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Beenenue

HMucununnnHa «®u3nuka» OTHOCUTCS K 0a30BOM YacTU AMCIUIUIUH
bnoka 1 (51.0.17) OI1 BO noaroroBku OakajiaBpoB 1o HampasieHuio 13.03.02
«ONEKTPOIHEPreTHKAa M DJJIEKTPOTEXHHKa». Ee O0CBOEHME NPOUCXOIUT BO
2-oM, 3-eM cemectpax. M3ydenne muctmmuinHbl «Du3nka» SBISETCS BaKHOU
COCTaBHOM YacThl0 E€CTECTBEHHOHAYyYHOTO OOpa3oBaHUs B TOBBIIICHUU
KauyecTBa MOJATOTOBKM OakalaBpoB JaHHOTO HampasieHus. CopaepxaHue
IUCUUTUINHBL «PU3UKa» ONMHUPAETCS HA IUCLMIUIMHBL «BpICcIias MaTeMaTuka,
«Koppektupyronuit Kypc no Gpusuke».

[lenbto ocBoeHMs] OUCHMIUIMHBI «Du3ukay sBIseTCs (POpMHpPOBAHUE Yy
ctynentoB kommereHnun OIIK-2, W-5onx.2, WHA-6omk. kak cpeacTsa,
MO3BOJISIIOIIETO BBIPAOOTAaTh HABBIKM (PU3MYECKHX HCCIENOBaHUNA B cdepax
aKaJIeMUYeCKOU, TPO(hEeCCHOHATBHON U O0IIEHAYYHOU JEeSTEIbHOCTH.

3amavyaMy OCBOEHUS AUCHUIUIMHBI «DU3UKa» ABISAIOTCS:

- U3yYEHHE 3aKOHOB OKPY’KaOIIEr0 MUpa B UX B3aMMOCBS3H; OBJIAJICHUE
dbyHIaMEHTAIbHBIMU MPUHIIAIIAMUA U METOJIAMU PEIICHUSI HAYYHO-TEXHUYECKUX
3a/1ad;

- (opmupoBaHME  HABBIKOB MO  IPUMEHEHUIO  IOJIOKEHUI
(GyHIaMeHTaIbHOM (DU3MKH K T'PaMOTHOMY HAay4YHOMY aHaju3y CUTYyaluil, c
KOTOPBIMU MHXEHEPY MPUXOIUTCS CTAIKUBATHCS MPU CO3JaHUU HOBOM TEXHUKH
1 HOBBIX TEXHOJIOTHIA;

- OCBOEHHE OCHOBHBIX (U3NYECKUX TEOPHM, MO3BOJSIOLUIMX OINUCATh
SBJICHUSI B TIPUPOJE, U NPEAEIOB NPUMEHUMOCTH 3TUX TEOPUM I PELICHUS
COBPEMEHHBIX U TMEPCHEKTUBHBIX TEXHOJOTMYECKUX 3a7ad; (OpMHUpPOBAHUE Yy
CTYJIEHTOB OCHOB €CTECTBEHHOHAYYHOW KapTHHBI MUPA.

B coBokynHoCTH ¢ JpyruMu aucuuriimHamu 0azoBoi yactu @I'OC BO
muciuuiuinHa  «@u3uka» — HampaBieHa Ha  (OpPMHpPOBaHUE  ClIeIyroulei
KOMITETEHIIMU OakaiaBpa:

Nupexc DopMyIUpPOBKa:

CIIOCOOHOCTD IIPUMEHSTh COOTBETCTBYIOIIMI buzuKo-
MaTeMaTUYECKHUIl armapar, METOJbl aHalv3a W MOJEIMPOBAHUS,
TEOPETUYECKOTO M AKCIHEPUMEHTAIBHOTO HCCIENOBaHUS pu
OIIK-2 penieHuu npodeccuoHaIbHBIX 33134

UJ1-50mk-2 JleMOHCTpUpYyeT NOHMMaHue (PU3NYECKUX SIBJICHUN U YMEET
NPUMEHSATH (PU3NUYECKUE 3aKOHBI MEXaHUKHU, MOJIEKYJIIPHON (PU3UKH,
TEPMOJAMHAMUKH, IIEKTPUYECTBA U MArHETU3MA ISl PEILEHUS
THIIOBBIX 33/1a4.
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N-6onx2 JdeMOHCTpHUpYET 3HAHWE DJIEMEHTAPHBIX OCHOB OITHKH,
KBaHTOBOW MEXaHUKH U aTOMHOUN (U3HKHU.

B PE3YIbTAaTC OCBOCHHA COACPKAHUA IUCIHUIIINHBI «Dusuka» CTYACHT

JOJIZKCH:

3HATD

— OCHOBHBIE (u3WYECKUE SBICHUS MW 3aKOHBI MEXaHUKH,
AIICKTPOTEXHUKH, SJICKTPOMArHeTH3Ma, ONTHKH, SIICPHON (DU3UKH B UX
MaTeMaTHYECKOE OIUCAHNE;

— OCHOBHBIC METOJBI pCHICHUS IPAKTUYCCKUX  3a7ad
WCCJICIOBAHUS M MOJICTUPOBAHMS (PU3HUCCKHUX SIBICHHH M TIPOIECCOB B
CBOEH MpeIMETHON 00J1acTH;

— CBSI3M MEXIY Pa3IudHbIMH (PU3MUECKUMU TIOHATHAMH U
00BEKTaMU,

— MeToAbl aHamm3a (U3WYECKUX SBICHUH W TPOIECCOB B
ANEKTPOTEXHUUCCKUX YCTPOMCTBAX M CHCTEMAax

YMETH

— OOBSCHUTH OCHOBHBIE HaONIOAAEMble MPUPOJHBIE U
TEXHOTE€HHbIE SIBJIEHUS U A(PPexThl ¢ mno3uuui (yHAaAMEHTAIbHBIX
(pu3HUECKUX B3aUMOICHCTBUM;

— pabortate ¢ npubopamu U 00OpyAOBaHHEM (HU3HUUECKON
nabopaTopuu;

— pewlaTh  NpaKTUYECKHWE  3aJadd  MCCIEAOBaHUSA U
MOJICIUPOBaHUS (PU3NYECKUX SBJICHUH M TMPOLECCOB B CBOEH
IpeaMEeTHON 00J1acTH;

— TIOJIb30BaThCS METOJIaMU aHaIW3a (PU3NYECKUX SIBICHUN B
TEXHUYECKUX YCTPOHUCTBAX U CUCTEMAX

BJIAJETD

— MHCTPYMEHTApUEM ISl pelieHus (U3MUecKux 3a1ad B CBOEH
MpeaMeTHON 00J1acTH;

— HaBBIKaMU MPaBUJILHOW JKCIUTyaTallud OCHOBHBIX MPHOOPOB
u obopynoBaHus puznueckoil jabopaTopuu;

—HaBBIKAMH  OOpa0OTKM ¥  HWHTEPHpPETAIMH  PE3YJIHTaTOB
HKCIIEPUMEHTA;

— METOJHMKOMN pEeIIeHUs MPAKTHYECKUX 3a7a4 HCCICIOBAaHUS U
MOJICIIUPOBAHUSI MaTEMaTUYECKUX, (PU3MUECKUX 3aJad B CBOEH
MIPEeIMETHON 001acTH

Metoauyeckne yka3aHUsS 1O BBITIOJHEHHUIO J1AOOPATOPHBIX PabOT IO

TUCIUILINHE

«Du3uka» COCTaBICHbI B COOTBETCTBUM C Tpe6OBaHI/I$[MI/I

®denepanbHOTO TOCYAAPCTBEHHOTO O00pPa30BATENIBHOTO CTaHAApPTa BBICIIETO

oOpa3oBaHus, paboynM y4yeOHbIM IUITaHOM U paboueil MmporpaMMmon

ITUCHUIUINHBI « DU3UKA.




JlaGopaTopHasi padora Ne 1

Tema paoomer. O6padoTKa pe3yJbTaTOB PU3NYECKOr0 IKCIIEPUMEHTA.
N3yuyeHue 1BU:KEHHS TeJia, OPOIIEHHOI0 MO/ YIJIOM K TOPU30HTY.

Ilenvy pabomwr. V3yuuth METOIBI KOJUYECTBEHHOTO M TrpaduyecKoro
MPEICTABICHUS] IKCIIEPUCMEHTAIBHBIX PE3yNbTaToB. lloATBEpIUTH Ha OMBITE
CIPaBEAJIUBOCTh (DOPMYJT KHHEMATHKHU.

Dopmupyemvie Komnemenuuu. Brnaneer crnocoOHOCTBIO TNPUMEHSTh
COOTBETCTBYIOIIUNA  (PU3MKO-MATEeMAaTUYECKU  ammapar TMpu  pPElICHUU
npohecCHOHANBHBIX 3a7au.

Teopemuueckan uacmo.

Knaccudukanus norpemHocTei

HctuHHOEe 3HaueHue (U3MYECKONW BEIUYMHBI AOCOJIIOTHO TOYHO
onpenenuTh Henb3s. llpu n3mepeHusx QU3NYECKUX BEJIMYHMH IO JAEHCTBUEM
caMblX Pa3HOOOpa3HbIX NPUYUH BO3ZHUKAIOT nocpewHocmu u3MepeHuil. Bce
HOTPEIIHOCTH MPHUHATO pa3leisaTh HA cucmemamuveckue, CaAyuauHvie U
npomaxu (OMIHUOKH).

Cucmemamuuyeckoli Ha3bIBAIOT TAaKyIO MOTPEUTHOCTh, KOTOpasi OCTAeTCs
MIOCTOSTHHOW MJIM 3aKOHOMEPHO U3MEHSETCS TIPU MOBTOPHBIX M3MEPEHUSAX OTHOU
U TOW K€ BEIMYMHBL. Takue TMOTPEIIHOCTH TOSBISAIOTCA BCIEACTBHE
HEUCTIPAaBHOCTH MPHOOPOB, HETOYHOCTH METOJa HCCIEIOBAHUSA, KAKUX-THOO
YIYIICHHH SKCTIEPUMEHTATOPA, & TaKXKE MPU MCIOIB30BAaHUU JJIsi BHIYUCICHHMA
HETOYHBIX 3aBUCUMOCTEH ((POpMyIT), KOHCTAHT U T.JI.

Cryuaiinoil Ha3bIBA€TCA MOTPEIIHOCTh, KOTOPask BbI3BIBAETCS JEHCTBUEM
HE TMOJAJAIONIMXCSI KOHTPOII MHOTOYHMCIEHHBIX, HE3aBUCUMBIX JPYT OT Apyra
dbakTopoB. 3HaUCHHUE CIIy4allHOW TOTPEIIHOCTH KOJEONeTCsT OT OJIHOTO
U3MEpPEHHUs] K JpyroMy, 4YTO [elaeT HEBO3MOXKHBIM TOYHOE Mpe/ICKa3aHHe
pe3yiapTaTa B KaXJOM OTAEIbHOM u3MepeHuH. OJHAaKO NpU pacCMOTPEHHUH
NOBTOPHBIX MU3MEPEHUN OOHApYKUBAETCSl XapakTepHas 3aKOHOMEPHOCTb
pe3yIbTaTOB, UX OMpEeNIeHHAs! yCTONYMBOCTh, KOTOPAsk U CIIYKUT OCHOBOM JIJIsI
MaTeMaTHUeCKONH OOpaOOTKH OIBITHBIX JAHHBIX, BBIYUCICHUS CIyYaiHBIX
MTOTPEIIHOCTEN.

Ilpomaxom Wy owubKoU HA3BIBAIOT TaKyH MOTPEITHOCTh U3MEPECHHUS,
KOTOpasi OKa3bIBaeTCS 3HAUMTENBHO OONbIIEe OXUIAAEMOW TIpU JaHHBIX
ycioBusiX. OmmbOka 00s3aTeIbHO JIOJDKHA OBITh HMCKIIOYEHA M3 PE3YJIbTaTOB
U3MEpPECHUM.

OmnpenesieHue NOrpenIHOCTE NMPU NPAMBIX U3MEPEHUSIX

Ipsmbivu HA3BIBAIOT TaKWe HW3MEPEHUsS, MPU KOTOPBIX (PU3NUYECKas
BEITMYMHA U3MEPSETCSI HETTOCPEICTBEHHO TP MOMOIIN MpUdopa.

IIycth X — IEUCTBUTENBPHOE 3HAYEHUE U3MEPSEMOU BEJIUYMHBI, & X3 —
nokaszaHusi npuodopa. AGCOIIOTHON MOTPENTHOCTHIO HA3bIBAETCA BEJIMUMHA

[Ax] =]~ (1)



TouHOoCTh, W3MEpEeHUs XapaKTepU3yeTCs OTHOIIEHUEM aOCOTIOTHOM
MOTPENTHOCTHU K JIEUCTBUTEILHOMY 3HAUEHUIO U3MEPSIEMON BETMYUHBI
[Ax]

E=—o0. (2)
X

DOTO OTHOIIECHUE HA3bIBACTCS OMHOCUMENbHOU NOSPEUHOCIbIO |
BBIPQKAETCS B MPOICHTAX.

[TorpemmHocTH, MOMyCKaeMble MPU TMPSAMBIX H3MEPCHHSIX, HEPEIKO
HA3BIBAIOTCS NPUOOPHBIMU, TaK KaK 00YCIIOBJICHBI KJIACCOM TOYHOCTH TpHOOpa,
KOTOPBIN yKa3bIBaeTcsl OO HAa caMoM mpuoOope, aubo B macmopre. B Tex
cIyJasiX, Korja Ha TpuOOpe KiIacc TOYHOCTH HE YKa3aH, abOcoiroTHas
MOTPENTHOCTh MPUHUMAETCS PABHOM MOJIOBUHE 1IEHBI JICTICHUS.

CrnydaiiHple TIOTPEIIHOCTH WMEIOT CTaTUCTHYECKUH XapakTep, HuX
MaTeMaTuyeckas 00paboTKa MPOU3BOIUTCS C TOMOIIBI0O TEOPUU BEPOSITHOCTEH.
[Ipy MHOTOKpaTHOM H3MEPEHUH PABHOBEPOSITHO TMOJYYUTh PE3yJbTaT Kak
OOJBIINI, TaK U MEHBIIINM, YEM UCTUHHOE 3HAUCHHE U3MEPSEMOI BEJIMUUHBI.

[TycTh mpoBeIeHO N U3MEPEHUI BEIMUUHBI X U B PE3YJIbTATE MOTYYEHO N
3HAQUCHUM: X1, Xp, ...X, . BenuunHa

n
2%
<X>:x1+x2 et x, T | @)
n n
Ha3bIBACTCS CPeOHUM apu@dmemuyeckum 3HAYEHUEM, SIBISCTCS XOPOIIUM
NpUOIMKEHUEM K WMCTUHHOMY 3HAYCHHIO M3MEPSeMOMl BEIWYMHBI M, Kak
MPABUJIO, UCIIOJIB3YETCA KAK OKOHYATEJIbHBIN UTOT CEPUU U3MEPEHUM.
PaccmoTpum HECKOJIBKO OCHOBHBIX ATaIoB YIIPOILIEHHOU
MaTeMaTu4ecKoi 00paboTKH pe3yabTaTOB U3MEPEHUH.
1. Haxomum cpennee apudmeTHdeckoe 3HAUCHHUE H3MEpsSEeMOM
BEJIMYUHEI (x).
2. Bbluncnsgem aOCOJIOTHBIE TMOTPEIIHOCTH PE3YNIbTATOB OTIEIbHBIX
U3MEPEHUN

x| =[x = 0] (i=12....n) (4)
AGcCoII0OTHas TOTPENTHOCTh UMEET PA3MEPHOCTh U3MEPSIEMON BETUIHHBI

Y XapaKTEepU3yeT KaYeCTBO OTAECIbHBIX N3MEPEHHUI.
3. Boluucinsiem cpeiHior0 abCOMOTHYIO MOTPEITHOCTh

e e, | 2

Ax)| = 5
) . . ©)
4. BolynciisieM OTHOCUTEIBHYIO MOTPEITHOCTh
_ (A% 1009%. (6)
(x)
5. 3anuchiBaeM OKOHYATEIBHBIN pe3ynbTaT X ={x) = (Ax). (7)



OmnpenesieHue NOrpPelIHOCTEH NPH KOCBEHHBIX U3MeEPEeHUAX

B OonplmnHCTBE ciay4yaeB MpU NPOBEACHUH (PU3NYECKUX IKCIIEPUMEHTOB
uccienyemas — (usMueckas ~ BEIMYMHA HE  MOXKET ObITh  M3MEpeHa
HEIOCPEICTBEHHO, JJISl €€ ONpeleleHUs] TpeOyeTcss HU3MEpUTh psA APYrux
BEJIMYMH, a MCKOMYIO HAaWTH, MOJACTaBUB HAWJIEHHbIE 3HAYEHUS B (OpMYyIly,
BBIP@XKAIOUIYI0 3aBUCUMOCTb HMCKOMOM BEJIMYMHBI OT HEMOCPEICTBEHHO
U3MEPSEMBIX BEeIMYUH. Takue n3MepeHus: Ha3bIBAIOT KOCBEHHBIMHU.

JInss  ompeneneHuss TMOTPENIHOCTEM KOCBEHHBIX W3MEPEHHN MOMXKHO
BOCTIONB30BaThCs  Gopmynamu  auddepeHuupoBanus, T.K.  (OPMYIIbI
MOTPEIIHOCTEH TOMYYaloTCsSd B TOM JK€ MPHUOMMKEHHUU, 4TO U (OPMYIIBI IS
mupdepennnana pyHkuuu. Bo MHorux ciyvasx, koraa ¢opmyna yaoOHa aJis
jgorapu(MUpOBaHusl, OKa3bIBaeTcsl Oojiee ynoOHOM (opMyna OTHOCHUTEIBHOU

_ Ax dx
INOTPCIIHOCTH. OTtHOCcHTENBLHAS IIOrp€ImHoOCTh & =—, HO d(ln X)= — nu,
X X

AX
cienoBarenbro, A(In x)= ~

NHuaye roBopst, OTHOCUTENBHYIO MOTPEITHOCTh MOKHO PacCUUTaTh, €CIU
B3ATh MU PepeHiran HaTypaibHOTo Joraprudma, onpeaestomui 3aBUCUMOCTb
JTAHHOM BEJIMYMHBI OT U3MepsAeMbIX BennuuH. Hanbonee yacto BcTpeyaromumecs
dbopmyIbl ipuBeieHbI B TabmuIe 1.

Tabmuma 1.
MaremaTuueckas AOcoimoTHas OTtHOcCHUTEIbHAS
onepanus TTOTPENTHOCTD MOTPEIIHOCTh
X+y Ax+Ay AX + Ay
X+y
X-y Ax+Ay AX + Ay
X—Yy
Xy yAX+xAy AX N Ay
X y
Xyz yZAX+XxzZAy+xyAz AX N Ay N Az
X Yy Z
oy YAX — XAy Ay
y? X Y
x" nx"? . Ax a AX
X
Vx 1 1
- X" AX n x




X AX AX
1xx (1 x)? x(1+ %)
e* e*Ax AX
In x AX AX

X X In x
sin X COS XAX Cctgx - AX
COSX sin XAX tgx - AX
tgx AX 2AX

cos? X sin 2x
Ctgx AX 2AX
sin? x sin 2x

I/I3yqune ABHIKCHUA TeJIa, 6p0[lleHHOFO moAa yrjioM K ropm3oHTy

Teno, OpollleHHOE MOJ YIJIOM a K TOPU30HTY C HAaYaJbHOW CKOPOCTBHIO
| ) ) o )
n,, OyJIeT JBUTaThCS MO KPUBOJIMHEHHOM TPACKTOPHUH , B JIFOOOH TOUKE KOTOPOI

BEKTOP CKOPOCTH MOKET OBITb pa3IoKeH Ha JBE COCTABISIONINE —
TOPU30HTATIBLHYIO U BEPTUKAIBbHYIO (puc.1).

h a

v

Voh

A 4

Puc.1.

[Ipoekmmu STUX BEKTOPOB HA OCH KOOPAMHAT, HA4aJ0 KOTOPHIX BEIOPAHO
B TOYKE OpOCaHUsl, paBHbIL:
v, =0, -Cosa

X

(1)

[Ipu 5TOM ropu30HTAIbHASI COCTABJISIONIAS CKOPOCTH HE OYyAET MEHSITHCS
C TEYCHHWEM BpEMEHHU, T. K. YCKOPEHHE CBOOOJHOIO TMAaJICHUS HE HUMEeT
TOPU30HTAIBHOM  COCTABIISIIOLIEH, a HaMpPaBIECHHO BEPTUKAJIBHO BHU3.
BeprukanbHas COCTaBISONIasi CKOPOCTH OyIeT MEHATHCS MO  3aKOHY
PaBHONIEPEMEHHOIO IBMKEHUS C YCKOPEHHEM @ = (.

8

v, =, -Sina — gt




HN3MmeHeHue KOOpAWHAT TCJIa UMECT BU.

X=v,-Cosat
y:h:z)o-SiHO:—g—t @)
2
Tpaekropust Tena, OpOLIEHHOTO MOJ YIVIOM K FOPU30HTY, MPEACTaBIISIET
coboii mapaboisry. B BepuinHe 3Toil mapaOosibl BEpTUKaJIbHAs COCTaBJISAIOLIAS
CKOPOCTH paBHA HYJII0. B Touke majeHust CKOpoCTh TeJla paBHA 110 a0COIOTHON
BEJIMYMHE CKOPOCTHU TeJa B TOUKE OpOCaHusi, a HallpaBJIEHUE €€ COCTaBISET TOT
K€ yroj, 4To U B TOYKE OpocaHus. DTO CIEIyeT U3 CUMMETPUU Mapadoibl U
MMEET MECTO B OTCYTCTBHE CONPOTUBIIEHUS BO3/1yXa.
HavanbHyro CKOpPOCTb TeJa ,0pOIIEHHOr0 MO/ YIJIOM K TOPU30HTY MOYHO
OnpeaenuTh u3 ypaBHeHus (1).
oy = (3)
Cosa -t
['ne € - manpHOCTH MOJIETA - U3MEHEHUE TOJIOKEHHMS TENa MO OCH X.
Bpemsi monera MOXXHO omnpenenuTh W3 ypaBHeHusa (2). B HauBbicuieit
TOYKE TPAEeKTOPUH JABWKEHMs Tesla ckopocTh Vy=0. Bpems, cooTBeTcTBylOIIEE
3TOMY MOMEHTY, COCTAaBJISET OJIOBUHY BCErO BPEMEHH I0JIETA TEJa, TOI /1A

0= v, -Sina -3t

OTCIOJIa BpEMs MOJIETA TEJIa
2v, - Sin
. L, -Sina . (4)
g

_ [t
% = \'sin 2 ()

OcHoBHOM 3a,uaqeﬁ MCXAaHHKH ABJIACTCA OIIPCACIICHUC ITOJIOKCHHA TCJId B

[Toacrasmss (4) B (3) nomydum

IIPOCTPAHCTBE B JIOOOM MOMEHT BpPEMEHM. 3Has KOOPAMHATHI Tejla BCErna
MOKHO HaWTH €ro CKOPOCTH M YCKOPEHHs (IO ONPEACNICHUIO 3THX BEIUYMH).
OCHOBHBIMM 3aKOHaMH, CBSI3BIBAIOIIMMH 3TH BEJIIMYMHBI, CHJIBI U MacCy Tela
ABJISIOTCS 3aKOHBI HBIOTOHA M 3aKOHBI COXPAHEHUS.

Oobopyoosanue u mamepuaiel.
YcTaHOBKa, COCTOSIIAS U3 MPYKHHHOT'O IUCTOJIETA C IIIAPUKOM M JTUHCHKH.

Ykazanua no mexnuxe dezonacnocmu.
1. K BbIIOJHEHHIO Ja0OpaTOpHBIX pabOT  AOMYCKAIOTCS  CTYACHTHI,
W3YYMBIIIME TIPaBUJIa TEXHUKU OE30MMaCHOCTH.
2. JlaGopatopHbie pabOThI MOTYT IPOBOAUTHCS TOJIBKO MO PYKOBOACTBOM U
HaOII0ICHUEM TIPENO/IaBaTesl.
3. Pacmomnaraiite mpubopsl, MaTepualbl, 000pyI0BaHHE HAa pabodyeM MecTe
B NIOPSJIKE, YKa3aHHOM IperoaBaTesieM.
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4. Tlpu BBITONHEHUH JIA0OPATOPHBIX pabOT C TNPUMEHEHHEM IIOJIETOB
OQIITUCTUYECKUX TEJl HE CIIEyeT HAXOJUThCA B 00JIACTH MOJIEeTa Tefa.

5. He nepxwutre Ha paboueM cToyie TpeAMEThl, HE TpeOyroumecs s
BBITIOJIHEHUS 3aaHUSI.

6. Ilepen TeM, Kak MPUCTYNUTh K pabOTEe TIIATEIHHO U3YUYUTE €€ OMHCaHUE,
YSICHUTE XOJI BBIMOJIHEHUS PaOOTHI.

3aoanuas.

1. Onpenenure  B3BEIIMBaHMEM Maccy Imapuka M. Beruucnure
OTHOCHUTEJBHYIO MIOTPEMIHOCTE Maccel M.

2. 3akpenuTe NMCTONET Ha BeIcoTe N moxm yraom ¢ . Berumcmute
OTHOCHTENbHBIE IOTPENTHOCTH BhIcOTH N 1 yria o .

3. PacrsaHyB npykuHy NUCTOJETa HA X CM, ONPEACIUTE [0 JUHAMOMETDPY
cuny F . Beruucnute oTHOCUTEbHBIC IOTpemiHOCTH X 1 F .

4. BeicTpenute 5-7 pa3 mpW OJHUX M TeX ke 3HaueHmsx X u F. Ilpu
KaXKIOM  BEICTpENe HU3MepsiiTe JalbHOCTh TojJeTa O. Brrumcmmre
OTHOCHTEJNbHYIO IIOrPENIHOCTh HEMOCPEICTBEHHOTO U3MEPEHHS TaTbHOCTH O .

5. Beoruncnure:

a) K09 HUIUEHT KeCTKOCTH NPy KHHBI mucToneta K ;
0) HavaJILHYIO CKOPOCTb IOJIETA MIAPUKA U ;

B) BEPTHKAIBHYIO COCTABIISIOLIYI0 HAYaIbHON CKOPOCTH U, ;
I') BEPTUKAIBHYIO COCTABIIOLIYIO KOHEYHOH CKOPOCTH L ;
) TOPU3OHTAJILHYIO COCTABJIAIONLYIO HA4YaJIbHOM CKOPOCTH U, |

€) TOPU30HTAJILHYIO COCTABJISIONLYI0O KOHEYHOM CKOPOCTH U, .

6. BeruuciauTe MambHOCTH TIOJIETa IO W CPAaBHUTE CO 3HAYCHHEM,
MOJYYEHHBIM B ITYHKTE 4.

/. Bpluuciaute M3MEHEHHE HMITyJbCa IIapUKa 3a BpeMs MOJeTa ‘Am

Briuncnure cuily, '3MEHUBIIYIO UMIYJIbC [IapUKa 32 BpEMS MOJIETA.
8. CpaBHuTE 3HAYCHHsS] TOTCHIIMAIBHOW DHEPTHUU CXKATOW MPYKUHBI,
HAYaJIbHOM KMHETUYECKOW SHEPTUM IIapUKa U KOHEUHOM SHEPIUU LIAPUKA.
Cooepoicanue omuema.

OTuet mo 1abopaTopHBIM paboTaM JOJKHBI COJEPIKATh:

- TUTYJIbHBIN JIUCT;

- I1eJIb pabOTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIPECIICHUA, TOHATUH, (HOPMYT;
- OCHOBHOE 000pyI0BaHHE, CXeMa YCTaHOBKH;

- OTNKUCAHME MO MYHKTaM BBITIOJIHEHHON PabOThI;

- pe3ynbTaThl U3MEPEHUM U pacueToB (TabJaulbl, rpaduKn);

- OLICHKA MOTPEUTHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

- BBIBO/IBI 110 pe3yJIbTaTaM BBIITOJIHEHHOU paboThl, 1aTa, MOJIUCH.
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Konmponwsnwvie sonpocoi.
1. ChopmynupyiiTe NpUHIMN CYNEPHO3UIMM JBWXKeHUH. [1ne oH
npuUMeHsieTCs?
2. BoiBeauTe ypaBHEHHE IJIsl ONPEACNICHUS MoJieTa IapuKa, OpOIIEHHOTO
TI0J] YIJIOM ¢/ K TOPU30HTY C Ha4ajbHOM CKOPOCTBIO V), .

3. BriBenuTe MakcHMabHYIO BBICOTY MOJIbEMA IIapuKa, OPOIIEHHOTO MO
YIJIOM O/ K TOPU3OHTY C Ha4ajabHOM CKOPOCTHIO V), .

4. BpiBeauTe ypaBHEHHME NaJbHOCTH MOJIeTa IIapuKa, OPOIIEHHOTO MO
YIIIOM (¢ K TOPU30HTY C Ha9aJabHOM CKOPOCTBIO V), .

5. Tlox xakum yriiom Hajo OpOCUTH TeNO, YTOOBI 1aJbHOCTh MOJeTa OblIa
MakcumanbHa?  Ilpu kakom yrie OpocaHus BBICOTA TIOJIETa paBHA €ro
nalbpHOCTH?

Pexomenayemasi aureparypa
OcHoBHas JIuTepaTypa:
1. ®usnka I By30B: MEXaHUKA U MOJIEKyJIsipHas (usuka [DIeKTpoHHEIA pecypc]: yaeOHuK / B.A.

Huxkepos. - Mocksa : 3gatenbcko-Toprosast kopropanus «JlamkoB u K°», 2017. - 136 c. : Tabi., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL.: http://biblioclub.ru/index.php?page=book&id=450772

2. TamuteikoBa-bymkesuy, .1, ®usuka : B 2 u. / .M. TanuieikoBa-bymikesud. — 2-¢ u3f., UCIp. —

Munck : Bemmitmas mkoma, 2014, — Y. 1. Mexanuka. MonekynsapHas (u3nka W TEPMOJHMHAMUKA.
OnextpuuectBO W MarHetusmM. — 304 c. : wmn, cxem. — Pexum goctyma: 1O MOINHCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=235732

3. TanwieikoBa-bymkeny, .1, ®usnka : B 2 u. / .M. TannieikoBa-bymkesud. — 2-¢ u3z., ucmp. —

Musck : Bemmiimas mkona, 2014, — Y. 2. Onruka. KBantoBas ¢usuka. CtpoeHue u (QU3HMUECKUE CBOHUCTBA

Bemiectea. — 232 c. : mwi, cxeM.,, Tabm. — PexmM goctyma: mo  moammcke.  —
URL.: http://biblioclub.ru/index.php?page=book&id=460883

JlonoTHUTeILHAS JIUTepaTypa:

1. Jlexmu 1o yueOHOW nauctuiuiniHe «OCHOBBI TEOPETHUECKOH (U3UKM». DIEKTPOJUHAMUKA.
[Dnextponnslii pecypce] : yuebnoe mocobue / E.M. Kyxaps. — DJeKTpoH. TeKCTOBbIE JaHHBbIE. — Bomrorpan:
Bonrorpaackuii rocyJapCTBEHHBIH COIMANBHO-TIEAarOTHIecKuil yHuBepcurert, 2017. — 57 ¢. — 2227-8397. —

Pexxum nocryna: http://www.iprbookshop.ru/70731.html

2. Huxepos, B.A. ®usnka: coBpemenHslit kype / B.A. Hukepos. — 2-e u3n. — Mocksa : M3garenbcko-
ToproBasi kopriopauust «JamkoB u K°», 2016. — 452 c. : mn. — Pexxum nocryna: mo moammcke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.

JlaGopaTopHasi padora Ne 2

Tema padoomer. W3yuyeHue 3aKOHOB JHHAMMKHM HOCTYNATEIbHOIO
JABUKEHHUS C IOMOIIBIO MAIIMHBI ATBY1a

Ilenvy pabomwr. 1lpoBepka 3aKOHOB TMOCTYIATEIBHOTO JBUXKEHHSI C
MTOMOII[BI0 MAIIMHBI ATBYyA.
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http://biblioclub.ru/index.php?page=book&id=450772
http://biblioclub.ru/index.php?page=book&id=235732
http://biblioclub.ru/index.php?page=book&id=460883
http://www.iprbookshop.ru/70731.html

Dopmupyemvle Komnemenyuu. Bianeer CcrnocoOHOCTbIO MNPUMEHATH
COOTBETCTBYIOIIUIA  (PU3MKO-MATEeMAaTUYECKU  ammapar TMpud  pPElICHUU
npodeccCuoHaNbHBIX 3a/1a4.

Teopemuueckan yacme.

[TocTynarenbHbIM JBUKEHUEM Ha3bIBAIOT JABUKEHHUE, IPU KOTOPOM Jto0as

JUHUS, TIPOBEJICHHAs B TeJie, OCTaeTCs MapaiebHol camoit cebe. [lpu Takom
JIBW)KCHUU TPACKTOPUM, CKOPOCTh M YCKOPEHHsI TOYEK Tela COBMAAaloT.
CrnenoBarenbHO, ABMKEHHE TeJla MOXHO 3aMEHHUTh JIBUKEHUEM €ro OJHOMI
Touku. Yarie Bcero, BRLIOUPAIOT ABUKEHHE LIEHTPA TSHKECTHU Tea.

OcHOBHOE ypaBHEHHE IMOCTYMATEIbHOIO JBWXKEHUS, (BTOpON 3aKOH
HrroToHa) nMeeT BUJI:

m-a=>F
rjie M — Macca, & — yCKOpEeHHe Tella, » F - CyMMa CHII, JeHCTBYIOIHUX Ha

TEJNO.

BpamarenbHbiM ABMKEHHEM HA3bIBAIOT JBUKEHUE, MPH KOTOPOM TOUYKH
TeNa JBUKYTCA MO OKPYKHOCTSIM, LICHTPbI KOTOPBIX JIEKAT HA OJHOW MPSAMOW,
Ha3bIBa€MOM OChIO BpaimieHus. (OCHOBHOE€ ypaBHEHHME BpallaTEIbHOTO
NBIKEHUS (BTOpOii 3akoH HbhloTOHA) MMeeT BUJL:

l.E=>"M,

[Cme |, =m, -I°- MOMEHT MHEPLMHU MATEPHAIBLHOM TOUYKH, MOMEHT UHEPLIUN

Bpalaromerocsa TCjia, paBCH CYMMCE MOMCHTOB HMHCPIHH BCCX MATCPHAJIBHBIX

TOYEK JTOro rema: | =Zli ZM - CyMMa MOMEHTOB CHJI, IEUCTBYIOIIMUX Ha

Te10. MOMEHT CWJIbl — BEJIMYMHA paBHAs MPOU3BEICHUIO MOJIYJs CUJIbl Ha
IJIeY0 ATOM cuibl. IlimedyoM Cuibl Ha3pIBAIOT KpaTdaulllee pacCTOSIHUE OT OCH
(1ieHTpa) BpamieHus 10 JIMHUM JCHUCTBUS CUIIHI.

Mammuna AtByna (puc.l) mpencraBiser co0oit 010k paamyca R, depes
KOTOPBIM NIEPEKUHYTA HUTH C TPY3aMU Ty U Tp. Ecnu T,> Ty, TO, yUnTBIBAS, YTO
HWTH HEPACTSHKUMA, TPY3bI TIPUIYT B IBIDKEHHE C OIMHAKOBBIM YCKOpeHreM a. Biiok Oyner
BPALLATECS C YITIOBGIM YCKOPEHHEM €, TOUKH Ha €ro 000zie OyIyT MMETh TAHICHLMATBHOE
YCKOPEHUE PABHOE YCKOPEHHUIO TPY30B. VpaBHeHUs! BIDKEHUST TPY30B M OJIOKa,
NPUHUMAS HAMPABJICHKE IBYKEHMSL TI0 OCH Oc X , OY/TyT UMETb BUT;

T,-m-g=m-a @)
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Tz_mz’g:mz'a (2)
TZ-R—Tl-R—Mmpzl-g (3)

[ne T, u T, - cusibl HATSDKEHUS HATH CJIEBA U CTIpaBa OT OJioka, M wp = MOMEHT

CHJTBI TPEHWSL, YITIOBOE YCKOPEHHUE € = % .

JI‘['F f..--""'_ -—-‘5 E
o \

'

L o |mg T2
@
a T
1]
- nag
hi
L I."I
’”jg

PrcyHoK 1- MallMHa ATEYIA.

Onucanue yCTAHOBKH, BBIBO/I PaC4eTHBIX (pOpMYy.I

OOmumii BUJI YCTaHOBKM mNpuBenéH Ha pucyHke 2. Ha BepTukambHOI
CTOMKE 1 pacnoyioKeHbI TPU KPOHIITENHA: HUKHUM 2, CpeHUN 3, BEpXHUU 4.

Ha BepxHem kpoHuTeiiHe 4 KpenuTcs OJIOK, 4epe3 KOTOPbIA NEPEeKUHyTa
HUTb C Tpy3aMH S5, OJMHAKOBOM MAaCChl. BHU3y HaXOAUTCS SJIEKTPOMATHMT,
KOTOPBIW MPH MOAAYE HA HEr0 HAIPSHKEHUS YJIEPKUBAECT CUCTEMY C Tpy3aMH B
HEMOJIBUYKHOM COCTOSTHUM.

Ha BepTtukanpHOW cTOMKE | yKpersieHa CaHTUMETpOBas JIMHEWKa 8§, 1o
KOTOpOM ONpENeNSIlOT HadaJlbHO€ M KOHEYHOE TOJIOKEHUE TIpy30B, a,
CJIENOBATENBHO, W MPOWICHHBIM IyTh. HavanpHOE MOJIOKEHUE ONMPENECISIOT
BHU3YaJIbHO 10 HUKHEMY Cpe3y Irpy3a, KOHEUHOE - 10 MHJIEKCY (KpacHasi METKa)
CPEOHET0 KPOHILTEMHA.

Cexynmomep ¢ 1upOBOM HWHIWKAINMEH BpPEMEHH 3aKpeIuiéH Ha
ocHoBaHmH Tpubopa. [IpunHimm paboTel MpruOOpa 3aKIFOYAETCS B CIICAYIOMIEM.
Korga Ha KOHIIAX HUTHU BUCAT TPy3bl OAMHAKOBOUM Maccel my; =100 r, cucrema

HaXOIUTCA B PABHOBCCHMU. Ecau Ha OIWH H3 TPY30B IIOJOXHTL IICPETPY30K
13



maccoir Am, (m, = my+ Am) cucrTema BBIXOJHT W3 PABHOBECHS U JBHKCTCS
paBHOyCKOpeHHO. Macca Onoka paBHa 102 rpamma, paguyc 0Ji0ka paBeH 7 cM,
MOMEHT UHEPIIMHU OJIOKA PaBEH MOJOBUHE MPOU3BEICHUS MACCHI €r0 U KBaJipara
ero paauyca (Kak CIUIOIIHOTO JIUCKA).

[Ipy paBHOYCKOPEHHOM JABMKEHHUHM YCKOPEHUE IPY30B MOKHO HAWTH U3
M3BECTHOT'O COOTHOIICHUS

S=h - nyrs, npoHACHHBIN IPy3aMH,
t - Bpems UX JIBUXKEHHUA. DKCIEPUMEHTAIIBHOE 3HAUYCHHUE YCKOPEHUS HalJieM

yepe3 U3BECTHBIN NMyTh U BpeMsi: &= 2 %

[Ipu mpoBeneHUM OMBITA C OJHUMH 3HAUYCHUSMU TPONUACHHOTO MYyTH S U H
Macchl Teperpy3ku Am; Hu3 MEPBBIX [BYX YPaBHEHUW CHUCTEMBI MOXKHO
OIPEJENNTh CUJIbI HATSHKEHUSI HUTEU:
T,=m-(a+g)
T,=m,-(a+g)
3Hasi CUJIbI HATSHDKEHUS TPETHET0 YPaBHEHUS MOXKHO HAUTH MOMEHT CHUJI
TPEHUSL:
Mmp =(T2 _Tl)R_I &€
OnsIT ¢ OHUMU TIEpETPy3KaMU MPOBECTH i ABYX 3HaueHuit S (0,6 M u
0,8 M). CpaBHUTH 3HAUYECHHSI CUJI HANIPSKEHUSI © MOMEHTBI CHJI TPEHHUS ISl ATUX
JIBYX CEPUI MOMEHTA.
Oobopyoosanue u mamepuaibi.
Mammna ATBy1a, 3JIEKTPOMAarHUT, CEKYHIOMEp, Ha0Op NEeperpy3oB.

Ykazanua no mexnuxe dezonacnocmu.

1. K BbimojsHeHHIO J1aOOpaTOpHBIX PpabOT OMYCKAIOTCS  CTYICHTHI,
W3YUYUBLINE MPABUIIA TEXHUKHU O€30MaCHOCTH.

2. JlaGopatopHbie pabOTHI MOTYT POBOAUTHCS TOJIBKO MO PYKOBOJACTBOM U
HaOJIOICHUEM TIpeTIoaBaTers.

3. Pacnonaraiite npubopkl, MaTepuabl, 000pyAOBaHHE Ha pabOdYeM MECTe
B TIOPSIZIKE, YKa3aHHOM TIPETOIaBaTeIIeM.

4. He nepxute Ha paboueM CTOJNE€ MPEAMETHI, HE TpeOyromuecs s
BBHITIOJTHCHUS 3aJaHUSI.

5. IIposiBASITH OCTOPOKHOCTH M AKKYpPAaTHOCTb IPU HEMOCPEICTBEHHOM
paboTe ¢ rpy3amu, Ipy>KMHaAaMU U UHBIMH HEOOXOIUMBIMU JJIsi PabOThI
PUCTIOCOOJICHUSIMU.

6. Ilepen Tem, Kak MPUCTYNUTH K pabOTE TIIATEIBHO U3YUUTE €€ OMHCaHUE,
YSICHUTE XOJ[ BBITIOJIHEHHS paOOTHI.

3aoanus.

1. BxIro4nTh B CETh IMIHYP MUTAHUS PUOOPA.

2. IlepeMecTuTh HUTH C TPy3aMH TaK, YTOOBI MPaBBIM T'PY3 3aHST BEpXHEE
MOJIOKEHHUE.
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3. BKJIIOUNTH 3NEKTPOMArHUT, YACPKUBAIOLIUN CHCTEMY B IOJIOKEHUU
ITOKOS.

4. TlonoxuTh Ha TPaBBIM IPy3 OAUH U3 MEPErPY3KOB. Y CTAHOBUTH CPEAHUI

KkpoHmTeitH Ha otmeTrkeh = 0,6 M, umn 0,8 M. Bxmounts cexyHmomep

OJTHOBPEMEHHO C BBIKJIFOUEHHEM JJIEKTPOMArHuTa.

3anucaTh MO ITOKa3aHUAM CEKYHIOMEpPA BpeMs IBUKEHHUS Ipy3a.

[ToBTOPUTH OIBIT ¢ BEIOPAHHBIM MIEPETPY3KOM HE MEHEE IISATH Pa3.

[ToBTOpUTH ONBIT IPU APYTOM BBICOTE. h, .

© N o o

Onpenenmb IO pe3yJibTaTaM OIIbITa CPCAHCC 3HAUCHHUC BPCMCHHU tcp 151
pacCyuTaTh 110 (bOpMYJIe 3HAYCHUC YCKOPCHMU.

9. BpIyuciuTh CHIBI HATSKEHUS HUTEH 1 MOMEHT CHJIBI TPCHHUA.

10. ITo JaHHBIM OIIbITa C OJHHUM 3HAUYCHUECM S BBIUHCIIATH KHUHCTHUYICCKYIO
SHEPTHUIO TPY30B B KOHEUHBI MOMEHT JABUKCHUSA
2 2 42 2
:(m1+m2)-v :(m1+m2)-a -t :(m1+m2)-2-S
’ 2 2 t?

11.BpI4UCIUTh KHHETUYECKYIO SHEPTHUIO OJI0KA

l-®® m-R*-v m-v* m-S?

K = =
o 2.2.R? 4 t2

12. Bpryucnuth u3MEHEHNE MOTCHIIMAIBHON YHEPTHUN TPY30B
All=m-g-§

o All-(K, +K
13.  Haiitu 3HaueHUe BBIpAXKECHUS (KoK

14.  OOBSICHUTH MOJYUYCHHBIN pe3yJIbTar.
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Puc. 2. O0muit BU SKCIIEPUMEHTATBHON YCTaHOBKH

Cooepoicanue omuema.

OTtuyeT 1o J1abopaTOPHBIM PadOTaM JOJIKHBI COJIEPIKATh:

- TUTYJIbHBIU JIUCT;

- 1IeJIb pabOTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OIIPEICICHUM, TOHATUH, (HOpMYyT;
- OCHOBHOE 000pyI0BaHHE, CXeMa YCTaHOBKH;

- OTMKUCAHUE IO MYHKTaM BBITIOJTHEHHON PabOThI;

- pe3ynbTaThl U3MEPEHUN U pacueToB (TabauLbl, TpapuKH);

- OLICHKA MOTPEUTHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJIBI 110 PE3yJIbTaTaM BBITIOJIHEHHOW PabOThI, 1aTa, MOIIHUCH.

Konmponwvnwvie éonpocel.

. JlaiiTe onpeneneHne mocTynaTeabHOro IBH)KEHUS TBEPIOTO Tea.
. Uto Takoe MatepuasbHasi TOUukKa U aOCOJIIOTHO TBEPAOE TEO0?
. O0OBsICHHTE, UTO TAKOE CHUCTEMA oTcyeTa?

. Hepqu/ICJII/ITe 1 OOBSICHUTE OCHOBHBIE KHHEMATHYCCKHUE XapaKTCPHUCTUKHU

MNOCTYNIAaTCJIbHOT'O JABUKCHHA.

Cdopmymupyiite nmepBbiii 3akoH HproToHA.
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6. JlaiiTe onpeneneHus MacChl U UMITYJIbCa Tea.
7.Chopmynupyiite BTopoii 3akoH HeloToHa.
8. Uto Takoe paBHOACHCTBYIOMIAs cuiia?
9. O0bsacHuTe TpeTuit 3akoH HproToHa.
10. [daTp onpenenenue cun ynpyroctu. Uto Takoe ynpyras aedopmarus ?
11. Ha uyeM oOCHOBBIBae€TCS BBIBOJ pacyYeTHBIX (GOpMYyT B JIaHHOM
nabopaTopHOil pabote?

Pexomenagyemas urepatypa

OcHoBHasi JiuTepaTypa:
1. ®usnka I By30B: MEXaHWKa W MOJIEKyJIsipHas (u3uka [DIeKTpoHHEIA pecypc]: yaeOHuK / B.A.

Huxkepos. - Mocksa : M3natesnbcko-Toprosasi koprnopanus «J/lamxkos u K°», 2017. - 136 c. : tabin., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL.: http://biblioclub.ru/index.php?page=book&id=450772

2. TamuieikoBa-bymkesuy, .1, ®usuka : B 2 u. / .M. TanuieikoBa-bymkesud. — 2-¢ u3f., UCIp. —

Munck : Bemiimas mkona, 2014, — Y. 1. Mexanuka. MonekynsapHas (u3nka W TEPMOJHMHAMHKA.
OnekTpuyecTBO M MarHetusm. — 304 c. : wi, cxeM. — Pexum pgocTyma: Mo MOANUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=235732

3. TamwteikoBa-bymkeny, .1, ®uznka : B 2 u. / .M. TanmeikoBa-bymkesud. — 2-e¢ u3z., ucmp. —

Musck : Bemmiimas mkona, 2014, — Y. 2. Onruka. KBantoBas ¢usuka. CtpoeHue u (QU3HMUECKUE CBOHUCTBA
Bemiectea. — 232 c. :  miL, cxeM., Tabn. — PexumMm  gocryma: 1m0 MONOHCKE.  —
URL.: http://biblioclub.ru/index.php?page=hook&id=460883

JlonoTHUTeILHAS JIUTepaTypa:

1. Jlekmmu 1o yueOHOW nauctuiuiniHe «OCHOBBI TEOPETHUECKOH (QU3UKM». ODIEKTPOJUHAMHUKA.
[DnexTponHsIi pecypc] : yueOHoe mocobue / E.M. Kyxaps. — DneKTpoH. TEKCTOBBIE JaHHBIE. — Bonrorpan:
Bonrorpaackuii rocyJapCTBEHHBIH COIMANBHO-TIEAArOTHUeCKUil yHuBepcurert, 2017. — 57 ¢. — 2227-8397. —

Pexxum nocryma: http://www.iprbookshop.ru/70731.html

2. Hukepos, B.A. ®usuka: coBpemenHnsiii kypc / B.A. HukepoB. — 2-¢ u3n. — Mocksa : M3naTenscko-
ToproBasi koproparusi «JlamkoB u K°», 2016. — 452 c. : wi. — Pexum noctyna: mo mommucke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.

JlabopaTtopHnasi pa6ora Ne 3

Tema pabomosr. OnpenesieHne CKOPOCTH IO0JIeTa MyJH € MOMOIUBIO
(pu3nvyeckoro MasiTHUKA.
Ilenv pabomer. HayuuthCcs ONpeneNsTh CKOPOCTh IOJieTa NyJId C

ITOMOIIBI0 (PU3UYECKOT0 MAasITHHKA.

@Dopmupyemvle Komnemenyuu. Brnageer crnocoOHOCThIO TMPUMEHSTH
COOTBETCTBYIOIINI  (DU3MKO-MATEeMaTHUECKUH  ammapaT TpH  PEHICHUU
npohecCHOHANBHBIX 3a7au.
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http://biblioclub.ru/index.php?page=book&id=450772
http://biblioclub.ru/index.php?page=book&id=235732
http://biblioclub.ru/index.php?page=book&id=460883
http://www.iprbookshop.ru/70731.html

Teopemuueckan uacme.
dusnueckuii MasTHUK cocTouT w3 ynoutens ("A" Ha puc.l) B BUIE

LHWJIMH]IPA, 3al0JHEHHOTO IUIACTUYHBIM MaTEpHajoM, KOTOPBIA 3aKpEIUIEH Ha
CTEepXKHE, CIIOCOOHOM CBOOOJHO, C OUYEHb MaJIbIM TPEHUEM, KauaTbCs BMECTE C
YJIOBUTENEM BOKPYI HENOABMKHOM ocu. Ha pucynke | sta ocp BpameHus
(Touka "O") nepneHANKYJISIPHA K MIIOCKOCTH PUCYHKA.

BeicTpen IIPOU3BOUTCS u3 ITHEBMAaTHYECKOTO IIMCTOJIETA,
YCTaHOBJIEHHOTO TakK, 4YTOObl BEKTOp CKOPOCTM IIyJu OblI HampaBlieH
TOPU30HTAJIBHO IO MNPSAMOM, MPOXOIAIIECH Yepe3 LEHTP ULWINHIApA C
IUJACTWJIMHOM W NepHneHIuKyJIsspHO ocu Bpamenus O. Ilyns, 3acrtpeBas B
IJIACTWIIMHE, TEPSET CBOI0 HAaYaJIbHYIO CKOPOCTh U OJAHOBPEMEHHO COOOUIAET
MasITHUKY HEKOTOPBIA MOMEHT UMITYJIbCA.

Ilo 3aBepuIeHMHM HEYIPYroro yjaapa MasTHUK OTKJIOHSETCS OT
BepTUKanpbHOM JIMHUM OC Ha HEKOTOPBIM MAaKCHMAaJbHBIM YTOJ (0, KOTOPBIA
U3MEpSAETCS TPAHCIOPTHPOM — IO MAKCHUMAJIBHOMY CMELICHUIO YKa3aTels,
YKECTKO 3aKPEIUICHHOI'0 Ha CTEP KHE.

JIns 1ByX MOMEHTOB BPEMEHH, N0 yAapa, H IIOCIE HEYIPYyroro yaapa
(mox "ymapoM" MBI TIOpa3yMeBaeM OTHOCHUTEJIBHO OBICTPBIM Tpoliecc
TOPMOXEHUSI TMyJIU B IUIACTUIMHE) MOXXHO TNPUMEHHUTHh 3aKOH COXPAaHEHHS

MOMCHTA UMITYJbCa:

mua = (I + ma®)a,, (1)
rae M-— macca MmyJid, U — CKOPOCTh MYyJIH JI0 yJapa, d— PacCTOsTHUE OT
OCH 70 TOYKM ynapa myiad, | — MOMEHT WHepIuHM MasTHUKa Tocie yaapa.
Bropeim usienom B ckoOkax B (1) MOkHO mpeHeOpeub Jaieko He Bceraa (Jms
HaIIETO CJIy4as BaM HEOOXOAWMO Ha OCHOBAHHMHM W3MEPECHHH TOKa3aTh (WM

OTPOBEPTHYTH) BO3MOXKHOCTh TAKOT'O YIIPOIIICHUS).
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Puc.1. ®usnuecknii MasTHUK
[Ipyn Heynpyrom yaape 3aKOH COXPAaHEHHS MEXaHUYECKON IHEpruu He
BBIIIOJIHSIETCSI, OJTHAKO, K MIPOLIECCY KaUaHUsI MAsITHUKA, Mbl MOKEM MTPUMEHUTH
3aKOH COXpaHeHus dHepruu. HemocpeacTBeHHO mocie yaapa MassTHUK BMECTE C
3aceBlIel B HeM Iyyied OyaeT, kak Mbl Buaenud u3 (1), UMETh YIJIOBYIO
CKOpOCTb, paBHYIO @,. Clle10BaTeIbHO, OH OyAET MMETh U COOTBETCTBYIOLINM
€l 3amac KUHETUYECKON 3HEpruu, KOTOpBIM 3aT€éM B MOMEHT HauOOJIBIIErO

OTKJIOHCHUA (I/I MIHOBEHHOM  OCTaHOBKH MaHTHHKa) IIPpCBpATUTCA B

IMOTCHOUAJIbHYIO DHCPIHUIO:

£ - (I +ma®)aw] 2
2
En=(|v| +m$jgh 3)
E, =E,, cnenosatensno
% =M+ m% gh 4)
rne M — wMacca OaJUIMCTUYECKOTO MasTHHKa, N — BBICOTA

MAaKCUMAJIBHOI'O  MMOoAHATHUA €TI0 OCHTpa MACC B  TOYKE  OCTAaHOBKH,

2
g =9,81 M/c” — yckopeHHre CBOOOMHOTO MajcHHs Ha MHUpoTe T. [IsTHropcka,

| — paccrostHe OT OCH BpallleHHs 0 IEHTpa Macc MasTHHKa (0e3 IyJH).
ITocpencTBoM OanaHCUPOBKU HCIOJIB3YEMOr0 B JJAHHOW paboTe (U3UYECKOro
MasiTHUKA YAQJIOCh YCTAHOBUTb, YTO IIEHTP MAcC MasTHUKA MOYTH COBIAJAET C
TOYKOW KperuieHus cTep ks ¢ muiauHapoM (T. B Ha puc. 1). Takum obpazom,

paccrostuue | mpuHUMaeTcs paBHBIM uTHHE cTepykHs OB.

Btopoe (masioe) ciiaraemMoe B BBIpAXKEHUU ISl MOTEHIMAIBHOM
sHepru (3) JONMOJHUTEIBHO YUYMTBHIBACT, YTO LIEHTP Macc IyJd B 0OIIeM

ciIydac HEC COBIIaAacT C HEHTPOM MACC MAasATHHKA.

W3 puc.2 BHAHO, 4YTO h:|—|COS(p:|(1—COS¢):2|Sin2§ rre | —

5

pacCToOAHUC OT OCH BpPAIICHHA O A0 LOEHTpa MaACC MasdTHHKa C. I/ITaK, MBI

NOJIYYHJIA YpaBHEHUE
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1 2 2 a a - 2@

—(ma“+1)oy =l m—+M |gh=2| m—+M |glsin“=. 5

S )& [ | jg ( | ]g > (5)
Takum oOpa3zoMm, Ha OcHOBaHHMH ypaBHeHHH (1) 1 (5) momyyaeM OCHOBHYIO

pabouyio hopmyy

(ma® + I)(m?+ M jgl
o (6)

Bce Benmuuunbl, BXonsiue B BbIpakeHHe (6), MOTyT OBITH ONpeAc/ICHBI

U:ZSinﬂ-
2

OKCIICPUMCHTAJILHO.

Oobopyoosanue u mamepuaibi.
YcTaHoBKa, cocrosimas w3 (U3MYECKOro MasTHUKA, ITOJBCIICHHOTO Ha
TOPU30HTAIBHOM OCH M TPAHCIIOPTHPA, THEBMATUYECKUH MTUCTOJIET, TPOTHUK.

Ykazanua no mexnuxe dezonacnocmu.

1. K BbIIOJHEHHIO J1a0OpaTOpHBIX pabdOT  AOMYCKAKOTCA  CTYAECHTHI,
W3YYMBIIIME TIPaBUIIa TEXHUKU OE30MMaCHOCTH.

2. JlaGopatopHble pabOThl MOTYT IPOBOJAUTHCS TOJIBKO MOJI PYKOBOACTBOM U
HaOJII0/IEHUEM TIPENoIaBaTeNsl.

3. Pacnonaraiite npubopkl, MaTepualbl, 000pyAOBaHHE Ha pabodyeM MECTe
B MOPSIZIKE, YKa3aHHOM IIPEToIaBaTelIeM.

4. Tlpu BBITIONHEHUH JIA0OPATOPHBIX pabOT C TMPUMEHEHHEM TO0JIETOB
OaJUTMCTUYECKUX TE HE ClIeyeT HaXOAWUThCS B 00JACTH IOJIETa Tela.

5. He nepxwure Ha paboueM cTOJIie TPEAMETHI, HE TpeOyromumecs s
BBITIOJTHEHMSI 3a/TaHUA.

6. Ilepen Tem, Kak MPUCTYNUTH K pabOTe TIIATEILHO U3YYHUTE €€ OTHCAHNUE,
YSICHUTE XOJ BBITIOJIHEHUS PaOOTHI.

3aoanus.
Macca nunuazapa-ynosurens My, =91 r. JIuHeiHas MIOTHOCTb CTEPKHS,

Macca, MPUXosIIascs Ha equuuiy oauHel: 4 =1,97 r/cm, Torna moyHas Macca
crepxkHi M, =x-1. CraegoBarenbHo, Macca MasTHUKAa M =m +m,.

PaccTostnue - a oT ocu BpallleHHs 1O TOUYKHU yJlapa U3MEPSIIOT MUJUIMMETPOBOM
nuHenkou. IlomoxkeHne 1eHTpa Macc MasTHUKA COOTBETCTBYET TOYKE
COCIMHEHUsT yJIOBHTEIS W cTepkHsa. [lnumHy crepxkus | ompemensior kak
paccTosiHUE OT TOYKHU IMOJIBECA 10 TOUKH COSUHEHHUS YIIOBUTEIIS U TPYOKH.
1. OnpenesieHue MOMEHTA MHEPIUU 0AJUTMCTHYECKOT0O MASITHUKA
MomMeHT uHepiuu (U3UYECKOr0 MasSTHUKA HAXOJST IO TEPUOAY €ro

Ka4aHuM, paBHOMY
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T=2r |, @)
Mgl
(Bemmumael M u | yxe onpeneneHsr).
OOpatute BHHMaHHE, 4YTO JJIS JOCTATOYHO HAJICKHOTO HWIMEPCHHUS
Meproia KaYaHUi MbI JIOJDKHBI 00€CTICYHTh BBITIOIHEHHE CIIETYFOIINX YCIOBHIA:

— aMIUATyJa KadyaHWUW JOJDKHA OBITH JOCTATOYHO Majia, YTOOBI MOYKHO
OBLIO IPeHEOpEUb €€ BIUSHUEM Ha NIEPUO]l KAaUaHUM;

— HYXXHO MOPOCIEIUTh 32 OTCYTCTBUEM KauyaHUN MasiTHUKA MO JPYroi
OPTOTOHAJIBHOW OCH (MJIM JOKAAThCA WX MOJHOIO 3aTyXaHUs, €CIIH
OHM TI0 KaKUM-JI1M00 MPUYUHAM BO3HUKIIN);

— TIEpUO]I KAYaHUN HAJ0 ONpeAenauTh Kak cpeaHee 3a 20—30 kayaHuid,
YTOOBI YMEHBIIUTD MOTPEITHOCTD U3MEpEHUS BpEMEHU

CEKYHJIOMEPOM.
MOMEHT UHEPIIMHU BbIYUCsETCA, UcXos U3 (7), Kak
MgIT?
| = 9_2 )
Ar

TeopeTnueckoe 3HaUYEHHE MOMEHTA WHEPLHMM MOXKHO HAWUTH KaK CyMMY

MOMCHTA MHCPHHUH CTCPIKHA OTHOCUTCIIbHO OCHU BPAIlICHUA, HepHeHIII/IKYJI}IpHOI?I
o 1
CTCPZKHIO U IIPOXOAAIICH YCPC3 OAUH M3 €T'0 KOHIIOB ICT = Emzaz N MOMCHT

WHEPIIUH YJIOBUTEISI, KOTOPBINA (B CBSI3U C JOCTATOYHO OOJIBIIUM PACCTOSHUEM

0 OCH BpallleHHs) MOXHO TMpPHUHATH 3a MAaTEepUaJIbHYI0 TOYKY, TOTrAa

Iy, = m,a?, a TeopeTuueckoe 3HaYE€HUE MOMEHTA MHEPIUM OaTMCTUYECKOTO
MasITHHKA

1
Licop = lex + Iy = gmzaz + mya®. 9)

| Ireop—1|
PaccuuTarh MOrpeInHocTh u3MeHenus. 6 = ——— - 100%.
Teop

2. OnpeaeJieHne CKOPOCTH MOJIE€TA IYJIH

Macca kaxaoi myiau ompenessieM B3BEIIMBAaHUEM. DTO MOXHO CHeNaTh
MOTOMY, YTO JorapuMUIECKUil JEKPEMEHT 3aTyXaHus 3TUX KojeOaHuil BecbMa
MaJl M UX AaMIUIUTyAa JOBOJBHO JIOJITO OCTAaeTCd IOYTH HOCTOSHHOMN
(mombITANTECH AKCIEPUMEHTAIIBHO OIIEHUTh BEJIMUUHY JEKpeMeHTa!).

1) WM3mepurp B3BemmBaHMEM Maccy Myiau. OIEHUTh MOrPELIHOCTh
ONpEJEICHHS MAaCCHhl.

2) Ilpoussectu BbicTpena. OTMETUTh MAKCUMANbHBIA YTOJd & OTKJIOHEHUS
yKazareins 1o TpaHcnopTupy. M3mepeHue yria OTKIOHEHHS ¢ HaJlexKHee

IMPOU3BOAUTbL HC TOJIBKO I1I0 aMIUUIMTYAC OTKIOHCHHA MAsATHHKA IIPU IICPBOM

21



Ka4aHHWHM, HO U 110 pa3sMaxy €ro KOH€6aHHﬁ, AJBIIUXCsT HCKOTOPOC BPEMA I1OCITIC

ynapa (IIpy 3TOM TOJIE3HO NMPUMEHSTh U YCPEIHEHUE OTACIbHBIX OTCUETOB).

BI)ICTpeJI IMPOU3BOAUTD TOJIBKO IIO HCIIOABUKHOMY HUJIMHAPY. HOBTOpI/ITB OIIBIT

S pas.
yria.

Haittn CPCOHCC 3HAYCHUC YIJIa OTKIIOHCHUA U IMOT'PCITHOCTb U3MCPCHUA

3) BpuucauTh 3HAYEHHWE CKOPOCTH mojeTa myau 1o ¢opmyne (6).

Brerauciauth MOTPCITHOCTD OIIPECACIICHUSA CKOPOCTH I10JICTA ITYJIHN.

4) 3anucaTh OKOHYATENbHBIN pe3ynbTaT. CaenaTh BBIBO/I.

1.

2.

o1 b

Cooeporcanue omuema.

OTuer 1o 1a00paTOPHBIM pabOTaM JO0JKHBI COAEPKATh:

- TUTYJIbHBIU JIUCT;

- 11eJ1b pa0OoTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, ONPECICHHI, TOHATUH, (OpMYIT;
- OCHOBHO€ 000pYy/I0BaHKE, CXEMA YCTAHOBKH;

- OIIMCAHUE MO IMYHKTAaM BBINOJIHEHHOW paOdOThI;

- pe3yJIbTaThl U3MEPEHUN U pacyeToB (TaONUIlbI, rpadUKu);

- OLIEHKA [TOIPEIIHOCTEW;

- OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI;

- BBIBOJIBI 110 PE3yJIbTaTaM BBITIOJIHEHHON PaOOThI, 1aTa, MOITUCH.

KOHmPOJleble 60Nnpocol.

Kak omnpenensercss KuHeTUuYecKas OJHEPTUsi MpPU MOCTYINATEIbHOM
nexkeHun? [Ipu BpamaTenbHOM JBHKEHUU?

OObsicHUTE, TOYeMy TPH HEYNPYroM yaape HE BBIMIOJHSIETCS 3aKOH
COXpPaHEHUSI MEXaHUYECKOIN YHEPTUH.

. ChopmynupyiiTe W 3alMIIATe 3aKOH COXPAHCHUS UMITyJIbCa IS

HEYNMpPYTroro B3aUMOACHCTBUS TylId U (PU3NYECKOTO MasTHHUKA
(oOBsicauTe BIBOA popMyubl (1)).

. Chopmynupyiite Teopemy llITeiinepa.
.Uro Takoe MomMeHT wHepnuu? Kak ompenenseTcsi MOMEHT WHEPIIUU

CTEP HSI OTHOCUTEIBHO OCH, MMPOXOIAIICH Yepe3 OJIUH €ro KOHIIOB.

. BeiBectu popmymy (6).

Pexomenayemas iureparypa

OcHoBHas JiuTEpaTypa:
1. ®usuka 1715 By30B: MEXaHWKa M MoJieKyJsipHas Gu3uka [DieKTpoHHBIN pecypc]: yueOHuk / B.A.

Huxkepos. - Mocksa : 3natenscko-Toprosas kopropaius «Jlamkos u K°», 2017. - 136 c. : Tabm., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL: http://biblioclub.ru/index.php?page=book&id=450772

Munck

2. TamuieikoBa-bymkesuy, 1.1, ®usuka : B 2 u. / N.W. TanuieikoBa-bymkesud. — 2-¢ u3i., UCIp. —

Bemmiimas mkona, 2014. — Y. 1. Mexanuka. MomnekymnsipHas (Hu3WKa W TEPMOJMHAMHUKA.
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http://biblioclub.ru/index.php?page=book&id=450772

OnekTpudecTBO W MarHetusMm. — 304 c. : wr, cxeM. — PexuMm JgocTyma: MO TIOANUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=235732

3. TamuteikoBa-bymkeny, .1, ®uznka : B 2 u. / N.W. TanmeikoBa-bymkesud. — 2-e u3z., ucmp. —

Musck : Bemmiimas mkoma, 2014, — Y. 2. Onruka. KBantoBas ¢usuka. CtpoeHune u (Qu3HMUECKHE CBOHCTBA
Bemiectea. — 232 c. : mwi, cxeM.,, Tabm. — PexmM goctyma: mo  moammcke.  —
URL.: http://biblioclub.ru/index.php?page=book&id=460883

JlonoiHNTeIbHAS JIUTEpPaTypa:
1. Jlekuuu 1o yueOHOW mucnuiuinHe «OCHOBBI TEOPETHUECKOM (HM3MKM». IJNEKTPOANHAMHKA.

[DnexTponnsi pecypc] : yuednoe nocobue / E.M. Kyxaps. — DneKTpoH. TEKCTOBBIE JaHHBIE. — Bosrorpan:
Bonrorpaackuii rocyJapCTBEHHBIH COIMANBHO-TIEAArOTHUECKUi yHuBepcuret, 2017. — 57 ¢. — 2227-8397. —

Pexxum nocryna: http://www.iprbookshop.ru/70731.html

2. Hukepos, B.A. ®usnka: coBpemeHsslit kypc / B.A. Hukepos. — 2-¢ u3n. — Mocksa : M3naTenscko-
ToproBasi koprnoparusi «JamkoB u K°», 2016. — 452 c. : wn. — Pexum noctyna: mo mommucke. — URL:
http://biblioclub.ru/index.php?page=book&id=453287.

JlaGoparopHasi pabora Ne 4

Tema pabomer. OnpenesieHne Tmepuoaa KoJeOaHUd (PU3NUECKOTO
MasiTHUKA

Ienv pabomwr. OripesenieHHe CKOPOCTH TOJIETa IMYJIH C [OMOIIBIO
($U3MUECKOro MasiTHUKA.

Dopmupyemvle Komnemenuuu. Brameer CIOCOOHOCTBIO TIPUMEHSTH
COOTBETCTBYIOIIMK  (DU3MKO-MAaTEMaTUUECKUH  ammapar Tpu  PEHICHUU
npodeCCHOHANIbHBIX 3a]1a4.

Teopemuueckasa uacmo.

Qu3uueckum MasmMHUKOM Ha3bIBACTCS TBEPAOE TEJo,

I
coBepuIamoliee KojaeOaHHs OTHOCUTEIbHO HENOIBMKHOM OCH %"},{‘C
NOJ| IEHCTBUEM CHIIBI TsKeCTH (puc.1). xb H'*'r

Ota 0Ch ABIAETCS FOPU30HTAILHOM, U OHA HE IPOXOIUT r”?;'%‘ };"
4yepe3 LEeHTP Macc Tella (Takas OChb Ha3bIBAETCS OCBIO Ka4aHUs I 1{:‘&}1;
MasTHHKA). IIpn MajbIX yrimax  OTKIOHEHMs OT IIOJIOKECHUS | e :""x.l
paBHOBECHS U B OTCYTCTBME CUJI COIPOTHBIICHHS IBUKECHHE |
MasATHUKA ONMCHIBAETCS YPABHEHUEM

Puc.1.

| =-mglg (1)

| — MOMEHT MHEPITUU MaSTHUKA OTHOCHUTEIBLHO OCH KOJIcOaHUH,
M — Macca MasgTHHUKA,

| — paccTosiHHE OT OCH 10 IIEHTpa Macc.

[Tepuon konebanuii onpeaessieTcsi COOTHOIICHUEM
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http://biblioclub.ru/index.php?page=book&id=235732
http://biblioclub.ru/index.php?page=book&id=460883
http://www.iprbookshop.ru/70731.html

T:27r\/ngl (2)

CDI/IBI/I‘{E?CKOMY MaATHUKY MOKCT OBITH IIOCTaBJICH B COOTBETCTBHUE

MaTEMaTHYECCKUI MasaATHHK, HMGIOHII/Iﬁ TOT JKC IICpUO

T:27r\/§ (3)

L — ojnuHa MaTeMaTUyecKoro MasTHHKA (TpUBEICHHAs JAJUHA
(U3NIECKOT0 MAITHUKA).

I{J’II/IH& MATEMATUYICCKOI'O MaAsATHHUKA, IICPHOJ] KOoJICOAHUH KOTOpPOIo
PaBCH IICpUoay KOJICOaHUH (1)I/I3I/ILIGCKOI‘O MasaATHHUKA, Ha3bIBACTCs HpPIBGI[éHHOﬁ
IIJ'IPIHOﬁ (1)PI3H‘IGCKOFO MasjaATHHKaA

- @)

ml
B nanno#t pabore usmyecKkuil MasTHUK MPEACTABISIET COOOWM CTabHOMN

crepxeHsb (puc. 1). Ha cTepiHe mpocBepiieHbl OTBEPCTUSIMU Ha paccTosHuu 10
cm Apyr oT Apyra. CrepKeHb NOJABEIINBAOT Ha WTHIPs O. BeiOupas oTBepcTue
Ha CTEp>KHE, MOYKHO PETyJIMPOBaTh PACCTOSHHE OT TOYKHM MojJiBeca CTepKHA O
10 ueHTpa Macc crepxHus C, Hanpumep, Ha puc. 1 paccrossane OC paHo 40 cm.
[HenTp Macc C 0OJHOPOAHOTO CTEPKHS HAXOJIUTCS TTOCEPEINHE CTEPIKHSL.

Ecnu crepkeHb OTKIOHUTH OT MOJIOKEHUS PABHOBECHS HA YIOJI 3%+ 5% 10
OH Oyner coBepumaTh KoJjieOaHusi OnMu3KuMe K TrapMOHMYECKUM. Bpems
KOJICOaHUI U3MEPSETCS CEKYHIOMEPOM.

= |

[0 0 oo 00 ofge

Puc I Mawem
"gusunecrul masmmux "
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[lepuon konebGanuit (U3NYECKOTO WM MATEMAaTUYECKOrO MasiTHUKA B
oOleM city4yae 3aBUCHT OT aMIUIMTYAbl KojiebaHui mastHuka. Ho ecnm yron
OTKJIOHEHHsI MasTHUKA ¢ < 5°, TO ¢ XOpoIel TOYHOCTBIO MOKHO MpPEHEOpeUbh
3aBUCUMOCTBIO NEPUOIa OT aMIUTATY/Abl U MPUOIMKEHHO CYUTATh, YTO MAaITHUK
COBEPILIAET FTAPMOHUYECKHUE KOJICOaHUSI.

[lepuon xonebanuii GU3NUECKOrO MasiTHUKA OIpeAeTseTCs 1o popmyie

T:27r\/E
g

rae L — npuBeaeHHas anvHa GU3MYECKOTO MasiTHUKA.

Ilpuseoennas  onuna  PU3MYECKOrO0  MagTHHKA  paBHA  JUIUHE
MaTEMaTUYECKOr0 MasiTHUKA, UMEIOIIET0 TaKOW e Mepuoj KojieOaHUuM Kak y
JAHHOTO (PU3UUECKOT0 MASITHHUKA.

[IpuBeneHHas niuHa GU3NYECKOTO MAITHUKA ONpeaeseTcs GopMyoit

L=
md

rjae: J — MOMEHT MHEpLIMUA MasgTHUKA OTHOCUTEIBHO TOUKH TosiBeca O,

M — Macca MasiTHUKA,

d — paccrosiaue ot ToUKH mojaBeca O 110 neHTpa Macc masTHuka C.

Teopema IImennepa. Momenm unepyuu J mena OMHOCUMENLHO
NPOU3BONILHOU OCU pABeH CyMMe MOoMeHma unepyuu Jy mena OmHOCUMENbHO
OCU, NPOBEOEHHOU uepe3 YEeHMp MAacc mena NapauleibHO OAHHOU OcCU, U
npousgedenuss maccl M mena Ha keadpam paccmosinus d meocdy smumu

OCAMU.
J=J,+md?

B  nmanHoit nmaGopatopHOil pabOTE€ MOMEHT WHEPIUHMH  CTEpPXKHSA
OTHOCHUTENBHO OcHu KadyaHusi O Bwuucisgercs no teopeme Ilreiinepa. s
OJIHOPOJHOTO CTEPXHS MOMEHT MHEPIUU OTHOCUTENIBHO IIEHTPa MACC CTEP>KHS
(coBmaaaeTr ¢ LEHTPOM CTEPHKHS)

1 |2

Jo=—m
° 12

riae | — mmHa cTepkHs, M — Macca CTEPIKHS.
Takum obpazom
m(l* +12d?%)

J :J0+md2:imlz+md2=
12 12
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[IpuBenenHas anvHa (U3MYECKOrO MasgTHUKA B JIaHHOW J1abopaTOpHOMU
paboTe onpenensercs no GopmyJie:
J m(?+12d?%) I?+12d?
md  12md = 12d ()
Torma mepuon KojneOaHWNW  (PU3MUECKOTO MasTHHKA B JIaHHOU

| =

nabopatopHoi pabote ompezaensercs no Gopmyne:

12 +12d?

T=2r =20
"\ 12dg (6)

Oobopyoosanue wu mamepuansvl. YCTaHOBKA UIS HCCIEIOBAHUSA
KoJieOaHui (PU3NIeCKOTO MasiTHUKA, JIMHEHKA, CEKyHI0MED.

Ykazanua no mexnuke 6esonacnocmu.
1. K BbIIOJHEHHIO J1a0OpaTOpHBIX pabdOT AOMYCKAIOTCA  CTYACHTHI,

W3YYMBIIIME TIPAaBUIIa TEXHUKU OE30MMaCHOCTH.

2. JlaGoparopHble pabOThl MOTYT IPOBOJAUTHCS TOJIBKO MOJI PYKOBOACTBOM U
HaOJII0/IEHUEM TIPENOIaBaTENsl.

3. Pacnonaraiitre npubopsl, MaTepualibl, 000pyAoBaHHEe Ha pabodyemM MecTe
B NIOPSJIKE, YKa3aHHOM IpernojaBaTesieM.

4. He pepxute Ha paboueM CTOJE MpEAMETHI, He Tpelyromuecs s
BBITIOJTHEHMSI 3a/TaHUA.

5. Ilepen Tem, Kak MPUCTYNHUTH K pabOTE TIIATEIBHO U3YUUTE €€ OMHCaHUE,
YSICHUTE XOJ BBITIOJIHEHUS PaOOTHI.

3aoanus.

1. [MoaBemmuBaKOT MasTHUK HA MITHIPh MEPBBIM OTBEPCTHEM. DTO 3HAYUT
yro paccrosiHue OC = d; =40 cm.

OTKJIOHSIOT MasTHHK Ha Manbii yron okono 3° + 5° u ormyckaror. Ipu
HOMOIIM CeKyHaoMepa m3mepsroT Bpems & (I = 1, 2, 3) mig N=30 momHbIX
kojebanuii. I3Mepenust noBTOpstoT N = 3 pa3sa.

Brraucnsior cpeiHee 3HaUCHHE BPEMCHH

n
2.5
<t>=-1—
n

[Tepuon onpenenstoT o ¢popmyJie
_<t>

Tu;m - N
N
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2. TlogBemmMBaKOT MAasSTHUK Ha IITHIPh BTOPBIM, TPETHHM U YETBEPTHIM
OTBEPCTUSAMHU I10 OYEPEAN U MIOBTOPSIOT H3MEPEHMS MyHKTa 1.
ITpu atom d, = 30 cm, d3 = 20 em, dy = 10 cm.

Juna crepxas | =1 m.

JlaHHbIC H3MEpPEHUH 3aHECTH B TAOJHITY

Tabmura 1.
d <t> TMZLM L Tpacu
M c C M c
04
03
0.2
01

3. BBI‘II/ICJBIIOT HpI/IBeI[eHHBIe JJIMHBI (1)I/ISI/III€CKOFO MasiTHHKA JJIs1 BCEX d
12 +12d2
12d

L=

4. BpluucnsoT nepuonbl KoseOaHui (PU3MYEeCKOro MasiTHHKa JJIs BCEX

3HAYCHUMN HpI/IBGI[CHHOﬁ JJITMHBI (bHSH‘lCCKOFO MasiTHHKa

T ..=27 L

pacuy
9

5. IlocTpouts rpaduku nepuoaa uzmepeHsHoro T, = f(L) u pacueTHOro

T .. = f(L) B3aBUCUMOCTH OT NMPUBEACHHOMN JJIUHBI L.

pacy
6. CpaBHUTHh U3MEPEHHBIC U PACUETHBIC 3HAUCHUS TIEPUOIOB KOJICOAHMIA.
Cnenate BBIBOJ, O XapakTepe 3aBUCHMOCTH TIepuojAa KoJeOaHHit
(bU3UYECKOro MasiTHUKA OT MPUBEJCHHON JTMHBI.
Cooepocanue omuema.

OtyeT 1o J1abopaTOPHBIM PabOTaM JOJIKHBI COJICPIKATh:

- TUTYJIbHBIM JIUCT;

- 11eJ1b pa0bOTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIPEICIICHUM, TOHATUH, (HOpMYT;
- OCHOBHOE 00OpY/IOBaHHE, CXEMa YCTAHOBKH;

- ONMCAHUE TI0 MYHKTAaM BBITIOJTHEHHOW paOOTHI;

- pe3ynbTaThl U3MEPEHUN U pacdeToB (TabIuIlbl, rpaduKn);
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- OLICHKA MOTPEIIHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

- BBIBO/IBI 110 PE3yJIbTaTaM BBITTOJIHEHHON PabOThI, 1aTa, OIHUCH.
Koumponwsnwvie éonpocei.

JlaliTe onpeeneHue TApMOHUYECKUX KOJIeOaHUH.

YTo Ha3bIBAETCA MATEMATHYECKUM MasTHUKOM?

Yrto Ha3bIBaeTCSA MPUBEAEHHON TIMHON (U3NIECKOTO MAITHUKA?
Cdhopmymupyiite Teopemy lllteitaepa.

BriBectu popmyiy nepuoja konedanuii GU3n4ecKoro MasTHUKA.

Ok wh e

Pexomenayemasi iureparypa

OcHoBHas JIuTepaTypa:
1. ®usnka I By30B: MEXaHWKA U MOJIEKyJIsipHas (usuka [DIeKTpoHHEIA pecypc]: yaeOHuK / B.A.

Huxkepos. - Mocksa : 3gatenbcko-Toprosast kopropanus «JlamkoB u K°», 2017. - 136 c. : Tadin., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL.: http://biblioclub.ru/index.php?page=book&id=450772
2. TamwteikoBa-bymkeny, .1, ®usnka : B 2 u. / N.U. TanmeikoBa-bymkesud. — 2-e¢ u3z., ucmp. —

Munck : Bemmitmas mkoma, 2014. — Y. 1. Mexanuka. MonekymsapHas (u3nka W TEPMOIMHAMHUKA.
OnekTpuuecTBO W MarHetusm. — 304 c. : wn, cxeM. — Pexum [gocTyma: Mo TOANUCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=235732

3. TamuteikoBa-bymkesuy, .1, ®usuka : B 2 4. / .M. TanuieikoBa-bymikesud. — 2-¢ u3f., UCIp. —

Musck : Beimmiimas mkona, 2014, — Y. 2. Onruka. KBantoBas ¢usuka. CTpoeHHe U (U3MUECKUEC CBOHCTBA
Bemiectea. — 232 c. :  miL, cxeM., Tabn. — PexumMmM  gmoctyma: 1o MOOIHCKE.  —
URL.: http://biblioclub.ru/index.php?page=book&id=460883

JlomoiHUTeTbHAS JIATEPATYpa:
1. Jlexmpm mo yueOHO¥M mucrumuimHe «OCHOBBI TEOPETHUECKOW (QH3HKH». IIEKTPOIUHAMHUKA.

[Dnexrponnsrii pecypce] : yuebnoe mocobue / E.M. Kyxaps. — DJeKTpoH. TeKCTOBbIE JaHHBIE. — Bomrorpan:
Bosrorpasckuii rocyJapCTBEHHBIN COMAIbHO-TIEAarornuecKuii yuusepeurer, 2017. — 57 ¢. — 2227-8397. —

Pesxum nocryma: http://www.iprbookshop.ru/70731.html

2. Hukepos, B.A. ®usuka: coBpemennsiii kypc / B.A. Hukepos. — 2-¢ u3n. — Mocksa : M3naTenscko-
ToproBasi kopmoparus «/JamkoB u K°», 2016. — 452 c. : mwn. — Pexum mocryma: mo moamucke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.

JlaGoparopHasi pabora Ne §

Tema padoomwr. Onpenesnenne Ko3(pPUUNEHTA BHYTPEHHEIr0 TPEHUA
JKHJIKOCTH METOI0M Naaawuiero mapuka (Meroa Crokca).

Ilenv pabompwi. 1103HAKOMHUTBECS C METOJOM MU3MEPEHUS BSI3KOCTH >KUJIKOU
CpEBbL.

Dopmupyemvie Komnemenuyuu. Brnaneer crnocoOHOCTbIO NPUMEHSTh
COOTBETCTBYIOIIUN  (PU3MKO-MAaTeMAaTUYECKH  ammapaT Tpu  PEIICHUU
npodeCCHOHANIBHBIX 3a]1a4.

Teopemuueckan uacmo.

BsizkocTh (BHYTpeHHee TPeHHe) — 3TO CBOMCTBO PEAJIbHBIX KUJIKOCTEU
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OKa3bplBaTh  CONPOTHUBJIEHUE TMEPEMEIICHUID OJHOW 4YacTh  KUIAKOCTH
OTHOCHUTENBHO Apyroil. [Ipym mepemMenieHun OJHUX CIIOEB PEANbHOUN KUIKOCTU
OTHOCHUTENBHO APYTUX BO3HUKAKOT CHJIbI BHYTPEHHETO TPEHMSI, HAIPABIICHHBIC
10 KAacaTeJIbHOM K MMOBEPXHOCTHU CIIOEB. [IeCTBUE ATUX CUII IPOSABIISIETCA B TOM,
YTO CO CTOPOHBI CJOfA, JABWXKYIIErocs ObICTpee, Ha CIOH, JBHKYIIMICS
MeJJIEHHEE, IEUCTBYET ycKopsromas cuiia. Co CTOPOHBI K€ €05, JBUKYILETr0Cs
MeJJICHHEH, Ha CJIOM, IBIKYIIHUIACS ObICTpee, ISHCTBYET TOPMO3SIIas Chia.
Cuna BHyTpeHHero TpeHus: F teM Oonblie, yem
OoJpllle paccMaTpuBaeMasi IUIONIA/b MOBEPXHOCTU
CJIOEB S, M 3aBUCHUT OT TOr0, HACKOJBKO OBICTPO

ax
MCHIACTCA CKOpOCTB TCUCHUSL KUAKOCTU HpI/I

mepexone OT cios K cimor. Ha  pucyHke

U3 4

MPEJCTaBIICHBI JIBA CJIOS, OTCTOSIIME JIPYT OT Jpyra
Ha pacCTOSAHUHU AX U JBHXKYIIUECS CO CKOPOCTSMH Vg
u vy. IIpu s3toM v; — v, = Av. HampaBieHue, B KOTOPOM OTCUUTHIBACTCS
PacCTOSTHUE MEXIY CIOSIMH, HEePREHOUKYIAPHO CKOPOCTH TEYEHHUS CIIOECB.
Benuunna Av/AX mokasbIBacT, Kak ObICTPO MEHSAETCS CKOPOCTH IIPH IIEPEX0Ie
OT CJOS K CJIOI0 B HampaBiCHUU X, TMEPICHAUKYJISIPHOM HAMpPaBJICHUIO
JBIKCHUSI CJIOEB, U HA3bIBACTCS TPAJMEHTOM CKopocTH. Takum 00paszowm,
MOXHO CHUTaTh, 4TO MOI[y.TIB CHUJIbI BHYTpeHHCFO TpeHI/IH paBCHZ

Av

AX

rae Kod(pQGUIMEHT MNPONOPIUOHAIBHOCTH 7, 3aBUCSLIUNA OT TPUPOJIbI

F=n-—"IS, 1)

KUJKOCTH, HA3bIBAETCS IMHAMUYECKOH BA3ZKOCTHIO (MU POCTO BA3ZKOCTHIO).

Enununa Bsiskoctu — mackadab-cekyHaa (Ila.c): 1 Tla-c paBeH
JTUHAMUYECKON BSI3KOCTH CpEAbl, B KOTOPOW NpH JaMUHAPHOM (TJIAIKOM)
TEYEHUU U TPaJMEHTE CKOPOCTH C MOAyJeM, paBHbIM 1 M/c Ha 1 M, Bo3HHKaeT
cuma BHyTpeHHero Tperms B 1 H Ha 1 M® MOBEPXHOCTH KacaHHs CIIOCB
(1 Ma-c=1 H-c/M?). [Ipumensiercs Takxe BHecucTemHas eaununa — myas (I1):
IITa-c =10 II.

Yem Oosbliie BA3KOCTb, TEM CUJIbHEE KUJIKOCTh OTIUYAETCS OT UI€aIbHOM,
U TeM OOoJpIINe CUJIbl BHYTPEHHETO TPEHUs B HEW BO3HUKAIOT. Bs3kocTh
3aBUCUT OT TEMIIEPATYyphl, IPUYEM XAPAKTEP ITOW 3aBUCUMOCTH JJIS KUIKOCTEN
U Ta30B pasznuyeH. Jias KuAKOCTEH # C  yYBEJIMYEHUEM TeMIlepaTypbl

YMCHBIIACTCA, Y I'a30B, HaO60pOT, YBCIIMYHUBACTCs, UTO YKA3bIBACT HA Pa3JINIUC
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B HUX MEXaHM3MOB BHYTPEHHEro TpeHus. Tak, TuHaMUYecKas BSI3KOCTb BOJIbI
ymenbimaercst or 1,792:107 II o 0,284-10° II (r.e. B 6,3 pasa) mpu
yBEIWYEHUH Temneparypel or () °C o 100 °C, a y BO3JyXa B 3TOM XK€
Jana3oHe BA3KOCTh yBennuuBaercs ot 1,709 10411 1o 2,175 1074 I

CymiecTByeT JBa peXMMa TEUYEHUs >XKHAKOocTed. TedeHue Ha3bIBaeTCs
JIAMHUHAPHBIM (CJIOMCTBIM), €CJIM BJIOJIb MOTOKA KAXK/IbI BBIJCICHHBIN TOHKUI
CJIIOM CKOJIB3UT OTHOCHTEIBHO COCEJHUX, HE MEPEMENIMBAsCh C HUMHU, H
TYpOyJeHTHbIM (BUXPEBbIM), €CJIM BJ0JIb TOTOKA MPOUCXOAUT WHTEHCHUBHOE
BUXpeoOpa3zoBaHUE U NIEpeMeIIBaHUE KUJIKOCTH (Ta3a).

JlamuHapHO€ TeueHUE KUIAKOCTH HAOTI0AeTCs TPU HEOOIBIINX CKOPOCTSIX
€e JBWKCHUSA. BHEIHMN CIOW JKMAKOCTH, INPUMBIKAIOIIMNA K IOBEPXHOCTH
TpyOBbl, B KOTOPOM OHA TEYET, U3-3a CHJI MOJIEKYJISIPHOTO CLETUICHUS NPUITUIIAET
K HEl U ocTaeTcsi HenmoABMKHBIM. CKOPOCTH MOCJIEAYIOIINX CI0E€B TEM OOJIbIIIE,
yeM OoJibllie WX pacCTOSHUE JI0 TOBEPXHOCTH TpPyObl, M HamOOJbLIEH
CKOPOCTBIO 00J1a/1aeT CJIOM, IBUKYIIHUICS BIOJIb OCH TPYOBI.

[Ipu TypOyJE€HTHOM TEYEHHHM YACTUILIBI KUJAKOCTH TMPUOOPETAIOT
COCTABJISIFOLIUE CKOPOCTEH, MEPIEHANKYIISIPHBIE TEUEHUIO, TIO3TOMY OHU MOTYT
MEePEXOIUTh U3 OJHOTO cjosi B Ipyroil. CKOpPOCTh YacCTHUI[ KUJIKOCTU OBICTPO
BO3pAcTaeT Mo Mepe yJaJeHusi OT MOBEPXHOCTU TPYyObI, 3aTeM H3MEHSAETCS
JOBOJIbHO HE3HAUUTENIbHO. Tak Kak 4acTHIIbl )KUJIKOCTU MEPEXOIAT U3 OJHOrO
CJI0SI B APYIrOil, TO UX CKOPOCTU B PA3IMYHBIX CJIOSIX MaJlo OTiauyarorcs. M3-3a
OOJIBIIIOTO TPAJIMEHTA CKOPOCTEH Y TTOBEPXHOCTEN TPYyOBl OOBIYHO MPOUCXOIUT
oOpa3zoBaHue BUXpEH.

[Ipodunb ycpenHeHHON CKOpOCTH MpHU TypOyJIEHTHOM TE€UEHUU B TpyOax
OTJIMYAETCS OT MapabdOJUYECKOro Mpoduiis Mpu JIAMHUHAPHOM TEYEHHH Ooiiee
OBICTPBIM BO3pPAaCTAaHUEM CKOPOCTH Yy CTEHOK TPyObl M MEHbILIEH KPUBU3HOW B
LEHTPAJIIbHON YaCTU TCUCHUS.

Anrnumiickuit  yuensii O. Peitnonpac (1842—1912) ycraHOBH, dTO
XapaKTep TEUEHUs 3aBUCUT OT Oe3pa3MepHON BEJIMUYWHBI, HA3LIBAEMOUN YHCIIOM

Pentnonppca:

Re :M. (2)
n

rac P — IIOTHOCTD KUAKOCTH,

<U> — CpeIHss IO CEYEHUIO TPYOBI CKOPOCTH KUIKOCTH;
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d — xapakTepHbIi JIMHEHHBIN pa3mep, HATPUMEpP TUaMETP TPYObI;
N — IMHAMHYeCcKas BA3KOCTh KMJIKOCTH.
OtHourenue v = #/p Ha3pIBACTCSI KHHEMATHYECKOH BA3KOCTBIO,
03TOMY (2) MOKHO MPEJICTABUTH CIEAYIOIINM 00pa3oMm:
Re = @ (3)
1%

[Mpu Manibix 3HaueHusx yucia PeitHonbaca (Re < 1000) mabmiomaeTcs
JTaMUHApPHOE TEYCHHE, MEPEeXO0]l OT JIAMUHAPHOTO TEUYEHUS K TypOYJICHTHOMY
npoucxoauT B obnactu 1000< Re < 2000, a npu Re = 2300 (mis riagkux
TpyO) TeueHnue TypOyneHTHoe. Ecnu yucno PeitHosbaca 0MHAKOBO, TO PEKUM
TE€YEHUS PA3TMYHBIX KUIKOCTEHN (ra30B) B TpyOax pa3HbIX CEYEHUI OJJUHAKOB.

TCOpI/Iﬂ ME€TOAAa U OIIMCAHHE YCTAHOBKH

BsiskocTh mposiBisieTcs NpU  JIBWKEHUM HE TOJBKO JKUIKOCTH IO
cocyzaM, HO U Ted B KUAKOCTU. [Ipy HEOONBIINX CKOPOCTSIX B COOTBETCTBUU
c ypaBHeHHMeM HploTOHa cuia CONPOTHBIECHUS JBUXKYLIEMYCS TEILy
POMOPIIMOHANIFHA BSI3KOCTH KHJIKOCTH, CKOPOCTH JBI)KCHHUS TeJa U 3aBUCHUT
OT pa3MepoB Tefa. Tak Kak HeBO3MOXKHO yKa3aTh 0OIIyI0 (hOpMYITy IJIsl CHUIIBI
COIIPOTHUBIIEHUS, TO OTPAHUINMCSI PACCMOTPEHHEM YaCTHOTO CITydasl.
Hanbonee mpoctoit dopmoit Tena sBiusercs chepa. Jdnsa cepudeckoro
Tena (1IapyK) 3aBUCHMOCTb CHIIBI COTIPOTUBIICHUS TIPU €TI0 JIBUYKEHUU B COCYJIe
C JKMIKOCTBIO OT TIEPEUYHUCICHHBIX BbIIIE (PAKTOPOB BBIPAKACTCS 3AKOHOM
Cmokca:
F,, =67nrv, 4)
rze I — paauyc mapHka;
U — CKOPOCTb JIBHKEHUSI.
OTOT 3aKOH MOIYYEH B MPEANOI0KEHUH, YTO CTEHKH COCY/la HE BIUSAIOT HA
JIBWKCHHE TeJa.
[Mpu maneHuu mapuka B BS3KOW cpene (puc. 3) HAa HEro JIEHCTBYIOT TpH
CHUIBIL:
® cula TSKECTH Mg =3 p;rr3g ;
e BhITAlKUBaOwIas (apxumenosa) F,=m g=4%p 7r’g,
TJI€ My — Macca BBITECHEHHOW LIApOM JKUKOCTH; P — €€ INIOTHOCTD;

e F,, — cHJIa COnpOTUBIICHNUS, BbIUUCIsIeMas 110 popmyre (4).

31



HpI/I MnomnagaHruy mapukKa B BA3SKYIO X KUAKOCTb €0 CKOPOCTb YMCHBLIIACTCAL.
Tak kak cuia COIMPOTHUBJICHUA IIPAMO IIPOIIOPHHOHAJIBHA CKOPOCTH, TO M OHaA

6y,Z[eT YMCHBIIATBCA O TCX II0P, IOKA ABHIKCHHC HC CTAHCT PABHOMCPHDBIM. B

9TOM ClIy4dac:

Fa mg+F,+F,, =0. (5)
- B B ckansipHO# (hopMe TIpH MTOICTAHOBKE
Frp
COOTBETCTBYIOIIMX BRIPAKECHUH 11 cril, popmyra (5)
OylleT UMETh BU/T
mg
3 3
3P7-1°g—4%p, r°g—6znrv, =0, (6)
Ile Uy — CKOpPOCTb PaBHOMEPHOIO IBM>KECHUS
(magenus) mapuka. M3 (6) monydaem BBIpakeHUE IS
TUHAMHYECKOHN BSI3KOCTH:

59 o

(7)
dopmyna (7) cmpaBeminBa s IBIDKCHHS IIAapUKa HE TOJIBKO B
KUJIKOCTH, HO U B Taze.

DKCIeprMEHTaIbHAs YCTAaHOBKA COCTOMT W3 CTEKJISTHHOTO ITWJIMHJPA,
3aMOJHEHHOTO TJMICpUHOM. Ha IuamHApe HaHECEHBI IBE TOPHU30HTAIBHBIE
METKH (IIPOBOJIOYHBIE KOJIbLIA), PACIIOJIOKEHHBIE APYT OT APyra Ha pacCTOSTHUU
| (BepxHss MeTKa JO/DKHA OBITh HMKE YPOBHS IIIMIEpUHA Ha 5 — 8 cM.).

Bsi3kocTh rmieprHa 3aBUCUT OT TEMITEPATyPhl CICTYIOIINM 00pa3oM:

T, °C 3 18 21
n, I1 42.20 10,69 7,78
v, eM7/c 33,40 8,48 8,18

Oobopyoosanue u mamepuaJibl.
CTeKJIsSHHBIA IUWIMHApP, 3alOJHEHHBIM TJUIEPUHOM, CEKYHIIOMED,
MUHIET, IAPUKH, MUKPOMETP MJIM OTCYETHBIM MUKPOCKOTI.

Ykazanua no mexnuxe dezonacnocmu.
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1. K BoimosHeHUIO Ja0OpaTOpHBIX pabOT JOMYCKalOTCA  CTYACHTHI,
U3y4YMBILINE IPABUIIA TEXHUKU O€30MaCHOCTH.

2. JlaGopatopHble pabOThl MOTYT IIPOBOJAUTHCS TOJIBKO MOJI PYKOBOJCTBOM U
HaOJII0IEHUEM TIPENIOIaBaTENs.

3. Pacnonaraiite npuOopsl, MaTepuaiibl, 000pyJ0oBaHHE Ha pabodyeM MecTe
B NIOPSJIKE, YKa3aHHOM IIpEnoaBaTeieM.

4. He pepxutre Ha paboueM CTOJ€ MpEAMETHI, He Tpelyromuecs s
BBITIOJTHEHHUSI 33/IaHUA.

5. Ilepen teM, Kak OPUCTYNHUTH K pabOTe THIATENBHO U3YyUUTE €€ OMUCAHUE,
YSICHUTE XOJ BBITIOJIHEHUS PaOOTHI.

3aoanus.

1. U3mepuB nuaMeTp MIapuka, OMYyCTUTh MIAPUK B KUIKOCTh KaK MOXKHO
OJIMKEe K OCH IIWIIMH/IPA.

2. BKJIIOYUTH CEKyHIOMEpP B MOMEHT MPOXOXKIACHHUS IIAPUKOM BEpXHEU
METKH.

3. BBIKTIOYNTH CEKYHIOMEpP B MOMEHT MPOXOXIACHHUS IIAPUKOM HIDKHEH
METKH.

4. IIoBTOPHTB OIBIT HECKOJBKO (7 — 9) pa3. Berauciuts cpennee Bpems o,
3a KOTOPOE MIAPUK MPOXOIUT MEKIY IBYMS METKaMH.

5. U3amepurs pacctosiaue | Mexmay MeTKaMu.

6. BBIYMCINTH CKOPOCTH MAJICHUS MIAPUKOB v = I/,

7. TloacTaBuTh 3HaUeHHE CKOpocTU B popmyiy (7), BBIYUCIUTH BSI3KOCTb
TJIMIEPUHA.

8. Pesynbrarhl u3MepeHuii 3aHecT B TabmuIry 1.

TaOmura 1.
t11 C t21 C t31C t4,C t51 t61 t71 t81 t91 thl rm Vo, Il M n,
c c c c c c Mm/c ITa-c

Ilpumeuanue: IJIOTHOCTH cBUHIA p = 11,350 /e’
IUIOTHOCTD [ITHLEPHHA Py = 1,264 /M.
Cooepocanue omuema.

OtuyeT 1o J1abopaTOPHBIM PabOTaM JOJIKHBI COJICPIKATh:

- TUTYJIbHBIM JIUCT;

- 11eJ1b pa0OTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, ONIPEICIICHUI, TIOHATUH, GOPMYIT;
- OCHOBHOE 000pyI0BaHHE, CXeMa YCTaHOBKH;

- ONMCAHUE TI0 MYHKTAaM BBITIOJTHEHHOW paOOTHI;

- pe3ynbTaThl U3MEPEHUN U pacdeToB (TabiuIlbl, rpaduKm);
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- OLICHKA MOTPEIIHOCTEN;
- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIBI 10 pe3yJIbTaTaM BBITIOJIHEHHON paOOThI, JaTa, MOITUCH.

Konmponwnuie eonpoceut.

Yro Takoe BHyTpeHHEE TpeHue?

OT yero 3aBUCUT CHJIa BHYTPEHHETO TPEHUS?

Kaxk 3anmceiBaercs popmyna HeioToHa 117151 BHYTPEHHETO TPEHHUS?
UYto mokasbIBaeT rpaJiIueHT CKOpocTH? B Kakux ennHUIaX OH

Pwnh e

n3MepseTcs’?

5. Ot 4ero 3aBUCHUT cujia TPEHUS MPU ABIKEHUH Tell IapooOpa3Hoit GOopMBI
B BSI3KOM cpene?

6. Kakue cumpl JeCTBYIOT Ha MaIalONIUi B BA3KOW CpeJie MIapUK U KaKOB
XapakTep JIBHKEHUS LIapuKa?

/. B xakux equHUIAX U3MEPSIOT BI3KOCTh? OT Yero oHa 3aBUCUT?

Pexomenayemas aureparypa

OcHoBHas JIuTepaTypa:
1. ®usnka I By30B: MEXaHUKA W MOJIEKYyJsipHas (usuka [DIeKTpoHHEIA pecypc]: yaeOHuK / B.A.

Hukepos. - MockBa : M3natenbcko-Toprosas koprnopauus «lamkoB u K°», 2017. - 136 c. : Tabun., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL.: http://biblioclub.ru/index.php?page=book&id=450772

2. TamuieikoBa-bymkesuy, .1, ®usuka : B 2 u. / .M. TanuieikoBa-bymkesud. — 2-¢ u3f., UCIp. —

Munck : Bemmitmas mkona, 2014, — Y. 1. Mexanuka. MonekynsapHas (u3nka W TEPMOIMHAMHKA.
OnekTpuuecTBO W MarHetusm. — 304 c. : wi, cxeM. — Pexum JgocTyma: MO TIOANUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=235732

3. TanwieikoBa-bymkeny, .1, ®usnka : B 2 u. / .M. TannieikoBa-bymkesud. — 2-e¢ u3z., ucmp. —

Musck : Bemmiimas mkona, 2014, — Y. 2. Onruka. KBantoBas ¢usuka. CtpoeHue u (pu3HUecKue CBOHWCTBA
Bemiectea. — 232 c. : mwi, cxeM.,, Tabm. — PexmM goctyma: mo  moAamucKe.  —
URL.: http://biblioclub.ru/index.php?page=book&id=460883

JlonoTHUTeILHAS JIUTepaTypa:

1. Jlekuuu 1o yueOHOW nucuumiinHe «OCHOBBI TEOPETHYECKOH (GHU3UKH». DJIEKTPOANHAMUKA.
[Dnekrponnslil pecypce] : yuebnoe mocobue / E.M. Kyxaps. — DJeKTpoH. TeKCTOBbIE JaHHBIE. — Bomrorpan:
Bourorpazackuii rocyapcTBeHHBIH COIMAIbHO-TIeqarorndeckuii yausepeuret, 2017. — 57 ¢. — 2227-8397. —

Pexxum nocryna: http://www.iprbookshop.ru/70731.html

2. Huxepos, B.A. ®usnka: coBpemenHslit kype / B.A. Hukepos. — 2-e u3n. — Mocksa : M3garenbcko-
ToproBasi kopropauust «amkoB u K°», 2016. — 452 c. : mn. — Pexxum nocryna: mo moammcke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.

JlaGopaTopHasi padora Ne 6

Tema padompl. OnpenesieHue OTHOLICHHUS YACJbHBIX TEIVIOEMKOCTENH
BO3/yXa METOA0M aI1a0aTHYEeCKOr0 paciiipeHus.

Ilenv padomer. VI3yuuTh ra3oBbl€ 3aKOHBI, IEPBBIA 3aKOH TEPMOJAUHAMUKU
U MOHATHE TeMIoEMKOCTU. OIpeneianuTh OTHOIIEHUE TEIUIOEMKOCTEM BO3dyxa
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IIPY TIOCTOSIHHOM JIaBJICHUU U MTOCTOSTHHOM o0beme (korddumment [lyaccona) B
YCIOBUSX, OJIM3KUX K HOPMAIIbHBIM.

Dopmupyemvle Komnemenyuu. BraneeT CHoCOOHOCTBIO MPUMEHSTH
COOTBETCTBYIOIIMK  (U3UKO-MAaTEMAaTHUECKUH  amnmapaT TMpd  PEHICHUH
npohecCHOHANBHBIX 3a7ad.

Teopemuueckasn uacmo.

OneIT MOKa3bIBa€T, YTO KOJMYECTBO TEIUIOTHI Q, HeoOxomumoe is
HarpeBaHUsi MacChl OJHOPOJHOTO BeEIIeCTBa OT Temmeparypbl 17 g0 71y,
TIPOTMOPITMOHATILHO Macce BEIIECTBA U U3MEHEHHUIO TeMIIEPaTyPHhI:

Q=cm(T, -T,), (1)

rje C - yaenabHas TeII0eMKOCTh BelecTBa. M3 popmyse (1) cienyer

__Q
“inir, T @

Yoenvnoii mennoemkocmovro HazpiBaeTCS  KOJMYECTBO  TCIUIOTHI,
HeoOXxoauMoe sl HarpeBaHusi BemiectBa Maccod 1 kr Ha 1 K. B «CH»
[e]=1-2¢ .

ke K

KpoMe ymenbHOM TEMIOEMKOCTH BEIIECTBA HMCHOJB3YETCS MOJISIpHAs
temwtoemkocts  CV. Moanapunoii mennoemkocmplo HA3BIBACTCS KOJIMYECTBO
TEIUIOThI, HeoOXoaumoe s HarpeBaHus 1 wmousst BemiectBa Ha 1 K. U3
ONIPEJICIICHUS YACIbHON TEIUIOEMKOCTH CJIEIYET, YTO OHA CBSI3aHA C MOJIIPHOMU
COOTHOIIICHUEM

c" =Mc (3)
rae M - wmonspHas Macca BemectBa. B «CHM»  enuHunia  U3MepeHUs
[M]=1-4_

Mo K

CocrosiHue raza MOXET ObITb OXapaKTEPU30BAHO TpPeMs MapamMeTpaMM:
naBieHueM P, oobemom V u temmeparypor T. YpaBHEHHE, CBS3BIBAIOIIEE ITH
BEJIMYMHBI, HA3bIBACTCS YPAGHEHUEM COCMOAHUA 2a3d. [{ns ciydast uaeaabHOro
ra3a ypaBHEHUEM COCTOSIHUS SIBISICTCS ypasHenue Menoeneesa-Knaneiipona

m
V =— RT, 4
v = @

rie R - yHuBepcaibHast ra30Bast OCTOSTHHAS.

BenuunHa TEMIOEMKOCTH Ta30B 3aBHCHT OT YCJIOBHH HarpeBaHMs.
BBISICHUM 3Ty 3aBHCHMOCTH, BOCIIOJIH30BABIIKNCH YPABHEHHEM COCTOSIHUSA (4) U
nepeLIM  HAYANOM MEPMOOUHAMUKU, KOTOPOEC MOXHO COpPMYIHPOBATH
CIeMyIonM 00pa3oM: KOJWYECTBO TEIUIOTH 0Q, mMepemaHHOe CHCTEME,
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3aTpaynBaeTcs Ha yBenndeHue ee BHyTpeHHer sHeprun dU m Ha paboty JA,
COBEPLIAEMYIO CUCTEMOM IIPOTUB BHEIIHUX CHJI

0Q = dU + JA. (5)
I1o OIIPCACIICHUIO TCIITIOCMKOCTDL paBHaA

) dUu oJA
dT  dT dT
N3 ypaBHeHusa (6) BUAHO, YTO TEIJIOEMKOCTh MOXET UMETh Pa3INYHbIC

3HAUEHUS B 3aBUCHMOCTH OT CIOCOOOB HAarpeBaHus rasa, Tak KaKk OJTHOMY U
ToMYy ke 3HaueHuto dT MOryT cooTBeTCTBOBaTh paziindnbic 3HaueHus dU u dA.

Dnemenmapnasa paboma wneanbHoro raza paHa dA = pdV.
Buympennssn snepeus 2aza paBHa:
I m
U=-—RT 7
ST (7)

m o . o
rac M - KOJIMYCCTBO MOJICH Ta3a, | - YHUCJIO CTCIICHCHU CB06OI[BI.

Yucnom cmeneneii 6000061 MOJEKYIJIBI Ta3a HA3bIBAETCA YHUCIIO
HE3aBUCUMBIX  KOOPJIMHAT, OMNPEACISIONIUX IOJO0KEHUE MOJEKYJIbl B
MIPOCTPAHCTRE.

[Ipr ABMKEHUM TOYKH IO OPSAMOW JIMHMM JJISI OLICHKH €€ TMOJIOKECHUS
HaJI0 3HaTh OJHY KOOPJWHATY, TO €CThb TOYKAa MMEET OJHY CTENEHb CBOOOJIBI.
Ecnu Touyka IBMXKETCS MO IJIOCKOCTH, €€ MOJIOKEHUE XapaKTepHU3yeTCs IABYMS
KOOpAMHATaMH, TO €CTh TOYka OOJIaJlaeT JABYMS CTEIEHSIMH CBOOOJIBI.
[TonoxeHne MaTepuaIbHOM TOYKU B MPOCTPAHCTBE OMNPEIACISIETCS TPEMs
KOOpJIMHATaMH (TPH CTETIEHU CBOOOIbI).

Monekyabl, KOTOpbIE COCTOSIT U3 OJHOIO  aToma, CUHMTAITCS

MaTepUaIbHBIMA TOYKAMH W MMEIOT YHCJIO CTereHer cBoOoawl | =3. Takumu
SBJISIIOTCSL MOJICKYJIBI aproHa, renuss W Jp. JIByxaTomHbIe MOJIEKYJIbI
(Hz, N, u ap.) obnagaroT 4uCIIOM cTereHerd cBOOOMbI | = 5; OHHM MMEIOT TpHU

CTEMEHU CBOOOJBI MOCTYIMATEIBHOTO JBMXEHUs BIoyb ocedt X, Y, Z U 1Be
CTeNeHU CBOOOJbI BpaleHust BOKpyr ocedl X u Z (pucyHok 1, a). Bpamenuem
BOKpPYr ocH Y MOXXHO IpeHeOpeub, Tak KaK MOMEHT HWHEPILHUU MOJEKYJIbl OT-
HOCHUTEJIBHO 3TOH OCHM O4YeHb Masl. MOJIEKysbl, COCTOSIIINE U3 TpexX U Oosee
JKECTKO CBSI3aHHBIX aTOMOB, HE JIEKAIIUX Ha OJHON mpsiMoil (pucyHok 1, 0),
UMEIOT YHCJIO CTeNeHe cBoOOMbI | = 6: TPU CTENEHH CBOOOJIBI
NOCTYNaTEeNbHOTO ABM)KCHUS M TPU CTENEHU CBOOOBI BpAIICHHSI BOKPYT OCEl
X, Y, Z. Ctonpko ke cTerneHeil cBOOOABI MUMEIOT U JIPyrue MHOTOAaTOMHBIE
MOJIEKYJIBI.
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Pucynok 1 — Yucio crerneneit cBo060 b1

MOJICKYJI

B oOmem caysae | - kodhduIMEHT, paBHBIE CyMMe dYHCIa
NOCTYyHNaTeNbHBIX  (inoem), BpAmATENbHBIX  (Igpwy,) W YABOCHHOTO YHCIA
KOJIC0ATSIBHBIX (1,005) CTETIEHEH CBOOOIBI MOJICKYJIBI T'a3a:

I = luoem + Igpam + 2|K0ﬂe6 .

Ha pucyHke 2 moka3aHa 3aBHCUMOCTb MOJSpHOW Terumoémkoctu C'
Bojopona (H;) ot temmepaTypbl, U3 KOTOpPOH CJIEAYyeT, YTO TEIJIOEMKOCTh
peallbHOTO Ta3a He 3aBUCHUT OT TEMIeEpaTypbl TOJBKO B OIpPEIeICHHBIX
TeMIepaTypHbIX wuHTepBanax. [Ipm »TomM B wuHTepBane 1-1' Heobxomumo
YYUTBIBAThH TOJBKO MOCTYIATENbHBIC cTeneHn cBOOO b (I=3); B mHTEpBasie 2-2'
- TOCTymaTelibHble M BpamatenbHbie  (1=5); B wuHTepBaie 3-3' -
NOCTyIaTeNIbHbIe, BpalnatelibHble H  KojieObatenbHbie (1=6). OnucanHas
3aBHCHUMOCTh TEIUIOEMKOCTH PpeajbHOro raza OT TeMIepaTrypbl 0OyClIOBJIEHA

NN
=

Nl Nl

0 i

PucyHoKk 2 — 3aBUCUMOCTB MOJIIPHOM TEINTIOEMKOCTH

OT TCMIICPATYPhI I'a3a

KBaHTOBOW NPUPOAON MOJIEKYT U OOBSCHSAETCS B COOTBETCTBYIOLIMX pazienax
Kypca (pu3HKH.

Temneparypsl, BBIIIIE KOTOPBIX HEO00X0AUMO YUUTHIBATh
TEMIIepaTypPHYIO 3aBUCUMOCTb BKJIA/JI0B B TEIJIOEMKOCTh BPAIIaTeIbHOTO U KO-
71e0aTeNbHOrO JABW)KEHUS MOJEKYJ, MOJIYYWIA HAa3BaHUE  6pauiamenbHoll
xXapakmepucmuieckou u KonedamenvHou XapaxKmepucmuyeckoi

37



memnepamypst COOTBETCTBEHHO. 3HAUEHHUS  ITUX  XAPAKTEPUCTUUYECKUX
TeMIlepaTyp UIsl BOJIOPOa, a30Ta U KUCJIOPo/ia IpuBeAeHbI B Tabnuie 1.

BpamaTeHLHaﬂ 1 KojeOaTeapHas XAPAKTCPUCTHICCKHUC TCMIICPATYPhI
HCKOTOPHBIX I'a30B

Taomuma 1
I'a3 Xapakrepuctuyeckas temreparypa, K
BpaulaTesIbHAs KonebarenbHas
H, 85,4 6100
N, 2,86 3340
0O, 2,07 2230

W3 mpuBeneHHBIX AaHHBIX CIEAYET, 4TO MpU TeMIlepaTypax, OJM3KUX K
HOPMAJIGHOM, pealbHBIC JBYXaTOMHBIC Ta3bl MOXKHO paccMaTpHBaTh Kak
UJCATBHBIA Ta3, MOJICKYJIBI KOTOPOTO 00JIaal0T TOJBKO MOCTYHATEIbHBIMHU H
BpaIaTeIbHBIMA CTEMIEHSIMHA CBOOOIBI.

PaccMoTprM OCHOBHBIE TIPOIIECCHI, TPOTEKAIONINE B UCATHLHOM Ta3e Mpu
U3MCHCHUHM TEMIIepaTyphbl, KOTrJa KOJWYECTBO BEIIECTBA Ta3a OCTaeTCs
HEM3MECHHBIM M PaBHO OJIHOMY MOJIK0. Kon4uecTBO TEMIOTHI, HEOOX0IUMOE IS
HarpeBaHus OJHOr0 MoJiA rasa Ha 1K, paBHO MOISIpPHOM TETIOEMKOCTH.

H3oxopustit npouecc. Ilponecc Ha3bIBaeTCsl HM30XOPHBIM, €CIU 00BEM
TeJla TPU U3MEHEHHHM TEeMIIepaTyphl OCTAaeTCS TOCTOSHHBIM, T.e. V=CONnst u
m=const. B atom ciyuae dV = 0. CnenoBarensro, u dA = 0, T.e. ipu 3TOM BCsI
MOJBOJIMMAsl K Ta3y TEIUIoTa UAET Ha YBEIWYEHUE €ro BHYTPEHHEH JHEPTHUu.
Torna u3 ypaBuenuii (6) u (7) cieayer, 4TO MOJISIpHasi TETUNIOEMKOCTD Ta3a Mpu
MOCTOSTHHOM 00beMe paBHa
w _dU i

C, =—=—-R. 8
Yoodr 2 (®)

H3o06apnviit  npouecc. lIlpouecc, TPOTEKAIOMMNA MPU MOCTOSHHOM
JaBjieHUH P = const u m=const, Ha3piBaeTCs M300apHBIM. [[js1 ATOrO Ciyuas
dbopmyna (6) mepenuiieTcs B BUIE:

du dVv
CM=""1p—. 9
PodT P dT ®)
N3 ypaBHEHUs ra30BOro COCTOSIHUA (4) I8 OJHOTO MOJISI TOJTYyYaeM:
pdV + Vdp = RdT. (10)

Ho p = const u dp = 0. CaemoBarensno, pdV = RdT . IMoxcraBusisi 310
BBIPAKCHUE
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B ypaBHeHue (9), noayyum

o :%R.. (11)

N3 ypaBHenuti (8) u (11) cnemxyer, 4to
C) =Cy +R. . (12)

[TocnenHee ypaBHEHHE HA3bIBAIOT ypasHeHuem Maiiepa.

H3omepmuueckuit npouecc. M30TepMruecKUM MPOIIECCOM HA3bIBAETCS
mpoliecc, MPOTEKAIONINi NPy MOCTOSHHON Temmepatrype T=const u m=const. B
srom cirydae dT = 0 u dQ =dA, To ecTh BHYTpPEHHsISI DHEPTHUS Ta3za OCTAETCS

MOCTOSTHHOMW M BCE MOJBOIMMOE TEIIJIO PacXoayeTcst Ha padoTy.

Aouabamuueckuii npoyecc. Ilponecc, mpoTekaronmi 6e3 TemioodMeHa ¢
OKpyXarolleld cpenod, HasplBaeTcsa aauadbarnueckum. IlepBoe Hawano
TEPMOJMHAMHMKH JJI TaKoro mporiecca Oyaet umets Bua: dQ = 0, dU + dA =0,
dA = -dU, To ecTh npu aanabaTHIeCcKOM Ipoliecce padoTa COBEpIIACTCS T'a30M
TOJIBKO 3a CUET U3MEHEHUS 3araca BHyTPEHHEN YHEPTUU.

BriBenem ypaBHeHue aguabatuueckoro mporecca. [lpu anuabaTuyeckom
pacuupeHur paboTa coBepIIaeTCs 3a cUeT yObUIM BHYTpeHHEH sHepruu dA = -
dU. Ho dA =pdV u dU =C)'dT , 3Hauut

pdV =-C)' dT. (13)
Paznenus ypasuenue (10) Ha (13) u yuutsiBas (12), nomyaum

cY-c/
Jo GG dp_ v 14
pdVv C p \Y

\

1

CM
p
rae Y = cv HA3bIBACTCSA MOKazameaem aouadamvl Vi KoIpguyuenmom
\
Ilyaccona. Vuterpupys u noteHuupys ypaBHenue (14), nonyuum ypasmnenue

Ilyaccona (ypaBHeHue aanabaTuyecKoro mnpoiecca):

pV" =const. (15)
C yuerom (8) u (11) xoaddunuent [lyaccona paBen

_C_p_i+2 16
Y y o (16)
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Ota dopmyna crnpaBenIuBa Kak Il OTHOIICHHS] MOJISPHBIX, TaK U YJIEIbHBIX
TEIUIOEMKOCTEMN T'a30B.

Bo3nyx sBnsieTcss B OCHOBHOM CMECBHIO JBYXAaTOMHBIX Tra3oB: a30Ta U
kucinopoaa. [loaToMy ero MOXKHO paccMaTpuBaTh B LEJIOM KaK JBYXaTOMHBIN
ra3. CoBnajieHue SKCIIEPUMEHTAIILHO HalJIEHHOTO 3HAaYeHUs Kod(uimenTa y ¢
paccuuTaHHbIM 10 popmysie (16) is TByXaTOMHOTO HICATBHOTO Ta3a MOXKET
CIIy’)KUTh KPUTEPUEM MNPUMEHUMOCTH TEOPUU HJCAIBHOTO Ta3a JJis ONHUCAHUS
peanbHBIX Ta30B.

Ooopyoosanue u mamepuaol.

[Tpennaraemserii Metox ompeneneHust koddduimenta [lyaccona y ocHoBaH Ha
MPUMEHEHUU YPAaBHEHHUM aIna0aTHYECKOTO U U30XOPHOTO MPOIECCOB U 3aKOHA

bouns-Mapuorra.
YcTaHOBKA COCTOUT U3
I[OQEE CTEKJISIHHOro OayuioHa A,
| B COCTMHEHHOTO C  BOJSHBIM
MaHoMeTpoM B m Hacocom
(pucynok 3). IlocpencTtBom
kpaHa JI OamoH MOXer
A OLITH COEOUHEH ¢ aTMocde-

N

. B

§ g H(h) P [Iycte B HauaibHOM

2 -

- A 0|y COCTOSTHHH JaBJIEHUE
H] o BO3/lyXa B OalJIOHE paBHO
o5 I aTMoc(epHOMY. Eciu

3aKpBITh KPaH U C MOMOIIBIO
Hacoca HakayaTb B OaJyIoH
HEKOTOpPOE KOJIMYECTBO
BO3MlyXa, TO JaBJCHHEC B
OaaaoHE  TOBBICHUTCS;, HO
€CJIM ATO TOBBIIICHHE OBLJIO MPOU3BEICHO JTOCTATOYHO OBICTPO, TO CTOJOUK
BOJBI B MAHOMETPE HE Cpa3y 3aiiMET OKOHYATEIHHOE MOJIOKCHHE, TaK KaK MpH
CKaTHUM BO3JyXa TeMIeparypa ero MoBbiCUTCS. (OKOHUaTeIbHAs Pa3HOCTH
YPOBHEH BOJBI B KOJieHaX MaHoMeTpa H ycTaHOBHUTCS TOJBKO TOTAa, KOTAa
TeMIiepaTypa  BO3AyxXa  BHYTpM  OajuioHa  CpaBHsIETCS,  Ojarojaps
TEIUIONPOBOJHOCTH CTEHOK, C KOMHATHOU TEMIIEPATypOU

O6o3HaunM yepe3 77 KOMHATHYIO TeMIIEpaTypy U 4depe3 p; - JaBICHUE
ra3a BHyTPH COCyJa, COOTBETCTBYIOIIEe MOKa3aHuo ManoMerpa H. OueBuaHo,
YTO JaBJICHUE, YCTAaHOBUBIIEECS B OajioHe, OyneT Oojblie aTMoc(epHOro Ha
BenMUuHY A p1= pgH:

Pucynok 3 — Cxema
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PL=po+4p: (17)

Py 1 VT, rje po - aTMochepHoe

R | nasienue. ITapameTpsl

i T 1 u P1

! XapaKTEPU3YIOT

AP, 5 COCTOSIHUE DJIEMEHTA

N | - . obbema Vi  rasa,

KOTOPO€ MBI HA30BEM

s ! IEPBBIM  COCTOSTHUEM

 FELES, 5 SeLr ] raza (touka 1 Ha
Py=P, pHCYHKE 4).

0 : > Eciu Teneps Ha

Y M= v KOPOTKOE BpeMs

OTKPBITH ~ KpaH, TO

PucyHnok 4 — Jluarpamma razoBoro mpoiiecca BO3IyX B OaJlIoHE

OyZneT  pacuIupsThCs
annabaTHUYeCKy, MOKa JaBJICHHUE €ro HE ClIeJaeTcs paBHBIM aTMOC(EpHOMY po;
IIPU 3TOM OH OXJAJUTCS A0 TeMueparypsl 7. ITO OyJET BTOPOE COCTOSIHUE Tra3a
c mapametrpamu 715 , Vo U1 Po=po (TOUKa 2 Ha pUCYHKE 4).

Ecnmu cpazy B MOMEHT MJOCTHIKEHHS BTOPOTO COCTOSHHSI Ta3a CHOBa
3aKpBITh KpaH, TO JaBlIEHWE BHYTPH Oa/sIoHa HAYHET BO3PACTaTh BCIIEACTBHE
TOTO, YTO OXJIAAUBIUUMHCSA NpH pacummpeHun (mpouecc 1-2) Bo3nyx B OayioHe
CTaHET CHOBa HarpeBaThCs. Bo3pacranue AaBieHHS TMPEKPATUTCS, KOT/Aa
TeMIlepaTypa BO3JyXa B Oa/sIOHE CpaBHAETCS C KOMHATHOW Temmeparypou 7.
O0o3HaunM JaBJeHHWE BO3IyXa B OauloHE B JTOT MOMEHT uYepe3 ps |
COOTBETCTBYIOIIICE IOKa3aHWE MaHOMeTpa - uepe3 Nh. Dro Oyaer TpeThe
cocrosinue raza: I , ps u V3 (Touka 3 Ha pucyHke 4) . [laBneHue B 3TOM
COCTOSIHMM PaBHO

P3 = Po +Aps, (A ps=pgh) (18)

[Iepexon OT BTOPOro COCTOSIHUA (TIOCJIE€ 3aKPBITUS KpaHa) K TPEThEMY
MPOUCXOUT O€3 U3MEHEHUsI 00bEMa, TO €CTh U30XOPHO.

3anuiieM ypaBHEHHUs, CBSI3bIBAIOIIME TapaMeTphl BO3AyXa B Pa3HbBIX
COCTOSIHUSIX:

nporiecc 1 —2 (agmabara)  p,V," = p,V,, (19)
nporecc 2 — 3 (u30xopa) V, =V, (20)
kpuBas 1 —3 (u3otepma)  piVi = psVs. (21)
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B ypaBuenue Ilyaccona (19) Ha ocHoBaHnuu paBeHcTBa (20) noacraBum Vs
BMecTO V5!

pVy = p,Vy (22)
N3 ypaBHeHus u3otepmsl (21) BeipazuM 00bEM V!

Vs = &Vl' (23)
Ps3

[Tomyyennoe 3nauenue V3 mojacraBum B ypaBHenue [lyaccona (22):

¥
PV, = pz[&vlj - (24)

[IpeacraBum BeipakeHue (24) B BUJE:
PV =P, Vi Py (25)

CokpartuB 00c¢ yactu Ha V,', mepeHecs P; BIpaBo, a P,P;  BIEBO U

IIOMCHJIB HeBYIO )41 HpaBYIO qaCcTHu MECTaMU, HOquI/IM:
o T
Py =P, P3- (26)
[TOMHOXHM TPaByIO 4acTh Ha P, pP,’ (OTYEro paBEHCTBO HE HAPYLIMTCS)

W CJelTacM COOTBETCTBYIONIME TpPeoOpa3oBaHUs, OOBEIUHHUB YJICHBI C
OJIMHAKOBBIM OCHOBAHHEM CTCIICHH:

T =pitpipy. (27)

ITonenmum HA pg‘l JIEBYIO Y MPABYIO YACTH YPaBHEHUSI, OJYUHM:
y-1 Y
[&j _ [&j (28)
P2 P,
[IpencraBum faBieHus rasza B OajioHE B TOUKax 2, 1 © 3 COOTBETCTBEHHO KakK

P2 = Po, (29)
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P1= Po+ Apy, (30)
Ps = Po+Aps, (31)

r7ie Po— JAaBJICHHE OKPYXKalollel cpefibl, TO eCTh aTMocepHoe naBieHue, Ap; u
Aps — [aBieHHe, NPONOPLUUOHATBHOE PA3HOCTH YPOBHEH JKUIKOCTH B
MaHOMETpPE B COCTOSTHUAX | U 3 COOTBETCTBEHHO.

[Toncrasus (29), (30), (31) B ypaBHeHuUe (28), moayuyum

A y-1 A Y
@ﬁj :(“ﬁj . (32)
Po Po

PaznoxuB 00e 4YacTW MOJYYEHHOTO BBIPAKEHUS B  PsAJ MO MaloOMy
napameTpy U OrpaHUYUBIINCH IEPBBIMU JABYMS WICHAMH psia (B CUITy MaJIOCTU
BTOPBIX CJIAra€MbIX B JIEBOM U MPABOU YACTSX ), MOJTYIUM

1o (y—1) 2P 14y APs (33)
Po Po

Bripasum u3 ypaBuenus (33) koaddunment [lyaccona:

Ap;
y=—". (34)
Ap; — Ap;

Ecimu yuectsh, uto Ap; = pgH, a Aps = pgh, To moayuum padouyro
dbopmyny st onpenenenus kodgduimenta [lyaccona:

[ (35)

Ykazanun no mexnuke dezonacnocmu.

1. K BbImojsHEHUIO Ja0OpaTOpHbIX pabOT JOMYCKalTCA  CTYACHTHI,
W3y4YMBILIME TPAaBUIIa TEXHUKU OE30MaCHOCTH.

2. JlaGopaTopHbie pabOThI MOTYT MPOBOJAUTHCS TOJIBKO O] PYKOBOJCTBOM U
HaOJI0ICHUEM MpenogaBaTess.

3. Pacnomnaraiite mpubopsl, MaTepualbl, 000pyI0BaHUE HA pabodyeM MecTe
B TIOPSZIKE, YKa3aHHOM IperoaBaTesieM.

4. He pepxute Ha paboueM CTOJE MPEAMETHI, He TpeOyromuecs s
BBITIOJTHEHMSI 3a/TaHUS.

5. Ilepen tem, Kak MPUCTYNUTH K pabOTe TIIATETBHO U3YUYUTE €€ OMHCaHUE,
YSICHUTE XOJ] BBITMOJIHEHUS paOOTHI.
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3aoanus.

1. Tlpu nmomonm kpana /| coeauHUTh OaIOH ¢ aTMochepol. 3aKphITh
KpaH.

2. Hakauatp B 0ayuiloH BO3AYX TaK, YTOOBI Pa3HOCTh YpOBHEW BOJBI B
KoJIeHax MaHoMeTpa coctabmia 20-25 cMm. (4-5 060pOTOB pyUKH Hacoca)

3. Bopkamare 1,5-2 MuHyTHI, 4TOOBI BO3AYyX B OayUlOHE OXJIATWiICSd 0
KOMHATHOM TeMIlepaTypsl M YPOBHH BOJABI B MaHOMETpE TMeEpecTaiu
nepeMemiarbes. [lomyuyeHHoe coCTOsSIHUE COOTBETCTBYET TOUKE | Ha puUCYHKeE 4.

4. 3anucath B Tabuuiy 2 BBICOTY ypoBHe# Boisl N, u h,, B komeHax
MaHomeTpa. Onpeaenuts H :

H=lh, -h,

5. OTKpbITh KpaH Tak, 4yTOObI BO3IyX B OamioHe ObUI COEIUHEH C
aTMoc(epoi, U OBICTPO €ro 3aKphiThb B MOMEHT, KOI/la YPOBHHU >KUJIKOCTH B
o00oMX KOJ€HaX MaHOMETpa cpaBHstTcd. llpu 3TOM pgaBieHwe Bo3ayxa B
OaJIJIOHE CTAaHET PaBHBIM aTMOC(PEPHOMY Py — 3TO COCTOSIHUE, COOTBETCTBYIOILIEE
TOYKE 2 Ha PUCYHKE 4.

6. BeoxaaTh, 4ToOBI BO3yX B OamioHe mociie aAuabaTHOrO pacIiIMpeHus
Harpescs, U ero Temreparypa npuonu3uiaack K KOMHaTHON Temneparype. [lpu
3TOM JaBJ€HHE B OajUIOHE MOBBICUTCS M BHOBb MOSBHUTCS PAa3HOCTh YpPOBHEM
XKUIKOCTH B MaHoMerpe. Korma ypoBHM nepecTaHyT INepeMeniaThCsi, CHENATh
HOBBII OTCYET MOKa3aHWH yCTAaHOBUBIIMXCS YPOBHEW B KOJICHaX MaHomeTpa h’

u h, . Onpenenurs pasHOCTh YpoBHeii h.

7. Ilpu oMo kpana Jl coenuauth 6aioH ¢ arMmochepoii.

8. OmpIT MOBTOPUTH HE MEHEE 5 pa3 mo myHKTaMm 1-7 (10 yKa3aHUIO
npenoaaBaTers).

9. Paccuntate 1o Qgopmyne (35) y; sl KaXxAOro ONbITa MPOBEIECHHOU
CEpUU U3MEPEHUM.

10. Haiitu cpennee apudmernyeckoe (y).

11. BpryucauTe NMOJYIIMPHUHY JOBEPUTENBHOTO HHTEpBana Ay, Kak s
CEpPUHU NPSIMBIX U3MEPECHUM.

12. Pe3ynbTaT npeacTaButh B Buze y=(y)+ Ay, a = 0,95.

13. BwiBoxm cnaenmaTe W3 CpaBHEHHS DKCIICPUMEHTAIBHO ITOJYYCHHOTO
3HaueHus kodpdumuenta [lyaccona u paccuurannoro no popmyne (16) depes
CTETIEHU CBOOOIBI MOJIEKYJI BO3AyXa.

Tabnuia pe3ynbTaToB U3MEPEHUM
Ta0muma 2
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No h,,mmh,,, MM H, Mmm| h) , MM h;lp_,MM h, MM % <y>| Ay

OB WN|F-

Cooepircanue omuema.

Otuet 1o 1a0opaTOpHBIM pabOTaM JOJKHBI COJEPIKATh:

- TUTYJIbHBIN JTUCT;

- 11eJIb paOOTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OINPEICICHUM, TOHATUH, HOopMyT;
- OCHOBHOE 000pY/I0BaHKE, CXEMa YCTaHOBKH;

- OMKUCAHUE MO MYHKTaM BBIMIOJIHEHHON PabOThI;

- pe3yJIbTaThl U3MEPEHUN U pacyeToB (TaONHIlbl, rpaduKu);

- OLICHKA MOTPEITHOCTEN;

- OTBETHI HA KOHTPOJbHBIE BOIIPOCHI;

- BBIBOJIBI 10 pE3yJIbTaTaM BBINOJHEHHON paboThl, JaTa, MOAMKCH.

Koumponwvuwie gonpocei.

1. Yro Takoe uaeanbHbI Ta3?

2. 3anummTe ypaBHEHHME COCTOSIHUSA  HjeanbHOro rasa. Jlaiite
ONpeIeJICHUE BEIUYNH, BXOISIINX B HETO.

3. Uto Ha3bIBaETCS YMCIOM CTENEHEH cBOOOIBI cucTeMbl? KakoBo 4uciio
CTereHe cBOOOABI OJIHO-, JBYX- W MHOTOATOMHOM MoJiekysbl? UYem
0OYyCJIOBJIEHO pa3Inyue YKclia CTeNeHeld CBOOOIbI ISl pa3HbIX MOJIEKYJT?

4. Yto Takoe BHYTpeHHss sHeprus? Kak HallTH BHYTPEHHIOI >HEPTHUIO
UJICaJIbHOTO ras3a?

5. HazoBute criocoObl u13MEHEHUs1 BHYTpeHHEHN sHepruu. Kak paccuurarth
paboTy uaeanbHOro ra3a’?

6. ChopmynupyiiTe nepBoe Ha4aIo TEPMOJTUHAMHUKHU.

7. JlaiiTe onpenesieHHs] TEIJIOEMKOCTH CUCTEMBbI, YAECIbHON U MOJSIPHOI
TETIOEMKOCTEM.

8. Haiite ompeneneHuss N30TEPMUUECKOMY, U300apHOMY, U30XOPHOMY U
annabaTUuecKoMy Ta30BBIM IIpoIleccaM, MPOAHATH3UPYUTE HX C TOMOIIBIO
MepBOTO Hauana TepMoanHamMuku. [IpuBeaute rpaduku COOTBETCTBYIOIINX
U30IPOIIECCOB.

9. Bamummte ¢GOpMyIBl ST MOJISIPHBIX TEIMJIOEMKOCTEH HJI€aIbHOTO
raza. OOBsicCHUTE, TTOYEMY  TEIUIOEMKOCTh Ta3a MpPH IMOCTOSSHHOM JaBJICHUU
OoJIbIlIe, YeM TIPU TOCTOSTHHOM 00bEME.

10. Beipazute ko3¢ dunuent [lyaccona dyepe3 4uciao cTerneHe cBo0o bl
MOJIEKYJIBI.
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11. TlocTpoiiTe rpaduk MPOLECCOB, MPOUCXOAAIIUX C BO3AYXOM IIpU
BBITNIOJIHEHUH JaHHOU PaOOTHI M OOBSICHUTE €TO.

Pexomenayemas jiureparypa

OcHoBHasi JiuTEepaTypa:
1. ®usnka I By30B: MEXaHWKa W MOJIEKyJIsipHas (usuka [DIeKTpoHHEIA pecypc]: yaeOHuk / B.A.

Hukepos. - MockBa : M3natenbcko-Toprosas koprnopanus «/lamkos u K°», 2017. - 136 c. : Tabun., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL: http://biblioclub.ru/index.php?page=book&id=450772

2. TanuteikoBa-bymikeBud, .11, ®usuka : B 2 u. / N.U. TamusikoBa-bymkeBny. — 2-e u3a., ucmp. —

Munck : Bemmiimas mxkoma, 2014. — Y. 1. Mexanuka. MonekynsipHas ¢(u3uka M TEpMOJIUHAMHKA.
OnekTpuuecTBO W MarHetusm. — 304 c. : wi, cxeM. — Pexum pgocTyma: Mo TMOANUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=235732

3. TamwteikoBa-bymkeny, .1, ®uznka : B 2 u. / .M. TanueikoBa-bymkesud. — 2-e¢ u3z., ucmp. —

Musck : Bemmiimas mkomna, 2014, — Y. 2. Onruka. KBantoBas ¢usuka. CtpoeHue u (QU3MUECKUE CBOHUCTBA
Bemiectea. — 232 c. :  miL, cxeM., Tabn. — PexumMmM  gmocryma: 1o MOIHCKE.  —
URL.: http://biblioclub.ru/index.php?page=hook&id=460883

JlonmoJIHMTeIbHAS JTUTepaTypa:

1. Jlekuuu 1o yueOHOW mucuuiuinHe «OCHOBBI TEOPETUUECKON (HM3MKMY». IJNEKTPOAUHAMHKA.
[DnekTponnslii pecypc] : yueonoe nocobue / E.M. Kyxaps. — DieKTpoH. TEKCTOBBIC JaHHbIe. — Bosrorpan:
Bonrorpanckuii rocyJapCTBEHHBIH COIMAIbHO-TIEAarOTHUeCKuil yHuBepcuret, 2017. — 57 ¢. — 2227-8397. —

Pesxxum nocrymna: http://www.iprbookshop.ru/70731.html

2. Hukepos, B.A. ®usuka: coBpemennsiii kypc / B.A. Hukepos. — 2-¢ u3n. — Mocksa : M3naTenscko-
ToproBast koproparusi «JlamkoB u K°», 2016. — 452 c. : wi. — Pexum noctyna: mo mommucke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.

JlaboparTopHas padora Ne 7

Tema paoomot. U3yueHne 3JIeKTPOCTATHYECKOT0 MOJIA

Ilenv padomwr. V3ydyeHue H3JIEKTPOCTATUYECKOTO TIOJS; IOCTPOCHUE
AKBUIIOTECHIIMAIBHBIX TOBEPXHOCTEHN ITOJIS.

Dopmupyemvie Komnemenuuu. Brnaneer CcrnocoOHOCTHIO TPUMEHSTh
COOTBETCTBYIOIIMM  (U3MKO-MaTEMAaTUUECKUN  ammapar TOpu  pelIeHUU
npodecCUOHANbHBIX 3a/1a4.

Teopemuueckan yacme.

N3BecTHO, 4YTO BOKPYr JHO0OTO 3apsiia WIM 3apsHKEHHOTO —Teja
CYLIECTBYET AJEKTPUUECKOE MOJie. B 3TOM moJie Ha BHECEHHBIN B HETO APYrou
3apsii IEUCTBYET KyJIOHOBCKAsl CUja. DJIEKTPUUECKOE TOJIE XapaKTEPU3YEeTCs B
KaXJOM TOYKE BEJIMYMHAMHU: CHIIOBOM — BEKTOPOM  DIIEKTPUUYECKOU

HAIPsKEHHOCTH E, u oHepreTMdeckol — CKaJIApHON BEITUYUHOU —

noteurmaiom ?.
HanpskeHHOCTBIO AIEKTPUUYECKOTO TOJIS Ha3bIBaeTcs (puznueckas

BEJIMYHMHA, YMCIICHHO paBHAas W COBIAJIOIIAs IO HaIpaBiCHUIO ¢ cuior F,
JNIEUCTBYIOWIEH CO CTOPOHBI ITOJISI HA €IWHWUYHBIN ITOJIOKUTEIbHBIN TOYECUYHBIN
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http://www.iprbookshop.ru/70731.html

3apAan (,, IOMELICHHBIM B pACCMAaTPUBAEMYIO TOUKY:
E

— 1)
%

[loTeHIMAIOM 3JIEKTPUYECKOIO IIOJIS B JAHHOM TOYKE Ha3bIBACTCS

CKaJIpHad  BCIIMYMHA, YHCIICHHO pPaBHAA HOTGHHH&HBHOﬁ OHCPIHUHU U
CANHHUYHOI'O ITIOJIOKHUTCIIBHOI'O TOYCYHOI'O 3apsaa qo’ IMOMCUICHHOI'O B JTY

E=

TOYKY
U
Q=— 2)
do

HOTGHHH&H N HAIIPAKCHHOCTL  JJICKTPHUYCCKOIO IIOJIA  CBA3AHBI
COOTHOIIICHHUECM

E=—grade (3)
HamoMHuUM, YTO TpagueHTOM 000 CKalspHOW BEITUYHHBI ()

Ha3bIBAIOT BEKTOpP, HANpPABJIECHHE KOTOPOrO COBHAAAECT C HAlpPaBICHUEM
OBICTPENIIET0 YBETUYECHUS BEIMYMHBI (0, @ MOJYJIb PAaBEH U3MEHEHUIO () INpHU
NepeMELICHUH Ha €IMHULY JUIMHBI B HANPaBICHUM OBICTpPEMILEro M3MEHEHUs
@ . 3HaK «MHHYC» B (popmyse (3) mokasbIBaeT, YTO HAMPSKEHHOCThH TOJIS E
HallpaBJi€Ha B CTOPOHY YOBIBaHMS MOTEHIIMANIA.

HampaBnenue BeKTOpa HANPSKEHHOCTH AJIEKTPUYECKOTO IO B
KaXJIOW TOYKE IMOJS WU PACHPENEIICHHE NOTEHUUAIOB IOJS MOKHO CHENATh
0COOEHHO HArJsAHBIM, €CJIU BOCIOJb30BaThCS NOHATUSAMU O CUJIOBBIX JIUHUSAX U
O TIOBEPXHOCTSX PABHOTO MOTEHIMAJIa, TaK HA3bIBAEMbIX HYKBUIMOTEHLIMAIBHBIX
MOBEPXHOCTSIX.

CHIIOBBIMM JIMHUSIMU HAa3bIBAKOTCS JIMHUU, KacaTeJIbHbIE B KaXA0W
TOYKE KOTOPBIX OINPENENSAIOT HANpaBICHUE BEKTOPOB HANPSKEHHOCTEN
ANEKTPUYECKOr0 NOJIs. YHCIIO K€ CHIIOBBIX JINHUW MPOXOAAIINX YEPE3 EAUHUILLY
IUIOIAAN, HOPMAJIbHOM K OTUM JIMHUSAM, ONPENEISAET BEIWYUMHY BEKTOPA
HAIPSDKEHHOCTH 3JIEKTPUYECKOTO TOJI B LIEHTpe 3TOM Iuomanu. JIuHum
HAIPSDKEHHOCTH  AJIEKTPUYECKOrO IOJS HE3aMKHYTHI, OHM HA4YMHAKOTCA U3
MOJIOKUTEIIBHOTO 3apsAJa U 3aKaHYMBAIOTCS HA OTOPULIATEIILHOM 3apsie.

['eomeTprueckoe MECTO TOUEK JIEKTPUUECKOTO OIS, IOTCHIINAIBI
KOTOPBIX OJMHAKOBBI, HAa3bIBACTCAd OSKBUIIOTEHIMAIBHOM IMOBEPXHOCTHIO.
OKBUIOTEHIMATbHBIE MOBEPXHOCTH MPOBOAAT TaKMM 00pa3oM, YTO Pa3HOCTb
NOTEHUHAJIOB I JIByX COCEIHHMX IOBEPXHOCTEW BCIOAY OJHA M Ta k€. ITO
MO3BOJISIET MO TYCTOTE AKBUIOTEHIIMAJIBHBIX TTOBEPXHOCTEH CyIUTh O BEIUYHUHE
HaANpPsHKEHHOCTH TOJISL.

BekTopsbl HaIPSHKEHHOCTH ANEKTPUYECKOTO OJIS u,
CJIEIOBATEJIbHO, CHJIOBBIE JIMHUM IIOJISI HOPMaJbHbl K 3KBHUIIOTEHIIHMAIBHBIM
noBepxHocTssM. Ha puc.] cuinoBble JMHUM HEKOTOPOIrO IOJS IPOBENEHBI
CILIOIIHOW JINHUEU, 4 DKBUIOTEHIIUAIbHBIE TOBEPXHOCTU-IITPUXOBOM.
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~ \
W
7N\ g=const _

puc. 1

N3BecTHO, 4YTO 3KCHEPUMEHTAIBHOE M TEOPETUYECKOE H3y4YEHUE
pacnpenesneHus: NOTEHIMAIOB AIEKTPHUYECKOTO IMOJISl MPOILE, YEM ONpENeICHUE
HamnpspkeHHocted noiid. Iloatomy B paHHOW paboTe 3KCIEPUMEHTAIBHO
OMpENENsIeTCs PaclpeAesieHe MOTEHIIMAIOB 3JIEKTPOCTaTUYECKOTO, T.€. HE
M3MEHSIOIIETOCs] CO BPEMEHEM 3JEKTpU4YecKoro mnoiid. CHIloBble JUHUU
U3y4aeMoro IoJii MOYKHO IOCTPOMTBH IIOTOM, KaK KPHMBBIE, OPTOTOHAJIBHBIE K
AKCIIEPUMEHTAJIBHO HANIEHHBIM ITOBEPXHOCTSM PAaBHOTO OTEHIMAIIA.

Pacnipenenenrie  NOTEHIMAIOB  3JIEKTPOCTATUYECKOTO IO MOXKHO
U3y4aTb METOJOM 30HJIOB, 3aKJIIOYAIOIIEMCS B CIEAYIOIIEM: B HCCIEAYEMYIO
TOYKY I0JIS1 BBOJUTCS IOMOJHUTEIBHBIM 3JIEKTPOJ — 30HJ, YCTPOCHHBIN Tak,
YTOOBl OH MMUHHUMAJILHO HapylllajJ CBOUM IMPHUCYTCTBUEM HCCIEAYEMOE TOJE U
OPUHUMAJ MMOTEHUUAl TOW TOYKHU II0Js, B KOTOPYIO OH nomemeH. [Ipym stux
YCIOBHSIX MOKa3aHUsg NpuOopa, ¢ KOTOPBIM 30HJ COEIUHSAETCS MPOBOJHUKOM,
OyayT JaBaTh NpPaBWIbHYIO KapTHHY pACHIpelesieHHs] IOTEHUIUAJIOB B
HCCIIEYyEMOM TOJIE.

CnoxHoctu  paboOThl €  30HAAMM M, BOOOIIE, TPYIHOCTH
AJIEKTPOCTATUUECKUX HM3MEPEHUN TpHUBEINW K pa3paboTke 0coO0ro meroia
M3Y4YEHUs  DJEKTPOCTATHYECKUX  MOJed  —  TIyTeM  HMCKYCCTBEHHOI'O
BOCIIPOM3BEACHUSI HX CTPYKTYpbl B NPOBOJAIIMX CpENax, IO KOTOPBIM
OPOIYCKAeTCd  MOCTOSHHBIM  TOK. TakuM myTeM OpsMOe€  HM3y4YEHHE
AJIEKTPOCTATUYECKOTO  MOJII 3aMEHSAETCS H3YYEHHEM €ro TO4YHOW Hu Ooiee
yI0OHOH MOJICIH.

OnucaHHbII METO HCCIIEI0OBaHNUs, KOTOpPBIU Ha3bIBAETCA
MOJEJIMPOBAHUEM AJIEKTPOCTATUYECKOTO MOJI, UMEET IIMPOKOE NMPHUMEHEHHUE
Ha  MpaKkTHKe. OTOT METOA  MOJEe3eH I  H3YyYEHUs  CIIOKHBIX
ANEKTPOCTATUYECKUX TOJIEH, TOYHBIM pacyeT KOTOPBIX 3aTPYAHUTENICH H3-3a
CIIOKHOCTH  TpPaHUYHBIX  YCJIOBUH  (MHOTORJIEKTPOAHBIE  PAAHOJIAMIIBI,
ANEKTPOCTATUYECKHUE JTUH3bI, (POTOIIEKTPOHHBIE YMHOKUTEIHU U T.11.).

Oobopyoosanue u mamepuaibl.
CHCHH&HBH&H YCTaHOBKaA, IraJIbBAHOMCTP, HCTOYHHK TOKaA.

Ykazanua no mexnuxe oezonacnocmu.
1. K BbemosHeHHIO 1a00paTOpPHBIX pabOT  JOMYCKAOTCS  CTYACHTHI,
W3YYUBIIUE TPABUIIA TEXHUKU O0€30MaCHOCTH.
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2. JlaGopatopHblie pabOThl MOTYT IPOBOAUTHCS TOJIBKO MOJI PYKOBOJACTBOM U
HaOJII0ICHUEM MpeTnoaBaTess.

3. Pacnonaraiite npubopel, MaTepualibl, 000pyAoBaHHEe Ha pabodyeM MecTe
B MIOPSJKE, YKA3aHHOM MPETOIaBaTEIEM.

4. He nepxute Ha paboueM CTOJN€ MPEAMEThI, HE TpeOyromuecs s
BBITIOJTHEHUS 3aJaHUS.

5. Ilepen Tem, Kak MPUCTYNUTH K pabOTE TIIATEIHLHO U3YUYUTE €€ OMHCaHUE,
YSICHUTE XOJ] BBIMIOJIHEHUS paOOTHI.

3aoanus.

1. [IpoBepuTh CXeMy IKCIIEPUMEHTATILHON YCTaHOBKH.

2. BKI110YnTh BRIPSIMUTENH B ceTh 220 B.

3. YCTaHOBUTH JBMXKOK peoXopibl Ha pactossHuu 8-10 cM OT ogHOTO M3

KJIeMM peoxop/ibl. OnpenenuTs MoTeHIMal IBIKKa 1o Gopmyiie (4).

4. Tlepemeriasi 30H] BpallleHUEM PYydYeK KOOpPJIWHATHHUKA, HAXOJUTh TaKUE

TOYKH, JIJI1 KOTOPBIX TOK rajbBaHOMETpa paBeH HyJ0. KoamyecTBO 3THUX

TOYEK  JOJDKHO  OBITh  JOCTAaTOYHO  JUIsl  TIOCTPOCHUSI  JIMHUHU

AKBUIOTEHIUAIBHOU moBepxHOCTU (7-10 Touek). KoopauHatsel TOUYEK

OTCUMTHIBATH IO JIMHEHKAM KOOpIMHATHUKA.

5. Hanect Ha MIJUTUMETPOBYIO OyMary HailJleHHbIE TOYKUA U COSUHUTH UX

IJIAaBHOM uHUEN. Ha nTuHUM HanmucaTh €ro MmoTeHIrall.

6. I3MeHUB MOJI0KEHNE PEOXOPAbl MOBTOPUTH MI.4, 5. YMCIIO TOBTOPEHUIA

onbITa 4-5 pas.

7. Ucrionp3ys HaWJICHHBIC JUHUW HKBUIIOTEHIIMAJIBHBIX TTOBEPXHOCTEM,

MOCTPOUTH CUJIOBbIE JIMHUM ToNs. [Ipu 3TOM Hago WMETh B BHAY, YTO B

TOYKAaX MEePECEUCHHUS JIMHUU SKBOMIOTEHIIMATIbHBIX TOBEPXHOCTEN U CUIIOBBIE

JIMHUU JOJHKHBI OBITh HOPMAJIBHBI JPYT K APYTY.

Cxema 3KCIepUMEHTaIbHON YCTAHOBKH MPEJICTABIEHA HA PUC. 2.

Puc. 2

Omna mpeacTaBisieT o000l MOCTOBYIO CXEMY, COCTOSAIIYIO U3 DJIEKTPOIOB
A u C, nosie MexAy KOTOPBIMH M3Yy4aeTcs, peoxop/ibl P, Hylb-rambBaHOMETpa
(G, COEIWHEHHOTO C 30HJAOM Z, W HCTOYHHMKA MHUTAaHUS — BBIIpsAMHUTENs B.
Hanpsixenue Ha anekTpoabl A u C nmojmaeTcs ¢ peoxopasl P, moakirodeHHONM Ha
BBIXOJI  BBIIIPAMUTEIS B. Cpenoit, mn03BOJAIONIEN  MOJEIUPOBATH
AIEKTPOCTATUYECKOE TI0Jie, CIY)KUT TOKOMPOBOJsIIAs Oymara, KOHTYpBI
KOTOPOM MOKa3aHbl HA PUC. 2 IITPUXOBBIMU JINHUSAMU.
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[Mpunuun pa®oOThl YCTAHOBKM MOXHO TMOHSTH U3  CJIEAYIOIIETO.
[lepemeniast ABUKOK pPEOXOPJIbI, STOMY JBUKKY MOKHO MPHUIaBaTh Pa3IMYHbIC
3HAQUYEHUS MOTEHIMAala OTHOCUTENIBHO 3JIEKTpoaoB. Hanmuuue wim oTCyTCTBUHE
TOKA B LIEMU 3aBUCUT IIPU 3TOM OT TOTO, B KAKOM TOYKE MOJISI HAXOJUTCS 30HI.
Ecim oH HaxomWTCs B TAaKOM TOYKE IIOJSA, IMOTEHUHAI KOTOPOM paBeH
MOTEHIHATy, YCTAHOBJIEHHOMY Ha [BWXKE pEOXOpIbl, TO TOKa B ILEMHU
rajibBaHoMeTpa He Oyner.I'eoMeTpuyecKkoe MECTO TOUEK IMOJIsL, JIJIsl KOTOPhIX TOK
B IIENM rajbBaHOMETpa OyAET paBeH HYJIO, 00pa3yeT SKBUIOTEHLHAIBHYIO
NOBEPXHOCTh B HccienyeMoM mnoje. lloreHumanm ¢ 23TOH  MOBEPXHOCTH
OTHOCHUTEIBHO 3J1eKTpo1a C MOKHO HANTH Kak

o=V @)

rne U — HanpsbkeHue Ha BbIXoje BbIIpAMUTENS, N — 4MCIO J€IEHUH KAkl
pPEOXOopibl, N — IeJICHUE IIKaJbl, HA KOTOPBIM YCTAaHOBJIEH JIBHXKOK.

YcranoBka cHa0XXeHa CIIEHUAJIBHBIM IPUCTIIOCOOIEHHEM —
KOOPJIMHATHUKOM,  [O3BOJSIIOIIMM  BpAIEHUEM  pPYydYeK KOOpPAMHATHUKA
nepeMeniaTb 30HJ, a TAaKXEe OTCUMTHIBATH KOOPJMHATHI HAWJEHHBIX TOYEK
HKBUINOTEHIIMAIEHON TTOBEPXHOCTH.

Cooeporcanue omuema.

OTtuyeT 1o J1abopaTOPHBIM PabOTaM JOJIKHBI COJIEPIKATh:

- TUTYJIbHBIU JIUCT;

- 11eJ1b pa0OTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, ONPEJEICHUN, MOHATUH, (OPMYJT;
- OCHOBHO€ 000pYy/I0BaHKE, CXEMA YCTAHOBKHU;

- OMUCAHUE TI0 MMYHKTaM BBIMIOJTHEHHOW paOOThI;

- pe3yNnbTaThl U3MEPEHUN U pacueToB (TabJuIlbl, rpaduKu);

- OLICHKA NOTPEIIHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOMTPOCHI;

- BBIBOJIBI 110 PE3yJIbTaTaM BBITTOJIHEHHON PabOThI, 1aTa, MOIHUCH.

KOHmPOJleble 60NpOChl.

1. Kaknmu BennmunHamMu XapakTepusyercsl siekrpuueckoe mone? Jlaite
OTpEJEIeHNE 3TUX BEIMYHUH U HAMMIIUTE €IUHUIIBI UX U3MEPEHHUS.

2. KakoBa  CBA3p  MeXAy  HalNpSHKEHHOCTBIO W IMOTEHUHUAIOM
AIIEKTPOCTATUYECKOTO TMOJIsI B 0OILIEM CIIydae U B CIIy4ae OJAHOPOIHOIO MoJis?

3. KakuMy TOHATUSMH TONB3YKOTCA JUISl  HArJdsgHOTO MPEACTaBICHUS
AIEKTPUYECKOTO T0JIs1?

4. Hapucyiite cuioBbple JUHUNA U SKBUIOTCHIHUAIBHBIE TTOBEPXHOCTH MOJIS
TOYEYHOTO 3aps/a, IBYX pa3HOMMEHHBIX 3aps/I0B.

S. Kakue 5sKcnepuMEHTalnbHbIE METOABl MCHOJB3YIOT JUISl  HU3y4YEHHUS

ANEKTPOCTATUYECKOTO MOJIS?
Pexomenayemas iureparypa
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OcHoBHasi iMTEpaTypa:
1. ®usuka 111 By30B: MEXaHHWKa M MOJIEKyJsipHas (usuka [DnekTpoHHBIH pecypc]: yueOHHK / B.A.

Hukepos. - MockBsa : M3natenbcko-Toprosas koprnopanus «/lamkos u K°», 2017. - 136 c. : Tabun., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL_: http://biblioclub.ru/index.php?page=book&id=450772

2. TanuteikoBa-bymikeBuy, V.J1. ®usuka : B 2 u. / N.U. TauusikoBa-bymkeBny. — 2-e u3a., ucmp. —

Munck : Bemmiimas mxkoma, 2014. — Y. 1. Mexanuka. MonekynsipHas ¢(uzuka M TEpMOJIUHAMHKA.
OnexkrpuuectBO W MarHetusM. — 304 c¢. : wmn, cxemM. — PexuMmM goctyma: 1O TMOONHCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=235732

3. TamureikoBa-bymkend, 1.1, ®uznka : B 2 u. / .M. TanmeikoBa-bymkesud. — 2-e u3z., ucmp. —

Musck : Bemmiimas mkoma, 2014, — Y. 2. Onruka. KBantoBas ¢usuka. CTpoeHne u (U3NIECKHE CBOWCTBA

Bemiectea. — 232 c. : mwi, cxeM.,, Tabm. — Pexmm goctyma: mo  moammcke.  —
URL.: http://biblioclub.ru/index.php?page=book&id=460883

JlonmoJIHMTeIbHAS JTUTepaTypa:

1. Jlekuuu 1o yueOHOW mucuuiuinHe «OCHOBBI TEOPETUUECKON (HM3MKM». IJNEKTPOAUHAMHKA.
[DnexTponnsIi pecypc] : yueOHoe mocobue / E.M. Kyxaps. — DneKTpoH. TeKCTOBBIE TaHHBIE. — Bonrorpan:
Bonrorpanckuii rocyJapCTBEHHBIH COIMANBHO-TIEAArOTHUECKUi yHuBepcuret, 2017. — 57 ¢. — 2227-8397. —

Pexxum nocryna: http://www.iprbookshop.ru/70731.html

2. Hukepos, B.A. ®usuka: coBpemennsiii kypc / B.A. Hukepos. — 2-¢ u3n. — Mocksa : M3naTenbscko-
ToproBasi koprnopamusi «JamkoB u K°», 2016. — 452 c. : wn. — Pexum noctyna: mo mommucke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.

JlaboparTopHasi padora Ne 8

Tema paoomsr.. W3MepeHHe CONPOTUBJICHUS ¢ MOMOIUBID MOCTa
Yurcrona.

Henv pabomel. llenbio paboThl SBISETCS W3YYCHHE METOJA U3MEPEHUS
COMPOTUBJICHUSI TMPOBOJHUKOB C MTOMOIIBI0 MOCTOBOM CXEMbI U ONpPEACICHUE
YAEIBbHOTIO CONPOTUBIIEHUSI MaTepraia NPpOBOIHUKA.

@Dopmupyemvie Komnemenuyuu. Brnaneer crnocoOHOCTbIO NPUMEHSTh
COOTBETCTBYIOIIMM  (U3MKO-MaTEMAaTUUECKUN  ammapar TOpu  pelIeHUU
npodecCUOHANbHBIX 3a/1a4.

Teopemuueckan uacmo.

Inekmpoconpomuenenue nPOBOOHUKA —ITO CKasSIpHAs (PuU3HUECKas
BEJIMUMHA,  XapaKTEepU3ylollas  €ro  JJIEKTPONPOBOMASIINE  CBOWCTBA.
ComnpoTuBiieHHEe TPOBOJAHUKA 3aBUCUT OT ero (opMbl, pa3MepoB U
AIIEKTPOIOBOASIIMX CBOMCTB Marepuania, U3 KOTOPOro U3roTOBJIEH MPOBOJIHUK.
B npocreimem citydae 0OTHOPOJIHOTO MPOBOJHHUKA C IMOCTOSHHBIM TTOTIEPEYHBIM
CEYEHHEM, COITPOTUBIICHHE MMPOBOIHUKA OMPEIEISIETCS CIETYIOIIUM 00pa3oM:

R:pé, (1)
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rae P — yAeIbHOE CONPOTHUBIIEHHE MaTepualla IPOBOJHMKA, f — JUITMHA

MPOBOJIHUKA; S — MJIOMIA/h €r0 MOMEPEYHOr0 CEUCHHUS.
N3 popmyiibl (1) MOKHO BBIpa3UTh yJI€IbHOE COMTPOTUBIICHUE:

b= R-S , )
1

OTKYyJla BUIHO, YTO YJEIHHOE COMPOTUBIICHUE YUCICHHO PAaBHO COTIPOTHBIICHUIO
MIPOBOJIHUKA €TUHUYHOMN JJIMHBI, UMEIOIIEro TUIONIAb TIOMEPEUYHOTO CEUCHUS,
paBHylo eauHune mmiomanu. B cucreme CH ypaenbHOE CONPOTHUBIICHHE
U3MEpAIOT B oMMeTpax (Om m).

OaHUM U3 METOJIOB U3MEPEHHUS CONPOTUBIICHUS SIBISETCA METOJ MOCTa
YurcroHa.

E R

Moct VYwurcToHa mNpenHa3sHAYeH ISl W3MEPEHUs
conpoTuBiaeHuil. OH COCTOUT U3 ABYX pe3UCcTOpPoB R; 1 Ry,
qyBCTBUTEIHHOTO TanbBaHOMeTpa G, ABYX PE3UCTOPOB —
stanoHHoro R, u HemsecTtHOoro Ry (puc.l). Paccmorpum
CXeMy TpU YCIOBUHM, 4YTO N0 ydactky ED Tokx He
nporekaer. 3amkHéM kimrou K, torma mo ywactky AB
HOTEYET TOK M BJIOJIb HEro OyAeT HaOtoJaThCs MaJieHue
NOTEHLMaNa OT BEJIMYMHBI @, (B TOUKE A) O BEIMYUHBI

¢. (B Touke B). B nenu AEB mnoiiger Tok I, u Oyzmer
HAOMIOMAThCS TAJCHUE MOTEHIMasa OT Pr IO @g
(na pesuctope Ry) u oT @z 10 @z (Ha pe3uctope Rn).

OdeBuHO, MOTEHIIMAT B TOUKE € MMeeT 3HaueHue OE
IPOMEKYTOUHOE MEXIy 3HaueHusiMu Q@A u ¢B. [loaTomy
noadopom pesuctopoB R1, R2 u R» Bcerma MoxHO JOOUTHCS, TOTO YTO B TOUKE
D norennuan @D 6yznet paBen norennmany ¢oE: oD=¢E. Ecnu mexay Toukamu
D u E Bxitouen ranpBaHomeTp G, TO B 9TOM ciiydae TOK 4epe3 HEro He MOUIeT,
T.K.

(PE_(PD:O .
Takoe TOJIO)KCHUE HA3bIBACTCS paBHOBeCMEM MocTa. [lokakem, dYTO
yCIIOBUE PAaBHOBECHUS OMPEEISIETCS COOTHOIICHUEM:
2 2
JlelicTBUTEILHO, Ha OCHOBaHWUU BTOporo 3akoHa Kupxroda s mroboro
3aMKHYTOTO KOHTypa CyMMa TaJicHUHd  HanpsOKeHWH paBHA  CyMMe
AIIEKTPOJBIIKYIIIUX CHUJI, IEBCTBYIOIINUX B ’TOM KOHTYpE:

Z::IiRi :Z::Ei (2)

3anuiiemM 3Ty ypaBHeHUda ia koHTypoB AED u BED nipu paBHOBecuu
MOCTa , T. €. P OTCYTCTBUU TOKA Ha yyactke ED.
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{IIRX —|2R1:O

|1R3 - I 2 R2 :O
W3 5TX ypaBHEHHUH JIeTKO Moay4aeM cooTHoinenue (1).
R
Otkypa: Ry =R, R_l 3)

2
3Has, yto R;=270 Om, R,=47,6 Om u nonbupas R,, Haiinem Ry.

Ooopyoosanue u mamepuaol.
Moct VYwurcroHa, HaOOp CONPOTUBIEHUM, MarasuH CONPOTUBIICHUM,
raJIbBAHOMETP, UCTOUHHUK NTOCTOSIHHOTO TOKA.

Ykazanuna no mexnuxe oezonacnocmu.
1. K BbImoJHEHHIO J1a00OpaTOpPHBIX PpalbOT  JOMYCKAIOTCS  CTYACHTHI,

W3YYUBIIUE TIPABUIIA TEXHUKHU 0€30MaCHOCTH.

2. JlaGopaTopHble pabOThl MOTYT MPOBOJIUTHCS TOJIBKO MO PYKOBOJCTBOM U

HaOJII0ICHUEM MPETogaBaTess.

3. Ilpwu BeIMOTHEHUH TAOOPATOPHBIX PAOOT CTYACHTAM 3aMpeIIaeTCs:

- BKJIFOUATh CXEMBI MOJ] HANpsHKeHUEM 0€3 TPOBEPKHU MPEToaBaTels;

- TpUKAacaThCid K HE3AMUMIEHHBIM HM3OJSIIHEH YacTsAM  CXEMBI,
HaXOJISAITUXCS TIOJT HAITPSHKCHUEM;

- ONpEACNATh HAIMYWE HAMPSHKEHUS HA 3JIEMEHTaxX IEMU MPH TTOMOIIH
NajgbleB; IMPOBEPKAa HAIWYWS HAIMPSOHKECHUS TPOU3BOAMUTCS TONBKO C
MOMOIIIBIO BOJIBTMETPA M B IPUCYTCTBUU MPEIOIaBATENS;

- BKJIIOYaTh pYOWUTBHUKHM, HaXUMaTh KHONKH, TMpPUKAcaThCcs K
NIEKTPUUECKOMY  OOOpY/IOBaHMIO, HE  OTHOCAIIEMYCS K  JIaHHOM
naboparopHoit paboTte 6e3 BeomMa IIpernoaBaTers;

- TIPOU3BOJIUTH 10 XOJ1y BBITIOJIHEHUS pPa0OThI MEPEKIIIOUYCHHS B CXEMeE, HE
00ecTOUHUB €€;

- OpocaTb COEOMHHUTENbHBIE TMPOBOJA HA TIOM W HA HCCIEAYEMYIO
YCTaHOBKY;

- KJIACTh Ha paboYHii CTOJI TOCTOPOHHUE MPEAMETHI;

- BXOJIUTH B JJAOOPATOPHUIO B BEPXHEH OJICKIIE;

4. Tlepen BKIIOYEHHEM CXEMbI O0053aTeIbHO TMPEAYNPEIUTh UICHOB
opuraabl: «OctopoxHo! Brirogaro!».

5. Ilpu Hanuyuu B cxeMe KOHACHCATOPHBIX Oarapeil, HEOOXOAUMO TOCIE
OTKJIFOYCHUS TTUTAaHUS UX PA3PSAIUTh 10T HAOIIOAHEHEM TIpeToaBaTers.

6. Ilpu oOHapyXeHUM KaKuX — JHUOO HEUCIPABHOCTEH, HMCUC3HOBEHUS
HampsHDKEHUST B CETH, a TaKXe MpPH HECYaCTHOM Clydae, HEMEIJICHHO
MPEKpPaTUTh PabOTy, OTKIIOUUTH YCTAHOBKY OT JIEKTPOMUTAHUS U COOOITUTh
MIPETo/IaBaTelto.

7. TloMHUTH, 4YTO TMpPHU OTKIIOYEHUU ILEMEeH MOCTOSIHHOTO TOKa C
WHIYKTUBHOCTBIO BO3MOXHO  KPAaTKOBPEMEHHOE PE3KOE  IMOBBILICHUE
HaIpsHKEHUS.
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8. CrynenTsl, HapylmIMBIIAE TMpaBUja TEXHUKH OE30MACHOCTH, HE
JIOMYCKAIOTCA K JajbHEWIel paboTe B 1a0OpaTOpuu M TPHUBJICKAIOTCSA K
OTBETCTBEHHOCTH.

3adanus.

1. Cobpatb cxemy (puc. 1).

2. [lomo6paTe Ha Mara3uHe CONMPOTUBICHUN Takoe compoTHuBieHue R, nmpu
KOTOPOM TOK 4€pe3 TraJIbBAHOMETP PABEH HYIIIO.

3. Beraucnuth Ry mo popmye (3).

4. TloBTOpUTH H3MEpPEHUsi /i BTOPOrOo CONPOTUBIEHUS RXp;, u s
TpeTbero RXa.

5. U3MepuTh CONMpPOTHBICHUS TPU TMOCIEIOBATEIILHOM W MapajjieIbHOM
coenuHeHnd RX;, RX; 1 RX3 v mpoBepsroT GpopMyIibl 11l TOCIET0BATENBHOIO U
napauIeTbHOTO COSTUHEHUS COPOTUBIICHUI:

1 B 1 1 1
R ... = RX, +RX, + RX;; = R, + Rx + Rx
2 3

napan
6. OnpenenuTs NOrpenHOCTh U3MEPEHUH.
7. 3anucaTh OKOHYATENbHBIN pe3ybTaT.

Cooepoicanue omuema.

OTtuyeT 1o J1abopaTOpHBIM PabOTaM JOJIKHBI COJIEPKATh:

- TUTYJIbHBIU JIUCT;

- 1IeJIb pabOTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OIIPEICICHUM, TOHATUH, HOpMYyT;
- OCHOBHOE 000pY/IOBaHHE, CXEMa YCTAaHOBKH;

- OMMCAHUE TI0 MMYHKTaM BBIMIOJTHEHHOW paOOTHI;

- pe3ynbTaThl U3MEPEHUN U pacueToB (TabiuIlbl, rpaduKm);

- OLICHKA NOTPEIIHOCTEN;

- OTBETHI HA KOHTPOJBHBIE BOIIPOCHI;

- BBIBOJIBI 10 pe3yJibTaTaM BBINOJHEHHON paboThl, JaTa, MOAMNKCH.

Konmponwsnwie sonpocbi.
1. ChopmymupoBats 3aKoH Oma.
2. ChopmynupoBath npaBuiia Kupxroda.
3. BriBecTH yca0Bus paBHOBECHSI MOCTa UCTIONB3Ys MpaBuiia Kupxroda.
4. VI3MeHUTCS M YyCIIOBME PABHOBECHS] MOCTAa, €CJIM TaJIbBAaHOMETD H
HMCTOYHUK TOKA IIOMEHSTh MECTaMU?
5. Kak onpenensiercs yienbHOE COMPOTUBICHUE?

Pexomenayemas iureparypa

OcHoBHas JiuTEpaTypa:
1. ®usmuka I By30B: MEXaHWKa M MOJIeKyJsipHas Gu3uka [DIeKTpoHHBIN pecypc]: yueOHmK / B.A.

Hukepos. - MockBa : M3narenbcko-Toprosas koprnopauus «/lamkos u K°», 2017. - 136 c. : Tabin., rpad., cxem.
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- ISBN 978-5-394-00691-3;-URL: http://biblioclub.ru/index.php?page=book&id=450772
2. TamuieikoBa-bymkesuy, 1.1, ®usuka : B 2 u. / N.W. TamuieikoBa-bymkesud. — 2-¢ u3f., UCIp. —

Munck : Bpmmitmas mkoma, 2014. — Y. 1. Mexannka. Mornekymsipaas (u3nKa W TEPMOAWHAMHKA.
OnexktpuuectBO W MarHetusM. — 304 c¢. : min, cxeM. — PexuMmM [goctyma: 1O TMOONHCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=235732

3. TauwieikoBa-bymkeuy, .1, ®usuka : B 2 u. / U.W. TauuieikoBa-bymkepud. — 2-¢ u3f., Ucmp. —

MumHck : Bemmiimas mkomna, 2014. — Y. 2. Ontuka. KBanroBas ¢usuka. CtpoeHue u (usnueckre CBOWCTBa
Bemiectea. — 232 ¢. : wi, cxeM.,, Taba. — PexuM jgocTyma: 1m0  MOANMUCKE.  —
URL: http://biblioclub.ru/index.php?page=book&id=460883

JlonoHuTe/ILHASA JIUTEpaTypa:
1. Jlexmmm mo y4ebHO# mucrumuimHe «OCHOBBI TEOPETHUECKOW (QH3HKI». IEKTPOIUHAMHUKA.

[DnexTponnsi pecype] : yuebnoe nocobue / E.M. Kyxaps. — DneKTpoH. TEKCTOBBIE JaHHBIE. — Bonrorpan:
Bonrorpaackuii rocyJapCTBEHHBIH COIMANBHO-TIEAArOTHUECKUi yHuBepcuret, 2017. — 57 ¢. — 2227-8397. —

Pesxum nocryma: http://www.iprbookshop.ru/70731.html

2. Huxepos, B.A. ®usuka: coBpeMeHHblit Kypc / B.A. Hukepos. — 2-e uzn. — Mocksa : M3garenbcko-
toproBasi koprnopamusi «JamkoB u K°», 2016. — 452 c. : wn. — Pexum noctyna: mo mommucke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.

JlaGopaTopnasi padora Ne 9

Tema pabomwr. UcciaenoBaHue 3IJIEKTPUYECKOH LEeNH MOCTOSHHOIO
TOKA.

Ilenv pabomer.  VI3ydyeHue 3aBUCUMOCTH CHJIBI TOKA, HAIpSKEHUS,
MOJIHOM TI0JIE3HOW MOIITHOCTHU U K.I1.J[. HKCTOYHUKA OT CONPOTHUBIICHUS HATPY3KH.

Dopmupyemvie Komnemenuuu. Brnaneer crnocoOHOCTHIO NPUMEHSTh
COOTBETCTBYIOIINNA  (PU3MKO-MAaTeMAaTHYECKW  ammapaT TpH  PEIICHUN
po(ecCUOHANBHBIX 3a/1a4.

Teopemuueckan uacmo.

JIrobGast snexTpuyeckasi IeMb COCTOMT W3 HUCTOYHHUKA M TOTPEOUTEINS
DHEPTUH, a TAKXKE PA3IMYHBIX PETYIUPOBOUYHBIX YCTPOMCTB M U3MEPUTEITHHBIX
pruOOpPOB.
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v
N

1]
\,

v

Puc.2.

Ha puc. 1 npeacraBineHa mnpocTeiias Iemb, COCTOSIIAs W3 MCTOYHHKA
noctossHHOro Toka ¢ OJIC E W BHYTpEHHUM CONPOTUBICHHEM I u
Harpy304Horo peocrara R. J[Jis uM3MepeHUs CHUJIbI TOKAa W HaINpsOKEHUs Ha
Harpy3ke B LI€b BKJIIOYEHBI aMIIepMETp A UM BoJIbTMETp V . B Takoi nenu cuna
TOKa, HAMpsDPKEHWE HA HArpys3Ke, MOJHas W IMOJIE3Has MOUTHOCTH OKa3bIBAIOTCSA
3aBUCHUMBIMM OT BEJIMYMHBI Harpy3ku. Cuiia Toka, HanpuMep, yObIBaeT C pOCTOM

COIIPOTHUBJICHUS HAI'PY3KN B COOTBETCTBHUH C U3BCCTHBIM 3aKOHOM Oma.

E
:R+r (l)

OuyeBHUIHO, HAMOOBITUN TOK OYJET B Clydae KOPOTKOTO 3aMbIKaHUS, T.€.

I

npu R=0. Ero Benuuuna ly; = E (puc. 2).
r

N3 (1) nerko nosryyaem
E=IR+Ir=U;+U,, (2)
rne Ug=IR wu U, =Ir - mnageHus HanpsokeHHs (MJIH IIPOCTO

HaIpsDKEHMS ) Ha BHEIIHEM M BHYTPEHHUM y4acTKaX LETH COOTBETCTBEHHO.
[Ipunumas Bo BHUMaHue 3akoH Owma (1), momyyaem u3 (2) 3aBUCUMOCTh
HanpsbkeHust U, OT cCOonpoTUBIIEHUS Harpy3ku R:
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E E
:R+rR: r- (3)
1+ —
R

UR

OTtcroa BUAHO, YTO C POCTOM COIPOTHUBIICHHSI HAIPY3KH HaIpSOHKEHUE Ha
HEl BO3pacTaeT, acUMITOTHYECKH mpuOmmkasch K BeanuuHe JIJIC mnpum
R — o (puc. 2).

[Tpu mpOXOXKACHUU AIIEKTPUUECKOTO TOKA B LIEMU NMPOUCXOIUT BBIIECICHUE
HOJIHOW MOIIIHOCTH

P=IE, 4)
IIpU 5TOM MOIIHOCTB, BBIACIIICMAA Ha HAI'PY3KCE
P: =1Ug, (5)

SIBIISICTCS IOJIE3HOM MOIIIHOCTBIO.
N3 (4) BHUAHO, YTO IIOJIHAA MOINHOCTB, pa3BUBACMasl HCTOYHUKOM, 3aBUCHT

OT COIIPOTHBJICHUA HArpy3ku R Tak ke Kak W cwia Toka |=1(R). OHa
MaKCUMalIbHasl MPH KOPOTKOM 3ambikaHuu (R=0)
E2
PK.3 = IK.3.E = _’ (6)

r
HO B OTOM CIIy4a€ BBIIEISACTCI B CaMOM MCTOYHMKE M OKa3bIBACTCS
Oecrnojie3HOM, a 3a4acTyl0 BPEIHOM, BbI3bIBas BBIXOJ HMCTOYHUKA U3 CTPOS.
C poctoM R TmONHAs MOIIHOCTh YOBIBAa€T, CTPEMSCh K HYJIIO MpHU
R — o (puc. 3).
3aBUCHUMOCTh TOJIE3HOM MOIIHOCTH, BBIAEISEMOM Ha Harpyske, oT R
OIPEIENSIETCS BEIPaKEHUEM
E2
(R+ry " (7)

Ananu3 BeIpakeHHs (7) TOKa3bIBaeT, 4TO 3aBHCUMOCTh Py =Py (R)

P, =1U, =1°R=

JIOJDKHA WMETh MAaKCHUMyM, Tak Kak P, =0 B MNpeAenbHBIX Ciydasx: MOpHU
KopoTkoM 3ambikanuu (R=0) u mpu R — 0.
Haiinem 3Hauenue R,, Mpu KOTOPOM IOJI€3HAS MOIIHOCTh, OTOMpaeMasi ot

UCTOYHUKa, Oynet HauOonbias. [ns atoro npoauddepeniupyem popmymny (7)
Y TIPHPABHSIEM TIPOU3BOIHYIO HYITIO

dp; £? (R+n[(R+r)-2R] _
drR (R+r)*
Orcroma Haxoaum, 4yto Pr — MakcumanbHa npu R, =r, T.e. Korja

0 (8)

CONMPOTHUBJICHUE HArpy3KH PaBHO BHYTPEHHEMY CONPOTUBJICHUIO HCTOYHHKA
(puc.3). Ilpu sTOM HampsbkeHHe Ha Harpy3ke paBHO mnoJoBuHe JJIC, T.e.

E I
Ug = > a CWJIa TOKA — IIOJIOBUHE CUJIbI TOKA KOPOTKOTO 3aMbIKaHUA |, = ; .
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A

Pr P

v

Ro=Tr
Puc.3.

[Tone3Hnass MOIIHOCTh, B ATOM ClIy4ae, COCTaBISET YETBEPTh MOIIHOCTH
KOPOTKOTO 3aMbIKaHHSI.

OTHOLIEHNE TMOJIE3HOM MOIIHOCTH KO BCEH MOIIHOCTH, pPa3BUBAEMOIl
HMCTOYHUKOM B LIETIH, onpeieisieT KOdDPUIIMEHT oJIe3HOTo NeUCTBUS (K.II.1.) 77
HUCTOYHHKA.

P MUy Ui R @
P IE E R+r

N3 sroii dopmynsl ciaeayeT, 4yTo 5 Oyaer Tem Ooblne, yeM OoJibIie

conpoTuBjcHUE Harpy3ku R. [Ipy R=0 7 =0 ¥ aCHMITOTHYECKH CTPEMHUTCS K

n=1 npu R—ow. [Ipy R=r, T.e. Opy MAKCUMAIBHON MOJIE3HOW MOIIHOCTH
1 0
K.IL.JI. UICTOYHUKA 77 = > T.€. coctaBisieT 50%.

HMeHHO HccneoBaHuEe STUX 3aKOHOMEPHOCTEN SBIISETCS LIETbI0 PabOTHI.
HeoOxoaumMo MONy4uTh SKCIEPUMEHTAIbHBIE 3aBUCHUMOCTH CHJIBI TOKa |,
HaIpsDKeHUs U, , TOJHOW P 1 mone3Hor Pr a Tak ke K.OI.A. 77 OT BEJIUYUHBI
CONMPOTHUBJICHUS HATPY3KH.

Oobopyoosanue u mamepuaiel.

M cTOYHMK NOCTOSIHHOTO TOKA, PEOCTaT ISl HCKyCCTBEHHOTO YBEJIMYEHHUS
BHYTPEHHETO CONPOTHUBJICHUS MCTOYHHKA, Harpy304Hblid  peocTar
MUJUIMAMIIEPMETP, BOJIBTMETP.

Ykazanusa no mexnuke 6ezonacnocmu.
1. K BoimosHeHUIO Ja0OpaTOpHBIX pabOT JOMYCKalOTCA CTYACHTHI,
W3Y4YMBIINE TPaBUIIa TEXHUKU OE30MAaCHOCTH.
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2. JlaGopatopHblie pabOThl MOTYT IPOBOAUTHCS TOJIBKO MOJI PYKOBOJACTBOM U

HaOJII0ICHUEM MpeTnoaBaTess.

3. Ilpu BbIMOMIHEHUHU JAOOPATOPHBIX PAbOT CTYIEHTaM 3alpeaeTCs:

- BKJIIOYATh CXEMBbI 0] HaIpsKEHUEM 0e3 TPOBEPKH MpernogaBaTes;

- [pUKacaTbCsi K HE3AMUIIEHHBIM M30JISIIMEN 4YacTsIM  CXEMBI,
HAXOJISALIUXCS O]l HAITPSKEHUEM;

- OMNpEAeNATh HAIMYME HANPSIKEHUS HA DJIEMEHTax IENu MPU TOMOIIH
NajgbleB; IMPOBEPKA HAIWYWSA HAIMPSOHKEHUS TPOU3BOAMUTCS TOJBKO C
MOMOIIBIO BOJIETMETPA U B MPUCYTCTBUHU MPETOAaBATES;

-  BKIIOYaTh pYyOWIBHUKHM, HAXKAMAaTh KHOIKH, TMPUKACAThCI K
AIEKTPUYECKOMY  OOOpYIOBAaHHIO, HE  OTHOCALIEMYCS K  JTAHHOHU
nabopatopHoi pabote 6e3 BeoMa MpenoaaBaTers;

- POU3BOJUTH T10 XOAY BBITIOJHEHUS PaOOTHI MEPEKIIOYCHHSI B CXEMe, HE
00ecTouHuB €€;

- OpocaTb COEOUHHUTENBHBIE MPOBOJA HA MO U HAa HCCIEAYEMYIO
YCTaHOBKY;

- KJIaCTh Ha paboYuil CTOJ TOCTOPOHHUE MPEAMETHI;

- BXOJUTH B JIA0OPATOPUIO B BEPXHEH OJICKIC;

4. Tlepem BKIIOUEHHEM CXEMbl O0053aT€IBLHO MPEAYNPEAUTh UJICHOB
opuraasl: «OctopoxkHo! Bxirogaro!».

5. Ilpu Hanuyuu B cXxeMe KOHJCHCATOPHBIX Oarapel, HEOOXOIUMO TMOCIIe
OTKJIFOYEHUS TUTaHUS UX Pa3pAIUTh N0J1 HAOIIOAHEEM MPEnogaBaTess.

6. Ilpu oOHapykeHMM KakuX — JHOO HEUCHPABHOCTEH, HCUYE3HOBEHHS
HalpsHDKEHUST B CETH, a TaKXKe IpPU HECYaCTHOM Ciydyae, HEMEJICHHO
PEKPaTUTh PadOTy, OTKIIOYUTH YCTAHOBKY OT DJIEKTPOIUTAHUS U COOOIIUTH
MPENoIaBaTelo.

7. ITloMHUTH, YTO TpHU OTKIIOYEHUU IIE€MEH TOCTOSHHOTO TOKa C
UHAYKTUBHOCTBIO BO3MOXHO KpPaTKOBPEMEHHOE pPE3KOE  IOBBIIICHHE
HaIPsHKEHUS.

8. CryneHTsl, HapylIIMBIIAE TMpaBUjia TEXHUKH OE30MaCHOCTH, HE
JOTYCKAIOTCA K JalibHelIel pabore B 1abOpaTOpuUu U TPHUBJICKAIOTCS K
OTBETCTBEHHOCTH.

3aoanus.
Pabouas cxema m3o0paxkeHa Ha puc. 4. B kadecTBe HCTOYHHKA MOTYT

UCIIOJIB30BaThCA AKKyMYJISITOPBl WJIA BBIIPSMHUTEINb, NAIOLIME HANPSKEHUE
BEJINYMHON HECKOJIBKO BOJIbT. BHYTpEeHHEE CONPOTUBIICHUE TAKUX UCTOYHUKOB,
KaK MPaBWJIO, MAJIO - MopAaKa AecATbX nojerd Oma. [loatomy, kak cienyer u3
BBIIIEU3JI0)KEHHOTO, JJI1 TOCTPOEHUS TpadUKOB MCKOMBIX 3aBHCHUMOCTEN
Harpy304Hblii peoctar R TOXe [OJKEH HUMETh COMNPOTUBJIEHUE TMOpsAIKa
necsateix gosie Oma. [lonoOHbIe peocTatThl SIBISIOTCA YHUKaIbHBIMU. [ToaTOMY
BHYTpPEHHEE CONpPOTHBIICHHE HWCTOYHHMKA B JAHHOM paboTe HCKYCCTBEHHO
YBEIMYMBACTCSA IIyTEM IIOCJIEIOBATEIBbHOTO BKIIOUEHHUS JONOJIHUTEIBHOIO
peoctara r', UMEIOLIETO BEJIMYMHY HECKOJBKUX IeciITKOB OMoB. IIpu sTom
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COOCTBEHHBIM BHYTPEHHUM COTPOTHUBJICHUEM ¢ MCTOYHUKA MOXKHO MPEHEOPEUb.

N3 cxembl (puc.4) cienyer, YTO BHYTPEHHEE CONPOTHUBIICHUE
MUWJUIMAMIIEPMETPA WU BOJIBTMETPA  COCTABISIIOT C  CONPOTHUBJICHUEM
HArpy304HOr0 peoctara eauHoe lenoe. Takum 00pa3oM, JIEBYIO YacTh CXEMBI
CJeAyeT paccMaTpUBaTh KaKk HCTOYHHUK, a IIPaBYIO KaKk Harpy3Ky.

Hctounuk mA

A 4

rl

Puc. 4.

1. Cobparp pabouyro cxemy (puc.4). BpisicHUTh mapameTpsl NprOOpPOB.
JIBUJKKM pEOCTaTOB yCTAaHOBUTh B TOJOXKEHHE HAMOOJBIIEr0 3HAYCHHS
CONPOTHUBJIEHUS.

2. [locre mpoBepKU CXEMBI MpernoaBaTesieM WM JJa0OPAaHTOM BKIIIOUUTH
VCTOYHUK NMUTaHUs. OTCUUTATH MOKA3aHUSI TPUOOPOB U 3aHECTH B TAOJIUILY.

3. lanee, yMeHbIasi COMpoTUBIeHUE HAarpy3ku R, cHsaTh 8-10 3HaueHuit
Toka B uenu | u nanpsixkenus Ug [locnenssiss Touka 0JKHA COOTBETCTBOBATH
KOpPOTKOMY 3amblkaHHio. [Ipu 3TOM TOK A0OKeH paBHATHCA |, a Hamps KeHUe
JOJKHO OOpaTUTHCS B HYJIb. BBIKITIOUUTD CXEMY.

4. OnpenenuB 1IeHbl JEJICHUN Ha UCHOJB30BAaHHBIX Mpeesiax U3MEepeHUuin
amIepMeTpa U BOJIbTMETPA BBIUMCIUTD U 3aHECTU B TAOJIMIly 3HAUEHUS TOKa B
amIiepax M HalpsDKEHUs B BOJIbTaX.

5. PaznenuB mosydeHHbIE 3HAYEHUS HANPSDKEHUS Ha COOTBETCTBYIOIIME
3HAYEHHUS TOKA PACCUUTATh U 3aHECTH B TAOJIMILy CONPOTUBICHUE HATPY3KH R

Tabmura 1.
N I Ur R=U_R P=IE Pr=IUg Pq

77=F

A B Om Bt Bt

6. Bemmuuny DJIC E cnegyer cuumtath W3BECTHOHM, JIMOO H3MEPUTH
3HaueHue E nmpu oTKIII0OUeHHOH Harpyske.

7. Tlo ¢opmynam (4,5,9) paccuurath 3HaueHusl nosiesHo Pr momnoi P
MOIIHOCTH U K.IL.J. 77, COOTBETCTBYIOIINE HAlICHHBIM BeIMYMHAM R.
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8. I1o noay4YeHHBIM 3HaYEHUSIM ITOCTPOUTh KpuBble | = I(R), U, =U.(R) Ha
oxnom rpaduke u P=P(R), Pr=Pr(R) u n =7 (R) Ha apyrom.

9. OT™MeTuTh Ha IEPBOM IpaduKe COMPOTUBIICHUE Ro=r , mpH KOTOPOM TOK
U HaAIpPSOHKEHHWE COCTAaBIIIOT, COOTBETCTBEHHO, IIOJIOBUHY TOKa KOPOTKOIO
3ampikaHus | u monoBuHy E. Ha BTOpom rpaduke Haiitm R, =r 10

K3

MaKCUMyMy 3aBUCUMOCTU P, = P, (R). CpaBHUTb MeXay cOOOHM 3TH 3HAYECHMS
R,. IIpumepHOe paBEHCTBO MEXIY STUMH JABYMsI 3HAYE€HUSIMH R, sIBIseTCA

KPUTEPHUEM ITPABWJIBHOCTH BBIIIOJIHEHHBIX U3MEPEHUM. ECaM Takoro paBeHCTBa
HET, U3MEPEHUS CIEAYET MPOEIaTh BHOBB.

Cooeporcanue omuema.

OtuyeT 1o J1abopaTOpHBIM pabOTaM JOJIKHBI COJIEPIKATh:

- TUTYJIbHBIU JIUCT;

- 11eJIb pa0OOTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIPEICICHUM, MOHATUN, (HOPMYIT;
- OCHOBHOE 000pY/I0BaHKE, CXEMa YCTAaHOBKH;

- OMMCAHUE TI0 MMYHKTAaM BBIMIOJTHEHHOW paOOThI;

- pe3yNbTaThl U3MEPEHUN U pacueToB (TabIuIlbl, rpaduKn);

- OIIEHKA MMOTPEUTHOCTEH;

- OTBETHI HA KOHTPOJIbHBIE BOITPOCHI;

- BBIBOJIBI 110 PE3yJIbTaTaM BBITTOJTHEHHOU PabOTHhI, 1aTa, IO IIHCh.

Konumponwvnwie éonpocel.
1. Yro Takoe DJIC?
2. 3ammmmTe 3akoH OMa B 00001IeHHOM (hopMe | JIJIs 3aMKHYTOM 1IETIH.
3. [IpoBeauTe maTemaTudeckoe uccienoBanue GyHkuuii U, (R) u I(R).
4. JlaiiTe onpeeeHue MOIIHOCTH 3JIEKTPUYECKOTO TOKA.
5. [IpoBenuTe riccnenoBaHue 3aBUCUMOCTH P, = P (R) .
6. Uto Takoe K.[.JI. UICTOYHUKA?

Pexomenayemasi iureparypa

OcHoBHas JiuTEpaTypa:
1. ®usmuka 171 By30B: MEXaHWKa M MOJIeKyJsipHas Gusuka [DeKTpoHHBIN pecypc]: yueOHuk / B.A.

Huxkepos. - Mocksa : Uznatenbcko-Toprosas kopropaius «Jlamkos u K°», 2017. - 136 c. : Tabm., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL: http://biblioclub.ru/index.php?page=book&id=450772

2. TamuteikoBa-bymkesuy, .. ®usuka : B 2 u. / N.W. TanuieikoBa-bymkesud. — 2-¢ u3f., UCIp. —

Munck : Bemmiimas mxoma, 2014, — Y. 1. Mexanuka. MonekymnsipHas (u3nka M TEpMOJIMHAMHUKA.
OnekTpuuecTBO W MarHetusm. — 304 c. : w1, cxeM. — Pexum pgocryma: mo MOANUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=235732

3. TamnsikoBa-bymkesny, .W. ®usuka : B 2 4. / U.M. TamneikoBa-bymkesuu. — 2-e u3f., uchp. —

MuHnck : Bemmiimas mkona, 2014, — Y. 2. Onruka. KBantoBas ¢usuka. CTpoeHue n Qu3nuvecKkue CBOWCTBA
BemecTBa. — 232 c¢c. : WL, cXeM., Tabm. — Pexum goctyma: 1O  TOAMHCKE.  —
URL.: http://biblioclub.ru/index.php?page=book&id=460883
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JlonoiHNTEeIbHAS JIUTEpaTypa:
1. Jlekmmm 1o y4deOHOW muctuiuiiHe «OCHOBBI TEOPETHUECKONW (QU3UKM». ODIEKTPOIUHAMUKA.

[DnexTponnsi pecypc] : yuebnoe nocobue / E.M. Kyxaps. — DneKTpoH. TeKCTOBBIE TaHHBIE. — Bosrorpan:
Bonrorpaackuii rocyJapCTBEHHBIH CONMAIbHO-TIEAarOTHUecKuil yHuBepcurert, 2017. — 57 ¢. — 2227-8397. —

Pexxum moctyma: http://www.iprbookshop.ru/70731.html

2. Hukepos, B.A. ®uzuka: coBpemennsiii kypc / B.A. Hukepos. — 2-e uzn. — Mocksa : M3zgarenscko-
ToproBasi kopmoparus «JamkoB u K°», 2016. — 452 c. : wn. — Pexum nmocryma: mo moamucke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.

JlabopaTopuasi padora Ne 10

Tema pabomer. N3yvenne siBJeHUS 3JIEKTPOMATHUTHOM MHIYKINH.

Ilenv pabomer. V3ydyeHue 5HIEKTPUYECKUMX TOKOB BO3HHUKAIOUIMX IPH
SBJICHUU DJIEKTPOMAarHUTHOM MHIYKIIVH.

Dopmupyemvie Komnemenuyuu. Braneer CcrnocoOHOCTBIO NPHUMEHSITh
COOTBETCTBYIOIIMN  (U3MKO-MaTeMaTUYECKUH  amnmapaT [pud  pPELICHUH
po(hecCHOHANBHBIX 3ajau.

Teopemuueckan uacmo.

MarHuTHbBIM MOTOK 4YEPE3 IUIOCKYKD NOBEPXHOCTh — 3TO CKalspHas
¢du3nyueckas BeTUYMHA, YMCIECHHO paBHAs MPOU3BEICHHUIO MOIYJSI MAarHUTHOM
WHIYKIMHU Ha IUIOIAJb OBEPXHOCTH, OTPAHUYEHHON KOHTYPOM, U Ha KOCHHYC
yria MEXJy HOPMaJIbI0 K TOBEPXHOCTH U MArHUTHOW MHAYKIMEH 17 oKTsa0ps
1831 roma adrnuiickuii ydeHbli Maiikn @apaneil OTKpbUI  SIBJICHUE
3JIEKTPOMATHUTHOWH MHAYKIMH.

SIBeHMeM  JJIEKTPOMATHMUTHON  MHAYKIMHU HA3bIBACTCS  SIBJICHUE
BO3HMKHOBEHHUSI TOKa B 3aMKHYTOM KOHTYpE IpU HM3MEHEHHH MarHMTHOIO
MOTOKA, MPOHU3BIBAIOIIETO 3TOT KOHTYP. A MOJYyYEHHBIH TaKUM CIIOCOOOM TOK,
Ha3bIBACTCAd MHAYKIHMOHHBIM.

3akoH IJIEKTPOMATHUTHOM HHAYKLIMH: cpenHee 3HAYEHUE
AIEKTPOABUKYIIEN CUJIBI UHIYKIHAH B IPOBOJISIIEM KOHTYpE
MPONOPUUOHAIBHO  CKOPOCTHM  HW3MEHEHMSI MarHMTHOTO TOTOKa  4epes
MTOBEPXHOCTh, OTPAHUYEHHYIO KOHTYPOM.

Bennunna u Hanpasnenne D/1C nHayKimm

PaccmoTpum  Temepb, KakoBbl OyIyT BEJIMYMHA W HalpaBJICHHE
WHIYKTUpOBaHHOU B mpoBoanuke IJIC.

Bemnunna 3/1C MHAYKIMHY 3aBUCUT OT KOJIMYECTBA CUJIOBBIX JIMHUM MOJIA,
IIEPECEKAIOINX IPOBOJHUK B €IMHUIY BPEMEHH, T. €. OT CKOPOCTH JIBHKCHUS
IIPOBOJIHMKA B IOJIE.

Bennunna naayktupoBanHoi DJIC HaxoauTcs B IpsIMOM 3aBUCUMOCTH OT
CKOPOCTH JABMKECHHS IIPOBOJIHUKA B MATHUTHOM IIOJIE.
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Bennuuna nanykrrupoBanHoil DJ[C 3aBUCHT TakXe U OT JUIMHBI TOM YacTH
MPOBOJIHUKA, KOTOpasi MepeceKaeTcsl CUIOBBIMH JIMHUAMU Toist. YeM Oosibinas
4acTh MPOBOJHUKA MEPECEKACTCS CUIOBBIMU JTUHUSMU 10JIs1, TeM Oobiias 3/C
WHIYKTUPYETCA B IPOBOAHMKE. U, HAKOHEN, YEM CUIIbHEE MAarHUTHOE TOJIE, T. €.
yeM OoJblle ero MHAYKIMs, TeM Oonbinas JJIC BO3HUKAET B NPOBOJHUKE,
MEPECEKAIOIIEM 3TO MOJIE.

Urak, BenuunHa DJIC MHAYKIUU, BO3HUKAIOLIEH B MPOBOJHUKE IPHU €O
JIBW)KCHUM B MAarHUTHOM TMOJie, TMPSAMO NPOMOPIUOHATbHA HWHAYKIUU
MAarHATHOTO MOJIS, JJIMHE TPOBOJHUKA U CKOPOCTHU €r0 MEPEMELICHUS.

3aBUCHUMOCTH 3Ta BbIpaxkaeTcst popmyroii E = Blv,

rie E — OJIC unaykumun; B — wmarnuTHas uHAyknusa, | — pivHa
IIPOBOJHUKA; V — CKOPOCTh ABMKECHHS IIPOBOTHHKA.

Crmenyer TBEpAO IIOMHHTH, YTO B TPOBOJHHMKE, NEPEMEIIAIOMIEMCS B
MarHuTHoM mnoje, 3/]C MHAYKIUHA BO3HUKAET TOJBKO B TOM CIIy4ae, €CJIH 3TOT
MPOBOJAHUK MEPECEKAECTCSI MAarHUTHBIMH CHJIOBBIMHU JIMHUSAMH ToJisl. Ecnu ke
IPOBOJIHUK IIEPEMENIACTCS BIOJb CUIIOBBIX JIMHUM I0JIA, T. €. HE IIEPECEKAET, a
Kak ObI CKOJIB3UT MO HUM, TO HUKaKkoil DJIC B Hem He uHaykTUpYyeTcs. [loaTomy
npuBEJCHHAsT Bbillle (opMylia CHpaBeyiuBa TOJBKO B TOM Clly4ae, KOrja
MPOBOJHUK MEPEMEIIACTCS NEPHEHAUKYISIPHO MArHUTHBIM CHUJIOBBIM JIMHHUSM
TOJIAL.

Hanpasnenue unpyktupoBanHoit DJIC (a Takke W TOKa B IPOBOJHUKE)
3aBUCHT OT TOTO, B KaKyl) CTOPOHY JBMXKETCS NPOBOAHHMK. I ompeneneHus
HanpasieHus MHAYKTUpoBaHHOU DJ[C cylliecTByeT MpaBUiIo MPaBOM PYKH.

Ecnu gepxath J1aioHb NpaBoi pyKH Tak, YTOOBI B HEE BXOJIUIIM MarHUTHbBIC
CWJIOBBIE JIMHUM TOJS, a OTOTHYTBhIM OOJIBIION majiell yKas3blBall —Obl
HaMnpaBJICHUE ABWKEHUS MPOBOJAHUKA, TO BBITSHYTHIE YETHIPE Majblia YKAXKYT
HalpaBJICHUE JeWCTBUA HWHAYKTHpoBaHHONW OJIC ¥ HampaBieHue TOKa B
IIPOBOJHUKE.

[Ipy JABWKEHMM BHYTPU KATyIIKU MOCTOSHHOTO MarHuTa B HEH
uHaykrupyerca JJ]C 3a cuer Toro, 4TO MarHUTHBIN MOTOK MarHUTa MepeceKaeT
BUTKM KaTylIKH, T. €. TOYHO TaK >K€, KaKk 7TO ObUIO NpHU JBWKEHUU
NPSIMOJIMHEWHOTO MPOBOJIHUKA B MOJIE MAarHUTA.

Ecaum marHuT omyckath B KaTyIIKy MEIJEHHO, TO BO3HHUKAawOIas B HEH
OJIC OyaerT HACTOJBKO Maljla, 4YTO CTpelika Mpudopa MOXKET JdaXe He
OTKJIOHUThCA. Ecnu ke, Ha000pOT, MarHUT OBICTPO BBECTH B KaTYIIKY, TO
OTKJIOHEHUE CTpeNKU Oyner OoJibIiuM. 3HAYUT, BEJIMYMHA UHIAYKTUPYEMOU
OJC, a cnemoBaTenbHO, M CHJIAa TOKa B KaTyIIKE 3aBUCAT OT CKOpPOCTH
JBWKEHUS MarHura, T. €. OT TOrO, HACKOJbKO OBICTPO CHJIOBBIE JMHHUH TOJIA
MEPECEKAIOT BUTKUA KATYIIKU. ECiM Teneps MooyepeHO BBOJIUTH B KATYIIKY C
OJIMHAKOBOW CKOPOCTBIO CHayaja CHJIbHBIM MarHuT, a 3aTeM CJIa0BIA, TO MOXKHO
3aMETHTh, YTO MPU CHJILHOM MarHuTe CTpesKa mpubopa Oy/eT OTKIOHATHCS Ha
OonpIIMil yros. 3Ha4uT, BeauunHa uHAyKTUpyeMon DJIC, a ciegoBaTesbHO, U
CUJIa TOKA B KaTYLIKE 3aBUCST OT BEJIMYMHBI MATHUTHOTO ITOTOKA MAarHUTa.
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W, HakoHen, eciii BBOJWTH C OJMHAKOBOM CKOPOCTBIO OAWH U TOT XKE
MarHuT CHayajga B KaTyIIKy C OOJBLIIMM YHCIOM BHUTKOB, a 3aT€éM CO
3HAYUTEJIbHO MEHBILINM, TO B IIEPBOM Cllydae CTpejKa Mpudopa OTKIOHUTCS Ha
OOJNBIIMK yToJl, 4eM BO BTOPOM. 3HA4YUT, BeluduHa HHIykTUpyemou DJIC, a
CJIEIOBATEIbHO, M CWJIA TOKA B KaTYIIKE 3aBUCAT OT YHCIIA €€ BUTKOB. Te ke
pe3ynbTaThl MOXKHO IOIYYUTh, €CJIM BMECTO IIOCTOSHHOI'O MarHuTa MPHUMEHSThH
IIEKTPOMArHUT.

Hampasnenne O/IC uHAyKIMH B KaTylIKE€ 3aBUCUT OT HaIpaBICHUS
nepemenieHuss Marauta. O ToM, Kak onpenensaTh Hanpasiaenue IJ(C nHaykunu,
TOBOPUT 3aKOH, YCTAaHOBJIEHHBIN . X. JIeHueMm.

3akoH JleHua 1 3M€KTPOMArHUTHOM HMHAYyKUMH: Bcesikoe u3MeHeHue
MAarHATHOTO ITOTOKA BHYTPH KATYIIKH COIPOBOXKAAETCA BOSHUKHOBEHUEM B HEU
OJC wuHayKuMu, OpUYeM YeM OBICTpee HU3MEHSETCS MAarHUTHBIA TOTOK,
IPOHU3BIBAIOLINI KaTylIKy, TeM 0oibias D/[C B Helt HHAYKTUpYETCS.

Ecimm karymka, B kKortopod co3maHa OJIC wmHAyKnuu, 3aMKHyTa Ha
BHEIIHIOIO IIE€Nb, TO IO BUTKAM €€ WIET WHAYKUMOHHBIA TOK, CO3JAOLIUN
BOKPYI' IIPOBOJIHMKA MAarHUTHOE I10JI€, B CHJIy Y€ro KaTylllKa IIPeBpalaeTcs B
coneHoup. Ilomyuaercs TakuM 00pa3oM, 4YTO M3MEHSIOLIEECS] BHEIIHEE
MAarHuTHOE I10JI€ BBI3BIBACT B KATYIIKE MHAYKIMOHHBIN TOK, KOTOPOW, B CBOXO
oudepellb, CO31aeT BOKPYT KAaTYIIKH CBOE€ MarHUTHOE I10J1€ — I10JI€ TOKA.

N3yuass 310 aBiaenme, J. X. JIeHI yCTaHOBHWJ 3aKOH, OIPEACIISIOIIMI
HAaIlpaBJICHUE WHAYKIMOHHOIO TOKAa B KaTylIKe, a CIIEIOBATEIbHO, H
Hanpasiieane JDJC mnaykunu. 3/]C MHAYKINK, BO3HUKAOIIAS B KaTYyIIKE MPU
W3MEHEHHMM B HEW MAarHUTHOTO IIOTOKA, CO3JA€T B KaTYyIIKE TOK TAaKOIo
HAIIPaBJICHUS, NMPU KOTOPOM MArHUTHBIM IMOTOK KATYIIKH, CO3JaHHBIM ATUM
TOKOM, MPEIMATCTBYET U3MEHEHHUIO TOCTOPOHHETO MAarHUTHOTO IMOTOKA.

3akoH JleHna crpaBeiMB JUIsl BCEX CIy4aeB WHAYKTHPOBAaHHS TOKa B
IPOBOJHMKAX, HE3aBUCUMO OT (OpPMBI NIPOBOJAHHUKOB M OT TOr0, KaKUM
C0COOOM JIOCTUTaeTCsi K3MEHEHUE BHEIIHEIO0 MarHUTHOTO TIOJISL.

Bemunna  5.0.C. MHIYKIUHU £ ONpPENENIAETCA  3aKOHOM

UHO

AIEKTPOMAarHuTHOM MHAyKuun @Papanes: 3.4.C. SIEKTPOMAarHUTHOM WHAYKLWN
&,,> B 3aMKHYTOM IIPOBOJSAIIEM KOHTYpE YHUCICHHO PaBHA U IIPOTUBOIIOJIOKHA

10 3Ha1<y CKOpOCTI/I N3MCHCHUA MAr"HuTHOI'O ITIOTOKA CD CKBO3b HOBerHOCTB,
OFpaHI/I‘leHHYIO 9TUM KOHTypOM
o == 1)
3Hak MuUHYC B ¢GopMmyJsie COOTBETCTBYET npasuny Jlemya: TpU BCSIKOM
N3MCHCHUU MArgdmuTHOT' O IIOTOKAa CKBO3b HOBerHOCTB, OFpaHI/IquHYIO
3aMKHYTHM I(OHTypOM, B IIOCJICAHEM BO3HHKACT I/IHI[YI(LII/IOHHHﬁ TOK TaAKOTI'O
HaHpaBHeHI/I}I, qTO €Iro CO6CTBGHHO€ MAroHmMTHOC IIOJIC HpOTHBOﬂeﬁCTByeT
NU3MCHCHHUIO MAarHuTHOT'O ITOTOKA, BBI3BABIICTO I/IHI[YKHI/IOHHHﬁ TOK.




Puc. 1.

IIpyurHa BO3HMKHOBEHMS MHAYKIIMOHHOIO TOKAa B HEMNOJBHKHOM
KOHTYpPE COIJIaCHO TEOPHUU JJIEKTpOMarHeTu3ma MakcBeiia COCTOUT B TOM, YTO
IIPY U3MEHEHUM MArHUTHOI'O IOJISI BO3HHUKAET BUXPEBOE JJIEKTPUYECKOE IIOJIE,
T.€. JIEKTPUYECKOE T10JI€ C 3aMKHYTBIMH CHJIOBBIMH JIMHUAMU. 1lox nevictBuem
3TOrO TOJS CBOOOJHBIE 3apsibl KOHTypa IMEpeMellalTcs, T.6, B KOHTYpe
BO3ZHHMKAET AJIEKTPUUYECKHUIN TOK, Ha3bIBAEMbI MHIYKIIMOHHBIM TOKOM.

[lycTh mIIOCKHMI 3aMKHYTBHIM MNpOBOASIIMKA KOHTYp L Haxogutcs B
OJIHOPOJTHOM MArHUTHOM TMoje ¢ uHAykiued B (puc. 1). Torma MarHUTHBIN
noToK @ (NMOTOK BEKTOpa MAarHUTHOW MHAYKLHH) Yepe3 MOBEPXHOCTH,
OTpaHUYEHHYIO KOHTYpOM L, onpenensiercs BoIpakeHueM

®=BScosc, (2)
rae S — miuomaab MOBEPXHOCTH, OTPAHUYEHHONW KOHTYpoM L, o — yron mexny
HAIpaBJICHUEM CHJIOBBIX JMHHUN (HAmpaBlI€HUEM BEKTOpa W HOpMajibl M K
IIOBEPXHOCTH, OTPAHNYEHHON KOHTYPOM).

Ilyctp MarHuTHOE TIOJNE CO3MAETCS LWIMHAPUYECKOM  KaTyIIKOU
(coneHonioM), MO KOTOPOM MPOTEKAET MEPEMEHHBIN JIEKTPUUECKHUIN TOK

| =1, cos et (3)
rie |, — amMmmTynHOEe 3Ha4eHHME TOKA; @ — LUKINYECKas 4acToTa TOKa
@=27nV VvV —4acToTa TOKa.
Torna mMarHWTHas MHAYKIUS B 1oJigs BHYTpU KaTyIIKd M BOJHM3U €€ TOPLIOB
paBHa

B = syl

uiu ¢ yuerom (3)

B = N1, cos ot (4)
rie M — MarHuTHas IPOHULAEMOCTb CEpJACYHMKA KaTyIIKH; 4/, — MarHUTHas

MOCTOSIHHAs; N — YHUCJIO BHUTKOB KAaTYIIKM Ha €IUHMIE MuHbL [lomcraBuB
BbIpakenue (4) B dopmyny (2), HAXOAWMM MATrHUTHBIN TOTOK 4Yepe3 KOHTYP,
PaCIOIOKEHHBIN BOJIM3U TOPIIA KaTYIIKH

@ = pu,nl,S cos o cos wt

OTCIOI[a CKOpPOCTb UBMCHCHHA MAarHUTHOI'O ITIOTOKA paBHa,

c;—(fz—ﬂyonIOSa)COSasin ot ()

Takum o0pa3zoM, CKOPOCTb U3MEHEHUS] MarHUTHOTO MOTOKa MPOMOPIIMOHANIbHA
aMIUIMTYJHOMY 3HA4€HUIO TOKa B Karymke |, u kocunycy yria « . IlogcraBus

BeIpaxkeHue (5) B popmyiny (1), momydaem
€, =CI,cosa (6)
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3aBUCHUMOCTbD 2.4.C. BHGKTpOMaFHHTHOﬁ HWHAYKIOHUHN & or | m cosa

UHO

(mpuMepHBIN BUJ U300pakeH Ha pucC.2.

Oobopyoosanue u mamepuaibl.

. Munnmamnepmerp.

. Marnwur.

. Karymka-MoTOK.

. UcTouHMK TOKA.

. Peocrar.

. Kirou.

. Karymka ot anekrpomarsura.
. CoenuHUTENBHBIE MPOBOAA.

e BN Beo RV, I C RS I S R

Ykazanua no mexnuxe dezonacnocmu.
1. K BbIIOJHEHHIO 1a0OpaTOpHBIX pabdOT AOMYCKAIOTCS  CTYACHTHI,

W3YYMBIIIME TIPaBUJIa TEXHUKN OE30MMaCHOCTH.

2. JlaGopaTopHbie pabOThI MOTYT MPOBOJAUTHCS TOJIBKO MO PYKOBOJCTBOM U

HaOJII0IEHUEM TIPENOoIaBaTeNsl.

3. Ilpu BbImoOMHEHUU JaOOPATOPHBIX PAOOT CTYIEHTAM 3alpeIaeTCs:

- BKJIIOUATh CXEMBI MO]] HANPsHKEHUEM 0€3 IPOBEPKHU MPEro1aBaTeris;

- TIpuUKacaTbCsl K HE3AIIMIIEHHBIM M30JSIUEH YacTsIM  CXEMBI,
HAXOSIIMXCS MO HANIPSHKCHUEM;

- ONpENENATh HaJUuue HaNpsOHKEHUS Ha 3JIEMEHTax I[eNH MPUIOMOIIU
NanblieB, TMPOBEpKA HAIMYUS HAMPSOHKCHHUs TMPOU3BOIUTCS TOJNBKO C
MIOMOIIHIO BOJIETMETPA U B TIPUCYTCTBUH MPETIOAaBATEIS;

- ipu paboTe Ha JTAOOPATOPHON YCTAHOBKE MPUKACATHCS OJHOBPEMEHHO
CTeH, paguaTopoB CHUCTEMBl OTOIUNICHUS W JAPYTUX METANTUYECKUX
IPEIMETOB;

- BKJIOYATh PYOWJIBHUKH, HaXUMaTh KHOIKH, MpHUKacaThCs K
AIIEKTPUYECKOMY  OOOpYyIOBaHUIO, HE  OTHOCALIEMYCA K  JaHHOU
nabopaTopHOil paboTe 0e3 BegoMa MPEno1aBaTes;
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- POU3BOJUTD IO XOAY BBITIOJHEHUS PaOOTHI MEPEKITIOUYCHUS B CXEME, HE
00ecTOUHUB €¢;

- OpocaThb COEOUHUTEIbHBIE MPOBOJA HAa MOJ W HAa HCCIEAYEMYIO
YCTaHOBKY;

- 3aMEHATHb CrOpeBIIME MPEAOXPAHUTENM Ha paboyux IIUTax MpU
BKJIIOUEHHBIX PYOMIIbHUKAX;

- KJIaCTh Ha pabOYuil CTOJ IOCTOPOHHUE MPEAMETHI;

- BXOJIUTH B JIa0OPATOPHUIO B BEPXHEH OJICKIIE;

- KYpeHHE U 32)KUTAaHHUE OTHS.
4. Tlepen BKIIOYEHHEM CXEMbI O0053aTEIbHO MPEAYNPEIUTh UICHOB
opurasel: «OctopoxkHo! Britouaro!».
5. Ilpu Hanuyuu B cXxeMe KOHJCHCATOPHBIX Oarapei, HEOOXOIUMO TMOCIIe
OTKJIFOUEHUS TIUTAHUS UX PA3PSAUTh MO HAOIIOJHEHEM TIPENOIaBaTesl.
6. Ilpu oOHapyXeHMM KakuMX — JHOO HEUCHPABHOCTEH, HCUYE3HOBEHHUS
HaOpsDKEHUST B CETH, a TaKXKe IPU HECUYaCTHOM cllyyae, HEMEIJICHHO
IPEKPaTUTh PabOTy, OTKIIOUYUTh YCTAHOBKY OT 3JIEKTPONUTAHUS U COOOILUTh
IPEToAaBaTelto.
7. lloMHUTH, YTO TpH OTKJIIOYEHHUU IENel MOCTOSHHOTO TOKa C
UHAYKTUBHOCTBIO BO3MOXHO KpPaTKOBPEMEHHOE pPE3KOE IOBBIIICHHE
HaIPsHKCHUS.
8. CrynmeHTsl, HapylIMBIIME TpaBUia TEXHUKH O€30MacHOCTH, HE
JOMYCKAlOTCA K JajibHelIed paboTe B 1a0OpaTOpUU W NPHUBIEKAIOTCS K
OTBETCTBEHHOCTH.

3aoanus.

DkcrniepuMeHT 1

Hauynem naGoparophyio paboty co cbopa ycranoBku. UYToObl coOpath
CXeMy, KOTOpYyl0 Mbl OyJIeM HCIONb30BaTh B JlabopaTopHOoi paboTe,
MPUCOCTUHUM MOTOK-KATyIIKy K MHIJIJTHAMIIEPMETPY M HCIOJIB3YeM MarHwur,
KOTOPBIN OyzeM pUOIHKATh WIH YAISITH OT KaTymku. OHOBPEMEHHO C 3TUM
MBI JOJDKHBI BCIIOMHHUTB, YTO OyAET MPOUCXOIUTH, KOTJA OyAET TOSBISITHCS
WHIYKITHOHHBIN TOK.

Puc. 1. Dxcnepumenr 1
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[Toxymaiite Ham TeM, Kak OOBSICHUTH HaOIIO1aeMoe Hamu siBiieHue. Kakum
o0pa3oM BIIMAET MArHUTHBIM TOTOK HAa TO, YTO Mbl BHJIUM, B YaCTHOCTHU
MPOUCXOKJICHUE AJIEKTPUYECKOTO TOKa. Jlusg 3TOro mocMoTpure Ha
BCIIOMOTATEIIbHBIA PUCYHOK.

OOparutre BHUMaHWE, YTO JIMHUM MArHUTHOW HMHAYKIMH BBIXOAST U3
CEBEPHOI0 MOJIIOCA, BXOIAT B FOKHBIM TONIOC. [Ipu 3TOM KONMYECTBO 3ITHX
JUHUN, WX TYCTOTa pa3jMYyHAa Ha pa3HbBIX ydacTkax Marauta. OOpartute
BHUMAaHUE, YTO HANPABICHUE NHAYKIIUH MAarHUTHOTO MOJISI TOKE U3MEHSIETCS OT
TOYKHU K TOuke. [103TOMy MOKHO CKa3aTh, YTO U3MEHEHUE MATHUTHOTO MOTOKA
MIPUBOAUT K TOMY, YTO B 3aMKHYTOM IPOBOJHHUKE BO3HHMKAET JJICKTPHUUYECCKHI
TOK, HO TOJIbKO TIpU JBWXXECHHM MAarHuTa, CJIEAOBATEIIbHO, W3MEHSAETCS
MArHUTHBINA MMOTOK, TPOHU3BIBAIOIIUHN [UIOMIA]Ib, OTPAHUYECHHYI0 BUTKAMHU 3TOU
KaTyIIKH.

DKCIEPUMEHT 2

Crenyroluyii 3Tan Hallero UCCIEA0BAHUS SJIEKTPOMArHUTHON UHAYKIWN
CBSI3aH €  OINPEJCICHUEM HANMPABJEHUA HMHAYKOMOHHOr0O Toka. O
HAIPaBJICHUW WHAYKIHOHHOTO TOKa MBI MOXEM CYAUTh MO TOMY, B KaKyIO
CTOPOHY  OTKIIOHSIETCS ~ CTpejika  Muwummamiepmerpa.  Bocmnosb3dyemces
JyrooOpa3HbIM MarHUTOM M YBUIUM, YTO TIPH MPUOJIMIKEHUN MarHUTa CTpeiKa
OTKJIOHHUTCSI B OJHY CTOpPOHY. Eciii Tenepb MarHut ABUrath B APYryr0 CTOPOHY,
CTpeNlKa OTKJIOHUTCS B JIPyr'yl0O CTOpPOHY. B pe3synbrare mNpoBEAEHHOIO
AKCIIEPUMEHTA Mbl MOXEM CKa3aTh, UTO OT HANPABJICHUS JIBWKCHHUS MarHuTa
3aBUCHUT W HAIPABJICHUE UHAYKIIMOHHOTO TOKa. OTMETUM U TO, UTO OT MOJIOCA
MAarHuTa TOXE 3aBUCUT HAMPABJICHUE MHIYKIIMOHHOTO TOKA.

OOpaTuTe BHUMaHHE, YTO BEJIMYMHA MHAYKIIMOHHOTO TOKAa 3aBUCHUT OT
CKOPOCTH TEPEMEIICHUSI MarHuTa, & BMECTE C TEM U OT CKOPOCTH U3MECHEHHUS
MAarHMTHOTO MOTOKA.

Bropas yacTh Hamieil 1abopatopHOi pabOTHI CBA3aHa OYJET C JAPYrUM
sKcriepuMeHToM. [TocMOTpUM Ha cXemy 3TOrO IKCIEPUMEHTa U OOCYJIUM, UTO
MBI Oy/IeM Tenepb JenaTh.

K Knioy
o

Peocrar
R
@ %

—i|i|s
* MCTOYHUK TOKA

Puc. 2. DxcniepumenT 2

Bo BTOpOﬁ CXEMC B IPUHOUIIC HUYCTO HC MU3MCHUIIOCH OTHOCHTCIILHO
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U3MEpPEHNsT HHIYKIMOHHOIO TOKa. TOT K€ campli MWUIMAMIEPMETD,
IPUCOEIUHEHHBIM K MOTKY Karymku. Ocraercss Bce, Kak ObUIO B IIEPBOM
ciydae. Ho Tenepp u3mMeHeHrE MarHUTHOTO MOTOKAa MbI OyJieM MOJIy4arh HE 3a
CYET JBM)KCHMS IIOCTOSHHOIO MAarHMTa, a 3a CYET U3MEHEHMs CHIIBI TOKa BO
BTOPOM KaTyUIKE.

B nepBoii yactu Oyaem ucciaenoBaTh HaJIMuUe HHAYKIIMOHHOTO TOKa MpHU
3aMBIKaHUM M pa3MbIKaHWM Lenu. Mrak, mepBas 4acTb SKCIEPUMEHTA: MBI
3aMbIkaeM Kitod. OOparture BHUMaHUE, TOK HapacTaeT B IIeMH, CTpeKa
OTKJIOHWJIACh B OJHY CTOPOHY, HO 0OpaTUTe BHUMAaHHUE, cefyac KIII04 3aMKHYT,
a IEKTPUYECKOr0 TOKa MUJUIMAMIIEPMETP HE MOKa3bIBAET. J[€J10 B TOM, 4TO HET
M3MEHEHUS MarHUTHOIO IOTOKAa, MbI yk€ 00 3ToM roBopwiu. Ecimu Tenepb
KJIFOY pa3MbIKaTb, TO MHWJUIMAMIIEPMETP IIOKAXET, YTO HANPABICHUE TOKa
M3MEHUIIOCH.

Bo BTOPOM JKCIIEPUMEHTE MBI IIPOCIIEIUM, KaK
BO3HUKAECT UHAYKIMOHHBIN TOK, KOTJ1a MEHAETCA DJIEKTPUYECKUNA TOK BO BTOPOU
LEIIH.

Crenytomiasi 4acTh OmbITa OyJIE€T 3aKJIF0YATHCS B TOM, YTOOBI IIPOCIIETUTD,
Kak OyJeT MU3MEHAThCA WHIYKIMOHHBIN TOK, €CJIM MEHSTh BEIMYMHY TOKa B
LENX 3a cyeT peocrara. Bel 3Haere, 4TO €Ciau MBI U3MEHSEM JJIEKTPUYECKOE
CONIPOTUBJIEHUE B LENH, TO, cieAys 3akoHy Oma, y Hac OyneT MEHSATbCS U
ANEKTPUYECKU TOK. Pa3 M3MEHseTCs 3JIEKTPUYECKH TOK, OyJIeT M3MEHSThCS
MAarHuTHOE moJjie. B MOMEHT mepeMeIeHnsI CKOJB3SAUIEr0 KOHTAaKTa peocTara
M3MEHSAETCS MarHUTHOE T0JIe, YTO IMPUBOAUT K MOSIBJICHUI) WHIYKIHOHHOTO
TOKA.

Ne Cnocod | B BMm ADM
ONbITA | MOJIyYeHHSs
HHAYKIIHOHHOTO

TOKa

1 Buecenue B — — +
KATYHIKY
CeBEPHOIo
MoJjIroca

MarHuTa

2 Ynanenne  u3 — — -
KATyUIKH
CEeBEPHOIo
1MoJIroca
MArHUTA




3 Buecenne B — — +
KATYHIKY
FOKHOT'0
MmoJICca

MarHuTa

4 Yaanenue  u3 — — -
KATyIIKH
FOKHOT'0
moJIoca
MATHHUTA

Cooepocanue omuema.

OTtuyeT 1o J1abopaTOpHBIM PabOTaM JOJIKHBI COJIEPKATh:

- TUTYJIbHBIU JIUCT;

- 11eTIb PabOTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OINPEICICHUM, TOHATUH, HOpMYyT;
- OCHOBHOE 000pyI0BaHHUE, CXEMa YCTAHOBKH;

- ONMCAHUE TI0 MYHKTaM BBIMIOJTHEHHON paOdOTHhI;

- pe3yNbTaThl U3MEPEHUN U pacueToB (TabJuIlbl, rpaduKn);

- OIICHKA MOrPELIHOCTEH;

- OTBETHI HA KOHTPOJIbHBIE BOMTPOCHI;

- BBIBOJIBI 110 pE3yJIbTaTaM BBITIOJIHEHHOW PaOOThI, JaTa, MO ITUCH.

KOHmPOJleble 60Nnpocol.

=

B dem 3akiirouaercs sSiBJICHUE 2JIEKTPOMArHUTHON MHIYKITUN?

Kakoil Tok Ha3bIBatOT UHAYKIIMOHHBIM?

3. CdhopmynupyiiTe 3aKOH 3JIEKTPOMAarHuTHOM MHAYKIMU. Kakoii popmyoi
OH ONUCHIBACTCA?

Kak popmynupyercs npasuio Jlenma?

KakoBa cBsi3p mpaBuiia JIeHIa ¢ 3aKOHOM COXpaHEHUsI SHEPrUuu?

N

A

Pexomenayemas iureparypa

OcHoBHasi iMTEpaTypa:
1. ®usuka 11 By30B: MEXaHWKa U MOJIEKyJsipHas (usnka [DnekTpoHHBIH pecypc]: yueOHHK / B.A.

Hukepos. - MockBa : M3narenscko-Toprosas kopropanus «/lamxkos u K°», 2017. - 136 c. : Tabu., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL: http://biblioclub.ru/index.php?page=book&id=450772
2. TamuteikoBa-bymkesuy, 1.1, ®usuka : B 2 u. / .W. TanuieikoBa-bymkesud. — 2-¢ u3f., UCIp. —

Munck : Bemmiimas mkona, 2014, — Y. 1. Mexanuka. MonekymnsipHas ¢(u3uka W TepMOIMHAMHKA.
OnexktpuuectBO W MarHetusM. — 304 c. : wmn, cxem. — Pexum goctyma: 1O MOINHCKE. —
URL.: http://biblioclub.ru/index.php?page=hook&id=235732

3. TamsikoBa-bymkesny, .W. ®usuka : B 2 4. / .M. TamneikoBa-bymkesuu. — 2-e uzn., ucnp. —

Mumnck : Bemmiimas mkona, 2014. — Y. 2. Ontuka. Keanrosas ¢usuka. CtpoeHue u Qusnueckre CBOWCTBA
Bemiectea. — 232 ¢. @ w1, cxeM.,, Taba. — PexuM jgoctyma: 1m0  MOANMUCKE.  —
URL: http://biblioclub.ru/index.php?page=book&id=460883
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http://biblioclub.ru/index.php?page=book&id=450772
http://biblioclub.ru/index.php?page=book&id=235732
http://biblioclub.ru/index.php?page=book&id=460883

JlonoTHUTeILHASA JIUTEpaTypa:
1. Jlexmm mo y4uebHO# mucrumuimHe «OCHOBBI TEOPETHUECKOW (GH3UKI». IJIEKTPOIUHAMHUKA.

[DnexTponnsi pecypc] : yuedbnoe nocobue / E.M. Kyxapp. — DneKTpoH. TeKCTOBBIE TaHHBIE. — Bosrorpan:
Bonrorpanckuii rocyJapCTBEHHBIH CONMANBHO-TIEAarOTHUecKuil yHuBepcurert, 2017. — 57 ¢. — 2227-8397. —

Pexxum moctyma: http://www.iprbookshop.ru/70731.html

2. Huxepos, B.A. ®usuxka: coBpemenHslit kypc / B.A. Hukepos. — 2-e u3n. — Mocksa : V3garenbcko-
ToproBasi kopmoparus «/amkoB u K°», 2016. — 452 c. : wn. — Pexum nmocryma: nmo moamucke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.
JlaGoparopnasi pabGora Ne 11

Tema pabome. OnpenesieHue TOPU30HTAJIBHOM COCTABJIAIOIIEH
MHIYKIMUA MATHUTHOTO MOJIsl 3eMJIN.

Ilenwv padomwr. Onpenenenne TOPU30HTAIBHON COCTABISIIOIIEH MHAYKIIUU
MarHMTHOTO MOJS 3eMJIH.

Dopmupyemvie Komnemenyuu. Braneer CHOCOOHOCTBIO MPUMEHSTH
COOTBETCTBYIOIIMK  (U3MKO-MATEeMaTHUECKUW  ammapaT TMpud  PEUICHUH
po(eCcCUOHANIBHBIX 3a/1a4.

Teopemuueckan uacme.

3emsii B LIEJIOM IHpeJCTaBiIsieT coOOM OTrpOMHBIN IIAPOBOM MAarHwur.
[Toaromy B m1000i TOYKE MPOCTPAHCTBA, OKPY’KAIOLIEro 3eMJI0, U Ha €€
NOBEPXHOCTU CYLIECTBYET MAarHMTHOE T[OJ€, CHUJIOBBIE JIMHUU KOTOPOTO
n3o0paxkensl Ha pucynke 1. Ilpu »TOM ceBepHbIi MarHuTHBIM momoc N
HaXOJUTCA BONM3U IOKHOro reorpapuyeckoro KO u Haobopor. Ha skBaTope
MarHUTHbIE CHJIOBBIC JIMHWW HAIPaBJICHbl TOPU3OHTAIBHO, a HAa TOJIOCaX -
BEPTHUKAIBHO.

B ocTanpHBIX TOYKax 3€MHOW MOBEPXHOCTH MHIYKIUS MAarHUTHOTO TOJIS
HampaBlieHA TOJ HEKOTOPHIM YIJIOM K IUIOCKOCTH 3€MJIHd, T.€. HMEET W
rOpu30HTaNbHYIO B, 1 BepTukanpHyto B, cocraBnstomnime.

Puc.1.
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HamnpaBnenue  ropu3OHTAIBHOM  COCTAaBIIOLIEM  NPUHUMAETCS 34
HaIlpaBJICHUE MAarHATHOIO  MEpUAMaHa, T.K. B OTOM  HAaIpPaBJICHUU
YCTaHAaBIMBACTCA CTpeJIKa KOMIlaca, BpalAOIAscs B T'OPU30HTAJIBHOU
wiockocTy. llenplo Hacrosimield pabOThl SBIAETCS WU3MEPEHUE BEIUMYMHBI
TOPU30HTAJIBHOM COCTABIAIOIIEH WHIAYKLIWA MAarHUTHOTO TMOJA 3€MIIH €
IIOMOIIBIO TaHI'€HC-TaJbBaHOMETpa. TaHIeHC-TaJIbBaHOMETP IIPEACTABIISACT
co0Ol BEPTUKAJIBHO pACIOJIOKEHHbIE N KPYroBBIX BUTKOB paauyca R, 1o
KOTOPBIM TPOIyCKaeTcsd IMOCTOSIHHBIA TOK  cwiod |. B 1mentpe 3toii
COBOKYNIHOCTH BHTKOB (KOPOTKOM KaTylIKH) momeniaercs kommnac. Ilpum
OTCYTCTBUHU TOKa B BUTKaX MarHUTHAas CTPEJIKA KOMIIaca yCTAHOBUTCS IO

/N
e € 90

Puc. 2.

MarHuTHOMY Mepuauany. llpu mpomyckaHuuM TOKa MO BUTKaM CTpEJKa
MOBEPHETCS] HA HEKOTOPBIH YroJl o, T.K. TENepb Ha HEE MOMUMO TOPU30HTATBHOU
COCTABJISIFOUIE] MarHUTHOTO TOJis 3eMiu OyAeT NeHCTBOBATH €UIe MarHUTHOE
noJsie, cozgaBaemMoe TOkoM | B N BuTkax. Eciv BUTKM COpPUEHTHPOBATH TakK
4TOOBI UX MJIOCKOCTU COBIAJANIM C IUIOCKOCTbI0 MAarHUTHOT'O MEpUANaHa, TO Ha
CTpeiKy OyIyT HeWCTBOBaTh JIBa B3aUMHO MEPHEHIUKYJSIPHBIX MOJS: IOJIe
3emun B3 u one Toka B, (puc.2).

Crpenka KoMnaca yCTaHOBUTCS B HallpaBJICHUM PaBHOACHCTBYIOIIEH ITUX

nojieit, Baosib B=B;+B,, T.e. mo auaroHanu napajjieiorpamMma, CTOpOHaAMU

Kotoporo 0yayT B, 1 B3. CM. puc.2, Ha KOTOpOM H300pakeHO CEUYCHHUE BUTKOB C
TOKOM, OPHEHTHPOBAHHBIX BJOJIb MAarHUTHOTO MEpHAHaHA, TOPHU30HTAIBHOM

B
TUTOCKOCTRIO. M3 puc. 2 cienyer, uto tga = B—O, OTKy/1a
3

B
B, = ; (1)
g
1
Tak Kak HHIYKIMS MAarHUTHOTO TIOJIS B IIEHTPE KPYTrOBOTO TOKA B, = !;LR
_ Holn
TO B IEHTPE N BUTKOB OUEBUIHO B, = ST (2)
Ho N
[Moncrasus (2) B (1) momy4yum B,=—"°— (3)
2R-tgo

Orta ¢dopmyna HCHOJIb3YeTCd B HacTosledl paboTe Uisi ONBITHOIO
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ONpEeNIeNICHUs] TOPU3OHTAILHONW COCTABISIIONIEH MAarHUTHOTO TOJST  3eMJIH.
®opmyna (3) 3anucana B cucteme CHU, moatomy B3 monyuurcs B Tecnax.
DneKTpruyecKasl cxema yCTaHOBKHU JJIA u3MepeHus B; cocTouT U3 TaHreHc-
raneBaHoMeTpa G, ucTOYHMKA TOKa & ,peoctata R u ammepmerpa A s
PEryJIUpPOBKU U U3MEpPEHUs Toka (puc.3).
B cxeme ucnonb3yercs nepexntodarens [1 11 u3MeHeHHs] HampaBlICHUS
TOKa, IPOXOJIAIETO Yepe3 TaHT€HC-TaTbBAHOMETD.

R___E
A —_—
@ . i

Odopyodosanue u mamepuanol. Puc. 3
Tanrenc-ragpBaHOMETp, aMIIEPMETP, PEOCTAT, HCTOYHHUK TOKA.
Ykazanua no mexnuxe dezonacnocmu.
1. K BbImogHEHHIO 1a0OpaTOpPHBIX pabOT  JOMYCKAIOTCS  CTYACHTHI,

W3YYMBIIIME TIPAaBUIIa TEXHUKN OE30MMaCHOCTH.

2. JlaGopatopHbie pabOTHI MOTYT POBOAUTHCS TOJIBKO MO PYKOBOJACTBOM U

HaAOII0IEHUEM TIPENOIaBaTesl.

3. Ilpwu BBIOTHEHUH TA0OPATOPHBIX PAOOT CTYEHTaM 3alpeniacTCs:

- BKJIFOUATh CXEMBI MO]] HaNpsHKeHHEM 0€3 TIPOBEPKH MPero1aBaTeris;

- TMpUKacaThCd K HE3AMUMIEHHBIM HM3OJSIHEH YacTAM  CXEMBI,
HAXOJISIINXCS 1O HANIPSHKCHUEM;

- ONpENCNATh HAJIWUYUE HANPsOHKSHUS Ha JJIEMEHTaxX IEMH MPUIIOMOIIN
NaJbIIeB, IPOBEpKA HAIMYUS HANPSHKCHUS TPOU3BOJMUTCS TOJIBKO C
TIOMOIIIHIO BOJIETMETPA U B TIPUCYTCTBHH MPETIOaBATEIIS;

- ipu paboTe Ha JabOPaTOPHON yCTAaHOBKE MPUKACATHCS OJHOBPEMEHHO
CTCH, paauaTopoB CHCTEMBI OTOIUICHHS W JPYTUX METAUTHYCCKHUX
IPEeIMETOB;

- BKJIOYaTh PYOWJIBHHKH, Ha)XMMaTh KHOIKH, IPUKAcaThCi K
DIIEKTPUYECKOMY  OOOpYyIOBaHUIO, HE  OTHOCAUIEMYCS K  JaHHOU
nabopatopHoi paboTte 6e3 BeomMa ImpenoaaBaTers;

- TIPOU3BOJIUTH 10 X0y BBITIOJIHCHHSI paOOThI TIEPEKITFOUCHHS B CXEMe, HE
00ecTOYHUB €¢;

- OpocaTh COEOMHHUTENHHBIC TPOBOJA HA TIOJ W HAa HCCIEAYEMYIO
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YCTaHOBKY;

- 3aMEHATHb CrOpeBIIME MPEAOXPAHUTENM Ha paboyux IIUTax MpU
BKJIIOUEHHBIX PYOMIIBHUKAX;

- KJIaCTh Ha paboYuil CTOJ IOCTOPOHHUE MPEAMETHI;

- BXOAUTH B JIA0OPATOPUIO B BEPXHEH OJICKIC;

- KypeHHUE U 3a)KUTaHUE OTHSI.
4. Tlepem BKIIOUYEHHEM CXEMbl O00S3aTE€IBHO MPEAYNPEAUTh UJICHOB
opuragel: «OctopoxkHo! Britouaro!».
5. Ilpy Hanuuyuu B cXxeMe KOHJCHCATOPHBIX Oarapel, HEOOXOAUMO TMOCIIe
OTKJIIOUEHUS TTUTAHUS UX PA3PSAUTD MO HAOIIOJHEUEM MTPENOIaBaTesl.
6. Ilpu oOHapykeHMM KakuX — JHOO HEUCHPABHOCTEH, HCUYE3HOBEHHS
HalpsDKEHUST B CETH, a TaKXe IPU HECYACTHOM Ciy4yae, HEMEJICHHO
PEKPATUTh padOTy, OTKIIOYUTH YCTAHOBKY OT 3JEKTPOMUTAHUS U COOOIIMUTH
IIPEMNOIaBATEIO.
7. lloMHUTH, YTO TpPH OTKJIIOYEHUU IE€NeH MOCTOSHHOTO TOKa C
WHIYKTUBHOCTBIO BO3MOXKHO  KPaTKOBPEMEHHOE PE3KOE  IOBBILICHUE
HaIPSOKEHUS.
8. CryneHTsl, HapylIMBIINE TpaBUja TEXHUKHM O€30MIaCHOCTH, HE
JIONYCKAlOTCA K JanbHeWell padore B 1a0OpaTOpuu M TNPUBJIEKAIOTCA K
OTBETCTBEHHOCTH.

3aoanus.

1. CoGuparoT 3JIeKTPUUYECKYIO 1IETh M0 CXeMe puc.3

2. [loBopaunBasi TaHre€HC- rajlbBaHOMETp, YCTAHABIMUBAIOT €ro MJIOCKOCTh
B IUIOCKOCTM MAarHMTHOTO MeEpHUIHaHa, TaK YTOObl MarHUTHas CTpeJKa
ycTaHOBWJIACh B Hampasienun 0°-180°.

3. YcranaBnuBasi IBUKKOM peOCTaTa 3aJaHHYIO BEJIMYMHY TOKa (3a/1aeTcs
IpernoaaBaTesieM) U3MEPUTh YroJl OTKIIOHEHHUS] MATHUTHON CTPEJIKHU 0.

4. He wu3MeHssi BeIMYMHY TOKa TIOMEHATh mnepekimtouarenem 1
HaIlpaBJeHUE TOKA HA MPOTUBOMOJIOKHOE. OTCUUTATh HOBBIN YIoJl OTKJIOHEHUS
CTPEJIKH 0. Beraucnuts «a,, = @.

5. [loBTOpUTH M3MEpEHUs Oy U Oy NPU HECKOJBKUX JAPYTUX 3aJlaHHBIX
3HAYEHUAX TOKA.

6. [loncrapnsiss  MOCHENOBAaTENIbHO  HU3MEPEHHBIE  COOTBETCTBYIOIINE
3HayeHusl Toka l; U ycpenHeHHble 3HadeHHs yria «, B Gopmyny (3) HailTH
3HaueHus Bs. ( Benmuunnsl N v R yka3zaHbl Ha TaHT€HC-TaIbBAHOMETPE).

7. Bce pe3ynbTaThl U3MEpEHUN U BBIUMCIECHUH 3aHEeCTH B Ta0. 1
Tabn.1

I(A) | « a, | a lga

cp

Bs; | AB | 6B

p

(cp)
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8. OLIeHUTh MOTPEIIHOCTH MPOBEJIEHHOTO U3MepeHus Bs u pe3ynbTaThl
3aHeCTH B Tab.1
9. 3anucath pe3ysbTatr B BUJIE
B;: = Bsy = ABs,
Cooepircanue omuema.

OtuyeT 1o J1abopaTOPHBIM pabOTaM JOJIKHBI COJICPIKATh:
- TUTYJIbHBIN JIUCT;
- 11eJ1b pa0OOTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIpEeICHUMN, TOHATUH, (PopMyT;
- OCHOBHOE 000pY/IOBaHHE, CXEMa YCTAHOBKH;
- OITMCAHUE TI0 MTYHKTaM BBITIOJTHEHHOW paOOTHI;
- pe3yJIbTaThl U3MEPEHUN U pacyeToB (TaOnuIlbl, rpaduKu);
- OLICHKA MOTPEITHOCTEN;
- OTBETHI HA KOHTPOJIBHBIC BOITPOCHI;
- BBIBOJIBI 110 PE3yJIbTaTaM BBIITOJTHEHHOUW pabOThI, 1aTa, TOIIHUCH.
Konmponwvnwie gonpocel.
1. Kako# BuJ UMeET MarHUTHOE I10JIe 3eMJIH?
2. B yeM 3akirouaetcs uiesl H3MEpPEHUs TOPU30HTAILHON COCTABIISIOIICH
WHYKIIMHA MarHUTHOTO TOJIs 3eMiIn?
3. Kak yctpoeH TaHreHc-rajaibBaHOMETp?
4, BeiBenute GopMyiTy HHIYKIIHH By, B IIEHTpE KPyrOBOTrO BUTKA C TOKOM.
5. IlouyeMy MIIOCKOCTh TaHT€HC-TAJIbBAHOMETpA CJIeAyeT OPUSHTHPOBATD B
HaIpaBJICHUU MarHUTHOTO MEepUIaHa?

Pexomenayemasi iureparypa
OcHoBHas1 JIuTEpaTypa:
1. ®usuka is By30B: MEXaHUKA U MOJICKYyJsipHas (u3uka [DaeKTpoHHBINA pecypc]: yueOHuk / B.A.

Huxkepos. - Mockga : M3narenscko-toprosas kopropanus «Jlamkos u K°», 2017. - 136 c. : Tabi., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL_: http://biblioclub.ru/index.php?page=book&id=450772

2. TanuteikoBa-bymkeny, .1, ®usnka : B 2 u. / .M. TanneikoBa-bymkesud. — 2-e¢ u3z., ucmp. —

Munck : Bemmmimas mkoma, 2014. — Y. 1. Mexanuka. MonekymsapHas (u3nka W TEPMOIMHAMHUKA.
OnekTpuyecTBO M MarHetusm. — 304 c. : wi, cxeM. — Pexum pgocryma: Mo MOJINUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=235732

3. TamwieikoBa-bymkesuy, 1.1, ®usuka : B 2 u. / N.W. TanuieikoBa-bymkesud. — 2-¢ u3f., UCIp. —

MuHnck : Bemmiimas mkona, 2014, — Y. 2. Ontuka. KBantoBas ¢usuka. CTpoeHue n Qu3uvecKue CBOWCTBA

BEIIECTBA. 232 ¢. : wum, cxem.,, Tabn. — Pexwum gocTyma: 1o MOANMHCKE.  —
URL.: http://biblioclub.ru/index.php?page=book&id=460883

Jlono/IHNTeIBHAS JIUTEpaTypa:

1. Jlekuuu 1o yueOHOW mucnuiuinHe «OCHOBBI TEOPETHUECKOH (HM3MKM». IJNEKTPOAMHAMHKA.
[DnexTponHsli pecypc] : yueOHoe nocobue / E.M. Kyxaps. — DneKTpoH. TEKCTOBBIC JaHHBIE. — Bousrorpan:
Bourorpazackuii rocyapcTBEHHBIH COIMaIbHO-TIeqarorndeckuii yausepeuret, 2017. — 57 ¢. — 2227-8397. —

Pesxum nocryma: http://www.iprbookshop.ru/70731.html

2. Hukepos, B.A. ®usuka: coBpemennsiit kypc / B.A. HukepoB. — 2-¢ u3n. — Mocksa : M3naTenscko-

ToproBasi koproparusi «JlamkoB u K°», 2016. — 452 c. : wi. — Pexum moctyna: mo mommucke. — URL:
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http://biblioclub.ru/index.php?page=book&id=453287.
JlaGoparopnasi paGora Ne 12

Tema pabomer. UcciienoBanue Kojaed0aHuii B KoJ1e0aTeJIbHOM KOHTYpe

Ienv pabomwi. V3ydeHue 3aTyXxaromux dJICKTPUUYCCKUX KOJIeOaHUN
K0JIeOaTeIbHOM KOHTYpE.

@Dopmupyemvie Komnemenuuu. Brnaneer crnocoOHOCTBIO NPUMEHSTh
COOTBETCTBYIOIIUNA  (PU3MKO-MATEeMAaTUYECKU  ammapar TMpu  pPElICHUU
npodecCuOHaNbHBIX 3a/1a4.

Teopemuueckan yacme.

[Ipoctoii KoseOaTenbHBII KOHTYP COCTOMT M3 IOCJIEI0BAaTEIbHO CO-
€IUHEHHBIX 2JIEeMEHTOB: eMmKocTh C, WHAYKTUBHOCTH L UM aKTUBHOIO
conpoTuBieHus R

Cpenu  pa3iavyYHBIX  DJIEKTPUYECKUX  SBJICHUM OOJBIION HWHTEpEC
MPEACTABIAIOT  JJCKTPUYECKUE KoJIeOaHUs, TMpPU KOTOPHIX HEKOTOPHIC
ANEKTPUYECKUE BEIIMYMHBI, TAaKUE KaK IOTEHIMal Cuia TOKa, WU 3apsl
U3MEHAIOTCA BO BpeMeHH. OOHUM U3 MPOCTEHIIUX HCTOYHUKOB MOJYy4YECHUS
ANEKTPUUECKUX KOJICOaHUH SBIISIETCS AIEKTPUUECKUI KOJieOaTeIbHbIM KOHTYD.

Paccmotpum  mpocToif  KoneOaTeNbHBI  KOHTYP, COCTOSIIIMKM U3
MOCJIEIOBATENbHO COEIMHEHHBIX KOHJeHcaTtopa C, wuHAyKTHUBHOCTH L,
pesuctopa R u xmoua K (puc.l, a). Ecnu koHzmeHcaTop 3apsiiuTh, a 3aTeM
3aMKHYTh K04 (puc.l,0), TO KOHIEHCATOp HAauyMHAET pa3pskarbes. B nenum
MOSIBJIICTCS  BO3pACTAlOMMA  TOK |, B  KaTyIIKe MHIYKTUBHOCTH —
COOTBETCTBYIOIIIEE MATHUTHOE TOJIE.

K K K
-
L L
L. C C
+ + ) —
—— C ——— 1 —— 1
= - +
R
R R
a) 0) B)
Puc.1.

Tok paspsima KoHIeHcaTopa I, MPOTeKas depe3 KaTyIIKy, MOPOKIaeT B
Heit DJIC camoumnaykuuu. Bosnukaromas IJ[C caMOMHAYKIIMU 3aMesieT
paspsii KOHJAEHCATOpa, a MOcie TOro, Kak KOHACHCATOP MOJHOCTHIO Pa3psanuTCs
OJIC caMouHIyKIIMH, HA00OPOT, HAUYMHAET MOJJIEPKUBATH TOK B IPEKHEM
HaIpaBJICHUH.
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B pesynbpTaTe 3TOr0 KOHIEHCATOpP TMEpe3apsauTCs, MOCIE Yero MpOIece
MOBTOPHUTCS, HO JIBMKCHHE 3apsiIOB OyJIeT MPOUCXOAUTHh B MPOTHUBOIIOIOKHOM
HarpaBJICHUH (puc.2,B).

[lepBoHauanbHass  JHEPTHsl  AJICKTPUUCCKOTO  TOJS  3apsDKEHHOTO
KOHJICHCATOpa BO BpeMs €ro pas3psijia MepexXoIuT B YHEPTHIO MATHUTHOTO TOJIS
karymku. [Ipu mepesapsge KoHIEHcaTopa MPOUCXOIUT OOPATHBIN TMepexon
OHEPTrUM MAarHUTHOTO TIOJS KATyIIKH B DJHEPTHIO JJIEKTPUYECKOTO ITOJIS
KOHJIeHCcaTopa. B mueansHOM KosebaTeTbHOM KOHTYpe conpoTuBiieHrne R paBHO
HYJII0 W BO3HHUKIIUE OJJICKTPUYECKUE KOJeOaHUS OYIyT He3amyxarouumu
(puc. 2,a).

B peanpHOM KONeOaTelbHOM KOHTYpe R OT/IIMUHO OT HyJIs, MOATOMY TIPU
MIPOTEKaHUH TOKa Yepe3 HeTO MPOUCXOIUT BhIICIICHNE Tera. BenenacTsue aToro
oOmuii 3amac SHEPTHMH B KOHTYPE YMEHBINACTCS, W KOJICOAHUS 3amyxarom
(puc.2,0).

C yBenuueHHEM CONMPOTUBIEHUA R CKOpOCTh 3aTyxaHus KoJaeOaHM
yBeIMUMUBaeTCs (puUC. 2,B), a IPU JOCTATOUYHO OOJIBIIIOM 3HaUeHUH R konebanus
BOOOIIIE HE BO3HUKAIOT - HAOIIOAACTCS anepuooudeckuil pa3psij KOHJIEHCaTopa
(puc. 2,r).

ComnpoTuBiieHHE KOHTYpa, IpPU KOTOPOM KOJeOaTeNbHbINH MpoIlecC
IIEPEXOUT B allePUOANYECKUH, Ha3bIBACTCS KPUTHIECKUM (Ry).

PAARA . Toaa
WAL

Puc. 2.

Haiinem ypaBHEHME, ONMCBHIBAIOIICE 3aTyXalOIUE DJIEKTPUYECKHE
Kosie0aHusl B KOHType. B cOOTBETCTBUU € 3aKOHOM COXpaHEHUs SHEPTUH yObLIb
3HEpruM KoHJeHcaTopa npu ero paspsjge —dWe pacxonyercs Ha yBelMYCHUE
PHEPruM MarHuTtHoro mnojs karymku dW, u Bbigenenue Tteria dQ B
conpoTtusieHuu R:

—dWc =dW,_+dQ, 1)
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rae We — sHeprus KoHAeHcaTopa, We = q2 [ 2C,

W\ — 5Heprus MarHUTHOTO HOJIS KaTyLIKH, \N/, = Li2/2.
3nech ( — 3apsa KOHACHCaTOpa B JaHHBIM MOMEHT BPEMEHH, 1 — CHJjla TOKa
B KOHTYpE B 3TOT K€ MOMEHT.
KonuyecTBo Tema, BeleNs0MIEeeCs B MPOBOAHUKE 32 BpeMs dt:

dQ = i? Rdt.

Ucnonb3ys 3T¥ cOOTHOILIIEHUSI, TpeoOpa3zyeM ypaBHeHue (1):

2 12
—d(q] :d(L;j +i2+R +dt =0
1&ydq+§-2bdr+PRndt:®

2C
()

gdq+L-i-di+izR-dt=O-

Tak kax j —dq/dt ¥ dq =1idt,
TO BBhIpaxkeHue (2) MOKHO IpeoOpa3oBaTh K BUAY

ddq+L2—?di+iR-dq=O-

CokpatuB Ha dq 1 UCTI0JIB3Ys] COOTHOILICHUE

di _d'q
dt dt®’
noyiydaeM clienytoiiee nuddepeHinanbHoe ypaBHEHHE:
d°a R dg, a 4. (3)
gz FLdt T

B aTOoM ypaBHEHUU cenaeM CIeAYIOIIUE 3aMEHBI:

(4)

R_

L=

1 2, (5)
Lc~ @

78



rjae B — koapdunmeHT 3aTyxaHus, wy — COOCTBEHHAs 4acTOTa KOHTYpa.
Torpa

dg ,.d0_

—+2—+w,q=0 6

Huddepennmansaoe ypaBHenue (6) umeet (1pu B < o o) clieayroiiee
peleHue:

q = qo,e_ﬂt. CoS(wt+a) - (7)
rac
: (8)
o = a)é —ﬂ =
qo H O — HCKOTOPBIC ITOCTOAHHBIC, COOTBCTCTBYIOIIHC HayaJbHOMU

aMIUTUTYJI€ U HAa4aJIbHOM (haze KoJieOaHusl.

Bripaxkxenne (11.7) ecTb ypaBHEHHE 3aTyXaroUUX JJIEKTPUUYECKUX
KOoJcOaHMi, IMKIWYECKas dYacToTa KOTOPhIX paBHA @, a aMIUIATYy[a
AKCTIOHCHITMAJILHO YOBIBACT C TCUCHHUEM BpeMeHH (puc. 3).

[Tepuon >THX KOJIEOAHMIA:

9)
Tzz_”: 27
o [1 —R?
LC 4.2
q
\\
T~ it
N~ qt+T)
e
X/_FF___\-Z—
"
- T
-~
-~
p




Puc. 3.

JIma manpix 3HadeHn R momyunm
T.=%2%_27 JLC- (10)
a)O

B cootBercTBUM ¢ ypaBHeHHEM (9) MpH YBEIMYEHUU COMPOTUBICHUS
KOHTYpa R, nepuos xonebanuii Oyner, cTpemMsIch K 0ECKOHEYHOCTH TpU
ﬁ = .
(11)
OTO  O3HAyaeT, uTO KoJieOaTeNbHBIM  Ipolecc MEepPeXOoJUuT B
anepuoaudeckuid. Mcnonb3ys ypaBuenus (4) u (5) u3 Beipaxenus (11) moxHo
HOJIyYUTh 3HAYEHHE KPUTUUECKOTO COMPOTUBIICHUS:

L. (12)
S

Jlns  XapaKTepHCTHUKM 3aTyXaHMs KoOJICOAaHMM 4YacToO IOJB3YHOTCS
Jlozapupmuueckum 0eKpemeHmom 3amyxanus o u 0oopomnocmoio Q.

JlorapupmMuyecknii  TEKPEMEHT 3aTyXaHWs paBeH HATypaJTbHOMY
jJorapudMy OTHOIICHHUS aMIUIUTYJ KOJeOaHWi, COOTBETCTBYIONIUX JBYM
MOMEHTaM BPEMEHH, OTINYAIOITUMCS Ha TIEPHO/;

_in AWM . (13)
O=INAwE+
3neck A — aMmIuTyAa KoJieOaHMM BEJIMYMHBI 3apsja, TOKa WU

HanpspkeHus (puc. 3). Ucnionb3ys ypaBHenue (7), moIydum
| e
o=Inge s AT

st weOompmx 3HaueHud R, ¢ yderom ypaBuenwit (4) u (10),
JorapuMUYECKH  JEKPEMEHT 3aTyXaHWs MOXHO ONpPENeNuTh  4epes

rapaMeTpsl KOHTypa:
5:;;Rﬁ- (14)

I[Tycth T — BpeMs pelakcaluu, B TEUYEHHWE KOTOPOrOo aMILUIATYAa
KoJieOaHuii yMeHbIaercs B € = 2.7 pa3, N, — 4nuciio Kojie0aHUW COBEPIIICHHBIX
3a BpeMsl perakcau. Torjaa MOXHO JIETKO J0Ka3aTh, YTO

1 (15)



JloGpotHOCTE Q mpencTaBisieT cO00M YyMHOKEHHOE Ha 27 OTHOIICHUE
sreprud W(t) B JaHHBI MOMEHT BpeMeHH t, K SHEPIHH, TEPSIEMOH 3a TEPUOT
koseOanms T:

W(t) : (16)
W(t)-W(t+T)

Ecnu B HayanbHbIH MOMEHT BpeMeHH (t = 0) sHeprust KOHTypa COCTOUT U3
HHEPTUU 3apsSXKEHHOTO KOHJEHCATOpa, TO

Q=2r

W(t) % . (17)

DHeprusi KOHTypa uepe3 BpeMs, paBHOE TMEPUONY, YMEHBIIUTCS B
COOTBETCTBHM C YMEHBIIUBIINMCS 3aPSI0M:

g e #T)? (18)
— 0 .

W(t+T) = 5C

[ToacraBuB Beipakenus (17) u (18) B ypaBHenue (16), momrydaum

Q= 27 _ 27 . (19)
1e2fT 1-e2

M3BECTHO COOTHOHIEHHE € " ~ 1+X , BBINOIHAIOMIEECS I MAalbIX
3HaueHui X: (X << 1).
C ydetom storo Beipaxenue (19) ynpoctures:

_Z. (20)
Q )
JIoOpOTHOCTH MOKHO BBIPA3UTh U Yepe3 MapaMeTphl KOHTYpa, IPUMEHUB
(opmyay (14):
_1 /L. (21)
Q=ayc

N3  ypaBuenuit (20) wu (15) cuegyer Takxke, 4YTO JAOOPOTHOCTh
MPOTIOPLIMOHAJIBHA YKCITy KOJICOaHUN B KOHTYpE, COBEPIIMBIIUXCS 3a BpeMs
pernakcaluu, B TeYeHUE KOTOPOTO aMIUIUTYa YMEHbIIIAETCS B € pa3:

Q=7 N..

B psine ciydaeB xoneOaTenbHBIN MPOIECC MOXKHO HCCIIENOBATh, U3ydas
B3aMMO3aBUCUMOCTb MEXIy HanpskeHueM U 1 TOKOM | B KOHTYpe.

I'padux, wuzoOpaxkaronuii 5Ty 3aBUCHMOCTh, Ha3bIBaeTCSA (a30BOM
kpuBoi. CocTOsIHHE KOJeOaTeIbHOW CUCTEMBI ISl TIOOOTO MOMEHTAa BPEMEHU
M300pa3uTCs TOYKON Ha ATOM KpUBOH (puc. 4).

VYpaBuenue $ha3oBoi KPUBOH MOXKHO TMOJTYUYUTh, UCTIONB3YSI 3aBUCUMOCTH
TOKA W HAIPSKEHUS OT BPEMEHH.

W3 Beipakenus (7) u cootHomenust U=Q/C cremyert, 4To

81



u =?:0 e Alcos(at + o)
Cnenaem sameny U, = q,/C » ¥ NIOIY4HM 3aBUCHMOCTb HANPSIKCHHS HA

KOHJIEHCATOPE OT BPEMEHH:
u:UO-e—ﬂt cos(wt + ) (22)

rae Uo — HauanbHas Pa3HOCTb NIOTCHIIUAJIOB.

N3 ypaBHenus (7) MOKHO ONPEIETUTh U 3aBUCUMOCTb TOKa B KOHTYpE OT
BpEMEHU

j—da_d
dt dt
=q,e~ A~ w-sin(at + a) —B - cos(wt + )]

[qoe_ﬁtcos(a)t + a)} =

Jiist MauibIx 3aTyxaHui 3 << ®, Toraa
L Bt
I=—q,-®@-e Ssin(ot+a)-

O603HaunM Iy = (g .m, TOrAa j = — |Oe*ﬁt sin (a)t +a) , TO €CTh
i=le”cos(wt+a+%)- (23)

CpaBHuB BbipaxkeHus (22) u (23), MOXKHO YBUJETb, YTO KOJICOAHUS CHUIIbI
TOKa OTEPEekKaroT 1o ¢aze Ha 7% KOJIeOaHUs HANPSKEHHSI HA KOHJIEHCATOPE.

[Tpeobpazyem Boipaxenus (22) u (23) cieayromum o0pa3oM:

—e Pleos(wt+a):

Gle

=—e_'8tsin(a)t+a)'

0

Eciu BO3BecTM 3TH YpaBHCHUA B KBaapaT MW CIO0XHTb, TO II0JYYHUM

ypaBHeHUE (Ha30BON KPUBOM:
. \2 2
1 u _2pt.
— | +H —| =e
( o J ( U oj

B cnywae nesaryxaromux konebanuii ( R = 0, B = 0) da3oBas kpusas
nmeer Gopmy smunca (puc. 4,a). na peansHoro koHtypa (R # 0, R < Ry,)
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dazoBasi KpuBas MPEACTABISIET COOOM CKPYUYMBAIONIYIOCS CHHPab, MPUYEM
O0JBIIEMYy CONPOTHUBIICHUIO KOHTYpa COOTBETCTBYET OOJIbIlce 3aTyXaHue (pHc.
4,0u puc.4,B).

[Ipu anepuoamyeckoM KoieOaHWH, KOTJa CONPOTHBICHHE KOHTYpa
Oospire kputHyeckoro (R > R,), ¢asoBas kpuBas BBIPOXKIACTCSA B JIMHHIO,
N300paXCHHYIO Ha puUC. 4,T.

Ty |

TI+T)

i @é}\ i
—/

N

Ity o

TIet+T7

g
]

NN,

Puc.4.
Oobopyoosanue u mamepuaibl.

JlabopaTtopHasi yCTaHOBKAa COCTOUT M3 ocuwuiorpaga u CTeHIa,
CoZIepKaIlero JIBe KaTYIIKW WHIYKTUBHOCTH, JIBa KOHJIGHCATOpa, Maras3uH
COTIPOTUBIICHUI U TEHEPATOP UMITYTHCOB.

['enepatop BbIpaOATHIBAET KOPOTKUE TIOJOKUTEIbHBIE HWMITYJbCHI, B
pe3ynbTare JTOr0 KOHJIEHCATOp KOJe0aTeTbHOTO KOHTypa TMEpPUOIUYECKH
IIOJIy4aeT HEKOTOPBIN AIEKTPUUECKUM 3apsid. B mpomexyTkax BpEMEHU MEXIY
UMITYJIbCAMH B KOHTYpE OyayT COBEpIIAThCs 3aTyxaroniue konedanus. ['paduku
ATUX KojeOaHuii MOKHO OyAeT HaOIIoaaTh Ha dKpaHe ociuiorpada u, gaiee,
0 HUM OMNpEACNSITh NEPHOJ, JOTapUPMHUUECKHN JIEKPEMEHT 3aTyXaHUf,
JTO0OPOTHOCTH, KPUTHUECKOE COMTPOTHUBIICHHE.

HeoOxomumbie 1u1st pacdeToB MapaMeTphl 2JIEMEHTOB KOHTYpa yKa3aHbl Ha
CTEHJIE.

Ykazanun no mexnuke dezonacnocmu.
1. K BbemosHeHHIO 1a0OpaTOpPHBIX pabOT  JOMYCKAIOTCS  CTYACHTHI,

W3YYHUBIITHE TIPABUJIA TEXHUKHA O0€30MaCHOCTH.

2. JlaGopaTopHbie pabOThI MOTYT MPOBOJAUTHCS TOIBKO MO PYKOBOJACTBOM H

HaOJIIOICHUEM TIPETIoaBaTerIsl.

3. Ilpu BbIMOSIHEHUHU JA0OPATOPHBIX PAaOOT CTYIEHTAM 3alpelaeTCs:
- BKJIFOYATh CXEMBbI MI0J1 HAIIPsKEHUEM 0e3 TPOBEPKH MperogaBaTes;
- [pUKAacaTbCsi K HE3AMMIIEHHBIM M3O0JISIIHEH 4YacTsIM  CXEMBlI,
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HaXOJSIINXCS MO/ HAPSHKEHUEM;

- OMNpEAeNATh HAJIMYME HANPSIKEHUS HA DJIEMEHTax IENU MPU MOMOIIU
najgbleB; IMPOBEpPKAa HAIMYUSA HAIPSKEHUS MPOU3BOAUTCS TOJIBKO C
MOMOIIIBIO BOJIbTMETPA U B IPUCYTCTBUHM MPEIOIaBATENS;

- ipu paboTe Ha JTAOOPATOPHON YCTAHOBKE MPUKACATHCS OJHOBPEMEHHO
CTEH, paAuaTOpOB CHUCTEMbl OTOIUICHUS U JPYTUX METAJUIMYECKUX
PEMETOB;

-BKJIIOYaTh ~ PYOWJIBHMKH, HaXXUMaTh  KHOIKH, TMpUKacaTbCid K
AIEKTPUYECKOMY  OOOpYIOBAaHHIO, HE  OTHOCALIEMYCS K  JTAaHHOHU
nabopaTopHOit paboTe 6e3 BegoMa MPEno1aBaTes;

- IPOU3BOJIUTH 10 XO/1y BBIIIOJIHEHHS paOOThI MEPEKITIOYEHHUS B CXEME, HE
00ecTounB e¢;

- OpocaTh COEOUWHUTEIbHBIE MPOBOJA HAa MMOJ W HAa HCCIEAYEMYIO
YCTaHOBKY;

- 3aMEHATHb CrOpEeBIIME TMPEAOXPAHUTENIM Ha paboyux IIUTaX TIpU
BKJIFOUEHHBIX PYOMIIBHUKAX;

- KJIaCTh Ha paboYuil CTOJ TOCTOPOHHUE MPEAMETHI;

- BXOJIUTh B J1a0OpaTOPUIO B BEPXHEN OJIEKIE;

- KYpUTb U 3a)KUTaTh OT'OHb.

4. TIlepen BKIIOYEHHMEM CXEMbI O0053aT€IbHO MPEAYNPEIUTh UICHOB
opurajpl: «OctopoxkHo! Brimtouaro!».

5. Ilpu pabote Ha yCTaHOBKax, B KOTOPBIX MOKET HaOIIOJAThCs PE30HAHC,
coOJII01aTh 0COOYI0 OCTOPOKHOCTD.

6. Ilpy Hamuyuu B cxeMe KOHAEHCATOPHBIX Oarapeil, HEOOXOAUMO TOCIE
OTKJIFOYEHUS TUTaHUS UX Pa3psAIUTh 01 HAOIIOACHUEM MpenogaBaTess.

7. Ilpu oOHapy>KEHUM KakuX — JHUOO0 HEUCIPABHOCTEHM, HMCUE3HOBEHMS
HalpssKeHWsT B CETH, a TakKe€ MPH HECYACTHOM Cly4ae, HEMEMJICHHO
MPEKpPaTUTh PabOTy, OTKIIOUUTh YCTAHOBKY OT JIEKTPOMUTAHUS U COOOITUTH
IIPENOIaBATEIO.

8. IloMHHTH, 4YTO TpU OTKIIOYEHUU LEMNEH MOCTOSHHOTO TOKa C
UHIYKTUBHOCTBIO BO3MOXHO KPaTKOBPEMEHHOE PE3KOE  IOBBILICHUE
HaIpsHKEHUS.

9. CrynenTsl, HapyIIMBIIAE TpaBUjia TEXHUKH OE30MACHOCTH, HE
JOMYCKAlOTCA K JalibHeliel pabore B j1a0OpaTOpUM M MPUBJICKAIOTCS K
OTBETCTBEHHOCTH.

3aoanuas.

1. CobOpatb cxemy coriacHo puc. 5. ComnpoTuBiieHHe MarasuHa R
clelaTb pPaBHBIM HyMO. MHAYKTMBHOCTD W €MKOCTh KOHTypa BbIOpaTh
MPOU3BOJIbHO, BHECTU UX MapaMeTpsl B Ta0m. 11.1.
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FrEHEPATOP

r ]
Ry Bx. Y

’——o

Puc. 5.

2. BxiouuTh ociuiiorpad, mporpets ero B TeueHue 1-2 MuHyT. Pyukoit
“@okyc” xopouio choKyCUpOBaTh JIyd, YTOObl YMEHBIIUTH OLIMOKY U3MEPEHUH.

3. Bximrounts reneparop. C MOMOIIBIO pyYEK YHPAaBIEHUS Pa3BEPTKOU
ocrmyuiorpada JOOUTHCS HEMOJABUKHOM KapTHUHBI KOJICOAaHMM Tak, YTOOBI
o0ecneunTh JOCTaTOYHO TOYHOE H3MEPEHUE BPEMEHHBIX HWHTEPBAJIOB U
aMIUIATY ] KosieOaHuil.

4. C noMOUIpI0 MOJYYEHHOM OCHMIUIOIPAMMBI, AHAJOTMYHOW pHC. 3,
U3MEpUTH Nepuo Koiebanuit To nmpu MUHUMAIBHOM CONPOTUBIIEHUH KOHTYpA,
T.€. ipu Ry, = 0, pe3ynbraT BHECTH B Ta0. | B MUJUTMCEKYHaX.

JUIsL TOBBIIEHUS TOYHOCTH MOXHO H3MEPHUTH IPOMEXKYTOK BPEMEHH,
COOTBETCTBYIOIINI HECKOJIbKUM NEPHOJaM KOJEOaHU, pa3IeIuTh €ro Ha YUCIIO
NEPUOJIOB U, TAKUM 00pa3oM, ONPEAEIUTh AITUTEIBLHOCTh OJHOTO MEPUOAa.

5. VYBemnuuBas CONpOTHUBIEHHME MarazuHa Ry, mnpocineauts 3a
BO3PAaCTaHUEM CKOPOCTH 3aTyXaHHUsl KoJieOaHUN W ONpeNeNuTb KPUTHYECKOE
CONMPOTUBJIEHUE KOHTYpa, COOTBETCTBYIOIIEE IEPEXOy OT MEePUOIAUYECKHX
KOJIEOaHWI K anepuogudyeckuM (T.e. Mepexoay OCUMIUIONpaMMbl OT puc. 2,B K
puc. 2,r):

RKp = RL +R M

rie R_ — coOcTBeHHOE CONPOTUBICHHE KATYyIIKd HWHAYKTHBHOCTH.
ITonyuennoe 3Hayenue R, BHECTH B Ta0mI. 1.

6. YMeHb1InThL conpotusieHue Ry, Hampumep, Basoe ot Ry,. B xontype
BHOBb BO3HHUKHYT 3aTyXawollke Mepuoanyeckue kosiedanus. Onpenenutsb
nepuoJI ATUX Kojiebanuit T 1 BMECTE C MOTyUYEHHBIM 3HAUEHUEM CONPOTUBIICHHUS
koHTypa (R = R + Ry) 3anectu B Tabn. 1. YOoenurbcst B pa3nuyuu MepuoioB
kojebannii To 1 T, COOTBETCTBYIOIMX PA3TMYHBIM 3HAYEHUSM COTPOTUBIICHUS
KOHTYpa.

Tabmuma 1.

Ne |C,mMx®d |L,MmIH R, Om To, MC R, OM  [Ry, OM  |R, OMm T, mc

wWN -
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7. IloBTOpUTH M3MEpPEHHUs MO MyHKTaM 4 — 6 Tpu pasza Uil pa3IudHbIX
koMmOuHarui L u C .

8. Jlma BbIOpaHHBIX 3HaueHuit emkoctd C, HHAYKTUBHOCTH L,
COMPOTHUBJICHUS R| ¥ MOJHOTO COMpOTHBICHUS KOHTYpa R, BHECEHHBIX B TaOJI.
1, BBIYMCIIMTH U 3aHECTH B TaOJI. 2 TEOPETUUECKHUE 3HAUCHHMS:

To — mo dhopmyne (10); T — mo dhopmyme (.9);

Ry — 1o gopmyne (12); 6 — no popmyine (14),

Q — mo popmye (20).

Tabmura 2.

Ne To, McC T, Mc Rip, OM 5 Q

WN -

9. Insa npousBoibHBIX 3HaueHud L m C wuccnenoBaTh 3aBHCUMOCTH
JorapuMUYECKOro JEKPEMEHTa 3aTyXaHus OT COINPOTUBIICHUS KOHTYpA.
YBenuurBas CONPOTUBICHHE KOHTYpa C MOMOIIBID Mara3uHa COINPOTUBIICHUM
R, u3meputrb amrmmTyasl A; U A, KOTOpPBIE COOTBETCTBYIOT MOMEHTaM
BPEMEHHU, OTJIMYAIOIINMCA Ha niepuo/ (puc. 3).

PesynbraThl  u3MepeHuidt  BHectu B Tabim. 3.  IloacuuraTh
AKCTIIEPUMEHTAJIbHBIC 3HAYCHUS JIOTapUPMUUECKOro JACKPEMEHTa 3aTyxaHus o,
o ¢popmyiie (13), mo popmyne (14) — ero Teoperuyeckue 3HAYCHHS ;.

Tabauua 3

No R, Om Ay, MM Ay, MM O, Or

abrwpNPE

10. dns nabmroaeHust pa3oBbIX KPUBBIX COOPATh CXEMY IO pHUC. 6.

= Bxog Y
C L
o
FTrEHEPATOP —
= Bxop X
e
Rm
-1 Kopnyc
Puc. 6.
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[Ipu 3TOoM Ha Bxox X MOJAETCA CUTHAI C CONPOTHUBIICHUS R,, KOTOpBIU
HaxoauTcss B ¢aze ¢ TOKkOM B KoHType. Ha Bxom Y momaercss cursan,
Haxojasmmiics B (a3e c¢ HampsokeHueMm. HaOmromast ¢has3oBbie KpUBBIE IS
Pa3JIUYHBIX COMPOTUBJIECHUIN KOHTYpA, MOXHO MCCIIEIOBaTh BIIMSHUE 3aTyXaHUs
Ha ¢opMmy (a3oBoii KpHUBOM UM YTOUYHHTH 3HAYCHUE KPUTHYECKOIO
COMPOTUBIJICHUS IS TAHHBIX 3HAUCHUN €MKOCTH U MHIYKTUBHOCTH (puc.4,r).

C momomipio (ha30BBIX KPUBBIX MOYKHO TPOBECTH TAKKE H3MEPEHUS 10
1.9 (puc. 4,0).

11. Jlns oqHOBpEeMEHHOTO HAOIOIEHUS! OCHUILIOTpaMM KoJjieOaHui TOKa
U HAnpsDKCHHWS W OINpeAesieHus ciapura a3 MEeXIy HUMH coOpaTh CXeMy B
COOTBETCTBHHM C pUC. 7.

Bxoa Y
1 KaHan
C L
e
FTrEHEPATOP — Bxop Y
2 KaHan
e
Em
1 Kopnye
Puc. 7.

Ha Bxonmbr Y mepBoro u BTOPOro KaHAIOB ocIwuIorpada moaaroTcs
CUTHAJIbI, POTIOPIIMOHAIbHBIE HANIPSDKEHUIO M TOKY B KOHType. YOeauThcs B
HaJIM4uu caBura (a3 3TUxX KojeOaHuid, OIICHUTh BEJITMUYUHY 3TOTO C/IBUTA.

Cooeporcanue omuema.
OTyeT Mo 1a6OpPaTOPHBIM PabOTaM JIOJKHBI COAEPKATh:
- TUTYJIbHBIH JIUCT;
- 11e71b PaboTHI;
- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIPEJICIICHUM, MOHATUN, (HOPMYIT;
- OCHOBHOE 000py/1I0BaHHE, CXeMa YCTAHOBKH;
- OMKUCAHUE MO0 MYHKTaM BBIMIOJIHEHHOU pa0oThI;
- pe3ynbTaThl U3MEPEHUN U pacuyeToB (TabiuLbl, rpaduKh);
- OLICHKA MOTPEUIHOCTEN;
- OTBETHI HA KOHTPOJIbHBIEC BOIIPOCHI;
- BBIBOJIBI 110 PE3YJIbTaTaM BBIMOJHEHHOU Pa0dOThI, JaTa, MOMAIMKCH.

Konumponwvnwie gonpocol.
1. Pacckazath 00 31eKTpUYECKUX KOJIeOaHUSIX B KOHTYPE.
2. JlaTh onpeneneHrue aMIuIMTY/Ibl, 4YacTOThI, (ha3bl, epruoja KojaeoaHu.
3. Kakoii mponecc Ha3zbpIBaeTcsl anepuogudeckuM? UTO Takoe KPUTHUUYECKOE
conportusieHue? BriBecTu ypaBuenue (12).

87



4. Kakue npeBpallleHHs SHEPTHM HMEIOT MECTO MNpU NEPHOJUYECKOM H
anepruoauYeCcKOM Ipoueccax?

5. Kakue (popmyIbl ONMUCHIBAIOT SHEPTUIO IEKTPUUYECKOrO IMOJI KOHAEHCATOPA
Y DHEPTUIO MATHUTHOTO IOJI KaTYIIKH.

6. BbIBeCTH ypaBHEHHE 3aTyXalOIUX JIEKTPUUECKUX KOJICOAHUH.

7. UYro Ttakoe norapupmuueckuil IeKpeMeHT 3aTyxaHus? OOBSICHUTH €ro
(bU3UYECKUil CMBICI, BRIBECTU ypaBHEHHE (15).

8. [Ilosichuth Qu3MUECKHI CMBICT JTOOPOTHOCTH KOHTypa. BriBectu
ypaBHenwue (20).

9. YUto Ha3biBaeTcs (azoBoil kpuBoi? [lomyuuTs ypaBHEHHE 3TOM KPUBOH.

10. BeiBectu ypaBHeHue (7), mpuMeHUB 3akoH Owma JUisi HEOJHOPOIHOM
3aMKHYTOM LICTIH.

11. KakoBa BennunHa ciBura (a3 Mexay KoJeOaHUsIMU TOKA UM HAIpPsLKEHHS B
UJCabHOM KoJieOaTeTbHOM KOHTYpe? Kak MOXHO U3MEpPUTh €€ B peabHbIX
YCIOBUSIX?

12. PacckazaTh O NpPaKTUYECKOM IMPUMEHEHUHM KOJeOATeIbHOrO KOHTYpa B
TEXHUKE.

PexoMenayemasi iureparypa

OcHoBHas JIuTEpaTypa:
1. ®usuka Is By30B: MEXaHUKa U MOJICKYyJIsApHas (usuka [DIeKTpoHHBIH pecype]: yueOHuk / B.A.

Hukepos. - MockBsa : M3natenbcko-Toprosas koprnopanus «/lamkos u K°», 2017. - 136 c. : Tabun., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL.: http://biblioclub.ru/index.php?page=book&id=450772
2. TammmekoBa-bymkesny, .1, ®usnka : B 2 u. / .M. TaneikoBa-bymkesud. — 2-e¢ u3z., ucmp. —

Munck : Bemmbiimas mkoma, 2014. — Y. 1. Mexanuka. MonekymsapHas (u3nka W TEPMOIMHAMHKA.
OnekTpuyecTBO M MarHetusm. — 304 c. : wi, cxeM. — Pexum pgocryma: Mo MOJNUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=235732

3. TamwteikoBa-bymkeuy, .1, ®usuka : B 2 u. / N.W. TanuieikoBa-bymkesud. — 2-¢ u3f., UCIp. —

MuHnck : Bemmsiimas mkona, 2014, — Y. 2. Ontuka. KantoBas ¢usuka. CTpoeHue u Qu3Mveckue CBOMCTBA
BemecTBa. — 232 c. @ wIL, cxXeM., Tabm. — Pexum goctyma: 1O  TOAMHCKE.  —
URL.: http://biblioclub.ru/index.php?page=book&id=460883

JlonoJIHNTeIbHAS JIMTEepaTypa:

1. Jlexmmm mo yueOHOUM mucrumuimHe «OCHOBBI TEOPETHUECKOW (QH3UKH». IIEKTPOIUHAMHUKA.
[Onexrponnslit pecypc] : yuebnoe nocodue / E.M. Kyxaps. — DneKTpoH. TEeKCTOBbIE aHHbIE. — Bonrorpan:
Bourorpazackuii rocyapcTBeHHBIH COlMaIbHO-TIeqarorndeckuii yausepeurer, 2017. — 57 ¢. — 2227-8397. —

Pesxum nocryma: http://www.iprbookshop.ru/70731.html

2. Huxepos, B.A. ®usuka: coBpemeHHblit kypc / B.A. Hukepos. — 2-e u3n. — Mocksa : 3garenbcko-
ToproBasi koproparusi «JlamkoB u K°», 2016. — 452 c. : wi. — Pexum moctyna: mo mommucke. — URL:
http://biblioclub.ru/index.php?page=book&id=453287.

JlabopaTtopnasi pa6ora Ne 13
Tema paﬁombt. Onpe):[e.JIeHne YACJIBHOI'O 3apaaa 3JICKTPOHA METOI0M
MarHeTrpoHa
l[eJlb paﬁombl. HN3Yy4YCHUC JIBHOKCHUI 3apaa0B B OJJICKTPHUYCCKUX U
MArdvTHBIX ITOJIIX, UBMCPCHUC Y/ICIIbHOI'O 3apiaaa 3JICKTPOHA.
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Dopmupyemvle Komnemenyuu. Bianeer CcrnocoOHOCTbIO MNPUMEHSTH
COOTBETCTBYIOIIUNA  (PU3MKO-MAaTeMaTUYECKU  ammapaT TMpu  pPElICHUU
npodeccCuoHaNbHBIX 3a/1a4.

Teopemuueckan yacme.

Y AenbHBIM 3apsI0M YaCTHUIlBl HA3bIBAIOT OTHOIIEHHE ee 3apsaa Q k macce
m. WMEHHO yIeObHBEIM 3apsgoM /M ONMCHIBACTCS TJIABHBIM 0OPa3OM
MOBEJICHUE YACTUIIBI B JICKTPUUYECKUX U MATHUTHBIX MOJISIX.

B wnacrosimieir pabore ompenensercs yAENbHBIM 3apsa HanOoliee 4acTo
BCTPEUAIONIIEHCA B IPAKTHUKE YAaCTHUIIBI-3JIEKTPOHA METOJOM MAarHeTpOHaA.
MarHeTpoH- SJEKTpOHHBIA MOpuUOOp, B  KOTOPOM TMOTOK  3JIEKTPOHOB
OJTHOBPEMEHHO YIIPABIIIETCS B3aUMHO - MEPIEHIUKYJISAPHBIMUA 3JIEKTPUUECKUM
Y MarHUTHBIM NOJIAIMHU. B COBpEMEHHOI TEXHHKE MAarHETPOH UCIIOIb3YETCs NS
T€HEPUPOBAHUSA CBEPXKOPOTKUX OSJIEKTPOMArHUTHBIX BOJH HAlpuMep B
pannosiokanuu, CBY- TexHuke.

B nabGopatopHoii paboTe B KadyeCTBE MArHETpPOHA HCIOJIb3YeTCs
JBYX3JICKTPOAHAS JIaMIla C IMUIMHIPUYCCKAM aHOJAOM A W MPSAMOIMHEHHBIM
katonoM K, pacnosio’)keHHbIM Ha OCH aHOJla, MOMEIIEHHAss B aKCHUaJIbHOE
AAD Ao (HampaBlIEHHOE BJOJIb OCH aHOJa) MArHUTHOE TIOJIE C
> MHAYKIHEN B, co3maHHOe HOCTATOYHO AJIMHHBIM COJICHOUAOM
=

<

= 3 C puc.l DnekTpoHBI HCIyCKaeMble DPAaCKalICHHBIM KaTOIOM
11/l & mon  meiicTBueM — JMEKTPUYECKOTO  MONSL  PA3HOCTBIO
A Q poreHHMAanoB MeXIy KarogoM M aHOAOM IPH OTCYTCTBHH

MAarHUTHOTO TOJS ABUXKYTCS IO PaJAUaIbHBIM TPACKTOPHUSIM
>='¢_.- c 2000 ABIXKYTCA TIO paj PacKTop
_ N, (puc.2a).
~—~L—"1q) - (5 (2)
B=0 Byp>B>0 B> Bgp

Puc.2

Kak wu3BeCTHO pa3HOCTh MOTEHIMAJIOB YHCJICHHO paBHAa paboTe Mo
NEPEHOCY €AMHUYHOrO 3apsiia W3 OJHOM TOYKHM MoJyid B JApyryio. B nmanHOM
cllydae pa3HOCTb MMOTEHIIMAJIOB, paBHAs aHOJHOMY HanpsbkeHuto U,, coBepiiaer
MepeHoC OT  KaToga K aHODy OIeKTpoHa 3apsmomM Q=e=1610"° Ki. U
BBITMIOJIHSIEMasl JJIEKTpUUeCKUM mosieM pabora A=eUa umger Ha cooOieHue
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AIEKTPOHY KHHETHYECKON YHEPTUH, PABHOU mv?/,.
mv?
2
Otcroga ckopocTh V 3J€KTpOHA JOCTUTIIErO aHoAa OyIeT paBHON

CrnenyeT 3aMeTUTb, UYTO IIEKTPUUYECKOE TMOJIE MEXKIY aHOJIOM U KaTOIOM
pE3KO HEOAHOpOAHO. ['ycToTa CHIIOBBIX JIMHUWM, a CJIEJO0BATEIbHO, U
HarnpsbkeHHoCTh oyt E, BONM3M KaTtoma MHOrO OOJbIle 4YeM B CpedaHel u
npuaHoHoM oOnactu (puc.2a). IlockoyibKy HanpsyKEHHOCTh €CTh T'PaJUEHT
MOTEHIIMaNa, TO €CTh paBHA M3MEHEHUIO MOTEHIMAaNIa Ha €IMHUIIE PACCTOSHUS
BJIOJIb CHJIOBOM JIMHWHM, aHojHoe HampsbkeHue Ua pacnpeneneHo B
MIPOCTPAHCTBE MEK]y aHOAOM M KaToAoM HepaBHOMEpHO. OCHOBHAs 4acTh €ro
najaeT Ha MPUKATOAHOM YYacTKE CUJIOBBIX JUHUN. Mneanusupysi, MOKHO
CUMTaTh, YTO BCE AHOJIHOC HAIPSDKEHHE MMaJaeT Ha OYEHb MaJioM Yy4YacTKe
BOJIM3U KaToAa, Ha KOTOPOM M MPOUCXOAUT Pa3roH 3JEKTPOHOB, a JAJIbIIE, T.€.
MPAKTUYECKA HAa BCEM CBOEM IyTH OT aHOJa K KaTOJy, dJIEKTPOHBI JIBUXKYTCS C
MPAKTUYECKU TIOCTOSSHHOM 1O BEJIMYMHE CKOPOCThIO. IJTa CKOPOCTh H
onpenensercs no gpopmyre (1).

Ecnau o qiMHHOMY COJIEHOMY MPOMYCTUTh TOK CHJION |., TO BHYTpH €ro
CO3JaCTCsl OJHOPOJHOE MATHUTHOE MOJIE C MHAYKIIHEN

N

I7ie L -MarHuTHas MPOHUIIAEMOCTh Cpebl (B JaHHOM citydae |1 =1); p 0=4n
10-7 I'u/m — marauTHas nmocrosuHas; N- unciao Butkos coinenonga (N=2000); | -
JUIMHA COJICHOH/IA.

Kak u3BeCTHO, Ha 3JIEKTPOH, NABMKYLIUNICS B MATHUTHOM TOJIE AEHCTBYET
cuna Jlopenua

CnenoBaTebrHO eUa=

F=eV B (3)

Tak kak B CHJIy KOHCTPYKIIMM  MarHeTpOHa BEKTOpHl V HW B

OpTOTOHAJIbHBIC, TO BeMurHA cuiibl JIopeHiia OyaeT paBHa
F =eVB, 4)

a ee HampaBlieHUe F ompenensercs U3 BEKTOPHOTO mpousBeaeHus (3) wiu
M0 MPaBUIy JIEBOW PYKH C YYETOM OTPHUIATENBHOIO 3HAKa 3apsjia 3JIEKTPOHA
(puc.20). U3 popmynsr Jlopenna (3) ciaexyer, 4TO MarHUTHOE IOJIE€ B OTIMYHE
OT JJIGKTPUYECKOTO JEHCTBYET TOJBKO Ha IBIKYIIyocs dactuily: mpu V=0,
F=0. Kpome Toro 3t0 JelcTBHE HE NPUBOJUT K H3MEHEHUIO BEIUYUHBI
CKOPOCTH YacTHIIbl. J[eHCTBUTEIBHO dlleMeHTapHas padoTa cuibl Jlopenia dAA
paBHa dAA=Fdr cosa , e o- yroa Mexay nepeMenieHueM YacTUIbl dr U CUITBI
F. U3 BektopHoro mpouseenenus (3) ciaenyer, uro FLV, cnenoBarensHo FLdr

(T.K. V = (

dr

EJ) u coso=0. 3rauuT, padora cwibl Jlopeniia dAA paBHa HYIIIO, T.C.
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A 4

B MArdMTHOM IIOJI€ KHHCTHYCCKAas OHEPIuUus YaCTHIbI

VZ

OCTacCTCA

HEU3MEHHOM M €€ CKOpPOCTh MO BEIMYMHE MOCTOAHHOM (V=const) Ttakum
00pa3oM MarHUTHOE IOJI€ HE YCKOPSET YaCTHUIlbl (HE U3MEHSET BEIUYMHBI MX
CKOPOCTH), a TOJIbKO HMCKpHBIIIET MX Tpaekropuro. Cuna Jlopenua ssisercs
CUJION LIEHTPOCTPEMUTENBHOM, U IO BTOPOMY 3aKOHY HproTOHA nMeeM

F=eVB=mV /r (5)
TJIe - pagnyC KPUBU3HBI TPACKTOPHH YACTHIIBI (JICKTPOHA).
U3 (5) ans r momydum r= eV (6)
~.B
m

Kak Buano u3 dopmyssl (6) B OJHOPOJHOM OPTOrOHAJIBHOM MAarHUTHOM

nosne (B=const) TpaekTopus dYacTHIbI- OKpYyXHOCTH (r=const). Ilpu »sToMm
Y4T€HO, 4TO V=CONSt, T.K. MarHUTHOE IIOJ€ DJEKTPOHbI HE YCKOPSET, a
TE€OMETPHS DIEKTPUUYECKOTO MOJIsl B JAHHOM MarHeTpOHE MO3BOJISIET CUUTATh UX
CKOPOCTH TPAKTUYECKH HEU3MEHHBIMU Ha OOJBIIEH 4YacTH MyTH OT aHoJa K
KaToJy, O YeM IHUCAJIOCH BBIIIIE.

C pPOCTOM HMHAYKIIMK MArHUTHOI'O IIOJIA B paanyCbl TpPACKTOpHUHU

AJIEKTPOHOB YMEHBIIIAIOTCS U MPU HEKOTOpOM 3HaueHuu B=Bkp (kputuueckoe)
OHH CTaHYT PaBHBIMHU TIOJIOBUHHBIMH PACCTOSIHHS MEXTY aHOAOM H KaTOJIOM
(puc. 2 B)

r=(R,-R)/2 (7)
B aToM ciiydae 35eKTpOHBI NEPECTaHyT IOCTUTaTh aHOIa W OYyIyT IO

OKPYXKHOCTH BO3Bpaiiatbcs K karomy. llpu stom aHomubii Toxk |A mamisl,

A

IIPONOPLMOHAIBHBIN KOJIM4YECTBY AJIEKTPOHOB,
JOCTUTalOIIMX aHOJA B E€IMHHIYY BPEMEHH, PE3KO
YMEHBIIIAETCSl TEOPETUUECKU 10 Hynsl (KpuBas (a) Ha
puc.3). Ilpu nanpHeilieM yBETUYEHUM WHIYKUIUU
MarHuTHoro nojst (B>Bkp) snektponsl OynyT kpyue
3aBOpAaYMBaTh K KaTOJy, a aHOJHBIA TOK OCTaHETCS

paBHBIM HYJIIO (puc.2). Ha6nronenue
Puc. 3 CKa4YKOOOpa3HOTO  YMEHBIIEHUS AaHOAHOTO  TOKa
MarHeTpoHa B  3aBUCUMOCTH  OT  BEIIMYHHBI
MAarHMUTHOTO TIOJISL JISKUT B OCHOBE HCIIOJIB3yEeMOTO

METO/Ia OTMpEeNeNIeHUsl yIeTbHOTO 3apsaa diekTpoHa. Pacuetnas dbopmyna mms
e/m Jerko mojy4aeTcs U3 BhIpaKECHUS IS pajryca KpUBHU3HBI (6), €CIIH yUeCTh
ero KpuTudeckoe 3HaueHue (7) v BBIPA3UTh CKOPOCTh IJIEKTPOHOB U3 (POPMYIIBI

1)

R,-R, V ZEUA e 8u ,
=5 = Otkyna nomydnm: — — = — >
2 . BK[) — BKp m Bxp (RA - RK )
m m

Beipaxas B, u3 popmynsl (2) OKOHYATENEHO HANIEM, YTO
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2
E=KU—2A, TIE K=2{ 2 J (8)
N (R, =Ry )

Yepes I, 0003Ha4eHO 3HAYEHUE TOKA cojeHoMga IC cooTBeTCTBYyHOIIEE
naaykuun B=B,,. Kosbpunuent K 3aBUCHT TOJNBKO OT KOHCTPYKIIMOHHBIX
JAHHBIX MarHeTpOHaA.

Takum oOpazoM, /Uit onpeieieHUs YACIBHOTO 3apsiia JIEKTPOHA METO0M
MarHeTpoHa, JOCTaTOYHO CHATH 3aBUCUMOCTh aHOJHOIO TOKa JiaMIibl |A oT Toka
B cojeHousie IC, Tak Ha3bIBaeMyl0 COpPOCOBYIO XapaKTepuUCTHKy. OdeBHUIHO,
dbopma rpaduka 3TON 3aBUCHUMOCTH JOJKHA OBITh aHAJIOTMYHOM KpuBOou |A=
f(B), npeacraBnennoit Ha puc.3. Mcnonb3ys MONyYeHHYIO KpPUBYIO, Ha HeEi
MOJKHO HalTH 3HaueHue lkp, a 3arem o dpopmysie (8) BEIYUCIUTH /M.

Ha pwuc.3 mnpexacraBieHa wujaecanu3upoBaHHas (a) W mpakTudeckasi(0)
cOpocoBble XapakTepucTuku. Ha mocienneu, cnagarommuii ydactok Oosee
pa3MBITBI. OTO OOBICHSAETCA Kak pa3IMyHOrO poAa HECOBEPIIEHCTBAMHU
KOHCTPYKIMU MarHerpoHa. Crofa OTHOCSTCSI HE TOUYHAs KOAKCHAJIbHOCTh aHOJ1a
U KaToja, He cTporas OJHOPOJHOCTh MarHUTHOTO MOJIsl BHYTPHU COJIEHOMAA U JIP.
Oco00 HYKHO OTMETUTH TEIJIOBOW pa3z0poc Ha4YaJbHBIX CKOPOCTEM AJIEKTPOHOB,
BBUICTAIOIINX C MOBEPXHOCTU KaToja, MPUBOJSAIIMI K Pa3MbITHIO KpuUBOW. B
CBSI3U C ATUM 3aTPYIHSETCS OTCUET COPOCOBOrO, T.€. KPUTUUYECKOTO 3HAYCHUS
HaMarHuuuBatomiero toka lkp. Ilo-Buaumomy, Hambosee yaoBICTBOPSIONIEMY
TEOpUM, CIEAyeT CUuTaTh TO 3HaueHue Ic, mpu KOTOpOM HaAOIIOmAETCs
HauOoJbIee u3MeHeHue lA.

CxeMa 3KCNIepUMEHTAJIbHON YCTAHOBKH

Pabouast cxema moka3zana Ha puc.4. OCHOBY €€ COCTaBIII€T AJICKTPOHHAS

namna JI, nomenieHHas B coyeHoup C.

YHi 2
0]

2B

11

"

[TocrosiHHOe aHonHOEe Hampspbkenne UA cHUMaeTcss ¢ yHHBEPCAJIbHOTO
ucrtounuka nutanus (YUII-2), perynupyercs nmorenunoMmerpom R, pykosiTka
KoToporo pacrnonaraerca Ha naHenu YUII-2 u usmepsercs BonbTMeTpoM V.
AHOAHBIN TOK n3MepsieTcs muutamnepmerpom MA. Ha nanenu YUII umerorcs
TaK)Ke KJIEMMBI, C KOTOPbIX CHUMAETCs HalpshkeHue 2 B, npenHa3sHadyeHHast 1Jis
IIMTaHUs HaKaJla HUTU KaToJa.

puc.4
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HamarnnuuBarommiics conenonn C nurtaercs oT Bbiupsimutens B BS5-7.
Tok coseHomma perynupyercs pydykamMy Ha IaHEIW BBIIPSIMUTENS U Oojee
IUIaBHO peocTtatoM R.

Uzmepsietcs |C amnepmeTrpom A.

Ooopyoosanue u mamepuaol.

MarnetpoH - anektpudeckas gamia 21[2C (auon), pacmonoxeHHas BHyTPH
coJieHouAa. YHuBepcanbHblil ucTOUHUK nutanus (YUII-2), sempsmurens b5-7
C pPEryJiupyeMbIM HaNpsKEHHEM, BOJBTMETP, aMIEPMETpP, MUJUIMAMIEPMETP,
peocrar.

Ykazanua no mexnuxe dezonacnocmu.

1. K BbIIOJHEHHIO J1a0OpaTOpHBIX padOT JOMYCKAKOTCA  CTYACHTHI,
M3YYUBUINE MPABUIIA TEXHUKH O€30MaCHOCTH.

2. JlaGopatopHbie pabOTHI MOTYT MPOBOJUTHCS TOJIBKO MOJT PYKOBOJCTBOM U
HaOJII0ICHUEM MPEToAaBaTessl.

3. Pacnonaraiite mpuOopbl, MaTepraibl, 000pyI0BaHHE Ha pabodyeM MecTe
B MOPSIZIKE, YKa3aHHOM IIPENOJaBaTeIeM.

4. He pepxute Ha paboueM CTOJE€ MpEeAMETbI, He Tpedyromuecs A
BBIIIOJIHCHHUS 3aJaHUS.

5. Ilepen Tem, Kak NPUCTYNUTh K pabOTEe TIIATEIBHO U3YUUTE €€ ONMMCAHUE,
YSICHUTE XOJI BBIIIOJIHEHUS PaOOTHI.

3aoanua.

1.CoOpath cxemy (puc.4). Ilpu 3TOM peryiasiTopbl BBIXOJHOTO aHOJHOIO
HanpsbkeHust Y UII-2 u Bempsamutens b5-7 ycTaHOBUTH Ha HyJIEBOE 3HAYCHHE.
CxeMy He BKJIIOYATh J0 MTPOBEPKH €€ MPernogaBaTeIeM WK Ja00OPaHTOM.

2. Tlocne BKIIFOYEHMSI CXE€MbI MOAO0XKIAaTh 2-3 MHHYTHI, TIOKa MPOTpeeTcs
KaTOJ| MarHeTpOHa.

3. Ilo 3amaHuro mnpenogaBaTeNsi YCTaHOBUTH BEJIMYMHY AHOJIHOTO
Harnpspkenust UA u 3anucath ee B OT4ET 1o padoTe.

4. TlonnepxuBasi Bce Bpemss UA crTporo mnoctossHHbIM (0COOEHHO B
KPUTHUYECKUI MOMEHT) MOCJIEeI0BAaTEeIbHO YBEIUYMBAsT HaMarHWYMBAIOUINI TOK
coneHounna lc cHATH cOpocoByro xapaktepuctuky IA=IA(lc). Pesynbrarhl
M3MEpEeHHUs 3aucaTh B TaOJIHILY.

l.(A)
IA(MA)

NurepBansl  u3Menenuss | u  yucnmo  u3MmepeHudd  momoOpath
CaMOCTOSITENIbHO, O0JIee THIATEeILHO U3MEPSISt KPUTUUECKUN YYaCTOK.

5.IMoctputs rpadmk cOpoCOBOM XapaKTEPUCTUKN MarHeTpoHa.

6.0npenenuTs 1o HeMy KPUTHYECKOE 3Ha4eHue |, U 3a1McaTh €ro B OTYET.

7.3anucaTh B OTYET KOHCTPYKTHUBHBIC TAHHBIE MAarHETPOHA:

yucno BUTKOB cosneHonaa N=2000, paguyc xaroga Rk = 0,1cM u aHona
Ra=0,95¢cm. U3mepuTs 1 3amucath AIUHY coeHona .

8.Pacuurare mo gopmyie (8) Benuunny xo3dpduuuenta K u onpenenutsb
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e
3Ha4YCHUC /m AJIL QJICKTPOHA.

e
9.CpaBHUTH IONYYCHHOE 3HAYCHHUE |y C TAGIMYHBIM M BHIPA3UTH PA3HULLY
B IIPOIICHTAX.
Cooeporcanue omuema.

Otuer 1o 1a0opaTopHBIM paboTaM JOJKHBI COJEPIKATh:

- TUTYJIbHBIN JTUCT;

- 11eJ1b pabOoTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIPEICIICHHM, TOHATUH, (OpMYIT;
- OCHOBHOE 000pyI0BaHHE, CXeMa YCTaHOBKH;

- OMKUCAHUE N0 MYHKTaM BBINOJIHEHHOU pa0dOThI;

- pe3yJIbTaThl U3MEPEHUN U pacyeToB (TaOnuIlbl, rpaduKu);

- OLICHKA MOTPEITHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJIBI 110 pE3yJIbTaTaM BBITIOJIHEHHON PaOOThI, 1aTa, MOJITUCH.

Konumponvuwvie éonpocol.

1.Yto Ha3bpIBAETCSA YAETBHBIM 3PS I0M YaCTHIL?

2.Kak IeMCTBYET JIEKTPUUECKOE MOJIE HA 3aPIKEHHYIO YaCTHUILy ?

3.Kak neicTByeT MAarHUTHOE TMOJIE HA HAXOASIIYIOCS B HEM YaCTHILY?

4. KakoBO yCTpOWCTBO MCIOJIB3yEMOTO B pab0OTE MarHeTpoHa?

5.Kak IBMXKyTCs DJIEKTPOHBI B MArHETPOHE?

6.PacckaxuTe 0 KpUTUYECKOM PEXXUME pabOThl MarHeTpoHa?

7.Kakue wuaeanuzaluu  BBOASATCA TNPHU  PACCMOTPEHHM  JBHUKECHUS
AJIEKTPOHOB B MAarHETpOHE?

8.BriBectr pabouyto hopmyy (8).

Pexomenayemasi iureparypa

OcHoBHasi iuTEpaTypa:
1. ®usnka T By30B: MEXaHUKA W MOJIEKYJsipHas (u3uka [DIeKTpoHHEIA pecypc]: yaeOHuK / B.A.

Huxkepos. - Mocksa : M3garenbcko-Toproast kopropanus «Jlamkos u K°», 2017. - 136 c. : Tadi., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL.: http://biblioclub.ru/index.php?page=book&id=450772
2. TamuteikoBa-bymkesuy, 1.1, ®usuka : B 2 u. / .W. TanuieikoBa-bymkesud. — 2-¢ u3f., UCIp. —

Munck : Bwmmiimas mkona, 2014, — Y. 1. Mexanuka. MomnekyisipHas ¢(u3uka W TepMOIWHAMHKA.
OnekTpuuecTBO W MarHetusm. — 304 c. : wr, cxeM. — PexuMm [gocTyma: MO TOANUCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=235732

3. TamnsikoBa-bymkesny, .M. ®usuka : B 2 4. / N.M. TameikoBa-bymkesuu. — 2-e u3f., uchp. —

MumHck : Bemmitmas mkomna, 2014. — Y. 2. Ontuka. KBanrosas ¢usuka. CtpoeHue u pusnueckre CBOWCTBA
Bemecrtea. — 232 ¢. : mwi, cxeM.,, Tabn. — Pexmm jgocryma: 1m0  MOAMUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=460883

Jlomo/IHUTeAbHAS JUTepaTypa:
1. Jlekmm 1o y4yeOHOW muctuiuiniHe «OCHOBBI TEOPETHUECKOW (U3UKM». ODIEKTPOIUHAMUKA.

[DnekrponnbIit pecypce] : yaebnoe mocobue / E.M. Kyxapb. — DJekTpoH. TeKCTOBbIE NaHHBIE. — Bonrorpan:

Bosnrorpaackuii rocyJapCTBCHHBIN COIMAIBHO-TIEAArorHuecKuii yuusepeurer, 2017, — 57 ¢. — 2227-8397. —
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http://biblioclub.ru/index.php?page=book&id=235732
http://biblioclub.ru/index.php?page=book&id=460883

Pesxum nocryma: http://www.iprbookshop.ru/70731.html

2. Hukepos, B.A. ®usuka: coBpemennsiii kypc / B.A. Hukepos. — 2-¢ u3x. — Mocksa : M3naTenscko-
ToproBasi kopmoparus «/JamkoB u K°», 2016. — 452 c. : mn. — Pexum mocryma: mo moamumcke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.

JlabopaTtopnas paGora Ne 14

Tema paoomwi. N3MepeHuwe IJHMHBI CBETOBOM BOJIHBLI € IMOMOIIbIO
AUPPAKINOHHON pelIéTKI

Ilenv pabomw. 1.Ilo3HakomMuTcs C sBJICHUEM AUPPAKIMKA CBETa B
napajlieIbHBIX JIydaX Tu(PaKIIMOHHON PEIIeTKH.

2.0npenenuTh JUIMHY CBETOBOM BOJHBI C TOMOIIBIO JAUGPaKIIUOHHON
PELIETKH.

[Ipubopel W TOPUHAMIEKHOCTH: YCTAHOBKA C HMCTOYHUKOM CBETa,
HIEIbI0 U TUPPAKIIMOHHONU PEIIETKOM.

Dopmupyemvie Komnemenuyuu. Braneer CcrnocoOHOCTBIO NPHUMEHSITh
COOTBETCTBYIOIIUN  (PU3MKO-MAaTeMaTUYECKHl  ammapar Tpu  PElICHUU
npodeccCuOHaNbHBIX 3a/1a4.

Teopemuueckan uacme.

1. udpakuus cera.

Judpakuueil cBera Ha3pIBaeTCs OrMOaHNe CBETOBBIMU BOJIHAMU BCTPEUYHBIX
MPEMATCTBUN.

B 0onee mmpokoM cmbicie audpakiyeil cBeTa Ha3bIBAETCS COBOKYIMHOCTb
SIBJICHU, 00YCJIOBJIICHHBIX BOJIHOBBIMU CBOMCTBAMHU CBETA U HAONIOAAEMBIX MPU
€ro paclIpOCTPaHEHUH B CPEAEC C PE3KO BBIPAKEHHBIMU HEOAHOPOIHOCTSIMHU
(oTBepCTHS B HEMPO3PAUHBIX IKpaHaX, TPAHUIIBI HEMPO3PAYHBIX TET U T.I.).
SABnenue audpakuud yKa3blBa€T HA HAPYIICHHWE 3aKOHOB T'€OMETPUYECKOMN
onTuky. SIBiaeHue qudpakiuu HAGIOJAETCS Ha PacCTOSHUU { OT MPensTCTBUSA

¢~D*/44 rne D - nuHeHHbIC pa3MepsI IIPEISTCTBUA, A - JUIMHA BOIHBI (YCIOBHE
HaOI0IeHUS TUPPAKIIIN).

Jns pemeHus: TudpakMOHHBIX 3a7ad - OTHICKAHUE paCHpeesieHus Ha
9KpaHe HMHTEHCHUBHOCTH CBETOBOW BOJHBI, PACIPOCTPAHSIONICHCS B Cpele C
NPEIATCTBUSIMH, - TPUMEHSIOTCS TPHOIMKCHHBIE METObI, OCHOBAaHHBIC Ha
npuHiunax [roirenca u I'roirenca - @penens.

[Ipunuun ['rodirenca', xaxknmas touka S1,S2,..,.Sn ¢ponta BoNHBI AB
SBJIIETCSI UICTOYHUKOM HOBBIX, BTOPUYHBIX BOJH. HoBoe monoxkenue (poHTa
Bonabl Al Bl uepes Bpems At mpencrasiser co6oii orubaroILyr0 MOBEPXHOCTh
BTOPUYHBIX BOJIH (puc.l).



http://www.iprbookshop.ru/70731.html

SV

[Tpuniun [roiirenca sBisieTcss 4ucto reoMerpuueckuM. OH TO3BOJISIET,
HampuMep, OOBACHUTH PABCHCTBO YIVIOB MaJcHWS | W OTpaxeHus I' Ha
noBepxHoctd MN cpenwl nipu orpakenuun ceta (puc.2). Paznocts xoma CB
ayuet AA2 u BB2 cosmaer takoit ¢gpoHt DB oTpakeHHOM BOJHBI, YTO W3

A FANMNN_rD\

MPSIMOYTOJIBHBIX TPEYTOJbHUKOB /‘lr)‘D 1 ~~~~yeT pPaBEHCTBO:
uc.

I=i' (puc.2). Takke MOKHO OOBSICHI

Puc.3

[Tpunmun [tolireHca-®peHens: Bce BTOpUYHBIC ncTodHMKHA S1, S2 ...Sn,
pacCIoOKEHHbIE HA MOBEPXHOCTU (POHTA BOJH, KOTEPEHTHBI MEXIY COOOM.
AMmuuTyna u ¢asza BOJHBI B JIFOOOM Touke M MpOCTpaHCTBA - 3TO pe3ysbTaT
uHTepPEPEHIINHN BOJIH, U3Ty4aeMbIX BTOPUYHBIMH UCTOYHUKaMHU (pHC. 3).

[IpsimonuHelHOE pacrpocTpaHeHue ay4a SM, UCITYIIEHHOTO
UCTOYHUKOM S B OJHOPOJHOW cpefe, oOBsicHsAeTcs mnpuHuunoM [ roireHca-
@peHensi. Bce BTopUyHbIE  TOJHBI, HU31y4aeMbl€ BTOPUYHBIMU HMCTOYHHUKAMU,
HaXOJAIUMUCA Ha TOBEPXHOCTH (poHTa BOJMHBI AB, racsarcs B pesynbrare
uHTEepPEPEHIINN, KPOME BOJH OT HCTOYHUKOB, DPACIOJOKEHHBIX Ha MaJoM
ydacTke chepudeckoro cermenra ab, mepneHaukyaspaoro k SM (puc.3). Ceer
pacrpocTpaHsieTcsl BAOJb Y3KOrO KOHyCa C OYeHb MallbIM OCHOBaHHUEM, T.E.
MPAKTUYECKU MPSIMOJIMHEIHO.

B psae audpakunoHHBIX 3a71a4, 00Jadat0IMX OCEBOM CUMMETPUEH, pacyeT
UHTEep(PEPEHIIMU BTOPUYHBIX BOJH MOXXET OBITh CHJIBHO YIPOILIEH C MOMOIIBIO
HarJISIIHOTO TEOMETPUUECKOTO MeToa pa3oueHus (ppoHTa BOJTHBI HAa KOJIBIICBBIC
y4acTKH, Ha3biBaeMbie 30HaMu DpeHens. Pazouenne Ha 30HbI MPOU3BOIUTCSA TaK,
YTOOBI ONMTUYECKAs PA3HOCTh XOJa OT CXOACTBEHHBIX IPaHUI] (BHYTPEHHUX WM
BHEIIHUX) KaXJOW Mapbl COCEJHUX 30H JO paccMaTpuBaeMod Touku M

A
paBHAIACh 5 . BTOpI/I‘—IHLIe BOJIHBI OT CXOACTBCHHBIX TOYCK JABYX COCCAHUX 30H

MPUXOAAT B TOYKY M B MPOTHUBOMOJIOKHBIX (Da3ax M B3aMMHO OCTAOJISIOT APYT
JpyTa IpU HAJIOKEHHH.
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\. W /-7 3ona
\h 2-7 3oHZ
Y F-7 sona
-7 SonZ
Puc. 4
Ha puc. 4 mokazanHo moctpoenue 30H @DpeHenst B ciydae chepUISCKOM
BOJIHBI BO30YK/1a€MOI HCTOYHHKOM S.
Tak xak a u b » A, To pu He crumkoM GobmoM K ruromaay mepBsix K 300
®peHenst OIMHAKOBBI:
S =S, =5, =%t
a+b
B cnyyae mimockoro BOJIHOBOTO (ppoHTa
$,=8,=.5=7-bA
Paznmuuator naBa cimywyas audpaxknuu. EcniM MCTOYHMK cBeTa W TOYKa
HaOmoaeHuss P pacrosiokeHbl OT NPENsTCTBUS HACTOJIBKO AANEKO, YTO JIy4H,
NaJalollye Ha MPEnsSTCTBUE, U JIy4d, UIYIUE B TOUKY P 00pa3yloT nmpakTuyecku
napajuleJbHbIe IMyYKH, TOBOPAT 0 nudpakunu OpayHrodepa wim o Audpakuuy B
napajuleJbHBIX Jiydax. B mpoTtuBHOM ciiydae roBopsT o nuppakuuun Dpenens,
T.e. nudpaxuueit @penHens Ha3bIBAIOT Takue AU(PPAKIIMOHHBIE 33]]a4l, B KOTOPBIX
Helb3d MpeHeOperatb KPUBU3HOW BOJHOBBIX IMOBEPXHOCTEH Majarolied u
nuparupoBaBIleld BOJH.
2. ludpakuus cera Ha menu. udpakimonHas pemierka.
[IycTe Ha Henmpo3pauHblid 3kpaH E, B KOTOpoMm mpopesaHa y3kas mens BC,
UMeroIas moctosiHHyto mupuny b=BC u mnunay Ly»b, namaer neprneHauKyiIsipHO
K SKpaHy My4YOK NapajliedbHbIX JTy4eil MOHOXPOMATUYECKOTO cBeTa (puc 5).
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Ha skpane D, ynaneHHOM OT mienu Ha paccrosHum |, Oyner HabmomaThes
apienne Audpakuuud. Ecnu Obl 3TOro siBieHusi He ObUIO, TO Ha 3KpaHe O,
YCTAaHOBJICHHOM B (hOKaJIbHOM IIOCKOCTH coOupatomieit ua3bl MJI, B Touke FO
riiaBHOro (oKyca JIMH3bI MOJIYYHJIOCh Obl M300paXkeHne MCTOYHMKA cBeTa. [Ipu
mudpakiMy Ha y3KOM 1€ Ha JKpaHe HaOmrogaeTcs HHTEepdepeHIIMOHHAs
KapTUHA: TIOCIEOBATEIIbHOCTh PAa3MBITHIX H300paKEHUM HCTOYHHMKA CBETa,
pa3lieIeHHBIX TEMHBIMU MTpoMexkyTkaMmu. B Touke Fo Ha skpane cobuparorcs Bce
napajuleNbHbIe JIy4d, TaJaloliue Ha JUH3Y NoJ yrioM ¢ (yrona nudpakiuu) K
ornrrueckor ocu OFQ MuH3BI, IEPICHANKYIIPHON K (DPOHTY BOJIHEI.

Tax kak BTOpruHbIe (PUKTHBHBIE UCTOUYHUKHU (poHTa BoJdH BC Toueunslie, TO
GpoHTBI  BOJIH, M3JIy4aeMbIX HUMH cdepuuecKkre, a  CJeI0BaTeNbHO,
nudparupoBaHHbIE Ty4d HAYT BO BCEX HampaBlieHUsX. BeibepeM Te, KOTOpbIe
UIYT MOJ YIVIOM () K HalpaBJIEHUIO Mmanatomux yderd. Ilagas Ha nauH3y 21H
Jdy4yd cobuparorcs B OAHOW Touke F¢@ ¢oxanbHOMN MIOCKOCTH.

MpicnieHHO pa3o0beM 1enb Ha YYacTKH, KpaHUE TOYKH KOTOPBIX

A
IMOCBLIAIOT JIYYH C PAa3HOCTBIO XOJa E B sTtom ClIy4ac BCC JIY4H, ITIOCIIAHHBIC

IICPBBIM YHaCTKOM 6y,HYT IIOTalICHBI JIYydaMHd BTOPOI'O Y4aCTKa, JIYYHU TPCTHCTO -
JydaMHu YCTBCPTOIO M T.H. CJICIIOB&TGJIBHO, CCJIM YHCJIO Y4YaCTKOB p336I/IeHI/I$I

A
YETHOE, T.€. €CIIU 5:2m5, To B Touke Fo Oymer TemMHO (MUHHUMYM

OCBelIeHHOCTH). Ecnu ke 4uciio yd4acTKoB pa30MEHusi HEYeTHOe, TO Touka Fo
OyJeT ocBelleHa (MaKCUMYM OCBEIIEHHOCTH).

Takum o0Opa3zoM, ycuneHue cBeTa (IU(PAKIHOHHBIE MAaKCUMYMBbI) TpH
JudpakMy Ha y3KOW IIEeTU HaOMIoAaeTcs MoJA YIilaMHu ¢, yIOBIETBOPSIIOUIMMU
YCIIOBHIO

bsnp=02m+ l)%,(m =0,1,2,3....).
VYcnoBue ocnabienus ceeta (MudpakiiMOHHbBIE MUHUMYMBI).
bsingp = 2m§,(m =0,2,....).

Uucino M Ha3pIBaeTCs MOPSAKOM JTUGPAKIIMOHHOTO MAaKCUMyMa WU

muHuMmyMma. Benmumna 6=CD= b Sing mnpenacraBiser co0Oi ONTUYECKYIO
pa3HOCTh XoAa Mexay kpaitaumu Jydamu CN u BM, unymmmu oT menu mof
yraom ¢ (puc.5). B nanpasnenun ¢=0 HabmomaeTcss caMmblii WHTEHCUBHBIN
[EHTPAIBHBIA MaKCUMyM HYJIEBOTO Topsinka. B Touke FO Bcerna naGmromaeTcs
YCWJICHHE CBETa, HE3aBUCUMO OT 3HAYCHHMSI ITTUHBI BOJHBI A.

[Ipu  wabmiomenuun  gudpakuuu Ha  IEId B OEJIOM  CBETE
uHTepPEpPEeHIIMOHHAs KapTUHAa Ha OSKpaHE OKa3bIBaeTCs OKpalieHHoi. B
Tu(paKkIIMOHHOM  MaKCMMyMe€ Kaxaoro mnopsiaka (Mm=const) Ommke K
IEHTPAIIBHOMY, HEOKpAIICHHOMY MaKCUMyMYy OKa3bIBAIOTCS JTU(PAKIIMOHHBIE
MaKCUMYMbI C MEHBIIUMU JJIMHAMU BOJIH.
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JIndpaKkIMOHHOM pEeIIeTKON B ONTHKE HA3bIBAETCS COBOKYITHOCTH OOJIBIIOTO
yuciaa TMPEnATCTBUA M OTBEPCTUH, COCPEIOTOYECHHBIX B OTPAHHMYECHHOM
MIPOCTPAHCTBE, HA KOTOPBIX MPOUCXOAUT TUDPAKIIHS CBETA.

[Ipocterimielt audpakiMOHHONW peIeTKOW sBsercss cucteMa u3 N
OJIMHAKOBBIX MapaJUICIbHBIX LIEJEH B INIOCKOM HEMPO3PAYHOM HKPAHE LIUPUMBI
b kaxkmas, pacroyIoKEHHBIX Ha PAaBHBIX HEMPO3PAUHBIX MPOMEXKYTKAX a JAPYTr OT

npyra (puc. 6).
Bennunna d=b+a Ha3piBaeTCcs MOCTOSIHHON THPPAKIIMOHHON PEIICTKH.

—————

Puc.6

[To mpunnuny ['rolirenca-OpeHens Kaxaas IIENb SBISIETCS MCTOYHUKOM
KOTEPEHTHBIX BOJIH, CIIOCOOHBIX HHTepdepupoBaTh Apyr ¢ apyrom. Ecim Ha
TU(PPaKIMOHHYI0  pEIIeTKYy MNEepHeHAUKYIIPHO K HEW magaeT Mydok
napajuieNibHbIX JIyded cBeTa, TO MOJA yrioM Audpakiuu ¢ Ha dKpaHe O,
PacIioI0KEHHOM B (DOKAIBHOM TUIOCKOCTH JIMH3BI, OyJIeT HaOII01aThCsl CHCTEMA
TU(PPaKIIMOHHBIX MaKCUMyMOB MHHHUMYMOB, TIOJIydeHHass B pe3yJbTare
uHTepEPEHIINN CBETA OT PA3TUYHBIX IIIEIICH.

I[Iycte mnpu mnageHWd IUIOCKOM  MOHOXPOMAaTHYECKOM  BOJIHBI — Ha
Tu(PaKIMOHHYIO PEHIeTKY JTy4dd, NuparupoBaHHBIE HA OJHOW IETU JAIOT B
TOYKe F@ MakCUMyM OCBEIIEHHOCTH. JTO €Ille He 3HAYMT, 4TO B Touke F¢ Oynmer
MaKCHMYM OCBEIIEHHOCTH, TaK KaK JIy4d MOCJAHHbIC 3TOW IIEJIbI0 MOTYT OBIThH
MOTallIeHbl JTy4OM OT COCEIHEH, Wi HaoOOopoT ycuieHbl. Ecnu ycuiensl, TO B
Touke F¢ Oyaet Ooibliiasi OCBEIIEHHOCTh, YeM OT OAHOM 11enu. Toraa, yuuThiBas
YCJIOBUE YCHUJICHUS BOJIH NpU HHTEpGEpPEHINH, TJaBHbIE MaKCUMYyMbI TpH
nudpakiuy Ha pemieTke HaOMI0JATCA TMOJA YIVIAMH ¢ YAOBJICTBOPSIOIMIMMHU
YCJIOBHIO

dsin ¢ = kA,
rae k= 0,1,2,3 Ha3pIBaeTCs MOPSIIKOM IIaBHOTO MakcuMyma. Bennuuna 6 = DK
= dsing sABASETCS ONTHYECKOW PA3HOCTHIO X014 MEXKIY CXOJICTBCHHBIMH JIydaMH
BM u DN, uaymumu oT cocennux menei (puc.6).

['maBHBIE MUHMMYMBI Ha JTU(PAKIIMOHHOW pEIIeTKE HAOIIOMAIOTCS IO/
TaKUMH YIJIaMu @ AUdpakiud, JJisi KOTOPBIX CBET OT Pa3HBIX 4YacTed KaKIou
IIEJIM TIOJIHOCThIO TACUTCS B HA OJTHOM LIEITU

bsing=mA, (m=0, 1,2,3,...).
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Tak Kak ecii HY OJIHA U3 ILIEJIEeH HE MOCBUIAET JIydel B OTOM HAalpaBJICHUN
TO B COOTBETCTBYIOIIEH TOUKE HA HKpaHe Oy/IeT TEMHOTA.

[Tpu HaOmoneHuMU [upakiud B HEMOHOXPOMAaTHYECKOM CBETE BCE
IJIABHBIE MAKCUMYMBI, KPOME LICHTPAJIBHOTO HYJIEBOIO MAaKCUMYMa, OKpAaILEHBI.
C yBenu4eHHEM JUIMHBI BOJIHBI TJIABHBIE MAKCUMYMBbI BHYTPH JAHHOIO MOPSAKA
pacnojararorcs noj OOJbIIMMU YIJIaMU OT LIEHTpaibHOro. PamykHas mosocka,
coJeprkaiiasi CeMb LBETOB OT (HOJETOBOIO [0 KpPacHOro (CUMTAeTCsl OT
LHEHTPAJIBHOIO  MakKCUMyMa), Ha3blBaeTCd  JU(PAKIHOHHBIM  CIEKTPOM.
JudpakironHas pemieTka sBiIsgeTCs OAHUM U3 MPOCTEUIINX TOCTATOYHO TOYHBIX
YCTPOWCTB JUIsl U3BMEPEHUS JJIUH BOJIH.

Teopnﬁ METOAa U OINUCAHUE YCTAHOBKMU.

PaccmoTpuM oauMH M3 METOJIOB ONPEEIICHUS JJIMHBI CBETJION BOJIHBI IIPHU
nmoMoI audpakiMOHHON pereTkr. Ha onTuueckoit ckaMmbe (MM CIICIIHATBHOM
pelike) ykpersgercs Iu@pakidoOHHAs perieTka P W mepneHAuKyIspHO OCH
MOJIBM>KHAS MUJITUMETpoBas JinHelka AB ¢ mensto L. Jlenenus muHeiku, menb
Y IITPUXHU PEIIETKU PACIIOJararoT napauiesibHo apyr apyra. lllens ocBemaercs
HCTOYHUKOM S M paccMaTpHuBaeTcs 4epe3 pemeTky ria3om (puc. 7). Ha nunerike
MPOCIIUPYIOTCSA M300paKCHUS TJIaBHBIX MaKCHUMYMOB U M3MEPSETCS PACCTOSHHE
Ik Mexmy MakcuMyMoM 1-ro mopsiika ¥ MaKCUMYMOM HYJICBOTO MOpsiKa (T.e. OT

IeJIN )
A P

= 5
I/‘ _f R % V
e
B

U
WA ey T

H K
Puc. 7

Xon mydent mocie AudpakImOHHON PEIIeTKH COOTBETCTBYET XOAY JIydel Ha
puc. 6. OT UCTOYHHUKA CBETA S uepe3 MIMPOKYIO IIeh B JMHeKke AB nmpoxoaut
My4oK OeJIoTo CBETa M MOMaiaeT CHavana Ha AUGPaKIUOHHYIO PEIIETKY, a 3aTeM
B I1a3 HaOmonxarens. Jlyuu, uaymue mapajijielbHO TJIaBHOM ONTHYECKOH OCH
XpycTajquka JaroT B (QOKyce IEHTpaldbHBIA (HyJleBOW) wMakcumyM FO
OCBEILEHHOCTU OE€JbIM CBETOM.

Jlyun, cosparomme B HEKOTOPOM TOYKE CETYaTKU Fo wmakcumym
OCBEIICHHOCTH KaKWM-JTMOO IBETOM (Hampumep, (PHOJIETOBBIM) MagaloT Ha
XpycTaJiuk moA yriaom ¢. CieaoBaTebHO, OHM BUIHBI KaK Obl BBIXOISIIUMU U3
ToYKH D, MMON0KEHNE KOTOPOU ONPEAEISIETCS 0 IIKaJle TuHEKn AB.

Takum o06pa3zoM posib JUH3BI JI (CM. pHC. 6) BBIOJHIET XPYCTAJIUK IJ1a3a,
KOTOpPBbIA  (pOKyCHpyeT mapajulesibHble JIy4Hd, TOJy4YeHHble B pe3yJibTare
nudpakiuu (Hanpumep, tyuyd M u N) Ha ceTdatoil 0060J104Ke 1U1a3a (urparomiei
pOJIb DKpaHa).
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Ycnosue MaKCMMyMa OCBCIICHHOCTHU UMCCT BHU/I.

dsing = ki (1)
N3 pucyHKa BUIHO, YTO
) /
sinQ = ——— 2
NVH? + 07 @)
CrenoBaTeabHO
p-— 2 3)

KNH? +0°
Tak, xak H » |, To
dr
A=— 4
e 4)

Oobopyoosanue u mamepuaibl.
VYcTaHOBKa € HMCTOYHUKOM CBETA, IETBIO U JU(PPAKIIMOHHON PEIIETKOM.

Ykazanua no mexnuxe dezonacnocmu.

1. K BbIIOJHEHHIO J1a0OpaTOpHBIX paldOT AOMYCKAIOTCA  CTYAECHTHI,
W3YYHUBIITHE TIPABIIIA TEXHUKHA O0€30MTaCHOCTH.

2. JlaGopatopHbie pabOThI MOTYT IPOBOAUTHCS TOJIBKO MO PYKOBOJCTBOM U
HAOJI0/ICHUEM TIPENOIaBaTEsl.

3. Pacnonaraiite npubopsl, MaTepuaibl, 000pyAOBaHHE Ha pabodyeM MECTe
B TIOPSIZIKE, YKa3aHHOM TIPETojaBaTelIeM.

4. He nepxute Ha paboueM CTOJl€ MPEAMEThI, HE TpeOyromuecs s
BBITIOJIHCHUS 3aJaHUSI.

5. Ilepen TeM, Kak MPUCTYNUTH K pabOTE TIIATETHLHO U3YUYUTE €€ OMHCaHUE,
YSICHUTE XOJ] BBITIOJTHEHUS paOOTHI.

3aoanua.

Omnpenenuth MakCUMajbHbIC TIOPSAIOK CTIEKTpa HAOII0AaeMOro B JaHHON
pabote, yuntbiBast uto d=0.01 mMm.

1. VYcranoButs nuHeliky AB Ha 3amanHom pacctosHuun H ot
mudpakuuronnoit pemerku (H > 300 MmM). BKIIOYUTh HCTOYHUK CBETA S W, TSI
yepe3 AUPPAKIMOHHYIO PEMIeTKYy He Ieib, MPOBECTH  HAOIIOACHHE
Tu(PaKIIMOHHOTO CIIEKTPa.

2. Ompenenenne nojoxenne |k mms cuHei, 3eIeHON W KpacHOW JIMHUHN
CclieBa W crpaBa i 1-ro U 2-T0 MOPSIKOB CIIEKTPOB.

Pesynbrarhl 3aHeCTH B TaOJIHUILY.

3.I1lo popmyre (4) BBIYUCIUTD JJIUHBI BOJH YKa3aHHBIX JTUHUM.

4. VYkazaTb H OIIGHUTh OCHOBHBIE TMIOTPEIIHOCTH JaHHOTO METO/a
U3MEpPEHHs, a TakKe TMOTPEIIHOCTh, JAOMYCKAaeMYyH TPH HCIOJIb30BAHUH
dbopmyisl (4), a He (3)

PE3VJIbTATHI U3MEPEHUN.
d=0,01 mm H= (Mm)
| Topsmox | Ik(vm)
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cuektpa K DHOIETOBBIN 3eJeHbIi Kpachpbiii
JICBBIM | IPaBbI | JICBBIA | IIPABBIA | JIEBBIU MIPABBIN

Cooeporcanue omuema.

OtuyeT 1o J1abopaTOPHBIM PabOTaM JOJIKHBI COJIEPIKATh:

- TUTYJIbHBIU JIUCT;

- 11eJ1b pabOTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, ONPEICICHNUN, TOHATUH, POPMYIT;
- OCHOBHOE 000py10BaHHE, CXeMa YCTaHOBKH;

- OMMCAHUE TI0 IMMYHKTaM BBIMOJIHEHHOW paOoOThI;

- pe3yNbTaThl U3MEPEHUN U pacueToB (TabIuIlbl, rpaduKn);

- OIICHKA MOrPELIHOCTEH;

- OTBETHI HA KOHTPOJIbHBIE BOITPOCHI;

- BBIBOJIBI 110 pE3yJIbTaTaM BBITIOJIHEHHON PaOOThI, aTa, MOJITUCH.

Koumponwsnwvie éonpocei.

1. Yro wHa3piBaerca audpakiuoHHoro ceta?  KakoBel  yciaoBus
HAOJIFOJICHUS 3TOTO SIBJICHMUSL.

2. Chopmynuposats npuHiui [ roiirerca.

3. Chopmynuposats npuniui [ toiirenca-dpenerns.

4. OOBACHUTH C HCTOJb30BaHHeM TpuHIMNa [toiirenca- dpenens 3axkoH
IIPSAMOJIMHEWHOT'O PAaCIPOCTPAaHEHHUsI CBETA.

5. Uro takoe «30HbI @penens». Kak onpenensitorcst TUiomaan MepBbIX K
30H?

6. Uro takoe audpakunoHHas peuerka? OnpenenuTs yCiaoBUs Tudpakiuu
Ha PELIETKE.

7. BeiBectu opmyiy (4).

Pexomenayemas iureparypa

OcHoBHas JiuTEpaTypa:
1. ®us3uka 171 By30B: MEXaHWKa M MoJeKyJsipHas Gusuka [DeKTpoHHBIN pecypc]: yueOHuk / B.A.

Hukepos. - Mocksa : U3natenbcko-Toprosas kopropaius «Jlamkos u K°», 2017. - 136 c. : Tabmn., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL.: http://biblioclub.ru/index.php?page=book&id=450772

2. TamnsikoBa-bymkesny, U.W. ®usuka : B 2 4. / U.M. TameikoBa-bymkesuu. — 2-e u3f., ucnp. —

Munck : Bemmiimas mxoma, 2014. — Y. 1. Mexanuka. MonekynsipHas (u3nka M TEpPMOJIMHAMHUKA.
OnekTpuuectBO W MarHetusm. — 304 c¢. : wi, cxeM. — Pexum pgocTyma: mo MHOANUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=235732
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http://biblioclub.ru/index.php?page=book&id=450772
http://biblioclub.ru/index.php?page=book&id=235732

3. TamwieikoBa-bymkesuy, 1.1, ®usuka : B 2 u. / N.W. TanuieikoBa-bymkesud. — 2-¢ u3i., UCIp. —
Munck : Bemmiimas mkona, 2014, — Y. 2. Onruka. KanToBas ¢usuka. CtpoeHue n Qu3ndecKre CBOWCTBA
Bemiectea. — 232 c. : mwi, cxeM.,, Tabm. — Pexmm goctyma: mo  moammcke.  —
URL.: http://biblioclub.ru/index.php?page=book&id=460883

JlonoiHNTEeIbHAS JIUTEpaTypa:
1. Jlekuuu mo yueOHOW mucnuiuinHe «OCHOBBI TEOPETHUECKOM (GHM3MKH». OIEKTPOJHMHAMUKA.

[Onexrponnslit pecypc] : yuebnoe nocodue / E.M. Kyxapb. — DneKTpoH. TEeKCTOBbIE TaHHbIe. — Bosrorpan:
Bonrorpasckuii rocyJapCTBEHHBIH COIMANTBHO-TIEAarorHuecKuil yuusepeurer, 2017. — 57 ¢. — 2227-8397. —

Pexxum nocryna: http://www.iprbookshop.ru/70731.html

2. Hukepos, B.A. ®usnka: coBpemennsiii kypc / B.A. Hukepos. — 2-¢ u3a. — Mocksa : M3naTenscko-
ToproBasi kopmoparus «JamkoB u K°», 2016. — 452 c. : mn. — Pexmm mocryma: mo moamumcke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.

JlabopaTopnasi padora Ne 15

Tema paoomet. IIpoBepka 3axkoHa MaJsioca

I]ens padomuwi. 1IpoBepUTh BHINIOJIHEHUE 3aK0HA Maitoca.

Dopmupyemvie Komnemenuyuu. Brnaneer CcrnocoOHOCTBIO NPUMEHSITh
COOTBETCTBYIOIIMM  (U3MKO-MaTEMAaTUUECKUN  ammapar TOpd  pElIeHUU
po(eCcCUOHANIBHBIX 3a/1a4.

Teopemuueckan uacmo.

Kak wu3BecTHO, MIIOCKasi 3JIEKTPOMAarHWTHAsE CBETOBas BOJHA SBISETCA
MONEPEYHON U TPEACTaBIsCT pacCHpPOCTPAHEHUE B3aUMHO MEPIEHIUKYISIPHBIX
KOJIeOAHU: BEKTOpa HAMpPSIKEHHOCTU JJiekTpudeckoro moynss E u BekTopa
HanpsbKeHHocTH  MarHutHoro Hoiss H  (puc.la). Kak moka3bIBaeT OIBIT,
dbuszunonornyeckoe, GOTOXUMHUUECKOE, (DOTOAIEKTPUUECKOE U APYrue NEeUCTBUS
CBETA BBI3BIBAIOTCS B OCHOBHOM KOJICOAHUSIMU AJIEKTPUUECKOTO BeKTOpa. BekTop
E Ha3bIBaeTCsi CBETOBBIM BEKTOPOM, U BCE PACCYKACHUS Mbl OTPAaHUYUM
paccMoTpeHneM 3Toro Bektopa. Hannuue Bexkropa H nogpazymeBaercsi.

6)

pucl.

CBeTOBOM Iy4OK, B KOTOPOM pa3jIuuHbie HampaBjieHuss Bektopa E B
MONMEepPeYHOM K  HaNpaBJCHUIO  PaClpOCTpPaHEHUS  BOJHBI  IUIOCKOCTH
PaBHOBEPOSITHBI, HA3bIBAETCS €CTECTBEHHBIM (pHC. 1 0)

CBeT, B KOTOPOM HalpaBjeHUsI KOJIeOaHUN BEKTOpa YMOPSIOUYCHBI KaKHUM-
ambo 00pa3oM U TOAYMHSAIOTCS HEKOTOPON 3aKOHOMEPHOCTH, Ha3bIBACTCS
noJISIpU30BaHHbIM. Ecnu koniebaHusi BEKTOpa MOTYT COBEpPIIATHCS JUIIL B OJHOM
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OTPENCICHHOM  HampaBJICHWH, TO CBET HA3BIBACTCS  JIMHEWHO WM
MJIOCKOMOJISIPU30BaHHBIM (pHC. 2a).

Ecin ke konebanuss Bektopa E coBepmiaroTcss Tak, 4YTO €ro KOHEI
ONMHUCHIBACT KPYr WU DIUIMIC, TO CBET Ha3bIBa€TCA COOTBETCTBEHHO
MOJIIPU30BAaHHBIM 1O KpyTy (puc. 20) WIM JIUTMNTHYECKH TOJISPHU30BaHHBIM
(puc.2B). Ilpu nTuHEHHON TOMSPHU3AIIH IIOCKOCTh, COAEpIKaIas 1yd U Bektop E,

HA3bIBACTCS  IUIOCKOCTBIO  KOJeOaHWud,  WiIn
\\i TUIOCKOCTBIO TOJIAPU3ALIUU BOJIHBI.
\ £
/

Puc 2.

JInst  monydeHHs  JIMHEHHO IOJSPU30BAHHOIO CBETA  IPUMEHSIOTCS
CHEeLMAJIbHBIE ONTHYECKHE MPHUCHOCOOJIeHUs- mnoispuszaropsl. IlinockocTsb
KoJIe0aHUM 3JIEKTPUYECKOr0 'BEKTOpa B BOJIHE, IPOUIEAIICH Yepe3 NoJspu3aTop,
Ha3bIBACTCS IJIOCKOCTBIO H0JIIpU3aTopa. Jls HOJIY4ECHUS
IUIOCKOMNOJISIPU30BAHHOTO CBETA MCIIOJIb3YIOT HECKOJIBKO CIIOCO0OB.

a) OTpakeHue cBeTa OT MOBEPXHOCTH JUAIEKTPUKOB.

OTpakeHHBI OT JM3JEKTPUKA CBET BCErJa YacTHUYHO NoJisipu3oBaH. Ha
PUCYHKE  4YEepHbIE TOYKHM  COOTBETCTBYIOT  KoyieOaHusAM  Bekropa E
NEPHEHANKYJIAPHBIM IUJIOCKOCTH MaJ€HHs, a CTPEJIOYKHM - KOJIeOaHUsIM B
rmiockocty naaenus (Puc.3). Ctenens noisipusanuu OTPa)KEHHOTO Jyda 3aBUCHT
OT OTHOCHUTEJIBHOTO TIoKa3aTens mpenomiieHus: N12 u ot yrma nmaaenus o. [pu
nageHuu ayda E Ha miockocts MN mop yriiom Bprocrepa ob oTpaskeHHbIH 1y
E | TIOJIHOCTBIO ToJsipu3oBaH. I[Ipenomnennsnii nydy El monsipuzoBaH 4acTHYHO.

CooTHomeHue {gap =N, HA3BIBACTCA 3aKOHOM bprocrepa. IlnockocTh

KOJICOAHHI DJIEKTPUYECKOTO BEKTOpPa B OTPAKEHHOM CBETE MEPIICHIUKYISpHA
MJIOCKOCTH MaJICHHUS.

s

Puc.3
0) I[IpeomneHre cBeTa B CTOIE CTEKJISTHHBIX I1acTHH (cTona CToJIeToBa).
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[ToCKONMBKY OTpPa)K€HHBIN OT IMAIEKTPUUYECKOW IUIACTUHKUA CBET YAaCTUYHO
(WM ake TOJHOCTHIO) TMOJSPU30BAH, MPOXOMASIIUA CBET TaKKE YaCTUYHO
MOJIAPU3YETCS W CTAHOBUTCA CMEIIAHHBIM  CBeTOM. [IpemmyliiecTBeHHbIE
KOJICOAHMSI AIEKTPUUECKOT0 BEKTOpa B MPOLIEAIIEM CBETE OyIyT COBEpIIATHCS B
IJIOCKOCTH TMajJieHus. MakcuMmasbHasi, HO HE IOJIHAS CTENeHb MOJIIpU3ALNU
MPOXOJSIIEr0 CBETa JOCTUraeTcs Mpu najeHuu mnoi yriaom bprocrtepa. s
YBEJIMYEHHS] CTENEHU MOJSPU3ALMUA MPOXOASIIET0 CBETa HCHOJB3YIOT CTOIY
CTEKJISIHHBIX TIUIAaCTUHOK (cTomy CTOJIeTOBAa), PACHOJOKEHHBIX TOJ YIJIOM
bprocrepa k mamaromemy cBety. B 3TOM ciiydae MOKHO MOJIYYHATh NPAKTUYECKH
MOJIHOCTBIO MOJISIPU30BAHHBIN MPOXOMSIINNA CBET, TaK KaK KaXJI0€ OTPAKEHUE
OCJIa0JIsIET NPOIYyIIEHHbIE KOJIeOaHus, MEPIEHAUKYIISIPHbIE MIOCKOCTH MaJCHUs
B ONPEJICTIEHHOM OTHOIIICHHH.

B) [Ipenomiuenue cera B ABOSKONPEIOMIISIONINX KPUCTAILIIAX.

Hekoropsle kpucTamuibl (MCIaHICKHUN IINAaT, KBapll, CI0a U Ap.), a TaKXKe
HEKOTOPBIE M30TPOMHBIE BelIECTBA (MO JEUCTBUEM MEXAHMYECKHUX HArpy30K
WM DJIEKTPUYECKUX T0JIeH) 00J1a1al0T CBOMCTBOM JIBOMHOTO JIy4EeTIPETIOMIICHHUS.
[Ipenomusisick B TAKOM KpHCTaJIe, CBETOBOM JIyd pa3feisieTcs Ha JBa JIMHEHNHO
MOJISIPU30BAHHBIX Jyda CO B3aUMHO NEPHNEHIUKYJISAPHBIMA HANPABICHUSMHU
kojeOanuii. OIUH W3 Jiyded Ha3bIBaeTCs OOBIKHOBEHHBIM M 0003HAYaETCs
OykBOl 0. a BTOpPOW -HEOOBIKHOBEHHBI U o0o03HayaeTcsi OyKBOW e.
OOBIKHOBEHHBIH JIyd YJIOBJIETBOPSIET OOBIYHOMY 3aKOHY MPEIOMIICHUS U JICKUT B
OJIHOM TJIOCKOCTH C MAaJaolIMM JIy4OM M HOpMaiblo. JlJi1 HEOOBIKHOBEHHOTO
Jy4ya OTHOILIEHHWE CHUHYCOB yrja MHaJeHUs W yria NpeIOMJIEHHUS HE OCTaeTcs
MOCTOSTHHBIM TIPU U3MEHEHUHU YTJIa MaCHUS.

Kpome Toro, HeOOBIKHOBEHHBIH JIy4, KaK MPaBUIIO, HE JIEKUT B MIJIOCKOCTH
najieHust U OTKIIOHseTcs oT jdyya O jnaxe nNpu HOPMAJIbHOM NaJCHUM CBETA.
OTKIIOHSISI OIMH U3 JIy4eil B CTOPOHY, MOKHO MOIYYUTh MIIOCKOMOJIIPU30BAHHbBIN
ayd. Tak yctpoena, Hampumep mnpusma Hukons (puc.4). [IBe ectecTBeHHBIE
IpaHd KpHUCTAJlJIa UCJIAHJICKOTO IIIMAaTa CPe3aroTCsl TaK, YTOObl YMEHBIIUThH YTOJ
MEK]ly TOBEPXHOCTSIMU 10 68°.

3aTem KpUCTaJUT pacHIIMBAETCs Ha JIBE YacTu 1o Tiockoctd BD nox yrimom
90° x HOBbIM rpaHsM. [lociie MOIUPOBKH MOBEPXHOCTU paCluiia CKIEUBAIOTCS
KaHaJICKUM  0Oajnh3aMOM,  HMMEIONIMM  TIOKas3aTrelb  MpeloMJIeHus N,
YAOBJIETBOPSIONIMN YCIOBHUIO N.<N<Ng, TJ€ Ng U N, - MOKA3aTeIU MPEIIOMICHUS
MCJIaH/ICKOTO IIMAaTa JUisl OOBIKHOBEHHOTO M HEOOBIKHOBEHHOTI'O JTyyYa.

[lagas mox yryiom, Oousbllle MpeAeNbHOro, Ha MmIOcKocTh BD,
OOBIKHOBEHHBIH JIy4 MPETEpIIEBAET MOJTHOE BHYTPEHHEE OTPAXKEHUE HA TPAHULIC
mmnat - 6anp3aM. HeoOBIKHOBEHHBIN Jy4, JJIi KOTOPOTO, BBIXOJUT U3 MPU3MBI
JUHEWHO MOJISIPU30BAHHBIM.
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r) [lornomnienue cBeTa B AMXPOUUECKUX MJIACTUHKAX.

Y HEKOTOPBIX JBOSAKONPETOMIISIONINX KPUCTAIUIOB (HAIpuMeEp. TypMalliHa)
KO3 PUIIMEHTHI TMOTJIOMIEHUsT CBETa ISl JABYX B3aUMHO MEPHEHAMKYJISIPHBIX
MOJISIPU30BAHHBIX JIydyeld OTJIMYAKOTCS HACTOJIBKO CHJIBHO, YTO YK€ TpH
HEOOJIBIION TONIIMHE KpUCTAIa OJWH M3 JIydyed TacuTCsl MpaKTHYECKH
IIOJIHOCTBIO WM U3 KPUCTAJUIA BBIXOAWT JMHEHHO IOJISIPU3UPOBAHHBIA  IIY4OK
CBE€Ta. OJTO  SBJIECHHE  HAa3bIBAECTCS AUXPOM3MOM. B Hacrosmee Bpems
JUXPOUYECKHE IUIACTUHKU M3TOTOBJISIOT B BUJIE TOHKUX IJIEHOK - MOJISIPOUJIOB,
UMEIOIINX IIHPOKOE MpUMEHEHHE. B OONBIIMHCTBE CIIy4aeB OHU COCTOAT U3
MHOKECTBA MaJIEHbKUX (TOIMHON 10 0,3 MM) napajijielbHO OPUEHTUPOBAHHBIX
KPUCTAJUIOB CEPHOKHUCJIOr0 WOAMCTOTO XWHWHA-TEPANaTUTa, HaXOIAIIUXCS
BHYTPH CBSI3YIOLLIEN CPENbI - IPO3PAYHOU IICHKHU.

JInst uccnenoBaHusl XapakTepa U CTENEHHW MOJIAPU3ALMKU CBETAa MPUMEHSIOT
YCTPOMCTBA, Ha3bIBa€Mble aHAJIM3aTOpaMu. B  KadecTBe aHaAIM3aTOPOB
UCITOJIB3YIOT TOXE YCTPOMCTBA, KOTOpBIE CIY)KaT JUIsl MOJYYEHHUs JIMHEHHO-
MOJISIPU3UPOBAHHOTO CBETA (MOJISIPU3ATOPHI).

[IycTs Ha MoOJApU3ATOP MNAAAET IJIOCKOMOISPU3OBAHHBIN CBET aMIUIUTYbI
Ay u wuHtreHcuBHOCThIO lo (Puc. 5). CkB03p mojspuzaTop MPOHACT
COCTaBJISIIONIAsT KoJieOaHUsi C aMIUTUTyol A =AyCO0Sa , TI€ O - YroJl MEXIy
MJIOCKOCTBIO KOJIEOAHMI MaJarolIero CBeTa U MIOCKOCThIO Mosipu3aTopa. A Tak
KaK MHTEHCHUBHOCTh CBETa MPONOPLUMOHAIbHA KBagpaTy €ro amIUIMTYIbl, TO
MHTEHCUBHOCTD MPOLIEIIIETO CBETA ONpeAeseTcs Beipaxenuem [=I,Cos a.

DTO COOTHOIIEHHE HOCUT Ha3BaHUE 3aKkoHa Maitoca.

HNAGCHOCTh NORAPHIATORS

S A
A, cos a $

A, sina

-

Puc. 5

[ToctaBuM Ha MyTH €CTECTBEHHOTO JIy4a moisipu3aTop P m anammszatop A
(puc.6). W3  nomsApuszatopa  BBIMAET  IUIOCKONOJIIPU3OBAHHBIA  CBET,
MHTEHCUBHOCTh KOTOPOTO COCTABHUT MOJOBUHY WHTEHCHUBHOCTH €CTECTBEHHOTO
cBeta, T.e. ;= lg /2. CornacHo 3akoHy Masroca W3 aHaIU3aToOpa BBIMIET CBET
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WHTEHCUBHOCTHIO: 1,=1;C0S20 (T1Ie a yros Mexmy MIOCKOCTSMH TMOJISIpU3aTopa u
aHanuzatopa). Takum oOpa3oM, HHTEHCHUBHOCTh CBETa, MPOILIEIIIET0 Yepes

1
MOJISIPU3aTOP U aHAJIU3aTOp paBHA I2=510 cos’ a .

Puc.6

Onucanne yCTaHOBKH.

B mnacrosimieit pabGote IS MOJMYYEHUST M UCCIENOBAHUA JIMHEHMHOTO
MOJISIPU30BAHHOTO CBETAa MPUMEHSIOT NOJSIpouibl. OHM HM3rOTaBIMBAKOTCA U3
OYECHb MEJKHUX KPUCTAJUIOB TypMalliHAa WJIM TepanaTuTa, HAHECEHHBbIX Ha
LEJUTYJIONJHYIO TUIEHKY. ONTHYECKHME OCH KPHUCTAJUIOB CHEHHATbHBIM 00pa3oM
OPUEHTUPYIOT B OJIHOM HarpajieHuH. KpucTamibl TypMaanHa npoInycKarT CBET
TOJIBKO C OINpPEAECIICHHON OpPHEHTALMEN CBETOBOTO BEKTOPA M MOYTH MOJHOCTHIO
NOTJIOIIAIOT BCE NEPHEHAMKYJISIPHBIE COCTABIISIONIME CBETOBOTO BEKTOpa K
HaMpaBJICHUIO OCH KpucTtaiuia. Cxema yCTaHOBKHU NpuBeneHa Ha Puc 7.

F A
S mA

*,
-
-
k4
w

Puc. 7

CBeT OT UCTOYHUKA CBETA S MPOXOIUT Yepe3 HEMOABUKHBIN MOJIIPU3aTOP
P. AHammszatop A 3aKpemieH BO BpallaloIIEMCs JUCKE. YTOJI IOBOPOTa
aHaIM3aTopa M3MEPSETCs MO IIKajle JHUCKa, pa3faesieHHoM Ha 360 nerneHui.
[Ipoiigs monsApuU3aTOp W AHAIM3ATOP, CBET IaJaeT HAa BEHTWIbHBIU
dotosnemenT B® (conneunbii 3nemeHT). Ilpu He odeHb OOJBIIKUX
OCBEIICHHOCTAX cuja (POTOTOKAa MPOMOPLUUMOHAIbHA CBETOBOMY MOTOKY.
Bennuuna doToTOKa U3MepseTcs MUKPOAMIIEPMETPOM. Mexny
NOJIIPU3aTOPOM M aHAJIM3aTOPOM HMEETCs KaMmepa, B KOTOPYIO MOXHO
noMemaTe 00pasubl Uil HAOMIOJEHUS  ABJIEHUS  (OTOYNPYroCcTH H
uHTep(EepEHINH MOIIPU30BAHHBIX JIyUEH.

Oobopyoosanue u mamepuainl.

1. YcranoBka njis mpoBepku 3akoHa Mamoca. 2. Mcrounuk cBera. 3.
MukpoamnepmeTp.

Ykazanua no mexnuxe dezonacnocmu.
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1. K BoimosHeHUIO Ja0OpaTOpHBIX pabOT JOMYCKalOTCA  CTYACHTHI,
U3y4YMBILINE IPaBUJIa TEXHUKU OE30MIaCHOCTH.
2. JlaGoparopHble pabOThl MOTYT IPOBOJUTHCS TOJIBKO 110/ pyKOBOJACTBOM U
HaOJII0IEHUEM TIPENIOIaBaTENs.
3. Pacnonaraiite npuOopsl, MaTepuaiibl, 000pyJ0oBaHHE Ha pabodyeM MecTe
B IIOPSIIKE, YKA3aHHOM IIPENOJaBaTEIIEM.
4. He pepxute Ha paboueM CTOJE€ MpEeAMETbI, He Tpedyromuecs s
BBINIOJIHEHHUS 3aJaHUSI.
5. Ilepen tem, KaKk IPUCTYNUTH K pabOTe TIIATEIBLHO U3Y4YHUTE €€ OMUCAHMUE,
YSICHUTE XOJ BBIIOJIHEHUS paOOTHI.
3aoanuas.
1 .BKIIFOUMTH UCTOYHUK CBETA.
2.Bpamas ananmuzatop, AOOUTBCS MaKCUMaJIbHOTO OTOpOCa CTPEIKU
MuKpoamrepmeTpa (A MOXKeT ObIThb cieqyeT I00MBAaTbCI MHHHUMAJIBLHOTO?
[Touemy? Uemy paBeH yrois B 3TOM ciayyae?).
3.3anuChIBAalOT  MOKAa3aHWUs MHUKPOAMIIEpMETpAa W B JAJbHEHIIEM,
MMOBOpAYNBas aHaIIN3aTop, yepes 10 rpagycoB 3aIMACHIBAIOT
COOTBETCTBYIOILIME 3HAYEHHUE TOKA.
4.Kakum o0pa3oM 1O MOITYYEHHBIM TaHHBIM MOKHO YOEIUTHCS B
npaBUIbHOCTH 3aKkoHa Mamtoca? Kakue rpaduku U3 HUKE NepEeUnCIeHHBIX
CJIeAyeT MOCTPOUTH ISl MPOBEPKHU 3aKoHA? (BBIOOP apryMEHTHUPOBATD)

Lot L= f(cosp) == f(cos?o)
1=f(¢),12=F(g), "o o o
5. [TocTpouts rpaduik 3aBUCUMOCTH.
6. Cnenatb BBIBOJI.
Pe3ysbTaThl H3MEpEHUIA.
a I cosa cos2a.

Cooeporcanue omuema.

OtyeT 1o J1abopaTOPHBIM PabOTaM JOJIKHBI COJICPIKATh:

- TUTYJIbHBIM JIUCT;

- 11eJ1b pa0bOTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, ONPECICHU, TOHATUH, GOpMYyT;
- OCHOBHOE 000pyI0BaHHE, CXeMa YCTaHOBKH;

- OMMCAHUE TI0 MMYHKTAaM BBITIOJTHEHHOW paOOTHI;

- pe3ynbTaThl U3MEPEHUN U pacueToB (TabauIlbl, rpaduKm);

- OLICHKA MOTPEIIHOCTEN;

- OTBETHI HA KOHTPOJbHBIE BOIIPOCHI;

- BBIBOJIBI 110 PE3yJIbTaTaM BBITIOJIHEHHON PaOOThI, JaTa, MOITUCH.

Konmponwvnwie gonpocel.
1. Yro npexncrapisieT u3 ce0s CBETOBast BOJIHA?
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2. Kakue neiicTBus okas3bpiBaeT cBET? biarogapst ueMy 3T0 BO3MOKHO?

3. Uro Ttakoe momspuzanusa? Kakold cBeT Ha3BIBAIOT E€CTECTBCHHBIM?
[TonsipuzoBaHHBIM?

4. OnuImmTe BUJIBI MTOJISIPU3AIINH.

5. Ilepeuncnure criocoObl MOTYYEHUS TOJIIPU30BAHHOTO CBETA.

6. Chopmynupyiite 3akoH Maitoca.

7. Kakue nanubie B pab0Te MO3BOJISIIOT YOSAUTCS B CITPABEAITUBOCTH 3aKOH
Mamroca ? (oTBeT chopmynupyire).

PeKOMeH)IyeMaﬂ JUTEeparypa
OcHoBHasi iuTEpaTypa:
1. ®usnka UIs By30B: MEXaHUKA U MOJICKYyJsApHas (usuka [DIeKTpOoHHBIH pecypc]: yueOHuk / B.A.

Hukepos. - MockBa : M3natenbcko-ToproBasi koprnopanus «J/lamkos u K°», 2017. - 136 c. : Tabun., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL: http://biblioclub.ru/index.php?page=book&id=450772

2. TamuteikoBa-bymkeny, 1.1, ®uznka : B 2 u. / .M. TanueikoBa-bymkesud. — 2-e¢ u3z., ucmp. —

Munck : Bremmitmas mkoma, 2014. — Y. 1. Mexanuka. MonekymsapHas (u3nka W TEPMOIMHAMHUKA.
OnekTpuyecTBO M MarHetusm. — 304 c. : wi, cxeM. — Pexum pgocTyma: Mo MOANUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=235732

3. TamwteikoBa-bymkeny, .1, ®uznka : B 2 u. / .M. TanneikoBa-bymkesud. — 2-e¢ u3z., ucmp. —

Musck : Bemmiimas mkona, 2014, — U. 2. Onruka. KBantoBas ¢usuka. CTpoeHHe U (U3NUSCKUEC CBOHCTBA

Bemiectea. — 232 ¢. : w1, cxeMmM.,, Taba. — PexuM goctyma: 1m0  MOANMHCKE.  —
URL.: http://biblioclub.ru/index.php?page=book&id=460883

JlonoJIHNTeIbHAS JIUTEepaTypa:

1. Jlexmm mo yueOHO¥M mucrumuimHe «OCHOBBI TEOPETHUECKOW (QH3HKH». IIEKTPOJUHAMHUKA.
[DnexTponHsIi pecypc] : yueOHoe mocobue / E.M. Kyxaps. — DneKTpoH. TeKCTOBBIE JaHHBIE. — Bonrorpan:

Bonrorpanckuii rocyJapCTBEHHBIH CONMAIbHO-TIEAarOrHIecKuil yauBepcurert, 2017. — 57 ¢. — 2227-8397. —

Pesxum nocryma: http://www.iprbookshop.ru/70731.html
2. Huxepos, B.A. ®usuka: coBpemenHslit kypc / B.A. Hukepos. — 2-e uzn. — Mocksa : M3garenbcko-
ToproBasi koproparusi «JlamkoB u K°», 2016. — 452 c. : wi. — Pexum noctyna: mo mommucke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.

JlabopaTtopnasi pa6ora Ne 16

Tema pabomer. N3yuyenne BHemHero ¢orodrdgdexra

Ilenv pabomwr. OmpepneneHue CKOPOCTH TOJIETa IMYJNMH C TIOMOIIBIO
(bu3MUEeCKOro MasiTHUKA.

Dopmupyembie Komnemenyuu. Brianeer CHOCOOHOCTBIO MPHUMEHSTH
COOTBETCTBYIOIIUN  (PU3MKO-MAaTeMAaTUYECKHl  ammapaT TpH  PEIICHUU
npodeCCHOHANIBHBIX 3a]1a4.

Teopemuueckan uacmo.

Paznuyatot Tpu Buna porosrddekra:
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® Buewnum Gomosghgexmom Ha3bIBACTCS BHIPHIBAHUE OSJEKTPOHOB W3
BEIIECTBA TOJ JICHCTBHEM DJCKTPOMArHUTHOTO W3JIyYCHUs. BHenmHui
dboTodrddexT HabII01aeTCsI MPEUMYIIECTBEHHO B MPOBOTHUKAX.

o [lpu snympennem ghomosghghexme >EKTPOHBI MO ICUCTBUEM CBETA TEPSAIOT
CBSI3b CO CBOMMH aTOMaMH M MOJIEKYJaMH, HO OCTalOTCS BHYTPU BEIIECTBA.
Taxoit Bun ¢potorddexra BO3MOKEH TOJIBKO B OTYIIPOBOTHUKAX.

o Benmmunvuwlii homodghghexm 3aKIOYACTCS] B BO3HUKHOBEHHH (HOTO-3.]1.C.
OpU  OCBEIICHWHW KOHTAKTa JIBYX pa3HbIX MOJYNPOBOJHUKOB WK
MIOJTYTIPOBOJTHUKA U METaJlTa 0€3 HATMUYUS BHEITHETO JICKTPUUIECKOTO TIOJIS.

B nannolt pabote mig M3ydeHHsS 3aKOHOMEPHOCTEH
sHewne2o0 pomorgpgexma WCIOIL3YIOT BaKYyMHBINH (hOTO-

anemMeHT. OH MpecTaBIsIeT cOO0M CTEKJISHHBIA OTKauyaHHBIN

- .

chepryecKkuil GaILIOH, B IEHTPE KOTOPOrO paclonoxkeH anon — Geet b Ay K
A B Bujic KoJIbIIa WK TUTACTUHKH (pHcC.1). YacTh BHYTpeHHEH
MOBEPXHOCTH OallJIoHa TOKPhITA TOHKUM CIIOEM METalia,
KOTOPBI CIyXUT ¢homokamooom. Ha puc.l. uzodpaxena
NPUHIUNHAAIBHAS CXE€Ma, C MOMOIIBI KOTOPOU HCCIEqyeTCs T
BHEIHUN  QoTtodpdekT. Mexay aHOaOM U KaTOAOM )
UCTOYHUK TOKAa CO3JaeT »dIeKTpuueckoe mnoiyie. Tak Kak P
ANEKTpUYECKas LeNb PA30MKHYTa, TO IPU OTCYTCTBUU CBETA E'—
ANEKTPUUECKUN TOK uepe3 ¢GoTodneMeHT He wuzaer. I[lpu il
OCBELICHMN KAaTOZa CBET BLIPBIBACT M3 HETO OIEKTPOHEL Puc. 1
KOTOphIE TIOJ JIEUCTBUEM CHJI  DJIEKTPUYECKOIro  IOJIs

T4 JIBIXKYTCS K aHoay. B 1menum mosiBiasercs

ANEKTPUYECKUN TOK, HAa3BIBACMBIA (hOMONMOKOM.
L = i Cuna doroToka m3MmepsieTcsi raibBaHoMmeTpoMm G,

£ HaIpspKeHne Mexay anoaoM A u gorokarogom K
— BonbT™MeTpoM V. W3meHsis HampsbkeHue ¢

I
| ITIOMOIIBIO MMOTCHIOMOMCTpPA P, HaxoasaT
| 3aBUCUMOCTBb CHIJIbI (bOTOTOKa OT HAIIPSOKCHUA —

=
o]
=
= ¥

BOJIbTAMIIEPHYIO XapAKTEPUCTHUKY.

Ha pwuc.2 wu3oOpakeHa BoJbTaMIIepHas
Puc. 2 XapaKTEepPUCTHKA BaKyyMHOTO (hoTodnemenTa. [Ipu
U = 0 (Mexay KaTogoM ¥ aHOJIOM DJIEKTPUIECKOTO

MoJisl HEeT) cuiia OTOTOKA BCE PABHO HE paBHA HYJO. DTO OOYCIIOBJICHO TEM,
YTO 3JIEKTPOHBI, BBIPBAHHBIE CBETOM M3 KAaTOJa, UMEIOT HEKOTOPYIO HaYaJIbHYIO
ckopocTh V (a 3HAYUT, U KUHETUYECKYIO0 DHEPrUI0) M YacTb W3 HUX MOXKET

AOCTUT'AaTh aHOJAA U ITPHU OTCYTCTBHUH SJICKTPHUYCCKOI'O ITOJIA.

Ecnu yBenmuuuBaTh HampspkeHUE MEXAY KaToJOM M aHoJoM (mojaBas
OTpULATEIbHBIM MOTEHIIMAI HA KaTOJ, a Ha aHOJ — IOJIOXKUTENbHBIN), Oyaer
YBEIMYMBATLCS CHJIA TOKA. DTO OOBICHSAETCA TEeM, YTO Telepb JIJIEKTPOHBI,
kotopsie ipu U = 0 He mocturanu aHona, moj JCHCTBHEM CHJ IEKTPUUYECKOTO

IIOJIA IIPUTATUBAKOTCA K aHOAY.
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U3 rpaduka BugHO, uTO NpH HEKOTOpoM 3HadeHnn U = U, cuna GoroToka
JOCTUTaeT HauOOJBIIETO 3HAYCHHUSI, MOyYUBIIETO HA3BAaHUE TOKA HACBHIIICHUS
l,. JanbHeiiee yBennyeHne HapsHKEHUS y)Ke HE BBI3BIBACT POCTA CHIIBI TOKA.
OTO 3HAYMUT, YTO BCE DJIEKTPOHBI, BHIPBAHHBIE CBETOM M3 KaTOJa, JOCTUIAIOT
anoxa. Ecnu 3a eounuyy epemenu cBet BbIpbIBaeT U3 (GOTOKATOAA N DJIEKTPOHOB,
TO TOK HACBILIEHUs OYyAeT paBeH

l.=e-n, (1)
rJ1e € — 3apsj DJIEKTPOHA.

Ecnu momeHsATh MNONSPHOCTH 3JEKTPOHOB, TO €CTh MMOAATh Ha KATOM
[0JIOKUTEJIbHBIA TOTEHIIMAJ, a HA AHOJ — OTPULIATEIBHBIN, TO IIEKTPUUECKOE
noyie OyJeT TOPMO3UThH JBM)KEHHE JJICKTPOHOB OT Karoja K aHoAy. 3a Cuer
pabotel cun anekrpudyeckoro mois (Ag = eU) kuHeTudeckass SHEprus
JNBIDKYIIUXCA  DJIGKTPOHOB OyAeT yMmeHblnathes. Eciam mepBoHavalibHAS
KUHEeTH4YecKasi sHeprus snekrpoHa W, Oyner Oosbiie paboThl 3JIEKTPUYECKOTO
nonst (W,>Ag), 21eKTpoHbl OyAyT JOCTUTaTh aHOAa, B IENMU OYyJIeT WUIATH TOK.
[Tpu W, <'eU s1ieKTpoHbl aHOJja HE JOCTUTHYT U TOK Npekpatutcsa. Hanmensluee
HampspDKEHUEe, TMpU  KOTOPOM  Tpekpamaercs  (QOTOTOK,  Ha3bIBaeTCs
3aJIeP KU BAIOIIUM.

[TIpu U = U, naxxe cambie OBICTpBIC JIEKTPOHBI, UMEIOIINE MAKCUMAIbHYIO
CKOPOCTb, HE JOCTUTAIOT aHoAa. B 3TUX ycrnoBusax

mvZ,

: @

ey,

Takum oOpaszom, u3mepsis Ha omnbiTe U MOKHO BBIYHCIUTH MaKCHMAaJIbHYIO
KUHETUYECKYIO SJHEPTHUIO AJIEKTPOHOB, BBUICTAIONINX U3 KATO/IA.

Oobopyoosanue u mamepuaiel.
[Tpu uzydennn 3akoHoMepHOCTeH hoTodhdekrTa B paboTe UCTIONIb3yeTC s

BaKyyMHBII ()OTORTIEMEHT, MPUHIIAIIUATIbHAS CXEMa BKIIFOUEHUSI KOTOPOTO B

ANEKTPUUYECKYIO LIETIh NPUBEEHA HA pucC. 4.

1. ®orosnement @, cBeropunbTp CP U UCTOUYHMK cBeTa (CHEKTpaiabHas
pTyTtHas namna) JI momemieHsl B 3aKpbIThIA KOHTeWHep. CBET OT JiaMiibl,
npoxons yepe3 ceeropunstp CP, cTaHOBUTCS MOHOXPOMATHYECKUM U, Majas
Ha Karoa (orosneMeHTa, BbI3bIBaeT (GoTtodrddext. Mukpoammepmerp pA
U3MepsieT CUily (POTOTOKA, a BOJIBTMETP V — HaINpsDKEHHE Ha (POTOAIEMEHTE.

2. YcraHOBKa COCTOMT U3 OOBEKTa HCCIAEAOBaHWS U yCTPOMCTBA
U3MEPUTENIbHOTO, BBIMOJIHEHHBIX B BUJE KOHCTPYKTUBHO 3aKOHYEHHBIX
U3JIeINNA, YCTaHABIMBAEMbIX Ha JIAOOPATOPHOM CTOJIE U COEIUHSEMBIX MEXKIY
co0oii kabesem.

3. OObeKT wuccnenoBaHUs KOHCTPYKTHUBHO BBINIOJHEH B BHAE COOPHOTO
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KOpIyca, B KOTOPOM YCTaHOBJIEHBI OCBETHUTEIb (CIEKTpaabHas PTyTHAs JamIa)
C HCTOYHMKOM TMHUTaHUS, OJIOK HHTep(PEepeHIHOHHBIX CBEeTOGUILTPOB Nel
(A=407 mxm), Ne2 (A=435 mxm), Ne3d (A=546 mxm), Ned (A=578 mMKm) u
YCTPOMCTBO  peryJMpoBKH  ocBemeHHocTH.  [lomoxkenwme  "0"  Oroka
CBETOQUIIBTPOB COOTBETCTBYET MPOXOXKIACHUIO CBeTa 0e3 CBEeTO(QUIBTPOB U
MOXXET TMPUMEHATHCS JJIsl CHSATHS HMHTETPalbHBIX  BOJIbTAMIIEPHBIX U
JIOKCAaMIIEPHBIX XAPAKTEPUCTUK, a MOjoXKeHue "S5" - mepekpblBaeT JaMmIly H
WCIIONB3YETCsl U1 yCTAaHOBKM HoOs. K KOpIyCy € IOMOIIBIO KpPOHIITEHHA
NPUKPEIJICH yCUIUTENb (OTOTOKA, Ha BEPXHIOI KPBIIIKY KOTOPOTO
yCTaHaBIMBAIOTCA CMEHHBbIE (poTonpueMHUKU ¢ dorodnementamu O-8 u O-13.
[Ipu ycraHoBke (HOTONPUEMHHUKOB UX NPHUEMHOE OKHO COBMEIIAETCS C
BBIXOJIHBIM OKHOM OCBETHUTENS ¥ 3aKPbIBAIOT IPU TOMOILM OJIEHIBI.

Ha mnepenneil mnaHenum oOBEKTa MCCIEAOBAHUSA HAXOJATCS CETEBOU

BBIKJIIOYATEIb C MHAMKATOPOM BKIIOueHUs cetu. Ha 3anHelt maHenu oObexTa
UCCJIEIOBAHMUSI PacIoJIOKEHBI KJIEMMa 3a3eMJICHMS, JepKaTenn
MpEeIOXpaHUTENed M ceTeBol MmHyp ¢ BWwikoM. Ha OokoBOM cTeHKe
pPacHoJIOKEHO BBIXOJAHOE OKHO OCBETHTENsI M YCTPOMCTBAa [JIsi CMEHBI
MHTEPPEPEHIIMOHHBIX CBETO(QUIBTPOB M PETYIMPOBKH oOcCBelleHHocTH. Ha
OOKOBBIX MOBEPXHOCTSX yCHIUTENSA (POTOTOKA PACTIONOKEHBI COCTUHUTEIbHBIN
IIHYp C Pa3beMOM JUIsl MOJKIIOUEHUS] OOBEKTa HUCCIEAOBAaHUSA K YCTPOMCTBY

U3MEpUTETLHOMY U peryisitopsl 0ananca ycunutens [PYBO u TOUHO.

OOBEKT Mccae0BaHMs C TOMOIIBIO CETEBOTO IIHYpa MOAKIoYaeTcs kK cetu 220
B, 50 I'n.

4. YCTpOHCTBO M3MEpPUTENbHOE BBIMNOJIHEHO B  BUJAE KOHCTPYKTHBHO
3aKOHYEHHOT0 U31eiusl. B HeM npuMeHeHa OJHOKpHUCTalbHAasi MUKpPO - OBM c
COOTBETCTBYIOIIIMMHU  JIONOJHUTEIbHBIMA ~ yCTPOWCTBAMHU, MO3BOJSIONIMMU
IPOU3BOJAUTH M3MEPEHHE TOKa (POTORIEMEHTAa, YCTAHOBJIEHHOTO B OOBEKTE
UCCJIEIOBAHMSI, YCTAaHABIMBATh W U3MEPSTh MHUTAIONIME HANPSIKEHUS Ha
dboTOdNEMEHTE, a TaKXKE OCYIIECTBISATh (YHKIMHU YMPABICHUS YCTaHOBKOW
(ycTaHOBKa pEXKHMMOB MPSMOr0 WM OOpaTHOrO M3MEpeHus u T.1.). B coctaB
YCTPOMCTBA U3MEPUTEIILHOTO BXOJST TAK)K€ HCTOYHUKU €T0 MUTAHMUSL.

Ha nepenneit maHenu ycTpoOMCTBA M3MEPUTENBHOTO PA3MEIICHBI CIIEAYIOIIHE
opranbl ynpaBiaeHuss W uHaukanuu: kHomka I[IPAMAS - OBPATHAA c
COOTBETCTBYIOIIIMMU WHJIUKATOPaMU - IpeAHA3HAUYCHA JJIS BKIIFOUEHUS MIPSMOTO
WM o0paTHOro pexuMoB wu3Mepenus; kHonku "+", "-" u CBPOC -
MpeHa3HaYeHbI I PETYIUPOBKU HANPSHKEHUS Ha (OTORIEMEHTE U ero cOpoca
B HOJIb; UHAUKATOPH B 1 MKA - mpeaHa3HAaueHbl 711 UHIUKAIUKA 3HAYCHUN
BEJIMUMH HaANpsDKEeHUs1 Ha Qoro3nemMeHTe u (oTOToKa B mpouecce padboTsl. Ha
3alHEW TaHEIW YCTPOMCTBA HM3MEPUTENBHOIO PACHOJIOKEHBI BBIKIIOUYATEh
CETb, xmemMma 3a3eMieHMs, JepKaTeld NpelOXpaHUTENel  (3aKPBITHI
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MPEeIOXPAaHUTENBHOM CKOOOM), CEeTeBOM IIHYp C BWIKOW W pa3beM s
HOJKIIIOUEHUS] 00BEKTA UCCIIEI0OBAHUS .

YCTpPOHCTBO M3MEPUTENBHOE € MOMOLIBIO CETEBOTO IIHYpa MOAKIKYACTCS K
cetn 220 B, 50 I'm.

5. IlpyHuMn nelcTBUS YCTAaHOBKM OCHOBAaH Ha U3MEPEHHM TOKa 4epes
(OTORIIEMEHT IIPU U3MEHEHUH MOJSPHOCTH U BEIMUYMHBI IPUIIOKEHHOTO K HEMY
HAIIPSDKEHUS U U3MEHEHHUsI CIIEKTPAIbHOTO COCTABA U BEJIMYMHBI OCBELICHHOCTH
Karoja GoToIIeMEHTA.

6. B mpormecce BbIMoigHEHHs 1a00paTOPHBIX PabOT CHUMAIOTCA 3aBUCHMOCTHU
TOKa uepe3 (OTORIEMEHT OT MPUJIOKEHHOTOo K HeMy HampsbkeHus. [Ipu stom
MEHAETCS MOJSPHOCTh HaNpsDKeHUs (T.€. pa3lelbHO CHUMAIOTCA MpsAMas U
oOpaTHass ~ BETBM  BOJIbTAMIEPHOM  XapaKTEPUCTHUKUA  (POTORIEMEHTA).
XapakTepuCTUKU CHUMAIOTCS MIPU PA3JIMYHBIX 3HAUEHHSX OCBEIICHHOCTH U IIPH
U3MEHEHUHU JUIMHBI BOJIHBI OcCBelleHus Qoroanementa. Ilo pesynpTaTam
U3MEPEHHUN CTPOATCS CEMEWCTBA BOJBTAMIIEPHBIX XaPAKTEPUCTUK U, UCIIOJb3YS
COOTBETCTBYIOIIME METOJABl pacyeTa, YHMCICHHO OLIEHUBAETCS 3HAYCHHUE
nocrositHHou IlnaHka.

Ykazanuna no mexnuxe oezonacnocmu.

1. K BblnojsHEHUIO Ja0OpaTOpHbIX pabOT JOMYCKAITCAd  CTYAEHTHI,
U3y4YMBILINE PaBUJIa TEXHUKUA O€30MaCHOCTH.

2. JlaGoparopHble pabOThl MOTYT IPOBOJAUTHCS TOJIBKO MOJI PYKOBOACTBOM U
HaOJII0/IEHUEM TIPENoIaBaTeNsl.

3. Pacnonaraiitre npubopel, MaTepuabl, 000pyAOBaHHE Ha pabodYeM MECTe
B TIOPSIKE, YKa3aHHOM IperoaBaTesieM.

4. He pepxute Ha paboueM CTOJE MPEAMETHI, He Tpelyromuecs s
BBITIOJTHEHMSI 3a/TaHUA.

5. Ilepen tem, Kak MPUCTYNHUTH K pabOTE TIIATEIBHO U3YUUTE €€ OMHCaHUE,
YSICHUTE XOJ BBITIOJIHEHUS PaOOTHI.

3aoanus.

IlocTpoeHue BOJIbTAMIICEPHOM XapaKTEPUCTHKHU (POTOIJIEMEHTA.
1. VYcranoBuTe Ha OOBEKT HCCIENOBaHUA (DOTOMPUEMHHK C HCCIICTYyEMbIM
(GOTORTIEMEHTOM U 33IBUHBTE OJICHTy OCBETUTENSI B OKHO (DOTORJIEMEHTA.
2. llogkmiouuTe CeTeBbIE IIHYPHI YCTPOMCTBA M3MEPUTEIHLHOTO M OOBEKTA
UCCJIEIOBAHMS K CETU U BKIIIOUUTE YCTPONCTBO MU3MEPUTENILHOE BBIKJIIOYATEIEM
CETDH Ha ero 3agHeid maHenu. [Ipm 3TOM HOMKEH 3aroperbcsi MHIAWKATOPBI
OBPATHAA, B u mkA ycrpoiictBa um3mepurensHoro. Ha wunaukarope B
JOJDKHBI  YCTAHOBUTHCS HYJNM (JIOMYCKAeTCSd WHAMKALUSA J10 3Ha4YeHus 2
miazamero paspsnaa). I[locne 5 munytHoro nporpea pyukamu YCTAHOBKA
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HVYJISl na oObekre wHccneAoBaHUs YCTAaHOBHTH HYJIEBOE€ 3HAUCHHE HA
WHJIKAaTOpE MKA yCTpPONCTBA U3MEPUTEIBHOTO.

3. Brimrounte o0wekT uccnenoBanus BeikiatouareneM CETb nHa ero mepemneit
nanenu. Ilpu »stom gomxen 3aroperbes unHaukatop CETb  oObekra
UCCIICIOBAHHUS.

4. JlaTh Jammie OCBETUTEIIS MPOTPETHCS B Te€UEHUE 15 MuH.

5. C nomomieto kHomiku IIPSIMAS - OBPATHAS BeiOpaTh HE0OXOTUMBIN
PEXKUM U3MEPEHUSL.

6. YcranoButh cBetominbTp Nel moBopoTom mucka 61oka CD.

n_n

7. I3menss 3Hauenus HanpspkeHus yepes3 0,5 B ¢ momompio kHomok "+" u "-" u
CUMTHIBAs MOKazaHUsi (POTOTOKA ¢ MHAMKATOpa "MKA'" MOJy4uTe JaHHbBIC IS
ITOCTPOEHUS BOJIBTAMIIEPHON XapaKTEPUCTUKH.

8. YcranaBnmuBasi AUCK cO cBeTOQUIbTpaMU B MoyiokeHue "5" u mpoBepsis
YCTaHOBKY HYJII TOKa IIPM HYJIEBOM  3HAUYEHUU HANPSOHKECHUS, ITOBTOPUTE
JEUCTBUS TIO MIl. 5...7 HACTOSIIETO paszjiena ajsi Apyrux cBetopuiabTpoB (CD2-
CD4).

[Ipumeuanue 1: [Tpu HEOOXOAMMOCTH € TOMOIILIO TOBOPOTA KOJIbIIA,

PacCIoJIOKEHHOTO Ha BBIXOTHOM OKHE 00BEKTa HCCIICOBAHUS MOKHO U3MCHSTh
OCBENICHHOCTh (POTORIEMEHTA.

[Ipumeuanue 2: [Ipu onpeneneHnn 3anuparoniero HarpsikeHus: (oTodIeMEHTa

HE0OXO0IMMO HYJIEBOE 3HAYCHHUE TOKA CYUTHIBATH MPU YMEHBIIICHUN
HaMpsOKEHUST OT HYJIEBOTO 3HAYCHHUS 10 3HAUCHUS 3alTUPAIOIIEro HAPsIKEHNUs, a
He Hao00poT. He pekoMeHayeTCs TakKe yCTaHABIMBATh 3HAUYCHUE HAMPSHKEHUS
HUXKE 3alUParoLEro.

9. Ilo oxonHwyanuu pabOThl HEOOXOJUMO OTKJIIOYHTH MUTAHUE YCTAHOBKHU
BoikitoyaTensiMu CETD (Ha 3agHeld maHenu yCTpOMCTBa M3MEPUTEIBHOTO H
NepeHe MaHenu OObEeKTa WCCIENOBAHUSA) W OTKJIIOYUTh CETEBbIE BUJIKU
YCTPOMCTBA U3MEPUTEILHOTO U 00BEKTa UCCIICIOBAHUS OT MUTAOIIECH CETH.

10. Pexum pabOThI yCTAaHOBKU MPEPHIBUCTHIN - Uepe3 KaKIble 45 MUHYT

paboTel mepepsiB Ha 15-20 muH.
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I, mxA
U,
co B
Ne2
I, mxA
U,
co B
Ne3
I, mxA
U,
co B
Ne4
I, mxA

[To nanHbIM TabUIIBI 1 TOCTPOUTH BOJIBTAMIIEPHYIO XapaKTEPUCTHKY, TO €CTh
rpaduk 3aBUCUMOCTH cuiibl poToToKa | (abciucca) OT HanpsHKEHUS Ha

dbotosnemente U (opaunHata).

Tabmuma 1

Onpeoenenue pabomsl 8b1X00a IEKMPOHA, KPACHOU 2paHuybl pomodpgexma u

nocmosnHou Ilnauka

1. C nomompto kHonKU [TPSAAMAS - OBPATHAS BeIOpath pesxxum U3MEpeHUst
OBPATHAS (He nemaem ycTaHOBKY HYJIA KakK B IEPBOM 4acTu padboThl!).

2. V3meHsist 3HaUeHUsT HAMPSDKEHUS C MTOMOIIBI0 KHOMOK "+" 1

non

YCTaHOBUTH

nokaszaHusi uHaukatopa ¢ororoka "MKA" paBHbIM (. 3aHECTH MOTyYEHHOE
3HAUCHHUE 3aJIepKUBaroIIero Hanpspkenus Uz B Tabmuiry 2.

[ToBTOpUTH yHKTHI 1 U 2 1715t APYTUX CBETODUIBTPOB.

ITo IMOJIYUYCHHBIM 3KCIICPUMCHTAJIbHBIM 3HAYCHUAM U 3 pacCuUuTaTh:

a) KHHETHYECKYIO SHEPTHIO (DOTOIIEKTPOHOB:

b) paGoTy BBIXO/a 37I€KTPOHOB:

WK: e‘U3

h-c
ABMX :T_e'u3

C) xpacHyto rpanuiy gorodaddexra: 4 hec
i ABbIX
Tabmuma 2
W AGhl.Xl
No n/n A, MKM Usj B 10'19£>1< 1051 Amaxs MKM
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IIo IMOJTYYCHHBIM HAHHBIM ITIOCTPOHTH rpa(bmc 3aBUCHUMOCTH U3 oT v, TJIC

v=—.
A

AU

3 _

Hcnonb3ys moydeHHbIN rpaduk, BEIUMCIUTE 110 GopMmyle tga =

" OLCHUTDL IIOTI'PCITHOCTD I/IBMepeHI/If/'I.

Cooepocanue omuema.

Otuer 1o 1abopaTopHBIM paboTaM JOJKHBI COJEPIKATh:

- TUTYJIbHBIN JTUCT;

- 11eJIb pa0OOTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIpECICHUMN, TOHATUM, (POopMyT;
- OCHOBHO€ 000pYJIOBaHUE, CXEMa YCTAaHOBKHU;

- OMKUCAHUE N0 MYHKTaM BBIMIOJHEHHON PabOThI;

- pe3yJIbTaThl U3MEPEHUN U pacyeToB (TaOnuIlbl, rpaduKu);

- OLICHKA MOTPEITHOCTEN;

- OTBETHI HA KOHTPOJbHBIE BOIIPOCHI;

- BBIBOJIBI 110 PE3yJIbTaTaM BBIIIOJTHEHHON pabOThI, 1aTa, MOIIHUCH.

Konmponwvnwvie éonpocui.
Urto HassiBaetcs Gpororddexrom? Kakue ObiBatoT Bubl hoTodrdhdexra?
B uem 3akmtogarorcs 3akoHbl potodrddexra?
Kak cBsizanbl JyiiHa BOJIHBI B yacToTa oTOHA?
Kakast uMeHHO 0coOeHHOCTh PoTOAh(heKTa HE MOKET OBITh OOBSICHEHA C
TOYKH 3PEHUS BOJHOBOM TEOPUM CBETA?
3anuiuTe U 00bSICHUTE ypaBHEHHUE DWHINTeWHA 11 poTodrPdekTa.
Yro Ha3bIBaeTCA KpacHOM rpanulieid poroaddekTa u OT 4ero OHa 3aBUCUT?
OT yero 3aBUCUT MaKCUMasbHasi KHHETUYECKask SHEPTHs OTOIIEKTPOHOB?
Hapucyiite u 00bSICHUTE BOJBTAMIIEPHYIO XapaKTepUCTUKY (HoTod(deKTa.
Ha yeM ocHOBaH crioco0 omnpeaeneHus KpacHOU rpaHullbl hotodddexra B
JaHHOU padoTe?

Pexomenayemas ureparypa

OcHoBHasi iuTEpaTypa:
1. ®u3uka I By30B: MEXaHHWKa M MOJIeKyJsipHas (usnka [DneKTpoHHBIH pecypc]: yueOHuk / B.A.

Hukepos. - MockBa : M3narenscko-Toprosas kopropanus «/lamxkos u K°», 2017. - 136 c. : Tabi., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL_: http://biblioclub.ru/index.php?page=book&id=450772

2. TamnsikoBa-bymkesny, U.W. ®usuka : B 2 4. / U.M. TameikoBa-bymkesuu. — 2-e u3f., uchp. —

Munck : Bwmmiimas mkona, 2014, — Y. 1. Mexanuka. MonekymsapHas (u3uKa W TEPMOJMHAMUKA.

OnekTpudecTBO W MarHetusm. — 304 c. : wr, cxeM. — PexuMm JgocTyma: MO TIOAIMUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=235732
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http://biblioclub.ru/index.php?page=book&id=235732

3. TamwieikoBa-bymkesuy, 1.1, ®usuka : B 2 u. / N.W. TanuieikoBa-bymkesud. — 2-¢ u3i., UCIp. —
Munck : Bemmiimas mkona, 2014, — Y. 2. Onruka. KantoBas ¢usuka. CtpoeHre n GuU3NIECKHEe CBOWCTBA
Bemiectea. — 232 c. : wmwi, cxeM.,, Tabm. — PexmM goctyma: mo  moAammcke.  —
URL.: http://biblioclub.ru/index.php?page=book&id=460883

JlonoiHNTEeIbHAS JIUTEpaTypa:
1. Jlekuuu 1o yueOHOW muciuiuinHe «OCHOBBI TEOPETUUECKOH (HM3MKM». JNEKTPOANHAMHKA.

[DnekTponHslii pecypc] : yueOHnoe nocobue / E.M. Kyxaps. — DneKTpoH. TEKCTOBBIC JaHHbIe. — Bousrorpan:
Bonrorpasckuii rocyJapCTBEHHBIH COIMANTBHO-TIEAarorHuecKuil yuusepeurer, 2017. — 57 ¢. — 2227-8397. —

Pexxum nocryna: http://www.iprbookshop.ru/70731.html

2. Hukepos, B.A. ®usuka: coBpemensslii kypc / B.A. Hukepos. — 2-e m3x. — Mocksa : M3naTenscko-
ToproBasi kopmoparus «JamkoB u K°», 2016. — 452 c. : mn. — Pexmm mocryma: mo moamumcke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.

JlabopaTopnasi padora Ne 17

Tema paoomuer. U3yyeHue IHEPreTHYECKOr0 CIEKTPA 3JIEKTPOHOB

Ienv pabomer. OnpenenieHue MIWHBI TpoOera AIEMEHTApHBIX YacTHIl B
BO3/lyX€ IIpH aTMOC(HEPHOM JABJICHUU U ONpEICICHUE MAKCUMAIbLHOW SHEPTUU
0eTa-4acTuIl IPU MOMOIIH METO/1a TOTIIOIICHHUS.

Dopmupyemvle Komnemenyuu. Braneer CHoCOOHOCTBIO MPHUMEHSTH
COOTBETCTBYIOIIUNA  (PU3MKO-MAaTeMAaTHYECKW  ammapaT TpH  PEIIeHUU
po(ecCUOHANBHBIX 3a/1a4.

Teopemuueckasn uacmo.

SABneHue paguoakTUBHOCTH ObLI0 0OHapykeHo bekkepenem (1890 r.). On

3aMEeTWJI, 4YTO HEKOTOpbIe BEIIECTBa, CoOJepXkKalue ypaH, oOJagaT
3amMe4yaTeIbHON OCOOCHHOCTBHIO CAaMOMPOU3BOIBHO, 0€3 BCSKOTO BHEIIHETO
BO3JICUCTBHS, W3IIy4aTh Jy4YH, CIIOCOOHBIC MPOXOIUTH CKBO3b HEMPO3PAvHbIC
JUTSI BUJIUMOTO CBETA BEIIECTBA.

PannoakTrBHOE M3IydeHHE ObIBAaCT TPEX BHUJOB: ¢ -Iy4dd, [-Iydd U ¥ -
JTyYH.

o -Ty4d TIPENCTABIAIOT TOTOK SACp TEIMEBBIX aTOMOB, WIIMA, WHBIMH
CJIOBaMH, ITOTOK T€JIMEBBIX HOHOB C 3apsoM +2e. ;

ToXIEeCTBEHHOCTh & -Tydell ¢ IOTOKOM T'€JIMEBBIX |
anep ObUIa YCTAaHOBJIEHA C TOMOIIBIO CIIETYIOUIErO
onbITa, MpousBeeHHoro Coaau.

Cocyn A (puc. 1) c moMonIpI0 TOHKOM CTEKJITHHOM
neperopogku G pasnmensiics Ha nBe wactu B u C. B

yactu B [lomemanocs pagnoakTuBHOE BemecTso F,

usnydawuiee o -nyud. Ileperopoaka G mnonbupanach
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TaKOM TOJIIUHBL, YTOOB! ¢ -IIy4d MOIJIM MPOXOAUTH CKBO3b Hee. Jpyras dacThb
atoro cocyga C coenuHsnace yepe3 kpaH K ¢ BakyyMHBIM HacocoM, U B 3TOH
4acTs CO34aBaJIOCh JOCTATOYHO CHIIBHOE Pa3peKEHHUE.

B tpy6ke H, coequnennoii ¢ cocynom C, nomemanuch JiBa anekrpoaa D,
E, ¢ moMompo KOTOPBIX MOKHO OBUTO BBI3BaTh paspsia B TpyOke H. Bakyywm B
cocyne C co3naBaics CTOJIb BBICOKUH, YTO npu npuioxkennu Kk D u E paznoctu
ITIOTEHIHAIIOB B HECKOJBKO COTEH BOJIBT MIEKTPUUYECKUMN pa3psi HE BO3HHUKAIL
Ilocne oTkauku cocyn A orcoeaussuicss oT Hacoca. CIyCTs HECKOJIBKO JTHEH,
OJIHAKO, IOCJIEe MPUIIOKEHUS Pa3HOCTU MOTEHIMaNoB Mexay D u E Bo3Hukan
ANEKTPUYECKUN pPa3psii, MHTEHCHUBHOCTb KOTOPOTO C TEYEHHEM BPEMEHHU
BO3pacraia.

Cser, ucxoasmuii npu paspsae u3 Tpyoku H, ObL1 mpoaHanu3upoBaH C
nomolpko cnekrporpaga. Okazanoch, YTO CIEKTP 3TOrO U3IYYEHUS B TOYHOCTH
COBIIAJIAET CO CIIEKTPOM M3JIYyYEHHS, BO3ZHUKAIOIIMM IIPA JJIEKTPUYECKOM
pas3psijie B ra3000pa3HOM Teiuu.

B 1pybke H remus He Obulo, HO clojga u3 B mpoHuMKanu o -yacTHIIbL,
U3JIydaeMble PaJUOAKTUBHBIM IpenapaToM. [I0CKOJIBKY B pe3yibTaTe TaKoro
MIPOHUKHOBEHUS B TpyOke C MOSBHIMCH aTOMBI Teusl, TO, CIEA0BATENbHO, « -
YaCTULBI U SBISIIOTCA TENWEM, MPaBaa, HE aTOMaMH, a sApamu renus. Sapa
requsi (o -4aCTULbI) 3aXBaThIBAIOT U3 OKpPYXAloLIEeld cpelbl 2 3JIEKTPOHA U
PEBPAILAIOTCS B «HOPMaJIbHBIE» aTOMbI renus. MTak, o -4acTHLbl SBIISIOTCS
AJIpaMy aTOMOB T'€JIHSL.

XapakTepHON BEIUYMHON HUX SBISIETCS SHEPrusi. OHEPrusl ¢ -4aCTHI]
BEJIMKA — TOPSJAKAa HECKOJIBKMX MUWUIMOHOB DJJIEKTPOHBOJIBT. Pa3nuuHbie
PaaMOAKTUBHBIE BEIIECTBA W3IYYAIOT ¢ -4ACTULBI PA3JIUYHON DHEPTHUM, HO BCE
¢ -4aCTUIIbl, W3JIYYEHHBIE JIaHHBIM pPAJMOAKTHUBHBIM BELIECTBOM, HUMEIOT
BIIOJIHE ONPEACIICHHYI0 YHEPTHIO.

ﬂ-ﬂy‘H/I ABJIAIOTCA IIOTOKOM OTPHLATCIBHO 3apsA’KCHHBIX 4YaCTHUII. 3HaK -

(MuHYC) Ipu OyKkBe [ MOMYEPKUBACT, YTO ITHU YACTHIIBI HECYT OTPHIIATEIIbHBIN

e
3apAan. OrtHomenne — JJI1 HUX OKa3aJOChb B TOYHOCTHM TAKHM JXXC, KaK M AJIA
m

DIIEKTPOHOB. [}-Ty4H SIBISIOTCS B JIEHCTBUTEIBHOCTH MOTOKOM JJIEKTPOHOB.
Otnuune f-mydeil OoT OOBIYHBIX KATOAHBIX JIyde He KadecTBEHHOe, a

KOJIMYCCTBCHHOC. 9H€pI‘I/IH OJICKTPOHOB
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[ -Iydeit 3HaUUTENHHO MPEBOCXOIUT YHEPTUIO KATOMHBIX JIy4el U UMEeT
BEJIMYMHY MOPSAKA MUJIMOHA JJIEKTPOHBOJIBT.

Y -IIy4H, HE OTKJIOHSIEMbIE HU MAarHUTHBIM, HHU 3JIEKTPUUYECKUM IOJIEM, HE
HECYT D3JeKTpuyeckoro 3apsaa. Ilo cBoedl mnpupoae J -Iydyd aHAJIOTHYHbI
PEHTI€HOBBIM Jy4aM, HO OTJIMYAKOTCS OT HUX OOJIbIIEH BEJIMYMHON KBAHTOB.

Kak yxe yka3plBaJIOCh, paJJUOAKTUBHOE M3JIy4€HHUE NMPOU3BOJUT CHUIIBHOE
HOHU3MpYIoIIee U (POTOXMMHUECKOE JIEHCTBUE M 0 3TOMY JECHCTBUIO MOXKET
ObITh perucTpupyemo. Tak Kak OTAEIbHBbIE YACTUIIBI, BXOJAIIME B COCTaB
PaIMOAaKTUBHOTO M3IIy4eHHs (¢ -4acTUIIbl, [3-4acTHUIIbI, ) -KBAHTHI), 00JIa1al0T
OOJBIION 3HEprueH, MopsaKa MHJIMOHA 3JIEKTPOHBOJIBT, TO MPEICTABIIACTCS
BO3MOKHOCTh HAOJIIOIaTh M PErUCTPUPOBATH HE TOJIBKO PaJUOAKTUBHOE
U3JIyYEHHE B LEJIOM, HO U OTIEIbHBIE YAaCTHIIbl, BXOJSAIIME B COCTaB 3TOTO
U3IIy4YCHHUS.

Haubonee yacTo Ay perucTpaluu U HaOJIONEHUS OTIEIbHBIX OBICTPBHIX
YaCTHL] IPUMEHSIOT TPH METOA:

a) Kamepa Bunbcona. B rinaBe VI Obl1 yka3zaH NpUHIMI IEUCTBUSL KaMeEPhbI
Buibcona u mokazanbel (otorpapum nyrted «-dactun. Kamepa Buibcona
OpurogHa ® AN HAOMIOAeHWs  myTed  [-dacTui.  3HAYUTENBHOE
YCOBEPILIEHCTBOBaHWE B MeTOA Kamepsl Bunbcona Obuto BHeceno [I. B.
CKOO€eIbIBIHBIM.

CkoOenblbIH TOMeCTHIT Kamepy BuibcoHa B MarHuTHoe nosie. MarHuTHoe
MOJIE WCKPHBIIET TpaeKToputo [ -uacturl. B cimywae, korma f-dactuna
JBYKETCS TMEPIEHINKYJISIPHO CUJIOBBIM JIMHUSM OJHOPOAHOIO MAarHUTHOIO

o mcu

HOJISI, €€ TPACKTOpHEH SBISIETCS OKPYXKHOCTh paanyca R = H
rae U - CKOpOCTb YacTHUllbl, H - HaNpsyKEHHOCTh MAarHUTHOTO MOJS, € -
3apsil dJIEKTPOHA, ¢ - CKOPOCTh cBeTa. B kamepe BuibcoHa, mMOMEIIEHHOW B
MarHuTHOM II0JI€, TPEKU 3JIEKTPOHOB IMPEACTABIISIOT YacTU OKpyx HocTell. 1o
BEJIMYMHE PaUyca 3TON OKPYKHOCTH MOYXHO OIPENEIIUTh CKOPOCTh 3JIEKTPOHA.

0) Cueruuk ['elirepa-Mromnepa. CyliecTBYIOT JBa BapuaHTa CUETUYUKOB:
CYeTUUK ¢ ocTpueM (cuetuuk ['eifirepa) u cueTuuk ¢ HUTHIO (cueTuuk I 'eitrepa-
Mromniepa).

Cuerunk ¢ HuUTHIO (puc.2) npencrasiser uuauHAp C, MO OCH KOTOPOro

HaTsAHYTa HUTb AB - ToOHKasg MeTayIM4UecKas IIPOBOJIOKA. Hute B
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QJICKTPUIYCCKOM OTHOIICHHUHW HM30JIUPYCTCA OT KOpPITyCa CUCTYMKA C. Cueryuk

HAIIOJIHATIOT I'a30M IIPpH HEeOOJIBIIIOM JaBJICHUH.

A %i
0

:
N
7 | 3 Puc.2 Cxema
——1— v
” YCTPOMCTBA CUeTYNKA

Mexy HUTPIO M LWIMHAPUYECKAM KOPIYCOM CUYETYHMKA C ITOMOIIBIO
Oatapen E wiM choenuaibHOTO BBIIPSIMHUTEIBHOTO YCTPOMCTBA CO3JAIOT
ANEKTPUYECKOE MOJIE

Takoro HanpspKeHUs, IPU KOTOPOM B CUETUYMKE MOJKET Pa3BUBATBHCS
KOpPOHHBI pa3psn. KopoHHBIM paspsyi Ha4yHET pa3BHUBATHCS, €CIU B
IIPOCTPAHCTBE MEXKIY HUTHIO U KOPILYCOM OKaXYTCs 3apsyKCHHBIE YACTHUIIBI.
IToaTOMYy KOpOHHBIN pa3ps] BO3ZHHMKAET B CUCTUYMKE BCSIKHUU pa3, KOTrJa B HErO
MMPOHUKHET HOHU3UPYIOIIAs YaCTHULA-MIEKTPOH Wi & -gactuma. Takas
YaCTULA, [JBUTasCh BHYTPUM CUETYMKA, MPOWU3BOAUT HWOHU3AIMIO Trasa,
BCJIEJICTBME YETO0 M BO3HUKAET KOPOHHBIN paspsi. IlocaenoBaTenbHO ¢ HUTHIO
CUETYMKA TOJKIIOYAeTCs CONPOTHUBICHHE R, BEIMUMHY KOTOPOTO MOAOHUPAIOT
Tak, 4TOObI MpPH PAa3BUTUU KOPOHHOTO paspsia Ha 3TOM CONPOTHUBIIEHUHU
BO3HHMKAJIO 1OCTaTOYHOE IAaJICHUE MOTeHIMana. Ecinu 310 nageHne noreHuuana
OKaXETCSl JTOCTATOYHBIM (OKOJIO COTHH BOJIBT), TO BO3HUKIIMA B CUETYUKE
KOPOHHBIN pa3psil IPEPBETCH.

ITo Bo3HHUKIIEMY B cueTyuKe ['elirepa UMIyJIbCy TOKA U CYIAT O TOM, 4TO
Yepe3 CYETYMK IpOoIlia MOHU3MPYIOWIAs vacTula. Hama mpoMBIILIEHHOCTH
BBIITYCKAE€T TAK HA3bIBAEMBIE YCTAHOBKHM THIIAa «b», comepkaime anmaparypy,
HEOOXOMUMYIO NJIsi MUTAHUS CUETYUKOB, YCHJIUTEIb, C IOMOILIBIO KOTOPOIO
VMMITYJIbC TOKA B CUETYMKE YCWIMBAETCS 0 TaKOM BEIWYMUHBI, YTO NPUBOJIUT B
NEUCTBUE peJe HyMeparopa, MpeJHAa3HAYEHHOTO JUId OTCYeTa 4YHucia
BO3HUKIIMX B cuetunke ['eiirepa ummynbcoB. [Ins TOoro 4ToObl CYETUHK
['eitrepa «cpaboTtam», MOHM3UPYIOIIAs YacTUIA JTOJDKHA MPOHUKHYTh BHYTpb
€ro - NPOUTHM 4Yepe3 CTEeHKHU. ECIM u3IIydeHHe TOIVIOMAETC CTEHKAMHU

CUCTYMKA, TO IIPUMCHAIOT AJIA PCrUCTPAllMN TAKUX YaCTUIL a100 OYEHb TOHKHE
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CTEHKH, JTU0O CIlelIalIbHbIE TOHKHE OKOIIKH.

B TopueBbIX cyeTuMKax HUTH 3aMEHsieTCs Urjiol A. B mepeaHel CTeHKe
cUeTYMKa JenaeTcs oTBepcTue B, 3akpbriBaeMoe (hOIbroi HYKHOM TOJIIIHMHBI
(puc. 3).

Cuerunku ['elirepa MpUMEHSIIOTCS U JJISI CUETA ) -KBAHTOB, ) -KBAHTHI
BBI3BIBAIOT B CTEHKax cueTdyrka (PoTodneKkTpuueckuil 3¢(HeKT uim KOMIITOH-
a¢hdexT. BripBaHHBIE M3 CTEHOK cueTyMka ()OTO- U KOMIITOH-DJIEKTPOHBI U

BO30Y>KIAIOT pa3ps/l B CUCTUHKE.

i

.{A“ra

WL g
Puc.3 Cxema TOpIIEBOro CUETUHKA.

B) Meron TonCTOCHOWHONW (DOTOMIACTUHKU. MeEToa TOJCTOCIOMHBIX
doTormmacTuHOK  ObT  paszpaboraH  MpeicoBckum U JKpgaHoBeiM.  Mmu
U3TOTOBISUIUCH ~ CHEIUalbHble  (OTOIJIACTUHKH C  YTOJIIEHHBIM  CIIOEM
dotoomynbenn  (50—300 MK).o -yacTUIBI TIPU JABUKEHUHM B TaKOM CJIOE
BBI3BIBAIOT DPa3lioKeHUE OpOMHUCTOro cepedpa TOJBKO B TEX 3€pHAX, yepes
KOTOpBIE OHU Npouuty. [locne mposBIeHUs TaKOM IJIACTUHKY B HEW BO3ZHUKAIOT
«JIOPOXKKH» W3 OCaaUBLIErocs cepedpa, XOpOIIO BUAUMBIE B MHKPOCKOIIE.
Kaxnas Takast mopokka mpejacTaBisieT co0oi cies nBuraniieiicst yactuiibl. [1o
BEJIMUMHE Mpo0Oera @ -4acTULlbl MOKHO OTIPEAETUTh €€ SHEPTHIO.

Toncrocnoiiubie (HOTOMIACTUHKYA MPUTOIHBI JUIsl PETUCTPAIIUU HE TOJBKO
o -Tydeil, HO W JPYruX CHIBHO HWOHU3UPYIOIIMX YaCTUIl - MPOTOHOB,
NeUTpoHOB. B Hacrosiiiee Bpemsi U3rOTOBISIIOTCS M Takue (DOTOMIIACTUHKH, B
KOTOPbIX MOXHO OOHApy»XuBaTh CIEJbl YacTUI[ HE CTOJIb CHUJIBHO
MOHU3UPYIONINX, B YACTHOCTH, FJIEKTPOHOB OOJIBILION SHEPTHH.

Oobopyoosanue u mamepuaiel.
B pabore wucnons3dyercs TOpUOBBIM cueruuk ['eifirepa-Mroinnepa.

Hccnenyemblil paiiOaKTUBHBIA HCTOYHUK B TEPMETUUYECKON KaIlCyJie pa3MeIleH
Ha JepJkaTrene, CBOOOJHO IEPEMEIIAIOLIEMCS 10 CKaMb€ OTHOCHUTEIBHO
cuetunka. Jlyis M3MEpEeHHs PACCTOSIHUS MEXIy CUETYMKOM U 00pasloM Ha
CKaMb€ YCTAHOBJIEHA W3MEpUTEJbHas JIMHEika, a Ha jaep)karene obOpasua

HaHeceHa pucka. [lormoturenem Oera-yacTuil SBISETCS HAa0Op TOHKHX
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AJTIOMHWHHUECBBIX INIACTUH, IIOMCIICHHBIX HA CIICHUAIIBHOM JCPIKATCIIC. TOJIHII/IHa

Ka}K,HOﬁ INIACTUHBI YKa3aHa Ha KOJIBLC ACPKATCIIA.

Ykazanun no mexnuke dezonacnocmu.
1. K BbIIOJHEHHIO J1a0OpaTOpHBIX padOT JOMYCKAKOTCA  CTYAECHTHI,
M3Y4YMBILIME TIPAaBUIIa TEXHUKU OE30MaCHOCTH.
2. JlaGoparopHble pabOThl MOTYT IPOBOJUTHCS TOJIBKO MOJI pYKOBOJCTBOM U
HaOJII0/ICHUEM TIPENoIaBaTeNsl.
3. Pacnonaraiitre npubopkl, MaTepuabl, 000pyAOBaHHE Ha pabodyeM MECTe
B NIOPSJIKE, YKa3aHHOM IperoaBaTeieM.
4. He pepxute Ha paboueM CTOJE€ MpEeAMEThI, He Tpedyromuecs A
BBITIOJIHEHHUS 3aJaHUSI.
5. Ilepen Tem, Kak NPUCTYNUTH K padOTe TILATEIBHO U3YUUTE €€ ONMUCAHUE,
YSICHUTE XOJ BBITIOJIHEHUS PaOOTHI.
3aoanus.
1. Bxirounts npuboOpsl yCTaHOBKU U JJaTh UM IporpeThes B TeueHue 10
MUH.
2. YcTaHOBUTH Ha cYeTUMKe pabouee HaIpsHKEHUE U ONPEAeNUTh «(POoH»
CUETYHKA.
3. IlomecTuTh B «JIOMHK» HCCIEIYyeMbIH HUCTOYHHK O€Ta-u3IydyeHUs U
OTIPECTUTh HAUYaJIbHYI0O WHTEHCHUBHOCTH O€Ta-W3IIyueHUs TpPH OTCYTCTBUU
MOTJIOTUTEIIS.

Werounuk Gera - yaciy

HaGop anioMUHKEBBIX NNaCcTUH

VisHepHTenbHoe YCTROCTB0 Topuosiit cuerumk Ieiirepa-Mionnepa

B0k nuTanua cyerdnka

ﬂ'ﬁ;ﬁ's m © 00
i @ @
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4. Hcnonp3ys Ha0Op aJIIOMHHHEBBIX IUIACTHH, CHATH 3aBHCHMOCTH
MHTCHCUBHOCTH OeTa-u3jy4eHuss OT ToamuHbl d morjorutens. [locTpouTs 1o
MIOJTy4YE€HHBIM JaHHBIM KPUBYIO TIOTJIOIICHUS.

5. B mensx Gojee TOYHOTO oOmpeneieHUsT MaKCHMaJIbHOTO mpobera
R

MOTJIONIEHHMS (TI0 OCH OpPAMHAT OTKJIAbIBAIOT 3HadeHus Inl, a mo ocu abcrucce —

d).

AKCTPAMOJISIIIMI0  HEOOXOAMMO TIPOM3BECTH IO TpaduKy KpUBOU

Makc

6. Hcnonwsys ¢dopmyny (8) u HaiieHHOE IIyTeM SKCTPaIosaIuu

3HauyeHue R, , ONpeaeauTh BEeIMUYMHY MAaKCUMAJIbHOW SHEPruu OeTa-4acTHll.

7. OLEHNTH MOTPEIHOCTD PE3YJIbTATOB.

CHsiTHe 3aBHCMMOCTH HHTEHCUBHOCTH 3JIEMEHTAPHBIX YaCTUL OT
PACCTOSIHUS 10 MCTOYHUKA M3JIyYeHHS

1. BxirounTh yCTaHOBKY B CEThb YCTaHOBUTH Bpems perucrpamuu 10
CEKYH/I.

3. YCTaHOBUTHh HAYaJIbHOE PACCTOSIHME R MeXIny CUMHTHILIALMOHHBIM
AKPAHOM M MPENapaToM, COOTBETCTBYIOLIEE HYJIEBOM TOUKE IIKAJIBI.

4. Ucnonw3ys yCTaHOBKY, ONPEAEINTh HMHTEHCUBHOCTH | 3JIEMEHTapHBIX
YacTHIL] IJI1 HAYaJIbHOTO paccTosiHus R.

5. YBeNIMYHUTh pAacCTOSIHUE MEXAY SKpaHOM M mpenaparoM Ha 0,5 cMm u
MOBTOPUTH U3MEPEHHSI HHTEHCUBHOCTH.

6. Ilponomxkasi yBenuuuBaTh pacctosgHuss R uyepe3 0,5 cM, MOBTOpATH
M3MEPEHHS] MHTEHCUBHOCTU 3JIEMEHTApPHBIX YACTUIl MO BCEW MJIMHE JIMHEUKU
npubopa.

7. 1o mosiy4eHHBIM JaHHBIM TOCTPOUTH rpaduk 3aBucumoctu I = f (R) u
ompenenuTh cpeaHuil mpober Ry, skcTpamonupoBaHHb R, u mapamerp
paszbpoca s.

8. Ilpomuddepenuporas rpaduuecku noisydennyro kpuyio [ = f (R)

y . dl
OnpenenuTh cpeaqHui mpoder Ry kak adcuuccy MakcuMyMa KpUBOM: R v (R)

9. OueHNTh NOTPENIHOCTD PE3YIBTATOB.
Cooepocanue omuema.

OtuyeT 1o J1abopaTOPHBIM PabOTaM JOJIKHBI COJICPIKATh:

- TUTYJIbHBIM JIUCT;

- 11eJ1b pa0OTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OINPEEICHU, MTOHATUH, GOpMyT;
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- OCHOBHOE 000pyI0BaHHE, CXeMa YCTaHOBKH;

- OTIFICAHHE TIO ITyHKTaM BBITTOJIHEHHOHW paboThI;

- pe3yJbTaThl U3MEPEHUN U pacyeToB (TaOIHIIbI, FpadUKH);

- OIICHKA TIOTPEITHOCTEH;

- OTBETHI Ha KOHTPOJIHHBIC BOIIPOCHI;

- BBIBOJIBI 110 pe3yJIbTaTaM BBITIOJHEHHOW PaOOTHI, 1aTa, MOAIHCH.

Konmponwvnwie gonpocel.

YTo Takoe paiMOaKTUBHOCTH? BUJIBI paIMOAKTUBHOTO U3ITy4YCHUSI.

dusnueckas npupoaa « -, - " y - U3IMYyYECHUM.

Metozapl perucTpaluvy paguoakTUBHBIX U3Ty4YCHUI.

Onucate padoty cuetunka I eitrepa-Mrosiepa.

CdopmynupoBaTh mpaBuiia paguoaKTUBHOTO U3ITYUYECHHUS.

3anucath (opmyny paauoakTuBHOro pacmana. [loyemy kiaccuyeckui

METOJ] HEe OOBSICHSIET IPUPOAY « -pacnana’?

Onmcath « -pacnaj ¢ MO3UIMKA KBAHTOBOW MEXAHUKHU.

8. Ommcarp S -pacman ¢ MO3UIUNA KBAHTOBOW MEXaHUKH.

9. B uem 3akiouaercs METOJl ONpEAeNICHHs JUIMHBI CBOOOAHOro mpobera
AJIIEMEHTApHOMN YacTUIIbl B JaHHOU paboTte?

10.3anucats popmyiy I eitrepa.

11.B 4dem 3akii04aeTcs METOJI ONPEIEIICHUS SHEPTUH HIEMEHTAPHBIX YaCTHUI
(MeToxa moromeHus )?

ok owhE

~

Pexomenayemasi iureparypa

OcHoBHasi iMTEpaTypa:
1. ®usnka U1 By30B: MEXaHUKA W MOJIEKYyJsipHas (usuka [DIeKTpoHHEIA pecypc]: yaeOHuK / B.A.

Huxkepos. - Mocksa : M3garenbcko-Toproast kopropanus «JlamkoB u K°», 2017. - 136 c. : Tadi., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL_: http://biblioclub.ru/index.php?page=book&id=450772
2. TamuteikoBa-bymkesuy, .1, ®usuka : B 2 4. / N.W. TauuieikoBa-bymikesud. — 2-¢ u3f., UCIp. —

Musnck : Bemmitmas mkoma, 2014, — Y. 1. Mexanuka. Mounekynsipaas (U3MKa W TEPMOJAMHAMHKA.
OnextpuuectBO W MarHetusM. — 304 c¢. : wmn, cxem. — Pexum jgoctyma: 1O MOINHCKE. —
URL: http://biblioclub.ru/index.php?page=book&id=235732

3. TamwieikoBa-bymkesuy, 1.1, ®usuka : B 2 u. / U.W. TanuieikoBa-bymkesud. — 2-¢ u3f., UCIp. —

MumHck : Bemmitmas mkona, 2014. — Y. 2. Ontuka. KBanrosas ¢usuka. CtpoeHue u Qusnueckre CBOWCTBaA
Bemecrtea. — 232 ¢. : wi, cxeM.,, Tabn. — Pexmm jgocryma: 1m0  MOAMUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=460883
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1. Jlekmmm 1o y4yeOHOW muctuiuiniHe «OCHOBBI TEOPETHUECKOW (U3UKM». ODIEKTPOIUHAMUKA.
[Dnexkrponnsrit pecypce] : yuebnoe mocobue / E.M. Kyxaps. — DJeKTpoH. TeKCTOBbIe NaHHbIe. — Bonrorpan:
Bosrorpaackuii rocyJapCTBEHHBIH COIMATBHO-TIEAAroOrHuecKuil yuusepeurer, 2017. — 57 ¢. — 2227-8397. —

Pexxum nocryna: http://www.iprbookshop.ru/70731.html

2. Huxepos, B.A. ®usuka: coBpemenHslit Kype / B.A. Hukepos. — 2-e u3n. — Mocksa : M3garenbcko-
ToproBasi kopmopamus «/JamkoB u K°, 2016. — 452 c. : wn. — Pexum pmocryma: nmo moamucke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.
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JlabopaTopHasi padora Ne 18

Tema paoomer. U3yueHne KOCMUYECKOT0 U3JIyYEeHHS

Ilenv  pabomer.  VccnenoBanue.  1)3aBUCHMOCTH ~ WHTCHCHBHOCTH
KOCMUYECKOTO HM3IIy4eHHs] OT BBIOPAHHOTO HAMpaBlICHUS; 2) MPOHHUKAIOIIEH
CIIOCOOHOCTH KOCMHYECKOTO U3TyUYEHHUSI.

@Dopmupyemvle Komnemenyuu. Brnageer crnocoOHOCThIO TMPUMEHSITH
COOTBETCTBYIOIUI  (DU3UKO-MATEeMaTHUECKUH  ammapaT TpH  PEIICHUU
npohecCHOHANBHBIX 3a7au.

Teopemuueckasa yacmeo.

W3 MupOBOrO mMpOCTpPaHCTBA HAa 3EMIII0O HEMPEPHIBHO IAJaeT IOTOK

aTOMHBIX siJiep (B OCHOBHOM IPOTOHOB) BBICOKOM 3Hepruu (B cpeanem ~10 s,
SHEpPrusi  OTHEJIBHBIX  YacTUL[  JOCTUTaeT 10° 967)). OTH  TaK
Ha3bIBa€MbIC TIEPBUYHBICE KOCMUYECKHE Jyuyd oOpaszyloT B 3eMHOM atMmocdepe
BTOPUYHOE M3JIYYEHHUE, B KOTOPOM BCTPEUAIOTCSl BCE MU3BECTHBIE B HACTOSIIEE
BpEMsl DJIEMEHTAPHBIE YACTHIIbI.

NHTEHCUBHOCTh NMEPBUYHBIX KOCMUYECKUX JIydyeld Ha TpaHulle aTMOC(hephl

cocrapiseT npumepHo luacmuyy!/cm?® - cex. TIOTOK 3apsKEHHBIX YacTHI[ Ha

ypoBHE MOpst paBeH B cpemaeM ~2-107 wacmuyy!cm® - cex . CymecrtBoBaHue

MAarHuTHOTO MOJsi 3€MJIM NPUBOJUT K TOMY, YTO MHTEHCUBHOCTb KOCMUYECKUX
JTy4del MEHSETCs C IMUPOTON. ITO SIBJICHUE HA3bIBAETCS ITUPOTHBIM d(PeKToMm.

YacTuipl MNEPBUYHBIX KOCMUYECKHX JIydel mpe-
TEPNEBAOT HEYINPYTUE CTOJKHOBEHMUS C SIIpAaMH aTOMOB B
BEPXHUX CJOSIX aTMoc(ephl, B pe3yjbTaTe Yero BO3HHUKAET
BTOPUYHOE U3JIyYECHHE. Ha BbicoTax Huxe 20 kM
KOCMUYECKHE JIy4Yd MPAKTUYECKH 'TOJHOCTBIO HOCST
BTOPHUYHBIN XapakTep. B cocTtaBe BTOPUYHBIX KOCMHUYECKHUX

nyqeﬁ HMCIOTCA IOBC KOMIIOHCHTHEI. O)IHa U3 HUX CHIBHO

MOTJIONIAETCS CBUHIIOM M TOATOMY OblIa Ha3BaHa MSTKOM;
BTOpasl e MPOHUKAET uepe3 OOJbIIne TONIIM CBUHIA U IMOJy4YWsia Ha3BaHHE
KECTKOM.

Msrkass KOMIIOHEHTa COCTOMT W3 KACKAaJOB WM JIMBHEU
ANEKTPOHHO-TIO3UTPOHHBIX Tap. Bo3HuKmMII B  pe3ynbTaTe SIACPHOTO
NpEeBpAIllCHUsT WM PE3KOro TOPMOXKEHHSI OBICTPOro 3JIEKTpOHA ¥ -(POTOH,
nposietasi BOJIM3U aTOMHOIO Sipa, CO3MaET 3JIEKTPOHHO-TIO3UTPOHHYIO Mapy
(puc.1). TopMokeHHE ATHUX YACTHII CHOBAa MPUBOAUT K OOpPa30BaHUIO J -
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¢oronoB, u T. n. I[lpoueccel pokIeHuss map ¥ BO3HUKHOBEHHUS J -KBAHTOB
YepenyroTcs Apyr ¢ APYroM J0 TeX MOp, MOKa SHEPrus ¥ -POTOHOB HE CTAHET

HEJ0CTaTOYHOU 1i71si oOpa3oBanus map. [1ockonbKy sHEprus nepBOHAYATBHOTO
¢oToHa ObIBa€T OUYEHb OOJBIIOW, YCIEBAET BO3HUKHYTh MHOI'O TOKOJICHUU
BTOPUYHBIX YaCTHII, MPEKIE YEM MPEKPaIIacTCsl pa3BUTHE JTUBHSI.

XKecrtkas, MpoOHUKAIOIIAsi KOMIIOHEHTa KOCMUYECKUX Jydyed COCTOUT B
OCHOBHOM U3 MIOOHOB. Ee oOpa3oBaHue MNpPOUCXOJUT MPEUMYIIECTBEHHO B
BEPXHUX U CPEIHHUX CIOsiX aTMochephl 3a cueT pacmana 3apsLKeHHBIX 77 -
Me30HOB (1 oTdyacTu K-Me30HOB).

Bo BpeMs Mo0NETOB MCKYCCTBEHHBIX CIYTHHKOB 3€MJIM U KOCMHUYECKHX
pakeT ObUIM OTKpBITHI BOMM3M 3€MJU paJuallMOHHBIE TI0sdCa, KOTOPbIE
IOPEICTaBISIIOT COOOW JIBE OKpYXaroliue 3eMII0 30Hbl C PE3KO MOBBILICHHON
MHTEHCUBHOCTBIO  HMOHU3MPYIOLIEro  M3JydeHus. X  cyliecTBoBaHuE
0OyCJIOBJIEHO 3aXBaTOM M YJEp)KAaHHEM 3apsDKEHHBIX KOCMHUYECKHX YacCTHIL
MAarHATHBIM MOJIEM 3€MIIM. B ITIOCKOCTH 3KBAaTOpa BHYTPEHHUM NOSIC paaualin
npoctupaercsa ot 600 no 6000 kM, BHemHMA nosic — oT 20 000 mo 60 000 km.
Ha mmpotax 60 -70° o6a mosica mpuOIMKaroTcs K 3eMJie Ha PacCTOSHUE B
HECKOJIBKO COT KMJIOMETPOB.

JIo HenaBHEro BPEMEHU KOCMHMUYECKOE H3JIy4YeHHE ObLJIO €AMHCTBEHHBIM
UCTOYHUKOM YacCTHI] C dHEpPTuei, JOCTATOYHOU Ui 0Opa3oBaHUs ME30HOB U
TUIIEPOHOB.

KocMmuueckue yacTuilpl, B MEPBYI0 Ouepelb OBICTPHIE 3JEKTPOHBI, aju
BIIEpPBbIE BO3MOKHOCTh HKCIIEPUMEHTAJIBHOTO MCCIIEI0BAHUS
ANIEKTPOMATHUTHBIX IPOLIECCOB IPU HHEPIUAX, MPEBBILIAOIIUX MULIAAPIbI
AJIEKTPOHBOJIBT. B KOCMMUECKOM H3IyuyeHUU OBLIM BIEPBbIE OOHAPYKEHbI
MHOTHE 3JIEMEHTAPHBIE YacCTULBI (MO3UTPOHBI, MHUOHBI, MIOOHBI, K-Me30HBI U
runeponsl). MccienoBanus 3Toro BechbMa ciaaboro mo CBOE MHTEHCUBHOCTH
U3ITyYEHUS] CTUMYJIMPOBAIM PA3BUTHE MHOTHUX HOBBIX JKCHEPUMEHTAIbHBIX
METOJIOB U MPUBEJU K BAKHEUIIUM OTKPBITHSIM, CYIIECTBEHHO PACUIMPUBIINM
Halli IIPEACTABJICHHUS O NPHUPOAE DJIEMEHTAPHBIX YacCTUL, O CBOMCTBax
KOCMHYECKOI0 IPOCTPAHCTBA M MpoLeccax B 3BE3/1aX, B KOTOPBIX
TEHEPUPYIOTCS KOCMUYECKHUE JIYUH.

NHTEHCHBHOCTh KOCMUYECKOTO U3IYYEHUS Y MOBEPXHOCTU 3E€MJIU 3aBUCUT
OT HamNpaBJICHUS] U3MEPEHUW M NTPUOIMKEHHO MOXKET OBbITh MpeACTaBIeHA
dbopmyoi

126



2
| =1,cos” ¢
e |, mw | - uHTEHCHMBHOCTM KOCMHYECKOTO H3JIyYeHUs B
BCPTUKAJIbHOM HAIIPABJICHUHA U 1104 YIJTIOM (D K BCPTHUKAJIN. Takast 3aBUCUMOCTh

oOyCJIOBJIEHa TMOTJIONIEHMEM KOCMUYECKHX Jydyed B BO3JyXe armocdepsl,
TOJIIIMHA KOTOPOTO MHUHHMMAJIbHA B BEPTHKAJIHLHOM HAIIPaBJICHUU M PACTET C
YBEIIMYEHUEM yIia (.

XKecTtkass KOMIIOHEHTAa COCTOMT W3  [/-ME30HOB, KOTOpble cIabo
MOTJIONIAIOTCS BEIIECTBOM, PUTOM PUOIUZUTENHHO OJIMHAKOBO BEIIECTBAMHU C
pa3HbIMU Z.

Cronp OonblIOe paszivyuve MPOHUKAIOMICH CIIOCOOHOCTH YacTHll O0eux
KOMITOHEHT CBSI3aHO C TE€M, YTO JJICKTPOHBI M MTO3UTPOHBI MATKON KOMITOHCHTHI
IIPU B3aUMOJICHCTBUHN C BEIIECCTBOM TPATAT OOJBIINYIO YaCTh CBOCH DHEPTUU HA
W3IIy9CHHUE, a TOTEPH A -ME30HOB Ha WM3IyYEHHWE CPABHHUTEIHLHO Majbl. JTO
OOBSCHSETCS TeM, YTO KOJIMYECTBO HW3IyYCHHOW YHEPTUU MPOMOPIHOHATHHO
KBaJIpaTy 3apsja U OOpaTHO MPOIMOPIIMOHATIBLHO KBaJpaTy MacChl YacTHIIbI, a
MIO-M€30H MpuMepHO B 207 pa3 TsKesee dJIeKTPoHa.

[ToTepu sHepruM Ha MOHU3AIMIO U BO30YKICHHE aTOMOB BEIIECTBA JJIS
AJIEKTPOHOB U [/ -ME30HOB KOCMHMYECKHX Jy4eil Ha YpPOBHE MOpPS MPUMEPHO
OJIMHAKOBBI U CPABHUTEIHHO Majbl. OCOOCHHOCTHIO A -ME30HOB SIBISIETCS WX
pacnaj Ha 3JEKTPOHbI, HEUTPUHO U AHTUHEUTPHUHO:

U —e +v+v

B mmoTHO# cpene TOTIIOIIEHUE A -ME30HOB OOYCIIOBIEHO TOTEpeH
SHEPTrUd Ha MOHM3AIMI0O aTOMOB cpenbl. B razoobpasHoii cpeme mpoOer -
ME30HOB BEJIMK W HY)KHO YYHUTHIBATH MX BBIOBIBAHHWE M3 IMOTOKA KOCMHYECKUX
Jy4del 3a cueT CIIOHTAHHOIO pacnaja.

MOXHO cYMTaTh, YTO OCHOBHAs YacCTh ME30HOB POXKIACTCS B BEPXHUX
cnosix atmocdepsl U umeer 3Hepruto 1-10 IB. Mro-me30HbI, BXomsme B
COCTaB >KECTKOW KOMITOHEHTHI, BOZHUKAIOT B Pe3yJbTaTe pacraja 77 -ME30HOB -
IIPOAYKTOB SIICPHOTO B3aWMOJCHCTBUS TEPBUYHBIX KOCMHUYECKUX JIydeh C
sapaMu aTMocephI:

Tt U+, r=2,6-10"%c
CrnenoBaTenbHO, A -ME30HBI MPOXOASAT TMOYTH BeCh CIOM armocdepsl

2
(~900 r/cm®). IIpu 3TOM OHM YACTHYHO MOTJIOMIAIOTCS, YACTUYHO PACTIA/Iat0TCsl.
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Me3oHbI, uaymue moj yrioM 6 K BEepTHKAIM W TONAJA0IINe Ha YPOBEHBb
MOps, MPOXOASAT B aTtMocdepe myTh B 1/C0SE pa3 OonblIMii, YeM ME30HBI,
uayne mo BepTHkanu. [losToMy BepOSTHOCTH pacmaaa ais [ -ME30HOB,
UYIIHUX MO YoM &, OoJbIIe.

[Tpu yBenmmuenum yrina € OyIeT yBEIMUMBATHCSA TaKXkKe CIOW BO3/yXa,
KOTOPBIN JOJDKHBI TIPOUTH ME30HBI. DTO MPUBOJNT K YBEITUUCHHUIO MTOTIJIOMICHUS
3a CYET HMOHU3AIMOHHBIX MOTeph. Takum oOpasom, oba ¢dakTopa IJOHKHBI
NPUBECTH K YMCHBIICHUIO WHTCHCUBHOCTH [/-ME30HOB C YBEIHMUYCHUEM

3€HUTHOTIO yriia 6.

/2

Puc.1. I'enepariusi ME30HOB U IIyTh UX MPOXOXKEHUS B aTMochepe:
1 - cnoit renepanuu; 2 - ypoBeHb MOPSI
Mo>kHO, OHAKO, BBIICTUTh Ty YacCTh ME30HOB, KOTOpPbHIE MOTJOTHIIUCH 32
CUeT yBEJMYCHUS KOJMYECTBAa BemiecTBa. V3MepeHus WHTEHCUBHOCTHU

BEPTUKAJIBHOI'O MMOTOKA [/-ME30HOB, BBIMOJIHEHHBIC HA Pa3HBIX TITyOMHAX IMOJ
3eMJICH, MOKa3alaM, 4TO 4YuCiIo 4 -Me30HOB N(X) yMmeHbIIaeTcs Kak (DyHKITHS

. 2
KOJIMYECTBa MPONAEHHOTO IUIOTHOTO BemiecTBa x (r/cM” ) MO CIeAyroIeMy
3aKOHY:

1,6 1,6
(2022
900 + X &

rie £=900+X - moJIHOE KOJMYECTBO BEIIECTBA, MPOMICHHOTO /-

ME30HOM OT MecCTa TeHepaluy J0 MecTa TOTJIOMEeHUs (Macca BEPTHKAIBLHOTO

cromba Bo3gyxa mpuHsATa paBHoi 900 r/cm®). U3 pumc.l BumHO, dTO

£=900/cosf. Takum 0Opa3oM, YKCIIO ME3OHOB, JOLIEAIINX IO CYCTYMKA Ha
YPOBHE MOPsI, YMEHBIIIACTCS 32 CUET IMOTJIONMICHUS B BEIIECTBE 0 3aKOHY

R.(0) L (cos6)™® 1)

C yBenWYEeHHWEM JUIMHBI ITyTH, MPONICHHOTO ME30HOM, YBEIHMYHUBACTCS

BEPOSATHOCTH pacmazia Me30Ha. BeposTHOCTh MPOXOKACHUS Me30HOM TyTH | 6e3
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pacnajia paBHa

2,0)=exp| 12 ®

rae L=ovr - nnuHa pacnagHoro npobera; v = C - CKOPOCTb ME30HA; T
- BpeMsl JKM3HU JBIDKYHIETOCS Me30Ha. M3 pensTUBUCTCKON MeXaHHKH
U3BECTHO, YTO
Lo

JA-p

I'AC 7, - BpEM:I JKHU3HH IIOKOACIOCA ME30HaA. TOFI[a

T =

o E,
LIﬂC—ZZﬂCTo—Z, (3)
h-p m,c
_ 2 2
rae E,=m c”/\1- 3" - nomnas sueprus me3ona, E, MOKHO TpUHATE
paBHo#i 2-10° 53B; m , - Macca Me30Ha, KOTopas B DHEPIETHYECKHX €IMHHIAX

coctapisger 105,8 MbB/c?.
OTHOIIIEHUE YHCcIa ME30HOB, MIYIIUX TOJI 3¢HUTHBIM yIiioM &, K YHCITY
BEPTHKAJIBHO TTAIAI0NTUX ME30HOB MOXHO 3aITACaTh B BUJIC
N(9) _ R(6) R0) _
N(©) R(0)R(0)
rae P,(6) u P,(0) onpenenenst popmynamu (1) u (2). MoxHO cuuTars,

-1(0)/L
16 € (9)

(cosO)” ——— 4)
e 0

YTO 10 BEPTUKAIM ME30HBI IPOXOaAT IyTh |, =15 kM. [1lyTh Me30HOB noJ yriiom

0 paBeH

1(6) =0 (5)

cosd
Bocnonb3oBaBmuck Gopmynamu (3) u (5), a Takke KCIEPUMEHTATBLHO

onpenenenusiM oTHomeHueM N(6)/N(0°), ¢ momoripio dopmyisl (4) MOKHO
TOJIyYUTh 3HAYCHHE 7, .
Hy’>XHO MOMHHTB, YTO MPOBEACHHBIC pacyeThl JAlOT 3HAYCHHE 7, TOJBKO

N0 TOPSAAKY BEJIMYMHBI, MOCKOJBKY OHM HE YYMTBHIBAIOT, KaK MEHSETCS
BEPOSATHOCTH pacnajia A -ME30HOB M3-3a YMEHBIICHUS UX YHEPTUM BCIIEIACTBHE
MOHM3AIIIOHHOTO TOPMOKEHUs. Takoh ydeT yCIOXKHWI Obl (hOpMYIIbI, OJHAKO
M3MEHWI OBl pe3yibTaT IPUMEPHO B JBa pasa.

Oobopyoosanue u mamepuael.
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PaboTta BeIIOJHAETCS C IIOMOHIBIO «TCJICCKOIIA», COCTOAIICTO M3 JIBYX
ACTCKTOPOB, BKIIIOUYCHHLIX HA COBIIAJICHUA CM. 6J'IOK-CX€My Ha pI/I02

Ykazanua no mexnuxe dezonacnocmu.

1. K BbIIOJHEHHIO J1a0OpaTOpPHBIX padOT JOMYCKAKOTCA  CTYACHTHI,
U3y4YMBIINE TIPaBUJIa TEXHUKU OE30MIaCHOCTH.

2. JlaGopatopHble pabOThl MOTYT IIPOBOJUTHCS TOJIBKO MOJI PYKOBOACTBOM U
HaOJII0JICHUEM MPENO01aBaTE.

3. Pacnonaraiite npuOopsl, MaTepuaiibl, 000pyJ0oBaHHE Ha pabodyeM MecTe
B NIOPSJIKE, YKa3aHHOM IIpENnoaBaTeieM.

4. He pepxute Ha paboueM CTOJE€ MpEeAMEThI, He Tpelyromuecs s
BBINIOJIHEHHUS 3aJaHUSI.

5. Ilepen TeM, Kak OPUCTYNHUTH K pabOTEe THIATEIBHO U3YUUTE €€ OMUCAHUE,
YSICHUTE XOJ BBIMOJIHEHUS paOOTHI.

3aoanus.
B Hacrosmieli pa®oTe H3y4arOTCs BTOPHUYHBIC KOCMHYCCKHE JIyYH, WX

COCTaB W YTJIOBOE PACIIPE/ICICHHUE )KECTKOM KOMIOHEHThI. PaboTa BhITIONHAETCS
C MOMOIIBIO «TEJIECKOIa», COCTOSALIECIO U3 ABYX JAETEKTOPOB, BKIIOUEHHBIX Ha
coBmajgenuss (cM. Oyok-cxemy Ha puc.2). Kocmudeckne  4acTHILBI
PETHCTPUPYIOTCS AeTeKkTopamu 1 u 2.

Ecnu vactuna npoiiger uepes 0b6a nerekTopa (4actuiia a), TO CXxemMa COB-
najeHuii 3 BeIpaOaThIBaC€T UMMYJILC. Ecnu dacTuila mpoxXoauT 4epe3 OJuH W3
JIETEKTOPOB W HE MOmajaeT BO BTOpPOHM JeTekTop (uactuiia 0), Torma cxema
COBIIAJICHUI UMIMYJIbC HE BbIpabaThiBaeT. TakuM oOpa3oM, YKCIO UMIYJIbCOB,
COCUMTAHHBIX TIEPECYETHBIM TpuOOpoM 4, OyaeT paBHO YHCIY YacTHII,
MPOIICANIUX Yepe3 00a AETEKTOpa U 3apEeruCTPUPOBAHHBIX UMHU.

3ananue 1. U3yuenue coctaBa KOCMUYECKUX Jyued. B aToii yactu paboThl
HAJ0 TIOKa3aTh, YTO HAOJIIOJaeMble HAa YPOBHE MOpPS KOCMHYECKHUE Iy4YU
COCTOAT W3 JABYX PE3KO OTIUYAIONIMXCS MO CBOMM CBOWCTBAM KOMIIOHEHT -
MSATKOW U )KECTKOM - U HATH OTHOIIIEHNE NHTEHCUBHOCTEH 00€NX KOMITOHEHT.

B orcyTrcTBUEM mOTIIOmMAOMKX (PHIBTPOB MEXKIY JETEKTOPaMHU yCTaHOBKA
OyIeT perucTpUpOBaTh YACTHUIIBI KaK JKECTKOM, TaK M MITKOH KOMITOHEHT
KOCMHYECKOTO u3iydeHus. Ecaum ke Mexay AeTeKTopaMH IOMEIIaTh
MOTJIOTUTENU (HapUMep, CBUHEIT), TOT/1a YaCTUIIB MSITKOM KOMITIOHEHTHI OYyIeT
MOTJIONIATHCS B TIOTJIOTUTETIE.

OTO mpuBeNeT K 3aMETHOMY YMEHBIIIEHUIO CKOPOCTH CYETa COBIAJCHUM.
Hauyunasi ¢ HEKOTOpOW TOJIIMHBI MOTJIOTUTENSI CHIXKEHHE CKOPOCTH CYETa IO
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MCPC YBCIWMYCHHA TOJIIIMWHBLI IIOIJIOTUTCIL CTAHOBUTCA HE3aMCTHBIM. 210
COOTBCTCTBYCT PCTrUHCTpAllMH TOJIBKO ’)KECTKOM KOMIIOHEHTBI KOCMHYECKHUX
J'Iy‘-I@I?I. 3aBUCHUMOCTbD CKOpOCTH CHUCTa N or TOJIIHMHBI IIOIJIOTUTCIIL X
Ha3bIBACTCA KpHBOﬁ IIOTJIOICHU.

Ilo xpuBO#l MOIVIOLIEHUSA ONPEAEIAIOTCA UHTEHCUBHOCTU MArKon |, u
KECTKOU |, KOMIIOHEHT.

I{J’ISI 9TOTI0 pr[MOJIPIHGfIHYI-O 4aCTb, COOTBCTCTBYIOLIYIO YKECTKOU
KOMIIOHCHTC, IPOAOJIZKAIOT OO0 IICPpCCCUCHUA C OCBIO OpAHUHAT. 910 JacT

BennuuHy |, (puc.3). OcraBmasgcs uacte coorBerctByeT |,,. s Ooiee

TouHOro ompenenenuss |, u |, HeoOXOAMMO BBIYMTATH M3 OOLIETO 4YHCIA

o i COBIAJICHUN
YHCII0 1 CJIly4alHbIX
e 3 S COBITAJICHUU.
i\ >
1] \
2 ’—‘—1‘ -
D 3 A i . .
a J 0 5 10 15 , cx
Puc.2. biok-cxema nabopaTopHoii Puc.3. Kpusas
YCTaHOBKU MIOTJIONIEHUS] KOCMUYECKUX JIydei

3aganue 2. M3ydyeHue yriioBOro paclpelesieHUsl KECTKOM KOMIIOHEHTBI
KOCMUYECKHUX JIy4YEH M ONPEACIICHUE BPEMEHU KU3HU y-Me30Ha10. B sron
9acTH pabOThl MOKHO BOCIIOJIH30BAaTHCA YCTAHOBKOMW, UCIIOJIb3yeMOW B MEPBOM
YaCTU C TE€M JONOJIHEHHEM, YTO TEJIECKON JAETEKTOPOB MOKHO IOBOPAYMBATh
BOKPYI' OCH Ha 3aJlaHHBIA YIOJI II0 OTHOLICHMIO K BepTUKAIN. [[nsg m3yuyeHus
KECTKOM KOMIIOHEHTBl KOCMHYECKUX JIy4el MEXIy IETEKTOpaMH CIIEIyeT
NOMECTUTh CBHUHIIOBBIA (GuiabTp ToMuuMHOM He wMeHee 10 cm. Ilpu
PacnoJIOKEHUH YCTAHOBKM BHYTPH 3JaHUSI POJb (PUIbTpa UIparOT OETOHHbBIE
NEPEKPBITUS, U CBUHIIOBBIN (DUIIBTP HE HY>KEH.

IIpy momomy yCTaHOBKM HAaWTH YTJIOBYIO 3aBUCHMOCTb MHTEHCUBHOCTH

JKECTKOW KOMIIOHEHTBI KOCMHYECKUX JIy4€d, T. €. 3aBUCHUMOCTb CYETa

coprmaienuit N ot 3eHuTHOrO yriia 6 (B Tom uucie mis 6 =0). U3smepenus
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cyeTa COBIAJCHUN HAJ0 MPOU3BOJUTH C KaK MOXHO OOJIbIIEH CTaTUCTUYECKON
TOYHOCTBIO.
Jlnuny pacnagHoro mpoOera W BpeMsl KU3HU L -ME30HA OMPEICIUTh

OJIHUM U3 CIIOCOOOB, YKa3aHHBIX HIKE.

B oruere mpencraBuTh OJIOK-CXEMY YCTAaHOBKHM C ONMCAHHUEM OIBITOB,
TaONIUIBI U3MEPEHUH U TrpaduKd, 3HAYCHHS] MHTEHCUBHOCTEHW MKECTKOM U
MATKOM KOMIIOHEHT KOCMHYECKHMX JIy4ed, 3HAYEHHE DJHEPIHMM ME30HOB,
UCIOJb30BAHHOE B pacueTax, 3HAu€HWe JUIMHBI paclajHoro Impobera,

BBIUKMCJIICHHOE BpEMS )KU3HH [/ -ME30HA.

OOBIYHO W3 OOIIEr0 YHCiIa COBHAJCHUM HEOOXOAMMO BEIUMTATH YHCIIO
CIyYalHBIX COBHAJCHUN. YUHCIO CIIydalHBIX COBIIAJICHUM ONPEHENSACTCSA 10
bopmyie

N, =2t NN,

pasp

rae t - paspemiaroniee Bpems cxembl coBnaneHuid; N, u N, - gucio

pasp
HMITYJIbCOB, COCUHMTAHHBIX OTACJIBHO IICPBBIM H BTOPBIM JOCTCKTOPAMH

(xaHamamm).

Tabnuua. Pe3ynpTaThl ©3MEepeHUi.

9 Nu&\/l (0) NM?,M (8) - NCJZ Nu3.M (g) - NCJZ |

B pesynbrathl u3Mepenuit moj yriamu 6 >50° HE0OXOIUMO BHECTH

NonpaBKy 3a cueT auBHEHM N, M3 cTeH W motosnka noMenieHus. B kaudectse

yyclia TakUX JIMBHEH OepyT uMciio coBmajeHuid mpu yriae 90° (3a BbUETOM
CITy4yalHBIX COBITIQJICHUI).
PesynbTaTel n3MepeHuit 3aHOCST B TAOJIHUILY.

JUIs OLEHKM BpPEMEHU >KU3HU A -ME30HAa, HaJA0 MOCTPOUTH Tpadux

N ()—N_-N
GyHKUUn — —¢——" B 3aBHCHUMOCTU OT yria € U CpPaBHUTb €ro C
Nu3/|/t (O ) - NC.7
rpadukoM byHKITUU (cos)*®, XapaKTepU3yIOIIeH YMCHBIIICHNE

MHTCHCUBHOCTU XE€CTKOM KOMIIOHEHTBI KOCMMYECKHUX Hy‘leﬁ JUIIIb 3a CYCT
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HOHM3AIMOHHBIX  motepb. [lo  Bemmmmumne  N(O)/N(0°), B3sToli U3

AKCIIEPUMEHTAIILHOTO Tpaduka I HEKOToporo yria (Hampumep, 6=60°)

MOKHO OLICHHUTb 3HA4YCHUC 7|, .
BprauciauTe 3Ha4ueHuE T, M OOCHUTH NOIPCIIHOCTD PE3YJIbTAaTa MOXKXHO IIpH

IIOMOIIIH MCTOJa HaAaMMCHBIIIHNX KBaapaToB. I[JBI 9TOI'O0 HYKHO

almpoOKCUMHUPOBATh  JKCIEPUMEHTAIBHYIO  KPUBYIO N, (@)—N_,—N,
cooTBeTcTBYIOMIECH GyHKueH (cMm. dopmynsl (3) - (5)). Kak BuaHO, B TakoM
nozxxone He obOs3arensHo 3HaTh N o (0°), MOCKONBKY 3Ta BeNMWYMHA SIBISETCS

BApbUPYEMBIM [MAPAMETPOM U OMPEAEIAETCA U3 MOATOHKH.
Cooeporcanue omuema.

OTuer 1o 1a00paTOPHBIM padbOTaM JIOJKHBI COIEPKATh:

- TUTYJIbHBIU JIUCT;

- 11eJ1b pa0OTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, ONPECICHHI, TOHATUH, (OpMYIT;
- OCHOBHO€ 000pYy/I0BaHKE, CXEMA YCTAHOBKH;

- OIIMCAHUE MO IMYHKTAaM BBINOJIHEHHOW paOdOThI;

- pe3yJIbTaThl U3MEPEHUN U pacyeToB (TaOnuIlbl, rpaduKu);

- OLICHKA ITOIPEIIHOCTEM;

- OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI;

- BBIBOJIBI 110 PE3yJIbTaTaM BBITIOJIHEHHON PaOOThI, 1aTa, MOITUCH.

Konumponvuwvie éonpocoi.

1. CocTaB 1 3Heprusi NEPBUYHBIX KOCMUYECKUX JIyUei.

2. MsiTKast ¥ KEeCTKasi KOMIOHEHTHI KOCMUYECKUX JTydei.

3.Mexanusm  00pa3oBaHusT  ME30HOB B  KOCMHYECKHX  Jyd4ax.

XapaKTepuCTUKH pacnaja 77 - U U -ME30HOB.

4. TloueMy >3JEKTPOHBI U TMO3UTPOHBI KOCMHUYECKUX Jy4dell OTHOCSTCS K
«MSITKOM» KOMIIOHEHTE U MOTJIOLIAIOTCS LEIMKOM MPUOIM3UTENbHO B 10
cM cBuHIA, a H-Me30HBI TOM e SHEPrUM OTHOCATCS K (WKECTKOID
KOMITOHEHTE u CBOOOHO MPOXOAST yepes
3TOT CIIOU?

5. Bpewmst xu3Hu H _me30HOB, yueT 3¢ deKTa, Caeayroero u3 creruaibHoN

TEOPHUH OTHOCUTEIIbHOCTH.

6.3aBUCUMOCTh BEpOSITHOCTU TMOIJIOUIEHUS M pacnaja OT pPacCTOSHUSA,

npoiinensoro 4 -me3onamu B atMocdepe.

7.0nucanre 3KCIEPUMEHTAIBHOW YCTAaHOBKM M TOPSAIOK BBIIOJHEHHUS

paboThI MO U3YUYEHUIO KOCMUYECKUX JTyUYeH.

8.Metonuka 00paOOTKM JaHHBIX, Yy4Ye€T JIMBHEM OT CTE€H M 4YHcIia

clyyaiiHbIX —coBHajeHuit. OnpeneneHue BpemMeHH kusHu H-mesoma u
NOTPEUIHOCTH MOJYYEHHOT'O pe3yJIbTaTa.
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Pexomenagyemas jurepatypa

OcHoBHasi iMTEpaTypa:
1. ®usnka IS By30B: MEXaHUKA U MOJICKYJsApHas (usuka [DIeKTpOoHHBIH pecypc]: yueOHuk / B.A.

Hukepos. - MockBa : M3narenbcko-Toprosas koprnopanus «/lamkos u K°», 2017. - 136 c. : Tabin., rpad., cxem.
- ISBN 978-5-394-00691-3;-URL: http://biblioclub.ru/index.php?page=book&id=450772

2. TanuteikoBa-bymikeBuy, U.J. ®usuka : B 2 u. / N.U. TauusikoBa-bymkeBny. — 2-e u3a., ucmp. —

Munck : Bpmmitmas mkoma, 2014. — Y. 1. Mexaanka. Mornekymsipras (u3nKa W TEPMOAWHAMHKA.
OnexkrpuuectBO W MarHetusM. — 304 c¢. : wmn., cxemM. — PexuMmM [goctyma: 1O TMOONHCKE. —
URL.: http://biblioclub.ru/index.php?page=bhook&id=235732

3. TamureikoBa-bymkeny, .1, ®uznka : B 2 4. / U.W. TanmeikoBa-bymkesud. — 2-e u3z., ucmp. —

Musck : Bemmiimas mkoma, 2014, — Y. 2. Ontuka. KBantoBas ¢usuka. CtpoeHue u (Qu3HMUECKHEe CBOHCTBA
Bemectea. — 232 ¢. : w1, cxemM.,, Taba. — PexuM  goctyma: 1m0  MOANMUCKE.  —
URL: http://biblioclub.ru/index.php?page=book&id=460883

JonosiHUTEILHAS JIUTEpPaTypa:
1. Jlexmmm mo y4ueOHOM mucnumuimHe «OCHOBBI TEOPETHUSCKOW (QH3HUKI». IIEKTPOIUHAMHUKA.

[DnexTponnsIi pecypc] : yueOHoe mocobue / E.M. Kyxaps. — DneKTpoH. TEKCTOBBIC JaHHBIE. — Bonrorpan:
Bonrorpanckuii rocyJapCTBEHHBIH COIMANBHO-TIEAArOTHUECKUi yHuBepcuret, 2017. — 57 ¢. — 2227-8397. —

Pexxum nocryna: http://www.iprbookshop.ru/70731.html

2. Huxepos, B.A. ®usuka: coBpemennslit kypc / B.A. Hukepos. — 2-e uzn. — Mocksa : M3garenbcko-
ToproBasi koprnopamusi «JamkoB u K°», 2016. — 452 c. : wn. — Pexum noctyna: mo mommucke. — URL:

http://biblioclub.ru/index.php?page=book&id=453287.
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Ipuiaoxenue 1. CipaBo4Hbie MaTePUAJIBI 10 (PU3UKE.

1. OcHoBHbIE puU3NUECKHE MOCTOSTHHbIE (OKPYTJIeHHbIE 3HAYEHM )

O6o03HaueHU
duznyeckas MoCTOsTHHAS . 3HaueHue
Y ckopenue cBOOOHOTO g 9,81 m/c”
HaJeHUs G 6,67- 10" M*/(kr-c?)
['paBUTanIOHHAs TOCTOSAHHAA Na 6,02- 10%® monp™
[ToctostHHas ABoraapo
VYHuBepcanbHas razoBas R 8,31 JIx/(momnb-K)
IIOCTOSIHHAS Vi 22.4-1 0 M>/Moi1B
MounsipHbIii 00BEM* k 1,38:107%
ITocrostHHas bonplmana e Jx/K
DIJIEMEHTApHBIN 3apsi] c 1,60-10™ K
CkopocTh cBeTa B o 3,00-10° m/c
BaKyyMe 5,67-10° Br/(m*-K*)
[Mocrosinnas Credana- b
Boabiimana h 2,90-10° MK
ITocTosiHHAs 3aKOHA h 6,63-10 JIx-c
cMmelnieHust Buna R 1,05- 103 JIx-c
IToctrosinnas I1nanka a 1,10- 10" m™
[TocTostnnas J{upaka A 0,529-10 m
[TocTostnnas Punbdepra UB 2,43-10™ M
[TepBbrit 60pOBCKUA 0,927-10%
panuyc Ei AM
KoMritoHoBCKast I7TMHA BOJIHBI a.e.M.
Marueron Bopa € 2,18-10™ JIx (13,6
DHeprus HOHU3aLUUN Lo 3B)

aToMa BOAOpOJa
ATOMHas eqUHUIIA MACCHI
DJIeKTpUUeCcKas
IMOCTOSIHHAS

MarauTtHas 1mocTosTHHAas

1,660-107 kr
8,85-10™ d/m
47107 Tu/M

*MonsipHbIii 00BEM UEANBHOTO Ta3a MPU HOPMAIBHBIX YCIOBUSX.
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2. HekoTopbie acTpOHOMHYeCKHE BeJMYHHBI

HaumenoBanue 3HayeHue
Pamnyc 3emnu 6,37-10° M
Macca 3emimn 5,98- 10%* xr
Paanyc Connia 6,95- 108 M
Macca Conana 1,98- 10% kr
Paauyc JIynsi 1,74-10° m
Macca JIyHb 7,33-10% kr
Paccrosiaue ot nenrpa 3emnu 1o nentpa ConHua 1,49-10" m
Paccrosinue ot nentpa 3emuu A0 neHtpa JIyHsl 3,84:10° m
3. IlJIoTHOCTH TBEPABIX Te
3 IInoTHOCTS,
Tsepnoe teno | IlnotHOCTH, KT/M Tsepnoe Teno 3
KI/M
AroMuHui 2,70-10° Meb 8,93-10°
Bapwit 3,50-10° Hukes 8,90-10°
Banatuit 6,02-10° Caunen 11,3-10°
BucMmyT 9,80-10° Cepebpo 10,5-10°
Keneso 7,88-10° e3uit 1,90-10°
JIwruit 0,53-10° [uHK 7,15-10°
4. TIJIOTHOCTD KMIAKOCTEH
3 IInoTHOCTS,
Kunkocts IInoTHOCTB, KI/M Kunkocts 3
KI/M
Bona (ripu 4 1,00-10° Cepoyrnepon 1,26-10°
°C) 1,26:10° Crupt 0,80-10°
['muuepun 13,6 10°
PtyTh
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5. IlioTHOCTH ra3oB (NP HOPMAJIBHBIX YCJIOBHAX)

I'as IImoTHOCTS, KT/M° I'as IImoTHOCTSD, KT/M°
Bomopo 0,09 [enuit 0,18
I 1,29 Kucnopon 1,43
Bo3znyx
6. Kod(ppuumeHT NOBEPXHOCTHOTO HATSIKEHUS KMIAKOCTEi
Koaddurmuenr, Koaddurmuenr,
Kunkoctb Kunkoctb
MH/m MH/m
Bona 12 PtyTh 500
MpbuibHas neHa 40 Croupt 22
7. IPpdekTHBHBII THaAMETP MOJIEKYJIbI
I'a3 [Hnamertp, M l'a3 [uamertp, M
Asor 3,0-107° Tennit 1,9-10™"
Bozopo 2,3-107%° Kuciopox 2,7-10%°
A
8. udekTpuyecKkasi NPOHUIIAEMOCTH
Bemects
BemectBo IIpoHnaemocThb [IponunaemocThb
0
Bona 81 Crexkiio 7,0
Macino Cmona 7,0
TpaHchOpMATOPHOE 2,2 ®dapdop 5,0
[Tapadun 2,0 D00HUT 3,0
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Q. YaeabHoe COIIPOTUBJICHUE METAJIJIOB

Y neabHOE VY aeabHOE
Merann CONPOTHUBJICHHE, Merann COIIPOTHBJICHUE,
OMm'Mm OMm'Mm
Kemneso 9,8-10° Huxpom 1,1-10°
Mep 1,710 Cepebpo 1,610
10.9Heprusi HOHU3AMH
BemectBo Ei, Ix E;, oB
Bonopon 2,18-108 13,6
I ennit 3,94-10™° 24,6
JTurnii 1,21-10™" 75,6
PTyTh 1,66-10™ 10,4
11.TIoABHKHOCTH HOHOB B ra3ax, M/ (B-¢)
['a3 [TonoxurenbHble OrtpunarenbHbie
VOHBI HMOHBI
A3oT 1,27-10" 1,81-10"
Bozopox 5,4-10™ 7,4-10
Bozmyx 1,410 1,9-10
12.Tloka3aTesib MpeJIOMJIEHUSI
Bemect IToka3aten
Ilokazatennb BemiectBo
BO b
Anmas 2,42 I'muuepun 1,47
Bona 1,33 CrekJio 1,50
Macio 1,6 Cepoyriep 1,63
KOpHUYHOE oJ1
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13. PaGoTa BbIX0/1a 3JIEKTPOHOB

Meraimn A, Jx A, 3B
Kannii 3,5-10" 2,2
Jlutuit 3,7 1071 2,3
[Tnatuaa 10-10%° 6,3
Py6unii 3,410 2,1
Cepebpo 7,5-10"° 4,7
Le3uii 3,210 2,0
L{uHK 6,410 4,0

14.OTHOCHTEIbHBIE ATOMHBbIE MACChI (OKPYIJICHHbIE 3HAYeHHU) A,

H MOPHAAKOBBIC HOMEPaA Z HEKOTOPbIX 3JICMCHTOB

OnemeHT | CUMBOII A, OnemeHT | CUMBOJI A,
A3zoT N 14 Mapranern Mn 55
ATIOMUHHI Al 27 Menn Cu 64
Apron Ar 40 Momm0Oiex Mo 96
bapwuit Ba 137 Harpwuii Na 23
Bananuit V 60 Heon Ne 20
Boaopon H 1 Hukenpb Ni 59
Bomsdpam w 184 OnoBo Sn 119
["enmi He 4 ITnaTuHa Pt 195
Keneso Fe 56 PryTh Hg 201
30J10TO Au 197 Cepa S 32
Kanmit K 39 Cepebpo Ag 108

Kanpmmii Ca 40 VYraepon C 12
Kucnopon O 16 VYpan U 238

Marnwuii Mg 24 Xop Cl 35
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15. Macca u 3Heprusi NOKOsi HEKOTOPbIX YaACTHI

Mo Eq
Yactuia
KT a.c.M. JIx M5B
DIEeKTPOH 9,11-107" 0,00055 8,16:10™ 0,511
IpoTon 1,672:10% 1,00728 1,50-10™ 938
Heiitpon 1,675-10% 1,00867 1,51-10™ 939
JleiTpon 3,35-10°% 2,01355 3,00-10™° 1876
0-4acTHLA 6,64-107 4,00149 5,96-107 3733
HeurpanpHbii
M-M€30H 2,41-107%° 0,14498 2,16-10™" 135
16. Ilepuoasl mosypacnaga paiuoaKTUBHBIX H30TOIOB
N3oton Ilepnon
CumBon
noyypacnajia
AXTUHUH 2 AC 10 cyr.
Hon e 8 CyT.
KoGabt 2Co 53r
Marunuit “Mg 10 mun
Panwuii “*Ra 1620 net
Pagon Rn 3,8 cyT.
CrpoHumii ST 27 ner
Docdop 2p 14,3 cyr.
Llepuit *'Ce 285 cyr.
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17. Macchbl aTOMOB JIETKHX M30TOIOB

Macca, Macca,
H3oTon CumBon H3oTon CumBon
a.e.M. a.e.M.
9,01333
°’B
> 10,01294
Heiitpon on 1,00867 bop “B
11,0093
1lB
° 1
-~ | 10,00168
H 1,00783 6
12 152C 12,00000
BOI[OpOI[ 1H 2,01410 YI‘J'ICPOI[ 1:C 13’00335
13 H 3,01605 "
C 14,00324
23He 3,01603
I'ennit . Asor “N | 14,00307
-H 4,0026
§L 6,01513 1860 15,99491
JlnTuii K
e Li | 7,01601 HeTopor 70 | 16,99913
ZBe 7,01693
Beprumii 3 Be 9,01219 drop SF | 1899840
io Be 10,01354
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18. Tem10BBIE CBOMCTBA BEIIECTB.

TBEPJBIE TEJIA
VY nenvHas Temmeparypa VY nenvHas
Bemectso TEIIOEMKOCTB, 0 TEeIioTa
iaBienus, C
kJx /(xr K) TJIaBJICHUS,
ATIOMUHUN 0,88 600 380
Jlen 2,1 0 330
Menp 0,38 1083 180
OnoBo 0,23 232 59
CBuHenn 0,13 327 25
Cepebpo 0,23 960 87
Cranb 0,46 1400 82
KNJIKOCTHU
VnensHast | Temneparypa V nenbHast
BemecTBo
TEIUIOEMKOCTh | kKuneHus, °C TEIUI0Ta
Bona 4,2 100 2,3
PryTh 0,12 357 0,29
Crmpr 2,4 78 0,85
I"'A3bI
VY nenbHas Temneparypa
BemectBo
TEIUIOEMKOCTb, koHAeHcanuu, °C
A3zot 1,0 -196
Bonopon 14 -252
Boznyx 1,0 -
Kucnopon 0,92 -183
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Ipuiaoxenue 2. CipaBoYHbIe MATEPHAJIBI 10 MATEMATHKE.

ax’ +bx+c=0:
Kopuu xBagpaTHOro ypaBHEHUA ax® +b 0

X, = —b++/b?—4ac

2a
Teopema Buera:

X +X, = b X X _L
2 a '?oa
sina
tga = . . .
CoS & sin(a £ f) =sina -cos f+cosasin S
cosa cos(a + ff) =cosa-cos fFsinasin
ctg a =—
sina

sina+cos’ o =1
sec’ a—tg’a =1

csc’ a—ctg’a =1
tga-ctga =1
sina-csca =1

cosa-seca =1

tgax £ t9p
t +tf)="— "
9(@xp) 1¥tga-tgp

ctga -ctgf +1
+p)="22 22 T~
ctgatp) ctgftctga

sin3a =3sina —4sin® o

cos3a =4cos® o —3cosa

sina =1/J1+ctg’a
cosa =1/ J1+tg’a

sin2a =2sina -cosa

c0s 2a = Cos’a —sin’ «

sina +sin = 2sin a+ﬂ-cosa;ﬂ

sina—sinﬂ:ZCosa;ﬂ-sin a;ﬂ

a+ o —
COSa +C0S 5 = 2C0S ﬂ-cos p

2 2
tg 2a = 2t902‘ cosw—cos,B:—ZsinaJrﬂ-sina_’B
1-t19°ax 2
ctg’a -1
ctg2a = .
+
2ctga tgaFtg f = sin(a B) _
cosa -cos B

sin“a =
2
oS o — 1+cos2a
2
sin2 % _ 1-cosa
2 2

,a 1+cosa

COS™ — =
2

2

2sina -sin B = cos(a — ) —cos(a + 5)
2cosa -cos = cos(a— ) +cos(a +
2sina -cos S =sin(a — f) +sin(a + f)
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CBoiicTBa TPUTOHOMETPUYECKUX PYHKIMH.

sin(—x) = —sin x, sin(x+2zk) =sin x,
cos(—X) = COS X, cos(X + 27k) = cos X,
tg (—x) = —tg x, tg (x+27k) =g x,
ctg (—x) = —ctg x, ctg (x+27K) =ctg x,

rae k — mro0oe 11eoe 4ncio.

Tabimua 3HAYEHUH TPUTOHOMETPHYECKHUX (PYHKIUI HEKOTOPBIX YIJIOB.

AprymeHT o
Dynxims 0 T V4 T V4 3z
6 3 3 2 | 7 2
1
sina 0 - Q ﬁ 1 0 -1
2 2 2
cosa 1 V3 V2 1 0 -1 0
2 2 2
tg o 0 ? 1 3 - 0 -~
ctg o _ J3 1 ? 0 - 0
IIpumeuanue: CBsi3b MEXAY IPaAyCHOU U PaJUaHHON MEpaMHU
W3MEpPEHUS yIiia:
10 = " pa
~ 180 P
Teopema cHHYCOB: b ¢ roe ab,C — JUIMHBI CTOPOH

sina :sinﬂ =sin;/’
TPEYrOJIbHHKA.

Teopema kocuHycOB: a° =b”+c*—2bccosa.
YpaBHenune mnpsamoii: Ax+Bx+C=0, rome A,B,C — mgr00bie BeriecTBEHHBIC
ypcna, A*+B?=0.

y =kx+b — ypaBHEHHE IPSIMO#1 ¢ YIIIOBBIM KO3QHIeHTOM K.

2

2
X
KanoHnuyeckoe ypaBHeHuHe 3JUTHIICA: _2+;/_ =1, rae a,b — momyocu.

QD
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DopMyJibl PA3JI0KEHUS HA

a’—b’ =(a—b)(a+h),

(a+b)* =a’ +2ab+b?

MHOKUTEJIH:
a’+b’=(axb)(@*Fab+b*), (axb)’=a’+3a’h+3ab*+b’
2. Tadauua nmpou3BOIHBIX
OyHKIUSA [IpousBoaHas OyHKIUA [IpousBoaHas
1/x _1/ X2 sin x COS X
—sin x
COS X
\/; 1/(2\ﬁ) 1/ cos? x
X" nx"" 9 (2
N . ctg X —-1/sin” x
¢ ne arcsin x 1/V1-x?
X
a a“lna arccos X —1/1- X2
In X 1/x arctg x 1/(1+x2)
u(x) vu'-0v'u arcctg x ~1/(1+x?)
v(X) v
Uov vu'—v'u

3. HekoTopble NOCTOSIHHBIE YHCJIA U MPUOJIHKEHHBIE GOPMYJIbI.

[TocrosiHHBIE [TpubnuxxeHHbie GOpMYIIbI

BV (1 F:) (mpu o << 1)
r=3141 (lta)" =1+ na
7® =9.8694 e ~1+ g
Jr =1,7725 In(l+a)~a
e=2,7183 sina~a
lge =0,4343 cosa ~1-a’l2
In10 = 2,3026 tga=a
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4. Tabanuma MHTErpaioB.

n+1

X

Ix”dx= n=l
n+1
jaxdx: a
Ina
dx
—=Inx
X

jsin X dX = —C0S X
jcosxdx:sin X
jtg x dx = —In|cos x|

Ictg x dx = In|sin x|

dx X
——=In{tg =

sin X 2

dx (X ﬂj
—=Injtg| =+=
COS X 2 4

J‘sin2 X dx :lx—lsin 2X
2 4

Icos2 X dx :lx+%sin 2X

0

Txdx _r
0ex—l 6
TXst:ﬂ'_4
0ex—l 15

dx
[——=tgx
COS” X

dx
I —— =—Ctg X
sin‘ x

dx

dx 1 X
I —— = —arctg —
a‘+x° a a

dx 1 X—a
Ixz—azzﬁI X+a
.[ dx —il X+a
a’-x* 2a |x-a

dx )
I =arcsin X

NG

dx . X
j = arcsin =

Jai-x? a

I\/)(d:(__l =In(x+x? 1)

I dx :In‘x+«/xzik‘

x® +k
Iex dx =¢e*
T;‘zfx — 2,405

0

ju dz):u-u—judu
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5. HekxoTopble cBeeHHsI 0 BEKTOPaX.

CkajsipHO€ IIPOU3BEIEHUE BEKTOPOB:
a-b=ab +ab +ab,

BeKTOPHOC IMPOU3BCACHUC BCKTOPOB!

i J k
[ab]=|a, &, &|=(ahb,—ab)i+(ab —ab)j+(ab —ab)k
b b b

i(* 5)=E @ i(35)=ﬁﬁ+a@
dt dt dt dt dt dt
d . da_ da d _- da - db
G i a2 P [dtb}{adt
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Y4eOHO - MeToAUYecKOe M HH(POPMALIMOHHOE o0ecTieYeHHe T CIUNIMHBI

Pexomenayemas jiureparypa

OcHoBHas JuTEparypa:
1. ®usuka sl BY30B: MEXaHUKA U MOJCKYIspHAs (u3uKa [DIEKTPOHHBIA pecypc:

yueOnuk / B.A. Hukepos. - Mocksa : M3narenbcko-Toproasi kopnopanus «JlamkoB u K°»,
2017. - 136 «c¢. : Tabm., rpad., cxem. - ISBN 978-5-394-00691-3;-URL.:
http://biblioclub.ru/index.php?page=book&id=450772

2. TameikoBa-bymkesud, 1., ®usuka : B 2 4. / .M. TamsikoBa-bymkeBud. — 2-¢

u31., ucrnp. — Musck : Bemitmas mkona, 2014. — Y. 1. Mexanuka. MonexymsipHas pusuka
U TEpMOAMHAMMKA. DJIEKTPUYECTBO U MarHeTusm. — 304 c. : ui., cxem. — Pexxum gocryna: no
noxnucke. — URL: http://biblioclub.ru/index.php?page=book&id=235732

3. TanuteikoBa-bymkesny, U.1. ®usuka : B 2 4. / N.M. TanueikoBa-bymkeBuy. — 2-¢

u3a., ucnp. — MuHck : Beimiimas mkomna, 2014. — Y. 2. Onrtuka. KBantoBas ¢usuka.
Crtpoenue u pusnueckue cBorMcTBa BemecTBa. — 232 c. : uil., cxeM., Tabia. — Pexxum nocryna:
o moganucke. — URL: http://biblioclub.ru/index.php?page=book&id=460883

JlonmoJIHUTEIbHAS JIUTEpaTypa:

1. Jlekuun 1o yueOHOH aucuuiuinHE «OCHOBBI TEOPETHUYECKOW  (DU3HKMY.
OnekTpoAHAMUKa. [DIeKTpoHHBIA pecypc| : yuebHoe mocodbue / E.M. Kyxapp. —
DNEeKTpPOH. TEKCTOBble JaHHble. — Boarorpan: Bonrorpaackuii rocynapcTBEHHBIN
COlLlMaJIbHO-TIelarornueckuil yauusepcurert, 2017. — 57 ¢. — 2227-8397. — Pexxum nocryna:

http://www.iprbookshop.ru/70731.html

2. Hukepos, B.A. ®usuka: coBpemenHsiii kypce / B.A. Hukepos. — 2-e u3a. — Mocksa
: Uznarenscko-ToproBas koprnopanus «JlamkoB u K°», 2016. — 452 c. : un. — Pexum
nocryma: o nmoamucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.
HNHuTepHer-pecypcesl:

1. «YHuBepcuTeTcKas onbnmoreka oHnaitny - http://biblioclub.ru

2. «nekTpoHHO-0nbMoTeuHas cucrema IPRbooksy http://www.iprbookshop.ru
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