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Yacrs 1
JlaboparopHas pabota Ne 1
HccienoBanmne Kocoro yaapa o HAKJIOHHYIO IJI0CKOCTh

[lesib padOTHI: PACCMOTPETh KMHEMATUKY JIBUXKEHHUS I1apa MOCJe yAapa O MJI0CKOCTb; ONPEIeIUTh
K03(pPHUIIMEHT BOCCTAaHOBIICHHS CKOPOCTH HIapa.
TeopeTnyeckue cBeieHUsI
B nannoii pabote paccMaTpuBaeTCs KMHEMATHKA JBIDKEHHS Tela
O] YIJIOM K TOPU30HTY B pe3yJIbTaTe COyJIapeHusl ¢ HaKJIOHHOM IJI0C-
KOCTBIO.
CranpHON mIapuK, najas ¢ HEKOTOPOM BBICOTHI, MEPE] yAapoM O

HAKJIOHHYIO TLIOCKOCTh HMEET CKOpOCTh Vj, a OTCKOUHMB OT Hee, UO

(cM. puc.l). Beibepem cucremy KOOpAHMHAT, Kak MOKa3aHO Ha puc.l,
MOMECTHB Havaio koopauHat O B TOUKY MEPBOTO COyAapeHHS IIapHKa

Prc.1 C HAKJIOHHOMW myockocTeo. IIpoekuun ckopocreir Vy u U, Ha ock X

PpaBHBI, TO €CTh Vox = on, TaK KakK yJap MOXXHO CUUTATb MTHOBCHHBLIM, 1
JieicTBUE CUJIBI TSXKECTH U CHJIBI TPEHHUS 32 KOPOTKOE BPEMS HE OKaXKET CYILECT """~ ™ THUJHUSA HA UM-
MyJIbC ITApUKA BIOTh OcH X (3aKOH COXpaHeHHsi MPOeKIHH uMIyJbca). P Puc. 1 yexanmueckoii
SHEPIHU MPHU yAape XapakTepu3yercs: KO3 HUIIMEHTOM BOCCTAHOBIICHHS CKOPOCTH Ke.
Ko3(ppuunenToM BoCCTAaHOBICHHS CKOPOCTH Teja IPH yAape 0 MAaCCUBHYIO HETIOABHIKHYIO I10-

BEPXHOCTH Ha3bIBaeTcs oTHomenue K. =|U , e Vo 1 Un — IpoeKuu CKOPOCTEH Tena COOTBET-
C n n

CTBEHHO JI0 U TOCJIE yJapa Ha HOpMaJlb K IOBEPXHOCTH.
Jlns nanHo#M pa®oThl cornacHo puc.l
= o
Y
oy
rae Voy 1 Ugy - IpoeKIny Ha OCh Y CKOPOCTEH IIapuKa COOTBETCTBEHHO JI0 U MOCIIE MEPBOTo yapa o
HAaKJIOHHYIO IUIOCKOCTb.

1)

OTckounB OT HAKJIOHHOI MIockocTH B Touke O co ckopocthio U, mapuk OyaeT JBUraThCsi B BO3-
JyXe ¢ MOCTOSIHHBIM yCKOpeHHeM a = (§ (COmpOTHBIEHHEM BO3ayXa IpeHeOperaeMm) U BTOPOH pa3 yjaa-

PUTCS O HAKJIOHHYIO TUIOCKOCTh. [TojtoskeHne 1rapuka mpyu BTOPOM COYJIapSHHH OTHOCUTENEHO Touku O
ONpEeNIETUM U3 3aKOHA ABMKEHUS B IPOEKIIUU HA OCh X

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

HpI/I BBI6paHHOM Ha4daJIe KOOPJAWHAT M I10JIOKMTEIbHOM HAIIPaBJICHUH X, KaK IIOKAa3aHO Ha pI/IC.l, X = 0 )

Upx =Vox =VpSina, a, = gsina , mo3ToMy paccTosHHE X MKy TIEPBbIM U BTOPBIM COYyIapCHUEM

(2)

BperI t MCKAY ABYMSA COyAapCHUAMUA HalJIeM M3 3aKOHa JBMKEHUS B IIPOCKIMH Ha OChb Y
2

= Yo+ Ut +
Y=Yo Oy 2

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

3necs y =0, Yo =0, c yaerom (1) Uy, =k ‘Voy‘ =k Vpcosa, o, =—gcosa . [Toaromy

gcoso.-t?

0=0+k,\Vycosa-t— 5

2k.V,
g

(3)

OTKyZa t=



V, omnpenennum u3 3aK0Ha COXpPaHEHUs ITOJIHOM MEXaHNYECKON PHEPTUU (IOTEPSMHU HA COIIPOTUBIIEHHE

BO3JIyXa MpeHeoperaem)

2
mV
mgh = —2 (4)
2
rae mgh — moTeHIMa bHas SHEPTUs MapuKa B TOYKe A, U3 KOTOPOW OH HAYMHACT MMajaTh 0e3 HaYaabHOI

V¢

CKOpocTH (B Touke O MOTEHIHAIBHYIO SHEPTHUIO IIapyKa IPUHUMAEM PaBHOM HYIIIO); — KUHEeTH4e-

CKasi Heprus mapuka B Touke O nepes yAapoM 0 HAKJIOHHYIO TIOCKOCTb.
N3 paBeHncTBa (4) umeeM

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

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

B peanbubix ciyyasx 0 < K¢ < 1.

3aKO0H coXpaHeHHs IOJIHOI MeXaHN4YeCKOH IHepruu
ITosiHasi MexaHMYeCKasi JHEPIrUusi KOHCEPBATHBHOM CHCTEMbl, HAXOASIIEHCHA B CTANMOHAPHOM II0-
TeHUHAJIbLHOM I10J1€¢, IOCTOSIHHA:
K+U,,;+U = const

eHew
rne Ucos — cOOCTBEHHAs! MOTEHIMANbHAsL SHEPTUS CUCTEMBI - 3TO SHEPTUsl B3aUMOJEHCTBUS APYT € ApY-
T'OM BCE€X YaCTHUIl CUCTCMBEI. Omna 3aBHCHUT OT B3aUMHOI'O PACIIOJIOXKCHUA YaCTHL CUCTCMBI; U@Hem — BHCIII-
Hsig IOTEHLMANIbHASA DHEPIUsl CUCTEMBI - 3TO CyMMa IIOTCHIUAIbHBIX JHEPIUM BCEX €€ YaCTHUIl, HaXOms-
IUXCA BO BHCHIHEM CTALIMOHAPHOM NOTCHIHWAJIBHOM II0JIC; K — kuHeTH4eckas OHEPTUA CUCTCMBI — 3TO
CyMMa KHHETHYECKUX DHEPIUM COCTABISAIOIINX €€ YACTHLI.

Ecnu paGoTta cui cralnoHapHOTO MOJIsS HAaJl YaCTULEH HE 3aBUCUT OT IYTH, IPOHIEHHOTO YaCTHUIIEH,
a 3aBHCHUT TOJIBKO OT HAYaJIbHOI'O ¥ KOHEYHOI'O MOJIOKEHHS YaCTULIBI, TO TAKME CHUIIbI HA3BIBAIOTCS KOH-
CEPBATHBHBIMH, a 110JI€ MOTEHUHATbHBIM.

Heynpyroe coynapenue reJ

AOCOIIOTHO yNpyTUM Ha3bIBAETCS TAKOE COYAApEHUe TeJ, IPU KOTOPOM UX CyMMapHasl MoJIHas Me-
XaHUYECKasl JHEPIHsl HE MEHSETCH.

Ha npakTuke abcoyifoTHO yIpyroro coyiapeHusi He BCcTpedaeTcs. 3a c4eT paboThl BHYTPEHHHUX JHC-
CUIIaTUBHBIX CHJI YaCThb IOJHOM MEXaHUYECKON DHEPIUM COYIApSAIOLIMXCS TEll NPEBPALIAcTCs B TEILIO-
ByI0 (BHYTpEHHIOIO) 3Hepruto. [loiaHas mMexaHWdecKas HEpPTus CHUCTEMBbl YOBIBAeT, a COyJapsroliuecs
Tena 1eopMuUpyIOTCs (M3MEHSIOT cBOIO opMy). Takoii yiap Ha3bIBae€TCsI HEYNPYTHUM.

Ecnu nmocne coynapeHus Tena ABMKYTCS C OJHON CKOPOCTBIO BMECTe, TO yJap Ha3bIBaeTcs abco-
JIOTHO HeynpyruMm. Takum oOpa3oM, MpU HEYNPYroM COYJIApEHUU IOJIHAS MEXaHW4ecKas dHeprus He
COXPAHSETCA.

OO0beKThI HccJIe0BaHus, 000pPy10BaHHE
Mertamndeckas IIacTHHA, 00pa3yolias HaKJIOHHYIO IUNIOCKOCTh. MeTaluInyecKie MapuKy, JTNHEeHKa.

PaGouee 3aganue
W3MepuTh XapaKTEpUCTHKH OTCKOKA IIapUKa MOCJIE YIPYroro yjaapa O HakKJIOHHYIO IUIOCKOCTb.
Onpenenuth K03 (HUIIUEHT BOCCTAHOBICHUS CKOPOCTH IIIapa.

Ilopsinok BbINOJHEHHS Pa0OTHI
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1. Ilepememennem mypThl A (prc.2) YCTaHOBUTH MPOU3BOJILHBIN HAKJIOH TJIOCKOCTH (mpuMepHO 10-
15°). Uzmeputs BoicoThl H1 1 H2, mmmHy HakiionHo# tuiockoctu | Mexxay munusimu Ly u Lo (em.puc. 2) u

i H—H,
ompenenuTh Sino:sino = ——=2 .
[Mpumeuanue. MOXHO TPOU3BOJILHO U3MEHSATh [UIMHY HAKIIOHHOM TUIOCKOCTH |, M3MEHSIS MPH 3TOM JpYy-
rue BeIcOThI Hi 1 Ho.

2. Ilepemeniearem MydTol B ycranoButh mpousBonbHyio BbicoTy h (17 — 20 cm) Oynkepa C Hax
HAKJIOHHOH TIIOCKOCThIO. OTIEHTPHPOBATh YCTAHOBKY OyHKEpa Tak, YTOOBI MIAPUK IMOCIIE OTCKOKa yia-
pHIICA ellIe OJIMH Pa3 O HAKJIOHHYIO IJIOCKOCTh B HAIPABJICHUH €€ IPOOIbHON OCH.

Puc.2

3. I1o70XHUTh Ha HAKIOHHYIO IJIOCKOCTh Y3KYIO IOJIOCKY OyMarw Kpaem BIIOJb 4epThl L1, HAKPHITH
CBEpXY KONMUPOBaIbHOM Oymaroii 1 3akpenuTb 00a imcTta cko6oil. [Tpu npoBeneHnu s3KcriepuMeHTa Kooy
HE TPOTraTh.

4. ITomectuth 1mapuk B OyHkep C B cierka oTKpbITOE€ OTBEPCTUE (ITO MO3BOJIUT Oojiee TOYHO (PUK-
CHpOBATh HAYaJbHOE IOJIOKEHHE IIapUKa). 3aTeM MEUIEHHO OTKPBITh 3aCIIOHKY, JaB IIAPHKY IMPOBa-
JUTHCA. Y JApPUBLINCH O TUNIOCKOCTh, IIAPUK OTCKOYUT U OCTABUT ciie]l Ha Oymare.

5. O603HaYNTH TOUKY yaapa Ha Oymare Toukoi 1. OTorHyTh OT JiuHuM L1 ¥ mojgocky Oymaru u Ko-
NUPOBaAJIbHYI0 Oymary TakuM oOpa3oMm, yTOOBI MOBTOPHOE MaJieHHE MIapuKa U3 OyHKepa MpHIUIOCh Ha
METaJUIMYECKYIO TOBEPXHOCTh; OTCKOYHB OT HEe, IIAPHK BTOPOU pa3 yIapUTCs O TOBEPXHOCTh U OCTABUT
ciiel Ha Oymare. DTy TOUKy 0003Ha4MTh 1UPpoii 1'.

6. [ToBTOpUTH OMBIT IPU OTOTHYTOM Oymare 9 pa3, 0003Hauas ciepl OT IOBTOPHBIX YAaPOB COOT-
BercTBenHo 1', 2, ..., 3".

7. CHSITB TUCTHI C INTOCKOCTH, ONPEICTUTh PACCTOSHUE Xi MeXK Iy Toukamu 1-1', 1-2', 1-3', ..., 1-9'u
3aHecTH B Tab.1.

X+ X+t Xg
9 .

9. OnpenenuTs citydaiiHble OTKIOHEHUS AXj = Xj — < X > KaXXJ0r0 U3MEPEHUS PaCCTOSHUS, CpEeIHEE

8. BeluncauTh cpeHee 3HaUeHUE < X >=

KBaApaTU4YHOC OTKIIOHCHUEC S=

1 2 .
1 z (AX;)” . BBIYHCIHUTE MOTPENTHOCT AX pe3yJIbTaTa H3MEPCHUI:
n -

S
AX = T (N-KOTMYECTBO TOYEK).
n
10. Berurcauts < K > 1o popmyste (6), moactapisis X = < X >. [IpuHumaeM paauyc mapuka I << h.
AX

4(2k, +1)hsina’

11. Beraucnuts abcomroTHyIo AKe 1 oTHOCHTeNbHYO E morpemmroctr: Ak, =

— AkC

E 100%.

C

Conep:xanue oT4eTa
Pe3ynbrarhl m3MepeHnii U pacueToB 3amucarh B Ta0.1 u 2.



Tabauua 1

Xi, MM AXi, MM (AXi) 2, Mmm?
Tabmauma 2

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

Banucarh pe3ynbTar B Bune: K, =<k, > Ak, .

1. Yrto Takoe K03 PHUIMEHT BOCCTAHOBJICHHSI CKOPOCTH, KAKOBA METOIMKA €r0 OIPEICICHUS B 1aH-
HOU pabote?

2. 3anucaTh 3aKOH ABWKECHUS LIapHKa MEKIY IEPBBIM ¥ BTOPBIM COYAapPEHUSIMH C HAKIIOHHOM IIIOC-
KOCTBIO KOOpAMHATHBIM criocoOoM. Kak onpenenuTs paccTosHue X U BpeMs t Mex 1y 3TUMU COyAapeHusi-

mu?

3. CopmynupoBaTh 3aKOH COXpaHEHUS MOJHOW MEXaHHIECKOH 3Heprun. Kak oH mpuMeHsieTcs B

JTaHHOM paboTe?

KonTposbHbie BOonpochl

CHuCOK MCNO0/Ib30BAHHBIX HCTOYHHKOB
1. CaBenneB U.B. Kypc o6mieii pusuku. T.1. Mexanuka. Monekynspnas ¢usuka. - CII0.: JIans, 2008. —

352 c. - lIll, §19, 24, 25, 27




JlabGopaTtopHas pabota Ne 2
Ynpyruii yaap mapos

Ileab paGoThl: 03HAKOMUTHCS C SIBJIEHMEM yJapa Ha IPUMEpPE COyJapeHus IIapoB, pacCUUTaTh KO-
3¢ UIMEHT BOCCTAHOBJIEHUS SHEPTUH, IPOBEPUTH 3aKOH COXPAHEHUS UMITYyJIbCA.

Teopernyeckue cBeleHUs!

OTknoHMM mapuk A ¢ Maccod My Ha yroix Ao =0y — 0y, IIe 04 U O IOKa-

3aHMS 110 IIKane n3Mepenus. [Ipu 3ToM mapuk nogHuMercs Ha BeICOTY h (oM.
puc.1). Kak BUJHO U3 pUCyHKa BBICOTY IIOABEMA MOKHO BBIPA3UTh Yepe3 JJIU-
Hy I0JIBECA U YTOJ OTKJIOHEHHUS AL

- h=|(1—cosAa)=I-23in2(A7aj (1)

ITocne OCBO60)KI[CHI/I$I IIapruKa 0e3 HaYaILHOM CKOPOCTH OH 6yneT YCKOPATBCA

U B HIDKHEH TOYKE CBOEH TPAaeKTOPUHU MPUOOPETET TOPU3OHTAIBHYIO CKOPOCTh

2
m vy

V1, KOTOPYIO MO’KHO HAalTH U3 3aKOHA COXPAHEHUs SHEpruu: m,gh =

v, =J2gh = [2g] -Zsinz[%j = Zsin(%)\/a (2)

- B HmkHel Touke cBoel TpaeKTOpHH MIApUK A CTaJIKWBAETCS C IIApH-

, OTKYyJa CIICAYCT

A Uq B KoM B, u mociie o4eHb KOPOTKOTO ylapa OHU Pa3jieTaroTCs B MPOTHUBOIIO-
o—= O JIOXKHBIE CTOPOHBI C TOPU3OHTAIBHBIMU CKOpocTsMHU U; U U, (cM. puc.2).
- A B — Tak kak BO Bpems yJapa CUJIbl HATSIKEHUS HUTEH M CUIIBI TSKECTH, JACH-
Uj=—0 O=U, CTBYIOIME HA [IAPUKH, HATTPABJIEHBI 10
Pric.2 BEPTUKAJIH, TO JIOJDKEH BBIOJIHATHCS 3aKOH COXPAHEHUS! TOPU30HTAIBHOU
HPOEKINU UMITYJIbCa CUCTEMBI:
Myvy = =My +Myu, (©)

B OonpmnaCTBE CJIy4acB pC€ajIbHBIC yAaphbl TCJI HE ABJIAIOTCA YHPYTMMH HW3-3a BOSHUKHOBCHUA JHC-
CUIIATUBHBIX CUJI BHYTPH 3TUX TCII (BHyTpeHHee TpeHI/Ie), MMO3TOMY KHHCTHYECKAA 3HEPIrud CUCTCMEI B
IIEJTOM TIpH yjape yMmeHbInaercs. KoadduiimeHToM BOCCTaHOBICHHSI KHHETUYECKON SHEPTUN HA3bIBACTCS
BCJIMYMHA, paBHAsA:

ml—u12+ My 2 2
K —_2 2 _ My + Myl

5 =

(4)

2 2

Mmyvy Myvy
2

Koadduument BoccraHoBieHUsT SHepruM Bcerna MeHbmie eawHunbl: K, <1. PaBeHcTBO enmHuIe

03HAYaeT MOJHOE COXPaHEHUE YHEPTUH, YTO MOXKET ObITh TOJIBKO B MJICATHBHOM CIydae OTCYTCTBUS IWC-
CUTIaTUBHBIX CHJI B CHCTEME.
[Tocne cronkHOBeHUs (CM. pHC.3) ASHCTBHE NUCCUTIATUBHBIX CHII

AOL/Q(“ J\A BHYTPEHHEI0 TpEHUs IpeKpallaeTcs, u, eciu NpeHedpeub noTtepei
; P2 SHEPTUHU BO BPEMS JIBUKEHUS M3-3a COIIPOTUBIIECHMS BO3/LyXa, MOXKHO
, :
[ - " BOCIIOJIb30BaThCSl 3aKOHOM COXPaHEHUS SHEPTHH JUIs KaXKI0T0 11apa B
I
, \ oraensHOcTH. Illap A oTkioHMTCS Ha yroia Ao, W HOJHHUMETCS Ha
h1 e F-—= h BeICOTY Ny, a map B oTkimoHuTCst Ha yron AP, ¥ MOJIHUMETCS] Ha BbI-
U] === U5 2 h
A B coty N,
2 2
mu m»u
Puc.3 Wcnone3ys ypasHenus mgh = —= u mygh, = —2-2 anano-

rudHble ypaBHeHHsM (1) 1 (2), BBIpa3uM CKOPOCTH MIApOB TOCTE yaapa:

9



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

[Toacrasmnss (2) u (5) B (4), mosry4uM BeIpaykeHUE TSl pacueTa KO3 OUIIMEHTa BOCCTAHOBIICHUS
SHEPTrUH:

_my-4sin’ (Aay/2)- gl +m,-4sin® (AB,/2)-g
- m, -4sin®(Aa,/2)- gl

_ mysin® (Aay /2)+mysin? (AB,/2)

- m, sin® (Aa/2)

[Toncrasmss (2) u (5) B (3), moMy4YrM 3aKOH COXpaHEHHS UMITYJIbCa B BUJIE:
mlsin(%):—mlsin(Ag j+m25|n£ BZ) (7)

O0bexThI HccienoBannii. OdopyroBanue
Croiika, K KOTOpOil Ou(UISPHO MMOABELIEHbl MAaCCUBHBIE MeTasIueckue mapsl. [lkana qis usmepe-
HUs yIjia OTKIIOHCHUS IapOB.

()

K

e}

(6)

PaGouee 3ananune
W3MepuTh yribl OTKJIOHEHHS IIApOB IOCIE yNpyroro coynapeHusi. Paccuurare koddduimeHt Boc-
CTAaHOBJICHUA 3HCpFI/II/I, HpOBepI/ITb 3aKOH COXpaHCHI/ISI I/IMHyJ'II)Cﬂ.

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTbl

1. 3anucare HauanbHBIEC MOJOXKEHUS 0o U o, COOTBETCTBYIOIIME TOUYKAM ME€pPECEUEHUs] HUTEH OU-
(GWISApHBIX MOABECOB C JIMHUEW JIENEeHUs IIKajibl, KOTJa HIapbl HEMOJBW)KHBIL. 3]ieCh U B JalbHEHIIEM
o0o3HaueHue "o OTHOCUTCA K 11apy A ¢ MeHbIleit maccoit My, a "B" — k mapy B ¢ MeHb11ei Mmaccoit ma.

2. OtkionuTh map A Ha yroa aq oT 10° 7o 15° u ormycTuTh 663 HadabHO# ckopocTH. [Tponsse-
CTH OTCYET MEepBOro oTopoca 000X mapoB o2 U P2 (Tak Kak cpazy NPaKTHUYECKH HEBO3MOXHO B3STh J[Ba
0TCYeTa, TO MOCTYMAIOT TaK: CHayayia OepyT OTCYET Ul OJHOTrO IIapa, 3aTeM MPOU3BOAST MOBTOPHBIN
yaap U3 TOTO K€ MOJOKEeHHS apa A U 0epyT OTCUET JJIsl BTOPOTO I11apa).
VYnap U3 JaHHOTO MOJOXKEHUs MPOou3BOAAT He MeHee 10 pas, yToOBI 1Is
Ka)K0ro I1apa MOJyYuTh HE MEHee MATH 3Ha4eHU 0TOPOCOB HUTEH ociie
ynapa (o2 u B2). Haiitu cpennee <oz> u <f2>.

3. OmbIT mpoxenarth ISl IByX Apyrux 3HadeHuid ai. (ot 20° mo 25°,
ot 30° 1o 35°). 3anonHuTh TabAMIY 1.

4.  TlpoBepuTh 3aKOH cOXpaHeHUs umyibca (7). s aToro paccuu-
TaTh CKOPOCTH Vq, Uy U U, 10 popmynam (2) u (5), yuuTsiBas, 4To

Ao =0y =g, Ao, = <oc2>—a0 , ABy = <B2>—BO . PacCuutars neByto

yacTh ypaBHeHUs (7)

& =mysin(Aoy/2)

Y TIpaByIo YacTh ypaBHeHUs (7)

&, =—m;sin(Ao,/2)+mysin(AB,/2)
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¥ 3aHECTH B Tabnuily 2. PaccunTaTh, Ha CKOJIBKO MPOLIEHTOB OTINYAIOTCS JIeBasi M MpaBasi 4acTb ypaBHE-

Hus (7) o ¢popmyie: alg—_iz -100%

5.

1
Brraucnuts K03 GUIUEHT BOCCTAaHOBIIEHUS 3HEpruu 1o popmyre (6).

Conep:xanue oT4yera

Pe3ynbrarhl m3MepeHuii U pacueToB 3anucaTh B Ta0J. 1 u 2.

Tabauma 1.

0(,1,0 ()(.2,0 <(12>,0 Bzao <l32>30
L] L[]

0g,°=... Bo.,° =

Tabnuna 2.

Aag, ° [Aoz,® |AB2° | & & K

Paccuntarh, Ha CKOJIBKO MPOIIEHTOB OTJIMYAIOTCSA JIeBasi U IpaBasi 4acTh ypaBHeHUs (7) mo gopmyre:

ﬂ .100% .
&

el NS

1.

KoHTposbHbIE BOITPOCHI
Bbyzaer nu cucrema mapoB 3aMKHYTOMN?
CdhopmynupoBaTh 3aKOH COXpaHEHHUSI UMITYJIbCA CHCTEMBI.
CoxpansieTcs 11 UMIYJIbC CUCTEMBI 11apoB nocie yaapa? [louemy?
Bug ynapa B nannoit padote. [Ipoananu3upyiite monydeHHbI KOA)PUIIUEHT BOCCTAHOBICHUS
DHEPIHUH.
Korna nonnas Mmexanudeckasi 3HEpIHsi CUCTEMBI coxpaHsieTcs? PaBHbI 1M KHHETUUYECKUE SHEPTUH
CHCTEMBI 11apoB JI0 U Tociie yaapa?
MoskeT 11 B HEKOTOPOM cucTeMe HE COXPaHATHCS MEXaHUYECKasi SHEPTUs U OCTaBaThCsl MOCTOSIH-
HBIM MOMEHT MUMITyJIbca?
[TomyuuTs pacueTHbie HOPMYIIBI CKOPOCTEH MIAPOB MOCIE yAapa.

CHuUCOK HCNO0/Ib30BAHHBIX HCTOYHHKOB
CasenbeB U.B. Kypc oOmieit puzuku. T.1. Mexanuka. MonekynsapHas ¢usuka. - CI16.: Jlanb,

2008. — 352 c.- r. 11, §23, ¢.75-77, ra. 111, §27-30, ¢.89-106.
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JlabGopaTtopHas padota Ne 3
N3yuyeHne CKOPOCTH MU ¢ IOMOIIBIO
0aJINIMCTHYECKOI0 MasiTHUKA

[leab padoThl: Vcrnonas30BaHne Ha IPAKTUKE 3aKOHOB COXPAHEHUS UMITYJIbCa M MEXaHUYECKOM dHEP-

TUU JJISI U3MEPEHUSI CKOPOCTH ITYJIH.
TeopeTnyeckue cBeieHUsI

CKOpOCTh MOCTYNATEILHOTO IBKEHUS ITYyJIH OTPEACIIieM C MOMOIIBI0 OATUCTHYECKOTO MasTHHUKA.
OH mpeAcTaBisIeT cO00M OTKPBITHIM C OJJHOTO KOHIIA ITyCTOTEJbI MAaCCUBHBIN ITUIMHAP, MOIBEIICHHBINA
Ha JIBOWHOM OU(WISPHOM MojaBece. BHYTpEeHHSSI YacTh NUJIMH/PA 3aNOJHEHA MIACTHIMHOM, YTOOBI CO-
yAapeHHe JETAIero Tena (MmyJu), CKOpOCTh KOTOPOTO HY>KHO M3MEPHUTh, C OAUNIMCTUYECKUM MAassTHUKOM
HOCWIO Heynpyrui xapaktep. [locie Heynpyroro coygapeHus Tejia IBUKYTCS Kak €IUHOE 1Iesoe ¢ 00-
el CKOPOCTHIO.

HyJISI Maccoi M1, IBMKYIIAsCsAd B TOPHU30HTAJILHOM HAaNPaBJICHHUHU CO CKOPOCTBIO V Bneraer B ou-
JIAHAP 0aIMCTUYCCKOI0 MAsTHUKA U 3aCTPEBACT B HEM. ITocie CoyaapCHus NUWINMHAP MasgdTHHUKA Maccoi

M COBMECTHO C 3aCTPABIIEH B HEM TTyJiell mpHoOpeTaeT HeKoTopyko ckopocth U, . Ha ocHOBaHMM 3aKoHa
COXPaHCHUsI UMITYJIbCa MOXKEM 3aIliCcaTh B BEKTOPHOM BHJIC
mV = (m; +my)U
¥ B IIPOCKIIMHU Ha OCh, COBIA/IAIOUIYIO C HAPABJICHHEM [BIDKCHUS IyJIM U MasITHUKA C ITyJIeH,
myV = (m, +m,)U 1)
HemocpeacTBeHHO TOCHe yaapa cucTeMa 'MasTHHK-3acTpsiBlias mmyis" o0jagaeT KUHETHYSCKON
- (my+my)U?

JHEprueu — KOTOpasi 10 Mepe OTKJIOHCHHUS MAasTHUKA OT BEPTUKAIBHOIO IMOJOXKEHUS Tpe-
BpalaeTcs B MOTEHIMAIbHYI0 dHepruro (M, +m,)gh. Ecim nmpeneOpeys NOTEpsiIMU SHEPIHU HA TPEHHE,
TO Ha OCHOBAaHHMH 3aKOHA COXPAaHEHUSI MEXaHUYECKOW SHEPTHHU TTOTyUUM

1 2
E(ml+m2)U = (m, +m,)gh (2)
- rae h — BeIcOTa moabeMa IEeHTpa Mace CHCTEMbI "MasTHUK-yis". 13 prcyHKa
I-h
A CIIEYET, UTO coso = (I=h) ,
/e |
4 / IJIe oL — YrOJl OTKJIOHEHHs MasTHHKA OT BEPTHKAJIBHOTO TOJIOKEHHUs; | — mmnHa
/ ’ MoJiBeca.
/ Otcrona h=I-(1-cosa),
B — [ToacraBnss 3uavenue h B (2), moydaem
h

- o= U =./2gl(1-cosa) = ,ZgIZSinz(%j:Z\/g_lsin(a/Z) (3)

[Toacrassis (3) B (1), mostydaem HCKOMYIO CKOPOCTh
v ="M 5 foisin(o/2) (4)
m
3aK0H COXpaHEHUS MOJIHONH MEeXaHUYeCKOW IHePruu

IHonHas MexaHUYeCKasi JHEPrusi KOHCEPBATUBHOM CHUCTEMbIl, HAXOASIIEHCH B CTAMOHAPHOM
NOTEHIMAJIbHOM I10JI€, IOCTOSTHHA:
K+U,_;+U = const

6Heul
rae Ucos — coOCTBEHHAs! MOTEHIIMAIbHAS SHEPTUS CUCTEMBI — 3TO SHEPIHs B3aUMOJICHCTBUS APYT C
JPYTrOM BCEX YacTUll cucTeMbl. OHa 3aBUCHUT OT B3aMMHOTO PACTIOI0KEHUS YacTUll cucteMbl; Ugyew —
BHEUIHSS MOTEHIMAIbHASL YHEPTUSI CUCTEMbI — CyMMa MOTEHIIMAJIbHBIX SHEPTUN BCEX €€ YacTHULl, HaXO/s-
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IMUXCA BO BHCITHEM CTAllMOHAPHOM IMOTCHIUAJIBHOM II0JIC, K — kuHeTH4YecKkas OHEPIrus CUCTEMBI — 3TO
CyMMa KUHCTHYCCKUX 3H€pI‘Hﬁ COCTaBJIAIOIINX €€ YaCTHII.

Ecmm pa60Ta CUJI CTATMOHAPHOTI'O ITOJIA Hall qaCTHHeﬁ HC 3aBHUCHUT OT IIyTH, HpOfII[CHHOFO ‘laCTHHeﬁ, a
3aBHUCUT TOJIBKO OT HAYAJIbHOI'O U KOHCYHOI'O ITOJIOKCHHA YaCTHUILbI, TO TAKHC CUJIbI HA3bIBAIOTCSA KOHCEP-
BAaTUBHBIMMU, a I10JIC MOTCHIHUAJIBbHBbIM.

3aKOH coOXpaHeHHs UMITYJIbCA

3aMKHYTO#l CHCTEMOM Ha3bIBa€TCAd CUCTEMA, HA KOTOPYHK HE JCHCTBYIOT HUKAaKHE BHELIHHUE Tella
(uu MX B3aMMOJICHCTBHEM MOYKHO TIPEHEOPEYb ).

HMmnysibe cMcTeMBbI YaCTHI OCTAETCS MOCTOSIHHBIM, T.€. He MEHSIETCH CO BpeMeHeM, eCJIU CHCTe-
Ma 3aMKHYTa HJIM CyMMa BceX BHELIHHX CHJI, JeHCTBYIOIIMX HA YAaCTHIbI 3TOH CHCTEMbI, paBHA
HYJIIO:

p=>_ p(t)=const
Y He3aMKHYTOﬁ CHUCTCMBI MOKCT COXPAHATHCS HE UMITYJIbC rj , a4 €TI0 IIPOCKIHUA px Ha HaIIPpaBJICHHUC X,
€CITH Pe3yJIbTUPYIOIIas MPOCKIIMIA BCEX BHEIHUX CHJI Ha 3TO HAlpaBJICHUE paBHA HYJIIO.

O0bexThI HccienoBanuii. OdopyroBanmne
[Tpy>XuHHBIN THCTONET, OAIUINCTUUECKUI MAaATHUK, IyJIs, IIKaja U1 U3MEPEHUs y
T'J1Ia OTKJIOHCHUA MasATHUKA.
Padouee 3aganue
[IpoBecTu n3mepeHne CKOPOCTH ITyJIU, BBIIYIIEHHON U3 IIPY>KUHHOTO IMUCTOJIETA.
ITopsinok BbINOJHEHHS PA0OTHI
1. B Tabn.1 3anucarh 3HAYCHUE MACChI ITyJIM M1, MAacChl MassTHUKA My, JUIMHBI HUTH | 1 X morperHo-
¢t (M1 ¥ M2 B TpaMMax yKa3aHbl Ha ITyJie ¥ HUJINHAPE).

Tabnuna 1.

M1, KT Ami, KT | M2, KT Amz, kr | I, M Al, M

2. BcTaBuTh mysiro B CTBOJ MPYKUHHOTO MUCTOJIETA.
3. Haxxumas Ha cryCck, MPOU3BECTH BBICTPEN U OTCUUTATH MO LIKAJIE YTOJI OTKIIOHEHUSI MasITHUKA OT
BEPTUKAIBHOTO MTOJOKEHHUS.
4. 3HadeHue yriia OTKJIOHEHUS 3amucaTh B Ta01.2.
Tabmauma 2

oy

Aoy

(Aaj’)*

<0c>= .ol

5. I/I3MCpCHI/I$I IMPOBECTHU HEC MCHCC 9 pas; onpeacinTb CPpECAHCC 3HAYCHUEC YyTJIa OTKIIOHCHUA <O(.> , CIIy-

YyaiiHbIe OTKJIOHEHHUS KaXKI0T0 HU3MCPCHUMA AOLi , CPCAHCC KBAAPATUIHOC OTKIIOHCHUC

rze N — 9ucio u3Mepenuit (N=9); mMorpenIHocTs pe3yabraTa u3MepeHuid Ao = S /n.
6. ITo popmymne (4) onpenenuTs CpeaHee 3HAUCHUE CKOPOCTH ITYJIH, TIOJICTABIISAS CpeHee 3HAUCHUE

(a).
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7. OTHOCUTENBbHYIO U a0COIOTHYIO MOTPEIIHOCTH Pe3yJibTaTa pacCUUTaTh Mo Gpopmyaam

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

U 3anucaTth B Ta01.3.
Tabnuua 3

<V> , M/c AV , m/c E, %

Conep:xanue oT4yeTa
3anonHUTh Tabaumb! 1 — 3, cpeHee 3HaUEHHUE yria OTKIOHEHUS <oc> .

KonTposbHbIe BONPOChI
1. Korzna umMmnysbsc cUCTEMbI COXpaHseTCs?
2. Byner nu cucrema "nyns-MasTHUK" 3aMKHYTOU?
3. CoxpaHsieTcs I UMIYJIbC CUCTEMBI "My Is-MasTHUK' MpU ABH>KEHUU ee nociie yaapa? [louemy?
4. Buna ynapa B naHHO# paborte.
5. Korna nonHas MexaHu4ecKasi SHEprusi CUCTEMbI COXpaHseTcs? PaBHbI I KUHETUYECKHE SHEPTUU CH-
cTeMbl "myns-MasTHUK" 10 U nocie yaapa?
6. [TomyuuTs pacueTHyto GopMyITy CKOPOCTH ITYJIH.

Cnucok uCnoJIb30BAHHBIX HCTOYHUKOB
1. CaBenneB U.B. Kypc o6meii pusuku. T.1. Mexanuka. Monekynspnas ¢usuka. - CII0.: JIans, 2008. —
352 c.- 11, §24, ¢.27-29, 226-228;
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JlabGopaTtopHas padorta Ne 4
HN3mepeHne CKOPOCTH MYJIU ¢ MOMOIIbLI0 PU3UYECKOT0 MASTHUKA

Ileab padoThl: MPaKTUUYECKOE MCIIOJIH30BAHUE 3aKOHOB COXPAHEHMs] MOMEHTa UMITYJIbca U MEXaHH-
YECKOM SHEPTUH ISl ONIPEAEIICHUS] CKOPOCTH ITYJIH.
Teopernyeckue cBeleHUs!

B nanno#i pabore (u3MYECKUN MasTHHUK TPEICTaBIsIeT COOOW IH-
JUHJP Maccor My (YJaCTUYHO HAIMIOJTHEHHBIN IJIACTUIMHOM), YKPEIUICHHBIN Ha
TOHKOM CTepyKHe Maccoit M¢ u mmmHoi | (puc.l). CtepkeHb MIApHUPHO 3a-
KpEIUIEH Ha TOPU3OHTAJIBHOM OCH M MOXET BpAIAThCd B BEPTUKAIBHOU
r I0cKOCTH BOKpYr Touku O. IlosoxkeHue neHTpa mMacc LUWJIMHIpPA OTHOCH-

TenbHO Touku O 3a7aauM paguycoM-BEKTOpoM I . B MasTHUK CTpensioT B

C TOPU30HTAJILHOM HAIpaBJICHUM IMyJel, UMerolel Maccy My U CKOpocTh V .
o )my, [lyna BXOOUT B MIIACTHIIMH (Hf:ynpyrﬂﬁ yaap) u cooOmaer Gpu3nIECKOMy
" MasTHUKY YTJIOBYIO CKOPOCTh ®. B pe3ynprare 3TOro MasTHHK OTKIOHUTCS

Ha yroJ o ¥ ero 1eatp Macc C mogHumeTcs Ha BbicoTy h (puc.2).
Puc.1 Cucrema "nmyns-masTHUK" He3aMkHyTas. Ho eciu cuutath ynap
MTHOBEHHBIM, TO 32 BpeMs yAapa MasTHUK HE yCIIEeT CYIIECTBEHHO OTKIIO-
HUTBCS, U TIO3TOMY MOMEHT BCEX BHEIIHMX CHJI OTHOCHTEIHHO OCH Z B T€YEHHE 3TOTO BPEMEHH OyAeT

paBed HYIHO (M, giem = 0).

Ortcroz1a BBIBOJ: IPOEKIMSI MOMEHTA UMITyJbca L, NaHHOH cucTreMbl OyIeT ocTaBaThbCs MOCTOSHHON

otHocuTenbHO ocu Z (L, = const). MomeHT um- mynsca L, oTHOCHTENBHO TOUKH
O (puc.l) ana Bceld CUCTEMBI TEpen yIapom % 0] paBEH MOMEHTY UMITYJIbCA MYJIH:
Ly =[FxB,]=m,[FxV], ‘&\)
rae p, = mn\7 — MMITYJIbC TTYJIH 10 yaapa (Ma- o STHUK HAaXOJIUTCS B TIOKOE).
Hanpasnenne Bektopa L, onpenensiercs hj: C NIPaBUJIOM TPABOTO BUHTA (CM.
NPUJIOKEHHUE), @ €r0 MOJYJIb (M TPOCKIIHS Ha — och Z)
L,,=mVrsin90°=mVr. Eﬂj
Tak Kak OCh BpaIllCHUsI MasTHUKA TIEPIICHTUKY- Puc.2 JSIpHA TJIOCKOCTH €T0 Bpallie-

HUSI, TO MOMEHT HUMITyJIbca L, BCei CHCTeMBbI OTHOCHTENBHO TOM ke Touku O mocie yaapa (Koraa mysis

3aCTPSHET B IJIACTHIINHE)

Hanpasnenue BekTopa L, coBnanaer ¢ HanpaBieHHeM BeKTopa L;, a Moaynb (M poeKkius Ha Och
Z)

[Tockonbky cuctema OyJIeT BpalaThCs BOKPYT HEMOABHKHOM ocu Z (cM. puc.l), To J — MOMEHT
WHEPLUU BCEH CUCTEMBI "MyJs-MasTHUK"' OTHOCUTEIIBHO 3TOM OCH.

Ha ocHoBaHUM 3aK0OHA COXpaHEHUS MPOESKIIUU MOMEHTA UMIYJIbCa Ha OCh Z IMEEM

mVr=Jo (1)

MowmeHT nHepuu J Bceil CHCTeMBI KaK BeJIMYMHA a/I/TMTUBHAS PaBeH CyMME MOMEHTOB HHEPITUU

COCTaBJISIIOLINX €€ TeJl OTHOCUTENILHO OCH Z, T.€.
J=Jiontde+ I +J0,

A€ Juox — MOMEHT MHEPILIUH MOAIIMITHUKA (BETMYHHA €T0 MaJia 10 CPaBHEHUIO € J¢, Jy ¥ Jy 1 €10 MOYKHO
npeHedpeus);

m,|?
J. = 3~ ~ MOMEHT MHEPLIMH CTEpIaLs;
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J,. = mu[r2 — MOMEHT WHEPUUH NIIMHAPA (T.K. paJANyC HUIHHPA MaJl [0 CPABHEHHUIO C I, TO MOMEHT
MHEPIUHU €r0 PaCCUUTHIBACTCS, KaK JIsl MAaTEpUAIbHON TOUKH);
2
J, =M, " — MOMEHT UHEPLUH IIyJIH.
CrnenoBartenbHO, B JaHHOH paboTte

J =%mclz+mur2+mnr2, (2)
U3 pasencrra (1) CKOpOCThb L MyJIM HEPE YAAPOM B MAsTHHK
v oJQ (3)
m,r

Vrnosas CKOpPOCTH ® BCEM CHCTEMBI II0CIIE yAapa MOXKCT OBITH OIIpPCACIICHA 10 3aKOHY COXpPaHCHUA
MEXaHUYeCKOM OHEpIuu, KOTOpHﬁ B JAHHOM CJIy4ae€ 3allMIICTCA B BUAC

2
Jo
——=mgh, 4)
2
602
rac T — KHHECTHNYCCKas 3Hepr1/191 BpaHIaTeJII)HOFO JOBUXKXCHUA CUCTEMBI ITOCJIC yﬂapa Hy.HI/I;
mgh — [NIOTCHLHUAJIbHAA E)HepFI/ISI CHUCTCMBEI I1OCJIC OTKJIOHCHUS €€ Ha MaKCI/IMaJH)HI)If/i yFOJI oL,
3nech
m=m, +m.+m +m,, (5)

rje M —Macca BCe CUCTEMbl "MyJIsi-MasATHUK"; Mpo; — MACCa MOALIMITHUKA.
U3 puc.2 cnenyet, uTo BeicOTa oabemMa 1entpa macc C cuctemsl

h=rc—rcc05a:2rcsin2%, (6)

BripazuB o u3 (4) ¢ yuetom (6) u moactasus B (3), Haiiiem ckopocThb V myJu:

V- ZSin(G/Z)W- @)

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

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

Mj — Macca PTOH JIeTalH.
U3 (8) u puc.1 BunHO, 4TO

I
Me o+ Myl + My

e = . (9)
mnoﬂ + mC + m]_I + mH

[Ipunoxxenue
IIpaBu/10 NIpaBOro BUHTA.
Yaie Bcero NnpaBuiIO IPAaBOIO BUHTA CBSA3aHO C OIPEACICHUEM HaIIpaBICHUS BEK-
< TOPHOTO MPOU3BEACHUS IBYX BEKTOPOB.

BekropHoe mpousseneHue, o003HauaeMoe [Ax B], JIByX BekTopoB A u B ectpb

BekTop C, moaynps xkortoporo C=A-B-Sina, rae o — yroin MUHUMAIBHBIA yTol MEXIy
BekTopamu A u B.
— e g o
A TTOEB Hanpasnenue Bekropa C mepreHIuKyISIPHO TUIOCKOCTH, B KOTOPOH JIeKaT BEKTOPHI

A u B, u coBmagaeTr ¢ HaNpaBJIEHUEM MIOCTYIIATEIBHOIO IBM)KEHUS IIPABOrO BUHTA IIPU

ero nmosopore or A kK B Ha yron, MeHbIIH T (CM. pUC.).
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O0BbeKTHI HCCIeA0BaHN, 000PYyA0BaHHE

[IpyxuHHas mymka, GU3NIECKUN MasTHUK, ITyJIsl, OIKAJIA JUIsI M3MEPEHUs yrila OTKIOHEHUsI MasTHU-

Ka.

Padouee 3aganue

[IpoBecTu n3mMepeHne CKOPOCTH I1yJIU, BBIITYIIEHHON U3 IIPY>KUHHOI'O IUCTOJIETA.

HOpﬂ)IOK BbIITOJTHCHUSA pQGOTLI

1. 3apanuTe NOPYXUHHYIO MYHIKY.
yIApHBIA CTEp)KEeHb, B3SIBIIUCH 33 BBI-
OTTATUBATH /10 TEX IOp, MOKa APYroi
BBICTYII B B BepTHUKaIbHOE MOJIOKEHHE,
CTEpXKEHb U NMPYKHUHY B CKaTOM COCTO-
3QJI0KUTh Tynro (JIEBbI Kpall mynu

2. 3anucaTh Ha4aJIbHOE TOJIOKECHHE
MOJBH>KHOM UUJIAH]IPE. [lena
mkansl 10' (yriaoBeIX MUHYT).

3. Tloepuytp BbICTYm B Ha cebs
MOJIOKEHUE), OTCUUTATh IIOJIOKEHHUE
HOM oTOpoce MasTHUKA (puc.4)

4. BpMHCIUTH Yrod OTKJIOHEHUS
OneIT MOBTOPUTH 5 pa3 (BBICTpeEN Mpo-
JIBUKHOMY MasiTHUKY). Haiitu cpenuuit

5. Brluucnuthk Maccy Bcel CUCTEMBbI
myJe (5). Macca mynu ykas3aHa Ha Heil,
YCTaHOBKE.

6. IloacuuTaTh MOMEHT UHEpPLUU J

).

B A
Lo Jlo llL_____ ]
A fr';;;-_' ____________ 1
Puc.3
//
//
//
//\\4/
(\7\\//’
»
(041 \ \ \
oo
Puc.4

Jnst 3TOro OTTAHYTH Haszaj
ctyn A (puc.3). CrepxeHb
PYKOI HE yAacTcsi MOCTaBUTh
B KOTOPOM OH YJIEpPKUBAET
ssHUU. 3areM B ayJio [ mymku
COBMECTHUTH ¢ TOpiioM /).

Olo OCTPHSI CTEPXKHS IIPU He-

HAUMEHBIIIETO JeNeHUs

(mpuBeas B rOpU3OHTAIBHOE
OCTpHUSl OL1 IIPU MaKCUMallb-

MasTHHKa O = 01 — Olo.
U3BOJUTH TOJIBKO IO HEIO-
yTOJ1 OTKJIOHEHUS <>,
"myns-mMasTHUK" M 10 dop-
a OCTaJIbHBIE MACChl — Ha

Bceil cucteMsl 1o gopmyiie

7. OmnpenenuTs noyiokeHue neHTpa Macc C cuctemsl "myns-MasTHUK" OTHOCUTENIBHO TOUkH O 1O

dbopmye (9).

8. CpeaHror cKOpocTh <V> MyJH Mepes] yAapoM B MasTHUK paccuuTaTh 1o popmyie (7), moacras-

s o = <o>.

JlaHHbIe M3MEPEHH U BBIUMCICHHUH 3aHeCTH B TaOIUIG! 1 1 2.

Tabmmma 1.
Muog, | Me, | I, [ My [, | My, | M, |J, re,
KT KT |M |kr |M |kr |kr | krM2 | M
0o ="..." Tabnuna 2.
Howmep <o>° | <V>,
OITBITA M/c
o1’
o°=0L1—0lo

3anonHennble TaOIHUIE! 1 1 2.

Conep:xxanue oT4yeTa

KonTposbHbIe BONpoChI

1. byzner nu cucrema "myns-MasTHUK'"

3aMKHYTOM?

2. Korga MOMEHT UMITyJIbCa CUCTEMBI COXpaHSETCS?
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3. CoxpaHsieTcs 11 MOMEHT UMITYJIbCa CUCTEMBI "TyJISI-MasgTHUK" MIPU BPAILICHUH €€ TTocie yaapa?
[Touemy?

4. Bun ynapa B gaHHOM pabore.

5. Korna nonHas MexaHu4ecKasi SHEprusi CUCTEMbI COXpaHsieTcsa? PaBHbI I KUHETUYECKUE SHEPTUU
CHUCTEMBI "MyJs-MasiTHUK" J10 U Mocie yaapa?

6. MoeT 11 B HEKOTOPO CUCTEME HE COXPAHATHCS MEXaHUUECKasi SHEPIUsl U OCTaBaThCs IOCTOSH-
HBIM MOMEHT UMITyJIbca?

7. [omy4uts pacueTHYIO GOpMyITy CKOPOCTH ITYJIH.

Cnucok uCnoIb30BAHHBIX HCTOYHUKOB
1. CaBenbeB 1.B. Kypc obmieit ¢puszuku. T.1. Mexanuka. Monexkymnspras ¢usuka. - CI16.: JIans, 2008. —
352 c.- . 111, §24, ¢.27-29,
2. Uponos U.E. Mexannka. — M.: BUHOM. Jla6oparopus 3uanwuii, 2006. — 309c. rn.3, §3.4, rn.4, §4.5,
.5, §5.1, 5.2.
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JlabGopaTtopHas padora Ne 5
N3yuyeHne CKOPOCTH MU ¢ IOMOIIBIO
Bpamawieics njaargopmbl

ge.m, [2360TI>II Onpez[eneHI/Ie CKOPOCTH IIYJIH IIPH BEICTPEIIC C IOMOMIIBIO 3aKOHAa COXPAaHCHUS ITPOCK-
U1 MOMCHTA UMITYyJIbCA.

Teopernyeckue cBeleHUs!

Puc.1. Cxema ycTaHOBKH

YcraHoBka nipeacTaBisiet u3 ceds quck 1 (matdopmy), 3akperuieHHbINA Ha ocu (puc.1).Ha qucke numeror-
Csl IPOJIOJIbHBIE TIPOPE3H, BAOIb KOTOPHIX MOTYT MEPEMEIIAThCs JOBYIIKU 2 U 3aKPEIUIATHCS Ha HY)KHOM
paccTosiHuM OT ocH BpatieHus. [Tucromner 3 3akperieH cOOKy Ha MojcTaBKe 4, MOXKET MOBOPAYUBATHCS U
nepeMenaThesl A CTPEIbObl B JIOBYIIKY (110 KacaTelabHO) U 3aKperuisieTcs BUuHToM-0aparikom 5. Tlox-
CTaBKa TaK)K€ MOKET MOBOPAYMBATHCS, MEPEMEIIATHCS U 3aKPEIUISETCS BUHTOM-0aparikoM 7. YTou mo-
BOpPOTA JIMCKA OMPEeNaeTcs C TOMOIIBIO IeJICHU Ha HEM U yKa3zaTess 6 Ha MOJICTaBKe.

[IpousBojs BBICTpENT M3 MPYKUHHOTO IMHCTOJIETa B JIOBYIIKY, YCTAaHOBJICHHYIO Ha Bpallaroleics
wiatdopme (IucKe),MpuBeEM BO BpalaTelbHOE ABIKeHUe iardgopmy. Ha ocHOBaHMU 3akoHa coxpa-
HCHUS MPOCKIHNN MOMCHTA NMITYJIbCa MOYKHO 3aITMCaTh:

mVl =(J +mlo, (1)

TIe M — Mmacca myJiu, | — IJIEYO0 UMITYyJIbCa IIyJIH, T.C. paCCTOAHUC OT OCH BpPAIICHHA 0 JIMHUHU HM-
nyjbca mynu, V — CKOpocTh My, J — MOMEHT MHEPLHH IIAaTGOPMBI C JOBYIIKOH OTHOCUTENBHO OCH
BpALIEHUs, ® — YTII0Bask CKOPOCTh MIATPOPMBI cpa3y nocie yaapa. Otcrona cineayer

V =(J +ml®)e/(ml) 2)

YI{TSI, 4qTO IOCJIC ylapa HJIaT(I)OpMa BpamacTCd pPaBHO3AMCIAJICHHO W ITOBOPAYUBACTCA 0O HOJIHOU

OCTAaHOBKHU Ha YT'OJI (p, BEIPA3UM (® UCPE3 YITIOBOC YCKOPCHUC € U YTOJI (p: w= \/E . BCJ'II/I‘{I/IHy €, B CBOIO

oqepejlb, MO>XHO HaﬁTH N3 JOIMOJIHUTCIIBHOT' O Ha6J'IIO)IeHI/I$I BpaHIaTeJ'IBHOFO JABMIXXCHUA AUCKA, BBI3BAHHO-
T'O TOJTYKOM PYKHU:
200
==, 3)
t
TJI€ Ol — yTOJI MOBOPOTA IIAT(HOPMBI 10 OCTAHOBKH, I — BpeMs 3TOTO TTOBOPOTA.
OKOH“IE[TCJ'H:HO JJIA V nMeemM

2
V=T . (4)

3aKOH cOXpaHeHHs MOJHOI MeXaHN4eCKOH JHepruu
Tlonnas mexanuueckas sHep2usl KOHCEPEAMUBHOU CUCIEMbL, HAXOOAWENCs 8 CMAYUOHAPHOM NOMEHYU-
anbHOM noje, NOCMOAHHA'
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K+U,,;+U = const

rae Ueos — cOOCTBEHHAs MOTEHLMANbHAS YHEPIUs CUCTEMbI — 3TO 3HEPrus B3aUMOJEHCTBHS JIPYT C
APYromMm BCEX 4YaCTUL CUCTCMBI. Ona 3aBHCHUT OT B3aHMHOI'O PAaCIIOJIOKCHHA YaCTHULl CUCTCMBI; UgHeu,[ -
BHEUIHSS TOTEHIMAIbHAsI DHEPIHUsl CUCTEMBI — CyMMa IIOTEHLIUAIbHBIX YHEPIHM BCEX €€ YaCTULl, HaXOms-
IHUXCA BO BHCIIHCM CTAllMOHAPHOM IMOTCHUHUAJIBHOM II0JIC; K — kuHeTH4eckas OHEPIrus CUCTCMBbI — 3TO
CyMMa KMHETHUYECKUX DHEPIUi COCTaBIIAIOUINX €€ YaCTHLI.

Ecnu paboTa cuit cTaliioHapHOTO TMOJIS HaJl YaCTHIIEH HE 3aBUCHUT OT IyTH, IPOUIEHHOTO YaCTHIICH, a
3aBHCHUT TOJIBKO OT Ha4aJIbHOTO U KOHEYHOI'O MOJIOKEHMS YaCTULbI, TO TAKAE CHUJIbI HA3BIBAOTCS KOHCED-
6AMUBHBIMU, & TIOJIE NOMEHYUATIbHBIM.

eHew

3aKoH COXpaHeHUsI MOMEHTAa UMITYJIbCa

3amkHymou cucmemoul Ha3bIBa€TCsl CUCTEMa, Ha KOTOPYIO HE JICHCTBYIOT HUKAaKWE BHEITHUE MOMCH-
ThI CHJI (MJIM UX JEHCTBUEM MOKHO MPEHEeOpeyb).

MOMEHM UMNYIbCA CUCTIEMbL OCIAEMCsi NOCMOSIHHBIM, M.e. He MEHIemcs CO 6PeMeHeM, eCilu CUCHe-
Ma 3aMKHYMA U CYMMAPHbBIIL MOMEHM 8CeX BHEUHUX CU, OellCBYIOWUX HaA YACTNUYbl CUCIEMbl, PABEH
HYJIIO.

TakuM 00pa3oM B HHEPITMAILHON CHCTEME OTCYETa MOMEHT UMITYJIbCA 3aMKHYTON CHCTEMbI YaCTHII

L=>"L;(t)=const

vy He3aMKHym0ﬁ cucmemsvl MOKET COXPAHATBCA HE CaM MOMCHT UMITYJIbCa L , 4 €20 npoexkyus Ha He-

KOTOPYIO HEIIOABMAKHYIO OCh Z, €CJIM IIPOCKIMI CYMMapHOIro MOMECHTA M BCCX BHCHIHUX CHJI HA 3Ty

eHel

OCh Z paBHA HYIJIIO.

O0beKThI HCCJIeI0BaAHUI, 000PYy/I0BaAHHE
Bpamaromuiicst TUCK, JIOBYIIKA, IPYXUHHBIN MUCTOJIET, METAJUINYECKHE ITYIIH.

PaGouee 3ananue
Onpenenutb MOMEHT UHEPIIMH TUCKA, YTIIOBOE YCKOPEHUE U CKOPOCTh ITYJIH.

ITopsinok BbINOJHEHHS PA0OTHI
1. Maccsl aucka, JOBYIIKH, IMYJIM YKa3aHbl B ONIMCAHUU WJIM HA CAMUX TeJlaX.
2. YCTaHOBUTH JIOBYIIKM CHMMETPUYHO Ha IPOU3BOJIEHOM PACCTOSIHUM OT OCH BpALCHMsI TUCKA, 3a-
KpPENUTh UX (OTBEPCTUEM B CTOPOHY IHUCTOJIETA).
3. TONKHYTh AUCK PYKOH M IyCTUTh CEKYHJIOMEp. 3apUKCUPOBATH YToJl oL U BpeMsl MOBopoTa t aucka.
OmneiT nponenats 9 pas, onpenenuts oi U ti. Haiitu cpenHne 3HaueHus <o> u <t>.
Tabmuma 1

ai, ° ti, ¢

4. 3apsAUTh MHCTOJIET, TOBEPHYTH €TI0 TaK, YTOOBI MPU BBICTpEJIE MyJIs Momnaja B JOBYIIKY B HaIllpaB-
JICHUH T10 KacaTelbHOM K TPAaeKTOPUHU ABMXKEHHUS JOBYIIKH.

5. Ilpoussectu BoicTpen. OnpeneauTs yroi noBopoTa ¢ Aucka. OnbIT MOBTOPUTH 9 pas, onpenenss
KaXKIBIN pa3 @i, 3aTEM ONPEAETUTD <(p>

6. OnpeaeauTs MOMEHT HHEPIMH JUCKA C JIOBYIIKAMH 110 (hopMyIie
1
J==m.sr2+ml?,
2 0'0 ]

rJie My — Macca Jucka, s — paanyc Iucka, M, — Macca JOBYIIKH, | — pacCTOsSHUE 10 IIEHTpa BpaIlCHHSI.
Tabmumna 2

m, KT Mo, KT m;, K& o, M I, m J, ke'm?
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8. Ompenenutsb yriioBoe yckopenue 1o ¢popmyie (3), moacrabiss o = <o>, CKOPOCTh MyJK 1o Gop-

MmyJie (4), moacTaBiss @ = <@>.

<o>, pax <>, pajg &, paI[/C2

V, M/c

Conep:kanue oTyera

3anojiHeHHble TadImubl 1-3.

KOHTpOJ’[LHbIe BOITPOCHI

1. Korga MOMEHT UMIyJibCa CUCTEMBI COXpaHseTcs?

Tabmuua 3

2. 3anucatpb B BEKTOPHOH (opMe J0 U MOCIIe yaapa MOMEHT UMITYJIbCa CHCTEMBI B JaHHOW paboTe, orpe-

ACJIUTh €TI0 MOAYJIb U HAITpABJICHHUC.

3. CoxpaHsieTcst Iu MOMEHT UMITYJIbCa CUCTEMBI B IaHHOM paboTe npu BpaleHuu ee nocie ynapa? Ilo-

yemy?
4. Bun ynapa B gaHHOM pabore.

5. Korz[a IMOJIHAaA MEXaHUYCCKasA SHCPIUust CUCTCMbI COXpaHHeTCH? MoxeT 14 B HeKOTOPOﬁ CHUCTEMC HEC

COXPAHATHCSA MEXAaHNYCCKAA SHCPTHUA U OCTaBaTLCA TOCTOAHHBIM MOMCHT I/IMHY.HLC&?

6. ITony4nTs pacueTHyto (GOpMyy CKOPOCTH ITyJIH.

CHHCOK HCNO0/Ib30BAHHBIX HCTOYHHKOB
1. CasenweB U.B. Kypc o6mieit ¢pusuku. T.1. Mexanuka. MonekymnsipHas ¢usuka. - CI10.: Jlans, 2008. —

352 c.- . Ill, §24, c.27-29;
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JlabGopaTopHas padota Ne 6
H3yyeHue BpamaTeJbHOTO IBHKEHUSA

[leab paGoThl: M3YYUTh 3aBHCUMOCTH YTIIOBOTO YCKOPEHUS TeJa, BPAMIAIOIIETOCS OTHOCUTEIBHO He-
MOJIBUYKHOM OCH, OT pe3yJIbTUPYIOIIEr0 MOMEHTA JeHCTBYIOIINX Ha HErO CHIL

Teopernyeckue CBeIeHUs

. DKCHepuMEHT MPOBOAUTCS HAa MasTHHKE O0epOeKa, KOTOPBI YCTPOEH ciie-

N aytouM o6pasom (puc.l). Ha HenmoJIBHKHYIO TOPU30HTAIBHYIO OCh HAIET

z mKuB paguycoM I. Co HIKUBOM KECTKO CKperieHa KpecToBuHA. Ha crepkHsax

- KPECTOBHUHBI HAaxoIATCs TPy3bl Maccod Mi. I'py3bl MOXHO cmewiarb BJIOJIb

F) CTEepKHEH, U3MEHssl IPU 3TOM MOMEHT MHepuuu J mMasTHUKa. Ha mkuB Hama-

TBIBAETCs LIHYP C Ipy30M Macco M. IIpu onmyckaHnuu rpy3a MasTHUK Bpalaer-

Csl BOKPYT HEIOJBM)KHON FOPU30HTAIbHOM ocH Z. M3mepuB BbicoTy h 1 Bpewms t,

— |h B TE€UCHHE KOTOPOTO TPY3 M3 COCTOSHHMS IMOKOs OIyCTHIICS Ha N, MOKHO HallTh
[F MOJTyJIb TOCTOSIHHOTO YCKOPEHHUS U3 3aKOHA IBUKECHUS

m,

]
w

rA
t
LJ

m a t?
g y

=Yo+Vo t+——.
v Y Y=Y Oy 2

[Tpu BBIOpaHHOI OCH Y, HAIIPABJICHHOW BHU3,
Puc.1 _v.—h _ B
y—Yo=h,Vy, =0, a,=a, nosromy
2h

2 )

Ecimu auTh HEpacCTsAXKUMa, TO Jr00ast Touka IMOBCPXHOCTHU HMIKKWBA UMCCT TAHICHIHUAIBHOC YCKOPCHHUC,
MOJ1yJIb KOTOPOI'O PaBEH MOAYJII0 YCKOPEHUs Ipy3a, T.e. &, =a. Tak kak a, = &r, To ¢ yueroMm (1) umeem

2h
=== ()
tr
Ha rpy3 aeiicTByIOT JiB€ CHIIBL: CHJIa TSKECTH MJ CO CTOPOHBI 3eMJIn M cuiia F co CTOpOHBI HUTH.

3anuiem BTOpOﬁ 3aKkoH HrroTOHA mis rpysa, ABHXXYHICTrocs € IMOCTOAHHBIM YCKOPCHUCM a , HalrpaB-
JICHHBIM BHH3:

a

€

ma=mg+F
B mpoexiun Ha 0Chb Y 3TO ypaBHEHHE MEPENUIIEM TaK:
ma, =mg, —F,
Ipy BEIOpaHHOM IOJIOKUTEIPHOM HAIPABICHHH OCH Y BHU3, &, =4, §, =0, F, =—F . Iloatomy
ma=mg-F
oTkyna F =mg-—ma wiu ¢ yuetom (1)

Bpammenue mMasTHHKA co3maeTcsi MOMEHTOM cuiibl M =[r x F], mpoekius KoToporo Ha HEmoBIK-
HytoocbZ M, =F -r.
. Hampasnenne M ompenensercs mpaBUIOM MPaBOrO BUHTA.
F =F npu ycioBuu HEBECOMOCTH HUTH, IOITOMY € y4eToM (3)

Mz=m[g—f—2hj-r @

B nannoit pabore rpy3uku My CHATHI © MOMEHT MHEpIUH J Ma-
SITHHUKA TTOCTOSIHEH.

W3mensst maccy M rpysa, HallpuMep, YBEIUYHBAsL €€, U U3MePsist
BpeMsi MaJICHUsI TPy3a ¢ OJHOW M TOM ke BBICOTHI N, 1o hopmynam
s

O n 22
Puc. 2



(2) 1 (4) naitnem € 1 M; B KaXI0M OIIBITE C ONPEACIICHHBIM Ipy30M. 1o 3TUM 3HaYEHUSAM TTOCTPOUM Tpa-
bux s(M Z) (puc.2). YpaBHeHuE IMHAMUKH BpAIIEHNUs MasTHUKA B IPOEKIMM HA OCh Z HMMEET BUJ

Je=M,~M,, .

[Tonw3ysice puc.2, HalIeM MOIYJIb MOMEHTA CHJI TPEHUS, paBHBIN oTpe3Ky O/, © MOMEHT UHEPIIMU MasIT-
HUKa

_AM
Ae
IIpaBuiio npaBoro BuHTa (0ypaBuuka). BekTopHoe npou3BeeHue 1BYX BeKTOPOB

J

. Bekropnoe npoussenenue, o6oznauaemoe nuoo [A, B], mubo Ax B, nByx BekTopoB A
¢ . -
u B ects Bektop C, MOAyIb KOTOPOTO
C =ABsina,
I/le 0L — HAMMEHBUINH yron Mexay Bekropamu A u B.
HamnpaBnenue Bekropa C meprneHANKYISPHO IUIOCKOCTH, B KOTOPOH JIeXKAT BEKTOPHI A
x B
~—

u B, u coBmagaer ¢ HanpaBICHUEM IIOCTYIATENBHOIO ABM)KECHMS IIPABOIO BUHTA IIPU €rO
noBopore oT A k B Ha yroiu, MmeHbIINH 7.

O0beKThI HCcJIeI0BaHNSA, 000PY10BaHHE
Mastauk O6epOeka, Habop Tpy30B, CEKYHIOMED.

A Pa0ouee 3ananue
OnpenenuTb MOMEHT HHEPITUH KPECTOBUHBI 1 MOMEHT CHJIbI TPEHHS.
B
C

IHopsinok BbINOJHEHHUS PA0OTHI
1. Bpamas MasTHUK 3a criulbl A, HAMOTaTh HUTh Ha WKUB B 1 nmoauaTts rpy3 C maccoii
M, yKa3aHHOH Ha HEM, Ha MAaKCHMaJIbHO BO3MOXKHYIO BBICOTY h.
2. N3meputhb Bpems najaeHus rpysa. [lpuaepixuBas ogHON pyKoi MasTHUK 3a JIF0OOH n3
CTEpXHEH, pyro KOCHYTbCS TOJIOBKM ceKyHJIomepa. OIHOBPEMEHHO HaXaTb TOJIOBKY
CEKyH/IOMEpPA U OTIYCTUTh CTEPKEHb MasTHUKA. B MOMEHT yJapa rpys3a o MOACTAaBKY CHOBA Ha)KaTh Ha
TOJIOBKY CEKYHJ0Mepa, ocTaHOBUB ero. [lo cexyHnomepy orcuntars t magenus rpysa. OnbIT HOBTOPUTH 5
pa3, 6eps oxHO U TO *xe h. Onpenenuts cpeanee Bpems < t > nanenus rpysa. [logcunTtars Bpalmarommi
MoMeHT M; 1o dopmyste (4) u yrioBoe yckopenue € mo ¢popmyie (2), u3MepuTh uHeikoi h, r =2 cm —
panuyc mkuBa B, Ha KOTOpBI HAMOTaH LIHYP.
3. To xe camoe mpojienaTh, 100aBss K rpy3y Meperpy3ku (Macca Kaxaoro neperpys3ka ykasaHa Ha
HEM).
4. lanHble U3MEPEHUM 1 BBIUMCIICHUH 3aHECTH B TAOIUILY.
Tabnuna

m, Kr i, c <t>c g,c? | Mg, HwMm

b

5. TToctpouts rpaduk 3aBucumoctu £(M,).
6. Onpenenuts 1o rpaduky (cM. puc.2):

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

0) MOMEHT CHJIbI TPEHUS Mup= .eeee H-m,
MOJyJIb KOTOPOTO paBeH oTpe3ky O/1.

Conep:kanue oTyera
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3amonHeHHas Tabsuia, rpaduk 3apucumoct €(M;), 3HaAYEHHS MOMEHTA HHEPIIUH KPECTOBUHBI U MO-
MCHTA CUJIbI TPCHUS.

KoHTpoJibHbIEe BONIPOCHI
1. Omucarp masTHuk ObGepoOeka.
2. 3anmcath 3aKOHBI H YPAaBHEHUS JBWKCHHUS TSI Tpy3a U MasiTHuKa O6epOeka.
3. Kak mpaktrnuecku Ha MasTHIKEe OOepOeKa MOKHO U3MEHUTh MOMEHT HHEPIIMA U MOMEHT cui? Ot
YEro 3aBUCHUT BpPEMSI JBUKEHUS Irpy3a?
4. JlaTp onpeneneHue yrioBoMy YCKOPEHHMIO M MOMEHTY cuil. Kak ompenenuts MOIyJb U Halpasiie-
HUE YTJIOBOTO YCKOPEHMS, MOMEHTA CUJIbI, BPAIAIOIIETO MasiTHUK?
5. Ha pucyHnke npezctaBiieHsl JBa rpaduka 3aBUCUMOCTH YTJIOBOTO YCKOpe-
HHSI OT MOMEHTA UHEPLIMU IIPU TOCTOSTHHBIX MOMeHTax M BHemHuX cuil. Kakou
U3 3TUX MOMEHTOB 0oJbIie?

M, CHHUCOK HCNO0/Ib30BAHHBIX HCTOYHHKOB
M, 1. CasenweB U.B. Kypc o6meit ¢pusuku. T.1. Mexanuka. MonekymsipHas pusuka.
1 CII6.: Jlans, 2008. 352 c. ra.IIl, §29, rn.V, § 38, 39.
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JlabGopaTopHas padota Ne 7

Onpeuenenne MOMCHTOB MHEPUHUHA METOAOM KoJle0aHuii

Ieab Daﬁ()TbIZ SKCHCPUMCHTAJILHO OMNPCACIIMTL MOMCHT MHCPUHUU OJHOPOIHOI'0 CTCPIKHA OTHOCH-

TEJIbHO JIBYX MapaJuIeIbHBIX 0CEH, pe3yJibTaT COOCTaBUTh C Teopemoil llITeitnepa.

Teopernyeckue cBeieHUs

B nannoii pabore meTogoM KosieOaHUU ompenensieM MOMEHTHI
WHEPIHUH CTEPXKHSI OTHOCHTEIHHO OCH, MPOXOJANICH dYepe3 LEeHTP
Macc, Je, U OTHOCUTENIBHO MapauleIbHOM el OCH, MPOXOoIsuieil ue-
pe3 KoHel crepxkHdA, Ja. s ompeneneHus MOMEHTa MHEpUMH Jc
HaOIr01aeM MaJible KoJieOaHMs CTepXHS Ha OMQPUISIPHOM TOABECE
(puc.1,2). [ns ompeneiieHUss MOMEHTAa WHEPUUM CTEPKHS Ja
HaOIr01aeM MaJible KoJieOaHus, TIOJIBECHB €To 3a KoHell (puc.3).

3a cueT TpeHHs B TOYKAX IMOABECA JHEPTHs KOJICOAHUN CTEPIKHS
yMmeHbInaercs. OIHaKO eCM OrpaHUYHUTCS HaOJIOIEHUEM HECKOIIb-
Kux Konebanuit (B mpenenax 10-20 xonebanuii), To paboTa cui Tpe-
Hus Oyner HeBenuka, Ee MOKHO HE yUYUTHIBaTh U MPH MANbIX YIJIax
oTKJIOHEHUS (6-8°) KoneOaHusl CUUTAaTh TAPMOHUYECKUMU:

0=0, Sin(%tj D

TJie (o — yTII0Bask aMIUIUTY/a; | — nmepuoj kojebanuii. Tak kak pado-
TOW CHUJI TpPEHUs MpeHeOperaeM, TO IOJIHAS MEXaHWYeCKas JHEprus
CTEPKHsI OCTAETCSI HEU3MEHHOM. IIpu MPOXO0KIEHUH TOJI0KEHUS PAaBHO-

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

TAC ® — MaKCUMaJIbHas yrjioBas CKOPOCTh.

HpI/I OTKJIOHCHHUU CTCPIKHA OT IIOJIOXKCHUS PABHOBCCHUSA HAa MaKCHU-
MaJbHBIN YTOJ €ro 1nojiHasg MEXaHn4eCKas SHEPIrua (HOTCHI_II/IaJ'IBHaH) U=
mgh, rac h — makcuMansHas BeICcOTa MOAHATHUSA HECHTPA MAaCC CTCPIKHS.

3anuiieM 3aKoH COXPAHCHUS SHCPIUn

@)

®opmyisl (1) 1 (2) MO3BOISAIOT HAMTH MOMEHT MHEPLIMU J, €CJIM U3MEPEH Ha OMbITE Mepuo.l Koeda-

Y
-
Wy
Y
A
S
4 0
e (pofy C ‘
A a
>
1/2 . \\\ f/
—] %
B
Puc.1
Yo
b
ok
h //
O
A
Puc.2
1.5
=—Jo° =mgh
> g
Uil T,

1. Onpenesienne Jc — MOMEHTA HHEPUHHU CTEPKHS OTHOCHTEIbHO OCH CUMMETPHUM.
CrepkeHb Ha OMQWISPHOM TOJIBECE COBEpPINAST KPYTHIbHBIE Konebanus (cM. puc.l). Onpenensiem
€ro MaKCUMaJIbHYIO YTIIOBYIO CKOPOCTh ®, Ipouddepenponas (1) mo BpeMeHu:

de =E(p0 cosﬁ_—ntJ ;

dt T
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MakcuMasbHas BICOTa IMOAbEMa [IEHTPa Macc CTEPKHS OMpeesieTcs YoM Yo (CM.pHc.2):

2
h = b(L—cos ) = 2bsin? % - Zb[ﬂj |

2

Trac b— AJIMHa HUTU IOJABECA; Yo — MaKCHMAaIIbHBII YTOJI OTKJIOHCHUA HUTHU, OJHO3HAYHO CBSI3aHHBIN
C MAaKCUMAJIbHBIM YTJIOM OTKJIOHCHHUSA CTCPIKHA OT IMOJIOKCHUS PABHOBECHUSA (Po. HpI/I MaJIbIX 3HAYCHUAX (Po
" Yo KOHCI CTCPIKHSA NPOXOAUT ITYTh AAl, KOTOpBIﬁ HpI/I6J'II/I)KCHHO MOKHO CUUTATh pABHBIM OJIMHC AYTH

AA1:

| |
A&%g%zbwo, Wo =5p ®o-

Temneps BoipazuMm h gepes yroa ¢o:
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2 2
hzm{ﬂéjzzblﬂLwJ _ Vg 4)

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

2. Onpenenenne JA MOMEHTA HHEPI UM CTEPKHS OTHOCUTEILHO OCH, IIEPIIEHINKYJISPHON eMy U
NMpoXosiileil yepe3 KOHeN.
A B ¢opmyny (2) moxacraBisieM COOTBETCTBYIOIIME 3HAUCHHUS MaKCUMAaJIbHON
CKOPOCTH IPH MPOXOXKAECHUH 10JIOKEHHs paBHOBECUS o U3 (3) U MaKCUMaJIbHOM
Po BBICOTBI MOIHATHUS IeHTpa Macc h (puc.3). U3 puc.3 monyyaem cBsizb Mexay h u

h%{ o YIJIOM o:
b IS h=L-cosgy)=12sin2 P~ Loz (6
2( ®o) > 2 4(P0 (6)

p N3 pasenctBa (20) ¢ yuetom (3) u (6) nmonaydaem

= mgl >
LA 7
Puc.3 Ia 81l Ta 0

Takum 00pa3om, U3Mepsisi Ha ONIBITE MEPUOJIBI KOJIeOaHUM CTEPXKHS Tc U Ta,
JUTMHY HHUTHU TIOJBECA, JJIMHY CTEP)KHS, MOYKHO BBIYMCIMTh MOMEHTHI HHEPIHH Jc U JA CTEpXKHS OTHOCH-
TEJIbHO MapauIeTbHBIX OCEH, a pe3yJIbTaT COMOCTaBUTh ¢ Teopemoii Ll Telinepa.
MoMeHT HHepuHHU
MOMEHT UHEPLHH ABISETCS MepOoll UHEPMHOCMU MBepA020 meid Npu e20 8PAujeHUU.
MOMEHT WHEPIMH TBEPAOTO Tella 3aBUCUT OT PACIIPEACIICHUS MacC OTHOCUTEIIFHO OCH BPAIICHUS U
paBeH cCyMMe MOMEHTOB MHEPIIMU COCTABIISIONINX €r0 MaTepUAIbHBIX TOUEK:

J =ZAmil’i2 Wi J :Irzdm
i m

rae Am; win dm — Macca 3JIeMeHTapHON TOYKH, a r? vm riz — KBaJIpaT pacCTOSIHUS OT 3TOW TOYKH JI0
OCH BpalllCHUS.

Tepema HlTeiinepa
MowmeHT uHepIuu Tena J OTHOCUTENBHO MPOU3BONILHOM ocu O paBeH MOMEHTY MHEPLIUU J¢ 3TOTO Te-
J1a OTHOCUTEJIBHO OCH, Mapa/uIeIbHON JaHHOU M mpoxoasinieii yepe3 meHTp Mace C, CJI0)KEHHOMY C
IMPOU3BCACHUECM MACCHI TCJIa m Ha KBaapaT pacCTOSAHUSA d MCKIOY OCAMMU:

J=J,+md?

O0BbeKThI HecIeI0BaAHNA, 000PyI0BaHUE
CrepxeHb Ha OUPUIIIPHOM TOJIBECE, CEKYHIOMED.

PatGouee 3ananue
Onpenenutb MOMEHT HHEPIIUU OJHOPOJIHOTO CTEPKHSI OTHOCUTENBHO JIBYX MapajuleNIbHbIX OCEH, pe-
3yJIbTaT COMOCTaBUTh C Teopemoit LlITeitHepa.

Ilopsinok BbINOJTHEHHS PA0OTHI
1. IlonBecHTh CTEPXKEHb HA HUTAX CTPOTO TOPU30HTAIBHO, PACIIOIOKHB €r0 MEXAY HAINPABIISIOIIM-
MHU.
2. B34TbCs 3a MpaBylO HAMPABJISIONIYIO, TOJBECTH K CTEPXHIO U MOBEPHYTh €ro Ha yroi 4°. 3arem
PE3KO pa3BepHYTh HAMPABIAIOUIYIO IJIAHKY OT CTEpXHs, MPEJOCTaBUB €My BO3MOKHOCTh COBEpIIATh
KpyTHJIbHBIC KoJieOaHust oTHOocuTenbHO ocu CC' (em.puc.1).
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3. U3mepuTth cexynaomepoM Bpems tc mosHbIX N1 Konebanwii (N1 = 10, oTcUyeT BpeMeHH HaYWHATh MPHU

IPOXOXKJCHUN MasTHUKOM JIOOOro KpaiiHero mnosoxkeHus). Paccuurats nepuon kosnedanuit Ty = i .
M

OneIT NOBTOPUTH 9 pa3 U ONpeAeIuTh CpeJHEE 3HaUeHue nepuona < Tc >.

4. Usmeputs | — paccrosiHre Mexay TOUYKaMu mojBeca cTtepxHs A u B; b - mmmny Hurteit moaseca.
Macca cTrep)kHs yKa3aHa Ha HEM (B IpaMMax).

5. [loaBecutsb crep:keHb 3a KOHELl A U MPHUBECTH B KojieOaHUE B BEPTUKAIBHOM INIOCKOCTH. YTOI OT-
KJIOHEHHUs HE J0JDKEH IIpeBbIIaTh 4°.

6. Onpenenuth Bpems 10 KoneOaHmil CTEpKHS U BBIYUCIUTD | Ai. ONBIT Ipoaenath 9 pa3 u onpene-
TuTh < Ta >,

7. ITo dpopmynam (5) u (7) BBIYUCIUTHP MOMEHTBI MHEPIIUU CTEPIKHS OTHOCHUTEJIBHO TEePIEHINKYIISIP-
HBIX €My, HO MapaJUIeIbHBIX APYT APYTY OCeH, MPOXOIAIIUX yepe3 HeHTp macc (Jc) U KOHEl CTep>KHSA
(Ja), moaCTaBIISAS B HUX CPEAHUE 3HAYCHUS <Tc> u <TA> .

8. CHy‘IaﬁHHe OTKJIOHCHUS KaKJ0T0 U3MCPCHUA IICPHUOA0B PaBHbI COOTBECTCTBCH-

, 1
HOAT,; =T;—<T. >, AT, =Taj— <T,j >, a cpeiHHE KBaJpaTHUHBIC OTKIOHCHUS: S, = —12 (AT )2 ,
n —

1
Sp= \/mz (AT,;)? . TIOrpemHOCTH Pe3yIbTaToB H3MEpEHHs 1epuoos AT, =S, / Jn, AT, =S,/n.

9. OTHOCUTEIBHBIE U A0COJIFOTHBIE MOIPELIHOCTH MOJCUUTATh 10 hopMynam

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
E,= |l — | +| = + ALl - AJa=E, -J,.

A (mj (lj <Tp> AT TATA

2
10. Boruncnute BemuuHbl Jp —J, U mz . CpaBHUTb UX 3HAYECHUS.

11. JlanHble n3MepeHUil U BHIYUCICHUH 3aHecTH B Ta0. 1-4.

Tabmauma 1 Tabmmma 2
nt | tei,c | Tei,C t4i,C Tai,c
<T¢>= ATe= <T >= AT 4=
Tabnuua 3.
m, Kr Am kr ||, m Al, m b, m Ab, M
Tabmua 4.
Je, Ale, In, Ada, Ja—Jdc, |2 )
K M2 K M2 K" M2 K" M2 M2 m—, KI'M
KM 4

Conep:xanue oTuyeTa
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3anoHeHHbIe Ta0IuIel 1-4.

KoHTpoJibHbIE BOIPOCHI

1. KakoB ¢pu3nueckuii cMbICT MOMEHTA MHEPLIUU MaTePHAIbLHON TOUKH, TBEPAOro Tena?

2. Kak BBIYMCINTH MOMEHT UHEPLIMU T€JIA OTHOCUTEIBHO OCH, IPOXOSIIEH Yepe3 UEHTP Macc?

3. Copmynuposats Teopemy llTeitHepa.

4. MONYYUTH CBSI3b MEKY MaKCUMAaJIbHOM YTIIOBOW CKOPOCTBIO CTEPKHS U aMILTUTY10i ero kojeba-
HUM.

5. lomyuuts hopMyity 7S pacieTa MOMEHTa HHEPILIMU 11apa, KOJIbIA, CTEP>KHS OTHOCUTEIBHO OCH,
MPOXOIALLEH Yepe3 UEHTP Macce.

CHucoK HCI0JIb30BAHHBIX HCTOYHHKOB

1. CaBenpeB 1.B. Kypc obmielt ¢pusuku. T.1. Mexanuka. Monekynspras ¢usuka. - CI16.: Jlanp,
2008. — 352 c.- .V, §39, 41, rn. VII, §54.
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JlaGopaTtopHas pabota Ne 8
OnpeneneHue paanyca KpUBU3HbI BOTHYTOMH MOBEPXHOCTH
METO/IOM KATaIoIIerocs mapuka

Lleab padoThl: U3yYUTh 3aKOHBI BUKEHHS KaTAlOMIETOCs M0 chepUYeCcKOil BOTHYTOH MOBEPXHOCTH
IapuKa, PacCMOTPETh YCJIOBUSA €ro TapMOHMYECKUX KOJICOAHWW U OMpPENeTUTh PaJnyC KPUBH3HBI I1O-
BEPXHOCTHU

Teoperuyeckue cBeieHUs
Pangnyc kpuBusHbl R rmankoil chepuyeckoil MOBEpXHOCTH MOXKHO ONPEAEIUTb, U3MEPUB MEPHOJ KO-
nebanus 1’ mapuka, KaTatouierocs Mo 3TOH MOBEPXHOCTH.
Ecnu npeneOpeus norepssMu SHEPrUHU, 3aTpaylMBaeMOM Ha MPeo0IeHne

0 JVICCUTIATUBHOM CHJIBI TPEHHUS, TO JUISI KaTaromerocst 6e3 mpocKaab3bIBaHUs
IIapUKa JIOJDKEH BBIMOIHATHCS 3aKOH COXPAHEHHS MEXaHUYECKON YHEPTHH.
Lleatp mMacc C mapuka JBMKETCS MMOCTYMATENbHO, HO, KPOME TOTO, IIAPUK
R BpaIllaeTCss OTHOCUTEIBHO OCH Z, IPOXOJsiiei yepe3 Touky C meprneHanky-
aspHO mockoctH (puc.l). [loaTtomy nonHas MexaHU4YecKasi SHEprus apu-

Ka

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

Puc.1 3necr M — macca 1mapuka; J = gmr - €ro MOMEHT MHEpPIH OTHOCH-

TEJNBbHO OCHU Z; I — paJuyc LIapuKa.

MOI[y.TIL yrn0130171 CKOPOCTH ® IIapHKa BOKPYT OCH Z CBA3AaH C MOAYJIEM CKOPOCTH Ve MMOCTYIAaTCJIbHO-
'O IBHMKCHHA LCHTPA MACC COOTHOIICHUCM

doe V.
N=——=—, 2
dt r @)
[Toncrasmss (2) u Bepaxkenue 1is Je B (1), monmydaem
2
-l me2[99 +mgh = const . (3)
10 dt

Ho npu xauennn mapuka no cpepruueckoil HOBEpXHOCTH €ro LIEHTP Macc OTKIOHSAETCSI OTHOCUTEIBHO

neHTpa O moBepxHOCTH Ha yron ¢. M3 puc.l BUIHO, 4TO Yroia ¢ CBs3aH € yIJIOM MOBOpoTa O mapuka
OTHOCHUTEJIBHO OCH Z COOTHOILLIEHUEM

R 1
0= " ¢ (4)
rae R'=R—r. Kpome Toro, n3 npsimoyroasHoro tpeyroiasauka OBC cnenyer, 4to
h=R'-R'cose. (5)

[oncrasnss (4) u (5) B hopmyny (3), BeIpaxkaeM HNOJTHYIO MEXaHHUECKYIO SHEPTHIO IIapUKa Yepe3
yToJa @:

7 N2 d(P2 :
E=—m(R — mMgR '(1—-cos e) = const . 6
10()(0“)+g( ?) (6)

B BepxHel TOUKe TPacKTOPUM CKOPOCTh IIApUKa paBHA HYJIK U BCS
MeXaHMYecKas PHEeprusl IaphKa NepexoauT B MoTeHIuanbHyo. [Ipu mpo-
XOKJICHUU IIApUKOM royioxkeHus: paBHoBecus (N=0) CKOPOCTb M KHHETH-
yecKasi SHepIus mapruKa MaKCUMaJlbHBI.

PaccmoTpuM kuHeMaTHKy JBM>KeHus mapuka. Ckopocts V. ero uLes-
Tpa Macc C Bcerna HampaBblieHa IO KacaTeabHOW K TpaekTopuu (puc.2).
[MTonHOE yckopeHHe & IEHTpa Macc PaBHO CyMME TaHTCHIMAJIbHOTO d, U

- - R . -
w HOPMaJbHOTO @, YCKOPEHHH. YCKOpEeHHE a, HalpaBJIeHO TAKXKE IO Kaca-
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TENBHOM K TpaeKTopuu. Ero MOIysIb CBSI3aH ¢ MOJIYJIEM YIJIOBOTO YCKOPEHUS BpPAIICHHS IIapUKa BOKPYT
ocu Z popmyoii

d?e
at =r dt_2 . (7)
YckopeHue &, HalpaBieHO K HEHTPY KpuBH3HBI. Ero Momyib
V 2
a, = % . (8)

OTH MOAYJIH U3MEHSIOTCS MPH KoJeOaTeIbHBIX JBIKEHUSIX [IapuKa epuouuecku. B BepxHeit Touke
TPAeKTOPUH MpU HAHOOJNbIIEM OTKIOHEHHH HIapUKa OT MOJIOXKEHHS paBHOBecHs V¢ IIapuKa U 8n paBHbI
HYJIIO, a ar JOCTUraeT MakcuMyma. [Ipu npoxokaeHuu MosIoKeHus: paBHOBecus1, HaoOopoT, a, =0, a Ve u

dn MAKCUMAJIbHBI.

Haiinem nepuon xonebanuii mapuka. J[as 5Toro HeoOX0IMMO MOIYYUTh JUHAMUYECKOE YpaBHEHUE
KosieOaHui (T.e. ypaBHEHHE TUHAMUKH JJI TIOCTYMATEILHOTO WIM BPAIaTEIbHOTO JBMKCHUS KOJICOITIO-
nierocst mapuka).Jlis moObIX He3aTyXalolMX TapMOHUYECKUX KOoJeOaHui 3TO ypaBHEHHUE UMEET OOIIHiA
BU/I

2
d—;( +02x =0, 9)
dt
du3znyeckoe Te10 OyAeT cOBepIATh FAPMOHUYECKHE KOJIe0aHUsI B TOM CJIy4dae, eCJId HA Hero
JAeHCTBYeT CWJIA WM MOMEHT CHJIbI, IPONMOPIHOHAJIbHbIE CMELIIEHUIO OT MOJIOKEeHUsSI pABHOBECHS U
CTpeMsAIIHeCH BEPHYThH TeJIO B M0JIOKEHHE PABHOBECHSI.
Bocnons3yeMcst 3akOHOM COXpaHEHUsI MeXaHW4YecKoi sHepruu (6). BosbMeM mpou3BoaHYyIO 1O Bpe-
MEHH OT 00CHMX 4YacTel 3TOro ypaBHECHHUs, COKPATUM IOJyueHHOE BhipaxkeHne Ha MR'(de/dt) u mpuse-

JIeM €ro K BUAY, aHajorudyHoMmy (9):

2
d% 5 g
£2.2. 9sing=0.  (10)
dt? 7 R
OTCI’OI[a BUJHO, YTO HIaApUK 6y,[[eT COBCPHIATL TAPMOHUYCCKUC KoJIEOAHHST OTHOCUTEIIHHO IMOJIOKEHHUS
paBHOBECHS B TOM ciydae, korja Sin@ =~ ¢. T.e. ycnoBueM rapMOHHUYECKHX KoJieOaHUH B JaHHOM paboTe

OyAyT Majble yIibl OTKJIIOHEHUS IAapUKa OT MOJ0XKEHUsI PABHOBECHS.
B 3TOM cityuae yroin ¢ U3MEHSETCs 10 TAPMOHHYECKOMY 3aKOHY @ = @ Sin(wgt +a), rae

_2n_ [5g

- . 11
P =T T7R (11)

Ucnonb3ys Beipaskenus (4), (7) u (8), MOXKHO BBIYMCIUTH 3HAYEHUSI CKOPOCTH M YCKOPEHHUS 1IapHUKa B
1106011 MOMEHT BpeMeHU. UToObI HaliTH 3aBUCUMOCTb paaunyca KpUBHU3HBI R cdepuueckoil moBepxHOCTH

oT nepuoja T, KoTopyro HaxoauM u3 popmyssl (11), moncraBum B Hee R'=R—r:
2

R= > g T—2 +r. (12)
7" 4rn

HpI/I BBIYUCJICHUH MBI HC YUUTBIBAJIN, YTO MCXAHNYCCKAsA SHCPIU IIapUKa YMCHBIIACTCA 3a CUCT pa-
OOTHI TUCCUTIATUBHOW CWJIBI TPEHHUS M TTOTOMY B JIEHCTBUTEILHOCTH KOJIeOaHU s IapuKa OyayT 3aTyXaro-
mKMU. 3aTyXxaHueM kojeOaHuii B pabore npeHeOperaeM.

3aKOH cOXpaHeHHs MOJHOI MeXaHN4eCKOH JHepruu
Tonnas mexanuueckas sHep2usi KOHCEPEAMUBHOU CUCEMbL, HAXOOAWEUCS 8 CMAYUOHAPHOM NOMEH-
YUaibHOM Nnoje, NOCMOAHHA:
K+U_;+U = const

6Hew
rne Ucos — COOCTBEHHAs! MOTEHIMAIbHASL SHEPTUSI CUCTEMBI — 3TO SHEPTHs B3aUMOACUCTBUS IPYT C
JPyroM Bcex yacTul] cucteMbl. OHa 3aBUCUT OT B3aUMHOI'O PACHOJIOXKEHHS 4acTHL CUCTEMBI; Usgyew —
BHEIIHSAS [IOTEHIUAIIbHAS DHEPT U CUCTEMBI — 3TO CyMMa ITOTCHIMAIbHBIX YHEPTUH BCEX €€ YaCTHL],
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HaxXoOAmMMruXCsA BO BHCHIHEM CTAlIHOHAPHOM IMOTCHIHUAJIBHOM I10JIE; K — kuHeTHYecKas SHEPTrUs CUCTEMBI —
9TO CyMMa KUHCTUYCCKUX BHGPFHﬁ COCTaBJIAIOIINX €€ YaCTHII.

Ecmm pa60Ta CUJI CTAHMOHAPHOI'O ITOJIA HAJl qaCTHHCﬁ HC 3aBUCUT OT IIYyTH, HpOﬁHCHHOFO ‘IaCTHHeﬁ, a
3aBHUCHUT TOJIBKO OT HAYaJIbHOT'O U KOHCYHOI'O ITOJIOKCHHUA YaCTULIbI, TO TAKUC CUJIbI HA3bIBAKOTCA KOHCED-
8AMUBHbIMU, A TIOJIC NOMEHYUATIbHBIM.

O0BeKTHI HCCIe0BaHNS, 000PYI0BAHUE
N30orHyTHIH Xen00, mapuK, CEKyHI0OMED.

Pa0ouee 3aganue
Haiitu paauyc KpUBU3HBI H30THYTOTO Kenooa.

Iopsinok BbINOJIHEHUSI PA0OThHI
1. C moMoIIpi0 MEKPOMETPa 5 pa3 B pa3sHbIX MECTaX MU3MEPHUTh AUAMETpP Hiapuka 0 ¥ BBIYMCIHUTD pa-
aayc r = d/2.
2. BeIBecTH MIapUK U3 MOJIOKEHUSI PABHOBECHUS TaK, YTOOBI Yoyl OTKJIOHEHUS ¢ (cM. puc.l) Obut mMait.
Omnpenenuts BpeMms t msitu (N=5) moyHbIX Kojebanuii mapuka. OnbIT npoBecT 9 pa3. Onpenenurs nepu-
on konebanuit T; =t; /n . 3aHect nanHbie B Tab. 1.

3.BoruncnuTh cpeHie 3HaUeHUs paauyca mapuka < I > u nepuoja konedanuit <T; >.

4. Onpenenutsb ciaydaiinble oTkIoHeHUs AT, =T,— <T; > kax10ro U3mMepeHus nepuojia u cpeaHee

1
—12 (AT, )? BbluncauTs norpemiHocTh AT pe3ynbTata u3MepeHuil:

KBaApaTHIHOC OTKIIOHCHHC S=

AT =S/n.
5. Hoxcransist <r> u <T > B popmyay (12), BBIYMCIUTE pauyc KpUBU3HBI IOBEPXHOCTH R.

6. Haiitu aGcomroTHyto AR 1 oTHOCUTENBbHYIO E morpemHocTtu B onpenenennu R no popmynam

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

JlaHHbIe U3MepeHul U BRIYUCICHUH 3aHecTH B Tabi. 1-3.

Tabmuna 1

d, m <d>wm <r>wm

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

Conep:xxanue oT4yeTa
3arnonHenHse Ta0IuIE 1-3.

KoHTpoJbHbIE BONIPOCHI
1. M3 KakuX COCTaBIIAIOIINX CKJIAAbIBAECTCS MOJIHASL SHEPTUS IIapuKa?
2. Korpaa coxpaHsieTcst ojgHas MeXaHu4yeckasi SHeprusi?
3. Kak HampaBiieHbl CKOPOCTb U YCKOPEHUE LIEHTpa Macc I1apukKa?
4. Vkaxure MOJ0XKEHUE IapUKa, B KOTOPBIX €ro HEHTp Oy1eT UMETh:
a) MaKCUMAaJIbHOE YTJIOBOE YCKOPEHHE; 0) MaKCUMAIIbHYIO TUHEHHYIO CKOPOCTH;
B) TAaHT'€HLMAJILHOE YCKOPEHHUE, PAaBHOE HYJIIO; I') HOPMAJIbHOE YCKOPEHUE, PABHOE HYJIIO;

b
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OObsicHUTE Ball BBIOOD.
5. Kakoif BuJ uMeeT TUHAMUYECKOE YpaBHEHUE KoJaeOaHmii mapuka’?
6. Chopmynupyiite ycioBus, IpU KOTOPbIX BO3HUKAIOT FApMOHNYECKHE KOJICOaHNUs.
7. IloueMy yroi OTKJIOHEHHUs LIapuKa (0T M0JIOKEHUS PaBHOBECHS) JOKEH ObITH Mai1?
CHHCOK MCNO0/Ib30BAHHBIX HCTOYHHKOB
1. CaBenweB U.B. Kypc o6meit ¢pusuku. T.1. Mexanuka. MonekymnsipHas ¢usuka. - CI10.: Jlans, 2008. —
352 c.- i l, §4, ri 1, §24, .V, §41-43, 53.
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JlaGopaTtopHnast pabora Ne 9
OnpeneseHue MOMEHTA HHEPLHUH TeJI METOI0M
KPYTWIbHBIX KOJIeOaHu

[leab pabdoThl — U3YYUTh METOJ KPYTUIBHBIX KOJICOAHU Ui paccyeTa MOMEHTa MHEPIHUH TeJ pas-
HOU q)OpMBI. CpaBHI/ITb SKCIICPUMCHTAJIbHBIC 3HAYCHHUA MOMCHTOB MHCPIUH 3TUX TCJI C TCOPECTUUCCKUMU
pacueramu.

Teopernyeckue cBeleHUs!
[Tpu ycnoBumn Manbix KoneOaHul, T.e. @ <1 paz, koneGaHUs TUCKAa MOYXKHO CUUTATh TapMOHHYECKUMH C

nepuojgoM T :
. (2t
(P=@09n(——‘ (1)
T

[TycTh quCK MOIHSIICS HA MAaKCUMAIbHYIO BBICOTY

h=h—-h,.
Torna npupaiieHue NOTCHIIUATBHOW YHEPTUH PABHO:

AE, = mgh
HpI/I HOCJICIIYIOHIGM BpaHIeHI/II/I OUCKa ITOTCHIHAJIbHAS 3Hepr1/m HepeXOIII/IT B KI/IHGTI/ILIGCKYIO 3H€pFI/IIO
BpaIaTeIbHOTO JIBHXKCHHS

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

B moment IMPOXOKACHUSA IMOJIOKCHUA PABHOBCCHUA KMHECTHUYCCKAA SHCPTUA IMPUHHUMACT MaKCUMaJlb-
HOC 3HA4YCHUC, U, npeHe6pera$1 TPCHUCM, MOYKHO 3aIIMCATb 3aKOH COXPAaHCHHA ODOHCPIHUH:

2
mgh:JE%E&. @)

VYTI0BYIO CKOPOCTh TMCKA MOXKHO HAalTH, B3sIB TPOU3BOAHYIO OT @ U3 (1):

o=30_ 2T cos( 20
at P T

_2nQy 3)

TOrAa Omax = .
T

BCJ'II/I‘-II/IHy h MoxHO HafITPI, cuuTad, 4To IIpyu NOBOPOTE JUCKA HA MaJblid 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/Ie y4TeHO, 4To (cM. puc.1)
2 .

he =17 ~(R-r)°, h =17 —(R® +r* —2Rrcos gy ), 1~ cos g = 2sin’ (%j , & TAK)KE, UTO BCIICJCTBHE
MaJIOCTH YIJIa (y, CAHYC MOXKHO 3aMEHUTh 3HAYCHHEM CaMOro yrja B paJuaHax.
B pesynbrate noacranosku (4) u (3) B (2), moayyuM pacu€THyro GpopMyiy A1 MOMEHTA UHEPLUU MasiT-
HUKa Maccou m:

T?mgRr
| = (5)

4n°l

ITo 3aBucuMocTH (5) MOKHO paccuuTaTh MOMEHT MHEPLUHU KAaK Harpy>K€HHOI'O MCCIIELyeMOH Iuia-
CTHHOM, TaK U HeHarpy>xeHHoro nucka B. Torna, Bcinencreue aqiuTHBHOCTH, MOMEHT MHEPLIUU U CCIIENY-
eMoro Tena (TUTACTUHBI) JIETKO ONpeaenseTcs no Gopmye:
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| oecn =%[(ml+m2)<T2>2—ml <T1>2J (6)

rae M U M, — Macchl HEHArPYKEHHOI'O JUCKAa U UCCIEAYEMOH MIaCTUHBI COOTBETCTBEHHO, @ 11 U T, —
nepuoJl KojebaHuil HeHarpyKeHHOI0 U Harpy»KeHHOTr0 JI1CKa COOTBETCTBEHHO.
MoOMEHT MHEpLMHU €CTh Mepa MHEPTHOCTHU TeJIa IIPU €r0 BPALaTeIbHOM JBHKEHUH. DTO 3HAYUT, YTO

yeM OOJIbIIIE MOMEHT HHCPLOUU, TEM OOIBIINI MOMEHT CHII HCO6XOI[I/IMO MNPUIOKHUTL K TCIIY, yTOOBI 3a-
CTaBUTH TECJIO BpallaTbCid, CCJIM OHO IMOKOUJIOCH, WJIX OCTAHOBUTD, €CJIM BPAIllaJIOCh.

MowMmeHT uHepuuu MaTepuaibHOl Touku: | = mR?, rae m — macca Toukn, a R — paccTosiHue OT Hee
JI0 OCH BpaleHus. MOMEHT MHEpUUU— BEJIMYMHA aJIUTUBHAS, T.€. MOMEHT MHEPLUU CHUCTEMbI MaTepu-
QJIBHBIX TOYEK MJIM TBEPAOIO Tesla ONpeAesseTcs KaKk CyMMa MOMEHTOB MHEPLMHU 4yacTed, U3 KOTOPBIX

COCTOHT crcTeMa Wi Teno, T.e. | = Y mR? W | = jdl = J R%dm (*)

MomMmeHT HWHCPLUUHU 3aBUCHUT OT (1)0pr1 " pasMCpPoOB TCJIa UK CUCTCMbI, 4@ TAKKC OT IIOJIOXCHUA U
OpUCHTAlUX B IIPOCTPAHCTBC OCH, OTHOCUTCIILHO KOTOpOﬁ OonpeaACICTCA MOMCHT MHCPILIMHU.

HaHpI/IMep, €CJIM U3BCCTCH MOMCHT MHCPLUHU TCJIa OTHOCUTCIBHO OCH, HpOXOI{HIIIGfI 4yepe3 €ro uCHTp
MacC, TO OTHOCHUTCIIBHO Jr000M prrOﬁ OCH €TI0 MOXXHO paCcCUUTaTb C IIOMOLIbIO meopéembl llImeﬁHepa:
MOMEHmM UHeEpUUU mejla OMHOCUMETbHO np0u360ﬂbl-l0ﬁ ocu O |0 Paeen cymme mMomeHma unepuuu

IMO20 mena OMHOCUMENIbHO OCU, RAPA/IIETbHOI 0AHHOU U npoxodauei yepe3 yenmp macc C ;. , u

npou3eedeHUs Maccol meia Ha Keaopam paccmoanus mexcoy ocaimu (0C=d) , m.e.

lo=1Ilc +m d?.
MOMEHTHI WHEPLHUU Te OTHOCUTENIHO OCH, MPOXOJAIIe uepe3 LEeHTp macc lc MOXXHO omnpenenuTs,
MOJIL3YSICh ornpezesieHueM (*) u pa3douBast TeJI0 Ha JIEMEHTBI
1. MoMeHT HHepUUM IJIOCKOH NMPAMOYI0JbHON NJIACTHHBI OTHOCUTEIBHO OCH, NPOXOAsIIECH Yepe3
LEeHTP Macc NepneHANKYJ/JIsIPHO ee MJIOCKOCTH.

dim MOMEHT MHEPLUM BBIAEIECHHOIO djIeMeHTa (B BHUJIE CTEPIKHS
Maccoii dm, [IMHO¥M @ M TOMIIMHOW OX Kak MOKa3aHO Ha pH-
o - - v
S " cyHke) 1o teopeme LlTeitnepa:
TG
~ C -~ 7] d‘ 1 2 2
< Sk a dl=—dm-a“+dm-x
L Ea X | 12
oL ™ - 13 reomerpuueckux coobpaxenuii dm/m=dx/b, orkyzma
-
X dm=(m/b)dx, Torma
b / 1m m
dl = — —adx+— x%dx
12 b b
Torma MOMEHT MHEPLUH ILJTACTUHBL
b2 b2
| = J. — —a’dx+ J. —xzdx=—m(a2 +b2)
212D b2

2. MoMEHT MHepHUM IUIOCKOH TPeyroJabHOW INIACTMHBI OTHOCHTEJBLHO OCH, NMPOXOASIIEH 4Yepe3
LEHTP MAacC NEePIEeHANKYJIIPHO ee IJIOCKOCTH.
Pa3zo0beM macTHHY Ha TOHKHE CTEp)KHU Maccod Om aimmHOW 2X |
> X BBICOTOM dy, kak moka3aHO Ha pUCyHKe. Tak Kak JJisl CTeP)KHSI JJTHHBI
| MOMEHT WMHEpIHMU OTHOCHTENBHO NMEPHEHIUKYISIPHOH OCH, MPOXO-

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

TaKOr'0 CTEP>KHS OTHOCUTEIBHO OCH, MPOXoJsiieit yepe3 Touky O nep-
MEeHAUKYJISIPHO TJIOCKOCTH YepTexka, o teopeme llIteitHepa , 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 PABHOCTOPOHHET'O TPEYTOJIbHHKA.

8mxdy
a’\3

m
Torma macca crepxxust: dm = g ds = , @ €r0 MOMEHT UHEPIUH:

_ 8mxdy [ x? y?

=24
a’3 | 3

C ywerom TOro, 4ro AJs PaBHOCTOPOHHETro TpeyrosubHuka X=Y-tg30°= y/ J3, TOJIyYUM:

dl

80 my?
dl = —=—-d
27 a2
0 af3/2
Torna Ioz@m2 j y3dy:£ma2. Ho mo teopeme Ilreitnepa |y=I¢ +m-0C?,
27 a 12

2 3
Toraa, yauteiBas, uto OC = 3 a7 , TOJTy4uM BbIpaxkenue st ¢ :

1
I~ =1,—m-OC? = —ma?
C 0 12

O0beKkThI HCcJIeI0BaHNUSA, 000Py10BaHHE
KpyTunbpHselii MasTHUK Ha TPUDUILUIIPHOM TO/IBECE, HAOOP TUCKOB, CEKYHIOMED.
Onucanue 1abOpaTOpHON YCTaHOBKU

S

m

Puc.1. Cxema ycTaHOBKH
MOMEHTbI MHEepLUUHU PA3IUYHBIX T€Jl MOTYT ObITh M3MEPEHbl METOJOM KPYTHJIbHBIX KOJeOaHUU ¢
MIOMOIIBIO TaK Ha3blBaeMoro TpuuisipHoro noaseca. TpuduispHblil MOABEC COCTOUT U3 AUCKAa B mac-
coif M, pagmyca R, mojBenieHHOro Ha TPEX CHMMETPUYHO PACIOIOKEHHBIX HUTAX JuIHHBI | (em.puc.1).

HaBepxy 3Tv HUTH CUMMETPHYHO 3aKpEIUIEHBI 110 KpasMm J1ucka 4 MeHsluero paauyca r. [Ipu moBopore
BEpPXHEro Jucka A Ha HEOOJBIION Yroji (¢ BOKPYT BEPTUKAJIBbHON OCH, NEPIEHIUKYJISIPHOU TUIOCKOCTH
JUCKA U MPOXOJAIIEH Yepe3 LEHTP, BCE TPU HUTHU NPUHHUMAIOT HAKIIOHHOE IOJIOKEHUE, LIEHTP TAKECTH
CUCTEMBI HECKOJIbKO IpUnoAHuMaeTcs. HikHuil JUCcK HauWHaeT CoBEpIIaTh KPyTUIIbHbIE KOJIeOaHu .

Pabouee 3ananue
H3mMepuTh MOMEHT UHEPLIMU IUCKOB, CPABHUTH PE3YJIbTAT C PACUETHBIMU JAHHBIMH.
IHopsiaoK BbINOJHEHHS PA0OTHI
1. 3mMepuTh JTHHEHKON paanychl TUCKOB R u I, a Takxke ;uimHy HUTH |. 3anectn nanubie B Tabmuiy

2. Pe3ko noBepHyTh pyKoi 1uck A 10 ynopa u oTnyctuTs. IIpu 3ToM HUXKHMIM 1UCK B NOKEH co-
BEpLIATh KPYTUIIbHbIE KOJIeOaHUs, a BEpXHUI TUCK A JOJKEH OCTAThCs B TIOKOE M3-3 TPEHUS B OCH.
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3. C nmoMomipio CeKyHAOMEpa ONpeleauTh BpeMs t; momHbIX N =20 konebaHUM HEHArpy>KEHHOIO
mucka. OnbIT TOBTOPUTH TPU pa3a. BeIUMCINTE cpeaHee 3HaUYEHHE <tl> U CpejHee 3HAYCHHE IMEepuoia

KoJieOaHui <T1> = <t1> / N . Pe3ynbpTaTel u3MEpeHuil U BEIYUCICHUH 3aHeCTH B Tabmuiy 1.

Taoauna 1

mi,kr |[RoM |[rhm |ILLm [t ¢ <tl>’c <T:>,c

4. TTonoXUTh HA HIDKHUM JTMCK MCCIIETyEMOE TEJIO TaK, YTOOBI IGHTPHI MAacC Tejla U JIUCKa ObLIN Ha
OJHOM ocu. Macca m; nucka B U Macca UCCIEAYEMOTo Tela M2 yKa3aHbl HA yCTAHOBKE.

5. Onpenenuts Bpems t, momHbix N=20 xoneOaHUNl HArpy>keHHOTo aucka. OMBIT OBTOPUTH TPU
pasa. BerauciuTh cpeaHee 3HaUCHUE <t2> U cpeqHee 3HaueHHE TepHoja KojaeOaHui <T2> = <t2> / n. Pe-

3yJIbTAThl U3MEPECHU U BRIYUCIICHUN 3aHECTH B TaOIHITY 2.
6. crionb3ys SKCIepUMEHTAIbHBIC JTAHHBIC, BEIYMCIUTE MOMEHT UHEPHUHUH loken HCCIIETyEMOTO TN
o popmyne

Lcen :%[(mﬁmz)“ﬁz‘W <T1>2]

7. 3MepuTh pa3Mepsl UCCIICYEMOro Tella M U3 TaONuIbl 3 Ui JaHHOW (OPMBI TeJia BBIYUCIIHTH
TEOPETUUECKUI MOMEHT UHEPUUH | neqp TENIA OTHOCUTENBHO TOMH K€ OCH, UTO U MPH IKCIIEPUMEHTE.
8. CpaBHUTH TEOPETHUECKOE |meop M IKCTIEPUMEHTANBHOE lsien 3HAUCHHMS MOMEHTa uHepuuu. s

| Al 0
9TOr0 BBIYHCIIUTH OTHOCHTEIbHOE OTKIOHeHHE |, oT | ., 1m0 dpopmyne E =——-100%

meop

9. C mynkTa 3 no 8 mpojienarh aHaJOTHYHO HM3MEPEHUS U BBIUUCICHUS C APYTUMU TeJlaMU .
Taoauua 2

BI/IJZ[ TCJIa mp, t2, <t2> , <T2>, IT)KCI'I: Imeop, I3Kcn* Imeop, Al

_ 0,
U ero pasMepsl  |KI' |c c kr-M2 | kr-M2 | Kr-M2 100%
C meop

Huck
R= M

IIpssMOyrosbHUK
a= M

b= M

TpeyroinbHUK
a= M

Tadauua 3. MOMEHTHl HHEPIUHU TUIOCKUX TEJl OTHOCUTEIBHO OCH, MPOXOJSUIEH uepe3 LEeHTP Macc mep-
MEeHIUKYJISIPHO UX TUIOCKOCTH.

Jduck [psimoyronsHUK PaBHOCTOp. TpEeyronpHUK
1 -2 1 2 12 1 2
I =—mR I :—m(a +b ) l,, =-—ma
oucka 2 np 12 mp 12

Conep:xxaHnue oT4yeTa
3amnonHeHHble Ta0aune! 1 u 2.
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KonTposbHbIe BOpochl

1. B uem 3akmogaercs GU3UIECKUI CMBICT MOMEHTA HHEPIIHH?

2. OT 4yero 3aBUCUT MOMEHT UHEPIUU?

3. Chopmymnupyiite Teopemy lllTeitaepa.

4. C momompto Teopemsl [lITeitnepa 00bsiICHUTE, OTHOCUTEIHLHO KaKOW OCH MOMEHT MHEPIIUU Tejia
MUHHUMAaJIEH (MaKCUMaJIeH)?

5. [Tomyuute pacueTHyto GopMyITy IJisi MOMEHTA HHEPITUHU TUIOCKOM MPSMOYTOIBHOM IIACTUHBI OT-
HOCHUTEJIBHO OCH, MPOXO/IAIIEH Yepe3 LIEHTP MACC, U JIEKaIeH B IMIIOCKOCTH IJIACTUHBI.

6. [Tonyuure pacueTHyro GpopmMyIry 1JIsi MOMEHTA HHEPIIUH TJIACTHHBI B JOpME PaBHOCTOPOHHETO
TPEYroJIbHUKA OTHOCUTENILHO OCH, JIeXKAIIeH B TNIOCKOCTH IJIACTUHBI U MIPOXOJSIICH yepe3 O/IHY U3 €To
CTOPOH.

7. Kak Hy»KHO IPOBOJHTH SKCIIEPUMEHT B TAaHHOW paboTe, 9TOOBI pacyeTHbIEC (POPMYIIbI, KOTOPBIMH
BBI TI0JIb30BAJIMCH, OBLITH CIPABEIJIUBHI
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JlaGopaTtopnast pa6ota Ne 10
Onpenenenne ko3(ppuuueHTa TpeHNsI KAYCHUS

[lesib paGoThI: ONpeAeTUTh KOI(PPUIIMESHT TPEHHUS KaUCHHUS IUIMH/PA MO TUIOCKOCTHU IS Pa3IMUHBIX
nap METaJUIMYECKUX MOBEPXHOCTEH U OIPENEIUTh MOMEHT MHEPLMH CIOXKHOW CUCTEMBI METOJIOM KOJIe-
Oanuit

TeopeTnyeckue cBeieHUsI

PaccmoTpuM nWIIMHIP, MOKOSALUNACA HA TOPU30HTAIBHOM IIJIOCKO-
ctu (puc.l,a). Ha Hero neicTBYIOT 1B€ B3aMMHO YpaBHOBEIINBAIOLINE

cuiiel: cuia Tshkectd G =m@, rae M — Macca UWIMHAPA, U HOPMaJlb-
Hasg peakuus miockoctd N . Eciu nunuvap (Kojeco) KaTurcs 1o
| G 5 IIJIOCKOCTH, TO MOSIBJISIETCS] TpeHUE KaueHusl. MOXKHO BBIACIUTH Clie-
| NP JYIOIIKe MPUYMHBI €70 BOSHUKHOBEHUS. Y UIUHAP U MIIOCKOCTh MpU

KayeHnu aegopmupyrorcs. [Ipu 3ToM IpoUCXOAT MOTEpH MEXaHHYe-
Puc.1 CKOI1 SHepruu, cBsi3aHHbIE: a) ¢ pabOTOM, 3aTpayMBaeMoil Ha 00pa3o-
BaHue Bauka 4 1e)opMUPOBAHHOMN MJIOCKOCTH IMEpe]l KaTsamuMes MauHApoM (puc.1,0); 6) co cxatuem
IUIOCKOCTH TEpe] KaTALUMCS; B) ¢ IPEOJAO0JICHHEM MOCTHKOB CIEIICHUSI — TeX o0JacTell Ha MOBEPXHO-
CTH CONPUKOCHOBEHMS LWJIMHIpPA U IUIOCKOCTH, IJI€ M3-32 HEPOBHOCTH MOBEPXHOCTEHN CYLIECTBYIOT
HACTOJIBKO OOJIBIINE ABICHHS, YTO MEXY MOJEKYJIaMU LUIUHAPA U MIIOCKOCTH BO3HUKAIOT CHIIBI MEX-
MOJIEKYJIIPHOTO MIPUTSKEHUSI U OHM B 3TUX MECTaX "CUEIUISIOTCS" IPYT C APYTOM.

a 6

Zy Q%

Ot TPpHU IIPUYIUHBI IIPUBOJAT K TOMY, YTO TOYKA IIPUIIOKCHU A HOpM&J’IBHOfI pCaKnuu N CMCIIACTCA Ha
pacCToAHNC 8, B PE3YyJIbTAaTC BOBHUKACT MOMCHT CHJIbI PCAKIIHUHU, HaHpaBJ’IeHHBIfI 10 OCH BpalllCHUA, KOTO-
pad npoxXoAuT NECPpHCHAUKYIAPHO INIOCKOCTU PHUCYHKaA 1, u HpeHHTCTBYIOH_[I/Iﬁ Ka4YCHUIO IMHUJIMHAPA. Mo-
AYJb 3TOTO0O MOMCHTA

M, =N (1)
HOBTOMY Mk Ha3bIBAKOT MOMCHTOM COIIPOTUBJICHUS KAYCHUIO, a4 BCINYHUHY 6, YHUCJICHHO PAaBHYIO

CMELICHUIO TOYKH NPUJIOKEHUS PEAKLUHN IIJIOCKOCTH N — koa¢ppunmenToM TpeHus kauenus. Koapdu-

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

B pabote ncnonp3yroTcs 1Ba RKECTKO CKPEIJIEHHbIX HUIMHApPAa 4 U B ¢ HecOBHAJAIOIIMMU Mapaj-

— JenbHbIMU ocsiMUA. OHU MOTYT BpallaTtbCs Ha FOPU30HTAIBLHO PacIo-

A H JIOXKEHHBIX 00pa3max 1 pasinyHbIX METaLuIOB (pHC.2) BOKPYT OCH

unnuaapa 4 paauycom R. Ctpenka /[, mpukpenieHHas K WIMHIPY A,

¢bukcupyer Ha 1mKaie H 1MHeHHOe cMelleHre KOJIeOIoencs: cucTe-

MBI OT TOJIOXKEHHSI paBHOBecUd. [/] — MITBIPbKU JUIsl yaep>KaHus 00-

pasuos.
' Tak kak ocy HHIIMHAPOB A U B HE COBMAAAIOT, TO UEHTP MacC CH-
Puc.2 crembl C HaxoauTcsi Ha JuHUU AB Ha pacctosuun CA=1 ot ocu 1u-

nusapa A (puc.3). MomeHT cuitbl Tshkectd Mg =mglsing crpemur-
Csl BEpHYTh CHCTEMY B MOJIOKEHHE PABHOBECHSI M MPH MaJbIX yriiaX moBopota ¢ (SiN@ ~ ¢ ) mpornopuuo-

HaJIEH CMELICHUIO U3 MOJIOKEHMSI PABHOBECHS (9. DTO ABIIETCS YCIOBUEM I'apMoO-
HUYECKUX KOJICOAHUH, KOTOpbIe OyAeT COBEpPIIATh CUCTEMA OTHOCUTENIBHO TOJI0-

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

W3-3a neiicTBUS TUCCUTIATUBHBIX CUJI TPEHHs KoJeOaHusl CUCTeMBbl OYAyT 3a-
TyXath. OnpeaenuM ypaBHEHUE 3TUX KOJICOaHWN. 3anuiineM ypaBHECHUE TUHAMH-
KM BpallaTCJIbHOI'0 ABUKCHUA CUCTCMbI OTHOCUTCIILHO MTHOBEHHOU OCH Bpalnic-

HUS, IPOXOJISINEH Yepe3 TOUKY S KacaHus IMIIMHAPA 4 ¢ TUIOCKOCTBIO TIepIICH U~
KYJSIPHO IJIOCKOCTH pUCyHKa 3. KpoMe MOMEHTa Cuilbl TSDKECTU JEMCTBYET MO-
mg MEHT COTIPOTHUBIICHUS KaueHuto Ha muiuHap (1). Benmnunna kosdduimenta tpe-
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HUSL KaueHWs MPOIMOPIMOHATbHA cKopocTH V KaTsierocst 0e3 mpockaib3siBanus mwmuHapa 4. Ecnu
y4ECTh CBSI3b JIMHEWHOI U yriioBoit ckopoctH mumaapa: V = R(de/dt), to

5-kv =kr 32 )
dt

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

TOFI[a YPaBHCHUEC TUHAMUKHU UMCCT BU
2
d . d
J —;p:—mglsm (p—mgkR—(p (3)
dt dt
rae J — MOMEHT HHEPIIMU CUCTEMbl OTHOCHTEIIbHO MTHOBEHHOW OCH BpallleHus S; 3HAaKH B ypaBHEHUU (3)
IOKAa3bIBAKOT, YTO MOMCHTEI CUJI ITPCIIATCTBYIOT YBCIIMUCHUIO YIJIa OTKIIOHCHHS .

[pu Manbx yraax ¢ (Sing ~ @) 3T0 ypaBHEHHE aHAJTOTUYHO JHHAMHYECKOMY YPaBHEHHIO 3aTyXak0-

IUX KOJICOAHUIA:

d 2(P do
—+2—+w;0=0, 4
o2 g + @00 (4)
mgkR

rae =—, 5
p="% ©
w3 =" ©)

J
[ToaTOMy yroJ1 OTKJIIOHEHHS CTPENKHU /[ OT MOJ0KEHUS PABHOBECHSI U3MEHSETCS IO 3aKOHY

o=0,e " cosnt, 7)

rie o= cog —p% - (8)

YaCTOTa 3aTyXaromux KOHe6aHHﬁ; Qg — Yroj OTKJIOHE€HHUA CTPEJIKU B HadyaJIbHBII MOMEHT BPEMCHU. Ko-

7e0IToIIascst TAKUM 00pa3oM CHCTeMa SBIISIETCS Pa3HOBUIHOCTHIO (PU3MUECKOTO MasiTHHKA.
CosepiuB N modHbIX Konebanuii 3a Bpemst t = NT (T — mepuox konedaHwit), CTpenka OTKIOHUTCS Ha
yroi @n (¢n < @o). Tak Kak JHHEHHOE CMEIIeHHE & CTPEJIKH /] BIOJb Kbl H MPOMOPIHUOHAIBHO YTy

- 1, a
IIOBOPOTA CTPeNKH ¢, To U3 (7) cnenyer, uto @,/ ¢, =a,/a, =¢€ pnT OTKyJla TOMy4YuM [} = e In—=.
nT a,
1, a,
Benuunny 0==In—=2 9)
n a,

HA3bIBAIOT JIOTAPU(PMHUUYECKIM JICKPEMEHTOM 3aTyXaHus,
0
CJIeIOBATEIHLHO B= T (20)

[Moacrasnss Beipaxkenus (6) u (10) B hopmyity (8) u yuntsiBasi, uto =21/ T , Haxoaum Gopmyy
JUISL OTIpeIeNIeHUs] MOMEHTa UHEPIIMH J CHCTEMbl OTHOCUTENILHO MIHOBEHHOM OCH BpallleHus S:

mglIT 2
= 11
4n’ + 62 (1)
U3 dhopmyn (5), (10) u (11) onpenenum BeipakeHue st K:
_ ZI;I'G ' (12)
R(4n* +67)
B nannoil paboTe MOXKHO JUIIb MPUOIMKEHHO OLEHUTh KO3(PUIIMEHT TpeHus kaueHus. Jns storo
Bocnosib3yemcs hopmyisiamu (2) u (7). Halinem nmpousBogHyo C(Ij_;p :
(jj—f[p = @, (—pe "' cos ot — we P sin wt)
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MakcuMasbHas CKOpOCTh ABMKEHMsI LIEHTpa LUWIMHApPA A TOCTUTaeTcsl IPU HYJEBOM YIJIe OTKJIOHE-
HUSL (. DTO yCJIOBHE BBINOJHsAETCS, Korna CoSmt =0 (sinwt =1). /Iy ynpouieHus: BEIYUCICHUI MOXHO

nonoxuts e "t x1 (amImuTy @ C1ab0 YMEHBIIASTCS 32 BPEMsl IIEPBOTO KOJICOAHMS).

d
Torna L (OO
dt
TakxuMm 00pa3oM, MaKCUMAaJIbHYIO CKOPOCTh KaueHUS IIIMHPA, a TAKXKE OICHKY JUTsl Koddduimenrta

TPEHUS KQUCHUsI MOYKHO OITHUCATh CIEAYIOIICH popMyoi

d . 21

5=KV =kR—2 ~ kR¢,m ~ kR -arcsin & |z
dt |AD|+R | T

HO,I[ OUJIIMHAP A MMOAKJIAaAbIBAIOT INNIOCKHUE INNTACTHHKH M3 PA3JIMYHOr0 Marepuhallia, 4TO ITO3BOJIACT

OTpeneNuTh KOAPPHUIUEHTH! TPEHUS LIJIUHAPA Ul pa3IMYHbIX Map (UWIMHAP-TUTACTUHKA) U CPABHUTH
[IOJIyYCHHBIC PE3YJIbTaThI.

(13)

3aKoH coXpaHeHHs MOJIHOI MeXaHN4eCKOH Hepruu.

[TosHas MexaHM4YecKass SHEPIUsl KOHCEPBATUBHON CUCTEMBI, HaXOIALIEHCS B CTAlHOHAPHOM IIOTEH-
LUAJIBHOM I10J1€, TOCTOsIHHA. Eciu paboTa cuil CTallMOHApHOIO MOJIsl HaJ YacTULEH HE 3aBUCUT OT ITyTH,
IIPOMJEHHOIO YaCTULEH, @ 3aBUCUT TOJIBKO OT HAYAJILHOI'O M KOHEYHOI'O MOJIOKEHHS YaCTHULIBI, TO TaKHUE
CHJIbI HAa3bIBAOTCA KOHCCPBATUBHBIMU, a I10JIC IOTCHIIUAJIbHBIM.

3aK0H M3MEHEHHUs MeXaHUYeCKOM JHEePIruu.
[Ipupamienre MexaHMUECKON 3HEPTUU YaCTULIBI PABHO pabOTE HEKOHCEPBATUBHBIX CHUIL.

O0beKTHI HCCJIeI0BaHNS, 000PyI0BAHHE
MaccuBHbBINM HWIMHIP, HA0OP MJIACTHHOK U3 PA3IMYHBIX METAJIIIOB, CEKYHIOMED.
IHopsaoK BbINOJHEHNS PA0OTHI
1. ITocTaBuTh KONEOATETHLHYIO CUCTEMY HAa METAJUIMUECKHUE IJIACTUHKHU U3 OJHOTO METajljla Tak, YTo-
OBl OHA HE Kacaiach CTEHOK MPOPE3H, a CTPeKa MOKa3bIBasia HYIb.
2. 3aaTh HavaJlbHOE OTKJIOHEHHE (aMmmuTyay) a8y = 40 mm. Onpenenuts Bpems t a1 N MOJHBIX KO-

nebanuii (n=10), aMmmutTyny @, N-ro KojebaHHs U BeNWYuHY nepuosa mo ¢opmyne T=t/n. IloBroputs
u3MepeHus 5 pa3. HauanpHas amiuintyaa @, JODKHA OBITh OJMHAKOBOU. /laHHBIE M3MEpPEHMsI 3aHECTU B
Ta0J1.1 ¥ BBIYKUCIUTH CPEAHNUE 3HAYCHUS <an> u <T> .

3. M3mepeHuss MOBTOPUTH Ui TJIACTMHOK W3 JBYX APYTMX METANJIOB M JaHHBIC TaKKe 3aHECTH B
Tadi.1.

4. TloacraBmnsis cpeiHUE 3HAYCHUS <an> u <T> B hopmynel (9), (11), (12) u (13), onpenenuts Jiora-

pudMuUecKii TeKpeMeHT 3aryxaHus 6, MOMEHT uHepiHu J, KodQUIMEHT TpomopIHOHaTbHOCTH K 1
K03 UIMEHT TPEHUS KaueHUs O I KaXI0W mapbl METaioB (IMJIMHIP-TIaCTHHKA). 3HaueHus M, | u R
JTaHbl HA YCTaHOBKE.

5. CpaBHHTb MOJIyYE€HHBIE B TPEX OIBITaX 3HAYEHHS MOMEHTA MHEPIHUH J, BHIYUCIUTH €r0 CpeaHee
3HadyeHue < J >. Bce naHHbIe 3aHeCTH B Ta0m.2.

Tabmuna 1
m=... kr,R=... m, | =... M, |AD|=... M, 85 =... M.
Ha3Banue matepuaia
1. 2.
t, |n|T, a,, [t [n|T, [a,, [t |n|T, |a,,
C C C C M C C M
(M= ()= [ {T)= ()= (T)= (a)=
Tabmumna 2
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1. 2 3.
01 J, ki, |62 J, ke, |63 J, ks,
KI-M? C KI-M2 C KI*M c
01, M 02, M 03, M
<J>=..ll KI-M?

Conep:xanue oTyera

3anonHeHHbie Tadauue! 1 u 2.

KoHTpoJibHbIE BOPOCHI
1. KakoB MexaH1U3M BO3HHUKHOBEHHUS MOMEHTA CHUJI TPCHUA KayeHus?
2. KakoB ¢uzuueckuii cMbici kodduimenTa TpeHus kaueHus? B uem npuynHa 3aTyxaHus koneda-

HUI CUCTEMBI?

3. Uemy paBeH MOMEHT CHJI COITPOTHBIICHHSI KQUCHHIO, KaK OH HAIPaBJICH?

4. KOI‘I[& COXPAHACTCA U KOr'la UBMCHACTCA IMOJIHAA MEXaHUYCCKas SHCPTHUA CUCTEMBI?

5. Uto Takoe norapuMUYECKUi IEKPEMEHT 3aTyXaHus?

6. UTo Takoe JMHAMUYECKOE YPaBHCHUE 3aTyXalOMUX KoJeOanmii?

7. BeiBeaute pacueTHbie (OpMyIIbI A7 onpeaencHus moMmenTa uaepiuu J (11) u koapdunuenta K

(12).

Cnucok ucnoJib30BAHHBIX HCTOYHUKOB
1. CaBenweB U.B. Kypc o6meit ¢pusuku. T.1. Mexanuka. MonekymnsipHas ¢usuka. - CI10.: Jlans,

2008. — 352 c.- rn. 111, §21, 24, rn.VII, §53, 54
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JlaGopaTtopnas pabora Nell
OnpeneneHue CUIbI TPEHUS CKOJIbKEHHUS

Ileab paGoThl: 3KCIEPUMEHTAIIBHO ONPEAEIUTh CUIIy TPEHUS CKOJIbKEHUS, UCIOJb3Ysl 3aKOHBI CO-

XpaHEHMs UMITYJIbCa U U3MEHEHUS MEXaHUUYECKON SHEPIuu.
Teopernyeckue cBeleHUs!

Ha mo60e nBrxkyIieecs Tea0 AEHCTBYIOT CHIIbI TPEHUS.

BremHuM (CyXuM) TpeHMEM Ha3bIBAlOT SBJICHUE, 3aKJIIOYAIONIEECs B BOSHMKHOBEHHMH KacaTEJIbHBIX
CHJI, MPEMSITCTBYIOIUX OTHOCUTEIBHOMY MEPEMELICHUIO TeJl, B MEeCTe KOHTakTa 3Tux Tei. Ecim tena
HEIOJIBUYKHBI APYT OTHOCUTEIBHO JPYyra, TO TOBOPAT O TPEHUU IOKOS; IPU UX OTHOCUTEIBLHOM IIEpeMe-
IIEHUU TOBOPSIT O TPEHUH CKOJIbKEHMSL.

I'"AmonTon u II.KyJioH ycTaHOBWIM ONBITHBIM IIyTEM 3aKOH CTaTHueckoro TpeHus: llpenenbHoe
3HA4YEHUE CHJIbl CTATMYECKOI'O TPEHUS IPSMO MPONOPLUOHAIBHO 3HAUEHHIO CHJIbl HOPMAJILHOTO JaBile-
HUS Tella Ha OIopy, T.€.

Fop=1'N; (1)

rae p* — KodQPHUIHUEHT CTaTHYECKOT0 TPEHHS; [W* 3aBUCHT OT MaTepHajia U COCTOSHUS TIOBEPXHOCTH
COIPUKACAIOLIUXCS TeJl.

st TpeHust ckolibkeHust 3akoH AMoHTOHa-Kyiona 3anuceiBaercs anamorudso (1):

Fp =HN (2)

rae | — KO3 GUIUEHT TPEHUS CKOJIbKEHUSI.

[Ipu manbIx ckopocTsAx Ha MayioM uHTepBasie OA cuia TpeHus npudiu-

™ KEHHO IIOCTOSIHHA, 3aTE€M YMEHBIIAETCs, JTOCTUraeT MMHMMyMa M HauMHaeT

- Bozpacrath (puc.l). Ctporoii Teopuu CWJI TPEHHUs €lle HET, HO MOXXHO JaTb
| crienytoiiee 00bSICHEHNE BOZHUKHOBEHHUIO CUJT TPCHHSI.

| Ha noBepxHOCTAX Tena ¥ MOBEPXHOCTH UMEIOTCSI OTJENBHBIE BBICTYIIBL, 32

B KOTOpbI€ OHHU LerstoTcs. [Ipy 3anenieHu uX CyIIeCTBEHHYIO pOJib UTParOT

O 4 V CWJIBI MOJIEKYJIIDHOTO NpUTsKeHUs. CONPUKOCHOBEHHE TEN INPOMCXOIUT B

Puc.1 JEHCTBUTENBHOCTH Ha OT/EIbHBIX yuacTKax. Mx oOias mioma b 3HauuTeIbHO

MEHBIIIE BUIMMOMN IJIOIANANA CONPUKOCHOBEHM. Ha 3TUX yyacTkax co3garoTcs

BBICOKME MECTHBIE [aBJIEHHUS, KOTOPbIE BBI3bIBAIOT JAe(pOopMalli MOBEPXHOCTHOIO CJIOS U B3aUMHOE

BHEJ]PEHUE OTJENbHBIX MUKPOYACTEH TEll.

[Ipu nelicTBUU CUJl TPEHMS CKOJIBXKEHHS BCErJa MPOUCXOAMUT MPEBPALICHHNE MEXaHUUYECKON YHEPrUuu
BO BHYTPEHHIOIO, B pe3yJIbTare Teja HarpeBaroTca. Cuily TpeHMsI IO3TOMY HAa3bIBAIOT AMCCHUIIATHBHOM.
Pabota cuibl TpeHus 1o Jr000My MyTH 00bIMHO oTpHIaTenbHast (Amp < 0).

Jlns onpeneneHust CUIIbl TPEHUS CKOJIbKEHHs B JIaHHOW paboTe MPUMEHHMBI 3aKOHBI COXpaHEHMs

HMITyJIbCa U U3MEHEHHUs MEXaHUYECKOW PHEpPIuu MpU He-

g U YOPYrOM COyAAapeHUu Myiu ¢ HuiuHapoM. Ilpu BeicTpene

| u3 NpyXMHHOTO nucroineta 11 myns nmonamaer B mWIMHAD

J L0, nepememasce ¢ HuM 1o Hampasisomeid H (puc.2). Ilo

LIKaje JUHEHKH JI onpenenseTcs: BeMunHa epeMeIeHus

7 UWIMHJpA ¢ MyJied Npu AeHCTBUU CHIIBI TPEHHS CKOJIbXKE-
P p HHS B MECTE KOHTAKTA LIJIMHPA C HAITPaBJIAIONIEH.

Paccemorpum cucremy "nmyns-nunueap". B Hanpasite-

, HUU BBICTpeENa (OCh X) COXpaHSETCsS MPOEKLMS MMITyJIbCa
3TOU CUCTEMBI, T.€.
mVy = (Mg +m;)U ©)

I7Ie M1 U M2 — Macchl MyJIU ¥ IWINHIPA COOTBETCTBEHHO; Vx 1 Ux — IpoeKLuu CKOpocTel MyJu 10 yaapa
U CUCTEMBI 110CJIE Yapa IyJI COOTBETCTBEHHO.

Ha cucremy "mynsa-munHap" mocnie ynapa AEMCTBYET CHJIa TPEHUS CKOJBXKEHMS. YUMTBHIBas, YTO
NOTEHIUAJIbHAs YHEPTUsl STOW CHCTEMBbl HE M3MEHSETCs, IPUMEHSEM 3aKOH M3MEHEHHUs MEXaHU4eCKOH
SHEPIrUH:

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

rae Frpl — abcomoTHOE 3HaYCHNE paOOTHI CHIIBI TPEHUS CKOJIBKEHUS MPH MEPEMEIICHUH [IMIMH/PA C ITY-
Jeii Ha paccrostaue |
AHAJIOTUYHO UMEEM ISl CUCTEMBI ""TIPyKUHA-3aTBOP-TTyJis'":

kx®  (my+mp)V?2
2 2
riae kK — koadduiment ynpyrocts; x — aedopmaiius mpy>KuHbl; M3 — Macca 3aTBopa (3aTBOpP OCTACTCs B
ctBOJe); F'rp — abcomoTHOE 3HaUeHHEe PA0OTHI CUIIBI TPEHHUSI PU IIEPEMEIICHUH 3aTBOpPa € MyJiel B CTBO-
Jie Ha TyTH X (BBUY €€ MAJIOCTH MPUHUMAEM PAaBHOU HYIIIO).
U3 (3), (4) u (5) momyyaem
kx®m? 1
2(my +m,)(my +m)
[Mpumeuanue. Benuunusr K, My, M2 yka3aHbl Ha YCTAHOBKE;
a Tak kak M3 = 0, To hopmyiy (6) MOXKHO YIIPOCTUTH
km, 1

" amem) 1 Y

=F_x, (5)

3aKoH coXpaHeHHs MOJHOI MeXaHN4eCKOH JHepruu
Tlonnas mexanuueckas IHEPCUA KOHC@pSClmu6HOZZ cucmemal, HCIXOd}ZZ/b;eﬁC}Z 6 CMmayuoOHapHoOM NOMeEr-
YUanbHOM nojie, NOCMOAHHA:

K+U,;+U = const

rne Ucos — COOCTBEHHAs MOTEHIAIbHAS SHEPIHUsl CUCTEMbl — 3TO SHEPTHsl B3aUMOJEHCTBHS JAPYT C ApY-
oM BceX YacTull cucteMbl. OHa 3aBHCUT OT B3aUMHOIO PACIIOJIOKEHUS 4acTULl CUCTEMBI; Ugyer, — BHELI-
Hsis IIOTEHLHAIbHAS JHEPIUs CUCTEMBI — 3TO CyMMa MOTECHIUAIbHBIX YHEPIUN BCEX €€ YaCTHULl, HaXOld-
IIMXCS BO BHEIIHEM CTAllMOHAPHOM MOTEHUHUAIbHOM Moiie; K — KuHeTHueckas dHeprus CUCTEMbI — 3TO
CyMMa KHHETHYECKUX DHEPIUM COCTABIAIOIINX €€ YACTHLI.

Ecnu paGoTa cuin cTaliMOHapHOTO MOJIS HaJ YaCTHIIEH HE 3aBUCUT OT IIyTH, IPONHAEHHOI0 YacTULIEH, a
3aBUCUT TOJIBKO OT HaYaJIbHOI'O U KOHEYHOI'O MOJIOKEHUS YaCTULIBI, TO TAKUE CUJIbI HA3BIBAIOTCS KOHCEp-
6AMUBHBIMU, A TIOTIE NOMEHYUATLHBIM.

3aKOH N3MEHEHUs] MEeXaHU4eCKOH JHePIruH.
Ipupawenue mexanuyeckot sHep2uu Yacmuybl pasHo pabome HeKOHCEPEAMUBHBIX CUIL.
3aKO0H COXpaHeHHs MMITYJIbCA

3amxHymoii cucmemou Ha3bIBa€TCsl CUCTEMA, HAa KOTOPYIO HE AEUCTBYIOT HUKAKHE BHELIHHUE Teja
(unu MX B3aMMOJICHCTBIEM MOYKHO TIPeHEOpeyb ).

Hmnynvc cucmemvl yacmuy ocmaemcsi NOCMOAHHbIM, M.e. He MEHAEMCs CO 8peMeHeM, eCiu Cucmema
3aMKHYMA UTU CYMMA 8CeX 6HEUHUX CUT, OeUCMEYIOWUX HA YACMUYbL SO CUCEMbL, PAGHA HYIO!

p=>_ P(t) =const

VY HEe3aMKHYTOH CHCTEMBI MOKET COXPAHATHCSA He MMILYJILC [, 2 ero NpoeKuMs Px Ha HalpaBJieHUE

8Hew

X, €CIIU Pe3yJIbTUPYIOIasi MPOCKIUNA BCEX BHEIIHUX CHJI HAa 3TO HAPABJICHUE PABHA HYIIIO.

3aKoH U3MeHeHUsI UMITYJIbCA.
IIpoussoonas umnynvca no 8pemMeHu 0Ka3bl8aemcs pAeHOll 8eKMOPHOU CyMMe 8cex BHEeUHUX CUll (6eK-
MOPHAS CYMMA 8CeX HYMPEHHUX CUT PABHA HYII0), 0elCMEYIOWUX HA YACMULYbL CUCEMbl

dp/dt = Z Foon

O0BbeKTHbI HecIeI0BaAHNA, 000PyI0BaHUE
[IpyXUHHBINA MUCTOJIET, MYJIU, yCTAHOBKA C TOABUKHBIM LIMJIMHAPOM U JIMHEHKOU JIJI1 U3MEPEHUS
CMEUIEHUS MOJABUKHBIX YaCTeH yCTaHOBKH.
PaGouee 3aganue
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[Tomry4nTh 3HaYEHUS CUIIBI TPEHUST U KO3(PPUIIMEHTA TPEHHUS.
IHopsiiok BbINOJIHEHHS PA0OTHI

1. OtBectn 3aTBOp 3 mucrosiera I1 B kpaitHee mojoxxenune (PUKCUpOBaHUE €TI0 MIPOUCXOAUT aBTOMA-
Tudecku). CMelleHne 3aTBOpa COOTBETCTBYET CHKATUIO X MPY>KUHBI. [[oMECTUTH IyIIt0 B CTBOJI MPYKUH-
HOT'O ITUCTOJIETA.

2. llepemectuts nuiuuap Ll B cTOpoHy cTBOMA MUCTOJETA A0 yHOpa.

3. HaxxatueMm cBepxy BHU3 Ha ciiyck C npousBectd BeicTpell. [1o mkane nuneiiku JI onpeneauTs mne-
pemernieHue | numHApa ¢ mynei.

4. OnbIT IOBTOPHUTH 5 pa3, HalTH cpeaHee 3HayeHue < | >.

5. Boraucnutb < Frp >, moncraisist | =< | > B (7). Pe3ynbraThl ©3MepeHUi U BRIYMCIICHHUI 3aITHCaTh B
Tabn.l u 2.

Tabmuna 1.

L m

Tao0mnuua 2.

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

Conep:xanue oT4yera
3anonHeHHble Ta0IUIE! 1 1 2.

KonTposbHbie BONpochl

1. ChopmynupoBats 3akoH AMOHTOHa-KyoHa.

2. ChopmynupoBaTh 3aKOH COXPAHEHUS U U3MEHEHUS UMITYJIbCa.

3. B kakux ClIy4dasax MOXXHO IMPUMCHATH 3aKOH COXPaHCHHA MMITYJIbCa JJIsI HE3AMKHYTBIX cucrem?

4. BriBecTu pacueTHyI0 (hOopMyITy AJis OMpeIeNieHUs] CHUIIBI TPEHUS CKOJIbKEHUSI.

5. ChopmynupoBaTh 3aKOH COXPAaHEHUS U U3MEHEHHUS MEXaHUYECKON YHEPTUH.

6. OnpenenuThb MyTh, MPOXOJUMBIN TEJIOM 10 OCTAHOBKH, €CITU 3aJaHbl HadajabHas ckopocTh U, Tena
nocJie yaapa u KodpPuimeHT TpeHus ( Tela O MOBEPXHOCTD.

CHHCcoK HCI0/b30BAHHBIX HCTOYHHKOB

1. CasenweB U.B. Kypc o6meit puzuku. T.1. Mexanuka. MonekymspHas ¢usuka. - CI16.: Jlans, 2008. —
352 c.-tnll, §15, 20-22, 24, 27
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JlaGopaTtopnas pabota Ne 12
OmnpeneneHue ycKOpeHUsi CBOOOIHOTO NMaJieHUsl
C MOMOIIBI0O (PU3UYECKOT0 MAITHUKA

[leab padoOThI: SKCIIEPUMEHTAIILHO OMPEICIUTh YCKOPEHUE CBOOOIHOTO MaIeHUs C TIOMOIIbIO PHU3u-
YECKOT0 MasTHHUKA.
TeopeTnyeckue cBeieHUsI
Mamemamuyeckum MasTHUKOM Ha3bIBacTCS MaTepHUaIbHAs TOYKA, ITOBEIICH-
Hasi Ha HEBECOMOW M HEepacTSHKUMON HUTU. Dusuueckum MasmuuKkom Ha3bIBaeTCs
m000€ TBEPIOe TENO, CIIOCOOHOE COBEpIIATh KOJCOAHUS MO JCHCTBUEM CHIIBI TsI-

‘od ’KECTH BOKPYT HEIMOBM)KHOM TOPH30HTAIBHOM OCH, mpoxossiiieii yepe3 Touky O,
- TS JIeXKAIIyIo Bblle ero neHrpa macc C.
mg OTKJIOHMM MasTHHK U3 TIOJ0KCHUSI PABHOBECHS Ha HeKOTOE)LIﬁ yroi @ (puc.1)
¥ OTIyCcTHM. Bo3HHKaeT Bpamaronmii MOMeHT cuiibl Tsokectd M =[d, mg], mpoek-
Puc. 1 1Msl KOTOPOTO Ha 0Ch Z paBHa M, =—mgd sin @, rae m — macca tena; d — paccros-

HHUE OT OCH BpameHus Z 10 1entpa macc C. 3Hak MUHYC BBIpaxaeT TOT (hakT, YT0 MOMEHT M; CTpeMHUTCS
YMEHBIIUTHG yroi ¢. Ilpy Mambplx KoieOaHHWAX Yroil (¢ MaJll U MOXKHO IOJOXHUTH SINQ= @, IMOITOMY
2

M, =—-mgh-o. Ilpumensss ypaBHEHHE AWHAMHUKH BpallaTelIbHOTO IBIKEHUs M, =J d_;p , TIOJly4MM
t

2

nuddepeHIraIbHOe YpaBHEHNE TAPMOHHYECKUX KoleOaHuid (pU3ruecKkoro MasiTHuKa: J - d_ =-mgd - ¢
t
o mgd . .
HNJIn d—2+T(p=0 CpaBHI/IBaﬂ 29TO ypaBHCHI/Ie C ypaBHeHI/IeM KOJ'IC6aHI/II/I MaTepI/IaJ'IBHOI/I TOUYKHU

d?x
d—+ooox 0 MOXHO HalTH COOCTBEHHYIO YaCTOTY KoJeOaHUH (pU3NUECKOT0 MAasATHUKA M, = 4/ mgd /J
t

HJIN BBIPA3UTH ICPUO/]

T—E—Z f 2n\/7 (1)
mgd

rIe I=J/md —
npuBeIeHHAs ATMHA GU3NYECKOTO MaITHHUKA (szuHa HUMU MAMeMamu4ecko20 MAassmHuKa ¢ Mmakum Jice
nepuoooOM, 4mo u y puzuiecKozo).

A B nannoit pabote Gpu3nueckuil MasTHUK MPEACTABISAET cO00M MeTaInuecKui
-2 CTepXKEeHb, B IIEHTPE KOTOPOTO KECTKO 3aKpeIUIeH MacCUBHBIM rpy3 (puc.2). Ha
dy ||y BEPXHEH IOJIOBUHE CTEP>KHSA HAXOAUTCS MPU3MA, KOTOPYIO MOKHO IIEPEMEILATh U

3aKpETUISITh B BEIOPAHHOM TOJIOKEHUH. JKCTIIEPUMEHTAIBHO YCTAHABIIMBACTCS 3a-
BHUCHUMOCTb Tepro/ia KoJeOaHuii MassTHUKA OT PACCTOSIHUS MEXIYy pedpom A mpus-
I MbI 1 ieHTpoM Macc C. Bua rpaduka npuBeneH Ha puc.3.

1 Jl7is TpOM3BOJBHOTO 3HAYEHHS TMepuoja T mpsMas, mapaiienbHas ocu adc-
LHCC, JAeT JABE TOYKHM nepecedeHus ¢ KpuBou: 1 m 2. To ects,
pacnonarast peOpo mpu3Mbl B TOUKe 1, HaXoAselcss Ha paccTosi-
uuu d1 ot C, a 3areM B TOYKe 2, HAXOAAMIEHCA Ha paccTossHuM d2
ot C, momy4YuM OJMHAKOBBIE 3HAYCHHS TIEpUOAa KOoJIeOaHU MasT-
Huka: T1=T>=T. Torma Ha ocHoBanuu (1) u (2) mosydaem, 4TO
NpUBEJCHHAs JUTHMHA |1 OTHOCHTENbHO TOYKM 1 paBHA MPHUBEICH-
HOU mmHe |» MagTHUKA OTHOCUTENIBHO TOUKH 2.

d

b

@)

Hcnons3ys Beipakenue (2), uMeem
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J J

[=—"L =22 (3)
md, md,
ITo Teopeme IlTelinepa
2 2
rae Jo — MOMEHT MHEPLMH OTHOCUTENILHO TOPU30HTAIIbHON OCH, poxozsieil uepes neHtp macc C u
napauIeIbHOM OCH KOJeOaHU MasTHUKA.
Tepema LlTeiinepa
MoMeHT nHepuuu Tesna J OTHOCUTENBHO MPOU3BOJIBHOW OCH A paBeH MOMEHTY MHEpLUUH Jc 3TOro

TEJIa OTHOCHUTENIBHO OCH, NapaJuleJIbHON JaHHOI U nmpoxojasuieil yepe3 neHTp Mmace C, ClI0KEHHOMY C
IPOM3BEACHNEM MacChl Tela M Ha KBaapaT paccrosiaus d mexay ocsimu:  J, =Jc + mdz2

[Toncrasnss (4) B (3), uckirovast Je U cokpaiast Ha M, Moxy4yaem

l=d; +d, (5)
TakuMm 006pazoM, UMesl SKCIIEPUMEHTAIbHYIO KPUBYIO (CM.pHc.3) As no0oro 3HaueHus: T u mpoBes ro-
PHU30OHTAIBHYIO MpsiMyI0, 110 Gopmysie (5) ompenenum |. Torma u3 (1) Haligem yckopeHHe CBOOOIHOTO

Ar?|
=— (6)
2
T
Ha mipsimoit, coenunstomiei Touky mozaseca A ¢ rieaTpoM macc C Ha paccrosauu | (T.e. Ha paccros-
HUU, PaBHOM NPUBEIECHHON JUTMHE (PU3NUECKOr0 MasiTHUKA) OT 2, HAXOAUTCS TOo4YKa 3. DTa TOuKa Ha3bIBa-
€TCs IEHTPOM KadaHus. Eciu nepeBepHyTh MasTHHK U OCh KoJieOaHHsS OyJeT MPOXOIUTh Yepe3 TOUKY 3,
TO TMepuoJ ero kojaedbanuit He u3MeHuTcs. Touku 2 U 3 Ha3bIBAIOTCS COMPSIKEHHbIMHU (cM. puc.2). Takxe
OyIlyT CONPSKEHHBIMU TOUKH | 1 4.

naacHus

O0beKThbI Hcc/IeI0BaHusA, 000pyI0BaHUE
OmnopHas npu3Ma, cTep>KeHb, CEKyHIOMED.
Pabouee 3aganue
Haiitu 3HaueHne yckopeHust CBOOOIHOTO MaAeHuUsI.
Iopsiiok BbINOJIHEHUS PA0OTHI
A 1. OnopHyo Npu3My YKpenHuTh Ha KOHLIE CTEpXHs Tak, 4ToObl ee pedpo A ObulO Ha
ypOBHE OsnkKaiiiieil pucky CTepkKHs, KaK MOKa3aHo Ha puc.4.
2. U3mepuTthb paccrosiaue d ot pedpa mpusmbl 10 neHTpa Macc C cTepxkHs (Ha BepXHei

MOJIOBHHE CTEPXKHS yKa3aHbl 3HAaUeHHS pucok uepe3 10 cm ot nentpa C).

3. PeOpoM omopHO#H MpuU3Mbl YCTAHOBUTH MAasiTHUK Ha MOJCTABKY MOCPEIUHE MPOPE3H
— MEPIEeHIUKYIISIPHO €i U OTKJIOHUTH Ha yroJ 4° (KOCHUTECh TPY30M CTEHBI).

4. CekynnomepoM u3Meputh Bpems ti monHbix Ny = 10 konebaHuii (HAYMHATH OTCYET
BPEMEHU TIPU TMPOXOXKICHHUH MAasSTHUKOM JIFOOOTO KpaiHEro MOJIOXKeHWs). BrraucauTh me-
puox xonebanuii Ti = ti/ny.

5. Tak xe onpenenuTs BEIWYUHY Mepuo/ia, MepeMelias Kaxablii pa3 OMOpHYIO MPU3MY
Ha TPU CAHTHUMETPOB K LEHTpPY cTepkHs. [lomyunTs 3HaueHus 15 nepmuoaos.

Puc. 4 6. ITo moy4eHHBIM JaHHBIM TIOCTPOUTH I'padUK 3aBUCUMOCTH TIeproia Koedanuit T ot
paccrosiaus d (puc. 3).

7. s npoU3BOJILHOTO 3HAUYEHUS Meproja T IPOBECTH MPAMYIO, apajuleIbHyI0 ocu abcuuce, Ko-

TOpasi JacT J[BE TOYKH IepecedeHust ¢ KpuBoit: di u d2. d; +d, =1 — mpuBeneHHast JuIMHa MasTHUKA ITPU

s LTI 111

9TOM MepHoJie KoIeOaHHH.

8. ITo popmyie (6) onpeneauTs yCKOPEHHE CBOOOIHOTO MaICHHSI.

9. AHanmoru4HO MOACYMTATH Ji €IIe YeThIpe pasa, Oepst Apyrue 3Ha4eHUs |i U ONpeNessisi COOTBET-
cTBytomiue um .

10. Haiitu cpennee 3HaueHue < g >.
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pesynbrata Ag =S/ Jn.

12. JlanHbIe U3MEpEHUN 1 BRIYHCICHUH 3aHeCTH B Ta0I. 1-2.

11. CniyqaifHble OTKJIOHEHHS Ka)KI0TO U3MEPEHUS YCKOPEHHS CBOOOTHOTO TaJACHUS ONPEIETUTh 110

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

d, m
tc
T,c
Ti,c | di, M | d2, M | O, (Agi)z, <g>|S, Ag,
M/c Mm/c? m/c m/c

Conep:kanue oTyera

Tabnuua 1.

Ta0muua 2.

3anosHeHHble Ta0auIbl 1 1 2. 3HaueHne yCKOPEHHs CBOOOTHOTO MaJACHUS, 3alIMCaHHOE B BUJIC
g =(<g>=*Ag), m/c?.

KoHnTpoJibHbIE BOpOCHI
1. JlaliTe onpeseneHne MaTeMaTUYECKOr0 U (PU3HMUECKOro MasiTHUKA.
2.BreBenute Gopmyity nepuoaa KoyebaHui (PU3NIECKOro MasiTHUKA.

3. Uro Takoe npuBeaeHHas JuyinHa? Kak oHa cBsi3aHa ¢ MOMEHTOM MHEPLUU (PU3UYECKOr0 MasiTHUKA?
4. Yrto Takoe conpsyKeHHbIE TOUKU?

5. Chopmynupyiite Teopemy LlTeiinepa.

6. [llap u auCK ¢ OIMHAKOBBIMH PaIUyCcaMu U MacCaMu COBEPIIAIOT KOJIEOaHHUsI OTHOCUTEIHLHO TOPU30H-
TaTbHOW OCH, IPOXOJIIIEH MO KacaTeIbHOU K MOBEPXHOCTH. PaBHBI M 4acTOTHI MX KojaeOaHui?

CHHCcoK HCI0/Ib30BAHHBIX HCTOYHHKOB

1. CasenneB 1.B. Kypc o6meit pusuku. T.1. Mexanuka. MonekynspHas ¢pusuka. - CI10.: Jlans, 2008. —
352 c.-ti.1V, §33, .V, §39, rn. VI, §46, rn.VII, §54

47



JlabopaTtopnast pabora Ne 13
N3yuyenne ko1ed6aHuii MPYKUHHOTO MASITHUKA

Ilesb padoThL: U3YYUTh COOCTBEHHBIE KOJICOAHNUS TPYKUHHOTO MAasTHUKA (HE3aTyXalolIue B BO3AyXe
U 3aTYyXaIOIIUE B )KUJKOCTH), ONPEACTUTH XapaKTEePUCTUKU 3aTyXalOIUX KOJIeOaHUH.
Teopernyeckue cBeleHUs!

I"apmonnueckue KosiebaHus MPEACTaBIAIOT CO00M MEPUOANMUECKUNA TPOIEcC, B KOTOPOM H3MEHEHHE
BEJIMYMHBI IIPOMCXOJIUT MO 3aKOHY KOocuHyca (Wiau cuHyca). Hampumep, mpoekiust paguyca-Bekropa I
TOYKH, IBUKYIIEHCS IO OKPY>KHOCTH, HA OCh X , JIEXKAIIYIO B IJIOCKOCTU JBUKEHUSI TOUKH (puUC.2), U3Me-

HSETCS CO BPEMEHEM [0 KOCHUHYCOUJAIbHOMY 3akOHY. Eciiu okpyx-

HOCTb UMEET paauyc A= |F , @ YIJI0Basi CKOPOCTb BPAIIEHUSI TOYKU M

IIOCTOsIHHA, TO IIPOCKIUA

7 x = Acosp = Acos(mt+qy)
|
@ } [Mepuox U3MeHEHHsT X , OUEBUIHO, OyeT paBeH T =2n/w, rue T
0 —x X — BpeMs OJIHOTO 000pOTa TOYKH, Yepe3 KOTOPOE BECH IPOIIECC B TOY-

HOCTH IIOBTOPACTCA; O — HUKIMYCCKaAA (prFOBaH) gacTtora, @ —

HAYaIbHBIA yroJl MOBOPOTAa OTHOCUTEIBHO OcH X . Cliej0BaTeNbHO, ®
OTJIMYACTCS MHOXKUTENEM 27 OT YaCTOTHI V:
o =21V
Tak xak MakcHUMalbHOE 3HAUYCHHE KOCHHYCA PaBHO €IMHHUIIE, TO MAKCUMAJIbHOE 3HAYCHUE X PaBHO
A. DTOo MakCUMaJbHOE 3HAUCHHE HA3bIBACTCS aMILTUTYI0M KOJIeOaHHH.
AprymeHT KocuHyca (mt + (po) HOCHUT Ha3BaHMe (a3bl KOJICOAHNH, a Py - HaYaJIbHOU (ha3bl Koeba-

Puc.2

HU.

ITycTtp Temeps rapMoOHHUYECKHE KOJICOAHUS BIOJb OCH X COBEpINAeT MaTepuaibHas TOYKa Maccou
M . BersAcHNM, KaKast IpU 3THX YCJIOBHSAX Ha Hee JJOJDKHA AEHCTBOBATh CHJIA.

ITpoekuust CKOPOCTH TOUKHU HA OCh X

v, =dx/dt =—Awsin(ot+q, ),
IPOEKLUS YCKOPEHUS
a, = dv, /dt = —Aw’ cos(ot + g ) = —o’X
ITo BTOpOMYy 3akoHY HproTOHa
F, =ma, =-—Mmo’x = —kx

rae K - mocrosiHHBII KO3 dUIIHEHT.

Takum obpasom, 01 mo2o 4mobbl MAmMepuaiIbHas MOYKa COGEPULANA 2apMOHUYeCKUe KoNeOanus,
oeticmeyrowas Ha Hee cuia 00JHCHA Oblmb NPONOPYUOHANLHA X U HANPABNIEHA 8 CHOPOHY, NPOMUBONO-

J0xcHy1o cmewenuto X . Takas cuna nHazvieaemcs ynpyeou (Ui 6 oouem ciyyae - Keasuynpy2ot).
LS s LIS PaccmorpuM cucreMy, COCTOAIYIO W3 Tpy3a Maccoil M, mojase-

IIEHHOTO Ha NPY>KWHE, Maccoil KOTOpoil MOKHO mpeHebpeus (puc.3).
ITycts |y - mnimHa npyxuHbl 0€3 MOIBELICHHOTO K HEil rpys3a, Toraa
]
0
Efi
X

¢ I IO/ TSDKECTBIO Tpy3a mpyxuHa pactsHercs Ha Al =1-1;. B nmonosxe-
HUH PaBHOBECHS MOJYJIb CHIIBI TSDKECTH M paBeH MOIYIO YIPYroi
Al cubl KAl: mg =KAl, rne K - koadduimenT ynpyroctu npyKuHBL.

Ecnu BeIBecTH Tpy3 M3 mojioxeHus: paBHoBecust 0, To Ha rpy3 Oy-
JIeT JIeHCTBOBATH JIOTIOJNHUTENbHAS CUJIA YHOPYTOCTH, TPOEKIUS KOTO-
poii Ha HampaBJICHHYIO BHH3 OCh X Oyaer paBHa F, =—kx (3akon I'y-

Puc.3 —

ka). [loxg meiicTBMEM ATOM CHIIBI TPy3, MOCIE CMEIIEHUS Ha X=A u
IpeJOCTaBlICHHBIN caMmoMy cebe, OyJeT coBepiiaTh rapMoHHYeckue Kosebanusi. OCHOBHOE ypaBHEHHE
JMHAMHKH TOCTYIaTEIFHOTO IBI)KEHHS (BTOpOi 3akoH HpI0TOHA) 1U1s Tpy3a MPUHUMAET BUJ
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=—kx 4)
dt?
Pemenue storo YpPaBHCHUA UMECT BHU/L
X = Acos m,t (5)

@ynkuus (5) - 9TO 3aKOH IBWKECHHUS TPy3a Ha MPYXKUHE, TAe A - aMIUIMTYy1a KojiebaHus, T.e. HauboJIb-
11ee OTKJIOHEHHE I'py3a OT MoJiokeHus paBHoBecus. [loncrasiss pemenue (5) B (4), nonyyaem

—me3Acos mgt = —kAcos mt

OTCI-OI[a COOCTBEHHAs YaCTOTa CUCTEMBI

030: —
m

Tak kak T =2n/wy, 10 T =27 %

B paccmoTpeHHOM IpUMepe He YUUThIBAJIach CUJIa CONIPOTUBIICHUS, I03TOMY KOJICOaHUsI CUUTAIIUCH He-
3aTyXaloIUMHU.
3aryxaommue Kojae0aHuA
Bo Bcsikoll peasibHOI Koe0aTenbHONW CUCTEME UMEIOTCS CUJIbl CONTPOTUBIIECHUS, MO/ AEUCTBUEM KO-
TOpBIX KosiebaHus OynyT 3aTyxatb. [Ipy 1OCTaTOYHO MajbIX CKOPOCTSAX JABMKEHHsI CHJIA CONPOTUBIICHUS

F nponopuuonanbHa ckopoctd V (I - KO3hGHUIIMEHT CONPOTUBIICHHS CPE/IbI):
F=-rv
WX B TIPOCKIIMU HA OCh X :
F, =—rdx/dt

3HaK MUHYC O0YCJIOBJIEH T€M, 4TO cuila F ¥ CKOpocTh V MMEIOT IPOTUBOMNOJIO0KHOE HaIlPABICHUE.
ITo BropoMy 3akoHy HbloTOHa HaiiieM ypaBHEHHUE 3aTyXaloLMX KOJIeOaHUH:

2
X X
m d—2 =—kx—r & (6)
dt dt
Pemenunem ypaBHenust neuxkeHus (6) sBisieTcss GyHKIUS (3aKOH IBUKEHUS)
x = Aye P cos(mt + o) 7)

IlocTosiHHBEIE A\) n Oy MOTYT OBITh J'IIO6BIMI/I, B 3aBUCUMOCTH OT Ha4daJIbHBIX YCJ'IOBI/Iﬁ JABVKCHUA.

Otmetnm, ut0 Ay - 5TO HaYaIbHAsS AMILIATYAA; B - KodduumenT 3atyxanus; (ot+o,) - dasa koxebda-

k r? k r
———— =05 B, Tne (Do=\/%, a BZE- Kos¢-

m  4m?
(I)I/H_H/ICHT B XapaKTCPU3yCT CKOPOCTh 3aTyXaHUsA KOﬂe6aHHﬁ, T.C. YMCHBIICHUC aMIUIMUTYAbI 34 CAUHUILY
BPEMEHH.

Eciu koo puIMenT 3aTyxaHusi CACTEMBI OY€Hb OOJIBIION, TO MOKET BBINOJIHUTLCS YCIOBUE 3> @ .

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

B aTOM citydae rapMOHMYECKHX KOJIeOAHUI HE BO3HUKHET, a OyJeT HAOJII0JaThCsl allepUOIUUECKOE JIBH-
KEHHUE rpy3a.

Ha puc.4 npencrasnen rpaduk 3aBucuMoctd X OT U I 3aryxato-
X

[HUX KOJIEOaHUH.
N A BBICTpOTY 3aTyxaHUs B 3aBUCHMOCTH OT YHCJIa KOJIeOaHUH XapaKTe-
1
A A, PU3YIOT JIOrapu(MUYECKUM ACKpPEeMEeHTOM 3aTyxaHus. Jlorapupmuye-
W CKHI JIEKPEMEHT 3aTyXaHus O paBeH HATypaJbHOMY JIOTapu(My OTHO-
—= ~  LICHHS IBYX COCEIHUX aMIUTHTYJl OJXHOTO 3HAKa:
P 0=In fal .
~

~

Puc.4 Ecmu u3BectHa A, - HavalmpHas aMIUIATYA B A, - aMILTUTYAa Yepe3
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N mepuoa0B (WK Yepe3 N MOJHBIX KoJieOaHuit), TO JJorapu(pMUUECKUM TEKPEMEHT 3aTyXaHUs
1
0==In fa) .
n

Koaddunuent 3aryxanus B xapakrepusyer 3aTyxaHue KojeOaHui 3a eIMHUILY BPEMEHH, a JIorapud-
MUYECKHI IeKpeMEeHT 3aTyxaHus O - 3aTyxaHue KojebaHuii 3a nepuoJ, cieaoBaresnbHo: 0 =BT .

O0BeKTHI HccIe10BaHNS, 000PY10BaAHUE
YcTaHoBKa C ynpyroi NpyKUHOU, HAOOP rPy30B, CEKYHIOMED.
Onucanue yCTaHOBKH
B nanHo# paboTe MasTHUK MPEACTABISET COOOM MPYKUHY MaJION Mac-
LIS CBI C TPY30M Macchl M Ha ee KoHIE (cM.puc.l). BeiBeneHHbIi U3 monoxe-

% HUSl pPaBHOBECHs UM MPEIOCTaBICHHBIA caMoMy cebe Trpy3 MasiTHHUKa OyneT

coBepuiath COOCTBEHHbIE KojeOaHus. CONpOTUBIEHHE BO3AyXa CpPaBHU-
TEJIFHO HEBEJIHMKO M €r0 MOXKHO HE YYHMTHIBAaTh. Torjaa meproja KoyeOaHwi
rpy3a omnpezemnsercs popmyoii:

"
m
Puc.1 T=2n . (1)
rae K - KO3 HUIHEHT YIPYTroCTH HPY>KHHBI.
Kosduuuent ynpyroctu npyxkuubl K MOXHO Haiith crarmdeckum metogoM. Ecim |y - mmna

NPY>KUHBI B HEHArpy>KeHHOM COCTOSIHUM, a | - JyIMHa IPYXHUHBI C TPY30M B COCTOSIHUHM PaBHOBECHS, TO B
ITOM CIIy4ae MOJYJIb CHJIBI TSDKECTH MQ PaBeH MOJIYJIIO CHIIbI yrpyroctu K (I - |o) ;

mgzk(l—lo),OTKyz{a kzmg/(l—lo) (2)

Kosddunment K dncrneHHO paBeH cuie, KOTOPYIO HY)KHO TMPHIIOKHUTH K TIPYKHHE NIPU yIIPYTOH Jie-
dopmanuu, 4TOOB! PACTAHYTh (WM CKATh) MPYKUHY HA €AUHUILLY JJTUHBL.

N3 popmysl (1) umeem

k = 47%m/T? ©)

Bripakenue (3) mo3BoJsSIeT ONMPENeNUTh 3HAUYCHHE K IMHAMHYECKHM CIOCOOOM M MPEIOCTABISCT
BO3MOKHOCThH CPaBHUTH €r0 CO 3HAYEHUEM, TTOJIYYCHHBIM CTATUYECKUM METOI0M 110 hopmyrie (2).

Ha npysxuHe, pacnonoXeHHOH cieBa Ha puc.l, U3ydaroTcs 3aTyXarolue KojJeOaHus rpysa B xKUIKO-
cTi. ONBITHBIM IyTEM OIPENENAI0TCS epHoA KoneOaHuil, HauanpHas Ay U yepe3 N kosnebaHuit A, am-

IUTATYJIbl ¥ TTOJICYUTHIBACTCS JOrapu(pMHUUECKUI JeKpeMeHT 3aTtyxaHus 0, KoapUIMEHT 3aTyXaHus 3 u
KOA(PUITUEHT COMPOTUBIIEHUS I .
Pabouee 3ananune
HaiiTi 3Hauenus norapudmMuueckoro JeKpeMeHTa KoyiebaHuil, KooQpPUIMEeHT 3aTyXxaHus U Kodpu-
LIUEHT CONIPOTUBIICHUS NIPYKUHHOTO MAATHUKA.
Ilopsinok BbINOJHEHHS Pa0OTHI
1. OmpeaenuTs Mo IIKajle «ECTECTBEHHYIO» JUTHHY |y MpyXWHBI, YKPEIJICHHON ClipaBa Ha yCTaHOB-

Ke.
2. Ilpu Tpex pa3IUuHBIX TPy3aX B MOJIOKESHUN PABHOBECHS ONPEICTUTh JTMHY MPYKUHBI | .
3. B kax/10M OnbITe BHIYUCIUTH KOA()PHUIMEHT yIpyrocTd MPY>KUHBI B COOTBETCTBUH € (HOpMYJIOn

(2) u HaiiTH ero cpeaHee 3HaUeHUE <k> . Macchl Bcex rpy30B yKa3zaHbl Ha HUX. J[aHHbIe 3aHecTH B Ta0uI. 1.

Tabmuma 1.

ly, M m, Kr I, m k, Hm™m <k>,H/M

4. IlonBecuth Ipy3 K 3TOHM K€ MpPYKUHE M BBIBECTH MAsTHUK U3 MOJOXKEHUS PABHOBECHsSI, CMECTHUB
BHU3 Ha 2-3 MM, U oTnycTuTh. CekyHIoMepoM u3MepuTh Bpems t monHbix N =10 konebanuii (HaYMHATH

50



OTCYET TP MPOXOKICHUH IPY30M BEPXHETO MJIM HUKHETO mojiokenws). Torma mepuos koneGanuii T/n.

OnpIT NOBTOPUTH 3 pasza ¢ ’TUM IPy30M M HAWTU CpeHEE 3HaUE€HUE nepuoaa 1 .
5. To ke mpoJienaTh €Iie ¢ IByMs Ipy3aMH pa3IMdHON Macchl. J[aHHbIe 3aHecTH B Ta0.2.

n=... Tabmumna 2.
m,kr |t,c T,c T.c T2,¢? k,H/™m <k>,
H/m

6. Tloctpoiite rpaduk 3aBECHMOCTH T2 OT Macchl py30B M . Microms3ys 5ToT rpaduk u GopMmyity
(3), onpenenuTh 3HaYeHNUE KO(D(DUIIMCHTA YIPYTrOCTH K : CPaBHUTH €ro CO 3HAYCHHUEM, MOJYUYCHHBIM 110

dbopmyie (2).
7. OnbIT poieNaTh ¢ MPYKUHHBIM MAITHUKOM, TPy3 KOTOPOTO IMMOMEIICH B COCY/l C BOJION. BriBecTn
Tpy3 U3 MOJIOKEHUS paBHOBecHs, HanpuMep Ha Ay =20 MM, U, OTITYCTUB €ro, BKIIOYUTH OJHOBPEMEHHO

cekyHaoMep. OnpeaenuTs Bpemsl, 3a KOTOpoe OH coBepilIuT Ny = 20 moJaHbIX KoneOaHUMH, a TaKKe aMIUIH-
Tyqy KojeOaHuii mocae Ny koneGaHuil A, . ONbIT BHIIOJIHUTE 3 pa3a U HalTH cpe/lHee 3HaUCHHE Nepruoia
T, ¥ aMmuuTy 16l Ny -TO KOseOaHus A, .

Tao0muua 3.

Dl
=
—

m, Ay A M | T | T, | AL

KT c c

2
MM | MM c Kr/c

C MM

Ay

. 1
8. Bbruncnouth norapupMuyecKkuil JAEKpEeMEHT 3aTyXaHus 9:—|ni; KO3 (ULMEHT 3aTyXaHus
n

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

Conep:xaHue oTyera
3anonHeHHble Ta0IUIBI 1-3.

KonTpoJsbHbIe BOPOCHI

1. KakoBbl HEOOXOTUMBIE YCIIOBUS JUIsl BO30YXK/I€HUS TapMOHHUECKUX KOJIOaHUH B MEXaHUYECKON
cucreme?

2. Yem onpezensieTcs Nepuol, aMIUIUTy1a U HayajabHast (pa3a CBOOOTHBIX MEXaHUYECKUX rapMOHHUYE-
CKUX KoJleOaHmii?

3. Ilpu kaKoM ycIIOBHHM KOJIEOAHUs JaHHOTO NPY>KUHHOTO MasiTHUKA He OyTyT BO30YKIaThCsl, IBH-
JKEHUe ero Oy/ieT arnepuondecKum?

4. KakoB ¢uznueckuii cMbIch K03 uimenTa ynpyroct npyxHHbl?

5. KakoB ¢pusnueckuii koaddunrenTa 3aTyxanus, JorapupmMuieckoro geKpementa 3aryxanus? Kak
OHM CBSI3aHBbI JAPYT C APYyrom?

6. 3anucaTh AMHAMUYECKUE YPABHEHUS U 3aKOHBI IBH)KEHUS Ipy3a Ha MPYKUHE.

7. lonyuuTs GopMyIty neproja KonedaHui NpyKMHHOTO MasiTHUKA.

CHnucoK HCIO0Jb30BAHHBIX HCTOYHHKOB

1. CasenseB U.B. Kypc o6me#t ¢pusuku. T.1. Mexannka. MonekymsipHas ¢pusuka. - CI106.: Jlans, 2008. —
352 c.- . V1L, map.50, 53, 58
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JlaGopaTtopHnast pabora Ne 14
OnpeneneHue nmoka3areys aainadaTbl METOA0M
Knemana u /le3opma

ue.m, [2360TLI: OIIPECACIINTD IIOKa3aTejib a,Z[I/Ia6aTBI H CPaBHHUTH €0 BCIMYHUHY C TCOPETUUCCKHUM 3HA-
YCHUECM.

Teopernyeckue cBeleHUs
Cpenu mpoIeccoB, MPOUCXOSIINX C Ta3aMH, YaCTO BCTPEUACTCS M OYCHb BAXKEH aduabamuyeckull
npoyecc, npomexaiowui 6e3 nepeoayu menia. YToObl MOTYUUTH €TI0 YpaBHEHHUE, BOCIIONIB3YEMCS IEPBBIM
HavaJIoM TepMoJauHaMuKku. Ero ¢hopmynupoBka: menioma, coobwaemas cucmeme (2azy), uoem Ha uzme-
HeHue BHYMpeHHeU SHepeuu CUCeMbl U HA CO8epuieHue CUCmeMOu pabomsl HAO GHEWHUMU CUNAMU
(npomue Oelicmeust BHEUHUX CU)

5Q =dU +3A.
I[JISI 3aIlIiucCu HepenaBaeMoro TCIIJIa YIIO6HO BBCCTH ITOHATUC TCIINIOCMKOCTHU C = d_T - 9TO 8élUYUHA,

PABHAs KOIUYeCmay menjiomul, KOmopyio Ha0o coobwums cucmeme, Ymoobl NOGbICUMb ee MEeMNePAmypy
nHa 1 K. [lanee atuMm cuMBoOsIOM OyZeM 0003HAYaTh MOJSIPHYIO TEIJIOEMKOCTh, OTHOCSIIYIOCS K 1 MO0
BEIIECTBA.

Benuunna TemmoeMKoCTH 3aBHCHUT OT CIOc00a, KOTOPBIM cucTeMe coobmaetcs Temno. [Ipomecch ¢
MOCTOSTHHOM TEIJIOEMKOCTBIO HA3bIBAIOTCS MOJUTPONUYECKUMHU. OJHUM M3 TaKUX MPOIIECCOB SBISETCA
IPOLIECC HAIPEBaHUS MICATbHOTO ra3a MpHU MOCTOSIHHOM o0beme (uzoxopuueckuil npoyecc). MoinspHas
TETIOEMKOCTh TaKOTO Ipolecca obo3Hauaercs Cy, .

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

Ortcro/ia, U3MEHEHHE BHYTPEHHEH 3HEPTHU OJJHOTO MOJIs uaeaibHoro raza oyner dU =C,,dT, a s
. m
npon3BoibHON Maccsl M raza dU =—C,, dT .
1)

TOFI[a MEPBOC HAYATIO TCPMOJAUHAMUKU IJId UACAJIBHOI'O I'a3a MOKHO 3alliCaTh B BUJIC!

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

HpOHeCC, HpOTeKaIOH_U/If/i HpI/I IIOCTOSHHOM JOaBJICHHUH, HA3bIBACTCs u305apulteCKuM, a MOHﬂpHafI TCII-
JIOEMKOCTH IJIsd TaKOro HpOHeCCﬂ O603HaqaeTCﬂ CP . HaﬁHeM CBA3b MC)KI[y TCIIJIOEMKOCTSIAMMA JIA yHOMSI-
HYTBIX MPOIECCOB. J[Jis 3TOr0 HaM MOHAJIO00MTCS ypaBHEHHE COCTOSHHUS JUIA OJHOTO MOJISA HIEAIBLHOTO
rasa

RT =pV, )
R
rzae R - yauBepcanbHas razoBas nocrosiHHas. OTcrona, npu p=const, HaxoAuM, 4TO —— = B a
P=const
u3 ypaBHeHus (1) umeem
C,dT + pdV dv
P dT Cvep dT v )

JTa CBSA3b MOJISIPHBIX TETNIOEMKOCTEW Ha3bIBAETCs ypasHeHuem Maiiepa.
Teneps paccmoTpum aauadaTudeckuii mpouecc, A koroporo 0Q =0, 1 mepBoe Hayalio TEPMOAU-

HaMuKH (1) 519 0AHOTO MOJISt UACANBHOTO ra3a 3aMuIIeTCsl B BUJIE:

pdV =-C, dT . (4)
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B ypaBHenuu coctosinus (2) At OTHOTO MOJISt HACATBHOTO Ta3a MEHAIOTCS BCE TEPMOJUHAMHYECKHE

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

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

C
OTHOIIEHNE Y = —" Ha3BIBACTCA noKasamenem aouabamsi. B mocie HeM MoTy4eHHOM ypaBHEHHH
dv dp
pa3ieiarM IEPEMEHHBIE U IIPOUHTETPHPYEM: v|—=- I —_.
p
Otcioga yInV =—In p+const. Orcioa mojy4yaeM ypaBHEHHE aquabaTHYECKOro Mpolecca i Hie-
anbHOTO Ta3a wiu ypasuenue Iyaccona: pV'¥ =const . (5)
Wcnonb3ys ypaBHEHHE COCTOSHHUSA (2) MOXKHO 3amucarh ypaBHeHue [lyaccona dyepes apyrue Tepmo-
JMHAMHYECKHE TIEPEMEHHBIE: TV =const wm TV pl_y =const. (6)
WneanbHplil ra3 — 3TO COBOKYIIHOCTb HE B3aMMOJEHCTBY-IOLINX
MOMEKYIIEL JPYT C IPYrOM Ha PacCTOSHHH MOJIEKYJ]. Takue MOJIEKYJbl K TOMY K€
z He J1eOPMUPYIOTCS, T.€. HMEIOT MOCTOSHHYIO (OPMY M OYEHb MAJIbIi
O HOATOMHAS (=3 pasmep. Pasmepom OJHOATOMHOH MOIEKyJIb BOOOIIE IpeHedperaror,
y CUUTas €€ MaTepPHaJbHOM TOYKOM, CIIOCOOHOM IBUTaThCS B TPEX HeE3a-
x o -
7 1\ BHUCHUMBIX HAampaBJIeHUAX, T.e. UMEIoIIed | = 3 cremeHn CBOOOIBI.
AP JIByXaTOMHbBIE U MHOTOATOMHBIE MOJIEKYJIBI UMEIOT JIOIOJHUTEIbHBIE

ABYXdaTOMHaA %%’_y) 1=5 BpamiaTeIbHbIC CTEIIEHU CBOOOIbI, TOKa3aHHbBIC Ha pHC. 1.
x4 ; X BHyTpeHHssI HEprusi WIealbHOTO ra3a CKIJIaJbIBaeTCsi TOJIbKO W3
s KHHETUYECKOW SHEpruu ero Mosekys. CKOpOCTH MOJEKYJ TaKkoro rasa
MHOI'OaTOMHA %9 1=6  pasnnuHbl, HO NMOTUMHSIOTCS pacmpeeneHnio Makcpemna. C ero mo-
xp2 Y MOILBIO MOKHO BBIUHCIIUTH CPEIHIOI DHEPIUI0, IPUXOIALIYIOCS Ha |
Puc. 1 crenenb cBOGOAbI Monekyis: KT/2, rne k=R/N,- mocrosuuas

bonbimana, R - yHuBepcanbpHas ra3oBas noctrosiHHas, N, - ducino ABoraapo. Toraa cpenHsis dHeprus

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

i
JeKyJ1, To ero BHyTpeHHss sHeprust U = N, < E >= > RT.
CpaBHuBas ¢ TepmonuHaMudeckoi popmynoit U = C, T , Haxonum, 4To WAEaNnbHBIN ra3 U3 MOJISKYJI C

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

agnadaTel
i+2
Y=—"-: (7)

|
s omHoaToMHOTO Taza ¥ =1,667, st nByxaromuoro - y=1,40, st MHOroatomHoro - y = 1,333.

Boznyx siBisieTcst cMeChi0 MHOTHX Ta30B - AByXaTOMHBIX N2, Oz ,..., TpexatoMubix - CO2, H20 ¥ T.11.
Tak xak 70711 MHOIOAaTOMHBIX M OJHOATOMHBIX T'a30B B HEM Majla, TO MOXXHO OXXHJaTh, YTO BEIMUMHA
v s Bo3ayxa Oyzer 6JiM3Ka K COOTBETCTBYIOLEMY 3HAUEHUIO JUIsS IBYXaTOMHBIX ra3oB: y~1,4.

Jlis 9KcriepuMEeHTAbHOTO ONpeeNieHHs ToKa3aTess aaua-
06aTbl BO3yXa HCIOJB3YeTCS YCTaHOBKA, M300pakeHHas Ha
puc.2. OHa cOCTOUT U3 OOJIBIIOTrO CTEKJIsIHHOrO 6ayuioHa b, co-
equHeHHOTO Yepe3 kpaH K ¢ Hacocom H wnm armocdepoii. Ma-
HOMETp M City>KUT [UIsi U3MEpPEHHUs pa3HOCTEW JABJICHUM ras3a B
O6aymoHe W B atMocdepe. B yclaoBusSX JKCIEpUMEHTa BO3IYyX
MO>KHO CUUTATh UJCATIbHBIM Ta30M.

atmocdepa b H
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[ToBeprem kpan K B monoxenue |, coeaunsas OamioH ¢ HACOCOM, U HaYHEM HaKayMBaTh BO3/yX B
6amoH. Tak Kak 3TOT IpoLEcC IPOUCXOAUT JOCTATOYHO MEIEHHO, TO 3a CUET TEIUIO0OMEHa uepe3 CTeK-
JSIHHBIE CTEHKM OaJllIoHa yCIIeBaeT YCTaHOBUTHCS TEIJIOBOE paBHOBecue. Temreparypa Bo3yXa BHYTpU
0ayutoHa rmocie HakauyuBaHUs OyneT paBHa KOMHaTHOU Temmneparype Ti1. Ho nmaBnenue BHyTpu Bo3pacTeT
JI0 BEJIMYHHBI

P1 = Po +pah, (8)
rae Po - JaBJCHUE BO3AyXa B OKpy»Karolieil atmocdepe, a pghy - pa3HOCTh FHAPOCTATHYESCKUX JAB-
JICHUH >KUKOCTH C TUIOTHOCTBIO P B JIEBOH M mpaBoii TpyOkax U - oOpa3noro manomerpa (puc. 2).

Britanmum tenepp TpyOky kpaHa K, coequnsis 6amion ¢ armocdepoi. Bo3nmyx oueHb OBICTPO BBIXO-
JUT Yepe3 OTBEPCTHE, PACIIUPSACH, TEIUIOOOMEH He ycneBaeT MPOM30MTH U MPOILECC MOXKHO CUUTATH
aauabatuueckuM. B cooTBeTcTBUU ¢ ypaBHEHUEM (3-6) IpU Pe3KOM YMEHBIIICHUH 1aBICHUS YMEHBIITUTCS
U TEMIIepaTypa: BO31yX B OaJIoHe OyAeT OXJIaXK/IEH A0 TeMIIepaTypbl HUXKE KOMHATHOM!

B MomeHT, KOTZ1a JaBjeHUE BO3MyXa B COCyIe CpaBHHBAeTCs ¢ atMochepHsiM ( P’ = Py, BHIPaBHH-

BAIOTCSl YPOBHH JKUJIKOCTH B MaHOMETpe), IMpoOKa KpaHa IUIOTHO 3aKpbiBaeT OauioH B mojoxeHuu |l
(puc. 2). 3a cder TemI000OMeHa Yepe3 CTEHKU 3aKPBITOTO OaNTIOHA HAYMHACTCS U30XOPHYECKOEe HarpeBa-
HHUE OXJIXKICHHOTO BO31yXa B HeM. [Ipu 3ToM naBieHue B OaJJIOHE pacTeT U YPOBHU JKUIAKOCTH B MaHO-
METpe MOCTEIICHHO PaCXOIATCS 0 TEX IMOp, IMOKa TeMIleparypa BHyTpU Oa/sIoHa HE CTAaHET PaBHON KOM-
HaTtHO#: T2 = T1. B 3TOT MOMEHT JaBJIicHHE BO3/IyXa B Oa/NIOHE YCTAHOBUTCS Ha BEIIMYMHE
P2 = Py +pghs. ©)

[Iporeccel, MpoTeKaroIKe B CUCTEME, H300paKeHbI Ha puc. 3. B MOMEHT OKOHYaHUs aJuabaTHOTo pac-
HMIMPEHUs B OAJUIOHE OCTAHETCS 4YacTh BO3JyXa C Maccoil Mip , 3aHMMaBIIas MEepPBOHAYAIBHO 00BeM Vi,
MeHbIINNH 00beMa Oayiona Vg .
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3anumieM JUisi 5TOM 4acTH YpaBHEHHS aauabdaTudeckoro (6) u u3o-
XOPHUYECKOTO MPOIIECCOB:

Iy Iy
Tp T=T 'poy n
Po_ Py _ &, a 3aTeM yCTPaHUM HEH3BECTHOE OTHOIICHHE TEM-
T T, T
neparyp:
1y
T _[P]Y _Po (10)
T Po )
Jlorapudmupys nociennee ypapaenue (10), momyunm
v In Pz In Po , OTKyma Yy =—In( P./ Po) . (1)
Y Po P2 In(py/ py)

[Toncrasisiem croaa hopmysst (8) u (9):

pghy

0oy / p0) In|1+ ==
n
/= P/ Po _ Po (12)
In(py/ py)—In(py / pg) In 1+% _In 1+Pghz
Po Po

Ho ypoBHH kuakocTn (BoAkl ¢ MIOTHOCTEIO p = 1000 kxr/m°) pasgsurarorcs B MaHoMmeTpe M Ha puc. 2

Bcero Ha h~10+20 cm, i u36bITOUHOE AaBienue raza pgh ~10°Ia MHOrO MeHbIe aTMOC(hEPHOTO 1aB-

h _
JIeHusd P ~10°ITa. [Toaromy BenmnumHa X _pon ~102<<1, u B dopmyre (12) MOXXHO pa3iokKHUTh BCe
Po
jgorapupmsl B psJ,  OCTaBjsAs  cjlaraeMble  TOJBKO ~ TIEpBOro  MOpsAAKAa  MaJlOCTH:

2 3
INQ+x) =x— 5 + 3 +...~ X. Torma u3 ¢popmyisr (12) momydaem KOHEUHYIO (HOPMYITY JUTSI BEIYUCIICHUS

IoKa3areisi aguadarTsl:

Y= hl%h : (13)
7
Takoil mokaszaTenb MO3BOJIAET ONHCaTh MHOTME CBOWCTBA MCCIEIYEMOro rasa, HO TOYHOCTb €ro
ONpeIeTICHUsI B JAHHOM 3KCIIEPUMEHTE HE CIMIIKOM BBICOKA, U MIO3TOMY BO3HUKAIOT OTKJIOHEHUS OT TE€O-
PETUYECKH OXKHMAACMOTO 3HAYCHUS Y,y <Y pmeop ~1,4. D10 CBSI3aHO HE TOJIHKO C T€M, YTO CBOWCTBA pe-

QJIBHOTO BO3/lyXa HEMHOTO OTJIMYAIOTCS OT CBOMCTB MJEAbHOTO ra3a U COCTOUT OH HE TOJIBKO U3 ABYX-
aTOMHBIX MOJIEKYJ, HO, TJIaBHBIM 00pa30M - C HECOBEPIIEHCTBOM HCHOJIb3yeMoro obopynoBanus. IIpu
yctaHoBke npoOku kpaHa K B monoskenue |l (puc.2) ocraiorcs KpOXOTHbBIE IIETH, U BO3LyX MOHEMHOTY
IPOJIOJDKAET BBHITEKATh W3 OasioHa npu HarpeBaHuH. [1o3TOMy ypoBeHb h2 oka3piBaeTCss HEMHOTO MEHB-
IIMM TOTO YPOBHS, KOTOPBIN yCTaHOBMIICS ObI MPU UAEaATbHO 3aKPhITOM OayuioHe. BenuunHa v, usmepes-

Hasl B TAKOW YCTaHOBKE, B COOTBETCTBUU C (opmyioii (13) Toxke okakeTcst HEMHOT'O MEHBIIIEH, YeM Huc-
THUHHAS.

OO0beKThI HccJIe10BaHus, 000pPy10BaHHE
CrexyIsiHHBIN 6alllIoH, KpaH, HacOC, MAHOMETD.

3ananue Ha padoty
Haiitu 3HaueHns mokasareiis aguadaThl.

IHopsinok BbINOJHEHHUS PA0OTHI
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1. YcranoButh npoOKy kpana K tak, uro6s1 6amuion b, KoTophlil HAXOUTCS IO CTOJIOM, COOOIIacs
¢ HacocoM H (B nonosxenue | Ha puc. 2).

2. OcTOpOXHO HakayaTh BO3AyX B OauioH. Korzma pa3sHOCTh ypOBHEH >KHAKOCTH B KOJIEHaX MaHO-
metpa gocturuer 10+15 cm, npekparuth HakauMBaHHE U MOBEpHYTh NMpoOKy kpaHa K B monoxenwue |,
4TOOBI cocyll He coolmmancs ¢ atmocgepoil. IIpoOka kpaHa JODKHA MIOTHO MPUIEraTh K €ro CTeHKaM U
HE J1aBaTh yTeUKHU Bo3ayxa. He 3a0biBaiiTe 00 3TOM 10 KOHIIA SKCIIEPUMEHTA.

3. Uepe3 HeKOTOpoe BpeMms, KOIJa JaBJI€HWE OKOHYATEJbHO YCTAaHOBHUTCS M Pa3HOCTh YPOBHEH B
MaHOMETpE MEepPEeCTaHeT YMEHBIIATHCS, U3MEPUTh Ny - Pa3HOCTH ypOBHEW B JICBOM M IIPaBOM KOJIEHAX
maHometpa. Ecin Hacoc H mporekaer, niam npobka KpaHa HE MOXKET ObITh 3aKpbITa OYEHb IJIOTHO, TO
pa3HOCTh ypoBHeW h, Oynmer mOCTOSIHHO yMeHbLIaThesl. B 3TOM ciydae cieayer mojoxaarth, koraa hy

JOCTUTHET BHIOPAHHOTO 3HAYCHHMS, ¥ CPa3y BBIMOIHUTH CIACTYIOIUH yHKT paboTHI.

4. BeinyTh npoOKy KpaHa, JaBasi BO3yXy B COCYZ€ pacIIMpUThCs Hapyxky. PazHOCTh ypoBHEH xui-

KOCTEM B MAaHOMETpPE PE3KO YMEHBIIUTCS JBYMS, CIEAYIOIKUMHU APYT 3a ApyroM ckaukamu. Kak Tonbko
IIpH BTOPOM CKauKe YPOBHH JKHIKOCTEH cranyT ojuHakoBbiMH, (N=0) npoOky cieayer HeMelaJIeHHO M
IJIOTHO BCTaBUTH B KpaH K B monoxenue |1, 3akpbiBast 6ayuioH.
OO0 3TOM MOMEHTE BbIpaBHUBAHUS JIaBJICHUS BHYTPU U BHE OAJUIOHA MOXHO CYJIUTh U 10 MPEKPAILECHHIO
3ByKa M37aBa€MOI0 BBIXOASAIIUM Bo3ayXxoM. [lepen nanbHEHIINM BBIIIOJIHEHUEM pa0OThl HECKOJIBKO pa3
HOTPEHUPYHTECh B BBIOJHEHUU MYHKTOB | - 4, yTOOBI HAYYUTHCS BCTABIATH MPOOKY OBICTPO U B HYX-
HBI MOMEHT.

5. Ilocne Toro, kak 6ayuioH OyIeT 3aKpbIT IPOOKOH, YPOBHHU JKUAKOCTH B MAHOMETPE CHOBA HAUHYT
pacxoautbes. Crenyer noJoXKaaTh, KOrja JaBlIeHHE OKOHYATEIbHO YCTAHOBUTCS U Pa3HOCTh YPOBHEW B
MaHOMETpe IePeCTaHeT YBEIMIUBATHCS. 3aT€M 3aIlicaTh YCTAHOBUBIIYIOCS PAa3HOCTh YpoBHEH N, BOIbI B

000MX KOJIEeHaX MaHOMETpA.
6. OnbIT HOBTOPUTH HEe MeHee N = 9 pa3 Juisi pa3HbIX 3HAUCHHI HAYJIbHOM BETMYUHEI N JIe)KaIluxX B

npenenax 10+15cm.
JI71s KasKI0TO OMBITA BEIUMCIHUTG Y; 10 Gopmynie (13), a 3aTem onpeaenuTs cpeiHee 3HaueHne moKasare-
15 anuabatsl <7y >. Bce n3aMepeHHbIe U BBIUMCIICHHbBIE BEIMYMHBI 3aHOCUTH B Tabnuiy 1.

Tabmuna 1

h, cm

h,, cm

Y

<’Y>: Ay: Ymeop:

7. OnpenenuTh MOTPEIIHOCTh MOJTYYEHHOTO 3HAYEHHS ToKa3aTens aarnadaTel Ay .
8. ITo dopmyste (7) BBIMHCIUTH TEOPETUICCKOE 3HAUCHHUC IIOKA3ATEIIS aiHadaThl Yy, , CIUTas UL

BO31yXa | =5, ¥ CPaBHHTH MOJyYSHHBIN pE3yIbTaT ¢ <7y >.

Conep:kanue oTyera
3anonHeHHasa tadauna 1.

KoHnTpoJsbHbBIe BOPOCHI

1. Cdopmynupyiite |-e Hauaao TEPMOAMHAMUKY U 3alMILUTE €T0 JUIsl UJIeaTbHOTO rasa.

2. Kakoit ra3 MOXXHO cuuTaTh HUjeadbHbIM? OT KakUX TEPMOAMHAMUYECKHUX I1apaMeTPOB 3aBUCHT
BHYTPEHHSIS SHEPTHs UI€aTbHOIO Ta3a U YTO OHA OMHUCHIBAET?

3. Kakue BernuuHbI BXOAAT B YpaBHEHUE COCTOSIHUS UeanbHoro ra3a? Kakos ero Buj?

4. JlaiiTe ompenenieHre TEIIOEMKOCTH. UeM OHa OTJIMYAETCsl OT MOJISIPHOM M OT yJIeTbHOM TEIJI0eM-
kocteit? [louemy 1y1st pa3HBIX MPOILIECCOB BEIMYMHA TEINIOEMKOCTH OJHOM M TOM € CUCTEMAa pa3jindHa?
Kaxue BennuuHbl cBA3BIBAET ypaBHEHUE Maiiepa U Kak €ro noJyuuTh?

5. Kakoit nporecc Ha3piBaeTcs aguadaTudeckuM? moautponudeckuM? Jlokaxkure, uro m3obapudye-
CKHH, U30TEPMHUECKUNA U U30XOPUUECKUI NPOLECCH SABJSAIOTCS MoNUTponuueckuMu. Kak Ha mpakTuke
OCYIIIECTBUThH aTMa0ATUICCKUN MTPOIIECC C Ta3oM?
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6. BriBenute ypaBHenue Ilyaccona (3-5) mnsa agumabaruueckoro mpoiecca. [lomydnre u3 Hero ypas-
HeHue (3-6) ¢ MOMOIIBI0 ypaBHEHUs COCTOsTHUS. UTO Takoe 1mokas3areins aanadaTsi?

7. Kaxkue nporueccel ¢ Bo3ayxoM B 6amione b Ha puc.3- 2 npoucxoasaT npy BEIMOTHEHUN PaOOTHI: a)
IIpY HaKa4MBaHUM Bo3ayxa? 0) npu oTkpeiBaHuM KpaHa K? B) npu ero nocneayrouem 3akpbiBanun? Ilo-
YyeMy UMEHHO 3TH MPOIeCChl?

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

CHHCOK HCNO0/Ib30BAHHBIX HCTOYHUKOB
1. CaBenweB U.B. Kypc obmeit ¢pusuku. T.1. Mexanuka. MonekymnspHas ¢usuka. - CI16.: Jlans, 2008. —
352c.rm XI, {94-98.
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JlabopaTtopnast pabota Ne 15
Onpenenenue ko3pPpuHeHTa MOBEPXHOCTHOT0 HATSKEHUSI
BOJIbI METO/IOM OTPbIBA KOJIBIIA

Leab padoThl: U3MEPUTH KOAD(GUIIUEHT MOBEPXHOCTHOT'O HATSKEHHSI BOJIbI TPH KOMHATHOM TeMIe-
patype.

TeopeTnyeckue cBeieHUsI

Kungkoctn 007a1aI0T MOBEPXHOCTHBIM CJIOEM, COCTOSIIIUM M3 MOJIEKYJ, OOJaJalonuX OOJbIIeH
MOTEHLIMAIbHON SHEPrui, YeM BHYTPEHHUE MOJIEKYJIbl. MeX Iy MOJeKyJlaMu JEHCTBYIOT CHIIbI IPUTSKE-
HUS, OY€Hb OBICTPO YOBIBAIOIIME C PACCTOSHUEM, MO3TOMY BO3JI€ Ka)XJIOH MOJIEKYJIBl MOXXHO OYEPTHTH
chepy MOJIEKYISIPHOTO JEHCTBUS TaK, YTO BBIJCJICHHAs MOJEKyJia OyJeT B3aMMOIEHCTBOBATH TOJIBKO C
MOJICKYJIAMH, OKa3aBIIUMUCS BHYTPH ITOU cephl (puc.4).

Ecnu Monexkyna HaXOQUTCsT BHYTPH KHUAKOCTH, TO OHA
B3aUMOJICHCTBYET C MOJIEKYJIAMHU-COCEISIMU, OKPY>KaOIIIN-
MU €€ CO BCEX CTOPOH, U PE3YJIbTUPYIOLIAS CHII TPUTSKEHUS
paBHa Hysr0 (a u b Ha puc. 4). HaoGopor, Mosiekyiia, Haxo-
JsIIasicss Ha MOBepXHOCTH kuaAkocTh (d Ha puc.4), okpyxe-

TToBEpXHOCTHBIH

B

BHYTPEHHETO quepa T Ha MOJICKYJIaMH-COCCIIMU JIMIIb HAIIOJIOBUHY M Ha HEC
—_—— MOJICKYJSIPHOTO o
HOaBJICHUA ﬂoﬁc‘:‘(gﬂﬂg__- ACUCTBYCT HCCKOMIICHCUPOBAHHAA CHWJIA, HAIIPABJICHHAA
€

- L a . MEPIEHIUKYISIPHO K MOBEPXHOCTU BHYTPb KMIKOCTH. Ta-
i = =t Kas K€ CWJa, TOJIbKO TNOMEHbIE, NeHCTBYeT U Ha J00yIo
JIPYTYI0 MOJIEKYJIy, OKa3aBIIyIOCS BHYTPU CJOS TOJIUHOM,
paBHOM paanycCy MOJEKYJSPHOro JeicTBus (¢ Ha puc.4).

CnenoBaTenbHO, TOBEPXHOCTHBIN CJIOM OKa3bIBAa€T /1aBJIEHUE HA OCTAJIBHYIO JKUJIKOCTH (IaBJIEHUE
Ha3bIBalOT BHYTPEHHHM) U OHO JIOCTUTaeT OYeHb OOJIBIIMX BEIMYUH. DTO, B CBOIO OYEpe/b, O3HAYAET,
YTO MOBEPXHOCTHBIN c0oi 00saaeT n30bITOYHON (IO CPAaBHEHUIO C OCTAIbHOW KHUAKOCTHIO) SHEPTHUEH,
KOTOPYIO Ha3bIBAIOT MOBEPXHOCTHOW. OUEBHUHO, UTO OBEPXHOCTHAS SHEPIUs MPONOPLMOHAIBHA YUCITY
MOJIEKYJI B IOBEPXHOCTHOM CIIO€, T.€. IUIOIIAAN IIOBEPXHOCTH XKHUIKOCTH S =

Unos=0-S (3)

KoapduuueHT nponopunoHaJIbLHOCTH G, YMCJICHHO PABHbIN NMOBEPXHOCTHON YHEPIUH, NMPHUXO-
Asileiics HA eJUHHULY IUIOIIAJAM TOBEPXHOCTH, Ha3biBaeTcd KOI((PHUMEHTOM INOBEPXHOCTHOIO
HATSIKCHUS.

N3BecTHO Takke, YTO B COCTOSIHUM YCTOMYMBOTO paBHOBecHs Jr00ast cuctema o0j1a1aeT MUHUMAJb-
HOU MOTeHUMaIbHON 3Hepruei. [103ToMy MOBEepXHOCTHBIH CIIOM CTpeMHUTCS PUHATH Takylo (Gopmy, npu
KOTOPOH €ro NoBepXHOCTb OyJeT HauMeHbIIen (Toraa U Unes JOCTUraeT MUHUMYMA, KaK 3TO CIEAYET U3
dopmysl (3). Eciau ke MCKYCCTBEHHO YBEIMUYMBATh MOBEPXHOCTh JKUAKOCTH, TO B IOBEPXHOCTHOM CIIO€
BO3HUKAIOT CUJIBI, IPEMATCTBYIOIINE STOMY, — OHH Ha3bIBAIOTCS CUJIAMU MTOBEPXHOCTHOTO HATSKEHUS

Taxum 00pa3oM, MOBEPXHOCTHBIN CJION MOX0X Ha YIPYTYIO IUIEHKY, Kak OyJITO Obl HAXOAIIYIOCS Ha
MOBEPXHOCTH KHUJIKOCTH.

Puc.4

Paccmotpum npumep. [lyctsb xukas (MbUIbHAs) IIJIGHKA OTpaHUYEeHA
: MPSIMOYTOJIBHOW TPOBOJIOYHOM PaMKOM, OJJHA M3 CTOPOH KOTOPOM JIN-
1 HOlO | Moxer mepememaTtbes BAoib ocu X (pUc.5) mon AencTBHEM

: BHeIIHe#l cuiiel F . OToii cuie OyaeT mpoTHBOAEHCTBOBAThH CHJla TIOBEPX-

S HOCTHOro HaTsbkeHHsa F, . B ciydae kBasucraTmdeckoro (MeIJIEHHOTO)

npouecca F, = F . IIpu nepemeniennn Ha dX cuna F coeprmaer padboty

dx dA=Fdx, a moreHmanbpHas SHEPIHs MMOBEPXHOCTH YBEIMYHUBAETCS Ha
Puc.5 dU,,=o-l-dx. Tak kak dA=dU

F =c-l 4

0o F=0-l1

II0B 2
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ITosepxHOCTH
KHAKOCTH

OrpaHHYHBarO IMIHHA
KOHTYP
Puc.6

®dopmyna (4) MO3BOJSET MO-APYrOMY ONPEISTUTh G, @ UMEHHO KaK CHJIY MOBEPXHOCTHOIO HATs-
JKeHUsl, IPUXOASIIYIOCS HA eIUHUILY JUIMHbI KOHTYPa OrpaHMYMBAIOLIEr0 MOBePXHOCTh. U3 »TOrO
)K€ MpUMepa BUAHO, YTO CHJIa MIOBEPXHOCTHOTO HATSHKEHUS HAIIpaBJICHA IO KacaTeIbHOW K MOBEPXHOCTH
Y MIEPIICHIUKYJISIPHA K JIMHUK, OTPAHUYMBAIOIICH TOBEPXHOCTH (puc. 6).
O0beKThI HCcJIeI0BaHNSA, 000Py10BaHHE
VYcraHoBKa COCTOUT M3 NPYXKHUHBI 1, K KOTOPO# MOJIBEIICHO JIETKOE aTIOMHUHHEBOE KOJIBIIO 3 C TOH-
KUMH CTEHKaMH U YaIIKoW 2 HaBepXy, MacIITaOHOW JIMHEHKU 5 U cocyaa 4 ¢ JUCTUIUTMPOBAHHON BOJOM

(puc.1).

Ecnu cocyn ¢ BomoW moaBecTd K

KOJIBILY JI0 COTNPUKOCHOBEHHUS, a 3aTEM
IJIaBHO OITYyCKaTb, TO KHUAKOCTb, CIIC-

8! MUBIINCH C KOJIBLIOM, OY/ET TAHYTh €ro
3a co0oil, pacTaruBas NpyXUHY J0 TeX
Mop, MOKa KOJbIO HE OTOPBETCS OT
KUJIKOCTH. B MOMEHT mepen cambIM
Puc. 2 Puc.1 OTPBIBOM HACTYIae€T PABHOBECHE, KO-

I1a 1 KOJIbIIO, U XXKHUJAKas IIJICHKA ITOKOSATCA. B sToT MOMEHT cHmna YOpyroctu

MPYXUHBI paBHA CUJIE TIOBEPXHOCTHOTO HATsKeHUs. [loBepxHOCTHAS MJIeHKa Oy/IeT UMEeTh BU/, TTOKa3aH-

HBII Ha puc. 2., rae AF, — cuia moBepXHOCTHOrO HATSHKEHUS, JEHCTBYIONIAs HA JIEMEHT KOHTypa. Mo-

JTyJ1b TTOJIHOW CHJIBI
rae ||, u |, — nmUHBL IBYX KOHTYPOB (OKPYIKHOCTEH), OrpPaHHYMBAIOLINX MMOBEPXHOCTH KHIKOCTU. Tak
kak |, =nD;, |, =nD,, rne D, u D, — BHemHMiA 1 BHyTpeHHUI AMaMeTpsl KoJbla, To u3 (1) momydaem

F

o=——— — )
n(Dy+D,)
Pabouee 3ananne
Haiitu cmry HaTsDKeHUS 1 KOO QHUIMEHT HATSDKEHUS OTPhIBA KOJIBIIA OT TIOBEPXHOCTH BOJIBI.
ITopsinok BbINOJIHEHUS PadOTHI

1. lltanreHupKysieM U3MepuTh HapykHbIH D; u BHyTpeHHuit D, auameTpsl Kojbla B MATH Me-
ctax. JlaHHble 3aHecTu B Tabnuy 1.

2. [TogBecuTh KOJBLO K MPYKHUHE.

3. OmpenenuTs 1O IIKaje MOJ0XKEeHUEe Ny BepXHEH 4acTH Yallky 2 HaJ KOJIBIOM B HEHArpy>KEeHHOM
cocrosiHuu (F=0). CMoTpeTh Ha MIKaJTy HY>KHO TaK, 4TOObI MepeHUI BepX Yalllku coBmal ¢ 3agHuM. 00
9TOM HE CleyeT 3a0bIBaTh 0 KOHIIA HKCIIEPUMEHTA.

4. B34Tb OJHY TUpbKY (LU(PbI HA KaXKION TMpbKe YKa3aHbl B MHUJUIMTPaMMaXx), IOMECTUTh B LIEHTP
Yalky 2 ¥ ONPeJeNuTh 10 [IKaJIe TOJ0XKEeHHEe N; ee BEPXHEro Kpasl.

5. YBennuuBas Harpy3ky F (mocnemoBaTenbHO q00aBIIssl MO OJHOW THPBKE, HE 3a0bIBAlTE MOICUYH-
TBIBAaTh OOIIYI0 CYMMY Harpy3ku B MIJUTUTPaMMax ), ONIPEEIIATH 10 IIKaJie MMOJIOKEHHEe N BEpXHEro Kpas
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yamky 2. JlaHHbIe U3MepeHnii 3aHECTH B TaOII. 2.

6. CHATb BCE TMPHKH C YallIKH.

7. IlogauMate cocyn 4 ¢ BOOM 10 TeX MOp, MOKAa NOBEPXHOCTh BOJABI HE KOCHETCS HIM)KHEIo Kpas
kosiblia. CrneuTh 3a TeM, YTOOBI 3TOT Kpail TOJIBKO CMAa4YMBAJICS, HO HE OIyCKAJICS BIIyOb BOJBI. 3aTeM,
MEJJIEHHO U PaBHOMEPHO OIlyCKasl COCYJ, YJIOBUTh paBHOBECHE (CHUCTEMa HAXOJUTCS B IIOKOE) Mepen
OTPBIBOM KOJIbLIa ¥ 3aMETUTH I10 IIKAJIE ITOJIOKEHUE N, BEPXHEro Kpas yamku. Vi3mepeHus npojaenars He

MeHee 5 pa3 v HalTu cpefHee apupMeTHIeCKoe 3HAYCHHE <nH> . lanubie 3anectu B Tabnuiy 1.

8. OCTOPOKHO CHATH KOJIBIIO C i MPY>KUHBI ¥ TIOJIO)KUTH HA yCTa-
HOBKY.

9. IlocTpouTs rpaduK rpagyu- )r---——-=3 . poeku npysxunsl N(F ), npusn-
Masi 3a Ha4aJjo KOOpJMHAT 3HAYCHUE : Ny . Bun rpaduka npencrasien Ha
puc.3. :

10. 3Has pacTsokeHuEe Npyx uHbl Do Fy F <nH> IO JCUCTBUEM CHIIBI IIO-
BEPXHOCTHOT'O HATSKEHUS, 110 TIOCTPO- Puc.3 €HHOMY TpaduKy ONpeNeIHuTh €€

3HA4YCHUC FH B MUJUIUTI'paMMaXx, a 3aTCM IICPCBCCTU B HeroTOHEL

11. Beruuciuts B CU k03¢ GUIIMEHT TOBEPXHOCTHOTO HATSKEHHUS BOJIBI G.
Tabauua 1

Homep ompita  |D1, M D2, M n

Cpennee 3Haue-
HUE

Tabnuua 2

E
n

Fu,H = o, HMm=

Conep:xxanue oT4yera
3amnonHenasle Ta0aunsl 1 u 2.

KonTpoJibHbIE BOpOCHI.

1. Kak 00BSICHUTB CTpEMJIICHHE )KUKOCTU COKPATUTh CBOIO CBOOO/IHYIO TOBEPXHOCTh?

2. Ha uro 3aTpaunBaeTcst paboTa IpH yBEIUYEHUU TOBEPXHOCTH KUJIKOCTH?

3. Jlatb 1Ba onpeneneHust Ko UIMEHTa TOBEPXHOCTHOTO HATSKEeHUs. EMHUIIBI €ro H3MepeHHs..

4. BriBecTu pacueTHyI0 popmyiny KoddduiimeHTa MoBEpXHOCTHOTO HATSKEHHUS.

5. Kak HampaBiieHa cuiia MOBEPXHOCTHOTO HATSKEHUSI B MOMEHT OTphIBa KOJibLia?

6. Kak 1 OT yero 3aBUCAT CHJIBI MOJIEKYJIIPHOTO B3aUMOJEHCTBUS U KO3(D(PHUIIMEHT TOBEPXHOCTHOTO
HaTsDKEHUA?

7. MoHO 71 oripeieanTh KO3 (PUIIMEHT MOBEPXHOCTHOTO HATSKEHHUSI METOI0M OTPhIBA KOJIbIA, €C-
JIM )KAJKOCTh HE CMAUMBA€ET KOJIbIO?

CHuHCOK HCNO0/Ib30BAHHBIX HCTOYHHKOB
1. CaBenneB U.B. Kypc o6mieii pusuku. T.1. Mexanuka. MonekynspHas ¢usuka. - CII0.: Jlans,
2008. — 352 c. ITap. 92,93,94.
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JlaGopaTtopHnast pabota Ne 16
Onpenenenue ko3(pPUIHEHTA BAZKOCTH KHIKOCTH
no meroay Crokca

Lleab padoThl: MMO3HAKOMUTHCS C SIBICHHEM BHYTPEHHETO TPEHHS M ONpEACIUTh KoddduimeHt
BHYTPEHHETO TPEHHS (AMHAMHYECKUI K03 (UIIMEHT BA3KOCTH) 10 MeToay CTokca.
TeopeTnyeckue cBeieHUsI
HeonnopogHoe TeueHHE KUAKOCTH, T.€. TaKOe, MPU KOTOPOM CKO-
ol F POCTh TEUEHMs PA3JIM4YHA B PA3HBIX MECTAX, HE SIBJISIETCS PaBHOBECHBIM.
® [TosTOMY B XKHIKOCTH OYAYT MPOUCXOAUTH MPOLECCHI, CTPEMSIIUECS BbI-

. o POBHSITH CKOPOCTh Te4YeHHUs. Takue MpoILecChl HA3BIBAIOTCS BSI3KOCTHIO

rl i 4 WIM BHYTPEHHUM TpeHueM. lIpennonoxxum, 4To KuAKOCTh BCIOAY TEUYET B
Ip| ™= HAIPAaBJIEHUU OCH Z , 2 3HAYEHUE CKOPOCTH V MEHSETCS TOJIBKO B HAIpaB-
x JEHUM X , HepHeHAUKYJIspHOM TeueHuto (puc.l). Torma B HampaBiieHUU
Puc.1 OCH X BO3HHMKAaeT MOTOK MMIyJbkca. Miynbce, mepeHocuMbli 3a 1¢c yepes

€IMHUYHYIO IUIOLIAAKY, NEPHEHIUKYIISIPHYIO OCH X, HAa3bIBAETCS IJIOTHO-
CTBIO IIOTOKA UMITJIbCA M 0003HAYAETCS. |, -

W3 o0mmx cooOpa)keHUil CIEenyeT, 4YTo |, IPOIOPLMOHAILHA I'DAAUEHTY CKOPOCTH TEUEeHHS H
> p

HaIpaBJieHa IPOTUB IPAJUEHTA, T.€.
. dv
Jp =M & ) (1)

rae 1 — Ko3pGUIUEHT BI3KOCTH CPEIbL.

PaccmoTpuM Tenepp BSA3KHI TOTOK, BOSHUKAKOIIUK B JKUIKOCTH MO JEHCTBUEM KACATEIbHON CHIIBL,
¢ CTPEMSIILEUCA CMECTUTh OJMH CJIOM MOJIEKYJ OTHOCHUTEIBHO JIPYyroro
O O O O (puc.2). Ilycrs f - cuina, gelicTByomas Ha €IUHUILY TOBEPXHOCTH, a O -

paccTosiHue MEXIy COCeIHMMHU ciosMu. Torna Ha ofHy MoJeKyiy Oy-

8 CB0OO00HDLI .
ygen ~ ACT JCHCTBOBAaTH CHJIA, PaBHAs f/nd, rme N —KoOHIEHTpAIMS MOJIEKYII.
O : O [Ipu mepemenieHN MOJIEKYJIbI B aKTUBUPOBAHHOE COCTOsiHHME (puc.3)
a a
O O o O cuna f/nd cosepiaer paboTy, paBHYIO YER MO3TOMY TIOTEHIIHATbHBIH
n
Puc.2 Oapbep clieBa OT aKTHBHPOBAHHOTO COCTOSIHHSI YMEHBIIACTCS Ha BEJIH-

YUHY 3TOW paboThl (BHELIHSSA CHUJIAa «IIOMOTAeT» MOJIEKYJIE COBEpPIIUTH
CKa4yOK B MPSIMOM HalpaBJIEHUH), a CIIpaBa, HA00OPOT. YBEIMUUBACTCS (BHEIIHSASA CHJIA «IPEHSTCTBYET»

o a
MOJIEKYJIe COBEpIIUTH OOpaTHBIN CKauokK). JTa cuTyalus u3oopaxena ua puc.4, rue AU = 52
- AktmBpoBaNEOe U
U coCTORHNRE U,
onoxenne
PABROBOCHS
Caobomumiit
vaen :
> AU f b e
lea | 2T AU z
Puc.3 Puc.4.

[ToaTOMY TIpM HaTUYHMK BHENTHEH CHIIBI YACTOTHI MEPECKOKOB B CBOOOHYIO SUYCHKY Y1 M 0OpaTHOTO TIepe-
CKOKa Y2 OyIyT HEOJMHAKOBHI, M B PE3yJbTaTe BO3HUKAECT MOTOK MOJIEKYJI B HAMIPABJICHUH MPUII0KECHHOU

CHJIBI, CKOPOCTH KOTOPOTO
U,—AU U,+AU U, [ AU AU

B pesynbTaTe nepeHoca numMiysbca (B HapaBICHUH X) B )KHJAKOCTH BO3HUKAIOT KacaTellbHbIE MO OT-
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HOMICHUIO K TCYCHUIO CHUJIBI BA3KOI'O TPCHUA

dv
—S, 2
ot 2)

rae S — miomaap, Ha KoTopyto aeictyer F,,, .

F.=n

643

W3BecTHO, 4TO BSI3KOCTb I'a30B C POCTOM TEMIIEPATYPhI PACTET, TOTJa KaK BA3KOCTh KUIAKOCTEH yObI-
BaeT. JTO pa3nuyre 00yCIOBIEHO KaYeCTBEHHO PA3HBIM XapaKTEepPOM TEIUIOBOIO JBM)KEHUS MOJIEKYJI ra3a
Y )KUJIKOCTH.

ITo cBoelt cTpyKType *KHUIKOCTh OJIMKe K KPUCTAIIIMUECKUM TBEPbIM TelaM, 4eM K ra3am. TeruioBoe
JBUKEHHE MOJIEKYJI XKUIKOCTU CBOJUTCS K KOJeOaHUSIM OKOJIO HEKOTOPBIX MOJIO0XKEHUI paBHOBecHs (y3-
JIOB), KOTOPbIE B OTJIMYUE OT MOJOKEHUIH paBHOBECHUS B KPUCTAJUIAX HOCAT BPEMEHHBIN XapakTep —4yepe3
HEKOTOpOE BpeMs (BpeMs peaKcalud) MOJEKyJa >KUIKOCTH CKaYyKOM IEepPEXOIUT B HOBOE, CBOOOJHOE
HOJIOKEHHE paBHOBeCHs. UTOOBI COBEPIINTh ITOT NEPEXO, MOJIEKYJIA JIOJKHA MPEO0IETh OTEHIUAIIb-
HbII O6apbep, BbicoTa KOTOporo Ua HaszbiBaeTcs sHeprueit akruauuu (puc.3). Yactora Takux MepexosoB y

orpeziersieTcs pacnpeaencaueM bonbimana:
U

=708 ¥ (3)
IJIe Yo — HEKOTOpas KOHCTAHTA.

O‘-IGBI/II[HO, 4TO B OTCYTCTBHMEC BHCIIHUX CHJI HACTOThI MIEPCXOA0B B IIPAMOM U O6paTHOM HaIlrpaBJICHU-
aX 6y,I[yT OINHAKOBBIMU M HUKAKOI'O PE3YJIbTUPYIOLICTO TCUCHUA HC BO3SHHUKACT. Tak kak 0OBIYHO

Y _Ua 2 U
AV 1w e KT zli&, o V:Me i@ fYoe kT
KT kT KT nokT
Fe}zs dV T]V
C yuerom Toro, uto f = S =1 & ~ ? , TIOJTydaeM BBIpaKeHUe s Kod(huIreHTa BI3KOCTH B BHJIE
2 U,
\Y a Yo

Kak moka3siBaroT pacyeThl, Yo = T , TIC h — nmocrosinnas ITnanka. ITomaras Takxke a~ o , [IOJTYYHUM

OKOHYATCJIIbHOC BBIPAKCHUEC JIA KOBq)(l)I/IHI/IeHTa BA3KOCTH KHUJIKOCTH.
Ua
n = nhek? (4)

Kak cnenyer u3 ¢opmyisl (4), BI3KOCTh KUAKOCTH PE3KO (IKCIMOHEHIMAIBHO) YOBIBAET C POCTOM
TEMIICPATYPHI. KpOMe TOT'0, BA3KOCTh CHJIBHO 3aBHUCHUT OT BHJA X XUJIKOCTHU U OT €€ YUCTOTHI.

JlelicTBUE CUIJT BHYTPEHHETO TPEHUS JIETKO HAOII01aTh MTPH JBMXKEHUH Tela B )KuAKocTH. [Ipu Manbix
CKOPOCTSIX U y100000TeKkaeMoi ¢opMe Tena, KOrja He BO3HHKAET BUXPEU, CHJIa CONMPOTUBICHUS 00y-
CJIOBJIEHA MCKIIIOUUTENBHO BA3KOCTBIO MKHUJIKOCTH. CIION MKHUJIKOCTH, HEMOCPEACTBEHHO MPHJIETAIONINNA K
TBEPAOMY TeIly, YBJIEKAETCS UM IOJHOCTHIO. CIIETyIOMUI CIION YBIEKAETCS 3a TEJIOM C MEHBIIEH CKOpO-
cTbto. TakuM 00pa3oM, MEXIY CIOSMHU BO3HHKAIOT CHJIbI CONPOTUBIEHUS. J{1s1 HEOBICTPOTO ABMKEHHS
nrapuka B KUAKOCTH CTOKC BBIBEJ ITyTEM TEOPETHUECKOrO paccMOTpeHHsi GopMylly pacueTa CHIIbI CO-
IPOTHUBIICHHS:

F =6mnrv (5)
rze M — JMHAMUYeCKUi K03(pPHUIIMEHT BI3KOCTH; I' —paauyc apukKa; V — CKOPOCTh €r0 ABHXKEHHS OTHO-
CHUTEJIBHO >KUJIKOCTH.

Hpe)IOCTaBI/IM MAJICHBKOMY HIApHUKY BO3MOXHOCTH IMaJgaTb B XUJAKOCTH IO )IefICTBI/IeM CHJIBI TSXKE-

ctu. Ha Hero OyayT aelicTBoBath cienyrouue cuisl (puc.S): 1. Cuia TsSKecTH, HalpaBlieHHas IO BEPTH-

KaJIl BHU3 G=mg=p,Vg = gnrsng

rze P, — IUIOTHOCTH IIApUKa, § - YCKOPEHUE CBOOOIHOTO MaCHHS.

p— 2. BeitankuBaromas cuna Fi, SBISIOMIAsICS pe3yabTaToOM THIPOCTaTHYC-
| Sy =i
1
Tl . ._ - l
—=
e B 62




ckoro naaBieHus. OHa HampaBlieHA IO BEPTUKAIM BBEPX U PaBHA IO 3aKOHY ApXHUMENa CHIIE TSKECTH
KHUJIKOCTH B o0beme Tena: F = (4/ 3) Ttr?’plg , TIe Py — IUNIOTHOCTD JKUKOCTH.

3. Cuna BHyTpeHHero Tpenus F2 . OHa HampaBiieHa MPOTHB HANpaBJICHUS CKOPOCTH IApHUKa, T.C.
BepTHKAIBHO BBepX. [1o popmyne Ctokca
F, =6mnrv
Cwiet G 1 F1 nocTosiHHBI, a cuiia F2 yBemuuuBaeTcs o Mepe yBEIUYeHUsI CKOPOCTH iapuka. [Ipu He-
KOTOPOH CKOPOCTH V HAcTylaeT MOMEHT, koraa cwia G, HampaBjieHHas BHU3, Oy/eT ypaBHOBEIIICHA CH-
gamu F1 u F2 , HampaBlieHHBIMH BBEPX; C 3TOr0 MOMEHTA IIAPHK OY/ET JIBUraThCsl PABHOMEPHO, B COOT-
BETCTBHHU C TEPBbIM 3aKOHOM HbioToHa. CKOPOCTH PABHOMEPHOTO MMaICHHUS HEBEIIMKA, €CIIM MIapUK Mall,
U ee JIeTKO n3MepuTh. Toraa u3 ycioBus paBHOBECHS CHIT
4 3 4 3
gnr pPo0 = gnr p1g +67INrv

MOYKHO OIIPEIEIUTh TMHAMHYECKHH KOAPPUIHECHT BI3KOCTH
nzgng P2—P1 (6)
9 Vv
O0beKThI HCC1e10BAHUSA, 000PY10BaAHHE
Kosnba ¢ )kuaKocThlo, METaNINYeCKUe MAapUKH, CEKYHI0MED, JIMHEeHKa.
IHopsinok BbINMOHEHHS Pa0OTHI

1. 3meputh MUKpOMETpPOM AuameTp 0 mapuka B MIJUIUMETpax (MM) M ONPEACIUTh €ro paauyc B
MeTpax (M).

2. OCTOPOKHO OTIYCTUTb IIAPHK IO LIEHTPY COCYJa HEMOCPEICTBEHHO HAJl IOBEPXHOCTBIO UCCIIENY-
€MOM >KMJIKOCTH U OIPEJIEIUTh C IOMOUIbIO CEKYHI0Mepa BpeMsl t IpOX0XkKIECHU 1IaprKa MEXIYy MeTal-
JMYECKUMH KOJIBLIEBBIMU METKaMH Ha cocyze. BepxHss MeTka JOKHA HaXOAUThCS HE MEHee YeM B Jie-
CSITU CAHTHMETpPaxX OT MOBEPXHOCTHU KHUJIKOCTH.

3. OnpeznenuTth MO MaciITaOHOM JHMHEHKe paccTosHue | MexXIy MeTKaMH M BBIYHCIUTH CKOPOCTH
mapuka V =1/t (Berumciurs B CH).

4. OnbIT IOBTOPUTH €ILIE C YETBIPHMS IIAPUKAMHU.

5. Beruncnuts nuHamudeckuil ko3dduunent Baskoctu B CU no ¢popmyiie (2) B KaXk10M OIBITE U

HalTHU CpeHEE 3HAUCHUE <n>

6. Pe3y.]'II>TaTBI OIIBITOB U pacquOB 3aHCCTU B Ta6HI/IHy.
N |d, [r, LIt v, | A [(Ani)?

MM [M (M [c [M/c|ITa-c |TTa-c [TTa%-c?

5

(n)=..

[InoTHOCTH HCCEeyeMON KUIKOCTH P1 = 1,2-10°% kr/m3;
TIOTHOCTH CBUHIA P2 = 11,4-10% kr/nm®,
7. OnpenenuTh ciydyaiiHble OTKIOHEHHUS AT =M; — <n> Ka)KJ0T0 U3MEPEHUs U CpeHee KBapaTHy-

1 2 .
HOE OTKJIOHEHHE S = \/ —12(Ani) . BBIUMCIIUTE MOTPEIHOCTh AT pe3ylbTaTa H3MEpEHHiA:
n —

An=S/\n
8. 3ammcath pe3ysibTaT B BUIE: 1) = (<n> + An) Ia-c.

Conep:xanue oT4eTa
3anosHeHHas TabauIa, 3HaYeHUEe KodhPHUIMeHTa TMHAMHUYECKOMN BA3KOCTH.
KoHnTpoJsbHbBIE BOPOCHI
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1. Harmucatp o61iee BeIpaxeHue 11 BI3KOUM CHITBI M TIPOUJUTFOCTPUPOBATH YEPTEIKOM.

2. latb onpeeeHne JMHaMHIecKoro koddduimenrta Bsa3koct. Kakosa enqunuiia ero usmepenus B CU?
3. Kakue cuibl 1eMCTBYIOT Ha IIAPUK, IBHXKYIIMICS B IIIULIEpUHE?

4. Tlouemy pucka 1 10J>KHA HAXOAUTHCSI HECKOJIBKO HUXKE TIOBEPXHOCTH JKUJIKOCTU?

5. BeiBecTr pacuetnyto ¢popmyiy (6) Ui onpeaesieHns JMHaMHIecKoro Ko duuueHTa BI3KOCTH 1.

6. Kak BSI3KOCTb KMJIKOCTH 3aBUCUT OT TEMIIEpPaTypbl?

Cnmcok HCNO0JIb30BAHHBIX HCTOYHHKOB
1. CaBenweB U.B. Kypc o6meit ¢pusuku. T.1. Mexanuka. MonekynsipHas ¢usuka. - CI10.: Jlans, 2008. —
352 c. Iap. 78,79
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JlabopaTtopHnast pabota Ne 17
Onpenenerue AIUHBI CBOOOTHOr0 NMpodera u 3PpGeKTHBHOIO THAMETPA MOJEKYJI BO3IyXa

Ileab padoThl: 03HAKOMHUTHCS C OJHUM HMX METOAOB OMPEACIICHUS MHKPOINapaMeTpoB (cpemHeit

JUTMHBI CBOOOTHOTO TIpodera u 3 heKTUBHOTO qraMeTpa MOJIEKYJI BO3yXa) Yepe3 MaKpoImapaMeTphl.
Teopernyeckue cBeleHUs!

Cpeonetl onunoli c600600H020 npobeca MOJEKYJ A Ha3bIBAETCS CPEIIHEE PACCTOSHHE, MPOXOAMMOE
MOJICKYJIOH MEX]Ty IBYMsI TIOCIIEIOBATEIIbHBIMU CTOIKHOBEHHSIME C JPYTHMU MOJICKYJIaMH.

Paccrosinue d, Ha KOTOpOe CONMKAIOTCS MPU CTOJKHOBCHUH
HEHTPBI MOJIEKYJI, HA3BbIBACTCS 2QhheKmusHbiM Ouamempom Moaexy-
avl. Ha puc.2 BuaHO, 4TO 4Yem OoJibllle HavajdbHAss KHHETHYECKas
SHEPIUs MOJICKYJIbI (T.€. YeM BBIIIE TEMIIEpaTypa), TeM MeHble d.

CrnenoBarenbHO, YPPEKTHBHBIN JAUaMETP MOJICKYJI YMCHbIIIA-
eTCs ¢ NOBbIIIeHHEM TemiepaTypbl. [IpaBaa, usmenenue d ¢ poctom

U

TeMIIepaTypa He3HaunTebHO. Bennunta o =nd? HasbiBaetes 9¢h-
qbeKmuGHblM ceyeHuem moJjeKybl.

MOHeKy.H)IpHO'KI/IHeTI/I'-ICCKaﬂ TCOpHA ra3oB IPUBOAUT K BBIBOAY.
Uro pmuHA cBOOOMHOTO mpobera A 0OOpaTHO MPOMOPIIMOHAIBHA
KOHIIEHTpAUK N ¥ 3PPEKTUBHOMY MOMEPEYHOMY CEUCHHIO MOJIe-

KYJIBI

1

A=

Toon” (1)

Ota dopMyna UMeeT OYEBUAHBIM (U3NIECKUN CMBICI: CBOOOAHBIM MpOOEr TeM MEHbINE, YeM TYIIe
pacIoyIoKeHbl MOJIEKYJIbI (T.€. yeM Oouiblie N) 1 4eM Oouiblie NepeKpbiBaeMast Kax10i MOJIEeKyJIoN I1o-
maap (T.e. 4eM OoJblie G).

IIpu nocrossHHOM TeMIlepaType INIOTHOCTh MOJIEKYJI N IPONOPLMOHAIbHA AaBiIeHUIO raza. Cienosa-
TEJIbHO, JJIMHA CBOOOIHOTO Mpobera 0OpaTHO MPOMOPIUOHAIBHA IaBJICHUIO:

-1
P
N3-3a ymenbieHus 3¢ (HeKTUBHOTO AUaMeTpa MOJIEKYJI JJIMHA CBOOOIHOro Mmpobera MpH MOBBIIIEHUH
TEeMIEPaTypbl c1abo pacTer.
W3meputs A TpakTUYeCKH HEBO3MOXKHO, HO Yepe3 A BBIPAXKAIOTCS Bce KOA(PGUIMEHTHI TIepeHoca,

KOTOPBIC CPABHUTCIIBHO IPOCTO MOKHO U3MECPUTH HA OIIBITC.

Z[I/IHaMI/I‘leCKaSI BA3KOCTB I'a30B BBIPAXKACTCA CICAYIOIIHUM 06pa30M: n= é)\, <V> o)

(2)

rac <V> — CpeaHAAd CKOPOCTD I'a30BLIX MOJICKYIJI, P — INIOTHOCTD I'a3a.

CHayana Hy»HO U3MEPHUTbH BSI3KOCTb 1), 3aTeM 1o (opmysie (2) BHIYUCIUTH CBOOOIHBIN Mpoder A ,
HakoHell, o Gopmysie (1) Beruucants ¢ wiu d.

UYro kacaeTcst ombITa, TO HY>KHO BBIOpaTh Takoe (U3NYECKOe SBJICHHE, YTOOBl OHO MO3BOJISIIO MPO-
CTBIM 00pa30M U3MEPUTH BA3KOCTh BO3/AyXa.

B Hacrosmieilt paboTe B KauecTBe TAKOTO SIBJICHHUS MCIIONB3YyeTCs BA3KOE TEUEHHE BO3JyXa uepes
KaIusp.

L Ha puc.1 uzobpaxena cxema yctaHoBKU. Ee OCHOBHAs 4acTh — KamuJuisap
% l‘l’ ] L, moka3aHHbIi Ha puc.3 B yBEIMYEHHOM MacIiTade.

WZZZ UZZZ] Ecnu Ha KoHIJax Kanwuisgpa co3faTh pasHoCcTh gaBieHuil AP =P —PB, to B

‘ KalmuUISIpe BO3HUKAET BSI3KOE TEUCHUE BO3yXa, IPOPUIH CKOPOCTEH KOTOPOTO

nokaszaH Ha puc.3. 3a Bpems T 4epe3 Hero nporekaer o0beM Bozayxa V, KoTo-
Puc.3 PBIN MOKHO BBIYMCIIUTH 10 hopmyie [lyazeitns:
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4
v =" Ap: 3)
8nl

rjae I — paauyc Kanwuisipa, | — ero auHa.

Pa3nocTh naBneHuit Ha KOHIIAX Kamujuigpa yCTaHABIMBAeTCs Oyarogaps ToMy, 4To yepe3 KpaH K u3
0OaJUIOHA BEITEKAET BOJa.

Heo6xonnmo, 4To0Obl Bosia BeITEKana KawsiMU. Toraa nasienue Bo3ayxa B 6aione P, u ruapocra-
THUYECKOC JaBJICHUEC croiba KUAKOCTHU BEICOTOH h YPaBHOBCCAT aTMOC(bepHOG P JaBJICHUEC T.C.

Pl +p60()blgh =P '
OTKYyJda CJIICAYCT
AP =P —P =p,,, 9N
Tak kak h MeHsieTcst MeUIeHHO, IpUYEM U3MEHEHHUE JINHEHOE, TO B opmyiy (3) ciaeayer MoACTaBIsATh
CpCAHCC 3HAUCHUC
h +h, ()

AP = Psoon 9 <h> = Peoon 9 2

C npyroit cTOpoHbI, 00bEM BO3/1yXa, MPOIIECAIIETO Yepe3 KauLUIsp, paBeH 00bEMY BBITEKAIOIEH BOIbI,
KOTOPBIii JIETKO ompeaenseTcs no hopmyie

Urak, cnenyer usmeputs 4 BeiuuuHbl: V, T, h1 u hy. 3atem Haiitu AP 1o dopmyite (4) u 1 u3 Gopmysl
(3).
_ nr4p60()bzg (h.l. + hZ)T

1= 16Is (- hy) ©)

Ocraetcst BBIYUCIUTD A, 1 d. J[Jis 3TOr0 HY»KHO HECKOJIBKO Ipeodpa3oBaTh UCXoaHbIe hopmys (1) u (2).

VYuuTteiBas, 4To <V> = ’8ﬂ up= % , 13 popmyIsl (2) HAXOAUM
Y

3 =20 [TRT

P\ 8u (6)

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

KT
=\ )

Bo Bcex ¢opmynax I — paauyc kamwuiipa, | — nnimHa kanmnispa, S — IIomaas ceueHus cocya ¢ Bo-
JOH, Pyopy =1000 Kr/M — mioTHOCTH BosbI, R = 8,31 Jlx/Monb-K — yHUBEpcanbHas ra3oBas MOCTOSHHAS,

k = 1,38-10% JI/K — nocrosunas Boneumana, i = 0,029 Kr/Momb — MONspHas Macca Bo3ayxa, g = 9,8
M/c? — yckoperue cBoboaHoro mageHus, T = (t+273)K
O0BbeKThI HecIeI0BaHNA, 000PyI0BaHUE
Cocyn ¢ KanwIsipoM U KpaHOM, HacoC, TEPMOMETP, OapoMeTp.
Pabouee 3ananue

W3meputh 3HadeHust kodhuimenTa BI3KOCTH, CpelHel JIMHBI cBOOOHOTO npodera u 3¢ eKTuB-

HBII IMaMeTp MOJIEKYJIbI BO3lyXa.
IHopsiaiok BhINOJIHEHHS PA0OTHI

P L 1. Otkpeite kpan K. JloxnaBoiich, Koraa BoJa HauyHET BBITEKATh KaIlIsIMU,
BKJIFOUUTH CEKYHIOMEP U OJHOBPEMEHHO 3aMETUTh YPOBEHb BOJIBI N1 B cocye.
P 2. Korga ypoBeHb BOJBI B COCYI€ YMEHBIIUTCS MPUOIM3UTENHHO Ha 1 cM, of-

HOBPEMEHHO 3aKPBITh KPaH U OCTAHOBUTH CEKYHJIOMEp.
) 3. Bammcarb BpeMs BBITEKaHUsI T M HOBBII YPOBEHb N2 BOBI.
4. U3mepuTh TEpMOMETPOM TeMIleparypy t u 6apomerpom aTmochepHoe naB-

h, | by

3 / 66
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nenwue P.
5. Beraucnuth k03 dunment Bsa3koctu 1 o popmye (5).
6. BerunciauTh cpenHio IMHY ¢cBOOOIHOTO ITpobera A o gopmyiie (6).
7. Beraucauth 3h(HeKTUBHBIN AraMeTp MosIeKy1 Bo3ayxa d mo dpopmyite (7)
JlaHHbBIC M3MEPEeHMIA U BEIYMCIICHUI 3aHECTH B TAOIUILY:
hi,m [h2, M (1, ¢ [T, |P, n, A, Mm|d, M
K |Ila |kr/m-c

Conep:kanue oTyera
3anonHeHHas TabnMIa cO 3HAYEHUSAMH K03(puiimeHTa BI3KOCTH, CpEIHEH UIMHBI CBOOOAHOTO MPO-
Oera u 3 PeKTUBHBINA TUAMETP MOJIEKYJIBI BO3IyXa.
KoHTpobHbIEe BONPOCHI

1. aTh onpenesneHne cpeHeil 1IMHbl CBOOOAHOIO Ipodera MOJIEKYI.

2. Kak 3aBUCHT JyIMHA CBOOOAHOTO Mpobera OT TeMuepaTypbl?

3. Kak 3aBucut JyiHa cBOOOHOTO ITpodera mpu MOoCTOSHHOM TeMIleparype OT JaBiIeHUs?

4. Yro Takoe 3¢ (HeKTUBHBINA AUAMETP MOJICKYI?

5. Kakum MeToI0M oTipeniensieTcsi CpeiHss ATMHa CBOOOIHOTO mpobera U A3 PEKTUBHBIN THaMETP
MOJIEKYJI B JaHHOU paboTe?

6. Kakue sBJIeHUSs1 HA3bIBAIOTCS SIBJICHUSMHU IIepeHoca?

7. UTo TaKkoe BSI3KOCTb WJIM BHYTpPEHHEE TpeHue?

CnucoK HCNOJIb30BAHHBIX HCTOUYHHKOB

1. CaenneB U.B. Kypc o6mieii pusuku. T.1. Mexanuka. Monekynspnas ¢pusuka. - CII0.: JIans,
2008. — 352 c. ITap. 62,78-80.
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Yacrp 2
Jlaboparopnas pabota Ne 18
HcceaienoBanme 3JIEKTPUIECKOTO OIS MPOBOIHUKA ¢ TOKOM

Leab padoThbl: M3yYEHUE CBOMCTB JJICKTPUUYECKUX IOJEH B MPOBOJAILICH >KUJIKOCTH, MOTYy4YCHHUE
rpaduueckoro n300pakeHUS MOJIS C TIOMOIINBI0 AKBHIIOTECHIIMAIBLHBIX TTOBEPXHOCTEH U CHUIIOBBIX JTUHUMA
TeopeTnyeckue cBeieHUsI

Ecnan toku cranuoHapHbie (T.€. HE U3MEHSIOTCS BO BPEMEHH), TO PACIPEICICHUE SJIECKTPUUECKHUX
3apsAI0B B MPOBOJAIICH Cpe/ie TOKE HE MEHSIETCS BO BPEMEHH, XOTSA U IMPOUCXOAUT JBM)KCHHUE 3apsIOB.
D10 00YCIIOBICHO TEM, YTO B Ka)JIOH TOYKE MPOBOJHHUKA HA MECTO YXOJSIINX 3apsI0B HEMPEPBIBHO I10-
CTYNarOT HOBBIC 3apsjbl B TAKOM ke KojndecTBe. [[oaTOMY B cllydae MOCTOSHHOTO TOKa JBHKYIIUECS
3apsiibl CO3JAI0T TaKOE )K€ IMOJI€, YTO M HETOJIBUXKHBIE 3aps/Ibl TOM ke KOHIeHTpauuu. CieloBaTeinbHo,
AJICKTPUYECKOE T10JIE TIPOBOHUKA C MOCTOSTHHBIM TOKOM OYy/I€T MOTCHIIMAIbHBIM, KaK M T0JIC HEITOABUXK-
HBIX 3aps/10B (JIEKTPOCTATUYECKOE).

Cunbl, AeCTBYIONIUE HA SJEKTPUUECKUN 3aps]] CO CTOPOHBI MOJIS HEMOIBMXKHBIX 3apSA0B, SBISIOTCA
NMOTEeHIHAJBLHBIMU. JTO 3HAYUT, 4TO paboTa, cCoBepIIacMasi STUMHU CHJIAMU HaJl TIEPEeMEIIaIoNUMCs TO-
YEYHBIM 3apA70M (', HE 3aBUCUT OT TPACKTOPHH ATOTO 3apsijia, a 3aBUCHUT JIMIIIb OT €r0 Ha4aJbHOTO U KO-
HEYHOTO MosioxkeHui. [loje cranmoHapHbIX 3apsiioB, B KOTOPOM U JIEUCTBYIOT TaKue€ CHUJIbI, TAK)KE Ha3bl-
BacTCA MOTEHIHAIBHBIM. Pa00Ta MOTCHIIMAIBHBIX CUJI MPU TIEPEMEILICHUH 3apsi/ia COBEPIIACTCS 3a CUET
YMEHBIIIEHUS MOTEHIINAIBLHON YHEPTUU €r0 B3aUMOICUCTBUS C TIOJIEM, T.€.

Anonﬂ =— AU

Kaxxnoii ToYKe MOTEHIUAIBHOTO IOJISI MOXXHO COIMOCTABUTH CICIHAIBHYIO CKASIPHYIO (DYHKIIHIO
KoopauHaT @(X,y), Ha3bIBaCMyIO MOTCHIUANIOM. [IOTeHIMAT YMCACHHO PaBeH MOTCHIUAIBHON SHEPTUU
eIMHMYHOr0 MPoOHOTO 3aps/a (', TOMEIEHHOTO B JaHHYIO TOUKY MO, T.€.

U(xy)
(p(X, Y) =0 1)
q
rae q - BenuuuHa mpobHoro 3apsaaa, a U(X,y) - ero noTeHnuaabHas SHEPIUs B TOYKE TIOJIS ¢ KOOPAMHA-

TaMHU X U Y.

Ecnan npuHATh moTeHIMa HA OECKOHEYHOCTH PaBHBIM HYJO, TO (M3UYECKUN CMBICT MOTEHIIMAa
MO>KHO MPEACTABUTH KaKk padoTy BHEIIHUX CHJI MO MepeMelleHNI0 eIMHUYHOr0 NPOo0HOro 3apsiaa u3
0€CKOHEYHOCTH B IaHHYI0 TOYKY. COOTBETCTBEHHO Pa3HOCTh MOTEHIIMAIOB - 3TO paboTa BHEIIHUX CHII
O MEePEMEIIEHUI0 SAMHIYHOTO MPOOHOTO 3apsiia U3 MEPBOM TOUKHU BO BTOPYIO.

[Toreniman sABISIETCS BCIOMOTATENBHON - SHEPreTUYECKON - XapaKTEPUCTUKOMN TOJIsl, OCHOBHAS Ke
€ro XapakTepUCTUKA - CUJIOBAS - HA3BIBAETCS DJIEKTPUUYECKUM BEKTOPOM WM HANPSKEHHOCTBIO DJIEKTPU-

YECKOT0 MOJISI. DIEKTPUIECKUM BEeKTOpoM E HaszwiBaeTcs ¢u3nyueckas BETUYMHA, YUCIEHHO paBHAs CHUIIE,
JIEHCTBYIOIIEH HAa eIUHUYIHBIA MPOOHBIN 3aps/l, TOMEIICHHBIN B JAHHYIO TOYKY ITOJIS, T.€.

e-F) )
q
Tak K€, KaK U IIOTCHIUA, SHCKTpI/I‘{eCKI/Iﬁ BCKTOP SABJIACTCA (I)YHKL[I/Ief/’I KOOpAHWHAT. MC)KI(y E u @ cy-
HIeCTByeT 3aBUCUMOCTB, BBITCKArOIasd U3 OHpe)IeJ'IeHI/IH OTUX BCINYUH:
E=—grado (3)
rac grad(p Ha3bIBACTCA I'PaAUCHTOM IOTCHIHAJIA. B ABYXMCPHOM CJIy4dac B ,Z[CK&pTOBOfI CUCTEMC KOOD-

JIHAT
_0p . O
radp=¢€, —+6, — 4
grado =87 +& 75 (4)
€ M €, - eAMHMYHBIC OPTHI KOOPJMHATHBIX Oceil. Takum 00pasom,
0 0
E =20, By =-=7 ©)
OX oy

Jlnst HarssggHoro (rpaduueckoro) n300paKeHHst OIS UCHOIB3YIOT SKBUIIOTEHIIMATBHBIE TOBEPXHO-
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CTH ¥ CUJIOBBIC JIMHUU. DKBUMOTEHIHAJbHbIE NOBEPXHOCTH - IOBEPXHOCTH PAaBHOTO MOTEHIIUAIIA - yJI0-
BIICTBOPSIIOT YCIOBHIO (X, Y,Z)=CONSt ; B paccMaTpuBaeMOM Cilyyae IUIOCKOTO IOJIS 3TO YKE HE 110-

BEPXHOCTb, a JIMHUU, YPAaBHEHUE KOTOPBIX (p(x, y) =const .

CHJI0BBI€e JIMHHH - 9TO TCOMETPUUYECKIE JIMHAH, B KAKIO0H TOUKE KOTOPBIX BEKTOp E HAmpaBieH 1o
KacateJbHOM. MOXHO MMOKa3aTh, YTO SKBUIIOTCHI[MAIbHBIE MOBEPXHOCTH U CUJIOBBIC JMHUHU B3aHUMHO
NEPIEeHIUKYIISIPHBI, a TPAJUEHT HAMPaBJICH 110 HOPMAJIU K YKBUIIOTCHIIMAILHOM MOBEPXHOCTH U PABEH IO
monymo do/dn, rme dn - paccTosiHEE 0 HOPMAIK MEXKIY JBYMsI SKBUIIOTEHIUAIBHBIMU TIOBEPXHOCTSI-

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

an o (6)

rae €, - €AMHUYHBIA BEKTOp, HANPaBJICHHBIA 1O HOPMaIM K SKBHIIOTCHLIMAIBHOW MoBepxHOCTH. Kak

[ToaTomy

BHUOHO, BeKTOp E HaHpaBJIeH B CTOpOHy Y6BIBaHI/IH IIOTCHIIHKAaJia.

Bo BCcex NpaKkTUYECKUX TMPUIOKEHHAX BMECTO TOYHOM (HopMysbl (6) MPUXOAUTCS HMCIOIb30BATh
IPHOJIMKEHHOE BHIPAKCHHUEC

E~ 20 @)
An
CI/IJIOBBI@ JIMHUU MOXHO BOCHpOI/I3BeCTI/I, y[H/ITBIBaﬂ, qTO OHU B K&l)KI[OI‘/’I TOYKEC HpOCTpaHCTBa JOJIDKHBI
6I)ITB nepneHduKle}lprl 3K6un0meH14uaﬂbelM n06erHocm}ZM.
O0BbeKTHI MCCIe0BaAHMS, 000pyI0BaHHe

—_— OCHOBHOﬁ qaCTbHO Ha60paT0pHOI71 YCTaHOBKI/I SIBJISICTCA KHOBECTA

A —
v~ ] . En (TIpsIMOYTOJIBHBIN COCYZ) C CJIA0OMPOBOJSIIEH >KUIKOCTHIO M JIBA
T  2MeKTposa A u K (puc.1). PazHoCTh MOTEHIIMATIOB MEXAY DIEKTPO-

/ JaMHU CO3/1a€TCS MCTOYHUKOM TOCTOSIHHOTO HampspkeHus. K omHomy

u3 anexTpoaoB K (karoay) npucoequHeH OJHON KIEMMOI BOIBTMETD,

1 Ipyras KjieMMa KOTOpOro coeirHeHa ¢ 30H10M 2. [Ipu xacanuu 30H-

- \\; JIOM KaKOH-TUOO TOUYKH KUIKOCTH BOJBTMETP MOKAXKET MOTEHIIHAI

K 9TOM TOYKM OTHOCH-TEJIHHO KaToja (MOTeHIMal KaTo/1a MpUpaBHUBA-
Puc.1 eTcsl Hyno). V3Mepsisi MOTeHIHMAaNbl Pa3InYHBIX TOYEK MOJIs, UMEIO-

IIUX OJIMH M TOT K€ TMOTEHIIHAJ, MOKHO MOCTPOUTH CUCTEMY DKBHUIIO-
TEHIMANBHBIX JUHUM, 3aTeM U300pa3uTh COBOKYMHOCTh CHIIOBBIX JIMHUU U MIPH HEOOXOTUMOCTH BBIUHUC-
muth E B 1106011 Touke nosis o popmyie (7).
Pabouee 3apanue
KroBera, anexTpoipl, MIULUTUMETPOBAsi Oymara.
IHopsinok BbINOJHEHNS PA0OTHI

1. IlepepucoBath C YCTAHOBKH B HAaTypaJIbHYIO BEIMYMHY KOOPAMHATHBIC TUHEUKHU U JIEKTPO/IBI.

2. OnpenenuTh NOTEHIMA AaHOIA (PA, M 3aMCATh €r0 BEJIUYHHY.

3. Haiitu sxBunorennuans co 3HaderneM @1 = 0,8¢a. [{71s1 3TOTO ClieyeT mMOMEeCTUTh OCTPHUE 30H1a B
COCY/I C KUJKOCTBIO HaJ[ OJTHOW M3 BEPTUKAIBHBIX JIMHUN MUJUTMMETPOBON Oymaru, pacroyioXKeHHOM Mo/
MPO3pauHbIM COCYAOM U, IIEpEeMeIlias €ro B0JIb 3TON JTMHUU, HAUTH KOOPAMHATHI TOUKH, B KOTOPOH IO-
TEHIMAI UMeeT 3HaueHue (1. OTMETHTH ATy TOUYKY Ha BaiieM rpaduke Ha ctp.l. [Tomemas 3081 mocne-
JIOBATEIHLHO HAJ BTOPOH, HAJl TPEThEH U T.Jl. BEPTUKAJIBHBIMU JIMHASMH MUJUTMMETPOBOM Oymaru u mepe-
Meniast 30H]] BJI0JIb HUX, HAUTU TOYKHU C TEM K€ MOTEHIIMAIOM (1. ECM HY>KHBII NOTEHIIMAI OTCYTCTBYET
Ha BEPTUKAJIbHOM JTMHUM, TOMPOOYHTE IBUTaThCS 10 TOPU3OHTAIBLHON JTMHHH.

4. CoenHUB Ha CBOEM PUCYHKE TOYKH C MOTEHIIUAIOM (1, BbI MOJIYYUTE MEPBYIO U3 HCKOMBIX YKBHU-
MOTEHIUANICH.

5. AHanoruyHble U3MEPEHUS MPoIeaTh I MOTeHIIUAIoB @2 = 0,64, ©3 = 0,4pa, s = 0,20A.

6. AKKypaTHO, COOMIOAast B3aUMHYIO OPTOTOHATBHOCTh, HAPHCOBATh Ha Oymare CHCTEMY CHJIOBBIX
JIMHHM, YKa3aB CTPEIKAMU UX HaIlpaBJICHHE.

7. Beraucauts no popmyne (7) 3Hauenus E Bo Bcex TOUKax mepecedeHus: Kakoi-mi0o OJHOM Cuilo-
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BOI1 JINHUU C 9KBUMOTEHIMANbBIO (110 33JaHHIO MPENOIaBaATENs ).
8. ITomy4nTh MOANHUCH MPEToAaBaTeNs 00 OKOHYaHUH SKCIIEPUMEHTA.
Conep:kanue oTyera
I'paduk ¢ n306paskeHNEeM CHUIIOBBIX TUHUNA U SKBUIIOTCHIIUAICH.
KonTposbHbIe BONPOChI
1. Kakue momns Ha3pIBalOTCs MOTeHUMAIBHBIMUA? Kak 3amucaTh yciaoBre MOTEHIIMATBFHOTO XapaKTepa
nosist?

2. Yto Takoe moteHuuan? Pasznocte moteHumanoB? KakoB ¢u3nyeckuil CMBICT 3THUX XapakTepH-
CTHUK?

3. Kak onpe/essiercs i Kakoil CMBICI HMeeT dIeKTpideckuii BekTop E ? Kak oH CBS3aH ¢ MOTEHIHA-
aom?

4. Yrto coboii mpeacrapisieT rpaaueHT notenuuana? Yemy pasen ero moayins? Ilpoekuun? Kak on
HanpasyieH? Kak oH HanpaBiieH?

5. Ilouemy 1osie MOCTOSHHOTO TOKA SIBJSETCS MOTEHIIMAIbHBIM?

Cnmcok HCIOJIb30BAHHOM JINTEPATYPbI
CagenweB U.B. Kypc obuieit pusuku. T.2. DnekrpudectBo u maruetusM. Bonnsl. Ontuka. — CII6.:
Jlans, 2008. — 496c.
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JlaGopaTtopnas pa6ora Ne 19
HN3mepeHne conpoTHBIeHU MPOBOJTHUKOB MOCTOBBIMH CXeMaMH

[leab padoThI: OIIpE/IEICHUE YACIBHOTO COIPOTUBIIEHHS C IIOMOILIBI0O MOCTa Y UTCOHA, OIIPEIEICHUE
COIIPOTHBIIEHUS FAJIbBAHOMETPA C MOMOLIbIO MOcTa ToMCOHa.
Teopernyeckue cBeleHUs!
Toxk, Tekyuii 1o NpOBOJHUKY, YJOBIETBOPSET 3aKoHy OMma:
I=U/R (1)
rae U — HamnpspkeHHe Ha IpoBOAHMKE; R — conporuBienue npoBogHuKa. OIbIT TOKA3bIBAET, YTO COIPO-
TUBJICHUE IPOBOJHMKA 3aBHCUT OT €ro (opMbl, pa3MepOB U MaTepuala, U3 KOTOPOro M3rOTOBJEH IPO-
BOJHUK. CONpPOTHUBICHUE OJHOPOJHOTO IHMIMHIPUYECKOTO MPOBOAHMKA MOXKET OBITh IMOJCYUTAHO II0
dbopmye
I
R=pg (2)
rae | — mmHa npoBoAHMKA; S — TUIOMIA (b TOTIEPEYHOTO CEUCHUS; p — BEIMYMHA, 3aBUCSIIAs OT MaTepuasa
IPOBOJIHHUKA, HA3bIBAEMAsl YOeIbHbIM CONPOMUBLEHUEM MANEPUANA.

p-R> ©

OTcroia BUIHO, YTO YAEIbHOE CONPOTHUBICHHUE P YHUCICHHO PaBHO CONPOTHUBIEHHIO MPOBOJIHUKA,
MMEIOIIEro JHHy 1 M M IIomans nomepednoro cedenus 1m?. B cucreme CU emunuIeii yaenbHOro co-
npoTuBieHus asisgercs 1 OM M.

Kpome yaenpHOro conpoTUBIEHUS P UCIOIb3YIOT TAKXKE 00OPAaTHYIO BETUUYHHY: c=1/p

(4)
Ha3bIBAEMYIO YAEIbHOMN MPOBOJUMOCTBIO WU YIEJIBHOMN 3JIEKTPONPOBOIHOCTHIO.

Ecnu npoBOJHMK MMeeT MPOU3BOJBHYIO (JOpPMY WIM KIEMMBI, Yepe3 KOTOpble MOJBOJAT K HEMY
HapsDKEHUE, PACIIONIOKEHbBI B IPOU3BOJIBHBIX TOUKAX €r0 MOBEPXHOCTH, TO COPOTUBJIEHHUE €T0, ONpeie-
asiemoe 3akoHOoM OMa (1), coxpansier cBoil cMbicia. OJHAKO B 3TOM CIlIyyae CONPOTUBIICHHUE HEINb3s BbI-
YHUCIIUTh C MTOMOIIBIO0 popmyIbl (2). IImoTHOCT TOKa

= ©
L
OyAeT pa3nU4yHOM B pa3HbIX TOYKaxX MpoBojaHHUKA. [lo3TOMY pacmnpeseneHue MIOTHOCTH TOKa B 00beMe
IPOBOJHMKA CIIEAYET ONpPENEATh, UCTIONb3Ys (PyHAAMEHTaIbHOE COOTHOILIEHUE

j=ok, (6)
HasbIBaeMoe 3akoHOM OMa B JlokanbHOM (opMe (E — BekTop HampsmKeHHOCTH 3JEKTPUYECKOro MOoJIs B J1aH-
HOU TOUKE ITPOBOTHUKA).
Pu3nYecKoe COAECpKAHNE MOHATUN YJEIBbHOTO CONPOTUBIEHUS U YAEIBHON 3JIEKTPOIPOBOIHOCTH

MO>KHO MOHSTb, UCXOMS U3 MPEICTaBICHUN KIAaCCUYECKOM 3JIEKTPOHHOM Teopuu. B 3Toi Teopuu npeamno-
JararoT, 4YTO CBOOOJIHBIE JIEKTPOHBI B METa/lIaX BeIyT ce0s Mogo0Ho uaeanbHoMy razy. Ecinu B npoBoa-

HUKE CO3/1aTh JIEKTPHUECKOE IOJIe E, TO Ha Xaomuueckoe TEIIOBOE ABUKEHHE JIEKTPOHOB, KOTOPOMY
COOTBETCTBYET CPEIHSSI CKOPOCTh < V >, HAIOKUTCS YIOPSIOYEHHOE JBUKEHHE CO CPEIHEH CKOPOCTHIO
Vo — ckopocmuio Opetigha. [1pu aToM
j=env, )

r7ie N — YHUCTIO0 DNIEKTPOHOB B €IUHUIE 00beMa; € — 3apsij nekTpoHa. [Ipenmonaraercs, 4To MakCUMalb-
HOC 3HAYCHHUE HAIPABJICHHON COCTABJISIONICH CKOPOCTH Vmax, KOTOPYIO MPHOOPETAET JJICKTPOH MEKIY
JIBYMSI TIOCJIEIOBATEIbHBIMU CTOJIKHOBEHUSIMH C MOHAMH KPUCTANTMYECKON PEIIeTKH, MOTHOCTHIO Tepsi-
€TCS TIPY CTOJKHOBEHUH. [Ipu 3TOM 3HEPrHsl yHOPSAIOYSHHOTO JBHIKCHHS 3JICKTPOHA IpeoOpa3yercs: BO
BHYTPEHHIOIO SHEPTUIO MPOBOTHUKA, KOTOPBIM HarpeBaeTCs MPU MPOXO0KACHUU IO HEMY DJIEKTPUIECKOTO
TOKAa. BBIYUCIIEHUS TPHUBOIAT K CISAYIOMIEMY BBIPAKEHHUIO IS CPEeIHEH CKOPOCTH Vp HAIPABICHHOTO
JIBUKCHHS SJICKTPOHOB
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__EEA (8)
2m<v>
r7e A — CpeiHss JAJIMHA CBOOOJHOTrO Mpolera 3JeKTPOHOB, KOTOPYIO CUMTAIOT MO TMOPSIKY BETHYHUHBI
paBHOI MapaMeTpy KPUCTAJUTNYECKOH PEIeTKH MeTaslia; M — Macca JIeKTPOHa.
[MoxcraBnsist hopmyiy (8) B popmymy (7), momydaem

Va

2
. e niE
j=r——r 9)
2m<v>
YTO MPHU COMOCTABICHUH ¢ POPMYIIOii (6) HaeT sl G BRIpakeHUE
2
2m<v>

Onpeodenenue conpomuenenus nPOGOOHUKA C NOMOUWLbIO MOcma Yumcona

Jliia omnpesenieHus CONPOTUBIICHUS! TIPOBOJIHUKOB CYIIECTBYIOT pa3inyHble MeTOAbl. OTHUM U3 HUX
ABJIIETCS METOJl U3MEPEHUS] CONPOTUBIIEHUN MPHU MOMOIIM MOCTOBOM cXeMbl. MOCTOBBIE CXEMBI IpE.-
CTaBJISIFOT COOOM pa3BETBJICHHBIE IIETIH, IS pacueTa KOTOPBIX MPUMEHSIOTCS npasuna Kupxeoga.

[lepBoe mpaBuno Kupxroda rmacur, 4yto anredpandeckas cymMma CHII TOKOB, CXOJSIIUXCS 8 y3ie,
paBHa HYJIO:

D=0 (12)

VYpasuenue (11) MoxkHO HamucaTh U1t Kaxaoro u3 N y3moB nenu. OgHako HE3aBUCUMBIMU SIBIISIFOT-
cs Tonibko N —1 ypaBHenue. HampaBieHus: TOKOB B ydacTKax LEMH BBIOMPAIOTCS MPOU3BOJBHO, a 3HAKU
JUISL ONIPEIIEIICHHOCTH CYUTAIOT MOJIOXKHUTEIbHBIMU ISl TOKOB, MOAXOISIINX K Y311y, U OTpUIATEIbHBIMU
JUISl TOKOB, OTXOJIAIIUX OT y3Ja.

Bropoe mpaBuiio riacur, uyTo anredpanveckas cymMMma HampsDKEeHUH 6 3aMKHYmMoM KOHmYpe paBHa
anreOpanvdecKoil CyMme 3.1.C., BXOISIINUX B 3TOT KOHTYP:

D LR =g (12)
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[Tpn 3amaHHOM HampaBieHUH 00XOAa KOHTYPOB IOJIOKUTEIbHBIMU
CUMUTAIOTCA T€ TOKHU U 3.11.C., HAIPABJIEHUS KOTOPBIX COBNAJAIOT C HaIpaB-
JIeHrneM o0xoza.

Cpenu ypaBHenwii (12) He3aBUCUMBIMH OyIyT TOJIBKO YpaBHEHHS IS
TeX KOHTYpPOB, KOTOPbIC HEJb3sl OJYyYUTh HAJIOKEHUEM JIPYTMX KOHTYpOB
ApyT Ha Jpyra.

MocToBasi cxema MOCTOSHHOIO TOKa, YacTO Ha3blBaeMasi COKPAIEHHO
MOCTOM YWTCOHA, HPEACTaBIseT CO00l 3aMKHYTBHIM YETHIPEXYTOJIbHHUK,
COCTaBJICHHBINA U3 comnpoTuBiieHui Ro, R1, R2, Rx (puc.3). B nuaronans AB
YeThIPEXYTOJIbHUKA BKJIIOYAETCSd MCTOUYHUK IOCTOSIHHOI'O TOKAa C AJIEKTPO-

Puc.3 JBIDKYILIEH CUJION €, B JIMaroHallb — YyBCTBUTEIbHBIA TaibBaHOMETp I
OTa AMaroHalb CXEMbl U HA3bIBA€TCS MOCTOM B COOCTBEHHOM CMbIcie. Bech mporiecc u3MepeHuil npu
IIOMOILM 3TOM CXEMBI CBsI3aH ¢ TpeOOBaHUEM PaBEHCTBA HYJIIO TOKA B MOCTE, OTCIOJIa M paclpOoCTpaHEeHue
Ha3BaHUs "MocT" Ha BCio cxemy. [Ipu mpoM3BOJIBHOM COOTHOLIEHUH CONPOTUBICHHM, COCTABISIOLINX
BCIO MOCTOBYIO CXEMY, U€pe3 raJlLBAaHOMETp, pa3yMeeTcs, JOKEH UATH TOK, HO (3TO MOKHO IOKa3aTh
IIPOCTBIM PAacyeTOM) CYILECTBYET OJJHO OINPEAEIEHHOE COOTHOLIEHUE MEX/1y CONPOTUBICHUSIMH, COCTaB-
JSIFOIIMMU CXEMY, NP KOTOPOM TOK, MIYIIUI yepe3 rajJbBaHOMETp, o0Opalaercs B Hyjb, XOTS IPU 3TOM
BO BCEX JPYTUX 3BEHbAX CXEMBbI TOK HE PAaBEH HYIIIO.

Ecnu Tox B raibBaHOMETpE OTCYTCTBYET, TO mpuMensisi K kontypam ADCA u CBDC Bropoe npaBuio

Kupxroda, moryuanm
LR, — 1R =0; IR, —1,R, =0 (13)
[Tpumensis x y3nam C u D nepBoe npasuino Kupxroda, Oyaem umersb lo=1, l1=1,
(14)
U3 Boipakennii (13) u (14) nonyunm R, /Ry =R, /R, wuim
Ry
R
Onpedenenue conpomugneHus 2ai1b6aHomMempa
¢ nomouyvio mocma Tomcona
c st m3MepeHusl CONPOTUBIEHUS HCIOJIb3YETCS MOCT IOCTOSIHHOTO
TOKa C HEKOTOPBIMH M3MEHEHHUSIMH B PACIOJOXKEHUU €ro OTAEIbHBIX Ya-
S R, creii. Cxema mocta TomcoHna mokazaHa Ha puc.4. Llenb nuTaeTcst OT UCTOU-
HUKa MOCTOSIHHOro HampspkeHust G. BennunHa HampsbkeHUs peryiaupyercs
R Ry B Tak, 4ToObI MpPH 3aJaHHBIX 3HAYEHMSIX CONMpOTHBIEHUH Ro, R1i, Rz crpenka
Ez b Ke rajJbBaHOMETPA HE BBIXOJIMJIA 32 TIPEAEIIbI IIKAJIbI.

! ConporusienneM Ro ciyxut marasus cornpotuBieHuil. ConpoTtusie-
Puc.4 HusMH R1 1 Rz cityskat yactu peoxopna AB (puc.4). Peoxopiom Ha3bIBatoT
OJTHOPOJIHYIO TPOBOJIOKY, M3TOTOBIIIEMYIO0 M3 BBICOKOOMHOI'O MaTepHaa.
ITo nmpoBosoke peoxopia mepemMeniaeTcs MoABMKHBIA KOHTAKT D, coenuHeHHbI ¢ raipBanomerpom I
DTOT KOHTAKT JAeNUT peoxopia Ha aBe yactu: AD u DB. Beneactsue Toro, 4to mpoBojoKa peoxopaa oj-
HOpOJIHA U TIIATEJIbHO KaJuOpoBaHa, OTHOILEHUE compoTHuBieHUi ydacTkoB nenu AD u DB (mneu pe-
0XO0p/ia) Ha OCHOBAaHUU (HOpMyYIIBI (2) MOKHO 3aMEHHUTh OTHOLIEHHEM COOTBETCTBYIOLIUX JJIMH IUIEY pe-
oxopna:

R, =R, (15)

Ri/R, =l /1, (16)
Ecin norenrmanst Togek C i D paBHsI (¢c = ¢p), TO TOK B auaronami CD paBeH HYIIO, W OTOMY
3aMBbIKAHUC U paSMBIKaHI/Ie KHOIIKH Sl HC 6y}1yT BBI3BIBATH H3M€HCHI/II71 TOKAa B BETBAX MOCTOBOI\/’I CXeMI)I, B
TOM 4HCIIe U B BeTBH ragbBaHomerpa I'. IIpu 5ToM GyIeT BBIIOTHATECS coorHomenne (15):

R |
R, =Ry ot =Ry

2 1,
Taxkum 06pa3omM, MOCTOBasi CXeMa MOXKET OBITh UCIIOJIB30BaHa HE TOJIBKO JJIsl U3MEPEHHU COMTPOTHBIICHUIH
Pa3IUYHBIX IPOBOJHUKOB, HO U JJIS U3MEPEHUS CONPOTUBIIEHUS raibBaHoMeTpa. [Ipu aTom He TpedyeTcs
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BKJIFOUCHUE BTOPOTO npn6opa B AxaroHaljib CXEMBbI AJIA UCIIOJIb30BaHUs CXCMbI B OOBIYHOM IIopAaKe.

O0beKThI HecIeI0BaHUsA, 000Py10BaHUE

OO6mwmit BUI yCcTaHOBKH TpescTaBieH Ha puc.l. K ocHoBanuto (1) mpukpersieHa KoioHHa (4) ¢ HaHe-
CEHHOM MeTpuueckoi 1mkanon (6). IlogBuKHBIN KPOHIITEHH (5) MOXKET MEepeIBUTaThCs BJIOJIb KOJIOHHBI.
Mexly BepXHUM M HM)KHUM HEMOJBI)KHBIM KPOHIITEHHAMU HATSHYT Pe3uCTUBHBINA mpoBoj (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 TpuOopa (2) BBI3BIBACT BKIIOUEHHE HATPSIKCHUS
IUTAHUsA, U 3TOM BbIcBeunBaercs unaukarop (7). [lepexitouenu-
eM KJIaBUIIH S2 BeIOMpaeTcs BUJ paboThl yCTaHOBKU (MocT Tomco-
Ha UJIM ONpeAeIeHNUE YeIbHOrO CONPOTUBIIEHUS IPOBOAHUKA).

[lepexmroueHrne KIaBUIIM S3 TO3BOJISIET TOYHO TOK HIJIH
HanpsDKEHUEe IPU HUKHEM I10JIOKEHUH NepekitodaTens S1 u Haxa-
toii knaBuie S2. KimaBuma S3 Takke CIYXKHUT JUIS IEPEKIIOUYCHUS
pesuctopoB Ro B Mocty TomcoHna npu oTxaroil kinasumie S2. Pyuka
pe3ucTopa R mo3BoseT peryanpoBarh CHITy TOKa B CXEMe.

Padouee 3aganue

OmnpenenuTs 3HAYEHUE YACITHHOTO CONPOTUBIICHUS PE3UCTHB-
HOTO TPOBOJAA M OIpPENEUTh CONPOTUBICHUE TajJbBaHOMETpa C
IIOMOIIBI0 MocTa ToMCcOHa.
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ITopsiok BBINOJIHEHUS PA0OTHI
Onpeodenenue yoeapbHo20 CORPOmMueieHus Pe3uCmuéHo20 nPoeooa
VYcraHoBuTE peXHUM paOOThl YCTAHOBKHM Il ONpEAEICHUS YIEIbHOTO
Ry COINIPOTHUBIIEHUSI NIPOBOAHUKA. [[JIg 3TOro HEOOXOIMMO NPOU3BECTHU Clle-
JYIOLIME ONepaltu ¢ NepeKIoYaTesIMU U KJIaBUIIaMU:

1. ITocTaBuTh nepekiovarens S1 B HIKHEE MMOJI0KEHHE.

2. Haxxats knaBuiny S2 (mojoxenne V — mA).

3. KnaBuma S3 B Ha)kaTOM mosioxkeHuu. [Ipu TakoM MOJIOKEHUHU Tie-
pexiirouaTesnei u KiIaBuIlel BKIIOYEHa cXxeMa, H300pakeHHast Ha puc.2.

4. Bxurounte BWIKY IPOBOJa OT YCTAaHOBKHM B po3eTKy HampspkenueMm 220 B. Haxwmure kinaBumry S
(cetp).

5. IlepeBUHBTE MOBMKHBIM KPOHIITEHH Ha KOJIOHHE Ha 35 cM OT OCHOBaHUS (HEOOXOAUMO OIpeie-
JUTH MOJIO’KEHUE PUCKH Ha IIOJBMKHOM KPOHILTEHHE IO 1IKajle Ha KoJoHHe). Perynaropom Toka R ycra-
HOBHTE TAaKO€ 3HAUYEHHUE TOKA, YTOOBI BOJIBTMETP MOKA3bIBAJ MPUOIU3UTENBHO 2/3 U3MEPHUTEIBHOTO JAHa-
na3oHa.

6. 3anuImuTe MoKa3zaHus aMIepMeTpa 1 BOJIbTMETpa B Ta0I. 1.

7. YaenpHOE CONPOTHBIICHUE NMPOBOJHKUKA noacyutaTh 1o ¢popmyne p=US/Il, rne U — nanpsoke-

R

Puc.2

HHE Ha MPOBOJHUKE; | — TOK B MpOBOHKKE; | — ATiHA POBOIHKKA; S — IUIONIA/Ih €r0 MOMEPEYHOro ceve-
HUSL.

8. 3HayeHMEe HAIPSDKEHUS U TOKAa U3MEphTE ISl TPEX Pa3IudHbIX JUIMH IPOBOAHMKA.
JlaHHble 3aHecTH B Ta0u. 1.

Ne (U, |1, L 1S |ps <p> |[Ap, |<p> |E%
w/n | B 10°A |m | M2 |OM'M |OM'M | OM'M | OM'M
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Onpedenenue conpomueneHus 2a1b6aHOMEMpPa
¢ nomouyvio mocma Tomcona

1. Cxema mocta Tomcona nokazana Ha puc.4. [[1s BKIIOYEHHUS] TaKOl cXeMbl HEOOXOJUMO OTXKAaTb
KJIaBumry S2 (MOJI0XKEHUE — MOCT)

2. Ilepexmrouarens S1, pa3phIBaroNUil 1MaroHaab MOCTa, TOCTABbTE B HIXKHEE MOJI0KEHUE; OTOKMHU-
TE KJIaBUILY S3, IPU ATOM MOAKIIIOYAETCS B IJIEUY0 MOCTa pe3uctop Roi.

3. PerynsTopoMm R ycraHOBHTE CTpeNKy BOJIBTMETpA TAaK, YTOObI OHA HE 3allKAIMBAJIA.

4. IlocraBbTe MepekmoyaTens S1 B BepxHee MoJI0KeHHe, TPU 3TOM MOKa3aHHWEe BOJBTMETPA U3MEHUT-
Csl; C IOMOILBIO OJBM)KHOTO KPOHIUTEHHA 100eiTech IepBOHAYAILHOTO TIOKAa3aHUs BOJbTMETpa (Kak U
IPY HWYKHEM IOJIOKECHUH Neperitodarenis S1), 1.e. ypaBHOBEChTE MOCT.

5. IlpoBeppTe paBHOBECHE MOCTa IEPEBOJIOM Iepekitouaress S1 B HUXKHEEe U BHOBb B BEpPXHeEE I10-
noxxenue. CTpenaka BOJTMETPA IPU 3TOM HE JAO0KHA U3MEHATH CBOETO MOJI0XKEHUS.

6. 3anumnTe 3HAYCHUE CONPOTHBIICHUS MOAKIFYCHHOro pe3ucropa Ror u umHy mpoBoaHuKa l1 oT
OCHOBaHUS J0 PUCKH HA MOJIBUKHOM KPOHIITEWHE B Ta0.2.

7. Bepuute nepexitouarenb S1 B HHXKHEe IOJOXKEHUE, pa3pblBas AuaroHasibs Mocra. Haxmure kia-
BUIIYy S3, TEM CaMbIM MOAKIIOYas B Iiedo MocTa pesuctop Roz, [lepeBeaure nepexmoyarens S1 B Bepx-
Hee IOJIOKEHUE, 3aMblIKasi AMaroHayib Mocta, [lokasanue BoabTMeTpa u3MeHuTcs. CHOBAa ypaBHOBECHTE
MOCT I€pEIBUKEHUEM OJIBUKHOTO KpoHIITeiiHa. [IpoBeppTe paBHOBECHE MOCTa MEPEBOIOM IEPEKIIO-
yarenst S1 B HUKHEEe M BHOBb B BepxHee MoJiokeHue. CTpeika BOJAbTMETPA IPU 3TOM HE JIOJDKHA M3Me-
HSTb CBOETO IOJIOKEHHUSL.

8. 3anuiuTe 3HaYCHHE COMPOTHUBICHHS IOIKIIOYEHHOro pesucropa Roz u amuHy npoBoanuka lp ot
OCHOBaHUs J0 PUCKH HA MOJIBUKHOM KpOHIITEWHE B Ta01.2.

9. IToBTOpHTE MYyHKTHI 2 — § €Ille MPH ABYX Pa3IUUHBIX 3HAYCHUSX HANPSOIKEHUS, U3MEHSS €ro pery-
astopom R

I
10. ConpoTuBieHue raqbBaHOMETpPA BBIUMCINTE MO dGopmyne R, = Ry ——
I

-1

, Tne 1=51, cm — mmna

BCETO0 MPOBO/A.

N3mepenus u oKOHYATEIbHBIA Pe3yJIbTaT 3aHECUTE B Ta0J.2
No RO, Il, Rx, < Rx >, ARx, < ARX >, E, %
/n |OMm [ cm | Om | Om Om | Om

Conep:xxanue oT4yera
PesynbpTaTsl n3MepeHuii u pacueToB 3anucath B Tada.1 u 2.

KoHTpoJbHbIE BONIPOCHI
1. OOBSCHUTH MEXaHH3M 3JIEKTPOIPOBOJHOCTH MeTaioB. KakoBa mpuponaa compotusieHus? Yro
TaKO€ YJEJIBHOE CONIPOTUBIICHHUE, OT YETO OHO 3aBUCUT?

2. ChopmynupoBats npasuia Kupxroda. [losicHuTh, KaKk MMM IOJB30-
BaThCs. 3amnucarh yYpaBHEHMs AJIs ONpeJerne- L L HUS TOKOB B HEpPaBHOBECHOU
MOCTOBOI1 CXEME. R

3. BeiBecTH ycinoBUE€ paBHOBECHUS MOCTO- Tg] ZT BOW CXEMBI.

4. YeM OTJIUYAIOTCS MOCTOBBIE CXEMBI Puc.5 Tomcona u Yurcrona? B kakux
CIIy4asiX IPUMEHSIETCS Ta WK Apyras MOCTO- € Basg cxema JJisi U3MEpEeHHus co-
IPOTUBIIECHUI?

5. Haiinute TOK, MpOTEKAOLIWA Yepe3 co- Rz Rs  npormBnenme R Ha pwuc.S.
€1=10B, &,=5B, R=100Mm, BHyTpeHHHE COIpO- &; TUBJIEHUS 3.1.C. paBHBI I = 1
Om. &

6. 3anuuuTe CUCTEMY YpaBHEHUH I TOKOB, Puc.6 MIPOTEKAIOIIUX B AJIEKTpUYe-

CKOM cxeme Ha puc.6.
CHHCOK HCNO0/Ib30BAHHBIX HCTOYHHKOB
CasenbeB U.B. Kypc obmeit ¢puzuku. T.2. DnekrpuuectBo u marHetu3Mm. Bomusl. Ontuka. — CII6.:
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JlaGopaTtopnast pa6ota Ne 20
PenakcanuoHnHbie KoJieOaHusi

Lleab padoThI: UCCICIOBAHME XapaKTepa PEIaKCAllMOHHBIX KOJICOaHHMl B CXeME C ra3opas3psiaHoi
JIAMITOH Y MX TIPUMECHEHUE.

Teopernyeckue cBeleHUs!

Jljia monydeHusl AJIUTENBbHO CYIIECTBYIOIIMX 3JIEKTPUUECKUX (M MEXaHWYeCKHX) KojieOaHuil 0oJib-
[10€ 3HAYCHUE UMEIOT aBTOKOJeOaTesbHble cucTeMbl. OHU XapaKTepU3YIOTCs CIEAYIOIUMU OTIUYUTEb-
HBIMHU CBOMCTBaMHU.

1. ABTOKOJIEOATENBHBIE CUCTEMBI CIOCOOHBI TEHEPUPOBATh HE3aTyXaloMIHe KojieOanus. DT Koyieha-
HUSL MOTYT OBITb FTAPMOHUYECKUMH WU O0Jiee CI0KHOM (OpMBbI, HO OHH MOTYT IPOJOJIKAThCS HEeorpa-
HUYEHHO JI0JIT0, JI0 TeX IMOp, MOKA HE BBIIYT U3 CTPOS JIIEMEHTHI, 00pa3yIOIIHe CUCTEMY.

2. ABrokosiebaTenbHble CUCTEMBbl OTIMYAIOTCA OT KOJIeOaTelIbHOro KOHTYpa C CONPOTHUBIICHUEM,
paBHBIM HYJI0. TakoW KOHTYp IIPEACTABIACT COOOM MCANbHBIN CITydaid, HE JIOCTUKUMBIN Ha MIPAKTUKE, B
TO BpeMsi, Kak aBTOKOJie0aTelIbHbIE CUCTEMBI SIBISIOTCA PEAbHBIMHU YCTPONCTBAMH, COPOTHUBIICHUE KO-
TOPBIX HE PABHO HYJIIO.

3. B aBTOKONEOATENBHBIX CHUCTEMAaX HE3aTyXalollue KoJleOaHUsl BOSHUKAIOT MOJ] BIUSHUEM MPOIIeC-

COB, IMPOUCXOAAIINX BHYTPU CHUCTC- MBI, 1 OJId UX IMOAACPKAHUA HE TPC-
OyeTcss HUKakuX BHEIIHUX BO3JEH- ? CTBUIL.

4. B coctaB aBTOKOJI€0ATEIBHBIX c HII CUCTEM BXOJMT UCTOUHUK SHEPIuu (B
cllyyae MEXaHHYECKHUX KoJieOaHul - _—% - cKartasi MpYXHHA, NMOAHATBHINA Ipy3 U
T.J1., B Cllydae 3JIEKTPUUECKUX - Oara- pesi UM MHOM MCTOYHHUK TOKa). DTOT
UCTOYHUK MEPUOJUYECKU BKIHOYAET- Csl caMOM CHCTEMOW M BBOJUT B Hee
OIPENIEIEHHYI0 SHEPrHI0, KOMIICHCHU- Puc. 2 pPYIOIYI0 TOTEpPU Ha BbLAEICHUE
teria J[xoynsa-Jlenna, uro u nenaer KosebaHus He3aryxaromumu. Pac-

CMOTpPUM B KauecTBE IpUMepa aBTOKOJIEOATEIbHOM CHUCTEMBI 3JIEKTPUUECKYIO II€Mb, COAEpKAILyl0 KOH-
JIeHcaTop M comnpoTuBieHue (puc.2). Pa3psa koHaeHcaTopa yepe3 CONMpOTHBIIEHUE MPEICTaBIseT cOO0M
anepuoAnyYecKuil npouecc. Pazpsay MoOXHO, 0OIHaKO, MPHUAATh NMEPUOJUUECKHUI XapakTep, BO3OOHOBIISAA
3aps/l KOHJAEHCATOpa Yepe3 paBHble MPOMEKYTKH BpeMeHU. KonebaHusi B 3TOM ciydae SBISIOTCS COBO-
KYIHOCTBIO JIBYX allepHOJUYECKHUX IMPOLIECCOB - Mpoliecca 3apsAIKy KOHIEHcAaTopa U Ipolecca ero pas-
psaaku. Takue kojaeOaHUs HA3BIBAIOTCS PelaKCAYUOHHBIMUL.

B nameit ycranoBke posib "kiroya', 00eCeYrBalomero MonepeMeHHYI0 3apsiiKy U pa3psaky KOH-
JieHcaTopa, urpaet razopaspsanslii quoa HJI (HeonoBas namna). HeoHoBast naMiia BKITIOYEHA Hapaiienb-
HO KoHJeHcaTtopy. Eciu Obl HEOHOBOH JlaMIbl HE OBLJIO, TO HAIpPsHKEHHWE HAa KOHJAEHCATOpEe YBEIWYH-
BaJIbCh OBl C TEUEHHEM BPEMEHH MPOIOPLUOHAIBHO 3apsALy q U CTpeMuiIoch Ol acumnroTHuecku Kk D/1C
MCTOYHHKA. Y paBHEHUE ITOU KPUBOM BIpaxkaeTcs: (opmyioi

Ue =g(1—e-t/RC) (1)

rne Ug - HanpspkeHue Ha KoHJeHcarope, € - DJIC ucrounuka, t - Bpems, R - conporusnenue uenu, C -

€MKOCTh KOHJICHCATOPA.
B toMm, uTO 3TO Tak, MOXHO yOeauThes, 3amucaB 3akoH Oma i ydactka uenu 1-G-R-2, uzobpa-
YKEHHOT0 Ha puc.3 (KoY S 3aMKHYJIM B MOMEHT t = 0);

R I (p2—@1)+IR=¢ (2
B . 42 Vuursisas, uro | =dq/dt
Ta i 4 (¢, —¢)=Uc =0q/C, nepenumem
i ypaBHeHuUe (2) B Buze
S d_q + i = i (3)
d¢ RC R
Puc. 3 Rdg

dt  (4)

Pasenenue nepeMeHHBIX JIaeT — =
e—q/C
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Uurerpupys ypasaenue (4) B mpeaenax ot 0 1o t, Haxomgum RC [In (eC—q)—In (SC)J =—t oTkyza

q=¢C (1—e—t/f) wm Ug = s(l—e—‘/f) (5)
rae T=RC - Bpems penakcaiuu.
U HavanpHy!o yacTh KpUBOH NMPUOIMKEHHO MOXHO INPEACTaBHUTH M-
S MO JIMHHCI:
Ue =57, ©)
Ul T
Tak kak € VT ~1-t/1
VTRt mput<t=RC,
0 t [Ipy HanmuuMKM HEOHOBOH JIaMIIBI MPOMCXOAUT MHOE. OCHOBHAasl OCO-
Prc. 4 OEHHOCTH HEOHOBOH JIaMIIBI COCTOUT B TOM, YTO OHA HAYMHACT IPOBOAUTH

TOK TOJIBKO IIPU OIPENEICHHON pa3HOCTU MOTEHIHAIOB MEXIY €€ dJIeK-
tponamu U,. Ecnu Hanpsbkenue Ha snektpoaax jamibl U < U,, TOK uepe3 Jammy He UAET, TaK KaK HeOH
ABJIIETCS IUAJIEKTPUKOM. B 3TOM ciiyyae BHYTpEHHEE CONPOTHUBIIEHUE JIaMIIbl OECKOHEUHO Benuko. [Ipu
pa3HocTH noTeHIanoB U, MPOUCXOIUT MPOOO TUANEKTPUKA, U Yepe3 JaMIly UJEeT TOK - JamIia 3a)ura-
ercsi. BHyTpeHHee CONpOTUBIEHHE €€ MPU ITOM CKAYKOM YMEHBIIAETCS J0 ONPEACIEHHON KOHEUHOU
BeNMUMHbI. Us; Ha3bIBAETCS MOTEHIIMAJIOM 3a)KHTaHUsS JIAMIIBI, OH 3aBUCHT OT PACCTOSHUS MEXKIY DJICK-
TpoaaMu, (pOpPMBI IJIEKTPOJOB, a TAKXKE OT MPUPOABI M JAaBJICHHs HATOJHSIOMEro jamiy rasa. [locme
3KUTaHMS JIaMIla MOXET TOPeTh yxXe Ipu Oojiee HU3KOM HANpsHKEHUH, TaCHET OHA NMPU HEKOTOPOM
HanpspkeHuu Ur, Ha3bIBa€MOM IOTEHIMAJIOM TallleHHUs.

B pesynbrare mepuoAnYecKOro MOBTOPEHHUS MPOLECCOB 3aKUTaHUS M TallleHUsS HEOHOBOM JIAMITBI
BO3HHUKAIOT KoJieOaHus HanpspkeHus: U, BblpakaeMble muiooOpasHoil kpuBoil (puc.4). Ilo takomy xe

3aKOHY M3MCHSACTCS U 3apsJ KOHACHCATOPA.

[Ipenmnonoxum s OPOCTOTHI, YTO I ,  BPEMS DPaspAIKM  KOHJEHcATopa
BECbMa Majlo [0 CPaBHEHUIO CO BpPEMEHEM ero 3apsaku. Torna mepuop xoe-
0aHuit - 9TO €CTh BpeMs, B TEUEHHE KOTOPO- IO HAaNpsHKEHUE IOBBIIIAETCA OT
spauenuss Ur no Us. Ucnmomesys dopmyny | (6), MOXKHO TOJYYUTh JII HETO
BBIPKCHHE AP
7Y% Ype YU, @ .

& & Puc. 5 o
BonbT-amnepnast XapaKTepUCTHKA HEOHOBOH JIaMIIbl UMEET BHJ, IO-

Ka3aHHbIN Ha puc.5. [Ipu ManoM HanpsH KEHUM Ha 3JIEKTpoAax TOK Yepes JaMily paBeH Hymto. [Ipu 3axu-
ranuu jamnel U=U; TOK CKauykoM JocTUraer BeanduHsl [;. [Ipy nanpHelmeM yBeIMYEHUM HANpPsLKEHUS
TOK B JIaMIIE BCE BpPeMs BO3pacTaeT mo mpsamoit ab. Eciiu yMeHbIINTh HaNpsDKeHHE, TO TOK YMEHBITHTCS
no npsimoii be, 6uskoit k ab. Korma nanpsokenne ymaaer 1o Uy, taBHOE YMEHbBIIIEHHE TOKA Oy/IeT erie
npoaopkarbes, 1 b npu U = Ur TOK yepe3 Jamiy CKauyKoM MaJaeT 10 HyJIs.
OO0beKThI HccJIe10BaHus, 000pPy10BaHHE
DNEeKTpPOHHAs CXeMa C HEOHOBOM JIaMIIOH.
3ananue Ha padory

ITocTpouTh BONBT-aMIIEPHYIO XapaKTEPUCTUKY HEOHOBOH JIAMIIbI U ONPEAEIUTD BEIUUNHY HEU3-

BECTHOM €MKOCTH.
Ilopsinok BbIMOTHEHHS PA0OTHI
A. Ilocmpoenue 6onom-amnepHou Xapaxmepucmurku HeOHO0BOU 1AMNbL
1. Pa36eputech B Ha3HAUECHUH JIEMEHTOB CXeMbl (puc.1).

2. Perynstopel R1 u Ro MMOBEPHUTE JI0 yIIOpa NPOTHB 4a-
COBOM CTpEJIKH, NEPEeKIoYa- @ S R,  Telb Si- B HEWTPAIBLHOE IOJIOKE-
HHE. R

3. BKJIIOYHTE YCTaHOBKY Cx TG, C\D B CETb.

4. MemyieHHO YBEIUYH- 69 Bas HAIpsHKEHUE C  TOMOIIBIO
noteHuomeTpa Ri, 3amersTe ‘ : { MOMEHT  3@XUTaHUsl  JIaMIIb

R, S, G

Puc. 1 Cxema ycTaHOBKH



(cTpenka MUKpoaMIepMeTpa pe3Ko OTKIOHUTCS OT HyJisI). BOIbTMETp MOKa)XeT HaNpsHKEHUE 3a)KUTaHUS
Us (kHOTIKY S2 B mporecce u3MEepeHuit iepKaTh 3aMKHYTOM ).
5. Ilpoomkast yBeTMUMBAaTh HAIIPSDKEHHUE, U3MEPSANTE TOK, TEKYIIUN Yepe3 JamIry.
6. ITocie MOCTHKEHUS MAKCUMAIIbHO BO3MOXKHOTO HAIPSDKCHHSI HAYHUTE YMEHBINATh €ro JI0 MOJIHO-
ro ramienus siammsl (Ur), 3anmichIiBasi 3HAUCHUS TOKA.
7. JlaHHBIE 3aHECUTE B TAOJIUILY
Tabmuma 1

IIpu yBenuuenun | [Ipu ymeHblIeHHN
HaIpsHKEHUS HaIpsHKEHUS

UB I, MKA UB I, MKA

8. [To manabIM TabmHIBI TOcTpoiTe Tpaduk I = f(U).

b. Onpeoenenue éenuuunvl neuzeecmuoi emkocmu

1. [lepekmtouatens Si moctaBbTe B mosioxkeHUE Co (B 1IETIb BKIIOYACTCS ITAJIOHHBIN KOHACHCATOP).
Pyuky R moBepHuUTE 10 yriopa npoTUB 4YaCOBOM CTPEIIKH.

2. YBenuuuBas HalpsOKeHHE, 1O0OeHTech BOZHUKHOBEHHUS KOJeOaHUi, HAOIIOaeMbIX 110 MUTAHUIO
HEOHOBOI! JIaMITOUKH, HauMeHblIei yactoTel. Onpenenute Bpems 10 muranuit nammnouku. [To popmyse
T, =t,/10 paccuuTaiite nepuo KoJaeOaHuid.

3. BrIouuTe B IIEMb KOHJIEHCATOP HEM3BECTHOM €MKOCTH M ONpPENEIUTE IMEPUOA KOJeOaHUM
T, =t, /10 . ITpu sToM pyuku R1 u Rz He Tporaiire!

4. Haiinute emxoctb C, , 3Hast u3 popmydsl (7), 9To

T = y,-u, RC,, T, = Y,-U, RC, , u cnenoBarensno C, =C, T

2
€ € T,

Tabmanma 2

t,,c |t c|T,c | C, Mxd | C,, Mmx®

31 X 31 X1

Conep:xaHue oTuyera
Pe3ynbTaTel u13MepeHuii u pacyeToB 3anucath B Tabn.1 u 2.

KonTpoJsbHBIE BOPOCHI

1. Yro coboii mpencTaBisitoT aBTokosieOanusa? [IpuBenure npruMepsl aBTOK0JI€0ATENbHBIX CUCTEM B
MEXaHHUKE U JIEKTPUUYECTBE.

2. Ucnonw3yst npaBmiio Kupxroda, 3ammmmre auddepeHnnanbHoe ypaBHEHUE 3aps K KOHIEHCATO-
pa u HaiiauTe ero pemenue. Kakoi BUI UMeeT 3aBUCMMOCTb HANpsDKeHUs Ha OOKIIaJKaxX KOHJEHcaTopa
OT BPEMEHHU?

3. ITnacTuHBI 3apsKEHHOTO KOH/IEHCATOPa 3aMBIKAlOT MPOBOJHUKOM corpoTHBieHHeM R. Kak ObIcT-
po KoHACHCATOp pa3psauTcs Ha 99%? (pelienne, aHaJTOTUYHOE PENISHU0 3a1auu U3 Bompoca Ne2).

4. KakoBa poJib HEOHOBOI1 JJaMIIbl B U3y4aeMol cxeme?

5. lony4ute camoctosiTenbHo hopmyy (7).

CHucoK HCIO0Jb30BAHHBIX HCTOYHHKOB

Hponos U.E. Dnekrpomarnerusm. — M.: BUHOM. Jlabopatopus 3uanwuii, 2008. — 320c. §5.6 Ilepe-
XOJIHBIE TIPOIIECCHI B IIEMHU ¢ KOHAeHCAaTOpoM (cTp.124)
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JlaGopaTtopHnast pabota Ne 21
TepmodiieKTpuUYecKe ABJIEHUS

Lleab padoTbl: 03HAKOMIICHHE C TEPMOIICKTPUUYECKUMHU SIBJICHUSIMU, TPAJyUPOBKA TEpMOMapbl U

orpeziesieHue YAeIbHON TePMOIIEKTPOIBUKYIIECH CHUITBL.
Teopernyeckue cBeleHUs!

MerTain B 11eI0M 3JIEKTPOHEHTpaieH. DIEKTPOHbI TPOBOAMMOCTH B METaJlJIe IBUXKYTCS XaOTHUYECKH
¢ orpomHoi#i ckopocthio V ~ 10° m/c. HekoTopble M3 HUX MOTYT CIy4aiiHO BBIATH HApYKy M3 MeETasuIa.
VY naneHue 37eKTpOHA OT HAPYKHOTO CJI0S MOJI0KUTEIbHBIX HOHOB PEHIETKH MPUBOAUT K BOSHUKHOBEHUIO
B TOM MeECTE€, KOTOPOE MOKUHYJ 3JIEKTPOH, U30BITOYHOTO MOJIOKUTEIbHOTO 3apsaa. KymoHoBckoe B3au-
MOJICHCTBUE C TUM 3apsiIOM 3aCTaBIISIET AJIEKTPOH, CKOPOCTh KOTOPOTO HE OYEHb BEJIMKA, BEPHYTHCS

z o0OpatHo.
e | .| T **D'e Takum 00pazom, OTIeNbHbBIE AIEKTPOHBI BCE BpeMsl MOKUAAIOT MOBEpX-
L -l HOCTh METaJljIa, YJAJISIOTCS OT Hee Ha HECKOJIbKO MEKATOMHBIX PAaCCTOSIHUHN U
- " &7\ 3aTeM NOBOpAuMBAIOT 0OpaTHO (cM.prc.3). B pesynbTaTe MeTam1 OKa3biBaeTCs

T OKpPY>KEHHBIM W TOHKHM OOJIAKOM 3JICKTPOHOB.

Oto o001a- W KO o0o0pa3yeT COBMECTHO C
p HaPYKHBIM — T CJI0eM HOHOB JIBOWHOH JIEKTpH-
YECKUH  CJIOH Agn=ee  (cm.puc.4). BosHukaromee Ha
Prc.3 rpaHuie pasue- | na snekTpudeckoe none Er crpe-
MHTCSI BEPHYTH BBIJIETCBIIHE 3JIEKTPOHBI B metan. Pabota, coBepiiaemas
IOPOTHB CHJI 3TOTO TOJS TIPU TEPexoie Mrer JJIEKTPOHA W3 MeETajula HapyXy,
UJIET Ha YBEIUYEHHE TMOTEHUUATBHON  O~Fame xyea ! 9HEpruu sJjekTpoHa W = —eq.
ITockonbKy 3apsig 3JE€KTpOHA OTpULIATE- Meranma JICH, IOTCHIal TOYKH U IIOTEH-

nuajibHasA 3HEPTHUA 3JICKTPOHA B 3TOH TOY- Puc.5 K€ UMCIOT PA3HBIC 3HAKHU. OTCIOI[a

CIIEAyeT, YTO MOTEHIMA BHYTPHA MeTa/l1a 00JIblilie, YeM IMOTCHIIUAT B HEITOCPEICTBEHHON OJU30CTH K €ro
MIOBEPXHOCTH B BAKYYME (Puer > Prax).

W3 KBaHTOBOW TEOPUHU U3BECTHO, YTO DJIEKTPOHBI MPOBOIUMO- — CTH B
MeTajle MOT'YT UMETh HE KaKhe YTrOJHO, a TOJBKO OT/ENIbHbIC pa3- M grade © . pemen-
HbIC 3HAYCHUS DSHEPTHH, KOTOPBIE 3aKIIOYCHBI TpPU a0COMITHOM  — T = |- HyJle B
npezenax or 0 0 MAaKCHMAIbHOTO 3HAUCHWS , COBIANAOWEro ¢ - |+ T T ouepeu-
ei Depmu B (wnu xumuyeckum nomenyuanom Meraina). Ota Bed- [~ i T unHa
XapaKTepU3yeT T€ OJJIEKTPOHBI B MeTajlie, KOTOpbIe 00Iaaar0T T4+
HaMOOJIBIIIUMHU CKOPOCTSIMH, U KOTOPBIM JIErde BCETO BBIPBATHCS U3 ~ eaxyym  MeTal-
na. Ha puc. 5 sHepreTnueckue ypoBHHM 30HbI IPOBOJMMOCTH BIUCA- Puc.4 HBI B

"IHEPreTUYECKyO MY, KOTOPYIO Ha3bIBAlOT HOMEHYUANIbHOU _Amou. JIns ynaneHns 3a npeaeisl MeTasia
Pa3HBIM NIEKTPOHAM HY>KHO COOOIINTh HEOAMHAKOBYIO SHEPrHUI0. Haumenvbuias sHEPrus, KOTOPYO HEOO-
XOZIMMO COOOIIUTH AIIEKTPOHY JUIsl TOTO, YTOOBI YAATUTh €r0 U3 MeTajila B BaKyyM, Ha3bIBaeTcs padoToii
BBIX0/A.

Acuix = Waa - EF = ep

Benuunna ¢ Ha3bIBACTCS nOMEHUUAIOM 8b1X00d DACKTPOHA U3 MeTasuia. Jljis meramia paboTa BBIXO-
Jla paBHa HECKOJBKUM 3B U CHIBHO CHMXKAETCSl NpU 3arps3HEHUU MOBEpXHOCTH. PaboTa BbIXxojaa 3iek-
TPOHA M3 METaJla HEMHOI'O 3aBUCUT OT TEMIIEpATypbl. DTO BBI3BAHO TEM, YTO U3MEHSETCS C TEMIIepaTy-
poit BennunHa 3Hepruu @epmu Er.

MeTtannbl pa3nu4yaroTcs 3HAU€HHWEM KOHIIEHTPAIMU CBOOOJHBIX IJIEKTPOHOB N, pabOTOM BHIXOAA U
noyioxxeHueM ypoBHs depmu (cm.puc.6). Uem Oobliie KOHIICHTpAUsI CBOOOHBIX 3JIEKTPOHOB, TEM BBI-
1Ie pacrnoyioxkeH ypoBeHb @epmu. Ecnam Metamnsl coequHuTh (CM.puc.7), To HauHeTcs nuddysust cBo-
OOJHBIX AIEKTPOHOB U3 METaja, B KOTOPOM MX KOHIEHTpalus OoJiblie, B MEeTall, Iie oHa MeHblue. [Tpu
ATOM TMEPEHOCUTCS 3apsi, OAMH METAllT 3apsiKaeTcsl MOJIOKUTEIBHO, JPYTroil - oTpulaTensHo. Bomusu
rpaHulbl pa3jieia META/VIOB BO3HUKAET ABOMHON 3JEKTPUYECKUM CIOM U TOSBISETCS AJIEKTPUUYECKOE

none E,. , koTopoe oTTankuBaeT 1upGyHAUPYIOIHUE NIEKTPOHBI 00PATHO.
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Hactynaer dunamuueckoe pasHosecue: CKOIbKO 3JIEKTPOHOB MEPEHOCUTCS Yepe3 TPaHUIly 3a cueT Aud-
(y3uH, CTOJIBKO k€ BO3BPAIIAETCS] 0OPATHO SJIETPUUECKUM TOJIEM B MECTE KOHTAKTA.

B cratuctuueckoit (u3uke 10Ka3bIBACTCs, YTO YCIOBHEM PaBHOBECHS MEX]y CONPHUKACAIOIIMMHUCS
MeTaJlJIaMH (2 TaKKe MEXIY MOJTYIPOBOAHUKAMH WIJIH METAIJIOM M TIOJYIPOBOJHUKOM) SIBIISIETCSI paBEH-
ctBo sHepruit @epmu:Er1 = Er2 (cMm.puc.7; B 3ToM ciyuae ypoBHU DepMu pacroiararoTcsi Ha OJHOU BbI-
core). Ilpu cobmoIeHuU TaKOTO yCIOBUS MOTCHIUATBHAS YHEPTHSI Wiaxl DJIEKTPOHA B HETIOCPECTBEH-
HOM OJIM30CTH K MOBEPXHOCTH MEPBOro MeTalljia OyIeT Ha (e(2 - €(p1) MeHbIIIe, YeM W a2 BOJIM3U BTOPOTO
merayuia.  CremoBaTenbHO, TOTEHIMAA HA  IOBEPXHOCTM  MEpPBOro  MeTtayuia  OyneT  Ha

U, = £~ _ Py — @y BBIIIIE, YEM Ha IIOBEPXHOCTU BTO-
++++ + -+ + i

poro. :{+ﬁl++i__ —:+ni +-

Bennuuny U,, Ha3piBator - - - - | e GHewHel _KOHMAKMHOU __PA3HO-
CMbIO NOMEHYUATIOS. L L M

Kak BuaHO u3 puc.7, no- ed TEHLMaJIbHAs SHEPTUS HIICKTPOHA B
IIEPBOM METaJlIe MEHBLIE, YEM L, e, BO BTOpoM, Ha Ef1 - Erz. CooTBeT-
CTBEHHO IOTEHLUA] BHYTPH - IepBOr0 MeTajula BBILIE, YeM
BHYTPH BTOPOI'0, Ha BEIMYUHY — = Uiz = @. Bennuuny Uiz
Ha3bIBAIOT GHYMPEHHEl KOH- . MAKMHOU_PA3HOCMbI0O_NOMeHyua-
n106. KOHTaKTHBIE pa3HOCTU HOTEHIMAJIOB UMEIOT HEdJIEKTpPO-
CTaTHUYECKYIO IpUPOTY °r & (Bo3Hukaer 3a cuer aupdysun),
T.. SABJSIFOTCS JIEKTPOJBH- :E KYLIMMUA CHJIaMM, CIIOCOOHBIMU
CO31aTh TOK. = - Puc.8

SIBnenne 3eebexa AL OTTATKHBARME Trr

Ecnu cnaste B KOJIBLO W T 2 TIPOBOJHUKH U3 PA3HBIX METAJIIOB
(puc.8), TO BO3HHKarOIIUE W & KOHTAaKTHBIE Pa3HOCTU IOTEHIIMA-
JOB B  pa3HBIX  cHasx ' 'Baxl HaIlpaBJIEHbl HABCTpEUy APYT ApY-
Ty U KOMIIEHCUPYIOTCA: TOK 0 TaKkOM 3aMKHYTOH ILIENH HE
MOTEYeT. Eg

3eebex OOHapyXuJl B ' Loepms €l 1821 r., 4TO ecnu cnam IBYX pas-
HOPOJIHBIX METaJlJIOB, 00pa- 1 3YIOLIUX 3aMKHYTYIO IIeTb (Ha3bl-
BaeMyIo TEpPMOIIapo; Pric.9 cMm.puc.9), moalnepKUBaTh IpU
pa3IMYHBIX  TeMIepaTypax, Puc.7 TO B LIENM TeuyeT TOK. M3mMeHeHue
3HAaKa y pa3HOCTH TeMIlepa- Typ CIIa€B CONPOBOXKIAECTCS U3MeE-

HEHHEM HaIpaBJICHUS TOKA.

Kak ormeuanock Bbiie, ypoBeHb depMu 3aBUcUT OT Temmeparypsl. [loaTromy ckauok moreHuuana
MIPH TIEPEX0/Ie U3 OJHOTO METaJlJia B IPYroi (BHYTPEHHSI KOHTAKTHAsI Pa3HOCTh MOTEHIIUAJIOB) VIS CIia-
€B, HaXOIAIIMXCS IPU Pa3HBIX TeMIEpaTypax, HEOJAUHAKOB U CyMMa CKauKOB IOTEHIMAA JUIsl BCEM LENH
oTiinyHa OT HyJs1. OAHOTO 3TOTO OBLIO OBI JOCTATOYHO TSI BO3HUKHOBEeHHS Tepmo DJIC.

Erepwo =Y (T1) +U3, (Tz):%{[EFl (T\)-Eg, (Tl)]+[EF2 (T,)-Eg (Tz)]} =

{[Ex, (T)~E, ()] [ Er (T2)—Er (W) ]} = Tf a3, (T)dT %0

sl y0enbHoU mepmosiekmpoodsuxcyweti cunot. OHa 3aBUCUT OT IPUPOBI METAJUIOB M OYEHB CITa00 3aBH-
CUT OT TeMIIepaTyphl, TaK YTO MPU HE OYCHH OOJIBIION PA3HOCTH TEMIEPATyp CHAeB €€ MOXKHO CUHTATh
MTOCTOSIHOM:

8TepMo =0 (T2 _Tl)
[To Tepmornape, KOHITBI KOTOPO MOMEIIEHBI B 00JIaCTH C pa3HOM TeMIIepaTypo MOTEYET TOK.

Ecmu HarpeT TOJIbKO OJWH HU3 CIIaCB,TO TCPMO 3[[(: HC 3aBHCHUT OT KOJIMYCCTBA COCAUMHCHHBIX ITOCIIC-
JIoBaTeNIbHO pa3sHOpoHbIX MeTamuioB! Tepmo DJIC co3gaeTcs TOIBKO JBYMSI METalJIaMHU, CIall KOTOPBIX

1 QyHKIUA 04 (T) Ha3bIBACT-

e
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HarpeBaroT.

UYToOBI NOHATH BTOPYIO IPUUYMHY BO3HUKHOBEHUS Tepmo DJIC, paccMOTpUM OJIHOPOAHBII MeTallIu-
YEeCKHid TPOBOJHHK, BJIOJIb KOTOPOTO UMEETCsl TPAJMEHT TeMIepaTypbl. B 3ToM ciyuae KOHIEHTpanus
AJIEKTPOHOB ¢ O0Jiee BHICOKOHM 3HEprueil y HarpeToro KoHma Oyaer Ooblie, 4eM Y XOJIOAHOTO; KOHIIEH-
Tpalusi 3JIEKTPOHOB ¢ OoJiee HU3KOW JHepruei Oyaer, HA0OOPOT, y HATPETOrO KOHIAa MeHbIne. Broib
IPOBOJHUKA BO3HUKHET I'PAJAMEHT KOHIIEHTPALWU AJIEKTPOHOB C JIAHHBIM 3HAYEHHWEM DHEPTUH, YTO TO-
BJIeYeT 3a co0oi nuddy3uto 6osiee OBICTPHIX AMEKTPOHOB K XOJIOAHOMY KOHITY, a 00Jiee MEIJICHHBIX - K
TETIOMY .

Judy3noHHBIH MOTOK OBICTPBIX JIEKTPOHOB OyAeT OOJbBIIE, YeM MOTOK MEIJICHHBIX JJIEKTPOHOB.
[TosToMy BOJIM3M XOJOJHOTO KOHIIA 00pa3zyeTcs U30BITOK JIEKTPOHOB, a BOJIHM3HM TOPSIUETO - UX HEAOCTa-
TOK. B pe3ynbrare BHYTpU NMPOBOJIHUKA BOSHUKHET AJICKTPHUYECKOE ITOJIe, HAIIPABJICHHOE HABCTPEUy Ipa-
IUeHTy Temreparypbl. OHO OyJeT yMEHBIIATh MOTOK OBICTPBIX M YBEIWYHMBATH MOTOK MEIUICHHBIX JJICK-
TpoHOB. Korja 00a moToka BEIPaBHSIOTCS B KAXKJIOM CEYCHHUHU, HACTYITUT PAaBHOBECHOE COCTOSIHHUE.

Mex 1y KOHIITaMH TPOBOJHHKA, HAXOJAIIUMUCS Tpu TemnepaTtypax Ti1 u Tz, mosiBUTCS pa3HOCTH I10-
TEHIIMAJIOB

Bemnunna P Heenmmka - mopsaka 1074 B/°C. Tlostomy 06HApYXHTH Pa3HOCTH MOTEHIMAJIOB
AP yuippys OPIBACT TPYIHO.

3a cyet HeoAMHAKOBOCTH 3 st MeTauioB 1 u 2 Bo3HukHeT D/[C

T T T T
Epys = | BT + [ BodT = [ B,dT — [ B,dT
L) T, T T

Takum o6pazom, Tepmo DJIC cmaraercs U3 CyMMBbI CKauKOB MOTEHIIMAJIa B KOHTaKTax (Crasx) U
CYMMBI U3MEHEHU I MOTEHIMaNa, BEI3BaHHBIX AU(y3ueit HocUTens TokKa.

8TepMo =&opr T 8;{Hd}d)y3
O0beKTHI HCCTeI0BAHUS, 000PY/10BaHHE
Tepmomnapa, TepMOMETP, MHJUTHBOIBTMETP.
3aganue Ha padoTy
[Toctpouts rpaduk TemmneparypHoit 3aBucumocTu TepMoIJIC, paccuMTarth BENTUYHHY YAETHHOU
tepMoIJ1C, 3anoaHUTh TaOIHILY.

IMopsiiok BbINOJIHEHHS PA0OTHI
1. Onpenenute no tepmomerpy TEP Ha YCTAaHOBKE KOMHATHYIO TeMIiepa-

TYPY tkoms, OAMHAKOBYIO Ul cHaeB a, b u ¢ mVy MpU  BBIKIIOYEHHOM HarpeBaTelie
R.

2. BxkirouMte YCTaHOBKY B  CETb. Harpesast paGouwii craii Tepmoria-

pbl, yepe3 kaxaple 5°C u3mepsiiTe o BOJIb- t™erpy Benmunmny O.J.C. g

Harpesanue npoussoaute 10 80°C. Pesynb-
LY.
3. Ilpu nmoctmxenun 80°C BeI- €, KJIFOYUTE YCTAaHOBKY U MPOAOJIKHU-

"

T€ M3MEPEHHE TEPMO-d.1.C. & MPU ¢

4ero crast, PUKCUPYs Te Ke 3HAYCHHS \ TEMIEpaTypbl, Kakue OBbLIH TIpU

HarpeBaHWM, HO B OOPaTHOM TOPSIIKE : BIUIOTh /10 KOMHAaTHOHW. JlaHHBIE

3aHECUTE B TaONHIly W TMOJYYHTE o . ; MOJIKCH NPENOAABATENA O 3aBEp-
\

TaThl U3MEPEHUIl 3aHecuTe B Tab-

€CTCCTBCHHOM OCTbIBaAHUU pa6o-

IIEHUH SKCIIEPUMEHTA. e
4. Jlna KaxOool TeMmMIeparypbl ‘

BBIYUCIIUTC CPCAHCC 3HAUCHUC

1 . "
& = E(ST + e ) Puc.2 Fpa(bHK er (At)
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U [I0CTPOiiTe rpaduK 3aBUCUMOCTH & OT At=t — tyoum

5. BoluncnuTe BeMUUHY YIEIBHON TEPMO-3.11.C. O, UCIIOJIb3YS MPSMOJIIMHEHHBIN Y4aCTOK MOCTPOCH-

HOTO TpaduKa Tak, KaK 3TO MOKa3aHO Ha puc.2, o Gopmylie o =

COACPIKATH HCCKOJIBKO SKCIICPUMCHTAJIbHBIX TOUCK

tiomu = ...

°C

t,°C

At, °C | &, MB | &7, MB

&1, — &7
21 Vyacrok rpaduka J0KEH
At, — Al
er, MB

Conep:xanue oT4yeTa

I'padux TemrepatypHoit 3aBucumoctu TepMoI/[C, 3Hauenune yaenpHOU TepMoIC, 3amoaHeHHas

Ta0IHIIA.
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KonTposbHbIe BOpochl

1. Yro npexncrasisier codoit Tepmonapa? Kakoe siBnenne HazbiBaercs 3¢ dexrom 3eebexa?

2. KakoBbI HCTOUHUKM BO3HUKHOBEHUS TEPMO-3.1.C."7

3. Iloyemy Bo3HUKaeT 1udGy3nOHHAST COCTABISIOMAs TEPMO-3.1.C.7

4. [ToueMy BO3HMKAeT KOHTAKTHAsI pa3HOCTb MOTeHIHaIOB? OT Yero oHa 3aBUCUT?

5. Uro takoe pabora BbIX0/a 3JIEKTPOHOB U3 MeTayuia? KakoBa ee ¢pusndeckas mpupoaa v MopsiioK
BEJINYUHBI?

6. Byner nu B 3aMKHYTOI 11enH, cOOpaHHOM M3 Pa3HOPOIHBIX METAJUIOB, BO3HUKATH YJIEKTPUUESCKUN
TOK IpH oJiHOpoAHOM Temmieparype? [louemy?

7. Yro Takoe yJienbHast TepMO-3.11.C. U KAKOB €€ CMBICI?

8. IMeeTcst KOHTAKT ABYX MeTa/UIOB 1 1 2 ¢ oMHAaKOBOM paboTO# BhIXOAA, HO C pa3HOM
KOHIIEHTpaIMel CBOOOIHBIX AJIEKTPOHOB n1<ny. Kakoi Meramn 3apspKaeTcsl MONOKUTEIbHO, KAKOW - OT-
pULIATEIBHO?

9. meeTcst KOHTAKT JBYX METAJJIOB 1 ¥ 2 ¢ OJMHAKOBOW KOHLIEHTpALUEN, HO pa3HOU
paboroii Beixoga A1 > Ap. Kakoli U3 HEX 3apspKaeTcs MOJIOKUTEIbHO, KAKOW - OTPUIIATEIbHO?

Cnucok uCcnoJib30BaHHbIX HCTOYHUKOB
CagenweB U.B. Kypc obuieit ¢pusuku. T.2. DnektpudectBo u maruetusM. Bonnsl. Ontuka. — CII6.:
Jlanw, 2008. — 496¢. §76, §77.
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JlaGopaTtopnas pabota Ne 22
OmnpenenenHue yaeabHOro 3apsiia 3J1eKTPOHA
METO/I0OM MarHeTpoHa

[lesb padOThl: 03HAKOMJICHHE C OJTHUM M3 METOJIOB U3MEPEHUS YIETBbHOIO 3aps/ia AIEKTPOHA.
Teopernyeckue cBeleHUs!

YaenabHbIN 3apsil - OTHOIIEHUE 3apsiia
PAaKTEPUCTHUK 3JIEMEHTAPHOM vacTuilbpl. Ero
JKEHUE 3apsHKEHHOM 4YacTULbI B AJIEKTpUYE-
JIEUCTBYSl HA TIOTOKHM JJIEKTPOHOB U HOHOB
MOJISIMU, MOXHO YNPAaBIIATh ITUMU IOTOKa-
CTUIl MO BEIWYMHE M HAMpaBICHUIO. DTU
CTBUSI PA3JIMYHBIX JIEKTPOHHBIX U MOHHBIX
CKOIIOB, YCKOPHUTEJIECH 3apsKEHHBIX YaCTHII,
9JIEKTPOHHBIX U UOHHBIX JITaMI U T.J.).

JIBr>KeHUE SJIEKTPOHOB BO B3aUMHO

K Macce - OJIHa M3 OCHOBHBIX Xa-
MOJKHO OIpENeIUTh, U3ydas JIBU-
CKOM M MarHuTHOM HoJsix. Bos-
ANIEKTPUYECKUM U MarHUTHBIM
MU, T.e. U3MEHUTh CKOPOCTH 4a-
SIBJICHUS JIeKaT B OCHOBE JeH-
pUOOPOB (JIEKTPOHHBIX MHKPO-
AJIIEKTPOHHO-IYyYEBbIX TpYOOK,

ﬁz% Jﬁw

vyl
|
|

V

MR

()

NEPIEHIUKYIISPHBIX — JIEKTpUYE-

CKOM M MarHUTHOM IIOJIIX IIPUMEHSAETCS B crelnuaibHbIX NMpHOOpax - MarHe-
TpoHax (TeHepaTopax >JeKTpOMarHUTHBIX Puc. 2. Kondurypamus xosiebaHuii B 00JacTH CBEPXBHI-
COKHMX YacTOT). MarHerpoH MOXXHO HC- noneit R MATHeTNOHE II0JI30BaTh I ONPEAEICHUs

YACIBHOTO 3apsijia dJIEKTPOHA.
Konduryparnus noneii B MarueTpone
TPOJIHOM Jiamme (Auoe) ¢ LUIMHApUYE-
KaTo/0M, TOMEIIEHHOW BHYTPb KaTYIIKH,
(puc.2). DnekTpuyeckas cxema yCTaHOBKHU
JMoJa U 1enu KaTymku (puc.l). AHOAHOE
KaTyIIKU MOXHO PpEeryJupoBaTh MOTEH-
Hue Hakasna Uy MOCTOSHHOE. DIeKTpuye-

Takasg ke, Kak U B JBYXDJIEK-
CKUMH COOCHBIMH aHOIOM U
co3garolieli MarHUTHOE II0Je
COCTOHT W3 IICIIH aHOja, HaKaja
HalpsOKEHUE M BEIUYMHY TOKa
nuomerpom ITA u I1. Hanpsoke-
CKOE€ I0JI€ B JIAaMII€ HApPaBJICHO

110 pajguycaM aHoJia, a IOCTOSTHHOE Mar- HHUTHOE IT0JIE - MapaJljIeILHO OCH
anoza (puc.2). Takum o0pasom, snekrpu- Puc. 3. Tpaekropun siek- YEeCKO€ M MarHUTHOE MOJIs B3a-
MMHO NepHeHIUKYISPHBL. TpOHA IIPH Pa3HBIX TOKaX

I1pH BBIKIFOUEHHOM MAarHMTHOM Mojie KaTyUKH SNIEKTPOHBI,  AMUTHPOBAHHBIC

KaTOJIOM, JIBIJKYTCSI OT KaTo/1a K aHOIy 0 paguycam (puc.3,a) o1 JeHCTBUEM YCKOPSIOIIEH CUITBI

F. =—¢E,
rae € - abcoiroTHas BETMYMHA 3apsjia MEeKTpoHa; E - HanpsyKEeHHOCTh AJIEKTPUYECKOro MoJisi B Ipo-
CTPaHCTBE MEX]Iy AaHOJOM U KaTOJIOM.

B aHoaHoOMl LIEenH B 3TO BpEMA BO3HUKACT HCKOTOpBIfI AHOJHBIM TOK IA, BCJIMYMNHA KOTOPOI'O 3aBUCUT
OT aHOAHOTO HAIIPSKCHUS Ua ¥ BeIUYMHBI TOKA HaKaa.

HpI/I BKJIFOYCHUH MArHvuTHOI'O IOJIA Ha 3JICKTPOHBI JOIMOJTHUTEIIBHO K Fe Ha4YuHacT }IeﬁCTBOBaTB (&{0)

CTOPOHBI MArHUTHOTO IIOJIA CUJIa Fm = —el:\_.f X B}

DTa cuiIa TEePIeHINKYISPHA CKOPOCTH SIEKTPOHA vV W HHAYKIMH MAarHHTHOTO MO B, mosToMy oHa
HCKPUBIISIET TPAEKTOPHUIO KaXXJIOT'O 3JEKTPOHA, XOTSI TPACKTOPHUS OCTAETCS B IJIOCKOCTH, MEPIECHIHKY-
nsipHOM ocu nuoxa. [lpu mMamoM MarHUTHOM TIOJIE TPAEKTOPHS AJEKTPOHA UCKPUBIAETCS CJIab0 M DJIeK-
TPOH MomaaaeT Ha aHoJ (puc.3,b). [Ipu ycuneHnn MarHUTHOTO TIOJISE TPAEKTOPHS AIEKTPOHA UCKPHUBIISET-

csl CUJIbHEH M IIpru HEKOTOPOM 3HAUYCHUHU HHAYKOHWH MArHvuTHOTO ITOJIA B , Ha3bIBACMOM KPHUTHYCCKUM

By, » TPAEKTOpHsI 3IEKTPOHA KAcaeTcst aHoa B OJHOM Touke (puc.3,c). ITO COOTBETCTBYET crnaiy (cOpo-

cy) anogHOTO TOKa Ia. [T1aBHOE, a HEe pe3koe yMEHbBIICHHE aHOJHOTO TOKA NIPU AaJbHEHUIIIEM YBETUICHUU
WHAYKOUHU MArHUTHOI'O IOJIA OGBHCHHCTCH TEM, YTO 3JICKTPOHBI, SMUTUPOBAHHBIC KATOAOM, UMCIOT pa3-
HBIE CKOPOCTH, a 3HAYUT, U MO-Pa3sHOMY PEarupyroT Ha OJHY U Ty K€ BEJIMYMHY MarHUTHOTO moust. [Ipu
I[aJ’IBHeﬁH.IeM YCUJICHUHW MArdvuTHOTO I10JIA 60HI>H_II/IHCTBO 9JICKTPOHOB YXKC HC 6y,Z[GT KacaTbCiad aHOJa
(puc.3,d). Ecnu Ob1 Bce 2JIEKTPOHBI HMENIM OJIMHAKOBBIE CKOPOCTH, TO COPOC aHOJAHOTO TOKA MPOM3OIIEI

86



OBl cpaszy J10 HyJs IpU JOCTHXKEHUU KPUTHUECKOTO TOKa KAaTYIIKH, IIPU 3TOM cOpOCOBasi XapakTepHUCTHUKA
ObL1a OBI IPSIMOYTOJIEHOM.
Ha puc.3 n3o0pa>keHbl TPAaCKTOPUH 3JEKTPOHA MPU Pa3HON BEIMYMHE MHIYKLIHUHA MarHUTHOTO IOJIS

B, 3nakamu "+" 0003HaYEHBI IPOEKIUS HA IIOCKOCTh YepPTeXa JIMHUNA MHIYKIIMA MarHUTHOTO Tois B,
HalpaBJIEHHBIX NEPIEHIUKYIISPHO IIIOCKOCTH 32 YEPTEX.
W3 3akoHa IBMKEHHUS DIIEKTPOHA B CKPEIIEHHBIX MOJIAX IMoiydaeTcs (opMyiia, Mo KOTOPO MOKHO

5 e 8U 512
BBIUKCIIMTD YACIbHBIA 3aps] JCKTPOHA! —=—2""— @
m g2 (y2_y2
kp \ 'A k
rie Ua - aHOJHOE HAIPSDKEHUE; TA - PAJIMYC aHO/A; Ik -Pajinyc KaToja; BKp = Holxpn ,
(2)

N - 9MCJI0 BUTKOB HAa EAMHUILY JJIUHBI KaTYIIKH, CO3JJAI0IIeH MarHuTHoe mone; | " KPUTHYECKHIA TOK B
KaTyIIKe.

YpaBHEHHE IBIKCHHUS SJICKTPOHA B MArHETPOHE UMEET BU/T

dv - L
md—‘tf:FH:—e(E{va]),

rae F, - Jlopenuena cua. , P=Uj

s BeiBonma ¢opmynsl (1)
HUEM MOMEHTOB

MOKHO BOCIIOJIb30BATbCA YpaBHC-

di -
dt
ramoo
U 3aKOHOM COXpaHeHI/Iﬂ 3HepFI/IH (,77:0 mpaexmopus 3JIeKTp0Ha
mv2 npu B=By,

— eq =const (4)
Puc. 4. K BeiBomy dopmyst (1) S
B JTHUX YPaBHEHUAX L= [r X m\7] - MOMEHT HMIIyJIbCa

JIEKTPOHA OTHOCUTENBHO IeHTpa katona (puc.4), M = [fx FH] - MOMEHT JIOpeHIIeBO#l CUJIbl OTHOCHU-

TEJIbHO TOU € TOYKH, (P - DJIEKTPUYECKUM IIOTEHIHA, a (—e(p) - IOTEHLUAJIbHAS DHEPIUs DJIEKTPOHA.
Pa3ioxuM CKOPOCTH JJIEKTPOHA HA JBE B3aUMHO IEPIEHIUKYJIAPHBIE COCTABIAIOIINE Vi U V,. To-
rua L =[Fxmv,]

(tak KaKk vy || F u [Fxv,]=0).

MO)KHO TaKK€ II0Ka3aTb, YTO '\7' = ervlé
[TosTomMy, mpoekTHpyst ypaBHeHHE (3) Ha OCh Z, TOIYYUM
di, _
dt :
WM 5)
d
—(mv,r)=erv,B
dt (mv2r) !
Tak kak v, = dr/dt, To npasas yacts ypaBHenus (5) mpeobpasyercs K BUIY
1 _d/,
—eB—(r°).
i
Cokpariast Ha Ot ¥ HHTErpUPYSI MOJYUYECHHOE PABEHCTBO OT K JI0 T, OJYYHM
. eB 2 2
mvzr_?(r —rk) (6)

[Ipu 3TOM yYTEHO, YTO 3JIEKTPOHBI BBUICTAIOT C KaToJa C HYJEBOW CKOPOCThIO: Vi =V, =0 mnpu
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r= I’k .
IIpu B = Byp, KaKk y»Ke roBOpUIOCH, TPACKTOPUS JJIEKTPOHA KACAC€TCA aHOZA, 3HAYMUT, V=V, IIPU
I =r,. Torga u3 BelpakeHus (6) HaxX0AUM

eB,r 2
v=—PAl1_K 7)
2m ra
VYpaBHenue (4) B Touke I' = Iy IPUHUMAET BUJ
mv?
" eU,, (8)

Tak Kak const =0 BBUIY TOTO, YTO NOTEHIIMAJ KaTO/Ia PaBEeH HYJIIO TaK )K€, KaK U CKOPOCTh YaCTHI] BOJIH-
3M KaToJa.
Uckmrouas v u3 cootHowenuit (7) u (8), mpuxoaum k ¢popmyne (1) mis e/m.

O0beKkThI HCcJIeI0BaHNUSA, 000Py10BaHHE
ConeHnownji, peocTaThbl, aMIEPMETPHI, BOJILTMETP.

Pabouee 3aganue
[TocTpouTh cOPOCOBBIE XapaKTEPUCTUKH, PACCUNTATh 3HAUCHUE €/Mm.
IMopsiiok BbINOJIHEHHS PA0OTHI
MOH 3JEKTPUYECKON LIeNH, JaHHOMN
yctaHoBku. Omnpenenure 1eHy jAelie-

1. O3HaKOMbTECH CO CXeE-
Ha puc.l, a Takke Ha IaHEIH

HUS KaXJI0r0 U3MEPUTEIBHOIO ii npubopa.
2. Py4yku noTeHIMOMETPOB ; M HE 4 IIA u II noBepHUTE NPOTUB YaCOBOM
CTpeslKM 10 ymopa (T.e. Ha il G3  HYJIb).
3. BxirounTe yCTaHOBKY B \!E 7 cerb. Pyukoil norenmuomerpa ITA
xeHrue Ual M NOAJEpKUBANTE €ro

YCTaHOBUTE AaHOJHOE Hamps-
IIOCTOSIHHBIM /10 KOHIIA CHATHUSA s OJIHOW XapaKTEPUCTHKH.

4. CHuMHTE TaK Ha3blBae- Puic. 1. CxeMa YCTAHOBKH MyI0 COpOCOBYIO XapaKTEpUCTHKY
maraerpoHa Ia = f(I), T.e. 3aBu- CUMOCTh BEJIMYMHBI AHOJIHOIO TOKa
|a oT TOKa KaTymiku I. JIns 3T0r0, ynep:KuBas KHOIKY S B HAKaTOM COCTOSTHUM, ME/IJICHHO YBeIUYHBaiTe
TOoK | B Karymike ¢ momouipo pydku noreHuomerpa [l u 3aHocure B TaOIUIy KakJ0€ 3HAYEHUE 3TOTO
TOKa [ 1 cooTBETCTBYIOIIEE €My 3HaUeHUE aHOAHOIO ToKa Ia. CHuMuTe 10 3HaUEHMI TOKA KATYIIKH JUIS
aHoHOTO HanpspkeHust Ua1.

5. AHanoruyHsle cOpPOCOBBbIE XaPaKTEPUCTUKH CHUMMTE AJs1 aHOIHBIX HanpsbkeHui Uaz 1 Uas. Pe-
komenayemble BeanunHbl Ua1, Ua2 n Uas yka3aHsl Ha 1aOOpaTOpHBIX yCTaHOBKaX. Bce pe3ynbTarhl u3-
MepeHH 3aHecuTe B TaOIMIly U MOJTYUYUTE MOAMHUCH MPENnoaBaTess O 3aBePIICHUN YKCIIEPUMEHTA.

6. [IpuBennTe yCTAaHOBKY B UCXOJTHOE COCTOSIHUE U OTKIIFOUHUTE OT CETH.

7. I1o TaGNUYHBIM JaHHBIM MOCTPOITE rpaduKu Tpex COPOCOBBIX XapaKTEPUCTUK HA OJHUX KOOPIH-
HAaTHBIX OCSIX.

8. Ha rpaduxe kaxaoil XapakTepUCTUKU HalIUTe TOUKY cOpoca aHOJHOTO TOKa Ia M COOTBETCTBY-
IOlllee € KPUTUYECKOE 3HAYEHHE TOKA B Karymike lxp. KpuTnueckuii TOK MOXKHO ONpEnenuTh KaK TOK
KaTYIIKH, P KOTOPOM TOK aHOJ[a HAUWHAET Pe3KO yMeHbIIaThes. Berancnure By o popmyne (1,a).

9. ITo dopmysie (1) BeIUMCIUTE €/M I KAXKIOTO M3 TPEX ONBITOB M HAWJUTE CPEIHEE €ro 3Haue-

HHUC.
10. ITomyyeHHOE CpeaHEE 3HAUEHUE <e/ m> CpaBHUTE C TAOJIUYHBIM.

NQ H/H UAl: UAZ = ... UA3 =...
I, MA | Ia, MA | |, MA | Ia, MA | |, MA | Ia, MA

10
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e/m, Ku/kr

(e/m)=..... Ki/kr e/m=1,76-10" Ku/xr

(9KCIIEpUMEHTAIIBHOE) (TabmuuHOE)

Conep:kanue oTyera
I'padvku BOIBT-aMIIEPHBIX XapaKTEPUCTHK, TAOIHIIA.

KounTpoJbHbIie Bonpochl
1. Uro Ha3biBaeTcs yAenbHbIM 3apsaoM? Kakoil MeTo u3MepeHus yIelbHOTO 3apsaa JIeKTpoHa Uc-

HOJIB3yEeTCs B 3TOM padore?
2. Yemy paBHa ¥ Ky/ia HalpapJeHa CHJIa, C KOTOPOH 3JIEKTPUUYECKOE MoJIe ACHCTBYET Ha 3apsHKCHHYIO

YacTHUILy?

3. Uemy paBHa ¥ Ky[a HalpaBlieHa CHJIa, C KOTOPOIl MarHUTHOE TOJIe IEHCTBYET Ha 3apsHKEHHYIO Ya-
CTHLLY.

4. [Touemy noiay4yeHHbIE COPOCOBBIE XapPAKTEPUCTUKU HE MPSIMOYTOJIbHbIE?

5. Ha ocHoBe kakux cooOpaxeHui BEIBOAUTCS padouast popmy:a (1)?

6. MoXeT 11 3JIEKTPOH B CKPEIIEHHBIX OJHOPOIHBIX IMOJISAX JIBUTAThCS MPSMOIUHEHHO U paBHOMEP-
HOo? Ecnu n1a, To npu Kakux yciaoBusix?

CHHCOK HCNO0/Ib30BAHHBIX HCTOYHHKOB
Wponos N.E. Dnekrpomaruerusm. — M.: BUHOM. Jlaboparopust 3nanwuii, 2008. — 320c. §1.1, §6.1.
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JlaGopaTtopnast pabota Ne 23
MarnuTtHoe moJie 3emJin

Ileab padoThl: U3MEpPEHHUE TOPU3OHTAILHON COCTABISAIONICH MArHUTHOTO TOJISI 3€MJIM METOJIOM
TaHI€HC-TAJIbBAHOMETPA.

Teopernyeckue cBeleHUs!

MarautHoe mosie 3emid B LEJIOM MOAOOHO IMOJIF0 OAHOPOIHO b
HaMarHu4yeHHoro mapa (puc.l). MaruutHas och B HacToslee BpeMms =
HaKJIOHEHa K reorpaduyeckor moa yriom 11°; mo3ToMy KOOpAWHATHI
CEBEPHOTO MarHuTHOrO moiitoca (B FOxHoM momymrapun) 79° 1o0.111. u
69° 3.1 /

FO>xHbBI MarHUTHBIN NOMIOC HaxoauTcs B KaHane Ha paccTositHUM -+ ;%ZH
1140 kM oT ceBepHOTO reorpauvyeckoro B cropony Tuxoro okeana, a /
CEBEPHBIN MarHUTHBIN - B AHTapkTHe. BennunHa MarHUTHOTO TOJS Y 2e02p.
NOBEPXHOCTU 3eMiid MeHsieTcst oT 62 1o 73 mxTi, a ropusoHTanbHOU IKE.
cocTtapsitolieil - or 0 Ha ceBepHOM U I0)KHOM MAarHUTHBIX IMOJIIOCAX 0 /
41 mxTn Ha skBartope. 2e02p. S

B nmefictBuTEIBHOCTH 1OJI€ 3eMIIM HMEET HAMHOTO Oojiee cloxuyo 7 0
KOH(UTYpaIyio, 9eM H300pakeHHas Ha puc.l. Bo-mepBhIX, CymecTBy-
10T MHOTOYHMCJICHHbIE MarHUTHBIE aHoManuu (Harnpumep Kypckast), B pailoHax KOTOPBIX MOJIE JOCTUTAET
3HAYMUTENILHO OOJIBIIMX BEJIMYUH, 4eM yKazaHHbie Bbie (10 200 mxTim). Bo-BTOpHIX, MOJI€ CUIIBHO HUCKa-
JKEHO COJTHEYHBIM BETPOM U SBHO HECUMMETPUYHO OTHOCHUTEIHHO MarHUTHON ocu. Kpome Toro, Maruur-
Hasi OCb M1 MarHUTHBIE MOJKOCA CO BPEMEHEM HU3MEHSIOT CBOE MOJIOKEHUE, a TAKKE CYILIECTBYIOT BEKOBbIE
BapHally BETMYMHBI MOJIs (B HACTOAIIEE BpeMs OHO yObIBaeT nmpuMepHo Ha 1% 3a necstunerue).

Urto kacaetcst MpOUCXOKAECHUS TEOMArHUTHOTO TIOJIS, TO CTPOTOM TEOPUU TIOKA HET; MPEAroaraet-
Csl, YTO OCHOBHBIM €r0 MCTOYHUKOM SIBJISIFOTCS DJIEKTPUUECKHE TOKH, HUPKYJIHUPYIOLIUE B KUJKOM SIpe
3emut.

Marnetusm - 310 ocobasi popma B3aMMOJCHCTBUS INEKTPUYECKUX TOKOB M MAarHWTOB (T€l C Mar-
HUTHBIM MOMEHTOM) MEXIy COOON U TOKOB ¢ MarHUTaMu. MarHuTHOE B3aUMO/JIEHCTBHE TTPOCTPAHCTBEH-
HO pa3/IeJIEHHbIX T€Nl OCYILIECTBISETCA MACHUMHBIM NOJeM, KOTOPOE, KaK U 3JEKTPUUYECKOe ToJIe, MPea-
CTaBJISIET COOOM MPOSBICHUE AJIEKTPO-MAarHUTHOW (POPMBI NBHKEHHS MaTepuu. MICTOUHMK MarHUTHOTO
MOJIS - JBUKYIIMICS SJIEKTPUUYECKH 3apsijl, T.€. DIEKTPUUECKUI TOK.

OcHOBY TeopuH 3JEKTpOMarHeTu3mMa o0pa3yroT ypaBHEHUs MakcBela, UTparoliie TaKyro e poib,

MACH.
[

Puc.1

KaK 3akoHbI HploToHa B Mexanwuke. OHO 3 HHX 3ammckBaercst Tak: div B =0. Dro YpaBHEHUE O3HAYAET,
YTO Hem MASHUMHBIX 3aps008, KOmopbsle co30a8anu Obl MacHUMHOe noje, KaK dJleKmpuyeckue 3apsobl
co3z0aiom snieKkmpuieckoe noje.

Bropoe ypaBHeHne MakcBeiia BBITIIAINT Tak: ot B= Mo] , TJ€ ] - IVIOTHOCTH TOKA, MOPOXKIAI0-
IIETO MarHUTHOE T10JI€. DTO YPaBHEHHE T'OBOPUT O BUXPEBOM MPUPOJE MArHUTHOIO MOJI (BUXPb - TO XK€,

41O ¥ poTop). Jluanum B He mMeroT Hu Hayama, HU KoHIA. OHU ABJSIOTCS JTUOO 3aMKHYTHIMH JIMHUSMH,
7100 yXOaT Ha 0ecCKOHeUYHOCTh. CHIIOBOM JIMHUEW MarHUTHOTO TIOJISI HA3bIBAETCS JIMHUS, KacaTeIbHAs K

KOTOpOﬁ B 1000 €¢ TOUKe COBIMIAAACT C HAIIPABJICHUEM MArHUTHOT'O I1OJIA B. Ecou PpaccChIaTb MarouT-
HBIC OITMJIKW B MAarHUTHOM I10JIC, TO OHU BBICTPOATCA BJOJIb CUJIOBBIX JIMHUM.
Kak HU3BCCTHO, OCHOBHOH XapaKTepHCTHKOﬁ BCIAKOTO MAarHuTHOI'O IOJIA ABJIACTCA BECKTOP Mar HUTHOM

uHayKnuyd B . DTo cuiioBas xapakTeprcTHKa, T.e. BEKTOp B ompenenser cuity, AeHCTBYIOIILYIO CO CTOPOHBI
MAarHWUTHOTO TIOJIS Ha AjeMenT Toka ldl .

dF =1dl xB. 1)
_ dF/dl @

- 1

I'sina
rae dl - amuHA 37eMeHTa ¢ TOKOM, a o - yroi Mexay B u dl | T.e. Momynb BekTopa B uuncieHHO paBeH
MOJYJIIO CWJIbI, JEHUCTBYIOLIEH HA €AMHUYHBINA DJIEMEHT TOKA, PACIIOJIOKEHHBIN NEPIEHIUKYIIIPHO Mar-

N3 popmymnsl (1) cnemyer, 9to B
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HUTHBIM CHJIOBBIM JIMHHUAM.
I[eﬁCTBI/Ie JKC I1OJIAI Ha KOHTYP € TOKOM WJIN MMOCTOSIHHBIN MarHuT OIpCaACIsICTCA MOMCHTOM CHUJI

M =P, xB, 3)
rae P, - MarHUTHBIH MOMEHT KOHTYypa (MM TOCTOSHHOTO MarHuTa). MarHUTHBI MOMEHT KOHTypa C
TOKOM - 3TO BEKTOP, YUCIEHHO paBHbIN IS (S - momaabs KOHTypa) U HalpaBIEHHbINA B CTOPOHY IOJIOXKH-
TEJIbHOW HOpManH N, T.e. P, = ISN . MarHUTHBIA MOMEHT MOCTOSIHHOTO MarHUTa - 3TO BEKTOPHAs Cyma
MarHUTHBIX MOMEHTOB BCEX €r0 aTOMOB.
N3 dopmyner (3) cnemyer, yTo CBOOOMHAs MAarHUTHAs CTpesika (MaJICHBKUI MOCTOSHHBIA MarHuT)

YCTAHOBUTCS B/IOJIb CHJIOBBIX JIMHUWA BHEITHETO MOJIA.
MeToa TaHreHC-TaJIbBAaHOMETpa

nAOCKOCID
MAZHUMHO20
Mepuouara

NAOCROCHD
MAZHUMHO20
Mepuduana

Puc.2 Puc.3

TaHreHc-TabBaHOMETP MPEICTABISAET COOOM TUIOCKYIO KaTymIKy pamuyca R ¢ umciom BUTKOB N,
PacIoJIO)KEHHYI0 B BEPTUKAJIBHOM IIJIOCKOCTH. B IIeHTpe KaTylIKu yKpeIuleH OObIYHBIA KOMIac, CTpeiKa
KOTOPOT'O MOXKET BpaIaThCsi BOKPYT BEPTUKAIBHOM OcH. [103TOMY B OTCYTCTBHE TOKA B KaTyIIIKE CTPENKa
KOMITIaCca YCTAaHABJIIMBACTCA B OTIMYHC OT CBO60I[HOI>1 CTPCJIKM HC BAOJIb MAarHWTHBIX CHUJIOBBIX JIUHAN
T€OMarHUTHOTO TOJSl B MJIOCKOCTH MAarHUTHOTO MEpHJHaHa, a BIOJb TOPU30HTATBHON COCTaBIISIOUICH
BekTopa B (puc.2).

Ecnu coBMeCTUTh MIOCKOCTh KATYIIKH TaHT€HC-TAIbBAHOMETPA C MIOCKOCTHI0 MAarHUTHOTO MEpH-
JMaHa, TO CTPeJIka KOMITaca B OTCYTCTBUE TOKa OYJET pacIoliaratbCsi BOJIb TOPU3OHTAIILHOTO JUAMETpa
karymku. [Ipu BKIIOYEHUH TOKA BO3HUKAET MAarHUTHOE TMOJIe KaTyIIKU

IN
By = Ho @

NEPIEHIMKYIIAPHOE TUNIOCKOCTH KaTyIIKH, & 3HAYUT, U By .

OquI/II[HO, 4TO CTpECJIKa KOMITaCa YCTAHOBUTCS BAOJIb PE3YJIBTUPYIOIICTO IMOJIA (pI/IC3)

B
Kaxk BugHO U3 puc.3 e S tga, (5)
rop
e OL - YIOJI OTKJIOHEHHs cTpenku. [ToaTomy
B, N
2ol ©)
tgoo 2Rtga

Top

3akon buo-Casapa-Jlaniaca

Wuaykiuss MarHUTHOTO ot B, cO31aHHOTO UIMHHBIM IPOBOAOM IPOU3-
BOJIbHOM KOH(UTrypaluu, o KOTOpoMy TedeT TOK I, paBHa BEKTOpHON CyMMe HH-

IlyKI_II/Iﬁ MarHuTHBIX nojieii dB , CO3IaHHBIX KAXABIM 5JICMCHTOM JJIHHBI dl sroro

. I [df X f]
npoBoja. 3akoH buo-Casapa-Jlamnaca naer popmyiny: dB = ﬁ—g,
4n r
rae ldl - snement Toka, I - pagMyc-BEKTOp OT 3TOTO JJIEMEHTAa 10 TOYKH, B KO-
TOpOW HaxoauTcsi MarHuTHOE moje. Kak BUIHO U3 (HOpMyIibl, TIOJI€ MEPIEHANKY-

JSIPHO TJIOCKOCTH, B KOTOPOH JIeKaT paJuyc-BEKTOp U 3JIEMEHT Toka. Moayib

Puc.4
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. Lo ldisina
WHAYKIIHH, CO3/1aBaeMOM 3JIEMEHTOM TOKa, HAXOUTCS 110 (opMyIie dB = 4_1tr—2 ,
/1€ 0L - YTOJI MEeXKAY PaliyCOM-BEKTOPOM U 3JIEMEHTOM TOKa.

[Ipu BBIBOJIC MHTYKIIMU MAarHUTHOTO MOJIS B IICHTPE KPYTOBOT'O BUTKA HEOOXOAMMO yUECTh, YTO YTOJI
o =90° (pamuyc Bcerja MEpHEHAMKYJISIPEH KacaTeIbHON K OKPY)KHOCTH), a I = R (paamyc BuTKa). OTH
3HAUEHUs OYIYT OJIMHAKOBBI JUISI BCEX DJIEMEHTOB TOKA BUTKOB.

O0BeKTHI HccIe10BaHNs, 000PY/10BAHUE

Tanrenc-ranpBaHOMETp, KOMITAC, HCTOYHHUK TOKA.

Padouee 3aganue
Ornpenenuthb cpeHee 3HaYeHUE TOPU3OHTATBHOM COCTABISAIOIIEH MATHUTHOTO OIS 3€MJTH.
Iopsiiok BbINOJIHEHUS PA0OTHI

1. He BKiIrOYast HICTOYHHUK TOKA, YCTAHOBUTE TAHICHC-TATHBBAHOMETP B IUIOCKOCTH MAarHUTHOTO Me-
puauana. [Ipu sToM cTpeska Komraca JI0JbKHA ObITh HAIpaBlieHa M0 TUAMETPy TaHTeHC-TallbBAHOMETPA.
OOpaTtuTe BHUMaHKUE Ha TO, YTOOBI CEBEPHBII KOHELl CTPEJIKM YKa3bIBaJl HAa HYJIEBOE 3HAUEHHUE KoMIIaca.

2. YcraHOBUTE JBIXKOK MOTEHLIHUOMETpa (WM PEe3UCTOopa) Ha MUHUMAJBHBIA TOK 4epe3 TaHTeHC-
raJIbBAHOMETP U 3aTEM BKIIOYUTE HCTOYHUK TOKA.

3. U3meHsist TOK uepe3 paBHbIE HHTEPBAJIbL, 3aQUKCUPYITE YToa OTKIOHeHUs cTpenku (puc.3). Heob-
XOJIUMO HEKOTOpPOE BpeMsi, YTOOBI CTpesiKa KOMITaca YCIIOKOUJIACh U TepecTaia KojaedaTrhes. 3amuiimTe
BEJIMYMHY TOKa | ¥ yIJIbl OTKJIOHEHHS OT MEPBOHAYAIBHOTO MOJIOKEHUS CEBEPHOTO Ol1 U FOXKHOTO 02 TO-
J0coB cTpeniku B Tabmuiy. [loayunTth He MeHee 5 3Ha4eHH TOkKa (M KOHEYHO COOTBETCTBYIOIIHME MM
yTi6l). BHUMaHue: OTKIOHEHHUE JIF00O0T0 TMOJIF0Ca CTPEIKU €CTh Pa3HOCTh HAYAIILHOTO M KOHEYHOTO MOKa-
3aHUs KOMIIaca U HE MOKET IpeBbICUTH 90°.

4. 3MeHuTE HalpaBieHUE TOKA B raJlbBAHOMETPE C MOMOIIBI0 TIEPEKIIoYaTeNs Ha ycTaHOBKe. [Ipo-
JeNiaiiTe MyHKT 3, yCTaHABJIMBAs TaKHe e 3HAUCHUS TOKOB U (PUKCUPYS YIIIbI OTKIOHEHUS OT IMEepBOHA-
YaJIbHOT'O MOJIOKEHUS CEBEPHOTO (13 M FO3KHOTO (L4 TIOJIIOCOB CTPEIIKU. [{yOnuposanue usmepeHuii oenaem-
csl 07151 Mo2o, 4modbl UCKIOUUMb CUCMEMAMUYECKYI0 NOZPEUHOCb, CEA3AHHYI0O ¢ HeMOYHOU YCMaHO8-
KOU KamywKu 6 njioCKOCMuU MASHUMHO20 MepUOUaHd, a makice ¢ onpeoeieHuem camoll 3motl niocKo-
cmu. JlaHHBIE 3aHecUTe B TAOJUILy M MOJYYUTh MOAMUCH MPETOIaBaTelis O 3aBEPIICHUU IKCIIEPUMEHTA.
[Tocne 3TOro MOKHO MPOJIOJKUTH BEIYUCIICHHUS.

Ne I, |ou,® oz, %lots,© o, O 00>, °tg<o>Brops  [E, ABrop,
n/m MA MKTn joTHOC.  |MKTn
MoTrpeli- fabc. morp.
IHOCTb
N = .... BUTKOB; <Brop> = .... MKTI;(ABrop)max= ... MKTII
R=... M;
Ho=4m-10"" T'n/m; Brop = (.... £ .... ) MKTn

5. OmpenenuTh cpeAHee 3HAa4YeHHE yriaa <o> Uil KaxIoro 3HayeHus Toka | mo Qopmye:

(o) =(oy+0, +oz+0y)/4

6. I[lo dopmyne (6) BBIYMCIAUTD Brop U1 KaKJI0r0 TOKa, MOACTABISISI BMECTO OL CpeJHEe 3HaueHHe
<o>. R u N yka3aHbl B OIMCaHUH YCTaHOBKH.

7. 13 Bcex Moay4deHHBIX Brop HaAlITH cpenHee 3HaueHne <Brop>.

8. ITo 1aHHBIM OIBITOB ONpeAeanTe OTHOCUTENbHYIO E 1 abcomotHyo ABrop morpemrnoctu o ¢op-
MyJiaMm

g-Al AR, 28a g B, E
I R sin2a

Al, AR u Ao, onipenensroTcst Kak MoJIOBUHA JACJICHUs MPUOOpPa, ¢ ITOMOIIBIO KOTOPOTo ObLIM M3MepeHs! [, R
U oL, TpueM Aol Hajlo BBIPa3uTh B paauaHax. Eciam 3HaueHne Kakoi-1nbo BEIWYMHBI YK€ YKa3aHO B OMH-
CaHUU YCTaHOBKHM, HarpumMep R, To abcomroTHaAs MOrpelHOCTh 3TON BETMUMHBI ONPEAEISIETCS KaK MOJIOBH-
Ha eIMHUIBI ocaenHero paspsaaa. [Ipumep: R=113,15 M. Ennnuna nociegnero paspsijaa - 3T0 0J{Ha COTasl.
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Taxum ob6pazom, AR = 0,01/2 = 0,005 m.
9. Haiitn Haubobliee 3HaueHUE aOCOMOTHOM MOTPENTHOCTH. Pe3ynbTar npeacTaBuTh B BUJIC

Brop = (Buon (481 ) )T

CpaBHHTB NOJTYYEHHOE 3HaYCHUE Brop ¢ TAOIUYHBIM (CM. TEOPETUUECKOE OITUCAHNUE).
Conep:kanue oTyera
PesynbTaTel m3MepeHuid U pacdeToB, 0OPMIICHHBIE B BHJIEC TAOIUIbI. 3HAYCHHE TOPU30HTATLHOM
COCTAaBJIAIOIIEH MArHUTHOTO I10JI 3eMIIH.
KounTtpoJbHbIie Bonpochl
1. Yro Takoe MmarauTHoe moje? Kakumu cBoiictBamu oHO 0Onamaer? MIMeeT I HCTOYHHUKH, BUXPH?

2. [laiiTe onpeneneHue BEKTOpa B . Yro TaKoe CHIIOBBIC THHUN?

3. Kak marauTHOE 1moJie IeHCTBYET Ha 3apsij, Ha IPOBOJ C TOKOM, Ha BUTOK C TOKOM?

4. Chopmynupyiite 3akoH bruo-Casapa. Beiseaure hopmyiny (4), HCIIONB3ys STOT 3aKOH.

5. Ilokaxkute KapTUHY CUIIOBBIX JIMHHUI MarHUTHOTO ot 3emin. [TokaxxuTe kak HampaBieH

BOJIM3M MOBEPXHOCTH 3€MJIM B CEBEPHOM IOJIyIIApUU BeKTOp B W HaiimuTe ero cocrapisitoniie (ropu-
30HTaJIbHYIO U BEPTUKAJIbHYIO).

6. Kak mensiercst B, B 3aBucHMOCTH OT reorpapuueckoi upoTs?

7. YTo U3BECTHO O MPHUPO/IE TEOMArHUTHOTO TOJIs?
Cnucok uCno/Ib30BaHHBIX HCTOYHUKOB
CagenweB U.B. Kypc obmieit pusuku. T.2. DnexkrpudectBo u mMaruetusMm. Bonnbsl. Ontuka. — CII6.:
Jlanb, 2008. — 496¢. rn. "MarautHoe mnosie B Bakyyme'.
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JlaGopaTtopHnast pabota Ne 24
HccnenoBanue MarHUTHOTO MOJISI COJIEHOM/IA

Lleab padoThl: SKCIIEPUMEHTAIBLHOE ONPE/ICICHUE 3HAUCHU MarHUTHOM MHIYKIIMKA Ha OCH COJIEHO-
UJa ¥ CPAaBHEHUE UX C PACUETHBIMU 3HAYCHUSIMU.
Teopernyeckue cBeieHUsI
. Haubonee mpoctoii BUI pacrpeicsieHus] 3HAYCHUH BEKTOpPa MarHUTHOM

P
PDDDEPDDBEDDDEDDDPDDDD

HHIAYKOWUN B umeercsa B cjydac OECKOHEUHO JJIMHHOI'o0 COJICHOMWOA - IUJIHNH-
EBT) z[quecxoﬁ KaTyluiKy, II0 BHUTKaM KOTOpOfI IMPOTCKACT SHGKTpI/ILIeCKI/Iﬁ TOK.
M OmngIT IMMOKAa3bIBACT, YTO Y€M AJIMHHEC COJICHOWJ, TCM MCHBLIIC MHAYKIHA Mar-
HUTHOT'O IIOJII BHE €ro. I[J'IH OECKOHEYHO JJIMHHOI'O COJICHOMJa MAarHuTHOC

10JIe CHApPYXH OTCYTCTBYET BOOOIIE, @ BHYTPH €ro JMHUM BeKTopa B Hampas-

OOOOPOOOEODEOOEHEEOGE

JICHBI BAOJIb €T0 OCH, IIPHUYEM BCKTOP B cocrasiser ¢ HaIllpaBJICHUCM TOKa B
COJIEHOM/IE TIPABOBUHTOBYIO cucteMy (puc.1).

e [ —

Puc.1

W3 teopems! o nupkynsuuu B cinemyet, 4To BHYTpH OECKOHEYHO JTMHHO-
T'O COJICHOH 1A
By = uonl 1)
rzie N - IJIOTHOCTh BUTKOB (YMCIIO BUTKOB HA CMHUILY JJTUHBI).

Haiinem MarHuTHYIO HHIYKIIMIO Y KOHIIA TOJTyOSCKOHEYHOTO COJICHOUIA, JUIS Yero MpeICTaBuM Oec-
KOHECUYHBIH COJICHOM]I COCTOSIIIIUM M3 JIBYX UJCHTUYHBIX TOJTYOCCKOHEUHBIX, COSTUHSFOLIUXCS TI0 TIOCKO-
ctu P (puc.l). B Touke M mMarHuTHas HHIYKIUsT B MOKeT ObITh ornpeaeneHa mo ¢opmyie (1). Eciou yna-
JMTh OJMH M3 TOJYOCCKOHEYHBIX COJICHOWOB, TO, YUUTHIBAsl, YTO OHM BHOCHIIM OJIMHAKOBBIA BKIIAJ B
MarHUTHYIO WHIYKIIMIO B TOYKe M, MarHUTHAas MHAYKIUS y KOHIIA ITOJIyOECKOHEYHOTO COJICHOUIA Ha €T0
ocu OyzieT paBHa IOJIOBUHE 3Ha4eHUs By, onpenensemoro mo gopmye (1), T.€.

1
B==uqnl 2
ZMO (2)

MarauTtHoe 1ojie B TOUKaxX Ha OCH COJCHOWJAa KOHEYHOW JUIMHBI MOXET OBITh PAacCUYUTaHO C MOMO-
nipio 3akoHa buo-Casapa.

[IpencraBuM coneHoOup Kak
ToKOB (puc.2). Konbiyy mupuHon
Indx, rme N - 9UCIO BHUTKOB CO-
Kak cnegyer u3 3akona buo-
ToKa co3faeT B Touke O Ha ocu

HETIPEPHIBHYIO CHUCTEMY KOJIBIIEBBIX
dX COOTBETCTBYET KOJBIICBOM TOK
JICHOMJAa Ha C€IAWHHIY €ro IJIHNHBI.
CaBapa, osnement dl xombueBoro
COJICHOWIA TIOJIEe C MHIYKIHEH

, Indx
dB'= ILLO_Zdl
47d

[Ipu omnpeneneHnn WHIYK- - 7 [IMd MAarHUTHOI'O IIOJSA KOJIBIIEBOIO
ToKka B Touke O clenyeT y4ecTb, ) a5 . YTO CyMMapHas KOMIIOHEHTa Mar-
HATHOW HMHAYKIUH MOJS, Co3Ma- | | d . BaeMoro 1000 mapoil cCUMMeTpud-

(o —_
HO PACIIOJIOKCHHBIX JJIEMEHTOB xd = — | P dl;, HampaBneHa BIOIb OCH X, HO-
\
27l
Indx 0
sTOMY » dB=dB, =-C"""cosa [ dl=
dx 4rd 0
Puc.3
2

Indx Indx ry . Indx .

=M°—22nr0 COSOLZHO—%SII’]BZMO—SIHBB
47d 0 d 2r0
X—a dx dp
Tak kak =ctgp, 0 —=—— 3 5 , 1 MArHUTHAsI MHAYKLIWSA HA OCU COJIEHOWIA paBHA!
f f SIn
0 0
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B=_ jsdeB—“OZI (cosB2 cosBl)

)
VYuursiBas, 4ro COS [3'1 =—cosB;, u n=N/I, tne N - momHOe YKCIO BUTKOB coilleHomAa, a | - ero
HolN
JUIHHA, OKOHYATEIBHO MOIyYUM B= T (COS By +C0SP,) 3

Kocunycs! yrinos f; u 3, Belpakarorcst popmysiaMu

cosp=———2 (@

__a
Jrg +a? r02+(l—a)2

rac ro - paauycC BUTKOB COJICHOMAA, A - PAaCCTOSIHHE OT Kpast COJICHOMJA N0 TOYKH, B KOTOpOﬁ OIpeacii-

cosp; =

€TCsl 3HAUEHUE MarHUTHON MHAYKIUH.
OOmwmit BU MAarHUTHOTO TOJISI KOHEYHOT'O COJICHOM 1a M300pa)keH Ha puc.4.

DKCIIEpUMEHTAIbHOE ~ U3Y4YEHHE pacupeneneHns 3Ha4eHU MarHUuTHOM
VMHAYKIMHA TOJs BHYTPU COJICHOMZA IIPEJIaraeTcsi MpPOBECTU € MOMOIIBIO
YCTaHOBKH, COCTOSLIEH M3 MCTOYHMKA IIOCTOSIHHOTO TOKa; cosieHouna Ly,

TYHIKH L25 KOTOpasAa BBCICHA B COJIC- HOU Ll H MOXKCET IICPCMCIIATLCA
BIOJb €ro OCH, 0aIMCTHYCCKOTO

KaTymkoi L,; BbiiouaTens S

rajibBaHomeTpa P2, coequHEHHOro ¢
mumamnepmerpa Pl, ¢ momorisio

MarHuTHOE I0JIE KOTOPOI'O UCCIIEAYET- m cs; MaJIeHbKOM H3MEpUTENIbHON Ka-

KOTOPOr'0 MO>KHO MU3MEPUTH TOK B CO- nenoune Ly (puc.5). Ilpu usmepenun
UHIYKIUH MarHUTHOTO IOJIS KaTYyLIKy L, ycraHaBnuBalOT B Kakoi-1100
TOYKE Ha ocu coieHouna L. B mo- Puc.4 MEHT 3aMbIKaHHs KHONKOH S 1enu
cojeHonna L, TOk B HeM Bo3pacTaer or 0 mo nmocrosiHHOro 3HauveHus | .

[Ipu 5TOM MarHUTHBII TOTOK Yepe3 BUTKU KaTymku L, m3mensercs or 0 no @ = BSyN,, rne S - mio-
manas ceyeHus, a Ny - 4uciio BUTKOB KaTymku L,. VI3MeHeHHe MarHMTHOrO MOTOKa MPUBOJIUT K BO3-

HUKHOBEHUIO B KaTylIKe L, 3IeKTpoABMKYLIEH CHIIbBI MHAYKIUH 110 3aKoHy Dapajes:

g = _d_CD, + - @Pl
dt G

U, KaK CJIEJCTBUEC, TMOSBICHUAIO B SK ey KaTymkd L, WHIYKIHOHHOTO

TOKa | (n61€Hue snexkmpomacHum- W HOU UHOYKYuu); B PE3yJbTaTe Yero

CBETOBOH 3aifuMK TajgbBaHOMETpa - CMelIaeTcs Ha yroji o, MPOIOpPLHO-
t

HaJIbHBIA KOJHMYECTBY OJJIEKTpUYE- CTBa q:Iidt, IPOTEKIIIEro Yepe3
0

Puc.5
U3MEPUTENBHYI0 YacTh YCTaHOB- anazlj.idt, rae b - OamnmucTHue-

0
CKad MMOCTOAHHAA raJilbBAaHOMCTpaA.

. &
Ecnu nonHoe conpoTuBieHne Lenu U3MepUTeNbHoN KaTymku L, paBHo R, 10 1= % , 1 IO3TOMY
@
() 1 ® BSyN
j|g dt= = f[aely 1 [do=—==020
bR dt bR 0 bR bR
Torma muist MarHUTHOW UHAYKIMK UMeeM B = N UIIN
o'No
B =ka (5)
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rae nocrosiHHas K =bR/S)N, npunuMaercs 3a ueHy neneHusi OAUTMCTHYECKOrO TajibBaHoMerpa. Ilo

dopmyiie (5) onpenensitoTcsl IKCIepUMEHTANIbHbIE 3HAYEHUSI MAarHUTHOM MHIyKLUU T0JI HA OCH COJICHO-
uaa.
Teopema 0 HUPKYJISAIUA

[upkynauus BEKTOpa UHAYKIMM MarHUTHOTO 10Ji1 B 110 3aMKHYTOMY KOHTYpY paBHa ajiredpande-
CKOH CyMM€ BCEX TOKOB, OXBaTbIBAEMBIX KOHTYPOM, YMHOXKCHHOM Ha |l .

@édr=MOZIi

Hanpumep, uppkyisiius B 10 KOHTYpy, OXBaThIBAOIIEMY [Ba PABHBIX MO CHJIE TOKA, TEKYIIHX B
MIPOTUBOINOJIOKHBIX HAINIPABJICHUSX, paBHA HYJIO. 3HaK TOKa | yduThIBaeTCs Mo oOIeMy IMpaBUITy: €CIH
HampaBlieHue 00xoJa KOHTypa L W HampaBiieHHE TOKa CBS3aHBI IMPABUJIOM MPABOTO BUHTA, TO 3HAK |
MOJIOKUTEJICH.

Ipu BeiBoze hopmystsl (1) HAZO YdIeCTh, UTO HA ABYX ydacTKax KOHTypa (cM. puc.1) yron mexay B
u dl pasen 90° u ckamsprHoe npoussenenue B-dl =0, a omuH yyacTOK IPOXOIHUT BHE COJICHOMIA, T/IC

nosie B mpaktuuecku paBHo 0. IloaHBINA TOK, OXBaThIBAEMbI KOHTYpPOM, paBeH Z I, =N-1=nll, rme
i
N - 9uCII0 BUTKOB, PUXOSIIKXCS HA [UIUHY | .
3akon buo-Casapa-Jlannaca

I/IHI[YKI_[I/ISI MarHuTHOro mnois B , CO3JAaHHOT'O AJIMHHBIM IIPOBOJOM HpOI/ISBOHBHOﬁ KOH(I)I/IpraL[I/II/I,

110 KOTOPOMY Te4eT TOK | , paBHa BEKTOPHON CyMMe HHIYKIIMI MarHUTHBIX mojieit dB, CO3MaHHbBIX Kax-
JbIM 3yieMeHToM JuiHbl dl 3TOro mpoBoja. 3a- koH bwuo-Casapa-Jlammaca maer

popmyy: )
~ I dl xF
dB = by 1[01r] ,
41 rs

rae ldl - smement Toka, F - paanyc-BEKTOp OT 9TOTO 3JIEMEHTA 10 TOYKH, B KOTO-
poii HaxoauTcs MarHuTHoe nosie. Kak BugHO U3 ¢dbopMyIbl, MoJie MepreHAUKYIIp-
HO IJIOCKOCTH, B KOTOPOH JI€KaT painyc-BEKTOp U 3JIEMEHT ToKa. Moayib MHIyK-
IIH, CO3/1aBA€MOH 3JIEMEHTOM TOKa, HAXOUTCA Mo hopmyJie
Lo ldisina
dB=———75—,
4n  r?
/1€ O - YTOJI MEXAY PallyCOM-BEKTOPOM U 3JIEMEHTOM TOKa.
O0BbeKTHI HecIeI0BaHNsA, 000PyI0BaHUE
ConeHoun, ralbBAaHOMETpP, MUJIITHAMIIEPMETD.
Pabouee 3ananue
[IpoBecTn n3mMepeHne pacnpeneneHus 3Ha4eHUil MAarHUTHOM MHIYKIWHY B Pa3JIMYHBIX TOYKaX BHYTPH
COJIEHOWIA.

Ilopsinok BbINOJHEHHS Pa0OTHI

1. O3HaKOMBTECh C YCTAaHOBKOW U BKIIIOUUTE €€ B ceTh (220 B).

2. Pyukoli Ha yCTaHOBKE ITOMECTUTE U3MEPUTEIBHYIO KaTylKy L2 y 0qHOro M3 KOHIIOB COJIEHOM/A,
OIIPEZICIINB €€ MOJIOKEHNE & (pacCTOSHUE OT Kpasi COJIEHOMIA 10 TOUKH, B KOTOPOM ONpeeisieTcs 3Haue-
HUE MarHUTHOW MHAYKIIMU) C TIOMOIIBIO YKa3aTess Ha [IKaJe.

3. HaxxmuTe Ha KHOTKY S, U3MEPhTE OTKIIOHEHHE CBETOBOTO 3aifYMKa Ol IO IIKaje rallbBaHOMETpA.
He ornyckas KHOIIKY, OIIpeeuTe CUILy TOKA B COJICHOUIE 10 MUJUIMAMIIEPMETPY.

4. Takue ke U3MEpEeHUs a U oL MPOJENAUTE Uil IPYTUX IMOJOKEHHH Karymku L2, mepememas ee
KaX/Ibli pa3 Ha 1 cM BIOJIb OCH COJICHOMA A0 yIopa. 3aHECUTE JaHHBIE B TAOIUILY, TIOCIIE YETO MOTy4H-
T€ MOANKUCH NPETNOJABATENS O 3aBEPIICHUU IKCIIEPUMEHTA.

5. ITo popmyne (5) HAMIUTE IKCTIEPUMEHTATbHBIEC 3HAYCHUS] MATHUTHOW WHIYKIIMH, BOCIOJIB30BaB-
IIMCh 3HaYeHUEM K, yka3aHHBIM Ha yCTaHOBKE.
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6. Jlnst Tex ke 3HaueHui a paccuutaite o Gopmynam (3) u (4) TeopeTHUECKHUE 3HAUYCHUS MAarHUT-
HOM MHAYKIUU B COJICHOUJIE.

7. JlaHHbIE BBIYMCIICHUHN 3aHECTH B TaOJIHILY.
a, M o, e Baxcn, Tn COSBl COSBZ Breop, Tn

8. IToctpouts rpaduku Bowen = f1(@) ¥ Breop = f2(2) 10 pe3ysibTaTtam, moaydeHHBIM M3 OMBITA U IPU TEOpe-
THUYECKOM pacyeTe, Ha OAHUX KOOPAUHATHBIX OCSX.
Conep:kanue oTyera

PesynbTaTel u3MepeHuit U pacdeToB, MpelCcTaBiIcHHbIE B Tabnuie. ['paduk pacmpenencHus dKCIie-
PUMEHTAJIbHO HU3MEPEHHBIX M TEOPETHYECKH PACCUMTAHHBIX 3HAYEHUNW MAarHUTHOW MHAYKUUU BHYTpU
COJICHOM/IA.

KonTposbHbIe BONPOCHI

1. Yto Takoe MarHuTHasE MHIYKIUS?
2. ChopmynupyiiTe TeopeMy O HUPKYJIALUUA BEKTOpa MATHUTHOW MHAYKIIMU U UCIIONB3YWTE €€ AJd pac-
yeTa BHYTPU OECKOHEYHO JITTMHHOTO COJICHOM/IA.
3. lonyuute dopmyny /Ui onpeaeneHUs MarHUTHOW MHIYKIIMH HA OCH COJICHOM/IAa KOHEYHOW JJIMHBI,
npuMeHsis 3akoH bruo-CaBapa v MpUHIUIT CyTIEPIIO3UITHH.
4. B yeM COCTOUT SIBJI€HUE 3JIEKTPOMarHUTHOM MHAyKUMK? Kak MCHOJIb3yeTcsl 3TO SBJICHHE B JAaHHOMN
pabote?
5. KakuMm 00pa3oM MOXKHO BJIBO€ YBEIMUYUTH CMEIICHHE 3aifYiKa B UCIOJIb3yeMON YCTAHOBKE, HE YBEIH-
YUBas CUJIbI TOKA B COJICHOUIE ¥ HE MEHsISl TapaMeTPOB U3MEPHUTEIIHLHONU KaTYIIKH?
6. Uemy MpOIMOpPLMOHAJIIEH Yrod OTKJIOHEHHs] CBETOBOIO 3ailuMka B OaJNTUCTUYECKOM TrajibBaHOMETpE.
BriBectu pabouyro ¢popMyiry s HHIYKIMHA MarHATHOTO TTOJIS.
7. Vcionb3ysl TeopeMy O IUPKYJISAIUHM , HalauTe 3aBUCUMOCTh B=B(r) anms TopounanbHON KaTymiku ¢
YUCIIOM BUTKOB N.

Cnucok Mcno/Ib30BaHHBIX HCTOYHUKOB
CagenbeB U.B. Kypc obmeit ¢puzuku. T.2. DnekrpuuectBo u marHetusMm. Bomnsl. OnTuka. — CII6.:
Jlansb, 2008. — 496¢. §42.
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JlabopaTtopnast pabota Ne 25
HccnenoBanue 3JIeKTPUYECKHX 3aTYXAKNIUX KOJTe0aHui

Ileab padoThI: O3HAKOMIICHUE C METOAOM IMOJTYUYCHHS 3aTYXArOMIMX 3JEKTPUUYCCKUX KOJICOAHUU W
orpeziesieHue mapaMeTpoB Koie0aTeIbHOro KOHTYpa ¢ MOMOIIbI0 ocusuiorpada.
Teopernyeckue cBeleHUs!
B uaeansHOM 3JIEKTPUUECKOM KOJIEOATETbHOM KOHTYPE, COCTOSIIEM U3 €MKOCTH U MHAYKTUBHOCTH,
BO3HHUKAIOT, KaK MPABUJIO, TAPMOHUYECKUE KOJIEOaHHS C YaCTOTOM

Wy =—F7—= (1)

B peanpHOM KONEOaTEeIPHOM KOHTYpE BCET/Ia UMEETCS OMHUYECKOe conpoTuBiIcHue R (coequHuTens-
HBIE€ TIPOBOJIA, KaTyIIKa UHIYKTUBHOCTH) U TIO3TOMY KOJIeOaHUs B HEM OyAyT 3aTyXalOUIMMH — JJIEKTPH-
YCCKasA SHEPrud KOHTYpa 6y[[€T y6I)IBaTB BCJICACTBUC BLIACICHUSA MPKOYJICBA TCILJIA U aMIUIUTYAbl KOJIC-
Oanwus 3apsiaa ( Ha oOKJIagKax KOHAEHcaTopa, Toka | B menu, 3.1.Cc. CAMOMHAYKIIMHU €sj U IPYTUX BETUYUH
TOXe OyAYT YMEHBIIATHCS C TCYCHHUEM BPEMEHHU.

OTOoT npotecc (3aTyxaromie kojiedanus) onucbiBaeTcs nuddepeHnanbHbIM YpaBHEHHUEM:

2
d_g + Rdg + 9o : 2
dt* Ldt LC
KOTOpOE SBJISIETCS CIIECTBHEM 000011IeHHOr0 3akoHa Oma.
— JIeWiCTBUTENBHO, MyCTh KOHACHCATOP B KaKOW-TO MOMEHT BPEMEHHU
1 T paspspkaetcs (cM. puc. 5), u 3a Bpems dt 3apsa Ha OOKITagKax yMEHbIIIa-
— | ercsa Ha Benmuuny dq = —ldt. Torma mis ydactka nenu 1RL2, cormacHo
T2 3akoHy OMma, uMeeM
L IR = (¢ —¢,) +5 @)
e r7ie o1 ¥ (2 — MOTEHIMAIBl Ha OOKJIa/IKax KOH/AEHcAaTopa. Y YUThIBAsl, 4TO
Puc. 5

B ypaBHeHuu (3) ¢;—¢,=U.=q/C u g :—Ld—i, u 3amenss | Ha

——q, nonyuuM ypaBHeHue (2). CpaBHuBasi ero ¢ 0000meHHOM (HopMOi 3aTyXarOUIMX MEXaHHUYEeCKHX

dt
KOJIeOaHuil
d?x dx
— +2B—+wix=0, (4)
dt dt
MO>KEM CJIeNaTh BBIBOJ O TOM, YTO B DJIEKTPHUECKOM KOHType OyayT MPOUCXOAUTH 3aTyxarolue Koueda-
HUS BUOA

q = qee™ cos(ot +a) (5)
rae Kod(hHUIUEHT 3aTyXaHUs B= Z—F\;_ , (6)
a 4acToTa 3aTyXaloluX KojaebaHui o= coé —p? @)

[Ipoananuzupyem hopmyiy (7).

1
1. Ecim wo >> B, TO ®~ 0y = —== — B KOHTYPE BO3HUKAIOT IPAKTUYECKH HE3aTyXarol1e TapMo-

JLc

. T
HUYECKHe KoieOaHus, T.€. 3aTyXaHHeM MOXHO mpeHeOpeus. [lepuon Takux komebanmii T =— Oyzaer
®

onpeacsITbCad COOTHOMICHUCM

T =2n/LC, (8)

KOTOpoe HasbiBaeTcsi Gopmysoit ToMmcoHa. YCIOBHS, COOTBETCTBYIOIIME PAacCMAaTPHBAEMOMY CITydaro
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2

L
MOTYT HaCTyIHUTh, €CH — << —— i R<<2,|—.
LC 4L C

2
1 R .
c aZ B KOHTYpE BO3HHMKAIOT 3aTyXaIoI1e KOoJeOaHUs C 4aCTOTON ®

MEHBIIICH, YeM 4acToTa COOCTBEHHBIX KoJiebaHuil KoHTypa. B coorBercTBUU ¢ opmyioit (5) s Beu-
YUHBI 3apsijia Ha KOHJEHcaTope rpaduk 3aTyXarolMX 3JEKTPUYECKHX KosiebaHuil OylneT MMeTb BUI,
MPEJICTABICHHBIN Ha PUC.4, T.€. aMILTUTYTHOE 3HAUCHUE 3apsi/ia Ha KOHIEHCATOpe OyIeT YMEHbBINATHCS O
JKCIIOHEHIMaTbHOMY 3aKkoHy. [lepros Takux koneGanuit

2. Ecmu o > B, T0 o=

(10)

®opmyioit (10) HEOOXOAMMO TMOJIB30BaTHCS ISl ONPEACICHHs MepHoia KoJieOaHul TOrnaa, KOoraa
3aTyXaHWEM MpeHeOpeUb HEb3sl.
3. Ecni ke ®y <P, To koneOaHMsI B KOHTYpEe HE BO3HHKAIOT. HanmeHbIiee 3HaYCHHE OMUYECKOTO

COIIPOTUBJICHHA, IIPU KOTOPOM Koyie0aHus B KOHTYpP€ HC BO3HUKAKOT, HA3BIBACTCA KPUTHYCCKHUM COIIPO-

tusiennem R,=2,/L/C .

Jl1is XapakTepuCTUKU ObICTPOTHI YMEHbBIIICHUST aMIUTUTY/Ibl 3aTyXaIOINX KoJeOaHul BBOJISATCS JIOTa-
pUPMHIUECKUI TEKPEeMEHT 3aTyXaHuil O, paBHBIN JOTapr(My OTHOIICHUS aMIUIUTYA ABYX COCEIHUX KO-
nebanuil. B paccmatpuBaeMom ciydae OepyT 3Hau€HHUsA 3aps/ia KOHICHCATOpa uepe3 MPOMEXKYTOK Bpe-

MEHH, PaBHBIN MMEPUOAY DICKTPUUECKHX Konebanuii: O, =In q—” Jlis SKCIIEPUMEHTAIILHOTO OIpe/Ieie-
qn+l
HU 6 qame UCIO0Jb3YETCA PABHOICHHOC COOTHOMICHUC
1
5, =—1In—n_ (11)
m qn+m

Torga MCONB3YIOT JBa AMIUIMTYIHBIX 3HAYEHUS 3apsiga KOHIEHCATOPA: (n U (n+m OTCTOSIIME APYr OT
Jpyra Ha M Koje0aHuii, UK B3AThIEe Uepe3 OTPE30K BpeMEHH B M pa3 OoJIbLIMIA, 4yeM Mepro]] KojaeOaHHi.

B kauecTBe aMIUIMTYAHBIX 3HAYEHHH KoseOmromielics BEIUUMHBI Ui OlpeneseHus jJorapudmuye-
CKOr0 JeKpeMeHTa 3aTyxaHus 0 B (opmyse (11) MokeT MCHONb30BaThCsl HE TOJBKO BEIMYMHA 3apsja
KOHJICHCATOpa (, HO ¥ 3HAYECHUS HANPSHKEHUS HA KOHACHCATOPE WU KaTyIIKe HWHAYKTUBHOCTH WU BEJIU-
YMHA TOKA B LENH IEKTPUUYECKOr0 K0JIeOaTeIbHOT0 KOHTYpa.

Benuunna norapudmuyueckoro AekpeMeHTa 3aTyXaHHUsl OJJHO3HAYHO CBsi3aHa ¢ Kod(dUIMEeHTOM 3a-
TyxaHus f3:

d=pT (12)

B pagnoTrexHuke Ui XapaKTEPUCTHUKU CBOMCTB KOHTypa HCIOJB3YETCS IMOHATHE JOOPOTHOCTU

Q=2aW/AW . Tlo ¢pu3ndeckoMy CMBICITY JOOPOTHOCTh KOHTYpa B 27T pa3 OOJIbIIe OTHOIICHHS SHEPTHH

W , 3araceHHON B KOHType K sHepruu AW , TepsieMoil Ha JUKOYJIEBO TEIJIO B 3TOM K€ KOHTYpE 3a OJHO
Kosiebanue. Kak mokas3pIBaloT pacyersl, BEIMYUHA JOOPOTHOCTH KOHTypa Q cBsf3aHa CO 3HAYEHHMEM €ro
Jorapu(pMHUECKOTo IeKpEeMEHTa 3aTyXaHHs O COOTHOLIEHHEM

T
Q=% (13)

Ucnons3ys ypasuenus (13), (10) u (6), MOkHO B 0011eM clTydae MOTYyYUTh BBIPAKEHUE JIJIST BEIUYH-
HBI JOOPOTHOCTH:

_m 1o e, [L 1
O BT 282 B2 Nerr s M

Jlisi KaueCTBEHHBIX KOHTYPOB € OOJIBIIMM 3HAYEHUEM JOOPOTHOCTH 3aTyXaHHEM B KOHTYPE MOKHO
npeHeOpeyb W BOCIIONIB30BaThCs opmysoi (8) mayis mepuoja, MOITOMY B COOTBETCTBYIOIIMX CIyYasx
dopmymna (14) nns pacuera T0OPOTHOCTH MOKET OBITH 3aMEHEHA MPUOIKEHHON (hopMyIIoit
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Q:iziﬁzl L (15)
BT 2B R\C
O0BeKTHI HCCIe0BaHMS, 000PYI0BAHUE
YcTaHOBKa COCTOUT M3 KOJIeOaTeIbHOrO KOHTYpa, B KOTOPBINA BXoAAT (puc. 1): 1) kaTymika MHIYK-
tuBHOCTH L; 2) koHaencaropsl C1, Cz; 3) omuueckue conporuBierus Ri, Ry 1t usmenenus 100poTHO-
CTH KOHTYPAa; 4) ocimuniorpad (30), Ha BeIxoa Y KOTOPOTO MOJAaHO HANIPSDKEHUE C KOHTYPA; 5) UCTOYHUK
nuTtanus G o0ecreynBaroOnuil MoA3apsIKy KOHACHCATOpa KOHTYpa.

R

1
sl j Y X
Cliicz R, T%
SG 20
i t'j ]
Puc.1

YcranoBka pabotaer cieayroumm oopazoMm. K KOHTYpy MOIKIIOYAOTCS MEPUOAUYECKH UMITYIIbCHI
MUTAOMECTO HAIIPSAXKCHUA UB. B kaugecTtBe sTOTO HAIPs>KCHUA UCITOJIB3YIOTCA UMITYJIbCbl CHHXPOHU3alluU
ocuuiuiorpada, KOTopble UMEIOT BUJ, TOKA3aHHBIN Ha pHC. 2.

UYepes paBHbIE IPOMEXKYTKHA BPEMEHU UMEIOT MECTO UMITYJIbChl HanpskeHus: Us, a B OcTalibHOE Bpe-
Msl MEX]Ty STUMHU UMITYJIbCAMH HAMPSKEHHE PAaBHO HYIIIO.

[Tocne Toro, kak Ha KoHAEHcaTOp KoHTYypa Ci OBUT MOCIaH UMIYJILC MUTAIONIETO HanpsbkeHus Uz u
KOHJEHCATOp 3apsiauics, B KOHType, coctosuieM u3 Ci, L u R, Bo3HuKalOT 3aTyxaroniye KoieOaHus B
TCYCHUEC BPECMCHU OT t1 a0 t2, Koraa Halnps>XCHUC OT BHCITHCTO MCTOYHHMKA OTCYTCTBYCT. 3aTeM Ha KOH-
JIEHCAaTOp B MOMEHT BPEMEHHU t MOCTymaeT cleAyrouuii uMiynbe HampsokeHuss Uy, U BClen 3a 5TUM B
KOHTYpE BO3HHUKAIOT 3aTyXarolue KojiedaHus B TeueHUe BpeMeHu oT t2 10 t3 u T.1.

TakuMm oOpa3om, B KOHTYpe MEPHOJUUECKH MOBTOPSIOTCS 3aTy-
U, Te Te XawIue KonedaHus ¢ NepuoioM T, PaBHBIM IEPUOY NOJAUYU UM-

nyJnbcoB BHemHero HanpsbkeHuss Us. KapTuna stux xonebanuil Bo
BpeMeHH Oy/IeT UMETh BUJI, IPEJICTaBICHHBIN Ha puC. 3.

4 1 it To4HO MO TakOMYy k€ 3aKOHY OyJeT U3MEHATHCS U HalpsKeHHe
Puc.2 Ha KaTyIIKe HHAYKTUBHOCTH L 1 conpoTtuBnennn R konebareapHOTO

q KOHTYpa Halllell yCTaHOBKU. DTO HaIpsDKEHHe, MoJjaBaeéMoe Ha Bep-
TUKaJbHBIA BbIX0A Y ocuuuiorpaga (30) (cM. puc. 1) mo3Bosser

BU3YaJIbHO HAOJI0/1aTh KApTHHY 3aTyXaIOLINX 3JIEKTPUUECKUX KOJe-

‘ 1‘1\/ 1‘2\/ 1 Oanuii Ha DKpaHe ocuusuIorpada.

Ecmm mepuwon koneGanuii Hamps-

Puc.3 7 .4 KEHUS Pa3BepPTKU oclHuuiorpada

COBIIAJaeT C TEPHOAOM TIOJadu ~_ g nuTaromero HanpspkeHus Uy, To Ha

9KpaHe ocHuuiorpaga  Oyaem : g, HAOII0aTh KapTHHY 3aTyXaroIlux

konebanuit (puc. 4). Ha puc. 4 qu, 7[\% ﬂ.g“ J2, 3 ¥ T.A. — aMIUTUTYJHBIC 3HA-
YeHWs HAGIIONAeMBIX Ha SKpaHe O [)/ P ocumiuiorpada konebaHui.

B ycraHOBKe mpemycMoOTpeHa P ’ BO3MOYKHOCTh HM3MEHEHHUSI Xapak-
TEPUCTHK KOHTypa TaKHX, Kak nepuosx konebGanuii T, morapud-
MUYECKHUIl JeKpeMeHT 0, Koadu- . T LUEHT 3aTyXaHus 3 1 TOOPOTHOCTH
Q myTeM HM3MEHEHHUS EMKOCTH M COIIPOTHBIIEHUS]  KOJIEOATENBbHOIO
KOHTYpa. Puc.4

PaGouee 3aganue
[IpoBecTu n3MepeHus mapameTpoB KoJieOaTeIbHOr0 KOHTYPa B PEKHUME 3aTyXaloluX KojJeOaHuu.
[opsaok BbINOJIHEHUS PA0OTHI
1. O3HaKOMHUTBHCS € ANEKTPUUECKON CXEMON YCTaHOBKH.
2. PaccunTarh TEOpETHYECKH XapaKTEPUCTUKHU KOJIEOATEILHOTO KOHTYpA IS IBYX CIy4Yaes:
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a) C=Cy1, R=R1.06) C =Cy, R = R2. I TEOpETHUECKUX PACCUETOB MCTIOIB30BaTh BHIPAKEHUS
R 2n i

=5 ! TT:—7 8T: TTT7 T & ¢
oL p Q

B, 5

i _ BZ
Lc "
BCC HCITIOJIBb30BAHHBIC U HOJ'IyquHBIe JaHHBIC 3aHCCTU B Ta6HI/IHy 1:

-1
C,® | LTu |R,OM | Brct | Tmc | Onc Q

a)
0)

3. OnpeaenuTs XapaKTePUCTHKU KOHTYpaA 05, T, Q, IKCIIEPUMEHTATBHBIM ITyTEM C UCIIOJIb30BAHUEM
ocumiutiorpada. s 3Toro BKIOYUTH YCTAHOBKY B ceTh. J[oOUThCA M300pakeHUs 3aTyXarouux koseba-
Huil (puc. 1). Ilo nmonydeHnHoit Ha ocumsuiorpade KpuBoi ompenenauTs nepuoa I, (HEOOXOOUMO 3HATH

[eHy JieeHns ociuiorpada mo ocu X). 3anucarh B Tabn.2 3HaUeHUs (1, 02, (3, 4 ¥ ONMPEACITUTH JKCIIE-
PUMEHTAJILHOE 3HAYCHHUE JIOTapu(MUIECKOTO JIEKPEMEHTA 3aTyXaHus 1o popmyie

3, = Lk

n-1 On

3arem, UCTIONB3YS CpEAHUE 3HAUCHHS < O, > JUIS IBYX CIy4aeB KOHTYpA, OMPEIEIUTh dKCIIEPUMEH-
TaybHbIe 3HaYeHus 3 u Q mo Gpopmynam

u

[Ipu ompenesieHuH JOrapruPpMHUECKOrO JEKPEMEHTA 3aTyXaHUsI MOXKHO IOTIOJIb30BAThCS IECSITUYHbI-
MU JiorapupmMam, eciii yuecth, uto In X =2,3031g x. [TonyueHHbIe pe3y/IbTaThl 3aHECTH B TAOIHITY 2:

C! L! Rl Ta, C Q1, qn, 63 < 63 > Qa
D I'm OMm MM IMM

a) 2=
gs=
ga=

0) g2=
Js=
Q4=

4. IlpoBecTy CpaBHUTEIBHBIN aHAIN3 XapaKTEPUCTUK KOHTYpA, MOITYYEHHBIX B MyHKTaxX 2 U 3.
CnenaTh BBIBOJI U3 IPOBEICHHOIO aHAIM3a U 3alMcaTh B OTYETE 110 JIAbOpaTopHOU padore.
Conep:xaHue oTyera
Pe3ynbraThl H13MEpeHHii U pacueToB, MPEACTABICHHbIE B TAOIHIIE.
KoHTpoJbHbIE BONIPOCHI

1. 3anucare AuddepeHnnanbHoe ypaBHEHHE 3aTyXAIOIUX MIEKTPUUECKUX KOJIeOaHUH.
2. 3anucath ypaBHEHUE 3apsi/ia Ha KOHJIEHCATOpE MPH 3aTyXaloIUX KoJeOaHUIX B KOHTYpeE.
3.Yto Takoe k03(ppuumeHT 3aTyxaHus [ U Kak OH BBIUUCIIAETCS I KOJIeOaTeaIbHOro KOHTypa?
4. YUemy paBHO KpUTHUYECKOE CONPOTHBIIEHNE KOHTYpa? [[0SCHUTH €r0 (U3UIECKUN CMBICIT.
5. Uto Takoe 100pOTHOCTH KOHTYpa?
6. Uto Takoe orapuMUUEecKil TeKpEeMEHT 3aTyXaHHs 07
7. IlomyunTte 3aBUCUMOCTh MEXIY JOrapU(PMHUECKHUM JIEKPEMEHTOM 3aTyXaHus O u Ko3dduuueHTom
3aryxaHus f3.

CHHCOK MCTOJIb30BAHHBIX HCTOYHUKOB
1. CasenneB U.B. Kypc obmieit puszuku. T.2. DnexrpudectBo u MmarHetusM. Bomuel. Ontuka. — CII6.:
Jlanb, 2008. — 496¢. §70
2. Uponos U.E. Dnexrpomaraeruzm. — M.: BUHOM. Jlabopatopus 3nanuit, 2008. — 320c. §11
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JlaGopaTtopHnast pabota Ne 26
OnpeneneHue OCHOBHBIX XapaKTEPUCTHUK FIEKTPHYECKOTO
K0,1e0aTeJIbHOIr0 KOHTYPa MeTOI0M pPe30HaHCca

He.]]b DaﬁDTbII OKCIICPUMCHTAJIbHOC HCCIICJOBAHUC OCOOEHHOCTEH SIBJICHMS PE30HaHCa HaIIPAXKE-
HHfI, yCJIOBI/If/'I €0 BOSHUKHOBCHUA U ONPCACIICHUC OCHOBHBIX XAPAKTCPUCTHUK JJICKTPUUCCKOTO KOHTYpa
MECTOJO0M PE30HAHCA.

Teopernyeckue cBeleHUs!
Ecnu B KOHTYp BKJIIOUUTH BHEIIHUH UCTOYHUK, DJIC KOTOPOTro MEHSETCs M0 rapMOHUYECKOMY 3aKO-

HYy €=¢g COS(cot), TO B KOHTYpPE YCTAHOBSITCS BBIHY)KJICHHBIC TAPMOHHYECKHE KOJIEOaHUs C YaCTOTOM

UCTOYHUKA .
Ucnone3ys npasmino Kupxroda mis koutypa (puc.l), 3anumiem:

I
Rl+g:—Ld—+socosmt 1)
C dt
dq
[Moacrasmnss B (1) onpenenenue cuiibl Toka | = a noyryanM ¢ GepeHIHaTLHOE YpaBHEHUE BTO-
pOro MOpsA/IKa OTHOCUTENIBHO 3apsiia ( Ha KOHAEHCATOpe:
2
R
d—g+ —OI—qui = 8—Ocos(mt) )
dt Ldt LC L
BBenem 0603HaueHus: 0y = 1 up _R 3)
' °JLc 2L

Pemennem ypaBuenus (2) Oynmer rapmonndeckas ¢yHkims ¢ yactotod BHemHero D/IC, HO ¢ mpyroi
dazoit ¢:

q =gy cos(ot—o) (4)
Jy1s Toro yTOOBI HAlTH BRIpAXKEHUE I CUIIBI TOKA B Lienu npoauddepeHurpyem (4) o BpeMeHu:
I =%=—qomsin(mt—(p): Iocos(mt—cp+gj, (5)

rae ly = qyw— ammuTyaa Toka

Jlia pacdera nmaJeHus HapsDKEHUs Ha KaTyIIKe HHAYKTUBHOCTH MCIIONb3YIOT BelpaxkeHue st D/(C
CaMOMH/IYKIIMH, HO ¢ MPOTUBOMONOKHBIM 3Hakom U, = Ldl/dt. TToacrasmusst ciona Beipaxkenue (5) mo-

JTy9HM:
U, =-Lgyo’ cos(ot—¢)=Uy,_cos(ot—+), (6)
rac UOL = qo L(,OZ — AMIUIUTYJHOC 3HAYCHUEC HAIIPAKCHHA HAa KAaTYIIKC HHAYKTHBHOCTHU.

Teneps MOXHO MpoaHATM3UPOBAThH (a3bl KOJCOAHUI HAMPSOKEHUN Ha dJIEMEHTaX KOHTypa: Ha KOH-
JIEHCATOpe, KaTyIIKEe UHIYKTUBHOCTH U PE3UCTOPE.
Hamnpspkenre Ha KOHIEHCATOPE MOXKHO HAUTH 13 (4):

Ue =%=(2:—Ocos(mt—(p)=uOC cos(ot—9), (7)

rae Uyc =Qy/C — ammunTya HanpsbkeHust Ha Konjaencarope. U3 (7) u (6) BUAHO, YTO HAMPSOKEHHUS HA

KOHJICHCATOpe U Ha KaTYIIKe MHAYKTUBHOCTH KOJIEOIIOTCS B IPOTUBOdA3e.
Hamnpspkenue Ha pesncrope HaxoauM u3 3akoHa Oma u (5):

Y UR=IR=q0chos(mt—(p+g]=UORcos(mt—(p+g], (8)
UL
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rae Ugg = oo, R — ammutyna HanpspkeHus 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 371€MEHTbI KOHTYpa COEUHEHBI ITOCIEI0BATENBHO (CM. PUC.2), TO HANPSHKEHUE HA KIIeMMax
UCTOYHUKA €CTh CyMMa HAaNpsDKEHUH Ha KOHJAEHcaTope, KaTylike M pesucrope. Ho ckianpiBaTh Takue
HaINpsDKEHUS HAJl0 € y4eToM (a3, To eCTh CIOJB30BaTh (ha3oByto Auarpammy. M3 puc. 2 BuaHO, 4TO

2 2
g = \/(Uoc ~Ug )" +Ugr ©)
[TonacraBuB B (9) BeIpaykeHUs sl aMILUTATY A HanpsbkeHud u3 (6), (7) u (8), yurs (3), mosydum BeIpaxe-
HUE — AMILUTUTYAHO-4aCTOTHYI0O XapaKTePUCTHKY JIJIsl 3apsiia

Qo = % > Wi Qg = 0 > (10)
J@cqmﬂ+mm2 Lﬂﬁ—&)+%%2

3amazapiBanue KoneOaHuid 3apsana mo ¢ase ot konedanuii BHemHer JJIC HaX0AUM Kak yroi B Tpe-
YTOJbHUKE U3 pHC.2:

9o =

Ur = o©R  20B
UOC _UOL l/C—L(DZ (0(2)_(,02

Ecnu (9) paznenuts Ha aMmuiutyty Toka lg u3 (5), To MOXKHO HailTH NMOJIHOE CONPOTHBJIEHHE LEeNH

(11)

HNJIN MMIIEJaHC.

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.
N3 (12) MoxkHO HaliTH BeIpa)XKEHUE, HA3bIBAEMOE AMIIUTYAHO-4YACTOTHON XapaKTePUCTUKOM A/ TO-

Ka:

ly = f0 . (13)

2
J¥oC-Lo) +R?
AHanusupys aMIUIMTYAHO-4acTOTHbIE XapakTepuctuku (10) u (13) ans 3apsiia U Toka, MOXHO HalWTH
Pe30HaHCHBIE YACTOTHI, TIPU KOTOPBIX aMIUTHTY Bl (g U |j mocTuraror MakcumymMma (cM. puc.3):

(Dpesq = V(Dg o 2[32 H ('Ope3 I = ® (14)

I, q, U3 (14) BumHO, 4TO pe30HAHCHAS YacTOTa JJs 3apsaa Ha
} KOHJIEHCATOpE MEHBIIE, YeM JJia Toka. Ho ecyim 3aTtyxaHue
} ciaboe, T.e. B <K ®y, TO TH YaCTOTHI MOXXHO CUUTATH PaB-
|
|

HBIMH @ 050 X @ s 7

B ciydae pe3onanca 3HaueHue ¢ u3 (8) cTaHOBHUTCS paB-

=(,00.

Puc.3 HBbIM

2w i
€3
¢ =arctg| ——— |=arctg(w) = =
Wy — (Dpes 2
BBenem monsiTe JOOPOTHOCTH, KOTOpasi MOKA3bIBAET, BO CKOJBKO pa3 aMIUIUTY/a HAMpPsDKEHHUs Ha

KOHJIEHCATOPE MPH pe3oHaHce OobIne aMmuuTy sl BHemmHeH O.J1.C.
Q . UOC ((Dpe3) _ Ooc ((Dpe3q)
€0 Ceg

(15)
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[Toncrasmnss o u3 (14) B (10), momyunm

pesq

€0 €0 % c
o(0re) 2LB\Jw} —p? 2BLoy R

[Toacrasnss B (16) Beipaxkenue (15), momydum 100pOTHOCTH

1 (L
Q=25 (17)

YeMm Oodblrie 3HaYCHHE JOOPOTHOCTH, TEM OOJIbIIE PE30HAHCHOE 3HAUYEHUE HANpPSHKEHUS HA KOHJICH-
carope. OTO MOXKET BbI3BaTh IPOOOH KOHJeHcaTopa. Ho MOXKHO 1MOKa3aTk, 4TO yBeJIU4YEeHUE 100POTHOCTH
IPUBOJIUT K TOMY, YTO PE30HAHCHAsl KpuBas (pHcC.3) CTAaHOBUTCS YK€ U y KOHTypa IOBBIIIAETCS CeleK-
MUHOCMb, TO €CTb KOHTYP IPUEMHHMKA CIOCOOEH YCHWJIMBATH NPU PE30HAHCE TOJIBKO OYEHb Y3KHMH IO
YacTOTE CIEKTP BHEIIHMX CUTHAJIOB (paJuOCTaHIMI), & CUTHAJIbI C YaCTOTaMH, OTJINYAIOUIUMHUCS OT pe-
30HaHCHOM JJa’ke HEMHOT'O HE YCHJIMBAIOTCS, @ HA0OOPOT, OCIa0SIOTCS.

O0beKThI HccIeI0BaHusA, 000pyI0BaHUE
JIaGoparopHast yctaHoBka (puc.l) mpezicTaBisieT cOOOW MOCIIEAOBAaTEIBHO CO-
€/IMHEHHbIE MCTOYHUK TEPEeMEHHOro HampspkeHus: G, KOHAEHCATOp HMEepEeMEHHOM
emkocty C M KaTylIKW UHAYKTUBHOCTH L ¢ akTuBHBIM conpoTuBieHueM R. Kpo-
M€ TOrOo, B CX€ME€ MMEETCSI MUKPOaMIIEpMETp JUIsl U3MEPEHUSI CHIIbI TOKA B AJIEK-
TPUUYECKOM KO0JIeOaTEIIbHOM KOHTYPE.
ITopsinok BbINOJHEHHS PadOTHI

1. O3HaKOMHUTBCS CO CXEMOM YCTaHOBKH.

2. CHATh pe30HAHCHYIO KPUBYIO, T.€. U3MEHSISI 3HAUEHUsI EMKOCTH KoHAeHcaTopa C, U3MepsITh IOKa-
3aHUS1 MUKpOaMIIEpPMETpPa U JaHHbIE 3aHECTH B TaduuIy 1.

3. [o panHbIM Tabnupl 1 MOCTPOUTH pe3oHaHcHyo KpuByto |y =f(C).

Tabmumal.

Jlenenus Ha
KOHJIEHCATOpe
C, mx®d
lo, MKA
4. Onpenenuth MO PE30HAHCHOMN KpUBOH 3HaueHHE eMKOCTH Cpes, COOTBETCTBYIOIIEE MAaKCHMAJIbHO-
My 3Ha4eHHUI0 ToKa lo.

5. OnpeaenuTbs UHIYKTUBHOCTh KOHTYpa L mo ¢opmyie (3). Pe3oHaHCHAs yacToTa Mpe; COBIAAAET C
gacroroit D./1.C. ncrtounnka G. 3HaueHNE Mpe; YKA3aHO HA YCTAHOBKE.
6. PaccuuTars 100poTHOCTH KOHTYpa Q mo ¢opmyse (17). ConpoTtusienue R ykazaHHO Ha yCTaHOB-

Ke.
7. 3amonHATH TabIuUILy 2.

Tabmumna 2

Cpes, MK® | pes, ¢ |L,TH|R,OM |Q

Conep:kanue oTyera
PesynbraThl U3MepeHUil U pacyeToB, opopmiieHHbIE B Buae Tabmun 1 u 2, ['paduk pezoHaHCHON
3aBUCHUMOCTH KOHTYpA.
KoHnTpoJsbHbBIe BOPOCHI
1. HapucoBaTh NpUHIMITHATBHYIO 3JEKTPUUECKYIO CXeMY ISl HaOII0eHHs pe30HaHca TOKa.
2. 3anucatb quddepeHnruanbHoe ypaBHEHHE BEIHYKICHHBIX AJIEKTPUUECKUX KOJICOaHUH.
3. Kakoe siBjieHHE Ha3bIBACTCSl PE3OHAHCOM?
4. HaifTu pe30HaHCHYIO YacTOTy JUIsl Koebanuli 3apsioa Ha KOHJIEHCaTope.
5. HaiiTu pe3oHaHCHYIO 9acTOTY IS KoleOaHULl CUlbl MOKA B KOHTYPE.
6. Haiitu pe3oHaHCHYIO YacTOTY JUISl KOJeOaHUll HANPAXCeHUs Ha Kamyuike UHOYKIMUEHOCMU.
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7. Pe3oHaHC Kakoi BeMWYMHBI HAOII01aeTCs B cXeMe Ha puc.1?

8. Kak nu3meHurcs Kpuas Ha puc.2 MpH YBEJIMUYEHUU aKTUBHOT'O COIIPOTUBIIEHUS B KOHTYpe?

9. [louemy B paguonpHeMHUKaX HEOOXOIMMO UCIIOIb30BaTh IPUEMHBIN KOHTYp ¢ 60b1I0NH J0OpOT-
HOCTbIO?

Cnncok uCnoJib30aHHBIX HCTOYHUKOB
Hponos U.E. Dnexrpomaraerusm. — M.: BUHOM. Jla6oparopus 3nanwmii, 2008. — 320c.

105



JlaGopaTtopnas pa6ota Ne 27
OmnpeneieHue NMUPUHBI 3aNIPENIeHHON 30HbI MOJYNPOBOAHUKA
H TEMIIEPATYPHOI0 KO3(P(PuIMeHTa CONPOTUBJIEHUS MeTaJLJIa

Ilenb padoThI: UCCIIENOBAaHUE 3aBUCUMOCTH COIIPOTUBIICHHS IOJYNPOBOJHUKA U METaIa OT TEM-
nepaTypbl, ONpeieIeHue NIMPUHBI 3alpPEIeHHON 30HbI MOIYIPOBOJHUKA M TEMIIEPATypHOTo KO3 HIIm-
€HTa CONPOTUBIICHUS METaJLIA.

Teopernyeckue cBeleHUs!
Ilonynpogoonuxamu Ha3bIBAlOTCA BEIIECTBA, MPOBOJUMOCTH
xoTopeix B 10° pas xyowce, ueM y memannos, u pacrer ¢ po-

£l anmaz 2epmMurii CTOM TEMIIepaTyphl (a y METAJIOB, KaK M3BECTHO, manaer). K

] 277 YHUCTHIM IOTY-TIPOBOJHHUKAM C COOCTBEHHOW MPOBOJIUMOCTHIO

3I1  OTHOCSTCS D3JEMEHTHl YEeTBEPTOM TPYIIbl MEPUOIUYECKOM

AE,~ 638 AL;~138 j 3 CHCTCMBI, @ NMEHHO: repMaHuii, KpeMHHI1 M cepoe 0J10B0. X

CBOICTBa OMpeAeNnseT 30HHAsA CTPYKTypa U 3allOJIHEHUE dJIeK-

B3 TpoHaMu ypoBHeW sHepruu. Kak u y menposoonuxos, 30Ha

MPOBOAMMOCTH TMOJYNpoBOAHMKOB mycta npu 7=0 K. Ho

4 b €CJIM Y HEMPOBOJHUKOB IIMPUHA 3ANPEIICHHONW 30HBI, OT/e-

Puc. 1. 30HHBIC SHEPTETHUECKHE JSIOWIEH 30HY MPOBOJUMOCTH OT BAJICHTHOH 30HBI, OYeHb

JIHATPAMMBI: 2) - HETPOBO/IHIKA; genuKa, TO y IOJIyIPOBOJAHUKOB OHA Mald W COCTaBISIET

6) - MOJTYNIPOBOIHHUKA AE;~0,1...1 5B. Ha puc.l nokasana 30HHasi CTpyKTypa He-
| nposooHuxa (aamasa) u noaynposooHuka (repMaHus).

A Kak u3BecTHO, sHEprus TemI0Boro Bo30OyxaeHus £ = k1 CIUIIKOM

# _ —  Mama, 9TOOBbI AJIEKTPOHBI MOTJIM TPEOAOJETh 3alpeIleHHYI0 30HY, U

30Ha MPOBOJMMOCTH OCTaeTcs myctoit (puc.l,a). B momympoBogHukax,

#. # # —  OJIHaKO, 3Ta SHEPTHsl CPAGHUMA C NINPUHO 3anpenieHHON 30Hb AE; U

4acTh AJIEKTPOHOB C BEPXHUX YPOBHEH BaJIEHTHOM 30HBI, KaK MOKa3aHO
* —  Ha puc.l,0, mepexoauT npH TEIUIOBOM BO30YXICHUH B 30HY ITPOBOJIH-
MOCTH. DTa 30HHas CTPYKTypa COOTBETCTBYET KpPUCTaJNIMYECKOW pe-
HIETKE TMOJYNpPOBOJHHUKA, M300pakeHHONW Ha puc.2,a. MexaTOMHBbIE
CBS3M, O0O3HAUYEHHbIE IYHKTUPOM, O0Opa3yloTCs MpU TMEepPeKpbIBAHUU
AJIEKTPOHHBIX 000sI0uek aToMoB Ge. DIeKTpOHbI BaJCHTHOH 30HBI
MPUHAJJIEKAT AIEKTPOHHBIM oOosioukam. [Ipu TerioBom BO30YyXkje-
HUM, KaK IOKa3aHO Ha pUc.2,a, OAMH U3 3JIEKTPOHOB MOXKET MpHodpe-
CTH HEPTrHIo CBsA3U AL;, MPeoaoseTh KyJIOHOBCKOE MPUTSHKEHUE CO CTOPOHBI sJIpa U CTaTh CBOOOJIHBIM,

%

Puc.2. MexaToMHBIE CBS3H:
KpUCTaJUIMYECKas pelieTka
YUCTOTO TOJYITPOBOTHUKA

T.€. IEPENTH B 30HY NPOBOJMMOCTH. B pe3ysbTaTe KOHIEHTpPAIHMS JIEKTPOHOB B 30HE MPOBOJMMOC-TH
nocturaet 3Hadenuit N, ~ 10%°...10% 2 (mpu nopmansmoit Temneparype) u yseruuusaemes ¢ poctom T.

DT0 3HaYEHUE HUYTOKHO M0 CPABHEHHIO C KOHIIEHTPAIMEH AJIEKTPOHOB MPOBOJUMOCTH B MeTaiax (N ~
10%cm®) 1 9THM 00BACHAETCS MI0Xas YIEKTPOIPOBOAHOCTH TIOMYPOBOIHHKOB

Ecnu 61 BaneHTHas 30Ha ObliIa MOJTHOCTBIO 3aMIOJTHEHA AJIEKTPOHAMH, TO OHU HE y4acTBOBAJIU ObI B
npoBoauMocTH. Ho Ha MecTe ymiemux u3 BaIeHTHOM 30HbI (BBIPBAaHHBIX U3 BAJIEHTHOH CBSI3H) dJEKTPO-
HOB BOJIM3M BepXa BaJCHTHOW 30HBI OCTAIOTCS HE3ANOJHEHHBIE YHEPreTHUECKUe ypoBHU. [Ipyrue aiek-
TPOHBI U3 BaJICHTHON 30HBI MOTYT MEPEXOAUThH O] IEHCTBUEM BHEIIHETO MOJIsl HAa 3TH YPOBHH U CO3/1a-
BaTh TOK. TakuM 00pa3oM, MOKHO MOJyMaTh, YTO B 3aIMOJHEHHOW 3JIEKTPOHAMHU BaJCHTHON 30HE Iepe-
MEIIIAeTCsl HE3aHIATOE MyCTOe MecTO. Torma roBopAr, 4to nepememaercs "apipka’. [vipku - 3T0 KBa3u4va-
CTHIIBI, HAXOJSIINECS Ha MECTe BAKAHTHBIX BAJICHTHBIX CBS3€H WM HE3amoJI-HEHHBIX YPOBHEH B BaJICHT-
HOM 30HE M oO0jajarolue MOJIOKUTETbHOU 3(dexTuBHOM Maccoit mp>0 M MOJOXKUTEIBHBIM 3apsSI0M
gp=te. Ilepexoasl 31EKTPOHOB Ha BAaKAHTHBIE YPOBHHM, T.€. IAEKMPUUECKUUl MOK CO3aBAEMbIi BCEMMU
3JIEKTPOHAMH U3 BaJICHTHOM 30HBI, SKBUBAJIEHTEH TOKY KBa3HUaCTHI] - JBIPOK.

Yucao 3MeKTPOHOB B 30HE IMPOBOJUMOCTH COOCTBEHHOTO IMOJIYIPOBOJHHKA PAaBHO YUCIY ABIPOK B
BAJICHTHOM 30HE, T.€. Np=Ne. Tak Kak 3J€KTPOHHBIA U JbIPOYHBIN I'a3bl B MOJIYNPOBOJHUKE HEBBIPOKICH-
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HBIE, TO, HANpUMep, ISl 3JCKTPOHOB paclpelelieHue 110 OJHEpPrusM MOXKHO 3alucath B BHUJE
dn,(E)AVE f (E)dE, rze f(E) — dynkuus pacnpenenenus Pepmu-/Jupaxa, TOKa3bIBaIOLIas BEPOITHOCTD
3aII0JTHEHHSI DJICKTPOHOM DHEPIeTHYECKOr0 YPOBHSI ¢ dHeprueu E.

f(ET)= !
" exp((E—Eg)/KT)+1

rae Er — sHeprus @epmu (91ekmpon modicem umems maxyro sHepauto ¢ eeposmuocmoio 50%); T - abeo-

moTHas Temmneparypa; k=1,38-10% /Joc- K™t~ nocmosmnas Bonvymana.

E B ob6nactu 6onpmux sHepruii (1.€. ipu E - EF >> KT) equnaunmeit
B 3HaMeHaTelile MOXHO npeHedpeus. Toraa dynkuus Oepmu-/lupaka
——— 3]] E-E
E=0 ] npunuMaert Bux: f(E,T)= exp(—Tf)
Ep tr——— a pacnpeﬂeneHHe HO SHEPrusiM MOXKHO 3amucath B BHIE
—AEspp——p3 dn (E)A\/_ exp(— F ———)dE, rme 3a HyJeBOW ypOBEHb DHEPrHH
MPUHATO JHO 30HBI MPOBOJUMOCTH (pHc.3). AHATOTMYHO 3aIHIIETCS
Puc.3. Yposens Depmu ast pacmpejienieHne ABIPOK B BAJIEHTHOI 30He. Bhrauciss ne
YHCTOTO MOJIYIIPOBOTHHUKA E=w
j dn, =const - exp(—) (1)
E=0

Y Np U IPUPABHUBAS UX, HAXOJUM
Er=-AE,[2 (2)
CnenoBarenbHO, ypoBeHb PepMH B YMCTBIX INOJIYIPOBOAHMKAX JIEKUT IOCEPEIUHE 3allPEILEHHON

AE
30HbI. T.0. u3 Gopmya (1) u (2) BeITEKaET, 4TO Ne=Np~eXP(— > ;
K

). Tak xak MMpOBOAUMOCTD YUCTOI'O I10-

JIYOpOBOJAHHUKA (CO6CTBCHH3$I HpOBO,I[I/IMOCTB) COCTOUT U3 CYMMBI HpOBOI[I/IMOCTeI\/’I OJICKTPOHOB U ABIPOK,

a KaxXJiasd U3 HUX MMPOIOPLHUOHATIbHA Ne,

JTUMOCTh TIOTYIIPOBOJHHMKA SKCIIOHEHIIMAIIBHO PAcTET ¢ POCTOM TemmepaTyphl. Tak Kak G CBsi3aHa C
yIENbHBIM COTPOTUBIICHHEM P COOTHOIIEHHEM & =1/p, TO sl CONMPOTUBIICHHUS COOCTBEHHOTO IOJTY-

IMPOBOJHUKA HMECM

R=R, exp(ﬁ) 3)

[TponorapudmupoBas BelpaskeHue (3), MoIyuum

INR — InNRo= AE;/2kT wnu InRo= AZEkS

1
-—+const.
T

Ecnu moctpouts rpaduk 3asucumocti INR=F(1/T), To momyuum npsimyro nunuto. [1o TaHrency yria
HaKJIOHA TOHM MPSIMOW MOXKHO OIPEICTHUTh IIUPUHY 3allPEHIeHHON 30HBI COOCTBEHHOTO MOJYIPOBOIHH-
Ka:

A(InR)
A(/ 1T)

rie k= 1,38-10% [forc- K- mocrosiunas Bonpimana.

=2k 2 4)

B mertamiax 35eKTpoHbI IPOBOJAUMOCTH 00Pa3yIOT BBIPOKACHHBIN AJIEKTPOHHBIN ra3. KoHlleHTpamus
TaKUX JJIEKTPOHOB C1ab0 3asucum om memnepamypsl. OJHAKO WX TOJBIKHOCTH b TPOMOPIMOHATBHA
JUTHHE CBOOOIHOr0 mpobera A 3jeKTpoHa B MeTtaiie: b ~ A . JlnuHa cBoOOAHOTO mMpobera, B CBOIO OYe-
peab, 3aBUCUT OT YaCTOTHI CTOJIKHOBEHHMH AJIEKTPOHA C aTOMaMM pelieTku. Kaxaplii aToM pelmeTku npu
Harpe-BaHUM COBEPIIACT OecnopsdouHble KoleOanus ¢ aMILTUTYION @ OTHOCUTEIILHO TMOJIOKECHUS paBHO-

BECUsI. ,HI/ICK C IJIoImaabro S~ TEClz MOXHO IIPUHATH 3a CEYCHUE PACCCAHUA KOJ'IG6J'IIOH.[€FOC?I aroma. DJIeK-
TPOH, IMPOXOad 4Y€pE3 MPOBOJHUK U IIOIMaAas B OAWMH M3 TaKHMX OHWCKOB, 6y,Z[CT HCIIBITBIBATE PACCECAHUC.
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[TosToMy JUTHHA CBOGOIHOTO Mpobera 06paTHO IPOMOPIMOHATBHA CEUEHHIO paccesHus: A~ 1/S ~ 1/a’,
Ho xBajipaT aMILIuTy 6! Konebanus a® mponopiuonaes sHeprun E xose6ommerocs aToma, a B TBEPAOM
TeJe CpeAHsisl PHEPTHsl aTOMOB, COBEPILIAIOIIUX TEIJIOBOE KojebaHue, MponopiuuoHansHa Temmneparype T.
[Mostomy B Meramie b ~ A~ 1/a> ~ 1/E ~ 1T , a ynmenbHas SIEKTPONPOBOJHOCTH METANa
c=neb=const/T, rae n - KOHUEHTPALWS IEKTPOHOB; € - 3apsia deKTpoHa. Cleq0BaTeIbHO, 3aBUCH-
MOCTb COINpPOTUBIICHUS MeTallyla OT TEMIIepaTypbl OMpelesieTcss MPUOIMKEHHBIM COOTHOLICHHEM
R=Ro(1+a t), rae t - TemnepaTypa, u3MepeHHas 1o mkaie Llenbcus; o - XxapakTepHasi JUisi JaHHOTO Me-
TaJjla KOHCTAHTa, KOTOpas Ha3bIBAETCS TEMIEpaTypHbIM Ko3(dduuumeHntom compotusieHus; Ro- compo-
tusienne npu =0 °C. I'paduk 3aBucumoct R=f(t) sBisteT mpsMoit THHHEH.

[TocTpous 3TOT rpaduk U onpenenus 3Ha4eHUE Ro, MOXKHO ONIpeaeNuTh TeMIepaTypHbIi K03 hum-
€HT CONPOTUBJICHHUS 110 popMyJIe:

L AR -
R, At

OT10T K03()(PUIMEHT paBeH OTHOCUTEIBHOMY M3MEHEHUIO CONPOTUBIICHHS METaslla MPH YBEIUYEHUU €ro
temmneparypsl Ha 1°C.

O0beKkThI HCcJIeI0BaHNSA, 000PY10BaHHE
MoCT MOCTOSTHHOT'O TOKA, ITOIYTPOBOJHHUK, HICTOYHUK TOKA, TEPMOMETP, BOJIBTMETP.
Padouee 3aganue

HccnenoBaTh TeMnepaTypHbIE 3aBUCUMOCTH COIPOTHBIICHUS TOIYIPOBOJHUKA W METaJUIa, OMpe/e-
JWUTh IIMPHUHY 3alpelieHHON 30HbI MOJIYHIPOBOJHHMKA U 3HAU€HHE TeMIleparypHoro ko3dduuuenra co-
NPOTHBIICHHS METAJIA.

ITopsinok BbINOJIHEHUs padOThI

1. Pa3o0Opatbcsi B HA3HAYCHUN DIIEMEHTOB CXEMBI.

2. O3HaKOMUTBCS C HHCTPYKIMEN MO paboTe ¢ MOCTOM MOCTOSIHHOTO TOKA.

3. IloaKIIIOYNTh TOJXYIPOBOJHUK K MOCTY TIOCTOSSHHOTO TOKa, MMOCTAaBUB KIIFOY S B IOJIOKEHHE 1.
N3MepuTh cCONpOTUBIIEHHE OIYIIPOBOIHUKA R, Mpu KOMHATHOM TeMmepaType.

4. TToaKIIFOYUTh METAIT K MOCTY TOCTOSTHHOTO TOKA, IIOCTaBHMB KITFOY S B TMOJ0XeHue 2. M3mepuTsb
COIIPOTHUBIIEHUE MeTallIa R, Mpy KOMHATHOM Temmeparype.

5. 3anucate B Tabia.1 HayanbHBIE TEMIEPATypy U conpoTuBieHue R, u R,,.

6. BitounTh ycTaHOBKY B ceThb. TyMOsiepoM BKJIIOUMTH Harpesarenb. Korga reMnepaTtypa moBbICUT-
cs Ha 5°C, U3MepUTh CONPOTHUBIIEHNE MeTaia R,. 3aHecTH 3HaYeHUs] TeMIepaTypbl U COPOTUBIIECHUS B
tabm.1. [ToakmounTe noxynpoBoJHUK K MocTy. Korna temnepatypa eme nosbicutcst Ha 5°C, U3MepuTh
COIIPOTHBIICHUE TIOJTYIPOBOIHUKA M 3aHECTH B Tabj.l 3HaYeHHE €ro CONMpPOTHUBICHHUS M COOTBETCTBYIO-
myto temneparypy. CHOBa MOAKIIOUUTh METANT K MOCTY U M3MEPHUTh CONPOTUBIIEHHWE MeTalula, Korjaa
TemIeparypa noBeicuthes eme Ha 5°C, u t.4. 1o 100°C.

7. Ilocne OKOHYaHUS U3MEPEHUH BBIKIIOYUTDH YCTAHOBKY.

8. IlocTpouts rpaduKi 3aBUCUMOCTH CONIPOTHBIICHHS MOIYIPOBOJHUKA U METAJJIa OT TEMIIEPATYPHI.
[Monw3ysice hopmymoit (5) u moctpoenusiM rpadukom R, = f(t), onpenenuts 3HaYeHWE COMPOTHBICHUS
metasuia Ro npu t=0° C 1 TemnepatypHbiit K03()(PUIIMEHT CONPOTUBIEHUS METAIIa O .

9. 3amonauTtk Ta61.2. [Toctpouts rpaduk 3aBucumoctu IgR, = f(1/T). Eciu yuects, 4to

k=1,38-1022/(1,6-10 °)vB- K%, 1 uro InR = 2,3IgR, T0 opmMy:a (4) IPUHHMAET BUL
AE; =2-10"-A(lgR,)/ A(L/T) 5B.
[Tonb3ysick 910#t HOPMyYII0it U MOCTPOSHHBIM rpagUKOM, OTPEICIUTh IIUPUHY 3aIPEIICHHON 30HbI AE ;.
Tabmuma 1

[TonynpoBoaHUK Mertain
t, °C R.,,Om |t °C Ry, Omu

Tabmumna 2
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T,K T, Kt |IgR,

Conep:xanue oT4yeTa
3anonHeHHas Tabiuua, rpaguK TeMIepaTypHOU 3aBUCMOCTH COITPOTUBIICHUS, 3HAUEHUE IIIUPUHBI
3aIpPEICHHON 30HBI.

KOHTpOJ’[LHbIe BOIIPOCHI

1.0OmnucaTh CTpyKTypy dHEPreTHUYECKUX 30H MOJIYIPOBOAHUKA.

2.Yto HaspiBaeTca ypoBHeM Depmu u sHeprueii Gepmu?

3.YeMm onpenensercs 3J€KTPOHHAS U AbIpOYHAs IPOBOJIUMOCTD ITOJIyIIPOBOIHUKA?
4.00BbSCHUTh MEXaHNU3M 3aBUCUMOCTH CONPOTUBJICHUS MOJIYIPOBOJIHUKA OT TEMIEPATYPBHI.
5.00BACHUTD MEXaHU3M 3aBUCHMOCTH COIIPOTUBIICHUS METAJJIa OT TEMIIepaTypbl

CHHCOK HCNO0/Ib30BAHHBIX HCTOYHHKOB
CagenweB U.B. Kypc obmieit ¢pusuku. T.3. KBanToBas ontuka. AToMHas ¢usnka. Ousmka TBepAoro
Tena. PU3KKa aTOMHOIO s7pa U 3eMeHTapHbIxX yactuil.— CII0.: Jlanp, 2008. — 320c.
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JlaGopaTtopnas pabota Ne 28
HccnenoBanue siBjieHUs rUcTEpe3nca
¢ MOMOIIbI0 ocHuyIorpaga

[leab padoThI: MOTYYUTDH METIIO TUCTEPE3UCca sl peppoMarHeThKa U ONPeeIUTh €ro HapaMeTphl.
Teopernyeckue cBeleHUs!

[Ipu ompeneneHHBIX yCIOBUSX B KpUCTAIaX MOTYT BO3HUKATh TaK HAa3bIBAEMbIE OOMEHHble CUIbL,
KOTOpPBIE 3aCTaBIIIIOT MAarHUTHBIE MOMEHTHI ATOMOB YCTAHABJIMBATBHCSA NapajuIeNIbHO APYr Apyry. B pe-
3yJibTaTe BO3HUKAIOT o0nactu (pazmepoM 1-10 MKM) cnonmannozo, m. e. camonpou38oibHo20 HaMarHu-
YUBaHUA. JTH 00JIACTH HA3BIBAIOTCS domexamu. B mpenenax kaxaoro qoMeHa ¢peppoMarHeTHK HaMarHu-
YeH JI0 HACBIIIEHUS U MMEET ONpeesieHHbI MarHUTHBI MOMEHT. HampaBieHHs 3TUX MOMEHTOB JUIs
PAa3HbIX OTOMCHOB pPAa3JIMYHBI, ITO3TOMY IIPU OTCYTCTBUH BHCIIHCTO ITOJIA CYMMapHLIﬁ MOMCECHT o6pa3ua
paBeH HYJII0 U 00pasel] BLIEJIOM MPEICTaBISETCSI MaKPOCKOMMYECKH HEHAMAarHUYE€HHBIM.

Ecian momecTnTh (ﬁeppOMaFHeTI/IK BO BHCIIHEC MArHvuTHOC I10JIC, TO JOMCHBI HAYUHAIOT OPUCHTUPO-
BaThCS 110 MOJII0, TAK KaK HAMMEHbIIIYIO YJHEPTHIO UMEET JOMEH C MarHUTHBIM MOMEHTOM, HAlpPaBIEHHBIM

1o BHemHeMy nomo. [lefictBurensHo, sHeprus nomena U ~ (P, - H,,.,, ) MUHIMalnbHA, KOTAa BEKTOPHI

eHew

Om ¥ Henew TIApATIIENBHBL, TAE P, — BEKTOP MArHUTHOT'O MOMEHTA.

B I [Tpu 3TOM peppomMarHeTMK HaMarHMYMBAETCS M CO3/1a€T MAarHUTHOE I10J1e
} C UHIOYKLIHEN B . 3aBUCHMOCTb B OT HaNPsHKEHHOCTU BHEIIHETO MAarHUTHOTO

Boey 1L 1107151 Heyens HE Oy 1eT TUHEIHOI (pHC.3).
17 C pocToM BHeEIIHEro nojist B o0siacTH | rpaHHIbI JOMEHOB HauMHAIOT
H.}..-" H.. cMemarbes. OpUEHTHPOBAHHBIE 110 MOJI0 JOMEHBI PAacTyT 3a CUET yMEHbIIIe-
f..-" : HUs JOMEHOB, OPUEHTUPOBAHHBIX IIPOTUB BHEWIHETO Mois. Ho mpu BbIKIIIO-
Ao YEHHUU BHEIIHETO I0JIA I'PaHULBl JOMEHOB OIIATH BO3BPAIIAIOTCI B UCXOLHOE
- nosioxkeHne. B obnactu Il rpaHuIsl 1OMEHOB NMPOAOJKAIOT CMEIIATHCS, HO
Puc.3. MarHuTHBIN TeNepb CMEIIEHNEe CTaHOBUTCS HeoOpatuMbIM. Ecnin yOpaTe BHelIHee moie,
TUCTEPE3NC TO JOMEHBl OCTaHYTCSi YaCTUYHO OPHEHTUPOBaHHBIMH. OOBACHSIETCA 3TO

HanmuuueM JeekToB (LEHTPOB NepeMarHuuuBaHus) B (eppomarHetukax. Jlepekramu MOryT OBbITh,
HalpuMep, HapyIIeHUs] CTPYKTYPbl KPUCTAJUIMYECKON PEIeTKH: He3al0JHEHHbIE aTOMaMH1 Y3JIbl (BaKaH-
CHUM), OOPBIBAIOIINECS aTOMHBIE CJIOU (UCIoKaIuu) (puc.4) u T.11.

Puc.4. JledexThl KpUCTAITNUECKON PELIETKH: a) BAKAaHCHUU;
0) IucIoKaIuu

Boxkpyr nedexroB 006pa3yroTcs yCTOWYMBBIE BTOPUYHBIE TOMEHBI KMHKAJIOBUIHONW (opMbI, 001a1a-
I0IIIe MUHUMAJILHOM 3Hepruent (puc.5). [ns nepeopreHTHpOBaHUSI HAMarHUYEHHOCTH B TaKUX JOMEHAX
MPUXOJUTCS 3aTPaurBaTh HAMHOTO OOJbIIIE YPHEPTHH, YeM Ml OOBIYHBIX JOMEHOB. BTOpHYHBIE KUHXKa-
JIOBHUJIHBIE TOMEHBI MPENSATCTBYIOT CMELIEHUIO JOMEHHBIX TpaHUI] MpU NepeMarnuuuBanuu. HanpsokeH-
HOCTb H BHEIIHEro MarHUTHOTO MoJisi (0OpaTHOrO MO HANpaBJIEHHIO), KOTOPOE HAIO0 MPUIOKUTh, YTOOBI
pa3pylIuTh BTOPUYHBIE JOMEHBI U BEpHYTHh (PEPPOMArHeTUK B MCXOAHOE HEHaMarHMYEHHOE COCTOSHUE,
HA3BIBACTCS Koopyumuerou cunou H.

Homen B o6mactu III BHemrHee MarHUTHOE MOJIE HACTOJIBKO OOJIBIIOE,

YTO IHEPreTUUYECKU HEBBITOJHBIE JOMEHBl HAUMHAIOT NEPEOPUEHTHU-
poBarbcsl, T.€. MX MarHUTHbIE MOMEHTHI MOBOPAYUBAIOTCS BJOJIb
BHeIHero noid. Ecnu teneps BHemHee mojie yopaTb, TOo ¢eppomar-
HETHK MOJHOCTHIO HE Pa3MarHUTUTCS M COXPAHUTCS OCTaTOYHAsl MH-
OyKiust Boem (32 cyeT OCTaBIIMXCSI OpPUEHTUPOBAHHBIX JIOMEHOB).
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Omo senenue Hazvleaemcs cucmepe3ucom, a KpuBas Ha pI/IC3 — IeTieH TUCTCPE3HCA.

O0BeKTHI HccIe10BaHNs, 000PY/10BAHUE
Onucanrie yCTaHOBKH U OCIIIUIOTPaQUUECKOTO METOAa
HU3MEPEHHS TIETIIM TUCTEPE3uca.

[TeTnro TrcTEpe3nca MOKHO HaAOMIOATh HA dKpaHe ociyuiorpada. [IpuHnunuansHas cxema ycTa-
HOBKH JIJI1 HaOJII0ICHUS TIETJIM THCTepe3nca nmokazana Ha puc. 1. MccinemyeMbim 00pas3iiom siBisieTcs ¢ep-
POMAarHUTHBINA cepaedHuK Topouja. Topoua umeer qBe OOMOTKM — HAMAarHU4MBAIOIIYI0 U U3MEPUTEIb-
Hyto. [lepBuunas oOMOTKa Topouia yepe3 MmoTeHIuoMeTp R u pesucrtop Ri muTaeTcs mepeMeHHBIM TO-
koM. Hanpspkenune Ui, cHumaemoe ¢ pe3ucropa Ri, mogaeTcsi Ha TOPU30OHTAIBHO OTKIJIOHSIONIUE TIACTH-
Hbl ociuiorpada. Tok, MpOTEKarNMi M0 MEPBUYHOW OOMOTKE TOPOHW[A, CO3/1aeT MarHUTHOE II0JIC
HaIPSKEHHOCTHIO
Ny

H=1I :
1nDcp

(1)

rae |1 — cuna Toka B epBUUHON 00MOTKe; N1 — 4rciio BUTKOB EPBUUHOM 00MOTKH; T Dcp — AnmHa cpen-
HEW JINHUU TOPOUJIA.

Hanpsoxkenne Ha pesuctope Ri mo 3akony Oma Uy = I1R1 u, crnegoBarenbHO, MPOMOPLHHUOHAIBEHO
HAIIPS’KCHHOCTU MAaroHuTHOT'O I1OJIA B TOPOU/JIEC:

nD, R
U, =H ZTep )
Ny
o . do
Bo BTopuuHoii (u3MepuTensHoii) 00MoTKe BozHuKaeT DJC HHIAYKINH &j = "o rae @- noTOK BEK-
t

TOpa MarHUTHOM MHAYKIMH Yepe3 MOBEPXHOCTh, OXBATHIBAEMYIO BCEMHU BUTKAMH BTOPHUYHON OOMOTKH.
Ecin S — mutomanpe, oxBareiBaeMasi OJJHUM BUTKOM, a N2 — 9HCIIO BUTKOB U3MEPHUTEIHLHOW OOMOTKH, TO
dB
®=BSNy U & =—N,S—.
dt
[IpeneOperasi caMOMHAYKIIMEH BTOPHUHON 0OMOTKH, 3ak0oH OMa JjIsl BTOPUYHOM IIEMH MOYKHO 3aIlu-
caTh B BUJIE

rae |, — cuna Toka Bo BropuuHO# Lenu; Us — HampsbkeHUe Ha oOkiaakax koHaeHcaropa C; RN2 - cO-

IPOTHUBIICHHE U3MEPUTEIIbHOM OOMOTKH.
[apamerpsl ycTaHOBKH 110400paHbl TakuM 06pasom, 4Todst |,R, >Uce n Ry, < R. Torna MoxHo npu-

NoS dB
OJIM>KEHHO CUMTaTh, UTO &; = |,R,, oTkyna lg =———-—
Ry dt
Hanpsixenne Ha 00kJ1aiKax KOHJEHCATOPa, OUYEBUIHO,
I,dt N,S ¢ dB N5S N,SB
TRCIREES LU L -t 3)
cC cC R,C ¥ dt R,C R,C

Hampspkenue, cHuMaemMoe ¢ KOHJIEHCATOpa, MOoJaeTcs Ha BEpTUKAIbHBIE MIIACTHHBI ocimuiorpada. Ilo-
stomy Uy=Ug, T.€. Uy mpsiMO TpomopIimoHaIbHO WHYKIIMA MarHUTHOTO T0JIs 0Opasia B.

Wtak, Ha TOPU30HTATBLHO OTKJIOHSIOININE TUTACTUHBI MMOAACTCS HAMPSKEHHE, MIPOMOpIUOHAIbHOE H, a
Ha BEPTUKAJILHO OTKJIOHSIONIUE — HANPSOKCHHE, MPONopIMoHansHoe B. [To3ToMy 3a OJIMH MeproJ CHHY-
COMJIATBHOTO U3MEHEHHUS TOKA CJIe]] SJIEKTPOHHOTO JIy4a Ha SKpaHe OMUIIET MOJHYIO METII0 TUCTEPE3nca,
a 3a KOKIBIH TOCIISAYIONUH TIEpPHOJT B TOYHOCTH ITOBTOPHUT €€, B Pe3yJIbTaTe Yero Ha dKpaHe OyIeT BUIHA
HETOJIBIKHAS TIETIISI THCTEpe3uca.

st onpenenennst H u B ucnions3ytorest popmyisl (2) u (3):

_ U\ B:UVRZC

H= u
D, Ry N,S
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Tak Kax OTHOIICHUS M u RC MOCTOSIHHBI, TO H miponopIiioHaisHo Hanpspkernto Uy, mogaBaemo-
TEDCp R NoS

My Ha BXOJl X ocumiuiorpada, a B mponopunoHaibHo HanpspkeHuio Uy, Mo1aBaeMoMy Ha BXOJT Y OCIHII-
norpada.

CremoBarenbHO, JUIs onpeieneHus H v B Hy»HO 3HaTh 4yBCTBUTEIILHOCTH BXOI0B ocImiorpada Ky
U Ky, KOTOpbIC YUCIICHHO PAaBHBI HAMIPS)KCHUSM, BbI3BIBAIOIIMM OTKJIOHCHHE CBETOBOTO ISITHA HA AUHUILY
JUTHHEL.

Ecnmu Ha Bxomm! ocipuuiorpada x U y MoodepeHo nojarh nepemMenHsie HanpspkeHus Uy u Uy, Ha

dKpaHe OylyT HaOMIONaThCs CBETAMECS IMHUA. ITiHbI ropusonTansioi |, u Beprukanbuoit |, munmid

HpOHOpLII/IOHaJIbHLI yI[BOGHHOP’I aMHJ_H/ITyI[e HepeMeHHOFO HaHpSI)KeHI/ISI.
I‘IyBCTBI/ITeHBHOCTI/I BXOI0B OIIPEACTIAIOTCA COOTHOIICHUAMU
23280, 24280,
x=——>" um ky=—--">- (4
Al

rae \/EUX u \/EUy — aMIUTMTY/IHbIC 3HAYCHUS HAIIPSDKCHUI mepeMeHHoro Toka; Iy u ly — pasmepb! uHui;

Ux 1 Uy — 3 ekTruBHBIC 3HAYCHUS KATHOPOBOYHBIX MIEPEMEHHBIX HANPSKEHHIA, TI0aBaEMbIX Ha BXOJIBI X
u y ocrmuniorpada.

PaGouee 3ananune
[Tomyuuts neTito rucTepesuca Uit peppoMarHeTuka u OnpeesiuTh ero napameTphl.

Iopsiiok BbINoJIHEHUS PadOTHI
Tonyuenue na sxpane ocyuniocpaga nemau ucmepesuca
B = 1. Birrounte ycTaHOBKY B ceTh ¢ Hanpspkenuem "220 B". ITocraBs-
Te TymOnep S, pacnoioKEHHbIM Ha MaHenu, B nojoxeHue "Bpiki.". Pe-
£ ‘ ! ryaupys pyukamu "fpkocts”, "®okyc", "Cmemenne x" u "Cmenienue
A | c U, y", noGeiitech N300pakeHNUs TOUKHU B LIEHTPE KpaHa ocluuiorpada.
1 [R T 2. TlocTaBbTe pydKy Si mepekitoyaressl Ha MaHEeNd B TOJIOKEHUE
R, "Tletns", Tym6nep S - B monoxxenue "Bxin." Ilpu aTom noakmrodaercs K
i HCTOYHMKY IIUTaHUs CXEMa, IOKa3aHHas Ha puc. 1.
o 3. U3menss HanpshkeHHe pydkod R, mosyunTe Ha sKpaHe OCLMILIO-
Puc.1. Cxema ycTraHOBKH rpada n300pakeHre MeTIN THCTEPE3nca pa3MepoM B 2/3 skpaHa.
4. CkomnupyiiTe ¢ sKpaHa ociuuiorpaga MeTIo TUcTepe3uca Ha

T T T
5]
L 2]
|1
R

MUJUTHIMETPOBYIO Oymary.

5. OnpeznenuTte Mmioua s NETIU TUCTepe3nca S Kak CyMMYy KJIETOK €IUHHUYHON IJIOMIA I U KOOPIH-
HaTBhI Nx U Ny TOYEK, B KOTOPBIX METIS NepeceKaeT KOOPAUHATHBIE OCH X U Y.

[Tocne mosyueHus MeT/IM THCTEpe3nca Ha dKpaHe ocuuiuiorpada ocumsuiorpada pydku "YcuneHue
x" u "Ycunenue y" npu najgbHEHIIEM BBITOJIHEHUN PAOOTHI Q0JIHCHbI OCMAMbCSL 8 HeUSMEHHOM NOJI0dCe-
HUU.

Kaauoposka ocunsuiorpaga

6. Pyuxy R na manenu nosepuure | | | | S.J[ "‘- B KpailHee JIeBOE II0JIO)KEHHUE.
[epexmovyarens Si mocraBbTe B TO- rs ¥ JIO’)KEHHE X, IIPU ITOM K UCTOYHU-
Ky MNHWTaHHA MOJKIIIOUYAETCS CXeMma, (v ) IIOKa3aHHas Ha puc.2.

7. VI3MeHsisi HampspDKEHUE PYYKOM { i R ot 0 10 MakcHMMaJIbHOTO 3HaAYe-
HUS Ha BOJIBTMETPE, CHUMHUTE 3aBUCHU- ‘ MOCTh JUIMHBI TOPH30HTaJIbHOU
JVUHUM Ha JKpaHe ocuuuiorpada oT HaIpsDKEHUA, M0JaBacMoro Ha X,

he=H(Uy). Puc.2. Cxema kanmuOpoBKH
8. IlocTaBpTe mepekIOUaTENh S1 Ha TMaHeJH B nojioxkeHue y. CHuU-
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MUTE 3aBHCUMOCTb JUTHHBI BEPTUKAIBHOM JIMHUK Ha 3KpaHe ociuniorpada ot Hanpsukenus Uy, Iy = f(Uy).
PesynbraThl u3MepeHuii 3anumure B a0 1.
Tabmuma 1

Ux, B Ix, M Uy, B Iy, M

= Ni=
Ro= Ri=
= Dcp:

9. ITocrpoiite rpaduku 3aBucumocteit Ix =f(Ux) u Iy =f(Uy).
10. 13 rpadukoB HaiiiuTe 4yBCTBUTEIBHOCTH BXOA0B ocummiorpada kx u ky mo dpopmymnam (4). Ilena
JIeTICHHsI BOJIBTMETpA TpH MoiKItoueHnn HanpspkeHud Uy u Uy yka3aHa Ha raHeny.

OnpeneneHre  OCTaTOYHOM  WHAYKIHH, (EPPOMATHUTHOTO  cepledyHHMKa 1o  (dopmyie

R,C
_ 2 . . g
Bocm = kyﬁny, rne Ny — KOOpAMHATa TOYKH, B KOTOPOW METJsl THCTEpe3nca IepecekaeT och y; S'-
2
IUIOIIA/Ib TOPOU/IA, OXBATHIBAEMAsl OJHUM BUTKOM.

12.  Ompenmenwte KOIPIUTHBHYIO CWIy (EeppOMarHMUTHOTO  cepjacyHuKa 1o  (opmyie
N .
H, =k, —1 N, , TAe Nx — KOOpJMHATa TOYKH, B KOTOPOH METJIs THCTEPE3NCca IIEPEceKaeT oCh X.
RynDg,
13.0mnpenenure SHEPTUIo epeMarHnIrBaHusl, PUXOJSAIIYIOCS Ha €MHUIYY 00bemMa eppomMarHeTu-
Ka 3a OJMH IMKI TmepeMarHuumBanus. OHa TPONMOPHMOHATBHA IUIOMQJAM TIETIW THUCTEpe3uca:
o=B;H;S", rne B1 u H1 — 3HaueHus uHAyKIMM 1 HANPsHKEHHOCTH IpU Ny U Ny, paBHBIX 1; S"- momane
R,CN,S"
MEeTJIM TUCTEePE3UCa, T.e. M= kay —
RiN,S TEDCp

do
14. OmnpezienuTe TOTEPH SHEPTUH Ha MEpEMarHMYMBAHUE 32 OJHY CEKYHIY MO (GopmyIie s =0V,

rae V=50 I'n — yacToTa mepeMeHHOr0 TOKa, I0/1aBaéMOr0 Ha HAMAarHMUMBAIOIIYI0 OOMOTKY.
15. [lomy4yeHHBIE pe3yabTAThI 3aHECTH B TA0J.2.

Tabmumna 2
Nx, Ny, S", Kx, ky, Bocem, | H, ), do/dt,
M M M? B/m | Bm | Tn A/m Hoe | Hoc
M M

Conep:xxanue oT4yeTa
Pe3ynbTarhl 5KCIepUMEHTAIBHBIX U3MEPEHUI U TEOPETUUECKUX PacyeToB B Ta0i. 1 u 2.
KoHnTpoJbHbBIE BOPOCHI
1. B ueM 3akiro4yaeTcs ABJI€HWE MAarHUTHOTO rucrepesuca’?
2. KakoB MexaHM3M HaMarHW4MBaHUs peppoMarHeTUKoB?
3. KakoB MexaHHu3M rucrepesuca?
4. KakuMm nporieccam B heppomaraetTuke coorserctBytotr yuactki I, II, I va puc.3
5. YTo Takoe KOAPUUTUBHAS CUJIA M OCTaTOYHASI HAMAarHUYEHHOCTh?
6. ITouemy HanpspKEHHs [TOJIaBaeMble Ha BXOBI X U Y ocuuiuiorpada, mponopunoHaibusl H u B?
Crnmcok MCIoJib30BaHHbIX HCTOYHUKOB

CagenneB U.B. Kypc obmieit pusuku. T.2. DiaekTpudyectBo 1 MarHeTusM. Bonuel. Ontrka. — CII0.: Jlaub,
2008. — 496¢.¢.176-180, 197-198
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JlaGopaTtopnas pa6ota Ne 29
Onpenenenne Touxku Kropu

[leab padoThl: Onpenenuts Touky Kiopu ¢eppomarnernka
TeopeTnyeckue cBeieHUsI

@deppOoMarHeTUKM — 3TO BELIECTBA C OYEHb OOJIBIIOW MarHUTHOW IPOHUIIAEMOCTBIO [L, BEIMYMHA
KOTOPOH 3aBHCUT OT BHEIIHEro MarHUTHOro nois. K ¢eppomMarnetukam OTHOCSTCS HEKOTOPBIE 3JIEMEH-
ToI rpynmnsl xkenes3a (Fe, Co, Ni), psa penkozemensubix aneMeHToB (Gd, Dy, Er), anemenTs u MHOTOYHC-
JICHHBIE CIIABBI.

OcoOEHHOCTH MarHUTHBIX CBOMCTB 3THX BEHIECTB MOTYT OBITh OOBSICHEHBI KBAHTOBOMEXaHUYECKU-
MU CBOMCTBaMH KpUCTAUINYEeCKOM pemeTku. HamaranunBanue oObsCHAETCS HAIWYMEM (MM BO3HUKHO-
BEHUEM) B [IPOLIECCE HAMAarHUYMBAHUS Y aTOMOB MarHUTHBIX MOMEHTOB.

MarHuTHbIE MOMEHTBI OT/ICJIBHBIX aTOMOB CKJIaIbIBAIOTCS U3 OPOUTAIBHBIX U CIIMHOBBIX MarHUTHBIX
MOMEHTOB 3JIEKTPOHOB U M3 MarHUTHBIX MOMEHTOB YaCTHUL, COCTABJISIOIINX aTOMHOE A]IpO (HYKJIOHOB):

Bmae = Zﬁpm(gﬂ) +ZBmS(3ﬂ)ZBm(20) '

B KBaHTOBOIT MEXaHUKE JTOKA3aHO, YTO BEIUYMHA MATHUTHOI'O MOMEHTA YACTHIIbI 110 TIOPS/IKY BETHYUHBI
ehi ]
Py =— , T e — 3apsi yacTuibl;, /i — nocrosiuHast [lnanka (7 =h/2m); m — Macca 4acTHIBL.
m

[TockoabKy HYKJIOHBI UMEIOT Maccy mnpuomm3utenbHo B 2000 pa3 OoJbliryto, 4YeM 3JIEKTPOHBI, UX
MarHUTHbIE MOMEHTHI CYIIECTBEHHO MEHbIIE 3JIEKTPOHHBIX M UMU MOXHO HpeHeOpeub. OpOuTalibHbIe
MarHUTHbIE MOMEHTHI 3JIEKTPOHOB B MHOTOXJIEKTPOHHBIX aTOMax B CPEIHEM OKa3bIBAIOTCS HAIpPaBIJICH-
HBIMU B Pa3HbI€ CTOPOHBI U KOMIIEHCUPYIOT JIPYT IpyTa.

B marHuTHBIE MOMEHTBHI aTOMOB (PeppOMAarHETHKAa OCHOBHOHM BKJIAJ JAOT CITMHOBBIE MAarHUTHBIC

MOMCHTBI SJICKTPOHOB:
pm(aT) = Z pms ! pms = 2“5 \/S(S+1) '

rae Uy =eh/2m,- marseron bopa (KBaHT MarHUTHOTO MOMEHTA). DJIEKTPOHBI MMEIOT MPOTUBOIOIOXK-

Hble (TONapHO) HaNpaBJIeHUs CIHMHA, a MIOTOMY U MPOTHBOIOJIOXKHBIE HANPABJIEHUS! CIIMHOBBIX MAarHUT-
HbIX MOMEHTOB. [lo 3TUM mpuuYMHaM BelIecTBa, B aTOMax KOTOPBIX MOA000JIOYKH 3arOJHEHbI MOJIHO-
CTbIO, HE MPOSBIAIOT peppoMarHUTHHIX cBoicTB (He, Be, Ar u T.11.).

OpHako y HEKOTOPBIX aTOMOB C HE3alOJIHEHHBIMHU 3JIEKTPOH-

Mf P11 i 35 HBIMH H?HO6OHOQK?MH (manpumep, y Fe) MoxkeT MOSBUThCS 3HAYHU-
i i . TeNbHBIA CIMHOBBIA MOMEHT. Ha puc.2 moka3zaHo 3amojiHEHHE 3JIeK-
45° : i n=4, I= TPOHaMU 101000JI04€K aTOMOB XkeJe3a (26 31nekTpoHoB). Ha kaxmoi
j'pi 111 T n=3, I=1  mono6omouxe moxer Haxomuthess 2(21+1) amextponos (I — opOu-
35" ! 7 n=3, =0/ TagbHOE KBAaHTOBOE YHMCJIO).

2pf 28 n=2 I=l CrpesikamMy MOKa3aHbl HAIPABJIEHUS MX CIHHOB. [10100009Ka
252 t : n=2 i=( 4S UMEeT MEHBIIYI0 SHEPIUI0 3JIEKTPOHOB, YeM Mopo0on04ka 3d u
152 { : n=I, ]=( 3aUOJHJAETCsS BHayane. B HesamomHeHHON monobomnouke 3d sHepre-

TUYECKUE YPOBHHU CHAydaja 3allOJHSIOTCS JIEKTPOHAMHM C OJHOM U
TOM XK€ OpHeHTanuell cnuHa. Korna Bce BO3MOMKHBIE COCTOSIHUS C
ATON opueHTauuel OyIyT 3aloJHEHbI, 3arOJIHAIOTCS COCTOSIHHUS C
npyroit opueHTarueit. [loaTtomy y atoMoB xkene3a oOpa3yercsi O0IbINON HECKOMIICHCHPOBAHHBIA CyM-
MapHBI CTMHOBBIA MarHUTHBI MOMEHT 3JIeKTPOHOB 3d-110,100010YKH:

Puc.2. 3anonaenue 31aeKTpOHAMH
moo00JI0YeK B aTOME JKele3a.

me(aT) = 5pmSZ(3H) - pmSZ(aﬂ) = 4pmSZ(3n) = 4“5 '
AHanoru4Has KapTUHa U y IPYTHX BEIIecTB, 001a1a0muX GeppoOMarHuTHBIMUA CBOMCTBAMH.

OmneiTel DiiHImTeNHA U 1e ['aaza, Modde n Kanuibl u ap. mo3BOIMIM SKCIIEPUMEHTATEHO U3MEPHUTh
TUPOMATrHUTHOE OTHOLIEHUE (OTHOLIEHWE MAarHUTHOTO MOMEHTa K MEXaHWYECKOMY) HaMarHMYE€HHBIX
(beppoMarHeTUKOB, KOTOPOE OKa3ajoCh PaBHBIM CIIMHOBOMY T'MPOMAarHMTHOMY OTHOIICHHIO JUISI DJIEK-
TpoHa. DeppoMarHeTu3M TakKiuM 00pa3oM UMEET CIIMHOBYIO MPUPOLY.

[Ipu cOmmxeHun aTOMOB Ha PACCTOSHUS MOPSAKA MOCTOSSHHOW KPUCTANIMYECKOW PEHIETKH MEXIy
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HUMHU BO3HHMKaeT crenuduyeckoe 0OMEHHOE B3aMMOJEHUCTBHE, KOTOPOE MMEET KBAaHTOBYIO MPHUPOAY U
CBSI3aHO C TEPEKPBITHEM D3JIEKTPOHHBIX O0JIAKOB aToMOB. B ¢eppomarHeTnkax sHepreThuecku Ooiiee
BBIT0O/IHA MapaJuleNibHAsl OPUEHTALIMSI CIIMHA 3JIEKTPOHOB.

OnHako He Bce BEIIECTBA C HEAOCTPOCHHBIMU 000JI0YKAMH, aTOMBI KOTOPBIX 00JIaJat0T 3HAYUTEb-
HBIM CIIMHOBBIM MarHHUTHBIM MOMEHTOM, SBIISIOTCS (heppoMarneTukamu. MHOT/1a SHEPreTUYEeCKU BBITOI-

@’ @’ @’ @’ @ /@ @ @ HOM OKa3bIBACTCs AHTUIIAPAIUICIIbHAS OPUEHTALMs] CIIMHOB U MarHuT-
HBIX MOMEHTOB COCEIHHX aTOMOB. Takue BeniecTBa HAa3bIBAIOTCS aH-

R aRaN) a @ ] ,@ tudeppomarnetukamu (puc.3). Kaxxgas crpenka mokaspiBaeT Harpas-
(R eRo I () (7§ (/J  ;MeHHEe MarHATHOTO MOMEHTA aTOMA.
. p B antudeppoMarneTuke CliMHOBBIE MarHUTHBIE MOMEHTHI DJICK-
TPOHOB COCEAHUX aTOMHBIX CJIOEB HAlpaBJIEHbl B Pa3HbIE CTOPOHBI U
Puc.3. AToMHBIE CIIOW KPHCTaJLIH-
. KOMIIEHCUPYIOT Jpyr apyra. Ilostomy anTH(eppomarHeTuku He 00-
4eCKOU pelleTKH: a — (eppoMarHe- .
Jalal0T 3aMETHBIMM MarHUTHBIMHM cBOMicTBaMu. HO B HEKOTOpBIX aH-
THKa O - aHTH(EeppoOMarHeTHKa
TU(PEPPOMArHEeTHKAX, Y KOTOPBIX KPUCTATUINYECKAsl PEIIETKAa COCTOUT
U3 HEOJHOPOAHBIX aTOMOB, UIMEETCsI HECKOMIIEHCUPOBAHHBIM aHTU(eppoMarHeTusMm ((heppuMarHeTusm).
[Ipy 3TOM MarHUTHBIE MOMEHTHI Pa3JIMYHBIX ATOMOB HE OJIMHAKOBHI U @" @’ o
OyAy4M aHTUIApaJICIbHBIMU CO3JIAI0T OTIIMYHBIN OT HYJS CyMMapHbIA Mar- b
HUTHBIH MOMEHT. Takue BelllecTBa Ha3blBalOTCA (EeppUTaMH, B OTIUYHUE OT @" @*’
(beppoMarHeTUKOB MOT'YT OBbITh HE3JIEKTPOIIPOBOJHBI, YTO BAXKHO JJIS LIMPO- & &
KOT'0 MCTIOJIB30BAHMS UX B TEXHUKE (puc.4).
Ecnu Obl Bce aTOMHbBIE MarHUTHBIE MOMEHTHI B (PEpPOMArHUTHOM KpU- @ pal g pzd
cTajuie ObUIM OPHEHTUPOBAHBI ITAPAJUIEIHHO, TO OHU CO3AaJT ObI OTPOMHOE Puc.4. ATOMHBII Cloi
MarHuTHOE MoJie. ITO I0JIC HE TOJIBKO HE TOJIBKO OBl kpucrammmueckoii pe-

/;r\ =y 3aHMMAJI0 00BEM KPUCTAJLIA, HO U BBIXOJHMJIO Obl 32 meTku heppuTa
f/f-" H I:r ; Ay €ro MpeJIesbl.
% Y
| 1o —
( | 1 ; ! ; _,‘9'\ } DHeprus MardMTHOrO TONs 3a mpeaenamu kpucramia W = EI B-HdV
! |
| T ~
\hoprrtt ] /’ nocturia Ol OOJBIINX 3HAUCHH. Takoe COCTOSIHUE SHEPTETHYECKH HE BBITOIHO
\::-;/J’y LL\L:_/:} (puc.5). IlosTtomy B o00beMe (eppomarHeTuka o00pa3ylTcs CIIOHTAaHHO-

HaMarHU4YeHHbIE 00JacCTU — JIOMEHBI, KaXIblii U3 KOTOPBIX O0JIagaeT ompene-
Puc.5. DHepreTuyecku jeHHBIM MATHUTHBIM MOMEHTOM.

HEBBIFOZIHOC  HalpaBJle- JdoMenHasi cTpykTypa ¢eppoMarHeTHKOB

HHUE€ MArHuTHBIX MOMCH-
TOB aTOMOB B KpUCTAJJIC = l,c,.;—__-:: 1

e LY

II|

| JII |||
| RO

! o
/Nl

S

Puc.6. IlocnenoBarensHOCTS 00pa30BaHMs JOMEHHOM CTPYKTYPHI B KpHCTaJlIe

B OTCYTCTBI/IG BHCIITHECTO MArHUTHOT'O ITOJIA MAarHUTHBIC MOMCHTBI pa3.]'H/I‘-IHI)IX JOMCHOB OpI/IeHTI/IpO-

BaHbI XaOTUYHO, TaK YTO MarHMTHOC I10JIC BHC (I)CppOMal“HCTI/IKa PpaBHO HYJIIO (BHCpFCTI/I‘-ICCKI/I BBITOJHOC

coctosiare). Ha puc.6 mokasaHo, Kak Mc4Ye€3aeT BHEIIHEE I0JI€ MPU IMOCIEeIOBATEILHOM JICJIEHUHU KpPH-
10
0

"S-

e s

cTamma Ha JOMeHBL Pasmep momeHoB mopsiaka 10 7% =+ 10 ° M, B Ka/IOM CONEPXKUTCS MPUMEPHO 1
atoMoB. [ToaTOMy KaXk/blil IOMEH CO37ae€T MarHuTHOE mnoJie nmopsiaka 1 To.

ITpu noBbIIEHUH TeMIIepaTypbl peppoMarHeTHKa yBeTUUYNBAETCS SHEPTHS TEIUIOBOTO JIBMKEHUS €T0
MOJIEKYJI, paBHas 1o nopsiaky Beaudunbl KT (K - mocrostHHas BosbiMaHa), ¥ IpU HEKOTOPOM 3HAYCHUHU
TEMIIepaTypbl Tk 3Ta SHEPrUs CTAHOBUTCS PABHOM SHEpruu 0OMEHHOTO B3aummonaeucTBus. [Ipu aTom no-
MEHBI pa3pylIaloTcs (MarHUTHbIE MOMEHTHI BCEX aTOMOB B JJOMEHE Pa30pUEHTUPYIOTCS) U peppoMarHe-
TUK TpeBpallaeTcs B MapaMarHeTHk. Temreparypa, pu KOTOpoil ncueszaroT GpeppoMarHuTHBIE CBOWCTBA
MarHeTHKa, Ha3bIBAIOT TeMIIepaTypoil (Toukoit) Kropwu.

O0BbeKTHbI HecIeI0BaAHNA, 000PyI0BaHUE

115



OnucaHue yCTaHOBKH
Meron onpeneneHus Touku Kropyu OCHOBaH Ha U3MEPEHUH DIIEKTPO-
JBUKYIIEH CUJIbI MHAYKIMM B KaTyIIKe, KOTOpas OXBAaTbIBAET UCCIELYe-
MBI 00pasel, HaXOAAUIMICSA B IEPEMEHHOM MAarHUTHOM II0JI€ TTOCTOSH-
HOW aMIUTUTYbI.
W3mepeHus npous3BOAATCS Ha yCTAHOBKE, CX€Ma KOTOPOM MOKa3aHa
Ha puc.l. B 6e3pIHIyKIIMOHHBIN HarpeBaTeiab E momemien hbeppomMaruut-
Helid cepaeunuk (1). Ha BeicTymaromue u3 HarpeBaTelns KOHIIBI 00pa3ia
HazneTsl aBe Katymku: L1 u L. [Ipu nporekanun mo katymke Li mepe-
Puc.1. Cxema ycTaHOBKH MEHHOro Toka B Karymike L2 Bo3Hukaer OJIC uHaykuuu, mzMepsiemas
MIUTUBOJIbTMETpOM mV2. DJIC, Bo3HUKalOIIAsl B TEpMOIIape Mpu Harpe-
BaHUU, U3MEPSETCI MUJIMBOIBTMETPOM MV 1.
Pabouwnii koHeI TepMomnapsl BMeCTe ¢ 00pas3iioM rnomenieH B HarpeBaTenb. DJIC WHIYKIIMN, BO3HHU-
Karonias B karymke Lz, cornacHo 3akony ®apanes

do
i __E (1)

Tak xak @ ~ B, a B popmalbHO MOXKHO MPeACTaBUTh B Buae B =pouH , 10 ¢ ~ .

[Tockonbky B Touke Ktopu | u3mensiercst ot Heppo >> 1710, IOCTOJIBKY HA KPUBOI 3aBHCUMOCTH
€;(T) nomxkeH HaOMIOAATHCS PE3KMiA criag pu T =T, .

PaGouee 3ananune
Omnpenenuts Touky Kropu deppomarneruka

ITopsinok BbINOJIHEeHUs padOThI

1. Ilepen HauanoM paboThI OCcTaBbTE TyMOJEp S B nosioxkeHue "Boiki.".

2. Bxirounre ycTaHOBKY B CETh ¢ HanpsbkeHueM "220 B,

3. 3anuimmuTe Moka3zaHus MpuOOPOB B TAOIHILY.

4. Bxitounrte HarpeBarenb TymOsepom S. CHumuTe 3aBUCUMOCTh D/1C MHIYKIIMY IO MIJIJTUBOJIBT-
MeTpy mV2 OT TeMITepaTyphl Yepe3 KaK10€ JAeJIeHHE MIJUTMBOIBTMETPA MV 1, MOKA3bIBAIOMIETO 3HAYCHHS
tepmo D/IC. JlanHble BHecuTe B Tabauiy. Mi3mMepeHus mpoBoIUTe O TEX MOp, MOKa MOKa3aHUs MUJLIH-
BOJIbT™MeTpa mV2 He ynanyT Ha 70% — 90%.

€1, MB

t, T

Enarp, MB

Soxn, MB

5. BeikmrounTe HarpeBareiab TyMOJIEpoM S M 3alUIIMTE MOKa3aHWs NpuOopoB mVi u mVz mpu
OXJIQXICHUH 00pa3iia B TaOIHILy.

6. Ucnonp3ys Tabauiy 3aBucumoct Tepmo DJ[C oT TemnepaTypsl, HAalIUTE U 3aMUIIATE 3HAYCHUS
TEMIEPATypPbl, COOTBETCTBYIOIINE Kaxk1oMy 3HaueHHto Tepmo DJIC. Tabnuia nprBeneHa Ha yCTAaHOBKE.

7. Ioctpoiite rpaduku 3aBucuMoctd DJ[C MHAYKIUHM OT TeMIepaTypbl IPU HArpeBaHUU U OXJia-
JKIeHUU 00pasia (Ha OJHOM PUCYHKE).

8. Ilo rpadukam onpenenute Touky Kiopu B KaX70M U3 JBYX CIy4aeB U HaWJHUTE €€ cpe/iHee 3Haue-
HUE.

Conep:xxanue oT4yeTa

DKcriepuMeHTalIbHbIE JaHHbIE, 3aHECEHHbIE B Ta0nuiy, rpaduku 3asucuMoctd D/1C UHIYyKIUU OT

TEMIIepaTypbl IPH HarpEeBaHUU U OXJIAXKJICHUH 00paslia, cpeiHee 3HaueHne Temreparypsl Kiopu.

KoHnTpoJsbHbBIE BOPOCHI
1.O0BACHUTH CIMHOBYIO MpUpoay heppoMarHeTuma.
2.00bACHUTH JOMEHHYIO CTPYKTYPY (peppomMarHeTusma.
3.ITouemy 3HaAYCHNE MAarHUTHOW MTPOHHUIIAEMOCTH (PEpPOMArHETUKOB BEJTUKO?
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4.Tloyemy pu OomnpeesIeHHON TeMIieparype peppoMarHeTuKi U3MEHSIOT CBOM MarHUTHbBIE CBOM-
cTBa?

5.Yto Takoe Touka Kropu?

6.ITouemy OJIC unnykuuu B Katymke L2 pe3ko yMeHbIIAeTCsl IPU NOCTHXKEHUU TemnepaTrypsl Kro-
pu?

7.Haueptute 1 00BSICHUTE CXEMY YCTAaHOBKH.

8.ITouemy heppomMarHUTHBIN 00pa3el], HarpeThIid BhIlIe TOUKK Kropu, pu OXJ1aKI€HUH BOCCTaHAB-
JIMBAeT MarHUTHBIE CBOMCTBA?

Cnmcok uCcnoJib30BaHHbIX HCTOYHUKOB
CagenbeB 1.B. Kypc o6mieit pusuku. T.2. DnektpuuectBo U Mmaruetu3M. Boiaael. Onruka. — CII0.:
Jlann, 2008. — 496¢. ¢.165-170, 176-180
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JlaGopaTtopnast pa6ota Ne 30
HccnenoBanue 31eKTPUYECKUX XAPAKTEPUCTHK
MOJIYIIPOBOHUKA ¢ oMouibio d(pdexra Xosuia

Heab padorhl: OnpenesieHUe 3HAYCHUH KOHCTaHTHI XOJIJ1a, KOHIEHTpAlU HOCUTENIECH 3apsiia u
MOJIBUKHOCTH HOCUTEJIEH 3apsa.

TeopeTnueckue cBeeHUs

SIBneHMEe BOSHUKHOBEHHUS B O0Opa3ie ¢ TEKYIIMM IO HEMY TOKOM TIONEPEYHOTO AJICKTPHUECKOTO

MOJISI TIPU TMIOMENTEHUH 00pa3iia B MAarHUTHOE T0JIe Ha3biBaeTcs dhdekTom XoJa.
PaCCMOTpI/IM MECXAaHNU3M BO3HUKHOBCHUA Honepequro 3JI€KTpI/I-

| S =
YECKOro MOJsl B OJHOPOJHOM MOJYNPOBOJHUKE p-THUIA, UMEIOLIEM J 1}//?f
dopmy mpsMoyronapHOU mnactTuHkH (puc.2). Ilox nmeiicTBuem cTo- ////§ [7: | L=
_ o1y e
POHHETO 3JEKTPUUYECKOIO MOJsl C BEKTOPOM HalpsiKeHHOCTH E 1o %? oty B
IUTACTHHKE MPOTEKAET 3JICKTPUICCKUN TOK IJIOTHOCTHIO | , KOTO- ol e L .
N e
PYIO MOXXHO ompenenuTh u3 3akoHa Oma B auddepeHunambHOd | - - /?7
= o
opMme: ~ z
(1) p - ~ _ ’_ '/// d
j=cE=env, (1) a

e 6 — yacjabHasd NpOBOAUMOCTD, 7 — KOHICHTpAUA HOCHUTEJIEN Puc.2 CxeMa’ MOSICHSIOIIAsT Me-
3apsna, \7}1 — MX JApeidoBas CKOPOCTb, e — 3aps JJIEKTPOHA xanu3M dddekra Xomna B IOIy-

(mpIpkH). B moaynpoBoaHUKe N-THUIIA OCHOBHBIMH HOCHTEISIMH 3apsi- POBOAHHUKE p-TUIld
Ja SIBJISTFOTCSI TIOJIOKHUTEJIbHBIC ABIPKH W MOTOMY HaIpaBJICHHE IpeiH(OBOH CKOPOCTH COBIIAJAaeT C
HanpaBlieHueM Toka (puc.2). B moiynpoBogHuKe N-THIIAa OCHOBHBIMH HOCHTEJSIMU 3apsijia SBIISIFOTCS
OTPHUIIATEILHBIC JIEKTPOHBI U UX JpeidoBas CKOPOCTh OyAET HAMPaBJICHA MPOTUBOIOIOKHO HAIPaB-
JICHUIO TOKA.

B ogHOpOJIHOM TOYyIIPOBOJHUKE SKBUIOTCHIIMAIbHBIC MTOBEPXHOCTH PACTIONOKEHBI TIEPIICH/IUKY-
JSIPHO BEKTOPY ILUIOTHOCTM TOKA | M IOMEpedHas PasHOCTh ITOTEHIHAIOB MEXKIy TOYKaMU 3 u 4

JIOJKHA OTCYTCTBOBATh.

CoBceM MHasi KapTUHA TMOJYUYHTCS, €CJIM TJIACTUHKY C TOKOM TOMECTUTH B CJIa00€ MAarHUTHOE
1oJie, HalpaBJIE€HHOE NEPIEHIUKYIIPHO IIOCKOCTH ILUIACTUHKH. B 3TOM ciydae Ha 3apsii, ABHXKY-
muiics ¢ 1pepoBoi CKOpocThio V, , OysieT neicTBOBaTh cuna Jlopenna:

F,=e[V,xB]. )

[Ton meficTBHEM 3TOM CHIIBI OCHOBHBIE HOCUTENH 3apsaa OyIyT OTKJIOHATHCS K OJHOW W3 TOIeped-
HBIX TPaHEW IUIACTHHKU W Ha 3TOW TPaHU MOSBUTCS 3apsjl, COBIMAJAIOIIMN MO 3HAKY C 3apsAJOM 3THX
HocuTeneld. Ha mpoTHUBOMONOXKHOM IpaHu BCIIEICTBUE ITOTO BO3HUKHET HEJOCTATOK OCHOBHBIX HOCHUTE-
JIe ¥ 3aps]T TPOTHBOIIOJIOKHOTO 3HaKa (puc.2).

3aMeTuM, 4TO B MOJYINPOBOJHUKE N-THIA 3aps] OCHOBHBIX HOCHUTEINEH, 3IEKTPOHOB, OTpUIlATE-
JIEH, HO UX JpeidoBas CKOPOCTh V, HampasiieHa NPOTUBOIOJIOKHO BeKTOpy ] . [losTomy cuna Jlopen-
1a OyJIeT OTKJIOHATH AJIEKTPOHBI B Ty € CTOPOHY, YTO W Ha PUC.2, HO 3HAaK 3aps/I0B HA MOTEPEYHBIX
TpaHsX MIACTUHKU OyeT 0OpaTHBIM.

B pesynbrarte Takoro pasiaeneHus 3apsaaoB NOSBUTCA dIEKTpUUYecKoe nmoae Ep , HaspiBaeMoe moisem

Xomna. Hampasnenne nons Ey 3aBUCHT OT 3HaKa HOCHUTEJIEH 3apsja M OT HampaBlieHHs BekTopa B.
[Tone Xoina nefdcTBYET HA INEKTPUUYECKUE 3apsiabl C CUION

F, =eE, 3)
HaIMpaBJIEHHOW MPOTUBOMOI0XHO cwie Jlopenna. Hactynut MmomeHT, koraa |33 = —IfJI , T.C.
eE, =ev, B 4

Tak xak E, =U, /d, rme U, — nomepeynas X0JUIOBCKasi pa3HOCTh MOTEHIIHAIOB, d — paccrosi-
HUE MEXAy rpansiMu 3 u 4, 1O
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U, =v,Bd (5)
YuutbiBas, 4To ceueHue obpasna S = ad, u ucnoaw3ys Beipaxkenue (1), Haxoaum cuity Toka | B 00-
pasie:

| = jS=ev,nad. (6)
Bripaxas u3 ypasHenus (6) CKopocTs apeiida V, u noacrasiss B (5), MOdy4uM
1 IB
Uy = @
en a

Bennuuna ]/(en) obo3Hauaercs R, wu HaspiBaercs koHcTaHTOM Xosa. Torma coorHowmenue (7)

3aIUILIETCs CIelyoIUM 00pa3om
IB

a
BI)Ian(eHI/Ie RH :]/(en) HoﬂyquO HpI/I prOHIaIOIHeM HpeIIHOJIO)KeHI/II/I, qTo CKOpOCTI) Hpeﬁ(ba
HOCI/ITGJ‘IGﬁ 3apsaga OJMHAKOBaA. Boiee TO"IHBIﬁ pacdeT C yu€TOM pacClpCaAcCICHUsA HOCI/ITGJ‘IGﬁ 3apsaaa 110
CKOpOCTﬂM IIOKAa3bIBACT, YTO B HAILIEM CJIy‘Iae

3
R, =— 9
H = gan )

Takum o6pasom, 3Hast Ry, MOXKHO ONpeNenuTh 3HaK HOCUTENEH 3apsa U UX KOHIIEHTPALHIO.
Ecnu u3BecTHa yzenbHas MPOBOAUMOCTh G, TO, OIPEAEIUB ONBITHBIM IyTeM Ry , MOXKHO paccuu-
TaTh MOABMXHOCTh HOCHUTEIICH 3apsiia b.

W3BectHO, uTO & =enb, HO U3 ypaBHeHus (9) cieayer, 4ro en = , TOrz1a
H
8Ryo
p=—H" (10)
3n

O0BbeKTHI HccIeI0BaHNs, 000PYyI0BAHHE
OnucaHue ycTaHOBKHU

YcraHoBka a5 u3Mepenus 3¢ dexra Xoiia COCTOUT U3 TPEX Y3JIOB: a)
ANIEKTPOMArHUTa C JiepkaTeaeM oOpasma; 0) ImynbTa yNpaBieHHs; B) MO-
tennuomeTpa [1I1-63.

DiieKTprYecKas cxema yCTaHOBKH IpejcTaBieHa Ha puc.l. OHa cocTouT
13 2-X mereii: memnu odpasia u 1enu dnexkrpomMarauta. O6e mernu TymMOiIepoM
S MOAKIOYAIOTCA K CBOMM UCTOYHUKAM NOCTOAHHOI'O TOKA, PACIOJI0XCHHBIM

BHYTPH IyJibTa ymnpasieHus. llenn copepkar MHIUITHaMIIEPMETPHI (mA)

TSI U3MEPEHUsI TOKOB M PeryisiTopsl Toka Ry u R,

[TepekaroyaTenb TOKa S; CIyKHUT JUI M3MEPEHHs HAalPaBICHHUS TOKa
@ Yepe3 3JIEKTPOMArHmT.

I] S QHCKTPOMaFHI/IT nepea pasMEmCHUCM 06pa3ua nporpaayvupoBaH i
jl ONPEACICHHOIO MEXIIOJICHOI0 3a3opa, MHNO3TOMY KaAaTEropudeCcku 3a-
Puc.1 Cxema YCTaHOBKU npemaercd KPYTUTh BUHTHI KPEMJICHUA MOJICHBIX HAKOHCYHHUKOB

JEeKTpOMarHurTa.
HaHpH)KCHI/IC Ha MMOTCHIHUAJIBHBIX KOHTAaKTax o6pa3ua HU3MEPACTCA C MOMOLIBIO MOTCHIIMOMETpPA TII1-63.
H}/)KHO Y4€CTh, YTO MOTCHUOMWAJIBbHBIC KOHTAKTbI 3u4 MMPAKTUYECCKU HEJIB3s pasMECTUTh Ha OHHOﬁ OKBHIIO-
TCHHI/IZU'IBHOIZ IMOBEPXHOCTH. H03TOMy JJaxe 0e3 MarHMTHOIO IIOJISI Ha IMOTCHOHWAJIBPHBIX KOHTAKTaX 6y,ZIGT

Hanpspkenne U,. — HampspkeHHEe aCHMMETPUH, KOTOpOe 00yCIIOBICHO HECHMMETPUYHBIM PACIIONIOKEHHEM I10-

TEHIMAJThHBIX KOHTAKTOB, HEOTHOPOJAHOCTHIO 00Opa3na u T.a4. 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 ¢ UIBMCHCHUEM HAIIPaBJICHUA MAarHUTHOI'O ITOJIA HAIIPSAKCHUC Xoina (UH) MCHACT 3HaK, a

U, -U,
HanpsHKEHHE aCHMMETPUHU (U ac) ocraercs HeusMeHHbIM. Torga Uy = T
PaGouee 3amanue
[IpoBecTn n3MepeHne 3HaYeHU KOHCTAaHTHI XO0JUla, KOHIICHTPAIIMH HOCUTEEH 3apsaa U MOJIBUXK-

HOCTH HOCHUTEJIEN 3apsa.

IMopsiniok BbINMOJHEHUSI PAa0OTHI

1. O3HaKOMbBTECH C YCTAHOBKOM ISl UCCIIEI0OBAHMS IO YIIPOBOAHUKA.

2. O3HaKOMbBTECH MO CIECIUATBHON MHCTPYKIIMU C TOPSAKOM padoThl Ha moTeHmuomerpe I1I1-
63.

3. IlogroroBeTe K M3MepeHusiM noreHuuomerp III1-63, mocraBpTe Ha MyJbTE yNpaBICHUS
TyMOJIep HanpaBJICHUS TMOJS B MOJIOKEHHUE «+» , a pydku «Tok oO6pasma» u «Tok 3eKTpoMarau-
Ta» B KpaliHee MOJI0KEHHUE MPOTUB YACOBOI CTPEIIKHU.

4. BceraBbTe IIHYp NUTaHUA IMyJbTa yhnpasieHUs B po3eTKy «220 B» u tymbaepom «Cetb»
BKJIIOUUTE UCTOYHUK MUTaHus. [Ipu 5TOM Ha mynbTe AOJIKHA 3aTOPEThCs CUTHAJbHAS JaMIia.

5. Pyukoit «Tok obpa3ua» HacTtpoiiTe Tok 20 MA, a pyukoil «Tok anekTpomarauta» — 50 MA.

6. 3meppTe ¢ MOMOIIBIO MOTEHIHOMETPa HAMpsHKeHHE, BO3HUKAIONIEe Ha MOTEHIUAIbHBIX

KOHTaKTax o0pasia (Ul). DT0 HampsbKeHUE SBISETCS anredpanyeckoil CyMMOW HampsbkeHus XoJiuia

(UH ) U HANPsDKEHUS aCUMMETPUU (U ac) . 3anumute U; B Tabmuiy ¢ TeM 3HAKOM, KaKOM yKa3bIBaeT
NepeKIIroYaTelb MoJIpHOCTH moTeHmomerpa I111-63!

7. I3MeHuTe HalpaBieHUe MarHUTHOTO MOJIA B 3a30p€ 3JIEKTPOMArHuTa, ocTaBuB TymoOIep S;
B MOJIOKeHUE «—» . M3mepbTe ¢ momompto noteHiuomerpa I[1I1-63 nampsikeHue, BO3HHKAOIIEE Ha
MOTEHIUAIBHBIX KOHTAKTaX (Uz) . 3anumure 3HayeHus U, B Tabnuiy ¢ TeM 3HAKOM, KaKOW yKa3blBa-
€T MePEeKIIIYaTeNIb NOJIIPHOCTA MOTEHIIHOMETPA.

8. AHanmoruuyHble -U3MEpEeHUs caenanTe mpu Tokax snekrpomarauta 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. [lo rpagyupoBouHomy rpaduky, npuiaraéMoMy K 3JIEKTPOMarHuTy, HaluTe 3Ha4eHHUE Mar-
HUTHOW MHIAYKIMU B 3a30p€ JJEKTPOMArHUTa A THX K€ 3HadeHui Toka. 3Hadyenus Uy u B

3aHecHuTe B Tabinny. Ha mumummMerpoBoit Oymare nocrpoiite rpaduk 3aBucumocta U, = f (B)

Uya .
10. Beraucaure no gopmyne Ry =—1— koncTanTy Xonna Juis pasiuyHBIX 3HAueHHH B u
0bp

Haiinute ee cpenHee 3HaueHue. (Pazmepsl oOpa3ia yka3zaHbl Ha rpaJlyHpOBOYHOM Tpaduke).

3n 1
11. Vcnionb3yst BBIpaKCHHE <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
HO¥ 2JIGKTPONPOBOJHOCTH G YKa3aHO Ha rPalyupOBOYHOM rpaduke).

12. Tlo dopmyne b= BBIYMCIIUTE MOJABUKHOCTh HOCHUTENEH 3apsjia (3HaAUeHUE yellb-
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IMal"y B; Uly U21 UH| RH| <RH>! n) b)
A |Tn B |[B |B |M¥Kx |M¥Kn |M2 |M¥(B-c)

Conep:kanue oTyera
I[aHHBIe, HpeI[CTaBJIeHHLIC B Ta6JII/ILI€, cpe;[HHe 3HAUYCHUS KOHCTAHTBI Xonna, KOHI_ICHTpaI_II/II/I

HOCHTEJIeH 3apsAaaa U IMOABUKHOCTH HOCHUTEJICH 3apsaaa.

KonTposbHbIe BONPOCHI

1.00bsicHUTE MEXaHU3M BOSHUKHOBEHHSI HAMIPSKEHUs XOJIa.
2.Kakum 06pa3oM MOXKHO ¢ moMotnbo 3ddekra Xomia onpeaenuTs 3HaK HOCHTENEH 3apsiia’?
3.KakoBbI MpUUMHBI MOSIBICHHS HANpPsDKEHUsT acuMMeTpun? Kak MCKITIOYHUTH 3TO HANPSHKCHUE TIPU

OTPEJIETICHUN XOJUIOBCKOTO HaMpsiKEHUs?
4.Kax MOYKHO OIIpeACIUTh MOABUKHOCTh HOCUTENEH 3apsiaa?
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