OEJIEPAJIBHOE AT'EHTCTBO CBAA3U
Ceepo-Kakasckuii ¢punuan opaena TpynoBoro KpacHoro 3nameHu
(benepaibHOrO roCyapCTBEHHOTO OIOXKETHOIO 00pa30BaTEIbHOTO YUPEKICHUS
BBICIIIETO 00pa30BaHuUs
«MOCKOBCKUN TEXHUYECKUN YHUBEPCUTET CBSI3U U UH(POPMATUKI

OU3UKA
JIABOPATOPHBIE PABOTbI

MeTtoanyeckue YKa3aHu:A

JUTSI CTYZICHTOB OYHOM ¥ 3a09HOM (hOpM 00yUEeHUHI.
Hanpasnenue noarorosku — 11.03.02

PocroB-na-/lony
2019



Yy4eOHOe rocodue

11 7a00paTOPHBIX 3aHATUN

10 JUCLIUILIAHE

OU3NKA

CocraButenu: b.b. Konkun — K.(.-M.H., JOIIEHT
S.b. KoncrantunoBa — K.(.-M.H., JOLIEHT

Paccmotpeno u ogo6peHo
Ha 3acenanuu Kadeapbl OOIIeHaAYYHOM MOATOTOBKH
[TpoTokon ot «26» utonst 2019 r. Nel

B nocoOuu onmcanbl 1abopatopHble paboThI, BXOASIIUE B paboUyl0 MPOrpaMmy
JTUCIHUIUIMHBI (PU3UKHU A7l CTYJEHTOB HarpasieHue noarotoBku — 11.03.02
Kaxnas paboTa comepkuT 1Lieib, UCIOJIb3yeMOe 000pyAOBaHUE, KPATKYIO Teope-
TUYECKYI0 4acTbh, ONMHUCAHUE SKCIEPUMEHTAIbHON YCTaHOBKH, 3aJaHUs, TPUMEPHI
0o(OpMIIEHUS OTYETOB, U KOHTPOJIbHBIE BOTIPOCHI.



COJEPKAHUE

BBEIEHHEC. ...ttt e, 4
[TorpentHOCTH GU3HUUECKUX U3MEPEHUH ..o 5
Jlaboparopnast pabota Ne 1. M3yueHne 3akOHOB JMHAMUKH MTOCTYIATE/b-

HOTO JIBHIKEHUS. ..ttt et ettt et et et ettt e e et e e e e eaene 10
Jlaboparopnas pabota Ne 2. M3ydeHne 3aKOHOB TMHAMUKH Ha MasiTHUKE

L@ 0757 010 7<) < 14
Jlaboparopnast pabota Ne 3. MccrnenoBanue 3IeKTPOCTaTHUECKUX MOJei... 18
JlaGopatopnast pabota Ne 4. M3ydyeHune 31eKTpUIECKUX LeTei

TTOCTOSTHHOTO TOKR. « .+ eteteettente et et ete et e et e et e e e et e e et eaeeneenes 23
Jlaboparopuas padota Ne 5. Onpenenenre TOpU30HTAILHON COCTABIISIO-

el HAMPSHKEHHOCTA MATHUTHOTO TTOJIS BEMITH. « . vvve e eneeeeaeeeannneeennnns 27
Jlaboparopnas pa6ota Ne6. VMccrnenoBanne coOCTBEHHBIX MEXaHUUECKHUX U
AIIEKTPOMATHUTHBIX KOMEOAHMM] . ... .euetinteneet ettt 31
JlaGopatopnas pabora Ne 7. MccineqoBaHNE CTOSUUX BOMH. . ..veenueerenennn.. 37
Jlaboparopnast pabota Ne 8. M3yuenue nudpakium cBeta Ha JUPPAKITTOHHO

0 1 X 42
JlaGopatopnas pabora Ne 9 MccnenoBanue BHemHero Gporosdpdexra....... 50

JlaGopatopnas padora Ne 10 M3yueHnue nuHeHyaThIX CHEKTPOB MHEPTHBIX

0% S 0 1 1 T 61

0820 (00 RS2 1 (P 61



BBEJAEHUE

Llenp HacTOsALIEr0 MOCOOMS — MO3BOJUTH CTYACHTY CaMOCTOSITEIBHO BOCIPOU3BECTH
OCHOBHbIE (hU3MUECKHE SBJICHUS, IPUYUUTh €ro K OOpaLIEHUIO C U3MEPUTENbHBIMHI MPUOOpaMu
U TIO3HAKOMUTH C BaKHEHIIMMH MeTonaMHu u3MepeHuid. JlabopaTopHble 3aHATHS MPUBHBAIOT
CTYJICHTaM HaBBIKM OLIEHKH JIOCTOBEPHOCTH MOJIYYEHHBIX PE3yJbTAaTOB, X HMHTEPHpPETALNH, B
TOM YHCJIe, U rpaduyecKon.

Kaxxnpiii cTyeHT BBIONHSET 1a00paTopHbIe padOTHl B COOTBETCTBUU C WHIUBUIYATHHBIM
rpadgukomM, coobIIaeMblM €My IpernojiaBaTeleM Ha MEpPBOM 3aHATHU. Bce BBIMOJIIHAEMbIE CTY-
JEHTOM J1a00opaTOpHbIe pabOThl OPOPMIISIIOTCS Ha IBOMHOM TE€TPATHOM JIUCTE WU B TETPAAU JUIs
1abopaTOPHBIX padoT.

Omnucanust kK paboTaM coaepikar 1eIb paboThl, UCIOJIb3yeMoe 000pyI0BaHNE, a HAUNHA-
IOTCS C KPaTKUX TeOpeTUYeCKuX cBefeHuil. OHM COCTaBJIeHBI TaK, YTOObI ICHOE IPEICTaBICHNE
O CYILECTBE M3y4aeMbIX SBJICHHH M NMPUMEHSIEMOM METOJEe M3MEpEHUIl MOriu cebe COCTaBUThH
KaK T€ CTYJEHTBI, KOTOPbIE YK€ MPOCTYIIadd 3TOT MaTepual Ha JEKUUSX, TaK U T€, KOTOPhIE
TOJILKO MPHUCTYMAIOT K U3YUYEHHIO COOTBETCTBYIOLIET0 pasaena ¢pusuku. [TosTtomy 1o npuxozaa B
1a00paToOpUI0 CTYACHT JODKEH MPEABAPUTENHHO MOATOTOBUTHCS K BBITIOTHEHUIO PabOTHI, IMO-
3HaKOMUBILIKCH C €€ OMKCAaHUEM, 3alliCaB B TETPaau ee Ha3BaHUE, 11elib, 000PYJO0BaHHUE, OCHOB-
HbI€ 3aKOHBI, UCIIOJIb3yEeMbl IIPHU BBIMOJIHEHUN KOHKPETHOW paboThl, pabouue (Gopmysbl, 3aro-
TOBKH TaOJINII.

[Tocne TeopeTnyeCcKuX CBEICHUH MPUBOJAUTCS OMUCAHUE IKCIEPUMEHTAIBHON YCTAaHOBKH
U U3MEPUTENIbHOM ammapaTypbl. 3aTeM CIeAYyIOT 3aJaHus, pEerjaMeHTUPYIOUIUEe II0C-
JIeIOBATEILHOCTh PabOThI CTYACHTOB NP MPOBEACHUN H3MepeHui. [lepen TeM Kak K HUM MpH-
CTYNHUTh, CTYJEHTY PEKOMEHAYETCs MPOJENaTh Psijl MPOCTHIX OIBITOB, MO3BOJISIONINX MOHATH
OCOOCHHOCTH HCCIIEAYEMOTO SIBIICHUS U U3MEPUTEIBHON anmaparypbl, yOSTUThCS B €€ UCIPaB-
HOCTH, OLICHUTh HAJEKHOCTh Pe3yJbTaToB. [I[poBeieHNEe TAKUX OMBITOB — U UX ONUCAaHUE B OT-
YeTe — CYMTACTCS BaXKHEHIEH COCTaBHOM 4acThiO pabOTHI CTyACHTA. 3aJIaHMsI COCTaBJICHBI Ta-
KM 00pazoM, YTO Jal0T BO3MOXHOCTBH IMpPENoJaBaTesl0 BapbUPOBATh UX MOJOOP B COOTBET-
CTBUM C YCIIEBAEMOCTHIO U JIMYHBIMH HAKJIOHHOCTSIMU CTYIEHTOB. 3amanue nmoa Nel B kaxmoiut
pabote onpenensier HEOOXOAUMBI MUHUMYM, 0€3 BBIITOJIHEHHS KOTOPOTo JabopaTopHas paboTta
He Oynet 3aureHa. Eciin y cryneHTa octaercst BpeMsi, OH MOXET NMPOBOAUTH JOMOJHUTEIbHbIE
3a/IaHMsl, YTO CJIEJIYEeT BCAYECKU MPUBETCTBOBATH U MOOLIPSTh.

B koHIIE onMcaHui NPUBOJATCA CIIUCKU KOHTPOJIBHBIX BOIIPOCOB U PEKOMEHAYEMOH JIU-
TepaTyphl.

B ocHOBe TOYHBIX €CTECTBEHHBIX HAYK, K YHCIY KOTOPHIX OTHOCUTCS U (U3HKa, Jiexkar
u3mepenus. [Ipu u3mepenusx 3HaueHus: GU3NYECKUX BEJIMUUH BBIPAXKAIOTCS B BUJE YHUCEI, KO-
TOpbIE YKa3bIBAIOT, BO CKOJIBKO pa3 U3MEpEHHas BeIHuYrHa OOJblle UM MEHbIE IPYroi Beu-
YUHBI, 3HAYEHUE KOTOPOH MPUHATO 3a enuHuIly. [lomydyeHHble B pe3yapTaTe U3MEPEHUN YHUCIIO-
BbIC 3HAYEHUS PA3IMYHBIX BEJIMYMH, HAIPUMEP, BPEMEHU, MMYTHU, CKOPOCTU U T. 1., MOTYT 3aBU-
ceThb JIpyr oT Japyra. Ou3ukKa yCTaHABIMBAET CBSI3b MEXKAY TAKUMHU BEIMUYMHAMU U BBIPAXKAET €€
B BHJIe (HOPMYJI, KOTOpPHIE MMOKA3BIBAIOT, KAK YHCIOBBIC 3HAUCHUSI OJHUX BEIIMYUH MOTYT OBITH
HaWJIEHbI 10 YUCJIOBBIM 3HAUECHUSIM JIPYTHUX.

[TonydyeHnne HaIEKHBIX YUCIOBBIX 3HAUEHUN (PU3NYECKUX BEIMYMH OTHIOAb HE SIBISIETCA
MIPOCTOM 3a7a4eil M3-3a MHOTOUYHCIICHHBIX TMOTPEIIHOCTEH, HEM30S)KHO BO3HUKAIONIUX TIPU U3-
MepeHusix. Huxe paccMmarpuBaroTcs BUABI U3MEPEHHI, CONMPOBOXKIAIOIINE UX MOTPENIHOCTH, a

TaK)Ke MPOCTeHIIne METOIbl, IPUMEHsAEMbIE TPU 00pabOTKE pe3yNbTaTOB U3MEPEHUIA.
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MOTPENIHOCTU ®U3UYECKUX U3MEPEHUM

Hean pa6orbl: [103HAKOMUTBCS C BUJAMU U3MEPEHUN, U3YUUTh METOJUKY pacuera MOTrpenIHo-
CTell PU3NYeCKUX M3MEpPEeHUil W npaBuia OQOPMIICHHS PE3YJIbTaTOB IKCIEpPHU-
MEHTa.

B ocHoBe ¢u3uKu jexaT SKCIepuMEeHTaAIbHbBIE UCCIIEI0BaHuUs, COMPOBOKIAIOIINECS H3Me-
PEHUSMH.

N3meputh (U3UIECKYIO BEIMUMHY — 3HAYUT CPABHUTH €€ C OJTHOPOHOM (pr3nyecKoi Be-
JUYUHOM, MIPUHATON 3a eAMHUILY U3MepeHus. Mi3MepeHus ObIBalOT IPSIMBIMU M KOCBEHHBIMHU.

Ilpsambie n3mepeHust MPOU3BOAATCS C TIOMOIIBIO TPUOOPOB, U3MEPSIIOIIUX CaMy HCCIIETy-
eMyI0 BeIM4YMHy. Tak, Maccy Tesna MOKHO ONPEIEIUTh C IOMOILBIO BECOB, IJIMHY — U3MEPUTH
JIMHENKOW, BpEMSI — CEKYHIOMEPOM.

Koceéennvimu Ha3bIBAIOTCS WM3MEPEHHUs, B KOTOPHIX 3HAYEHHE H3MEPSAEMOM BEIMYMHBI
HAXOJUTCS MyTeM BBIYMCIIEHUS 10 (hopmyIie, coaepxallell JaHHble U3MEPEHUN IpYyrux Qpusnde-
CKHMX BEJIMYMH. Tak, INIOTHOCTH BEIIECTBA OMPEIEIAETCS M0 PE3yIbTaTaM U3MEPEHHUM MacChl U
pa3MepoB Tena.

KauecTBO M3MepeHunil onpenensieTcss X TOYHOCThIO, 3aBUCSAIIEH OT METOAUKHN W3MEPEHU,
COCTOSIHUS IPUOOPOB U psijia CiIydaitHbIX (PaKTOPOB, COMPOBOXKIAIOIINX SKCIIEPUMEHT. B o0beme
HACTOSILETo MOco0us Oy1eM TOBOPUTH JIMIIb 00 OLIEHKE MOTPEIIHOCTEH H3MEPEHU.

CPEJHEE 3HAYEHUE U3MEPSIEMOM BEJINUHUHBI

Cpeonee apughmemuueckoe 3nauenue usmMepAEMoll 6eAUYUHBL OTIPENICISIETCS OTHOIICHU-
€M CYMMBI BCEX X; U3MEPEHUH K UX YUCITY 7'

xcp :lzxi
nia M

ITPUMEP 1. Tlyctb B X0/ UCCIIEAOBAHUS MTPOBeACHO # = 11 u3MepeHuii mmupuHbl / HEKO-
TOPOTO MPOTSHKEHHOTO y4yacTka ¢ TouHOCThIO 10 0,1 M. Pe3ynbrarsl cBenensl B Tabnuiy 1.

Tabauma 1

No ompita | 1 2 3 4 5 6 7 8 9 10 11 |cpenuee
l,m 80 | 79 | 7.8 | 82 | 85 | 7.8 | 84 | 83 | 7.8 | 8,2 | 82 8,1
Abm | 011020301 04]03]|03]021]03]0,1]0,1 0,3

CpenHee 3HaueHHUE MIMPHUHBI y4acTKa

L,

=i(8,0+7,9+...+8,2)=8,1
11 M. )

HOTPEINTHOCTHU MPSMbBIX U3MEPEHUI

To4HOCTh U3MEpPEHUN XapaKTEPHU3yeTCsl MOTPEIIHOCTAMH, KOTOPbIE MPEACTaBIAIOTCS a0-
COJIFOTHOU M OTHOCHUTEIILHON OIIMOKAMM.



Abconromnana nozpeutnocms Ax; OTIEILHOTO U3MEPEHUSI — 3TO MOAYJb Pa3HOCTH Cpe-
HETO X, U OTJAENBHOTO X; 3HAYEHUN U3MEPSAEMON BEINYHHEI

Ax; =

xcp _xz"

)

B mamem cJIy4dac, HAIIpUMEpP IJIA IIATOTO U3MCPCHUA UPHUHBI, I10J1Yy4aCM

AL =l ~1,|=[8,1-8,5 =04 @
AOCOIOTHBIC TIOTPEIIHOCTH JJI BCEX U3MEPEHUI MpeicTaBlIeHbl B Tabauie 1.
Cpennee 3HaUeHHUE a0COTIOTHOM OMIMOKH (TIOTPEITHOCTH)
Ax = 'y Ax
c ; Z i
A 5)

s paccmarpuBaemoro npumepa Al,, = 0,218 m.

3AMEYAHHUE 1. TlorpenHoCTH M3MEPEHUH BCera OKPYIJISIOTCS B CTOPOHY OOJIBIIMX
3HaueHuil. Iloatomy npunumaem Alg, = 0,3 M (cM. Tabun. 1, kpaiiHuii npaBblii cTonoer).

Ommuocumenvnasa nozpewtnocmey 6x — 3TO OTHOLICHHE CpeHel aOCONMIOTHON MOTPEIIHO-
CTH K CpEAHEMY 3HAUECHUIO U3MEPSIEMON BEIMYNHBI, YMHOXkEeHHOE Ha 100%:

Axc
Sx =—2-100%
Yop . (6)

MPEJICTABJIEHUE PE3YJbTATOB ®U3NYECKNUX U3MEPEHU

Pe3ynomamul uzmepenuii NOMKHBI MPEICTABIATHCA B KOHIIE OTUeTa KaxJI0# J1abopaTop-
HOM paboThI C Y4ETOM JOMYIIEHHBIX MOTPEIIHOCTEN B BUJIE:

x=(xcp iAXCp) 8x=_%. (7)
Jns paccMarpuBaeMoro npuMepa:
[=8,1£0,3) 57— 49, 8)

3AMEYAHHUE 2. AGconoTHBIE OITMOKYA U3MEPEHUM, BHITIOJIHEHHBIX B Halel jaboparo-
pUH, OKPYIJISITH B CTOPOHY OOJBIIMX 3HAYCHHWH W TPEACTABIATH OJHOW 3Havamend 1udpoii.
Cpennee 3HaYCHUN U3MEPAEMON BEITMYMHBI OKPYTIIATH 10 pa3psizia a0COIIOTHOM OMIMOKH.

IHNOTI'PEINHOCTHU UBMEPUTEJIBHbLIX ITPUBOPOB

[TorpemrHOCTh ANEKTPOU3MEPUTENBHBIX MPUOOPOB OMpPEENIeTCs UX KJIAacCOM TOYHOCTH K.
Knacc mounocmu paBeH OTHOIIEHUIO aOCOTIOTHOM MOTpenTHOCTH Ax Tpudopa K mpeeny u3Me-
PEHUS X,p, T.€. K MAKCUMAJIbHOMY 3HAYEHUIO BEIMYUHBI, KOTOPOE MOXKHO M3MEPUTh ITHM IIpH-
6opom. Kimacc To4HOCTH yKa3bIBaeTCs Ha MIKaJie MPUOOPOB B MPOIICHTAX:



k=25.100%. 9)

an

Abconrwomnan nozpewtnocms nPUOGOPa HaxXoAUTCS U3 PEICTABIEHHOTO COOTHOMIEHUs (9):

k-x,,
Ax = . (10)

IIPUMEP 2. IIycTh K1acc TOYHOCTH BOJIETMETPA PaBeH 1, a ero npeznen u3MEepeHus Xx,, =
30 B. Torma abcomoTHasI MOTPEIIHOCTh BOJIBTMETPA
_1%-30B

U=-""""-0,3B. (11)
100%

Ecnu kiacc ToyHocTH mpuOopa He yKaszaH, TO a0CONIOTHAsl MOTPEIIHOCTh NMPUHUMACTCS
PaBHOM IIOJIOBUHE LICHBI JeJeHUs 1Kansl. Hanpumep, pu u3MepeHun JIIMHBI TUHENKON C MUJI-
JUMETPOBBIMHU JEJIEHUSMHU MOTPEIIHOCTD U3MEpeHus cocTaBuT 0,5 MM.

3AMEYAHHE 3. llorpemiHOCTh U3MEPEHUs HE MOXKET OBITh MEHBIIE MOTPEITHOCTH H3-
MEPHUTEIHHOTO TIpubopa.

MOTI'PEITHOCTH KOCBEHHBIX U3MEPEHUI

[TycTs QyHKIMOHANIBHAS 3aBUCHMOCTh KOCBEHHO M3MEpPSEMOM BEIMUYMHBI ' OT HEHOCpesl-
CTBEHHO M3MEPSAEMbIX BEIMUUH X; IMEET BUJI:
3
bx;

y=ax,—, (12)

2
3

rie a, b, c — xoHcTaHThl. CpeiHee 3HAUCHHUE ), BBIYUCIAETCS 110 CPETHUM 3HAUEHHSAM X1, X2, X3.
st onpenenenust GOpMyibl OTHOCHTEIIBHON MOTPENTHOCTH KOCBEHHO M3MEPsSeMOl BeJu-
YHHBI  CHavYaJIa JIOrapu(pMUPYIOT MPEACTABICHHOE COOTHOIICHUE:

Iny=Ina+Inx, +Inb+3Inx, —Inc-2Inx,. (13)

3areM nuddepeHnupyOT NOJYyYeHHOE PAaBEHCTBO U, 3aMEHSSl 3HAKW MHHYC Ha IUIIOC U 3HAKU
muddepeHnmana d Ha 3HaKU KOHEYHOTO MpUpalleHus A, MOIy4aoT BbIpaKeHHe OTHOCUTEIbHOM
MOTPEIIHOCTH:

=£=Axl+3Ax2+2Ax3.

y cp xl x2 x3

oy (14)

3neck Axj, Ax;, Ax3 — aOCOIOTHBIE MOTPEITHOCTH U X|, X2, X3 — CPEIHHE 3HAUCHUS BEITUYNH
IIPSIMBIX U3MEPEHUM.

3Hasi OTHOCHUTENBHYIO IOIPEITHOCTD 0y U CPEHEE 3HAYEHUE )¢y, BBIYUCIIAIOT A0COTIOTHYIO
MOTPEITHOCTD:

Ay =9dy-y,,. (15)

OkoHYaTenbHBINA PE3yAbTAT 3aIIUCHIBAIOT B BUJIE!



v =0, £A); 5y =2 100%
ycp . (16)

HOPAAOK BBIIIOJIHEHUSA PABOTBI

3aoanue 1. Onpedenumsb nozpeuwtHocmu RPAMbIX UMeEpPEeHUll

Tabauya 2. Cuna moka Tabauya 3. Bpems Tabauya 4. Paccmosinue
Ne | LA |Ip, A| AIL AALp, Al |No| ¢, ¢ | tep,c | AL, c |Atep, c| |No| I, m |lep, M | AL, M [Alep, M
1.] 2,1 1.| 6,9 1.| 3,8
2.1 1,8 2.1 7,1 2.1 3,5
3.1 1,9 3.1 170 3.1 4,0
4.1 2,0 4. 71 4. ] 4,4
5.1 2,3 5.1 17,0 5. 4,3
1. Ompenenuts o dopmyne (1) cpeaHee 3HaUeHHE GU3HMIESCKON BETUYHHBI, YKa3aHHOU (Tabi. 2
—4) nmpenogaBaTesieM.
2. Haiit aGCoNIFOTHBIE MTOTPEUTHOCTH U3MepeHui 1o ¢popmye (3).
3. Bwuucnuth cpenHee 3HaYCHHE a0COTIOTHOM MOTPEIIHOCTH, UCIIONIB3Ys BhIpaxeHue (5).
4. PaccuuTaTh OTHOCHTEIHHYIO MOTPEIIHOCTH U3MEpeHus 1o ¢opmyie (6).
5. IlpencraButh pe3ynbtar usmepenuii B sujae (7).
3aoanue 2. Onpedenumsv NOKA3AHUA U ROZPEUIHOCHIU UBMEPUM ETIbHBIX NPUOOPOE
Puc. 1. Boabmmemp Puc. 2. Mezasammmemp Puc. 3. Amnepmemp
ksnacc moyHocmu 1,0 Kaacc moyHocmu 1,5 Ksaacc moyHocmu 2,0
1. Omnpenenutsb npeaen usmepeHus npuoopa (puc. 1 — 3), ykazaHHOTO MpernogaBaTeIeM.
2. Beraucnuts mo dopmyne (10) abcomoTHYIO TMOTPENIHOCTh YKA3aHHOTO MPUOOpa, YIUTHIBAs
3amanHbId (puc.l — 3) Kjacc TOYHOCTH.
3. OmnpenenuTh MOKa3aHUs NMpuOOpa, Iojaras, 4To CTpesiKa OTKIOHWJIACh mpaBee OTMETKH 40
(puc. 1); 1,5 (puc.2); 80 (puc. 3) Ha 1Ba eICHUSI.
4. PaccuuTaTh OTHOCHTEIHHYIO MOTPEITHOCTH U3MEpeHus 1o ¢popmyie (6).
5. IlpencraButs pe3ynbraT uzMepenus B sune (7).




N N D AW N~

3aoanue 3. Onpedenumsv nOZPeUiHOCMU KOCEEHHBIX UIMEPEHUIL
[ToyuuTs OT MpenoaaBaTetsi OJJHO U3 COOTHOIICHHH (a, 0, B):

3 2 2
y:axlzbi (a); y:axfbi (0); y:axf& (B).

cx;, cx, bx,
[To0XUTh, YTO KOHCTAHTHI 4, 0, ¢, CPEAHUE 3HAYCHUS] U3MEPSAEMBIX BEJIIUYHUH X1, X2, X3 U a0-
COJIFOTHAS MTOTPEITHOCTh AX COOTBETCTBEHHO paBHBL: @ =2; 6 = 3; ¢ =4; x; = 1,0; x, = 2,0; x3
=3,0u Ax; =0,1.
BrruucnauTs cpenHee 3HaueHHE U3MEPSEMOI BETMUYUHBI, UCTIOJIB3YsI 3aJaHHOE COOTHOILICHHE.
Beruncnuts, cornacuo anroputMam (13) — (15), oTHOCHTENBHYIO U aOCONIOTHYIO TIOTPEITHO-
CTH KOCBEHHO M3MEPSIEMOU BEJIMYUHBI.
[IpencraButh pe3ynbTaT U3mepeHus B Buae (16).

KOHTPOJIBHBIE BOITPOCBHI

. Kakue usmepeHuns Ha3bIBalOTCs NPSIMBIMU, a Kakne KocBeHHbIMU? [IpuBecTr mpuMepsl.

. Kak Haiitu cpennee apudmeTniaeckoe u3MepeHui xi, Xz, X3, X4.

. Kak Haxonarcs abCcoMtoTHRIE U OTHOCUTEIbHBIE TOTPEIIHOCTU MPSIMBIX U3MEPEHUN?

. Kak 3anuceiBaeTcsi OKOHYATENbHBINA PE3YIbTAT MPSIMBIX H3MEPEHUI?

. Uto Takoe Kjacc TOUHOCTH TIpubdopa?

. Kak ompenensiercst abcomoTHAs MOTPEIIHOCTh MPUOOpPA 10 H3BECTHOMY KJIacCy TOYHOCTH.

. Kak onpenensiercst abcomoTHas MOTPENTHOCTh OJHOKPATHBIX U3MEPEHUH, TPH HEU3BECTHOM

KJIacCe TOYHOCTH Mpuodopa?

. YKa3aTh [10CJIEeN0BATEIBbHOCTD ONEPAL HAX0KICHHS IIOTPEIIHOCTEN KOCBEHHbBIX U3MEPEHUN



JlaGopatopnas padora Ne 1
N3YYEHUE 3AKOHOB TMHAMUKHU NOCTYINATEJIBHOI'O IBUKEHUS

eab padornbi: Ha ocHOBE 3aKOHOB COXpaHEHUs ONMPENEIUTh CKOPOCTh MYJIHU, KECTKOCTh MpPYy-
KUHBI, TOTEPU MEXaHUYECKON IHEPTHH.

Oo6opynoBanue: MonynbpHbI yaeOHBINH KoMmIieke MYK-M1, Briro4aromuil mpy>XHHHBIA TTH-
CTOJIET, HA0OP MyJIb, OATUCTUYECKUIA MAsITHUK, JIMHEHKY ¢ MUJUIUMETPOBOM IIKAJIOMN.

BBEJEHUE

bamnmuctnyecknii MasiTHUK — 3TO MACCHBHBIM HWJIMHAP Maccod M, MOJBEIICHHBII Ha HEBECO-
MBIX HUTAX (pHUC. 1), CTOCOOHBIN NBUTAThCS TOJIBKO MOCTYMATeNIbHO. BOMM3M MasTHUKA 3aKpen-
JIEH MPYXUHHBIA MUCTONET P, cTpenstomuii mynsamu maccor m. [lpu monagaHuu myiau B TOpeEI
WIMH]IPA, 3aTIOJHEHHOTO MIACTHINHOM, MMPOUCXOIUT aOCONIOTHO HEYNPYTrUi yaap, mocie Ko-
TOPOro TeJjla JBUXKYTCS Kak efauHoe 1enoe. [Ipu 3ToM BBITIOIHSAETCS TOJIBKO 3aKOH COXPaHEHMS
HUMITYJIbCA. 3akou COXpPAaHCHUMA MEXaHUYECKOU OHEPTHUU HE BBIMMOJIIHACTCA, IMOCKOJbKY KUHCTHYC-
CKas SHCPrus nyJjaru 4aCTUIHO MMEPECXOAUT BO BHYTPCHHIOIO SHCPIUTO.

LLLLLL L L L L

Puc. 1

CunTtas MasTHUK-ITYJIS 3aMKHYTON CHCTEMOM, IPUMEHUM 3aKOH COXPAHEHUSI UMITYJIbCa!
mo =(m+M)u, (1)

II€ U - CKOPOCTH IIyJIU A0 yAapa, u - CKOPOCTh MAsITHUKA C ITyJIEH cpa3y IOcCIIe yaapa.

[Tpu cxopocTh u MasTHUK 00JazaeT MaKCUMAJIbHOW KMHETHUYecKoi sHeprueit. Ilo mepe oTkio-
HEHHUs OT IOJIOXKECHUS PABHOBECUS MAATHHUK ITOJAHMMAECTCS OTHOCHUTEIBHOTO IEPBOHAYAIBHOIO
MIOJIOKEHHUS, @ €r0 KHHETUYECKasi SHEPTusl MEPEeXOJUT B MOTeHLHaIbHY0. COracHO 3aKOHY CO-
XPAaHEHUS MEXaHUYECKOM SJHEPrUuu

2

e MO _ e+ Mg @
2

rae h — HamOoJbIIash BHICOTA, HA KOTOPYIO MOAHUMETCS MAasTHUK, g — YCKOPEHHUE CBOOOJIHOTO
nagenus. CreBa OT 3HaKa paBEHCTBA IMPEACTaBlieHA KUHETHUYECKas YHEPrusi MOCTYNaTeIbHOrO
JIBUKCHHSI MasgsTHUKA Cpa3y TOCTe MOMaJaHus Mydu (B OTOM TOYKE MOTCHIHUATIHHYIO YHEPTHUIO
MPUHUMAEeM PaBHOU HYII0), a ClipaBa — MOTEHIMATbHAS YHEPTHsl CUCTEMBI B MOMEHT €€ OCTa-
HOBKHM Ha MaKCHMaJIbHOU BBICOTE /1.
Pemas coBMectHO ypaBHeHust (1) u (2), BeIpa3suM CKOPOCTD IMYJIH:
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oM Do 3)

Puc. 2

TakuMm 00pa3zoM, CKOPOCTH MOJETA MY MOYKHO BBIYHCIIUTH, 3HASI BBHICOTY /1 MOAbEMa MasTHUKA,
KOTOPYIO BBIPA3UM Y€pe3 COOTBETCTBYIOLIEE FOPU3OHTAIILHOE CMEIEHUE (pUC. 2) MasiTHUKA S.
N3 npsimoyrosbHOro TpeyroibHuka OA'B cnegyet

P =8+ (I-h) (4)

3nech rae [ — AmuHa HUTH MasTHUKA. PackpeiBas ckoOKu H, mpeHeOperast ciaraeMbIM n, OJLy-

qaem S° = 21h. Orcrona clemyer:
S2
h=—. 5
Y ()

[Toacrasisis (5) B (3), mosryunm padouyro GopMyIty It ONIpeAeIICHUs] CKOPOCTH TTYJIN:

v:””Ms\/g. 6)
m [

3necs: m — Macca mynu; M — macca, / — [yIMHa HUTH B S — TOPU30HTAJIbHOE CMEIlleHrne Oaln-
CTHUYECKOT0 MasiTHUKA; g — YCKOPEHHE CBOOOTHOTO MaeHUSI.

HOPAJOK BBIIIOJITHEHUSA PABOTbBI
3aoanue 1. Onpedenumsv ckopocmu nyJjib pa3iuiHol Maccol

1. 3anummre Maccy M, nuHy HUTH [ 0aJUTMCTUYECKOTO0 MassTHUKA U MAacChl m1; IyJb, YKa3aHHbBIC
Ha TOJICTABKE MOJTYJIA.
M= Kr, [= M.

Tabauua 1.

m,y 107 | 8,107 | S, 107 | S=SkSu

0
T " " 107 o v,mc | K,k Hm | Ak, HM | O, dx | Q/E., %

2. 3apsinuTe NPYKUHHBIA MUCTOJET MyJIel ¢ HauboJIbIIeH Maccoii.
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3. [loaroToBesTe ycTpoiicTBO N (CM. pHcC.]l) K U3BMEPEHHUIO TOPU3OHTATBLHOTO CMEIIECHHS S MasiT-
HHKA.

4. 3anumuTe B Tabnuily | 4YUCIEHHOE 3HaUYE€HUE HAYAITBHOW KOOPAHMHATHI S, MasTHUKA TIO JIH-
HEWKE OTCYETHOIO ycTpoiicTa N.

5. OcyiiecTBUTE NEPBBIN BHICTPET, HAXKaB IIyCKOBOM pblYar MPy>KMHHOI'O IIMCTOJIETA.

6. 3anuIIMTe YUCIECHHOE 3HAYCHUE KOHEYHON KOOPJIUHATHI Syopy, ONMPEIAETUB €r0 MO JIMHEHKE OT-
cyeTHOro ycrpoiictsa N.

7. BplurciuTe CMEIIEHHE MasSTHUKA MPU OIbITE:

S= SK‘OH - Suau- (7)

8. ITo popmye (6) onpeaenutTe CKOPOCTh MyJIU U 3aHECUTE PE3YJIbTaT B TAOJIUILY.
9. CornacHo MyHKTaM 2 — 8 ONpeiesIuTe CKOPOCTh OCTAIbHBIX MYJIb.
10. Jlng mynu ¢ HaMMEHbIIEH MAcCOW BBIYMCIUTE OTHOCUTEIBHYIO MOTPEIIHOCTh CKOPOCTH 1O
dbopmye:

Sv:&+A—m+A—S+l-g, )

M m S 21

rae: AM, Al, Am — aGcoOTHbIE MOTPEIIHOCTH MacChl U JJIMHBI HUTU Oa/NTUCTUYECKOIO MasiT-
HUKa, MacChl Iy COOTBETCTBEHHO — B35Th U3 JAHHBIX Ha CTeHE; AS = 10 M — abcomoTHas
MOTPEIIHOCTh CMEIICHHSI MasITHUKA.
11. Beruuciure abCONOTHYIO MOTPEIIHOCTh CKOPOCTH IS BCEX ITYJb 10 opMyIie:

Av=00v- (O 9)
12. IIpeacraBbTe CKOPOCTh BCEX IYJb B BUJIE:

v=(v, £Av) m/c. (10)

3aoanue 2. Onpedenums K0IPuyuenm 3xcecmKocmu RPYHCUHBL RUCHOTIEmMA

Honaraﬂ, 4YTO NOTCHUOUAJIbHAA SHEPIUA MPYXKHUHHOI'O IMHUCTOJIETA IIPHU BBICTPEJIC ITOJIHOCTBIO ITC-
PEXOAUT B KWHETUYCCKYIO DOHEPTUIO ITYJIHU, 3allUIIEM 3aKOH COXpPaHCHHUA MEXaHUYeCKOM OHEPIUun

2 2
e (an

I7le X — C)KaThe MPY>KUHBI, m — Macca U U — CKOpocTh mynu. OTcro/la BBIPa3uM KECTKOCTb k
IPYKUHBI

k=" (12)

1. PaccunTatp eCTKOCTh HPYKUHBI 110 popmyiie (12), ucnonb3ys JaHHbIE MACChl 711 U CKOPOCTH
U nas Kaxaod nynu. CxaThe X NpyKUHBI PUHATh PAaBHOMY JJIMHE YacTU Iy, BXOJSAIIEH B
CTBOJI MHCTOJETA, X = (25+£1) 107 m. Pesynbrarel cBectr B Tadiumy 1.

2. BeruucnuTh cpeiHee 3Hau€HUe )KECTKOCTH MPY>KUHbI
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k,==> k. (13)
3. Haiit aGCoNIFOTHBIE MOTPEITHOCTH KECTKOCTH MPY>KUHBI U UX CPEJIHEee 3HAUCHHE:

Ne=L3 |k, k. (14)

cp i
n i

4. IlpencraBUTh KECTKOCTD NIPYXKUHBI B BUJIE, aHagoruyHoM (10).
3aoanue 3. Onpedenunmov nomepu MeXaAHUYECKOU IHEPZUU NPU HEYRPY2oM yoape

[Ipu Heynmpyrom B3aMMOJCWCTBUU YU C OAIIMCTUYECKUM MAasTHUKOM YacTh KHHETHYECKOU
SHEPTUU MYJIH 3a CYET PabOThI CHJI TPEHUS MEPEXOAUT BO BHYTPEHHIOIO SHEPTHIO, Tea Harpe-
BatotTcs. KomuuecTBo TemnoTsl Q, BblENUBIIEECS IPU a0COIIOTHO HEYNIPYTOM YAape onpeens-
€TCsl Pa3HOCThIO KNHETUYECKUX YHEPTUH 10 U M1OCIIE B3AUMOACUCTBHS:

mv’  (m+Mu’
2 2

Q= ; (14)
IJie m — Macca U U — CKOPOCTb IyJH J0 yaapa; M — macca 6ammuctuueckoro mMasitHuka. Cko-
pPOCThb © MasTHHMKA MOCJIE yJapa HalIeM 13 3aKOHa COXpaHeHus ummyibca (1)

m

U=—0.
m+M

(15)
Torna

m .mvz_ M .mvz
m+M 2 m+M 2

Q=|1- (16)

ﬂOJ’IH BBIJACIINBHICTOCS KOJIMYCCTBA TCIIJIOTHI Q B KHHETHYCSCKOU OHEPIrun Ex ITyJIn COCTABJIACT:

E2=LM-100%. (17)
m+

1. Paccunrare mo ¢opmyne (16) morepu MeXaHHYECKOH SHEPrHM MpPU HEYHNPYroM yjaape JUis
BCEX MYJb, UCTIOJIH30BABIINXCS B KCIIEPUMEHTE. Pe3ynbTaTsl cBecTH B Tabiuiy 1.

2. Paccuurars mo popmyie (17) qoito BeIICTUBIIETOCS KOJMUECTBA TEIIOTHI ) B KHHETUYECKOU
sHepruu Ey mynau u 3amucath B MPOLIEHTaxX B Tabnumy 1.

KOHTPOJIBHBIE BOITPOCBHI

1. aTp onpeneneHue UMIyJibca Tena.

2. ChopmynupoBaTh 3aKOH COXPAHECHUS UMITYIIbCA.

3. 3anucath (GOpMYIIbl KHHETHYECKOHN M MOTEHIINATBLHOW SHEPTUU Tela.
4. ChopmynupoBaTh 3aKOH COXpPaHEHHUSI MEXaHUYECKON YHEPTHUH.

5. laTb onpezeneHue ynpyroro u abcoiatoTHO HEYIIPYroro yaapos.

6. Kakue 13 3aKOHOB COXPAaHEHUS BBIMOJIHIIOTCS IPU yIIPYrom yaape?
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7. Kakue 13 3aKOHOB COXPAHEHUS BBIIOJIHIOTCS IIPU a0COJIFOTHO HEYIIPYToM yaape?

8. 3anmcars popMyiTy MOTEHIHUATBHOMN SHEPrun Ae()OpMUPOBAHHOM MPYKUHBI.

9. 3a cueT yero NPOUCXOAST OTEPU MEXAHUYECKOW SHEPTUU IPU HEYIIPYIOM yaape?

10. Kakoii Macce my/ny COOTBETCTBYIOT HAaHOOJIBIINE TOTEPU MEXaHUUECKOW YHEPTHU U 1ouemMy?

JlaGopaTopHas pabora Ne 2
N3YYEHUE 3AKOHOB IMHAMUKU HA MASITHUKE OBEPBEKA

Hean padorbl: Ha ocHOBE 3aKOHOB AMHAMUKH ONPENCIUTh MOMEHT MHEpIHH MasTHUKAa O0ep-
Oexa, ucciae10BaTh 3aBUCUMOCTh MOMEHTA MHEPLUH «MaTepUAIbHON TOYKW» OT PACCTOSHUSA 10
OCH BpalleHus.

OoopynoBanune: MoaynbHbIi yueOHbIi koMiuieke MYK-M1, Bkmogaromuii mastHIK O0epOe-
Ka, CeKyH/I0Mep, TMHEWKY C MUJUTMMETPOBOH IIKAI0H, HAOOP IPy30B.

BBEJIEHUE

Mastauk O6epbeka cocTout (puc. 1) U3 "yeTblpex CTepKHEW, BBHHYMBAIOIIUXCA B OapabaH 1mox
OpSAMBIM YTJIOM JAPYT K Apyry. Ha cTep)Hu MOXHO HaZeBaTh IPy3UKU MACCOU My U YCTaHABIIH-
BaTh MX Ha Pa3IMYHBIX PAacCTOSHHAX OT ocH BpameHus O. bapa-
0aH uMeeT JBa LIKMBA, HA KOTOpPblE MOOYEPETHO HAMAThIBAETCS
HUTH C Tpy30oM (puc. 1) maccoii m Ha koHIle. [lox neiicTBueM rpy-
3a HUTb pa3MaTbIBAeTCs, MPUBOJS MAasSTHUK B PaBHOYCKOPEHHOE
BpallCHHE.

ITpu 3TOM Ha rpy3 m (puc.l) AeHCTBYIOT 1BE€ CHUJIBL: CUJIA TAXKECTH

mg W cuiia HaTshHKeHus HUTU T . Pe3ynbTupyromas 3TUX CHII CO-

o0mIaer Tpy3y ycKopeHue d. B mpoeknusx Ha HalpaBICHHUE JIBH-
YKE€HHS BTOPOM 3aKk0H HproTOHA F' = ma npuHUMAET BUL:

Puc. 1. Cxema MasSTHHKA mg—T=ma= T,=T=m(g~-a). (1)

3aech yureHo, uto T1=7,=T, Tak KaK CHja HaTsDKCHUsS 1| TepeaaeTcsi HUThIO OT rpy3a (puc. 1) K

—

IIKUBY, U COTTIACHO TpeTheMy 3akoHy Hetotona T, =—T1, a MOAyH 3TUX CHJI PaBHBI.

Cuna T, , nefictByromas Ha mwkus (puc.l), co3maer Bpamarmnii MOMEHT
M=T-r, ()

rae r — paauyc mkuBa (puc.l). Ilog melicTBueM Bpamiaromiero MoMmeHTa MasatTHUK OOepOeka
npuoOperaeT yriaosoe yckopenue . [Io oCHOBHOMY 3aKOHY TMHAMUKH BpallaTeIbHOTO JBIKE-
HUS:

M=1Ip. 3)

3nech [ — MOMEHT MHEPIMU MAATHUKA OTHOCUTENIBHO OCHM () BpaIllCHUS, SBISIOMIMNACIS MEpOil
MHEPTHOCTH TeJja NP BpalleHUH (aHAJIOT Macce Tella IPU MOCTYNaTeIbHOM JIBUKEHUN ).
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MOMEHT HHEPLMH 3aBUCUT HE TOJIBKO OT MAacChl T€NIA, HO U OT €€ PacHpeleleHHs] OTHOCUTEIbHO
ocu BpaieHusa. Harmpumep, uist MatepruanbHON TOYKM MAacCOM 11, BpPALAOLIEHCs 110 OKPYXKHO-
CTHU pazuyca R, MOMEHT uHepuuu [ = moR.

MowmenT nnepnun MastHuka O0epOeka HaliieM U3 COBMECTHOTO perieHus ypaBaenuii (2) u (3) ¢
yueTroM cooTHoweHus (1) g HaTsbkeHuss HUTU 1" U CBSI3U YIJIOBOI'O YCKOPEHMSI C TaHT€HLIUANb-
HBIM 3 = a/r:

1:mr2(§— j (4)
a
YckopeHue a BbIpasuM U3 (GOPMYIbI MyTH JUISI PABHOYCKOPEHHOTO JIBWXKEHHs 0e3 HaudalbHOM
CKOPOCTH
at? 2h
=2 = a="2, 5
2 t ©®)

rae 4 — paccTosiHue, poieHHoe rpy3oM (puc.l) 3a Bpems ¢.
Torna pabouast ¢popmyna i BBIYMCICHUS MOMEHTa WHEpUUHU MasiTHHKA OOepOeka mpuHUMAeT
OKOHYATEJIbHbIH BUI:

t2
I =mr’ g . 6
o (6)

3nech m — macca (puc.1) rpysa, » — paanyc NIKHBa, ¢ — YCKOPEHHUE CBOOOIHOTO Ma/ICHUs, { —
BpEMs, 32 KOTOPOE TPYy3 OMYCTUTCS C BBICOTHI /.

MHOPAAOK BBIIIOJIHEHUSA PABOTbI
3aoanue 1. Onpedenumv momenm unepyuu maamuuxa Qbepoexa

1. CHarb rpy3uku (puc.l) Maccoii mg co CTEpKHEN.
2. 3ammcarth paguychl Majoro U OOJNBIIOrO HIKMBOB, yKa3aHHbIE Ha mojctaBke Moyt MYK-MI1, B

Tabmmry 1.
3. 3anmcarb, 3aJaHHOE MPENoJaBaTeNIeM 3HaUYEHUE MACChl 711 TPYy3a U BBICOTY /.

m= Kr, h= M.
Tabnuua 1
e 1,107 [ 1,107 | AL:107 | AL, 10
Ne | 7,107 m t, C h, ¢ f3, C tep, € KM KO I 3 KrM
1.
2.

4. BKIIIOYHTD AJIEKTPOHHBIN CEKYHIOMEP M YCTaHOBHUTH pexkuM Nel ¢ paboTaromum TOpMO3HBIM
YCTPOHCTBOM.

5. YCcTaHOBUTH 3a/laHHYIO BBICOTY /1 Tpy3a. [ 3TOro OTKII0YUTH TOPMO3HOE YCTPOMCTBO Oapa-
OaHa, yepKuBasi B HA)KaTOM ITOJI0’KEHHH KHOTIKY Ha mojactaBke MYK. Bpaimas pykoit MasTHUK
IIPOTUB YACOBOM CTPEJIKK, HAMOTATh HUTh HA MaJIblid MIKUB. OTIYCTUTh KHOIIKY.

6. OnpenenuTsb BpeMs ¢ IPOXOXKIEHUS IPY30M BBICOTHI /1, HaxaB KHOIKY «Ilyck» cekyHaomepa.
B MOMeHT ocTHXKeHUs rpy30M HUXKHEW TOUYKHM CEKYHIOMEpP OCTaHOBMTCS IO CUTHAIly (OTOJAT-
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yuka @ (puc. 1) u cpaboraeT TopMO3HOE ycTpoircTBO. [lokazaHusi cekyHaoMepa BHECTH B Ta0-
muny 1. OnelT npoaenaTs TpU pasa.

7. Paccuntath MOMEHT uHepuuu MasiTHuKa O0epOeka mo Gopmyne (6), HCTIONb3YS CpeaHee 3Ha-
YeHHE BPEMEHH, U 3aHECTHU pe3ynbTar B Tabnuiy 1.

8. Ilpoxenats m.m. 4 — 6, HAMATHIBasi HUTH HAa OOJIBIIION IIKUB.

9. Boruncnuth cpeaHee 3HaU€HUE MOMEHTA HHEPLUU

_[1+[2

) (7)

10. Berarcnuth aOCOMIOTHYIO MOTPEUIHOCTh MOMEHTA MHEPLUU MasiTHUKA JUISL KQXKJI0TO U3Mepe-
HUSA:
Al =

i cp i

I —1,\ (8)

¥ HalTH CPENIHIO aOCOIOTHYIO NOrpeHOCTh Al aHanmoru4Ho (7).

11. BIYHCIUTD OTHOCUTENIbHYIO IOTPEITHOCTh MOMEHTA HHEPIIMH MasATHUKA 110 popMyJIe:

6]=;£-100%. 9)

cp

12. IIpeacraBUThb MOMEHT UHEPLIUU MAsITHUKA B BUJIE:

I=(I,+Al) xrv?, 8I=__ %. (10)

3aoanue 2. Onpedenums 3a6UCUMOCIb MOMEHMA UHEPUUU 2DYIUKA
Om paccmoaHus 00 OCU 8PaAUEHUA.

1. 3anmcare paanyc » MaJoro MIKUBA, MACCy Mo 3aKPEIUISIEMOI0 Ha KaXblil CTEPXKEHb I'PY3UKa,
Maccy m rpy3a, HOJBELIEHHOr0 K HUTH (puc.l) u BeIcOTY /.

r= M, my= KT, m = Kr, h= M.
Tabmuma 2
] ] 1107 | Leen 107 | Legps 107
Ne | R,-10 3 M Rz,'lo 6 M2 t,C th, C f3, C Iep, € 2 owen meops =,
KI*M KI'M KI'M

Al Rl Rl Il o

2. 3akpenuTh MO OJHOMY TPY3MKY Maccoll my Ha MEpPBOM OT OCH BpAIlEHHS PUCKE KaKIA0ro
CTEePXKHSI.

3. Paccrosinue R (puc.l) oT ocu BpallleHUsl 10 LIEHTpa Ipy3uKa my ONPEAeSUTh MPU MOMOIIU
HAaHECEHHBIX Ha CTEeP)KHM JCJICHUH (PUCKH), YKa3aHHOTO Ha rojcTaBke Moyt MYK-M1 nuamer-
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pa UMJIMHAPA, B KOTOPBIM BKPYUHUBAIOTCSA CTEPXKHHU U JUAMETPa caMOTo Ipy3uKa my. 3HaueHue R
BHECTH B Ta0nHIy 2.

4. YcTaHOBUTD 3a/1aHHYIO BBICOTY /4 Ipy3a.

5. Onpenenuth BpeMs ¢ OIyCKaHUS TPy3a U 3alucaTh ero B Taduuily 2. ONbIT MPOJenaTh TPU pa-
3a.

6. Paccuntarh MOMEHT uHepLuH 1o Gopmyiie (6), UCIONB3Ys CpeIHEE 3HAUEHUE BPEMEHH, U 3a-
HECTH pe3yJbTaT B TaOIUILy 2.

7. llepeMemiasi rpy3uKH 11y BAOJb CTEPIKHEHN Ha J[BA JEICHUS, BBITIOJHATH M. 3-6 (BCETo I Tisi-
TH 3HAYCHHH R).

8. BoluucinuTh 3KCrepuMEHTaIbHO OMPEACIICHHBI MOMEHT UHEPIIMHU OJJTHOTO TPy3UKa

[ =i (11)

rae /; — MOMEHT MHEPLHMM MasTHUKA C TPy3UKaMH Uil KaKIOro paccTosHus R; [ — MOMEHT
MHEpIUH MasiTHUKa 0€3 TPY3UKOB U3 3a7aHus 1.

9. ITocTpouTts rpaduk 3aBUCUMOCTH MOMEHTA UHEPIHH I, TPY3HKA OT KBaJpaTa paccTosHus R
JI0 OCH BpAIICHHUS.

10. Mcrionb3ys 3HaueHus adcoroTHOM norpemHocty Al (8), moka3aTh Ha rpaduKe HHTEPBAIBI, B
KOTOPBIX JIEKAT UCTUHHBIEC 3HAYCHUS Ly

3aoanue 3. Paccuumams Momenm unepyuu MamepuaibHoi mouku

H3BeECTHO, YTO MOMEHT MHEPLMU MATEPUATIBLHON TOYKH MaCcCOM 11, BPALIAOIIECICS 110 OKPYKHO-
CTH paauyca R, ompezensercs o Gpopmye:

I. =mR. (12)

1. Beruncauth MOMEHT MHEPIMU MaTepUaIbHON TOUKH 1o dopmyse (12) misa Tpex 3HaueHHH R,
COM3MEpPUMBIX C JUIMHOM CTEP:KHEM, IoJiaras, 4ro moy — Macca rpy3uka Ha crepxkHe. /laHHbIe 3a-
HECTH B Ta0nHiry 2.

2. IlocTpouTh TEOPETUYECKU 0KMJIAEMYIO 3aBUCUMOCTh MOMEHTA MHEPLMHM MasTHUKA MaTepu-
aNbHOM TOUKH OT R® HAa TOM K€ PUCYHKE, UTO U IPadUK SKCIEPUMEHTATBHO MOTyIEHHON 3aBH-
CUMOCTH JJI OAHOTO Tpy3uka. (Cwm. m. 9 3ananus 2).

KOHTPOJIBHBIE BOITPOCBHI

. Kakue cunbl 1eiCTBYIOT Ha ONYCKAKOUIUKACS TPy3 Maccoit m?

. ate popmMynupoBKy U 3anucaTh GopMyily BTOporo 3akona HproToHa.

. JlaTp onpeneneHne MOMEHTA CUJIBI.

. UTo moHMMaeTcs o[ MI€YOM CHITBI?

. YKa3aThb MOMEHT CHJIbI, O0ecTieqnBaoNIuii Bpamenue MastHiuka O6epoeka.

. UTo noHMMaeTcst Mojx MOMEHTOM MHEPLIMM MaTepUaIbHOU TOUKHU?
. ChopmynupoBaTh OCHOBHOW 3aKOH TMHAMHKHU BpaaTeIbHOTO JIBH)KCHHUS.
. YKa3aTh CBSI3b yIJIOBOTO M TAHTEHIIMAJILHOTO YCKOPEHHS 00012 IKUBA.

1
2
3
4
5
6. B uem coctout puznueckuii cMpica MoOMeHTa HHepIHK Tena? OT KakuxX BeJTMYUH OH 3aBUCHUT?
7
8
9
10. BeiBectu pacueTHyo ¢popmyny (6) MOMEHTA HHEPITUH.
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11. 3aBucuT 11 MOMEHT MHEepIUH MasiTHHKa OOepOeka OT paanyca IKUBA, HA KOTOPHIA HaMma-
ThIBA€TCA HUTH, U MACChI IIOJABCIIICHHOI'O rpy3a?

JlaGoparopnas pabota Ne 3
W CCJIEJTJOBAHME DJEKTPOCTATUYECKHUX MOJIEM

Heas padorbi: M300pa3uTh 31€KTPOCTATHYECKOE MOJIE MPHU MOMOIIHM CHUJIOBBIX JIMHUN M SKBH-
NOTEHLUAIBbHBIX MOBEpXHOCTEN. ONpenenuTh HAIPSHKEHHOCTD M0JI B 3a/1aH-
HOW TOYKE I10JIS ¥ €r0 HalpaBJICHUE.

Oo6opynoBanue: DIESKTPOIUTHIECKAss BAHHA, BOJILTMETP, HA0OP JIEKTPOIOB.
BBE/IEHUE

Bcesikuit HEeMmOMBMXKHBIN 3apsi[i CO3a€T B OKPY)KAIOIIEM MPOCTPAHCTBE AJIEKTPUYECKOE
noJie, MpecTaBisitoniee codoit ocodyro dopMy cymectBoBaHus Matepur. OIHO U3 OCHOBHBIX
CBOMICTB SJICKTPUYCCKOTI'O ITOJIA 3aKJIIOYACTCA B TOM, UYTO Ha 3apsn, HOMCH.[CHHBIﬁ B JIIO6y10 TOY-

Ky moJisg, nerctByer cuia F. CHIOBOM XapaKTEPUCTUKOW AIEKTPUYECKOTO TMOJIA SIBISAETCS

-

HaIpsKEHHOCTh E.
HanpspkeHHOCTH Moisi B JaHHOM TOYKE — BEKTOPHAsl BEJTMYMHA, OIpejessieMas CHIIOH,
JIEUCTBYIOIECH HA €IMHUYHBIN MTOJOKUTENIbHBIN 3apsl, TOMEICHHBIN B JAHHYIO TOUYKY IMOJIS:

E=F/g, (10.1)
5
I'me F- cuna, ¢ KOTOpOM IOJIE B JAHHOM TOYKE NEUCTBYET HA TOUYEUYHBIN 3aps (.

HanpspkeHHOCTD 37eKTPUYECKOT0 MoJIsl, 00pa3yeMoro cucTeMoi 3aps10B, 3aBUCUT OT:
1. BeIUYHUHEBI 3apsAa0B, CO3AA0OUINX ITOJIC;
2. TPOCTPAHCTBEHHOTO PACIIOJIIOXKEHUS ITUX 3aPSI0B;
3. KOOpIMHAT TOYKH HAOIIOJCHUS B SJEKTPHUUECKOM TOJIE;
4. cpenpl, B KOTOPOH CO3/1aHO JIEKTPUUYECKOE TMOJIE.
B mpocreiiniem ciyyae 1mojsi TOYEYHOro 3aps/ia BEKTOP HAMPSHKEHHOCTH ONpeeNiieTcs
BbIpaXXCHHEM

F__4 T
E - (10.2)

T 4megg 12
I'ne: g — BenmuunHa 3apsa , KOTOPBIA CO3/1a€T MOJIE;
- paiyC — BEKTOP, HAIIPABJICHHBIN U3 TOUKHM HAXOXKIEHUS 3aps/ia B TOUKY HAOIIOJEHHMS;
€0 - DIIEKTpHYECKasi mocTosHHas B cucreme CU , g, = 8,85 * 10™% ®/m;
8 - OTHOCHUTCJIbHAasL ,Z[I/IE)J'ICKTpI/I‘-IeCKaSI HpOHI/II_[aeMOCTB Cpe,Z[BI.

I'paduuecku 3reKTpUUYECKOE MOJIE MOXKET OBITh M300pPaKEHO B BHUJE COBOKYITHOCTH CH-
JIOBBIX JIMHUW. JIMHUA, B KaXXIOW TOYKE KOTOPOW BEKTOP HANPSKEHHOCTU HAIPABIICH 110 Kaca-
TEJIbHOM, TPOBEJAECHHON B 3TOM TOYKE, HA3bIBAETCA CUJIOBOM JnHUEeH. HanpaBienue cuinoBoit jau-
HUU B Ka)KJIOM TOYKE JIEKTPUYECKOTO IO COBIANAET C HAIIPABJICHUEM BEKTOPA HAIPSKEHHO-
CTH B 9TOU TOYKe. CUIIOBBIE JTMHHUM JIEKTPUYECKOTO IMOJIS SABISAIOTCS HE3aMKHYTBIMU KPUBBIMH,
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IpUYEM T'YCTOTa UX B OKPECTHOCTH JIFOOOW TOYKH TOJISI XapaKTepu3yeT 3HaueHUe HapsIKEHHO-
CTH 3JICKTPUUECKOTO OISl B 3TOM TOUKE.

DHEPreTU4ecKor XapakTepUCTUKOW AIEKTPUUECKOTO MO siBIsgeTcs noteHuuan ¢. Ilo-
TEHIMAJIOM 3JIEKTPHUECKOro MOJs B JaHHOW TOYKE Ha3bIBaeTCs (U3MUYECcKas BEJIMYMHA, paBHAs
MOTEHIIUAJIbHON SHEPTUU €IMHUYHOTO MOJIOKUTEILHOTO TOYEYHOTO 3apsi/ia, TOMEIIEHHOTO B 3Ty
TOYKY ITOJIA:

¢=Il/q, (10.3)

rae: [ — norenunanbHas sHeprus 3apsaa q.

[ToTeHnman 3IEKTPUIECKOrO MO B O0IIEM CiTydae MPOU3BOJILHOTO pacIlpe/ieeHus 3a-
PSIOB, CO3MAIONINX TOJI€, 3aBUCUT OT BEIIMYUHBI 3aps/ia, €ro KOH(Urypauu, KOOpJAUHAT TOUYKH
HAOIIIO/ICHUS] U DJIEKTPUYECKUX CBOWCTB Cpebl. B 4acTHOCTH MOTEHIIUAN OIS TOYEYHOTO 3apsi-
J1a HAXOJUTCS U3 BBIPAKEHUS

q
QY = m (104)

B m000M 351eKTpOCTaTHYECKOM TT0JI€ MOXKHO BBIJICIIUTH COBOKYITHOCTH TOUYEK, B KOTOPBIX
3HauYEHHE MOTEHIMaNa OANHAKOBO, T. €. (p=const. ['eomeTpruueckoe MECTO TOYEK B KOTOPBIX IO-
TEHIIMAJI OJMH M TOT K€, Ha3bIBACTCSI SKBUIIOTEHIIMAIBLHON MOBEPXHOCTHIO, TAaK Kak padboTa 1o
nepemenieHuto 3apsaga A = —All, To paboTa 1o mepeMenIeHnIo 3apsiia BI0JIb SKBUNOTCHIIUAb-
HOH IIOBEPXHOCTH pPaBHA HYJIIO.

PaccmoTpuM B3anMHOE pacnoioKEHUE CHIIOBBIX JTUHUN M SKBUIIOTEHIMATIBHBIX TTOBEPX-
Hocrer (puc.10.1): PQ — skBunmoTeHManbHas moBepxHoctb, KL — cuoBas nuHus. Pabota no
MepEMENICHUIO 3aps/ia  BIOJIb SKBUIIOTEHIIMAIBHOM MTOBEPXHOCTH Ha pacCTOsiHUE dl paBHA HY-
JI10, HO

dA = Fdl = qEdl cos( (F di)) =0

Otcrona yron (E El)) = m/2, T.e.CHJIOBBIC JTUHUH NIEP-
NEeHIUKYISPHBI SKBUIIOTCHIMAIBHBIM TTOBEPXHOCTSIM.
DNEeKTpUYECKOe ToJIe, TaKUM 00pa3oM MOXXHO H300paxaTh
HE TOJIBKO KapTHHOM CHJIOBBIX JIMHHUH, HO M COBOKYITHOCTBIO
SKBUIOTEHIMATIBHBIX TOBEepXHOCTEH. O0a 3TH n300paskeHus

B3aMIMHO CBsI3aHBL. B KakI0OM moje BBIOMPAIOT U3 Oecko-

Pmc. iO.I

HCEYHOI'o MHOXECTBa 3JKBUIIOTCHIIMAJIbHBIX HOBCpXHOCTGf/’I
TaKUC A€ Pa3HOCTb NOTCHUHUAJIOB MCXKAY ABYMS COCCAHUMU IMOBCPXHOCTAMHU OAWHAKOBA. Ha
puc. 10.2 npuBOAUTCSA B KauyeCTBE MpUMeEpa IJIOCKOE ceue-

LP5 HHC OKBUIIOTCHIHAJIBbHBIX HOBerHOCTeﬁ I10JIA TOYCYHOI'O
%, 3apsnaa

~0rE Oy —
¢ (P1-02% 92 —03)

Mexny CHII0BOM U DHEPreTUYECKOM XapaKTepUCTHU-
KAaMHM 3JIEKTPOCTATUYECKOTO II0JIsI CYLIECTBYET CBS3b

E= —grad g (10.5)

Puc. I0.2 19



I'paguentom moreHnuana grad ¢ Ha3bIBaE€TCS BEKTOpPHAs BEJIMYMHA, PaBHAsl MPOU3BOI-
HOU MOTEHIIMAaJIa M0 HAPABJICHUIO BJIOJIb HOPMAJIH K SKBUIOTEHIIUAIbLHON MOBEPXHOCTH:

grad ¢ =Z—f n, (10.6)

rae: - 11 eIMHMYHBIA BEKTOP HOPMAJU JKBMIIOTEHIUAILHOM MOBEPXHOCTH. 3HAK MHHYC B (op-
myne (10.5) yka3piBaeT Ha TO, 4TO BEKTOpP HAIpPsHKEHHOCTH HANpaBieH B CTOPOHY Haubouee
OBICTPOTO YOBIBAaHHUS IMOTEHITHATIA.

[lenpro HacTOsIIEH paOOTHI SBISETCS UCCICIOBAHHE JJICKTPUUECKUX TIOJCH, co3aBae-
MBIX 3apsaMH, PacHpeleICHHBIMU Ha TellaX Pa3IMYHBIX KOHQUTYpALUW MPU PA3TMIHOM HX
pacCIOIOKEHUN JPYr OTHOCHTENbHO apyra. [lomoOHast 3amada BCTaeT MpU KOHCTPYWPOBAHHUH
DIIEKTPOHHBIX JIAMII, KOHACHCATOPOB, CUCTEM (DOKYCHPOBKHU JJIEKTPOHHBIX MyYKOB H T. JI., KOTIa
HEO0OXOUMO 3HATh 3HAaYEHHE OCHOBHBIX XapaKTEPUCTUK SJIEKTPUUECKOTO OISl B IPOCTPAHCTBE
MEXy 3JIEKTPOJaMH CII0KHON (OPMBI.

AHaJIOTUYHBIN pacyeT MoJIel yAaeTCs TOJIBKO ISl CAMBIX TIPOCTHIX KOHPUTYpAITHil dJIeK-
TPOJOB U B 0OIIEM ClTyyae HE BBIITOJIHUM, IO3TOMY CJIOKHBIE SJIEKTPUUECKHE MOJIS UCCIIEYIOTCS
3KCHEPUMEHTAIBHO. JIJIsl UX M3y4EeHUs] TPUMEHSETCS METO MOJIEIUPOBAHUS IIEKTPOCTaTHYE-
CKOT'O TOJIS B QJIEKTPOJIUTHUECKON BaHHE.

Pacnipenenenne norenuuana B cpejie, o KOTOPOi Te€UET TOK, MOKHO CIeIaTh MaJo OT-

JUYAIOUIUMCS OT paclpeesieHHs MOTeHIIMAJIA B 3JIEKTPOCTATUUECKOM I10JI€; U3MEPEHUS JKe T0-
TEHLIMAaJIa B IPOBOJSILICH CPeJie - HECIOKHAsA SKCIIEpUMEHTalIbHAs 3a/1a4a.
Kak u3BecTHO, B MpoBOIALIEH cpesie MpU MPOXOKACHUHU 110 HEil TOKa HET 0OBbEMHBIX AJIEKTpUYe-
CKHUX 3apsJI0B, Onaronapsi yemy HaOJII0JaeTCsl MMOJIHAS UACHTUYHOCTD 3JIEKTPOCTaTUYECKOTO MO-
J U AJIEKTPUYECKOro MPU HAJIWYUU TOKOB B OJTHOPOJHOM IPOBOJHMKE. DTO MO3BOJISIET 3ame-
HUTh U3yYEHUE FJIEKTPOCTATUUECKOr0 MOJIs, CO3/1aBAEMOr0 CUCTEMOM 3apsKEHHBIX TeJl, U3y4de-
HUEM 3JIEKTPOCTATUIECKOTO TOJIS P HAJMYUU TOKAa B CIA0OMPOBOMSIIUX dJeKTponuTax. [lpu
nojaue Ha 3JEKTPOAbl MOCTOSHHOTO HAIPSKEHUsT BO3HHUKAIOT 3JIEKTPOJIM3HBIEC SIBJIICHUS, KOTO-
pbIe CIOCOOHBI BHECTH 3HAYUTEIHHBIC UCKAKEHUSI B KAPTUHY IOJISA, TO3TOMY NP HCIIBITAHUSIX
Ha JIa0OpaTOPHBIX YCTAHOBKAX HMCIIOJIB3YIOT MIEPEMEHHOE HAMPSIKEHUE.

MeTtoa MoenupoBaHUs OCYIECTBIISIIOT CIEAYIOINUM 00pa3oMm:

a) NP MOMOIIY CUCTEMBI AJIEKTPOJIOB OTNpeeIeHHON (JOPMBI, KOTOPhIE B HEKOTOPOM MaciTade
BOCIIPOU3BOJAT PACIIOIOKEHUE JIEKTPOIOB B PEAIBHOM CIlydae, CO3JAar0T 3JIEKTPUUECKOE MOJIE;
B) Ha 3JIEKTPOAbI MOJAI0T HanpsbkeHue. [Ipu 3Tom Mexy anekTpoaaMu oOpa3yercs IeKTpuye-
CKOE T0JIe, OTJINYAIOIIEECs OT MOJISI B PEabHOM CIIy4ae MO YUCIOBBIM XapaKTEPUCTUKAM, HO C
TOYHOCTBIO /10 MacIITaba COBMAAAIOT C HUM IO KOH(PUTypaInu;

B) B IIPOCTPAHCTBO MEXAY JIEKTPOJIaMU BBOJST 30H/] — TOHKYIO METAIITMYECKYIO ITPOBOJIOUKY,
CBSI3aHHYIO TIPOBOJHHUKOM C TPHOOPOM, M3MEPSIONIUM MOTEHIIUAT B JAHHOW TOYKE TOJIS.

Onucanue yCTAHOBKH M MeTO/A M3MepeHM

B BaHHY, M3rOTOBIIEHHYIO W3 MaTepuaia C XOPOUIMMH 3JIEKTPOU3OJSALUMOHHBIMU CBOM-
CTBaMHM, MOMEILAIOT METaJUIMUYECKUE 3JIEKTPOJbI, MEXIY KOTOPBIMU HCCIEAYyIOT mose. Banna
3aM0JIHEHA KUAKUM 3JIEKTPOJIUTOM, MPOBOAMMOCTh KOTOPOTO Malia M0 CPAaBHEHUIO C MPOBOIH-
MocThi0 MeTaiuta. Ha anektpoas! nogatot HanpspbkeHue U ¢ KiieMM MOHMXKAoIIEro TpaHcdop-
MaTopa.
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Puc. 10.3

C noMomIpI0 BHECEHHOTO B MPOU3BOJIBHYIO TOUKY MCCIIECyEMOTO TOJIsl 30H/a 3 Oompejie-
JSIOT 3HAYCHHWE PA3HOCTH MOTEHLIUAIOB MEXIy > M BbIOpaHHOW Toukol mons A; (puc. 10.3),
3areM , epeMennas 3011, OTBICKUBAIOT COBOKYITHOCTh TOUYEK TOJISI C OIMHAKOBBIM ITOTCHIIMAIOM.
CoBokymnHOCTh TOYeK A; (1=1,2,8) NeXHUT Ha OJHOW SKBUIOTEHIINATLHON TOBEepXHOCTU. Cun-
Tas @3,=0 T1OKa3aHMs BOJBTMETPA NPMHUMAEM 33 3HAYCHHMS MOTEHIMAIA MCCIIENYEMOH MO0-

BEPXHOCTH.
IHopsinok BbINOJHEHHUS PadOTHI.
3ananme 1.

1. YcTraHOBUTH B 3JIEKTPOIMTUYECKON BAHHE CUCTEMY 3JIEKTPOIOB, UMUTHPYIOLIUX TOYEUYHbBIE
3apsiibl TaK, YTOOBI OHM HAXOJMIJIUCH APYT OT Apyra Ha pacctosHuu 10...15 cMmmo ocu Y , cum-
METPUYHO OcH X.
2 . BxitouuTh ycTaHOBKY. [Iporpers BOIbTMETp, BRIOPATH MIPEIET U3MEPEHHUs BOJIBTMETPA, YTO-
ObI U3MEpEeHHS MTOTEHIMaIa MOKHO OBLIIO BECTH BO BTOPOM MOJIOBUHE IKAJIBI.

3. HaiiTu reomeTpryeckoe MeCTO TOYEK OAMHAKOBOIO ITOTEHIMAIA JIJIsl 3HAYEHUH ITOTEeHIa-
ma ¢; =0,1;3;5;7;9;B.
ITocTponUTh CEMEUCTBO DKBUIIOTEHIIUAIBHBIX IOBEPXHOCTEH

01 =0, ¢, =1B,...... , P = 9B.
[1o nosry4eHHBIM SKBUIIOTEHIMATBHBIM IOBEPXHOCTSIM OCTPOUTH IPUMEPHOE PACIPEEICHUE
CUJIOBBIX JIMHUM MOJIS.
4. ITpoBecTu HUcciienoBaHre KakK B 1. 3 J1J1s MOJIEH:
a) MoJie CUCTEMbI: TOUEUHBIHN 3apsij - MPOBOAALIAS MNIOCKOCTD;
0) 1moJ1e IIOCKOTO KOHIEHCATOopa.
3aganue 2.
1. VYcraHoBUTH B 3aKMMaxX BaHHBI CUCTEMY 3JIEKTPOJOB, UMUTUPYIOIIHUX MOJE LUJIUHIPH-
4EeCKOro KOHJIEHCAaTopa.
2. CHATb 3aBUCUMOCTb IOTEHLIMAJIA () OT PACCTOSHUS I' OT OCHU AJIEKTPOJIOB B TOUKAX
ri=2;3;4;5;6;7;8;9;10 cm
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3. PesynbTaTel u3mepeHuit 3anectu B Tabi. 10.1
Tabmuma 10.1.

I, CM 2 3 4 5 6 7 8 9 10

In(r)

0, B

4. Tloctpouts rpaduk 3aBHCUMOCTEH

p=¢@), ¢=¢(nr)

5. Buwisecmu meopemuyecKkyro 3a8UcCUMOCHb NOMEHYUANA OM PACCMOAHUS 05 N0 YUTUH-
Opuyecko2o Konoencamopa. /s 661600a 60cnonv306amuvcs meopemou I aycca u cés3v10
HANpANCEeHHOCmell U NOMEHYUA108.

6. Cpasnumbs 8U0 IKCNEepUMEHmMAanbHblX U paciemuulx 3asucumocmeti ¢(r); ¢( Inr). Coe-
J1ams 6b1600.

KOHTPOJIBHBIE BOITPOCBHI

1. JlaiiTe onpeneneHre NOHATHS. «DIEKTPOCTATUUECKOE TTOJIE ».
2. YKaXXuTe OCHOBHbBIE XapaKTEPUCTUKH JIEKTPOCTATHUECKOTO TOJISI.
3. Hanumure BelpakeHHe ISl HAXOXKICHHS HAMIPSHKEHHOCTH U MTOTEHIIMAJIA 10JIsl TOYEYHOTO 3a-
psana
4. Yto Ha3bIBAETCS CUJIOBOM JIMHUEN 3JIEKTPOCTATHYECKOTO MOJIS.
5. MoryT 11 nepecekaThCsi CUIOBbIE JIMHUU AJIEKTPOCTATUYECKOTO OIS ?
6. Chopmymnupyiite Teopemy ['aycca B 31eKTpocTaTHKE.
7. Kak ucnions3zoBars Teopemy ['aycca s pacuera nosei:
a) IJIOCKOI'0 KOHJEHCcaTopa,
0) HMJIMHIPUIECKOTO KOHeHcaTopa?
8. Kakoe mose Ha3pIBaeTCsl OTHOPOAHBIM TOJIEM?
9. Kak, 3nas 3aBucumMocTtb (1), HaliT pyHKIMIO E(1)?
10. Kak, 3nas pynkiuto E(r) HaliTu 3aBUCUMOCTB ¢(T).
11. Jlokaxkute, 4TO CUIIOBBIE JIMHUM SJIEKTPOCTATUUECKOTO MOJIsl EPIEHAUKYIISIPHBI 9KBUIIOTEH-
[AAJIbHBIM TOBEPXHOCTSIM.
12. O0BsACHUTH HEOOXOAUMOCTH IIPUMEHEHUS B CXEME U3MEPEHHI BBICOKOOMHOTO BOJIBTMETPA.

JIMTEPATYPA

1 CasenbeB 1.B. Kypc o6me#t ¢pusuku. T. 2. . 1.
2 3ucman I''A. Togec O.M. Kypc obmeti ¢pusuku. T.2. 1-3, 5-8.
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JlaGopaTtopHnas pabora Ne 4
W3YUYEHUE JEKTPUUECKHX HENEN MOCTOSAHHOT'O TOKA

Henapr paGorei: OBiafeTb METOJAMH H3MEPEHUS D3JEKTPUUECKUX BEJIUYMH C ITOMOIIBIO
aMIepMeTpa, BOJIbTMETpa, ocIiuiorpada.

Oo6opynoBanue: VcToyHuK TOKa, HAOOP CONMPOTUBIICHHH, MOCT TIOCTOSIHHOTO TOKa, T€HEpPaTOp
MOCTOSTHHOTO HaIpsHKEHUs, ocuusuiorpad.

BBEJAEHUE

N3mepenne HeM3BECTHOIO COMPOTHBIIEHHS
¢ MOMOUIBI0 BOJIbTMETPA M aMIiepMeTpa

DKCHEPUMEHTAIBLHO  YCTAHOBJICHA 3aBUCUMOCTh CHJIBI TOKa [, TEKyIIero 1o
METaJUIMYEeCKOMY MTPOBOIHUKY, OT HanpspKeHus U Ha KOHIaX MPOBOAHUKA!
U
I= i 3akoH OMma /I ydacTKa IenH,
rae R — 3JIeKTpUUeCcKoe COMPOTUBIICHUE MPOBOAHUKA.

R, « : 7 Ucnons3ys  pabouyio  dopmymny R:%, MOKHO

OIMpE€ACINTG BCINYHMHY COIIPOTUBJIICHUA R 178 HECKOJIbKHX

x/ \U 3HAYCHUI HanpspkeHust U Ha KOHI[AX MPOBOIHHKA.
Usmepenust U 1 [ IPOBOAATCSE € TIOMOIIBIO BOJIIBTMETPA 1

amrepmerpa mo cxeme puc. 12.1. Jns 7g0CTOBEPHOTO

% @ + ompeneneHuss R,  HeoOXoaumo, UYTOOBI  CONMPOTHBIICHUE

BOJIbTMETpPA Ry >> R,.

N3mepenuss R, NpoBOAATCS NPU PA3NUYHBIX 3HAYCHHUSX
HanpspbkeHuss U TeHeparopa HaIlpsDKEHUs, 4YTO II03BOJISET
ONPEACIUTD Ry NI HECKOJIBKUX U3MEPEHUM U PACCYUTATh BEJIMYMHY IIOTPEIIHOCTH.

H3mepeHne HeM3BECTHOIO CONMPOTHBJIECHHSA
NPH NOMOLIH MOCTA MOCTOSIHHOTO TOKA

PaccmoTpuM cxeMmy MocTa ITOCTOSIHHOTO TOKa, IIPEICTAaBICHHYIO Ha puc. 12.2. 3nech Ry —
HEU3BECTHOE COIPOTUBIICHUE; R| — MEPEMEHHOE CONPOTHUBIEHHE; Ry M R3; — H3BECTHBIE
conpoTuBiieHUs. Bo BXxOogHyl auaroHaib Mocta (ab) BKIIOYAETCS MCTOYHUK IIOCTOSTHHOTO
Hanpsbkenus (I'H), a B BeIxoanyro (cd) — nHAMKATOp paBHOBECHS (BOJIBTMETP, OcuuiuIorpad min
MIIIMAMIIEPMETp C OOJIBLIMM BHYTPEHHUM COIpOTHBIEHUEM). Eciim pa3HOCTh NOTEHIMATIOB
MEXy TOUKaMu ¢ U d ¢, — ¢, paBHa HYJI0, TO MOCT HAXOAUTCs B paBHOBecuu. Clie10BaTeNbHO,

€CJIM MOCT HAaXOJUTCA B PaBHOBECHUH, I/ISMepI/ITeJ'IBHBII\/'I HpI/I60p, MMOAKJIIOYEHHBINA K TOYKaM ¢ H
d, 6y,I[GT MMOKA3bIBaTh «HOJIbY». Y CTAHOBJICHUE COCTOSHHUS PaBHOBECHUSA MOCTa obecneynBaeTcs
N3MCHCHHUEM IIEPEMCHHOI'O COITPOTUBJICHUA Rl.
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Puc. 12.2

I[.H}I TOT0 YTOOBI MOCT HaxoJquJiCd B pPABHOBCCHUH, HCO6XO,Z[I/IMO BBIIIOJIHUTL  CJICAYIOIIUC
COOTHOIICHUA:

Uac = Uad ) (121)
Ucb = Udb- (122)
[Tpu paBHOBECHMH MOCTa TOK TEYET TOJIBKO Ha y4acTKe MocTa ach (060o3HauuMm ero I, ), u

Ha yJactke adb (00o3HauuM ero [).
3anumiem 3akoH OMa JiJIsl KaKJI0TO COMPOTUBIICHUS:

Ude = I Ry (12.3)
U =1 R ; (12.4)
U = I Ry ; (12.5)

Up=T1R,. (12.6)

[Iporecc n3MepeHus: COCTOUT B TOM, YTO TPU YCTAHOBJICHHOM OTHOIICHUH IUIEY MOCTa
R3/R; noOWBarOTCS paBHOBECHUSI MOCTA, M3MEHSISI TIEPEMEHHOE COITPOTUBIICHHE R).

dopMyny Wi U3MepsieMoro comnpoTtusiieHus R, momxydum u3 (12.3)—(12.6), ucnonb3ys
(12.1), (12.2),

IXRX =11 R1 5 (127)
[xR_?, = [1 R2 . (128)

Paznenus (12.7) na (12.8), momydum Jj1st ©3MEPSIEMOTO CONTPOTHBIICHUS

R-Bp. (12.9)
R,
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HN3mepenne napaMeTpoB CHIHAJIA € IOMOLIBIO OcIM/LIOrpada

Ocummorpaq) IIO3BOJISICT HpOBO,Z[I/ITB I/I3MepeHI/Ie HapaMeTpOB KaK IIOCTOAHHBIX, TaK U
M3MEHSIOIINXCS CO BPEMEHEM 3JIEKTPUUYECKUX CUTHANOB. JIJIst 3TOr0 HampsiKEeHUE ¢ reHeparopa
U, nmojaeTcst Ha OJIMH U3 KaHAJIOB ocuuiiiorpada, Kak mokasaHo Ha puc. 12.3—12.5.

" _@KaHan I

— 1> -@Kaﬂan 11
Puc. 12.3
U K i
I'H ®
* © Kanan II
Puc. 12.4

0 © Kanana [

Kanana I1
©

Puc. 12.5
[TomoOpaB cooTBETCTBYIOIIEE TOJIOKEHUE TIEPEKITIOUATENeH, Ha dKpaHe ocuuyuiorpada moryaum
OCIIMJUIOTpaMMy, yI00HYyH0 st HaOmoaeHus (cM. [Ipunoxkenue). OnpenenuB 1eHy ACICHHS j,
[0 OCH X, BBIUUCIHM JJIUTEIbHOCTh BPEMEHHBIX WHTEPBAJIOB M3y4aeMOM OCIMILIOTPaMMBbI IO
bopmyie

At =nj,,

IIe n — YUCIIO JeJIeHUH MO0 OCH X Ha 3KpaHe ocuuiuiorpada, Ha KOTOpBIE YKIIAIbIBaeTCs
u3ydaemMas 4acTh CUTHAJIa.

Takum xe 00pa3zoM, ONpeAeNHB LEHY JeNIEeHHs j, 10 OCH ), HailleM BEIMYMHY HaIpsKEHHs
[10/1aBa€MOT0 3JIEKTPUUECKOr0 CUTHAaJA.

I:X;H _@Kaﬂan I
Ll Kanan IT
L e—slo

Puc. 12.6
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Hexoropele Mojenu ocuuiorpagoB MO3BOJSIOT HE TONBKO HAaONIONaTh OJAHOBPEMEHHO J1Ba
CUTHaJla Ha DJKpaHe, HO U OCYIIECTBIATh CJIOXKEHUE OJTUX CUTHAIOB, KaK OJUHAKOBO
HAIPaBJICHHBIX, TaK U KaK B3aUMHO NEPIEHIUKYJAPHBIX. /Il 3TOro HampsKeHUe ¢ OIHOIO
rereparopa U, Mogaercss Ha BXOJ MEPBOro KaHajga ocuuuiorpada, a HampspkeHHE ¢ Jpyroro
reHepatopa Uy, — Ha BXOJ BTOPOI'0 KaHaja, Kak Ioka3aHo Ha puc. 12.6 (cm. [Ipunoxenue).

3ananue K padorte

1. Cobepute cxemy, mokazaHHyro Ha puc. 12.1.

2. [IpoBeauTe M3MEpEeHHE HEU3BECTHBIX COMPOTUBIEHUU R, U R, ¢ MOMOIIBIO BOJBTMETpA U
aMIepMeTpa, U3MEHssI BEIMUYMHY HAINPSOKEHMs] TeHepaTopa MOCTOSIHHOIO HanpsbkeHus ot ~1 1o
~15 B. BoinonHuTe mecTh U3MEPEHUN TP pa3IN4HbIX HAIPSDKEHUSX.

3. Paccuuraiite Hamboiee BEpOSATHOE 3HAYEHUE KAXKIOTO COMPOTHUBICHUS M €ro CIydailHYIo
MOTPEIIHOCTh M0 (hopMmysie Uit MHOTOKPATHBIX W3MEpPEHUM MpHU JTOBEPUTEIHLHOW BEPOATHOCTU
0,95 [4, Beenenue, B3, B4, B5].

4. Cobepure cxemy, MOKa3aHHYIO Ha puc. 12.2.

Buumanue! B kauecTBe pe3ucTopa, 0003HAUEHHOTO KakK R;, PEKOMEHIYeTCs HCIOJb30BaTh
pPE3UCTOp C conpoTUBIeHUEM, paBHBIM 680 OM, a B KauecTBe pe3ucTopa, 0003HAUEHHOTO Ha PHC.
12.2 xak R3; — pe3zucrop 820 Om. Hanpskenue reneparopa yCTaHOBUTE B Juana3oHe ot 5 1o 15
B.

5. C nomoup0 METOJa paBHOBECHSI MOCTAa IOCTOSSHHOIO TOKa ONPENEIIUTE BEIIMYMHBI TEX K€
JIBYX HEU3BECTHBIX CONPOTUBIEHUHN Ry U Ry,. CpaBHUTE C pe3ynbTaTaMu, [IOJTYYEHHBIMH B II. 2,
3. CaenaiiTe BEIBOEL.

6. [TogkmrounTe TeHEpaToOp MOCTOSTHHOTO HANpsKeHUs K ocimiuiorpady (puc. 12.3).

7. U3mepbTe Hanpspkenune curnana. Hazosure Gpopmy curnana.

8. IlogkmrounTe reHepaTop MPSMOYTOJBHBIX HMITYIbCOB K ocumwuiorpady (puc. 12.4).
3apucyiTe noJIy4eHHbIM CUTHAJ.

9. WU3MeppTe aMIUIMTYAHOE HampsbkeHue curhana. OnpenenuTe NMepuoj U 4acTOTy CHUTHala.
Ha3zoBure ¢popmy curnana.

10. IMoxgkirounTe TeHEpaToOp CHHYCOMIAIBHOTO HANpshKeHHs K ocmuiorpady (puc. 12.5).
3apucyiTe noJy4YeHHbIN CUTHAI.

11. U3MepbTe amMIIUMTyAHOE HAINpsOKEHWE curHaia. PaccuurtaiiTe 3HaueHUE JEHCTBYIOIIETO
HanpspkeHus Uy, OnpenenuTe nepuosl 1 4acToty curHana. Hazosute gpopmy curnana.

12. Tlopknro4yuTe TreHepaTOp CUHYCOMWJAJIBHOTO HANpsDKEHUS Ha BXOJ OJHOIO KaHalia
ocumiorpaga, a TeHepaTop MPsIMOYTOJIbHBIX UMITYJIBCOB Ha BXOA Apyroro kaxnama (puc. 12.6).
(Mcnonp3yiiTe BBIXOBI OHOTO MPHOOPa, 4To0Bl 0062 curHaia Oblin cuH(pa3Hbl. B Takom ciyuae
Ha DJKpaHe ocmwuiorpaga Oyner HaOmromaTsesi ycroiumBas kaptuHa.) Ilepeximounte
YIPaBISIONINE KHONMKUA TaK, 4TOObI HAOMOaTh OJHOBPEMEHHO 00a CHTHANa JIPYT MO JPYroM
(cm. [Ipunoxenue).

13. 3apucyiiTe 3TH CUTHAJIBI.

KonTpoJibHbIE BONIPOCHI

1. Kakune criocoObl n3MepeHHst CONPOTUBIICHUSI BaM U3BECTHBI?
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2. Cohopmynupyiite 3akoH Oma s ydacTka IIeNd B HMHTETpaIbHOM M IuddepeHnanbHOn
dopme. OOBSICHUTE CMBICI BEIMYHH, BXOISIINX B 3aKOHBI.

3. Chopmynupyiite 3akoH Oma [JIs1 HEOJAHOPOIHOTO yYacTKa IIeNH, T. €. Ui ydacTKa IIeru, B
KoTopoM umeercs uctounuk J/1C.

4. B ueM cOCTOUT METOJl U3MEPEHUS COITPOTUBIIEHUS C TIOMOILIBIO MOCTA TOCTOSSHHOI'O TOKa?

5. Kak u3meputh nepuos v onpeennTh 4acTOTy CUTHaja ¢ OMOUIbI0 ocuusuiorpada?

6. Kak n3meputh aMIummtyay curHaia ¢ moMolpko ocruuiorpada?

7. Kak npoucxouT yrpaBieHHUe JIEKTPOHHBIM ITyYKOM B 3JIEKTPOHHOM ocuuiuiorpage?

8. KakoBa cBs3p MEXIy CMEUICHHMEM CHUrHajla [0 OCH X Ha JKpaHe ociuuiorpaga u
JUIMTEIBHOCTBIO BPEMEHHOT'O HHTEpBasia’?

9. Kak noaxirounTh ocuuiorpad mno IByxXKaHaJIbHOHW cxeme?

JIMTEPATYPA

1. Kanawmnukos C.I'. dnektpuyectBo. — M.: Hayka, 1977.

2. Casenves HU.B. Kypc obmeir ¢usukun. — M.: Hayka, 1982. — T. 2
(v mocneayoImue u3gaHus TOro Kypea).

3. Onexmpuueckue w3mepenus: YueOHWK it By3oB / Ilox pen. A.B. ®@pe-muc, E.M.
Hymmuna. — JI.: Dueprus, 1980. — C. 39.
4. Mexanuxa M TepMoauHAMKKa: MeToA. yka3aHUS K BBOJHOMY 3aHSTHIO U K JIaDOpaTOPHBIM
paboram Ne 0 — 6 mo ¢usuxe. Ne 2848. — HoBocubupck, 2004. — C. 11-12 (u mocnenyrommue
W3JIAHUS ATOTO ITOCOOMS).

JlaGopaTtopHnast pabota Ne 5

OIIPEJEJIJEHUE 'OPU3OHTAJBHOM COCTABJISIIOIIEN
HAINPSI)KEHHOCTU MATHUTHOTI'O ITOJISI 3EMJIN

Heanb padorhi: OnpenenuTs TOPU30HTAIBHYIO COCTABIISIONIYIO HAIPSKEHHOCTH MarHUTHOTO
OJIST 3EMITH.

Oo6opynoBanne: Kpyrnas karylika ¢ MarHUTHOM CTPEJIKOM, HCTOYHUK ITOCTOSSHHOI'O HAIpsikKe-
HUS (BBIIPSAMUTENb ), MIJUITHAMIIEPMETP, TIOTEHLIUOMETP U MEePEKIIOUaTENH.

BBEJAEHUE

JIBrokymiuecs 3aps/ipl (TOKH) CO3Jal0T B OKPY>KaOIllEM IIPOCTPAHCTBE MarHUTHOE 110J1€. DTO MO-
Jie TIPOSIBIISIETCS B TOM, YTO Ha JIBMIKYILMECS B HEM 3apsi/ibl (TOKM), HAMAarHMYEHHBIE Tela
(HampuMep, Ha CTPeNKy KomIaca), AeHCTBYIOT cuilbl. biaronaps 3ToMy Ha IIIOCKUHA KOHTYp C

TOKOM | B MarHuTHOM nose ¢ uHAyKuuen B neiictByer kpyraumii MoMeHT N (puc. 14.1), mpo-

nopuroHanbubiii I, S u B u 3aBucsmmii ot yria @ Mmexay n u B
N =ISBsina (14.1)
rae S- momaab KOHTypa;
7l- €JIMHUYHBIA BEKTOP HOPMAJIU K IJIOCKOCTH KOHTYpA.
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Takum oOpa3oM npu HeM3MEHHBIX B u a nelictBue 4
MoJis Ha KOHTYp ONpelensieTcs BeTUYMHON ' s
B, =18, (14.2) koTopass Ha3bIBa€TCS -6- : P
MAarouTHbIM MOMCHTOM KOHTYpa C TOKOM. C yue-
ToM (14.2) Beipakenue (14.1) umeer Bun

N = B,Bsina (14.3)
rue - E{ BEKTOP, HaIpaBlieHHE KOTOPOTO COBIIA- X y
JaeT C HalpaBJICHUEM EIMHHUYHOTO BEKTOpa HOp- I
Mmatu 7 P, =P, 7 (cm. puc. 14.1).
N3 Bepaxkenus (14.3) (mpu a = g; N = Nyax)s Pre. 14.I
CIIEIYET, 4TO '
B = Ymax (14.4)

Pm
T. €. MarHUTHas UHAYKIUSA B - BeIM4MHA, YUCICHHO paBHAsI MAaKCHUMAIBHOMY KPYTSIIEMY MO-

MEHTY, KOTOPBIH JIeHCTBYET HAa KOHTYP C €AMHUYHBIM MarHUTHHIM MOMEHTOM. B- BEKTOP, COB-
NaJAOIIUK 110 HANPABJIEHUIO C BEKTOPOM 71 PaBHOBECHOTO (T. €.CBOOOIHOrO ) KOHTYpa, OpH-
€HTHUPOBAHHOTO IO MOJI0. B - 3aBUCUT OT CBOMCTB Cpe/ibl, TOATOMY BBOAUTCS KOOPHUIIUEHT L
(oTHOCHUTEIBHAS MAarHUTHAS IPOHUIIAEMOCTH CPE/Ibl), TOKA3bIBAIOIINM, BO CKOJBKO pa3 MarHUT-
Hasg UHAyKUus B B maHHOU cpeje Oosiblie, 4eM HHAYKIUS By B BakyyMme.

B
U=—— (14.2)
By
o
HarnpsiskeHHOCTb MarHUTHOTO 1OJIs1 H TOXE CHIIOBast €r0 XapaKTepUCTHUKA, HO HE 3aBUCSALIAsl OT
— —
CBOMCTB cpenbl. H U B cBsi3aHBI COOTHOLICHUEM.
= B

H=2 (14.3)

Bg
e o - MarHUTHAas NOCTOSHHAsA, o = 4w+ 1077  T'/m.

Jlnist HanpsKEHHOCTH MarHUTHOTO TOJIS, CO3aBaeMoro dJie-
MEHTOM TOKa JIHHBI df, crpaBemvBa popmyna

EI) _ 1| dé+7 | ,
4mr3
HJIHA 110 MOZYIIIO
__Idfsin(a)
dH = ==2% (14.5)

rae {— cuia Toka;

df — BEeKTOp, COBNAJAIONINI C AIIEMEHTAPHBIM YUYaCTKOM TOKa
Y HaIlpaBJIEHHBIN B CTOPOHY ero nporekanus (puc. 14.2);

7~ BEKTOP IIPOBEICHHBIN OT 3JIEMEHTA TOKA B TOUKY, IJI€
Puc. I4.2 OIIpEAEIAETCS dH.
CootHomienue (14.5) Hocur Ha3BaHue 3akoHa buo- Casapa-
Jlannaca. HanpaBneHue BekTopa dH HOPMAJIBHO K INTIOCKOCTH, ITPOXOASILEH dyepes dt u TOYKY,
B KOTOPOH OmIpenensiercs EI), IIPUYEM TaK, YTO BpallEHUE BOKPYT d? s HaIPaBJICHUN dH cBs-

3aHO ¢ df npaBWIOM MpaBoro BUHTA (cM. puc. 14.2); a - yron mexay Bekropamu df u 7.
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OnpenenyM HaIpsPKEHHOCTh MarHUTHOIO TOJISL B LIEHTpE KpyroBoro toka (puc. 14.3). Kaxnsiit

_—
3JIEMEHT TOKA CO3/A€T B LIEHTPE HANPSIKEHHOCTh dH, HANPaBJIEHHYIO 10 HOPMAIH 7 K IIOCKO-
CTH KOHTYpa.

Ha ocHoBanuu 3akona buo-Casapa-Jlannaca

1d¢

dH = 14.6
4mR? ( )

(e =m/2). MarautHsle 1oas (KaK M 3JIEKTPUYECKUE)

HOJYUHSIOTCS NPUHIUITY CYNEPIO3UINH (HE3aBUCHMO-

CTU HAJOXEHHUS), COTJACHO KOTOPOMY PE3YIbTUPYIOIIAs
HaNpsHKEHHOCTh paBHA BEKTOPHOM CyMMe HANpPsiKEHHOCTEH
MoJIEN BCEX DJIEMEHTOB C TOKOM. B JTaHHOM cilydae Takyro
CyMMY HaiiieM HHTerpupoBaHueM BbIpakeHus (14.6) mo

BCEH JUIMHE KOHTYpa C TOKOM:

- I 2mR I2nR I
Puc. 14.3 H = j =
0

41R?2 A7 R? - 2R

Ecnu xpyroBoii Tok cocrout u3 N BUTKOB, 00pa3yromux karymky, To H 6yzaer B N pa3 Gomnbie:

IN
H== (14.7)

MarauTtHas CTpEJIKa, IOMCIICHHAad BHYTPb KaTYIIKHW, HAXOJUTCA 1O BO3HCﬁCTBH€M ABYX I10-

JIeW: MoJist KaTylku H ¥ MarHMTHOTO 1oJIst 3eMJIH.

H,

CeBep nuHUSA ropuszonta FIOr

Puc. 14.4

Ha mmpore MOCKBBI Pe3ynbTUPYIOLIUNA BEKTOP Hamps-

JKEHHOCTH 3eMJIN F3 HaIpasJjieH MO HEKOTOPBIM yriom O
K TOpu30HTY ( puc. 14 .4), mo3TOMy Ha CTpEJKY, Bpalla-
IOIIYIOCS BOKPYT 3aKPETUICHHOW BEPTUKAIBHOW OCH, Oy-
JeT AeMCTBOBAThH JIMIIb €r0 FOPU30HTAIbHAS COCTaBIISIO-

—

mas H..

Onucanue yCTAHOBKHM M METO1a U3MePEHHUSI.

B kopryce koMmaca uMeeTcCs JIyla U npu3Ma, 4yepe3 KOTo-
pble BUIHBI JIEJICHUS JIUMOA, YKPEIUIGHHOTO HA MAarHWT-

HOH crpenke. OMHOBPEMEHHO HAOIIOATENh BUIUT BH-

L [SEApRFIT]

= =L _reas [F

~ 2208 - 29
‘Puc. I4.5



3UPHYIO HUTb, OT KOTOPOH OCYILECTBIIAETCS OTCUET JIeIEHUH B rpajycax.
EC/TH BU3UPHYIO HUTh yCTaHOBUTH npotuB Aenenns 90° (wmmi 270° ), TO MmI0CKOCTH BUTKOB

KaTyUIKH COBMEILAeTCs ¢ HanpaBiieHueM, H.  T. e. npubau3uTensHo ¢ HanpasieHueM Ceep-
IOr (cm. puc 14.4). Tenepb npu BKIIOYEHUH TOKA B KaTYLIKE HANPSKEHHOCTD I10JI1 OKA3bIBAETCS

HOpMaJIbHOU BEKTOPY, H,., M MarHuTHas CTpeiKa pacroJiaraercs BJ0JIb Pe3yJIbTUPYIOLIEH

—

HanpspkeHHOCTH — Hi.

N3 auarpammel BeKTOpoB Ha puc. 14.5 cienyer, 4To

H
H. = ga (14.8)
IHopsiiok BHINOJHEHUS PadOTHI

1. TloBepHYTh CTEH[I C KaTYIIKON JJO COBNAJCHUS BU3UPHON HUTH C JICJICHUEM 90" (2700).

2. Ilepexmouarenem CETD BkiIOYMTH MHUTaHWE, IPU 3TOM 3aropaeTcsi MHAUKALMOHHAS JaM-
MOYKa.

3. C momomipto mepekoyarens ¢ Haanucbo 1, 2, 3, BKIIOYUTh B CXeMy KaTYIIKy ¢ HauboJb-
IIMM YHCJIOM BUTKOB.

4. IloreHunomeTpoM R yCTaHOBHUTH TOK, COOTBETCTBYIOLIMM YINy OTKJIOHEHHS O MAarHUTHOM
crpenku ot genenns  90° (270°) pasromy 45° i 3amMcaTh BETHUMHY 3TOTO TOKA MO MUJIIHAM-
nepMeTpy.

5. TlorenuumomerpoM R mocienoBaTenbHO YCTAHOBUTH YIOJl 00 OTKJIOHEHHUS B MpHUIEiIax OT 45"
10 0° depes MATh OXMHAKOBHIX HHTEPBAJIOB, 3AIMCHIBAS COOTBETCTBYIOLINE STHM YIIAM TOKH IO
MUJUTHAMIIEPMETPY.

6. IlepexiouareneM ¢ HAAMUCHIO «+, -» U3MEHUTH HAINpaBlIeHUWE TOKA B KaTyiike. B mopsake
BO3pacTaHHUs, [10CIEA0BATEIbHO YCTAHOBUTD IIATh 3HAYEHUI TOKOB, IIOJYUYEHHBIX B II. 5, 3alKCaB
COOTBETCTBYIOILIME ITUM TOKaM, IISITh 3HAYEHUH YTJIOB O.

7. IlepexirouateneM ¢ HAANUCHIO 1, 2, 3, BKIIIOUUTH B CXEMY KaTYLIKY C JPYTMM YMCIIOM BUTKOB
(Mo corylacoBaHUIO C MperoaBaTeIeM) U MpojaesiaTh u3mMepeHus o 1. 4, 5, u 6.

8. Ilo dbopmyne (14.7) paccuutaTh necath 3HaYeHU H, ncmonb3ys 5X2 moiry4eHHBIX 3HAYCHUN
TOKOB I, 1 yncia BUTKOB N, yKa3zaHHbIE Ha KaKI0M u3 KaTymiek. ( [{luaMerpsl KaTyiiek u3MepsTh
MIPU TIOMOIIHY JIMHEHKH. )

9. B3sB cpenHee 3HaUCHME JJI KaKIOM Maphl yriioB o (BJIEBO M BIPABO), OMPEACIUTD 10 Gop-
myiie (14.8) necarp 3nauenuit H,. paccumurars Hrep.

10. Haiitu AH, u(AH,)?.

11. PaccuuTarh CpeaHIOI0 KBAJAPATUYHYIO OLIHOKY

re n — uyucio 3Hadenui Hr.
12. Pe3ynbpTaThl U3MEpPEHMI U pacueToB 3aHECTH B Tabiuiy 14.1

13. OxoHuatenbHbIN pe3ynbTaT A Hr npencraBute B BUje
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Tabmauual4. 1.

Yucno Ne I BJIEBO | BIPABO | Tpaj. H, Hr Hrcp | AH. | (AH,)
BUTKOB | ILII MA rpan rpan A/m A/m A/M AM | (Am)
o o Ocp

KOHTPOJIBHBIE BOITPOCBHI

. UrTo Ha3bIBaE€TCSI MATHUTHBIM MOMEHTOM?
UTo Takoe MHIYKIMS MATHUTHOTO TTOJIs1?
KakoB cMBIC]I OTHOCUTENIBHOI MarHUTHOW MPOHUILIAEMOCTH ?

1
2
3
4. Yt0 Takoe HANPSKEHHOCTh MAarHUTHOTO TOJISl U B YEM €€ OTIIMYHME OT UHIYKIUU?
5. 3anumure u nosicHute cMmbici 3akoHa buo - Capapa - Jlamnaca.

6

UTo Takoe NpUHILMN CYyNEPHO3ULIU?

JIUTEPATYPA

1. CaBenwseB U.B. Kypc obmeit puzukn. T. 2, m3a. C1978, 1. VI, § 40,42.

[\

. 3ucman I'.A. Toxec O.M. Kypc obme#i pusuku. T. I1. JIrob6oe nznanue, ri. VII, §30.

JlabGopaTopHas pabota Ne6
HUCCJIEJOBAHUE TAPMOHUYECKHX KOJIEBAHU

Ieap paGorsl: DKCHEpUMEHTaIbHASI IPOBEPKA TEOPETUYECKONW 3aBUCHMOCTH IIEPUO/A TapMo-
HUYECKUX KojeOaHui oT Kod(duImeHTa KeCTKOCTH MPYXKHHBI U MacChl KO-
nebrolerocs Tena.

Oo6opynoBanue: HaGop mpyKuH M Tpy30B, MIJUIUMETPOBAs JIMHEWKA, MaTEMaTUUECKUI MasT-
HUK, CEKYHJIOMED.

3ananue.

1. I3yunTh TEOPHIO TapMOHMYECKUX KOJICOAHUH.

2. PaccunTaTh CTaTHYECKUM METOIOM KOA(P(PHUIIMEHT KECTKOCTH MPYKHUHBI.

3. IoctpouTs rpaduk 3aBUCUMOCTH MEPHOAA COOCTBEHHBIX KOJICOAHUH MPYKMHHOTO MasTHUKA
OT Macchl rpysa.

4. ITocTpouTtsh rpauk 3aBUCUMOCTH IEPHOIa COOCTBEHHBIX KOJIeOaHUH MPYKMHHOTO MasiTHUKA
0T KO3 (HUIIMEHTA KECTKOCTH MPYKUHBI.

5. C nomomuib0 MaTeMaTHYeCKOI0 MassTHUKA SKCIIEPUMEHTAJIBHO MOJIyYUTh 3HAYEHHE
YCKOpEHHUs1 CBOOOIHOTO Na/IEHUs U OLIEHUTh €r0 IOIPEeIIHOCTb.
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BBEJIEHUE

OcHOBHbBIE TCOPETHYECCKHUE CBEACHUA U COOTHOLICHUSA.

Bce konebarenbHbIe POLIECCHI, MPAKTUYECKU BCTpeUaronecs B pU3MKe 1 TEXHUKE, pa3-
NENAI0TCS Ha JiBa Kjacca - NepuoJudeckue U Henepuoanueckue. Ilepuoanueckum HasbiBaeTcs

TAaKOC IBUKCHUEC CUCTCMBI, [TIPU KOTOPOM, HaAYUHAA C OIMMPCACICHHOI0O MOMCHTA BPEMCHU, BCC €€

MOJIOKCHUS IICPUOAUYCCKU ITOBTOPAIOTCA.

MaremaTnueckoe onpeieleHue NePUoINIECKON BeTUIMHBI TAKOBO: (DYHKITUSA f(?) Ha3bI-
BaeTcs Mepuoanveckoit ¢ mepuoaom 7, ecnu f(t+T1)=f(1).
[TpuMepoM reproANYECKOro MpoIiecca SBISIOTCS TAPMOHHUYECKUE KOIeOaHHs,

\

()

Puc 1.

IIpHU KOTOPLIX USMCHCHUC Ha6m0;[aeMoﬁ BCJIMYMHBI TPOUCXOIUT 11O 3aKOHY CHUHYCa UJIU KOCHUCA.

PaccMmoTpum nBe KonebaTenbHble CUCTEMBI: MaTeMaTu4eckuii (1) u npykuHHBIN (2) Ma-

ATHUKH (puc. 1).

JAnddepennuanbHoe ypaBHeHHE COOCTBEHHBIX
(B OTCYTCTBHH 3aTyXaHHsl) KOJIeOaHUM.

Mamemamuueckuii MmasmHuk

Ilpysrcunnotii maamuux

Ha rpy3 neiictByer cuna tskectn P=mg u

cuia HaTspDKeHust HUTH 1 . Pasimoxxum CUIly TH-

’KecTH Ha nBe cocrasistomue £ u P,. Ecin

YroJI OTKJIOHEHHUS (p Mall, TO AYry TPaeKTOpUU
rpy3a MOXKHO CYUTAaTh MPHUOIUKEHHO MPSIMOI
U 715 OTKJIOHEHHUS Tpy3a OT IOJIOKEHHsS paB-
HOBECHS 3aIUIIEM:

x=l-, (1.1)

Cuna P, .ypaBHOBEIINBAETCSI HATSLDKEHUEM HH-

Ha rpy3 peicTBytoT cuibl Tskecth P =mg U

F,,. Ilpu cMerieHnn rpysa

cuia yNnpyrocru

OT TIOJIOXKEHHUSI PABHOBECHS X, HAa HEro OyJer
JENCTBOBATh PE3YIbTUPYIOLLAs CHIIA

F=mg-F

ynp

=mg—k(Al+x) (2.1)
rjae k — K03 HUIMESHT )KeCTKOCTH MPY>KUHBI,
Al — CTaTUCTUYECKOE YAIUHECHHUE.

Y4auTeIBasg, YTO B TMOJOXCHUU PAaBHOBECHUS
(x=0), cuna TsHKECTH YpPaBHOBELIMBAETCS CH-
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TH, a cuwia B, neiicTByiomas BIOJIb TPAeKTO-

pum, OyneT BO3BpallaTh MasTHUK B IOJOXe-
Hue paBHoBecus (x=0). [Ipu manom yriie ¢ oHa
paBHa mg sin@ wiu ¢ yuetom (1.1)

po_M8

1 (1.2)

3HaK «-» YKa3bIBA€T Ha TO ,4TO CHJIA ‘Pl

Jou ynpyroctu mg = kAl , u3 (2.1) cnenyer:

F=—kx (2.2)
Cuna F HampasieHa B CTOPOHY paBHOBECHS,
T.. B CTOPOHY, IPOTUBOIIOJIOKHYIO CMeIlle-
HUIO X.

VYpaBHEHHE IBUKCHHUS I'Py3a IPUHUMAECT BUL!

mx = —kx . (2.3)
HaIpaBlieHa MPOTHUBOIOIOKHO IOJOKHUTEIb-
HOMY HaIpaBJIEHUIO KOOPAUHATHI cMeleHus x. | [Ipeobpasyem (2.3) cnemyronum o6pa3om:
YpaBHEHUE IBMKEHUS TPy3a UMEET BUJIL:
.k
. X+—x=0. 2.4)
mx=Fh. (1.3) m
IIpeo6pasyem 310 ypaBHenue ¢ yuerom (1.2): | IIpoussens samensr:
clenyrmumM oopa3om: .
- = 0)2 R
X+%x=0 (1.4)
[TpousBenss 3aMeHBbI:
g
/
MOJIYYUM OKOHYATENIbHO:
¥Ft+o’x=0. (5)

VpaBHenue (5) sBIAETCS JMHEWHBIM OJHOPOJIHBIM U (epeHIINaIbHBIM YpaBHEHUEM

BTOPOTO NOpsAaKa C ITIOCTOAHHBIMHA KOS(i)(bPIHI/ICHTaMI/I, 0611166 PCHICHHUEC KOTOPOIro UMECT BU:

x=Acos(o,t+¢,). (6)
3nech: A — aMILTUTY/A; 9 — KPYroBas 4acToTa; Qg — HadaibHas (a3a KoJeOaHHi.
[Tepron coOCTBEHHBIX KOJICOAHUIA.
Mamemamuueckuit MaamHuUK Ipysicunnotit masmuux
T:E:Zn — (1.7) T=E=2TE\/E 2.7)
o, ®, k

Takum 00pa3om, KojaebaHusT 00X CUCTEM MO ICUCTBHEM KBAa3HUYNPYTHX CHII, T. €. CHJI
HEYIPYTUX 10 CBOEH MPUPOJIE, HO JTUHEHHO 3aBUCSIIMX OT BEJIMYHUHBI CMEIIEHUS OTHOCHTEIBHO
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MOJIOXKEHUs paBHOBecHs (cM. 1.2 1 2.2) B OTCYTCTBHE 3aTyXaHHsI OMIMCBHIBAIOTCS TAPMOHHUYECKUM
3aKOHOM.

Onucanue 1a00paTOPHOH YCTAHOBKH.
VYcTaHOBKa COCTOUT U3 IITATHBA, HA KOTOPOM ITOOYEPEAHO MOIBEIINBAIOTCS HA pa3Iny-
HBIX NIPY’KMHAX IPY3UKH Pa3HOro Beca WU MareMatnyeckuii MasTHUK. llItaTus cHaOxeH mika-
JIOM C CAaHTUMETPOBBIMU JI€TICHUSMHU.

MeToanka ¥ NOPSIOK BbINOJHEHHS JIA00PaTOPHOIi padoThlI.

1. Onpenesienne KO3I(PPUIHEHTA KECTKOCTH
NPYKMHBI CTATHYECKHUM METO/10M.

1. [TogBemmBaOT NpyXMHY HA IITATUB U U3MEPSIIOT C TOMOIIBIO JIMHEUKH €€ JITTUHY.
2. IlonBemuBarOT Ha KOHEL MPYKUHBI MOOYEPETHO TPY3UKU PA3IMYHOM MACChl U HU3MEPSIOT
yIUIMHEeHHE NPYXuHbl Af. Y IIuHeHne IpYKUHBI HE TOJDKHO TpeBbImath 30-40 M.

. P
3. BeraucnuTh ais Kaxaou npyKuHbI KOG GHUITUEHT KECTKOCTH k o dhopmyse k = 77 W1 Tpex

Ipy30B.
4. BeluncanUTh cpeiHee 3HaYeHHE KOI(PPUIIMEHTa JKECTKOCTHU JUIs KayKIA0U NPYKUHBI kep.
5. 3aHecTu Bce U3MEPEHHBIE U BBIYHCICHHbIE Pe3yIbTaThl B TAOIHILy 1.

Ta6muna 1
Ne rpysa [Ipyxuna Nel [Ipyxuna Ne2 [Ipyxuna Ne3
PIAC |k | ke | K'|P AL k| kg | K| P AL |k | Kep | K
pa3MepHOCTh | |
1
2
3

2. OnpenesieHue 3aBUCUMOCTH MEPUOAA COOCTBEHHBIX KOJIeOaAHUIT
NPYKUHHOTO MASITHUKA OT MAaCChl.

1. OTBOAAT Ipy3, NOABEHIEHHBIA Ha NpyxHuHE, Ha 20 -30 MM OT MOJIOKEHUS pAaBHOBECHS U U3ME-
PSIIOT CEKYHJIOMEPOM BpEMs £, B TEUEHHE KOTOPOT0 MAsITHUK cOBepIIUT n=20 MOJHBIX KojeOa-
HUM.

o t
2. Beruucastor nepuoaa cOOCTBEHHBIX KoyeOanuii T = — IS TIPYKUHBI Nel mpu Tpex

pPa3ITUYHbBIX IPY3UKaX.

3. Beruucnsior 3Hauenus T2,

4. 3mepeHus Ha KaKJIOM Ipy3€ MPOBOIAT TPU pa3a v BEIYUCIISIOT Tczp

5. 3aHOCAT BCE M3MEPEHUS U BHIYUCIICHHBIC PE3YIIbTAThI B TAOTHUITY 2.

6. Ctposit rpaduk 3aBucumoct T4, = f(m) st npyxkuns Nel, OTKIabIBast 10 OCH abCIECC

Maccy rpysa.
Tao6mmma Ne2
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Ne/Ne [Ipyxuna Nel ITpyxunaNe2 | Ilpy:xunaNe3
my = m, = ms = my = my =
t [T |T?|t |T |T*|t |T |T?|t |T |T?|t |T |T?
pa3MepHOCTh
1
2
3
Cpenree 3Ha- > >
JeHHEe ) \ \ ] \ \

3.0npenesieHne 3aBUCHMOCTH NePHOJAa COOCTBEHHBIX
KOJIeOaHWH NPYKMHHOT0 MAATHUKA OT
KO3(pPpHUMEHTA KECTKOCTH NMPYKUHBI.

. [TpoBOASIT U3MEpPEHUS U BBIUUCICHUS, aHAJIOTUYHBIE T1.11. 5.2 1-3. nys npyxuH Ne 2 u 3 ¢ rpy-
30M M.

. 3aHOCAT U3MEPECHHBIE W BHIYMCICHHBIC 3HAUYCHUS B TAOHITY 2.

. CtposT rpaduk 3aBUCUMOCTH Tczp = f(k¢p) AnsA TpEX MPYXKUH HA OJHOM U TOM XK€ Ipy3e My,
WCIIONB3Ys JTaHHbIe TAaOIWIbl | W OTKIampIBasg MO Ocu abcuucc 3HadeHus: Koddduimenrta
KECTKOCTH Ky

. Ucnonp3yst popmyny (2.7) v naHHbIe TaOMHIBI 2, BRIYUCIAIOT 3HAYCHHS] KOI(PPUIUEHTOB
YKECTKOCTU TPEX MPYKHUH MPU OJHOM U TOM K€ Ipy3e m; .

. 3aHOCAT MOJyYCHHBIC AaHHbIe B Tabaumy | (rpada k') u cpaBHHMBAIOT MX CO 3HAUYECHUSIMH X,
MOJIyYEHHBIMU CTaTUYECKUM METOJ/IOM.

4. OnpenejieHue yCKOpeHHUsI CBOOOHOIO NMaJeHUs1 g
MATeMaTH4YeCKOr0 MasiTHUKA.

. [lonBemnBaroT Ha MITATUB MaTEMAaTUYECKUN MasTHUK.

. I3mepstoT 1o mikasne nauny HuTH £, (3HaYeHHe IraMeTpa Imapuka rpy3a d mpuBeaeHo Ha
YCTaHOBKE).

. OTBOAAT MasITHUK OT MOJIOKEHUS PaBHOBECHS HA yToJ 5-6"u MU3MEPSAIOT CEKYHIOMEPOM
BpeMs t, B TeYEHUE KOTOPOTO MasATHHUK coBepimaeT n= 20 MOJHBIX KOJIeOaHUH.

. U3mepenust £, ut mnpoBomir 4 pasa.

t . .
5. Beruncinsitor 3Hauenust T = — PE3Y/BbTAThl M3MEPEHHH U BBIYUCICHUH 3aHOCAT B TabuIty 3.
. ITo mpaBuiam paznena 7.1 BBeneHust paccuuThIBatOT NOTPeIHOCTU ATy, U A ;.

[IpomexyTounbie BeIUUCIeHUs Af; = |€l- -4 | u AT; = |Ti - T| 3aHOCST B Ta0nHITy 3.
. 3aIUCBIBAIOT IPOMEXYTOUYHBIE OTBETHI

T=T

+

A TKB7

= — . d
8.0mpenenstoT BeIMYUHy g, nojacTanisis B dopmyny 1.7 3Hauenus T u € = £, + >
9. Ilonb3yscek npasunamu paszaena 7.3.1 BeeneHus, paCCUUTBIBAIOT MOTPEIMHOCTH AGeyer, AGs
A
(c HamexHOCThIO 3=0,7), AGyomm, OTHOCHTEIBHYIO IOTPEIIHOCTD € = % 100%.
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10. 3anuceIBAIOT OTBET:

a

kW -

+l

g=9+AGgum cHamexHocteio f=0,7, € = %

Tabauua Ne3

Ne n/mn - Af; |t T AT;
pa3MepHOCTh
1
2
3
4
Cpennee 3HaueHUE ) —

Conep:xanue oT4yeTa

HaumenoBanue u Homep pabOTEHI.

[ens paboThI.

3amanue.

Pucynox 13, ypaBaenue (5), ero pemenne (6), popmyinsi (1,7) u (2.7).

Pe3ynbrarhl u3MepeHuil U BEIYUCICHUN B BUJIE TpPaUKOB U TaOJIHII [TO BCEM pa3fesiaM
5.1-4.
Pacuets! norpemHocTeil 1 KOHEUHBIN OTBET 1S g B paznene 5.4.

OcCHOBHBIE BBIBOJIBI IO pE3YyJIbTaTaM UCCIEIOBaHUM.

KOHTPOJIBHBIE BOITPOCBHI

. HO‘-IGMy BBIBCJICHHBIC U3 IMOJIOKCHUSA PABHOBCCHUA U MPEAOCTABJICHHBIC CaMU cebe MaATHUKHU

COBEpIIAIOT KOJIEOATeTbHOE TBUKCHHE.
Kakwue npoiiecchl Ha3bIBAIOTCS IEPUOINIECKUMU, IPUBEAUTE IPHUMEPHI.

. [Monyunte nuddepennnanbHOe ypaBHEHHE TapMOHUYECKUX KOJICOaHNM, 3aUIIIATE €T0

petieHue, o0bsICHUTE (PU3UUECKHUI CMBICI BXOJIAUINX B PEIICHHE MOCTOSHHBIX.
Kakoii MasiTHUK Ha3bIBA€TCSl MATEMAaTUYECKUM, U MPHU KaKUX YCIOBUSAX €ro KojiebaHus OyayT
rapMOHUYECKUMHU.

. [Momw3ysick popmyIoit Ayt pacdeTa MOrpemHOCTH Ag, OnpenennuTe MyTH MOBBIICHUS

TOYHOCTH U3MEpPEHUsI yCKOPEHHs CBOOOIHOTO MaJieHus, g B paszee 5.4.
JIUTEPATYPA

CagenbeB U. B. Kypc o6mieit pusuku T. 1.
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JlaGopaTtopHnas padora Ne 7
NCCIEJOBAHUE CTOSAYUX BOJIH

Heas paGorsl: VcciaenoBate oOpa3zoBaHHE CTOSYMX BOJIH Ha CTPYHE, ONPEACTUTH (a3zoBYIO
CKOpOCTH Oeryliueil BOJHBI Ha CTPYHE U INIOTHOCTh MaTepuaia CTPYHBI.

OoopynoBanue: Ycranoska ®I1B-04, Bkimtoyaromas B ce0st CTpyHY C perylIupyeMbIM HaTsKe-
HHUEM, TeHepaTop CHHYCOMIAILHOTO CHTHAJIA, TOCTOSHHBIM MarHuT, JTMHEHKY ¢
MHIJUTIMETPOBBIMH JICTICHUSMH.

BBEJEHUE

Mexanndeckue Konebanusi, BOSHUKAOIMKE B 000 Touke x = 0 cpeas! (puc. 1), pacmpo-
CTpaHSIOTCS B HEll Oarojapsi HATMUUIO YIIPYTHX CBSI3€H MeXly yacTuiiamu Bemiectsa. [Iporecc
I pacmpocTpaHeHus KolleOaHuii Ha3bIBaeTcst BOHOM. Ec-
y M Ha myTu Oerymiedt BoiHBI (puc. 1, cromiHas KpH-
le—— A —>

Basl) BCTpEYaeTCs NPENATCTBHE, TO BOJHA OTPaKaeTcs
A . ot Hero. OtpaxeHHas (puc. 1, MyHKTUpHasT KpHUBasi) U
r \ . Majaromas BOJHBI HHTEPHEPUPYIOT, 00pasyst CTOSIYIO

BOJIHY.

VYpasaenue Oeryieid Bosib ocu Ox BOJIHBI HMEET

BU]I:
v, = Acos(ot —kx) . (1)

Puc.1. Cxema

JI1st OTpa’kKe€HHOU BOJIHBI CIIPABEINBO:
v, = Acos(ot + kx) . 2)

3necs A — amrmuIATyAa KoJaeOaHUW 4acTUIl CPebl; ® = 2V — IUKJINYecKas 4acToTa; v — 4Ya-
cToTa Konebanuii; k = 2m/A — BOJTHOBOE YHCIIO; A — JIJTMHA BOJHBI; X — PACCTOSTHUE, TTPOMICH-
HOE BOJIHOM 3a Bpems ¢. CKiaapIBast MpeCTaBICHHBIE COOTHOIICHHS U TTpeo0pa3ys pe3ysbTar 1mo
dbopmyIie 11 CyMMBI KOCHHYCOB, TTOJTy4aeM YpaBHEHUE CTOSYECH BOJTHBI:

2
y= ZACOS(TTC x)cos(wt). 3)
AMInuuTyzna CTosi4eil BOJIHBI

2
A4, = 2Ac0s(77T x)

3aBUCUT OT KOOPAMHATHI X U pUHUMAeT 3Hauenus ot A" =0 no A" =24 (puc. 1).

Touku, B KOTOpBIX aMmuuTyna MuHHManbHa (A)" =0), Ha3bIBaIOTCS y3JIaMM CTOSUYEH

BOJIHBIL. KOOpIMHATEI y3JI0B OIIPEAEIISAIOTCS YCIOBUEM:

cos(z%x)=0:> %x=i(%+m)n:> x=i(%+m)%, 4)

rnem=0,1,2,3, ...
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Touku, B KOTOpBIX aMIUIUTyJa MakcuMmanbHa (A" =2A), Ha3pIBAIOTCS MyYHOCTSIMU H

HUMCIOT KOOPAUHATHI, ONIPCACIIACMBIC COOTHOIICHHUECM:

2 2
cos(—nx)=il:> L —tmn= x=im&, ®)]
A A 2

rnem=0,1,2,3, ...
PaccrosiHne Mexny coceAHMMM y3J1aMM WM ITyYHOCTSIMM CTOSIYE€H BOJIHBI Ha3bIBAETCS
JUIMHOM CTOSTYEN BOJIHBI A,y U paBHO (pHC. 1) MOIOBUHE AJIUHBI A OETyILEN BOJIHBIL:

A =

cm

x ©
2

B nabopaTtopHoii ycraHOBKE (pHC. 2) onepeyHble KojaedaHusi HaTIHYTON cTpyHsI (1) BO3-
OyxJaroTcs cuiloil AMiepa, 1eHCTBYIOIIEH CO CTOPOHBI MarHUTHOT'O TOJIsI TOCTOSIHHOTO MarHu-
Ta (2) Ha MPOBOAHUK (CTPyHA) C TOKOM, IOJ-
KJIIOYEHHBIH K BBIXOJy CUHYCOUAAIBHOIO CUT-
Hasla reHepatopa (3). berymas BoaHa, moiins
0 MeCTa KpEIJICHHS CTPYHBI, OTPa)KaeTCs.
[Tpu >TOM mamaromas W OTPaKCHHAS BOJHBI
HaKJIaJBIBAIOTCS IPYT Ha Apyra, oOpa3ys CTo-
SYYIO BOJIHY.

Tak Kak TOUKM 3aKpeIuIeHHOH ¢ o0oux
KOHIIOB CTPYHBI SIBJISIFOTCA y3JIlaMH CTOSUMX
BOJIH, TO B CTpYHE BO30YKIaOTCs JIUIIb KOJIe-
OaHus, NpU KOTOPHIX Ha JJMHE CTPYHbI L

Puc. 2. DxkcriepumeHTalbHas yCTaHOBKA

YKJIaJbpIBaeTCs 1ennoe yucio n =1, 2, 3, ... no-
TyJUTHH OETYIIUX BOJIH, WU IIEJI0€ YUCIIO JUTUH CTOSYMX BOJIH:

— no_
L=n 5 = n\ (7) m
Orcroza ciaeayer, 4To Ha CTPYHE CTOs4asi BOJIHA BO3HUKAET TOJIb- A, =L, n=1

KO B TOM cilydae, eciau ee anuHa (puc. 3) Oyner paBHa J000My /\6)
3HAYEHUIO U3 JUCKPETHOIO psja: \/

A =

cm,n

L ®)
n

v
....
''''''''

Kaxnolt nnune Oeryimieidl BOJHBI A, COOTBETCTBYET COO-
CTBEHHAs 4acTOTa KOJIeOAHUW CTPYHBI:

v, =—, ©)

rae v — (as3oBasi CKOPOCTb BOJIHBI — CKOPOCTb paclpocTpaHeHus (asbl KosieOaHUs B CTPYHE,
WM cKopocTh 3ByKa. Yactora v (n = 1) Ha3piBaeTcs OCHOBHOM. YacToThbl, OTBEYaOIME 3HAYE-
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HUSM n= 2, 3, 4,... Ha3bIBalOTCsI 00epToHamMH. TakuM 006pazoM, y CTPYHBI UMEETCs LIeTIblid Habop
KOJIeOaHUI M, COOTBETCTBEHHO, LTI HA0OP COOCTBEHHBIX YaCTOT, KPATHBIX OCHOBHOM 4acToO-
Te.

®a30Bast CKOPOCTh, B CBOIO 04YEPE/lb, 3aBUCUT OT CUJIbI I  HATSXKCHUS CTPYHBI:
v=,—, (10)

r7e p — IUIOTHOCTh MaTepuaia CTPYHbl U S — IUIOIIA/b e¢ MOoMepeyHoro ceueHus. [loatomy,
MeHsist 7, MOXHO IOJydaTh MHOTOYHCIICHHBIE Ha0OPBl COOCTBEHHBIX 4acTOT. B iaboparopHoii
ycTaHOBKe (pHUC.2) HaTsokeHHE CTPYHBI (1) OCyIIECTBISETCS PYKOSTKOH (4) BUHTOBOTO MeXa-
HHU3Ma, CBSI3aHHOTO C MPY)XHHOM, IMPUKPEIIJICHHON K OJHOM M3 CTOPOH CTPYHBI. BennuuHa cuitbl
T HatsKkeHus CTPyHbI 0TOOpaxkaercs Ha wmkaie (5).

OCOOEHHOCTh CTOSYMX BOJIH COCTOUT B TOM, YTO OHHM HE MMEIOT HANpPAaBJICHUS PaCIpO-
CTpaHEHHUs, HE EPEHOCAT SHEPTHIO KOJIeOaTeIbHOTrO IBMKEHUA. YacTUIlbl KoJeOIromeics cpe-
ITbI, HAXOJISAIIUECS B y3JIaX CTOSTYCH BOJHBI, BCET/Ia TIOKOSATCS, 2 KOOPJAWHATHI y3JI0B BO BPEMEHU
U B IPOCTPAHCTBE HE MCHSIOTCS.

MHOPAAOK BBIIIOJIHEHHUSA PABOTbBI

3aoanue 1. Onpedenums co6cmeennvle 4aCnMOmMul KOJ1€OAHUI U OTUHBL CHLOAYUX 6OTH
0J1 PA3TUYHBIX HAMANCEHUTI CIMPYHbL

1. [TogkmrounTk Ja00OpaTOPHYIO YCTaHOBKY (puc. 2) k cetr 220 B.
2. IloAroToBUTH YETHIpE TAOIHUIIBI, TOJOOHBIE TA0IUIE 1.
Tabnuna 1
Ii=___H

v, I'ng Aem 107, M v, M/C Vcp, M/C

DN B W[N] =S

3. Hag xaxxnoii Tabnuuei 3anucarbh OJHO U3 YETHIPEX 3a/laHHbIX MIPENOoJaBaTelIeM 3HaueHUHN CU-
ael 75 (0,1 +0,6 H) HaTskeHus CTpyHbI, HAUUHASI C HAUMEHBIIETO.

4. Bpamast BUHT (4), BRICTaBUTh Ha IIKaje (5) MUHUMAaIbHOE 3HaYEHUE CUIIBI 7).

5. Bpamas pykostky (6) renepatopa (3) u, TeM cambIM, U3MEHsISI yacToTy ¢ marom 1 I'm, go-
OUTHCS BOSHUKHOBEHMSI Ha CTPYHE XOPOLIO PAa3IU4YUMON CTOSYEeH BOJIHBI OCHOBHOI'O TOHA (1
= 1), npexncraBieHHON Ha pucyHKe 3, a. OTMETUTh IOKa3aHUE YacTOThl ¢ LU(POBOToO TabIIO
(7) wacToromepa.
3ameuanue. KparkoBpeMeHHOE HaxaTue BJOJIb OCH Ha PYKOATKY (6) IO3BOJIUT U3MEHATH Ya-
croty uepes 0,1 I'm.

6. IloBTOpUTH Npouecc u3MepeHus 1.5. 3anucarb B TaOJIMUIY CpEAHEE 3HAUEHUE YaCTOTBHI.

7. OnpeaenuTs JUIMHY CTOSYEH BOJIHBI [0 MIJIJIMMETPOBOM IlIKaJle, HAHECEHHON Ha MPO3payHbIi
KOXYX, 3aKpbIBAIOLIUI CTPYHY, U BHECTU €€ 3HAUECHUE B TAOIULLY.
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. YBeInuuuBas 4acTOTy IeHepaTopa, MOJIyYUTh YCTOMUMBBIE KapTUHBI CTOSUYUX BOJH (puc. 3)
Iu1st 00epTOHOB 11 =2, 3, 4, 5, BBITIONHSSA .. 5 1 7.
. [Iponenare n.1. 4 — 8 1u1st cui HaTsKEHUs CTpyHbl 12, 13, T4.

3aoanue 2. Hccnedosams 3a6ucumocms cOOCMEEHHOI YACMOMbl OM HOMeEPA 00epmona

. Iloctpounts 3aBUCHMOCTh V = f(11) COOCTBEHHOM YacTOTHI OT HOMEpa 00EPTOHA I BCEX 3HA-

YEHUW CUJIbI HATSKEHUS CTPYHBI B OHUX KOOPJIMHATHBIX OCAX, UCIOJb3YS JaHHBIE ISl 1 U V
u3 Tabnui 3aganus 1.
. Onpenenuts No rpapukaM 4acTOThl 00EPTOHOB, CIECAYIONINX 33 HAUOOJIBIIUM 3a/IaHHBIM.

3aoanue 3. Heeneoosams 3aeucumocms (hazoeoit ckopocmu
OMm CUIbl HAMANCEHU CIPYHbL

N3 cooTHomenuii (6) u (9) cnenyer, 4to (ha3oBasi CKOPOCTh:

V=2V, A (11)

. PaccuuraTh a3oByro ckopocTs BOJIHBI 110 Gopmysie (11) mist kaxkmoro o0epToHa BCex 3HaYe-
HUU CUJIBI HATSOHKEHUS CTPYHBI, UCIIONB3Ys pe3yibTaThl 3a/1aHus 1, U 3amucarh ee 3HaYeHHE B
Ty e Tabnuiy.

. Beraucnuts cpennee 3HaueHUe (Pa3zoBO CKOPOCTH JIJIsl KaXKIOH CHIIBI HATSHKEHUS CTPYHBI

1 5
v, :ggvi (12)

Y 3aIMcaTh pe3ysbTar B Tabauiy 3ananus 1.

. A kaxxaoi cuiibl HaTsbKeHus 7 3amucath B TaOIuIly 2 cpeiHio (a3oByI0 CKOPOCTh

Tabmauma 2

No/Ne | T,H | wgp, M/c 02, M%/c? P, KI/M | pep, KI/M® | Ap, KI/ M| Apep, KT/M

Rl el B

. Bo3Bectu B kBazpat cpeiHio0 ()a30BYI0 CKOPOCTb, U 3alKUCaTh Pe3yiabTaT B TAOIUILy 2.

. Ucnonb3ys nanHble TaOIUIBI 2, MOCTPOUTH rpaduK 3aBUCUMOCTH KBajparta (pa3oBoil cKOpo-
CTHU OT CUJIbI HATSKCHUS CTPYHBI.

. Ilo Buny rpaduka caenarb 3aKiI0YEHUE O 3aBUCUMOCTU (ha30BOM CKOPOCTU OT CHJIBI HATSDKE-
HUS CTPYHBI.

3aodanue 4. Onpedenums nAOMHOCHb MAMEPUANA CIPYHDL

. I3 cootnomenus (10) monyduts Gopmyny Ajisi onpeaeneHus INIOTHOCTH CTPYHBI p.
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. YUuThIBasA, 4TO IUIOMIAAbL IOMEPEYHOTO CEUYCHHS CTPYHBI S :nd2/4 nd=13510" m —

JTUAMETP CTPYHBI, BBIYUCIHUTH MJIOTHOCTD JJIsl KQXKI0TO 3HAYEHUS CHIIBI HATSKEHUS CTPYHBI U
3amucaTh B TaOnuiy 2.

. Halitu cpegnee 3HaueHue NIIOTHOCTH.

4. BBIYUCIINTD 36COJ'IIOTHYIO NOTPCIIHOCTD INIOTHOCTH IS KAXKAO0I'0 3HAYCHHA CUJIbI HATAKCHUSA

CTPYHBI:
Ap, =

Py — P (13)

Y HAaliTH CPEJIHIOI0 a0COIOTHYIO IIOTPEMIHOCTD Apcp.

. BBIYuCANTh OTHOCUTEIBHYIO TOTPEIIHOCTD INIOTHOCTH 110 (hOopMyJIe:

Ap.
§p = —2..100% | (14)

pcp

. Hpe)ICTaBI/ITB IUIOTHOCTb MaT€puralia CTPYHbI B BUJIC:

p=(p, *Ap,) kr/v’; Sp=__ %. (15)

2
. Beruncnuts IIJIOTHOCTDb, OIIPCACIINB OTHOLICHHUC T/v*° u3 l"pa(i)I/IKa.

. 1o Tabnuuam motHocty (VMIHTEpHET) ONpeneIuTh MaTeprail CTpYyHBI.

KOHTPOJIBHBIE BOITPOCBHI BAJAHUU )

. 3anucarb ypaBHEHUs Oeryliell U OTpak€HHOM BOJHBI, MOACHUTh (U3UUYECKUN CMBICI BXOAS-

IUX B HUX apaMCTPOB.

2. Yka3arb yclioBUs, HEOOXOAUMBIE 1J1s1 00pa30BaHUsI CTOSYUX BOJIH.

(98]

0o N N L B~

. 3anucarb YpaBHCHHUC CTOSIYCH BOJIHBI U IOSICHUTh (I)I/ISI/ILIGCKI/Iﬁ CMBICJI BXOAIUX B 9TO ypaB-

HCHHUC IMapaMCTpPOB.

. YKa3aTb OCHOBHBIC pa3JIMuUs MEKy Oeryieil u CTosYei BOJHOM.
. YKa3arhb CBS3b aMIUIUTY Il CTOSIYCH 1 Oeryiel BOJIH.

. [laTp onpeneneHue y3iny U Iy4HOCTH CTOSTYEH BOJIHBI.

. YKa3aTb KOOPAMHATHI y3JI0OB U IIyYHOCTEH CTOSYEN BOJIHBI.

. 3anucarh CBA3b JJIUHBI OETyIIEl BOJIHBI C AJIMHOM CTOSTYEN BOJIHBI.

9.

Onpenenuts JUIMHY CTPYHBI 10 U3BECTHOM JIMHE CTOSIYEN BOJIHBI JUIS 331aHHOTO 00epTOHa.

10. Jlatp onpezaesieHne cCOOCTBEHHON YaCTOThI CTOSTYEH BOJIHBI.

11. Banucats popmMyiTy CBSI3U YaCTOTHI CTOSYEH BOIHBI C ITTMHON CTPYHBI U (pa30BOM CKOPOCTHIO

12. Ot kakux (puU3NYECKUX BEIMYMH 3aBUCUT (ha30Basi CKOPOCTh CTOSUYEH BOJTHBI?

13. OcyiuecTBisieTcs Jid MEPEHOC SHEPTUM B CTOSYUX BOTHAX?
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Jlaboparopnas padota Ne 8
W3YUEHUE JUPPAKIIAU CBETA HA JUPPAKIIMOHHOM PEIIETKE

Ienb padoThl: n3yueHue AUPPAKIUN CBETA, ONIPEAEICHUE ITIMHBI CBETOBON BOJIHBI C IOMOIIBIO
OU(PPAKLIUOHHOMN pEeIIeTKHU.

IIpudopsbI U NPUHATEKHOCTH:

1. ocBeTuTENBHOE YCTPOUCTBO

2. mudpakmuonnas pemetka ¢ d =1/600 mm wim d =1/100 mm
3. omnTHYecKas CKambs

4. 2 nepxatenst

5. nuHenka

TeopeTnyeckoe BBegeHUE

Judpakumeii Ha3bIBaeTCs 1I000€ OTKIOHEHUE PACIPOCTPAHEHUS CBETA OT IPSIMOJIMHENHOT O, HE
CBSI3aHHOE C OTPaXEHUEM U IIpesioMmiieHneM. B 6osee y3koM cMmblcie nudpakuyueid Ha3bIBaloT
orn0OaHue BolHaMu npensarcTBuil. KauecTBeHHbINH MeTOA pacyeTa Au(paKMOHHONW KapTUHBI

d
' A
\
' :(P \
l.-, ‘.
¢ \
5
.\
\
.
\
K=() A
o= I P < S 2 IS T
k=2 K=] =1 K=2
Puc.1

[Ipennoxun @penens. OCHOBHOH uaeelt MeToaa siBisieTcsd nNpuHun I'oiirenca-Openeds:

Kaxnas Touka, 10 KOTOpOH JOXOAUT BOJIHA, CIIYKUT UCTOUHUKOM BTOPUYHBIX BOJIH, a OTrH0Oar0-
1ast ’TUX BOJIH JA€T MOJI0KEHHUE BOJTHOBOTO ()POHTA B CIAEAYIONINI MOMEHT BPEMEHHU.

['eomeTprueckoe MECTO TOUEK, JIIsl KOTOPBIX KOJeOaHUsl UMEIOT OJIUHAKOBBIE (Da3bl, HA3bIBAIOT
BOJIHOBOM MOBEPXHOCTBHIO. BOITHOBOI ()POHT TakKe ABISETCS BOJIHOBOW ITOBEPXHOCTHIO.

42



JndpakunoHHON pemeTKoNl Ha3bIBaeTCsl COBOKYITHOCTh OOJIBIIOIO YHCiIa OJMHAKOBBIX, OTCTO-
AIUX IPYT OT Ipyra Ha OJHOM M TOM K€ PAacCTOSTHUU ILeIeH UITH 3epKaJl, JIeXkKAIIUX B OJHOM
TJIOCKOCTH M pa3/eJIeHHBIX HEMPO3pauHbIMH MPOMEKYTKaMH, paBHbIMH 110 mupuHe. [lepuomom
pemieTku (d) Ha3bIBAETCS PACCTOSHUE MEXY CEpEAMHAMU COCETHUX eIl WM 3epKall U TaKk
K€ CyMMa IIUPHUHBI IIEJ WK 3epKajia (a) 1 Herpo3padyHoro npomexytka (b) (d =a + b).

Paccmotpum aelictBre mpo3payHoit AudpakunoHHoN pemeTky. I1ycTs Ha perieTky HopMaiabHO
K €€ IOBEpXHOCTH MaJlaeT MapaielbHbId My4oK Jyueit 6enoro cera (puc. 1). Ha mensax pe-
HIETKHU, COU3MEPUMBIX C JJTMHOM BOJIHBI CBETA, POUCXOIUT SIBJICHUE TU(PAKIINH, CBI3aHHOE C
OTKJIOHEHHEM BOJIH OT MPAMOJIUHEHHOTO PACIIPOCTPAHEHUS IPH X B3aUMOJICHCTBUU UX C IIpe-
MATCTBHEM.

B pe3ynbrare 3a A pakiiMOHHON peleTKoM corylacHo NpuHIUNY [roiirenca-dpenHens oT Kax-
JIOW TOUKM LIEJIN CBETOBBIE JIyUH OYIyT pacnpoCTPaHATHCS BO BCEX BO3MOKHBIX HAIIPABIICHUSX,
KOTOPBIM MO>KHO COIIOCTaBUTh YIJIbl OTKJIOHEHHUS () CBETOBBIX JIydel (yIJibl AU(PpaKLMUU) OT UX
HpsiIMOJIMHEHOTrO pacnipocTpaHeHus. [lapannenbHubie Mexay co0oil myun (audparupyromue nozm
OJIMHAKOBBIM YIJIOM (¢ K HOPMaJIA PEIIETKH) MOYKHO CIPYIIUPOBATh B IIyYKH, yCTAHOBUB 32 pe-
IIETKOH MOJIOKUTENbHYIO TUH3Y. Kakaplil mydok napaienbHbIX Jydeil codepercs B 3aaHeil do-
KaJIbHOM IIJIOCKOCTH JIMH3BI B oNlpeAeéHHON Touke A. [lapauienpHble 1y4H, COOTBETCTBYIOLINE
APYTUM yriam Judpakuuu, cooepyTcs B Apyrux Toukax (hOKaJbHOM MIOCKOCTH JIMH3BL. B 3THX
Toukax OyneT HabIoAaThCs MHTEPPEPEHIIUS CBETOBBIX BOJIH, HCXOAAIIMX OT Pa3HbIX LIesei
pemerku. Eciin ontuueckas pa3HOCTb X0/J1a MKy COOTBETCTBYIOIIMMHU JTy4aMU MOHOXPOMATH-
YeCKOro cBeTa OYyJeT paBHa I€JIOMY YHCIY JUIMH BOJH, TO B TOUKE HAJIOKEHUS JTy4ei BOSHUKHET

MaKCUMyM CBETa JJIs JaHHOMW JJIMHBI BOJIHBI, T. €. A= d, k=0,=x1,£2, ... U3 pucynka 1 Bua-
HO, YTO ONTHYECKAsi Pa3HOCTh X0Ja A MKy ABYMsI MAPAIICIIbHBIMU JTy9aMU, BBIXOISIIUMH U3
COOTBETCTBYIOIIMX TOUYEK COCEIHUX IIIeJIel, paBHA

A=(a+b)sn@=dsing 0

IZI€ (¢ — yroJa OTKJIOHEHHs JIy4a PEIIETKOM.

CJIGI[OB&TGJIBHO, YCJI0BUC BOSHUKHOBCHUS I'TABHBIX I/IHTep(I)epeHI_II/IOHHHX MaKCUMYMOB PCIICT-
KM WIA YPaBHeHUE TH(PPAKLHMOHHON pelIeTKH

D sin ¢ = kA
ne A — JUIMHA CBETOBOW BOJIHBI.

B dokanpHO MI0CKOCTH JIMH3BI AJIS JIy4eld, HE UCTIBITABIINX AUPpaKInU, HAOII0JaeTCs LIeH-
TpaJIbHBIH Oenblit MakcuMyM HyseBoro nopsaka (¢ =0, k = 0), cripaBa u cieBa OT KOTOPOTO
pacrojararTcs IBETHbIE MAKCUMYMBI (CIIEKTpaJIbHbIE IMHUU) IEPBOT0, BTOPOTO U MOCIEIyI0-
X nopsAakoB (puc. 1). UHTeHCMBHOCTh MAaKCUMYMOB 3HAUUTEIILHO YMEHBILIAETCS C POCTOM HX
MOPSI/IKA, T. €. C YBEIIMUYCHHUEM YTJIa TU(PaKIIIH.

I'maBHBIC MWHHMYMBI OIIPCACIIAIOTCA YPABHCHUCM

asin@=H2k +1A/2 3)
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Kpome riaBHbIX MUHUMYMOB, B Cily4dae AU(PPaKIUA OT MHOTHUX IIeJIeld MEXy ITaBHBIMH COCE/I-
HUMHU MaKCUMyMaMH HaOJII0AaI0TCs JOTOTHUTEIbHbIE MUHUMYMBI. [lociennrne BO3HUKAIOT B
TeX HaNpaBJICHUSX, IJIs1 KOTOPBIX KOJeOaHUs OT OTAEIbHBIX IeJei B3aUMHO MOTallaT Apyr
npyra. B cimydae N meneid Mexay MakcuMymaMu HaOogaeTcss N — 1 JOTMOTHUTEIbHBIA MHUHH-
MyM. Y CIIOBHE BO3HUKHOBEHMS JONOIHUTEIbHBIX MUHUMYMOB

dsin® =+ K/ 10 N, (4) roe k/ — mo0o€ 11eT0YNCIIEHHOE 3HaU€HUE KPOME TEX, IIPU KOTOPBIX
ycioBue (4) nepexoaut B (2).

VYpasuenue (1) no3BoJIAE€T pacCUUTATh JUIMHY BOJIHBI IAJAIOIIETO CBETA, €CJIM U3MEPEH YIoJl Ju-
bpaxkuuu @, 1715 JaHHOM CIIeKTpaIbHON JIMHUU, U3BECTHBI MepHo] AU pakunoHHON pemeTky d u
MOPATIOK CreKTpa K.

3Has nepuoa pCuI€TKu, JCrko pacCUYUTaTh YMCJI0 IITPUXOB, HAHCCCHHDBIX Ha 1 MM IIHUPUHBI pC-
MCTKH:

1

n=—
d (s

OnHOM U3 OCHOBHBIX XapaKTEPUCTUK NU(PAKIIMOHHON PELIETKH ABJSETCS €€ yrioBas qucrep-
cusl. YIJ10BO# Aucniepcueii peleTK Ha3bIBAeTCs BEIMYMHA, paBHas MPOU3BOAHOMN OT yriia Ju-
(b pakuy CBETOBBIX BOJIH IO JIJIMHE BOJIHBI:

U3 popmyisl (7) cneayer, 4To yriaoBasi IUCIEPCHs] PEIIETKH TeM OO0JIbIle, YeM OOJIbIIIE MOPSI0K
CHEeKTpa.

J1ig peneTok ¢ pa3HbIMH NIEPUOIaMU IIUPUHA CTIEKTpa O0JIbIle y PelIeTKH, XapaKTepH3yIoIe-
cos@

csl MEHbIIUM TiepuoioM. OOBIYHO B IIpeiesiaX OJJHOTO MOpsIKa MEHSETCS] HE3HAYUTEIbHO
(oco0eHHO IS penIeToK ¢ HeOONbIIUM YHCIIOM IITPUXOB Ha MUJUIUMETD), IIOITOMY IUCIIEPCHSI B
npejenax OJHOTO MOpsiAKa Mo4YTH He MeHseTcsl. CeKTp, NOMy4YeHHBIH IPH MOCTOSHHOM [ucnep-
CHH, PaCTSIHYT paBHOMEPHO BO BCEH 00JIaCTH JITMH BOJIH, YTO BBITOJHO OTIMYAET CIEKTP peleT-
KH OT CIIEKTpa, 1aBaeMOro MPU3MOH.

D_=Df

VYrioBas nqucnepcus CBsi3aHa ¢ JIMHEHHOM IUCIIepcuen . JInneliHy0 qUCnEepCuIo

MOHO TaK)X€ BBIYUCIUTH IO popMyIie

D.=%5 . N
, (8) rne @#— jpHeitHOE paccTosiHUE HA SKpaHe WK (POTOIIACTHHKE MEKITY
CIIEKTPAIbHBIMHU JIMHUAMH, f — OKYCHOE pacCTOSTHHE JTHH3HI.

Emie ogHo# XapakTepucTuKoi MU pakIIMOHHON PEIICTKH SBISCTCS pa3pemarmas crnocoo-
HOCTb. JTa BEJINYNHA, XapaKTePU3yIoIlasi ClIoCOOHOCTh TU(PPAKIMOHHON pEIIETKH 1aBaTh pas-
NeNIbHOE U300pakeHne ABYX OJIM3KHUX APYT K APYTY CHEKTPAIbHBIX JIMHUN
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A
R=9A (9)

rac 1- CpeaHsas JJIMHA BOJIHBI pa3pCliaCMbIX CIICKTPAJIbHBIX HHHHﬁ; dl - Pa3sHOCTb JJIMH BOJIH
ABYX COCCIHUX CIICKTPAJIbHBIX JIMHUH.

3aBHCHMOCTH pa3peliaronieil cnocoOHOCTH OT YKcia Iesei nudpakunoHHon pemeTku N orpe-
nensercs GopMynoin

-~
R =9 = kN, (10)

rjae k — mopsaok cnekrpa.

/) ; ,

|

| N pesviomu-

> B & a '

L gl pywouwan

! : : ! HUHMEHCUB
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gy e g
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. ] .
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< | ) o' ‘\. | A (p
1 T

Puc.2

JUis yCTaHOBJIEHMSI HUJKHETO Tpe/ielia pa3pelieHus ABYX JUHUH (110JI0C) CIYXUT KPUTEPHil
Penes:

N300paxenue 1ByX Oin3iexkaliuX OJUHAKOBBIX TOYEUHBIX HCTOYHUKOB WM JBYX CIIEK-
TpPaJIbHBIX JIMHUHI C PABHBIMA HHTCHCUBHOCTSIMU U CUMMETPUYHBIMHA OJMHAKOBBIMU KOHTYPaMHU
pa3pelnMbl, €CIIM LEHTPAIbHbIM MaKCUMYM AU(PPAaKIIMOHHON KapTUHBI OT OJAHOI'O UCTOYHHKA
(JIuHUM) cOBNAAAET C MEPBBIM MUHUMYMOM U (PpaKLIMOHHON KapTHHBI OT APYroro.

W3 ypaBuenus nnst audpakumoHHOM pemeTku (1) MOXKHO cienath CaeayloIine BbIBOIbI:

1. dudpakuroHHas penieTka OyneT JaBaTh 3aMETHYIO THPPAKIINIO (3HAYUTEIIbHBIC YTIIbI OT-
KJIOHEHHSI) TOJIBKO B TOM CJIy4ae, KOT/ia Mepuo 1 perieTKh COM3MEPUM C JUTHHOM CBETOBOM BOJI-
HbI, TO ecTh d »1» 10 —4 cMm. PemeTku ¢ neprnoaoM MeHbIIE JJIMHBI BOJTHBI HE JA0T JU(PaKIIH-
OHHBIX MAKCHMYMOB.

2. IlonoxeHue IIaBHBIX MAaKCUMYMOB JU(PaKIIMOHHON KapTUHBI 3aBUCUT OT JAJIMHBI BOJIHBI.
CrieKkTpanbHble COCTABIISIIOIINE U3JIyYE€HUSI HEMOHOXPOMAaTHUYECKOTO My4YKa OTKJIOHSIOTCS pe-
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LIETKOW Ha pa3Hble yIJIbl (IU(PaKLIUOHHBIN CIEKTP). DTO MO3BOJISIET UCIOJIB30BaTh AUPPAKIIU-
OHHYIO PELIETKY B Ka4eCTBE AUCIEPIUPYIOLIETO IEMEHTa CIEKTPaIbHOI o Npuoopa.

3. MaxkcumalibHbII NOPSI0K CIIEKTPa, IPU HOPMAJILHOM I1aJIEHUHU CBETA HA AUPPAKIIMOHHYIO
pELIETKY, OTPAHUYUBACTCS COOTHOILIECHUEM:

[Tpu HaKJIOHHOM NaJEHUU MAPAJUIEIBHOTO Iy4Ka CBETa HAa AU(PPAKIIMOHHYIO PELIETKY YCIOBUE
IIOJIy4E€HUS TJIABHBIX MAKCUMYMOB CIIEAYIOLIEE:

d(sin®o —sin®) =k 1, (k =0, £1,+2 ...), (11)

rue Po_ yroJl NaJieHusl y4Ka CBETa Ha IOBEPXHOCTh AU(PPAKIIMOHHON PEILETKH, P yroJ au-
¢bpaxuuy.

JuppaKkIMOHHbIE PEIIETKH, UCIIOIb3YEMBIE B PA3IMUHBIX 00IACTAX CHEKTPa, OTIMYAIOTCS pas-
MepaMmH, (OpMOI, MaTepralioM MOBEPXHOCTH, ITpoduiiemM u yactoroil wrpuxos (ot 10000 oo
0,25 mTpux/mMm), 4TO MO3BOJISET MEPEKPHITH 00JACTh CIIEKTPA OT YIbTPadHOIETOBOM €ro yacTu
(1» 100 um) o undpaxpacHoii (1 » 1 Mmxm). [llupoko ucnonb3yr0TCA B CIEKTPAIBHBIX TPHOOPAX
IpaBUPOBAHHbIE PEIIETKH (PEIIMKH), KOTOPbIE MPEACTABISAIOT cO00M OTIEYaTKU PEeLIeTOK Ha
CIELMANIbHBIX IJIACTMACCaX C MOCIEAYIOIIUM HAHECEHHEM METANINYECKOI0 OTPaXaTeIbHOIo
CIIOSL.

Onucanue yCTAaHOBKH

Cxema ycTaHOBKH M300paskeHa Ha puc. 3.

12

Puc. 3

Ha onTtuueckoii ckambe 1 pacronaraiorcs: HCTOYHHMK CBETOBBIX BOJIH (J1aMIia) 2; mepeMerniae-
MBI BJI0JIb CKAMbH JIEPKATEINb 3, Ha KOTOPOM 3aKpeIIAIOTCA AUPPAKIMOHHAS PELIETKA; AepKa-
TeNb 4, Ha KOTOPOM 3aKpEIUIAETCs MUJLIMMETPOBas JIMHEWKa U 9KpaH C y3KOH BEPTUKAJIbHOMN
LIebIo nocepeauHe. Jlepxarenb 4 MOXKET IEpEMEIAThCs BAOIb ONTUYECKONW CKaMbH, YTO T103-
BOJISIET MEHATh PACCTOSIHUE MEXAY IIEbI0 U AU(PPAKIIMOHHON PEIETKOM.

B SKCHCPUMCHTC B KAQYCCTBC UCTOUYHHKA CBCTA UCIIOJIB3YCTCA ra3opa3psaaHas JiaMiia. Csert oT

JIaMIIbl IPOXOJUT Yepes3 1IeIb B 3KpaHe U MomajaeT Ha AU pakuuoHHyo pemerky. Judpakun-
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OHHYIO KapTHHY HaOJI0Jal0T 0€3 BCIIOMOIaTeIbHbIX JINH3, NPUOIU3UB I1a3a K JU(paKMOHHON

PCLICTKE. CDOKYCPIPOBKa CBCTA MMPOUCXOAUT HENOCPCACTBCHHO HA CETUYATKCE IJjia3a. I[I/I(l)paKI_II/IOH-

HYIO KapTUHY (COBOKYMHOCTh JINHUI) HaOIr0AaeM Ha skpaHe. COBOKYIMHOCTh JIMHUN TIPEICTaB-

nsieT coboi AMPPAKIMOHHBIH CIIEKTP.

JlmuHY CBETOBOM BOJIHBI oTIpeessieM u3 GopMysl (2).

ko 2

rJie (¢ — YroJ OTKJIOHEHHUS JIyda pemeTkoi, d — nepuoa AugpakiiMOHHON peleTKy, A — JUIMHA
BOJIHBI, COOTBETCTBYIOIIIas] HAOIIOAaeMOM JINHUU.

W3 pucyHka BUIHO, 4TO

i
L

i
‘P—a"dgz

CienoBaTeabrHO

AP
¢ Wemx
Aidpaansrens

pelena
|

Cret1opofl noTos

Puc. 4. Cxema miis HaOmroaeHus TuPaKIIMOHHON KapTHHBI

ne 1 — paccTostHue OT LEHTpa IIeNU 0 JIMHUHU B CTIeKTpe, L — paccTosiHue Mexay SKpaHoOM CO
LIETBIO U PEIIETKOM.

[ToacraBus B popmyiy (12) BeipakeHue 1ist sme., MOJTYYHM:
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A = —sin| arclg —
k L) 13

Iopsaok BbINOJHEHUS PA0OTHI
1. YcTaHOBUTH JITaMITy Ha ONITHUYECKYIO CKaMbIo (puc.2).
2. YCTaHOBUTH Ha ONTUYECKOU CKaMbe JepxaTesb 4 Ha HEKOTOPOM PACCTOSIHUU OT JIAMITHI.

3. IlomecTuth B paMKy ¢ audpakunonHon pemerkoit (d = 1/600 mm unu d = 1/100 Mm) u ycTa-
HOBMTbB €r0 Nepe] AepKaTesieM ¢ SKpaHoM (4).

4. Ilepememnas, TuppaKkLHOHHYIO PELIETKY 10 ONITUYECKOM CKaMbe YCTAaHOBUTH TaK, YTOOBI IIPU
pPaccMOTPEHMH LIENH Yepe3 JUPPaKIUOHHYIO PELIETKY Ha SKpaHe OblIM BUIAHBI IMHUU CHEKTpA.

5. Bpamias pyuky peryiupOoBKHY HIMPUHBI TN JOOUTHCS YETKOTO M300paKeHUs CIIEKTPaTIbHBIX
JIAHUN.

6. BpiOparb Hanbosee sIpKyro JUHUIO B CIIEKTPAX IEPBOT0, BTOPOTO U T. JI. OPSAKOB.

7. W3meputhb paccrosiHue 1 OT LieHTpa 11enu 10 BbIOpaHHOMN JIMHUM 110 JJMHEHKE Ha SKpaHe B
IIPaBOM U JIEBOM crieKTpe. i yBeJIMUeHUs] TOYHOCTH U3MEPEHHUSI CIEAYET pacrojaraTb 3KpaH
CO LIEJIbI0 HAa TAKOM PAcCTOSIHUHU, YTOOBI JINHUS COBIAJiaia ¢ OJJHUM U3 LITPUXOB JIUHEUKH, 3a-
KpeIUIeHHOH Ha 3kpaHe. /laHHble 3anucaTh B Ta0auiy 1.

8. M3meputs nuHeNKoN paccTosiHUE L MeX 1y 3KpaHOM CO IIEJbI0 U PELIETKOM, T0Iy4eHHOE
3HaYEHHE 3amucaTh B TaOnuIy 1.

9. U3smenss paccrosiHue L Mexny 3KpaHOM CO IIEJBIO U PELIETKOM, TOBTOPUTH 11. 7-8 ele 4 pa-
3a.

10. BriOpath erie oAHY WM JBE IPKUX JMHUM U TOBTOPUTH MIl. 7-9.

11. Jlnsa kaxmoro usmepenus no Gopmyse (13) BEIMUCIUTD IJIMHY BOJIHBI A M 3aHECTH B Ta0JIH-
ny 1.

Taoauna 1
I +1
Lger ITopsinox | Homep ===
Inp, mm | lieB, MM 2 L, mm A, MM
[— CHEeKTpa | U3MEpeHUs -

Coaep:kaHue 0T4eTa

1. HaumenoBanue u Homep pabOTHI.
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2. Lens paboThl.
3. 3ananue.

4. Omnpenenenue nudpaxiyy, XapaKTePUCTUKH AU(PPaKIIMOHHON PEIIeTKH, pabodne
bopMyIIHI .

5. Cxema yCTaHOBKH.

6. JlaHHbIe yCTaHOBKH ( YMCIIO HAOJI01aeMBIX CIIEKTPOB, IOCTOSTHHAS PEIIETKH, 00111ee
YHCIIO MIEJIeH PEeleTKH, AJTMHA PELIETKH ).

7. Pe3ynbTaThl H3MEPEHUN U BEIYMCICHUIA B BUC TaOIHUIIBI.

8. OcHOBHBIE BBIBOJbI I10 PE3YyJibTaTaM HUCCIICIOBAHUM.

KoHTpoJLHBIE BOIPOCHI.

1. B dem 3akmrodaercs siBjeHHe TUGPaKIuu?
2. Chopmynupyiite npunnui [ tolirenca — OpeHens.

3. 3anuumTe yclloBUE IJIaBHBIX MAKCUMYMOB Ui JUGPAKIIMOHHOMN pElIeTKH , 00bACHUTE
UX IIPOUCXOXKIECHHUE.

4. Kak u3MeHUTCS XapaKTEep riiaBHbIX MAKCUMYMOB IIpHU YBCIIUYCHUHN YK CJId meneﬁ?

5. JlaiiTe onpeneneHue yrioBoi JUCIEPCUU U pa3peliaomieil Cuiibl 1u(pakinOHHON
pEILIETKH, OT YETO 3aBUCAT 3TH BEJITUUHUHBI?

6. Uem oTianuaroTcs I[I/I(l)paKI_II/IOHHI)IG KapTUHBI, ITOJYYaromueca AJisd JIBYX CIICKTpaJib-
HBIX JIMHUH C TTOMOIIBIO PCUICTOK;

a). C OAMHAKOBOM JUCIEpCUEll, HO pa3HOM pa3peliaroeil CuIon
0) c oaMHAKOBOW pa3pelIaroulei cuaoi, HO pa3Hoi tucnepcueit?

7. B uem 3akmroyaeTcs paznuune Tu(QpakImOHHBIX KapTUH B O€JIOM 1 MOHOXpOMaTHYE-
CKOM cBeTe?

8. Hcnons3ys pabouyro Gpopmyny (15), monyuurte BeipaxkxeHHe sl pacueTa MOrpeiHo-
cTH AA,01ileHUTE €€ BEIUUUHY JIJIsl OJJHOTO U3MEPEHUs M YKaKUTE ITYTH MOBBIIIEHUS] TOYHOCTH
OTpeIeJICHUs JUTMHBI BOJTHBI.
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JlabGopaTopHas padota Ne 9
NCCIEJOBAHUE BHEHIHET'O ®OTO2®®EKTA

Iesan padoThl: M3yueHre OCHOBHBIX 3aKOHOB BHEIIHETO (oTo3(d(ekTa, CHATHE BOIbTaAMIEPHON
U CBETOBOM XapaKTEPUCTUK, ONPEACICHUE NHTEIPAIBHON U CIEKTPAIbHOU YyB-
cTBUTENBHOCTHU (oTodnemenTa (D).

3ananne
. U3y4nTh 3KCIIepUMEHTAIbHbBIC 3aKOHOMEPHOCTH BHEIIHETO (hoTodddekTa.
. I3yunTh kBaHTOBYIO Teoputo GpoTodrddekra.
. CHsTh BosbTaMIIEpHYIO Xapakrepuctuky @D [ = f(U ).
. Custb cBeToBYyIO Xapakrepuctuky @2 Iy = f( D).

D R W N =

. PaccunTarh MHTErpaIbHYIO 4yBCTBUTENLHOCTE DD /IS CPETHETO y4acTKa CBETOBOM XapaKTe-
PHCTHUKH.

6. OnpenenuTh CIEKTPAILHYIO YYBCTBUTENLHOCTE DD U CHATH 3aBUCKMMOCTD CHJIBI TOKA OT JJIH-

Hbl BoJIHBI cBeTa Iy = f(A).

BBEJAEHUE

Buemnuit potosd ekt — 3To ucmyckaHue IeKTPOHOB BEIIECTBOM IO e CTBHEM CBe-
ta. Buenmauit pororddext Obut oTkphIT B 1887 roay I'. I'epuiem u Bnepsbie ucciaenoBad B 1888
rony pycckum yueHsiM A. I'. CTONETOBBIM, YCTAHOBUBIIMM KCIEPUMEHTAIbHBIE 3aKOHBI 3TOTO
SIBJICHUSI:

1. MakcumanbHasi KMHETHYECKasi SHEpTusi (OTOIIEKTPOHOB OMPENENAETCS TOJIbKO Ya-

CTOTOM CBETA U HE 3aBUCUT OT €r0 MHTEHCUBHOCTH.

2. IIpu puxcupoBaHHOI YaCTOTE MAAAIOIIETO CBeTa cuiia (POTOTOKA HACKIIIEHUS (TIOJTHOE
YHCIIO 3JIEKTPOHOB, MOKUIAIOIIMX METalT 3a | ¢) mponopuuoHalbHA BEJIUYUHE Ia-
JIAIOIIET0 CBETOBOTO MOTOKA

I[y~® . (1)

3. Jlns Ka)kaoro BeliecTBa CyIIeCTBYeT MUHUMAJIbHAS YacToTa ( TaKk Ha3bIBaeMasi «Kpac-
Has rpaHuna» porord¢pexra), Npu KOTOPOH elie BO3MOKEH POTOIPPEKT.

C TOuYKM 3peHHs KJIaCCHYEeCKOW BOJHOBOW TEOPUH CBETa 3aKOHBI (poTodddexTa HE 00B-
scHuMBbL. OHU ObUTH BIiepBbIE 00BsicHEHBI B 1905 romy DHHINITEHHOM Ha OCHOBE THIIOTE3BI O
TOM, YTO CBET MpEACTaBIseT co00i MOTOK YacTull - (OTOHOB. DHeprus (HoToHA ompenenseTcs
BBIpaXXKCHHEM

e=hv 2)
I'ne h — nocrosinnas Ilnanka, V —4acToTa CBeTa.

Buemnuit poroaddext B MeTanmiax SBIsSETCsS pe3ylnbTaToM B3auMOAEHCTBUS (DOTOHOB C
HaXOJSAIIMMUCS Y TIOBEPXHOCTH METalla 3JIEKTPOHAMHU TPOBOANMOCTH.

[Ipu cTONKHOBEHUH C OAHUM U3 TAKUX AJIEKTPOHOB (POTOH MOJHOCTHIO MEPEIAET €My
CBOIO SHEPIHIO, U €CJIM OHA JIOCTATOYHO BEJIUKA, FJIEKTPOH MOXKET MPEOJIOJIETh CHIIBI, YIEPKH-
BAIOIIHME €r0 B METajllie, U BbUIETETh Hapyxky. Kaxnapiit (h0TO37EeKTpOH BBIOMBAETCS OJAHUM (O-
TOHOM, [103TOMY €TI0 CKOPOCTb OIpENENsIeTCs JIUILIbL dHEprueil (poToHa, T.€. 4acTOTOM Majarouie-
ro ceta (1-it 3aKoH).
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[Tapmaromuii Ha BEIIECTBO CBETOBOM MOTOK OMpEAENsieTcs] YucioM (OTOHOB, MOMAIaro-
IIUX Ha MMOBEPXHOCTh B €IUHUILY BpeMEHH. B TO ke BpeMsl U MOJTHOE YUCIIO BHICBOOOKICHHBIX
(hOTO3IEKTPOHOB JAOKHO OBITH TPOITOPIIMOHAIEHO YHCITY TIAJAAI0NIUX Ha TTOBEPXHOCTH ()OTOHOB.
B cooTBeTCTBHM C ATUM TOK HACHIIIECHUS OyIET MPSIMO MPOTOPIUOHATICH CBETOBOMY MOTOKY(2-i
3aKOH).

[IpuMeHuB K 3JIEKTPOH — (POTOHHOMY CTOJIKHOBEHHUIO 3aKOH COXpaHEHUs YHEPruu, DWH-
LITEWH MOJIYYHJI YPABHEHUE

mvi,

hv ==—"+ A (3)

rac: m — Macca 3JICKTPOHA, A- pa60Ta €ro BeIX0Ja; Vy, - MaKCUMaJIbHAasA CKOPOCTh (1)0T03J'ICK-

TpOHa.

OT0 ypaBHEHHE OOBSICHSIET CYIIECTBOBAHUE «KPACHOM rpaHuubD» (poTodddexra: iek-
TPOH HE MOXET MOKUHYTh METaJll, €CJIM SHEprus nepeiaHHas eMy (OTOHOM, MEHbIIE PadOThI
BBIX0J1a A, IOATOMY 4acTOTa Vy CBETa, IIPU KOTOPOH elje Bo3MoxkeH (poToaddexT, onpenenser-
csl COOTHOIICHUEM hvy = A (3-1 3aK0H).

Bremnuit potorddext HaxoauT Goibiioe NpUMEHEHNE Ha npakThke. Ha 3Tom siBaeHun
OCHOBAHO JAeHcTBUE (OTOZIEMEHTOB, (POTOYMHOXKUTENEH, IEKTPOHHOONTUYECKUX MTpeodpa3o-
BaTelle, KOTOpbIE IIMPOKO HCIOJIb3YIOTCS B KHMHO, TEIEBUACHMH, CXEMax aBTOMATHYECKOIO
KOHTPOJISI, pa3IMYHBIX CUCTEMaX CBSI3U U T.]I.

Onucanne 1a00paTOPHOI YCTAHOBKH
: B pabote ucnonb3yercs neicrBue ¢orode-
//1. X \ meHTa CLIB-4 ( cypbMsHO-1I€3UEBbII BaKyyM

T [S] 3 ) o
P \\%7——" HBII) C LIEHTPAJIbHBIM aHOJOM B BHJIE CETKHU
h N
—/

~— (puc.1) Karox cocToutr W3 HaAMbUICHBIX Ha

BHYTPCHHIOIO IMOBCPXHOCTDH CTCKJIIHHOI'O
pre—y OajoHa IOCJICI0OBATCIIbHBIX TOHKHX CJIOCB
P /‘ : CYPbMbI U LC3UA. BHCKTpOHbI BbIPBIBACMBIC
{H } CBCTOM H3 OCBCHICHHOI'O KaToJda, JICTAT Ha

r aHoA A, yCKOpsieMbI€ JJIEKTPUYECKUM I10JIEM,

~ MUl B 1enu GorodaeMeHTa perucTpupyercs
D

s o ¢ i

i
i
e .
{ co3naBaeMbiM Oarapeeil b. ®oTOTOK, TeEKy-
!

ranbBaHomeTpoM G.

:

b1
i B
| ‘ - B ¢orosnemMenTax HCIOIb3yeTCs MPSi-

Masi 3aBUCUMOCTb (POTOTOKA OT BEJIMYMHBI M1a-
Pro T JIAIOIEro CBETOBOIO IOTOKA, T.€. HOPMajb-
HBII peXUM paboThl (HOTOBIEMEHTA — PEKUM
HACBIILEHUS, IPU KOTOPOM BEJIMYMHA HANpsKEHUs, IPUIaraeMoro Mexay aHOJOM U KaToJIOM,
J0CTaTOYHA JIJIsl TOr0, 4YTOOBI BCE (POTORIEKTPOHBI, BHIPBAaHHBIE U3 KATOAA, JOCTUIIIN aHOJA.
OCHOBHBIMHU XapaKTEPUCTUKAMH BaKyyMHBIX (POTORJIEMEHTOB SIBJISIOTCSL:
1. CnekrtpajibHasi 4YyBCTBUTEIBHOCTh (POTOKATO/AA, KOTOPAs ONPENEseT 00JacTh CleK-
Tpa, I'71I€ MOKET ObITh MCIOJIb30BaH JaHHBIN (POTOITEMEHT.
2. BonbramnepHas XapakTepHCTHKa, OIPEENAIoNIas 3aBUCUMOCTb BEJIMUYNHBI (POTOTOKA
HacChIIEeHUs [y OT BETMYMHBI IAAOIIETO CBETOBOTO NOTOKA D IPpU MOCTOSIHHOM
HaIpsKEHUU MEXAY KaTOJO0M M aHOJIOM.
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Cxema 3KCneprMEeHTaIbHON YCTAaHOBKU IIPUBEJIEHA Ha pUC 2.

@3 | esrmen ST AT T . LT 1ICM

o a_ JK
A= i s —H—

.l

~2208

Puc. 2

OCHOBHBIMU YaCTSIMU YCTaHOBKHU sABIIsAIOTCA (hoToaneMmeHT (PI), namna HakanuBaHus JI
(220B, 100BT), mokcmetp (JIK), nmpeaHasHadyeHHBIN 1jis1 u3MepeHus ocBemieHHoctn E. doTto-
3JIEMEHT U JaTYUK JIIOKCMETpa IIOMELICHBI B CBETO3AIUTHBIE KOXYXH, Jlamna JI uMeeT BO3MOXK-
HOCTb IIEPEABUIaThCs 0 MAHEIU B FOPU30HTAILHOM HalpaBicHUM. PaccTosiHuE r MEXAy J1aM-
moit u @D (JIK) u3mepsieTcss Mo CaHTUMETPOBOM IIIKaJie, HAHECCHHOW Ha IMaHENb YCTaHOBKH.
Jlamna nomenieHa B KOXYX, NO3BOJIAIOIIMN MTOMEIIATh 10 XOJIy CBETOBOIO Iy4Ka pa3jMyHbIE
¢uiabTphl. B KOMIUIEKT YCTaHOBKM BXOAUT HA0Op CTEKJISHHBIX CBETO(PHUIBTPOB, MMO3BOJSIOLINX
BBIIETISATh U3 CIIEKTpA JIaMIIbl HaKaJIMBaHUs pa3iuuHble yyacTKu. [IpomyckaHue cBeTOGUIBTPOB
YKa3aHO B MX [TaCIOpTaxX MPUJIaraéMbIX K YCTaHOBKE.

Hartuuk JIK mpencrasisier co0oif BEHTHIIBHBINH (OTO37EMEHT (ero paboTa OCHOBaHa Ha
SIBJICHMH BHYTpeHHero Gotorddexra).

Benuunna nanaromiero Ha ()OTO3JIEMEHT CBETOBOI'O MOTOKA MOXKET OBbITh pacCUMTaHa 110
dopmyne ®=ES,, rae E — ocemennocts ®D B T0KCaX; Sy — MIOMAIs KaToAa B M°. 3HAUCHHE
Sk yKa3aHO Ha yCTaHOBKE.

KoHcTpykTuBHO (OoTOR/IEMEHT UTAEeTCs OT McTOYHMKA nuTtanus Y UII-2 | pyuka peocra-
Ta R BBIBEJIEHA HA MEPENHIO MaHEeIb 3TOro npubdopa. Bonst™merp V, nsMmepstonuii Hanpsixe-
Hue Ha ®O u MukpoammepmeTp | A, umepsomuil BelnunHy gororoka O momernieHs! Ha na-
HEJIM 3KCIIEPUMEHTAILHOW YCTaHOBKH.

MeTtoauka BbINOJHEHHUs JJA00PATOPHOH padoThI
1. CHsiTHe BOJIbTAMIIEPHOM XapaKTEePUCTUKH

1. BxumtouaroT B cetb YUII-2 u garot emy nporpeTbest 5 MUHYT.

2. Bpamas pyuky norenuuomerpa R, nogator Ha @O 200B, npu 3TOM TeMHOBOM TOK (oTO3JI€-
MEHTA JI0JIKEH OBbITh paBEH HYJI0. Y O€UBIINCH B OTCYTCTBUU TEMHOBOI'O TOKA, YMEHbBIIIAEM
HaIpsDKEHUE 710 HYIIS.

3. Bxurouarot nammy B ceTb kHomnko# K.

4. TIlomematroT Jamny Ha paccrosinue 20-25 cm ot O3.

5. N3menss nanpsokenue Ha D ot 0 10 240 B (o 60B uepes 10 B, nanee uepes  20B, peru-
CTPUPYIOT BETUYHUHY CHIIBI (POTOTOKA IO MUKPOAMIIEpPMETPY.

6. JlaHHBIC 3aHOCAT B TaOIHILY.

Tabnumal.

U,B
I, pA
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7.

1.
2.

Crposr rpaduk 3aBucumoct [=f(U), OTKIaAbIBas IO OCU a0CIMCC 3HAYEHUE HANPSHKCHUS
U.
2. CHfiTHE CBETOBOM XapaKTePUCTUKH

[Mopatot na @D Hanpspxenue 240B.
YcraHaBIUBAIOT JaMIy Ha PACCTOSIHUE , IPU KOTOPOM CTPEJIKA MUKpOaMIIEpMETPa OTKIIOHS-

eTCA Ha 2/3 mIKaJIbL.

3 Vaansaiot namny ot PoTo3€eMeHTa Ha pa3Hble pacCTOSAHUA (CHUMAIOT 5 TOYEK),3alUChIBast M0-

4.

o0

1.

Ka3aHus MPUOOPOB (3HAYCHUSI TOKOB U PACCTOSTHHN ).
[ToBTOPSIOT M3MEpeHMsI, BO3Bpallas JamIly B IEpBOHAYAIbHOE MMOJ0XKEHHUE, BHIYUCISIOT 3Ha-
Il'lp+106p

yeHus Iy = .

. IlocnenoBarenbHO yCTaHABIMBAIOT JaMIly nepe qatuukoM JIK Ha Tex ke pacCTOsHMSX T,

(GuKCHPYIOT ITOKa3aHUs JIOKCMETpa 110 BEPXHEH ILIKae.

. HpOBOHﬂT HU3MCPCHUA B IIPAMOM U O6paTHOM HaIlTpaBJICHUAX, PACCYUTLIBAIOT 3HAYCHUA

— Enp+Eosp
2

E

. ITo popmyse (5) onpenensroT s KaXI0TO I BEIUYUHY CBETOBOTO MOTOKA.
. Pe3ynbTarel u3MepeHui U BEIUMCIICHUI 3aHOCAT B Ta0IHILy 2.
. [lonarasi, yto npu Hanpspkenuu 240 B Bce pOTO3EKTPOHBI TOCTUTAIOT aHOA, CTPOSAT 3aBH-

cuMocCTh Iy =f(®) oTkiaapIBas Mo ocu abcuuce 3HadeHus O.

Tabmnuna 2.
Ne/Ne r I . 1 o5p. Iy E . E o6p. B @
pa3MepHOCTh
1
2
3
4
5

OnpenesieHne CIeKTPAJIbHON YyBCTBUTEJIbHOCTH.

[Tomemator taMiny Ha TakoMm pacctosiHuu ot 3, paboTaroiiero B peKuMe HACHILEHUS, TIPU
KOTOPOM cTpenka HA naet oTOpoc Ha 4/5 mkaisl.

2. [locnenoBarenbHO MOMENIAs Mepes] JaMIIOi pa3inuHble CBETOQMIBTPHI, GUKCUPYIOT MOKa3a-

HUSI MUKpOAMIIepMETpa.

3. Ucnonb3ys 3aBUCUMOCTb MCIYCKaTEIbHONW CIIOCOOHOCTH BOJb(pama OT JUIMHBI BOJIHBI U KPHU-

BBIC ITPOITYCKaHU A CBCTO(i)I/IJ'IprOB, PaCCUUTBIBAIOT HCTUHHBIC 3HAUYCHU A q)OTOTOKa [HI/I

Inn = i (7)

ATy~

['me: ra - ucnyckarenbHasi CHOCOOHOCTH BosIb(pamMa IMpH JJIMHE BOJHBI, COOTBETCTBYIOIIEH
MaKCUMyMYy NPOMYCKaHUsI CBETOPMIBTPA Amax. /) — HpOIycKaHHe cBeToQmiIbTpa B % Ipu
JUIMHE BOJIHBI Amax. 3HAUEHUSI A U T) HaXOJAT U3 COOTBETCTBYIOIIMX KPUBBIX, IPUBEACHHBIX B
IPUIJIOKEHUU U M1aCIIOPTOB CBETO(UILTPOB.

4 Pe3ynpTaThl U3BMEPEHUH U BBIYMCIECHUN 3aHOCAT B TaOauIy 3.
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AN D

1
2
3.
4.
5
6
7

HOBaH Ha sIBJICHUU BHeIHero Gotodddexra.

e S

Ne cBero-
¢dunpTpa

Amax

)

78

pa3MepHOCTh

1

N | WD

Tabauua 3.

. Ctposrt rpaduk 3aBUCUMOCTH ;= f(A) OTKIaABIBast MO OCU aOCIMCC 3HAYCHUS Amax-

. Onpezensior no rpaduky NpeAeapbHyo JJIMHY BOJIHBL, IPU KOTOPOH elle Habmonaercs (oTo-

s dexr.

. Beruncnsior «kpacHyto rpanuiy ¢potospdexrar.

Hens paboTsl.
3amanue.

VYpaBHeHue DUHINITEIHA.

KOHTPOJIBHBIE BOITPOCBI

Ha3Banue u Homep paboTHI.

4. Conep:kaHue oT4yeTra

HpI/IHI_II/IHI/IaJ'IBHaH CXEMa YCTAHOBKHM.

OcHOBHBIE BBIBOJIBI ITO pE3YyJibTaTaM UCCJIICJOBaHUA.

B uem 3axmmrouaercs siBnenue Gporosddexra?

DKcrnepuMeHTalIbHbIE 3aKOHBI BHEITHETO POoTodPdeKTa.

Kak 00bsicHUTH 3aK0OHBI BHEIIHETO (poTO3(h(PpeKkTa KBAaHTOBOU TEOpUEH?
OOBsicHUTE YCTPOMCTBO U MPUHLUI JIeHCTBUS BAKyyMHBIX 3JIEMEHTOB.
. Kak B pabote ocymiecTBisieTcsi 3KClepuMEHTalIbHAs IPOBEpPKa 2-T0 3aKOHa

B uem cocTout pasnuune MeXy BHEIIHUM U BHYTPEHHUM (poTo3pdexTom?
CdopmynupyiiTe 3KCIIEpUMEHTAIbHBIE 3aKOHBI BHEITHETO (hoTodPdeKTa.

Pe3ynbTarsl u3MepeHuii U BEIUMCIEHUH B BUJIe TaOIML, rpaduKoOB 110 BceM pazjenam 5.1-3.

dboTtordpdekra?

. Ykaxxute o0jiacTu TCXHUKHU, I'IC UCITOJIb3YIOTCS l'IpI/I60pBI, MMPpUHIUIT JIEUCTBUS KOTOPBIX OC-
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JladopaTropHasi pa6ora Ne 10

W3YUEHME JIMHERYATBIX CHEKTPOB UHEPTHBIX I'A30B

e padoThI.

W3yueHune BUAMMON 4aCTH BOJOPOJHOIO CHEKTPa, IPaJyupoBKa MOHOXpomaropa YM-2,
npoBepka ¢popmyiisl banbmepa.

3ananne
1. H3yuuts Teopuro bopa a1 Bogopoaonogo0HbIX aTOMOB.
2. O3HaKOMUTbHCA C YCTPOWCTBOM U INPUHIUIIOM paboThl MOHOXpoMaropa YM-2 u
HOCTPOUTH Il HETrO I'pagyupOBOYHBIN rpaduk.
3. OmnpenenuTs JUIMHBI BOJIH CIIEKTpalibHOU cepun banbmepa.

4. BpluncauTh NOCTOAHHYIO Puabdepra u oLleHUTh €€ MOrPEeIIHOCTb.
OcHoOBHbIE TeOpeTHYECKHE CBeIeHNSI 1 COOTHOIICHHUSI.

W301upoBaHHbIe aTOMBI B BUJIE Pa3PsHKSHHOTO ra3a WM MapoB METAIIOB HCITYCKAIOT
CIIEKTP, COCTOSIIINIT U3 OT/AENBHBIX CIIEKTPAIBHBIX JIMHHUIA.. B COOTBETCTBHHM C 3THM CHEKTP
MCITyCKAHUS aTOMOB HA3bIBACTCS JTHHEHYATHIM. [10JI0)KEHIE INHUI B ATOMHBIX CIIEKTPAX MOXKET
ObITh O0BSICHEHO TOJIBKO Ha OCHOBE KBAaHTOBBIX MpejicTaBineHuii. Hanbosee mpocto omucanue
CIIEKTPOB Bogopoaomnoaoousix aromoB H, He* ,Li** B anmemenrapHoii Teopun bopa
OCHOBBIBAOIIEHCS HA JABYX MOCTYJATax:

1.37IEKTPOH B aTOME MOXKET BPAIIATHCSI [TO0 CTPOTO OMPEICIICHHBIM = CTaHIaPTHBIM

Op61/ITaM, PaanyC KOTOPBIX I'» OIIPCACIIACTCA U3 YCIIOBUSA KBAHTOBAHHA MOMCHTA UMITYJIbCA
h

SIIEKTPOHA M Vy Tn =N~ -, (1)

h — nocrosunas INnanka ;
m —mMacca 3JIeKTPOHa;
Vp— CKOPOCTbH 3JIEKTPOHA;
n=1,23,...

Bpamasice o 3TuM opOuTaM, 3JEKTPOH HE U3JIydaeT IEeKTPOMarHuTHou suepruu E=hv  npu
IEPEX0/I€ AJIEKTPOHA U3 OJHOI0 CTAllMOHAPHOI'O COCTOSIHUS B Jipyroe (v —yacToTa nepexoza ).
BennunHa cBETOBOro KBaHTa paBHA PA3HOCTH DHEPrUi CTALIMOHAPHBIX COCTOSHUM M U N,
MEXIy KOTOPBIMH COBEPLIACTCS KBAHTOBBIN CKAYEK JIEKTPOHA.
Hopmy =Em — En. 2

ITocTynatel bopa MO3BOJIAIOT IIPOU3BECTU TEOPETUYECKUM PACUET CIIEKTPAIBHBIX
3aKOHOMEPHOCTEN B U3JIy4E€HUU BOLOPOAA.

PaccMOTpuM 25IEKTPOH B aTOME BOAOPOAA, ABUKYIIUICS 110 OKPYKHOCTH B I10JIE SAPA
(puc. 1).

YPaBHeHlfle ABWIKCHUS DJICKTPOHA UMECT BU:
2

mvo, e
r, drg o rin’ (3)
Pemas coBmectro (1) u (3), momydaem
he,n’
=5~ “4)
me”m
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S

Prc. I

3H€pFI/Iﬂ 9JICKTPOHA B aTOMEC BOJA0OPOAA CKIAABIBACTCA M3 KUHETHYISCKOM OHEPTrrun
MOTEHIMATbHOU OHCPIHUH IJICKTPOCTATUICCKOI'O BBaHMOHCﬁCTBHﬂ C A00M:

_my, ¢
Y )
Pemias coBmectHo (5), (3), u (4). [Tonyuaem:
4
me
E =———,
" B’ ©

U3 BToporo nocrynarta bopa cienyer, ¢ yuerom (6), 4To pu Nepexoie dIEKTpoHa

MCXKOY Op6I/ITaMI/I m 1 n NporucCxXOoJUT MOrJIOMCHNUE NI UCITYCKAHUEC KBAHTA:

4
me 1

1
hv,, =8¢907(n_2_?)' (7)

c

VYuursiBas, uto U = > MNOIy4uM :
’ A

. R(———). (8)

IlocTosiHHAag BenInunHa

4
me

K= Seinc ©)

HassiBaercst mocrosinnas Punbepra.

®dopmyna (8) HOcUT Ha3BaHUEe 00001IeHHON opMynbl bambmepa.

Ha puc. 2 nuzo0paxeHna quarpaMmma ypoBHEH SHEPTUU aTOMa BOJIOPOAA U IEPEXOJIbI MEKITY
HUMU. Pa3nuunble crieKTpaibHbIE CEPUU Ha3BaHBI 110 (aMIJIMAM YUEHBIX, BIICPBbIE
Ha0II0JaBIINX JIMHUUA BOJOPOA B pa3HBIX YaCTAX criekTpa — cepus Jlaiimana ( B nanekou
ynbTpaduonaeToBoit oonactu, n=1), cepus banbmepa (B Bunumon odsactu, n=2), cepus Ilamena
( 6nu3kolt uHPpakpacHo! 0baacTu,n=3), cepus bpekkera (B 6osee oTAaIEHHON HH(paKpacHOK
obnactu, n=4), cepus [Ibynna ( B ganexoit mHppakpacHoi o01acTu, n=5).

KaxxnqoMmy BO3MOKHOMY MIEPEX0Y MEKIY JUCKPETHBIMU YPOBHSIMH SHEPTUN
COOTBETCTBYET OINpe/eNieHHAs CIeKTpajabHas JIMHUS, XapaKTepu3yeMas B CIIeKTpe 3HaUCHUEM
9aCTOTHI (ITTMHBI BOJIHBI) MOHOXPOMATHYECKOTO U3ITyUCHHUSI.

[Tpu GUKCUPOBAHHOM N YHUCIIO M MOXKET MPUHUMATh 3HaueHus (n=1), (n+2),...,4To
COOTBETCTBYET Pa3JINYHBIM CEPUSM B CIIEKTpE aToMa Bojopoaa (puc.2).

B Bugumoii obnacTtu nexar nepssie 4 TuHUU cepuu banbmepa

H,,H,H, H,
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Teopus bopa , koropas B 1913 rony pusudeckyro HHTEpIpETAUIO SIKCIEPUMEHTAIBHO
noxydeHHou panee popmynsl baasmepa ( 1885r.) siBHIach CrijlaBOM KJIACCUYECKOW TUHAMUKH (
BpallleHHe AJIEKTPOHA BOKPYT SApa) U KBAaHTOBBIX MpeACTaBiIeHU. DTa Teopus obiaaana psaom
HEJIOCTATKOB U ObLJIa TPOMEXYTOYHBIM 3B€HOM MEKY KIACCHYECKON 1 KBAHTOBOW MEXaHUKOM.

Onucanue JagopaTopHO VCTAHOBKH.

HalGmronenue criekTpanbHbIX TUHUN U U3MEPEHUE JIJTMH BOJIH MPOU3BOIUTCS B paboTe ¢
IIOMOILBIO CTEKIIIHHO-IIPU3MEHHOI0 MOHOXpomaTopa Y M-2. [Tacmopt MOHOXpoMaTopa ¢
OMHUCAaHUEM ONTHYECKOM CXEMBbI , KOMIUIEKTAI[UU, KOHCTPYKIIMM HAXOJUTCS HAa pabodyeM MecTe.
J1ig u3y4eHus CrieKTpa BOJIOPOAa UCIOIb3YeTCsl BOJIOPOAHAS TpYOKa ¢ HCTOUHUKOM CriekTp-1.

[Ipu rpagynpoBKe MOHOXpPOMATOpPA Ha PEJIbC CIEIYET MOMEPEMEHHO YCTAHOBUTH
PTYTHYIO 1 HEOHOBYIO JIaMIIbl, C()OKYCHPOBAB UCTOUYHUK CBETA HA BXOJHYIO LIENb C TOMOIIBIO
JBYX CTEKJISTHHBIX KOHJEHCATOPOB. JlJI 3TOTO yCTaHABIMBAIOT PTYTHYIO JIAMITY Ha PACCTOSIHUH
80 cM., a HEOHOBYIO JlamIly Ha paccTosiHue 30 CM OT IJIOCKOCTH BXOJAHOM I1€JH. 3aKpbIBAIOT
BXOJHYIO IIEJIb 3aIUTHBIM KOJIMA4KOM U MEPEMEIAI0T KOHJACHCATOPHI 110 PEIbCY, a TAKKE
U3MEHSISI P HEOOXOAUMOCTH UX BBICOTY, J0OMBaIOTCS paBHOMEPHOT'O 3allOJIHEHUS CBETOM
BHYTPEHHETO Kpyra Ha KOJIITayKe ¢ KPECTOM.

[Tpu n3ydyeHun TUHEHYATOrO CIIEKTpa BOJOPOAA, BOAOPOJHYIO TPYOKY BILIOTHYIO
MPUOIMKAIOT K OTBEPCTUIO LLIENH.

Bpaias 6apaban , coBmemaoT CeKkTpaabHyI0 JUHUIO C OCBELICHHBIM yKa3aTelIeM B
OKYJISIpE€ U IPOU3BOJAT OTCYET 110 1IKajie OapabaHa.

Pe3kocTh n300paxeHuss MOXKHO PEeryIupoBaTh BpallleHUEM OKYJIspa.

JITMHBI BOJH CHEKTPaIbHBIX JUHUN PTYTH U HEOHA NpuBeneHbI B [Ipunoxenun.

Buumanue !

Momnoxpomatop YM-2 npeacTaBisieT cO00i 1OPOTrOCTOSIINM TOYHBIA ONTHYECKUN
npubop u TpedyeT npeaeabHO aKKypaTHOro oOpalieHus.
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MeToanKa M HOPAAOK BLINOJTHEHHUS JA00PATOPHOI PA0OTHI.

1. M3yyaroT KOHCTPYKIHUIO, ONITUYECKYIO CXEMY U MPHUHIIMII JEHCTBHUS MOHOXpOMaTopa
YM-2 no nacnopty npudopa.

2. BKiIH0YarT UCTOYHHMK MUTAHUS , yCTaHABIHMBAs TymoOJepa “cets” u’” namma JPII” B
nosoxxenue “Bki.” HaxaTtuem kHonku “Ilyck” 3akuraroT pTyTHYIO JIaMIly U
BbDKUJAIOT B TeueHue 10-15 muH. [l BXOXKACHHS JaMIIbl B PeKUM pabOTHI.

3. ®ukKcHUpyIOT HCTOYHHUK CBETA Ha BXOAHYIO I11€J]b, CHUMAIOT 3aIUTHBIM KOJIMAuoK U
3aTeM BpalleHueM OapabaHa qoOMBalOTCA COBMEIIECHUS Hanubosee SpKUX PTYTHBIX
JIMHUH C OCBEILICHHBIM yKa3aTesneM . YeTKOCTb JIMHUM peryaupyroT BpallleHuEM
OKYyJIsIpa.

4. Tloka3anus Gapabana npu npsmoM Vi u o6patHoM NV, xone 3anocsT B Tabmuiy 1.

BbIkirouyaloT pTyTHYIO J1aMIly, YCTaHABIMBAIOT Ha PEJIbC HEOHOBYIO U BKJIIOUAIOT €€.

6. IlpousBoasT neiicTBUS , aHANIOTHYHBIE I1.11. 3 U 4 GUKCUPYS TUHUU HEOHA B
JUIMHHOBOJIHOBOM 4acTH CIleKTpa. BBIKIIIOUaloT HEOHOBYIO JIaMITy U CHUMAIOT €€ C
penbca.

7. Ilo Tabauuam CEKTpaIbHBIX JIMHUH (CM. IPUIIOKEHUE) HAXOIAT AJIMHBI BOJIH
3a(pMKCUPOBAHHBIX JIMHUK U 3aHOCAT WX 3HAUYEHUs B Tabmumy 1

e

Tabmunal.

Hcrounuk cera Hg Ne

IlBet nuHUM

JlrHa BOJIHBI A A
ITokazanus N,
OapabaHa N,
N,
N, +N,
8. Bomumcisior N, = T, W 3aHOCAT pe3ysbTaThl B Tabnuny 1.

9. Crpodr rpasyupoBOUYHBIH Irpaduk A1 MOHOXpOMATopa N, = f (D), orknansisas no
ocn aberuce 4 . Ipauk BEIMONHSIOT Ha MITITAMETPOBOH GyMare pazsMepoM ¢
TETpaJHBIN JUCT 10 NpaBuiIaM pasaena 9 Beegenus.

10. YcranaBauBaroT Ha penbC BOJOPOIHYIO JIaMITy, BINIOTHYIO IIPUJIBUTAs €€ K LLENH
TakUM 00pa3oM, yTOOBI €€ cepeIHa Hax0Aujlach HAlIPOTUB LIEH, U BKJIIOYAIOT €€.

11. ®ukcUpyIOT JTUHUH, U 3HAYCHUS N, Ny N, sanocs B tabnuny 2 . Jluaus Hg
HAXOJIUTCA Ha KParo BUIUMOTO JAHana3oHa U MOKET ObITh HE BCEra HaOII0aeMOM.

Tabnuna 2.
Jlunns H, (m=3) Hy(m=4) H,(m=5) H,(m=6)
I[BeT nmuHUM KpacHas 3eneHo- Cune- ¢duoneroBas
royryoast dbuoneroBas
ITokazanusa N,
OapabaHa N,
Ncce

JlnvHa BOJIHBI A A
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12. C noMo1bto rpalyipoBOYHOTO Ipaduka onpeaesstoT JJIMHbI BOJIH cepuu banbMepa
Y 3aHOCS MOJIy4YeHHbIC 3HaUeHUsI B Tabauiy 2.

13. Ucnonb3ys popmyay (8) , 1uist Kax 01 TUHUU BOAOPOIA PACCUUTHIBAIOT TOCTOSHHYIO
PunGepra R . Pe3ynbrarel 3aHocs B Tabnuity 3.

14. Tlons3ysics npaBunamu 7.2.2 BBegeHUs] pacCUUTHIBAIOT JOBEPUTEIbHBIN HHTEPBAT A

AR
Ry ¢ nagexuoctbio =0,95 1 OTHOCUTENBHYIO MOTPEIIHOCTh & = TS 100%,
smauenus AR, = ‘Ri - R‘ 3aHOCAT B Ta0IUILy 3.
Ta6muma 3.
Jlunus R, CM ! MR,OeMm !
H,
H-
H,
Hg
15. 3anuchIBalOT OTBET:
R=Rz* IRy, B=0,95, ¢= % 1 CpaBHUBAIOT €r0 C

TEOPETUYECKUM 3HAaUYC€HUEM, MOTYYeHHBIM 0 hopmyre (9), HCToab3ys 3HAUEHHUS OCHOBHBIX
(bu3HYECKUX MOCTOSHHBIX, IPUBEIECHHBIX B [IpuoxxeHun .

[\

[98)

N kDD~

Coaep:kaHue 0T4eTa.

HaumenoBaHue 1 HOMep pabOThI.

Hens paboTsl.

3amanue.

[Toctynars! bopa, padouune popmyisl (8), (9), puc.2.
Pe3ynbTarhl H3MepeHUi U BbIYMCICHUH B BUe Tabuul 1-3.

['panyrpoBOYHBINA rpaduK, pacyeT MOrPEeIIHOCTH R , KOHEYHbIN oTBeT 1A R.
OCHOBHBIE BBIBOJIBI IO PE3YyJIbTaTaM UCCIEAOBAHUS.

KoHTpoJLHbLIE BOIPOCHI.

OO0BsicHUTE TPOUCXOKICHHUE TUHEHHOTO CIIEKTPa BOAOPO/A.

W3noxute KpaTkyro Teopuro bopa, ykaxkure, K KaKMM aTOMaM CUCTEMAaM OHa
NpUMEHUMA.

OO0bsicHUTE TPUHLIUIT PAOOTHI MOHOXPOMATOPA.

Kakum 06pa3zom MOKHO EPEBECTH aTOM U3 HOPMAJIBHOTO COCTOSIHUS B
BO30YKJICHHOE.

Kakue ncTtouyHrMKM TMHEHHOr0 CIEKTPA U C KaKOM LEIbI0 UCIIOJIB3YIOTCS B
pabote?

ChopmynupyiiTe OCHOBHBIE HeOCTaTKU Teopun bopa
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INPUJIOKEHUE

1. HexoTopsie puznueckue mocTOSHHBIE

HAUMEHOBaHME O06o03Ha4YeHHE U YN CI0BOE
3HAYeHH e

Macca nokos 37eKTpoHa m.=9,1 *10" ST Kr
3apsij 3JIeKTpoHa e=1,16*10""Kx
DneKTpuyecKas MOCTOSTHHAS g =28,85*10" Zo/m
Ilocrosnnas I1nanka h=6,67*10 ** Jx/c
[Mocrosinnas 3akona Credana -bonpumana 6=5,67 10°Br/m K
ITocTossHHAs 3aKoHA cMemeHus BuHa b=2,9 10 > m/c
CKOpoCTh CBETa B BaKyyMe ¢=2,998 10° m/c

2. Kosppuuuentsr CThrozieHTa t png

Hanexnoctsp | 0,5 0,7 0,9 0,95 0,99
Yucno u3MepeHuH 1

4 0,77 7,32 2,13 2,77 4,63
5 0,74 1,24 2,01 2,57 4,03
6 0,73 1,24 1,94 2,45 3,72
7 0,72 1,14 1,89 2,36 3,54
8 0,71 1,13 1,86 2,31 3,36
9 0,71 1,12 1,83 2,26 3,25
10 0,70 1,10 1,81 2,23 3,17
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3. Z[J'II/IHBI BOJIH CIICKTPAJIbHBIX JIMHUA HCOHa, I'¢JIvi, pTyTH,

HauboJjee XapaKTEPHBIX AJIs BUAUMON 4acTH CHEKTpa.

Ne
[ — A, HM OtHocuTenbHas
SPKOCTh
1. Spko-kpacHas 640,2 10
2. KpacHo-opaneBas, JieBasi U3 IByX OJM3KUX JIMHUHN 614,3 10
3. XKenras 585,2 20
4. Cserno-3eneHas, nepBas 3aMeTHas BIPaBo OT 4-0it 576,0 4
5. 3eneHas , ieBas U3 ABYX OJMHOKUX JIMHUN 540,0 6
6. 3enenas, npaBasi U3 IBYX OJMHOKUX JIMHUMA 593.0 8
7. Cune-3eneHast 0JHHOKas 484.9 8
He
— A, HM OtHocuTenbHas
SIPKOCTh
1. Kpacnas 728,1 3
2. Kpacnas 706,5 5
3. KpachHas 667,8 6
4. Xenras 587,6 10
5. 3eneHasd 501,6 10
6. 3eneHasd 4922 4
7. TonyOas 471,3 3
8. Cunsas 438,8 3
9. ®uonerosas 402,6 5
Hg
[ — A, HM OtHocuTenbHas
SIPKOCTh
1. XKenras 579,1 10
2. XKenras 576.9 8
3. 3encHas 546,1 10
4. TonybGas 491,6 1
5. ®HoNETOBO-CHHSIA 435,8 8
6. dwuonerosas 407,8 1
7. ®dwuoneronas 404,6 2
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