K HOBON O®UIIUAJIBHOU
I[EMOHCTPAII,I/IOHHOI/I BEPCHH ora

TPEHAJKEP

DODUN3UKA

3KCI'IEPHMEHTAl1beIE 3A0AHUA

* OnucaHus BbINONHEHWS
3aKcnepuMeHTanbHbIX 3aaadun 0ra
* TemaTtuyeckue aKcnepuMeHTanbHbIe 3aAaHna
* Mpumepkl BEINONHEHNA 3KCNEPUMEHTaNbHbIX 3afaHuin
* PeanbHble TUNOBbIE
3KcnepuMeHTanbHble 3agaHua O3




TPEHAXEP

I'. I'. Huxkudopos, E. E. Kam3eesa,
M. 1O. lemuzoBa

PUIUKA

JKCnepuMeHnmanbvrsle 3a0aHus

Onucanusn evinoinenus
IKCcnepumenmanvusix 3a0anuii O3
Temamuueckue sxcnepumenmanvnvie
3a0anun

Ilpumepui svinonnenus
IKCREPUMEHMANbHBIX 3A0AHUII

Peanvnvie munossie
IKChepumenmanvhusle 3adanus O3

Hzoamenvcmeo
«IK3AMEH»
MOCKBA, 2021



VIK 372.8:53
BBK 74.262.22

H62

H62

MMeHa aBTOpOB, Ha3BaHME W CONEPKAHHE MPOW3BEICHHH MCNOJb3YIOTCA B JAHHOH KHHre B y4eOHBIX LEAX
B 00BEME, ONpPaBIAHHOM LENbIO MTHpoBaHus (cr. 1274 m. 1 wacTh uwersépro#t I'paxnanckoro konekca Poccmiickoi
denepaunn).

Huxudopor I'. T'.
OI'> 2021. ®wusuka. Tpenaxép. DxcnepumentansHsie 3amanus / I'.T. Huxugopos, E.E.Kamseesa,
M. 10. Jlemunioa. — M. : M3narensctso «Jk3amenn», 2021. — 141, [3] c. (Cepus «OI'D. Tpenaxep»)

ISBN 978-5-377-16218-6

Tpenaxép B popme paGoueii TeTpaay NpeaHA3HAYEH JUIS TIOATOTOBKH K BBITOJHEHHIO SKCIEPHMEHTAIBHBIX
sananuii, BKIouSHEBIX B OI'D no dusuke. 3a7aHus IpynnupyloOTCcs 0 TEMATHIECKOMY NpUHLMILY. BHYTpH Te-
MATHYECKHX Pa3/elioB (MEXaHWYeCKHe, MIEKTPHYECKHE H ONTHYECKUE ABICHUA) paboThl paciojiaraloTes B co-
OTBETCTBHH C JEATEILHOCTHBIM MPHHIMIIOM KOHCTPYMPOBaHHS 3KCIEPHMEHTa/bHBIX 3ananuii OI'D: npameie
M3MEpPEHHs, KOCBEHHBIE H3MEPEHHs, IPOBEPKA NMPABHJI, HCC/IE0BAHAE 3aBHCHMOCTCH.

B nocoGue BKIIOYEHE! peanbHble TUIOBHIC IKCIEPHMEHTaNbHbIC 3a1anus O3, npusoastes OINMHCAHHA HX
NPaBHJILHOTO BEIIONHEHUs H 3anojiHenus 6nankos OI'D.

Vuamuiics NoMydaeT BO3MOKHOCT d((eKkTHBHO 0TpaboTaTh yueOHbIH MaTepral Ha 00bIIOM KOTHIECTBE
3aJaHui M CaMOCTOATENbHO MOATOTOBHTECH K dK3aMEHY.

VuuTens CMOTYT OPraHH30BaTh H NPOBECTH pa3nu4nble GpopMel noarotosku k OI'D.

Ipukazom Ne 699 Munuctepcta o6pasosanns 1 Hayku Poccuiickoit @enepaunn yueOHbie nocoous u3ga-
TenbeTBa «DK3aMEH» J0NYILICHBI K HCTIOTb30BaHHIO B 0011€00pa3oBaTenbHbIX OpraHH3alHsiXx.

V]IK 372.8:53
BBK 74.262.22

dopmar 60x90/8.
Tapuutypa «llIkonbHas.
Bymara razetnas. Yu.-u3a. 1. 7,35. Yen. new. 1. 18.
Tupax 6000 k3. 3aka3 Ne2865-20

ISBN 978-5-377-16218-6 © Huxudopos I'. I'., Kamseesa E. E., lemunosa M. 10., 2021

© UznarenscTBO «IK3AMEH», 2021



COAEPXXAHME

IIpegucioBue Aasa yauTend ...... SRR e T e R SRR R TR e e e TR i e

I'JIABA 1. MEXAHUKA

§1. JlaGopaTopHOE OGOPYSOBAHME ITO MEXAHIKE «everrenrnrenrnsessnssessnsenrssnsanes TR Ts i alare aieia e e e wiale et e 7
1. Knacenpuranus cpeicTs Hu3aMepeHH . ....... R R S S A s R WY S T
2. llena jeleHns ¥ Pe3yJIbTAT IPAMOTO U3MEPEHHUH ........ R e e T 5 S TR 9

3. IIpurnun cpegHero...... S T —— AR SRR R s AR

~ §2. Onpenenenne YUCIeHHBIX 3HAUYCHU (usMYeCKHUX BeJIUYUH HA OCHOBE MPAMBIX H3MepeHHi ... 19
1. ITTOTHOCTE BEIIECTBA veerreereseenseeneens R Ty e e PP 19
1.1.I[omaumsmno,uro'romca.....;..........;............... ................ R RN AN e XS |,
1.2. OKCHepPUMEHTANBHBIC 3AJAHMA vevverenrenennennnnnn T ——— R S ... 20
2. JECTKOCTD IPYMHUHEL vvvvvrnrnenn.... e e e T S R T 24
2.1. lomalssas DoAroTOBKA ....... e e e R R R e S R A R T
2.2. OKCIIEPUMEHTATBHBIE 3AJAHMA «.evevernrrenenrnnenensnrnenes T AR e .28
3. Buorankusaroiad cuna...... TS — e e T N S S T 35
3.1, IOMANTHAA MOATOTOBKA «vvvurerreeneanennenenns R R e T yr— T 1
3.2. OKCIEePUMEHTAIBHBIE BAMAHM vvvvversnrnnnnenennnnss SRS RS SRR ceerees 36
4. Tpenue ............ R S S S——— .......... 1)
4.1. [loMaIIHAA HOATOTOBKA «..veu.nn..... I T e 1|,
4.2, DKcnepuMeHTAIbHbBIE 3ATAHUS .......... S — T P RS T T [
5. Paﬁo’racnﬂ.................. ......... R b s A R ......... T 47
3afaHuA NePBOH TPYIHEI ............ T L vl ez e e R — i
5.1. loMmaImHaAsA DOATOTOBKA ......... e N e ey e e sessennesens BT
9.2, OKCIEPUMEHTATBHBIC BAMAHII vvuvenenrnrensesnrnsensnsnsnrnsnnnnnns TR R sewmeeninins 39
3aJaHUA BTOPON I'DYIIIBL vvvvrvenrenenn.. R AR R T N A e yowsa 90
5.3. [lomallHsasA MOATOTOBKA ..... R R R S e R R 50
5.4. OKCIIEPUMEHTAIBHBIE 3AMAHHT «.vvuvennrnnnnsns SR AR S B P S e A 50
6. YcnoBusi paBHOBECUS PHIYATA............... AR AR R T S — 1
6.1. JloMalIHAsA MOATOTUBKA ............ e I sSiseEea v TR S 55
6.2. 9KCcIepUMeHTAaTbHEBIE 3afAHHASA . ........ e e b e T . sismmeaal O

7. Uccnenopanye 3aBUCHMOCTEH MY (DUSHUECKHUMH BETHIIHAME v voennensnss.. T T ey 61



7.1. MUccnepoBaHue U3BECTHLIX 3AKOHOMEPHOCTEH +.vvvennns A T B o M TR SRR . | |

7.2. UcciienoBaHNe HEM3BECTHLIX 3aKOHOMEDHOCTEH ..... e eereerenenss OT

TJIABA 2. DJIEKTPMYECKUE SIBJIEHUA

§1. JIaGopaTOPHOE ODOPYIOBAHME ..cvurururesrasusrrsensananns e T TR e e R 74
1. 91eKTPOU3MEPHUTEILHEIE IIPUOOPBI cvvvnnrnrnnnnss e R -~ seaias 14

2. WcnoabayeMble Ha 9K3aMeHe Pe3UCTODI, JJAMIIOYKH, MCTOYHUKH TOKA, PEOCTATEL . vvvverrsers (1

3. BamaHndA 10 PAGOTE C 000PYLOBAHHMEM ..uvvvrerrreerenransnnnns S 7. SRR LD
§2. MsmepeHue CONPOTHBICHUS, MOITHOCTH ¥ PAGOTHI TOKA +vvvrenrrenss B P T seiEsse AT OB
1. UaMepeHHe COTPOTHUBIEHUA ¢ vvvvrerrnnnanannas AR T T SN - R SRS 0 T - 1
2. 3aMepeEye MOITHOCTH U PAGOTEI 3JIEKTPHYECKOTO TOKA uvrerrannnnnns SRS SR sweins Q0

§3. IIpoBepka mpaBHJIa CA0KEHUA HANPSAKEH I IIPH NOC/IeJ0BATEe/IbHOM
CoeIMHEHUH Pe3UCTOPOB H IPABHJIA CI0MEHUA CHI TOKOB IIPH MapalIe]bHOM COSJUHEHNH ..vuves 95

1. CpaBHeHUE UBMEPEHHEIX (DU3HYECKNX BEJIUUMUH .ovverrrennnss b I T

2. IIpoBepKka IpaBuJjIa CI0MEHUs HANPAXKEHUH IIPH II0CIe0BATEILHOM
COEIUHEHUH PE3HCTOPOB v1vurreennrasnnns I = T . T, I o BRI | -

3. IIpoBepKa IpaBuJa CI0XKeHNsA CHUJI TOKOB IIPY IIapaJUIeIBHOM COe/IiHeHUN
PEBHUCTOPOB.cesresnssasncae S ——— T SRS R T — verrrererrernnsneenseseess 100

§4. McciefoBaHue 3aBHCHMOCTH CHJIbI TOKA OT HAIPAMKEHHS .. .. ... T a—— LW | | |
1. Kax n1poBepAIOT 3aBHCHMOCTH OAHON BEJHYMHBI OT APYTOH? covvveeerennnens RS A ... 105

2. DKCIIepUMEeHTAIbHBIE HCCIeZ0BAHUSA 3aBUCHMOCTH CHJIBI TOKA OT HANPAMKEHHHA ... ISP i [ &

I'JIABA 3. OIITUYECKHE ABJIEHUSA

§1. MamepeHne (GOKYCHOIO PACCTOAHHUA ....... e —— e R Y. 5" T | |

1.1. JloMaIIHASA TOATOTOBKA .evverrennenss R e eeeeeieinanaae e SRR seswiseseas 121
1.2. JIabopaTopHOe 060pyAOBAHUE I10 ONTHKE ..... e s A RS N 1+
1.3. DKcepUMeHTATbHEIE 3a{aHNUsA 10 M3MEPEHHIO (POKYCHOTO PACCTOAHMUSA 1vurverinssrass S—
§2. Uccnenopasue CBOMCTB M300PAIKEHUN B JIMHBE ..vvvverrerenncnnns T 130
2.1. loMaInEAA DOATOTOBKA ........ T R e R R R 130
2.2, BEIIIOIHEHHE BK3aMEeHAITMOHHOTO 3aJaHUA cuvrrennnnnns ......... AR cesawey 190



NMPEAUCNOBMUE A9 YYMUTENSA

Hcnonnzosanne TpeHaképa B hopMe paboueil TeTpagy IOMOMKET YIUTETII0 OPTaHU30BaTh y4ues-
HYIO IeATEeJNIBHOCTE [0 IIOATOTOBKE K BBIIIOJHEHHIO S9KCIIEPEMEHTAJBHEIX 3aganuil OI'D ¢ ucooab30Ba-
HHeM J1abopaTopHOTO 000PYA0BAHKA. “

B rerpanu ncnosb3yeTca KOMILIEKCHBIH YeTHIPEXaTATHEIH OAX0/ K (DOPMUPOBAHHUIO IKCOEepH-

MEHTAJIbHBIX YMEHU# yYal[uxcs, IPOBEePAEMBIX IPY IOCYJAPCTBEHHOH aTTeCTAIMH: IePBIi 9Talm —
AOMAallHAA SKCIePUMeHTaIbHAA paboTa; BTOPOH 9Tan — aHAJINS IPUMEDOB BLINOJHEHHSA 3aJaHUH 110

(dororpaduAM U3MEPHTETBHBIX YCTAHOBOK; TPETHMH 3Tall — CAMOCTOATEIbHOe BHITOJHEHHE 3aNaHu |

no dororpaduaM H3MEePHUTENLHEIX YCTAHOBOK; YeTBEPTHIM 3Tal — 3aKJIOYHTE]bLHEBIH: BRIIOJIHEHHE
9KCIIEPHMEHTANILHOTO 3alaHUA Ha PeaJbHOM J1aGopaTopHOM 000pYIOBAHHM, KOTOPOE BBIZAETCH y4HU-
TeseM. B TeTrpagm sanaEuA IPpYNOHDPYIOTCA IO T€MATHYECKOMY NDPHHITUITY; BHYTPH TeMaTHYECKUX
paszesoB (MexaHHYecKHe, dJIeKTPUYEeCKHe U ONTHYeCKHe ABTeHNA) OHM PACIIOIATAIOTCS B COOTBETCT-
BHH C IeATETbHOCTHBIM NPUHIMIIOM KOHCTPYMPOBAHUA dKCIIEPUMEHTAILHEIX 3aganuil OI'D ¢ gobas-
JIeHHUeM 3aJlaHui 10 NPAMBIM HM3MEePeHHsM: 1) NnpsaMble H3MepeHHA, 2) KOCBEHHBIE H3MepeHud,
3) npoBepka npaBuJ, 4) uccaefoBaHHE 3aBHCHMOCTEM.

Ha ¢omo 1-3 npexpcrasnensr Ha6ops! «MA-na6opatopun» u «PT'OC-1abopaTopun», KOTOpLIE
HCIIONB3YIOTCA B LIKOJIAX npu nposegenuu OI'D B coorBeTcTBHY ¢ pexomerganuama @UITN.

a) Habop no mexaruKe 6) ycmaHoeka & cOopke
®omo 1

a) rabop no saeKmpuiecmay 6) ycmanosxa & coopke
Domo 2



a) Habop no onmukxe : 6) ycmaHoska & cOopke
Pomo 3 :

@opMy OpPraHH3aIUH 3aHATHAN ¢ IPUMeHeHneM pafoyeil TeTpaju onpejesser yYuTelb. Opua us
(hopM — HMTOTOBHIN J1a60PATOPHBII NPaKTUKYM B 9 Kjaacce. [Ipn npoBejleHUH TAKOT0 NIPAKTUKYMA MO~
TYT MCIOJB30BATLCA He TONbKO KoMmaekTel « THMA-1abopaTopus», HO H THIIOBbIE Habopswl A4 GpoH-
ransHbIXx pabor. @HUIIN gomyckaeT TakKe HCIOIB30BaHME TAKMX HAOOPOB NP IIPOBEJEHHUM Or'a mo
dusuke.

BoInosiHeENe TPAKTHKYMa MO3BOJISET HA HKCIEPUMEHTATbHON OCHOBE MPOBECTH HTOrOBOE I10-
BTOpeHHe BCero Kypca (pMa3uKH OCHOBHOH IIKOJIBI.



FNMABA 1. MEXAHUKA

§1. JlaGopaTopHoe o6opyaoBaHUeE N0 MEeXaHUKe

1. Knaccudukauua cpeacts uamepenus

OGopynosanue 115 IpOBeJeHNUA IPAMBIX H3MEPEHHUI 10 MeXaHUKe AeJHTCA HA UHCMPYMEHMbL
M U3Mepumenbible npuiopsi. '

K unctpymenTam oTHOCATCA: JIHMHEKA, MepHAA JIEHTA, MEDHBIH IIMIHHID (¢pomo 1.1). K name-
PUTENBLHBIM NPUGOpaM OTHOCATCHA: BEChl, JUHAMOMETDHI, Yachl, CeKyHZOMephl. IIpu aTom H3MepH-
TeJbHbIe IPUOODEI, UCIIOJb3yeMble HA 9K3aMeHe, JenATcs Ha HU(POBLIE H AHAJIOIOBEIE (CTPEIOYHEIE).
K ananorosuim npuGopam orHOcsTes JUHaAMOMeTpEI (pomo 1.2), uacs ¢ CeKYHIHOH CTPENTKOH 1 Me-
XaHHYEeCKHe CeKyHIoMepsl ((pomo 1.3). ITudpossie npuboOpsl — 3T0 5I€KTPOHHBIE BECHI U 3JEeKTPOH-
HBIH CEKYHIOMED. '

©Domo 1.1 Domo 1.2

Pomo 1.3
IIpu ncnonb3oBanmy MAGPOBLIX IPHGOPOB PE3y ILTAT CUMTHIBAETCS C AUCIUIES IPpUGOpa.
JdieKTpoHHbIE Becsl (omo 1.4).

@omo 1.4



DIeKTPOHHEIE Bechl MMeIOT npeea uameperus 200 r, moaromy mepes B3BelIMBaHUEM Heo0Xo-
AMMO GBITH YBEPEHHEBIM, UTO Macca BaBemuBaemMoro Tena Mensine 200 r. ([l 3TOT0 MOXKHO HCIIOIB30-
BATh JMHAMOMETP U IIPOBEPHUTH, UTO CHJIA TsKecTH MeHbIe 2 H.)

Bechl BKJIIOYAIOTCH IPABOH KHOMKOMH, BRIKIIOUAIOTCH JeBoii. Byksa «T» Ha nmpaBoit KHOIIKe 03-
HAYAeT, UTO HTOH KHOMKOM MOMKHO BOCIIOIb30BATHCHA A «cOGpoca Tapbl». Uro aT0 03HAa4aeT?

IIycTs BaM HAJA0 HAJIMTE B CTAKaH HEKOTOPOE OIpe/iesIEHHOe KOJIN4YeCTBO BOJEI. IeiicTBYyeM Tak:
BKJIIOYAEM IIPABOH KHOIKOM BeChbl, CTABUM Ha IJaT(dOpPMY IIYyCTON CTAKaH, BECHl MOKA3HIBAIOT MAacCy
crakasa 31,34 r (gomo 1.5, a), cHOBa Ha)XKMMaeM IPAaBYI KHONKY — BeChl IOKAa3bIBAIOT HYJb
(¢pomo 1.5, 6). He cEuMas crakaH, aKKypPaTHO HAJIUBaeM B HEro BOAY — Ha NMCIUIee BUAHM 3HAYCHME
maccsl Boasl: 24,84 r (¢pomo 1.5, 6) 6e3 yuéTa Macchl CTAKAHA.

Sapanne 1.1

1) Monb3ysicCb ANEKTPOHHLIMKU BeCamu, U3MEPLTE MAaCCy Pas/iuHbIX TEN — MOHET, LIapUKOBON
pyskM M aop. «

2) Monb3yack GyHKUMeN «cBpoc Tapbl», HAaNenTe B N1ACTUKOBbIN CTakaH HebonbLIOE KOIMYEeCTBO
BOObl U U3MEPbTE MACCy BOAbI.

3anuwwuTte peaynbTaThl B Tabnuuy.

Tena ' * Macca,r

DIeKTPOHHBIN cexyHaOMeD (Ppomo 1.6, a)
Vnpasnesue paboToil 3JIeKTPOHHOIO CEKYHJOMepa OCYIeCcTBJISAeTCA OIHOM KHONIKOM, pacmo-
JIO’KEeHHOI B BepXHeM Topie cupasa (¢pomo 1.6, 6).

1) Jlna BKIIOUEHUs CEKYHJOMepa KHONKA yAEPKWBAETCH B HAYKATOM COCTOAHWM HPUMEDHO
4 ceKyH/BI: HA JUCILIEE NOABJIAIOTCA YeThIpe HyId — UCXOAHOEe COCTOAHNE (¢pomo 1.6, 6).

2) KpaTKOBpPEMEHHO Ha)KMMAIOT KHOIIKY B Hauajle U3MEPEHUs IPOMEXKYTKA BPEMEHH 1 TaKKe
KPaTKOBPEMEHHO HAXKMMAIOT eé B KOHILle H3MEeDeHUA — Ha AucILIee orobpaskaeTcs pe3yJib-
rat (¢homo 1.6, 2). '



3) KpaTkoBpeMeHHO CHOBa HAYKUMAIOT KHOIKY — CEKYHIOMED BO3BPAINAETCH B MCXOLHOE CO-

crosHHuE (YeThIpe HYJIdA).
4) JIna HOBOro U3MEPEeHHUs IPOMEKYTKA BDEMEHH — CM. 1I. 2.
5) Jlns BRIKJIIOUEHHS CEKYHAOMEpPA HAXKUMAIOT KHONKY M YIAeP:KHBAIOT eé B HAMKATOM COCTOSM-

HHY IPHUMePHO 4 CeKYHBI — AUCILIEH racHerT.

CEKYHOAOMEP
SNEKTPOHHBLIA

T

E

RN BANE
mﬁm%ma

6

i
i
4
i

i S ————

< b

CEKYHOOMEP
SNEKTPOHHbLIN

S
. o e iy s

6
Pomo 1.6

Sapanue 1.2

Monb3ysck aneKTPOHHLIM CEKYHAOMEPOM, U3MEPLTE CBOIA MYJIbC.

- 2. LleHa peneHus U pe3ynbTaTt NPSIMOro M3aMepeHus '

1) Llngppossie npu6OPEI He MMEIOT IIKAJ, I03TOMY DY MX WCIOJb30BAHKA HET HEOBX0IMMOCTIH
OIpesensaTh HeHY AeJIeHH. -

Ho IpHA HCHOJB30BAHUYN HHCTDYMEHTOB M CTPEJIOYHBIX IIQHﬁOQOB orpeneyieHHe IIeHBI JeJie-

HuA — obdA3arenbHas NpPOLEAyPa, KOTOPYIO HEOOXOAMMO BEINOJHHUTE MEPE]] NPOBEeHUeM TIPAMBIX

U3MEpeHHi,
Ob1ee mpaBuIO BaM M3BECTHO:
neHa nenenus C paBHa
(¢ — PASHOCTD IHCIOBRIX SHAYEHHH ABYX OJMIKalmux onudpPOBARHBIX IITPHXOB MIKAJEI
YHCJIO IPOMEKYTKOB MEXKAY HUMHI




Ilena fgeleHUsA 3aNINCHIBAETCS C YKA3AHUEM eJHHUL] U3MePeHH .

3Hanyue eQWHHI] H3MEPEeHHA W HX 0003HAUEHHH OYEHbL BajKHO: MMEHHO OHH IPHUBOJATCA Ha
MIKajgax NpuOOPOB H HHCTPYMEHTOB | IIO3BOJIAIOT ONIPEeIUTh Ha3HaYeHHe CPeICTBA U3MEeDeHu .

Hanpumep, OpH BREIIOJHEHHH 9KCHEPUMEHTAJLHBIX 3aJaHWi BBl YaCTO IIyTaeTe AJUHAMOMETP
(¢pomo 1.7, a) co cuenmanbHLIM YCTPOMCTBOM AJIA HCC/IefOBaHuA NpyxuH (¢omo 1.7, 6).

3ananue 1.3

OnpegenuTte UeHy Aenexuns 1 npeaenbl U3BMepeHns N3MepuTenbHoro uunuHapa (¢oro 1.8).

domo 1.8

10



Sapaxue 1.4

Onpepenute UeHy AeneHns n hpe.u.enbl n3mepeHus auHamomeTpos (cM. ¢poro 1.9; 1.10; 1.11).
3anonHute Tabnuuy.

®Domo 1.9 ' @Domo 1.10

Pomo 1.11

Yucao Ilena genenns
PazuocTs S
\ JAeJIeHUH Pomo 1.9 Pomo1.10 | Pomol.11

2) PesymbTaT npsAMOro M3aMepeHHS C MCIIOJIL30BAHNEM IIPpHGOPa MOJIYYalOT HeNOCPEeACTBEHHO,
YMHOHB YHCJIOBOE 3HAYEHHE, OTCUMTAHHOE 10 IIKAJIe, HA IeHY JleJIeHIs.

IIpu oTcuére mo mKase, ecIU yKasaTelb He connap;ae'r CO LITPHUXOM IIKAJEI, TOKAa3aHUe OKPYT-
JIIETCH « 0 OJIHMKAHIIIero M Tpuxas.

11



Sapnanve 1.5
OnpeaennTe BEC Nankun oT WTaTuea, Nonb3yach ¢oro 1.12.

 ®omo1.12

Ilna W3MepeHUs MAcChl DY BBIIOJHEHUH 9KCIEPHMEHTaIbHBIX 3aaHdii 0 MeXaHWKe MOTYT
HMCITOJIb30BATHCA PasHooOpa3Hble MEXaHMYECKHe BECHL.

Yare BCero MCIOMb3YIOTCA BEChl ¢ THPAMHI COOPHO-Pa30OPHON KOHCTPYKIIMN (gpomo 1.13) u Be-
CBI C TIeperpy3xKoM u HabopoM rups (¢pomo 1.14). ‘

domo 113

domo 1.14

3) Ilpocreiimme HHCTPYMEHTHI He ABJISAIOTCA CTPEJIOYHBIMH npubGopamu. Ho npy UX HCIOJIB30-
BAHMH De3yJIbTAT M3MEDPEHHs TaKKe I[IOJIy4aioT COBMeINeHWeM H3MepsaeMOoro ob0BeKTa CO
mKanoil mHCTpyMenTa. Hampumep: o0BEM BOJABI B MEDHOM cocyje (¢pomo 1.15) pasen

164 M.
12



domo 1.15
Sananue 1.6

W3mepbTe 06LEM BOAbI B MEPHOM LUnuHApe (doTo 1.16 ).

@omo 1.16

13



4) YacTro mpu MCIOJL30BAHUY HHCTPYMEHTOB IPOBECTH oTc4éT He Tak npocro. Hanpumep, Bam
HaJ0 OIpPeAeNuTh 00hEM nuruEapa. [Jif 9TOro HaJ0 3HATH ero BHICOTY M AuaMerp. Beicory
W3MEPHTH JIETKO, HO Kak uaMepuTs guamerp? IIponeaypa nouATHA U3 ¢omo 1.17. fuameTp
pases 30 MM.

Pomo 1.17

3apanue 1.7

Monb3ysick gpoTo 1.18, onpepenute 06LEM LMANHAPA.

F 24 25

26 27 28 23

h, MM D, MM V =h-(nD?%/4, mm®

3. NMpuHUMn cpeaHero
IlycTe BHI H3MepseTe IJIOTHOCTL JepeBa C HCIOJIB30BAHHEM OpycKa, NpeACTABIIEHHOTO Ha

gomo 1.19. Jns onpenenenus o6beéma 6pycKa Halo U3MEPUTD JTHHEL TpEx ero pébep: BLICOTY @, LU~
pury b u ronmuny c. Torga 06béM paseH a * b - ¢. [Ilpu n3MepeHUH, HAIPEMED, ITUPUHBI OPYCKa B pas-

HBIX MECTAX IOJIyYalOTCs Pa3Hble Pe3yabTaThl (CM. (pomo 1.20).

domo 1.19

14
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®omo 1.20
Cseném nosryyeHHEBIE PE3YJIbTATH H3MEDEHUS INHPHHEI OpyCcKa B TaGauIy:

Howmep namepenus
1 2 3 4 5
37 Mmm 38 MM 39 MM 39 Mmm 40 mm

Yemy ke paBHa mupuHa 6pycxa? s MaTeMaTHKU BAM H3BECTHO, YTO HaJI0 HaWTH cpeJHee 3HA-
JeHHe.
B nansOM npumMepe:
b, = (37 + 38 + 39 + 39 + 40) / 5 = 38,6 (mm) = 39 (Mmm).
- PeaysbTaTel BEIYHCIEHUH OKPYIJISIEM 0 IEJbIX, TaK KaK MMEHHO C TOYHOCTBIO J0 IEJBIX MBI
IIPOBOAMIIN U3MEPEHHUA.

Hue 1.

Bocnonb3yinteck MepHoOit NeHTOM 1, oNMpascs Ha NPUHLMN cpeaHero, UaMepbLTe pa3Mepsl CTO-
na, paccyvTanTe ero nnowans.

a, MM b, MM S=a.- b, Mm

Q0 | DD [

5
Cpenuee

15



4. MNorpewHoCcTbL U3MepeHni

PaccMoTpuM M3MepeHHe Beca OJHOTO U TOTO e IpeAMeTa C ICIO0JIB30BAHNEeM [BYX NHHAMOMET-
poB. CHauasa [IOABECHM JIANIKY OT IITaTHBA K ANHAMOMETPY ¢ mpesesnoM uameperus 4 H u nenoir ge-
neuus C = 0,1 H. Bec nanku or mratusa pases P, = 2,6 H (¢omo 1.21).

i

Pomo 1.21 Pomo 1.22

BOCIIONB3YEMCH Telleph JNHAMOMETPOM ¢ IpejenoM uamepenns 5 H u raxoil sxe eHOH JeTeHus
(¢pomo 1.22): Bec TaIKM OT IITATHBA OKA3aJICH PABHBIM pP,=2,5H.

Yemy sxe paBeH Bec sanku? JInd oTBeTa Ha 9TOT BOIPOC HAJO Y4eCThb, UTO J00ble U3MepeHus
CONPOBOMIAIOTCA MOTPEIIHOCTAMH. B macmoprax ANHAMOMETDPOB, KOTODbLIE MCHONB3YIOTCA Ha ora,
YKa3aHO, YTO HOTPEIIHOCTh IPAMOr0 M3MEepPEeHHs CHJIBI 3THMHU JHMHAMOMETpaMHU He oonpmie AF =
= 0,1 H. Takum o6pa3oM, 10 pe3yabTaTaM II€PBOTO OMBITA MOYKHO sanucars, uTo P, = (2,6 + 0,1) H, a
1o pesyabTaTam Broporo onsita: P, =(2,5+0,1) H.

Wurepsans [2,56 H+ 2,7 Hlu [2,4 H + 2,6 H] nepecexaiorcs. Msmeperus BIOJIHE COTIACYIOTCH
APYT € APyroM:

2,6 2,7

—‘—H—P—W—P—O—"—PP, H
' | |

1 |
2,4 2,6

— »

[Io pes3yJbTATaAM M3MEDPEHHH MOXKHO JeJIaTh TOJIBKO BePOATHOCTHBIEC 3AK/IIOUEHHH. Ha Bonpoc
«UeMy paBeH Bec JAIKH OT LITATHBA, €CIH ONUPATHCS HA IIPOBEICHHbIe uaMepeHusn? » meaecoodbpasHo
oTBeuaTh TaK: «Bec Jamku oT mrarusa He Menbme 2,4 H u ve 6ospime 2,7 H 1, BeposATHEe BCero, Ha-
xoautca B maTepBae ot 2,5 H 1o 2,6 H».

PeaybTaT IPAMOr0 M3MEPEHHs BeTMUHHEL X 3aHCHIBACTCH B BU/Ie HHTEPBAMIA: X = Xygy + Ax.

16



3apnauvue 1.9
MorpeLHoCcTL NPAMOro M3MepeHns 06bEMa XNAKOCTM MEPHBIM LNMHAPOM (CM. ¢oTo 1.23)
paeHa AV = 2 mn. CkonbKo BOAbI HANIUTO B MEPHbI LMAnHAp?

OteeT 3anuwwute B popme V=V, + AV 1 n306pasnTe ero Ha YUCIOBOMN OCH.

t

Pomo 1.23

}:1&:}::%:}41&1\“1
170 190

PaccmorpuMm ciryuaii, Korga B MepHELH OHJIMHAD CHavana Haauau soasl V, = (100 + 2) mi, a 3a-
Tem V, = (60 + 2) mn. CrenoBarensHO, cHAuama HAJMIKA BOIEI He MeHbIIe 98 mi, HO He GoJsblme
102 M, a moToM JOMMIM BOAHL He MeHbIIe 58 M, HO He Gombmre 62 M. B pesyJIbTaTe MOXKHO JIUIIE
SAKJIIOUHUTD, ITO B MATUHADPE BOIbI He MeHbIIe (98 + 58) = 156 mu, Ho He Gosnbme (102 + 62) = 164 mur.
M306pasum 5T0 Ha YHCIOBOI OCH:

A

i

I — ] G | !
L S EE R R | | S s | LI B | T -

150 160 V, mn

Mgur BHIAUM, 4YTO IIPH CJIOXKEHHH M3MEPEHHbLIX 3HAYEHUH abCoJMI0THLIE IIOT'PEITHOCTH CKJIagLIBA-
0TCHA.

Sananve 1.10
MonoTtok nogsecunu Ha gBa AuHamometpa (¢poto 1.24). MorpewHocTs NPAMOro U3MepeHus

Cunbl KXALIM U3 HUX paBHa AF = 0,1 H. 3anuwwre Bec Monotka. M3obpasure pesynsTaT Ha Ynucno-
BOW OCH.

17
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6
domo 1.24

JleBbrit ,n,nHamomeTp nokassiBaer F, =(3,3+0,1) H.

IIpasBslil AEHAMOMETD IOKa3biBaeT Fy = ;

IIpubnusuTensublil Bec MosoTka P = 6,6 H aubo P =6,4 H.

OnpeeaM UHTEPBAJ Ha IUCJIOBOM OCH. ‘

HuxHsAs rpaHUIA DABHA CyMMe HAVMEHBIINX 3HAYeHUH TIOKA3aHMI KarKJ0oro JUHaMOMeTpa:
pP,.=3,2+3,1=6,3(H). :

BepxHasA rpaHMIla paBHA CyMMe HauboIbIIHX 3HAUYeHHMH MOKasaHUH JHHAMOMETDOB:
P,.=3,4+3,3=6,7(H).

N306pasure pe3yabTaT Ha YHUCIOBOM OCH:

YacTo MPUXOAUTCH BEIYUTATE U3MEDEeHHbIE 3HAUEHU .

Hanpumep, B U3SMepHTeIbHBIA COCY/ HATUIA BOAY V, = (100 + 2) mJ1, a 3aTeM U3 COCYa OTIHIHK
V, = (60 + 2) mn Bozibl. CKOJIBKO <€ BOJBI ocranochk?

Tak kax V, = (100 £ 2) M1, TO B U3MEPHUTEIBHOM IIHIMHADE MOTJIO OKa3aThCH 98 M. ITockoab-
Ky V, = (60 + 2) M1, TO OTIMTE U3 DUIHHIPA MOTJIH X 62 ma. TakuMm o6pa3oM, B COCyZAe OCTAJNIOCE HE
merbze 36 M. Ho moryio 66t HamuTo 102 Mut Bozibl, a oTyuTo 58 mur. OcraTheda B COCYyAe fombIire YueM
44 M BOobI HE MOTJIO.

H306pasum 3T0 Ha YMCTIOBOH OCH:

V, M

Hpﬂ BBIUHUTAHUY U3MEDEHHBIX 3HAYEHHWH abCOJMIOTHBIE IMOTPEITHOCTH CKIAABIBAIOTCH.

18



apanve 1.11

Monb3ysick ¢poto 1.25 n 1.26, namepbTe 06LEM BOALI B LMAMHAPE U YKaXUTE ero ¢ y46ToM ro-

rPELUHOCTW.

@Domo 1.25

domo 1.25:

domo 1.26:

§2. OnpepeneHve YUCNEHHbIX 3HA4YEHUI PU3NYECKUX BETNYMH
Ha OCHOBE NPAMbIX USMEpPEeHUI

1. MnoTHOCTL BewecTea

1.1. [lomawHas noaroroeka

Kpyn.

3apanue 1.12
CpaBHuTe CpepHIo NIOTHOCTh ChiMy4MX NPOAYKTOB — caxapHOro necka, Myku, pasnuyHbIX
Macca O6pém IlnorHOCTSD,
IIponyxThr 3 3
VIIAKOBKH, T VIIAKOBKH, CM r/cm

19



BriBog: ¢

Sapanuwe 1.13

Monb3ysach IMHEAKON, U3MepbTe pasMepbl YNakoBKU caxapa-paduHana, CAMBOYHOMO Macna u
onpeaenuTe NNOTHOCTbL NPOAYKTOB.

IlmoTHOCTB,

BemecTBo Macca, v | Pasmepss,cm | OGbém, em® —

Caxap-padusan

g6 |e |8

CauBoYHOE MAacJjo

1.2. DKCcnepuMeHTanbHble 3a0aHns ' | !

3apnanue 1.14

Onpenenute NAOTHOCTb aMIOMUHUS, NONb3YSCh pe3ynbTatamMmy U3MEepPeHUi, NpeacTasNeHHbIMM
Ha ¢poTo 1.27-1.29.

domo 1.27 domo 1.28

Pomo 1.29

20



ITo pororpaduam BugHO:

Wz pomo 1.27 — auamerp nuauHapa D = (30 £ 1) mm = (3,0 £ 0,1) cMm.

W3 pomo 1.28 — Bricora nuaunaapa h = (49 + 1) mm = (4,9 +0,1) cm.

Uz ¢pomo 1.29 — macca numnuagpa m = (97,09 £ 0,01) r.

Tak Kak mmorHOCTE paBHa p = m / V, a Macca U3BeCTHA IO PE3yJILTATAM IPSIMbIX H3MEPeHHI,
TO HAJO0 PACCUYHTATH 00'BEM unnnﬂgpa:

V=S8-h=(nD?/4)" h.

PaccuuteiBaeM 0666M ¢ IOMOLIBIO KanbKyaaTopa: V = 34,6185 cm®. Dro sHauenue okpyraser-

Csl 10 IeCATHIX, TAK KAK BCe M3MEPEHHA IPOBOJUINCH ¢ norpemsocteio 0,1 em: V = 34,6 cm®. Ilnor-
HOCTH AIIOMHHHA PaBHA

p=197,09r/34,6 cm*~ 2,8 r/cM’.
Sananwue 1.15. (Heo06xodumoe o6opydosanue 8vtdaém yuumens.)

Ncnons3ys cnocob namepeHuns NAOTHOCTH, MPUMEHEHHLIN B 3afaHumn 1.14, onpeaenute nnot-
HOCTb CTanu.

3

D, cm h,cm V, e m,T p,.r/ cM®

Sapaunue 1.16. Ixzamenayuornoe 3adanue (npumep BolNOLHEHU ).

IIpuBenéM BOBMOMKHEIIH BADHAHT (DOPMYIUPOBKH 3aaHUA.

domo 1.30

Wicnonb3ysa Beckl, MEPHbIVi LWIMHAP, CTakaH C BOAON, NaTyHHbIA LUMnvMHOp, cobepute akcne-
PUMEHTaNbHYIO YCTAaHOBKY /11 U3MEPEHUs MIOTHOCTM natyHu. Onpepenute NAOTHOCTb NAaTyHW
(¢poro 1.30).

21
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B 6naHke OTBETOB:

1) coenanTe pUCYHOK 3KCNepUMeEHTallbHON YCTaHOBKM ANs onpeneneHus obbeéma Tena;
2) sanuwuTe popmyny pacyETta nNioTHOCTH;

3) ykaxuTe pesynbTaThl MSMEPEHUs MaccChl Tena u ero o6véma;

4) yKaxuTe YNCnoBoe 3Ha4YeHne NIOTHOCTU NaTyHu.

PeaynbTaTthl M3MepeHun ﬁpeﬂ.CTaBneHbl Ha ¢poTo 1.31-1.33.

®omo 1.31 Pomo 1.32

@omo 1.33



1) Cxema ydTaHOBKY:

2) Dopmynel Ang |pacyéTta:

MnaorHocrs | p+—+

3) Peaynpralrsi| n .
mge150,19T 150

V] =186 mx 5 186 tm

40
=
D
ks
@
X
=

V) =[168 ml1 =168 cm*®

V=186 ma— 168 mx + 18 ma|= 18 [cm’

@
o?]

a

4} pF 3 8,3 T L. 4 81 /EM31

Sapanue 1.17. xszamenayuornnoe 3adarue (CcamocmosamenbHoe 6blNOJLHEHUE ).

IIpuBenéM BO3MOMKHBIN BapHUAHT (DOPMYJIUPOBKH 3aaHUA.

Mcnonb3ysi BECbl, MEPHbIM LIUIIMHAP, CTakaH ¢ BOJOW, METANIMYECKUIA LMnnHap, cobepure akc-
NepUMEHTaNbHYI0 YCTAHOBKY AJ151 U3MEPEHUSA NNOTHOCTU NaTyHW. ‘Onpe.u,enme BELLECTBO, U3 KOTOPO-
ro U3roToBIEH METANTMYECKNIA LUNUHAP.

B 6naHke OTBETOB:

1) coenaiiTe puCyHOK SKCNEPUMEHTAsIbHON YCTAHOBKM ANs onpeaenexHns obbvéma Tena;
2) 3anwu.||}17e ¢dopmyny pacyéta NNoTHOCTH;

3) ykaxuTe pesynbTtathl wwepeﬂuﬂ Macchbl Tena u ero o6béma;

4) yKaxuTe 4YUCNoBOe 3Ha4YeHWe NIOTHOCTU BEWECTBa uunmHapa.

23



Kpartkuii oTuét

1) Cxema pKkcnepuMeHTaibHOM YeTaHOBKM:

2) Popmynbl ANs pacyETa:

[1norHOCTE | P+

3)| Pe3yibratsi M3 eHU:

2. JKECTKOCTb NPYXUHbI
2.1. AlomawHaa NnoaroToeBKa |

Sapnanue 1.18

OueHuTe XECTKOCTL NPYXMHbI Kpecna Ha AeTCKOM NNoLLaake, ecnm Macca Mansymka Tumodes,
cuasawero Ha Hém (goto 1.34), pasHa 20 kr.
Hsmepenus NauHEL Hele()OPMUPOBAHHON IPYKUHBI KPecia MOXHO ONPeAeuTs 1o gomo 1.35.

JnuHy Opy»KUHBL Kpeciaa (MM e€ cyKaTHe) IOCcie TOro, KaKk Ha KpecJe pacmonoxmics Tumo-
(e, MOXKHO OIIpeesuTs o gomo 1.36.

24
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Pomo 1.36

Pdomo 1.34
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Al
mg
Al

3aganmne 1.19

Ha ¢oto 1.37 n3obpaxeH 6e3ameH (NpyXuHHbie Becbl). K HeMy noaBecunm kaHUCTpy ¢ BOOon
(¢poro 1.38). Hemy paBHa XECTKOCTb NPYXWHbLI BECOB, €CNV NpaBas WkKana nporpagywpoBaHa B Kr,
a nesast — B pyHTax? i

@Domo 1.37

®omo 1.38

Cnoco6 1. o

Macca kaauctpsl m = (4,0 £ 0,2) kr ~ 4 r (¢pomo 1.38).

Cuna ynpyrocTs paBHA CHJIe TAKECTH:

F=mg=4,0kr-9,8 H/xr=39,2 H~ 39 H.

YanuHeHWe NDYXUHLI OIpefiesideM, U3MePUB JIMHEHKOH paccroarue oT 0 0 4 KT HA IPYXKUH-
HBIX Becax (¢pomo 1.39):

|Al|=(21+1)Mm=(2,1+0,1)cm~0,021 M (cm. pomo 1.39).

!

domo 1.39
26
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Haxommw scéerxocts: k== (39 H)/(0,021 g)-1857( /).
Cnoco6 2.

MoKHO ONIpefeTHuTsh JKECTKOCTH IPYKHHBI (€3 BCAKOTO Ipysa: 3aueM BOOOIe MO/BEIINBATH
rpys, Korja mKajia y»e nIporpagyupoBaHa?

HocTaTouyHO IPOCTO U3MEPHUTh JMHEeHKOH paccrogHme or mTpuxa «0» mo moboro mrpuxa, Ha-
npumep «10 kr» (gpomo 1.40-1.41).

i

'||||”i;”|m|uu|'umnmlpu
4 5. & "3

®domo 1.40 @omo 1.41

Iro paccroauue pasHo (54 £ 1) MM = 5,4 cm = 0,054 M.
F=mg=~10(xr)-9,8(H/ )-98(H).
k=98(H)/0,054(m)~1815(H/ ).

00a criocoba nanT CONOCTABUMEIE Pe3yIbTATHL.

3apaHue 1.2

3akpenute GaraxHblii-LIHYP, HANPUMEP Tak, Kak nokasaHo Ha ¢orto 1.42. NoaseckTe K WHYpY
KaHUCTPY C BOOoi Mmaccoii 4 kr (¢poto 1.43). OueHuTe XECTKOCTb LUHYPA.

domo 1.42

27



®domo 1.43

JlInHa HeHATPY:KeHHOTo 06pasna

IliimHa HaTpy:KeHHOro o6pasma

¥ nmmHeHEMe 06pasna

Macca moBeIneHHOro rpy3a

HécrroeTs

2.2. QKCnepuMeHTanbHbie 3a4aHuUs

3apanue 1.21

OnpepnennTe XECTKOCTb NPYXWHBI AVMHAMOMETPA C Npeaenom uamepenus 5 H no goro 1.44.

~

[

il

@omo 1.44

Hs dororpadwmit BHAHO, YTO yAJuHEHHe NPYKUHBI OT mTpuxa «0» mo mrpuxa «5 H» pasHO
Al=(100+£1) MM ~=10cm = 0,1 M.
Heécrrocrs npysxunsl pasaa k=F / Al = (5 H) / (0,1 m) = 50 H/m.

3apaHue 1.22

Onpepnenute XECTKOCTb NPYXWHbI AVMHAMOMETpa ¢ npeaenom uamepenus 1 H no ¢poro 1.45.



‘@omo 1.45

F=
Al=
k=
3anaHue 1.23

Onpepenute XECTKOCTL NPYXWHbBI AMHAMOMETPA C Npeaenom namepenns 4 H no ¢oro 1.46.

@omo 1.46

3apnauue 1.24. Sxzamnenayuonnoe sadanue (npumep bLnOJHEHUA ).

Boamoxxuasa popMyIHpPOBKA 3alaHus IPUBEIeHA HIMKE.

Ncnonbaysa wratue ¢ MydToi 1 nankoid, NpyxuHy, AMHaMOMETP, NMHEeNKY U ABa rpyaa, cobepu-
T€ 3KCMNEepUMEHTANbHYIO YCTAHOBKY A1 U3MEPEHUS XECTKOCTU NPYXuHbl. Onpeaenure XecTKocTb
NPYXWHbl, NOABECKB K Hel ABa rpy3sa. [1nsg namepeHunsi Beca rpysa BOCnosib3yinTecb AMHAMOMETPOM.

B 6naHke oTBETOB:

1) caenaiite pUCYHOK SKCNEPUMEHTaNbHON YCTaHOBKM;

2) 3anuwumnTe GopMyny A pacyETa XECTKOCTU NPYXUHBI;

3) ykaxute peaynbTaThl UBMEpPeHuUs Beca rpysa v YAJIMHEHNA NPYXWHbI;

4) 3anULuMTe YUCNOBOE 3HAYEHNE XECTKOCTU NPY>KUHbI.

IIpy BEIDOTHEHHM 3TOT0 3aJaHUS MOLYT HMCIIOJIb3OBATHCA IPYKHHBI, IIPEACTABJIEHHbIE HA
¢omo 1.47, a Taksxe TpuGOPHI LIS N3MEPEHUA KECTKOCTH — MPYKUHA HA IIKaJe ¢ NeHOH JejeHus
1 mm (pomo 1.48).

s pacTaxKeHNA IPYUHBI UCIIOJIB3YIOTCs rpy3sl Maccoit (100 + 2) r passoro Tuna (gpomo 1.49).

29



domo 1.48

@domo 1.49

Bapunanr1.Cun Nb30BaHuem npudopa ona NsMepeHnsa XECTKOCTU.

HamepurensHas yeTaHOBKA NpUBeAeHa Ha goomo 1.50. ‘ :

a _ 6 8
‘ ®omo 1.50

W3 ¢ororpaduu BuHO, YTO IPH IOABEIINBAHUK ABYX rpys3oB Maccoi (100 + 2) r npy:xuma pac-
Tarymaack Ha Al = (4,0 £ 0,1) cm.

UHJIa YIPYTOCTH PABHA CHUJIE TAMKECTH:

F,,=0,2kr-9,8M/c*=1,96 H~2 H.

IToneaysack saxonom I'vka F = k + Al , HAXOAUM K ECTKOCTD:

k=(2H)/(0,04 m) =50 H/m.
30



Kpartkuii oruér

XeMa [3KCrnepruMeHTabHON YCTaHOBKH:

CM 0 ICM 0
1= 1
9|~ 9] L Al
3 . | s
4| P T4
_ mg
5 o 2]
6 t16

) @

0pMWIb] 415 |pacyéETa:

3akoH ['yka

[

Pesynsrarsi| npsaMbIX UBMEpeHui

XKECTKOCTL MPYXMHBI!




Bapunant 2. On NEeHnE XECTKOCTU N MHbI HA OCHOBE NPAMOr HUA eé WH A.

WsMepHTe bHAS YCTAHOBKA IpHUBeJeHa Ha ¢pomo 1.51.

@®omo 1.51

CHauasa HeoOGX0ZUMO U3MEPHUTH AJTUHY HEPACTAHYTOH NPYKUHEI [;.

U3 pomo 1.52 BugHO, uTO [) = (63 £ 1) MM = 63 MM™.

ByasTe BHEMaTENbHBI: YACTH OPYKUHLL OT MeCTa KPeIJieHHs KPIoYKa 0 TOPIA IPYKHHLL He
medopMHEpYeTCs NPY NoABelnuBanuu rpysos. CiaenoBarenbHo, 3HadyeHue [, = 70 MM HeBepHoe.

ITocJsie moABEINUBAHUA K MIPYKKUHE TPEX rpy3oB maccoi (100 + 2) r usMepsieM JJIUHY ixetpopmn-

POBAHHOM! MDY KHUHBI:
[=(142+ 2) mm ~ 142 mm.

domo 1.52

Wrak, Ipu NOABENINBAHKMH TPEX TPY30B Ae)OPMAIINS IPYKHHBI PABHA
Al=1-1,=(142 - 63) Mmm = T9 mm = 0,079 m.

Macca Tpéx rpyaos pasua m = (300 + 6) r = (0,300 + 0,006) xkr ~ 0,3 kr.
Cuna raxectn F=0,3-9,8 H~3 H. ’

Cura ynpyrocT paBHa 110 MOAYJIIO cuie Tsokectu: Fy, o ~ 3 H.
JKécrrkocers paBsa k= (3 H) / (0,079 m) = 38 H/m.
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Epatknii oTuér

1) Cxema |ycTaHOBKU:

0 — 0 —
1 — 1 —
2 — 2 —
3 — 3 —
4 — 4 —
5§ = 5 —]
6 15N ) 6=
- T ,
a—— 8§ —
2) Mopmyisl 4ns pacyeTa: — 0 Al
=/=myg: —_ 11 —
Fon 24 - 12 —
— 13 —
Bakot lyka [F,| =k{AL —| B b
[a) "
F o
.2 L 43
i Al

3) Pe3ynbrarsl |npsgMbIX M3MepeHHi:

All=142 mMm < 63 MM = 79 MM =|0,079 ™
m| =300 n =|0,3 Hr
F), =0\3¢r J9,8 H/ ~3 H

4) |k=

=|38|=|
M

[=R R
Q| M=

(=]

3ananme 1.25. (CamocmosmenvHoe 8blnoiHEHUE IO (POMOZPAPUAM.)

UamepbTe XECTKOCTL NpyXuHbl N2 1 ¢ ucnons3osaHnem npwﬁopa ona uccneposaHusa nedop-
maumm (¢poto 1.53-1.54). Macca rpy3a 100r.

Pomo 1.53 Pomo 1.54
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Kparkui otuét

1) Cxema M3MEPUTENLHON YCTAHOBKN: _
' : 0 0
= b R

!

|

|
|Il|||illl|

|

2) @opmynibl Ans |\pacyéra: = 5| i3
F = - - = 15
P i =
3akoH [yka F\ F 10— 1] -
CM CM
XKEcTkocTh .
ES i
3) Peayndrarsl|uamepeHunii:
Al n L 1

Sapanue 1.26. Jxzamenayuonnoe 3adanue (CamMoCmMoOIMenNbHOe BbLNOIHEHILE ). O6opydosanue
svLdaém yuume.s.,

BoamosxHas GopMyIMpOBKA 3alaHNA IPUBEeHA HIMKe.

Wcnonb3ys wratms ¢ MydToi 1 Nankom, NPyxuHy, AMHAMOMETP, TMHENKY 1 ABa rpyaa, cobepwu-
T€ 3KCNEepUMEHTANIbHYIO YCTaHOBKY ANA M3MEPEeHUs XECTKOCTU MpyxuHsl. Onpenenute XEcTKOCTh
NPY>XWHbI, NOABECKB K Hel fiBa rpy3a. [lna namepeHus seca rpyaa BOCTO/b3yNTECH AMHAMOMETPOM.

B 6naHke oTBETOB:

1) coenaiiTe puCyHOK 3KCNEPUMEHTASTIbHOM YCTaHOBKMY;

2) 3anuwnTe GopMyny AN pacyéTa XECTKOCTU NPYXUHbI;

3) ykaxuTe pesynbTaThl U3BMEPEHVS BECA MPy3a 1 YAJMHEHWUS NPYXUHbI; _
4) 3anuwunTte qucn_oéoe 3Ha4YeHne XECTKOCTU NPYXKUHbI.
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KparTkuii oTgéT

3. BeiTankMealowias cuna

3.1. omaluHss NOAroTOBKA

Sapnauve 1.27

OueHVTe BbITANKMBAIOLLLYIO CUITY, AEVCTBYIOLLYIO B BOAE Ha IEKOPATMBHYIO Ba3y (¢poro 1.55-1.56).

i HAUBONb LN
T 8 NPEREN
B3B

ElNy)

HERA OB/ #4900

®domo 1.55
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K % BABEHLLA

g

LE 4A L

6 g 4

domo 1.56

ITo ¢omo 1.55 BuamO, uTO Bec Baskl B BOBAYXE PABEH
P,=2,1xkr-9,8H/kr=21H.

ITocre onyckaHus Baskl B BOLY €6 Bec (¢pomo 1.56) pasen
P,=0,6kr-9,8 H/xkr=6 H.

F,=P,—-P,=15H.

BrlTankuBalomas cuna pasaa F = 15 H.

3.2. 9kcnepuMmeHTanbHbie 3a8aHns

JlaGopaTopHoe o6opynoBanue
Hns BhInonHeHus 3azasusa OI'D Ne 23 mo HCCJIeJOBAHHNIO APXUMEN0BOM CHIIBI UCIOIB3YIOTCSH
HabOopEI, COCTaBIeHHEIE H3 060DPYI0BAHHS, IPEACTABICHHOrO Ha ¢gomo 1.57.
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3apnanue 1.28

MN3mepbTe BhITANKMUBAIOLLYIO CUNY, ONCTBYIOLLYIO Ha uunmnHap N2 3.
Bo3moxHEIe U3MepUTEeIbHEIE YCTAHOBKH IIpeacTaBiIeHsl Ha ¢pomo (1.58—1.59). Bec muausgpa B
BO3yxXe — Ha ¢pomo 1.60; Bec muiImHEAPA B Bofe — Ha gpomo 1.61.

@®omo 1.59

Pomo 1.60
Bec nuiuHzapa B Bosayxe, H |Bec nuaueapa B Boge, H| Borrarkupaiomnas cuia, H
P]_ P2 F = (Pl —PZ)
0,70 0,42 0,28

37



F,,. =0,28 H.

CpaBHHM H3MePEeHHOe 3HAYEHHE BHITAJKHMBAIONIEH CHJBI C BECOM BOJBI, KOTOPYIO BHEITECHAET

Pomo 1.62

3anoJHUM Tabaumy.
V, — o0béM BogsI B cocye,
V; — 06BéM BoAbI B coCy/ie ¢ UTHHAPOM.

Britankusarnimas cuna O6BEM Tema, Ma
F’ H VI V2 V = V2 L Vl
0,30 180 204 24

Bec BrITecHeHHOH BOAbI: P, =m, - g

Macca BEITECHEHHOM BOIBI: m = p, V= I[La] 24(CM3) =24r=0,024 kr.
cM

H
KT

P =0,024 (RI‘)-IO( ]=O,24 H — 3smauenue Beca BHITECHeHHOH BOABI COMOCTABMMO C BEITAJI-

KHWBAarIei CHIoH.

3apanue 1.29. Ixsamenayuornoe sadanue (npumep svinonnenus no gpomo 1.63—1.64).

Hcnonesyem nuauaap Ne 2 u AVMHAMOMETD C npejesioMm usMmepenus 1 H.

Hmxe npusesena Bo3aMoxHAS (opmyaHpPOBKA 3TOTO 3aJaHHUA.

Wcnonb3ys avHamMoMeTp, cTakaH ¢ BOAOW, unuHap N2 2, cobepute akCnepuMeHTanbHyI yc-
TaHOBKY A1 ONPEAeNeHns BbiTankmBaloLLei cunbl (Cunsl ApxuMeaa), AeiCTBYIOLE Ha LMNnHAP.

B 6naHke oTBETOB: '

1) coenaitTe puCyHOK 9KCNepUMeHTaNLHOM YCTaHOBKM;

2) aanuwwuTte bopmyny ons pacuéta BbITA/KMBAIOLLEN CUNbI;

3) ykaxuTte pesynbTaThl U3MepeHuii Beca UMAMHApa B BO34yXe U BeCa UMNNHAPA B BOAE;

4) 3anUnTe YNCNEHHOe 3HaYeHne BbITAJIKMBAKLLEIA CUMbI. i

Bec yununznpa Ne 2 B Bozayxe pasen P, = 0,98 H (¢pomo 1.63).
Bec munmuagpa Ne 2 B Boge pasen P, = 0,62 H (pomo 1.64).
Borrankusaromas cuna passa F, = P, — P, = (0,98 - 0,62) H = 0,36 H.
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a (7] (7]
domo 1.63 domo 1.64
' KpaTtkmii oTuéT
1)| CxeMa lyCcTaHOBKU: 03/1yXe B BOJIE
\,
Hank
—
B
2) Qopmyisl Ans pacyeTa: |
Bb(Ta1IKMBaIOL ¢una |F, =P —P, -
3) Pesynsrarsl| M3MEpPeHn. :
Ne2 |
B BO34yXe BOA Tl Kuﬁguzqgg
P.H P, ¢una
4P-B,H
0,98 0,62 0,36
4) F,=0,36 H
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Sanauwe 1.30

IKx3amenayuornnoe 3adanue (camocmosmenvroe avinoiHenue). O6opydosarue evidaém yuu-
mens.

Hcnonbayem munueap Ne 1 1 nuraMmomeTp ¢ npegenoM usmepenus 1 H.

WUcnonb3ys AMHaMoOMeETp, cTakaH ¢ Boaoi, unnmHap N2 1, coGepute aKCnepUMEHTANbHYIO yc-
TaHOBKY [19 ONpeAeneHns BbITankMBaloLWwen cusbl (Cunbl ApxrMena), AeNCTBYIOLER Ha LMAMHAP.

B 6naHke OTBETOB:

1) coenaiTe pUCYHOK 9KCMEePUMEHTANLHOR YCTaHOBKM;

2) 3anuwuTe popmyny ans pacyéra BbITANIKWBAIOLWEN CUSIbI;

3) ykaxuTe pesynstaThl UBMEPEHWI BECA LMNMHAPA B BO3JYXE U Beca uvIvHOpa B BoAe;

4) 3anUWNTE YUCNEHHOE 3HAYEHWE BbITANKNUBAIOLLEN CUJIbI.

Bec nununzapa Ne 1 B Bosayxe pases P, = 0,98 H (cm. gomo 1.63).
Bec nununzpa Ne 1 B Boze paBen P, = 0,62 H (cM. pomo 1.64).
Buirankusaomas cuna passa F, = P, — P, = (0,98 — 0,62) H = 0,36 H.

4. TpeHue

4.1. llomalHas noaroToeka

OcHoBHO#1 3aK0H TpeHusA F mex. = 1L * N, Tie N — peaxuus omopsr, p — KoaddunueHT Tpenus,
CKOJIb}KEeHHSA,

N=P=mg.

Hano npusecTu Teno B cocrosinue PABHOMEDHOI'O CKOJBKEHHs. JTa Ipomeaypa VCIIOKHACTCA
TEM, UTO IIepeJl STHM BOBHHKACT HEKOTOPOE KDUTHUECKOE COCTOSHHUE, 4 TOABKO IIOTOM TeJI0 HAYMHAET
CKOJIB3UTHL U AHHAMOMETD NOKAa3bIBAET E€UITY TPEHHA CKOJIbMEeHHSA,

IIpu nameperun AuHaMoMeTp u Teno Hamo nepeMenaTh pPABHOMEDHO U CIeJUTh 38 TEeM, YTOGBI
JHHaAMOMeTp OBLT PacIogoxxeH T'OPH30HTAJIBLHO.
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3apauue 1.31

MpoBeauTe M3MEPEHUA CUMbl TAXECTU U CUJbl TPEHUS U onpeaenuTe, NoNb3ysch rpadukom,

KO3 PULIMEHT TPEHUSA.

B KauecTBe IBIIKYINErocs IO CTONY Tejla HCIONB3yeM KOpoOKy ¢ caxapoM-paduHaaoM
(¢pomo 1.65). HarpysxaeMm e€ pasHEIMHU I'DY3aMHM, U3MepPseM CHIIy TPDeHHA.

Pomo 1.65
PesypTaTh! HCCIE0BAaHUA IDUBE/ICHEL B rabaue.
F.H (221)H (6+1)H (10+1)H (13£1)H
N,H (10+x1)H (30x1)H (60+1)H (65+1)H
I'paduk nprBeiéH HA PUCYHKE:
Fopo H
A
I
AT
- 10H
u“=50H=0,2 ,//
P
10
,
/f
l/ =
/l
7
5 —
TV
/’
1/
/I
o o 20 30 4 50 60 70"

IIpasuia onpe/ieseHus Koa(dUIHeHTa TPOIOPIMOHANBHOCTH IPH HCCIeI0BAHIN 3aBHCHUMOCTH

tuna y = kx:

1) PeaynbTars! naMepeHuit oTofpakaroT Ha IIocKoCTH (Y, x) ¢ y4éTOM IOTPeNIHOCTeH.
2) IIpoBOAAT OIPAMYIO TAK, YTOOLI OHA IPOXOAMIA Yeped TOUKY 0 u uepes BCe «IPAMOYIOJbHU~

KHW» pe3yJIbTATOB H3MEpPEeHHH.
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3) Ilpu npoBeieHUY NPAMOIi HAZO MIOJAB30BATHLCA IPO3PaUHOil TuHEIKOoiT (omo 1.66).
4) Ha npamoii HaxoAaT «yA00HYI0 TOYKY » U TI0 €6 KOOPAHMHATAM HAXOIAT Koa(punmenT k.

4.2. 3KkcnepyMMeHTanbHbIe 3aaaHns

JlaGoparopuoe o6opynoBanue (pomo 1.67): guHamMomeTpsi; Opycku;
(100 + 2) r; HanpaBasgOIMUeE: A€PeBsHHAadA, MeTaJlINYecKas, IIacTHKOBA;
XapakTrepa TPYIIUXCA IOBEPXHOCTEH,

KapeTka; rpyssl Maccou
MaTepHAaJ A1 U3MEeHeHUs

DPomo 1.67

SapaHue 1.32

NamepeHue cunel Tperus Gpycka ¢ TPEMS rpy3amMun Npu ero ABMXKEHUN N0 NOBEPXHOCTU «Bap-
XaTHOn» Bymaru.

OneIThI IpEeiCTABICHE HA toTorpadpuax.

Ha g¢omo 1.68 npusenena ycranoska mo M3MEPEeHUIO CUJIBI TPeHus OGpycKa ¢ TpeMs rpysamu
[IpH €ro ABMXKEHHH 110 IIOBEPXHOCTH «BapxaTHoii» Oymarm.
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domo 1.68
Hcnonsays gpomo (1.69-1.71), onpesenure CHIY TPEHUA IHOKOA A KAM 00 cayyasd.

®omo 1.69

m Lun\m\mx\n\\\\\‘\\.\;

i

il

7 TR~ A 3
«y

Al

®omo 1.71

@domo 1.70
F'rp. mox. F-rp. nok.

Ilo pomo 1.72 anumuTe KPATHIECKOE 3HAUEHNE CHJIEL (B MOMeHT HaUaJa JABHIKeHU:A OpyCcKa).

domo 1.72

F =

TP. KP.

[Monsaysack pomo 1.73, 3anumuTe 3HaYeHHe CHJIbI TDEHUSA CKOIbIKEHMI .
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1 domo 1.73

Sapnanue 1.33

Mo pesynbTaTam BbINONHEHUS NpedblAyLLEro 3anaHus (3agaxve 1.32) onpenenute Koadpu-
UMEHT TDEHWA CKONbXEHUA Aepesa no «6apxatHoii» Gymare.

R Bec 6pycka, | Bec kampmoro Cuna Koaddumuenr
CKOJIB}KEHUA,
H H rpysa, H TdaxecTH, H TpeHUs
100~
0,6
1,0H

3ananve 1.34 ’

MamepbTe cuny TpeHns Mexay 6pyCKOM 1 HanpasnsioLWei, KOTOpblEe UMEIKOTCA B Ballem pac-
MOPAXEHUN.

Onpegesnure koabbunrenT TPEHHSA CKONbXEHHA,
Cuna rpenns O61mii Bec 6pycka u Beex KoaddunuenT
CKOJIBXKEeHHuA HCIOJb3YEMBIX IDY30B TPeEuA

Sapanue 1.35
. N3mepbTe cuny tpenus Mexay 6pyckom, UMEeILLIMMCS B BalleM pacnopsXxeHun, u NOBEpPxXHO-
CThIO cTONA.
Onpepenure KoaddumenTt TPEHHUA CKOJbKeHN,

Cuna tpesus O61muii Bec 6pycka u Beex Koaddunuersr
CKOJIb)KeHUA HCIOJIb3YEeMEIX I'DY30B TPEeHUsd

Sanauue 1.36. SkzameHauoOHHOE 3aaaHME (MpumMep BeinosHeHUs no poTorpagusam).

Mcnone3ya kapetky ¢ KpIOYKoM, AVHaMOMETD, [Ba rpysa, HanpasnsloLWylo peiiky, cobepute
9KCNEPUMEHTANBHYIO YCTAHOBKY 1t U3MEPEHUS KOADDULIMEHTA TPEHUS CKOSbXEHUS Mexay Kapert-
KOW 1 NOBEPXHOCTLIO PEiku.

B 6naHke oTBETOB: ‘

1) caenainTe pucyHOK aKCnepUMEeHTanbHOM YCTaHOBKW;

2) 3anuwmnTe GopMyny ansa pacuérta KO3 DULMEHTa TPEHUA CKONbXEHUS;

3) ykaxuTe pesynbTaTbl U3MEpeHUs Beca KapeTku ¢ rpy3amu 1 CU/bl TDEHUSI CKOJILXEHWS NPy
ABUXEHUW KapeTKu C rpy3amu No NOBEPXHOCTU PEIiKU:
4) sanunTe YYCNIOBOE 3HaYEHNE KOBDPULIMEHTA TPEHUS CKOMBKEHUS.
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O6opyzoBanme npeacTaBIeHO HA pomo 1.74.

g A T

Domo 1.74
Cnoco6 1. Eciu Maccsl rpy30B U3BECTHBI, H3MePAEeM TOJIbKO BEC KapeTKH.
a
@domo 1.75

Macca KasK/aoro U3 rpy30B:

my=100r=0,1 Kr.

Bec xaxporo rpysa pases P, =1H.

HamepsieM Bec KapeTku (¢pomo 1.75): -

P.=1,0H.

O61muii Bec pasex P, = 3 H.

Cnoco6 2. Eciu Macchl I'py30B M3BECTHBI, H3MepdeM o0IIuii BeC KapeTKH M JIBYX T'DY30B
(pomo 1.76).

domo 1.76
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IMenecooOpasHo MOJL30BATHECA BTOPHIM CIOCOGOM: mporne, o6xoguMmcs 6Ge3 BBIYMCIEHUM, MMO-

rPEeIIHOCTh H3MepeHusa MeHbIne: P = 3 H.
Hamepsem cuuy Taru (¢omo 1.77). OHa paBHA CHJIe TPEHHUA CKOIbMKEHUA.

a 6
Domo 1.77
F, ., =0,62H.
FTp_ =n-N, rne N=P=mg.
BroxeBpems F, =F, = p=—"101,
Koadhdunuenr rpenus papes
un=(0,62H)/(3,0H)=0,21=~0,2. .
EpaTkuii oTuér
| IREN
1) Cxen}aa le :n]émmerrranb ' 17 ycraI OBKM:
AN
FLI‘&CK. FTS{ 1 ¥ T T 1 1 L T T T
- BY)
v ﬁ

2 F’l" CI = “E:"S""

Flol=UN{N|=P=mg=>F | =juP=ymm

TR.CK

&
e
5
i
o
[=}]
R
o

o
T
s

o

S
wWich
()
-

3apnanue 1.37. Ixszamenayuonnoe 3adanue (camocmoamenvHoe 6vinonnenue ). Ob6opydosarue

npedocmaeniemcs yuumenem.

TekcT 3aganusa MoxeT OBITE CJIelYIOIHM,

Wcnonkays Gpycok ¢ Kpioukom, AMHAMOMETp, TpU rpyaa, HanpaenaoLwyio peiky, cobepure
OKCMEPUMEHTA/IbHYIO YCTAHOBKY ANA M3MEPEHWUs] KOG OUUMEHTA TPEHUS CKOMBXEHUS mexay 6py-
CKOM ¥ NOBEPXHOCTLIO PEAKMN.

B 6naHke oTBETOB: _

1) coenaiiTe pUCYHOK 3KCNEPUMEHTANbHOMN YCTaHOBKM:

2) sanuiumTte hopmyny 4ns pacyéta koahbulmeHTa TPEHWUA CKONbXEHUS;
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3) ykaxuTe peasysibTaTtbl M3MepeHus Beca Bpycka ¢ rpy3amMu U CUnbl TDEHUA CKONbXEHUA Mnpu
ABWXEHUW BpycKa C rpy3amm no NOBEPXHOCTU PENKK;
4) 3anuwinTe YUCNOBOE 3HaYeHne KoadgduumeHTa TPEHNA CKOSbXEHUS.
KparTkwii oTuér

5. Paborta cun

DKCIepIMeHTaIbHEIe 3aJaHUs 110 OIIpeie/IeHII0 PaboThl CHJT Ha SK3aMeHe [IeJIATCA Ha [iBe IPY kL.
IlepBas rpymnma — 3T0 padoTa CUJ NP PaBHOMEPHOM IepeMeleHHH Tesla 110 rOPU30HTAIBEHON
[OBEPXHOCTH IIOfI ieficTBHEM CUJIbI TATH. IIpy 9TOM CHUJION TATH ABJIAETCA CHJIA YIPYTOCTH IPYHAHBI

gIuHaAMoMeTpa.
Bro rpyIma — aTo paboTa CIII IPYU PABHOMEDHOM II0BEME C HCII0Ib30BaHIeM 6JI0KOB.

SapaHus NepPBOA rpynnbl

5.1. lomallHaAA NOAroTOBKA
IIycrs Teio paBHOMEDHO IE€PEMEeIaeTcd 1o rOPM30OHTAILHOM IIOBEPXHOCTH IO/ AEHCTBHEM CH-
JIBI TATH IAHaMoMeTrpa. Takoe ABMKeHUE BOZMOYKHO, eCJIV CUJIa TATH YPABHOBEIIHBACTCH CHJIOH Tpe-
HUA CKOJIbXKeHud (cM. prc.).
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A ﬁ
v =const

< //////j////,; VVWAAMAN

v FTH)I(.

IIycTs Tes1o mepeMecTHIOCE Ha PACCTOSHUE §.
ITpu raxom nepememenuu pabota cut N u Fiax. paBHA HYJIO, TAK KAK OHU NepPres UK YIAPHEI
CKODPOCTH JBUMKEHHA.

Cuna TATH COBEpIIAET ON0KUTEILHYIO pabory: A, = F,,., * 8, & CHJIa TDEHUSA — OTPULATE b
Hyio: A, =-F_ -s.

Sapnanme 1.38

Onpepenexve paboTel CUN TAMM U TPEHUA NPW NEPEMELLEHUM MO NOBEPXHOCTU CTONA KOPOBKM
Caxapa-padpuHaga, Ha KOTOpPO pacrnofioxeHa KaHUCTPa C BOOOW, Ha pacctosHme s = 30 cm
(pomo 1.78, a).

WamepsieM CUIIy TATH ¥ PaBHYIO eii 110 MOAYJIIO cuny Tperud F,, = 15 H (¢pomo 1.78, 6).

G
.

n

domo 1.78

Pa6ota cuel Taru paBra Ay, ., = 15H-0,3 m = 4,5 ITx.
Pa6ora cuIs! TpeHAA paBHa Ay, =—15H"' 0,3 M = —4,5 [Ix.

H3sMepATH pacCcTOAHME $ HET HEOGXOAUMOCTH. DTa BeIMYMEA VKa3aHAa B 3aJIaHUH.

3apanue 1.39

PaamecTute Ha kopobke ¢ caxapom ABYXKUIOrPaMMOBbI NaKeT Myku 1 OrpeaennTe Moaynb
paboTbl CUN TArM 1 TpeHUs, KoTopas coBepLuaeTcs npu nepemMeLieHm Ha 0,5 m.

§=0,5M | I F,.H |A|, Hx
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5.2. kcnepuMeHTanbHbie 3a8aHNA

Sapanue 1.40. Sxzamenayuorntoe sadanue (npumep 8bLNOLHEHUS ).

Mcnonb3ya KapeTky C KPIOYKOM, AMHAMOMETpP, ABa rpy3a, Hanpasnsiollylo perky, cobepure
SKCNEePUMEHTANLHYIO YCTAHOBKY AN u3Mepenus paboThl CUibl TPEHUA CKONBbXEHWUS NPpU ABUXEHUU
KapeTKu C rpy3amMu No NoBepxXHOCTU peiiku Ha paccTosHue B 40 cMm.

B GnaHke OTBETOB:

1) coenaTe pUCYHOK 3KCNEepPUMEHTaNbHOW YCTaHOBKM,

2) sanuwwuTte Gopmyny ana pacyérta paboTbl CUNbl TDEHUA CKONBXEHUS;

3) ykaxuTte pe3ynbTaThl U3MEPEHUa MOAYNA NepemMeLLeHUs KapeTkn C rpy3amMn u Cuibl TpeHus
CKOMNBbXEHMWSA NP ABUXEHUW KAPETKU C rpy3amMu No NOBEPXHOCTM PENKK;

4) 3anumTe YMCNoBoe 3HauyeHne paboTbl CUJibl TPEHWSA CKONbXEHWS.

WsMepuTeabHAA YCTAHOBKA IpeAcTaBieHa Ha gpomo 1.79.

34 35 36 37 3g
®domo 1.79 @domo 1.80

Ws gpomo 1.80 BugHO, YTO CHJIA TATH AMHAMOMETPA PABHA

Fopeu=Fyp. = 0,62 H.

Cuna Tpenus F,, mo MOAyJII0 TaKaA Xe.

PabGoTa cHIBI TPEHKSA [IPY TepeMelienun Ha paccrosaue s = 0,40 M pasHa App, =—-0,02H-04M=
=-0,21 k.

1) Ckema [akcnepymeHTabHOW yGTaHOBKH:
AN )
v
ymg

2) dopmyna ,q)m acyéTa pabOTal Cubl TPEHUS:

Aw' =—F -8
3) PesyabTarsl|MaMepeHun:
F o =0,p2H
Frol =052 H
4) A, £-0,52H-0,4 m=-0,2] i
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A BTOPOW I nbl

5.3. loMmawHaa NOAroToBKa
Onpezesnnm MexaHHYeCKYIO paboTy OpH HOABEME IPy3a ¢ MCIONb30BAHMEM HEIOABHIKHOIO M
HoABMIAKHOTO 610K0B. Birok Mo:kHO HaliTH, HanpuMep, B IIPOCTeHIIIeM CIIOPTUBHOM yCTPOMCTBE.

SapaHve 1.41

Onpegenum pabory, coaepmaeMyto Cunamu ynpyroctu, Nnpu paBHOMEPHOM NOALEME KaHWCT-
Pbl C BOAOW NPy NOMOLLM HENOABUXHOrO 6J10Ka Ha BbicoTy h = 0,5 M (¢poro 1.81).

a
Pomo 1.81
W3 ¢pomo 1.81, 6 BugHO, uTO cHIA YODPYI'OCTH BEPEBKU PaBHA
Fopy =30 H.
Paccuuraiite paGory atoit cuibl npu noabéMe KaHUCTPEI Ha BeIcoTy A = 0,5 M.
A=F,_ -h

A=30H-0,5m=15 I

5.4. OkcnepuMeHTanbHbie 3agaHus

Ilpu BEINONHEHMH 9KCIEPUMEHTANIBLHOTO 3aJAHMS HA SK3aMeHe HCIOIB3YeTC caenyiomee 060-
pymosanme (¢pomo 1.82): mrarus ¢ mydroii u JIANKOii; GIOKU MOJBHMIKHEIA ¥ HEIOIBHIKHEIN; Habop
rpysoB mMaccoii 100 r; nusamomerp.

@Pomo 1.82
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3anavue 1.42

C ucnonb3oBaHWem HenoasuxHoro 6noka Ha BbicoTy h = 20 CM paBHOMEPHO NOAHMMAIOT Ye-
Teipe rpy3a. Onpegenute pabory.

Bec 4eTHIPEX TPY30B MOXKHO HallTH, NPOCTO CJOKHUB MX Beca. Bec kaxzgoro rpysa pasen 1 H.
CrnenoBaTenbHO, BEC YeTHIPEX IPy30E paBeH P =4 H. _

HamepurensHad yCTAHOBKA II0 IOABEMY IPY30B IpejcTabieHa Ha ¢oomo 1.83, a.

IIpu HeIOABHKHOM I'Py3e AUHAMOMETD mokassiBaer F,.; = 3,9 H (¢pomo 1.83, 6).

IIpu paBHOMEPHOM TOABbEMeE cujia yupyroctu passa F,, , = 4,2 H (¢pomo 1.84).

a a
Pomo 1.83 Pomo 1.84
DTU 3HAYEHHUA PA3JHUYHEL, IOTOMY YTO IPH NOAbEME IPy3a BOSHUKAET CHUJIA TPEHUA.
Ecau nogauMaTh HeGoabmoi rpys, Hanpumep (1+2) H, To cuna Tperus He obHapyKUBaeTCH.
[Ipy:X¥MHA AHHAMOMETPA B I'PY3 OPH HOAbEME ¢ NOMOMBIO HENOABHAKHOrO 0J10Ka IepeMelaoT-
¢A HA OJMHAKOBOE PACCTOAHHKE. ITO PACCTOAHME HeT HeOOXOAMMOCTH U3MEPATE. OHO aHO B YCJIOBHH.
B nasHOM 3alaHWK YKa3aHo, 94To h = 0,2 M.
CnenoBaTenbHO, paboTa CHILI YIIPYTOCTH PaBHA
A=F,, h=4,2H-0,2m=0,84 JIx.

TKHH OTYET

1) CxeMma |aKkcrnepMMeHTaIbHOM
YCTAHOBKH.!

2) @opmyna|pabarsi:

g

3)| Pesynbratsl sMepeHu

F | =4,2H

F:{: +3,9H

| [Paanmymel B unenennbix shayenmsix | Fux. v Fyp. 15
BO3HUKAET Y3-3a [TPEHUS -

4) A142H -0,2m-0,84 I

3
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3apanwue 1.43. 9xszamenayuonroe 3adanue (camocmoamenvroe evinoanenue ). O6opydosanue
evidaémes yiumeJie. )

Wcnonb3ya Wwtatue ¢ MydTOW, HENOABWMXHbIA BNI0K, HATL, TPU rPy3a U AUHaMoMeTp, cobepuTe
9KCNEePUMEHTANBLHYIO YCTAHOBKY NS U3MepeHusa paboTbl CUMbl YNPYrocTy NPy PaBHOMEPHOM MoAbE-
Me rpy30B C NCMob30BaHMEM HenoasuxHoro 6noka. Onpeaenute paboTy, CoBepLUAEMYIO CUMON Y-
pyrocTtv npu nogbEme rpy3os Ha BeicoTy 20 cM.

B 6n1aHKe OTBETOB:.

1) coenanTe pUCYHOK 3KCNEPUMEHTANBbHOWN YCTAHOBKM;

2) 3anuwmte GopMyny ansa pacyérta paboTbl CUMbI yNpyrocTu;

3) yKaxuTe pesynbTaThbl NPSMbIX U3MEPEHUIA CUSIbl YNIPYrOCTU U NYTH;

4) 3anuLunTe YUCNOBOE 3Ha4YeHne PaboTbl CKUbI YNPYroCTy.

Kpatkuii oruér

1)|Cxema BkenepumeHTasibHoi| yaTaHoBKA: :

A = v T 3
3)| Pe3ynibratsl 13 Wi ' -
EF_.l r |.H ]
A J
|
F
4] A=
Sapnauwve 1.44

Onpepnenute pa6oTty, koTopyio CoBEpLUAeT cuna ynpyroctu npu nogbéme Tpex rpy30B Ha Bbl-
coTy h =20 cM C ncnonb3oBaHMeM NoABMXHOro 610Ka.

OO0wmit Bec mogHMMaemoro rpysa (c Gaokom) pasen P = 3,2 H (pomo 1.85).
CuJla yOpyrocTH IpyKUHBL AMHAMOMETDA IIPH PABHOMEDHOM moxbéme pasua F,., = 1,6 H (¢go-
mo 1.86).
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Pomo 1.85 = domo 1.86

IIpu mpoBeeHHH KCIePUMEHTA BaXKHO, 4YT00bI HUTh M IHHAMOMET] OBLIH BepTHKAJBHEL. Ecau
aTo TpebGoBaHNe HE BEIIIOJIHATE, TO CHJIA YIIPYTOCTH YBeJIMYHNBACTCS (¢pomo 1.87).

®Pomo 1.87

IIpu mopbéme rpysa Ha k= 0,2 M AMHAMOMETP BMeCTe C HUTBIO IIePpeMeIaeTcs Ha l=2h=0,4Mm
(cMm. puc.).
MY

{ SAnA
Ledadal,

2h

Pa6ora cuisl yuopyrocty papaa Ay, =1,6 H- 0,4 M= 0,64 I>x.
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Kparxun oTuér
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1) Cxema 3kcrnepmumMeHTasl bf-ﬁf

Sebededadadodadedodived

S

> 2h

2) Popmynal pabarel: % |
: g

3) Pe3ynstarsl uamepeHu

=

-
o
N

yop.?

4) A=1,6H-0,4 m|= 0,64 JIx

S3ananue 1.45. Sxsamenayuonnoe 3adanue (camocmoamenvroe svinonnenue). O6opydosanue
evidaémesn yuumenen,

Wcnoneays wrtatus ¢ MydToMn, noasmxHbIA 610K, HUTL, aBa rpysa v guHamomeTp, cobepute
SKCMEPUMEHTANBHYIO YCTAHOBKY 11 U3MepeHua paboTsl CUAbI YNPYrocTV NpW Noabéme rpysa ¢ uc-
nonb3osaHnem noasmxHoro 6noka. Onpepenute pabory, CcoBepLuaemMyto CUNoIA yNpyrocTv Npm nogb-
€Me rpy3oB Ha BbicoTy 10 cm.

B 6naHke oTBeTOB:

1) coenaite pucyHokK SKCNepuMeHTanbHOMN yCTaH.OBKM;
2) 3anuwmte hopmyny ans pacyéta paboTbl CUnbI YNpyrocTtu;
3) yKaxuTe pesynbTaTbl NPSMbIX U3MEPEHUIA CUnbI yNpyrocTu v nyTw;

4) 3anuLIMTE YNCNOBOE 3HAYEHUE PaBOTLI CUTlbI ynpyrocrtu.
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Kparkuii oT4éT

1) Cxema|akcrnepyUMeHTanbHON yCTaHOBKU:

2) @opmyna paboTs):

3) Peaynbrars! M3MeEPEH

4) A=

6. YcnoBusi paBHOBECUA pbiHara

6.1. lomallHasa noaroToBka

3apanue 1.46

Tpwu apyra — Bnag, uma n TuMyp — pelumnnn OueHUTL Bec Bnana ¢ cnonb3oBaHMeM Kavenen
(¢poto 1.88) BbicoTOi 145 cm (MoA BbICOTOI Kavenen no,upaaymeaaech L/IMHA uenei, K KOTOPbIM
NPUKPEnNeHo cuaeHbe). Kak oHm aTo coenann? -

Poct Biasa kax pas paseH 145 cm. Biaj Bcran Ha CH/EHBE rkaueneit (pomo 1.89), a luma npu-
HenuJ K CHAeHbIo TuHaMoMeTp (¢omo 1 .90, a) 1 oTKI0HMI Kadenn Ha 60 cM. IlokasaHusa TUHAMOMET-
pa — Ha gpomo 1.90, 6.

domo 1.88 domo 1.89
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Domo 1.90

TruMyp u3amMepus Bce HEOOXO[UMEIE PACCTOAHUSA: d, =30 cm, d; = 130 cMm (cM. puc.).
3anuiIuTe ycJIoBHe paBHOBecHus «Blaga B OTKIOHEHHOM COCTOSHAMY H OIIpefeJIATe ero Bec.

d, =130 cm

Orser: P=88 H.— 3™ __sg0q.
0,3m




6.2. dkcnepumeHTanbHbie 3aQaHus

Jla6opaTopHOoe 060pyAOBaHNe IPEACTaBIeHO Ha pomo 1.91.

Pomo 1.91 ®omo 1.92

O6paTuTe BEUMAHVE Ha JONOJHUTENbHYIO My(TY — OHA YAEP:KUBAET prriar npu cOopke u3Me-
pUTEJbHOM yCTAHOBKH.

3anauue 1.47 (BbIN0IHEHUE N0 GOTOrpadusm).

Ha ¢poro 1.92 npencrasneHa uaMepuTenbHas yCTaHOBKa Mo UCCNEA0BaHWIO PaBHOBECKS pbiyara.

Mo ¢poto 1.93 MOXHO ONPeaenUTb TOYKU NPUTOXEHUA CMN 1 NOKasaHWUa guHaMmomeTpa.

OnpepennTe cuiy HaTSHXKEHNUA HUTH.

®Pomo 1.93

1) BeimosTHUTE PUCYHOK, HA KOTOPOM n306pasuTe BCe CHUIIBI (cM. puc.).
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F,

VOp. AHH. Fyup_ o
15
20415 10 5 0 5 10
51
F,
2) BanosuuTe TabAMILY.
MomeHnTE cnit, H - em
ITneyu cu, =
Cunbt, H ont 110 Y4acOoBO IPOTHB 4aCOBOi
CTpesKe CTPEeJKU
P,=1H 17 cm (1-1T)H-c™m
F yIp.AHE =
F ynp.muta (Fyup e 10) H:.cm
P2 =
CyMMa MOMeHTOB

3) 3anumuTe yCI0BUe DABHOBECHS PhIYATA.

4) Beraucaure CHUIIY yIPYrocTH HATH.

OrgerT: 5,2 H.

Sanauwme 1.48. dxzamenayuonnoe s3adanue (npumep evinonrnenus ).

3amanue MOKeT OLITE CJIEIVIONIEro CONePIKAHUA:

Wcnonbays peiyar, Tpu rpyaa, WTaTtve 1 AMHaMoMeTp, coBepuTe yCTaHOBKY 0Nl UCCNENOBAHUS

PaBHOBECUS pbivara. Tpu rpysa nogBeckTe Cesa OT OCK BPaLLEHUs pblyara cneaylowmm obpasom:
ABa rpysa Ha paccTosHUU 6 CM 1 OAMH rpy3 Ha paccTosiHUKM 12 CM OT OCHU. Onpepenute MOMEHT cunsi,
KOTOPYIO HEOBXOAMMO MPUNOXUTB K MPABOMY KOHLLY phiyara Ha paccTosaHun 6 CM OT ocu BpaLLeHus
Ppbitara Ans Toro, YTo6bl OH OCTaBaNCs B PABHOBECUM B FOPU3OHTANLHOM MOSIOKEHUMN.

B 6naHke oTBETOB:

1) 3apucyiTe cxemMy aKCnepuMeHTanbLHOM YCTaHOBKM; )
2) sanuwmnTe hopmyny aAna pacyéta MOMEHTa CWNbl;

3) ykaxuTe pesynbTartsl U3MepeHuit NPUNOXEHHOWN CUNbI U ONIMHBI MNeya;

4) 3anNULINTE YNCNOBOE 3HAYEHUE MOMEHTA CUJTbI.

HamepuTensHas yeTaHOBKA IpeAcTaBIeHA HA ¢domo 1.94,
MowmeHnT cunsl F paBen: M = F - L, rpe L — ninevo cHITHL.
MoMeHT CHIIBI YyHPYTOCTH IPYIKUHEI AMHAMOMETDa paBeH (0 MOAYJIIO) CYMMe MOMEHTOB I'py-

30B, KOTODEIE PACIIOJIOKEHEI CJIEBA OT OCH BPAILleHUS.
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Haiigém aty cymmy.
M=M,+M,=2H-6cm+1H-12cMm=24H-cm=0,24 H" M.

Tak Kax pbrYar HaXOIUTCHA B PABHOBECHH, MOMEHT CHJIbI YIIPYTOCTH OPY KHUHbI paBeH M = 0,24H - M.

domo 1.94

Cxopee Bcero, SKCIepT Ha 9K3aMeHe He OIeHUT TaKoe BhINOJIHeHNe 3a/lJaHnA Ha 4 fanna, Taxk KaK
[OJIyUeHMe OTBETA He CBA3AHO C H3MEPEHUAMH, er0 MOKHO IOJYINTh, He cobupas 3Tl yCTAHOBKH U HE
nposozis namepenuii. (He crexyer oxugaTh, 4TO SKCIEPT BAC MOXBAJIMT, CKAa3aB: «Kaxkoil Mojogen, OT-
BETHJI HA BOIIPOC SKCIIePUMEHTAILHOI'0 3alaHN A, HUYero He U3Mepsa», U IOCTABUT 4 fanna.)

~ Yro HYKHO caeaaTs?

1) Mo:XHO OTpeAeJUTh BeJMIMHY CHJIBI ¥ CPABHUTE MOKA3AHAA AUHAMOMETDA C pesyabTaTaMu
prrapciennii. CoOBIaAeHNe PAacUéToB CUJIBI C IOKAsaHMAMM K OyfeT 03HAYaTh, ITO MOMEHT HaligeH
BEPHO.

Cuia yIpyrocTH IPYKAHbL AUHAMOMeTpa paBHa: F = M/L
F=(0,24H-m)/(0,06M)=4H,

CpaBHMM B5TO 3Ha4YeHHMe C IIOKasaHWeM [IMHAMOMeTpa (pomo 1.94). Msl BHAMM, 4YTO
F o = (3,9 £0,1) H. B npeaesnax NOrpemnIHOCTH 3HAYEHUA CHIIBL F coBnamaior.

CrnemoBaTe/IbHO, U3MePeHHA JOCTOBEDHBI I MOMEHT HailigeH BepPHO.

2) MoXHO NOCTYIUTh ¥ No-Apyromy. IIpsamo OTBETHUTE HA BOMIPOC: [0 H3MEPeHHOMY 3HAYEHHIO
cmuIsl HalTH eé momenT M = (3,9:0,06) H- M= 0,23 H " ™.

OTmune 3TOr0 3HaUeHUA OT CYMMbI MOMEHTOB I'PY30B PaBHO
(0,24-0,23)H-m=0,01 H"- ™.
Paguuna cocrasaser scero (0,01 /0,23) - 100% = 5%.
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TKMH éT

IKGNEPUMEHTATbHOM CFEHOEIKM.‘
i
0
]
| | | |
) D pt{awwa CYETra MOMEHTA CUJibi; M=F.
T MOAY/b CGun/lbl
L <+ npeyo cunel
3) |Pesynbtatel namepetinii:
P.H B,H T | H I
T 2 yupL” Y
20 1,0 3.9 0,06
4) MoMeHT gusnbl ynpyrodru| pasel
ME=39H-0,06 M~0,28 H - ™

Sapnauwe 1.49. Ixzanenayuonnoe sadanue (camocmoamenvroe svinonnenue ). Odbopydosanue
evLdaémes yuumenem.

Mcnoneays peidar, Tpu rpysa, WTaTMe u AMHAMOMETD, cobepuTe yCTaHOBKY ANS MCCNen0BaHUS
pasHoBeCUs poivara. Tpu rpysa noaseckTe Criesa OT OCW BPALLEHMS phlyara cneaylowmmM o6paszom:
ABA rpy3a Ha pacCTosHUM 12 CM 1 OAWH rpya Ha PaCCTOSAHUM 6 CM OT 0cu. ONpeaennuTe MOMEHT CWJb,
KOTOPYIO HEOGXOAMMO NPUNOXMUTL K MPABOMY KOHLLY pblyara Ha paccToaHuMn 12 cM OT ocu BpalleHus
pbi4ara Ans Toro, 4To6kl OH OCTaBasCA B PABHOBECUM B FOPU3OHTABHOM MOSIOXEHUM.

B 6naHke oTBETOB:
- 1) 3apucyirte cxeMy akcrnepuMeHTanbHoM YCTaHOBKW;
2) sanuwmnte popmyny ana pac4yérta MOMEHTa CUnbI;
3) yKaxuTe peaynstaTbl U3BMepeHuit NPWUIOXKEHHOW CUIbI U ANMHBI NNeYa;
4) 3anULMTe YUCNOBOE 3HAYEHUE MOMEHTA CUJTbL.
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Eparkuit otuét

1) |CxeMa usmepureibHoW YCTaHOBKM:

P) dopmyna gna pacHéra MOMEHTA CuJlbl:

3) |Peaynbratsl M3mMepeHni:

4) MoMeHTT dusibl F paBeH;

7. UccneposaHue 3aBucMMocTeil Mmexay pu3nyeckmmm BeiIviuHaMmm

7.1. UccnepoBaHne U3BECTHbIX 3aKOHOMEPHOCTEN!

SKcIepUMeHTaNbHEIE 3aaHUs, IPH BHIIOJHEHHH KOTOPBIX HEOOXOAUMO Ha 9K3aMeHe IIPOBeCTH
HccjieloBaHNe 3aBUCHMOCTeH MeXXAy QU3HYeCKUMH BeJIMYNHAMH, JeJIATCA Ha IBa THUIIA.

B 3a1aHUSX nepe020 Muna UCCIEAYIOTCA yKe M3BECTHEIE BAM 3aKOHOMEPHOCTH.

IleEHOCTL TAKMX HMCCJAELOBAHUM 3aKJII0YaeTCA B TOM, YTO OHHM MO3BOJIAIOT U3MEPHUTE MOCTOSH"
HEIe IApaMeTPHl, XapaKTepU3yIoIue 3Tu 3asucumoct. Hanpumep, 118 u3MepeHus *KECTKOCTH IIPY-
KUHEB HE0OXO0IMMO HCCIe[OBATh 3aBUCHMOCTE €€ YAJUHEeHNUSA OT MPHJIOXKeHHOM CHJIBI, KOTOpas ypas-
HOBelmmBaeT cuiy ympyroctu. IlpoBeas rTaxoe mcciefoBaHHe, Bbl MOXKeTe He TOJBKO HM3MEPHTH
MECTKOCTD IPYKUHBI, HO ¥ BEIACHUTD, OT Yero OHA 3aBHCHT.

Sapnauue 1.50

BbISICHUTE, BO CKONbKO Pa3 M3MEHUTCS XECTKOCTb NPYXWHbI, ECNU €€ ANnHa YyMEHbLUMTCA B ABa
pasa.

Crauasa K IpyXHHe I0ABeCHIH ABa rpysa (¢pomo 1.95). [losopuHy NPYKHHEL 3aQUKCHPOBaIH
cKO6KOil, M3rOTOBJIEHHO U3 CKpenkw (pomo 1.96), u 3aTeM BHOBL IIOBECHJIH Te e ABa rpysa (¢omo
1.97). Kak uaMeHHJIaCh 3KECTKOCTD IIPYKUHBI X BO CKOJBKO paa?

61



. G
@Pomo 1.95

-

0 .96

= fasses il
Dom Domo 1.97

Coruacuo saxony I'yka F = k * x, rge B — KECTKOCTb IPY’XHHBL. B nepBoM cayuae F = 2 H,
x=~4cm=0,04Mm. E=F/x=2H/0,04 m =50 H.

Boeropomciyqae F=2H, x~2cm=0,02M. k=F/x=2H/0,02 m = 100 H.

OtBer: HECTKOCTE MDY UHBI YBeJHYMIACE B 2 pasa.

Bes opeaBapHuTeNIbHOTO HCCJeJOBAHUA HeJIb3d H3MEPATH BEJIHYHHEI, KOTOPLIE XapaKTepHU3YIOT
AaHHOE ABJIEHHE UM IIPOIIEeCC.

Hanpuwmep, He npoBefs mpeaBapHTeTBHOTO HCCIEI0BAHMS AedopManuy pe3nHOBOro 00pasna,
BBl M3MEPHJIM €0 XKECTKOCTh 110 AHAJIOTHH C IPYKHHOH, CYUTAA, UTO AehopMALUs MOAYMHACTCH 3a-
kKoHy I'yKa. A BeZib B 9TOM Helb3sd ObITh YBEPEHHBLIM, He IPOBE/A HCCIe 0BAHUSA PE3MHOBOT0 00pasIa.

Sapanwue 1.51

Wccneposanve aepopmaumm pesmHoBOro LWHypa.

WN3mepbTe anvHy HenedopMUPOBAHHOrO Pe3VHOBOIO obpasua (¢poro 1.98).

@omo 1.98 Pomo 1.99

HsmepbTe yANMHEHHe Pe3HHOBOrO o0pasna IPH MOABELIMBAHMA OZHOTO rpysa maccoit 100 r
(¢pomo 1.99) u onipefennuTe KECTKOCTD.
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3arem nozaBechkTe K oOpasmy emié oaguH rpy3 maccoir 100 r m cHoBa HM3MepbTe YIJIHMHEHHE

(¢pomo 1.100), onpenenauTe ¥ ECTKOCTD.

a (1]
domo 1.100

CpaBHHTE 3ECTKOCTD, OJYIEHHYIO IPX ABYX Harpysxax.

Cpenaiite OGLIMi BEIBOJ O CIIPABEIIMBOCTY MM HECIIPABEAIHBOCTH JJIs pe3uHbI 3aKoHa 'yKa 1

IpeJIOKUTE CIOCOD H3MepeHNA eé JeCTKOCTH.

Sananmue 1.52

3anonHute Tabnuuy.

HaszBanue

dopmyna

BaBHCHUMOCTE MEXAY YAJIMHEHHEM INPYKHHBI U
medopMUDYIOIIEN CHIIO

3aBHCHMOCTE MEKAY CHJIOH YIPYrocTu u gedop-
Manuei

3aBHCHMOCTE JJIMHBLI IIPYXKHMHLI OT Beca IOJBe-
[IEHHOr'0 rpys3a
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3aBHCHMOCTE MEXKAY IPOHIeHHBIM IYTEM
¥ BpEeMEHEM JIBHIKEeHUS:

— IIpM PABHOMEPHOM [ BHKEHHH

— DM PaBHOYCKOPEHHOM ABHKEHUH 0e3 Hadasb-
HOH CKOpPOCTH

— IIp¥ CBOOOJHOM IIaIeHUH

3aBUCHMOCTL MeXKAY NPOHAEHHBIM IyTEM W
KBaZipaTOM BpeMeHH IIPH paBHOYCKOPEHHOM
JBHKeHNUH Oe3 HadaJIbHO# CKOPOCTH

3aBHCHMOCTh IEPHOJIa KoaebaHUH OT AJIUHEI Ma-
ATHHEKA

3aBHCHMOCTL KBAZpaTa IepHoja KouebaHwmii oT
JJIMHEBI MaATHHKA

3aBHCHUMOCTH YACTOTHI KoJIe6aHuil oT AJHHBI Ma-
ATHHUKA

3aBHCHMOCTL KBaJpPAaTa YaCTOTHI KoJeGaHuil oT
IJHHBI MAATHUKA

3aBHCHMOCTh BHITAJIKMBAIOIEH CHUJIBI OT 00bEMA
HOrPYy>XeHHOH YaCTH TeJla

3aBHCHMOCTD JaBJIE€HUA KHUAKOCTH OT INIyGHHBI

3aBHCHMOCTH MOMEHTA CHJIBI:

— OT Imje4ya

— OT MOAYJISI CHJIBI

3aBHCHMOCTD CHJIbI TPDEHHS OT CHJIBI HOPMAJIBHO-
r'o JaBJIeHUA

Sapauwme 1.53. Ixszamenayuonnoe sadanue ( npumep 8b.NOAHEHUA ).

Wcnonbays kapeTky (6pycok) ¢ KpIoYKoM, aMHamomeTp, Habop u3 TPEX rpy30B, HAaNpPaBNAIoOLLYIO
peviky, cobepuTe 3KCNEePUMEHTANbHYIO YCTAHOBKY ANS WCCNEA0BaHWUSI 3aBUCUMOCTU CUJbI TpeHusa
CKONBXEHUA MEX[y KapeTKOW 1 NOBEPXHOCTBLIO rOPU3OHTANLHON PEVKM OT CUibl HOPMASTLHOrO AAB-
nenusi. OnNpefennTe cuny TPEHUs CKOMBXEHWS, NOMELLAas Ha KapeTKy NooYepE8aHO OAvH, ABa U TPU
rpysa. [ina onpegeneHus Beca kapeTku C rpy3amm BOCNONb3YATECH AVHaMOMETPOM.

B 6naHke OTBETOB:
1) caenainTe pUCyHOK 9KCNEPUMEHTANBHON YCTAHOBKM;

2) yKaxuTe pesynbTaThl U3MEPEHUIA BECA KApeTKM C rpy3ammn 1 Cifibl TPDEHUS CKOJTBXEHUS ons
TPEX cnyyaes B Buae Tabnuupl (unm rpacduka);

3) chopMynupyiiTe BbIBOL, O 3aBUCUMOCTW CUMbl TPEHUS CKONLXEHUSA MexXxay KapeTkoh u no-
BEPXHOCTLIO PeKK OT CUNbl HOPMAaNbHOIrO OABNEHUS.

HamepurensHas ycTaHOBKA Npe/cTaBieHa Ha gomo 1.101. ([l1s usMepeHus CHTbI TPEeHHsA Ha-
IPaBJIAIIYIO Jy4Yllle IEPEeBEPHYTH. )
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domo 1.101 Pomo 1.102

CuaugaJia m3MepaIoT Bec 6pycka (¢pomo 1.102): 0,64 H.

[Ipu HanMYMU AMHAMOMeTpa ¢ npefesom namepenus 4 H wiu 5 H cyMMapHELi Bec Opycka c of-
HEM, JBYM#A W/ TPeMs TDy3aMH Jydlle U3MepPATh, YeM PacCYuTHIBaTh. Ecin jke HH OXHOro U3 3THX
AUHAMOMETDOB HeT, Toraa obmuii Bec paccunThiBaerca. Hanpumep, Bec 6pycKa ¢ TpeMA rpysamu pa-
Ben 3,64 H.

PeayETaThl BOBMOYKHEIX M3MEPEHHI IPHBeieHbl B TA0IHIE:

KoanuecTBo rpy30B 0 ' 1 2 3
N,H 0,64 1,7 2,6 3,6
F.,H 0,14 0,32 0,52 0,68

I'paduk saBucumoctu F,, or N npeAcTaBiieH Ha PUCYHKe.
F,,H

]

4
0,7 F——4=—=————t-=t-—o—==

ol Wi
o] /
i /
o] 4
0’2 I . /

0,17

 aama T e S 2 e e (o
|

e e
+——+ +—++ t+

0 1,0 2,0 3,0 4,0
Bascnoe samevanue.

Ha sx3aMeHe JOCTATOYHO IPUBECTH UTO-TO OZHO: KO0 Tabaumy u3MepeHunii, 1u60 rpaduk.

- N,H
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TKHH OTYET

1) |CxeMa n3mepuTeIbHOM yeTaHoBKM:

=y -

A
- l — ———U—I-
FTP- F’[‘arp[ LE L O N NN N i
- > v
ymg
2) | Konuyects & 3 3 s
rpysoB i = = =
N/ H 0,64 1.7 2,6 3,6
F,  H 1 0.39 52 | 0l68

3) BbiBOA. c ygennyeHnem ¢unsl HOPManbHOro JAasfienns chna
PEHNSI CKONIbXeHNs) MEXAY KaPETKOM 1 NOBEPXHOCTbIO
peiKn| Bo3pacraer.

~

Sapaunwe 1.54. dxsamenayuonnoe 3adanue (camocmoamenvroe evinonnenue ). Obopydosanue
evidaém yuumeds. ‘

Ucnonbays kapeTky (6pycok) ¢ KpioYkom, AnHamomeTp, Habop 13 TPEX rpy3os, HanpasngoLLyIo
peviky, cobepute 3KCNepUMEHTaNbHYIO YCTaHOBKY O/l UCCNEeA0BaHWUS 3aBUCUMOCTM CUIbl TPeHUsa
CKOJIbXEHUS MexXy KapeTKoi 1 NOBEpXHOCTLIO «BGapxaTHoi» Bymaru ot cusbl HOpPManbLHOro gasne-
Husi. ONpenenuTe Cuny TPEHWUSE CKONbXEHUS, MOMELLAs Ha KapeTky Noo4ep&aHo OavH, BA U TPU rpy-
3a. [inA onpepenexsuns seca KapeTku ¢ rpy3amu BOCMNOb3YATECH ANHAMOMETPOM.

B GnaHke oTBETOB:
1) cAaenaviTe pUCYHOK 3KCNEPUMEHTANLHOM YCTAHOBKMA:

2) yKaxuTe pesynbTaThl UBMEPEHWiA BeEca KapeTKu C rpy3aMu 1 Cunbl TPEHWUS CKONBXEHUs Ana
TPEx cnyyaes B BUAE rpaduka;

3) chopMynmpyitTe BLIBOA O 3aBUCUMOCTU CUMbl TPEHWA CKONBXEHUS! MeXy KapeTkon u no-
BEPXHOCTLIO «BGapxaTHOi» BymMaru OT CUibl HOPMALHOIO AABNEHUS.
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7.2. UccnenoBaHne HEeM3BEeCTHbIX 3aKOHOMEPHOCTeN

3apanue 1.55
WccnepoBaHue 3aBUCUMOCTM NEPUOAA MasiTHUKA OT ero A4/iMHbl.

Huske IpUBEAeHbI Pe3yabTaThl U3MepeHns Bpemenu 30 KoneGaHUi TPEX MAATHUKOB AJIHHON

t a8
cooteercreerHO 30, 60 1 90 cM. 3amonHAeM TabIUIy, YIUTHIBAA, YTO T =W’ rie 4McJ0 KoaebaHui

N = 30.

l,cm 30 60 90
tyc 32,50 45,61 55,32
T.¢ 1,08 1,52 1,84

T, et 1,17 2,31 3,40
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B xparkom oTuére npuBoguTes Nubo Tabauna, 1ubo rpaduk.

ITocTpoum rpadmuk 3aBHCHMOCTH KBaApPATa HEPUOA OT JIMUHEI:

Tz, c? 4 /

4

/

30 60 90 I, em

Y

<

BriBoz: ¢ yeemuuenmeM AIMELI MAATHEKA KBaJpat neproja KonebaHUH yBeInYuBaeTC.

Sananue 1.56. (Camocmoamenvhoe ssinonnenue. ) O6opydosanue avidaém yuumens.

WUccneayiite 3aBMCUMOCTL KBaapaTa nepuoaa konebaHuin TpEx MasTHUKOB IUIMHOM 0,5 M, 1 M 1
1,5 M OT ANUHBI. '

3anumure faHHBIE B TAbmuny (N = 30):

l,m 0,5 1,0 1,5

T=t/N,c

™ e
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ITocTpoiiTe rpaduk: o

A
Tz, c?

0,5 1,0 1,6 Lwm

3apaunue 1.57. xsamenayuonnoe 3adanue (npumep 8blnoIHEeHUL i3

Mcnonbays WwraTve ¢ My©dTOR 1 Nankou, Wapuk ¢ NPUKPENNEHHOM K HEMY HUTBIO, NNHENKY 1 Ya-
Cbl C CEKYHAHOW CTPEnKow (Unu cekyHaomep), cobepute 3KCNepUMEHTANIbHYIO YCTaHOBKY ona ucecne-
[LOBaHWS 3aBUCMMOCTY NEpMoaa CBOBOAHBIX KONe6GaHWi HUTAHOrO MasTHUKA OT AJIWHbI HuTK. Onpe-
nenvte Bpems ana 30 NONHbIX konebGaHui U BeMUCIUTE NEPUOA, konebaHuit ona TpEX cny4yaes, koraa
LIMHA HUTW paBHa COOTBETCTBEHHO 1M, 0,5 M 1 0,25 m.

B 6naHke OTBETOB:
1) coenaiiTe pUCYHOK 3KCMNEPUMEHTANIbHON YCTaHOBKU;

2) yKaxuTe pesynsTaThl NPSMbIX M3MEpeHUi Yucna kone6aHuin 1 BpeMeHu konebaHnin Ana Tpex
LOJIMH HATW MasTHUKA B BUAE Tabnuubl;

3) BbluMcAUTE Nepuog konebaHnin ana Kaxaoro cnyvas v pesynbrars 3aHecuTe B Tabnuuy;

4) chopMynupyinTe BbIBOA O 3aBUCMMOCTU nepuoaa cBoBoaHbIX KonebaHnini HUTAHOMO MasTHU-
Ka OT AJIMHbI HUTK.

H3mMepuTenbHas YCTAHOBKA IPeJiCTaBlIeHa Ha (omo 1.103. O6sIuHO IITAHra IITATHBA MMEET
anuay Mesbme 1 m. ITosromy mpu paboTe ¢ MaATHHKOM AIWHOM 1 M mMITATHB yCTAHABJIWBAETCA Ha
Kpaio crosna (¢pomo 1.104). Jlna ynoOcTBa M3MeHEHUs IJIMHBI MAATHUKA MOJKHO BOCIHOJIB30BaTHCHA

OGBIUHBIM JACTHKOM, caeaB B HEM paspes (¢pomo 1.105).
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@omo 1.103

®omo 1.104 : @omo 1.105

- t i
Ilepuox Konebanuit MmasTauxa T ZE’ rjae t — u3MepeHHOe BpeMs Kosiebanuii, N — 4mucio Ko-

nebauuit. N = 30.
IIpuBeném BOSMOKHBIE De3YIBTATHI uamepeHus spemenu 30 xKomebaHut MAATHHKOB:

l,em 25 50 100
e 29,64 41,57 58,88
I,c 1,0 1,38 1,96

HnuHa MaATHUKA H3MEDSAETCA OT TOYKH IIOABECA 10 «IleHTpa» rpysa.
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CocTaBHM KpPaTKHI OTUET:

1) Cxema vamepuTelbHOW yCTaHQBKN:

2) Peaynrasl ndmeperuii: |N =30

I ™ 0,25 D,5 1
T 9; 41567 158,88
T, ¢ ~1,0 =1,4 ~ 2

3) Mepmon KonebaHui! T =-—.

4) Bhispa! | c lysenyernem anvHbl MasitHUKa NepuoA ero (cBp60AHbIX
KON166aHWI YBEaNYNBaETCS.

3apauue 1.58. dxzamenayuorHoe sadanue (camocmoamenpHoe 6binoLIHERUE ). O6opydosanue
gbLdaémesd ynumeaen.

Mcronb3ys Wratue ¢ MydTOM 1 Nankown, Wwapuk ¢ NPUKPENNEHHON K HEMY HUTBIO, IMHENKY U Ya-
Cbl C CEKYHHOW CTPenKkon (unu cekyraomep), cobepute aKCNeprMeHTalbHYIO YCTaHOBKY AUTA uccne-
[10BaHWS 3aBUCUMOCTH nepuoaa Ceo00aHbIX KoneBaHuii HUTAHOMO MasaTHUKa OT A/IMHbI HUTK. Onpe-
penute Bpems ana 20 NonHbIX koneGanuii 1 BolMMcnUTE nepuoa konebaHuin ana TpeEx cryyaes, Koraa
[UIMHA HATW paBHa COOTBETCTBEHHO 40 CMm, 80 cmun 120 cm.

B 6naHke OTBETOB:

1) coenanTe pUCyHOK 3KCMNEepUMEHTANIBHOWN YCTAHOBKW;

2) yKaxuTe pe3ynbTaTbl NPAMbIX M3MepeHunii Ymcna konebaHuin u BpemMeHun konebaHuih Ans TPExX
LJIMH HUTU MaATHUKA B BUAOE Tabnuupl;

3) BbluMCAMTE Neprop, konebaHnii Ans Kaxaoro cnyyas u pesynbrarbl 3aHecuTe B Tabnuuy;
4) chopmynupyiTe BbIBOL O 32BUCUMOCTH Nepuoaa cB0O6OOHBLIX KONebaHWn HUTAHOIO MasaTHU-
Ka OT AJIMHbI HUTW.
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KpaTkuii oTuér

Sapauwue 1.59. Sxszamenayuonnoe sadanue (npumep evinoanenus).

Wcnonbays wratme ¢ MydToi 1 nankoi, WAaPWK C NPUKPENNEHHOM K HEMY HUTBIO, JNINHENKY 1 ya-
Cbl C CEKYHAHOW CTPEenKoW (unu cekyHoomep), cobepurte SKCNEepUMEHTaNbHYIO YCTaHOBKY A9 uccne-
AOBaHMA 3aBMCUMOCTU 4acTOTbl CBOBOAHLIX KONebaHUil HUTAHOrO MasTHUKA OT DNWHBL HUTKU. Onpe-
Aenute Bpema ana 30 NonHbIX konebaHWuii 1 BbIYUCUTE 4acToTy konebaHuin Ans TPEX cnyyaes, koraa
ANVHA HUTK paBHa COOTBETCTBEHHO 1M, 0,5M 1 0,25 m.

B 6naHke oTBETOB:
1) coenainTe pucyHOK 3KCNepUMeHTaNnbHOM YCTaHOBKW;

2) yKaxuTe peaynbTarhi NPsMbIX “3MepeHuit Yncna konebaHuit u BpemeHu koneGaHuii ans TPEX
AJIVH HUTWU MasTHUKa B BUAE Tabnuubl;

3) BBINMCNINTE 4ACTOTY KoNeGaHNI AN KAKAOro Cyyas u pesynbTaTel 3aHecUTe B TabnuLLYy:

4) copmynupyiiTe BbIBOA O 3aBUCUMOCTM YaCTOTHI CBOBOAHBLIX KONEGaHmii HUTAIHOIrO MasTHUKA
OT A/INHBI HATW.
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Yacrora Konebaunii — BenHYnHa, o6paTHAdA NePHOAY: V = %

Tak kak T=%, TO YacTOTa PaBHA V =¥; N =30.

PesyasTaThl HCCNEJOBAHUSA 3aBHCHEMOCTH nepHaoga KoseGaHuil OT AJIUHLI MAATHUKA®

l,em 25 50 100
t,c 29,64 41,57 58,88
v, I'n 1,0 ' 0,7 0,5

CocTaBUM KpaTKHi OTYET:

1) CxeMa lakcrnepuMeHTaIbHOA YCTaHOBKM:

0,25 m

0,5™m

1M

[ S

2) Pesynutarsl| namepedunii:| |N =30

<
5
=
2
&
T
i
e
|
]
Loy

=iE

4) BbiB clyBennyeHmem 4nnHbl HuTy Yactota koseGaHmi

ATHHKE YyMeHbLlIaeT .




FNABA 2. 9JIEKTPUYECKME ABJIEHUSA

§1. JlaGopaTopHoe o6opyaoBaHue

1. OnekTpouamepuTenbHbie NpUbops!

Ha ¢omo 2.1-2.7 npusesieHb! 31eKTPOU3MEPHTEILHEIE IPHGOPHI, KOTOPhIe MOTYT HCIOJIB30-
BaTbesa Ha OI'D.

A
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@omo 2.1: mpubop Ne 1
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@omo 2.2: npubop Ne 2
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a 6
Pomo 2.3: npubop Ne 3
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®omo 2.5: mpubop Ne 5
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EIHUSSR

1
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A

Ren==3000n N Raﬁﬂ,f)?M

@omo 2.6: mpubop Ne 6 @omo 2.7: mpubop Ne 7

ITone3ysace doTorpaduAMHE, ONpefe/UTe LEeHY AeJieHUd, Ipenesibl H3MepeHusA, BHI H3Mepse-
MO# BEJIMYHHEI (TOK, HAIPAYXKEHUE), eANHUIE M3MEPAEMOH BETMIHHBI 1JIA KaXK/I0I0 U3 IPUBEJEHHBIX
npubopos (3amoJIHUTE TA0JIUILY).

Tabauua 1
Howme
p Bug namepsemoii ITpepens: Ilena
npubopa Ha EpuEnns:
BEJIMYHUHBI H3MEepPeHuA neneHuns
¢ororpaduax
1
2
3
Bepxusas mikasia
4
Hyoxnag myang
Bepxusas mixana
5 e
Huxuaa mkana
6
g
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2. WUcnonb3yembie Ha 3K3aMeHe Pe3uCTOpPbl, NIAMMO4YKWU, WUCTOYHUKM TOKa,
peocTarbl

Pesucropr! npeacrasiensl Ha pomo 2.8, namnouru — Ha gomo 2.9.

Pomo 2.8 Domo 2.9
B rauecTBe HCTOUHHKOB TOKA MOI'YT HCIIOJIB30BATLCA BRIIpAMUTENH (pomo 2.10) unu 6arapeii-
KH (¢pomo 2.11).

@Pomo 2.10 Domo 2.11

Ha ¢pomo 2.12-2.14 npeacraBieHbl peOCTaThl, KOTOPEIE MOTYT MCIOJL30BAaThCA HA HK3aMeHe.
Peocrar Ha ¢pomo 2.12 Ges mxKanel, Ha pomo 2.13 — co BeraBIeHHOM mKanoi. OH HMeeT MaKCHMAaJlb-
Hoe conmporuBieHue 6 Om. Peocrar, npeicraBiesHsiil Ha ¢omo 2.14, uMeeT MaKCHMAaJIbLHOE COIPO-
rusierue 10 Om.

Pomo 2.12 Pomo 2.13 Domo 2.14
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3. 3apaHuna no pabore c o6opyaoBaHnem

3 H .1

a) N3006pasnTe CTPENKOoii «NyTh TOKa» 4eped peocTar (CM. puc. ).
B

T

6) Kak M3MeHUTCS COonpoTUBNEHNE BKIIOYEHHOM 4aCcTKU, eCNv NepemMecTuTb ABMXKOK BNeBo Ha 3
BMTKA?

Sapnanwue 2.2

Ha ¢poro 2.15 npencraeneH peoctar ua «[MA-naGopatopumn».

a) B 4éM COCTOUT KOHCTPYKTUBHOE OTIYME 3TOro peocrtarta oT M300paxEHHOro Ha goro 2.127

y

Pomo 2.15

0) O6uwee conpoTtuBneHne peoctata 10 OM. Yemy paBHO CONPOTUBNEHUE BKIIIOYEHHOW 4HacTtu
peoctara?

B) 0603Ha4YbTE «MYTb TOKA» HA PUCYHKE.

Kak M3MeHWTCA CONPOTUB/IEHNE BKIIOYEHHOR YacTK peocTara rnpy NoBOpOTE NOABUXHOIO KOH-
TakTa OT TOHKW A BNpaBo 1 BNeeo?
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Sanauwve 2.3

a) Ha ¢poro 2.16 npeacrasneHa anekTpuyeckas Lienb ¢ peocTatoM. Kak 1 noyemMy M3mMeHuUTCs Ha-
Kan naMnoyku Npu ABUXEHUM OBUXKA BNPaBo?

[

@domo 2.16

6) Ha gporo 2.17 npeacTaBneHa anekTpuyeckas Lenb ¢ peoctatoM us «FMA-nabopartopumn». Kak u no-
4Yemy U3MEHUTCH Hakas NamMnoykn NPKW NOBOPOTE KOHTAKTa peocTaTta NPOTUB YaCOBOM CTPENKN?

Pomo 2.17
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3apnanue 2.4
OnpepenvTte cuny ToKa Yepes NaMnoydKy B 3/1IeKTpUYEecKoii uenm (¢goro 2.18).

domo 2._18

Sapnaume 2.5
Yemy paBHa cuna Toka B asToMoOunbHOM namnouke (¢goro 2.19)?

®omo 2.19

Sapnanve 2.6

MamepbTe HanpsxeHue Ha NaMnoyke B 3NeKTPUHEeCKon Luenu, npeactaBneHHon Ha ¢goro 2.20,
€C NMOrpeLLUHoCTb NPAMOro uamepeHns pasHa 0,25 B.

IIo doto 2.2]1 MEI BHAWUM, UTO MCIOJB3VETCH IpeAes mamepenus 6 B, orcuér mpoBoguam mo
BepxHel mKane, nena aenesus eé 0,2 B, nanpsixxkenue pasuo 3,8 B; ¢ yuéToM morpemiHocT Hanps-
sxenne pasao U = (U, + AU)B = (3,80 + 0,25)B.
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@Domo 2.20

domo 2.21
3danuimmuTe, yeMy paBHa CHJIa TOKA, TEKYIEero 4yepes CIUPah JaMIIOUKH, C YI46TOM IOIPeIIHOCTH:

Sapnanme 2.7

M3mepbTe HanpskeHre Ha namne B 3N1IeKTPUYECKO Lenu, NpeacTasneHHon Ha ¢oro 2.22, ec-
/1 NOrpPeLHOCTL NPAMOro M3MEPEHMA Ha ucnonb3dyemom npepene pasHa 0,1 B. Peaynstar nsobpa-
31TE Ha YNCIOBOI OCU (CM. pUC.).

4 4
“\\N\“uu%llnlmd,,
\\\\\\ Q é ‘{00/6’
’\\\ 7 x

/a5 3l

1

@Pomo 2.22

81



Sapanue 2.8

C nomollbio 060pyaoBaHus, NPeanoXeHHOro yunTenem, UsMepbTe CUy TOKa Yepes Namroyky
W HanpsXxeHue Ha Heil. Mepeuncnute o6opyaoBaHue C ykasaHuem Npenenos M3MepeHus n u.eHbl ne-
neHna anﬁODOB Ha4YepTuTe CXemy 3nenpnqecxom uenu.
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§2. UamepeHue CONPOTUBNEHUA, MOLLLHOCTU U paboTbl TOKa

1. U3amepeHue ConpoTUBNIEHNS

Sapanue 2.9 (npumep 8blnosHeHUS).

Onpepenute CONpoTUBNEHME PE3NCTOPA, MOMb3YACh ANEKTPUHECKON LENbIO, NPeacTaBNeHHOn
Ha ¢oT1o 2.23. MNMorpewHocTs U3MepeHus cunbl Toka pasHa Al = 0,075 A, a HanpsixeHnusa AU = 0,2 B.

®domo 2.23

W3 dpororpaduit Buaso, uro I = (0,650+0,075) A=0,66 A, U=(2,8+0,2)B=2,8B. .
Conporusnenne R=2,8 B /0,650 A =4,3 Om.

Odopmum KpaTKU OTUET.
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Kparknii oraér

1) SnekTpudeckas cxema;

2) dopmyna \[ans pacyéra

BaxoH OMma

—
Il
=)
U
=y
~ I'I_IC"

3) |Pe3ynbTatsl U3MEPeHUs:

I=0,65 A
2,8 H

~t

1l

4)

ju.]
]

2,8 B/0,65

>
Il

4,3 Qm

3apanue 2.10. (Camocmoamenvroe sbinoiHerue no pomozpausm.)

Onpepenute CONPOTUMBNEHWE, BOCMNONb30BaBLUUCE ANEKTPUYECKON UEenblo, NpencTtaBneHHom
Ha ¢oTo 2.24(a—s).

Domo 2.24, a
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domo 2.24

KpaTkuii oTuér

1) SnekTpu4eckas cxemal ueny:

2) Qopmyna ans pacqeTa:

3)| Pe3ynbraThl |n3MEPEHNA:

4)ConpotuaneHne pagHo |R|=

Sapanue 2.11. Sxsamenayuonnoe 3adanue (camocmoamenvHoe evinoarerue). Obopydoaa-
HuUe 6bL0aém yuumes.

Husxe npuBegesna Bo3MoKHAA (POPMYIHDPOBKA 3a0aHNA.

Onpenenvte anekTpU4eckoe COnpoTUBNEeHWe pesuctopa R,. [na atoro cobepute akcnepu-
MEHTaSIbHYIO YCTaHOBKY, MCMOMNb3ys UCTOYHMK TOKA, BONbTMETP, aMnepMeTp, KoY, peocTar, coeaum-
HUTENbHbIE NPOBOAA W Pe3ucTop, 0603Ha4YeHHbIA A,. Mpu NoMoLWKM peocTaTa YCTaHOBUTE B LENWU CUNY
Toka 0,5 A.
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B 6naHke oTBETOB:

1) HApUCYyIATE 3NEeKTPUYECKYIO CXEMY IKCNEPUMEHTA;

2) sanuwmte hopmyny ona pacyeérta aNeKTPU4ecKoro ConpoTUBIEHUS;
3) ykaxuTe pe3ynbtaTbl U3MepeHus HanpsxeHus npu cune toka 0,5 A;
4) 3anuunTe HNCneHHoe 3Ha4YeHne INeKTPUYeCcKoro cConpoTuBieHund.

Kpartknii oTuét
1) SnekTpu4eckas cxema|uenu:
2) Gopmynal ans pacyérar
3) Pe3aynbrarsi M3MEPEHUS:
4) ConpotnaneHve pagHo Ry =

2. UamepeHne MOLWHOCTH U paboTbl SNEKTPUYECKOro Toka

3apaume 2.12

MpaBunbHbIA NK NNaTEXHbIN LOOKYMEHT BblOaET TepMuHan? CpaBHUTE eOuHULBI M3MEpPeHUs,
yKa3aHHble Ha IOKyMeHTe TepMuHana (¢oro 2.25) n Ha cuétyuke (¢oTo 2.26).

_________________ Abbd. 2016 | e

000 UEHTP QSPABOTKY NAATEXER
Pamenckoe, Mixaneeuda, 3-2, (985] 183-64-88
Keutaduup #:57235 7.06,2016 12:10:48
Tepruxan #:TUCNDT0  PoBnuku, Tpydosan, 6
MocTapuuk: TCX WHuuuatusa (3nekTpuvecteol
Homep keaptupbi: &

Tekuuee nokazakus cuetuuka [(Ker): 030287

000 UEHTP OBPABOTKW MAATEXE
Pamenckoe, Muxanepuua, 3-2, (985) 183-64-88
KouTaruun K:55664 5.05.2016 12:36:08
%3’;:3% #:TUONOT0 Podwmuku, TpyBomas, 6

P

MocTapwuk: TCX Muuuuatusa (InekTpuvecTsc)

KmapTupbl: 40
;bﬁaaaang}aggﬁue cueTvuka (KgT): £30042

domo 2.25 Pomo 2.26
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B uém ommbxa?

Ananusupysa ¢omo 2.25, 3anuiunTe:
1) 3a Mecan GBLIO H3PACXOZOBAHO 9HEPruH / MOIITHOCTH.
2) IlepeBeguTe KOITUIECTBO H3PACXOJOBAHHOM 38 OUH MECHAI 9HEPTHH B KO IH:

3apnaHue 2.13

BHumMaTensHo uM3yyute npuBeaéHHble doTtorpadun namnodek: Hakanueavus (¢goro 2.27) u
ceeToanoaHo (¢porto 2.28) u ytiora (¢poro 2.29). 3anonHute tabamuy 1. '

a 6 a
domo 2.27 @domo 2.28

Pomo 2.29

BenomuuMm, uto MomaOoeTe P=U-I. Orcrona I =§.

Pa6oraToxka A=U-I-1.

Tabauua 1
Cuna ToKa Pa6ora Toka
IIpubop Montaocts | Hanpsa:kenue
B paboueM COCTOAHHH 3a b MUH
JlamMIia HaKaJIHBaHHUA
Jlamna cBeTogHOSHAA
Vrior 220B
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MocmoTpuTe, Kakue bbiToBbie NPMBOPLI UMEIKDTCH Y Bac AoMa, 1 3anonHute Tabnuuy 2.

Tabauuya 2
Cua Toka Pab6ora Toka
IIpubop Momuocrs | Hanpsamenue
B paboYeM COCTOAHHUH 3a 5 MmuH
Jlamia
Jlamma
IJIeKTPOYaHIK

PaccmoTpuTe dhoTorpaduio CBETOAMOAHONM TaMnbl. Kakoe KonM4ecTBO 3Heprum B MEcsiL, CMOr-
na 6bi COKOHOMUTL Balla CEMbSA NPU 3aMEHE BCEX NIaMI HAKa/IMBaHWUA Ha CBETOANOAHbIE?

Sapnanve 2.14

Monb3ysck NpuBenéHHbIMU doTorpadusMu cnvpanu OnNa HarpesaTensHoro npubopa, uaro-
TOBNEHHO 13 HUxpoma (p = 1,1 Om - MM?/M), onpeaenuTe eé cConpoTUBNEHWE.

Vi i

i T i
¥ UE "’ = s & ¥ N B
FEITAIT W WWRLSSCETA W

Pomo 2.30

-l
BenmoMHEMM, 4TO CONPOTHBJIEHHE IPOBOJHUKA OnpesiesnsaeTcs no ¢popmye R = % .
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Kakas paboTa 91eKTpU4eckoro Toka coBepLuaeTcs B 3Toi cnupanu 3a 10 MUH, ecnv MOLLIHOCTb
HarpesaTensHoro npubopa 3 kBT?

3ananue 2.15. (ITpumep evinoanerua no pomozpaguam.)

OnpegenvTe MOLWHOCTL IaMMNOYKWN B 3N1IEKTPUYECKO Lienu, npeacTtasneHHon Ha goro 2.31. Mo-
rPEeLIHOCTU NPAMOro namepeHus: cunbl Toka AI = 0,1 A, HanpsixeHna AU = 0,25 B.

e —

e 1 4 G-
o 2 ) ¥
bt mu;n\ oy, 9 -
\\1"\(‘; U ﬂl”’fﬂ \ SR g \~\\““|mhh""'”’ g :
o gy, & 1 sty 1 1,
e ]
o e .'

¢ 7
v/
f

Pomo 2.31

1) Cxema|anekrpn4eCcKon L

2) Popmyna ais pacyéra MoLwHocTy: P ={U I

3) Peaynbratsl MaMepeHuii: | cyna Tokg B\ namriodke | pasHa | 1=(1,0+0,1) Al=1A
HanpsXeHne Ha JlaMngyke PasHo U =(4,0040,25)B+4 B

0 Br.

i
g

4) MpwHdcTh Toka paBHa P,
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HM 1

Onpenenute MOWHOCTL NAMMOYKM B 3NEKTPUMHECKON LEnu, NpeacTaBieHHoN Ha ¢oro 2.32.

MorpelHocTM NPAMOro namepexus: cunbl Toka AI = 0,1 A, Hanpsixenus AU = 0,25 B.
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Pomo 2.32

90



3apnanwe 2.17. Jx3zamenayuornHoe 3adanue (camocmosmenvhoe vinonnernue ). O6opydosarue
svLdaémes yuumenem. '

Husxe npuBeieHa Bo3MOKHaA (POPMYIHPOBKA 3aJaHHA.

Mcnonb3ysa UCTOYHMK TOKA, BONLTMETP, aMNepMeTp, KoY, peocTar, CoeaANHUTEbHbIE NPOBO-
na, peauctop, o0603HaYeHHbIW R,, cobepuTe 3KCNEPUMEHTANBHYIO YCTaHOBKY A8 OfpeaesneHus
MOLLIHOCTHU, BblAeNnsieMoil Ha pe3auctope npuv cune Toka 0,4 A.

B 6naHke OTBETOB:

1) HapucyinTe aNeKTPUYECKYIO CXEMY 3KCNEPUMEHTA;

2) 3anuwmnTe Gopmyny ANS pacHeTa MOLLHOCTW 3NIEKTPUYECKOro TOKa;
3) ykaxute pesynbtaTbhl U3MepeHus HanpsxxeHus npu cune toka 0,4 A;

4) 3anUmMTe YNCNEHHOE 3HA4YEHWE MOLLHOCTM 3NIEKTPUYECKOr 0 TOKA.

Enﬁxl{ﬂﬁ QIEET
1) ShekTpnyeckas cxema
2) ®opmyna |\ana pacyéra
B 3)|Peaynbratsl uamepehnii:
4) MoujHocTb Toka paBHa P=

Sapanue 2.18. (ITpumep 8vLnoaneHus no pomozpapusan.)

Onpenenute paboTy anekTpuyeckoro Toka 3a 10 MUHYT B laMroYke, BKIIOYEHHOW B ANeKTpu-
4yeckyto uens (¢poro 2.33), ecnu NOrpewHoCcTs NPAMoOro namepenus cunel Toka AI = 0,05 A, a no-
rpPeLHOCTb NPAMOro namepeHuns HanpsxxeHms AU = 0,20 B.
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a ” 6 ‘ 8
' domo 2.33

W3 ¢ororpaduii Mbl BHIMM, YTO aMIEPMETD HMEeT Hpeaes H3MepeHHs 2 A, IeHa IejeHus
mxansr 0,05 A.

Crna Toxa pasHa I = [, £ Al =(0,90+0,05) A~ 0,9 A.

¥ BonbTMeTpa npegena usmepenus 6 B, nena nenenus myans: 0,2 B,

U=U,xAU=(3,8+0,2) B~ 3,8 B.

Pabora Toxa 3a 10 Mun paBaa: A=U+1-t=3,8 B-0,9 A-600c=2052 [I:x.

Kpatknii oruér

1) Cxema BneKTpYYECKOM| Lgnu: (

@ &

2) ®ppMyna|ana pacyéra; | A=U-1-t

3)|Pasynbratbl uamepenuii: |1=0,9 A

4) Pa60oT1a 3a 10 Muk: [A+3,8B-0,9 A-600 c +2052 .

Sapnanue 2.19. (CamocmoamenvHoe 8binoLHEeHUE NO pomozpapuim.)

Mo ¢oro 2.34 onpeaenute paboTy, COBEPLUBHHYIO 3NEKTPUYECKUM TOKOM 3a 5 MUHYT B cnivpa-
JI1 NaMMNOYKM B SNIEKTPUYECKON Lenu.
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Domo 2.34

Sapanue 2.20. (CamocmosamenbHoe 8biNoIHEHUE O POMOZPAPUAM. )

Onpenennte paboTy, COBEPLUEHHYIO SNEKTPUYECKMM TOKOM B peaucTtope 3a 10 MUHYT, ecnu
NOrpeLwHoCTb NPSIMOro U3MepeHua cunbl Toka paBHa Al = 0,1 A, a HanpsxeHus AU = 0,25 B
(¢poro 2.35).

93



\GEMNUSS? ' S

\\\\\\11

@Pomo 2.35

Kpatkuii oTyét

3apanue 2.21. Ixs3amenayuonnoe sadanue (camocmosmenvHoe évinoanenue ). Obopydosanue
avLdaémen yuumenem.

Huxe mpusBeeHa BO3MOKHAA (GOPMYyIHPOBKA 3aJaHUA.

Mcnonb3ys UCTOYHUK TOKa, BONbTMETP, aMnepMeTp, KoY, peocTart, CoeauHuTeNbHbIe NPOBO-
fa, peauctop, 0603Ha4YeHHbI R;, cobepuTe 3KCNepUMEHTANbHYIO YCTaHOBKY AR OnpeaeneHus pa-
60Tbl ANEKTPUYECKOro Toka Ha peauctope. lNpu nomolum peocTara yCTaHOBUTE B LEenu Cuiy Toka
0,3 A. Onpepenute paboTy anekTpU4eckoro Toka 3a 10 MUHYT.

B 6naHke OTBETOB:

1) HapuCyTE INEKTPUHECKYIO CXEMY BKCNEPUMEHTA,;

2) sanuwwmnTe popmyny Ans pacyéra paboTbl 3NEKTPUHECKOro TOKa;

3) ykaxuTe pesynstaTbl M\3MepeHus HanpsbkeHus npu cune toka 0,3 A;

4) 3anuwnTe 3Ha4eHne paboTbl 3NEKTPUYECKOro ToKa.
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KparTkuii oTuér

§3. MNpoBepka npaBuna cNoXeHUs HanNPsHXXeHW Npyu nocneaosaTeNbHOM
COeAUHEHUN Pe3UCTOPOB 1 NpaBuna CNOXXEeHUSA CUNM TOKOB
npw napannenbsHoM CoOeAUHeHUn

1. CpaBHeHue uamepeHHbIX PU3nyeckux BenmumH

IIpn sxcnepuMeHTATBHOM NMPOBEPKE 3aKOHOMEPHOCTeH HeoBXOAUMO OmpefeNfaTh, PABHBI MU
HET 3HAYEHHS H3MEPEeHHbIX ¢ HEKOTODEIMH IOTPENTHOCTAME (PU3NYECKHUX BeJIUYHH.,

ITycre BemmurEa A U3MepeHa ¢ HOrpernHocThIO AA, T.e. A = (A, £ AA), a BennuuHa B u3aMepeHa ¢
norpemHocTs0 AB, T.e. B = (By £ AB). Torga A # B , ecqu uHTepBaJsl (A, — AA) < A < (4, + AA)

¥ (By, — AB) < B < (B, + AB) He nepecekaoTca. Ecan »xe oHE epecekaroTcd, To A U B cunTaoTes pas-
HEIMH (CM. pHc.).

(A)-AA) Ay (A,+AA) (B,-AB) B, (B,+AB) A#B
V7777777777 V7777777777

Ag-AA Ay Aj+AA |
VILLLLBUILLLLA A=B

AN

BO_A.B BO .Bo+A.B

SanaHuwe 2.22

Ha ¢oro 2.36 npeacrasneHa anekTpuyeckas Uenb (a), B KOTOPOWA U3MEPSETCH HanpPsXEHUe Ha
napannenbHO BKIIOYEHHbIX 1aMnoyke U pesnctope. MNorpewHocTe BEpXHEro BoNbTMeTpa (6) pasHa
0,25 B, a HuxHero () 0,3 B. OAMHaKOBO UNK HET HANPSHKEHME Ha NaMNOYKe U pe3ucTope?
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@domo 2.36

IToxasanue BepxHero BoasMeTpa (Ha Jammouke): 3,60 + 0,25 B,
Iloxazanwe HHKHETO BoJbTMeTpA (Ha pesucrope): 3,5 £ 0,3 B.
OTMeuaeM 3TH HHTEPBAJIbl HA YHCJIOBOM OCH:

BEPX.
0 2B 3B 4B 5B

Liiial ia e daded ki | IO T W I Y O o | -

U,B

HHK.

HHTepBaJIbI nepecexKanTcd, SBHAYHNT, HallpAXKeHHe Ha JlaMIle DPABHO HAlIpAXKeHHI0 Ha pe3rucTope.

2. Npoeepka npaBuna CNOXEHUs HaNpPsHXKEeHWA Npu NnocnepoBaTeNbHOM coeau-
HEeHWUU Pe3UCTOpPOB

3ananue 2.23. (IIpumep evinoaHerus no pomozpaduan.)

, MpoBepbTe NPaBUNO CNIOXEHWUA HanpsKeHWi Npu nocnenosaTeflbHOM COeAUHEHUU Pe3ucTo-
poB R;1 R, B 3NeKTPU4ECKOoii uenu, npuseaeHHon Ha ¢orto 2.37 n 2.38.

TlorpemsoCTs IPAMOro U3MEPeHHA HANPAYKEeHHA BoNbTMeTpoM paBHa AU = 0,3 B.
Ha ¢omo 2.37 nokasaH (pparMeHT menu, cxema KOTOPOTo NpUBeieHA HAa PUCYHKe. Mul BHAHM,
yto Hanpsixkenwe U, = (1,2 £ 0,3) B.

a

®omo 2.37
Jlasee BOJIBTMETD IEPEKIIOYNM Ha pesuctop R, (pomo 2.38): U, =(2,6 £ 0,3) B.
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Pomo 2.38

Cuuraem oflee HATPAKEHHE:

v=0,+U,=(1,2+0,3) B+ (2,6 +0,3)B=(3,8+0,6)B~ 3,8 B.
(BbI moMHMTE, YTO IPH CJIOKEHUH HOIPEITHOCTH CKJIALbIBAIOTCH. )
Tenmeps uamepsaem obiee Hanpskenue (¢pomo 2.39):
Uy=(4,0£0,3)B=4B.

SRFT ATy -

1

N ot
s
~\\\\\\
A

Pomo 2.39
Ormeuaem U u U, Ha uuca0Boi ocu:

3,0 r/’ 4;0 //1 5,0

T y

v ss )

Brieox: Murepsains (3,8 -0,6)B<U <(3,8+0,6)Bu(4,0-0,3)B< Uy£(4,0+0,3)B
IepeceKaroTcs (CM. PHC. ), CIeI0BATEIHLHO, BEJIMYHHBL DaBHEL. Ipaewuno U = U, + U, BeImonHAeTCS.

!
Sananue 2.24. (CamocmoamensHoe 8vLnoiHeHue no pomozpapuu. )

HauepTute cxemy anexTpuyeckoi uenu, npusenéHHon Ha goro 2.40. NamepbTe cuny Toka u
obuiee HanpsxeHne Ha ABYX PE3UCTOPax 1 onpeaenuTe ux obLuee ConpoTUBIEHVE.

U,B
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@Domo 2.40

3apnanue 2.25. (Camocmoamenvroe 8binolHeHUe NO pomozpaduaim.)

Ha ¢poto 2.41 npuBeneHa anekTpuyeckas Lenb, Ha KOTOPOA YHEHUK NPOBEpsn NpaBuo Croxe-
HUS HarNpPsXKeHW NPU NOCNeaoBaTeNLHOM BKKOYEHUN pe3ncTopos. Ha goTo 2.42 npueeaeHbl noka-
3aHUa BONLTMETPA: (a) — pe3ynbTaT MU3MepeHUs HanpsiXXeHus Ha peauctope R, (6) — Ha peaucTope
R,, (8) — obLLee HanpsKeHue.

MorpeluHocTb 3Mepexus pasHa 0,2 B.

MNoaTtsepann N 3KCNEPVMMEHT NPABUJIO CNOXEHUA HANPSXEHUA?
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3. Mpoeepka npaBuna CNOXEHUA CUN TOKOB NPW nNapassiesisHoM COeaVuHEeHUU
pe3ncTopos

3apnaunue 2.26. (CamocmoamenbHoe 8binoaHeHUe No omozpagduu. )

Cobepute no ¢oro 2.43 3neKTpU4Heckylo Lenb ANS UCCNefoBaHus napaniefibHoro coeguHe-
HUSA., '

HayepTtuTe cxemy aToi uenu.

M3mepbTe CUNy TOKa M HanpsiXeHne B NPUBEAEHHON Lenu. 3anuiumTe Mx 3Ha4eHus C y4ETOM
norpelwHocTeit. PaccuuTaiTe obLiee conpoTUBNEHWE ABYX PE3NCTOPOB.

@domo 2.43
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3apanue 2.27

M3mepbTe cuny Toka Yepes pasHble CONpPOTUBIEHNS.

Ha pucynKe a HauepyeHa cXeMa 3JIEKTPUYECKOM IlenH, npeAcTaBJIeHHON B 3agannu 2.26 (cM.
gromo 2.43), Ge3 BOIBTMETDA.

- —
_L - & _L 1 2
' o 8
[ ]
6 A B € 6
B
@R O
5 o 5 4
LA e
a 6
AwMniepMeTp B 3TOM e U3MepAeT odmuii Tok I, = A.
IlepermiounTe npoBox 5 B Touky A (puc. 6). Teneps aMnepMeTp U3MepAET CUIY TOKA B PE3UCTO-
pe R,. BanumuTe ero 3Hauenue. [, = A,

Kaxk namepurts 1,?
ITogxmiounTe MpoBoA 5 K Touke B (pHc. 8).

5
—l & @R ]

AmnepmeTp cHOBa Ha3MepsAeT o6miuii Tok. Teneps KoHer; B npososa 3 nmepekJounTe K TOYKe A
(puc. 2). AMnepMeTp H3MePAET CHIIY TOKA B peaucTope R,. 3anummuTe ero 3HaYeHNe:

I,= ' A.

IIpoBepsTe, BEINOJHAETCSA U XOTS 661 npubIN3UTELHO IpaBuno: I, = I, + I,.

SanaHue 2.28. (IIpumep svinoarenus no pomozpapusam.)
MpoBepbTe NPasunno CNOXEHUS TOKOB NPU NapanienbHOM COEANHEHUN NPOBOAHUKOB.

Ha ¢omo 2.44 npesicraBiena aeKTpAYECKAas [ellb, ¢ IOMONILI0 KOTOPO# IPOBEPAJIOCH IIPABUIIO

CJIO}KEHHA TOKOB IIPH NapasjiellbHOM COeJMHEeHHH IIPDOBOJHMKOB, 8 HA PUCYHKe — cXema dparmMesTa
3TOH Ienu.

Crauana uamepum ob6uiuit Tox (pomo 2.45). IlorpemuocTs IPAMOro M3MEPEHUA CHJIBLI TOKA
Al =0,1A.
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Pomo 2.44 @omo 2.45
3aTeM M3MepHUM CHJIYy TOKA B peauctope R, (pomo 2.46).

F MADE N USSR 1

\\\¥!lfll1f’
wh !y
WY 1/
2

domo 2.46

TloTom mamepum cuy TOKA B pesucrope R, (pomo 2.47).

o

MATE N USSR 1

domo 2.47
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IToaTBEpPKAaeT JIM SKCIEPHMEHT IPABHJIO CJIOKeHHA 7
W3 gpomo 2.45 Bunso, 9T0 I,;00p. = (0,9 +0,1) A= 0,9 A,
Cuna Toxa B pesucrope R, (cm. ¢pomo 2.46) pasua I, = (0,3 £0,1) A=0,3 A.
0,3-0,1)A<I,<(0,3+0,1)A.
Cuna Toka B peaucrope R, (cm. gomo 2.47) paBna I, = (0,7+0,1) A= 0,7 A.

. (0,7-0,1)A<I,<£(0,7+0,1) A.
Cymma ToxoB I,=1,+1,=(0,3+0,1)A+(0,7£0,1)A=(1,0+0,2)A=1A.
0,8A<I;<1,2A.
(He 3abyasTe, 4TO IPH CI0KEHUHN H3MEPEHHBIX 3HAYEHHWI NOTPEITHOCTH CKJIaALIBAIOTCH. )
OT10KHMM MOJSTyYeHHBbIE 3HAYEHNA Ha YHCJIOBOMH OCH (CM. pHC.).

'Ioﬁm;.nal
09 |
1;0
:0 ——t —t : + + :}%:74‘; + i + t 4 -
A, 1A
0,8 1,2

Iy

Brison: IIpaBuio moaTBep:KAaeTCA, TAK KAaK WHTEDBAJ M3MEDEHHOTO 3HAYEHHWHA CHJBI 06IIero
TOKAa ¥ MHTePBaJI CYMMBI CHJI TOKOB IlepeceKaloTcs.

Sapaunue 2.29. (Camocmoamenvroe 8bLnoJHeHUe NO pomozpaduam.)

MpoBepka npaBuna CNOXEHWs CUN TOKOB NPV napannesbHoOM coeavHeHun pe3ncTopos. lMo-
rPeLUHOCTb U3aMepeHusa cunbl Toka Al =0,03 A.

Ha ¢pomo 2.48 npexcrarieHa sjleKTpHYeCKas ek ¢ NapajleJbHBIM COeANHEHHEM PE3HCTOPOB.
®ororpadusa 6 nokaseIBaeT 00N TOK, & PUCYHOK 6 — CXeMY IeIIH.

Domo 2.49 n03BOIAIOT ONIPEAEUTE TOK B peaucTope R, , a gpomo 2.50 — Tox B peaucrtope R,.

domo 2.48
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domo 2.50
IloaTBepsKAaET MK ONEBIT MPABHJIO CJIOKEHHA CHJI TOKOB, €CJIH IOTDPEINHOCT: U3MEPEHUA CHJIbI
Toka pasHa Al = 0,03 A?
ITonckaska: 4yToOBI He PHCOBATEL TPH SJEKTPHUECKHE CXEMEBlI, MOKXHO HAPHCOBATh OJHY CXEMY C
TpeMs aMIIEPMETPAMH.

Kpartkuii oTuét

~
L

2CKOM Lieru:

o

1) Cxema|anekrpy

2) Pesynirarbl| MISMEPEeHMIA:

UTHIM! il = 4

3) Beigoa;
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3apnanue 2.30. Fx3ameHayuontoe 3adanue (camocmoamenbHoe svinonternue ), O6opydosanue

evidaém yuumeans.

Husxe npuBefieHa BO3MOKHAA (POPMYTUPOBKaA 3a/jaHUS.

Mcnonb3yst ICTOMHKK TOKA, aMMepMeTp, peocTar, KN4, COeAMHUTENbHbIE NPOBOAA, PE3UCTO-
pbl, 0603Ha4YeHHbIE R, 1 R,, NPOBEPLTE SKCNEPUMEHTANLHO NPaBUIO CNOXEHUS CUIbI ANEKTPUYECKO-
ro ToKa npu napannensHoM CoeuHEeHUU ABYX NPOBOAHUKOB: Ay U A,.

B 6naHke OTBETOB: '

1) HApUCYITE BNEKTPUYECKYIO CXEMY 3KCMNEPUMEHTANILHON YCTaHOBKW;

2) C NOMOLLbLID peocTaTa yCTaHOBUTE CWly TOKa B Hepas3BeTBNEHHOW YacTu uenu 0,7 A u us-
MEepLTE CUY SNEKTPUHECKOr0 TOKA B KAXKA0M U3 PE3UCTOPOB NPU UX NapannensHoM CoOeauHEHUM,

3) cpaeHuTe 06LLYI0 Cuy ToKa (A0 pa3BeTBNEHMSA) C CYMMOM CUN TOKA B K&XA0M U3 pe3unucTo-
pOB (B K&XXO0OM M3 OTBETB/IEHWUI), Y4MTbIBASA, YTO MOrPELUHOCTE NMPAMBIX U3MEPEHUIA C MOMOLLbIO aMm-
nepmeTpa coctaenset 0,1 A;

4) caenaiTe BbIBOA O CNPaBeAIMBOCTH WK OLIMGOYHOCTM NPOBEPAEMOro Npasuna.

EpaTkuii oTyér

§4. UccnepoBaHue 3aBUCUMOCTU CUJIbl TOKA OT Hanps)XXeHus

1. Kak npoBepsioT 3aBUCMMOCTHU OA4HOA BENIMYMHDbI OT APYroin?

1) Bce saBHCHMOCTH, KOTODbIe BAM IPHXOAUTCS UCCIE0BATh HA dK3aMeHe, OTHOCATCH K (DyHK-
LUAM, KOTOPEIE B MATEMATHKE Bbl HA3BIBAJIM NIPAMON NPONOPOHOHAJLHOCTEIO ¥ = bx. EcTh aBa npu-
3HAKAa IPAMOI NPONOPIMOHAILHOCTH:

Ilepgpiit. 'padurxom aBisgeTca IpAMas JHHUSA, IPOXOAANAA Yepe3 Ha9aI0 KOODUHAT.
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Y, cM A y=1,56x
T A(l; 1,5)
B B(4;6)
5..
A
o —t—t— 5 + J.x=’ ou

Bropoii. Koopaunars: m06s1x ABYX ToueK A(X;; ;) ¥ B(X,; Y;) IPONOPIHMOHANBHBI APYT APYTY:

G W R W

X2 Y h U .

Ecnu Ha KOOPAMHATHOH IJIOCKOCTH ¢ H3BECTHBIM MACIITAGOM IO OCAM IpPOBeJeHa IpAMAs, BCe-
Tia MOJKHO OIIpeiesIuTh Koa(duipeHT b B BRIpaKeHUH y = bx.

Jns aToro Mul BeIGEpeM TaKyio TOYKY A, KOOPAMHATHI KOTOPOY «TOYHO» COBIAAAIOT CO INTPH-

xamu A(9,0; 6,5) (cm. puc.).

Y, cM 4 A
6,5 F——————— -
1 |
51 [
I
|
|
I
I
I
I
e : 4 =
0 5 g X, CM

CnenosatentHo, KoadunuenTt b B hopmyne y = bx pasea b=6,5/9,0=0, 722..... 20,72,

Kax sanucars 3aBucumMocts? Tounoe Brpaxkenue: y = (6,5 / 9,0) - x ; npubauxénsoe:

y~0,7 - x. Yactroe 0,722 MBI OKDPYIVIAEM 10 AECATHIX, TAK KAK KOODPAMHATEI M3BECTHEHI «J0 Je-
CATBIX». .

Ecau xoopamBaTH! 3afaHbl B TabnuuHoi GopmMe, TO IPOBEPHTEH NPAMYIO MPONOPIHOHAIBLHOCTE
MOKXHO, IPOBEPHB NIPONOPIHOHATBHOCTS KOOPAUHAT JJIA JIOOBIX IBYX TOYEK.

PaccMOTpHEM npuMep.

Touku
0O a b c d e f
KoopnusaTts

x, CM 0 1,0 2,0 3,0 4,0 5,0 6,0

Y, CM 0 1,3 2,6 3,9 5,2 6,5 7,8
BoabsméM Toukn (b) u (e).
1-#1 cnoco6 IPOBEPKH: NPOBEpPAEM PABEHCTBO OTHOIIEHHWS «MKCOB» M OTHONIEHUS «UTDEKOB»

IByX ToueK. [[Jis1 BRIOPAHHBIX TOUEK IIOJIYYHM: % =2.,5; g’g =2,5. '
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2-i1 crnoco0 MpoBepKM: NpoOBepAeM PaBEeHCTBO OTHOLIEHUSA «HUI'DeKa K HMKCY» KaKJ0H M3 ABYX
2
01,8813
2,0 5,0
3-#1 cnocob TpOBEDKH: IPOBEPSAEM PABEHCTBO OTHONIEHHS «HMKCA K MIDEKY» KaMJoU U3 ABYX

2,0 5,0
=2-=0,7692...; ==—=0,7692....
6 6,5

y 2

Touek. [{Jist BEIOpaHHBIX TOYEK IIOJYIHM:

ToueK. []151 BEIGpAHHEBIX TOUEK TIOJIYUHM:

Y 106HO, KOHEYHO, JJId BCeX TOYeK OpaTh OTHOIIEHHe ¥,

x
Toraa cpasy onpepaensieM kKoaddumnuenT b: -111% =1,3; % =1,3; %g =13

y=13-x
W3 aByx cnoco60B MPOBEPKH NPAMOM NPONOPIIMOHAILHOCTH IPEANIOYTHTEIbHee rpadpudecKuii.

HU .31
B Tabnuvue npvBeneHbl KOOPAWHATbLI TOYEK.

Y, CM 0 3,2 9,6 12,8 17,6 22,4
X, cM 0 1,6 4,8 6,4 8,8 11,3

MpoBepbTe runoTeay: y nponopunoHaneH x. Ecnu runotesa BbINONHAETCS, TO HAWOUTE KO3g-
GULMEHT NPONOPUMOHanbHOCTK b B ypaBHEHUM y = bx 1 nocTpoiTe rpaduk 3aBUCUMOCTH,

yr
25

20

10

Py
—

0 5 10 15 %

2) laxe B MaTeMaTHYECKUX NPHMeDPaXxX, KOTJa KOOPAUHATEI TOYEK MBI CUATAEM TOYHBIMH, BO3-
HUKAIOT NPHOIHIKEHHEIE 3BHAYEHHA 1, CJIEJOBATEILHO, MOTPEITHOCTH,

Paccmorpure 2pagux 1:
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I'pagur 1

Jns npAMOR A MOXHO OTHICKATh TOYKY, KOODAMHATEI KOTODOi B BEIOpaHHOM Macirabe Tod-
HEIe, a /I NPAMOI B BEI TaKyI0 TOYKY yiKe He Halinére. B ypasHeHUu aTo# npamoii koadhdunuesT b
MOYXHO OTEICKATH JIUIIE ¢ HEKOTOPOH IOTPEIIHOCTHIO.

Sapanue 2.32
Onpepenute K03dPULMEHT b B ypaBHEHUU y = bx nna NpamMoit A (cM. rpagux 1).

Sananue 2.33

Onpepenute NpubnnantTensHoe 3HavyeHne koapduumeHTa b B ypasHeHUn y = bx ansa npamoi B
(cMm. rpaghuk 1).

JIlna aToro HafoO Ha OpAMOM B HAMTH TaKyIo TOUKY B, , ¥ KOTOpPO¥ OAHA U3 KOOPAWHAT — TOYHOE
3HA4YEHHeE, a Apyrad — GJInKe BCETro K «TOJIOBUHKE» .
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3apnanue 2.34

OnpepenuTe HanMeHbLUee 3HavyeHne b, u Hanbonbluee 3HaveHne b, koappuumeHTa b B ypas-
HeHuun y = bx onsa npsmoii B.

Jnsa HaxoxAeHHA b, HAZ0 OTHICKATH 1OJ NpAMOM Hanbosee 6IM3KYI0 K IPAMOM TOYKY € IeJIbI-
MH KOODIUHATaAMH.
s HaxokaeHud b, HAZO0 OTEICKATE TAKYIO TOYKY HaJ MIPAMO B.

3) B dusnueckux uccief0BAHUAX KOOPAUHATH U3MEPSAIOTCA M, CJIeA0BATEILHO, IIOTPEITHOCTH
UX Heu30eKHbI.

Ilycre BenMYMHA y M3MepAETCA ¢ IOTPENIHOCTHIO Ay, KOTOpasA paBHA OJHOH KJIETOYKe HA Bep-
THKAJBHON OCH, a BeJIMYMHA X — C IOTPEIIHOCTHI0 AX, paBHOM ABYM KieToukaM (zpagux 2). Toraa
a00ad ToYKa, oTobpaskaias peayabTaThl 9KCIePHUMEHTa, IPeBpallaeTca B IPAMOYTOJIBHUK CO CTO-
poHamu 2Ay = 2 KIeTKU U 2Ax = 4 KJIeTKH, U I'7le TOUKa BHYTPH NPAMOYTOJIbHHUKA, Mbl He 3HaeM.

2A£Z =
SHBN K
I'pagux 2 Pomo 2.51

HMmennO 5TO M ITO3BOJIAET HAM NpoBecTH npsamyio. Hazo B3aTh IIPO3PaYHYIO meHei'my H HaJIOo-
JKHUTH €€ Ha KOOPAMHATHYIO ILIOCKOCTh TaK, YTOGL! OHA NPOILJIA Yepe3 BCe NPAMOYTIOJILHIKH H COBCEM
Heoba3aTeTbHO Yepes ToukH (¢pomo 2.51).

Hns onpenenenus kKoapdunuenra b B ypaBHeHUN NPAMOH y = bx Bribmpaem Touky A (cM. zpa-

pur 3), KOOPAHHATEI KOTOPOii GJIM3KH K IITPHXaM, H HAXOIHUM, 4T0 b= % =1,16.
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KoHeuHo, b onpesieieHo ¢ morpemHocTsi0 Ab. MeroTes ABe cOCTABIAIOINE 3TOH IOIPEITHOCTH:
mepBas CBA3AHA C TEM, KAK MBI PACIOJIOXKHJIH IIPO3PAYHYIO JUHEHKY; BTOpad — C TeM, 4TO KOOpaAu-
HATHI TOYKH A HMEIOT MOTrPEeNIHOCTh. EC/IH TOUKH PACIIONIOMKEHEI «ILJIOTHO» ¢ HeboIbIIUM pa3bpocoM,
TO NIPH PACIIOJIOYKEHUH JIMHEHKY BbI OIIUGETECH HE OYeHBb CHIBHO. Torjga JocTaTOYHO ONpPEJeIUuTh BTO-
PYIO cocTaBaAnIMyIo norpemHocTa. Kak aro caenars?

Hazo B3ATh KOOPAUHATEI CAMBIX «KPAHNX» BEPIIHH OIPAMOYTOJIbHUKA (2paduk 4):

- pepmuny I (5,6; 7,2);

— pepmuny 11 (6,4; 6,8).

y A 15672), 4 .
ek 0
1777 "~V | 111(6,4;6,8)
/// 1!
6 7 oL I
/ /1' |
5 *’/1 I |
yodBEE
4 \(;4/ —
7/ I |
3 Va4 .
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2 il —
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4 I
! K
| |
" 4 2 3 4 5 6 =«
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Tax xax b=Y, To naubonvuree BoamMoxHoe 3HAUCHME b PABHO YACTHOMY OT AejieHus HanboJib-
x

72 .1,3.
6

Haumenvwee B0O3M0O)KHOE 3HaAYEHHE b PaBHO YaCTHOMY OT JeJIeHUA HaNMEHbIIEero 3Ha4YeHud iy

[IET0 3HAYEHNUA Y ¥ HAUMEHbIIIero 3HaYeHNA X: b, =

HauboJbINero 3HavyeHuns x: b, =§—’%= 0,9, T.e.0,9<b<1,3.

?
Ha zpaghure 4 sTu nBe npAMEIE IPOBEJEHEI IYHKTUPOM. XOPOIIO BUAHO, YTO OHM OlPaHUYMBA-
0T CEKTOP, B KOTOPOM BEI IOMEIaJIX JIUHEHKY IIDH IIOCTPOEHAH rpadmKa.

2. chnepuMeuTaanble uccnegoeaHMa 3aBUCUMOCTU CUJTbl TOKA OT HanpsXXeHusa

3ananne 2.35. (ITpumep 8vinornenus no gpomozpaguam.)

Ha ¢oto 2.52 npeacrtaBneHa anekTpuyeckas uerb rno MCCnenosaHuio 3aBUCMMOCTU CUJibl TOKA
Yyepes Pe3sncTop OT HaNPSXeHWs Ha ero KoHLAax.

Domo 2.52
Ha ¢poto 2.53, 2.54 npeacTasneHb! WKanb npnbopos..

MAGE MUSSR &L

_ 2 3 4
S \\\\\ ";’r/

Ve Q \\'\\
}:’f,/r_ \\\\‘\t }* B
iy, o !
0 2f "f"”fiua:‘m,“n“\ 08 ﬁsquDGpe«
“ o4 06 T—
a 6
Pomo 2.53 Pomo 2.54
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Ha ¢oto 2.55 (a—0) nokasaHbl pe3ynbTaThl COBMECTHbIX M3MEPEHWUIA HANPSXEHUS U CUNbl TOKA.
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McecnepnyiTte 3aBMCUMMOCTE CUIbl TOKA OT HANPSDKEHWS HA KOHLLIAX pe3vcTopa.

HauepTum cxeMy 3J1eKTPHYECKOM IeIu:

ITorpenrsocTs n3mepeHua amnepmerpa passa 0,03 A, a soasT™merpa — 0,3 B.

rl—@——m
N

Onpenensem (monb3ysach gomo 2.53—2.54) npenen M3MEpeHHs M LEHY JeJleHHs HIpHOOPOB
(mabax. 1). '
Tabauya 1
IIpuGop IIpenen Ilerna TTorpemsocTts
U3MEpeHUA JeJleHusA NIPAMOro U3MEpPeHHuA
Awmnepmetp 0-1A 0,02 A 0,03 A
BoasTmeTp 0-1B 0,2B 0,3B
Ananmuaupya ¢pomo 2.55 nokaszaHui npuGopOB IPH IPOBEJEHNH COBMECTHBIX H3MEePEeHUH CHIIbI
TOKA ¥ HANIPSYKEHU A, 3aI0JIHUM mab.n. 2.
Tabruya 2
U,B 0 1.2 2,0 3,0 4,0
I,A 0 0,14 0,24 0,36 0,50
OTtHoIIeHNe g:R - 8,6 8,3 8,3 8.0
HaxoxuMm yactTHOE % B Ka’XJ0M OIIBITE.

Ecnu aTh yacTHBIe B CTPOKe GIM3KH APYT K APYTY, TO 3KCIePUMEHT NOATBEPKAaeT, YTO CHJIa
TOKAa IPAMO NPONOPIHOHAIBHA HATIPAXKEHHIO.

Bropoit croco6 mpoBepKH NPAMON NPONOPIHOHAILHOCTH: IIOCTPOEHHEe TpadMKa 3aBUCHMOCTH
CHJIEI TOKA OT HaNpsAxKeHus (zpaguk 5).

I'padux moaTBEpANI, YTO CHIIA TOKA IPONOPIMOHATIBHA HAIPAKEHHIO.

Iny

I'pagur 5

wl k.
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Baxcnoe 3ameuwanue. Eciu ma OI'D BBl HanuimeTe yunpoméHHLIi BeIBoA: «C yBeJMueHHeM Ha-
NpAKEHHs CHJIA TOKA DACTET», TO 3TO ToKe GyeT BepHEIM.

Sanauue 2.36. (CamocmoamenvHoe 8bLNoOJHEHUE NO POMOZPAPUAM. )

Ha ¢poro 2.56 npeacrasneHa anekTpuyeckas uens. Mccneayiite 3aBUCMMOCTb CUNbl TOKa Yepe3a
NPOBONOYHLIA PE3UCTOP OT HANPSXKEHUA MEXAY KOHUAMK NPOBOSIOKU.

@domo 2.56
1) HauepTuTe cXeMy SJIEKTPUYECKOM IeIH:

L

2) Ha ¢pomo 2.57 (a—2) npeAcTaBIeHE Pe3YJIbTATE COBMECTHBIX M3MEPEHHI CHJIBI TOKA M Ha-
PSYKeHHAH.

d‘)o 2.57, a
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Pomo 2.57
3anonHuTe TabIUIy Pe3yILTATOB H3MEPEHUM:
U,B 0
I,A 0

OrHowmrenue % -

3) IMoneaysace faHHBEIME TaGJULBI, BEISICHUTE, COIPABEAJINEO JIH JJIs AaHHON IPOBOJIOKH YTBEp-
JKJeHHe: CUJIa TOKa IPAMO IPONOPIMOHANBHA HAPAMKEHHIO.

4) ITocTpoiiTe rpadMK 3aBECUMOCTH CAJIBI TOKA OT HANIPAMKEHUA U c/leIafiTe BEIBOJ O BU/E 3aBU-
CHMOCTH CHJIbI TOKA OT HAIIPAMKEHH A,
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I' An
0,8

0,6

0,4

CocTaBbTe KpaTKHI OTUYET O NPOBEAEH-
0,2 HOM uccienosanuu. Ha OI'D peayabrarst
H3MEpPeHHH MOXXHO IIpeICcTaBHTHL B BHIE
TabJIMOBl, a MOKHO B BHJe rpapuxa. 1
TO, ¥ ApyTroe OyaeT BepHO.

%
1,0 2,0 3,0 4,0 5,0 6,0 U,B

Kpartkuii oryét
1) Cxema [3nekTpu4eckoi| ueny: 1

2) Pe3ynbrarsl |U3MEPEHNIA. (MoxHO npeacrasnts B Buae rpaguka): -
A I,A 1
(MoxHo| npeacTaBuTs B\ BuAE TabULbI): :
U, ]
3) Bhbigoa: N
0 i |
U,B | ]

N (O S O N O N I [ O
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Sananue 2.37. JxzameHayuonnoe 3adanue (camocmosmelbHoe 8bLNOJHEHUE No pomozpaduim ).

Huxe npuBesieHa Bo3MOKHAA GOPMYJIMPOBKA 3aJJaHHA.

Mcrnonb3ys UCTOYHUK TOKE, BONIbTMETP, aMNepMeTp, KoY, peocTar, COeaMHUTENbHbIE NMPOBO-
ha, peaucrtop, 0603Ha4yeHHbIn R,, cobepuTe 3KCNEPUMEHTANbHYIO YCTAHOBKY ANsl UCCNeaoBaHus 3a-
BMCUMOCTW CUJbl 3NEKTPUYECKOr0 TOKa B PE3UCTOPE OT HanpsaXeHna Ha ero KoHLax.

B 6naHke OTBETOB:

1) HapucyiTe aNEeKTPUYECKYIO CXEMY 3KCNEPUMEHTA;

2) yCTaHOBMB C NOMOLLLIO peocTara noo4epéanHo cuny toka B uenu 0,3 A, 0,4 An 0,5 A u uame-
PUB B KaXO0M Clly4ae 3Ha4eHWe 3NEeKTPUYECKOro HanpsXeHWs Ha KOHUAX pe3ucTopa, YKaxuTte pe-
3ynbTaTbl UBMEPEHUA CUIbl TOKA U HANPSXEHUS ons TPEX cnyyaes B Buae 1abnuupl (Mnv rpadpumka);

3) chopmynupyinTe BLIBOA O 3aBUCUMOCTU CUbI 3NEKTPUYECKOrO TOKa B PE3MCTOpEe OT Hanps-
XEHMWS HA ero KoHLax.

JneKTpHUYECKad Iellb, cOOpaHHAA AJIs BEIIOJTHEeHUA 3alaHUsA, IIPeAcTaBJIeHa Ha ¢pomo 2.58.

Pomo 2.58

1) Haueprure cxeMy a1eKTPHIECKOM HENH:

2) Ilomsaysacs gomo 2.59, BIMIIATE B TAGIHIY pe3yJbTATH H3MePeHWi. SalOJHUTE TPETHIO
CTPOKY.
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3) Coenaiire BEIBOJ 0 XapaKTepe 3aBucuMocTH [ ot U
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ITocTpoiite rpaduk 3asucumocTH I (U) u caesnaiiTe BRIBOJ 0 XapakTepe sapucumocTi I ot U.

I,A

0,6

0,4

0,2

1,0 2,0 3,0 U,B

Sanaunwue 2.38. JxszamenayuonHoe 3adanue (camocmosmensHoe evinoanenue ). O6opydosanue
npedocmasasemca yiumeieM.

Huxxe npuBeseHa BO3MOKHAS GOPMYIHPOBKA 3a1aHU.

Mcnonb3ys NCTOYHWK TOKa, BONbTMETP, aMNepMeTp, KoY, PeocTaT, CoeMHUTENbHbIE NPOBO-
Aa v peancTtop, 0603Ha4eHHbIN A,, COBGepUTe aKCNEePUMEHTasILHYIO YCTaHOBKY 1Sl UCCNeaoBaHus 3a-
BUCUMOCTW CUNbl 3N1IEKTPUYECKOrr0 TOKA B PE3UCTOPE OT HaNpPsXXeHUsi Ha ero KOHLax.

B 6naHke OTBETOB:
1) HapuCymTe aNeKTPUYECKYIO CXEMY SKCMEPUMEHTA;

2) yCTaHOBMB C NMOMOLLILIO peocTarta noodYepéaHo cuny Toka B uenu 0,4 A, 0,5 Au 0,6 A n name-
PUB B KaXAOM CNy4ae 3Ha4YeHUA 3NEeKTPUHECKOro HanpsKeHUs Ha KOHLUAX pesucTopa, yKaxwre pe-
3ynbTaTbl U3MEPEHUS CUJTbl TOKA W HANPSXXKeHWs ANs TPEX cnyyaes B Buae Tabnvubl (unu rpaduka);

3) chopmynupyiiTe BLIBOA O 3aBMCUMOCTM CUJIbl 3NEKTPUHECKOrO TOKA B PE3UCTOPE OT Hanps-
XEHWA Ha ero KoHuax.
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rNABA 3. ONTUMECKUE ABJIEHUA

§1. UamepeHune PoKyCHOro paccTossHUS

1.1. JomalwuHAaq NnoAaroTosKka

Sapanue 3.1 -
1) Kakas 13 npeacraeneHHbIX Ha PUCYHKE CXEM X04a NapannenbHoro rny4ka ny4yeil COOTBETCTBYET

Cnyyalo AansHO30pKOro rnasa?

SRS

Omeem: .

2) BcnomHuTe, 4TO Ha3biBaeTcs POKYCOM COBMPAIOLLIEH NNHBbI, YTO Takoe POKYCHOE pacCTOsHUE.
Y3HaiiTe, y KOro B Ballieli CeMbe UK 3HaKOMbIX UMEIOTCS O4KU C COBMPAIOLLUMU SIMH3aMU, YeMY
paBHa ux onTuyeckasi cuna (CKONbKO B HUX «OMONTPUIA»), paccHnTainTe GOKyCHOE pacCTosHUe
9TUX OYKOB.

3apnanue 3.2

N3mepbTe PpoKyCHOE PaCCTOAHME ANH3bI «METOLOM OKHa».

YKpenum Ha OKOHHOM CTeKJIe JucTouex Gymaru (¢pomo 3.1, a) ¥ HOTYIHM C ITIOMOIIBIO JIMHSHI,
HMeIoIeiics y Bac IoMa, 4ETKoe n306paskenne INCTOYKA Ha IPOTHEOIOJIOKHOIM cTeHe (¢omo 3.1, 6).

KaMepaeM paCCTOHHﬁE OT JIMH3bI 1O CTEHKH.

9TO0 paccToAHNe IPHOJIH3HTEIHHO PABHO (hOKYCHOMY PACCTOSHUIO JIMHSEL.

Bajcnoe sameuanue: uem fanbire HAXOAUTCH JIMH3A OT OKHA, TeM TOYHee MbI H3MEPHM (POKYC-
Hoe paccrosinue. [loaromy npeamer, o KOTOpoMy ompesienaeTca (POKYCHOe PACCTOAHME, 06SI3aTeIbHO
IOJI3KeH OBITh VIaJIEHHEBIM.
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@omo 3.1

Sapnanue 3.3. OnpeneneHne GoKyCHOro pacCcTosHNS JIMH3bI C MOMOLLbIO /1Ta3EPHBIX YKa30K.

ITpu momommy ABYX Ia3ePHEIX YKAZ0K MOMKHO IMOJYYUTE TapaiebHBINA IYYOK CBeTa.

CHayasa KHOITKM YKA30K 3aKPElUM CKOTYEM HJIHM M30JIEHTOH, 4TOOBI OHM He BEIKJIIOYAJIHCH;
Jlajiee YCTAaHOBHM YKAa3KH TaK, YTOOBI PACCTOSHUE MEMAY UBNYUATENAMHU (YKA3KAMU) U IATHBIITKAMHM
Ha cTeHe ObLIN OXUHAKOBBIMH (pomo 3. 2 — a, 6, ). B aTom ciayyae iyuyn UAyT HapajaeabHO.

a 6
. ®omo 3.2
Temeps Ha OyTH NMapaUIeNbHLIX JyYed YCTAHOBMM JIMH3Y Ha TAKOM PACCTOAHWH OT CTEHKH,
yTOGLI MATHHIIIKHA COBMECTHINCE ((pomo 3.3, a). Pomo 3.3, 6 MOKA3BIBAET, YTO IIPH HTOM PACCTOAHHE
OT JMH3HI 0 cTeHKH 173 MM. 9T0o M ecTs QOKYCHOE pACCTOSAHHE JHH3LI. [leficTBUTEILHOEe 3HAYEHHE

doxycHoro pacctossiEuA 173 MM.

domo 3.3
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3apanue 3.4. OnpeneneHne GokycHOro paccTosHus ¢ nomoLso ConHua.

Campiii yaanésssi oT 3eMau uecTouHuK csera — Conune. Ha ¢pomo 3.4 mpepcrasiieH ONBIT 1O
u3MepeHn0 GOKYCHOI'0 PACCTOAHMSA C MCIOJIb30BaHMeM HcToyHHKA cBera — Connna. MaMmepere (o-
KYCHOE paccTosHue J060# AuHabI ¢ nomolinbio Conuna. [Ias aToro choKycupyiiTe JUH30M COMTHEUHBIN
CBeT Ha 9KpaHe ¥ H3MephTe PACCTOAHUE OT JIMH3EI HO SKpaHa:

e y—

domo 3.4

1.2. NaGopaTopHoe oGopyaoBaHUe Mo onTuke

Ha sk3amene MosxeT UCIIOJIb30BATHCH OMHH U3 TPEX HAOOPOB 000Dy IOBAHUA.

Ileperlit HaGOp mpeAcTaBiaeH Ha pomo 3.5. BMecTo GaTapeiiky MOMXHO MCIOJIb30BaTh JaGopa-
TOPHBII HCTOYHUK HAIPAXKEHUA (qbomé 3.6). IIpegmeToM HpH HCCIAENOBAHUM CBOMCTB H300paKeHus
CIVKHUT CIANA C IBYMA CTPETKAMM, KOTOPHIH OcBelllaeTcA JaMIoukoii (ghomo 3.7).

domo 3.5

@domo 3.6 ‘ @Pomo 3.7
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Bropoit Habop koMIIeKTyeTcA U3 00BIYHOrO JaGopaTopHoro o6opynosarus (¢pomo 3.8). B atom
c