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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 MJI0CKOCTh; ONPEAEIUTh
K03(pPHUIIMEHT BOCCTAaHOBIICHHS CKOPOCTH HIapa.
TeopeTnyeckue cBeieHUsI
B nanHoli paboTe paccmMaTpuBaeTCs KMHEMAaTHKa JIBUKECHHUS Teja
II0J] YIJIOM K FOPU30HTY B pe3yJIbTaTe COyJapeHUs ¢ HaKJIOHHOH ILIoC-
KOCTBIO.
CranbHOM mmIapuK, najas ¢ HEKOTOPOW BBICOTHI, IEpPEa YJapoM O

HAKJIOHHYIO TIOCKOCTh HMEET CKOpOCTh Vj, a OTCKOUHMB OT Hee, —UO

(cM. puc.l). BeibepeM cucreMy KOOpAMHAT, Kak MOKa3aHO Ha puc.l,
MOMECTHB Havajo koopauHat O B TOYKY NEpBOTO COyAapeHHUs IIapuKa

Prc.1 C HakKJIOHHOMW mIockocTeio. IIpoeknuu ckopocreit Vy u Uy Ha ock X

PaBHBbI, TO €CTb Vox = on, TaK KakK yJap MOXXHO CUUTAaTb MTHOBCHHLIM, U
JieicTBUE CUJIBI TSXKECTH U CHJIBI TPEHHUS 32 KOPOTKOE BPEMS HE OKAXKET CYILECT ="~ ™ THsJHUSA 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(ppuumeHToM BOCCTAHOBICHUS CKOPOCTH TeJla IIPU YAape O MAaCCUBHYIO HEMOJABHKHYIO I10-

BEPXHOCTBH Ha3bIBAaeTCs OTHOLIEHHE K, = |Un N,

, rie Vn 1 Up — mpoekuuu CKopoCTel Tesla COOTBET-
CTBEHHO JI0 U TOCJIE yJapa Ha HOpMaJlb K IOBEPXHOCTH.
Jlns nanHo#M pa®oThl cornacHo puc.l
= o

Y

oy
rae Voy 1 Ugy - IpoeKIuy Ha OCh Y CKOPOCTEH IIapuKa COOTBETCTBEHHO JI0 U MOCIIE MEPBOT0 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 BO3yXa MpeHeOperaeM) u BTOPOH pa3 yaa-

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 KOOPJAHWHAT M II0JIOKUTEIIbHOM 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 HaliJIeM U3 3aKOHa JIBIKEHUS 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

OTKyZa t=

(3)



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

BO3JIyXa MpeHeoperaem)

2
mV
mgh = —2 (4)
2
riae mgh — moTeHIra bHas SHEPTUs MapuKa B TOYKe A, U3 KOTOPOW OH HAYMHACT MaaaTh 0e3 HaYalbHOI

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.

3aKoH coXpaHeHHs MOJHOI MeXaHN4eCKOH JHepruu
ITosiHasi MexaHHYeCKasl JHEPIrusi KOHCEPBATHBHOM CHCTEMbl, HAXOASAIICHCH B CTAIMOHAPHOM I10-
TeHUHAJIbLHOM I10J1€¢, IOCTOSIHHA:
K+U,,;+U = const

eHew
rne Ucos — cOOCTBEHHAs! MOTEHIMANbHAsL SHEPTUS CUCTEMBI - 3TO SHEPTUsl B3aUMOJEHCTBUS APYT € ApY-
I'OM BCE€X YaCTHUIl CUCTEMBI. Omna 3aBUCHT OT B3aUMHOI'O PACIIOIOKCHHUA YaCTUL CUCTEMBI; 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 KMHETHYECKUX DHEPIUM COCTABIIAIOIINX €€ 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 CUJI YaCTh IIOJHOM MEXaHWYECKON DHEPIUMH COYIapsIOIIUXCS TEJl NPEBPAIAeTCs B TEILIO-
ByI0 (BHYTpEHHIOIO) 3Hepruto. [loiaHas mMexaHWdecKas HEpPTus CHUCTEMBbl YOBIBAeT, a COyJapsroliuecs
Tena 1eopMuUpyIOTCs (M3MEHSIOT cBOIO opMy). Takoii yiap Ha3bIBae€TCsI HEYNPYTHUM.

Ecnu nocne coynapeHus Tena ABMXKYTCS ¢ OJHOM CKOPOCTBEO BMECTE, TO yJaap Ha3blBaeTcsl abco-
JIOTHO HeynpyruMm. Takum oOpa3oM, MpU HEYNPYroM COYJIApEHUU IOJIHAS MEXaHW4ecKas dHeprus He
COXPAHSETCA.

OO0beKThI HccJIe0BaHus, 000pPy10BaHHE
Mertamndeckas IIacTHHA, 00pa3ylolias HaKJIOHHYIO TUIOCKOCTh. MeTaundeckue MIapuKy, TUHenKa.

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 my(pThl A (prc.2) YyCTaHOBUTDH MPOU3BOJBHBINA HAKJIOH TIOCKOCTH (TpuMepHO 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 MTPOU3BOJILHO U3MEHSATh UIMHY HAKIIOHHOM TUIOCKOCTH |, M3MEHSIS P 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-
pHJICA eIlIe OJIMH Pa3 O HAKJIOHHYIO IUIOCKOCTh B HANIPaBJICHUH €€ IPOJOJIbHON OCH.

Puc.2

3. I1o70XHUTh Ha HAKIOHHYIO IJIOCKOCTh Y3KYIO IOJIOCKY OyMarw Kpaem BIIOJb 4epThl L1, HAKPHITH
CBEpXy KOMHUPOBAIIbHOI Oymaroii u 3akpenuth 00a nucra ckoboi. [Ipu npoBeaeHnn sKcriepuMeHTa cKooy
HE TPOTraTh.

4. ITomectuth mapuk B OyHkep C B cierka oTKpbITOE€ OTBEPCTUE (ITO MO3BOJIUT 0ojiee TOYHO (PHK-
CHUpPOBaTh HAYaJbHOE IOJIOXKEHHUE IIapuKa). 3aTeM MEMJIEHHO OTKPBITh 3aCJOHKY, JaB IIApUKy IpOBa-
JUTHCA. Y JApPUBLINCH O TUNIOCKOCTh, IIAPUK OTCKOYUT U OCTABUT ciie]l Ha Oymare.

5. O603HaYNTH TOUKY yaapa Ha Oymare Toukod 1. OTorHyTh OT JiuHuH L1 ¥ momocky Oymaru u Ko-
NUPOBaAJIbHYI0 Oymary TakuM oOpa3oMm, yTOOBI MOBTOPHOE MaJieHHE MIapuKa U3 OyHKepa MpHIUIOCh Ha
METaJUIMYECKYIO TOBEPXHOCTh; OTCKOYHB OT Hee, MIApUK BTOPOW pa3 yIapuTCs O MMOBEPXHOCTb U OCTABUT
ciie Ha Oymare. DTy TOUKY 0003Ha4MTh IUPpoii 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
3aHecT B Tabm.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;)” . BBIYHCIAHUTE MOTPENTHOCT AX pe3yJIbTara 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 oT4yeTa
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 paccTossHUE 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. MonekynspHas ¢usuka. - CII0.: JIanp, 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 BOCCTAaHOBJIEHUS SHEPTUH, IPOBEPUTH 3aKOH COXPAHEHUS UMITyJIbCa.

Teopernyeckue cBeieHUs

OTkioHuM mapuk A ¢ Maccodl My Ha yroa Ao =0y — 0, TI€ 04 U O IOKa-

3aHU 10 IKane nu3MepeHus. [Ipu 3Tom mapuk nogHuMeTcs Ha BeICOTY h (oM.
puc.l). Kak BUHO U3 pUCyHKa BBICOTY IOAbEMA MOKHO BBIPA3UTh YEpPE3 UIN-
HY I10JIBECA U yIrOJl OTKJIOHEHHS Al

—~ h:I(l—cosAoc):LZSinz(A—;j (1)

ITocne OCBO60)K,I[€HI/IH IIapuKa 0e3 HaYaJILHOH CKOpPOCTH OH 6y,Z[CT YCKOPATHCA

U B HIOKHEH TOYKE CBOECH TPAGKTOPUU MPHOOPETET 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 HmxHe# Touke cBOeH TPaeKTOpPHH LIAPUK A CTaJIKUBAETCS C HIapu-

, OTKYyJa CIICAYCT

A Uq B KOM B, M mocne o4eHb KOPOTKOrO yjaapa OHH pa3JIETalOTCs B IPOTUBOIIO-
o—= O JIO)KHBIE CTOPOHBI C TOPU30HTAIBHBIMU CKOpocTsiMu U; u U, (cM. puc.2).
- A B — Tak kak BO Bpems yJapa CWIbl HaTSDKCHUS HUTEW WM CWIIBI TSKECTH, JIEH-
Uj=—0 O=U, CTBYIOIIME HA IIAPUKH, HAMIPABJIEHBI T10
Puc.2 BEPTHUKAJIM, TO JOJKEH BBIINOJIHATHCS 3aKOH COXPAHEHUs TOPU30HTAIBHOU
IIPOEKIIMH UMITyJIbCA CUCTEMBI:
Myvy = =My +Myu, (©)

B OonpmmMHCTBE Cciy4aeB peaabHbIE YIaphl TEJ HE SBISIOTCS YIPYTUMHU M3-32 BOSHUKHOBEHHS JIHC-
CUNIATHBHBIX CHJI BHYTPHU STUX Tell (BHYTPEHHEE TPEHHUE), MOAITOMY KHHETHUYECKash SHEPrus CHCTEMBI B
1esjaoM npu ynape ymenbinaercs. KoadduiinenTom BocCTaHOBICHHS] KHHETHYECKOW YHEPTUU HA3bIBACTCS
BEJIMYMHA, paBHASA:

m1u12+m2u§
2 2
muZ + m,u
K = 2 2 — 11 242 (4)

e}

2 2
2
Koadduument BoccraHoBieHHs dHEpruw Bcerna MeHbme enuHunbl: K, <1. PaBeHcTBO enmHUIe
03HAYaeT MOJHOE COXPaHEHUE YHEPTUH, YTO MOXKET ObITh TOJIBKO B MJICATHBHOM CIydae OTCYTCTBUS IWC-

CUIIATUBHBIX CUJI B CHCTEME.
ITocne cronkHoBeHUs (cM. puc.3) neiicTBUE TUCCUTTATUBHBIX CHJI

A 0(./2(“ J\A BHYTPEHHETO TPEHUsI TMpEKpariaeTcs, U, €clid MpeHeOpedsb morepeit
/ BZ SHEPTUU BO BpPEMS ABMKEHUS M3-3a CONMPOTUBIICHUS BO3AYyXa, MOKHO
, .
[ " BOCITOJI30BATHCS 3aKOHOM COXPaHEHUS SHEPTHUH JIJISl KAKIOTO I1apa B
s
. \ oraensHocTU. Illap A oTkinoHuTCs Ha yroa Ao, M HOJHHUMETCS Ha
h1 e = h BICOTY Ny, a map B oTkinoHuTCs Ha yron AP, u MOJHUMETCS Ha BbI-
AB coty Ny
2 2
u m,u
Puc.3 HWcnonw3yst ypaBaenust mygh, = M, m,gh, = —2-% anajo-

ruyHbie ypaBHeHUsIM (1) u (2), BbIpa3uM CKOPOCTH IIAPOB MOCIIE 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 COXpaHEHHsI 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 IMOCIE YNPYroro coynaapeHusi. Paccuurary koddduiueHt 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 LIKalbl, KOTAa IIapbl HEMNOJBWKHBL. 371eCh U B JajbHEHIIeM
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 MEepPBOro oTopoca o0oux 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€ MOJIOKEHHS mapa A U OepyT OTCUET JJI BTOPOTO Iapa).
VYnap U3 JaHHOTO MOJOXKEHUS MPOou3BOAAT He MeHee 10 pa3, 4ToObI ams
Ka)KI0ro I1apa MOJy4YuTh He MEeHee MATH 3Ha4eHUH 0TOpOCOB HUTEH mocie
ynapa (o2 u B2). Haiitu cpennee <oz> u <f2>.

3. OmbIT mponenarth IS IByX ApYrux 3HadeHuit ai. (oT 20° mo 25°,
ot 30° 1o 35°). 3anonHuTh TabAMIY 1.

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

Ao =0y —ag, Ao, = <oc2>—oco , ABy = <B2>—BO . PacCuutars neByto

yacTh ypaBHeHHUs (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 BOCCTAaHOBIICHUS YHEPTHH 110 Gopmyrie (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
byzaer nu cucrema mapoB 3aMKHYTON ?
CdopmynupoBaTh 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 3HEpPIUsl CUCTEMBI coxpaHsieTcsi? PaBHbI 1M KHHETUYECKUE YHEPTHH
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.

CHuCOK MCNO0/Ib30BAHHBIX HCTOYHHKOB
CasenbeB U.B. Kypc oOmieit pusuku. 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
0a/INIMCTHYECKOI0 MasiTHUKA

[leab padoThl: Mcrnonas30BaHKe Ha IPAKTUKE 3aKOHOB COXPAHEHUS UMITYJIbCa U MEXaHUYECKOM YHEP-

TUU JJISI U3MEPEHUSI CKOPOCTH ITYJIH.
TeopeTnyeckue cBeieHUsI

CKOpOCTh MOCTYNATEILHOTO IBKEHUS ITYyJIH OTPEACIIieM C MOMOIIBI0 OATUCTHYECKOTO MasTHHUKA.
OH mpeAcTaBisIeT cO00M OTKPBITHIM C OJJHOTO KOHIIA ITyCTOTENbIi MACCUBHBIN ITUIMHAP, MOABEIICHHBINA
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 JIBHKYTCS 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. Ilocne COyaapCHus NWJINMHAP MadTHUKA 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/IAONIYO C HAIIPABJICHHEM JIBIKCHUS M)A M 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 MAasTHHUKA OT BEPTUKAIBLHOTO MOJOXKCHUS TIpe-
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 — BbICOTa moJbeMa IEHTPa MacC CHCTeMbl "MasTHHUK-TyJst". U3 pucyHka
' I-h
A CIIEIYET, YTO cosa = (I=h ,
/e |
4 ; rJie 0L — YroJl OTKJIIOHEHHs MasTHHKA OT BEPTUKAIBLHOTO Mmosioxkenus; | — aauna
/ ’ noJBeca.
/ Otcroma h=I-(1-cosa),
B — [ToxcraBinss 3navenue h B (2), morydaem
h

- o= U =./2gl(1-cosa) = /29I25in2(%j:2\/g_lsin(oc/2) ()

[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
NOTEHIHAJILHOM I10J1€, MOCTOSTHHA:
K+U,_;+U

rae Ucos — coOCTBEHHAs! MOTEHIIMAIbHAS SHEPTUS CUCTEMBI — 3TO SHEPIHs B3aUMOJICHCTBUS APYT C
JPYTrOM BCEX YacTUll cucTeMbl. OHa 3aBUCHUT OT B3aMMHOTO PACTIOI0KEHUS YacTUll cucteMbl; Ugyew —
BHEUIHSS TOTEHI[MAJIbHAS YHEPT Ul CUCTEMbI — CyMMa MOTEHIIMAIbHBIX SHEPTUN BCEX €€ YacTHULl, HaXO/s-

= const

6Hew
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IMUXCA BO BHCITHEM CTAllMOHAPHOM IMOTCHIUAJIBHOM II0JIC, K — kuHeTH4YecKkas OHEPIrus CUCTEMBI — 3TO
CyMMa KUHCTHYCCKUX 3Heprm”1 COCTaBJIAIOIINX €€ YaCTHII.

Ecmm pa60Ta CUJI CTATMOHAPHOTI'O ITOJIA Hall qaCTHHeﬁ HC 3aBUCHUT OT IIYyTH, HpOfI,Z[@HHOFO ‘IaCTHHeﬁ, 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 CHCTEMOI Ha3bIBACTCA CHCTEMa, HA KOTOPYK HE JEHCTBYIOT HUKAaKHE BHEIIHHE Tella
(uu MX B3aMMOJICHCTBIEM MOYKHO IIPEHEOPEYb ).

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 CUCTCEMBbI MOXKCET 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, OATUIMCTUUECKUI MasTHUK, ITyJId, IIKaja Uil 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, MAcChl MassTHUKA My, JIIMHBI HUTH | 1 BX morperHo-
cTH (M1 1 M2 B TpaMMax yKa3aHbl Ha ITyJie ¥ LHUJINHAPE).

Tabnuna 1.

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

2. BcTaBuTh mysiro B CTBOJ MPYKUHHOTO MUCTOJIETA.
3. Haxxumas Ha cryck, MPOM3BECTH BBICTPEN U OTCUUTATH M0 HIKAJIE YTOJI OTKJIOHEHUS! MasiTHUKA OT
BEPTUKAIBHOTO MOJOKEHHUS.
4. 3HadeHue yriia OTKJIOHEHUS 3amucaTh B Ta01.2.
Tabmauma 2

oy

Aoy

(Aaj’)*

<0c>= .ol

5. H3MCpCHI/IH IIPOBECTU HC MCHCC 9 pa3; ompeaciiuTb CPEAHCC 3HAUCHUC YTIJIa OTKIIOHCHUA <O(.> , CIIy-

YyaiiHbIe OTKJIOHEHHUS KaXKI0T0 HU3MCPCHUMA AOLi , CPCAHCC KBAAPATUIHOC OTKIIOHCHUC

rze N — 9ucio u3MepeHuit (N=9); mMorpenIHocTh pe3yabraTa u3MepeHud 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 o (hopmyaam

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 Tabaunbl 1 — 3, cpeHee 3HaUCHHE yIila 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. Bua ynapa B naHHOI paboTe.
5. Korna nonHas MexaHudeckasi SHEprus CUCTEMbI CoXpaHsieTcsa? PaBHbI I KUHETUYECKUE SHEPTUU CH-
cTeMbl "myns-MasTHUK" 10 U nocie yaapa?
6. [TomyuuTs pacueTHyto GopMyITy CKOPOCTH ITYJIH.

Cnucok uCnoJIb30BAHHBIX HCTOYHUKOB
1. CaBenneB U.B. Kypc o6mieii 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 padoThI: NPAKTUYECKOE UCIIOJIB30BAHUE 3aKOHOB COXPAHEHUS MOMEHTa UMITYJIbCA U MEXaHU-
YECKOM SHEPTUHU ISl ONIPEACIICHUS] CKOPOCTH ITYJIH.
Teopernyeckue cBeleHUs!

B nmanHo#i paboTe ¢u3MUecKuil MasSTHUK MPEICTaBIsSET COOOH ITH-
JUHAP Maccol My (YaCTUYHO HAIIOJIHEHHBIN MJIACTUIIMHOM), YKPEILJICHHbIN Ha
TOHKOM CTEpKHE Maccoi M¢ u mmuHou | (puc.l). CTepkeHb IIapHUPHO 3a-
KpEeIlJIEH Ha TOPU30HTAJIBHOM OCH M MOXET BpaIlaTbCid B BEPTUKAIBHOU
r miockocty BOKpYyr Touku O. IlonokeHue LieHTpa Macc LUIMHAPA OTHOCHU-
TenbHO TOUkM O 3a7auM paguycoM-BEKTOpOM I . B MasTHUK CTpensdioT B

C TOPU30HTAILHOM HAampaBiICHUH MyJeil, uMeroled Maccy My U CKOpocTh V .
o )my, [Tyns BXOAWT B MJIACTUIUH (Hjaynpyrﬂﬁ yaap) u coobmaer Guandeckomy
" MasiTHUKY YTJIOBYIO CKOPOCTh . B pe3ynbraTe 3TOr0 MasTHUK OTKIOHHTCS

Ha yroJ o ¥ ero neHtp macce C mogHuMeTcs Ha BbIcOTy h (puc.2).
Puc.1 Cucrema "nyns-masTHuk" He3amkHyTas. Ho eciu cuutath ynap
MTHOBEHHBIM, TO 32 BPEMs yJapa MasTHUK HE YCIEeT CyIIECTBEHHO OTKJIO-
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- mysnbca Ly OTHOCHTENTBHO TOUKH
O (puc.l) ana Bcedd CUCTEMBI TEpea yIapom % 0] pPaBEH MOMEHTY UMITYJIbCa ITYJIH:
Ly =[FxB,]=m,[FxV], ‘&\)
rae p, = mn\7 — UMITYJIbC IyJIM A0 yAapa (Ma- o STHUK HAaXOJUTCS B TIOKOE).
Hanpasnenne Bektopa L, onpenensiercs hj: C IIPAaBUJIOM MPABOTO BUHTA (CM.
HPUIIOKEHHUE), @ €r0 MOYJIb (M MPOEKIHS Ha p— ock Z)
L, =mVrsin90°=m\Vr. Eﬂj
Tak kak och BpallleHHs MasTHUKA MEPIICHIUKY- Puc.2 JSIpHA TIOCKOCTH €T0 Bpallle-

HUSI, TO MOMEHT UMITyJibca L, BCei CHCTeMBI OTHOCHTENBHO TOM ke Touku O mocie yaapa (Korja myis

3aCTpSHET B IUTIACTHIINHE)

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

[Tockonbky cuctema OyJeT BpamaThCsl 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 CHCTeMBbI KaK BeJTMYKHA a/I/IMTUBHAS 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,r° — MOMEHT UHEPLUH IIyJIH.
CrnenoBartenbHO, B JaHHOM 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 OIMPCACIICHA 10 3aKOHY COXPAaHCHUA
MEXaHUYeCKOM OHEpPIUHU, KOTOpBIfI 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 — [NOTCHLUHUAJIbHAA 3H€pFI/I$I CHUCTCMBI ITOCJIC OTKIIOHCHU €€ 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) ¢ yuerom (6) u moactasus B (3), Haiiiem ckopocThb V myu:

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 NnpaBMiIO IPAaBOrO BUHTA CBS3aHO C OIPEIEICHUEM HAIPAaBJICHUS BEK-
< TOPHOTO NMPOU3BEIECHHUS IBYX BEKTOPOB.

BekropHoe npousBeneHue, o003HayYaeMoe [Ax B], nByXx BekTopoB A m B ectpb

BekTop C, Moayns koroporo C = A-B-sSina, rae o — yron MHHUMAaJIbHBIA YTOJI MEXITy
BekTOopamu A u B.

— e g o

A TTOEB Hanpasnenue Bekropa C neprneHIUKyISIPHO MIIOCKOCTH, B KOTOPOIL JIexaT BEKTOPbI

A n B, n coBmajgaeT ¢ HanpaBJIECHUEM MTOCTYNATEIBHOTO JIBUKEHUS MPAaBOr0 BUHTA IIPU

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

[IpyxuHHas mymka, GU3MUECKUN MasTHHK, IyJisl, IIKaJIa A7 U3MEPEHHUs YIJla OTKIOHEHUS MasTHU-

Ka.

Padouee 3aganue
[IpoBecTu n3mMepeHne CKOPOCTH I1yJIU, BBIITYIIEHHON U3 IIPY>KUHHOI'O IUCTOJIETA.

HOpﬂ)IOK BbIITOJTHCHUSA pQGOTLI

1. 3apsaauTe NPYXHUHHYIO MYIIKY.
yIApHBIA CTEp)KEHb, B3SIBIIUCH 32 BBI-
OTTATMBATH 10 TEX IOp, MOKa JAPYrou
BBICTYII B B BepTHUKaIbHOE MOJIOKEHHE,
CTEp>KEHb U IPYKUHY B CKATOM COCTO-
3QJI0KUTh Tynro (JIEBbI Kpall mynu

2. 3anucaTbh HadaJbHOE IOJIOKEHHE
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
HOBTOPUTH 5 pa3 (BbICTpEN IMPOU3BO-
HOMY MasTHHKY). Haiitu cpennuit yron

5. Brluucnuthk Maccy Bcel CUCTEMBbI
myJe (5). Macca mynu ykazaHa Ha Helf,
YCTaHOBKE.

6. IloacuuTaTh MOMEHT UHEpPLUU J

).

B A
I g
Puc.3
//
//
//
/\\</
(\7\\//’
| 4
P A
(O
Puc.4

Jlis 3TOro OTTAHYTH Hazaj
ctyn A (puc.3). CrepxeHb
PYKOI HE yaacTcsi MOCTaBUTh
B KOTOPOM OH YJIE€pPKUBAET
stHUU. 3ateM B AyJio [ mymku
COBMECTHUTH ¢ TopuioM [1).

Olo OCTPHS CTEpPXKHS IPU He-

HAaNMCHBIIIECTO JeNeHUs

(npuBens B TOPU30OHTAIBHOE
OCTpHSl Ol MPU MaKCUMalb-

MasTHUKA O, = 01 — Olo. OIBIT
JUTHb TOJBKO II0 HEIOIBHK-
OTKJIOHECHUSA <0.>.
"myns-mMasTHUK" M 110 op-
a OCTaJIbHEIC MACCHl — Ha

BCel cucteMsl 1o opmyie

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

dbopmye (9).

8. CpeaHIor 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. byner nu cucrema "myna-MasTHUK' 3aMKHYTOWU?
2. Korga MOMEHT UMITyJIbCa CUCTEMBI COXpaHSETCS?
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3. CoxpaHsieTcs I MOMEHT UMITYJIbCa CUCTEMBI "TyJIsI-MasgTHUK" MIPU BPAILICHUH €€ TToce yaapa?
[Touemy?

4. Bun ynapa B JaHHOM 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 IIYJIX IIPH BEICTPEIIC C IOMOLIBIO 3aKOHA COXPAHCHUS IIPOCK-
Oy MOMCHTA UMITYJIbCA.

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 HYKHOM
paccTosiHuM OT ocu BpanieHus. [lucromner 3 3akperieH cOOKy Ha MoJIcTaBKe 4, MOKET MOBOPAYHBATHCS U
nepeMenaThesl A CTPEIbObl B JIOBYIIKY (110 KacaTelabHO) U 3aKperuisieTcs BUuHToM-0aparikom 5. Tlox-
CTaBKa TaK)K€ MOKET MOBOPAYMBATHCS, MIEPEMEIIATHCS U 3aKPEIUISETCS] BUHTOM-0apamkoM 7. YToII To-
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 ardopmy. Ha ocHoBaHuUM 3akoHa coxpa-
HCHUS NPOCKINH MOMCHTA UMITYJIbCa MOYKHO 3aIIMCaTh:

mVl =(J +mlo, (1)
TIe M — Mmacca myJiu, | — IJIEYO0 UMITYyJIbCa IIyJIH, T.C. paCCTOAHUC OT OCH BpPAIICHHA 0 JIMHUHU HM-
nyJjbca mynu, V — CKOpocTh My, J — MOMEHT MHEPLHH IIAaTPOPMBI C JOBYIIKOH OTHOCHUTEIBHO OCH
BpALIEHUs, ® — YTII0Bask CKOPOCTh MIATPOPMBI cpa3y nocie yaapa. Otcrona cineayer

V =(J +ml®)e/(ml) 2)
YI{TSI, 4qTO IOCJIC ylapa HHaT(I)OpMa BpamacTCd pPaBHO3AMCIAJICHHO W ITOBOPAYUBACTCA 0O HOJIHOU
OCTAaHOBKHU Ha YT'OJI (p, BEIPA3UM (O UCPE3 YITIOBOC YCKOPCHUC € U YTOJI (p: w= \/28(4) . BCJ'II/I‘{I/IHy €, B CBOIO

o4yepeab, MOXKHO HaWTH U3 JOITIOJIHUTCIIBHOT'O Ha6J'IIO)IeHI/I$[ BpamaTCJIbHOI0 JABMKCHUA AHWCKA, BBI3BAHHO-
T'O TOJTYKOM PYKHU:

-2 ©)

i€ 0. — YroJI OBOPOTa MIaT(HOPMBI IO OCTAHOBKH, t — BpeMsl 3TOT0 OBOPOTA.
OxonuatenbHO a5 V umeeM

2
V=T . (4)

3aKOH cOXpaHeHHs MOJHOI MeXaHN4eCKOH JHepruu
Tlonnas mexanuueckas sHep2usl KOHCEPEAMUBHOU CUCIEMbL, HAXOOAWENCs 8 CMAYUOHAPHOM NOMEHYU-
ANbHOM NoJle, 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 TOTEHLMAIbHAsI DHEPIUsS CUCTEMBI — CyMMa IOTEHLIUAIbHBIX YHEPIUH BCEX €€ YaCTUL, HaXOs-
IHUXCA BO BHCIIHCM CTAllMOHAPHOM IMOTCHUHUAJIBHOM II0JIC; K — kuHeTH4eckas OHEPIrus CUCTCMBbI — 3TO
CyMMa KMHETHUYECKUX DHEPIUi COCTaBIIAIOUINX €€ YaCTHLI.

Ecnu paboTa cui cTaliioHapHOTO TMOJIS HaJl YaCTHIIEH HEe 3aBUCHT OT ITyTH, IIPOUICHHOTO YaCTHIICH, a
3aBHCHT TOJIBKO OT Ha4aJIbHOTO U KOHEYHOI'O MOJIOKEHHS YaCTULbI, TO TAKAE CHUJIbI HA3BIBAOTCS KOHCED-
6AMUBHBIMU, & TIOJIE NOMEHYUATIbHBIM.

eHew

3akoH COXpaHECHHUSI MOMEHTA UMIIYJIbCa

3GMKHym01/7 cucmemol Ha3bIBaeTcCs CUCTCMA, Ha KOTOPYIO HC ﬂeﬁCTBYIOT HHUKAKNE BHCIIHUEC MOMCH-
ThI CUJI (MJIM UX JICWCTBUEM MOXKHO MPEeHEOpeYb).

MOMEHRNM UMNYTIbCA CUCMEMbL OCmaemcsi NOCMOAHHBIM, M.€. He MEHAENICA CO 6pEeMEREM, eCllu cucme-
Ma 3AMKHYma uiu CyMMClprluv MOMEHM 68CeX BHEUWHUX CUIL, deﬁcmeyiou/;ux Ha yacmuyvl cucmembsl, paceH
HYTIIO.

TaKI/IM 06pa3OM B HHepHI/IaHBHOfI CUCTEMC OTCUECTA MOMCHT I/IMHy.HI)Cﬁ 3aMKHYTOI\/JI CUCTCMbI HaCTHUL

L=>"L;(t)=const

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

KOTOPYIO HEIIOABMAKHYIO OCh Z, €CJIM IIPOCKIIMI CYMMapHOIroO 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
OnpenenuT MOMEHT UHEPIIMH TUCKA, YTIIOBOE YCKOPEHUE U CKOPOCTD ITYJIIH.

ITopsinok BeINOJHEHHS 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 MyCTUTH CEKyHIOMED. 3apUKCUPOBAThH 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, OBEPHYTH €TI0 TaK, YTOOBI MPU BBICTpEJIE MyJIs MMonaja B JOBYIIKY B HAIlpaB-
JICHUH T10 KacaTelIbHOM K TPAeKTOPUHU ABM)KEHHUS JOBYIIKH.

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

6. OnpeaeanTs 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 dhopmyie (3), moacrapiisst o = <o>, CKOPOCTh IyJn 110 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 IMOJIHAA MEXaHUYCCKaA SHCPIust CUCTCMbI COXpaHHGTCﬂ? Moxert nu 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 o6meit ¢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-
MOJIBUKHOM OCH, OT pe3yJIbTUPYIOIIEr0 MOMEHTA JeHCTBYIOIIUX Ha HETO CHIL
Teopernyeckue cBeleHUs!

m, . DKcrnepuMeHT IpoBoAUTCS Ha MasTHHKe ObepOeka, KOTOPBIH YCTPOEH clie-

N nyromuM obpazom (puc.l). Ha HEMmOABMXHYIO TOPU30HTAIBHYIO OCh HAJET

mKUB paguycoM I. Co IMIKUBOM KECTKO CKpeIuieHa KpecToBuHa. Ha cTepixkHsax

. KPECTOBHUHBI HAaxOIATCs TPy3bl Maccod Mi. I'py3sl MOXHO cmemars BIOJIb

F) CTEepXHEH, U3MeHsIsl P 3TOM MOMEHT MHepiuu J masTHuka. Ha mkuB Hama-

TBIBAETCS LIHYP € rpy30M mMaccoud M. IIpu onmyckanuu rpysa MasTHHUK BpallaeT-

Csl BOKPYT HEMOABHKHOM TOPU30HTAIBLHON ocu Z. M3mepuB BbicoTy h U Bpems

~ |h t, B TeUCHHE KOTOPOrO I'Py3 M3 COCTOSIHHS IOKOS ONMyCTHiICS Ha h, MOXHO
[F HAWTH MOJYJIb IOCTOSIHHOTO YCKOPEHUS M3 3aKOHA JIBUYKEHUS

Z

]
w

rA
t
LJ

a t?
mg y
=Yo+Vo t+——.
v Y Y=Y Oy 2

[Ipu BBIOpaHHOI OCH Y, HAallpaBJIEHHOM BHU3,
Puc.1 _v.—h B B
y—Yo=h,Vp, =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 ¢ yueroM (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, ABHXKYHICTOCA € IIOCTOSIHHBIM 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)

Bpamenne masTHHKA co3naerca MoMeHTOM cuibl M =[F xF], mpoeknus KoToporo Ha HETOJBUX-
HytoocbZ M, =F -r.

. Hanpasnenne M onpeznensercs HpaBWIIOM IPAaBOro BHHTA.
F =F npu ycioBuu HEBECOMOCTH HUTH, IOITOMY € y4eToM (3)

M, =m( -2 )1 @

B nannoit pabote Tpy3uKu M1 CHATHI 1 MOMEHT MHEPIHH J Ma-
SITHUKA TTOCTOSIHEH.

W3mensst maccy M rpysa, HallpuMep, YBEJIU4MBasi €€, U U3Mepsis
BpeMsl MaJICHHsI TPy3a C OJHOW M TOM ke BBICOTHI N, o hopmynam
7

O I 22
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(2) 1 (4) naitnem € 1 M; B KaXI0M OIIBITE C ONPEACIICHHBIM Ipy30M. [10 3TUM 3HaUYEHUSM 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 TPEHHUS, paBHbIA O0Tpe3Ky O/, © MOMEHT UHEPIIMU MasIT-
HUKa
_AM
Ae
IIpaBuiio npaBoro BuHTa (0ypaBuuka). BekTopHoe npou3BeeHue 1BYX BeKTOPOB

J

. Bekropnoe npoussenenue, oboznauaemoe aubo [A, B], mubo Ax B, nByx BekTopoB A
¢ . -
u B ectb BekTop C, MOAyNb KOTOPOTO
C =ABsina,
/i€ 0L — HAMMEHBIINK yrosi Mexay BekropamMu A u B.
Hamnpapnenune Bekropa C meprneHAMKYIISPHO IUIOCKOCTH, B KOTOPOM JIekKaT BEKTOPbI A
x B
~—

u B , 1 COBIIAJIACT C HAIIPABJIICHUEM INOCTYHATCIBHOI'O0 ABMIKCHUA IIPABOI'O BUHTA IIPU €TI0

—

nosopote oT A k B Ha yrois, menbmnii 7.

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

A PaGouee 3ananune
OnpenenuTb MOMEHT HHEPITUH KPECTOBUHBI 1 MOMEHT CHJIbI TPEHHS.
B
C

IHopsinok BbINOJHEHHS Pa0OTHI
1. Bpamas MasTHUK 3a criuibl A, HAMOTaTh HUTh Ha WKUB B u nmoxusaTs rpy3 C Maccoit
M, yKa3aHHOHM Ha HEM, Ha MAaKCHMaJIbHO BO3MOXKHYIO BBICOTY h.
2. U3meputs Bpems nazeHus rpysa. [IpuaepxuBas o1HOM pyKoi MasTHUK 3a JH000H U3
CTEpXHEH, pyrol KOCHYTbCS TOJIOBKH ceKyHaomepa. OJIHOBPEMEHHO HaXkaTh 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. [logcunTars 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, 100aBiss 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

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

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

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

Conep:kanue oTyera

23



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

KoHTpoJibHbIE BONIPOCHI
1. Omucarp mastTHuk 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. Jlate onpeneneHue yrioBoMy YCKOPEHHIO M MOMEHTY cwi. Kak ompenenuTs Moynb U HalpasJe-
HUE yTJIOBOTO YCKOPEHUSI, MOMEHTA CHJIbl, BPAIAIOIIET0 MASITHUK?
5. Ha pucysnke npezcraBiieHsl 1Ba rpadrka 3aBUCIMOCTH YTJIOBOTO YCKOpe-
HUSI OT MOMEHTA MHEPLIMU IIPU IIOCTOSIHHBIX MOMEHTaX M BHemHuX cuil. Kakon
U3 3TUX MOMEHTOB 00JIbI1Ie?

M, CnucoK MCnoJib30BAHHBIX HCTOYHUKOB
M, 1. CaBenweB U.B. Kypc o6meit ¢pusuku. T.1. Mexanuka. MonekyisipHas Gpu3mka.
1 CII6.: JIans, 2008. 352 c. ra.IIl, §29, rn.V, § 38, 39.
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JlabGopaTopHas padota Ne 7

Onpeuenenne MOMCHTOB MHEPUHUHA METOAOM KoJie0aHuii

Ieab Daﬁ()TbIZ SKCIICPUMCHTAJILHO ONPCACIMTL MOMCHT MHCPUHUU OJHOPOIHOI'O0 CTCPIKHA OTHOCH-

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

Y
-
Wy
Y
A
S
4 0
e (pofy C ‘
A a
>
1/2 . \\\ f/
—] %
B
Puc.1
Yo
b
ok
h //
O 7
A
Puc.2
1.5
=—Jo° =mgh
> g

Teopernyeckue cBeleHUs!

B nannoii pabore merogoM KkosieGaHUIl ompenernsieM MOMEHTBI
WHEPIMH CTEPKHSI OTHOCUTEILHO OCH, MPOXOJSIIEH Yepe3 IEeHTP
Macc, Je, 1 OTHOCUTENBHO MapauIebHON el OCH, MPOXOoIsiuIeil ue-
pe3 KoHel crepxkHs, Ja. Ui ompeneneHuss MOMEHTa MHEpUUH Jc
Ha0II01aeM MaJible KoJieOaHMs CTepKHS Ha OU(IIIpHOM TOJBECe
(puc.1,2). [ns ompeneneHuss MOMEHTAa WHEPLUUU CTEPKHA Ja
Ha0IrI01aeM MaJsible KoJjieOaHusl, TTOIBECUB €ro 3a KoHell (puc.3).

3a cyer TpeHHs B TOYKaX IMOJBECA YHEPTHs KOJIeOaHUN CTEPIKHS
yMmenbinaercs. OIHaKO eClid OTpaHUYUTCA HAOIIOJIEHUEM HECKOIIb-
Kkux koseOanuwii (B mpemenax 10-20 kosebanwii), To paboTa cui
TpeHust OyneT HeBeluka, Ee MOXHO HE YYUTBHIBATH U MPHU MajbIX
yrilax OTKJIOHEHHUd (6-8°) kosiebaHust CYUTATh TAPMOHUYECKUMH:

0=0, Sin(%tj D

TJIe (o — yIJI0Basi aMIUIATyAa; T — nepuoj konebanuii. Tak kak pabo-
TOM CuJI TpeHus mpeHeOperaeM, TO TMOJHAs MEXaHMYECKas DHEprus
CTEP’KHsI OCTAETCSl HEM3MEHHOM. IIpu IPOX0KIEHUH MOJI0KEHHS PaBHO-

. . 1
BECHUsl CTEPKEHb 00JIaJaeT TOJIbKO KMHETUYECKO sHepruei: K = EJ(DZ'

rac @ — MakCuMalibHas yriioBas CKOpPOCTb.

HpI/I OTKJIOHCHHWH CTCPIKHA OT IIOJOXCHHUA PAaBHOBCCHUA HAa MAKCHU-
MaJbHBIN YTOJI €T0 ITOJIHASA MCXAHUYICCKAas SHCPTHUA (HOTCHHI/IaJ'IBHaSI) U=
mgh, rac h — makcumainbHas BeIcOTa MMOAHATHUA HCHTPA MAaCC CTCPIKHA.

3anuieM 3aK0H COXpaHCHUA DOHEPTUU

@)

®opmyisl (1) 1 (2) MO3BOISAIOT HAMTH MOMEHT MHEPLIMHU J, €CJIM U3MEPEH Ha OIbITE Mepuo]l Koneda-

Uil T,

1. Onpenesnenune 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

27

= 0O=—0Q¢ 3)

T

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 OTKJIIOHCHUS HUTU, OJHO3HAYHO CBSI3aHHBIM
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
NMpoXo/siileil yepe3 KOHell.
A B ¢dopmyny (2) moacraBiseM COOTBETCTBYIOIIME 3HAUCHHUS MaKCHUMAaJIbHON
CKOPOCTH IPH MPOXOXKAECHUU M10JIOKEHHUS paBHOBECUS ® U3 (3) U MaKCUMaJIbHON
Po BBICOTBI OJHSTHUS 1IeHTpa macc h (puc.3). U3 puc.3 monyyaem cBsi3p Mexay h u

h%{ o YIJIOM (o:
b IS h=L(-cosg) = t2sin2 L~ Loz (6
2( ®o) > > 4(P0 (6)

p N3 paBenctra (20) ¢ yuetom (3) u (6) noiayuaem

= mgl >
L 7
Puc.3 Ia 812 Ta (7)

Taxkum 00pa3om, U3MeEpsIs Ha ONBITE MEPUOIbl KOJIeOaHU CTEPXKHS Tc U Ta,
JUTMHY HUTHU TIOJBECA, JJIMHY CTEPKHS, MOYKHO BBIYMCIIMTh MOMEHTHI HHEPIHUH Jc U JAo CTEpKHS OTHOCH-
TEJIbHO MapauIeTbHBIX OCEH, a pe3yNIbTaT COMOCTaBUThH ¢ Teopemoii LlTeiinepa.
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 cyMMe MOMEHTOB MHEPIIUU COCTABISIONINX €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 HecIeI0BaAHN, 000PyI0BaHUE
CrepxeHb Ha OUPUIIIPHOM TOJIBECE, CEKYHIOMED.

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

IMopsinok BbINOJTHEHHS PA0OTHI
1. HOI[BeCI/ITI) CTEPIKCHb HAa HUTAX CTPOTO T'OPU3OHTAJIBHO, PACIIOJIOXUB €T0 MCXKAY HAIIPaBJIAKOIIN-
MHU.
2. B34TbCs 3a MpaBylO HAMPABJISIONIYIO, TOJBECTH K CTEPXHIO U MOBEPHYTh €ro Ha yroi 4°. 3arem
PE3KO pa3BepHYTh HAMPABIAIOUIYIO IJIAHKY OT CTEpXHs, MPEJOCTaBUB €My BO3MOXHOCTh 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 nepuoaa < T¢ >.

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 ¥ IPUBECTU B KosieOaHNE B BEPTUKAIBbHOM INIOCKOCTH. YTOI OT-
KJIOHEHHUs HE J0JDKEH IIpeBbIIaTh 4°.

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

7. ITo dpopmynam (5) u (7) BBIYUCIUTH MOMEHTBI HHEPIIUH CTEPXKHS OTHOCUTEIBLHO TEPIICHIUKYJISP-
HBIX €My, HO MapajuleibHBIX APYT APYTy OCEH, MPOXOAIIMX depe3 LEeHTp Macc (Jc) U KOHEL CTEep)KHS
(Ja), moaCTaBIISAS B HUX CPEAHUE 3HAYCHUS <Tc> u <TA> .

8. CHy‘IaﬁHHe OTKJIOHCHUS KaXKJI0T0 U3MCPCHUA IICPHUOA0OB 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. OTHOCUTEBHBIE U A0COJIFOTHBIE MOTPELTHOCTH MOJCUYUTATh 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 [<TA>j 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 (u3nueckuii cMbICT MOMEHTA HHEPIIMH MaTepUAIbHOM TOYKH, TBEPJIOTO Teia?
2. Kak BBIYMCINTE MOMEHT HHEPLIMHU TEJIa OTHOCUTEIIBHO OCH, IIPOXOASILEH Yepe3 UEHTP Macc?
3. Copmynuposats Teopemy llTeitHepa.
4. NOY4YUTh CBA3b MEXy MAaKCUMAJIbHON YIJIOBOW CKOPOCTBIO CTEPXKHS U aMIUIUTYA0H ero Koyeba-
HUM.

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

CHucoK HCI0JIb30BAHHBIX HCTOYHHKOB

1. CaBenpeB U.B. Kypc obme#t ¢puszuku. T.1. Mexanuka. Monekynsapras ¢usuka. - CI16.: JIanp,
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 YCIOBHUS €r0 TapMOHUYECKUX KOJeOaHWN M ONMPENeNuTh PaJnyC KPUBH3HBI IO-
BEPXHOCTHU

Teoperuyeckue cBeieHUs
Pangnyc kpuBusHbl R rmankoil chepuyeckoil MOBEpXHOCTH MOXKHO ONPEAEIUTb, U3MEPUB MEPHOJ KO-
nebanus 1’ mapuka, KaTatouierocs Mo 3TOH MOBEPXHOCTH.
Ecnu npeneOpeus noTepsMu SHEPIUH, 3aTPAYMBAEMOM Ha MPEOAOJIEHUE AUCCUIIATUBHOW CHIIBI Tpe-

0 HUS, TO JJISl KaTalomerocs 06e3 MpoCKaib3bIBaHUS LIAPUKA JTOJHKEH BBIOJI-
HATBCS 3aKOH COXpaHEHMs1 MexaHndeckoil suepruu. Llentp macc C mapuka
JBIDKETCSI MOCTYMATeNbHO, HO, KPOME TOTO, IIAPUK BPAIIAeTCs OTHOCH-
R TEJILHO OCHU Z, TIpoxoAsuiel yepe3 Touky C meprneHAnKyIsSpHO IIOCKOCTH
(puc.1). IlosToMy nonHas MeXaHUYECKasi SHEPIUs LapuKa
2 2
mV, J.o
E=—%+——+mgh=const Q)
hi 2 2
%77;7/77% | 2 2
3nmecr M — macca mapuka; J = gmr - €r0 MOMEHT MHEPIUU OTHOCH-
Puc.1

TEJBHO OCH Z; I' — paJlyC LIapuKa.
Moaynb yriioBoil CKOPOCTH ( LIApUKa BOKPYT OCH Z CBSI3aH C MOJyJIEM CKOpOCTH V¢ IOCTyNaTeIbHO-
r'o IBUYKEHMsI LIEHTPa MacC COOTHOUIEHUEM

de V.
N=——=—, 2
dt r @)
[Toxcrasnss (2) u Beipaskenue ains Je B (1), monyyaem
2
E :lmrz(@j +mgh = const . (3)
10 dt

Ho npu xauenunu mapuka no cepudeckoil MoBEpXHOCTH €ro IEHTP MAcC OTKJIOHSIETCS OTHOCUTEIBHO
nentpa O moBepxHocTH Ha yroia ¢. M3 puc.l BUAHO, YTO yrom ¢ CBs3aH ¢ YIJIOM MOBOpoTa O mapuka
OTHOCHUTEJIBHO OCU Z COOTHOLLIEHUEM

R 1
0= - 4
rae R'=R—r. Kpome Toro, u3 npsimoyrosibHoro Tpeyroisuuka OBC cienyert, 4To
h=R'-R'cos¢. 5)

[Toncrasmnss (4) u (5) B dopmyiy (3), BeIpaykaeM MOJTHYIO MEXaHUYECKYIO SHEPTHUIO LIapuKa yepes
yroi @:

7 n2 d(P2 ,
E=—m(R — mgR '(1—-cos ¢) = const . 6
10()(dt]+g( 0 ©)

B BepxHel TOYke TPaeKTOPHM CKOPOCTh HIApPMKA PaBHA HYJIO M BCA
MEXaHUYeCKas DHEprus IIapuKa IEPEeXOAUT B MOTeHUMANIbHY0. [Ipu mpo-
XOXKJICHUU IapUKOM mojioxkenus: paBHoBecus (N=0) cKOPOCTh W KHHETH-
YecKas DHEpIys IapuKa MAKCUMAJIbHBI.

PaCCMOTpI/IM KHUHCMATUKY JABUKCHUS [IapUKa. CKOpOCTB VC €ro ncH-

Tpa Macc C Bcerjma HampaBlieHa IO KacaTelbHOW K TpaekTopuu (puc.2).
[TomHOE ycKOpeHHe @ IIeHTpa Macc PaBHO CyMME TaHTCHIIMAJIBHOTO &, U

HOPMAJILHOTO d,, YCKOpEHHWH. YCKOpeHHe &, HalpaBJIeHO TAaKKe 1Mo Kaca-

TEJIbHOW K TpaeKTopuH. Ero MoayJib CBsi3aH ¢ MOJYJIEM YIJIOBOIO YCKOpE-
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HUS BpallleHus IIapuKa BOKPYT ocH Z GopMyJioit

d20
a..c =r dt_2 . (7)
YCKopeHI/Ie én HaIpaBJICHO K LECHTPY KPUBU3HBI. Ero MOOYJIb
Vi 2
a, = % . (8)

OTU MOJYJH U3MEHSIIOTCS MPU KOJieOaTeNIbHBIX IBUKEHUSIX [IapuKa nepuoaudecku. B Bepxueil Touke
TPACKTOPUU MPU HAMOOJBIIEM OTKIOHCHHH IIapUKa OT MOJOXEHHS paBHOBecHs V¢ IMapuka M 8n paBHBI
HYJIIO, a 8r JOCTUraeT MakcuMyMma. [Ipu mpoxoxaeHun MoyiokeHus: paBHOBecHs, HaoOopot, &, =0, a Ve u

an MAKCUMAJIbHBI.

Haiinem nepuon xonebanuii mapuka. J[as 3Toro HeoOX0IMMO MOIYYUTh JHHAMUYECKOE YPaBHEHUE
Kosie0aHu# (T.e. ypaBHEHUE TWHAMUKHU JJIs TIOCTYHATENFHOTO WM BpPAIIaTeIbHOTO ABMKEHUS KOJIEOIIo-
nierocst mapuka).Jlis moObIX He3aTyXaloNMX TAPMOHUYECKUX KOJIeOaHUH 3TO ypaBHEHUE UMEET OOIIHIA
BU/I

®du3nyeckoe Tea0 GyAeT COBEPUIATH FApMOHUYeCKHe KOJIeGaHHsSI B TOM cJIydae, eCJIM Ha Hero
AelCTBYeT CHJIa MJIH MOMEHT CHJIbI, IPONOPIHOHAIbHbIE CMELIEHHIO OT MOJIOKEHHSI PABHOBECHS U
cTpeMsiliecsi BEPHYTH TeJIO B MOJI0KeHHe PABHOBECHSI.

Bocnonb3yeMcst 3aKOHOM COXpaHeHHs MeXaHHYecKoi sueprun (6). BozbMeM mpou3BoHyO 1O Bpe-
MEHHU OT 00CHX YacTel 3TOro ypaBHEHHS, COKPATUM MOJy4YeHHOe BhipakeHue Ha MR'(de/dt) u mpuse-

JIEM €ro K BUY, aHAJIOTUIHOMY (9):

2
d 5 :
—;p+—-glsmq>:0. (10)
dt= 7 R
Ortcroa BUAHO, U4TO MIAPUK OyJIeT COBEpIIaTh TAPMOHUYECKHE KOJIeOaHsI OTHOCUTEIHHO TOJIOKEHUS
paBHOBECHSI B TOM ciIydae, korjaa Sing =~ ¢. T.e. ycaoBueM rapMOHHYECKHUX KOJIeOaHuil B TaHHOM paboTre

OyIlyT MaJible yTIIbl OTKJIOHEHUS IApPUKa OT MOJ0KEHUSI PABHOBECHS.
B aToM cityyae yron ¢p u3MeHsIeTCsl [0 TApMOHUYIECKOMY 3aKOHY ¢ = @ Sin(wpt + o), roe

_2n_ |5¢g

T 7R’
Hcnonb3ys Beipaxenus (4), (7) u (8), MOKHO BBIUMCINUT 3HAUEHUSI CKOPOCTH U YCKOPEHHS IIapUKa B
10001 MOMEHT BpeMeHU. UToOb! HallTH 3aBUCUMOCTH paanyca KpuBHU3HBI R chepuueckoil mOBEpXHOCTH

oT nepuoja T, kotopyro HaxoauMm u3 popmynst (11), mogcraBum B Hee R'=R—r:
2

5 T
R=2g—+r. 12
792 (12)

HpI/I BBIYHUCJICHUH MBI HC YUUTBIBAIN, YTO MEXaHNYCCKasA SHEPTUA IaprKa YMCHBIIACTCA 3a CUCT pa-
OOTBI AUCCUTIATUBHON CHUIIBI TPEHUS M TIOTOMY B JEHCTBUTENHLHOCTU KOJICOAHUS IIapuKa OyayT 3aTyXaro-
IIMMU. 3aTyXxaHueM Kosebanuii B paboTe mpeHeOperaem.

) (11)

3aK0H COXpaHEHUS MOJIHONH MEeXaHUYeCKOH JHePruu
Ionnas mexanuueckas s3uepaus KOHCEPEAMUBHOU CUCHEMbl, HAX00AUELCsl 8 CMAYUOHAPHOM NOMEH-
YUanbHOM nojie, NOCMOAHHA:
K+U_;+U

rne Ucos — COOCTBEHHAs! MOTEHIMATbHASL SHEPTUSI CUCTEMBI — 3TO SHEPTHs B3aUMOACUCTBUS IPYT C
JPYrOM BCEX YacTHIl cucTeMbl. OHa 3aBUCUT OT B3aMHOT'O PacIoIOKeHUs YacTULl CUCTEMBL; Usgnew —
BHEUIHSA MOTEHIUAIbHAS YHEPTUS CUCTEMBI — 3TO CyMMa ITOTEHIIMAJILHBIX SHEPTUH BCEX €€ YACTHIL,
HaXOJSIIMXCS BO BHELTHEM CTallHOHAPHOM MOTEHIMAIBHOM Moiie; K — KuHeTn4eckasi 3Heprus CUCTEMBI —
9TO CyMMa KMHETHYECKHX DHEPTUH COCTABIAIOIIUX €€ YaCTHUILL.
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Ecnu pabGota cuit cTarimoHapHOTO OIS HaJl YaCTUIICH HE 3aBUCHUT OT ITYTH, IPONUIECHHOTO YacTHIICH, a
3aBHUCHUT TOJIBKO OT HAYaJIbHOT'O 1 KOHCYHOI'O ITOJIOKCHU A YaCTHUILIbI, TO TAKUC CHUJIbI HA3bIBAKOTCA KOHCED-
8AMUBHBIMU, A TIOJIE NOMEHYUATILHBLM.

O0BeKTHI HCCIe10BaHNS, 000PYI0BAHUE
N30rHyTHI %)en00, mapuK, CEKyHI0OMED.

Pa0ouee 3aganue
Haiitu paauyc KpUBU3HBI H30THYTOTO Kenooa.

Iopsiiok BbINOJIHEHUS PA0OTHI
1. C moMoIIbi0 MEKPOMETPA 5 pa3 B Pa3sHbIX MECTaX MU3MEPHUTh JAUAMETp Hiapuka 0 v BBIYMCIHUTD pa-
auyc r = d/2.
2. BeIBecTH MIapUK U3 MOJOKEHUSI PABHOBECHUS TaK, YTOOBI yTroJI OTKJIOHEHUS ¢ (cM. puc.l) Obut mai.
Omnpenenuts BpeMms t msitu (N=5) moyHbIX Kojebanuii mapuka. OneIT npoBecT 9 pa3. OnpenenuTs nepu-
on konebanuit T; =t; /n . 3aHect nanHbie B Ta0O. 1.

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

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

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

KBaApaTHIHOC OTKIIOHCHHC S=

AT =S/+/n.
5. HoacraBmsist <r > u <T > B ¢popmydy (12), BBIYUCAUTD paiyC KPUBU3HBI MOBEPXHOCTH R.
6. Haiitu aGcomothyto AR u oTHOcuTensHy0 E morpemnoctu B onpenenenuu R mo popmynam
2<R>AT AR

AR=———+Ar, E= .
<T > <R>

JlaHHbIe U3MepeHul U BEIYUCICHHUH 3aHecTH B Ta0. 1-3.

Tabmuna 1

d, m <d>wm <r>wm

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

Conep:xxanue oT4yeTa
3arnonHeHHbIe Ta0IuIE 1-3.

KoHTpoJbHbIE BONIPOCHI
1. 3 KakuX COCTaBISIOIIUX CKIIAbIBACTCS MOJHAS SHEPT U IapuKa?
2. Koraa coxpaHsieTcst ojgHas MeXaHu4deckasi SHeprusi?
3. Kak HampaBieHbl CKOPOCTh M YCKOPEHHUE LIEHTpa Macc 1apuka?
4. YkaxxuTe NOJI0KEHHUE IIapHKa, B KOTOPBIX €ro HEHTP OyJIeT UMETh:
a) MaKCUMaJIbHOE YTIIOBOE YCKOpEeHHE; 0) MAaKCUMATBHYIO TUHEHHYIO CKOPOCTh;
B) TAHT€HIIMAIIBHOE YCKOPEHHE, PABHOE HYJIIO; T') HOPMaJIbHOE YCKOPEHHUE, PaBHOE HYIIIO;
OOBbsicHUTE BaIll BHIOOP.
5. Kakoit Bug mmeeT TMHAMHUYECKOE YpaBHEHHE KoJieOaHui mapuka?
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6. ChopmMmynupyiTe yCIOBUS, TP KOTOPHIX BO3HUKAIOT TAPMOHUYECKUE KOJICOAHUSI.
7. IloyeMy yros OTKJIOHEHUS IapuKa (OT MOJI0KEHUSI PABHOBECHS) TOJIKEH OBITh Ma?
CHuUCOK MCNO0/Ib30BAHHBIX HCTOYHHKOB
1. CaBenweB U.B. Kypc o6meit ¢pusuku. T.1. Mexanuka. MonekymnsipHas pusuka. - CI10.: Jlans, 2008. —
352 c.- o l, §4, ri 1, §24, .V, §41-43, 53.

32



JlaGopaTtopnas pabora Ne 9
OnpeneeHue MOMEHTA HHEPUHUHU TeJI METOI0OM
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 cBeieHUsI
[Tpu ycnoBumn Manbix KoneOaHul, T.e. @ <1 paz, koneGaHUs TUCKAa MOYXKHO CUUTATh TapMOHHYECKUMH C

nepuojgoM T :
. (2t
(P=@09n(——‘ (1)
T

[TycTh quCK MOIHSJICS HA MAKCUMAJIbHYIO 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 COXPAaHCHUA SHCPIrUu:

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 IIpu NOBOPOTE JUCKA HA MaJIbIid yroi ¢g MOXHO HpI/I6J'II/I3I/ITeJ'IB—

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

hopy—h, =L W=ty Rrog ()
" h+h, 2 21

I/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 BCNIC/ICTBHE
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 OmpeAernseTcs o 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 HeHarpyKeHHOT0 U Harpy»KeHHOr'0 JUCKa 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-
CTaBUTB TECJIO BpallaTbCid, CCJIIM OHO IMMOKOUJIOCH, WJIKN OCTAHOBUTD, €CJIK BPAIlaJIOCh.

MowMmeHT uHepuuu MaTepuaibHOl Touku: | = mR?, rae m — macca Toukn, a R — paccTosiHue OT Hee
JI0 OCH BpaleHus. MOMEHT MHEpUUU— BEJIMYMHA aJIUTUBHAS, T.€. MOMEHT MHEPLUU CUCTEMbI MaTEpH-
QJIBHBIX TOYEK WMJIM TBEPAOIO Tejla ONpeesseTcs Kak 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 " pasMCpPOB TCJia WM CUCTEMBbI, 4 TAKIKC OT ITOJIOXKCHUA 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 pacCUuTaThb 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 lc, u

npou3eedeHuUs Maccovl mena 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 MHepUUH MJIOCKOH NMPSAMOYI0JbHOM MJIACTHHBI OTHOCUTEIBHO OCH, NPOXOAsIIeH Yepe3
LEeHTP Macc NepneHANKYJ/JIsIPHO ee MJIOCKOCTH.

dim MOMEHT MHEPLUH BBIAEIEHHOIO djIeMeHTa (B BHIE CTEPIKHS
Maccoii dm, mIuHOM @ M TOMIKHOW 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, orkyna
-
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 MHepHUuM IUIOCKOH TPeyroJabHOW NIJACTHHbBI OTHOCHTEJBLHO OCH, NMPOXOASINEH 4Yepe3
LEHTP MAacC NEePIEeHANKYJIIPHO ee IJIOCKOCTH.
Pa3zo0beM macTHHY Ha TOHKHE CTEp)KHU Maccod Om aimmHOW 2X |
> X BBICOTOM dy, kak moka3zaHo Ha pUCyHKe. Tak Kak JUIis CTePIKHSI JJTHHBI
| MOMEHT WMHEepIHMU OTHOCHTENBHO MEPHEHIUKYISIPHOH OCH, MPOXO-

. 1
JsIed yepe3 LEeHTp Macc paBeH ¢ :Emlz, TO MOMEHT HWHEPINH

TaKOr'0 CTEP>KHS OTHOCUTEIBHO OCH, MPOXosiieil uepe3 Touky O mep-
MEeHAUKYJISIPHO TJIOCKOCTH YepTexka, o teopeme llIteitHepa , paBeH:

dl =%dm(2x)2 +dm-y?,
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rJie Maccy crepykHs 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 IO:@E2 J. y3dy:£ma2. Ho mo teopeme Ilreitnepa |y=I¢ +m-0C?,
27 a 12

2 3
Toraa, yuutbiBas, uro OC = 3 a7 , TOJTlyYUM BbIpaxkeHue s ¢ :

1
I~ =1,—m-OC? = —ma?
C 0 12

O0beKkThI HCcJIeI0BaHNUSA, 000Py10BaHHE
KpyTunbpHselii MasTHUK Ha TPUDUILUIIPHOM TO/IBECE, HAOOP TUCKOB, CEKYHJIOMED.
Onucanue 1a6OpaTOpHON 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 yroa (¢ BOKPYT BEPTUKAJIBbHON OCH, NEPIEHIUKYJISIPHOU IUIOCKOCTH
JUCKA U MPOXOJAIIEH Yepe3 LEHTP, BCE TPU HUTHU NPUHHUMAIOT HAKIIOHHOE IOJIOKEHUE, LIEHTP TAKECTH
CUCTEMBI HECKOJIbKO IpUnoAHuMaeTcs. HikHuil JUCcK HauWHaeT CoBEpIIaTh KPyTUIIbHbIE KOJIeOaHu .

Pabouee 3ananue
H3mepuTh MOMEHT UHEPLIMM 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 quck A 10 ynopa u oTinyctuTs. IIpu 3ToM HUXHMI AUCK B NOKEH co-
BEpLIATh KPYTUIIbHbIE KOJIeOaHUs, a BEpXHUI TUCK A JOJKEH OCTAThCs B TIOKOE M3-3 TPEHUS B OCH.

35



3. C nmoMomipio CeKyHAOMEpa ONpeleauTh BpeMs t; momHbIX N =20 konebaHUM HEHArpy>KEHHOIO
mucka. ONbIT TOBTOPUTH TPU pa3a. BeruamcinuTh cpeqHee 3HaYeHUE <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, momubix N=20 xoneOaHUNl HArpy>keHHOTo aucka. OMBIT OBTOPUTH TPU
pasa. BerauciuTh cpeaHee 3HaUCHUE <t2> U cpeqHee 3HaueHHE TepHoja KojaeOaHui <T2> = <t2> / n. Pe-

3yJIbTAThl U3MEPECHUI U BBIYUCIICHUN 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 TOM 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 T€J OTHOCUTENBHO OCH, MPOXOJSIIEH Yepe3 LEHTP 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:xanue 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 [lITeitHepa 00bsICHUTE, OTHOCUTEIBLHO 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 pacueTHyto GpopmMyITy AJIsT MOMEHTA HHEPIIUH TIJIACTHHBI 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, OBLTH CIIPaBEIJIUBHI
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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 M ONPENEIUTh MOMEHT MHEPLMH CIOXKHOW CUCTEMBI METOIOM KOJIE-
Oanuit

TeopeTnyeckue cBeieHUsI

PaccMOTpUM HMIMHID, TOKOSIIUICSA Ha TOPU3OHTAIIBHON IIOCKO-
ctu (puc.l,a). Ha Hero neicTByIOT 1B€ B3aMMHO YpaBHOBEILMBAIOIINE

cuibl: cuna tskecty G =mg, rae M — Macca UWIMHAPA, U HOPMaJlb-
Hasg peakuust mirockoctd N . Ecou munuazap (kojieco) KaTUTCSA 1O
| G 5 IUIOCKOCTH, TO HOSIBIISIETCS TPEHHE KadeHHsl. MOXKHO BBIIEIUTH Clle-
| NPA JYIOIIKE MIPUYMHBI €r0 BO3HUKHOBEHUS. W IMIUHAP U TUIOCKOCTH MpHU

kKadeHuu aeopmupyrorcs. [Ipu 3TOM MPOUCXOAAT MOTEPH MEXaHUYE-
Puc.1 CKOH 2Hepruu, CBsi3aHHbIE: a) ¢ pabOTOM, 3aTpauynBaeMoii 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 LWJIMHApPA U IUIOCKOCTH, IJI€ H3-32 HEPOBHOCTH MOBEPXHOCTEH CYILIECTBYIOT
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 IIPUYUHBI IIPUBOJAT K TOMY, YTO TOUYKA IPHUIIOKCHUA HOpMaHLHOI‘/’I pe€aKnuun 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 MUJIMHAPA. Mo-
AYJb 3TOT0O MOMCHTA

M, =N (1)

HOBTOMy Mk Ha3BIBalOT MOMEHTOM COIIPOTUBJICHUA KAYCHHIO, 4 BCIUYHUHY 6, YHUCJICHHO PAaBHYIO

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

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

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

— JeNbHBIMU OcsiMU. OHM MOTYT BpallaThCs HAa TOPU3OHTAIBHO Pacro-

A H JOXKEHHBIX 00pa3uax 1 pa3nuuHbIX MeETauioB (pHUC.2) BOKPYT OCH

numHpa 4 paanycoM R. Ctpenka [/, npuKperuieHHas K UMIUHAPY 4,

¢bukcupyet Ha mkane / nuHeiiHOe cMeleHre KoJeOroeics cucre-

MBI OT TOJIOKEHHsI paBHOBecusl. [[] — MITHIPbKYU AJIs yAepxaHHUs 00-

pa3uos.
' Tak kKak ocu MUIUHAPOB A U B HE COBMAAAIOT, TO IIEHTP MacC CH-
Puc.2 crembl C HaxoauTcs Ha nuHUU AB Ha pacctosuun CA=1 ot ocu 1u-

munapa A (puc.3). MomeHT cuibl Tshkectn Mg =mglsing crpemut-
Csl BEpHYTh CHCTEMY B MOJIOKEHHE PABHOBECHSI M MPH MaJbIX yriiaX moBoporta ¢ (SiN@ ~ ¢) nponopuuo-

HaJIEH CMELICHUIO U3 NOJIOXKEHHS PABHOBECUS (9. JTO SIBJIAETCS YCIOBUEM IapMO-
HUYECKUX KOJICOAHUH, KOTOpbIe OyAeT COBEpPIIATh CUCTEMA OTHOCUTENIBHO TOJI0-

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

W3-3a neiicTBUS TUCCUTIATUBHBIX CUJI TPEHHs KoJeOaHusl CUCTeMBbl OYAyT 3a-
TyXath. OnpeaeuM ypaBHEHHE 3THX KoeOaHuid. 3amuiieM ypaBHEHUE THHAMHU-
KM BpallaTCJIbHOI'0 ABUKCHUA CUCTCMbI OTHOCUTCIILHO MTHOBEHHOU OCHU BpaIe-

HUS, IPOXOJISIIEH Yepe3 TOUKY S KacaHus IMIIMHAPA 4 ¢ TUIOCKOCTBIO TIepIICH U~
KYJSIPHO INIOCKOCTH pUCyHKa 3. Kpome MOMEHTa CHIIbI TSDKECTU AEUCTBYET MO-
mg MEHT COTIPOTHUBIICHUS KaueHuto Ha muiuHap (1). Benmnunna kosdduimenta tpe-
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HUSL KaueHWs MPOIMOPIHOHATbHA cKopocTH V KaTsierocst 0e3 mpockaib3siBanus mnumuHapa 4. Ecnu
y4ECTh CBSI3b JIMHEWHOI U yriioBoit ckopoctH mmaapa: V = R(d¢/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 HHEPIIUU CUCTEMBbl OTHOCHTEIIbHO MTHOBEHHOW OCH BpallleHUs S; 3HAaKH B ypaBHEHUU (3)
IOKAa3bIBAKOT, YTO MOMCHTEI CUJI ITPCIIATCTBYIOT YBCIIMUCHUIO YIJIa OTKIIOHCHHS .

[Mpu Manbx yraax @ (Sing ~ @) 3T0 ypaBHEHHE aHAJOTUYHO JHHAMHYCCKOMY 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 — mepuoa konebanuit), 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,
Benuuuny 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 , HaxoauMm Gopmyity
JUISL OTIpE/IeNIeHUs] 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 nanHoil paboTe MOXKHO JUIIb NMPUOINKEHHO OLIEHUTh KOd(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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MakcuManbHas CKOpOCTh JABMKEHMsI LIEHTpa LMWIMHAPA A TOCTUTaeTcs IPU HYJIEBOM 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
TakuMm 00pa3oM, MaKCUMAaIbHYIO CKOPOCTh KaueHUs IIMIIMHIPA, a TAKXKE OICHKY JUIsl Koddduimenrta

TpPEeHMsI KaUeHHUs MOKHO OIUCaTh clieAyromeit popmyioit

d=kV = de—(pz kR, ~ kR -arcsin _ 8 |2n
dt |AD|+R ) T

[Tox mmmmHAp 4 NOAKIAABIBAIOT INIOCKUE IUIACTUHKHM M3 Pa3iIM4YHOIO MaTepualla, 4TO I103BOJISET
oTpeneNnuTh KOAPPHUIUEHTH TPEHUS LIIUHAPA Ul pa3iIHMYHbIX Map (UWIMHAP-TUTACTUHKA) U CPABHUTH
IIOJIyYEHHBIE PE3YJIBTATHI.

3aKoH coXpaHeHHs MOJIHOI MeXaHN4eCKOH Hepruu.

[TosHas MexaHM4YecKass SHEPIUsl KOHCEPBATUBHON CUCTEMBI, HaXOIALIEHCS B CTAlHOHAPHOM IIOTEH-
LUAJIBHOM I10J1€, TOCTOsIHHA. Eciu paboTa cuil cTallMOHAapHOIO MOJIs 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 MeXaHHU4YeCKOH JHEePIruu.
[Ipupamienre MexaHMUECKON YHEPIUU YaCTULIBI PAaBHO pabOTE HEKOHCEPBATUBHBIX CHUIL.

(13)

O0beKTHI HCCJIeI0BaHNS, 000PyI0BAHHE
MaccuBHbBINM HWIMHIP, HA0OP MJIACTHHOK U3 PA3IMYHBIX METAJIIIOB, CEKYHIOMED.
IHopsaoK BbINOJHEHNS PA0OTHI
1. ITocTaBuTh KONEOATETHLHYIO CUCTEMY Ha METAJUIMYECKHE TIJIACTUHKHU U3 OJHOTO METajljia TakK, 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-

nebannii (n=10), aMmmutTyny @, N-ro KojebaHHs U BeNWYMHY nepuopa 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. lloacraBnss cpeHue 3HAUCHUS <an> u <T> B ¢opmyisl (9), (11), (12) u (13), onpenenuts jora-

pudMUUeCKid TeKpeMeHT 3aryxaHus 6, MOMEHT uHepiHu J, Ko3QOUIMEHT TpOomopIMOHaTbHOCTH 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 3HAYEHUS MOMEHTAa MHEPLMH 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. 3.
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 BOIPOCHI
1. KakoB MexaH1U3M BO3HUKHOBEHHUS MOMEHTA CHUJI TPCHUA KagyeHus?
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 KOI'la UBMCHACTCH IOJIHAsA MEXaHNYCCKas 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 McnoJib30BAHHBIX 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

IHeab paGoThl: 3KCIEPUMEHTAIIBHO ONPEIEIIUTh CUIIy TPEHUS CKOJIBKEHUS, UCIIOJb3Ys 3aKOHBI CO-

XpaHEHUsl UMITYJIbCa U U3MEHEHHSI MEXaHMYECKON YHEPIHH.
Teopernyeckue cBeleHUs!

Ha mro0oe nBukytieecs: Teno IeHCTBYIOT CUIIbI TPEHHUS.

BremHuM (cyXuM) TpeHMEM Ha3bIBalOT SBJICHUE, 3aKJIIOYAIOLIEECs B BOBHUKHOBEHHUU KacaTeJIbHBIX
CWJI, TPEMATCTBYIOUIMX OTHOCHUTEIBHOMY IEpPEMEIIECHUIO TeJl, B MECTe KOHTakTa 3Tux Ten. Eciu Tena
HEIOJIBUYKHBI APYT OTHOCUTEIBHO JPYyra, TO TOBOPAT O TPEHUU IOKOS; IPU UX OTHOCUTEIBLHOM IIEpeMe-
HICHUU TOBOPST O TPEHUU CKOJIbKEHHUSI.

I''AmonTon u II.KyJloH ycTaHOBWIM ONBITHBIM IIyT€M 3aKOH cTathyeckoro TpeHus: llpenenbHoe
3HaYEHHUE CHJIbI CTATUYECKOTO TPEHUS MPSIMO MPOMOPLHUOHAIBHO 3HAYEHHUIO CHIIBI HOPMAJIBHOTO JaBiie-
HUS Tella Ha OIopy, T.€.

Fop=1'N; (1)

rae pu* — Ko PHUIUEHT CTaTHYECKOTO TPEHHS; |W* 3aBUCHT OT MaTepHajia U COCTOSIHUS TIOBEPXHOCTH
COTIPUKACAIOIIUXCS TEJI.

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

Fp =HN (2)

rae | — KO3 GUIUEHT TPEHUS CKOJIbKEHUSI.

[Tpu ManbIx CKOpOCTSX Ha MajoM uHTepBaie OA cuia TpeHHUs MpUOIHU-

™ KEHHO TIOCTOSIHHA, 3aTE€M YMEHBIIAETCs, JTOCTUraeT MUHHMMyMa U HauMHAET

_ Bozpacrath (puc.l). Ctporoii Teopuu CHII TPEHHS €lle HET, HO MOXXHO JaThb
‘ cienyrouiee o0bsICHEHNE BOSHUKHOBEHUIO CHJI TPEHUS.

| Ha nmoBepxXHOCTAX TeNa U NOBEPXHOCTU UMEIOTCS OTAEIBHBIE BBICTYIIBI, 3a

B KOTOpble OHHU Lemstorcs. [Ipy 3anennaeHun uX CyIeCTBEHHYIO pOJib UTPAIOT

O 4 V CWJIBI MOJIEKYJISIPHOTO NpUTsKeHUs. CONPUKOCHOBEHHE T IMPOUCXOAUT B

Puc.1 NEHCTBUTENBHOCTH Ha OTNENbHBIX yyacTkax. Mx oOmias miomaas 3HaYuTeIbHO

MEHbIIE BUIMMOMN IJIOIAAN CONPUKOCHOBEHU. Ha 3TUX y4yacTkax co3maroTcs

BBICOKME MECTHBIE JIaBJI€HHUS, KOTOPbIE BBI3bIBAIOT JAe(QOopMalli MOBEPXHOCTHOIO CJIOS U B3aUMHOE

BHEJ]PEHUE OTJENbHBIX MUKPOYACTEH TEll.

[Ipu nelicTBUU CUJl TPEHMS CKOJIBXKEHHS BCErJa MPOUCXOAMUT MPEBPALICHHNE MEXaHUUYECKON YHEPrUuu
BO BHYTPEHHIOIO, B pe3yJIbTare Teja HarpeBaroTcsa. Cuily TPEeHMsI IOITOMY HA3bIBAIOT AMCCHUIIATHBHOM.
Pabota cuibl TpeHus 1o Jr000My MyTH 00bIMHO oTpHIaTenbHast (Amp < 0).

Jlns onpeneneHust CUIIbl TPEHUS CKOJIbKEHHs B JIaHHOW paboTe MPUMEHHMBI 3aKOHBI COXpaHEHMs
UMITyJIbCA U U3MEHEHUS MEXaHMYeCKOW SHEpPTuu Mpu He-

g U YOPYrOM COYAApeHUH Mynu ¢ nHapoM. [lpu BeicTpene
| U3 NMpYy>XUHHOTO nuctoiera II myns nomajgaer B LUIUHAD
J L1, mepememascy ¢ HuM 1o Hampasisromieit H (puc.2). I1o
LIKaJe JIMHENKH JI onpenensercs BelIMUnHa NEPEMELICHUS
/)
X

HWIMHJIpa ¢ MyJied Npu IeHCTBUU CHIIbI TPEHUSI CKOJIbKe-
HUS B MECTE€ KOHTAKTa WIMH/PA C HAIPaBIIAIOLIEH.

Paccmorpum cucremy "myns-uunusap". B Hampasie-
, HUM BBICTpesia (OCh X) COXpaHSETCS MPOEKIHs UMITYJIbca

JTOM CHCTEMBI, T.€.
MY, = (M +mo)U, 3)
r7Ie M1 U M2 — Macchl MyJIU ¥ IWINHIPA COOTBETCTBEHHO; Vx 1 Ux — IpOEKLMN CKOPOCTEH MyJH 10 yaapa
Y CHCTEMBI I1I0CJIE yapa IyJI1 COOTBETCTBEHHO.
Ha cucremy "mynsa-munHap" mocnie ynapa AEMCTBYET CHJIa TPEHUS CKOJBXKEHMS. YUMTBHIBas, YTO

NOTCHLUAIbHASL DHEPIUs 3TOM CHCTEMBI HE M3MEHSETCS, IPUMEHAEM 3aKOH M3MEHEHUS MEXaHUYECKOU
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 K — koadduiment ynpyrocta; x — aedopmMarius mpy>KuHbl; M3 — Macca 3aTBopa (3aTBOP 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€p6am146HOL7 cucmemal, Haxod;m;eﬁc;z 6 CMmayuoOHRapHOM NONMEH-
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 4acTUL cucTeMbl; Ugyew, — BHELI-
Hsis NIOTEHLHANIbHAS DHEPTUs CUCTEMBI — 3TO CyMMa MOTEHIUAIbHBIX YHEPIUN BCEX €€ YaCTHULl, HaXOld-
IIMXCS BO BHEIIHEM CTAllMOHAPHOM MOTEHUHUAIbHOM Moiie; K — KuHeTHueckas dHeprus CUCTEMbI — 3TO
CyMMa KHHETHYECKUX DHEPIUM COCTABIAIOIINX €€ YACTHLI.

Ecnu paGoTta cuin cTaliMOHapHOTO MOJIS HaJl YaCTUIEH He 3aBUCUT OT IIyTH, IPOHAEHHOIO 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 sHepauu 4acmuysbl 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 cucmembvl 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), 0eUCMBYIOUUX HA YACTULYbL 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 3HaYEHHSI CUJIBI TPEHUS U KO3(PPHUIIEHTA 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 IIUCTOJIETA.

2. llepemectuts nuimuap Ll B cTOpoHy cTBOJA MUCTOJIETA 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 >, moncrasisis | =< | > B (7). Pe3ynbraThl ©3MepeHUi U BRIYMCIICHHUI 3aITHCaTh B
Tabn.l u 2.

Tabnuna 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 AMOoHTOHa-KyoHa.

2. ChopmynupoBaTh 3aKOH COXpaHEHUSI U U3MEHEHHS 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 U3MEHEHUSI 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. MonekymsipHas ¢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

[lesib pabOTHI: SKCIIEPUMEHTAIBHO ONPEICITUTh YCKOPEHHUE CBOOOTHOTO Ta/ICHHSI C TIOMOIIBIO (hU3H-
YEeCKOro MasiTHUKA.
TeopeTnyeckue cBeieHUsI
Mamemamuueckum MasTHUKOM Ha3bIBACTCS MaTepUAJIbHAS TOYKA, IMOBEIICH-
Has HA HEBECOMOM M HEPaCTSHKUMON HUTH. Du3uueckum MAasmHUKOM Ha3bIBACTCS
T000€ TBEPIOE TENO, CIIOCOOHOE COBEpIIATh KOJICOAHUS MO JCHCTBHEM CHIIBI TS-

‘od ’KECTH BOKPYI HEMOJBH)KHOW TOPH30HTAIBHOM OCH, mpoXojsiieii yepe3 Touky O,
- CC JeXKALTyI0 BbllIE ero nenTpa macc C.
mg OTKJIOHMM MASsITHHK U3 TTOJIOKCHHSI PABHOBECHS Ha HeKOTO]i)BII;'I yrom ¢ (puc.1)
U oTnycTuM. Bo3Hukaer Bpamiaronmii MoMeHT cuiibl Tspkectn M =[d, mg], mpoek-
Puc. 1 ISl KOTOPOTo Ha OCh Z paBHa M, =—mgd sin¢, rae m — macca Tena; d — paccrosi-

HHUE OT OCH BpameHus Z 10 1entpa macc C. 3Hak MUHYC BBIpaxaeT TOT (hakT, YT0 MOMEHT M; CTpeMHUTCS

YMEHBIIUTHG yroi ¢. Ilpy Mambelx KoieOaHHWAX Yroil (¢ MaJll U MOXKHO IOJOXHUTB SINQ= @, IMOITOMY
2

M, =—-mgh-o. Ilpumensss ypaBHEHHE AWHAMHUKH BpallaTelIbHOTO IBIKEHUs M, =J d_(p IIOJIyYUM

9
t2
2
nuddepeHIraIbHOe YpaBHEHNE TAPMOHHYECKUX KoleOaHuid (pU3ruecKkoro MasiTHuKa: J - d_ =-mgd - ¢
t
o mgd . .
HNJIn —+—(p=0. CpaBHI/IBaﬂ 29TO ypaBHeHHe C ypaBHeHI/IeM KOJIC6aHI/II/I MaTepI/IaJ'IBHOI/I TOUYKHU
a2 J

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 pusnueckuii MasTHUK MpeCcTaBiIseT co00N MeTaUTMYECKHUM
-2 CTepXEHb, B LIEHTPE KOTOPOIrO KECTKO 3aKperuieH MacCUBHBIA rpy3 (puc.2). Ha
dy ||y BEPXHEH IOJIOBUHE CTEPKHSA HAXOAUTCA MPU3MA, KOTOPYIO MOKHO IIEPEMEILATh U

3aKpEIUISITh B BEHIOPAHHOM TOJIOKEHHH. DKCIIEPUMEHTAIBHO YCTaHABIMBACTCS 3a-
BUCHUMOCTh TepHOoJa KONEOAHW MasTHHKA OT PAacCTOSHUS MEXIy pedbpom A
- npu3Msbl U neHTpom mace C. Bun rpaduka npuseaeH Ha puc.3.

1 Jlist TpOW3BOJIBLHOTO 3HAYEHUS Mepuona i mpsMasi, mapaienbHas OCH adc-
LHUCC, TAeT JABE TOYKH mnepecedeHus: ¢ kpuBo: 1 m 2. To ecTs,
pacmiozaras peOpo mpu3Mbl B TOUKE 1, HaXOAIIEHCS Ha pacCTosI-
aun d1 ot C, a 3aTeM B TOUKe 2, HAXOAIIEHCS HA paccTosTHUA 2
ot C, momy4YruM OJIMHAKOBBIE 3HAYCHHSI TIEpHUO/Ia KOJeOaHU MasiT-
Huka: T1=T,=T. Torma Ha ocHoBanuu (1) u (2) momydaem, 4TO
npuBeJcHHAs JuMHa |1 oTHOcHTeNbHO TOukHM 1 paBHA MpUBE/ICH-
HOU mmHEe |) MasTHUKA OTHOCUTENBHO TOUKH 2.

d

b

@)

Ucnionb3ys Bepakenue (2), nMeeM
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1= 2%
md, md,
ITo Teopeme IlTelinepa
Jy=Jc+mdiu J,=Jc+mds  (4)

rae Jo — MOMEHT MHEPLMU OTHOCUTENILHO TOPU30HTAIbHON OcH, poxo el yepes 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 nmpoxoasuieii yepe3 neHTp mace C, CI0KEHHOMY 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)
TakxuMm 00pazoM, UMest SKCIEPUMEHTAIBbHYIO KpUBYIO (cM.pHc.3) s nmoboro 3HaueHus: T u mpoBens ro-
PHU30OHTAIBHYIO MpsiMyI0, 110 Gopmysie (5) ompenenum |. Torma u3 (1) Haligem yckopeHHe CBOOOIHOTO

Ar?|
=— (6)
2
T
Ha mipsimoit, coenuHstomiei Touky moaseca A ¢ reHtpoM macc C Ha paccrosiauu | (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 MEPHOJI €ro KoJieOaHui He u3MEeHUTCS. Touku 2 1 3 Ha3bIBAIOTCS COMPsiZKeHHBbIMHU (cM. puc.2). Taxxke
OyIlyT CONPSKEHHBIMU TOUKH | 1 4.

naacHus

O0beKThbI Hcc/IeI0BaHusA, 000pyI0BaHUE
OnopHas npusma, CTEpKEHb, CEKYHIOMED.
Pabouee 3aganue
Haiitu 3HaueHne yckopeHust CBOOOIHOTO MaAeHusI.
IHopsinok BbINOJHEHHS Pa0OTHI
A 1. OnopHyo Npu3My YKpenuTh Ha KOHILIE CTepXHs Tak, 4ToObl ee pedbpo A ObLIO Ha
ypoBHE OnmKaiiel pucku CTEepsKHs, Kak MOKa3aHo Ha puc.4.
2. U3mepuTthb paccrosiaue d ot pebpa npusmsl a0 neHTpa Macc C cTepxHs (Ha BepXHe

MOJIOBUHE CTEPXKHS yKa3aHbl 3HaUeHUs pucok yepe3 10 cm ot nentpa C).

3. PebpoM omnopHO mpHU3Mbl YCTAHOBUTHh MAasiTHUK Ha MOJCTAaBKY MOCPEIUHE MPOpE3H
— NEPIEHIUKYJISIPHO €l U OTKJIOHUTDH Ha Yrodl 4° (KOCHUTECH TPY30M CTEHBI).

4. CexyHaoMepoM u3MepuTh BpeMs ti momHbIX N1 = 10 xoneOaHMii (HaUMHATH OTCYET
BPEMEHHM MPU MPOXOKICHUH MAasTHUKOM JIF00OOr0 KpaiHero mojoxeHus). Berauciuts mne-
puon xonebaunuit Ti = ti/ny.

5. Tak e onpeAenuTs BEIUYUHY NEPHOJIa, IepeMelasi KaxX/blil pa3 OMOPHYIO MPU3MY
Ha TPU CAHTHMETPOB K LIEHTpY cTepxkHs. [TomyuuTs 3Hauenus 15 neproos.

Puc. 4 6. [1o mosy4eHHbIM TaHHBIM OCTPOUTH TpaduK 3aBUCUMOCTH Nepuojia Konebanuii T ot
paccrositus d (puc. 3).

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

TOpasi JacT JIBE TOYKH IepecedeHust ¢ KpuBoit: di u d2. d; +d, =1 — mpuBeneHHast JuIMHA MasiTHUKA [TPU

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 cpenHee 3HaueHue < g >.
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pesynbrata Ag =S/ Jn.

12. JlanHbIe U3MEpPEHUN 1 BRIYUCICHUH 3aHECTH B Ta0JI. 1-2.

11. CriyqaifHble OTKIOHEHHS Ka)KJI0TO U3MEPEHUs YCKOPEHHSI CBOOOTHOTO MaJACHUS OMPEIETUTH 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.

3amonHeHHbBIE Ta0MHIEI 1 1 2. 3HaYeHUE YCKOPEHUS CBOOOIHOTO MaCHUS, 3allICAHHOE 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 cBs3aHa ¢ 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-
TaTbHOU OCH, IPOXOJIIIEH MO KacaTeIbHOU K MOBEPXHOCTU. PaBHBI TM 4acTOTHI MX KoJIeOaHUi?

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
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JlabopaTtopnast pabora Ne 13
N3yuyenne ko1e0aHUii 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 MPEACTABISAIOT COO0N MEPUOANYECKUNA 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 IJIOCKOCTHU JABM>KEHUS TOUKH (puC.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 paBed T =2nt/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.

ITycTts Temeps rapMOHHYECKHE KOJICOAHUS BIOJIb 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 MAmMepuaibHas MOYKa COGEPULANA 2aPMOHUYECKUe KONeOanus,
oeticmeyowas Ha Hee cuia O0JHCHA Oblmb NPONOPYUOHANLHA X U HANPABNIEHA 8 CHOPOHY, NPOMUBONO-

J0xcHy1o cmewenuto X . Takas cuna nHazvieaemcs ynpyeou (Ui 6 oouem ciyyae - Keasuynpy2ot).
LS s LIS PaccmotpuM cucreMy, COCTOAILYIO W3 Tpy3a Maccod M, mojaBe-

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/l TSDKECTBIO Tpy3a mpyxuHa pactsHercst Ha Al =1-1;. B monosxe-
HUH PaBHOBECHS MOJYJIb CHIIBI TSDKECTH M paBeH MOIYIO YIPYroi
Al cubl KAl: mg =KAl, rne K - koadduimenT ynpyroctu npyKuHBL.

Ecnu BeIBeCTH Tpy3 M3 MOJOXKEHUsT paBHOBecus 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 CMENIeHUs 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 YpaBHCHUA UMECT BU
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. [loncrasnss pemenue (5) B (4), noaydaem

—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 KOJICOaHUS 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 nponopuuonaabaa 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 ypaBHeHust nBuxeHus (6) sBIseTcss GYHKIMS (3aKOH JBUKECHMS)
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, uto Ay - 5TO HaYaNbHAsS AMILIATYAA; B - Kodbduument 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 3aTyXaHHUA KOﬂe6aHI/II>'I, T.C. YMCHBIICHHUEC aMIUIUTYJbI 3a CIUHULLY
BPEMEHH.

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

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

B aTOM citydae rapMOHMYECKMX KOJIcOAHUI HE BO3HUKHET, a OyJeT HAOJI0JaThCs anleproOANYECKOe 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 ACKpPeMEeHTOM 3aTyxaHus. Jlorapupmuye-
W CKHI JIEKPEMEHT 3aTyXaHusl O paBeH HATypaJbHOMY JIOrapu(My OTHO-
—= ~  LICHHS IBYX COCEIHUX aMIUTHTYJl OJXHOTO 3HAKa:
P 0=In fal .
~

~

Puc.4 Ecmu u3BectHa A, - HavalmpHas aMIUIATYIA 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 IeKpEeMEHT 3aTyxaHus O - 3aTyxaHue KojebaHuii 3a nepuoJ, cieaoBarenbHo: 0 =BT .

O0BeKTHI HccIe10BaHNS, 000PY10BaAHUE
YcTaHoBKa C ynpyroi NpyKUHOU, HAOOP rPy30B, CEKYHIOMED.
Onucanue yCTaHOBKH
B nanHoii paboTe MasSTHHUK MPEICTABISIET COOON MPYKUHY Majol Mac-
LIS CBI C TPy30M Macchl M Ha ee KoHIle (cM.puc.l). BriBeneHHBINH U3 MOJI0XKe-

% HUS paBHOBECHsI M IPEJOCTaBICHHBIA caMoMy cebe Tpy3 MasTHUKa OyneT

coBepuiath coOCTBeHHbIE KoseOaHus. COnpoTHBIIEHHE BO3JlyXa CpaBHU-
TEJIbHO HEBEJIMKO M €r0 MOXHO HEe YUYMThIBaTh. Toraa mnepuoj kosieOaHUi
/  Tpy3a onpenensercs GopmMyJIon:
o py3a onpen bopwmy

m
Puc.1 T=2n . 1)

rae K - koadunuenT ynpyroctu mpys>KuHsI.
Koaddumment ynpyroctu npykuHbl K MOKHO HaiTh craTmdeckuM meronoM. Ecmm |y - mimHa

NPY>KUHBI B HEHArpy>KeHHOM COCTOSIHUM, a | - JyIMHa IPYXHUHBI C TPY30M B COCTOSIHUHM PaBHOBECHS, TO B
9TOM CIIy4ae MOJYJIb CHJIBI TSDKECTH MQ PaBeH MOIYJIIO CHIIbI ynpyroctu 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 CXKATh) MPYKHUHY HA €AUHUILY AJIUHBI.

N3 popmysl (1) umeem

k = 47%m/T? )

Bripakenue (3) mo3BoJsSIeT ONMPENeNUTh 3HAUYCHHE K IMHAMHYECKHM CIOCOOOM M MPEIOCTABISCT
BO3MO>XHOCTbh CPABHUTB €0 CO 3HaYEHHEM, MTOJyUEHHBIM CTATHYECKUM METO/I0M 10 hopmyiie (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 ¥ TTOJICYUTHIBAETCS JOTapu(PMHUUECKUIl TeKpeMeHT 3aTtyxaHus 0, KoapdUIMEHT 3aTyXaHus 3 u
KOA(PUITUEHT COMPOTUBIIEHUS I .
Pabouee 3ananune
HaiiTi 3Hauenus norapudmuueckoro [eKpeMeHTa KonebaHuil, KoapUIUeHT 3aTyXaHus U Ko3pdu-
LIUEHT CONIPOTUBIIEHUS IPYKUHHOTO 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 ONPEIACTUTh JIMHY PYKUHBI | .
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.

Tabmwuma 1.

ly, M m, Kr I, m k, Hm™m <k>,H/M

4. IlonBecuth Ipy3 K 3TOHM K€ MPYKUHE M BBIBECTH MAsTHUK U3 IOJOXEHUS PABHOBECHS, CMECTUB
BHU3 Ha 2-3 MM, U oTiycTuTh. CekyHIoMepoM u3MepuTh Bpems t monHbix N =10 konebanuii (HaYMHATH
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OTCYET TP MPOXOKICHUH IPY30M BEPXHETO MJIM HUKHETO mojiokenws). Torma mepuos koneGanuii T/n.

OneIT NOBTOPUTH 3 pasza ¢ ITUM IPy30M U HAUTU CpeHEE 3HaUeHUE 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 Ipy30B M . Micronms3ys 5ToT rpaduk u Gopmyity
(3), onpenenuTh 3HaYeHNUE KO(D(DUIIMCHTA YIPYTrOCTH K : CPaBHUTH €ro CO 3HAYCHHUEM, MOJYUYCHHBIM 110

dbopmyie (2).
7. OnbIT poieNaTh ¢ MPYKUHHBIM MAaITHUKOM, TPYy3 KOTOPOTO IMOMEIICH B COCYl C BOJIOK. BhiBecTn
Tpy3 U3 MOJIOKEHUS paBHOBecHs, HanpuMep Ha Ay =20 MM, U, OTITYCTUB €ro, BKIIOYUTH OJHOBPEMEHHO

cekyHaoMep. OnpeaenuTs Bpemsl, 3a KOTOpoe OH coBepwuT Ny = 20 NoaHbIX KoJeOaHUH, a TaKXkKe aMIUIU-
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 . .
B= = 1 ko3 duienT conporusieHus I = 2m,3 . JlanHble n3MepeHuii ¥ BEIYMCICHUI 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, aMIUIMTY1a U HavyajdbHas (paza CBOOOIHBIX MEXaHUYECKUX TrapMOHHUYE-
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 ¢pusnuecknii koaddunnenTa 3aTyxaHus, JorapupmMuueckoro eKpemMenTa 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.

CHucoK HCIO0Jb30BAHHBIX HCTOYHHKOB

1. CasenweB U.B. Kypc o6meit ¢pusuku. T.1. Mexannka. MonekymnsipHas ¢usuka. - 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, [!aﬁoTbI: OIIPECACIINTD IIOKa3aTeCjib a,I[I/Ia6aTBI " CPaBHUTH €TI0 BEJIIMYHUHY C TCOPECTUICCKHUM 3Ha-
YCHUECM.

Teopernyeckue cBeleHUs
Cpenu mpoIeccoB, MPOUCXOSIINX C Ta3aMH, YaCTO BCTPEUACTCS M OYCHb BAXKEH aduabamuyeckull
npoyecc, npomexaiowui 6e3 nepeoayu menia. YToObl MOTYYUTH €r0 YpaBHEHHUE, BOCIIONIB3YEMCS MIEPBBIM
HavaIoM TepMoauHaMuku. Ero ¢opmynupoBka: 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 Hepez{aBaeMoro TCIIJ1a y,I[O6HO BBCCTHU ITOHATHUC TCIINIOCMKOCTHU C = d_T - 9TO 8élUYUHA,

PABHAs KOIUYeCmay menjiomul, KOmopyio Ha0o coobwums cucmeme, Ymoobl NOGbICUMb ee MEeMNePAmypy
Ha 1 K. [lanee atum cuMBosioM OyaeM 0003HaYaTh MOJISIPHYIO TEIIOEMKOCTh, OTHOCALIYIOCS K 1 MO0
BEIIECTBA.

Benuunna TemmoeMKoCTH 3aBHCHUT OT CIOc00a, KOTOPBIM cucTeMe coobmaetcs Temno. [Ipomecch ¢
MOCTOSTHHOM TEIJIOEMKOCTBIO HA3bIBAIOTCS MOJUTPONUYECKUMHU. OJHUM M3 TaKUX MPOIIECCOB SBISETCA
MPOLIECC HArpeBaHUs UJCABHOTO ra3a MpH MOCTOSHHOM o0BbeMe (uzoxopuueckuti npoyecc). MonsipHas
TETIOEMKOCTh TaKOTO Ipolecca obo3Hauaercs Cy, .

Tak kak pabora, coBepIiaeMasi ra3oM Ipu yBeaudeHuu ero oobema va dV pasua S6A= pdV , To mpu
U30XOPUYECKOM Ipoliecce paboTa ra3oM He coBepiiaercs, 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 TCPMOAWHAMMUKU JId UACATIBHOI'0O Irada 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)K,Z[y TCIIJIIOEMKOCTAMU JISA yHOMSI-
HYTBIX MPOIECCOB. J[JIsi 3TOr0 HaM MOHAJIO0OMTCS ypaBHEHHE COCTOSHHUS JUIA OJHOTO MOJISA HJIEaIBLHOTO
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) 511 0AHOTO MOJISt UACAIBHOTO ra3a 3aMUIIEeTCsl 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), Haxonum, 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. Orciona mojy4yaeM ypaBHEHHE aquabaTHYECKOro Mpolecca i Hie-
anbHOTO Ta3a wiu ypasuenue Iyaccona: pV'¥ =const . (5)
Wcnonb3yst ypaBHEHHE COCTOSHUA (2) MOXKHO 3amucarh ypaBHeHue [lyaccoHa depes3 aApyrue TepMo-
JMHAMHYECKHE TIEPEMECHHBIE: 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 (JOPMY W OYEHb MaJIbIid
O HOATOMHAS (=3 pasmep. Pasmepom OJHOATOMHOH MOJIEKyYJIb 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 MHOT'OATOMHBIE MOJIEKYJIBI UMEIOT JIOIOJHUTEIbHBIE

AByXaTOMHaA ‘XJ—ZP’_y) 1=5  Bpaw@arensHble CTEIICHH CBOGO/BL, IOKA3aHHbIE HA PHC. 1.
XF X BHyTpeHHSS SHEPrHs HIECANbLHOIO Ia3a CKIAABIBAETCS TOILKO W3

z .
s KHHETUYECKOW SHEpruu ero Mosekys. CKOpOCTH MOJEKYJ TaKkoro rasa
MHOT'OaTOMHAs @? 1=0  pasmuyHEl, HO MOMUYMHSIOTCA pacrpeneneHnio Makcsemna. C ero mo-
;” | MOIIbIO MOKHO BBIYUCIUTH CPEAHIOI SHEPTUI0, IpUXOAsllytocs Ha |
uc.

creneHb cBoGomsl Monekynsl: KT/2, tme k=R/Nj,- mocrosiHHas
bonbimana, R - yHuBepcanbpHas ra3oBas noctrosiHHas, N, - ducino ABoraapo. Toraa cpenHsis dHeprus

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

i
JeKyJ1, To ero BHyTpeHHss sHeprust U = N, < E >= > RT.
CpaBHuBas ¢ TepmonuHamudeckor popmynoir U = C,, T, Haxoaum, 9TO WICaNbHBIN Ta3 U3 MOJIEKYJI C

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

agnadaTel
I+2
Y= T . (7
s omHoaTOMHOTO Ta3a y=1,667, nis nByxaromuoro - y=1,40, nist MHOroatomHoro - y = 1,333.

Boznyx siBisieTcst cMeChi0 MHOTHX Ta30B - AByXaTOMHBIX N2, Oz ,..., TpexatoMubix - CO2, H20 ¥ T.11.
Tak xak 0711 MHOIOAaTOMHBIX M OJHOATOMHBIX T'a30B B HEM Maja, TO MOXHO OXHJATh, YTO BEIMUYMHA
v s Bo3ayxa Oyzer 6JiM3Ka K COOTBETCTBYIOLEMY 3HAUEHUIO JUIsS IBYXaTOMHBIX ra3oB: y~1,4.

Jlis 9KcriepuMEeHTAbHOTO ONpeeNieHHs ToKa3aTess aaua-
06aTbl BO3yXa HCIOJB3YETCS YCTaHOBKA, M300pa’keHHas 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 UJICATIbHBIM 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 CTEHKHM OaJllIOHa yCIIeBaeT YCTaHOBUTHCS TEIUIOBOE paBHOBecHE. Temreparypa Bo3/lyXa 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»xKaroiei atmocdepe, a pghy - pa3HOCTh FHAPOCTATHYECKUX J1AB-
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 4epe3 OTBEPCTHE, PaCIIUPSACH, TEINIOOOMEH He ycleBaeT MPOM30MTH U IIPOLIECC MOXKHO CUUTATh
aauabatuueckuM. B cooTBeTcTBUU ¢ ypaBHEHUEM (3-6) IpU Pe3KOM YMEHBIIICHUH 1aBICHUS YMEHBIITUTCS
U TEMIlepaTypa: Bo3AyX B OaioHe OyIeT OXJIaXKAEH 10 TEMIIEpaTypbl HI)KE KOMHATHOM!

B MomeHT, KOTZ1a JaBjeHHe BO3AyXa B COCyIe CpaBHHBAcTCs ¢ atMocdepHbiM ( P’ = Py, BHIPaBHH-

BAIOTCSl YPOBHH JKUJIKOCTH B MaHOMETpe), IMpoOKa KpaHa IUIOTHO 3aKpbiBaeT OauioH B mojoxeHuu |l
(puc. 2). 3a cder TemtooOMeHa Yepe3 CTEHKU 3aKPBITOTO OaysioHa HAYMHACTCS M30XOPHUYECKOE HarpeBa-
HHUE OXJIAXKICHHOTO BO31yXa B HeM. [Ipu 3ToM naBieHue B OAJJIOHE pacTeT U YPOBHU JKUAKOCTH B MaHO-
METpe MOCTEIICHHO PaCXOIATCS 0 TEX IMOp, IMOKa TeMIleparypa BHyTpU Oa/sIoHa HE CTAaHET PaBHON KOM-
HaTtHO#: T2 = T1. B 3TOT MOMEHT JaBJicHHE BO3/IyXa B OAJJIOHE YCTAHOBUTCS HA BEJIMYMHE
P2 = Py +pghs. ©)

[Iporeccel, MpoTeKaroIKe B CUCTEME, H300paKeHbI Ha puc. 3. B MOMEHT OKOHYaHUs aJuabaTHOTo pac-
HMIMPEHUs B OAJUIOHE OCTAHETCS 4acTh BO3JyXa C Maccoil Mi , 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 nocnennee ypasaenue (10), momyuum
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 (BOAbI ¢ MIOTHOCTRIO p = 1000 kxr/m°) pasgsurarorcs B MaHomeTpe 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. DTO CBSI3aHO HE TOJIBKO 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 momnosxxenue |l (puc.2) ocraiorcs KpOXOTHbBIE IIETH, U BO3yX MOHEMHOTY
IPOJIOJDKAET BBHITEKATh W3 OasioHa npu HarpeBaHuH. [1o3TOMy ypoBeHb h2 oka3piBaeTCss HEMHOTO MEHB-
IIMM TOTO YPOBHS, KOTOPBIN yCTaHOBMIICS ObI MPU UAEATbHO 3aKPHITOM OayuioHe. BennunHa v, u3mepes-

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 3HayeHus mokasareis aguadarsl.

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 gocturner 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 BpeMsi, KOIJa JaBJICHHE OKOHYATEIbHO YCTAHOBHUTCA U Pa3HOCTb YpOBHEH B
MaHOMETpE MEepPEeCTaHeT YMEHBIIATHCS, U3MEPUTh Ny - Pa3HOCTH ypOBHEW B JICBOM M IIPaBOM KOJIEHAX
maHometpa. Ecin Hacoc H mporekaer, niam npobka KpaHa He MOKET OBbITh 3aKpbITa OY€Hb IJIOTHO, TO
pa3HOCTh ypoBHeW h, Oynmer mOCTOSIHHO yMeHbLIaThesl. B 3TOM ciydae cieayer mojoxaarth, koraa hy

JOCTUTHET BEIOPAHHOTO 3HAYCHHMS, ¥ CPa3y BBIMOIHUTH CIACTYIOIUH MyHKT paboThI.

4. BeinyTh npoOKy KpaHa, JjaBasi BO3/1yXy B COCYJ€ pacIIUpUThCs 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 HeMelJIeHHO 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 IMYHKTOB 1 - 4, 4TOOBI 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 noJoKaaTh, 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 anuabartsl <7y >. Bce n3MepeHHbIe U BBIUMCIICHHBIE BETMYMHBI 3aHOCUTH B Tabnuily 1.

Tabmuna 1

h, cm

h,, cm

Y

<’Y>: Ay: Ymeop:

7. OnpenenuTh MOTPEIIHOCTh MOTYYSHHOT'O 3HaYeHUS TIoKa3aTelns 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 JI€AIbHOIO 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 BEMYMHA TEINIOEMKOCTH OJHOM U TOM )K€ CHCTEMa pa3jindHa?
Kaxue BennuuHbl cBA3BIBAET ypaBHEHUE Maiiepa U Kak €ro noJyuuTh?

5. Kakoit nporecc Ha3piBaeTcs aguadaTudeckuM? moautponudeckuM? Jlokaxkure, uro m3obapudye-
CKHM, U30TEPMHUYECKUNA U U30XOPUUECKUN MPOLECCHI SABISAIOTCSA MOIUTponuueckuMu. Kak Ha mpakTuke
OCYIIIECTBUTDH aTMa0ATUICCKUN MPOIIECC 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 6aiuione b Ha puc.3- 2 npoucxoIsaT nNpyu BHIMOIHEHUH 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 nmokasarens aanadatsl y . JloKaxuTe 3TOT
BBIBO/I.

CHHCOK HCIO0/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 ko3pPuHEeHTa MOBEPXHOCTHOI0 HATSIZKEHU S
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
MOTEHLMAIBHON SHEPrui, YeM BHYTPEHHHE MOJIEKYJIbl. Mex Ty MOJIeKyJIaMu IEHCTBYIOT 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, OKa3aBITUMUCS BHYTPH ITOU cdephl (puc.4).

Ecnu monexkyna HaXOAUTCS BHYTPH KHUAKOCTH, TO OHA
B3aUMOJICCTBYET C MOJIEKYJAMU-COCEISIMHU, OKPYKAIOIIU-
MU €€ CO BCEX CTOPOH, U PEe3yJbTUPYIOLIAs CHII TPUTSKEHUS
paBHa Hy:0 (a u b Ha puc. 4). Hao6opoTt, Mosiekyia, Haxo-
Jsiasicss Ha moBepxHocTH kuakocTu (d Ha puc.4), okpyxe-

TToBEpXHOCTHBIH

B

BHYTPEHHETO Chepa —— Ha MOJIEKYJIaMU-COCENAMHU JIMIIb HANOJOBUHY M Ha Hee
— o MOJIEKYJIIPHOTO o
NaBJieHus n"m“gmﬁ___ NefCTBYeT HECKOMIIEHCHPOBAHHAs CHJIA, HaIllpaBlIeHHAs
€

- L a . NEPIEHIUKYJISIPHO K MOBEPXHOCTU BHYTpPb >KUIKOCTH. Ta-
i = =t Kas K€ CWIa, TOJIbKO TNOMEHbIE, NEHCTBYeT U Ha JOYyI0
JIPYTYIO MOJEKYJy, OKa3aBIIyIOCsS BHYTPH CJIOsl TOJNIIHUHOM,
pPaBHOM pajinycCy MOJIEKYJISIpPHOTO AeHcTBUA (C Ha puc.4).

CnenoBaTenbHO, TOBEPXHOCTHBIN CJIOM OKa3bIBAa€T /1aBJIEHUE HA OCTAJIBHYIO JKUJIKOCTH (IaBJIEHUE
Ha3bIBalOT BHYTPEHHHM) U OHO JIOCTUTaeT OYeHb OOJIBIIMX BEIMYUH. DTO, B CBOIO Ouyepesb, O3HAYAET,
YTO MOBEPXHOCTHBIN clloi 06safaeT n30bITOYHON (IO CPAaBHEHUIO C OCTAIbHOW KUAKOCTHIO) 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.

W3BecTHO Takke, YTO B COCTOSSHUM YCTOMUMBOTO paBHOBECHs JIt00asi cuctema 00J1a1aeT MUHUMAaIIb-
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). Ecnu ke MCKYCCTBEHHO YBEIMUYUBATh OBEPXHOCTh KHUJIKOCTH, 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. IlycTh sxuakas (MbUIbHAs) MJIEHKA OTpaHUYe-
: Ha MPSAMOYTOJbHON IPOBOJIOYHOW PAMKOHM, OJHA W3 CTOPOH KOTOPOU
1 nmHOI0 | MokeT mepeMeriaThes BIOIb ock X (puc.S) mon AercTBHEM

: BHemHel cuiel F . Dol cune OyaeTr npoTuBOIeHCTBOBATh CHjla MOBEPX-

S HOCTHOro HaTsbkeHus F,. B ciydae KBa3mcTaTH4ecKOro (MeAJIeHHOrO)

npouecca F, =F . IIpu nepememienun Ha dX cuna F coBepiaer paboty

H
dx dA=Fdx, a moTeHIMaTbHAS SHEPTHUS MOBEPXHOCTH YBEJIHYHUBAETCS Ha
Puc.5 dU,,=c-l-dx. Tak kak dA=dU_,, 0 F=0c-1 u

F =c-l 4

II0B °
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ITosepxHOCTH
KHAKOCTH

OrpaHHYHBarO IMIHHA
KOHTYP
Puc.6

®opmyna (4) mMoO3BOISAET MO-APYTOMY ONPENEIUTh G, @ UMEHHO KaK CHJIy MOBEPXHOCTHOIO HATS-
JKeHHUs1, MPUXOASIIYIOCS HA eIMHUIY /JUIMHBI KOHTYpPa OrpaHMYMBAIONIEr0 MOBepPXHOCTh. M3 3TOr0
e TpUMepa BUIHO, YTO CHJIA TIOBEPXHOCTHOTO HATSHKEHUS HAIpaBIICHA 0 KacaTeJIbHOM K MOBEPXHOCTH
U TIEpIIEHANKYJIIPHA K JIMHUH, OTpaHUYMBAIOIIEH TOBEPXHOCTH (puc. 6).
O0beKThI HCcJIeI0BaHUS, 000Py10BaHHE
YcTaHOBKa COCTOMT U3 MPYXKUHBI 1, K KOTOPOH MOJABEUICHO JIETKOE aJTIOMHUHHEBOE KOJIBILO 3 C TOH-
KAMH CTEHKaMH{ U YalIkoW 2 HaBepXy, MacIITaOHOH JMHEHWKH 5 U cocyaa 4 ¢ TUCTHIUITMPOBAHHOW BOJOM

(puc.1).

Ecnu cocyn ¢ BOmoil moaBecTu K

KOJIBIY IO CONPHUKOCHOBEHHS, a 3aTeM
IJIaBHO OIIYCKAaTb, TO XUIAKOCTb, CIIC-

8! MUBIINCH C KOJIBLIOM, Oy/I€T TAHYTH €ro
3a co00i1, pacTsrupas NpyxuHy A0 TeX
op, TMOKa KOJBIO HE OTOPBETCA OT
JKUJIKOCTU. B MOMEHT mepen cambIM
Puc. 2 Puc.1 OTPBIBOM HACTYIIA€T PaBHOBECHE, KO-

raa U KOJbIO, U XXUAKAaA IIJICHKA ITOKOATCA. B sToT MOMeEHT cnna YHOpyrocTtu

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

HBII Ha puc. 2., tae AF, — cuia noBepXHOCTHOrO HATSHKEHUS, AEUCTBYIONAs 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 BHyTpeHHHUI AMaMeTpsl Kojbla, To u3 (1) momydaem

F

o=——— — )
n(Dy+D,)
Pabouee 3ananne
Haiitu cmry HaTspKeHUS 1 KOO QUIMEHT HATSHKEHUS OTPBIBA 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 MOJ0XKEeHUE Ny BepXHEH 4acTH Yalllkd 2 HaJ KOJIBIOM B HEHArpy>KEHHOM
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 KaXKA0H IMpbKe yKa3aHbl B MUJUIMTPaMMax), 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 ), ONPEEIIATh 10 IIKaJie IMOJIOKEHHEe N BEpXHEro Kpas
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yamky 2. JlaHHbIe U3MepeHnii 3aHECTH B TaOII. 2.

6. CHATb BCE TMPHKH C YallIKH.

7. llogaumate cocyn 4 ¢ BOAOH 10 TeX MOp, MOKa MOBEPXHOCTh BOJBI HE KOCHETCS HIXKHErO Kpas
kosibla. CienuTh 3a TeM, YTOOBI 3TOT Kpail TOJIBKO CMAYMBAJICS, HO HE OIyCKaJCs BIIyOb BOABI. 3aTeM,
MEJIEHHO U PaBHOMEPHO OMYyCKasl COCy., YJIOBUTh paBHOBecHE (CHCTeMa HaXOIUTCS B IOKOE) mepen
OTPBIBOM KOJIbLIa ¥ 3aMETUTH I10 IIKAJIE ITOJIOKEHUE N, BEPXHEro Kpas yamku. Vi3mepeHus npopenars 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 . poBky 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 OMNpEeNeNuTh ee

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

Ta0nuua 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 yBEIUYEHUHU IOBEPXHOCTH KUIKOCTUH?

3. latb n1Ba omnpeneneHus ko3 uImeHTa NoBEpXHOCTHOIO HATsKeHUsL. ENuHUIIBI ero u3MepeHus.

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()(PHUIIMEHT TOBEPXHOCTHOTO
HaTsDKEHUA?

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

Cnucok uCnoIb30BaHHBIX HCTOYHUKOB
1. CaBenneB U.B. Kypc o6mieii pusuku. T.1. Mexanuka. Monekynspnas ¢usuka. - CII0.: JIans,
2008. — 352 c. ITap. 92,93,94.
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JlaGopaTtopHnast pabota Ne 16
Onpenenenue ko3(pPUIHEHTA BAZKOCTH KHIKOCTH
no meroay Crokca

Lleab padoThI: MMO3HAKOMUTHCS C SIBICHHEM BHYTPEHHETO TPEHHS M ONPENENuTh KO3 HUIHMEHT
BHYTPEHHETO TPEHHs (AMHAMHUYECKUH K03 (HUIIMEHT BA3KOCTH) 1o MeToay CTokca.
TeopeTnyeckue cBeieHUsI
HeonnopoaHoe TeueHHE XUAKOCTH, T.€. TaKOe, MPU KOTOPOM CKO-
ol F POCTh TEUEHUs pa3jIM4yHa B Pa3HbIX MECTAaX, HE SBJISIETCS PAaBHOBECHBIM.
® [TosTOMy B *KHMIKOCTH OYyAyT MPOUCXOAUTH MPOLECCHI, CTPEMSIINECS BbI-

. o POBHSATH CKOPOCTh T€UYeHHUs. Takuhe MpoIlecChl HA3bIBAIOTCS BSI3KOCTHIO

rgl i v WM BHYTPEHHUM TpeHueM. lIpeanonoxxum, 4To KUAKOCTh BCIOAY TEYET B
Ip| ™= HaIpaBJIEHUU OCH Z , @ 3HAYEHUE CKOPOCTH V MEHSETCS TOJIbKO B HaIlpaB-
x JEHUM X , MEPHEHAUKYJISIpHOM TeueHuto (puc.l). Torga B HampaBieHUU
Puc.1 OCH X BO3HHMKAeT MOTOK UMITyJbca. IMITynbe, mepeHocuMblii 3a 1c yepes

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

W3 o0mmx cooOpa)keHWil CIENyeT, 4To |, IPOIOPLMOHAILHA I'DAAUEHTY CKOPOCTH TEUEHHS H
’ p

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

rae 1 — Ko3pGUIUEHT BI3KOCTH CPEIbL.

PaccmoTpuM Teneps BA3KHI TOTOK, BOSHUKAOIIMN B )KUIKOCTH MO/ JEHCTBUEM KacaTeJIbHOW CHJIBI,
¢ CTPEMSILEUCA CMECTUTh ONUH CJIOW MOJEKYJ OTHOCHUTEIBHO IPYroro
O O O O (puc.2). Ilycts f - cuia, aelicTByrOIAs HA €AUHUILY TOBEPXHOCTH, a O -

paccTosiHue MeXIy COCeIHUMHU ciosiMu. Torna Ha oAHy MoJeKyiy Oy-

8 CB0OO00HDLI .
ygen ~ ACT JICHCTBOBATH CUJA, PaBHAs f/nd, rme N —KoOHIEHTpAIUSA MOJICKYJL.
O : O [Ipu mepemerieHUn MOJIEKYJIBI B aKTUBHPOBAHHOE COCTOSIHHE (puc.3)
a a
O O o O cuna f/nd cosepiaer padboty, paBHYIO YER MO3TOMY TIOTEHIIMATbHBIH
n
Puc.2 Oapbep clieBa OT aKTHBHPOBAHHOTO COCTOSTHHSI YMCHBIIIACTCS Ha BEJH-

YUHY 3TOW paboThl (BHELIHSS CUJIa «IIOMOTAaeT» MOJIEKYJE COBEPIIMTH
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
n

- AktmBpoBaNEOe U
cocronnne
Ionoxenue
PABROBECHA
Caobommit
vaen
; / ., AU I Voo
2 Y
,L(___AL_.__;I el t AU
Puc.3 Puc.4.

[ToaTOMY TIpM HATUYHMH BHEITHEH CHUJIBI YaCTOTHI MEPECKOKOB B CBOOOIHYIO SYCHKY Y1 M1 0OpaTHOTO TIepe-
CKOKa Y2 OyIyT HEOJMHAKOBHI, M B PE3yJbTaTe BO3HUKAECT MOTOK MOJIEKYJI B HAMIPABJICHUH MPUII0KECHHOU
CHIJIBI, CKOpOCTB KOTOpOFO
U,-AU U,+AU U, (AU AU

¥

™~

B pesynbTaTe nepeHoca uMmiynbca (B HAPaBJICHUH X) B )KUAKOCTH BOSHUKAIOT 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

N3BecTHO, 4TO BA3KOCTb I'a30B C pOCTOM TEMIIEPATYPhI PacTET, TOI/IAa KaK BA3KOCTb JKUJKOCTEH 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
JIBIDKEHUE MOJIEKYJT KHUJIKOCTH CBOJHUTCS K KOJEOAaHHUSIM OKOJIO HEKOTOPBIX MOJIOKEHUI paBHOBecHs (y3-
JIOB), KOTOPbIE B OTJIMYUE OT MOJOKEHUIH paBHOBECHUS B KPUCTAJUIAX HOCAT BPEMEHHBIN XapakTep —4yepe3
HEKOTOpOE BpeMs (BpeMs pelaKcaluu) MOJEKyJa >KUIKOCTH CKaYyKOM IEepPEeXOIUT B HOBOE, CBOOOIHOE
HOJIOXKEHHE paBHOBeCHs. UTOOBI COBEPIINTH 3TOT MEPEXOJ, 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 Uy
AY crpea zli&, o v 28108Y Sir @y g
KT KT KT nokT

Fgﬂ3 dv T]V
C yuerom roro, uro f = g " M| ™ T 2 MO/yHACM BLIDRKCHHC Sl K03 UIMEHTA BA3KOCTH B BHJIE
2 U,
=f§=(§jlﬁlen_
\Y a Yo

Kak moka3siBaroT pacyeThl, Yo = T , TIC h — mocrosinnas ITnanka. ITonaras Takke 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 TOTI'0, BA3KOCTh CHJIBHO 3aBHCHUT OT BHJ A X KUJAKOCTHU 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 MCKJIFOUUTEIBHO BA3KOCTBIO KHUIKOCTH. CIION MKHUJIKOCTH, HETOCPEACTBEHHO MPUJIETAIOINNA K
TBEPAOMY TeIly, YBJIEKAETCS UM IOJHOCTHIO. CIIETyIOMUI CIION YBIEKAETCS 3a TEJIOM C MEHBIIEH CKOpO-
cTbto. TakuM 00pa3oM, MEXIY CIOSAMHU BO3HHKAIOT CHJIBI CONPOTUBICHUSA. J[s1 HEOBICTPOTrO ABIIKEHHUS
nrapuka B KuAKOCTH CTOKC BBIBEJ IyTEM TEOPETHUECKOrO paccMOTpeHHsl GopMylly pacueTa CHIIBI CO-
IPOTHUBIICHHS:

F =6mnrv (5)
rze M — JMHAMUYeCKUi K03(hPULIMEHT BA3KOCTH; I' —paguyc MapuKa; V — CKOPOCTb €ro ABHXKEHHS OTHO-
CHUTEJIBHO >KUJIKOCTH.

Hpe)IOCTaBI/IM MAaJICHBKOMY 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-

KaJId BHU3 G=mg=p,Vg = %nre’ng

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

pp— 2. BerrankuBatomas cuna Fi, sBisromascs pe3ysibTaToM THAPOCTaTHYC-
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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 ciiia F2 yBemuuuBaeTcs o Mepe yBENUYEeHUsI CKOPOCTH mapuka. [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 3aK0HOM HbrtoToHa. CKOPOCTH PABHOMEPHOTO TaICHHUS HEBEIIMKA, €CIIM MapUK Mall,
U ee JIeTKO n3MepuTh. Toraa u3 ycioBus paBHOBECHS CHIT
4 3 4 3
gnr P20 :§nr p1g +67INrv

MOYKHO OIIPEIEIUTh TMHAMHYECKHH KOAPPUIHECHT BI3KOCTH
nzgng P2—P1 (6)
9 Vv
O0beKTHhI HCC1e10BAHMA, 000PY10BaHHE
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. OCTOpPOKHO OTIYCTUTH LIAPHK IO LIEHTPY COCYAa HEIOCPEICTBEHHO HAJl IOBEPXHOCTHIO 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 CAHTHMETpPAaxX OT MOBEPXHOCTH KUJIKOCTH.

3. Onpenenuth Mo MacmITaOHOM 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, 3HaYeHNEe KodhPUIMeHTa TMHAMHUYECKOM BA3KOCTH.
KoHnTpoJsbHbBIE BOPOCHI
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1. Harmrcatp o01iee BeIpakeHUe ISl BA3KOUM CHITBI M TIPOUJUTIOCTPUPOBATH YEPTEIKOM.

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

4. ITouemy pucka 1 10JPKHA HAXOUTHCSI HECKOJIBKO HUKE MTOBEPXHOCTH JKUJIKOCTU?

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

6. Kak BSI3KOCTb KMJIKOCTH 3aBUCUT OT TEMIIEpPaTypbl?

Cnmcok HCNO0JIb30BAHHBIX HCTOYHHKOB
1. CasenweB U.B. Kypc o6meit ¢pusuku. T.1. Mexanuka. MonekymnsipHas pusuka. - 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 METOJOB OIPEACICHUS MHKPONapaMmeTpoB (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 TBYMSI TIOCTIEI0BATEIBHBIMU CTOIKHOBEHHSIMH C JJPYTHMH MOJICKYJIaMH.

Paccrosinue d, Ha KOTOpoe CONMKAIOTCS TPH CTOJKHOBCHUH
LEHTPBI MOJIEKYJI, HA3BIBACTCS 9QhPEKMUBHbIM OUAMEMPOM MOJLEK)-
avl. Ha puc.2 BUAHO, 4TO 4eM OOJbllle HadaJlbHAs KWHETHYECKAst
SHEPIus MOJICKYJIbI (T.€. YeM BBIIIIC TEMIIEpaTypa), TeM MeHbIie d.

CnenoBarenbHO, YPPEKTHBHBIN JAUaMETP MOJIEKYJ YMEHBIIa-
€TCs ¢ TOBBIIIEHHEM TemiepaTypbl. [Ipaaa, usmenenue d ¢ poctom

U

TeMIIepaTypa He3HaunTebHo. Bennunna o =nd? HasbiBaercs ogh-
¢€Kmu6HblM CeYeHUeM MOJIEK)Jibl.

MOHCKYJIflpHO'KI/IHCTH“ICCKaﬂ TCOpHA ra3oB IIPHUBOJUT K BBIBOAY.
Uro mmuHa cBOOOMHOTO mpobera A 0OOpaTHO MPOIOPIHUOHAIBHA
KOHIIEHTpAaUU N U 3PPEKTHBHOMY MOIMEPEUYHOMY CEUCHHIO MOJIe-

KYJIBI

1

A=

Toon” (1)

Ota dopMyna UMeeT OYEBUAHBIA (U3UUECKUN CMBICT: CBOOOIHBIM MpoOer TeM MEHbIE, 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 CBOOOIHOTrO Mpobera 0OpaTHO MPOIMOPIUOHANIBHA 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(PUIMEHTHI TIepeHoca,

KOTOPBIC CPABHUTCIIBHO IPOCTO MOYKHO U3MEPUTH 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 ycraHoBkH. Ee OCHOBHasi 4acTh — KamuuIsIp
% l‘l’ ] L, moka3aHHbIN Ha puc.3 B yBeIMYEHHOM MacIiTaoe.

WZZZ UZZZ] Ecnu Ha KOHIIax Kanujuisipa co3AaTh pa3HoCTh AaBieHnid AP =P —PF, To B

‘ KamJUTSIpe BO3HUKAET BSI3KOE TEUEHUE BO3AyXa, TPOPUIH CKOPOCTEH KOTOPOTO

nokaszaH Ha puc.3. 3a Bpems T yepe3 Hero mnporekaer o0beM Bo3ayxa V, KoTo-
Puc.3 PBIi MOKHO BBIYUCIUTH 1O popmyre [lyazeiins:
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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.

Heo6xoxnmo, 4To0Obl Bojia BeITEKana KawsiMU. Toraa nasieHue Bo3ayxa B 6ayione 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 JINHEHHOE, TO B hopmyiy (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,
KOTOPBIiA JIETKO ompeaenseTcs no Gopmyie

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[Jist 3TOr0 Hy»KHO HECKOJIbKO MpeoOpa3oBaTh UCXoaHbIe hopmyis (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-
JIOH, Pyopy =1000 Kr/M — mioTHOCTH Bosbl, R = 8,31 Jlx/Monb-K — yHUBepcanbHas ra3oBas HOCTOSHHAS,

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
Cocya ¢ KanmuIsIpoM U KpaHOM, HacoC, TEPMOMETP, OapoMeTp.
Pabouee 3ananue

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

HBII IMaMeTp MOJIEKYJIbI BO3lyXa.
Iopsinok BbINoJIHEHUS PA0OTHI

P L 1. Otkpeite kpan K. JloxpaBmivch, Koraa BoJa HauyHET BBITEKATh KaIlIsIMH,
BKJIFOUUTH CEKYH/IOMEP U OJIHOBPEMEHHO 3aMETHTh YPOBEHb BOJIBI N1 B cocye.

Py 2. Koraa ypoBeHb BOJBI B COCY/I€ YMEHBIIUTCS MPUOIU3UTENBHO HA 1 cM, 01-

/_s HOBPEMEHHO 3aKPBITh KPaH U OCTAHOBUTH CEKYHIAOMED.

) 3. Bammcarb BpeMsl BBITEKaHUsI T M HOBBII YPOBEHb N2 BOBI.

ke g 4. 3MepuTh TEPMOMETPOM Temrieparypy t u 6apomeTpom aTMochepHoOe naB-
2 1

% f 66
K

Puc.1




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 N3MEPEeHMIA U BEIYMCIICHHUI 3aHECTH B TAOJIHILY:
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. aTp onpeneseHne cpeHei 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 MeToI0OM OTIpeNieNsieTcsi CpeiHsis JITMHa 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. MonekynspHas ¢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 OIS C TTOMOIINBI0 AKBHIIOTEHIIMAIBLHBIX TTOBEPXHOCTEH U CHUIIOBBIX JTUHUMA
TeopeTnyeckue cBeieHUsI

Ecnan toku cranuoHapHbie (T.€. HE U3MEHSIOTCS BO BPEMEHH), TO PACIPEICICHUE SJIECKTPUUECKHUX
3apsAI0B B MPOBOMAIICH Cpe/ie TOKE HE MEHSIETCS BO BPEMEHH, XOTS UM IMPOUCXOJIUT JBMXKCHHUE 3apsI0B.
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 CO3JA0T TaKOE )K€ IMOJI€, YTO M HETOJIBUXKHBIE 3apsjibl TOM ke KOoHIeHTpauuu. CieloBaTeiabHo,
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
NMOTEHIHAJBHBIMU. JTO 3HAYUT, 4TO paboTa, cCoBepIIacMasi STUMHU CHJIAMU HaJl TIEPEeMEIIaloNUMCs TO-
YEYHBIM 3apA70M (', HE 3aBUCUT OT TPACKTOPHH ATOTO 3apsijia, a 3aBUCHUT JIMIIIb OT €r0 Ha4aJbHOTO U KO-
HEYHOTO MosiokeHui. [lojie cranimoHapHbIX 3apsiioB, B KOTOPOM U JICUCTBYIOT TaKUE CUJIBI, TAKXKE HA3bI-
BacTCA MOTEHIHAIBHBIM. Pa00Ta MOTCHIIMAIBHBIX CUJI MPU TIEPEMEILICHUH 3apsi/ia COBEPIIACTCS 3a CUET
YMEHBIIIEHUS MOTEHIINAIBLHON YHEPTUU €r0 B3aUMOICUCTBUS C TIOJIEM, T.€.

Anonﬂ =— AU

Kaxxnoli ToOYKe MOTEHIIUAIBHOTO 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 noTeHuuaabHas SHEPTUs 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 - HA3BIBAECTCS DJIEKTPUUYECKUM BEKTOPOM WJIM 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-
BIICTBOPSIOT YCIIOBHIO (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 €, - €IMHUYHBIA BEKTOp, HANPABJICHHBIA MO HOPMAaIM K SKBHIIOTCHLMAIBHOW MmoBepxHOcTH. 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 qJaCcTbHO Ha60paT0pHOI>'I YCTaHOBKI/I SABIISICTCA KHOBCTaA

A —
v~ ] . En (IpsIMOYTOJIBHBIN COCY[) € CiabOMpOBOMAIICH KUAKOCTHIO W JIBa
T OUeKTposa A u K (puc.1). PazHOoCTh MOTEHIIHAIIOB MEXIY DJIEKTPO-

/ JaMU CO3/1a€TCSI UCTOUHUKOM TOCTOSIHHOTO HampspkeHus. K ogHOoMy

u3 anektpoaoB K (katoay) mpucoennHeH OJTHOM KIEMMOI BOIBTMETD,

1 npyras KjieMMa KOTOpOro coeiiHeHa ¢ 30Ha0M 2. [Ipu kacanuu 30H-

- \\; JIOM KaKOW-TUOO TOYKH >KUIAKOCTH BOJBTMETP MOKAXET MOTEHIHAI

K 9TOM TOYKM OTHOCH-TEJIBHO KaToja (IMOTEHI[Ma KaTo/1a IpUpaBHUBA-
Puc.1 eTcsl Hyn0). M3Mepsis MOTeHIHANbl Pa3IMUHBIX TOYEK IO, UMEIo-

IIUX OJIUH M TOT K€ MOTEHIINAJI, MOKHO MTOCTPOUTH CUCTEMY IKBHIIO-
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 U3 BEPTUKAIBHBIX JIMHUN MUJUTMMETPOBON Oymaru, pacroyio)KEeHHOM 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-
JIOBATEIHHO HAJ BTOPOM, 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. CoenMHUB Ha CBOEM PUCYHKE TOYKH C MOTEHIIUAIOM (P1, BbI MOJIYYUTE MEPBYIO U3 HCKOMBIX YKBHU-
MOTEHIUANICH.

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

6. AKKypaTHO, COOMIOAas B3aUMHYIO OPTOrOHAIBHOCTh, HAPHCOBATh Ha Oymare CUCTEMY CHIIOBBIX
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 MPEToAaBaTeNss 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 conpoTHBJIeHU 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 conpoTUBIEHHS P UCIOIb3YIOT TAKXKE 0OPAaTHYIO BETUUYHHY: c=1/p

(4)
Ha3bIBAEMYIO YAEIbHOMN MPOBOJUMOCTBIO WU YIEJIBHOMN 3JIEKTPONPOBOIHOCTHIO.

Ecnu npoBOJHMK MMeeT MPOU3BOJBHYIO (JOpPMY WIM KIEMMBI, Yepe3 KOTOpble MOJBOJAT K HEMY
HaIpsDKEHUE, PACIIONIOKEHBI B TPOU3BOJIBHBIX TOUKAX €r0 MOBEPXHOCTH, TO COPOTUBIIEHHUE €T0, ONpeie-
asiemoe 3akoHOoM OMa (1), coxpansier cBoil cMbicia. OJHAKO B 3TOM CIlIyyae CONPOTUBIICHHUE HEINb3s BbI-
YHUCIIUTh C MTOMOIIBIO0 popmyIbl (2). IImoTHOCT TOKa

= ©
L
OyZeT pa3nu4yHOM B pa3HbIX TOYKax MpoBojAHUKA. [lo3TOMY pacmnpeseneHue MIOTHOCTH TOKAa 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 MOHSTh, UCXOAS 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 TBUKEHHE 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 SJICKTPOH MEKIY
JIBYMSI TIOCJIEIOBATEIbHBIMU CTOJIKHOBEHUSIMH C MOHAMH KPUCTANTMYECKON PEIIeTKH, MOTHOCTHIO Tepsi-
€TCS TIPY CTOJKHOBEHUH. [Ipu 3TOM 3HEPrHsl yHOPSAIOYSHHOTO JBHIKCHHS 3JICKTPOHA IpeoOpa3yercs: BO
BHYTPEHHIOIO SHEPTUIO MPOBOTHUKA, KOTOPBIN HArPeBaeTCs MPHU MPOXO0KIACHUU 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 AJIMHA CBOOOJHOTrO Mpolera 3JeKTPOHOB, KOTOPYIO CUMTAIOT MO TMOPSIKY BETHMYHUHBI
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 METOJ U3MEPEHUS] CONPOTHBIICHUN MPU MOMOILM MOCTOBOW 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 11t Kaxaoro u3 N y3moB unenu. 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
ISl 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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[Ipu 3amaHHOM HampaBiIeHHUH 00XO0Ja KOHTYPOB IOJIOKUTEIBHBIMU
CUMTAIOTCS TE TOKU W 3.11.C., HAIIPABJIEHUS KOTOPHIX COBMAJAIOT C HaIpaB-
JieHueM o0xoa.

Cpenu ypaBHeHuil (12) He3aBUCHMBIMU OYyT TOJIBKO YPaBHEHUS IS
TeX KOHTYpPOB, KOTOPbIE HENb3s MOJYyUYUTh HAIOKEHHUEM APYTUX KOHTYPOB
JpyT Ha apyra.

MocToBas cxema MOCTOSIHHOTO TOKa, 4acTO Ha3bIBaeMas COKPAILLCHHO
MOCTOM YUWTCOHA, NPEACTaBIsieT cOO0M 3aMKHYTBHIM YeTHIPEXYTrOJbHHK,
COCTaBJICHHBIA U3 CONMpOTUBIIEHUN Ro, R1, R2, Rx (puc.3). B nuaronans 48
YEThIPEXYTOJbHUKA BKJIKOYAETCS HCTOUYHUK IMOCTOSIHHOIO TOKA C 3JIEKTPO-

Puc.3 JIBUKYIIIEW CUJION €, B IMAaroHallb — YyBCTBUTEIbHBIN rajgbBaHomeTp . OTa
JIMaroHalb CXEMbl M Ha3bIBAETCS MOCTOM B COOCTBEHHOM CMbICIIE. Bech mpoliiecc u3MepeHuil npu momo-
A ATOM CXEeMbl CBA3aH C TpeOOBaHMEM pPaBEHCTBA HYJK TOKAa B MOCTE, OTCIO/Ia M paclpOCTpaHEHUe
Ha3BaHUs "MocT" Ha BCiO cxemy. [Ipy mpou3BOJILHOM COOTHOLIEHUH CONPOTUBIEHHM, 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, MIIYILIUI yepe3 rajbBaHOMETp, 0Opalaercs 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 conpomueneHus 2a1b6aHomempa
¢ nomouyvio mocma Tomcona
c Jnst u3MepeHusl CONpPOTUBIEHUS HCHOJB3YETCSI MOCT TMOCTOSIHHOTO
TOKa C HEKOTOPBIMH M3MEHEHUSIMH B PACIOJOXKEHHUU €ro OTAEIbHBIX Ya-
S R, cteit. Cxema mocta TomcoHa nmoka3zana Ha puc.4. [lens nuTaeTcs oT UCTOU-
HUKa MOCTOSIHHOro HampspkeHus G. BenuunHa HampspKeHust peryaupyercs
R Ry B Tak, 4ToOBI MpH 3aJaHHBIX 3HAYEHUSX compoTuBieHUil Ro, Ri, R2 cTpenka
Ez b Ke rajJbBaHOMETPA HE BBIXOJIMIIA 32 TIPEAETIbI IIKAJIbI.

! ConporusnenneM Ro ciy’kuT marazuH conpoTtusieHuil. ConpoTusie-
Puc.4 HusMH R1 1 Rz ciyxat yactu peoxopaa AB (puc.4). PeoxopioM Ha3bIBaloT
OJTHOPOJIHYIO TIPOBOJIOKY, M3TOTOBJISIEMYIO M3 BBICOKOOMHOI'O MaTepHala.
ITo nmpoBosoke peoxopia mepemMeniaeTcs MoABMKHBIA KOHTAKT D, coenuHeHHbI ¢ raipBanomerpom I
DTOT KOHTAKT AeNUT peoxops Ha ase dyactu: AD u DB. BeneacTBue Toro, 4To mpoBoJioKa peoxopia o-
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 tTogek C i D paBHsI (¢c = ¢p), TO TOK B auaronami CD paBeH HYIIO, H 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 AaroHaljib CXEMBbI AJIA UCIIOJIb30BaHUs CXEMbI 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 HEMOJBM)KHBIM KPOHIITEHHAMHU 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) BBHI3BIBACT BKIIIOYCHHE HATPSIKCHUS
IUTaHUsA, IpU 3TOM BbeIcBeunBaercst uHaukarop (7). [lepexitouenu-
eM KJIaBUIIH S2 BeIOMpaeTcs BUJ paboThl yCTaHOBKU (MocT Tomco-
Ha WJIM ONpeAeIeHNUE YeIbHOrO CONPOTUBIIEHUS IPOBOAHUKA).

[lepexnroueHne KiIaBUIIM S3 TIO3BOJSET TOYHO TOK WIIH
HanpsDKEHUEe IPU HUKHEM I10JIOKEHUH NepekitodaTens S1 u Haxa-
toii knaBuie S2. KnaBuma S3 Takxke CIyXKHUT JUIS MEPEeKITI0YCHUs
pesuctopoB Ro B Mocty TomcoHna npu orxaroil kiaBuie S2. Pyuka
pe3ucTopa R mo3BoseT peryanpoBarh CHITy TOKa B CXEMe.

Padouee 3aganue

OmnpenenuTs 3HAYEHUE YACITHHOTO CONPOTUBIICHUS PE3UCTHB-
HOTO TPOBOAA M OIpPECNIUTh CONPOTUBIEHUE TajJbBaHOMETpa C
IIOMOIIBI0 MocTa ToMCcOHa.
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ITopsiok BBINOJIHEHUS PA0OTHI
Onpeoenenue yoenvbHo20 CORPOMUBIEHUA PE3UCHUECHO20 NPOBOOA
VYcraHoBuTE peXHUM paOOThl YCTAHOBKHM Il ONpEAEICHUS YIEIbHOTO
Ry COINIPOTHUBIIEHUSI NIPOBOAHUKA. [[JIg 3TOro HEOOXOIMMO NPOU3BECTHU Clle-
JYIOLIME ONepaltu ¢ NepeKIoYaTesIMU U KJIaBUIIaMU:

1. ITocTaBuTh nepekovarens S1 B HIDKHEE MOJI0KEHHE.

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 MOKA3bIBAI 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 KJIaBUIIY S3, IPU 3TOM 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 IOJBM)KHOTO KpOHIUTEHHA 100eiiTech 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. CTpeiaka BOJTMETPA IPU 3TOM HE JAOKHA 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 IEPEKITIO-
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 Ta0.2.

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.

W3mepenus u OKOHYATEIbHBIA PE3yJIbTAT 3aHECUTE B Ta0.2
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 3JIEKTPOIPOBOAHOCTH 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, MpOTEKAIOIUA Yepe3 co- Rz Rs  npormBnenme R Ha pwuc.S.
€1=10B, &,=5B, R=100Mm, BHyTpeHHHE COIpO- &; TUBJIEHUS 3.10.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!

Jljig monydeHusl AJIUTENbHO CYIIECTBYIOMIMX 3JIEKTPUUECKUX (M MEXaHWYeCKHX) KojebaHuil 60iib-
[10€ 3HAYCHUE UMEIOT aBTOKOJeOaTesbHble cucTeMbl. OHU XapaKTepU3YIOTCs CIEAYIOIUMU OTIUYUTEb-
HBIMHU CBOMCTBaMHU.

1. ABTOKOJIEOATENBHBIE CUCTEMBI CIOCOOHBI TEHEPUPOBATh HE3aTyXaloMIHe KojieOanus. DT Koyieha-
HUSL MOTYT OBITh FTAPMOHUYECKUMH WU O0jiee CI0XKHOM (POpMBI, HO OHH MOTYT MPOJOJIKATHCS HEorpa-
HUYEHHO JI0JIT0, JI0 TeX IMOp, MOKA HE BBIIYT U3 CTPOS JIIEMEHTHI, 00pa3yIOIIHe CUCTEMY.

2. ABrokosiebaTenbHble CUCTEMBbl OTIMYAIOTCA OT KOJIeOaTelIbHOro KOHTYpa C CONPOTHUBIICHUEM,
paBHBIM HYI0. TakoW KOHTYp IIPEACTABIACT COOOM MACAIbHBIN CITydald, HE JIOCTUKUMBII Ha IPAKTUKE, 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, IMPOUCXOIAAIINX BHYTPU CHCTC- Mbl, 1 JJIA UX NOAACPKAHUA HE TPC-
OyeTcsi HUKAaKUX BHEIIHUX BO3JCH- ? CTBHH.

4. B coctaB aBTOKOJIEOATENbHBIX c HII CUCTEM BXOJIUT UCTOYHHUK SHEPTHUHU (B
cllyyae MEXaHHYeCKHUX KoyileOaHUH - _—% - c)KaTasl IPYKHMHA, MOIHATHIN Ipy3 U
T.JA., B Cllydae 3JIeKTPUYECKHX - OaTa- pest UJIu MHOM UCTOYHHUK TOKa). DTOT
UCTOYHUK [EPUONYECKH BKIIIOYAETCS caMOil cucTeMOM U BBOJIUT B Hee
OIIPENIECIEHHYI0 DHEPrUI0, KOMIIECHCH- Puc. 2 pYIOILYI0 TIOTEPU Ha BbLAEICHUE
teria J[xoynsa-Jlenna, uro u nenaer KoJiebaHusl He3aTyxarolmumu. 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
3apsi/l KOHJAEHCATOpa Yepe3 paBHble MPOMEKYTKH BpeMeHU. KonebaHusi B 3TOM ciydae SIBISIOTCS COBO-
KYIHOCTBIO JIBYX allepHOJUYECKHUX IMPOLIECCOB - Mpoliecca 3apsAIKy KOHIEHcAaTopa U Ipolecca ero pas-
psaaku. Takue kojaeOaHUs HA3BIBAIOTCS PelaKCAYUOHHBIMUL.

B nameit ycranoBke posib "kiroua', 00eCeYrBalomero MonepeMeHHY0 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 3apsAay q U CTpeMHUIIoch Obl 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 . A2 Vuursisas, uro | =dq/dt
Ta -1 4 (p,—¢)=Uc =0q/C, nepenumem
) 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 NMPHOJMKEHHO MOKHO INPEJCTABUTH Mps-
S ____ MO¥ JIMHHCH:
Ue =5, ©)
Ul T
Tak kak € VT ~1-t/1
VTR mput<t=RC,
0 t [Ipy HanmMuUMM HEOHOBOM JIaMIIBI MPOMCXOAUT MHOE. OCHOBHAs OCo-
Prc. 4 OEHHOCTH HEOHOBOH JIaMIIBI COCTOUT B TOM, YTO OHA HAYMHAET IPOBOAUTH

TOK TOJIBKO IPHU OIpPENEICHHON Pa3HOCTH MOTEHIMAIOB MEXIY €€ 3JeK-
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 HANpsHKEHHH, TaCHET OHA MPU 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 Aasd MOPOCTOTHI, YTO I ,  BPEMS DPaspAIKM  KOHJEHcaTopa
BECbMa MaJlo [0 CPaBHEHUIO CO BPEMEHEM ero 3apsaku. Torna nepuoj Kose-
0aHuil - 3TO eCTh BpeMs, B T€UEHUE KOTOPO- IO HampsHKEHUE MOBBIIAETCS OT
spauenuss Ur no Us. Hcmonssys dopmynmy | (6), MOXHO TOJNYYHUTH MJII HETO
BBIPKCHHE AP
7Y% Ype YU, @ e

& & Puc. 5 o
BonbT-amnepnast XapaKTepUCTHKA HEOHOBOH JIaMIIbl UMEET BUJ, IO-

Ka3aHHbIM Ha puc.5. [Ipu ManoM HanpspKEeHMM Ha JIEKTPoAax TOK Yepes JaMIly paBeH Hyumro. [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 nanpsikenne ymaaer 1o Ur, 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 JIAMITBI U ONIPEACIUTD 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 J0 yIIOpa MPOTHB Ya-
COBOM CTpEJIKH, NEPEeKIoYa- @ S R,  Telb Si - B HEWTPAIBLHOE MOJIOKE-
HHE. R

3. BKJIIOYHTE YCTaHOBKY Cx TG, C\D B CETb.

4. MemyieHHO YBEIUYH- 69 Bas HAINpsDKEHHE C TOMOIIbBIO
noteHuomeTpa Ri, 3amersTe ‘ : { MOMEHT  3aXXUTaHUsl  JIaMIIbl

R, S, G

Puc. 1 Cxema ycTaHOBKH



(cTpenka MUKpoaMIepMeTpa pe3Ko OTKIOHUTCS OT HyJisI). BOIBTMETp MOKaKeT HaMpsHKEHUE 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 ramenus siamnsl (Ur), 3anmuchiBasi 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. Ilepexirouarens Si mocTaBbTe B MosiokeHue Co (B LI€TIh BKIIOUAETCS STAJTOHHBIA KOHJEHCATOD).
Pyuky R moBepHuUTE 10 yriopa npoTUB 4YaCOBOM CTPEIIKH.

2. YBenuuuBas HalpsOKeHHE, 1O0OeHTech BOZHUKHOBEHHUS KOJeOaHUi, HAOIIOaeMbIX 110 MUTAHUIO
HEOHOBOI! JIaMITOUKH, HauMeHblIeil yactotel. Onpenenute Bpems 10 muranuit nammnouku. [To gpopmyse
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 mpencraBisitoT aBTokosiaeOanusa? [IpuBennure npumepsl 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 3aMBIKAOT MPOBOJHUKOM colpoTHBieHHeM R. Kak ObIcT-
po KoHACHCATOp pa3psauTcs Ha 99%? (pelienne, aHaJTOTUYHOE PENISHU0 3a1auu U3 Bompoca Ne2).

4. KakoBa poJib HEOHOBOI1 JJaMIIbl B U3y4aeMol cxeme?

5. [Momyuute camoctosaTensHO dhopmymy (7).

CHucoK HCIO0Jb30BAHHBIX HCTOYHHKOB

Hponos U.E. Dnekrpomarnerusm. — M.: BUHOM. Jlabopatopus 3uanwuii, 2008. — 320c. §5.6 Ilepe-
XOJIHBIE TIPOIIECCHI B IIEMHU ¢ KOHAeHCAaTOpoM (cTp.124)

80



JlaGopaTtopHnast pabota Ne 21
TepmodiieKTpuUYecKe ABJIEHUS

Lleab padoThbl: 03HAKOMIICHHE C TEPMOAJICKTPUUYECKUMHU 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 obua- W KO o0pa3yeT COBMECTHO C
p HaPYKHBIM — T CIOeM HOHOB JIBOWHOM JIEKTpH-
YeCKUW  CJIOH Agn=ee  (cm.puc.4). BosHukaromee Ha
Prc.3 rpaHuie pasue- | na snexTpudeckoe noue Er ctpe-
MHTCSI BEPHYTH BBIJIETECBIIHE 3JIEKTPOHBI B meta. Pabota, coBepiiaemas
IOPOTHB CHJI STOTO TOJII MPH Tepexoje Mrer JJIEKTPOHA W3 MeTajula Hapyxy,
UJIET Ha YBEJIUYEHUE MNOTCHUMANBHON  O~Fame xyea ! SHEpruu sJeKTpoHa W = —eo.
ITockonbKy 3apsin 3JIE€KTpOHA OTpULIATE- Meranma JIEH, IOTSHIMAal TOYKU U IIOTEH-

HuajibHasA SHEPTHUA JJICKTPOHA B 3TOH TOY- Puc.5 K€ UMCIOT PA3HBIC 3HAKU. OTCI-O,Z[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 HEe KaKHe YTrOJHO, a TOJBKO OT/ENbHbIC 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 00IaaaroT 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 IEKTPOHAM HY>KHO COOOIINUTh HEOAMHAKOBYIO dHEPrHUl0. 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 Mmetamia 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.

MeTannbl pa3nu4aroTcs 3HAUEHHWEM KOHIIEHTPAIMU CBOOOJHBIX JIEKTPOHOB 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 KOHIEHTpauus OoJiblie, B METall, Iie oHa MeHblue. [Tpu
ATOM TMEPEHOCUTCS 3apsi, OAMH METAllT 3apsiKaeTcsl MOJIOKUTEIBHO, JPYTroil - oTpulaTensHo. Bomusu
rpaHulbl pa3jieia META/VIOB BO3HUKAET ABOMHOM 3JEKTPUYECKHM 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 JIETPUUECKUM 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 pacrionararoTcsi 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, TMOTEHIMAA HA  IOBEPXHOCTM  IEpBOro  Mertayuia  OyneT  Ha

Uy = €02 —8P _ Py — P o BBIILIE, YEM HA MOBEPXHOCTU BTO-
+++++ -+ + ¥
poro. :{+ﬁl++i__ —:+ni +-
Bennuuny U,, Ha3piBator - - - - | e gHewHel _ KOHMAKMHOU __PA3HO-
CMbIO NOMEHYUAN0S. wi L W
Kak BugHo u3 puc.7, no- e¥ TEHLUANIbHAs JHEPrus 3JIEKTPOHA
B IIEPBOM METaJlJIE MEHBIIIE, L, e, yeM BO BTOopoM, Ha Er1 - Er2. Co-
OTBETCTBEHHO HOTEHLUAI BHYTpU IEPBOrO0 MeETajula BBIIIE,
= - + _Em—Ep
4eM BHYTPH BTOPOro, Ha Be- = mnuuHy Ujp - Benu-
YUHY U1‘2 Ha3bIBAIOT GHYMI- ﬁ penHel KOHMAKMHOU _PAa3HOCHIbIO
nomenyuanog. KoHTaKTHbIE T 2 Pa3HOCTH IOTEHLMAIOB HMEIOT
HEDJIEKTPOCTaTHYECKYIO - E Pic.8 npupoay (BO3HHKaeT 3a CYer
mpdysun), T.e. ABIAIOTCA - -— NEKTPOABIKY LIIUMU cHJIaMH,

311. OTTAITKHBAHHE
CIOCOOHBIMH CO3JAaTh TOK.
)

T r:
SIBjenne 3eedexa |54 L
Ecau cmasare B KOJIBIIO W & MPOBOJIHUKHU U3 Pa3HBIX METAJIOB
(puc.8), TO BO3HHKampomue — AKI KOHTAaKTHBIE PA3HOCTH MOTEHIMA-
€1
ITCPMO

JOB B  PpAasHbIX  CHasgx HaIlpaBJIEHbl HaBCTpeYy APYT Jpy-
Iy U KOMIIEHCUPYIOTCS: TOK [0 TakOM 3aMKHYTOM LENH HE
IIOTEYET.

s

3eebex OOHApYXUIT B & 1821 1., yTO eciu cman ABYX pas-
HOPOJHBIX METaJIoB, 00pa- . PucH 3YIOIIMX 3aMKHYTYIO IIeTlb (Ha3bl-
BaeMyIo TEpPMOIIapOH; Puc.7 cm.puc.9), mnoaaepkuBaTH MpU
pa3IMYHBIX TeMIepaTypax, TO B LIENM TeuyeT TOK. M3mMeHeHue

3HaKa y pa3HOCTH TEMIIEPATYP CIAEB COMPOBOXKIAETCS N3MEHEHUEM HAIIPaBJICHUS TOKA.

Kak ormeuanock Bbiie, ypoBeHb depMu 3aBucHUT OT Temmeparypsl. [loaTromy ckauok moreHuuana
MIPH TIEPEX0/Ie U3 OJHOTO METAJlJIa B IPYroi (BHYTPEHHSsI KOHTAKTHAsI Pa3HOCTh MOTEHIIUAIOB) ISl CIia-
€B, HaXOIAIIMXCS IPU Pa3HBIX TeMIEpaTypax, HEOAMHAKOB U CyMMa CKauKOB IOTEHIMAa JUIsl BCEM LENu
oTiinyHa OT HyJs. OAHOTO 3TOTO OBLIO OBI JOCTATOYHO TSI BO3HUKHOBEeHUS Tepmo DJIC.

Zrepno =Uno (1) +Ust () =2 [ Er (1)~ B, (T)]+[ B, ()~ B (T2)]) -

1{[55 (T,)-Er, () ]-[Er (T2)-Ex (Tl)]} =:fa12 (T)dT 20

e
sl y0enbHoU mepmosiekmpodsuxcyweti 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 MMOMEIIEHBI B 00JaCTH C pa3HOM TeMIIepaTypoi MOTEYET TOK.

Ecmu HarpeT TOJILKO OJWH HU3 CIIaCB,TO TCPMO 3[[(: HC 3aBHCHUT OT KOJIMYCCTBA COCAUMHCHHBIX ITOCIIC-
JIoBaTeNIbHO pasHopoHbIX MeTamuioB! Tepmo DJIC co3gaeTcs TOIBKO JBYMsI METajlaMH, CIail KOTOPBIX

Oyukums o, (T) HasbiBaer-
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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 3HEpruei y HarpeToro KoHIa 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 IEKTPOHOB 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 pe3ynbpTare BHYTpH MPOBOJIHUKA BOSHUKHET AJICKTPHUECKOE 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 MeTasuioB 1 u 2 Bo3aukHeT 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 tomn, OJMHAKOBYIO JUTS CIIaeB a, b ¢ mVv MpU  BBIKIIOYEHHOM HarpeBaTelie
R.

2. BxkirouMTte YCTaHOBKY B  CETb. Harpesast paGouwii craii Tepmoria-

pbl, yepe3 kaxaple 5S°C u3mepsiiTe o BOJb- t™erpy Benmunmny O.J.C. g

Harpesanue npoussoaute 10 80°C. Pesynb-
LY.
3. Ilpu nmoctmxenun 80°C BHI- g, KJIFOYUTE YCTAaHOBKY U MPOAOJIKHU-

T€ M3MEPEHHE TEPMO-d.1.C. & TMPU ¢

qero crasi, QUKCUPYS T€ K€ 3HAUCHUS \ TEMIEpaTypbl, Kakue OBbLIH TIpU

HarpeBaHWM, HO B OOPaTHOM MOPSIKE : BIUIOTh /10 KOMHAaTHOHW. JlaHHBIE

3aHECUTE B TaONHIly W TOJNYYHTE o . ; MOJIKCH NPENOAABATENA O 3aBEp-
\

TaThl U3MEPEHUIl 3aHecuTe B Tab-

€CTCCTBCHHOM OCTbIBaAHUU pa6o-

IIEHUH SKCIIEPUMEHTA. e
4. JInsg KaxIoW TeMIeparypbl

BBIYUCIIUTC CPCAHCC 3HAUCHUC

1 . "
& = E(ST + e ) Puc.2 Fpa(bHK er (At)

83



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 JODKCH
At, — Al
er, MB

Conep:xanue oT4yeTa

I'paduk TemrnepatypHoit 3aBucumoctu TepMoI/IC, 3HadueHune yaenpHOUM TepMoIJC, 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 nudGy3nOHHAST COCTABISIOMIAs 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 3aMKHYTO# 11enH, cOOpaHHOM M3 Pa3HOPOIHBIX METAJUIOB, BO3HUKATD JICKTPUUECCKUN
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. DnekrpudectBo 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 YIETBbHOTO 3aps/ia AIEKTPOHA.
Teopernyeckue cBeleHUs!

YaenabHbIN 3aps/l - OTHOLICHHE 3apsia
PaKTEPUCTHUK 3JIEMEHTApHOM 4YacTuubl. Ero
JKEHUE 3apsHKEHHOM 4YacTULbI B AJIEKTpUYE-
JIEUCTBYSl HA TIOTOKH JJIEKTPOHOB M MOHOB
MOJISIMU, MOXHO YNPABIIATh 3TUMHU MOTOKA-
CTUIl TO BEIUYMHE U HANpaBICHUIO. DTU
CTBHUSI PA3JIMYHBIX AJIEKTPOHHBIX U MOHHBIX
CKOIIOB, YCKOPHUTEJCH 3apsSKEHHBIX YaCTHII,
9JIEKTPOHHBIX U UOHHBIX JITaMI U T.J.).

JIBr>KeHUE SJIEKTPOHOB BO B3aUMHO

K Macce - OJlHa U3 OCHOBHBIX Xa-
MOKHO OIPEIeIUTh, U3ydas J[BU-
CKOM M MarHuTHOM Nojsx. Bos-
ANIEKTPUYECKUM W  MarHUTHBIM
MH, T.e. U3MEHHUTb CKOPOCTH 4Ya-
SIBJICHUS JIeKaT B OCHOBE Jeil-
pUOOPOB (JIEKTPOHHBIX MHKPO-
AJIEKTPOHHO-IY4YEBbIX TpYOOK,

ﬁz% Jﬁw

vyl
|
|

V

MR

()

NEPIEHIUKYIISIPHBIX ~ DJIEKTpHYE-

CKOM M MarHMTHOM IIOJIIX IPUMEHSAEICS B crielManbHbIX NMpuUOopax - MarHe-
TpoHax (TeHepaTropax J3JEeKTpOMarHUTHBIX Puc. 2. Kondurypamus kosiebaHuii B 00JacTH CBEPXBHI-
COKHMX 4YacTOT). MarHeTpoH MOKHO HcC- noneit R MATHeTNOHE [IOJIB30BaTh JUI  OIPEACIICHUS

YAEIBHOTO 3aps/a 3JIEKTPOHA.

Konduryparus noneii B MarHerpose
TPOJIHOM Jlamrie (AMOJE) C LWJIUHIpUYE-
KaTOJIOM, IIOMEIIEHHOW BHYTPb KaTYULIKH,
(puc.2). DnexkTpuyeckas cxeMa yCTaHOBKU
JMoja U 1enu Katymku (puc.l). AHonHoe
KaTyIIKd MOXXHO PETyJHpOBaTh TOTEH-
Hue Hakana Uy MocTosiHHOE. DieKTpuye-

Takas e, KaKk U B JIBYXDJICK-
CKMMH COOCHBIMH aHOJIOM H
CO3JAIOIIEH MAarHUTHOE IIOJIE
COCTOMT M3 LIENIM aHOJa, HaKana
HaIlpsDKEHUE M BEIIMYMHY TOKa
nuomerpoM ITA u II. Hanpsoke-
CKOE€ II0JI€ B JIAMIIE HAIIPaBJICHO

10 pajguycaM aHoJa, a IOCTOSHHOE Mar- HHATHOE IT0JIE - MapaJlJIeIbHO OCH
anona (puc.2). Takum oOpasom, snektpu- Puc. 3. Tpaekropun siek- YEeCKO€ M MarHuTHOE II0JA B3a-
MMHO NepHeHIUKYISPHBL. TpOHA IIPH Pa3HBIX TOKaX

I1py BBIKJIFOYEHHOM MarHMTHOM mojie  KaTyIIKH DIIEKTPOHBI, SMHUTHPOBAHHbIC

KaToOJIOM, JIBIXKYTCSI OT KaTo/1a K aHOy 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 aHOJOM 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 Cco

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 3JIEKTPOHA, 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 3HAUYCHUH HMHAYKIHHW MAarHvuTHOTO 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 HE pe3koe yMEHbIICHHE aHOAHOTO TOKa TPH TalbHEHUIIIEeM YBETUICHUN
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 60HBIJ_II/IHCTBO 9JICKTPOHOB YXC 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 BeBoma ¢dopmynbl (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 dopmyitsr (1) S
B OTHUX 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.
Pa3yioxuM CKOPOCTH HJIEKTPOHA HA JBE B3aUMHO IEPIEHIUKYJIAPHBIE COCTABIAIOIINE V4 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
MOW 3JIEKTPUYECKON IIEMH, JTaHHOU
yctaHoBku. Onpenenure 1eHy Jene-

1. O3HaKOMbTECH CO CXe-
Ha puc.l, a TakKe Ha IaHEIH

HUS KaXJ0r0 M3MEPUTEIBHOIO ii npubopa.
2. Py4ku noTeHIIMOMETPOB ; M HE , ITA u Il noBepHuTE NPOTUB 4aCOBOM
CTpeslKM 10 ymopa (T.e. Ha il G3  HYJIb).
3. BxitounTe yCTaHOBKY B \!E 7 cerb. Pyukoi mnorenumomerpa IIA
xeHrue Ual M IONJEpKUBANTE €ro

YCTaHOBUTE aHOJHOE 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- CUMOCTbh BEJIMYMHBI AHOJHOTO TOKa
|a oT TOKa KaTyuiku I. [ 3T0r0, yIepuBas 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
aHoHOTOo HanpspkeHust Ual.

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 TaOJIMIly U MOJTYUYUTE MOAMHUCH MPENnoaBaTess O 3aBEePIICHUH 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 kaxoil 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 HalpapJieHa CUJIa, C KOTOPOH 3JIEKTPUUYECKOE MoJIe ACHCTBYET Ha 3apsKEHHYIO

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
HaMarHuyeHHoro mapa (puc.l). MaruuTHas ocb B HacTosllee BpeMms e
HaKJIOHEHa K reorpaduyeckor moa yriom 11°; mo3ToMy KOOpAWHATHI
CEBEPHOTO MarHUTHOrO moiitoca (B FOxHoM momymrapuun) 79° 1o0.1m1. 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 AHTapkTuje. BennunHa MarHUTHOTO MOJS Y 2e02p.
NOBEPXHOCTU 3eMiiM MeHsieTcst oT 62 1o 73 mxTi, a ropusoHTanbHON IKE.
cocTtapsitolieil - or 0 Ha ceBepHOM U I0)KHOM MAarHUTHBIX IMOJIIOCAX 0 /
41 mxTn Ha skBartope. 2e02p. S

B nmefictBuTeIbHOCTH 1MOJI€ 3eMIIM HMEET HAaMHOTO GoJjiee claokuyro 7 0
KOH(HTypanuoo, 4eM n3o0paxeHHas Ha puc.l. Bo-nepBbix, cymiecTBy-
10T MHOTOYHMCJICHHbIE MarHUTHBIE aHoManuu (Harnpumep Kypckast), B pailoHax KOTOPBIX MOJIE JOCTUTAET
3HAYUTENILHO OOJIBIIMX BEJIMYUH, 4eM yKazaHHbie BbIe (10 200 mxTin). Bo-BTOpHIX, MOJI€ CUIIBHO HCKa-
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
BapHallMy BETMYMHBI MOJIs (B HACTOAIIEE BpeMs OHO yObIBaeT nmpuMepHo Ha 1% 3a gecstunerue).

Uro kacaeTcsi MPOUCXOXKICHHUS] T€OMarHUTHOTO TOJIsl, TO CTPOTOi TEOpUM MOKa HET; MPEeoJaraer-
Csl, YTO OCHOBHBIM €r0 MCTOYHUKOM SIBJISIFOTCS DJIEKTPUUECKHE TOKH, HUPKYJIHUPYIOLIUE B KUJKOM SIpe
3emiu.

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 MPOSBIEHUE AJIEKTPO-MAarHUTHOW (POPMBI JBHKEHHS] MaTepuu. ICTOUHMK 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 yXoaiT Ha 0eckoHeuYHOCTh. CHIIOBOM JIMHWEW 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 TOJIS Ha 3jeMenT 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 JIMHUSIM.
JeicTBUE e 1OJI Ha KOHTYP C TOKOM WJIM TOCTOSIHHBIA MarHUT OTNPEEIISIETCS MOMEHTOM CHJT
M =P, xB, 3)
rae P, - MarHUTHBIH MOMEHT KOHTYypa (MM TOCTOSHHOTO MarHuTa). MarHUTHBI MOMEHT KOHTypa C

TOKOM - 3TO BEKTOP, YUCIEHHO paBHbIN IS (S - miomaabs KOHTypa) U HalpaBJIEHHbBIN B CTOPOHY IOJIO0XKH-
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)
YCTaHOBHTCS BJIOJIb CHIIOBBIX JIMHUW BHEIITHETO ITOJIS.
Metoa TaHreHC-raibBaHOMETpPa

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 11eHTpe KaTylku yKperuieH 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 MEpHJMaHa, a BIOJb TOPU30HTATBHON COCTaBIISIONICH
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 TOPU3OHTAILHOTO AHaMeTpa
karymku. [Ipu BKIIOYEHUH TOKA BO3HUKAET MAarHUTHOE TMOJIe KaTyIIKU

IN
By = Ho @

NEPIEHIMKYIIAPHOE TUNIOCKOCTH KaTyIIKH, & 3HAYUT, U By .

OueBuAHO, YTO CTpENIKa KOMITaca YCTAaHOBUTCS BJIOJIb PE3yJIbTUPYIOIIEro nous (puc.3).

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 moyis B, CO34aHHOTO JUIMHHBIM 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 - smement Toka, I - pagMyc-BEKTOp OT 3TOTO 3JIEMEHTA 10 TOYKH, B KO-
TOpOW HaxoauTcsi MarHuTHOE ToJie. Kak BUIHO U3 (opMyIibl, ToJIe MepIeHauKY-

JSIPHO TJIOCKOCTH, B KOTOPOM JIekKaT paanyc-BEKTOpP U 3JEMEHT 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.

[Tpu BBIBOAIC MHIYKITUU MAarHUTHOTO TOJIS B IICHTPE KPYT'OBOT'O BUTKA HEOOXOAUMO yUECTh, YTO YTOJ
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

TanreHc-ranpbBaHOMETp, 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 HampaBlieHa MO JUaMETpPy 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
BEJMYMHY TOKa | ¥ yIJIbl OTKJIOHEHHUS OT MEPBOHAYAIBHOTO IMOJIOKEHHUS CEBEPHOTO Ol1 U FOXKHOTO Ol 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. '3mMeHuTe HalpaBieHUE TOKA B raJlbBAHOMETPE C MOMOIIBI0 TIEPEKITIOYaTeNs Ha ycTaHOBKe. [Ipo-
JeNiaiiTe MyHKT 3, yCTaHABJIMBAs TaKHe e 3HAUCHUS TOKOB U (PUKCUPYS YIIIbI OTKIOHEHUS OT IMEepBOHA-
YaJIbHOT'O MOJIOKEHUS CEBEPHOTO (13 M FOKHOTO (L4 TIOJIFOCOB 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 OMCaHUH 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, onipenensroTcsi Kak oJIOBHUHA JACJICHUs MPHUOOpPa, ¢ IOMOIIBIO KOTOPOTo ObLIM M3MepeHs! [, R
U oL, TpueM Aol Hajlo BBIPa3uTh B paauaHax. Eciam 3HaueHne Kakoi-1nbo BEIWYMHBI YK€ YKa3aHO B OMH-
CaHUU YCTaHOBKHM, Harpumep R, To abcomroTHAs MOrpelHOCTh 3TON BETMUMHBI ONPEAEISIETCS KaK MOJIOBH-
Ha eIMHUIBI ocaenHero paspsaaa. [Ipumep: R=113,15 M. Ennnuna nociegnero paspsijaa - 3T0 0J{Ha COTasl.

92



Taxum ob6pazom, AR = 0,01/2 = 0,005 m.
9. Haiitn Haubobliee 3HaueHUE aOCOMOTHOM MOTPENTHOCTH. Pe3ynbTar npeacTaBuTh B BUJIC

Brop = (Buon (481 ) )T

CpaBHHTH NOJTYYEHHOE 3HaYCHUE Brop ¢ TAOINYHBIM (CM. TEOPETUUECKOE ONTUCAHNUE).
Conep:kanue oTyera
PesynbTaTel m3MepeHuid U pacdeToB, 0OPMIICHHBIE B BHJIEC TAOIUIbI. 3HAYCHHE TOPU30HTATLHOM
COCTAaBJIAIOIIEH MArHUTHOTO I10JI 3eMIIH.
KounTtpoJbHbIie Bonpochl
1. Yro Takoe marauTHoe noje? Kakumu cBoiictBamu oHO 00namaer? 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. Onrtuka. — 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-
UJ1a ¥ CPAaBHEHUE UX C PACUETHBIMU 3HAUCHUSIMHU.
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, UTO YE€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 HHIYKIUs B MOXKeT ObITh ornpeaeneHa mo ¢opmyite (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 3Ha4eHUs1 By, onpenensemoro mo gpopmye (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 coieHOU Kak
ToKOB (puc.2). Konbiy mupuHoi
Indx, rme N - 9UCIO0 BUTKOB CO-
Kak cnegyer u3 3akona buo-
ToKa co3faer B Touke O Ha ocu

HETIPEPBIBHYIO CHUCTEMY KOJIBLEBBIX
dX COOTBETCTBYET KOJBIICBOH TOK
JICHOMAAa Ha C€AWHULY C€ro IJIWHBIL.
CaBapa, snmement dl xombueBoro
COJICHOM/IA TI0JIE C MHTyKIINeH

, Indx
dB'= ILLO_Zdl
47d

[Ipu ompeneneHun WHIYK- - 7 IIMM MAarHUTHOTO ITIOJA KOJIBIIEBOIO
Toka B Touke O cienyer y4yecTb, ) a5 . YTO CyMMapHas KOMIIOHEHTa Mar-
HATHOW HMHAYKIMH MOJSL, co3Ma- | | d . BAaeMOro JII000N mapoil cCUMMeETpud-

(o —
HO PACIIOJIOXKCHHBIX JJICMEHTOB xd = — | P dl;, HampaBneHa BHOIb OCH X, HO-
\
27l
Indx 0
sTOMY » dB =dB, =2 cosa [ di=
dx 47d 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 ~ HU3YUYECHHE pacupeneneHus 3Ha4eHU MarHUTHON
VMHAYKIMHA TOJs BHYTPU COJICHOUZA IIPeIaraeTcsi MpPOBECTU € MOMOIIBIO
YCTaHOBKH, COCTOSLIEH M3 UCTOYHHUKA IIOCTOSIHHOTO TOKa; cojeHounpa Ly,

TYHIKH L25 KOTOpasAa BBCIACHA B COJIC- HOU L1 U MOXCET IICPCMCUIATHCA
BIOJb €ro OCH, 0aJIUCTHYCCKOTO

kaTymkoi L,; BbiIouatens S u

rajpBaHomMeTrpa P2, cOeqUHEHHOro ¢
mumamnepmerpa Pl, ¢ momoinsio

MarHuTHOE I10JIe KOTOPOro MCCIIeqyeT- m Csl; MaJIeHbKOM H3MEpUTENbHOM Ka-

KOTOPOr0 MOHO M3MEPHUTHh TOK B CO- nenoune Ly (puc.5). Ilpu uzmepenun
UHIYKIUH MarHUTHOTO T0JI KAaTYIIKY L, ycraHaBiuBalOT B KakoH-mubo0
TOYKE Ha ocu cojeHounpa L. B mo- Puc.4 MEHT 3aMbIKaHUS KHOMKOH S uenu
cojeHouna L, TOk B HeM Bo3pacTaeT or 0 g0 mocTtosHHOro 3HaueHus | .

[Ipu 5TOM MarHUTHBII TOTOK Yepe3 BUTKU KaTymku L, m3mensercs ot 0 no @ = BSyNg, 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) onmpenensitoTcsl IKCIepUMEHTaNIbHbIE 3HAYEHUS MAarHUTHOM MHIyKLUH I0JI 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 oOLeMy MpaBUIly: €CIH
HampaBlieHue 00xoJa KOHTypa L W HampaBiieHHE TOKa CBS3aHBI IMPABUJIOM MPABOTO BUHTA, TO 3HAK |
MOJIOKUTEJICH.

Tpu BeiBoze hopmystsl (1) HAmO 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 KOHTYPOM, 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 HpOHSBOJ’ILHOﬁ KOH(bI/Il"ypaI_[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 - paznyc-BEKTOp OT 9TOr0 3JIEMEHTAa 10 TOYKH, B KO-
TOPOM HaxOoOWTCs MarHuTHoe moiae. Kak BHIHO u3 (GOopMyIbl, MOJEe MEepIeHANKY-
JSIPHO IIJIOCKOCTH, B KOTOpPOM JexaT paauyc- BEKTOP M 3JIEMEHT Toka. Moayib
UHIYKIUH, CO3/1aBa€MOM 3JIEMEHTOM TOKa, HaX0IuTCs 1Mo popmyiie
Lo ldisina
dB=———75—,
4n  r?
/1€ O - YTOJI MEXAY PallyCOM-BEKTOPOM U 3JIEMEHTOM TOKa.
O0BbeKTHI HecIeI0BaHNsA, 000PyI0BaHUE
ConeHnoun, ralbBaHOMETpP, MUJUTHAMIIEPMETP.
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. Pyukoll Ha yCTaHOBKE ITOMECTUTE U3MEPUTEIBHYIO KaTylmKy L2 y OTHOro 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. HaxxmMuTe Ha KHOTKY S, M3MEPhTE OTKJIOHEHHE CBETOBOTO 3alfYHMKa Ol IO IIIKaje TallbBaHOMETPA.
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/Iblii pa3 Ha 1 cM BIOJIb OCH COJICHOMA A0 yIopa. 3aHECUTE JaHHBIE B TAOIUILY, TIOCIIE YEeTo MOJIy4H-
T€ TOJIUCH MPENOJaBaTENs O 3aBEPIICHUN YKCIIEPUMEHTA.

5. ITo popmyne (5) HAMIUTE IKCTIEPUMEHTATbHBIEC 3HAYCHUS] MATHUTHOW WHIYKIIMH, BOCIOJIB30BaB-
IIMCh 3HaYCHHEM K, yKa3aHHBIM Ha YCTaHOBKE.
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6. Jlnst Tex ke 3HaueHu a paccuutaite o Gopmynam (3) u (4) TeopeTHUecKue 3HAUYCHUS MArHUT-
HOM MHAYKIUU B COJICHOUJIE.

7. JlaHHbIE BBIYMCIICHUHN 3aHECTH B TaOJIHILY.
a, M o, e Baxcn, Tn COSBl COSBZ Breop, Tn

8. IToctpouts rpaduku Boen = f1(@) ¥ Breop = f2(8) 10 pe3ysibTaTram, moay4eHHbIM U3 OIbITA U TIPU 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
COJICHOUIA.

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 MHIYKIIMM HA OCH COJIEHOHMJa 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 006pa3oM MOXKHO B/IBO€ YBEIHUUTH CMEIICHHE 3aiYiKa B UCIOJIb3yEMON YCTAaHOBKE, HE YBEIIU-
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. Vcionb3yst TeopeMy O IUPKYJISAIUHU , HalaUTe 3aBUCUMOCTh B=B(r) anms TopouanbHON KaTyIiku ¢
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 3IeKTPUYECKUX 3aTYXAKNIIUX KOJTe0aHuii

Ileab padoThI: O3HAKOMIICHUE C METOAOM IMOJTYUYCHHS 3aTYXArOMIMX 3JEKTPUUYCCKUX KOJICOAHUU W
orpeziesieHue mapaMeTpoB Koie0aTeIbHOro KOHTYpa ¢ MOMOIIbI0 ocusuiorpada.
Teopernyeckue cBeleHUs!
B uaeansHOM 3JIEeKTpUUECKOM KOJIEOATETbHOM KOHTYPE, COCTOSIIIEM U3 €MKOCTH M 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.
S— JIeHCTBUTENBHO, MyCTh KOHAEHCATOP B KAKOH-TO MOMEHT BPEMEHHU
T paspspkaetcs (cM. puc. 5), u 3a Bpemst dt 3apsiq Ha 0OKIaaKax yMCHbIIIA-
_11 C | ercs Ha BenuumHy dq = —ldt. Torma mis yuactka nenu 1RL2, cormacHo
T2 3akony Oma, umeem
L IR = (¢ — )+ 3
e IZie @1 ¥ (2 — IMOTEHLIMANIbI HAa 0OKJIaJKaxX KOHJEHCAaTopa. YUYHUTHIBas, YTO
Puc. 5 B ypaBHeHuu (3) ¢;—¢,=U.=q/C u g :_Ld_i , 1 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 KOHJIEHcaTope rpaduk 3aTyXaromMX >JeKTpUYEeCKHX KoseOaHuil OyneT MMeTh BH],
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 KoJIeOaHUH TOrnia, 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 KPUTHYCCKUM 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€HHUs 3apsa KOHIEHCATopa 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 ABa AMIUIMTYAHBIX 3HAYEHUS 3apsiga KOHJIEHCATOPA: (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-
CKOr'0 JeKpeMeHTa 3aTyxaHus 0 B (opmyse (11) MoXkeT MCHONb30BaThCsl HE TOJBKO BEIMYMHA 3apsja
KOHJICHCATOpa (, HO ¥ 3HAYECHUS HANPSHKEHUS HA KOHACHCATOPE WU KaTyIIKe HWHAYKTUBHOCTH WU BEJIU-
YMHA TOKA B LENH IEKTPUUYECKOr0 K0JIeOaTeIbHOT0 KOHTYpa.

Benuunna norapudmuueckoro JekpeMeHTa 3aTyXaHHUsl OJJHO3HAUYHO 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 OO0JIbIIe 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 (hopMyIIoi
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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 HAIIPSXKCHUA 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 HAIMPSKEHHE 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 XaIue KouedaHus ¢ NepUoaoM T, PaBHBIM IEPUOY NOJAYU 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 konebarenpHOTO

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 koneGanwii Hamps-

Puc.3 7 .4 KEHUS Pa3BepPTKU oclHuuiorpada

COBIIAJa€T C TEPHOAOM TIOJaYu ~_ g nuTaromero HanpspkeHus Uy, To Ha

9KpaHe ocuwuiorpaga  Oyaem : g, HAOII0aTh KapTHHY 3aTyXaroIlux

konebanuit (puc. 4). Ha puc. 4 q, 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 H3MEHEHHs] €MKOCTH H 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 XapaKTEPUCTHKHU KOJICOATETLHOTO KOHTYPA JUIS IBYX CIIY4aeB:
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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 3aHCCTH B T36HI/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 IEKPEMEHTA 3aTyXaHus 1o popmyJie

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 JJabopaTopHOU 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 KoJeOaHUsIX 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 sorapuMUUEeCcKil TeKpeMEHT 3aTyXaHus 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 0COOCHHOCTEH SIBJICHHS 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
[Moacrasnss 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, KaTyLIKEe 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 KOJIEOTIOTCS B IPOTHUBO(da3e.
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 (a3oByto 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 aMmuutyty Toka lg u3 (5), To MOXKHO HailTH MOJIHOE 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) BugHO, 4TO pe30HAHCHAs YacToTa JJis 3apsijia Ha
} KOHJIEHCATOpe MEHbIIE, YeM it Toka. Ho ecam 3aTtyxaHue
} ciaboe, T.e. B <K ®y, TO OTH YaCTOTHI MOXKHO CUMTATH PaB-
|
|

HBIMH @ 050 X @ s 1

B ciydae pezonanca 3HaueHue ¢ u3 (8) CTaHOBUTCS 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 Oomblrie 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 IPUEMHMKA CIIOCOOEH YCHJIMBATH IPU 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 MOCIIEIOBATEIBHO CO-
€/IMHEHHbIE MCTOYHUK TEPEeMEHHOro HampspkeHus: G, KOHAEHCATOp HMEepEeMEHHOM
emkocty C M KaTylIKW UHAYKTUBHOCTH L ¢ akTuBHBIM conpoTuBieHueM R. Kpo-
M€ TOrOo, B CXEME€ MMEETCSI MUKPOaMIIEpMETp JUIsl U3MEPEHUsSI CHIIbI TOKA B 3JIEK-
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. Io nanHbIM Tabnup! 1 mOCTpOUTh pe3oHancHyo kpusyto |y =f(C).

Tabmumal.

Jlenenus Ha
KOHJIEHCATOpe
C, mx®d
lo, MKA
4. Onpenenuth MO PE30HAHCHOMN KpUBOH 3HaueHHE eMKOCTH Cpes, COOTBETCTBYIOIIEE MAaKCHMAJIbHO-
My 3Ha4eHUI0 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 SIEKTPUUYECKYIO CXEMY ISl HAOIIOAeHHs 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 YacTOTY IS Ko1leOaHUll 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 n3meHurcs KpuBas Ha puc.2 MpH YBEJIMUYEHUU aKTUBHOT'O COIIPOTUBIIEHUSI 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.
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JlaGopaTtopnas pa6ota Ne 27
OmnpenesieHue NIUPUHBI 3aNIPEeNIeHHON 30HbI MOJYNPOBOAHUKA
H TEMIIEPATYPHOI0 KO3(P(PuIMeHTa CONPOTUBJIEHUS MeTaJLJIa

Ilenb padoThI: UCCIIENOBAaHUE 3aBUCUMOCTH COIIPOTUBIICHHS IOJYNPOBOJHUKA U METaIa OT TEM-
nepaTypbl, ONpeieeHue NIMPUHBI 3alpPEIeHHON 30HbI MOIYIPOBOJHUKA M TEMIIEPATypHOT0 KO3 QHIm-
€HTa CONPOTUBIICHUS METaJLIA.

Teopernyeckue cBeleHUs!
Ilonynpoeoonuxamu Ha3bIBAIOTCS BEIIECTBA, MPOBOJIUMOCTD
xoTopeiX B 10° pas xyowce, uem y memanios, ¥ pacTer ¢ po-
£l anmaz 2epmMurii CTOM TeMIIepaTyphl (a y METaJIOB, KaK M3BECTHO, maaaer). K
] 277 YHUCTBIM IOJTY-IIPOBOJHUKAM C COOCTBEHHOW IIPOBOJAMMOCTBIO
311  OTHOCSATCS 3JEMEHThl YETBEPTON TIPYIIIbl MEPUOIUYECKON
CHUCTEMBI, & UMEHHO: T€pMAaHUI, KPEMHUHN U cepoe 010Bo. X
]Bg CBOMCTBA ONPEEIIAET 30HHAsA CTPYKTYpa U 3aI0JHEHUE DJICK-
B3 TpoHaMu ypoBHeW sHepruu. Kak u y menpogoonuxos, 30Ha
MPOBOJUMOCTH MOJYNPOBOAHUKOB mycta npu 7=0 K. Ho
4 b €CJIM Y HENPOBOJHMKOB LIMPHHA 3aIIPEIICHHOW 30HBI, OTIE-
Puc. 1. 30HHbBIE SHepreTHYECKHE JAIOLIEH 30HY IPOBOJMMOCTH OT BAJIEHTHOM 30HBI, OY€Hb
JMarpaMMBL: a) - HEIPOBOIHHKA; genuxa, TO y TOJyIPOBOJHUKOB OHA Mala W COCTaBISAET
6) - MOJYNIPOBOIHHUKA AE;~0,1...1 5B. Ha puc.] mokasaHa 30HHas CTpyKTypa He-

- smime
5
Lo

AF,~ 696 AE,~128

npogooHuKa (anMasa) u noaynpogooHuxa (repMaHusi).
Kak u3BecTHO, sHEPrus TEMmI0BOro Bo30yxaeHus £ = k1 CIUIIKOM

~ — Maja, 4ToOBl DJIEKTPOHBI MOTJIM NPEOAOJETh 3alpEIIeHHYIO0 30HY, U
30Ha IPOBOJAMMOCTH OcTaeTcs mycTtoi (puc.l,a). B momynpoBoaHukax,
# — OJHAKO, 9Ta YHEPTHUS CPABHUMA C IIAPUHOMN 3alPEIEHHON 30HbI AL; 1

4acTh 3JEKTPOHOB C BEPXHUX YPOBHEH BAJICHTHOM 30HBI, KaK MMOKAa3aHO
* — Ha puc.l,0, mepexoauT IpH TETIOBOM BO30YKJICHUU B 30HY MPOBOJIU-
MOCTH. DTa 30HHas CTPYKTypa COOTBETCTBYET KPUCTAJUIMYECKOU pe-
HIETKE TOJYMPOBOAHUKA, U300paKeHHOW Ha puc.2,a. MexaToMHBIE

Puc.2. MexxaToMHBIE CBA3H:  CBsI3H, 0003HAYCHHbBIC MYHKTHPOM, OOpa3ylOTCs MPH IEPeKPHIBAHUU
KPUCTAJIJIMYECKAs] peIIeTKa AJIEKTPOHHBIX 000s0uek aToMoB Ge. DIeKTpPOHBI BAJICHTHOH 30HBI
YHCTOrO MOJYyNIPOBOAHUKA MPUHAIEKAT AIIEKTPOHHBIM obosoukam. [Ipu TeruioBoM BO30YyXkIe-

HUU, KaK MOKa3aHO Ha pHC.2,a, OJUH U3 AJIEKTPOHOB MOXKET Mpuolpe-
CTH DHEPIHI0 CBsI3U AL;, IpeoJ1oyieTh KYJOHOBCKOE MPUTSKEHNE CO CTOPOHBI S/Jpa U CTaTh CBOOOIHBIM,

T.e. IEPEUTH B 30HY NMPOBOAUMOCTH. B pe3ynbTare KOHIEHTpalus 3JIEKTPOHOB B 30HE MPOBOIMMOC-TH
mocturaer 3Hadenmit N, ~ 10%°...10%y (mpu nopmansHOit TemnepaType) u yeeruuusaemcs ¢ poctom T.

OT0 3HaYEHUE HUYTOKHO 110 CPABHEHHIO C KOHILIEHTPALIMEH AJIEKTPOHOB MPOBOJUMOCTH B MeTaiax (N ~
10%cm®) 1 3THM 00BACHSETCS MI0Xas AMEKTPOHPOBOIHOCTH TIOMYHPOBOIHIUKOB

Ecnu Ob1 BaneHTHas 30Ha ObljIa MOJHOCTHIO 3aIIOJTHEHA AJIEKTPOHAMH, TO OHU HE y4acTBOBAJIU ObI B
npooauMocTd. Ho Ha MecTe ymeqmux u3 BaIEHTHOW 30HBI (BBIPBAaHHBIX M3 BAJIEGHTHOH CBSI3H) JJIEKTPO-
HOB BOJIM3M Bepxa BAJICHTHOM 30HBI OCTAIOTCS HE3alOJIHEHHbIE SHEpreTHUecKue ypoBHU. Jpyrue snek-
TPOHBI U3 BaJIEHTHOM 30HBI MOTYT IIEPEXOANUTD MO/ JECHCTBUEM BHEIIHETO IMOJISI HA 3TH YPOBHM U CO3/a-
BaTh TOK. TakuM 00pa3oM, MOKHO IOJyMaTbh, YTO B 3alOJHEHHON 3JIEKTPOHAMU BaJEHTHOM 30HE Iepe-
MEIAETCsl HE3aHATOE MycToe MecTo. Torjaa ropopsT, 4To nepeMemaercs "nplpka’. Juipku - 3T0 KBa3uya-
CTHIIbI, HaXOJSIIMECS Ha MECTe BAaKaHTHBIX BAJICHTHBIX CBS3€H MM HE3amoJ-HEHHBIX YPOBHEH B BaJICHT-
HOU 30HE M OO0JIafaroIue MOJ0KHUTEIbHON 3dekTuBHON Maccoir mp>0 U MOJOKUTENBHBIM 3apsSaoM
gp=te. Ilepexonsl 37IEKTPOHOB Ha BAaKAHTHBIE YPOBHH, T.€. 31EKMPUYECKUU MOK CO31aBAEMBbIH BCEMMU
JIEKTPOHAMM U3 BAJICHTHOW 30HBI, DKBUBAJIEHTEH TOKY KBa3M4aCTUI] - JbIPOK.

Yucno 31eKTPOHOB B 30HE IMPOBOJUMOCTH COOCTBEHHOI'O IMOJIYIPOBOJHHMKA PAaBHO YUCIY ABIPOK B
BAJICHTHOM 30HE, T.€. Np=Ne. Tak Kak 3JI€KTPOHHBINA U JABIPOYHBIN I'a3bl B MOJIYNPOBOAHUKE HEBBIPOXKICH-
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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
3aII0JTHEHHS DJICKTPOHOM 3HEPIeTHYECKOr0 YPOBHS ¢ 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 o6nactu 6onpmux sHepruii (1.€. ipu E - EF >> KT) eqununneit
B 3HaMeHaTelile MOXHO npeHedpeus. Toraa dynkuus Oepmu-/lupaka
31 E-E
E=0 ] npunuMaert Bux: f(E,T)= exp(—Tf)
Ep tr——— a pacnpeneﬂeHHe HO DHEPrUsIM MOXKHO 3almcatb B BHUJIE
—AEspp——p3 dn (E)A\/_exp(— F ———)dE, rme 3a HyJeBOH ypOBEHb DHEPrHH
MPUHATO JHO 30HBI MIPOBOJUMOCTH (pHC.3). AHAIOTUYHO 3aIHIICTCS
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 MPOIIOPLHUOHAJTIbHA Ne,

JTUMOCTh TIOTYIIPOBOJHHMKA SKCIIOHEHIIMAIIBHO PAcTET ¢ POCTOM TemmepaTyphl. Tak Kak G CBsi3aHa C
yIENbHBIM COTPOTUBIICHHEM P COOTHOIIEHHEeM & =1/p, TO sl CONPOTUBIICHHUS 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 TaHreHcy yria
HaKJIOHA TOHM MPSIMOW MOXKHO OIPEICTHUTh IIUPUHY 3allPEHIeHHON 30HBI COOCTBEHHOTO MOJYIPOBOIHH-
Ka:

A(InR)
A(/ 1T)

rie k= 1,38-10% forc- K- mocrostanast 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 CBOOOIHOrO mpodera A 3jeKTpoHa B Metaiwie: 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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I[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 Meramme b ~ A~ 1/a> ~ 1/E ~ 1T , a ymenbHas SIEKTPONPOBOJHOCTH METANa
c=neb=const/T, rae n - KOHUEHTPALWS IEKTPOHOB; € - 3apsia deKTpoHa. Cleq0BaTeIbHO, 3aBUCH-
MOCTb COINpPOTUBIICHHUS MeTallyla OT TEMIIepaTyphbl OMNpelesieTcs MNPUOIMKEHHbIM 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 MU3MEHEHUIO CONPOTUBIICHHS METaslla MPH YBEJITUYEHUU €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. O3HAaKOMUTBCS C HHCTPYKIMEN MO paboTe ¢ MOCTOM IOCTOSIHHOTO 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. ITocTpouts rpaduKi 3aBUCUMOCTH COMIPOTHBIICHHS 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. BamosauTtk 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 SHEPreTHUYECKUX 30H MOIYIPOBOAHUKA.

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.
5.00BsACHUTh MEXaHU3M 3aBUCHMOCTH COIIPOTHUBIICHHUS METAJJIa OT TEMIIepaTypbl

CHHCOK HCNO0/Ib30BAHHBIX HCTOYHHKOB
CagenweB U.B. Kypc obmieit ¢pusuku. T.3. KBanToBas ontuka. AToMHas ¢usnka. Ousmka TBepAoro
Tena. PU3nKa aTOMHOTIO sipa U 3neMeHTapHbIX yactuil.— CIIO.: 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 HA3bIBAEMbIE 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. DTH 00JIACTH HA3BIBAIOTCS domeramu. 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 MIPEICTaBISETCS] MAKPOCKOMUYECKH HEeHAMAarHUYE€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 IIpu 3TOM peppomMarHeTUK HAMarHUYMBAETCS U CO34AE€T MATHUTHOE I10J1e
} C MHIYKIHUEN B . 3aBucuMocCTb B OT HANPSHKEHHOCTH BHEIIHETO MAarHUTHOIO

Boey 1L 1107151 Heyew HE GyeT nuueiinoi (puc.3).
17 C pocToM BHelIHero nojist B o0siacTd | rpaHUIbl JOMEHOB HauMHAIOT
H.}..-" H.. cMemarbes. OpMeHTUPOBAHHbIE 110 TOJIO JOMEHBI PACTYT 3a CUET yMEHbIIIE-
f..-" : HUs JIOMEHOB, OPUEHTUPOBAHHBIX IIPOTUB BHEIIHETO Iosig. Ho mpu BBIKIIIO-
Fo YEHHUU BHELIHETO I10JI1 IPAaHULIbl JOMEHOB OIATh BO3BPAILAIOTCA B UCXOAHOE
- nojoxenue. B obxactu I rpaHunbl TOMEHOB MPOJOIDKAIOT CMEIATHCS, HO
Puc.3. MaruutHslii Tenepb CMEIleHnEe CTaHOBUTCS HeoOpatuMmbIM. Eciiu yOpaTh BHelIHee moie,
TUCTEPE3NC TO JIOMEHBl OCTaHYTCS YaCTUYHO OPHEHTUPOBAHHBIMHU. OOBICHSETCS 3TO

HanmuuueM JeekToB (LEHTPOB NepeMarHuuuBaHus) B (eppomarHetukax. Jlepekramu MOryT OBbITh,
HalpuMep, HapyIIeHUs] CTPYKTYPbl KPUCTAJUIMYECKON PEIeTKH: He3al0JHEHHbIE aTOMaMH1 Y3JIbl (BaKaH-
CUM), 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-
IOILI[Me MUHUMAaJIbHOU 3Hepruelt (puc.5). s nepeopueHTUpOBaHUS HAMAarHUYEHHOCTH B TaKUX JIOMEHaX
NPUXOIUTCS 3aTPayMBaTh HAMHOTO OOJIBIIE SHEPIHH, YeM JJIsl OOBIYHBIX JOMEHOB. BTOpHUHBIE KUHXKa-
JIOBHUJIHBIE TOMEHBI MPENSATCTBYIOT CMELIEHUIO JOMEHHBIX TpaHUI] MpU NepeMarnuuuBanuu. HanpsokeH-
HOCTh H BHEIIHEro MarHUTHOTO MoJisi (0OpaTHOro MO HaNpaBJIEHUIO), KOTOPOE HAJl0 MPUIIOKHUTh, YTOOBI
pa3pylIuTh BTOPUYHBIE JOMEHBI U BEpHYTHh (PEPPOMArHeTUK B MCXOAHOE HEHaMarHMYEHHOE COCTOSHUE,
HA3BIBACTCS Koopyumuerou cunou H.

Homen B o6mactu III BHelmHee MarHUTHOE MOJIE HACTOJBKO OOJIBIIOE,

YTO 3HEPreTUYECKU HEBBITOJHBIE JOMEHBl HAUMHAIOT NEPEOPUEHTHU-
poBaThbCs, T.€. UX MAarHUTHbIE MOMEHTBI IIOBOPAaYMBAIOTCS BIOJb
BHeIHero noid. Ecnu teneps BHemHee mojie yopaTb, TOo ¢eppomar-
HETHK IOJIHOCTBIO HE Pa3MArHUTUTCS U COXPAHUTCS OCTAaTOYHAs WH-
OyKiust Boem (32 cyeT OCTaBIIMXCSI OpPUEHTUPOBAHHBIX JIOMEHOB).
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Omo senenue Hazvleaemcs cucmepesucom, 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 JIJIs1 HaOJII0ICHUS TIETJIM THCTEpe3nca mokaszana Ha puc. 1. MccnemyeMbim 00pasiiom siBisieTcs ¢ep-
POMAarHUTHBINA cepaedHuK Topouja. Topoua umeer qBe OOMOTKM — HAMAarHU4MBAIOIIYI0 U U3MEPUTEIb-
Hyto. [lepBuunas oOMOTKa Topoua yepe3 MmoTeHIuoMeTp R u pesucrop 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 mepBUUHO 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, oxBarbiBaeMasi 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 ¢ KOHJEHCAaTopa, MOoAaeTcs 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 miponopIiioHaibsHo HanpshkeHnto 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 YHUCIICHHO PAaBHBI HAMIPS)KCHUSM, BbI3BIBAIOLIMM OTKJIOHCHHE CBETOBOTO ISTHA 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 ructepesnca Uit peppoMarHeTuka u ONpeesiuTh ero napameTphl.

Iopsiiok BbINoJIHEHUS PadOTHI
Tonyuenue na sxpane ocyuniocpaga nemau ucmepesuca
] = 1. BkimtounTe ycTaHOBKY B ceTh ¢ HanpsbkeHueM "220 B". I[ToctaBb-
Te TymOnep S, pacroJioKeHHbIN Ha MaHenu, B nojoxenue "Boikin.". Pe-
£ ‘ ! rynupys pyukamu "Spkocts", "®okyc", "Cmemenune x" u "Cmemienue
A | c U, y", noGeiitech n300pa’keHUs TOUKHU B LIEHTPE 3KpaHa ocluiuiorpada.
1 [R T 2. IlocTaBbTe pydKy Si mepekitoyaressl Ha MaHEeNd B TOJIOKEHUE
R, "TTerns", Tym6naep S - B nonoxenue "Bki." IIpu 3ToM nmojkiroyaercst K
i MCTOYHMKY TIHTaHMs CXeMa, IOKa3aHHas Ha puc. 1.
9“0 3. U3Menss HanpsbkeHHe pydkod R, momyuuTe Ha sKpaHe OCLHILIO-
Puc.1. Cxema ycTraHOBKH rpada n300pakeHre METIN THCTEpEe3rca pa3MepoM B 2/3 skpaHa.
4. Ckonmpyiite ¢ sKpaHa ocuuuiorpada mHeTiro rucrepesrca 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-
HaThI Nx ¥ Ny TOYEK, B KOTOPBIX METIS NEPECEKAET KOOPIUHATHBIE 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 Ha manenu mosepuure | | [ | S.J[ "‘- B KpaiiHee JieBO€ IMOJIOKEHHE.
ITepexmouarens S1 MOCTaBbTE B MOJIO- rs ¥ JKEHUE X, IIPU OTOM K HCTOYHUKY
NUTAHUS TOJKITIOYAeTCs CXeMa, MoKa- (v) 3aHHas Ha puc.2.

7. VI3MeHsIs HampsDKeHHE PyuKod { T R ot 0 10 MakcHMMalbHOTO 3HaAYe-
HUS Ha BOJIBTMETPC, CHUMHUTC 3aBUCHU- ‘ R MOCTh OJIMHBbI FOpHSOHTaHBHOﬁ
JUHUM Ha JKpaHe ocuuwuiorpada oT HANpsDKEHUs, MOJaBaeMoro Ha X,

he=H(Uy). Puc.2. Cxema kanmuOpoBKH
8. IlocTaBbTe mepexitovaTeb S1 Ha MaHeld B nojoxxkeHue y. CHu-
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MUTE 3aBHCUMOCTbD JUTHHBI BEPTUKAIBHOM JTMHUK Ha dKpaHe 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 IIEPECceKaeT 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 ' — yacToTa mepeMeHHOr0 TOKa, TI0/IaBaéMOr0 Ha HAMAarHMYMBAIOIYI0 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: Onpenenuth 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 xenes3a (Fe, Co, Ni), psa penkozemensubix aneMeHToB (Gd, Dy, Er), anemeHTs 1 MHOTOYHC-
JICHHBIE CIIABBI.

OcoOEHHOCTH MarHUTHBIX CBOMCTB 3THX BEHIECTB MOTYT OBITh OOBSICHEHBI KBAHTOBOMEXaHUYECKU-
MU CBOMCTBaMH KpUCTAUINYEeCKOM pemeTku. HamaranunBanue oObsCHAETCS HAIWYMEM (MM BO3HUKHO-
BEHUEM) B IIPOLIECCE HAMArHUYMBAHUS 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 JJOKAa3aHO, YTO BEIUYMHA MATHUTHOI'O MOMEHTA YACTHIIbI 110 TIOPSIKY BETHYUHBI
ehi ]

Py =— , T e — 3apsi yacTuibl;, /i — nocrosiuHast [lnanka (7 =h/2m); m — Macca 4acTHIBL.
m

[TockonbKy HYKJIOHBI UMEIOT Maccy npuOiam3utesibHo B 2000 pa3 OoJbIIyr0, 4eM 3JEKTPOHBI, 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 IPYT Apyra.

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 HE3aNOJHEHHBIMH AJIEKTPOH-

i‘df P11 i 35 HBIMHU HPﬂO6OHOHK?MH (marmpumep, y Fe) MokeT MOsIBUThCS 3HAYH-
i i . TeNbHBIA CIMHOBBIA MOMEHT. Ha puc.2 moka3zaHo 3amoJHEHHE dJIeK-
45° : i n=4, 1= TpPOHAMH 01000JI0UEK aTOMOB >Kene3a (26 anmekTpoHoB). Ha kakmaoi
ﬁ'pi e TTT n=3, I=1  nmogoGomouke moxer Haxomuthes 2(21+1) amextponos (I — opou-
35" ! 7 n=3, =)  TampHOE KBAaHTOBOE YHCJIO).

2pf 28 n=2 I=l CrpesikaMy TOKa3aHbl HANpPAaBIEHUS UX crMHOB. [lomo6omouka
252 t : n=2 I=( %S MMEET MEHBIIYIO SHEPIUI0 DIEKTPOHOB, YeM Mopo0osn04ka 3d u
ISJ t : n=I, ]=(  3aIOJNHJACTCS BHAvaie. B nezanmonnenHoi momobonouke 3d sHepre-

TUYECKHE YPOBHMU CHadajla 3alOJIHSIOTCSA DJIEKTPOHAMU C OJHOU M
TOW e opueHTauuen cnuHa. Korma Bce BO3MOMKHBIE COCTOSIHHS C
ATOW OpHUEHTaIMe OyIyT 3aloIHEHBI, 3aMOJHSIOTCS COCTOSHHS C
npyroit opueHTarueit. [loaTtomy y atoMoB xkene3a oOpa3yercsi O0IbINON HECKOMIICHCHPOBAHHBIA CyM-
MapHBIN CIIMHOBBIN MarHUTHBIA MOMEHT AJIEKTPOHOB 3d-110,1000104KH:

Puc.2. 3anonaenue 31aeKTpOHAMH
mono00JI0YeK 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 MOPSIKA MOCTOSIHHOW KPUCTANIMYECKOW PEHIETKH MEXIy
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HUMM BO3HHMKAeT crienu(puyeckoe 0OMEHHOE B3aUMOJCHCTBHE, KOTOPOE MMEET KBAaHTOBYIO IPHUPOLY U
CBSI3aHO C TIEPEKPHITHEM 3JEKTPOHHBIX 00JakoB aroMoB. B deppomarneTnkax sHepreTudecku Oosee
BBIT'O/IHA [TapAJUIEIIbHAS OPUEHTALMSI CIIMHA 3JIEKTPOHOB.

OnHako He Bce BEIIECTBA C HEAOCTPOCHHBIMU 000JI0YKAMH, aTOMBI KOTOPBIX 00JIaJat0T 3HAYUTEb-
HBIM CIIMHOBBIM MAarHUTHBIM MOMEHTOM, SIBJISIOTCS (eppoMarHeTukamu. MIHOrja 3HepreTHuecKu BbIIO/1-
@’ @’ @’ @’ @ /@ @ @ HOM OKa3bIBACTCs AHTUIIAPAIUICIIbHAS OPUEHTALMs] CIIMHOB U MarHuT-
& &S S HBIX MOMEHTOB COCEIHHX aTOMOB. Takue BeniecTBa HA3bIBAIOTCS aH-

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 COCEIHMX ATOMHBIX CJIO€B HAIPAaBJICHBI B Pa3HbIE CTOPOHBI U
Puc.3. AToMHBIE CIIOW KPHCTaJLIH-
. KOMIIEHCUPYIOT 1pyr apyra. Ilostomy anTH(eppomarHeTuku He 00-
4eCKOU pelleTKH: a — (eppoMarHe- .
JIAJAl0T 3aMETHBIMU MarHUTHBIMM CBOMcCTBaMu. HO B HEKOTOpBIX aH-
THKa O - aHTH(EeppoOMarHeTHKa
TU(PEPPOMArHEeTHKAX, Y KOTOPBIX KPUCTATUINYECKAsl PEIIETKAa COCTOUT
U3 HEOJHOPOAHBIX aTOMOB, UIMEETCsI HECKOMIIEHCUPOBAHHBIM aHTU(eppoMarHeTusM ((heppruMarHeTusm).

[Ipy 3TOM MarHUTHBIE MOMEHTHI Pa3JIMYHBIX AaTOMOB HE OJIMHAKOBHI U @" @’ &
OyAy4M aHTUNApAJUIEIbHBIMU CO3JIAI0T OTIIMYHBIN OT HYJS CyMMAapHBIH Mar- b
HUTHBI MOMeHT. Takue BemlecTBa HasbIBAOTCS (eppuTamu, B OTIMYHE OT @" @*’
(beppoMarHeTUKOB MOT'YT ObITh HE3JEKTPOIPOBOJHBI, YTO BAXKHO Ul LIMPO- & &

KOT'0 UCTIOJIB30BAHMS 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
MarHWTHOE 1oJIe. DTO MOJIE HE TONBKO HE TOJIBKO OBl kpucrammueckoii pe-

/;;“::1'\1 l,;:;\ 3aHMMaJI0 00BEM KPUCTAJLIA, HO U BBIXOJWIIO Obl 33 meTku dheppuTa
L ' L% €ro MpeJebl.
TR \ 1
| .
( | H T; _‘B'H DHeprusi MarHWTHOTO MOJs 3a mnpenenamu kpucramwia W ZEIB-HdV
! |
|
|} .
\ kL g /f JOCTHIIIa OBl OOJIBIIMX 3HAUEHUH. Takoe COCTOSHNE SHEPreTUUECKU HE BBITOJTHO
5 T/
::-;/Jﬂ LL\:_// (puc.5). Ilostomy B o00beMe ¢eppomarHeTuka o00pa3yloTCs CIOHTAHHO-

HaMarHUYEeHHbIE O0JIACTH — JOMEHBI, KaXIbli U3 KOTOPHIX 00JIagaeT ompese-
Puc.5. DHepreTM4ecKd jeHHBIM MArHUTHBIM MOMEHTOM.

HEBBITOZIHOC  HAIpaBJIC- JlomeHHasi CTPYKTYpa (peppoMarHeTnkoB
HUEC MAr"HuTHBIX MOMCH-

TOB aTOMOB B KPpUCTAJIJIC

H

A
e Lo ()

|

L)

| I

)\
Puc.6. IlocnenoBarensHOCTS 00pa30BaHMs JOMEHHOM CTPYKTYPHI B KpHCTaJlIe

B OTCYTCTBHMEC BHCITHETO MAarHUTHOTO ITOJII MarHUTHBIC MOMCHTBI Pa3JIMYHbIX JOMCHOB OPUCHTHUPO-

BaHbI XaOTHU4YHO, TaK YTO MAarHUTHOC I10JI€ BHC (I)eppOMal“HeTI/IKa PpaBHO HYJIIO (3HepFeTI/I‘{eCKI/I BBI'OJHOC

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 mopsiaky Beiauuunbl 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 TpEBpaIIaeTcs B TapaMarHeTHk. Temreparypa, mpu KOTOpoil ncueszaroT GpeppoMarHuTHBIE CBOWCTBA
MarHeTHKa, Ha3bIBAIOT TeMIIepaTypoil (Toukoit) Kropwu.

O0BbeKTHbI HecIeI0BaAHNA, 000PyI0BaHUE
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OnucaHue yCTaHOBKH
Meron onpeneneHus Touku Kropyu OCHOBaH Ha U3MEPEHUH DIIEKTPO-
JBUKYIIEH CUJIbI MHAYKIMM B KaTyIIKe, KOTOpas OXBAaTbIBAECT UCCIEYe-
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-
Heli 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) momxkeH 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
OXJIQXKICHUH 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. Hoctpoiite rpaduku 3aBucumoctd DJ[C MHAYKIUK OT TeMIepaTypbl IpU HArpEeBaHUHM 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 OXJIAXKJICHUM 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.IToueMy Tipu OTIpEACIICHHON TeMIiepaType (heppoMarHeTUKH U3MEHSIOT CBOM MarHUTHBIE 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 eppoMaruuTHbIil 0Opaselr, HarpeThlii Bbilie Touku Kropu, mpu oxJaxaeHuu 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 BO3SHUKHOBEHHUS B O0pa3lle ¢ TEKYIIMM IO HEMY TOKOM TIONEPEYHOTO AJICKTPHUECKOTO

MOJISI TIPU TMIOMENTEHUH 00pa3iia B MAarHUTHOE T0JIe Ha3biBaeTcs dhdekTom XoJa.
PaCCMOTpI/IM MEXaHHU3M BO3HUKHOBCHUA Honepequro 3JI€KTpI/I-

| S =
YECKOr0 MOJsl B OJHOPOJHOM TMOJYIPOBOJHUKE p-THUIIA, UMEIOIIEM J 1}//?f
dopmy mpsiMoyronpHOU TutacTuHkH (puc.2). Ilox meiicTBueMm cro- ////§ [7: | L=
_ o1y e
POHHETO AIEKTPUYECKOro MOJIsl ¢ BEKTOPOM HampsiKeHHOoCcTH E 1o %? oty B
IUIACTHHKE TMPOTEKAET JICKTPUUCCKUN TOK IMIOTHOCTBIO | , KOTO- ol e L .
R e
PYIO MOXXHO OmpenenuTh u3 3akoHa Oma B muddepeHuanbHoit _— - - /?7
= o
opMme: ~ z
(1) p - ~ _ ’_ '/// d
j=cE=env, (1) a

rac¢ 6 — yacjJbHasa NIPpOBOAUMOCTb, n — KOHIOCHTPpAUA HOCHUTEJIEN Puc.2 CxeMa’ MOSICHSIOIIAsT Me-
3apsna, \7}1 — X JapeidoBas CKOPOCTb, e — 3apsaj JJIEKTPOHA xanu3M dddekra Xomna B IOy-

(mpIpkH). B monynpoBogHUKE N-THIIAa OCHOBHBIMHM HOCHUTEISAMH 3apsi- POBOAHHUKE p-TUIId
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 JapeidoBas CKOPOCTh OyAET HAMPaBJICHA MPOTUBOIOIOKHO HAIIPaB-
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 TOJYUYHUTCS, €CIH TMJIACTUHKY C TOKOM MOMECTUTH 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 rpaHu 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 X0JUIOBCKast pa3HOCTh MOTEHIMANOB, 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), MOIy4YuM
1 IB
Uy = @
en a

Benmuunna ]/(en) obo3Hauaercs R, wu HaspiBaeTcs koHcTaHTOM Xosia. Torma cootHowmenue (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.
Eciu 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, 000PYyI0BAHUE
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 PeryssiTopsl Toka Ry u R,

[TepekaroyaTenb TOKa S; CIyKHUT JUI M3MEPEHHs HAalPaBICHHUS TOKa
@ Yepe3 3JIEKTPOMArHmT.

I] S QHCKTPOMaFHI/IT nepea pasMEmCHUCM 06pa3ua nporpaayvupoBaH i
jl ONPEACICHHOIO0 MEXIIOJKCHOI0 3a30opa, MHNO3TOMY KaAaTEropudeCckKku 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, HEOTHOPOAHOCTHIO 00Opa3na U T.4. 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 WHCTPYKIHMH C MOPSIKOM padoThl Ha moTeHnuomerpe 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 MOJIOKEHHUE MPOTUB YaCOBOI CTPEJIKHU.

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» HacTpoiiTe 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 MOJIOKEeHUE «—» . 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 Tabnnny. 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. Ucmonb3ysi BeIpakeHHUE <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 3apsna (3HaUeHUE 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 HANPsDKEHUST acuMMeTpun? Kak MCKITIOYHUTH 3TO HANPSHKCHUE TIPU

OTPEJIETICHUN XOJUIOBCKOTO HaMpsiKEHUs?
4.Kax MOYKHO OIIpeACIUTh MOABUKHOCTh HOCUTENEH 3apsiaa?
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