoxncraBus (3) u (5) B (2), HailneM
x = 4k hsin a.+4kZhsin a

Orcrona kc2 +k. — L =0. PemuB 310 KBaipaTHOE ypaBHEHUE, MOTYIUM
4hsina
1 X
k. == ,1+———-1 6
¢ 2 hsina ©)

B peanbhbix ciydasx 0 < K¢ < 1.

3aK0H cOXpaHeHHs MOJTHON MeXaHN4eCKO IHepPruun
ITosiHasi MexaHMYeCKasi SJHePrusi KOHCEPBATHUBHON CHCTeMbl, HAXOASIIEHCH B CTAMOHAPHOM II0-
TEeHUHMAJIBLHOM 10J1e, TOCTOSIHHA:
K+U,,;+U = const

6Hew
rae Ueos — coOCTBEHHAs! OTEHUMAIbHASI SHEPTUsl CUCTEMBI - 3TO SHEPrusl B3aMMOJCHCTBUS IPYT C Ipy-
T'OM BCeX 4acTHIl cucTeMbl. OHa 3aBUCUT OT B3aUMHOT'O PACIIOJIOKEHUS YacTHIl CUCTeMBbI; Usgyews — BHEIII-
Hsis TOTEHLIMAJIbHAsI SHEPTUS CUCTEMBI - 3TO CyMMa MOTEHI[MAIbHBIX SHEPruil BCeX €€ 4acTHll, HaXos-
IIMXCSI BO BHEIIHEM CTAllMOHAPHOM MOTEHIMaIbHOM mose; K — KMHeTHuecKkas SHeprusi CUCTEMBI — 3TO
CyMMa KMHETUYECKUX SHEPTUi COCTaBISAIOLINX €€ YaCTHL.

Ecnu paboTa cuil cTallMoOHapHOTO MO HAJl YacTUIEH He 3aBUCHUT OT IYTH, IPOHAEHHOTO YacTULIeH,
a 3aBUCUT TOJBKO OT HAYAJIBHOI'O U KOHEUHOTO MOJI0XKEHHS YaCTHUI[bI, TO TAKUE CUJIbI Ha3bIBAIOTCS] KOH-
CEePBATHBHBIMH, a I10JI€ MOTEHIUATbHBIM.

Heynpyroe coynapenue tes

AOGCOJIIOTHO YIIPYTMM Ha3bIBaeTCs TaKOE€ COyAapeHHe Tell, IpU KOTOPOM MX CyMMapHas MOJHas Me-
XaHUYecKasl SHEPTUsl He MEHSAETCS.

Ha npakTrke aGCOIIOTHO yIpyroro coygapeHusi He BcTpedaercs. 3a cueT paboThl BHYTPEHHUX JTUC-
CUIIATUBHBIX CHJI YaCTh MOJHON MEXaHHUYECKON SHEPruH COYAAPSIOLIMXCS Tell MpeBpallaeTcsl B TEIUIO-
ByI0 (BHYTPEHHIOW) 3Hepruto. IloiaHas MexaHudeckass SHEpPrusi CUCTEMbl yOBIBAaET, a COYIapsIOIIUECS
Tena qepopMupyrores (M3MEHS0T cBoio (hopmy). Takoil yaap Ha3bIBaeTCsl HEYNPYrUM.

Ecnu mocne coynapeHus: Tena ABMXKYTCSA C OJHONH CKOPOCTBbIO BMECTe, TO yJap Ha3bIBaeTcs abco-
JIOTHO HeynpyruM. Takum oOpa3oM, IpU HEYNPYroM COYJAapeHHUU IOJIHAS MEXaHWYecKas HHEeprusi He
COXpaHsIeTCs.

O0BbeKThI HccIe0BaHNA, 000PyI0BaHUE
Mertamndeckas IIacTHHA, 00pa3yrolas HAKIOHHYIO INIOCKOCTh. MeTaunuecKie MapuKy, JNHEHKa.

Pabouee 3aganue
N3mepuTh XapaKTepUCTHUKHM OTCKOKA IIApHKa IMOCIe YIPYTroro yiapa O HAKIOHHYKO IUIOCKOCTb.
Onpenenutb K03PGUITUEHT BOCCTAHOBIIECHUS CKOPOCTH IIapa.

Iopsiiok BbINOJIHEHUS PA0OThHI
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1. IlepememmiennemM MypTsl A (pHc.2) yCTaHOBUTH TPOU3BOJIbHBIN HAKJIOH INIOCKOCTH (TTpuMepHo 10-
15°). Usmeputh BoicoThl Hi 1 Ho, mmnny HakiaonHOM mockocty | mexay muausamu L1 u Ly (em.puc. 2) u

TS H,—H,
ompeenuts Sina:sina = ———=,
[Mpumeuyanne. MOXHO MPOU3BOJIBHO U3MEHSTH JUIMHY HAKIIOHHOM IUIOCKOCTH |, M3MEHsIsS pu 3TOM Apy-
rue BeicoThl Hi 1 Ho.

2. Iepemeniennem myptbl B ycraHoBuTh nmpomsBosibHYI0 BbicoTy h (17 — 20 cm) Oynkepa C Han
HAKJIOHHOM IJIOCKOCThbI0. OTLEHTPUPOBATh YCTAaHOBKY OyHKEpa Tak, YTOOBI IIAPUK IOC]IE OTCKOKa yja-
pHIICS elle OAMH pa3 O HAaKJIIOHHYIO IIJIOCKOCTh B HAIPaBJIEHUU €€ ITPOJI0JIbHOM OCH.

Puc.2

3. [TonoxuTh Ha HAKJIOHHYIO TUIOCKOCTh Y3KYIO MOJOCKY OyMaru Kpaem BJOJb 4epThbl L1, HAKpPHITH
CBEpXY KOIMMPOBAIILHOI Oymaroi u 3aKpenuth 00a ucra ckoboi. [Ipu npoBeacHUH dKCIIEpUMEHTa CKOOY
HE TPOraTh.

4. Ilomectuth mapuk B Oyakep C B cierka OTKPBITOE OTBEPCTUE (ITO MO3BOJIUT 00JIee TOYHO (PHK-
CUpPOBaTh HAYaJbHOE IMOJIOKEHHE IIapuKa). 3aTeM MEMJIEHHO OTKPBITh 3aCIOHKY, /JaB IIApUKy IMpOBa-
JUTHCS. Y JAPUBILIUCH O IUNIOCKOCTb, IIAPUK OTCKOYUT M OCTABUT Clie] Ha Oymare.

5. O603Ha4YNTh TOUKY yAapa Ha Oymare Toukoi 1. OTOrHyTh OT TUHHH L1 ¥ monocky OGymaru u Ko-
NUPOBAJIbHYIO OyMary Takum o0Opa3oM, 4TOObI MOBTOPHOE MaJIeHHE IIapuka u3 OyHKepa HpUILIOCH Ha
METAIITMYECKYIO IOBEPXHOCTh; OTCKOYHMB OT HEe, IIIapUK BTOPOU pa3 yAapUTCs O TOBEPXHOCTh U OCTABUT
cien Ha Oymare. DTy TOUKy 0003HaUMTh Luppoi 1'.

6. IToBTOPUTH OMBIT NIPH OTOTHYTOM Oymare 9 pa3, 0603Hayvas ciiebl OT MOBTOPHBIX YIapOB COOT-
BercTBenno 1', 2, ..., 3".

7. CHSTH TUCTHI C IIIOCKOCTH, ONPENETUTh PACCTOSHUE Xj MeXK Ay Toukamu 1-1', 1-2', 1-3', ..., 1-9'u
3aHecTu B Tabm.1.

X, + X9 +...+ Xg
9 .

9. OHpe,Z[CJ'II/ITB Cle‘-IaﬁHBIC OTKJIOHEHHS AXj = Xj — < X > Ka)XJ0T0 U3MEPCHUA paCCTOAHUS, CPCAHEC

8. BeIYMCINTE CpefiHee 3HaUeHUE < X >=

KBaApPATUYHOC OTKIIOHCHUC S=

1 2 o
1 Z (AX;)” . BBIYHCIHTB TOTPELIHOCTh AX pe3ybTaTa H3MEPEHHIA:
n —

S
AX = T (N-KOIUYECTBO TOYECK).
n
10. Beruucauts < K > o popmye (6), moactapiss X = < X >. [Ipuaumaem paauyc mapuka I << h.
AX

4(2k, +1)hsina’

11. Beraucnuts abcomotHyto AKe 1 otHOcHTenmbHY0 E morpemmoctr: Ak, =

— AkC

E 100%.

C

Conep:kanue oTyera
Pe3ynbTaThl M3MEpeHHIi U pacueToB 3anucarhb B Ta01.1 u 2.



Tabauma 1

Xi, MM AXi, MM (AXi) 2, Mm?
Tab6muna 2

l, h, Hi,mMm | Hz,mm | Sina | S, Axmm | <ke | Ake | E,
MM | MM MM > %

3anucarh pe3ynbTaT B Buue: K, =<k, > Ak, .

1. Yro Takoe K03 UIIMEHT BOCCTAHOBIICHUSI CKOPOCTH, KAKOBA METOJIMKA €T0 OTPE/ICIICHUS B JaH-
HOI paboTe?

2. 3anmcath 3aKOH JBWKCHUS IIAPUKA MEXTY TICPBBIM M BTOPBHIM COYAapEHUSMHU C HAKIIOHHOW TUTOC-
KOCTBIO KOOPJMHATHBIM criocoO0oM. Kak onpenenuTs paccTosiHEEe X U BpeMst t MEKIy 3TUMU COyIapeHUs-

mu?

3. CopmynupoBaTh 3aKOH COXpaHEHUs OJTHOM MeXxaHHuecKoi sHeprun. Kak oH npumeHsieTcs B

JIaHHoM padote?

KOHTpOJ’[beIe BOITPOCHI

CHuHCOK HCNO0Ib30BAHHBIX HCTOYHHKOB
1. CasenweB U.B. Kypc o6meit pusuku. T.1. Mexanuka. MonekynsapHas ¢pusuka. - CI10.: Jlans, 2008. —

352 c. -1, §19, 24, 25, 27




JIaGoparopHas pabora Ne 2
Ynpyruii ynap mapos

Ieab padoThl: 03HAKOMUTHCS C SIBJICHMEM yZAapa Ha IpUMEpEe COyIAapeHus IIapoB, PACCUUTATh KO-
3 GUIHMEHT BOCCTAHOBJICHUS SHEPTHH, IPOBEPUTH 3aKOH COXPAaHEHHS UMITYJIbCA.

TeopeTnyeckue cBeieHHsI

OTknoHuM mapuk A ¢ Maccod My Ha yroa Ao =0y — 0y, ITI€ 04 U O IOKa-
3aHMSA IO IIKane u3MepeHus. [Ipu 3ToM mapuk HoJHUMETCS Ha BBICOTY h (cM.
puc.1). Kak BunHO U3 pUCyHKa BBICOTY IIOABEMA MOXKHO BBIPA3UTh Yepe3 HJIH-
HY IIOJBECA U Yroj OTKJIOHEHHS Aol

~  h=I(l-cosAa)=I -2sin2(A7°‘j (1)

[Tocne ocBoOOXACHNUS MmapuKka 0e3 Ha4aIbHOH CKOPOCTH OH OyIeT yCKOPATHCS

U B HIDKHEH TOYKE CBOCH TPaCKTOpUHU an06peTeT TOPU3OHTAJIBHYHO CKOPOCTb

m1V12

V1, KOTOPYIO MO’KHO HAMTH U3 3aKOHA COXPAaHEHUs SHEpruu: m;gh =

v, =\J2gh = [2g] ~25in2(A7a] = Zsin(%j\/a 2)

- B HmXHEN TOYKE CBOEH TPACKTOPUM IIAPUK A CTAIKUBAETCS C IIApH-

, OTKYJla CJIeTyeT

ATy B KOM B, ¥ mociie oueHb KOPOTKOTO yJapa OHH pa3jeTaloTcs B MPOTHBOIIO-
o—= O JIOXKHBIE CTOPOHBI C TOPU3OHTAIBHBIMU CKOpocTsMHU U; U U, (cM. puc.2).
= A B = Tak kak BO BpeMs ynapa CHJIbl HATSDKCHUS HUTCH M CHJIbI TSKECTH, HCH-
U=—"2o O=Up CTBYIOIIME Ha IIAPHUKH, HAITPABJIEHBI 110
Puc.2 BEPTHKAIH, TO JOJDKEH BBIMOJHATHCS 3aKOH COXPAHEHUS TOPU30HTAIHHOU
MPOSKIIMHA UMITYJIECA CHCTEMBI:
Myvy = =Mty +Myu, ©)

B GONbUIMHCTBE ClIydaeB peajbHbIC YAaphl TEN He SBISIIOTCS YIPYTHMU U3-32 BO3HHMKHOBEHHS JUC-
CHUITATUBHBIX CHJI BHYTPH ITHX TeJl (BHYTPEHHEE TPEHHE), TIOATOMY KHHETHYECKash dHEPTHsl CHCTEMBI B
IIEJIOM TIpU yaape ymeHblnaercs. KoadpuuneHToM BOCCTaHOBIIEHUSI KHHETHYECKOM SHEPIUH HA3bIBACTCSI
BCJIIMYMHA, paBHAsd:
ml—ulz+ Wi 2 2

2 2 _ MU + Myl

K =

3

(4)

m1V12 m1V12
2

Koadduument BoccraHoBIeHUs SHepruu Bcerna MeHbmie eawHunbl: K, <1. PaBeHcTBO enmHuIe

03HAYaeT MOJHOE COXPAHEHUE YHEPTUU, YTO MOXKET OBITh TOJIBKO B HUJICATHHOM CITydae OTCYTCTBHS JIHC-

CUIIaTUBHBIX CUJI B CUCTEME.
[Tocne cronkHOBeHUS (CM. purc.3) ACHCTBUE TUCCUTTATHBHBIX CHII

A s BHYTPCHHETO TPEHHUS MPEKpaIIaeTcsi, W, eClIu MpeHeOpeub MmoTepeit
Az FA
P P2 SHEPTUM BO BpeMs JBHKEHHUS M3-3a CONPOTUBIIEHUS BO3yXa, MOXKHO
, \
] Y BOCIIOJIb30BaThCsl 3AKOHOM COXPAHEHHUS SHEPTUH sl K&K IOT0 IIapa B
I
, \ otmensHOCcTU. Ilap A OTKIOHHTCS Ha Yroa Ao, M TMOJAHHUMETCS Ha
hyl o F-—= h BeICOTY N, a map B oTkioHuTCs Ha yron AP, W MOTHUMETCS Ha BbI-
Uy et == U7 2
I==x"B 2 cory h,
2 2
mu m,u
Puc.3 Wcnone3ys ypaBHerus mgh = —= u mygh, = —2-2 anano-

rudHbIie ypaBHeHUsM (1) 1 (2), BBIpa3uM CKOPOCTH IIAPOB TOCIIE yaapa:



uy = \f2gh, = \/Zgl -2sin (AZ j Zsm(Agzj\/a
m_\/Zgl 2sin ( sz ZSIH[ BZJ\/g_l

[MoxcraBnss (2) u (5) B (4), monyduM BeIpaKeHUE s pacueTa Kod(QPHIMeHTa BOCCTaHOBICHUS
SHEPrUu:

_my-4sin® (Ao, /2)- gl +m, - 4sin® (AB,/2)-g

- m, - 4sin®(Aa,/2)- gl -
_mysin® (Aay /2)+mysin? (AB,/2)

- my sin (Ao/2)

[Moncrasmnss (2) u (5) B (3), mostydrM 3aKOH COXPaHEHHS UMITYJIbCA B BUJIC:
mﬂn(%j:—mlsin(m; j+mzsm( sz (7

O0bexThI HecaenoBannii. O6opynoBanue
Croiika, K KOTOpOil OM(UIIPHO MOABEIICHBI MAaCCUBHBIC MeTaTuecKkue mapsl. [lkana mis u3mepe-
HUS yIJla OTKJIOHEHUS I1apoB.

()

K

e}

(6)

Pa0ouee 3aganue
W3meputh yriabsl OTKIOHEHHS IIApOB IOCIE YIpyroro coynapenusi. Paccunrars xo3ddunuent Boc-
CTAaHOBJIEHUS YHEPTUHU, TPOBEPUTH 3aKOH COXPAHEHUSI UMITYJIbCa.

IHopsinok BbIMOTHEHNS PA0OTHI

1. 3anucarh HavyagbHBIE MOJIOKEHUS O U o, COOTBETCTBYIOIIME TOUKAM MEepeceyeHHss HUTeH Ou-
(GWISIPHBIX MOJBECOB C JIMHUEH JIEJEeHMs IMIKaJbl, KOI/a IIapbl HEMOJABMXKHBI. 37€Ch U B JaJbHEWIEM
o0o3HaueHue "o OTHOCUTCA K 1apy A ¢ MeHbIleil maccoit My, a "B" — k mapy B ¢ MeHb11ei maccoit ma.

2. OtxyoHuTs map A Ha yros ou ot 10° 1o 15° u ornycTuth 6€3 HayansHOU ckopocTH. [Ipounsse-
CTH OTCYET MEepPBOro oTopoca o0ouX 1mapoB a2 U P2 (Tak Kak cpazy NPaKTHYECKH HEBO3MOXHO B3STh JBa
OTCYeTa, TO MOCTYNAlT TaK: CHadaja OepyT OTCYET JJs OJHOTO IIapa, 3aTeM IPOU3BOJSAT MOBTOPHBIN
yJlap U3 TOro e MOJIOKEHUS Imapa A U OepyT OTCUeT sl BTOPOro miapa).
VYnap U3 JaHHOTO TMOJOXKEHUs TPOU3BOAAT He MeHee 10 pa3, yToObI JIst
KaX/I0T0 11apa MOJIy4YUTh HE MEHee MATH 3HaYeHUH 0TOPOCOB HUTEH Mocie
ynapa (o2 u 32). Haiiti cpearee <o> u <fB2>.

3. OmbIT mpoxenarth Uil IBYX APYTux 3HadeHuit ai. (o1 20° mo 25°,
ot 30° 1o 35°). 3anonHuTh TAbIUIY 1.

4.  TIpoBepuTh 3aKOH coxpaHeHus umnyisca (7). s storo paccuu-
TaTh CKOPOCTH Vq, Uy U U, 10 popmynaM (2) u (5), yuuTsiBas, 4To

Aa =0y -0, Ao, =(0p)—0g, AB; =(B,)—By. PacCanrars neByio
yacThb ypaBHeHUs (7)

& =mysin(Aoy/2)

Y TIPaByIO 4acTh ypaBHeHUs (7)
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¥ 3aHECTH B Tabnuily 2. Paccuntarh, Ha CKOJIBKO MPOILEHTOB OTJIMYAIOTCS JIeBas U MpaBasi 4aCTh ypaBHE-

Hus (7) o dhopmyne: alg—_iz -100%

5.

1
Beraucinuth k03¢ GUIIMEHT BOCCTAaHOBIICHUS dHEPTHH 110 hopmyre (6).

Conep:kanue oTyera

Pe3ynbTaThl H3MepeHHii U pacueToB 3anucarhb B Ta01.1 u 2.

Tabnuna 1.

0(,1,0 ()(.2,0 <(12>,0 Bzao <B2>’0
L[] L

0g,°=... Bo.,° =

Tabauua 2.

Aag, © |Aaz,® [AB2,° | & &, Ko

Paccunrarh, Ha CKOJIBKO MPOLIEHTOB OTIWYAIOTCA JIEBasi U IIpaBas 4acTh ypaBHeHus (7) mo popmye:

ﬂ .100% .
&

el N S

1.

KoHTposabHbIE BOIPOCHI
Byner nu cucrema mapoB 3aMKHYTOM?
ChopmynupoBaTh 3aKOH COXPaHEHHUS UMITYJIbCA CUCTEMBI.
CoxpansieTcst 11 UMITYJIbC CUCTEMBI 1m1apoB nociie ynapa? [ouemy?
Bun ynapa B nanHoii pabore. [Ipoananusupyiite nosydeHHbIH K03 GUIMEHT BOCCTAaHOBICHUS
SHEPIHH.
Korna nosmHas MmexaHudeckasi 3HEPIHsl CUCTEMBI cOXpaHsaeTcs? PaBHBI 1M KUHETUYECKNE YDHEPTUH
CHCTEMBHI II1apOB 0 U TocIe yaapa?
MoskeT I B HEKOTOPOW CUCTEME HE COXPAHSTHCS MEXaHUYECKasi DHEPTUS U OCTABAThCS TOCTOSH-
HBIM MOMEHT UMITyJbca?
[TosryunTh pacueTHble GOPMYJIIBI CKOPOCTEH IIAPOB MOCIIE yaapa.

CHHCOK MCIOJIb30BAHHBIX HCTOYHHKOB
CagenbeB U.B. Kypc obuieit pusuxu. T.1. Mexanuka. MonekynspHas ¢usuka. - CII6.: Jlans,

2008. — 352 c.- . 11, §23, ¢.75-77, ta1. 111, §27-30, c.89-106.
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JIaGoparopnas padota Ne 3
N3yyeHue CKOPOCTH MYJIH ¢ TOMOIIbIO
0aJIMCTHYECKOT0 MAsITHUKA

[leab padorhl: Mcnonp30BaHuE Ha MPAKTUKE 3aKOHOB COXPAaHEHHUS UMITYJIbCA U MEXaHUUYECKOM 3Hep-
TUH U1l U3MEPEHUS CKOPOCTH ITYJIH.

Teopernyeckue cBeieHUs!

CKOpOCTb MOCTYINATENBHOTO ABUKEHUSI ITyJIM ONPEAEIsieM C OMOLIbI0 OJIIIMCTUYECKOTO MasiTHHUKA.
OH npencraBisieT co00il OTKPBITHIM ¢ OJHOTO KOHIIA MYCTOTENbI MAaCCUBHBIN LMWIMHIP, TOABEIICHHBIN
Ha JBOMHOM OM(MIAPHOM IojBece. BHYTpeHHsIsI yacTh IUJIMHAPA 3aM10JHEHA IUIACTHIIMHOM, YTOOBI CO-
yIapeHue JeTamero Tena (Iyiam), CKOpOCTb KOTOPOrO HYKHO U3MEPUTh, ¢ OAITTUCTUYECKUM MasSTHUKOM
HOCWIJIO Heynpyruil xapakrep. Ilocie Heynpyroro coynapeHus Tena JBHXKYTCS Kak €IMHOE 1esioe ¢ 00-
IEN CKOPOCTBHIO.

[Tynst mMaccoit My, IBIKYIIAsCS B TOPU3OHTAILHOM HAINPABJICHHH CO CKOPOCTBIO V BjETaeT B IH-
auHAp OAJUTMCTUYECKOTO MasTHHKA U 3acTpeBaeT B HeM. [lociie coyaapeHus HMIMHIP MasTHUKA Maccoil
M2 COBMECTHO C 3aCTpsBIIEH B HEM IMyJel prodpeTaeT HeKOTopyto ckopocts U, . Ha ocHoBaHMN 3akoHa
COXpaHEHUsI UMITYJIbCa MOYKEM 3aIHCaTh B BEKTOPHOM BUJIC

mV = (m, +my)U
Y B IPOCKIIMHU HA OCh, COBIA/IAIOIIYIO C HAIIPABICHUEM JIBUKCHUS ITyJIM U MAsITHUKA C MTyJICH,
mV = (m +m,)U )
HemocpeactBeHHo mocie ymapa cucTteMa '"MasTHUK-3acTpsiBIIas Iyisi" oO0alaeT KUHETHYSCKOH
. (M +m,)U?

JHEprueu — KOTOpasi 10 Mepe OTKJIOHCHHUS MAasTHHUKA OT BEPTUKAIBHOIO IMOJOXKEHUS TIpe-
BpaIaeTcs B MOTEHIMATIbHYIO dHepruro (M, +m,)gh. Ecim npeneOpeys NOTepsiIMU SHEPIHU HA TPEHHE,
TO Ha OCHOBAaHMH 3aKOHA COXPAHCHHS MEXaHUYECKOW YHEPTHH TOTYIUM

1 2
E(ml+m2)U = (m +m,)gh (2
- rae h — BeicoTa mogbema IEeHTpa Macce CUCTeMbl "MasTHHUK-Tyis". W3 pucyHka
' I-h
A CIEYET, UTO coso = (I=h) ,
/o I
/ / IJIe O — YroJl OTKJIOHEHHs MasTHHKA OT BEPTHKAJIBHOTO TMOJIOKEHHUs; | — mmnHa
/ : IoJBeca.
/ Otcrona h=I-(1-cosa),
B — [ToacraBnss 3uavenue h B (2), moydaem
h

o U:M:mzz\/asin(aﬂ) 3)

[Hoxncrasnss (3) B (1), mosrydaeM HCKOMYIO CKOPOCTh
v ="M 5 foisin(o/2) (4)
m
3aKOH cOXpaHeHHs MOJHOI MeXaHN4eCKOH JHepruu

ITonHass MexaHHYeCKAas JHeprusi KOHcepBaTHBHOﬁ CHCTEMBI, HaxoAsIencs B CTAaMHOHAPHOM
NMOTCHIHAJIbHOM I10J1€, ITIOCTOSIHHA:

K+U,_;+U = const

rne Ucos — COOCTBEHHAs! MOTEHIMAIbHASL SHEPTUSI CUCTEMBI — 3TO SHEPTHs B3aUMOACUCTBUS IPYT C
JPyroM Bcex yacTul] cucteMbl. OHa 3aBUCUT OT B3aUMHOI'O PACHOJIOXKEHHS 4acTHUL CUCTEMBI; Usgyew —
BHEIIHSAS [IOTEHIUAIIbHAS DHEPI U CUCTEMBI — CyMMa IIOTCHIIMAJIbHBIX YJHEPIUH BCEX €€ YaCTHULl, HaXO1s-

6Hew
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UXCA BO BHCIIHCM CTAlITMOHAPHOM IMOTCHIUAJILEHOM II0JIC, K — kuHeTn4yeckas OHCPIruUsa CUCTECMbI — 3TO
CyMMa KMHETUYECKUX DHEPIUi COCTaBIIAIOUINX €€ YaCTHLI.

Ecnu paboTa cuit cTaliioHapHOTO TMOJIS HaJl YaCTHIIEH HEe 3aBUCHT OT ITyTH, IPOUICHHOTO YaCTHIIEH, a
3aBHCHT TOJIBKO OT HAYaJIbHOT'O U KOHEYHOI'O IIOJIOKEHHUS YaCTULIbI, TO TAKUE CUJIbI HA3bIBAIOTCS KOHCEP-
BATHBHBIMH, 2 [10JI€ NOTEHUHAJIbHBIM.

3akon COXpaHCHU HMITYJIbCa

3aMKHYTOIl CHCTEeMOIl Ha3bIBACTCS CHUCTEMa, Ha KOTOPYIO HE JEHCTBYIOT HHKAKHWE BHEIIHHUE Teja
(W11 UX B3aMMOJICHCTBHEM MOKHO ITPeHEOpeyn).

HNmnyabc cucTeMbl YaCTHIL OCTAETCsl NOCTOSIHHBIM, T.e. He MEHSIeTCSl CO BpeMeHeM, eCJIH CHCTe-
Ma 3aMKHYTa WJIM CyMMa BceX BHEIIHUX CHJI, AeHCTBYHOIIMX HA YaCTHULBI 3TOH CHCTEMbI, paBHA
HYJII0:

p=>_ p(t)=const
Y He3aMKHYTOﬁ CHUCTEMBbI MOXKCET COXPAHATHCA HEC UMITYJIbC rj , a4 €TI0 IIPOCKIHUA px Ha HaIIPpaBJICHHUC X,
C€CJIN pC3YJIbTHPYIOLIAA HpOGKHI/Iﬁ BCCX BHCHIHUX CHUJI HA 3TO HAITPABJICHHUC PABHA HYIIIO.

O0bexThI HccaenoBannii. O6opynoBanue
[Ipy>XUHHBINA TUCTONET, OALTUCTHICCKHA MasSTHUK, YIS, IIKaJa JIJIs H3MEPCHHS Y
IJa OTKJIOHEHHS MasiTHHKA.
Pabouee 3aganue
[TpoBecTu n3MepeHne CKOPOCTH MYIH, BEITYIIEHHON U3 MPYKUHHOTO MHUCTOJIETA.
IMopsiaok BHIMOJTHEHUS PA0OTHI
1. B ta6:1.1 3amucarh 3HAYEHHE MACChI Y/ IM M1, MAcChl MassTHUKA My, JTHHBI HUTH | 1 BX morperHo-
¢t (M1 ¥ M2 B TpaMMax yKa3aHbl Ha ITyJIe U IIAHIPE).

Tabnmia 1.

M1, KT Ami, KT | M2, KT Amg, KT I, m Al, m

2. BcraButh myiito B CTBOJI MIPYKUHHOTO MUCTOJIETA.
3. Haxxumast Ha CIiyCK, MTPOU3BECTH BBICTPEI M OTCUUTATH TI0 IIIKAJIE YTOJI OTKJIOHEHHUS MasTHUKA OT
BEPTHKAIBHOTO TOJIOKEHUSI.
4. 3HaueHue yria OTKJIOHEHHMs 3amucath B Ta0.2.
Tabmumna 2

oy

Aoy

(Aag)?

(oc): .o

5. 3mepenus npoBecT HE MEeHee 9 pa3; OnpeAesuTh Cpe/IHee 3HAUCHUE YIIa OTKIOHEHUS <0c>, ciy-

YyaiiHbIe OTKJIOHEHHUS KaXKI0T0 HU3MCPCHUMA AOLi , CPCAHCC KBAAPATUIHOC OTKIIOHCHUC

rze N — 9ucio u3Mepenuit (N=9); mMorpenIHocTs pe3yabraTa u3MepeHud Ao = S /n.
6. [To dhopmyre (4) onpenenuTh cpeiHee 3HaUCHUE CKOPOCTH ITYJIH, TIOJICTABIISSI CpeIHEE 3HAUCHNE

(a).
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7. OTHOCUTENBHYIO U a0COIIOTHYIO MOTPEIIHOCTH Pe3yibTaTa pacCuuTaTh Mo hopMyaam

2 2 2 2
e_ [[Am+Am, | [ Am, +(A_Ij +( Aoc] . AV=E-(v)
m, +m, my 2l <o>

U 3anucarth B Ta01.3.
Taobmuua 3

V), mlc AV, m/c E, %

Conep:kanue oTyera
3anonsuTh Tabmust | — 3, cpesiHee 3HaYCHHE yIiia OTKIOHEHHs (L)

KonTpoJbHbIe Bonpockl
1. Korma umnysibC CUCTEMBI COXpaHsAeTCs?
2. Byner nu cucreMa "mynsi-MasTHUK" 3aMKHYTOW?
3. CoxpaHseTcs I UMITYJIbC CUCTEMBI '"TIyJIs-MasTHUK'' NIpU IBWKEHUU ee nociie ynapa? [louemy?
4. Bun ynapa B maHHoU pabore.
5. Kora nonHast MexaHn4eckast SHEprusi CUCTEMbl coxpaHsieTcsa? PaBHBI I KWHETUYECKHE SHEPTUU CH-
cTeMbl "mynsi-MasTHUK" 710 U 1ocne yaapa?
6. IlonyunTs pacueTHyto (HOpMyTy CKOPOCTH ITYJIH.

CHuUCOK HCNO0/Ib30BAHHBIX HCTOYHHKOB
1. CasenweB U.B. Kypc o6meit ¢pusuku. T.1. Mexanuka. MonekymnsapHas ¢pusuka. - CI10.: Jlans, 2008. —
352 c.- tilll, §24, c.27-29, 226-228;
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JIaGoparopHas pabota Ne 4

N3mepenue CKOPOCTH MYJIH € IOMOIIbI0 (PM3UYECKOT0 MASITHUKA

Ilesab padoThI: IMPAKTUYCCKOC HCIIO0JIB30BaHUEC 3aKOHOB COXPAaHCHHA MOMCHTA MMITYJbCa U MEXaHH-

YECKOM SHEPTUHU JIJIsl OTIPECIICHUS] CKOPOCTH ITYJIH.
TeopeTnyeckue cBeieHHsI

B nanHoli paboTe (u3MuUeckuii MasTHUK MPEICTABISICT COOOM IH-
JUHAP Maccor My (YACTUYHO HAMOJIHEHHBIHN IIACTUIIMHOM), YKPEIUICHHBIN Ha
TOHKOM CTepyHE Maccoi M¢ u jyuHou | (puc.l). CrepikeHb HIAPHUPHO 3a-
KpeIUIeH Ha TOPU30HTAJbHOM OCH M MOMKET BpallaTbCsl B BEPTUKAIBbHOM
7 mockocTy BOKpyr Touku O. IlonoxkeHue 1eHTpa Macc HWJIMHJIPA OTHOCH-
TenbHO Touku O 3amaguM pajnycoM-BEKTOpPOM [ . B MasTHUK CTpensiioT B

TOPU30HTAIILHOM HaIlpaBJICHUU IyJIeH, UMEIolel Maccy My U CKopocTh V .

o
o )my, [Tyns BXOOUT B TUIACTWIMH (HEYNPYTUU yaap) W cooOmaeT (Guzmdeckomy
- MasiTHHKY YIJIOBYIO CKOPOCTh ®. B pe3ynbrare 3TOro MasTHHK OTKIOHHUTCS

Ha yroj o u ero ueHtp macc C mogHumercs Ha BICOTY h (puc.2).

Puc.1 Cucrema "nyns-masTHUK" He3aMmkHyTas. Ho ecnu cuutath ynap
MI'HOBEHHBIM, TO 32 BpeMs yAapa MasTHUK HE yCIIEeT CYIIECTBEHHO OTKJIO-
HUTBCS, U TIO3TOMY MOMEHT BCEX BHEIIHMX CHJI OTHOCHUTEJIBHO OCU Z B T€YEHHUE 3TOTO BPEMEHM OyAeT

paBeH HYIO (M, prew = 0).

Ortcroz1a BBIBOJ: IPOEKIMSI MOMEHTA UMITyJbca L, MaHHOH cucTeMbl OyaeT ocTaBaThCs MOCTOSHHON

oTHOCHUTENBbHO ocH Z (L, = const). MomeHT nMm-
O (puc.l) mns Bceil cucTeMbl TEpel yAapoM
Ly =[FxB,]=m,[FxV],
rae p, = mn\7 — UMIIYJIbC MYJH JI0 yaapa (Ma-
Hanpasnenue BekTopa I:l omnpezensercs
MIPUJIOKEHHUE), a €r0 MOYJIb (M TIPOSKITUs Ha
L,,=mVrsin90°=mVr.

Tak Kak OCb BpallleHHs] MasiTHUKA MEPIIEHINKY-

O(D

)

hi ;
(E:Hj

Puc.2

ITyJibCa Ll OTHOCUTCJIBHO TOYKH

paBCH MOMCHTY UMITYJIbCA ITYJIN:

SITHUK HAaXOJIUTCS B TIOKOE).

MIPaBUJIOM IPAaBOTr0 BUHTA (CM.
ock Z)

JIsIpHA IJIOCKOCTH €ro Bpalic-

HUSI, TO MOMEHT UMITyJbca L, BCeil CHCTeMBbI OTHOCHTENBHO TOH ke Touku O mocie yaapa (Koraa myiis

3aCTpSIHET B IJIACTHIINHE)

L, =Jo.

HaHpaBHCHI/IC BCKTOpPa L2 COBIMAAACT C HAIIPABJICHUCM BCKTOPA Ll , 4 MOYJIb (I/I MMPOCKIHA HAa OChb

Z)

[Tockonpky cucTema OyeT BpamaThCsi BOKPYT HEMOABMKHOM ocu Z (cM. puc.l), To J — MOMEHT

MHEPLIUU BCEH CUCTEMBI "IyJIA-MasTHUK' OTHOCHTEIBHO 3TOW OCH.

Ha ocHOBannu 3aKoHa COXpaHEHUs IIPOCKIIMHA MOMEHTA UMITYJIbCA HA OCh Z UMEEM

mVr=Jo (1)

MowmenT HWHEPpLUU J Bcell cucTeMbl KaK BEIMYHNHA aaIUTUBHAA paB€H CYMME MOMCHTOB MHEPIIUU

COCTAaBJIIIOIIUX €€ TEJI OTHOCUTEIILHO OCH Z, T.C.

J=Jiontde+ I +J0,
A€ Jiox — MOMEHT UHEPLIUHU MOAIIUITHUKA (BEIMYMHA €T0 MaJla [0 CPABHEHUIO € J¢, Jy ¥ Jy U €10 MOKHO
npeHeopeys);

m,|?
J. = 3~ ~ MOMEHT MHEPLIMH CTEpIaLs;
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J,. = murz — MOMEHT MHEPIUH MIIMHJIpA (T.K. paauyc MUIWH/IPA MaJ [0 CPABHEHUIO C I', TO MOMEHT
WHEPIIMHU €r0 PACCUUTHIBACTCS, KaK JIsl MAaTEPUAIbHOW TOYKH);
2
J, =M_r" — MOMEHT MHEPLUH ITyJIH.
CrnenoBaTenbHO, B JaHHON paboTe

J =%mclz+mur2+mnr2, (2)
W3 paBencTBa (1) ckopocTh L Mysu NEpe] yIapoM B MasiTHUK
V=39 (3)
mg,r

VrnoBas CKOpPOCTH ® BCEIl CHCTEMEI IIOCIIe yaapa MOXET OBITH OIMPCACIICHA 1O 3aKOHY COXPAaHCHUA
MEXaHUYECKOM OHCpPI'uu, KOTOpBIfI B JAHHOM CJIy4dac 3alMiIcTCsa B BUAC

2
Jo
——=mgh, 4)
2
602
rac T — KHHECTHNYCCKas 3Hepr1/1;1 BpaHIaTeJII)HOFO JOBUXKXCHUA CUCTEMBI ITOCJIC ynapa HyJII/I;
mgh — [NOTCHLUHUAJIbHAA 3H€pFI/IH CHUCTCMBEI I1OCJIC OTKJIOHCHUS €€ Ha MaKCI/IMaJII)HI)If/i erJI oL,
3mech
m=m, +m.+m +m,, (5)

rje M —Macca BCei CUCTeMBI "Mys-MasATHUK"; Myoy — MACCa MOAIIUITHUAKA.
W3 puc.2 cnenyer, 4to BeIcOTa noabeMa IieHTpa Mmacc C CHCTEMBbI

h=rc—rcc05a:2rcsin2%, (6)

Bripazus o u3 (4) ¢ yuerom (6) u noacrasus B (3), HaiiieM ckopocTh V myu:

Vv :M,/ngrc : @)

m,r
IenTp Macc (LIEHTp UHEPIIUHN) CUCTEMBI OTHOCUTENBHO TOUKH O ONpeneinm 1o Gpopmymne
_  XIMT
= ~ ) (8)
>m:

1
rac ﬁ — paanyC-BEKTOp LCHTpA MaCC OTJIENILHOM JeTaiu CUCTCMBI,

Mi — Macca 3TOH JeTalu.
N3 (8) u puc.1 BunHO, 4TO

I
Me o+ Myl + My

r,= ) 9)
Moy +Me +M, +m,

[Ipunoxenne
IIpaBu/10 NpaBOro BMHTA.
Yame Bcero mpaBwiIO NPaBOrO BHHTA CBSI3aHO C ONPENEICHUEM HAIIPABICHHS BEK-
< TOPHOT'O IPOU3BEACHUS IBYX BEKTOPOB.

BekropHoe npousseneHue, o003HauaeMoe [Ax B], IByX BekTopoB A u B ectp

Bektop C, moaynbs kotoporo C=A-B-Sinoa, rae oo — yroia MUHUMAIBHBIN yroia MEKIy
BEKTOPAMH AuB.

— e o
AT OB Hampasnenue Bekropa C meprneHIUKYISIPHO TIOCKOCTH, B KOTOPOIi JIeXKaT BEKTOPHI

AunB , 1 COBIMIAAacCT C HAIIPABJICHUEM IIOCTYIIATCIbHOI'0 ABUXKCHU IIPAaBOr0 BUHTA IIPU

ero moBopore oT A kK B Ha yromi, MeHbIIHI T (CM. pHC.).
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O0bexTHI HCcIe10BaHMI, 000py0BaHHE

HPY)KI/IHHaH ITyIIKa, (1)I/I3I/IIIGCKI/H>'I MAasATHUK, IIYJIA, IOKajla JJI1 U3MEPCHU yIjla OTKIIOHCHHA MasATHU-

Ka.

Pa0ouee 3aganue

HpOBeCTI/I HU3MCPCHHUEC CKOPOCTH ITYJIA, BBIHymeHHOﬁ N3 IIPY>XUHHOI'O IIMUCTOJIETA.

Iopsinok BbINOJHEHUSI PA0OTHI

1. 3apaauTe NpPyKXUHHYIO MYILIKY.
YIApHBI CTEp)KEHb, B3SIBILIUCH 33 BbI-
OTTATUBATh /10 T€X IIOp, MOKa APYrou
BBICTYIl B B BepTUKaIbHOE M10JIOKEHHE,
CTEPKEHb U IPYKHHY B CKAaTOM COCTO-
3aJI0KUTh My (JIEBBIM Kpail myiu

2. 3anucaTh HA4aJbHOE IOJIOKEHHE
HOJBH)KHOM LWIMHJIPE. Llena
mkansl 10' (yriaoBbIX MUHYT).

3. IloBepuyth BbicTyn B Ha cebs
[OJIOKEHHE), OTCUUTATh II0JIOKEHUE
HOM oTOpoce MasiTHUKA (puc.4)

4. BplYMCAMTH Yroa OTKJIOHEHUS
OneIT NOBTOPUTH 5 pa3 (BBICTpEN Ipo-
JBUKHOMY MasTHUKY). Haiitu cpennuit

5. Bbruncnute Maccy Beell cucTeMbl
Mmyiie (5). Macca nynu yka3zaHa Ha HeH,
YCTaHOBKE.

6. IlomcumTaTh MOMEHT HHEPIHH J

).

B A
L Jlo (L_____ ]
A fr';;;-_' ____________ 1
Puc.3
//
//
//
//\\4/
(\7\\//’
| 4
(041 \ \ \
(09
Puc.4

Jns 3TOro OTTAHYTH Has3an
cryn A (puc.3). CrepxeHb
PYKOH HE ynacTcs IOCTaBUTh
B KOTOPOM OH YJEpP>KHBAET
SAHUU. 3aTeM B 1yJo [ mymku
COBMECTUTH ¢ TopioM [1).

Olo OCTPHSI CTEpIKHS IIPU He-

HaVMEHBIIIETO JeneHus

(mpuBens B rOPU3OHTAIBHOE
OCTpUsl 01 TIPH MaKCHUMaJlb-

MasiTHUKa O = o1 — Oo.
U3BOJUTH TOJBKO MO HEMO-
YIOJI OTKJIOHCHHUS <0.>.
"myns-MasTHUK" M 110 ¢op-
a OCTaJIbHBIE MACChl — Ha

BCEH CUCTEMBI TIO (popMyJIe

7. Omnpenenuts nonoxenue rneHtpa macc C cucteMbl "mynsi-MasTHUK" OTHOCUTENBHO TOUkH O 10

dopmyne (9).

8. CpenHroro ckopocTh <V> myiu nepes] yAapoM B MasiTHUK paccyuTaTh 1mo Gopmyiie (7), moacras-

I o = <o>.

JlanHble M3MepeHU U BEIYUCICHUN 3aHECTH B TaOMUIbI 1 1 2.

Tabmmmna 1.
Muox, | Me, | I, [ My |1, | Mg, | M, |J, re,
KT KI |M |Kr |M |kr |kr | kr-Mm? | M
0 ="...° Tabuna 2.
Howmep <a>° | <V>,
OIIbITa m/c
o’
a°=01—0lo

3anonHeHHble Ta0IUIE 1 1 2.

Conep:kanue oTyera

KoHnTpoJsbHbIe Bonpockl

1. Byner nu cucrtema "mynsi-MasTHUK"

3aMKHYTOM?

2. Korga MOMEHT UMITYJIbCA CUCTEMBI COXpaHsETCA?
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3. CoxpaHsieTcs I MOMEHT UMITyJIbCa CUCTEMBI "'MyJIs-MasATHUK' MpU BpalllEeHUU €€ 1ociie ynapa?
[Touemy?

4. Bun ynapa B naHHoU pabore.

5. Korzaa nonHasi MexaHu4ecKasi 3Heprusi CHCTEMbI coxpaHsieTca? PaBHBI 11 KWHETUYECKHE SHEPTUN
cucTeMsl "myns-MasTHUK" 70 U roce yaapa?

6. MoXXeT JIu B HEKOTOPOH CUCTEME HE COXPaHSThCA MEXaHMUECKasi 3HEPrusl U OCTaBaThCs IOCTOSH-
HBIM MOMEHT UMITyJbca?

7. Ilony4nTh pacueTHyo (GOpMyIy CKOPOCTH ITYJIH.

CHHCOK MCTOJIb30BAHHBIX HCTOYHHKOB
1. CaenneB U.B. Kypc o6meii pusuku. T.1. Mexanuka. MonekymnspHas ¢usuka. - CI16.: Jlans, 2008. —
352 c.- ro. 111, §24, ¢.27-29,
2. UponoB U.E. Mexanuka. — M.: BUHOM. Jlabopatopus 3nanuii, 2006. — 309c. .3, §3.4, rn.4, §4.5,
.5, §5.1, 5.2.
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JIaGoparopnas pabota Ne 5
H3y4yenne CKOpOCTH MYyJH € IOMOIIbIO
Bpalampeics miargopmsl

[leab padothl: OnpeaeneHue CKOPOCTH MyJIU IPU BBICTPEIIE C TIOMOIIBIO 3aKOHA COXPAHEHUS MPOEK-
[IUYM MOMEHTA UMITYJIbCA.

TeopeTnyeckue cBeieHUs!

Puc.1. Cxema ycTaHOBKH

YcranoBka npeacTasisiet u3 ceds quck 1 (mmatdopmy), 3akperuieHHbINH Ha ocu (puc.l).Ha gucke umeror-
Csl IPOIOJIBHBIE TIPOPE3H, BIOJIb KOTOPBIX MOTYT MEPEMEIaThCs JIOBYIIKH 2 M 3aKPEIUIAThCS Ha HYKHOM
paccTosiHUUM OT ocH BpaieHus. [Iucroner 3 3akperuieH cOOKy Ha MoJcTaBKe 4, MOKET ITOBOPAYUBATHCS U
nepeMenaThesl AJis CTPeIbObl B JIOBYIIKY (110 KacaTelabHOW) U 3aKperuisieTcs BUHToM-0apamikom 5. Tlox-
CTaBKa TaK)K€ MOXET MOBOPAYMBATHCSA, MIEpEMEIAaThCsl U 3aKpeIuIseTcsl BUHTOM-0apamikoM 7. YTou mo-
BOpOTAa JINCKA OTIPEIENISIETCS C MOMOIIBIO JIeJICHU Ha HEM M yKa3aTells 6 Ha IMOJICTaBKe.

[Tpou3Bonsl BBICTpEN M3 MPY)KUHHOTO MHMCTOJIETa B JIOBYILIKY, YCTAHOBJIEHHYIO Ha Bpallarolleics
mwiatdopme (IUcKe),IpUBEEM BO BpallaTelbHOe JBHKeHue 1ardgopmy. Ha ocHoBaHMM 3akoHa coxpa-
HEHMSI IPOSKIIMM MOMEHTA UMITYJIbCa MOKHO 3aIUCaTh:

mvl =(J +ml®o, (1)

rae M — macca myiu, | — miedo ummyabca myid, T.e. pPaCCTOSIHHE OT OCH BPAICHHUS J0 JTHHUU MM-
nyJabca myiu, V — cKopocTh MyiH, J — MOMEHT MHEpLUUHU MIATGOPMBI C JOBYIIKOM OTHOCHUTEIBLHO OCH
BpAIICHHS, ( — YIII0OBasi CKOPOCTh IATPOPMBI cpa3y nocie ynapa. OTcrona cieayer

V =(J +ml®)e/(ml) (2)

VYurs, uro mocie ymapa miatdopMa BpaiiaeTcsi paBHO3aMEIJIEHHO W TOBOPAYMBAETCS 0 MOJTHOMN
OCTaHOBKH Ha YTOJI (9, BBIPA3UM ( Yepe3 YIIIOBOE YCKOPEHHUE € U YTOMI (. M = \/ﬁ . Benuuuny €, B cBOIO
ouepeib, MOKHO HAWTH U3 JIOTIOJIHUTEILHOTO HAOJIOICHHUS BPALIAaTEIbHOTO JIBHXKCHHS JIMCKA, BHI3BAHHO-
IO TOJIYKOM PYKH:

20
=—, 3)
t
IJIe Ol — YToJI TOBOPOTA MIaT(GOPMBI IO OCTAHOBKH, t — BpeMsi 3TOT0 MOBOPOTA.
OxonuarensHo 111 V uMeeM

2
V=T . (4)

3aKOH cOXpaHeHHS MOJHOM MeXaHUYeCKO JHepruun
Tonnas mexanuueckas snepeusi KOHCEPEAMUBHOU CUCMEMbL, HAXOOAWEUCS 8 CMAYUOHAPHOM NOMEHYU-
ANbHOM noje, NOCMOAHHA
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K+U,,;+U = const

rae Ucos — coOCTBEHHAs: OTEHLMAIbHASL S3HEPTHUS CUCTEMBI — 3TO SHEPIUs B3aUMOJEUCTBUSA JIPYT C
JpyroM BceX 4YacTHll cucTeMbl. OHa 3aBUCUT OT B3aUMHOI'O PacIlOJIOKEHUs yacTul cucteMbl; Usiew —
BHEILHSAS IOTCHIUAIbHAS YHEPTUsI CUCTEMBI — CyMMa IIOTEHIMAJIBHBIX YHEPIrUN BCEX €€ YaCTHULl, HaXOls-
IIMXCSI BO BHEIIHEM CTAllMOHAPHOM MOTEHLIMAIbHOM mose; K — KMHeTHuecKass S3Heprusi CUCTEMBl — 3TO
CyMMa KMHETHYECKHUX SHEPIUi COCTABIIAIOIINX €€ YACTHILI.

Ecnu paboTa cui ctaliuoHapHOTO OJIs HaJl YaCcTHILIEH He 3aBUCHUT OT IyTH, IPOHIEHHOIO YaCTHIIEH, a
3aBUCUT TOJIBKO OT HaYaJIbHOI'O U KOHEYHOI'O MOJIOKEHHS YaCTULIbL, TO TAKUE CUJIbI HA3BIBAIOTCS KOHCEp-
BAMUBHBIMU, & TIOJIE NOMEHYUAbHBIM.

eHew

3aKoH cOXpaHeHUs] MOMEHTAa UMITYJIbCa

3amkHymou cucmemou Ha3bIBa€TCSI CUCTEMA, HAa KOTOPYIO HE NEHCTBYIOT HUKAaK/WE BHEITHHE MOMEH-
ThI CWJT (WJIM MIX JICHCTBHEM MOYKHO MPEHEOPEUb ).

MOMEHM UMNYIbCA CUCTNEMbl OCIAEMCs NOCMOAHHBIM, .. He MEHAEeMCs CO peMeHeM, eCiii CUCHe-
Ma 3aMKHYMA UL CYMMAPHbBLIL MOMEHM 8CeX BHEUHUX CUL, OeliCMBYIOWUX Ha YACTUYbl CUCIEMbL, PABEH
HYJIIO.

Takum 00pa3oM B MHEPIMATIBHON CHCTEME OTCYETa MOMEHT UMITYJIbCa 3aMKHYTON CHCTEMbI YACTHI

L=>" L(t) =const
Y H€3ClMKHym0L7 cucnemsbl MOKET COXPAHATBCA HE CaM MOMCHT UMITYJIbCa L , d €20 npoexKkyusl Ha HC-

KOTOPYIO HECIIOABUKHYIO OCh Z, €CJIM IIPOCKIIMI CYMMapHOIroO MOMECHTA M BCC€X BHCIIHUX CHJI HA OTY

eHel

0Cb Z paBHa HYJIIO.

O0BbeKTHI HecIe10BaHNii, 000py0BaHHe
Bpamiaronmiicst TUCK, JTOBYIIKA, IPYKUHHBIN MUCTOJIET, METAITHYECKUE ITYITH.

Pa0ouee 3aganue
OrnpenenuTb MOMEHT UHEPIIUH JUCKA, YTII0BOE YCKOPEHUE U CKOPOCTH ITYIIH.

IHopsinok BbINOJIHEHHS Pa0OTHI
1. Maccsl nucka, JOBYIIKH, ITYJIM YKa3aHbl B ONIMCAHUU WM HA CAMUX TeJlax.
2. YCTaHOBUTD JIOBYIIKM CHMMETPHUYHO Ha MPOU3BOJILHOM PACCTOSIHUM OT OCH BpAIlleHMsI TUCKa, 3a-
KPEMUTh UX (OTBEPCTHEM B CTOPOHY MHUCTOJIETA).
3. TONKHYTb IUCK PYKOM U IMYCTUTH CEKyHIOMEP. 3apUKCUPOBATh YToJI oL M BpeMs MoBopoTa t aucka.
OmneiT nponenats 9 pas, onpenenuts oi U ti. Haiitu cpenHne 3HaueHuns <o> u <t>.
Tab6muna 1

i, ° ti, ¢

4. 3apsauTh TUCTOJET, TOBEPHYTH €r0 TaK, YTOObI IIPU BBICTPEJIE MYJIs TONaja B JIOBYIIKY B HallpaB-
JIEHUU IO KacaTeIbHOM K TPAeKTOPUHU JIBUKEHUS JTOBYILIKH.

5. IlpousBectu BbicTpen. OnpeaenuTs yroia noBopoTa ¢ aucka. OnbIT HOBTOPUTH 9 pas, onpenesnss
KQXJIbI pa3 @i, 3aT€EM OINPEAEIIUTD ((p)

6. OnpeeniuTs MOMEHT HHEPLIMHU JUCKA C JIOBYLIKAMH 10 (popMmylie
1
J==m.sr2+ml?,
2 0'0 ]

rJie My — Macca Jucka, s — paanyc Jucka, M, — Macca JOBYIIKH, | — pacCTOsHUE 710 IIEHTpa BpalleHHsI.
Tabmanma 2

m, Kr Mo, KT M;, KT o, M I, m J, kem?
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8. OmpenenuTh yriaoBoe yckopeHue mo ¢popmyse (3), moactasisist o = <o™>, CKOPOCTb MyJH 10 Gop-

Myiie (4), OACTABISIA @ = <>,

<o>,pan | <¢>,pax | & pan/c’

V, m/c

Conep:xaHue oT4yeTa

3anoiiHesHbie Taduusl 1-3.

KonTposbHbIe BONPOChI

1. Korzna MOMEHT UMITyJIbCa CUCTEMBI COXpaHAETCs?

Tab6muna 3

2. 3anucath B BEKTOPHOU (hopMe 0 U MOCie yAapa MOMEHT UMIYJIbCa CUCTEMBI B IaHHOM paboTe, onpe-

ACJIUTDb €0 MOAYJIb U HAITPABJICHHUC.

3. COXpaHSIeTCSI JIX MOMCHT UMITYJIbCAa CUCTCMEI B ﬂaHHOﬁ pa60Te IIpH BpalICHUU €€ I10CJIC yz[apa? IIo-

yemy?
4. Bun ynapa B naHHoi# paboTe.

5. Korna nonHas MexaHudeckasi SHEprus CUCTEMbI coxpaHsieTcs? MOXKeT 11 B HEKOTOPOM CUCTEME HE

COXPAHATBCA MCXaHHUYCCKaAA OHCPIruid U OCTAaBaATLCA ITOCTOAHHBIM MOMCHT I/IMHYJ'IBCB.?

6. IlomyuuTh pacyeTHyI0 (hOPMYILYy CKOPOCTH ITYJIH.

Cnucok uCnoJIb30BAHHBIX HCTOYHHKOB
1. CaBenneB U.B. Kypc o6meii pusuku. T.1. Mexanuka. MonekynspHas ¢usuka. - CII0.: JIans, 2008. —

352 c.- i lll, §24, ¢.27-29;
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JIaGoparopHas pabota Ne 6
N3y4yeHue BpamaTeIbHOr0 ABH:KEHHS

[leab padoThI: U3Y4YUTh 3aBUCUMOCTh YIJIOBOTO YCKOPEHUS TeJla, BPALAOIIErocsi OTHOCUTEIBHO He-

MOJIBUYKHOM OCH, OT pE3yJIbTUPYIOIIEr0 MOMEHTA JEMCTBYIOIUX HAa HETO CUIL
TeopeTuyeckue cBeIeHUs

m, i DKCTIepUMEHT MPOBOAMTCS HA MasTHHKE O0epOeKa, KOTOPBIA YCTPOEH Clie-

N nyomuM obpaszom (puc.l). Ha HemoABMXHYIO TOPU3OHTAJIBHYIO OCh HAaJET

HIKUB paguycoM . Co HMIKMBOM JKECTKO CKpeIlleHa KpecToBUHA. Ha crepikHsax

KPECTOBUHBI HaxoJsATCs Tpy3bl Maccoil Mi. ['py3bl MOXHO cmeniath BJIOJIb

1 CTEpXKHEH, U3MEHSIS IPU 3TOM MOMEHT MHepuuu J masTHuka. Ha mkuB Hama-

TBIBAETCS LIHYP € rpy30M mMaccoi M. IIpu onmyckaHnuu rpy3a MasTHUK BpaliaeT-

Csl BOKPYT HEMOJIBIKHON TOPH30HTAIBHOM ocH Z. M3mepuB BeicoTy h 1 Bpewms t,

Z

]
w

rA
L

— |h B TCUYCHUC KOTOPOT'O I'Py3 U3 COCTOSAHUS ITOKOA OITYCTHUIICA Ha h, MO>XKHO HaWTH
F MOAYJb MOCTOAHHOI'O YCKOPCHUSA U3 3aKOHA ABUXKCHUA
= a,t?
mg y
Y=Y +Vo,t+——.
y ? 0 oy 2
ITpu BEIOpaHHOM OCH Y, HAaITpaBJICHHOMN BHU3,
Punc.1 _ _ _
y—Yo=h, VOy =0, a, =a, moaToMy
2h
a=— 1)
t

Ecnu HUTH HepacTsKuMa, TO JH00asi TOUKa MOBEPXHOCTHU IIKMBA UMEET TaHTeHIIMALHOE YCKOPEHHE,
MOJ1yJIb KOTOPOT'O PaBEH MOAYJII0 YCKOpPEHUs Ipy3a, T.e. &, =a. Tak kak a, = &r, To ¢ yueroMm (1) umeem

2h
=5 @
t°r

Ha rpy3 neficTBYIOT JIB€ CHIIBI: CHJIAa TSDKECTH M CO CTOPOHBI 3eMIIM U cujia F co CTOPOHBI HUTH.

€

3anuiem BTOpOI\/’I 3aKkoH HrroTOHA mis rpysa, ABUKyHIerocs ¢ nmoCTOAHHbIM YCKOPCHUCM a , HalrpaB-
JICHHBIM BHH3:

md =mg + F
B mpoekium Ha 0Ch Y 3TO ypaBHEHHE TIEPETHIIEM TaK:
ma, =mg, —F,
Ipy BEIOpaHHOM IOJIOXKUTEIPHOM HAIPABICHUH OCH Y BHU3, &, =4, ¢, =0, F, =—F . Iloatomy
ma=mg-F
otkyna F =mg—ma wu ¢ yaerom (1)
2h
F = m( - t_2 (3)

BparlieHne MasTHHKA CO3/aeTCsi MOMEHTOM cribl M =[F x ], mpoeKIus KOTOporo Ha HETOIBHK-

HytoocbZ M, =F -r.

. Hanpasnenne M onpeznensercs MpaBWIOM NPaBOTO BHHTA.
F =F npu ycioBuu HEBECOMOCTH HUTH, TOITOMY C y4eToM (3)

Mz=m(g—f—2h]~r (4)

B nanHoi#i pabote rpy3ukud My CHATHI U MOMEHT WHEpLUUHU J Ma-
ATHUKA ITOCTOSHEH.

N3mensa maccy M rpysa, HalpuMep, YBEJIMUUBas €€, U U3MeEpsIs
. BpeMs TTaZieHHs IPpy3a ¢ OJHOW U TO¥ e BBICOTHI N, o dopmynam

O I 22
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(2) n (4) naitneM € u Mz B Ka)KJIOM OIIBITE C ONPEEIEHHBIM I'py30M. 10 3TUM 3HaUEHUAM OCTPOUM Ipa-
bux S(M Z) (puc.2). YpaBHeHHE AMHAMUKY BpAIEHUs MasTHUKA B IIPOEKIMU HA OCb Z UMEET BUJ
Je=M,-M,,,.

[Tonb3yschk puc.2, HailieM MOAYJIb MOMEHTA CUJI TPEHHUS, paBHbIN 0Tpe3Ky O/, 1 MOMEHT UHEPLIUU MasiT-
HUKa
_AM

Ae
IIpaBuio npaBoro BuHTa (0ypaBunka). BekTopHoe npousBeieHHe 1ByX BEeKTOPOB

J

—

BekTopHoe npousBeacHue, 0603Ha4aeMoe 1100 [A, é] , 00 Ax B, JIBYX BEKTOpOB A

.
© 1 B ects Bektop C, MOIyIIb KOTOPOTO
C =ABsina,
IZI€ 0. — HAUMEHBIINK YTOJl MEX1Y BEKTOpaMu AwuB.
N Hanpasnenue BekTopa C MEPIEHANKYISIPHO MJIOCKOCTH, B KOTOPOU JIEKAT BEKTOPBI A
K o B nu é , 1 COBIIagacT C HaHpaBJIeHI/IeM HOCTyHaTeJIBHOFO ABUXXCHUA HpaBOFO BHUHTA HpI/I cro

noBopote oT A k B Ha yrosn, MeHbIINH 7.

O0beKTHI UccTeI0BAHUS, 000PYI0BaHHE
Mastauk O6epOeka, Habop Tpy30B, CEKYHIOMED.

A Pa0ouee 3ananue
Onpenenutb MOMEHT UHEPLIMM KPECTOBUHBI U MOMEHT CHJIbI TPEHHUSI.
B
- - IHopsiaok BhINOJIHEHHS PA0OTHI
1. Bpamas MasTHHK 3a criiuibl A, HAMOTAaTh HUTh Ha MKUB B 1 moauaTs rpy3 C Maccoit
c m yKa3aHHOW Ha HEM, Ha MaKCUMaJIbHO BO3MOXHYIO BBICOTY h.

2. V3meputsb Bpems najaeHus rpysa. [lpuaepxuBas oqHON pyKol MasTHHK 3a J1I000# u3
CTEep)KHEH, IPYyrol KOCHYThCS TOJIOBKM CeKyHaoMepa. OJHOBpPEMEHHO HaKaTh TOJIOBKY
CeKyHJIOMepa M OTITYCTHTH CTep)KeHb MasTHUKa. B MOMEHT ymapa rpys3a o MOJCTaBKy CHOBa Ha)KaTh Ha
TOJIOBKY CEKyHA0Mepa, OcTaHOBUB ero. [1o cexynnomepy orcunrtats t majgeHus rpysa. OnbIT HOBTOPUTH 5
pa3s, Oepst omHO 1 TO ke h. Onpenenuth cpenHee Bpems < t > nanenus rpysa. [loncunTars Bpamarommii
MoMmeHT M; o dopmyne (4) u yriaoBoe yckopenue € no ¢popmyse (2), u3MepuTh JuHEHKoi h, r =2 cm —
panuyc mkuBa B, Ha KOTOpPEI HAMOTaH IIHYP.
3. To ke camoe mpojenarthb, J00aBIASA K Tpy3y NMeperpy3ku (Macca KaxJ0ro neperpys3Kka yka3aHa Ha
HEM).
4. JlaHHbIe U3MEPEHUI U BBIYMCICHHUH 3aHECTH B TaOIHILY.
Tabnuua

m, kT t,c <t>c g,c? | Mg, HwMm

5. Tloctpouts rpaduk 3aBucumoctu &(M;).
6. Onpenenuts 1o rpaguky (cM. puc.2):

a) MOMCHT MHCPIIUH KPCCTOBHUHBI J=——1=..... KI-M“;

0) MOMEHT CHJIbI TPEHUS Mup=..cece. H-m,
MOJYJIb KOTOpOro paBeH otpe3ky O/1.

Conep:kanue oTyera
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3anonHeHHas Tabnuia, rpaduk 3aBucumoctu &(M;), 3HauCHHS MOMEHTa WHEPIIMHA KPECTOBUHBI U MO-
MEHTa CUJIbl TPCHUS.

KoHTpoJibHbIE BOPOCHI
1. Onucatp masitHuk ObepOeka.
2. 3anucatrb 3aKOHBI M YpaBHEHMsI JBM)KEHUS U1 rpy3a U MasiTHHKa OGepoOeka.
3. Kak npaktudecku Ha MasiTHEKe OOepOeka MOKHO H3MEHUTh MOMEHT MHEPLUUU U MOMEHT cui? OT
Yero 3aBUCUT BpeMsl IBUKEHUs Tpy3a’?
4. [latb onpeaeleHre yriloBOMYy YCKOPEHHIO M MOMEHTY cuil. Kak onpeaenuTs MOAyiIb U HampasJe-
HUE YIJI0BOTO YCKOPEHMsI, MOMEHTA CHJIbl, BPAILLAIOIIEro MasiTHUK?
5. Ha pucyHke npecTaBieHsl ABa rpaduka 3aBUCUMOCTH YIIIOBOTO YCKOpe-
HUS OT MOMEHTAa MHEPLMHU IIPU OCTOSHHBIX MOMeHTax M BHemHux cuil. Kakoi
U3 3TUX MOMEHTOB OoJIbIIe?

M, Cnucok uCNnoJIb30BAHHBIX HCTOYHHKOB
M, 1. CaBenneB U.B. Kypc o6meit pusuku. T.1. Mexanuka. MonekynspHas pusuka.
17 CII6.: Jlans, 2008. 352 c. ri.111, §29, rn.V, § 38, 39.
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JIaGoparopHas padorta Ne 7
OnpenesieHne MOMEHTOB HHEPIIMUA METOIOM KOJIeOaHU i

Ileab pa0oThl: 3KCIIEPUMEHTAIBHO ONPEACIUTh MOMEHT MHEPLHU OAHOPOIHOIO CTEp>KHS OTHOCHU-
TEJIbHO JIBYX NapaJIICJIbHBIX OCEH, pe3ylbTaT CONIOCTaBUTh ¢ Teopemoii LlITeninepa.
TeopeTnyeckue cBeieHHsI
B nannoii pabote MeToZ0oM KoJjeOaHWil ompenenseM MOMEHTHI

WHEPLUU CTEPXKHS OTHOCHTEIBHO OCH, MPOXOIALICH depe3 LIEHTP
B Macc, Je, 1 OTHOCUTENIBHO MapajluieIbHON €l OCH, MPOXOsiiel Je-
pe3 koHel crepxkHA, Ja. s ompeneneHus MOMEHTa WHepUHH Jc
\ / HaOIr01aeM Majble KoyieOaHusi CTep kKHS Ha OuduispHOM moaBece
A ‘ / (puc.1,2). ns ompeneneHuss MOMEHTAa WHEPIUU CTEPKHI Ja
! / Ha0JI01aeM Malible KojiebaHus, OJIBECUB €ro 3a KoHel (puc.3).
g, ﬁ c / 3a cueT TpeHHs B TOUKAX MOJABECA YHEPIHs KOIeOaHUN CTEP>KHS

A e B ymenbmaercs. OJHAKO €ClM OrpaHUYUTCS HAOIIOACHUEM HECKOJb-

I/ N o !’ KX kosiebanuii (B npenenax 10-20 konebanwuii), To padoTa cuil Tpe-

— h N . HUs OyzeT HeBenrKka, Ee MOXXHO HE yUMTBIBAaTh U MIPU MaJbIX yIiax
B OTKJIOHEHHS (6-8°) KoeOaHus CUNTATh TAPMOHUYECKHUMHU:

Puc.1
¢0=0, Sin(%tj Q)

TJIe (o — YIJI0Basi aMIUTMTYAA; 1 — mepuoj konebanuii. Tak kak pabo-
TOM CHJI TpEeHHs TpeHeOperaeM, TO TOJIHAS MEXaHWYeCKas SHEprus
'8 CTEpKHSI OCTaeTCsl HeM3MEHHOM. [Ipy MPOXO0XKIACHUU TIOJIOXKEHUS PaBHO-

. . 1
b BECHUsl CTEpKEHb 00J1aJ1aeT TONbKO KUHETHUYecKoil sHepruei: K = EJ(DZ'

/Q I7Ie ® — MaKCUMaJibHas YIJIOBasi CKOPOCTb.

h 7 [Ipy OTKIOHEHMM CTEpP>KHA OT IOJIOKEHUS PAaBHOBECHS HA MaKCH-
iﬁ MaJIbHBIN yToJI €r0 TOJIHASS MEXaHHuecKasi YHeprus (moTeHuuanpuas) U =
Puc.2 mgh, rae h — MmakcumanbHast BBICOTA MOTHSITHS IIEHTPA MACC CTEPIKHSL.

3anuiieM 3aKOH COXPaHEHUs SHEPTUU

%sz — mgh @)

®opmynsl (1) 1 (2) MO3BOISIIOT HAMTH MOMEHT WHEPLIUU J, €CITM U3MEPEH Ha OTbITE MepUo.I Koeda-
Huid T.

1. Onpenenenne Jc — MOMEHTAa HHEPIUH CTEPKHSI OTHOCHTEJIBLHO OCH CHMMETPHH.

CrepxeHb Ha OMOWISPHOM MOJIBECE COBEPILAET KPYTHIIbHbIE Kojebanus (cM. puc.l). Ompenensiem

€ro MaKCUMAJIbHYIO YTJIOBYIO CKOPOCTh ®, poauddepeHirponas (1) mo BpeMeHu:
do 2=n 21 2m
—=—@C08| —t|; = o=— 3
at T ®o [ T j T ®o 3)
MaxkcumanbHast BICOTa noabEMa LICHTPAa MACC CTCPIKHA OIIPCACIACTCA YIITIOM Yo (CM.pI/IC.z)Z
2
h =b(1-cosy,) = 2bsin’ % ~ Zb(%) ,

rac b-— AJIMHAa HUTU TIOJABECA; Yo — MaKCHMaTbHBIHI YroJ OTKJIOHCHHWSA HUTHU, OJHO3HAYHO CBSI3aHHBIHN
C MAaKCUMAJIBHBIM YTJIOM OTKJIOHCHUS CTCPIKHA OT IMOJIOKCHUS PABHOBCCUSA (Do. HpI/I MaJIbIX 3HAUYCHUAX (PO

U Yo KOHEI[ CTePKHS MPOXOUT ITyTh AA1, KOTOPBINA MTPUOIMKEHHO MOXHO CYHTATh PABHBIM JITHHE TYTH
AA1:

| |
A&%g%zbwo, Wo =5p ®o-

Teneps BoIpazum h uepes3 yroiu go:
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2 2
h=m{ﬂgj=2blﬂL¢J _ o (4)

2 4(2b 8b
[Toacrasmsis (3) u (4) B (2), mosryqaem
3, = Mgl oo 5)
© 167 °

2. Onpenesienne JA MOMEHTA HHEPIHMH CTEPKHS OTHOCUTEIBLHO OCH, EePIEHTUKYJISIPHOI eMy H
NPOXOAfALIEeH Yepe3 KoHell.
A B dopmyny (2) nmoacrasiseM COOTBETCTBYIOIIME 3HAUEHUS MaKCHMAIbHON
CKOPOCTH TP MPOXOKICHUHU MOJOKEHUS paBHOBECHS ® U3 (3) U MaKCUMAaJIbHOU
Po BBICOTBI MOTHSTHSA 1IeHTpa Macc h (puc.3). U3 puc.3 monyyaem cBsi3b Mexay h u

} o YIJIOM (0.
h I I |
b )'C h=—(1-cosqy)=-2sin2 2 ~ "2 (6
2( ®o) > 2 4(P0 (6)

. U3 paBencta (20) ¢ yuetom (3) u (6) momydaem

ol _mgl 12
Puc.3 Ia= 81l Ta 0

Taxum 00pa3oM, U3Mepsist Ha ONBITE NEPUOAbI KOJeOAaHUN CTEPKHS Tc U Ta,
JUIMHY HUTU TO/IBECA, JJINHY CTEP)KHS, MOKHO BBIYMCIUTh MOMEHTBI MHEPLUUU Jc U Ja CTEP>KHS OTHOCH-
TEJIbHO MapaJUIENIBHBIX OCEH, a Pe3yJIbTaT CONOCTaBUTh ¢ TeopeMoi LlTeliHepa.
MoMeHT uHepUHun
MOMEHT HHEpLUU SABIIAETCS MEPOU UHEPMHOCMU MEEPO020 Mead Npu €20 6PAUjeHUU.
MoOMEHT HHEpLMH TBEPAOTO TeJA 3aBUCUT OT PACIIPEAEICHUS MaCC OTHOCUTENBHO OCH BpaIllEHUS U
paBeH CyMM€ MOMEHTOB MHEPLIUU COCTABISIONIUX €0 MaTepUaIbHbIX TOYEK:

J=> Amr? I J = [ r¥dm
i m

e Am; uimn dm — Macca SeMEeHTapHON TOUKH, a F2 Il ;> — KBaJpaT PacCTOSHHS OT 3TOM TOUYKH 10
OCH BpaIlCHUSI.

Tepema IlTeitnepa
MoMeHT uHepuuu Teaa J OTHOCUTENIBHO MPOU3BONIbHON ocu O paBeH MOMEHTY MHEPLIMH Jc 3TOTO Te-
J1a OTHOCHUTENBHO OCH, Napa/uIeJIbHOM JaHHON U Npoxoasiuei yepe3 neHTp Mmace C, CII0KEHHOMY C
IPOU3BEICHUEM MAaCChl TeIa M Ha KBaIpaT paccTostHUS 0 MEKTy OCSIMU:

J=J,+md?

O0beKThI HCc/Ie10BaHNs, 000PY10BaHHE
CreprxeHb Ha OU(UISIPHOM MOJBECE, CEKYHAOMED.

Pabouee 3aganue
Onpenenutb MOMEHT UHEPLIMU OJTHOPOIHOTO CTEPHHS OTHOCHUTENBHO JBYX MapaJJIEIbHBIX OCEH, pe-
3yJIbTAT CONOCTABUTH C Teopemoii LlITelinepa.

Ilopsinok BbIMOTHEHUsI PA0OTHI
1. IlonBecUTh CcTEP)KEHb HA HUTSX CTPOrO FOPHU30HTAIBHO, PACIOJIOKUB €r0 MEXAY HalpaBIIsSIONIU-
MH.
2. B3saTbcs 3a MpaByr0 HAIPaBIIAIONLYIO, IIOJBECTH K CTEP KHIO U IOBEPHYTH €ro Ha yroa 4°. 3atem
PE3KO Pa3BEpHYTh HAMPABISIOIIYIO IUIAHKY OT CTEpPXKHs, NMPEIOCTaBUB €My BO3MOXHOCTb COBEPILIATh
KpYTHIIbHBIE Koslebanus orHocuTenbHo ocu CC' (em.puc.1).
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3. U3meputh cekyHaomMepoM BpeMs tc moaHbIX N1 konebanwmii (N1 = 10, oTcueT BpeMeH! HAYMHATH MIPH

IPOXOXKJICHUN MasTHUKOM JIFOOOro KpaiiHero mosoxkeHus). Paccuurats nepuon kosnebanuit T, = i .
m

OnbIT NOBTOPUTH 9 pa3 U oNpeseNnnuTh CpeiHee 3HaueHue nepuonaa < T >.

4. U3meputs | — paccrosiHue Mexay Toukamu nojseca crepxHs A u B; b - nuHy HuTel nmoaseca.
Macca crepkHs yka3aHa Ha HEM (B rpaMMax).

5. [ToxBecuTsb cTepKeHb 3a KOHEIl A M MPUBECTH B KOJIOaHNE B BEPTUKAIBHON IIIOCKOCTU. YTOI OT-
KJIOHEHUS HE JOJIKEH IIPEBBIILATh 4°.

6. Onpenenuts Bpems 10 koneOaHUil CTEPKHS U BEIYUCTUTH | Ai. OnbIT ipozenats 9 pas u onpene-
TuTh < Ta >.

7. ITo dopmynam (5) u (7) BEIMUCIUTH MOMEHTHI MHEPLIUU CTEPKHS OTHOCUTEIBHO MEPIICHIUKYIISIP-
HBIX €My, HO MapajulelbHbIX APYT IPYry OCEd, MPOXOASAIMX uepe3 LEeHTp Macc (Jc) U KOHell CTepKHs

(Ja), moaCTaBIISAS B HUX CPEAHUE 3HAYCHUS <Tc> u <TA> .

8. CiyyaiiHble OTKJIOHEHMSI KaXKJI0T0 U3MEPEHHUS IEPUOJOB PaBHbI COOTBETCTBEH-

, 1
HO AT, =T, —<T. >, AT, =Tpj— <Tx >, a cpeHUe KBaAPAaTHYHBIC OTKIOHCHUS: S, = nz (AT,)?,

1
Sp= \/EZ (ATAi)2 . ITorpemrHocT! pe3ynbTaToB H3MepeHus neproaoB AT, =S, / Jn, AT, =S,/ Jn.

9. OTHOCUTENBHEIE K A0COIIOTHEIE IOTpCIIHOCTH ITOACYUTATD I10 Q)opMynaM

2 2 2 2
E. = [A_mj +(2A—Ij J{A—bj + 24T, ; AJ. =E.-J..
m I b <T. >
2 2 2
Am Al 2AT
Ern=.]— | +|=—| + Al AJa=E,-J,.
S OO EES

2
10. Boraucnute Bemu4uHbl Jp —J; U mz . CpaBHUTB UX 3HAYECHUS.

11. lanHble u3MepeHui U BBIYMCIIEHUH 3aHecTH B Tabm. 1-4.

Tab6muna 1 Tabmuna 2
ny tei,c | Tei,C t4i,c Tai,c
<Tc>= ATc= <Ty>= AT 4=
Tabnmma 3.
m, Kr Am,xr | l,m Al, M b, m Ab, m
Tabmumna 4.
Je, Ale, I, Ada, Ia—Je, 12 )
M2 M2 M2 M2 2 Mm—, KI''M
KI'M KT'M KI'M KI''M KI*M 4

Conep:xkanue oTyera
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3anonHeHHbIe Ta0IUIEL 1-4.

KoHTpoJibHbIe BONIPOCHI

1. KakoB (pu3nyeckuii CMBICTT MOMEHTA HHEPIIUHA MaTepUaIbHON TOYKH, TBEPAOTO Tena?

2. Kak BBIYMCIUTH MOMEHT UHEPLIMU T€JIa OTHOCUTEIBHO OCH, TPOXOASILEH yepe3 HEeHTP Macc?

3. ChopmymnupoBats Teopemy LlTeitHepa.

4. MOJYYHUTH CBS3b MKy MAKCUMAIILHOUW YTIIOBOW CKOPOCTBIO CTEPIKHS M aMILTUTYIO0H ero Kojeba-
HUU.

5. lomyuuTh GopMyiTy IS pacueTa MOMEHTA HHEPIIMH 1apa, KOJIbIA, CTeP>KHS OTHOCUTEIHHO OCH,
MPOXOJAIIEH Yepe3 LEeHTpP Macc.

Cnucok UCnoJIb30BaHHBIX HCTOYHHKOB
1. CaBenweB U.B. Kypc o6meit ¢pusuku. T.1. Mexanuka. MonekynsapHas ¢pusuka. - CI10.: Jlans,
2008. — 352 c.- .V, §39, 41, rn. VII, §54.
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JlaGoparopnas pabota Ne §
OnpenesieHne paanyca KPpMBU3HbI BOTHYTOM MOBEPXHOCTH
METO0M KATAIIIEerocs IapuKa

Lleab padoThl: M3YYUTh 3aKOHBI JIBUKECHHUS KATAIOIIETrocs M0 chepruuecKoil BOTHYTOW MOBEPXHOCTH
IapHKa, PaCCMOTPETh YCJOBUS €r0 rapMOHHMYECKHMX KOJEOaHUM M ONpelenuTh pajnyc KPUBH3HBI IO-
BEPXHOCTH

TeopeTuveckue cBeeHUs
Pagnyc kpuBu3HbI R riaakoi cdepryueckoil MOBEPXHOCTH MOXKHO OINPEIEINUTh, U3MEPUB IIEPUOJ] KO-
neGanus 1 mapuka, KaTarollerocs mo 3TOH MOBEPXHOCTH.
Ecnu npeneOpeus moTepsMu SHEPTHH, 3aTPAYMBAEMON HA MTPEOI0ICHUE

O HHCCHH&THBHOﬁ CHUJIBI TPCHHS, TO JJIA KaTaroICrocs oe3 IMPOCKaJIb3bIBAHU S
mrapukKa JOJIKCH BbIIIOJHATHCA 3aKOH COXPAaHCHUA MeXaHU4YeCKOU OHCPIUH.
I_[eHTp macc C rapukKa ABHUXKETCA IMOCTYMATCIIbHO, HO, KPOMEC TOI'0O, IIapUK
R BpAIaeTCsi OTHOCUTENBHO OCH Z, IPOXOIsIIel yepe3 Touky C rneprneHauKy-
nspHO mockocTtH (puc.l). [ToaTomy nonHas MexaHU4YecKasi SHEprus Mapu-

Ka

2 2
- ‘hi E= mVe + Je0” +mgh = const (1)
b 22
2 2

Puc.1 31ece M — Mmacca mapuka; J = gmr - €r0 MOMEHT MHEPIUU OTHOCH-

TEJILHO OCH Z; I' — pagnuyC NIapuka.

Moynb yriioBoi CKOPOCTH ( HIapUKa BOKPYT OCH Z CBSI3aH C MOJYyJIEM CKOpOCTH V¢ MOCTyNaTeabHO-
r'o IBUYKEHMsI LIEHTPa MacC COOTHOUIEHUEM

doe V.
N=——=—, 2
dt r @)
[Moncrasnss (2) u Bepaskenue aist Je B (1), momyuaem
2
E :lmrz(@j +mgh = const . (3)
10 dt

Ho IIpU Ka4CHUHN IapHKa 110 C(I)GpPI‘-ICCKOfI MOBEPXHOCTHU €TO HECHTP MACC OTKIIOHACTCA OTHOCUTCIILHO

nentpa O moBepxHOCTH Ha yrox ¢. M3 puc.l BUAHO, YTO yros ¢ CBs3aH ¢ yIJIOM MOBOpoTa O mapuka
OTHOCHUTEJIBHO OCH Z COOTHOLLIEHUEM

R 1
0= " ¢ (4)
rae R'=R—r . Kpowme Toro, u3 npsimoyronbHoro tpeyroibHuka OBC crnenyer, 4to
h=R'-R'cose. (5)

[Toncrasmss (4) u (5) B dopmyny (3), BbIpaxkaeM MOJTHYIO MEXaHUYECKYIO SHEPTHUIO LIapuKa yepes
yroiu @:

7 n2 d(PZ '
E=—m(R — mgR '(1—cos ¢) = const . 6
10()(dtj+g( o) (6)

B BepxHel TOYKe TPaeKTOPUM CKOPOCTh IIapHWKa paBHA HYJIIO U BCS
MEXaHW4YeCcKasl YHEPrus IIapuKa NEpPEeXoauT B MOTeHIuanbHyto. [Ipu mpo-
XOKJICHUU IApUKOM moJioxkeHus: paBHoBecusi (N=0) CKOPOCTh W KHHETH-
YyecKasi SJHEpPIUs lapyuKa MaKCUMAaJIbHBI.

PaccmorpuM kmHeMatuky nBukeHUs mapuka. CKOpocTh \7C €ro ILeH-
Tpa Macc C Bcerga HampamjeHa MO KacaTelIbHOW K TpaeKkTopuu (puc.2).
[MTonHOE yckopeHHe & IEHTpa Macc PpaBHO CyMME TaHTCHIMAJIbHOTO d, U

- -5 - _ o =
w HOPMAJIBHOIO @, YCKOPEHHH. Y CKOpEeHHUe d, HAIPAaBIICHO TAKXKE II0 Kaca-
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TETHHOU K TPaeKTOpUHU. ETo MOIyINb CBSI3aH C MOJYJIEM YIJIOBOTO YCKOPEHUS BPAIICHHUS MIapHKa BOKPYT
ocH Z hopMyJIon

d%e
a,c =Tr dt—z . (7)
yCKOpeHHe ﬁn HaHpaBHeHO K I_[eHpr KpI/IBI/ISHBI. EFO MOHyJIB
V 2
=% (8)

Ot MOAYJIHW UBMCHAIOTCA IIPHU KoJIe0aTeIbHBIX JABMXKCHUAX HIapuKa MICPUOANYCCKH. B BerHefI TOYKEC
TPACKTOPUHU IIPpU HauOOJbIIEM OTKIOHCHUU mapukKa OT MOJIOXKCHUSA PAaBHOBCCHUA Ve IapukKa M an paBHBI

HYJIIO, a ar JOCTUraeT MakcuMyMa. [Ipu npoxoaeHuu MosiokeHus: paBHoBecus1, HaoOopot, a, =0, a Ve u

an MaKCUMaJbHBbI.

Haiinem nepuon konebanuii mapuka. it 3Toro He00X0IMMO MOJYYUTh TUHAMUYECKOE YPAaBHEHHUE
Kosie0aHuil (T.e. ypaBHEHUE AUHAMUKH JJI TOCTYNATEILHOTO WM BpalllaTeIbHOTO JABMKEHHUS KOJIEOII0-
nierocst mapuka).Jlis moObIX He3aTyXaronuX TapMOHUYECKUX KOJIeOaHUH 3TO ypaBHEHHUE UMEET OOIIHiA
BU/J

duznyeckoe TeJ0 OyaeT COBepIIATh FAPMOHUYECKHE KO0JIeOaHHsA B TOM cjy4ae, ecJM HA Hero
AelicTBYeT CHJIa HJIH MOMEHT CHJIbI, IPONOPUHOHAIbHbIE CMELEHHIO OT NMOJI0KEeHHUS] PABHOBECHS U
cTpeMsIMecsi BEPHYTh TeJIO B I10JI0’KeHHe PABHOBECHS.

Bocnonb3yemcst 3aKOHOM COXpaHEHUs] MEXaHU4YeCcKOoH 3Hepruu (6). Bo3bmeM Npou3BOHYIO IO Bpe-
MEHHU OT 00EHX YacTel STOr0 ypaBHEHHUS, COKPaTUM MOJTydeHHOe BelpaxkeHne Ha MR'(de/dt) u mpuse-
JIEM €T0 K BUY, aHATIOTUIHOMY (9):

2
d—;p+§-isin<p=o. (10)
dt= 7 R’

Otcrofa BUAHO, YTO HIapuK OyleT coBepliaTh FapMOHHUYECKHUE KOJI€OaHNs OTHOCUTENBHO MOJIOKEHUS
paBHOBECHS B TOM ciydae, korna Sin@ =~ ¢. T.e. ycioBueM rapMOHHUYECKHX KoJeOaHU B JaHHOW paboTe
OyIyT MaJble YIJIbl OTKJIOHEHHUS LIapUKa OT MOJO0XKEHHS] pAaBHOBECHSI.

B 3TOM cityuae yroin ¢ U3MEHSETCs 10 TAPMOHHYECKOMY 3aKOHY @ = @ Sin(wgt + o), rae

_2n_ |5¢g

T 7R’
Hcnonw3ys Beipaxenus (4), (7) u (8), MOXKHO BBIUKCIUTH 3HAUEHHSI CKOPOCTU U YCKOPEHUS IIapuKa B
10001 MOMEHT BpeMeHU. UToOb! HallTh 3aBUCUMOCTH paanyca KpuBHU3HBI R chepuueckoil mOBEpXHOCTH

oT nepuoja T, koTopyro Haxoaum u3 popmyssl (11), mogcraBum B Hee R'=R—r:
2
R= > g I +r. (12)
77 4n?

[Ipu BBIYUCIICHUU MBI HE YUUTHIBAIHU, YTO MEXaHUYECKasl DPHEPTUs IIIApUKa YMEHBIIIAETCS 3a CUET pa-
OOThI AUCCUTIATUBHOM CHUIIBI TPEHUS ¥ TIOTOMY B JACHCTBUTENHLHOCTH KOJICOAHUS IIapuKa OYAyT 3aTyXaro-
IMMU. 3aTyXaHueM Kosiebanuii B paboTe mpeHedperaem.

N (11)

3aK0H COXpaHEHUS MOJIHONH MEeXaHUYeCKOW IHePruu
Ionnas mexanuueckas snepaus KOHCEPEAMUBHOU CUCHEMbl, HAX00AWEUCsl 8 CMAYUOHAPHOM NOMEH-
YUanbHOM nojie, NOCMOAHHA:
K+U_;+U = const

6Hew
rne Ucos — COOCTBEHHAs! MOTEHIMAIbHASL SHEPTUSI CUCTEMBI — 3TO SHEPTHs B3aUMOACUCTBUS IPYT C
JIPYTrOM BCEX YacTUILl cucTeMbl. OHa 3aBUCUT OT B3aMHOT'O PacoJIOKEHUs YacTULl CUCTEMBL; Usgnew —
BHEUIHSA OTEHIUAJIbHAS YHEPTUS CUCTEMBI — 3TO CYMMa IIOTEHIUAJIbHBIX YHEPTUH BCEX €€ YACTHUILL,

30



HaxXo4d1munXxcsa BO BHCHIHCM CTAlITMOHAPHOM IMOTCHIUAJILEHOM I10JIC, K — kuHeTH4yecKas SHEPTHUA CUCTCMBI —
9TO CyMMa KMHETHYECKUX 3HEPIUH COCTABIAIOIUX €€ YaCTHULL.

Ecnu paboTa cuil CTalMOHAPHOTO OIS HAJ YaCTUICH HE 3aBUCHUT OT ITyTH, MPOHICHHOTO YaCTUIICH, a
3aBHCHT TOJIKO OT HAYaJIbHOTO U KOHEYHOI'O IIOJIO’KEHUS YaCTULbI, TO TAKHE CUJIbI HA3BIBAKOTCS KOHCEp-
6AMUBHBIMU, A TIOJIE NOMEHYUATIbHBIM.

O0beKTBI HCcIeJ0BaHNs, 000PY/I0BaHUE
N30rHyThIi KeNN00, mapuK, CeKyHIOMED.

Pa0ouee 3ananue
Haiitu paguyc KpuBH3HBI H30THYTOT'O 5Ke100a.

Ilopsinok BbIMOTHEHUsI PA0OTHI
1. C moMoIIBI0 MHUKpOMETpa 5 pa3 B pa3HbIX MECTax U3MEPUTh AUAMETp Inapuka d U BBIYHCIUTD pa-
auyc r=d/2.
2. BoiBecTH 1IapUK U3 MOJIOKEHUS PABHOBECHS TaK, YTOObBI yrojl OTKJIOHEHHs ¢ (cM. puc.l) Obu1 Mai.
Omnpenenuts BpeMs t msitu (N=5) noyiHbIX Kojebanuii mapuka. OnsIT npoBecTd 9 pa3. Onpenenurts nepu-
on konebanuit T; =t; /n . 3aHect nanHbie B Tab. 1.

3.BbruncnuTh cpeHue 3HaueHUs paauyca mapuka < I > u nepuoja konedanuit <T; >.

4. Onpenenutsb caydaiiHble oTKIOHeHUs AT, =T,— <T; > kax10ro u3mMepeHus nepruojia u cpeaHee

1
—12 (AT, )? BblumciauTh norpemHocTh AT pe3ynbTara u3MepeHuil:

KBaApaTU4YHOC OTKIIOHCHUC S =

AT =S/n .
5. HloacraBusist <r > u <T > B ¢popmyiy (12), BBIYUCIUT PayC KPUBU3HBI TOBEPXHOCTH R.

6. Haittu aGcomoTtHyto AR u oTHOocuTensHyt0 E nmorpemnoctu B onpenenennu R no popmynam

AR=2SR>AT E-_AR
<T > <R>

JlaHHBIE U3MEPEHUI U BRIYUCICHHH 3aHeCTH B Ta0m. 1-3.

Tabmuma 1

d, m <d>wMm <r>wm

Tabnuya 2 Tabnuya 3
ti, c n Ti, ¢ S,¢c |AT,c|R,M |AR,M | E, % | Ar,Mm

Conep:kanue oTyera
3anonHeHHble Ta0IUIEL 1-3.

KoHnTpoJsbHbIe BOpoChI
1. M3 KakuX COCTaBISIOMINX CKIAbIBACTCS MOJIHAS YHEPIUs apuKa?
2. Korza coxpansieTcs 1ojiHas MEXaHUUYECKask SHEPIHs?
3. Kak HampaBiieHbl CKOPOCTh M YCKOPEHUE IIEHTPa MaccC IapukKa?
4. YKaxuTe MOJ0KEHUE [IapuKa, B KOTOPBIX €ro IIEHTP OyJeT UMETh:
a) MaKCUMaJIbHOE YTJI0OBOE YCKOpPEeHHE; 0) MaKCUMaIbHYIO JIMHEHHYIO CKOPOCTh;
B) TAHT€HIMAJIIBHOE YCKOPEHHE, PABHOE HYJIIO; I') HOPMAJIbHOE YCKOPEHUE, PaBHOE HYJIIO;
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OOBsicHUTE BaIll BEIOOP.
5. Kakoit Bug umeeT TMHAMUYECKOE YpaBHEHHUE KoJieOaHUH mapuKa’?
6. Chopmynupyiite ycIoBus, MpU KOTOPHIX BO3HUKAIOT TAPMOHHYECKHE KOIeOaHusI.
7. Ilouemy yros OTKJIOHEHUS IIapuKa (0T MOJIOKEHHUs PAaBHOBECHS) TOJKEH ObITh Mal?
Cnucok uCnoIb30BAHHBIX HCTOYHHKOB
1. CaBenbeB 1.B. Kypc obmieit ¢puszuku. T.1. Mexanuka. MonekynspHas ¢usuka. - CI16.: JIansp, 2008. —
352 c.-tol, §4, i1, §24, rn.V, §41-43, 53.
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JlaGopatopHnas pabora Ne 9
OmnpenesieHHe MOMEHTA HHEPLIUH TeJI MEeTO0M
KPYTHJIBHBIX KOJIe0aHMUii

[leab pabdoThl — U3YYUTHh METOJ KPYTUIBHBIX KOJICOAHMI IS paccyeTa MOMEHTA WHEPIIMH TN pa3-
HO# popmbl. CpaBHHUTH IKCIIEPUMEHTAJIbHBIC 3HAYCHUSI MOMEHTOB MHEPIIMH ATUX TEJ C TEOPETUICCKUMHU
pacyeramu.

TeopeTnyeckue cBeieHUs!
[Tpu ycnoBun Manbix KoneOaHui, T.e. @ <1 paz, koneGaHUs TUCKAa MOXKHO CUUTATh TapMOHHYECKUMH C

nepuoaom T :
. [ 2mt
¢ = @gSIn T (1)

[IycTp auck nmoaHsICS HAa MAKCUMAIIBHYIO BBICOTY
h=h—-h,.
Torna npupaieHyue NOTeHIUAIBHOW SHEPTUH PABHO:
AE, = mgh
[Tpu nocienyroomeM BpallleHUU AKUCKAa MOTCHLMAIbHAS 3HEPIUs NMEPEXOAUT B KMHETUYECKYIO DHEPIHUIO
BpaIIaTeJIbHOTO IBUKECHUS

2
lo
E,=—,
2
rae | — MOMEHT WHEepIUH TeJla OTHOCUTEIILHO OCH BPAICHHS, (O — YTJIOBasi CKOPOCTh BPAIICHUSI.

B Moment IMPOXOKIACHUA IMOJOKCHUSA PABHOBCCHA KHMHCTHYCCKAA SHCPIruAa IMPUHHUMACT MAKCHUMAJIb-
HOC 3HA4YCHHUC, U, HpeHe6peraﬂ TPECHUCM, MOIKHO 3aIIMCAaTh 3aKOH COXPAaHCHHA SHCPTHUHU:

2
mgh:JE%E&. @)

VYTIOBYIO CKOPOCTH AMCKA MOYKHO HAalTH, B35B MMPOU3BOIHYIO OT ¢ U3 (1):

o=d0_ Ecos(ﬁj
P T

_2nQy 3)

TOrAa Omax = .
T

BCJ'II/I‘H/IHy h MoxHO HaﬁTH, cuuTad, 4To Ipu NOBOPOTE JUCKA HA MaJibIid yroi ¢g MOXHO HpI/I6J'II/I3I/ITeJ'IB—

HO cuuTath, urto hy +h, = 2|. Torna

hopy—h, =L W=ty Rrog ()
" h+h, 2 21

I/I€ YYTEHO, 4TO (CM. puc.1)
2 .

h=1>—(R-r)", K3 =1° —(R2 +r2 —2Rr COS(pO) , 1-cos ¢, = 2sin? (%j , 4 TAK)Ke, YTO BCJIEJCTBHE
MaJIOCTH YIJa (y, CAHYC MOKHO 3aMEHUTH 3HAYCHHEM CaMOro yrja B paJuaHax.
B pesynbrare noacranoBku (4) u (3) B (2), monydyum pacy€THyro GopMyiy JUIs MOMEHTA HHEPLUHU MasT-
HUKa Maccou m:

T2mgRr
I=—2= )

41l

[To 3aBucHMOCTH (5) MOKHO paccuuTaTh MOMEHT WHEPIUHU KaK Harpy>KEHHOTO MCCIEAyeMOH Iuia-
CTHHOﬁ, TaK U HCHArpy>xXC€HHOIo JuCKa B. TOFI[a, BCJIICACTBUC aJIUTUBHOCTU, MOMCHT MHCPLUH UCCIICAY-
eMoro Tena (TJIACTUHBI) JIETKO onpeesieTcs mo Gpopmyie:
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Ia}ccn:g.R'r|:(m1+m2)<T2>2—ml <T1>2J (6)

2
47° |
rae M, u M, — Macchl HEHArPY)KEHHOT'O TMCKA M MCCIIEAYyEMOM MIACTUHBI COOTBETCTBEHHO, a Ty U T, —

nepuo KoJiebaHuli HeHArpyKEHHOTO U HArPY>KEHHOTO JIUCKAa COOTBETCTBEHHO.

MOMEHT MHEPIMH €CTh Mepa HHEPTHOCTH TeJia IIPH €ro BPAIIATSIIBHOM JIBHKCHHH. DTO 3HAYUT, YTO
4yeM OOJIbIIIE MOMEHT MHEPIUHU, TeM OOJBIINI MOMEHT CHJI HEOOXOAMMO MPUIIOKUTH K TEITy, YTOOBI 3a-
CTaBUTh TEJIO BPAIIATHCS, €CIIM OHO TTOKOMJIOCH, MJTH OCTAHOBHTD, €CIIM BPAIAIOCh.

MowMmeHT uHepuuu MaTepuaibHOl Touku: | = mR?, rae m — macca Toukn, a R — paccTosiHue OT Hee
JI0 OcH BpalleHHus. MOMEHT MHepLUUN— BEIMUYMHA aJJUTUBHASA, T.6. MOMEHT MHEPLUHN CUCTEMBbI MATEPHU-
QJIbHBIX TOYEK WJIM TBEPAOIO TeJa ONpeleNseTcd KaKk CyMMa MOMEHTOB MHEPLMHU 4YacTei, U3 KOTOPBIX

COCTOHT cHcTeMa MM Teno, T.e. | =Y mR? Wi | = Idl = I R%dm (*)

MoOMEHT MHEpIUH 3aBHCUT OT (JOPMBI U pa3MEpOB Teja WM CHCTEMBI, a TaKXKe OT MOJIOKCHHS U
OPUEHTAIINH B POCTPAHCTBE OCH, OTHOCUTEIIBHO KOTOPOU OMPEIEAETCS MOMEHT MHEPIIUH.

Hanpumep, eciiu u3BeCTeH MOMEHT MHEPIIMH Tella OTHOCUTEIBHO OCH, IPOXOASIIEH Yepe3 ero LUEeHTP
Macc, TO OTHOCUTEJIBHO JIFOOOH IPYroil OCH €ro MOXHO pacCUUTaTh C MOMOLIbI0 meopemot [llmeiinepa:

MOMEHM UHEpUUU mena OMHOCUMENbHO npou3eonvhou ocu O |, pasen cymme momenma unepyuu
IMO20 mena OMHOCUMENIbHO OCU, RAPA/IIETbHOI 0AHHOU U npoxodauei yepe3 yenmp macc C ., u

npou3eedeHuss Maccvl meia Ha Keaopam paccmonnus mexcoy ocamu (OC=d) , m.e.

lo=1lc +m d?.
MoOMEHTBI MHEPIUU TeNl OTHOCHUTENIBHO OCH, MPOXOIAIICH Yepe3 LEeHTp Macc lc MOXHO ompenenuTs,
MOJIB3YSACH omnpeaeneHueM (*) u pa3dupast TeJI0 HA ITEMEHTHI
1. MoMeHT HHepPUHH TJIOCKOH MPAMOYroJbHON MJIACTHHBI OTHOCHTEIbHO OCH, MPOXOAsIIel yepe3
LHEeHTP Macc NMepneHAUuKYJ/IsIPHO ee MJIOCKOCTH.

dm MoOMEHT WHEPIMH BBIICICHHOTO 3JIEMEHTa (B BHUIE CTEPXKHS
Mmaccoit dm, 1mHHOM a M TONMHOM OX Kak MoKa3aHO Ha pu-
\ (v
S 5 3 cynke) mo teopeme llTeiinepa:
TG
~,C dx 1 2 2
< Sk a dl =—dm-a“+dm-x
L Ea X | 12
oL ™ - 13 reomerpuueckux coobpaxenuii dm/m=dx/b, orkyna
-
X dm= (m/b)dx, Toraa
b / 1m m
dl = — —adx+— x%dx
12 b b
Toraa MOMEHT WHEPITUH IIaCTHHBI:
b/2 b/2
| = J. —Eazdx+ J. —xzdx=—m(a2 +b2)
b2 12 b/2

2. MoMeHT MHepUMH IUIOCKOH TPEYroJbHOM INIACTHHbI OTHOCHTEJBHO OCH, NMPOXOJsiIIEl uepe3
LEHTP Macc NepHeHAuKYJIAPHO ee II0CKOCTH.
Pa3zo0ObeM macTHHY Ha TOHKHE CTEp)KHU Maccod Om aiauHOW 2X |
s x BbICOTO#i dY, KaKk MOKa3aHO Ha PUCYHKE. Tak Kak s CTEPIKHS JUTMHbI
| MOMEHT WMHEpIHMU OTHOCHTENBHO MEPHEHIUKYISIPHOH OCH, MPOXO-

. 1
JSIed yepe3 LEHTp Macc paBeH g :Emlz’ TO MOMEHT WHEPIUH

TAKOTO CTEPKHS OTHOCUTEIIBHO OCH, MPOXOosAuIeil uepes Touky O mep-
MIEHIUKYJISIPHO IJIOCKOCTH YepTexka, 1o reopeme Ilteitnepa , paBeH:

dl =%dm(2x)2 +dm-y?,
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rJie Maccy crepkHs dm MOXHO BBIPA3HTh U3 MPOIIOPIIAN
dm dS
m S

NEPE:
4

1
rae dS =2xdy — miomanb cTepxkHs, a S = > a-h= — IUIOMIA/Ib PABHOCTOPOHHETO TPEYrOJbHHKA.

m 8mxdy
Torna macca crepxus: dm=-—dS =——=, a ero MOMEHT UHEPLHH:
S a’\3
2
a8
a’3 1 3
C yweromM TOro, 4ro A PaBHOCTOPOHHETO TpeyroibHHKa X=Y-1g30°= y/ V3, nonyunu:
80 my?
dl = —=—-d
27 a2
0 af3/2
Torma |, :@% j y3dy :Emaz. Ho mo teopeme Ilreitnepa |y=I¢ +m-0C?,
27 a 12

B3

2
Toraa, yuuteias, uto OC = 3 a7 , TOJTy4lM BbIpaxkenue uist I¢ :

1
I~ =1,—m-OC? = —ma?
C 0 12

O0beKThI Hccle10BaHus, 000Py/10BaHHE
KpyTuinbHbIi MasTHUK Ha TPUPUIUIAPHOM MOABECE, HAOOP TUCKOB, CEKYHIOMED.
Onucanue 1abopaTOPHON YCTaHOBKU

S

m

Puc.1. Cxema ycTaHOBKH

MoOMEHTBI MHEPIMM Pa3IMYHBIX Tl MOTYT OBITh M3MEpPEHBI METOJO0M KPYTUJIBHBIX KOJeOaHWH C
MOMOIIbIO TaK Ha3bIBa€MOTro TpUUISpHOTO noaBeca. TpuuiIsipHbIi MOABEC COCTOUT U3 IUCKa B Mac-
coif M, pagmyca R, mojaBenieHHOro Ha TPEX CUMMETPUYHO PACIIOIOKEHHBIX HUTAX JuIHHBI | (cm.puc.1).
HaBepxy 3T HUTH CUMMETPHYHO 3aKpEIUIEHBI 10 KpasiM Tucka 4 MeHsluero paauyca r. I[Ipu moBopote
BEPXHEro Aucka A Ha HEOOJBIIONH yrojl ¢ BOKpPYI' BEPTHKAJIbHOW OCH, MEPHEHIUKYIIPHON IIOCKOCTH
JIUCKA U TPOXOsIIeN depe3 LEHTpP, BCe TPU HUTU MPUHUMAIOT HAKJIIOHHOE IMOJIOKEHHE, LEHTP TAKECTH
CHCTEMBI HECKOJIBKO MpUIToAHUMaeTcs. HikHMI q1cK HauMHaeT coBepIIaTh KPYTHIbHbIE KOJeOaHusl.

Pabouee 3amanue
I/IBMepI/ITI) MOMCHT I/IHepHI/II/I JAUCKOB, CpaBHI/ITB pGSYJII)TaT C paC‘—IeTHI)IMI/I JaHHBIMH.
Iopsaok BbINOJHEHUS PA0OTHI
1. 3mepuTh IMHENHKOM paanychl TMCKOB R u I, a Takke aauHy Huth |. 3anectn mannbie B Tabnuiry

2. Pe3ko moBepHYTh pyKOM AUCK A 110 yrmopa u OTIycTuTh. [Ipy 3TOM HIKHUIA TUCK B TOKEH co-
BepIIaTh KPYTUIIbHBIE KOJIeOaHUs, a BEPXHUH TUCK A JOJDKEH OCTAaThCs B TIOKOE M3-3a TPEHUS B OCH.
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3. C nmoMouipio CeKyHJIOMepa ONpeleauTh BpeMs t; momHbIX N =20 koaebaHUM HEHArpyKEHHOI'O
mucka. OnbIT TOBTOPUTH TPU pa3a. BeIUMCINTE cpeqHee 3HAaYEHUE <tl> U CpejHee 3HAYCHHE IMEepuoia

KOJIeOaHMi <T1> = <t1> / N . Pe3yapTaThl ©3MEepEeHU U BEIYMCICHUM 3aHECTH B TaOHMITy 1.

Taoauna 1

m,kr |[Rom (v | LM [t ¢ <t1>ac <T>c

4. ITonoXuUTh HAa HWKHHUIA JUCK UCCIIEAYEMOE TEJIO TaK, YTOOBI IIEHTPHI MacC Tejla U AUCKa ObUIH Ha
OJHOM ocu. Macca m; nucka B U Macca UCCIEAYEeMOT0 Tela M2 yKa3aHbl HA yCTAHOBKE.

5. Onpenenuts Bpems t, nosnHelx N=20 kosie6aHuil HarpykeHHOro aucka. OmNbIT HOBTOPUTH TPU
pa3a. Beluucnuth cpenHee 3HaUEHUE <t2> W CpeHee 3HAYCHHE MepHoJa KOJICOaHHA <T2> = <t2> / n. Pe-

3y/bTAaThl U3MEPEHUN U BBIYUCIICHUN 3aHECTU B TAOIUILy 2.
6. cnons3ys dKCIIepUMEHTAIBHEBIC JaHHBIC, BBIYUCIUTE MOMEHT UHEPIUH |sxen HCCIETYEMOTO TENA
o popmyse
g-R-r 2 2
|31<cn = 2 (m1+m2)<T2> —-my <T1> :
47|
7. 3MepuTh pa3zMepsl UCCIETYEMOro Tella U U3 TaOnuibl 3 As AaHHON (QOpMBI Tesla BBIYUCIUTH
TEOPETUICCKUI MOMEHT HHEPIIUH | ne0p TEIIA OTHOCUTEIHLHO TOM YK€ OCH, UTO H IPHU IKCIICPUMEHTE.
8. CpaBHUTH TeopeTH4ecKOe lyeop U dKCHIEpUMEHTATBHOE lsicn 3HAUEHHMS] MOMEHTa uHepuuu. s

Al 0
TOrO BBIMHCIIUTH OTHOCUTENbHOE OTKIOHeHue |, ot I, 1o popmyne E =——-100%
meop
9. C nynkTa 3 1o 8 npojienarb aHaJOTM4YHO HW3MEpPEHUs U BBIUMCIICHUS C APYTUMU TeJIaMU .

Taoanma 2

BI/IH TCJ1a ma, t2| <t2> , <T2>| |31<crn Imeop, I3KC)I_ Imeop: Al

2 .1009
M ero pasmeps (Kr |C | | c xr-M2 | kM2 | kT2 100%
meop

Huck
R= M

IIpssMOyTroabHUK
a= M
b= M

TpeyronsHUK
a= M

Taoauna 3. MOMEHTBHI HHEPIIMU TJIOCKUX TEJl OTHOCUTEIBLHO OCH, MPOXOASAIIEH Yepe3 LEHTP Macc mep-
MEHIUKYJISIPHO UX IUIOCKOCTH.

Huck IIpsiMmoyronbHuK PaBHOCTOp. TpEyroyibHUK
1 o2 1 2 12 1 2
I =—mR I :—m(a +b ) l,, =-—ma
oucka 2 np 12 mp 12

Conep:kanue oTyera
3anonHeHHble Ta0IUIE 1 1 2.
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KoHnTpoJsbHbIe BOonpochl

1. B 4yem 3akitouaercs GU3NUECKHUA CMBICT MOMEHTA HHEPIIHH?

2. OT yero 3aBUCUT MOMEHT UHEPLIHH?

3. Chopmymnupyiite Teopemy IlTetinepa.

4. C nomompto Teopemsl Ll TeitHepa 00bsCHUTE, OTHOCUTENIFHO KAKOH OC MOMEHT HHEPIIMHU Tella
MUHHUMaJICH (MaKCHUMaJIeH)?

5. Ilonyuute pacueTHyio GOpMyITy A MOMEHTA MHEPIMH TUIOCKOM MPSIMOYTOJIBHOM MJIaCTUHBI OT-
HOCHUTEJIBHO OCH, TPOXOJIAIICH Yepe3 LEHTP Macc, U JIEKaIIeH B INIOCKOCTH TIACTUHBI.

6. [Tomyuute pacyeTHyIo GOpMYITY AT MOMEHTA WHEPIIMH TIACTHHEI B JOPME PaBHOCTOPOHHETO
TPEeYroJabHUKa OTHOCUTEIBHO OCH, JIeKAIllel B TNIOCKOCTHU IIJIACTUHBI U MIPOXOIAIICH yepe3 OqHY U3 ero
CTOPOH.

7. Kak Hy>KHO IpPOBOAUTH SKCIIEPUMEHT B JaHHOU paboTe, 4TOObI pacyeTHbIEe (OPMYIIbI, KOTOPHIMU
BbI 110J1b30BAJIUCH, OBLIM CIIPaBEAIMBbI
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JlaGopatopHnas pabora Ne 10
Onpenenenne ko3gppuuneHTa TPEeHUs KaYeH st

[leab padoThI: onpeaeauTh KOOPPUINEHT TPEHHsI KaueHUs LUIUHAPA 0 MIIOCKOCTH JJIS Pa3IMYHBIX
nap METALINYECKUX MOBEPXHOCTEH U ONPEACIUTh MOMEHT UHEPIUU CIOXKHON CUCTEMbI METOJOM KOJIe-
OaHuit

Teopernyeckue cBeieHUs!
PaccmoTpuM HUIMHAP, MOKOSIIUNACSA Ha TOPU30HTAIBHON IJI0CKO-

a o
6 ctu (puc.l,a). Ha Hero neicTByIoT JiB€ B3aMMHO YpaBHOBEIIMBAIOILIUE

cwibl: cuna Tskectu G =mg, rae M — Macca UMIUHAPA, U HOPMAaJlb-
Hasg peakuus miockoctd N . Eciu nunusap (Kojeco) KaTures 1o
| G 5 IIJIOCKOCTH, TO MOSBIISIETCSI TPEHUE KauyeHUsl. MOKHO BBIIACIUTH Clie-
| SPA JYIOIINE TPUYUHBI €r0 BO3HUKHOBEHUS. Y IMITMHIP U TUIOCKOCTD NP

KayeHUu neGopMupyroTcs. [Ipu 3TOM MPOUCXOIAT MOTEPH MEXaHHYE-
Puc.1 CKOM PHEPruu, CBA3aHHBIC: a) C pabOTOM, 3aTpaynBaeMoil Ha oOpa3o-
BaHHE Bajnka A 1e(OPMHPOBAHHOMN INTIOCKOCTH Iepe KaTSmuMcs TuauHapoM (puc.1,0); 6) co cxxaTuem
TUTOCKOCTH TEePe KATAIUMCS; B) ¢ TIPEOJAOJICHHEM MOCTHKOB CIICIUICHUS — TeX 00JacTeil Ha MOBEPXHO-
CTH CONPUKOCHOBEHMS IHMJIMHIPA W IJIOCKOCTH, TJE HM3-32 HEPOBHOCTU IMOBEPXHOCTEH CYIIECTBYIOT
HACTOJIBKO OOJIBIIINE IABICHHS, YTO MKy MOJICKYJIaMU IIHJIUHAPA U IJIOCKOCTH BO3HUKAIOT CHIIBI MEX-
MOJICKYJISIPHOTO MPHUTSHKCHUS U OHU B ATHX MecTaX "CHEIUIIOTC" IPYT C IPYroM.

Zy Q%

OTHU TpU NPUUUHBI IPUBOJAT K TOMY, YTO TOUKA MPUIIOKEHHUSI HOPMAJIbHOM peakuun N cmemaercs Ha
paccrosiHue O, B pe3yJbTaTe BOZHUKAET MOMEHT CHJIbI PEaKIIMH, HAIIPAaBJICHHBIN 10 OCH BpaIlleHUsl, KOTO-
pasi MPOXOAUT NEPIEHIUKYJIIPHO MJIOCKOCTH PUCYHKA |, M MPEMSTCTBYIOIUN KaueHUI0 HuiauHapa. Mo-
ZyJIb 5TOI'0 MOMEHTA

M, =N (1)
[Toatomy Mk Ha3bIBalOT MOMEHTOM CONPOTHBIICHMSI KAaYEHHUIO, a BEJIUYUHY O, YHUCICHHO PaBHYIO

CMEILICHHIO TOUKH TPHIIOKEHHs peakiun miockoctn N — koddduimentoM Tperus kauenns. Kospdu-

[IMEHT TPCHUS KaueHHs U3MEpseTCs B €AMHHIAX JJIMHBI M, KaK mokasbiBaeT ombiT & << R (R — pamuyc
UIHH]IPA).

B pabore ncronb3yrores /Ba jK€CTKO CKPEIUIEHHBIX IWIMHAPA A U B ¢ HECOBMAJAIOUIMMH Hapa-

oo JEeNbHBIMU OcAMH. OHM MOTYT BpallarbCsl Ha TOPU30HTAIBHO PaCIIo-

A H JOXEHHBIX oOpa3nax 1 pasnuuHBIX METaIOB (pHUC.2) BOKPYTI OCHU

nunuHapa A paguycom R. Ctpenka //, npukpenseHHas K WIMHAPY A,

¢ukcupyer Ha mKkaie H IUHEHOe cMelleHre KoeOromencs cucre-

MBI OT TOJOXEHHUsI paBHOBeCHs. [[] — IITBIPbKU Ui yAep>KaHUs 00-

pastos.
' Tak kak ocu MUIHHIPOB A ¥ B HE COBMANAOT, TO LIEHTP Macc CH-
Puc.2 crembl C HaxoauTcs Ha JuHUU AB Ha pacctosaun CA=1 ot ocu 1u-

nusapa A (puc.3). MomeHT cuitbl Tshkectd Mg =mglsing crpemur-
Csl BEpHYTh CHCTEMY B IOJIOKEHHE PABHOBECHSI M MPH MaJbIX yriiaX moBopora ¢ (Sing ~ ¢ ) nponopuuo-

HAJICH CMCHICHUTIO U3 ITOJIOKCHHUA PaBHOBECUA . OTO ABIAETCS YCJIOBUEM I'apMO-
HHUYCCKUX KOHCGaHI/II\/’I, KOTOPBIC 6y,Z[CT COBCPHIATH CUCTEMA OTHOCUTCIIBHO IIOJIO-

»keHus paBHoBecus ¢ = 0 (cTpenka /[ OTKJIOHSIETCS TO B OAHY CTOPOHY, TO B JIpY-
T'YI0 CTOPOHY OT Tojioxenus O Ha mikaine H).

N3-3a neiicTBUS AMCCUMATUBHBIX CUJI TPEHUS KoJieOaHUsI CUCTEMBI OyayT 3a-
TyxaTh. ONpenennM ypaBHEHHE 3TUX KoJeOaHui. 3anuiieM ypaBHEHUE JTUHAMHU-
KM BpAILATEIbHOTO JBMXKEHHSI CUCTEMbI OTHOCUTEIIBHO MIHOBEHHOM OCH Bpallle-

HUS, IPOXOIAIICH Yepe3 TOUKY S KacaHUs MUIUHAPA A C TIIOCKOCTHIO TIePIICH M-
KYJSIPHO IJIOCKOCTH pUCYHKa 3. Kpome MOMEHTa CUJIbI TSKECTU EUCTBYET MO-
mg MEHT CONpPOTHUBJICHHS KaueHUIo Ha nunuHap (1). Benwunna xodddunmenta tpe-
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HUSl KayeHHs MPOMOPIMOHATbHA CcKopocTH V Karsmierocss 0e3 mpockajib3biBanusi nuiuaapa A. Ecin
y4eCTbh CBsI3b JIMHEWHOI U yriioBoii ckopoctH immaapa: V = R(de/dt), to

5-kv =kr 32 )
dt

u u3 popmyisl (1) M, =N5=Gd= mgkRz—(tP.

Toraa ypaBHeHHE AMHAMHUKY UMEET BUJ]
2
d . d
—;pz—mglsm cp—mgkR—(p (3)
dt dt
rae J — MOMEHT MHEPIIMU CUCTEMbl OTHOCUTEIIBHO MTHOBEHHOUM OCH BpallleHHs S; 3HAKU B ypaBHEHUH (3)
MOKA3bIBAIOT, YTO MOMEHTBI CHJI MIPEMSATCTBYIOT YBEJIUYEHHUIO YIIla OTKIOHEHUS (.

[pu Manbix yraax ¢ (Sing ~ @) 370 ypaBHEHHE aHATOTUYHO JHHAMHYCCKOMY YPaBHEHHUIO 3aTyXak0-

IIUX KOJIEOaHMIA:

d 2(P do 2
—+2—+w;0=0, 4
i g + @00 (4)
mgkR

e =—), 5
p="% ©
oz =T9 6)

J
HOBTOMy YroJ OTKIIOHCHUS CTPEIIKA ﬂ OT ITOJIOKCHUS PABHOBCCHUS U3MCHACTCH 110 3dKOHY

o=p,e " cosmt, 7)

rjie o= cog - (8)

YaCTOTa 3aTyXaromux KOJ'IG63HPII>1; Qg — Yroj OTKJIOHEHHUA CTPEJIKU B HadyaJIbHBII MOMEHT BPEMCHU. Ko-

7e0romascs TaKUM 00pa3oM CUCTEMA SIBJISIETCS Pa3HOBUAHOCTHIO (PU3MYECKOTO MasTHUKA.
CoBepmuB N moJHBIX Kosebanuit 3a Bpems t = NT (T — mepuon KoyebaHmii), CTpesKa OTKIOHUTCS Ha
yroi @n (¢n < @o). Tak Kak JHHEHHOE CMEIIeHHE & CTPEJIKH /] BIOJb Kbl H MPOMOPIHUOHATBHO YTy

- 1, a
IIOBOPOTA CTPeNKH ¢, To U3 (7) cnenyer, uro @,/ ¢, =a,/a, =¢€ pnT OTKyJIa MOJIy4YuM [} = e In—=.
nT a,
1, a,
Bennuuny 0==In—=2 9)
n a,

Ha3bIBAIOT JIOTAPU(PMHUUCCKUM JCKPEMEHTOM 3aTyXaHus,
0
CJIeIOBATEIHLHO B= T (20)

[Moacrasinss Beipaxkenus (6) u (10) B dopmyny (8) u yuutsiBas, uro o =27/T , Haxonum Gopmyiny
JUISL OIIPEJICIIEHUS] MOMEHTA WHEPIMH J CUCTEMBI OTHOCUTENIbHO MTHOBEHHOM OCH BpallleHus S:

mglT 2
J=——— 11
4n° +0° )
U3 dhopmyn (5), (10) u (11) onpenenum BeipaskeHue st K:
-2 (12)
R(4n* +67)
B nanHO#1 paboTe MOXKHO JIMIIL MPUOIHMKEHHO OLIEHUTh KO UIIMEHT TpeHus KaueHus. [ 3Toro
Bocnosib3yemcs hopmynamu (2) u (7). Halimem npous3BoaHyto C(Ij_;p :
(jj—f[p = @, (—pe "' cos ot — we P sin wt)
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MakcumanbHasi CKOPOCTb JIBHXKCHHS IIEHTpa LHUIMHIApA A TOCTUTAeTCs MpPU HYJIEBOM YIJIE OTKIIOHE-
HUSL (0. DTO yCJIOBHE BBINOJIHSETCS, Korma CoSmt =0 (Ssinwt =1). [lnsa ynporiueHusi BBIYUCICHUH MOXHO

Bt
OJIOKHUTD € Pt ~1 (ammumaTyaa c1abo yMEHbBIIAeTCsI 32 BpEMs IEPBOTo KoJeOaHus).

d
Torna L (OO
dt
Takum 00pa3om, MAaKCHUMAaJIbHYIO CKOPOCTh KaueHUs IUINHIPA, a TAK)KE OIEHKY 1 Ko duiirenrta

TPEHHSI KAaYeHUsI MOKHO OIMUCATh CIEAYIONIeH popMyoi

5=kV =kRI? < kRp, o ~ kR -arcsin| —— |2% (13)
dt |AD| +R)T

HOI[ HUIIMHAP A MOAKJIAaAbIBAIOT IJIOCKUC INIACTHUHKH M3 PA3JIMYHOI0 MaTcpualia, 4TO IMO3BOJIACT
onpeaenuTs ko3 UIHUEHThl TPEeHUS HWIMHIPA A7 Pa3IMYHBIX Nap (UWIMHAP-TUIACTUHKA) U CPABHUTH
MOJIYYCHHBIC PE3YIIbTATHI.

3aK0H COXpaHeHHs! MOJTHONH MeXaHUYeCKOH IHePrum.

Ilonnag mMexanumueckas SHEPIHUid KOHCCpBaTI/IBHOﬁ CHUCTEMBI, Haxozmmeﬁca B CTallUOHAPHOM IIOTCH-
[UAIBHOM I0JIe, MocTosiHHA. Ecnmu paboTa cuil CTallMoOHApHOTO MOJsl HaJ YacTUIEH HE 3aBUCUT OT IMYTH,
HpOﬁHCHHOFO T-Ia,CTI/II_ICI\/JI, a 3aBHCHUT TOJIBKO OT Ha4aJIbHOI'O M1 KOHCYHOI'O ITOJIOKCHHUSA YaCTUIIbI, TO TAKHUC
CHUJIBI Ha3bIBAIOTCSI KOHCEPBATUBHBIMH, a TOJI€ MOTEHIIMATBLHBIM.

3aK0oH U3MeHEeHUsI MeXaHUYeCKOH IHEePIruu.
[Tpupanienne MexaHMUECKOM SHEPTUU YaCTULIBI paBHO pabOTE HEKOHCEPBATUBHBIX CHUIL.

O0BbeKThI HCCIe0BAHNS, 000PY/I0BaHHE
MaccuBHBIH TUIHHIP, HA0OP TIACTUHOK M3 Pa3IMYHBIX METAJUIOB, CEKYHIOMED.
IMopsaok BbINOTHEHUSI PAGOTHI
1. [TocTaBuTh KONEOATENBHYIO CHCTEMY Ha METAJUTMYECKHE TUIACTUHKH M3 OJTHOTO MeTaylia TaK, 4To-
ObI OHA HE Kacajach CTEHOK MPOPE3H, a CTPEJIKa MOKa3bIBajia HYJb.

2. 3aaTh HavaJlbHOE OTKJIOHEHHE (aMmmuTyay) a8y = 40 mm. Onpenenuts Bpems t A N MOJHBIX KO-
nebanuii (n=10), aMmmuiuTyny @, N-ro xojeOGaHus U BeMW4uHy nepuopa mo dopmyne T=t/n. TloBroputh
u3MepeHus 5 pa3. HauanpHas amuintyna @, JOJDKHA OBITh OJMHAKOBOW. /laHHBIE M3MEpPEHMsI 3aHECTU B
Tabs1.1 ¥ BBIYMCINUTE CPEAHNE 3HAUECHUS <an> u <T>

3. V3mepeHuss TIOBTOPUTH JUIS TIACTHHOK W3 JBYX JAPYTHX METALIOB M JaHHBIC TaKXKe 3aHECTH B
Tadi.1.

4. lloacraBnss cpeHue 3HAUCHUS <an> u <T> B ¢opmyisl (9), (11), (12) u (13), onpenenuts jora-

pudMUYeCcKuil JeKpeMeHT 3aTyxXxaHus 0, MOMEHT HHepIUH J, KOOPPHUIUCHT MPOMOPIHOHATIBHOCTU K 1
K09((OUIMEHT TpeHUs KaueHus O Ui KaXI0W mapbl MeTauIoB (IIMJIHMHAP-TUIAaCTHHKA). 3HaueHuss M, | u R
JTaHbl HA YCTaHOBKE.

5. CpaBHUTDH MOJYYEHHbIE B TPEX OMbITaAX 3HAYEHHUS] MOMEHTA MHEPLHH J, BBIYUCIUTH €r0 CpeHee
3HavyeHue < J >. Bce naHHbIe 3aHeCTH B Tabi.2.

Tabmuma 1
m=... kr,R=... m, | =... M, |AD|=... M, 85 =... M.
Haszpanue marepuana
1. 2. 3.
t, [n [T, a,, |t n|T, a,, |t n|T, a,,
C C C C M C C M
M= ()= [M= (@)= |[M)= (&)=
Tabmanma 2
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1. 2 3.
01 J, K1, 77 J, ko, 63 J, ks,
Kkr-M2 | C KI-M? C KI*M C
01, M 02, M 03, M
<J>=..ll KI-M?

Conep:xkanue oTyera

3anosiHeHHbie Tadauub! 1 u 2.

KonTposabHbie Bonpockl
1. KakoB MexaHM3M BO3HUKHOBEHUS MOMEHTA CHJI TPEHUS KaueHus?
2. KakoB ¢usnueckuii cMbica koddduimenTa TpeHns kadyeHus? B yem npudnna 3atyxanus Koseda-

HUH CUCTEMBI?

3. Uemy paBeH MOMEHT CHJI CONIPOTHUBIIEHUSI KAUEHUIO, KaK OH HaIlpaBJIeH?

4. Korga coxpaHseTcsi 1 KOrJja U3MEHSETCs M0JIHAsi MEXaHUYeCKasi SHEPI sl CUCTEMBbI?

5. Uto Takoe norapu)MUIeCKUil JEKPEMEHT 3aTyXaHus?

6. UTo Takoe IMHAMHMUYECKOE YpaBHEHUE 3aTyXaloLMX KojeOaHui?

7. BeiBemuTe pacueTHbie (hopMyIIbl s onpeneneHust Momenta uaepuuu J (11) u kosdunmenta K

(12).

CnHCOK MCIOJb30BAHHBIX HCTOYHHKOB
1. CaBenneB U.B. Kypc o6meii pusuku. T.1. Mexanuka. MonekymnspHas ¢usuka. - CII0.: JIansb,

2008. — 352 c.- 111, §21, 24, rn.VII, §53, 54
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JlaGopatopnas pabora Nel 1
OnpenesieHHe CHIIBI TPEHUS CKOJIbKEHUS

Ieab padoThl: SKCIEPUMEHTAIBHO ONPEICINUTh CUILy TPEHUS CKOJIBKEHHS, UCIOJb3Ys 3aKOHBI CO-

XPaHEHUs UMITYJIbCa U U3MEHEHUSI MEXaHUYECKON SHEPIHH.
TeopeTnyeckue cBeieHHsI

Ha mo6oe aBmxky1eecs Teno JeHCTBYIOT CHIIBI TPEHUS.

BHemHuM (CyxuM) TpeHHEM Ha3blBAaIOT SIBJICHUE, 3aKJIIOYAIOLIEecs B BOZHUKHOBEHUHU KacaTeNIbHBIX
CWJI, IPENATCTBYIOIIMX OTHOCUTEIBHOMY IIEPEMEILEHUIO TEJ, B MECT€ KOHTaKTa 3TuX Ten. Ecim Tena
HEIOJBHKHBI APYT OTHOCUTEIIBHO JPYra, TO TOBOPAT O TPEHUU IOKOS; IIPU MX OTHOCUTEIBHOM IIEpeMe-
IIICHUU TOBOPST O TPEHUU CKOJIbKEHUS.

I'.AmonToH n III.LKynoH ycTaHOBMIIM ONIBITHBIM IIyTEM 3aKOH CTaTH4YECKOro TpeHus: llpenenbHoe
3HAUEHUE CHJIbI CTATMUYECKOTO TPEHHUS MPSIMO MPONOPLHOHAIBHO 3HAYEHUIO CUJIbI HOPMaJIbHOIO JIaBJie-
HUS TeJla Ha OIopY, T.€.

Fop=1'N; (1)

rae W* — ko3 PUUUEHT CTaTUYECKOro TPEHUs; W* 3aBUCUT OT MaTepHaja U COCTOSHUS MTOBEPXHOCTH
COIPUKACAIOLIUXCS TE.

Jlnis TpeHust cKosbXKeHUs 3akoH AMOHTOHa-KynoHa 3anuceiBaercst ananornyto (1):

Fp =HN (2)
rze L — K03 (GUIUEHT TPEeHUs CKOIbKEHHS.
[Tpu manbIx ckopocTsx Ha MaynioMm uHTepBase OA cuia TpeHHs HpuOIIn-
i JKEHHO IIOCTOSIHHA, 3aT€M YMEHBIIAETCS, JTOCTUIraeT MMHMMyMa M HauyMHAET
- Bo3pactath (puc.l). Ctporoit Teopun cuil TpEHUsl €1ie HET, HO MOXHO JaTh
‘ cieayoniee 00bsICHEHHE BOSHUKHOBEHHIO CUJT TPEHUSI.
| Ha noBepxHOCTSIX Tena U MOBEPXHOCTU UMEIOTCSI OTJENIbHbBIE BBICTYIIBL, 32
| KOTOpBIE OHHU Lemysatorcs. [Ipyu 3anenneHnn ux CyIeCTBEHHYIO pOJIb MIPAIOT

O 4 v CWJIBI MOJIEKYJSIpHOIO HpUTsKeHUs. CONPUKOCHOBEHHE TeN IMPOUCXOIUT B

Puc.1 JIeMCTBUTENILHOCTH Ha OT/ENbHBIX yyacTKax. VX oOmiast miomia/ib 3HaYUTEIbHO

MEHbIIIE BUIUMOM IO CONpUKOCHOBeHMs. Ha 3Tux ydacTtkax co3maroTcs

BBICOKHME MECTHBIE J1aBJIEHMs, KOTOPHIC BBI3BIBAIOT Je(OpMalliid MOBEPXHOCTHOI'O CJIOSI M B3aUMHOE
BHEJJPEHNE OTJEIbHBIX MUKPOYACTEH Tell.

ITpu neficTBUM CHII TPEHHS CKOJIBXKEHHs BCETAA NMPOMCXOAUT IPEBPAIICHUE MEXaHUYECKON SHEPIUH
BO BHYTPEHHIOIO, B pe3ysbTare Teja HarpeBatoTcsa. Cuily TpeHMsI MOSTOMY Ha3bIBalOT JMCCUIIATHBHOM.
Pabora cuibl TpeHHs 10 JH000MY MyTH 00bIYHO OTpHLaTe bHast (Aqp < 0).

Jlia onpezeneHuss CUJIbl TPEHUsI CKOJNbKEHHUS B JIaHHOM paboTe MPUMEHHMbl 3aKOHBI COXPAaHEHUs

UMITyJIbCA U U3MEHEHUs MEXAHWYECKOW PHEpPIMH NpU He-

g I YIOPYrOM COYAApeHUU Mynu ¢ uMHIpoM. [lpu BeicTpene

| U3 NpyKUHHOTO nuctojeta Il myns momamaer B HUIMHAD

J L1, nepememasice ¢ HUM 1o Hanpassomeit H (puc.2). Io

mKaje JuHeWku JI onpenenserca Beau4rHa MepeMEnIeHUs

7 LWIMHIpA ¢ MyJe Npu AeHCTBUU CUJIBI TPEHUS CKOJIbXKE-
/o HUS B MECTe KOHTAaKTa UIIMHIPA C HANPABIAIOIEH.

Paccmotpum cucremy "myns-umnusap". B Hanpasie-

{ HUU BBICTpesia (OCh X) COXpaHSETCS MPOEKIMS UMITyJIbca
9TOU CUCTEMBI, T.€.
mVy = (Mg +m;)U ©)

rae M1 ¥ Mz — Maccsl MyJIM U LWIMHIPA COOTBETCTBEHHO; Vx U Ux — MpoeKIuy cKopocTel myau 10 yaapa
Y CUCTEMBI I10CJIE y1apa IYJIH COOTBETCTBEHHO.

Ha cucremy "myns-umnusap" mocie ynapa JEMCTBYET Cuila TPEHHUSI CKOJIbKEHHUS. Y UYUTHIBAs, YTO
NOTEHLIMAbHAsL SHEPrUsl 3TOM CUCTEMBl HE U3MEHSETCS, IPUMEHSEM 3aKOH M3MEHEHUS MEXAaHUYECKOU
SHEPrUu:

Puc.2
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1
E(ml+m2)u2 =F,l, (4)

rae Fpl — abcomoTHOe 3HaUeHHE PaOOThI CHIIBI TPEHHS CKOJIBKEHHS TIPU MEPEMEIICHUU IUINH/IPA C ITy-
Jieii Ha paccrostaue |.
AHaJOTUYHO UMEEM JJIsl CUCTEMBI '"TIPYKUHA-3aTBOP-TTYJIA":

kx®  (my+mp)V?2
2 2
rae K — koadduuueHt ynpyrocta; x — aehopMaius NpyKUHbL, M3 — Macca 3aTBOpa (3aTBOP OCTASTCS B
ctBOJe); F'rp — abcomoTHOE 3HaYeHNE paOOTHI CHIIBI TPEHUS MPH MEPEMEIIECHUH 3aTBOPA C IyJIeH B CTBO-
Jie Ha IyTH X (BBHJY €€ MaJIOCTH IPUHUMAEM PaBHOU HYIIIO).
U3 (3), (4) u (5) nonyuaem
F.,= ko L (6)
2(m+my)(my+mg) 1
[Ipumeuanue. Bemmunner K, M1, M2 ykazaHbl Ha yCTaHOBKE;
a Tak kKak M3 = 0, To popmyny (6) MOKHO YIPOCTUTH

kx? 1
szzx_ml._ @)
(M +my) |

=F_x, (5)

3aKoH cOXpaHeHUs MOJHOH MeXaHU4YeCKOH IHepruu
llonnasa mexanuueckas sHepausi KOHCEPBAMUBHOU CUCTEMDbL, HAXOOSAUENCS 8 CMAYUOHAPHOM NOMEH-
UUATITBHOM noJie, NOCMOAHHA.

K+U,;+U = const

rie Ucos — COOCTBEHHAS MMOTCHIMAIbHAS YHEPTHS CUCTEMBI — 3TO DHEPTHS B3aUMOJICHCTBUS JAPYT C IPY-
TOM BCeX YacTull cucTeMbl. OHa 3aBHCUT OT B3aUMHOTO PACIIOJIOKEHUS YacTUI] cucTeMbl; Ugye, — BHEI-
HsIs IOTCHIIMATBHASI SHEPTUS CUCTEMBI — 3TO CyMMa MOTCHIIMAIBHBIX YHEPTHI BCEX €€ YaCTHII, HaXOJsl-
IIMXCS BO BHEIIHEM CTAllMOHAPHOM MOTEHIMATbHOM Moiie; K — KuHeTHueckas SHeprus CUCTEMbI — 3TO
CyMMa KHHETUYECKUX SHEPTUH COCTABIISAIONINX €€ YACTHII.

Ecnu paGoTa cun cTaliMoHApHOTO TOJIS HAJ YAaCTHIIEH He 3aBUCUT OT MyTH, IPOHJACHHOTO YacTULIEH, a
3aBUCHT TOJBKO OT HAYAIIBHOTO W KOHEYHOTO TIOJOXKEHHS YaCTHUIIBI, TO TAKHE CHJIBI HA3BIBAKOTCS KOHCED-
BAMUBHBIMU, A TIOTIE NOMEHYUAILHBIM.

3aKoH U3MeHEeHUsI MEXaHUYEeCKOI JHePTUH.
Tpupawenue mexanuueckol SHepeuu Yacmuybl pasHo pabome HeKOHCEPSAMUBHBIX CUIL.
3aKoH cOXpaHeHHsI UMITYJIbLCA

3amxnymoii cucmemoul Ha3bpIBa€TCS CUCTEMa, Ha KOTOPYIO HE IEWCTBYIOT HUKAKHE BHEUTHHUE Teja
(W1 UX B3aMMOJICHCTBHEM MOXKHO TIPEHEOpEYh).

Hunynve cucmemuvl wacmuy ocmaemcs NOCMOSHHbIM, M.e. He MEHAeMcs CO 8peMeHeM, eclu Cucmemd
3AMKHYMA UTU CYMMA 8CEX GHEUWHUX CUT, OeliCEYIOWUX HA YACMUYbL SMOLL CUCTNEMbl, DABHA HYIIO.!

p=>_ P(t) =const

VY He3aMKHYTON CUCTEMBI MOKET COXPAHATHCSA He MMILYJILC [, 2 ero NpoeKuMs Px Ha HalpaBlieHUE

8Hew

X, €CJIM Pe3yJIbTUPYIOLIAs MPOEKIUN BCeX BHEIIHUX CUJI HAa 3TO HAIpaBlIEHUE paBHA HYJIIO.

3aKoH M3MEHEHHs NMMITYJIbCA.
IIpouszeoonas umnynibca no épemenu OKazvl8aemcs pagHOU GeKMOPHOU CyMMe 8CeX BHEeUHUX CUN (8eK-
MOPHASL CYMMA 8CeX BHYMPEHHUX CUTl PABHA HYI0), OeliCMEYIOWUX HA YACUYbl CUCTEMb]

dp/dt = Z Foon

O0BeKTHI HCccIe0BaAHNS, 000PY/10BAHUE
[IpyXMHHBIN TUCTOJNET, IIYJIH, YCTAHOBKA C ITOABUKHBIM LIWJIMHAPOM U JINHEUKOU JJI U3MEPEHUs
CMEILCHUS TOABWKHBIX 4aCTEN YCTaHOBKH.
Pabouee 3ananue
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[Tony4uTh 3HAYEHUS CHIIBI TPEHUS U KOXPPUITMEHTA TPEHHUSI.
Iopsiiok BbINOJHEHUS PA0OTHI

1. OtBectu 3atBOp 3 nuctonera I1 B kpaitHee nonoxenue (pukcupoBanue ero NPOUCXOIUT aBTOMa-
Tudecku). CMelleHne 3aTBOpa COOTBETCTBYET CHKATUIO X MPYKUHBI. [oMeCTUTH MmyIo B CTBOJ MPY>KUH-
HOTO MHCTOJIETA.

2. Ilepemectuts numuHap L] B cTOpOHY cTBOJA MHUCTOJIETA A0 YIIOPA.

3. Haxxatuem cBepxy BHU3 Ha cityck C npousBecTH BoicTped. 1o mkane nuneiiku JI onpenenuts ne-
pemerienre | nunuHapa ¢ mysei.

4. OmbIT NOBTOPHTH 5 pa3, HATH cpeaHee 3HaueHue < | >.

5. Boraucnutb < Frp >, moncrasisis | =< | > B (7). Pe3ysbpraThl Mu3MepeHHii U BRIYMCIICHHUN 3aIicaTh B
tadiu.l u 2.

Tabnuna 1.

L wm

Tabmnuma 2.

X, m|myke|myke| KHm | <I>m | <Fu> H

Conep:kanue oTyera
3anonHeHHbie Tadaune! 1 u 2.

KonTpoJibHbIe BOonpockl

1. ChopmynupoBaTh 3akoH AMoHTOHa-KyroHa.

2. CpopmynupoBaTh 3aKOH COXPAHEHHUS U U3MEHEHUS UMITYJbCa.

3. B kakux ciayyasix MOKHO IPUMEHSThH 3aKOH COXPAHEHUS UMITYJIbCa JIJIsl HE3aMKHYTBIX CUCTEM?

4. BoiBecTu pacueTHYIO (pOpMyITy AJisl ONpeAeNICHUs] CHIIbI TPEHUS CKOJIbKEHUSI.

5. ChopmynnpoBaTh 3aKOH COXPAHEHUS U U3MEHEHHSI MEXaHUYECKOM SHEPrHH.

6. OnpenenuTh MyTh, TPOXOAUMBIN TEJIOM JI0 OCTAHOBKH, €CJIM 3a1aHbl HadaslbHas ckopocTh Up Tena
nocie yjaapa 1 Ko3(p(GUIUEeHT TPEeHUs 1 Tea O OBEPXHOCTb.

CHnucox HCIO0JIb30BAHHBIX HCTOYHHKOB

1. CasenneB U.B. Kypc obmieit ¢puszuku. T.1. Mexanuka. MonekynspHas gusuka. - CI16.: Jlans, 2008. —
352 c.-tnll, §15, 20-22, 24, 27
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JlaGopatopHnas pabora Ne 12
Omnpenesienne yckopeHusi CBOOOHOI0 NMaeHUus
¢ noMoubI0 GU3NIECKOr0o MasiTHUKA

[lesib paGoThI: SKCIEPUMEHTAIBHO OMPEACTUTh YCKOPEHHUE CBOOOTHOTO MaIEHUS C TOMOIIBIO (hU3H-
YECKOT0 MasATHHUKA.
Teopernyeckue cBeieHUs!
Mamemamuyeckum MagsTHUKOM Ha3bIBaeTCs MaTepuUaibHas TOYKA, [1OJBEIICH-
Hasi Ha HEBECOMOW M HEpPACTSLDKMMOM HUTU. Dusuueckum Masmuukom Ha3blBAETCs
m000e TBeplioe Teo, ClocoOHOe COBEpIIaTh KOJeOaHUs MO ACHCTBUEM CHIIBI Ts-

od KECTU BOKPYI' HEMOJBUKHOW TOPU30HTAIBHON OCH, IpOXoAsiiel uepe3 Touky O,
- "¢ JIeXalyIo Bbille ero nentpa macc C.
mg OTKJIOHUM MasiTHUK U3 MOJIOKEHUS PaBHOBECHUS HA HCKOTOE)LIfI yroa ¢ (puc.1)
u otiyctuM. Bo3HuKkaer Bpamaromnmii MOMEHT cuitbl Tsbkectn M =[d, m@], mpoek-
Puc. 1 1T KOTOPOro Ha ock Z paBHa M, =-mgdsine, rae m — macca texna; d — paccros-

HHUE OT OCHU BpalleHus Z 10 1ieHTpa Macc C. 3HaK MUHYC BbIpaxaeT TOT ()akT, YTO MOMEHT M; cTpeMUTCs

YMEHBIIUTH Yroia @. IIpy Manelx KoieO0aHHSX Yrodl (¢ Mall U MOXKHO IOJOXHUTH SINQ= @, IMOITOMY
2

M, =—mgh-o. IIpuMeHss ypaBHEHHE AWHAMHUKH BpaIlaTelIbHOrO IBIKeHUs M, =J d—(p HOJIYYUM

b
t2
2
P d-

nuddepeHIraIbHOe YpaBHEHUE TAPMOHHYECKUX KOoleOaHuii (PU3HMuecKoro MasiTHuka: J - d_ =-mgd -o

t

(p mgd
150301 q > ] ——@=0. CpaBHuBas 3TO ypaBHEHHE C YpaBHCHHEM KOJICOaHHMII MaTEepUAILHONW TOUYKU
t

d 2X 2 o o
ra +woX =0 MOXKHO HalfTH COGCTBEHHYIO YaCTOTY KOJNeOaHnH (PU3MYECKOTO MasTHUKA ®, =/Mgd/J
t

HWJIN BBIPA3UTH ICPUOJ

T—E—Z f \f L)

rIe 1=J/ md -

NpUBEJICHHAS JUTMHA (HU3NIECKOTO Mas[THI/IKa (()JzuHa HUMU MAmemMamuyecko2o MAasimHuKa ¢ maKum e
nepuooom, 4mo uy ¢uzuueckozo).

A B nanHoit pabote pusnueckuil MasTHUK NPEJCTABIAET COO0N MeTaIITMUYeCKUi
5 CTEep>KEHb, B IIEHTPE KOTOPOI'O >KECTKO 3aKpeIuleH MacCUBHBIA Tpy3 (puc.2). Ha
d, |- BEPXHEH MOJIOBHHE CTEPXKHS HAXOIUTCS MPHU3Ma, KOTOPYIO MOXKHO NEepeMeliaTh u
3aKpeIUIATh B BHIOPAHHOM MOJIOXKEHUU. DKCIIEPUMEHTAIbHO YCTaHABIMBAETCS 3a-
BHUCUMOCTb TIepHOia KoJeOaHUil MassTHUKA OT PAaCCTOSIHHS MEXIy peOpoM A mpus-
I MBI ¥ nenTpom Macc C. Bup rpaduka npuseneH Ha puc.3.

1 JI1si MpOM3BOJILHOTO 3HAYEHUS Tepuoaa [i Mmpsmasi, mapaiesbHas ocu abc-
LUCC, JaeT JIBe TOYKW mepeceueHust ¢ kpuoi: 1 um 2. To ects,
pacroyiarasi pebpo Mpu3Mbl B TOUKE |, HaXOSIICHCS HA PaCCTOsI-
Huu di ot C, a 3aTeM B TOYKe 2, HAXOMASIICHCS Ha paccTOsTHUU 02
ot C, MoJIyduM OJJMTHAKOBEIC 3HAUCHHSI TIEpHOJIa KOJIEOAaHUH MasT-
nuka: T1=T,=T. Torma Ha ocHoBanuu (1) u (2) momxydaem, 4TO
npuBesieHHas uinHa |1 oTHOCHUTENnbHO TOUKHM 1 paBHA MPHUBEICH-
HOU JutnHE |2 MasTHHKA OTHOCHTENBEHO TOYKH 2.

|
—

d

b

@)

Hcnonp3ys BelpaxeHnue (2), umeem
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|_i |_‘]_2 (3)

“md,” md,’
ITo Teopeme Illteiinepa
J=Jc+mdiu J,=Jc+md;  (4)

rae Jo — MOMEHT MHEPLMH OTHOCUTENIEHO TOPU30HTAIIbHON OCH, poxozseil uepes neHtp macc C u
napajesbHOW ocH KojleOaHU MasgTHUKA.
Tepema IlTeiinepa
MoMeHT nHepuuu Tesna J OTHOCUTENBHO MPOU3BOJIBHOW OCH A paBeH MOMEHTY MHEpLUUH Jc 3TOro

TeJla OTHOCUTEIBHO OCH, MAPAJLJIeJIbHOM JaHHOW U MPoXoasiiel yepe3 meHTP Mace C, CII0)KEHHOMY C
IPOU3BE/ICHUEM MacChl TeJa M Ha KBaapat paccrostHus d Mexay ocsimu:  J, =J¢c + md22

[Toacrasisis (4) B (3), uckimroyas Je 1 coKpaias Ha M, moJry4aem
Takum 00pazoM, uMest SKCIEPUMEHTAIBHYIO KpUBYIO (CM.pHC.3) st moboro 3Hauenus T u mpoBens ro-
PH30HTaIBHYIO MpsiMyI0, 110 Gopmyite (5) ompenenum |. Toraa u3 (1) Haiiem yckopeHHe CBOOOIHOTO

4n?|
=7 (6)
2
T
Ha npsimoii, coequnstoned Touky noaseca A ¢ uenrpom macce C Ha paccrosnuu | (T.e. Ha paccTosi-
HUH, PABHOM TPUBEICHHON JITMHE (PU3MUECKOT0 MasITHUKA) OT 2, HAXOAUTCS TOYKa 3. JTa TOUYKa Ha3bIBa-
eTcs LIEHTpOoM KadaHus. Eciiu nepeBepHyTh MasiTHUK M OCh KoJebaHus OyJIeT MpoXoIuTh Yepe3 TOUKY 3,
TO MEPHOJ ero KoyiebaHuit He n3MeHUTCs. Touku 2 1 3 Ha3bIBAIOTCS CONMPsiKeHHbIMHU (cM. puc.2). Taxke

OyIyT CONpsiKEHHBIMU TOUKU | U 4.

naacHus

O0BbeKTHI HccIe0BaAHNA, 000PyI0BAHUE
OnopHas npu3Ma, CTep>KeHb, CEKYHIOMEP.
Pabouee 3ananune
HaiiTi 3HaueHne yckopeHus: CBOOOIHOTO MaIeHUsI.
IHopsinok BbIMOTHEHNS PA0OTHI
A 1. OnopHyt0 TIpU3MY YKPENHUTh Ha KOHIE CTEPXKHS Tak, 4ToObI ee pedbpo A ObLIO Ha
yYpPOBHE OJMDKaiIIel pUCKU CTEPXKHS, KaK MOKa3aHo Ha puc.4.
2. Usmeputsb paccrosiaue d oT pedpa mpu3mbl 10 mneHTpa Mace C crepHst (Ha BepXHEH

MIOJIOBUHE CTEPIKHS YKa3aHbl 3HaueHHs pucok uepe3 10 cm ot nentpa C).

3. Pebpom omopHO# Npu3Mbl YCTAHOBUTH MasTHUK Ha MOJCTABKY MOCPEIUHE MPOPE3U
— NEPIEHAUKYIISIPHO €l U OTKJIOHUTH Ha YroJ 4° (KOCHUTECh TPY30M CTEHBI).

4. CexynaoMepoM u3MepuTh BpeMms ti momHbix N1 = 10 konebaHuii (HAYMHATH OTCYET
BPEMEHHU IPU MPOXOXKIECHUH MAaITHUKOM JIHOOOr0 KpaiHero mojoxeHus). Beraucauts me-
puon kosiebanwmii Ti = ti/ny.

5. Tak xe onpenennuTs BEIMYMHY NIEPUOJIA, IEpEMEIAsl KaX bl pa3 OMOPHYIO NPU3MY
Ha TPU CAHTUMETPOB K LIEHTPY cTepKHsA. [lonyunTs 3Ha4ueHus 15 nepuoaos.

Puc. 4 6. ITo moy4eHHBIM JaHHBIM OCTPOUTH I'pauK 3aBUCUMOCTH Iepruoa Konedbanuit T o
paccrosiaus d (puc. 3).

7. Jlns mpou3BOIBHOTO 3HAYSHMS MEpHUO/a T MPOBECTU MPSAMYIO, MAapaIeNbHYI0O OCH a0cIHce, KO-

TOpasi AaCT JIBE TOUKH TepeceueHust ¢ kpuBoit: di u d2. dy +d, =1 — mpuBeneHHast [UIMHA MasTHUKA [TPU

s LTI 111

ATOM TIEpHO/Ie KOTeOaHMiA.

8. Mo popmyse (6) ompeaenuTs yCKOpEeHHe CBOOOIHOTO MaICHHS.

9. AHaJOrMYHO MOJCYMTATH Qi ellle YeThIpe pa3a, Oeps Apyrue 3HaueHUs i U OMpenensisi COOTBET-
cTBytomue um l.

10. Haiitu cpennee 3HaueHue < ¢ >.
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11. CriyyaiiHble OTKJIOHEHHS KaX/I0T0 U3MEPEHHUsI YCKOPEHHS CBOOOIHOTO MAICHUs OTIPENIEIUTD 110

dopmyne Ag; = g;— < J >, a cpeaHee KBaJpaTHIHOE OTKIIOHEHUE — S = /%Z(Agi)z . [TorpemuocTts
n —

pesyibrata Ag =S/ Jn.
12. JlanHbIe U3MEPEHUH M BBIYMCICHUHN 3aHECTH B Ta0.1-2.

Tabnma 1.
d,
t, c
T,c
Tabmmra 2.
Ti,c | dy, M | dz2, M | G, (Agi)?, <g>|S, Ag,
m/c? m/c? M/ | m/c?

Conep:xaHue oT4yeTa
3anonHeHHbIe TabauIbl 1 1 2. 3HaueHne yCKOpeHUs: CBOOOTHOTO Na/IeH!s, 3alIMCAaHHOE B BUJIE
g =(<g>=*Ag), m/c%
KonTposbHbie Bonpochl
1. aiiTe onpeaeneHue MaTeMaTHYECKOro U (PU3HMUECKOT0 MasiTHUKA.
2.BeiBenute opmyiy nepuosa KosebaHui GU3NUECKoro MasiTHUKA.
3. Uro Takoe mpuBeaeHHas ;nHa? Kak oHa cBsi3aHa ¢ MOMEHTOM MHEPLHMH (PU3MUECKOr0 MasiTHUKA?
4. Yrto Takoe CONpsyKEHHbIE TOUKU?
5. Chopmymnupyiite Teopemy Llteiinepa.
6. Illap 1 qUCK ¢ OIMHAKOBBIMM paJlyCaMH U MaccaMH COBEPIIAOT KojeOaHUsI OTHOCUTEIbHO TOPU30H-
TaJbHON OCH, IPOXOSIIEH O KacaTeIbHOW K MOBEPXHOCTH. PaBHBI 1M 4acTOTHI UX KOojieOaHU?
Cnucok uCnoIb30BaHHBIX HCTOYHHKOB
1. CaBenneB U.B. Kypc obmieii pusuku. T.1. Mexanuka. MonekynspHas ¢usuka. - CII0.: JIanp, 2008. —
352 c.-ti.lV, §33, rn.V, §39, rn.VI, §46, rn.VII, §54
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JlaGopatopHnas pabora Ne 13
N3y4yenune ko1e0aHNi NPYKUHHOTO MASITHUKA

Ileab paboThl: M3Yy4UTh COOCTBEHHBIC KOJICOAHHUS MPYKMHHOTO MasiTHUKA (HEe3aTyXaloIlue B BO3yXe
U 3aTYXaIOLINE B )KUKOCTHU), OTIPEACTUTh XapaKTEPUCTUKH 3aTyXarOIUX KOJICOaHUH.
TeopeTnyeckue cBeieHHsI
I"apmonrmueckue KoyiedaHus MPEACTABISIOT COO0N MEPHOAMYSCKUNA TPOIECC, B KOTOPOM H3MEHEHHE
BEJIMYMHBI TIPOMCXOJUT 1O 3aKOHY KOCHMHYyca (Wiau cuHyca). Hampumep, mpoekius paguyca-Bekropa I
TOYKH, JBHIKYIEHUCS 10 OKPY)KHOCTH, Ha OCh X , JISYKAIIYIO B IJIOCKOCTH JABHKEHUS TOYKU (PHUC.2), U3Me-
HSETCS CO BPEMEHEM I10 KOCHHYCOUJAIBHOMY 3aKOHY. Ecim okpyxk-

HOCTb UMEET paauyc A= |F , @ YTII0Basi CKOPOCTb BPAIIEHUSI TOUKU M

IMMOCTOsAHHA, TO ITPOCKIUA

7 x = Acosp = Acos(mt+qy)
|
% } [Teprion u3MeHeHUs X , O4eBUIHO, OyzeT paBen T =2n/w, rae T
0 —x x — BpeMsl OJTHOTO 000pOTa TOYKH, Yepe3 KOTOPOe BECh MPOIECC B TOU-

HOCTH IIOBTOPACTCA; O — HUKIMYCCKaAA (prrOBaﬂ) qacTtora, @ —

HavyaJIbHBII yroJ MOBOPOTa OTHOCUTEIBHO ocu X . Clie1oBaTesIbHO, ©
OTIIMYAETCS MHOXKUTENIEM 27 OT YaCTOTHI V:
o =21V
Tak xak MakcUMalbHOE 3HAUYCHHE KOCHHYCA PaBHO €IMHHUIIE, TO MAKCUMAJIbHOE 3HAYCHUE X PaBHO
A . DTo MaKkcUMallbHOE 3HAYEHUE HA3BIBACTCS aMILTUTYAO0N KOJIeOaHMiA.

Puc.2

ApryMeHT KocuHyca (ot +@g ) HOCHT Ha3BaHue (a3l KOIeOAHNIL, @ @y - HaYaIBHON (asbl KoneOa-
HU.

ITycTs Teneps rapMOHHYECKHE KOJICOAHUS BIOJb OCH X COBEpINAeT MaTepuaibHas TOYKa Maccou
M . BeisicHUM, Kakast IpU 3THX YCJIOBHSAX Ha Hee JIOJDKHA AEHCTBOBATh CHJIA.

ITpoekuust CKOPOCTH TOUKHU HA OCh X

v, =dx/dt =—Awsin(ot+q, ),
MPOEKIUS YCKOPEHHS
2 2
a, =dv, /dt =—Aw” cos(ot+ ¢y ) = —0°X
ITo BrOpOoMy 3akoHY HproTOHA
F, =ma, =-—Mmo’x = —kx

rae K - mocrosiHHBII KO3 dUIIHEHT.

Takum 0bpasom, 0na mo2o 4mobbl MAMepuanIbHas MOYKA CO8EPULANA 2aPMOHUYecKUe KONeOanus,
0elicmeyIowas Ha Hee CUNd O0NHCHA OblMb NPONOPYUOHAILHA X U HANPABIEHA 8 CIOPOHY, NPOMUBONO-

J0xcHy10 cmewenuio X . Takas cuna nazvieaemcs ynpyeou (Ui 6 oouem ciyyae - Keasuynpy2ot).
LS s LIS PaccmotpuM cucreMy, COCTOAILYIO M3 Tpy3a Maccoil M, mojase-

IIEHHOTO Ha TMPY>KUHE, MAacCON KOTOPOW MOXHO mpeHedpeusb (puc.3).
[Tycts |y - mnimHa npyxuHbI 0€3 MOIBELICHHOTO K HEil rpysa, Torjaa
I
0
i
X

¢ I IO/ TSDKECTBIO Tpy3a mpyxkuHa pactsHercs Ha Al =1-1;. B nmomoxe-
HUH PAaBHOBECHS MOJYJb CHJIBI TSDKECTH MY paBeH MOIYIIO YIPYroi
cuibl KAl: mg =KAIl, rne K - koadduimeHT ynpyroctu npyXHuHBI.

Ecnu BeIBecTH Tpy3 M3 monoxeHus paBHoBecus 0, To Ha rpy3 Oy-
JIeT JICHCTBOBATH JIOTIOJHHUTEIbHAS CHJIA YIPYTOCTH, MPOEKIUS KOTO-
poii Ha HampaBJICHHYIO BHH3 0Ch X OymeT paBHa F, =—kx (3akon I'y-

Al

Puc.3 —

ka). [loxg meiicTBMEM ATOM CHIIBI TPy3, MOCIE CMEIIEHUS Ha X=A u
MPEIOCTABIICHHBI caMOMy ceOe, OyJIeT coBepIIaTh rapMoOHHYecKHe koyieOanus. OCHOBHOE YpaBHCHHE
JUHAMHKU TIOCTYNATEIbHOTO IBUKEHUS (BTOpOH 3akoH HbroToHA) 11 rpy3a IpUHUMAET BUA
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0 d 2x
dt?
Pemenue storo YpaBHCHHA UMCCT BUJ
X = Acos m,t (5)
Oyukuus (5) - 3TO 3aKOH JIBIXKEHUS Tpy3a Ha MIPYKUHE, rAe A - aMIUIMTy1a KoieOaHus, T.e. HauboJb-
1iee OTKJIOHEHHUE Tpy3a OT MoJiokeHus1 paBHOBecus. [loacrasiss pemenue (5) B (4), monyyaem

—me3Acos mgt = —kAcos mt
OTCIOI[a cOOCTBEHHAA 4aCTOTA CUCTEMBI

= —kx 4)

030: —
m

Tak kak T =2n/®wy , 10 T =271 %

B paccMoTpeHHOM mpuMepe HE yUUTHIBAIAch CHJIa COMPOTUBIICHUS, TIO3TOMY KOJIeOaHUsI CYUTAIMCH He-
3aTyXaroIIuMHU.
3aryxamomme KojJe0aHus
Bo Bcsikolt peanbHOM KoJIe0aTeIbHONW CHCTEME UMEKOTCSI CUJIbl COMIPOTUBIICHHUS, MO JICHCTBHEM KO-
TOPBIX KoJieOaHust OyayT 3aryxaTh. [Ipy HOCTATOYHO MaJIBIX CKOPOCTSIX JIBHMIXKEHUS CUJIa CONPOTHBICHUS

F nmponopuuonanbHa ckopocT V (I - KO3 OHUIIMEHT COMPOTUBICHUS CPEIbI):
F=-rv

WJIM B IIPOCKIUH HA OCh X ©
= —rdx/dt

3HaK MUHYC O0YCIJIOBJIEH T€M, UTO cuila F ¥ CKOpocTh V MMEIOT IPOTUBOMNOJIO0KHOE HAIlPABICHUE.
ITo BTOpOMY 3aK0Hy HeroToHa HaiiieM ypaBHEHUE 3aTyXaloUMX KOJIeOaHU:

d X dx
=—kx—-r— (6)
dt dt
Pemenunem ypaBHenust nBukeHUs (6) sBIsieTCs GYHKIHS (3aKOH TBUXKEHUS)
x = Aye P cos(mt + o) 7)

IlocTosiHHBEIE A\) n g MOTYyT OBITh J'IIO6I:>IMI/I, B 3aBUCUMOCTH OT Ha4daJIbHBIX YCJIOBI/Iﬁ JABVIKCHUAA.

Otmerum, uto A, - 3TO HavyaJbHas aMIUIUTYAA; 3 - Koa(b(bI/IuHeHT 3aTyXaHus; ((ot +OLO) - ¢a3za koneba-

- \/7 rae g —\/7 a B— . Koap-

m 4m?
dbunreHT B XxapakTepusyeT CKOPOCTh 3aTyXaHHUs KoJIeOaHWM, T.€. YMEHBIICHUE aMIUIUTY/IbI 32 €IUHUILY
BpPEMCHHU.

Ecmu koo dummeHT 3aTyXaHusi CHCTEMBI OY€HBb OOJBIION, TO MOKET BBIITOIHUTHCS yCIoBHE [ > @ .

HUS, a Oy - HayajubHas (asza kojeOaHUs, o =

B sTOM citydae rapmMoHHUYeCKHX KoJieOaHUN HE BO3HUKHET, a OyJeT HaOJI01aThCsl anepuoIn4ecKoe JIBU-
KEHHE Tpy3a.
Ha puc.4 npexncraBneH rpaguk 3aBUCUMOCTH X OT t Ais 3aryxato-

X 19
MHUX KOJIEOaHUH.

- BricTpoTy 3aTyxaHusi B 3aBUCUMOCTH OT YHUCIIa KOJIeOaHUH XapakTe-

1
A, A, pPU3YIOT JIoTapu(MUYECKUM JAEKPEMEHTOM 3aTyxaHus. Jlorapupmuye-
W CKUH JIEKPEeMEHT 3aTyXaHus 0 paBeH HaTypajJbHOMY JOTrapu(My OTHO-

= IICHUS JBYX COCEAHUX aMIUTUTY/ OJHOTO 3HAaKa:

\ A st

=In—.

Puc.4 Ecnu u3Bectna A, - HayanbHas aMIUINTYyAa U A, - aMIUIUTYy/a Yepes

49



N mepuoa0B (WM Yepe3 N MOJHBIX KoJeOaHuil), TO JIorapu(pMUUIECKUNA TEKPEMEHT 3aTyXaHus
1
0==In fa) .
n

Koaddunuent 3aryxanus 3 xapakrepusyer 3aTyxaHue KojeOaHul 3a eMHHILY BpEMEHH, a Jorapud-
MUYECKHI IeKpeMEeHT 3aTyxaHus 0 - 3aTyxaHue KojiebaHuii 3a epuoj, ciaenoBaresnbHo: 0 =BT .

O0beKThI HccIe0BaHNUA, 000PyI0BaHUE
YcTaHoBKa ¢ ynpyrou npy>kKHHOM, HaOOp IPy30B, CEKYHIOMED.
Onucanue ycTaHOBKH
B nanHOl paboTe MasTHUK MPEICTABIAECT COOOM MPYKUHY MaJIOH Mac-
L L CBbI C TPY30M Macchl M Ha ee KoHIE (cM.puc.l). BeiBeneHHbIi U3 monoxe-

% HUS PaBHOBECHS M TPEJOCTaBICHHBIA caMOMy ceOe Tpy3 MasiTHUKa Oyner

coBepuiath coOCTBeHHbIe KojeOanus. CONMpOTUBICHHE BO3AyXa CpPaBHU-
TEJHHO HEBEIMKO M €ro MOKHO HE yYUTBIBAaTh. Torja mepuoja KojeOaHui
rpy3a omnpeaensercs GopMyIoi:

e
m
Puc.1 T=2n ? (1)

rae K - koaddupenT ynpyroctu mpy>KuHBI.
Koaddunment ynpyroctu npykuHbl K MOXHO HaiTh craTmdeckuM meronoM. Ecmu |y - mmmHa

NPYXHHBI B HEHArpy>KeHHOM COCTOSIHUM, a | - JIMHa IPYXKUHBI C TPY30M B COCTOSIHUHM PaBHOBECHS, TO B
ITOM CIIy4ae MOAYJIb CHIIBI TSHKECTH MQ PaBeH MOIYJIIO CHIIbI yipyroctu K (I - |o) ;

mg=k(|—|0),0TKy,Z[a k:mg/(l—lo) (2

Kosddunment K dncrneHHO paBeH cuie, KOTOPYIO HY)KHO NMPWIOKHUTH K TPYKUHE TIPU YIIPYTOH Jie-
dopmaruu, 4ToObI pacTSIHYTh (WM CKaTh) NPYKUHY Ha €IMHUILY JUIUHBI.

N3 dpopmyisl (1) numeem

k = 4n°m/T2 ©)

Beipaxenue (3) mo3BoJSIeT ONMPENeNIUTh 3HAUYCHHE K IMHAMHYECKHM CIOCOOOM M MPEIOCTABISCT
BO3MOXHOCTb CPAaBHHUTB €T0 CO 3HAYCHHUEM, NTOJIyY€HHBIM CTATHYECKUM METOA0M 10 Gopmyiie (2).

Ha npyxuHe, pacrnonoxeHHO! cieBa Ha puc.l, U3ydaroTcs 3aTyXarolue KojJedaHus rpys3a B KHUIKO-
cTi. ONBITHBIM IYTEM OIPENENAI0TCS epHoA KoneOaHuil, HauanpHas Ay U yepe3 N kosnebaHuit A, am-

IUIATY/Bl M MIOJICYUTHIBAETCS JOrapupMHUUECKUIl TeKpeMeHT 3aTyxaHus 0, KoapdUIMEHT 3aTyxaHus 3 u
KOX(PUITMEHT COMPOTUBIICHHUS I .
Pabouee 3ananue
Haiitu 3Hauenus norapuMudeckoro aekpeMeHTa kojaeOaHui, ko3(UIMEeHT 3aTyxaHus 1 Kodppu-
IIUCHT COMPOTHBIICHHS TPY)KMHHOTO MasiTHUKA.
ITopsinok BbINOJIHEHUS PadOTHI
1. OmpeaenuTs Mo IIKajle «ECTECTBEHHYIO» JUTMHY |y MpyKUHBI, YKpPEIJICHHOH ClpaBa Ha yCTaHOB-

Ke.
2. Ilpu Tpex pa3IUuHBIX TPy3aX B MOJIOKESHUN PABHOBECHUS ONPEIACTUTh JJIMHY TPYKHHBI | .
3. B kaxxJ0M onbITe BBIYUCIUTH KOO(PPHUIIMEHT yNPYroCcTH MPYKUHBI B COOTBETCTBHH € (POpMyon

(2) u HaiiTH ero cpeaHee 3HaUeHUE <k> . Macchl Bcex rpy30B yKa3aHbl Ha HuX. JlaHHbIe 3aHecTH B Ta0u. 1.

Tabnuua 1.

ly, M m, Kr I, m k, Hm™m <k>,H/M

4. TlogBecuTh Ipy3 K ITOH K€ MPYKUHE U BBIBECTH MAsTHUK U3 IOJOXKEHHSI pPAaBHOBECHS, CMECTHB
BHU3 Ha 2-3 MM, 1 oTnycTuTh. CexkyHaoMepoM u3MepuTh Bpems t monHbix N =10 konebanuii (HaYMHATH
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OTCYET TIPU TPOXOXKICHUHU IPY30M BEPXHETO HIIM HIDKHETO mosiokenust). Tora mepuos konebaunuii T/n .

OnbIT NOBTOPUTH 3 pa3za ¢ ITUM IPy30M M HalTU cpeJHee 3HaueHue nepuoaa 1 .
5. To xe mpojenars enie ¢ AByMs rpy3aMH pa3iIndHOi Macchl. [laHHbIe 3aHECTH B Ta0.2.

n=... Tabauia 2.
m,kr |t,c T,c T,c T2,¢2 | k,Hm <k>,
H/m

6. Tloctpoiite rpaduk 3aBUCHMOCTH T2 OT Macchl py30B M . Microms3ys 51oT rpaduk u Gopmyiy
(3), onpenenuTh 3HaYeHNUE KOA(D(DUIIMCHTA YIIPYTrOCTH K : CPaBHUTH €ro CO 3HAYCHHUEM, MOJYYCHHBIM 110

dopmye (2).
7. OnbIT poeNaTh ¢ MPYKUHHBIM MassTHUKOM, IPy3 KOTOPOTO IMOMEIIEH B COCY/I C BO/I0i. BriBecTr
Ipy3 U3 MOJIOKEHUS paBHOBecUs, HanpuMmep Ha Ay =20 MM, U, OTIIYCTHB €ro, BKJIIOYHUTH OJJHOBPEMEHHO

cekyHaoMmep. OnpeaenuTs Bpemsl, 3a KOTOpoe OH coBepiIuT Ny, = 20 mojaHbIX KoneOaHU, a TaKKe aMIUIH-
Tyy Kosnebanuii nocie Ny koneGaHuil A, . ONbIT BHIIOJIHUTE 3 pa3a U HalTH cpe/lHee 3HaUYCHHUE Nepruoia
T, ¥ aMIMTyaB! N -TO KoneGanus A, .

Tabnuua 3.

Dl
=
—

m A A M Y T | T, | A

KI' c c C MM

2
MM | MM c Kr/c

Ay

. 1
8. Bbrunciauth JorapupMudecKuil JAEKpPEMEHT 3aTyXaHUs 9:—|ni; KO3 (ULMEHT 3aTyXaHUus
n

0 o
B= = 1 ko3 duienT conporusieHus I = 2m,3 . JlanHble n3MepeHnii 1 BEIYUCICHUI 3aHeCTH B Ta0m.3.
1

Conep:xxaHue oT4yera
3arnonHenHbIe Ta0IuIE 1-3.

KOHTpO.]II)HbIe BOITPOCHI

1. KakoBbl HEOOXOAMMBIE YCIOBUS JIsl BO3OYKIEHUSI TAPMOHHUYECKUX KOJICOaHUI B MEXaHUUECKOMN
cucreme?

2. Yem ompepensieTcst Ieprol, aMIUTATYa U HadallbHast paza CBOOOIHBIX MEXaHHMYECKUX TapMOHHYE-
CKUX KosieOaHun?

3. Ilpu kakoM yclIOBUU KOJIeOaHHs TaHHOTO NMPY>KUHHOTO MasiTHUKA He Oy/1yT BO30YKIaThCs, IBU-
KEeHHe ero OyJeT anepuoIuIecKum?

4. KakoB ¢usnyeckuit cMpici K03 HULIMEHTa YIPYTOCTH NPYKUHBI?

5. KakoB ¢usnueckuii koadppuirienTa 3aTyxanus, JorapupMU4eckoro qeKpeMenTa 3aryxanus? Kax
OHM CBSI3aHBI IPYT C Ipyrom?

6. 3anucaTh AMHAMUYECKUE YPAaBHEHUS U 3aKOHBI IBM)KEHUS I'py3a Ha MPYKHUHE.

7. lomyuuts GpopMyiy nepuojia KouedaHuil Npy>KUHHOTO MasiTHUKA.

CnucoK HCNMOJIb30BAHHBIX HCTOUYHHKOB

1. CasenweB U.B. Kypc o6meit ¢pusuku. T.1. Mexanuka. MonekynsapHas ¢usuka. - CI10.: Jlans, 2008. —
352 c.- rn.VIL, map.50, 53, 58
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JlaGopatopHnas pabora Ne 14
Onpenesienue nokasaressi aAuadaTbl METOAOM
Kiuemana u /lezopma

ue.]'[]) EaﬁoTbI: OMPCACIIMTD IMOKAa3aTeCJIb aI[I/Ia6aTBI " CPAaBHHUTH €TI0 BCIMYUHY C TCOPCTUYCCKUM 3HA-
YCHUEM.

TeopeTnyeckue cBeieHHs!

Cpenu TpoIeccoB, MPOUCXOMANINX C Ta3aMH, YacTO BCTPEUACTCS U OYCHBb BAXKEH A0uaOAmu4eckutl
npoyecc, npomekarowuil be3 nepedayu menia. YToObl MOTYIUTh €r0 YpaBHEHHE, BOCIIOIB3YEMCS IEPBBIM
HAYaJIOM TepMoJIMHAMUKH. Ero ¢popmynupoBka: menioma, coobwaemas cucmeme (2azy), uoem ua uzme-
HeHue BHYMPEHHeU SHepeuu CUCIeMbl U HA CO8epuieHUe CUCMeMOU pabombl HAO GHEWHUMU CUIAMU
(npomue Oeticmaus 6HeUHUX CU)

5Q =dU +3A.
I[JISI 3aIlIiucCu Hepez{aBaeMoro TCIIJIa YI[06HO BBCCTH ITOHATUC TCIINIOCMKOCTHU C = d_T - 9TO 8élUYUHA,

paeHas Kojauvecmey menjiombsl, KOmopyro Haoo coo6u;umb cucmeme, umobwvl NOBLICUMDb ee memnepamypy
na 1 K. Jlaniee 3TuM cuMBOJIoM OyzeM 0003Ha4aTh MOJISIPHYIO TEIUIOEMKOCTh, OTHOCSIIYIOCS K 1 MO0
BCIIIECTBA.

BennunHa TEIUIOEMKOCTH 3aBUCHUT OT CIIOC00a, KOTOPBIM cHcTeMe coobmaercs: Temuo. [Ipomeccsl ¢
MOCTOSTHHOM TETJIOEMKOCThIO HA3BIBAIOTCS MOJIUTpONHuecKUMU. OJTHUM U3 TaKUX MPOLIECCOB SIBISIETCA
IpoIecC HArpeBaHMs WICATBHOTO ra3a MpU MOCTOSTHHOM o0BeMe (uzoxopuueckuii npoyecc). MonsipHas
TETIOEMKOCTh TaKOTO Ipolecca obo3Hauaercs Cy, .

Tak kak pabora, coBepIiaeMasi ra3oM Ipu yBeauueHuu ero oobema va dV pasua S6A= pdV , To mpu
U30XOPUYECKOM Ipoliecce paboTa ra3oM He coBepmiaercs, T.e. 0Q =dU u
C, = 0Q _au
dT \V =const dT

Ortcro/ia, M3MEHEHHE BHYTPEHHEH 3HEPTHU OJJHOTO MOJIs uaeaibHoro raza oyner dU =C,,dT, a s
.o m
npon3BoibHON Maccsl M raza dU =—C,, dT .
1)

Torma MEpBOC HAYAJIO TCPMOJAUHAMUKU I UACAIIBHOI'O T'a3a MOKHO 3aIlliCaTh B BUJIC:

50="caT =Mc dT+pav. Q)
[ [

[Iponece, nmpoTeKkaromuii NPy MOCTOSIHHOM JIaBJICHUHU, HA3bIBACTCS U300apuyeckum, a MOJISIpHas Tell-
JIOEMKOCTB JUIsl TaKoro mporecca obo3Havaercss Cp . HaiineM cBsi3b MeXAy TEIIIOEMKOCTSMU JUISl YIIOMSI-
HYTBIX TporieccoB. J[Ist 3Toro Ham MOHaOOUTCS YpaBHEHUE COCTOSIHMS JUISI OJJHOTO MOJISL UJ€aJIbHOIO
rasa

RT =pV, (2)
R
roe R - YHHUBEpCaIbHAas ra3oBas MOCTOSTHHAs. Otcrona, npu p=const, HaxXoauM, 4YTO —— = E ,a
P=const
u3 ypaBHeHus (1) umeem
C,dT + pdV (dv j
Co=2—""=C,+p|—|=C,+R. (3
P dT CHPlgr )7 )

DTa CBA3b MOJISIPHBIX TEIUIOEMKOCTEN Ha3bIBA€TCs ypasHeHuem Matiepa.
Teneps paccmoTpum aauadaTudeckuii mpouecc, A koroporo 0Q =0, 1 mepBoe Hayalio TEPMOAU-
HamMuKH (1) a5 0THOTO MOJIS UIeaIbHOTO Ta3a 3alHILIeTCs B BUJE:

pdV =-C, dT . (4)
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B ypaBHeHuu cocrosinus (2) 1151 OTHOTO MOJISL UACAIBHOTO Ta3a MEHSAIOTCS BCE TEPMOIMHAMUYECKUE

V +V
napamerpsl, P, V, u T. Berancisas auddepennnan, moayunm dT = w . [loxcraBisas 3TO BeIpaxe-

HHe B ypaBHeHue (4), naxoaum, uro (C, +R)pdV =CppdV =-C,Vdp .

C
OTHOIIEHNE Y = —" Ha3BIBACTCA noKasamenem aouabamsi. B mocie HeM MOTy4eHHOM yPaBHEHUH
dv dp
pasJesauM MEepPEMEHHBIE U IIPOMHTErPHPYEM: Y|—=- I —.
P
Orcroma yInV =—In p+const. Otcrona nmoyyaeM ypaBHEHHE aquabaTHUECKOTO MpoIecca s uje-
aIIbHOTO Ta3a Wi ypasuenue Ilyaccona: pVY =const . (5)
Ucnonw3ys ypaBHeHue cocTosiHUs (2) MOXKHO 3anucarh ypaBHeHue I[lyaccona uepes npyrue tepmo-
JMHAMHYECKHE TIEPEMEHHEIE: TVt =const mwm T7p"™” =const. (6)
WneanbHBIil Ta3 — 9TO COBOKYIIHOCTh HE B3aWMOJEHCTBY-FOLIHMX
MOTEKYITH APYr C APYrOM Ha PACCTOSHUU MOJIeKysl. Takue MOJIEKYIbI K TOMY K€
z He 1eOPMUPYIOTCS, T.€. HMEIOT MOCTOSHHYIO (JOPMY U OYEHb MaJIbIid
O JLHOATOMHAS =3 Pasmep. Pasmepom OIHOATOMHOI MOIICKYITbI BOOOIIE TPEHEOPEraroT,
y CUMTas eec MaTepUaIbHOM TOYKOM, CIIOCOOHOW JIBUTAThCS B TPEX HE3a-
X N
7 BHCHMBIX HaIlpaBJICHUSAX, T.e. UMeEIomed | = 3 cTeneHu CBOOOJBI.
QL(pz JIByXaTOMHbBIE ¥ MHOTOATOMHBIE MOJIEKYJBI MMEIOT JIOMOJHUTEIbHBIE

JABYXaToMHasdg %%’—y) 1=5 BpaliaTeabHbIe CTETIICHH CBOOO/IBI, TTOKa3aHHBIC HA puC. 1.
x# BHyTpeHHss1 5Heprus HIalbHOrO ra3a CKJIaJbIBAa€TCS TOJIBKO U3
s KUHETHYECKON dHEPruu ero Mojekys. CKOpoCTH MOJIEKYJ TaKoro rasa
MHOTOaTOMHAS %9 1=06  pasnuuHbl, HO MOAYMHSIOTCS pacrpejeieHno Makcgenna. C ero mo-
xp2 Y MOII[BI0 MOXKHO BBIYHCIIUTH CPEIHIOI0 SHEPIHI0, NPHXOAAILyIocs Ha |
Puc. 1 creneHb cBoGomsl Monekynbl: KT/2, tme k=R/Nj,- mocrosiHHas

BOJ'ILI_[MaHa, R - YHUBCpPCAJIbHAA Ir'a30BasA IOCTOSHHAA, NA- qHuCIIo ABOF&I[pO. Torma CpeaHAsA SHEPIrus

. . i
OJIHOW MOJIEKYJIBI C | CTeTeHsIMU CBOOOBI paBHa < E >= > KT , a Tak xak 1 mounb raza cogepxut N , Mo-

i
JeKy, To ero BHyTpeHHsist sHeprust U = N, < E >= > RT.
CpaBHuBas ¢ TepmonuHamMudeckor popmynoit U = C, T, Haxoaum, 4TO HeaNbHBIN ra3 U3 MOJIEKYJ C

. i i+2
| creneHsiMu cBOOOBI UMEET MOJIIpHBIE TemtoemMkoct C, = > R; Cp=C, +R= N R, 1 nmoka3zatenb

annadaTel
I+2
Y= (7)
s omHoaToMHOTO Ta3a ¥ =1,667, nist nByxaromuoro - y=1,40, nist MHOroatomHoro - y = 1,333.
Boznyx siBrsieTcsi CMEChi0 MHOTHX Ta30B - ABYXaTOMHBIX N2, Oz ,..., TpexatoMusix - CO2, H20 u T.1I.

Tak Kak 0JIsT MHOTOATOMHBIX M OJHOAQTOMHBIX Ta30B B HEM MaJia, TO MOXKHO OXHIAaTh, YTO BEIUYMHA
v 7S Bo3ayxa Oyzer O6Ju3Ka K COOTBETCTBYIOLIEMY 3HAUEHUIO U1 IByXaTOMHBIX ra3oB: y~1,4.

st SKCepUMEHTaIbHOTO OTNpeeNieHUs MoKa3aTens ajaua-
06aTel BO3JyXa MCIIOJIB3YEeTCS YCTAaHOBKA, H300pa)KeHHas Ha
puc.2. OHa cOoCTOUT U3 OOJBIIOTO CTEKISTHHOTO OayuioHa b, co-
enuHeHHOro uepe3 kpad K ¢ macocom H unu armocdepoii. Ma-
HOMETp M CHyXWUT Uil U3BMEPEHUS Pa3HOCTEN JaBJIECHUM Ta3a B
6amutone u B arMocepe. B ycnoBuAX sKcrepUMEHTa BO3IyX
MOYHO CUMTATh UJCATbHBIM [a30M.

atmocdepa b H
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[ToBepuem kpan K B monoxenue |, coequnss 0amioH ¢ HACOCOM, U HaYHEM HaKayMBaTh BO3IYyX B
6ayu10H. Tak Kak 3TOT NPOLECC MPOUCXOIUT JOCTATOYHO MEJUIEHHO, TO 33 CYET TeINIO0OMEHa Yepe3 CTeK-
JSIHHBIE CTEHKH OaJlIOHa yCIIeBAaeT YCTaHOBUTHCS TEIJIOBOE paBHOBecHe. Temreparypa BO3Iyxa BHYTPU
0ayuI0Ha 1ociie HakauyuBaHUs OylieT paBHa KoMHaTHOU Temmneparype Ti1. Ho naBnenue BHyTpu Bo3pacteT
710 BEJIMYMHBI

P = Po +pghy, (8)

r1e Po - JaBJIeHUE BO3AyXa B OKpyXaromeil atmocdepe, a pghy - pa3HOCTh THAPOCTATHYECKUX JIaB-
JICHUH >KUKOCTH C TUIOTHOCTBIO P B JIEBOH M mpaBoil TpyOkax U - o6pa3noro manomerpa (puc. 2).

Brrranm Teneps TpyOky kpana K, coequnsist 6amion ¢ atmochepoil. Bo3ayx oueHb ObICTPO BBIXO-
JUT Yepe3 OTBEPCTUE, pacIIUupAACh, TEIIIOOOMEH He ycneBaeT NMPOU30HTH U MPOLECC MOKHO CUMTATh
annabarnyeckuM. B cooTBeTCTBHM ¢ ypaBHEeHUEM (3-6) pH pe3KOM YMEHBUICHUH JaBICHUS YMEHBIIUTCS
U TeMIepaTypa: BO3yX B OajuioHe OyJIeT OXJIaKIeH 0 TEMIIEpaTypbl HUKE KOMHATHOM!

B MomeHT, KOTZ1a JaBjeHHE BO3MyXa B COCYyIe CpaBHHUBAeTCs ¢ atMochepHsiM ( P’ = Py, BHIPaBHH-

BalOTCS YPOBHU JKHUIKOCTH B MAaHOMETpE), MpoOKa KpaHa IUIOTHO 3aKphIBacT OAUIOH B mosioxkeHud |l
(puc. 2). 3a cuer TermooOMeHa Yepe3 CTEHKU 3aKPBITOr0 OasIoHa HAYMHAETCS M30XOPHUECKOEe HarpeBa-
HUE OXJIAKJIEHHOTO Bo31yxa B HeM. [Ipu 3ToM naBiieHne B OayioHE pacTeT U YPOBHU KUJKOCTU B MaHO-
MeTpe MOCTENEHHO PAacXOIATCs A0 TeX IOp, MOKa TeMIieparypa BHYTpU OalsIoHa HE CTAHET PaBHON KOM-
HatHOU: T2 = T1. B 3TOT MOMEHT faBiieHrEe BO3/1yXa B OAJIJIOHE YCTAHOBUTCS HA BEJIMYMHE
P2 = Py +pghs. ©)

[Tpoueccrl, mpoTeKawIre B CUCTeMe, H300paKeHbl Ha puc. 3. B MOMEHT OKOHYaHUS aauabaTHOTro pac-
IIMPEHHS B OaJUTOHE OCTAHETCS YacTh BO3JyXa ¢ Maccol Mip , 3aHMMaBIIas MepBOHAYAIBLHO 00beM Vi,
MeHbIIH 00beMa 6amiona Vi .
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3anuiieM s 3TOM 4acTu ypaBHEHHs aanadaTtudeckoro (6) u u3o-
XOPHUYECKOTO IPOLIECCOB:

i i
TP =Thy' m
Po_Po_ &, a 3aTeM YCTpaHHM HEH3BECTHOE OTHOIICHHE TEM-
T T, T
neparyp:
1_7—}/
T [P ? _Po (10)
T Po P2
Jlorapudmupys nocienaee ypapaerue (10), momyanm
1_—y|n P In Po , OTKyJa y:—ln( ./ pO). (12)
Y Po P2 In(py/ py)
[Toacrasmnsiem croga hopmyisl (8) u (9):
In(py/ po) In 1+pghl
n
" In(p, / po)pl—lr?é)pzl Po) ) pgh, 0 pgh, | (2
In| 1+ =L |—In| 1+ =2
Po Po

Ho ypoBHH skuakocTi (BOAbI ¢ MIOTHOCTRIO p = 1000 kxr/m°) pasgsurarorcs B MaHomeTpe M Ha puc. 2

Bcero Ha h=10+20 cMm, 1 u30bITOUHOE AaBiIeHUE Taza pgh ~10°ITa MHOTO MEHBIIE aTMOC(EPHOTO JaB-

h _
JIeHusd P ~10°ITa. [Toaromy BenmnunHa X _pon ~102<<1, u B dopmyne (12) MOXXHO pa3iIokKHUTh BCe
Po
jJorapumsl B psill,  OCTaBJIsAsA  CjlaraeéMble  TOJBKO ~ TIEPBOTO  MOPSAAKAa  MAaJlOCTH:

2 3
In(L+x) =x— 5 + 3 +...~X. Torma u3 hopmynsl (12) momydaem KoHEUHYIO (GOPMYITY ISl BEIYHCICHHS

IMoKa3aTeia aI[I/Ia6aTBIZ

h—h,
Takol mokasarenb ITO3BOJIAET OIMCAaTh MHOTHE CBOMCTBA HCCIIEAYEMOI'0 ra3a, HO TOYHOCTb €ro
OMnpeacIICHNA B JaHHOM J3KCIICPUMCHTC HC CIIMIIKOM BBICOKA, X IMTO3TOMY BO3HUKAIOT OTKJIOHCHUA OT TCO-

PETHYECKH 0XKHUAACMOTO 3HAUCHUS Y 50y <V peop &L 4 . ITO CBA3AHO HE TOJIBKO C TEM, YTO CBOWCTBA pe-
aJIBHOTO BO3JyXa HEMHOI'O OTJIMYAIOTCS OT CBOWCTB MAEAIBHOIO ra3a U COCTOMT OH HE TOJBKO U3 JABYX-
aTOMHBIX MOJIEKYJ, HO, TJIaBHBIM 00pa30M - C HECOBEPIIEHCTBOM HCIHOJIb3yeMoro obopyanoBanus. [Ipu
ycraHoBke MpoOku kpaHa K B monoskenue Il (puc.2) ocrarorcsi KpOXOTHBIE LIENTH, U BO3AYX MOHEMHOTY
IPOIOJDKACT BBHITEKATh U3 OayioHa Tpu HarpeBaHud. [103TOMY ypoBeHb h2 oka3piBaeTCss HEMHOTO MEHbB-
IIMM TOTO YPOBHS, KOTOPBIH yCTaHOBUWJICS Obl MPU UAEATBHO 3aKPHITOM OayuioHe. BennunHa v, u3mepes-
Hasl B TaKOW yCTaHOBKE, B COOTBETCTBUU C Gopmyioil (13) Toxke oKaxeTcsi HEMHOTO MEHbIIEH, YeM HC-
TUHHasl.

O0BbeKTHI HccIe0BaAHNA, 000PyI0BaHUE
CrexnsHHBIN 0a/IOH, KpaH, HACOC, MAHOMETP.

3ananue Ha padory
Haiiti 3HaueHusa nokasares aguadaThl.

ITopsinok BbINOJHEHHS PadOTHI
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1. YcranoButs mpodky kpana K tak, uto0s! 6ayuioH b, KOTOpBI HaXOAUTCS MO CTOJIOM, COOOIIAICS
¢ HacocoM H (B monoxenue | Ha puc. 2).

2. OcTopox’HO HakadaTh BO31yX B OayuioH. Korzna pa3HocTh ypoBHEH JKUJKOCTH B KOJEHAX MaHO-
metpa gocturner 10+15 cm, npekpatuth HakauMBaHHE U MOBEpHYTH MpoOKy KpaHa K B monoxenwue |,
4TOOBI cocyn He coobmancs ¢ armochepoid. [Ipodka kpaHa JOMKHA TIOTHO MPHIIETaTh K €r0 CTEHKaM H
HE J1aBaTh yTeukH Bo3ayxa. He 3a0biBaiiTe 00 3TOM 10 KOHIIA SKCIIEPUMEHTA.

3. Uepe3 HEKOTOpOE BpeMs, KOrJa JaBJIE€HUE OKOHYATEJIbHO YCTAaHOBHUTCS U Pa3HOCTb YpOBHEH B
MaHOMETpE MEepPEeCTaHeT YMEHBINATHCS, U3MEPUTh Ny - Pa3HOCTb YpOBHEH B JICBOM M IPaBOM KOJIEHAX
manomertpa. Eciu nacoc H mporekaer, niam npobka KpaHa He MOXKET OBbIThb 3aKpbITa OYEHb IIJIOTHO, TO
pa3HOCTh ypoBHeW N, OyneT MmocTOsIHHO yMeHbIIaThes. B aTOM ciydae cienyer momokaarh, korma hy
JIOCTUTHET BHIOPAHHOT'O 3HAYEHHUS, U Cpa3y BBIIOJIHUTH CICIYIOLUI MyHKT paboThI.

4. BeinyTh npoOKy KpaHa, AaBas BO3AYXY B COCYZE PacIIMPUTHCS HApYXKy. Pa3HoCTh ypoBHEH Kui-

KOCTEH B MAaHOMETPE PEe3KO YMEHBILIMTCA ABYMS, CICAYIOIIMMU JIPYT 3a JpyroMm ckaukamu. Kak Tosbko
IpU BTOPOM CKayKe YPOBHH JKUAKOCTEH cTaHyT oauHakoBbiMH, (N=0) npoOky cieayer HeMeaJeHHO H
IUIOTHO BCTaBUTH B KpaH K B nonoxenue |1, 3akppiBast 6ayioH.
OO0 >TOM MOMEHTE BbIpaBHUBAHUS JIaBJICHUS BHYTPU M BHE 0aJUIOHA MOXKHO CYAUTbH U IO MPEKPALLEHUIO
3BYKa M31aBa€MOr'0 BBIXOJSIIUM BO3ayXoM. [lepen nanbHEHIIMM BBINOJIHEHHEM Pa0OThl HECKOJIBKO pa3
NOTPEHUPYHTECH B BBIOJHEHUU MYHKTOB | - 4, 9TOOBI HAYYUTHCS BCTABISATH MPOOKY OBICTPO U B HYX-
HBIA MOMEHT.

5. Ilocne Toro, kak GayIOH OyAET 3aKpBIT IPOOKOH, YPOBHU KMJIKOCTH B MAHOMETPE CHOBA HAUHYT
pacxoautbes. Crenyer Mook aaTh, KOrjia JaBJI€HUE OKOHYATEIbHO YCTAaHOBUTCS U Pa3HOCTb YPOBHEH B
MaHOMETpE IEPECTaHeT YBEIMIUBATHCS. 3aT€M 3aIicaTh YCTAHOBUBIIYIOCS Pa3HOCTh YpOBHei h, BoIbI B

000UX KOJICHaX MaHOMETpa.
6. OnbIT HOBTOPUTH HEe MeHee N = 9 pa3 Juisl pa3HbIX 3HaYCHHH Ha4aIbHOM BEMUUHEI 1) JIe)kKamux B
npenenax 10+15cm.
JI71s KaKI0T0 OMBITA BEIUMCIHUTD Y; 10 Gopmyre (13), a 3aTem onpeaenuTs cpeiHee 3HaueHne moKasare-
751 anuabaTel <y >. Bce n3MepeHHbIe U BHIYHCICHHBIC BETMYMHBI 3aHOCUTH B Ta0HIy 1.
Tabmuma 1

h,, cm

h,, cm

Y

<y>= Ay = Y meop =

7. OnpenenuTh MOTPEIIHOCTh MOJTYYSHHOTO 3HAYSHHS MoKa3aTens aarnadaTel Ay .
8. ITo dopmyne (7) BBIMHCIUTH TEOPETUICCKOE 3HAUCHHUC IIOKA3ATEIIS aiHa0aThl Y, , CIUTAs UL

BO3JlyXa | =5, M CPAaBHHUTH MOJyYCHHBIN PE3yIbTaT ¢ <7y >.

Conep:xxaHue oT4yeTa
3anonnennas Tadauna 1.

KoHTpoJbHbIE BONIPOCHI

1. Cdopmynupyiite |-e Hayao TePMOANHAMHKY U 3aIUIINTE €r0 JJIS HJI€aIbHOTO rasa.

2. Kaxkoit ra3 MOXHO cunTaTh HAcaTbHBIM? OT KaKUX TEPMOJWHAMUYECKHX IMapaMeTPOB 3aBUCUT
BHYTPEHHSS DHEPIHS UJI€AIBHOIO T'a3a ¥ YTO OHA OIMCHIBAET?

3. Kakue BermuuHBI BXOAAT B YpaBHEHUE COCTOSIHHS HeambHOro ra3a? Kakos ero Buz?

4. ]laiiTe onpezeneHne TEIUNIOEMKOCTH. UeM OHa OTJIMYAeTCsl OT MOJIIPHOM M OT YJIENbHOM Teroem-
kocteit? [louemy 11st pa3HBIX MPOLIECCOB BEIMYMHA TEINIOEMKOCTH OJHOM M TOM K€ CUCTEMA pa3sIMuHa?
Kakue BennuuHbI CBSI3bIBACT ypaBHEHHE Maiiepa 1 Kak ero mojyyuThb?

5. Kakoii nporecc Ha3piBaeTcs aguabaTHueckuM? noiuTponudeckum? Jlokaxure, 4yTo nzobapuye-
CKUH, U30TEPMUUYECKUNA U M30XOPUUYECKUM MPOIECCHI SABISIOTCA MOJUTponudyeckumMu. Kak Ha mpakTuke
OCYILIECTBHUTD aAMa0aTUYECKHA ITporece ¢ razom?
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6. BriBemute ypaBHenue [lyaccona (3-5) mis anuabatmueckoro npomecca. [lomyanre u3 Hero ypas-
HeHue (3-6) ¢ moMoILIbI0 ypaBHEHHUS cocTOsTHUS. UTO Takoe 1mokaszarens aanadaTsi?

7. Kaxue mporieccel ¢ Bo3ayxoM B 6amuioHe b Ha prc.3- 2 mpoucXoIsT MPH BHIMOTHEHUHA PA0OTHI: a)
Ipy HaKayMBaHUM Bo3ayxa? 0) mpu oTkpeiBanuu Kpana K? B) mpu ero nocienyromiem 3akpeiBanuu? [lo-
YeMy UMEHHO 3TH MPOLECCHI?

8. BriBeaure ypaBuenus (3-11) u (3-13) nnst onpeneneHus mokasarteins aanadartsl y . JloKaxuTe 3TOT
BBIBO/I.

CnHcok ucno/Ib30BaHHBIX HCTOYHHKOB
1. CasenbeB U.B. Kypc obmieit ¢pusuku. T.1. Mexanuka. MonekynspHas ¢usuka. - CI16.: Jlans, 2008. —
352 c.r. X1, U 94-98
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JlaGoparopHas pabota Ne 15
Onpenesienne K03 PUUMEHTA MOBEPXHOCTHOI0 HATSIKEHU I
BO/JbI METOAOM OTPBHIBA KOJIbIA

Ieapb padoThl: 3MEPUTh KOAPPUITUEHT MOBEPXHOCTHOTO HATSKSHHSI BOJIBI ITPH KOMHATHOM TEMTIIe-
parype.

Teopernyeckue cBeieHUs!

Kunkoctu 007a71a0T MOBEPXHOCTHBIM CJIOEM, COCTOSIIUM M3 MOJIEKYJ, OOJaJarouux OoJbIien
NOTECHUUAIBHOW SHEPTUi, Y4EM BHYTPEHHUE MOJIEKYJIbI. MeX 1y MOJIEKYJIaMU IEUCTBYIOT CUJIBI IIPUTSIKE-
HUS, OY€Hb OBICTPO YOBIBAIOIIME C PACCTOSHUEM, MOITOMY BO3JI€ KaXJIOH MOJIEKYJbl MOXKHO OYEPTHUTb
cdepy MOJNEKYISIpHOrO NEHCTBUS TaK, YTO BBIACIEHHAs MOJEKyna OyaeT B3auMOJCHCTBOBATh TOJIBKO C
MOJIEKYJIaMH, OKa3aBIIUMUCS BHYTPH 3TOH cdepsl (puc.4).

Ecin Monekyna HaXOQUTCST BHYTPH JKMJKOCTH, TO OHA
B3aUMOJICICTBYET C MOJIEKYJIAMU-COCEASIMU, OKPYXKAIOIIU-
MU €€ CO BCEX CTOPOH, U PE3YJIbTUPYIOLIAs CUJI IPUTSKEHUS
paBHa HyJr0 (a u b Ha puc. 4). HaobopoTt, Monekyia, Haxo-
JSIIASACS HA MOBEPXHOCTH skuakocTu (d Ha puc.4), oKpyxe-

TToBEpXHOCTHBIH

B

BHY TPEHHETO Cdepa —-— Ha MOJIEKYJIaMU-COCEJIIMU JIMILIb HAlOJIOBUHY M Ha Hee
eI JSIPHOTO "
JaBJICHAS Mo;:exy PHOTO | jeiicTByeT HecKOMIEHCHpOBaHHAs CHIIA, HANpPABJICHHAS
nercTBUA

- __ a . NEPIEHIUKYJIAPHO K MOBEPXHOCTH BHYTPb >KMIKOCTH. Ta-
s it et Kasl K€ CWJIa, TOJbKO IOMEHbIIIE, JEHCTBYET U Ha JII00YI0
IPYTYI0 MOJIEKYJY, OKa3aBIIYIOCS BHYTPHU CJIOS TOJILIUHOM,

Puc.4 pPaBHOM pajinyCy MOJIEKYJISIPHOTO JAeUCTBUs (C Ha puc.4).

CrnenoBarenbHO, TOBEPXHOCTHBINA CIIOM OKa3blBaeT JaBJICHHUE HAa OCTAJIbHYIO HUJIKOCTH (JaBlIeHHE
Ha3bIBAIOT BHYTPEHHHUM) U OHO JIOCTUTAaeT OYE€Hb OOJBIINX BEIUYMH. DTO, B CBOIO OU€pellb, O3HAUaeT,
YTO MOBEPXHOCTHBIN clioi 001agaeT n30bITOUHON (M0 CPAaBHEHHMIO C OCTAIbHOM JKUAKOCTBIO) SHEPIrUEH,
KOTOPYIO Ha3bIBAIOT MOBEPXHOCTHOW. OUEBUHO, YTO MOBEPXHOCTHAS SHEPTUs MPONOPIHOHATIbHA YUCTY
MOJIEKYJI B IOBEPXHOCTHOM CJIO€, T.€. IUIOIIA N MOBEPXHOCTH KHUIKOCTH S =

Unos=0-S (3)

Koa¢pduumeHT nponopuuoHaJIbLHOCTH G, YMCJICHHO PABHbIN NMOBEPXHOCTHOM JHEPIUH, MPHUXO-
ASIIIENc HAa eJUHULY IUIOINAJM NOBEPXHOCTH, Ha3bIBaeTcsl KOI(Q(PHUIHMEHTOM IOBEPXHOCTHOIO
HATSKeHUSI.

W3BecTHO Takke, 4TO B COCTOSIHMM YCTOHYMBOTO PaBHOBECHS JIt00asi cUcTeMa 00J1a1aeT MUHUMAJIb-
HOM moTeHuuanbHON sHeprueil. [103ToMy NOBEpXHOCTHBIN CIION CTpEMHUTCS MPUHATH Takylo (GopMy, IpH
KOTOpOH €ro NOBEPXHOCTh OyzAeT HauMeHblIel (Torga 1 Unes JOCTUTaET MUHUMYMA, KaK 3TO CIEAYET U3
¢dopmynsl (3). Eciin jxe MCKYyCCTBEHHO yBEJIMYMBATh MOBEPXHOCTH KHUJIKOCTH, TO B IOBEPXHOCTHOM CJIO€
BO3HUKAIOT CUJIBI, IPEMATCTBYIOIINE ITOMY, — OHM Ha3bIBAIOTCS CUJIAMU [TOBEPXHOCTHOT'O HATSKEHUS

Taxum 06pa3oM, TOBEPXHOCTHBIN CI0M MOX0X Ha YINPYTYIO IUIEHKY, Kak Oy/1TO Obl HAXOIALIYIOCS Ha
MOBEPXHOCTHU KUJIKOCTH.

PaccmoTtpum mpumep. [lycTts xuakas (MbUIbHAS) TUIGHKA OTpaHUYEHA
. MPSAMOYTOJIbHOM IMPOBOJIOYHOW PAMKOM, OJHA U3 CTOPOH KOTOPOM IUIH-
1 HOWO | MokeT mepemernathcs BIOJIb OcH X (puC.5) moJ JeHcTBHEM

: BHelIHel cuiibl F . OToii cune OyaeT NpoTUBOIEHCTBOBATh CHIIA TOBEPX-

> HOCTHOro HaTskeHus F,. B ciaydae kBasucraTHdeckoro (MeIJIEHHOIO)

npouecca F, =F . [Ipu nepememennu Ha dX cuma F coBepmaer pabory

dx dA=Fdx, a moreHimanbHas 3HEPrHs MOBEPXHOCTH YBEIHMYUBACTCS Ha
Puc.5 dU,,=o-l-dx. Tak kak dA=dU

F =c-l 4)

s> T0 F=0-l n
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ITosepxHOCTH
KHAKOCTH

OrpaHHYHBarO IMIHHA
KOHTYP
Puc.6

®opmyna (4) Mo3BOJIAET MO-APYIrOMY ONPEIEIUTh G, @ MMEHHO KaK CHJYy NMOBEPXHOCTHOIO HAT-
JKeHHs1, PUXOASIIYIOCS HA eJMHULY /UIMHbI KOHTYpa OrpaHMYMBAIONIEro NMoBepxXHocTh. M3 sToro
e IIPUMepa BUJIHO, YTO CHJIa IOBEPXHOCTHOI'O HATSKEHUS HAIpPaBJIEHA IO KAacaTeJIbHOM K IOBEPXHOCTH
¥ [IEPIICHINKYIISIPHA K JIMHUHU, OTPAaHUYMBAOLICH MOBEPXHOCTH (pHC. 6).
O0beKTHhI HCcTe10BaHUA, 000PY10BaAHHE
VYcTaHOBKa COCTOUT U3 MPYKUHBI 1, K KOTOPOH MOABEIIECHO JIETKOE aTFOMUHUEBOE KOJBIO 3 € TOH-
KUMU CTEHKaMH U YallKoW 2 HaBepxXy, MacluTaOHOM JMHENKU 5 U cocyna 4 ¢ AMCTUIUIMPOBAHHOM BOJOU

(puc.1).

Ecnu cocyn ¢ BOIOM MOABECTH K

KOJIBILY JIO COTMPUKOCHOBEHHS, a 3aTeM
IJJABHO OITyCKaTh, TO XHUIKOCTh, Clie-

4 MUBIIKUCH C KOJBIIOM, OYJET TAHYTH €ro
3a co00ii, pacTaruBas NpyXHHY J10 T€X
Mop, TMOKa KOJBIIO HE OTOPBETCS OT
KUOKOCTU. B MOMeHT mepen cambiM
Puc. 2 Puc.1 OTPBHIBOM HACTYyIaeT pPaBHOBECHE, KO-

ra 1 KOJIbLIO, ¥ KUAKas MJIEHKA MOKOoATCs. B 3TOT MOMEHT cuiia ynpyroctu

MPY>KWHBI paBHA CUJIE ITOBEPXHOCTHOTO HaTshKeHUs. [loBepxHOCTHAs TUIeHKA OyAeT UMETh BUJI, TTOKa3aH-

HBIN Ha puc. 2., Trac AFH — CHJIa MMOBCPXHOCTHOTO HATAKCHU, neﬁCTBymmaﬁ Ha DJICMCHT KOHTYpa. Mo-

JTyJIb TIOJTHOM CHJIBI
rae || m |, — MHBL IBYX KOHTYpOB (OKPY)XHOCTEH), OrpaHUYMBAIONINX MTOBEPXHOCTH KHIKOCTH. Tak
kak |, =nD;, |, =nD,, rne D, u D, — BHemHMIA 1 BHYTpEeHHHI AnaMeTpsl KoJbla, To u3 (1) momydaem

=

o=——— — )
n(Dy+D,)
Pabouee 3ananue
Haiitu cuty HaTspKeHUS 1 KOO PUIHMEHT HATSHKEHUS OTPhIBa KOJIbLIA OT ITOBEPXHOCTH BOBI.
IHopsiAoK BbINIOJIHEHHS PA0OTHI

1. IllTanreHupKyaeM U3MEepUTh HapyxkHbI D; u BHyTpeHHuil D, auameTpsl Koiblia B MATH Me-
crax. /lannble 3aHecTH B Tabauiy 1.

2. [ToaBecHUTh KOJBIO K MPYKUHE.

3. OnpenenuTs Mo 1IKaje MOJ0KEHNE Ny BEPXHEH YacTH YalUKU 2 HaJ KOJIbLIOM B HEHATPYKEHHOM
coctossHuu (F=0). CMOoTpeTh Ha HIKaly HY)KHO TaK, YTOOBI MEepeIHUI BepX YalIKu coBnai ¢ 3agHuM. O0
3TOM HE CJIeJlyeT 3a0bIBaTh 10 KOHIIA SKCIIEPUMEHTA.

4. B3ath ofHY TUPBKY (IUGPHI HA KaKA0H rMpbKe YKa3aHbl B MHJUIMTPaMMax), IOMECTHTb B LIEHTP
YalllK1 2 ¥ OIPENEIUTH M0 LIKAJIE MOJI0KEHUE Ny €€ BEPXHETrO Kpasl.

5. YBenuuuBas Harpy3ky F (mocrnemoBarenbHO 100aBisis O OJHOM TUPBKE, HE 3a0BIBATE TOICUH-
TBIBAaTh OOIIYIO CYMMY Harpy3Kv B MIJUTUTPaAMMax ), ONIPEEIIATH 10 IIKaJie MMOJIOKEHHEe N BEPXHEro Kpas
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yamky 2. JlaHHbIe U3MepeHuii 3aHecTH B Ta0. 2.

6. CHSTB BCE TUPBKU C YaIlIKH.

7. llopaumate cocya 4 ¢ BOAOH 10 T€X MOp, IOKa IOBEPXHOCTb BOJbl HE KOCHETCS HM)KHErO Kpas
Kosbla. CneauTh 3a TeM, 4TOObI 3TOT Kpal TOJIBKO CMAuyMBAaJICs, HO HE OMYCKaJCs BIiIyOb BOJbI. 3aTeM,
MEIJIEHHO U PaBHOMEPHO OIyCKasl COCYyJl, YJIOBUTb paBHOBECHE (CHCTEMa HaXOJUTCS B IOKOE) Mepen
OTPBIBOM KOJIbLIA U 3aMETUTH I10 IIKAJIE [T0JIOKEHUE N, BEPXHEro Kpas dyamku. Mi3mepeHus npojaenars He

MeHee 5 pa3 v HalTu cpefHee apupMeTHIecKoe 3HaYCHHe <nH> . Jlannble 3aHecTH B Tabnumy 1.

8. OCTOPOXKHO CHATH KOJIBLIO C B NIPYXUHBI U TIOJIOKUTH HA yCTa-
HOBKY.

9. Iloctpouts rpaduk rpamyu- (y--""""z : POBKHM NPYKUHBI N ( F) , IPUHU-
Mas 3a Ha4ajo KOOpJMHAT 3HaYeHHE y Ny . Bun rpaduka npencrasien Ha

I

puc.3. !

10. 3Has pacTsbKkeHue TPYXKUHBI Do Fy F <nH> MoJ JICHCTBHUEM CHJIBI TIO-
BEPXHOCTHOT'O HATSKEHUSI, TI0 MTOCTPO- Puc.3 €HHOMY TpaduKy ONpEeIeNuTh ee

3HA4YCHUC FH B MWJUIUTpaMMax, a 3aTCM IMEPCBCCTU B HeroToHEL

11. Berarcnutb B CU k03 PUIMeHT NOBEPXHOCTHOTO HATSHKEHUS BOJIBI G.
Tabmauua 1

Howmep onbita  |D1, M D2, M n

Cpennee 3Haue-
HUC

Tabauua 2

F
n

FuH= o, Hm =

Conep:xaHue oT4yeTa
3anonHeHHbIe TA0OMULEI 1 U 2.

KonTpoJsbHBIE BONPOCHI.

1. Kak 0OBSICHUTD CTpEeMJICHUE KUJKOCTH COKPATUTh CBOIO CBOOOHYIO TOBEPXHOCTH?

2. Ha yto 3aTpaunBaeTcst paboTa NpH yBEITHMUEHUH MOBEPXHOCTH KHUJIKOCTH?

3. laTb naBa onpenenenus KodhUIEeHTa MOBEPXHOCTHOTO HATSHKEHUS. EIMHUIIBI €ro n3MEpeHHsl.

4. BeiBecTu pacueTHyro popMyny KodppHUIMEeHTa TOBEPXHOCTHOIO HATSKESHUS.

5. Kak HampaBiieHa cuiia MoOBEpXHOCTHOTO HATSKEHUSI B MOMEHT OTphIBa KoJiblia?

6. Kak 1 OT yero 3aBHCAT CHIIbI MOJIEKYJISIPHOTO B3aUMOACHCTBHS U KOO(PPHUIIUEHT MOBEPXHOCTHOTO
HATSHKEHUA?

7. MOXXHO JT1 ONpeAeTUTh KOAPPHUIMEHT MOBEPXHOCTHOTO HATSKEHUS METO/I0M OTphIBA KOJIbLIA, €C-
JIM KUJKOCTEh HE CMAa4YUBaEeT KOJILIIO?

CHHCOK MCTOJIb30BAHHBIX HCTOYHHKOB
1. CaBenweB U.B. Kypc o6meit ¢pusuku. T.1. Mexanuka. MonekynapHas ¢usuka. - CI10.: Jlans,
2008. — 352 c. ITap. 92,93,94.
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JlaGopatopHnas pabora Ne 16
Onpenenenne k03GpGuumeHTa BAZKOCTH KUIKOCTH
no metoay Crokca

Ilesqib padoThI: TO3HAKOMHUTHCS C SIBJICHHEM BHYTPEHHETO TPEHHS W ONPEACTUTh KOA(PPHUIHUEHT
BHYTPEHHETO TpeHus (InHaMu4eckuil Ko3ppuireHt Ba3kocTu) mo Mmerony CTtokca.
Teopernyeckue cBeieHUs!
HeonHnopoaHoe TedeHue >KUIKOCTH, T.e. TAKOE€, IPU KOTOPOM CKO-
F F? POCTb TCUCHHA pa3iMiHa B pa3HbIX MCCTaxX, HC ABJISACTCS PAaBHOBCCHBLIM.
b [ToaToMy B *KHAKOCTH OyAYyT MPOUCXOAUTH MPOLECCHI, CTPEMSIIIHECS Bbl-

. o POBHSTh CKOPOCTh T€4YeHUsA. Takuhe NpPOLIECChl HA3BIBAKOTCS BSI3KOCTHIO

ol i 4 WM BHYTPEHHUM TpeHueM. [Ipeanonoxum, 4to )KUIKOCTh BCIOJy TEUYET B
Tp|= HaIIpaBJICHUU OCHU Z , @ 3HAYEHHUE CKOPOCTH V MEHSETCA TOJIBKO B HAIIPaB-
x JeHUH X , MeprneHAuKyaspHoM TeueHuto (puc.l). Torma B HampaBiieHUU
Puc.1 OCH X BO3HHMKAeT MOTOK uMMyibca. Miynbe, nepeHocumblii 3a 1c yepes

eIMHUYHYIO IUIOMIAJKY, HEPIEeHAUKYIAPHYIO OCH X, Ha3bIBA€TCS IUIOTHO-
CTBIO IIOTOKA UMITyJIbCa M 0003HAYAETCS |, .

N3 o0mmx cooOpa)xeHUil CIenyeT, 4To |, IPOIOPLMOHAILHA I'DAAUEHTY CKOPOCTH TEUEeHHS H
> p

HarpaBJieHa IPOTUB I'Pa/INEHTA, T.€.
. dv
Jp =M & ) (1)

rzie 1 — KO3(PQHUIHMEHT BI3KOCTU CPEIb.

PaccmoTpuM Teneps BA3KHI MOTOK, BOZHUKAIOUIMNA B )KUJKOCTHU IO IeHCTBUEM KacaTeJIbHON CHUIIbI,
¢ CTPEMSIIEHCS] CMECTUTh OJUH CIIOM MOJIEKYJI OTHOCHTEIBHO IPYroro
O O O o (puc.2). Ilycts f - cua, neficTByromast Ha €AMHUIYY TOBEPXHOCTH, a O -

paccTosiHuEe MEXAY COCeHUMH ciosMU. Toraa Ha OJHy MOJIEKyy Oy-

8 c80O00HbL .
ygen  ACT JICHCTBOBATH CHIIA, PaBHAs f/nd, rme N —KOHIIEHTpAIMs MOJICKYJI.
O - 0 [Ipn mepeMemieHNH MOJIEKYJbl B aKTHBHPOBAaHHOE COCTOsIHHE (pHcC.3)
a a
O O o O cuna f/nd cosepiiaer paboTy, paBHYIO YER MO3TOMY TOTCHIIHATbHBIH
n
Puc.2 Oapbep clieBa OT aKTUBUPOBAHHOTO COCTOSIHUSI YMEHBIIIAETCS Ha BEJH-

YUHY 3TOW paOOThI (BHELIHSSI CHUJIa «IIOMOTAET» MOJIEKYJIE COBEPIIUTh
CKa4yoOK B MPSIMOM HAIpaBJIEHHUH), a CIIpaBa, HA0OOPOT. YBEIMUMBAETCS (BHEUIHSS CHJIA «IIPETSITCTBYET»

. a
MOJIEKYJIe COBEpIINUTH OOpaTHBIN cKauok). JTa cuTyarus u3obpaxena ua puc.4, rue AU = 52
- AktmBpoBaNEOe U
U COCTONHRE U,
onoxenne
PABHOBECHA
Caobomumiit
vien :
> AU f b e
Lr__i_.__;[ N2t AU z
Puc.3 Puc.4.

[ToaToMy mpu HATMYUU BHEIIHEW CUJIBI YACTOTHI IEPECKOKOB B CBOOOIHYIO SIYEHKY Y1 U OOpaTHOTO mepe-
CKOKa Y2 OyJyT HEOJIMHAKOBHI, M B pe3yJbTaTe BO3HUKAET MOTOK MOJICKYJ B HANIPABJICHUH MPUII0KEHHOU
CHJIBI, CKOPOCTb KOTOPOTO

U,—-AU U, +AU U, (AU AU
V=a(Y1—Y2)=aYo e K _—e K |-aye kT [ekl —g KT

B pesynbTare nepenoca umnysbca (B HalpaBiIeHUH X) B )KMJIKOCTH BO3HHMKAIOT KacaTeabHbIE 1O OT-
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HOIICHUIO K TCUHCHUIO CHUJIBI BA3KOTO TPCHUA

dv
—S, 2
™ (2)

rae S — miomajab, Ha KOTopyro neictsyer F, . .

F.. =n

653

N3BecTHO, 4TO BSI3KOCTb I'a30B C POCTOM TEMIIEPATYPhI PACTET, TOTJa KaK BA3KOCTh KUIAKOCTEH yObI-
BaeT. DTO pa3nune 00yCIOBICHO KAYECTBEHHO PA3HBIM XapaKTEPOM TEIJIOBOTO ABUKEHUS MOJIEKYJI ra3a
1 )KUJIKOCTH.

I[To cBoeit cTpyKType KHUIKOCTh OJIKE K KPUCTAIIMUYECKUM TBEPIBIM TellaM, 4eM K ra3aM. TeruioBoe
JIBIDKEHUE MOJIEKYJI KHUJKOCTH CBOJUTCS K KOJeOaHHUsIM OKOJIO HEKOTOPBIX MOJIOKEHUI paBHOBecus (y3-
JIOB), KOTOPBIE B OTJINYME OT MOJOXKEHUI PaBHOBECUS B KpUCTAJJIaX HOCAT BPEMEHHBINM XapakTep —4uepes3
HEKOTOpOE BpeMs (BpeMs pelaKkcaluy) MOJIEKYNa >KUIKOCTH CKauyKOM IEepPEXOIUT B HOBOE, CBOOOJHOE
HOJIOXKEHHE paBHOBeCUs. UTOOBI COBEPIIUTH 3TOT NEPEX0Jl, MOJIEKYJIa AOJIKHA [IPEO0IETh NOTCHIIUAIb-
HbII O6apbep, BbicoTa KOTOporo Ua HaszbiBaeTcs sHeprueil aktupauuu (puc.3). Yactora Takux nepexosoB y

OIIPEACIIACTCA PACIIPCACICHUCM bonpumana:
U

=708 ¥ (3)
IJI€ Y0 — HEKOTOpas KOHCTAHTA.

OueBUAHO, YTO B OTCYTCTBUE BHEIIHUX CHUJI YaCTOTHI IEPEXO/I0B B MIPSIMOM U 0OpaTHOM HaIlpaBJIEHU-
X OyayT OJMHAKOBBIMU U HUKAKOTO PE3YJIbTUPYIOLIETO TeUEHHs He BO3HUKAET. Tak Kak 0ObIYHO

Y Ya 2 Ua
AY crpea zli&, o v 28108Y Sir @y g
KT kT kT nokT

Fo dv| nv
C yuerom Toro, uro f = s M| 5 > MOyHaeM BrIpaKeHHE 11 K02 (PUIHEHTA BA3KOCTH B BHJIE
2 U,
_fs_ (ﬁj kT ir
v \aJ Yo

Kak moka3siBaroT pacyeThl, Yo = T , TIC h — nmocrosinnas ITnanka. ITonaras Takke a~ o , [IOJTYYUM

OKOHYATENIbHOE BhIpaKeHUE A1 KO (UIIMEHTA BI3KOCTH JKUIKOCTH:
Ua
N =nhekT (4)

Kaxk cnenyetr u3 dopmyisl (4), BA3KOCTh KMJIKOCTH PE3KO (IKCIIOHEHIIMATBHO) YOBIBAET C POCTOM
teMiiepaTypbl. Kpome Toro, BI3KOCTh CUJIBHO 3aBUCHUT OT BHUJIA KUAKOCTH U OT €€ YHCTOTHI.

JlelicTBrE CUJT BHYTPEHHETO TPEHMUs JIETKO HAOJI0AaTh MPU JBWKEHUH Teja B )KuIKocTH. [Ipn Mambix
CKOpPOCTSIX U yHno0ooOTekaemol ¢opMe Tena, KOrja He BO3HHUKAET BUXpEH, CHja COMPOTHBICHHS 00Y-
CJIOBJIEHA MCKIIFOUUTEIBHO BS3KOCTBIO KUJIKOCTH. CJOW KUIKOCTH, HEMOCPEACTBEHHO MPWJIETAIONINNA K
TBEPJOMY TeIly, YBJIEKAETCS UM MOJHOCTHIO. CleyIoUuil ClIoi yBIEKAaeTCs 32 TEJIOM C MEHBIIEH CKOpO-
cTpio. Takum oOpa3zoM, MEXIy CIOSMH BO3HHMKAIOT CHJIBI CONMPOTUBIICHUS. J[JI1 HEOBICTPOTO ABUKEHUS
nrapuka B KUAKOCTH CTOKC BBIBEN MyTEM TEOPETHUECKOTO paccCMOTpeHHsl GOpMyIy pacueTa CHIIBI CO-
MIPOTHUBJICHHUS:

F =6mnrv (5)
I7€ M| — IMHAMUYEeCKUH KO (PHUITMEHT BA3KOCTH; I —paJnyC IIapuKa; V — CKOPOCTh €T0 JIBHKEHHS OTHO-
CHUTCILHO XKUIKOCTH.

[IpegocraBumM MalleHbKOMY HIAPUKY BO3MOKHOCTH MaJaTh B JKUJIKOCTh MO JEHCTBUEM CHUJIbI TSXKeE-

ctu. Ha Hero OynyT neiictBoBath cienyromue cribl (puc.5): 1. Cuna TshKecTH, HampaBeHHas 0 BEPTH-

KaJIl BHU3 G=mg=p,Vg = gnrsng

rzie P, — IVIOTHOCTH IIApUKa, § - YCKOPEHUE CBOOOIHOTO MaCHHS.

= — 2. BLITaJIKI/IBaIOH_Ia}I cujia Fl, ABJIIOIIAACA PE3YyJIbTATOM T'MAPOCTATUYIC-
2 Fr-
1
- e
-
Y=l 62




ckoro nasieHus. OHa HampaBiieHa 10 BEPTUKAJIU BBEPX U PaBHA IO 3aKOHY ApXHMela CUe TSKECTH
KHUJIKOCTH B o0beme Tena: F = (4/ 3) Ttr?’plg , TIe Py — IUNIOTHOCTD JKUKOCTH.

3. Cuna BHyTpeHHero TpeHust F2 . OHa HampaBiieHa NPOTHB HAIPAaBJIEHUS CKOPOCTH ILIAPHKA, T.€.
BepTuKaiabHO BBepX. [1o popmyne Crtokca
F, =6mnrv
Cunbl G u F1 mocrostHHBL, a cuina F2 yBennuuBaeTcsi o Mepe YBEIMUYSHHsI CKOPOCTH Imapuka. [Ipu He-
KOTOPOH CKOPOCTH V HacTymaeT MOMEHT, koraa cwia G, HamnpaBieHHas BHU3, Oy/leT ypaBHOBEILIEHA CHU-
namu F1 u F2 , HampaBIeHHBIMH BBEPX; C 3TOr0 MOMEHTA IIAPHUK OYyIET JABUraThCcs paBHOMEPHO, B COOT-
BETCTBUHU C MEpBbIM 3aKOHOM HproToHa. CKOPOCTh PABHOMEPHOTO Ma€HHs HEBEIIMKA, €CJIM IIapuK Mall,
U €€ JIETKO U3MepuTh. Toraa u3 yciaoBusi paBHOBECHS CHII
4 3 4 3
gnr P20 :§nr p1g +67INrv

MO>KHO OIIPEICIUTh JUHAMUYCCKUN KOI(PPHUIIUESHT BI3KOCTH
nzgng P2—P1 (6)
9 %
O0bekThI HCCJIeI0BaHNS, 000PY10BaHHE
Konba ¢ )kuIKoCThI0, METALTUYECKUE IAPUKHU, CEKYHIOMED, JTUHEHKA.
IMopsiTok BbITIOJIHEHHSI PA0OTHI

1. U3meputs MUKpoMeTpoM auamerp d miapuka B MHJUTUMETpax (MM) U ONpPEICIUTh €ro pajnyc B
MeTpax (M).

2. OCTOpPO’XXHO OTIYCTHUTH IIAPUK MO LIEHTPY COCYJa HEIIOCPEACTBEHHO HaJl TOBEPXHOCTHIO UCCIIETY-
€MOI JKUJIKOCTH U OIPENICIUTh C MTOMOUIBIO CeKYHI0oMepa BpeMsl { MpOX0XkKIeHUS IaphKa MEXIy MeTal-
JUYECKUMHU KOJIBIIEBBIMA METKaMH Ha cocyje. BepxHsis MeTka JoJKHA HAXOJUTHCS HE MEHEE YeM B Jie-
CSITU CAHTUMETpPAaxX OT MOBEPXHOCTHU KHUJIKOCTH.

3. Ompenenuts M0 MaciITaOHOW JMHElKe paccTosHUe | MeXIy METKaMH M BBIUYHCIUTH CKOPOCTh
mapuka V =1/t (Berauciuts B CH).

4. OnBIT TOBTOPUTH €III€ C YETHIPHMSI IIIApUKAMHU.

5. Beruncnuth quHamudeckuit kodddunnent Bsazkoctu B CU no ¢popmyne (2) B KaKIOM ONBITE U

HalTHU CpeHEE 3HAUCHUE <n>
6. Pe3ynbTarhl ONBITOB M pacyeTOB 3aHECTH B TAOJIHILY.
Ne do(r (L[t v, [n, |Ani |[(Ani)?

MM (M M [c |M/c |[Ta-c |TTa-c |TTa2-c?

5

()=

[InoTHOCTH HCCEyEeMON KUIKOCTH P1 = 1,2-108 kr/m3;
MJIOTHOCTh CBUHIIA P2 = 11,4-10° kr/m®.

7. OnpenenuTs cay4daiHble OTKIOHEHHUS An; =1; — <n> Ka)KJIOTO U3MEPEHHUS U CpeIHEe KBaIpaTHy-

1 2 .
HOE OTKJIOHEHHE S = \/ —12(Ani) . BLIUMCIIUTE MOTPEIHOCTh AT pe3yIbTaTa H3MEpEHHiA:
n —

An=S/\n
8. 3ammcarh pe3yinbTaT B BUAE: 1= (<n> * An) I1a-c.

Conep:kanue oTyera
3anonHeHHas Tabauna, 3HaUeHHE KOAPPHUIUEHTa TUHAMUYECKON BI3KOCTH.
KonTposbHbie BONpochl
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1. Hantucatp ob1iee BeIpaKeHHE IS BSI3KOW CHIIBI U TPOUJUTIOCTPUPOBATH YEPTEKOM.

2. JlaTh omnpeneneHue AMHAMUYECKOTO KoddduimenTa Ba3kocTH. KakoBa enunmnia ero namepenus B CHU?
3. Kakue cuibl AeMCTBYIOT Ha IIAPHK, ABWKYILUNCS B IIIMLEPUHE?

4. IToyemy pucka 1 qoiKHA HAXOAUTHCA HECKOIBKO HUXKE MOBEPXHOCTH KUIKOCTH?

5. BeiBecTr pacuetnyto ¢popmyiy (6) ig onpeesieHns JMHaMHIecKoro Ko duuueHTa BI3KOCTH 1.

6. Kak BA3KOCTb )XKMAKOCTH 3aBUCUT OT TeMIIEpaTypbl?

Cnucok uCnoIb30BAHHBIX HCTOYHHKOB
1. CaBenbeB U.B. Kypc obmieit ¢pusuku. T.1. Mexanuka. MonexkynspHas ¢usuka. - CI16.: JIans, 2008. —
352 c. [ap. 78,79
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JlaGopatopHnas pabora Ne 17
OnpenesieHue 1JIMHBbI CBOOOTHOT0 Mpodera u 3¢ GeKTUBHOIO IMaMeTPa MOJIEKYJ BO31yXa

Llesqib_padoThI: 03HAKOMHUTHCS C OJHHM HMX METOJIOB ONPEACICHUS MHKPOIapaMeTpoB (CpeiaHei

JUTMHBI CBOOOTHOTO mpobera u 3¢ (HeKTUBHOTO JUaMeTpa MOJICKYJT BO3yXa) Yepe3 MaKkponapaMeTphl.
TeopeTnyeckue cBeieHHsI

Cpeoneti onunot c60600H020 npobeea MOJIEKYN A Ha3bIBAETCS CPEIHEE PACCTOSIHHE, TPOXOIIMOE
MOJICKYJIOH MEXIY JIBYMS TIOCJICOBATEIIbHBIMU CTOJIKHOBEHHSIMH C IPYTUMHU MOJICKYJTaMH.

Paccrosaue d, Ha KOTOpOE COMMXKAIOTCS MPH CTOJIKHOBEHUHU
HEHTPBI MOJIEKYJI, HA3BIBACTCS dQPeKmMUBHbIM OUAMempom MOAEK)-
ael. Ha puc.2 BuaHO, 4TO 4Yem OOJibllie HayaldbHash KUHETHYECKas
SHEPTHsi MOJICKYJIBI (T.€. YeM BbIIIIE TeMIIeparypa), TeM MeHbiie d.

CrnenoBarenbHO, d()(QEKTUBHBIA AUAMETP MOJIEKYJI yMEHbIIIa-
eTCs C MOBbIIICHUEM TemIeparypsl. [IpaBaa, uamenenue d ¢ poctom

U

TEeMIIepaTypa HE3HAYUTEIbHO. Bennunna o = nd? HaseiBaetcs -
DexmueHvLM ceueHuem MOLEeKYIbl.

MostekyasipHO-KUHETHYECKask TEOPHS Ta30B MPHUBOAUT K BHIBOJY.
Uro pmuHA cBOOOMHOTO mpobera A 0OOpaTHO MPOMOPIIMOHAIBHA
KOHIICHTpauuu N U 3(QPEeKTUBHOMY MOTEPEUHOMY CEUECHHUIO MOJIE-

KYJIBI

1

A=

: 1)
J2on
Ora dopMyna nuMeeT OYeBUAHBIM (U3NYECKUN CMBICT: CBOOOAHBIM NMpoOer TeM MeHbIle, YeM TyILe
PacroJI0KeHbl MOJIEKYJIbI (T.€. 4eM 0oJbIie N) U yeM OoJiblle NMepeKpblBaeMasl Kaxa0i MOJIEKYJIoH Iio-
mae (T.e. YeM OoJbIIIe G).
[Ipu nocrossHHON TeMIiepaType MIIOTHOCTh MOJIEKYI N MPONOpIMOHAIbHA AaBiieHuto raza. Cienosa-
TEJIbHO, JJIMHA CBOOOIHOTrO Mpobera 0OpaTHO MPOMOPIUOHAIbHA IaBJICHUIO:
r-L.
P
U3-3a ymensbinenus 3¢pHEKTUBHOTO TuaMeTpa MOJIEKYJ JUIMHA CBOOOJIHOTrO Mpobera Mmpu MOBBIIIEHUN
TeMIeparypsl c1ado pacTer.
W3meputs A TpakTUYeCKH HEBO3MOXKHO, HO Yepe3 A BBIPAKAIOTCS Bce KOA(PUIMEHTHI TIepeHoca,
KOTOPBIE CPABHUTEIBHO MTPOCTO MOXXHO U3MEPUTH Ha OTIBITE.

Z[I/IHaMI/I‘leCKaSI BA3KOCTB I'a30B BBIPAXKACTCA CICAYIOIIUM o6pa30M: n= é)\, <V> o)

()

rac <V> — CpEeaHAAd CKOPOCTD I'a30BLIX MOJICKYJI, P — IINIOTHOCTD I'a3a.

CHauazna Hy»HO U3MEPHUTh BA3KOCTh 1), 3aTeM 10 (opmyre (2) BBIUUCIUTE CBOOOAHBIN mpober A u,
HakoHell, o Gopmyse (1) BeraucauTs ¢ wiu d.

Urto kacaeTcs OIbITa, TO HY’)KHO BBIOpAaTh Takoe (GU3NYECKOE SBJIEHUE, YTOObI OHO MO3BOJSUIO MPO-
CTBIM 00pa30M U3MEPUTH BA3KOCTH BO3yXa.

B Hacrosmel paboTe B KauecTBE TAKOrO SIBICHHUS MCIOJb3YyEeTCA BA3KOE TEUEHHE BO3JyXa uepes
KaIAJULIp.

L Ha puc.1 uzo0pakena cxema ycraHOBKUA. Ee OCHOBHAsI 4acTh — KaUJUISIP
% l‘lf ] L, moka3zaHHBIN HA pHc.3 B yBEIMUEHHOM MacHITaoe.

WZZZ ZZZZZ] Ecnu Ha KOHIIAX Kanwuisapa co3aaTh pasHoCcTh naBieHuit AP =P —PF, To B

‘ KaImuIIpe BO3HUKACT BSI3KOE TEUCHUE BO3IyXa, MPO(UIb CKOPOCTEH KOTOPOTO

nokaszaH Ha puc.3. 3a Bpems T 4epe3 Hero nporekaer o0beM Bo3ayxa V, KoTo-
Puc.3 pbIif MOXKHO BBIUUCIUTD 10 popmyie [Tyaseits:
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4
v =" Ap: 3)
8nl
rjae I — paauyc Kanwuisipa, | — ero auHa.
Pa3HoCTh J1aBiICHMI Ha KOHIAX KalWJUIApa yCTaHABIMBACTCS OJiarojgapst TOMy, 9TO yepe3 KpaH K u3
0OaJUIOHA BHITEKAET BOJA.

Heob6xoaumo, 4To0b! BoAa BeITEKAIa KatusiMuU. Toraa naBiaeHue Bo3ayxa B Oautone P, u ruapocta-
THYECKOE JIaBJICHUE CTOJI0A KHIKOCTH BBICOTOM N ypaBHOBecsAT aTMochepHOe P AaBleHHE T.¢.
Pl +p60()blgh =P ’
OTKY/a ClIeqlyeT
AP =P =P =P, 90

Tak kak h MeHsIeTCS MeUIEHHO, TPUYEM H3MEHEHUE JIMHEHHOE, TO B popmyity (3) cienyeT moIcTaBisTh
cpenHee 3HAUYCHHE
h+h,

AP = peodbtg <h> = peodbtg 2 (4)

C npyroii cTopoHbl, 00beM BO3/yXa, MPOLISAIIET0 Yepe3 Kauuisip, paBeH 00beMy BBITEKAIOIIEH BOJIBI,
KOTOPBI JIETKO ompeaesnseTcs no popmyiie

Urak, cnenyet usmeputh 4 Benmuuunsl: V, T, hy u ho. 3arem Haiitu AP 1o dopmyite (4) u 1 u3 Gopmyisl
(3).
n= nr4p6c)()bzg (h.l. + hZ)T (5)
161S (hl —h, )

Ocraetcst BBIYUCIUTD A, 1 d. J[Jist 3TOr0 HY’)KHO HECKOJIBKO Mpeodpa3oBaTh UcXoAHbIe hopmyisl (1) u (2).
/ RT P
VYuursiBas, 4To <V> = 8RT up= :—T , 13 (hopMyIIbl (2) HAXOAUM
Ty

5 =30 [mRT
PY 8u

(6)

Tak kak N = % , To u3 popmyisl (1) umeem:

KT
=\ )

Bo Bcex popmynax r — paaumyc kanmwuispa, | — imHa kanuiuispa, S — riomaas ce4eHust cocya ¢ Bo-
TOH, Pyyp, =1000 kr/M° — muotHOCTH BoE, R = 8,31 J[K/Momb-K — yHEBEpcanpHas Ta30Bas MOCTOSHHAS,

k = 1,38-10?% JIx/K — nocrosinHas Bonbiimana, p = 0,029 xr/mons — MonsipHas Macca Bo3ayxa, g = 9,8
M/c? — yckopenue cBoboaHOoro majgenus, T = (t+273)K
O0bexThI HCC/IeI0BaHNs, 000Py10BaHHE
Cocyna ¢ KanWuIIpoM U KpaHOM, HacoC, TEPMOMETp, GapoMeTp.
Pabouee 3aganue

W3meputs 3HaueHus K0d3(hduImenTa BI3KOCTH, CPEeIHEN JIMHBI CBOOOHOTO Ipodera u 3P exTuB-

HBIM TUaMEeTp MOJIEKYJIbI BO3AyXa.
IHopsiiok BHINOJHEHUS PAadOTHI

P L 1. Otkpeite KpaH K. JloknaBmmch, KOrjla BOJAa HAYHET BBITEKATh KAIUIIMH,
BKJIFOUUTH CEKYH/IOMEpP U OJTHOBPEMEHHO 3aMETHTh YPOBEHb BOJIBI N1 B cocye.
P 2. Korga ypoBeHBb BOABI B COCYIE YMEHBIIUTCS MPUOIU3UTEIHLHO HA 1 cM, of1-

HOBPEMEHHO 3aKPbITh KpaH U OCTAHOBUTH CEKYHJIOMED.
) 3. 3amucarh BpeMs BBITEKaHUS T U HOBBI yPOBEHB N2 BOJIBI.
4. U3mepuTh TEpMOMETPOM TeMIieparypy t u 6apomerpom armochepHoe naB-

h, | by
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nenue P.
5. Beraucnuth k03¢ GUIMEHT BA3KOCTH 1) 110 hopmyie (5).
6. BeraucnuTh CpeaHIoo JIIMHY CBOOOHOTO mpodera A 1o gopmyie (6).
7. Beraucauth 3 (HeKTUBHBIN AHaMETp MOJIeKy Bo3ayxa d mo ¢popmyite (7)
.JlaHHBIC U3MEPEHUI U BEIYUCIICHUH 3aHECTH B TaOJIHILY:
him [he, M |1, ¢ |T, [P, |n, A, M |d, M
K |Ila |kr/m-c

Conep:xaHue oT4yeTa
3anonHeHHas Tabiauia co 3HaYeHUs MU KoddduimeHTa BI3KOCTH, CpeIHEe JUIMHBI CBOOOJHOTO Mpo-
Oera 1 > PEeKTUBHBIN TUAMETP MOJIEKYJIBI BO3AYyXA.
KonTposbHbie BOonpochl

1. JlaTh onpezeneHue cpeaHen JIMHbBI CBOOOJHOTO podera MoJIeKyl.

2. Kak 3aBucut anmHa cBoOOIHOT0 npodera oT TeMiieparypbl?

3. Kak 3aBucHT /yinHa cBOOOIHOTO ITpobera MpH MOCTOSIHHOM Temreparype OT J1aBiaeHus?

4. Yro Takoe >(PEeKTUBHBIN TUAMETP MOJICKYIT?

5. Kakum MeTo/10M ompeniensieTcsi CpeiHsis AJMHa cBOOOAHOro mpobera U 3pGeKTUBHBIN TuaMeTp
MOJIEKYJI B JaHHOU paboTte?

6. Kakue siBleHus Ha3bIBatOTCA SBJICHUAMU IepeHoca?

7. Uto Takoe BSI3KOCTb WM BHYTPEHHEE TpeHue?

CHnHcoK HCI0/Ib30BAHHBIX HCTOYHHKOB

1. CasenweB U.B. Kypc o6meit ¢pusuku. T.1. Mexanuka. MonekynapHas ¢pusuka. - CI10.: Jlans,
2008. — 352 c. ITap. 62,78-80.
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Yacrsp 2
JlaGopaTtopnas pa6ora Ne 18
HccnenoBanue 3J1eKTPUYECKOT0 MOl IPOBOHUKA ¢ TOKOM

Ilenb pa0oThl: M3y4YEHHE CBOWCTB AJIEKTPUUYECKUX IOJIEH B MPOBOJAIIEH KUJIKOCTH, MOJYyYEHHE
rpau4ecKoro U300pakeHus Mosl ¢ MOMOLIbI0 SKBUIIOTEHIMAIBHBIX IOBEPXHOCTEH U CHIIOBBIX JTUHUH
Teopernyeckue cBeieHUs!

Ecnu Toku cranuoHapHble (T.€. HE M3MEHSIOTCS BO BPEMEHM), TO paclpelleIeHUue JEKTPUUECKUX
3aps10B B IPOBOJSIIEH CpEAe TOXKE HE MEHAETCA BO BPEMEHHU, XOTs U IIPOUCXOAUT IBUKEHUE 3apsI0B.
OT0 00YCIIOBJIEHO TEM, YTO B KaXJ10H TOUKE IPOBOJHUKA HA MECTO YXOJSIIUX 3apsI0B HEIPEPBHIBHO IO~
CTYNArOT HOBBIE 3apsiAbl B TAKOM ke KoauyecTBe. [I03TOMY B cilydae IOCTOSHHOIO TOKA JBUXKYIIUECS
3apsaAbl CO3IAI0T TAKOE K€ I10JI€, YTO M HEMOJBIKHBIE 3apsiibl TOM ke KoHUeHTpauuu. CieroBaTenbHoO,
AJIEKTPUYECKOE I10JI€ IIPOBOJIHUKA C IOCTOSSHHBIM TOKOM OyJ€T NOTEHLHAIbHBIM, KaK U 110JI€ HENOIBUX-
HBIX 3apsA70B (3JIEKTPOCTATHUECKOE).

Cunbl, AeCTBYIOLINE HA 3JIEKTPUUECKUN 3apsi]] CO CTOPOHBI 10JI HEMOABUKHBIX 3apsI0B, SBISAIOTCA
NOTEHIHMAJBHBIMH. JTO 3HAYUT, YTO paboTa, CoBeplIaeMasi STUMH CHJIAMHU HaJ MepeMeIlalonuMcst To-
YEUHBIM 3apsioM (', HE 3aBUCUT OT TPAEKTOPHUH ATOTO 3apsi/ia, a 3aBUCHUT JIMILIb OT €r0 Ha4aJbHOro U KO-
HEYHOro nosoxeHuu. Ilone cranroHapHbIX 3apsioB, B KOTOPOM M ACUCTBYIOT TAKUE CUIIbI, TAKXKE Ha3bl-
BaeTCs MOTEeHUHANbHBIM. Pa0oTa NOTEHIIMANBHBIX CHII IPU MEPEMEILIEHUH 3aps)ia COBEPIIAETCS 3a CUET
YMEHBILIEHUS NOTEHIUAIbHON SHEPIUH €T0 B3aUMOJIEHCTBUSA C IOJIEM, T.€.

Avons = — AU.

Kaxnoil Touke MOTEHLUAIBLHOTO IOJII MOKHO CONOCTaBUTH CIEUUAIBHYIO CKATSPHYIO (PYHKLUIO
KooparHAT O(X,y), Ha3bIBACMyI0 TOTCHIMAIOM. [IOTeHIIMAN YHCIEHHO PaBEeH MOTCHIIMAIBbHOW SHEPTUU
eIMHUYHOT0 TPOOHOTO 3apsiaa (', MOMEIIEHHOTO B JAHHYIO TOUYKY IOJIA, T.€.

o (X, y)=¥ (1)

rze q' - BenmuunHa MpoOHoro 3apsaaa, a U(X,y) - ero noTeHUualbHas SHEPT sl B TOUKE MOJS ¢ KOOPJAUHA-
TaMU X U Y.

Ecnu npuHATE MOTEHIMAN HAa OECKOHEUYHOCTH PaBHBIM HYJIO, TO (PU3UYECKUN CMBICI MOTEHIIHANA
MO’KHO IPEICTaBUTh KaKk padoTy BHELIHMX CHJI N0 NepeMelleHUI0 eJUHUYHOI0 IPOOHOro 3apsaa u3
0eCKOHEYHOCTH B JaAHHYI0 TOUKY. COOTBETCTBEHHO Pa3HOCTb NMOTEHIIUAJIOB - 3TO PabOTa BHEIIHUX CHUJI
0 MEPEMEILEHUI0 EAMHIUYHOT0 MPOOHOTO 3apsiia U3 MEPBON TOUKU BO BTOPYIO.

[ToTeHuman sABIsETCS BCIOMOTaTENbHON - SHEPT€TUYECKON - XapaKTEPUCTUKOMN IOJIs, OCHOBHAS )K€
€ro XapaKTepUCTHKA - CUJIOBAs - HA3bIBAECTCA JEKTPUUECKUM BEKTOPOM WM HANPSKEHHOCTBIO DJIEKTPU-

YECKOTO TMOJIsl. DIEKTPUIECKUM BeKTOpoM E HasbiBaeTcs ¢u3nueckas BETUUYMHA, YUCICHHO paBHAs CHIIE,
NEeHCTBYIONIEH Ha €TUHUYHBIN MPOOHBIN 3apsi/l, MTOMEIICHHBIN B TaHHYIO TOYKY IOJs, T.€.

_ F(xy
¢ Flo) 0
q
Tak ke, Kak ¥ MOTEHIUAJ, JIEKTPUUECKUI BEKTOp sBiseTcss GyHKIMeH koopauHar. Mexny E u ¢ cy-
LIECTBYET 3aBUCUMOCTD, BBITEKAIOIIAs U3 ONPEACIICHUS ITUX BEIIUYHH:

E=—grado (3)
Trac grad(p Ha3bIBACTCA I'PaAUCHTOM IOTCHIHAJIA. B ABYXMCPHOM CJIy4dac B HeKapTOBOﬁ CUCTEMC KOOD-
JOUHAT

_0p . O
radp=¢€, —+6, — 4
grado =87 +& 75 (4)
€ M €, - eAMHMYHBIC OPTHI KOOPJMHATHBIX Oceil. Takum 00pasom,
£, =-22, £, =-22 ©
OX oy

st HarnsigHOTO (rpadudecKoro) u300paKEeHUs OISl HCTIOIB3YIOT SKBUIIOTEHITMATIBHBIC TTOBEPXHO-
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CTHU U CUJIOBBIC JIMHHUHU. 3KBI/IHOTeHIII/IaJIBHLIe MOBEPXHOCTH - IIOBEPXHOCTU PABHOI'O MOTCHIHAJIA - YI0-
BJICTBOPAIOT YCJIIOBUIO ([)(X, Y, Z) = Const; B pacCMaTpuBa€MOM CJIy4dac IIJIOCKOI'O ITOJIA 3TO Y>KE€ HE IIO-

BEPXHOCTb, & IMHUH, YPABHEHHE KOTOPBIX (p(X, y) =const .

CHJ10BbIe JIMHUH - 5TO FeOMETPHUECKHE JTHHHH, B KAXKI0 TOUKe KOTOPHIX BeKTop E HampapieH 1o
KacatesibHOW. MOXKHO TO0Ka3aTh, YTO JKBUIIOTCHIIMATBHBIC MOBEPXHOCTH W CHIIOBBIC JIMHUHM B3aUMHO
HEePICHIUKYIISPHBI, & TPAJAUCHT HAMPABIICH [0 HOPMAIU K SKBHITOTCHI[HAILHON MOBEPXHOCTH U PaBEH I10
moayao de/dn, rge dn - paccTosiHME IO HOPMAIU MEXKIY JBYMS SKBUIIOTEHIUAILHBIMU TIOBEPXHOCTS-

MH, IIOTCHIUAJIbI KOTOPBIX OTJINYAKOTCA HA OCCKOHEUHO MaJlyrO BCJIMYHUHY d(p .
= do.
E=——2¢

an o (6)

rae €, - €IMHUYHBIA BEKTOp, HANPABJICHHBIA MO HOPMAaIM K SKBHIIOTCHLMAIBHOW MmoBepxHOcTH. Kak

[ToaTomy

BHJIHO, BEKTOp E HAmpaBieH B CTOPOHY yObIBAHMS TOTCHIAATIA.

Bo Bcex npakTU4ecKuX MNPUIIOKEHHUSX BMECTO TOYHOH (Qopmyibl (6) NPUXOAUTCA HCIOIb30BATh
npUOJIMKEHHOE BBIpAXKEHUE

E~ 20 )
An
CuioBble JIMHUM MOXHO BOCIIPOM3BECTH, YYUTHIBAs, YTO OHU B KaXKJAOH TOUYKE MPOCTPAHCTBA JIOJIKHBI
OBITb NEPNEHOUKYIAPHBL IKEUNOMEHYUATbHBIM NOBEPXHOCTIAM.
O0bekThI HCCJIe0BaHNS, 000PY10BaHHE

— OcCHOBHOH YacThlO0 JTaOOPATOPHON YCTAHOBKHU SIBJISIETCS KIOBETa

A —
ol = ] I En (mpsAIMOYTONIBHBIA COCYZ) € CIAOONPOBOJAIIEH >KUAKOCTBIO U JIBA
TG YVeKTposa A u K (puc.l). Pa3HOCTh MOTEHIIMAIIOB MEXAY DJIEKTPO-

/ JlaMU CO3/AeTCsl UCTOUHUKOM IOCTOSIHHOTrO HampsbkeHus. K ogHomy

u3 sektpoaoB K (katoay) mpucoeauHeH 0JHOU KIIEMMOW BOJIBTMETD,

1 Jpyrasi KieMMa KOTOpOro coeJuHeHa ¢ 30H10M 2. IIpu kacanuu 30H-

- \; JIOM KaKOH-TMOO TOYKH YKUIKOCTH BOJBTMETDP MOKAKET IMOTEHIIHAT

K 9TOM TOYKH OTHOCH-TEJIBHO KaToJa (MOTeHIHal KaToia MpUpaBHUBA-
Puc.1 eTcs Hymo). M3Mepsisi MOTeHIUAbI PAa3IMYHBIX TOUYEK IO, MMEIO-

LIUX OJIMH U TOT K€ MOTEHIIMAJI, MOKHO MTOCTPOUTH CUCTEMY IKBHUIIO-
TEHIMAJIbHBIX JTUHUH, 3aTEM M300pa3uTh COBOKYMHOCTh CHJIOBBIX JUHUN M MPU HEOOXOAUMOCTH BBIYHC-
auth E B mr060# Touke nons o popmyne (7).
PaGouee 3aganue
KroBerta, 21ekTpoapl, MUJUTUMETpPOBast Oymara.
IMopsiiok BbINIOJIHEHHSI PA0OTHI

1. IlepepucoBaTh C yCTAaHOBKHM B HATypaJbHYIO BETUYUHY KOOPAUHATHBIE IMHEUKH U SJIEKTPOBI.

2. OnpenenuTh NOTEHIMAI AaHOIA (PA, M 3aUCATh €r0 BEJIUYUHY.

3. Haiitu sxBumnoreHnnans co 3HadeaneM @1 = 0,8¢a. [ 3TOTO ClleryeT MOMECTUTh OCTPHUE 30H/1a B
COCY/I C JKUJKOCTBIO HaJ OJHOW M3 BEPTUKAIBHBIX IMHUN MUJLTUMETPOBOM Oymaru, pacrioiaoKeHHON MO/
IIPO3PAYHBIM COCYAOM M, IEpeMeIas €ro BI0JIb 3TOM JIMHUU, HAUTH KOOPAWHATHI TOUYKH, B KOTOPOH IO-
TEHI[MAI UMeeT 3HaueHue (1. OTMETHTH ATy TOUKY Ha BamieM rpaduke Ha ctp.l. [Tomemas 3081 mocne-
JIOBATEeIBLHO HAJl BTOPOH, HAJ TPEThEH U T.J. BEPTUKATHHBIMU JTUHUSAMHU MUJLTUMETPOBOM Oymaru u mnepe-
Merast 30H]] BJI0JIb HUX, HAUTHA TOYKH C TEM KE TOTCHITHAIOM (1. ECi HY»XHBIN TOTEHIINAI OTCYTCTBYET
Ha BEPTUKAIBLHON TUHUM, TOMPOOYITE TBUTATHCS IO TOPU3OHTATIHLHON JTMHHH.

4. CoeqTHUB HAa CBOEM PHUCYHKE TOUYKH C TIOTCHITHAIIOM (1, BBI TIOJIYIHTE TIEPBYIO U3 UCKOMBIX 9KBHU-
MMOTEHITUAIEH.

5. AHaNornuHbIe U3MEPEHUS POAETaTh s MOTeHIIUANOB (2 = 0,64, @3 = 0,404, 04 = 0,20a.

6. AKKypaTHO, cOOIIOas B3aUMHYIO OpPTOTOHAJIBHOCTh, HAPHCOBATh Ha Oymare CHCTEMY CHJIOBBIX
JMHUHN, yKa3aB CTPEJIKaMU X HaIlpaBJICHUE.

7. Berauciuth o gopmyiie (7) 3naueHus E Bo Bcex TOUKax rnepeceueHus Kakou-1mdo OJHOM CHII0-
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BOU JIMHUU C SKBUIOTEHIIUAIBIO (110 33JaHUIO PETIOIaBATENS ).
8. IlomyuuTh MOANUCH MpenoaBaTesis 00 OKOHYaHUU IKCIEPUMEHTA.
Conep:xaHue oT4yeTa
['paduk ¢ n306pakeHNEeM CUIIOBBIX JUHHUM U SKBUITOTEHIIMATICH.
KouTtpoJbHbie Bonpochl
1. Kakue nonst Ha3bIBaloTCA NoTeHIMaNbHbIMU? Kak 3amucarh ycioBre NOTEHLIUATBHOIO XapakTepa
noJisi?
2. Uto Takoe moteHnuan? PasHocTh moteHimanoB? KakoB (Gu3nueckuii CMBICT 3THX XapaKTEpH-
CTHUK?
3. Kax onpezensiercs U KaKoil CMBICI HMeeT deKTprdeckuii BekTop E ? Kak OH CBSI3aH ¢ MOTEHIMA-
aom?
4. Yo coboii mpeacTaBiseT rpaaueHT noteHnuana? Yemy pasen ero moayias? IIpoexkunnu? Kak on
HanpasiyieH? Kak oH HanpaBieH?
5. Ilouemy moJie TOCTOSTHHOTO TOKA SIBJSETCS MOTEHIIMATBLHBIM?
Cnncok UCNOJIL30BAHHOM JINTEPATYPbI
CagenweB U.B. Kypc o6uieit pusuku. T.2. DnekrpudectBo u maraetusm. Bonnsl. Ontuka. — CII6.:
JIanp, 2008. — 496¢.
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JlaGopatopHnas paborta Ne 19
N3mepenne conpoTUB/IeHN POBOJHUKOB MOCTOBBIMH CXeMaMH

[leqb paGoThI: ONpeAeIeHNUE YSIBbHOIO COIPOTUBIIEHUS C TOMOIIBIO MOCTa YUTCOHA, OIIPEeNICHHIE
COIIPOTHBIICHUS TAIbBAHOMETPA C MIOMOIIBIO MOcTa ToMcoHa.
TeopeTnyeckue cBeieHHsI
Tok, Tekymuii o NPOBOJHUKY, YIOBIETBOPSET 3aKoHY OMa:
I=U/R (1)
rae U — HanpsbkeHue Ha NpoBOJHMKE; R — conpoTuBieHne npoBoaAHUKa. OIBIT IOKA3bIBAET, YTO COMPO-
TUBJICHUE TPOBOJHMKA 3aBHCUT OT €ro ()OpMbI, pa3MEpPOB U MaTepuala, U3 KOTOPOTO M3TOTOBIEH IPO-
BOJHUK. CONpPOTHUBICHUE OAHOPOJHOIO LMIMHIPUYECKOIO MPOBOAHHMKA MOXKET OBITh MOJCYUTAHO IO
dbopmyie
I
R=pg )
rae | — nauHa npoBoaHKKA; S — IUIONIAh IONEPEYHOTO CEUCHHST; P — BEIMYHMHA, 3aBHCSIIAs OT MaTepualia
IIPOBOTHHUKA, HA3bIBAEMASI YO€IbHbIM CONPOMUBLEHUEM MAMeEPUANd.
p-R> ©

OTcroa BUIHO, YTO YAEIHHOE COMPOTHUBICHHE P YHCICHHO PaBHO COMPOTHBICHHIO MPOBOJHUKA,
MMEIOIIEro UTMHY | M U TLIomas nomnepedsoro ceuenus 1m% B cucreme CU enuHuIeH yaeIbHOTO CO-
npoTuBiieHus siBseTcs | Om- M.

Kpome ynensHOro CONpOTHBIICHUS P HCIIOJIB3YIOT TaK)Ke OOpaTHYIO BEIMYUHY: c=1/p

(4)
Ha3bIBAEMYIO Y/IE€IbHOI MPOBOAUMOCTBIO WIIN YAECTBHON 3JIEKTPOINPOBOIHOCTBIO.

Ecnu npoBOIHHUK MIMEET MPOM3BOJBHYIO (OPMY WIH KIEMMBI, Y€pe3 KOTOpBIe MOJBOIAT K HEMY
HalpsKEHUe, PacroIoKeHbl B POU3BOJIBHBIX TOUKAX €0 MOBEPXHOCTH, TO CONPOTUBIIEHUE €T0, ONpee-
nsiemoe 3akoHoM Oma (1), coxpansieT cBoil cMbIci. OJHAKO B TOM Clydae COMPOTHBIICHUE HEIb3s BbI-
YHUCIUTh ¢ TOMOLIbI0 popmyiisl (2). [ImoTHOCTH TOKa

= ©
L
OyzeT pa3nuYHON B pa3HBIX TOYKaX MPOBOAHHWKA. [109TOMY pacmpesneneHue MIOTHOCTH TOKa B 00beMe
IPOBOJHUKA CJIEIyeT ONPEaeIATh, UCIOb3Ys (DyHIaMEHTaIbHOE COOTHOILLICHHUE

j=okE, (6)
Ha3bIBaEMOE 3aK0HOM OMa B JT0KaTbHOM hopme ( E — BEKTOp HAPSKEHHOCTH SMEKTPHYECKOrO MOs B {aH-
HOM TOYKE MPOBOJTHUKA).
DuU3nYecKoe COJEPKaHUE MOHATUN YAECIBHOTO CONPOTUBIIEHUS M YIEIbHOW AJIEKTPONPOBOIHOCTH
MOYHO TMOHSTh, UCXOJS W3 MPEJICTABICHUN KJIACCUYECKOM AIEKTPOHHOM Teopuu. B 3Toi Teopun mpeamno-
JararoT, YTO CBOOOIHBIE IEKTPOHBI B MeTalIaX BeAyT cels moo0Ho uaeansHoMy rasy. Eciu B mpoBoj-

HYKE CO3aTh IEKTPHUECKoe moie E , To Ha xaomuueckoe TEIUIOBOE JBHKEHHE SIEKTPOHOB, KOTOPOMY
COOTBETCTBYET CPEIHSS CKOPOCTh < V >, HAJIOXKUTCS YIMOPSTOUCHHOE JIBUKEHUE CO CPEIAHEH CKOPOCTHIO
Vo — ckopocmuio Opetiga. Ilpu aToM
j=env; (7)

rje N — 4KCio 2JIEKTPOHOB B €IMHHUIIE 00beMa; € — 3apsij dJeKTpoHa. [Ipennonaraercsi, 4T0 MaKCUMalb-
HOE 3HAUCHHWC HAMPABJICHHOW COCTABIISIOUICH CKOPOCTH Vmax, KOTOPYIO TMPUOOPETAET AJIEKTPOH MEXIY
JBYMS TIOCJIEIOBATEIbHBIMHA CTOJIKHOBEHUSMH ¢ HOHAMH KPHUCTAUTMYSCKON PEIIETKH, TOJTHOCTBIO TEps-
€TCs TIPHU CTOJKHOBEHUH. [Ipu 3TOM 3HEprusi yHopsAI0UYEHHOTO JABMKEHHSI JICKTPOHA MPeodpa3yeTcsi BO
BHYTPEHHIOIO SHEPTHUIO MPOBOTHIKA, KOTOPBIN HAPEBACTCS MPH MPOXOXKICHUH [0 HEMY 3JICKTPUUECKOTO
TOKa. BBIYUCIICHHS] TPUBOAAT K CIEAYIOIIEMY BBIPQKCHUIO JJIsi CPEIHEH CKOPOCTH Vo HANpaBJIICHHOTO
JIBIDKCHUS SJICKTPOHOB
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_ eEA (8)
2m<yv >
r7ie A — CpPeIHss JJIMHA CBOOOTHOIrO Mpolera 3JeKTPOHOB, KOTOPYIO CYHMTAIOT 1O TOPSIKY BEITHYUHBI
paBHOM MapamMeTpy KpUCTAUTMIECKON PEIIeTKH MeTaia; M — Macca 3JeKTPOHa.
[Toacrasmsis hopmyny (8) B popmymny (7), morydaem

Va

2
. e“nAE
j=r )
2m<v>
YTO MPHU COTIOCTABJICHUH ¢ (popMyIioi (6) gaeT sl G BEIpAKCHHE
2
n
S (10)
2m<v >

Onpeodenenue conpomueieHus NPOGOOHUKA C NOMOULbIO MOCMA YUumcona

Jlnst onpezesnienysi CONMPOTUBICHUS! TPOBOJHUKOB CYIIECTBYIOT pa3iudyHble MEeTOAbl. OJJHUM U3 HHUX
SIBJISICTCSI METOJ] U3MEPEHUSI CONMPOTUBJICHUHN MPU TOMOIIM MOCTOBOH CXeMBbl. MOCTOBBIE CXEMBI IPE/-
CTaBJISIFOT COOOW Pa3BETBJICHHBIC IICTIH, IS pacueTa KOTOPBIX MPUMEHSIOTCS npasuna Kupxeoga.

[TepBoe npasuno Kupxroda riacur, uto anredpanyeckas CyMMa CHJI TOKOB, CXOJASIIMXCS 8 y3ie,
paBHa HYJIIO:

> ;=0 (11)

VYpasuenue (11) moxxno Hanucath s kaxaoro u3 N y3moB nenu. OgHaKO HE3aBUCUMBIMU SIBIISIIOT-
cst Tonbko N —1 ypaBHenue. HampaBiieHus TOKOB B y4acTKax IIEMH BBIOMPAIOTCSA MPOU3BOJIBHO, & 3HAKU
TSl OTIPEJICTICHHOCTH CYUTAIOT IMOJIOKUTEIBHBIMU JJI TOKOB, MOAXOASIINX K Y31y, U OTPUIATEIbHBIMU
JUTSL TOKOB, OTXOJISIIIMUX OT y3JIa.

Bropoe npaBuio riacur, yTo anredpandeckas cymMMma HAUpsDKEHUW 6 3aMKHYMOM KOHmype PaBHA
anredpanveckoil Cymme 3.1.C., BXOASIIUX B 3TOT KOHTYP:

D LR =g (12)
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[Ipu 3amaHHOM HampaBIeHUU 00X0Ja KOHTYPOB IOJOKUTEIBHBIMU
CUMUTAIOTCA T€ TOKHU U 3.1.C., HAPABJIEHHUS KOTOPHIX COBMAIAIOT C HAIpaB-
JeHneM 00xo/a.

Cpenu ypaBHeHul (12) HE3aBUCUMBIMHU OyIyT TOJBKO YpaBHEHUS IS
T€X KOHTYpPOB, KOTOPBIE HENb3s MOJIYUUTh HATOXKEHUEM JPYTUX KOHTYPOB
ApYyT Ha Apyra.

MocroBas cxema IOCTOSIHHOTO TOKA, YacTO Ha3blBacMasi COKpPALEHHO
MOCTOM YHUTCOHA, MPEACTaBIsAET COOON 3aMKHYTHI YETHIPEXYrOJIbHUK,
COCTaBJICHHBINA U3 conpoTuBieHui Ro, R1, Rz, Rx (puc.3). B nuaronans AB
YeThIPEXyroJIbHUKA BKIIIOYAETCS MCTOUYHUK MOCTOSIHHOTO TOKa C AJIEKTPO-

Puc.3 JBIDKYILIEW CWIOW €, B JUAroHallb — YyBCTBUTEJIbHBIA TajgbBaHoMerp [
OTa IuaroHaidb CXEMbl U Ha3bIBA€TCS MOCTOM B COOCTBEHHOM cMbiciie. Bech mporecc usmepeHuil mpu
MIOMOIIIM 3TOM CXEeMBbI CBsI3aH ¢ TpeOOBaHMUEM PaBEHCTBA HYJIIO TOKA B MOCTE, OTCIOJIa M pacIpOCTpaHEHUE
Ha3BaHUs "MocT" Ha BClO cxemy. [Ipu MpoM3BOIBHOM COOTHOILIEHHH CONMPOTUBIICHHM, COCTABISIONIUX
BCIO MOCTOBYIO CXEMY, U€pe3 raJibBAaHOMETpP, pa3yMeeTcs, JOHKEH MJTU TOK, HO (3TO MOJKHO MOKa3aTb
MPOCTBIM PAaCYEeTOM) CYIIECTBYET OJJHO ONpPEAETIEHHOE COOTHOLIEHUE MEXKIY COMPOTHBICHUSIMH, COCTaB-
JSIFOIIMMU CXEMY, TIPH KOTOPOM TOK, MIYLIH Yepe3 ralbBaHOMETp, 00pamaercss B Hyib, XOTS IIPH 3TOM
BO BCEX JPYTUX 3BEHBAX CXEMbI TOK HE paBEH HYIIIO.

Ecnu TOK B rampBaHOMETpE OTCYTCTBYET, TO npuMensisi kK kontypam ADCA u CBDC Bropoe mpaBuiio

Kupxroda, nonyunm
LR, — 1R =0; IR, —1,R, =0 (13)
[Tpumensis x y3nam C u D nepBoe npasuino Kupxroda, Oyzem umersb lo=1, l1=1,
(14)
U3 Boipaxkennit (13) u (14) nonyuanm R, /Ry =R, /R, wmim
Ry
Ry
Onpeodenenue conpomugnenus 2aa1b6anomempa
¢ nomouyvio mocma Tomcona
s m3MepeHHsi CONpPOTUBIIEHUS HCIOJIB3YETCSI MOCT IIOCTOSIHHOTO
TOKa C HEKOTOPHIMM M3MEHEHMUSIMH B DPACIIONIOKEHHHM €ro OTAENbHBIX Ya-
S R, creil. Cxema mocta TomcoHa nokas3ana Ha puc.4. Llens nurtaercs oT UcToU-
HUKa MOCTOSIHHOTO HamnpspkeHus G. BennumHa HanpspkeHUs perynupyercs
Ry Ry B Tak, 4TOOBI MPH 3aJaHHBIX 3HAYEHHSIX COMPOTHBIEHHH Ro, Ri, R2 cTpenka
Ez b |G rajlbBAHOMETPA HE BBIXOJIMJIA 32 MPEAEIbl IIKaJIbI.

k ConpotunenueM Ro ciy>KUT MarasuH conpotusieHuil. ConpoTusie-
Puc.4 HusMu Ri1 u Rz cinyxar gactu peoxopaa AB (puc.4). PeoxopaoMm Ha3bIBatOT
OJTHOPOJIHYIO IIPOBOJIOKY, M3TOTOBIISIEMYIO U3 BBICOKOOMHOI'O MaTepHala.
[To mpoBoJIOKE peoxopia MepemMeniaeTcs MOABWKHBIN KOHTakT D, coemnHeHHbIN ¢ ragbpBaHoMeTpoMm I
DTOT KOHTAKT JAenuT peoxop/ Ha e yactu: AD u DB. BenenctBue Toro, yTo npoBosioka peoxopa oji-
HOpOJIHA U TIIATEJIbHO KaJuOpoBaHa, OTHOILIEHUE compoTHuBieHUH ydacTkoB uenu AD u DB (mneu pe-
0XO0pJla) Ha OCHOBaHUM (POpMyIIBI (2) MOKHO 3aMEHUTH OTHOILIEHUEM COOTBETCTBYIOLIUX JUIMH IUIeY pe-
oxopJa:

R, =R, (15)

Ri/Ry=h/l, (16)
Ecmu motenimanst Touek C u D paBHBI (9c = @p), TO TOK B quaroHanu CD paseH Hymo, U moToMy
3aMbIKaHHE U Pa3MbIKaHHE KHONKHU S1 HE OyIyT BBI3bIBATH M3MEHEHHUH TOKA B BETBAX MOCTOBOM CXEMBbI, B
TOM YHCJIE€ U B BeTBU TrajgbBaHomerpa ['. Ilpu aTom Oynet BoimonHAThCs cooTHoeHue (15):

RX:RO&:ROI_].
RZ |2

Takum o0pa3om, MOCTOBasE CXemMa MOXKET OBbITh UCIIOJIb30BaHA HE TOJBKO JJIS1 U3MEPEHHUM CONPOTUBICHUN
Pa3IUYHBIX TPOBOJHUKOB, HO U /IS U3MEPEHUS COMPOTUBIICHMS ratbBaHoMeTpa. [Ipu aToM He Tpebyercs
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BKJIFOUCHUC BTOPOTO Hpﬂ6opa B Juaro”Hajib CXEMBbI AJId UCIIOJIb30BaHUA CXCMbI B OOBIYHOM opAaKe.

O0BeKTHI HccIe0BaHNs, 000PY/10BAHUE

OOmwuii Bu yctaHOBKH TipesactaBieH Ha puc.l. K ocHoBanuto (1) mpukperieHa KoJioHHa (4) ¢ HaHe-
CEHHOM MeTpuuecko mmKanon (6). [logBMKHBIN KPOHIITEHH (5) MOXKET MEePEIBUTaThCS BIOJIb KOJOHHBI.
Mexny BEpXHUM U HW)KHUM HEIOJABM)KHBIM KPOHIITEMHAMU HATAHYT pe3UCTUBHBIN nposon (3). Haxa-

iy 4

/

ey S

e | T

% 6

2 ,//ﬁ

4\\ i
=a]
I
©R
S S2 83

2 i S R
- ——

Puc.1. O6muit Bug ycTaHOBKH

THE KJIaBUIIM S mpubopa (2) BHI3BIBACT BKIIOUCHUE HAMPSKCHUS
IIUTaHMs, IpU 3TOM BbicBeunBaeTcs unaukatop (7). Ilepexitouenu-
€M KJIaBUIIK S2 BeIOMpaeTcst BUA pabOThl ycTaHOBKH (MOCT Tomco-
Ha WJIH ONpeeICHNUE YJeIbHOTO COPOTUBIICHHUS IIPOBOIHUKA).

[lepexmtouenrne KiIaBUIIM S3 TO3BOJSET TOYHO TOK WM
HaANPsDKEHUE TIPU HIDKHEM TMOJIOKEHUH TiepekiiouaTens S1 u Haxa-
toi kiapuimre S2. KnaBuma S3 Takxke CIYKUT IS TIEPEKITIOUCHUS
pesuctopoB Ro B Mmocty ToMcona mpu oTkaroit kinapuie S2. Pydka
pe3ucTtopa R mo3BossieT perynupoBarh CUIy TOKa B CXEMeE.

Pabouee 3aganue

Onpenenuts 3HaYEHHUE YIEIHLHOTO COMPOTHUBIICHUS PE3UCTHUB-
HOTO TIPOBOAA M OIPENEIUTh CONPOTUBICHUE TajJbBaHOMETpA C
nomolipo Mmocta ToMcoHa.
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[Hopsaok BbINOJHEHUS PA0OTHI
Onpeodenenue yoenvbHo20 CONPOMUBIEHUA PE3UCMUBHO20 NPOBOOA
YcraHoBuTe pexUM pabOThl YCTAHOBKH JUISL OMPEICIICHUS YICIBHOTO
Rx COTMPOTHUBIICHUSI NPOBOAHUKA. [lJis 3TOr0 HEOOXOIMMO MPOU3BECTH Clie-
JYIOIIME OTEpaly C IEPEKITI0YaTEIIMU U KIIaBUILIAMH:

1. IToctaButh nepexinouarenb S1 B HUXKHEE MOJT0KEHHE.

2. Haxarsp knaBuiny S2 (nonoxenue V — mA).

3. KnaBuma S3 B HaxaTtoM nosoxkeHuu. [lpu Takom monoxeHuu re-
peKiiouaTesnell U KiaBuIllel BKIIIOYEHA cXeMa, H300pakeHHasi Ha puc.2.

4. BxirrounTe BWIKY MMPOBOJA OT YCTAHOBKM B po3eTKy HampspkeHuem 220 B. Haxmute knaBumry S
(cetp).

5. IlepenBUHBTE MOJBMKHBIN KPOHIITEHH Ha KOJIOHHE HAa 35 CM OT OCHOBaHHUsI (HEOOXOIUMO OTpe/e-
JIUTH TOJIOKEHUE PUCKU HA MOJIBMX)KHOM KPOHILTEHHE 10 IIKajie Ha KojoHHe). Perynsaropom Toka R ycra-
HOBHUTE TaKO€ 3HaYCHHE TOKa, YTOOBI BOJHTMETP MOKA3bIBAJ MPUOIUZUTENBHO 2/3 U3MEPUTENBHOTO Tua-
nasoHa.

6. 3anuiuTe MOKa3aHus aMIiepMeTpa U BoJIbTMeTpa B Tabm. 1.

7. YnenbHOE COMPOTUBIICHUE MPOBOJHMKA mojacuuTath 1o ¢popmyne p=US/Il, roe U — Hanpsoke-
HHE Ha MMPOBOJHUKE; | — TOK B MPOBOHKKE; | — ATMHA POBOAHKKA; S — IUIONIA b €r0 MOMEPEYHOro ceve-
HUSL.

8. 3HayeHHe HAMPSDKEHUS U TOKA U3MEphTe AJISl TPeX Pa3IUYHbIX UIMH MTPOBOAHHKA.

Jlannbie 3anecty B Tab. 1.

R

Puc.2

Ne (U, |1, LS |ps <p> |[Ap, |<p> |E%
w/n | B 10°A |m | M2 |OM'M |OM'M | OM'M | OM'M
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Onpeodenenue conpomuenenus 2a1b6aHOMemMpa
¢ nomouvto mocma Tomcona

1. Cxema mocta Tomcona mokazaHa Ha puc.4. [[Jsi BKIIOYSHHUS TaKOW CXEMbl HEOOXOIUMO OTXKATh
KJIaBHIITy S2 (TIOJI0KEHUE — MOCT)

2. IMepexnrouarens S1, pa3phIBaIONINi JUAarOHATL MOCTA, TIOCTABHTE B HIDKHEE TIOJIOKEHUE; OTOXKMHU-
TE KJIaBHUILY S3, IPU 3TOM MOJKIIOYAETCA B IJIEU0 MOCTa pe3uctop Roz.

3. PerymsitopoM R ycTaHOBHTE CTpENKY BOJBTMETPA TaK, YTOOBI OHA HE 3aIIKAINBATIA.

4. IToctaBbTe nepekitouaTesb S1 B BepxHee MoI0KEeHUe, IIPU 3TOM MMOKa3aHHE BOJIbTMETPA U3MEHUT-
Csl; C TIOMOIIBIO MOABMKHOTO KPOHINTEHHA M00eHTeCh MepBOHAYATBHOTO MTOKA3aHUs BOJIBTMETpA (KaK H
IPY HHYKHEM IOJIOKEHUH Neperioyaresis S1), T.e. ypaBHOBEChTE MOCT.

5. [IpoBepbTe paBHOBECHE MOCTa MEPEBOAOM Mepekimrouarens S1 B HUKHEEe U BHOBb B BEpXHEE IO-
noxenue. CTpenka BOJbTMETpa IPHU 3TOM He JA0KHA U3MEHSATh CBOETO MOT0XKEHHUS.

6. 3anMIIUTe 3HAYCHUE COMPOTHBIICHHUS MOAKIIOYCHHOTO Pe3ucTopa Ro1 ¥ inHy mpoBogHuKa 1 oT
OCHOBaHUS J0 PUCKH HA MOJBIKHOM KPOHIITEWHE B Ta0II.2.

7. Bepuute nepeximoyarens S1 B HIDKHEE TOJOXKEHUE, pa3pbiBas [UaroHanb Mocta. Haxkmure kia-
BUIIYy S3, TEM caMbIM MOJKJIOYas B mIe4o MocTa pe3uctop Roz, IlepeBeante nepekimtouatens S1 B Bepx-
Hee TIOJIOKEHUE, 3aMbIKasi JUaroHaslb MocTa, [loka3aHue BoibTMETpa m3MeHHTCS. CHOBAa YPaBHOBECHTE
MOCT TEepeIBIKEHHEM MOJBIKHOTO KpoHIITeitHa. [IpoBepbTe paBHOBECHE MOCTa MEPEBOAOM MEPEKITIO-
qarens S1 B HIDKHEE ¥ BHOBb B BepXHee TojiokeHne. CTpeika BOJIETMETPA P ATOM HE JIOJDKHA M3Me-
HSTBH CBOETO IMOJIOKECHHUS.

8. 3anuIuTe 3HaYCHHUE COMPOTUBIICHHS MOIKIIOUYEHHOTO pe3ucTtopa Ro2 u amuHy npoBognuka |1 ot
OCHOBaHUS J0 PUCKH HA MOJBIKHOM KPOHIITEWHE B Ta0II.2.

9. IloBropuTe MyHKTHI 2 — § emie MpH ABYX Pa3IUYHBIX 3HAYCHUSIX HAMPSKCHUS, U3MCHSIS €r0 Pery-
asTopoM R

I
10. ConpoTuBieHue raqbBaHOMETPA BBIUMCIHTE MO Gopmyrne R, = Ry ——
I

-1

, Tne 1=51, cm — mmna

BCETO IPOBO/JIA.

W3mepeHus 1 OKOHYATEIbHBIA Pe3yIbTaT 3aHecuTe B Ta0.2
Ne |Ro, | I, |Ry, | <Rx>, | ARy, | <ARx>, |E, %
m/am [OMm |[eMm | OMm | OMm Om | OMm

Conep:xaHue oT4yeTa
PesynbTaThl H3MepeHuii U pacyeToB 3amnucath B Tabn.1 u 2.

KoHnTpoJsbHbIe BOpoChI
1. OOBSACHUTP MEXaHU3M DJIEKTPOIPOBOJHOCTH MeTauioB. KakoBa mpupoga compotusienus? Uro
TaKO€ YJEJIbHOE COIPOTUBIIEHHUE, OT YETO OHO 3aBUCUT?

2. CpopmynupoBats npasuiia Kupxroda. [losicHUTB, KaK WMH MOJB30-
BaThCA. 3anMcaTh YpaBHEHMsI AJI OIpeEJeie- L L HHAsS TOKOB B HEPABHOBECHOMN
MOCTOBOM CX€EME. R

3. BeiBecTu ycinoBrue paBHOBECUSI MOCTO- Tg] SZT BOU CXEMBI.

4. Yem OTIMYAIOTCS MOCTOBBIE CXEMBI Puc.5 Tomcona n Yurcrona? B kakux
CIIy4asiX MPUMEHSETCS Ta WM APYyras MOCTO- € Bas CXema JJI1 U3MEpPEHHUs COo-
IIPOTHUBJICHUI?

5. Haiipure TOK, NpOTEKAIOIIMKA 4Yepe3 Co- Ry Rs  nporusnenme R Ha pwuc.5.
€1=10B, &=5B, R=100M, BHyTpeHHHE COIpO- &, TUBJIEHUS 3.1.C. paBHBI I = 1
Owm. &

6. 3anummMTe CUCTEMY YPaBHEHUH JJIsl TOKOB, Puc.6 MPOTEKAIOUX B DJIEKTpUYE-

CKOH cxeme Ha puc.6.
Cnucok UcnoJib30BaHHBIX HCTOYHHKOB
CasenbeB U.B. Kypc obmeit ¢puzuku. T.2. DnekrpuuectBo u marHetu3m. Bomabl. Ontuka. — CII6.:
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JlaGopatopHnas pabora Ne 20
Pesakcanuonnbie Koj1e0anus

Ilesab paboThI: MCCIEOBaHUE XapaKTepa pellaKCallMOHHBIX KoJe0aHUH B CXeMe € ra3opa3psiiHoOM
JIaMIION ¥ UX IIPUMEHEHUE.

TeopeTnyeckue cBeieHHsI

Jlnist mostydeHusl JUTMTENbHO CYIIECTBYIOUIMX 3JIEKTPUUYECKUX (M MEXaHWYECKUX) KojieOaHuil 0oib-
110€ 3Ha4Y€HHE UMEIOT aBTOKose0aTebHble cucTeMbl. OHM XapaKTEepU3YIOTCS CIEAYIOIIUMHU OTIMYUTEIb-
HBIMHU CBOMCTBaMHU.

1. ABTOKOJE0ATENBHBIE CUCTEMBI CIOCOOHBI TEHEPUPOBATh He3aTyXarolue Konebanus. ITu Koseba-
HUSI MOTYT OBITh TAPMOHHYECKUMH HJIH OoJiee CIOKHON (POPMBI, HO OHH MOTYT MPOAOJDKATHCS HEOrpa-
HUYEHHO J0JIr0, 10 TeX MOp, T0Ka HE BBIMIYT U3 CTPOS 3JIEMEHTHI, 00pa3yIolie CUCTEMY.

2. ABTOKONE0aTENbHBIE CUCTEMBI OTIMYAIOTCS OT KOJIEOATEIHHOIO KOHTYpa C CONPOTUBICHUEM,
paBHBIM HYJIIO. Takol KOHTYp IpeACTaBisieT cOO0M uiealbHbIN Cilydall, He TOCTHXKMMBIM Ha IPAaKTUKE, B
TO BpeMs, KaK aBTOKOJIEOATeIbHBIE CUCTEMBI SBISIOTCS PEaIbHBIMU YCTPOMCTBaMH, COIPOTUBIICHUE KO-
TOPBIX HE PaBHO HYJIIO.

3. B aBTOKONEOATENFHBIX CUCTEMAaX HE3aTyXarollue KoJaeOaHUsI BOZHUKAIOT MOJ1 BIUSHUEM ITPOIEC-

COB, MPOUCXOJAIIUX BHYTPU CHUCTE- MBI, U JJI1 UX MOJAJAEpKaHUS HE Tpe-
OyeTcss HHMKaKMX BHEIIHUX BO3JEH- ? CTBHUH.

4. B coctaB aBTOKOJEOATEIHHBIX c H1 CUCTEM BXOAHT UCTOUHUK SHEPTUU (B
cllyyae MEXaHHYECKHUX KOJIeOaHUH - _—E - cKaTas NPYXKUHA, MOJHATHINA IPy3 H
T.JA., B Cllydae dJEeKTPHUUECKUX - Oara- pesi UM WHOM UCTOYHHUK TOKa). DTOT
HMCTOYHUK TEPUOAUYECKH BKIKOYAECT- Cd CaMOW CUCTEMOW M BBOJUT B HEE
ONPENIETICHHYI0 SHEPTUI0, KOMIIEHCHU- Puc. 2 pYIOLIYI0 T[OTE€PU Ha BbIJICICHUE
temia Jxoyns-JIeHna, 4To U aenaer KoJebaHus He3aryxaronmmu. Pac-

CMOTPUM B KayecTBe MPHUMEpa aBTOKOJIEOATEIbHOW CUCTEMBI IEKTPUUYECKYIO LEMb, COJIEPHKAIIYI0 KOH-
JeHcatop U conpoTtuBieHue (puc.2). Pa3psn konaeHcaTtopa depe3 CONPOTUBIICHHUE MPEACTaBIseT co0O0M
arnepuouuecKuil npouecc. Pa3psaay MoxHO, OHAaKO, MPUAATh NEPUOJUUECKUN XapaKTep, BO30OHOBIISA
3apsi/i KOHAEHCATOPa 4epe3 paBHbIe NIPOMEKYTKH BpeMeHU. KosebaHus B 3TOM ciydae SIBISIOTCS COBO-
KYITHOCTBIO JIBYX allepMOJUYECKHUX ITPOLIECCOB - MpOIiecca 3apsAIKNd KOHIEHCATOpa U IIpoLecca ero pas-
psaaku. Takue koneGaHUs Ha3bIBAIOTCA PenaKkCayuOHHbIMU.

B Hamreii ycraHoBke poiib "Kitoua', 00€CeUMBaIOIIEro MOMEPEMEHHYIO 3apsaaKy U pa3psiKy KOH-
JeHcaropa, urpaet razopaspsaaasiii quon HII (HeonoBas namna). HeoHoBas namna BKIlOUeHa napasuiesb-
HO KoHjeHcatopy. Eciu Obl HEOHOBOM JaMIibl He ObUIO, TO HaNpsHKEHHWE Ha KOHJAEHCATOpe YBEIHYu-
BaJIbCh OBl C TEYEHHEM BPEMEHU MPOMOPLHUOHAIBHO 3apsAy q U cTpeMuioch Obl acumnToTudecku k DJ(C
UCTOYHHUKA. YpaBHEHUE 3TOM KpUBOH BhIpakaeTcs (popmyioit

Ue =g(1—e-t/RC) (1)
rae Uc - HanpsbkeHue Ha KoHAeHcarope, € - DJIC ucrounuka, t - Bpems, R - conporusnenue uenu, C -

€MKOCTb KOHJIEHCATOpa.
B ToM, 9TO 3TO Tak, MOXHO YOeIUThCs, 3amucaB 3akoH OMa juis ydactka menu 1-G-R-2, uzobpa-
JKEHHOTO Ha puc.3 (K04 S 3aMKHYIIH B MOMEHT t = ();

R I (p2—@)+IR=¢ )
B . 42 Yuaureias, gto | =dq/dt
TG 1 1 (9;—9)=Uc =q/C, nepenmmem
ypaBHeHue (2) B BUIE
S dg,a _= )
d¢ RC R
Puc. 3 Rdq

dt  (4)

Pasrenenye nepeMEHHBIX IaeT — =
e—q/C
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Wurerpupys ypaBuenue (4) B npeaenax ot 0 go t, Haxonum RC [In (SC —q) —In (SC)] =—t orkyna

q=5C(1-e V") mm U =¢(1-e ) (5)
rae T=RC - Bpems penakcaiuu.
u HauanbHyro yacTb KpHBOW NPHUOIMKEHHO MOXKHO INPEICTaBUTH MPS-
el ____ MOM JMHHEH:
- t
s Uc=¢e—, (6)
Ul T
Tak kak e VT ~1-t/1
VTRt mput<t=RC,
0 t [Tpr Hammuuu HEOHOBOH Jammbl MpoucxoAuT MHoe. OCHOBHas OCO-
Prc. 4 OEHHOCTh HEOHOBOM JIaMIIBl COCTOMT B TOM, YTO OHa HAYMHAET NMPOBOJHUTH

TOK TOJIBKO MPHU OMpPEeICHHON Pa3HOCTH MOTEHIIHMAIOB MEXIY €€ JJIeK-
tponamu U,. Ecnu Hanpspbkenue Ha snektpoaax jgamnbl U < U, TOk uepes 1ammy He UIEeT, TaK KaKk HEOH
SBIISIETCS TUAJIEKTPUKOM. B 3TOM ciyyae BHYTpEHHEE CONPOTUBICHUE JIaMIIbl OeCKOHEUHO Benuko. [Ipu
pazHoctu noteHnuanoB Us TpOUCXOAUT TPOOOM AUAIEKTPUKA, U YEPE3 JIAMITY UJIET TOK - JJaMIla 3aKHUra-
eTcs. BHyTpeHHee cOnmpOTUBIEHHE €€ MPU ITOM CKAYKOM YMEHBIIAETCS J0 OMPEACIICHHON KOHEYHOM
BenU4YMHBL. Us; HAa3bIBAETCS MOTEHIMAIOM 3aKUTAHHS JIAMIIbI, OH 3aBUCUT OT PACCTOSIHUS MEXIY dJIeK-
Tpoaamu, (popMbl IIIEKTPOJIOB, a TAKXKE OT MPUPOIBI U JABICHUS HAMOJHSIOUIETro Jammy rasza. [locmie
3@KHUTaHusl JJamMIia MOXKET TOpeTh YXKe Mpu 0oJiee HU3KOM HAIpsKEHUHU, TaCHET OHAa IMPH HEKOTOPOM
HanpsokeHuu Ur, Ha3pIBa€MOM ITOTEHIIMAJIOM FallleHUsI.

B pesynbprare mepuoanyuecKoro MOBTOPEHUS MPOILIECCOB 3aKUTAHMS M TalllEHWS HEOHOBOM JIAMIIBI

BO3HHMKAIOT KoJieOaHus HanpspkeHus: U, BblpaxkaeMble muinooOpasHoil kpuBoil (puc.4). Ilo takomy xe
3aKOHY U3MEHSETCS U 3apsii KOHAEHcaTopa.

[IpeamnosoKuM It MPOCTOTBI, YTO I ,  BPEMS DA3PAIKH  KOHJICHCATOPA
BECbMa Majio 10 CPaBHEHHIO CO BPEMEHEM ero 3apsakd. Toraa mepuoj Kose-
0aHMil - 5TO €CTh BPEMS, B TEUEHUE KOTOPO- r0 HAIPSIKEHUE IOBBIIIAETCS OT
sHagenust Ur no Us. Hcnomesys dopmyny | (6), MOXHO TOJYYUTH JUIA HETO
BBIP@YKEHUE A :; 4
7Y% Ype YU, @ .

& & Puc. 5 o
Bosbr-ammephast XapakTepPUCTHKA HEOHOBOM JIaMITBl UMEET BHI, TIO-

Ka3aHHbIN Ha puc.S. [Ipyn Manom HanpspKEHNUH Ha 3JIEKTPOAAX TOK 4Yepes JlaMIly paBeH Hyiro. llpu 3axu-
rauuu jgamnsl U=U; TOK ckaukoM JocTuraer BeauduHsl [;. [Ipu nanpHelineM yBenuueHUN HaNpsHKEHUS
TOK B JIAaMIIe BCE BpPEeMs BO3pacTaeT Mo mpsmoit ab. Eciu yMEeHbIINTh HANpsDKEHUE, TO TOK YMEHBITHTCS
no npsiMoii be, 6nmskoii k ab. Korna Hanpspkenue ynazger 10 Ur, IIaBHOE YMEHBIIEHUE TOKa OyIeT emle
npoaokarbes, U b npu U = Ur TOK yepes Jamiy CKayKoM MajiaeT 10 HyJIsl.
O0BbeKThI HccIe0BaAHNA, 000Py10BaHUE
DJIEKTPOHHASA CXE€Ma C HEOHOBOM JIaMITOH.
3aganue Ha padory

[TocTpouTh BONBT-aMIIEPHYIO XapaKTEPUCTUKY HEOHOBOH JIaMITbl U OTPEAEIUTh BEIUUNHY HEU3-

BECTHOM €EMKOCTH.
IHopsaaoK BbINOJIHEHHS PA0OTHI
A. Ilocmpoenue 601bm-amnepHol XapakmepucmuKku HeOH08OU 1AMNbl
1. Pa3beputech B Ha3HAUEHUU DJIEMEHTOB cxeMbl (puc.l).

2. Perynsaropsr R1 u Rz IIOBEpPHUTE N0 yIOpa IPOTUB 4a-

COBOM CTpEJKH, MEPEeKIoYa- @ S, R, TeJIb S1 - B HEUTPAJIbHOE TMOJI0XKeE-
HHUC.
3. BKJIIOYNTE YCTAaHOBKY Cx Ch @ B CETbh.
4. MenneHHO yBEIUYH- 69 Basg HaNpsOKEHUE C IIOMOIIBIO
noteHuuomerpa Ri, 3amerbte : : { MOMEHT  3aXHUTraHus  JIaMIIbI
S, G
R;

Puc. 1 Cxema ycTaHOBKH



(cTpenka MUKpoaMIepMeTpa pe3Ko OTKIOHUTCS OT HyJis1). BOIbTMETp MOKaXeT HaNpsHKEHUE 3a)KUTaHUs
U3 (kHOTIKY S2 B poIecce U3MEPEHUI IepKaTh 3aMKHYTOH ).
5. Ilpomomxas yBelIMuMBaTh HAPSDKEHUE, U3MEPSIUTE TOK, TEKYILMM Yepes Jamily.
6. ITocne nocTHKEeHNs MaKCUMalIbHO BO3MOXKHOTO HAIPsDKEHHsI HAUHUTE YMEHbILATh €ro J10 MOJIHO-
ro ramenus jamisl (Ur), 3anuceiBas 3Ha4€HUsI TOKA.
7. laHHbIC 3aHECUTE B TAOIHILY
Tabmuna 1

IIpu yBennuenun | Ilpu ymeHblennn
HaNPsUKEHUS HaIPsDKEHUs
U, B | I MKA U B I, MKA

8. ITo nanHbIM TabMUIEI TOCTpOIiTe Tpaduk I = f(U).

b. Onpeoenenue senuuunvl neuseecmuoii emkocmu

1. Iepexmtouatens S1 moctaBbTe B nojiokeHue Co (B LEMb BKIIOYAETCS 3TAJOHHBIN KOHJIEHCATOP).
Pyuky R2 moBepHuTe 10 ynopa npoTuB 4aCOBOM CTPEIIKHU.

2. YBenuuuBas HampspkeHHe, 100eiTech BOSHUKHOBEHHUS KoJeOaHMii, HAOII0AaeMbIX MO MUTAHUIO
HEOHOBOM JIAMITOYKH, HaUMEHbIEeH dacToTel. Onpenenute Bpems 10 muranuii nammodku. [To Gpopmysne
T, =t,/10 paccuuTaiite nepuo KoJaeOaHuid.

3. Bxuounte B LeNb KOHJAEHCATOP HEM3BECTHOM €MKOCTH M OMNPEIENMTE MEPHOJ KojeGaHwmit
T, =t, /10 . ITpu sToM pyuku R1 u Rz He Tporaiire!

4. Haiinute emxoctb C, , 3Has u3 ¢popmynsl (7), 9To

T = y,-u, RC,, T, = Y,-U, RC, , u cnenoBarensno C, =C, T

2
€ € T,

Tabmumna 2

t,,c |t c | C,,Mmx® | C,, Mx®

31 X 31 X1 X1

Conep:xxaHue oT4yera
Pe3ynbrarel u3mMepeHuii U pacyeToB 3anucath B Taba.1 u 2.

KonTpoJibHbIe Bonpocskl

1. Yto coboii npeacraBisioT aBTokosnebanus? [IpuBeaure npuMepsl aBTOKOJIEOATENBHBIX CUCTEM B
MEXAaHUKE U NEKTPUUYECTBE.

2. Ucnonw3ys npasuio Kupxroda, 3anumure auddepeHnnanibHoe ypaBHEHUE 3apsIKi KOHIEHCATO-
pa u HaliguTe ero pemeHue. Kakoil BUJ MMeeT 3aBUCUMOCTh HAINpsDKEHHs] Ha 0OKJIaJKax KOHJIEHCATopa
OT BpeMeHU?

3. [InacTuHbI 3apsKEHHOTO KOHJIEHCATOPa 3aMBIKAIOT MTPOBOJHUKOM corpoTuBieHreM R. Kak ObicT-
PO KOHJeHcaTop pa3psautcs Ha 99%? (perieHne, aHaIOTUYHOE PEHISHHUIO 3a7auu U3 Borpoca Ne2).

4. KakoBa poJyib HEOHOBOMH JIaMITbl B N3y4aeMoi cxeme?

5. Ionyuute camoctossTensHO hopmyiy (7).

CnucoK HCNMOJIb30BAHHBIX HCTOUHHKOB

Hponos U.E. Dnekrpomarnerusm. — M.: BUHOM. Jlabopatopus 3uanuii, 2008. — 320c. §5.6 Ilepe-
XOJIHBIE TIPOLIECCHI B LIEMHU ¢ KOHAeHcaTOpoM (cTp.124)
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JlaGoparopHas pabota Ne 21
TepmodjieKTprUYecKHe sIBJIECHUSI

Ilesqb paGoThl: 03HAKOMJICHHE C TEPMOVIEKTPHUUECKUMU SIBICHUSMH, I'paJyMpOBKa TepMonapbl U

OIpe/ieNIEeHUE YAEIbHON TEPMO3IEKTPOABUKYIIEH CHUJIBL.
TeopeTnyeckue cBeieHHsI

Mertain B 11€0M 3JE€KTPOHENTpaieH. DIEKTPOHbI IPOBOAMMOCTU B METAJIE JIBUKYTCS Xa0THUYECKH
¢ orpomHoit ckopocThio V ~ 10° mM/c. HekoTopble U3 HUX MOTYT CIydaiiHO BBIATH HApyKy M3 METallia.
VY nanenue 3J€KTpoHa OT HApPYKHOIO CJI0S OJI0KUTEIbHBIX HOHOB PELIETKH IPUBOANUT K BOSHUKHOBEHUIO
B TOM MeCT€, KOTOPO€ MOKUHYJ IEKTPOH, U30BITOYHOTO MOJIOKUTENIbHOrO 3apsaa. KyinoHoBckoe B3au-
MOJICHCTBUE C 3TUM 3apsiIoM 3aCTaBIISIET IEKTPOH, CKOPOCTh KOTOPOIO HE OUYEHb BEJIMKA, BEPHYTHCA

- 7 obOpaTHo.
e | .| T 775 Takum 00pazoMm, OTIENbHBIC AIEKTPOHBI BCE BPEMsl MOKUAAIOT MOBEPX-
. T HOCTb METaJljia, YAaJIsSI0TCs OT Hee Ha HECKOJIbKO MEKAaTOMHBIX PAaCCTOSHUN U
: " 4T\ 3areM MOBOPAYyMBAOT oOpatHO (cM.puc.3). B pesymbraTe MeTamn oka3elBaeTcs

1T  OKpY>KEHHBIM W TOHKUM OOJIAKOM 3JIEKTPOHOB.

Oro obma- W KO oOpa3yeT COBMECTHO ¢
P HapY>KHBIM — T CIOGM HOHOB IBOHHOH JIEeKTpH-
YECKH  cIoi Ag=ee (cmpucd). Bosnukaromee Ha
Puc.3 rpaHuue pasqe- | na snektpuyeckoe none E. crpe-
MUTCSI BEPHYTh BBUICTEBIIHME JJICKTPOHBI B © merai. Pabora, coBepriaemas
OPOTUB CHJI 3TOTO IMOJIA IpU TEepexoje Witer JNEKTpOHA U3 METajula HapyxKy,
UICT Ha YBEIMYEHHE MOTCHUMAIBHON O e coa——! SHeprum dJekTpoHa W = —e@.
HOCKOJ‘Ibe 3aps] dJIEKTpOHA oOTpuIaTe- MeTa”H;HC s JIEH, MOTEHIIUAJI TOYKU U MOTECH-

[HaJIbHAast SHEPTHUS AJIEKTPOHA B ATOM TOY- Ke UMEIOT pasHble 3Haku. OTcroa
CJICAYeT, YTO TOTEHIMAJ BHYTPU MeTaJuia OOJIbIIle, YeM TMIOTCHIIMAT B HEITOCPEICTBEHHON OJIM30CTH K €ro
MOBEPXHOCTH B BAKYYMeE (Pyier > Pax).

W3 xBaHTOBOW TEOPHH M3BECTHO, YTO JIEKTPOHBI MTPOBOIMMO- — CTH B
MeTallJie MOTYT UMETh HEe KaKHhe YrOJHO, a TOJbKO OTAENbHBIE pa3- M grade © . pemeH-
HbIC 3HAYCHHS JHEPTHH, KOTOpPBIC 3aKIIIOUEHBI TpH aOCONMIOTHOM  — T, + |- HylIe B
npenenax or 0 g0 MakCUMAIbHOTO 3HAYEHHS , COBNAJAIOMIETO € — |+ memant 17 suepeu-
el ©epmu EF (vnmm xumuyeckum nomenyuaiom MetTamia). Ita Belu- B o0 vunHa
XapaKTepu3yeT Te DIEKTPOHBI B MeTajuie, KOTOpble OO0IanaroT T4+
HauOOJIBIIIMMHU CKOPOCTSIMH, U KOTOPBIM JIETYEe BCETO BBHIPBATHCS W3 - eakyym  MeTal-
na. Ha puc. 5 sHepretndyeckue ypoBHU 30HBI TPOBOAMMOCTH BIIHCA- Puc.4 HBI B

"9HEPreTUUECKYIO sIMY", KOTOPYIO HAa3bIBAIOT NOMEHUUAIbHOU samou. [{ns ynaneHus 3a npeaeinsl MeTaa
pa3HBIM JIEKTPOHAM HY>KHO COOOIIUTH HEOJMHAKOBYIO SHEPIUI0. Haumenvuias sHEprusi, KOTOPYIO HE00-
XOJIUMO COOOIIUTH AIEKTPOHY JUIsl TOTO, YTOOBI YAAIUTH €r0 U3 METAJIa B BAKYyM, Ha3bIBaeTCsS paboToi
BBIX0JA.

Aguix = Whax - EF = ep

Bennuuna ¢ Ha3bIBa€TCS nHOMEHYUAIOM 8bIX00d FNEKTPOHA U3 MeTayuta. [ meTamia paboTa BbIXO-
Jla paBHA HECKOJBKUM 3B M CHIBHO CHM)KaeTcs MpH 3arps3HEHUH MOBEepXHOCTH. PaboTa BbIXO/A IEK-
TpPOHA U3 MeTajlJla HEMHOT'O 3aBUCHUT OT TeMIepaTypbl. DTO BBI3BAHO TEM, YTO U3MEHSIETCS C TeMIEepaTy-
poii BeninunHa sHepruu Oepmu Er.

Metanbl pa3nuyaroTcsl 3Hau€HUEM KOHLIEHTpAalUuu CBOOOJHBIX 3JIEKTPOHOB N, paboTOM BbIXOAA U
nojoxenueM ypoBHs Depmu (cM.puc.6). Uem Oosibllle KOHIIEHTPAIUS CBOOOJHBIX 3JEKTPOHOB, TEM BbI-
e pacrnosioxkeH yposeHb ®@epmu. Eciam Meramnsl coequHuTh (cM.puc.7), To HauHeTcs nud@ysust cBo-
OOIHBIX 3JEKTPOHOB U3 METaJla, B KOTOPOM MX KOHIIGHTpalus 0OJbIlle, B METall, Iie OHa MeHble. [Ipu
9TOM HEPEHOCUTCS 3apsl, OAUH METaJll 3apsKaeTcsl MOJO0KUTEIbHO, Ipyroil - oTpuuarenbHo. Bomusu
TPAHMIBl pa3ziella METAJLUIOB BO3HUKACT ABOMHOW 3JIEKTPUUYECKUM CIOW U IOSBISECTCS JIEKTPUYECKOE

none E ., koTopoe oTTankuBaeT 1upGyHAUPYOIUE 3JIEKTPOHBI 00paTHO.
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Hacrynaer ounamuueckoe pasnogecue: CKOIbKO 3JIEKTPOHOB MEPEHOCUTCS Yepe3 TPaHMILy 3a cHeT aud-
Gby31uH, CTOJIBKO ke BO3BPALIAETCSI 0OpaTHO 3JIETPUUECKUM MOJIEM B MECTE KOHTAKTA.

B craructuueckoil pusmke JOKa3bIBAETCS, YTO YCIOBHEM PaBHOBECHUS MEXKIY CONPHUKACAIOUIMMHUCS
MeTaJlIaMH (a TakKe MEeXAy MOJIYIPOBOJAHUKAMH WJIM METAJZIOM UM TOJYIPOBOJIHUKOM) SIBJISIETCSl paBEH-
ctBO 3Hepruit @epmu:Er1 = Er2 (cMm.puc.7; B 3ToM citydae ypoBHu depmu pacnonararorcs Ha 0JHOM BbI-
core). Ilpu cobmoieHuu Takoro yciaoBHsl MOTEHUUATbHAST SHEPTHUST Wiaxl DJIEKTPOHA B HETIOCPECTBEH-
HOW OJIM30CTH K MOBEPXHOCTH MEPBOr0 MeTayia Oyaer Ha (€2 - Q1) MEHbIIE, 4eM W a2 BOIH3U BTOPOTO
metaia.  CnepoBareiabHO, TOTEHIMAl HAa  [OBEPXHOCTH  MEpBOro  MeTaiia  Oyner  Ha

U, = £P2 P _ Py — @y o BBILIIE, YEM Ha MOBEPXHOCTU BTO-
++++ + -

S | v

Benuuuny U,, HaspiBator - ---- | — GHeWHell __KOHMAKMHOU___PA3HO-
CMbI0 NOMEHYUATIO8. WL L M

Kak BugHO M3 puc.7, no- ed TEHILUaIbHas SHEPIUs JJIEKTPOHA B
IIEpPBOM METaJlJIe MEHbLIE, YeM L ed, BO BTOopoM, Ha Er1 - Er2. CooTBert-
CTBEHHO TIIOTEHIMAl BHYTPHU - IEpPBOr0 MeTajjla BBIIIE, YeM
BHYTPHU BTOPOT'O, HA BEJIUYUHY — = Uiz = @. Bennuuny Uiz
Ha3bIBAIOT GHYMPEHHEel KOH- . MAKMHOU_PAa3HOCMbl0 NomeHyua-
n06. KoHTaKkTHBIE pa3HOCTU HNOTEHLUAIOB HMEIOT HEDJIEKTPO-
CTaTHYECKYIO pUpoay e & (Bo3HuKaeT 3a cueT AuUQGdy3un),
T.€. SIBJIAIOTCSI 3JIEKTPOJBU- :E KYLUIUMH CHJIaMH, CIIOCOOHBIMU
CO3aTh TOK. —L - Puc.8

SIBnenne 3eebexa A1 OTTATKHBARUE Ty

Ecnu cnaate B KOJIBLO W T, 2 IPOBOJHUKHU M3 Pa3HBIX METAJJIOB
(puc.8), TO BO3HHUKAOIINE W & KOHTaKTHbIE PAa3HOCTU MOTEHIHA-
JOB B  pa3HBIX chasx "‘Baxl HalpaBJIeHbl HABCTpEUY JAPYT ApY-
'y U KOMIIEHCUPYIOTCS: TOK II0 TakOM 3aMKHYTOW LIENH HE
MOTEYET. Ep

3ee0exk OOHapyXui1 B Lo 2| 1821 r., yTO ecnu cnau ABYX pas-
HOPOJHBIX METaJUIOB, 00pa- 1 3YIOIIMX 3aMKHYTYIO LIeTlb (Ha3bl-
BaeMyIo TEpPMOIIapoii; Puc.9 cm.puc.9), mnoaaepkuBaTH MpU
pa3IMYHBIX TeMIepaTypax, Puc.7 TO B LIENH TeueT TOK. M3meHeHue
3HaKa y pa3HOCTH TemIiepa- Typ CHAeB CONPOBOXKAAETCS U3Me-

HEHUEM HaIIpaBIICHUs TOKA.

Kak ormeuanoce Beie, ypoBeHp ®depMu 3aBUCHT OT Temneparypsl. [Io3Tomy ckadok moTeHnuana
IpY TIEpPEeXo/Ie U3 OJHOTO MeTajlla B APYroi (BHYTPEHHsISI KOHTAKTHAs pa3HOCTh MOTEHIMAJIOB) JUIs Clia-
€B, HaXOJISIIINXCSA MTPU Pa3HbIX TEMIIEpaTypax, HEOAUHAKOB U CYMMa CKa4KOB ITOTEHIHAJA ISl BCEH LENn
OTIMYHA OT HyJs. OHOTO 3TOT0 OBLIO OBI TOCTATOYHO JJIs1 BOSHUKHOBeHHS TepMo D/JIC.

Erepwo =U12 (T)) +U5, (Ty) = 1{[EF1 (T)-Eg, (Tl)]+[EF2 (T,)-Eg (Tz)]} =

{[Ex, (T)~E, ()] [ Er (T2)—Er (W) ]} = Tf a3, (T)dT %0

sl yoenvHou mepmosnekmpoosuicywen cunoti. OHa 3aBUCUT OT MPHUPOIBI METAJIOB U OYEHb c11abo 3aBH-
CUT OT TeMIIepaTyphl, TaK YTO MPU HE OYCHH OOJIBIION PA3HOCTH TEMIIEPATyp CIAcB €€ MOXXHO CUHTATh
MIOCTOSIHOU:

8TepMo =0 (T2 _Tl)
ITo Tepmomape, KOHIIBI KOTOPOW MOMEIIEHBI B 00JIACTH ¢ Pa3HON TeMIIepaTypoi OTEYET TOK.

Ecnu Harper Toapko oauH U3 cnaes,To TepMo IJ]C He 3aBUCUT OT KOJIMYECTBA COEAMHEHHBIX MOCIIE-
J0BaTenbHO pazHopoaHbIX MeTaiioB! Tepmo DJIC co3zmaeTcst TONBKO ABYMs METaJljlaMH, ClIall KOTOPBIX

1 OyHKIUA 04 (T) Ha3bIBACT-

e
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HarpeBaroT.

YroObl IOHATH BTOPYIO MPUYHHY BOSHHUKHOBEHUs TepMo DJIC, pacCMOTpUM OTHOPOIHBINA METaJLIH-
YEeCKUI MPOBOJHUK, BIOJIb KOTOPOrO UMEETCS TPaJMEHT TeMIeparypbl. B 3TOM ciyuae KOHIEHTpauus
AJIEKTPOHOB ¢ 00Jiee BBHICOKOM SHEpPruel y HarpeToro KoHua Oyner OoJblile, YeM y XOJIOAHOTO; KOHIICH-
Tpamusi IEKTPOHOB ¢ Ooyiee HU3KOW 3Hepruel Oyper, HAOOOPOT, y HArpeToro KOoHIa MeHbIne. Bronb
NPOBOJTHMKA BO3HUKHET I'PAJMCHT KOHIICHTPAIIMU DJIEKTPOHOB C JIAHHBIM 3HAYCHHUEM DHEPTUH, YTO TI0-
BJICUET 3a coOoi auddy3uto Oosiee OBICTPHIX AIEKTPOHOB K XOJOJHOMY KOHITY, a 00Jiee MEIJICHHBIX - K
TETIOMY.

Judy3noHHBIH MOTOK OBICTPBIX JIEKTPOHOB OyneT OoJiblIe, YeM MOTOK MEAJICHHBIX 3JICKTPOHOB.
[TosTOMY BOJM3M XOJOAHOTO KOHIIA 00pa3yeTcsi N30BITOK AJIEKTPOHOB, a BOJIM3H TOPSIYETO - UX HEAOCTa-
TOK. B pe3ynbTare BHyTpU MPOBOJHUKA BOSHUKHET AJIEKTPHUECKOE T10JIe, HAIPABJICHHOE HABCTpEUy rpa-
IMeHTy Temrieparypbl. OHO OyJeT yMEHBIIATh MOTOK OBICTPBIX M YBEIUYHUBATH MMOTOK MEIUICHHBIX JJICK-
TpoHOB. Korga 00a moToka BEIPaBHSIOTCS B KaXK/I0M CEYCHHUHU, HACTYITUT PAaBHOBECHOE COCTOSIHHUE.

Mexy KOHIITaMH TPOBOIHUKA, HAXOISIIUMUCS Tpu TemrepaTtypax T1 u T2, mosIBUTCS pa3HOCTH I0-
TEHIIMAJIOB

Bemuuuna P HeBenuka - mopsaka 104 B/°C. Ilostomy 0OHApYXHUTh Pa3HOCTh HOTEHIMAJIOB
AP uippys OPIBACT TPYJIHO.

3a cueT HEOAMHAKOBOCTH 3 1715t MeTaiuioB 1 1 2 Bo3HHKHET D/[C

T T T T
Epys = | BT + [ BodT = [ B,dT — [ B,dT
T T T T

Takum oGpazom, Tepmo DJIC cmaraeTcss U3 CyMMBI CKauyKOB MOTEHI[MANa B KOHTaKTax (CHasx) u
CyMMBI U3MEHEHU MMOTEHIIMAaNa, BEI3BAHHBIX MU Qy3ueit HOCUTENS TOKa.

8TepMo =&opr T Sﬂﬂd)d)y:«;
O0BeKTHI HccIe0BaAHNA, 000PyI0BAHUE
Tepmormnapa, TepMOMETP, MUJUIUBOJIBTMETP.
3aganue Ha padory
[TocTpouts Tpadux TemrepaTypHoit 3aBucuMocTu TepMoI[IC, paccuuTaTh BEIUYUHY YyIETHHOMN

TepM0/IC, 3anomHUTH TaOIMILy.

IHopsinok BbIMOTHEHNS PA0OTHI
1. Onpenenute o repmomerpy TEP Ha YCTAaHOBKE KOMHATHYKO TeMIIepa-

TYPY txomn, OAMHAKOBYIO JUIS ClIaeB a, b u ¢ mV NP BBIKJIIFOYEHHOM HarpeBaTelie
R.

2. Bxiounte YCTaHOBKY B CETb. Harpesast pabouwmii criaif Tepmomna-

pbl, yepe3 kaxaple 5°C u3mepsiiTe o BOJb- t™eTpy Bemmuupy O.JI.C. g

Harpesanne npoussoaure 10 80°C. Pe3yib-
Juny.
3. Ilpu poctmxenuu 80°C BBI- ¢, KJIIFOYUTE YCTAaHOBKY U IIPOJOJDKHU-

"

T¢ M3MEPEHHE TEPMO-D.1.C. & MPH ¢
4yero crnasi, GUKCUpys Te€ K€ 3HauUeHUs ! TEMIEpaTypbl, Kakue ObLIM Npu
HarpeBaHuu, HO B OOPATHOM IMOPSIKE ; BILUIOTh 10 KOMHAaTHOH. [laHHBIE
3aHecuTe B TaOJIMIy M TOJNy4UTE <., . ; MOANMUCH IPENOIaBaTes O 3aBep-
\

TaThI H3MepeHHﬁ 3aHECHTE B Tald-

C€CTCCTBCHHOM OCTBbIBAHUH pa60-

HICHWH SKCIICPUMCHTA. o
4. Jlnga Kaxaol TeMmIeparypbl ‘

BBIYUCIIUTE CPECAHEC 3HAUCHUC

1 . "
& = E(ST + e ) Puc.2 Fpa(bHK er (At)
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U [I0CTpOiiTe rpaduK 3aBUCUMOCTH & OT At=t — tyoun

5. Boruncnute BeNMYUHY YACIBHON TEPMO-3.1.C. O, UCIIOJIb3Ys MPSMOJIMHEHHBIN Y4aCTOK MOCTPOCH-

HOTO TrpaduKa Tak, KaK 3TO MOKa3aHO Ha puc.2, o Gopmyne o =

COACPIKATh HECKOJIBKO SKCIICPUMEHTAIIBHBIX TOUCK

tKOMH = ..

°C

t,°C

At, °C | g, MB | &7, MB

&1, — &7
21 Vyacrok rpaduka JODKCH
At, — At
2 —AYy
er, MB

Conep:kanue oTyera

I'padux temnepatypnoii 3aBucumoctu TepMoIIC, 3Hauenue yaenbHON TepmMoD/C, 3amonHeHHAs

TadauIa.
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KoHnTpoJsbHbIe BOonpochl

1. Uto mpeacrasmisieT coboit Tepmonapa? Kakoe siBiienne Ha3biBaeTcs dddexrom 3eedeka?

2. KakoBbl HCTOYHUKN BO3HUKHOBEHUS TEPMO-3.1.C.7

3. [louemy Bo3HuKaeT qudy3noHHAs] COCTABIAIONIAS TEPMO-3.11.C.7

4. [loueMy BO3HMKAET KOHTAKTHAsI pa3HOCTb NOTEHIMaIOB? OT Yero oHa 3aBUCUT?

5. Uto Takoe paboTa BbIXoja 3JIEKTpoHOB U3 Metauia? KakoBa ee (pusmueckas npupoaa u mopsiok
BEJTUYUHBI?

6. byner nu B 3aMKHYTOH 11enu, COOpaHHON U3 Pa3HOPOIHBIX METAIJIOB, BO3HUKAThH 3JIEKTPUYECKHIMA
TOK IIpU OJIHOpoAHOM TemmnepaType? [louemy?

7. Yto Takoe ynenpHas TepMO-3.1.C. U KAKOB €€ CMBICI?

8. ImeeTcst KOHTAKT JBYX METAIIOB | ¥ 2 ¢ OAMHAKOBOW pabOTOM BBIXO/1a, HO C pa3HOI
KOHIIEHTpaluel cBOOOIHBIX AJIEKTPOHOB n1<nz. Kakoil MeTaun 3apsKaeTcs MOJOKHUTEIbHO, KaKOH - OT-
pULATENBHO?

9. ImeeTcst KOHTAKT ABYX METAIIOB 1 ¥ 2 ¢ OJJMHAKOBOI KOHILIEHTpAaLUel, HO pa3HOU
pabotoii Beixoga A1 > Az. Kakoil U3 HUX 3apspKaercs IOJI0KUTENbHO, KAKOM - OTpULIaTENbHO?

Cnucok ucnoJib30BaHHBIX HCTOYHHKOB
CagenbeB U.B. Kypc o0mieii ¢pusuku. T.2. DnextpudectBo u marHetu3M. Bomusl. Ontuka. — CII6.:
Jlann, 2008. — 496¢. §76, §77.
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JlaGopatopHnas pabora Ne 22
OnpenesieHue y1eJbHOT0 3aps/a 31eKTPOHA
MEeTO/I0M MarHeTpoHa

[lesb padoThl: 03HAKOMJICHHE C OJTHUM M3 METOJIOB U3MEPEHUS YIEIbHOTO 3aps/ia AIEKTPOHA.
TeopeTnyeckue cBeieHHsI

YaeabHbIN 3apsi/l - OTHOLIEHUE 3apsia
PAKTEPUCTUK AJIEMEHTapHOW yacTulbl. Ero
JKEHHE 3apsSHKEHHOW YacCTHUIIbI B AJIEKTpHUYE-
JICUCTBYSl HA MOTOKU JJICKTPOHOB M HMOHOB
MOJSIMH, MOYXHO YIIPABJISITh 3TUMHU IOTOKa-
CTUIl O BEJIWYMHE W HAIpPaBJICHUIO. OTH
CTBUSI PA3NIMYHBIX JIEKTPOHHBIX U MOHHBIX
CKOIIOB, YCKOPHUTENIEH 3apsSKEHHBIX YaCTHII,
AJIEKTPOHHBIX ¥ MOHHBIX JIAMIT | T.1I.).

JIBrb>KeHUE SJIEKTPOHOB BO B3aUMHO

K Macce - OJlHa U3 OCHOBHBIX Xa-
MOXHO OIpENeNUTh, U3ydasi JIBU-
CKOM M MarsuTHOM IIOJIsiX. Bo3-
ANMEKTPUYECKUM W MarHUTHBIM
MH, T.C. UBMCHHUTbL CKOPOCTH Ya-
SBJICHUSI JIe)KaT B OCHOBE JCH-
puOOpOB (JEKTPOHHBIX MHUKPO-
AIIEKTPOHHO-ITYYEBBIX TpyOOK,

ﬁz% Jﬁw

vyl
|
|

V

MR

()

NEPNCHAUKYIIAPHBIX  3JICKTPUYC-

CKOM M MarHMTHOM IOJISIX NPUMEHSETCS B CHelUalbHBIX Ipubopax - MarHe-
TpoHax (TeHepaTopax »dJeKTpOMarHUTHBIX Puc. 2. Kondurypamus konebaHuii B 00JacTH CBEpXBbI-
COKMX 4YacToT). MarHerpoH MOXHO HC- TOTeR R MATHETNOHE I0JIb30BaTh ISl  ONPEJEIICHUS

YIEIBHOTO 3apsijia dJIEKTPOHA.
Kondurypanus noneit B MarueTpose
TPOAHOH namme (Auozae) ¢ LWIMHApPUYE-
KaT0/10M, IIOMELLIEHHOW BHYTPb KaTYILIKH,
(puc.2). DnexkTpuyeckas cxema yCTaHOBKU
JMoJa U 1enu Katymku (puc.l). AHogHOE
KaTyIIKH MOXHO pEryJupoBaTb IOTEH-
Hue Hakana Uy MOCTOSIHHOE. DJeKTpHhye-

Takas ke, KaKk U B JBYXDJIEK-
CKHMH COOCHBIMM aHOAOM U
CO3JAIOIIEH MarHuTHOE II0JIe
COCTOMT M3 LN aHOJa, HaKaya
HaIlpsDKEHUE M BEJIIMYMHY TOKa
nuomerpoM ITA wu II. Hanpsixe-
CKOE€ I10JI€ B JIAMII€ HANPABJICHO

10 paJlycaM aHoja, a MOCTOSIHHOE Mar- HHUTHOE TIOJIE - TTAPaJUICIIEHO OCH
anoza (puc.2). Takum o6pasom, saekTpu- PHC. 3. TpaekTopuu o1eK-  yeckoe W MarHWTHOE IMOJIs B3a-
WMHO IIepIECHIUKYISPHEI. TpOHa TIpX Pa3HbIX TOKaxX
[Tpu BBIKJIFOUEHHOM MarHUTHOM mojie  KaTYIIKH AIEKTPOHBI, SMUTHPOBAHHBIC
KaTOJIOM, JBHXXYTCS OT KaTojia K aHOy 1o paguycam (puc.3,a) moj IeHCTBHEM YCKOPSIFOIIEH CHITBI
F, =—¢E,

rae € - aOCodroTHas BEeTHMYMHA 3apsjia JIeKTpoHa; E - HampsyKeHHOCTh ANEKTPUUYECKOTO OIS B MPO-
CTPAHCTBE MEXIY aHOJAOM U KaTOJIOM.

B aHOnmHOM 11enu B 3TO BpeMsl BO3HUKAET HEKOTOPBI aHOJIHBIA TOK [a, BEIMYMHA KOTOPOTO 3aBHCUT
OT aHOAHOTO HanpskeHUs: Ua U BEJIMYMHBI TOKA HAKaJIa.

HpI/I BKJIFOUCHUH MArHUTHOI'O IIOJIA HAa 3JICKTPOHBI JOIMOJIHUTCIBHO K Fe HauylHaeT AeHCTBOBATh CO

CTOPOHBI MArHUTHOTO IIOJIA CUJIa Fm = —el:\_.f X B}

DTa CHiIA MEpICHINKY/SPHA CKOPOCTH JIEKTPOHA vV M MHIYKIMH MArHHTHOTO TONs B, mostomy oHa
UCKPUBJISICT TPACKTOPHUIO KAXKIOTO IJICKTPOHA, XOTS TPACKTOPHUS OCTACTCS B IUIOCKOCTH, TEPIICHIUKY-
JspHOUM ocu muona. Ilpu MaroM MarHUTHOM TOJIE TPAGKTOPHS DIIEKTPOHA MCKPUBISETCS ClIado U IJIeK-
TPOH momnaaaer Ha anoy (puc.3,b). [Ipu ycuneHnn MarHuTHOTO TOJIST TPASKTOPHS AJIEKTPOHA UCKPHUBIISIET-

Csl CHIIBHEH M IIpru HEKOTOPOM 3HAUCHUHW HWHAYKIIMU MATrHUTHOTO I10JIA B , Ha3bIBACMOM KPUTHYCCKUM

By, TPAEKTOpHsI DIEKTPOHA KAcaeTcst aHoa B OJHOM Touke (puc.3,c). ITO COOTBETCTBYET criaxy (cOpo-

cy) aHonHoro Toka a. [InaBHOe, a HE pe3Koe yMEHbILIEHNE aHOJHOTO TOKA IIPU JAJIbHEUILIEM YBETUUEHUN
WHAYKIIMY MarHUTHOTO MOJS OOBSICHSIETCA TEM, YTO AJIEKTPOHBI, SMUTUPOBAHHbBIE KAaTOJOM, UMEIOT pa3-
HBIE CKOPOCTH, a 3HAYUT, U M10-Pa3HOMY PEarupyroT Ha OJHY U Ty K€ BEJIMUMHY MarHutHoro noss. [lpu
JMaIbHEWUIIEM YCUJIEHUM MAarHUTHOTO IOJIA OONBIIMHCTBO 3JIEKTPOHOB YK€ He OyJeT KacaTbCs aHoza
(puc.3,d). Ecnu Obl Bce 2NIEKTPOHBI HMENU OJMHAKOBBIE CKOPOCTH, TO cOPOC aHOJHOTO TOKA MPOHU3OIIET
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OBl cpaszy 10 HYJS IpU JOCTHXKEHUU KPUTHUECKOTO TOKA KATYIIIKH, IPU ATOM COPOCOBasi XapaKTEPUCTHUKA
ObL1a OBI IPSMOYTOJIBHOM.
Ha puc.3 n300pakeHbl TPACKTOPUH SJEKTPOHA MPU PA3HON BEIMYMHE WHIYKIIUU MArHUTHOTO ITOJIS

B, 3nakamu "+" 0003HaYEHBI MTPOCKIIMS HA TUIOCKOCTh YepTeXKa JIMHUN MHIYKIIMA MarHUTHOTO moyst B,
HaIPaBJICHHBIX MEPIEHIUKYISIPHO MJIOCKOCTH 32 YEPTEXK.
N3 3akoHa IBMDKEHHS AJIEKTPOHA B CKPEIICHHBIX MOJIAX IMOydaeTcss Gopmysia, o KOTOPOH MOKHO

5 e 8U 512
BBIUMCIIMTD YACIbHBIA 3apsi] 3JICKTPOHA! —=—2""— @
m g2 (y2_y2
kp \ 'A k
rie Ua - aHOJHOE HAIPSDKEHUE; TA - PAIMYC aHOA; 'K -paauyc KaToa, BKp = uolen ,
(2)

N - 9KCJI0 BUTKOB HAa EAMHUILY JUTMHBI KaTYIIKH, CO3/IAI0IIeH MarHuTHoe mone; | " KPUTHYECKHIA TOK B
KaTYyIIIKE.

YpaBHCHHE TBUKCHHS dJICKTPOHA B MATHETPOHE MMEET BH/I

dv - L
md—‘tf:FH:—e(E{va]),

rIe Ifn - Jlopenmesa cuna. ) P=Uy

Hnst BeiBoma Qopmyinsr (1)
HHEM MOMEHTOB

MOKHO BOCIIOJIb30BaThCsl ypaBHE-

di -
— =M (3)
dt
Kamoo
H 3aKOHOM COXpPaHCHUA DHCPIUH ¢3:0 INPASRTROPUA QJICKTPOHA
mv2 npu B=By,

— eq =const (4)
Puc. 4. K BeiBony dpopmyisi (1) .
B ITUX YPaBHEHUAX L= [F X m\7] - MOMEHT HMIIyJIbCa

JIEKTPOHA OTHOCUTENBHO IeHTpa katona (puc.4), M = [fx FH] - MOMEHT JIOpeHIIeBO#l CUJIbl OTHOCHU-

TEJILHO TOM € TOYKH, (P - DJIEKTPUYECKHUI MOTEHINA, a (—e(p) - IOTEHIHAJIbHAS SHEPT U DJIEKTPOHA.
Pa3yioxuM CKOPOCTH HJIEKTPOHA HA JBE B3aUMHO IEPIEHIUKYIIIPHBIE COCTABIAIOIIME V, U V,. To-
rua L =[Fxmv,]

(tak Kak V|| F u [Fx¥;]=0).

Mo>kHO Takke MoKa3aThb, 9YTO M = ervlé
[Toatomy, nmpoekTupys ypaBHeHue (3) Ha OCh Z, MOJIy4YUM
a, _
dt ’
WIH ()
d
—(mv,r)=erv,B
e (M72r) = e
Tak kak v, = dr/dt, To mpasas yacth ypaBHeHus (5) npeobpasyercs K BULY
1 _d/o
—eB—(r°).
2l
Coxkpamtast Ha dt 1 HHTErpHUPYsI MOJTYYCHHOE PABEHCTBO OT IK JI0 I, ITOIYYUM
. eB 2 2
mvzr_?(r —rk) (6)

[Ipu 3TOM y4TEHO, YTO 3JIEKTPOHBI BBUICTAIOT C KaToJa C HYJIEBOH CKOPOCThIO: vy =V, =0 mnpu
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r= I’k .
IIpu B = Byp, Kak yxe roBOpUIOCH, TPACKTOPUS IJIEKTPOHA KacaeTcs aHOZd, 3HAYMUT, V =V, IPHU

I =r,. Toraa u3 BeipaxkeHus (6) HaxXoAUM

eB..r 2
ve=—PAIq_ rLz ©)
2m ra
VpaBHenue (4) B Touke I' = I, IPUHUMAET BUJ
mv?
— = (8)

Tak Kak const = (0 BBUAY TOTO, YTO NOTEHIIMAJT KaTO/1a PaBEH HYJIO TaK XK€, KaK U CKOPOCTh 4aCTHI] BOJIH-
31 KaTo/a.
Uckmrouass v u3 cootHomenui (7) u (8), mpuxoaum k popmyie (1) ans e/m.

O0BbeKThI HecIeI0BaHNs, 000py10BaHHE
Conenownp, peoctaTbl, aMIIEPMETPHI, BOJIETMETP.

Pa0ouee 3aganue
[TocTpouTh COPOCOBBIE XaPAKTEPUCTUKH, PACCUNTATH 3HAYCHHUE €/m.
ITopsinok BbINOJIHEHUs padOThI
MOM DJJIEKTPUYECKOW ILIEeNH, JaHHON
ycraHoBKH. Omnpeznenure LEHy Aele-

1. O3HakoMbTECH CO CXeE-
Ha puc.l, a TakKe Ha IMaHEIH

HUS KaKJI0IO0 HM3MEPUTEIBHOIO ii npudopa.
2. Py4ku NOTEHIMOMETPOB ; M HE , IIA u Il moBepHHUTE MPOTHUB YACOBOU
CTpesIkM 10 ymopa (T.e. Ha _ il G3  HYJb).
3. BkirounTe yCTaHOBKY B \!! 7 cerb. Pyuxoil morenumomerpa IIA
- xkenne Uail U TOAAEPKUBANUTE €ro

YCTAaHOBUTE AaHOJHOE Hamps-
MIOCTOSIHHBIM /10 KOHIIA CHSTHS s OJIHOM XapaKTEpUCTHKU.

4. CHuMHUTE TaK Ha3blBae- Pic. 1. Cxema yCTaHOBKH MyI0 CcOpPOCOBYIO XapaKTEpUCTUKY
marHetpoHa Ia = (1), T.e. 3aBu- CUMOCTh BEJIMYMHBI AHOJHOTO TOKa
Ia oT Toka katywmku 1. JIns 3Toro, yaep:kuBas KHONKY S B HaXKaTOM COCTOSIHUH, MEJIJIEHHO yBEeJIMYUBaiiTe
TOK | B KaTyIIke ¢ MoMouibio pydky noteHuuoMeTpa I1 u 3aHocuTe B TaOIMIly KaK[0€ 3HAUE€HHE ITOTrO
Toka | U cooTBeTcTBYIOIIEE €My 3HaUeHHE aHOAHOTO TOKa [a. CHuMUTEe 10 3HAYEHUN TOKA KATYIIKU JJIS
aHoZHOro HanpspkeHust Uas.

5. AHanoruuHele cOpOCOBbIE XapaKTEPUCTUKU CHUMUTE /sl aHOAHBIX HanpsbkeHuid Uaz u Uas. Pe-
komeHnyemble BenmuuHbl Ua1, Ua2 1 Uasz yKka3aHbl Ha 1a0OpaTOpHBIX yCTaHOBKaX. Bce pe3ynbTaThl u3-
MEpEeHUI 3aHecuTe B TAOIHILY U MOJIYYUTE MOANUCH MPEToAaBaTelis O 3aBEPIIEHUHN SKCIIEPUMEHTA.

6. [IpuBennTe yCTaHOBKY B MCXO/JHOE COCTOSIHUE U OTKJIIOUUTE OT CETH.

7. 1o TabnMYHBIM JaHHBIM MOCTPOITE TpaduKU TpeX cOPOCOBBIX XapaKTEPUCTUK HA OJHUX KOOPAM-
HaTHBIX OCSIX.

8. Ha rpaduke kaxmoit XxapakTepUCTUKU HaWAUTE TOYKY cOpoca aHOTHOTO TOKa Ia U COOTBETCTBY-
IOLIEE €M KPUTMUECKOE 3HAUEHUE TOKa B KaTylKe lxp. KpuTHueckuii TOK MOXHO ONPENEIUTh KaK TOK
KaTYILIKH, TP KOTOPOM TOK aHO/1a HAUMHAET PEe3KO yMeHbIIaThes. Berancnute By o popmyse (1,a).

9. ITo dgopmyne (1) BeIUMCIUTE €/M I KaXI0TO M3 TPEX ONMBITOB M HANWJWTE CPETHEE €r0 3HAue-

HUE.
10. ITomyueHHOE CpeaHEE 3HAUEHUE <e/ m) CpaBHUTE C TAOJIUYHBIM.
N(_) H/H UA1= UA2: UA3:"'
I, MA | Ia, MA | |, MA | Ia, MA | |, MA | IA, MA
1
10
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e/m, Ku/kr

(e/m)=..... Ki/kr e/m=1,76-10" Ku/xr

(3KCTIEPUMEHTAITBHOE) (TabmuyHOE)

Conep:xaHue oT4yeTa
I'paduku BOJIBT-aMIIEPHBIX XapaKTEPUCTHK, TAOJIHIIA.

KonTposbHbIe BONpOChI
1. Yto Ha3biBaeTcs yaenbHbIM 3apsaom? Kakoil MeToa u3MepeHus yAeJIbHOro 3apsjia 3JEeKTpoHa HC-

MOJIB3yeTCsl B 3TOU padboTe?
2. Yemy paBHa M KyJa HampaBjeHa CHJIa, C KOTOPOU JIEKTPUUYECKOE MOJIe ACHCTBYET Ha 3apPSKEHHYIO

yacTuiry?
3. Uemy paBHa U KyJa HallpaBjeHa CUJia, C KOTOPOH MAarHUTHOE TOJIE IEUCTBYET Ha 3apsDKEHHYIO Ya-

CTHILY.
4. Ilouemy noay4yeHHbIE COPOCOBBIE XapAKTEPUCTUKU HE MPSIMOYTOJIbHbIE?
5. Ha ocHoBe kakux cooOpakeHui BbIBOIUTCS pabouas popmyna (1)?
6. MOeT JI 3JIEKTPOH B CKPEIIEHHBIX OJHOPOTHBIX TOJISIX JBUTATHCS MPSIMOJIMHEHHO U paBHOMEP-

HO? Ecnu 11a, TO Ipu KakuX yCJIOBUSX?

Cnmcok MCnoJib30BaHHbIX HCTOYHUKOB
Wponos N.E. Dnekrpomaruerusm. — M.: BUHOM. Jlaboparopus 3nanwmii, 2008. — 320c. §1.1, §6.1.
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JlaGopatopHnast pabora Ne 23
MarnuTHoe noJie 3emJin

Leab padoThbl: U3MEPEHHE TOPU3OHTAIBHON COCTABJISIONIEH MAarHUTHOTO TOJISI 3€MJIM METOAOM
TaHTe€HC-TAJIbBAHOMETPA.

TeopeTnyeckue cBeieHHsI

MarautHoe mnozne 3emid B LEJIOM IOAOOHO IOJII0 OAHOPOIHO b
HaMarHu4eHHoro mapa (puc.l). MarHuTHas ochb B HacToslIlee BpeMms =
HaKJIOHEeHa K reorpaduyeckoil mox yriom 11°; mosToMy KOOpIMHATHI
CEBEPHOTO MarHuTHOro moiitoca (B FOxHoM momymapuun) 79° 1., u
69° 3.11. /

FO>xHbIi1 MarHuTHBIN nontoc HaxoauTca B KaHaze Ha paccTOsIHUM -+
1140 kM oT ceBepHOro reorpaduueckoro B CTOpoHy THXOro okeaHa, a /
CEBEpHbII MArHUTHBIN - B AHTapKTHAE. BennunHa MarHuTHOro Mo y 2e02p.
MOBEPXHOCTU 3emiin MeHsiercsa oT 62 1o 73 M1, a ropu3oHTAIbHON K8,
cocrapysitoleil - or 0 Ha ceBEpHOM U I0’)KHOM MAarHUTHBIX IOJIFOCAX JI0 ;
41 mxTn Ha 3KBarope. 2e02p. 5

B neiictBuTEIEHOCTH TI0JI€ 3€MJTM KIMEET HAMHOTO OoJiee ClIoKHyr0 ~ 7° o

KOH(Urypauuio, 4eM n3odpaxeHHas Ha puc.l. Bo-nepBbIx, cyiiecTBy-
I0T MHOTOUYHMCIJIEHHbIE MarHUTHbIE aHoMalnu (Harpumep Kypckas), B pailoHax KOTOpPBIX MOJIE JOCTUTAET
3HAYUTEIbHO OOJIBIINX BEIUYMH, YeM yKazaHHble Bblie (10 200 MxTi). Bo-BTOpbIX, I0JI€ CHIIBHO MCKa-
YKEHO COJIHEYHBIM BETPOM U SIBHO HECUMMETPUYHO OTHOCHUTEIBHO MarHUTHOM ocu. Kpome Toro, Maruur-
Hasi OCh U MarHUTHBIE TOJIIOCA CO BPEMEHEM M3MEHSIOT CBOE IOJI0KEHUE, a TAK)KE CYLIECTBYIOT BEKOBBIE
BapHallMy BEJIMYMHBI OIS (B HACTOALLEE BpeMs OHO yObIBaeT npuMepHo Ha 1% 3a aecstuierue).

Yro kacaeTcsi MPOUCXOKIAECHHUSI T€OMAarHUTHOTO TOJIs, TO CTPOTOM TEOPHUH IOKAa HET; IPEIoJaraer-
Csl, YTO OCHOBHBIM €0 MCTOYHHMKOM SIBJISIFOTCS DJIEKTPUUECKHUE TOKH, IIUPKYIUPYIOIMINE B KUJIKOM SApe
3emiu.

Marsetusm - 310 ocobasi popma B3aMMOJECHCTBUS INEKTPUUECKUX TOKOB M MarHUTOB (T€l C Mar-
HUTHBIM MOMEHTOM) MEX1y COOOH U TOKOB C MarHuTaMu. MarHuTHOE B3auMOJIEHCTBHE MTPOCTPAHCTBEH-
HO Pa3/IeJIEHHBIX TeJl OCYIIECTBISETCS MACHUMHBIM NoJeM, KOTOPOE, KaK U AJIEKTPUUYECKOE IoJIe, Ipe-
CTaBIsieT COOON MPOSIBICHHE JIEKTPO-MAarHUTHOW (OPMBI JBM)KEHUS MaTepuu. VICTOYHMK MarHUTHOTO
IOJISI - JBAKYIUNCS DJIEKTPUYECKHM 3apsijl, T.€. DIEKTPUUECKUH TOK.

OCHOBY TeOpuH 3IEKTpOMarHeTu3mMa o0pazyroT ypaBHEeHHs MakcBesia, UTPalolue TaKyko Ke poJlb,

MazH.
SKB.

MACH.
[

Pnc.1

Kak 3akoHbl HproToHa B Mexanuke. OHO U3 HUX 3anucekiBaetcs Tak: divB =0. DT1o ypaBHeHHE 03HAYaeT,
YTO Hem MASHUMHBIX 3aps008, KOmopbsle co30a8anu Obl MacHUMHOe noje, KaK dleKmpuyecKkue 3apsobl
co30arom 3eKkmpuyeckoe noJe.

Btopoe ypaBHeHHe MakcBesia BBIDISAUT Tak: fOtB=p,], rae | - MIOTHOCTH TOKa, HOPOXKIAIO-
[IET0 MarHUTHOE ToJie. DTO ypaBHEHHE TOBOPUT O BUXPEBOM MpUPOJIe MATHUTHOTO MO (BUXPb - TO XKE,

4ToO U pOTOp). Jlnann B He mMmerOT HH HaydaJia, HU KOHIIA. OHM SABIAIOTCS OO0 3aMKHYTBIMU JIMHUSIMU,
1100 YXOIAT Ha OeckoHeYHOCTh. CHUIIOBOM JIMHUEH MAarHUTHOI'O IIOJISI Ha3bIBAE€TCS JJUHHUA, KaCaTCIbHAasA K

KOTOpPOH B JIF00O0H €€ TOYKE COBMAAET C HalpaBlieHHneM MarHuTHoro noys B . Eciu pacceimats Maraut-
HbIE OMUJIKK B MAarHUTHOM T10JI€, TO OHU BBICTPOSTCS BAOJIb CUIOBBIX JIMHHIM.

Kak n3BeCTHO, OCHOBHOW XapaKTEPUCTUKOW BCAKOTO MArHUTHOTO MOJIS SIBJISIETCS BEKTOP MAarHUTHOM
uHAYKIMKA B . DTO cuioBas xapakTepucTHKa, T.e. BEKTOp B ompenensier cuiny, JeMCTBYIOLIYIO CO CTOPOHBI
MAarHUTHOTO 10JIs Ha iemenT Toka ldl .

dF =1dl xB. @

_ dF/dl @

- H
Isina
rae dl - amuHA 37eMeHTa ¢ TOKOM, a o - yroi Mexxay B u dl | T.e. Moxynb Bektopa B uucieHHO paBeH
MOJYJIFO CHJIBI, IEUCTBYIOIIEH HA €IUHUYHBIA 3JIEMEHT TOKA, PACIOJI0KEHHBIN MEPNEeHIUKYIIPHO Mar-

N3 popmymsl (1) cnemyert, 9To B
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HUTHBIM CUJIOBBIM JTUHUSIM.
JleiicTBHe e MO Ha KOHTYP C TOKOM HJIA MTOCTOSIHHBIM MarHUT OMPEEIsieTC MOMEHTOM CHIT
M =P, xB, ©)
rae P, - MarHUTHBIH MOMEHT KOHTYpa (WM TOCTOSHHOTO MarHuTa). MarHUTHBI MOMEHT KOHTYypa C

TOKOM - 3TO BEKTOp, YACICHHO paBHBIH IS (S - miomans KOHTypa) ¥ HampaBlICHHBIH B CTOPOHY TTOJIOXKH-
TEJIbHOW HOpManH N, T.e. P, = ISN . MarHUTHBIA MOMEHT MOCTOSIHHOTO MarHUTa - 3TO BEKTOPHAs CyMma
MarHUTHBIX MOMEHTOB BCEX €TI0 aTOMOB.
N3 dpopmynsr (3) cneayer, uro cBoOOAHAS MAarHUTHAs CTpPEiKa (MaJICHbKUN MOCTOSHHBIA MAarHuT)
YCTaHOBUTCS BAOJb CHJIOBBIX JIMHUN BHEIIHETO IOJIS.
MeTox TaHreHC-TaJIbBAHOMETPA

nAOCKOCID
MAZHUMHO20
Mepuouara

NAOCROCHD
MAZHUMHO20
Mepuduana

Puc.2 Puc.3

TanreHc-ranbBaHOMETpP MpPEACTaBISET COOON IUIOCKYIO KaTylIKy paauyca R ¢ uucinom BUTKOB N,
PAcCIIONIOKEHHYIO B BEPTUKAJIBHOM IUIOCKOCTH. B 11IeHTpe KaTylku yKperuieH oObIuHBbIH KOoMIac, CTpelka
KOTOPOI'0 MOYET BpaIlaThCsi BOKPYT BEPTUKAIBHOU OcU. [103TOMY B OTCYTCTBHE TOKA B KaTYLIKE CTPEIKA
KOMIIaca yCTaHABIUBAECTCAd B OTIMYME OT CBOOOJHON CTPEJIKM HE BIOJb MAarHUTHBIX CHUJIOBBIX JIMHUH
T€OMAarHUTHOIO IOJS B IUIOCKOCTM MarHMTHOTO MEPHJIMAHA, a BIOJb IOPU30HTAIBHOM COCTaBISIOLICH
BekTopa B (puc.2).

Ecian coBMeCTHTh IJIIOCKOCTh KATYIIKM TaHTE€HC-TaJIbBAHOMETPA C IUIOCKOCTBIO MAarHUTHOTO MEpH-
JIMaHa, TO CTPEJIKa KoMIaca B OTCYTCTBHE TOKa Oy/IE€T pacIoyiaraTthCs BJ0JIb TOPU30HTAIBHOTO JHaMeTpa
KaTymkHy. [Ipy BKIIFOUEHNH TOKA BO3HUKAET MATHUTHOE T10JIE KaTyIIKH

IN
By = Ho @

NEPIEHMKYIAPHOE IIIOCKOCTH KaTyIIKH, & 3HAYUT, U By .

Ou4eBuIHO, YTO CTPEJIKAa KOMITaca YCTAHOBUTCS BIIOJIb PE3yAbTUPYIOIIETO ToJIst (puc.3).

Kax BuaHO u3 puc.3 B _ tga, (5)
rop
TJIe OL - YTOJl OTKJIIOHEHUsI CTpeliku. [ToaToMy
B _ N (6)
tgoo 2Rtga

Top

3akon buo-CaBapa-Jlansiaca

WHaykuust MarHUTHOTO nosii B, cO31aHHOrO UIMHHBIM IIPOBOAOM IPOU3-
BOJILHOW KOH(HUTYpaluu, Mo KOTOPOMY Te€4eT TOK I, paBHa BEKTOpHOI CyMMe WH-

YK MarHuTHBIX mosteli dB, co3maHHbIX KaKabpiM diieMeHTOM aauHbl dl aToro

~ | [df X f]
npoBoja. 3akoH buo-Casapa-Jlamnaca naet popmyny: dB = ﬁ—g,
4n r
rae ldl - snement Toka, I - pagMyc-BEKTOp OT 3TOTO JJIEMEHTAa 10 TOYKH, B KO-
TOpOW HaxoauTcsi MarHuTHoe nose. Kak BuaHO 13 GopMyiisl, moje nepneHauKy-

JSIPHO IIJIOCKOCTH, B KOTOPOH JIEKaT paJuyC-BEKTOpP U 3JIEMEHT Toka. Moxaynb

Puc.4
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. Lo ldisina
WHAYKIIUH, CO3/1aBaeMOM 3JIEMEHTOM TOKa, HAXOIUTCS 10 (hopMyIie dB = 4_1tr—2 ,
/1€ O - YTOJI MeXKAY PaliyCOM-BEKTOPOM U 3JIEMEHTOM TOKa.

[Ipu BBIBOAEC MHIYKIIMH MAarHUTHOTO TOJISI B IIGHTPE KPYTOBOI'O BUTKA HEOOXOAUMO YUYECTh, YTO YTOJ
a =90° (pamuyc Bcerma mepreHANKYISIPEH KacaTeIbHONW K OKPYXKHOCTH), a I = R(pamuyc BuTKa). DTH
3HaYeHHs OyIyT OAMHAKOBBI AJI BCEX 3JIEMEHTOB TOKA BUTKOB.

O0BbeKThI HccIe0BaHNUA, 000PyI0BaHUE

Tanrenc-ranbBaHOMETp, KOMIIAC, HCTOYHUK TOKA.

Pabouee 3aganue
Onpenenuts cpeiHee 3HaUCHUE TOPU3OHTAIBHOM COCTABISAONIEH MAarHUTHOTO MO 3eMITH.
IMopsiiok BbINOJIHEHHS PAOOTHI

1. He BKiIrO4ast HICTOYHHMK TOKA, YCTAHOBHUTE TAHI€HC-TAIbBAaHOMETP B IUIOCKOCTH MarHUTHOTO Me-
punuana. [Ipu 3TOM cTpenka Kommaca JIoJhKHA ObITh HAIlpaBiieHA TI0 TUAMETPY TaHTEeHC-TaTbBAaHOMETPA.
OO0paTtuTe BHUMaHKE HA TO, YTOOBI CEBEPHBII KOHEI CTPETKU yKa3bIBaJ HA HYJIEBOE 3HAUCHHUE KOMIIaca.

2. YCTaHOBHUTE IBM)XKOK MOTEHIIMOMETpa (WM PE3UCTOpa) HA MUHUMAJIBHBIA TOK 4Yepe3 TaHTeHC-
raJlbBAaHOMETP U 3aTEM BKIIOYUTE UCTOUHUK TOKA.

3. M3Menss TOK Yepe3 paBHbIE HHTEPBAbI, 3aQUKCUPYHTE YTOJI OTKIIOHEHUs cTpenku (puc.3). HeoO-
XOJIUMO HEKOTOPOE BpeMsi, UTOOBI CTpelKa KOMIlaca yCIOKOMJIACh U MepecTaiia KoieOaThCs. 3amuiinTe
BEJIMYMHY TOKa | ¥ yriibl OTKIOHEHHUS OT MEPBOHAYAIBHOTO MOJIOKEHHUS CEBEPHOTO Ol U FO)KHOTO Ol2 TIO-
JFOCOB CcTpenku B Tabmuimy. [lomy4unts He MeHee 5 3HaueHMII TOKa (M KOHEYHO COOTBETCTBYIOIIUE UM
yribl). BHUMaHue: OTKIOHEHHUE JIF000ro MOoJk0ca CTPEIKU €CTh Pa3HOCTh HAaYallbHOTO U KOHEYHOTO MOKa-
3aHUsl KOMIIaca U HE MOYKET MPEeBbICUTH 90°.

4. VI3aMeHuTe HampaBlieHUE TOKA B ralbBaHOMETPE C IOMOIIBIO MEepeKIovaTess Ha ycraHoBke. [Ipo-
JienaiiTe MyHKT 3, yCTaHABJIMBasl TAKHE JK€ 3HAUCHUS TOKOB M (PUKCHUPYS YIiIbl OTKIOHEHHS OT IEePBOHA-
YaJIbHOT'O MOJIOXKEHUS CEBEPHOTO 013 M F0’)KHOTO (L4 TIOJIFOCOB CTPEIIKU. [{yOnuposanue usmepeHuii oenaem-
¢l 0151 Mo2o, 4modbl UCKTIIOUUMb CUCIEMAMUYECKYI0 NOSPEUHOCMb, C8A3AHHYI0 ¢ HeMOYHOU YCMaHO8-
KOU KAmMywKu 6 NioCKOCMU MASHUMHO20 MePUOUAHA, a MakKice ¢ onpeodeieHuem camoll 3motl NI0CKO-
cmu. JlaHHBIE 3aHECUTE B TAOJMIly U MONYYUTH MOJIMUCH MPENOoAaBaTess O 3aBEpPIICHUH YKCIIEPUMEHTA.
[Tocne 3TOro MOXKHO TPOIOJIKUTH BEIYUCIICHUSI.

Ne 1, fou,© fore, %o, o, < o>, Otg<o>Brops  [E, ABrop,
n/m MA MkTn otHoc.  MKTn
rmorpeut- fade. morp.
HOCTh
N = .... BUTKOB; <Brop> = .... MKT1;(ABrop)max= .... MKT1
R=... M;
Ho=4m-107" T'n/m; Brop = (... ... ) MKT

5. OmpenenuTh cpeiHee 3HAUYCHHME yria <o™> Ui KakJaoro 3HadeHwss Toka | mo dopmye:
(o) =(oy+0, +oz+0y)/4
6. Ilo gopmyne (6) BEIUUCTUTD Brop Ul KaXA0r0 TOKA, MOACTABISSE BMECTO O CPEJHEE 3HAUCHUE
<o>. R u N yka3aHbl B OMCaHUU YCTAHOBKHU.
7. 13 Bcex moydeHHbIX Brop HATH cpeiHee 3HaueHUE <Brop™.
8. [lo naHHBIM OMBITOB ompeenuTe oTHocuTeNbHYI0 E 1 abcomoTHyto ABrop morpemnoctu no ¢op-
MyJiam
Al AR 2Aa
E=—+—+—,
I R sin2a
Al, AR u Ao, onipenensroTcsi Kak MoJIOBHUHA JACJICHUs MPHUOOpPa, ¢ IOMOIIBI0 KOTOPOTo ObLIM M3MepeHs! [, R
U o, mpuyeM Aol HaJlo BBIPA3UTh B paauaHax. Eciau 3HaueHue Kakoi-mub0 BEIMUYMHBI YK€ YKa3aHO B OIU-
CaHWU YCTaHOBKH, HaripuMep R, To abComoTHAS OTPEITHOCTh 3TOW BETMUMHBI OTPEACISCTCS KaK MOJIOBH-
Ha eMHUIIBI mocaeanero paspsaaa. [Ipumep: R=113,15 m. Eqununa nocneaHero paspsiaa - 3T0 0Ha coTasl.

ABrop = Brop -E
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Taxum o6pazom, AR = 0,01/2 = 0,005 m.
9. Haiitn Hanbonblnee 3HaueHHE a0COFOTHOM MOTrPEeIIHOCTU. Pe3yabTaT nmpecTaBuTh B BUJIC

Brop = (< Brop £ (ABrop )max >) MK T

CpaBHUTH NOTy4eHHOE 3HaYEHUE Brop ¢ TAOTMYHBIM (CM. TEOPETUUYECKOE OIMCAHUE).
Conep:xaHue oT4yeTa
Pesynbrarhl m3MepeHuid U pacueToB, opoOpMIICHHBIE B BHJE TaOJIUIbl. 3HAYCHHE TOPU30HTAIBHON
COCTABJISAIONICH MAarHUTHOIO I10JI 3eMIIH.

KonTposbHbIe BONpOChI

1. Yro Takoe maruutHoe nose? Kakumu cBoiictBamMu oHO oOnanaer? Mmeer 11 MCTOUHUKH, BUXPU?
2. [laiite onpenenenue Bekropa B . UTo Takoe CUIIOBbIE JIMHUU?
3. Kak MarHuTHOE 10J1€ IEHCTBYET Ha 3apsijl, Ha IPOBOJI C TOKOM, Ha BUTOK C TOKOM?
4. Chopmynupyiite 3akoH buo-Casapa. BeiBenure Gpopmyiy (4), HCIIOJIB3ys 3TOT 3aKOH.
5. I[lokaxxute KapTUHY CHUJIOBBIX JIMHUM MarHUTHOTO 1oJtst 3emiu. [lokaxuTe Kak HampaBiieH
BOJIM3U MOBEPXHOCTH 3eMJIM B CEBEPHOM MOJNyIIApHH BeKTOp B u HalimuTe ero cocramistomiue (ropu-
30HTAbHYIO U BEPTUKAIIBHYIO).
6. Kak mensiercst B, B 3aBucHMOCTH OT reorpapuuecko upoTh?
7. YT0 U3BECTHO O MPUPOAE FEOMArHUTHOIO MOJIsA?

Cnmcok MCnoJib30BaHHbIX HCTOYHUKOB

CagenbeB U.B. Kypc obmeit ¢puzuku. T.2. DnekrpuyectBo u marHeTu3M. Bomabl. Ontuka. — CII6.:
Jlans, 2008. — 496¢. ri1. "MarautHoe nosie B Bakyyme'".
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JlaGopatopHnas pabora Ne 24
HccnenoBanne MAarHUTHOTO MOJISI COJIEHOUAA

Ilesib PaGoOThI: SKCIEPUMEHTAIBHOE OIPEIeIIEHUE 3HAaU€HU MarHUTHOM MHJIyKIIMA HAa OCH COJIEHO-
HnJaa U CpaBHCHHUEC UX C paCYCTHBIMU 3HAYCHUAMMU.
TeopeTnyeckue cBeleHUs
= Haubonee mpocToit BuI pacripenesieHusi 3HAYCHUH BEKTOpa MarHUTHOM

P
PDDDEPDDBEDDDEDDDPDDDD

UHAYKIMK B umeercs B ciydae OECKOHEYHO JUIMHHOTO COJIGHOMJA - LIMJIMH-
—5, JPUYECKOM KaTyLIKH, 10 BUTKaM KOTOPOW IIPOTEKAECT IJIEKTPUYECKUN TOK.
M OneIT MOKa3bIBAET, YTO YEM JIMHHEE COJICHOUJ, TEM MEHbIIE WHAYKIIHS Mar-
HUTHOTO TOJNISi BHE ero. J{is OecKOHEYHO UIMHHOTO COJICHOMJA MAarHUTHOE

0JIe CHapYXH OTCYTCTBYET BOOOIIEe, a BHYTPHU €ro JIMHUU BekTopa B Hampas-

OOOOPOOOEODEOOEHEEOGE

JICHBI BJIOJIb €r0 OCH, MPUYEM BEKTOp B cocTaBisieT ¢ HampaBlieHHEM TOKa B
COJICHOM /I TIPABOBUHTOBYIO cucTeMy (puc.1).

e [ —

Puc.1

W3 teopemsl o nupkyisinuu B cnemyeT, 9To BHYTpH OECKOHEYHO JUTHHHO-
T'0 COJICHOM]IA
By = uonl 1)
r7ie N - TUIOTHOCTh BUTKOB (YMCJIO BUTKOB Ha CIMHUILY JTHHBI ).

Haiiem MarHuTHYrO MHIYKIMIO Y KOHIIA TOJYOSCKOHEYHOTO COJICHOM A, VIS YEeTO MPEICTaBUM Oec-
KOHEYHBIN COJICHOU] COCTOSIIIIMM M3 JABYX MJICHTUYHBIX MTOJTYOCCKOHEUHBIX, COSAUHSIIOMINXCS 110 TIOCKO-
ctu P (puc.l). B Touke M maruutHas uHIYKIUS B MoxeT ObITh ompeaeneHa o ¢opmyne (1). Ecnu yna-
JUTHh OJMH W3 TOJIyOSCKOHEYHBIX COJICHOHMJIOB, TO, YYHTHIBAsI, YTO OHW BHOCHJIM OJIMHAKOBBIH BKJIAJ] B
MarHUTHYIO WHAYKIMIO B TOYKE M, MarHUTHAs MHAYKIUS y KOHIIA TIOJTyOECKOHEUHOTO COJICHOUIA Ha ero
ocu OyzieT paBHa IOJIOBHHE 3Ha4eHUs1 By, onpenensemoro mo gopmyne (1), T.€.

1
B==uqnl 2
ZHO (2)

MarHuTHOE 10JIe B TOYKAaX Ha OCH COJICHOWJIa KOHEYHOH JUIMHBI MOXET OBITh PACCUYMUTAHO C TIOMO-
b0 3akoHa bro-Casapa.

[IpencraBuM coneHOMJ Kak
TokoB (puc.2). Konpiy mupuHon
Indx, rme N - 9UCIO BHUTKOB CO-
Kak cnegyer wu3 3akonHa bwuo-
TOKa co3maeT B Touke O Ha ocu

HENPEPBIBHYID CHUCTEMY KOJIBIIEBBIX
dX COOTBETCTBYET KOJBIICBOM TOK
JCHOWJa Ha EAWHUIY €ro JUINHBI.
CaBapa, osnement dl xombueBoro
COJIEHOMJA TIOJIE C MHAYKIIHEH

, Indx
dB'= ILLO_Zdl
47d

[Ipu omnpeneneHnn HHIYK- gz 7 LMA MarHUTHOTO TMOJSl KOJIbLIEBOTO
Toka B Touke O CleIyeT y4ecTh, a5 : YTO CyMMapHass KOMIIOHEHTa Mar-
HUTHOM WHIYKIUHU TMOJs, CO3/a- y\ u 4 . BaeMOro Jir000i mapoit cuMMeTpud-

N I, Q
HO paCIOJIOKEHHBIX 3JIEMEHTOB xd . o dl,, HanpaBneHa BIONb OCH X, IIO-
|
27K
Indx 0
sToMy . dB=dB, =-C"""cosa [ dl=
dx 47d 0
Puc.3
2

Indx Indx ry . Indx .

=M°—22nr0 COSOLZHO—%SII’]BZMO—SIH3B
47d 0 d 2r0
X—a dx dp
Tak kak =Ctgp, 0 — =—— 3 5 , 1 MArHUTHAsI MHAYKLKS Ha OCU COJIEHOUIA paBHA!
f I Sin
0 0
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B=_ jsdeB—“OZI (cosB2 cosBl)

P
Vunreias, uto cosP; =—cosP, u N=N/I, rae N - momHOe 4MCIIO BUTKOB CoieHOMa, a | - ero
HolN
JUIHHA, OKOHYATEIBHO IOIyYHUM B= T (COS By +C0SP,) 3

Kocunycs! yrinos f; u 3, BelpaxkatoTcst popMmynamu

l-a

L, CosPB, = ——— 4)
Ji¢ +a’ 2 +(1-a)°

rac ro - paanuycCc BUTKOB COJICHOMAA, ad - PAaCCTOSIHHE OT Kpas COJICHOMJA A0 TOYKH, B KOTOpOﬁ OIpeacii-

cosp; =

€TCsl 3HAaUeHHE MAarHUTHON MHIYKIUH.
OOmuii BUJ MATHUTHOTO TIOJISI KOHEYHOT'O COJICHOM 1A H300pakeH Ha puc.4.

DKCIepUMEHTAIbHOE ~ U3y4YCHHE pacnpeesieHus 3HAaYeHU MarHUTHOM
WHIYKIIMWA TIOJIi BHYTPHU COJICHOHJA MpEAJIaraeTcsi MPOBECTH C MOMOIIBIO
YCTaHOBKH, COCTOSIIIIEH M3 HMCTOYHHKA IIOCTOSIHHOIO TOKa; cosieHonga Ly,

TYHIKHU L2 , KOTOpasd BBCIACHA B COJIC- HOU Ll H MOXKCET IICPCMCIIATLCA
BJOJIb €ro OCH,; 0aIMCTHYECKOTO rajJbBaHOMCTpa P2 , COCANMHCHHOI'O C
KaTYIHKOﬁ L2; BBIKJIFOYATEIS S W MWIIIHAMIICPMETpa Pl, C IIOMOIIBIO

MAarauTHOC I10JIC KOTOPOI'0 UCCICHAYCT- m CA, MaJeHLKOH I/ISMepHTeHbHOﬁ Ka-

KOTOPOTO MOKHO HM3MEpPUTh TOK B CO- neroune Ly (puc.5). Ilpu usmepenun
MHAYKIIMA MarHUTHOTO IOJI KaTyIIKy L, ycraHaBnuBalOT B Kako-1100
TOUKE Ha ocu coieHonjga L. B mo- Puc.4 MEHT 3aMbIKaHHs KHONKOH S 1enu
coireHonna L, Tok B HeM Bo3pacTaer or 0 10 mocrosiHHOro 3HaueHus | .

[Ipu 5TOM MarHUTHBII TOTOK Yepe3 BUTKU KaTymku L, m3mensercs or 0 no @ = BSyNg, rne S - mio-
maas ceuyeHus, a Ny - 4uciio BUTKOB KaTymiku L,. MI3MeHeHHe MarHMTHOrO MOTOKa MPUBOJIUT K BO3-

HUKHOBEHUIO B KaTylIKe L, 3IeKTpoABMXKYIIEH CHIIbI MHAYKIUY 110 3aKoHy Dapajes:

g = _d_CD , + - @Pl
dt G

M, KaK CJIEACTBHUE, IOSBICHUIO B SK ey KaTymkd L, WHIYKIMOHHOTO
TOKa | (n61€HUe I1eKkmpomazHum- W HOU UHOYKYUU); B PE3yJlbTaTe€ 4YEero
CBETOBOM 3allUMK TaJbBAHOMETpPA - CMEIAeTcs Ha yrojl o, MPOIOPLUO-
HAJIbHBIA KOJHMYECTBY JJIEKTpHYE- cTBa ( :Iidt, MPOTEKIIIEro uepes

0

Puc.5 t
U3MEPHUTENBHYI0 YacTh YCTaHOB- 1<1/1:0L:1 I idt, rme b - 6ammucruye-

0
CKasd MOCTOAHHAA raJlbBAaHOMETpaA.

. &
Ecnu nonHoe conpoTuBieHne Lenu U3MepUTeNbHON KaTymkn L, paBHo R, 10 1= % , 1 IO3TOMY
tldo 1¢ ® BSyN
j|s|d — dt=—[dp=—="2020
bR bR dt bR 0 bR bR
Torma myist MarHUTHOW UHAYKIUK uMeeM B = N UIIN
o'No
B =ka (5)
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rae nocrosiHHas K =bR/S)N, npuHuMaercs 3a ueHy aeneHusi OAITMCTHYECKOro TajibBaHoMerpa. Ilo

dopmye (5) onpeaemnsroTcs SKCIEePUMEHTANIbHbIC 3HAYSCHUSI MATHUTHOM MHIYKIIMHU TOJISl HA OCH COJICHO-
uja.
Teopema 0 HUPKYJIALUH

Hupkynsuus BeKTOpa UHAYKIIMM MarHUTHOTO MoJisi B 1Mo 3aMKHYTOMY KOHTYpY paBHa anredpanye-
CKOI CyMMe BCEX TOKOB, OXBaTbIBAEMbIX KOHTYPOM, YMHOXEHHOU Ha L .

@édFZMOZIi

Hanpumep, IUpKysmus B 10 KOHTYpY, OXBATHIBAIOIIEMY 1Ba PABHBIX 110 CHIIE TOKA, TEKYIIHX B
IPOTHBOIOJIOXKHBIX HANPaBICHUAX, paBHA HYMI0. 3HAK TOKa | y4uTHIBaeTcs Mo oOuieMy MpaBHily: €CIu
HarpaBieHue 00xo/ia KOHTypa L u HampaBieHMe TOoKa CBsI3aHbl IIPaBUJIOM IIPAaBOTO BUHTA, TO 3HAK |
HOJIOKHTEJIEH.

[Tpu BeIBOSE hopMyIibl (1) HAZO yuecTh, UTO Ha ABYX y4acTKax KOHTYypa (cM. puc.l) yrom Mexay B
u dl paBen 90° u ckamsproe npomsseenne B-dl =0, a oQHH YY4aCTOK IPOXOAUT BHE CONCHOM/A, TJIE

nosie B mpaktuuecku paBHo 0. [onHBINA TOK, OXBaTbIBa€MbIi KOHTYPOM, PaBEH Z I, =N-1=nll, rme
i
N - 9KCI0 BUTKOB, IPUXOISAIIUXCS HA [UTHHY | .
3akon buo-Casapa-Jlannaca

WNuayknusi MarHuTHOTO 1OJs B, CO3MaHHOTO JUIMHHBIM TPOBOJIOM ITPOU3BOIBHON KOH(UTYpAIIHH,

110 KOTOPOMY Te4eT TOK | , paBHa BEKTOPHOH CyMMe HHIYKIUH MarHUTHBIX mojiei dB, CO3MaHHBIX Kax-
1M 3emenToM uHbl dl aToro mpoBoma. 3a- koH buo-Capapa-Jlamaca naer

popmymy:

I | [dfx r]
4r rs ’

rmue Idl - snement TOKa, I - paJnyc-BeKTOp OT 9TOTO DJIEMEHTA 4O TOYKH, B KOTO-
poil HaxoauTCsl MarHuTHoe mnose. Kak BuaHO u3 (dbopMyIibl, 1oJie MepHeHAUKYISAp-
HO TJIOCKOCTH, B KOTOPOH JIeXkKaT pajnyC-BEKTOp U 3JIEMEHT TOKa. Moaynb MHAYK-
IIMH, CO37]aBAEMOM 2JIEMEHTOM TOKa, HAXOJIUTCA 10 hopMyJie
Lo ldisina
B=——7F-—,
4n 12
T7I€ Ol - YTOJI MKy palnyCOM-BEKTOPOM U 3JIEMEHTOM TOKa.
OO0beKThI HccIeI0BaHNs, 000Py10BaHHe
Conenownj, ralbBaHOMETP, MUJUTMAMIIEPMETP.
PabGouee 3amanue
[IpoBecTu u3Mepenue pacnpeneneHus 3HaYeHUl MarHUTHOM MHIYKIMU B Pa3JIUYHBIX TOUKaX BHYTPH
COJIEHOUIA.

IHopsinok BbINOJIHEHHS PA0OTHI

1. O3HaKOMbTECH C YCTAaHOBKOM U BKIItOUUTE €€ B ceTh (220 B).

2. Pyukoil Ha yCTaHOBKE IIOMECTUTE U3MEPUTEIBHYIO KaTylIKy L2 y 0OJHOro M3 KOHIIOB COJIEHOU/A,
OTIpe/IeNIUB €€ MOJIOKEHHE a (PaccTOsSHUE OT Kpasi COJICHOM1a 10 TOUKH, B KOTOPOH onpezesnsieTcs 3Haue-
HUE MarHUTHOW MHAYKIIMK) C TIOMOIIBIO YKa3aTesl Ha IKaJe.

3. HaxxmMuTe Ha KHOMKY S, M3MEPHhTE OTKJIOHEHHE CBETOBOT'O 3alfYMKa Ol IO IIKajie TallbBaHOMETPA.
He otnyckas kKHONKY, OIpeennTe CUILY TOKa B COJICHOUAE 110 MUJUTHAMIIEPMETPY.

4. Takue ke U3MEPEHUS a U O IPOAETANTe Ul APYTUX IMOJIOKEHUM Karymku L2, mepememas ee
KaXbli pa3 Ha 1 cM BIOJIb OCH COJIEHOMIA [0 yIopa. 3aHECUTE JaHHbIE B TaOJIUILY, IIOCIIE YETO MOITYyqH-
T€ MOJIMUCH MPENO0IaBaTENs O 3aBEPIICHUN IKCIIEPUMEHTA.

5. ITo dhopmyne (5) HaliauTe SKCIEPUMEHTAIBHBIC 3HAYCHHS] MAarHUTHOW WHIYKIIHMH, BOCIIOJIb30BaB-
IIMCh 3HaYeHUEM K, yka3aHHBIM Ha YCTaHOBKE.
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6. Jlns Tex ke 3HaueHUU a paccuutaiite mo gopmynam (3) u (4) TeopeTuyecKkue 3HAYCHHUS MAarHUT-
HOM MHAYKIMU B COJICHOUJIE.
7. JlaHHbBIE BBIYUCIICHUN 3aHECTH B TAOJIHITY.

a, M o, Iei BaKCH, Tn COSBl COSBZ BTeOp, Tn

8. [octpouts rpaduku Boxen = f1(&) 1 Breop = f2(8) 10 pe3ynpTaram, moay4eHHbIM U3 OIBITA U TIPU TEOPE-
TUYECKOM pacuere, Ha OHUX KOOPAMHATHBIX OCAX.
Conep:xaHue oT4yeTa

PesynpTaThl u3MepeHuil U pacyeToB, NpeAcTaBieHHble B TaOnuue. ['paduk pacnpeneneHus skcue-
PUMEHTAIBHO HU3MEPEHHBIX U TEOPETHUUECKH PACCUMTAHHBIX 3HAYEHMH MarHUTHOM WHAYKLHUU BHYTPU
COJICHOM[IA.

KoHnTpoJibHbIE BONpPOCHI

1. Yto Takoe MarHuTHasi MHAYyKUUsA?
2. ChopmynupyiTe TeOpEMY O HUPKYJSAINH BEKTOpAa MArHUTHOW MHIYKIIMU M UCTIONB3YHTE €€ I pac-
yeTa BHYTPU OECKOHEYHO JAJIMHHOTO COJICHOUA.
3. Ilonyuure ¢opMmyiy Ui ONpeAeIeHUs] MarHUTHOM MHIYKIIMM Ha OCH COJIEHOM/Ia KOHEYHOW JJIMHBI,
npuMeHsist 3akoH bro-CaBapa 1 IpuHIUI CYNEPIIO3HLINH.
4. B ueM CcOCTOMT SIBJIC€HHE AIEKTpPOMarHuTHOM MHAYKUMU? Kak ucnosb3yeTcst 3TO SIBJICHHE B JIaHHOUN
pabote?
5. KakuMm 00pa3oM MOXKHO B/IBO€ YBEIMUYUTH CMELICHHE 3aiiUMKa B UCIOJIb3YEMON YCTaHOBKE, HE YBEJIU-
YMBasi CUJIbI TOKA B COJIEHOMJIE U HE MEHS IapaMeTPOB U3MEPUTEIbHON KaTyIIKH?
6. UeMy MponopLUOHAIEH YroJl OTKJIOHEHMsI CBETOBOIO 3ailuMKa B OaJNIMCTUYECKOM TrajibBaHOMETPE.
BeiBectu pabouyro ¢popmyity A MHIYKIMA MarHUTHOTO TOJISL.
7. Wcnonb3yst TeopeMy O HUPKYISIIIUU , HalauTe 3aBUCMMOCTh B=B(r) mis TopounanbHOM KaTyIIKH ¢
YUCJIOM BUTKOB N.

CHnucox HCIo0/Ib30BAHHBIX HCTOYHHKOB

CagenweB U.B. Kypc obueit pusuku. T.2. DnexkrpuuectBo u maruetusMm. Bonnbl. Ontuka. — CII6.:
Jlansb, 2008. — 496¢. §42.
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JlaGoparopHas pabora Ne 25
HcciienoBanue 3J1eKTPUYECKUX 3aTYXAKOIIHUX KOJIeOaHUil

ILlejib_padoThl: 03HAKOMJICHHE C METOJIOM ITOJYYCHHs 3aTyXaIoIUX JJICKTPUUECKUX KOJIeOaHW U
oTpesieNieHUe mapaMeTpoB KOIeOaTeIbHOTO KOHTYpa ¢ TOMOIIBIO ocuiuiorpada.
TeopeTnyeckue cBeieHHsI
B upeanbHOM IIEKTPUYECKOM KOJICOATETLHOM KOHTYpPE, COCTOSIIEM U3 €MKOCTH M MHAYKTUBHOCTH,
BO3HMKAIOT, KaK MPaBUJI0, TApPMOHUYECKHE KOJIEOAHUS ¢ YaCTOTOM

Wy =—F7—= (1)

B peanbHOM KosIeOaTeIbHOM KOHTYpE BCET/Ia MMEETCSl OMHYECKOEe CONpOTUBIeHHE R (coennHuTENb-
HbIE MIPOBO/IA, KATYIIIKA WHIYKTUBHOCTH) U MOTOMY KOJICOaHHUsI B HEM OyIyT 3aTyXarOIIUMHU — AJIEKTPHU-
Yeckasi SHeprus KOHTypa OyzeT yObIBaTh BCIEICTBHE BBIACICHUS JHKOYJIEBA TEIIa U aMIUIUTY/AbBI KOJle-
OaHus 3apsia ( Ha OOKIJIaJKaxX KOHAEHCATOpa, ToKa | B memnu, 3.1.C. CAMOMHAYKINH €sj U APYTUX BEITHYUH
TOXE Oy/ZyT yMEHBIIATHCS C TEUCHUEM BPEMEHH.
3ToT Iporecc (3aTyxaronpe Koiebdanus) onuceBaeTcs auddepeHnnanb-HpIM ypaBHEHHEM:

2
99, Rda, 9 _y, @)
dt Ld LC
KOTOPOE SBIIECTCS CIEACTBUEM 0000IIeHHOT0 3akoHa OMma.
[ JIeCTBUTENBHO, MYCTh KOHJAEHCATOP B KAKON-TO MOMEHT BPEMEHHU
T paspspkaetcs (cM. puc. 5), u 3a Bpems dt 3apsia Ha OOKJIaaKaX yMEHBIIIA-
11 | ercsa Ha BenmuuHy dq = —Idt. Torma mis yuactka nenu 1RL2, cornacHo
772C 3akoHy OMa, uMeeM
L IR = (¢ — ;) +& 3)
i r7e O1 U (2 — IOTEHIIMAIBI Ha O0KJIaKax KOHACHCATOpa. Y YUTHIBasA, YTO
Puc. 5

B ypaBHeHuu (3) ¢;—9,=U.=q/C u g :—Ld—i, u 3amenss | Ha

——q, nonyunM ypaBHeHue (2). CpaBHuBasi ero ¢ 0000IeHHONH (HOpMON 3aTyXaroMMX MEXaHUYEeCKHX

dt
KoyicOaHuit
d?x dx
— +2B—+wix=0, (4)
dt dt
MOKEM CJIeJIaTh BBIBOJ O TOM, YTO B DJIEKTPUUECKOM KOHTYpe OYIyT MPOUCXOIUTH 3aTyXarolue Kojaeda-
HHUA BUJA

q =™ cos(ot +a) (5)
rae Kod(hHUIUEHT 3aTyXaHus B= Z—F\;_ , (6)
a 4acToTa 3aTyXaloluX KojaebaHun o= coé —p? @)

[Ipoanamuzupyem dpopmymy (7).

1. Ecim wo >> B, TO o~ oy = T — B KOHTYpC BO3HHMKAIOT MPaKTUYECCKHU HE3aTyXarolue rapmo-

. T
HUYECKHe KoieOaHus, T.€. 3aTyXaHHeM MOXHO mpeHeOpeus. [lepuon takux xomebanmii T =— Oyxaer
®

onpeacIsAITbCA COOTHOUNICHUEM

T =2n/LC, (8)

KoTopoe HasbiBaeTcsi (opmynoii ToMmcoHa. YCIOBHS, COOTBETCTBYIOIIME PACCMATPUBAEMOMY CIIYYarO
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2

L
MOT'YT HAaCTYIHUTh, €CIIN —— << —— WId R << 2, |—.
YT HAEYE LC a2 C

2
1 R .
_LC ——4 |_2 — B KOHTYP€ BO3HHUKAIOT 3aTyXarOlue Ko1e0aHMs C YaCTOTOH ®

MEHbIIEH, YeM JacToTa cOOCTBEHHBIX KosiebaHull KOHTypa. B cooTBercTBUM ¢ hopmyrnoi (5) ans Benu-
YUHBI 3apsAa Ha KOHJEHcaTrope rpaduK 3aTyXarolluX JJIEKTPHUUECKUX KojieOaHuil Oylder UMeTb BUJ,
IPECTaBICHHBIN Ha pUC.4, T.e. aMIUIUTYAHOE 3HaUCHHE 3apsi/ia Ha KOHJIeHcaTope Oy1eT YMEHbIIAThCS 110
HKCIIOHEHLIMATIBbHOMY 3aKoHy. Ilepuon Takux xonebanuit

2. Ecmin wo > B, TO © =

(10)

®opmymnoii (10) HEOOXOAMMO TONB30BATHCS Ul OMpPEACTCHHs Meproaa KoJIeOaHui Tornaa, Koraa
3aTyXxaHUeM IpeHeOpeyub Helb3sl.
3. Ecnin e ®y <P, To koneOaHMsI B KOHTYpe HE BO3HHKAIOT. HanmeHbIee 3HaYCHHE OMUYECKOTO

COIIPOTUBJICHMS, ITPU KOTOPOM KoJIcOaHHS B KOHTYPC HC BO3HUKAIOT, HA3bIBACTCA KPUTHYCCKHUM COIIPO-

tusiennem R,=2,/L/C .

Jlig XapakTepUCTUKU ObICTPOTHI YMEHbBIIEHUS aMIUIUTY/AbI 3aTyXaroIMX KojaeOaHuil BBOJSATCS Jora-
pUGMUYECKHI TEKpEMEHT 3aTyXaHUH O, paBHBIN JIOTapudMy OTHOLICHHS aMILTUTY]] IBYX COCEIHHX KO-
nebanuil. B paccmarpuBaeMoMm citydae OepyT 3Hau€HUs 3apsjia KOHIEHCATopa yepe3 IPOMEXYTOK Bpe-

MEHH, PaBHBIN MMEPUOAY dICKTPUUECKHX Konebanuii: O, =In q—” Jlis SKCIIEPUMEHTAIILHOTO OIpe/Ieie-
qn+l
HUA 6 Yali€ UCIOJIb3YCTCS PABHOUCHHOC COOTHOIICHUEC
1
5, =—1In—n_ (11)
m qn+m

Toraa UCHoONB3yIOT ABa aMIUIMTYAHBIX 3HAUEHUS 3apsa KOHACHCATOpPa: On U (n+m OTCTOSIIME APYr OT
Jpyra Ha M KojeOaHui, WK B3SThIE UEPE3 OTPE30K BPEMEHH B M pa3 OoJbIINH, UeM Nepruo KoiaeOaHui.

B kadecTBe aMIUIUTYAHBIX 3HAUEHHM KOJEOIOIMIENHCS BETHMUMHBI JUIS ONpeesIeHUs Jorapupmuye-
CKOT0 JieKpeMeHTa 3aryxaHus o B ¢gopmyine (11) MokeT MCIoyib30BaThCs HE TOJBKO BEIMYMHA 3apsiaa
KOHJIEHCATOpa (|, HO U 3HAYECHMsI HANPSDKEHMS Ha KOHJIEHCATOPE WIN KAaTyIIKE MHIYKTUBHOCTH WJIM BEJIN-
YiHa TOKa B LIEMH 3JIEKTPUUECKOI0 K0JIeOaTeIbHOrO KOHTYpA.

Bennuuna norapudgmuueckoro AeKpeMeHTa 3aTyXxaHHs OJIHO3HAYHO CBsi3aHa ¢ Ko3(dduuueHTom 3a-
TyxaHus f3:

0=PT (12)

B panumorexHuke ais XapakTEpUCTUKHU CBOMCTB KOHTYpa HCIIOJIB3YETCS MOHATHE TOOPOTHOCTH

Q=2aW/AW . Tlo ¢pusndeckoMy cMBICITY TOOPOTHOCTH KOHTYpa B 27 pa3 OOJIbIIe OTHOIICHHS SHEPTHH

W , 3anmaceHHOM B KOHTYype K 3Hepruu AW , TepsieMoil Ha JUKOYJIEBO TEIJIO B 3TOM K€ KOHTYpPE 3a OJHO
kosiebanne. Kak moka3pIBaloT pacdeThl, BEIMYNHA JOOPOTHOCTH KOHTYpa Q cBs3aHa CO 3HAYCHHEM €ro
Jorapu(pMHUECKOTO IeKpEeMEeHTa 3aTyXaHHs O COOTHOIICHHEM

T
Q=% (13)

Ucnone3ys ypaBaenus (13), (10) u (6), MOXHO B 00IIeM cydae MOMYYUTh BRIPAKEHUE JJIs1 BETUYH-
HBI TOOPOTHOCTHU:

_m 1o e, [L 1
O BT 282 B2 Nerr s M

JI1sl Ka4eCTBEHHBIX KOHTYPOB € OOJIBIIMM 3HAYEHUEM JOOPOTHOCTH 3aTyXaHHEM B KOHTYPE MOKHO
npeHeOpeys U BOCIONB30BaThCs GopMyInoit (8) ans mepruoaa, mMO3TOMY B COOTBETCTBYIOIIMX CITydasx
dbopmyna (14) ns pacuera TOOPOTHOCTH MOXKET OBITH 3aMEHEHA PUOIMKEHHON (POopMyITon
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Q:iziﬁzl L (15)
BT 2B RYVNC
O0beKTBI HCcIeJ0BaHNs, 000PY/I0BaHUE
YcTaHOBKa COCTOUT M3 KOJIeOaTeIbHOTO KOHTYpa, B KOTOPBIA BXOAAT (puc. 1): 1) kaTyrika MHIYK-
tuBHOCTH L; 2) xonaencaropsl Ci, Co; 3) omudueckue conporuBieHus Ri, R2 mis usmMenenus 100poTHO-
cTu KoHTYpa; 4) ocumwiorpad (30), Ha BeIxoA Y KOTOPOTO MOJAHO HANIPSHKEHHUE C KOHTYpPA; 5) HCTOYHHUK
nutanus G obecrneunBaronuil moa3apsiKy KOHACHCaTopa KOHTYpa.

R

1
sl Y X
SR }?
26 70
i t'j ]
Puc.1

YcranoBka paboTaer cienyromuM o0pazoM. K KOHTYpy MOAKIIOYAIOTCS MEPHOAMYECKH HMITYIbCHI
nuTarmero Hanpspkenus: Us. B kauecTBe 3TOro HanpsyKeHUsl UCHOJIB3YHOTCS HMITYJIbChl CHHXPOHU3AIUU
ocnmuiorpada, KOTopble UMEIOT BUJI, TOKA3aHHBIN HA pHC. 2.

Yepes paBHbIC IPOMEKYTKH BPEMEHU UMEIOT MECTO MMITYJIbChl HanpsokeHust Ug, a B ocTabHOE Bpe-
M MCKAY OTUMH UMITYJIbCAMHW HAIIPSKCHUE PABHO HYJIHO.

[Tocne Toro, kak Ha KoHIeHcaTop KOHTypa Ci ObLI MOCTIaH MMITYJILC MUTArOIIEro HanpsokeHust Uy u
KOHJICHCATOp 3apsiauics, B KoHType, cocrosimem u3 Ci, L u R, Bo3HUKarOT 3aTyxaroniye KoseOaHus B
Te4eHHe BpeMeHH OT {1 70 tz, Korja HampsbKeHUE OT BHEIIHErO0 MCTOYHMKA OTCYTCTBYET. 3aTeM Ha KOH-
JIEHCATOp B MOMEHT BPEMEHH ! MOCTymaeT CIAeAyIIUi UMITYIbC HampsokeHus Uy, U BClieq 3a 3TUM B
KOHTYpE BO3HHKAIOT 3aTyXarolue KoiebaHus B TeueHNe BpeMeHu oT t2 10 t3 u T.1.

TakuMm oOpa3oM, B KOHTYpe NMEPUOINUECKH MOBTOPSIOTCS 3aTy-
U, Te Te Xarolye KoieOaHus ¢ MepuojaoM T, PaBHBIM MEPUOY M0JIa4U UM-

nynbcoB BHemHero HanpsbkeHus: Us. Kaptuna 3Tux konedanuil BO
BpeMeHH Oy/ieT UMeTh BHJI, IPE/ICTaBIECHHBIN Ha puc. 3.

4 1 ! To4HO 1O TaKOMY e 3aKOHY OYZeT U3MEHSTHCS U HANpsHKCHHUE
Puc.2 Ha KaTyIllIKe WHAYKTUBHOCTHU L 1 conpoTuBiennu R konebareabHOTo

q KOHTYpa Haileil yCTaHOBKH. DTO HAIpsDKEHHE, TI0JaBaeMoe Ha Bep-
TUKaNbHBIA BbIX0oA Y ociumiorpada (30) (cM. puc. 1) mo3Bosser

BU3YaJIbHO HAOIIO/IaTh KAPTHHY 3aTyXAIOMIUX JJIEKTPUUIECKUX KOJIe-

‘ 1‘1\/ 1‘2\/ 1 OaHuit Ha HKpaHe ocuiorpada.

Ecmm mepuwon koneGanwii Hamps-

Prc.3 7y g, JKEHHs Pa3BepTKM ociumnorpada

COBIAJAeT C MEpPHOAOM TOJauu ~_ g nuTaromiero HanpspkeHus: Us, To Ha

9KpaHe ocmuwuiorpadga  Oyaem 2 g, g HaOII0JIaTh KapTHHY 3aTyXaroIINX

konebanuit (puc. 4). Ha puc. 4 Qa, 7{\% ﬂ'\“4 g2, 03 4 T.A. — aMIUIMTYJHbIE 3HA-
yeHNs HAOMIOJAaeMbIX Ha SKpaHe U [ )/ f c ocrmutorpada xoseGaHui.

B ycraHoBke mpemycMoTpeHa ' BO3MOXHOCTh HW3MEHEHHUsS Xapak-
TEPUCTUK KOHTYpa TaKHX, Kak - nepuoj konebanuir T, nmorapud-
MUYECKHI JeKpeMeHT o, Koddu- ‘ T LMEHT 3aTyXaHus 3 U JOOPOTHOCTH
Q myreM H3MEHEHHS EMKOCTH H COTIPOTUBIICHUS  KOJIe0aTeTLHOTO
KOHTYpa. Puc.4

Pabouee 3aganue
[IpoBecTu n3MepeHus mapamMeTpoB KoJeOaTEIbHOT0 KOHTYPA B PEKUME 3aTyXaroIUX KOJIeOaH .
ITopsiok BbINMOJHEHHUS PAdOTHI
1. O3HaKOMHUTBCS C DIEKTPUUECKON CXEMON YCTAaHOBKH.
2. PaccuuTtarh TEOpETHUECKH XapaKTEPUCTHKHU KOJIEOATETFHOTO KOHTYpa JAJIs ABYX CIIy4aeB:
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a) C =C1, R=R1.06) C =Cz, R = Ra. Ins1 TeOpeTHYECKUX PACCUETOB UCIOIB30BATH BHIPAKEHUS
R T 2n T

= ! N 8T= TTT’ T o
Bs oL T . B Q
Lc "

Bce ncnonp3oBaHHbBIC U TOJIYUYCHHBIC JAHHBIC 3aHCCTHU B Ta6JII/II_[y 1:
-1
C.® | LLTu |R,Om | Bct | ToC [Onct | Q

a)
0)

3. OnpenenuTh XapaKTepPUCTUKH KOHTYPA 05, 15, Q5 IKCIIEPUMEHTAIBHBIM ITYyTEM C HCITOJIb30BaHHEM
ocumutorpada. J[ms 3Toro BKIIOYUTH YCTAHOBKY B CeTh. J{0OMTHCS M300pakeHUs 3aTyXarommx KoJieha-
Huil (puc. 1). Ilo nmonyuenHoit Ha ocumsuiorpade KpuBoil ompenenauTs nepuoa I, (HEOOXOOUMO 3HATH

HeHy JeneHus ocipuiorpada no ocu X). 3anucarh B Tabn.2 3HaUeHUs (1, 02, (3, (4 U OMPEACTUTH IKCIIe-
PUMEHTAJIbHOE 3HAUYEHUE JIOrapu(pMUYECKOT0 IEKpEMEHTA 3aTyXaHus 110 popMmylie

S, = 1 In 3L

n-1 g,

3areMm, UCIONb3Ys CpeiHue 3HaYeHUs < O, > IS JIBYX CIy4aeB KOHTYpA, ONpPEIENIUTh SKCIIEPUMEH-
TasbHbIe 3HaYeHus B u Q mo Gpopmynam

u

[Ipu onpenencHun a0rapuPMUUECKOTO JEKPEMEHTA 3aTyXaHUS MOXKHO IOTIOJB30BAThCS JCCSITHYHBI-
MU Jiorapupmamu, eciii yaects, uto Inx =2,3031g x. [TonyueHHbIe pe3yIbTaThl 3aHECTH B TAOIHILY 2:

C! L! Rl Ta, C Q1, qn, 63 < 63 > Qa
o I'm OMm MM IMM

a) O2=
Js=
gs=

0) go=
gs=
Q4=

4. ITpoBecTy CpaBHUTENBHBIN aHAJIN3 XapaKTEPUCTUK KOHTYpa, MOJyYEHHbIX B MyHKTaX 2 U 3.
CaenaTh BBIBOJI U3 IIPOBEJCHHOIO aHAIM3a U 3aIcaTh B OTYETE 110 JIAOOPAaTOpHOU padore.
Conep:xxanue oT4yera
Pe3ynbTaThl u3MepeHuii U pacyeToB, IPEICTABICHHbIE B TAOIHIIE.
KonTpoJsbHbIe BOPOCHI

1. 3anucate AuddepeHnnanbHoe ypaBHEHNE 3aTyXa0NINX AIEKTPUUYECKUX KoJIeOaHUH.
2. 3anucath ypaBHEHHUE 3aps/ia Ha KOHJIEHCATOpe MPH 3aTyXaIOIUX KOJIeOaHUAX B KOHTYpE.
3.Yrto takoe korhUIUEHT 3aTyXaHus 3 ¥ KaK OH BBIYMCIISETCS 7S K0JIeOaTeIbHOTO KOHTYpa?
4. Yemy paBHO KpUTHUECKOE CONMPOTUBIEHUE KOHTYpa? [T0sICHUTH ero GU3n4ecKuii CMBICII.
5. Yto Takoe 100pOTHOCTh KOHTYpa?
6. Uto Takoe norapu(Mu4ecKuil IeKpEMEHT 3aTyXaHus o7
7. Ilonyunrte 3aBUCHUMOCTh MEXAY JOrapuPMUUYECKUM INEKPEMEHTOM 3aTyXaHus O U Kod(h(UIHEHTOM
3aryxaHus f3.

CHuCOK MCNO0/Ib30BAHHBIX HCTOYHHKOB
1. CasenpeB U.B. Kypc obmieit puszuku. T.2. DnexrpudectBo u MmaraetusM. Bomubl. Ontuka. — CII6.:
Jlanb, 2008. — 496¢. §70
2. Uponos U.E. Dnexrpomaraeruzm. — M.: BUHOM. Jlabopatopus 3nanuit, 2008. — 320c. §11
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JlaGopatopHnas pabora Ne 26
OmnpenesieHne OCHOBHBIX XapPAKTEPUCTHK JIeKTPUYECKOT0
K0,1€0aTeJIbHOT0 KOHTYPa MeTO/I0M pe30HaHCca

Ilean _padoThI: OKCIICPUMCHTAJILHOC HCCJIICJOBAHUC 0COOEHHOCTEH SIBJICHUS PE30HAHCAa HAIPAKE-
HHﬁ, YCHOBPII;'I €0 BOSHUKHOBCHHUA U OINPCACICHUE OCHOBHBIX XAPAKTECPHUCTHK JICKTPUUCCKOI'O KOHTYpa
MCTOO0M PE30HAHCA.

TeopeTnyeckue cBeieHUs!
Ecnu B KOHTYp BKJIIOUHUTH BHEIIHUI UCTOYHUK, D/{C KOTOPOro MEHSETCS 0 rapMOHUYECKOMY 3aKO-

HY € =¢gqCOoS(mt TO B KOHTYPEC YCTAHOBATCS BBIHYXKICHHBIC T'apMOHHNYCCKHUC KOJIeOaHUA C YacCTOTOH
0 )

UCTOYHUKA .
Hcnons3ys npasuino Kupxroda mis kontypa (puc. 1), 3anumem:

I
Rl+g:—Ld—+socosmt 1)
C dt
[Moacrasnss B (1) onpenenenue cuiibl Toka | = ((jj—? , ToJryauM auQPepeHInaTLHOE YpaBHEHUE BTO-
poro nopsizika OTHOCUTENBHO 3apsja (| Ha KOHJEHCaTOpe:
2
Rd
d—§+——q+i:8—°cos(mt) (2)
dt Ldt LC L
BBenem 0003HaueHus: 0y = 1 up _R 3)
' °JLc 2L

Pemenunem ypaBuenus (2) Oyaer rapmonuueckast GpyHkuus ¢ yactotoi BHemHero DJ[C, HO ¢ apyroii
dazoii @:

q =gy cos(ot—o) (4)
J171s TOro yTOOBI HAWTH BRIPAXKEHUE JIs CHITBI TOKA B Lienu npoauddepennupyeM (4) mo BpeMeHH:
I :%:—qomsin(wt—(p): Iocos(mt—(p+gj, 5)

rae ly = qyw— ammuTyaa Toka

Jlns pacyera najieHusl HaIPsKEHUs Ha KaTyIIKe HHAYKTUBHOCTU UCHOJB3YIOT BbpaxeHue i DJ1C
CaMOMH/IYKIIMH, HO ¢ MPOTUBOMONOKHBM 3Hakom U, = Ldl/dt. TToacrasmusst ciona Beipaxkenue (5) mo-
JTY4HM:

U, =-Lgyo’ cos(ot—¢)=Uy,_cos(ot—+), (6)
rae Uy =0 Lo? — aMIUTHTY/HOE 3HAYCHHE HANPSKCHIS HA KATYIIKE MHIYKTHBHOCTH.

Teneps MOXXKHO TpoaHaIM3UPOBaTh (a3bl KOJICOAHUN HANPSDKEHUI Ha 3JeMEHTaX KOHTypa: Ha KOH-
JeHcaTope, KaTyllKe HHIYKTUBHOCTU U PE3UCTOPE.
HanpspkeHne Ha KOHIEHCATOPE MOXKHO HalTH U3 (4):

Ue =%=(2:—Ocos(mt—(p)=uOC cos(ot—9), (7)

rae Ugc =Qy/C — ammunTyna HanpsokeHust Ha Konjaencarope. U3 (7) u (6) BUAHO, YTO HANMPSOKEHHUS HA

KOHJIEHCATOpe U Ha KaTyIIKe MHAYKTUBHOCTH KOJIEOIIOTCS B IPOTHUBO(a3e.
HanpspkeHne Ha pe3ucrope HaxoauM U3 3akoHa Oma u (5):

Y UR:IR:qocoRCOS(cot—(p+gj:U0RCos(cot—(p+g) (8)
UoL
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rae Ugg = oo, R — ammutyna Hanpspkenus Ha pesucrope. M3 (8) u (7) BUIHO, 4TO HANPsKEHUE Ha pe-

T
SUCTOPC OIICPLCIKACT 110 (1)336 Ha E HAIMps>KCHUE HA KOHACHCATOPC.

Tak kak 31eMeHThI KOHTYpa COEIMHEHBI MOCIEI0BATENBHO (CM. PUC.2), TO HANpPSHKEHUE HA KIIeMMax
HMCTOYHHMKA €CTh CyMMa HalpsDKEHUM Ha KOHJEHCATOpe, KaTylike u pesuctope. Ho ckianpiBaTh Takue
HaANPSDKEHUS HaZIo € y4eToM ¢a3, TO eCTh HCIOIb30BaTh (pa3oByro quarpammy. W3 puc. 2 BUAHO, 4TO

2 2
g = \/(Uoc ~Ug )" +Ugr ©)
[loxcraBus B (9) BbIpaykeHus A aMIuuTy ] HanpspkeHuid u3 (6), (7) u (8), yuts (3), noiayuyuMm BbIpake-
HUE — aMILUTUTY/IHO-YACTOTHYIO XapaKTePUCTHKY /ISl 3apsiia
€ €

Qo = L > uin o = L > (10)

\/(1/C—L(02) +0’R? L\/(mg —coz) +4p2w?

3ana3npiBaHue KojebaHui 3apsaa no ¢ase ot konedanuit BuemHeil 9J{C HaXoquM Kak yroia B Tpe-
YTOJIbHUKE U3 pUC.2:

UOR _ oR _ 2(0[_))

Ecnu (9) paznenuts Ha aMmuiutyy Toka lg u3 (5), To MOXKHO HaliTH NMOJIHOE CONPOTHBJIEHHE LeNH

tgep = (11)

HJIN UMIIEJaHC.

z =T—z=\/(xc “X P +R2 = \(YoC-Lof +R*  (12)

rue X =Ug /1y = Lo — peakTHBHOE HHIYKTUBHOE CONPOTHBIICHHE;
Xc =Ugc/ly =1/oC — peakTHBHOE EMKOCTHOE CONPOTUBICHHE;
R=Uyg/ly — aKTHBHOE CONPOTHBIICHHE PE3UCTOPA.
Beipaxkenne X = X — X | Ha3bIBalOT MOJHBIM PEAKTHBHBIM CONPOTHBJICHHEM IICIIH.
W13 (12) MOKHO HAWTH BBIPA)KEHHE, HA3BIBAEMOE AMILIMTYAHO-4aCTOTHOM XapaKTePHCTHKOM 1JIsl TO-

Ka:

I = f0 . (13)

2
\/(]/coC ~Lw)” +R?
AHanu3upys aMILIUTYIHO-4acTOTHbIe XapakTepucTuku (10) u (13) s 3apsiia ¥ Toka, MO>KHO HalTH
Pe30HaHCHBIE YACTOThI, TIPY KOTOPBIX aMIUTATYIBI (g U |y mocTuraror Makcumyma (cM. puc.3):

(Dpesq = V(Dg o 2[32 H ('ope3 I = ® (14)

I q, N3 (14) BumHO, 4TO pe30HAHCHAS YacTOTa IS 3apsiia Ha
} KOHJIEHCAaTOpe MEHbIIE, 4eM g Toka. Ho ecsim 3aryxanue
1 ciaboe, T.e. B <K ®y, TO TH YaCTOTHI MOXXHO CUUTATH PaB-
|
|

HBIMH @ 050 X @ s 7

B cnyuae pe3onanca 3HaueHue ¢ u3 (8) CTaHOBHUTCS paB-

=(,00.

Puc.3 HBIM

ZB(D T
€3
¢ =arctg| ——— |=arctg(w) = =
Wy — (Dpes 2
BBeneM moHsTHE TOOPOTHOCTH, KOTOpPAas IMOKa3bIBAET, BO CKOJBKO Pa3 aMILUIMTY/Ia HANPsDKCHUS Ha

KOHJIEHCAaTOpe MpH pe3oHaHce OobIie aMrmuTyas! BHemHer D./1.C.
Q . UOC (mpw) _ Ooc ((Dpe3q)
€0 Ceg

(15)
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HoxacraBmusast o,,,, u3 (14) B (10), momyuum
€0 €0 % c
0( P Q) ZLB\/coS _Bg ZBLCOO R

[ToxcraBnss B (16) Bepaxkenue (15), moaydum 100pOTHOCTH

1 [L
Q=321¢c (17)

YeMm Oobllie 3HaUCHUE JOOPOTHOCTH, TEM OOJIbIIE PE30HAHCHOE 3HAUEHUE HAlpsHKEHUS Ha KOHJIEH-
carope. OTO MOXET BBI3BAaTh MPOOOI KOHJeHcaTopa. HO MOXKHO 1MOKa3aTk, 4TO yBeTUYEeHUE T00POTHOCTH
IPUBOAUT K TOMY, YTO PE€30HAHCHas KpHBas (pHUC.3) CTAaHOBUTCS YK€ U y KOHTYpa IMOBBIIIACTCS cenek-
MU6HOCMb, TO €CTh KOHTYP NPUEMHHKA CIOCOOCH yCHJIMBATH NMPH PE30HAHCE TOJBKO OYEHb Y3KH I10
YacTOTE CIEKTP BHEUIHMX CHUTHAJIOB (PaAMOCTAHIMI), @ CUTHAJIBI ¢ YACTOTaMM, OTJIMYAIOIUMHUCS OT pe-
30HAaHCHOM JJa)ke HEMHOT'0 HE YCUJIMBAIOTCS, @ HA000POT, 0CIa0sAI0TCS.

O0bekThI HCCJIeI0BaHNS, 000PY10BaHHE
JlabopaTopHas yctaHoBka (puc.l) mpeactaBisieT co0oil mocineaoBaTeIbHO CO-
€/IMHEHHbIE UCTOYHUK MEPEMEHHOro HampspkeHus: G, KOHAEHCATOp IEepEeMEHHOM
emkocTH C M KaTylKu UHAYKTUBHOCTH L ¢ aktuBHBIM conpoTuBienueM R. Kpo-
M€ TOro, B CX€M€ HMEETCs MUKpPOAMIIEpMETpP JUIsl U3MEPEHUsI CUJIbI TOKA B 3JICK-
TPUUECKOM K0JIeOaTEIbHOM KOHTYpE.
ITopsiiok BHINOJIHEHUS Pa6OThI

1. O3HaKOMHUTBCS CO CXEMON YCTaHOBKHU.

2. CHATb pe30HAHCHYIO KPUBYIO, T.€. U3MEHSA 3HAUEHUsI eMKOCTH KoHJeHcaTopa C, u3MepATh MokKa-
3aHUsI MUKPOAMIIEPMETpPa U IaHHBIE 3aHECTH B TaOuILy 1.

3. Io nanHbIM Tabnupl 1 mOCTpouTh pe3oHancHyo kpusyto |y =f(C).

Tabmuual.

Jenenus Ha
KOHJICHCATOpe
C, Mmx®d
lo, MKA
4. OmpenenuTh 1O PE30HAHCHOHN KpUBOW 3HaueHHE eMKOCTH Cpes, COOTBETCTBYIOIIEE MaKCUMAIBHO-
My 3HaU€HUIO Toka lo.

5. OnpenenuTh HHAYKTUBHOCTH KOHTYpa L mo ¢popmyine (3). PezoHaHCcHAst 4acTOTa Mpe; COBMANAET C
yactotoii J./1.C. ucrounuka G. 3Hau€HUE Wpe; YKA3aHO HA YCTAHOBKE.
6. Paccunrars no6potHOCTH KOHTYpa Q M0 hopmyie (17). Conmporusienue R ykazaHHO Ha yCTaHOB-

Ke.
7. 3anonHUTh TabnuIy 2.

Tabmanma 2

Cpes, MKD | Opes, ¢c! |[LTe|R,OM |Q

Conep:xxaHue oT4yeTa
Pesynbratel m3Mepenuit U pacuetoB, opopmieHHbie B BuAe Tabmui 1 u 2, I'paduk pe3oHaHCHOU
3aBUCHUMOCTH KOHTYpA.
KoHTpoJbHbIE BONIPOCHI
1. HapucoBaTh NpUHIMITHAIBHYIO IEKTPHUUECKYIO CXEMY /ISl HaOII0JeHUS Pe30HaHCa TOKa.
2. 3anucatp quddepeHInaTbHOe YpaBHEHNE BIHYKIEHHBIX JJIEKTPUYECKUX KOJICOaHUH.
3. Kakoe siBneHNe Ha3bIBA€TCSl PE30HAHCOM?
4. HaiiTi pe30HaHCHYIO YacTOTY JUIsl KoleOanull 3apsioa Ha KOHJIEHCATOPE.
5. Haiitu pe3oHaHCHYIO YacTOTY JUIS KOJeOaHUli Culbl MoKa B KOHTYPE.
6. HaiitTu pe30HaHCHYIO YacCTOTY JJIS KO1eOAHUL HANPSHCEHUsL HA KamyuiKe UHOYKMUGHOCTIU.
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7. Pe3oHaHC KaKoii BeTMYMHBI HA0II0JaeTCsl B cXeMe Ha puc.1?

8. Kak n3meHuTCs KpuBas Ha pUc.2 NIPU YBEIMYEHNUN aKTUBHOI'O CONIPOTUBIICHUS B KOHTYpe?

9. [Nouemy B pamuoNpHEeMHUKAaX HEOOXOIMMO UCIIOIb30BaTh MIPUEMHBIH KOHTYpP ¢ O0JIBIION 0OPOT-
HOCTBIO?

Cnucok UCNoJIb30aHHBIX HCTOYHHKOB
Uponos U.E. Dnexrpomarnerusm. — M.: BUHOM. JlaGopatopus 3uanuii, 2008. — 320c.
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JlaGopatopHnas pabora Ne 27
OnpenesieHne MMPHHBI 3aNIPeLIeHHOMH 30HbI MOJTYNPOBOHHKA
U TeMIIePaTyYPHOro ko3¢ (puiuueHTa conpoTHBIEHUS MeTallIa

Lleab padoThl: KCClIEIOBAHNE 3aBUCUMOCTH COIPOTHUBIICHUS IMOJYIPOBOJHUKA U METalla OT TeM-
nepaTypsl, onpeAesieHue IIMPUHBI 3alPElIeHHON 30HbI MOJIYIPOBOJIHUKA U TEMIEPATYPHOTO KO3 duu-
€HTa CONMPOTHUBIICHUS METaJIA.

TeopeTnyeckue cBeieHUs!
Ilonynpoeoonuxamu Ha3bIBAIOTCSA BEILIECTBA, MPOBOJUMOCTH
E koTopwix B 10° pas xyoice, ueM y memannos, u pacter ¢ po-
El anvaz 2epmMurii CTOM TEMIIepaTyphl (a y METAJIOB, KaK U3BECTHO, majaer). K
] 277 YHUCTBIM MOIY-IIPOBOAHUKAM C COOCTBEHHOM IIPOBOJUMOCTBIO
311  OTHOCATCS 3JIEMEHThl YETBEPTOM TIPYIIBl IEPUOIUYECKON
CHUCTEMBI, & UMEHHO: T€pMaHMil, KpEMHUI U cepoe 0510BO. Mx
jB3 CBOICTBa oIpezeNnsieT 30HHAas CTPYKTypa U 3all0JIHEHUE dJIeK-
B3 TpoHaMH ypoBHeW sHepruu. Kak u y nenpogoonuxos, 30Ha
MIPOBOAMMOCTH MOJyNpoBoAHUKOB mycta npu 7=0 K. Ho
4 b €CJIH y HENPOBOJHHUKOB IIMPUHA 3aIPEIIEHHOW 30HBI, OTIE-
Puc. 1. 30HHBIC SHEPrETHUECKHE JASAOUIE 30HY IPOBOJAMMOCTH OT BaJIGHTHOW 30HBI, OYeHb
JMArpaMMBL: a) - HEPOBOIHHKA; éenuka, TO y IOJYIPOBOJAHUKOB OHA Mald W COCTaBISIET
6) - OJYIPOBOAHIKA AE;~0,1...1 3B. Ha puc.] nokazaHa 30HHas CTpyKTypa He-

AF,~ 696 AE,~128

npogooHuKa (anMasa) u noaynpogooHuxa (repMaHus).

I
- N Kak u3BecTHO, sHEprus TemioBoro Bo30yxaeHus £ = k1’ CIUIIKOM
# * ~  Maja, 4ToObl JIEKTPOHBI MOIJIM INPEOJ0JETh 3alpelleHHYI0 30HY, U
30Ha MPOBOJMMOCTH OCTaercs nmyctoil (puc.l,a). B momynpoBoaHukax,
# — # —  OJIHaKO, 3Ta SHEPTUsl CPAGHUMA C NINPUHON 3anpenieHHO 30Hb AE; U

YacTh JEKTPOHOB C BEPXHHUX YPOBHEH BAJIECHTHOW 30HBI, KaK IMOKa3aHO
* —  Ha puc.l,0, mepexoauT Mmpu TEIIOBOM BO30YKIEHHH B 30HY MPOBOIH-
MOCTH. JTa 30HHas CTPYKTYpa COOTBETCTBYET KPUCTALIMYECKOH pe-

HIeTKE TOJYIPOBOAHMKA, HM300pakeHHOM Ha puc.2,a. MexaromHble
CBSI3M, 00O3HAYCHHBIE MYHKTUPOM, OOpa3ylOTCs IMpH MEpEeKpbIBAHUH
DIIEKTPOHHBIX 000sI0uek atomMoB Ge. DIeKTPOHBI BAJCHTHOH 30HBI
UCTOTO MOIYIPOBOTHAKA NpUHAUIeKAT SJIEKTPOHHBIM 000J0ukaM. [Ipu TemmoBoM B030YXkje-
HHH, KaK TMOKa3aHO Ha puc.2,a, OJMH U3 AIICKTPOHOB MOXET MpHuoOpe-

CTH SHEPTUIO CBsI3U AE;, MPeooJeTh KyJOHOBCKOE MPHUTSHKEHUE CO CTOPOHBI siZjpa M CTaTh CBOOOIHBIM,

ki

Puc.2. MexaToMHBIE CBA3H:
KPHUCTAJUIMYECKasl pelIeTKa

T.e. TIepeliTH B 30HY IPOBOAMMOCTH. B pe3ynpTaTe KOHIEHTPAILMS JNMEKTPOHOB B 30HE MPOBOAUMOC-TH
nocturaet 3Hadenuit N, ~ 10%°...10% 2 (mpu nopmansuoit Temneparype) u yseruuusaemes ¢ poctom T.

OTO 3HaYEHUE HUYTOKHO 10 CPABHEHHIO C KOHIIEHTPALUEH AJIEKTPOHOB MPOBOJIMMOCTH B MeTauiax (N ~
10%cm®) 1 3THM 00BACHSETCS TI0Xas HEKTPOHPOBOIHOCTh TIOMYHPOBOIHUKOB

Ecnu Gbl BanieHTHas 30Ha OblIa MOJHOCTHIO 3alIOJHEHA JIEKTPOHAMHU, TO OHU HE Yy4acTBOBAJIM ObI B
npooauMocTd. Ho Ha MecTe ymeqmux u3 BaJIGHTHOW 30HBI (BBIPBAaHHBIX M3 BAJIEGHTHOH CBSI3M) JJIEKTPO-
HOB BOJIM3M Bepxa BAJIEHTHOM 30HBI OCTAIOTCS HE3alOJIHEHHbIE SHEpreTHYecKue ypoBHU. Jpyrue snek-
TPOHBI U3 BAaJEHTHON 30HBI MOTYT MEPEXOANUTH MOJ JEHCTBUEM BHEIIHETO IOJISI HA 3TH YPOBHM U CO3/a-
BaTh TOK. TakuM 00pa3oM, MOKHO IOJlyMaTh, YTO B 3alOJHEHHON 3JIEKTPOHAMHU BaJEHTHOM 30HE Iepe-
MEIAETCsl HE3aHATOE MycToe MecTo. Torzaa ropopsT, 4To nepeMemaercs "aplpka’. Jeipku - 3T0 KBa3uya-
CTHIIbI, HAXO/ISIIMECS Ha MECTe BAaKaHTHBIX BAJICHTHBIX CBSA3€H MM HE3aloJ-HEHHBIX YPOBHEH B BaJIEHT-
HOU 30HE M OO0JIafaroIue MOJ0KHUTEIbHON 3PdeKkTuBHON Maccoir mp>0 U MOJOKUTEIBHBIM 3apsSaOM
gp=te. Ilepexonsl 2JIEKTPOHOB Ha BAaKAHTHBIE YPOBHH, T.€. 31EKMPUYECKUU MOK CO31aBAEMBbIH BCEMU
JJIEKTPOHAMH U3 BAJICHTHOW 30HBI, SKBUBAJICHTEH TOKY KBa3U4aCTHUL] - JBIPOK.

Yucno 31eKTPOHOB B 30HE IMPOBOJUMOCTH COOCTBEHHOIO IOJIYIPOBOAHMKA PABHO YUCIY ABIPOK B
BAJICHTHOM 30HE, T.€. Np=Ne. Tak Kak 3JIEKTPOHHBIN U JABIPOYHBIN I'a3bl B MOJIYNPOBOAHUKE HEBBIPOXKICH-
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HBIE, TO, HAMpUMEp, IS DICKTPOHOB PpACIpPEICICHHE 110 JHEPrUsM MOKHO 3amucaTb B BHIE
dn.(E)AVE f (E)dE, rze f(E) — dynkius pacnpenenenus Pepmu-/Jupaxa, MOKa3bIBAIONIAs BEPOITHOCTD
3aII0JTHEHHS SJIEKTPOHOM DHEPTETUIECKOTO YPOBHS C SHEpruei E.

f(ET)= !
" exp((E—Eg)/KT)+1

rae Er — sHeprus @epMu (91eKkmpon Modicem umems maxyr sHepeuto ¢ eeposmuocmoio 50%); T - abco-

JroTHas Temreparypa; k=1,38 10728 Jhic- K™t nocmosmnas Borsymana.

E B oGsactu 6onpbiux sHepruii (1.e. ipu E - EF >> KT) equnauieit
B 3HAMEHaTeJIe MOKHO npeHeOpeub. Torna ¢pynknus depmu-Jlupaka
31 E-E
E=0 ] npunuMaert Bux: f(E,T)= exp(—Tf)
Ep —r—— a pacnpeneneHHe 0 DSHEpPrusM MOXKHO 3amucatb B  BHJE
—AEspp——p3 dn (E)A\/_exp(— F ——)dE, rae 3a HyneBO# YpOBEHb JHEPIHU
IIPUHATO JHO 30HBI HpOBOIII/IMOCTI/I (puc.3). AHaNOrM4HO 3amuuIeTcs
Puc.3. Yposens Depmu st pactpeiesieHHe IbIPOK B BaJICHTHOM 30HE. BhIunciisis ne
YHCTOTO MOJTYIIPOBOTHUKA E=oo
_[ dn, =const - exp(—) 1)
E=0

U Np U IPUPABHUBASA UX, HAXOJUM
Er=-AE,[2 (2)
CnenoBarenbHO, YypoBeHb DepMH B YUCTHIX IMOJIYIPOBOJHMKAX JIEKUT MOCEPEIUHE 3allpellieHHON

AE
30HbI. T.0. u3 Gopmya (1) u (2) BeITEKAET, 4TO Ne=Np~EXP(— > -

). Tak KaK MPOBOAMMOCTb YUCTOTO IO-
JTYNPOBOAHUKA (COOCTBEHHAsI TPOBOJIMMOCTE) COCTOUT M3 CYMMBI IIPOBOJUMOCTEHN 3JIEKTPOHOB U JIBIPOK,

a KaxxJiasd U3 HUX MMPOIIOPHUOHATIbHA Ne,

JTUMOCTh TIOJYITPOBOJIHUKA SKCIIOHEHIIMAIIBHO PACTET ¢ POCTOM TemIepaTypel. Tak Kak G CBsi3aHa C
YICITBHBIM COTPOTHBIICHHEM P COOTHOIIEHHEM & =1/p, TO s COMPOTUBIICHHUS COOCTBEHHOTO IMOJY-

IMPOBOJHUKA UMECM

R=R, exp(ﬁ) 3)

[Iponorapudmuponas Beipaxenue (3), HOTyIUM

INR — InRo= AE;/2kT wnu InRo= AZEkS

1
-—+const.
T

Ecmu moctpouts rpaguk 3aBucumoctu INR=F(1/T), To mony4unm npsmyto nunuto. [1o Tanrency yria
HAKJIOHA TOM MPSIMOW MOXKHO OIPEICTUTh MIHUPHHY 3alpPEIICHHON 30HbI COOCTBEHHOTO MOJYIPOBOHHU-
Ka:

A(InR)
A(/ 1T)

rie k= 1,38-10"2 o+ K- nocrostunast BonbiMana.

=2k 2 4)

B Meramiax a5eKTpoHbI TPOBOJAUMOCTH 00Pa3ylOT BEIPOKACHHBIN AIEKTPOHHBIN Ta3. KoHIeHTpamus
TaKUX JJICKTPOHOB c1abo 3asucum om memnepamypwvl. OHAKO WX TOJBIKHOCTH b TIPOMOPITMOHATIEHA
JUTHHE CBOOOIHOrO mpodera A 3jeKTpoHa B Metaiwie: b ~ A . JlnuHa cBOOOAHOTO mMpobera, B CBOIO OYe-
penb, 3aBHCHT OT YaCTOTHI CTOJIKHOBCHHI DJICKTPOHA C aTOMaMH perreTkr. KaxapIii aToM pemieTKy mpu
Harpe-BaHUM COBEPIIACT Oecnops0ouHbvle KOlebaHus ¢ aMILTUTYI0M @ OTHOCUTENLHO TMOJI0KEHUS PaBHO-

BECUsI. ,Z[I/ICK C IJIoImaabro S~ Tca2 MOXHO IIPUHATH 3a CEYCHUE PACCCAHUA KOJ'IG6J'IIOH.[€FOC$I aroma. DJIeK-
TPOH, INPOXOJd 4YCpC3 MPOBOJHUK U NOIMMaAas B OAWH U3 TAKUX OHUCKOB, GyHCT HCIBITBIBATH PACCCIAHUC.
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[TosToMy JUIMHA CBOGOIHOTO Mpobera 06paTHO IPOMOPIMOHATBHA CEUEHHIO paccesHus: A~ 1/S ~ 1/a’,
Ho KBajpaT aMITHTYIBI KoNebaHus a® ponopIuoHaieH sHeprun E Kone6momerocs aToma, a B TBEPAOM
TeJIe CPEIHsIsI SHEPTUsl aTOMOB, COBEPILAIOIINX TEIJIOBOE KojiebaHue, MponopiuoHansHa Temmeparype T.
[Mostomy B Meramme b ~ A~ 1/a> ~ 1/E ~ 1T , a ynmembHas HIEKTPONPOBOJHOCT METANIA
c=neb=const/T, rae n - KOHUEHTPALWS IEKTPOHOB; € - 3apsia deKTpoHa. Cleq0BaTeIbHO, 3aBUCH-
MOCTh COIPOTHBIIGHUS MeTajyla OT TEMIepaTypbl OIpeaeNseTcs] MPUOIMKEHHBIM COOTHOUICHUEM
R=Ro(1+a t), rae t - Temeparypa, u3MepeHHas 1o mkaie Llenbcust; o - XxapakTepHast sl JaHHOTO Me-
Tajyla KOHCTaHTa, KOTOopas Ha3bIBAETCS TEMIIEPaTypHBIM KO3(DPHUIIMEHTOM COMpOTHUBIECHUS; Ro- compo-
tusnenue npu t=0 °C. I'paduk 3aBucumoctr R={(t) sBisier mpsiMoii JTMHUEH.

[ToctpouB 3TOT Tpaduk U onpeenuB 3HaueHUE Ro, MOKHO OIpeneanTh TeMIepaTypHblil Kodphuiu-
€HT CONIPOTHUBJICHUS 110 (popmyIie:

L, _ AR -
R, At

O10T K03 (HUIIMEHT paBEeH OTHOCHTEIHPHOMY M3MEHEHHIO CONTPOTUBIICHHS METaJlIa MPU YBEIMYCHUHU €TO0
Temneparypsl Ha 1°C.

O0beKTHI UccIeI0BAaHUSA, 000PY10BaHHE
MocT NOCTOSHHOI'O TOKA, IOJIYIPOBOAHUK, UCTOYHUK TOKA, TEPMOMETP, BOJIBTMETP.
PaGouee 3ananne

HccnenoBaTh TeMnepaTypHbIe 3aBUCUMOCTU COIPOTHUBIIEHUS MOJYNPOBOJHUKA U METaJUIa, OIpe/e-
JWTH WIMPHUHY 3allPEUICHHON 30HBI MOJYIPOBOJHHUKA W 3HAUCHHE TeMIieparypHoro koddduimenra co-
HIPOTHUBIICHUSI METaJLIA.

Iopsiiok BbINOJIHEHUS PAdOTHI

1. Pa3o0parbcst B HA3HAYEHUU 3JIEMEHTOB CXEMBI.

2. O3HaKOMUTBHCA ¢ UHCTPYKIUEH 110 paboTe ¢ MOCTOM ITOCTOSIHHOT'O TOKA.

3. IloaxIIOYNTh MOJTYHNPOBOJHUK K MOCTY MOCTOSHHOI'O TOKA, MOCTaBUB KJIOY S B MOJIOXKEHHE 1.
W3mepuThb COpOTHBIIEHHE MTOTYITPOBOIHUKA R, TP KOMHATHOW TeMIlepaTrype.

4. IToaxIr04nTh METAI K MOCTY IOCTOSTHHOT'O TOKA, ITOCTaBUB KIIIOY S B mojoxeHue 2. M3mepursb
COIIPOTHBIIEHUE MeTall1a R, Tpr KOMHATHOI TemIieparype.

5. 3anucare B Ta0i1.1 HavanbHbBIE TEMIepaTypy U conpotusieHue R, u R,.

6. BKITIOYHTH yCTaHOBKY B ceTh. TyMOIIepoM BKITIOUMTH HarpeBarenb. Korma reMnepaTypa moBBICHT-
cst Ha 5°C, U3MEpHUTh CONpOTHBIEHNE MeTamIa R,. 3aHecTu 3HaUeHMs TeMIepaTypsl U CONPOTUBIICHUS B
tabu. 1. [MoaxmounTe MoaynpoBoAHUK K MocTy. Korma temneparypa emie nossicutcst Ha 5°C, U3MEpUTH
COIIPOTHUBJIEHUE TOJIYIPOBOJHUKA U 3aHECTH B Ta0j.l 3HaYeHHE €ro CONMPOTHUBICHHUS M COOTBETCTBYIO-
mryro temreparypy. CHOBa MOAKIIOUUTh METAT K MOCTY U M3MEPHUTH CONPOTUBIICHWE METaula, KOorna
Temreparypa noBbicuthes emte Ha 5°C, u 1.4. g0 100°C.

7. Ilocne OKOHYaHWS U3MEPEHUH BBIKIIOYUTH YCTAHOBKY.

8. ITocTpouTh TpaduKu 3aBUCUMOCTH COMTPOTHBIICHHS ITOYIIPOBOAHUKA U METAJIA OT TEMITEPATYPHI.
[Monp3ysice popmynoit (5) u mocrpoerHsM Tpadukom R, = f(t), onmpenenuTs 3HaYeHHE CONMPOTHUBICHUS
metasuia Ro pu t=0° C u TemneparypHblit K03()(HUIIUEHT CONPOTUBICHUS METaJIa O .

9. 3amonauTk Ta61.2. [TocTpouts rpaduk 3aBucumoctu IgR, = f(1/T). Ecnu y4yects, 4ro

k=1,38-102%/(1,6-10 °)sB- K%, 1 uro InR = 2,3IgR, T0 dopmysna (4) IpHHIMAET B
AE;=2-10"-A(IgR,)/ AQL/ T) 5B.
[Mone3ysick 9TOM (GOPMYIIOH U MOCTPOCHHBIM TPadUKOM, OMPEIEITUTh IUPHHY 3aMPEIIEHHON 30HbI AE; .
Tabmuna 1

[TonynpoBotHUK Merann
t, °C R.,,Om |t,°C Ru, Om

Tabmanma 2
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T,K /T, Kt |IgR,

Conep:kanue oTyera
3amonHeHHAs Ta0JnIa, TpaduK TEMIEPATyPHOU 3aBUCIMOCTH COITPOTUBIICHUS, 3HAUCHUE IIIUPUHBI
3aMpeneHHON 30HBI.

KonTposbHbie BONpOChI

1.0nmcare CTPYKTYpy SHEPreTUYECKUX 30H MOJYIIPOBOIHUKA.

2.Yro HaszpiBaetcsa ypoBHeM Depmu u saHeprueit epmu?

3.Yem onpezensiercs 3JIEKTPOHHAsI U ABIPOYHAs IPOBOAUMOCTb IOJIYIPOBOIHUKA?
4.00BSICHUTh MEXaHU3M 3aBUCUMOCTH COTIPOTUBJICHUS TOJIYIPOBOTHUKA OT TEMIIEPATYPHI.
5.00BsACHUTH MEXaHU3M 3aBUCUMOCTH CONIPOTUBIIEHUS METalljIa OT TeMIepaTypbl

Cnucok MCcnoJib30BaHHbIX HCTOYHUKOB
CagenweB U.B. Kypc o6mieit ¢pusuxu. T.3. KBantoBas ontuka. AToMHas ¢usuka. Gusmka TBepAOro

tena. Gusnka aToMHOTO sifipa U dneMenTapHbix yactuil.— CI16.: Jlans, 2008. — 320c.
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JlaGopatopHnas pabora Ne 28
HccnenoBanue siBjaeHHs rUcTepe3uca
¢ MOMOIILI0 ocHHILIOrpada

[leab padoThI: MOTYYHUTH METIIO TUCTEPE3UCca sl peppoMarHeTHKa u ONPEISIUTh €ro apaMeTphl.
TeopeTnyeckue cBeieHHsI

[Ipu ompeneneHHBIX YCIOBUSX B KPUCTAIaX MOTYT BO3HHUKATh TaK HA3bIBAEMBIE OOMEHHble CUTbL,
KOTOpBIE 3aCTaBJIAIOT MarHUTHbIE MOMEHTHI aTOMOB YCTAHABIMBAThHCS MapajljIesIbHO JApyr apyry. B pe-
3yJbTaTe BO3HUKAIOT 00jacT (pazmepoM 1-10 MkM) cnonmamnHnozo, m. e. camonpousgoibHO20 HaMarHu-
yuBaHUA. JTU 00JaCTU HA3bIBAIOTCA domeHamu. B mpenenax kaxaoro qoMeHa (peppoMaraneTuk Hamaruu-
YCH A0 HACBhIIICHHUSA U HUMECT OHpC[[GJIGHHLIﬁ MAarHUTHBIA MOMEHT. HaHpaBHeHI/IH 9TUX MOMCHTOB IJIs1
pa3HBIX JOMEHOB Pa3jM4HbI, TO3TOMY IPU OTCYTCTBHHM BHEILIHETO MOJs CyMMapHbIi MOMEHT oOpasia
paBeH HYJIO ¥ 00pasell BIEJIOM MPEACTABISAETCS MAKPOCKOMTMYSCKN HEHAMArHUYCHHBIM.

Ecnu nomectuth peppoMarHeTuk BO BHEIIHEE MArHUTHOE T0JIe, TO JJOMEHbl HAUMHAIOT OPUEHTHPO-
BaTbCA 110 IMOJIKO, TAK KaK HAUMCHBIIYIO SHEPTHUIO UMECT IOMCH C MAarHUTHBIM MOMCHTOM, HaIllpaBJICHHBIM

1o BHewHeMy nouo. [lefictBurensHo, sHeprus aomena U ~ (P, - H,,.,, ) MUHEMalIbHA, KOTAa BEKTOPHI

6Hew

Om ¥ Henew TIApATIIENBHBL, TAE P, — BEKTOP MArHUTHOT'O MOMEHTA.

B 10} [Ipu sTOM PeppoMarHeTMK HaMarHUYMBACTCS U CO3/IA€T MAarHUTHOE MOJIe
¥ C UHIYKLIHEH B . 3aBHCHMOCTbH B OT HANPSHKEHHOCTH BHEIIHEr0 MarHHTHOTO

B“““f § ¢ noJist Heyews HE OyzieT NTUHEHHOM (pHC.3).
17 C pocrom BHemIHEro mojisi B 06jactd | rpaHuIlsl JOMEHOB HAUYUHAIOT
H./ H.. cmemarbes. OpUeHTUPOBAHHBIE MO MO0 JOMEHBI PacTyT 3a CUET yMEHbLIe-
f..-" : HUs JOMEHOB, OPUEHTUPOBAHHBIX IPOTUB BHEIIHETO IoisA. Ho mpu BBIKIIIO-
P YEHUU BHEUIHETO I0JIA IPAHMIIBI JOMEHOB OISITh BO3BPAILLAIOTCS B UCXOLHOE
- nonoxkenue. B obnactu Il rpaHuilsl JOMEHOB MPOJOKAIOT CMENIAThCs, HO
Puc.3. MarnutHslit Tenepb CMeEIleHNe CTaHOBHUTCA HeoOpatuMmbiM. Ecnu yOpaTh BHelIHee moie,
TUCTEPE3NC TO JIOMEHBl OCTAHYTCSI YAaCTHYHO OPUEHTHUPOBAaHHBIMU. OOBACHAETCA 3TO

HalmyueM JedeKkToB (LEHTPOB IepeMarHuunBaHusi) B (eppomarnerukax. JledpekraMu MoOryt OBITb,
HalpuMep, HapYIIEHHsI CTPYKTYPbl KPUCTAJUTMIECKON PEIIeTKH: He3allOJHEHHbIE aTOMaMH1 Y3JIbl (BaKaH-
CuM), 0OpBIBAIOIINECs ATOMHBIE CIIOH (AUCIOKaIuu) (puc.4) u T.11.

Puc.4. [lepexThl KprucTaIINYECKON PEIIETKU: a) BAKAHCHH;
0) IucIoKaIuu

Bokpyr nedhexToB 00pa3yroTcs yCTOWYNBBIE BTOPUYHBIE IOMEHBI KHHKATOBUIHOU (OpMBI, 00JIa1a-
IOI[Me MUHUMAIBHOU 3Heprueit (puc.5). s nepeopueHTHPOBAHUS HAMAarHUUEHHOCTH B TaKUX JIOMEHAX
MIPUXOJUTCS 3aTpavyuBaTh HAMHOTO OOJIBIIE YHEPTUH, YeM JJIsi OOBIYHBIX JTOMEHOB. BTOpuuHbIE KMHKA-
JIOBUJHBIE TOMEHBI MPEMATCTBYIOT CMEIICHUIO JOMEHHBIX I'PaHUIl IPU NepemMarHnuuBaHuu. Hanpsoken-
HOCTb /{ BHEIIHEro MarHUTHOTO MoJis (0OpaTHOTO MO HAIPaBJIEHUIO), KOTOPOE HAZ0 MPUIIOKUTH, YTOOBI
pa3pyIINTh BTOPUYHBIE TOMEHBI U BEPHYTh (PEppPOMArHeTUK B UCXOAHOE HEHAMarHUYEHHOE COCTOSHUE,
Ha3BIBACTCS KOApyumusrou cunou H.

Mowmen B o6nactu III BHemIHEe MarHUTHOE IOJIE HACTOJIBKO OOJIBIIOE,

YTO IHEPreTUYECKU HEBBITOJHBIE JOMEHBl HAUMHAIOT MEPEOPHUEHTU-
poBaThCA, T.€. UX MArHUTHbIE MOMEHTBI IOBOPAYMBAIOTCS BIOJb
BHeIIHero nojsi. Eciu teneps BHemIHee mosie yoparb, To dheppomar-
HETUK TMOJHOCTBIO HE Pa3MarHUTUTCS U COXPAHUTCS OCTATOYHAsI WH-
OyKius Boem (32 CYET OCTaBIIUMXCS OPUEHTHPOBAHHBIX JIOMEHOB).
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Omo senenue Hazvieaemcs cucmepe3ucom, a KpuBas Ha pI/IC3 — netrien TUCTCPC3HCA.

O0BbeKThI HccIe0BaHNUA, 000PyI0BaHUE
Omnucanne yCTaHOBKY M OCLILIOTpaduaeckoro Meroaa
M3MEPEHUs TEeTIN IUCTEepe3nca.

[Tetnro rucrepesnca MOKHO HaOIIONATh Ha dKpaHe ocuwniorpada. [IpuHnunuanpHas cxema ycra-
HOBKH JIJIs1 HAOJIIOZICHUS NI€TJIN TUCTepe3nca MoKa3aHa Ha puc.l. Mceaenyemsim obpasiom sBisiercs dep-
POMarHUTHBIN cepAeYHHUK Topouaa. Topoua umeeT Be OOMOTKM — HAMarHUYMBAIOUIYIO U U3MEPHUTENb-
Hyto. [lepBuunas oOMoTKa TOpouaa yepe3 moreHIuoMeTp R u pesuctop Ri muTaeTcst nmepeMeHHBIM TO-
koM. Hanpspkenune Ui, cHumaemoe ¢ peaucropa Ri, momaercss Ha TOpU30HTAIBHO OTKJIOHSIOIINE TUIACTH-
HBl ocumuiorpada. Tok, mporekaromuii MO NMEPBUYHON OOMOTKE TOPOWAA, CO3/Aa€T MAarHUTHOE I10JIe
HaINpPsDKEHHOCTHIO
N,

H=1I :
1nDcp

(1)

rne |1 — cuia Toka B mepBUYHOI 00MOTKe; N1 — 4rciI0 BUTKOB epBUYHON 00MOTKH; Tt Dep — mutmHa cpen-
Hell JINHUK TOPOHJIa.

Hanpsokenne Ha pesuctope Ri mo 3akony Oma Ux = 11R:1 u, ciepoBarenbHO, MpONOpLHUOHATIBHO
HaIpPsHKEHHOCTH MAarHUTHOTO TIOJISL B TOPOUJIE:

nD, R
Uy =H—221, )
Ny
o . do
Bo BTOpuuHO# (M3MepuTensHO) 00MoTKe Bo3HuKaeT DJC HHIAYKIHH &j = "o rae @- noTOK BEK-
t

TOpa MarHUTHOW WHAYKIIMH Yepe3 MOBEPXHOCTh, OXBATHIBAEMYIO BCEMHU BUTKAMH BTOPHUYHON OOMOTKH.
Ecnu S — momanpe, oxBateiBaeMasi OJJHUM BUTKOM, a N2 — 9HCIIO BUTKOB U3MEPHUTENHHON OOMOTKH, TO
dB
@ =BSNy ¥ gj =—N,S—.
dt
[Ipenebperas caMOMHAYKIIMEH BTOPUYHONW OOMOTKH, 3aKOoH OMma Jisi BTOPUYHOM IIEMTU MOXHO 3aIH-
caThb B BUJIE

g = |2R2 +UC + IZRNZ y
rae |, — cuna Toka Bo BropuuHoii tery; Ue — HanpsbkeHue Ha oOkiIaikax konuexcaropa C; Ry, - co-

POTHBIICHHE U3MEPUTEIEHON OOMOTKH.
Iapamerpsl ycTaHOBKH 110400paHbl TakuM 06pasom, 4Todsl |,R, >Uc n Ry, < R. Torna MoxHo npu-

NoS dB
OMMKEHHO CUMTATh, UTO €; = |,R,, oTkyna l) =——~ —
Ry dt
Hanpsoxenne Ha 00KJ1aiKax KOHJEHCATOPa, OUYEBHUIHO,
I,dt N,S ¢ dB N,S N,SB
Uc=g=—I 2 =—Lf—dt=—ijd8=— 2 (3)
cC ¢ R,C ¥ dt R,C R,C

Hamnpspkenue, cHuMaemMoe ¢ KOHIEHCATOpa, MOAAETCsl Ha BEPTHKAIbHBIE TIACTHHBI ocimiuiorpada. Ilo-
stomy Uy=U¢, T.e. Uy mpsiMO mpoONOPIIOHATHHO UHAYKIIMM MarHUTHOTO TIOJIst 00pasia B.

Ntak, Ha TOPU30HTAIBHO OTKJIOHSIOIINE TUIACTUHBI TTOTACTCS HANPsHKEHUE, TPOIOPIIMOHalIbHOE H, a
Ha BEPTUKAJIbHO OTKJIOHSIOIINE — HAMPSIKEHUE, MponopiruoHansaoe B. [1oaToMy 3a 0JIlMH epuo1 CUHY-
COMTAJTILHOTO U3MEHEHHUS TOKA CJie] JIEKTPOHHOTO JTy4ya Ha SKpaHe OMHUIIET MOJHYIO METII0 TUCTEPEe3uca,
a 3a KKIbIH TOCTIEAYIONIUI epruol B TOYHOCTH ITOBTOPUT €€, B pe3yJbTaTe Yero Ha dKpaHe OyeT BUIHA
HETOABMKHAS TIETJISI TUCTEPE3Hca.

s onpenenenus H u B ucnons3ytorcst hopmyisl (2) u (3):

_ U\ B:UVRZC

H= u
D, Ry N,S
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N R>C
1y 2= IIOCTOSIHHBI, TO /{ IponopuuoHansHO HanpsbkeHuto Uy, mogaBaeMo-

Tak xKak oTHONIIEHUS

My Ha BXOJl X ocuuiuiorpada, a B nponopunoHaibHo HanpsbkeHnio Uy, 1o1aBaeMoMy Ha BXOJL Y OCLHII-
norpada.

CrietoBaTesbHO, TS onpeesicHus: H B Hy)KHO 3HATh 4yBCTBHTEILHOCTH BXOJIOB ociiuiuiorpada Ky
U Ky, KOTOpbIC YMCIICHHO PaBHBI HANIPSHKCHUSIM, BBI3BIBAIOLIMM OTKJIOHCHUE CBETOBOTO IISITHA HA CIUHUILY
JUINHBI.

Ecnu Ha Bxoaw! ocmyuiorpada x U y moodepenHo nojarh nepemennsie HampsbkeHus Ux u Uy, Ha
dKpaHe OyIyT HaOIoaThCs CBETAIMECS IMHNA. IiHbI ropusonTanshoi |, u Beprukansuoit |, munnid

MMpONOPHHUOHAJIbHBI y,Z[BOCHHOI;'I AMIIIUTYC IIEPEMEHHOTI'O HAITPSXKCHUA.
qYBCTBI/ITeJIBHOCTI/I BXOIOB OIIPECACTIAOTCA COOTHOIICHUAMU

2428, 2\28u,
go Xy e @
Aly Aly

Irac \/EUX n \/EUy — AMIUIMTYAHBIC 3HAYCHUS HaprDKeHI/Iﬁ IICPEMECHHOI'O TOKaA, IX n |y — pasMEpbl HHHHﬁ;

Ux 1 Uy — 3@ pexTuBHbIE 3HAUECHUS KATMOPOBOUHBIX IEPEMEHHBIX HAIPSHKEHUH, TI0JJaBa€MbIX Ha BXOJIbI X
u y ocuuiuiorpada.

Pa0ouee 3aganue
[TonyunTs neTiio ructepesuca A GeppoMarHeTuKa U ONpeAesiuTh €ro napaMeTpsl.

IHopsinok BbIMOTHEHNS PA0OTHI
llonyuenue na sxpane ocyunnozpaga nemau eucmepesuca
] —‘%'_ _ 1. Bxirounte ycTaHOBKY B ceTh ¢ HanpsbkeHuem "220 B". ITocraBb-
Te TyMOJIep S, pacioIOKeHHBIA Ha MaHen, B mojoxeHue "Boiki.". Pe-
& ‘ _ rynupysa pyukamu "Spkocts", "®okyc", "Cmemenne x" u "CmeuieHue
| - o U, y", nobeirech N300paKeHUs TOUKU B LIEHTPE KpaHa ocluiuiorpada.
1 [R T 2. IloctaBbTe pyuKy S1 mepekiitoyaresst Ha MaHeNId B MOJI0KEHUE
R, "IMetns", Tym6mep S - B mostoxkenne "Bii." [Ipu 3ToM moakirogaeTcs: K
i UCTOYHUKY MMUTAHUS CXeMa, I0Ka3aHHas Ha puc.l.
5! 3. 3meHss HanpsbkeHue pydkoil R, mosnydnrte Ha sKkpaHe OCIMILIO-
Puc.1. Cxema ycraHoBKH rpada n3o0paxkeHue MeTy rucTepesnca pazmMepom B 2/3 skpaHa.
4. CkomupyiTe ¢ dKpaHa ociuuiorpada MeTiio TUcTepe3nuca Ha

T T T
5]
L 2]
|1
R

MIIIMMETPOBYIO OyMmary.

5. Ompenenure MIONIa s METIN THCTEpe3nca S' Kak CyMMY KJIETOK eIMHHYHOH IIOMIAan U KOOPIH-
HaTBbI Nx U Ny TOYEK, B KOTOPBIX NETIS MEPECEKAET KOOPAUHATHBIE OCH X U Y.

[Tocne monmyueHus: meT/iv TUCTEpe3nca Ha dKpaHe ociuiorpada ocuusuiorpada pydku "YcuieHue
x" n "Ycunenue y" npu nanbHEUIIEM BBIIOIHEHUU PAOOTHI O0IHCHBI OCMAMbCA 8 HEUSMEHHOM NON0J4Ce-
HUU.

Kannoposka ocuuiiorpaga

6. Pyuky R Ha manenu mosepuure | | ——S.J[ —% B KpaillHee JIEBOE IMOJIOKEHHE.
[Mepexnrouarens S; MOCTaBbTE B MO- FSA ) Y JIO)KEHUE X, MPU ITOM K UCTOYHH-
Ky MUTaHWS [OJKJIFOYACTCS CXeMa, . (v) MOKa3aHHast Ha PUC.2.

7. VI3MeHsis HanpsOKEHHE PyYKOd { T R or 0 10 MakcUMalbHOTO 3HaYe-

R MOCTh JUTHHBI TOPU3OHTAIBHOM

HUSl Ha BOJBTMETPE, CHUMHUTE 3aBUCHU-
JUHUHM Ha JKpaHe ociuiorpada ot

he=f(Uy). Puc.2. Cxema kanmuOpoBKu
8. IlocraBbTe mepexitoyarenb Si Ha IMaHenu B nojoxxeHue y. CHu-

HampsKCHUA, TOAaBa€MOI'0 Ha X,
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MHTE 3aBUCUMOCTb JUIMHBI BEPTUKAIBHOW JIMHUH Ha dKpaHe ociuiorpada ot Hanpspkenus Uy, ly = f(Uy).
Pe3ynpTaThl m3Mepenuii 3anummure B Ta0. 1.

Tabnuma 1
Ux, B Ix, M Uy, B Iy, M
S'= Ni=
Ro= Ri=
C= Dcp:
No= V=

9. ITocrpoiite rpaduku 3aBucumocreii Ix =f(Ux) u ly =f(Uy).
10. U3 rpadukoB HaliauTe YyBCTBUTEIBHOCTH BX0J0B ocimiuiorpada Kx u ky mo ¢opmynam (4). Lena
JIeNIeHHsI BOJIBTMETpa MpH MoaAKItoueHny Hanpspkenuit Uy u Uy yka3aHna Ha naHenu.

OmnpeneneHre  OCTAaTOYHOM  WMHAYKIUH, (EPPOMAarHUTHOTO  CEepJeYHUKA 10  (opmyIe

R,C . '
Boem =Ky, —2—N,, TJie Ny — KOOp/IMHATA TOUKH, B KOTOPOil METisl THCTEpe3uca Mepecekaer och y; S'-

y Yy
N,S
TJIOIIA]Ih TOPOUA, OXBAaThIBAEMasi OJTHUM BUTKOM.
12.  Omnpenenutre KOIPUUTHBHYIO cully  (EppOMAarHUTHOrO  cepleyHuka 1o  ¢opmyle

N N

H, =k, —1 N, , TAe Nx — KOOpJIMHATa TOYKH, B KOTOPOH METJIS THCTEPE3NCa IIEPECceKaeT OCh X.
RynDg,
13.0npenenure SHEPTUIO IEPEMarHUYMBAHUSA, TPUXOANIYIOCS Ha €MHUIYY o0bemMa peppomMarHeTu-
Ka 3a OJMH UMK TmepeMarHunumBaHus. OHa MpoONoOpHHOHATIbHA IUIOMIAJAM TETIM THUCTEePE3Hca:
o=B;H;S", rne B1 u H1 — 3HaueHus uHAyKIMM M HANPSHKEHHOCTH TpU Ny U Ny, paBHBIX 1; S"- miomane

R,CN,S"
MEeTJIM TUCTEePE3UCa, T.e. M= kay —

RiN,S nDCp

do
14. OmnpezienuTe TOTEPH SHEPTUH Ha MEpEMarHMYMBAHUE 3a OJHY CEKYHY 10 (opmyiie s =0V,

rae V=50 'y — yacToTa nepeMeHHOro Toka, I0JJaBaéMOro Ha HaMarHMYMBAIOIIYI0 OOMOTKY.
15. TlonyueHHbIe pe3yabTaThl 3aHECTH B Ta0.2.

Tabmanma 2
Nx, Ny, S", Kx, ky, Bocm, | Hk, W, do/dt,
M M MP B/m | Bm | Tn A/m Hoe | Hoxc
M M

Conep:kanue oTyera
Pe3ynpTaThl KCIIEpUMEHTABHBIX U3MEPEHUN 1 TEOPETUYECKUX pacuyeToB B Tabm. 1 u 2.
KoHTpoJbHbIE BONPOCHI
1. B uem 3akirouaercs BJIEHUE MarHUTHOT'O rucTepesuca’?
2. KakoB MexaHu3M HaMarHM4uBaHus peppoMarHeTuKoB?
3. KakoB MexaHu3M rucrepesuca?’
4. Kakum nporteccaM B (peppomaraetuke coorBeTcTByroT yuactk I, I, Il va puc.3
5. YTo Takoe KOApLUUTUBHAS CHJIa U OCTaTOYHAsI HAMATHUYEHHOCTh?
6. [loyemy HanpspDKEHHS TTOIaBaeMble Ha BXOBI X U Y ociiiuiorpada, mpornopunonaibael H u B?
Cnucok uCnoIb30BaHHBIX HCTOYHHKOB

CagenneB U1.B. Kypc obmieit pusuku. T.2. DiaekTpudyectBo u MaraeTusM. Bonuel. Ontrka. — CII0.: Jlaus,
2008. — 496¢.c.176-180, 197-198
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JlaGopatopHnas pabora Ne 29
Onpenesnenne Toukn Kiopu

eab padotsel: Onpeaenuts Touky Kropu deppomarnernka
Teopernyeckue cBeieHUs

@deppoMarHeTUKd — 3TO BEILIECTBA C OYEHb OOJIBIIOW MarHUTHOW MPOHUIIAEMOCTBIO LL, BEIMYHHA
KOTOPOW 3aBHICHT OT BHENIHETO MarHUTHOTO mojisi. K ¢eppoMarHeTrkamM OTHOCATCS HEKOTOPBIC dIIEMEH-
ThI Tpynsl xenes3a (Fe, Co, Ni), psa penko3eMmensHbix 25eMeHToB (Gd, Dy, Er), anemeHTsl 1 MHOTOYHC-
JICHHBIE CTLIABHI.

Oco0eHHOCTH MarHUTHBIX CBOMCTB 3THX BEIIECTB MOTYT OBITh OOBSICHEHbI KBAHTOBOMEXaHHUECKU-
MU CBOWCTBaMHU KPHCTAJUIMUECKON penieTkn. HamarnnunBanue oObSICHAETCS HATWYHEM (MJIM BO3HUKHO-
BEHHEM) B Ipollecce HaMarHWYMBaHUSl y aTOMOB MarHUTHBIX MOMEHTOB.

MarauTHbIE MOMEHTBI OT/ICITHHBIX ATOMOB CKJIAJILIBAIOTCS M3 OPOUTAIBHBIX U CIUHOBBIX MATHUTHBIX
MOMEHTOB 3JIEKTPOHOB U M3 MAarHUTHBIX MOMEHTOB YaCTHII, COCTABJISIOIIUX aTOMHOE SJIpO (HYKJIOHOB):

Bmae = Zﬁpm(gﬂ) +ZBmS(3ﬂ)ZBm(20) '

B kBaHTOBOIf MEXaHUKE JIOKA3aHO, YTO BEIMYMHA MATHUTHOTO MOMEHTA YACTHIIBI 110 TTOPSIKY BEITHYNHBI
ehi ]
Py =— , T e — 3apsi yacTuibl;, /i — nocrosiuHast [lnanka (7 =h/2m); m — Macca 4acTHIBL.
m

[TockonbKy HYKJIOHBI UMEIOT Maccy npuoausutensbHo B 2000 pa3 OousblIyio, yeM 3JEKTPOHBI, UX
MarHUTHBIE MOMEHTHI CYIIECTBEHHO MEHBIIE 3JIEKTPOHHBIX M UMH MOXHO mpeHeOpeuyb. OpOuTanbHbe
MarHUTHBIE MOMEHTHI 3JIEKTPOHOB B MHOI'O3JIEKTPOHHBIX aTOMax B CPEIHEM OKAa3bIBAIOTCS HalpaBlICH-
HBIMU B pa3Hbl€ CTOPOHBI U KOMIIEHCUPYIOT IPYT JIpyra.

B MarautHple MOMEHTBI aTOMOB (peppoMarHeTHkKa OCHOBHOHM BKJaJ Jal0T CIIMHOBBIE MarHUTHBIE

MOMCHTBI 3JICKTPOHOB:
Pmear) = z Prs - Pms = 2“5\/ s(s+1),

rae Uy =eh/2m,- marseron bopa (KBaHT MarHUTHOTO MOMEHTA). DJIEKTPOHBI MMEIOT MPOTUBOIOIOXK-

Hble (IIOTIApHO) HAIPABJICHUS CIIMHA, @ IOTOMY U MPOTHUBOIOJIOKHbBIE HAMPABICHUS! CIMHOBBIX MarHuT-
HbIX MOMEHTOB. Ilo 3TUM mpuyMHam BelecTBa, B aTOMax KOTOPBIX MMOJ000JIOUKH 3aMOJHEHbI MOJHO-
CThI0, HE MPOSIBIISIOT (peppoMarHuTHbIX cBOMCTB (He, Be, Ar u T.11.).

OpnHako y HEKOTOPBIX aTOMOB C HE3allOJIHEHHBIMHU DJJIEKTPOH-

f T —F iS HBIMHU l'IvOI[O6OJ'IO‘-IKflMI/I (manpumep, y Fe) MoxxeT mosBUTbCS 3HAYU-
3d_ ! A= TENBHBIN COIMHOBBIN MOMeHT. Ha puc.2 moka3aHo 3aroiHeHHE dJIeK-
487 ! 7 n=4, I=0  ponamu noxoGoIOUeK aTOMOB Kene3a (26 dekTpoHos). Ha kaxoii
3pf% LU 777 n=3, 1=l momoGonouke Moxer Haxomuthca 2(21+1) smextponos (I — opbu-
35° ! ; n=3, I=0  Ta;mpHOE KBAaHTOBOE YHCIIO).
2pf 28 n=2 I=l Crpenkamy MOKa3aHbl HATPABJICHUS MX CIHHOB. [107060109Ka
257 ! : n=2 1= 4S8 UMEET MEHBINYI0 SHEPIUIO OJIEKTPOHOB, YeM nono6osnouka 3d u
152 t : n=I, = 3QIOJHseTCs BHavane. B HesamonHeHHOW nozobomnouke 3d sHepre-

TUYECKUE YPOBHH CHadYajia 3aIOJHSIOTCS DJICKTPOHAMH C OJIHOM W
TOM ke opueHTanueidl crnuHa. Korma Bce BO3MOXKHBIE COCTOSIHUS C
ATOW OpHeHTaIMeld OyayT 3aIllOJIHEHBI, 3aTOJHSIIOTCS COCTOSHHUS C
npyroit opuenrtanueid. [loaToMy y aTroMoB kene3a oOpasyercst OONbIIONH HECKOMIIEHCHPOBAHHBIN CyM-
MapHBIA CITMHOBBIA MarHUTHBI MOMEHT 3JIEKTPOHOB 3d-110,1000J109KH:

Puc.2. 3anonHenue 31eKTpOHAMH
0J1000JI0YEK B aTOME JKEJe3a.

me(aT) = 5pmSZ(3H) - pmSZ(aﬂ) = 4pmSZ(3n) = 4“5 :
AHajoruyHas KapTUHa U y JPYTHX BElIecTB, 001a1al0KX (eppOMarHUTHBIMU CBOMCTBaMH.

OmnpiTel DitHmTeliHa u e ['aaza, Modde u Kanump! u ap. m0o3BOIMIN SKCIEPUMEHTAIBHO U3MEPHUTH
TMPOMarHUTHOE OTHOILIEHHE (OTHOLIEHWE MAarHUTHOTO MOMEHTa K MEXaHHYEeCKOMY) HaMarHWYEeHHBIX
(deppoMarHeTHKOB, KOTOPOE OKa3ajJoCh PAaBHBIM CIIMHOBOMY T'MPOMAarHMTHOMY OTHOILEHHIO JJISI 3JICK-
TpoHa. DeppoMarHeTu3M TakuM 00pa3oM UMEET CIIMHOBYIO IPHPOLLY.

[Ipu cOMMKEeHUU aTOMOB Ha PACCTOSHUS MOPSAKA IMOCTOSHHOW KPUCTAJUIMYECKOH PEIIeTKH MEXIy
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HUMH BO3HHMKAeT crienu(puyeckoe 0OMEHHOE B3aUMOJCHCTBHE, KOTOPOE MMEET KBAaHTOBYIO MPHPOIY U
CBSI3aHO C MEpPEKPBITUEM DJIEKTPOHHBIX 00JIakOoB aToMoB. B ¢eppomarneTnkax sHepreTuuecku Ooiiee
BBIF'0/IHA [TapaJUIEIIbHAS OPUEHTALIMSI CIIMHA 3JIEKTPOHOB.

OpnHako He Bce BelecTBa ¢ HEJIOCTPOCHHBIMU 000JI0YKAMHU, aTOMBI KOTOPBIX 00JIaJal0T 3HAUUTENb-
HBIM CITUHOBBIM MAarHUTHBIM MOMEHTOM, SIBJISIFOTCS (peppoMarHeTukamu. MIHOTja SHEPreTHUeCKU BBITO/I-

@' @' @' @' @/ /@ @/ @ HOH OKa3bIBacTCs AHTUIIapAJUICIIbHAasd OpHUEHTalus CIIMHOB U MarHuT-
HBIX MOMCHTOB COCCIHHUX aTOMOB. Takue BCIICCTBA HA3bIBAIOTCA aH-

RNy %] @ %] ,@ tudeppomarunernkamu (puc.3). Kaxgas cTpenka moka3pBacT HampaB-
J 9 (9 () (7 (7 (f (/) INeHHE MATHHTHOIrO MOMEHTa aTOMa.
u p B aHTHdEeppoMarHeTrKke CIMHOBBIE MAarHUTHBIE MOMEHTBI JJICK-
TPOHOB COCEIHUX aTOMHBIX CJIOE€B HaIlpaBJICHBI B pa3HbIe CTOPOHBI U
Puc.3. AToMHBIE CIIOW KPHCTAJIIH-
. KOMITICHCUPYIOT Apyr npyra. [loatomy anTHdeppoMarHeTHKu He 00-
YECKOM pemeTku: a — GpeppomarHe- .
JaJat0T 3aMETHBIMM MAarHUTHBIMU CcBOMcTBamMH. Ho B HEKOTOpBIX aH-
THKa O - aHTA(EeppOMarHeTHKA
TU(hEeppOMArHeTUKAX, Y KOTOPhIX KPUCTAJUITMUECKAsl PELIeTKa COCTOUT
U3 HEOJTHOPOIHBIX aTOMOB, UMEETCS HECKOMIICHCUPOBAHHBIN aHTU(eppoMarHeTusM (heppuMarHeTusm).
[Ipn 5TOM MarHMTHBIE MOMEHTBHI Pa3JIMYHBIX aTOMOB HE OJMHAKOBBHI U @" @’
OyIy4d aHTUNAPAIEIBHBIMU CO3JAI0T OTIWYHBIA OT HYJSI CyMMapHBIA Mar- 2 &
HUTHBIH MOMeEHT. Takue BelecTBa Ha3bIBAlOTCS (eppuUTamMHu, B OTIUYHE OT @4 @7
(dbeppOMarHETUKOB MOTYT OBITh HEIJICKTPOIPOBOIHEI, YTO BAXHO JUISI IIIHPO- Z &
KOT'0 MCIIOJIb30BAaHMS X B TEXHUKE (puC.4).
Eciu Ob1 Bce aTOMHBIC MAarHUTHBIE MOMEHTHI B (DEpPOMarHUTHOM KpH- @ pzl g p2l
cTajuie ObUTM OPUEHTHPOBAHBI MApaLICIIbHO, TO OHU CO3/1aIH OBl OTPOMHOE Puc.4. ATOMHBI ClI0ii
MarHUTHOE IoJIe. JTO I0JIC HE TOJIBKO HE TOJIBKO OBl kpucrammueckoii pe-

/;«\ ferms, 3aHMMaJI0 00BEM KPUCTAILIA, HO M BHIXOJMIIO OBl 32 metku deppuTa
f/f-" H '; ; L% €ro0 TPEJIEIbI.
! 4
| 1= —
( | 1 ; ! ; _,‘9'\ } DHeprusi MarHUTHOTO TOJS 3a Tpejaeiamu Kpucrtamia W = EI B-HdV
! |
' . o
\ R LE L s JocThria Obl 00JIBIINX 3HaYeHHH. Takoe COCTOSIHUE DHEPreTUYECKH HE BBITOJTHO
\::_,J/ny LL\L:_/::,/ (puc.5). IlostomMy B o0OBbemMe (heppoMarHeTuka oOOpPa3yIOTCs CIIOHTAHHO-

HaMarHUYEHHbIE 00J1aCTH — JOMEHBI, KaXIbli U3 KOTOPHIX 00JIaJaeT OIpeje-
Puc.5. DmHepretudyecku jeHHBIM MATHUTHBIM MOMEHTOM.

HEBBITOMHOC  HaMpaBs/IC- [loMeHHasi cTpyKTYypa ¢peppoMarHeTHKOB
HUEC MAr"HuTHBIX MOMCH-

TOB aTOMOB B KPpUCTAJIJIC

H

A
e Lo ()

|
L)
T T
N2
Puc.6. IlocnenoBarensHOCTS 00pa30BaHMs JOMEHHOM CTPYKTYPBI B KpHUCTAJLIE
B OTCYTCTBUC BHCIHIHCTO MAaroHuTHOI'O ITOJISI MArHUTHBIC MOMCHTBI PAa3JIMYHBIX JTOMCHOB OPUCHTUPO-
BaHbI XaOTHUYHO, TaK YTO MAarHUTHOEC I10JIE€ BHE q)epp0MaFHeTI/IKa PpaBHO HYIIIO (3HepFeTI/I'—IeCKI/I BBII'OTHOC
COCTOSIHI/IC). Ha pI/IC.6 IIOKa3aHO, KaK HMCYC3aCT BHCIIHCC IIOJIC MPHU IMOCICAOBATCIbHOM ICIICHUU KpU-

—

"S-

e s

CTajula Ha JIOMeHbl. PasMep JOMEHOB mopska 107° + 10 ™, B KaxIOM COAEPKUTCA IPUMEPHO 1010
aToMOB. [IoaTOMY KaXx /bl JOMEH CO3/1a€T MarHUTHOE 1oJie nopsaka 1 To.

[Ipu noBeIIeHNN TemMnepaTypsl heppoMarHeTiKa yBeIMUYUBAETCS YHEPTHS TEIJIOBOTO JBUKEHHUS €T0
MOJIEKYJI, paBHas 1o nopsiaky BenuduHbl KT (K - mocrostHHas BonbiiMana), 1 Ipu HEKOTOPOM 3HAYCHUHU
TeMIIepaTypbl Tk 3Ta SHEPrUs CTAHOBUTCS PAaBHOM sHepruu oOMEHHOro B3aumoaencTsus. IIpu 3Ttom no-
MEHBI pa3pyIalTcs (MarHUTHBIE MOMEHTBI BCEX aTOMOB B JJOMEHE Pa30pPHUEHTUPYIOTCS) U (eppoMarHe-
TUK TpPEBpPALIAETCs B IapaMarHeTuk. Temreparypa, pu KOTOPOi ncue3aroT peppoMarHuTHBIE CBOMCTBA
MarHeTuKa, Ha3bIBalOT TemnepaTypoi (Toukoil) Kropu.

O0BeKTHI HccIe0BaHNS, 000PY/10BAHUE
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Onucanue ycTaHOBKH
Meron onpeneneHust Touku Kropy OCHOBaH Ha U3MEPEHUU IIEKTPO-
JBUKYIIEW CHJIbl MHAYKLIMK B KaTYILIKE, KOTOpas OXBaThIBAET UCCIIEye-
MBIl 00pasel, HaxOJAIINICS B IEPEMEHHOM MAarHUTHOM I10JI€ ITOCTOSIH-
HOW aMIUTUTYIBI.
W3mepenns npou3BOaATCS HA YCTAHOBKE, CX€Ma KOTOPOW MOKa3aHa
Ha puc.l. B 6e3pHayKIIMOHHBIN HarpeBarenb E nomemien gpeppomarHut-
HbIi cepaeunuk (1). Ha BeicTynaronue u3 HarpeBaressi KOHIbI 00pasiia
Hajetsl aBe karymku: L1 u L. IIpu nporekanuu no karymke Li mepe-
Puc.1. Cxema ycTaHOBKH MEHHOro Toka B Karymke L BozHukaer DJIC mHAyKuuu, msmepsemas
MUJTUBOJIBTMETpOM mV2. D/]C, Bo3HMKaoIIas B TEPMOIIape MpU Harpe-
BAaHHUM, U3MEPSIETCS MUJUIUBOJIBTMETPOM MV 1.
PaGounii koHEN TepMomnapel BMecTe ¢ 00pa3IoM momenieH B HarpeBaTenb. 3/1C MHAYKINU, BOSHU-
Karonias B karymke Lp, cornacHo 3akony ®apanes

do
i __E (1)

Tak xak @ ~ B, a B popmalbHO MOXKHO MPeACTaBUTh B Buae B =pouH , 10 ¢ ~ .

HOCKOHBKy B TOYKC KIOpI/I W U3MCHACTCA OT M([)eppo >> 1,[[0, IMOCTOJIBKY Ha KpHBOﬁ 3aBUCHUMOCTH

€;(T) momxkeH HaOMIOAATHCS PE3KMiA criag pu T =T, .

Pa0ouee 3aganue
Omnpenenuts Touky Kropu ¢peppomarnernka

IHopsinok BbINOJIHEHHS Pa0OTHI

1. Ilepen HavanoM paboThl HOCTaBbTE TyMOJIEp S B mojoxeHue "Boiki.".

2. BxirounTte ycTaHOBKY B C€Th ¢ HanpsbkeHueM "220 B".

3. 3anuiuTe nMoka3zaHus NpruOOPOB B TAOIHILY.

4. Brirounte HarpeBatesb TymOaepom S. CHuMuTe 3aBUCUMOCTh DJ]C HHIYKITUHU 10 MUJUTABOJIBT-
METpY mV2 OT TEMIEPATyphl YEPE3 KAXKI0€ IEIIEHHE MUJUINBOJIBTMETPA MV 1, IOKA3bIBAIOIIETO 3HAYEHUS
tepmo D/IC. JlanHble BHecuTe B TaOuiy. M3mMepenus npoBoauTe 10 TeX MOp, MOKa MOKa3aHUs MUILIHU-
BoJIbTMETpa mV2 He ynanyt Ha 70% — 90%.

€1, MB

t, T

SHan, MB

Eoxi, MB

5. BeIkmrounTe HarpeBarenb TYMOJEpOM S ¥ 3amuIIMTe MOKa3aHWs MpUOOpoB mVi m mVz mpu
OXJIaX/IEHUH 00pa3ia B TabIuILy.

6. Vcnonb3ys tabnuiy 3aBucuMoct Tepmo DJIC oT TemnepaTypsl, HAWIUTE U 3aIUIINTE 3HAYEHUS
TEMIIepaTypbl, COOTBETCTBYIOIINE KakoMy 3HaueHHto TepMo D/IC. Tabnuna npuBeneHa Ha yCTaHOBKE.

7. Hoctpoiite rpaguku 3aBucumMoctd D/IC MHAYKIMU OT TemmepaTyphl MPU HarpeBaHUU M OXJa-
XKAeHUH oOpasiia (Ha OJTHOM PUCYHKE).

8. I1o rpadukam onpeaenute Touky Kropu B KaKI0M U3 IBYX CIy4aeB U HAWJIUTE €€ CpeTHee 3Hade-
HUE.

Conep:kanue oTyera

DKcnepUMeHTaIbHbIE JaHHBIE, 3aHECEHHbIe B Tabnuiy, rpadpuku 3aBucuMoctd D/1C MHAYKIUU OT

TEMIEpaTyphl PU HArpeBaHUM U OXJIAXIEHUU o0paslia, cpeiHee 3HaueHne Temmneparypsl Kiopu.

KonTposbHbie BOopochl
1.00BACHUTH CHUHOBYIO MPUPOY (heppOMarHeTu3Ma.
2.00BSACHUTH TOMEHHYIO CTPYKTYpY (eppoMarHeTusma.
3.Ilouemy 3HauEHHE MAarHUTHON MPOHUIIAEMOCTH (HEPPOMArHETUKOB BEJIUKO?
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4.Tlouemy npu OTIpeNIeIEHHOM Temreparype GpeppoMarHeTHKH U3MEHSIOT CBOM MarHUTHBIE CBOII-
cTBa’?

5.Yro takoe Touka Kropu?

6.1Touemy DJ1C nnaykuuu B Katymke L2 pe3ko yMeHbIIAeTCs MPU TOCTHXKEHUU TemnepaTypbl Kro-
pu?

7.Haueptute 1 00BbACHUTE CXEMY YCTAaHOBKH.

8.ITouemy heppoMarHuTHBIN 00pa3ell, HarpeThiid BhIlIe Touku Kiopu, mpu 0XJIaxIeHUH BOCCTaHAB-
JIMBAET MarHUTHbIE CBOMCTBA?

Cnucok UcnoJIb30BaHHBIX HCTOYHHKOB
CagenbeB U.B. Kypc o0mieii ¢puzuku. T.2. DnexrpudectBo U maraetusM. Bomusl. Ontuka. — CII6.:
Jlann, 2008. — 496¢. ¢.165-170, 176-180
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JlaGopatopHnas pabora Ne 30
HccnenoBanue 31eKTPUYECKUX XaPAKTEPUCTHK
NOJIYNIPOBOAHUKA ¢ MOMOLIBIO0 3P PexTa Xosuia

Ieab padorbl: OnpenencHue 3HaAUEHUN KOHCTAHThI XoJia, KOHLIEHTPALlUM HOCHUTENEH 3apsiaa U
IOJBMKHOCTH HOCUTEJIEN 3apsaa.

TeopeTnuecKkue cBeeHUS

SIBneHre BO3HMKHOBEHHUS B OOpas3le € TEKYIIMM IO HEMY TOKOM IOINEPEYHOI0 3JIEKTPHUUECKOIrO

HOJIS TP TIOMEIIEHUU 00pasiia B MarHUTHOE ToJie Ha3biBaeTcs 3 dexTom Xoa.
PaccmMoTpuM MexaHM3M BO3HHKHOBEHHS MOMEPEUHOTO AJIEKTPHU-

| S =
YECKOIo IMOJs B OAHOPOAHOM IOJYNPOBOAHUKE p-THUIA, UMEIOIIEM J 1}//§f
dbopmy mpsMoyrosibHON TacTuHkH (puc.2). [lox meicTBuem cro- e ///§ F el
. n 1 , ¥4 -
POHHETO 3JEKTPUYECKOTO MOJIsi C BEKTOPOM HampsiKeHHocT E 1o — o by B
IUTACTHHKE MPOTEKAET 3JICKTPUICCKUN TOK IJIOTHOCTHIO | , KOTO- -1 £ e :
| 0 .
pPYI0 MOXHO OnpelenuTh U3 3akoHa Oma B guddepeHnuanbHOH - o /; A
dopwme: o
- = — - // d
j=cE=env, (1) a

Ta€ G — yaACIbHasa INIpOBOAUMOCTD, 77 — KOHICHTpauA HOCHUTENeH Puc.2 CxeMa, HOSICHIIOAs Me-
3apsana, V, — uXx JAped(oBas CKOPOCTh, e — 3apsj JJNEKTPOHA xaHM3M d¢ddexra Xoiua B 1OIy-

(mpIpku). B monynpoBogHUKE N-THUIIa OCHOBHBIMH HOCHUTENSAMU 3apsi- MPOBOAHHUKE p-TUIId
Jla SIBIISTIOTCSl TOJIOKHUTEJIbHBIC JBIPKH W IOTOMY HalpaBlIeHHE Aper(OBOl CKOPOCTH COBMAAaeT C
HarpaBJeHueM Toka (puc.2). B moxynpoBojaHMKE N-THITA OCHOBHBIMH HOCHUTEIISIMHU 3apsiia SBISIOTCS
OTPHUIATEIIbHBIC AIEKTPOHBI U UX JpeiioBas CKOPOCTh OyAeT HaIpaBJICeHa IPOTUBOIOJIOKHO HAIPAB-
JCHUIO TOKA.

B oaHOpOAHOM TONYMPOBOJHUKE SKBUIOTECHIIMAIbHBIE MOBEPXHOCTH PACIONIOKEHBI MEePIEHANKY-
JSIPHO BEKTOPY IUIOTHOCTM TOKA | M IOMEpedHas PasHOCTh ITOTEHIHAIOB MEXIy TOYKaMU 3 u 4

JIOJIKHA OTCYTCTBOBATb.
CoBceM MHasg KapTHUHA MOJYYUTCS, €CIIU MIACTUHKY C TOKOM IOMECTHTh B cilaboe MarHUTHOE
10Jie, HAMpPaBJIEHHOE NEPHNEHIMKYISIPHO NJIOCKOCTH IUIACTUHKU. B 3TOM ciydae Ha 3apsij, ABUXKY-
muiics ¢ IpepoBoi CKOpocThio V, , OysieT neicTBOBaTh cuna Jlopenna:
F,=e[V,xB]. )

[Ton neficTBHEM 3TOM CHUJIBI OCHOBHBIE HOCUTENH 3apsja OyIyT OTKJIOHATHCS K OJAHOW W3 Moleped-
HBIX TpaHell IUIACTUHKM M Ha 9TOW I'paHU IOSBUTCA 3aps], COBHNAIAIOLIMN MO 3HAKY C 3apsAIoM ITHX
HocuTenel. Ha mpoTUBOMONIOKHOM IpaHu BCIIEACTBUE 3TOTO BOZHUKHET HEIOCTATOK OCHOBHBIX HOCHUTE-
Jeii U 3apsii IPOTUBOIIOIOKHOTO 3HAKa (pHC.2).

3amMeTuM, 4TO B MOJYNPOBOJHUKE N-THUIA 3apsi]l OCHOBHBIX HOCUTENEH, 3JIEKTPOHOB, OTpHUIlaTe-
JIeH, HO X JpeiipoBas ckopocTh V, HalpaBlieHa IPOTHBONOJIOXKHO BekTopy | . [losTomy cuia Jlopen-
1a OyJeT OTKJIOHATH JJIEKTPOHBI B Ty K€ CTOPOHY, UTO M Ha PHC.2, HO 3HAK 3apsAJ0B Ha MONEPEYHBIX
IpaHsX MJIACTUHKU Oy/ieT 0OpaTHBIM.

B PE3YIBbTATC TAKOI'O pa3ACIICHUA 3aps10B MOABUTCA SJICKTPHUYCCKOC I10JIC EH , HA3bIBACMOC€ I10JICM

Xomnma. HampaBnenne nons Ey; 3aBUCHT OT 3HaKa HOCUTEJEH 3apsia M OT HampaBlieHHs BekTopa B.
[Tone Xomna AelCTBYET Ha AJEKTPUYECKHUE 3aPsIbl C CHIION

F, =¢eE, (3)
HaIMpaBJIEHHOW MPOTUBOMOI0KHO cwie Jlopenna. Hactynut MmomeHT, koraa |33 = —IfJI , T.C.
eE, =ev, B 4

Tak xak E, =U, /d, rme U, — nomepeynas X0JUIOBCKasi pa3HOCTh MOTEHIMANIOB, d — paccrosi-
HHUE MEXIY rpaHsiMu 3 u 4, To
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U, =v,Bd (5)
YuuteiBas, uTo ceucHue oOpasma S = ad, u ucnoias3ys Beipaxkenue (1), Haxogum cuiay Toka | B 00-
pasue:

| = jS=ev,nad. (6)
Bripaxas u3 ypagHenus (6) CKOpocTs apeiida V, u noacrasiss B (5), MOIy4YuM
1 IB
Uy = @
en a

Benuuuna ]/(en) obo3Hauaercs R, wu HaspiBaeTcs koHcTaHTOM Xosia. Torma cootHowmenue (7)

3aMUIIETCs CIASAYIOINM 00pa3oM
IB

a
Beipaxxenune Ry :]/ (en) MOJIYYEHO TPH YIPOIIAIONIEM IPEANOIOKCHHH, YTO CKOPOCTh apeiida
HOCHUTEJICH 3apsia OJWHAKOBA. bojee TOUHBIM pacyeT ¢ y4eToOM pacupeiesieHus HOCUTENEH 3apsia 1o
CKOPOCTSIM IOKa3bIBAET, YTO B HAILEM CI1y4ae

3
R, =— 9
H = gan )

Takum o6pasom, 3Hast Ry, , MOXKHO ONpeNenuTh 3HaK HOCUTENEH 3apsa U UX KOHIIEHTPALHIO.
Ecnu u3BecTHa ynenbHas MPOBOAUMOCTh G, TO, OIPEAEIUB ONBITHBIM IyTeM Ry , MOXKHO paccuu-
TaTh MMOJBIKHOCTh HOCHTEIICH 3apsia b.

W3BecTHO, uTO © =€nb, Ho u3 ypaBHeHus (9) cieayer, 4To en = , TOrJa
H
8Ry o
p=—H" (10)
3n

O0BEKTHI HCCIEI0BAHMS, 000PYI0BAHHE
OnucaHue ycTaHOBKH

YcTaHnoBka ais usMepenus 3¢ dexra XoJia COCTOUT U3 TPEX Y3JIOB: a)
9JIEKTPOMArHuTa C Jep)kareneM obOpasma; 0) myjabTa yHOpaBliCHHS; B) IO-
tennuomeTpa [1I1-63.

DJiekTpuyeckas cXeMa yCTaHOBKHU IpejcTaBieHa Ha puc.l. OHa coctout
U3 2-X menei: nenu obpasia u 1enu snexkrpoMarauta. O6e nenu TyMmoIepom
S MOAKITIOYAOTCSA K CBOMM MCTOYHHKAM ITOCTOSHHOTO TOKA, PACIOI0KEHHBIM

BHYTPH IyJibTa ympasieHus. llenn copepkar MHIUTHaMIIEPMETPHI (mA)

ISl U3MEPEHUsI TOKOB M peryisitopst Toka Ry n R,

[TepekmodaTens TOKa S CIIYXKHT IS H3MEPCHUs HAIPaBICHUS TOKa

@ yepe3 IEKTPOMArHmT.

4 S DJEKTPOMArHuT Iepel pasMelleHneM o0pasla HporpajayHpOBaH s
B OIIPEJICICHHOTO MEXIIOMIOCHOTO 3a30pa, IOTOMY KaTeropM4yecKu 3a-
Puc.1 Cxema ycTaHOBKH npemaercs KPYTHTh BHHTHI KPeNJeHUs MOJKCHBIX HAKOHEYHHKOB

JEeKTpOMarHurTa.
HaHpH)KCHI/IC Ha MOTCHIHMAJBHBIX KOHTAaKTax o6pa3ua HU3MEPACTCA C MIOMOLIBIO MOTCHIIMOMETpPA TII1-63.
HY)KHO Y4€CTh, UTO MOTCHIMAJIbHBIC KOHTAKTEI 3u4 MPAaKTUICCKU HEJIB3s pasMECTUTh Ha OHHOﬁ OKBHIIO-
TCHHI/IZU'IBHOIZ IMOBEPXHOCTH. H03TOMy JJaxe 0e3 MarHMTHOIO IIOJISI Ha INOTCHOHAJIBHBIX KOHTAKTaX GYJICT

Hanpspkenne U,. — HampspkeHHEe aCHMMETPUH, KOTOpOe 00yCIIOBICHO HECHMMETPUYHBIM PACIIONIOKEHHEM I10-

TEHIMAJThHBIX KOHTAKTOB, HEOTHOPOJAHOCTHIO 00Opa3na U T.a1. YToOBl N30aBUTHCS OT HAIPSKCHUS aCUMMETPHH
MOCTYMaT Tak. [IpoBOAsAT M3MepeHne MomepeyHol Pa3sHOCTH MOTEHIMANOB MPU PAa3IUYHBIX HAIPaBICHUSIX

MAardiuTHOI'O ITIOJIA. Tor;[a npyu OAHOM HAMPAaBJICHUU MArHUTHOTO I10JA Ul ZUH +Uac, a IMnpu Apyrom

U2 Z_UH +Uac’
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TaK KaK ¢ UIBSMCHCHUCM HAIIPABJICHUA MArHnuTHOI'O ITOJIA HAIPSAXKCHHUC Xonma (UH) MCHJCT 3HaK, a

U, -U,
HaIps)KEHUE aCUMMETPUU (U ac) ocraercs HeusMeHHbIM. Torga Uy = —
PaGouee 3amanue
IIpoBecTn M3MepeHre 3Ha4YeHUN KOHCTaHThl XO0JUla, KOHIEHTPALMU HOCUTEIEH 3apsaia U IOJABUXK-

HOCTH HOCHUTEJICH 3apsaaa.

ITopsinok BhINOJHEHHUS PadoThI

1. O3HaKOMbBTECH C YCTAHOBKOM ISl MCCIIEJOBaHMs O YIPOBOAHUKA.

2. O3HaKOMbBTECH 110 CIIELMAIbHON MHCTPYKLHUH C NOPSIAKOM paboThl Ha noreHunomerpe I1I1-
63.

3. IloaroToBbTe Kk U3MepeHusM noreHurnometp III1-63, mocTtaBpTe Ha NMyiabTe yHpaBICHUS
TyMOJep HanpaBJICHUS MOJIS B NMOJIOKEeHUE «+» , a pyuku «Tok obpasua» u «Tok 31aekTpomaruu-
Ta» B KpaliHee MOJI0KEHHUE IPOTUB YACOBOM CTPEJIKHU.

4. BcTaBbTe IIHYp NMUTAHUS MyJbTa ynpaBieHus B po3eTky «220 B» u tymGaepom «Cerb»
BKJIIOUUTE UCTOYHUK NMUTaHUs. [Ipyu 3TOM Ha nynpTe AOJIKHA 3arOpeThCsl CUTHAJIbHAs JaMIia.

5. Pyuxkoii «Tok oOpa3ua» nactpoite Tok 20 MA, a pyukoil «Tok anekrpomarauta» — 50 MA.

6. M3meppTe ¢ MOMOIIBIO NOTEHLIMOMETPA HANpsDKEHUE, BO3HUKAIOLIEE HAa MOTEHLHUAJIbHBIX

KOHTaKTax oOpasia (Ul). DT0 HampsbKeHUE SBISETCS anredpanyeckoil CyMMOW HampsbkeHdus XoJiuia

(UH) U HamnpspDKEHUs: aCUMMETPUU (U ac). 3anumute U; B Tabauiy ¢ TeM 3HAKOM, Kakoil yKa3bIBaeT
MepeKII0YaTeNh NOJISIpHOCTH moTeHImomerpa I111-63!

7. I3MeHuTe HalpaBlIeHHE MAarHUTHOTO TIOJIS B 3a30p€ JIEKTPOMArHuTa, IIOCTaBUB TymMOiIep S,
B MOJOXeHHEe «—» . M3MeppTe ¢ momompbio norenuuomerpa I1I1-63 HampsbkeHue, BO3HHKarollee Ha
MOTEHIMAIBHBIX KOHTAKTAX (Uz) . 3anummure 3HayeHuss U, B Tabnuiy ¢ TeM 3HAKOM, KaKOW yKa3blBa-
€T MepeKIIYaTelb NOISIPHOCTH OTEHIIMOMETPA.

8. AHaJIOTMYHBIE -U3MEPEHUS clenanTe npu Tokax anekrpomarauta 100, 150, 200 u 250 MA.
Crenure 3a MOCTOSIHCTBOM TOKA |,

U, -U,

9. Beruncnure no ¢popmyne Uy = HampsiKeHne XoJula ISl BceX 3HaueHUH TOKa Mar-

Huta. [To rpagynpoBouHoMy rpaduky, npuigaraeéMomMy K 3J€KTPOMarHuTy, HaiuTe 3HaYEHHUE Mar-
HUTHOW MHIYKIIMU B 3a30p€ AJEKTPOMArHuTa Ajs 3THX XK€ 3HaueHud Toka. 3HaueHus Uy u B

3aHecHuTe B Tabimny. Ha mumummMerpoBoit Oymare nocrpoiite rpaduk 3aBucumocta U, = f (B)

Uya .
10. Beraucaure no gopmyne Ry =—1— koHcTanTy XoNna JUis pasiuyHBIX 3HaueHUH B u
0bp

HaiiuTe ee cpeanee 3HaueHue. (Pazmepsl 0Opasia ykasaHbl Ha TpaAyHpPOBOYHOM TpaduKe).

3n 1
11. Ucmons3yst BEIpaKCHHUE <RH > =—.—, BBIYHCIUTE CpPeIHEe 3HAUCHHE KOHICHTPAIUU HO-
en

3 1
cuTeNel 3apsaga N = omo_ = ,rae 6=16-10""° Ku .
8 e(Ry)
8 < Ry > c
T
HOU 2JICKTPOIIPOBOJIHOCTH G YKa3aHO Ha rPagyupoOBOYHOM rpaduke).

12. Tlo dopmyne b= BBIYMCIIUTE MOJABUKHOCTh HOCHUTENEH 3apsia (3HaUEHUE yellb-
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IMar, B, Ul, UZ, UH, RH, <RH>, n, b1
A |[Tx B |B |B |M¥Kn [M¥Kn |[M° |M%/(B-c)

Conep:xaHue oT4yeTa
JlaHHBIC, TIpe/ICTaBICHHBIC B TAOJUIIEC, CPEJHNE 3HAYCHUS KOHCTAHTHI XOJUIa, KOHIEHTPAIUU

HOCHTEJIEH 3apsAa U MOJBUKHOCTH HOCUTENEH 3apsa.

KOHTpOJ’[LHbIe BOITPOCHI

1.00bsacHUTE MEXaHU3M BOZHHUKHOBEHHUS HAINPsKEHUs XO0Juia.
2.Kakum 00pa3oM MOKHO ¢ moMoIibio 3ddexrta Xona onpeaenuTs 3HaK HOCUTENEH 3apsia?
3.KakoBbl NMPUYUHBI TOSIBJICHUS HAINpsDKEHUs acuMMeTpuu? Kak MCKIIOYUTH 3TO HAmpshKEHUE TPU

OIIpeIeIEHUH XOJUIOBCKOTO HAPSKEHUA?
4.Kak MOHO OIIpeIeuTh MOABMKHOCTh HOCUTENEH 3apsaa?
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