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BBEJAEHUE

Llenp HacTosALIEro MOCOOMS — MO3BOJUTH CTYACHTY CaMOCTOSITENIBHO BOCIPOU3BECTH
OCHOBHbIE (hU3MUECKHE SBJICHUS, IPUYUUTh €ro K OOpaLIEHUIO C U3MEPUTENbHBIMHU NPUOOpaMu
U TIO3HAKOMHUTH C BaKHEHIIMMH MeTonaMHu u3MepeHuid. JlabopaTopHble 3aHSTHS MPUBHUBAIOT
CTYJICHTaM HaBBIKM OLIEHKH JIOCTOBEPHOCTH MOJIYYEHHBIX PE3yJbTAaTOB, UX MHTEPIpPETALNH, B
TOM 4HCJIe, U rpaduyecKon.

Kaxxnpiii cTyieHT BBIONHSET 1a00paTopHbIe padOTHl B COOTBETCTBUU C WHIUBUIYATHHBIM
rpadukomM, cooOIaeMblM €My IpernojiaBaTeleM Ha MEpPBOM 3aHATHU. Bce BBIMOIHAEMbIE 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 HAYMHA-
IOTCS C KPaTKUX TeOpeTUYecKuX cBefeHuil. OHM COCTaBJIeHBI TaK, YTOObI ICHOE MPEICTaBICHNE
O CYILECTBE M3y4aeMbIX SBJICHHH M NMPUMEHSIEMOM METOJEe M3MEpEeHUil MOriu cebe COCTaBUThH
KaK T€ CTYJEHTBI, KOTOPbIE YK€ MPOCTYIIadd 3TOT MaTepual Ha JEKUUSX, TaK U T€, KOTOPhIE
TOJILKO MPHUCTYMAIOT K U3YUYEHHIO COOTBETCTBYIOLIETO pasaena ¢pusuku. [TosTtomy 1o npuxozaa B
1a00paToOpUI0 CTYACHT JOJDKEH MPEABAPUTENHHO MOATOTOBUTHCS K BBIIOTHEHUIO PabOTHI, IMO-
3HaKOMUBILIUCH C €€ OMKCAaHUEM, 3allMCaB B TETPaau ee Ha3BaHUE, 11elib, 000PYJ0BaHHUE, OCHOB-
HbI€ 3aKOHBI, UCIIOJIb3yEeMbl IIPU BBIMOJIHEHUHU KOHKPETHOM paboThl, pabouue (Gopmysbl, 3aro-
TOBKH TaOJINII.

[Tocne TeopeTnyecKuX CBEICHUH MPUBOJAUTCS OMUCAHUE IKCIEPUMEHTAIBHON YCTAaHOBKH
U U3MEPUTENIbHOM ammapaTypbl. 3aTeM CIEAYIOT 3aJaHus, pEerjaMeHTUPYIOUIUEe IIoC-
JIeIOBATEILHOCTh PabOThI CTYACHTOB NP MPOBEACHUN H3MepeHuid. [lepen TeM Kak K HUM MpH-
CTYNHUTh, CTYJEHTY PEKOMEHAYETCs MpOJeNaTh P MPOCTHIX OIBITOB, MO3BOJISIONINX MOHSATH
OCOOCHHOCTH HCCIIEAYEMOTO SIBIICHUS U U3MEPUTEIBHON anmaparypbl, YOSTUThCS B €€ UCIPaB-
HOCTH, OLICHUTh HAJEKHOCTh Pe3yJabTaToB. [I[poBeieHNEe TAKUX OMBITOB — U UX ONUCAaHUE B OT-
YeTe — CYMTACTCS BaXKHEHIEH COCTaBHOM 4acThiO pabOTHI CTyACHTA. 3a/IaHHs COCTaBJICHBI Ta-
KM 00pazoM, YTO J1al0T BO3MOXHOCTBH IMpPENoAaBaTesl0 BapbUPOBATh UX MOJOOP B COOTBET-
CTBUM C YCIIE€BAEMOCTHIO U JIMYHBIMH HAKJIOHHOCTSIMU CTYIEHTOB. 3amanue nog Nel B kaxmoiut
pabote onpenensieT HEOOXOAUMBI MUHUMYM, 0€3 BBIITOJIHEHHS KOTOPOTo JabopaTopHas pabora
He Oyzaer 3aureHa. Ecnu y CTyJeHTa ocTaeTcs BpeMs, OH MOXET MPOBOAUTH JTOTOTHUTEIbHBIC
3a/IaHMsl, YTO CJIEJIYEeT BCAYECKU MPUBETCTBOBATH U MOOLIPSTh.

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

B ocHOBe TOYHBIX €CTECTBEHHBIX HAYK, K YHCIY KOTOPHIX OTHOCUTCS U (hU3HKa, Jiexkar
u3Mmepenus. [Ipu u3mepeHusix 3HaueHus: GU3NYECKUX BEJIMUMH BBIPAXKAIOTCS B BUJE YHUCEI, KO-
TOpbIE YKa3bIBAIOT, BO CKOJILKO pa3 U3MEpEHHas BelHuYrHa OOJblle UM MEHbILE IPYroi Beu-
YUHBI, 3HAYEHUE KOTOPOH MPUHATO 3a enuHuIly. [lomydeHHble B pe3yapTaTe U3MEPEHUN YHCIIO-
BbIC 3HAYEHUS PA3IMYHBIX BEJIMUMH, HAIPUMEP, BPEMEHH, MMYTH, CKOPOCTU U T. 1., MOTYT 3aBU-
ceThb JIpyr oT Jpyra. Ou3uka yCTaHABIMBAET CBSI3b MEXKAY TAKUMU BEIMUYMHAMU U BBIPAXKAET €€
B BHJIe (HOpPMYJI, KOTOpPHIE MOKA3BIBAIOT, KAaK YHCIOBBIC 3HAUCHUSI OJHUX BEIIMYUH MOTYT OBITH
HaWJIEHbI 10 YUCJIOBBIM 3HAUYECHUSIM JIPYTHUX.

[TonydyeHnne HaIEKHBIX YUCIOBBIX 3HAUEHUN (PU3NYECKUX BEIMYMH OTHIOAb HE SIBISIETCA
MIPOCTOM 3a7a4eil M3-3a MHOTOUYHCIICHHBIX TMOTPEIIHOCTEH, HEM30S)KHO BO3HUKAIONIUX TIPU U3-
MepeHusix. Huxke paccMmarpuBaroTcs BUABI U3MEPEHMI, COMPOBOXKIAIOIINE UX MOTPEUIHOCTH, a

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

Hean pa6orbl: [103HAKOMUTBCS C BUJAMU U3MEPEHUN, U3YUUTh METOJUKY pacuera MOTrpenIHo-
CTell QU3NYeCKUX M3MEpPEHUi W mpaBuia OQOPMIICHHS PE3YJIbTaTOB IKCIEpPHU-
MEHTA.

B ocHoBe ¢u3uKu JexaT SIKCIIepUMEHTAIbHbBIE UCCIIEI0BaHuUs, COMPOBOKIAIOIINECS H3Me-
PEHUSMM.

N3meputh (U3UIECKYIO BEIMUYMHY — 3HAYUT CPABHUTH €€ C OJTHOPOIHOM (pr3nyecKoi Be-
JUYUHOM, MPUHATON 3a eAMHUILY U3MepeHus. Mi3MepeHus ObIBaIOT IPSIMBIMU M KOCBEHHBIMHU.

Ilpsambie n3mepeHust MPOU3BOAATCS C IOMOIIBIO MPUOOPOB, U3MEPSIOIIUX CaMy HCCIIETy-
eMyI0 Beln4uHy. Tak, Maccy Tesna MOKHO OIPEIEIUTh C MOMOIBIO BECOB, IJIMHY — U3MEPUTH
JIMHENKOW, BpEMSI — CEKYHIOMEPOM.

Koceéennvimu Ha3bIBAIOTCS W3MEPEHHUs, B KOTOPHIX 3HAYEHHE H3MEPSAEMOM BEIMYMHBI
HAXOJUTCS MyTeM BBIYHMCIIEHUS 10 (hopmyIie, coaepKallell JaHHble U3MEPEHUN Ipyrux Qpusnde-
CKHMX BEJIMYMH. Tak, INIOTHOCTH BEIIECTBA OMPEIEIAETCS M0 PE3ysIbTaTaM U3MEPEHHUM MacChl U
pa3MepoB Tena.

KauecTBO M3MepeHunil onpenensiercss X TOYHOCThIO, 3aBUCSIIEH OT METOAUKHN W3MEPEHHU,
COCTOSIHUS IPUOOPOB U psijia ClIydaitHbIX (DaKTOPOB, COMPOBOXKIAIOIINX SKCIIEpUMEHT. B o0beme
HACTOSILETo MOcoOus Oy/1eM TOBOPUTH JIMIIb 00 OLIEHKE MOIPEIIHOCTEH U3MEPEHU.

CPEJHEE 3HAYEHUE U3MEPSIEMOM BEJIUNUHUHBI

Cpeonee apughmemuueckoe 3nauenue usmMepAEMoll 6eIUYUHBL OTIPENICISIETCS OTHOILIICHU-
€M CYMMBI BCEX X; U3MEPEHUH K UX YUCIY 7'

xcp :lzxi
e (1)

IIPUMEP 1. ITycth B X0OZ€ UCCIEIOBAaHUS IpoBeeHo 7 = 11 u3MepeHuid mupuHbl / HEKO-
TOPOTO MPOTSKEHHOTO y4acTKa ¢ TOUHOCThIO 10 0,1 M. Pe3ynbTaThl cBeieHsb! B Ta0uILy 1.

Tabauma 1

Ne ommpiTa | 1 2 3 4 5 6 7 8 9 10 11 |cpenuee
LM 80 |79 | 78 | 82 | 85 | 7.8 | 84 | 83 | 7.8 | 82 | 8.2 8,1
Al m 01,0203 }01}04|031|03)02]1)03]0,11| 0,1 0,3

CpenHee 3HaueHHUE MLIMPHUHBI y4acTKa

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

MOT'PEITHOCTH NPAMBIX U3MEPEHU

To4HOCTH U3MEpPEHUM XapaKTEPHU3YeTCsl MOTPEIIHOCTAMH, KOTOPbIE MPEACTaBIAIOTCS a0-
COJIFOTHOU M OTHOCHUTEIILHON OIIMOKAMH.



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

s3] »
B namem ciydae, HaripuMep AJIs IATOIO U3MEPEHUS LIMPHUHBL, I10JIy4aeM
AL =l ~1,|=[8,1-8,5 =04 @
AOGCONIOTHBIE TOTPEIIHOCTH JJISl BCEX M3MEPEHMI IPeICTaBIeHbI B TabuIe 1.
Cpennee 3HaueHUE aOCOMOTHOMN OMTMOKH (ITOTPEIIHOCTH )
1 n
Ax,, =— Z Ax,
nE (5)

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

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

OmnocumenvHan nOZpewtHOCHb X — 3TO OTHOLICHUE CpeJHeH aOCOIIOTHON MOrpeIIHo-
CTH K CpEJHEMY 3HAYEHHIO U3MEPSIEMOI BEIMUNHBI, yMHOKEHHOE Ha 100%:

Ax,
ox =—=2-100%
X

¢ : (6)
MPEJICTABJIEHUE PE3YJbTATOB ®U3NYECKNUX U3MEPEHU

Pe3ynomamul uzmepenuii NOMKHBI MPEICTABIATHCA B KOHIIE OTUeTa KaxI0# JiabopaTop-
HOM paboThI C y4ETOM JOMYIIEHHBIX NOTPEIIHOCTEN B BUJIE:

xz(xcp i_Axcp) 8x=_%. (7)
Jlns paccMaTprBaEMOro IPUMEpA:
F=B120.3) 51 = 4%, @®)

3AMEYAHHE 2. AGConoTHBIE ONTMOKYA U3MEPEHUM, BHITIOJIHEHHBIX B Halel jaboparo-
pYH, OKPYIJISITH B CTOPOHY OOJBIIMX 3HAYCHHWH W TPEACTABIATH OJHOW 3Havamend 1udpoii.
Cpennee 3HaAYCHUIM U3MEPSIEMOUN BETMYUHBI OKPYTJIATH 0 pa3psiaa aOCOTIOTHON OMIMOKH.

HNOTI'PEINHOCTHU UBMEPUTEJIBHbLIX ITPUBOPOB

[TorpenrHoCcTh AIIEKTPON3MEPUTENBHBIX TPHOOPOB ONpPENEeNIeTCs] UX KJIACCOM TOYHOCTH K.
Knacc mounocmu paBeH OTHOIIEHUIO aOCOTIOTHOM MOTpenTHOCTH Ax Tpubopa K mpeeny u3Me-
PEHUS X,p, T.€. K MAKCUMAJIbHOMY 3HAYEHUIO BEIMYUHBI, KOTOPOE MOXKHO M3MEPUTh ITUM IIpH-
6opom. Kimacc TouHOCTH yKa3bIBaeTCsl Ha LIKajie MPUOOPOB B MPOLICHTAX:



k=25.100%. 9)

an

Abconrwomnan nozpewtnocms nPUOGOPa HaxXoAUTCS U3 PEICTaBICHHOTO COOTHOMIEHU (9):

_ k-xnp
100%

(10)

IIPHUMEP 2. IlycTb Klacc TOYHOCTH BOJBTMETpPA PaBeH 1, a ero mpenuesn U3MEpEeHus X,, =
30 B. Torna aGcomoTHast MOTPEUIHOCTh BOJIBTMETPA
_1%-30B

U=-"""2-0,3B. (11)
100%

Ecnu xnmacc TouHocTt mpubopa HE yKa3aH, TO aOCOIIOTHAS MOTPEHTHOCTh MPUHUMAETCS
paBHOM MOJIOBUHE LIEHBI AeeHus mKaibl. Hanpumep, npu u3MepeHun JJIMHBI JTUHEWUKON C MUJI-
JUMETPOBBIMHU JIEJIEHUSIMU MOTPEIIHOCTh U3MepeHus: cocTaBuT 0,5 MM.

3AMEYAHHE 3. llorpemiHOCTh U3MEPEHUS HE MOXKET OBITh MEHBIIE MOTPEITHOCTH HM3-
MEPHUTEIHHOTO Tpubopa.

MOTI'PEITHOCTU KOCBEHHBIX U3MEPEHUI

[lycte QyHKIMOHATHHAS] 3aBUCUMOCTh KOCBEHHO M3MEPSIeMON BEITHMYUHEI ) OT HEMOCPEe/-
CTBEHHO U3MEPSEMBIX BEJTUYHH X; HMEET BU/:
3
X
— 2
y=ax,—, (12)
3
rie a, b, c — xoHcTaHThl. CpeiHee 3HAUCHHUE ), BBIYUCIIAETCS 110 CPETHUM 3HAUEHHSAM X1, X2, X3.

st onpenenennst GOpMyiTbl OTHOCUTEIIBHONW MOTPENTHOCTH KOCBEHHO M3MEpsieMOl BeJH-
YUHBI y CHayasa JorapuMupyroT NpeAcTaBIeHHOE COOTHOIIEHHUE:!

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

3arem audQepeHIUPYIOT MOITYYeHHOE PaBEeHCTBO U, 3aMEHss 3HAKHM MUHYC Ha IUTIOC M 3HAKH
muddepennmana d Ha 3HaKd KOHEUHOTO MPHUPAIIEeHUs A, MOIy4aloT BEIPAXKEHNE OTHOCUTEIBHOM
IIOI'PEIIHOCTH:

=£:Ax‘+3Ax2+2Ax3.

Yo X Xy X3

oy (14)

3nech Axy, Axy, Ax3 — aOCONIOTHBIE TIOTPEITHOCTH | X|, X2, X3 — CPEIHUE 3HAUYCHUS BEITMYUH
IIPSIMBIX U3MEPEHUM.

3Has OTHOCHTEJILHYIO IOIPELIHOCTD 0) U CPEJHEE 3HAYEHHE Vcp, BBIUUCIAIOT a0CONIOTHYIO
MOTPEITHOCTD:

AyZSy'ycp' (15)

OkoHYaTeNnbHBIN PE3YAbTAT 3aIIUCHIBAIOT B BUJIE!



A
y=(y, tAy);  dy="2-100%
ycp . (16)

MMOPAAOK BBIITOJIHEHUS PABOTbI

3aoanue 1. Onpedenumsb nozpeuwtHocmu RPAMbIX UIMeEPEeHUIl

Tabnuya 2. Cuna moka Tabauya 3. Bpems Tabnuya 4. Paccmosinue

No I, A Icp, A AI, A AIcp, Al | No t, c tep, C At, C Atcp, C No l, M Zcp, M AZ, M Alcp, M
1.| 2,1 1.| 6,9 1.| 3,8

2. 1,8 2.1 7,1 2.1 3,5

3.1 1,9 3.1 17,0 3. 4,0

4. | 2,0 4.1 7,1 4. | 4,4

5.1 2,3 5.1 17,0 5. 4,3
1. Ompenenuts no ¢popmyie (1) cpeanee 3HaueHne GU3MUECKON BETUUMHBI, YKa3aHHOU (Tabi. 2

ok

—4) npenoiaBaTeaeM.

Haiit aGCoJIFOTHBIEC MMOTPEUTHOCTH U3MepeHui 1o gpopmye (3).

Breruncnuth cpeanee 3HaueHUE aOCOMIOTHOMN MOTPEITHOCTH, UCTIONb3Ys BhIpakeHue (5).
Paccuntarh OTHOCUTENBHYIO IOTPEUTHOCTh U3MepeHus o ¢popmye (6).

IIpencraBuTh pe3yabTaT usmepeHuil B Buze (7).

3adanue 2. Onpedenumsb NOKA3AHUA U NOZPEULHOCIU UBMEPUMETbHBIX NPUOOPOE

Puc. 1. Boabmmemp Puc. 2. Mecasammmemp Puc. 3. AMnepmemp
Kaacc mouHocmu 1,0 Kaacc mouHocmu 1,5 Kjaacc mouyHocmu 2,0

Omnpenenuts npeaen usmeperus npuodopa (puc. 1 — 3), ykazaHHOTO MpenogaBaTeIeM.
Breruncnuts no ¢gopmyne (10) abconoTHYI0 HOTpEeIIHOCTh yKa3aHHOTO MpuOopa, y4UThIBas
3amanHbid (puc.l — 3) KIacc TOYHOCTH.

Onpenenuth mokaszaHus mpubopa, mosarasi, YTO CTpPEiKa OTKIOHHMIACH MpaBee oTMeTku 40
(puc. 1); 1,5 (puc.2); 80 (puc. 3) Ha 1Ba IEICHUSI.

Paccunrtarh OTHOCHTENBHYIO MOTPEITHOCTH U3MepeHus o popmyie (6).

[IpencraBuTh pe3yabTaT usmepeHus B Buae (7).
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3aoanue 3. Onpedenumsv nOZPeUiHOCMU KOCEEHHBIX U3MEPEHUIL

[TosryuuTh OT MpenoaaBaTeisi OJJHO U3 COOTHOIICHHH (a, 0, B):

bx; bx? cx:

— 2 2 . _ 3 2 . _ 3 3
y=ax; — (a); y=ax;—= (0); y=ax;— (B).

cx, cx, bx,
[Ton0XuTh, YTO KOHCTAHTHI @, O, ¢, CPEIHUE 3HAUYCHUS U3MEPIEMBIX BEJIHYUH X, X2, X3 U a0-
COJIFOTHAS MOTPEITHOCTh AX COOTBETCTBEHHO paBHBL: @ =2; 6 = 3; ¢ =4; x; = 1,0; x, = 2,0; x3
=3,0u Ax;=0,1.
Berauciuth cpeqHee 3HauCHUE U3MEPSIEMOU BEJIMUMHBI, UCIIOJIb3YS 3aIaHHOE COOTHOIIECHHE.
Beruucnuts, cornacHo anroputmam (13) — (15), OTHOCUTENBHYIO B a0COJIFOTHYIO TOTPEIIHO-

CTH KOCBEHHO U3MEPSIEMON BETUYMHBI.
[IpencraButh pe3ynbTaT U3mMepeHus B Bujae (16).

KOHTPOJIBHBIE BOITPOCBHI

. Kakue n3mepenust Ha3pIBalOTCs NPSIMBIMH, 8 Kakue KOCBeHHbIMH? [IpuBecT mpumepsl.

. Kak naiitu cpennee apudmernueckoe usMepeHuu xi, Xz, X3, X4.

. Kak Haxonsarcst abCoNMOTHBIE M OTHOCUTEIBHBIE MTOTPEUTHOCTH MPSIMBIX U3MEPEHU?

. Kak 3anuceiBaeTCcsi OKOHYATENBHBIN PE3YJbTAT MPSMBIX H3MEPEHUMN?

. Uto Takoe Kjacc TOUHOCTH Iprbdopa?

. Kak onpenensiercs abcoyfoTHasI OTPENTHOCTh MPUOOPa MO0 U3BECTHOMY KJIACCY TOYHOCTH.

. Kak onpenensiercss abcoyfoTHAs OTPENTHOCTh OJHOKPATHBIX U3MEPEHUM, TP HEM3BECTHOM

KJIacCe TOUHOCTH Ipubdopa?

. YKa3aTh [10CJIEN0BATEIBbHOCTD ONEPALMA HAX0KICHHS IIOTPEIIHOCTEN KOCBEHHBIX U3MEPEHUN



JlaGopaTtopHnas pabota Ne 1
OIIPEJIEJIEHUE CKOPOCTHU 1I1YJIN

Ileas padorbl: Ha ocHOBE 3aKOHOB COXpAaHEHHS ONPEAEIUTh CKOPOCTb IIyJIH, KECTKOCTDb IMpY-
YKUHBI, IOTEPU MEXAHUYECKON IHEPTHUHU.

Oo6opynoBanne: MoaynbHblil yueOHbIM koMmueke MYK-M1, Bkiatovaromuii npyXKUHHBINA MH-
CTOJIET, HA0OP MyJIb, OAITUCTUYECKUH MasTHUK, TMHEHKY ¢ MUJUIUMETPOBON HIKAJIOMN.

BBEJIEHUE

bajnmucTuyecknii MaSTHUK — 3TO MAacCCUBHBIN LMJIMHIP MAacco M, NOABEIICHHBIM HAa HEBECO-
MBIX HUTAX (pHUC. 1), CHOCOOHBII NBUTaThCs TOJIBKO MOCTYINAaTeabHO. BOMM3M MasTHUKA 3aKperi-
JIEH IPYXUHHBIN NUCTOJET P, cTpensromuii mynssmMu Maccoil m. Ilpu nonaganuu nmynu B Topel
LWINH/PA, 3alI0JIHEHHOTO IUIACTUJIMHOM, IPOUCXOAUT aOCONIIOTHO HEYNPYrHil yaap, mocie Ko-
TOPOTO TeJla ABMKYTCS Kak equHoe Leioe. IIpu 9TOM BBINOJIHAETCS TOJIBKO 3aKOH COXPAaHEHUs
UMITyJIbCa. 3aKOH COXPAaHEHHUS! MEXaHUYECKON SHEPTUU HE BBIIOJIHAETCS, IOCKOJIBKY KHHETHYE-
CKasl DHEPrus IyJIH YaCTUYHO NEPEXOJUT BO BHYTPEHHIOIO SHEPTHUIO.

i

Puc. 1

CuunTasi MasITHUK-ITYJISl 3AMKHYTON CUCTEMO, TPUMEHUM 3aKOH COXPAHEHHsSI HMITYJIbCa:
mov=(m+M)u, (1)

I€ U - CKOPOCTb IyJIU 10 yAapa, u - CKOPOCTh MAasiTHUKA C ITyJIeH cpa3y MocCIe yaapa.

[Ipu cxopocTy 1 MasTHUK 00JIaa€T MaKCUMaJIbHOM KuHeTHueckoil 3Hepruei. Ilo mepe ortkiio-
HEHHUs OT IOJIOXKCHHUS PABHOBECUS MAATHHUK IIOJHMMACTCS OTHOCUTEIBHOIO IEPBOHAYAIBLHOIO
IIOJIO’KEHHUS, a €r0 KHHETHUYECKasi SHEPTUsl MEPEXOAUT B NOTeHIUaNbHYI0. COrjacHO 3aKOHY CO-
XPaHEHUSI MEXaHUYECKOM SHEPruu

(m+ M)’

B =(m+M)gh, (2)

rae & — HauOonblIasi BHICOTA, HA KOTOPYIO MOJHUMETCS MasTHUK, g — YCKOPEHHUE CBOOOJHOTO
nagenus. CrneBa OT 3HaKa pPaBeHCTBA IMpeJCTaBlIeHAa KMHETHUYECKas AHEPrHsl MOCTYMAaTENIbHOTO
JIBUKCHHS] MasgTHUKA Cpa3y IHocie MONaJaHus Mydu (B 3TOM TOYKE MOTEHLUMATIbHYIO SHEPTHUIO
NPUHUMAEeM pPaBHOH HYJIO), a CIpaBa — MOTEHIMAIbHAS DHEPIHsl CUCTEMbl B MOMEHT €€ OCTa-
HOBKHU Ha MaKCHUMAaJIbHOH BBICOTE /1.

Pemras coBmectno ypasaenwust (1) u (2), BeIpasuM CKOPOCTb ITYIIH:
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oM Do 3)

Puc. 2

Taxkum 006pa3zoM, CKOPOCTH IOJIETA MYJIM MOXKHO BBIUYUCIINTH, 3Hasl BBICOTY /1 TIOJJbeMa MasiTHUKA,
KOTOPYIO BBIPAa3UM Ye€pe3 COOTBETCTBYIOIIEE FOPU30OHTAIILHOE CMEIIeHUE (pUcC. 2) MasiTHUKA S.
N3 mpsimoyronbHOro Tpeyroibuuka OA'B cnegyet

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

3nech rae [ — AmuHa HUTH MasTHUKA. PackpeiBas ckoOKU U, mpeHeOperast ciaraeMbIM n, OJIy-

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

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

v:"”Ms\E. 6)
m [

3nech: m — Macca ynu; M — macca, [ — JJIMHAa HATU U S — TOPU30HTAIBLHOE CMEIICHUE Oasliv-
CTHYECKOTO MasATHHUKA; g — YCKOPEHHE CBOOOHOTO MaICHHS.

MNOPAAOK BBIITOJIHEHUS PABOTbI
3aoanue 1. Onpedenums ckopocmu nyib pa3iudHol Maccol

1. 3anumure Maccy M, IIMHY HUTH [ OJIITUCTUYECKOTO MAasiTHUKA M MACChI /m1; MyJb, YKa3aHHbBIC
Ha MOJICTaBKE MOIYJIS.
M= Kr, [= M.

Tabauua 1.

m, 107 | 8,107 | S§.-10° | S=ScSu

0
o N w | qgry | T | BHA | Ak HA O Tl | O/, %

2. 3apsinuTe NPYKUHHBIA MUCTOJIET IMyJIel ¢ HauboJIbIIeH Maccoii.
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3. [loaroToBesTe ycTpoiicTBO N (CM. pHC.l) K U3BMEPEHHUIO TOPU3OHTAIBLHOTO CMEIIECHHS S MasiT-
HHKA.

4. 3anumuTe B Tabnuily | 4YUCIEHHOE 3HaUe€HUE HAYAITBHOW KOOPAMHATHI S, MasTHUKA TIO JIH-
HEWKE OTCYETHOTO ycTpoiicTa N.

5. OcyiiecTBUTE NEPBBIN BHICTPET, HAXKaB IIyCKOBON pblYar MPy>KMHHOI'O IIUCTOJIETA.

6. 3anuIIMTe YUCIECHHOE 3HAYCHNE KOHEYHON KOOPJIUHATHI Syoyy, ONMPEIAETUB €r0 MO JIMHEHKE OT-
CcYeTHOro ycrpoiicta N.

7. BpluncinTe CMEILIEHHE MasSTHUKA MPH OIbITE:

S= SK‘OH - Suaq- (7)

8. ITo popmye (6) onpeaenuTe CKOPOCTh MU U 3aHECUTE PE3yJIbTaT B TAOJIUILY.
9. CornacHo MyHKTaM 2 — 8 ONpelesIuTe CKOPOCTh OCTAIbHBIX MYJIb.
10. Jlomg mynu ¢ HaMMEHbIIEH MAcCOW BBIYMCIUTE OTHOCUTEIBHYIO MOTPEIIHOCTh CKOPOCTH TIO
dbopmyre:

80=ﬂ+A—m+A—S+l-£l, (8)

M m S 21

rae: AM, Al, Am — aGCoMOTHBIE TOTPEIIHOCTH MAacChl M JJIMHBI HUTU OAJTUCTUYECKOTO MasiT-
HUKa, MAcChl MyJIM COOTBETCTBEHHO — B35ITh U3 JAHHBIX Ha CTEHIIE; AS = 10 M — abcomoTHas
MOTPEIIHOCTh CMEIICHHS] MaITHHKA.
11. Berarciure abCOMOTHYIO OTPEITHOCTh CKOPOCTH JIJISL BCEX MYJIb 10 (hopMyJie:

Av=08v-v,,. 9)

12. IIpencraBbTe CKOPOCTH BCEX IYJIb B BUJIE:

v=(v, Av) m/c. (10)

3aoanue 2. Onpedenums Kodgguyuenm sxcecmkocmu nPyHCUHbL RUCMOIema

[Tonaras, yTo moTeHUMAlIbHAS YHEPTUS MPYKUHHOTO MUCTOJIETA MIPU BBICTPEJIE MOJHOCTHIO TIe-
PEXOIUT B KHHETUYECKYIO SHEPTHIO ITYJIH, 3alIUIIEM 3aKOH COXPaHEHUsI MEXaHUYECKOM SHEeprun

2 2
e (an

IJie X — C)KaThe MPY>KUHBI; m — Macca U U — CKOpocTh mynu. OTCro/la BBIPa3uM KECTKOCTh k
IPYKUHBI

k=—roo. (12)

1. Paccuntarh KECTKOCTh NPYKUHBI 110 hopmyiie (12), UCTIOIB3Ys TaHHBIE MAacChl M U CKOPOCTH
v nas Kaxaod nynu. CxaTue X NpyKUHBI IPUHATh PAaBHOMY JJIMHE YacTU Iy, BXOJSAIIEH B
cTBOI mHcToneTa, x = (25+1)-10~ M. Pesynbrars! cBecTH B Tabuumy 1.

2. BeruucauTh cpeiHee 3Hau€HUE )KECTKOCTH MPY>KUHbI
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T (13)
n

M=~ [k, ~k|. (14)

4. IlpencTaBUTh )KECTKOCTh MPYKUHBI B BUjIE, aHamorudHoMm (10).

3aoanue 3. Onpedenumov nomepu MexXaHUYeCcKoll IHEPZUU NPU HEYRPy2om yoape

[Tpu Heympyrom B3auMOAEMCTBUM IMyNU C OAJUIMCTUYECKUM MASTHUKOM YacTh KHHETHYECKON
SHEPrUU MYJH 3a cueT paboThl CHIJI TPEHHS MEPEXOTUT BO BHYTPEHHIOIO DHEPIHIo, Teja Harpe-
BatoTcs. KonmudectBo Tersiorel O, BbIETUBIIEECsS IpU aOCOIIOTHO HEYIIPYTOM yAape Ompesens-
€TCsl Pa3HOCTHIO0 KMHETUYECKUX SHEPTHUH 10 U MOCIie B3aUMOACHCTBHS:

mv®  (m+Mu’
2 2

Q= ; (14)

rjie m —Macca 1 U — CKOpOCTh MyJH 0 yaapa; M — macca Oamunctudeckoro Mastauka. Cko-
pPOCThb © MasiTHHMKA MOCJIE yapa HalIeM 13 3aKOHa COXpaHeHus ummyibca (1)

u=—"_5. (15)
m+M
Torna
2 2
0=[1- m mu” M mo (16)

m+M) 2 m+M 2
Jlons BeIIENMBILErOCs KOJIMYECTBA TEMIOTH () B KWHETUYECKON SHEPTUH Ey ITyJIM COCTABIISET:

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

1. Paccunrare no ¢opmyne (16) morepu MeXaHHYECKOH SHEPrHM MPU HEYHNPYroM yjaape JUis
BCEX MYJb, UCTIOJIH30BABIINXCS B KCIIEpPUMEHTE. Pe3ynbTaTsl cBecTH B Tabiuy 1.

2. Paccumutatp no popmyiie (17) 100 BBIIENUBIIETOCS KOJIMYECTBA TEIIOTH ) B KHHETHYECKOM
sHepruu Ey Mylu 1 3anucaTh B MPOLEHTaX B Tabmuiy 1.

KOHTPOJIBHBIE BOITPOCBHI

1. lath onpeneneHre MMITyjIbca Tena.

2. CchopMynnpoBaTh 3aKOH COXPAHEHUS UMITYJIbCA.

3. 3anmcarb popMyibl KHHETUYECKON M MOTEHIINAILHON SHEPTUH Tea.
4. ChopMynupoBaTh 3aKOH COXpPaHEHHSI MEXaHUYECKON YHEPTHH.

5. JlaTb onpezneneHue yrnpyroro 1 abCoOTHO HEYNIPYToro yJaapoB.

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

8. 3anmcare popMyiTy IOTCHIHUATBHOMN SHEprun Ae)OpMUPOBAHHOMN MPYKUHBI.

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

10. Kakoii Macce My COOTBETCTBYIOT HaHOOJIbIINE TOTEPU MEXaHUUECKOW YHEPTHU U ouemMy?

JlaGopaTopHas pabora Ne 2
N3YYEHUE 3AKOHOB IMHAMUKU HA MASITHUKE OBEPBEKA

Hean pa6orbl: Ha ocHOBE 3aKOHOB AMHAMUKH ONPEACITUTh MOMEHT MHEpIHH MasTHUKAa O6ep-
Oeka, ucciae1oBaTh 3aBUCUMOCTh MOMEHTA WHEPLHH «MAaTepUAIbHON TOYKU» OT PACCTOSHUA 10
OCH BpalleHus.

Oo6opynoBanune: MoaynbHbIH yueOHbIH koMIuieke MYK-M1, Bkimovaromuii mastHrK O6epOe-
Ka, CeKyH/I0Mep, TMHEWKY C MUJUTMMETPOBOH IIKAI0MH, HAOOP IPy30B.

BBEJIEHUE

Mastauk Ob6epbeka cocTout (puc. 1) U3 "yeTblpex CTepKHeW, BBHHYMBAIOIIUXCA B OapabaH 1moj
OpSAMBIM YTJIOM JAPYT K Apyry. Ha cTep»HH MOXHO HaZieBaTh IPy3UKU MACCOU My U YCTaHABIIH-
BaTh MX Ha Pa3IMYHBIX PAacCCTOSHHAX 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 HUTh pa3MaTbIBaeTCs, MPUBOJS MAasSTHUK B PAaBHOYCKOPEHHOE
BpallCHHE.

ITpu »TOM Ha rpy3 m (puc.l) AEHCTBYIOT IBE€ CUJIBL: CHJIA TSAXKECTH

mg W cuiia HaTshkeHus HUTU T . PesynbTupyomas 3THX CHII CO-

o0IaeT rpy3y yckopeHue d. B mpoekuusx Ha HalpaBJeHHE JIBU-
JKEHUs BTOpOU 3akoH HploTOHA F' = ma npuHUMAaeT BUL:

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

3nech yureHo, uro 71=7>=T, Tak KaK Cuja HaTsHKeHHs | TepeiaeTcsi HUThIo OT rpy3a (puc. 1)
K IIKUBY, ¥ COTJIACHO TpeTheMy 3akoHy Hetotona 7, =—1, a MOAYJIM 3TUX CHJI PAaBHBL.

Cuna T,, nefictByromast Ha KuB (puc.l), co3maer BpaarIni MOMEHT
M=T-r, (2)

rae » — paauyc mkuBa (puc.l). Ilox nelictBuem Bpamaromero MoMeHTa MasTHUK OOepOeka
npuolperaeT yrioBoe yckopenue . [To ocHOBHOMY 3aKOHY TWHAMHMKH BPalaTeIbHOTO JIBUXKE-
HUS:

M=1IB. 3)

3nech [ — MOMEHT MHEPLUH MasATHUKA OTHOCUTENbHO ocu O BpallleHus, SBISAIOLIUNCA Mepoi
MHEPTHOCTH TeJja IIPU BPALIEHUH (QHAJIOT Macce Tella IIPU MTOCTYNATEIbHOM JIBUKEHUN ).
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MOMEHT HHEPLMH 3aBUCUT HE TOJIBKO OT MAacChl T€NIA, HO U OT €€ PacIpelelIeHHs] OTHOCUTEIbHO
ocu BpaieHusd. Harmpumep, uist MatepruaabHON TOYKM MAacCOM 11, BpaLAOLIENHCs 110 OKPYXKHO-
CTHU paauyca R, MOMEHT uHepuuu [ = mo R

MowmenT nnepnun MasTHuka O0epOeka HaliieM U3 COBMECTHOTO perieHus ypaBaenuii (2) u (3) ¢
ydeToM cooTHomeHus (1) 11 HaTsbkeHuss HUTU 1" U CBSI3U YIJIOBOI'O YCKOPEHMSI C TaHT€HIIUANb-
HBIM 3 = a/r:

I =mr’ (E—lj. (4)
a
YckopeHre a BeIpa3uM U3 (GOPMYJIBI MYTH JJII PABHOYCKOPEHHOTO JIBWKCHHs 0e3 HadaabHOU
CKOPOCTH
at® 2h
h=—= a=—, 5
2 t? )

rae 4 — paccTosiHue, poiiAeHHoe rpy3oM (puc.l) 3a Bpems ¢.
Torna pabouast ¢popmyna i BRIYHCICHUS MOMEHTa WHEpUUHU MasTHHKa O0epOeka mpUHUMAeT
OKOHYATEJIbHBIN BUJ:

t2
I =mr’ & . 6
o (6)

3necs m — macca (puc.l) rpysa, » — paguyc IIKMBa, g — YCKOpEeHHUE CBOOOIHOTO MAJACHHUSI, ¢ —
BpeMsi, 33 KOTOPOE I'PY3 OMYCTUTCS C BBICOTHI /1.

HOPAJOK BBIIIOJIHEHUA PABOTbBI
3aoanue 1. Onpedenumo momenm unepyuu maamuuxa Qbepoexa

1. CasTh rpy3uku (puc.l) Maccol my co CTepKHEH.
2. 3armicaTth paJnychl Majoro U OOJBIIOr0 IMIKUBOB, YKa3aHHbBIC Ha mojcTaBke momyisi MYK-MI, B

Tabmuy 1.
3. 3anmcarb, 3aJaHHOE MPENOJaBaTeNeM 3HaUYEHUE MACChl 711 TPYy3a U BBICOTY /.

m= Kr, h= M.
Tabmuma 1
o 1,107 | 1,107 | AL107 | ALy, 10°
No | 107 m t, C t, C 3, C tep, © . e KM 3 M
1.
2.

4. BKIIIOUHTH JIEKTPOHHBIN CEKYHIOMEP M YCTAaHOBUTH pexxuM Nel ¢ paboTarommum TOPMO3HBIM
YCTPOMCTBOM.

5. YcTaHOBUTH 3a/1aHHYIO BBICOTY /1 Tpy3a. JjIst 3TOro OTKII0YUTH TOPMO3HOE YCTPOMCTBO Oapa-
0aHa, yaepKuBasi B HA)KaTOM ITOJIOKEHUH KHOTIKY Ha nojcraBke MYK. Bpamas pykoit MasTHUK
IPOTUB YaCOBOM CTPEJIKM, HAMOTATh HUTh Ha MaJIblid MIKUB. OTIYCTUTh KHOIIKY.

6. OnpenenuTh BpeMs ¢ IPOXOXKACHUS TPY30M BBICOTHI /1, HaxaB KHONIKY «Ilyck» cexyHaomepa.
B MOMeHT ocTHXKEHUs Ipy30M HUXKHEW TOUKHM CEKYHIOMEpP OCTaHOBMTCS IO CUTHAIly (OTOJAT-
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yuka @ (puc. 1) u cpaboraetT TopMO3HOE ycTpoicTBO. [lokazaHusi cekyHaomMepa BHECTH B Ta0-
muny 1. OneIT npoaenaTs TpU pasa.

7. Paccuntath MOMEHT HHepuuu MasiTHHKa O0GepOeka o Gopmyie (6), HCTIONb3Ys CpeaHee 3Ha-
YeHHEe BPEMEHH, U 3aHECTHU pe3yNbTar B Tabiuiy 1.

8. Ilpoxenats m.m. 4 — 6, HAaMaTHIBasi HUTH HAa OOJIBIION IIKUB.

9. BerunciauTe cpeaHee 3Ha4€HHUe MOMEHTA UHEPIIUU

_L+,

=" (7

10. BeraucauTsb abCONMIOTHYIO MOTPENIHOCTS MOMEHTAa MHEPLUU MasTHUKA JUISl KaXKIO0ro U3Mepe-
HUS:

-1} (8)

Y HalTH CPEIHIOI0 a0COIOTHYIO MorpemHocTh Al aHanoruvHo (7).

11. BIYHCIUTD OTHOCUTENBHYIO IOTPEUTHOCTh MOMEHTA HHEPIIMH MasATHUKA 10 popMyJIe:

81=;£-100%. (9)

cp

12. IIpeacraBUTh MOMEHT UHEPLIUU MAsTHUKA B BUJIE:

I=(I,xAl) keM’, 3I=__%. (10)

3aoanue 2. Onpedenums 3a6UCUMOCHLL MOMEHMA UHEPYUU 2PY3UKA
Om paccmosHUs 00 OCU 8PAUEHUS.

1. 3ammcars paanyc 7 MaJoro MIKUBa, MAacCy M 3aKPEIUIsIeMOr0 Ha KaXJbIi CTepKEHb TPY3UKa,
Maccy m rpy3a, MOABEIIEHHOTO K HUTH (pHC.1) U BBICOTY /.

r= M, my= KT, m = Kr, h= M.
Tabmuma 2
] ] L1077 | Lyens 107 | Lyeop, 107
Ne | R-10%wm | RE10°M% | f1,c | tc | f3,¢ teps © ) ) meop>
KI''M KI'"'M KI''M

Rl Bl Rl Il

2. 3akpenuTh MO OJHOMY TPY3MKY Maccoil my Ha MEpPBOM OT OCH BpAIEHHS PUCKE KaXKI0ro
CTEPXKHSI.

3. PaccrosHue R (puc.l) oT ocu BpallleHUsl 0 LIEHTpa I'py3uKa my ONPEIENIUTh NpU MOMOILU
HAHECEHHbIX Ha CTEPXKHU JEJIEHUH (pUCKH), yKa3aHHOTO Ha nojcTraBke oAyt MYK-M1 nuamer-
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pa UMJIMHPA, B KOTOPBIM BKPYUHBAIOTCA CTEPKHHU U JUAMETPa CaMOTo Ipy3uKa my. 3HaueHue R
BHECTH B Ta0OnHIy 2.

4. YcTaHOBUTD 3a/laHHYIO BBICOTY /4 Ipy3a.

5. Ompenenuth BpeMs ¢ OMyCKaHUS Tpy3a U 3aMucaTh ero B Taduuiy 2. ONbIT MPoJenaTh TPU pa-
3a.

6. Paccuntath MOMEHT uHepHHH 10 hopmyse (6), UCIIONB3ys cpeaHee 3HAYCHHE BPEMEHH, U 3a-
HECTH pe3yNbTaT B TaOIUILy 2.

7. llepeMemniasi Tpy3uKH 11y BAOJb CTEPIKHEHN Ha J[BA JEICHUS, BBITIOIHATH M. 3-6 (BCETo IS Tsi-
TH 3HAYCHHH R).

8. BBIUKCIUTH SKCTIEPUMEHTAIILHO OIPEICTICHHBI MOMEHT UWHEPILIUU OJTHOTO TPYy3HKa

L, =—-—, (11)

rne /; — MOMEHT MHEPIUU MasTHHKA C TPY3MKaMHU JUISI KaXIOTO PacCTOSHUSA R; [ — MOMEHT
MHEPIUHU MasiTHHKa 0e3 Tpy3UKOB U3 3a1aHus 1.

9. INocTponTh TpauK 3aBUCIMOCTH MOMEHTA MHEPLUH [y, TPY3UKA OT KBA/IpaTa PACCTOSIHUA R
JI0 OCU BPALICHHUS.

10. Ucnonw3ys 3HaueHus adbcontotHoi norpeurHoctu A/ (8), mokas3ats Ha rpaduke HHTEpPBAJIbL, B
KOTOPBIX JIEKAT UCTHHHBIC 3HAYCHUS Loy

3aoanue 3. Paccuumamo momenm unepuyuu Mamepuaﬂbnoﬁ mouKu

N3BecTHO, YTO MOMEHT MHEPIIMU MATEPHATIBHON TOYKHA MAacCOi my, BpAIIAIOLIECUCs 110 OKPYKHO-
CTH paauyca R, onpezensercs o popmye:

I. =mR. (12)

1. Beruncauth MOMEHT MHEPIMU MaTepUanbHON TOUKH 1o dopmyse (12) misa Tpex 3HaueHHH R,
COM3MEPUMBIX C JUIMHOM CTEP:KHEM, IoJiaras, 4ro moy — Macca rpy3uka Ha crepxkHe. /laHHbIe 3a-
HECTH B Ta0nHIry 2.

2. IlocTpouTh TEOPETUYECKU 0KMJIAEMYIO 3aBUCUMOCTh MOMEHTA MHEPLHMHM MasTHUKA MaTepH-
aNbHO TOUKH OT R® HAa TOM K€ PUCYHKE, UTO U IPpadUK SKCIEPUMEHTATBHO MOTyIEHHON 3aBH-
CUMOCTH U1 OHOTO Tpy3uka. (Cwm. m. 9 3ananus 2).

KOHTPOJIBHBIE BOITPOCBHI

. Kakue cunbl 1eiiCTBYIOT Ha ONYCKAKOUIUKACS Tpy3 Maccoit m?

. ate popmMynupoBKy U 3anucaTh GopmMyily BTOporo 3akona HproToHa.
. JlaTp onpeneneHne MOMEHTA CHJIbI.

. UTo moHMMaeTcs O MIEYOM CHITBI?

1
2
3
4
5. Yka3aTb MOMEHT CHJIbI, 00€CIIeunBaloNIHii BpameHne MmasiTauka Ooepoeka.
6. B ueM cocTout pusnuecknii cMpIica MOMeHTa HHepHHH Teja? OT KaKuX BEJIMYMH OH 3aBHCHUT?
7. UTo noHMMaeTcs Mo MOMEHTOM MHEPIIMU MaTepUATIbHOM TOUKHU?

8. ChopMynupoBaTh OCHOBHOM 3aKOH JTUHAMUKH BPAIIATEILHOTO JBUKCHUS.

9. Yka3aTp CBS3b YIJIOBOI'O U TAHT€HLUAIBHOI'O YCKOPEHUS 000/1a IIKUBA.

1

0. BeiBectu pacuetHyto popmyiy (6) MOMEHTa HHEPIIHH.
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11. 3aBucuT 1M MOMEHT MHEpIUH MasTHUKa OOepOeka OT paanyca IIKWUBA, HA KOTOPHIA HaMa-
ThIBA€TCA HUTH, U MAaCChI ITIOJABCIIICHHOI'O rpy3a?

JlaGoparopnas pabora Ne 3
W CCJIEJJOBAHME DJEKTPOCTATUYECKHUX MOJIEN

Heasb padorbi: M300pa3uTh 31€KTPOCTATHYECKOE MOJIE MPHU MOMOIIHM CHUJIOBBIX JMHUN M SKBH-
NOTEHLIUAIBbHBIX MOBEpXHOCTEN. ONpenennuTs HaPSHKEHHOCTD MOJIA B 3a/1aH-
HOW TOYKE II0JIS U €r0 HalpaBJICHUE.

O6opyaoBanue: DIESKTPOIUTHIECKAss BAHHA, BOJIBTMETP, HA0OP JIEKTPOIOB.
BBE/IEHUE

Besikuii HeMmOABYOKHBIN 3apsifi CO3JAa€T B OKPYKAIOIIEM MPOCTPAHCTBE JJIEKTPUUECKOE
moJie, MpencTaBisonee codoit ocodyo dopMy cymiectBoBanus Matepun. OTHO U3 OCHOBHBIX
CBOMICTB SJICKTPUYCCKOTO ITOJIA 3aKJIFOYACTCA B TOM, UTO HaA 3apsn, HOMCH.ICHHBIfI B JIIO6yIO TOY-

Ky moJisa, nerctByer cuia F. CHIOBOM XapaKTEPUCTUKON AJIEKTPUYECKOTO TMOJA SIBISETCS

-

HaIpsKEHHOCTh E.
HanpspkeHHOCTh MOJIA B TaHHOM TOYKE — BEKTOpPHAs BEJIMYHMHA, OINpeaessieMasl CUJIou,
JIEUCTBYIOIEH HA €IMHUYHBIN MTOJOKHUTEIBHBIN 3aps]l, TOMEIEHHBIN B JAHHYIO TOUYKY IMOJIS:

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

HanpspkeHHOCTD 37eKTPUYECKOT0 MoJIsl, 00pa3yeMoro cucTeMoi 3apsa10B, 3aBUCUT OT:
1. BeIUYHUHEBI 3apsAa0B, CO3AA0OIINX ITOJIC;
2. TPOCTPAHCTBEHHOT'O PACIIOIIONKEHUS ITUX 3aPSIO0B;
3. KOOpIMHAT TOYKH HAOIIOJCHUS B dJEKTPHUUECKOM TIOJIE;
4. cpenpl, B KOTOPOH CO3/IaHO JIEKTPUUYECKOE TOJIE.
B mpocreiiniem ciyyae 1mossi TOYEYHOr0 3aps/ia BEKTOP HAMPSHKEHHOCTH OMNpeeNiieTcs
BbIpaXXEHHEM

F__4 T
E - (10.2)

T 4megg 12
I'ne: g — BenmuunHa 3apsaa , KOTOPbIA CO3/1a€T MOJIE;
- paiyCc — BEKTOP, HAIIPABJICHHBIA U3 TOUKHM HAXOXKIEHUS 3aps/ia B TOUKY HAOIIIOJEHH S,
€0 - DIIEKTpUYECKasi mocTosiHHas B cucreme CU , g, = 8,85 * 10™% ®/m;
8 - OTHOCHUTCJIbHAas ,Z[I/IE)J'ICKTpI/I‘-IGCKaH HpOHI/IHaeMOCTB Cpe,Z[BI.

I'paduuecku 3reKTpUUYECKOE MOJIE MOXKET OBITh M300pPaKEHO B BHUJE COBOKYITHOCTH CH-
JOBBIX JIMHUW. JIMHUA, B KaXXIOW TOYKE KOTOPOM BEKTOP HANPSKEHHOCTU HAIPABIICH IO Kaca-
TEJIbHOM, TPOBEJCHHON B 3TOM TOYKE, HA3bIBAETCA CUJIOBOM JuHUEeH. Hanpasienue cuinoBoil jau-
HUU B Ka)KJIOM TOYKE JIEKTPUYECKOTrO IOJIs COBIANAET C HAIIPABICHUEM BEKTOPA HAIPSKEHHO-
CTH B 9TOU TOYKe. CUIIOBBIE JTMHHUH JIEKTPUYECKOTO IMOJIS SABISAIOTCA HE3aMKHYTBIMU KPUBBIMH,
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IpUYEM T'YCTOTa UX B OKPECTHOCTH JIFOOON TOYKHM TOJISI XapaKTepu3yeT 3HaUeHUe HapsIKEHHO-
CTH 3JICKTPUUECKOTO OIS B 3TOM TOUKE.

DHEPreTU4ecKor XapakTepUCTUKOW AIEKTPUUECKOTO MO siBIsgeTcs noteHuuan ¢. Ilo-
TEHIMAJIOM 3JIEKTPHUUECKOro MOJs B JaHHOW TOYKE Ha3bIBaeTCs (U3MUYECKas BEJIMYMHA, pPaBHAs
MOTEHLIUAJIbHONW SHEPTUU €IMHUYHOTO MOJIOKUTEILHOTO TOYEYHOTO 3apsi/ia, TOMEIIEHHOTO B 3Ty
TOYKY ITOJIA:

¢=Il/q, (10.3)

rae: [ — noreHunanbHas sHeprus 3apsia q.

[ToTeHnman 3IEKTPUIECKOTO MOJIS B O0IIEM CiTydae MPOU3BOJILHOTO pacIlpe/ieeHus 3a-
PSIOB, CO3MAIONINX TOJI€, 3aBUCUT OT BEIIMYUHBI 3apsjia, €ro KOH(Urypaum, KOOpJAHMHAT TOUYKH
HAOIIIOICHUS U DJIEKTPUYECKUX CBOWCTB Cpe/bl. B 4acTHOCTH MOTEHIIUAN TOJS TOYEYHOTO 3apsi-
J1a HAXOJAUTCS U3 BBIPAKEHUS

q
QY = m (104)

B m000M 351eKTpOoCTaTHYECKOM 0JI€ MOXKHO BBIJEIUTH COBOKYITHOCTH TOUYEK, B KOTOPBIX
3HauY€HHE MOTEHIMala OANHAKOBO, T. €. (p=const. ['eoMeTprueckoe MECTO TOYEK B KOTOPBIX IO-
TEHIIMAJI OJWH M TOT K€, Ha3bIBACTCSI SKBUIIOTEHIIMAIBLHON MOBEPXHOCTHIO, TaK Kak padboTa 1Mo
nepemenieHuto 3apsaga A = —All, To paboTa 1o mepeMeneHnIo 3apsiia BIOJIb SKBUMOTCHIIUATb-
HOM IIOBEPXHOCTH paBHA HYJIIO.

PaccmoTpuM B3anMHOE pacnoioKEHUE CHIIOBBIX JTUHUN M SKBUIIOTEHIIMATIBHBIX TTOBEPX-
Hocrerr (puc.10.1): PQ — skBunoTeHManbHas nmoepxuoctb, KL — cunoBas auaus. PaboTa mo
MepeMENICHUIO 3aps/ia  BIOJIb SKBUIIOTCHIIMATHHOM MTOBEPXHOCTH Ha pacCTosHUE dl paBHA HY-
10, HO

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

4 Ortcrona yroiu (E El)) =m/2, T.e.CHJIOBBIC TUHUH NIEP-
NEHAUKYJISAPHBI SKBUITOTEHIUAIBHBIM TTOBEPXHOCTSIM.
DNeKTpUYECcKoe ToJie, TaKUM 00pa3oM MOXXHO H300paxaTh
HE TOJIBKO KapTUHON CUJIOBBIX JIMHUHI, HO U COBOKYITHOCTBIO
Q 5 A SKBUIOTEHIMATIBHBIX TOBepXHOCTEH. O0a 3TH n300paskeHus
Prc. 10.1 B3aMMHO CBsI3aHbl. B KaxgoM moje BbIOMparOT u3 Oecko-
HEYHOTO MHOKECTBA HKBUIMOTEHIMAIBHBIX MMOBEPXHOCTEH
TakMe TI/Ie Pa3HOCTh MOTEHLIUAIOB MEXAY JIBYMsI COCEIHHUMH MOBEPXHOCTSAMHU OJIuHaKoBa. Ha

puc. 10.2 npuBOAUTCSA B KauyeCTBE MpUMeEpa IJIOCKOE ceue-

(P5 HHUEC OKBUIIOTCHIHAJIBbHBIX HOBerHOCTeﬁ I10JI1 TOYCYHOI'O
%, 3apsaa

~0rE Oy —
" (P1-02% 92 —03)

Mexny CUII0BOM U SHEPreTUYECKOM XapaKTepUCTU-
KAaMH DJIEKTPOCTATUYECKOTO II0JISI CYLIECTBYET CBS3b

E= —grad g (10.5)

Puc. I0.2 19



I'paguentom morteHnuana grad ¢ Ha3bIBae€TCS BEKTOpHAs BEJIMYMHA, PaBHAsl MPOU3BOI-
HOU MOTEHIIMAaJIa MO HAPABJICHUIO BJIOJIb HOPMAJIM K SKBUIOTEHLIIUAILHON TOBEPXHOCTH:

grad ¢ =i—f n, (10.6)

rae: - 71 €IMHUYHBIA BEKTOP HOPMAJU JKBMIIOTEHIUATILHOM MOBEPXHOCTH. 3HAK MHHYC B (op-
myne (10.5) ykas3piBaeT Ha TO, YTO BEKTOp HAIPSHKEHHOCTH HAIpaBjeH B CTOPOHY HamOoiee
OBICTPOTO YOBIBAaHHUS MMOTEHITHATIA.

[lenpro HacTOsIIEH pabOTHI SBISETCS UCCICIOBAHHE SJCKTPUUSCKUX TIOJEH, co3aBae-
MBIX 3apsaMH, pacHpeeIeHHBIMU Ha TellaX Pa3IMYHBIX KOHQUTYpAUW MPU Pa3TMIHOM HX
pacIONIOKEHUN JPYT OTHOCHTENhHO apyra. [lomoOHast 3amada BCTaeT MpU KOHCTPYWPOBAHHUH
DIIEKTPOHHBIX JIAMII, KOHACHCATOPOB, CUCTEM (DOKYCHPOBKHU IJIEKTPOHHBIX MyYKOB H T. ., KOT/a
HEO0OXOUMO 3HATh 3HaYEHHE OCHOBHBIX XapaKTEPUCTUK SJIEKTPUUECKOTO OISl B TPOCTPAHCTBE
MEXy 3JIEKTPOJAMH CII0KHON (OPMBI.

AHaJIOTUYHBIN pacyeT MoJIel yAaeTCsl TOIBKO ISl CAMBIX TIPOCTHIX KOHPUTYpAIHil dJIeK-
TPOJOB U B 0OIIEM ClTyyae HE BBIIOJIHUM, IO3TOMY CJIOXKHBIE SJIEKTPUUECKHE MOJIS UCCIIEIYIOTCS
SKCIIEPUMEHTANbHO. 71 uX U3y4eHHs MPUMEHSETCS METO MOJEIMPOBAHUS AIEKTPOCTaTHYe-
CKOTI'O TOJIS B QJIEKTPOJIUTUUECKON BaHHE.

Pacnipenenenue norenuuana B cpejie, o KOTOPOi TE€UET TOK, MOKHO CIeIaTh MaJo OT-

JUYAIOUIUMCS OT paclpeesieHHs MOTeHIIMAJIA B 3JIEKTPOCTATUUECKOM I10JI€; U3MEPEHUS JKe T0-
TEHLIMAaJIa B IPOBOAILICH CpeJie - HECIOKHasA SKCIIEpUMEHTaIbHAs 3a/1a4a.
Kak u3BecTHO, B MpoBOIALIEH cpesie MPU MPOXOKACHUHU 110 HEil TOKa HET 00BbEMHBIX AJIEKTpUYe-
CKHX 3apsJl0B, Onaronapsi yemy HaOJII0JaeTCsl MOJIHA UACHTUYHOCTD 3JIEKTPOCTaTUYECKOTO MO-
JS1 U JIEKTPUUYECKOTO MPH HAJIMYUU TOKOB B OJHOPOJHOM IMPOBOJHHMKE. JTO MO3BOJISET 3ame-
HUTh U3yYEHHUE DJIEKTPOCTATUYECKOTO IMOJIsI, CO3aBAEMOT0 CHUCTEMOM 3apsKEHHBIX TeN, U3yde-
HUEM 3JIEKTPOCTATUIECKOTO TOJIS MPH HAJIMYUU TOKAa B CIA0OMPOBOMSIIUX dJeKTponuTax. [lpu
nojiaue Ha 3JEKTPOAbl MOCTOSHHOTO HAIPSKEHUsT BO3HHUKAIOT 3JIEKTPOJIM3HBIEC SIBJICHUS, KOTO-
pbIe CIIOCOOHBI BHECTH 3HAYUTEIHLHBIC UCKAKEHUSI B KAPTUHY IOJISA, TO3TOMY NP HCIIBITAHUSIX
Ha JIaDOpaTOPHBIX YCTAHOBKAX HMCIIOJIB3YIOT IEPEMEHHOE HAMPSHKEHUE.

MeTtoa MoenupoBaHUs OCYIECTBISIIOT CIEAYIOIUM 00pa3oMm:

a) NP MOMOIIY CUCTEMBI AJIEKTPOJIOB OTpeeTIeHHON (hOPMBI, KOTOPhIE B HEKOTOPOM MaciiuTade
BOCIIPOM3BOSAT PACIOJIOKEHHUE IJIEKTPOJOB B PEAIbHOM CIIy4yae, CO3Jal0T AJIEKTPUIECKOE TOJIE;
B) Ha 3JIEKTPOAbI MOJAI0T HanpspkeHue. [Ipu aTom Mexay anekTpoaaMu o0pa3yercs IeKTpuye-
CKOE T0JIe, OTJINYAIOIIEECs OT MOJIS B PEabHOM CIIydae MO YUCIOBBIM XapaKTEPUCTUKAM, HO C
TOYHOCTBIO /10 MacIITaba COBMAAAIOT C HUM MO KOH(PUTypaIuu;

B) B IPOCTPAHCTBO MEXAY AJIEKTPOJIaMU BBOJST 30H/] — TOHKYIO METAITTMYECKYIO ITPOBOJIOUKY,
CBSI3aHHYIO TPOBOJHHUKOM C TPHOOPOM, HM3MEPSIONIUM TOTEHIIUAT B JAHHOW TOYKE TMOJIS.

Onucanue yCTAaHOBKH M METO/A M3MepeHM

B BaHHY, M3rOTOBIIEHHYIO W3 MaTepuaia C XOPOUIMMH 3JIEKTPOU3OJSALMOHHBIMU CBOM-
CTBaMHM, MOMEILAIOT METAJUIMYECKUE 3JIEKTPOJbI, MEXIY KOTOPBIMU HCCIEAYyIOT mose. Banna
3aM0JIHEHA KUAKUM 3JIEKTPOJIUTOM, MPOBOAMMOCTh KOTOPOTO Malia M0 CPAaBHEHUIO C MPOBOIH-
MocThi0 MeTayuia. Ha anektpoasl nogatot HanpsbkeHue U ¢ KileMM MOHMKAoIEero TpaHcdop-
MaTopa.
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Puc. 10.3

C 1omMouip10 BHECEHHOI'O B IIPOM3BOJIBHYIO TOUKY MCCIIEyEMOro 110151 30H]1a 3 olpejie-
JSI0T 3HaY€HHME PA3HOCTU MOTEHIUAIOB MEXIY O, U BbIOpaHHOH Toukoi noius A; (puc. 10.3),
3aTeM , IepeMenias 30H]1, OTBICKUBAIOT COBOKYITHOCTh TOYEK MOJIS C OJMHAKOBBIM MOTEHIINATIOM.
CoBokymHOCTh TOYeK A; (1=1,2,8) NeXHUT Ha OJHOU SKBUIIOTEHIIUATLHON MOBEepXHOCTU. CUn-
Tas @3,=0 TmOKa3aHMsA BOJBTMETPA NPMHUMAEM 33 3HAYCHHS MOTEHIMAIA MCCIENYEMOH MO0-

BEPXHOCTH.
IHopsinok BbINOJHEHHUS PadOTHI.
3ananme 1.

1. YcTaHOBUTH B 3JIEKTPOIMTHYECKON BAHHE CUCTEMY 3JIEKTPOJIOB, UMUTHPYIOLIIUX TOUEUYHBIE
3apsi/ibl TaK, YTOOBI OHM HAXOJMIJIUCH APYT OT Apyra Ha pacctosHuu 10...15 cMm o ocu Y , cum-
METPUYHO OcH X.
2 . BkitouuTh ycTaHOBKY. [Iporpers BOIbTMETp, BRIOPATH MIPEIeT U3MEPEHHUs BOJIBTMETPA, YTO-
ObI U3MEpEeHUS MTOTEHIMAaIa MOKHO OBLIIO BECTH BO BTOPOM MOJIOBUHE IKAJIBI.

3. HaiiTu reomeTpryeckoe MECTO TOYEK OAMHAKOBOIO ITOTEHIMANA JIJIsl 3HAYEHUH ITOTEeHIa-
ma ¢; =0,1;3;5;7;9;B.
ITocTpouTh CEMEUCTBO DKBUIIOTEHIIMAIBHBIX IOBEPXHOCTEU

01 =0, ¢, =1B,...... , P = 9B.
[1o nosry4eHHBIM SKBUIIOTEHIMAIBHBIM IOBEPXHOCTSIM OCTPOUTH IPUMEPHOE PACIPEEICHUE
CUJIOBBIX JIMHUM MOJIS.
4. ITpoBecTu HUcciienoBaHue Kak B 1. 3 J1J1s MOJIEH:
a) MoJie CUCTEMbI: TOUEUHBIHN 3apsij - MPOBOAALIAS MNIOCKOCTD;
0) 1moJIe IOCKOTO KOHIEHCAaTOopa.
3aganue 2.
1. VYcraHoBUTH B 3aKMMaxX BaHHbBI CUCTEMY 3JIEKTPOJOB, UMUTUPYIOIIHUX MOJE LUJIUHIPH-
4eCKOro KOHJIEHCAaTopa.
2. CHSATb 3aBUCUMOCTb IOTEHLIMAJIA () OT PACCTOSHMS I' OT OCHU AJIEKTPOJIOB B TOUKAX
ri=2;3;4;5;6;7;8;9;10 cm
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3. PesynwTaTel u3mepeHuit 3anectu B Tab. 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=0¢), ¢=q¢(nr)

5. Bwigecmu meopemuyecKkyro 3a8UcCUMOCMb NOMEHYUANA OM PACCMOAHUS 05 NONS YULUH-
Opuyecko2o KoHoencamopa. /s 661600a 60cnonv306amuvcs meopemou Iaycca u cés3v10
HANpANCeHHOCmell U NOMEeHYUa108.

6. Cpasnumbs 6U0 IKCNEPUMEHMANbHBIX U paciemHulx 3asucumocmeti ¢(r); ¢( In r). Coe-
J1ambs 8b1600.

KOHTPOJIBHBIE BOITPOCBHI

1. JlaiiTe onpeneneHre NOHATHS. « DINEKTPOCTATUUECKOE TIOJIE ».
2. YKaXXuTe OCHOBHBIE XapaKTEPUCTUKH JIEKTPOCTATHUECKOTO TOJIS.
3. Hanumure BelpakeHHe ISl HAXOXKICHHS HAMIPSHKEHHOCTH U MTOTEHIIMAJIA MOJIsl TOYEYHOTO 3a-
psana
4. Y10 Ha3bIBAETCS CUJIOBOM JIMHUEH 3JIEKTPOCTATHYECKOTO MOJISA.
5. Moryt 11 nepecekaTbCsi CUIIOBBIE JIMHUHU AJIEKTPOCTAaTUYECKOTO OIS ?
6. Chopmynupyiite Teopemy ['aycca B aJeKTpocTaTHKE.
7. Kak ucnons3zoBars Teopemy ['aycca s pacuera mosei:
a) IJIOCKOI'0 KOHJEHCcaTopa,
0) HMJIMHIPUIECKOTO KOHeHcaTopa?
8. Kakoe mose Ha3bpIBaeTCsl OTHOPOAHBIM TTOJIEM?
9. Kak, 3nas 3aBucumMocTtb (1), HaiiTu pyHKIHIO E(1)?
10. Kak, 3nas pynkmuto E(r) HaliTu 3aBUCUMOCTB ¢(T).
11. Jlokaxkute, 4TO CUIIOBBIE JIMHUM SJIEKTPOCTATHUECKOTO MOJIsl EPIEHANKYIISIPHBI 9KBUIIOTEH-
[[AAJbHBIM TOBEPXHOCTSIM.
12. O6bacHUTH HEOOXOAUMOCTh TPUMEHEHHUS B CXEME U3MEPEHUI BEBICOKOOMHOT'O BOJIBTMETPA.

JIMTEPATYPA

1 CasenbeB 1.B. Kypc o6me#t pusuku. T. 2. . 1.
2 3ucman I''A. Togec O.M. Kypc obmeti ¢pusuxu. T.2. 1-3, 5-8.
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JlaGopaTtopHnas padota Ne 4
W3YUEHUE JEKTPUUECKHX HENEN MOCTOSHHOT'O TOKA

Henpr paGorpi: OBIafeTb METOJAMH H3MEPEHUS D3JEKTPUUECKUX BEJIUYMH C ITOMOIIBIO
aMIepMeTpa, BOIbTMETpa, ocIiuiorpada.

Oo6opynoBanue: VcToyHuk TOKa, HAOOP CONMPOTUBIICHHH, MOCT TIOCTOSIHHOTO TOKa, TEHEPaTOp
MOCTOSTHHOTO HaIPsHKEHUs, ocuusuiorpag.

BBEJAEHUE

N3mepenne HeM3BECTHOTO COMPOTHBIIEHHS
¢ MOMOUIBI0 BOJIbTMETPA M aMIiepMeTpa

DOKCHEPUMEHTAIBHO YCTAHOBJIEHA 3aBUCUMOCTh CHJIBI TOKa [, TEKyIIEro 1o
METaJUIMYeCKOMY MTPOBOIHUKY, OT HanpspKeHus U Ha KOHIAX MPOBOAHUKA!
U
1= i 3akoH Oma /I ydacTKa IenH,

rae R — 3JIeKTpUYecKoe COMPOTUBICHNE IPOBOIHUKA.

R, « : ] Ucnonp3yst  pabouyro  dopmymy R:%, MOYHO

OTIPENCTUTh BEIMYMHY CONPOTUBICHUS R JUISI HECKOJIbKHX
% /;/\ U 3HAYEeHUH HanpsbkeHus U Ha KOHIAX MPOBOIHHKA.
\_/ N3mepenus U u [ IpoBOAATCS € IIOMOLIBIO BOJIBTMETPA U
ammepMerpa 1o cxeme puc. 12.1. Jnga gocroBepHOro
% @ + ompeneneHuss R, HeoOXoaumo, UYTOOBI  COMPOTHBIICHUE
U BOJIbTMETpA Ry >> R,.

W3mepenuss R, NpoOBOAATCA MpPU Pa3IUYHBIX 3HAYCHHSIX
HanpspkeHus U reHepaTopa HampsDKEHHs, 4YTO IO3BOJISIET
OTIpeAeNUTh Ry 1711 HECKOJIBKUX U3MEPEHHM U pacCUYUTaTh BETMYMHY OTPEITHOCTH.

I/I3MepeHne HEU3BECTHOI'0 CONMPOTUBJICHUSA
NpH NOMOIIA MOCTAa MOCTOAHHOI'O TOKA

PaccmoTpuM cxemy MocTa OCTOSIHHOTO TOKa, MPEICTaBIeHHYI0 Ha puc. 12.2. 3nech R, —
HEU3BECTHOE COIMPOTHUBJIEHHUE; R| — MEPEMEHHOE CONMPOTUBIEHHUE; R, W R3 — H3BECTHBIE
comnpoTuBiieHUs. Bo BxogHyloo auaroHaib Mmocta (ab) BKIIIOYAETCS MCTOYHUK IOCTOSHHOTO
HanpsbkeHus (['H), a B BeIxoaHyto (cd) — MHAUKATOp paBHOBECHS (BOJIBTMETP, OCIMiLIOrpad win
MUJUTHAMIIEPMETP ¢ OOJIBIIUM BHYTPEHHHM COIPOTUBIEHUEM). ECIu pa3HOCTh MOTEHIIMATIOB
MEXKIy TOYKaMu ¢ U d ¢, — ¢, paBHA HYIIO0, TO MOCT HAXOAUTCA B paBHOBecuu. ClieJ0BaTENbHO,

€CJIM MOCT HaXOJUTCA B PAaBHOBCCHUH, HSMCpHTCHBHBIﬁ HpI/I60p, HO,Z[KJIIO‘ICHHBIfI K TOYKaM C Hu
d, 6yI[CT IMOKa3bIBaTh «HOJIbY». Y CTAHOBJICHUE COCTOSHHUS paBHOBECHUA MOCTa obOecrieunBaeTCs
N3MCHCHUEM IIEPEMCHHOI'O COIMPOTUBIICHUA Rl.
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Puc. 12.2

I[.H}I TOr0 YTOOBI MOCT HaxoJquJiICd B PABHOBCCHUH, HCO6XO,Z[I/IMO BBITIOJIHUTL  CJICAYIOIINUC
COOTHOIICHUA:

Uac = Uad ) (121)
Ucb = Udb- (122)
[Tpu paBHOBEeCHMH MOCTa TOK T€YET TOJIBKO Ha y4acTKe MocTa ach (0603HauuM ero I, ), u

Ha yJactke adb (00o3HauuM ero /).
3anumiem 3akoH OMa JIJIsl KaKJ0TO COPOTUBIICHUS

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

Up="1R,. (12.6)

[Tporiecc n3MepeHus: COCTOUT B TOM, YTO TPU YCTAHOBJICHHOM OTHOIICHUH ITUIEY MOCTa
R3/R; noOMBarOTCS paBHOBECHUSI MOCTa, M3MEHSISI IEPEMEHHOE COITPOTUBIICHHE R).

dopMyny Wi U3MEpsieMoro conpoTtusiieHus 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-Nap (12.9)
R,
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HN3mepenne napaMeTpoB CHIHAJIA ¢ IOMOLIBIO OcuH/LIOrpada

Ocummorpaq) IIO3BOJISICT HpOBO,Z[I/ITB I/I3MepeHI/Ie HapaMeTpOB KaK IIOCTOAHHBIX, TaK H
U3MEHSIOIINXCS CO BPEMEHEM 3JIEKTPUUYECKUX CUTHANOB. JIJIst 3TOr0 HampsiKEeHUEe ¢ reHeparopa
U, mojaeTcst Ha OJIMH U3 KaHAJIOB ocumiorpada, 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 rS) Kanana [

Kanana I1
©

Puc. 12.5
[TomoOpaB cooTBEeTCTBYIOIIEE TTOIOKEHUE TIEPEKITIOUATENeH, Ha dKpaHe ocuuyuiorpada moryaum
OCIIJUIOTpaMMy, yI00HYI0 /st HaOmoaeHus (cM. [Ipunoxkenue). OnpenenuB 1eHy ACICHHS j,
[0 OCH X, BBIUUCIUM JJIUTEILHOCTh BPEMEHHBIX WHTEPBAJIIOB M3y4aeMOM OCIMILIOTPaMMBbI IO
bopmyie

At =nj,,

rIe n — YUCIIO JeJIeHUH MO OCH X Ha 3KpaHe ocuuiuiorpada, Ha KOTOpBIE YKIIAIbIBaeTCs
u3ydaemMas 4acThb CUTHaJIa.

Takum xe 00pa3oM, ONpeAENHB LEHY JENIEHHs j, 110 OCH ), HaillleM BEIMYMHY HaIpSKEHHs
[10/1aBa€MOT0 3JIEKTPUUECKOr0 CUTHAaJA.

1;;H _@KaHan I
%I—H Kanan 11
e ©

Puc. 12.6
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Hexoropele Mojenu ocuuiorpagoB MO3BOJSIOT HE TOJNBKO HaONIOJaTh OJAHOBPEMEHHO J1Ba
CUTHaJla Ha DJKpaHe, HO U OCYIIECTBIATh CJIOXEHUE OHTUX CUTHAIOB, KaK OJMHAKOBO
HAIPaBJICHHBIX, TaK U KaK B3aUMHO NEPIEHIUKYJIApPHBIX. /I 3TOro HampsKeHUE ¢ OIHOIO
rereparopa U, mogaercs Ha BXOJ MEPBOro KaHaja ocuuuiorpada, a HampspkeHHEe € Jpyroro
reHepatopa Uy, — Ha BXOJ BTOPOI'0 KaHaja, Kak Ioka3aHo Ha puc. 12.6 (cm. IIpunoxenue).

3ananue K padorte

1. Cobepute cxemy, mokazaHHyro Ha puc. 12.1.

2. [IpoBeanTe M3MEpEeHHE HEU3BECTHBIX COMPOTUBIEHUU R, U R, C MOMOIIBIO BOJBTMETpA U
aMIiepMeTpa, U3MEHsIA BEJIMYMHY HANPSKEHUS] TeHepaTopa MOCTOSHHOTO HaIpshkeHus oT ~1 1o
~15 B. BeinonHuTe mecTs U3MEPEHUN TP pa3INdHbIX HAIPSDKEHUSX.

3. PaccuuraiiTe Hamboiee BEpOATHOE 3HAYEHUE KAXKIOTO COMPOTHUBICHHUS M €ro CIydailHyIo
MOTPEIIHOCTh M0 (hopMmyse Uii MHOTOKPATHBIX M3MEPEHUI MpH TOBEPUTEIHHONW BEPOSTHOCTU
0,95 [4, Beenenue, B3, B4, B5].

4. Cobepure cxemy, NMOKa3aHHYIO Ha puc. 12.2.

Buumanune! B kadecTBe pesncrtopa, 0003HAUEHHOTO Kak R;, PEKOMEHIYETCs HCIOJIb30BaTh
PE3UCTOp C CONMpOoTUBIEHHEM, paBHBIM 680 OM, a B KauecTBe pe3ucTopa, 0003HAUEHHOTO Ha PHC.
12.2 xak R3; — pe3zucrop 820 Om. Hanpskenue reHepaTropa yCTaHOBUTE B Auana3oHe oT 5 1o 15
B.

5. C nomoup0 METOJja paBHOBECHSI MOCTA IIOCTOSIHHOTO TOKa ONPENEIIUTE BEIIMYMHBI TEX K€
JIBYX HEU3BECTHBIX CONPOTUBIEHUN Ry U Ry, CpaBHUTE C pe3ynbTaTaMH, ITOJTYYEHHBIMH B II. 2,
3. CaenaiiTe BEIBOJEL.

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

7. U3mepbTe HanpsbkeHune curnana. Hazosurte Gpopmy curnana.

8. IlogkmrounTe TreHepaTop MPSMOYTOJBHBIX HWMITYIbCOB K ocumwiorpady (puc. 12.4).
3apucyiiTe NOJIy4eHHBIM CUTHAJ.

9. WU3MeppTe aMIUIMTYAHOE HampsbkeHue cur”ana. OnpenenuTe NMepuoj U 4acTOTy CHUTHala.
Ha3zoBure ¢popmy curnana.

10. IloxkirounTe TeHEpaTop CHHYCOMIAIBHOTO HAmpshKeHHs K ocimuiorpady (puc. 12.5).
3apucyiTe OJTy4YEeHHBIN CUTHAI.

11. V3MepbTe amMIIUTyAHOE HAIpsOKEHWE CcurHana. PaccuurtaiiTe 3HaYeHUE IEHCTBYIOIIETO
Hanpspkenus Uy, OnpenenuTe nepuosl M 4acToty curHana. Hazosute gpopmy curnana.

12. Tlopknro4yuTe TreHepaTOp CUHYCOMWJAJIBHOTO HANpsDKEHUS Ha BXOJ OJHOIO KaHala
ocumwiorpaga, a TeHepaTop MPsIMOYTOJIbHBIX UMITYJIBCOB Ha BXOJ Apyroro kaxnama (puc. 12.6).
(Mcnonp3yiiTe BBIXOBI OHOTO MPHOOpa, 4To0Bl 0062 curHaia Oblin cuH(pa3Hbl. B TakoMm ciyuae
Ha DJKpaHe ocmwuiorpaga Oyaer HaOmromaTees ycroiumBas kaptuHa.) Ilepexiounte
YIPaBISIONINE KHONMKKA TaK, 4TOObI HAOIIOaTh OJTHOBPEMEHHO 00a CHTHaJIa JIPYT TOJ JPYroM
(cm. [Ipunoxenue).

13. 3apucyiite 3TH CUTHAJIBI.

KonTpoJibHbIE BONPOCHI

1. Kakue criocoObl H3MepeHHst CONPOTUBIICHUSI BaM U3BECTHBI?

26



2. Cohopmynupyiite 3akoH Oma sl ydacTKa IIeNMd B HMHTETpalbHOM M IuddepeHInanbHOn
dopme. OOBsICHUTE CMBICI BEJIMYHMH, BXOISIINX B 3aKOHBI.

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

4. B ueM cocTOUT METOJl U3MEPEHUS COITPOTUBIIEHUS C TIOMOIIBI0 MOCTA TOCTOSSHHOI'O TOKa?

5. Kak u3meputhb nepuoj v ONpeaeIuTh 4aCTOTY CUTHAJIA ¢ TTIOMOIIBIO ociiiorpada?

6. Kak n3meputh aMImummtyay curHaia ¢ moMolbko ocruuiorpada?

7. Kak npoucxoIuT yrpaBieHHUE JIEKTPOHHBIM ITyYKOM B 3JIEKTPOHHOM ocuuiiorpage?

8. KakoBa cBs3pb MEXIy CMEUIEHHEM CHrHajda MO0 OCHM X Ha JKpaHe ocuuwuiorpapa u
JUTUTETTFHOCTHI0 BPEMEHHOTO UHTEpBasia’?

9. Kak moaxiIrouuTh ocIiyuiorpad mno IByxXKaHaJIbHOU cxeme?

JIMTEPATYPA

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

2. Casenves HU.B. Kypc obmenr ¢usukun. — M.: Hayka, 1982. — T. 2
(v mocneayoomue U3gaHus ITOTO Kypca).

3. Onexmpuueckue w3mepenus: YueOHMK s By3oB / Ilox pen. A.B. ®@pe-muc, E.M.
Hymmuna. — JI.: Dueprus, 1980. — C. 39.
4. Mexanuka v TepMOaUHAMUKa: MeTOM. yKa3aHHUs K BBOJHOMY 3aHSATHIO U K JaOOpaTOPHBIM
paboram Ne 0 — 6 mo ¢usuxe. Ne 2848. — HoBocubupck, 2004. — C. 11-12 (u mocnenyrommue
W3JIAHUS ATOTO ITOCOOMS).

JlaGopaTtopnast pabota Ne 5

OIIPEJEJJEHUE 'OPU3OHTAJBHOM COCTABJISIOIIEN
HAIIPSI)KEHHOCTU MATHUTHOTI'O ITOJISI 3EMJIA

Hean padorhi: OnpenenuTh TOPU30HTATBHYIO COCTABIISIONIYIO HAIPSKEHHOCTH MarHUTHOTO
OJIST 3EMITH.

Oo6opynoBanne: Kpyrnas karymka ¢ MarHUTHOM CTPEJIKOM, HCTOYHUK MTOCTOSIHHOTO HAIpsikKe-
HUS (BBIIPSAMUTEND ), MIJUITMAMIIEPMETP, TIOTEHLIUOMETP U MEPEKIIOUaTENH.

BBEJAEHUE

JIBrokymiuecs 3aps/pl (TOKH) CO3Jal0T B OKPY’KaOIIEM IIPOCTPAHCTBE MarHUTHOE 110J1€. DTO MO-
JIe TIPOSIBIISIETCS B TOM, YTO Ha JBMIKYILMECS 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-

nopuronanbubiii I, S u B u 3aBucsamuii ot yria @ Mmexay n u B
N =ISBsina (14.1)
rae S- miomaab KOHTypa;
7l- €JIMHUYHBIA BEKTOP HOPMAJIU K IJIOCKOCTH KOHTYpA.
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Takum oOpazoM npu HeM3MEHHBIX B u a nelictBue Z
MoJis Ha KOHTYp ONpeleisieTcs BEeTUYMHON ' o
B, =18, (14.2) xoTopass Ha3bIBa€TCS -6- : P
MAarouTHbIM MOMCHTOM KOHTYpa C TOKOM. C yue-
ToM (14.2) Beipakernue (14.1) umeer Bun

N = B,Bsina (14.3)
rie - E{ BEKTOP, HaIpaBlIeHHE KOTOPOTO COBIIA- X y
JaeT C HampaBJICHUEM EIWHHUYHOTO BEKTOpa HOp- I
Matu 7 P, =P, 7 (cm. pue. 14.1).
N3 Bepaxkenus (14.3) (mpu a = g; N = Nyax)s Pre. I14.I
CIIEIYeT, 4TO '
B = Ymax (14.4)

Pm
T. €. MAarHuTHasgd UHAYKI WA B - BCJIMYMHA, YUCJICHHO paBHAasd MAaKCUMAJIbHOMY KPYTALNIEMY MO-

MEHTY, KOTOPBIH IeHCTBYET Ha KOHTYP C €AMHUYHBIM MarHUTHHIM MOMEHTOM. B- BEKTOp, COB-
HaJaroIyii 10 HAITPABICHUIO C BEKTOPOM 71 PaBHOBECHOTO (T. €.CBOOOJHOIO ) KOHTYpPa, OPH-
€HTHUPOBAHHOTO TIO MOJI0. B - 3aBUCUT OT CBOMCTB Cpefibl, TOATOMY BBOAUTCS KOOPHUIIUEHT L
(oTHOCHUTENIBHAS MAarHUTHAs POHUIIAEMOCTH CPEJIbl), TOKA3bIBAIOIIHM, BO CKOJBKO pa3 MarHUT-
Hasg uHAYKIus B B maHHOU cpene Oosblie, YeM HHAYKIUS By B BakyyMme.

B
U=—— (14.2)
By
o
HarnpsikeHHOCTb MarHUTHOTO 1OJIs1 H TOXKE CHIIOBast €r0 XapaKTepUCTHKA, HO HE 3aBUCALIAs OT
— —
CBOMCTB cpenbl. H U B cBsi3aHBI COOTHOLICHUEM.
= B

H=2 (14.3)

Bg
e o - MarHUTHas NOCTOSHHAS, o = 4m* 1077  T'/m.

JUnst Hanps>KEHHOCTH MarHUTHOTO TOJIS, CO37aBaeMoro dJie-
MEHTOM TOKa JIMHBI df, crpaBeuiBa popmyna

—— I déx 7 |
/ — e T
N aH 4mr3 ’
o I 10 MOIYJIIO
1d¥ si
dH = 20 (14.5)
4TTT

rae {— cuia Toka;

df — BEeKTOp, COBIAJAIONINI C DIIEMEHTAPHBIM YYaCTKOM TOKa
Y HaIlpaBJIEHHBIN B CTOPOHY ero nporekanus (puc. 14.2);

7~ BEKTOP MIPOBEICHHBIN OT 3JIEMEHTA TOKA B TOUKY, TJI€
Puc. T4.2 OIIpEAEIIAETCS dH.
CootHomenue (14.5) Hocut Has3BaHue 3akoHa buo- Casapa-
Jlannaca. HanpaBineHnue BekTopa dH HOPMAJIBHO K INIOCKOCTH, ITPOXOASILIEH dyepes dt u TOYKY,
B KOTOPOU OIpenensiercs 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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OnpenenuM HapsPKEHHOCTh MarHUTHOIO TOJISL B LIEHTPE KpyroBoro toka (puc. 14.3). Kaxnpsiii

_—
5JIEMEHT TOKA CO3/IA€T B LIEHTPE HANPSIKEHHOCTh dH, HANPaBIEHHYIO 10 HOPMAIH 7 K TIOCKO-
CTH KOHTYpa.

Ha ocHoBanuu 3akona buo-Casapa-Jlannaca

1d¢

dH = 14.6
4mR? ( )

(e =m/2). MaruutHble ToNns (KaK U DJIEKTPUUYECKUE)

MO TYUHSIOTCS MPHUHIIUAITY CYMEPIO3UINH (He3aBUCHUMO-

CTU HAJOXEHHUS), COTJACHO KOTOPOMY pPE3YIbTHUPYIOIIAs
HanpsHKEHHOCTh paBHA BEKTOPHON CyMMe HaIPsiAKEHHOCTEH
MoJIEN BCEX DJIEMEHTOB C TOKOM. B TaHHOM cilydae Takyro
CyMMY HaiiieM HWHTerpupoBaHueM BbIpakeHus (14.6) mo

BCEH JUIMHE KOHTYpa C TOKOM:

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

4A7R?2 4 R? - 2R

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

IN
H=— (14.7)

2R
MarnuTtHas cTpeska, IOMEIIeHHAast BHYTPb KaTYIIKH, HAXOJUTCS TOJ BO3ACHCTBUEM JBYX IO-

JIeW: MoJist KaTylmku H ¥ MarHMTHOTO MOJIsl 3eMITH.

H,

CeBep nuHMA ropuszonta FIOr

Puc. 14.4

Ha mmpore MOCKBBI Pe3ynbTUPYIOLIUNA BEKTOP Hamps-

JKEHHOCTH 3eMJIN F{ HaIpaBJieH MO HEKOTOPBIM yriom O
K ropu3oHTy ( puc. 14 .4), noaToMy Ha CTpenKy, Bpauia-
IOIIYIOCS BOKPYT 3aKPETUICHHOW BEPTUKAIBHOW OCH, Oy-
JeT AeMCTBOBAThH JIMIIb €r0 FOPU3OHTAIbHAS COCTaBIISIO-

—

mas H..

Onucanue yCTAHOBKHM M METO1a U3MePEHHUSI.

B xopmyce kommnaca uMeeTcs Jiyna v npusma, 4epe3 KoTo-
pble BUIHBI AelieHus JUMOa, YKPEIJIEHHOTO Ha MarHWT-
HOH cTpenke. OMHOBPEMEHHO HAOIIOATENh BUIUT BH-

olL [BERpRFIT).

= — TEAbL +

~ 2208 : 29
‘Puc. I4.5



3UPHYIO HUTb, OT KOTOPOH OCYILECTBIIAETCS OTCUET JIeNIeHUH B rpajgycax.
ECITH BU3UPHYIO HUTh yCTaHOBUTH npotuB Aenenns 90° (wmmi 270° ), TO MI0CKOCTH BUTKOB

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

HOpMaJIbHOU BEKTOPY, H,., M MarHuTHas CTpeiKa pacroiaraercs BI0JIb Pe3yIbTUPYIOLIEH

—

HanpspkeHHOCTH  H..

N3 auarpammel BeKTOpOB Ha puc. 14.5 cinexyer, 4To

H
H. = ga (14.8)
IHopsiiok BHINOJHEHUS PadOThI

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

2. llepexmrouarenem CETD Bk/IIOUMTH MHUTaHWE, IPU 3TOM 3aropaeTcsi MHAWKAIMOHHAS JaM-
MOYKa.

3. C momoIpio mepekoyarens ¢ Haanucbo 1, 2, 3, BKIIOYUTh B CXeMy KaTYIIKy ¢ HauboJb-
IIMM YHCIIOM BHTKOB.

4. IloreHunomeTpoM R yCTaHOBHUTH TOK, COOTBETCTBYIOLIMM YINIy OTKJIOHEHHS 0. MarHUTHOM
crpenku ot genenns  90° (270°) pasHomy 45° i 3amMCaTh BETHUMHY 3TOTO TOKA MO MUJIIHAM-
nepPMETpYy.

5. TlorenumomerpoM R mocienoBaTenbHO YCTAHOBUTH YIoJl 00 OTKJIOHEHHUS B MpHUAEiIax OT 45"
10 0° depes MATh OAMHAKOBHIX HHTEPBAJIOB, 3AIACHIBAS COOTBETCTBYIONINE STHM YIIAM TOKH IO
MUJUTHAMIIEPMETPY.

6. IlepekmouaTeneM ¢ HAAMHUCHIO «+, -» U3MEHUTH HANpaBJICHHE TOKA B KaTylike. B mopsake
BO3pacTaHHUs, IOCIEA0BATEIbHO YCTAHOBUTD IIATh 3HAYEHUI TOKOB, IIOJYUYEHHBIX B II. 5, 3al1CaB
COOTBETCTBYIOILIME ITUM TOKaM, IISITh 3HAYEHUH YTJIOB O.

7. IlepexirouareneM ¢ HAANUCHIO 1, 2, 3, BKIIIOUUTH B CXEMY KaTYIIKY C JPYTHM YMCIIOM BUTKOB
(Mo cornacoBaHUIO C MpernoaBaTeIeM) U MpojaesiaTh u3MepeHus no 1. 4, 5, u 6.

8. Ilo dbopmyne (14.7) paccuutaTh necaTh 3HaUeHUH H, HCmonb3ys 5X2 moydeHHBIX 3HaYCHUH
TOKOB I, 1 yncia BUTKOB N, yKka3zaHHbIE Ha KaKI0HM u3 KaTymiek. ( [{luaMmerpsl KaTymek u3MepsTh
MIPU TIOMOIIHY JIMHEHKH. )

9. B3sB cpenHee 3HaUCHHE I KaKI0M Maphl YriioB o (BJIEBO M BIPABO), OMPEACIUTH 1O Gop-
myiie (14.8) necars 3nauenuit H,. paccumurars Hrep.

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

11. PaccuuTarh CpeaHIOI0 KBAJAPATUYHYIO OLIHOKY

rie n — 4yucio 3Hadenui Hr.
12. Pe3ynbpTaThl U3MEpPEHMI U pacueToOB 3aHECTH B Tabiuiy 14.1

13. OxoHuaTenbHbIN pe3ynabTaT At Hr npencraBute B BUje
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Tabauual4.1.

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

KOHTPOJIBHBIE BOITPOCBHI

. UTo Ha3bIBa€TCSI MATHUTHBIM MOMEHTOM?
UTo Takoe MHIYKIUS MATHUTHOTO TTOJIs1?
KakoB cMBIC]I OTHOCUTENIBHON MarHUTHOW MPOHUIIAEMOCTH ?

1
2
3
4. Yt0 Takoe HANPSKEHHOCTh MAarHUTHOTO TOJISl U B YeM €€ OTJIMYHME OT UHTYKIIUU?
5. 3anumure U nosicHUTe cMbIci 3akoHa buo - CaBapa - Jlamnaca.

6

UTo Takoe NpUHLMN CYNEPHO3ULINHN?

JIUTEPATYPA

1. CaBenseB U.B. Kypc obmieit puzuku. T. 2, m3a. C1978, . VI, § 40,42.

[\

. 3ucman I'.A. Togec O.M. Kypc obmie#t pusuku. T. I1. JIrob6oe uznanue, ri. VII, §30.

JlabGopaTtopHas pabota Ne6
HUCCJIEJOBAHUE TAPMOHUYECKHX KOJIEBAHUM

Ieap padorsl: DKCniepUMEHTaIbHAsSI IPOBEPKA TEOPETUYECKONW 3aBUCHMOCTH IIEPHUOJA TapMo-
HUYECKUX KojeOaHui oT Kod(duumeHTa KeCTKOCTH MPYXKHUHBI U MacChl KO-
nebrolerocs Tena.

Oo6opynoBanue: HaGop mpyXuH M Tpy30B, MIJUIUMETPOBAs JIMHEWKA, MAaTEMaTUUYECKUI MasT-
HUK, CEKYHJIOMED.

3ananue.

1. U3yunTh TEOPHIO TapMOHMYECKUX KOJICOAHUH.

2. PaccuuTaTh CTaTUYECKUM METOIOM KOA(P(PUIIMEHT KECTKOCTH MPYKHUHBI.

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

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

5. C nomouib0 MaTeMaTHYeCKOI0 MassTHUKA SKCIIEPUMEHTAJIBHO MOJIyYUTh 3HAYEHHE
YCKOpEHHUs1 CBOOOIHOTO Na/IeH!Us U OLIEHUTh €r0 IOIPEeIIHOCTb.

31




BBEJIEHUE

OcHOBHbBIE TCOPETHYCCKHUE CBEACHUA U COOTHOLICHMSA.

Bce konebarenbHbIe IPOLIECCHI, MPAKTUYECKU BCTpevaronecs B pU3MKe U TEXHUKE, pa3-

ACIIAIOTCA Ha ABa KJacCa - MCPUOAUUCCKHUEC U HCIICPUOJUYICCKUC. HepI/IO,Z[I/I‘-IeCKI/IM Ha3bIBaACTCsA

TAaKOC ABUKCHUEC CUCTCMBI, [TPU KOTOPOM, HaAYUHAA C OIMMPCACICHHOI0O MOMCHTA BPEMCHU, BCC €€

MOJIOKCHUS IICPUOAUYCCKU ITOBTOPAIOTCA.

MaremaTnueckoe onpeeseHue NePUoInIECKON BEeTUIMHBI TAKOBO: (GDYHKITUSA f(?) Ha3bI-
BaeTcs Mepuoanveckoit ¢ mepuoaom 7, ecnu f(t+1)=f(1).
[TpuMepoM meproANYECcKOro MpoIiecca SBISIOTCS TAPMOHHUYECKUE KOIeOaHHs,

()

Puc 1.

IIpHU KOTOPLIX U3SMCHCHUC Ha6m0z[aeM0171 BCJIIMYUHBI TPOUCXOIUT 110 3aKOHY CHUHYCa UJIU KOCHUCA.
PaccMmoTpum nBe konebaTenbHble CUCTEMBI: MaTeMaTu4eckuid (1) u mpykuHHBIN (2) Ma-

aTHUKH (puc. 1).

JAnddepennuanbHoe ypaBHeHHE COOCTBEHHBIX
(B OTCYTCTBHH 3aTyXaHHs) KOJIeOaHUI.

Mamemamuueckuii MasmHuk

Ilpysrcunnolii maamuux

Ha rpy3 geiictByer cuna Tskectu P=mg u

cuia HaTsoKeHus HUTH T . Pasimoxxum CUIly TH-

’KecTH Ha nBe cocraBisitomme £ u P. Ecin

YIOoJl OTKJIOHEHMS (@ MaJl, TO 1yI'y TPaeKTOpUHU
rpy3a MOXKHO CUMTATh MPUOIMKEHHO MPSIMOMN
U 11 OTKJIOHEHHUS Ipy3a OT IOJIOKEHMS paB-
HOBECHS 3aIIUILIEM:

x=l-, (1.1)

Cuna P, .ypaBHOBEIIMBAETCSI HATSDKEHUEM HH-

—

Ha rpy3 neicTByroT cuibl TskecTd P =mg u

cuna ynpyroctd F, . TIpu cMelieHnn rpysa

ynp *
OT TIOJIOXKEHHUsI PABHOBECHS X, HA HEro OyJer
JEHCTBOBATh PE3YIbTUPYIOLLAs CHIIA

F=mg-F

ynp

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

Y4auTeIBasg, YTO B TNOJOXCHUU PAaBHOBECHUS
(x=0), cuna TSKECTH YpPaBHOBELIMBAETCS CH-
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—

TH, a cuna [, neiicTByromas BIOIb TPAEKTO-
pun, OyIeT BO3BpaIlaTh MAasTHUK B ITOJIOXKE-
Hue pasHoBecus (x=0). [Ipu manom yrie ¢ ona
paBHa mg sing wiu ¢ yaetom (1.1)

po_T8 .

1 (1.2)

—

no# ynpyroctu mg = kAl , u3 (2.1) caenyer:

F=—kx (2.2)
Cuna F HampaBieHa B CTOPOHY paBHOBECHS,
T.e. B CTOPOHY, IPOTHUBOMNOJOXKHYIO CMelle-
HUIO X.

YpaBHEHME IBUKCHHUS I'Py3a IPUHUMAET BUL!

3HaK «-» YyKa3plBaeT Ha TO ,4TO0 cwina B .
M : 1 mi = —kx . (2.3)
HampapjieHa MPOTHBOIOJIOXKHO TOJIOKUTEIb-
HOMY HANpaBJICHUIO KOOpAMHATHI cMmemeHus x. | [Ipeobpasyem (2.3) cneayrommm o6pazom:
YpaBHEHUE IBUKCHUS TPy3a UMEET BUJIL:
.k
.. X+—x=0. 2.4)
mx =F. (1.3) m
IIpeobpasyem 310 ypasHenue ¢ yaerom (1.2): | [IPOM3BE/s 3amMeHbL:
CJIeYIOIIUM 00pa3oM: ;
_ = (02 s
. g m
X+ 7x =0. (1.4)
[TpousBeast 3aMeHBI:
g_
/
MOJIY9UM OKOHYATEIIBHO:
P+o’x=0. (5)

VpaBHenue (5) sBIAETCS JMHEWHBIM OJHOPOJIHBIM U depeHIINaIbHBIM YpaBHEHHEM

BTOPOT'O MOPSAKA C IOCTOSHHBIMU K03 puLieHTamMu, 00111ee peleHue KOTOPOro UMEET BUIL:

x=Acos(o,t+¢,). (6)
3nech: A — aMIIUTYa; 9 — KPYroBas 4acToTa; ¢p — HaudajibHas (a3a KojeOaHui.
[Tepron coOCTBEHHBIX KOJIEOAHUH.
Mamemamuueckuii MaaAmMHUK Ipysicunnolit MaamHuk
T=E=2n i (1.7) T=E=2TE\/E (2.7)
o, g 0 k

Taxum o6pazom, Kosebanusi 00enx CHCTEM IMOJ JeHCTBUEM KBasUYNPYTUX CHII, T. €. CHII

HEYIPYTUX MO CBOEH MPUPOE, HO JTUHEHHO 3aBUCSIINX OT BEJIMYHUHBI CMEIIEHUS OTHOCUTEIHHO
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MOJIOXKEeHUs paBHOBecHs (cM. 1.2 1 2.2) B OTCYTCTBHE 3aTyXaHHsI OMIMCBHIBAIOTCS TAPMOHHUYECKUM
3aKOHOM.

Onucanue 1a0OpaTOPHOH YCTAHOBKH.
VYcTaHOBKa COCTOUT U3 IITATHBA, HA KOTOPOM ITOOYEPEAHO MOIBEIINBAIOTCS HA pa3iny-
HBIX NIPY’KMHAX IPY3UKH Pa3HOro Beca WU MareMaTudeckuii MasTHUK. llltaTus cHaOxeH mika-
JIOM C CAaHTUMETPOBBIMU JIEJICHUSMHU.

MeToanka ¥ MOPSI0OK BbINOJHEHHSI J1A00PaTOPHOIi padoThI.

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

1. [TogBemmBaOT NpyXMUHY HA MITATUB U U3MEPSIIOT C TOMOIIBIO JIMHEUKH €€ JITTUHY.
2. IlonBemuBarOT Ha KOHEL MPYKUHBI MOOYEPETHO TPY3UKU PA3IMYHOM MACChl U HU3MEPSIOT
yIUIMHEeHHE NPYXuHBl Af. Y ITuHeHne MpYKUHBI He TOJDKHO MpeBbImarh 30-40 M.

. P
3. BeaucnuTh ai1s Kaxaou npyKuHbBI KOG GHUITUEHT KECTKOCTH k o dhopmye k = 77 Wi Tpex

Ipy30B.
4. BelunCINUTh CpeiHee 3HaYeHHE KOI(PPUIIMEHTa JKECTKOCTHU JUIsl KasKIA0U NPYKUHBI kep.
5. 3aHecTu Bce U3MEPEHHBIE U BBIYMCICHHbIE Pe3yIbTaThl B TAOIHIy 1.

Tab6muna 1
Ne rpysa [Ipyxuna Nel [Ipyxuna Ne2 [Ipyxuna Ne3
PIAl |k | ke |K'|P AL k| kg | K| P AL |k |Kep | K
pa3sMepHOCTh | |
1
2
3

2. OnpenesieHue 3aBUCUMOCTH MEePUOAA COOCTBEHHBIX KOJIeOaHUIT
NPYKUHHOTO MASITHUKA OT MAaCChl.

1. OTBOOAT Ipy3, NOABEHIEHHBIA Ha NpyxuHE, Ha 20 -30 MM OT MOJIOKEHUSI pABHOBECHS U U3ME-
PSIOT CEKYHIOMEPOM BpeMs ¢, B TEYCHHUE KOTOPOTO MAaATHUK cOBEpIIUT n=2( MOIHBIX KoJeba-
HUM.

o t
2. Beruucastor nepuoaa coOOCTBEHHBIX KoyeOanuii T = — A1 TIPYKUHBI Nel mpu Tpex

Pa3ITUYHBIX IPY3UKaX.

3. Beruucnsior 3Hauenus T2,

4. 3mepeHus Ha KaKJIOM Ipy3e MPOBOIAT TPU pa3a U BEIYUCIISIOT Tczp

5. 3aHOCAT BCE M3MEPEHUS U BHIYUCIICHHBIC PE3YIIHTAThI B TAOTHUILY 2.

6. Ctposit rpaduk 3aBucumoct T3, = f(m) st npyxunsl Nel, OTKIabIBast 10 OCH aGCIECC

Maccy rpysa.
Tao6mmma Ne2
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Ne/Ne [Ipyxuna Nel ITpyxunaNe2 | ITpyxunaNe3
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 NPYKMHHOI0 MAATHUKA OT
KO3(ppHUMEHTA KECTKOCTH NMPYKUHBI.

. I[TpoBOASIT M3MEpPEHUS U BBIUUCIICHUS, 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) AnA TpEX MPYKUH HA OJHOM U TOM XK€ Ipy3e My,
WCIIONB3Ys JTaHHbIe TaOMWIbl | W OTKIaapIiBasg Mo Ocu abcuucc 3HaueHus: Koddduimenrta
KECTKOCTH Ky

. Ucnonp3yst popmyny (2.7) v naHHbIe TaOMHIBI 2, BBIYUCISAIOT 3HAYCHHS] KOI(PPUIIUECHTOB
YKECTKOCTH TPEX MPYKHUH MPH OJHOM U TOM K€ Ipy3e m; .

. 3aHOCAT MOJyYeHHBIC AaHHble B Tabauimy | (rpada k') u cpaBHHMBAIOT MX CO 3HAUYECHUSAMH X,
MOJTyYEHHBIMU CTaTUYECKUM METOJIOM.

4. OnpenesieHue yCKOpeHUsI CBOOOHOIO NMaJeHUus1 g
MATeMaTH4YeCKOr0o MasiTHUKA.

. [lonBemnBaroT Ha MITAaTUB MaTEMaTUYECKUN MasSTHUK.

. I3mepstoT 1o mikasne nauHy HuTH £, (3HaYeHHe nuaMeTpa Imapuka rpysa d mpuBeaeHo Ha
YCTaHOBKE).

. OTBOAAT MasITHUK OT MOJIOKEHUS PaBHOBECHS HA IO 5-6"u MU3MEPSAIOT CEKYHIOMEPOM
BpeMs t, B TeYEHHE KOTOPOTO MasATHHUK coBepmaeT n= 20 MOJHBIX KOJIeOaHU.

. U3mepenust £, ut mnpoBomir 4 pasa.

t . .
5. Beruncinsitor 3Hauenust T = — PE3Y/bTAThl M3MEPEHHH U BBIYUCICHUH 3aHOCAT B TabmuIy 3.
. ITo mpaBunam paznena 7.1 BBeneHust paccuuThIBatOT NOTPEIHOCTU ATy, U A ;.

[IpomexyTounbie BeIUUCICHU Af; = |€l- -4 | u AT; = |Ti - T| 3aHOCST B TaONHITy 3.
. 3aIUCBIBAIOT POMEXYTOUYHBIE OTBETHI

T=T

+l

A TKB7

= —  d
8.0mpenenstoT BeIMYnHy g, mojacTasisis B popmyny 1.7 3nauenus T u € = £, + >
9. Ilonb3yscek npasunamu paszaena 7.3.1 BeeneHus, paCCUMTBIBAIOT MOTPEIMHOCTH AGeyer, AGs
A
(c HamexHOCTBIO 3=0,7), AGyomm, OTHOCHTEIBHYIO IOTPEIIHOCTD € = % 100%.
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10. 3anuchIBaIOT OTBET:

o

IS

+l

g=9+AGgum cHamexHocTbio f=0,7, € = %

Tao6mauua Ne3

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

Conep:xanue oT4yeTa

HaumenoBanue u Homep pabOTEHI.

[ens paboThI.

3amaHue.

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

Pe3ynbrarhl u3MepeHuid U BRIYMCICHUN B BUJIE TPaUKOB U TaOJIHII [T0 BCEM pa3/esiaM
5.1-4.
Pacuets! norpemHocTeil 1 KOHEUHBIN OTBET IS g B pasnene 5.4.

OcHOBHBIE BBIBOJIBI IO PE3YyJIbTaTaM UCCIIEI0BAHUM.

KOHTPOJIBHBIE BOITPOCBHI

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

COBEpIIAIOT KOJIEOATeTbHOE TBUKCHHE.
Kakwue npoiieccbl Ha3bIBAIOTCS IEPUOINIECKUMU, IPUBEAUTE IPUMEPHI.

. [Monyuute nuddepennnanbHOe ypaBHEHHE TapMOHUYECKUX KOJICOaHN, 3aUIIIATE €T0

pelieHue, o0bsICHUTE (PU3NUECKHUI CMBICI BXOIAUIMX B PEHICHUE MOCTOSHHBIX.
Kakoii MasiTHUK Ha3bIBA€TCSl MATEMAaTUYECKUM, U MIPHU KaKUX YCIOBUSAX €ro KojiebaHus OyayT
rapMOHUYECKUMHU.

. [Monw3ysick popmyIoit At pacdeTa MOrpemHOCTH Ag, OnpenennuTe MyTH MOBBIICHUS

TOYHOCTH U3MEpPEHUsI yCKOPEHHs CBOOOIHOTO MajieHus, g B pazzene 5.4.
JIUTEPATYPA

CagenbeB U. B. Kypc o6mieit pusuku T. 1.
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JlaGopaTopHnas pabora Ne 7
NCCIEJOBAHUE CTOSAYUX BOJIH

Heas paGorsl: VccienoBare oOpa3zoBaHHE CTOSYMX BOJIH Ha CTPYHE, ONPEACTUTH (a3oBYIO
CKOpOCTh OerylIueil BOJHBI Ha CTPYHE U INIOTHOCTh MaTepuaia CTPYHBI.

OoopynoBanue: Ycranoska ®I1B-04, Bkitoyaromas B ce0st CTpyHY C pEryJIUpyeMbIM HaTsKe-
HHEM, TeHepaTop CHHYCOMIAILHOTO CHTHAJIA, TOCTOSHHBIM MarHuT, JTHHEHKY ¢
MHJUTIMETPOBBIMU JICTICHUSMH.

BBEJEHUE

Mexanudeckue Konebanusi, BOSHUKAOIMME B 000 Touke x = 0 cpeas! (puc. 1), pacrpo-
CTpaHSIOTCS B HEll Oarojapsi HATMUUIO YIIPYTHX CBSI3€H MeXly yacTuiiamu Bemiectsa. [Iporecc
pacrpocTpaHeHHs KoyiebaHui HazbIBaeTcsi BOIHOM. Ec-

|
y M Ha myTu Oerymied BOiHBI (puc. 1, cromrHas KpH-

Basl) BCTPEYAETCS NPEMATCTBUE, TO BOJHA OTpakaeTcs
A x ot Hero. OtpaxeHHas (puc. 1, MyHKTUpHas KpHBasi) U
ry o\ . Majiaromas BOJHBI HHTEpEpUPYIOT, 00pasyst CTOSIYIO
' BOJIHY.

Ypasaenue Oeryie Bosb ocu Ox BOJIHBI HMEET

BUJI:
v, = Acos(ot —kx) . (1)

Puc.1. Cxema

st oTpaskeHHOM BOJIHBI CITPaBEIJIUBO:
v, = Acos(ot + kx) . (2)

3necs A — amruIATyAa KoJaeOaHUN 4acTUIl CPebl; ® = 27V — IUKJINYecKas 4acToTa; v — 4Ya-
cToTa KojebaHuii; k = 2/ — BOJIHOBOE YUCIIO; A — JJIMHA BOJIHBI; X — PAcCTOSHUE, TIPOHICH-
HOE BOJTHOU 3a BpeMs ¢. CKitaapiBasi MPeACTaBICHHBIE COOTHOIICHUS U TIPeoOpasys pe3yabTaT Mo
dbopmyIie 11 CyMMBI KOCHHYCOB, ITOJTy4aeM YpaBHEHUE CTOSTYEH BOJIHBI:

2
y= 2Ac0s(77T x)cos(mt). 3)
AMIIUTyAa CTOsT4el BOJTHBI

A, = 2Ac0s(2—}zT x)

3aBHCUT OT KOOPJIMHATHI X U IPUHUMAeT 3HadeHus ot A" =0 no A" =24 (puc. 1).

Touku, B KOTOpHIX aMIUIUTyZa MUHUManbHa (A" =0), Ha3bIBAIOTCS Y3JIaMH CTOs4YEil

BOJIHBI. KOOpI[I/IHaTBI Y3JIOB OIIPCACIAOTCA YCIIOBHEM:

A

EE 4

2 27 1 1
cos(—x)=0= —x=2(—+mn=> x=x(—+m
(k) y (2 ) (2 )

rnem=0,1,2,3, ...
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Touku, B KOTOpBIX aMIUIUTyga MakcumanbHa (A =2A), Ha3bIBAIOTCS MYyYHOCTSIMU H

HMCIOT KOOPAWHATHLI, OMIPEACTIACMBIC COOTHOIICHUCM!

2 2
cos(—nx)=i1:> = tmn= x=im&, (5)
A A 2

rnem=0,1,2,3, ...
Paccrostarie Mexmy COCEOHHMH Y3JaMH WM IyYHOCTSIMH CTOSYEW BOJIHBI HA3bIBACTCS
JUTMHOM CTOSTYEH BOJIHBI A, U PABHO (PHUC. 1) TIOJIOBUHE JITMHBI A O€TYIIEH BOJTHBI:

A =

cm

2, ©)
2

B nabopartopHoil ycraHOBKE (pHC. 2) monepeuHble KojiedaHusl HaTAHYTOM cTpyHBI (1) BO3-
OyxnarTcs cuaoi Amnepa, JeMCTBYIOLEH CO CTOPOHBI MArHUTHOTO 10JISI IOCTOSIHHOTO MarHu-
Ta (2) HA MPOBOJAHUK (CTPYHA) C TOKOM, MOJ-
KIIIOYEHHBIN K BBIXOJY CUHYCOMJIAIbHOTO CHUT-
Haja reHepatopa (3). berymas BonHa, moias
0O MeCTa KpEIUIEHUs CTPYHBI, OTPakKaeTcs.
[Tpu sTOoM majaromiass U OTPaKCHHAs BOJHBI
HaKJIaJAbIBAIOTCA JPYr Ha apyra, o0Opa3ys CTo-
SAYYIO BOJIHY.

Tak Kak TOUKM 3aKpeIIEHHOW ¢ 00oux
KOHIIOB CTPYHBI SIBJISIOTCS Y3J1aMH CTOSIYHUX
BOJIH, TO B CTpYHE BO30Y>KJatOTCs JIUIIb KOJIe-
0aHus, NpU KOTOPHIX HA JAJUHE CTPYHBI L
yKJIaJIbIBaeTCs 1enoe yucio n =1, 2, 3, ... no-
JTyAJUH Oeryiux BOJIH, MU LI€10€ YUCIIO JUINH CTOSIYUX BOJIH:

Puc. 2. DxcniepruMeHTanbHas ycTaHOBKA

— no_
L=n ) = I’l?\lcm)n . (7) m
OTtcroza ciieiyeT, 4To Ha CTpyHE CTOsYasi BOJTHA BOSHUKAET TOJb- A, =L n=1
cm,
KO B TOM CiIy4ae, eciu ee jumHa (puc. 3) OyaeT paBHA JIIOOOMY /\6) .
3HAYCHHIO U3 JTUCKPETHOTO psija: \/
L hr=L12, n=2
7\‘cm,n = (8) ener,
n T/\‘ R 8} ...'.'/\
Kaxmoit nnune Oeryimieil BOJHBI A, COOTBETCTBYET CO0- Az =L/13, n=3
CTBEHHAsI 4aCTOTa KOJICOAHUM CTPYHBI: Puc. 3
v
Ve =5 ©)

rae v — (as3oBasi CKOPOCTh BOJHBI — CKOPOCTh pacHpocTpaHeHus (a3bl KoneOaHUsl B CTPYHE,
WM CKOpOCTh 3ByKa. YactoTa v, (n = 1) Ha3bpIBaeTCs OCHOBHOM. YacTOThI, OTBEUarolue 3HaUe-
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HUAM n= 2, 3, 4,... Ha3bIBaIOTCS 00epTOoHaMH. TakuM 0Opa3oM, y CTPYHBI HMEETCS LEIbIi Habop
KOJIeOaHUI M, COOTBETCTBEHHO, LIENbII1 HA0OP COOCTBEHHBIX YaCTOT, KPATHBIX OCHOBHOM 4acTo-
Te.

®da3oBast CKOPOCTh, B CBOIO 0UYEPE/Ib, 3ABUCUT OT CUJIbI 1 HATSKEHUS CTPYHBI:

v=|—, (10)

r7e p — IUIOTHOCTh MaTepuana CTPYHbI U S — IUIOIIAAb €€ MOoNepeyHoro ceyeHus. [loatomy,
MeHss 1, MOYKHO TOJy4yaTh MHOTOYMCIEHHBbIE Ha0Ophl COOCTBEHHBIX 4acTOT. B yabopaTopHoii
ycTaHOBKe (pHUC.2) HaTsokeHHE CTPYHBI (1) OCyIIecTBIsSETCS PYKOSITKOH (4) BUHTOBOTO MeXa-
HU3Ma, CBSI3aHHOTO C MPYXUHOMW, MPUKPEIUIEHHOM K OJTHOM U3 CTOPOH CTPYHBI. BenuuuHa cusl
T HaTsKEHUS CTPYHBI OTOOpaXkaeTcs Ha mikane (5).

Oco0eHHOCTh CTOSIYMX BOJH COCTOUT B TOM, YTO OHM HE MMEIOT HampaBiICHHUS paclpo-
CTpaHEHHUs, HE TIEPEHOCAT SHEPTHIO KOJeOaTeTbHOro IBMKEeHUsA. YacTuIlsl KoeOromeics cpe-
761, HAXO/AIINECS B y3JIaX CTOSYEH BOJIHBI, BCET/AA MOKOSTCS, 2 KOOPJMHATHI Y3JI0B BO BPEMEHH
U B IPOCTPAHCTBE HE MEHSIOTCS.

MHOPAAOK BBIIIOJIHEHU S PABOTbBI

3aoanue 1. Onpedenums co6cmeennvle 4ACHMOMyl KOJIEOAHUT U OTUHBL CHLOAYUX 6OIH
01 PA3TUYHBIX HAMANCEHUI CIMPYHbL

1. [loaxnrounTs 1a0OpaTOPHYIO YCTAaHOBKY (puc. 2) k cetu 220 B.
2. IloarotoBuTh YeThIpe TAOIHUILIB], TOJOOHBIE TabaUIE 1.
Ta6nuua 1
I’i=_H

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

DN R W[N] =S

3. Han kaxxgoii Tabnuieid 3anucarbh OJHO M3 YETHIPEX 3a/laHHBIX MperoaBaTesieM 3HaueHUu! cu-
ael 75 (0,1 + 0,6 H) HaTsKeHUS CTPYHBI, HAUWHAS ¢ HAUMEHBIIIETO.

4. Bpamast BUHT (4), BBICTaBUTh Ha IIKaje (5) MUHUMaIbHOE 3HaYEHUE CUIIBI 7).

5. Bpamas pykostky (6) remepatopa (3) u, TeM cambIM, U3MEHsISI yacToTy ¢ marom 1 I'm, go-
OUTHCSI BOSHUKHOBEHHUS Ha CTPYHE XOPOIIO Pa3INYMMON CTOSYEN BOJHBI OCHOBHOI'O TOHA (1
= 1), mpencraBneHHON Ha pUCyHKE 3, a. OTMETHTh NOKa3aHUE YacCTOTHI C IHU(POBOTO TAOIIO
(7) wacroromepa.
3ameuanue. KpaTkoBpeMeHHOE Ha)kaTHe BAOJIb OCH Ha PYKOSATKY (6) MO3BOJUT U3MEHATDH Ya-
croty uepes 0,1 I'm.

6. [ToBTOpUTH Mpouecc u3MepeHus 1.5. 3anucaTh B TaOIUIlY CpeHEe 3HAUEHUE YaCTOTHI.

7. OnpenenuTh JJIMHY CTOSTYEH BOJIHBI IO MAJIJTMMETPOBOM IIKaJle, HAHECEHHOW Ha MpPO3pavyHbIii

KOXYX, 3aKpbIBAIOLUI CTPYHY, U BHECTU €€ 3HAUECHUE B TAOIULLy.
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8. YBenuumuBas 4acToTy reHeparopa, MOJyYUTh YCTOWYMBBIE KapTHHBI CTOAYMX BOJH (puc. 3)
JU1st 00epTOHOB 11 =2, 3, 4, 5, BBIMONHSAA .. 5 1 7.
9. Ilponenate n.1. 4 — 8 1151 U HATSKEHUS CTpYHBI 12, 13, T4.

3aoanue 2. Hccnedosams 3a6ucumocms cOOCMEEHHOI YACMOMbl Om HOMePa 00epmona

1. ITocTpouts 3aBUCUMOCTD V = f(11) COOCTBEHHON YaCTOTHI OT HOMEpa 06EPTOHA ISl BCEX 3HA-

YEHUW CHUJIbI HATSHKEHUS CTPYHBI B OJHUX KOOPJIWHATHBIX OCSX, UCIOJb3Ys JaHHBIE ISl 7 U V
u3 Tabaui 3aganus 1.

2. OnpenenuTth 1Mo rpaduKkaM 4acTOThl 0OEPTOHOB, CISAYIONINX 32 HAUOOIBIINM 32/IaHHBIM.

3aoanue 3. Heeneooseams 3asucumocms pazoeoit ckopocmu
om cuibl HAMANCEHUA CIPYHbL

W3 cootHomienutii (6) u (9) cnemyer, 4to GpazoBasi CKOPOCTh:

0=2v, A, (11)

1. PaccuntaTh pa3zoByro ckopocTh BOJHBI 1O Gopmysie (11) mist kaxkmoro o0epToHa Bcex 3HaYe-
HUM CUJIBI HATSOHKEHUS CTPYHBI, UCIIONB3Yys pe3yibTaThl 3a/1aHus 1, U 3amucarh ee 3HaYeHHE B
Ty K€ TaOJHILy.

2. BeruucnuTh cpenHee 3HadYeHne (Ha30BON CKOPOCTH JUIS KaXKI0H CUJIBI HATSKEHUS CTPYHBI

1 5
vcp :_Zvi (12)

Y 3allucaTh pe3ysnbTar B TabauLy 3a1aHus 1.

3. JIyist KaXa0W CUITBI HaTsDKeHUsI 1 3armucath B TaOIUIy 2 CpeHIo (pa3oByHO CKOPOCTh

Tabmuma 2
No/Ne | T,H | 0cp, M/c 2, Mo/c? P, KI/M | Pep, KT/M | Ap, KI/M | Apep, KT/M
1.
2.
3.
4,

5. Bo3BecTu B KBaJpat cpeHIOn (a3oByI0 CKOPOCTb, U 3allucaTh pe3yyibTar B TaOIUILy 2.

6. Mcnonb3ys naHHble TaONMIBI 2, TOCTPOUTH IpauK 3aBUCMMOCTH KBajapaTa (a3zoBOil CKOPO-
CTU OT CUJIbI HATSKEHUS CTPYHBI.

7. Ilo Buay rpaduka caenars 3aKI0YSHHE 0 3aBUCUMOCTH (ha30BOI CKOPOCTH OT CHUJIBI HATSIKe-
HUSI CTPYHBL.

3aodanue 4. Onpedenums nAOMHOCHb MAMEPUATA CIPYHDL

1. U3 cootnomenus (10) monyduts hopMyity Ajist onpeaeneHus IIOTHOCTH CTPYHBI p.
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. YUuThIBasA, 4TO IUIOMIAAL MOMEPEYHOTO CEYCHHS CTPYHBI S :nd2/4 ud=13510" M —

JUAaMETpP CTPYHBI, BBIYUCIHUTH MJIOTHOCTD JJIs1 KQXKI0TO 3HAYEHUS CHIIbI HATSXKEHUS CTPYHBI U
3anucaTh B TaOnuiy 2.

. Halitu cpegnee 3HaueHue NIOTHOCTH.
. Beruncnute abCOMOTHYIO MOTPEIIHOCTD IIIOTHOCTHU JUISl KayKIAOr0 3HAYEHUS CUJIbl HATSDKEHUS

CTPYHBIL:

Ap; =|p, — P (13)

Y HAaliTH CPEJIHIO0 a0COIOTHYIO IIOTPEMIHOCTD Apcp.

. Berauciute OTHOCHUTCJIbHYIO IMOTPCHIHOCTD IJIOTHOCTH 110 (bopMyne:

Ap.
8p = —2..100% | (14)

pcp

. HpeI[CTaBI/ITB IUIOTHOCTDb MaT€puralia CTPYHBI B BUJIC:

p=(p, *Ap,,) kr/v’; Sp=__ %. (15)

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

. Ilo Tabnuuam nmnotHoctu (MIHTEpHET) ONpeaenuTh MaTeprail CTpYyHBI.

KOHTPOJIBHBIE BOITPOCBHI BAJAHUU )

. 3anucarh ypaBHEHUs Oeryiieil U OTpakeHHOU BOJHBI, MOSACHUTH (PU3UYECKUN CMBICT BXOMS-

X B HUX MapaMCTPOB.

2. Yka3aTb yclioBuUs, HEOOXOAUMBIE 1J1s1 00pa30BaHMs CTOSYUX BOJIH.

(O8]

0 3 N U K~

. 3anmcaTh ypaBHEHHE CTOSYEH BOJHBI U MOSCHUTH (PU3NYECKUN CMBICT BXOISIIUX B 3TO ypaB-

HCHUC MMapaMCTPOB.

. YKa3aTb OCHOBHBIC pa3JIMuUs MKy Oeryiieil U CTOsYei BOJTHOM.
. YKa3aTh CBSI3b aMIUIUTY/IbI CTOSIYCH 1 Oeryiiel BOJIH.

. JlaTb onpenieneHne y3iny U IMy4YHOCTH CTOSYeH BOJIHBI.

. YKa3zaTb KOOpIAWHATHI y3JI0B U MYYHOCTEH CTOSYEH BOJIHBI.

. 3amucath CBSI3b JUTMHBI OCTYIIEH BOJHBI C JUIMHOW CTOSYEH BOJIHBI.
9.

Onpenenuts JUIMHY CTPYHBI 10 U3BECTHOM IJIMHE CTOSIYEN BOJIHBI IS 33JaHHOTO 00epTOHa.

10. daTb onpeneneHne COOCTBEHHON YaCTOTHI CTOSIYEH BOJTHBI.

11. 3anucats GopMyITy CBSI3U YAaCTOTHI CTOSTUYEH BOJHBI C JUIMHOW CTPYHBI U (ha30BOH CKOPOCTHIO

12. Ot xakux GpU3NUECKUX BEIUYNH 3aBUCUT (Pa30Basi CKOPOCTh CTOSUECH BOJHBI?

13. OcyiecTBisieTcs I MEPEHOC SHEPTUM B CTOSYUX BOTHAX?
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JlaGopaTopHas pabora Ne 8
HNCCIEJOBAHUE BHEHIHET'O ®OTO2®®EKTA

Iesan padoThl: M3yueHrie OCHOBHBIX 3aKOHOB BHEIIHETO (oTo3((heKTa, CHATHE BOIbTaAMIEPHON
U CBETOBOM XapaKTEPUCTHUK, ONPEACICHUE NHTErPAILHON U CIEKTPAJIbHOU YyB-
CTBUTENBHOCTH (poTodnementa (D).

3amanne
. U3y4nTh 3KCIIepUMEHTaIbHbBIC 3aKOHOMEPHOCTH BHEIIHETO (hoToddhdekTa.
. I3yunTh kBaHTOBYIO Teoputo ¢poTodrddekra.
. CHsTh BoNbTaMIIEpHYIO xapakrepuctuky @3 [ = f(U ).
. Custb cBeToBYyIO Xapaktepuctuky @D I, = f( D).

[0, T SO US T NS I

. PaccunTars MHTErpabHYIO YyBCTBUTENLHOCTE DD /IS CPETHErO yYacTKa CBETOBOM XapakTe-
PHCTHUKH.

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

Hbl BOJIHBI cBeTa Iy = f(A).

BBEJAEHUE

Buemnuit potosd ekt — 3To ucmyckaHue 3IeKTPOHOB BEIIECTBOM IO JeHCTBHEM CBe-
ta. Baemmauit pororddext O0but oTKphIT B 1887 roay I'. I'epuem u Bnepsbie ucciaenoBad B 1888
rony pycckuMm yueHbiM A. I'. CTONEeTOBbIM, YCTAHOBUBIIMM KCIEPUMEHTAIbHBIE 3aKOHBI 3TOTO
SIBIICHUSL:

1. MakcumanpHasi KHHETUYECKass YHEPTUsi (DOTOIIEKTPOHOB OIMPEAEITSETCS TOJIbKO dYa-

CTOTOM CBETA U HE 3aBUCUT OT €T0 MHTEHCUBHOCTH.

2. Ilpu puxcupoBaHHOI YaCTOTE MAJAIOIIETO CBeTa cuiia (POTOTOKA HACKIIIEHUS (TIOJTHOE
YHCIIO 3JEKTPOHOB, MOKUIAOIMIMX METal1 3a 1 ¢) mponopuUuOHalbHA BEJIUYUHE Ia-
JTAIOIIET0 CBETOBOTO MOTOKA

I[y~® . (1)

3. Jlns Ka)kaoro BellecTBa CyIIeCTBYeT MUHUMAJIbHAS YacToTa ( TaKk Ha3bIBaeMasi «Kpac-
Has rpaHuna» Gorodpdekra), mpu KOTOPOH emre BO3MOKeH PoTodhdeKT.

C TOuYKM 3peHHs KJIaCCUYEeCKOW BOJHOBOW TEOpPUH CBETa 3aKOHBI poTodddexTa HE 00H-
scHUMBbL. OHU ObUTH BIiepBbIe 00BsicHEHBI B 1905 romy DHUHIITEHHOM Ha OCHOBE THIIOTE3BI O
TOM, YTO CBET NMpPEACTaBIsAET CO0O0M MOTOK YacTull - (OTOHOB. DHeprusi (OTOHA OmMpesenseTcs
BbIpaXXKCHHEM

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

Buemnuit poroaddext B MeTannax ABIsSETCs pe3ynbTaToM B3auMOAEHCTBUS (DOTOHOB C
HaXOJSAIIMMHUCS Y IOBEPXHOCTH METaljla 3JIEKTPOHAMHU MTPOBOAUMOCTH.

[Ipy CTONKHOBEHHWH C OJHHM W3 TAKUX JJICKTPOHOB (POTOH TOJTHOCTHIO IMEPENaeT eMy
CBOIO PHEPIHIO, U €CJIM OHA JIOCTATOYHO BEJIMKA, FJEKTPOH MOKET MPEOJIOJIETh CHIIbI, YIEPKH-
BAaIOI[ME €T0 B METaJlIe, M BBUICTETh HApYXKy. Kakaplii (hOTOINEKTPOH BHIOUBAETCS OTHUM (O-
TOHOM, TIOATOMY €TI0 CKOPOCTH OIpEeIIAeTCs JIMIIb YHEeprueil (oToHa, T.e. YaCTOTOH Maaarolie-
ro ceta (1-if 3aKoH).
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[Magarommii Ha BEMIECTBO CBETOBOW MOTOK OMPEACINSETCS YUCiIOM (DOTOHOB, MOIAIAr0-
IIUX Ha MMOBEPXHOCTh B €IUHUILY BpeMEHH. B TO ke BpeMsl M MOJTHOE YUCIIO BHICBOOOKICHHBIX
(hOTO3IEKTPOHOB AOKHO OBITH TPOMTOPIIMOHAIEHO YHCITY TTAAAIONTUX Ha TTOBEPXHOCTH ()OTOHOB.
B cooTBeTCTBHM C ATUM TOK HACHIIIECHUS OyIET MPSIMO MPOTOPIIMOHATIEH CBETOBOMY MOTOKY(2-i
3aKO0H).

[IpumeHuB K 37eKTPOH — (POTOHHOMY CTOJKHOBEHHIO 3aKOH COXpPaHEHUS dHEpruu, JiH-
LITEWH NOJIYYHJ YPABHEHUE

mvm

hy =207 4 4 3)

rac: m — Macca 3JICKTPOHA, A- pa60Ta €ro BbIX0Ja; V,, - MaKCUMaJIbHAasA CKOPOCTh (bOTOBJ'ICK-

TPOHA.

OT0 ypaBHEHHE OOBSCHSET CYIIECTBOBaHHME «KpacHOW rpaHHub ¢Gorodddexra: siek-
TPOH HE MOXKET MOKUHYTh METaJUl, €CIIM HEPTUs nepefanHas eMy (OTOHOM, MEHbIE PabOThI
BBIXOZa 4, TIO3TOMY 4acTOTa V, CBETa, IPU KOTOPOH eIie BO3MOKEH (poToIhdEKT, onpenensier-
csl cCOOTHOIICHUEM hvy = A (3-1 3aK0H).

Bremnuii potorddext Haxomur Oonbioe npuMeHeHne Ha npakTuke. Ha aTom sBieHnn
OCHOBAHO JeHCTBHE (HOTOIIEMEHTOB, (POTOYMHOKHTENEH, 3JIEKTPOHHOONTHYECKUX Tpeodpas3o-
BaTelNeil, KOTOpbIe HIMPOKO HCIOJB3YIOTCS B KHHO, TENEBUACHUH, CXeMaX aBTOMATHYECKOTO
KOHTPOJISI, pa3INYHBIX CUCTEMaX CBSI3U U T.]I.

Onucanne 1a00paTOPHOH YCTAHOBKH

,—-\\ B pabote ucnone3yercs neictBue (orTode-
'SA meHTa CIIB-4 ( cypbMsHO-1I€3UEBbIN BaKyyM-

1
I \\\ HBIIl) C LIEHTPAJIbHBIM aHOJIOM B BHJE CCTKH

(puc.1) Karon cocTtour M3 HaMbUICHBIX Ha

{ BHYTPCHHIOIO IMOBCPXHOCTDH CTCKJIIHHOI'O
.«..1-.1 , OaoHa IOCJICAOBATCIIbHBIX TOHKHX CJIOCB

CYPbMbI U 1LC3UA. :‘)J'ICKTpOHBI BbIPBIBACMBIC
! =] } CBCTOM H3 OCBCHICHHOI'O KaToJda, JICTAT Ha

co3naBaeMbiM Oarapeeil b. ®oTOTOK, TeEKy-

MUl B e (HOTORIEMEHTa PETUCTPUPYETCS

z or aHOJ A, yCKOpsiEMBbI€ AJIEKTPUUYECKUM IIOJIEM,
o !
& |

s o ¢ i

ranbBaHomeTpoM G.

:

Fid
i
=il ! i B ¢otosnemMenTax HCIOIb3yeTCs TPS-

Masi 3aBUCUMOCTb ()OTOTOKA OT BEJIIMYMHBI Ma-
Puc. I JIAIOILEro CBETOBOIO IOTOKA, T.€. HOPMajb-
HBII PEeXUM paboThl (POTOIEMEHTA — PEKUM
HACBIIIEHUS, IPU KOTOPOM BEJIMYMHA HANpsKEHUs, IPUIaraeMoro Mexay aHOJOM U KaTOJIOM,
JOCTaTOYHA JIJIsl TOTO, YTOOBI Bce (POTORIEKTPOHBI, BRIPBAaHHBIC M3 KAaTO/a, JOCTHIJIA aHOJA.
OCHOBHBIMHU XapaKTEPUCTUKAMHU BaKyyMHBIX (DOTORJIEMEHTOB SIBIISIOTCS:
1. CnexTpanbHasi 4yBCTBUTEIBHOCTD (DOTOKATOIa, KOTOPAs ONpeNesieT 00JIacTh CIIeK-
Tpa, TJIe MOKET OBITh UCIIOJIBb30BaH JAaHHBINA (POTOITEMEHT.
2. BonbramnepHas XapakTepUCTHKa, OIPEENAIoNIas 3aBUCUMOCTh BETMYHHBI (POTOTOKA
HacChIILEeHUs [y OT BEIMYMHBI IAAOLIETO CBETOBOTO NOTOKA D MpU MOCTOSIHHOM
HaNpsKEHUU MEXAY KaTOJAO0M M aHOJIOM.
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Cxema 3KCneprMEHTalbHON YCTAaHOBKU IIPUBE/IEHA HA pUC 2.

3 | esrmen SewreT T Er . LT 1ICM

o a_ AK
Yt o —H—

.l

~2208

Puc. 2

OCHOBHBIMHU YacCTSIMH YCTAHOBKH SBIISIOTCS (poTosnement (PD), namna HakanuBanus JI
(220B, 100BT), mokcmetp (JIK), nmpenHasHadueHHBIN ajis1 u3MepeHus ocBemnieHHoctn E. doto-
3JIEMEHT U JaTYMK JOKCMETPA MOMEILIEHbI B CBETO3AIIUTHBIE KOXKYXH, JlaMIa JI nMeeT BO3MOX-
HOCTb IE€PEABUTaThCS 0 NAHEIU B FTOPU30OHTAILHOM HallpaBieHUU. PaccTosHue r MEXIy JlaM-
moit u @D (JIK) u3mepsieTcs Mo CaHTUMETPOBOM IIIKaJie, HAHECCHHOW Ha TMaHENb YCTaHOBKH.
Jlamna nomenieHa B KOXyX, NO3BOJIAIOIIMN MMOMEIIATh [0 XOIy CBETOBOIO Iy4Ka pa3jMyHbIE
¢GuIbTpHl. B KOMIIEKT YCTAaHOBKM BXOJIUT HAOOp CTEKISHHBIX CBETO(PHIBTPOB, MO3BOJISIONINX
BBIJICJIATH M3 CIEKTPa JIAMITbl HaKaJMBaHUA paziIuyHble ydacTKu. [Iponmyckanue cBeTohuiIbTpoB
YKa3aHO B X [IaCIOpPTaxX MPUJIaraéMbIX K YCTaHOBKE.

Hatuuk JIK mpencraBisier co6oif BeHTUIbHBIN (oTOdIeMeHT (ero paboTa ocHOBaHa Ha
SIBJICHUH BHYTpeHHeTo GoTtorddexra).

Bennunna nagaromiero Ha GpOTO3JEMEHT CBETOBOTO MOTOKA MOXKET OBITh paccuuTaHa Mo
dbopmyne ®=ESy, rne E — ocBemennocts @D B mrokcax; S — MJI0MAIb KaToaa B M. 3HaueHHUe
Sk yKa3aHO Ha yCTaHOBKE.

KonctpykTrBHO (pOTOIMIEMEHT NUTaeTCs OT ucTouHuka nutanus YUII-2 , pydka peocra-
Ta R BbIBEJIEHA HA MEPENHION MaHENIb 3TOro npudopa. Bonst™merp V, nsMmepstonmii Hanpsixe-
Hue Ha @D u MuKpoaMIiepMeTp | A, u3Mepsomuil BennuuHy portoroka IO momerens Ha na-
HEJH 3KCIIEPUMEHTAILHON YCTAaHOBKH.

MeTtoauka BbINOJHEHHUs JJA00PATOPHOH padoThI
1. CHsiTHe BOJIbTAMIIEPHOM XapaKTEePUCTUKH

1. BxmtouaroT B cetb YUII-2 u garot emy nporpeTbest S MUHYT.

2. Bpamas pyuky noreniuomMetpa R, mogator Ha @3 200B, npu 3TOM TeMHOBO#1 TOK (oTO3I€E-
MEHTa JJOJDKEH OBITh PABEH HYIIO. Y O€IMBIINUCH B OTCYTCTBUU TEMHOBOT'O TOKa, YMEHbIIIAEM
HaIpsDKEHUE 710 HYIIS.

3. Bxurouarot nammy B ceTh kHonko# K.

4. ITomemaroT amny Ha paccrosinue 20-25 cm ot @3.

5. N3menss nanpsokenne Ha @D ot 0 1o 240 B (mo 60B uepes 10 B, nanee uepes  20B, peru-
CTPUPYIOT BETUYHUHY CHJIBI (POTOTOKA O MUKpOAMIIEpPMETPY.

6. JlaHHBIC 3aHOCAT B TaOJIUILY.

Tabnumal.

U,B
I, ntA
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7.

Ctposr rpaduk 3aBucumoct [=f(U), OTKIaAbIBas MO OCU a0CIUCC 3HAYEHUE HAIMPSHKEHUS
U.
2. CHeiTHE CBETOBOM XapaKTePUCTUKH

1. Ilopator Ha @D Hanpspxkenue 240B.

2.

YcTaHaBIHMBAIOT JIAMITYy Ha PACCTOSIHHUE , TPH KOTOPOM CTPENIKa MUKpOaMIIepMeTpa OTKIOHS-
ercs Ha 2/3 mKabl.

3 Vaanstot namny oT Q@oTodIeMeHTa Ha pa3Hble PacCTOSHUS (CHUMAIOT 5 TOYEK),3alKChiBas Mo-

4.

oo

Ka3aHus MPUOOPOB (3HAYCHUSI TOKOB U PACCTOSTHHMA ).
[ToBTOPSIOT M3MEpeHMsI, BO3Bpalllas JaMIly B IEpBOHAYAIbHOE MOJ0XKEHHUE, BHIYUCISIOT 3HaA-
Il'lp+106p

yeHus Iy = >

. IlocnenoBarenbHO yCTaHABIMBAIOT JIaMIly nepelx qatuukoM JIK Ha Tex ke pacCTOSHMSX T,

(UKCUPYIOT TOKa3aHMs JIOKCMETpa 110 BEpXHEH IIKaJe.

. HpOBOHHT HU3MCPCHUA B IIPAMOM U O6paTHOM HaIlpaBJICHUAX, PACCUUTLIBAIOT 3HAYCHUA

— Enp+Eosp
2

E

. ITo popmyse (5) onpenenstoT s KaXI0TO I BEIMYUHY CBETOBOTO MOTOKA.
. Pe3ynbTarel n3MepeHuii U BBIYUCIICHUH 3aHOCAT B TAOJIHITY 2.
. [Tonaras, yro npu HanpspkeHun 240 B Bce (HOTOAIEKTPOHBI TOCTUTAIOT aHO/A, CTPOSIT 3aBU-

cUMOCTh [y =f(®) oTkIaabIBas Mo ocu abcuuce 3HadeHus O.

Tabmnuna 2.
No/Ne r . 1 o6p. Iy E . E o6p. E @
pPa3MEepHOCTh
1
2
3
4
5

OnpenesieHne CIEKTPAJIbHON YyBCTBUTEJIbHOCTH.

. ITomemaror aMmny Ha TakoMm pacctosiHuu oT 3, padoTaroiiero B peKuMe HACBILEHUS, TIPU

KOTOPOM CTpesika PA maer oTOpoc Ha 4/5 mIKasbl.

. [locnenoBarenbHO moMenas mepes JaMIoi pa3iauuHble CBETOPUIBTPHI, GUKCUPYIOT MOKa3a-

HUSl MUKPOAMIIEpMETpa.

. Mcnonp3yst 3aBUCHMOCTD MCITYCKAaTEIbHON CIOCOOHOCTH BOJb(paMa OT JUTMHBI BOJIHBI U KpH-

BbIC ITPOITYCKaHU s CBCTO(l)I/IJ'IBTpOB, PACCUUTHIBAIOT HCTUHHBIC 3HAUYCHU A (bOTOTOKa [HI/I

[HI/I = Jo (7)

YO

I'me: o - ucmyckarenbHas CIOCOOHOCTH BOJb(pamMa MpHU JJIMHE BOJIHBI, COOTBETCTBYIOLICH
MaKCUMYMY TPOIYCKaHHUS CBETOPMIBTPA Amax. /) — MPOIyCcKaHUE cBeTouiabTpa B % mpu
JUIMHE BOJIHBI Amax. 3HAYEHUSI A U T) HaXOIAT U3 COOTBETCTBYIOIIMX KPUBBIX, IPUBEACHHBIX B

NPUIIOKEHNHU U TTACTIOPTOB CBETO(PHIBTPOB.

4 Pe3ynpTaThl U3BMEPEHUI U BBIYMCICHUHN 3aHOCAT B TaOIuUIy 3.
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AN D

HOBaH Ha SIBJICHUU BHeIIHero Gotodddexra.

Cagenbes U. B. Kypc o6meit ¢pusuku T1. 3. 1.1, rin. 9.

e S

Ne cBeto-
bubTpa

Amax

I\

78

pa3MepHOCTh

1

N | WD

Tabauua 3.

. Crposr rpaduk 3aBucumoctu Iy, = f(A) OTKIaaBIBast MO OCU a0CIIUCC 3HAYCHHS Apppx.
. Onpepenstor o rpaduKy NpeAenbHYI JJIMHY BOJHBI, P KOTOPOH elie Hadmoaaercs GoTo-

¢ dexr.

. Beraucrnsior «kpacHyto rpanuny Gpotosddexrar.

Henb paboThI.
3amaunue.

VYpaBHeHue DUHINTEIHA.

KOHTPOJIBHBIE BOITPOCBI

Hazpanue u Homep paboTHI.

4. Conep:kanue oT4yeTa

HpI/IHHI/IHI/IaHBHaH CXEMa YCTAHOBKHM.

JIMTEPATYPA

OCHOBHBIE BBIBOJIBI ITO pE3YyJibTaTaM HUCCJICIOBAaHUA.

B uewm 3axmouaercs siBnenue Gororddexra?

DKcrnepuMeHTalIbHbIE 3aKOHBI BHEITHET0 PoTodPdeKTa.

Kak 00bsicHUTB 3aKOHBI BHEITHETO (HOTOA(PEeKTa KBAHTOBON TeOpUeii?
. OObsacCHHUTE YCTPOHCTBO U MPUHLUI JCHCTBHUS BAaKyyMHBIX 3JIEMEHTOB.

1
2. B uyem cocrout paznuune MeXAy BHEIIHUM U BHYTpeHHUM (poTodddexrom?
3. Chopmynupyiite SKCIIEPIMEHTATBHBIC 3aKOHBI BHEITHETO (OoTOdd(DeKTa.
4.
5
6
7

. Kak B pa60Te OCYIHICCTBIIACTCA SKCIICPHUMCHTAJIbHAA ITPOBECPKA 2-ro 3aKoHa

Pe3ynbraThl H3MepeHHii U BRIYUCICHUN B BUAE Ta0iul, TpaguKoB Mo BceM pazzaenam 5.1-3.

doTtosrddekra?

. Ykaxxute o0jacTu TCXHUKHU, I'IC UCITOJIb3YIOTCA l'IpI/I60pBI, MMPUHIMUIT HeﬁCTBHH KOTOPBIX OC-
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JIMTEPATYPA

1. Hukepos B.A. ®usuka. CoBpeMeHHBIN Kypc. YUeOHUK. J[1s1 CTyIEHTOB TEXHUYECKUX
BY30B. MockBa, «JlamkoB u KO», 2018 r., 452 c.

IMPUJIOKEHHUE

1. HexkoTtopsie (hu3mdeckue MmoCTOSHHBIC

HAUMEHOBaHME O0o3Ha4yeHHE U YN CI0OBOE
3HAYEeHH e

Macca nokos 3JeKTpoHa m.=9,1 *10 °" Kr
3apsij 2JIeKTpOoHa e=1,16*10""Kx
DneKTpuyecKas MOCTOSTHHAS g€ =28,85* 10" Zo/m
IMocrosanas [Tnanka h=6,67* 10 >* JIx/c
[Tocrostnnas 3akona Creana -bonpimana 6=75,67 10°°Br/m K’
ITocTossHHAs 3aKoHA cMemieHus BuHa b=2,9 10 > m/c
CKOpoCTh CBETa B BaAKyyMe ¢=2,998 10° m/c

2. Kosppuuuentsr CThrozieHTa t png

Hanexnoctsp | 0,5 0,7 0,9 0,95 0,99
Ywuciio usMepeHn n

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. HJ’II/IHBI BOJIH CIICKTPAJIbHBIX JTMHAMN HCOHaA, I'CJIvA, pTYyTH,

HanboJee XapaKTEePHBIX IS BUIUMOW YaCTH CIIEKTPA.

Ne
[ — A, HM OtHocuTenbHas
SPKOCTh
1. Spko-kpacHas 640,2 10
2. KpacHo-opaHxeBas, JieBasi U3 ABYX OJM3KHUX JIMHUHA 614,3 10
3. XKenras 585,2 20
4. Cserno-3eneHas, nepBas 3aMeTHasi BIPaBo OT 4-0it 576,0 4
5. 3eneHas , ieBas U3 ABYX OJMHOKUX JIMHUN 540,0 6
6. 3enenas, npasasi U3 IBYX OJUHOKUX JIMHUMA 5930 8
7. CuHe-3eneHast OJMHOKAs 484.,9 8
He
[ A, HM OtHocuTenbHas
SIPKOCTh
1. Kpacnas 728,1 3
2. Kpacnas 706,5 5
3. KpacHas 667,8 6
4. Xenras 587,6 10
5. 3emenas 501,6 10
6. 3emenas 4922 4
7. TonyOas 471,3 3
8. Cunsas 438.8 3
9. ®uonerosas 402,6 5
Hg
[ — A, HM OtHocuTtenbHas
SIPKOCTh
1. Xenras 579,1 10
2. JKenras 576.9 8
3. 3encHas 546,1 10
4. TomybGas 491,6 1
5. ®OHoNETOBO-CHHSA 435,8 8
6. ®wuoneronas 407,8 1
7. ®dwuoneronas 404,6 2
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