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Kaxnpiii MKONbHUK, BBIYYUBIIMN ABe-TpH (WM JBa-TpU
necsitka) GopMynbl U3 Y4eOHHKA, CUMTAET Ce0sl JTOCTOWHBIM
YYaCTHUKOM (U3UYECKON OJIMMITMA/ABI JIFOOOTO YPOBHS OT
IIKOJIBHOTO JI0 MEXIyHapoaHoro. HeymadHoe BBICTyIICHHE
Ha OJUMIMAJE, KaKk MpPaBUJIO, HE MEPEBOAMT y4allerocs B
COCTOSIHME YHBIHHMS, IOTOMY KaKk OH TYT JK€ HaxOIHT
MHOKECTBO ~ IPUYMH CBOETO TMpoBaja: IUIOXO  ceds
YyBCTBOBAJI; HE MHUCAJIa PYYKa; HE «IIPOXOJMWIN» Ty WIN UHYIO
TeMy; Momnajach COBCEM HE3HaKoMas 3ajaya u T.1. u T.1. [lo-
BUJMMOMY, 3TO TPABWIBHO W XOpOIIO, ObUIO OBl Tropas3io
XyXke, ecnmd Obl IpH TMepBOM Heygaue y IOHOTO, HO
TAIAHTJIIMBOTO  (HU3MKAa Cpa3y OIyCKaJHCh pyku. B
JNEHCTBUTEIIBHOCTH, YCIEUTHOE BBICTYIUIGHWE Ha OJMMIIMAJC
TpeOyeT oOmnpeAeseHHONW TOJArOTOBKH, Kak B  CMBICTE
HAKOIUIEHUSI «3HAHWUW, YMEHUW, HAaBBIKOB», TaK HU B .
MICUXOJIOTUYECKOM TUIaHE - YMEHHS COCPEAOTOUUTHCS Ha OBICTPYIO M TOUHYIO padoTy,
HACTPOUTHCS Ha HMIIYJbCHOE M  JaXe «B3PHIBHOE» BKIIOYEHHE CBOCH
WHTEJUIEKTyaTbHOW MOIU (MM «MOIIEH»). be3ycloBHO, YTO €IWHCTBEHHBIH, H
MO3TOMY JYYLIWHi, CHoco®d TOArOTOBKM K OJUMIHMAAE - CaMOCTOSITEIBHOE
BBINOJHEHNE 3aJaHUN MPEIBIAYIINX OJMMIINA, pelieHHe OOJIBIIOr0o YHCia CIOKHBIX
3aj1a4, NPOBEACHUE HKCIIEPUMEHTAIBHBIX UCCIIC0OBAaHUI, HE TOBOPS YK, KOHEYHO, 00
M3y4eHUH OCHOBHOTO MaTepHala yueOHOI mporpaMMel.

C 95TOii TOYKH 3pEHHs] TEOPETUUYECKUNA Typ OJIMMIINAJ] UMEET CYIIECCTBEHHBIC
NPEUMYIIIECTBA: UMEETCS TIOCTaTOYHOE KOJIMYECTBO YUEOHBIX MOCOOUN M COOPHUKOB
OJIMMIIMA/IHBIX TEOPETHUECKUX 3a7ay, J1a M YUCIO «OOBIYHBIX» COOPHHKOB 3a/ad
3HAYUTEIBHO MPEBBIMIACT YUCIO KHHUT, MOCBSIIECHHBIX MPOBEIACHUIO (PU3NUECKOTO
HKCTIIEPUMEHTA. Moxer Torga CTOMT BOOOIIE OTKa3aTbCs OT MPOBEACHUS
HKCIEPUMEHTANBHOTO Typa? MBI r1yOOKO YyOEKIECHBI, YTO TaKO€ pelieHue OyaeT B
KOpPHE HEBEpHBIM - (H3MKa HayKa HKCIIEPHUMEHTalbHas, 0€3 SJKCIepUMEHTa OHa
npuOJIM3UTCS K Ka3yHCTHKE, HCCIEAYIOUEH NpoOJeMbl THMA: «CKOJIBKO YepTel
Maccoi m TOMECTSTCS Ha KOHYHKE UIJIBI TNIOTHOCTBIO P ».

B KoOHIlEe KOHIIOB, TEOPETHYECKHI M 3KCIIEPUMEHTAJIbHBIE TYPhl HMPEKPacHO
JOTIOJIHSIOT APYT Jpyra: B IEPBOM YYAaCTHHKH «I0KA3bIBAIOT, KaK JIOJDKHO OBITHY, a
BO BTOPOM CMOTPST «KaK €CTh Ha CAaMOM JIeJiey.

Hrak,

OyIly4l YBEpPEHHBIM B HEOOXOIUMOCTH (PU3UIECKOTO IKCIIEPUMEHTA,

MCKpPEHHE JKeJas MOMOYb BalllUM TaJlaHTaM,

3Has1, 4TO B OMrKaiiiee BpeMsi OJIMMIINA/IbI HE 3aKOHYATCS,

HA/IESCh MOJYYUTh 3aKOHHBIN TOHOpAp,

HamycaHa »JTa KHUATa, B KOTOPOHM COOpaHbl SKCHEpUMEHTAIbHbIC 3aJaHUS
Oenopycckux (hPU3MUYECKUX OJIMMITUA/L: TPUBECHBI YCIOBUS 3alaHUM, TaHbl yKa3aHHs
[0 WX BBHINOJHEHHIO, a B HEKOTOPHIX CIy4yasX Jaxe IPOBEJCHBl H3MEpEeHMUS,
00paboTaHbl ¥ MOJYYEHBl KaKHUEe-TO PE3yJbTaThl.

ABToOp.



Yro Takoe Xopouiasi IKCIEePUMEHTAIbHAS
3agada?

C Halen TOYKH 3peHus,
SKCIEPUMEHTAIbHOE 3aJaHue 10 CBOEH CyTH
| OMKHO SBIATHCA HccdeoBaHHeM (GU3NYECKOro
SIBJEHHUSI, IO BO3MOXKHOCTH, IOCTaTOYHO IMOJIHBIM
— ‘ u KOMILIEKCHBIM. [Tox KOMITJICKCHBIM
UCCIICIOBAaHUEM SBJICHUS MBI TIOHMMAaeM H3YYCHHE pa3IMYHBIX €ro acleKToB,
MOJIyYeHUE 3aBHCHMOCTEH KOHEYHOTO pe3yibTara OT LEJNOT0 Habopa BapbUPYEMbIX
napameTpoB. JKenaTenbHO TakKe, 4TOOBI 3TOT KOMIUIEKC MCCIETOBAaHUM BKIIOYAI B
ce0si MPUMEHEHUE 3HAHUN U3 PAa3NUYHbIX pa3zaenoB (usuku. Takoil moaxos 3aMeTHO
OTIIMYAETCS OT TIOCTAHOBKHM 33/IaHU{ TPATUIIMOHHBIX JTA0OPATOPHBIX padboT
IIKOJBHOTO Kypca. DaKTHYeCKH, METOJMKA BBHIMOJIHEHHWE TOJBKO OJHOTO 3Tama
3aJJaHA{ OJIMMIINAbI COBMAACT C METOAUKON BBIMIOJHEHHS JIAOOPATOPHOI pabOTHI -
U3MEpEeHUE OTACTbHBIX (PU3NYECKHX BEIHYUH, NMPOBEPKA OTACIBHOIO (PU3NYECKOTO
3aKOHa.

[lepeyeHp sBICHMI, U3y4aeMbIX B Kypce (HU3UKH CpEIHEH MIKOJIBI
JOCTaTOYHO  IIMPOK, OJHAKO, HEMHOTHE M3 HHUX JIOMYCKAlOT  MPSIMYIO
HKCIIEPUMEHTAIBHYIO TPOBEPKY.

He cocmasnsem mpyoa oame npakmuuecku NOJHuLL NepeyeHb B03MONCHBIX
@uzuueckux 6eruuuH, Komopvie MpaAOUYUOHHO USMEPAIOMCS 8 UIKOJIbHOM Kypce:
niomHocme (3akon Apxumeoa), yoenvHoe d1eKmpuyeckoe COnpomueieHue (3aKoH
Oma), yoenvHas menioemMkocms (meniogou 6anawnc), Kospouyuenm mpenus (Ha
HAKIOHHOU NA0CKOCMU), KO3(ppuyuenm xncecmxocmu npyicunsl (3akon 1 yka),
ycKopeHue c800600H020 naodenus (MamemamuyecKuti MAsamHuk),  noKazamenw
npenomnenus: (3akon CHenuyca), Onuna 8016l céema (OUPPAKYUOHHAS peuemKa,).

KoneuHo, HU pecryOiMKaHCKUE, HU TeM 0oJiee MeXTyHapOIHbIE OJIMMITHAIbI,
HE MOTYT OIPaHHUYUTHCS 3TUM CIHCKOM - MPAKTHUYECKH BCETAAa PAMKU ATOTO CIHCKa
pacmmpsitorcsi. Tem He MeHee,_Ipeasaraemasi 3aja4ya He JI0JKHA BBIXOAUTH 32
paMkH _y4yeOHOIi mporpammbl. B HEKOTOpBIX cllydasx B KayecTBe OOBEKTa
UCCIIC/IOBAaHUSI  UCTOJB3YIOTCS ~ HEKOTOpBIE  MPOCTHIE  SIBICHHUSA,  KOTOpbIE
HEMOCPEICTBEHHO HE BXOJAT B MPOTPAMMY, HO JOCTYIHBI IOHUMAHUIO YYallUXcs Ha
OCHOBaHHMH OOIUX (U3MYECKUX 3aKOHOB, HM3y4aeMbIX B INKOJE, WHOTJa OBIBAaeT
JOCTaTOYHO TMPOCTO 3APAaBOTO CMbICIA M OOBIIEHHOT'O OMBITAa, a HHOTIA, HA00OPOT,
TpeOyeTcsi MPOBECTH UCCIIEAOBAHUE, TOCTOMHOE MECTa B UCTOPHH.

B Takux crmy4asx, B yCIOBHM 3aJa4ydl MbI MPHBOJUM HEKOTOPbIE (POPMYIIBI,
3aKOHBI, OTIpeICTICHHs, KOTOPBIE MOTYT OTPEOOBATHCS B XO/1€ BBITIOJTHEHUS PAOOTHI.

Hcnonb3oBanue mpubOOpOB, MPOBEACHHE H3MEPEHUN, METOAbI 00paboTKU
pe3yNbTaTOB - BOT IEpeueHb 0a30BBIX HAaBBIKOB, KOTOPBIMU JOJDKEH 00Ja1aTh
YYaCTHUK OJIMMITHA[IBI, TSI BHITIOJTHEHHSI TOJTYICHHBIX 3aIJaHUH.

K namemy riyOOKOMy COXaJleHHIO, OJHOM M3 CaMbIX TPYAHOPA3PEIIMMBIX
npoOsieM  TOATOTOBKM  DKCIIEPUMEHTAIBHBIX  33JaHUM  sABIsSETCS  MOAOOp
Heo0xoauMoro odopynosanus. [IoMMMO TOro, YTO OHO JOJIKHO YIOBJIETBOPATH
TpeOOBaHUSAM TEXHUKH 0€30TAaCHOCTH, OBITh MPOCTHIM M HAJCKHBIM, C HUM JIOJKHBI
OBbITh 3HAKOMBI YYaCTHUKH OJIMMITUAJIbI - €0, IPEeXk/Iie BCEro, HEOOX0MMO HAlTH UK
M3TOTOBUTH B HYXHOM KosimyecTBe. [103TOMy 4acTo MpuXoIuTCs TOTOBUTH 3a/1aHUE,
TpeOyromiee caMoro MPOCTOTO O00OpydOBaHMs. 3aMeTUM, OJHAKO, M YTO Ha




IPUMUTUBHOM OOOpPYJOBAHWM MOKHO BBINOJHATH Yy4deOHbIe pabOThl BechbMa
BBICOKOT'O METOJIMYECKOTO YpOBHS. B KauecTBe cCOOCTBEHHOTO OMpPaBIaHMs OTKa3a OT
UCTIOJIb30BaHMsI YCKOPHUTEIEH Ha BCTPEUHBIX IMy4yKaX, 3aMETHM, YTO OYEHb MHOTHE
(byHIaMeHTaIbHBIE OTKPBITUS OBUIM CHIEaHbl C TIOMOIIBIO «Cypryda U BEPEBOYEK) -
Heyxenu yyamuecs XXI Beka ycrynaror yuyeHsIM Beka XVII?

Msl cunTaeMm, 4To (PU3NYECKHN SKCIEPUMEHT Ha OJIMMIIMAJC AOJDKEH J1aBaTh
KOJIMYeCTBEeHHbIE Pe3VJabTaThl C MPUEMJIEMON TOYHOCTHIO. [l03TOMY M3 mepedHs
BO3MOXKHBIX 9KCIIEPUMEHTAIBHBIX MPOOJIEM TOJKHBI OBITh UCKIIOUEHBI T€, U3yUeHHE
WIM JEMOHCTpalus KOTOPBIX HOCUT WIIIOCTPATHBHBIN Xapaktep. Ilpu mpoBenennn
U3MEPEHUH Ha OJMMIKAJEC YYAaCTHUK CYIIECTBEHHO OTPAaHMYEH BO BPEMEHH.
[TosTOMy SIBHO MJIM HESIBHO MpeJiaraeMasi cxeMa SKCIIEpUMEHTa JI0JDKHA UCKIII0YaTh
0 Mepe BO3MOXXHOCTH BJIMSIHHE TOOOYHBIX (AaKTOPOB,  3ATPYIHSIOMIMX
MHTEPIPETALNIO Pe3yIbTaTOB.

VYcnexy TOro WIM HWHOTO 33JaHHs, BO MHOTOM CIOCOOCTBYET, XOpoIIas
¢dopmymnupoBka ycnoBus. C 0AHON CTOPOHBI, OHA JOJDKHA OCTABJIATH ONpPEeICHHBIN
NPOCTOP Ul TBOPYECKOTO TOHUCKA, C APYrOd CTOPOHBI, JTOJDKHA OBITH JOCTATOYHO
KOHKPETHOM, YKa3bIBAIOLIEH OCHOBHOM MOPAIOK IIPOBEICHUS SKCIIEPUMEHTA.

Takum o00pazoMm, Xopouasi IKCHepUMEHTAJAbHAsi OJMMMHUATHASA 3aja4ya
AOJLKHA  ObITh  4YeTKO M OJHO3HA4YHO  c(OpMyJIHpPOBaHA, HMeTh
HCCIeI0BATE/ILCKHIT KOMIUJIEKCHBIH XapakTep, BBINOJHATHCS HA 10CTATOYHO
NpocToM  00OpYIOBaHMM 32  OrpaHMYeHHOe Bpemsi, MPHBOAUTH K
KOJIMYECTBEHHBIM pe3yJbTaTaM, AONMYCKAIOLIUM, [0CJe COOTBETCTBYIOLIEH
MaTeMaTH4YecKoil  o0pa0oTKH, HarJasiAHYl0 U (GU3MYeCKH  BEpPHYIO
HHTepIpeTanuIo.

PazpaboTka »SKCHEpUMEHTAIBHBIX 3aJaHUN OJUMMMAL TpeOyeT MHOTO
BpPEMEHHU, KOTOPOE 3aTpayMBaceTCs Ha BBIOOP TEMBI HCCIENOBaHMs, MOJATOTOBKY H
U3TOTOBJICHHE OOOPY/IOBaHUS, HEOJHOKPATHOE MPOBEJACHUE HW3MEPEHUH U HX
00paboTKy, (HOpPMYIUPOBKY YCIOBHUH, BBIPAOOTKY KpUTEPHEB OlLleHWBas U T.n. [lpu
3TOM B XOJi¢ paboThl NMEpBOHAYAIbHbBIC WJECH, 33yMaHHbIE CXEMbI SKCICPUMEHTOB
HEOJTHOKPAaTHO MEHSIOTCS M OTBeprarorcs. Ham MHOTOJIETHMH OIBIT IOKAa3bIBaeT,
410 «K03(PULIMEHT TONEe3HOr0 NeicTBUS» (OTHOIIEHHE YHCIa TOJArOTOBJIEHHBIX
3aj1a4y K YMCITy UCXOJHBIX HJIEH) pelIKO MPEBBIIIACT JBAALATH POLIEHTOB.

B 3aknrouenue JaHHOTO pasjiena, OTMETHM, YTO aBTOPHI 3a7ay OCTABIISIOT 3a
co0o#i MpaBo BKIIOYAThH B MIEpEUEHb 33JaHUI HEKOTOPBIE IOBYIIKHY, TTO3BOJISIOIINE
BBISIBUTh TEX «XUTPBIX» YYaCTHUKOB, KOTOpbIE€ MPEANOYUTAIOT «COYHMHHUTHY
pe3yNbTaThl SKCIIEPUMEHTOB, a HE 3aHUMAThCs UX TOJyYCHUEM.




Yacmo 1. MeTtoauka BLINOJTHEHUSA
IKCIIEPUMEHTAJbHBIX 3aIaHUH.

Memooucm - pacckasvieaem kax 6vl OH
8bINONIHUNL 3a0aHUe, eciu Obl ymell.
(OxcniepuMeHTaNbHbIA (akT)

Kaxxgoe  okcrepuMeHTanbHOW — 3aJlaHMEe HMEET CBOM  COOCTBEHHBIC
cenu(uuecKkue 0COOCHHOCTH, KOTOPhIE MOTYT MOTpeOOBaTh OCOOBIX MOIXO/J0B B
pemiennu. OIHAKO Nake B TAaKOW CHUTyallMd 3HAHHWE OOMIMX METOJOB MPOBEACHHS
AKCIIEPUMEHTAJIbHBIX HCCIIEI0BAHUI HE CMOXET HaBPEIUTh - JIETYE OTCTYNUTh Ha
mar B CTOPOHY OT HM3BECTHOIO NYyTH, YE€M KaXKJbld pa3 UCKATh MPUHIIMIHAIBHO
HOBBIU IyTh. [103TOMY paccMOTpUM OCHOBHBIE TPAJUIIMOHHBIC 3TAIbl BBHIMOJHEHUS
AKCIIEPUMEHTAIILHOTO 33/IaHUs.

1.1 O3HaKkoM/IeHHE C YCJIOBHEM 3aJaHUS U
npeaaraeMbiM 000py10BaHHEM.
B nauane 610 cnoso
(Esancenue om Hoanna)

B Hacrosimiee BpeMs UIMHA YCIOBHUS IOCTOSIHHO
pacter'. TIo XOIy BHMMATENHLHOTO H3YYEHHS YCIOBHS
3ajayd  HEOOXOJMMO  YETKO  YACHUTb  CMBICI
IIPEeIaraéMoro 3a/laHus, MOHATh €r0 OCHOBHBIE ATAllbl,
YBUAETh B3aUMOCBSI3M MEXIY pa3IM4YHBIMU  €T0
4acTIAMU. O6$[38.TCHBHO CJIEeNyeT Cpa3y O3HAKOMMTBLCSA C IIEPEUYHEM IIpeIaraeMoro
oOopynoBaHusi, yOenuTbcs B €r0 HaJMYWU, BCIIOMHHTH Ha3BaHHE M Ha3HAYCHHE
Kaxzoro npubopa. Eciu jxe B pUBEJCHHOM IIEepeuHe YTO-TO HEMOHATHO, TO CIEIYyeT
YTOUHUTH Y OPraHU3aTOPOB - MOXKET TPYJHO JIOTAAATHCS, YTO «MOOMIIBHBINA 3JI€MEHT
LUPKYISIPHON (POPMBI» 3TO MPOCTO KaKOe-HUOYIb KOJIEUKO.

B pesynprare u3ydeHHs YCIOBHS  CIEAyeT MPENEIbHO KOHKPETHO
copMyIUpOBaTh €M, KOTOPbIE TOJKHBI OBITh JOCTUTHYTHI B XOJ€ BBITIOJHEHUS
KaXIOTO MyHKTa 3aJaHus. OJTa mpobiiemMa OTHajgaer, eciu 3ajaHue Tpedyer
OTIpeieJIeHNe YUCICHHOTO 3HaYeHUs Kakoi-mbo (usnueckoi BenuuuHbel. B ToM ke
cllydae, KOTJIa 3ajadya 3aK/IIoyaeTcss B W3YYCHHH Kakoro-imubo 3akoHa, Ju0o B
HKCIIEPUMEHTANbHON TIpoBepke (opMyibl, TpeOyeTcss KOHKPETH3alus - Kakue
MMEHHO 3aBUCUMOCTH CJIEIyeT IMOJIY4YUTh. 3aMETUM, YTO YacTO 3TH 3aBUCUMOCTH
MOTYT OBITh yKa3aHbl B MOANYHKTAX 3aJaHUH, IIOATOMY HE CIEAyeT cpa3y OpocaTbes
3a BBIIIOJIHEHUE OJTHOI'O U3 IIYHKTOB, HE IOYUTAB BCETO YCIOBUA 10 KOHIIA.

1 o o o
OTMCTI/IM, YTO YCJIOBHS SKCIICPUMCHTAJIbHBIX 3aJaHUN Me)KHyHapOHHOI/I (I)I/ISI/I"IGCKOI/I OJIMMITHAbI
HM3JIararoTcs He MeHee deM Ha 10 CTpaHULIaXx.



1.2 IlocTpoenne MaTeMaTH4eCKON MO1eJ TN
HU3y4aeMoro siBjJeHus (TeopeTHyecKoe
onucaHme).
Ckyna meopus...
(B.I'eme)

DKCnepuMEeHTalbHOE  3aJaHHe, Kak
NpaBUJIO, HE TpeOyeT peUIeHUs  CIOXKHBIX
TeopeTHueckux 3a1ad. OTHAKO BU MCCIIETYeMbIX
3aBUCUMOCTEH  JKEeJIaTeIbHO  3HaTh  3apaHee.
Crnenyer moaymarb O BO3MOXXKHOM YIPOIICHWH IOJNYYEHHBIX (QYHKIUH, O
BO3MOXXHOCTH HUX JIMHEapu3aluu. 3aMeTUM, 4YTO Tpaduyeckoe IpeacTaBlIeHUEe
MOJIyYEHHBIX PE3yJIbTATOB SBJSETCS MOYTH O0s3aTeNbHBIM, a 00pabOTKa JTMHEHHBIX
3aBUCUMOCTEH 3HAUMTENBHO IMPOIIE BCEX OCTAJIbHBIX. B X0ae TeopeTnyecKoro
aHajgM3a HEOOXOMUMO BBISICHUTH, UWCIEHHBIE 3HAUYEHUS KaKUX (PU3HMYECKUX
napameTpoB HEOOXOAMMO 3HATh (WJIM U3MEPSATH) 00s3aTeNbHO, a 0€3 KaKUX MOXKHO
000MTHUCE.

3amMeTuM, dYTO JaXXe eclid HEeOOXOJAMMO W3MEPUTHh OJHY (QHUIUYECKYIO
BEJIMYUHY, TO IIPOBEJACHHE COBOKYINHBIX H3MEpEHH (TO €cTh HCCIeI0BaHUE
(YHKIIMOHATIBHON 3aBHCHMOCTH) IPEANOYTUTEIbHEE Iepel OJHUM H3MEPEHHEM.
Takpue W3MEpeHUs TMO3BOJIAIOT  IMPOBEPUTH  NPABUIBHOCTH  TEOPETUUYECKHUX
MOCTPOCHUH M CYIIECTBEHHO YMEHBIIAIOT MOTPEIIHOCTh MOJYYEHHOTO PE3yJIbTaTa.
Koneuno, mman B Xxozxe pabOTbl MOXET OBITh CKOPPEKTHPOBaH, HO, IO CIOBaM
IIAXMATUCTOB «IyYIlle UTPATh IO MJIOXOMY IUTaHy, YeM COBCEM 0€3 IIaHay.

34ech HENUILIHE 3alOMHUTH OJHY W3 3amoBeleH SKCIEPUMEHTATopa: uem
MeHbUle 8eUYUH HA00 USMepAmb, mem Jyyue cxema skcnepumenma. Y MEHbIICHHUE
qucaa M3MEpSAEMBIX IapaMeTPOB YIPOIIAET SKCIEPUMEHT, COKpAallaeT BpeMs €ro
NPOBEACHHUS, KaK MPABUIIO, IMOBBIMIAET TOYHOCTh U JIOCTOBEPHOCTH IOIYYEHHBIX
pe3ynbTaToB. Pe3ynbTaroM  TEOPETMYECKOTO aHaiM3a JOJDKeH ObITh  IUIaH
NPOBEACHUSI M3MEPEHHUN - Kakue (PU3NYECKUE BEIWYMHBI M 3aBUCHUMOCTH JOJDKHBI
ObITb WM3MEPEHBbI, C KAaKOM TOYHOCTHIO, KaKUM METOJOM IIOJYYEHHBIC PE3YyIbTaThl
Oynmyr oOpabateiBatbcs. He BpemHo Takke mpeAcTaBUTh cebe  IpUMEpHBIC
YHCJICHHBIC 3HAUCHHSI 0XKHUIaEMbIX PE3yIbTaTOB, HAIPUMEDP, HE CTOUT HAAEATHCS, UYTO

M
YCKOpEHHUE CBOOOTHOTO 3HAYSHHS CYIIECTBEHHO MPEBBICUT 200—2 .



1.3 Pa3zpadoTka cxeMbl 3KCIIEPHMEHTAJIbHOM
YCTAHOBKM, ee peajin3alusi, NpoBegeHue
NpeABAPUTEIbHBIX H3MEPEeHUd.

B nacmosawee epems cmoumocme
HAYYHBIX UCCIe008AHULL 3HAYUMETLHO
6o3pocia.

(U3 omuemnozco doxnada XXIII cvesdy
KIICC)

He BpenHo mnoAroToBUTH MpEABAPUTENBbHBIA 3CKHU3 DKCIEPUMEHTAIBHOU
YCTaHOBKH, Ha KOTOPOH CieayeT U3MEepATh T€ BEIUYHHBI, KOTOpPbIE (UTYpHPYIOT B
panee paspaboranHoM IuTaHe. OCOOCHHO HEOOXOJUM TaKOW JCKU3 TpH cOOpKe
AIIEKTPUYECKHX LEMel, ake caMbIX MpocThiX. HalTu ommOKy B MOAKIIOYEHHBIX H
MIEPENyTaBIINXCS. IPOBOJAX 3HAYUTEIBHO CIIOXKHEE, €CIM T10J PpPYKOM HeT
MIPUHLIUNKAIBHON 3JIEKTPUYECKON cXeMbl. He MoBpeauT Takke U cXxema X0/1a JIydel B
ONTHYECKOH ycTaHoBKe. [locie 3Toro, MOXKHO OTIIOKUTH B CTOPOHY PYUKy, Oymary u,
3aCy4MB pyKaBa, B3ATbCS 3a npubopsl. Ilpu HemocpencTBeHHOH cOopke
OKCIEPUMEHTAJIbHOM  YCTAHOBKM  CJEIyeT CTPEMHUTbCI K €€ HaJeXKHOCTH,
yCTOMYMBOCTH, yHOOCTBY paboTsl. JKenareapbHO TakkKe HAWUTH MeECTO BO3JE
YCTaHOBKH JUIs1 SKCIIEPUMEHTATOpa U €ro padoueil TeTpasm.

[IpoBeneHne mnpeABAPUTEIBHBIX H3MEPEHHUH  SBJIsIETCA  00s3aTeNbHBIM
YCIIOBUEM YCIIELIHOTO BBINOJIHEHUS 3a/aHus - 3Ta HEAOJras INpoleaypa no3BOJSET
IIPOBEPUTH paboTOCHOCOOHOCTh YCTAHOBKM, BBISIBUTH HAIMYHE OXKUIAEMBIX
3¢ QeKTOB, OLEHHUTH IUANa30Hbl M3MEHEHHUS BapbUPYEMBIX IMapaMeTpPOB, OLEHHUTH
JOCTH)KMMOCTh TpeOyeMOW TOYHOCTH, M ... BEPHYTbCA K IpPEIbIAYyIIeMy ITYHKTY -
pa3paboTKe UHOTO TEOPETHUECKOTO OMUCAHMUS.

He crnenyer, koHEYHO, HAAEATHCS, YTO COOpaHHAs yCTaHOBKa cpasy Oymaer
YIOBIETBOPATH  BCEM  TpeOOBaHUSAM - OUYEHb YacTO ee  Heo0X0JuMo
MOJIEPHU3UPOBATh, U3MEHATH MOPSA0K IPOBEACHUS U3MEPEHUM, WM JI€1aTh BBIBOJ O
ee HEeMPUTOJHOCTH. B TakoM meuyanbHOM ciaydae, HEOOX0AUMO MEHATh UL U IJIaH
IIPOBEJIEHUS AKCIIEPUMEHTA, JIydllle CIEJaTh 3TO HAa NPEABApPUTEIBHOM 3Talle, 4eM
110CJI€ JUIMHHOM CEpUU KPOIIOTIMBO IPOBEIEHHBIX 3KCIIEPUMEHTOB.



1.4 IIpoBenenne n3MepeHuil.

Yem danvuie sKCnepumMenm om meopuu,
mem Oaudice on k Hobenesckoii npemuu.
(Teopemuueckas cunomesa)

[Tocne Toro, kak BBl YOEAMIHCh B BO3MOXHOCTH
peanu3alMy HAaMEUYEHHOI'O IUIAHA, MOXKHO IPUCTYIaTh K
npoBeaeHu0  u3MepeHuil.  IloseppTe, 4TO  3apanHee
MOJrOTOBJICHHAS  Ta0iMMIma Ui 3alUCH  TOJYYEHHBIX
pPEe3yJIbTaTOB CYILECTBEHHO JKOHOMHUT BpEMs, Kak IIpH
MIPOBEACHUHU HKCIIEPHUMEHTA, TaK U Ha 3Tarne oOopaboTku ero pesynsrartoB. [lo3aromy,
HE II0XKaJleUTe MUHYTKH BPEMEHHM Ha €€ MOAIOTOBKY - «COKOHOMIICHHAs MHHYTa
MOYKET CTaTh MOCIICIHENN.

[Ipu  uwccnemoBaHWUM  3aBUCUMOCTEH  HEOOXOJMMO  BapbUpOBaTh B
MaKCUMaJbHO BO3MOXHBIX IIpelenax 3aJaBacMble I1apaMeTpbl - CTPEMUTHCA
pacLUIMpUTh AMANa30H X u3MeHeHud. [Io MeHblel Mepe, paclIMpeHUE AUarna3oHa
MOBBIIIAET TOYHOCTb OKOHYATEJIIBHOI'O pPE3yJbTara, HE TOBOPS YXKE O TOM, YTO
OonbIIMil Mama3oH BHYyIIAeT OOJbIIe JAOBEpHs K 0OOCHOBAHHOCTU TEOPETHUYECKUX
IIOCTPOCHMUI.

Ecnu Teopernueckas MOJENb IPEICKA3bIBACT JIMHEUHYIO 3aBUCUMOCTD, TO 9TO
HE 3HAYUT, YTO HKCIIEPUMEHTAIBHO JOCTATOYHO CHATH IOKa3aHWUA AJIA JBYX TOUYEK
(Taxxe Ha MpeneNbHBIX 3HAUCHHUIX mapaMeTpoB)! Bo-nepBbIX, rae rapaHTus, 4To 3TH
TOYKM HE OKaXYyTCI B 4YeM-TO 0cOOeHHbIMH? BoO-BTOpBIX, Balla TeopeTHUYEcKas
MOJIENIb MOKET HE MOATBEPKIAThCS JKCIEPUMEHTAIBHO, U 3aBUCUMOCTb Ha CaMOM
Jlelie He JIMHEWHA. B-TpeTbHX, yBEIWYEHHME YHUCIA TOYEK YBEIMYMBACT TOYHOCTH
u3MepeHuid. Jlyis mosydyeHHst JTOCTOBEPHOM JIMHEWHOW 3aBUCHUMOCTH HEOOXOIUMO
0k0J10 10 SKCnEpUMEHTaIbHBIX TOYEK.

CHumast mokazaHusi NPUOOPOB, 3alUCBHIBATE pe3yibTaThl C  TOM
MaKCHUMaJIbHOM TOYHOCTHIO, KOTOPYIO OOECHeUMBAET Ballla YCTaHOBKAa - OTOPOCHUTH
mumHUue 1udpsl Bl Beerga ycmeere. KoHeuHo, ecim BBl 3apaHee, B XOJle
[IPEABAPUTEIILHBIX U3MEPEHUN OLEHUIM TOYHOCTH OKOHYATEIBHOIO PE3yJbTara, TO
MOKa3aHusi TpUOOPOB Cpazy MOXKHO OKPYIJISTh, HE 3a0bIBasi BCE )K€ OCTABUTH OJHY
3amacHyo nudpy.

OdeHb NOJIE3HO B XOAE€ M3MEPEHMM IOCTOSHHO MBICIEHHO AaHAJIU3UPOBATh
noJjrydaeMble JaHHbIE. MOKeT ObITh, Ballld IaHHBIE BBIHYIAT BAC OCTAHOBUTHCS, U, HE
Tepsisl HApacHO BPEMEHHU, MEPECMOTPETh CBOM IIaH 3KcrnepuMmeHTa. OgHAKO K
9TOMY COBETY OTHOCHTECH C OCTOPOKHOCTBIO - BIIOJHE BO3MOKHO, YTO HAJEXKHO
IIOJIy4CHHBIE pPE3YyJIbTaThl HATOJIKHYT BaC HAa HOBBIC OPUTMHAIBHBIE HACH, KAK B
TEOPETUYECKOM OIIMCAHUHU, TaK U B IIPOJOJDKEHUE IKCIIEPUMEHTA.




1.5 O6padoTka pe3yJbTaTOB H3MePEeHHIA.

Yepes nobvie 06 MOUKU MOJICHO NpPOGecmU N0OYIO
KPUBYIO U, NPUYEM, MOIbKO 0OHY.
(Teopema sxcnepumenmamopa)

Ortor 3Tanm  paboThl MOAPOOHO OMHMCHIBACTCA B
MHOTOYMCIICHHBIX H3AaHusAX. Kpome TOro, OCHOBHBIE
npaBuiga 00paOOTKM pe3ylbTaTOB pacCMOTPEHBI  HIIKE.
[TosToMy 37€Ch MBI OTPAaHUYMMCS MPOCTHIM MEPEUUCICHUEM
TOTO, 4YTO BKJIOYaeT B cebs o00paboTka pe3yabTaToB
M3MEPEHUI: BEIYUCICHNE YHCICHHOTO 3HAUYCHHS U3MEPAEMBIX (PU3NYECKUX BEIUYHH;
OLIGHKY HX TMOTPEIIHOCTEeH; TMpaBHUILHOE OKpPYIJIEHHE pe3ysibTaTa; TIPamMOTHOE
noctpoeHue rpapukoB; 06paboTKy rpaduueckux 3apucuMocteid. He cienyer cuimbHO
YBIIEKaTbCS pAcueTOM IMOTPEIIHOCTEH, HO HENIb3s WM mpeHedperaTh - Jr000i
HKCIEPUMEHT 0€3 OLIEHKH MOTPEUIHOCTeH MMeeT HyJIeBYIO IIeHHOCTh. K coxanenuro,
JOCTAaTOYHO YacTO BCTPEYAIOTCS pabOThl, B KOTOPBIX pacdeT MOrPEHIHOCTeH
3aHUMAaeT OCHOBHOE MECTO, SIBHO B YIEpO ee coJiepKaTeIbHON yacTu; emie Oosbliee
COYKaJICHUE BBI3BIBAIOT PAOOTHI, B KOTOPBIX PE3YIbTAaThl U3MEPEHHs MO0 METONy «HA
I71a30K» MPUBEICHBI C JECATHIO 3HAYAIIUMH LU (pamMH.

ITocsennuii, HO BO3MOKHO CaMblii BaKHbII cOBeT: OyabTe YeCTHBI Iepe.
co00ii - MOArOHKAa pe3yJbTATOB (KaK YMBbILULIEHHAs, TAK M HeyMbIILIEHHAs)
HHOIJIA MOXKeT NMPHHECTH HEeCKOJbKO JUIIHMX 0a/10B, HO 4alle BHIHA He
BOOPY’KEHHBIM IJ1a30M (0COOEHHO eCJIM AaBTOPHI 3a/IaHUS 3AJ10KHJIM HEKOTOPbIii
MOJBOX), U HEe K YeMy XOpolieMy He NPUBOIMT.




1.6 CpaBHeHHe IKCNIEPUMEHTAJBHBIX JAHHBIX €
TeOpeTHYEeCKUMHU pacyeTaMu.

Teopemuueckas eunomesa: Yucno 60
denumcs be3 ocmamka

Ha 8ce yenvle Yucaa, Menbuiue e2o.
OKCnepuMeHmanbHas nPo8epKa:
Ilocnedosamenvro nposepsiem -

60 Oeﬂumc;l Ha 1,2,3,4,5,6... 603omem nHayead ewe Heckoavko uucen - Ha 10 derumces,
Ha 20 oenumcs, na 30 oerumcs. ['unomesza sKcnepumeHmanbHo noomeepaicoeHa!

IlenHocTh  J1OOOTO  (PM3MYECKOTO  HCCIENOBaHHS  OOYCIOBIIEHAa  pa3yMHBIM
COTJIACOBAHMEM TEOPETUYECKUX U OKCICPUMEHTAJIBHBIX pe3ynbTaTtoB. llosTomy
JIOTUYHBIM 3aBEPLICHUEM SKCIEPUMEHTA SBIISETCS CPAaBHEHUE TIOJTYYEHHBIX JAHHBIX C
pe3ynbTaTaMH TEOPETHYECKOTo aHaiu3a. TpyaHO OKMIATh IMOJHOTO COOTBETCTBUS
MEXIy HHUMHU - TPUYUHBI BO3MOXKHBIX PACXOXJEHHH MOTYT OBITb CaMbIMH
pPa3NMYHBIMU: TIOTPEIIHOCTH HW3MEPEHMH, HEI0CTaTOYHas TOYHOCTh METOJIOB
W3MEpEeHUH, BIUSHHE TOOOYHBIX (AKTOPOB, NPUOIMKEHHOCTh TEOPETHUECKOM
Mozenu u T.71. [1o3ToMy He00X0AMMO MPOBECTH KAUECTBEHHBIM aHAIN3 MOJTYYEHHBIX
PEe3yNbTaTOB M CAeNIaTh 000CHOBAHHBIE BHIBO/IbI TUIIA!

- DKCHEpUMEHT TOJHOCTBIO TOATBEPXKIACT TEOPETUYECKUE JaHHBIE  (umo
Mano8eposimHo);

- JKCHEpUMEHTAJbHBIC JaHHBIE B IpeleNaX MOTPEUIHOCTH HW3MEPEHHUU COBIAIAloT
TEOPETUYECKUMU PACUETAMHU (ONMUMATLHBIU 6APUAHMN);

- DKCIIEPUMEHT KaueCTBEHHO MOJITBEPKIAET TEOPHIO (Modice Henioxo);

- OSKCIIEpUMEHTAJbHbIE JAaHHBIE OIMPOBEPralOT TEOPETUUECKYI0 MOJAETb (nobeda
9KCHEPUMEHMAMOPa HAO CUIOU pasyma).

B mo6om cimydae monie3HO yKa3zaThb OCHOBHBIE NPUYHMHBI BO3MOKHBIX
pacXoXAEHUH ¥, BO3MOXHO, HAWTH CHOCOOBI  YCTpPaHEHHsS  HMMEIOIIMXCS
pacxoxaenuii. Ocoboe BHHUMaHHE clenyeT OOpaTUTh Ha OSKCIEPUMEHTAIBHOE
000OCHOBaHME CJOXHBIX TEOPETHUECKUX 3aBUCHUMOCTEH: JIMHEHHAas 3aBUCUMOCTH
MPOSIBIISIETCS TOPa3/10 HarJsAIHEe, YeM 3aMbICIIOBAThIE TEOPETHUECKUE TIOCTPOCHHUS.

[lpuBeneM  mpuUMEp «IIOJHOTO» COOTBETCTBUS MEXAY  «TEOpUEH W
IIPAKTUKOW».

B pesymvmame meopemuueckoco awanuza cemepamopa SNEKMPUHECKUX CUSHANO08, NOJYYEHA
crnedyiowas  3aeucumocmv cual moxa 1 (6 amnepax) om epemenu (6 cexynoax)

I =05sin(owt) +0,16sin(2at) + 0,239 sin(3wt), npuuen nepuod xonebanuii mouno pasen 1

cexynOe. Pe3ynomamol dKcnepumMenmaibHblX usmMeperull npeocmasnenvl 6 maonuye u Ha epaguxe (na
KOMOpOM — Makce  HOCMPOEHd
meopemuieckads 3a8UcCUMoCb) 1

tc) 1,0 2,0 3,0 40
1,(4) 0,0 0,0 0,0 0,0
t(c) 50 60 7,0 8,0
1,(4) 00 00 0,0 00|

Kax  6uomno, IKCnepumernmadaibHbvle
MOUKU UOEANbHO MOYHO Jlealu Ha meopemuvyecKyro Kpueyro, 4mo nojaHoCmbvlo noc)meepofcz)aem
meopemudyecKkue pacdiemeol.

£ (©



“% 1.7 Oopmirenne paGoThl.

B konye-xkonyos, 3mo npocmo Kkpacugo...
(U3 nayunou oucxyccuu)

[IpaBuna onuMMuaabl HE MPEAYCMaTPHUBAIOT
KaKUX-TH00 KECTKUX MPaBUI 0(OpMIICHUS pabOTHI.
Tem He MeHee, JaauM HECKOJIBKO OOIIMX
pEeKOMEHJalni, KOTOphle MOMOTYT YYaCTHHKAaM OJHMMIIAAJ JOCTOWHO 3aBEPILIUThH
BBITNIOJTHEHUE KCIIEPUMEHTAIBHOTO 3aJaHHUS.

[ToHsITHO, YTO aBTOPY pPAaOOTHI XOYETCS IOJHOCTHIO ONMCATh BCE ATAIIBI
00lyMbIBaHU, MTOMCKA ONTUMAJIBHOIO MYTH, BCE MPOMEKYTOUHbIC MOMBITKU U T.1.
OnHako, He CIIEAYeT CTPEMUTBCS K TOMY, YTOObI paboTa 3aHMMala JAECATKH CTPAHMIL,
TaK Kak, BO-TIEPBBIX, HAa 3TO MPOCTO MOXKET HE XBaTHUTh BPEMEHH, BO-BTOPBHIX,
NoJpoOHbIE OMUCaHusT M apudMeTHUecKue BBIKJIAJKM HE BCEr/la HHTEPECHBI,
HaKOHELI, CJIEJYeT MPOCTO MOXKAJIETh MPOBEPSIOMINX, KOTOPHIM MPEICTOUT MPOYUTATh
HE TOJIBKO Bally paboTy.

K coxanenuto, 4acto ObIBaeT, YTO YYACTHUK OJIMMIIHNAIBI HE YCIIEBAeT
MOJIHOCTBIO O(OPMHUTH paboTy, MOITOMY COBETYeM NpPUCTYHaTh K O(OPMIICHHIO
KaX/I0TO TYHKTa 3aJaHHs, HEMOCPEICTBEHHO MOCJE €ro BhIMOJIHEHHUS.

[lepeuncauM W KpaTKO OXapakTEpU3yeM, UYTO JOJDKHO COJEpXKaTbCsi B
rpaMoTHO oOdopMiIeHHOW pabore. Kak MBI yxe oTMeuasd paHee, JaHHas cXema
SBJISICTCS HE JOTMOM, a PYKOBOJCTBOM K JEHCTBHIO.

Ha3zBanue paGoThl (MJIM OJHOTO U3 MIyHKTOB 33/1aHU).

@opMyTHPOBKA LeJIU HE JI0JDKHA JIOCIIOBHO TOBTOPSTH Ha3BaHUE PabOTHI, a
KOHKPETU3HUPOBATh €e.

B Teopernmueckom ommcaHMu HEOOXOAMMO KPAaTKO H3JIOKUThH BBIBOJ Te€X
dbopMyn, KOTOpele B  JaimbHeWIieM  OyAyT  HWCIOJNB30BAaHB  KakK IS
HKCIEPUMEHTAIBHON MPOBEPKH, TaKk M JAJS pPacdyeToB TpeOyeMbIX (U3NUECKUX
BEIMYMH. ODTa 4YacTh pabOThl JOJDKHA 3aKAHUYMBATHCS BBIBOJAMU O TOM, KakKue
¢u3nyeckue BETMYMHBI, 3aBUCHMOCTH JOJDKHBI OBITh HW3MEpEHbI, Kak OymayT
o0OpabaTbIBaThCs PE3YNIbTATHI.

CxemMa ycTaHOBKHM 00s3aTelbHO JOJDKHA NPUCYTCTBOBaTh B pabore. Her
HEOOXOJMMOCTH YBJIEKATbCS «UTPOM CBETOTEHH» Ha M300paXKeHHUSX HPUOOPOB -
JIOCTATOYHO YyKa3aTh OCHOBHBIE AJIEMEHTHI Ballleil YCTAaHOBKH, OOECIIEUMBAIOIINE
U3MEpEHUE HYXHBIX (U3NUYECKUX BENUYMH. M3 CXeMBbl JOJKHBI OBITh TOHATHBI BCE
MeTOIUKH u3MepeHus. C o0co0oil THIATETbHOCTHIO JOJDKHBI OBITH IpENCTaBlICHBI
ONTHUYECKHE CXEMBbI - C 00s3aTeNbHBIM yKazaHueMm xoxaa iydeld. [Ipu mpoBeneHuu
AJIEKTPUYECKUX  HM3MEpEeHHH  HeoOXOoIMMO NPUBECTH  NPUHIHUIHAIBHYIO
AIIEKTPUYECKYIO CXEMY C MCIIOIb30BAHUEM CTaHAAPTHHIX 0003HAUEHUI.

Bce pesynbrarthl u3MepeHU#, KOTOpble BBl CUMTAeTe HEOOXOIUMBIMH,
JOJDKHBI OBITH MPEACTABJICHBl B OJHOW HJIM HECKOJbKUX Tabjuumax pe3yabTaToB
u3Mmepenuii. [Toctpoenue Tabnuil 1ODKHO OBITH JOTUYHBIM U ynoOouuTaembiM. He
ciemyer 3a0bIBaTh O €IMHULIAX M3MEPEHM, KOTOpble 00SA3aTENbHO JOJDKHBI OBITh
ykazaHbl. OOpabOTKy pe3ynbTaTOB MPSIMBIX U3MEPEHUI yIOOHO TakKe MPEICTaBIATh
B Buzae rpad Ttabmunsl. Ilpm 3ToM HeoOX0AMMO yka3aTh (OPMYNbI, MO KOTOPBIM
npoBoaMiachk Takas oOpaborka. Celdyac OOJBIIMHCTBO pPacyeTOB MPOBOAMUTCS C
MOMOUIBIO KAIBKYISATOPA, I03TOMY HET HEOOXOAUMOCTH BBHIITUCHIBATH JUTMHHBIE PSI/IbI
CYMM H JIpyrUX TPOMO3JKUX (hopmyi.
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Onucanune 00padoTKHN pe3yJIbTATOB KOCBEHHBIX H3MEPEeHHUI TaKKe JOJKHO
OBITh TPENENbHO KPaTKUM - JIOCTaTOYHO 3alucaTh pacdyeTHble (GopMyisl (UOu
COCJAThCs, €CIAM OHHM IPHUBEIEHBl B TEOPETHUYECKOM ONHMCAHUU) U TPHUBECTH
KOHEUHBIE Pe3yJIbTaThl, HE 3a0BIB IIPH 3TOM UX MPABHJIBHO OKPYTIUTH U 3alUCaATh.

He 3abynmeTe caenaTh BBIBOABI W3 CBOCH BEITUKOJICTHO BBITOJTHECHHON
paboThI: ecny 1edb paboThl MOJIYYUTh YHCICHHOE 3HAYCHHE - TIPUBEANUTE €ro: YUCIIO,
MOTPEIIHOCTh,  Pa3MEPHOCTH; €CI  CIIEAyeT TMOJIyYUTh 3aBUCUMOCTb -
chopMyTUpPYITE MOTYUYECHHBI 3aKOH, MOXETE JaTh ero o0OCHOBaHHE (OCOOCHHO,
ecmi oH Ommke k HoOeneBckold mnpeMuu, uYeM K BallUM TEOPETUYECKUM
W3MBIILICHHSIM).

1.8 Ilosryyenune Harpan.
No comments...

IIpy nosydeHMM 3aCIy’KCHHOM MEIAId WU
IWIUIOMa BeauTe cedsi C YyBCTBOM COOCTBEHHOTO
JOCTOMHCTBA - HE BBICKAKMBAWTE Ha CLEHY IO TeX IOD,
MOKa HE Ha30BYT Bally (aMUIIMIO; HE BBITATHBAITE IIEHO,
KOrJja Ha Hee BOJPYXAIT 3aCIy)KEHHYK Harpamy
(ocobeHHO, ecnaM BpyyaroIIMid €ABa JOCTAaeT BaM [0
nosica); IMIUIOM BO3BMHUTE B JIEBYIO PYKY, IpPaBYIO
OCTaBbTE Il PAaBHOIIPABHOI'O PYKOIIOXKATHS; CHEPIKAHO
noOnaroapure 3a TO, YTO MpOBepsIoUIMe mpodeccopa
CyMeNu MOHSATH Bally padoTy; OyIbTe OCTOPOXHBI Ha CTYNEHbKAX, BEIYIIMX CO
CLECHBI B PYKOIUICIIYIIUI 3aJ1.

Ecnu BBl mosydaere Harpaay Kak JIydlIMH OKCIEPUMEHTATOp, TO MOXKHO
MOJMHATHCS Ha CleHy B pabodeld (opMe ¢ TPOXOKEHHBIM DPYKaBOM, C MOTKOM
IIPOBOJIOKM, CBHUCAIOIIMM W3 HAJOPBAHHOTO KapMaHa, poO3y B IIETIHLE MOXKHO
3aMEHUTh Ha KpPECTOBYIO OTBEPTKY, TPACYIIMECS PYKH OOBSICHUTH MOCIEICTBHEM
ylapa DJIEKTPUYECKMM TOKOM, a TPECHYBIIME TEMHBIE OYKH - BO3JIECHCTBUEM
yABTPapHUOIETOBOTO U3IIyYCHUS OT KOPOTKOTO 3aMbIKaHHs, B OCTAILHOM IPUMEPHOE
[IOBEJICHUE OIMCAHO BBILIE.
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Yactb 2. O HEKOTOPBIX
MPOCTHIX, HO HEOOXOAUMBIX
Bellax.

- Mapwan! Ilouemy 6w npoucpanu
cpadiceHue?

-V mens 6vi10 mpunadyame npuyuH.
- Kakue?

- Bo-nepswix, y Hac 3akonuunucsy
NampoHbl...

- Mooceme ne npooonxcams!
(Ouanoe Hanoneona c 00num uz mapuianos)

Tak kak onMMIIKAZa - COPEBHOBAaHUE, IIeJIb KOTOPOro nodena, TO yMECTHO B
HEKOTOPBIX MECTaxX HCIIOJIb30BaTh BOCHHYK) TEPMHUHOJOIHIO. YCIEX B CPaKECHUU
3aBUCUT OT CTpaTerHH, TAKTHKU M TEXHHYEeCKoro obecrmeyeHus. O MepBBIX JABYX
COCTABJIAIOIIMX BOCHHOI'O MCKYCCTBA Mbl TI'OBOPUM Ha IPOTSDKEHUM BCEM KHUIH,
ceiiyac e pPacCMOTPUM HEKOTOpbIE MPOCTbIE BONPOCHI, 0€3 3HAHUS KOTOPBIX HE
cienyer oOCyxnaTb MpoOJeMbl «TaKTHKH M CTPaTeTHH» - DIIEMEHTapHbIC
TEXHUYECKUE COCTABJSIIOIIME BBITOJIHEHUS U O(QOPMIICHHUS SKCIEPUMEHTAIbHON
pabotel. K ci0By, 3TH XK€ HaBBIKM MOTYT NPUTOJUTHCS M B JIPYTUX KU3HEHHO
BAYKHBIX CUTyalUsIX, HAIIPUMED, IIPU PELICHUH 3a/1a4 TEOPETUUECKOIO Typa.
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I 2.1 Tadauumbl.

MpbI yKe TOBOPWIIH, YTO PE3YJAbTaThl
U3MEPEHUH ClleAyeT MpeACTaBIATh B BUJEC
Ta0NIUIl U TPU HEOOXOTUMOCTH TpadUKOB.
ITo3BonuM cebe JaTh HECKOJIBKO
peKoMeHAanmuii 1o  uX  O(OPMIICHHIO.
Hauunasg c¢ »TOro myHKra, nanpHenmee
U3JI0KEeHHe OyJeM MPOBOJUTH C MOMOIIBIO
KOHKPETHBIX TPUMEpPOB - TMepeinemM oT
rojioro O0OOOLICHHOTO YMCTBOBAHUS K
YKUBOTBOPSALIEH SMIIUPUH.

Wrak, sxcniepuMeHTasIbHas 3a7a4da (He MyraiiTech €€ CII0KHOCTH): U3MEPUTh
00beM CTHYeYHOro Kopooka. Obopyoosaniue: KOPOOOK, TUHEKA.

W3yuenue yciaoBus (runelixa OepesiHHas ecmv, KOPOOOK KaAPMOHHbIL, NOMAMbIU U
nycmou, 6 Haauuuu), TOCTPOCHHE TEOPETUUYECKOH MOAETH (nocie HecI0HCHbIX
npeobpasoanuli MONCHO NOAYYUMb, YMO 00beM KOpoOKA paccyumuvléaemcs no
Gopmyne V =abc, 20e a,b,c- Onuna, wupuna u evicoma Kopobka), pa3padOTKy
IKCTIEPUMEHTAIBHOW YCTAHOBKH (4mo Jyuuie npukiaovléams JUHEKy K KOpooKy, uiu
KOpoOOK K JuHelike), TIPOBEICHUE IMPEIBAPUTEIBHBIX HU3MEpPEHHN (OiuHa auHeuKu
Oonbule ONUHBL KOPOOKA - UMEpeHUs NPo8OOUMb MOMCHO) OIYCTUM, TepeiaeM K
HETOCPEICTBEHHO K pe3y/ibTaTaM H3MEpPEHUH, KOTOphIE pencTaBuM B Tabmure 1.

Taoauna 1.
®dusnueckast BeIuInHA a(m Jl/l) b(m M) C(]l/l]l/l)

Pe3yIbTaThl H3MEPEHMIT 52,0 36,0 14,0
51,0 37,0 16,0
51,5 36,0 15,5

cpenHee 51,5 36,3 15,2

puOOpHast HOTPEIIHOCTD 0,5 0,5 0,5

clyyaiHas HOrpelIHOCTh 0,8 1,0 0,8

TOJTHAS TIOTPENTHOCTD 0,94 1,1 0,94

Tak kak KOpOOOK CTapblii M MOMSTHIH, TO HET HUYErO YAWBUTEIBHOTO, YTO
pe3yJbTaThl U3MEPEHUH €ro pa3MepoB (IIPOBEIEHHBIE, KOHEYHO C Pa3HBIX CTOPOH, U B
pasHbIX MecTax) pazauyHbl. [IpaBuia pacyera MmorpemHocTell pacCMOTPUM IO3AHEE,
31ech 00paTUM BHUMaHUE Ha CIIEAYIOIINE AETAIN COCTABJICHUS Ta0IuIe:

1) Bce rpadgbl TadMIbI OANMCAHBI;

2) st pu3dnvyecKuX BeJTHYUH YKA3aHbI PAa3MEePHOCTH;

3) U3mepeHus npoBeleHbl ¢ MAKCUMAJIbHO BO3MOKHOH TOYHOCTHIO (IMOJIOBHMHA
LeHBbI 1eJIeHHUs), OAMHAKOBOM 1151 BCeX pe3y/IbTaToB;

4) B T1oii e TabdauLe NPUBeEIEHbI Pe3yIbTAThl 00pa00TKH Pe3y/bTAaTOB NPAMBIX
U3MepeHuil (cpeaHee M MOrPEHOCTH - (pOpMYJIBI 1JIsl MX pacyera J0JIKHbI ObITh
YKa3aHbI B TEKCTe).
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Heckonpko 3a0eras Bmepen, OTMETHM, YTO 3Ha4eHUN oObema (M Tem Ooree,
HECKOJIbKUX 3HAueHH 00beMOB) KOpoOka B TaOnuIle HET, 3Ta BEIUYMHA €CTh
pe3yibTaT KOCBEHHOTO HW3MEpPEHHs, IO03TOMY pPAaCCUMTHIBACTCS IO CPEIAHUM
3HAYEHUSAM PE3YJIbTAaTOB NPSIMBIX U3MEPEHHH.

Haneemcs, yto Bamm Tabnuiel OyayT 0(hOpMIIEHBI HE XYyXKeE.
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[TokaxkeMm, Kak clie[lyeT TpaMOTHO O(OpPMUTH
rpadux MIOJTY4EHHOU JKCIIEpUMEHTAIBHOU
3aBUCUMOCTH, PEILIUB CIEAYIOIIYIO 3a1a4y.

3adaua: I[locmpoumsv 3a8UCUMOCMb BbICOMbL YPOBHSL 600bL 6 BaA3e Om
KoJuuyecmea HAaaumoil 8 Hee 800ul.

Pesynbratel u3mepenuii npuseneHsl B Tadaume 2 (7 - o0beM HATUTOW BOABI, /1 -
BBICOTA YPOBHS).

Taoauna 2.
V1072, (en?) 0,40 { 0,80 | 1,20 | 1,60 | 2,00 | 2,40 | 2,80 | 3,20 | 3,60 | 4,00
h,(mm) 17 |23 |34 |43 |49 |57 |65 |71 78 | 84
V1072, (em?) 4,40 | 4,80 | 5,20 | 5,60 | 6,00 | 6,40 | 6,80 | 7,20 | 7,60 | 8,00
h,(mm) 90 |96 102 | 107 | 112 | 117 | 122 | 127 | 133 | 137

3aMeTbTe, YTO A SKOHOMUHM MECTa, HUKTO HE 3aIpPELAcT PACIIOJIOKHUTH
TaOJIUIy TOPU3OHTAIBHO, KPOME TOTO, OOHIMN NECATUYHBIH MHOKUTENh BHIHECEH B
3aroJI0BOK CTPOKH (JlomycTHMa Takxke 3amuch V,(10°cu’)) B ocransHOM TpeGoBaHus
OCTaOTCsl IPEKHUMU.

Tenepp MOXHO MPUCTYNHTh K IOCTPOCHHIO Trpaduka MOJy4eHHOH
3aBUCUMOCTH. Bo03MOXHas NOCIEI0BaTENbHOCTh  BBIIOJHEHUS 3TOM  3a1auu
CJIEIYIOLIAs:

1) BpiOupaemM KycCOK JHCTAa MHJJIMMETPOBOH OyMmMaru, padmMepbl KOTOPOIo He
MeHbIlle, YeM MO0JOBMHA CTAHAAPTHOrO0 TETPAJHOIO JIMCTa (MHAYe BallU
JKCIePUMEHTAJIbLHbIC TOUYKH TPYAHO OyaeT HAlTH);

2) Pucyem ocu KOOpAMHAT, MOANHMCHIBAeM MX M pasMedaeM (He 00s13aTeJIbHO
KaXKIYI0 OChb HAYMHATBH € HYJfA, MacmiTadl moadMpalT TakK, 4YTO0BI rpapuk
3aHMMAJ 0O0JIBIIYI0 YacTh OTBEJCHHOI0 €My MecTa, a He IIeJ NapalieJIbHO
OJITHOM M3 oceil);

3) HaHocuM »JKcnepuMeHTaJIbHbIe TOYKH, KaKIYI0 H3 HHX IOMe4YaeM
(Hampumep, 00BOAMM KpPYKKOM), NPH BO3MOKHOCTH OTMe4YaeM pa3mep
NMOrPeIHOCTH U3MEPEeHHUil B BU/le BEPTHKAJIBHOI0 OTPe3Ka NMPsIMOii;

4) IIpoBoauM JIMHHIO 32aBHCHMOCTH, KOTOpas, 10 BalleMy MHEHHIO, OTPaKkaeT
X0/ NOJIy4YeHHOM 3aBMCHMOCTH; €CJIM ITO J0JIKHA OBITh psiMasi, TO U PUCYHTe ee
NpsiMoii; coBceM He 00s13aTeIbHO, 4YTOOBI JIMHMS TNPOXOAMJIAa 4epe3 Bce
JKCIIePUMEHTAJIbLHBIE TOYKH - OHM JKe H3BECTHBI ¢ HEKOTOPOH NMOrPelHOCTHIO.
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[Tpumep BBIMOJIIHEHHS ATUX TPEOOBAHUM Il paccMaTpUBAEMOW 3aJa4yM MOKa3aH Ha
PUCYHKE.

1401
20
100 )
30
68

48 -

201

700 200 300 400 500 600 700 800

Uto MOXKHO clienaTh ¢ 3TUMU JaHHBIMU? Eciu Hamo0, TO MOXKHO TOTBITATHCS
BOCCTaHOBUTH (JOPMY COCY/a, C KOTOPHIM MPOBOAMINCH U3MEpeHHs. J|elCTBUTENBHO,
M3MEHEHUE BBICOTHI YPOBHS JKMJIKOCTH B cOCyl€ (OCECMMMETPUYHOM) CBS3aHO C
00bEMOM HAJIUTON BOJBI OUEBUIHBIM COOTHOLIEHHEM A}V = ﬂrzAh, rae »- paguyc
cocyqa Ha JAaHHOW BbicoTe. M3 3TON (OpMYIBI MOXKHO MPUOIUIUTETBHO PACCUUTATh
3HAYEHUS PAJUyCOB HA PA3IMYHBIX BHICOTAX, TO €CTh BOCCTAHOBUTH (popmy cocyna.
Pe3ynbTaT TakuMx pacueTroB IOKAa3aH Ha CIENYIOLIEM pUCYHKe. Moowem na camom
Oene ¢hopma cocyda HeCcKOIbKO OMauYaemcs Om HNPUBEOeHHOU, HO MNOJYYEHHbIU
PUCYHOK PedlibHO NOJYYeH U3 NOCMPOeHH020 patee epaguka. Paszse ne ouesuono?
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2.3 3anuch YHCJICHHOT0 pe3yJibTaTa.

Ilonmopa 3emnexona.
(Omeem 6 yuebHuxe apugpmemuxu)

K coxamenuto, 00 3TOH, BO3MOKHO, CaMOU
BAXHOM M  caMOM  MNpPOCTOM  MpoLEAype
MNpUXOAUTCA IIOCTOAHHO YIIOMHWHATb -
rpaMOTHasA 3aluCb YHUCJICHHOI'O PpCE3yJibTaTa
COJICPKUT: YUCICHHOE 3HAYCHHUE, TIOTPEITHOCTb,
pa3MepHocTh. KoHe4uHo, uncna, Gurypupyromnme B OTBETE, TOJDKHBI ObITh MTPABUIBHO
okpyrieHsl. [IpocTeie mpaBuiia OKPYTICHHS :

n o

NOrPeIHOCTD OKPYIVIAeTCsl A0 OAHOM 3Havameidl nuppsl (ecam 31a nudpa
eIMHHMIA, TO CJeAyeT OKPYIJATH [0 [ABYX 3HaYammx Oudp), 4YucjieHHoe
3Ha4YeHHe Ppe3yJbTaTa OKpPYIVIAETC TaK, 4YTO00bI MOCJIeIHHH ero paspsn
COBIIA/IAJI C IOCJIEAHUM Pa3psAAOM OKPYIJIEHHOH MOrPEeIIHOCTH.

[IpuBeneM HECKONMBKO TPUMEPOB.

1) B pesynpTare pacueToB MOJIy4€HBI CIEAYIOLIME 3HAueHHs o0beMa cocyna
V =2343666cn>, ¢ morpemHocthlo AV =3235cm’. ['pamoTHas  3amuchk
OKOHYATEILHOro pesynbrata V = (234 +3)cem’ .

2) 3HavyeHHME PE30HAHCHOW YacTOTHl KOJIEeOATENbHOTO KOHTypa V =126451y, ee
norpemHocTh Av =200/ . IlpaBunpHO 3amMCaHHOE 3HAYEHHME IOTPEIIHOCTH C
omHOM 3Hawamedl 1udpoit umeer Bug Av=02-10°Ty (Ee 3anpemieHo
Av=2-10° 'y ), H0O3TOMY 3aIliCh Pe3y/bTaTa J0IKHA ObITH B BUJIE
v=(12,6+02)-10°Ty.

OOpamraiitTe BHUMaHME Ha 3alUCh PE3yJIbTaTOB B TeX 3ajadaxX, KOTOpPbIE
NPUBOAATCA B ATOH KHUTE, MPHU HAIMYMM OIIMOOK - COOOLIMTE O HHUX aBTOpPaM,
BO3HArpaKJaeHUe rapaHTupyercs!

Tenepb Mbl MOXKEM 3aKOHYUTD BBINOJIHEHHE 3a1a4u 1:

PaccuuthiBaeM 00beM KOpoOKa IO MOJNy4eHHOH paHee ¢opmyne (oOpature
BHUMAaHHE — UCIIOJIb3YEM TOJIBKO CPEIHHE 3HAUEHHS] U3MEPEHHBIX JJIUH CTOPOH):

V =(a)(b)(c)=51,5-36,3-152 =28415,64 um’ ~ 28,42 cn’.
(D10 MpOMEXYTOUHBIN PE3yabTaT, MOITOMY OKPYTJISieM C OJHON 3amacHoi uugpoii).

PaccunThIiBaeM NOrpelIHOCTh KOCBEHHOT'O U3MEPEHUS

2 2 2 2 2 2
Aa 4D} 1Al gg g [[924) L[ L1} [99%) ) o
(a) (b) (ac) 51,5 36,3 15,2

AV =V

3anuceIBacM OKOHYATEIBHBIN PE3YJIbTAT C YUCTOM IPABUIT OKPYTIICHUA:
V=(2842)cn’.
s Gonpiero «OiecKka» MOMKHO TaKKe MPUBECTH OTHOCHUTEIBHYIO MOTPEIIHOCTH
IOJIy4€HHOTO pe3yJibTara
AV 2

E= = x7%
v 28

' ITu npaBMIA KACAKOTCS 3AIIMCH OKOHYATEIEHONO pe3yiIbTata. [IpH MpoBeIeHHH IPOMEKYTOUHBIX
BBIYHMCIICHUH PEKOMEH/YeTCsl OCTaBJIATh OHY JOMOJHHUTEILHYIO 3aMlacHyIo PPy
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2.4 JleiicTBMA ¢ NPUOINKEHHBIMH YHCJIAMH.

Ecnu om munnuona omuamos HeCKOIbKO mulcay,
Mo 6ce pagHo OCMAHEMCsl MUTLTUOH.
O.benoep

Bce wumcnma, sBidromuecs pe3ynbTaTaMd  U3MEpPEHUH,
MO3TOMY apudMeTHdecKue IeHCTBUS HajJd HUMH JOJDKHBI
BECTHCH IO MpaBUiIaM JICHCTBUIA C MPUOIKEHHBIMH YHCIaMH. DT MPaBUIIA H3y4YaroT
B UIKOJI€ HAa YpPOKax apu(METUKH, OHU MOAPOOHO OMUCHIBAIOTCA B CHEIMAIBHOM
nuteparype. IloaToMy 31ech MBI UX TpUBEIEM 0€3 0Ka3aTeIbCTB, M03BOJIMB UX cebe
TOJIBKO MTPOUJUIFOCTPUPOBATH HECKOJIBKUMH IIPUMEPAMHU.

IIpu caoxkenun  (BBIYMTAHHMM) JABYX H 0oJiee 4mceJ pe3yabTar
OKPYIVIAIOT TaK, YTOObI MOCJEeJHHMI pa3psa pe3ybTaTa COBIAAAJ C NMOCTCAHUM
pa3spAaaAo0M HaMMeHee TOYHOro ciaaraemMoro. IIpumepsr:

1) 242=4;

2) 259+123=271;

3) 6,02-10% -53645-10" =6,02-10%;

4) 1003-100=0

3aMeTuM, Y4TO C TOYKH 3pEHUs JeHCTBUS HaJA NMPUOIMKEHHBIMU YHCIAMU OTIEpalys
BBIUUTAHUS SBISETCA caMOW HEOIAromnoIydHOU - pa3HOCTh JBYX OOJBIIMX M OJIM3KUX
YHCelT MOXKET UMETh OYeHb OOJIBIIYI0 OTHOCHUTEIBHYIO MOTPEIIHOCTb, MOATOMY, IO
BO3MOJKHOCTH, TAaKUX ACUCTBUI clemyeT n30erarb.

IIpu yMHOKeHNHU (Ae1eHHH) B pe3yJibTaTe 0CTABJISIIOT CTOJbKO 3HAYAIINX
nHu(pp, CKOJLKO HX B HAaMeHee TOYHOM COMHOKuTe1e. [Ipumepsr:
1) 2x2=4;

2) 20x2=4-10";
3) 245x71=35;
4) 1,5643-107 /2,3098-10° = 0,6772-10".

[Tpu BBIYHMCIICHUN MPOCTEHIINX (DYHKIHMHA (CTENEHHBIX, TPUTOHOMETPUUYECKHUX,
JorapupMUUECKUX, TOKA3aTEIbHBIX) B PE3yJAbTaTe OCTABISAIOT CTOJIBKO XK€ 3HAYAIINX
mudp, Kak U y aprymMeHta (QpyHKIUH. DTO MPaBUJIO SBIISETCS MPUOIMKEHHBIM, MPU
HEOOXO/JMMOCTH, B K@KJIOM KOHKPETHOM ClIlydya€ MOXHO pPa3yMHO OLIEHUTb
MOTPEUIHOCTh (DYHKLIMHU, €CIM MU3BECTHA MOTPEIIHOCTh apryMeHTa. Tak MpH MaibIX
OTHOCHUTEJIBHBIX MOT'PEHIHOCTSX apr'yMEHTa MOXHO BOCHOJIb30BATHCS MPUOINKEHHOM

bopmynoit F(xo + Ax) r F(xo) + F'(xo )Ax .
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2.5 PacueT morpemHocTei.

He owubaemcs monvko mom,
KMo Hu4e2o He oelaem.

Kak yacTto mpu npoBepke 3KCIEPUMEHTAIbHBIX
1 paboT OCHOBHYIO YacTh BPEMEHH MPUXOJUTCS TPATUTh HA
JUIMHHBIE BBIKJIAJKH pacyeTa MOTPEIIHOCTEH - JAOXOIUT
0 TOro, 4YTO CO3JaeTcs BIIEUYATIEHUE, UYTO KpOMeE
MOTPELTHOCTEH B paboTe 0OJIbIlIe HUYETO HET.

Cpa3y momuepkHeM, MbI TIIyOOKO YOEKIEHBI B
TOM, 4YTO 0e3 OHEeHKH TMOrpelmHocTeil 00
JIKCIIePUMEHTAJILHBIN Pe3yJbTAaT MMeeT HYJeBYI0 HEeHHOCTb. OJHAKO pacyeTsl
MOTPELIHOCTeH JIOJDKHBI pa3yMHO JOMOJHATH OCHOBHYIO pabOTy - NpOBEIEHUE
U3MEpPEHUN U MOJIY4YEHHE OKOHYATEIbHOIO pEe3yJbTaTa. 3/1€Ch Mbl IPUBEAEM TOJIBKO
KpaTKyl0 CBOAKY MOpsAKa M IPaBUI pacueTa NOTPEIIHOCTEM, a ¢ HEKOTOPbIMHU
3aMEYaHUSAMHU IO MX OOOCHOBAHHUIO Bbl MOJKETE€ IMO3HAKOMHUTHCA B CIELHATIBHOM
nuTepatype (eciu 3TO BaM MHTEPECHO), Oojiee TOro, MOKETe OBITh YBEPEHBI B TOM,
YTO TEOpHs IMOrPELIHOCTEH SBJISAETCS HACTOSIIEH HAaydHOW TEOPHUEH, CO CBOUMH
akcuomMam¥, IpaBWJIaMH  MaTEeMaTHMYECKUX  BBIBOJOB,  OKCIEPUMEHTAIbHBIM
MOATBEPKIECHUEM U T. 1.

OTmeruM, 4TO MPUBOJIMMAs BaMHU HOTPEIIHOCTh M3MEpPEHMH (Kak M Jro0oe
MHOE uHucio, Qurypupyromee B (u3MKe) J0DKHA HMMETh SIBHBIM cMbIca. Tak,
HanmpuMep, 3aMMCchiBas JIUHY ctoa B Buae [ =(135+6)cm, MBI HU B KOEM ClTydae He
YTBEpXKJAeM, YTO JUIMHA CTOJa U3MEHseTcs B npeaenax ot 129 no 141 cantumerpal
CMBICII IOTPENTHOCTH 3aKJIIOYAETCS B TOM, YTO C HEKOTOPOM BEPOSATHOCTHIO (KOTOPAs
Ha3bIBAETCS IOBEPUTEIbHON) UCTUHHOE 3HAYEHUE JAJIMHBI CTOJIA JIEKUT B YKa3aHHOM
UHTEpBaJIE. 3aMETbTE, HE TOYHO JIEKUT B OTOM MHTEpBaje, a C HEKOTOPOM
JOBEPUTENBHOM  BEPOATHOCTHIO. MHBIMH  CcllOBaMU  3KCIEPUMEHTATOp  IpHU
MPAaBUJIBHOM HCIOJIb30BAHUM TEOPUH MOTPEIIHOCTEH OCTaBIsSeT 3a co0oil mpaBo Ha
omnOKy. B cepbe3HbIX HayudHBIX HCCIECJAOBAHHMIX JOBEPHUTEIbHAS BEPOSTHOCTH
npuHumaercs  paBHOH  99,5%, B yueOHbIX 7a00OpaTOPUSAX  MPUHUMACTCS
JIOBEpUTEIbHAA BEPOSITHOCTb B 95%. 3aMeTuM, dYTO HHTEpBal  OIIUOKH
paccUUTHIBACTCS MCXOJS M3 3a/laHHON TOBEPUTEIHLHON BEPOSITHOCTH, a HE HA00OPOT.
[TpuBoaMMBIE HIDKE NpPaBWIa M MO3BOJSIOT MOJYYUTh BEIMYUHY OIIMOKU IS
YKa3aHHOM JOBEPUTEIBLHON BEPOSITHOCTH.

Ecin  pe3ynpTaT M3MEpEHHS X  CHHUMAETCS  HEMOCPEICTBEHHO C
M3MEPUTEIBHOTO PUOOPa, TO TaKOE U3MEpEHUE Ha3bIBaeTCs NpsAMbIM. Ha pesynbrar
TAKOTO HM3MEPEHUs BIMSIET MHOXECTBO (DaKTOPOB: TOCMOTPEN Ha CTPENIKY TOJ
JIPYTUM YTIIOM, JIOCTAlach UCKPUBIICHHAS JIMHEWKA, pSAAOM C JlabopaTtopueil mpoexan
TpaMmBail, cama H3MEHsAEMas BEJIMYMHA 110 HEKOTOPbIM IPUYMHAM HEMHOIO
U3MEHWIACh (HampuMep, IpU U3MEPEHMM JAMaMeTpa Ilapuka [UIMHBI pa3HbIX
JMaMETPOB MOTYT OBbITh Pa3IUYHBIMU) U T.J. Bce 3TH (pakTopbl NPUBOIAT K TOMY, UTO
pe3yibTaThl  U3MEPEHUI pa3nnyaloTcs, HaJuyue Takoro pasbpoca TpelyeT

IPOBEJCHHS HECKOJILKMX M3MEPEHUM, PE3yNIbTaThl KOTOPHIX 0003HAUUM X, X, ,... X .
B kayecTBE OKOHYATEIBHOIO PE3y/bTaTa NPSIMOI0 U3MEPEHUs] NPUHUMAETCS

cpenHee apupMETHIECKOe BCeX U3MEPEHU N
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N
2%
k=1
(x) =22 ()

[Ipu mpsIMBIX HM3MEPEHMSAX, KaK MPaBUJIO, YYUTHIBAIOT TPU THUIIA OLIMOOK:
npuOOPHYIO0, OKPYTTICHHS, CITy4alHYIO.

IIpnGopHas ommOKa BO3HUKACT BCJIEJICTBHE HECOBEPIIEHCTBA JIOOOTO
npubopa - M3TOTOBHUTENh HE MOXET (M He 00s3aH) rapaHTUPOBATH AOCOIIOTHYIO
To4HOCTh. [loaTOMY KakIbplii THI TpubOpa HMMEET TapaHTHPOBAHHYIO 3aBOJOM
M3rOTOBUTEJIEM MAaKCHMAaJbHYIO0 MOTPEIIHOCTh. JTH IMpelesibHble MNPUOOpPHBIE
MOTPELIHOCTH 3aJaeTCsl BO BCEBO3MOXHBIX CHPABOUYHUKAX, KPATKYIO BBIICPKKY M3
KOTOPBIX Mbl M mpuBoauM B Ilpmioxenun 1. Ecnu nmpuOopHask mOrpemHocTbh He
3aJjaHa B YCJIOBUU 3aJaud (WM B ONHMCAHUU NMPUOOpPA), TO JOMYCKAETCS B KaueCTBE
npUOOPHON MOTPEIIHOCTH MCHOJIb30BATH MOJIOBUHY LIEHbl HAMMEHBIIETO JIEICHUS.

Urak, pacuer npubopHO# morpemHoctd Ax,, CBOJUTCS K TOMY, YTOObI BCTIOMHHUTB

TaONUIy, UM BHUMATEJILHO IIOCMOTPETH Ha IIKaly Ipuoopa.

B xoxe wusMepeHuii 1O pasHeIM IPUYUMHAM IPUXOAMUTCA IPOBOJIUTH
OKpYIJIEHUE pe3yinbTaTa, B CBSI3M C 4YeM, HEH30€KHO IOSABICHUE OIIMOKH
okpyrienust Ax, . BenuumHa 51Ol OIIMOKM NPUHUMAETCS PABHOW IOJIOBUHE

MHTEpBalla OKpyriieHus. Hanpumep, eciau nokaszaHusi amnepMerpa Bbl OKPYIJISETE 110
0,1 A, To MOrpeIHOCTh OKpYIJIEHUs TpuHUMaeTcs paBHoi 0,05A.

Cayuaiinas ommdKa paccuuThiBaeTcs 1mo QGopmyiie (31ech MpPUBEIEHBI JBa
PaBHOCHJIBHBIX BBIPaXXEHMS, — N0 KAKOMY M3 HUX IPOBOAUTH PAaCUYEThl 3aBUCUT OT
WH/IMBHTyaIbHOTO BKYCa)

Ax,, = (2)
N
2
PR
rae 0003HaYEeHO <x2> = k=}v - CpEeIHMM KBaJpaT U3MEpAEMON BEIWYMHBL B 3TOM

dbopmyne ¢ koddduimeHT (oH Ha3pBaeTcs Kodpdumment CThIOAEHTA), 3aBUCSIIHIA
OT YHWClIa U3MEPEHMH U OT TpeOyeMOoW IOBEpUTEIbHON BEPOSTHOCTH - BaM HET
HEOOXOJMMOCTH 3allOMUHATh 3HAYEHHS ATUX KO3((UIMEHTOB - BBl He CHIIBHO
omubeTech, mojaras ¢ =2, €ClId YUCIIO BalIUX MU3MepeHuil Oonbiie 5. Bropas yacte
¢bopmynbl Gosee ynoOHa Ui pacueToB Ha KajbKyjstope. OOpaTure BHUMaHHE, YTO
npu N =1 NOTPEeHIHOCTh CTPEMHUTCS K OECKOHEUHOCTH — BOT BaM MaTeMaTHYeCKOe
000CHOBaHME TIPAaBUIIa — «EAMHUYHBIC U3MEPEHHS HENOMyCTUMBI»! OTMETUM TaKxKe,
YTO YBEJIMYEHUE YHCIA U3MEPEHUN NPUBOAMT K YMEHBIIEHUIO ClydailHOW (HO He
noJiHo!) ommOKu, mpudeM npu Oonbmux N OmMOKa yObIBaeT MPUMEPHO OOpaTHO

1
IIPONOPLUOHAIBHO KBAaJApaTHOMY KOpHIO u3 N: Ax, oc A [Toaromy nns

yMeHblIeHus omuoOku B 10 pa3, yncino u3MepeHuid cienyer yBenuuutTh B 100 pas.
IIpaBna, mpu BBIIOJIHEHUH OHKCIEPUMEHTAIbHBIX 3aJaHUN OJMMIIMAJ BaM 3TOT
IpUMep HE TMOMOXET — XBaTWJIO Obl BpeMeHHM Ha npoBencHue 10 m3mepeHuit (wim
XOTs1 OBl OJTHOTO, KOTOPOE He OONYCIMUMO).

[TonmHast MOTPEIIHOCTh MPSAMOTO M3MEpeHHs (OOBeAMHSIONIAass BCe TPU THUMA
o1mmr0OO0K) UMEET BH/]I
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av=J(ax,, ) +(ax,, P +(ax,, f 3)

Ha mnepBblli B3Iy pacyeT IOJHOW IOIPEIIHOCTH IPSMOIO H3MEpPEHUs
TpeOyeT 3HAUUTEIBHOTO BPEMEHHU, OJTHAKO, PU HEOOJBIION TPEHUPOBKE W HAIMYUU
KaTbKy/IATOPA” 3Ta MPOLEypa 3aHUMAeT He Goyee 0HON MHHYTHI. Bee 3TH mpasuia
cBeneHsbl B Tabnuue [punoxxenus 2.

Tak kak MOTPEIIHOCTh OKPYIJISETCs J0 OJHOM 3Havamed uudpbl, B
rpomo3akoil opmyie (3) MOXKHO CMeENO OTOpachiBaTh HEKOTOpBIC ciaraeMmbie. Tak
ecny oJHa M3 omHOOK Oojee YyeM B TPU pa3a MEHBIIE OCTAIbHBIX, TO €€ MOKHO
oTOpaceiBaTh. B KOHIIE KOHIIOB, €CIIM BBl M3MEPHIM TPH pPa3a M pPE3yIbTaThl
OTJIMYAIOTCSI MEHBIIIE YEM Ha LIEHY JAEJEHUS, TO MOYKETE CMEJIO B KayeCTBE IOJIHOM
IIOTPEIIHOCTH IIPUHMMATh IIOJOBUHY LeHbl JeneHusa! Ecoum ke curyanus
IIPOTUBOIIOJIOKHASL — PE3YJIbTAThl Pa3IMYHbIX U3MEPEHUN OTINYAIOTCS HA HECKOJIBKO
JEJICHUM IIKaJIbl, TO CYUTAUTE CIIy4alHyI0 IOTPELIHOCTb U IIPUHMMANTE ee 3a
noJHyr0. MokHO Jath U OoJiee o0IIee MPaBWIo: npu pacueme nocpeutHocmeli Haoo
bonbue Oymams, mo20a cuumams npudemcs mexvuie!

Ecnu okOHYATENbHBIA 3KCIEPUMEHTAIbHBIN pPE3ysbTaT MOJIy4aeTCs B XOZE
BBIYUCIICHUM HaJ pe3yJbTaTaMu IMpsIMBIX U3MEPEHHUM, TO TakKoe W3MEPEHUE
Ha3bIBACTCSl KOCBEHHBIM. Tak, Harpumep, AJs onpeesieHust 00beMa MmapruKa MOXXHO
U3MEPUTH C MOMOIIIBIO MITAHTCHIUPKYJIS ero JuaMmerp (IpsMoe U3MEpPEeHUE) U 3aTeM
10 U3BECTHOM (popMyIie paccuuTaTh ero 00beM (KocBeHHOoe n3Mepenue). Eciu xe s
U3MEepeHus: 00beMa HCI0JIb30BaTh MEH3YPKY C BOJIOM, TO Takoe M3MepeHHe oObema
OyZeT psSMBIM.

Hrak, B oOmeMm ciy4yae, pe3ylnbTaT KOCBEHHOIO M3MEPEHHsl ) SBISETCS

HekoTOpoil  (yukmmeit  y = F(a,b..)oT pe3ynbTaToB  TpAMBIX  H3MEPEHHil:

(a)* Aa,(b)+ Ab.... B KauecTBE OKOHYATEIBHOTO pe3yabTaTa HUCHOJB3YyeTCs
3HaYeHUE (DYHKIIMH, BBIYHMCIICHHOC NMPHU CPEIHMX 3HAYCHUSX PE3YJIbTATOB MPSMBIX

U3MEpEHUN
(v)=F((a).(b)..).

Emre pa3 momyepkHeM - pe3ysnbTaT KOCBEHHOTO M3MEPEHHUS BBIYUCISCTCS OJAMH pa3!
Ecnu BBl mo 5 pa3 u3Mepwiu JIIMHY, HIMPUHY U BBICOTY KOpPOOKa, TO HE HMEeT
CMBICIA BBIYUCIATH 5 3HAYCHUM 00beMa, TeM 0o0Jee YTO BO3MOXKHBIX KOMOMHAIUI

3
MPOU3BEICHUS MOXKET ObITh 5° =125 BapuaHTOB.
[TorpenrHoCTh M3MEpEHHs] KaKIOW W3 BEIUYMH d,b... BHOCHUT HEKOTOPYIO

IOTPEIIHOCTD B PACYET BEIMYMHBI ), IPUYEM BEJIIMYMHA DTOM NOTPEIIHOCTH 3aBUCUT
or Buga ¢yHkuuun y=1F (a,b...). bynem cuurarh, 4TO pe3yiabTaThl IMPSMBIX

U3MEPEHUH He 3aBUCAT APYr OT Apyra, TOrJa MOKHO CUYUTATh HE3aBUCUMBIMU BKJIAaIbI
MOTPELTHOCTEH 3TUX BEMYMH B PE3YJIbTAaT KOCBEHHOTO M3MEpeHHs. Tak Kak OOBIYHO
HOTrPEIIHOCTH MPSAMBIX U3MEPEHUM HE CIUIIKOM BEIMKU, TO U3MEHEHHE (QYHKIUU Y

Ipd M3MEHEHUHU €€ apryMeHTa, Hampumep, d, MOXKHO paccuuTarh 1o Gopmyse

> Mbl wuMeeM B BHIy NPOCTEHINMI «0a3apHblily KaIbKYISTOp, BBIIONHSIOMMIA UeTHIPE
apu(MeTHUECKNX JIEHCTBUS, ONEPaLUIO M3BJICUCHNS! KBAaJPATHOTO KOPHS, ¥ MMEIOIMNA OfHY SYEHKY
namsaTd. bojee CHOXHBIE KaNbKYISITOPbl MOTYT aBTOMAaTHYECKH IPOBOIUTH CTATUCTHYECKYIO
00pabOTKy BBEIEHHBIX JIaHHBIX: MOACYMTHIBATH CPEAHEE M BBHIOOPOUYHYIO NUCIIEPCHIO (Yalle BCEro
0003HaYAETCSl CAMBOJIOM O ) HA OCHOBaHHWHU KOTOPBIX MOYKHO PacCUMTaTh BCE MOTPEITHOCTH.
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F
(Ay)a :[i—jAa, rIe B CKOOKax CTOMT yacTHas NMpou3BoAHass (QyHKIMH F 10
a

napameTpy a . He myraiiTech TakOTO «CTPAlIMIUINA» KaK YaCTHAs MPOU3BOIHAS, OHA
BBIUUCIIICTCS 10 TEM K€ MpaBHJaM, YTO M OOBbIUHBIC IMPOHM3BOJHBIC, TOJIBKO BCE
OCTaJIbHbIE TMapaMeTphl HAJ0 CUUTATh IOCTOSHHBIMH. JlJisi BBIUMCIICHUS IIOJHOM
MOTPEUIHOCTH HEOOXOIUMO CIOXUTh «mo TeopeMe Iludaropa» mnorpemHocty,
BO3ZHMKAIOIINE U3-3a IOTPEIIHOCTEN MPSAMBIX U3MEPEHMM BCEX MApaMETPOB

2 2
Ay = [é)—FAaj +[§—FAbj +... 4)
1ot ob

Yacto ¢yHkuus y=F (a,b...) MMEeT BHJ IIPOU3BEICHUSA Pa3IUYHBIX

CTENIEHE OT MW3MEpSEMBIX HAIIPSIMYI0 BEIWYHH y=a“b?... B orom
pacrpocTpaHEHHOM CIy4ae BBIUMCIEHUE MTOJTHON MOTPEIIHOCTH YIPOIIASTCS
2 2
A Aa Ab
A P S L— | +... (5)
y a b
BriBo1 3T0#1 (hopMyIIbI MpeOCTaBIIsAEM YUTATEISAM B KaUeCTBE YIPAKHEHUS.
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2.6 I'papuueckas 00padoTka pe3y1bTATOB.

UccnenoBanue 3aBUCHMOCTEN MEXAY Pa3IM4YHBIMU
BapbUPYEMBIMU [EPEMEHHBIMU, KaK IMPAaBWIO, SBISETCS
OCHOBHBIM METOJOM JKCIEPUMEHTAIBHBIX HCCIIEI0BAHUM.
[ToaTroMy, MO BO3MOYKHOCTH, CTPEMUTECH IIPOBOJAMUTH TAKUE
WCCIIEIOBAHUs TMPU  BBIIIOJHEHHH  AKCIEPUMEHTAIbHBIX
3aJJaHuH.

[IpuBeneM OCHOBHBIE MNpaBW/Ia I[UIAHUPOBAHUA U
peanu3auuu AKCIIEPUMEHTAIBLHOTO HCCIICIOBAHUS
(YHKIIMOHATEHBIX 3aBHCHMOCTEH.

1. BoiOupaiiTe AJs1 McCe0BAaHUSL TOT BHJ 3aBHCHMOCTH, KOTOPbI Haubojee
NMPOCTO U HATEKHO ONMCAH TEOPETUYECKM (ec/iu, KOHEYHO, 8 YC108UU YEMmKO
He YKa3ano, KaKkue 3a6UcuUmMocmu Heooxo0umo noayuums,).

2. CtpemuTech MNPOBECTHM HM3MEpPeHHss B MAKCHMAJBHOM JHANa30He
BapbHUPYEMbIX MAPAMETPOB - MOJHOCTHI0 HCHOJIb3YHTe BO3MOKHOCTH Ballei
IKCHEPUMEHTAJIbHOH YCTAHOBKH (eciu, KOHEYHO, 6 YC/I06UU UYemKO He
YKa3ano, 6 Kakom ouanazone Heodxooumo npoeecmu usmepenus). Kcerartu,
YBeJIMYEHHE JAUANA30HA M3MEHEHHsl BapbUPYEMbIX BEJWYHH NPUBOIUT K
YMEHBIIEHHUIO MOTPEIIHOCTEH PACCYUTHIBAEMbIX IAPAMETPOB.

3. Uncsio u3mMepeHuii 10J1KHO ObITh JOCTATOYHO /ISl IOCTPOEHUS 3aBUCUMOCTH,
Aaxe JJsl MOCTPOEHUsI JMHEIHOH 3aBMCUMOCTH He0o0X0AuMo noay4urts 8-10
IKCHEPUMEHTAIBHBIX TOUYEK (eciu, KOHeUHO, 8 YC/I06UU YeMmKO He YKA3aHo, ¢
KaKum wazom npoeooumsv u3MepeHus). Yem OosblIe MNOrPemIHOCTH
OT/JeJBLHOT0 HU3MepPeHHsl, TeM 00Jiblle IKCMEPUMEHTAJBHBIX TOYEK T0JIKHO
OBITH MOJIY4Y€HO.

4. Ecau Bama 3aBHCHMOCTh HMeeT KakKHe-JTu00 0C00eHHOCTH (MAKCHMYMBbI,
MHMHHMYMBbI, leperudbl, TOYKH pa3pbiBa U T.J.), B paiioHe 3THX 0cOOeHHOCTeH
«TYCTOTa» IKCIMEPUMEHTAIBHBIX TOYEK J0JKHA ObITH 00JIbIIIE.

Haubonee mpocto 00pabaThIBalOTCS JIMHEWHBIE 3aBHCUMOCTH - JIaXKe «HA
rJ1a3» JEerko OTJIWYUTH MPSMYI0 OT «KPHBOW», a MOMpPOOYHTE OTJIIMYUTH Y4aCTOK
napaboJbl OT Kakoi-HUOYyas TeMHHucKaThl bepHymnu. [loaTomMy naxe B TOM ciydae,
€ClIM  Ballla 3aBUCUMOCTb  HEIMHEHHAs, IOCTapaliTeCch  COOTBETCTBYIOIIHUM
npeoOpa3oBaHNEM IEPEMEHHBIX IPUBECTU €€ K TMHEHHOMY BUY.

IlycTh B paMKax CBOMX TEOPETHMYECKHUX MOCTPOEHUI BbI NPUILIN K BBIBOLY,
YTO HEKOTOpbIE (PU3MUECKHE BEIMYMHBI CBA3aHbI ()YHKIIMOHAIBHON 3aBUCHMOCTbHIO
y = F(x), npuuem 5Ta GyHKIUSA COAEPKUT HAGOP MOCTOSHHBIX NMAPAMETPOB p.q...,
100 MOJUIeKAIIUX OTPENIEIEHUIO, TM00 MPOCTO HEU3BECTHBIX (ClIE0BATENBHO, BH]L
3aBUCHMOCTH CJIeIyeT 3ammcatb B Oonee oOmem Buge y=1F (x, p,q...).
TIpaKTHYECKH BCEra MOKHO HAWTH TAaKue IPeoOpa3soBaHUs K HOBBIM HEPEMEHHBIM
Y ( y) ,  X(x), Tak 4To 3aBHCHMOCTb MKy HUMU JuHeiHa. [Toduepknem, umo smu

npeodpazoeanis He OOJHCHbL COOEPAHCAMb HEUIBECMHbIX napamempos. Bo3MoxkHbIe
BapMaHThl TaKHX IpeoOpa3oBaHWii MBI OylneM BcTpeyaTb MpPU PACCMOTPEHUHU

3 B 0onee O6HIGM CJIydac Kaxxaas U3 HOBBIX IICPEMCHHbBIX Y,XMO)KGT 3aBHCETh OT 00CHX

HCXOJHBIX Y (x, y), X (x, y) - OJTOT Clyd4all MNPUHIOUNNAIBHO HE OTIWYaeTcd OT
paccMaTpHUBaeMoOro 37€eCh.
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KOHKpETHBIX 3a1a4. KpaTkas cBojaka Hambosiee NOMyJSPHBIX MpeoOpa3oBaHuit
npusesaeHa B [Ipuiioxxennn 2.

B HekoTOphIX ciay4asx TpeOyeTcsl ONpelnesiuTh HE BCE MapaMeTphl, a TOJIBKO
HEKOTOpblE U3 HHUX (BO3MOXKHO, YTO HEKOTOPbIE M3 HHUX U OINPEAEIUTh TO
HEBO3MOXXKHO). B Takoil cuTyanum cieayeT pyKOBOJCTBOBATbCS H3BECTHBIMU
IIpaBUJIAMHU YKCIIEPUMEHTATOPA:

1. Yem npowje mooens, mem aydue.

2. M3mepsii KAk MOJICHO MeHbUUe 6eNUUUH

3. He moorcewv usmepums, mo xoms 6vi He U3MeHsll (a 60py2 COKpAMUMCs).
Wrak, Oynmem cuuTarh, 4ro  NpeoOpa3oBaHHUs K JMHEHHOMY BHJAY HalJeHBI,
IIPOBEACHBI U3MEPEHUs B HY)KHOM KOJIMYECTBE, B HY)KHOM JIMAIla30HE, IOJY4EHBI

JTaHHBIC (xi, yi), i=12,...N, ¥ Ha UX OCHOBAHUH NOJCYMTAHBI BEIUYNHBI (X LY ),

JUIsL KOTOPBIX Ballla TEOpHsl PEACKA3bIBACT JIMHEUHYIO 3aBucHMOCTh ¥ = aX +b.
Crnenyroumii mar - mocTpoeHue Trpaduka (B TOJHOM COOTBETCTBUU C
pPacCMOTPEHHBIMH paHee MpaBUIaMU: BbIOOp MacmiTalba, pa3MeTKa oceil, HaHeCeHue
9KCIIEPUMEHTAJIBHBIX TOUEK ...). HIKe, Ha pUCYHKE NMOKa3aHO TaKOe OCTPOEHUE IS
HEKOTOPOH «IpUAYMaHHOI» 3aBUCUMOCTH. Bocmosib3yeMcest 3TUM pUCYHKOM, YTOOBI
POJEMOHCTPHPOBATH TOPSIIOK 00pabOTKH Pe3ynbTaTOB, LIEIbI0 KOTOPOTO SBIISAETCS
OLICHKA [TapaMeTPOB 3aBUCUMOCTH U UX MOIPEIIHOCTEMN.

¥
20
B
] /4
=
L
= ] B
r =122
15 e
il
1?.#_,.#
C| 3T
1,0 = AY
¢ b
Pl
i
- i
UJS A A -"’/
Az . AX
Ay
=
AI X
O 5 10 15 20

3areM o4eHb OBICTPO MOKHO MPOBECTU ONpEAETICHHE MapaMeTPOB 3aBUCHMOCTH «HA
rnas». s 3Toro ciemyer mpoBecTH MpSIMYI0, KOTOpas «OJMKE BCEro» JICKHT K
AKCIIEPUMEHTAJIbHBIM TOYKaM (Ha HalleM pUCYHKE 3TO0 AB). Uto ee mocTpouTs,
MO>KHO BOCIIOJIb30BaThCsI CIEAYIONIMMH PEKOMEHIAIMSMHU: BEIOEPUTE IIEHTP Maccy»
UMEIOIINXCSA KCIIEPUMEHTAIBHBIX TOUYEK (MPHOIMKEHHO €€ KOOPIMHATHI PaBHbI
CPEOHUM MEXIYy KpalHUMU 3HAYEHMSIMH COOTBETCTBYIOLIMX KOODPJAMHAT), Ha

4 o o
KOHG‘IHO, TI0CJI€ IPOBEACHHBIX HpeOﬁpa30BaHI/II/I KOC)(l)(I)I/IIII/IGHTLI IMOJTYYCHHOHU 3aBUCUMOCTH a,b
JAOJDKHBI BBIpAXKAThCA YEPE3 IMapaMETPhI HCXOQHOI 3aBUCUMOCTH p.q...
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pucyHke 310 Touka C; yepe3 3Ty TOUKY MPOBEAUTE MPSMYIO TaK, YTOOBI IO pPa3HbBIC
CTOPOHBI OT HEe JIeXKAIO MPUMEPHO OJUHAKOBOE YHCIO YKCIEPUMEHTATBHBIX TOYEK.
Cpazy ke onpeaenuTe NpuOInKEHHbIC 3HAYCHUS MTaPAMETPOB 3aBUCUMOCTH:

- BenuuHa b ecTh BenmuunHa oTpeska A0 (Ha pucynke b = 0,25);

AY
- K03((UIHUEHT « paBeH OTHOIICHUIO a ~ —_, NpU4eM BennuuHy AX MOXKHO

BBIOpAaTh MPOM3BOJIBHO (HO HE CIMIIKOM Majoi), TaK YTOOBl MOXKHO OBLJIO
BBIYMCIUTh OTHOLIEHHE «B yme» (Ha pucynke AX =20, AY =185, moatomy

AY
a~——~0,09).
AX

JInst OLICHKH MOTPEITHOCTEH MapaMeTpOB 3aBUCUMOCTH HY)KHO MPOBECTH JIBE
«TPaHUYHBIC» TPSIMbIC (IPUMEPHBIC): 00€ MPOXOIAT Yepe3 «IEHTP Maccy, a 00JacTh
MEX]y MPSIMBIMH JIOJDKHA 3aXBaThIBaTh OOJBIIMHCTBO DKCIEPUMEHTAIBHBIX TOYEK
(Omwkaiiye K IEHTPY TOUYKA MOTYT BBIXOJMTH 32 BbIIE/sseMyto 00acTh). Ha Hamem
pucyHke 3710 npsamble A, B, u A,B,. Tak xe Kak U JJI1 OCHOBHOM, ISl 3TUX IPSAMBIX
MOJKHO OTIPEJIEIUTh MapaMeTphbl, KOTOPbIC U OYAyT SBISATHCS HWKHUMHU U BEPXHUMHU
rpaHUIlaMU BEJIUYMH a,b .

Hacmosmenvno  pexomenoyem — 6am  6ce20a  Npo8oOuUmv  MAaKyio
npeogapumenvHylo 06pabomky (xoms Ovl Oe3 oyeHKu nocpewHocmeti) - pemeHU Ha
9mMo mpebyemcs He MHO20, 3amMo 8bl Oydeme umems OaHHble, KOMOpble He NO360IAM
8am 2py6o owmubumscs npu 601ee MoYHOU AHATUMUYECKOU 0Opabomke.
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2.7 MeToa HauMeHBbIIUX KBA/IPATOB.

Jns  momyyeHUss  MAaKCHUMalbHO — JOCTOBEPHBIX
pe3yibTaToOB pa3pabOTaHO MHOMKECTBO CEpPhE3HBIX
METOJIOB 00pabOTKU IKCIEPUMEHTAIBHBIX JaHHBIX.
Ceiiluac MBI  paccMOTpUM, NOXKalyi, cambli
NONYJSIPHBIL M3 HUX - MeT0J HaMMEeHbIINX
KBaJpaToB. BriepBeie OH ObUI MPUMEHEH BEIHKUM
HemenkuM MmarematukoMm K.I'ayccom emie B Hauaze
XIX Beka, ¢ TeX HOpP ATOT METOJ MHOIOKPAaTHO
MO;[H(I)HquOBanc;I MOJIY4MJ CTPOroe MaTeMaTHyeckoe 000CHOBAaHUE.

Ilenbp 3TOrO METOJA - MOJYYUTH HAWIY4IIME€ B HEKOTOPOM CMBICIE OLIEHKH
[IapaMeTPOB  H3BECTHOM  3aBUCUMOCTH IO  OKCIIEPUMEHTAIBHBIM  JaHHbIM,
COJIeprKalluM OLIEHKH u3MepeHuil. IlycTh N3BECTHO, YTO 1BE NIEPEMEHHBIX BETUYHHBI

Y M X CBs3aHbl (PYHKIHMOHAJIHHON 3aBHCUMOCTBIO ) = F' (x, p,q...), BKJIIOYAIOLIEN
HEU3BECTHBIE NApaMETPbl P, (..., OLUEHKH KOTOPBIX CIEAYET MOJIy4uuTh. llpn sTOM B
HallleM  PaCHOpsDKEHMH  MMeeTcsi  Halop  SKCIEePUMEHTAJIBHBIX  JIAaHHBIX
(xi , yi) i=12...N.OcHoBHas uaes METoa MOJYYEHUs] TAKUX OLICHOK 3aKJIFOUAETCS
B TakoM BbIOOpE MapaMeTpoOB 3aBUCHUMOCTH, HpPU KOTOPOM CyMMa KBaJpaTOB
OTKJIOHEHUM DKCIIEPUMEHTAIBHBIX 3HAYCHUM ), OT «T€OPETHYECKUX» F (xi, p,q...)

ObUTa MUHUMaIbHa. HBIMEI CJIOBaMu, p€Yb UACT O TIOUCKEC MUHUMYMaA CyYMMEI

yzg@_d%pwy, (1)

KOTOpasi sBJIETCsl (YHKIMEH OT HEU3BECTHBIX IApaMEeTpoB p,q... MeToasl moucka
MUHHUMYMa (QYHKIMH X0poio u3BecTHhL. OpHAKo, B 00IIEM clilydae, MOJyJarolrecs
YPaBHEHUsI SIBJISIIOTCS HEIMHEWHBIMU, U HX pEIICHHE HE BCErjJa MOXET ObITh
HOJIy4€HO aHAJTUTUYECKH.
3amMeTUM, YTO METOJ HAaUMEHBIINX KBAaJpaTOB B NPUBEJECHHON (opMe cTporo
000CHOBaH MPHU BBIIOIHEHUHU CIEIYIOMINX YCIOBUIL:
1. 3nauenus x; U3BECTHBI TOYHO.
2. AGCOMIOTHBIE MOTPEIIHOCTH BEIUYUH Y, OJUHAKOBBI JUISl BCEX U3MEPEHUIL.
3aMeTUM, 4TO 3TOT METOJ LIMPOKO UCIIOJIB3YeTCS U B TOM Cllydae, KOrjaa 3TH
yCIOBUSL HE BBINONHAIOTCS. OJHAKO, MO BO3MOXKHOCTH, CJIeiyeT CTPEeMHUTbCH K
TOMY, YTO ObI IOrPENIHOCTH X, OB MEHbIIIE MOrPeIIHOCTell BeJUYHH ), .

Kcmamu, smo mpebosanue s6nsiemcs 0OHUM U3 OCHOBHbIX NPU GblOOpe uoda
npeoopaz06aHull K IUHEHOM) 8UOY.

MBI He B COCTOSIHUM paccka3aTh 00 €ro pasHOBUAHOCTAX U, TeM OoJiee 00 ero
CTpOroM OOOCHOBAaHUM, TO3TOMY OTPAHMUYMMCS HAOOpOM PpEKOMEHJAlMH IO €ro
NPUMEHEHHIO B MPOCTEHIIEM Cydyae aHajlu3e JUHEWHOW 3aBUcUMOCTU Y =aX +b.
B stom cnyuae ¢pynkuus (1) umeer Bua

§? = (y,—aX,-b), )

i=1
a YpaBHEHUS JJIS OINpE/eNCHUS MHUHUMyMa 3TOH (YHKUMU CIEAYIOT M3 OOBIYHBIX
YCJIOBUH PABEHCTBA HYJIIO BCEX ITPOU3BOIHBIX
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a5? N
2 -2 —aX. —-b)X. =0
&a ;(yl a 1 ) 1

s> v
L 2N (y —aX. —b)=0
> Zl(y, aX, -b)

Ota cucTema Jerko rnpeodpasyercst K TMHEHHOMY BHIY

N N N
ay X +bY X, =) XY,
i=1 i=1 i=1

N N
ay X, +bN=3)Y,
i=l i=1

3aMeThTe, UYTO «Y)KACHBIE» CYMMBI, CTOSIIME B DJTUX YPABHEHUSX, SIBIISIOTCS
kod(d¢ulmeHTaMu U MOTYT OBITh MOJCYUTaHBL. PelieHne JIMHEWHOU CUCTEMBbI
ypaBHEHUH XOPOIIO 3HAKOMO CTapIICKIACCHUKAM:

3)

4

PaccuuthiBaTh MO 3TUM (QopMyJaM CUYMTaTh OYEHb HEYAOOHO - JIydIle
3allOMHUTH (POPMYJIbI IPUTOTHBIE JUIsI OBICTPOTO pacuyeTa HEM3BECTHBIX MapaMeTpPOB
a u b. Ynobuee pacyerbl pa3OUTh Ha P MOCIEAOBATEIBHBIX 3TAllOB PacueTOB
[apaMeTpoB, KOTOPBIE K TOMY K€ MMEIOT HAISAHBIM U JIETKO 3allOMUHAEMBbIN
CMBICII:

- CpCAHUC 3HAUCHU A, KOTOPBIC OIMMPCACIIAIOT HCHTP SKCIICPUMCHTAJIbHBIX TOUYCK!
2 X 2.7
(=57 =5
- JHcTiepcuu (CpeaHH KBagpaT MHUHYC KBaJpaT CPEIHEro), KOpeHb U3 IAMCIEPCUU

(Ha3bIBaeMblf/’I CTaHJApPTHBIM OTKJIOHCHHEM W CUUTATb C€ro HC OGH?)&TG.HLHO)
omnpenenser pa3dopoc nepeMeHHbIX

2 2
S? =¥—<XY; SY2=%—<Y>2;

5
- xoddduument koBapuanuu®  (CpeaHee MPOU3BEACHHE MHHYC IMPOU3BEICHUE
CPEIHHUX):

Ry =¥_<X>'<Y>;

- MICKOMBIE KOA(P(PHUIUEHTH! BBIPAKAIOTCS Yepe3 PacCUUTAHHBIE XapaKTEPUCTHUKHU MO
¢bopmynaM, KOTOpbIe SKBUBAJICHTHBI (hopmynam (4):

5 o
9T10 MYAPCHOC CJIIOBO 3alIOMUHATL HE O6H3aT€J’ILHO, HO IIpH ¢cj1ydac MOXXHO 6J'IeCHyTI) opyaunucu

27



a= R);Y

SX

- TMOTPEIIHOCTU 3TUX BEIUYHH PACCUUTHIBAIOTCS II0 q)opl\/[ynauv[6 (xoTOpBIE 37ECh
naroTcs 0e3 BBIBOJIA):

1 (S
Ba=2—— é—az ; Ab = AayS% +(X) .

[Ipouenypa pacuera napameTpoB JIMHEMHON 3aBUCUMOCTH U UX MOTPELIHOCTEN
usnoxxeHa B [Ipunoxxenun 4.

B HexkoTOphIX 3aa4ax Ba)KHO J0KA3aTh HAIMYUS MPSIMO MPOMNOPUAOHAIBHOM
CBSI3M MEXJy H3ydyaeMbIMH (U3NYECKUMHU BEIMYMHAMH ) =axX, a He MPOCTO

; b=(Y)-a{X);

JUHEHHOW 3aBHUCUMOCTH Y =ax+b. B atux ciydasx o0OpaboTKy mOJy4eHHOMR

SKCIEPUMEHTAIBHOM 3aBUCUMOCTH PEKOMEHAYETCS MPOBOJIUTH II0 NPHUBEAECHHBIM
dopMynam I pacueTa MapaMeTpoB IJIMHEHHOW 3aBucuMocTU. Eciam B wrore
OKa3bIBACTCS, YTO TMOTPEIIHOCTh MapameTpa b OKa3bIBaeTCs OOJbllle 3HAYCHUS

, TO O3TO M SBIsAETCS OOOCHOBAaHUEM MPSMOU

caMoOro ImapamMerpa Ab>|b

MNPONOPIMOHATBHOCTH. MHBIMH CIOBaMH, B TaKOH CUTyallud MBI UMEEM IIOJHOE
MpaBO CUUTATh, 4TO b = (0. OUEeBUIHO, YTO B STOM CIIy4aeM MbI 0053aHbI (popMaIbHO
HapylaTh MpaBUiia 3allMCU OKPYTJIEHHBIX PE3yIbTaTOB, OTOBOPEHHBIX paHee.
KoHnkpeTHble nmpuMepsl MPUMEHEHHUs] METO1a HAUMEHBIIUX KBAApaToB OyayT
paccMOTPEHBI TPH PEIICHUH OOJBIINHCTBA HKCIIEPUMEHTAIBHBIX 33/1a4.

OTMeruM emie OAHY BeChbMa IIOJIE3HYIO XapaKTEPUCTHKY: KOI(PPUIHEHT
KOPPeJSiU, KOTOPBIA JaeT YUCICHHYIO XapaKTEPUCTUKY OJIM30CTH SKCIEPHUMEHTAIBHBIX
TOYEK K JTUHEHHON 3aBUCUMOCTH:

RXY

NN

Ota 663p33MCpHa$I BCIIMYMHA MOXKCT NPUHUMATh 3HAYCHHA OT MHUHYC OO IIIIHOC CAWMHUIIBL

=

r e [— 1, +1] Ecmm OKCIICPUMCHTAJIbHBIC TOYKHM TOYHO JIOXATCA Ha MOpAMyro, TO

KOG GUIMEHT Koppensnud paBeH =+ 1 (monoxurensHble 3HaYeHHs Kod(duimenta
KOpPEJSIIMN CBUACTEILCTBYIOT O BO3pACTAaHUH JIMHEHHOW (QYHKIIMH, OTpULIATENbHBIE — 00 ee
yObiBanuu). Yem MeHbIle MOAYNb Kod(duIMieHTa  KOppenmsiuu, TEeM JalibIle
SKCIIEpUMEHTaNbHbBIE TOYKM OT mpsMoil. Ecnu nuHeapusaums MoxeT OBITH TpOBeIEHA
HECKOJILKUMH ~ CIIOCO0aMH, TO CledyeT OTAaTh NpPEANloYTeHue TOH, s KOTOpOH
K03 (hpULIMEHT KOPPESLIH BBILIIE.

6 o

CTpOFO roBops, B (bopMyne JJId MMOTPCIIHOCTH BMECTO JABOUKU HOJIZKCH CTOSATbH KOS(l)(i)I/IIII/IeHT
CTLIOZ[GHTa, KOTOpLIﬁ HC CJIHMIIKOM 3aMCTHO OTJIHYacTCiaA OT 2, MO3TOMY I MIKOJbHUKOB
JOITYCKACTCA MCIOJIb30BATh 9TO 3HAYCHUC.
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Yactp 3. OcHOBHBIE IPHEMBbI BHINIOJTHEHHUS IKCIIEPUMEHTAIbHBIX
3aJlaHUI.

[IpomomkuM BoeHHYIO aHanoruio. Ecnu mpenpiaymias riiaBa Oblla MOCBSIIEHA
BOIIPOCAM TEXHUYECKOTO oOecreueHuss MmoOenpl, TO ceddac mepeiieM K H3YYCHUIO
TaKTUYECKUX BOMPOCOB - METOJIaM BBIMOJHEHUSI HEOOJBIINX YKCIIEPUMEHTABHBIX 3a7ad,
KOTOpPBIE PETYISAPHO SIBISIOTCS COCTABHOW YAaCThIO HACTOSIIMUX OJUMIIMAHBIX 3aJaHUU.
HekoTopble W3 3THX 3ama4 BaM JOJKHBI OBITh 3HAKOMBI, BO3MOKHO, BBl JaXK€ HUX
BBIMOJHSUIM  KaK J1abopaTopHble pPa0OThl IMIKOJBHOTO Kypca (U3MKH, OJHAKO MBI
nmocrapaemcsi MOJONUTH K HUM C HECKOJIbKO MHOW TOYKU 3PEHHS - MPOWLIIOCTPUPOBATH
OOIIyI0 METOJMKY BBITOJHEHUS 3aaHusl, CHOPMYIUPOBATh HEKOTOPBIE OOIINE TOIXO/IBI,
IPOJEMOHCTPUPOBATH METO/IbI 00PaOOTKH Pe3yabTaTOB.

Haunnas ¢ 310i rnaBbl, Mbl BBOAUM CIUIOLIHYIHO HyYMEpaLHIO 3a]ay, UX MOJHBII
cnucok mnpuBoautTca B Ilpunoxenun 3. B KoHLE ycnoBUsS KaXI0W 3aaud JaHbl
HEKOTOpPbIE KOMMEHTapHH M PEKOMEHJAIMU IO MOATOTOBKE Oo0OpymoBaHUS K paboTe.
Havano «oduuuansHOTO» yCIOBHS KaXKI0H 3a/1a4v, OTMEYAETCS JIOTOTUIIOM OEIOpPYCCKUX
(bU3NIECKUX OJIUMITHAI.

3.1 IlnanupoBaHHe IKCIIEPUMEHTA.

beccmbIcaeHHO MPOBOIUTH U3MEPEHUs, HE UMes TUIaHa SKcriepuMenTa. OUueBUIHO,
4yT0 B OOJIBIIMHCTBE CIy4aeB PabOTy CleAyeT HAauMHATh C pa3pabOTKU TEOPETUUYECKOMH
YacTH, Ha OCHOBaHMM KOTOPOM U CTPOUTCS IUIAH TPOBENEHHUS HSKCIEPUMEHTA.
[TpommmocTpupyeM BBINIOJHEHHE STOW YacTW PEIICHHs SKCIIEPUMEHTATBHBIX 3a7ad Ha
NpUMepax JOCTaTOYHO MpPOCTHIX 3amad. llpuyeM HauHeM C OAHOM IIUPOKO
pacrpocTpaHEeHHON TeMbI — THIPOCTATUYECKOE B3BEIIMBAHHE.

3agauya 1. I'mapocraTtnyeckoe B3BelIMBaHUeE.

WHorna npuxoaMTCsl CTAIKUBATHCS ¢ HEOOXOIMMOCTBIO M3MEPEHHUS
Macchl HEKOTOpBIX IPEIMETOB, a BeCcOB MoJ pykamu Her. Celiwac BaMm
npeylaraeTcsi pemuTh NOoJ00HYI0 mpoljeMy, HCHOIb3ysd MOJIPYYHBIE
CPEICTBA, UMEIOLIUECS B KAXKIOM JI0ME.

Qoopydosanue: nuHelika nepeBsiHHas AUHOU 40 cM, TUIACTUIIMH, KYCOK MeJla, MEpPHBIHI
CTaKaH C BOJIOHM, HUTKH, JIe3BUE OPUTBBI, ITATHB C ISPKATEIICM.

3adanue. 3mepbre
a) IUIOTHOCTD TUIACTUIINHA,;
0) IJIOTHOCTH MeJIa;
B) MaccCy JAE€pEBIHHOMN JIMHEUKH.

Ilpumeuanusn:
1. Kycok mena sxcenamenvbHo He MOYUMb - MOJHCENM PA3BATUMBCAL.
K2

7.

“ 3
2. [Inomnocms 60061 cuumams pasnoii p, = 1,0-10
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Kommenmapuu x ycosuio.

1. T'uopocmamuueckoe 638ewusanue co eépemer Apxumeoa s6Aaemcsi OOHOU U3 CAMbBIX
NONYIAPHBIX MeM QU3UYECKUX OTUMNUAO.

2. 3adaua Oonycxaem MHONCECMBO BAPUAHMOS peuleHUus U NOoCied08amenlbHOCmell
uzmepenus. Ilpeonoumenue Hado omoaeamv mem Memooam, 8 KOMOpPbIX HPOBOOUMCS
UMepeHUsi HaUMEHbULe20 YUCIA BETUUUH.

3. KyCOK NAACMUTUHA He OO0JIHCEH Oblmb CIUUUKOM MAJjlbIM, umoowl usmepernue eco obvema
C NOMOUWbIO MEPHO2O CMAKAHA ObIIO0 OOCMAMOYHO MOYHBIM.

4. B Kkauecm@e YclodCHeHUs YCN08UA JUHEUKY MOXMCHO 3aAMeHUmb HeO0OHOPOOHBIM
cmepoicHeM, a 8 Kauecmee UMepUmenbHo20 UHCMPYMEHMA NpeoiodCums UCnoIb308ams
MULIUMEMPOBYIO OYMAZ).

Ecnu uckniouums usmepenue maccol 1uHelKuy, mo peuieHue He mpebyem usmepeHus
obvema NAACMUNUHA, NOIMOMY 6MeCmO MEPHO20 CMAKAHA MOMCHO UCNOb308AMb
00bIUHbBLU, Oe3 WKATbL.

Mna usmepenusi obvema NAACMUNUHA MOMNCHO MAKMHCE NONb308AMbCI JUHEUKOL,
eciu U3 NIACMUIUHA CleNUmb mejio u3eecmHoll hopmul (Kyoux, wapux). OoHako 6 3mom
cryyae mo4HOCMb UBMEPEHUll CYWEeCMBEHHO YMEHbUUMCA, Npasod, OnAmyv Hce, MONCHO
oboumucsy 6e3 MepHo2o CMaKaud.

IHouck pemeHus.

OdeBHIHO, YTO [N OMNpPENENCHHS IUIOTHOCTEH M  Macc HeoOXoIuMo
BOCIIOJIb30BaThCA 3aKOHOM ApxXuMeJa, TaKk KaK €IWHCTBEHHash HM3BECTHas BEJIMYMHA,
HMMEIOIAas OTHOILIEHUE K Macce - IUIOTHOCTh BOABL. JIMHEWKY cleayeT MCIOJb30BaTh Kak
KOPOMBICJIO BECOB, K KOHIAM KOTOPOW C MOMOLIBK) HUTOK MOYKHO MPUKPEIUIATh KYCOUKHU
IJIacTWIVHA. JIe3BMe MOJKHO HCIOJIB30BaTh B KAueCTBE yIOpa, Ha KOTOPOM
yYpaBHOBEUIMBACTCSA JIMHEHKa. BapuaHTOB pemieHMs MaHHOM 3agauyd MOXKET ObITh
HECKOJIBKO, pACCMOTPUM OJIMH U3 HUX.

[Ipukpenum K OAHOMY M3 KOHIIOB JIMHEMKU HUTKY, HA KOTOPYIO B MOCJIEACTBUH
OyzieM MPUKPETUIATh TPy3bl. Y T0OHO HUTh MPUKPENUTh K HAYaTy OTCUETa KBl JIMHEHKH.
VYpaBHOBemuBasi THHEHKY 0€3 rpy30B, MOKHO OINPEACIUTh MOJIOKEHHUE €€ IEHTPa Macc -
touka C Ha puc. . OTMETHM, YTO HET HUKAKOW TapaHTHH, YTO LEHTP MAacc pealbHOM
JINHENKA HAXOAUTCSA TOYHO B €€ LIEHTPE — JIMHEWKY W3rOTOBJISUIM JIFOAU U3 PEATBHOrO
JepeBa, MOATOMY IIEHTP MacC MOXeT OBbITh HE3HAYUTEIHbHO CMEIIEH OT IIeHTpA.
O6o3HauUM a - pacCTOSIHME OT TOYKH KPEIUICHHWsI HUTH J0 IeHTpa Macc. KoHedHo, yis
OJTHOPOJHOW NTUHEHKM 1Ta BeNMYMHA ONMM3Ka K MOJIOBUHE JMHE JWHEWKH. C MOMOIIBI0
HUTH TPUKPENUM K JIMHEWKE KYCOK IUIACTHIIMHA U YpaBHOBeCHM NuHEHKy. O0o3HAYNM
paccTosHME€ OT TOYKM mojBeca 0 ymopa [/, (cM. puc.). OmycTuM 3TOT e KYCOK
IUTACTUIIMHA B BOJAY M OISATH ypaBHOBECUM JIMHEWKY. O003HAYMM PacCTOSHUE OT TOYKH

ToZBeCa 110 yIopa B 9TOM cirydae /, .
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y C
é \;I_-Il é a-1

YcnoBust paBHOBECHS TUHEHKU B 000UX CITydasX HMEIOT BU]]
pygl, = mg(a - ll)
(o= p0Vgly =mg(a—1,)

rae p, p,- NIOTHOCTH IINIACTUJIMHA U BOJbI, COOTBETCTBCHHO, m - MaccCa JII/IHeI\/'IKI/I, V -

; (1

00BbeM KycKa IIaCTHIINHA.
W13 3TuX ypaBHEHUI MOKHO BBIPA3HUTh IUIOTHOCTH IUIACTUIINHA

all, - 1,)

P=P ] ( ] ) : 2)
24—
Taxum 06pa3om, 11 U3MEPEeHUs TUIOTHOCTH TUIACTHIIMHA HEOOX0AUMO U3MEPUTH!
1) a - paccrosiHME OT TOYKH IOJBECA JI0 LIEHTPA MAacCC;
2) [, - paccTrosiHME OT yHopa A0 LIEHTpa Macc, IIPU MOJBELICHHOM IIACTUINHE;
3) [, - paccTosiHUE OT yropa 0 LieHTpa Macc, Py MOrPY>KEHUH IUTACTUINHA B BOJY.
Bce BennunHbI, BXOIAIIKE B 3TY (POPMYITY JIETKO U3MEPSEMBI.
Maccy nuHerKH Takke MOXHO BbIpa3uTh U3 cucteMsl (1)
L,
m=pV , 3)
a—1,

O0beM TUTaCTWIMHA H3MEpSETCs C TOMOIIBI0 MEPHOro crakaHa. Vcmons3oBaHue
MOJIy4eHHOW (QOopMyJbl Ui pacueTa MacChl JUHEHKH He TpeOyeT IOMOJIHUTEIbHBIX
u3MepeHui. J[ns yBenWueHUsT TOYHOCTH H3MEpeHHs oObeMa IJIACTHIIMHA IOBBIIICHHUE
YPOBHSI BOJbl B MEPHOM CTaKaHE MOJKHO HCIIOJIb30BATh JIMHEHNKY, MPUKIAAbIBas €€ K
IIIKaJIe CTaKaHa.

HMMeer CMBICII NPOBECTH HECKOJIBKO CEPUN HM3MEPEHUH U1 Pas3lIMYHBIX KYCKOB
wiactuinrHa. [ToHATHO, Y4TO M KaXKIIOTO KycKa IJIACTHIMHA U3MEPEHHs BCeX TPeOyeMbIX
BEJIMYMH CJIEAYET MPOBECTU HECKOJIBKO pPas.

Jns u3MepeHuss IUIOTHOCTM MeJla €ro CileAyeT IIOJHOCThI0 «3aBEPHYTHY» B
IUTACTUJIKH. 3aTeM C TIOMOIIbI0O MEPHOTO CTaKaHAa MOXHO H3MEPUTh 00BeEM
MOJIyYUBUIETOCS TE€JA, a €r0 MaccCy JIETKO U3MEPUTh C MOMOIIBIO JUHEWKU W3BECTHOM
MAacChl U C M3BECTHBIM IIOJIO)KEHUEM LEHTpa macc. sl yMEHBbUIECHUS YKCIIa U3MEPEHUHN
MO>KHO HCTIOJIH30BATh TOT JK€ KYCOK IUIACTHIIMHA, YTO ¥ B TIEPBOM YaCTH pabOTHI.

JlanbHeUmuii X0 BBIMOJTHEHUS pPabOThl HE BBI3BIBACT HHUKAKUX CIIOKHOCTEH,
MO3TOMY 3/1€Ch HE MPUBOJAUTCA.
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Cnenyromuii  mpuMep  WUIIOCTPUPYET  OCHOBHOE  IPAaBWIO  «YHMCTBIX
OKCIIEPUMEHTATOPOBY». He 6Ce HYICHO USMEPAMb, U He 6Ce MOICHO USMEPUmsb — UH020d
MOJICHO YeM-mo U nperneobpeys.

3agauya 2. YeabHasi TeNJioTa pacCTBOPEHHs THIIOCYAb(pHUTA.

IIpu pactBOopeHuu rumnocyibpuTa B BOJEC TEMIepaTypa pacTBOpa CHUIBHO
ITOHMKAETCA.
N3mepbTe yAeIbHYIO TEIUIOTY PACTBOPEHUS JAHHOTO BEILLECTBA.

Iloo yoOenvHoll mennomol pacmeopeHus HNOHUMAIOM KOJIUYECMBO Menaiomel,
Heobxooumoe 071 pacmeopenus eOUHUYbl MACCHl BeUjecmada.
Lo
ke K
Oobopydosarue: KanopuMeTp; MEH3ypKa WM MEPHBIN CTaKaH; BECHI C pa3HOBECAMU;
TEPMOMETP; TUNOCYAb(GUT KPUCTAIUIMIECKUIA; TeTlIasi BOJa.

3 K2
Yoenvnas mennoemxocmo 60061 ¢ =4,2-10 , WIOMHOCMb 800bL P = 1L0—-
M

Kommenmapuu x yciosuio.

1. Cospemennoe paszgumue >1eKMPOHUKU YCIOHCHULO NOO20MOBKY 000pY008aHus OJisl
amotl 3adauu. JlercmseumenvHo, yugposvie omoannapamel NPAKMUYLECKU GbIIMEeCHUNU
MPAOUYUOHHYIO «MOKPYIOY ¢homozpaghuio, 6 KOmMopou 2unocyib@um UcnoIb308dicsa 6
Kavecmee 3aKkpenumens U 6 U300UlUU 600UICA 8 MALAZUHAX.

2. Uzmepenus 6 OaHnHOU 3a0aye HAOO NPOBOOUMb ObICMPO, YMOObL 6004 He ychneid
OCMbIHYMb U3-30 NOMEPb MENJIOMbl 8 OKPYHCAIOWYIO CPeD).

3. Yoenvnas mennoma pacmeopenus e uzyuaemcs 6 cpeoHell wKoe, NOIMOMY 8 YCI08UU
3a0a4u npusedeHo ee onpeoeenue (Komopoe NOHAMHO U 04e8UOHO).

Pemenne u o0cy:xnenne.

OcHoBHasi wujaes OKCIEPUMEHTa SICHA: HEOOXOJMMO U3BECTHOE KOJIUYECTBO
runocynb(@ura 3acelllaTh B M3BECTHOE KOJMYECTBO BOJBI M H3MEPHUTh IOHUKECHUE
TemnepaTypbl. i CTPOTHMX pPacyeToB YAEIbHOM TEIUIOTHI PACTBOPEHHUS HEOOXOIMMO
3HaTh (WIM H3MEPUTH) TEIUIOEMKOCTh KaJIOPUMETPA, 3HATh YAENbHYIO TEIUIOEMKOCTb
rUnocynb(ura, KaKUM-TO 00pa3oM y4ecTh MOTEPH TEIJIOTHI B OKPYXKAIOIIYIO cpeay. OTu
BEJIMYMHBI ONpeNeNuTh He mpocTo. [losToMy Mg Hadana nmonpodyeM MMH mpeHeOpeyb, a
3aTeM OLEHUM MPaBOMOYHOCTH IMOJOOHOTO JOMYIICHHUS.

Wtak, mpeneOperasi TEIUIOEMKOCTSAMM KalOpUMETpa M TUIOCYIb(UTA, a TaKxKe
MOTEPSIMH TETJIOTHI, ypaBHEHHUE TEIUIOBOTO OajlaHca NP PACTBOPEHHH MOXHO 3alHcaTh B
BUJIC

em(t, —t,) = Amy, (1
rIe c- ylenbHas TEINIOEMKOCTb BOJBI, M- €€ Macca, m,-macca Trunocyib@ura, A -
UCKOMasl yzieslbHas TEIUIOTa PacTBOPEHUsS, f,-TeMIepaTypa BOJbl B KAJIOPUMETPE M0
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pacTBOpEHUs, f, - TEMIIEpPATypa pacTBOpa MOCIIE MIOJHOTO pacTBopeHus. 13 ypaBuenus (1)

clieayeT pacuetHas popmyna
P cm(to—tl)’ @)

m,,

U3 KOTOPOW BHIHO, KaKhe BEJIMYMHBI HEOOXOJMMO HM3MEPHTh: MAcCy BOJBI MOKHO
ONPEJIENIUTL € TIOMOIIBK0 MEH3YPKM M M3BECTHOH IJIOTHOCTHM, MAaccy THMIOCYIb(uTa ¢
NOMOIILI0 BecOoB. HauanbHy0 M KOHEUHYIO TEMIEPaTypy >KUIAKOCTH CIELYeT M3MEPHTH
TEPMOMETPOM.

puBenem Takxke GopMysTy i pacyueTa TOTPENIHOCTH (YAETbHYIO TEMI0eMKOCTb

BOJIbI OY/IEM CUMTATh U3BECTHOMN TOYHO):
5 2
AL=T [A_mj N Am, L[ 2

3)

m m, t, —t,

Tak kak »3KcrepuMeHT OyAeT MPOBOJIUTHCS OJHOKpAaTHO (M3-3a jaeduIuTa
TUNOCynb(ura), TO BCE NOTPEUIHOCTH MPSIMBIX HM3MEPEHHH SBIAIOTCS MPUOOPHBIMU.
Kpome Toro, npu 3amnucu nocieaHero ciaaraemoro B popmyne (3) ydTeHo, 4YTo U3MEpEHHUs
HavaJIbHON M KOHEYHOH TeMIlepaTyp MPOBOIATCS OJHUM TEPMOMETPOM.

HHTepecHo, CKOJIBKO K€ BOJBI 3a1uBaTh B KajopumeTp? C OIHON CTOPOHBI, YeM
OoJblIe BOJBI, TEM OOOCHOBAHHE MOXKHO MpeHeOpeub TEIIOEMKOCTSIMH KaJlopHUMETpa U
runocynbpura. C aApyroil cTopoHsl — 4yeM OOJbIIE€ BOJBI, TEM MEHBIIE W3MEHEHHE €e
TEMIepaTyphl, IOATOMY TeM OOJbIIe MOTPEIIHOCTh U3MEpPEeHUs. B yciaoBuM ckazaHo, 4TO
TeMIepaTypa M3MEHSETCS «CHIBHO», TIO3TOMY BOJBI CIEAYyeT B3SATh MOOOJBINE, HO TakK,
YTOOBI TUTIOCYIB(MUT ITOMECTUIICS B CTAKaH.

IIpoBeneHHbIE U3MEPEHNUS JAJIU CIIEIYIOLIUE PE3yJIbTaThI:
m=(150x£2)e; ¢, =13%

my =(30,0£0,5)2; &, ~17%

m

t, = (54,0 0,5)°C; L= (430105)°C, & =20 Loy
" 5443

Brruncnenus no gpopmynam (2)-(3) mpuBOIST K pe3yNbTary:

A=(23+02)-10° 2%

Ke

C OTHOCHUTENIbHOM MOTpetrHocThio & =10% .

Temepp  ciemyer  OIEHUTh  JOMYCTUMOCTb  CHENAHHBIX  JOIYIICHHUH.
TennoeMKoCTsIMH KalOpUMETpa U TUNIOCYAb(PHUTA NEHCTBUTEIBHO MOKHO IpeHeOpeyb, TaK
KaK MX BEJIMYMHA Ha TOPSAOK MEHbIIE TEIIOEMKOCTH BOJbl. Kpome TOro, B ypaBHEHHE
TEIUIOBOTO OanaHca OHM BXOJAT C TNPOTHUBOIOJIOKHBIMH 3HakamMu. Hamu mpoBeneHb
OLIEHKU - TaK KOJIMYECTBO TEIUIOTHI, OTAAHHOE KaJOPUMETPOM, MPHONMU3UTEIHHO PABHO
540 JIx, a KOJMYECTBO TEIUJIOTHI, MOJYYEHHOE KPUCTAUIMYECKUM THIOCYIbPUTOM,
npubnusurensHo paBHo 480 JIx. Boma otnmama mpumepno 5,7 xJlx. Takum oOpaszom,

540-480

HpGHGGpC)KCHI/IC 9TUMH KOJNYCCTBAMU TCIUIOTHI BHOCHUT MOTPCIIHOCTD &€ ® ————— , UTO

5700
cocTaBisgeT MeHee 1%.
Takum o00pa3oM, B JaHHOM CJIy4ae OCHOBHOE TMPABUJIIO DSKCIEPUMEHTATOPOB
IIPUMEHUMO.

33



3.2 U3yuaii 3aBucumoctu!

IIpu Majlefmen BO3MOKHOCTH JKCIEPUMEHTAIBHOE
HCCIIEIOBAaHUE JOJDKHO CBOJIUTCA K HM3YYEHHUIO 3aBHUCHUMOCTEH.
Kak MBI yXe OTMeuUaid, OKCIEPUMEHTAIBHOE H3Yy4YEHUE
3aBUCUMOCTEM HMMEET LENbli PAd I[PEUMYIIECTB IMEPEX
€IMHUYHBIM U3MEPEHHUEM.

Bo-nepBBIX, Takue M3MEPEHUs MO3BOJISIOT MMOATBEPAUTH
(W11 OIIPOBEPTHYTH) TEOPETUUECKUE TOCTPOCHHUS.

Bo-BTOpBIX, [IOJIy4YE€HHUE JKCIIEpUMEHTAIILHON
3aBUCUMOCTU (U3MYECKUX BEJIMYUH TapaHTHPYET, YTO BBHI
CIIy4aifHO HE MOTAJIA B HEKYIO 0COOYIO TOUKY.

B-TpeThux, MOBBIIIAET TOYHOCTH PE3YIHTATOB.

B-4eTBepThIX, MO3BOJIIET MHOT/IA MCKIIOYHTHh U3MEPEHHUS «TPYIHO HU3MEPSIEMBIX»
BEJIMYUH;

B-nsThIX, OLIEHUBACTCS KIOPH OOJBIIUM YHCIOM OalIoB.

IIpoBenenne SKclepUMEHTa IO  M3YyYEHHME  3aBUCUMOCTEM  NpeArnoJaraer
KOHTPOJIUpYEeMOE HM3MEHEHHE OTHOW (U3MYECKON BEIWYMHBI WM HU3MEPEHUE Ipyroe
3aBHCUMOM BeIMUYUHBI. MHOTA, TPUXOAUTCS U3MEHATH (BO3MOXHO, M HEKOHTPOJIUPYEMO)
YCIIOBHS SKCIIEPUMEHTA U M3MEPSATh JBE 3aBHCAIIUE IPYr OT Ipyra BeIWYMHBI. B mobom
cllyyae, pe3ylbTaTOM TaKOro OHKCIEPHUMEHTa sBIseTCS HaOOp Map B3aMMOCBS3aHHBIX
(GU3NYECKUX BEIMYUH (xi, v, ), i=12,..N. Dtu pe3ynbraThl MOTYT 00padaThIBATHCS

pa3IMYHBIMU CIOCO0AMU, HO TIOCTPOCHHBIN 10 3TUM JaHHBIM TpadHK 3aBUCHMOCTH y(x)
(wnn x(y)) HUKOTJa He momemaer. Jla)ke BHEIIHUH BHJ 3TOro Tpaduka MOXKET ObITH

BeCbMa HMH(OPMATHBEH, a MPH HAIMYMU JOOPOCOBECTHONH MaTeMaTH4yecKol o00paboTKu
JaeT HaWIy4lllee PEIICHNUE IIOCTABICHHOM 3a1a4H.

Baxno#t mpoOnemoii (B TOM 4YHCIIE W C TOYKH 3PCHUS CXEMbl OICHWBAHUSA)
SBJISIETCSL pasyMHOE OIpeJeNIeHUe yucina N TOYEK, B KOTOPBIX IPOBOIATCS U3MEPEHUS.
Ecnu 3THX TOYEeK Mano, TO BUJ 3aBUCUMOCTH «HE BBIPUCOBBIBACTCS», a €CIIHA CIUIIKOM
MHOI'0, TO HE XBaTaeT OTBEACHHOIO BPEMEHU Ha MpOBeacHHE u3mepenuil. [lostomy npu
BBIOOpE YKCIIa TOUEK CIEAYET PYKOBOJICTBOBATHCS CIEIYIONIMMHU MPABUIAMH:

1. /lmana3oH M3MeHEHHMs MCCJIeAYyeMbIX BeJHYHMH [0JKeH ObITh MAaKCHMAJIBHO
BO3MO:KHBIM. [Ipenensl u3MeHeHHsI 0OBIYHO OTPAHUYMBAIOTCS

- YACTO (PU3MYECKUMHU NPUYMHAMHU (KaK MPaBWIIO, HE YNAETCSd HArpeTb BOIY IO
temrepatypsl Bbie 100°C );

- TEOMETPUYECKUMH pa3MepaMH YCTaHOBKHU (TPYAHO B JaOOpaTOpPHH MPOBECTU
M3MEpEeHUe BPEMEHH IMaJIeHHUE C BRICOTHI O0Jiee 5 METPOB);

- IMara30HaMu U3MEPEHUs UCIOIb3yeMbIX MPHOOPOB (PYyYHBIM CEKYHIOMEPOM HE
M3MEpULIb COTHIE IOJIM CEKYH/IbI);

- TNpaBWIAMHU TEXHUKH O€30MacHOCTH (HE cJenyeT MOJAKIIYATh CKPYYEHHYIO
PYKaMU JIEKTPUYECKYIO LIENb K CETH);

- BPEMEHEM IIPOBEJICHHs HKCIIEPUMEHTA (3a MATh OTBEJCHHBIX YaCOB HE U3MEPHILb
CKOPOCTb pOCTa HOT'TEH);

- IPYTUMU NPUYUHAMH.

2. Ilar wu3MeHeHMs (U3NYECKOHl BeJMYUHBI [0JKeH NPHUBOAUTL K HaJAEKHO
perucTpupyeMbiM HM3MEHEHUSIM H3MepsAeMoil 3aBMCHUMON BeJMYHMHBI. Tak 1mpu
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U3MEPEHUN CWJIbl TOKa B LENM IIKOJBHBIM aMIIEPMETPOM, H3MEHEHHME €€ IapaMeTpOB
JOJKHO MPUBOJUTH K U3MEHEHUIO CUJIbI TOKA HE MeHee yeM Ha 0,2A.

3. Ilpn Hannuuu ocobGeHHOoCTelH (MAKCMMYMOB, MUHMMYMOB, TOYeK pa3pbiBa H T.].)
rycTOTa TOYeK BOJIM3HM ITHX 0COOEHHOCTEeH 10/1KHA ObITh YBeJIHYeHA.

4. Ecim ciay4yaiiHble NOTPELIHOCTH SIBJSIOTCH NpPeodJajaloluMi, TO yBeJHYeHHe
YHuCcIa TOYeK (Jake INOBTOPSIIOINMXCH) YBEJIMYHUBACT TOYHOCTH OKOHYATEJIbHOIO
pe3yJibTaTa, I03TOMY B TaKOW CUTYallUd YHCJIO SKCIEPUMEHTAIBHBIX TOYEK, BO MHOIOM,
omnpenensercs Tpe0yeMoil TOUHOCTBIO H3MEPEHUH.

[IpogemMoHCTpUpyeM MpPEUMYILECTBA COBOKYIHBIX HU3MEPEHHM Ha MPOCTHIX
pUMepax.

3agaya 3. MareMaTH4yecKHii MAasITHMK M YCKOpPeHHe CBOOOJHOIO
Nna/lecHusl.
Ecnu mooicewn ne usmepsams - He usmepsii!

Qoopydosanue: MTATUB C JANKOU, CEKYHOMED, KYCOK IJIACTUIINHA, JIMHEHKA, HUTD.

3adanue: N3MepUTHh YCKOPEHUE CBOOOTHOTO TAICHHUS C TOMOIIBI0 MAaTEMaTHIECKOTO
MasiTHUKA.

Kommenmapuu x ycrosuio.

1. U32o0mosume mamemamuyecKuti MasmMHUK He npedcmasisem mpyod, 8 Kauecmee 2py3a
MOJACHO UCNOB308AMb II0OOU 2PY3 — NAACMUIUH, WAPUK (TyYlle MemAalIuiecKull), 2aiKy.
2. nuna numu oondxcna ovimo ne menee 0,5 mempa, npuuem HUmMb O0JIHCHA
HamMamul8amsCs Ha CIMEPHCEHb.

Pemenue.

Cozlanue 3KCepUMEHTAIbHON YCTAHOBKU U IIPOBEICHUE U3MEPEHUM U B 3TOMN
3a/1a4e OYECBUIHBI - HEOOBIION KYCOK TIACTUIINHA HAJIO MPUKPENUThH K HUTH, KOTOPYIO
MO’KHO TIOJBECUTH K JIANKE IITATUBA, OTKJIOHUTH OT BEPTUKAJIU U C IOMOLIBIO
CeKyHJOMepa U3MEPHUTh BPeMsI HECKOJBKUX KoJiebanuii. [loaTomMy HauHeM C
TEOPETUYECKOTO OMHCAHMS U pa3paboTKU METOAUKH MPOBEACHHS dKciepuMenTa. Dopmymna
i iepriosia 7' ManbIX KojaebaHui MaTeMaTHYeCKOTO MAasiTHUKA ITTMHBL L XOpOIIo
HU3BECTHA

L
T=2m|—. (1)
g

Ha mnepBblii B3rIsA, JOCTAaTOYHO H3MEPUTH JUIMHY MAasTHHKA,
nepuoa KojeOaHMM W 3aTeM M3 3TOM (QOpPMYNBl BBIPA3HUTH
yCcKOpeHHe cBoOogHOro mnaaeHus. OAHAKO JUIs TOBBILICHUS
TOYHOCTH HU3MEPEHMM IPOBEIEM HCCIEAOBAHUE 3aBUCUMOCTHU
nepuosa KoiebaHWd OT JUIMHBI HUTH. s ympouieHus
U3MEpPEHUN JUIMHY HUTH MOYKHO M3MEHAATh, HaMaTblBas €€ Ha
NOJIeP)KUBAIOIIUI cTepxeHb. Ilpu 3ToM ammHa CBOOOJHOTO
y4JacTKa HUTH Ooclie 77 000pOTOB BOKPYT CTEPXKHsI BhIpaXkaeTcs GopMysIon
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L =L,—nS, (2)
rae L, - HadanbHas JUIMHA HUTH, S - JUIMHA OJHOrO BUTKA (IOHATHO, 4TO S paBHA

NEPUMETPY CTEP>KHS M, €CIIM €r0 CEYeHHUE SIBISETCS OKPYXKHOCTBIO, TO S = 7D, rae D -
arametp). Takum 0O6pa3zom, MOSABISETCS BO3MOXKHOCTb HCCIEI0BATh 3aBUCUMOCTh TIEpHO/ia
konebanuit ot memoro (!) uymcma oOOpPOTOB, a OMIMOUTHCS B TOJACYETE CHCITAHHBIX
00OpOTOB TOpa3/l0 CIOXHEE, 4YeM B H3MEepeHMH HaOopa anuH HuUTeH. Mcmomnb3ys
BbIpaKeHue (2), mpuBeneM 3aBUCUMOCTH (1) kK muHelHOMY BUIY (VIS 3TOTO JOCTATOYHO
BO3BECTHU €€ B KBaJ[par)
, 4r’L, 4n’S
T° = - n 3)
g g

Wtak, MBI TOJYYMIM JMHEHHYIO 3aBHCHUMOCTb, HJCAIBHO MPHUCIIOCOOJIICHHYIO IS
u3Mepenuii. ObpaTute BHUMaHHUE, YTO HAC Ja)Ke HE MHTEPeCyeT HayallbHas UIMHA HUTH (a
C ee U3MEPEHUEM MOTYT BO3HUKHYTh NMPOOJIEMbI — 0COOEHHO, €CIIH TIOIBEIICHHBIN Ipy3 HE
SABIISAETCS MATEPHANBHOMN TOUKOH').
VY 106HO TaxKe NPUMEHHUTH Ipauvueckue MeToAbl 00pabOTKU PE3yIbTaTOB — KOA(D(PUIIUEHT

47*S

HaKJIOHA a =— rpapuka  3aBUCHUMOCTH T 2(n) MOXKET OBITh HaWJEH Kak

HEMOCPEACTBEHHO U3 TpadyKa, Tak U C MOMOIIBI0 METOJa HAMMEHBIIUX KBAJApaToOB. 3Has
3TOT KO3((uUIMeHT HakiIOHAa (M €ro MOTPEIIHOCTh) MOJKHO pacCYMTaTh YCKOpPEHHE
cBoOonHOro mazneHus. [IpaBna, ast 3TOro HEOOXOAMMO 3HATH YMEHBIICHUE JIMHBI HUTH
S (mepumeTpa CTEpKHA), OJHAKO U3MEPUTH €€ HE MPEACTABIIAET TpyAa. JlocTaTouHO camy
HUTHh HECKOJIBKO pa3 HaMOTaTh Ha CTEpP)KEHb (HE 3a0yIbTe€ TOYHO M3MEPHTh YHCIO 3THX
000pOTOB), Pa3MOTaTh U U3MEPHUTD JUTMHY ITOTYYEHHOT'O KYCKa.

[Tocne 3TOTO YyCKOpEHHE CBOOOIHOTO MAJICHUs U €ro0 MOTPEIIHOCTh MOKHO PacCYUTATh IO

bopmymnam:
Ar*S Aa)S (ASY
g=- , Ag=g - ) ) 4)

[TpuBenem pe3ynbTarhl u3Mepenuit (¢ - Bpems 10 konebanuii, 7 - mepuoa) U MPOBEAEM UX
00paboTKy.
Ta0aumna pe3yJbLTaTOB H3MEPEHHH.

SO N[N~ |W(IN|— O

—

YA KOI'JIa OH €0 SABJIsieTCs?
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Kak u oxxuanock, 3aBUCUMOCTh KBaJ[paTa Mepuoja OT YUCia C/IeIaHHBIX BUTKOB B
npejenax MorpeurHoCTH u3MepeHuit 6nm3ka k nuHeHo#. Koaddunuent naknona,
paccuntanublii o MHK, oka3biBaeTcsi paBHbIM

a=(-0,19+0,02)c’.
st onpenenenus napamerpa S, 6buU10 HaMOTaHO 10 BUTKOB HUTH Ha CTEPXKEHb U 3aTEM
U3MepeHa JUIMHA 3TOro Kycka HUTH. B urTore moaydyeHo 3HaueHue S =(4,90i0,05)CM.
Pacder mo »TMM JaHHBIM 3HAUCHUS YCKOPEHHUS CBOOOJHOTO MAJACHUS JACT CICAYIOLINI
pe3yabTar
g=(1021£0,11)%,
c

HC O4YCHb TOYHO, HO OJIM3KO K HU3BCCTHOMY Ta6JII/I‘-IHOMy 3HA4YCHUIO.

CHG,Z[YIOH_[I/Iﬁ MMPUMEP TAKKC NOCTATOYHO YaCTO BCTPEUACTCHA, KaK COCTaBHAA 4aCTb
CIJIMHHBIX» OKCNCPUMCHTAJIbHBIX 3a/1a4.

3agauya 4. Iloka3aresb npeaoOMJICHHS MaTepHasa JMH3bI.

3a;[a}me: HU3MCPBTC TIOKA3aTCJib IMPCJIOMIICHUA CTCKJId, U3 KOTOPOTO
HU3T0TOBJICHA JIMH3A.

Qobopydosanue: NBOSIKOBBINYKJIAsi JIMH3a Ha MOJCTAaBKE, MCTOYHUK CBeTa (JIaMIouyka Ha
IIoACTaBKE C UCTOYHUKOM TOKa U COCIUHUTCIIbHbBIMNU HpOBOZ[aMI/I), OKpaH Ha IIOJCTAaBKC,
LITAHTCHIUPKYJIb, TUHEHKA.

KoMMeHTapuu K yCIOBHIO.

1. O6opynoBaHue ABISETCS CTAHIAPTHBIM, 2 U YCIOBHE TAKOBBIM K€, II0ATOMY ... 03
KOMMEHTapUEB.

Pa3paborka MeTOAMKH M3MeEpPEeHH.

[Toxa3zaTens npenoMIICHUsI MaTepralia JUH3bl 77 BXOAUT B GOpMyIy Ui (POKYCHOTO
paccrosiHus I :

i=(n—1 R (1)
F R, R,

MO3TOMY MOXET OBITh pAaCCUMTaH, €CIH MU3MEPHUTHh (POKYCHOE PACCTOSIHUE JIMH3BI, a TAKKe

paanychl KpUBU3HBL R, R, IIOBEPXHOCTEH JIMH3.
HauOouplryto  CIOKHOCTH  BBI3BIBACT

U3MEPEHUE UMEHHO 3TUX paauycoB. Ha pucyHke

MoKa3aH MpoQuib JABOSKOBBITYKION JIHH3BL. U3 R,

pUCYHKAa CIEQyeT, 4YTO paguyC KpUBU3HBI

IIOBEPXHOCTH  YAOBJIETBOPSIET  YPAaBHEHUIO

(reopema Iludaropa mns tpeyronsuuka AC,0) 1

(Rl _hl)z +7r :Rlz’
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U3 KOTOPOTO CIIEIYeT
o+ hl2
2h,

rac r- paanyc JIMH3LI, hl - TOJIIIMHA BBIMMYKJIOCTH 3a,Z[HeI7I MMOBCPXHOCTH. Pazmyc JIMH3bI

R, ; ()

JIETKO U3MEPUTH C TIOMOIIBIO ITAHTCHIIUPKYISA. A KaK U3MEPUTHh TOJILIIMHY BBITYKIOCTHU?
A MoxeT ee U He Haao usMmepATh! CrenaeM emie oauH war. [loacTtaBum BeIpaXkeHUs A7
panuycoB KpUBHU3HBI (U1 BTOPOTO paauyca opMyna aHanoruyHa popmyie (2)):
1 1 1 2h 2h
=l=1) = (1)

F R, R, ro+h’ r +h
a Temepb, BHUMaHue, Eciu B 3HaMeHaTensaxX NpeHeOpeub KBagpaTaMH TOJIIUH
BBIMYKJIOCTEMH, TO 3Ta (popMyna npruodperaer BUL:

1 2h 2h 2(h, +h,)
— =(n=-1 1 2 ~(p—-1)221_2/
(n r?+h} ’ PP+ h (n ) r

7 ; 3)

B KOTOPOM OTCYTCTBYIOT OT/AEJIbHbIC 3HAYECHHUS TOJIIUH BBITYKJIOCTEH, a TOJIBKO X CyMMa
(h1 +h2)= h, TO ecThb TOJNIIMHA JHH3BI, KOTOpAs JIETKO M3MEPSETCS IITAHTCHIIUPKYIIEM.

Wtak, ¢ 0HOW CTOPOHBI MBI OTpyOMJIM pacyeTHyIO (popMyiny, HO C APYrod CYIIECTBEHHO
YIIPOCTHIIN TpedyeMble u3MepeHus. MOXHO «Ha TJIa3» OLIEHUTh MOTPEIIHOCTh, KOTOPYIO
MBI JIOMYCTHJIM TIPU UCTOJIB30BAaHUM YKAa3aHHOTO MpuOImkeHus. Pamuyc nuH3bl 7 6onee

yeM B 10 pa3 Oousiblie ee TOJIIMHBI, MMO3TOMY CJEIaHHOE MPHONMKEHHE NPUBOAMT K
2

NOTrpCmHOCTH MCHCC 1% , TaK KaK & =~ Hepricokas OCHa 3a CYHNICCTBCHHOC

r_z.
HKCIIEPUMEHTAIbHOE YIPOILEHHE, TeM 0oJiee, UTO CyMMapHasi IOTPEUIHOCTh, CKOpPEE BCEro,
NPEBBICUT 3TO 3HaueHHe. [loATOMYy € TOYKM 3peHHs HKCIEpHUMEHTaTopa Mepexoa K
dbopmyie (3) SABISETCS TPOMATHBIM TEOPETUICCKUM JTOCTHKCHHUEM.

OGCcyauM Terepb METOIMKY H3MEpEeHHs (JOKYCHOTO PACCTOSHHS JTHH3bI . II0HATHO,
4TO W7es M3MEPEeHUHl JO0KHA OCHOBBIBATHCS Ha
M3BECTHOU (hopMyJie TUH3BI

11,1 "
F a b
IZle a - PacCTOSIHWE OT IMpeaMeTa N0 JMH3BI, b -
paccTostHUE OT JIMH3BI 710 U300pakeHusl.

Takum oOpa3oM, HEOOXOIUMO C TOMOIIBIO
JIMH3BI MOJIyYHUTh YeTKOe n300pakeHne
CBETSIICHCS JIAaMIOYKM W H3MEPUTh HYXKHbIE paccTosiHuA. OJHAKO CJIOXKHO TOYHO
OTIPENICNUTh TOJIOKEHHE OJKpaHa, NpPU KOTOPOM H300paKeHHE SBISETCS «UETKAM.
[To3TOMY €IMHCTBEHHBIM BBIXOJ MOBBIIMIEHUS TOYHOCTH OKOHYATENILHOTO pe3yiabTara —
yBeIMueHHe uyuciaa u3MepeHuid. Ilpuyem 3mech  HeoOXOAMMO — BCIIOMHUTH U
BOCIIOJIb30BAThCS 3aMEUaTEIBHEIM TIPABHIIOM SKCIIEPHMEHTATOPA:” M3ydaii 3aBHCHMOCTB!

WHpIMH  cnoBaMM, HEOOXOJUMO TPOBECTH M3MEpPEHHs] HECKOJIbKUX TMap 3HAYCHUH

* B yCIIOBHSX CIIENIKH M HEPBHOTO HANPSIKEHHS BEChMA BEPOSTHBI IPyObIe OMMOKH, IT0ITOMY BCEI/IA HOIE3HO
3HATh NPHUMEpPHOE 3HAYECHHE TOW BEIMYMHBI, KOTOPYIO coOMpaembess H3MepsaTh. [loatomy momyctumo (00
3TOM MOKHO HE IMCaTh B CBOEH paboTe) mpoBecTH IpyOble, OLICHOYHbIE M3MEpeHUs. Tak B JIAHHOM CIIydae
MOYKHO C TTOMOIIBIO JIMH3bI MOKHO IOJIYIUTh U300pa’keHHE YIAJICHHOTO CBETSIIETOCs MpeaMeTa (OKHa, JaMIl
Ha TOTOJIKE) Ha DKpaHe (WIM Ha JIaJIOHW) M M3MEPHUTh PACCTOSHHE MEXAY JIMH30M W M300pa’keHHEM — OHO
MIPUMEPHO PABHO (POKYCHOMY PACCTOSTHHIO JINH3HI.

311ech MOXKET TOPI)KECTBOBATh TEOPETUK — MY JOCTATOYHO OJHOM Mapbl 3HAUYCHUH.
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paccTosiHu (a,b), IIPUYEM 3aMETHO M3MEHSsI 3TU NapaMmeTpbl. DTH HU3MEpPEHus yaoO0HO

NPOBOJUTH CIEAYIOUIUM 00pa3oM: YCTAaHOBUTh 3KpaH MW JIAMIIOYKY Ha HEKOTOPOM
paccTOSHUM JpYyr OT Jpyra, 3aTeéM HAWTH [Ba IOJOXKEHUS JHUH3bl MEXIy HUMH, NPHU
KOTOpPBIX Ha DKpaHe IOJIy4aeTcsl YETKOEe H300pakeHUE, IPOBECTH 3Ty MPOUEAYPY
HECKOJIBKO pa3.

O6patumcs k popmyse TUH3HI (4), KOTOpask JOMYCKaeT KPACHUBYIO T€OMETPHUECKYIO

HHTCPIPCTALUTO. Ecnm no ocsaMm KOOPpAHWHAT OTJIOXHUTH BCIIMYUHBI — H Z , TO YpaBHCHUC
a

(4) ompenenseT B 3TUX KOOpAMHATAX OTPE30K NPSIMON, OTCEKAIOIIMI Ha OCSAX BEIMYUHY
00paTHyIO (OKYCHOMY PACCTOSHUIO.

Wtak, OKOHYaTeNbHas IMOCIEAOBATEIFHOCTh W3MEPEHUH U 00paboTKH uX
PEe3yNIbTAaTOB JIOJIKHA OBITH CIEAYIOLICH:
- U3MEpUTh TOJIUIMHY U paguyc JUH3BI 4,7 (HE 3a0biBas 00

OIICHKE MOTpemHocTel Ah, Ar);

s

- IIPOBECTH CEPUI0 W3MEPEHUN pPACCTOSIHUI (a,b), npu

KOTOpPBIX Ha SKpaHe IOJy4aeTcsi 4YeTKoe H300pakeHue
JAMIIOYKH; 3TH W3MEPEHUS YAO0OHO MPOBOIUTH CIICAYIOIIUM
o0pa3oM: yCTaHOBUTh OHKpaH M JIAMIIOYKY HAa HEKOTOPOM
paccTOSsHUM ApPYr OT Apyra, 3aTéM HaNTH JBa IOJIOXKEHUs
JUH3bl MEXJIy HHUMH, NPU KOTOPBIX HA DKpaHE IOIy4aeTcs
YeTKoe H300pakeHue, MPOBECTU ATy IMPOLEAYpPY HECKOJIBKO
pas;

-

1
- JajIce CICAYCT IMOCTPOUTH 3aBUCHUMOCTL BCIMYHUHBI Y:Z OT BEIHUYHMHBI X = n

a
yOenuTCs, YTO OHA JMHEWHA U MTPOXOJUT IO PAaBHBIMH yriiaMu 45° K ocsim;
- ¢ mnomompbto MHK (wnmm rpaduueckn) ompenenuts KOIPPHUIMEHTH JTUHEHHON
3aBUCHUMOCTHU

Y=KX+C,
- yOenuthcsi, uTo mapamerp K STOW 3aBHCHMOCTH B TpeneNiax IMOTPEIIHOCTH paBeH 1,
OnpeAeauTh 3HaueHue napamerpa C u ero norpemHocts AC ;
- cornacHo Gopmynam (3)-(4) sToT mapameTp paBeH

C= (n - l)i—?;

MMO2TOMY 3HAYCHUC IMMOKA3aTCIIsA MPCIOMIICHHUA paCCUUTBIBACTCA 110 (I)opMyne
2

r
=1+C—, 5
n o )

- IOTPEIIHOCTb MMOKA3aTelsl MPETOMIICHHUS PACCUUTHIBAETCS IO (hopMyIie
2 2 2
A A A
An=(n-1) [—Cj + [2—rj +(—hj : (6)
C r h

PaboTa mpocTa u XOpoIIo 3HaKOMa — PEKOMEHIYIO CAMOCTOSATENIBHO MIPOBECTH N3MEPEHUS
1 00paboTKy pe3yJIbTaTOB CAMOCTOSTEIBHO.
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3.3 O0paboTka HeJUHEHHBIX 3aBHCHMOCTEIl.

B HEKOTOpBIX CiTyyasix TeopeTHyecKast 3aBUCMMOCTh MOYKET
ObITb JTOCTaTOYHO CJOXHOW, TaKk YTO €€ HEeMOCPeACTBEHHAs
SKCTIIEPUMEHTANIbHAS MIPOBEPKa 3aTPYAHUTENbHA, OCOOCHHO B TeX
Cllydasx, KOTJa HEW3BECTHbl HEKOTOphIE IapamMeTpbl 3TOM
3aBHCUMOCTH.

B Takoi cuTyauuM MOKHO MHCCIEIOBAaTb HEKOTOPbIE
CIICICTBUSL U3  TEOPETHUYECKOU MOJIeNH, JAOMYCKaloIIne
HKCTIEPUMEHTAIBHYIO ITPOBEPKY.

Bonbmoit nHTEpEeC MPEACTABISIOT OCOOCHHOCTH CIOMXKHBIX
3aBUCUMOCTEH, TaKhe KaK AKCTPEMyMbI (MAKCUMyMbl 1 MUHUMYMBI ), TOUKH pa3pbiBa U T.J.
Kak yxe oTmeuanoch, BOJM3U ITUX OCOOEHHOCTEH I'yCTOTa SKCHEPUMEHTAIbHBIX TOYEK
J0JDKHA OBITH BbIIIE. Hanmuune yka3aHHBIX 0COOCHHOCTEH MO3BOJISIET HKCIEPUMEHTATHHO
NPOBEPUTH (PU3UUECKYIO MOJIENIb PACCMAaTPUBAEMOTO SIBICHUS, TOUHOE (110 BO3MOYKHOCTH)
OIIpe/ieIeHre TapaMeTpOB OCOOCHHOCTH, KaK IpPaBHJIO, MO3BOJIAET HAWTH HEKOTOpHIE
YHCJICHHBIE XapaKTePUCTUKH N3Y4aeMON CHCTEMBI.

WHBIMU CJIOBaMU, «CJIOXKHBIE» 3aBUCHMOCTH BCTPEYAIOTCS B (U3UKE W UX HAJ0
YMETh HCCIEI0BATh.

B kauectBe mpumepa HcCCIeIOBaHHS TNPHUBEAEM SKCIHEPUMEHTAIbHYIO 3a/ady,
OCHOBHa I1€JIb KOTOPOH — N3ydeHHne KoieOaHni (pU3NIecKoro MasiTHUKA.

O6opynoBanne, HEOOXOAUMOE JUIS BBIIOJTHEHHUS JTOrO 3aJaHHs, NPUMUTHUBHO,
Mo3TOMYy paboTa MOXKET OBITh BBIMIOJIHEHA HE TOJIKO B JII0OOM KaOwHeTe (DU3MKH, HO U
noma, Ha KyxHe. COOCTBEHHO SKCHEpUMEHTaJbHAs YacTh 3aJaHUs TAKKE HE CIUIIKOM
CJIO’KHA, XOTSI ¥ TpeOyeT M3BECTHON aKKypaTHOCTH B IpoBeneHHH u3MepeHuil. Haubonee
BAXHONH 4YacThi0O B JIaHHOM W3JIOKEHUH SIBISIETCS aHaJIN3 BO3MOXKHOCTEH CpaBHEHUS
TEOPETUUYECKUX U HKCIIEPUMEHTAIBHBIX JIaHHBIX, B TOM Clly4ae, KOTJa sSBHas JMHeapu3auus
3aBUCUMOCTH He oueBHMAHA. [lo3TOMy 31€Ch pPAacCMOTPEHO HECKOJIBKO BO3MOXKHBIX
BapUaHTOB TaKOTO CPAaBHEHHUS.
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3agaua S. «Koneb6anus crepkHsm»
Bceakas neuzeecmnasn ¢pynxkyus nunenna,
ecau ona He napabona

Oobopyoosanue:

. llITatuB ¢ Jankoiu .
. Cexynnomep.
. Cruna Ba3anbpHas
. JlacTuk
Hronka
. JIunelika
. [Ipo6ka nyacTukoBasi OT MIACTUKOBOM OYTBIIKH.

NN R W

M3rotoBbTe MOJABEC VIS CIUIIBI, KaK MOKa3aHo Ha (oTtorpaduu u
3aKpeNuTe ero B mWraruse. Vcrnonp3ynTe Urity Kak OCh BpallleHUs
CIMIIBI: JJI 3TOrO HacaJuTe Ha CHMIy KyCOUYEK JIACTHKA, a 3aTEM
NEPHEHIUKYISIPHO CIHIIE BOTKHUTE MWIOJKY, IOTOM KOHIIbI
UTOJIKH JOJDKHBI MIPOUTH yepe3 OOKOBbIe cTeHKU MpoOku. Crinma
JOJDKHA JIETKO KOJIe0aThesi BOKPYT ocH. B Xxone m3mepenuii Bam
HEO0X0AMMO M3MEHSTH MOJI0KEHUE OCH OTHOCUTEIIBHO CITUIIBI —
JUI 3TOTO CIMILY CJIEAYeT CIBUraTh OTHOCUTEIBHO OCH, JIBUTAs

JIACTHUK C UTOJIKOU MO CITULIE.
O06o3HaunM JIUHY CrUlbl L (Hadeemcs,
8bl CyMeeme ee uzmepumy), a JYIMHYy €e BepXHel yacTu (Hax

X
urosikoil) - x . Ilepuon konebanuil Takoro MasiTHUKA (€CJIU CIIULA Wromea
OJHOPOHAs) onpenensercs GopMynon >—| :l—

(L Y
L
T=21 | ————. (1)

=

Bam npenctout npoBepuTh BHITOTHUMOCTE 3TOH (OPMYIIBI.

Cromia

1. Uccnenyiite 3aBUCUMOCTh TIepHO1a KOJIEOaHUH MOTyduBIIErocs (PU3MUECKOTO MasgTHUKA
OT JJMHBI BepxHed uactu crnuubl. [locTpoiite rpaduk MoNTyd4eHHOH 3aBHCHMOCTH.

[TpoBepbTe BHIMOIHUMOCTH Gopmyiisl (1) B Bamem ciyuae.

2. Onpenenure ¢ MAKCUMaJIbHO BO3MOKHOM TOYHOCTHI0O MUHUMAJILHBIN IEPHO
KoJieOaHuil OJIydeHHOTO MasiTHUKA.

3. Ompenenute 3HaUCHUE YCKOPEHUS CBOOOHOTO MAaCHHS.
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Ecin Kk HWKHEMY KOHIly CIHUIBI TNPUKPENUTh HEOONBIIONW TPy3 Maccel m
(TIOJIOBUHKY JIaCTHKA), TO NEpUOJ KOJeOaHUIl Takoro MasiTHMKAa OyOeT OINpeaensiThCs

bopmynoit

r 2
M—+M|——x +m(L x)
T=2rx 12 2 . (2)
(M+m)g ML +2mL
2(M+m)

4. BeinonHuTE 3aaHUE YHKTA 1. U 9TOr0 MasiTHUKA.

AHAJIW3 U pelieHue.

@opMmynbl, MNPUBEACHHBIE B YCIOBUU, T'POMO3JAKH, 3HAYCHUS HEKOTOPBIX
[apamMeTpoB, BXOAIIUX B HUX HEU3BECTHBI, I09TOMY CHA4aJla MOIBITAEMCS UX YIIPOCTUTH
U TIPUBECTH K BHUJLY, YI0OHOMY JJIsl IPOBEPKH.

L
O0603HaUNM z=(5—x - paccTosiHME OT LIEHTpa IMOoJBeca JI0 LIEHTpa Macc

Lz
CTEPKHS; oY =a’. Torna opmymny (1) U3 ycIOBHS MOKHO HepENHCaTh B BHIE

/“ L \/;1/3+— (1)

@yHKIUA, CTOALIASA MOJ BTOPBIM KOPHEM F =—+— «KpacuBa U CUMMETPHUYHaA»: €€
z a

MUHUMaJbHOE 3HaueHue F_. =2, npu z* =q . [lo3TOMy MUHUMAaJIbHBIN IEPUOJ PABEH

min

T =g |2 2)

min
g
Teneps popmyny (1) MOXKHO MPEACTaBUTH B SKBUBAJICHTHOM BH/JIE

2\z a

Ora ¢QopMmyna yxke He CTOJb myramoomas, kak ucxonHas. IlpaBma, mns ee
HKCIIEPUMEHTAIBHON MPOBEPKU TpeOyeTcs OMpeneNuTh C MAaKCHUMalIbHO BO3MOXKHOU
TOYHOCTBIO 3HAYEHHE MHHIUMAJILHOTO EPHOJIa KONebanuii’,

Teneps MOKHO IIPUCTYNATh K IPOBEACHUIO U3MEPEHUMN. [{IIMHA CIIULIBI paBHA

L=35m=0,35m.

B tabmune 1. mpuBeneHsl pe3ynbTaThl U3MEPEHHH Mepuoja KoJleOaHui CTepKHA
0e3 rpy3a mpu pa3lIuYHBIX MOJIOKEHUsSX ocu. OOpaTtuTe BHHUMaHue, 4To Bpems 20
KoJIeOaHUH M3MEPEHO JIBaXbl ISl KaXKAOTO TOJOXKEHHS TOYKH MOoBeca. DTO MPOJeTIaHo
UL TOTO, YTOOBI MCKIIOYHUTH TpyOble MPOMaxd W HMMEThb NPEACTABICHUE O TMOPSJIKEe

4 Hmenno MO2TOMY 3TOT ITYHKT BBIJACJIICH OTACIbHO B YCIIOBUH 3a/IaHUA.
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MOTPEITHOCTH U3MEPEHUH — MOTPEIIHOCTh U3MepeHust BpeMeHH 20 KoneGaHui 1o MOPSIKY
BenuuuHbl cocraBiseT 0,1 cexyHasl. Ilepuosa xonebaHuil paccumTaH Kak CyMMa BPEMEH,
nenenHas Ha 40 (tak kak Bcero 40 koneGanwmii). IlorpemHOCTs ompeneneHus nepuoaa

b

~3-107 ¢, m0ITOMY JOMYCTHMO

(omATh MO MOPSAAKY BEIUYMHBI) OLICHMBAETCS Kak

pacCUMTHIBATE TEPHOJ C TOYHOCTBIO 10 107°c¢ (x0T mocienanss uudpa OYEHsb
COMHUTEJbHAsN).

Taboauna 1. Kosiebanus crepxus 0e3 rpy3a BHH3Y.

1,080

Bpewms 20

KOJIEOaHUH, ¢ 0801

19,15 | 19,09 b

19,01 | 18,89 020

18,71 | 18,78 0001

18,7 18,56 0950 1

18,53 | 18,48 0:960 1

18,3 18,38 0940 ¢

18,14 | 18,1 0,920 4

18,19 | 18,11 0,900 4

18,22 18,2 0,880 .. + + + ¥ ¥ v
1} 20 40 1] 80 100 120 140

1188,’529 igig H e il

18,59 18,65
19,23 19,07
19,62 19,47
20,09 20,11
21,37 21,37

Ha puc. 1 mnocrpoen rpaduk 5TOil 3aBUCMMOCTH, «HA TJja3» IpoBeIeHa
CTJIa)KUBAIOIIast KpUBAs.

ECTGCTBGHHO, YTO SKCICPUMCHTAJIbHBIC 3HAUCHU A IICPUOIOB KOJIeOaHNI TIOJIYYCHBI
C HEKOTOPOH MOTPEIIHOCThIO, 0COOEHHO 3aMeTeH pa30poc 3HAYEeHUH BOJM3M MUHUMYMA,
rac TOYHBIC 3HAYCHUA NICPUOJa UBMCHAKOTCA HE3HAYUTCIIBHO.

[TpoBepka BBHITOIHUMOCTH (POPMYITBI MOXKET OBITH MIPOBECHA HECKOIBKUMU
cnocodamu.

Cnoco0 1.
[Ipsamoe nmoctpoenue rpadpuka reoperuueckoii 3asucumoct (1). [Ipasna, npu sTom
M
HaJI0 3HaTh 3HAYCHUE YCKOPEHUs CBOOOIHOTO nageHus (mycts g = 9,81—). Ha Puc.2
c

IIPEICTABIJICHBI PE3YJIBTATHI TAKUX PACUETOB.
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3aBMCHUIMOCTL NEPHOLa KONEDaHMHA cTepiHA T
0T KOOPAHHATB TOUKHM NogEeca X

1150 T, €, : : : : : :
1,100 3------ preeeet et e LR FOeEe IR RRRLEt
T SR A S S S 0 S
P SNSRI RN SN SN S A —
YR S ORNRR NARE NOSSS N —
0,900 4------ e e . et e e
0,850 4------ meeme besmees beoeeee deeonees beeeee domeons boenees
i i i i i i v X, MM
0,800 ' ' ' ' ' ' ' '
0 20 40 60 80 100 120 140 160

Puc.2 CpapHeHme c TEOpeTHYECKO0H KDPHE DL

K coxanenuto, HaOmMOaeTCAd CUCTEMATUYECKOE OTKIOHEHHE SKCIIEPUMEHTATbHBIX
TOYEK OT TEOPETUUYECKOH 3aBUCUMOCTH. 1 OOBACHEHHS 3TOTO OTKJIOHEHHS MOXHO
IPUBJICYb HECKOJIBKO THMOTE3: MpuBeAeHHas ¢opmyna (1) crpaBeminBa 1 UA€ATBHOTO
CTEP)KHSI M HE YYUTHIBACT BIMSHUSA y37a MOJ(BECAa; HEBEPHO BHIOPAHO 3HAYEHUE YCKOPEHUS
cBoOomHOTO  majaeHuss (4To COMHHUTENbHO). B mobom cmydae, BO  Bpems
AKCIEPUMEHTAIBHOTO Typa AyMaTh 00 3TOM HEKOTI/a.

Cnoco0 2.
[TpoBecTH HOPMHUPOBKY HA MUHUMaJIbHOE 3HaUeHHEe nepuona. 13 dopmyn (1), (3)
CIIEZYET, YTO

4
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L
Ota Qopmyrna T0MycKaeT npsMyIo IPOBEPKY, Tak BenuunHa a = ——~ 0,101x u3BectHa ¢

J12

«XOpOLHQfI)) TOYHOCTBIO, B&JKHO TAKIKC OTMCTUTH, UTO 3HAYCHUC g B 3TOM CJIydac HC

Tpebyercs. Ho 11s mpoBeaeHus pacdeToB HEOOXOAUMO 3HATh 3HAYEHUE MUHUMAIBHOTO
[eprO0/ia, B KAY€CTBE KOTOPOr0 BO3bMEM HEMOCPEACTBEHHOE MUHUMAJIBHOE 3HAYCHUE U3

1,25

1,05

1,00

0,05 4----ooo--

i e U I

[ A S ——
]
'
1
1
'
'
'
1
1
'
'

e [y
'
1
1
'
'
'
1
1
'
'
]

0,90

0 20 40

[=r}
=
==}
=
s
=
=
-
Pl
=
s
£
=

Puc. 3 "oTHOCUTENEHBI neprog”

pesynbraToB u3mepenuit 7. = 0,906¢ . Ha puc. 3 moctpoeH rpaduk TeopeTnueckon

min
3aBUCUMOCTU C HAHCCCHHbBIMU :‘)KCHepHMeHTaﬂLHBIMH TOYKaMHU — 31I€Ch COOTBCTCTBUC
HpaKTI/I“IeCKI/I IIOJIHOC.

Cnoco0 3.
[IpoBectu nuHeapuzanuio 3aBucuMocTu (1), 1715 4ero npeacTaBuTh €€ B BUJE

r (L Y
, | = —x
4zt 12\ 2

E=h

2
U MOCTPOMTH Tpaduk 3aBUcUMOCTH 1~ OT mapamerpa & =

TZ

)

. I'padux stoit

JIMHEapU30BaHHOW 3aBUCUMOCTH NIPEACTABIIEH Ha puc. 4.
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1,00 {----------

e L L P P, PP P

0,95 f----------

sTsTTrTTTTTrTTTTTTTTTTTTYITTTTTATTTTo

U I Y Y O |

0,85 1-----pe bR

I I T T T I T T Y S

L

0,80
200 210 220 230 240 250 260 270 280

Puc. 4 IIMHeapU3oBaHHAA 3AaBMCUMOCTD

OTOT BUJ SBIISETCS ONTUMAJIBHBIM, TaK KaK IMO3BOJISCT HAUTH 3HAUEHUE YCKOPCHHE
cBoOoHoro mageHus. Tak u3 gopmynsl (5) cnemyer, yTo KOAPPHUIMEHT HAKIOHA JaHHOMN

. AT  4rn? y y
npsiMoil paBeH K = AZ = Haiinennsiii ¢ momompio rpadpuka 4 mo meromy
g
2
HaMMEHBUINX KBaJpaToB 3TOT KO3(p¢uIMEeHT paBeH K =~ 4,23(4,23i0,17)c—. ITo aTuMm
M
4r’

~(9,4+ 0,4)cﬁ2 .

JAHHBIM HaXOJIUM g =

2. Jlna ompeneneHus MHHMMAJIbHOTO Tiepuoja KojeOaHM MOXHO TPOBECTH
JIOTIOJIHUTENIbHBIE W3MEpPEHHs BOJIM3M TOYKM MHHHMMYyMa: [0 HAllUM JaHHBIM

T . =0,906c.

3. OmuH pa3 yckopeHHE CBOOOJHOrO MAJEHUs YXkKe OIpeleracHo. BTopbiM crnocobom

OTIpeNeNICHUs] YCKOPEHHs SBISETCS HCIOJB30BAaHUE TEOPETHUECKOW (opmynsl ams

MuHUManepHOro  mepuoaa  (3). M3 oaToit  QopMynBl  MOXHO  ONPEACIHUTH
Ar’L M o

= — 9,7c—2 . 3aech pe3ynbTaT noJjiydeH 0oJiee MPUBBIYHBIN, KPOME TOTO, MOTyYeH

g B \/ngin

C MCHbIIIMMHU BPCMCHHBIMMU 3aTpaTaMHU.

Yactb 2.

Bropass ¢opmyna, npuBereHHas B YyCIOBUM emie Oosiee CTpamiHas, Ja H
HEM3BECTHBIX BEJIMYMH B Heil Oonbmie. Jlns mpuBeneHHs €€ K BHIY, JOIMYCKAIOIIEMY
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ML +2mL
———— =X SBIAeTCH
2(M + m)

KOOpAMHATOM ILEHTpa MacC MasgTHHKAa C JONOJHUTENbHBIM TIpy3oM. Dopmyiy,
IIPUBEJICHHYIO B YCIIOBUM, MOKHO IIPUBECTH K BUAY

2 2
ML+M(L—xj vLm(L—)c)2
=2z N 2ML 2mlL B
+4im
M it
( +m)g 2(M+m)

JKCIIEPUMEHTAIIBHYIO IMPOBEPKY, 3aMETHM, 4YTO BEJIIMYMHA

ML—2 +ml — (M + m)xé + (M + m)(xc - x)2
=27y —3 = (6)
(M + m)g(xc - x)

2

ML3+mL2 — (M +m)x]

(M + m) ' (xc - x)2

g(xc _x)

2

ME mp —(M +m)x

2
Ecnu temepp 0003HAaYMTH =a’, (xc —x)zz, TO IOJY4UM

(M +m)
(dopMyIity, TOTHOCTBIO COBMAJAIOIIYI0 C «CUMMETpUYHON» (opmynoit (2). Ilostomy ee
OKCTIIEpPUMEHTAIbHAs TMPOBEpKAa MOXKET OBITh MPOBEJCHA TEMH IHKE METOJaMHU,
paccMoTpeHHbIMH BbilIe. [lonokeHne IeHTpa Macc U OTHOIICHHWE MacC Ipy3a U CIHUIBI
JIETKO OTIPEIeNINTh, YPAaBHOBECUB MAasiTHUK Ha yIOpe.

PaccmoTrpum mpumep Gosiee CIOKHOTO HCCIEAOBAHUS, BKIIOYAIOUIUN HECKOJIBKO
MPUHLUNKAIBHO PAa3JIMYHBIX JKCIEPUMEHTAIBHBIX METOAOB. B 3TON 3amadye OCHOBHBbIE
CJIO)KHOCTH CBSI3aHBI C TEOPETUYECKOM pa3pabOTKON METOAMKH IPOBEACHUS U3MEPEHUH U
06paGOTKH MX Pe3yIbTaTOB, HIMEHHO C STUM M CBS3aHO HA3BAHHE OUYEPEIHOM 3a1aun.

5 o
O6paTI/IT€ TAKKC BHUMAHUC Ha MUIMHY YCJIOBHA 3TOU 3ala4y — OJIMMIIMAJIHBIC SKCIICPUMCHTAJIbHBIC 3aIaHUs
IIOCICAHUX JICT 00BIYHO UMEIOT UMEHHO TaKyHO JJINHY.
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3agaya 6. «Meura TeopeTuKa»

Obopydosarnue: 10J10CKa IPO3PAYHON MIJIEHKHU, JTUCT MUJUIUMETPOBOI
Oymaru, Ba KOpoOKa CIHYEK, HCTOYHUK CBETA, MO/ICTAaBKa, 2 KHOIKHU
KaHIEISPCKHE.

Hedopmanuu Ten He Bceraa MOAAIOTCS y
TOYHOMY TEOpeTHYecKoMy omnucaHuio. [laxe
TakOM mpocTOi BHI AepopManuu Kak H3rH0

TOHKOM MOJIOCKHM  paCcCUYHUTATh HC mpocCTo. / /
[losToMy SKCHEpUMEHTAJIIbHOE  HCCIEAOBaHUE / / x
. rmﬂamsquu c:aem
3THUX MPOOJIEM YPE3BBIYANHO BAXKHO. b
[Tosocka MIIEHKH pacroyiaraeTcsi MexIy ¥

IBYMs yIIOpaMH (B KaueCTBE KOTOPBIX
UCTOJB3yHTE KOPOOKH) Ha JTUCTE
MUJITUMETPOBOM Oymaru. Mcnonb3yiite
cienytome ooo3navyenus (Puc. 1):
- JUIMHA Hee(OPMHUPOBAHHON NOJOCKH L ;
- PacCTOSIHUE MEXK Y YIIOpaMH /[ ;
- BeJTMUMHA mporuda / .

Hcnonp3yeTe cucteMy KOOpAUHAT, B KOTOpoil (popma aehopMHUpOBaHHO MOTOCKU
CUMMETpHUYHA OTHOCUTENBHO ocu Oy . @opma npoduist H30THYTOM MOJIOCKU ONUCHIBACTCS

ILIeHE A y(x)

ny

ypaBHEHUEM y(x) .

@®opma 1eOpMHpPOBAHHON TOJOCKH CYIIECTBEHHO 3aBUCHUT OT cHocoba
3aKperieHus] KOHIIOB. Bam HeoOxoauMo uccienoBaTh (popMy MOJOCKH B ABYX CIydasix,
KOTOphle omucaHbl pganee. KoHeuHOW wenbio pabOThl  SBISETCS  YCTaHOBJICHHE
NpUOIMKEHHOTO YPaBHEHUSI U30THYTOM MJICHKH y(x).

ITomumo HETOCPE/ICTBEHHBIX  pu

F€OMETPUYECKUX  W3MEPEHUN  ONTHUYECKUMHU
METO/IaMHU MOKHO HM3MEpPSATh PajuyCc KpUBHM3HBI [
M30THYTOM mosiocku. Jlng a3toro momocky B8
CIIENYeT OCBETUTh MApaJJICIbHBIM IMOTOKOM
CBETa, TaK YTOOBI HAa MHJUIMMETPOBOH Oymare
ObUTM BUJIHBI KaK MaJaloliye, Tak U OTPaKEHHBIE .
OT MJCHKH JIy4Hu (,Z[JBI 3TOr0 TIIOJACTaBKYy C cecmg - fTodemaska
MJIEHKOW MOHO CJIerka HakJIOHUTh). [Ipu sTom
Ha Oymare MOXHO HaOJIOAATh OCBEIICHHBIN
Y4acCTOK C PE3KMM MHKOM (KayCTHKa), BEpIIMHa
KOTOpPOTO  sIBISIETCA  (POKYCOM  OTpakarowiei
noBepxHocTH (cM. @oT0). Bo3MOkHO, YTO Bam
HE yJIacTCsl YBUJETh TaKUE SIPKUE KAPTHUHKU OTPAXKEHHBIX JIydei (Ha ¢dororpadusx 310
OTpa’Ke€HHE OT JIAMIIBI-BCIBILIKH ), HO JOKYC MOKHO HaiTh Bcerjal

Beimonnenune maHHO#M paboTel TpebyeT mnpeaenbHOW akkyparHoctu. Cnenure,
4TOOBI TIOJIOCKA pacroJiarajach CHUMMETPUYHO MEXIy yHopamMu — Ipu 3ToM (opma
OCBEIICHHOH TTOBEPXHOCTHU TaKXk€ JOKHA OBITH CHMMETPUYHOM.

Haxonen, mnocnenHssi TOJCKa3ka: NpU MOHMCKE TOYHOTO TMOJOXEeHHS (oKyca,
00pa30BaHHOTO LEHTPAIBbHON YaCThIO MOJOCKH TOJE3HO MEPEKPhIBATh MaJaroIIUil My4oK
Y3KUM NpensTcTBUEM (KapaHJalloM WIM [albleM, HAKOHEI) IpU 3TOM Cpeau
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OTPKEHHBIX JIydeld MOXKHO YBUJETh OTPAKEHHYIO T€Hb (3aKOHBI OTPAaXKEHMS JJIsi CBETA U
TEHU OJMHAKOBBHI).

Yactb 1. CBO0OTHBIE KOHIIBI.

PacniosnioxuTe MOJOCKY IJIEHKM MEXIy ABYMs ylnopamMHu (B KadeCTBE KOTOPBIX
UCHOJB3yHTE KOPOOKH), KOHIBI TUIEHKH JOJDKHBI CBOOOJHO OMUPATBCS HAa CTEHKU
KOpPOOKOB, HO HE CKOJIb3UTh 10 HUM.

Jlnig yrpolieHus 3a/1a4y BbIIBUHEM JBE THIIOTE3bI:

A) npoduib U30THYTOM MOBEPXHOCTH SBJISCTCS YYaCTKOM NMapadoJibl;
b) npo¢unb n30rHyTOi MOBEPXHOCTH SABISETCS YIaCTKOM CHHYCOHU/BI.
Bam Heo06Xxo1MMo OTAATh NPEANOYTEHHE OAHON U3 ATUX THIIOTES.

1.1 IIpsimoe usmepenue npoguis.

1.1.1 3anumuTe ypaBHEHUs MPO(UIST TOBEPXHOCTH MJICHKH y(x) JUISL Ka)KJIOU TUIIOTE3HI,
CUMTAasi U3BECTHBIMH PACCTOSIHUE MEX/y YIOpaMH [ M BETUUUHY Iporubda /.

1.1.2 VYcraHoBHTE MIEHKY Ha MMUJUIMMETPOBOIl Oymare Tak, 4yTOOBI pacCTOSHHE MEXIY
yIIOpaMHU COCTABJISJIO TPU YETBEPTH OT JUIMHBI TuieHku [ =0,75L. W3mepbre (opmy

npoduias MIEHKH y, - (x) [Toctpoiite Tpaduk 31oil PyHKIMH. CpaBHUTE MOTy4YCHHbBIE

9KCIIEPUMEHTAJIbHBIEC JAHHBIE C TEOPETUUECKUMH IMIpeICKa3aHUsIMU MyHKTa 1.1.
1.1.3 Kakas u3 BbICKa3aHHBIX THIIOTE3 OJIMKE K pe3ysibTaTaM dKCIIepUMeHTa?
Yro 3HAYHMT, MO BalleMy MHEHUIO, «OIIKe»?

1.2 U3meHeHue nporuda.

1.2.1 Tlokaxwurte, 4yTo 1 OOEUX THUMOTE3 CHPABEIJIMBO CIEAYIOIIEe YTBEPKICHUE:

(OKyCHOE pacCTOSIHHE ILEHTPAIbHONW YacTH W30THYTOW TUICHKH JUHEHHO 3aBUCUT OT
2

napameTpa z = PR

Y CcTaHOBHUTE TEOPETUUYECKHUI BUJI 3TOI 3aBUCUMOCTH Il 00E€UX THIIOTES.
Iloockaska: eciu Kpueas 3a0ana ypasHeHuem y(x), mo ee paouyc KpUGUsHvl 8 MouKe

aKCmpemyma oopamHo nponopyuoHaler 6MopoL NPOU3800HOU Om SMOU QYHKYUU 6 Smoul
moukxe R = |y"|71.

1.2.2 HM3mepbTe 3aBUCHUMOCTH BEJIWYHHBI MPOTHOa h(l) u (QokycHoro F (l) U30THYTOMN
IUIGHKA OT pAacCTOAHUs MexAy yropamu. IlocTpoiite Tpaduku MOJTy4eHHBIX
3aBUCHMOCTEHN.

1.2.3 IIpoBeppTe BBINOJIHEHUE TEOPETUUECKOTO yTBEpkKACHU MM.1.2.1.

Cosem: cunbHO He yougnsemecb — HENOHAMHAS NOCMOAHHAS COCMAGNAOWAS MOJCEm
NOABUMbCS NO MHOUM NPUYUHAM (Hanpumep, He UOeanrbHad NapaileibHOCmb Nadanuje2o
nomoka)

1.2.4 Ha ocHoBaHMM JaHHBIX 3TOro paszaena 1.2 orBerpTe Ha Bompoc: «Kakasg wu3
BBICKa3aHHBIX THIIOTE3 OJMIKE K pe3yabTaTaM dKCIIEpHUMEHTa?»
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Yacrp 2. 3akpeniieHHbIe KOHIbI.

[IpoBeauTe aHANOTUYHBIC HCCIEIOBAHUS
dbopMBl  TOBEPXHOCTH ISl IUIGHKH  C
3aKpeIUICHHBIMH ~ KOHLIaMH  (KOTJa  TIpaHu
KpEIUIEHHUs HAaXOJATCS Ha OAHOM IMpsAMOM) — CM. | 1
doro.

2.1 BpICKaXHUTe CaMOCTOSITEIBHO THIOTE3y O Gopme mpoduiist, mpuBeneTe ee ypaBHEHHE,
BbIpa3uTe (OKYCHOE DPACCTOSIHHE uepe3 HU3MepseMble HapaMeTphl (PacCTOSHUE MEXIy
3aKpEIUICHHBIMU KPassMU U BEJIMYMHY MTPOTH0a).

2.2 Usmepbre mpodwmnp mnporuda (mpu [ =0,75L) u cpaBHUTE €ro C TEOPETHYCCKUM

IpecKa3aHueM.
2.3 U3MepbTe 3aBUCUMOCTH BEITUYMHBI POTHOA U (POKYCHOTO PACCTOSHHS OT PACCTOSHUS
MEX]ly YIOpaMH.

2.4 IIpoBeppTe TEOpeTHUECKOE yTBEpKAeHue 1.1.2.1.

2.5 O0ocHy#iTe BBICKa3aHHYIO THIIOTE3Y.

Kommenmapuu x yciosuio.

1. He cMOTps Ha Ha3BaHHe, yCIEX B BHIMOJIHEHUH TaHHON pabOThl BO MHOTOM CBSI3aH C
TIIATEIBHOCTHIO M TOUHOCTHIO U3MepeHuid. [1pu mpoBeaeHnn n3mepenuit Heo6Xo Mo
CJIEANTH, YTOOBI KOPOOKU HA/ICKHO JEprKaIKCh Ha MOBepXHOCTHU. [Ipn n3meHeHnn
paccTOsIHUS MEXTy KOpOOKaMM HYXHO CJIeTKa IOKo1e0aTh MIeHKY, YTOOBl OHA
pacnosioKuIach CAMMETPUYHO. B KauecTBe HCTOYHMKA CBETA JIy4IlE MUCIOJIb30BATh
JMAMIPOEKTOP, TaK KaK CBETa OT JAMIIOYKH MOXET HE XBaTaTh, OCOOCHHO B HE3aTEMHEHHON
KOMHare.

Pemenne u o0cy:xnenue.
Yactb 1. CB000OHBIE KOHIILI.

1.1.1 «I'unoreTnyeckue» GyHKIUH UMEIOT BUJ:

2
1151 TapaboJIb: y=h1- [%j (1)
/s
JUIL CHHYCOUbI: Yy =h 005[7 xj (2)

B 3Toii YacTu 3aiaHus 1JuHa cBOOOJHOM YACTH MOJOCKH paBHAaach L =210mm.
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1.1.2 Pesynbratel udmepenus Gopmsl poduist (ast [ = 150.mm ) pUBEICHBI HIDKE.
Tabumnna 1.

'?I]‘]Ecm

B
KN

g & 3
7
b

-/ N\ o
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[TocTpoeHHBIN 1O 3TUM JaHHBIM podMIb oKa3aH Ha Puc.1
«Ha rna3» omnpenenuTh, sBISETCA JIM JaHHAs KpuBas NapaOoJIol WM CHHYCOUIOH
HEBO3MOJKHO, HY)KHO CpaBHMBaTb TouHee. OIMH U3 BApUAHTOB — IOCTPOMUTH 31IECh XK€
TEOPETHUYECKHE KpUBBIC, OJHAKO TMapaMmeTpbl 3TUX (YHKIUH aOCOJIIOTHO TOYHO
HEU3BECTHBI, IIOTOMY TaKOE€ CpPaBHEHUE HE COBCEeM J0cToBepHO. [IpeamoururenvHee
«JTMHEAapHU30BaTh» ATU 3aBUCHUMOCTH: JUIL 3TOTO MOHO IOCTPOUTH TpapuKi 3aBUCUMOCTH
2x Y V4

nporuba y ot &= 1—[7j B ciyyae mapabosbl; U OT §=cos[7xj B Ciydae
CHHYCOMJbI. 3HAUeHHs OSTUX TEPEeMEHHBIX TakXke TpeacTaBieHsl B Tabmume 1.
JluneapuszoBaHHbIe I'paUKU 3TUX 3aBUCUMOCTEN ToKa3aHbl Ha Puc.2.

TI] - I’; M
60
Crle
]
O o.
a0 CHHYC0HIA r
-
40 ¥

S

@ y ( mapafona

10 / g

Puc. 2 02 04 0.5 08 1

Kak cnenyer u3 aTux rpadukos, 00e GyHKINH MPHUOIU3UTEIHHO C OJUHAKOBONH TOYHOCTHIO
npuOIMKAIOTCA K TMHEHHOM 3aBUCUMOCTH (HO 00€ oT Hee oTinuatotest). Ho, mo-
BUJMMOMY, TTapa0oJia Bce-Taku OImKe.

1.2 U3meHeHue nporuda.

1.2.1 Kak u3BecTHO (POKYCHOE paccTOSTHUE U30THYTON CeprUuecKOil MOBEPXHOCTH PAaBHO
MOJIOBUHE €€ pajunyca. ITO MPABHUJIO CIIPABEUIMBO U JUIA 000N HCKPUBICHHOMN
MOBEPXHOCTH BOJIM3H €€ BEPIUIMHBI, TOJIBKO B KAYECTBE pajuyca cleayeT OpaTh paanyc
KPUBHU3HBL, (hopMyJa Uit KOTOPOTo JIt00e3HO MpHBeaeHa B ycinoBuu. [Toaromy gokycHoe
paccTosiHue

11
S 2y(o) 164
R 1 1P
2 2y'(o) 27tk

JIeWCTBUTENLHO B O0OMX Ciy4asx (OKYCHOE pacCTOSHHE MPOMOPHHOHATIBHO HMapamMeTpy
2
z=-— (npsAMas NPONOPLHUOHAIBHOCTh — YacTHBIM ClIydall JIMHEWHON 3aBHCHMOCTH).

3)

11t TapaboITbl F =

I -V

4

IUIL CUHYCOUIBI F

Bonee Toro, koapuuMEHTH MPOMOPIHMOHATBHOCTH OYEHb OJM3KH, MOATOMY HAaJEXK]Ibl
YBUJETh pa3nuuus TatoT. Ho... Tem He MeHee!
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1.2.2 Pe3ynbTaThl H3MEPEHUI BETUYHUHBI TPOruda U (POKYCHOTO PacCTOSHUS MPUBEICHBI B
Tabauue 2 u Ha Puc.3.

Taoauna 2. 07 F i : : . .
901 PtH) --io-eooeoend R TR ] A

. A 1 S o
Mgy S , e A
607! e e

cIIE R }

T

30 gymasnbrm

207
L

RN Y S
R A R S . . .

140 150 160 170 180 190 200
Puc. 3

1.2.3 J111 mpoBEpKH TEOPETUUECKOTO MOJIO0XKEHUs, mocTpouM rpaduk (Puc 4)
3aBUCUMOCTHU (POKYCHOT'O PACCTOSIHUS OT YKa3aHHOTO MapaMeTpa z - ero 3HAUCHUs TaKkkKe
MIPUBEACHEI B TabmuIe 2.

Kak BUIHO 5KcliepUMEHTalbHBIE TOYKH JIEKAT OYEHb OJM3KO K MpPAMOM, UTO

100 -
o0 -
80 -
70
60 1
50 -
40 -
30 -
20 -

10 -

200 400 600 800 1000 1200 1400 1600
Puc, 4

MOJITBEPIKAAET BHICKA3aHHOE MOJIOKEHHE. 3HaueHue ko3 duiimenTa HaKIoOHa 3TO MPsIMOT

AF
IIPUMEPHO PAaBHO . ~ 0,053, 4TO JIEKHUT MEXKITY TECOPETHUECKUMH KOI(DPUITUSHTAMU ISt

1
napaboIbl 16 =0,0625 u 11t cuHYCOUAbI ~ 0,051. brimxe k cunycoune, s 6oiee

7Z_2
TOYHOTO OTBETA CIJEAYET CUUTATh MOTPEIIHOCTh OTPEACICHUS HKCIEPHUMEHTAIBHOTO
Kod(duLreHTa HaKJIoOHa npsiMoit Ha Puc. 4.
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1.2.4 Takum 0o0pa3om, MOXHO CYHTaTh, YTO O0€ THUMOTE3bI JOCTATOYHO XOPOIIO (s
OTITUMHCTOB), WIX  JOCTaTOYHO 181 ():0) (st MECCUMHCTOB) OITMCBIBAIOT
AKCIIEPUMEHTAIIbHBIE JaHHbIE.

[To n3MeperusiM GOKAITBHOTO PACCTOSIHUSI TOYHEE — CHHYCOU/IA.

Yacrs 2. 3akpeniieHHbIe KOHIbI.

2.1 Eciu B mnpenplaylmieM ciaydae CHUHYCOMza
JOCTAaTOYHO XOPOIIO OMHChIBaJIA poMiib U3ruoa,
TO pa3yMHO TPEINONOXHUTb, YTO U JIaHHOU
cUTyauuu 3Ta GyHKUUs OyAeT yIOBJIETBOPUTEIbHA.
Tonpko ceiiyac yuacTOK CHHYCOM[bI JJOJDKEH OBITH
JUIMHOW B TEPUOA, U CIABHUHYT OTHOCHUTEIBHO
cepenunsl (Puc. 5)

[IpencraBnennas GyHKIUS UMEET BU

h 2
=—COoS—X. 5
y=3 ; )

Jlnst Hee (hOKyCHOE PacCTOSIHUE PAaBHO
1
4’ h
Ota ¢opMyna aHalOrMYHA NOJYYEHHBIM paHee, MOATOMY Uil €€ MPOBEPKH MOKHO
UCII0JIb30BaTh T€ K€ METOJUKH, YTO U B 4acTH 1.
B stoit YacTr 3aanus yinHa CBOOOTHOM YacTH MOJIOCKU paBHsu1ach L = 180mm .
2.2 B tabmuue 3 m Ha puc.6 MpHUBenEHBl PE3yabTaThl M3MepeHHs mpoduis u3ruba B
paccMaTpuBaeMOM Cily4ae [l pacCTOSHUS MEXIy ynopamu [ =135mm . Jlina cpaBHEHUs C
TeopeTHueckoil (opmynoil Ha 3TOM e pHCyHKe (A7 pa3HoOoOpasus) NOCTpoeHa
TeopeTudeckasl KpuBas, paccuutanHas mo ¢opmyne (5). Kak BUIHO, COOTBETCTBHE BIIOJTHE
YIOBJIETBOPUTEIBHOE.

Tabauna 3. 80 1 F st
Y, X, Y, a0 /Jro_ﬁ\c’\
MM MM MM yy \%
70 52,5 40
51,5 ;:/ E\«

11 90 42 2 /5
75| 95| 36

10

245 100 30 _gﬁ/d X, aen
32| 105 21 o

(6)

ININIE)
~
o

38,5 110 15 Puc. 6 20 40 60 80 100 120 140
45 115 10 )
48 120 6
50 125 3
52 130 2
53 135 0
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2.3. Pe3ynbTarhl U3MEpPEHUI BEIMUUHBI MPOTHOA U (POKYCHOTO PACCTOSIHUS MPUBEICHBI B
Tabnuue 4 u Ha Puc.7.
Taoauua 4.

60

50 1

40

30+

20+

10+

F ki

2.4 ]Ing mpoBepKU TEOPETUUECKOTO MOJI0KEHUs, MocTpouM rpaduk (Puc 8) 3aBucumoctu
(OKYCHOTO pacCTOSIHUA OT YKa3aHHOTO MapaMeTpa z - €ro 3HauUCHUsI IPUBEICHBI B
Tabnune 4. I nanHOM cilydae mofydeHHasi 3aBUCUMOCTh SIBIISIETCS IMHEWHOM C

AF
KO3 PHUIMEHTOM HAKIOHA PaBHBIM ~ ~ 0,027, yTO 0YeHb OJIM3KO K TEOPETUUECKOMY

~0,025.

3HA4YCHUIO 2

dr

50
F,m
45

40

35

30

a5

20
Qxa’ﬁf

15
10

5
1]

. L

Puc 8 200 400

600

800 1000 1200 1400

2.5 Takum 06pa3oM BbICKa3aHHast TUIIOTE3a 0 (popme mpoduinst u3ruda mosoCKu
MOJITBEPKAAETCS, YTO 0OOCHOBBIBACTCS PE3YJIbTATAMU KaK MPSIMOT0 U3MEPEHUs PO,
TaK ¥ MCCIIeIOBAHUS 3aBUCUMOCTH (DOKYCHOTO PacCTOSIHHSI OT BEJIMYMHBI U3THOA.
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34 JKCcnepUMeHTATbHOE onpeaejieHue BH/IA
3aBHCHUMOCTH.

B »sTOoM maparpage MBI pPacCMOTPUM HECKOJBKO
MPUMEPOB SKCIIEPUMEHTAIBHBIX 3371a4, B KOTOPBIX TpeOyeTcst
ONpeieNuTh BHUA (YHKIHMOHAIBHON 3aBHCHMOCTH MEXIY
¢usznyeckuMy BenUYMHAMH. boiiee TPOCTBIME  clenyeT
NpU3HATH T€ 33aJaud, B KOTOPBIX BUJ 3aBUCHMOCTH 33/1aH, a
: TpeOyeT TOJIBKO OINMpEeNeNuTh ee mapaMmeTpsl. B aTom ciydae
OCHOBHBIM METOJIOM SIBJISIETCS JIMHEApU3alUs ¢ Iocieayromeil o00paboTkoit (rpaduyeckoi,
wn o MHK). Ecnu ke B 3aBUCHUMOCTH 3apaHee He M3BECTEH, TO MOYXHO, BO-TIEPBBIX,
MOTIBITAThCA TOJYYUTh €r0 TEOPETHUECKH; BO-BTOPBIX, IOCTAPAThCA yralaTh €ro Mo BHIY
SKCIepUMEHTaNbHOTO rpaduka. Ho gaxe ecnu Bam yaanock nonoopars GyHKIUIO, rpaduk
KOTOpPOM MPOXOJHUT dYepe3 BCE SKCHEPUMEHTAJbHBIE TOYKH, HEOOXOAMMO OCO3HATh MU
KaueCTBEHHO OOBSCHUTH (XOTS Obl ceOe) MONyYeHHBIH PEe3yNabTaT: nodymMams HUK020d He
epeoro. Tem OoJiee YTO 4acTO MOTYUYECHHBIE 3aBUCHMOCTH TPeOyIOT 000CHOBAHMUS.
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3agaya 7. KpyruibHble KoJieOaHus.

Ilpubopvr u_o0dopydosanue: Jluneiika yueHudeckas anmuHou 40 cm (2mr),
HUTb, IITATUB C MY(PTOH, CEKYHIOMEP, MArHUTHI KEpaMUYECKHUE.

3akpenure B My(QTe IITATHBA TOPHU3OHTAIBHO pACHOJOXKEHHYIO JuHEHKy. C
MOMOUIBIO JIBYX HHUTEW NPUBKUTE K HEH BTOPYIO JIMHEHKY, TaK, YTOOBI OHAa TaKxKe
pacrosiarajgack TOpU3OHTAIbHO. JIMHElNKa, MOJABEIICHHAas HAa BYX NapajlIeIbHBIX HUTHX,
MOKET COBEpIIATh KPYTUIIBHBIE

o — = ——
KoJieOaHusT BOKPYT CBOEW OCU U
SIBJISICTCS KPYTHUJIBHBIM
MasTHUKOM. UYToOBl KoOJeOaHuUs R
MCHBIIIC 3aTyXadu, IPUKPEIUTE K
yx » TIPHKD L JIHHEeHKH

HIDKHEW JIMHEWKE KepaMH4eCKue
MarHuThI, PacCIOJIOKUB ux

CUMMETPUYHO OTHOCHUTEJIBHO
cepeMHbl THHEUKH. OO603HAYNM: _dg? g

R - paccrosiHue Mexay HUTAMU; |
|

L - mmaHel  HuTER; S - S
pacCTosgHue MCEXKIAY LECHTpaMu
MarHuTOB.

Bam HeoOxoanMo uccnenoBaTh 3aBUCUMOCTh MEPHUOAA KPYTHIIBHBIX KOJeOaHHA
JAHHOTO MasTHUKA OT €ro NapaMeTpPOB.

HeGonbmias mojcka3ka: 3aBHCHMOCTh Ilepuoja KojeOaHMM OT yKa3aHHBIX
[IapaMeTPOB UMEET BUJ

T=CRL'f(S), (1)

rae C - IOCTOSTHHBINA KOA(QQHUIMEHT, «, [/ - HEU3BECTHBIC MOKa3aTelb CTENeHEH; f (S )-
HEeH3BeCTHAs (QyHKLUS 3aBUCAIIAs OT S M He 3aBuUcAmas or R u L.
3aganus.
1. Hccnenyiite 3aBUCHUMOCTH TepHOJa KOJICOAHUH OT pACCTOSHHUS MEXIY HUTAMHU.
Onpenenure nokasarenb CTENIEHU « .
2. HccnenyiiTe 3aBUCUMOCTb IepuoAa KoyieOaHui OT [UMHBI HuUTel. Omnpexpenure
MoKasareib CTeIeHu [ .
3. Hccnenyiite 3aBHCHUMOCTbh TEepHOJa KOJIEOAHUN OT pPACCTOSHHUS MEXIy LEHTpamMHu
MarHuToOB. Y CTAHOBUTE BUA PYHKIUU f (S )
4. KayecTBEeHHO OOBSCHUTE MOJIyYCHHBIE 3aBUCUMOCTH.

Kommenmapuu x yciosuio.

1. He cnoxHo no1o6paTh 0060pynoBaHue AJisi BEITIOJHEHUS 9TOM IOCTATOYHO UHTEPECHOMN
3a[]a4M: BMECTO JTMHEEK MOKHO UCIOJIb30BaTh JIFOOBIE TOCTATOYHO TSKENBIE CTEPIKHH,
MAarHUThl MOYKHO 3aMEHUTh KyCKaMH TUIACTUIIMHA.

O0cy:kaeHue u pelieHue.
By;[eM CUUTaTh, 4YTO 3ajdayda ABJIACTCA YUCTO 3KCH€pHM€HT8..HLHOI>i, U IIOIIBITACMCA
OMpCaACIINTDb TpGGyCMLIe 3aBUCHMMOCTU Ha OCHOBAHUU SKCIICPUMCHTAIIbHBIX TAHHbIX.
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1. IlpoBenemM M3MepeHHs 3aBUCHMOCTH MEpUOJa KPYTHIIBHBIX KOJICOAHUN OT paccTOSHHS
MEXAYy HUTSAMU (HE HU3MEHsSII IpU 3TOM [UIMHBI HUTEH U TIOJOKEHHUS MAarHUTOB).
PesynbTarel n3mepenuii npuseneHs! B Tabnuue 1.

Taoauna 1
R, cu 32 30 28 26 24 22 20 18
T c 1,85 1,98 2,05 2,28 2,35 2,60 2,91 3,40
R, cm 16 14 12 10 8 6 4 2
T, c 3,61 3,80 4,94 5,40 7,18 10,2 15,5 34,0

[TocTpouM 1O 3TUM JAHHBIM TpaQuK.

0+ T ¢
35 1--

30 -
25 1
20 1
15 1
10 1
3] . : : :
0 ; ; ; ; ; :

I'padmx 1. 3apncrvocTs MepHoga KoJIebarnii 0T Pacc TOAMIA MeKTY HETAMI.

Xopomo BHIHO, YTO IPU YBEIWYEHUU PACCTOSHUA MEXAY HUTAMU IEPUO
Kosie0aHui yOBIBAaET, MOSTOMY IOKa3zaTeNlb CTENEHH « OTpuuarenbHblili. Ho uemy on
paBeH? MOKHO KOHEUHO MONBITaThead yragarth. Ilpenmonoxum, 4yto o =-—1, TO €CTh
3aBHCUMOCTb MEXIY IMEpPHOAOM KOJIEOAHUH U PACCTOSHUEM MEXKIy HHUTAMU OOpaTHO
IponopuroHaibHas. g MpoOBEpKU 3TOU THUIIOTE3bI, JIMHEAPU3YEM €€, TO €CTh II0CTPOUM

39 1

30 -

23 1

20 -

13 -

10 4

0 0,05 0,1

I'padium 2. OJbparsas 3aBHCHMOCTE
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. . 1
rpaduK 3aBUCUMOCTH TepHOJIa KOJICOaHUI OT BEIMYMHBI 00OpaTHON pacCTOSIHUIO T Z

Kaxercs, HaMm cpa3y NHOBe3JI0, IOTOMY YTO IOJIY4eHHas 3aBUCHMOCTh OJIM3Ka K
JUHENHOM, YTO MOATBEPXKAAET CAEJIAaHHOE MpeAnooxenue. OgHaKo, T€ TapaHTHs TOTo,
YTO MPU JAPYroM MOoKa3aTese CTENeHN 3aBUCUMOCTD OyJIeT enle «0oiiee TNHEHHON.

wrle : : : W T e : : . :
S R AR HEE e A AR s S A
30 eeennne T — AR L E— /1T S LR SRR SRR . A
o N S I B S5 I NN N R N —
] — e S 57 NN N TN W N N—
T — S IS 8 NN S SRR SN SO S
TR E— : . CS— T3 SRS SRS SRR SPSMRIN S —
: : : 1 ¢ : : i 5
S s R GRGEEEEE hesocos — 5 GEacoas o DECEEacs EEESSSEE SoosEacte —
i i ~R i i i ! .S
1] t t t { 0 - t t t t t \
0 0z 04 0f 0 0 0,05 a1 015 0z 025 03
I'padmx 3. "Koprepaa" 3apHCHMOCTE. T'padinc 4. "Keanparimynan 3apHcinvocTs '
6 1
MOXHO, KOHEYHO, MOMpoOOBaTh U MOCTPOUTh «KOPHEBYIO» T|— | WIH

2

VR

1
«KBaJAPATUIHYIO» T R_ 3aBUCHUMOCTHU — OHH 3aMCTHO XYK€, TaK KaK OaJIbIIC OT IMPSAMOU.

UToOBl HE 3aHUMATHCA MOAOOPOM, HAAO 3AMOMHHTH, YTO MOKAa3aTelb CTEICHH

IpoOIEe BCEro ompezaensercs mo rpaduky B
norapupmudeckom  macmradbe  («log-log»
scale). JleficTBUTENbHO, €CIIM H3BECTHO, YTO
(byHKIIMOHANbHAS 3aBUCHUMOCTh HMMEET BUJ
T=CR", TO ee clenyer
npoIorapuMUPOBATh :

In7=InC,+alhR, (1)
U TIOCTPOUTH rpaduk 3aBucuMocTH In 7' (ln R).

I'paduk 5TOM 3aBUCUMOCTH JOJDKEH OBITh
JUHEWHBIM, a KO3(Q(HUIMEHT ero HaKIoHa
oTpeneNsieT WCKOMBIA I0Ka3aTeslb CTEHCHH.
[Tostom oH MoOXeT ObITh HaiineH OO
HEMOCPEJCTBEHHO T0 Tpaduky, ImbO 1O
METOy HaMMEHBUIMX KBaapaToB. [ 'padux

4 4

1,5 1

0,5 4

0 0,5 1 1.5 2 25 3 35 4

T'padwux 5. Jlorapudnnrdeck it MacIuTad

UCCIIelyeMO# 3aBUCUMOCTH B JIorapu(MUYecKoM MacuiTade MOATBEPKIAeT 3aBUCUMOCTb,

6 Tonbko, rae B3saTh BpeMa? Wi kommerorep!

7 Mosker GbITH KOro-TO IIyraer JorapudM OT pa3MepHOM BETHUMHBI (2 KOIO-TO M mpocTo jorapupm). He
cllelyeT BO3MYIIAThCsl — TpeOyeMblil KoddUIMEeHT HakiIoHa HE 3aBUCHT OT BHIOOpA EIWHHI[ U3MEPEHUS:
JIEWCTBUTENBHO, TEPeXo]l K JPYyrMM eIWHHLAM (KpaTHBIM, JOJbHBIM) NPHUBEAET K M3MEHEHUIO 3HAYCHHUS

CBO60Z[H01"O YJICHa lnCl, HO HC M3MCHHT HAKJIOHA rpa(bm(a. HOSTOMy YKa3aHHadg npoueaypa 3aKOHHa U

HCHOJIb3YCTCA IMOBCEMECTHO.
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IIPUBEICHHYIO B YCIOBUM, TaK KaK 3KCIIEPUMEHTAJIBbHBIE TOYKM XOPOLIO JIOKATCsA Ha
npsmyto. Kpome Toro, HemocpeAcTBEHHO U3 rpaduka cieayer, 4To Kod(pHUIIMEHT HaKIOHA

A(lnT) _

A(nR) "~
TO €CTh NMEPUOJ KPYTHIBHBIX KOJIeOaHUI 00paTHO MPOMOPIHMOHAIEH PACCTOSHUIO MEXITY
HuTsIMH. Jlns  3aBepmieHuss oOpaboTku MoxHO ¢ nomoupio MHK  ompenenuts
koahduimenTsl nTUHEHHONW 3aBucuMmoctu (1). Pacder »THX mapameTpoB MpHBEN K

pesynbraty o =—1,04£0,03 .Takum oOpa3oM, BEIBOA 00 0OpaTHON 3aBHCHMOCTH MEXTY

b

T m R MOXHO cuMTaTh 0OOCHOBAHHBIM JKCIEepUMeHTanbHO. CTporo rosops, -1 4yTh-
YyTh HE IIONANaeT B YKa3aHHbIM auana3o”. Ho, «mpupoma He TEpIUT CIIOXKHOCTEN»,
MO3TOMY JIydllle TNPU3HATh HE3HAUUTENIBHYI0O OLIMOKY B M3MEpPEHHSX, U B KayecTBE

OKOHYATEJIbHOTO 3HAYECHUS MIPU3HATH .

2. Temepp mpoBeneM HU3MEPEHHUs MEPUOJOB KPYTHIIBHBIX KOJEOaHWH NpHU pa3iIndIHBIX
3HAUEHUAX JUIMH HUTEH (IIPU HEU3MEHHBIX OCTAJIbHBIX ITapaMeTpax).

Taoauua 2.

L, 69,0 | 61,0 | 52,5| 49,0 | 46,0 | 42,0 | 37,0 | 34,0 | 29,0 | 25,0 | 20,0 | 16,0
M

I,c | 256|249 2,30 2,20 2,13 | 2,00 | 1,84 | 1,75] 1,66 | 1,53 | 1,32 | 1,18

01T ¢

25 4---ooeee

2 S s r e S
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0.0
0 10 50 60 70 80

T'padux 1. 3apucHMocTE HDepHoga KosaedaHudi 0T AIHHEl HHAT el

[l
=
(7]
=
ot
=

Hanecem nosydeHHbIe TOYKH Ha rpaduK - OMATH NOJy4YeHa HETMHEWHAs 3aBUCUMOCTb.

He 3anummasice mogbopoM M MOATOHKOM, Cpa3zy MOCTPOMM 3Ty 3aBUCHMOCTH B
norapupmuueckoM Macmrabe. JIMHEHHOCTh 3TOTO TpaduKa MOATBEPHKIAECT CTEIICHHYIO
3aBHCUMOCTh MEXJy NepuoaoM Koiebanuit u mmmHoM Huteil. KoadduuueHnt HakioHa
OaHHOW mpsimon Omm3ok k B ~0,5, To ectb mepuoj KojeOaHW MPOMOPIHMOHAIECH
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KBaJpaTHOMY KOPHIO M3  JUIMHBI
Huted. OOpabotka mo MHK naer
creaymonee 3HauYeHne KodpduumeHTa

HaKjIOHa  (paBHOMYy  IIOKa3aTelllo
CTEIIEHU)
L =0,55%0,03.
He CMOTpS Ha

HC3HAYHUTCIBbHOC OTKJIIOHCHHC, 6y;[eM

CUMTaTh, 4YTO TMEPHOJ] KoJeOaHUH
IIPONIOPLMOHAIICH KOPHIO
KBaJlpaTHOMy M3 JUIMHBl  HUTEHN

12 1

1

0,4

0,2

26

28 3

32 34

36 38

T'padux 2. JTorapudnerd eckrrdi Maciurad

T =C,vL, tem Gozee, 4To Takas ke 3aBUCUMOCTb CIpaBeUINBa I NEPHOJa KoleOaHui

MAaTEMATHYCCKOT'O MasiTHHKA.

3. Hakoneu, u3Mepum nepuonbl KojeOaHHM

MArHUTOB.
Taoauua 3.

Ipru pPAa3JIMIHBIX IIOJIOKCHUAX TPY30B —

S, cm

38

36

34

32

30

28

26

T c

3,26

3,02

2,94

2,78

2,60

2,40

2,25

S, cm

24

16

14

12

10

T c

2,10

1,45

1,30

1,17

1,02

0,89

0,77

[ToctpouM rpauk NOJy4eHHON 3aBUCMOCTH.
351T, ¢

34

25 4----------
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I'padix 1. 3apHcrmocTs NepHoga KosledaHmii 0T paccToAHMA MeKTy TPy3anH

MoskeT OBITh U HEOXKUJAHHO, HO JJaHHAs 3aBUCHMOCTh OYCHb OJIM3Ka K JIMHCHHOM.
Anamnz mo MHK npuBoaut k crieyromuM 3HaueHHUSAM KO3(P(HUIHMEHTOB JHMHEHHOU
3aBUCHUMOCTH [ =aS +b:

L C

a=(78+0,2)-10" — @

M -

b

(0,24 +0,05)c
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Baxno [IOIYEPKHYTD, 4To0 15
3aBHCHUMOCTEL OJIM3Ka K JIMHEHMHON, HO HE
SBJSAECTCS  OPSAMO  MPONOPUHUOHATBHOM.

JICHCTBUTEIBLHO, 3HAYCHHE CBOOOIHOTO 11
4jieHa b 3HAYUMO OTIUYHO OT HYJIS.

OtMmeTuM, 4TO BBIBOJI 00
OTCYTCTBHH POIOPIHOHATBHON 0 ]
3aBUCHMOCTHU MOATBEPIKIAETCS u
rpaduKom B JorapupMUIECKOM .
MmaciiTate, KOTOPBIN 3aMETHO u

CHCTEMAaTHYECKH OTKJIOHSETCS OT MPAMO
auaud.  Kpome  Toro, koadduunuent gs
HaKJIOHA AaNIPOKCUMUPYIOIIEH IPAMOU
3aMeTHO OoTiau4aercst oT +1 (paccumTaHo
no MHK): a=0,81+£0,04.

OTOT JOMOJHUTEIBHBIN pacyeT MOKa3bIBaeT, YTO CTEMEHHAs 3aBHUCUMOCTb HE SIBIISAETCS
YHUBEPCAIBbHOM, a TOJIbKO A Hee ynobOeH norapudmudeckuit macmral. Ilostomy He
JleHumecs,  xoms  Obl  NPUMEPHO, NOCMPOUmMb  2paux  HeNnoCpeocmeeHHO  No
IKCNEPUMEHMATLHBIM OAHHBIM.

T'padmx 2. JTorapudivora eckii maciorad

4. Urak, Ha OCHOBAaHHMHM OKCIIEPHUMEHTATBHBIX JAaHHBIX MBI MOCTPOWIH CIEIYIOIIYIO
dbopMyITy AJis IEpHOJIa KPYTHIBHBIX KOJIeOaHu

JI

r=c(as+b) 3)

3HAYEHUs IapaMeTPOB OIPENEIIEHBI BhILIE (2).

ToneiTaeMcs 0OBACHATH HOJTY4EHHYIO (pOpMyITy’. 3aBUCHMOCTb OT JUIMHBI HUTEIH,
Takasg e, KaKk M Juld MaTeMaTU4eCKOro MasTHHKAa — B JIaHHOM cilydae B IIpoliecce
KoJeOaHUH HUTH TaKKe OTKIOHSIOTCA OT BepTUKaIH. [1o3TOMy moiydeHHBIH pe3yabTar
IIOHSTEH.

IIpn yMeHBUIEHMH pPACCTOSHUS MEXAY HUTSIMHU YMEHBIIAETCS BBICOTA IMOABEMA
JMHEWKU TpU ee TOBOPOTE, MHBIMH CJIOBAMH, YeM OOJIbIIE PACCTOSHUE MEXIY HUTIMH,
TEM TPYAHEE NTOBEPHYTH JIMHENKY — YBEITMUUBAETCS «OKECTKOCTb» MAATHHUKA, YTO U JOJIKHO
IIPUBOJUTHL K YMEHBIICHUIO Nepuoja. Takke MOXKXHO OTMETUTb, YTO IIPH PACCTOSHHUH,
MEXJly HUTSMH CTpeMALIeMcs K HYJI0, NMEpuoj JODKEH BO3pacTaTh J0 OECKOHEUHOCTH
(KpyTHJIbHAsI (GKECTKOCTB» OJHOW HUTU CTPEMHUThCA K Hyiro). IToaromy m 3aBHCHMMOCTH
[IEPUOJAA OT PACCTOSIHUS MEXKly HUTSIMU Ka4YECTBEHHO ITOHATHA.

CrnoxHee OOBSCHUTH 3aBUCHMOCTh MEpHOJa KOJICOAHUH OT PACCTOSIHUA MEXIY
rpy3amu. M3meHeHue 5TOro paccTOssHUS NPUBOAUT K YBEJIWYCHUIO MOMEHTAa WHEPLUHU
MasATHUKA. OJIHAaKO, MOMEHT MHEPLUU IPY30B IMPONOPLHUOHAJIEH KBaJApaTy pPacCTOSHHUS
MEXJy HUMH. Eciu macchl Tpy30B 3HAUMTENBHO NPEBBINIAIOT MACCy JIMHEHKH (TO4Hee,
€CIIi MOJKHO TpeHeOpeuyb MOMEHTOM HHEPIUH JUHEHKH 10 CPaBHEHHIO C MOMEHTOM
MHEPLUHU TPY30B), TO NEPUOJ JTOJKEH OBITH MPSIMO MPOMOPIHOHAIECH PACCTOSHUIO MEXITY
Ipy3aMH, IIPU YCIIOBHUH, YTO IIEPUOJ IIPOIOPLUOHAIECH KOPHIO U3 MOMEHTA UHEPLUU:

¥ He CIMIITKOM CIOHO BBIBECTH TOUHYIO (DOPMyYITY [UIsl IEPHOA PACCMATPHBAEMBIX KOJNeOaH i

4JL

T=2r 7 , tie J - MOMeHT uHepiuu JTHElKH ¢ Tpy3amu. Ho cefiuac Mbl IPOBEIEM TOJBKO
mg.

Ka4YCCTBCHHBIC PACCYK/ICHMS.
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eciu’ ToaJ, a JcS*, T0ToxS.
[TonydeHHast JKCIEpPUMEHTAIbHAs  3aBUCHMOCTh TEPHOJA OT PACCTOSHHMSA S CIerka
OTIMYAETCA OT MPSIMO TPONOPLUOHAIBHON, MPUYUHON YEro CIY)KUT MOMEHT MHEPIHU
camoii yHeliku. CienoBarenbHo, GpU3M4ecku 6oJiee JIOTUYHO UCKATh STy 3aBUCHMOCTh B

BUJIC

T =+aS” +b, . 4)
12 173, ¢* :
i) SRR RUTRRRY. DYV, SUREIS. FESEGIS WEREE SO S A

S e e S s S ey

ﬁ H e e e kP S e b e T e et S e e e Lo E o S e e o e L B L S Lt e Rt e T e o bt L e o b i e B Lo g Lt

L e S Lt e e e S e S e et

P T NSNS NG TSN S S——
. : : : : : : 2

: : : : : : : S% oM

0 T T T T T T T i
0 200 400 600 800 1000 1200 1400 1600

T'padmx 3. "Keagpataeeiit' nracinrab

OTa 3aBUCUMOCTb JIMHEAPU3YETCsl, IIPU BO3BEICHUM €€ B KBaJpaT, TO €CTh «KBaJpaTHUHAsN»
3aBUCUMOCTb T° (S 2) JOJDKHA OBITH UHEHHA. [IpoBeprM 3TO MO MOJyYEHHBIM TaHHBIM.
[TocTpoeHHbIl B 3TOM MaciiTabe Tpaduk Takke OJM30K K JIMHEHHOMY, Kak U rpaduk 1.
Onnako »Ta 3aBHUCHMOCTH Ooisiee oOocHoBaHa (u3uuecku. IlosToMy criemyer oTaaTh
npeanoureHne wuMeHHO 3aBucuMoctd  (4). Kosddummentsr 3TOl  3aBHCHMOCTH,
paccuntanusle 1o MHK paBHbI

2
c

a, =(7,06£0,15)-107 —
M .

2
b, =(0,33+0,12)c
3amemum, umo \Ja, = 0,08 = a u3 runelHou 3a6ucumMocmu.

OxoHYATEeNbHO, NEPUOJA KPYTUIBHBIX KOJI€OAHUH pPAaCCMOTPEHHOTO MasTHHUKA
onuckIBaeTcst GopmMynoi

T = C%\/aSz +b|

9
CuMBoIOM OC 6yHeM 0003HaYaTh MPSAMYIO MPONOPHUOHAIBHOCTD.
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K coxxanenuto, He Bcerja ynaeTcsi ObICTPO BBHIBECTH TEOPETUUYECKYIO 3aBHCHUMOCTD,
KOTOPYIO 3aT€M MOHO HpOBep;ITL10 AKCIIEPUMEHTAIbHO. B Takmx 0ojee CIOXKHBIX IS
aHalM3a CilydasX HEOOXOAMMO TIIATENIbHO 00padaThiBaTh SKCIIEPHUMEHTAIBHBIC JaHHBIC,
MpUYEM YacTO pPe3yNbTaThl MOTYT OBITh HEOJHO3HAYHBI — OJWH W TOT e Habop
AKCIIEPUMEHTAJBLHBIX TOYEK MOJKET OBITh ammpOKCUMHUPOBAH DPA3NIUYHBIMH CIIOCOOAMH.
Crnenyromuii mpuMep WLTIOCTPUPYET ITO MOJIOKEHUE.

3agauya 8. «Kpyuenue u BepueHue»

JIBi>keHHWe  Tema  HE  Bceraa  ObIBaeT
PaBHOMEPHBIM WJIM PaBHOYCKOpEHHBIM. OJHAKO 3TH
YIPOLIAIOIAE MOJEIM 4YacTO MWCIIOJB3YIOTCS Ul  ONMCaHUsA
peabHBIX 3aKOHOB JIBHXKEHUA. B naHHO# paboTe BaMm MpeacTOUT
JKCIICPUMEHTAJIBHO HCCIENOBaTh OJWH M3 TaKUX 3aKOHOB,
[IPOAHAJIM3UPOBATh BO3MOKHOCTh IIPUMEHEHHMsI 3HAKOMBIX BaM
MOJIEIE M, HAKOHEL], MOMNbITATHCS YCTAHOBUTH 3MIIMPUYECKUI
(OTIBITHBII) 3aKOH JBHKEHHS.

Ilpubopwr u obopyoosarue:

1. ltaTuB ¢ nankoi.

2. Jluneiika 40 cMm.

3. CexyHzomep

4. Hutku

5. Tsxenplil METAUTUYECKUN CTEPIKEHBD.
6. MeTtanueckuii CTEP/KEHb.

IlonBecbTe TsKENBIM CTEPKEHb HA [BYX NApaJUICIbHBIX HUTAX. BepXHHE KOHIBI
HUTEH MPUKPENUTE KO BTOPOMY CTEPXKHIO. J[JTMHBI HUTEH JAOIKHBI OBITH IPUMEPHO PaBHBI
30-40 cm, paccrosiHue Mexay HMMH okojo 15 cm. He 3a0yapTe ykaszaThb TOYHBIE
YHCJIeHHbIC 3HAYeHHA 3THX BeJIMYMH B cBoeil padore.

Bam HeoOxoaumMo HUCClEeqOBaTh MPOLECC PACKPYUHBAHUS ————
CTepKHS, JUISl ATOTO MEPBOHAYAIBHOTO €ro HaJ0 3aKPyTUTh (TPU ITOM
HUTH, €CTECTBEHHO, OKAXYTCs MEpeKpydeHHBbIMHU). Bce m3MepeHus 1o
M3YYCHUIO DPACKPYYMBAHUS CIIEAyeT HAYMHATH C HYJIEBOH CKOPOCTH
BpaIllCHHUS.

IIpu  3akpyuuBaHUM  CTepkHS  (NMEPEKPYUYMBAHUS  HUTEH) {
CTpPEMUTECh, YTOOBI HUTU BCE BPEMs OCTaBAIKMCh HATAHYThIMH. [Iporie |
BCEr'0 3TOTO JOOUTHCS, €CIIU MOABEIICHHBIN CTEPKEHb MPOCTO TOJKHYTH, '
npyu  HEOOXOAMMOCTH TMOATANKWBas ero (He 3a0blBasg MpPU ITOM
MOJICYUTHIBATh YHCIO 000poTOoB). (003HAYMM HAYadbHOE YHCIIO
000pOTOB CAETAHHOE CTEPKHEM - N, .

[Tpu ommcaHuM IBUKEHUS CTEPXKHS B KAYECTBE €r0 KOOPIAMHATHI
CIIe/IyeT UCIOJIb30BaTh 71 - YUCIO 000POTOB, KOTOPOE ClIeNal CTEPKEHb,
IPU €ro JABM)KEHUH OT BEPXHETO MOJOXKEHUs (KOTJa HUTH MAaKCHUMAaJIbHO MEPEKPYUEHBI).
EctecTBEeHHO, YTO 3TO YUCIIO MOXKET OBITH APOOHBIM.

19 Ho ne MOJITOHATE!
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1. 3aK0H ABMKEHHUS.

1.1. Uccrnenyiite 3aKOH MABIMIKEHHUS CTEpXKHS MPU (PUKCUPOBAHHOM HHCIE OOOpPOTOB
HauyaJbHOU 3aKPyTKU CcTepxkHs N, (3Ta BeIMYMHA JOJDKHA OBITh NMpUMEpHO paBHa 60-70

oboporam).
JUiga  3TOro u3MephTe 3aBUCUMOCTb BpPEMEHU pPACKPyYHMBAHHMsS {, OT 4YHCIa

ClIeIaHHBIX 000OPOTOB 71, IPU (PUKCUPOBAHHOM UYHUCIIE HAYATIBHOIO 4YKcia 000poToB N, U

HYJIEBOW HAYAJILHON CKOPOCTH.
[ToctpoiiTe rpaduk 3aKoHA ABMKEHUS CTEPIKHS n(t)

Ilpu ananuse pasnuunsix mooenell O8UNCEHUs PACCYUMbIEAMb
noepewHocmu napamempos mooenetl he mpeoyemcsi!

1.2 Ilpubau:keHHe PABHOMEDPHOro JABW:KeHUsi. [Ipoananusupyiite BO3MOXKHOCTH
UCII0JIb30BAaHUS MOJEIN PaBHOMEPHOTO ABW)KEHUS [UIsl ONMCAHUS PEAJbHOTO ABM)KECHHUS
crepxHs. g 3Toro

a) 3anumuTe (PYHKIHMIO 3aKOHA DPABHOMEPHOTO MABIMXKEHUS (MIPH HYJIEBOW HavalbHOMN
KOOpPJMHATE);

0) mocrtpoiiTe rpaduk 3aKOHAQ PAaBHOMEPHOTO IBMXKEHHUS (TMPU HYJIEBOM HaydalbHOMN
KOOPJIMHATE), ONUCHIBAIOIINM IBUKEHUE CTEPHKHS C HAUMEHbIIEH O PEIIHOCTHIO;

B) OIPEIEIINTE CKOPOCTh PABHOMEPHOTO ABW)KEHMS, IPU KOTOPOH MOJENb PaBHOMEPHOIO
JBMKEHUS IMEET MUHHUMAJIbHYIO OLITHOKY;

. obopom
6 OAHHOM Cyuae eOUHUYell USMEPEHUSL CKOPOCTU  CILYHCUM p—
cexyHoa

I) YKOKUTE MAaKCHUMAaJbHYIO OIIMOKY B ONPEHCICHUU KOOPAWHATBHI CTEPXKHSA 7,
BO3HHUKAIOIIYIO TIPU HCIIOJIb30BAHUN MOJICIIA PABHOMEPHO JIBHYKCHHSL.

Ilpogedume Oamnnoe ucciedoganue ONsi 6Ce20 UHMEPBANA OBUNCEHUS. CMEPIICHS
(ne [0, NO]) U 01 NPOMENCYMKA 6peMeHU, K020d YUCIO COCNAHHbIX CMepI’CHEM

obopomos usmensiemes om 30 0o 50 (n € [30, 50]);

1.3 Ipuban:keHue PaBHOYCKOPEHHOro ABWikeHHMsA. IIpoaHanu3upyiiTe BO3MOKHOCTH
UCIIOJIb30BAHUSI MOJIENIM PAaBHOYCKOPEHHOIO  JABW)KEHHS Ul OIMCAHMSI PEAJbHOIO
JIBHKEHUS CTEPKHA. [ aToro
a) 3anmuImuTe (PYHKIMIO 3aKOHA PaBHOYCKOPEHHOTO IBM)KEHUS (IIPH HYJIEBOH HadalbHON
KOOPJMHATE U HYJIEBON Ha4yaJbHOI CKOPOCTH);
0) mocTpoiite rpaduk 3aKoHa PaBHOYCKOPEHHOTO IBMXEHHMS (TIPH HYJIEBON HaydalbHOMN
KOOpJMHATE W HYJIEBOW HAdaJlbHOM CKOPOCTH), ONUCHIBAIOIIMHA JBM)KEHHUE CTEPXKHS C
HAaUMEHBIIIEN TOTrPENTHOCTHIO;
B) OIPENEIUTE YCKOPEHHE, NP KOTOPOM MOJENb PAaBHOYCKOPEHHOTO ABM)KEHMS MMEET
MUHHUMAaJBHYIO OLTHOKY;
B) YKaXHUTE€ MAaKCHUMaJbHYI0 OHIMOKY B ONpEACICHUM KOOPAMHATHI CTEPXKHA H,
BO3HMKAIOLIYIO IIPU MCIIOJIb30BAaHUN MOJEIN PABHOYCKOPEHHOTO JBUKECHUS.

Ilpogedume OanHoe uccredoganue Ol 8Ce20 UHMEPBALA OBUNCEHUS CMEPIHCHS

(nelo, N,]).
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1.4 Ipubau:keHue MoJedH TrapMOHHMYECKOro KoJeOaHus. IIpoananusupyiire
BO3MOKHOCTh HCIOJIB30BAHUS MOJEITH TapMOHHYECKOTO KojeOaHMs JUIs OIUCAHUS
peasbHOTO IBMXKEHUS CTepXKHs. J[is aToro
a) 3anumuTe (QYHKIMIO 3aKOHa TapMOHHUYECKOro KoyieOaHus (Ipu HyJCBOH HavalbHOM
CKOPOCTH);
0) moctpoiiTe rpaduk 3aKkOHA TapPMOHHUYECKOTO KoyieOaHWs (NIPH HYJIEBOW HaYaIbHOU
CKOPOCTH), OMUCHIBAIOIIMI JBIYKCHUE CTEPKHS C HAMMEHBIICH ITOTPEITHOCTHIO;
B) ONpEICNTUTE YIIOBYIO YacCTOTy KOJIeOaHMs, MPH KOTOPOM MOJEIb T'apMOHHUYECKOTO
KoJIe0aHUs UMEET MUHUMAJIbHYIO OIINOKY;
B) YK&OXHTE MaKCUMaJbHYI0O OMMOKY B ONpEHCICHHH KOOPIUHATHI CTEPXKHS 7,
BO3HHKAFOIIYIO IPH UCTIOJIb30BAaHUH MOJICIIM TAPMOHUYECKOTO KOJICOaHMUsI.

Ilpogedume OanHoe ucciedoganue Ol 8Ce20 UHMEPBALA OBUNCEHUS CMEPIHCHS

(nelo, N,]).

1.5 CrenenHasi 3aBHCHMOCTb. J[OImycTUM, YTO 3aKOH JABMIJKEHHUS CTEp)KHA (HAa BCEM
MHTEpBAJIC ABMKECHUS CTEPKHS) MOXKET OBITh MPUOIMKEHHO MPE/ICTaBIICH B BUE

n=Ct", (1)
rae C, y - moCcTosiHHBIE BeMUYuHBL. Ilpm KakoMm 3HaueHUHW mapameTpa y 3Ta ¢dopmyna

HanOoJIee TOYHO OIHMCHLIBAECT peaJILHLIfI 3aKOH I[BI/I)KCHI/IH? quy paBHa MakKCUMAaJIbHAaA
OIITMOKA TAKOTO OIHCAHUS JBHUXKCHUSA.

2. Bpemsl pacKpYTKH ¥ NOTeHNHMAJbHAsA QYHKIUSA.

2.1. Hccnenyiite 3aBUCUMOCTb BPEMEHH IIOJHOTO pAacKpyuMBaHHUSI CTEpXKHA T (OT
HAa4YaJIbHOTO IIOJIOKEHUS, [0 HIKHEW TOUYKM, B KOTOPOW HUTH BEPTUKAIBHBI) OT
HaJyaJIbHOT'O YKCiIa 000POTOB 3aKPYTKH N, .

2.2. Tloctpoiite rpaduK NOTYIEHHOH 3aBUCUMOCTH T(N 0) .
2.3 JlomyctuM, 4YTO BpallleHUE CTEP>KHS SBISETCA KOHCEPBAaTUBHBIM (T.€. MOXKHO
npeHedpeyub CONPOTHBIEHHEM BO3/yXa). B aToM ciyuae moTeHIMaIbHAs SHEPT U CTEPKHS
OJIHO3HAYHO oOIpenensiercs ero KoopauHaroil. Ilpeamonoskum, dYTO 3aBHCHUMOCTH
MOTEHIIMAILHON SHEPIHH CTEP>KHS OT €ro KOOPAWHATHI UMEET BU]L

U(n)=Kn”, (2)
rne K, - noctosiHHbIe BennduHbl. Onpenenure 3HaYeHUE MoKaszaTens cTerneHu [, npu
kKoTopoM ¢yHKIus (2) Hambolee TOYHO COOTBETCTBYET 3aBHCHMOCTH, IMOJYYEHHOU B
nyHkre 2.1.

KoMMeHTapuu K yCIOBHIO.

1. B paboTe MOXHO MCIOJIB30BATH JIFOO0H MaCCUBHBIN (METANTUYECKHIT) CTEPIKEHb: OT
IITaTUBA, KyCOK apMaTyphsl U T.1.

2. 3HaYUTEIHHYIO YacTh BPEMEHHU B JJaHHOI paboTe 3aHMMaeT 00paboTKa pe3yabTaToB
n3Mmepenuid. [loaTomy 3Ty paboTy MOKHO 33JaTh B KaUueCTBE JOMAIIIHETO 33 JaHUs,
JOMYCTUMO TaKXe UCIOIB30BaTh KOMIbIoTep (Hanpumep, Excel).
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PesyabTaTsl U 00CyxkICeHHE.

Yacrs 1. UcciienoBanns 3aK0HA IBM/KCHUSI.

B TaGmuue | mpencTaBieHbI pe3ylbTaThl M3MEPEHHH BPEMEHM' ' pacKpyuMBaHHS
(HayanmpHas 3aKpyTKa paBHsUIaCh 68 00OPOTOB — TaK YK MOJYYMIIOCH) 10 HY>KHOTO YHMCIIa
n . Paaom moctpoeH rpaduk 3aKoHa JBUKEHUS.

Taoauna 1.
Yucno Bpems ~

CHENAHHBIX | PACKPYYUBAHHS 80Tt (cbeponin) : . ; :

060pOTOB 71 t,c o oo e A i
10 21,38 : : : : : ;
15 25,85 S G i L o
20 30,65 s s e e e L
25 36,60 U NURSUNR SR T S Pzt S S
30 39,54 S ] ________ i e _________ |
35 45,59 ; ; : ; ; ;
40 48,7 L o A
45 52,69 0 o N S S -
50 56,89 0 10 20 30 40 50 60 70
55 61’30 T'padmx 1. 3axou geipkxenma (zagHcHMOCTE YHCTIa

CHeaHHEIX 000pPOTOR OT BpeneHH)

60 65,15
65 67,73

Wrak, skcriepuMeHTalbHbIEC JaHHbIE ITOTY4YeHbl. [IpucTynum k ux aHanusy —
HACKOJIBKO XOPOIIO 3HAKOMBIE MOJEJICH IBUKEHHSI MOTYT OIIMCBHIBATh JBUKEHUE CTEPIHKH.

1.2 HpubankeHue pABHOMEPHOI0 IBUKEHHUS.

Koopaunara tena (HarmmoMHUM, B JaHHOM CJIydae 3TO YHCIO OOOPOTOB CTEpXKHs) NpU
PaBHOMEPHOM JIBI)KEHUH M3MEHSIETCS 110 3aKOHY (TpU HyJIeBOM HayalbHOW KOOPAMHATE)
—— (1)
I'paduk sToit QyHKIIMK M300pakaeTcs MPSMOM, MPOXOJAIICH yepe3 Hadano KOOpIWHAT.
[TosTomy Ha rpaduke, H300pa)karoiieM SKCIIEPUMEHTAIbHBINA 3aKOH JABMKEHUS, TOCTPOUM
npAMYI0, Haubosiee GIIM3KO' ~ MPOXOIAILYIO CEPAM IKCIIEPUMEHTANBHBIX Touek (I'paduk 2).
[To moctpoeHHOMY TrpaduKy OIpenesseM, YTO B MOJEIH PAaBHOMEPHOTO JBUKCHHUS
CKOPOCTb MOKET OBbITh MPHUITOMN

" VI3MepeHus BpeMeHH MPOBOJIMIICH C IOMOIIBIO YIEKTPOHHOIO CEKYHIOMEpA, MOYTOMY 3HAUEHHS BPEMEHH
IIPUBEJEHBI C TOYHOCTBIO JI0 COTBIX JOJIE€ CEKYHBI, XOTSl IOIPELIHOCTD U3MEPEHMUSI ONPEEISAETCS BPEMEHEM
peaxIyy 4eI0BeKa, YTO COCTABIsET BenuuuHy nopsiaka 0,1 c.

"2 Koneuno, 710 omnpesenenne TpedyeT yrouHeHHs. MOXKHO MCKATh TAaKylO NPSMYIO, 4TOObl MaKCHMAIbHOE
OTKJIOHEHHE OT Hee ObUTO MUHMMAJILHO; MOXKHO IOTPEOOBaTh MUHIMYMa CyMMBI KBaIpaTOB OTKJIOHEHUH (Kak
B MHK); BO3MOXXHBI M JApyrue BapHaHTHl... B maHHOM ciydae Hac HE MHTEPECYIOT TH MaTeMaTHYecKue
ToHKOCTU. IloBepbTe, pa3nuuuss MeXAy NPSIMBIMH, YAOBIETBOPSAIOLIMM OTHM Ppa3IHYHBIM ONpPEAECICHUIM
«Omm3ocTHy, NIeKaT B Ipesesiax MmorpenHocTel n3mepenuid. [1ostoMmy, B 1aHHOH 3a1a4e BCe «ONTHMAIBHBIC)
TEOPETUYECKHE 3aBHCHMOCTH OyIeM CTPOUTH «Ha IJIa3», a MX MapameTphbl ONpelessaTh rpadudecku. Xots,
HaunOosee JOTOUIHBIC YUTATEIN MOTYT 00pabaThIBaTh MX MO METOLYy HAMMEHBIINX KBaJPaTOB.
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14 =ﬁz£z 0,85¢7".
o 65
OOpatuTe BHUMaHHE, YTO «TEOPETUUECKasD» MpsAMas HE MPOXOAUT Yepe3 KOHEUHYIO
TOYKY — B 3TOM CJIy4ae MaKCUMaJbHOE OTKIOHEHHUE ObIIO OBl OOJIBIIIE.
Hanee B Tabmuiy 2 3aHOCHUM «TEOPETHYECKHE» 3HAYCHUS KOOPIHMHAT,
paccuntanubsle 1Mo ¢opmyine (1) M HaXoAMM pPa3sHOCTH MEXIY «TEOPETUYECKHUMU» H
OKCIEPUMEHTAJIBHBIMM  3HAUYEHUSMHM Ul KaKAOW  DKCHEPUMEHTAIbHOW  TOUKH

An=n,, —n,KOTOpbIE TAKXKe MPEICTaBICHBI B TaOIHIIE.

meop.
Tabuna 2. 70 1 # fodopomst) ———————————————
55 - ::P: ...............................................
60 ---d----boodoe
o] &8 4
50 4---
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T'padux 2. 3axoy gprexeHia (MOJeE PABHOMEDHOT 0 JEITHEHIL)

Bugum: OTKIOHEHMSI OSKCIEPUMEHTAIBHBIX TOUYEK OT IIOCTPOCHHOW 3aBUCHUMOCTHU
JI0OCTaTOYHO BEJIMKH U SBHO MPEBBIIIAET MOIPEIIHOCTH U3MEPEHUN 3aKOHA JBM)KEHUsA. Tak
Ha T[EpBOM IOJOBUHE JIBUJKEHUS OTHOCUTENIbHbIE OTKIOHEHMsI nocturarorT 100%.
MaxkcumManbHOe a0COIOTHOE OTKIIOHEHHE PABHO (An) ~ 8 0bopomos .

max

Ecnu ke mpuMEHHUTh MOJENb PAaBHOMEPHOI'O JABM)KEHHS K OIMCAHMIO BpalllEeHUS
CTEpHS Ha BTOPOM IIOJIOBUHE €ro IBW)KEHMsI, TO PE3YJIbTaThl IOJIY4aroTCsd TOpas3io
ay4qiie. AHaIu3 MOJENH, B IaHHOM cilydae IPOBOJIUTCS aHAJIOTUYHO: IPOBOJUM MPAMYIO,
OMM3KO MPOXOJSLIYI0 K 3KCIIEpUMEHTAIbHBIM ToukaM (HauuHast ¢ n, = 30) — I'paduk 3.

YpaBHeHHE 3TON NIPSIMOU
Mooy =M TV (E=1,), )

meop.

rae (nl,tl) - «HA4YaJbHBIC YCIIOBUS» Ul 3TOTO y4acTKa IBMKeHMs. [10 HakIOHy mpsmMoin

onpeaciriicM MOACIIbBHYHO CKOPOCTh

zﬁzﬂzl,Zc%.
ot 25

3aTeM pacCUMTHIBAEM TEOPETHUUECKUE 3HAUEHUS KOOPAMHAT M HX OTKJIOHEHUS OT
skcniepuMeHTanbHbIX (Tabmuma 3).
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Taoauua 3.
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0 5 10 15 20 25 30 35 40 45 50 55 60 65 7O

MaxkcumanbrHOe OTKJIIOHCHHUC B JaHHOM cJ1ydqac COCTaBJIACT BCJIIMYUHY

(An),.. ~1306.

Takum 06pa3om, B TaHHOM ClTy4ae MO/IEIb PABHOMEPHOTO JABMKEHUS BIOJHE IPUMEHHUMA.

Mooicno npeonoscums credyloujee meopemuyeckoe «00bACHeHUU»e NOLYYEeHHO2O0
pe3yIbmama: nocie HMana pazeona conpomusienue 6030yxa’” cmabuusupyem ckopocme
gpawenus. OOHako 3mom 61600 He 000CHOBAH — HA HEOONLUIUX BPEMEHHLIX YUACMKAX
106as. MOHOMOHHAS (HYHKYUA MOdCem Oblmb NPUBTUNCEHA TUHENHOT 3a6UCUMOCHIbIO’ .
Bosmoorcno,  umo  mounocmv  dKcnepumenma — He — NO360JAEM  OOHAPYICUMb
npucymcmeyioujee yCKopeHue.

" Kak Bcerza B UCKYCCHSX T10 IOBOJY MEXAHHKH: BO BCEM BHHOBATO TPEHHE U CONPOTHBIICHHE BO3YXa.
' TlomnuTe: BesiKas GyHKIMS IMHEHHA, €CITH. ..
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1.3 Hpu6ankeHue pABHOVCKOPEHHOI0 IBUKEHHUS.

DOKCIIepUMEHTAIbHBIE JIaHHBIE OJHO3HAYHO CBUJAETEIBCTBYIOT O BO3pPAaCTaHUU
CKOpPOCTH BpAIICHHUS, pACCMOTPUM, MOKHO JIM CUMTATh 3TO BO3PACTAHHUE PABHOMEPHBIM,
TO €CTb CUMTaTh JIBUKECHHE pPaBHOYCKOPEHHBIM, OIHMCBIBAEMBIM  KBAJPaTUYHOU
dynkmmeii’.

[Ipu HyneBbIX Ha4YaNbHBIX CKOPOCTH M KOOPAMHATE, 3aKOH PaBHOYCKOPEHHOI'O
JBYO)KEHUS UMEET BUJ

n, =9 3)

meop. 2

[TocTpouTts «Ha T1a3» mapadoy, Hanboaee OIM3KO MOAXOIAIIYIO K 3aJaHHBIM TOYKaAM
3aTPYAHUTETHHO, IIOATOMY CHaYaIa He0OX0IMMO JIMHEAPU30BaTh UCCIIEAYEMYIO
3aBUCHMOCTb.

B  ngannom cay4yae dTa 70 # (ofoponis)
npoueaypa OYEBU/IHA: nocrpoum 63 g----- Rt i
rpadpuK  3aBUCUMOCTH  KOOPIMHATHI gg ::::j """ SN
CTepKHS OT KBajapara CKopoctu. Ecmm 4 ... beeed
Gyukuus  (3)  npumenuma, 1O 45 1o
OKCHEPUMEHTAIBHBIE TOYKM HAa TaKOM ;g """ """""""""
rpaduke J0KHBI BBICTAUBAThCSA OJIU3KO 39 1.1 . ... o

K npsaMmoi. Ecam  He  CIMIIKOM 25 -----i------

NPUBEPEAHNYATb, TO MOXXHO CUHUTATh, ig N ! ! .
4To 310 Habmoaaercs Ha ['paduke 4. Rl
Xopou1o BUJHO, 4yTo 54

OTKJIOHEHHUS TOYEK OT NpsAMOM HocsAT He U
CIIy4aliHbIH, a BIIOJIHE 3aKOHOMEPHBIN
XapakTep, CIEA0BATEIbHO, ABH)KEHHUE HE
ABJIIETCS CTPOTO PaBHOYCKOPEHHbIM. HO Mozenb paBHOYCKOPEHHOI'O JIBMIKEHUS MOXKET
NpUOJIMKEHHO OMUCHIBATh HAOIIOAaEMOE TBUKCHHUE.

Jlig onpeneneHus ONTUMAIBHOTO «MOJIEIBHOTO» YCKOPEHHUS IPOBENEM Ha ITOM
rpaduKe MpsIMyro 4epe3 Hayajao KOOPAMHAT, MPOXOAILYI0 OJIM3KO K SKCIIEPUMEHTAIBHBIM
ToukaM. B cooTBercTBHM ¢ BhIpakeHHeM (3) KOX(pPHUIMEHT HAKJIOHA 3TOH MPsAMON paBeH

1] S00 1000 4500 2000 2500 3000 3500 4000 4500 5000

I'padux 4. 3apHcHMOCTE Wicaa 000pPOTOE 0T KBagpaTa EpeMeHH

1
Ea . [loaTOMy ycKkOopeHue CTepKHS IPUMEPHO PaBHO

a=2-9" ~0,030c2.
()

JanpHeWmmii  xon paboOThl TOHATEH: paccuuThbiBaeM 1o  Qopmyne (3)
TEOPETUYECKUE 3HAYCHUS KOOpAMHAT W wux OTkiIoHeHus (Tabmuuma 4) u crpoum
TeopeTnueckuii 'paguk 5 3akoHa OBMKEHUS B MOJEIH PaBHOYCKOPEHHOT'O JIBHYKCHHS.
MaxkcumanbHasi MOrPEIHOCTh MCIIOJIb30BAaHHON MOJIEIN COCTaBIISIET (An) =~ 6006., 4TO

max
3aMETHO MEHBbIIIE, YEM [OrPEIIHOCTh MOJEIM PABHOMEPHOIO [BH)KEHHUS (Ha BCEM
UHTEpPBAJIC ABH)KECHUS).

Ecnu nmpumeHuTh MOJENb PaBHOYCKOPEHHOIO JIBIDKEHHS K HayaJbHOMY JTaIy
pasrona'® (ckaxkem, 10 7 =30), TO MOXHO MOJYYUTh rOPa3fo Jydlliee COOTBETCTBHE

MCIKAY MOJCJIBKO U PCAJIbHBIMU JTaHHBIMMU. HeﬁCTBHTGHLHO, TNCPBLIC 6 ToUek JeKaT OUEeHb

15
...OHa He rmapabona!

16
Mosxere MpOoACIaTh 3TO YIPAKHCHUC CaAMOCTOATCIIBHO.
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O6mm3ko k mpsmol. CrenoBaTeNbHO, MOJENb PABHOYCKOPEHHOTO JBMXKEHUS MOXKET
MIPUMEHATBHCS K ONMCAHUIO BPAIICHUS CTEPKHS, OCOOEHHOIO Ha HayaJlbHOM JTale €ro
pasroHa.

Taoauna 4

80 —# (oloponist)-

0 10

[
=
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=
.
=
tn
=
=)
=

I'padimx 5. 3axo0H DRITEEHHA
{(MOJETE PABHOYCKOPEHHOT 0 TRIAEHITA)

Haoum u meopemuueckoe «000CHOBAHUE» MOS0 BbIBOOA. YCKOPEHUE CMEPIHCHS
onpeodensaemcs CUNAMU HAMANCEHUS HUmel (MOAbKO dMU CUIbl CO30a0M HEHY1e6ou
8PAWAIOWULL MOMEHM); MU CUTbL 3AGUCAT OM MACCbl CIMEPICHSA (USMEHEeHUeM KOmopou
80 8peMsL OBUIHCEHUSL MONCHO NpeHeOpeub) U Yenamu Mexcoy HUMAMU U CIePpHCHEM, Ko20d
HUMU CKpy4YeHvl, smu Yyaavl usmeHaomca mano. CredosamenvHo, MOMEHm CUTbl,
PACKPYUUBAIOWULL CTNEPIHCEHb, OCMAEMCs NPUMEPHO NOCMOSHHBIM, 4YeM U OObACHAEMCs
npumMepHoe NOCMOSAHCMBO yckopenus. Illpusnaem, oOaumHoe 00bvACHEHUE OOCHMOUHO
B03DAICEHUIL; MOMEHMbl CUN MAbl (MAK CMEpPIHCeHb MOHKULL), NOIMOMY UX Majnoe
UBMEHeHUe MOJCem CYuWecmeeHHO NOGIUAMb HA Xapakmep 08udceHus. /Juckyccus 6 makom
cmusie 0ecn00Ha — HYJHCHBL cepbesHble (U OueHb He npocmule) paciemsl. Bozmoowcno, umo
NPUMEHUMOCMb  AHAUUPYEMOL MOOenU 8 OAHHOM Clayyae OOBACHAemCs meM, Ymo
K68aOpamuuHas QYHKYUus mounee annpoKCumMupyem CLoNCHYI0 Heu38eCmuyIo QyHKYUro.
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1.4 HpubdaunkeHue MOIeJ rApMOHHYECKOro K0JIe0aHus.

JIBHKEHUE CTEPKHS AEUCTBUTEIBHO SBISETCS KOJIeOaTeIbHbIM, JOCTUTHYB HIKHEH
TOYKHM (KOTJa HUTH PACKPYTHWIIMCh), OH IO MHEPLMU IMPOJOJIKUT BpaIlaTbCsd U OISATh
3aKpYTUT HUTH (B MPOTHUBOIIOJIOKHOM HampapiieHuH). Ecnu Obl He Hen3OexHble TMOTepU
MEXaHUYECKOM SHEPrHH U3-3a COMPOTHUBIICHUS BO3/ayxa (onATh!?), HEynpyrux negopmanuis
HUTH U TPEHHUS MEXJy HHMH, TaKoe KojeOaTeIbHOEe JIBUKEHHUE CTEPXHS IMPOJO0DKaIOCh
Obl OeckOHEUHO na0yro. PackpyuuBaHHE CTEp)KHS OT HAdalbHOW 3aKPYTKH 1O HIDKHEH
TOYKHM COCTaBIISIET YETBEPTh Iepuoaa ero kosebanus. [losromy B maHHOM pasnene
(aKTHYECKH peyub HIET O TOM, MOKHO JIM SKCIIEPUMEHTAIbHBIN 3aKOH JBUKECHUS ONHUCAThH
rapMoOHHYeCcKor (yHKUUEH BUIa

(Ny—n),.,, =Nycosor. (4)
Takoii ee BbIOOp ompeneneH
Ha4daJlbHbIMHA YCJIOBUSMHU: Hy.]'ICBOfI

HA4YaJlbHOM CKOPOCTBIO. 3aMETHM, 4YTO
II0JIOKEHUIO PABHOBECHS COOTBETCTBYET
n=N,, TaK KaKk Mbl OTCYUTBLIBAEM
000pPOTHl OT HAYaJIbHOIO MOJOXKEHHUs
MaKCUMaJIbHO  3aKpY4YEHHBIX  HHUTEH.
Bennuuna (N 0 n) COOTBETCTBYET
KOOPJMHATE, OTCUUTHIBAEMOM OT HHIKHETO
IIOJIOKEHUST ~ CTEPXKHSA, KOIjJla  HHUTHU

BEPTUKAJIbHBIL. :
JUis  aHanms3a  IPUMEHUMOCTHU L
Mozenu (4) nuHeapusyeM ee, NMpUBEIsS K 0 5 10 15 20 25 30 35 40 45 S0 55 60 65 70
BULY N I'padmr 6. Mogeas rapMoHIYECK 0T 0 K0JefaHHa
—n JrHeapHzaiHa
arccos—>—— = wt . ¢ p )

0
Tenepp HE0OXOAMMO 1O SKCHEPUMEHTAIBHBIM JAHHBIM MOCTPOUTH TIpaduk

N,
3aBUCUMOCTH arcCoOS——— OT BPEMEHH U PACCMOTPETh, MOKHO JIM €r0 MPHOIHKEHHO
0

3aMEHUTh IIPAMOW JIMHMEH, MNPOXOMAIEH, 4Yepe3 HadaJlo KoopauHar. Pesynbrar
NOCTpOEHUsI Toka3zaH Ha [padpuke 6. JlelCTBUTENBHO SKCIIEPUMEHTAIBHBIE TOYKU
BBICTPAMBAIOTCA B JIMHHIO, OJM3KYI0 K HPAMOM, XOTS M B JAHHOM CJIydae OTKJIOHEHHUS
HOCAT CHUCTEeMAaTHYeCKUH XapakTep. OTOT TpaduK TOKa3blBaeT, YTO MOJIENb
rapMOHUYECKOTO KOJEOaHHUS TaKKe MOXKET HPUMSATHCS Ul MPUOIMKEHHOTO OMHCAHUS
HabmromaeMoro BmkeHus. [1o HakJIOHY OCTPOEHHON MPSAMOIL ompenenseM ONTUMAaIbHOE
3Ha4YeHUE KPYroBO# 4acTOTHI KOJIeOaHUS:
o ~0,023c" .

Jlanee BBITIOJIHSIEM TEXHUYECKYIO paboTy — MO HalJICHHOMY 3HAYEHHUIO YacTOTHI U C
noMoIbio Gopmyisl (4) pacCUUTHIBAEM TEOPETUYECKHE 3HAYCHHS KOOPAMHAT M UX
OTKJIOHEHHH OT SKCHEPUMEHTAIBHBIX 3HaYeHUU. Pe3ynbTarel mpencrasineHsl B Tabmume 5
u Ha [papuxe 7. B Tabnmuue oO6o3HAYEHO (NO —n):n1 - KOOpJMHaTa CTEpXKHS,

OTCUHUTBIBACMaAs OT MOJIOKCHUSA PABHOBCCUA CTCPIKHS.
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Taoauua 5.

S I R 2 U _[(ND —n)=N, cosa)r]

I'pagmx 7. 3aK0H NBIDEEHMA
(MOJeE TAPMOHITYECKOT D K018 Garmia)

C YAUBJIICHUCM 06Hapy>KI/IBaCM, 4TO 3Ta MOJCJIb ONUCBIBACT IABHUKCHUC JIY4IIC, YCM
MOJICJIb PAaBHOYCKOPCHHOI'O ABHIKCHUS. Ee maxcuManpHas MNOTrpCHIHOCTE COCTAaBJIACT
(An), . ~406. - Menee 10%.

Ilpumenenue Mmooenu 2apMOHUYECKO20 KOJNEOAHUs MAKdHCce MONCHO — O0amb
meopemuyeckoe obocHoganue. Mul yoce nokazanu, ymo OBUNCEHUE CMEPIHCHI ABNAEMCA
KonebamenvHoiM. Koz0a Humu packpyyenvl (6epmukanivhbl) cmepicenb obaaoaem
MUHUMATLHOU NOMEHYUANbHOU SHepauell. BOnusu MuHumyma nOmMeHyuanvHas QyuKyus
Moxcem Obimb NPpUMEPHO 3ameHeHa napabonol. A eciu nNomeHyuUanrbHAs dHepeus meia
NPONOPYUOHANLHA KEAOPAMmYy OMKIOHEHUs OMm NOJONMCEHUs pPABHOBECUs, MO Melo
cosepuiaem 2apmonudeckoe Koniebawus. B smux  paccyscoenusx  ckpuimul  08a
CYWecmeeHblX HeOOCMAamKa: 60-NepsblX, paccmampusaemvle KoaeOaHus He AeIAMmMCs
«MANBLIMUY, NOIMOMY He 0DOCHOBAHA BO3MONICHOCHb ONUCAHUS NOMEHYUANbHOU QYHKYUU
KaK K8AOpaAmMu4HoU 60 8CeM UHMEPBALe O8UNCEHUs; 80-8MOPbIX, He 8CAKA (DYHKYUs Oadce
80U3U MUHUMYMA MOdcem Obimb 3ameneHa Keéaopamuuuou. Tak, manpumep, yHKyus
y=x" cywecmeenno omnuvaemecs om pyuxyuu y = x°, xoms u obe UMeIOm MUHUMYM 6

HYJle. H03m0My, BO3MOJICHO, YmoO Xopouitee coomeemcmeue MeDfCOy meopemu4ecKumu u
IKCnepumenmaitbHblMu 3HAYEHUAMU O6yCJZ06JZ€H0 mem, 4Ymo Y4acmok CI/lHyCOI/l()bl u
napa60ﬂa He omjaudumvle «HA 2ad3», C 4em Mbvl yice CmalkKueaiucsv 6 3a0aue «Meuma
meopemuxkay.
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1.5 CtenenHasi 3aBUCHMOCTD.

B nanHOM myHKTE mpeniaraeTcs OTCTaBUTh OCTABUTh B CTOPOHE TEOPETHUECKUE
IMCKYCCMH B paMKax Kypca (pU3MKHM cpenHeil IIKOJBl W 00paTUThCS K CBOEOOpa3HOM
«TIAJIOYKE-BBIPYYaIOUKe» - CTENEHHOW (YHKLMHU, IO3BOJSIONICH ONUCHIBATH MHOTHE
HEJIMHEIHBIE 3aBUCUMOCTH.

45
Jlst OIpeeJIeHUs noka3aTeis

CTCIICHH NPUBEACHHON B YCIOBUM QYHKLHMH ., |
n=Ct", HeoOXOIUMO TPEACTABUTH 3aKOH

JBMDKEHUS B JIOTAPU(PMHUUECKOM MACIITA0E 35 |

Inn=InC+ylnt.

Ha I'pajuke 8 moka3aH mnOCTpOEHHBIA 3 1
rpadpuKk, Ha  KOTOPOM  BHJHO, 4YTO
HKCIIEPUMEHTAIbHBIE TOYKH 3aMeYaTebHO
JIOKaTCs Ha MPSIMYIO, YTO CBHJIETEIBCTBYET
0 BO3MOKHOCTH HCIIOJIb30BAHUS CTEICHHON
(GYHKIIUYM 17151 OTIMCAHMS 3aKOHA JIBM)KECHUS, R ; . . ; . .

2,5

20

HalJICHHOT'O B DKCIIEPUMEHTE. 25 27 28 31 33 35 31 38
Koaddunuent nHaximoHa maHHOU MNPsSMON,
COBIIAJAIOIIMN C IIOKAa3aTeleM CTECIEHU, B
JaHHOM ciydae paBeH y =~ 1,57. TpynHO HpPUHATH TaKyl0 SK30THYECKYIO (YHKIUIO B

Ka4dC€CTBC 3aKOHa ABUXKCHUA. HOBTOMY NpuMEM B KAYCCTBC IMOKA3aTCJid CTCIICHU OYCHDb
onm3koe u bosee «KPaCHUBOC» 3Ha‘I€HI/I€17
3
V= 2’

CJICAOBATCIILHO, B ,HaHHOﬁ MoaCIn TGOpGTI/I‘-ICCKI/Iﬁ 3aKOH ABHUXKCHUA UMCCT BU
3

ey, = C 12 (5)

Tak kak MBI HE3HAYUTEIHHO (HO CAMOBOJBHO) U3MEHWIN MOKAa3aTelb CTEIEHHU, TO
HAJI0 M3MEHUTH ¥ KOA((HUIHEHT NPONOpLUMOHanbHOCTH W C , HOJyYaromuiics u3 rpadguka
8. Hanbosiee TOUHO OH MOKET OBITh HAHCH C TOMOIIBIO JIMHEAPU3ALUN 3aBUCUMOCTH (5)
¢ mocnenyronie obpabotkorr mo MHK, onHako 1Ba yaca, OTBEICHHBIX Ha PEIICHUE
JAHHOMW 3aJa4u, TaBHO MCTEKJIH, TI03TOMY MOCTYIIUM TPOIIE: MOA0EepeM ero o OJHOM U3
AKCIIEPUMEHTATBHBIX TOUYEK (HampuMep, MOCIEeTHEH — OHa MOYTH TOYHO Tiomajna Ha

n 65
= ~0,116.
e 67,767,7
JlanpHelilee M3BECTHO: MO HaWJGHHBIM mapaMmerpaMm 1o  ¢opmyne (5)
pacCcuMTBIBAEM TEOPETUYECKUE 3HAUEHUS M CPaBHUBAEM HX C OSKCIIEPUMEHTAIBHBIMHU

IIOCTPOEHHYIO Ipsimyro): C =

7 MosxHO GbI10 GbI TIOKPUBHTB JYIIOH H CKa3aTh, YTO OTIHUMAE MEXIY STHMH 3HAUCHUSAMH JIOKHUT B IIPE/Ieax
HOIPEIIHOCTH, HO 3TO, K COXAJEHMIO, He TaK. B 5TOH, Kak M BO BCEX OCTANbHBIX 3a]a4aX IIPUBOIMTCS
4yCIeHHbIE 3HAUEHUs, IONYYEHHbIE B PEalbHbIX H3MEPEHHAX. PacyeT NpOBEAECHHLIH MO IIPUBEIEHHBIM
nanHbM ¢ iomonisio MHK, nokaseiaet, koddduuuent naxnona pasen ¥ = 1,57 £ 0,04 .

13 Panee Ml MOJYCPKUBAJIA, YTO CBOOOJHBIA WICH JHHEHHOHN 3aBHCHMMOCTH, HaimeHHBI mo MHK (wm
rpadudecKku), Kak TIPaBUIO, OMNPEACISICTCS C OONBIIOW IOTPEIIHOCTRIO, IMOATOMY NPH ONPEICICHUN
k03 HIeHTa TTPOIIOPITMOHATFHOCTH B CTETICHHONW (PYHKIIMH HEOOXOAWMO TIPOSBIATH OCTOPOKHOCTH. DTOT
KO3(p(PUITMECHT IKCIIOHCHIIMATHHO 3aBHCUT OT CBOOOIHOrO WICHA, TIOATOMY HEOOINbIIas OmHuOKa B pacdere
MTOTPEITHOCTH MOXKET MPUBOIUTH K KATACTPO(QUICCKUM TIOCICICTBHAM B pacueTe CTEIICHHON (YHKIINH.
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(Tabmuma 6, I'paduk 9). Ilomydyaem Hauiydinee COOTBETCTBHE MEXIY pe3yJbTaTaMu
U3MEPEHUH U PACUETOB.

Taoauua 6.
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T'padumx 9. 3axoH qpmxeHsd (CTeIEHHAA 3aBHCHMOCTE)

KpaTkuii BBIBOJ M3 MPOBEACHHOIO JJIMTENBHOIO AHAIM3a: pEAIbHBIA 3aKOH
JNBUKECHHSI CTPOTO HE OIMCHIBACTCS HU OJHOM M3 3HAKOMBIX MOJCIICH IBUXKECHUS, XOTS C
OTIPE/ICTICHHON TOYHOCTBIO KaXJas W3 HHUX MOXKET HPUMATHCS IS TPUOIMKEHHOTO
ONMCAHUs OTIEIbHBIX TAlOB ABUKCHHUS.

IIposedennviti  ananu3 makce NOOYEPKUBAEN UPE3BLIYAUHO BAJCHOE obuyee
nonoxcenue. BzaumoomHnowieHue mexncoy IKCNEPUMEHMANbHBIMU U  MeopemuyecKumu
Memooamu  QuaUYecKux — UCCIe008aHULl  OYEeHb  CIOMCHbL: C  OOHOU  CHOPOHYL,
KAYecmeeHHbIMU MeopemudecKUMU PacCyHCOeHUAMU MONCHO «0DOCHO8AMbY YYMb U He
10001 IKCNePUMEHMANbHBIL  pe3yibmam, ¢ Opy20li — HeKauyecmeeHHds 00pabomka
IKCNEPUMEHMANILHBIX  OAHHBIX MOMNCEm «NOOMEepoumsy MHoz2ue (U paziuyauuecs)
meopemuyeckue mooenu. Ilpu HeodX0OuUMOCmMU ANbMEPHAMUBHO20 8bI00PA  MEHCOY
PA3IUUHBIMU MOOeNAMU clledyem UCKAMb MAKOU 9KCNepUMeHm, Ymodbvl e20 pe3yibmamsl
Mo2nu 6bimb UCMOIKO8AHBL OOHO3HAYHO, A He «8 Npeoenax NocpeutHocmuy. Xopouwum
NPUMEPOM MAKO20 IKCNEPUMEHMA NOCLYHCUM GMOPASL YaCmb OAHHOU 3A0ayU, 8 KOMOpou
OyOem nokazawo, ymo KoiedamenvbHoe 08UNCEHUe CIMEPHCHS, paccmompentoe 6 n. 1.3, na
Camom oejne Helb3sl CHUMAams 2apMOHUYECKUM.

Ymo orce Kacaemcsi 803MOMCHOU OUCKYCCUU MeHCOY CMOPOHHUKAMU «Meopuu
NOCMOSIHCMBA CKOPOCMUY (8 KOMOPOU KOOPOUHAMA NPONOPYUOHATLHAS NEPBOL CeneHu
epemenu) u «meopuu  NOCMOSAHCMBA  YCKOPEHUs» (6 KOMOpPOU  KoopouHama
NPONOPYUOHANLHAS 6MOPOL CIENeHl), Mo ee umoe no08el SIKCNEPUMEHMAmMop.. UCIUHA NO
cepeduHe — KOOpOUHAMAa NPONOPYUOHANIbHA 6peMeHU 6 noaymopHou cmenenu! Ilycmo
menepb meopemuKi 00bACHAIOM NOYEeMY.
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Yactb 2. BpeMsa pacKpVTKH M NOTEHINAJLHAA (VHKIUA.

ITosicHuM pa3znnuue B U3MEPEHUX [IEPBOM U BTOPOM YacTAX JaHHOH 3aJadu.
B nepBoii yacTu u3Mepsn 3aBUCUMOCTD

BpEeMCHHU JIBMOKEHUSA t oT
(pukcHpoBaHHOM HAYAJIBHOM TOYKHU T(V)

N, 10 HEKOTOpPOro IepeMeHHOro n(f) e
KOHEYHOI0 TIOJIOKEHUs (33/1aBaeMOTO \_} -
quciIoM 000poToB 7). M3yueHue stoi |
3aBUCHMOCTH  MO3BOJIWJIO  TONYIHTH o7 ~
3aKOH TIBUKCHUS (3aBucumoctp 0 Tlomosxcerme 0
KOOpAMHATH OT BpeMenu) n(f) mpu paBHOBECHA

KoHeuHo, Mpu HaIU4YMH COBPEMEHHOTO
000pyI0BaHUs 3TY 3aBUCUMOCTb MOYKHO
Obul0 OBl CHATH MO TOpa3go ObICTpee: 3aKPYTHJIM CTEP)KEHb, OTIYCTHIIM €ro |
(uKCUpOBaAIN €ro MOJIOKEHHUS Yepe3 ONpeeieHHbIe TPOMEXYTKH BpeMeHn. Ho nmposectu
TaKue M3MEPEHHUs OJHOMY B PYYHOM pEXHMME MPAKTHYECKH HEBO3MOXKHO: HEOOXOIUMO
CUMTaTh 00OPOTHI, CMOTPETh Ha CEKYHIOMED, J1a €Ille U 3anuchiBaTh pe3ynbTaThl! [ToaTomy
U TIPUIIOCH MPH KaXKJOM U3MEPEHUHU BO3BPAILATh CTEP>KEHb B HCXOIHOE TOJI0KEHHE.
Ceituac, Bo BTOpOH dYacTd pabOThl HaM HEOOXOIUMO H3MEPHUTh 3aBHCUMOCTH
BpEMEHHU IBWXKEHHA I OT NMepeMeHHOH HavaJabHOi TOukH N, 10 (PUKCHPOBAHHOIO

(UKCUPOBAaHHBIX HAYATBHBIX YCIOBHUSX.
[ Hayammoe nonosenie
(M

AKCHMATEHOE 0 TK.TIDHEI-IPIE)

KOHEYHOI'0 IIOJIOXCHUA 7 = NO , KOTOPOC K TOMY XK€ ABJIICTCA MMOJIOKCHUCM PAaBHOBCCHUA.

Ecnu paccmarpuBarh JABMXKEHHE CTEp)KHA Kak KoJiebaTellbHOE, TO H3MepsieMas 37ech
BeIMuuHa 1 sBJsleTCs 4eTBEPThbIO mepuoja kosebanuil. To ecTh, axTHUecKw, HaM
IIPEJICTOUT UCCIIEN0BATh 3aBUCHMOCTD MEPHOJa KOJIeOAHNH 0T UX AaMILUIUTY/AbI.

XOpoIIO M3BECTHO, YTO NMPH TAPMOHUYECKHX KOJIEOaHMAX MEpUOJ HE 3aBUCHUT OT
aMIUTUTYZbl, TIO9TOMY  O3KCIIEPUMEHTAJbHOE OOHAapY)KeHHWE TakOoW  3aBUCHMOCTH
OJITHO3HAYHO OYZET CBHIETEIHCTBOBATH 00 aHTapMOHU3ME KOJIeOaHUH.

2.1, 2.2 B Tabnuue 7 u Ha rpaduke 10 npencraBieHbl pe3yabTaThl H3MEPEHUH.

OrLe——7 7 7 T 7 T i
fafn T o et
N R B 2 o
PP T N SN S S S S SR ETRF R
P SRS S SO R SN R S U S
0 O R 7 0 L O
U 7 0 O O
SEnsZaNnEEEn.
20 oo [ St St Sl Sl SR SR R
fm/esmEnmEEnaE
L e e
A B B
0 NN S S S S S S ——
0 5 10 15 20 25 30 35 40 45 S0 S5 60

T'padmx 10. 3apHcHMOCTE BEDEMEHH PACKPYYIHEAHHA OT
HaYaTLHOTO YTJa
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[TomydeHHble  pe3yabTaThl  OJHO3HAYHO  TOKa3bIBAIOT, YTO TMEPHOJ  KojeOaHWi

CYILECTBEHHO  3aBUCHUT OT aMIUIMTYJObl, TO €CTh KoJeOaHHs HE  SIBIISIOTCS
19

TapMOHUYECKUMU .

2.3 Teneps HaM HEOOXOJUMO CBSI3aTh MEXIY COOOH 3aBUCUMOCTh IIepro/ia KojeOaHuii OT
aMIUTUTYZbl ¢ BUJOM MOTEHIMANBHOW (YHKIUHU (3aBUCUMOCTH MOTEHIMAIBLHONW SHEPTUU
TeNla OT €r0 KOOPJUHATHI).

Ilomenyuanvnas GynKyus noiHoCmbvlo onpedensiem Xapakmep O8udiceHus mena (8
mom yucie u ucciedyemyro 3agucumocms). Ham dce npedcmoum pewums 06pammyio
3a0ayy: NO 3a8UCUMOCMU NEpuooa Om AMAIUMYObl HAUMU NOMEHYUATbHYIO (QYHKYUIO.
Ommemum, umo He 6cec0a >3ma 3a0aya umeem OOHO3HAUHOe peuieHue. Ho 6 oannom
cnyuae, koe0a 3a0aH 6UO UCKOMOU NOMEHYUANbHOU QYHKYUU Mbl CMONCEM NOLYUUM
OOHO3HAUHBIL Pe3yIbmam.

CHauana peuim cienyonyro TeOpeTHIECKYIO 3a7auy: MaTepraibHast TOYKa MacChl
m JBWKETCs 0€3 TPEHUsI BIOJIb OCH X , U3BECTHA 3aBUCUMOCTbH ITOTCHIIUAIBHOMN SHEPTUU

TeJa OT ero KOOpaUHATE . U (x) = Kx” , koTopas uMeer MUHMUMYM B Hayaje KOOPIUHAT;

TpeOyeTcss HalfTh 3aBUCUMOCTD NEPUO01a KOJIEOaHU OT €ro aMIUTUTY/AbI.

2
my

+U(x):E Jilas: |

3anuieM 3aKOH COXpaHEHMs] MEXaHUYECKOW SHEPTUU

paccMaTpuBacMoro Teia
mvz

+Kx’ = Kx], i
ix)

3nech MOJIHAs MeEXaHW4eckass »Heprus £ paBHa
IIOTEHUHUAJIILHOW JHEPrUU B KpallHEM II0JIOKEHUU
X,. M3 mociaenHero  ypaBHEHHMS — BBIPAa3uM

3aBUCUMOCTBb CKOPOCTHU TCJIa OT KOOPANHATHI

2
v(x)=i ;K(xg—xﬂ). =X X, X

JIBa 3Haka miepel KOPHEM COOTBETCTBYIO JIBYM “_,
BO3MOXKHBIM HAIpPaBJICHUAM JIBUKCHUS, MBI OyaeM
paccMaTpuBath JIBUKECHHE B OZHOM, vix)
MIOJIOKUTEIILHOM HaIpaBJICHUU. Wrak,
noTteHuuanbHas  QyHkous U (x) ompenemnser

3aBUCUMOCTb CKOPOCTH Te€la OT €ro KOOpAUHATHI. - AV -
Orta 3aBUCHUMOCTb, B CBOIO OYEpENb, I103BOJIAET g Xy
BHIPA3UTH 3aBHCHMOCTH ITIEpHOJA KONeOaHMil™ OT

aMIUTUTYZbl (HaYaJIbHOTO OTKJIOHEHUS). PUCYHOK HWIUTIOCTpHpYeT Hame anreOpandeckoe

19 WcTunet paau OTMETUM, M3 YCJIOBUS IMOCTOAHCTBA IMICPpHUOAA KojebaHuil He CJICAYCT BBIBO/J O TOM, YTO
KoJicOaHus SBIISIOTCS TrapMOHUYCCKUMMU. Bo3MoxHBI 1 APYruec TUIIbL KOJ'IC6aHPII71, JJIA KOTOPBIX IEpUOo HE
3aBUCHUT 00 AMIUTUTYJbI, TAKUC KOJICOaHHUS HA3BIBAIOTCS HN30XPOHHBIMH.

B
20 Tounee CJICa0BAaJIO OBl HAIIKCATH U()C) = K|)C| , HO yTOOKI HE 3arpy:KaTtb U TaK HC IMPOCTLIC BBIKJIAAKH,

MBI 6y,HCM OITyCKAaThb 3HAK MOAYJIA, CHUTAasd, paCCMATPpHUBACM JBUIKCHUC TOJILKO B MOJIOXKUTEIIBHOM 001aCcTH
HU3MCHCHUA KOOPAWHATBI — IBUKCHUC B OTpPIIIaTeJ'H:HOﬁ obyactu OTpAKACTCSA CUMMCTPHUYIHO.

2 bonee TOT'0, OHA IMO3BOJIACT TAKKC IMPHU U3BCCTHBIX HAYaJIbHBIX YCJIIOBUAX HaAWTU U 3aKOH JBWKCHUA )C(t ) .
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onucanue. Pa3o0beM Bech MHTEPBAJ ABMKCHHS TENA X € [— Xy, + xo] Ha MaJible HHTEePBaJIbI
Ax;, B mpezieiax KOTOPOTO M3MEHEHHEM CKOPOCTH MOXKHO IpeHeOpeus. Torzaa Bpems, 3a

KOTOPOC TCJIO NPOXOAUT 3TO UHTCPBAJI, paBHO

Ax;
At = = =

l V(xi )

Torga BpeMs IBMXKEHHMS OT KpalHEro A0 IOJIOKEHHUS paBHOBecUs (YETBEPTh Iepuoja
KoJie0aHus1) OTIpeIesIIeTCsl KaKk CyMMa BPeMEH JBIIKEHUS 110 BCEM MHTEpBalia pa30HeHus

4 %

B nmanHo#t (opmyie mpennouyTHTEIbHEE BMECTO CyMMBbI HapHCOBaTh MHTErpall, HO HE
GyleM IyraTh — CyTh JeNa OT STOrO He M3MEHSETCA. BhIumcieHue STOi CyMMBI — He
npocTas 3ajada, MpUYeM HEoOXOAMMO 3a/aBaTh YHUCICHHBIC 3HAUCHHS MapaMeTpoB.
Onnako Juis HaIMX LEled 3Toro W He TpedyeTcs, 3a7ady MOXKHO pPELIMTh MPOCTOM
3aMEHOM NIEPEMEHHOM.

Bwmecto KOOPJIMHATBI X, BBEJIEM pv
¥(x)

X
OTHOCUTENbHYIO TEPEeMEHHYI0 BeIWYnHy & =-— -
Xo

OTHOILIEHHE KOOPIMHATHI TEa K €€ MAaKCMMAIbHOMY . | =1
3HAUEHMIO. MOXXHO TaKXKe CKa3aTh, YTO B KAueCTBE X, AX 4x, X
€IMHMIBI H3MEPEHMs IJIMHBI BBHIOpaHA aMILIUTY/IA i
KoJ1e0aHui. 3aMeuaTenbHo, YTO HPENEbl U3MEHEHHUS [t
3TOH  OTHOCHTENBHOH  NEPEMEHHOM  SBJISIOTCS

YHHMBEPCAILHBIMU, HE 3aBUCAIIMMH OT aAMILIATY/IbI l/'_ \

& e[~1,+1]. Mcronp3yst o1y mepemennyio, hopmyiry 1 AE +1 g

1711 Iepuoia koaebaHuil 3anumieM B BUE (€ yueToM Ax = x,A& ):

+1 ong

B +1
:x(l)z\/%ZA—gﬂ_
, X p 0 wl2il—é‘ ’
SR 1| =
m X,

[Ipenects 3TOH 3amucu 3aKiOYaeTcs B TOM, YTO (UIypHpyrollas B HE CymMMa 3aBHCUT
TOJIBKO OT IOKAa3aTelsl CTENEHW U HE 3aBUCUT OT JAPYI'MX MapaMeTpoB (B TOM YHUCIE OT
HavaJabHOrO OTKJIOHeHHs). OOpaTuTe BHUMaHHE, YTO B HCXOJHOM CyMMe aMIUIUTYyAa
KoJleOaHMM X, BXOAMWIA KAaK B BBIPAKEHHE [JII CKOPOCTH, TaK U B TPAHUIIBI

cymmupoBanmsi. Ceiiyac e CcymMma SIBISETCS HEKOTOPHIM YHCIOM, MOCTOSITHHBIM
ko3¢ duimeHTOM (IMycTh U HEM3BECTHBIM — MPU HEOOXOAMMOCTH €T0 MOXHO PacCUMTaTh),
KOTOpPO€ Mbl 0003HAUNUM

+1 A
Z - =Cy.

= 2-e?)

22 o
COOTBCTCTByIOHII/II/I HUHTCTPAJI BBIYUCIIUTD TAKKE BECbMa HE IMTPOCTO.
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Temneps MOXKHO 3amucaTh (GOPMYILY ISl IEPHOA KONEeOaH

p
=2 |m
T=Cuyxy?|—,
K
KOTOpast BBIPaKACT HCKOMYIO 3aBUCHMOCTD TIEPHO/Ia KOJICOaHU# OT aMILTHTY/IbI.
WUTak, eciu MOTEHIMAIbHAas >HEPrHs NporopuuoHaibHa U oc xP, To mepuon

B

2

1—
T < x; =x, *. CnenoBarenbHO, UCKOMasi CBSI3b MEX]y NOKa3aTeIsIMH CTENEHEW HMeeT

BHU:
azl—g, wim p=201-a). (6)

Taxum oOpa3om, Ans ompeneNeHus oKa3aTessl CTeNEeH! B MOTEHIHaTbHOW QyHKIUN f

JOCTaTOYHO I[I0Ka3aTh, YTO 3aBHCHUMOCTH IMEpPHOJa KOJEOAaHUH OT aMIUIUTYABl HMEET
CTEIIEHHOM BUJ M HAWTHU 3HAUCHHE €€ MoKa3aTellsl « , YeM MBI cedac u 3aiiMemcs.

2.3 I[JIH ONpCACIICHUA IMOKA3aTCJIsl CTCICHU B 3aBUCHUMOCTHU IMEpUOJAa OT aAMINIHUTYAbL
2,
T =CN]' TOCTpONM KCIIEPUMEHTATBHYIO 3aBHCHMOCTb B JIOTApH(PMIUECKOM MaciTate
In7T=InC+alN,.

3HaueHus norapupmMoB TaKxke InT

npuBenensl B Tabmune 7, Ha rpaduxe 11 aal
MoKa3aHa TOJy4eHHas 3aBUCHUMOCTh. C
YIOBIETBOPECHUEM OTMEYaeM, 41O
HKCMEPUMEHTAIbHbIE  TOYKH  XOPOIIO
noxarcss Ha npsamylo. Kosdduiument 350 -
HAaKJIOHA 3TOMN IpsAMOU (omaTh
OTpeNieNIeHHBIA TpaUIecKuM METO0/I0M)

4,00 -

300 -
npuMepHo paseH «a =0,64. JlanHoe
3HAUYEHHE OYeHb OJM3KO K MPOCTOM 250
2
apobu o = 3’ KOTOPYIO MBI ¥l IPUMEM 3a
200

3KCIEPUMEHTAIBHOE 3HAUCHUEC
OKAa3aTels CTereHn” .

Urak, skcnepumeHTabHAs 3aBUCHUMOCTD
nepuoja KoneOaHUud OT aMIUIUTYIbI JUIS
paccMaTpuBAEMOTO IBUKECHUS UMEET BHI:

T=CNJ.

T'padnm 11. 3apmHcinocTe EpeMerH pacKpy < HEAHEA 0T
Ha4aJLHOT 0 ¥T.00a (Tor aprdnrd e ckHEl MacinTab)

m
23 o
W3BectHas q)opMyna I Iepuoga KOJIcOaHMit HOPY>KUHHOT'O MasgTHHUKA T = 27[ — , ABJISACTCS YaCTHBIM

CJIy4aceM HOJTYYCHHOI'O BBIPAKCHUS, B KOTOPOM CJICAYCT IOJIOXKUTH ﬁ = 2 . B aToM gwactHOM cirydac

I10Ka3aTeCJib CTCIICHUW B HA4YaJIbHOM OTKJIOHCHHU 06pamaeTc>1 B HYJIb. IloBesmo TapMOHHUYCCKUM KOJICOaHHUSIM
— M3 BCCX CTCIICHHBIX ITOTCHIIMAJIbHBIX (1)yHKIIPII>’I TOJIBKO IJIA KBaI[paTPI‘lHOI}'I KoJIcOaHus SBIISIOTCS
HN30XPOHHBIMU.

2 C e xe TEOPETHYECKUM «OOOCHOBAHUEM», YTO M IL. 1.5, THE {574 0.04 = 3. Kcratu, _! ~0.64 "
9 9 2 b

,
ClIydaiiHOe JI1 coBIageHue?
25 .

Uro-TO 0YCHB 3HAKOMOE: Ky0 TIepHO/Ia MIPOTIOPIFIOHATICH KBaIpaTy aMILTUTYIBI — TPEeTHi 3akoH Kerurepa?
YKams, HO HeT: TaM KBaJIpaT MEepHo/Ia MPOIIOPIHOHANICH KyOy OombImoi monyocu. Ho, Bce paBHO, KpacHBoO.
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C momomsto Gopmynbl (6) HaXOIUM HMCKOMBIA TOKa3aTelbh CTENEHU IMOTEHIUATBHON

byHKIAHA
ﬁ=2(1—a)=21—g _2 (7)
3) 3

Youseumenvno, no smu noxazamenu paguvi. EOuHcmeenHoe 3HAUEHUE PAGHbIX
nokazamenei cmeneHeti. Imo A61Aemcs ICMemudecKuM noOmeepiHcoeHuem npasuibHOCmu
NOIYYEHHO20 pe3yabmamad.

Haiidennas nomenyuanohas QynKyus no3eonsem paccyumamsv 3aKOH OBUNCEHU,
paccmMompenHvlll 8  nepgoll  uacmu  O0amHou  3adawu. Hwmepecno, Oyoym  u
€02N1aco8bl8amMbCs NPOGeOeHHblEe MAKUM 00pA30M pe3yibmamsl ¢ IKCNePUMEHMANTbHbIMU
oannvimu? K coxcanenuro, nem. Ilposedennviil pacuem 3aKOHA O8UNCEHUs (€20 NPUULIOCD
npo8OOUMb YUCTIEHHO, HA KOMNblIOmepe) NOKA3vlédem, 4mo npu annpoKCUMayu 3aKoua
ogudicenust cmeneHHol gyukyueti (kaxk 6 n. 1.6) nokazamenv cmeneHu O1U30K K 2, Xomsl u
HeMHO20 MeHbue e20. 3Hauyum au 9mo, umo pe3yiomam «oausox k Hobenesckou npemuuy,
U 6Ce-MaKu BUHOBAMO CONPOMUGIEHUE 8030VXA?
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3.5 Kak n3mMepuTh CONPOTHBJICHHE C IOMOIILIO CeKyHAOMepa?

- Ilouemy sawiu uacwl 6ce epems
NOKA3bl8AI0M NOJL UeCcmo2o?
- 9mo He uacwl, 2mo b6apomemp!

Hayunoe mnpubopocTpoeHHne pa3BHBAaeTCs CEMHUMMJIbHBIMU Iiaramu. K cokaneHuro,
OpraHU3aTOPbI OMMMIINA HE HMEIOT BO3MOKHOCTH HCIIONB30BaTh A0POTOCTOsIIIee (M HE OUCHS)
coBpeMeHHoe 00opynoBanue. [1oaToMy 4yacTo MPUXOAUTCS MCIOJIB30BATh TO, YTO UMEETCS IMOJ
pyKaMu: JMHEHKH, MEH3YpKH, CEKYHJOMEphl (MHOTAA 3JIEKTPOHHBIC), Yachl, IIKOJbHbIC
BOJIbTMETPbl M aMIepMeTpel (MHOTHa UU(POBbIE MYIBTUMETPHI), BEChI, CHUPTOBBIC
TEPMOMETpPHI, CTaHAAPTHBIH HA0Op TPYy30B - BOT IIPAaKTMYECKH IIOJHBIM IepeyYeHb
U3MEpUTENbHBIX npubopoB. [losTomMy cHawanma aBTOpaM 3ajady, a IOTOM MIKOJbHHUKaM
IPUXOJUTCSA U3MBIIUISATh BCEBO3MOXKHBIE YJIOBKH, UTO ObI MPOBECTH JOCTOBEPHBIE M3MEPEHHUS:
pacpATh Juana3oHbl MpHOOPOB, MCIOIB30BaTh UX HE MO MPSAMOMY Ha3Ha4yeHUIO. [laHHBIHI
paszen MOCBSILIEH UMEHHO 3TUM mpodieMaM. HeBO3MOXKHO MOHOCTBIO MEPEUUCIIUTh HA KaKue
XUTPOCTH «TO0JIb CHJIbHA», MO3TOMY OTPAaHHMYUMCA HEKOTOPHIMH HpUMEpaMU C HEOOJbLIIMMU
KOMMEHTapUsIMHU.

1
Peus uner o Genopycckux onummuagax. /st cpaBHEHNS B KOHIE KHUTH TIPHUBE/ICHA OJTHA AKCIIEPHMEHTAIbHAS
3aja4a, IpeuIokeHHas Ha Mex1yHapoJHOH (PHU3NUecKoi ouMIrae.
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3agaya 9. «O4eHb MaJible CONPOTHBJICHUS»

B manHoi1 3a1aue BaM HEOOX0IMMO, UCIIOJIB3YS TIPOCTOE IITKOJILHOE 000y I0BaHUE,
MU3MEPUTH MaJible COMPOTUBIIEHUS CTAIbHON MPOBOJIIOKH, COETUHUTEIBLHOTO
MPOBOJIa, aMIIEpMETpa.

Ilpuboput u ob6opyoosanue:

. BonpT™meTp mKoapHEIN 6 B.

. AMIIepMeTp IKOJIbHBIN 2 A.

. Peocrar.

. Kitrou

. IIpoBoa coenMHUTENBHBIE.

. JInneiika 40 cm.

. Ucrounuk nutanus JINII, unu Gatapeiika 4,5 B.
. CkoTu y3kwii (OAMH Ha BCEX)

. IIpoBosioka cTajibHas 0e3 H30JIAHH.

O 001N DN B~ W=

Bribepute 1Ba 0IMHAKOBBIX COCJMHUTEIBHBIX MMPOBOKA (B HA0OpE OHU JIOJKHBI OBITh
OTMe4YeHbl). B nanpHeiiem aMmrnepMeTp U BOIBTMETP MOJAKIIOYANTE K IPYTUM IpruOOpaM TOIBKO
C TIOMOIIBIO 3TUX BBIICICHHBIX ITPOBOJIOB — BaM HEOOXOAUMO OYZET ONpPENeIUTh UX
CONpPOTHUBIIEHHUE!

N3roToBbTE pEOXoOpA (€CIN €ro HE CAENaIu AJIs Bac APYrUe): HATIHUTE CTAIbHYIO
MIPOBOJIOKY 0€3 M30JIALIMU BAOJIb MIKAJIbI TMHEHKU U 3aKPEIHUTE €€ KOHIIBI C IIOMOIIIbIO CKOTYA.
Bam npuzaercs «11ogKio4aTbes» HE TOIbKO K KOHIIAM IMPOBOJIOKH, HO U K €€ LIEHTPaJIbHON 4acTu
— TOCIEAHEE MPOBOJUTE C MOMOILIBIO KYCOUKa JKECTKOM NPOBOJOYKM — Inymna. s sydimiero
KOHTAaKTa XOpOLIO MNPWKUMalTe HalblAMMU Iyl K OOKOBOH MOBEPXHOCTH IPOBOJIOKH MpU
U3MEPEHUSIX.

B nanpHeiimem Ha cxemax JaHHBIN peoxopa 0003HayaeTcst Kak yIUIMHEHHBIN
MEpPEMEHHBIN PE3UCTOP, «TPAAULIMOHHBII peocTaT 0003HAYACTCS «TPAAUIIUOHHON:

_l l—

Yactse 1. ConpoTnBjieHHe IPOBOJIOKH.

Cobepure >IEKTPUIECKYIO
CXeMy, MMOKa3aHHYIO Ha
pucyHke 1.

Puc. 1

1.1 M3mepbTe 3aBUCUMOCTD HANPSHKEHUS Ha yYacTKe MIPOBOJIOKH (IUIMHOW X) W CHJIBI TOKA B
LIENU OT AJIMHBI yYaCTKa X IIPH JBYX MOJIOKEHUSIX ABM)KKA PEOCTara.

Cuiia Toka B LeNnu He J0JKHA MpeBbIATH 1,3 A.
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1.2 TNocTpoiite rpaduku MoTydyeHHbIX 3aBUCUMOCTe. KpaTko 00BsICHUTE BUJ TIOTY4EHHBIX
3aBUCHUMOCTEHN.

1.3 Ucnonb3ys nosiyueHHbIE JaHHbBIE, ONIPEAEIUTE ¥ - CONPOTUBIICHNE | MM CTalbHON
IIPOBOJIOKH.

Yactb 2. PeocTar.

2.1. Ucnonb3ys umeromuecs npuoopel, yCTAHOBUTE JIBUKOK PEOCTaTa TaK, YTOOBI €ro
COIIPOTHUBIIEHUE MEXK 1y BBIBOJAMH paBHsAIOCh R, =1,3 Om . Hapucyiite cxeMmy, ¢ IOMOLIbIO

KOTOPO# BaM yJIaJI0Ch BBINIOJIHHUTH JaHHOE 3aqaHue. [IpuBeaure pe3yiabTaTel HEOOXOAMMBIX
U3MEPEHUN.

B nanbHeiilmeM conpoTHBIIEHHE peocTaTa He H3MeHsiiiTe!

YacTb 3. AMnepMeTp U COeTHHUTEIbHbIE [ane.ﬂem—nﬂe JKHBW*I
mpoBojaa. IpOEO0Ja by

o)
| e
xr—

T—

e

3.1. CobepuTte cxeMy, NOKa3aHHYIO Ha puC. 2 . o s
C.

AMIIepMETp NOAKIIOYANTE C MOMOLIBIO BBIIEIEHHBIX COEAMHUTEIBHBIX TPOBO0B. OJIMH U3
3TUX IPOBOJOB IIPUCOEAUHUTE K KOHIY IIPOBOJIOKH PEOXOp/a, K KOHILYy BTOPOTO MOAKIIIOUUTE
myn. [IpoBoa OT HCTOUHMKA MOAKIIIOUANTE K KJIEMME aMIIEPMETPA, @ HE K KOHIlY IIPOBOJIOKH
peoxopaa.

ByzabTe akkypaTHBI IIpU MPOBEAECHNUN ITHUX U3MEPEHUH (KaK, BIPOYEM, U OCTAJIbHBIX).

3.2 M3MeppTe 3aBUCUMOCTH CUJIbI TOKA YEPE3 aMIIEPMETP U HANPSIKEHUS HA PEOCTaTe OT JUIMHbI
ydJacTKa TpPOBOJIOKM X, K KOTOpOW moJkiIroueH ammepmerp. lloctpoiite rpauku 3THX
3aBHCHUMOCTEHN.

3.3 [Monyuure TeopeTudecKyro (HOpMyIly, CBS3BIBAIOIIYI0 M3MEPEHHBIEC 3HAYEHHS CHIIBI TOKA U
HaNpsHKeHHU ¢ JUIMHOW y4dacTka x. B 3Ty Qopmyny IOKHBI BXOAWTH M MapaMeTphl Bamlen

LENH: CONPOTUBICHHA peocrata R,, CONPOTHBIEHHE amiepMmeTpa KR ,, CONPOTHBIECHHUE
€IUHULIBl JJIMHBI [IPOBOJIOKM PEOXOpAa 7, COINPOTHBIECHUE BBIIEICHHBIX COECIUHUTEIbHBIX
IpoBOAOB R .

3.4 Vcnionb3ys MOIy4YEHHBIE B II. 3.2 3KCIIEPUMEHTAJIbHBIE JaHHBIE, IPOBEPHTE CIIPABEILITUBOCTD
nojiydeHHoi  ¢dopmynel.  OmpenenuTe  CONMPOTHBICHHE  aMIlepMETpa W BBIJIEIEHHOTO
COEJIMHUTENILHOTO IPOBO/IA.

Hozpeumocmb pe3yiomamoe 6 vacmu 3 oueHueambs He cuedyem,
MAaK KaK usmepenus Hocam Ol{eliollliblﬁ xapaxkmep.
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Kommenmapuu x yciosuio.

1. OcHoBHas mpo0iieMa TpU MOATOTOBKE O0OpYIOBaHMA K JAaHHOM 3ajaue 3aKioyaeTcs B
M3TOTOBJICHUHM PEOXOpAa — JIydlle 3TO ciaenarth 3apaHee. OOBIYHBIN PEoXopa € MPOBOJIOKOU
BBICOKOT'O COIPOTUBJICHUS HE TOJUTCS, OH MMEET CIMILIKOM BBICOKOE CONPOTHBIICHUE, MEIHAs
IIPOBOJIOKA CJIMIIKOM MAajoe€, MO3TOMY ONTHUMAJIbHOW SIBJIAECTCS TOHKAas CTaJbHAs IPOBOJIOKA,
HaIpuMep, 0J1Ha XKWJIA U3 CTAIBHOIO MHOTOXKUJIBHOTO IIPOBOJA.

2. BaxxHO Tarke 00ecreunTh XOPOUIMA KOHTAKT MEX/y TPOBOJIOKOM M MOJBMKHBIM KOHTAaKTOM
(B ycrioBuM Ha3BaH miynom). Tak Kak B 3ajade pedb HAET 00 M3MEpPEHHi CONPOTHUBICHUN B
HECKOJIBKO cOThIX OMa, TO HE3HAYMTEIBbHOE W3MEHEHHE CONPOTHUBIIEHNS KOHTAaKTa IMPUBOJIUT K
CUJIBHOMY MCKQ)KCHMIO pEe3yJbTaTOB M JaXe K HEBO3MOXXHOCTH HX IOJy4eHUs. XOpOIIUM
LIYIIOM MOXET CIIY?KUTb Pa3beM THUIIA «KPOKOIHID).

3. Jlannas 3ajmada mnpeasaranach Uil YYEHMKOB JEBSITBIX KJIAacCOB, IIO3TOMY €€ YCIIOBUE
MIEPENOTHEHO SBHBIMH U HESBHBIMU TOJCKAa3KaMH, HEKOTOPHIE M3 HHUX MOTYT OBITh OIYIICHBI
(HampuMep, FNEKTPUUYECKUE CXEMBI).

4. OOpamaeM BHUMaHHE€ Ha HEOOXOJMMOCTh HCIHOJB30BaHMS JIByX OJMHAKOBBIX
COEJIMHUTENIbHBIX MPOBOAKOB (JIydile YTOObI OHU OBLIM CTAIBHBIMU — Y HUX COTPOTHBIICHHUE
HEMHOT'0 O0JIbIIIe, YeM y MEJIHBIX) NpH MOAKIIOYEHUH amrepmerpa B Hactu 3.

5. Ecnu B xauecTBe MCTOYHMKA HCIOJB3YeTCsl Oarapelika, TO MOJKIYATh €€ K LENu CIeAyeT
TOJIBKO Ha BpeMs U3MEPEHUH, OTKIII0Yas €€ OT LENH C ITOMOIIBIO KIII0Ya, KOrJa U3MEpPEHUs He
npoBosTcs. MHaue GaTapeiika MoXxeT ObICTPO pa3psiAuThCs!

OO0cy:xaeHne, pe3yabTaTbl, peKOMEHIAIUH.

Ipu 0bcyscoenuu pewrenusi OGHHOU 3a0a4u NONBIMAEMCS
BOCNPOU3BECTU BOZMOIICHBIL XOO PACCYHCOCHUL YUEHUKA (3AMEMUM — OUeHb
xopowezo yuenuka). C HUM Mbl ewje He pa3 6CMPemuMcsl 8 OdIbHelueM.

VYcnoBue AIMHHOE M MOJpOOHOE, MOIMBITaeMCsl pa3o0paThCcs B HEM
TaK, 4YTOOBI YETKO MPEACTABIATh ceOe 3agauy IeJUKOM. Torja mpu MpoBENeHUU I/ISMepeHI/II/I
OyzeT sICHO, Ha 4TO 00paTUTh 0c000€ BHUMAHUE.

B nepBoil oueHb TPaAMIIMOHHOW YacTH 3aAayM  (PAKTUYECKU M3MEPSETCs 3aBUCUMOCTh
CONPOTHBIIEHUSI OT €€ AauHbl. CKOpee BCEro, 4ro CONPOTHBIIEHHE PEOCTAaTa 3aMETHO BBIIIE
COINPOTUBIIEHUS IIPOBOJIOKU PEOXOPJa, a CONIPOTUBIEHUE BOJIBTMETPA 3HAUNUTEIBHO IPEBBIIIAET
COIIPOTHUBIJICHUS] OCTAJbHBIX 3JIEMEHTOB Lenu. [losToMy mpu mpoBeneHUM H3MEpeHHH (IpH
M3MEHEHHH TOJIOKEHHsI TIOJBI)KHOTO KOHTAKTa) CHJIa TOKa B IIEMH M3MEHAThCS He Oyner. Tak
KaK BOJBTMETp 00J1a1aeT OOJIBIINM CONPOTUBICHUEM, TO TOKOM Yepe3 HEro MOXHO IpeHedpeyb
U CYUTaTh, YTO CHJIa TOKA Y€PE3 BCE YYACTKHU IPOBOJIOKH PEOXOpla OJAMHAKOBA M PaBHA CHUJIE
TOKa, II0KAa3bIBA€MOM aMmIepMeTpoM.  Pe3ynbrarbl HM3MEpEeHMM JOJDKHBI JaTh 3HAYCHUE
COINIPOTHUBIICHUS E€IWHUIIBI JJIMHBI TPOBOJOKHU: OYEBUIHO, UYTO HANPSDHKEHHE JOJDKHO OBITh
MPONOPLMOHAIBHO JJUHE Y4YacTKa IPOBOJIOKH X . Cuny Toka u3MepsieM, HalpsIKEHUE
U3MeEpsieM — CONPOTUBIICHUE HAMIEM U pa3[eliuM Ha JUIMHY y4yacTKa: BOT U Bce! A 3a4eM HyXHa
3aBUCUMOCTB? J[71s TOro 4ToOBI HE CKy4all.

Yacte BTOpas HyKHa JUIsl IPOBEACHUS U3MEPEHHUHM B IIOCIEIHEH, OCHOBHOM YacTu
paboThI.

B cxeme yactu 3 BOJBTMETpP C PEOCTATOM H3BECTHOIO CONPOTHUBIICHUS paboTaeT B
KayecTBE M3MEpHUTeNs CHUJbl TOKa (MOrjau Obl JaTh W BTOPOH amrepMmerp). AMmepMeTp
MOJAKIIIOYAETCSl MapajulebHO IIPOBOJIOKE (OPUTMHAIBHO — BCErJa Y4YWIM, 4YTO aMIIEPMETP
BKJIIOYAETCSI B IIeNb IOcienoBaTenbHo). [lo-BUOMMOMY, CONPOTHUBICHUS amIepMmerpa Hu
COEIMHUTENIBHBIX MIPOBOJOB  CPAaBHUMBI C CONPOTHBIIEHHEM IIPOBOJIOKM peoxopha (KoTopoe
JOJDKHO OBITh M3BECTHO W3 4YacTd 1), MOATOMY OyJeT HMPOXOAUTH KaKOe-TO pas/ielieHue TOKOB
MEXAY PEOXOpPIOM M aMIEpMETPOM, IO3TOMY 3aBHUCHMOCTb CHJIBI TOKAa OT JUIMHBI y4yacTKa
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MIPOBOJIOKH OYAET KaKOM-TO «XUTPOi» - ee HaJo OyAeT MOIY4YUTh TEOPETHUECKH U TIOCMOTPETh
KaK U3 Hee «BBITAHYThHY» TpeOyeMble BEIUIMHBI CONPOTUBICHHUI aMIIepMeTpa U BOJIBTMETPA.

Bsrastnem Ha mpuGopsl — OOBIYHBIE 3HAKOMBIE IIKOJBHBIE aMIEPMETP M BOJIBTMETP, C
rpyObIMU IIKaJlaMH, 0c000 TOYHO HE Hamepselb! 3aTo MPOBOJIOKA HATAHYTa HAa JMHEUKY C
MUJUIMMETPOBBIMHU JIEIEHUSIMH, JJIMHY Y4acTKa IPOBOJOKHM MOKHO H3MEPATH JIOCTaTOYHO
To4HO. [IoATOMY BO BCeX M3MepeHHsIX, CBA3AHHBIX ¢ H3MEHeHHeM JIMHbI YaCTH peoxopaa,
Y100HO nepeMelIaTh KOHTAKT /0 TeX IOp, MOKa CTPeJIKa Npudopa He COBNA/eT ¢ OAHUM M3
JAeJIeHUH HIKaJAbl — B 3TOM Cjy4Yae cJelyeT ONpeleJisiTh MO0JIOKeHHe KOHTaKTa x. Takum
CIoCOOOM JOCTHraeTcs GOJIbIIas TOYHOCTh H3MEPEHHMIT” (HET HEOOXOMMMOCTH «BBICMATPHBATH
JI0JIY AEJIEHUM LIKaJIbl aMIIEPMETPA U BOJIBTMETPA).

[Tpuctynaem k u3mepenusiMm. Cobupaem cxemy 1. JIBHKOK peocTaTa Ha CepeauHE.
IToaxmrouaeM K UCTOYHHUKY - TOK €CTh, aMIEPMETP YTO-TO MOKa3biBaeT. (CTpesika BOJBTMETpA
IIPAKTUYECKH Ha HyJe. SIcHO, kakoe HampspkeHue Ha InpoBoJioke? Kak ero yBenuuuTh —
MOJIKJIIOYUTH K O0JIbIIEMY KYCKY MPOBOJIOKH — TOUHO pacteT. Kak eme? YBenuuuTh cuily Toka:
JBUTaeM JABM)KOK PEOCTaTa, CHja TOKAa MU3MEHSETCs, HaIpsDKeHUue Ha Toxe. JKanb, 4To Henb3s
c/IeNaTh TOK MAKCHMANbHBIM. 3a4eM 3TO OrpaHHYeHHe B ycioBuH? MakCHManbHOE 3HAUYCHHE
HaIpspKeHUe, KoToporo ynaercs poctuus — 0,6 B. Xopoia 3aBucumocts — 1o TpeM toukam. Ho
3TOTO JIOJKHO OBITh JOCTATOYHO, COMHEHMH B CIpPaBEUIMBOCTU 3akoHa Oma i CTaJbHOM
IIPOBOJIOKM HET, a NPAMYI0 MOKHO IIOCTPOMTh M IO IBYM Toukam. Emie onHa mpoBepka —
peocTtaT HE TpOraeMm, J[BHUIAaEM KOHTAaKT PEOXOpAA: HAIpPSDKEHHE HW3MEHSETCs, CHJa TOKa
IIPAKTUYECKU HET, IPEABAPUTEIIbHBIE PACCYKICHUS OKa3alIUCh BEPHBIMH.

Urak, usmepsieM. Cuna Toka craBum 1,3 A (3TO XK€ MEHbIIIE, YeM TOJITOPa amIiepa).
JIBUraeM KOHTakT, TJSAsS Ha BOJIBTMETp, JOOMBaeMCS TOro, 4YTOObI CTpelKa IOTOYHEe
ocraHoBwiack Ha mepBoM aeneHuu (0,2B) — raoe okazancs koHTakT? JlecsTh CaHTHMETPOB,
touHee x = 101wm . DTOT pe3ynbraT B Tabnuiy 1. /[BUraem KOHTAKT JaJiblie, TOHUM CTPEIKY 10
cnenytomero aenenus (0,4 B). Uto ¢ «ukcom»? Uto-To HemoHsTHOE: X = 243mm ! A HOMKHO
ObiTh B 202 MM, win okono Toro. He mor ke s ommOuthcs Ha 4 cantumerpa. IloBTopsio
U3MEpEHUs — BCE NMOBTOpsieTcs. BuaHo, He 3ps 3acTaBUiIM U3MeEpsTh 3aBUcUMOcTh! IIpoBeny Bce
U3MEpEHUs, a TaM IOCMOTPUM.

Tak, Bce pe3ynbTaThl OJTY4EHBI U 3aHECEHBI B Tabmuily 1. . XKanb, 4to 11 cuiibl Toka B 1
amriep, Bcero e Touku. Ctpoum rpaduk 1.

Jlist GoJiblel CHibl TOKa Bee Tpu Toukd Ha &7 7L, B
OJHOM  IIPSMOU (3ro  panyer). Hus

06 4---------- LTSS A
MCHBIICTO TOKAa ABEC TOYKHU TOXKE JICTJIM Ha i i
' ; ;
npsIMYIo (a Kak >xe uHaue!) 054 SR bl
Tabauna 1. YD SR R S N
Y I A (N i

024

el e e e e e e e e e L L L T E e

D e =

T |

0 100 200 300 400

Pae. 1 3aEHcHMOCTS HANPSREHHS 0T JJHHEI YYACTKL
NMPpOBOTOKH

* Ouens pasymHoe 3ameuanne. Ero naxe ciuenyer 0600mmTh: GpUKCHpYii To, 4T0 (pHKCHpYeTCsi; H3Mepsiii To, 4To
u3mepserca! HanoMHUM aHaIOrMUYHBIN PHEM, UCIIOIb30BaHHBIM HEOJHOKPATHO PaHee PU U3y4EHUH 3aKOHA
JIBIDKEHUS: 337]a€M PACCTOSIHUE U U3MEPSIEM BPEMSI €r0 MPOXOXKICHHUS.

? Ecnu ucTounuk 6atapeiika, TO IIpH GOJBIIHX TOKAX (KOPOTKOM 3aMBIKAHHH) OUEHb GBICTPO PA3PSIUTCS; €CITH
ncrounuk JINII, To MOXKET He BBIIEPKATS.
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Wtak, npsiMble MOJMy4YEHBI, HO MOYEMY OHM HE IPOXOJAT uepe3 Hadaio koopauHat? Uto 3TO
o3HauvaeT? [Ipu x — 0 MpoOBOJIOKM MEXAy KJIEMMaMH BOJIBTMETPA YK€ HET, a HAIIPSDKEHUE e1le
ectb? IIpoBepro — MOJBMXKHBIM KOHTAaKT K CaMOMY Haudaly IPOBOJIOKH, CTPEIKa BOJbTMETpA
MIOYTH Ha HyJ€, HO HE COBCEM Ha Hylle, Hy U TOYHOCTh! MoseT mkana cOmnacs? 3aKOpOTHM,
MOJABWKHBIM KOHTAaKT peoxopfa KO BTOPOMY BBIBOJY BOJBTMETpA: MOPSAOK, CTPEIKAa MEPTBO
nerna Ha HyJb. K KOHIly poBosiokH — uyTh aporHyna! Kaxercs sicHO — BIHMSET CONPOTUBIICHUE
KOHTAaKTa MEXJly COEIUHUTENIBHBIM IIPOBOJIOM U MPOBOJIOKOM peoxopaa R HaIpsDKEHUE Ha

KoHm. >
HEM U u3Mepsto, koraa x — 0. MHTepecHo, kak MOXKHO MpoBepuTh 3Ty uaeto? Ilo yciosuto
3TOTO JIeNaTh He HAJ0, HO MHTEpecHO xe! Halo mpoauTh 3TH TMHUH B 00JIACTh OTPUIATEIIBHBIX
JUTMH TPOBOJIOKH, JKaJIKO BPEMEHU, HO HHTEPECHO.
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Aii, OpaBo! Ilodytm TOYHO mepeceKaroTcs B OMAHOW TOYKe x ~ —30mm, ITO 3HAYHT, UYTO
COIIPOTHUBJICHUE KOHTAKTa TAaKOE )K€, KaK COMPOTUBJICHHUE 3 CAHTUMETPOB MPOBOJIOKH — HYKHO
MHUHYC TPU CAaHTHMETpPa MPOBOJIOKH, YTOOBI YOpaTh 3TO Mapa3sUTHOE CONpOTHBIICHHE. JKajb, 4TO
aBTOPBI 33/1a4H HE TIONPOCHIIM HAUTH 3TO CONPOTHBIICHUE .

ITopa BoO3BpamaThCsi K YCIOBUIO: HYKHO HANTH CONPOTHUBICHHE €IUHHIBI JUIMHBI
MIPOBOJIOKH, 3TO MPOCTO, HAJI0 HAMCATh TIOYMHEE.

JlaHHas 3aBUCHUMOCTb ompeensiercs 3akoHoM Oma a7is y4acTKa 1enu

U=1(mx+R,,,). (1

Jlist ompenesieHus] UCKOMOTO CONPOTHUBICHHUS E€IWHUIIBI JJIMHBI MPOBOJIOKH Peoxopla

CJIeIyeT BOCIOIB30BATHCS BBIPAKECHUEM
1 AU

rET )

o AU
Pacder o 370 Gpopmynie IpUBOANT K CIEAYIOIIUM pe3yibTaTtaM (KO3QQHUIIMEHTHI HaKIOHa .

MO>KHO CHSTbH C TPa(MKOB, MOYKHO BOCIIOJIb30BAThCS TAOIUIIEH):
s toxka [ =134 .

,ﬂ=i.—0’6_0’2 zl,1-10’3%
1,3 376-101 MM
Jnst toxka [ =114 :
pet 04702 ) 050
1,1 385-175 MM

4 By,ueM CYUTATh, YTO 3THU PACCYKACHUA U OTOT I‘pa(bI/IK B YCPHOBUKC U HC BOIICI B «OCHOBHOC co6paHHe>>.
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Xopouio cxoautcs, win miaoxo? Hano onenuTs norpemwtHocts. Cuily TOKa U HAaIIpSIKEHUS
S TMOATOHSI K JENEHHSM, MO3TOMY IOTPEIIHOCTSMH STHX BEIMUMH HpeHebpexem . bymem
CUMTaTh, YTO OCHOBHAs MOTPEUIHOCTh CBs3aHA C HETOYHOCTBIO M3MEPEHMs JUIMHBI ydyacTKa
poBoNOKH. JIjIsi MATUMETPOBO# IIKAJIBI ITOTPEIIHOCTh. MOXKHO B3ATh OX ~ 0,5MM , a TONIMHA
KOHTAKTa, a MaJible pa3inyus B M3MEpPEeHUAX? MOKeT MOBTOPUTH, U PACCUMTATh CIIy4ailHYIO
NOTPEUIHOCTh — HET BPEMEHH, BCE B KOHTAKT yuulo. byay cuuTaTh, 4TO MOTPEHIHOCTH
OTZIEIBHOTO M3MEpEHMs JUIMHBI Ox = 2mm (1 Ha neny nenenus | Ha TomuuHy miyna). Torna
MOTPEUIHOCTh Pa3HOCTH JUIMH €Ille B JBa pa3a OoJjbllle, TOATOMY OTHOCHUTENbHAs TOTPEIIHOCTh

. 20x
U3MEPEHHUS] ITON PasHOCTU &, :E’ Takasl )K€ OTHOCHTEIbHAs MOTPEITHOCTh U M3MEPCHUS

20x 4 o
conportusiieHus. CuuTaeM: Ui NEPBOTO 3HAYCHUS &, = = ~ 1,5% ; ana BTOpOro
Ax  376-101
4 0 o
&, = —————~ 2% . He MHOrO0, pasnuuus B 3Ha4E€HUAX CONPOTUBICHUS LeNbIX 5%, BCE-TaKH
385175

Ha/10 OBUIO YYECTh CIIyYaiiHYIO MOTPEIIHOCTh M MOrpelHOCTh MpubopoB. B npyroii pas! Ceituac
Oy/ieM CUMTaTh MOTPEIIHOCTHIO PA3HOCTh MEX/Ty IMOTYUYECHHBIMU 3HAYEHUSIMHU — TTOJIHBIA Ot 3a
pacyer MOrpeurHoCcTH 1, KOHEYHO, HE TIOIYy4y, HO YTO-TO IOCTABSIT.

BrIBoa: conpoTHUBIIEHHE €AMHUIIBI JJTUHBI IIPOBOJIOKU PABHO

re11-10° P o250
MM

Bropyto yactb Ha0 caenaTh ObICTPO U MYIPUTH TYT HEUETO:
COOMpal0 OYEBHIHYIO CXEMYy — BCE MPHOOPHI MO CBOEMY MPIMOMY
HA3HAYEHUIO, ABUIAI0 JBWKOK pEOCTaTa, IOKAa OTHOLIEHUE HX

.U
[IOKa3aHUI 7 He cTa”eT paBHbIM 1,3 Om. [lomyunsnocs! —

5
G

Haxownen-to, mo6paincst 10 OCHOBHOW 4acTH 3. 31ech Hao
HayaTb ¢ Teopuu. HyXHO HaWTU 3aBUCUMOCTb CWJIBI TOKa 4epes
ammepMerp OT JUIMHBI y4yacTKa IpoBoJioku x. Hapucyro
HKBUBAJICHTHYIO CXEMY, C 0003HaYEHHEM CONIPOTUBIICHHS COCTUHUTEIBHBIX IPOBOJIOB.

— :: — ch &
[ ]
]' I Xen
| —
b p—

. U
OOmuit Tok B enu /, = — (U3MepsieTcsl BOJIBTMETPOM) B ApaIEIbHOM COCUHEHUN JAETUTCS
0

MEXKIy LEeMNblo amrepMerpa (ero u3MepseT cam amrmepMmerp — o06o3Hauy /), CONPOTHUBICHUE
KOTOPOH PaBHO CyMME COIPOTHBIICHHS aMIlepMeTpa R, U CONPOTUBICHUE COCAUHUTEIBHOTO

> Mosxer u 3ps! Hazo GbU10 yaecTh X0Ts Obl TONIIMHY IITPUXA U CTPENKH. [IpHOOPHYIO HOrPENIHOCTh BOIBTMETPA
YUUTHIBAThH HE HAO (B GOPMYITY BXOANUT Pa3sHOCTh HANPSDKEHHUH, IIO3TOMY ITOCTOSTHHAS IIPHOOPHAs TOTPEIIHOCTh
MCYe3aeT), a BOT HPUOOPHYIO MOTPENIHOCTh aMIIepMETpa CIIeZIoBaIo Obl ydecTh!

% Takoe 0603HAUEHHE JUTS IOFPEITHOCTH HCIIONB30BAHO JUIS TOrO, YTOOb! OTIHYMT OT PA3HOCTH, KOTOPAs BXOIHT B
pacuerHyto popmyiy. TamaHTIMBBINA YUEHUK — 3HAET TPEUECKUN angaBuT!
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nmpoBoAa R, , W INapajyleNIbHOW BETBBIO, COIPOTUBIEHHUE KOTOPOM CyMMa COIPOTHUBIICHUS

y4acTKa IIPOBOJIOKH X M BTOPOI'O COEIMHUTENBHOTO MpoBoaa. Cuia Toka B 3TON BTOPOU BETBU
I, —1,. OTHOIIEHHE CII ITUX TOKOB OOPATHO OTHOIIEHHIO CONPOTUBIICHUH, IOATOMY

I, :Rm+rx _ r . R, ' 3)

g -1, R,+R, R,+R, R, +R,

RO
Bce fanblie MOXKHO He IMHCAaTh, CPa3y MOJTYdHIACH HYXKHAS JIMHEAPH30BAHHAS 3aBUCHMOCTD .
IIpu kakaOM 3HAYEHMM X HAJ0 HU3MEPATh CUIIy TOKAa M HaNpsbkeHue — He cioxHo. Crorm, He
3a0BITh: JBUTAEM IMOJBUKHBIN KOHTAKT, BHICTABIISIEM CTPEIIKY aMIiepMeTpa TOYHO Ha JIeJIeHUE U
3amepseM x. Elie ogHO — MOJIHBIA AWAna3oH HW3MEHEHHUS IOJIOKEHHS KOHTAaKTa, 10 BCEU
JIMHEMKE.

[TpoGnema — a conpoTuBnenue KOHTakToB? Iloydiie MPUKPYTUM U MPEeHEOpexKeM, TeM
Oosiee YTO U3MEPEHUS OLICHOYHBIE.

Cobupaem uenb, BkiIoyaeM — pabortaer! J[IBUraeM 1o MPOBOJIOKE — CHJIa TOKa
U3MEHSETCA, MOXHO HM3MepsATh. A HampspkeHue? M3mensiercs oyeHb c€1abo, HE MOMeEpselIb.
ITouemy Tak Mano usmensiercs? BuaHo comportusieHue peocrara (Bcero 1,3 Om) Ha MHOro
OoJbIIIe COMPOTUBIICHUS IPOBOJIOKUA M aMIlepMeTpa. XOpouo, 4ToObl BOOOIE 3TO HANPsHKEHUE
He u3MeHsioch. Kak 310 cnenars? YBenuuuth comnportuBieHue peoctata! Hembssi: ycnoBue
3a7lauil — 3aKOH JJIsl ydacTHUKaA! A MOXET M INPaBMWIIBHO — cZefail 60Jblie CONPOTUBIEHUE, TOK
CTaHeT MEHbIlIe, U3MEPSTh €ro ciokHee. Brixona He BUxKy! A MoKeT npeHedpeub N3MEHEHUEM
CHUIIBI TOKa B o0mieii nenu? B3are cpeanee 3nadenune. Bee-Taku kakoit-to Beixoa. Ho Ha Beskuit
CIIy4ai 3aIuiry.

IIpu mpoBeneHUM U3MEPEHMM IO YKAa3aHHOM CXEME OKAa3ajoCh, YTO HAIpsHKCHUE Ha
peoctate M3MEHsETCS He3HauuTenbHO (B mpenenax ot 1,55 B mo 1,75 B), mpoBecTtu TOUYHBIE
M3MEPEHUs BECbMa 3aTPYAHUTENBHO, TO3TOMY MOKHO NMPHOIMKEHHO CYUTATh, YTO OHO OCTAeTCs

IIOCTOSIHHBIM U PaBHBIM cpeliHEMY 3HaueHuto U =1,655.

Tenepp akkypaTHO TPOBOXKY H3MEPEHHUs, pe3yNbTaThl 3alMChiBal0 B Tadmuiy 2,
otaenpHas rpada A paCCYUTaHHBIX OTHOIICHUH CUJI TOKOB (JJ1s1 THHEApU3aliH ).
Taoauua 2.
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Pric. 2 3aBHCHMOCTE CHIIEI TOKA 0T AMTHHBI Y4aCcTEa NPOBOTOKH
! v aBTOPOB 3aJia4, HUYCTO TAKOI'0O Cpa3y HE HNOJYYWIOCh — B O(i)I/II_[I/IaJ'H)HOM peuIeHnn HaiificHa 3aBUCUMOCTD

IA ()C), JIMHeapu3anus KOTOpOI\/'I MpUBCJIa K 3TOMY K€ BbIPAKCHUIO.
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Crpoum rpaduk 3aBUCUMOCTHU CUJIBI TOKA OT JJUHBI X . KpacuBo: 3aBUCHMOCTh HE TUHEHHA U HE

MIPOXOJUT Yepe3 Hayauo KOOpAUHAT. 3/1eCh BCE MOHATHO: U HE JIMHEUHOCTh
CHJa TOKAa M B YHCIUTENIE U B 3HAMEHATEIE;

- B ypaBHeHuu (3)
W HEMONaJaHue B HYAb — COMPOTHBIICHUE

COCMHHTEIHHOTO IPOBO/IA 3aMETHO H CPABHUMO C COMPOTUBIICHAEM amriepmerpa’. [loacunraem
OTHOLLIEHHE CUII TOKOB. Xopoio usmensercsa! Onars npu x = 0 TOK 4epe3 aMIepMeTp He PaBeH

Hymo. Ho Tok uepe3 ammnepmerp Gosee 4eM B TpH

U, B

18 1

MEHbBILIE TOKAa 4Yepe3 4YTo? — COEAMHUTEIbHBIN
npoBod. Yto 310 3Hauur? UTO CONpOTHBIIEHHE
COEMHUTENIBHOTO MPOBOJa IPUMEPHO B TPHU pas3a
MEHbBILIE, YE€M CONPOTUBICHHE MpPOBOJA C
amMIepMeTpoM. JTO 3HAYMT, YTO CONPOTUBIICHUE
amrepMeTrpa NpPUMEpPHO B JBa pasa OoJjblue
COIIPOTHUBJICHUS NPOBOAKa. Hamo 3amoMHUTE.

Tak, a wuyro jgenate ¢ TpaduKOM
3aBHCHMOCTH HANpPsDKEHHUsS OT JUIMHBI ydacTka?
W3meputh M3MEHEHHE HANPSDKEHUS MPaKTHUYECKU
HeBo3MOokHO!  OcraButh? Her, Oamisl He

1,75
1,7
1,65 -

16 1

1,25

MOMEIIAIOT: XOTs ObI 3a MOJMHCAHHBIE OCH MYCTh 100 200
KIOpU J00aBUT: BCSKash HEU3BECTHAS (DYHKIUSA
JMHenHa! 0T [UIAHBI FYACTEA T 0 0JI0KH

Tenepb 0CHOBHOM TpaduK, TMHEAPU30BAHHBIN JIJIS1 CUIIBI TOKA.

4,00 -

3aBHCHMOCTE HAIIpAZAEHIA HAa peocTaTe
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Pric. 3 3aepscomMocTs 0THOINEHME CILT TOKOE O OJOTHEL ¥4acTKa IIPOEDJIOKH

Koneuno, He coBceMm nuHEHas 3aBUCHMOCTb,
MPSIMYIO MOHO: TaK TOpa3/io poBHEH!

3anumieM ypaBHeHHE (4) JTod mpsiMod B Buiae Y =ax+b, TOE a=

cn

b=—-—<L—
R, +R,

8 o
3aMeYaTeIbHBIN Y4CHUK — BCC pa60Ta COIIPOBOXKAACTCA O6ﬂyMI>IBaHI/IeM. u A€ TOJIBKO BpEMs 6epeT?

&9

C 3aMETHBIM NIPOTrMOOM, HO MPOBECTU

r
ch + RA ’

- TIapaMeTpsl JIMHEHHOU 3aBucuMocTu. M3 rpaduka (no MHK cuumams nexozoa,



0a u mesauem) MOXHO HANTHM UMCJIEHHBIE 3HAYEHHs JTHX IapameTpoB: a~9,8-107mm™',
b~ 0,3. U3 BeipaxxeHuit 11 3TUX KO3(D(UIIMESHTOB HAXOAUM, YTO

R, =Lr~0030m: R,=Z—R_~0,080m.
a a

Hy BoT, paboTa 3akoHYeHa, pe3ynbTaThl MOJy4YeHbl. M OTHOIIEHHE COMPOTUBICHUN OJIM3KO K
MpeACKa3aHHOMY 0 OJHOM (HYXHOM) Touke. JleCTBUTENbHO, OKA3INCh U3MEPEHHBIMU OUYEHb
MaJible CONPOTHUBICHHS — C TIOMOIIBIO PEOCTABICHHBIX IPHOOPOB HANPSAMYIO U3MEPHUTH TaKHe
COIIPOTHUBIJICHUSI HEBO3MOXKHO: JTMOO BOJIBTMETpP OYAET IMOKa3bIBaTh CIUIOLIHBIC HYJIH, JINOO
CrOpPUT aMIIEPMETP.

Ocrasock Bpems . MoskeT momnpoGoBaTh H36aBHTECS OT mporuda Ha rpaduke 3. Cxopee
BCEro, OH IMOSIBWICS M3-3a TOrO, YTO HAINPSKEHHE CUUTAIOCH NMOCTOSHHBIM. Hano ydects ero
U3MEHEHHe, XOTS OBl MO NPUMEpPHOW JHMHEWHOW 3aBHUCHMOCTH, YTO OHa 3psi MocTpoeHa?
VYpaBHeHHe 3TON NPAMOM 3amucaTh JIErko (10 KpaiHUM TOYKaM — JPyrux U Het!):

U=155+22 (4)
390

Teneps nepecunthiBaeM Tabmuiy 2. I[IpocTo momonHuM ee erie OJHUM CTOJOLIOM — 3HAa4YeHHe
HanpsokeHus. [lomyuaem Tabnuiy 3, Mo KOTOpoi CTpOUM HOBBIN rpaduk 4 — mocneaHui.
Tab6uanna 4.
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X, Mn
T'padux 4 3apmcunocTE 0 THOINEHIA CILT TOKOE 0T IIHHEL
¥{acTKa Ip 0B 0JI0KH (¢ YYeTOM H3MEeHPHHA HATTD AAeHIA |

[Iponenannas paboTa Oka3ajach HE HAIPACHOW: TOYKU MPAKTUUYECKU TOYHO JICTIH HA MPSMYIO.
Tak, uro make xoueTcs paccuuTaTh KodpduuueHTs 310 3aBucumoctd nmo MHK. INonyunnuce
CJIeAyIOIIMe 3HaYeHUs! K03(h(HUITMEHTOB 3TOM JTMHEHHON 3aBUCIMOCTH

a=(82%02)-10"mn™", b=(0,44+0,03)

PaccuuTansble 110 3THM KO3 GHUIHEHTaM 3HaYSHUsI COMPOTHBIICHUS OKa3aIUCh PABHBIMU

9
31eck HaBepHO, Halll ByHJIepkuHA octanoBui Comuie, kak Mucyc HaBun!
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R, =27 ~0060 O R,="-R,~00740m,
a a

¢ morpemHocThio nopsaka 10%, uyTo Hago mpu3HaTh Xopolled To4yHOcThrO. Kak Bcerna,
OCHOBHOH BKJIAJ] B TTOJIHYIO MTOTPELIHOCTh BHECIA OTPELIHOCTh pacyeTa CBOOOIHOTO iieHa b B
JIMHEWHOU 3aBUCUMOCTH.

[Tocneanuii Bompoc — Kak e ¢ HalJICHHBIM 110 OJTHOM TOUKE OTHOIIEHUEM COMPOTUBICHUN?
Henuoxo, ceituac oTHomeHue TokoB 1pu x = 0 paBHo 0,42. IToaToMy O11€eHKa OTHOIIEHU

. . R 1
COIIPOTHBIICHHH 1O TOM Touke gaeT —+ = ———1~1,4, 4T0 OIU3KO K 3HAYECHHMIO,
w042
R, 0,074 . . o
nosryueHHomy o MHK e = 0,060 ~ 1,2 . IlosTOMy Takoli IPUMUTUBHBIN, HO MTHOBEHHBIN
b

cn

MCTOA IMOJTYUYCHUA OLICHKU HEC JIUIITHUMN.

Bom makoti s3ameuamenvuwiii yuenux nam nonancs! Yuumecw!
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Crnenyromas 3ajaya HaBesUla Ha3BaHUE JAHHOTO pasfena. Kpome 3asBIE€HHOH TeMbl, B
OoOCYXIIEHUM U peIIeHUH JTOM 3aJaud clexyeT oOpaTUTh BHUMAaHME Ha JiBa BaKHBIX
oOcTosiTENbCTBA:  MEpBO€  (BCTpeYaercss  JOCTaTOYHO  YacTo) —  HCHOJIb30BaHUE
noJryiorapupMuUecKkoro macmrada; BTopoe (BCTpedaeTcsl BCerza, BO BCeX 3a/adax) — aHajlu3
MOTPELTHOCTEH U3MEPEHUH U CIOCOO0B UX YMEHBIICHUS.

3agauya 10. U3yyenue cBeToguona.

IIpuGopel ¥ 000pya0BaHWe: KpacHbI CBETOAMOJ, NEPEMEHHBIH IpOrpaaynpOBaHHBIN
pe3ucTop (Ha MIKajle yKa3aHbl 3HAYEHUs CONMPOTHUBIICHUS] B KOM), /1Ba MOCTOSIHHBIX PE3UCTOPA,
KOHJICHCATOp HEHW3BECTHOW €MKOCTH, BOJBTMETp, Oarapeiika 4,5 B, cekyHmomep,
COEMHUTEIIbHBIE TPOBOIA, KIOY.

Tozpewnocmamu 3uauenuti CONPOMUGIEHUU 8blOAHHLIX PE3UCMOPO8 (8 mom uducie u
WKATIbL NEPEeMEHHO020 pe3ucmopa) npeHebpezaiime, Xoms Mo U He CO8CeM KOPPEKMHO.

Yacrs 1. «Kak npaBHJIBHO BKJIOYATH BOJIBTMETP ?»

Cobepute cxemy, OKa3aHHYIO Ha puc. 1: Bel ke _5

3HaCTC, 4TO BOHBTMeTp BCErJa BKIIFOUYACTCA B R
Lenb ... IOCIEI0BATEILHO!

©

1.1 Hccnenyiite 3aBUCHUMOCTb HAaINpsDKEHHsI Ha

BOJIETMETPE OT BPEMEHU B TEUCHHMH IMpoliecca

3apsiIKM - KOHJEHCAaTopa TP HECKOJbKUX (He P 1 °N®
L,

MEHee  TpeX)  3HAYCHHUAX  CONPOTUBICHUSA
MEPEMEHHOTO Pe3UCTOpa. 3HAaUeHUE COMPOTUBIICHUH PE3UCTOPOB BBHIOMpAITE CaMOCTOSATENBHO,
CBOI1 BBIOOp 0OocHyiiTe (cM. 1.1.2).

[ToctpoiiTe rpaduky NOTy4EHHBIX 3aBUCUMOCTEH.

Hanomunaem:
1. Hynb — amo mooice uucno!

t
2. B npoyecce 3apsaoku cuna moka 6 yenu 3agucum om epemenu no 3akony I =1, exp[— R_Cj

20e R - nonnoe conpomusenenue yenu 3apsaoKu.

1.2 Ilo nomyyeHHBIM JaHHBIM OIIPENEIMTE EMKOCTh KOHAeHcaropa C, CONPOTUBIIEHHE
BOJIETMETpPA R, U XapakTepHOE BpeMs pa3psIKu KOHIEHcAaTopa depe3 BoJbTMETp 7, = R,C ¢

MaKCHMAaJIbHO BO3MOKHOM TOYHOCTBIO.

Yacrs 2. «MaJjo Toka — MaJIo cBeTal» _5' ~

Bxurounte B nens cBeromuon (Puc. 2). R
IIpy mnpaBWIBHOM NOJKINOYEHUH cBeTOAMOn _|
JIOIKEH ¢1ab0 CBETUTHCS (B IPOTUBHOM CIydae | U, =cC
MIOMEHSIITE MOJIIPHOCTh €ro noxaxitoueHus). K
IUTIOCY CBETO/INO0/1a TIPUMAsiH Oelblii IPOBOJI. o
Puc. 2
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2.1 MU3mepbTe 3aBUCMMOCTH HAIPSDKEHMSI HA BOJBTMETPE OT BPEMEHM B TEUYEHHUH IIpoliecca
3apsIKM KOHJEHCAToOpa IpU CONpOTHUBIEHUAX pesuctopa R, =3,0kOm u R, =0. IIpusBenute

rpa UKy MOJTY4YEeHHBIX 3aBUCUMOCTEH B Haubosee HarJsaqHO| opme.
Onpenenure, COracyrOTCs U 3TH TaHHBIE MEXTy COOOiA.

2.2 Ompeaenure, MOXHO JM CUMTATh, YTO NPH TAKOM BKJIIOUYEHHUU CBETOJUO/A €ro
CONPOTHUBIIEHUE HE 3aBUCHUT OT CHJIbI TOKA, MPOTEKAroUlero yepe3 Hero. OmnpenenuTe cpeaHee
3HAUYEHHE 3TOr0 CONMPOTUBIICHHUS, UCTIONB3Ys BCE JAaHHBIE, MOTy4eHHbIE B 11.2.1.

Ouenute npeaensl U3MEHEHHUs! COMPOTUBIIECHUS CBETOMO/1a TPU YKa3aHHOM IMOAKIIOYEHUH.

2.3 Ouenute npu Kako# CUjl€ TOKA MOJIHOCTBIO MPEKPAILAETCS] CBEUEHHUE CBETOINOAA.

Yacrsb 3. «MHOI0o TOKAa — KaK H3MEpPATH ?»

B nanHO# yacTu paboThl BaM HEOOXOIMMO H3MEPUTH COINPOTHUBIICHHE CBETOAMOJA IPH €ro
ApKOM cBeueHUuU. CaMOCTOSITENILHO NIPEUIOKUTE METOAUKY U3MEPEHUS 3TOI0 COIIPOTUBIICHUS —

He 3a0y0bme Hapuco8amsv NPUHYURUATLHYIO CXeM) 8auuell Yenu.

Iloocka3zvleaem: ucnonv3syiime npedoCmagieHubie 6am NOCMOAHHbLE PE3UCOPbI UZBECTHBIX
CONPOMUBIEHULL.

3.1 3MeppTe CONPOTUBIIEHUE CBETOIMOAA U1l HECKOJIBKUX 3HAUEHUI CHUJIBI TOKA,
IIPOTEKAIOILEr0 Yepe3 HEro (Harmpumep, Ui YEThIPEX).

3.2 IlocTpoiite npuMepHbIi rpaduK 3aBUCUMOCTH HAIIPSDKEHUS HAa CBETOAMO/IE OT CHUJIBI,
IIPOTEKAIOILEr0 Yepe3 HEro TOKa.

Kommenmapuu x ycnosuro 3adauu.

1. ]I BBIIOJTHEHMSI 3TOTO 33JJaHUs MOIXOANT, B IPUHIIUIIE JII000H CBETOUOM, PACCUMTAHHBIN
Ha pabouee HampspkeHue mnopsiaka 2-4 B. IlepeMeHHBIN pe3ncTOp, YNOMSIHYTBIM B TEpedHe
00Opy0BaHus JODKEH MMETh MaKCUMallbHOE compoTHuBieHue nopsaka 10 kOm. B npunnumne,
MO>KHO HCIIOJIb30BaTh W JIBa IOCTOSIHHBIM PE3UCTOpa, CONpOTUBIEHUsAMHU mopsaaka 10 xOm
(oTnnyaronIecs He MEHee, YeM B MOJITOopa pas3a). B aTom ciyyae U3 yciaoBHs HEOOXOIMMO
UCKITIOYUTH MYHKTHI O CaMOCTOSTEIHHOM BBIOOPE COMPOTHUBIICHUH MPU POBEACHUN U3MEPEHUIA.
JIBa TIOCTOSIHHBIX PE3MCTOPA, UCHOIB3YyEMBIX B TPEThe YacTH PabOThI, JOJDKHBI UMETh TaKoe
COINPOTHUBJIEHUE, YTO OBl MPU MOCIEIOBATEIBHOM MOAKIIOYEHUH K CBETOAUONY U UCTOYHHKY
NUTaHWUSA, HanpspKeHHe Ha Jauoae  Obuto  OMM3KO K HOMHUHAJIBHOMY 3HA4eHHIO (3TH
COIPOTHBIIEHUS MO MOPSAKY BEJINYMHBI HECKOJBKO €IuHUIl — necsATKoB Om). ConpoTuBieHUS
3TUX PE3UCTOPOB AOJKHBI OTIMYAaTh NIPUMEPHO B J1Ba pa3a. EMKOCTh HMCIOJIB30BAHHOTO HaMU
KoHJeHcaropa cocTaBisiia S00MK®P, jkenaTeabHO HUCIOJIb30BaTh KOHJEHCATOP HE MEHbIIEH
€MKOCTH — B TIPOTUBHOM CJIydae U3MepsieMble BpeMeHa OyIyT CIUIIKOM MaJlbl.

2. Tlepen KakpIM HOBBIM U3MEPEHUEM CIIEAYET Pa3psiAUTh KOHJEHCATOP — EMKOCTh €r0 BEJIUKa!
3. DTo 3amaHue MpeIarajioch Ha 3aKITIOUUTENIHHOM JTalle PECIyONUKAHCKOW OJIMMIIHA[IBI,

MO3TOMY €r0 YCIIOBHE HE CTOJIb KOHKPETHO, a MPEAOCTaBIIAECT BO3MOXKHOCTH CAMOCTOSITENIBHO
MOPA3MBICIUTh HE TOJIBKO 00 00paboTKe pe3ylbTaToOB, HO U METOAUKE U3MEPEHUI.
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O0cyKIeHNe U pelIeHue.

OcHoOBHasl LieNb 3a/1a4M 3aKJIIOYAETCsl B YACTUYHOM HM3Y4YEHMM BOJIBTAMIIEPHOM XapaKTEPUCTUKU
HEJIMHEIHOTO 3JIeMEeHTa — CBEeTOAM0a. To ecTh He0OOXOAMMO U3MEPATH HAPSKEHHUE, CUITYy TOKa
(W compoTUBIIEHHE) JTOro awona. Jlaetcs OAWH JOBOJBHO TPYOBIA AIEKTPUUECCKHIA
M3MEPUTENIbHBIN TPUOOpP — HIKOJIBHBIN BOJIBTMETp. ['opazao Oosiee TOYHBIM IPUOOPOM SBIISETCS
cekyHaomep. Hamuume B mepeuHe o00OpyHOBaHHS KOHICHCATOpA, IPUBEACHHBIE CXEMBI,
MOJICKAa3KH U CaMO YCJIOBHE HAaMEKalOT Ha HEOOXOIMMOCTb M3MEPEHHUS BpEMEH 3apsiaku (MUiIH
paspsiKM) KOHJEHcaTopa. BpeMeHHblE 3aBUCUMOCTH TOKa 3apsAKU 3aBHCAT OT EMKOCTH
KOHJIeHCaTopa U (caMoe BaxxHoe!) COMPOTUBIICHHUS LICTIH.

Bo BrOpoli YacTu IpuBeNEHAa CXE€Ma HU3MEPEHMs, COIVIACHO KOTOPOM KOHACHCATOP
3apspKAeTCsl uepe3 BOJIBTMETP (M Jpyrue 3JeMEHTHI LenH). 31eCh KOHISHCATOP UI'PaeT JABOIHYIO
POJIb: KaK U3MEPUTENbHBIA MPUOOpP M Kak JOMOJHUTENbHBIN pesuctop. IlosTomy ans pacuera
XapaKTepUCTUK CBETOJMOJa HEOOXOAMMO 3HATh CONPOTHUBICHHE BOJBTMETpa (HE MeEHee
HECKONbKUX KOM) U eMKOCTh KoHJeHcaTopa. [lomyunts MX 3HaueHUs HEOOXOOUMO B INEpBOU
4acTH paboThI.

Yacts 1.

B npunnune, uaes noiaydeHus: pe3ysibraTa MOHATHA M MIPOCTAa — HEOOXOIUMO U3MEPUTH
XapakTepHoe BpeMs 3apsaku 7= RC TpH JBYX H3BECTHBIX 3HAYCHHUSAX OMOJHUTEIHLHO
BKJIIOYEHHOTO pe3uctopa. [lomydnTs ABa 3HaYCHHS] BPEMEHH 3apsKd, HA OCHOBAHUU KOTOPBIX
3amucarhb J1Ba ypaBHEHUS C IBYMSI HEU3BECTHBIMU: EMKOCTBIO KOHJICHCATOPA U COIIPOTHBICHUEM
BOJIbTMETpa. B  ycrmoBuM 3amauuM mpeuiaraercss BbIOMpaTh 3HAUYEHUS CONPOTHUBICHHNA
CaMOCTOSTENILHO M 000CHOBATh CBOM BbIOOP. KpoMe Toro, mpocaT HallTH 3HAYEeHUs TapaMeTpoB
C MaKCHUMaJIbHO BO3MOXKHOHM TOYHOCTHIO. M3 3THX ABYX TpeOOBaHMil yCIOBUS MOKHO CHENaTh
CJICAYIOIINE BBIBOIBL:

- IOTPEUTHOCTH HA/I0 CUUTATh CEPhE3HO: KIOPU OyIET UX OLEHUBATH BBICOKO;

- KpUTEpHUeM BbIOOpa CONPOTUBICHUN CIYXUT YCIOBHE€ MHUHUMAIBHOCTH MOTPEIIHOCTEH
OKOHYATEJIbHOTO Pe3yNbTaTa;

- JUIsL ONpEIeNICHHUsI BPEMEH 3aTyXaHHsI CIEyeT UCII0JIb30BaTh MOJyYEHHBIE 3aBUCUMOCTH (a HE
OJIHY SKCIIEPUMEHTAIBbHYIO TOUKY) U 00pabarbiBaTh ux no MHK.

[TosTOMy cHadana He0OX0AUMO TMOIYYUTh pacyeTHbIe (POpMyYIIBI (3TO BCErAa HAIO0 JIENaTh
3apaHee) 1 (opMyJIbl AJIsl pacueTa MorperHOCTeH.

B nepByro ouepenp, 00cyauM, Kak MO 3aBUCUMOCTH HAIPSDKEHUS HA KOHAEHCATOpE OT
BPEMEHHU OTPEACTUTh XapakTepHoe BpeMs 3apsaaku. [IoHATHO, 4TO U3MepsieMoe HanpsHKEeHHE Ha
BOJIETMETPE PAaBHO IPOM3BE/ICHUIO €0 CONPOTUBIICHUS Ha CUITy TOKA B LICTIH:

U=IR,. (1)
Ota ¢dopmyna nmoHaoOUTCs Npu pacyere cuil ToKoB. OHa TakXKe MOKa3bIBAET, YTO BPEMEHHas
3aBUCUMOCTbh HAIPsDKEHMs COBIMAJAET C BPEMEHHOW 3aBUCHMOCTBIO CHIIBI TOKA: W3 M3BECTHOM
(bopMyIbl, K TOMY K€ IPUBEJCHHON B YCIOBUH, CIIETYET, YTO
Lf@)=l]0exp(——1—j. @)
RC
[Ipy HanMuuM ABYX H3MEPUTEIBHBIX NMPHUOOPOB HM3MEPATH CIEAYET, TY BEIMYHHY, KOTOpas
MOJKET OBbITh U3MEpEeHa TOYHee, a BTOPYIO CleayeT (PUKCUpoBaTh. To ecTh, Kak U B MPEIbIyIIei
3a7jaue HeOOXOIUMO M3MEPATH BPEMs: CIEUTh 332 CTPEJIKON BOJBTMETpPA U OTMEYaTh BpEMEHa,
KOTJa CTpelka TOYHO COBMAJaeT ¢ JeJeHHeM MIKanbl. [Ipu Takoil MeToauke H3MEpeHUs
baxTHueckn usmepseTcs GyHKIHs t(U ), oOpartHas K QyHKIHH (2)

t=-RCIn-Z. 3)

0
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[TosToMy creayeT CTpOUTh UMEHHO 3Ty 3aBUCUMOCTh i IMEHHO ee oOpabateiBath o MHK, Tem

Gosiee, 4TO OHA y)Ke JHHeapu3oBaHa' . [109TOMy 0GO03HAUMM X =—ln£ u npencraBum (3) B
0
BUJIC
t=ax+b, 4)
r7ie mapaMeTp a CIYXHUT OLEHKOH BenuuuHbl 7 = RC, mapaMmeTp b IOJDKEH OBITh MPUMEPHO
paBeH HYJIO (€ro 3HaYeHUE MEHBIIIE €r0 MOTPEIIHOCTH).
3asucumocms (3) npsamo nponopyuouanvhas, nodsmomy 6 Gyuxyuu (4) napamemp
b moowcem bvims cpazy onywen. Ho nyuwe, 6ce-maku, uckams 3a8UcCUMocms 8 suoe (4), nomomy
umo: 60-nepeuvix, 0isl paciema Kodpouyuenma nponopyuoHaIbHOCMU HAOO 3HAMb MemOOUKY,
HECKONbKO OMAUYAIOWVIOCS OM U3NONCEHHOU,; 80-8MOPbIX, 8 pealbHOCmu napamemp b mooicem
Oblmb omauyen om HynA (Hanpumep, u3z-3a Mmoo, umo ouwiubouno sadawo suauenue U,), 6

makou cumyayuu paciem Kod3p@uyuenma npoNOPYUOHATLHOCU MOJCEN Npusecmu K
3amMemubIM OUUOKAM.

Wrak, Oygem cuMTaTh, YTO HAaM HU3BECTHO JiBa 3HAYEHHUs Iapamerpa (al,az)(n ux
[IOrPEIIHOCTH (Aal,Aaz)) JUIsL IBYX PAa3IMYHBIX CONPOTHUBIICHUN PE3UCTOPOB (RI,RZ). 910
II03BOJIAET 3aIIUCaTh JBA YPAaBHEHUS:

a,=(R+R,)C
a,=(R,+R,)C’

U3 KOTOPBIX CIeayeT HauTu 3HadeHus C U R, ¥ UX nmorpemHoctu. PasHOCTh ABYX ypaBHEHHMU

)

IMO3BOJIICT HAUTH 3HAYCHUE €MKOCTH:

a,-a,=(R,-R)C = c:é%}%} 6)
2 1

[TorpemiHOCTh OMpENENeHUss €MKOCTH BBIpaXaeTcs dYepe3 MOTPENIHOCTH Ko3(duireHToB
JTUHEHHBIX 3aBUCUMOCTEH CIIEIYIOIUM 00pa3oMm:

A _
Aa, —a,)=(Aa, ) +(Aq, )} = AC=—&Q—£QC. 7)
a, —a
3HayeHHue CONPOTUBIICHUS JIETKO BBIPA3UTh Yepe3 OTHOLICHHE K03 (HULIMEHTOB:
R, +R R, —nR
a_Z — 2 V — TI = RV — 2 TI 1 . (8)
a, R +R, n-1
W3 Beipaxxkenus (8) cieayroT GopMyIbl s pacueTa MOTPEUTHOCTH COTIPOTUBIICHUS BOJIBTMETPA:
2 2
A A
n="2 = Ap=n ||| +| 2|, )
al al aZ
OR R, —R
AR, =|—F An:(z—;)An. (10)
on (n-1)

[Tosmy4yeHHbIe BEIPAXEHUS TOJDKHBI XOTS ObI HEMHOTO HACTOPOKUTH: UCKOMBIE BEJTMUMHBI
BBIPAXKAIOTCS Yepe3 pasHOCTH Kod(duureHToB. Kak u3BecTHO, onepaliyst BHIYUTaHHUsL (0COOCHHO
IBYX OJIM3KUX BEJIMYMH) MPUBOAUT K OOJIBIIMM MOTPEHIHOCTIM. [To3ToMy 111 MakCMMaIbHOTO
YBEJTMUEHUs] TOYHOCTU CJIEAYEeT BbIOMpATh Takhe 3HAYCHHUS COMPOTUBJICHUH, YTOOBI PAa3HOCTU

' Bosee TpaMIIOHHO CTPOST 3aBUCHMOCTh 1N —— = ———¢ . Taxas TMHEApU3AIMs IKCTIOHEHITHABHOM

0
3aBHCHMOCTH M Ha3bIBaeTCs noiynorapupmudeckuM (semi-log scale). [lpumenenne MHK B aToMm cirydae Gosee
000CHOBaHO, KOT/Ia M3MEpSETCsl HAIIPsDKEHNE B (PMKCUPOBAHHBIE MOMEHTHI BpeMeHH. 3ameTnM, pumeneane MHK

1
K IBYyM O6paTHI>IM q)yHKHI/ISIM y = kx + b HXxX-= %y - % JAACT pa3HbIC PE3YyJIbTAThI I MTAPaMETPOB k,b .
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BPCMCH 3apsKu GBIJII/I MaKCHUMAJIbHBI. CHe,Z[OBaTeJIBHO, ABa 3HA4YCHUA COHpOTI/IBHCHI/Iﬁ
pPE3UCTOPOB JOJDKHBI OBITh: MAKCHMAJIBLHOE 3HAYEeHHE COMPOTHBJIEHUS TIEPEMEHHOTO
pe3uctopa (IBIKOK 10 YIOpa) 1 MUMHMMAJIbHOE 3HAYeHHe — BooOIe 0e3 pe3ucropa (3apsiaka
KOHJIeHcaTopa yepe3 BoabTMeTp)!Ho Tak Kak Mo yclnoBUIO TpeOyeTcsi CHATh TPH 3aBUCUMOCTH,

TO TPEThE IJAE-TO MOCPEIUHE.

Pe3ynbTaThl NMpOBENEHHBIX W3MEPEHUU MNpuBeneHbl B Tabmuue 1. DTu 3aBHCHUMOCTH
MPOUJLIIOCTPUPOBAHDI Fpa(bI/IKaMI/Il !
Taoauna 1.

T'padumx 1. 3appcrmnvioc TH HaNpAKeHHA 0T EPeMeHH IIPH pazHBIX
COIIPOTHEJIEHHAX Pe3HCTopa
B »sr1oit ke Tabmuie MpeicTaBieHbl 3HAYCHMS, HEOOXOOUMBIE JUII UX OOpabOTKU IO
MHK, paccunTaHHbIE 3HaYEHMs TapaMETPOB JIMHEMHOM 3aBUCUMOCTH (4), UX MOrPELIHOCTH, a

11
OTMCTI/IM, YTO OTH I‘pa(bI/IKI/I HC I/IH(i)OpMaTI/IBHI)IZ OHHU HCO6XO,HI/IMI>I TOJIBKO JJId TOTI'O, YTOOBI y6€HI/ITCH B
HEIIMHEHHOCTH IMMOJTYYCHHBIX 3aBHCUMOCTEH U 3apa60TaTL HECKOJILKO 0aJUIOB Ha OJIMMITHa L.
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TaKK€ OTHOCHUTENbHAs IOIPEIIHOCTh MapaMerpa «. Jluana3oHbl W3MEHEHUs HaNpsHKEHUS
(COOTBETCTBEHHO M HAuyaJbHbIE 3HAYEHUS) PA3NIUYHBI JUIS PA3HBIX COMPOTHBIICHUM.
EcrecTBeHHO, yTO 4eM OOJbIIEe CONPOTHBIIEHHE PE3MCTOpPA, TaM MEHbIIE HaNpsHKeHHWE Ha
BOJIbTMETPE. 3aMeuaTeNIbHO, YTO BO BCEX TPEX CllydasixX 3HAUEHUE NapaMmerpa b 1o MOIYJIIO
MEHBUIE €ro IOIPEIIHOCTH — JEMCTBUTEIBHO PE3YylbTAaThl IMOATBEPKIAIOT CIPABEIMBOCTh
3aBucuMocTH (3). Taxke pagyeT 10CTaTOYHO BBICOKAsl TOYHOCTH MOJTYYEHHBIX 3HAUEHUIN BPEMEH
3apsAAKy (HAalOMHUM — 3TO HapaMeTp a ) — UX OTHOCUTENIbHAs MOrpemHocTh nopsaka 1%. Ha
rpaduke 2 MOCTPOCHHBIE 0OPAGOTaHHbIC, TMHEAPH30BAHHBIC 3ABMCHMOCTH ~, MOKA3BIBAIOLIHE
MIPEKPacCHOE COOTBETCTBHE C TEOPETHUECKON (POPMYIION U BHICOKYIO TOUHOCTh U3MEPEHHIA.

110 — fe —
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T'padum: 2. 3apHcHMOCTH HATMAXKEHHA 0T BpeMeHH pazpaaKe
{morapudvirdeckHii MaciTa)

Tereph MOXKHO IPOBECTH PACUEThI HEOOXOIUMBIX BEIUUHH ;
3HAa4YeHUE eMKOCTH KOHJIEHCAaTOpa
o9 67,0-273

n 5.0010° ~441-10°;
2 SUU

€C MOrpCUIHOCTD:

A(a2 -a, ) = \/(Aa2 )2 + (Aa3 )2 ~llc
A(a2 —a3)C _ L1

a, —a, 67,0-27,3
OTHOIIICHHE KOA(PPHUINUEHTOB U €r0 NOIPEIIHOCTD:

AC = 4,4.107° 2012103 ®

2

~ 0,047,

2
A A
n="2x2454, An=n| %] + 2%
a; a, a;

CONPOTHUBIICHUE PE3UCTOPA!

R
R, =—*~6,19x0m;
n-1

"2 Xors B ycIOBHM SBHO He TPeOYeTCs PUBOIUTH TH IPadUKH, HO OHH HEOOXOIMMBI B PabOTe JUIs TOrO, YTOOBI
MOKa3aTh T€ 3aBHCHUMOCTH, KOTOpbhIE 00pabaThIBAroTCS; 4YTOOBI OBUIA BO3MOMKHOCTH IPOBEPUTH ITOTy4YEHHBIC
pe3yNbTaThl «Ha IJIa3»: TaK CHUMas C Tpa(uKOB MOKa3aHWS BPEMEHH IIPH EIMHWYHOM apryMeHTe, IOJydaeM
OLICHKH 3HaYeHMH BpeMeH 3apsiaku. [logymaiite 00 3TOM — MOXET OBITh 1OJIE3HO!

13
HaHOMI/IHaeM, HaMH BBIGpaHI:I 3HAYUCHUS MAapaMETPOB IMPHU MaKCUMAJIbHOM COIPOTUBJICHUN R2 = 9,0KOM u €ro

orcyrereun R; = 0 (mosTomy 5Ta BelmunHa OTCYTCTBYET B PACUETHBIX (OpMyIIax).
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€ro MOr'PELIHOCTD:

AR, =LA17 ~ 0,20xO0m .

(n-1)’

Ilocne OKpYIJICHUA B COOTBCTCTBUU C IIPABUJIAMHU 3alTUCBIBACEM OKOHYATCIIbHBIC PC3YJIbTAThI:

C=(4,41£012)-10"®, ¢&.~3%
R, =(62+02K0m, &, ~3%

Ocranoch OnpeaeauTh 3HaYEHUE BEIUIUHBI T, :
7,=R,C~44-62~27c;

" €ro norpCurHOCTb:

2 2
ATy _ [ AR, +[A—Cj ~ 4%
C .

Ty R,

IMocnenHuil pacyer cienyeT BOCIPHHUMATh Kak LIYyTKy: oH numuHui! Ilapamerp a, u ectb

TpeOyemMoe 3HadeHHWe, Ja eme W ¢ 0oJiee BBICOKOW TOYHOCTHIO. [103TOMY OKOHYATENBHBIA
pe3ynbTaT CIELYHOINM:

t,=a, =(273£0,5)c g, =1,8%

Tem He menee, obpamume GHUMAHUE — paACHembl YXYOularom MOYHOCMb pe3Vibmamd,
Henocpedcmeennoe usmepenue mounee. Jua cpasnenus’’ npusedem pesyimamvl paciemos
nposedeHHbIX no nepsotl u emopoii 3asucumocmam (R, = 6,0 kOm ,R, =9,0 kxOm):
C=(46%05)10"D, &.=11%; R, =(5520,7)k0m, &,=13%; &, ~17%
Hcxoonvle Oanmvie umelom NpubIUUMENbHO MY e MOYHOCMb — a NOSPEeuHOCmU
OKOHUYAMENbHBIX pe3yIbmamos 6 oecams paz bOoavuie. Eouncmeennoe, umo padyem, umo

NnoJly4YeHHble NO Ppa3HbIM OAHHbIM UHmMepeabl nepeKpovblearonicsl. Tak, umo l’lp06€a€HHble 3apanee
paccymcdenuﬂ U BLIKIAOKU OKA3bIEAIOMCSL He HANpacHouIMU.

14 I'naBHBEIM O6p330M, HUMCHHO IJI 9TOr'0 3AC€Ch MPUBCACHBI TPU 3aBUCUMOCTHU.

98




Yacts 2.

Metoauka MpoBeAeHHU U3MEPEHHI HE OTIMYaeTCs OT TOM, KoTopasi Obu1a pazpaboTaHa B
nepBoit uactu 3amaun. [lpm mociegoBaTeNbHOM BKIIIOUEHUM JOTOJHUTEIBHBIX 3JEMEHTOB
(oOrmiee compoTHUBIICHHE KOTOPBIX 0003HAYUM R ) 3aBUCHMOCTH HANPSHKEHHUS HA BOJBTMETPE
(omATh M3MepsieMasi BeIUYMHA) OyJeT OMUCHIBAThCS ypaBHEHUEM (2), €CIU COMPOTHBIICHUE
BKIIIOYCHHBIX ODJIEMEHTOB HE 3aBHCHT OT CHIBI TOKA B ICIH . [loaTOMy NHMHEHHOCTH
3aBUCHMOCTH (4) OyJIeT CBHAECTEIHCTBOBATH O TIOCTOSIHCTBE STOTO COTIPOTHBIICHUSI.

[Tyaktel 2.1 ®m 2.2 TecHO B3aMMOCBS3aHBI MEXIy CO0OH, OCHOBaHBI Ha OJHUX
AKCIEPUMEHTATLHBIX TaHHBIX, TIOATOMY HX 00CYKIEHUE MPOBEAEM COBMECTHO.

Pe3ynpTaThl M3MEpEeHUIl 3aBUCUMOCTH HAIPSDKEHHS! OT BpeMeHI/Ilé, 3HAUYEHHS] HYXKHBIE
Ui JIMHeapu3alud, KOI(PQPUIUEHTHl JHHEAPU3UPOBAHHBIX 3aBUCUMOCTEH MpEJCTAaBICHBI B
Tabnure 2, KoTopas NOJTHOCThIO aHanoruuHa Tabmmie 1.

Taoauua 2.

HauOosiee HarmsiiHeIM TpEACTaBICHUEM TMOJIYYEHHBIX 3aBUCHUMOCTEH  sIBIseTCS
noJryjorapuMUUEcKuil MaciiTad, TakKe HCIIOJIb30BaHHBIM B mepBoil yactu. Ha rpaduke 3
MOKa3aHbl ATU pe3ynbTaThl. [osydeHHbIE TOUKH TOCTATOYHO OJU3KO JIEXKAT K MPSMBIM, TI0ITOMY
«B TIEPBOM TMPUOIIKEHUN» IPEACTABICHHBIC 3aBUCHMOCTH MOXHO CUUTATh JHHEHHBIMH U
MPUMEHATh K HUIM METO/1bl 00paboTKH, pa3paboTaHHbIE B IEPBOM YacTu.

15 Cpa3y OTMETHM, YTO 3TO YTBCPKACHUC 11 CBETOANOAA BbI3bIBACT COMHCHUC U Tpe6yeT IIPOBCPKU.

B JAaHHOM CJiy4dac 3HA4UCHUS BPCMCH NMPUBCACHBI C TOYHOCTBIO HO ACCATHIX, py‘lHOﬁ CCKYHAOMCD IMO3BOJIACT
MPOBECTH U3MCPCHUS C TaKOW TOYHOCTEIO. Hpalea B OTOM CjIydac BpEMs I/IBMepeHI/Iﬁ BO3PACTACT: KaXKXIA0C TAKOC
HU3MCPCHUC Tpe6yeT OCTaHOBKHM CCKYHIOMEPA, IMOCJIC Y€ro CIACAYCT paspAaAuTb KOHACHCATOP U HA4YaTh €ro 3apsKaTb
cHadazna. bomee TOI0, MPU3HACMCS, YTO 3ACCh NPUBCJCHBI CPCAHUC 3HAUCHUS BPEMCH, KaXXJ10€ U3 KOTOPBIX HaﬁﬂeHO
10 TPEM U3MCPCHUS.
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OpHako cienyrore 00CTOSTENbCTBA BEI3BIBAIOT COMHEHUS B CTPOTOM JIMHEHHOCTH

- B LENU OPUCYTCTBYET CBETOIUO/, DJIEMEHT SIBHO HEJIIMHEUHBIN; MpaBJa OH B JaHHOM
ciydae paboTaeT B peKMME CIa0bIX TOKOB, 3HAUEHHS CHJI KOTOPBIX JaJICKd OT HOMHHAIBLHOTO
3HaueHus (00 ITOM CBHAETENBCTBYET €ro c1aboe CBEYCHHE), TIO3TOMY BO3MOKHO, YTO B JAHHOM
PEKHUME €ro CONMPOTUBIICHUE TPUMEPHO ITOCTOSHHO;

- cBOOOJHBIC WICHBI JIMHEWHBIX 3aBUCHUMOCTEH b, paccuuranHbie mo MHK, 3naummo

), MPUYMHOM Yero MOKET ObITh HETMHEHHOCTh 3aBUCUMOCTEHH;

OTJINYHBI OT HYJIA (Ab > |b

- TOUKH Ha rpaduKe, BPOIE 3aKOHOMEPHO OTKIOHSIOTCS OT IIOCTPOCHHOI PsAMOiA'

1 +ter—mm———————————
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T'padumx 3. 3apagka yepes ceeTomog

Otn HaOmoneHust MBI 000OCHYeM jainee, a Mmoka oOpaboTaeM 3TH 3aBHCHUMOCTH Kak
JINHENHBIE.

Koapduuuentsl HakimoHa W B JaHHOM CJIydae SIBISIOTCS OLICHKAMM MPOU3BEACHUS
€MKOCTH KOHJICHCATOpa Ha TIOJIHOE COTMPOTUBIICHUE LIETIH:

a=(R+R,)C,
M03TOMY JONOJHHUTEIBHOE COMPOTHBIICHUE, BKIIOUYEHHOE B IIEMb, CIEAYET PACCUUTHIBATH IO
dbopmyre:
:a—RVC:a—TO (11)
C C

O‘IGBI/I,Z[HO, qTo I pacdCeTOB CICAYCT MCIIOJNB30BaTh 3HAYCHUC BCIUMYHUHBI 7,

R

HalJICHHOE C MAaKCUMaJIbHOM TO4YHOCThIO. Dopmynma mus  pacuera  IMOTPEIIHOCTH
JOTIOJIHUTEIILHOTO COINIPOTUBJIEHUS UMEET BUJIL:

2 2 2
AR = (a—RAaj + a—RATO +[8—RACJ =
Oa ot, oC
1 e ' (a-t ’
(EACZJ +[EATOJ +[ CZOACJ = . (12)
2 P 2
_p [(aa) +(Az,) +(ch

(a —T )2 C

17 CMOTpH JIOTIONTIHEHUE K JAaHHOH 3aa4e.
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W3 sT0# (hopMyIBI CllelyeT, YTO OTHOCUTEIIbHAS MMOTPELUIHOCTh BO3PACTAET, €CIIM BpeMs 3apsIKU
a pubIKaeTcs K BEIMYMHE 7, - KaK OOBIYHO, KOTJla B PACUETHHIX (OpMyIax MPUCYTCTBYIOT
Pa3HOCTH OJM3KUX BEIIMYUH.

Hcnonb3ys 3TH popMyIbl HalieM 3HAYCHUS TOTOTHUTEIBHBIX COMPOTUBIICHUHN ISl ABYX
CepHil U3MepeHHid, IpeICTaBIeHHBIX B Tabmuie 2.

OG1iiee COMPOTHBICHHE' ® B TIEPBOM Clydae (BKIIOUEH PE3MCTOP U JUOJ) PABHO
a -7, 51,58-273

R(l) —
C 4,41-107°

~5,51xk0Om,

a ero MorpenrHocTh
A 2 + A 2 2 2 2
AR(I) :R(l) ( al) ( :0) +(ACJ —55] (0,75) +(0,5)2 +(0’03)2 ~ 0,26KOM,
(a, —7,) (51,58 -27,3)
C HEBBICOKOW OTHOCHUTEIBHOM NOrpPEIIHOCTBIO & = 5% . OTO CONpPOTHUBIEHHE €CTh CymMMa
U3BECTHOIrO conpoTHBieHHs pesucropa R, =3,0 kOm U CpefHero COnpoTUBIECHHS CBETOAUOAA,

KOTOpoe Mbl 0003HauuM R, . IlosTOMy, HaliieHHOE 1O TUM JAHHBIM COIPOTHUBIIEHHE AUOJA

paBHO: R, = RY —R, =2,51kOm. Tak NOrpelIHOCTBIO  CONPOTUBIEHUE  PE3UCTOpA

npeHeOperaeM, TO a0COOTHAS IOTPEIIHOCTh 3HAUEHHUST COTIPOTUBIICHUS TNO0JIa pPaHa HalICHHOU
MOTPEIIHOCTH MOJTHOTO COMPOTUBIICHUS HeH. TakuM o0pa3oM, COMPOTUBIICHHUE THOAA paBHo19
RY =(2,51+0,26)xOm. (13)
3aMeThTe, YTO OMSATh BHIYMTAHHUE CYIIECTBEHHO YBEIWYHIIO OTHOCUTEILHYIO OIIMOKY, KOTOpas
COCTaBIIACT 31ech & =~ 10% .
AHAJOTUYHO, PAacCYUTacM COMPOTUBICHUE MM BO BTOPON cepuud H3MEPEHHU (ITO €cCTh
COIPOTHUBIICHHUE TUOMA):
a,—-t, 3715-273

R® = = - ~2,23k0m,
C 4,41-10

" €ro norpCurHOCTb:

2 2 2 2 2
Aa,) +(At AC 0,88)" +1(0,5 2
AR®) = R ( 2) ( 20) + =223 ( 2 ) ( d )2 +(0,03) ~ 0,24x0m ,
(a, -7,) C (37,15-273)

41O cocTaBisieT & ~ 10% . Takum oOpa3om, 1Mo 3TUM JaHHBIM COTIPOTUBIICHUE M0JIa PAaBHO

R =(2,2340,24)0m . (14)
[Tony4yennsie uHTEpBadbl Al 3HA4eHUM dToro comnpotusienus (13)-(14) nepekpeiBatoTcs,
II03TOMY MOJKHO CUUTaTh, YTO MOJYYEHHBIE 3aBUCUMOCTH COIVIACYIOTCH  APYr ¢ apyrom. Jlus
pacueTa OKOHYATEJIbHOTO 3HAYEHMsI CONPOTHBIIEHUS OUOJA CIEAYET YCPEIHUTh IOJIy4YEHHBIE
3HaueHus. Tak Kak 3TU pe3yslbTaTbl UMEET NPUMEPHO pPaBHBIE MOIPEUIHOCTU , TO B KaueCTBE
OKOHYATEJIbHOTO Pe3yybTaTa ClelyeT B3Th CpeHee apuPpMEeTUIeCcKOe MEKAY HUMU:

R, = RY + RV

~ 2,37xk0m .

Tak Kak 3TOT pe3yJabTaT ABJISETCS CPEIAHUM 110 IBYM 3HAYECHMSM, TO €r0 IMOTPEIIHOCTDL B V2 pa3
MEHBIIIE NTOIPEIHOCTH OTJAEIBHOIO pe3yibTaTa

AR

V2

AR, = = 0,2k0m .

18 ~ o
B JAaHHOW 3a4a4€¢ MHOI'0 Ppas3IMYHbIX COHNPOTUBJIICHHUU, IMOITOMY HNPUXOAUTCA HCIOJb30BATH PA3JIMIHBbIC

oOo3HaueHwns. B maHHOM pa3zene BepXHHI HHAEKC B R(l) 03HAa4aeT HOMEP U3MEPEHHs, a HE MOKa3aTelb CTeeHu !
" 310 emme He OKOHUATENBHBIIN PE3YIILTAT, TIOITOMY OCTABIIAEM OIHY 3alACHYIO LY.

2% st o6cyskaeHus HTOM po6IeMbl (a TaKke IPOOIEMBI YCPEIHEHHs HECKOIBKUX PE3YIIbTATOB) B YCIOBHH OBLIO
MPEIJIOKEHO TIPOBECTH JIBE€ CEPHUH U3MEPEHUN B STOM YaCTHU.

*! Ecim 9To He Tak, TO CMOTpH JIOIOJHEHHE K JAHHOM 3a/1aue.
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I/ITaK, HCIIOJIB3YsA BCC TIOJYUYCHHBIC JAaHHBIC, IMOJYYCHO CICAYIOMICC 3HAYCHUC CPCOAHCTO
COIIPOTUBJICHUA CBCTOANO A

R, =(2,4+02)x0m, &=8%. (15)

OOpatumcs erie pa3 K BOIPOCY O COTJIACOBAaHMM JaHHBIX. MOXHO OTBETUTH HAa HETO U

uHBIM crnocoOoM. Haiinem pa3HOCTb MOJydEHHBIX 3HAYEHUH COMPOTHBIICHUIH RY u RV
(xoTopas 10JnKHA OBITH paBHA U3BECTHOMY COIPOTUBIICHUIO PE3UCTOPA):

RYW —R®) =551-223~3,28«0m
U €€ MOrPENIHOCTD

ARY = R®)=(ARVY +(ARD) % 035x0m. (16)
BuauM, 4TOo B mpenenax MOTPEHIHOCTH IOJIIy4EHO H3BecTHOe 3HaueHue R, =3,0 kOm, 4TO
MOATBEP>KIAET BBIBOJ O COIVIACOBAHHOCTH.

HHTepecHO, YTO MOXHO pacCUMTaTh pPAa3HOCTb 3TUX CONPOTHBICHHHA ¢ OoJbIIeH
TOYHOCTBIO. [lyis 3TOro ee HeoOXOIUMO BBIYMCIHTH HEMOCPEACTBEHHO U3 IOJYyYEHHBIX
SKCIEPUMEHTAIbHBIX TaHHbIX. U3 ¢opmynsl (11) cnemyer, yTo OIEHKA ATOH Pa3sHOCTH MOXKET
OBITh TIOJTy4eHa 10 hopMyIIe:

a,—a, 51,58-3715
C 4,41-107°
qTO HpaKTI/I‘-IeCKI/I COBIIAacT C HOJIY‘-IGHHBIM paHee 3HAYCHHUCM (pa3quHe CBsi3aHO C 0LHI/I6KaMI/I

okpyryieHus ). OJHAKO pacyeT MOTrPeIIHOCTH 3TOW (HOPMYIBI IPUBOAUT K PE3YIbTATY

A 2 +(A 2 2 2 2

(Aa, ] +( fz) + (ACJ 37 |75 (0’88)2 +(0,03)" ~0,28x0m.
(a,—a,) (51,58 -37,15)

OTtHOCHTEIBbHAS TOTPEIIHOCTD 3TOTO pe3ysbTaTa paBHa & =~ 8%, B TO BpeMs KaK MOI'PELIHOCTh

pe3ynbrata (16) paBHa & ~ 11% . [loaydeHHBIN BRIMIPHIII CBsI3aH ¢ TeM, 4To (opmyie (17) Her

BCIIMYUHBI T, , HIOITOMY €€ HCTOYHOCTD HC BJIMACT HA KOHEYHBIN PE3YyJIbTAT: YeM MeHbULE

OR = ~ 3,27kOm , (17)

A(6R) = SR

HEMOYHbIX 8ENUYUH 6XOOUIM 8 PACHEMHYI0 DOPMYILY, MeM OHA mOoYHee.

[Tpuctynum K aHanmu3y BO3MOXHOTO HM3MEHEHHUs comnpoTuBieHHs. Kak yxke ObLIO
OTMEYEHO, IpU HAJIW4YMKM 3aBUCHUMOCTH COIPOTHUBIICHMS CBE€TOAMONA OT CHIBI TOKa,
MPOTEKAIOIEro 4Yepe3 HEero, MOCTPOCHHAas B moiyJorapudMudyeckoM Mmacutadbe 3aBHCHMOCTh
JO0JbKHA ObITh HenuHedHoH. I[loaTomy Bompoc 00 HM3MEHEHHMHM COINpPOTHBIICHHS CBSI3aH C
po0JIeMOH BBISBICHUSI HEJTMHEHHOCTH MOJyYeHHBIX 3aBucuMocTeil. Korna nuos Obul BKITIOUEH
B IIeNb Oe3 JOMOJHHUTEIBHOTO PEe3UCTOopa, CHia TOKAa 4Yepe3 HEero HM3MEHsyach B OOJBIIUX
IpejeIiax, Iod3ToMy CIeAyeT aHAIIU3UPOBATh BTOPYIO CEPUI0 U3MEPEHUN.

KoHeuHO, HEBBICOKAs TOYHOCTb SKCIEPUMEHTAIBHBIX NAHHBIX HE MO3BOJIET HAWTU C
XOpOIIeH TOYHOCTBIO, TO3TOMY peuyb HIET TOJBKO 00 OIICHKE BO3MOXKHOTO JMama3oHa
U3MEHEHHUs COIIPOTUBIICHHUS.

OnHuM U3 BO3MOXKHBIX CIIOCOOOB MOJYYEHHUsI TAKOW OLICHKU SIBISETCSA pa30MeHHe BCEro
JMana3oHa M3MEPEeHUil Ha HECKOJNbKO YacTell m oOpaboTka Kax1oil yacTu oTnenbHO. bpartb
CIIMIIKOM MaJjble HMHTEpBaJbl HEPAa3yMHO: 3TO MNPHUBOAMT K OOJBIIMM MOTPEUIHOCTSIM U
HEHAJIeKHOCTH I10JIy4aeMbIX Pe3yJIbTaTOB

B 1maHHOM ciy4ae MOXHO IIOCTPOUTH JIMHEHHBIE 3aBUCHUMOCTH JUIsI HECKOJIBKHUX
Ha4YaJIbHBIX U HECKOJIBKMX KOHEYHBIX TOYEK, & 3aT€M II0 3TUM 3aBUCUMOCTSAM HAWTHU 3HAYCHUS
CpelHuE 3HAYECHUs COMpPOTHUBIEHUI auoaa. Beibop umcia 3THX Touek TpeOyeT HEKOTOPOro
KOMIIPOMHCCA: MaJIO TOYEK - BBICOKA MOTPELIHOCTh; MHOTO TOYEK — MaJIO OKHMJIaeMO€ pa3jindue
B CpelHMX 3HaueHUU. [103ToMy B TaHHOM cCily4ae JIMHEWHbIE 3aBUCUMOCTH IIOCTPOEHBI 10 IISATH
HAYaJbHBIM M IISITM KOHEUHBIM TO4kaM. OTMETHM, UYTO Ja)Xe €CJIM aKKypaTHO IPOBECTH JIBE
TaKUX MPSIMBIX «HA TJa3», TO BUIAHO pa3nuuue B ux HakioHax (I'padux 4).

22
Tem me McHee B JOIOJHCHUHU TPUBCACHBI TAKUEC PACYCTHI.
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O6paborka mo MHK »Tux 3aBucMMOCTel nama ciefyrouie 3HadeHus Kod(h(UIUEHTOB
HAKJIOHA (M MX IOTPEIIHOCTEN):
Jliis nHTEpBaia HanpsKeHuil Ha BonbT™MeTpe U € (0,2 +O,8)B (cpenuee 0,6 B):

aye =(39,51,4)c;
st unatepBana U € (2,0 +2,8)B (cpenuee 2,4 B):

a,, =(31,5%19)c.
Kak BuUAHO WHTEpBaNbl JTUX 3HAYCHUH HE TEPEKPHIBAIOTCS, IMOITOMY pa3JM4us B
KodpduuueHTax (CiaeqoBaTeNbHO, U B CONPOTHBICHHUSIX) 3HauMMBbl. Kpome Toro, moiyueH
Ka4eCTBEHHO BEPHBIIM pe3ysbTaT: ¢ POCTOM HAIPSDKEHHS HA TMOJE €r0 CONMPOTHBICHHE MaJlaeT.

Kak u paHee pa3HOCTb CONPOTHUBIIEHUH JIYULIE pACCUYUTHIBATH HEMOCPEACTBEHHO U3 MOJyYEHHBIX
TaHHBIX (0€3 pacueTa KaXKJJ0ro COMPOTHBIIEHHS 10 OTIEIBHOCTH):

Ay — 0y,
Ry —R,, =—— = L18kOnm,
’ ’ C

23 o
NOrpC€IIHOCTL ~ 3TOH PA3HOCTU

2 2 5
A(Ro,é - Rz,4): (RO,6 - R2,4) (Aao’é) ! (Aa“) + (ACJ ~ 0,5xOm .

( f
Aoe — Ay

Taxum 06p330M, OKOHYATCJIbHAA OICHKa Juala3soHa HU3MCHCHHA COIIPOTUBJICHUA
clienyromas
Rys—R,, =(1.8+0,5)KxOm.

Mbul nonyuunu O0ocmamouHno 3amemuoe USMEHEHUe CONPOMUGNEHUs. OU00d, HO MO
UBMEHeHUe HA «IUHeapU308aHHOUY» 3AGUCUMOCIU He CIAUUKOM 3AMEMHO, NOMOMY UMO OHO
HAaK1a0bl8aemcs Ha 3HaYumenbHoe CONPOMuUGIeHUe 8OIbIMMempd, KOMOpPYIo GHOCUM OCHOBHOU
8KNA0 6 0bwee conpomueieHue yenu: 04epeOHOU pa3 CMAIKUBAeMCs C NpoONeMOU MAblX
pasnocmett!

2.3 HaGnroseHue MoKa3bIBa€T, YTO CBETOAMOJ] CBETUTCS JOCTATOYHO JOJTO, KOT/Ia TOKa3aHUs
BOJIBTMETpPA DPAaBHBI HYIIO, MOATOMY HEMOCPEACTBEHHO HU3MEPUTh CHIIy TOKa C TOMOIIBIO
BOJIBTMETpPA HEBO3MOXkKHO. Kpome Toro, He Habmromaercss moporoBoro 3¢ ¢dekra, mpu KOTOPOM
CBEUCHHE JHMOJA PE3KO MPEKPAIlaeTCs — CBEUCHHUE 3aTyXaeT OYCeHb MOCTENEeHHO. KOHKpEeTHBIH
CMBICTT BBIPKCHUS «IPEKpaIaeT CBETUTHCS» 3aBUCUT OT YYBCTBUTEIBHOCTH TIJia3a

2 O6LI‘IHO, Koraa 1mno ycCJI0BHIO Tpe6y€TC$I «OUCHUTL» HCKOTOPYIO BEJIMYHHY, TO U €€ IIOI'PCIIHOCTD OLICHUBACTCSA
CaMbIM IMIPUMUTHUBHBIM METOIOM, 60 BOO6HIC HC OLICHUBACTCA.
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HAOMOMATeNsl U YCJIOBHM BHEIIHEro OCBEIICHUSA. Bce 3TO MpPUBOAWT K TOMY, 4TO pazdpoc
3HAUEHUH CHIIBI TOKA MOXET ObITh OYCHb 3HAUYUTEIbHBIM. HO y)X OuYeHb IpuBIEKaTeIbHA HJIes
3TOr0 M3MEPEHMS: MCIOJIb30BATh CEKyHIOMEp. BuJ 3aBUCMMOCTH CUJIBI TOKa OT BPEMEHHU

M3BECTEH:
U
I1=1, exp[—ij = —Oexp[—ij ,
a) R, a

(30€ch UCIOJIB30BAHO OYEBMJIHOE COOTHOLIEHUE MEXAY CHJIOM TOKa B LENU U U3MEPSIEMbIM
HaIpsDKEHUEM Ha BOJIBTMETpE — 3akoH OMa), mapamMeTphl 3TOM 3aBUCUMOCTH HalifieHsl. [loaTomy
ClIelyeT U3MEPUTDH BpeMs CBEUEHUs (110 HAIIMM JAHHBIM 3TO IPUMEPHO 5 MUHYT) U IOJCTAaBUTh
ero (opmyiry, OIMCHIBAIOILYIO 3aBUCUMOCTb CHJIBI TOKAa OT BPEMEHHU:

U T 2.8B

I= —Oexp(— —j ~ Lexp[— @j ~0,2muKA .
R, a) 6,6ck0m 40

[TorpenrHocTh 3TOTO pe3yibTaTa He OyaeM, YTo Obl HE MYTraTh THICAYaMU IPOLIEHTOB, COIIIEMCS

Ha TO, YTO B YCIIOBHH TPeOyeTCs TOJILKO TPYOO OLICHUTb.

Yacts 3.

MokeT ObITh HEOXKMIAHHO JJIsl YYalIuXCs 3Ta 4yacTh paboThl Hambosiee MpocTa U HE
TpeOyeT HSKCIEepUMEHTANbHbIX XUTpocTei. JlocTarouHo
JMOJT NOJKIIIOYUTh K UCTOUYHUKY TOKA ITOCJIE0OBATEIbHO C
HEOOJIBIIMM ~ PE3UCTOPOM M BOJBTMETPOM  (HH
KOH/IGHCATOp, HHU CEKYHIOMEp 3leCb He HYXKEH), H
U3MEPUTh HAIPSDKEHUS Ha PE3UCTOPE M Ha JAUOJE.
OTHolIEeHHE HJTUX HANPSHKEHUH PABHO OTHOLIEHUIO
COMPOTHUBIICHUH (OJTHO U3 KOTOPBIX U3BECTHO). [Ipn Takom
MIOAKIIIOYEHUN CONPOTUBIICHHUS JHOJA U Pe3ucTopa
3aMETHO MEHBIIE CONPOTUBIIEHUS BOJBTMETPA, IO3TOMY R
YUUTBIBATh €ro He Hago. Yto Obl HOATBEPAUTH 3TO |
yTBEpKJeHHE HEOOXOIMMO IKCIIEPUMEHTAIBHO YOeIUTCs B I
TOM, YTO U3MEPSIEMOE CYMMAPHOE HAIPSKEHUE HA AUOJE U |
pE3UCTOPE paBHO CYMME HANpPsDKEHMM Ha KaXIoM
JJIEMEHTE.

3amMeTuM, 4YTO, UMes [Ba DPA3JIMYHBIX PE3UCTOPA, U3 HUX MOKHO COCTABUTH YETHIPE
pa3IMYHBIX COCTaBHBIX: KAXKABIH 10 OTAEIBHOCTH, COEIUHEHHBIE I[OCIEAOBATEIBHO M
NapajuIeIbHO.

Ota paboTa cTOJb MPOCTA, YTO OOCYKAATH €€ Jlajiee HET CMBICIA.
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Hosie3ubie JlonoJiHeHU.

1. YToOBI MoKa3aTh, YTO OTKJIOHEHUS OT JIMHEHHOM (a BIpoyeMm, U J1000i Apyroii) 3aBUCUMOCTH
ABJIAIOTCA CUCTEMATHUYECKUMU (3aKOHOMEPHBIMH) MOXHO PAaCCUUTATh 3TU OTKJIOHEHHUS U JaXKe
MOCTPOUTH UX I'paduK.

Tak B pgaHHOW 3amade MBI
yIBEpXKAalu, YTO  NpU  3apsiKe
KOHJIEHCaTopa qyepes CBETOJINO,
[IOJIyYE€HHBIE 3HAUEHUS OTKJIOHSIOTCS OT
nuHeitHoi 3aBucumoctu (I'padux 3),
noctpoenHo no MHK. Paccumraem ¢ XN oo i .

[P PR P
[l
[
1
1
1
[
1
1
S S e
[
1
1
1
[
1
1
]

Pa3sHOCTH MEXIY SKCIEPUMEHTAIbHBIMU _______________ 'fﬂqu
3HAYCHUSAMHU BpPEMCH t, Hu ! ! . 1]
pacCYMTaHHBIMU c HOMOIIIBIO : : . :
MOJy4eHHON  nuHeiHo  QyHkumei ; PRARERERE SRR e R
t, =ax, +b: il SOELRLLE """ Bcoones """ """" """"
St, =t —t, =t, —(ax, +b) T PR Snsnzoe Sozdteans @ ------- bemnaene fomnznmna
U MOCTPOUM TpauK 3aBUCUMOCTU 3TOH -2 ' ' ' ' '
BEJIMYMHBI OT TOrO K€ AapryMeHTa. 0 05 1 15 2 2.5 3

IToctpoeHHbI# rpaduk HEOPOBEPKUMO
yOeX1aeT, 4To OTKIOHEHHS MO JYUHSIOTCS HEKOTOPOH (PYHKIIMOHAIBHON 3aKOHOMEPHOCTH.

Ewe ooun cnocob 0okaszamb, 4mo NOAyYeHHAs 3A6UCUMOCTb He ABJIAeMcs TUHEUHOU:
nocmpoums Opy2yio 3a6UCUMOCMb U OOKA3AMb, YMO OHA JIyHULe.

2. B nanHO# paboTe MBI BCTPETHIIMCH C HEOOXOIMMOCTH YCPEIHEHHUS 3HAYCHUM, MOTy4YECHHBIX
pasHbIMU MeTonamMu. HaM moBe3no, 4To 3TH JaHHbIE OKa3aJUCh NPUMEPHO PaBHOTOYHBIMH. B
TOM CiIydae, KOrja BCE€ 3HAUEHHMS HMEIOT paBHbIE IMOTPEIIHOCTH, B KAayeCTBE HTOIOBOIO
pesyibTara ciefyer OpaTh cpeiHee apu(MeTHUecKOoe ATUX 3HAUYEHUH, MOTPEHIHOCTh 3TOTrO

pesympTata B AN pa3 MeHbIE IOrPEIIHOCTH OTACIBHOrO pesyibrarta’. Ha  s3bike
(GhopMyIBHOH 3anucu:

x, £ Ax

x, £ Ax
Ecnu umerorcs paBHOTOYHbBIE JaHHBIE: : , (mm x, £Ax, k=L2..N),

TO PE3YJIbTAT YCPCAHCHUA UMCCT BU

Ecny morpemHocTy OTAENBHBIX PE3yJIbTAaTOB PA3JIMYHBI, TO Ui YCPEOHEHUS CIIELYET
OpUMEHATh OoJiee CIOXHYIO0 mpoueaypy. JeicTBurenbHo, Oojiee TOUYHBIM PE3YJIbTATOM
JOBEPSTH CIIEyeT OOJIbIlle, OHU JTOJDKHBI BHOCHTh B OKOHYATEJIbHBINA Pe3yNbTaT OOJBIINN BeC.

MoHO (HO CJOXHO) JAOKa3aTb, YTO JUIsl IIOJIyYE€HUS OKOHYATEJIIBLHOIO pe3yJibTaTa
cienyer OpaTh CpelHee B3BEIICHHOE, NMPUYeM B KayecTBE BECOB cienyeT OpaTh BeIMYMHBI
oOpatHble  KBajpaTy  mnorpemHocteil.  [lorpemrHOCT  OKOHUATENBHOTO  pe3ysbTaTra

2 Kak u paHeC Mbl HC IPUBOJAUM BBIBOJOB MHOI'OYMCIICHHBIX (i)OpMyJ'I TCOpUH HOl"peHIHOCTeﬁ. Hx CTpOFI/Iﬁ BBIBO/]
Tpe6yeT MMPUMCHCHUS TCOPUUN BepOHTHOCTeﬁ M MaTeMaTHYECKON CTaTHCTHKH. HOSTOMY OrpaHNU4MBacMCsA
HCKOTOPbIMU COO6pa)KeHI/IHMI/I, OCHOBAaHHBIMH Ha 3APaBOM CMBICJIC.
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paccuMThIBaeTCs MO MPaBHIIY: BEJIMYMHA OOpaTHas KBaJIpaTy CyMMapHOM MOTPEIIHOCTH paBHA
CyMMe€ BEJIUYMH, 0OpaTHBIX MOTPEIIHOCTSAM OTACIBHBIX PE3YyIbTAaTOB.
Ha s13p1ke (hopMys1 3TO IPaBHUIIO 3aMTUCHIBACTCS B BUJIE:

Ecnu umerorcss aHHBIE C pa3HBIMU MTOTPEIIHOCTMU: x, tAx,, k=12..N,
N xk i
S ,
TO pe3yJIbTaT yCPEIHEHUSI UMEET BUJ] <x> = k;l(i"); ! = ﬁ: b
z Xy A<x> ) Ax k
k=1 (Axk )2

OTmeTuM, YTO B JIIOOOM Cllyyae TaKoe yCpeJIHEHHE MPUBOJUT K YMEHBIICHUIO TOTPEIIHOCTH.
IIpuBeneM npuMepsl TAKOTO YCPEIHEHMsI U IOKAXKEM, YTO, PE3y/bTaThl MOIYYECHHBIE IO 3TUM
JBYM IIPaBUJIaM MOTYT 3aMETHO OTJIMYaThCA.

x, =10+2
1
Ilycts , TO PE3yJbTaT yCPEIHEHUS <x> =10,3t1,7, uro oTIMYaETCA OT CPEIHETO
x, =11%£3
apupmernueckorol0,5 u 6mke k 60s1ee TOUHOMY 3HAUEHHIO.
Eme 6osiee 3aMEeTHBI OTINYMS, €CIIH MOTPEUTHOCTH OTINYAIOTCS CUIIbHEE.

x, =10%1
1
Tax s pe3yJIbTaT B3BELIECHHOTO YCPEIHEHUS <x> =10,10£0,95.
x, =11%£3
Ecnu ke mOrpemHoCTH OTIMYAIOTCS Majlo, TO PE3ylbTaT B3BEIIEHHOI'O YCPEIHEHHUS Majo
OTIMYaeTCs oT apupmeTrueckoro. Tak JuIst yncen, NOJy4eHHBIX B TaHHOH paboTe

Rg(l) = (2,5 1+ 0,26)KOM , Rgf) = (2,23 + 0,24)K0M , «IPABUIILHOE» ycpe;[HeHHe25 JlaeT
R, = (2,359 10,1 76)KOM , a He R, = (2,370 + 0,183)K0M , Kak 1mpu apudMeTuyecKom
YCPEIHEHUH.

3. Ilo mnomyuyeHHOH 3aBHCUMOCTH HANPSDKEHUS HAa BOJBTMETPE OT BPEMEHH MOXKHO
«TE€OPETUYECKN» IIOCTPOUTH 3aBUCHUMOCTb COIPOTHUBIICHHA OT CUJIbl TOKa, HIM JaXKe
BOJIBTAMIIEPHYIO XapaKTEPUCTHUKY.

Jlnst aToro OyaeM paccMaTpUBaTh MHTEPBAT MEXAY JBYMSI COCEHUMU M3MEPEHUSIMU (CKaxXeM,
MEXAY AByMsA 3Ha4YeHUAMM HanpsokeHud U,,U,,, ¥ COOTBETCTBYIOIIMM UM 3HAYEHUSAM

BpeMeH). CpeaiHee 3HaueHUE TOKA B 3TOM HHTEPBAJIE PaBHO
_ Uk + Uk+1

I =
k+0,5 2RV

[Ipumensss Kk 3TOMy HMHTEpBaly TpPaJUuLMOHHYI JuHeapu3zaumio ¢ =-RC lni, HaxoJuM
0
CpelHee 3HAUYE€HUE CONPOTUBIICHMS HA 3TOM MHTEpBaje (374echb A - 03HAYaeT Pa3HOCTU MEXAY
KpallHUMU 3HAYEHUSIMU):
R 1 At
k+0,5 C U
Al In—
0
Jlanee MOYKHO BBIYMCIIUTD HANPSYKEHUE HA JUOJIE:

(ouoo) __ .
Uk+0,5 _[k+0,5 Rk+0,5’

% JInmnue mudps — VIS TOTO, YTOOBI YBUIETH Pa3IIHUHE.
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U TIOCTPOUTH HYXHbIe rpaduki. Huke mokazaHbl MOCTPOSHHBIE TAKUM 00pPa30M 3aBHCHMOCTH.
Ho BcmomHHTE, HEOAHOKPATHO OOCYXKIEHHYIO MPOOJIEeMYy MaibIX Pa3HOCTEH M YCOMHHUTECH B
000CHOBaHHOCTHU MOJOOHBIX PACYETOB, XOTS TCHCHIIUU OHH OTPAKAIOT BEPHO.

R xhe

35T

3 4
25 1
2 4
15 1

1 4

05

0

i 0,1 nz2 03 0.4 05 i nz2 04 0 [if:3 1

T'padhux 5. 3aBHCHMOCTE COTPOTHE IEHRA I'padinc 6. BoneTanmepras Yapak TepHCTHKA MHOTa

CEETOOHOOA 0T CHJIBEL TOKA

Tem He MeHee, MOAOOHBIE MPOLENYPHl MCIOJIB3YIOTCS MPU 00pabOTKE HKCHEPUMEHTATbHBIX
JTAHHBIX (B TOM YKCII€ U B JAHHOUM KHUTE).
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3.6 Koraa HyskxHa rpaayupoBKa.

PaccmoTpenHble TpuMephl JODKHBI ObUIM YO€UTH B TOM, YTO B AKCIIEPHUMEHTAIbHBIX
UCCIIEIOBAHUAX NPEANOUYTUTENBHEE MPOBOJUTH MNPSIMbIE M3MEPEHHUS: HANpPSDKEHUE HU3MEPSATH
BOJIbTMETPOM, CKOpPOCTb — CIIMJIOMETPOM, pacCTOsiHUE — JUHENKoi. K coxkanenuro, naneko He
BCErJla 3TO YNAeTCs, MOITOMY MPUXOJIUTCA HU3MEPSATh HEKUE (PU3MUECKUE BEITUYMHBI, a 3aTeM
IIPOBOJUTH IE€pepacyeTbl (TO €CTh IPOBOAMTH KOCBEHHBIE H3MEPEHMS), KOTOpBIE JIMILb
YXYIIIAIOT TOYHOCTh pPE3YJNbTAaTOB. XOPOIIO €CAM MOXKHO 3amucarh sBHbIE (OPMYIIBL,
MO3BOJISIOIINE NEPEXOAUTH OT PE3YIHTATOB MPAMBIX U3MEPEHHH K HHTEPECYIOLUM (PU3NIECKUM
BeTMUMHAM . A UTO JelaTh B TOM Ciydae, eciid Takue (GopMyisl BaM (M aBTopaM 3a1ad) He
U3BECTHBI?

[IpencraBum cebe TUMOTETHYECKYIO CHTYallMIO: Bbl €IeTe B aBTOMOOWIE C
HEepaboTaloIKUM CIUJIOMETPOM. 3aTO y Bac CIy4allHO OKa3aJcs IOJ pyKaMH YacTOTOMEp,
MIO3BOJISIFOIIMK M3MEPATh YacTOTY 3BYKa (@ MOXKET y BAC MY3bIKAIbHBIN CIIyX, MO3BOJISIOILIMN
TOYHO OIPEJEIIATh 3BYYAlIyl0 HOTY, a Kak ()M3UK BBl 3HAETE YaCTOTHI BceX HOT). KoHeuHo ke,
4acTOTa OCHOBHOT'O TOHA I'yjla aBTOMOOWJISI 3aBUCUT OT CKOPOCTH €ro JABmxeHus. Ho 3Haete nu
Bbl 3Ty 3aBucuMocTh? Ckopee Bcero, yro Het! Ho exarp Hajmo! B Takoil curyauuu MOKHO
HKCIEPUMEHTAIbHO HAWTH TpeOyeMylo 3aBHCUMOCTh — IpPUYEM HE 00s3aTeNIbHO €€ HCKaTh B
aHAJTUTHYECKOM (POpMyIbHOM BHJIE. MOXKHO TOCTPOUTH SKCIEPUMEHTAIbHBIA TI'paduK 3TOU
3aBUCHUMOCTH, KOTOPbIil Ha3bIBAETCSA IPAXYHPOBOYHBIM.

Jis mocTpoenus 3Toro rpaduka ode pu3nuecKue BEIMYUHbI JOJDKHBI OBITh U3BECTHBI, TO
ecTb u3MepeHsl. [locne Toro, Kak mojay4eH rpaayupoBOYHbINA rpaduK, MOKHO U3MEPUTH OJTHY U3
BEJIMYMH, & BTOPYIO OIPeNIeNUTh Mo Tpaduky. Tak B paccMaTpuBaeMOM IpUMepe ¢ aBTOMOOUIIEM
BaM ObLIO HEOOXOMMO 3apaHee MOCTPOUTH TPalyMpOBOYHBIHN IpaduK, yCTaHABIUBAIOIINNA CBA3b
MEXJly CKOPOCThIO aBTOMOOWIIA (KOTOPYIO HaJl0 OBLIO M3MEpsTh, NMOKA CIHJIOMETp padoTain) u
4acTOTOM u3gaBaeMoro 3ByKa. [locTpouB Takod >KU3HEHHO HEOOXOAMMBIM Tpaduk, HYKHO
CIly4aifHO 3axBaTUTh ero ¢ co6oil. IIpaBna, ecnu B cienyromuili pa3 Bbl 3aXOTUTE OINPENEIUTh
TEMIIEPATYpy BOJbl B YallHMKE IPHU €r0 HarpeBaHUU C MOMOIIBIO CBOETO 4acTOTOMEpa, BaM
HE00X0/MMO 3apaHee, CIydailHO, MOCTPOMTH T'PaTyUPOBOYHBIA TpaduK, yCTaHABIUBAIOIIUN
CBsI3b MEXJy TeMIepaTypoil BOJIbl M 4acTOTOM mmuneHus vaiiHuka. He 3alyapre, uro 3TH
3aBUCHMOCTH Pa3JINYHbI AJIS PA3HBIX YaITHUKOB, TAKKE 3aBUCST OT KOJNYECTBA HAJIMUTON BOJBI.

[Toxaxxem, Kak 3Ta ujues 3a0JIarOBPEMEHHOT0 MOCTPOEHUS I'PaJyHMpOBOYHOTO rpaduka
UCIIOJIb3YETCA B 3a1aHUAX 3KCIIEPUMEHTAIIBHBIX TYPOB.

26
Kak IpaBuJIo, BCC paBHO, HGO6XOI[I/IMO IIPOBEPATb MPUMCHUMOCTD 3TUX (I)OpMyJ'I B KOHKPCTHBIX YCJIOBUAX: a
BAPYT COIPOTHUBJICHUEC BO31yXa OIIATh IMaKOCTHT!
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3agauya 11. «KaBepHa»

dusnueckue METOAbl HUCCIENOBAHUSA IO3BOJIAIOT 3aIVIIHYTh «BHYTPb» HEIPO3PadHbIX
ten. B nmanHoi#t pabore Bam mpenctouT uccnenoBaTh (OpMy MOJOCTH BHYTPH HEMPO3PAYHOIO

TCJ1Aa.
z

[ KOHTAKTHbIE |

npoBRoaa
—~——< 5

| ]

o00IHAYEHHE
- HA cXeMax
|1
crpesxHu |||

Pre. 1 Puc. 2

M3BeCTHO, 4YTO IMOJIOCTh HUMEET OCECUMMETPUUHYI (GopMy (no cexpemy — 6nympu
3anakosana Oymolika Hecmanoapmuou gpopmut) — Puc.1. @opMy Takoil M0JIOCTH MOKHO 33JaTh
(a 3areM HapuCOBaTh) C MOMOIIBIO (YHKIUU r(z) - 3aBUCUMOCTH pajauyca CE€4EeHHsI 7 OT
BBICOTHI HAJl IHOM Z .

JUis  BBINOJIHEHHS  IIOCTaBIEHHOM 3aJaud BaM  IIpeJlaraercsi HCIOJIb30BATh
EKTPUYECKUM JaT4MK, COCTOALIMH W3 JBYX METAUNIMYECKUX CIML, 3aKpEIJIEHHBIX
[apauIeNbHO IPYT IPYry, K KOTOPHIM MOACOEANHEHBI KOHTaKTHbIE IpoBoaa (Puc.2). Eciau Takoit
JaTYUK TIOMECTUTh B IPOBOJSAIIYI0 JKMAKOCTb, TO JJIEKTPUYECKOE CONPOTHUBICHUE MEXIY
cnHIaMu OyAET 3aBUCETh OT TIIyOUHBI MOTPYKEHHON YacTH CIUIL (€CTIM KOHLBI CIULl HAaXOASTCs
Ha JIHE, TO - MIyOMHE CJos KUAKOCTH). Takum o0pazoM, 1Mo M3MEPEHUIO COTPOTUBIICHUS (WM
MHOM DJIEKTPUYECKON XapaKTEPUCTHKHU HpOTeKaIOLLIGFO TOKa) MG)K,Z[y CIMI[AMH  MOYHO
OTIPENIeNIUTh TTyOUHY CIIOS KUKOCTH. : )

Ilponyckaiime jnekmpuueckuii mok uepes
INEKMPOIUMm MmMOJIbKO 60 6peMA  NPOGEOCHUs
usmepenuil - IeKmpuiecKue ceolicmea
ieKmponuma (Hanpumep, €20 U6ent) U3MeHAIOMCA
npu npomeKkanuu mokKa.

IIpu6opsl u obopyaoBanue: Teno ¢ nosocteio (1);
natuuk (2); Oarapeiika 4,5 B (3); mynbrumetp (4);
pesuctop (5); coeauHuTENbHBIE mnpoBoma (6);
nuHerika (7); MeH3ypka (8); KIIO4Y 3JIEKTPUUECKHUI
(9), mrratus (10) mpo3paunast OyThLUTKA, BOAA.
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Yacrs 1. 'pagynposka.
Ilpu npogedenuu usmepenuit ¢ OAHHON YACMU UCROIb3YIME NRPOIPAUHYIO OYMbLIKY.

1.1 IMokaxure’’ (TEOPETHUYECKH), UTO HIEKTPHUECKOE COMPOTUBICHHE PACTBOPA MEXLY CITHIIAMH
JaT4rKa 0OpaTHO MPOTOPIIUOHAIBHO TITyOHMHE MOTPYKEHUS CIIULL B PaCTBOP

r=", (1)
z

rae A - HEKOTOpas MOCTOSHHAs, 3aBUCSAINAS OT JUAMETPa CIIMIl, PACCTOSHHS MEKIY HUMHU H
VIEIBHOTO COIPOTHBICHHS PACTBOPA™ .
IIpu npomexanuu 31eKmMpu1ecKo20 moKa iepes3 pacmeop, €20 XUMUYeCKull CoCmag uUsMeHsemcs,
C1e008amenbHo, U3MeHsemcs u e2o conpomueienue. [losmomy npu nposedeHuu usmepeHutl
cedyem cmpemumsbcs K momy, ymoovl cuia moxa uepes snekmpoaum oviia mana. C opyeot
CMOPOHDBI, UBMEHEHUe 2TLYOUHBL NOSPYIHCEHUS OOJINCHO 3AMEMHO CKA3bIBAMbC HA UMePIeMOll
Qusuyeckoll geruyune. Imu paccyzlcoeHus nPusoodsam K vl8ody, umo Haubojee payuoHalIbHO
UMepsamsb HAnpsidiceHue Mexlcoy CRuyamu npu HeOOIbWol cule MoKd 6 UYenu, npudem,
JHcenamenvHo, Ymoosl 3Ma CUIA MOKA NPAKMUYECKU He 3a8uceia om CONpomueieHus pacmeopd.
B smom cayuae nanpsiicenue mexncoy cnuyamu Oamyuka 3a8UCUm om 2iyOuHbl NOSPYHCeHUs no
3aKOHY

v=2, 2

z

20e B - Hexomopas nocmosmmas, 3asucawjas om RNAPAMempo8 3SIEKMPUYecKou yenu u
nocmosinuou A 6 popmyne (1).

1.2. TlpeanoxuTe SIEKTPUUECKYIO CXEMY, MO3BOJISIIONIYI0 PEaTH30BaTh BBICKA3aHHYIO HJICIO
OTpe/ieICHUs] TIIyOUHBI MOTPY)KEHUS MO M3MEPCHHIO HAMPSDKEHUS MEXKIY CHHUIIAMU JaTdhKa.
Hapucyiite o1y cxemy.

He 3a6yobme nocmasums Koy, umobbl noOKI0O4YAMb UCHOYHUK MOIbKO 80 8PeMs NPOEeOeHUs.
usMepenull.

1.3. JJokaxxure (Teoperudecku) Gopmyiy (2) Uit BalieH 1enu, BpIpa3uTe OCTOSHHYI0 B depes
napameTpbl LU U MOCTOSIHHYIO0 A .

1.4 ITpoBepbTe SKCIIEPUMEHTATBHO TPUMEHUMOCTD (hOpMYITHI (2) B BallleM ciydae.

Yactb 2. IToaocTe.
Ilomecmume oamuux 6Hymps noJa10cmu 6 HenPoO3PAYHOM mesle.

2.1 HM3mepbTe 3aBUCHUMOCTH HANpPSDKEHUS MEXIy CIHLIAMU OT o0beMa pacTBOpa, HAIUTOTO
BHYTpb nosiocTu. [locTpoiite rpaduk nosydyeHHOH 3aBUCIMOCTH.

2.2 Tlo mONy4YeHHBIM JIaHHBIM TOCTPONTE MNPO(UIbL MOJIOCTH, TO €CTh 3aBUCHUMOCThH ee
TOPU30HTAIBHOTO Pajnyca OT PacCTOSHUSA 0 THA r(z).

*7 Eciu BBI He 3HaeTe KaK J0Ka3aTh 3Ty GOpMyITy, TO IOIb3YiTeCh eii 6e3 I0Ka3aTeNbCTRA.
*¥ 3pauenne HTOro K03 ((HUIMEHTa BHIBOIUT HE HAJIO (ITO CIIMIIKOM CIOXKHO) — JIydIlle ONPEEIHTh ero (IpH
HEOOXOANMOCTH) HKCIIEPUMEHTAIIBHO.
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Kommenmapuu k ycnosuro 3adauu.

1. 3amaun MOJOOGHOTO THIA YacTO HA3bIBAIOT «UYEPHBIMU SLIMKaAMH»: B HHX TpeOyercs
OTIpEeNIeNIUTh HEYTO, HEBUIMMOE, CKPBITOE OT y4eHHKa. MI3BECTHO MHOTO 3a/1a4 TaKOro TUIA: B
«IEPHOM SALIUKE)» IIEKTpUYEcKas Lenb — He0OXOAMMO €€ HapuCcOBaTh; B ALIUKE — ONTUYECKUE
3JIEMEHTHI; U T.1. B 1aHHOM cilydae B «SIIUKE» — MOJIOCTb.

2. I3roToBUTH TEJIO € MOJIOCTHIO YISl 3TOU 33aJauu HE CIIOKHO: OYTBUIKY HECTaHAAPTHOM (OPMBI
(MBI MCTIONB30BANIN ITY3aTYIO0 KOHBSYHYIO) MOXKHO IOMECTUTH B JBYXJIMTPOBYIO IIACTUKOBYIO
OYTBUIKY M 3aCBINaTh MECKOM M KaKHMM TO 00pa3oM €ro 3aKkpenuTh (HarmpuMep, TOHKHM CJIOEM
LIEMEHTHOTO pacTBOpa). ECTeCTBEHHO, TOPJIBIIIKO OYTBUIKH TOJKHO TOPYaTh HApYXKYy.

3. JlaT4MK MOKHO HM3TOTOBUTH M3 JIByX KYCKOB ECTKOH IMPOBOJOKH (MBI HCIIOJIb30BAIN
BA3AJbHBIC CIMIIBI), HMX MOXHO 3aKpelmUTh C TOMOINBIO JIBYX KYCOYKOB JIACTHKA.
CoenuHHTENBHBIE MTPOBOJIA JIyYIlle 3apaHee MPUKPENHUTh K CIHIAM, a eIle JIydiie coOpaTh BeCh
naT4yuk 3apaHee. He 3a0biBaiiTe - JaTYMK TOJDKEH BXOAUTH B TOPIIBIIIKO OYTHUIKH.

4. TIpo3pauHast OyThUIKA MOXET ObITH JTHO0OOM, BAXKHO, YTOOBI €€ BhICOTA Obliia OOJIBINE BHICOTHI
UCCIIelyeMON TOJOCTH, U 4YTOOBl ObUIa BO3MOXKHOCTH JOCTATOYHO TOYHO H3MEPATH BBICOTY
YPOBHS )KUJIKOCTU B OYTBUIKE.

5. B xauecTBe KMJIKOCTH MOXXHO HCIIOJIb30BaTh OOBIKHOBEHHYIO CJIETKa MOJICOJICHHYIO BOJIY
(MOXHO BOJOIPOBO/HYIO). II0BTOpHOE MCHOIB30BaHME ATOM JKUIKOCTH HE PEKOMEHIYEeTCS —
nocie MpOTeKaHWsI TOKa, ee XUMUYECKUU cocTaB m3MeHsercs. [losToMy yueHHKaMm cienyer
NPEJOCTaBUTh KOJIMYECTBO, JOCTAaTOYHOE [UIsi 3amoJiHeHHs oOeux OyTBUIOK: CHavaia
MIPO3payvyHOH, sl TIOCTPOEHUS TPATyUPOBOYHOIO TpaduKa, a 3aTeM IIOJIOCTH» I OTpeAeTICHHUs

ee GopMBI.
6. B npeanaraemoM BapuaHTe 3a7a4yMl U1 U3MEPEHUs HANPSDKEHHUST HE00X0AMMO UCTIOIb30BaTh
U(GPOBOKH MYIBTUMETP — OOBIYHBIM IIKOJBHBIM BOJBTMETP HE OOECHEYMBACT HYKHYIO

TOYHOCTh. 7. BaxkHyr0o poiib WrpaeT BHIOOP CONMPOTHBIEHUS IpearaeMoro pesucropa. Ero
BEJIMYMHA J0JDKHA OBITh Ha MOPSAOK (pa3 B JecATh) OOJblIe, COMPOTHBICHHE AaTYUKa, Ha 1 cM
IIOTPYKCHHBIM B HCIOJB3YEMYI JKHMIKOCTb. BenuuuHa 3TOr0 CONPOTUBIICHUS COCTABIISIET
HECKOJIBKO JeCATKOB OM.

Pemenue n o0cyxnenue.

OcHoBHas ues BOCCTAHOBJICHUS (DOPMBI CKPBITOI MOJIOCTH yXKe U3JI0XKEeHa B maparpade
2.2 naHHOM KHUTH. ECM B 0CECUMMETPHUYHBIN COCY/ 3aJMBaTh W3BECTHBIN HEOOIBIIONW 00BbEM
KHUIKOCTH AJ, TO TOBBIIICHHE YPOBHS JKUAKOCTH Az MOXET OBITh HAlIEHO M3 OYEBUHOTO
TrE€OMETPUUECKOT0 BBIPAXKECHUS

AV =nr’Az. (1)

Ecnu m3aMepuTh 3aBHCHMOCTH BBICOTBI YPOBHSI JKUAKOCTH B COCyZe OT ee o0bema, TO ¢
noMoIbio ¢opmynbsl (1) MOXHO BOCCTaHOBHTH (POpPMY COCyZHa, TO €CThb 3aBHCUMOCTH €O
paanyca OT BBICOTBI r(z). Ota unes peaqnsyeTrcs BO BTOPOM 4acTH JaHHOM 3amauu. OCHOBHas
&Ke mpolieMa pelieHHs 3aJadd 3aKI0YaeTcsl B ONPEACICHUU BBICOTHI YPOBHS KHAKOCTH IO
pe3yapTaTaM M3MEPEHMs HaNpsDKEHUs MEXIy ClMLaMu Aartyuka. Maes sTtoro pacuera mpocra,
KpacuBa U M3JI0’KEHA B YCIIOBHH 3a]]auu, HO TpeOyeT IKCIIEPUMEHTAIBHOM MTPOBEPKH.

Ceiiyac ocneoBaTeIbHO PACCMOTPHUM PELICHHUE BCEX YHKTOB JaHHOM 3a/1a4H.

1.1 Tak Kak SJIEKTPUYECKHH TOK MPOTEKAET MEXIY CHHIIAMH, TO IUIOMAL 3(P(eKTUBHOTO
TONEPEUHOr0 CEUCHHs MPONMOPLHMOHATbHA TTyOMHE MOTpYyKeHHs Crul aaTumka. Clexyer
TaK)K€ OTMETUTh, YTO TOK IPOTEKAET B OCHOBHOM B IPOCTPAHCTBE MEXAY CIHULAMH, [I03TOMY

** TouHbIi1 pacueT CONPOTHBIECHNS TPEOYET pacyeTa JMHUII TOKA IPOCTPAHCTBE MEKILY CIHIIAMH.
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¢dopma cocyna (eciu ero MomepeyHble pa3Mephbl MPEBBIIAIOT PACCTOSIHUE MEXAY CIHIIAMU)
MPAaKTUYECKU HE BIMSAET Ha AIIEKTPUYECKOE CONIPOTUBIICHUE AaTUHKA.

1.2 UYtobbl peanuzoBaTh CGHOPMYIUPOBAHHYIO HJCIHO,

HEOOXOJMMO JAaTYMK COEOUHUTH IOCJIEAOBATEIFHO C

pPE3UCTOPOM,  COMPOTUBJIEHHWE  KOTOPOTO  JIOJDKHO

3HAYUTEIBHO TMPEBBIIATh  COMPOTUBICHUE JKUIAKOCTH

MEX]y culaMu. B 3ToM ciydae cuiaa TOKa MPaKTHYECKH — 1

R
He Oy/eT 3aBHCETh OT CONMpPOTHBICHHS aaTduka. [loatomy R { H
0

HaNpsDKeHWE Ha JaTdyuke OyAeT HpONOPIMOHAIBHO €ro
COIIPOTHUBIICHHUIO.
[IpyHuMnManpHas cxeMa NpUBEIEHA HA PUCYHKE. |I
1.3 ®opmyna asis HaNpsH>KEHUS HA TaTYUKE UMEET BUL: Uu |

U=IR=LRzﬂ£. (2)

R+R, R, z

1.4 Jlns SKCIEpUMEHTANbHOW MPOBEPKH MOJYYEHHOH (opMynsl HEO0OXOAMMO IPOBECTH
U3MEpPEHUs] HANpsDKEHUs Ha Jartyuke U 1OpM  pa3iduyHbIX 3HAUEHUSAX BBICOTHI YPOBHS
Z IPEA0CTaBIECHHON KHUIKOCTH B IIPO3PauHOM COCY/E (TI€ 3Ty BHICOTY MOYKHO U3MEPSTH).
Pesynbrarel m3MepeHuil mpuBeAeHBl B Tabnuie 1, moimydeHHas 3aBHCHMOCTh IOKa3aHa Ha
rpaduxe 1.
Tabumnna 1.
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3aBHCHMOCTE HAITPAZKEHHA 0T BBICOTH YPOBHA MK OCTH

45 L% B

ET I L

S i

3,0 1---omo i

e > 1
1000z, Ma

70 80

b il (ot Bkl et MR il ettty
P (T S - I ). R ST
b ettt Pttt ol et PR 0 Bttt
B PRI s B P ol Pt CORITT P bl Pt il Pebf I pt

b el briripls rdreple ek Wlebrdrsely Dol rpleben Bod Safiresdly

2.0
] 10 20 40 a0

I'padumx 2. Jlnpeapizamia (moneITEa 1)

L]
=
[=r]
=

I'padux HanmomuHaeT rpaduk GpyHkmu (2), Mo KpaifHeil Mepe — yObIBaromas HeTMHeHas
¢yukuus. YToObl IPOBEPUTh TPUMEHUMOCTH (OPMYIHI (2), MOTYYEHHYIO 3aBUCUMOCTD CIIEIyeT
nuHeapu3oBaTh. Crnoco0 JHMHeapu3alluu TMOJCKA3blBaeT caM BHJA (YHKIMH: HEOO0XOJUMO
MOCTPOUTH 3aBUCUMOCTh HANPSDKEHHS OT BEJIMYMHBI OOPAaTHOM BBICOTE YPOBHS JKUAKOCTH.
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JIuHEeWHOCTh 3TOW 3aBUCHMMOCTH OYyIET CBUAETEIbCTBOBATH O CIPABEAJIUBOCTH IPOBEPSIEMOit
dbopmynel. Pesynprar HOCTpoeHmI3O Ha ['paduke 2. OmHAKO... HE O KAKOW JIMHEHHOCTH pedd
OobiTh He Moker! Touku XOpomIO JeriM Ha IUJIaBHYIO KpPUBYIO, MO3TOMY ClydaiiHbIe
MOTPEITHOCTH U3MEPEHUI HE MOTYT ObITh MPUYMHOM HAOMI0AaeMOM HETMHEHHOCTH.

He Oynem cnemuth ¢ BBIBOJOM O HempUMEHMMOCTH (Gopmyibl (1) B JaHHOM ciydae.
[TombITaemcst Bce-TakH JMHEAPU30BATh 3TY 3aBUCUMOCTh, TeM 0oJiee, 4TO OHAa HaM He0OX0ouMa
JUISL BBITIOJTHEHUS] BTOPOIA, OCHOBHOM YacCTH paOOTHI.

BosMmoskHoli npuunHoit HenuHelHocTy ['paduka 2 saBisieTcs cucTeMarniyeckas omuoKa B
OTIpeIeICHUH TTyOUHBI OTPY)KEeHUs (IPUYHMHBL: YacTh CIUI] B Kperexe, TOJIMHA JHa U T.1.). B
TakoOM cirydae 3aBUCUMOCTD
HaNPSOKEHUS OT TIIYOHHBI OTPY>KEHHS

JIOJKHA UMETH BULL: 1500 7 % MM
u=_8 1.7 (O N NN NN, SN AN —
z+z,
111 e R S SR R

Takas 3aBHCHMOCTb JIMHEapHU3yeTCs,
€CIIM TIOCTPOMTH TPAPUK 3aBUCHUMOCTH  FH ) o -------
MU3MEPEHHOM BBICOTHI Z OT BEJIMYMHBI,

ot orsebatobund giutateobed iEabanisbn

00paTHOM HAIPSIKEHUIO %]: 2L : J _______
B 25,0 1------- ey i i SnsrerE e : g
Z=—"2Z- : ! ; I, B
U 0,0 : : : ; |
Ilo sromy rpaduky MOxHO Oyner 02 025 03 035 04 045 05
OHpeI[eJII/ITB n BCHI/ILII/IHy
CUCTEMATHUYECKOMH HOrPELIHOCTH. T'padux 3. Jhimeapizarms (moneiTka 2)

[Tpobyem — I'paduk 3. DTa 3aBUCHMOCTH OJIMKE K JIMHEWHOH, HO BCE KE 3aMETHO OTIIMYAETCS OT
Hee. 37ech MPUYMHY HaTH cnokHo. [losTomy mompoOyeM ere aBa TPaAUIIMOHHBIX METOJA!
norapu@Mudeckuii  (MOXET 3aBUCHUMOCTh CTENEHHAs) H  MONyJoTrapupMUYecKuii  (Wim
SKCMOHEHIIMaNbHas1) MacuTab: rpaduku 4, 5.
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Tpadumx 4. Jimeaprsama (Donsrtia 3) TI'padmm 5. Jimeapinamma (moneitka 4)

Ho 1 5T1 nonsITku HE yBEHYAIUCh YCIIEXOM — 3aBUCHUMOCTH SIBHO HEJIMHEUHBIE.

[TosTomy cnemyer mpusHath, yTo (opmyna (1) B ITaHHBIX YCIOBUSAX HE MPUMEHHMMA. YCIIOBHE
3amaun He TpeOyeT OOBSCHEHUS, TMOATOMY HEOOXOAMMO CMHUPHTCA C ITHM HEOXKHUJAHHBIM
pesyibTratoM. Iyl BBINOJHEHHUS BTOPOW 4acTU pabOTHI HE OCTaeTcs APYroro crocoda, Kak
UCnoJb30BaTh I'paduk 1, MOCTPOEHHBIH MO JAHHBIM NPSAMBIX M3MEpPeHHMH, B KadecTBe
rpagyMpoBOYHOro. To ecTb U3MEpATh HANPSIKEHHE, a 3HAYEHUs BBICOTHI YPOBHS KUJIKOCTHU
CHUMaTh ¢ rpaduka. [[ng 3Toro ero, KOHEYHO, CIEAYET MOCTPOUTH €ro MoOOJIbIIE U OYEHBb
akkypaTHO. CJI05KHO, HO 3aTO HE HaJ0 OY/AET J0JIF0 CUUTATh MOTPEIIHOCTH.

30 o
I[JIH O9KOHOMHH MECTa Ta6J’II/IHBI Hp€06pa3OBaHHLIX 3HA4YCHUU OITYIICHBI.
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3aMemuM, unmo aemopbl 3a0ay He 00s3aHbl npedﬂazamb MOJIbKO me 60npocsl, omeenibl
HA Komopble NOJNONCUNIETIbHbLE. Onumnuaoa — 5mo UHmMeJJleKmydajllbHoe COpeBHOoBAHUe,
NPpU36aAHHOE 6bLAIBUNTL HE MOJLbKO MAaladHmauesblx, HO U 006pocoeecmezx ywawyuxcs, Komopble
Cc60U  8blBOObL cmposim  HA  OCHoee CcOOCMBEHHbIX pes3yiomamos u  umernwue Ccmeiocmo
000CHOBAHHO He CO2NAULAMBCSL C asmopamu 3a0au.

2.1 Bo BTOpOi#i yactu paboThl HEOOXOAUMO MOCIEAOBATENHFHO 3aJUBATh B MOJIOCTH HEOOJIBIINE
MOPLUU JKUAKOCTH (Mo 25 M), U3MepsaTh HanpsbkeHue Ha paruuke U, a 3areM 1o
IpagyHpOBOYHOMY I'paUKy ONpeNeNsaTh 3HAYCHHUS BBICOTHI YPOBHS XUJAKOCTH Z . Pe3ynbTarsl
npojenaHHoi paboTel npencTasieHsl B Tabnuie 2 u Ha rpaduke 6.

Taoauua 2.
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I'padux 6. 3apHCHMOCTE HANPAKEHHA Ha TaTYHKe
0T 00BenMa HAHT 05 JKHIKO0CTH

KpacuBblii 1 HeOOBIYHBIN TpaduK, HO 3/1€Ch OH MPOCTO WIUIIOCTPUPYET MPOICTaHHYIO
paboty. Jlns pemenus 3amayn (BOCCTAHOBJIEHHUS (POPMBI MOJOCTH) HEOOXOIUMBI YHCICHHBIC
JaHHBIE, IPUBEACHHBIC B Ta0IHIIE.

He ocranaBnuBasich moApoOHO Ha BBIKIAJIKAX U UX aHAIU3E, MpUBeAeM (GOpMyiy, O KOTOPOH

[AV
pacCuUuTaHbl 3HAYCHUA paJUyCOB 7 TOJIOCTHU HA PA3JIMYHBIX BBICOTAX: ¥ = TAZ , 1€ 3HAUYCHUA
T

Az Opanuchk Kak pa3HOCTH 3HAUYEHUI BBICOT B JBYX COCEAHMX CTpokax. Ha rpaduke 7 mokaszan
MOCTPOEHHBIN MPOQHIIB MOJOCTH. TPyTHO MPEANONIOKUTH, UTO OOKOBAs MOBEPXHOCTH OYTHUIKU
ropupoBana (MM, YTO MCTIOJIB30BaHHBII METO]I IIO3BOJIMII BBISIBUTH TaKKE JETANN), IO3TOMY Ha
rpaduKe nmpoBeieHa CrilakKUBarolasi KpuBasi.
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T'padm 7. Ilpodmms Oy TELIKH

B nanHoO# 3amaye MCIONB30BAH METOJ pacuyeTa OCHOBAHHBIM HA HCIOJBb30BAHUH MAaJbIX
pasHocCTel, pacCKpUTUKOBAHHBIM Mpu 0OCYXKIEeHHH Ipenpiaymei 3amaun. Ho kak ciemyer u3
MOJIyYCHHOTO pe3yJbpTara, OH IpuBel K ycrnexy. lloMumo mnorpemHocTen, CBA3aHHBIX C
WCIIOJIb30BAHMEM  OTOTO  METOJA, 3aMETHYK0  IIOIPEIIHOCTh  BHOCHUT  HCIIOJIb30BAaHHUE
I'PagyupoBOYHOTO Tpaduka: «ropprupoBaHue» OOKOBOW MOBEPXHOCTH CBS3aHO, MO-BHAUMOMY, C
HETOYHOCTSIMH CHATHS 3HAYCHHU 110 3TOMY TpaduKy (OMIUOKU OKPYTIICHHUS ).

Ilpusnaemcs, umo npedcmasgienHvle 30eCb pe3yibmamvl — Mo Jyuuiee, Ye2o0 y0dloch
0006umMbCsL A8MOPAM 3a0auu NPU MHOLOKPAMHBIX NHONLIMKAX CAMOCMOSIMENLHO 8bINOIHUMb IMY
3a0ayy. OcmanvHvle NONLIMKY OAIU 20pA300 XYOWUll pe3y1bman.

B cnenyromell 3amaue MOMUMO TpaTydpPOBKH paccMaTpUBAETCs €II€ OAWH BaXKHBIN
BOIPOC — BBIOOP ONTHMAJIBHOTO PEXKHUMa PabOThl M3MEPHUTEIbHON ycTaHOBKH. KOoCBEeHHO 3TO
npobsiemMa 3aTparuBajliaCh U B MpeNblAylIINX 3aaadax. KpuTepuu OoNTHMAaIbHOCTH MOTYT OBITh
Pa3NUYHBIMU, HO HauboJIee MOMYJISIPHBIMU SIBIISIOTCS CIIEAYIOIIHUE:

- obecnieueHHEe MaKCHUMAaJbHOIO JMAala30HA HM3MEHEHHUS IapaMeTpoB HCCIETyeMOTo
SIBJICHUS;

- obecnieueHre MaKCUMAJIbHOM TOYHOCTH U3MEPEHUIl;

- IPOCTOTA U3MEPEHUI U MOCIeAyIoIei 00paboTKu;

- YMEHBILIEHUE YHUCIIAa U3MEPSIEMBIX U KOHTPOJIMPYEMBIX IaPAMETPOB.

B mobom ciydae, Korgja BaM  HEOOXOIMMO  CaMOCTOSITENbHO pa3paboTaTh CXEMY
HKCIIEPUMEHTAIBHON YCTaHOBKH, YTOYHHTh METOAMKY IPOBEJCHHUS W3MEPEHUH, BBHIOpAThH
paboune mapaMeTpbl, HPEeXJe BCEro CIEAYyeT YeTKO IMOHMMAaTh CBOIO OCHOBHYIO IIelib, Ha
OCHOBAHHUU 4Yero M c(hopMyIUpOBaTh KPUTEPHUIA ONITUMAIILHOCTH B JAHHOM KOHKPETHOM 3a1aye.
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3agaua 12.
«B3BemmMBaHHe 0€3 BECOB, HJIH BeChl BUCSTUHME)

IIpubopnl u o6opyaoBanue: IllTaTuB, HUTKKH C KHONKOM, TnHEHKa 40 cM, IMHEHKA
mactMaccoBas 10-20 cM, MepHast jieHTa 1,5 M, ckpenku kaHuenspckue 10 mryk,
MUJTUMETPOBasi Oymara, rpy3 U3BECTHOIM MacChl, BBICOKHM COCY[] C BOAOH, CKOTY, KyCOUEK
CBIPOTO KapToders.

Cobepure ycTaHOBKY, CXxeMa KOTOpOH IMoka3aHa Ha (oTtorpaduu u Ha puc.l. B kauectBe
BEPTUKAJILHOW CTOMKHU MCIOIB3YUTE IITATUB, KOTOPBIM IIOJHUMUTE KAaK MOKHO BBIILIE — HAa CTOJI
MIOCTaBbTE CTYJ, @ Ha HETrO y)Ke ITaTuB. J[JTMHa BepTUKAIbHON HUTH IO TOUKU KPEIUICHHS Irpy3a
U3BECTHOM Macchl m,, JIOJDKHA OBbIThb Kak MOXKHO Oosbiie (He MeHee 100 cm). B monoxxenun

pPaBHOBECHS] TOPU30HTAJIbHAS HUTH JIOJKHA PACHONaratbCsi BIOJIb Kpas CTOJIA, OJJUH KOHEI] 3TOU
HUTHU MPUKPETIUTE K IPy3y U3BECTHOW MACCHI, BTOPOW 3aKpEnuTe Ha TOPLE CTOJIA C MOMOIIbIO
KHOMKH. [[TMHA 3TOW HUTH TOXKE NOJKHA OBITh Kak MOKHO JuinHHee (He meHee 120 cm). Ha
TOpLE CTOJa HPHUKPENUTE C IMOMOIIbI0 CKOTYa JIMHEWKY umHOW 40 cM 1 U3MEpeHUs
OTKJIOHEHUS BEPTUKAJIbHOM HUTU X. BIoib Kpas cTojNia pa3BEpHUTE MEPHYIO JIGHTY IS
M3MEpEeHUsl TOJOXKEHUS (a - PacCTOSHUE 10 TOYKH KPEIUICHUS) M3MEpSEMBIX TPY30B 71, B
KaueCTBE KOTOPBIX UCIIOIb3YITE KAaHLEISIPCKUE CKPETIKH.

Mepraa
JeHma |

Yactp 1. OnTHMaJdbLHOE MOJ0KEHNE TOUKH MOABeca.

1.1 M3MepbTe 3aBUCUMOCTD BEJIMYMHBI CMELLIEHUSI X OT IIOJIOKEHUS TOUKH MO/IBECA
U3MEPSIEMOTO TPy3a a , IPU MOCTOSHHOM Macce 3Toro rpys3a. Uuciio noaBemeHHbIX
CKpEIOK 331aiiTe CaMOCTOSATENILHO, CBOM BbIOOP 00OCHYITE.
1.2 IlocTpoiite rpaduK NOTy4eHHON 3aBUCUMOCTH.
1.3 YkaxuTe onTUMaIBbHOE MOJOKEHUE TOUKH MOABECA IPY30B I JaJIbHENUIINX
U3MEPEHUN.
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Yacrs 2. 'pagynpoBka.

2.1 W3mepbTe 3aBUCUMOCTb OTKJIOHEHUSI HUTH X OT YMCJa CKPEnoK NN , OJIBEIICHHBIX
B OIITUMAJILHOM IIOJIOKECHHUU.

2.2 TloctpoiiTe rpaduK NOITY4€HHOM 3aBUCUMOCTH.

Teopernueckuii aHaIM3 MOKA3bIBAET, YTO MIPHU HE OUYEHB OOJIBIINX YIiIaX OTKIOHEHUS
HUTHU OT BEPTUKAJIN BEJIMYMHA OTKJIOHEHHSI X CBSI3aHA C OTHOLIEHUEM Macc I'py30B
NPUOIIMKEHHBIM 3aKOHOM «TPEX BTOPBIX»:

o =c™. (1)
n,

rie C - TOCTOSHHBIH KOX(PQUIMEHT, 3aBUCIIIUN TOJBKO OT T'E€OMETPHUUYECKUX pPa3MepoB
YCTaHOBKH M TOUKH KpPEIJIEHUS TPY30B.

Illpumeuanus.
1. He cmapatimecv nonyuums s5my ¢Hopmyny, Nomomy umo, 60-nepevlx, 5mo He Oydem

OoYyeHueamvcs, 60-6mopslx, nompamume MHO20 0pa30ueHHoeo 6peMEHU, 6-mpemblUx, 6Ce pasHo
He noyvume.

3
2. Cnpagka 013 IKChepumMeHmamopo8 xé =XxJx.

2.2 Ha ocHOBaHMH MOJYYEHHBIX SKCIIEPUMEHTAIBHBIX JaHHBIX MPOBEPHTE, BBHITTOTHICTCS
11 3aKkoH (1) s Bamel yCTaHOBKHU.
2.3 Omnpegnenute Maccy OJJTHOM CKPEIKH.

Yacts 3. [IpoBepka 3akoHa Apxumesa.

IIpukpenure K HUTH B ONTUMAJIbHOM TOYKE IOABECA IIJIACTMACCOBYIO JMHEHKY, TaK
4TOOBI €€ HM)KHUH KOHeIl HaXoIwics y AHa cocyaa. JlonmBas BOJYy B COCY[ JIETKO TOOUTHCH,
9YTOOBI YaCTh TMHEHKHU OKa3aIach MOTPYKCHHOU B BOIY.

3.1 13meppTe 3aBUCUMOCTb OTKJIOHEHUS HUTU OT JJIMHBI NOTPY)KEHHOHW B BOAY 4YacTH
JINHENKH.

3.2 Ha ocHOBaHMHM NOJY4YEHHBIX JaHHBIX JOKA)XKUTE CIPABEIIMBOCTb 3aKOHA ApXUMeEa:
BBITAJIKMBAIOLIAs CUJIa IIPOIIOPLIMOHAIbHA BECY BBITECHEHHOM KUAKOCTH.

3.3 Omnpenenure 3KCIEPUMEHTAIBHO TUIOTHOCTD CHIPOTO KapToQers.

Kommenmapuu x ycnoseuro 3adauu.

1. IloaroToBKa U BBHIMOJHEHNUE JAaHHON 3a[a4ll HE BBI3BIBAET OCOOBIX 3aTpyAHEHHH. Pe3ynbTaThl
M3MEPEHUH CTaOMIIbHBI, I0CTAaTOYHO TOYHBI U He 00bIYHBI. [103TOMY 3Ty 3a/1a4y MOXKHO
PEKOMEHA0BATh yualuMcesd 9 Kiacca.

2. [InactmaccoBas TUHEWKa, BXOAAIIAs B IepeyeHb 000pyJ0BaHNUs, HEOOX0JMMa ISl IPOBEPKU
3akoHa Apxumesna — ee HaJjo Oy/eT oIycKarh B cocys ¢ Bogoi. [loatomy muamerp cocyna
JOJKEH OBITh TaKUM, YTOOBI JIMHEWKa BXOMJIA B HErO BEPTUKAIBHO. Y J0OHO HCIIOIH30BATh
OOBIYHYIO MEH3YPKY.
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Pemienue u o0cyxaeHue.

B nmaHHOM 3ajmaye mpeUIoKeHAa OPUIMHAIIBHAs KOHCTPYKLUs BecoB. laBHOe ee
JIOCTOMHCTBO — OTCYTCTBHUE TpyIIUXcsa Aertanei. IIpaBna 3T0 JOCTOMHCTBO JOCTUraeTcsl LIEHOMU
YCIIOXKHEHHS TPaJyupOBKH — IIKaja BECOB, Cyls Mo (GopMyiaMm, MPUBEICHHBIM B YCIOBUU HE
nuHeriHa. [lepBble aBe yacTu pabOTHl NpeAHA3HAYEHbI ISl HACTPOMKHM «mpubopa»: BeIOOpa
ONTUMAJILHOTO peXXHMMa U IPpaJyHpOBKU. B JaHHOM cilyyae onTUMAalbHBIM, OyIeT Takoil BEIOOp
mapamerpoB, IpU  KOTOPOM  JOCTUIaeTCs  MAaKCUMAJbHAas  TOYHOCTb  WU3MEPEHHM.
HenocpenctBeHHO HU3MeEpsieMON BENMYMHOM SIBISIETCS OTKJIOHEHUE, HM3MEPSIEMOE JIMHEUKOM.
AOCONIOTHAsT TOTPEIIHOCTh M3MEPEHHUsl JIMHEHKH SBISETCS NPHUOIM3UTEIBHO IOCTOSHHOM,
[I03TOMY OTHOCHUTENIbHASI TOTPEIIHOCTh Oy/leT MUHHMajbHA NMPH MAKCHUMAaJIbHOM OTKJIOHEHHUH
HUTH OT BepTHkanu. Ckopee Bcero, npuBeneHHas ¢opmyna (1) sBisercs npuOIMKEHHOM,
CIpaBEUTMBOM TMpU HEOOJbIIUX OTKIOHEHUsX. [lodToMy HEOOXOAMMO UCKaTh HEKUU
KOMIIPOMUCC: OUY€Hb MaJlble OTKJIOHEHHSI CII0KHO U3MEPSTh, PU OOJBIINX OTKIOHEHUSX MOXKET
OKa3aTbCsl  HEMPUMEHMMOM  mpuBeaeHHas ¢opmyna. FMMeHHo mo3tomy  TpeOyercs
npeaBapuTeNbHas rpagydpoBKa BecoB. B mocnemneit yactu paboThl IpeasaraeTcs MpoBEPUTh
3akoH Apxumena (kak OyITO y KOTO-TO €CTh COMHEHHS B €ro CIpaBeIMBOCTH), a 3aTeM
U3MEpUTh IUIOTHOCTh KapTodens. Maes atoro m3mepeHus Obula pealM3oBaHa €IIe CaMUM
ApxuMenoM — THApocTaTHYecKoe B3BelmmBaHue. [loaToMy MeTOnMKa H3MEpEeHMsI XOpOLIO
u3BeCTHA. MOXKHO TIPHCTYTIATH K BBITIOTHEHHIO PabOTHI .

Yacrts 1.

1.1 /Ing n3mepeHuil cieayeT B3aTh MaKCUMaJIbHOE YHMCIIO CKpenok N =10, Tak Kak B 3TOM
cllyyae OTKIOHEHHSI MAaKCUMAaJIbHBI, UTO 00JIer4aeT U3MEPEHUS U TIOBBIIIAET UX TOYHOCTD.
Pe3ynbTarsl n13MepeHNii 3aBUCUMOCTH OTKJIOHEHMSI TPY30B X OT IIOJIO>KEHMSI TOUKH MOJIBECA d
npuseneHsl B Tadaune 1.

Taoauua 1.
a, cm 5,0 10 15 20 25 30 35 40 45
X, cm 2,5 4,5 6,5 8,0 94 11 11,5 12 12,6
50 55 60 65 70 75 80 85 90 95
13 13,1 13 13 12,5 12,1 11,5 11 10 8,5

I'padux moxyueHHON 3aBUCUMOCTH IMPEICTaBIIEH Ha puc. 1.

N3 mnonydeHHBIX pe3ynbTaTOB A Gon
Clenyer, 4YTO MAaKCHMAaJbHOE [
OTKJIOHEHHE HOCTUIAETCs, KOria 144--hebed
TOYKa TOJBEcCa HAXOIUTCI B il e
LIEHTpe TOPU30HTAJIBHOW HHUTH, 10 4--bebevbs
MOATOMY JTa TOYKa MoOJBEca 81
SIBJISICTCS  ONTUMAJBHOM  JIJIA 61
JaIbHENUIINX U3MEPEHUI. 44t
OueBuHBIN pe3ynbTar! 21

Puc. 1 20

31
Bce oKCriepuMeHTasIbHbIE JaHHbIE TIPUBEEHBI s yeTanoBku ¢ mapamerpamu [ =110 cm, h =120 cm,

m, =15 2, norpemnoctsiMu 5THX BenuduH OyaeM IpeHeOperats.
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Yacrs 2. 'pagynpoBka.

2.1-2.2 Pe3ynbrarsl IpOBEACHHBIX U3MEPEHUN 3aBUCUMOCTHU OTKJIIOHEHHS] HUTH X OT
YHCJIa TO/IBEIIEHHBIX CKPENOK N MpeACTaBICHbI B TaOnuIe 2.

15

}

Pue. 2

Taoauna 2.
N, wmyx 1 2 3 4 5 6 7 8 9 10
X, CM 3,1 4.4 5.8 6.9 8,1 9,2 10,3 11,2 12,2 13,0
X, on
J\x‘gf?m-?/z
Jlr} }
o e @ )x»/
) 2
V/ 30 /ﬁ
/@/
] 20 /@//{
10 i
2 4 6 8 0, s
- Puc. 3
4 6 ] 10 N, fumyw)

I'padux mosydeHHO# 3aBUCHUMOCTH Hu300paxeH Ha Puc. 2. Kak BuaHo u3 rpaduxa
IIOJIy4YE€HHAs 3aBUCUMOCTb SBJISIETCS HEJIMHEHHOW. /{7151 MpOBEpKM BBINIOJHUMOCTH 3aKOHA «TPEX
BTOPBIX» IPEANOYTUTEIbHEE MOCTPOUTh IpaduK 3aBUCUMOCTH x% OT 4YKcla IOJBEHICHHBIX
CerHOK32 (Puc. 3). [IlpekpacHO BHIHO, 4YTO »Ta 3aBUCHUMOCTb SBISIETCA IPSIMO
IIPONIOPLIMOHANIBHOM, YTO OJHO3HAYHO MOATBEPKAAET CIPABEUINBOCTD IPUBEACHHON B YCIOBUU
(dopMynbl B HCCIIEJIOBAHHOM JHMana3oHe OTKIoHeHHH. Takum o00pa3oM, yCTaHOBIEHA CBS3b
MEXAY Maccoi IOJBEIIEHHOro TIpy3a (€IMHULA HM3MEPEHHUS — Macca OJHOM CKpEenKu) u
OTKJIOHEHHEM Tpy3a. DTy 3aBUCHUMOCTb MOXXHO HCII0JIb30BaTh B KaueCTBE I'PagyHMpPOBOYHOIA,
MO3BOJISIONIEH O W3MEPEHHOMY OTKJIOHEHHMIO OMpEAEssTh Maccy rpys3a. Yao0Hee, KOHEYHO
M0JIb30BaThCA TOATBEPXKJICHHON (PyHKIIMOHAIBHOW 3aBUCHUMOCTHIO. Ecnmu Obl OKkaszanock, uyToO
3aKOH «TpeX BTOPHIX» HE BBIMOJHACTCS, TO B JAJbHEHIIEM MOXHO ObLJIO OBl HCIIOJIB30BAThH
HEMOCPEICTBEHHO rpaduk 2.

[TomuepkHeMm, auana3zoH JANbHEWIIUX W3MEPEHHM HE JOJDKEH BBIXOJIUTH 3a MPEAEIIbl
JMana3oHa IPOBEJCHHONW I'PagyHMpOBKHM, TaK KaK BHE ATOrO IIPEJesia IOJIyYEHHBbIE 3HAYCHMS
OyayT HE 000CHOBAHHBIMHU (XOTS, © MOTYT OBITh BEPHBIMH).

23. Jlns  OIEHKM Macchl OJHOW  CKpPeNKHM  HEOOXOQuMO  3HaTh  Ko3(dduuumeHt
npornopuroHaneHOCTH B (dopmyne (1). HaiiTu ero 3HaueHue mo MpOBEACHHBIM H3MEPEHUSIM
HENb35: HaM HE W3BECTHO OTHOILEHUE MAacC I'Py30B, M3BECTHO TOJBKO KaK H3MEHSETCA 3TO
OTHOIIEHHE — TMPONOPLHUOHAIBHO 4YHUCIy cKpenok. [loatomy guid ompeneneHust 3TOTo
K03()(puIMEeHTa MOKHO BOCIIOJIb30BAThCSI CKPENKAMU: TaK €CJIM B KayecTBE Ipy3a m, B3STb &
m' 1
CKpPEIOK, a B Ka4e€CTBE IPy3a m JBE CKPENKH, TO OTHOIIEHWE UX MacC U3BECTHO TOYHO oy = R
0

IIpy Takux Trpy3ax OTKIOHEHUWE HUTH IIPU ONTHUMAJIBHOM TOYKE IIOABECAa COCTaBUIIO

32 o

MOo:KHO TaK:Ke MCIOJL30BaTh U 00jee HaJAC)KHbIM METO: IOCTPOUTH AAHHYIO 3aBUCUMOCTD B HOFapI/I(l)MI/I‘leCKOM
maciurade u ¢ IIOMOIIBIO MHK OINPCACIUTD: ABJIICTCA JIM NOJTYUCHHAA 3aBUCUMOCTD CTCHGHHOﬁ; HaliTH ITOKa3aTelb
CTCIICHU U OLICHUTD €I0 NOTrpClIHOCTD. Ho... He Bce 3HAI0T, YTO TaAKOC J'IOFapI/I(i)M.
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Xo 05 = (12,0 + 0,1) cm . B xadecTBe MOrpemHocT Mbl BEIOpai LieHy JieleHus TuHeiku. Tenepsb

K03 (UIIMEHT TPOTOPITMOHATFHOCTH JIETKO HaxoauTest u3 hopmysl (1)

!’
=0 —ax) = 4127 5166 e ac=3cB0x oo,
m X0,25

B npunnumne, 1 onpenencHus Macchl CKpPenKH (U s BBINOJHEHUS YCIIOBUS 3aJauH),
pacCUUTHIBATh ITOT KOAIPPUIMEHT HEOOS3aTEIbHO, HO, HAW/S €ro, Mbl 3aKOHUMWIN ITOCTPOCHUE
IpagyMpOBOYHON (PYHKITUH.

Tenepp MOXHO BOCHOJB30BaThbCs MOIYYEHHBIMU paHEe NAHHBIMU: IpU m, =152 u
m=10m, (m, - Macca OJHOM CKpENKH) BeIMYUMHA OTKIOHCHHMS HUTH COCTaBHJIA

X = (l 3,0+ 0,1) cm . Ucnonb3ys ouepenHoit pas popmyny (1), Haxoaum

m x% 3Ax) (AcCY
m=—"—=~0422. Am, =m, || =—— | +|— | =0,01c
10 C 2 x

BOSMO)KHO, YTO MOrpCIIHOCTD NOJYUCHHOI'O pE3yJIbTaTa 3aHUKCHA.

Umobwi kadxcowlll paz He 3aHUMAMbCS peuleruem ypasrerus (1), MocHo npedcmagums

3
2paoyupoeounyo yuxkyuio 6 oonee yooonom euoe. /[na smoeo oboznavum C = 4AA, 20e
A=x,5 = (12,0 + 0,1) CM U 8bIpa3uM 3Havenue maccol u popmyinst (1):

x% my( X %
meme =)

B smou 3anucu npucymcmeyem omuouienue OmMKIOHEHUU, NOIMOMY MOICHO UX USMEPAMb 6
0bbIX eQunuyax (Hanpumep, 6 eOuHuyax OAuHwvl ckpenku). OMHOCUMENbHASL NOSPEUHOCTb
UBMEPEeHUsL MACCbL 8 MAKOM CIy4ae 3anuemcs 8 8Uoe

2 2

Am 3 [(Ax) (A4

m 2 X A

Yacts 3. [IpoBepka 3akoHa Apxumesa.

Kak 1 Ha moObIX Becax, Ha JIaHHOW YCTAHOBKE pealbHO H3MepsieTcs Bec Tena (cuia
HATSDKEHUS HHUTH), KOTOPbIM B OOBIYHO MPOIOpIMOHANEH Macce. Ecnm ke Teno 4acTH4HO
IIOTPY3UTh B KUIKOCTb, TO €r0 BEC YMEHBIIUTCS HAa BEIUUYMHY cUibl Apxumena. [lostomy ans
IPOBEPKH 3TOr0 3aKOHA MOXKHO HCCIIEI0BaTh, KaK 3aBHCUT BeC Tela OT TIJIyOWHBI €ro
norpykenus. [Ipu BepTUKaIbHOM MOTPY)KEHUHM IIJJACTMACCOBOM JIMHEHKHM B BOXy, OOBEM
NOTPY)KEHHOU 4YacTH (HMO3TOMYy M cuiia Apxumesa) NPONOPLUOHATICH TIYyOMHE MOTPYKEHHS.
CrnenoBarenbHO, JIMHEHHOE yMEHBIIEHHE Beca JHMHEHKH C POCTOM TJIYOMHBI MOTPYKEHHS
MIOATBEPKIAET CIPABEIMBOCTD 3aKOHA ApXUMEA.

B cBow ouepenb, HaMu JOKa3aHO, OTKJIOHCHHE HUTU B CTEHNEHU «TPU BTOPBIX»
IIPONOPLMOHAJIBHO Becy Tena. i mMpoBepKH 3aKoHAa ApXHMea MOKHO U3MEPUTH 3aBUCUMOCTh
BEJIMYUHBI OTKJIOHEHUSI X OT TIIyOMHBI NOTPYKEHHS JUHEWKH z . Toraa nuHeiHoe yObIBaHHE

x% IIPU YBEJIMUEHUH Z B OUEPETHON pa3 MOATBEPIUT MPaBOTY ApXUMeEa.

PesynbTarhl M3MepeHHs BEIMYUHBI OTKJIOHEHHUS HUTH X OT TJIyOMHBI IOTPYKEHUS
JUHEWKH z (TIpU U3MEPEHUAX UCIIONB30BaNIach TUHEWKa uHol L = 10cwm ) nansl B Tabnuue 3,
a rpauk TOM 3aBUCMMOCTH NOKa3aH Ha puc. 4. Ha puc. 5 moctpoen nuHeapru30BaHHBINH Tpaguk
9TOM 7K€ 3aBUCUMOCTHU.
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Taoauua 2.

2 om 0 1 2 3 4 5 6 7 8 9
X, CM 10,6 | 10,1 9.8 9,3 8,9 8,5 8,0 7,5 6,9 6,4
X, om A2 3

10

Pue. 4 Puc. §

OTa 3aBUCUMOCTb NIPAKTUYECKH JIMHEHHA, UTO MOATBEPKIAET CIPABEIMBOCTD 3aKOHA
Apxumena.

Teopemuxku, 6bIHYHCOEHHBLE 3AHUMAMBCA IKCNEPUMEHMOM, MO2YM 001edb My npocmule
paccyscoenus 6 aneebpauieckyio popmy, a 3amem obpabomams pe3yibmamsl usmeperull bonee
UBAUHO.

Tak ec nuneliku, YaCMUYHO NOSPYHCEHHOU 8 800 PABEH

P=mg—-F,=pSLg — p,Szg =mg 1—&i
p L
C nomowpwio 2padyupoourol yHKyuu
MOJCHO NONYYUMb {_‘Ifin
X % z :
L 1_&[_) i AR SN DR IS S—
xO p L u,ﬂ B IR S . S AR PRI [
20e X, - OmMKIOHeHue Humu Ol He .
nozpyoicennoti & 600y nunetiku. I'paguk 5 nyuwe
CmMpoums 8 «HOPMUPOBAHHBIXY KOOPOUHAMAX 6%
X (7 ) e - =L
(( A 0), T j moz2oa Kodgguyuenm HAKIOHA 04 :
g . 0 0.2 0,4 0,6 0.8 1
npsAMou Oyoem pagen OMHOUWEHUIO NIOMHOCHel
8000l U naacmmaccyl (2pagux 6) I'padhu 6. Ilpoeepka 3axona Apxumena

{HOpMHIpOEE a)

3.3 Tak kak 3axkoH ApXI/IMe,Z[a BBIITOJIHACTCA B HAIIUX YCJIIOBUAX, TO UM MOKHO BOCIIOJIB30BATHCS
UL OMMPEACIICHUSA TINIOTHOCTH CBhIPOTO KapTO(bCJBI. HO,Z[BCCI/IM Ha HUTHU B TOYKEC OITHMAJIbLHOI'O

HoJBeca KyCOYEK ChIpOTO Kaprodess, HpH 3TOM OTKIOHEHHWE HHUTH paBHO x, =113cm.
[TonHeceM K Kycouky KapTodelis CTakaH ¢ BOJIOW TaK, YTOOBI OH MOJHOCTBIO MTOTPY3UIICS B BOAY,
IOpU 3TOM OTKIIOHEHHUE HUTH COCTaBisieT Bcero x, =3,2cm. Hcnonw3ys 3akoH Apxumena,
MO’KHO JIOKa3aTh, YTO IUIOTHOCTH TEJIa PACCUUTHIBACTCA 10 (hopmyrie
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PO
P,-P,’

rae P, - Bec Tena B BO3Ayxe, F) - BecC Tena B BOJE L, - U3BECTHAs INIOTHOCTH BOJbI. Tak kak B

P =Py

Hallel yCTaHOBKE BeC Teja IMPONOPLUUOHAIEH OTKJIOHEHUIO B CTENEHUM TpPU BTOPBIX, TO
MOCIIEIHIO (POPMYITYy MOXKHO IPeoOpa3oBaTh K «pacyeTHOMY BHIY»:

Py 1 Py 3 ke
= = = zl,lg'lo .
pl pOPO_Pl pol_i x] % M3
p, 1-|—
Xo

PacueT nmorpemHocTy 3Toro pe3ynbraTa MPOBOAUTCS CIEAYIOIIUM 00pazoM:
2

2
n=21~0283% An=n [gj A A% | 20,0001
X, X X,
1
5 3/ 2
pﬁ%; Ap, = apl A77=77—f°2z0,01 T
1-n’? n 2[1_n4j cm

He0oJ1b1110€ 10MI0JIHEHHE.

Vcnonb30BaHHBIA B JAaHHOM 3ajaue 3aKOH «TPEX BTOPBIX» MOXKET OBITh MOIyYeH
TEOPETUYECKH, HA OCHOBAHUU 3aKOHOB JUHAMUKH. JIEHCTBUTEIBHO OKa3bIBAC€TCA, YTO OH
CIpaBeUIMB IIPU MalbIX OTKIOHEHUsAX. lIpoBeneHHble U3MEpEeHUs, NOATBEPAMBIINE
JKCIIEPUMEHTAIIBHO 3TOT 3aKOH, IMOATBEPKAAIOT, YTO B UCIOJIb30BAHHOM JUaNa30HEe U3MEPEHUN
NpUOIMKEHHE MAJIBIX YIJIOB BIIOJIHE IPUMEHHUMO.
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JonoyiHeHneE. Teopemuuecxoe onucanue.

AN

Bce o06o3HaueHusi mpuBEICHBI Ha

Puc. 1. OrmeruMm, yro mmmHA [/

«TOPHU30HTANBHOW» HUTH  BCD B 4

paccMaTpuBaeMOil  YCTaHOBKE  paBHa a

PACCTOSIHUIO MEXAY TOYKON KpersieHHus

D OCHOBaHUEM 0 BEPTUKAJIH,
OMYIIEHHOH M3 BEPXHEH TOHKH mMOABeca -

A, a MHA h «BEPTHKAJIBHOW» HUTH D

AB paBHa BbICOTE TOuKM nojaseca AQO. 2

s t-a C a4
To ecthb npu OTCYTCTBHUU I'py3a m HUTH Puc. 1 ﬁ

By

3aHUMaeT nosioxenue AOD . m
Haitnem 3aBUCMMOCTB OTKJIOHEHHUSI X TOYKH B OT MaccC MOJBELIEHHBIX I'PY30B.
[TosmoxkeHno paBHOBECUSI COOTBETCTBYET MUHUMYM NTOTEHIUAJIBHON SHEPTUH.
[ToTeHnManbHas JHEPTUS CUCTEMBI TPY30B BhIpakaeTcs (opMyIoi
U=-myghcosp —mgasina. (1)

IToHATHO, YTO MOJIOKEHHUE TPY30B OJHO3HAYHO OINPEAEIAETCS OAHUM YIJIOM, B Ka4eCTBE
TAaKOTO «OMPEICISIONIETO» yIiia BBIOEPEM ¢ Yroi OTKIOHEHUS HUTH AB OT BepPTHUKAJIH.

JIBurasicb 1o HUTH, IEpEUIeM OT TOUKU A 10 TOYKA D, TOrja NPOeKUUHU TAaKUX CMEIICHUN Ha
TOPU30HTAJIb PABHBI

hsin @ + (I —a)cos f+acosa =1, 2)
a Ha BEpTHKAJb
hcosg +(I —a)sin f—asina =h. 3)
B xoxe m3MmepeHHi yroja OTKIOHEHHMS HUTH ¢ JOCTAaTOYHO Maj, MO3TOMY M 3/ech Oynem
CUMTATh €r0 MaJIbIM, TaK YTO MOXXHO CUHMTATh, YTO SIN @ = ¢, COS® ~ 1, B najbHEHIIEM TaKxke
OyZeM OCTaBJIATh WIEHBl TOJIBKO IEPBOTO Mopsaka mo ¢ . Mcmonb3yst 3To mpuOIMKEHHE,
nepenuuieM BeipakeHus (2)-(3) B Bue
(I-a)cos B =(I-x)—acosa 4
(I-a)sin B =asina ’ ®)
(3mece 0003HaueHO Asin@ =x - uU3MEpAeMOE OTKJIOHEHHE, HMMEIOIIee IEpBBIA MOPSI0K
MasnocTH). [lanee BO3BOAMM 3TH BhIpaxkeHus (4) B KBaApaT U CKIIabIBaEM
(I-a) =(-x) —2a(l - x)cosa +a*.
PackpbIBast CKOOKM 1 MpeHeOperas MajbIM ClIaraeMbIM X~ , BIPa3UM 3HAUYEHHE KOCHHYCA YIla ¢
TOYHOCTB JI0 TIEPBOT0 MOPSIKA

X
cosa = azl—£+£:l—l_ax. ®))
1-% a | la
[

CuHyc 3T0r0 yria paBeH

sina =+l1—-cos’a = l—[l—l_a

la

(6)

TGHCpB NMOTCHIUAJIbHAA SHCPIrUd CUCTCMbI MOXKCT OBITD BBIPAXKCHA YCPC3 BCIINUNHY OTKIIOHCHH A
HHUTHU

2

. X [—a
U =-m,ghcosp —mgasina = mogﬂ—mg

X.
la

Berunciss npou3sBoaHYIO
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X [—a 1
U'=myg=-mg,[2— ——,
Ogh g I 2\/;

U TpHUpaBHUBAs €€ K HYIIO, MOJYy4UM (OpPMYIy, ONPECISIONIYI0 IMOJIOKEHUE PABHOBECHS
CUCTEMBI

X

%zﬁh (l—a)a' 7
m, 21

[Tonmydyen «rperuit 3akon Keruiepa» - Ky0 cMeIIeHUs MPOMOPLUOHATIEH KBaJpaTy OTHOIICHUS

macc. Daktuueckn ota  Gopmyaa  SABIAETCS ~ TEOPETHMUECKOW  OCHOBOM  JaHHOTO

9KCIEPUMEHTAIBHOTO 3aaHus. OTMETUM, YTO IPU NOCTOSHHBIX Maccax rpy30B MaKCUMaIbHOE

[ .
CMCHICHUC HUTU NOCTUTACTCA MpPU A :E , TO €CTb U3MCPACMBIN I'Ppy3 CICAYCT pacriojararb 1o

cepeuHe TOPU30HTAIBHON HUTH.
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3.7 HemMHOro o nonpaBKax.

B 37011 rmaBe Mbl IBUKEMCS 10 IIYTH YXYILICHUS YCIOBUU
MIPOBEACHUS  DKCIEPUMEHTA:  JIMHCHHBIE  3aBUCUMOCTH  —
HEJIMHEIHbIC 3aBUCHMOCTH — HEM3BECTHBIE 3aBUCUMOCTH; MPUOOD

[0 CBOEMY HAa3HAYCHUIO — HETPAJULHMOHHOE MHCIIOJIb30BaHHUE
npuboOpoB  —  yCTaHOBKa, TpeOyiolmas  mNpeaBapUTebHON
rpagyupoBku. Ho u 3T0 eme He Bce — NpU MPOBEACHUH

AKCIEPUMEHTAIbHBIX UCCIEIOBAHUI JOCTATOYHO YacTO CUTYallUH,
B KOTOPBIX 3KCIIEPUMEHTAJILHBIE JTaHHBIE IPOTUBOPEYAT HE TOJIBKO
IIPOBEICHHOMY TEOPETHYECKOMY aHajiM3y, HO M 3aKoHaM (usuku. BrosHe BO3MOXHO, 4TO
OPUYMHON TaKoro Kaszyca sIBISeTCS HEKUH NOOOYHBIN (haKkTop (XOpOIIO, €CIU OJUH), HE
YUTEHHBIH IpU pa3paboTKe METOOUKH SKCHepUMEHTa. MHOorja CUTyaluio CliacaeT BBEICHHE
MOINPABOK B pe3yJbTaThl YK€ IPOBEICHHBIX U3MepeHuil. [loqyepkHem, 4TO BBEIEHUE KaXKIOU
MOTPABKU JIOJDKHO OBITh ONpPaBAaHO, OMHCAHO U 000CHOBaHO. OnuH mMpuUMep Ha 3Ty TeMy
NpeCTaBJIeH B JaHHOM Maparpade.

3anauya 13. «Heynpyruii ynap».

[Ipy CTONKHOBEHUSX TIUIACTMYHBIX TeNl (HampuMmep, I[MApPUKOB M3 IUIACTHIIMHA)
IIPOUCXOUT HEYNPYTUil yaap — yAap, OpU KOTOPOM 4acTb KMHETHMUYECKOW SHEPruu HIapuKOB
IIEPEXOUT BO BHYTPEHHIO JHEpruro. B naHHON 3amaue mnpeayiaraercsd HCCIEN0BaTh
CTOJIKHOBEHHS] MMEHHO B ClIydae HEYIPYroro yzaapa.

IIpuoopsI 1 000PYIOBAHUE: q
[ “

1. HIraTus.
2. JIuneiika 40 cm.
3. [InacTunuH (Ha OTHOTO YYaCTHUKA OJMH LIEJbIN

OpycoK)

4. Hutkn i

5. JIB€ CKpenkKu. — ﬁ e
Cobepure ycTaHOBKY, IIOKa3aHHYIO Ha (poTorpaduu

U Ha cxeMe. JIuHelky yao0HO 3aKpenuTh Ha Kparo cTona. UToObl yMEHBIINUTh
3aKpy4MBaHHE HHUTEW KaXIbli IIapUK YyHOOHO TMOJBEHIMBATh Ha JBYX
pacxonsauuxcs HUTAX (OMpUIApHBIA monaBec). JnuHa moBeca M0JDKHA OBITH
He MeHee 60 cM. K HuHel JacTu nojiBeca NpUBSDKUTE CKPENKY, K KOTOPOH

YIO0OHO MPUKPEIIATH IDIACTHINHOBBIC MIApUKH. [l U3MEepeHUs OTHOIICHHUS
MacCC IIAPUKOB MOKETE HCIIOJIb30BATh JIMHENKY KaK PblYa)KHbIE BECHI.

Pexomenoayusi: y0obHO uzeomaeiueamv WApuku, MAccbl KOMOPLIX OMHOCAMC KAK yeivle
yucna: 1:2, 2:1, 3:4 um.o.

Bam nNpeACTOUT HUCCICAOBATH CTOJIKHOBCHHA MIAPHUKOB, OAWH M3 KOTOPBIX H3HAYAJIBHO
HCIIOABMIXXCH — XKCIaTCIbHO, YTOOBI ITOCJIE CTOJIKHOBEHHUS HIapuKH IBUT'aJINCh BMCCTC.
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O003Ha4UM Maccy ABMXKYIIETocs (yAapsIOLIEro) Mapuka m,, a Maccy HEMOABMKHOTO - 1, a

m o
UX OTHOLIEHHE —> =7). HauanbHOoe OTKIOHEHHE HUTH OT BEPTUKAJIN, U3MEPEHHOE I10 JIMHEHKE
m,

0003HaYUM X, , a MAKCUMAJIbHOC OTKIIOHCHHC IIOCJIC yapa - X, .

Yacrsb 1 — TeopeTnyeckas.

1.1 PaccMoTpuTe Heynpyruil yaap npu KOTOPOM OIMH IIAPUK MACCOW m, IMOKOUTCS, a BTOPOH
MacCOM m, HaJEeTaeT Ha HETO CO CKOPOCTBIO Vv, . ITokaxuTe, 4T0 CKOPOCTH CIHUIIIMXCS HIAPUKOB
noce yapa onpenaensercss GopMynoi
m
_ 0
Vv, =—V,. (1)
my +m,
1.2 Ilokaxxure, YTO OTHOLIEHUE KOJIMUYECTBA TEIJIOTHI, BBIASIUBILEHCS IPU HEYIIPYTOM ynape, K
HayvaJIbHON KMHETUYECKOM SHEPIUHU IIapHKa onpeaessercs GopMymnoi

L._m @

E, m +m,

1.3 TlokaxuTe, 4TO NpHU MajbIX yIJIax OTKJIOHEHHUS (a B JaHHOW 3a7ade MX MOXHO CUUTATh
MajblMM, €CIM JJMHA T[OABECAa 3HAUUTENIBHO IPEBBIIAECT BEJIMYUHBI  OTKIOHEHMI)
MIOTEHIMAJIbHAS DHEPIUsl IIapuKa NPONOpPLUOHANIbHA KBAaJpaTy OTKJIOHEHMS HUTH X W Macce
miapuka m

U= Amx*, 3)
rie A - TOCTOSHHBIH KOA((OUIIMEHT, 3aBUCALINN TOJIBKO OT TEOMETPUYECKHX MapaMeTpoB
YCTaHOBKU;

a CKOpPOCTh IIapUKa B HIDKHEHN TOYKE MPOTOPIIMOHATBHA MAKCUMAIIEHOMY OTKIIOHEHHIO
v, = B, @)

rie B - TOCTOSHHBIA KOX(PQUIMEHT, 3aBUCALIMA TOJBKO OT T'€OMETPHUECKUX MapaMeTpoB
YCTaHOBKH.

Yactb 2. OTHOLIEHNE CKOPOCTEN.

2.1 3meppTe 3aBUCUMOCTH OTKJIOHEHUS CIMIIIIMXCS LIAPUKOB MOCIE yAapa X, OT HayaJlbHOIO
m, m,
OTKJIOHEHUS yIapsAIOILEro MapuKka X, [PHU OTHOLIEHUU UX MAcC paBHbIX — =1u —=2.
m, m,

[ToctpoiiTe rpaduky NOTY4YEHHBIX 3aBHCUMOCTEH.

2.2 Ha ocHOBaHUU NOJYYEHHBIX SKCIIEPUMEHTAIBHBIX JaHHBIX IIPOBEPHTE, MOYKHO JIU CUUTATh,
YTO OTHOILIEHHE CKOPOCTH LIAPUKOB IOCIE yAapa K CKOPOCTH YAApsIOUIEro LIapuKa SBISETCS
MOCTOSIHHOM BennuuHOK. IIpoBeprTe BeIMOIHUMOCTE (hopMyibl (1) B Bamem ciryyae.

Yacrs 3. [loTepu 3Heprum.

3.1 U3mephTe 3aBUCUMOCTb OTHOLIEHHS! CKOPOCTH IIAPUKOB IOCIIE YAapa K CKOPOCTH IIapuKa 10
ydapa OT OTHOLIEHHMs MX MacC IpU HEM3MEHHOM Ha4yalbHOM OTKJIOHEHHMH X,. Iloctpoiite

rpaduK 3TOH 3aBUCUMOCTH.

126



3.2 Tlocrpoiite rpaduk 3aBHCHUMOCTH OTHOCHUTEIBHBIX INOTEPbh MEXaHHYECKOH HHEpPruu mpu

m
HEYIPyroMm yaape o = 9 OT OTHOLIEHHS] MAaCC MIAPMKOB., —~ =1 .
0 m,
3.3 CpaBHuTe mnoNydyeHHbIE TpaduUKH € TEOPETUUYECKUMHU 3aBUCHUMOCTSIMU. OObACHUTE
IIOJIyYE€HHBIE PE3YJIbTATHI.

IIpu Heobxooumocmu 8Hecume KOppeKmuposKy 1 NONPAGKU 8 8auU paciemsi.

KoMMeHTapuu K yclI0BHUIO 3a/1a4H.

1. TlomroroBka oO0OpYHOBaHHS HE TMPEICTABISICT HUKAKUX CIOXKHOCTEeH. EnuHCTBEHHOE
MOJKEeJIaHUE — JUTMHBI HUTEH J0JDKHBI OBbITh mopsifka 1 metpa. Ilpu 3TOM HX KpemieHHe JT0DKHO
OBITh NPOBEACHO MpPEJEIBbHO aKKypaTHO: B HMKHEM IOJIOKEHHUU IIAPUKU JOJDKHBI OBITH Ha
OJIHOM BBICOTE, IBIKCHUE IIAPUKOB JOJDKHO IIPOUCXOJUTH B OJJHOM BEPTUKAIBHOU IIJIOCKOCTH.
2. Jlnst U3roTOBIEHUS IUIACTUIMHOBBIX IIAPUKOB M3BECTHOIO OTHOIIEHUS MAacC MOXHO KYCOK
IUTACTUJIMHA Pa3/IeMTh Ha HECKOJIBKO PaBHBIX YacTell (HampuMep Ha 5) ¢ IOMOIIBIO JIMHEHKH,
U3 KOTOPBIX TOTOM JICHUTh HYXXHbIE Mapukd. MOXHO 100aBUTH B MEpEUYeHb 000pPYIOBaHUSA
BECHI C PA3HOBECAMU.

3. K coxanenunto, TOYHOCTb U3MEPEHUN B JAHHOH 3a7jaue HE CIIMIIKOM BBICOKA, IO3TOMY MOKHO
PEKOMEH/I0OBAaTh BCE H3MEPEHUS MPOBOAMTH 3-5 pa3 (aBTOpHl OrpaHUYMIINCH ABYMS), a B
JAIBHEHUIINX pacdyeTax UCIOIb30BaTh CPEAHUE 3HAYCHUS OTKIOHCHU .

Pemenue n o0cyxnenue.

3aKoHBI yapa (B TOM YHCIIe HEYIIPYToro) HaCTOJIBKO MOAPOOHO M3Y4aloTCsl B Kypce
¢bu3nKe cpeaHel MKOIbI, YTO YCIOBHUE 3a/1a4M U TIOPSIIOK €€ BBITIOJHEHHS OUE€BUIHBI U HE
TpeOYIOT MPEIBAPUTEIHLHOTO OOCYKICHUSI.

Yacrp 1 — TeopeTuyeckasi.

1.1 — 1.2 npuBeneHHbIe GOPMYIIBI CIEAYIOT U3 3aKOHOB COXPAaHEHHS MMIYNbCA M SHEPTHH MPH
ynape, 6osiee moapoOHBIN BEIBO MOXKETE MTPOBECTU CAMOCTOSTENBHO.
1.3 13 3akoHa COXpaHEHHUs MEXaHWYECKOW SHEPruM CIEAYeT, YTO NPU JBMXKCHHMM IIApUKa OT

BerHeﬁ TOYKHM JO0 MOMCHTAa CTOJKHOBCHHA HM3MCHCHHUC €TI0 HOTCHHH&HBHOﬁ OHECPruu
2

AU = mgl(l—cosa) paBHO MPUOOPETEHHOW KWHETHYECKOW sHepruu E = . Kocunyc yrna

HAYaJIbHOTO OTKJIOHEHUS MPU MAJIIOCTH MOCIICAHUX BBIPAKACTCS Yepe3 U3MEPSIeMOe OTKIOHCHHE
X CJHEIYyIOIIHUM 00pa3oM:
2

—-X
coSst =—— =
/
CrnenoBaTenbHO, U3MEHEHUE €TI0 MOTEHIIUAIbHOM SHEPTUU PABHO
2
mgx
AU = mex ,
21

yto moarBepxkaaet ¢opmyny (3). [IpupaBHUBas 3TO BhIpaXKEHHE K KUHETHYECKOW SHEPrUU B
HIKHEW TOYKE, MOJTYyYUM, YTO €r0 CKOPOCTh

v:x i’

21
9TO COBMAAaeT ¢ popmynoii (4).
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Yactb 2. OTHOLIIEHUE CKOPOCTEH.

N3 popmynsl (1) craemyer, 4TO OTHOIIEHHE CKOPOCTH IIAPUKOB IOCTE YAapa, K CKOPOCTH
yIapsIIOILIEro IapyUKa €CTh BEJIMYMHA IOCTOSIHHAS, 3aBHCAIAs OT OTHOIIEHHs Macc. Tak Kak
CKOpPOCTbH IlIapHKa B HUYKHEN TOYKE MPONOPLHOHAIbHA BEIMYMHE OTKJIOHEHUS, TO MOCTOSIHCTBO
OTHOIIEHMSI CKOPOCTEN JOJDKHO NMPUBOAUTH K MOCTOSIHCTBY OTHOLIEHUS OTKJIOHEHHUH 10 U IOCIIe
ynapa. Ilostomy u HEOOXOOUMO HM3MEpPHUTHh 3aBHCHUMOCTb, yKa3Hyio B m.2.1.  Pe3ymbraTsl
U3MepeHuil npuBeneHs! B Tabnmuue 1 u Ha rpadukax puc. 1. (Ui KaXI0ro yria OTKIOHEHHS
MIPOBECHO J1BA U3MEPEHUS)

Taoauua 1.

160 | Xp-MM

140 1--------

120 1--------

R

L1 T B I

80 --------

60 --------

A0 4---o---

20

0 20 40 60 80 100 120 140 160 180 200

I'pad]mc 1. JapHcHMOCTE OTEJIOHEHHA 10T ¥Oapa 0T HAYAITRHOTD 0TKJIOHEHITA

2.2 Ilony4yeHHblEe pe3ynbTaTbl HEOXKHJAHHBI: CBSI3b MEKIY OTKJIOHEHWSMH JIMHEHHAs, HO HE
IIPSIMO IIPONOPLMOHANIBHAS (IPSAMBIE, HE MPOXOJAT YEPE3 HAyaJlo KOOPAMHAT). DTOT pe3yJbTaT
TpebyeT OCMBICTCHHS M OOBACHeHHs . CKOpee BCEro, BBIABICHHOE MOCTOSHHOE CMEIICHHE
CBA3aHO C HENPABWIBHBIM U3MEPEHUEM BEIUYMHBI OTKJIIOHEHUS 1ocie yaapa. lloarsepxxnenuem
3TOM THUIIOTE3bl CIYXXUT TO OOCTOSTEIBCTBO, YTO 00€ MpsSMbIE IEPECEKAIOT OCh OpIUHAT
NPAaKTUYECKH B OAHON Touke. [IpMumHON 3TOM CHCTEMaTHYeCKOW OHIMOKH MOXKET CIYXKHTb,
HalpuMep, TO, YTO IMIAPUKU HMMEIOT KOHEYHBIE pPa3Mepbl, IPUBOAS KOHEYHOCTU pa3MEPOB
1iapuKa, MPUBOJALIEE K TOMY, YTO B IIOJIO)KEHMHM PABHOBECHSI HUTU HE BEPTUKAIBHBL. JTa

33 OTKI0HEHHUS IIOCJIE CTOJKHOBCHUS (a CJICI0OBATCIBbHO, U CKOpOCTI/I) MPEBLIIAIOT TCOPECTUICCKUC 3HAUCHUS,
MO9TOMY OOBHMHUTH BUHOBATBIM COIPOTHUBJICHHUEC BO3/1yXa HCJIb34.
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BBISIBJICHHAs] CUCTEMaTHYeCcKash OIIMOKa MOXKET ObITh MCIpaBieHa BBeACHHEM momnpaBku. Ilo
rpaduKaM MOXKHO OIPEIeNIUTh, YTO NpPSMBIE MEPECceKaloT OCh OPAMHAT B TOYKE, KOOPAWHATA
KOTOpOH npuMepHO paBHa Ox, = 13mm. Ilo3TOMy B KauecTBe BEIMYMHBI OTKIOHEHUs IIOCIIE

yaapa clenyeT B3sATh «UCIPABICHHYIO»  BEIMYUHY X, =X, —dx,. C y4eToM IOIpaBKH,

BEJIMYUHBI OTKJIIOHEHUH (M CKOPOCTEH) OKa3bIBAIOTCS MPSIMO IMPOMOPIHOHAIBHBI IPYr APYry,
kak Ttoro tpeOyer ¢opmyna (1). Ilo rpadukam Takxke MOXHO ONPEACTUTH KOAPPHUIIMEHTHI
HaKJIOHA (OHH HE 3aBUCAT OT MOCTOSIHHOM MOMPABKH)

(Axlj ~ 0,47 u (Axlj ~ 0,69,
AxO n=1 AXO n=1

KoTopble OnMu3ku K Teoperudeckum 3HadeHusM 0,50 u 0,67, coorBercTBeHHO. ClieI0BaTENBHO,
MOJKHO CUMTaTh, 4TO opmyia (1) moaTBepiaaeTcs IKCIEPUMEHTAIBHO.

Ionyuennvie 3asucumocmu npu HaIU4uU gpemenu mo2ym 6vime oopabomanvt no MHK.
B peszynbmame pacuemos ko3¢pguyuenmog nunetinot 3agucumocmu x, = ax, + b oxkazanucs

PAaBHBIMU:
ona n=1: a=047+£0,03, b=12+3
onan=2 a=0,6910,02, b=14=£3.

Omu pezynvmamul 60/1e€ HAOEIHCHO NOOMEEPAHCOAIOM COCNAHHDIL BbIBOO O
cnpageonusocmu ghopmynvt (1).

Yacrs 3. [loTepu 3Heprum.

HaiinenHas nonpaska K U3MEPEHHUIO CMELLCHUS T10CIIE CTOJIKHOBEHUS JOJKHA
MIPOSIBUTHCS U B U3YYEHUHU IIOTEPb SHEPTUU IIPU HEYIIPYT'OM YIape.

Jlnst mpoBeieH s U3MEpPEeHU HE0OX0IMMO TOABEIINBATh HIAPUKU Pa3IHUHbIX Macc. [Ipu
3TOM JUIsl Ka)KJIOM Maphl pa3HbIX IAPUKOB MOXKHO (M HY)KHO) MOJIYYMTh J1BA PE3YNbTATa: IIEPBBIH
pa3 OTKJIOHATH OJIMH LIApUK, a BTOPOU — IPYrOM.

Pesynbprarsl n3mMepenuii npuseeHsl B Tadmuie 2. (Bce u3mepenus mpoBeaeHbI IpH
HA4YaJIbHOM OTKJIOHEHHMHU X, = 120m).

Taoauua 2.

Koneunoe OTHOLICHUE [ToTepu >Hepruu,
OTHOLIEHNE MacC 77 | OTKIOHEHME X,, MM CcKOpoCTeit )
70 0,58 0,32
100 0,83 -0,04
40 0,33 0,67
80 0,67 0,22
65 0,54 0,32
0,92 -0,05
20 0,17 0,86
70 0,58 0,32
0,83 -0,04
35 0,29 0,74
85 0,71 0,12
65 0,54 0,32
0,88 0,04
20 0,17 0,86
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Fuc. 2 3a8HCHMOCTE 0THOMEHHS CROPOCTEH 0T 0 THOLEHHS Puc.3 3aBMCHHOCTE 1,071 NOTEPL OT OTHOWEHWA Mace
srace (e MOMPaBKH Ha HAYAMBHOE CHENEHHE) {De3 y4era NONPaeKK Ha HAYanLHOe CHeWeHe)
Jlnst mocTpoeHust TpedyeMbIX 3aBUCUMOCTEH CIIeyeT M0 IKCIEPUMEHTAIbHBIM JaHHBIM
paCC‘II/ITaTB HeO6XOHI/IMBIe BCJIMYHUHBI. OTHOIIICHUEC CKOpOCTeﬁ U OTHOCUTCIIbHBIC HOTepI/I
MEXaHUYECKOM dHEPrun. Tak OTHOIIEHUE CKOPOCTEN, KaK U PAHEE, PABHO OTHOLICHUIO
OTKJIOHCHHI
Nn_M

(1

I[OJ'HO OHCpIrun Hepeme,umei/i B TCILJIO IO SKCIICPUMCHTAJIbHBIM NAHHBIM CJICAYCT paCCUUTBIBATH
CIIeAYIOIIUM 00pa3oMm:

Vo X

2

movg_(mo*'ml)‘/l2 n+lfx

5-2 _ My 2)
E, myv, m \ X
['paduku 3TUX 3aBUCUMOCTEH MOCTPOSHBI Ha pUC. 2 U 3.
BriBenienHbIe B NepBOi yacTu 3a1aud  (popMysIbl IO3BOJISIOT HANTH TEOPETUUECKUI BHJT
9TUX 3aBUCHUMOCTEH.

Tak TeopeTrueckoe 3HaY€HUE OTHOIICHUS CKOPOCTeH crneayet u3 popmynsl (1) ycmoBus:

v m
Ji0 U I 0 = n : (3)

Vo), my+tmp m+
3)
Teopernueckoe 3HaYCHHE OTHOCUTENIBHBIX MTOTEPh SHEPTHUH HAXOAUTCS U3 popmyisl (2) ycroBus

3ajaum’
2 2
2 2
S _ My, _(mo+m1)"1 _1_(m0+m1) Y _1_(m0+m1) m,

r — 2 - -

myVv, m, Vo m, my +m, 4)
m, m, 1

= 1 —_ = =
my+m, my+m 10+l

.Ha puc. 2, 3 mocTpoeHsl TeopeTHYecKre KpuBbIe, paccuuTannble 1o popmynam(3) u (4). Buaso,
YTO OKCIEPUMEHTAJbHBIE M TEOPETUYECKUE 3aBUCUMOCTH PA3jIMYalOTCsl CYIIECTBEHHO U
cucremMaTuyecku. boyee Toro, B HEKOTOPHIX Clydasix MOJy4eH aOCypAHBIM pe3ynbTaT — MOTepU
SHEPrUM OTPULIATEIbHBI?

** 3j1ech (paKTHUECKH NPHBEIEH BHIBOJ ATOM (HOPMYIIBL.
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[TprunHa MOAOOHBIX PACXOXKJICHUNA 3aKJII0YaeTcs B TOM, YTO HE y4TeHa NMONpPaBKa Ha
OTKJIOHEHHE HHUTEH B IOJOXEHWU pPaBHOBECUs. DTy TMOIMPAaBKYy MOKHO YYeCTb, YMECHBIIUB
BEJINYMHY KOHEYHOI'O OTKJIOHEHUS X, MM Ha MOIpaBKy Ox, ~13mm, HaillleHHYI0 BO BTOpOH
4acTH JaHHOM paboTbl. To ecTh mpu 00pabOTKe SKCHEPUMEHTANIBHBIX JAHHBIX CIEIYyeT Be3Je
3aMEHHUTh X, Ha WCIPABICHHOE 3HAYCHUE X, =X, —OX,. YUeT 3TOH NONpaBKH NPHBOJHUT K
XOpOILIEMY COOTBETCTBHIO, KOTOPOE MPOJAEMOHCTPUPOBAHO Ha puc. 3,4.

Pxc. 4 JaBHCHMOCTE 0THOLIEHHA CKOPOCTEH 0T 0THOLIE HHA Pre 5 3aB6HCHMOCTS J0J0H OTEPE 0T OTHOLEHHS JACC
MACE (C MONPAFKoH Ha HAYANEHOE CHELEHHE) (C MONPABKH Ha HAMABHOE CHMENEHHE)

0,9 : . : : 1002 . . . .

0,8 4----oov S R Y . W 0,00 - eemneeees frommneens boeenenens deemnenenens

S I R Y - L o0 -\ B — S

bAoA o e 0,70 4--- N------ N P R oemenea
: : 0,60 4 -~ Noet oo meme e d oo R R

05 4--------- oo ARRRREEERERE QEEEEEEEEETE :

. : : (5 e
R R Eatt R R R RECEatt :

: ! ! ! TG Booteeseees o fon e e i RaasEEet
W3y pre P Pt P TETR DS ... SO A —
0.2 4 proT poTeTeee poTeTeee ;T 0,20 4-------mn-- e ‘e o T P oo
L SOt beneneanee beneneae o foeenee 0,40 §---nnnnmned I S A N

! ! ! ! n : : ! ! n

0 T T T T 0,00 ¥ ¥ ¥ ¥
0 1 2 3 4 5 ] 1 7 3 4
JlonoJIHeHHMSL.
1. Ewe 6onee eneuamnsiowum u
pasymubin - cnocoéom  nposepu N1HeapMsoBaHHAA 3HEPreTHHECKaA 3ABMCMMOCTD
A615emcs NuHeapu3ayus | (¢ y4eTom nonpaski)
3aeucumocmu  (4) nocpeocmeom Ty /3
04eB8UOH020 NPeobpPa306aHUsL y=107x+087
1 R R T e P R P L P LT PR LT LU REEEEE
—=n+l.
o

Ha puc. 6 npusedena  Oannas
3a6UCUMOCMb  (C yHemom NONpasKiL)
U NpueeoeHo ee YpasHeHue — O4eHb
xopouee coomeemcmeue
IKCNEPUMEHMATbHBIX — OAHHbIX U
meopemuyecKoll 306UCUMOCTIL.
Koneuno, MOIICHO u omy
3aeucumocmes  obpabomamsv  no
MHK.

BoT yx aelicTBUTENBHO O/IHA MTOTIpaBKa (KOTOpasi MOrja ObITh YUTEHA MPU U3MEPEHHUSX )
cnacia yH1aMeHTaIbHbIE (PU3MUECKUE 3aKOHBI COXPAHEHHS UMITYJIbCA U SHEPTHH.

131




3.8 He Bce Tak npocro!

Ms1 paccMaTpuBaeM SKCIEPUMEHTAIBHBIE 33Ja4d OJIMMIIAAJ, a HE IMPOCTO OTYETHI O
MIPOBE/ICHHON MCCIIE0BATENbCKON padoTe. B HEKOTOpPOM cMbIcie, OJIMMIINANA 3TO HE TOJBKO
COpPEBHOBAaHHE YYACTHUKOB OJIMMITHA/BI MEXKIY COOOH C IeTbl0 BBISBJICHUS JIy4IIEro, HO H
COpPEBHOBaHHE pa3pabOTYMKOB 3a/laHUH C TANTAHTJIMBBIMU IIKOJbHHUKAMH. ABTOpPBI CTPEMSATCS
crenarh 3a7ady: (U3NYECKH KOPPEKTHOM, BBIMOJIHAEMOW B OTBEACHHOE BpeMs, KpPacuBOM u
OpUIMHAIbHOW. EciiM 3a1aHKe BBINOJIHEHO IIPAKTUYECKU MOJHOCTBI0 BCEMHM YYaCTHUKAMH — TO
3TO TUIOXO€ 3aJaHue (Kak >kKe TOTJa ONPEAETUTh Jy4IuX?); eCiIu 3alaHie He BBIMOIHUI HUKTO —
TO 3TO OYEHB IIJIOXOE 3aJaHue (M B 3TOM cilydae HOOeAUTeNs ONpPeAeTUTh HEBO3MOXKHO). HacTo
KpacoTa 3aJa4d OIPEAEIsAeTCS HEOXUIAHHOCTBIO, IapaJOKCAIBHOCTBIO pe3ysbTaTa, JaroLen
BO3MOXHOCTb YUCHHKY MPOSIBUTH ce0si, CBOH XapaKTep — Hajo MPOSBHTH CUTY IyXa >, uTO Obl
HE YCOMHHTBCS B CBOMX pe3yibTaTaX, a JlaTh OOBsCHEHHE (XOTS OBl CIOBECHOE), WM MPOCTO
YEeCTHO MPEICTaBUTh UX B CBOEH paboTe! DTO pUCKOBAHHO, a BIPYT, B PACUEThl HIIM U3MEPEHUs
3aKpaJiach 3JIeMeHTapHas ommnoka. [Ipuxoaurcs pemars, pemaTbCs WIH «OIMYCTUTD KPBLIbs».

B »Tom maparpade MBI paccMOTPHUM HECKOJIBKO NPHUMEPOB 3ajad
Takoro THIIA. B OnmMcaHMM INOUCKA MOAXOJOB K HMX PELICHUIO MBI OIATh
BOCIOJIb3YeMCsl yCIyraMHd MOJIOZIOr0, HO OY€Hb TAJAHTIUBOrO (U3MKaA, OT
JMIIa KOTOPOrO TOBeAeM u3NoxkeHue. Kak HM3BECTHO, JIIOOMMBIM CIIOBOM
YYaCTHUKOB OJIMMIIMAJ SIBJIAETCA «OYEBUJHO», NaXe B TEX ClydasX, Korjga
HUYEro oueBMAHOTO HeT. [loaTomMy 3TO CiIOBO, MbI OylneM BBIAEIATH B
PaCCy)KICHUAX HALIETO repos.

35
I/IHTepeCHO, B KaKMX €JMHUIIaX OHa I/I3M€p${GTC${?
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3agaua 14. «Moiigoabip»

MexaHn4yeckue CBOMCTBA MACT OTJIMYAIOTCS TPOMAJHBIM Pa3HOOOpa3ueM —
MO3HAKOMBTECh M HM3Yy4UTE OJHO W3 ITUX CBOWCTB — CIOCOOHOCTH OKAa3bIBaTh
CONPOTHUBIICHUE JBUKEHUIO.

i

IIpuGopbl M o0opyaoBaHue: TIOOMK 3yOHOH MacThl, C MpPOAETON
HUTKOU U raiikoit BHyTpH (1); Habop rpy30B (2), mraTtuB (3), TUHEHKA
(4), cexynaomep (5), BECbI C pa3HOBECAMHU.

BB R e

UYepe3s TIOOMK C TMAcTOW MPOTAHYTAa HUTh, Ha KOTOPOM
3aKperieHa MeTalIMyecKas raiika (OHa HaXOJUTCA BHYTpH TioOuka). (3)
K HM)KHEMy KOHIly HUTH MO>XHO IOJIBELIMBATh Pa3IMUHbIE I'PY3bl, 32
BEpXHUH KOHEI] HUTU TlalKy MOKHO BBITATMBAaThb BBEpX. Eciam k
HIDKHEMY KOHIY HUTH IIOJBECUTH I'Py3 JOCTaTOYHOM MAaCChI, TO OH
HAa4YyHET MEJICHHO OIIyCKaTbCs, IPOTIATUBAsl TAUKy 4epes NacTy.

+@

®

1. I/I3Mepre 3aKOHBbI JBUKCHHS IMOJABCIICHHBIX I'PY30B IJIA .
oo
Pa3INYHbIX 3HAYCHUU UX MACC. .
OHpeZ[C.HI/ITG, MOZKHO JIM CYUTATh 3TO ABUXKCHUC PAaBHOMCPHBIM.

2. Ucnonb3ys NoJlydeHHBIE JaHHbIE, PACCUUTANTE CPETHUE CKOPOCTH JIBUKEHUS I'PY30B B
KaXJIOM CIIy4ae.

3. [ToctpoiiTe rpaduK 3aBUCUMOCTH CPEAHENH CKOPOCTHU IBWKEHHS T'allKU BHYTPU NACThl OT
MAacchl MOBEIIEHHBIX IPy30B. OOBACHUTE NOTYYEHHYIO 3aBUCUMOCTb.

KoMMeHTapuu K yClI0OBHUIO 3a/1a4H.

1. Coprt 3yOHOM NacThl MPUHLIUIHAIBEHON POJIU HE UTPAET.

2. Jlna mpoBeAeHUsi SKCHEPUMEHTa CIeQyeT cpe3aTh 3aJHIOI 4YacTh TIOOMKA, MpOJENaTh B
poOKe Majioe OTBEPCTHE, Yepe3 KOTOPOe MPOMYyCTUTh HUTh. J{J1st TOTo, 4TO0 GBI IPOIYCTUTH HUTh
yepe3 BeCh TIOOMK C NMAaCTON MOXKHO BOCIIOJIb30BATHCS KYCKOM TOHKOW IPOBOJIOKH.

3. Co BpeMeHeM MacTa HaYMHAET 3aTBEpJEBATh Ha BO3JAyXe, MOITOMY SKCIEPHUMEHT CIEIyeT
IPOBOJUTH OBICTPO, Cpa3y MPOBOAS Bce HM3MEpeHus. MOXHO N00aBUTh B BEPXHIOI 4YacCTh
TIOOMKA HEMHOT'O BOJIBI.

4. Habop rpy30B JOJKEH J1aBaTh BO3MOXKHOCTh MOAOKpaTh Habops! oT 20 10 50 .

5. Ilpu BBIMONMHEHUH PaOOTHI UCTIOJHUTEND TOCTOSIHHO MEPEMasbIBAETCs MACTOU, MO3TOMY HAJl0
JaTh €My HECKOJIBKO call(heToK.

O0cy:kaeHne u pelieHue.

Ha mepBwrif B3MIA 3amavya BBITJISAUT HE CIOXKHOM, a MpPOCTON U ouesudwnou. Cuna
BSA3KOTO TPEHMs 3aBUCHT OT CKOPOCTH, MOSTOMY JIBWXKEHHME Tailku OyaeT paBHOMEPHBIM (ECiH
IPOMYCTUTh HEOOJBIION HAayalbHBIA y4acTOK pasroHa). bynem Hanearbcs, 4TO IBUIKECHUE HE
CIIMIIKOM OBICTpOE — MO3TOMY OyJeT BO3MOXKHBIM M3MEPUTh 3aKOH IBMKEHUs. [loHATHO, 4TO
IUIL  YBEJIMYEHHUs] TOYHOCTH CJEIyeT H3MEpATh BpEMEHa, 3a KOTOpbIE TPY3UK MPOXOJHUT
(UKCHUpOBaHHBIE PACCTOSHUS — Tak u3MepATh ynoOuee. Kakas Tam jmHa TiOOMKa? 9
CAHTUMETPOB, 3HAYUT MOXKHO CHATh 9 Touek (uYepe3 KaXKAblil CAaHTUMETp, MEHbBIIEC HeNlb3s —
Jydile TMOTOM BBIOPOCHTBH), JOCTATOYHO, YTOOBI MOCTPOUTH I'paduKu U yOEAUTCS, YTO OHHU
SBIISIOTCSL MPSIMBIMH. JTO  SIBJISIETCSA  JIOKA3aTEIbCTBOM TOTO, 4YTO JIBUKEHHUE SIBIISETCS
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paBHOMEpHBIM (a KakuM eme?) 3arem, Mo HakIoHy npsaMbIx (uiau no MHK) mosxHo Oyznet HailTu
CKOPOCTH TpU KaxI0i macce rpysa. Hakonel, mocTpouTh rpaduk 3aBHCHUMOCTH CKOpPOCTH
JBMDKEHUS OT Macchl rpy30B. UTo MOkeT noiayduthes? OQueguono, 9To Cuila COMPOTUBIICHHS MTPH
JIBUKEHUM TallKU B IacT€ IPONOPLHUOHAIBHA €€ CKOPOCTH (TaiiKa MOJ3€T OYEHb MEUIEHHO),
MI03TOMY CKOPOCTh JOJDKHA OBITh HpOMOpPLMOHANBHAs Macce rpyza. Hy moxer ObITh, 4TO
MaJIOBEPOSITHO, YTO CWJIa IPONOPLMOHAIbHA KBaApaTy CKOPOCTH — TOTJa CKOpPOCTh JOJDKHA
OBITH MPOMOPIIMOHAIbHA KOPHIO KBaIPATHOMY U3 Macchl rpy3a. [TocmoTpum.
Tak, mepemasascs B macTy, HO pe3y/IbTaThl OJYYECHBI U HapucoBaHbl B Tabmuie 1.

Tab6uamnna 1.

Bpems ABMKkeHMsA 1JIs1 pa3HBIX Macc 7,c

m, =233 m, =323z m, = 36,82 m, =413z

[y

18,6 6,0 499 354

354 15.5 11,7 8,6

54,3 243 19,6 11,9

73,4 34,6 26,8 15,3

93,6 46,2 34,3 19,8

114,3 59,4 41,0 234

132,6 68,2 47,7 27,5

156,7 78,4 54,9 32,2

ORI [N N A W

88,3 62,3

(&7
Cropoete V.= = | 0051+0,002 | 0,095£0,004 | 014040002 | 0251+0,012

[To 5TUM naHHBIM CTPOMM TpadUKU 3aBUCUMOCTH BPEMEHU JBMXKEHUS OT MPOIIEHHOTO
nytd. [IpekpacHo, Bce TOUKM MOYTH UICATBHO JIOKATCS Ha MpsSMbIe: BI)KEHUE, IeHCTBUTEIBHO,
ABNISICTCS paBHOMEpHbIM. He ciyyaifHO, S MOCTPOMJI  3aBUCHMOCTh BPEMEHH OT MYyTH —
cllyyaifHass MOTPEIIHOCTh HW3MEPEHUs BPEeMEHH OOJblle, YeM MOTPEHIHOCTh 3a/JaHUs
KOOpAMHATHL. YTO-TO YK€ KOHELl paboThl BUJEH — OCTANIOCh OJUH Tpaduk noctpouts. Ilostomy
ckopocT MoOkHO mnoxacuutate o MHK, na eme c norpemnoctsamu. Hrak, npencraBisiemMm
3aBHCUMOCTH B BHJIE

t=ax+b,
napameTp b JoKeH ObITh NpUONM3UTENBbHO paBeH Hymo. KoapduuueHT a- BenmuumHa
oOpaTHasi CKOPOCTH — BpeMs, 32 KOTOPOE TEJIO MPOXOIUT eAUHUILY yTH. [loaTOMy CKOpOCTH 1
€¢ TOTPElIHOCTh PACCUMTACM 10 g3 o |7 i

bopmynam

1 A 025 {---------ooo-- T R -
v=—; Av=y—. ; ' '

a a 0205 e
[Tpomexxyrounsle apupMeTHUECKUE '
BBIKJIAJKH MOJYKHO OIIyCTUTh, a
3HAYEHUS CKOPOCTU JO00aBIsI0 B 0,10 f-----mommoamee SRR !
tabmuiy. [IpekpacHble pe3ylbTaThl:
IIOTPELIHOCTh - HECKOJIBKO
nporeHroB. Temeps rpaduk. Jla, 0,00 5 5 5 5
Ha3BaTh 3Ty 3aBUCUMOCTb JINHEHHOU . E = = Ll
3anyHHI/ITe_HBHO, HO 3TO Uu HE 3JaBUCMMOCTE CKOPOCTH OT MACCHI TpYy2a
KOpHeBasi 3aBUCUMOCTB! A ecnu
IUIAaBHO IPOJUIMTH KPUBYIO, TO U HYJIb HE Iomnajeulb. J[eMCTBUTENBHO, HE IIPU BCAKOW Macca
rpy3a raiika Ha4MHaeT JBUTaThCs.

L :

0,05 1---mmnnmnees '
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Tak, Mou npesckazanusi He onpaBaaIKch. [IpaBbl aBTOpBI, CBOMCTBA MACThl HE OOBIYHBI —
3TO He BsA3Kas JKUAKOCTb. VICKaThb BHJ 3aBHCUMOCTH IO YeTBHIpEM TOYykaM — paborta
OeccMbICIIeHHas1, 0COOCHHO, €CJIM BUJI 3aBUCUMOCTH HE M3BECTEH.

Kaxkoii sxe BpiBo1? C pocTOM Macchl Ipy3a CKOPOCTbh I'aiKu B IIACTE€ yBEIUYMUBAETCS. JTa
CKOpOCTB pacTeT ObICTpee, YeM IpU HPsSMO MPOMOPLUUOHATBHON 3aBHCUMOCTU. Bo3MoxkHO, 4TO
11aCTa Pa3KIKACTCS [IPH yBEIMUCHHH JaBICHHS HA Hee ..

36 HperaCHI)Iﬁ BBIBO/I — OICHUBACTCA BLICIIINM 0asuIoM. I[eﬁCTBHTeHLHO, macra — 5TO HCHBIOTOHOBCKAas XXUAKOCTbD,
ChJia COIPOTUBJICHUSA KOTOpOﬁ 3aBHUCUT HE TOJIBKO OT CKOPOCTH, HO U OT JaBJICHUA. OHpeHeJ’II/ITL, BU 3aBUCUMOCTH
TAKXKC HC IMPCACTABIIACTCA BO3MOXKHBIM. ABTOpI)I 3a1a4 U OKHuJaJin, 4TO 6yﬂyT YCCTHO IMMPOBCACHBI U3MCPCHMNS, oe3
IIOATOHKH I10[ ((OquHﬂHLIﬁ)) PE3YyJIbTAT.
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3agauya 15. «ConpoTuBjieHHe JJIEKTPOJIUTAN.

N3BecTHO, YTO pacTBOPBI DJIEKTPOJIATOB IPOBOAAT JJIEKTPUUYECKHH TOK. Bam
IIPEJIaraeTCsl UCCIEN0BAaTh NIEKTPUUECKUE CBOKMCTBA pacTBOpa MOBAPEHHOW cosu B Boze. s
3TOTO UCTONB3YHTE GaHKY C PACTBOPOM MOBAPEHHOM COJIM, B KOTOPYIO OIYCTUTE JIBA AIIEKTPOAA.
Paccrosgnus Mexay OIEKTpoAaMH U3MEHSNTE, IIEepecTaBisil HMX B Jpyrue OTBEpPCTUS.
Crapaiitech, 4T0OBI BO BpeMs H3MEPEHHIA 3JIEKTPO/IbI pacIoIarajiuch MapauielbHO IPYT APYTY.

3adanue 1.1. VI3MepbTe 3aBUCUMOCTD HAIIPSDKEHUS MEXKIY JIEKTPOJAMH OT CHJIBI TOKA B
pactBope. [locroiiTe rpaduk nonydeHHoH 3aBUCUMOCTHU. [lonbITaliTeCh OOBICHUTH OTyYECHHBIC
pe3yJIbTaThI.

3adanue 1.2. Viccnenyiite 3aBUCUMOCTb COIIPOTUBIIEHHS PACTBOPA OT PACCTOSHUS MEXIY
anektpoaamu. IlosicHUTE, 4TO BBl MOHUMAETE MO/ CONIPOTUBIIEHUEM pacTBopa. IlocToiiTe rpaduk
MOJIy4eHHO 3aBHcHMOCTH. KauecTBeHHO 00BACHUTE OTYUYEHHYIO 3aBUCUMOCTb.

Oébopyoosanue: Victounuk mnocrossHHoro Ttoka JIWII-90; peocratr mabopaTopHBI;
BOJIETMETp J1a0OpaTOpHBINA; amMmepMeTp Ja0OpaTOpHBIA; OaHKa CTEKISIHHAs C KPBIIKOW
KaIlpOHOBOI C OTBEPCTHUSMHM; [[BA AIFOMUHHUEBBIX 3JIEKTPOJIA; COCAMHUTENIBHBIE MTPOBOA, KIIOY
AIEKTPUYECKUN.

IIpuMeyanus K YCIOBHIO 3aJa9H.

1. B xadecTBe AJIEKTPOJOB PEKOMEH]IyeTCsl HCIOIh30BaTh KYCKH ATFOMUHUEBOM MTPOBOJIOKH 0e3
M30JSILUKM TUAMETPOM OKOJIO | MM, JUIMHA 3JIEKTPOJIOB JOKHA HEMHOIO IMPEBBINIATh BBICOTY
O0aHKM (IOCTaTOYHO B3AThH MONYAUTPOBYIO OaHky). K smektpomam cregyer 3apaHee
MOACOEIMHUTD MPOBOJA.

2. B kanpoHOBOH KpBIIKE HEOOXOIUMO TIPOCBEPIIUTE B OJIUH Psifl, HA PACCTOSHUM | CM JOpyr OT
Jpyra, AJisl TOTO, YTOOBI B HUX BCTABIISATH AJIEKTPOIBI.

3. Ilpu mpoBeneHUN U3MEPEHUI PACTBOP HEOOXOIUMO BPEMSI OT BPEMEHH 3aMEHSTh Ha CBEXKHI,
TaK Kak MpU NPOTEKAHUU BIEKTPUUYECKOTO TOKA €ro JIEKTPUUECKHe CBOWCTBA M3MeHsoTcs. C
ATOM K€ LIeTh PEKOMEHIYETCSl BKIJIIOYAaTh TOK TOJBKO HA BpeMsl MPOBEACHUS H3MEpPEHUM, IJis
Yero LeMb JOJDKHA COACPKATh KITIOY.

PasMbIlICHUS ¥ pelleHue.

IIpocrenpkas 3amauka — npoBepuTh 3akoH OMa, Kakas pa3HULA YEpe3 YTO TEUET TOK.
BHuMmarenpHO, HE nepemyraTh: 3aBUCUMOCTb HANPSKEHUS OT CHUIIBI Toxa’ (U - BBEpX, /- B
CTOpOHY), UHaue mapy O0ayuioB CHUMYT. [loJpKHA MOIyduThes mpsiMasi, uto ke eme? [lotom U
paszaenuTh Ha [, moayuutcsl comnpoTuBieHue. Jlyume koneyno, noacuutarb no MHK, ecnu
yCIIelo, a HET, TO U MO rpaduky MOXKHO OyIeT CHATh. A Kak M3MEHSTh HampshKeHue (WM CHITY
TOKa) — XOpo1lo, ganu peoctar. Ilorom nepectaBuTh 31€KTpoAbl (M MOMEHATH pacTBOp) U BCE
oBTOpUTh. CKONIBKO TaM JbIpoK HacBepiuau? Illects — 3HAUUT, NOTYyYUM OATH OpSMBIX. J[1s
K10} HaJl0 MOCUUTATh CONPOTUBIICHNUE U TIOCTPOUTH IrpauK 3aBUCHMOCTH COMPOTHBIICHUS OT
paccrostHus. Toxe He CI0KHO — 04e8UOHO, YTO CONPOTHBIICHHE MPOMOPIIUOHAIBHO PACCTOSHHIO
(«po — 31b — Ha 3¢» - necHs!).

37 ~ o
Heb6ocw pazmoq)mmc ucaji, BCAKMU HOPMAJIbHbIN (1)I/I3I/IK 3HACT, YTO TOK 3aBUCUT OT HAIIPS?KCHUS, 4 HC HaO60p0T!
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MOAKIIIOYaeM, TOK €CTh, HAMPSHKEHUE €CTh, TBUTAEM PEOCTaT —
U3MEHSIETCs, OOJIbIIE TOK — OOJIBINE HAMPSIKCHHE, KaK s U

ropopwi. Teneps MpOBOAMM H3MEPEHUS (IIOATOHSAEM CTPEIKY E‘_III—

[Tpuctynum. He 3a0bIiTh HapucoBath cxemy. Cobupaem, O—
v

BOJIBTMCTpa MOA ACJICHUC IIKaJIbl, CHUMACM CHIY TOKa —

KOHCYHO, MOKHO TOJIBKO C TOYHOCTBIO IIOJI ACJICHUA, HO A «Ha R
I71a30K», MOTOYHEE) Pe3yabTaThl 3alUCHIBAI0 B AKKYPAaTHYIO & &
Tabmu4Ky 1, IBIKOK peocTara OT OAHOTO Kpasi, 10 APYyroro!

Tabéanna 1. 3aBHCHMOCTD HANPSIZKEHHUS MEAKIY JIEKTPOJAMH OT CHJIbI TOKA.

U,(B) 2,4 2,6 2,8 3,0 3,2 3.4 3,6 3.8
L(A) 0,32 0,37 0,42 0,45 0,50 0,55 0,60 0,65

Crpoum rpaduk, OCH KOOPJAUHAT, pa3MeTKa (HaYHy C HYJIS — HAJIO KE MOKA3aTh MPSIMYIO
MPOMOPIIMOHAILHOCTD ), MMOANKUCATh OCH, Ha3BaHUE rpaduKa, HAHECTH TOYKHU, IPOBECTHU MPSIMYIO.
Cromn, noyemy He IPOXOIUT 4yepe3 HyJb? [IpoBepsro: ocu ¢ Hyis, 3HAUEHUS TOKA U HANPSKEHUS
13 Tabnuibl — Bce BepHO. [lmoxo uzmepun? [IpoBepio — emie pas BKIIOYA0, CMOTPIO — BPOJIe BCe
BEPHO, KOHEYHO, COThIE MOXHO U HEMHOTO JpYyrHe 3ammcaTh, HO 3TO He npuHuunuansHo! Tax
IBE TOUKHU noTouHee. VM3mensieMm Tok B 11Ba pasza: 0,3 ammnepa, HanpsbkeHue — 2,4 BoibTa; Tok 0,6
amrepa, HampsbKeHHe Bcero 3,6 BonbTa (a JOMHKHO OBITh MOYTH 1ATh - 4,8). [TomeHsTs pacTBOp?
A uto usmenutcsa? Ho Bce-Taku NMOMEHSI0, BCE PaBHO, JUISl CIEAYIOLIUX HW3MEPEHUN MEHATH
Hago! Bce nanpacho, nanueie Te xe. Uto nenarb? MokeT mpoBeCTH NpsSMYI0 dyepe3 Havayio?
Her, xak-To y>X 04e€Hb HEKpacHBO MoirydaeTcs! IToT rpaduk HaI0 OCTABIISITH.
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3aBRHCHMOCTE HaNpAKeHHA MeskKIy 3JIeKTPOJAaMH 0T CIJIBI TOKA,
{ paCcCTOAHIE MEXETY JIeKTpoTavii 2 o)

[TosiBunock n1Be mpoOsieMbl: TepBasi - OOBSACHUTH, IOYEMY HE MPOXOIUT Yepe3 HyJb;
BTOpasi — KaK TyT CUMTaTh conpoTusiieHue. [logymaem, 4yTo, 3HaUUT, HE IPOXOJUT YEPE3 HYIb?
Toka Her, a HanpsbkeHue ecTh? baTapeiika kakas-To! A MoxeT neHcTBHTENbHO Oarapeiika?
ONEeKTPOJbl, D3JCKTPOIUT — TajbBaHMueckuil snement! IlompoOyro HampsiMyro H3MEpUTh
HaIpsDKEHUE, He Ipolyckas Toka. OTkiouaro — HanpsbkeHue Hyiab! OTKyna eMmy B3sATbCSA —
JIEKTPO/Ibl OJUHAKOBBIE, TJI€ IUIIOC, I1€ MUHYC? A KOIJa IMPOXOJIUT TOK MOSIBISIETCS U IUIIOC U
MHUHYC — HO TOTJa W 3JIEKTPOJia CTAHOBATCA Pa3HbIMU. MoxkeT ObITh. Tak W Hamumem: «pu
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NPOIMYCKaHMM TOKa OaHKa CTAaHOBUTCS IIOXOKEH Ha TaJIbBAaHMUYECKUH 3JEMEHT, MO3TOMY
nosBseTCs JononHuTebHas JIC» - IPYroro 0ObICHEHHS HE BIKY .

Tenepp 0 cONpOTHBIEHMH — HE CIy4aillHO 3TOT BONpPOC MOcTaBieH B yciaoBuu! Ecin
IPOCTO JENUTh HANpsHKeHHWE Ha CHIIy TOKa, TO pe3yabTarT OyneT pa3iu4HbIM s pa3HbIX
AKCIIEPUMEHTAIBHBIX 3HAYEHMM TOKa M HanpspkeHus. Tak penate Henb3s. A kak? Ecinu ecTh
JOTIOJIHUTEIBHOE HAINPSKEHHUE, TO €ro Hajao Bbl4ecTh! OTHATH OJMH BOJIBT, MOKHO! A nydire
B35ITh OTHOILLIEHUE U3MEHEHUS HANPSHKEHUS K U3MEHEHUIO CHIIBI TOKa

AU
R= E ,
OHO TO Oyner mnocTtosHHBIM. Ho »3To ke Ko3(UIMEHT HaKIoHA. 3HAYMUT, JIy4lle
Bocrnonp3oBatecss MHK, Torma eme u nomonHurensHoe Hanpsbkenue (wm OJ[C) momydy.
JlanHo, mpoBeny M3MepeHus Uil OCTalIbHBIX 3HAUYEHUN PACCTOSIHUS MEXAY 3JEKTpPOJaMH, a
noToM Bce o0padorato. Tabauuky, U3MepeHus, pe3yabTarol!

Tabmmpa 2. 3aBHCHMOCTH HaNPSIKEHHST MEXKAY JJIEKTPOJaAMH
PA3JIMYHBIX PACCTOSIHUSAX 7 MEXKIY JIeKTPOJaMH.

0T CHWJ/IbI TOKa, IpH

U,(B) 2,6 2,8 3,0 3,2 3.4 3,6 3,8 4,0 4,2
r,(cm)
3 0,35 | 0,37 | 0,40 | 0,45 | 0,50 | 0,55 | 0,60 | 0,67 -
4 0,30 | 0,35 | 0,38 | 0,42 | 0,47 | 0,50 | 0,55 | 0,58 -
5 - 0,27 | 0,32 | 0,35 | 0,37 | 0,40 | 0,43 | 0,45 -
6 - - 0,25 | 0,30 | 0,33 | 0,35 | 0,37 | 0,40 | 0,43

JlnanazoH M3MEHEHUS COIPOTHUBIICHUS peOocTaTa — IIOJIHBIA, a U3MEHEHUE HaIpPsHKEHUS
3aBUCUT OT pacctosiHus. IloHsATHO, compoTuBieHue usMeHsercs. Temepp rpaduxu. 3xech
MOYHO OCH HAa4MHaTh HE C HYJIs, 4epe3 Hero IpsiMble He Npoxoar. PazMmerka, noanucu, TOYKH,
npsMble. Hy He coBceM TOYHO JIOXkKaTcs Ha MpsIMbIE — a YTO OHU XOTSAT C TaKUMHU Ipubopamu?
I'otoBO, moanucars NpsiMbIe: yKaxy 3HAYCHUS PACCTOSHUS.

4.5 TU B

4,0 -

3.9 1

3.0 -

2.5 -
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e e L A T e et

R R

2,0
020 0,25 0,30 0,35 040 045 0,50 0,55 0,60
3aPHMCHMOCTE HATIPAMKEHHA MeKIY 3JIeKTPOJAME 0T CILTH TOKa

0,65

(IIpH pa3 IYHEIX PACCTOAHMX MeZTY 3JI8K TPO0TaNI)

38 U oH okazancs npaB: MpU OPOIyCKAHUN JJICKTPUICCKOI'0 TOKa 4€pe3 paCcTBOP IJICKTPOIMTA BOJIM3H JJICKTPOAOB
co61/1pa10Tc;1 HOHBbI pa3HbIX 3HAKOB, 3TOT 3(1)(1)CKT Ha3bIBACTCA nonﬂpmauneﬁ QJICKTPOAOB — 6J1aroz[ap;1 9TOMY "
BO3HHKACT OOIIOJHUTCIbHAA SILC Vuenuk He 0053aH 3HATH 00 3TOM SABJICHUH, HO BBIIBUHYTbH HUACIO 00 >TOM
00s13aH. O6T>HCHGHI/I€, NPpUBCACHHOC HAIIUM «MOJIOABIM, HO TaJIaHTIMBBLIM), JA0CTaTOYHO AJI1 TOro, 4TOOBI
TMOJIYYHTh 3a HCTO BBICIIINI Oajul.
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Yro xe nomyunsiocs? HakinoH usmensiercs, HO npsMble 2 U 3 nouTu napauiensHsl. [lo
rpaduKy CONPOTUBIICHUS HE OYEHb TO M CHUMEUIb: I/1e-To B paiione 4-6 OM. Hano cuutath mo
MHK. HUtak, HanpspKeHUe MEKIY JIEKTPOIaMHU 3aBUCUT OT CUJIbI TOKA 110 3aKOHY:

U=RI+U,.
[TapameTpsl JuHEHHOHN 3aBUcMMOCTH Mexay U wu [ paBHBI KOAX(QQHUIMEHT HakiIoHa - R
COIPOTHUBIIEHHUE, CBOOOAHBIN wieH U, - nonomHurensHoe Hanpspkenue (uau DJC). Cuutaro —
HyXxHa emie oaHa Tabnuna 3. (PacueTs! B uepHoBuke). U rpaduk — ¢ MOrperrHoCTsIMH.

Ta6anna 3. [lapaMeTpsl THHEHHBIX 3aBHCHMOCTEel MeKIy HanpsiKeHHeM H CHJION TOKa
NPHU pa3HbIX 3HAYEHHUAX PACCTOTHHUSA MEKAY dJIEKTPOAAMH.

Yro pagyer - U, mid BceX NOPAMBIX 0 : : : : ; ; i

MPUMEPHO OJMHAKOBO (KaK 3TO MHUIIYT — B
> 3aRHCHMOCTE COITPOTHEJIEHHA 0T PACCTOAHHA MEKTY
npeJienax MorperHoCTH) — TOYHO OaTapeiika! A TEKTPOTAMH

ConpoTuBieHre MEXAY IEKTPOJAMU BO3PACTAET C POCTOM PACCTOSHUS MEXKIY HUMHU,
HO HE MPOIMOPIHOHAIBHO 3TOMY PACCTOSHUIO, @ TOYEMY 3TO JOJDKHO OBITh MPOMOPIIHOHAIBHO —
MEXAy 3JIEKTPOiaMu He Kycok mpoBoja!l OTcyTcTBHE NPONOPLUUOHAIBHOCTH CBA3aHO C TEM, UTO
IPOUCXOJUT CIIOKHOE pACTeKaHHe TOKa Mexay oauekTpogamMu. OOBSICHUTH TOIyYSHHYIO
3aBUCUMOCTh  CJIO)KHO: TEOPETHYECKH HEOOXOJAMMO MCKaTh  paclpesesieHHe TOKOB;
SKCHEPHMEHTANBHO — HE XBATAeT JAHHBIX, ¥ T¢ HE TOUHBI .

39 u 31€Ch OH IIPpaB — B aBTOPCKOM PCHICHUHN CKAa3aHO: OoJbIIIEe MOTPCIIHOCTH PE3YIIbTATOB U3MCPCHUS
COIMPOTUBJICHUSA HC NO3BOJIAKOT YCTAHOBUTH BU/J 3aBUCUMOCTH.
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3agauya 16. «3akon @ypbe».

IIpuoopsI 1 000PYIOBAHUE ©
COC}’,Z[ JJIs BOABI, 2 TepMOMeTpa, INTATHUB C IIBYMSI JJallKaMH, CTAaKaHYHUKHU I1JIaCTMAaCCOBBIC 2
IITYKH, CEKYHIOMEDP, MCH3ypKa, ropsdas 1 XoJIOgHas BoJa.

IIpouecc mnepegaunm TEIUIOTHI YeEpe3 MEPETOPOAKY MOAUMHSETCS 3aKoHy Dypbe:
IJIOTHOCTh NOTOKAa TEIUIOTHI ¢ (KOJIMYECTBO TEIUIOTHI, IPOTEKAIOUIEE 4Yepe3 IUIOUIaIKy

€IMHUYHOM IJIOIIAIM B €IMHUILY BPEMEHH) MTPOMOPIIMOHAIBHA PA3HOCTH TEMIIEpaTyp U 0OpaTHO
IIPONOPLUOHAJICH TOJIIHHE IEPETOPOAKH /1

AT
k=, 1
q P (1)

rae k - KoapPUIUEHT TEIUIONPOBOAHOCTHA MaTepHasa MeperopoIKy.
Bam mpezncTtouT M3yduTh Ipolecc Nepeadn TEIIOThl OT Topsiuel BOJbl (HaxozsIencs B
COCyJIE) uepe3 IUIACTMACCOBBIM CTaKaHUYMK K XOJOJHOM BOJE, HAXOJAIlEHCS B ITOM K€

A
crakaHuuke. M3 3akoHa @Dyppe cienyer, 4To MOTOK TEIIOThI A_Q (KOJIMYECTBO TETIOTHI
T

TepeTeKarolieil 0T OHOTO TeNa K APYroMy 3a eIMHUILY BPEMEHH ) MPOMOPIHOHATICH PA3HOCTH
TeMIeparyp
A0 _ KAT . (2)
At
B 3TOil Qopmyne kodpdunuent K - Ha3biBaeTcd KOXGGHUIMEHTOM Temonepenayn. ITOT
KO3 PUIHMEHT 3aBUCUT OT MaTepHaa MeperopoaKku, €€ TOJIIUHBI, IJIOMIAIN U T.1I.
Barra 3agaua npoBepuTh BBIOJIHUMOCTD 3aKoHa Dypbe (TOYHEE CIIEACTBUE U3 HETO —
dopmyiny (2)) u onpenenuTb KodpGUIHUEHT TEeIUIoNepeiadyn Al 0THOPA30BOTO MJIaCTMACCOBOTO
CTaKaHYHKa.

[Tomectute crakaHyuk B OaHKe (0OJBIIOM cocyne). YKpenuTe OJUH TEPMOMETD B
IITaTUBE U OMYCTUTE €r0 U3MEPUTENIbHYIO YaCTh B CTAKaHYMK, TaK YTOOBI OHA HE Kacajach HU
€ro JIHa, HU ero CTEHOK. BTopoit TepmomeTp nomectute B 0aHKy. Bo Bcex skcnepumMeHTax
3anuBaiiTe B crakaH4uk 150 © X0J0HOH BOJBI, B 0aHKY 3aJIMBalTE rOpsA4yi0 BOAY. YPOBHHU
BOJIbI B 0aHKE U CTAKaHYHMKE JTOJDKHBI COBIAIATh.

Bce usmepenus nposeauTe Uil OJHOTO CTaKaHYMKA U IS «JIBOMHOIO CTAKaHYUKAY,
(IBYX CTaKaHYMKOB, BCTABJICHHBIX «OJMH B OIHH).

Heckonvko cosemos:

Pexomenoyem nauuname usmepenus ¢ «080UHO20» CIMAKAHYUKA — OHU 8bINOJIHAIOMCS
npowe.

He cmpemumecs 3anueams ciumukom 20psayyro 600y — memnepamypa 0yoem uzmeHsmscsl
CUWKOM ObICIPO, NOIMOMY MOUHO UBMEPSAMb KPaliHe CLONCHO. A ewje - CUIbHO 2opsa4as 600bl
«orcorcemesy!

Tounocmu cexynoomepa eviuie MOYHOCIU MEPMOMEMPOB — noodymatime, Kax
PAYUOHATLHO UCNONIL308AMb IMOM HAYYHBIU akm.

40 Bynem 0003HauaTh BpeMsi CHMBOJIOM T , YTOOBI HE IyTaTh C TEMIIEPATYPaMH, 32 KOTOPBIMU OCTABUM
obo3Hauenue 7.

140



B meuenue omseooumuix Ha evinonnenue moti 3a0a4u 2,5 H4acoe USMePEHUsL MOAHCHO
nposecmu H€OaHOKpCZH1H0.

x/{orc

Yoenvnas mennoemrxocmo 600wt C = 4,2 i
K2 -

Hakonen, 3aganus:

1. V3mepbTe 3aBUCMMOCTH TEMIIEPATYPhl BOABI B CTAKAHUMKE (HAIIOMMHAEM, OJIUH pa3
OJIMHApHBIN, BTOPOH pa3 1BOIHOI) 1 OaHKE OT BpEMEHH.

2. Tloctpoiite rpaduku MOJTYyYEHHBIX 3aBUCMOCTEH.

3. Ha ocHOBaHMM MOJIy4YEHHBIX JTaHHBIX IPOBEPHTE CIIPABEAJINBOCTb 3aK0HAa DPyphe B JaHHBIX
clIydasix.

4. Omnpenenute K03 HUIMESHTHI TEIUIONEPEIaun A1 OJJUHAPHOTO U «JIBOMHOT0» CTAKAaHYMKOB.

5. CpaBHHTE NOJy4YeHHBIE 3HaUeHUs K03 duimenTon Temnonepenayun. /laiire o0bsicHeHue
IIOJIyYEHHBIX Pe3y/IbTaTOB.

KoMMeHTapuu K yClI0BHUIO 3a/1a4H.

1. s mpoBeieHHsI M3MEPEHUH YI00HO HCTIONB30BaTh OTHOPA30BHIE MIIACTUKOBBIE CTAKAaHYUKH.
Cocyn amnst ropstueii BOABI I0JDKEH UMETh IIUPOKOE TOPJIBIIIKO, YTOOBI B HETO OMEIAICs
cTakaH u TepMoMeTp. Hamu ucnonb3oBasicst He0OJIbIION MIMHAHBIN TopiIoK. CTakaH ciexyeT
3aKpENUTh B JIalKe ITaTUBA. Bo BTOPOM janke MTaTUBA CIEAYET 3aKPEIUTh TEPMOMETP.

2. JIBa TepMoMeTpa B JaHHOM paboTe HEOOXOIUMBI, TaK Kak TpeOyeTcs 0THOBPEMEHHO U3MEPATh
TEMIIEPATYPBI OCTBIBAIOLIEH TOPSYEH BOJBI B COCYE U HATPEBAIOIICHCS BOABI B CTAKAHE.
CrenyeTr CTpeMHUTBCS K TOMY, YTOOBI H3MEPHUTEIbHBIE YACTH TEPMOMETPOB HAXOAMIUCH BHYTPH
BOJIbI HE CIIMIIKOM OJHM3KO K CTEHKaM.

O0cyx/1eHue U pelIeHue.

VYcnoBue 3amauyd MOHATHO M HE OJIelIeT OPUTHHAJIBHOCTBIO: TPU TOTPYKCHUU
CTaKaH4YMKa C XOJIOJHON BOJOW B ropsiuyr0 BOJy, XOJIOJHAs BOJIa HAUHET HarpeBartbes. Kakas-to
YacTh TEIUIOTHI OT TOpsiueil BOABI OyleT yXOIuTh B OKpyxkarmulyio cpeny. Ckopee Bcero, uto
NOTEPSIMU TEIJIOTHl OT BOJBI B CTaKaHYMKE MOXKHO TNpeHeOpeuyb, TaK KakK, BO-IEPBBIX, OH
IIOJIHOCTBIO TOTPY)KEH B TOpPSUyI0 BOJy (TeIulomepesauyd cO CTEHOK HET); BO-BTOPBIX,
TeMIepaTypa BOJAbI B HeM He OyneT ciaumkoMm Oousbmioi. Kpome toro, temmepaTypa BOIbI B
CTaKaH4YMKe OyJeT M3MEHATHCS B OOJBIINX Mpeaenax (BOAbl B HEM MEHBIIE, YeM B TOPLIOYKE).
Bce 10 HamekaeT Ha TO, YTO Ha/A0 HauboJIee TIIATENLHO U3MEPSATh UMEHHO TEMIIEPATYPY BOJbI
B cTakaHuyuke. Crenyomiee 00bIYHOE MPABUIIO: CEKYHIOMEP TOUHEE TEPMOMETPA, OATOMY Oyay
U3MEpSATh BpEMEHa, KOrja CTOJOMK TepMoMeTpa OyJeT JOCTUraTh OIpPENeNICHHOTO 3HAYCHHS
(puxcupyem temmnepatypy — usmepsieM Bpemsi). Kcratu, kakast Tam 1iena nenenus? Jlpa rpanyca,
3HA4YUT U OyJaeM U3MEepsTh uepes3 JBa rpajyca.

Wtak, BeIpUCOBBIBAEcTCA CIEAYIOIIAs IPOLELypa U3MEPEHHS 3aBUCUMOCTH TEMIIEpaTyphbl
OT BPEMEHHU:

- coOuparo yCTaHOBKY;

- 3aJIMBA0 BOJY (HE MepenyTaTh: ropsuyio B TOPIIOK, XOJOIHYIO B CTaKaH);

- JIOXKHMJAIOCh MOMEHTa BpPEMEHH, KOIJa TeMIepaTypa XOJIOJHOW BOJbl JOCTHUIJIA
HEKOTOpO#l (pukcupyemMoil Mo pucke TepMOMETpa TeMIepaTypsl f , ,; MYCKal CEKyHIOMEp U

xo1.0 2

OJIHOBPEMCHHO 3aMEpsII0 TEeMIIEpaTypy ropsiyeit Boipl 7,,,, (OHa JOJDKHA M3MEHSTHCS TOPa3/Io

Me/JIEHHEE ¥ B MEHBIIIUX Mpeesax);
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- KOy, KOrJa CTOJOMK TepMOMETpa B CTAaKaHE JOCTUTHET OYEepEeIHOW PHUCKH ¢ u

xon.k °

M3MEPSIO BPEMEHH T, B 3TOT K€ MOMCHT M3MEPSIO TEMIIEPATYPY ropsieii BOABI £,,, , (CMOTPIO

Ha XOJIOAHBIN TepMOMETp, MOTOM OBICTPO Ha CEKYHJOMEp, a 3aT€M Ha XOJOJHBIH TEPMOMETp:
7IBa YMCJIa MOXKHO 3allOMHUTB; I0KA BOJA HarpeeTcs A0 CIELYIOLIEel PUCKH, YCIIECIO 3a11caTh);

- IPOAOJHKAI0 U3MEPEHMSI 10 TEX MOP, IIOKAa pa3HOCTh TEMIEPATYP HE CTaHET Majoi (1Ba
— TpU Tpagyca).

Tak, ¢ u3mepenusimu pazobpacs. Teneps, uTo nenath ¢ pesynbratamu? Yuraro emie pas
3aJjaHne: MOCTPOUTh rpaduku — He npobnema. [Iposeputs 3akoH Pypbe! 3HaTH OBbI, UTO ITO
takoe! Jlagno, ¢opmyna (2) ectb, ONATh HOXajueaud OEAHOTO IIKOJBHHUKA, a MOTJIM Obl H
IPOU3BOJIHYI0 HapucoBaTh. BHHMMaTenbHO pa3bupaiock ¢ ¢opmynoi: AQ - KOJIMYECTBO

MIEPETEKAIOIIEH TEIJIOThI, HAA0 IIOHMMAaTh: OT TOpsA4Yed K XOJOAHOM 3a Bpems Ar,
IIPONOPLMOHANIBHO pa3HocTH TeMneparyp AT, Kakux? ['opsueit u xononHoi Boasl. Jlornuno! U
eme KodpuuueHT (Hago mosiaraTth MOCTOSHHBIN), KOTOPBIH Hamo OyneT onpenesiuTh. 3HAYMT,
JUI1 TIPOBEPKM 3aKOHA HAJ0 3HATh TPU «IEIbTh». A 4YTO s MOJYy4y B SKCIEPUMEHTE (eciau
NOJIydy): HabOp BPEMEH T, U TEMIEPATYpbl B OTH MOMEHTHI BPEMEHM: TOpS4Ed 7, , U

XOJIOOHOM ¢ Teneps «IenbTHY HAO BBIPA3UTh YEPE3 ITH PE3YJIbTAThI:

xon.k *
- IpoIle BCEro C HHTEpBAIOM BpeMeHH A7, =7, —7,, (3TH HUHTEpBaIbl OyIyT
pa3HbIMN);
- KOJINYECTBO NEPENAHHON TEMJIOTHI MOMAET Ha HarpeBaHUE XOJIOAHOM BOABI (TIIPO MOTEPH
noka 3a0yaeM) Ha Of =t t .s TPamycoB (3Ta BenuunHa (PUKCHpOBaHA U paBHa of = 2°C),

xon.k xon.k—

HO3TOMY KOJIMYECTBO IOJIYYEHHOW TEIUIOTHI MOXHO IOCUMTaTh, Kak yuwiu: AQ, =cmot .

VY enbHas TEINIOEMKOCTh BOJBI 3aJlaHa, Macca BOJbI 3a7aHa — cunutaercs! Temeps MOXHO OyneT
IIOCYUTATh U MOTOK TEIJIOTHI (HAaJ0 TOUHEE BBIPA3UTHCS — CPEAHUN MTOTOK):

AQ)  cmot
()= »

At k —Tra

Takas BakHas ¢opMmyna, YyTO HagO €€ 3aHyMepoBaTh — Ja, cuuTarh npuzaercs nonro! Her,
YHUCIUTENb TO MOCTOSHHBIN — pa3 MOJACUMTAN M 3amucal (a emie Jydiie Ha ¢m B CaMOM KOHIIE
JOMHOXHTb, TIO X0y OyJIy CUMTaTh, YTO TEIJIOTA 3TO PA3HOCTb TEMIIEPATyp — Takas y MEHs
cucrema equnuil!). Ilostomy nBa pasgenuin Ha pa3HOCTb BpPEMEH (MOYKHO B yME) U IOJY4MII
noTok — mpocto! C 5eBoit 4acTeio pazoOpancs. Temepb pa3HOCTh TeMIEpaTyp — HO OHH JKe
M3MEHSIOTCS, Kakue OpaTh B Hauaje MPOMEKYTKa, WM B ero KoHIe?

KoHeyHo, mnydie cpeaHIOl IO 3TOMY HHTEpPBANY o
(TOX€E MOXHO B yM€ ITOCUUTATh): C
(tzop.k + tzop.k—l )_ (tX(JJl.k + txa.rl.k—l )

Aty = > )

Hy BoT u Bce: Bce NepeMEHHbIE B ypaBHEHUHU
ONpeNeNAIOTC M0 pe3yjJbTaTaM  HM3MEpPEeHHH.
KpacuBo, Hagmo paxe HapucoBaTb, 4YTO OBl
MIPOBEPSIOIIU N TOHSIIL.

Hanpimie moctpoun TpaduK — 3aBUCHUMOCTH
MOTOKA OT PAa3HOCTU TEMIIEpaTyp, MOIYYMI MPSIMYIO,
Haen ee Haki1oH o MHK u nonyunn xosdpunuent
Terronepenayd. BeiBo naxke ceiiuac MOT'y HaIucarTh:
«TaK Kak rpaduk npsmas JUHHA, TO 3aKoH Pypbe BINONHAETCS». Bee aHanornyHo as1st 0JTHOro
CTaKaH4YMKa: HM3MEpeHus, Tabnmuna, rpaduk, pacdersl, emie OoAMH Trpaduk, KodpduuueHt
HAKJIOHA, TIOJYYUTE: <«JIJIsl OJIMHAPHOTO CTaKaH4YMKa KOA(PPULIMEHT Tersonepesayd B JBa pasa
MeHbIIIe, yeM /s aBoiHoro!». Haobopor, B ABa pa3a 6obliie — OH K€ TOHBIIIE.
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Bce — MoxkHO n3mepsaTh. Pe3ynbTarsl H3MEpEHUN 3aBUCUMOCTH TEMIIEPATYP XOJIOMAHOU U
ropstueii BoAbl OT BpEMEHH IpezcTaBieHbl B Tabmuue 1. [ pe3ynbraToB pacyeToB — €Iie JABe
KOJIOHKH (ITOTOK TeIUIOTH 1o (dopmyre (1) 6e3 TemnoeMKoCTH), CpeHssl pa3HOCTh TeMIIepaTyp
no ¢opmyrne (2)) — uIg UX pacueTOB HY)KHBI JBE CTPOYKH, MIOATOMY IepBasi B Tabuuie Oyaer
IIYCTOM.

Tabumna 1.

Teneps HapUCYIO rpaduk (mns 101

JNAIbHEUIIEr0 HE HYXHBIM —  OIIITh ‘
MPOBEPAIOT, KaK yMeeM rpaduKd CTPOUTH). gg Lﬁ%@ ropaas—
Ho, KpacuBoO (ocobeHHO, eciu A AP et
CIJIQXKUBAIONIYI0 KPUBYIO HapucoBarp) — 90 ,_,e—"l;
rIaaKue MOHOTOHHBIE 3aBHCUMOCTH. . -
[TomHOCTRIO OXHJAEMbIE: XOJIOAHAS BOJA M'Qﬂ

HarpeBaeTcsi ObICTpee, 4YeM  OCThIBaeT 30 e

ropsiyasi. JlpamasoHel H3MEHEHHsI TaKxkKe M S
pa3yMHBl — XO0JIoAHas HarpeBaeTcsi Ha 30 ¥

rpagycoB, ropsidas ocTbiBaeT Ha 10, HO ee ¢

IPUMEPHO B TPH pa3a OoJblle. T, C

Tak, 94T0 MOXHO OXHIaTh Xopomiero U !
OCHOBHOTO rpauka — 3aBUCUMOCTH TOTOKa I 1t 200 300 400 200

3aPHCHMOCTH TEMIIEPATYP OT BpEMEHH
TEIUIOTHI OT PA3HOCTHU TEMIIEPATYP.

PaccuuTtsiBato, crpoto ... Jla, He oueHb. OCOOEHHO XBOCT KAaKOW-TO M3 MOCIEIHHUX JIBYX
touek. IIpaBna, 3T0 mepBble TOUKM (IO M3MEPEHHUSIM) — IIOXO H3Meps1? Bo3MoXkHO, Tam |
TEMIepaTypbl H3MEHSUIMCh ObICTpee, efie YycrneBajl 3amnuchiBaTh. Bo3mokHa u  apyras,
¢duznyeckas npUuIMHA. ITH U3MEPEHUS POBOIUI HETTOCPEACTBEHHO TOCJE TOTr0, KaK 3aJIMJI BOTY
— He YCTAHOBHMJICS CIIle TeIUTOBON PEXUM’ : KOHBEKIHS, [epepacipe/eiecHue TEMIIEPATyp U T.JI.
U T.IL

41 o
Ha,I[O COrJIaCUTHCA, BIIOJHE BO3MOXKHBIC IIPUIUHBI, TOJIBKO MOXHO ObLIO 6I)I, 1 HAa3BaTb KAKOU PCIKHUM HC
YCTaHOBUJICA — KBaBHCTaHHOHapHLIﬁ.
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3aBMCHUMOCTE MNOTOKA TENNOTRI OT PASHOCTH TEMMNepaTYR
JlamHO — 9TH TOYKHM MpHU pacuerax OTOPOCHUM, OCTAJIbHBIC TO JIEIJM MPUMEPHO Ha MPSAMYIO.
Hapucyewm ee. Ene oqna npo6iema: oHa He MOXOIUT 4Yepe3 Hylb. MoXeT ObIThb, MOTPEIIHOCTH
u3MepeHuil nomusiu?  Hano paccuMThiBaTh MapaMeTpbl JTUHEWHOW 3aBHCUMOCTH y =ax+b

o o t
(x=At - pa3HOCTb TeMmmeparyp ropsued M XOJOJIHOH BOJBI, y:A_ - MOTOK TEMJOTHI),
T

koHeuHo, no MHK:
3o LK
a=(2,.83+0,17)-10"c™"; b= (2,15i0,40)-10 =
CpaBHMM ¢ rpaduKoOM: TIOX0XKe Ha MPaBAy U HAKJIOH, M oTceueHue Ha ocu. [IpaBaonono6Ho? A ¢
yeM cpaBHHMBaTh? Kakoii cMbIci uMeeT napamerp a ? PasmepHOCTh 0OpaTHasi BpEeMEHH, 3HAYUT,

1 1 At
— Kakoe-To Bpemsi. CMoTpuM Ha popmyny (moka 6e3 3TOro HeHynaeBoro b ): — = - SICHO,

a a Ot-At
BpEeMsI HarpeBaHMs XOJIOJHON BOJBI Ha 1 Tpaayc Mpu pa3HOCTH TeMmieparyp Toxe 1 rpagyc. U

1
CKOJIBKO € 3T0 nosydaercsi — ~ 360c¢ - Hemano (6 muHyT). HO y MeHsI pa3HOCTH TemmepaTyp
a

ropasfo Bblille: Bo3bMeM 20° - BpeMmsi HarpeBaHus Ha | rpaayc B JABaauaTh pa3 MEHBIIE:
nosiydyaeM — 18 cexyna. A mo MouM AaHHbIM OT 34° 10 36° Harpenach NPUMEPHO 3a TPUALATH
CeKYH/: 1O MOPSAAKY BEIMYMHBI CXOAUTCS — rpy0oil ommOku B pacuerax Her. Hy, u KoHeuHoO,
MOTPEIIHOCTH 3TOro Koddduirenta (0kono 7%) Toke MOXKET CBOIO POJIb ChITPaTh.

Paz6epemcst ¢ b. YUto 310 Takoe? JKamp, uro He Hynb! Kakoil cMbIcn 3TOro: pasHOCTb
TeMIIepaTyp HyJlb, @ HOTOK TeIIOTH! uaeT!? HTepecHO, B KaKyl0 CTOPOHY, 10 MHEPLIUHU, YTO JIn?
@dopmMaibHO, TpU KAKOW  pa3HOCTH  TEMIEpaTyp MOTOK CTAHET paBHBIM  HYJO?

b

(At)q=0 =——~—8°. HeBeposATHO, MOXXET s Ha CTOJIBKO OWIMOCS THpU pacyeTre pa3sHOCTeH
a

temneparyp? He moxer ObiTh! TO4YHO OOBSCHHTH HE MOTY, MPUYMH MHOTO: IMOTPEUIHOCTH
u3MepeHuil (oxHa morpemHocTb b okosno 20%); TouHee HamO OBUIO HAXOAMTH CPEIHIOIO
PasHOCTh; J1a ¥ METOJI pacueTa, YeCTHO CKa)KeM, HE OYCHb XOPOII: OMATh MPUXOTUTCA CUUTATh
pasHoctu. OcTaBiio, Kak ecTb, 0e3 KOMMeHTapueB. Bce-Taku Ko3(h(UIMEHT Teruionepenadu
HaliIecH ¢ HemiIoxoi To4HocThio. Kcratn, uyre He 3abbul. HaliTu 3HaueHwe 3TOTO
Kod(puIMeHTa: HaZl0 YMHOXKUTh @ Ha TEIUIOEMKOCTh BOJbI B CTaKaHE:
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K =cma =1,78B—m; AK =cmAa =0,11ﬁ.
K K

OTtHOcuTenbpHas norpetrHocTs 6%. Hernoxo, s Takux npuOopos!
Teneps Bce TO ke 151 OJJHOTO CTakaH4HKa. V3Mepsito, pe3ysbTaTsl B Tabnuiy 2.
Tabumnna 2.

PaccuuThiBal0 MOTOKM TEIUIOTHI M CpPEeJHHME PA3HOCTH W Tyda ke B Tabnumy. Temepb naBa
rpaduka, Uit OTHOTO CTaKaHYUKA.

_ 4t K
o A wl ® ®
704 C )
(]; 0,20 ot
60 /

50

o]
Nl "

10 o
T, e AL C

0

0 50 100 150 200 1] 5 10 15 20 25 30 35 40

JapucimocTH TEenMIIepaTyp 0T EPereH 3aBMCMMOCTb NOTOKA TENNOThI OT pasHOCTH TeMnepaTyp

Eme xyxe — He 3ps pEeKOMEHJOBAaHO CHaydaja IMPOBECTH W3MEPEHUs IJi1 ABOWHOIO, TaM H
U3MEpATH ObLIO Jierdye (MeJICHHee HarpeBajics) U pe3yinbTaThl npuiandnee. Yto ceifuac aenatb?
Cemb mepBbIX TOYEK Hal0 oTOpackiBaTh! KcraT, o BpeMeHH, MOYTH, KaK U B MEPBOH cepuu —
IIEPBYI0 MUHYTY MOXHO He u3MepATh. Huuero He mopnemaems. Ocrtanock 6 TOYEK, 110 HUM
IIPOBOXKY MPSAMYIO U PACCUMTHIBAIO NTapaMeTPhl JUHENHON 3aBUCUMOCTH

5o LK

a=(664+097)-10"c™"; b=(4,6+011)-107—.
c

[Morpemnoctu mox 20% - U ToYeKk MeHblIe, W IUAMYT Ooisbire. Bee Te ke mpoOiemsl ¢
napamerpoM b . I[Io 3TUM JaHHBIM NOTOK JOJKEH IPEKPATUTHCS IIPU Pa3HOCTH TEMIIEPATYP

b

(At) 4-0 = —— ~ —7°. MIHTepecHO, 4T0 MO4TH Takoe e 3HaueHue. Ho 310 cekpeTHbIe TaHHBbIC.
a
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He 3a0bITh: KO3 PHUIHMEHT TerIonepeaadn
Bm Bm
K =cma=418—; AK =cmAa=0,61—.
K K
Ho sT0oT KO3 duMeHT Gosbile yeM B JBa pa3a NpeBbIaeT Ko3()(UIMEHT Teronepeaaun s
NBOIHOrO crtakaHa! A MOXKET Bce B Iipejienax norpemnoctu? Haiiny nx oTHoIIeHHE:

2 2
K ~ 2,3 u ee NOTpemHoCcTb A K = K AR, + AR,
K, K, K, K, K,
7Ba pasa (B mpejenax MorperHOCTH).
Ocranock caenaTh BEIBOBI:
- 3akoH Dypbe BHINOJIHACTCS;

- 3HaYeHUs KO3(PPULIMEHTOB TeIIonepeaayl paBHbI

~ 0,4 . M0OXXHO CUUTATh, YTO B

K, =(18+ 0,1)3—12";

U OTJIMYAIOTCS TPHUMEPHO B JBa pas3a, XOTS, BO3MOXHO, 4TO OOJIbIIEE YMEHBIICHHE 3TOTO
kodduimenTa Uisi TBOWHOTO CTaKaHYMKa OOBSICHIETCS HEIMJIOTHBIM TPHUJIETAaHHEM CTEHOK
CTaKaHOB JIPYT K APYTy U HAJIMYUEM MAJIOM IMPOCIOUKH BO3yXa MEXKIY HUMMU.

Bot BBIIan, a yto? PaMbl OKOHHBIE TOKE JABOMHBIMH JEIAfOT!

A Bce-TakM HMHTEPECHO, B JIBa paza yMEHbIIAaeTcs Teronepenaya win Oonbmie? [Ipu
TaKOW TOYHOCTH MU3MEPEHUN OTBETUTHh TOYHO HENb3s. Bce 1ano B MeToie — BEUHbIE TIPOOIEMBI C
TUMH pasHocTsaMu! MOKHO T pe3yabTaThl 00padaThIBaTh MO-IPYroMy, HE CUUTAsl OTHOIICHUS
paszHocTeil. OTo ke (haKTUYeCKH s TaK MPOU3BOJHYIO pacCuuThiBal. HemaBHO wuTan, 4To
omepanusi YHUCICHHOTO AuQQepeHIInpOoBaHus HE3aKOoHHA (TouHee, He KoppekTHa). Kak Obl
HKCIIEPUMEHTAIBHYIO KPUBYIO, O€3 mepecuera, oOpabarsiBath? Hano Oyzer oOaymars noma. Ho
He ceroaHs — yctan M He 3aBTpa — Hal0 ke Oy/eT 3a TUIIIIOMOM C MEJAIbIO UITH!

Jomosinenue k 3agave. lomamnsas pa60T342.

Bot 51 1 noma, Teneps 3aroHio cBou aaHHble B Excel — cMory aTux rpadukoB HaCTpOUTb,
3TUX K03 duirentoB Hacuutars 1o MHK — ckosibko aymie yronno. BaxHo Tonbko coobpa3uTs,
YTO CYUUTaTh, YTO CTPOUTH — 3TOTO MHE HHUKaKOM KOMIIBIOTEp HE NoAcKaxkeT. Hauny c
Pe3yJIbTATOB M0 IBOMHOMY CTaKaHUMKY: TOUYEK OOJIbIIIE,

Hrax, ocHOBHas ujes — LEIUKOM 00pabaThIBaTh 3KCIIEpUMEHTaIbHbIE Tpaduky. UTo MHE
HeoOxonuMmo craenarb? IIpoBepuTs BbINoOJIHEeHHE 3akoHa Dypwe, pa3; HaWTH KOIDUIIUEHTHI
teronepenaun, aBal YUto g npeman? — aHaIM3MpOBaN MOTOK, Kak (QYHKIHIO Pa3HOCTH
TeMIepaTyp, Ha OCHOBaHMM 3aBHCUMOCTH TEeMIIEpaTypbl (ABYX TeMIeEpaTyp) OT BPEMEHH.
3Ha4yMT, HAJO0 OT MOTOKA MEeperTH K TemmepaType. A 4To Takoe ypaBHeHHE 3akoHa Dypbe, Kak
HE CBSI3b MEXJYy CKOPOCTBIO M3MEHEHMsI TEeMIIEpaTypbl C TEMIIEpPaTypoil: Kak B MEXaHHUKE,
M3BECTHA 3aBHUCHUMOCTb CKOPOCTH OT KOOPJIMHATBHI, HAJA0 HAMTH 3aBUCHUMOCTb KOOPJHHATHI OT
BpemeHu! Orta xe 3amaya pemaercsi! KoHeuHo, s aHamM3uMpoBasl NPOU3BOAHYIO, a HAA0
aHaJTM3UpPOBaTh caMmy (YHKIIMIO, HO TOTJa HaJo 3HaTh ee BUA! DX, eciau Obl g 3HAJ BUJ ITOH
¢byHKIMy, st Obl U HA OJIMMITHAJIEC €€ MPOBEPsUT U UCKall ee mapamerpbl! XKanb, He ymero 5 pemaTth
Takue ypaBHeHUs. A ecnu noaymats? [IponsBoaHas mponopiuoHaibHa camoit pynkumu. I'ne-to
s y)K€ TaKoe BCTpeuall, U He pa3: pa3psi/ika KOHAEHCATOpa — CHjla TOKa (IPOMU3BOIHAS OT 3apsja)
PONOPLHMOHANIBHA 3apsly; TOPMOXKEHHE Tella B BA3KOH JKUIKOCTU — YCKOpeHHE (TPOU3BOIHAS

42 o .
B ouepennoii pa3 BOCXHTHMCSI HAIIUM YYEHHUKOM — JICHCTBUTEIIEHO, Y HETO HOSBIJIACh OJecTsImast naes
HCCIEe0BaTh HE MPON3BOIHYIO OT SKCIIEPUMEHTANIBLHON (HyHKIMH, a camy ¢yHKIuo. [TocMoTpum, 9TO Y HEro

noyuurcs!
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OT CKOpPOCTH) NpPOTNOPLUOHATBHAS CKOPOCTU. 3/e€Ch TO JK€ CaMoe: CKOPOCTb H3MEHEHHUS
TeMIepaTypbl TUHEHHO 3aBUCUT OT TEMIIEpaTyphl. Ypa, pereHne OyaeT 3KCIIOHEHTOM

t=Aexp(—aT), (1)
¢ mapamerpamu pasdepyck norom. Hamo norapudpmuponats. To ecTs jgorapudm TeMmiepaTypbl
JOJDKEH JIMHEWHO 3aBHCETh OT BPEMEHHU:

Int=InAd-ar. L
IIpoBepHTL SIEMEHTAPHO — BPEMEHA €CTh, "1 & o
TEMIIEPATYPBI €CTh, CTPOUM. 3.900 te ele o g g s
: @
CronGen ans nmorapudma Inz  ,, cromber 3700 o ®
3,500 S
st norapudma Int,,, ., MacTep AuarpamMM, 43 @
@
roroBo. M osrto mpsameie? Her, xoneyno! 3,100 1=
[IpoBepsito — MOXHO mapy Touek wu 2700
2,700
«BPYYHYIO» TPOBEPUTB, HYTO s Tiaymee ', 5L
b ¥
Excel’s? Bce mpaBwibHO. Moxer, morepu 0 100 200 300 400

TEIUIOTHl B BO31yX BUHOBAThl? HO B MOEM  3amucumocts TEHNEepaTyp 01 BpexeHn (NoraputhHUdeckii HacTan)
peLHeHHH OHHU HEC HpOﬂBI/IHI/ICB, HNJINn s HC

3ameTmn? 3a 4yTo ke Torga Mefanb Aanu? YUto-to s Hamytan. Ilocmotpro emie pa3 Ha CBOIO
¢ynkuuio (1). Koneuno, kro Takoe mpuayman? Pa3Be Temmeparypa JOJDKHAa CTPEMHTHCS K
HYJI0, Kak 31a yHkuusa? Her, pyHKIus 1omxHa ObITh Apyroil. YTo y HAC TOJIKHO CTPEMHUTHCS K
HYJIIO — pa3HOCTh Temmepatyp. [loxoxe, 4To pa3HOCTH TeMIIEpaTyp Haa0 JorapupMupoBarth (a
norapudM pazHOCTU He paBeH pa3HocTH Jorapudmosn!). IlonpoOyro: eme oauH cronder s
pasHocTH Temmeparyp |f t (M He HAJO HUKAKUX CPEIHHX), elle OJUH CTOJOeL IS

cop.k — Yxonk
norapudma pazHOCTH ln(tmpA b~ Loonk )I/I Ha rpaduk: 3710pOBO, KOHEUHO HE UAeaNIbHAs NpsiMasi, HO

OueHb OJM3K0, 0COOEHHO €CIIM HECKOJIBKO MEPBBIX TOUeK 0TOpocuth! S Ha BepHOM myTH. UTO €

9TH rpadukom nenarb? HykxHO 3HATH

oty Gynkumio. W eme — onsth 3aBUCUMOCTL Norapydava pasHOCTM TeMnepatyp oT
pasHocTH (IpaBaa, OOJbIINE — HUYETO BpPeMeHM
cTpamiHoro!),  HO  HCIIOJIb3YIOTCS
3HAQYEHHUs TEMIEpaTyp U XOJIOJHOU 40g °
(M3MepeHbl  XOpoINo), U  ropsueii 35 ’J.’J.
(M3MepeHbl HE OUYEHb XOpPOILIO) BOJBL _E_ gg ®eo CIPY
Bor ecnu Obl mOmMyuuTh pe3ynbTaT 2 20 (O] ®
TOJIBKO MO0 «XOJIomHoW» Bome. Ha E 1,5 0o
BpeMsi Ha  CTaTb  TEOPETHKOM. 1.0
[TonpoOyto. 3anuimry ypaBHEHHE IS g’g
U3MEHEHHs] TeMIepaTypbl XOJOJHOU 0 100 200 300 400 500
BOJIbI (KonHMuyecTBO TETJIOTHI, Epene (CoKyHIR)
nouIeIniel Ha HarpeBaHHE XOJIOJHOMN
BOJbI, PAaBHO KOJIMYECTBY TEIUIOTHI,
MOJIy4EHHOH OT ropsiuen):
CAt, =K(t,—t,)AT, 2)

BCE, YTO OTHOCHUTCS K XOJIOJAHOM MOUJET ¢ MHAEKCOM 1 ¢, - TemmepaTypa (3aBHCHUT OT BPEMEHHN);
C, - TemnoeMKoCTh (TOJIHAs, a HE yJENIbHAs); BCE, YTO OTHOCHUTCS K TOPSYEH - ¢ MHIEKCOM 2.
Xopouiee ypaBHEHHE, TOJBKO PEIINTh €T0 HENb3sl — JBE HEU3BECTHBIX (TeMIlepaTypa ropsden
To)ke u3MeHsercs). Hajgo 3ammcaTh Takoe k€ ypaBHEHHUE JUIsl ropsdei (TOJIbKO OHAa OTAAeT
TEIJIOTY)

C,At, =—K(t, —t,)AT. 3)
VYpaBHEHU 1Ba, HEU3BECTHBIX JIBE, HO Kak MX HaiWTu? CrpaBa B 000MX ypaBHEHUSX Pa3HOCTb
TEMIIEPATYP, HAAO CAETATh Ty )K€ Pa3HOCTb
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K
At =—(t, —t,)At
C At =K(t,—t,)At C, - Alt,~1,) 11 (1)
C,At, =—K(t, —1,)A7 K At ¢ ¢ )
288, (2 1) At2=——(l‘2—tl)AT 1 2
CZ
A BOT 3TO yX€ COBCEM 3HAKOMO: MOCTOSIHHBIA KO3()(UIIMEHT NPU Pa3HOCTU U €CTh MOKa3aTeib
HKCTIOHEHTHI.
O06o03Hauy ero, Kak ¥ paHble:

Kak ero HaxoAuTh TO SKCHEPUMEHTAIBHBIM JAHHBIM HM3BECTHO: 3TO KOA(MQPHUIMEHT HAKIOHA
rpagpuka B momyinorapupmuueckomM macirade. [lake ecium s ero Haimy, To 4ToOBl HaWTH
KOA(QQHUIMEHT TeIUIoNepeaud Hajl0 3HaTh TEMJIOEMKOCTH. TerIoeMKOCTh XOJIOTHOW BOJBI
u3BectHa: C, = cm , a 1y ropsiueii? M3meputs 00beM ropsiueil Boabl? A TEMIOEMKOCTb TOPILKA,

HaBEpHOE, HE MajeHbkasd. Hajgo Toke paccuuThiBaTh MO JKCIEPUMEHTAIBHBIM JaHHBIM. He
CJIOHO — 3HAI0 U3MEHEHHUE TEMIIEPATYpPhl XOJI0AHOM, 3Hal0 U3MEHEHHE TEMIIEpATyphl Topsyei —
JIETKO HAWTH OTHOIIEHUE TEIJI0EMKOCTeH, na, nMeHHO oTHorieHue! Eme onHo oOo3HaueHMe:

L= n , Torga rmoKas3aTejib 3KCIIOHCHTLI UMECT BU/I:
2

a=2(1+7). @)

1
Tenepp «reopernyeckas» MOJENIb NOCTPOEHA: Pa3HOCTh TEMIIEPATYp TOPSYEH U XOJI0JHOW BOABI
3aBUCHUT OT BPEMEHU 110 3aKOHY:

(tz _tl): (tz - )o exp(—ar) ) (5)
rIe (tz -, )0 - HayvaJbHas Pa3HOCTh TEMIIEPATyp, KOTOPYI0 MHE 3HaTh M HEOO0A3aTeNbHO, B

norapupmMUUecKoM Maciitabe oHa yiaeT B cBoOOHbIN wieH. Hy u xopouo, MHe e Hago Oyaer
0TOpachIBaTh MIIOX0 U3MEPEHHbIE HAYAJIbHBIE TOYKH!

A Kak e 3aBHCAT OT BpEMEHHM caMH Temreparypbl? JIOJKHBI coAepKaTh TaKHE Ke
OKCTIIOHEHTHI - MHAa4Ye HMX pPa3HOCTh He Oyner uMerh BuJ (5). A 4yTo OyJeT CTosTh mepen
HKCMIOHEHTAMHU: TOXKE€ JOJDKHA OBITh Kakas-TO Pa3HOCTb, NMpHUYEM, cTpemsiiascs K Hymo. Hy
KOHEYHO, OTKJIOHEHHE OT KOHEYHOH (CTallMOHApHOW) TeMIeparypbl, KOTOpyl0 00o3Hauy 6.
Kak 310 51 cpa3y He fnorajancs: Bcera 1o SKCIOHEHTE YObIBaeT OTKIOHEHHE OT CTallMOHAPHOTO
3HAYEHUS: M 3aps MPH 3apsjike KOHJEHcaTopa, U CKOPOCTh JIOAKH mpu pasroHe! Ilostomy
TeMIIepaTypbl BOBI JOJKHBI 3aBUCETh OT BPEMEHH I10 3aKOHAM

(e_tl):(e_tl)o exp(—ar), (6)

(t, -0)=(z, —0), exp(-ar). (7
Oxa3zpIBaeTcsi, TCOPETUKOM OBITh HE CJIOKHO, €CIH JyMaTh, Kak (PU3HK, a HE KaK MaTeMaTuK!
Ternepb y MeHs ecTh LIeJBl TPH crioco0a OmpeesIeHus MOKa3aTells SKCIIOHEHTHI (a Yepe3 Hero u
KO3 uIIMeHTa TerIonepeaayn): «II0 XOJIOJAHOW BOJE», «II0 TOpsuYeil Boje», MO Pa3HOCTH
temneparyp! MHtepecHo, a coBnanyt iu 3T nokaszarenu? Xopomo 0b1! Teneps mociensee: a
KaK MHE MOCTpOUTh 3aBucuMoctu (6)-(7) B norapudmuyueckoM MaciiTabe, eciau HEM3BEeCTHA
KoHeuHast Temnepatypa? IIpocto norapudmupoBaTh TeMmmepaTypbl s yxXe HpoOoBai, Ternepb
MOHATHO, TOYEMYy HHUYEro xopouiero He moxydwiock! Hano uckateh moTtouHee KOHEUHYIO
TEeMIepaTypy ¥, 4yThb He 3a0bUI, OTHOLICHHE TEIUIOEMKOCTeH. Bce 3T BenMUMHBI BXOIAT B
ypaBHEHHE TEIIOBOTO OanaHca, HaJl0 ero 3anmucaTh:

0).

Cl (0 - )
a €CJIM UCIO0JIL30BaTh OTHOIICHUE TEIIOEMKOCTEN =1, TO €elle IIPoIIe

(e, -
C
c-
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n(0-1)=(,-0). @®)
Tak oHO e JIUHEWHOE: CTPOil 3aBUCUMOCTB f, OT f,, IOJy4ail IpsAMYIO (ecnu noay4urcs!),
oOpabatsiBail ee mo MHK (Torza snyume ¢, oT ¢, TeMneparypa XoJIOJHOI U3MEpEeHa TOUHEE) U
HAXOJH, 4TO TeOe Ha/0: JIBa MapaMeTpa JIMHEWHON 3aBUCMOCTH, /1B HeU3BeCTHBIX. Emie omHa
MBICJIb. UCIIOJIB30BaTh Pa3HOCTb TeMIeparyp Af = (z‘2 —tl), NOCTPOUTh €€ 3aBUCHMOCTB OT f;

(umu oT f,), U CMOTPU IpPH KAaKOW TEMIIEpaType Pa3HOCTb CTAHET pPaBHOW Hymo! A 3T

3aBHCHMOCTHU TOXE€ JOJDKHBI OBITh MTUHEHHbIMU. Kakoii croco6 sydlie; HaBepHO, pa3HOCTh Kak
(GyHKIHS TeMIepaTyphl X010 1HOU (oHa TouHee!). XoTs yuiie monpoOoBaTh BCe TpH crocoda u
cpaBHuTh. llocienHee TeopeTMueckoe yCWiMe: NMPUBECTH BCE TPU 3aBUCHUMOCTU K SBHOMY
TUHEHHOMY BUJY, BBIPa3UTh MapaMeTphl 3aBUCUMOCTEH UYepe3 KOHEYHYIO TeMIIeparypy u
OTHOIICHHUE TEIUIOEMKOCTH, HAKOHEI], BHIPa3UTh HEU3BECTHBIC (M MX MOTPELIHOCTH, MHAYe Kak
CpPaBHHMBATh) 4Yepe3 MapaMeTphbl JHHEWHBIX 3aBUCUMOCTEH— C STHUM JaXke JKCIEPUMEHTATOP
cupaBurca. [Iponenato 3Ty paboTy B Tabnuuke (s k€ BCE-TaKh OOJBINE IKCIEPUMEHTATOp, a
Kako# skcriepuMenTarop 6e3 tadbnuisl). Hy BoT u roroo: Tabiuma 1.

Tenepb MOXHO MTOCTPOUTH IpapuKu:

o 0,
620 — Fro0,C w0 ALC
| [+] ZO
60,0 40,0
r =
i ] ’ 35,0 \Q\Q tmn.,‘b fJ
o ’\{Kc th; 30,0 i) !
.., | + F A
56,0 2510 - o -
Pl | | (=t ‘ g
54,0 1N { frop. = Exon.| 700 % 5{‘
52,0 W 10 \&\6\5 7
\&\Q\ 10,0 X
50,0
7\ 50
48,0 | . |
16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 Dﬁu g0 e A me i B 5 % we
MpoBepKa coXpaHeHua TennoTsl t}mn., € Pasnocrs Tennepatyp ot Tennepatypbl

3nopoBo u kpacuBo! Eciu Obl mOTepu TEIUIOTH! ObLIM CYLIECTBEHHBI, TO IpsSMbIe ObI HE
HOJIyYMJIUCh. A XOPOILO BHJIHO, YTO B Hayajie TOUKU SBHO OTXOJAT OT MPSMOW — TO JIU IJIOXO
U3MepsUl, TO JIM, JCWCTBUTENBHO, 3aMETHO HarpeBaHue Bosayxa. [loaTomy mepBblii rpaduk
MOXKHO Ha3BaTh IPOBEpKa 3aKOHA COXpaHEHHs TemoThl. BeiBoa: moutu coxpansercs! Ilo
BTOPOMY T'padyKy Cpazy MOKHO OINPEAEIUTh KOHECUHYIO TeMIIepaTypy: MPOJOJDKAI0 MPsMbIE 10
IPECeUeHUs] C OChI0 M TOJy4al0 3HAYCHHWE KOHEYHOH Temmeparyphl (KOTJa pa3HOCTh paBHA
HYJI0) — CTpaHHO, coBHajaaeT! A Ha mepBoM rpaduke HaJ0 MPOBECTH MPSIMYIO C YpaBHEHHEM
t, =t, ( B caMOM YroJIoOuke MOMECTUIacCh) U HAHTU TOUKY €€ MepeceueHHsl C MOCTPOCHHOU

npsMoil — To ke mpubiusutensHo 49°. JIeHCTBUTENBHO 340POBO, MEPBbIE TOUKA OTOPOCHII, a
KOHEYHYI0 TEMIIepaTypy Halleld [0 YCPEJHEHMIO BCEX OCTaJbHBIX TOoueK. Mmeer cMmbIch
IIOBO3UTBCSI C METOJIOM HAaMMEHBIIMX KBAApaTOB i1 BceX NpsMbIX. CuMTaro, pe3yibTaThl B
Tadnuiy 2.
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Tabauna 1. TeopeTuyeckne pe3yabTaThl.

YpaBHEHHE TEIIOBOTO OaaHca

C1(9_t1): Cz(tz _9)

Bun 3aBucumMoctu

2)  ylx)=ady)

3 ylx)=Ad1,)

3aMeHa IepEMEHHBIX t, =t +At t,=t,— At
Teopernueckas 3aBUCUMOCTb + C +C C. +C
P =-5145875, At=""""2(0-1,) At=""""2(t,-0)
G G G ¢
Bun nuHelHOM 3aBUCUMOCTH y=ax+b
O06o03HaueHus TEPEeMEHHBIX y=t, y=t,—t =At y=t,—t, =At
X =t X =t X =1,
Teoperndeckue 3HaueHUA C, C, +C, C+C 1
o a=———=-1 a= ——( +1) 1+—
napaMeTpoB JIMHEHHOM C, C, C, n
3aBHCUMOCTH C1C C +C c
b= 0= (41 b= 0 (10 p=-S2%o-14l)p
C, C, C, n
BeipaxkeHne 1t KOHEYHO 0 b 0 b 0—_ 2
TEMIIEPATYPhI YePe3 TapaMeTpPh T 1_g4 T4 B
JIMHEWHOU 3aBUCUMOCTH
ITorpemHocTs onpeneneHus 2 2 2
A
KOHEYHOW TeMIiepaTyphbl AO =0 Ad + Ab AO =0 Aa + [A—bj AO =0 —
l-a b a b a
BeIpaxxenue a1 onpeneneHus n=-a n=-a-1 B
OTHOIIEHUS TEMJIOEMKOCTEN = a—1
[TorpemHocThs onpeaeneHus An =Aa An =Aa Aa

OTHOIIIEHUS TEILIOEMKOCTEHN
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Tabauna 2. Pe3yabTaThl pacueTos.

3aBUCUMOCTD

ITapamerp a (K/c)

[Morpemnocts Aa (K/c)

OtHOCHUTEIbHAA
MOTPENTHOCTh

[Tapametp b, °C

[TorpemrHocts Ab, °C

OtHOCHUTENbHAA
MOTPENIHOCTh

Koneunas
temnepatypa 6, °C

[Torpemrnocts A6, °C

OtHOCHUTEIbHAA
MOTPENTHOCTh

OTtHoleHne
TEIIOEMKOCTEH 77

ITorpemHuocts An

OtHOCHUTEIbHAA
MOTPEIIHOCTh

IIpexpacHoe

COOTBCTCTBUC PC3YJIbTATOB, IIOJYUCHHLIX TpEMs MGTOIIaMI/I! Kak mu

0’KU/1aJI0Ch, HAaOOJIBIIIAs OTPEIIHOCTD TOIYYMIach B TPETbEM METOJIE («II0 TopsYei Bojie») —
HO U 3J/1eCh IIOTPELIHOCTb HE BbICOKA 3-4%.

HemHOro crpaHHo, 4To B NEPBOM METOAE OTHOCUTENbHAs IOTIPEIIHOCTh KOHEUHOU
TEMIIepaTypbl OKa3ajach MEHbILIE YeM, OTHOCHTEIbHAs MOTPEHIHOCTh pacyera Kod(duuueHTa
HakioHa. XOTs B (opMyny (M B MOTPEIIHOCTb) BXOAUT (l—a), [I0TOMY 3TOT IIapameTp He

CWJIBHO BJIMSIET Ha KOHEUHBIHN pe3ysbTarT.
Wtor: morepsMM TEIUIOTHI B OKPYKAIOUIYI0 Cpely MOXKHO mpeHeOpeub. Koneunas
TeMIepaTypa BO/bI JJOJDKHA CTaTh paBHOU

6 =(488+0,5°C;

OTHOILLEHHUE TEIJI0EMKOCTEN BOJBI B CTAKAHE U COCYJla C TOpsYEN BOJAOU PaBHO

n=0,339+0,012.

EH.[G OJMH IIapadOKC: TOYHOCTb PACCUUTAHHOTO 3HAUCHHUA TCMIICPATYPhl BbIINIC TOYHOCTU

TepmMomMeTpa? MOKHO OOBSICHUTH TakK: €CIM y TEPMOMETpaA €CTh MPUOOpHAsl CUCTEeMAaTHUYECKast
MOTPEIIHOCTh (CIBUT IIKANIBI), TO OHA BOILIA B KOHEYHBIH pe3yabTaT, HO B JajbHEHUIIEM HaJ0
MCII0JIb30BaTh Pa3HOCTH MOKa3aHH, MOATOMY MOCTOSHHBIN CABUT HE CYIIECTBEHEH; PE3YJbTaT
MOJIyYeH M0 YCPEIHEHHUIO OOJBIIOTO YHWCIIAa JaHHBIX CO CIydyailHBIMH OIIMOKaMHu (OIIHOKa
OKPYTJICHHS TO XK€ CIydaifHasi), TOSTOMY Pe3yJIbTaT YCPETHEHHSI MOXKET UMETh 00Jiee BHICOKYIO
TOYHOCTb, YEM TOUHOCTb OT/IETLHOTO 3HaUCHUS (WM 51 HE MpaB?).

[TomyueHHOoe 3HAYCHHE KOHEYHOW TeMIepaTypbl IMO3BOJSET TOCTPOUTH BpPEMEHHBIC
3apucuMocTu Temmepatyp (5)-(7) B norapudmuyeckom Macmtade — CTPOUM.
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[Tomyynnoch HE MIOXO — €CIU OTOPOCHUTH HECKOJBKO MEPBBIX TOYEK, TO OCTAJIbHBIC

TOOPOCOBECTHO JIOXKATCi Ha TpsAMble; MPOBOAUM HMX — 3aMEYaTeNIbHO, «HA TIJIa3» OHH
!
napajuieabHbl! 10 1 (A7)
A 4YTO MOKaXyT pacyeTsl IO i
35

MHK ko3¢ durmeHToB HaKkIoOHA:

®e
* A :}N
- «I10 XOJIOOHOHM BOJEY: 30 Py
a=—(6,50+0,45)-10"¢™"; 254 % : —
= % . X0JI00HAaA pazHOCTh
«TI0 TOpsTYelt BOsIe»: i T (e k.t

a=—(6,23+0,38)-10"¢";

o/

15

“h\-—h
- 110 Pa3HOCTH TEMIIEPATYp:
a=—(6,43+036)-10"¢". b (ropaaas} |y
Pesynbratel cornmacyrorcss Mexay 09
co0OH (M MOTrpeIHOCTH ONM3KH), gg

HOBTOMY MOKHO UX pre,Z[HI/ITI: u 0 50 100 150 200 250 300 350 400 450
HpI/IHﬂTB Ba.BHl:HI\‘IDCTB pa3HOCTeH TeNOIepaTyp 0T EPEeMEeHH

{(mmoraprdvord e ckpit MacioTab)
a=—(6,4+0,2)-10"¢",

Ir7ie TIOTPEUIHOCTh MPUMEPHO B V3 pa3 MeHbIIIe MOrPENIHOCTH OHOTO pe3yibrara’. Hakomer,
paccuuThiBaeM KOA(QGHUIHUEHT TEIUIOoNepeadur ¢ IOMOUIbI0 GopMyIs (4):

cm Bm
|a| =3,05—,

I+n K
YTO B MOJTOPA pa3a OTIUYAETCS OT MOJIYYEHHOTO paHee. A MOrpelHOCTh:

2 2
Aa A Bm
AK, =K, || 28] +| 21| ~0122,

a I+n K
9T0 cocTaBisieT Bcero 3%. KoHedHo, 3TOMYy pe3ynbTary clieayeT JOBEpsATh Topa3ao OoJbIIe.
Uro mpoBecTH pacydeThl IS OJUHAPHOTO CTaKaHYMKa NocTaTodyHo B Excel 3arHate Tabmuiry
pe3yIbTaTOB M3MEpPEHUil Temmepatyp s Hero. He Oyny BBIMHCHIBATH BCE MPOMEKYTOUYHBIC

BBIKJIAJIKH, TIPUBEY TOJIBKO I'pa)MKU M KOHEUHBINA pe3yNbTarT.
O HHAPHBLI cCTAKAH

T, e

K, =

L1}
62,0 3 45,0 At; g
e € : o
0.0 40,0
’ e
35,0
58,0 | g
\ 30,0 e r
56,0 H\g - \ §
iy L 200 \g& ?
\\ i N J)
. ’ N
\\ 10,0
50,0 : - \S\Q g t
B §§| ,
48,0 —t— 0,0 } |
16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 150 20,0 25,0 300 350 400 450 50,0 550 60,0 650
MpoBepka coxpaHeHnA TeNNoThI tmn_,‘t‘ PazHocTe TeMNepaTyp oT TEHMNepaTyphl

KagecTBeHHO, Bce TO e caMmoe, TOJIBKO pa3dpoc Oobliie, 0COOCHHO U HAYaJbHBIX TOYEK — UX
HaJI0 OTOpachIBaTh!

Pacuer KOHEUHOM TeMIlepaTypbl U OTHOILICHUA TEIUIOEMKOCTEM INPUBOIUT K
CTBIKYIOLIIUMCSI pe3yJIbTaTaM TOJBKO C 3aMETHO OOJIbIIEH MOTPEIIHOCTHIO, KOTOpas MUHUMaIbHA
JUISl 3aBUCUMOCTH (2) — «I10 XOJIOJTHOM BOJIE»:

! Hecy1iecTBeHHAS HETOYHOCTH — CKOPEE HAJI0 JACMHTh Ha v/ 2 , TAK KaK HE3aBHCHMBIX H3MEPEHHS TONBKO JIBE
CepUH.
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- KOHEYHasi TemIeparypa

200

0=(482+13rC; 10 7 1nAD)
o e
- OTHOLICHHUE TEIUIOEMKOCTEH 335 S
T e hb\ﬁ}\
n=(033+0,03) - kak u cregoBaNO 34 D,
OKMJaTh, COBIANAaCT C JAHHBIMH II0  ,, \N
~ ’ N
JBOMHOMY CTaKaHYUKY. Ly - . (pmmocts)
20 - { x0mopmas | L

BpemenHbie 3aBHCHMOCTH “\@\% el el
U3MEHCHUS TeMIIepaTypsl B " (roprran) o] ~
norapu(MUUECKOM MaclITabe) Takxke 1.0 -\‘“\Q\ E
naioT Oosiee 3aMeTHBIA pa3dpoc. 3aech g5 o9l
NPUIIIOCE  OTOPOCHTH HE TOIBKO 6 T,
Ha4daJIbHbIX TOYCK, HO u OI[Hy ’ 0 20 40 60 80 100 120 140 160 180
IIOCIICAHKOKO — 6OJ'I]>HO OJaJICKO OHa 3apHCHMOCTE pajHOCTell TeMIIeparyp 0T BEpeMeHH

» ; 5

BBICKAKHMBAaJa. [Toctpoennslie o {moraprdnmrseckusi nacmrab) (0 MMHAPHLI cTaKaH)

OCTaBIIUMCA TOYKaM HPAMBIC IMOJTYIWIUCH IIPUMEPHO MMapaJlJICTIbHBIMU. YCPGHHGHHOG 3HA4YCHHUC
MOKa3aTeiIsd SKCIIOHCHTBI OKAa3aJI0Ch PABHBIM

a=-(132+0,4)-10"¢c".
CoOTBETCTBEHHO, 3HaYeHUE KO3 (UIMEHTA TEIUIONepeiaul PaBHO

K, =(63+ 0,2)3—[;” ,

C OTHOCUTENbHON morpemHocTeio 3% ( a He 15%, kak Obuio pasbiie). Takum o00pasom,
OTHOILIECHHE MOJyYEHHBIX KOI(PPHUIIMEHTOB OYeHb OJIM3KO K IBYM (XOTS U UyTh-4yTh BBIIIE, HO B
npenenax MOrpenrHocTel), TOITOMY HET HEeOOXOJIMMOCTH MPHUIMCHIBATH HAPYIICHUE 3/IPaBOrO
cMbIcna (M (PU3UYECKUX 3aKOHOB, YTO MOYTH OJIHO U TO K€) MaryOHOMY BJIMSHUIO Bo3ayxa!

BoT Takas 3ameuarenbHas paboTa MOJIYYMIach — HEOXKUIAaHHO. KOHEYHO, BBITIOJIHUTH €€
B OTBEJICHHOE BpeMs, J1a elle BPyYHYIO, Ha OJIMMIINA/Ie HEBO3MOXKHO. Ho He »kaib moTpaueHHOro
BpemeHu. Eciin Obl B ycioBuu Janu (GpopMyssl JUIsi BpEMEHHBIX 3aBHCUMOCTEH M TMOJICKA3aH,
YTO C HUMH JeJaTh, TO 10 OJHOW M3 TPEX METOJIUK MOXHO ObLIO ObI U MOCYUTATh, OCOOEHHO C
komnbioTepoM! Beap Oynyr korma-HHOyIs Ha oOJMMIMane B KadecTBe 00OpynoBaHHs (M
MaJICHBKOTO CyBEHHUpA) BbIJaBaTh HOYTOYK, TOTAa Ha (U3MYECKON OJMMIHNANe MOXKHO OyneT
3aHMMATHCS DUHKOI, a He apHpMETHKOIH !

2 1 orsITh HA/O COrMIAIIATHCS C 9TOM, YBBI, YTONUUECKOW HUACEH.
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3agaua 17. «IIpocTo 1amnouka»

IIpudopsl u 06opyaoBanue: Jlamnouka HakanuBauus 2,5 B; Oarapeiika 4,5 B; peocrart;
IIPOBOJIOYHBIA PE3UCTOP; aMIIEPMETP LIKOJIbHBIN; MYJIbTUMETP; KIII0U JJICKTPUUECKU;
COEJIMHUTEINIbHBIE IPOBOJIA; TEPMOMETP.

Yactse 1. ConpoTuBjIeHHEe pe3ucTOpa.
1.1 IIpoBepbTe BBINOIHUMOCTB 3aKk0Ha OMa Julsl IPOBOJIOYHOTO PE3UCTOPA.

1.2 Omnpenenute ¢ MaKCUMaIbHO BO3MOKHON TOYHOCTBIO COIPOTHUBJIEHUE TIPOBOJIOYHOTO
pesucropa.

Yacts 2. BoabTamnepHnas xapaktepuctuka (BAX) 1aMnoukn HakaauBaHMsA.

Iloockaska — pekomendayus: B anvHetiuux usmepeHusx e ucnoav3ytime amnepmemp, maxk Kax
€20 MOYHOCMb He 00CMAMOYHA OJisl NOTYYEHUS. HAOEHCHBIX Pe3YIbIMamos.

2.1 Usmeprre BAX namnouku HakanuBaHus. [loctpoiite ee rpaduk.

2.2 Onpenenurte CONMPOTUBIEHUE HUTH HaKaja JJAMIOUKH TP KOMHATHOM TeMIiepatype ¢
MaKCHMaJbHO BO3MOXHON TOYHOCTBIO.

2.3 TlocTpoiite rpaduk 3aBUCUMOCTH CONPOTHUBIICHUSI HUTHU HaKaJla OT CHJIBI TOKA Yepe3
JaMIIOUKY.

2.4 JlaiiTe kauecTBEHHOE O0BSICHEHHE MOTYYEHHBIX 3aBUCUMOCTEH.
YacTtb 3. MexaHU3MBI TEILIOOTIAYH.

Hoockasku:
1. Conpomusnenue memanniuueckux npogooHuxos R eospacmaem npu éo3pacmanuu
memnepamypol T no 3axomy

R=R,(1+aAT), (1)
2oe AT =T —T, npesviuienue memnepamypbli npo80OHUKA HAO KOMHamHot memnepamypou T, ;
R, - conpomueénenue nposoOHuxa npu KOMHAMHOU memnepamype; o - MeMNepamypHbvili
K03 puyuenm conpomueieHus.

Jlna eonvghpama, uz Komopozo uzzomoenena nums nakana, o =4,50-10° K.

2. Mowmnocms mennogo2o u3iyuenus Hazpemvlx Memanlos NPONOPYUOHANbHAS UYemEeepmol
g 3
cmeneHu abconomuol memnepamypul (3axon Cmegpana — bonvymana’)

3 CTporo roBopsi, 3TOT 3aKOH CIIPABEUIUB TSI aOCOTIOTHO YEPHOTO TeNa. MeTallTbl TAKOBBIMU HE SIBIISTIOTCS, OJJHAKO
C XOpOIIEH TOYHOCTHIO KOI(D(MHUITMECHT ITOTIIOMICHUST METAJIOB TIOCTOsTHeH. Temna, o0amaromuye TakuM CBOMCTBOM,
Ha3bIBarOTCs cepbiMu. Dopmyna (2) crpaBeyiuBa W ISl HAX, HO mpu 3ToM Kod¢¢uruent B 3akoHe Credana —
Bombivmana otimgaercst ot mocrossHHONH Credana — bombimana.
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P

pao.

4
=al”, 2)
20e P, - omepaus, ucnyckaemas HazpemolM menom 6 eOuHuyy epemenu (Oanee Hazvléaemas

MOWHOCMbIO PAOUAYUOHHBIX HOMEPb);,  a- NOCMOAHHLIL KOd(duyuenm, 3asuciyuii om
Ppasmepos u Mamepuania Memaiiuieckoco mend.

3. Ilepeoaua mennomel (mennosvie nomepu) OmM HUMU HAKANA 6 OKPYICAIOWYIO CPeody
ocyujecmenaemcs NOCpeOCmMEoM pPa3IUUHbIX MEXAHUZMOB.

3.1 Iloctpoiite rpaduk 3aBUCHMOCTH TEIJIOBBIX MOTEPh HUTH HakKala OT ee aOCOJIOTHOMN
TEMIIEPATYPBI.

3.2 Ha ocHOBaHMHU 3KCIIEPUMEHTAIBHBIX JAaHHBIX OIMpEeNnuTe, IpUMEHUM JH 3akoH Crtedana —
bonbliMaHa K U3JIy4€HUIO HUTH HaKala JaMIIOUYKU.

3.3 Omnpenenute, Kakas J0Jig TEIUIOTHI, OTAAaBaeMasi JIAMIIOYKOW B OKPYKAIOUIYIO Cpeny,
nepenaeTcss nocpeAcTBoM m3nydeHus. Iloctpoiite rpaduk 3aBUCMMOCTH 3TOW JONM OT
TEMIIEpPATypbl HUTH HaKaJja.

KOMMGHTaDI/II/I K YCJIIOBHMIO 3a4a4H.

1. Jlns BBINOMHEHWS] JAHHOM 3aJaud HY)XKHa BBICOKas TOYHOCTh u3MepeHuil. [losTomy
HE00X0IMMO HUCHOJIB30BATh IIU(PPOBON MYIBTUMETP, paOOTAIOLIHI B PEKUME BOIBTMETPA.

2. B paboTe ucnonb3yercsi CTaHAAPTHBIN MPOBOJIOUHBINA pe3ucTop conpoTuBieHreM 1 Om.

3. TepmomeTp HEOOXOAMM TOJBKO JUISI U3MEPEHHUsT KOMHATHOM TeMmepaTypbl (MOKHO OJUH Ha
BCEX).

4. B kauecTBE HCTOYHHUKA TOKA MOKHO UCHOJIb30BaTh 1 JIUII.

5. B xauecTBe peocTaTa HCIIOIb3YETCS LIKOJIbHBIN IEPEMEHHBIN PE3UCTOP CONpPOTHUBIIEHUE 6 OM,
K KOTOPOMY CJIEyeT MOAKIIOYUTh TPETUH BBIBOJI, YTO ObI BKIIIOUATh €r0 M0 CXEME peocTara.

Pa3MbIlIeHUS | pelIcHue.

VYcnoBue He OuYeHb AJIMHHOE M TMOHATHOE. OKMIaeMble pe3yibTaThl ouesudHwl. Jlis
MIPOBOJIOYHOTO pe3ucTopa 3akoH OMma (i ydacTka Ienu — 3a0bUTH?) BBITIOJHSIETCS — 9TO MBI
elle Ha 3ape H3y4yeHUs (QU3MKU MpoBepsud. [l JaMIouku CBS3b MEXAY CHWIOH TOKa W
HanpsHKEHUEM JOJDKHA OBITh HEJMHEHHON: TpH YBENWYEHUWH CHIBI TOKAa HUTh OyAer
pasorpeBaThCs U €€ CONPOTHUBICHHE Bo3pacTaTh. CienoBarenbHO, cuila ToKa OyJeT BO3pacTaTh
MeanenHee. Ouesuono, 9To KOr/ia JJaMIOYKa HAYHET CBETUTHCS, TO OCHOBHBIE MOTEPH TETIOTHI
OyayT (Kak 9To Ha3BaIM?) paluallMOHHBIMU, HA/I0 TOHUMATh — U3Jy4eHUEM. B 4eM 3TO JOIKHO
nposBIATECA? MOIIHOCTh OOUIUX MOTEPh TEIUIOTHI AOJDKHA OBITH MPOMOPLHUOHATIBHA YETBEPTOM
cTeneHu Temmeparypbl. [IpoBepuTh 3TO 3IEMEHTapHO — MOCTPOUTH TpadUK 3aBHCUMOCTH
MOIITHOCTH TOTEpPb OT TeMIeparypbl B JorapupmuueckoM wMacmrtabe u yOeaurTcs, 4TO
KO3 PUIMEHT ero HaKIOHa MPUMEPHO paBeH ueThipeM! KcraTy, a kak HallTH MOLITHOCTH MOTEPh?
OHepruro u3nydeHus u3Meputh HeueM! Jla 3TO ke IPOCTO 3HEPIUsl, BBIAEIAIOLIASCS Ha
JJAMIIOYKE — €€ MOIIHOCTh PaBHA MPOU3BEACHUIO CUJIbI TOKA HA HAIPSDKEHUE — KyJa €Ile ATOU
SHeprum eBarbes! IHTEpecHo, a CONPOTUBIEHUE PABHO OTHOILIEHUIO HAIPSDKEHUS U CUJIBI TOKA.
KpacuBas 3aBUCUMOCTB: IPOU3BEIEHUS OT YaCTHOTO.

155




Teneps o Temneparype. TepmomeTp B 1amnouky He 3acyHeus! Ho Temneparypa Bxoaur
B (hopMymy JUIst COMPOTUBIICHUS: COMPOTUBIIEHUE PACCUHUTAIO, & 3aT€M C MOMOIIBI0 GopmyIs (1)
Haiigy temneparypy. KomHaTHas TemmnepaTypa M3BECTHAa — CKOJIbKO TaM Ha TepMmometpe? Kax
00byHO - 20°C (oIuH pe3yiabTaT H3MEpeHus yxe ecTh!). Xopomo, (akTH4ecKu HYKHO
noToyHee n3meputb BAX - kakyro XapakTepucTUKy. A Jajblle BCE PACCUUTHIBAETCS.

[Tocnennee — xak u3MepsTh? [IOHATHO, UTO peocTaT HYXeH Uil TOTO, YTOObI U3MEHSTh
HanpspkeHue (MO0l — TPETHH BBIBOJ MOJAKIIOUMIN). AMIepMeTp Haao OyJeT MOAKIIOYUTH
MOCIIEIOBATEIbHO, MYyJITUMETDP (KaK BOJBTMETP) - MapalIeIbHO pe3ucTopy, 6e3 ¢oxycos. [ns
U3MEpPEHUSI BOJIBTAMIIEPHON XapaKTEPUCTUKU JIAMIIOYKU HACTOSTENBHO HE PEKOMEHAYIOT
HCII0JIb30BATh aMIIEPMETP (M MPABUIBHO — CKOJIBKO MOXHO I0JIb30BaThCS ATUM CTapheM). A Kak
Torga u3MepsATh cuily Toka? IloHSATHO Temepp 3aueM Hy)XHA IepBas 4YacTb — BKIIIOUY
IPOBOJIOYHBIH  PE3UCTOp (Tak MO BHEIIHEMY BUAY conpoTuBieHHe napa OM) M JaMIOYKy
MIOCTIEIOBATEIbHO U OyIly U3MEpATh HANpsDKEHUE Ha JJAMIIOUKe, TaK MPUKa3aHo, a Ha PEe3UCTOpe
JUI N3MEPEHUs CWIIbI TOKa. Bce MoHATHO, 0cTanoch cAenaTh.

Yacrs 1.
Cobupaem cxemy. Her, cHauana ee Hapucyem.

KpacuBbple CTyneHbKM IOJYyYWIMCh, M KIWOY Ha Mecre!
CobupaeMm, HOJSAPHOCTH MPUOOPOB HE MOIMYTaTh, BKIIOYAEM -
TOK €CTh, HampshkeHue ecTb. Ha kakoMm [uama3zoHe Jydiie
U3MepATh — noxoxe, uro 2000 mV. [lBuraro ABMIKOK peocTara,
CHJIa TOKa U3MEHSETCs, HANPSIKEHUE TOXKE — MOXKHO H3MEpSTh.
Kak 00bpryHO: Oyly MOATOHATH CTPENKY aMmIlepMeTpa K JEJICHUIO IIKalbl, a 3aTeM CHHMAaTh
MOKa3aHMs BOJIbTMETpa — Tak TouHee. Pe3ynbTaThl U3MepeHuil (depe3 Kaxoe JieieHHe U BeCh
JIuana3oH) B Tabnuiy 1.

Tabuamnna 1. 3aBMCHMOCTH HANPSZKEHUsI HA Pe3UCTOPe OT CHJIBI TOKA.

BAX pesscropa

1200 — U7, )’

1000 f

800 .

600 b

400

200

LA

0.0 0,2 0.4 0.6 0.8 1,0 1,2

Crporo rpaduk (Tak Kak U3MepsUI: HaPsHDKEHHUE OT CHITBI TOKa — 370 Toke BAX). Hy, uto
sl TOBOPUJI — MPAKTUYECKHU uaeanbHas npsmas! Tak kak COnpOTUBIIEHHUE HAZI0 ONIPEACIIUTD C
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MaKCHMaJIbHO BO3MOXHOU TOYHOCTHIO (M TIOTPEITHOCTh CYMTATh HAZO0), TO HaJ0 00pabaThiBaTh
mo MHK. 3ammceiBacm
U=al+b.

OdeBuIHO, 4TO 3/1eCh KOA(D(UIIMEHT @ €CTh COMPOTUBIICHUE pe3ucTopa a = R (xopoiio,

MEHBIIIE CUYUTATh), a b - JOIHKHO OBITH PaBHO HYIO. CunTaeM, moy4aem:
R=(1,027i0,007)0ﬂ4, b=(10+5)-10"B.

C compoTHUBIEHHEM MPOCTO 3aMeyaTeslbHO — OJuH OM, MO3TOMY HANpSHKEHHE HAa HEM
YHUCICHHO paBHO cuje Toka (MOXXHO Oyner u He nenuTh!). Kpome Toro, o4yeBHIHO, UTO
BOJIBTMETP MOKHO CUUTATh UJICATHHBIM — €T0 COMPOTUBIICHIE HAMHOTO OOJIbIIIe CONPOTHBIICHUS
pesucropa, OyneM HaAEAThCS, YTO U JIAMITOYKH.

A BOT ¢ b «HEYBsSI30YKa BBIILIA» - HE paBHO HyNI0. UyTh-uyTh, HO HE HYNb. byaem
cuMTaTh, 4TOo 3aKOH OMa BBIMONHIETCS, a INKajla aMIepMeTpa 4YyTb COWTa — BIIOJIHE
npasaononoono! IlocMOTpro — MOXOXe, YTO CTpeNika HE Ha HYJE MPH BBIKIIOYEHHOU IICTH.
XOTs 3TO ¥ HE IPUHIIMITHATIHFHO — BCE PABHO ATOT aMIIEPMETP TETePh MOKHO BHIOPOCHUTH!

Yacrs 2.

HoByto cxemy Hazmo HapucoBaTh: aMIEpPMETP
3aMeHHTh Ha Jjamnouky. Kak sto mokasare, uro F r— ®
OJIHUM BOJITMETPOM H3MEpSAI0 JBa HaIpPsHKEHUA? R
Hapucyto cTpenoukd B MeCTaXx MOAKITIOYCHHUS 1
(Heyxenu kropu OyzneT npuanparbes?).

ITpoBepsito, BKiMouato — padoraer! M3amepsito, 0o |=

|

pe3yabpTaTel (cwia Toka [ — B MHJUIMaMIiepax, TO XKe,
4TO HalpspKeHUE Ha pesucrope U B MUIUIMBOJIBTAX;
HanpsDKeHHE Ha JIaMIIOYKe, TOXKe B MHJUIMBOJIbTaX) B Tabmuiy 2. Tak, uTto MHe erie Hago Oyaer

U
ctpouts? ConportusieHue: R = 7 («MUIM» COKpaLIaOTCs, MoIydaroTcss OMbl).

Taoauna 2. BAX JaMnoukn. BAX ManOooYvEH

400 -, mA
350 /
300 /

250
200
150
100
=0
U, mB
0+ ]
0 500 1000 1500 2000 2500

Tak, Tenepp cTpouM rpaduk BOJBTAMIEPHOW XapaKTEPUCTUKU (IIyCTh Tenepb OyneT
¢u3nUeckuM: cuiia TOKa OT HampspkeHust). Eciam Obl moAaroHsui, To HapucoBad Obl ero Oosee
IUTAaBHBIM — TaK OH IOXOX Ha JiBa OTpe3Kka HpsMbIX. KcTraT, U37I0M Kak pa3 B TOM MecCTe, IJe
JJaMIIOYKa HAYMHAET CBETUTHCS (IIpH ToKe okoJio 200 MA).
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WnTepecHo,  kakod  momydures . R. Om
rpaguK 3aBHCMMOCTH CONPOTHBJICHHSA OT !
cunbl  Toka? Crporo. Toxe Hayrax He /
yrajaems!

KauecTBennoe oOBsACHEHME (A TaK 44
MOHUMAI0, 4To 0e3 (hopMyll) oueguoHo: mpu
MalblX ~ TOKax  TeMIeparypa  HUTH 3g
NpUOIHU3UTEIBHO PaBHA KOMHATHOHM, KOTJa
HUTHh HauUMHAET CBETUTHCS, €€ TeMIepaTrypa zp
BO3pacTaeT, IO3TOMY  BO3pacTaeT  ee
COIPOTHUBJICHUE, KAK HAIIHMCAHO B (POPMYIIC 1,0 |-

(1) n xak BuAHO Ha rpaduKe 3aBHCUMOCTHU I mAd

COIPOTUBIICHUA OT TCMIICPATYPHIL. 0.0 .
Ha BOJIbTaMIIEPHON XapaKTEPUCTHKE . 1 2H0 0 403

JIAMIIOYKHU 3aBUCUMOCTH TOKAa oT JABMCUMMOCTE CONPOTHENEHWA NAKMMNOYKH OT CUNBLI TOKA

HaNpsHKEHUS CTAaHOBUTCS 00JIee TOJIO0T oM.

Bpozae noHATHO, HO 3TH U3JIOMBI SIBIISIOTCS «KaKOW-TO XapaKTepHOU 0COOCHHOCTHIO», B 00J1aCTH
KOTOPOH I'ycTOTa TOYEK JI0JDKHA ObITh OOJIbIle (TaK yauiu!).

Xopo1io, 4To Aaiu OAHY 3aJady Ha 5 yacoB. BpeMs ecTh — Hajo B 00JaCTH M3JIOMa MONIYYUTh
n06oJbIIE TOYEK (elie MPOMEPHTh, 3TO HE JOJIO, a XKIOPH He mpuiaepercs’). PesynbraTsl B
tabnuie 3 1 Ha rpaduKax.

Tadoauua 3. Jononnenue Tadaunsi 2.

BAX JAnNTIOYKH (ITPDMEWTD‘IHHB TDKH} JFaBHCHMOCTE COIIPOTHEJIEHIIA 0T CHJIBL TOKA
{DpoMesKyToOYHELE TOKH)

220 f, mA # R Om

220 325 P

3,00
210

JE/"V 275
200 P 2,50
190 /Q’v- 228

180 b S0
#/ 175 /
170
/ 1,50
160 —f 135 o]

U, mB T L mA
150 : { 1,00 ! -
150 200 250 300 350 400 450 500 S50 GO0 G50 voo 7so 'O 160 170 180 180 200 210 220 230

KoHeuHo, npyu TakoM MajloM MHTEpBaje HUKaKUX U3JI0MOB HE BUJTHO, OHU IIPEBPATUIINCH
B U3rHOBI, JIOCTaTOYHO IUIaBHBIE TIEPEXO/Ibl, YTO MO-XOPOLIEMY paayerT!

[Toxosxe, 4yTO ¢ MEpPBBIMU JABYMs YacTSAMM YIpaBWICA M HE IUI0Xo. UyTh He 3a0bul, a
COINPOTHBIIEHUE XOJIOAHOM HUTHU? MOXKET B34Thb MUHUMAJIbHOE 3HAUEHUE CONPOTHUBIICHUS M3
Tabmuuer 2? Her, Haio ke «C MAaKCUMAaJIbHO BO3MOXKHOM TOUHOCTBIO»! Jlyurie emie u3Mepurs B

4 o

HpaBI/IJ'ILHBIG pacCyxa€Hus, MpaBUIbHBIN moaxon! Tonbko B TaHHOM CJIydac 3T JOIIOJHUTCIIBHBIC U3MEPECHUSA HE
00s13aTeIbLHEI (MO)KHO OBLIO IlO6aBI/ITL HECKOJIBKO TOYCK Ha NPEAbITYIINE I'“pa(l)I/IKI/I), TaK KaK OCHOBHOM HUHTEPEC
MIPEACTABIAOT U3MEPCHUA B TPECACIIBHBIX 00J1aCTIX MaJIbIX B OOJIBIIKX TOKOB.
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06/1aCTH MaJIbIX TOKOB . 371eCh MOXHO MPEHTH M B APYroil JMAMA30H H3MEPCHHS HAIPSKCHUS
200 mB, Tounee Oyner. BoT ToNbKO peocTaToM TpyAHEE PeryiupoBaTh Maible TOKH. TeMm He
MEHee - pe3yabTaThl B ouepeaHoi Tabnuue 4.

Taoauna 4. BAX X0J101HO¥ JTJaMIIOYKH.

80 7 U, mB @

B g
500 p"

30 o
e
20
.
10 ﬁ?ﬂ
0 ’f# '?MA:

o 10 20 30 40 50 BOOOFO BO SO0
EAX manmimodxH nIpH MANEIX TOKAaX

Pucyem rpaduk: ocu, moamucai, onudpoBal, TOUYKH HaHec. Bpone Bce Ha mpsmoil. A eciu
IIPWIOKUTD JTMHEUKY — 3aMETHO, YTO HEMHOTO YXOJAT BBEpX. M TyT HUTh HEMHOTO HarpeBaeTcs!
IIpoBeny uepe3 mepBble TOYKM — CKOJIBKO MX Jiersio Ha npsamytro? lllects mrTyk, mo HUM H
paccuurato (orsite MHK), BOT 1 pe3ysbTart:

R, = (0,826 +0,008)Om,

h=(~0,06%0,2)uB.

3ameuaTesbHO, IOTPEIHOCTh CONIPOTUBIIEHUS MEHbILIE 0JHOTO npoueHta! Y ¢ b Bce B nopsake
— 9TO HyJIb; BO-IIEPBBIX, MEHBIIE MOTPEIIHOCTH PACUYETA, BO-BTOPHIX, HA MOPSIA0K MEHbILE LIEHBI
nenenus. [Ipas ['eopr Cumon OM, eciu mosib30BaThCs HOPMAIbHBIM PUOOpOM!
IIponomxaem.

Yactsb 3.

CHayana Ha/lo HEMHOTO MOPa3MbICIUTh. 3[1€Ch HAJI0 UCKAaTh 3aBUCHMOCTH MOLIHOCTEHN OT
abcomroTHOM Temneparypbl. C cyMMapHOW MOIIIHOCTBIO MOHATHO: P = Ul (ecnu U TO U Apyroe B
«MUJIN», TO YXKE IOJIyYUTCS «MWIM B KBagpare» - 3TO «MHKPO», HO YHUCIA IMOIY4aroTCs
CIIMIIKOM OOJIbIIINE, TIO9TOMY NEPEMHOXKY, a IIOTOM B yME Pa3/eiio Ha THICAYY — MOJIY4aThCs
MUJIJTUBATTHI).

PaguanuonHbple MOTEpH HANO CYUTATH MO-APYromMy. Xopomio Obl HaWTH KO3((UIMEHT
nponopuroHanibHOCTH B dopmyne (2). MokeT mo KpaifHed TOYKe — CUUTaTh, 4YTO TIpHU
MaKCHUMaJIbHOM TOKE BCsSl TEIUIOTa YXOOUT OT HUTU Onarojaapst mamydeHuio? Toxe BbIXon, Ha
KpaliHuil ciaydail. A ecin «Crena bosbumanoB» Tyr He npumeHuM? Hano ke cHauyana 310
npoBepuTh. TemnepaTypy HaiineM: U3 GOpMyIIbI

R=R,(1+aAT)
ClIeyeT, 4YTO aOCOIIOTHYIO TeMIIepaTypy HUTH HAJl0 PACCUUTHIBATH 0 (popMmyrie
ror KR
aR,

> A BOT 5TH U3MEPEHHs HEOOXOIUMEI — 3HAUCHHE COIPOTHBIICHHS XOJIOHON HUTH HYXKHO JUISl Ja/IbHEHIIIX
pacueToB!
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3aece T, =20°C +273°C =293°K - aOcoiroTHass KOMHAaTHas TeMmepaTrypa (IUIFOC-MUHYC

rpajyc, Win mapa rpajaycos).
Hanpsirnuce: pe3ynbTaTsl pacueToB B Tabnuie S.

Tabuamnna S. Pacyer TeMnepaTypbl 1 MOITHOCTH.

so0 B, mBm

700 o
500 ;!
500 ff
400 )

300

200 ’irﬁf
100 y
M.ﬁﬂ Rk
D' T :
200 400 600 500 1000 1200 1400 1600

33aBUCHKMOCTL HOWHOCTH NOTEPL
OT TEeMNepaTypbl

Bce kak mpejicka3aHo: MOLIHOCTh PE3KO BO3pacTaeT ¢ pOCTOM TemmepaTypbl. Ha cremneHHyio
(GYHKIMIO OYeHb MOXOKe, HO Kakoi cremeHu? IlpoBepsars dopmyrny (2) «B 1006», mOCTpOUB
3aBUCUMOCTh MOIIIHOCTH OT YETBEPTOM CTEMEHH TeMIepaTrypbl — paboTa A HAYMHAIOLIUX
TanaHToB! S ke cpa3y MOTy OIPEAETIUTh [MOKa3aTeb CTENICHU B 3aBUCUMOCTH

P=CT’
C TIOMOIIBIO JIOTapuU(pMHUPOBAHUS ITOMN

bopmyIbI. beicTpeHbKO (Bpemss U T in(E}
NoJKMMaeT)  cTpoto  rpagpuk B B0
aorapupmMuueckoM Macmrade. Yro-to 5
JIaJIEKOBATO oT JIMHEHHOM &
4.0 e
3aBUCUMOCTH. XOTs 4epe3 IMOCIEAHNE i o
TOYEK IATh-IIECTh MPSIMYIO NMPOBECTH ' @/
MOXHO. Cunraro 1o MHK 20
kod(p¢unrent Hakiaona (oH ke 1,0 In(T)
II0Ka3aTelb CTEIEHN): 00 |
y=31%£0,1. 550 575 B00 B25 650 B75 FO0 725 7A0

Ho 5TO e, YBBI, CWIBHO OTIMYACTCS  JABMCUMOCTE HOWHOCTH NOTEPL OT TEMNEPATYPEI

OT 0K aeMOIl YeTBEPKH! (norapudrmyeckuil MacwTab)

[Touemy? IorpemrHoctu n3mepenuit? Ho conpoTuBieHus: ObIIM XOPOIIO U3MEPEHBI, IO3TOMY U
TeMIepaTypbl U MOIIHOCTH, OJKHO OBITh, PaCcCUMTAHBI XOPOILIO.

3akon Credana-bonpimana 31ech He npuMeHUM? COMHUTENBHBIN BBIBOA. A YTO B YCJIOBUHU
MOJICKa3bIBaJIM PO HEro? BHUMATENbHO, MMyHKT TPETHI — pa3Hble MEXaHU3MBbI TeIuionepenadn!
JlelcTBUTENBHO, caMma JaMIOYKa HarpeBaeTcs, I03TOMY €CThb TeIUIoNepenadya B BO3AYyX
(TerIonpoBOAHOCTh, KOHBeKUHUs). OHa TOXe 3aBUCUT OT Temneparypbl? Bo3moxkHO,
NPONOPLMOHAIFHO TeMIIepaType, WM pasHOCTH TeMIepaTyp JiaMnouku u Bo3ayxa? He Oyzem
11apaxarbcs OT OAHOM KpaHOCTHU B JIPYI'yIO: BCE-TaKH, KOTJJa HUTh CBETUTCS, OCHOBHBIE I1OTEPU
JOJDKHBL OBITH 3a cueT u3nydeHus. [lo3Tomy ocTaibHbIE HOTEPU COCTABISIOT HEOOJIBIIYIO
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n00aBKy, KOTOPYIO MPUOIMKEHHO MOYKHO CYHTATh MPOMOPIHOHAIBHON TeMrneparype (He OYeHb
naxke BaxxHo B KenbBunax, wiu Llenbcusx). [TonpoOyem.

Wrak, [peACTABEM  IOTEPH  TEINIOTHI B BHAE CyMMbl.  pagMalOHHBIX
(TpoMOpPIMOHATBHBIX YETBEPTOM CTENEHU TEMIIepaTyphl) U OCTAIbHBIX (MPOMOPLIMOHATIBHBIX
TeMIeparype):

P=aTl"* +bT.
DTy 3aBUCUMOCTD JTUHEAPU3YEM:

£=aT3+b.
T

[Toctpoum Temepb rpaduk 3aBHCUMOCTH OTHOIICHHS MOIITHOCTH K TeMIlepaType OT Kyba
TemnepaTypbl. Temneparypa B KyOe — CIUIIKOM OOJIBIIOE YUCIIO, AJISl YIIPOILIEHHUs Oy1y AeIUTh
TEMIepaTypy Ha ThICSUy (IOTOM 3TOT MHOXHTENb YUTy). PacueTsl 3aKOHYEHBI, CTPOIO TpaduK

... ypa!
0,50 ‘[EJ s B |

045 14 T K ,Ar”ﬂ

0,40
L

0,35 ——_
5ok -###-ﬂ?

' 3.--'"'"
024 "]

0.20 el
015 ,aﬁfﬂa
um—aﬁﬁrﬁ: 3

0,05 1000 J°
000 &2 : |
on 05 10 15 20 45 30 35 40

.]IHI-IEHPI-HHIJIIH JARHCHMOCTH MOIDHOCTH IIOTEDE OT TEenMIIepaATYPEIL

[MTomyunnocs! I'opazno myumre, yem 6bu10! Heckosibko HauadbHBIX TOYEK (OT HUX HUKTO HUYETO

XOPOILEro HE JKAald) BBINAIM, HO OCTAaBIUIMICSA AECATOK TO OYEHb TOYHO JIETIM Ha IPAMYIO,
napaMmeTpsl KoTopoil paBHsl (orsath o MHK):
_p Bm

a=(0,0876+0,015)-10™ —

K*’

b:@JMiop$403%?.

[IpoBeny eme oany nposepky. Iloctporo

3aBHCAMOCT  MOIHOCTH  pamuammonnsx |47
NOTEPh OT TEMIIEpPaTyphl B JOrapu(hMUIECKOM P
MacmTabe (mIs IMOCIENHHMX AECATH TOYEK) M ° ="
ONpeNeni0  TOKasaTelb  CTENEHH, B E/E’
COOTBETCTBUH € (hOpMyJIaMu 5 ,
P—-bT =aT* /ﬁfﬁ
In(P-bT)=lna+ynT. 4
310p0OBO, NOYTH HJEAIbHO. A IOKa3aTelb / In(m
crerenn? Cuuraro: 3 !
y = 4,0140,05 B4 6.5 F: 7 72 74 76

3aBHCHMOCTE PagHAHOHHEIX [I0TEPE OT
TeMIIEpaTypsl (Joraprdinerdeckmii Macinrad)

6

3amMmeuaTeabpHas OKCIICpUMCHTAJIbHAA NS, HC O6OCHOBaHHa$I, HO BIIOJIHC pasyMHasd. A 000CHOBaHHE MOKET OBITh
JIaHO Ha OCHOBC IMOJIYUYCHHBIX PC3YyJIbTATOB. Ho BCC-TaKH, MPCAIOJI0KCHUC O PA3HOCTU TCEMIICPATYP JTYUIIC, XOTA
MMpUBOAUT K Ooitee IpOMO3AKUM pacuCTam.
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IIpocto 3ameuarenbHo, U 6e3 moaronku! Momonsl Credan ¢ BoiapumanoMm — 3akoH
BBITIOJTHSIETCS !

Teneps MOKHO 3aBeplIaTh, HAUTU JOJIIO TEIJIOTHI, YHOCUMOU paguanuen. TeopeTudaecku
(B pamKax MOMX MPEANOI0KEHHI) 3Ta JOJIs paBHa:

10117

_ al* _[1+ b jl 03
T or+ar? ar®) < e

Bce u3BecTHO (TONBKO, YBBI, ONSITh CYUTATh HAAO!).  0f Q/”,
I'paduk: HETIpepbIBHAS KpUBAs U Ej =
OKCNEPUMCHTANIbHBIC TOYKH — BCE PACCUMTBIBACTCA A
110 9TOM hopmyre! - o1

[Tocnenuuii BBIBOM: MPH MAKCUMAIBHOM (B  on4 TK

JTAHHOM 3KCIIEPUMEHTE) HaKajle M3JIy4eHHUE YHOCHUT 0.0
ok0J10 80% TEruIOTHI, BHIACIAIOUIEICS Ha HUTHU IIPU
MPOXOXKJICHUU HIIEKTPUUYECKOTO TOKA.

o 250 500 750 1000 1250 1500
Joaa pamiargiioHHEIX TIOTEDE

Bce-raku marematuka — MOIIIHad HayKa, a MCTOJ HAMMCHLUINX KBAaJApPaTOB — TOHKHUU
HHCTPYMCHT, HO3BOJI$IIOH_[HI>'I JaxXe Cpcau HEOOJIBIIIOTO 00BEMA OKCIICPUMCHTAJIBHBIX JAaHHBIX
BBISIBUTD (I)I/ISI/I‘-IGCKI/I BaXHBIC CIICOCTBH.

Jomamnsis padora.

B BbImosnHeHHON paboTe Bce MOMYyYMIIOCh IPOCTO 3aMeyaTelabHO, YTO HE MOXET He
BBbI3bIBAaTh COMHEHMi. CamMoe CTpaHHOE, YTO HUYEM HEOOOCHOBAHHOE IPEIIOJIOKEHHE O TOM,
YTO HEpaaUallMOHHbIE MOTEPH MPONOPLHUOHAIBHBI a0COIIOTHOM Temmeparype (IpocTo HUYEro
Jaydiero B rosioBy He mpunuio!). Hano emie pa3 mpoBepuTh B CIIOKOWHOHM 0oOcTaHOBKE, 0€3
CIICIIKH, AKKYPATHO, U MOCJICIOBATCIILHO. Hpexc;[e BCCTO, O CAMHUIAX U3MCPCHUSA — yTOOBI HE
BO3HUTLCSI C OOJBIIMMH H MAaJILIMU nopsaaKkaMmu 6yI[y BCC BpEMsA HU3SMEPATb MOIIHOCTU B
MHJUIMBATTaX, a TEMIIEPATypy B THICSYHBIX JOJISIX rpaayca (M Aaiblie HUKaKUX €IWHHI] — BCE
«Oe3pazMepHOe»).  DKCIEPHMEHTAJbHBIC JlaHHBIC 3allMChIBAl0 B OJAHY Tabiumy (M B
KOMITBIOTEP); MHE HYXHBI Temreparypa I © CyMMapHas MOIIHOCTh P, BBLACISIONIAscS Ha
smamnouke. CoMHEHUH B ONPCACIICHUU 3TUX BCIIMYUH HCT. Bcee pacdCThbl MOJKHO ITPOBCCTU B aTOM

e TabnuIle: I JIMHeapu3aluy HyKeH KyO TeMmepaTypbl I° =X U OTHOIIEHHE MOIIHOCTH K

TEeMIIEpaType % =y.

7r

19,6849

68,4560

98,5280
113,1608
127,4708
138,7822
159,5371
182,4570
208,4156
241,5131
283,1780
343,5296
375,9599
419,6945
452,5805
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Tenepp nerko crtpouM rpaduk JTMHEAPU30BAHHOW 3aBUCUMOCTH: JCHCTBUTEIBHO JECATH
TOYEK JIOXKATCA Ha HpsAMYl0. IIycTb KOMIBIOTEpP MOCTPOUT ATy JIMHUIO TPEHJA U YKaXeT ee
napameTpsl y = ax +b, mpocTo 3ameuaTeNbHO - MUHYTHOE €m0

Tenepb MOKHO BBIYECTH
Nuueapusauua no nepeoii cTenen noTeps HEpaJualMOHHbIE IOTEPU, OCTABUTH TOJBKO
¥ = 87,805x + 100,22 paavanuoOHHbIE Ppaa =P—-bT W mNOCTPOUTH
500 — P '
a0 LT ’O___A rpaduK  3aBUCHMOCTH  Jorapudma  3TOii
::z ] BEJIMYUHBI OT Jorapudma TemrepaTrypsl, H
o P IIOCMOTPETh Ha II0Ka3aTelb CTENEHU, KaKk H
‘:r"
250 e paHbIlle HECKOJBKO NEPBBIX TOYEK HE JIE3YT HU
ol .
a0 o B KaKMe BOPOTa: 3aTO OCTAJIbHbIC HA MPSIMOU U
150
100 1 KOA(pQUIMEHT HaKIoOHa — ueTbipe (moutu!).
50 2 1Iepb MOKHO IIOCMOTPETb U H TaJbHbI
T Tene 0’KHO IIOCMOTpPE a OCTaJbHBIC
0 |
Ha30BEM HEpaJualMOHHbIE I0TEpU
0,0 0,5 1,0 1,5 2,0 2,5 3,0 3.5 4,0 ( 4 p e ) p
PHp =P—-aT"- J[elCTBUTEILHO JHU  OHH

IPONOPIHOHANIBHBI a0coM0THOM Temneparype? ['paduk, napamerpbl TMHEHHONW 3aBUCMOCTH —
HeBeposiTHO! Ecnu oTOpoCHTH HauyallbHbIE TOYKM, TO Trpaduk mpsmMas JIUHUSA, Ja eule
MpoXoJsiias yepe3 HyJb!

PaguauuoHHBIE NOTEPH (norapudHUYeCcKHA HacwTab) HepagmaunoHHBIE OTEPH
55 - In(B,) 180 - P
pai l
2 ﬁ.ﬁ'@ 160 s 5
i
s ﬁ} 140
120 y = 100,24% - 0,0201
5,0 - 100
‘/aa’ ¥y =3.9944x + 4 4762
iF 80
60
4,0 2]
P 40
3.5 =
) {}!" hm 20 2 T
3,0 L0 = | '

o3 02 01 00 01 02 03 04 05 g9 o2 04 06 08 10 12 14 16

WTak, HUKAaKMX COMHEHHMH — Bce pacueTsl M BbIBOIbl BepHbl! Ilociemuuit rpaduk
MOJITBEPKIAET THIIOTE3Y O TOM, YTO HEpaJuaIllMOHHBIC MOTEPH MPONOPLHUOHAIBHBI a0COIIOTHOM
TemIepaType.

Ho xak OOBSCHUTH 3Ty MPOIMOPLUUOHATIBHOCTh C TOYKU 3pEHUS (PU3MUYECKHX 3aKOHOB?
MexaHu3M pajMaliMOHHBIX MOTEPh MOHATEH — HarpeTast HUTh MCIYCKAET CBET (B TOM YHCIE U B
uH(pPaKpacHO 00J1acTH), 3TO M3JIyYEeHHE W YHOCHT 4YacTb HSHEPIUH, BBIACISAIOUICHCA MpH
OPOXOXKICHUH ToKa. [l dYepHBIX M CephlX Tell CyMMapHas MOIIHOCTh H3IY4YEHUs
NPONOPIMOHAIFHA YETBEPTON CTEeNeHHW aOCONIOTHOM TemIeparypbl — 3TOT 3aKOH JOKa3aH
HKCIEPUMEHTAIbHO, BBIBEJICH TEOPETHUECKH, YTO MOCIYXKHUJIO OJJTHUM U3 HCTOUHHUKOB KBAaHTOBOM
¢buznkn!

KakumMu Moryr OBITH JApyrue MeXaHM3Mbl IepelJaud TEeIUIOThl OT HHMTH Hakajla K
OKpyXxaromei cpene? BHyTpu namMnouku HaxoauTcsl ra3 (Kaxercs, aproH), OH TOXXE MOXKET
nepeHocuts TernoTy! Ho ckopocTh Takoro nepeHoca J0JKHa ObITh MPOMOPIUOHAIBHA Pa3HOCTH
temneparyp! MoxeT HpoBepUTh M 3Ty MOJENb: €CTh paJUallMOHHbIE MOTEPH, €CTh MOTEPH
NPONOPLMOHATIFHBIE PA3HOCTH TEMIEpaTyp HUTH M OKpyxaromueit cpespsl. [IpoBectu pasnenenue
TUX MOTOKOB MOKHO aHAJOTWYHBIM crnocoboM. [lompoOyro! HeMHOXKO MaremMaTuKu:
3allUCBHIBAI0 BBIPAKEHUE JUII CYMMAapHOTO IOTOKa (KCTaTH, MOXXHO Y4YecTb M OOpaTHBIN
paIuanoHHbIN MOTOK OT BO3AYXa K JIAMIIOUKE — MEJIOYb, HO ITYCTh MAalllMHA CYUTAET):

P=a(r* -1} )+ b(T-T,).

JInneapuzanys noHsTHa:
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P T-T1!
= 0 +b,
(T_To) =T,
T -T)
7, B py4YHYIO CUUTATh 3aMaelIbcs, HO X =——, y=———. lorma y=ax+b.
Tr-T, (T_To)

Bce ocranbHbIe BBIKIIAQJAKH aHAJIOTHYHBI MPEeAbIAyIM pacueraM. CHavana OoJblIyro Tabauiy ¢
pacyeTamu:

Tenepp  rpaduk  TUHEApU30BAHHOM
3apucuMmoctd. KoHeuHO, He 1mpsiMas, HO
nociuenHue 8 TOYEK BIOJHE MNPHIUYHO ce0s
MIOBEJIM — BBICTPOUIUCH B 11epeHry! ITpoBoaum
JUHUIO TPEHIA, ONpeaesieM ee ypaBHeHue. Ero
napamMeTpbl HCIOJIB3YeM JUISL TOTO, YTOOBI
IIOCTPOUTH 3aBUCUMOCTb paaraiOHHBIX
noTepb OT TEMIEpaTypbl (ECTECTBEHHO B
norapuMUUEecKOM MacmrTade); a OCTaJbHBIX
IIOTEPH OT pasHocTel Temneparyp. I'otoBo! Kak
U paHee, Ha HECKOJbKO IIEPBBIX TOYEK HE
oOpamjaeM BHHMaHHe, a IO OCTaJIbHBIM
OIIPEACIISIEM YPABHEHHUS JTMHEUHBIX 3aBUCUMOCTEMN.

PaguaunoHHEIE noTepH (norapudMUyHecKMA HacTao)
7

NuHeapuszauma no pazHOCTH TEMNEPATYP

y = 77,929 + 177,89
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400
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Joo
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y=39967x + 4,3544 —
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Hepa,n,uau,uuuuble noTepu
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/ y=176,98x +
L

0,3419

b

)

°
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Omiate BCE CXOIUTCH:

0.5

pagvalMOHHbIE IIOTEPU INPOIOPLUOHAIBHBI

0,2 04 06 0.8

1,0

1,2

1,4

YETBEPTOW CTENEHU

TEMIIEpaTypbl, OCTaJbHbIE — IPONOPLUOHAIBHBI PA3HOCTU TEMIIEpAaTyp HUTH W Bo3ayxa!
KoHeuHo, 310p0oBO, HO KaK K€ 3TH pe3yJabTaThl COTJIACOBATH C MPEABIAYIIUMU?
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ChHauana TasHy Ha IUQPBI: pajayeT, 4To MapaMeTpbl YpaBHEHHS Ui pPagMallMOHHBIX
NOTEeph OYEHb OJIM3KH: TOKA3aTeNM CTENEHH OJMHAKOBBI, CBOOOJHBIC UICHBI OYCHb OJIM3KH:
4,4762 B mepBom ciydae u 4,3544 — Bo BTOpoM. Paznmuuue menbiie 3%! XoTs 3TO ke B
Jorapu(pMHUUECKON 3aBUCUMOCTH. A €CII NMPHUBECTU K «UEJIOBEYECKOMY BHY»: 3TO HAJ0 HAWUTH
Pa3HOCTb U BBIYMCIIUTH SKCIIOHEHTY — MOJIYYUTCS OTHOIIEHHWE MOIIIHOCTEN M3Iy4eHMs B IEPBOM
u BTopoir Mmogmemu: exp(4,4762—-43544)~1,13. VYwxke 13%, HO OSTO HE CIUIIKOM
npuHIunuagbHo. Iloxoke, 4To B mepBOi Mozaenu OOJIbIIE TOYEK MOJUUHSIOTCS HYKHBIM
3aKOHaM, 3aTO BTOPYIO MOJIENb Jierdye 000CHOBaTh (huzndecku!

Wnes: kaxercs NOHI — HEOOJIBIION MaTeMaTuyeckuid (POKyc: KOT/a JJaMIIO4YKa CBETUTCS,
OCHOBHBIE TIOTEpU paauanuoHHble. OcTalbHBIE Malbl, KpOME TOro, B 3TOW 00jacTu u
TeMIeparypa yxke He MaieHbkasd. Ilo3ToMy MOXHO MOATOHATH 3TH NOTEPU  Kak
MPOIMOPLMOHAIBHOM, TAK U CMEUIEHHOW JIMHEMHON 3aBUCUMOCTAMH. Ho eciau Tak, TO 3aduem
MyuaTbCsi? A 4TO €CJIM OCTaJbHBIE NOTEPU CUUTATh NIPUMEPHO MOCTOSHHBIMM, HE 3aBUCSILUMU
ot temmepatypbl? IlompoOyro, Tem 06osee, YTO 3TO MHHYTHOE /€0, KOrJa KOMIBIOTEp IOJ
pykoit! B 5ToM ciyuae nuHeapusanus oueBuaHa y = P, x =T*. Tabmuuky (mepBble psabl yKe

MOKHO BBIOPOCHUTH — BCE PAaBHO HU B KaKyl0 3aBHCHUMOCTb HE YKJIaJbIBalOTCsi!) M rpaduk
JIMHEapU3aluu:

"“HEap“3a|.|,“ﬂ Nno NOCTOAHHBIWM "ﬂTEPﬂM
800 P
700 i

A
600 y =98,58x + 94,855 e
500 /9, /9/
400
300 /?’
200 )a/@

0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0

Kak Bce 3HAaKOMO — TOYKH HHU3KHX TEMIICPATyp  PaamaumonHbie notepw (norapupHuyeckuid HacuTan)
OTKJIOHAIOTCA, a MpU BUAMMOM HAaKalle HUTH ™0 rin(F,,,)
POBHEHBKO  YKJIAQABIBAKOTCS HA  OXHUIAEMYIO 65 =
MPSIMYIO, ITApAMETPbl KOTOPOU PACCUUTHIBAIOTCS C g0 ﬂﬁ
nomomer0  aByx kinapum! Kakodl mOKa3aTenb s fﬁ/

CTCIICHH B PAJMalIHOHHBIX MOTEPSAX MOJNYIACTCA B 44 T y = 4,1079% + 4,5563 —
3TOM npUOIKEHUU? Jlorapudmuueckuit a5
MacmTad, mapameTpbl JIMHEHHON 3aBUCHMOCTH, L
roroBo! [lokazarens — 4YyTh OoOJbIIE YETHIPEX i
(Iymaro B mpejenax MOTPENIHOCTH — deThIpe); in(h

CBOOO/THBII WICH — OJIM30K K MOTy4eHHBIM paHee. > ’
0,2 0,1 0 0,1 0,2 0,3 0,4 05

3HAYUT, PAJUALMOHHbIC IOTEPH OIMCHIBAIOTCS Hepaanaumonssie notepn
i i ?
HPaKTHYECKH TOM ke (yHKIuei! A ocTanbHbIe? 20 1P, y = 3.5828x + 90,154
IIpumepHO NOCTOSIHHBI! e L
o 100
C OIHOW CTOPOHBI OTH PE3YJIbTATHI NEEIRE ‘j}
I} ]

NOATBEPXAAIOT  (Bpoae?)  pacCyxkIEeHus O
MaJIOCTU HEPaJUallMOHHBIX MOTEpsX. A ¢ Apyrou
— CTAHOBUTCS OYE€Hb MHTEPECHO!

Tperbst Mozenb MOTEPh — M BO BCEX pa3yMHBIE PE3yibTaThl, XOPOILIEE COOTBETCTBHE
HKCMEPUMEHTAIBHBIX JAHHBIX C TEOPETHUECKUMH PACCY)KICHUAMU. DTO OYEHb CTPAHHO —
IPUBBIYHEE, KOT/Ia HUYETO HE CXOIUTCS, a TYT BCE CXOIUTCS?
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Bo3Hukaer cTpaHHas ¥ HaBA34MBas MBICIb — @ MOXKET M IIOKA3aTellb CTEIICHU B 3aKOHE
Credana-bonbiivana MOXeT ObITh ApyruM? B KOHIIE KOHIIOB, 3Ty HPECIOBYTYIO YETBEPTYIO
CTENEHb 5 3aKJIAJbIBANl Y’)K€ B METOJAE JMHeapu3auuu! A eciin 3aJ10KUTh APYryl0 — HalpuMep
mectyto! Hano monpo6oBarh o0s3aTenbHO. MTak, MOIIHOCTh M3JIy4eHHUS — MPOMOPLHUOHATIbHA
[IECTOW  CTeNeHH  aOCOJMIOTHOM  TeMIepaTypbl, a MOIIHOCTb  OCTaJbHBIX  MOTEPb
NpONOpIMOHANIbHA TIEPBOM CTeneHu (Bce-Taku, B OITOM CJIy4yae KpUBble ObUIM CaMbIMU

npsambivu): P =aT® +bT . Jluneapusanus: y = g, x =T’. Tabnuiy omyckaro, cpasy rpaQuku:

Tuneapuzauun no 3akoHy wectoi cTeneqn Pagwaunonusie noTepu (norapudiMuyecknil Hacurai)
500 - P 0 (P )
450 + r -’L- 2e
6,5
400
6,0
350 N ﬁ
=24,93x + 203,76 | 5,5
300 oo y
250 50 y=6,16x + 3,16 7]
200
o 45 —
150 o ]
100 & &
3.5
50 Ts IH(??
0 .30 |
0,0 2,0 40 5.0 8,0 10,0 12,0 0,0 0,1 0,2 0,3 0,4 05

KoHneuHo, moxyxe — HaJ0 OCTaBJATH TOJbKO 5 mocimeanux Touek! Ho mokazarens
crerneHd 6,16 — MOXKHO NMPHU3HATh PABHBIM IIECTH, NMPH HEOOXOJAWMOCTH MOXKHO OBUIO OBbI U
MOTPEUTHOCTH IMOCYUTATh U 3aKOH B noiropa Credana-bonsimana o6ocHOBaTH!

A ecnM COBCEM YK D3K30THUECKYK CTENEHb NpUIyMaTb — Hampumep, 7! A dro,
MOIITHOCTh HM3JYYEHHUS NPONOPIHOHAIbHA a0COJMIOTHOW TeMmMIepaType B CTENEHH 7T - TOXKE
kpacuBo! A nomyuurcs? [IpoOyro:

NMuueapuzauma no J7- 3aKkony PapuaunoHHble noTepu (norapudMU4eckKiil HacwTan)
500
?i,) ~ 70 bs(f;, " )
450 1 f,
i js o e
350 K e
— ﬂ/ " /C?/
250 7 y=158,76x+ 19,373 . 55 ol
{'V)J 2 =
200 ;/ i /7
150 , o y = 3,1652x + 5,0567 —
oM @
100 o=
» ol ™
50 T in{T)
1] | 4,0 } |
0,0 0,5 1,0 1,5 2,0 25 30 05 04 03 02 041 00 01 02 03 04 05

Huuem He XyXe NpenplIylIuX: eCTh JHUHEWHBIE YYacTKH, IOKa3aTellb CTEIEHU B 3aKOHE IS
MOIITHOCTH M3Ty4eHus paBeH 3,16 — oueHb Onu3Kko K yuciay 7. Takum oOpas3om, JOKa3aHO, YTO
MOIITHOCTh TEIJIOBOTO M3JIy4eHHUsI MPOMOPIHMOHATIbHA a0COMIOTHON TeMIlepaTrype B CTEHeHU 77 !
A TOUYHEe — MOIIHOCTH TEIUIOBOTO M3JY4EHHUs MPOIMOPIHMOHAIbHA a0CONIOTHON TeMIepaType B
000, HY)KHOW BaM CTENIeHH — HeoOy3/TaHHAs JeMOKpaTHs!

Bce-taku maremaTnka B ¢usuke 0e3 QuU3MKM — OecrpUHLUIHAS CIy)KaHKa, a METOJ
HaMMEHBUINX KBaIpaTOB — rpy0as KyBayiJa, MO3BOJIAIONIAsl HA OCHOBAHUU SKCIIEPUMEHTAIBHBIX
JAHHBIX 000CHOBATH JIIOOBIE TEOPETUUECKUE U3MBIIIIIICHHS.

Henvzsa noanocmoio coenacumscsi ¢ OKOHUAMENbHLIM 8b186000M HAUE20 2€p0}1./ Xoms, 6

uem-mo OH npae — 663()yMHO€ NPUMEHEHUE MOUWHBIX MAMEMAMU4eCKux Memo008 HUuue2o He
O6OCH06b18a€m, a daule npocmo 3zanymeleaeni, XOpouto, eCcjau moOJabKO UJNEeHO6 JHCIopU
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onumnuadsl. B dannom ciyuae nawemy wWKOTbHUKY-OMAUYHUKY He N06e310  — OH CMOIKHYICH
ewe ¢ OOHOU HEKOPPEeKMHOU Mamemamuyeckol 3aoauei. Pakmuvecku OH pazpabomarn
MemoOuKy onpeoeneHust napamempos 3a8UcUMocmu 8Uod

y=Ax" + Bx".

Hexoppexmnocmv  5motl  3a0auu  3aKki0yaemcs 6 mMOM, YmMoO HA OMHOCUMENbHO
HebONbUWOM UHMEPBALe USMEHEHUSI apeyMeHma X, 9KCHepUMEeHMAlbHble MOUYKU MO2ym Obimb
ANNPOKCUMUPOBAHBL (DYHKYUAMU € PA3TUYHBIMU HAOOpAMU nOKazameieil cmenewetl, npuiem
NO2PEeUHOCIU MAKOU ANIPOKCUMAYUU MO2YM ObImb co8ceM Heborbuwumu. B paccmampusaemoii
MemoouKe UBHAYATLHO 300d6ANUCh NOKA3Amenu cmenenel, a oaiee MemoooM HAUMEHbUIUX
K8aOpamos noooupanucy 3HaveHuss Kodgguyuenmos. I[pomadnas npooerannas paboma
nOKA3and, HeOOHO3HAYHOCMb 8b160008. Kaxue dce 803MOACHBL 8bIX00bI U3 HMOU cumyayuu?

Bo-nepevix, Heobxooumo  umemsv 20pazdo OorbUWULL 00beM IKCHEePUMEHMATbHBIX
OGHHLIX,  60-6MOPBIX,  ClEOYem YemKO (QOpMYIUpO8ams  Kpumepuu  ONMuUMaibHOCMU
annpOKCUMAyULL; 6-MPEembLX, UCHONb306aMb GONEE COBEPUICHHbIE MAMEMAMUYECKIUe Memoobl’;
HaKoHey, camoe 21aeHoe — OOJble OYMAams, Mo2oa npUoemcs Mexwvbuie cuumams. B 3axnouenue
MO0 NEeHANbHO20 pa30end, MOICHO Npueecmu euje 0OuH aHanocuuHvli npumep. Tak, eciu
Yovieaowas (hyHKYus A6AAEMCs CYMMOL 08YX IKCHOHEHM

t t
F(t):Alexp —— [+ 4, exp| —— |,
T [
mo onpeoenenue 06YX 6peMeH 3AMyXaHus npeocmasisaen OYeHb CIOJNCHYIO, a Modcem U

Hepaspewumyro 30061‘!)/, 0CcoOeHHo ecau dmu epemeHa 6JZM3KU, a JKcnepumenmailbrhble OoaHuble
codepofcam 3HA4umesibHovle noepemHocmu/

;
Cxopee, Ha000pOT, TIOBE3JI0: UYXKUE OIUOKH JICIIEBIIe 00XOAATCS, 3aTO CBOH JYYIIlC YCBAaUBAIOTCs!

¥ B HacTosiiee BpeMs IPOIOIKACT AKTHBHO PA3BHUBATHCA TAKOH SK30THUECKHIT Pa3/ie]l MATEMATHKH, KaK «METOMIBI

pELICHUS HEKOPPEKTHBIX 3a1auy.
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3agaya 18. «Jlex u BO3ayx»

Buumanue: BpeMs IpoBeeHUsI M3MEPEHUI — 0K0JI0 OTHOT0 Yaca!
IInanupyiite cBor padory!

IIpuGopnl M 000PYAOBAHME: INTATHB C JIAIIKOM; UT'OJIKA WK I'BO3AUK; nuHEiKa 40 cM ¢
OTBEPCTHEM; CEKYHIOMEP; TPY3 U3BECTHOM MACChl; HUTKHU; 2 KyCOYKa JIbJa; KyCOUeK

TUIACTHJIMHA; CTaKaH.

Cobepure  SKCIIEPUMEHTAIBHYIO  YCTaHOBKY,
noka3aHHyio Ha (otorpaduu. JluHeiiky ¢ oTBepcTueM
CIEyeT WCIOJb30BaTh KaK KOPOMBICIO PBIYaXKHBIX
BECOB. B KkauecTBe OCH HCHOJB3YWTE WIOJKY WU
I'BO3JIMK, KOTOPBIA 3aKpENUTE TOPU3OHTAIBHO B JIAIKe
IITATHBA. Hcnons3ys KyCOYeK IUIACTUIINHA,
ypaBHOBecbTe Bechl. K OJHOMY W3 KOHIIOB JIMHEHKH
NPUBSDKUATE Kycodek Jipaa. C Apyroro kpas ¢ MOMOUIBO
NETIH, KOTOpas MOKET MEepPEeIBUTAThCS MO JIMHEHKE,
NPUKPEITUTE TPY3UK.

Tloogewennwiii Kycouex 1voa 6yoem meoieHHO

; ‘

masnib, npu 3MoOomM C Heco 8pemMs Om 6peEMEHU CPbleAIOMCS KAnJjiu. Kannu oonoicnvt nonaoams 6

CMakam, a He Ha eauty mempaos!

1. Habmronas 3a ruiaBieHueM JibJa, 3aukcupyiite (3anumuTe!) MOMEHTBI BDEMEHHU OTPhIBA
kaxo# karmu. [loctpoiiTe rpaduk 3Toi 3aBUCUMOCTH, KAUECTBEHHO OOBSICHUTE €€.

2. Uccnenyiite 3aBUCUMOCTh MACCHI JIbJIa OT BpEMEHU. (M3mepsamb maccy 1boa nocie ompuléa

Kaxicooll Kaniu 04eHb mpyoHo — U He 00s3amevHo!).

3. TlocrpoiiTe Tpaduk 3aBUCUMOCTH MACChI JibJja OT 4YHCIA YyIaBIIMX Kamenb. Ompenenute
CPEAHIOK Maccy KarmuM. Ha OCHOBaHMM BalllMX 3KCIIEPUMEHTAIBHBIX JAHHBIX YCTAHOBUTE,
MOKHO JIM CUATATh Pa3MepP Karellb NOCTOSIHHBIM, WIIA OH 3aBUCUT OH pa3Mepa KyCO4yKa Tarollero

Jpaa.

4. HOCTpOﬁTC 3aBUCUMOCTb BPCMCHU 06pa3013aH1/1${ KallJii 7 OT MAaCChbl KyCOYKa JibJia m .
HpeI[HO.HO)KI/IM, YTO 3Ta 3aBUCUMOCTD Ha OTACIBbHBIX BPECMCHHBIX Y4aCTKaX UMCCT BU

T=Cm’,
rae C, ¥ - MOCTOSHHBIEC BEINIHUHBI.

IIpennoxxure TEOPETUUECKYIO MOJIEIIb, B PAMKaX KOTOPOH YKaXXHUTe I10Ka3aTeib CTEIEHU ¥ .

HpOBCpBTG COOTBETCTBHUE Ballei MOJCIIN NOJTYYCHHBIM SKCIICPUMCHTAJIIbHBIM JTAHHBIM.

IIpuMeyanus K YCIOBHIO 3aJa9H.

1. XKenarenbHo mpu 3aMOpakBaHUM KYOMKOB JIbJ]a B KQKIBIA U3 HUX BIOKUTh KYyCOUEK HUTKH,
3a KOTOPYIO IIOTOM OY€Hb YI0OHO MPHUBS3BIBATHE 00OPA30BABIINNCS KYCOUEK JIb/A.
2. Macca rpy3uka JOJDKHA OBITh NPUMEPHO paBHA Macce KyCOyka JibJja — TaK MaJCHbKHUN

KYCOYEK JIbJIa BECUT IPUMEPHO 5-6 Tpamm.

3. HeoGxonuMmo 3apaHee MpOCBEpIUTh HEOONBIIOE OTBEPCTHE B JIMHEHKE HA CepeluHe JUIMHBL,
HO Oymke K OUM(pPOBaHHON CTOPOHE, TaK, YTOObI LIEHTP TSHKECTH JIMHEHKH HAXOAMJICS YyTh

HHWXKXC OTBCPCTUS.

168




Pa3MbIlIeHHS | pelICHHueE.

Cnacubo aBTOpaMm 3ajay: BO-TIEPBBIX, YCIOBHE BCEro Ha OJIHY CTPAHUILY; BO-BTODBIX,
MIOJIHO TOJCKA30K, oco0asi 6JIaroAapHOCTh 3a TO, UTO YKa3aHO: «ied OyAeT TasiTh», a TO caM Obl
HE JI0rajiajcs; B-TPEThUX, BCE 3HAKOMO — OTISATh TeIIonepeaaya, OnsaTh CTEeNeHHas (PyHKITHs !

Jlnst pacueToB MOHANOOATCS: BpeMEHa OTpbIBA Kamelb, pa3; Macca Kycodka Jibjla B 3TOT
MOMEHT, nBa. Yto eme? KoHeuHo ke, yMcno Kamenb (3Ta (u3Mdeckas BEIWYMHA M3MEpseTcs
TOYHO, O€3 MorpenHocTeit). s n3mMepeHus: BpeMeHH eCTh CEKyHIOMEp.

N3mepenne Macchl IMOABEIIEHHOTO Ipy3a C IMOMOINBIO YPAaBHOBEIIEHHBIX BECOB HE
IIPEJCTABIISIET TPy/Aa: OTHOLIEHHWE Macc 0OpaTHO MPONOPIMOHAIBHO OTHOLIEHUIO Ijied. Macca
Ipy3MKa U3BECTHA XOPOLIO — 3TO )K€ MATUIPAMMOBasi THPbKA.

[TopsimoK pacdyeToB MOYTH OYEBUICH: 10 U3MEPEHHBIM JIaHHBIM HYXKHO OyJeT MOCTPOUTH
3aBHCUMOCTb BpeMEHH 00pa30BaHuUs KaIllld OT Macchl KyOUKa, a TaM IOCMOTpUM !

Teneps uzmepenus. PesynbraTsl B TaONMUIy: 7 - HOMEpP KaIlily, ¢, - BpPeMs OTPbIBa KaIlIH;

T, =t —t , - BpeMs oOpa30oBaHUS KaIUIM; 7 - Macca JIbAUHKH MOCJE MaJeHUs OuepeaHOU

Kary. Psgom cpasy mapy rpadukos.

so00 - £ ©
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Cyns mo mepBoMmy rpaduky, Kalld Majai0T PeryisipHO — KpacuBas TJajKas, HO
HenuHelHas QyHkuusa. Bropoii rpaduk, MATKO TOBOPs, OCTAaBIISET JKEJIaTh JIydIIero!

OueBHIHO, 4YTO  3aBHCHUMOCTH

3aBMCHHOCTL BpEeHEHH DﬁpaSDBaHHH Kannu
BpeMEHU O00pa30BaHUsl KAl OT MAacChl T.. ¢
mnr 0T HACChElI NEAWHKN

JBAWHKU OyZET HE Jydlle — Monpooyro. 140 {o
[ToHATHO, YTO MO ATOMY IpadUKy MOXKHO 130 5
clenaTb €IWHCTBEHHBIM OOOCHOBAHHBIN 42g o
BBIBOJI — UYeM OOJIbllIe KyCOUEK JIbJa, TEM q4p 9
ObicTpee oOpasyercs Kamiusd. C TakUMH g4 % -
pesynbraTtaMu s yXe CTalKHBAICS U gq =
NpUYMHA ~ TAaKOH  CBHCTOIUIACKHM YK€ oo
MOHATHA — BpeMs oOpa30BaHUS KaIUIH i ¢ oo
paccumraHa = Kak  pasHOCTL — MEXLy m,?
U3MEPEHHBIMM  3HAYCHUSIMU  BPEMEH 2 22242628 3 3234 36 38 4 42 44 46
orpeiBa. Ilo 3TOMYy rpaduky moIy4duTh

penieHne nociiegHero (Kak s MIOHUMAalo — OCHOBHOI'O) ITyHKTAa 3aJja4d HE yJIacTCsl.

He Hano ObuT0 cpa3y mphIrath B KOHEI]
3alayd: TMYHKThI 2-3 BCTaBJIEHbl HE TOJBKO
JUIsL yJUIMHEHUs! 3a/aud. Tenepb MOHATHO —
HaJ0 HAMTH 3aBUCHUMOCTb MAacChl JbJIMHKHA OT
YyHUCJia YHaBLIUMX Karlellb, anmnpoOKCUMHUPOBATH
€€ W Jlajibllle UCIOJIb30BaTh MAaCCy JIbJAUHKH,
pacCUMTaHHYI0 1O 3TOM  YCPEIHEHHOU
3aBHCHMOCTH . [TocTporo 3Ty 3aBUCUMOCTH —
Macca JbJUHKHA OT YMCJIa YIABIINX Kamellb.
Tak mpupoay He 0OMaHel b — MOocie CeAbMON
Kaliid s OTBJEKCA, IpPU 3TOM, HABEPHO,
omuOCs B IMojcyere Kamelb (BOT TeOe u 0e3
norpeuHocTei). Ho naneme — mpakTuuecku
ujecajbHasl JIMHEWHast 3aBUCUMOCTb. UTO »TO
o3HayaeT? Bce kamm oquHakoBbl! 3apaHee He
OYEBU]IHO, HO TMPABJOMOA00HO — Karljsl BUCHUT

3aBMCHMMOCTE MacChl NbAWHKM OT

HHMCNa yNnaBWKWX Kanenk
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Ha CBOEH LIEHKe U ee pa3Mep IPaKTUUECKHU HE 3aBUCUT OT pa3Mepa JIbAUHKH.
[TosTOoMy mepBbIe ceMb U3MEpPEeHHH OTOpoIly, U Oy[y cuMTaTh BOCBMYIO Karuiio nepBoil. Hamo
NEePeCTPOUTh rpauk, U MO METOAY HAMMEHBIIMX KBAJPAaTOB OINPEIEIUTh apaMeTpbl TUHEHHON

3aBUCUMOCTH.
33aBMCHMMOCTL MaCCEI NMegHWHKH OT HXUCNa ]FI'IB.BI.IJII'IK Kanenk
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? HpOHGJ’IaHHaH JoMa CaMOCTOATCIIbHaA pa60Ta HC MTpolLIa HAITPACHO — CTPEMJICHUC n30€KaTh UCIIOJIE30BaHUS

Pa3HOCTEN MOXBAJIBHO!
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IIpexpacHas 3aBucUMOCTSb (eciu Obl Bce ObLIM TakuMu ). [lapameTpsl 3T0i1 3aBHCHMOCTH
m=my,—pn, (1)
HaydaJbHas Macca JIbAUHKU 7, = (4,07 + 0,05)2 ;

CpenHss Macca Kaluld L = (0,1 04 + 0,004)2 .

KcraTn, BIBOA K 11.3: TaKk KaK 3aBUCUMOCTb MACCHI JIBAMHKH OT YUCJIA YIAaBIINX KaIlejb
JMHEIHA, TO MacChl Karejlb MOKHO CUUTATh OJAMHAKOBBIMHU.

Terepp MOXXHO NOCTPOUTH 3aBUCUMOCTh BpPEMEHHM OOpa30BaHMs KalUId OT MacChl
JBINHKU, TOJBKO CeHdac MCHOJBb3yI0 paccuuTaHHyio mo ¢opmyne (1) maccy apaunku! Eme
OJIHO TPEHMYILECTBO — OyayT HCIIOJIb30BaHbl BCE U3MEPEHHBIE BpeMEHa OTphIBa Kamenb. Kak
0OBIYHO — CHauana TabJInuKy, PsIOM rpaduk.

Taoauna 2. 3aBUCMMOCTL EPEMEHW 0DpazoBaHuA
KannW oT Hacchl NEAWHEM (PAacCYNTAHHOM)

W1, €

140 3

135

130

125

o
e

o
&

120

R [Q[([N[Nn [ [(W|IN|— O

115

v

110 D{}

105

100
95 @

90 D’:}
m,

85

20 22 24 26 28 30 32 34 36 38 40

Koneuno, nyudine, yem B epBOil MOMbBITKE, HO BCE ke - HE paayer! JBuxemcs Janibliie:

€CJIM 3Ta 3aBUCUMOCTb cTeneHHas 7 =Cm’, TO Ul ONpeJeIeHUs I0Ka3aTeNs CTENEHH €€ HY)KHO
MOCTPOUTH B JIOTapH(PMHUUECKOM MaciTade
Int=InC+ylnm. (2)
A KTO TEOPETHYECKYI0O MOJENb OyAeT CTpoUTh? MOXKET M MOJIyYUTCs TO, YTO HAJ0 — a
yro Hago? Paccyxnaro. Jlen miaaBUTCS MOTOMY, YTO MOCTYHAeT TEIJIOTA OT BO3ayXa (a paHbIle
BCE B BO3YX YXOJMIIO; MOXKET 3/1eCh TOBOPHTb O XOIOJE, KOTOPHIA yXOauT B Bo3ayx ). IToTok
TEIUIOTH! IPOTIOPLUMOHAIEH Pa3HOCTH TEMIepaTyp, HO 3/1ech oHa He u3Mmensercs! Eme ot yero
3aBHCUT ATOT MOTOK? OT IUIOINAAM CONMPUKOCHOBEHHMS, OT ILIOIIAM MOBEPXHOCTHU JIbIUHKH. A
KaK OHa 3aBHCUT OT MAaccChl, HJIU Mpolie oT 00bema nbauHKu? [ KyOuka oueHb MpoCcTo:

2,
V=d', S=6a’, = S=6V".
Ho npu mmaBnennu opma M3MEHsETCs, MOYTH 10 Hapuka. Haiigy cBs3b Mexay IIIOLIa/bIo
MOBEPXHOCTU ¥ 0OBEMOM IIIApPUKA:

' SIBHO - 51O TIYTKA!
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%
V:%dﬁ,3=4mﬁ,:: S=44§Kj ~ 4877,
T

OueBuaHO, 4TO AJIs Tena J000H (GOPMBI TUIONIA/b MOBEPXHOCTH MPOMOPIHOHANIBHA 00BEMY B
CTENIEHU % , HO KOX(pQHUIMEHT MPONOPLHOHATBFHOCTH 3aBUCHUT OT (opmbl. JlamHo, Oymem
CuMTaTh, 4TO (pOopMa JBAWHKUA H3MEHSETCS HECYIIECTBEHHO, MO3TOMY OyIeM CUYHMTaTh, YTO
IUIOIIAJb TIOBEPXHOCTH, CIIEIOBATEIbHO, W TOTOK TEIUIOTHI OT BO3JyXa K JIbJUHKE
MPOTNOPIIMOHATICH MAcCe B CTETIEHU % . Ckaxy, 4TO s NAJIPTOHMK — KyOMK OT IIapuUKa He
ornnuato! Tak kKak Macca KamleleKk OCTaeTcsi MOCTOSHHOW, TO Ha ee oOpa3oBaHue TpeOyercs
OJTHO M TO € KOJUYECTBO TEIUIOTHI, IO3TOMY BpeMsi 00pa30BaHusl OJJHON KAl JOJDKHO OBITh
00paTHO MPOMOPLUOHATIBLHO MAacce B CTEICHU % , TO €CTh
#

7=Cm 73.
[TonpoOyem! [IpenpiayInyro 3aBUCUMOCTb IEPECTPOUM B JorapuMuuecKom maciitade, u o
MHK onpenenum nokasareib CTEIEHU.

JaEMCHHOCTL EpeMeHH 00pazoBaHWA KannM oT Hacchl NbAWHKH
{norapupHuyHecKHit HaclTab)

49
0 1

7 I
* : G\&z
47 —27 e
4.6 N§
e
45 %

U"‘lr'

b
b

4

0,7 0.8 0.9 1.0 1.1 1.2 1.3 1.4

He cnmmkom npsimast. Ho ecnin paccunTarh KO3 GHUIMEHT HAKIOHA (TO €CTh MOKa3aTelb
CTEIEHHU ), TO TOJIYIHM:
7o =—(0,61£0,13).
MoHO U 00pagoBaThCsi — MOCTPOCHHBIN AMANA30H HAKPBUI okujgaemoe 3HaueHue -0,67, HO
MOTPEUIHOCTh BesKkoBaTa. Kpome Toro, rpadguk moxox Ha cTyneHbKy. Eciu mpoBecTu npsimyio
0 TIOCJIEIHUM TOYKaM Ha Trpaduke (0003Hady ee mudpoii 1), To y Hee HaKJIOH 3aMEeTHO OOJIbIIIe
U paBeH
7, =—(1,0£0,2).
To ecth B 3T0# 007acTH BpeMst 00pa30BaHMs Karld 00OpaTHO MPOMOPIHOHAIBHO MACCe Tarolei
apauHK! MOXHO emie A00aBUTh — MPOBECTH MNPSAMYIO MO TEPBBIM TOYKaM (HOMep 2 Ha
rpaduke), TO y Hee HaKJIOH PaBeH
y, =—0,8£0.2).
Brioa? Ene Huuero He SICHO, HO HaMEKH 00HAACKUBAIOT!
Omnsth g ynuparoch B HeUCTpeOuMoe cTpemiieHre paborats ¢ paznoctsimu! Eciu g n3baBuiics ot
pasHOCTEl M3MEPEHHBIX MAacc, TO 3a4eM OCTaBIATH pa3sHOCTH BpemeH! Hamo oOpabarbiBaTh
3aBHCUMOCTbH MacChl JIbJAUHKU OT BPEMEHH, TeM 0oJiee YTO BCE JAHHbBIE JUIS STOW 3aBUCHUMOCTH
y’ke ecThb B Tabnuue 2! DX, cTOJIBKO BpeMEeHHU 3ps moTepsin!
Bce 310 X0po110, HO Kakas 10JDKHA OBITh 3Ta 3aBUCUMOCTD?
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CHaqana MOCTPOIO U TOCMOTPIO HAa HEC.
KpaCI/IBaH rjiagkass 3aBHCUMOCTb — 3aBEHCHMOCTE MACCHL JIBTHHKH 0T BEPeMeHH

kaptunka! Y BUAHO, 4yTO HE NMHEIHas ! :'sg : e

Kakoit ke QyHKUMEH €€ MOXHO g |

omucath? Paccyxpnar. bymy cumrarh, ;g Eﬁh

YTO MOSI TUIIOTE3a O CTCICHH % BepHa. z;g n‘*&;{l

Torma, dYroObl HAWTH 3aBUCUMOCTH 300 ﬁi":lﬁ

Maccel OT BpPEMEHM MHE Hago &0 e

IPOCYMMHUPOBATh BpeMeHa 00pa30BaHuUs jig LW

HECKOJIBKUX Karenb: BpeMsl .. =

00pazoBaHus n -oi KaIUA 5 e t,c:
0 500 1000 1500 2000 2500

-2 _2
7,=Cm B C(m0 —(n—l)/,t) A xax
ux cymmupoBarb? Hnes! 3auem cymmupoBarb? IIOTOK TEIIOTHI NMPONMOPLMOHAIEH Macce B

CTCIICHU % ; BHAYUT, 4 MOTY 3allUCaTb CKOPOCTb U3MCHCHH A MACCHI JIbJa:

AN’ 3)
At

Otcrona, HaBepHOE, MO’KHO HAalTH 3aBUCUMOCTb MacChl OT BPEMEHH (Ha4aJIbHYIO MAcCy s 3HAIO).
Ho ecnu pemry 310 ypaBHEHUE MOJIy4y, UTO Macca JbJAWHKH U3MEHSIETCS HETPEPBIBHO, & Y MEHS
ckaukamu? Hy 1 4TO — B 3KCIIEpUMEHTE JIE/1 IIJIABUTCS TOXKE HEMPEPHIBHO, 3TO KaIllJIM CPbIBAIOTCS
CKauyKaMH, Kakasi pa3HHIIa HEIIPEPhIBHO yOUPATh BOAY C JIbAWHKU, UM OHA HEMHOKKO IMOBHCHT
u cama copsercsi — Hukakou! Ilostomy ypaBHeHue (3) IODKHO NPAaBUIBHO ONKCHIBATH
MIOJIYYEHHYIO SKCIIEPUMEHTAIbHYIO 3aBUCUMOCTh. OCTaIOCh MEI0Yb — PEIINUTh ypaBHEHUE (3).
Hano yramate pemenue u aokasarb, 4YTO yrajajl InpaBHiIbHO. Paccyxparo. Pemienue uckare B

Buje crenenHoil Gpynkuun m = Bt” ? He noiier: Bo-mepBbIX, Npu ¢ = 0 Macca paBHa m =m,;

BO-BTODPBIX, Kamjisi TaeT 3a Kakoe-To Bpemst I - cTemneHHas (QYHKIHMS STHM YCIOBHIM

o t
yIIOBJIIETBOPUTH HE MOXKET. A Kakasi MoxkeT? JIuneliHas m = m, [1 —?j - KpaCuBO: IIpH

npu t=0 m=m,
b
npu t=T m=0
TOJIBKO 3aBUCHMOCTh HE JOJDKHA ObITh JMHEHHOH, MOTOMY 4YTO CKOPOCTb IUIABJIEHHS HE

MOCTOSIHHA. BBINOJHEHNE T'paHUYHBIX YCIOBHUN OOecreurnBaeT CKOOKa, eclii s ee BO3BEAy B
KaKyl0-HUOY/Ib CTENICHb, TO 3TH YCIOBUS BCE paBHO OyayT BBINOJIHATHCA. [lompobyro

p B
mzmo[l—?j . 4)

Hano sy ¢yHKIMIO OACTaBUTh B ypaBHEHUE (TaM )K€ clieBa CTOUTh MPOM3BOIHAS — KaK OyaTO
s 9TOTO HE 3Har0). bepy Npon3BOaHYIO U MOICTABIIAIO:

» %
Y1 1Y
mii-3) (7)-Am(-7) | =

-1 %p
mP L) 1oL
T T T

Teneps nNpUpaBHAIIO [TOKA3ATENIN CTEIICHEH
2
p-1=38 = B=3

TaK MPOCTO, UHTEPECHO !
[TpupaBHHBat0 KO3(PPHUIMEHTHI IPU CKOOKAX U HAX0XKY BpeMsl IIJIaBJICHHSI KaTlIH:
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r=Ln,

TO K€ MHTEPECHO, HO MHE 3Ta (hopMyia He Hy)KHA. Ypa, ypaBHeHue (3) peleHo:

p 3
m—mo[l—Fj . ®))

Kak nonsats 3ty ¢popmyny? Kopenb KyOMueckuil U3 Macchl JUHEHHO YOBIBaET CO BPEMEHEM, HO
KOpEHb KyOM4eCKHI U3 MacChl MPOMIOPLUUOHAIEH paauycCy mapuka (wim Kyouka). Tak 3To cpasy
MOXXHO OBLIO CcOOOpa3uTh: Ha Majbli y4acTOK MOBEPXHOCTH IOMNAAAET MOCTOSIHHBIM MOTOK
TEIUIOTHI, NPOTMOPLMOHATBHBIN €€ IUIOMAAM, MO3TOMY TOJIIMHA PACIUIABUBIIETOCS CIIOS
JTMHEWHO yObIBaeT co BpeMeHeM. Koropoe y MeHs karacTpoduuecku yoObiBaer! 3auem ObLIO
pemaTh 3TO0 ypaBHEHHE, JyMaTh HaJ0, a TO MOBeN cedst Kak mocieqHuii reopetuk! 3aro 3Halo,
KaK [POBEPUTH CBOIO I'MIOTE3Y: MOCTPOUTH I'paUK 3aBUCUMOCTH KOPHS KYOMYECKOTO U3 MacChl
OT BPEMEHHU — €CJIM MOJYUYHUTCS IpsMasi JIMHUSA, TO BCE MOM Pa3MBILIUICHUS BepHbl. Bece MOXHO

CTPOUTH 3aBUCUMOCTD: JInHeapusauma
1
m t
I—=1-=.
m, T 0953 m S
1, \g\@\ﬁ\
09 R
\ “H.,‘_&\Q
0,35
' -’H'ﬁ-.\@\‘s
08 M |
I'oTroBo — 310 MOOENA! G 4 C

Hukro He BO3pasut, 4TO 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
3TO NpsimMasi JInHus;!

Taxum 006pa3oM, 3KCTIEPUMEHTAIBHO MOATBEPKACHO, YTO MOTOK TEIIOTHI, TOCTYMAIOIIUI
OT BO3AyXa K JBJUHKE NPONOPLMOHAIEH IUIOLIAAM €€ IOBEPXHOCTU, II03TOMY BpeMs

00pa3oBaHus Kariy MPOMOPIHOHAIBHO MACCe KAIUIH B CTETICHU ¥ = A .

Jns ckenTukoB, Mory no0aBuTh. OOpabarbiBasi NHHeapu3oBaHHYIO 3aBucUMOcTh o MHK,

1

1 5
HaXoauM ee KOd(pHUIMEHT ee HaKIOHA 7 ~9,24-107¢”". NHTEpecHO, 9TO BpeMs IUIaBICHHUS

apmuaka T ~1,08-10% ¢ = 3uaca - Ho, [0-MOEMY, OHA paHbIIE pacTasia - )Kajlb, HE TOCMOTPEII,

HO ToJyaca ToyHo Bucena! Hakoner, mocTporo rpaduk 3aBHCUMOCTH MAcChl KAl OT BPEMEHHU:
TEOPETHUECKHM, C HAHECEHHBIMH YKCTIEPUMEHTATBHBIMH JAHHBIMU — JIFOOYHTECH!

1 3aPHCHMOCTE MAacchl JIBJAHHKH 0T BEpeMeHH
1.00 4 1, (TeopeTHyeckan KpHEad)
0,95
0,90

0,85 ‘wg“wa
0,80 "o

0,75
0,70

0,65 M‘m..ﬁ

0,60 Eh*wgm

0,55 e,

e

0,50 qhﬁ;?E-

0,45 !
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Jomamnss padora.

Koneuno, mnomyumnoce 310poBo. [IpaBna Bo3HHMKaeT HEOOJBIIOE COMHEHHE — B
3aBHUCHUMOCTb MacChl OT BPEMEHM s Cpa3y 3aJ0KWJ TPEThIO CTENEHb. A €CIIM TaM CTEIEHb
HemMHoro napyras? Hano mnompoGoBaTh MpoaHAIU3UPOBATh PE3yAbTaTbl H3MEPEHUN mpu
IIPOU3BOJILHOM II0KA3aTeJIe 3TOM CTENEHHU, TO €CTh 3aJI0KUTh

p B
mzmo[l—?j . (6)

Teneps HamoO pazpaboTaTh TaKyIO MPOLEAYPY, YTO ObI MOXKHO OBLIO ATOT MOKA3aTeNlb CTEIICHU
paccuuThiBaTh (WM XOTsA OBl oleHWBaTh). JIMHeapu3alus OJTON 3aBUCUMOCTH BHJIHA —
norapuMUUECKUi MacTao:

mﬁ=ﬁ1n[1—ij, %

m, T

HO TOCTPOUTH ATy JIHUHEAPU30BAHHYIO 3aBUCHMOCTH S HE MOTY, TaK KaK HaJ0 TMOJTOHSTH
BenMuMHy mapamerpa 7 (NMOHSTHO, YTO Ji HAWTydIlIeld MOATOHKU OH JOJDKEH 3aBUCETh OT
nokasareis [). 3HAUMT, CHayaja HaaO OMpPENeNsITh HAWIy4Ilee 3HAUE€HUE ITOrO IMapameTpa.
JIns aTOM 1enu 3amevaTenbHa Takas JIMHeapu3aus

1
Js
m t
AL ®)
m, T
Ho 4T00BI MOCTPOUTH 3Ty 3aBUCUMOCTH HAJI0 3HATh MMOKa3aTeNlb CTENEHH [ . 3aMKHYTHIN Kpyr. A

KaK MPOBECTU TaKyI0 JIMHEApHU3alfio, YTOObl MO HEW OMpEeAeNuTh U MOKa3aTelb CTENeHU, U
BpeMs TastHUsL T He BUJIHO, MIOXO0KE, YTO U HEBO3MOKHO.

Kakoii xe Bbixon? Ocraercs MOCIHEAHHMA — METOJ «HAYYHOTO THIKa»: OyIy 3alaBaTh
pa3iIu4YHbIe CTENEHU (caMm, METOA0M TMoadopa), 3areM Mo JuHeapuzanuu (8) ¢ momomnsro MHK

1
ONpeAesATh 3HaueHue napamerpa 7 (wim a = ?), U, HAKOHELl, CMOTPETh HACKOJIbKO BBIOpaHHOE

3HAUEHUE [I0Ka3aTelsl CTENEHH COOTBETCTBYET OKCIEPUMEHTAIBHBIM JIaHHBIM, TO €CTh
CpPaBHMBAaTh TEOPETUYECKYIO 3aBUCUMOCTH (6) C 3KCIEPUMEHTAIBbHBIMU JAaHHBIMHU. TOJIBKO,
MOKaJyd, Jydlle NMPOBOJUTH CPaBHEHUE MO JIMHEAPU30BAHHOW 3aBUCUMOCTH (7) — MPSAMYIO OT
KPUBOH OTJIMYUTE JIEr4e, YeEM KPUBYIO OT KpUBOii!

Temeps, Bce nmanusie B Excel, B oTaenpHOU sdelike 3a7aTh MOKa3aTeNlb CTEICHH,
MIOCTPOUTH 3aBUCUMOCTS (8), ee rpaduk, onpeaeauTs napaMmerp 7', moToM rpaduk 3aBUCHMOCTH
(7) u mocmoTpeTs!

Haunem c¢ mpocreiiiiero ciay4ast — BCsiKasi HEU3BECTHAsI IOCTOSIHHAS paBHA eqUHUIIE!

Urak, f =1, modTOMy CTpPOIO JIIMHEHHYIO m NMHEapW3aLMA MO BpeMeHU

m oo
3aBUCMMOCTh ——  OT BpeMeHn ¢. He ogs ﬁQ‘k\

m [IR=]

’ o 0,85 g
OYCHb OHA M IMHEHHAs, XOPOWO BHAHA -
BOTHYTOCTh (YHKIHMH. A 3a4eM, A €€ g, U‘b‘:ﬁm
IOCTPOWJI, OHAa K€ M paHblle ObUIa 07 3]
HAapHCOBaHa, TOJNBKO TOTHA s TpoBoamn &% e

o 06

KacaTesbHyI0 K HAYQIbHOMY Y4aCcTKy 9TOH .. g
kpuoii. Ho npoBepka Toxe He nmomemaer!  os T~ L ¢
XoTs, BO BpeMs alleJULILUU dTa KpUBas U 3 =HD A $a00 £eon 200

3a IPSAMYIO TOKE MOXET COUTH!

Kcratn 0 mpsMbIX — CKOJIBKO MOXXHO CPaBHUBATh «HA IJa3», Kakas mpsMas npsmee!
Hano mnpuaymats uTo-HHOYns Oojiee cepbe3HOE, KaKOH-HUOYAb YMCICHHBIM KpHUTEpHid
cpaBHeHus. IlopaccyxknaeM: HENOCPEICTBEHHO H3MEPSUIUCh BpEMEHa OTpbIBa Kalenb f,
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(n=12...N - HOMep Kalun), cIel10BaTEIbHO, IPEANOUYTUTEIBHEE CPABHUBATH 3TH U3MEPEHHbIE
BPEMEHA C TEOPETUYECKN PACCUUTAHHBIMU [ . UeM MEHbLIE OHM pa3iauyaroTcs, TeM jdydiie. Ho

YTO O3HAYaeT «MEHBIIE pa3iIuyaroTcsa»? PaccmMaTpuBaTh MaKCHUMalbHYIO pa3HUIlY — HE OYEHb
XOpOILO, B 3TOM CJIydae OJHa HEeyAa4Has SKCIEPUMEHTAIIbHAs TOYKA MOYKET IIPUBECTU K TAKOMY
OTKJIOHEHHUIO, YTO Ha BCE OCTaJbHbIe MOXHO W He cMmoTperh! HyxkHa oOmas cymmapHas
XapaKTepUCTHKa:

- CymMMa BCEX OTKJIIOHEHMH? — IUIOXO, TaK KaK OJHM OTKJIOHEHHUS MOJIOKUTENIbHBI, a
Jpyrue OTpULATEbHBI, TOT/AAa M OYEHb OOJBIINE OTKIOHEHHS MOTYT KOMIICHCHUPOBAThH IIPYT
Apyra,

- CyMMa MOAYJIEW OTKJIOHEHMM — Jydille, HO IoueMy cymma Mmoaynein? Bo Bcex
dopmynax Ui pacuera CIy4ailHBIX IOTPEHIHOCTEH CTOST CYMMBl KBaJpaToB OTKJIOHEHHIA,
ouYeMy 371eCh JOJDKHO OBITh MO-Apyromy?

- KOHEYHO, CyMMa KBaJpaTOB OTKJIOHEHUH OKCIICPUMEHTAIBHBIX TOYEK OT
TEOPETUYECKON 3aBUCUMOCTH — BOT KPUTEPUM CPABHEHHUS:

N
=30, 7).
n=l1

3ameuaTeNbHO, HO I HAriIsAgHOCTU YCPEAHUTb 3Ty CYMMY (CpeqHMil KBajpar
OTKJIOHEHUS) M ... HM3BJE€Yb KOPEHb — CPEIHEKBAJIPATUYHOE OTKIOHEHHE, 3TO K€ OYCHb
HarJisiHas U MoHsATHas BennuuHa! Mtak, KpurepueM kadecTBa MOJArOHKH (KpacuBOe Ha3BaHue!)
MOYET BBICTYIATh CPEIHEKBAAPATHYHOE OTKIOHEHHE '

©)

Ocranach Menoyb: KaK pacCUUTaTb TEOPETUYECKUE 3HAYEHHMsI BPEMEH OTpbIBA Karleib.
3aBHCHMOCTb MAacChl KalllIi OT BPEMEHH JAaBHO IOJIY4€HA: m = m, — (71, U JaXe apaMeTpsl ee

HalJIeHbI, MOJICTaBJIsIEM €€ B BbIpaxkeHue (8)

M%ZI_L
m, T’

U 3anucbiBaeM (hopMyiTy ISl pacueTa BpeMEHH OTphIBA

(Y
t =T|1-|1-"—n . (10)
m,

Bort Teneps s BOOPYKEH 10 HACTOALIEMY, NOPSAILOK NEUCTBUI CTPOrO U IOHSATEH:
1) BeIOMpato (mouTu Hayraa) 3HaueHue napamerpa f ;
1

AV
2) cTpOIO 3aBUCUMOCTD | — OT BPEMEHMU {, CMOTPIO, Ha CKOJIBKO OHA JIMHEIHA;

m,
3) no MHK omnpenensto napaMeTpsl 3T0H «JIMHEHHON» 3aBUCUMOCTH (8), HaX0XKy 3HaueHue 7 ;
4) paccuMThIBal0 CpPEAHEKBAAPATUUYHOE OTKIOHEHHE (9) DHKCHEPUMEHTAIbHBIX TOYEK OT
TEOPETHUYECKUX 3HAUYEHUH, paccuuTaHHbIX 10 hopmyre (10);
5) BeIOMpatO Takoe 3HaUCHHUE MOKa3aTeNs CTeneHn [, MpH KOTOPOM § MHUHHMaJbHa.

1 Hpoﬁzm «IIPOCTBIM JIOTUYCCKUM IIYyTEM)» Hall FOHBII OKCICPUMCHTATOP MOCTPOUIT 3aMeYaTeIbHEIN KpI/ITepI/Iﬁ
CpaBHCHUA PA3JIMYHBIX TCOPECTUUCCKUX MO,HGJ'ICI\/’I. OTMGTI/IM, YTO OCHOBHOM (I/I ﬂeﬁCTBHTGHLHO O6OCHOBaHHOI>i)
I/meef/i TAaKOro IMOCTPOCHUSA ABJIACTCSA CPAaBHCHHUC BCJIMYMH HCIIOCPCACTBCHHO (HpHMO) HU3MCPCHHBIX C
TCOPECTUYCCKUMU 3HAYCHUAMMU. B npuHOuNIe, HE CIUIIKOM CYHICCTBCHHO, KAaKyH0 HMCHHO BCIIMYMHY CICAYCT
BLIGI/IpaTI) B Ka4CCTBC KpUTCPUA CPABHCHNEC, HC HAMHOI'O XYK€ U CPEAHCC 3HAUCHUC Moaynef/i OTKJIOHCHUH. O,HHaKO,
MOCTPOCHHOC CPCAHCKBAAPATUIHOC OTKIIOHCHUEC (I)aKTI/I‘IeCKI/I SBJIICTCA OHGHKOfI CHy‘laﬁHOﬁ MOTPCIIHOCTH MPSAMBIX
H3M€pCHHﬁ BPEMCH, TOOTOMY YallC BCCIr'0 B CCPHbE3HBIX SKCIICPUMCHTAX UCITOJIB3YCTCA MMCHHO oHa!

176



He BpenHO Takke mocMOTpeTh Ha rpaduK 3aBUCUMOCTH OTKJIIOHEHUH (z‘,1 —Zq) OT HOMEPA KaIlIu
— II0 HEMYy MOJHO IPUKHHYTbD,
CIIy4aiHBIMH.

Tenepp 3ailiMemcsi moabopoM W ero mnpoBepkoil. JluneiHyto 3aBucumocts f=1 s yxe

SABJISIFOTCA JIM 3TU OTKJIIOHCHUSA 3aKOHOMCPHBIMHU HJIN

paccmoTpen u otopocui. [oliaem nansme: f=2.

Lia ”
i e
(En) NMHEapM3aUMA NO BPeMeHM t- & OTknoHeHus "
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KpacuBo — «Ha ria3» JTuHeapHu30BaHHAs 3aBUCUMOCTb MacChl OT BPEMEHU MOUTH uaeanbHa. Ho
Ha rpaduke 3aBUCUMOCTH OTKIOHEHHMH OT HOMEpa KaIuld BUIHO, YTO BCE OHU B OJJHY CTOPOHY. A
YHMCIEHHBIE TapaMeTpbl: BpeMs TasHus 1 =7598c¢ = 2uaca , cpeAHEKBaApaTUYHOE OTKIOHEHHE
s =21 c - ue mHOTO, 0c0beHHOo Ha (one 2000 c.

[Tpobyem [ =3.
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«Ha rna3» nuHeapusanus ONSATh NPAKTHYECKH UJealbHA, 3aTO OTKIOHEHHUS, BO-TIEPBHIX,
MEHBIIIE, BO-BTOPHIX, MMEIOT pa3Hble 3Haku! UHCIEHHBIC XapaKTePUCTHKHU: BpeMs TasHUS
T =10800c¢ = 3uaca (He CyIIECTBEHHO), CPEAHEKBAIPATUYHOE OTKJIIOHEHUE § = 9,7 ¢ - HY 3TO XKe
B JIBa paza MeHblie!

Emte ogno 3nauenue f =4:

(m 11y (o7 OTKNoOHeHUA
1 an) JMHeapHU3aUmXA No BpeMeHH! sy B by
300
095 250
RRa =0 5 N

e Y rd X
o9 TW 1 2 'E ﬁ/ QK
083 |

4 —
08 0o 4W \
50 i f: 4 4k a0
075 4100 = %
07 Le s \6

] 500 1000 1500 2000 2600 200
OnaTe «IMHEapu3alMs» MOYTH HJi€albHA, HO OTKIOHEHMs YIIIM B JAPYTyl0 CTOPOHY, Za U
CPCAHCKBAAPATUIHOC OTKIIOHCHHUEC BO3POCJIO: § = 15¢. SIBHO 3aBLIIIEHHOE 3HAYEHHUE [TOKA3aTEII
cTereHu!

Ha 3ToM MOKHO M OCTaHOBUTBCS — ITOKa3aHO, NIOKa3aTele CTeNeHn [ =3 TeopeTudeckas KpuBas
=2 u p=4. Opnako,
CYIIECTBYIOT M JpOOHBIE TOKa3aTenu, moyemy Obl He mpoBeputrh U ux? Tem Oosee, yTO
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KOMIBIOTEP MO3BOJISIET IPOBECTU ITH pacueThl NPAaKTHUECKH MIHOBEHHO! [loaTOMY IpoA0IKUM.
Her cmbicna mpuBoauTH Tpaduyeckue WUTIOCTPALUU IS ToKas3aTrened OJNM3KHX K TpeM,
MO3TOMY OTPaHUYMMCS TaOJIMYKOM, B KOTOPOH NpEeACTaBUM 3HAYCHUS CPEIHEKBAAPATUYHOTO
OTKJIOHEHUS JUI Pa3IMYHBIX NOKa3aTeiel, MpUOMKAIOMUXCS K TpeM. MOXXHO 3TH JaHHbIE
Jla’ke TPEeICTaBUTh Ha Tpaduke.

JaBMCHHOCTL CpeAHEKBaApATUYHHOID OTKNOHEHWA OT
NoKazaTenAa cTteneHM

B 5¢ ¥ = 8,40x" - 48,51x + 79,64
2,50 11,55 25 r8¢
2,75 9,78 [ 2 L G | D ———— . <
2,90 9,57 TR
3,00 9,72 1" 4
3,10 10,02 10,5 -
3,25 10,70 A
3,50 12,14
9.5 -
3 |
25 2,75 3 3,25 35

A emie B Excel’e ecTb 3ameuaTenbHast BO3MOXXHOCTh IOCTPOUTD alMpOKCUMAIHIO 3aBUCUMOCTH.
B naHHOM ciydae MEHs MHTEPECYET IMOJIOKEHUE MUHUMYMa: NPU KaKOM 3HAYEHUU MOKa3aTels
CTENIEHU CPEIHEKBAAPATUYHOE OTKJIOHEHHME MUHUMAaNbHO. IIpolly mocTpouTh KBaIpaTHUHYIO
(GYHKIUIO M MOKa3aTh €¢ ypaBHEHHE Ha JuarpamMmme — roroBo. Temepb 0e3 Tpyna ompeaessio
MoKa3aTesb CTENeHU, IPU KOTOPOM paccMaTpuBaeMas (pyHKIMS MUHUMAJIbHA:

. 4851
b =7 8,48 %9

KoneuHo, 3T0 He coBceM TpH, HO OYEHb OJM3KO K HeMy (pasziuuue MOXKHO CIUCAaTh Ha
NOTPEHIHOCTH ~ u3MepeHus). Takum  oOpa3om, TeopeTHyeckas MOJAEIb  IUIABICHMS,
BBIpa)KaIOH_[aSICH 3aBUCUMOCTBIO MACCHI JIbIINHKHN OT BpCMeHI/I

3
m =m0[1—%j ,

OKa3bIBAE€TCSI MOATBEP)KIECHHONW 3KCIEpUMEHTaNbHO. Cle0BaTENbHO, MPEANOIOKEHUE O TOM,
YTO IOTOK TEMJOTHI M3 BO3[yXa Ha JBbAUHKY IPONOPLMOHAIECH IUIOAAU €€ IMOBEPXHOCTH,
MOATBEPANIIOCH.

P.S. 1 Bce-Taku kajab, YTO HET BO3MOXKHOCTH IIOJIb30BAaThCS KOMIIBIOTEPOM BO BpeMs
OKCIEPUMEHTAJIBHOIO Typa OJIMMIIMAALI — 3a OTBEAECHHOE BpEMs TaKHWE pacueThl Ha
KaJIbKYJIAITOPE HE IIPOBEEIIb!

Ha smom mul paccmaemcia ¢ Hawum maidanniuebiM WKOJIbHUKOM, 6blNOJHUBULIEM

(ecmecmeeHHO, ¢ Haulel NOMOWbIO) MAKOU SPOMAOHBII 00beM pabomvl U NOOHAGUWUMCA HA
HOBYI0 CMYNeHb 8 YMEHUU Peuams CO0NHCHble IKCHepUMeHmMAabHble 3a0adu!
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3.9 Tak, 4T0 ke TaKkoe «Xxopoumasi IKCIIepUMEHTAJbHAs 3a1a4a»?

Eme B mepBoi yacTh JaHHOW KHHUTH ObLIM CPOPMYIHUPOBaHbI 0OOIIME TpeOOBaHWUSA,
NPEIbSBIAEMbIC K SKCIICPUMEHTAIBHBIM 3a/IaHUsIM OJMMITHaA. He Bce paccMOTpeHHbIE paHee
3aJ]aud MOJIHOCTBIO YIOBJICTBOPSIOT 3THM TpPEOOBAHUSIM — OJHHM CIHUIIKOM IPOCTBI, JAPYTHe
TpeOYIOT TPOMO3JKON MaTeMaTHUeCKOW 0OpabOTKH, TPETbU HE JOMYCKAIOT OJHO3HAYHOTO
TOJIKOBaHMS TMOJYYCHHBIX pPE3yJIbTaToOB. B 3akiroueHue 3TOW 4yacTH Mbl MOAPOOHO OTMHMIIEM
3ajauy, KOTOpas, Ha Hall B3[VIAN, SBSCTCS OJHOW W3 JIy4IIUX, MpPEJIaraBIIuXCs Ha
Oenopycckux GU3NUECKUX OTUMITHAIAX.

3agaya 19. «DuaekTpu4YecKHi TOK B TapejKe»

OdopynoBanue:
UCTOYHUK TOKa
HaNpsHKEHUEM 9,0 B

(IOTTyCTHMO HCIOB30BaTh JBE
Oarapeiiku 4,5 B); BonbT™METp

(MynBTUMETD);

COCIMHUTEIIbHBIE IIPOBOJIA;
KIIF0Y JIIEKTPUYECKU,
QJIFOMUHUEBbIC AIIEKTPOLBI
pa3au4HON bopmbl
(KONpLIEBOM, JIBa JIMHEUHBIX,
JBa «TOUYECYHBIX»);
AJIIFOMMHHUEBBIN LIYII,

ITAHICHIUPKYJIb, Tapelka ¢
3aKpEIUICHHON IMIKaJIoN, OyThIJIKa MUHEPAJILHON BOJIBL.
IIpn mpoTekaHuM D3JIEKTPUYECKOTO TOKAa B HEKOTOPOM Cpele paclpencsieHHE TOKOB

(omuchIBaEMOE BEKTOPOM ILIOTHOCTH TOKA j ) COBIIAJACT C o
OYeYHbIU
HaIpaBJICHUEM BEKTOpa HANPSKEHHOCTH SJIEKTPUUYECKOTO e 31€KMPOO

N —— e,

nonst £, MOITOMy, WM3yd4as paclpeicIeHHe TOKOB, MOJKHO
JenaTh BBIBOABI O CTPYKTYype OJJIEKTpHUYEcKoro mouisi. B
JAHHOM 3a/laHMH B Ka4yeCTBE CPEIbl HCIIOJIb3YEeTCS PAaCTBOP
ANIEKTPOJIUTA (MUHEpAIbHAS BOJIA).

B o6sacTu KOHTaKTa 3JIEKTPOJIUTA C METAIUIMYECKUM 3JICKTPOAaMu o0pa3yeTcs IBOHHON
MOHHBIN C€J10H, 001aJarouii 3aMETHBIM JIEKTPUUYECKUM COTIPOTUBIIEHUEM, ITO3TOMY B 00JacTH
3TOTO CJIOS MPOMCXOTUT 3aMETHBIM CKAa4yOK IMOTEHIMajda. BenumumHa 3TOro ckayka 3aBUCHT OT
MaTepHuaiia 3JeKTPOJIOB, BUJA 3JEKTPOJHUTA U TMOJIIPHOCTU 3JIEKTpoaa. B manHoW pabore Bam
00s13aTeNbHO HEOOXOJMMO YYUTBIBATH 3TOT CKAuOK, MMOITOMY €ro CIEAYeT HKCIEPUMEHTAIbHO
UCCIIEI0BATh.

Bo Bcex ympakHEHHsIX BaM IPEACTOUT UCCIEeI0BaTh NPOCTPAHCTBEHHOE paclpe/ieieHue
MOTEHIMAaJIa: 3aBUCUMOCTb OTEHIIMAJIa OT PACCTOSHUS J0 MOJI0XKUTEIBHOTO AJIEKTPO/Ia.

Ilpumem nomenyuan ompuyamenbHo2o 31eKmMpPooa pagHviM Hyio.
Paccmoanusa cnedyem omcuumuléams Om nOJI0HCUMENbHO20 INEKMPOOa.

0. M300pa3ute 37MeKTPUIECKYIO CXEMY, MO3BOJISIONIYIO0 U3MEPSITh 3aBUCUMOCTh
AIEKTPUUECKOTO MOTEHIMANIA OT PACCTOSIHUS JI0 TOJIOKUTEIIBHOTO 3JIEKTPO/Ia.
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Yacrs 1. [lapainnienbHble 3JIEKTPOABI.

Pacnionokure B Tapenke 1Ba JIMHEHHBIX JIEKTPOAA MAapaJLIEIbHO IPYr APYry, 3aJIeTe UX
ANIEKTPOJIUTOM (JIEKTPOJIUT JOJKEH MOKPBIBATH 3JIEKTPObl, HO HE KacaThCsl MECTa COEIMHEHUS
QIFOMUHHMEBOTO JIEKTPOJA C COETMHUTEIBHBIM IIPOBOJIOM).

1.1 Hccnenyiite 3aBUCUMOCTb IOTEHIMANIA OT PACCTOSHUS 10 TIOJIOKUTENBHOTO 3JIEKTPOIa B
00J1aCTH MEX/1y JIEKTPOJaMHU VIS ABYX PA3ITUYHBIX PACCTOSHUI MEXY JIEKTPOJaMH.
[ToctpoiiTe rpaduky NOTY4YEHHBIX 3aBHCUMOCTEH.

1.2 Hcrione3yst OTy4eHHBIC JAaHHbIE, ONPE/ICIUTEe CKaYKK OTeHIMana A,y U A@(_) Ha

ITOJIOKUTEIILHOM U OTPULATEIBHOM JJIEKTPOAAX.
1.3 Ilokaxwure, 4TO pe3ysIbTaThl U3MEPEHUN I Pa3HBIX PACCTOSIHUM MEXAY dJIEKTPOJIaMHU
COITIACYIOTCS IPYT C APYTOM.

Yacre 2. PaguajabHoe pacTeKkaHme.

Pacniono)xure B Tapenke KOJIbLIEBOM IEKTPO/, a B €€ EHTPE «TOYEUHBII» 3IIEKTpo1 (OH
JOJKEH OBITh MOJIOKHUTETHHBIM).
2.1 UccnenyiiTe 3aBUCHMOCTb IOTEHIMANIA OT PACCTOSIHYSL 10 LIEHTPAIBLHOTO 3JIEKTPOJa.
[ToctpoiiTe rpaduk NOTYy4eHHON 3aBUCUMOCTH.
2.2 [Tokaxxure, 4TO pacupeesIeHue NOTeHIMaia IpU paauaabHO CUMMETPUYHOM
pacripeieieHIH 3JIEKTPHUECKOTO TOKa MOXKET ObITh OMMCAHO (OPMYIION.

r
o(r)=A4+BIn| —|. (1)
T
rie 7, -3 (EeKTUBHBIN pamuyc'? HeHTPATBHOTO SIEKTPOA.

Haiinute 3Ha4eHHs MOCTOSHHBIX KOA(PPHUIMEHTOB A, B, UCHOIb3ys JaHHBIC, MOJIydCHHbIC B

Yacru 1.

2.3 Ha ocHOBaHMM pe3yIbTaTOB U3MEPEHU MPOBEpbTE CIpaBEATUBOCTh (hopMyibl (1) B JaHHOM
skcniepuMenTe. OnpenenuTe 3KCrepuMeHTaTbHbIE 3HAUYCHHST KO PHUIIUEHTOB.

2.4 Onpenenute 3GPEKTUBHBII paguyc AIEKTPOJA 7, .

Yactpb 3. /IBa «TOYEYHBIX)» HCTOYHHKA.
Pacnionoxure qBa «TOUCYHBIX» 3JEKTPOJa HAa TUHEHKE OJIM3KO K ee KpasiM.

3.1 MUccnenyiite pacnpeneneHue NOTEHIMANa BAOJIb NPSIMOW, COEAUHSIONIEH EHTPbI
anekTpooB. IlocTpoiite rpaduk moryyeHHOH 3aBUCHMOCTH.
3.2 IlokaxuTe, 4TO B JAHHOM ClIydae pacIpelesieHHe MOTEHIMala MOXET ObITh OIHCaHO

bopmynoit

(p(r)=A+Bln[l_rj, )

r

rJ€ 7- PacCTOSIHUE 10 MOJOXKUTEIBHOTO 3JIEKTPOoAa, [ - pacCTOSHHE MEXIy LEHTpaMu
AIIEKTPOJIOB.
Haiinute 3Hauenus koapduuueHtoB 4,8 B Gopmyne (2), UCNoOab3ys JaHHbBIE, MOJTyYCHHBIC B
Yactu 1 u 2.

12 o o
W3-3a Hamuuus obaacTu JBOWHOI'O CJI0A 3(1)(1)6KTI/IBHI>II/I paanyC HE3HAYUTCIIbHO IMPCBLIIIACT panyC CaMOro
QJICKTPOJaA.
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3.3 Ha ocHOBaHMH MTPOBEJCHHBIX H3MEPEHUH POBEPbTE MPUMEHUMOCTH (POPMYJIBI (2) B JAHHOM
ciyyae. OnpeaenuTe SKCIepUMeHTaIbHbIe 3HaUeHUs KodppuuneHToB A4, B B Gpopmyie (2).

Kommenmapuu x ycrosuio 3a0ayu.

1. B kauecTBe HM3MEpHUTENHHOrO MpHOOpa MPEANOYTUTENbHEE HCIOJIB30BaTh 3JIEKTPOHHBIN
MyabTuMeTp. 1Ipy rcnonp30BaHUM MIKOJBHOTO BOJIBTMETPA TOUHOCTh U3MEPEHUN HE MO3BOJISET
IIOJIYYUTh CTOJIb XOPOIIEE COOTBETCTBUE MEXKIY SKCIEPUMEHTAIBHBIMU U TEOPETUYECKUMU
pe3yibTaTaMH, XOTS OCHOBHOM paccMaTpuBaeMblii 3()(eKT — MOSBICHHE CKayKa MOTEHIMaja
BOJIN3M DJIEKTPOJOB, YETKO IMPOSIBISCTCA U B 3TOM ciydae. [Ipu ucnonvb3o8anuu uwKoIbHO20
gonbmmempa yOOOHell U3MepsAmb pacCmosHue, Ha KOMOPOM HNOMEHYUal npuHuMaem
onpeoenenHoe 3HaueHue, Pukcupyemoe 0J1bmmenpoMm.

2. DAeKTpoasl pa3nMuHON (POPMBI CIeIyeT M3TOTOBUTH U3 KYCKOB aIOMHUHHEBOI IMPOBOJIOKH,
KOJIBLIEBOM JIEKTPOI OJDKEH pa3MeIIaThCcsl Ha JTHE TapesIKU BOIM3H €ro Kpaes.

3. lIkany Ha JHE TapeaKu MOKHO U3TOTOBUTH U3 MOJIOCKH MHJUIMMETPOBOM OyMaru, MpUKpenuB
€€ 10 JUAMETPy TAPEJIKH C MOMOIIBIO CKOTYA, KOTOPHIN JOJDKEH IOJHOCTHIO 3aKphIBaTh LIKAIY,
IIPEAOXPAHsIs €€ OT pacTBopa.

4. Tok dyepe3 pacTBOp [OJDKEH HIPOXOAUTH TOJIBKO BO BpeMs M3MEPEHMH, TaK Kak Ipu
JUINTEJIBHOM IIPOTEKaHUU TOKA M3-3a DJIEKTPOJIM3A €r0 DJIEKTPUYECKUE CBOMCTBA U3MEHSIOTCH.
Taxoxe He0OX0TMMO KOHTPOJIUPOBATh MOCTOSHCTBO HANPSKEHUS HCTOYHUKA TOKA.

O0cy:kaeHne u pelieHue.

B nanHOM 3amade uccinenyercs IpOTeKaHUE TOKA B IPOTSIKEHHOM Cpene, B OTIIMYUU OT
TPaZMLIMOHHOIO HW3YYEHHUS LENed CO COCPEJOTOYEHHBIMM IapaMeTpamMu.  OJIEKTPUUYECKUE
XapaKTePUCTUKU TaKOH CHCTEMBbl CYHIECTBEHHO 3aBHCAT OT (OPMBI TOKOIOABOISIINX
AJIEKTPOJOB MOTOMY, YTO UX (opMa OmpeAessieT MPOCTPAHCTBEHHOE pAacIpelesieHHe TOKOB.
VIMEHHO IIPOCTPaHCTBEHHOE PACIPENCIICHUE TOKOB OINPENEISIET paclpeneIcHue MOTeHIMala B
cpene, KOTOpoe HEOOXOauMO uccienoBaTh. Kak cka3aHO B YCIOBUH, 3TO paclpeneieHue
MIOTEHIIMAJa IOJHOCTHIO COBMANAET C IEKTPOCTATUYECKUM (€CIM DJIEKTPOJbl 3aMEHUTh Ha
COOTBETCTBYIOIIHME MTOCTOSHHBIE 3apsabl). OHAKO MPH MPOTEKAHUH AIIEKTPUUYECKOTO TOKA Yepe3
AJIEKTPOJIUT BOJIM3H 3JEKTPOJIOB KOHLIEHTPAIMM MOHOB PE3KO U3MEHSIOTCSA, YTO U MPUBOAMT K
BO3HUKHOBEHUIO JABOMHOIO AJIEKTPUUYECKOTO CJIOS C OOJIBIINUM JIEKTPUUYECKUM COTIPOTUBIICHUEM,
YTO MpPOSBIISETCS B BOSHMKHOBEHHH 3aMETHOrO CKauka MoTeHmuana . Iloguepkrem, uto o0a
AJIEKTPO/Ia OJJMHAKOBBI, IIO9TOMY HUKaKOW ranbBanndeckoi JJ{C Mexay HUMU HE BO3HUKAET, U
TOJIBKO IIPH MOAKIOYECHUU UCTOYHUKA DJIEKTPOJbl OKa3bIBAIOTCS B HEPABHBIX YCIOBUSAX — OJMH
IIOJIOKUTEIIbHBIN, BTOPOX OTpULAaTeNbHbIIM. [[OMMMO BO3HUKHOBEHHUS CKaYKOB IIOTEHIMAIA OTOT
CIIOH TpOsBIIAETCSI B HEKOTOPOM 3()(HEKTUBHOM YBEIMYEHHMH JUAMETpa TOUYEUHOTO HJIEKTPOAa,
3TOT 3(pPeKT Tarke AOKEH ObITh OOHAPYKEH U YUTEH IpU 00paboTKe pe3yabTaToB U3MEPEHUIA.
[TpucTynuMm K mocCle0BaTeIbHOMY W3JIOKEHHUIO PE3ylIbTaTOB M3MEpeHUH M ux obpabotku. B
TEKCTE PELICHUs] KOMMEHTAapUH BBIIEICHBI KYPCUBOM.

0. HpI/IHI_II/IHI/IaJ'IBHaﬂ CXeMa, NpeaHa3HauCHHAas U3MCPCHU A
3aBUCUMOCTHU NOTCHIHUAJIA OT paCCTOSIHHUA 10 IMOJOXKUTCIILHOT'O
QJICKTPOJa, ITOKa3aHa Ha pI/IC1 Cxema O4yCBHIHA U HE Tpe6yeT
JIOTIOJTHUTEJIbHBIX MOSCHEHUH.

Pisc.

1 3ot ke d¢dext uyuancs B 3agade 15 1aHHOMN KHHTH.
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Yacre 1. [MapajieabHble 3JIeKTPOABI.

Pe3ynpraTtel HM3MEpeHUN 3aBUCHUMOCTH HOTGHI.[I/IaJIa(p()C) OT PacCTOSIHUSA X Jo

MOJIOKUTEITFHOTO JJICKTPOAA MPH JABYX  PA3IMYHBIX PACCTOSHUSX MEXAY DIEKTpojgamMu [
npencTanieHsl B Tabmwuie 1.

Obpamume HuMaHue — uzMepeHusi NPoBedeHbl 80 8CeM OUANA30HE USMEHEHUS BeTUYUHDBL
x, ¢ manvim wazom 0,5 cm.
Taoauna 1.

Pacnpenenenue norennuana (p(x)

PaccrosHue mexay PaccrosHue Mmexay
anexrponamu / =9,0 cm anexrponamu / = 7,0 cu

7,12 7,05
6,76 6,52
6,34 6,01
5,93 5,49
5,47 4,98
5,06 4,43
4,67 3,93
4,26 3,42
3,85 2,91
3,45 2,37
3,09 1,88
2,71 1,41
2,31 0,9
1,92
1,55
1,16
0,75

I'paduxu moryueHHbIX 3aBUCUMOCTEH Moka3aHsl Ha Puc. 2.

21 B : : : ; : : E
A S N T SR S . —
= RS SO TR N S (— :
i TSNS VU TP S — -
3 B - ot SN —— - —— S— J
N S\ SO N T S
5------o-- R e ettt - Tress-o] TR oo e bonmeenee
il e
.
At 5 5 5 5 s s : s .
1 2 3 4 5 6 7 8 X, o
Puc. 2

Kaxk u cneoosano OOiCI/laamb, NOJYYEHRHbLE 3ABUCUMOCMU ABIAIOMCA JZMH@I;lelMu, makK Kak
JUHUU MOKA 8 OAHHOM cydae napdjilellbHbl, 4Ymo coomeemcmeyem npumepHo NOCIMOSIHHO
HANPANCEHHOCMU IJIEKMPUUECKO20 NOJIA 6 NpOCMpAaHcmee Meofcdy svzeKmpOOaMu.

1.2 TloxyueHHBIE 3aBUCUMOCTH SIBJISIOTCS TMHEHHBIMU, OMIMChIBAEMbIMH (DYHKIIMSAMU
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o(x)=ax+b. (1)

KoadduuneHTs! 3TUX 3aBHCUMOCTE MOTYT OBITh HAalIGHBI Pa3IMYHBIMK clIOco0aMu, HauboJiee
TOYHBIH U3 KOTOPHIX — METO/T HAMMEHBIINX KBaapatoB. [IpenensHoe 3Hauenne @(x — 0)
OTJIMYHO OT HaNpsbKeHUs UcTouHUKa U ), B 4eM MPOSBIIAETCA HAIMUUE CKauKa IOTeHIUAala
BOJIN3U MOJIOKHUTEIBHOTO 3JIeKTpoia. [loaToMy BeMurHa 3TOTO CKayKa paBHA
Apy=U,—9(0)=U, -b. )
AHAJOTHYHO, TIpeieNbHOE 3Hauenne @(x — / ) OTJIMYHO OT HYJIS, B YeM IPOSIBIISIETCS HATTMUME

CKauKa MoTeHIMaa BOJIM3M OTPULIATEIBHOTO 1eKTpoa. [103ToMy BeTHMurHa 3TOTO CKauKa
paBHa

Aoy =o(l)=al +b. (3)
B Tab6muue 2 npencrasnens! pacuetsl no MHK napamerpoB smHeHbIX 3aBucuMocteit (1) u ux
MIOTPEIIHOCTEH, a TaKXKE BEJTUUMHBI CKAaYKOB MMOTEHLHUAJIOB (M UX MOrPELIHOCTH ), HAalACHHbIE IO

dbopmynam (2)-(3).

Taoauua 2.

b, B AQ)(Jr), B A@(f), B

a,—
cM

-0,80£0,02 7,49 +£0,05 L,51+0,06 0,30£0,05
-1,03+£0,03 7,54 £0,04 1,46 £ 0,06 0,33+0,04

1.3 [lomyueHHbIe U1l pa3HbIX PACCTOSHUI MEXKTY JIEKTPOAAMHU MIOJHOCTBIO COTJIACYIOTCS IPYT
C IPYTOM TIO CICIYIOIUM XapaKTEePUCTHKAM:

- 00€ 3aBHCUMOCTHU JTUHEHHBI;

- Haﬁl[eHHLIe 3HAYCHHUA CKAYKOB IIOTCHIIMAJIA B Hpe;[enax HOFpeI_HHOCTI/I COBIIAAr0T.

Yacre 2. PaguajabHoe pacTeKkaHme.

2.1 Paguyc neHTpanbHOro 3IeKTpoja 7, = 1,2 mm , paquyc KOabLEBOro dIeKTpoaa R = 6,5 cm .

Pe3ynbrarel n3MepeHuii 3aBUCUMOCTH MOTEHIMAJIa OT PACCTOSIHUSA 10 LIEHTPa LIEHTPaJIbHOTO
aNeKTpoAa npenacTasieHsl B Tabnuue 3 u Ha puc. 3.

Taoauna 3. @, B =
e, B . : : : : E
0,5 5,43 . . L L L ]
1 3,87
1,5 3,01 a b N i
2 2,41 .
2,5 1,99 N A
3 1,65 !
3,5 1,37 N . U I D |
4 1,14 . i
45 0,92 N L L e Y
5] 073 e e e e .
5,5 0,56 : : : : ! ' Fem
e|_od T R
Fue. 3
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2.2 Tak kak pacnpenencHie TOKOB SBISETCS paJuaJbHO CHMMETPUUYHBIM, TO 3aBUCUMOCTD
IUIOTHOCTH TOKa OT PAcCTOSIHUSA /10 LIEHTPAJIbHOM TOUKU OyneT 0OpaTHO MPONOPLUUOHATIBHOM

. _a o
j oc — . Ilo 3akony Owma Takoii e OyJeT 3aBUCUMOCTb HAINPSDKEHHOCTH TOJISL OT PACCTOSTHUS
r

a .
E = —. Pacnipenenenue nNoTeHIMaIa MOXHO HAUTH, IPOUHTETPUPOBAB BBIPAKECHUE IS
r

HAIMpPAXKCHHOCTHU 1O paCCTOSAHUIO

.
r
Ap =—'[Edr =—aln—,
o
o
TO €CTh 3aBUCHMOCTb SIBIISICTCS TOTapU(PMUUECKOM, IPUBEICHHON B YCIOBHH.
[TapameTpsl 3TOI 3aBUCUMOCTH OMPEACIISIOTCS TPAHUYHBIMH YCIOBUSIMU

-1Ipu ¥ =7, (7, - paguyc LEHTPAIBHOTO 3JE€KTPO/1a) NOTEHIIMAT paBEeH go(ro) =U, —A@(.);
-npu r =R (R - pannyc KOJIbLEBOrO 3JIEKTPO/a) MOTEHIINAT PABEH (p(R) =AQ().

W3 aTux yCJIOBI/Iﬁ CJICAYCT, UTO UCCIICAYCMasA 3aBUCUMOCTb UMCCT BUJ

Uy—Ap — A r
o(r)=U, - Ag,) ————F—"In— @)
In = "o
o

r
TO €CThb IapaMeTpPhbl 3aBHCHUMOCTH (p(r)= A+ Bln— BbIpakaloTcsi 4epe3 XapaKTepUCTHKH

T
CHCTEMBI CIIETYIOIIUM 00pa3oM
Uy —Apy —Ap
A=U,~Ap;  B=——t— (5)
In—
T

2.3 IlocTpouM 3aBUCHMOCTH MOTEHIHANA ¢ OT lnL, rae B kauectse 7, = 0,12 cu Bo3pMEM
o

paanyc IEHTPATBHOTO JJIEKTpoaa (TO €CTh MPEHEeOpekeM TONIIMHON ABOWHOTO CIIOS BO3JIE

Hero). ['paduk 3Toi 3aBUCMMOCTH 1TOKa3aH Ha Puc. 4.

Taoauna 4. 2
6 - £l

r-ot Tin(r/r,) | U, B ¢ R e e
05| 1427116 5,43 T30 RS S - R '

1] 2120264 | 3,87 |

15| 2525729 | 3,01 4 - e i S

2| 2813411 2,41 ; ; i

2,5| 3,036554 1,99 CIN Tt T S I b

3| 3218876 | 1,65 ! ; :

35| 3373027 | 1,37 = T AR ST -

4| 3506558 | 1,14 N . R D o

45| 3624341 0,92 ! : : !

5| 3,729701 0,73 5 5 5 5

55| 3,825012 | 0,56 Puc. 4 1 2 3 n %+
6| 3912023 0,41 0

[lonydeHHass 3aBUCUMOCTBH OKa3ajlaCh JIMHEHHOM, YTO IOATBEPKAACT CIPABEIMBOCTH
NpUBEICHHOM B ycnoBuu (Gopmyssl (1).

OO6paboTka [aHHOM 3aBHCHUMOCTH METOJOM HAMMEHBIIMX KBaJpaTOB IPUBOJIUT K
CJICAYIOIINMM 3HAYCHUSM KO3 (PUIIMEHTOB
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A=(81+£02)B; B=(-1,99+0,06)B

Haiinem 1o 3TuM TaHHBIM CKauKU NOTEHLIHUAIOB HA 3JIEKTPOIAX:

Ap =U,—0(r,)=U, - 4=(09+0,2)B

R
Ap_=¢(R)=A4+BIn| — |=(0,1£0,4)B
4
3HayeHHe CKayKa MOTEHIMAala Ha EHTPAIBHOM TOJIOKHUTEIBHOM 3JIEKTPO/IE JOCTOBEPHO
OTIMYaeTCA OT NoxydyeHHoro B Yactu 1. DTO oTiinume CBSI3aHO C TE€M, YTO HE y4TeHa TOJIIIMHA
3¢ HEKTUBHOTO CIOA.

2.4 Ornmuuve TONYyYCHHBIX 3HAYCHHM CKAYKOB TOTEHIMANIa CBS3aHO C MpeHeOpekeHneM
TOJIIIMHOM JBOMHOTO CiOsl. 3aMETUM, YTO 3HAUYMTENbHAs MOTPEUIHOCTh OMpPEICNCHHUs CKaukKa
MOTEHIMAJa Yy OTPHUIATEIBHOTO JJIEKTPOJa HE IO3BOJSET MCHOJB30BATh 3TO 3HAYCHUE IS
JaJBbHEHIINX PacueToB, MOATOMY Ul onpeneieHus pGpEeKTUBHOTO paguycy 7, LEHTPAIbHOTO
AJIEKTPOJa CJIEAyeT MOXHO HCHOJb30BaTh TOJBKO 3HAYCHHWE CKauyka MOTEHIHala Y
LEHTPAJIBHOTO AJIEKTPOAA. 3aMETHM, YTO Ha 3HaueHue Kod(p¢uimeHta B TOYHOE 3HAYCHHE
3¢ eKkTHBHOTO paanyca OKa3blBacT HECYIIIECTBEHHOE BIUsHHUE, TaK Kak In R >> In7; .
[Tpeobpazyem anmpoKCUMUPYIOIIYIO (GOpMYITy K BHILY
i !

p=A4A+BIn T4+ B 2= 44 BIn L, +Bn| ,

’
o Iy o o o

IIPUPABHSAEM €€ K TEOPETUUECKOHN 3aBUCUMOCTH (4) (CKauKM MOTEHIMaIOB B34ThI U3 YacTu 1).

' U, - Ag.,, —A
A+BIn| L |+ BIn| 2 |=U, - A, - 2PN T2 0 " Ly, — Agy,, - BIn
"o "o ln£ "o "o
ro'

N3 3TOro cOOTHOILIEHHUS CIIEAYEeT, YTO
I”_O' B U, —A(0(+) -4 ~90-15-8]1 N
7, B 1,99

w7 = r, exp(0,3) = 1,65 an.

In

03,

Ilpu makom 3nauenuu d¢hpgpexmusnoco paouyca 1eKmpood napamempsbl IKCNePUMEHMATbHOL
3a68UCUMOCTU PABHYL
A=(75+0,2)B; B=(-1,99+0,06)B.
3amemum, umo Ko3puyuenm HaAKIOHA NPAKMUYECKU He USMEHUNCA. 3amo u3MeHeHHOoe
3HaYeHue napamempa NPUBOOUM K 3HAYEHUIO CKAYKA NOMEHYUala Ha MNOI0HCUMETbHOM
anekmpooe  pasiom A@,=U, - A~ (1,5 + O,Z)B , umo coenacyemcs ¢ Oolee MOYHBIM

3Hauenuem, noaydyerHoim ¢ acmu 1.

Ecnu «He bossmobcay Mpathryeckoe onpegeneHne sdheKTUBEHOMO paguyca
J102apUPMO8 paZMepHbIX BeNUYUH, MO
apgexmusnslil  paouyc  1eKmpooa

ModHcem OvImb onpeoeieH
epagpunecku. [lna 3mozo nocmpoum
3a6UCUMOCTb nomeHyuad om

noeapugma paccmosnus 00 YyeHmpa
neKkmpooa  (UBMEPeHHo20 8  CM).
3amem nposooum  20puU3OHMANLHYIO
nPSAMYIO Yepe3 3HaueHue NOMeHYudnd
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Ha nonoxcumenvHom snekmpooe \U, —A@.\|=7,5B, u onpedensem no epaguxy, raxom
0 (+) p P y% 'y

PACCmMOAHUIO 1) coomeenmcmeyent 9mo 3Hd4eHue nomenyuaild.

Yactb 3. /IBa «TOYEYHBIX)» HCTOYHHKA.

3.1 V3mepeHus MpoBEACHBI IIPH PACCTOSHUU MEXTy JIeKTpogamMu paBHbIM [ =10 cm .

P€3yJ'H>TaTBI I/I3MepeHI/II\/JI 3aBUCMUMOCTH IIOTCHIMAJIa (/)()C) MCKIAY [IBYMA «TOYCUHBIMU»
QJICKTPOAaMU OT paCCTOAHUA OO IMOJIOXKUTCIBHOTO BHQKTpOILa IpCaACTaBJICHLI B Ta6n1/1ue 5 u Ha

puc. 5 } \‘:s:ullll W/ 'ﬁlll !ﬁ

Tao6auua 5.

-
h
1
1
1
1
i
i
i
1
1
1
1
i
;
1
1
1
i
i
i
1
1
1
1
i

- = = ==L - - - -

RN [ —

=

[ SR [ S —_—
L N

o oo o

[ R Y N T
'

O I
3t
2

Puc 5

3.2 B uvactu 2 ObUIO MOKa3aHO, YTO paclpenieieHHue MOTEHIMada OT OJHOTO TOYEYHOTO
MCTOYHMKA OIMCHIBACTCSA JIOrapu(MHUECKONW 3aBUCUMOCThIO. [lo MmpHHLUIY CyNepro3UINH
pacnpezeneHue NoTeHIMala IpU JABYX TOUEYHbIX UCTOUHUKAX (OJMH MOJIOXKUTEIbHBIN, BTOPOU
OTPHLIATENIbHBIN) OyJeT paBHO CyMME MOTEHIIHAIOB OT KaXKJI0T0 M3 3TUX UCTOYHHKOB, TIOATOMY

B 3TOM Clly4ae
A(p:—aln(LJvLaln(l_rJ:aln[l_rj, (6)
7, 7, r

OTKy/a U CJIelyeT IpUBEACHHAs B YCIOBUH Gopmyra (2).

Jns onpenencHus NapaMETPOB 3TOM 3aBHCUMOCTH CIEAYET BOCIOJB30BATHCS TI'PAHUYHBIMU
YCIOBHUSAMH:

IIpU 7 =7, 3HAYEHHUE MTOTEHIMaa (p(ro) =U, - Ap);

npu r =/ —r, 3HaYCHUE NOTEHIUANA go(l —7, ) =AQ().

W3 5TUX yCIOBHII ceyeT, 4TO TeOpeTHIecKre 3HaueHHs KO3 (UIIMEHTOB PaBHbI
L W-agp)raen L Uo-gy)-Ag 1
2 ’ 2 I—ry

(7
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3.2 Jlng mpoBEepKH IPEACTaBICHHONW 3aBUCHUMOCTH JIMHEApU3yeM 3aBHCHUMOCTb, IIOCTPOUB

[—r
rpaduK 3aBUCMMOCTH MOTEHIIMANa ¢ OT BEJIMUYUHBI z = In (Puc. 6).

r
Tao6auua 6.

z
2,944439
2,197225 ;
1,734601 | 5501  ----- :
1,386294 i
1,098612 v
0,847298 | 462 .
0,619039 5

3
N
=]

. 3

0,405465 | 420y  -----
0,200671
0 .....

-0,20067

0 5 0 o F 1 1 e e e e S [ e e B e e e e S e e

1
1
1
1
1
1
1
1
L It
1
1
1
1
1
1
1
1
= T T==1= P oy gy

-0,40547 | 342 T e e "y et St it
-0,61904 »

-0,8473 5 5 5
-1,09861 ; .’ .’
-1,38629 3 2 -1 0 1

-1,7346 Puec 5
-2,19722
-2,94444

[
[ FO

JIMHEWHOCTH NOJIy4EHHON 3aBUCUMOCTH ITOATBEPKAAET IPUMEHUMOCTD IIPUBEICHHOU
bopmyIbI.

O6padotka mo MHK npuBOIUT K CIENYIOIUM 3HAYCHUSIM KOA(PPHUIIMEHTOB 3aBUCUMOCTH

A=(382+0,02)B; B=(095+0,02)B.
PaccuuTtaem TeopeTnyeckue 3HAUEHUS 3TUX HapaMeTpoB 1o Gopmynam (7), ¢ UCIOIL30BAaHHEM
3HAUYCHUN CKAYKOB IOTCHIINAJIOB, HaliIcHHLIX B YacTu 1:
A4=(39+01)B; B=087B.

CooTBeTcTBHE 3HAUEHUH Ui mMapamerpa A TMOJIHOE, He3HAYUTEIbHOE pa3iniyhe B 3HAUCHHIX
napamerpa B 0O0yCIOBIEHO HHU3KOM TOYHOCTBIO ompeneneHus 3(dekTuBHOro paauyca
anekTpona. Kpome Toro, BO3MOXKHO, YTO TOJIIMHBI JABOWHBIX CIIOEB Pa3jIM4HBl JUISL Pa3HBIX
AIIEKTPOIOB.

[To3TOMYy, B 11€I0M, COOTBETCTBHUE CIEAYET MPU3HATH YAOBICTBOPUTEILHBIM.

Mna  noomeepoicoeHus  NpasuIbHOCMU
CpaBHEHI'lE JKCNePHHEHTANbHbIX AdHHbLIX C pacHeTHbLIMH

COeNaHHbIX npeonoIoHCeHUll uoo
NPOBEOEHHBIX pacyemos npuseoem epagpux ; ¢
meopemuyeckoll 3asucumocmu c
napamempamu, onpedenennvivu  no |

oannvim wacmeil I(ckauku nomenyuana) u
2 (appexmusnwiii paouyc snekmpooos), ¢ * 1

HaHeceHHbIMU IKCNEPUMEHMANbHBIMY 2 ] ;
sHauenusmu wacmu 3 (Puc. 6). 21 :
I'paghux  demoncmpupyem nayuwe, 11 =
yem Xopoulee COOMBEMCMEUEe MelcOy 0 ; .
o 2 4 B g 10

SMUMU OAHHBIMU.
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Yacrs 4. /1asexko He MOJHBIN
COOpHMK...

B ortoii  wactm MBI oOOpamaemcs K
TPaJIUIIMOHHOMY HOCTPOEHHUIO Kypca (hDHU3HMKH
CpeAHEeH MIKOJIBI — 337]a4kl CTPYIIIUPOBAHBI TI0
ero OTACIbHBIM TemaM. [lepedeHb 3TUX TeM
HE CIHUIIKOM BEJIUK, HO HMMEHHO OHH
ABIISIIOTCS  HaubOosiee  MOMYNISAPHBIMH — HA
OJIUMITMAJIaX PA3IMYHOTO YPOBHSL.

Cnenyer OTMETUTb, YTO OTHECEHHUE
3aJaud K TOMY WM HMHOMY pasfeiny B HEKOTOPOH CTENeHHM YCIOBHO, TaK Kak IpH HX
BBIMIOJIHEHUM YacTO HEOOXOJMMO HCHOJBb30BAaTh pa3iMyHble (HU3MYECKUE 3aKOHBI U
MaTeMaTudeckue MeToJibl. OCHOBHBIE MOAXOJbI K BHIIOJHEHUIO SKCIEPUMEHTAIBHBIX paboT U
MeToaM 00pabOTKU pe3yabTaToOB ObLIM JAOCTATOYHO MOAPOOHO PACCMOTPEHBI B MPEIbLIyIINX
paszenax, HO3TOMY 37IeCb Mbl UMEEM IOJHOE MPABO, OTPAHUYHUTCS 0oJiee KPATKUM HU3JI0KEHUEM
peleHus peJyiaraeMbIx 3a/1a4.

Haxonen, 4toObl MpeqoOCTaBUTh YHUTATENISIM BO3MOXHOCTh CaMOCTOSITEJIBHO MOIyMaThb
(uny, YTO MpeNnoYTHTENbHEE, IPOAENaTh MpelaraeMple paboThl), YCIOBHS U METOAbI PELICHUS
3ajau’ pasjeneHbl, IPUYEM I HEKOTOPBIX 3a7ad PUBEICHB! TOIBKO KPATKHE YKA3AHUS 1O HX
PELICHUIO.

YciaoBud 3aj1aud.

4.1 JlaiiTe MHe TOYKY ONOPbI, HJIW NPABHJIO pblYara.

W3yueHne 3aKOHOB paBHOBECHs, a TaKXKe HX
MCIIOJIb30BAHUE ISl TIPOBEICHUS U3MEPEHUN HEU3BECTHBIX
CHJI OYEHb TMOMYISAPHO Ha OJUMIHMANAX PA3THYHOTO
ypoBHsl. Beinonnenune nogo6Ho# paboThl, KaK MPaBHIIO, HE
TpeOyeT CII0KHOTO 000PYAOBaHUS, U3MEPEHHUS MOTYT OBIThH
NpOBEACHBI C  BBICOKOM  TOYHOCTBIO,  0OpaboTKa
pe3yIbTaTOB HE MpPErojaraeT UCIOIb30BAHUS  CIIOXKHBIX
MaTeMaTHYeCKUX METOJIOB, MO3TOMY 3TH 3a/1la4d MOXKHO INpeiaraTh JUIsl IIKOJBbHHKOB, TOJIBKO
HAYMHAOIUX u3ydaTh (us3uky. K gaHHONW TemMe MOryT OBITh OTHECeHbl 3amaud 1 u 12
paccMOTpEHHBIE paHee.

1 o
Te, KTO JaX¢e Oerio OPOCMOTPELI NMPCAbIAYIIUEC YaCTH JaHHOU KHUTHU, IOHUMAIOT, YTO SKCIICPUMCHTAJIbHBIC 3a/1a41
OTBE€Ta HC UMCIOT.
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3anaua 20. «3agaua Apxumena».

OOopyioBaHMe: /Ba KapaHJalla, IOJIOCKA MWIUIMMETPOBOM OyMmaru, CKpenku
KaHLespekue 15 mr.

1. C noMomIpio OBYX KapaHAallel, MOJIOCKH MHJUIMMETPOBOW OymMaru M KaHLEISAPCKUX
CKPEIOK 3KCIIEPUMEHTAILHO JOKAKHUTE CIPaBEAIUBOCTh 3aKOHOB PaBHOBECHS phlyara.
2. OnpenenuTe OTHOLIEHUE MacC KapaHjaama W CKPEIKH.

Kommenmapuu k ycnosuro 3adauu.

1. OueBuAHO, YTO OJUH KapaHAall CJIEeAyeT MCIOJb30BaTh B KAayeCTBE pbluara, a BTOPOH —
omopel. MeayieHHO Bpalnas KapaHJall ONOpy Ha CTOJIe JOCTaTOYHO IPOCTO OIPENEIUTh
MIOJIOKEHHE pAaBHOBECHs KapaHjamia-pbraara. [ToHATHO, YTO BMeECTO KapaHJAalled MOXKHO
UCTIOJIb30BATh APYrUe CTepKHU. TOJIBKO HE0OXOIMMO, YTOObI Macca phluara ObUla CpaBHUMA C
oOr1ei Maccoil CKperok.

2. Nonocka MUIITMMETPOBOM OyMaru MCIOJIb3yeTCs B KaUYeCTBE JINHEHKH.

3. CamMbIM HMHTEpECHBIM IYHKTOM 3aJaudl SIBJIE€TCS TEPBBIH, TaK KakK JUIS €ro BBIIOJHEHHS
TpeOyeTcsi caMOCTOATENbHO pPa3paboTaTh METOJIUKY S3KCIepHUMEHTa (IO HM3BECTHOM cXeme:
TEOPETHUYECKOE OMMCaHNE, CXeMa YCTaHOBKH, ITPOBEACHUE U3MEPEHHMIA, 00pabOTKa pe3yabTaToB).
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3anaua 21. «B3BemmmBaHue BO3AyXa».

OoopyvaoBanue: Cruila, raiika M3BECTHOH MAacChl, IUIACTUJIMH, JKECTSHAs CKOOa,
TUHEHKa, IMapuK pPEe3WHOBBIA, HHUTKH, MHJUTMMETpoBas Oymara, TEpMOMETP,
6apoMeTp KOMHATHBIH.

Crnerka M30rHyTasi cimia Ha OCTpOM TBEPAOM
YIOpPE B COBOKYIHOCTH C BEPTUKAJIBHOW JIMHEMKOW
MOXET CIIY>KHTh B KaU€CTBE YYBCTBUTEIbHBIX BECOB.

UsrotoBpTe Takue Bechl. Hx  ymoOHO
MOHTUPOBaTh Ha Kpalo KPBIIIKA CTOJAa C MOMOIIbIO
mactTwivHa. Mcenosb3yiiTte B KadyecTBEe IPOTUBOBECA
miacTuiuH. JloOeliTech TOro, 4roObl B CBOOOJIHOM
cocTossHuU (0€3 rpy3a) IIeUo-CTpesika pacrojaraiach
TOPU30HTAIIBHO.

B kauectBe rupu HCHONB3YHTE HEOOJBIIYIO
ramky.

1. TMoxaxwuTte, 4TO “mOKa3aHuil” BeCOB (OTKJIOHEHHS OT MOJOXKEHUS paBHOBECHUSI 0€3 HArpy3Ku
X ) IPOIOPLIUOHATIbHBI PACCTOSHUIO / OT TOYKHU OIOPBI JO MOJIO0KEHUS I'Py3a U €r0 Macce mi,:

x=Kml. (1)
2. [IpoBepbTe HKCIEPUMEHTATBHO MOTYYECHHYIO 3aBHCUMOCTD ISl ABYX 3HAYCHHMH yriia u3ruba
cnuubl. [TocTpoiiTe rpaduky NOTy4EeHHBIX 3aBUCUMOCTEH.

3. U3mepbpTe «U30BITOYHYIO» MacCy BO3[yXa B HAKauaHHOM BaMM BO3[YIIHOM IIapHUKE.
Onenure naBiaeHHE BO3/lyXa BHYTPH LIapHKa.

«HM30b1mouHOlY Maccol HA36aHA PA3HOCMb MeNHCOYy MACCOU 8030yXad 6 Wapuxke U MAaccoll
8030yXa Mo2o Jice 00vbeMa, Haxo00aue2o0cs NPU AaMmmocEHepHom 0asieHUuU.

Kommenmapuu x ycnosuro 3adauu.

1. Ilpu «ppoHTaTHLHOM)» BBIIOJHEHUH AaHHOM 3aJaydl JOCTATOYHO HWMETh OJWH KOMHATHBINA
TEPMOMETp W OJWH OapoMeTp Ha ayAuTOpHIO (OHM HYXHBI TOJIBKO [UIS ONpEICTICHHS
aTMOC(EpHOTO JaBICHUS U KOMHATHON TEMIIEPATYypPHI).

2. Cpouma gomkHa uMeTh JUMHY mopsiaka 30 cMm, Tak 4ToObl M3MEPHUTENIBHOE IJIEU0 MMEIIO
uIHY He MeHee 20 cM. MOKHO HCII0JIb30BaTh KYCOK JOCTATOYHO KECTKOM ITPOBOJIOKH.

3. JlanHas 3amaya JEeMOHCTPUPYET NMPHHLMUII pabOTHl PHIYAKHBIX BECOB, OCHOBHOHM JIETaJIbIO
KOTOPBIX SIBJIIETCSI U30THYTO€ KOPOMBICHO. IIpsSMOM pblyar He MOKET IPHUUTH B IIOJOKECHHE
paBHOBecws !

4. Tlpn «B3BEIIMBAHUM» BO37yXa HEOOXOAMMO OBITH MPEAETbHO AKKYPAaTHBIM U J0XKHIAThCS
YCTaHOBJICHHUSI PAaBHOBECHs, KPOME TOrO, Jake cjaldble BO3AYLIHBIE IMOTOKH NPUBOIAT K
O0JIBIIM KOJIEOAHUSM IOJIBELICHHOTO IapHKa, II0ATOMY KelaTeIbHO HUCKIIOYUTh CKBO3HIKH U
XO0XAECHHUS 110 KJIaccy.
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4.2 U3y4eHue 3aKOHA IBUKEHUSI.

DOKCIIEpUMEHTAIbHOE M3YY€HHE 3aKOHa JBIIKEHHS
MHTEPECHO M CaMOIICHHO, KaK pelleHHe OCHOBHOW 3aJauu
MEeXaHUKd. OTa mpobiiema Oblla paccMOTpeHa HaMu TIpU
aHanmu3e 3a7aud 8. Ho MOXHO B3IVISIHYTh Ha OOBSBICHHYIO
TEMy TOpa3[0 IIMpe — paccMaTpuBaTh H3Y4YCHHS 3aKOHA
JBIDKEHUSI KaK METOJ HCCIeNOBaHMA (U3MUYECKUX 3aKOHOB,
METOJ]  H3YYeHHs  HEOOBIYHBIX  CBOWCTB  BEIIECTB.
PaccmarpuBaeMblie B 3TOM pazfielie 3a/1a4e OTHOCITCS UMEHHO
K 3TOMY THIY, B KOTOPOM 3aKOH JBM)KECHUS SIBJISETCS KIHOUOM
K IOJy4eHHUI0 0oJiee rTyOOKHX (PU3MUECKUX 3aKOHOMEPHOCTEH.

OcHoBHOW mpoOneMoil Tpu pa3pabOTKe TaKWX 3a4ay SBISETCI HEOOXOIUMOCTh
U3MEpEeHUs BPEMEH, I03TOMY H3y4daeMble IPOLECChl JOJDKHBI OBITh MEAJICHHBIMH,
JOMYCKAIOUIMMU IIPOBEJECHUE M3MEPEHUIl ¢ HOMOLIbI0 pydHOro cekynaomepa. C apyroit
CTOPOHBI M3MEpeHUsi U 00paboTka MX Pe3ylIbTAaTOB JOJDKHBI BBINOJIHATHCSA 32 OIpPaHHMYCHHOE
BpeMs, OTBOJIMMOE Ha peEIICHUE 3aJayd, MOITOMY H3MEPEHHE CKOPOCTH pOCTa HOTTEH SIBHO
BBIMAJAET U3 BO3MOXKHOT'O MIEPEUHS SKCIIEPUMEHTAIbHBIX 3aJJaHUNA OJIUMITHA/.

IIpocreiiiieit MOEIbIO IBUKEHHUS SBIISIETCS PABHOMEPHOE, [I09TOMY MBI HAYHEM C 3a]1a4,
B KOTOPBIX JIBI)KEHHE SIBISCTCS MMEHHO TaKUM.
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Ecnu Teno nBukercsa B BA3KOM Cpelle, CUila COIPOTUBIEHUS KOTOPOM 3aBUCHUT OT
CKOPOCTH, TO 10 IIPOIIECTBUM HEKOTOPOTO BPEMEHM JIBHIKEHUE TE€Jla CTAHOBUTCS PABHOMEPHBIM.
W3ydeHne 3aBUCHMOCTH CKOPOCTH Tella OT €ro NNapaMeTpoB U XapaKTEPUCTHK CPEAbl MO3BOJIIET
JieNaTh OIpeNeIeHHbIe BBIBOJABI 00 ITHX XapaKTEepUCTHKaX. OTa Waes HKCIUTyaTHpyeTcs B
clleyIoIeH 3ajaye, KpoMe TOro, OHa MCIOJIb30Baach Mpu (GhopMyaupoBke 3aaaun 14.

3amaua 22. BA3KOCTD :KHIKOCTH.
Oo6opynoBanue: TpyOka crexiusHHas (amuHA - 60 cMm), uccreayemas KUIKOCTD,

BECHl C pPa3HOBECOM, HUTb, CTaKaH C BOJOM, IUIACTUJIMH, JIMHEWKA, CEKYHIIOMED,
ITAHTCHIIUPKYJIb.

IIpu nBHKEHUU Tella B BA3KOM Cpelle Ha HEro JEHUCTBYET CUJIa COIPOTHUBIICHHUs, KOTOPas
3aBUCUT OT (OpMBI M pa3MepoB Tella, CBOMCTB Cpelbl W CKOPOCTH IBIKEHUS. Tak cuia
COIIPOTHUBIICHUS, ACUCTBYIOLIAsi Ha IIAPUK, IBWKYIIUICS B BS3KOH KHUIKOCTH C HEOOJIBIION
CKOPOCTBIO, onpenensercs ¢popmyinoit Ctokca

F=6rnrv,
rZie 7 - paaAnyc IIapHuKa, V- €ro CKOPOCTb, 7] - BSI3KOCTh KUAKOCTH (KOA(PPUIIMEHT, KOTOPbIi
OTIpeNIeNIIeTCsl CBOMCTBAMU JKUAKOCTH). BaM HE0OX0AMMO HCCIeI0BaTh ABUKCHHE
IUTACTUIIMHOBBIX IIAPUKOB (CAEIAHHBIX CAMOCTOSITENIBHO) B KHCEJIE.

1. [Tokaxkure (TEOPETUYECKH ), UTO MAJCHUE IIAPUKa B BA3KON Cpefie mocie HeOOIbIIOro yJacTKa
pasroHa CTaHOBMUTCSI paBHOMEpPHBIM. HalimuTe 3aBUCMMOCTbH CKOPOCTH 3TOI'O YCTaHOBUBILIErOCs

JBIKEHUS OT pajnyca LIapuKa.

2. IIpoBeppTe SKCIEPUMEHTAIBHO, MOYKHO JIM CUMTaTh [IaJ€HUE IIapuka B KHCEIe
PaBHOMEPHBIM.

3. 3MeppTe IIIOTHOCTH BellecTBA (IJIACTHIIMHA), U3 KOTOPOrO H3TOTaBIMBAIOTCS IIAPUKH,
Majarolue B )KUIKOCTH.

4. VI3mepbTe II0THOCTD JKUIKOCTU-KUCEIS.

S. Hccnenyiire 3aBUCUMOCTb CKOPOCTU YCTAHOBUBILEIOCS JBMKEHUs IIAPUKA B KUJIKOCTU OT
ero paauyca. [IpoBeppTe mpuMeHUMOCTH GopmMyibl CTOKCa B JAHHOM CIIydae.

Paouycul niacmununogeix uapukos 00NdCHbL USMEHAMbCA om 1 Mm 00 5 mm.

5. OnpenenuTte BA3KOCTh NpeaIoKeHHON Bam xxunkoctu.

. 3 Ke
IInomnocme 600wt npunsims paenot p, =1,00-10"—.
M

Kommenmapuu k yciosuro 3adauu.

1. Jlna yBenuueHHs BA3KOCTH (CIEIOBATENbHO, W BPEMEHM MAACHUS) PEKOMEHIYETCs
HCII0JIb30BaTh KPaXMaJIbHbIM KICHCTEP CPEAHEN KOHCUCTEHIUU.

2. BmecTo TpyOKM MOKHO MCHOJIb30BATh JUTHHHYIO MEH3YPKY.

3. Jlnd NOBBILIEHUS] TOCTOBEPHOCTH CIEAYET MPOBECTH JOCTATOUYHOE KOJMYECTBO HU3MEPEHUH.
[TosToMy nansi BBIMOJTHEHUS PAaOOTHI CIEAYeT MCIOJIB30BaTh HE MEHEe IOJIOBHUHBI Opycka
IUIACTUIINHA.
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Ha nepBbiii B3mmsa 3akoH OMa a1 ydacTKa ILENM HPOTUBOPEUYUT BTOPOMY 3aKOHY
Hprorona. JlelicTBUTENBbHO, CHJIA 3JEKTPUYECKOrO0 TOKA MPONOPLMOHAIBHA CPEAHEN CKOPOCTH
JBUKCHHUS 3aPSDKCHHBIX YaCTUL, a HANPSKEHUE MPOINOPLUUOHAIBHO CUJIE, JEHCTBYIOIEH Ha OTU
gactuupl. CnenoBaTenbHO, 3akOH OMa, yTBEpXKIAIOIIMN, YTO CHJA TOKa IPONOPLUOHAIbHA
MPUIIOKEHHOMY HANPSHKCHUIO, (PaKTHUECKU YTBEPIKIACT, YTO CKOPOCTh JABIKCHHS 3apsDKEHHBIX
4acTUL[ NIPONOPLUOHAIbHA JEHCTBYIOLIEH HAa HUX CUJIE CO CTOPOHBI JJIEKTPUYECKOTo mois. M.
Hpl0TOH k€ YCTaHOBWJI, YTO CHJIE HIPONOPLUOHAIBHO YCKOPEHHE TeNa. JTO Kaxylleecs
[IPOTUBOPEUYUE CHHUMAETCS, €CIM Y4EeCThb, YTO HAa HOCHUTEJIM TOKA TaKXKe JEHCTBYET CHia
COIIPOTUBIIEHHS CO CTOPOHBI IIPOBOJHMKA. Eciaum cpemHee 3HaueHHE OTOM  CHUIIBI
IIPONOPLUOHAIBHO CPEAHEN CKOPOCTU JBUKEHUS 3aPSKEHHBIX YaCTHULl, TO UX YCTAHOBUBILASCA
CKOPOCTb IIPOIOPLUUOHAIbHA JEHCTBYIOLIEH IEKTPUUECKOM CHUIIE, YTO U COOTBETCTBYET 3aKOHY
Owma. B cienyromeil 3aaue 3KCIEPUMEHTAIBHO IIPOBEPSAETCS 3TO YTBEPKACHUE.

3anaya 23. /IBUKeHUE HOHOB.

OOopyioBanmMe: TpoMoOKaTeidbHas Oymara, KyCOK TOJHMITHJICHOBOW IIICHKH,
pacTBOp MOBApEHHOW cOJi, pacTBOp (eHondranenHa, 1Ba Kycka IPOBOJIOKH IS
ANIEKTPOJIOB, WCTOYHUK ToKa (Oartapeiika 4,5 B), BombTMETp, NHHEWHKA, COCAMHUTEIHHBIC
MpoOBO/JIA.

[Ipy npoX0XKAECHUU IIEKTPUUECKOTO TOKA YEPE3 PACTBOPBI HOCUTEISIMU TOKA SIBISFOTCS
WOHBI. J[BH>KEHHE HIOHOB MOXHO c/ieflaTh BUAUMBIM. Kak n3BeCcTHO, TMAPOKCUIIbHBIE HOHBI OH ~

OKpaIIMBalOT pacTBOp (eHondrasenHa B po3oBbld 1BeT. Mousl OH ™~ o0pa3yioorcs Ha
OTPHULIATEILHOM  3JIGKTPOJE TMPH  D3JCKTPOJIU3E TOBAPEHHOM CONM M JBHXKYTCI K
MOJIOKUTEIBHOMY 3JIeKTpoay. Eciu mpomyckarh 31eKTpHUECKH TOK 4epe3 MPOMOKATEIbHYIO
Oymary (WM KyCOK TKaHH), IPOIUTAHHYIO PAaCTBOPAaMH IMOBAapEeHHOU coiu U (heHonadTanenna, To
BOJIM3M OTPULIATENIBHOTO 3JIEKTPOJa MOSABISAETCA pPO30Bas IOJOCKA, KOTOpas MEIJICHHO
paclUpsETCS B CTOPOHY MOJOKUTENBHOTO 3JIEKTPOAA. J[BUIKEHME 3TOM OKPAIlEHHOM T'PaHULIbI
COOTBETCTBYET IpaHUIle pacnpocTpaneHust ionos OH .

CornacHo KJ1acCHUECKOM TEOPHH CPEIHss CKOPOCTh JABMKEHUS HOHOB MPOIOPIIMOHAIBHA
HAMpPSHKEHHOCTHU 3JIEKTPUYECKOTO OIS

(v)=bE, (1)

KOA(PHUIHMEHT NMPOMOPIIHOHAIBHOCTH HA3bIBACTCS HOOBUNHCHOCHIbIO NOHOB.

1. HWccnenyere 3akoH JBUXKEHUSI TPAHULBI OKpAIIEHHOW TOJOCKA TMPU MPOTEKAHUU
ANIEKTPUYECKOTO TOKA Yepe3 MPOMMUTAHHYIO MPOMOKaTeNbHYI0 Oymary. Onpeaenure, npuMeHnMa
1 Gopmyna (1) B TaHHOM ciydae.

2. Onpenenure NOABUKHOCTb TUAPOKCHIIBHBIX HOHOB OH ™.

ﬂeuofcenue Scparuybsl A6isemcst O4eHb MeaﬂeHHblM, He 3amszusaiime HaAYAL0 usvwepeﬂuﬁ/

Kommenmapuu x ycnosuro 3adauu.

1. BMecTo mpoMoKaTenbHOM OyMaru MOXHO UCIIOIb30BaTh KYCOK IUIOTHON TKaHU.

2. KoHLeHTpay pacTBOPOB JOJKHA OBITH JOJDKHBI OBITH HEOOJBIIMMH, MOPSIKA HECKOIBKUX
IIPOLICHTOB. MOHO Ccpa3y IPUTrOTOBUTH CMELIAHHBIN pacTBOP.

3. Ha Oymare ciexyer pacmoJIOKUTh MapajulelbHO JBa KyCKa MPOBOJIOKH, KEJIaTeIbHO HX
IIPUKATh JJIS JIy4IIero KOHTAKTa.

4. Bmecto OaTapeiiku MOXKHO HCIOJb30BaTh W JPYrHe UCTOYHHUKH IOCTOSHHOTO HANPSKCHHUS,
Hanpumep, JIMIL
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Eme ogHa cuita TOpMOXKEHUS, POMOPLUMOHAIIBHAS CKOPOCTH JABHKECHUS, BOSHUKAET IIPU
JBUKEHUH MPOBOJHUKOB B MarHUTHOM Ioji€. B ABMKYIIEM NMPOBOAHUKE MHAYLUPYIOTCS TOKH
DyKo, B3aUMOJECUCTBUE KOTOPBIX C NOPOJAMBIIMM KX MArHUTHBIM IIOJIEM NPUBOJUT K
MOSIBICHUIO CWJIBl AMIepa, KOTopas TOPMO3UT JBUKEHHE NPOBOJHUKA. OTHU CHUJIBI 4acTo
HAa3bIBAIOT MAarHUTHOM BSA3KOCTBIO U UCCIIEIYIOTCS B CIEIYIOLIEH 3a1aye.

3amaua 24. «MaruuTHas BA3KOCTh)»

IIpubdopnl M 000pYyAOBAHME: INTATHB C Jamkoi, I1-

o0Opa3HBbIii IepiKaTeNb, CKOOA ISl MATHUTOB, ATFOMHHHUEBBIN

«KBAJPATHBIA TUCK» HA OCHU, HA0OP KOJBIIEBBIX MArHUTOB (2
mapel), 2 Tpy3a U3BECTHBIX Macc, HUTh, MEpHas JICHTa, CEKYHIOMED.

Ha pucyHke mnokasaHa SKCIIEpUMEHTalbHAs YCTAHOBKA. AJIIOMHHHEBAs
IJIACTUHKA, MPUKPEIUICHHAs K OCH, MOYKET BpallaThCs B ACPIKATENE I10J
JNEUCTBUEM TIpy3d, IPUKPEIJICHHOIO Ha HUTH, BTOPOM KOHEIL KOTOPOU
HaMOTaH Ha OChb IUIACTMHKU. DB croenuanbHOM Jepikarene MOTyT
KpENUThCS KOJbLEBbIE MarHuThl. [lojokeHue rpysa omnpeznensercs ¢
IIOMOILIbI0 BEPTUKAIBHO PACIOJIOKEHHOW MEPHOU JeHThl. Eciu HaMoTaTh
HUTbH HA OCH IIJIACTUHKH, U OTILYCTUTD IIPUBSI3aHHBIN I'PYy3, TO HUTb HAYHET
pa3MaTbhIBaThCs, pacKpyduBas IUCK. ['py3 OyIeTr oOmyckaTbCs, MPOWIs
HIDKHIOIO TOUYKY, OH 3aTeM Ha4yHeT NoAHMMAaThCs. OO03HAYMM BBICOTY, C
KOTOpOH HA4YMHAET OIlyCKaTbcs IPy3 /,, a BBICOTY, HAa KOTOPYIO OH

MNOAHHUMACTCA IIOCIIC HNPOXOXKICHUA HIWKHEH TOYKH - hl (BBICOTLI

OTCUUTBHIBAIOTCSI OTHOCHUTEIIBHO HWKHEM TOYKM OILyCKAHMS Ipy3a IIpH
MOJIHOCTBIO Pa3MOTAHHOW HUTH).

Yactsp 1. /IBU:KeHHE 0€3 MATHUTOB.

1.1 V3mepbTe 3aBUCHUMOCTH BBICOTHI [IOJIbEMA I'Py3a /1, OT BBICOTHI X HAYAJIBHOI'O N0JIbeMa /i,

JUISL ABYX Pa3jIu4HbIX IPY30B.
1.2 Tloctpoiite rpaduku noay4eHHBIX 3aBUCUMOCTEH. J[aliTe UM KaueCTBEHHOE 0OBsSCHEHHUE.

Yactp 2. MarHuTHOE TOPMOKEHHE.

Pacnomnoxure B ACPIKATCIIC ITapy OAMHAKOBBIX MAaIrHUTOB 0OJIBIIIETO AnaMceTpa.
2.1 I/I3Mepre 3aBHUCHUMOCTHU BBICOTHI IOAbCMA I'Py3a hl OT BBICOTHI UX HAYAJIbHOI'O I1IOABEMA h()

JUISL ABYX Pa3Iu4HbIX IPY30B.
2.2 TlocTtpoiite rpaduku MoJy4eHHBIX 3aBUCUMOCTEH. J{aiiTe uM kauecTBeHHOE OOBSICHEHUE.

Yacrp 3. UHAYKIHMSA MATHUTHOTO 110JIS MATHUTA.

3.1 Mcnons3ys NOIy4EHHBIE paHEE PE3YNbTAThl, YKAXKUTE B KAKUX CIy4yasX JBUKEHUE rpy3a
MO>KHO CUUTATh paBHOMEPHBIM. [loATBEpAUTE DKCIIEPUMEHTAIBHO CACIIAHHbIE ITPEATIONOKEHHUS.
3.2 UHcnonp3ys wumeromeecss oO0OpyJdOBaHHE, paHee TOJIy4YEeHHbIE JaHHbIE, a, IpH
HEOOXOMMOCTH, W JONOJHHUTEIbHbIE HW3MEPEHHUs OIpeNesIuTe OTHOIIEHHWE CPEeIHUX
MHIYKTUBHOCTEN MarHUTHBIX ITOJIEH, CO3aBaEMBIX IIOCTOSSHHBIMUA MaruuTamu B, : B, : B, ,, rne
B,, B, - cpeaHue MHAYKTUBHOCTH IOJEH, CO3/1aBaEMbIX IIEPBOM M BTOPOU IApOH OJUHAKOBBIX
MarHuToB, B, , - HHAYKTHUBHOCTb IIOJIA CO3aBA€MOI0 ABYMs IIapaMU MarHUTOB COEIMHEHHBIX
BMecte. [locmapatimecy 6b10pams ONMUMANTLHYI0O MEMOOUKY peuteHUsl SMOU 3a0adu.
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Kommenmapuu k ycnoseuro 3adauu.

1. st mpoBeieHus HCCIIeIOBaHMH TI0 JAHHOW 3a/iaue He0OX0JMMO CaMOCTOSTEIBHO U3TOTOBUTD
oOopynoBanue. [lyry nepskarenst MOKHO COTHYTh M3 IOJIOCOBOTO jkeje3a. OTAeNbHO cienyeT
BbIpE3aTh MOJOCKY (MOXKHO M3 OoJjiee TOHKOW KECTH) JUIS 3aKpeIUIeHUs MarHuToB. B kadecTBe
OCH YZI0OHO UCTIOJIb30BaTh TOJICTYIO UTTY.

2. Ilpu BBIMONHEHUH TMOCIHEAHEH uacTH pabOTHI ciexyeT O0O0sA3aTeNbHO SKCIEPUMEHTAIBHO
IIPOBEPUTH PABHOMEPHOCTh JBIKEHHMA. TouHee, BBIOpPAaTh y4yacTOK, Ha KOTOPOM JBIKCHHE
SBJIIETCS PABHOMEPHBIM, TaK B JAHHOM CJIy4a€ Y4acTOK pa3roHa XOpPOLIO 3aMETEH.
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PaBHOyCKOpEHHOE IBMKEHUE CIEAYIOLIAs O CIIOKHOCTH MOJIEIb IBHOKEHUS, H3ydaemast
B CPEIHEN IIKOJIE, IOTOMY CIEAYIOLINE 3a1a4U MTOCBSIIEHBI SKCIIEPUMEHTAIBHOMY U3YyUYECHHUIO
TAaKOI'0 ABMIKECHHUS.

3agaua 25. «3agaua I'. 'aaunies — ckaTbIBaHUeE [0 HAKJIOHHON MJIOCKOCTH)

O0opynoBanme: xeno0 g J1aOOPAaTOPHBIX pPadOT, MIAPUK IUIACTMACCOBBIH,
JUHEWKa ¢  MWUIMMETPOBBIMH  JCTICHUSMH,  CEKyHAOMEp,  IJIaCTUJIMH,
MUJITUIMETpOBasi Oymara.

Llenpto nmaHHOW pabOTHI  SBISIETCS
U3yYeHHs] KauyeHHUs HeOOJBLIOro MIapHKa IIo
HaAKJIOHHOMY kenoOy. B kadecTBe mojcTaBKu
IIEPEMEHHOMN BBICOTBI pPEKOMEH1yeM
HCIIOJIb30BaTh KYCOK IJIACTUJIMHA.

1. Uccnenyiite, sBISETCS I IBUKEHUE ILIAPUKA MO KeJ00y paBHOYCKOPEHHBIM.

2. Uccnenyiite 3aBUCUMOCTh YCKOPEHHUS LIIApUKA OT BBICOTHI ke00a /i . OObsicHUTE
MOJIYYSHHYIO 3aBUCUMOCTb.

3. Ilpu ckaThlBaHWW IIApPUKAa C BEPIIMHBI KeJI00a, €ro NOTEHIMANbHAs HSHEPIrus
(W=mgh) IIPEBPALLAETCS] B KMHETUYECKYIO SHEPIUI0 IOCTYNATENbHOTO JBWKEHUS LIapuKa

mv*

2

9KCIIEPUMEHTAJIbHO, KaKas J0Ji SHEPruM IIapHKa MPEBPALIACTCS B SHEPTUI0 BpallaTEIbHOIO
JBYO)KEHUS TIPU PA3IMYHBIX BHICOTaX HAKIIOHHOM IIOCKOCTH.

(W = ) M KUHETMYECKYIO0 DSHEPTHI0 BpallaTebHOTO JBMWKEHHUs Inapuka. Onpenenure

Kommenmapuu x ycioseuro 3adauu.

1. B xauectBe >e006a MOXHO HCIIOJIB30BaTh JEPEBSHHYIO JIOCKY C HEOOJBIION Mpopes3bio,
oOecrieynBaroIeil MPsIMOIMHEHHOCTh JBM)KEHUS [IapUKa. XOPOIIUM KEI0O0M MOXKET CIIY)KUTh
METAJNIMYECKUM WM IUIACTUKOBBIM YrOJIOK, IOCTaBIEHHBIM Ha pedpo. B aToM ciydae Bpems
JBUKEHUS YBEIMUMBaeTCs (IpaB/ia, BO3PACTAET U BIUSHUE CUIIbI TPEHUS).

2. [Mapuk MOKHO B35Th U3 Habopa 751 MOJETIeH KPUCTAIIOB.

3. OrmeTuM, YTO pa3JelieHHEe KHHETUYECKOW SHEPruu Ha DSHEPrUI0 IOCTYNATEIbHOIO U
BpaLaTeNIbHOTO JIBM)KEHUS SIBJSCTCS YCIOBHBIM, 3aBHCAIIMM OT BHIOOpa METOJa OIUCAHUS
IJIOCKOIIAPAIIIEIBHOTO IBUKEHMSI, HO UCIIONIB3YETCs JOCTaTOYHO YacTo.
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Crnenytomas 3a1a4a IOX0Ka Ha MPEABIAYIIYIO, HO 3a/1aHUs K HEW OTINYAIOTCA.

3agaya 26. «TpyOka Ha HAKJIOHHOM IJIOCKOCTH»

Oo6opynoBanne: Tpubomerp (mepeBsHHas IOCKa), METaIMYecKas TpyOka
JUTMHOU 4 cM, CEKyHIOMEp, JTMHENKA, MIaCTUIIMH.

Hccnenyiite ckaTbIBaHNE TOHKOCTEHHOM TPYOKH 1O HaKJIOHHOM TUIOCKOCTH.

1. HccnenyiiTe  SKCIEPUMEHTAIbHO, MOXHO JIM  CYMTaTh  JBWXKCHHE  TPYOKH
PaBHOYCKOPEHHBIM.

2. Hccnenyiite 3aBUCUMOCTb BpPEMEHHM CKaThIBAHHWSA OT BBICOTHI HAKJIOHHOM IUIOCKOCTH.
[TocTpoiiTe rpaduk NOTYyIeHHON 3aBUCUMOCTH.

3. Ucnonp3ys mosryuyeHHbIE 1aHHbIE, ONPEIEINTE YCKOPEHHE CBOOOHOTO MAICHHS U OLICHUTE
KOX(QPHULIHUEHT TPeHUS TPYOKHU O JOCKY.

Ilpumeuanue. B Odannom cnyuae peuv udem o mpenuu xadenus. Cuna mpenusi KaueHus
onpeoensiemcs no gopmyne:
K

=—N, (1)
R

mp.

20e N - cuna HopmanvHou peaxkyuu, R - paouyc kamawezocs mena, K - xoagppuyuenm
MpeHus KaueHus, KOMopbulil UMeem pasmepHocmy ONIUHbL.

Kommenmapuu x ycnoeuro 3adauu.

1. B naHHOW 3amade HET HEOOXOAMMOCTH «BBIKOBBIPHUBATBH» KAaHABKY B JIOCKE — LIMJIHHID
CKaThIBACTCS MPSIMOJIMHEHHO. J[nmHa 1ocku 1oimkHa ObITh opsika 1 metpa.

2. B npuHuune, MOXHO HCCIENOBAaTh M CKaTbIBaHME CIUIOIIHOTO IIWJIMHAPA, OIHAKO
TOHKOCTEHHAsl TPyOKa JBUXKETCS C MEHBIIUM YCKOPEHHEM, MO3TOMY OTHOCHUTENIbHAS TOYHOCTD
U3MEPEHUS BPEMEHU BBILIIE.

3. TpyOKy MO>KHO BBIIWJINTH U3 CTAPOH ATFOMMHHUEBOM JIBDKHOM MaKH.
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I'maBHOE JOCTOMHCTBO CIENYIOLIEH 3a4a4d — OTHOCUTENIbHAs IPOCTOTA IPOBEACHUS
u3MepeHuil u 0oJiee BHICOKAs TOYHOCTh M HAJEKHOCTh AKCIEPHUMEHTANBHBIX PE3YJIbTaTOB. JTO
00ycCJIOBJIEHO OOJIBIIMM BPEMEHEM DPACKPYUYMBAHHUS IHMCKA, TaK CTaHIApTHAs IMOJIMITHIICHOBAS
KpBIIIKA HA JCPEBSIHHOM IIAIUIBIYHONW IAJIOYKE B KA4eCTBE OCU BpAIECHHUs OIyCKaeTcs Ha
IIOJIMETPA 32 HECKOJIBKO JECIATKOB ceKyHI! [1oaTOMy HAcTOSTENTbHO PEKOMEHIYEM BBIIIOJIHUTH
9Ty 3a/4a4y.

3amaua 27. «MaaTHauk MakcBeJia»

OQO0opyoBaHue: IITAaTHUB C JIAMKOW, CEKYHJOMED, IBE MaTOUYKU, HUTKU, CKOTY,
IIJIO, HOKHHUIIBI, TWHEHKA, KapPTOH, MMOJMATUIICHOBAs KPBIIIKA, MUJUITMMETPOBast Oymara.

MastHrk MakcBesuia mpeIcTaBisieT co00i TUCK, Haca)KaHHBIM Ha TOHKUU CTepxkeHb. Ha
CTEpXKEHb C JIBYX CTOPOH HAaMaTbIBalOTCS HUTH, BEPXHUE KOHLBI
KOTOPBIX 3aKperuisitorcst (yOoOHO 3TO chenaTh Ha JPYroM CTEpIKHE,
KOTOpBIM 3aKperuisieTcs B JIalKe TaTuBa). Eciu MasTHUK OTIYCTHUTH, N
TO JIUCK HAUYMHAET PACKPyUMBAThCS, a €0 OCh MEAJIEHHO OITyCKaeTCsl.
JIOCTUTHYB HUKHEH TOYKHM, MAasSTHUK HAUYMHAET IOJHUMAThCS BBEDX, N\
MOCJIe Yero IMpoLecc ero kojiedanuii mopropsiercsa. B kauecTBe nucka 1
UCTIOJb3YHTE NOJUAITUICHOBYIO KPBILIKY (3a1anus 1, 2), a B KauecTBe N\
CTEpPKHEN MaIOUKU JUIsl IIAIIIIBIKOB.

JIUCK MOXHO TaKkKe€ 3aMEHUTb Ha KAPTOHHBIM KBaApaTr, OChb
MasiTHUKA B 3TOM Cllyyae JOJDKHA IPOXOJUTh Yepe3 LIEHTP KBaJpara
(3amanus 3, 4). Xopomo 3akperigiTe KapTOH HAa OCH C MOMOUIbIO
CKOTYa, cTapaiTech, YTOObI €ro IUIOCKOCTh ObUIa MEepHEHIUKYISpHA
OCH.

.

s Oonee YCTOWYUBOTO JBUKCHUS, CTapauTech
OTLIEHTPUPOBATh MASTHUK, HUTH JOJDKHBI OBITh BEPTUKAIbHBI, Ha
CTEPKHAX UX MOKHO 3aKPEIUTh C IIOMOLIBbIO KYCOUKa CKOTYA.
B naHHOM 3KCnIepuMeHTe BaM HEOOXOJMMO HCCIIEI0BATh ABMKEHHS TAaKUX MasTHUKOB.

3ananue 1.

N3roToBbTE MasTHUK C MCIIOJIB30BAaHUEM ITOJIMATUICHOBOM KPBIIIKY B KAU€CTBE JHCKa.
1.1 IlocTpoiite rpaduk 3aKOHA IBMKEHUS OCH MasTHHKA, IIPU €r0 CMEIIEHUH HAa MaKCHMAJIbHO
BO3MOYHYIO BBICOTY.
1.2 Uccnenyiite, MOYKHO JIM CYUTAThH JIBUKEHUE OCU MasiTHUKA PaBHOYCKOPEHHBIM Ha BCEM ITyTH
€ro JBM)KEHUS.
1.3 Omnpenenute Ha4aJIbHOE U CPEIHEE 3a BCE BPEMs IBUKEHUSI YCKOPEHNUE OCH MAATHHUKA.

3ananue 2.

2.1 HccnenyiiTe 3aBUCUMOCTD BBICOTHI IIObEMA MAsTHUKA /i, OT umMcia Kojaebanuii k . HazoBem
K02(h(QUIIMEHTOM BOCCTaHOBJIEHHS OTHOILEHUE BHICOT IOABEMA B XOJ€ JABYX I1OCIEI0BATENbHbBIX

KosieOaHuit 1 = h—k

k-1
2.2 [IpoBepbTe, MOXKHO JIM CYMTATh KOA(P(PUIINEHT BOCCTAHOBICHUS BETUYUHON MOCTOSTHHOM JUIS
JAHHOTO MasITHHKA.

2.3 Omnpenenute cpegHee 3HAYCHUE 3TOTO KOA(DPUIMEHTA.
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3ananue 3.

3.1 IlpoBenute wuccienoBaHus, ONHCaHHbIE B 3aJaHUU |, A MasATHHKA C KBaJpaTHOU
KapTOHKOM MAaKCUMaJIbHOTO pa3Mepa.

3ananue 4.

4.1_WccnenyiiTe 3aBUCUMOCTh HAYAJIBHOT'O YCKOPEHHS OCH MasiTHUKA C KBAJPaTHOW KapTOHKOM
OT JUIMHBI CTOPOHBI KBaJparTa.

4.2 TlonbITaiiTech YCTaHOBUTH BUJ 3TOM 3aBUCUMOCTH. KauecTBeHHO OOBSICHUTE MOIYYEHHYIO
3aBUCUMOCT.

Kommenmapuu x ycnosuro 3adauu.

1. OcHoBHas mpobiiema Ipu MOATOTOBKE 000PYIOBAaHMS — TIIATEIbHOE LIEHTPUPOBAHUE IHCKA
MasTHHKA, TIOATOMY JIaHHYIO paboTy clie[yeT MpoJenaTh 3apaHee. B kauecTBe ocu MasTHHKA
MOKHO HCIOJIb30BaTh JIOObIE TOHKHE CTEPXKHHM, TIOMHUMO MAaJ0YeK Ui MIANUIBIKOB, MOKHO
UCTOJb30BaTh CTEPXKHHU IS I[IAPUKOBBIX pPYYeK, 3yOOUMCTKH. MeTammndeckue CTepKHH
JOCTATOYHO TSKEIIBL.

2. Ilpu m3yuyeHUM ABWXKEHHS MasTHHMKA C KBaJpaTHOW KapTOHKOW JIydllle 3apaHee pa3METUTh
KapTOHKY, HAPHCOBAaB Ha HEW HECKOJBKO KBAJIPaTOB MEHBIIMX Pa3MEpOB C OOLIMM LIEHTPOM.
3areM 3aKpenuTh KapTOHKY Ha OCH (JUIS ATOTO MOXKHO HMCIIOJIb30BaTh HEOOJIBIION KyCOUYeK
macTwinHa). B xone paboThl MOKHO OTpe3aTh HEOOJIbIIME TOJOCKU MO KpasM KapTOHKH IO
pazMetrke. HavanpHblll pasmep KapTOHKM peKOMEHAyeTcsl B34Th 15x15 cm.

3. Jlnuna Huteil nomwkHa 6bITh oKoJio 0,5 metpa. ns ynoOcTBa MOKHO HAa paBHOM pacCTOSTHUU
(depe3 5 cM) HaHECTH METKU Ha OJHY U3 HUTEH.
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B cnenyromeit 3aqaue 0ObeAMHAIOTCS METOIBI 3aMEJICHUS JIBH)KEHUS, UCTIOJIb30BaHHBIE
B IPEIbIIyLIMX 3ajadyax: BO-IIEPBBIX, HCIOJIB3YETCS JUCK HAa TOHKOM OCH, BO-BTOPBIX, OH
CKaThIBAE€TCS IO HAKJIOHHOM IJIOCKOCTH. DTO JENaeT IBUKEHUE HACTOJIBKO MENJIEHHOE, YTO C
IIOMOIIBI0 PYYHOTO CEKYHAOMEpA YAAETCSA IMOIydaTbh pe3yibTaTbl ¢ Majol MOrPEUIHOCTHIO.
[TosTOMy mpHBeIeHO OAPOOHOE pelIeHne JAaHHOM 3aauH.

3agaya 28. «bpaxucToxpoHa»

He scezoa kpamuativiuti nymo a611emcs cambim ObiICIMPbIM — 8aM NPEOCHOoUm
uccne008ams UMEHHO makyro cumyayuro!

O0opyoBaHue: TUIACTMACCOBBINA JUCK HA JIEPEBSIHHOM CTEPKHE, /IBA IITATUBA C JIANIKAMU,
pe3uHKa MoJieNibHasl, HUTKH, JUHelKa 1 M, munelika 40 cMm, cekynaomep, rpy3 0,5 kr.

Cobepure YCTaHOBKY,
NOKa3aHHyl0 Ha pucyHke. [lo aBym
napaujiC/IbHbIM HATAHYTBIM

pEe3MHKaM, KakK II0 pPEelIbCaM MOXKET
KaTUTbCs Ha cTepxkHe. C IOMOUIbIO
MIOJBIDKHBIX JIAIIOK IUTaTWUBa U
HUTEW, MPUBA3AHHBIX K CepeauHaMm
HaIlpaBIAIOIIKUX PE3UHOK, MOXKHO
U3MEHSATh MPO(UIH «TOPOTH.

He 3a0biBaiiTe ykasbIBaTh
reOMETPUUECKUE XapAKTEPUCTHKH 3TOTO MYTH B KaXKJIOM YaCTH 3a/1a4H.

Yacrts 1.

OKCIIEpPUMEHTAIIBHO MCCIENYHTE KaueHue AHucKa I10
HAaKIOHHBIM TpsMbIM  (0e3 mporuba) HampaBIISIOLINM,
cocTaBisonuM yros @ (tga =0,2) ¢ TOpU30HTOM.

1.1 U3mepbre 3aBHCHMOCTb BpPEMEHU CKaThIBaHUS 0e3
HAa4aJIbHOM CKOPOCTH OT JJIMHBI IPOMJEHHOIO ITYTH.

1.2 Tloctpoiite rpaduk 3aKoHa ABHKEHHS OCH JHcka S (7).

1.3 [IpoBepbTe, MOXKHO JIM CUMTATH JBUKEHHE OCH JUCKA PABHOYCKOPEHHBIM.
1.4 Onpenennte cpeiHee YCKOPEHUE OCU TUCKA.

Yactsb 2.

B nanHoi# yacT BaM HEOOXOAMMO U3MEHATH YroJl HAaKJIOHA HAMPABIIAIOLUINX, OCTABIISAS UX
MO-TIPEXKHEMY NPSIMBIMU. [ OpU30HTAJIBHOE PACCTOSHUE MEXAY TOUYKaMHM KPEIUIEHUS PE3HMHOK
OCTaBJISIUTE IIPU ATOM HEM3MEHHBIM.

2.1 H3mepbTe 3aBUCUMOCTh BPEMEHU CKAThIBaHUS (IpU (UKCHUPOBAHHOM DPACCTOSHUH MEXIY
IITaTUBAMH) OT PA3HOCTU BBICOT TOYEK KPEIUICHUS PE3UHOK.
2.2 Cuurasg JBMXKEHHME OCH JUCKA PAaBHOYCKOPEHHBIM, IOCTPOWTE 3aBUCUMOCTb YCKOPEHUS
JMCKa OT CHHYCa yIjla HaKJIOHa Hampasistomux. [TokaxkuTe, 4TO yCKOpeHHE TUCKA MOXKET ObITh
onucaHo popmynoi

a=ygsina, (1)
rae y - Oe3pa3sMepHbi KO(OUIMEHT, 3aBUCIIINA OT paanycoB AWUCKa M ocu. Mcnomib3ys
MOJTy4YeHHBIE SKCIIEPUMEHTAJIbHbBIC TaHHBIE, OnpenenuTe Ko3(hduuuenr y .
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2.3 TlocrpoiiTe TpaduK 3aBHCUMOCTH BPEMEHHU CKATBIBAHHUS OT PACCTOSIHHS MEXKAY TOYKAMHU
KperieHus (ImyTd, mpoiaeHHoro auckom). IlocTpoiite TeopeTuuecKyr 3aBUCUMOCTh BPEMEHHU
CKATBIBaHUS OT MPOWUIEHHOTO IIyTH, CPABHUTE €€ C HKCIIEPUMEHTAIBHON 3aBUCUMOCTHIO.

. M
Vekopenue c60600n0 nadenus cuumaiime pasnolm g = 9,81—-.
c

Yacts 3.

3akpenuTe KOHIbI PE3UHOK M HE HU3MEHSANTE HX
IIOJIOKEHUsSI B XOJA€ JAIbHEHIIMX HW3MEPECHUM.
Pa3HOCTh BBICOT M TOPU3OHTAIBHBLIX PACCTOSHHU
MEXKJIY HAYaJJbHOM W KOHEYHOM  TOYKAMH
BBIOEPUTE CAMOCTOSTENLHO.

C nomombl0  HHUTEH, MOPUKPEIUICHHBIX K
cepeIMHaM PE3UHOK MPO(UIL TPACKTOPUU MOKHO
MPEBPATUTh B JIBYX3BEHHYIO JIOMAHYIO JIUHUIO.

3.1 M3mepbTe 3aBUCUMOCTD BPEMEHU CKaThIBaHUS

JIMCKa OT CTpeibl mporuda pe3nHok o . [loctpoiite rpaduk moaydeHHONH 3aBUCUMOCTH.

3.2 Iloctpoiite rpaduk BpeMEHU CKAaTBIBAHUS OT JUIMHBI MPONUACHHOTO MYTH OT HAYaJIbHOU 10
KOHEYHOU TOYEK.

Kommenmapuu x ycnosuro 3adauu.

1. ITpoGaembl M3roTOBJICHUS MasTHUKAa MaKcBesla paCCMOTPEHBI B IpeAbLAyILEH 3aaue 27.

2. B xauecTBe HaINpaBJISAIOLINX UCIIOIB3YETCSl MOJIENbHAs PE3UHKA (MOXKHO KYIIUTh B MarasmHax
JUIS PBIOAKOB).

3. Wcnonb30BaHUE PE3NHOBBIX JKI'YTOB B KAa4E€CTBE HAIPABIIAIOIIMX MMEET J1Ba NIPEUMYIIECTBA:
BO-TIEPBBIX, BBICOKUH KOA(D(UIIMEHT TPEeHUs, JAlOIUil BO3MOKHOCTh IIPOBOJIUTH U3MEPEHHUs HeE
TOJIBKO TP MaJIBIX YIJIaX; BO-BTOPBIX, BO3MOXHOCTb JIETKO U3MEHATH MPO(HIIb TPACKTOPHUH.

3. Ha BeInosnHeHue 3TOM 3ajauu OTBOJIMIIOCH 5 YacoB.
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JIBv>keHHe Ten  JaJleKo HE BCerJa OINUChIBAETCS KaK paBHOMEpPHOE, WIIHU
PaBHOYCKOPEHHOE. B ciienyromux 3a1a4 3KCIIEPUMEHTAIIBHO U3Y4al0TCs UHBIE BUNIBI IBUKEHHS,
Ha OCHOBAHUU KOTOPBIX HUCCICAYHOTCA HM3BCCTHBIC (1)I/I3I/I‘{€CKI/IG 3daKOHbI, HO HC HU3Yy4YaCMbIC B
CpEAHEN LIKOJIE.

3agauya 29. «IBanxkenucta Toppuuesinm»

Obuono, eciu 8 OHe CMAaKaHa ecms OMEePCMusl —
HO 3MO N0B00 O0Jisl UCCIEO08AHUIL.

Oébopyooeanue: muiacTukoBsIi ctakan 0,5 11 co mkanoi; 6anka crexkiusaaas 0,5 i (v 1 1),
4acChbl, INWJI0, IITAHTCHIUPKYJIb.

[IpoaenaiiTe B [HE CTakaHa MaJIEHbKOE OTBEPCTHE. 3aMOJHUTE €ro BOAON (KeIaTeNbHoO,
4yTOOBI BHITEKAIOIIAsl M3 CTaKaHa BOJa MOTMajana B CTEKISIHHYIO OaHKy, a He Ha Bac), uccienyiire
IIPOLIECC BBITEKAHUS BOJbI U3 CTAKAHA.

1. ITocTpoiiTe rpaduk 3aBUCKMOCTH BBICOTHI YPOBHS BOJIbI B CTAKaHE OT BPEMEHH.
2. TTocTpoiiTe rpaduk 3aBUCUMOCTH CKOPOCTH BBITEKAOIIEH BOJBI OT BEICOTHI YPOBHS BOJIBI
B CTaKaHe.
3. Ilpu onpeeneHHbIX AOMYIEHUAX TEOPETUYECKH MOYXKHO [I0Ka3aTh, YTO CKOPOCTh V BOJIBL,
BBITEKAIOLIECH Yepe3 OTBEPCTUE B JHE CTAKAaHA, 3aBUCUT OT BBICOTHI YPOBHS BOJIBI B CTAKAHE
h 1o dopmyne

v=Ch’

rae C- BeIM4YMHA, HE 3aBHUCAIIAs OT /. Mcnosb3ys INOJy4eHHBIE 3KCIEPUMEHTAIbHBIE
JaHHbBIE, OTIPEICITUTE TIOKA3aTeb CTCIICHH ) .

Kommenmapuu x ycnosuro 3adauu.

1. TlpenmouTuTenbHEE MCIOJB30BaTh IUIACTUKOBBIM CTakaH, (opma KoToporo Onm3ka K
LWIAHAPUYECKOM.

2. MOXHO BUJOM3MEHHTH YCJIOBUE 3a/la4d: BMECTO MPOCTOH OaHKM MCIOJIb30BaTh MEPHBIH
CTakaH (MEH3YpPKY) C JIEJICHUSMH U CJIEJ0BAaTh HE CKOPOCTh YMEHBIIEHUS YPOBHS B CTAaKaHe, a
CKOPOCTb IOBBILICHUS YPOBHS B MEH3YPKE.

Oma 3a0aua npeodnrazanace Ha pecnyoOAUKAHCKOU (uauyeckol orumnuade 6onee 10 nem
Hazao. Ilone nodpobnoe uccredoganue 6bIMEKAHUS HCUOKOCU U3 OYMOLLIKU U  AHAIU3
npumenumocmu opmyavt Toppuuennu npednazaemcs npogsecmu 6 ciedyrowel 3aoave.
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@ 3agauya 30. «®opmy.a Toppuuesin»

Oo6opynoBanue: Oyrbuika mactukoBas 0,5 1 6e3 aHa, Tpu
npoOKM ¢  JObIpKAMH  W3BECTHBIX  JUAMETPOB,  IOJIOCKA
MUJUIMMETPOBOM OyMaru, CKOTY, CEKYHAOMEp, COCYA AJIsi BOJBI
(1 ), WTATUB C JIANKOM.

JInist CKOPOCTH BBITEKaHUS BOJIBI U3 COCYJIa uepe3 HeOOoIbIIoe
otBepctue . Toppuuemn ycTaHoBUI (popMyTy

V=42gh, (1

M
rae /- BBICOTA YPOBHsI KMKOCTH HaJl OTBepcTHEM, g =9,8—- -
c

YCKOpEHUEe CBOOOHOTO TIa/ICHUS.

BaMm npeacTouT nmpoBepUTh CIIPaBeIMBOCTD 3TOW (POPMYIIBI JAJIsi CKOPOCTH BBITEKAHHS BOJIBI U3
OyTbulKM uepe3 oTBepctue B mpoOke. CobOepure ycTaHOBKY, Kak II0Ka3aHO Ha pHUCYHKE.
[Tpuxpenure k 60KOBON MOBEPXHOCTU OYTHUIKU MOJIOCKY MIJIJTUMETPOBOI Oymaru.

Yacrs 1. Teopernueckas.

1.1 Cuurtas ¢popmyny Toppuueliv CpaBeATUBONA MOKAXKUTE, IJIsl BHICOTA YPOBHS JKUAKOCTH B
BEPTUKAIBHOM LIMJIUHAPUYECKOM COCYJE MPU BHITEKAHUHU BOJbI UEPE3 OTBEPCTUE B JHE 3aBUCUT
OT BPEMEHHU 10 3aKOHY

2
h=h,(1-bt), 2)
rac h - BBICOTA YPOBHA KUAKOCTU HAA YPOBHCM OTBCPCTHUA, ]’lo - HavdaJIbHagd BbICOTA YpPOBHHA

KUAKOCTH, b - TOCTOSTHHBIN KOA(DUIIMEHT, 3aBUCSILIII OT pa3MepoB COCY/1a U OTBEPCTHSI.

1.2 Beipazute ko3ddunument b B dopmyne (2) dyepe3 mapamerpsl Balleil YCTaHOBKU HU
HavYaJIbHYIO BHICOTY YPOBHSI JKHIKOCTH B COCYJIC.

Yacth 2. 3aK0H BHITEKAHUS.

2.1 M3mepbTe 3aBUCUMOCTb BBICOTHI YPOBHS JKMJIKOCTH B COCYJI€ OT BPEMEHH, IIPU BBHITEKAHUU
BOJBl Yepe3 OTBEPCTHE MHUHUMAILHOTO JHaMeTpa, IMOCTpoiTe rpaduk MOTydeHHOU
3aBUCUMOCTH.

2.2 [IpoBephTE BBHITIOJHUMOCTH 3aKOHA JBUKECHUS (2).

2.3 Ompenenure Hpu KakoM 3HaueHHHM Kodpounmenta b ¢opmyna (2) nHambojee TOUHO
OIMCBIBAET SKCIIEPUMEHTAIIbHBIC IaHHBIE.

2.4 CpaBHUTE DKCHEPUMEHTAJIbHO OINPEACIECHHOE U pACCUUTAHHOE 3HAYEHUS ITOrO
kod(ppunrenta. OObSICHUTE MIPUIHHBI BO3MOKHBIX OTKIOHCHHIH.

Yacrs 3. /Ipyrue orBepcrHs.
3.1 V3MepbTe 3aBUCUMOCTh BPEMEHH MOJHOTO BBHITEKAHUS BOJBI U3 OYTBUIKH (IIPU MOCTOSHHOM

HayaJIbHOM YPOBHE) OT auamerpa oTBepcTHs. OOBSCHHUTE MOJIydEHHBIE PEe3yJbTaThl, CPABHUB
UX C BalllUMU PACUYETHBIMU 3HAYCHUSMMU.
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3apaua 31. «Kaencugpa»

IIpuGopbl ¥ oGopyaoBaHMe: aBe OyTBUIKM C OpoOKaMH, JABE TPYOKH [yis
KOKTeinel, MumuMeTpoBast Oymara, CeKyHIOMEp, CKOTY.

Ha ¢ortorpadun mokazana mpocTtas yCTaHOBKA st
U3YyUEHHs] TEUCHHs JKHUIKOCTH IO TOHKUM TpyOKam: JBe
Oyrbuiku 0,5 71 coeaMHEHBI MEXIy COOOH CKICEHHBIMU
npobkamu. Yepe3 mpoOKHM MPOXOASAT IBE TOHKUE TPYOKH,
yepe3 KOTOpbIE XHJAKOCTh (BOJA) MOXKET IEepeTeKaTbh W3
BepxHel OyTbUIKM B HWXKHIOIO. Ha creHkax OyTbUIOK
MIPUKPEIICHBI MOJIOCKA  MUJUTUMETPOBOM Oymary,
MO3BOJISIONINE U3MEPATh YPOBEHb JKUIKOCTU B OYTBUIKE.
TpyOxu BCcTaBIEHBI TaK, YTOOBI KUIKOCTh MOTJIA TIEPETEKATh
U3 OJIHOW OYyTBUIKM B APYrylo, MPH 3TOM OYTBIIKH MOKHO
MIOCTOSIHHO ~ TI€PEBOPAYUBATb. Pacnonoxxenue TpyOOK
MIOKa3aHo Ha CXeMe.

1. Pacnonoxure OyThUIKM TaKUM 00pa3oM, yToObI BepXHsis ObuIa 3anmojHeHa Booil. Vccnenyiite
3aBUCUMOCTh YPOBHS KHMJIKOCTM B HIXKHEW OyThUIKe OT BpemeHu. Iloctpoiite rpaduk
MOJIy4eHHO 3aBrcHMOCTU. KauecTBeHHO 00BsCHHTE €e.

2. V3mepbTe 3aBHCHUMOCTb CKOPOCTH BO3PACTaHUS YPOBHS JKUAKOCTH B HMXKHEH OYyThLIKE OT
pa3HOCTH JIaBJeHUH Ha KOHIAX TpyOkH. [locTpoiiTe rpaduk noaydeHHON 3aBUCUMOCTH.

3. 3akon Ilyaseiins yTBep)kIaeT, YTO OOBEM >KHUIKOCTH, MPOTEKAIOUIEH udepe3 MorepeyHoe
CeueHHe TPYOKM B E€IMHHUILy BpeMeHH (pacxoj] KHIKOCTH), MPOMOPLUOHAJIEH pPa3HOCTU
JaBJIeHUH Ha KOHIAX TpyOku. [IpoBephTe 3KCIIEPUMEHTAIBHO BBITOJHUMOCTH 3akoHa [lya3zeitns
B JaHHOM ciydae. Ormpenenure Kod3((UIMEHT MPONOPLMOHAIBHOCTH MEXAYy pPacXoJoM
YKUJIKOCTH U Pa3HOCTHIO JJaBJIEHUI HA KOHIAX TPYOKH.

Kommenmapuu xk_ycioeuro 3adauu.

1. Jlng co3maHus SKCHEPUMEHTAIbHONW YCTAHOBKM MOYKHO HCIOJIb30BaTh M IIJIACTHKOBBIE
MOJTYJTUTPOBBIE OYTHIIKH.

2. Jlns nydiie yCTOMYMBOCTH 3TH BOJSHBIE YaChl MOXKHO 3aKPEIUISTh B IITATUBE.

3. Eme 0HO AOCTOMHCTBO JaHHOH 3a7aydl — MPOCTOTA BBIMOJIHEHUS, 00yCIOBIECHHAs TE€M, YTO
BpeMs NIEPETEKaHNs B JaHHOW ycTaHOBKE 0K0JI0 10 MuHyT!
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Eumie onuu nmpumep 3KCIEpUMEHTAIBHOTO 3a/1aHMs], KOTOPOE MOXHO BBIOJIHUTH U B IOMALTHUX
YCIIOBUSIX: MPOIIECC MPOTEKAET HACTOJIBKO MEUIEHHO, YTO MapajijieIbHO MOKHO CIIOKOMHO MUTh
qau.

3agaua 32. «HamokaHue TKaHN»

IIpubdopnl_u_oOopyaoBanue: Ilonocka TKaHM, MEIIOK ITOJIMATHJICHOBBIM, JIMHCIHKA, YacChl,
KpBIIIKa 0aHOYHAs, BOJIA.

Buumanue! Jlanuwiii sxcnepumenm npeonoiazaem OnumenvHvle usmepenus (nopaoka I uaca),
a eaue epems oepaHuyeHo!

Onycture OOMH KOHEIl CyXOil TMOJIOCKM TKaHH B KpBIMIKY OT OaHKH, pPa3JIOKUTe
aKKypaTHO TOJIOCKY Ha cToje (He 3a0yAbTe MOJCTEeNUTh IMOJ HEe IMOJIMITHICHOBBIM Maker),
HaJIeiTe B KPBILIKY HEMHOrO BOAbl. Mccienyiite pacrnpocTpaHeHUE BOABI IO IOJOCKE TKAHH.
ITocTpoliTe 3aBUCUMOCTD JUIMHBI HAMOKIIEH YaCTU TKaHU OT BPEMEHHU.

[TonbITaliTech onpenenuTh (QYHKIMOHAIBHBIA BHJ STOW 3aBUCHUMOCTH, OIICHHUTE €€
napameTpsl. KauecTBEeHHO 0OBSICHUTE MOTYYSHHYIO 3aBUCHMOCTh: 000CHYHTE €€ TEOPETUYECKH.

Kommenmapuu x_yciosuro 3adauu.

1. TlpuBeneHHbIE 3/1€Ch AKCIEPUMEHTAIbHBIE JAaHHBIE NOJYUYEHBI NIPU UCIOJb30BaHUU MOJOCKHU
u3 Oeo aTIaCHOM TKaHU — IPaHMIIa HAMOKIIIEH YacTH MPOCIEKUBACTCS OUYCHD YETKO.
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4.3 U3yueHue KkojaeHOaHuil.

Ota TemMa OYeHb MOMYJSPHA y Pa3padOTUMKOB HKCHEPUMEHTATbHBIX
3aJaHui (PU3MYECKUX OJIMMITUAJ PA3JMYHOTO YpOBHs. J[s1 MX BBINOJIHEHHS,
Kak MpaBWJIO, HE TpeOyeTcsi CIOXKHOTO O00OpYyIOBaHUS — MOJBECHI TPy3 Ha
BEPEBOUYKE (MOXKHO IPOCTO HAa TIBO3IMK), Jaj JIMHEHKY, CEKyHIOMEp U
JUIMHHOE-UIMHHOE ycioBue! Camoe mopasuTenbHOE, YTO MPU ATOM YAAeTcs
[I0JIy4aTh JOCTaTOYHO TOYHBIC U UHTEPECHBIC PE3YIIbTATHI.

[ToMMMO  HEMOCPEACTBEHHOTO  HCCIICAOBAaHHUS  KOJIEOATEILHOTO
JBMDKEHUS, SKCIEPUMEHTAJIbHOE M3yYeHHE KOJICOaHUI TMO3BOJIAET MCCIEI0BaTh MHOTHE
MHTEpECHbIE (PM3MUECKUE SIBJICHUS - B AAJbHEHUIIIEM MbI HCIIONB3YEM TOT MOAXOM Ul U3Y4EeHUS
CHJIBI B3aMMOJCICTBHMSI MarHuTOB, 3aKOHA D3JIEKTPOMAarHUTHOM HWHAYKLIMM, CUJ TPEHUS U
COIIPOTHUBIICHHUS BO3yXa.

Kpome Ttoro, st 3amaum Mo3BOJIAIOT pa3palbaThiBaTh M YCBaMBaTh MHOTHE METO[bI
MaTeMaTH4eCKO 00paboTKH pe3yabTaToB U3MEPEHUI, B YeM BBl MOTJIM YOEIUTHCS Ha IpUMepax
PAacCMOTPEHHBIX 33/a4 0 HU3YYCHUIO KOJeOaHWH MaTeMaTHYeCKOro MasTHHKA, KoJeOaHWi
MOJIBEIIEHHOTO CTEPXKHS, KPYTHIBHBIX KOJIeOaHHH.

BepHemcss K TpaguIMOHHOW UIKOJBHOM JlaboparopHOi paboTe MO H3Y4EHHUIO
MaTeMaTHYeCcKoro MasTHuka (3agada 3).

Crerka MoguduIMpyeM JTaHHYIO 33/1a4y U 100aBUM OJJUH WHTEPECHBIH MyHKT.
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3apaua 33. «IIpocTo maTeMaTH4YeCKUil MASTHUK

IIpuGops! U 060pyI0BaHKE: METAUIMUECKUN IIAPUK HA HUTH, CEKYHJIOMED, JIUHEHKA.

DKCIIEpUMEHTAIIBHO UCCIEAYNTE KOJEOaHUs TAKEIOT0 METAIIMYECKOT0 IapuKa,
MIO/IBEILIEHHOTO HAa HUTH.
Ilepuoo manvix Ko1ebanull Mamemamuiecko2o MAasmHUKa onpeoensiemcs opmynou

T, =2n L (1)

g
Bv1600 smoii popmynvl npugeden 6 knuee:
JLU. Jlanoay, E.M. Jluswuy Teopemuyeckas ¢usuxa. m. 1. Mexanuxa
1. M3MepbTe 3aBHCHUMOCTH MEpHOJa KojaeOaHWH MaTeMaTHYeCKOro MAasTHHKA OT €ro JJIHHBIL.

M
[Iposepbre BhIONHUMOCTE  popmynbl (1) B Bamem cimydae. Cuuras, uro g=9381—,
c

OIPEACIIUTE PKCIEPUMEHTAIBHO 3HAYECHUE YUCIIa T .
2. Ctporo roBops, Mepuoi KoJeOaHnii MaTeMaTHIECKOT0 MasTHUKA 3aBUCHT OT aMILTUTY/bI €TO
Kojebanuii. JIerko mokasarb, 4T0 3aBUCUMOCTb IEPHOJIA OT AMILIUTY Il UMEET BUJI

_ 2

T—T0(1+)((00), (2)
rae 7, - mepuoJ Mayblx KojnebaHui, onpexnensemslit popmyinoii (1); ¢, - MakCUMalbHBIN yroi
OTKJIOHEHUS (aMIUIUTY/a), U3MEPEHHBIH B pajiiaHax; y - MOCTOSHHBIN KOA((UITUCHT.

[IpoBepbTe SKCIEPUMEHTAIHLHO BBIMOTHUMOCTH (opmynbl  (2). Omnpenenure 3HaYeHUE
KodpduureHTa y .

Kommenmapuu k ycnosuro 3adauu.

1. IlepBas yacTh 3aa4y TPAAULMOHHAS U €€ BBIIIOJHEHNE HUKAKUX CJIOKHOCTEW HE BBI3BIBACT.

2. Bropas yactpb 3a1aun TpeOyeT TIIATEIbHOCTH B MpoBeieHNH u3MepeHuid. [lepuoa konebanmit
U3MEHSCTCA KpaliHE HE3HAYUTEIbHO, II09TOMY JIOJKEH U3MEPATHCS C BBICOKOM TOYHOCTBIO. He
CIIEyeT CTPEMUTBHCA JEJIaTh MAasTHUK CIMIIKOM JUIMHHBIM — Ba)K€H YIOJl OTKIOHEHUS.
KenatenbHO HCIONB30BaTh TSOKENBIA Tpy3 (METALIMYECKHHM IIApHUK), YTOOBI YMEHBLIUTH
3aTyxaHHue.
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[[Iupoko pacmpoCTpaHEHHBIM 3a0TyXKICHHEM SBISICTCS YTBEPXKICHHE, UYTO TEPUOJ
KoJjeOaHuil JTF0O0Tr0 Tena MOABEIICHHOTO B TOJE TSHKECTH 3€MJIM MOXKET OBITh paccuuTaH IO
dbopMyne  MaTEeMAaTHYECKOTO MAasTHHKA, €CIIM B KAauyeCTBE €ro JIUHBI [ WCIHOJIb30BaTh
paccTossHME€ OT TOYKM TOJBeca M0 IEeHTpa MacC MasTHUKA. OJTO YTBEPKICHHE YiKe
OTIPOBEpPraJioCh HAMHM B 3a/Jade O KoJeOaHUSX CTepKHsA (3amada S5), rae Oblia MoJydeHa |
HCCIIeAOBaHa HE MOHOTOHHAsA 3aBUCHMOCTL. EIlle OIHHM, BO3MOXKHO, Oojee HarJISIIHBIM
MOATBEPKICHUEM  OOCYXKJaeMOro  37ech  Te3uca  SBJSETCS  CICNylolas — mpocras
SKCIIEpUMEHTAIbHAS 3a/1a4a.

3anaua 34. «/IBOMHONH MasITHUK)

MasTHUK COCTOMT U3 CTPCKHA C 3aKpCIUICHHBIMM Ha HCM JBYMA

OJIMHAKOBBIMU I'Py3aMU. .

1. TlokaxxuTe, 4TO €CIM CYUTATH TPY3bl MATEPHATIBHBIMU TOYKAMH M NpeHeOpedb
Maccoil CTep)KHs, TO MEpPHOJ KOJIeOaHUIl TaKoro MasTHHKA PAacCUUTHIBACTCSA IO

bopmyine

2 2
T=2r g’ (1)
g(x+L)

rae L - nuvHa CTep:KHsL.

2. IIpoBepbTe IKCIEPUMEHTATBHO ITY POPMYITY.

Kommenmapuu k ycnoseuro 3adauu.

1. Jlns ycHeumrHoro BBITIOJHEHUS JaHHOW 3aJayd Macca CTEpXHsS IOJDKHA OBITh 3HAUYUTEIHHO
MEHBIIIE MACCHI TPY30B, a €r0 JUIMHA 3aMETHO IPEBBIIIATh Pa3Mephl IPY30B.
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Mexanunueckue KoieOaHUsIM OBEP>KEHbl MHOTHUE CUCTEMbI, U MHOTHE U3 HHUX JJOCTOMHBI
nu3yueHus. PaccMOTpuM mpuMep Takod CHCTEMBI, KoJieOaHUS KOTOPOW JIErKo HaOII01aeMbl,
MMEIOT MEePHOJ] U3MEPUMBI C IIOMOIIBIO PYYHOTO CEKYHOMEpPA, OMMCHIBAIOTCA y1000BapUMBIMU
bopmynamu.

3agaua 35. «/IuHeiika Ha HMIMHAPAX»

JlepeBsHHYIO JIMHEUKY MOJKHO e
pacCIOJIOKUTh HA TOPU3OHTAIBHO JIEKALIEM
uwiMHApe. Eciiv ciierka KOCHYThCS OJHOTO U3
KOHIIOB JIMHENKH, TO OHa HAa4yHeT KojebaThcsa. Bama 3amaua — uccneqoBars 3TH kKosiaebanns. He
3a0BIBAiiTE 3aKPEIISATH IIMJIMHIP HA CTOJIE C TOMOIIBIO KyCOYKa MIACTHIINHA!

IIpu6opsl U 000pyYI0BaHME:
[MunuHapsl MeTaJUIMYEeCKHe, KapTOH, CKOTY, JuHEika naepeBsiHHas 40 cM, cekyHIoMep,

IOTAHTCHIUPKYJIb, HOKHHUIBI, ABC MCTAJUIMYCCKUX TICTINU, KYCOK IIJIaCTHUIIMHA.

3aganue 1. U3mepenne ko3(ppuuneHToB TpeHus.

W3mepbTe 3HaueHUs KOA((GUIIMEHTOB TPeHUs (TIOCTapalTeCh ¢ MAKCUMAIbHONW TOYHOCTHIO)
a) IepeBa 10 METAJUIMYECKOH MOBEPXHOCTH LIMIMH/IPA;
0) nepeBa Mo KapToOHY;
B) JiepeBa I10 HEKJIEHKOM MOBEPXHOCTH CKOTYA.

B oanvretiwem ucnonv3yiime xonrebanus IUHEUKU NO KYCOUKY KAPMOHA, 3AKPENIeHHOMY Ha
YUTUHOPAX.

3aganne 2. U3yyeHne 3aBUCUMOCTH MEePHOIA KOJIeOaHHI OT paguyca onophbl.

2.1 W3mepbTe 3aBUCUMOCTh IMepHOJa KojeOaHWW IUHEHKH OT paguyca OIOPHI.
[ToctpoiiTe rpaduK NOTYYEHHON 3aBUCUMOCTH.
2.2 TeopeTHyeckH 3aBUCUMOCTH Iepuojaa kojeOGanuii 7 (R) OT paauyca Omopsl R
NpUOIMKEHHO BBIpaXaeTcs: GopMyIIoit
T =AR". (1)
rae A, y - HEKOTOpble MOCTOsIHHBIE. ONpenenuTe 3KCIEPUMEHTAIbHO TOKA3aTeNb CTEEHN ) .

3aganue 3. U3yyeHue 3aBHCHMOCTH NMEPHOAA KOJeOAHWH OT MOJIOKEHHMS MeTANIHMYECKHX
nereJb.

Hanvretiviue usmepenuss nposooume npu HeusmMeHHoM paouyce onopwl. Kakoii paouyc
ONopul ANAEMCA ONMUMATILHBIM 0151 MAKUX USMEPEeHUL?

Hacagure Ha KOHIBI JIMHEWKH METAJUIMYECKHUE IIPOBOJIOYHbIC NETiH. IleTinn MoKHO
IepeBUraTh 110 JIMHEWKe. Bo Bcex M3MEpEeHMX METIIN JOJDKHBI PACIOIaraTbCsi CUMMETPUYHO,
Ha PaBHBIX PACCTOSHUAX X OT KOHLOB JIMHEHKU.

3.1 H3mepbTe 3aBUCUMOCTh Tepuona kosedanuit 7T (x) OT pacCTOsiHUA IEeTelb 10

KOHIIOB JIMHEWKU X .
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3.2 OG6oznauum 7, - mepuopaa kojeOaHuil auHENKH Oe3 merend (P HEU3MEHHOM

panuyce onopsl). TeopeTuuecku cBs3b MEXAY 1 (x) u T, onpexnensiercst popMynon

2
T i ik L 1. (2)
1, mL”\ 2

rae L - ayvHa TMHEWKHU, m - €€ Macca, m, - Macca OJHOM METIIH.
IIpoBepbTe SKCIIEPUMEHTANILHO 3TY 3aBUCUMOCTD.

o m
OHpeILG.HI/ITe OTHOIICHUEC MAaCC IICTJIM U JIMHCHUKU —L .
m

Kommenmapuu k ycioeuro 3adauu.

1. Crnenyer momoOpaTh He MeHee 5 IIMJIMHAPOB Pa3IMYHOTO pajnyca, MOXKHO HCIOJIb30BaTh
TPYOKH, CTEP>KHH, TPY3bl U3 KATOPUMETpHUUYECKOro Habopa, KoHAeHcaTophl U T.1. [Ipu xenanuu,
MO’KHO TIOpa0OTaTh U HA TOKAPHOM CTaHKE. Paguychl 3TUX HUIMHIPOB JOJKHBI U3MEHSATHCS OT
1 no 7 cm.

2. Kycouek TOHKOTO KapTOHa HEOO0XOAWM, YTOObI KOA(PQPHUIMEHTHl TPEHHUS JUHEHKH ObLIM
OJIMHAKOBBI JUI BCEX LWJIMHAPOB. B paamyc nmnmHapa HEOOXOOMMO BKIIIOYATh M TOJIIUHY
KapToHa.

3. Ilernu ynoOHO crenaTh M3 KyCKa TOJCTOM aTIOMHHHEBOM MPOBOJIOKH, OOOTHYB €€ BOKpYT
JIMHEUKHU
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Ecnu xonebarenpHbIe CUCTEMBI C OJHON CTETMEHBIO CBOOOIBI CTOJH Pa3sHOOOPA3HEI, TO
CUCTEMBI C HECKOJIbKMMH CTETICHSIMH U pa3iudHble dPQPEKThl B HUX TPYTHO MOIIAOTCS JaKe
knaccudukanuu. [loaToMy mpemnaraeM BalieMy BHUMAHHIO BCETO OJHY 3a/ady Ha 3aJIaHHYIO
TEMY.

3amaua 36. «CBsi3aHHLIE OAHO HUTHIO...»

IIpuGopsl U 000PYI0BAHME: CTOJ, HUTKH, TPY3, JIETKHUE
IJIaCTMACCOBBIE IIAPUKH, TUHEHKA, CEKYHIOMED, KapaH1all, KHOMKH.

C momoIIsI0 HUTOK MOJIBECHTE KapaHAalll TOPU30HTAIBHO HAa PACCTOSIHUU 1 —
2 cM oT Touek monBeca. K kapaHmamry MOKHO TMOJBSI3bIBATh MAasTHUKH
pa3IMYHON JUTHHBI, JIBUKCHHE ITHX MasiTHUKOB OKaXeTCst
B3aMMO3aBUCHMBIM. PeKOMEeHJyeM HCIO0JIb30BaTh, TaK Ha3bIBAEMBIi, 3
OoudunspHbd MOABEC, O00ECIEUMBAIONIMI KOJIGOAHUS CTPOTO B OJHOM y

HampaBiieHUd. i M3MepeHusl aMIUTUTYIbl KOJeOaHUI paclojOKUTe Ha ~
TOJTy, TTOJI MAITHUKAMH U3MEPUTENBHYIO JIMHEUKY. i

Yactp 1. Pe3zonanc.

B kauecTBe rpy3a OHOrO MasTHUKA UCIIOJIb3YUTE TSKEIIBIM METAUIMYECKUN LIWIIMHID, a
BTOPOr0 — JIEFKHW IUIACTMACCOBBIA IIApUK. B 3TOM ciydae MOXKHO CUUTaTh, 4TO JIBUIKCHHE
JIETKOTO MAasTHMKA HE BIIMSACT HA JBIKEHUE TSKEJIOIO0 — €r0 MOYKHO pacCMaTpuBaTh Kak
UCTOYHUK II€PEMEHHONM BHEIIHEH BBIHY)KAAOWEH Cuiabl. JIMHY JIerkoro MasTHHKa [,

OCTaBJIsIiiTe HEM3MEHHOH (He 3a0yabTe ee ykas3aTh B Bameil paboTe), a UIMHY TSDKEIOro
MasTHUKA [/, BaM HpPEACTOUT U3MEHATh. [l 3Toro ynoOHO HaMaThiBaThb HUTh KapaHJAIL.

CrapaiiTech MOAJEPKUBATH YIIOBYIO aMIUTUTYQy KOJICOAHM TSXKEIOro MasTHUKA MOCTOSTHHOM
(pu HEOOXOMMOCTH €r0 MOXHO CJIeTKA MOATATKUBATS ).

1.1 VzmepbTe 3aBUCUMOCTh aMILTUTY/Ibl YCTAHOBUBIIMXCS KOJICOAHHH JIETKOTO MasiTHUKA
OT AnHHBI TshKesnoro. [loctpoiite rpaduk MoydeHHON 3aBUCUMOCTH M JJATE €€ TeOPeTHYECKOoe
0OBsACHEHUE.

Ipumeuanus:
1. Ilowamno, umo Haubolee «UHMEPECHLIMY AGIAEMCS OUANA30H, 6 KOMOPOM OJUHbL

masmuukog oausku. OOHAKO NONbIMAUMech Npo8ecmu UCCIe008aHUsL U 6 obnacmu, 20e
yacmoma KoieOanull msaxcen020 MasimHuKka RpUOIU3UMeENbHO 8 084 pa3a MeHbULE YACTONbL
KOLeOanuil 1e2Ko20.

2. B smux sxcnepumenmax makdice HAOIOOAOMCA He3HAYUMeENbHble OueHus (MedjleHHOe
nepUOOUYeCcKoe U3MEeHeHUe AMNIUMYObL) 1e2K020 MASMHUKA, HOIMOMY NOO AMNIUMYOOU €20
Konebanutl 6yoem nOHUMAMb €20 MAKCUMALIbHOE OMKIOHEHUE OM NOJIOHCEHUS PABHOBECUSL.

Yactb 2. «buenusa»

[IpuBspkUTe K HUTH MAsATHUKU C OJMHAKOBBIMU IIapukamu. Eciau IMHBI MasgTHUKOB
OTIUYAIOTCSI HE3HAYUTENILHO, TO HAOIIOAAaeTCs MHTEPECHOE SIBJICHUE — MAsSTHUKU MOMEPEMEHHO
HAYMHAIOT YBEIUYHMBATh W YMEHBIIATH AMIUIMTYIy KOJNEOaHWW — 3TO SIBIICHWE HA3bIBACTCS
OMEeHHSIMH.

Jns ero u3yueHus ynoOHO [UIMHY OJHOTO MasTHUKA [, OCTaBIATh HEM3MEHHOH, a

BTOPOTO - /, U3MEHSTS.
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2.1  H3mepbTe 3aBUCHUMOCTB NEepHoAa OMEHUIl OT IMHBI BToporo MastHuka /. Iloctpoiite

rpauK NOTy4eHHOM 3aBUCUMOCTH.
2.2 ]laiite TeopeTHuyecKoe OOBSICHEHHE MOMYICHHBIX Pe3yIbTaTOB. Y CTAHOBUTE TEOPETHUCCKHI
BH/JI 9TOM 3aBUCUMOCTH, IIPOBEPHTE €€ IIPUMEHUMOCTDb B pACCMaTPUBAEMON CUCTEME.
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4.4 Cuiibl CONPOTHUBJICHUS.

CKOJIBKO pa3 NMpUXOIMIOCH BCTpEYaTbes ¢ (ppazamMu: «TPEHUS HET», «COMPOTUBICHUE
BO3JyXa HE YUYUTBIBATHY, «BI3KOCTBHIO >KUIKOCTH NpeHeOpeub»! OTH yCIOBHsS MOCTOSHHO
OrOBAapHBAIOTCS B YCJIOBUSAX TEOPETHUECKMX 3a/Jad — HMHadye 33Jayd «He pemarotcs». llpu
BBIMIOJIHEHUHM  OKCICPUMEHTAJBHBIX 3aJaHU HAM TaKXKE 4YacTo INPUXOAMUTCS JIeNaTh
OTIpeieIeHHbIE PEBEPAHCHI — «ECIIH MPeHeOpeyb TPEHUEM, TO...», KCKOPOCTh JBMKEHUS JIOJDKHA
ObITh MaJia, YTOOBl HE CKa3bIBAJIOCh COMPOTHBICHHE cpeabl». [loueMy ke 3T BBICKAa3bIBAaHUS
BcTpevaroTcss Tak vacto? Ilpocto moTomy, 4To M30aBUTBHCS OT ITHX CHJI HEBO3MOXKHO, OHHU
NpUCYTCTBYIOT Beceraa! Hacrana mopa He MpOCTO MO3HAKOMHUTHCS ¢ HUMHU (TEOPETUUECKU YKe
BCE 3HAKOMBI), HE NMPOCTO HAYUUTHCS UX MCCIEN0BaTh, & HAYATh X JOCKOHAJIBHO M3y4aTb. JTO
HE MpOCTas HayKa, KaKk MOJKET MOKa3aThCs Ha NepBbIil B3, [Ipuaymansl naxe crienuanbHble
TEPMUHBI: «TPHOOJIOTHUS - HAYKA O CyXOM TPEHUU; «PEOJIOTHS» - HAyKa O BA3KOCTH.

Henp3st cka3arb, 4YTO JaHHas Tema OJelIeT OPUIHHAJIBHOCTHIO. Bcrnomuure
TPaJUIIMOHHBIE SKCIIEPUMEHTAIbHBIC 3a/1a4H.

W3meputh kK03hOHUIMEHT TpeHUs: Opycka O HAKIOHHYIO IUIOCKOCTb. [logHMMaeM 1OCKy
(v TpUOOMETp, JUIA COJIMTHOCTH), M3MEpsSeM Yroji HakKJIOHa, NpPU KOTOPOM HauMHaeTcs
CKOJIbXKEHHE, C TPYIOM PACCUMTHIBAEM TAHT'€HC 3TOrO Yria, KOTOPBIH, Kak TOBOPST, MU €CTb
kodpduuueHt tpenus. Ho 310 koadpduuuent tpenus noxost! HyxkeH kKodhUIMEHT TpeHUS
CKOJIbKeHusA? TsHeM paBHOMEpPHO (a Kak 3To cienarb?) Opycok Mo Jocke (Wiau TpuOoOMeTpy) u
u3MepsieM cuiny TpeHusi! He B Hamem ctuiie moapoOHO pa3Oupatrhk 3TH j1abopaTopHble padoTHI,
MBI  3aiiMeMcCsi  Cepbe3HBIMH, JICHCTBHUTEIBHO  OJMMIIMAJAHBIMU  SKCHEPUMEHTAIBHBIMU
UCCIIEJOBaHUAMMU !

Cuna cyxoro TpeHus onucbiBaeTcs 3akoHOM KyrnoHa-AMOHTOHA: MOysb CUIIBI TPEHUS

CKOJIbKEHUS MIPOIOPLIUOHAIIEH MOLYIIIO CUIIbl HOPMAJIIBHOM PEaKIuU
F,, =uN,

TOJIbKO HE HaJ0 CTAaBUTh B 3TOH (OpMyIlie BEKTOPBI, KaK 3TO MHOI/Ia BCTPEYAETCS B MOCOOUAX
s noctynaomux. OJHAaKO 3TOT 3aKOH SBJSETCS NMPHONMKEHHBIM, MHOTZA JieTde YKas3aTh
YCIIOBHS, KOTZa OH BBIIOJHACTCA, 4YE€M IIEPEUUCIUTh HCKIIOYeHUs u3 Hero. [lostomy
HCCJIEIOBAHUE 3TOM CWJIBI U IIPOBEPKA MPUMEHHUMOCTH 3TOIO 3aKOHA OCTACTCS HENPEXOIAIleH
TEMOH 3KCIEPUMEHTAIbHBIX 3aJaHui. B cienyromeil 3axaue npearaercss UCCIeq0BaTh CUILY,
JEUCTBYIOIIYI0O HAa HUTh, HAMOTaHHYIO Ha IMIMHIP. OCOOEHHOCTHIO JAHHOM 3aJauu SBISETCS
TOT (haKT, YTO CHJIa HOPMAJIBHOM peakiiy sSIBHO HE BUJIHA, 4 CIIe U HE SBISETCA NOCTOSHHOM.

3agaua 37. «I'ne HopMaIbHAs peaKkus ?»

IIpuGops! 1 000py0OBaHMe: METAUIMYECKUN
CTEpXKEHb, HUTh, TpU TIpy3a Maccamu 100 1, gUHAMoMeTp,
LITaTUB. ~

IIpy CKONBXKEHUM HUTH, HAMOTAHHOM Ha CTEPKEHb, HA 75
HEE JICWCTBYET cuia TpeHusa. JlelicTBUe 3TOW  CHIIBI T@’) /
IIPOSIBJISACTCA B TOM, YTO CHUJIbl HATSDKEHMS HUTH C Pa3HbIX
CTOPOH OT CTEpXKHs OKa3bIBAIOTCS pa3/IMYHbIMU. B naHHOU
3ajjaye BaM HEOOXOJMMO UCCIeNOBaTb HM3MEHEHHUE CHIIbI
HAaTSDKEHUS HUTH TIpA €€ CKOJIBKEHMH 10 OOKOBOMU
IIOBEPXHOCTH LIUIIUHIPA.

K JHHAMOMETPY

|

=

rpys
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3akpenurTe CTep>KeHb TOPU30HTAIBHO B MITAaTUBE. HUTH C MPHUKPETIICHHBIM K HEH TPy30M
nepedpockTe Yepes crepkeHb. Ko BTOpOMy KOHITY HUTH NpUKpenure quHamoMeTp. C moMOoIIbio
JMHAMOMETpPA BBl MOXKETE M3MEpPSTh CUIY HATSDKCHHsS HUTU. Bce M3MepeHHs MpPOBOIUTE MPHU
MEJJICHHOM TIOJHSTHH U OITYCKaHUU TPYy3a, IPU €ro paBHOMEPHOM JIBIKECHUU.

Ilpu cronvoceHuu HUMU CULA ee HAMANCEHUS 3a8UCUM OM Y2ld HAMOMKU CO2NACHO
Gopmyne J1.Diinepa

T' =T, exp(=up). (1)

1. [aiite kadecTBeHHOE 00BsicHEHUE Popmyrbl JI. Ditnepa.

2. VI3mepbTe 3aBUCUMOCTH HATSHKEHUS HUTH OT yrjla HAMOTKHM IIpH noabeMe rpysa. M3mepenus
MPOBEAUTE ISl TPEX pa3IMuHBIX 3HAUCHHI Macc Ipy30B. [locTpoiiTe rpaduku NOIydeHHBIX
3aBUCHUMOCTEHN.

T 3
Hszmepenust y00OHO npo8ooums 0Jisl Y2108 HaMOmKU > T, 57[,

3. ITpoBepbTe BHINOTHUMOCTH (hopMyibl JI.DMnepa B taHHOM ciaydae. Onpenennure 3HaueHUs
Kod(puIIMeHTa TPEHUS IS KaKI0W Macchl rpy3a. 3aBUCHT JIM KO3()(OUIIMEHT TPEHUS OT CUJIIBI
HOPMaJIbHOW peaKuy HUTH?

4. VI3mepbTe 3aBUCUMOCTb CHUJIbI HATSHDKEHUSI HUTHU OT YIjla HAMOTKH IPU MEAJIEHHOM OIyCKaHUU
rpy3a. 3Mepenus nmpoBeauTe JUIst OJHOU Macchl rpy3a. Beioop 31oit Mmaccel 000cHYyiTE.
[ToctpoiiTe rpaduk noaydeHHOH 3aBUcUMOCTH. CpaBHUTE NOJYUYEHHBIE JaHHBIE C pe3yIbTaTaMu
U3MepeHui B 1. 1.

Kommenmapuu k ycnosuto 3adauu.

1. It mpoBeieHHsI SKCIIEPUMEHTA CIIeyeT OpaTh IIIaKyI0 MISIKOBYIO, MIIM CUHTETHYECKYIO
HUTH U TTIAIKUN CTEP)KEHb, YTOOBI YMEHBIIUTH KOA(GHUIHEHT TpeHus. B aTom cinydae ynaercs
MIPOBECTH U3MEPEHUs MPpH OOJIBIIIEM YKCIIe 3HAYCHUH YTa HAMOTKH.

2. PaboTa oka3bIBaeTCs JIETKO BBIMOJIHUMOM TSl T€X, KTO 3HAKOM C JIOTapU(PMHUECKON U
oOpaTHOM K Hell moKa3aTeaTbHON (PYHKIIUEH.
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3agaua 38. «SIBJaenue 3acTosa» X

IIpuGopbl U o0opyaoBaHMe: PE3UHOBBIN
XKryT, Habop 6 rpy30B no 100 r, HUTKH, TJIACTUKOBBIM CTEPKEHb,
KHOIIKM KaHLeJnspckue, JuHelika 40 cM, TOpU30HTalIbHas
IIOBEPXHOCTH CTOJIA.

Cobepute ycTaHOBKY, MOKa3aHHYIO Ha PUCYHKE: 3aKPEIUTe
Ha pedpe cToyia KPYIJblid TUIACTUKOBBIN CTEP)KEHb, 3aKperuTe Ha
CTOJIE OJIMH KOHEL PE3UHOBOIO KI'yTa, K €ro BTOPOMY KOHILY
MPUBSKUTE HUTH, IEPEOPOCHTE ee Yepe3 IIACTUKOBBIN CTEePIKEHb,
Ha CBHCAIOLLEM KOHLE HUTHU CHEJIAWTE METII0, K KOTOPOH MOXKHO
[MOJIBEILINBATH IPY3BI.

Teopemuueckas NOOCKA3KA:

Hpu CKOJIbOCeHUU HUumu no H€n0a6MOfCHOMy CMEPIHCHIO U3-3a HAJIU4usl mpeHus
ManJZM CUJl HAMAJNCEeHUA HUmu no pasHble CMOPOHbL OM CMEPIHCHA CBA3AHbL
COONnHouterHuem

T, = BT, (1)

Ioe [ - nocmosaunvli Ko3gpuyuenm (ouesuono, umo P <1), 3asucawuii om

K02(huyuenma mpenus Humu o cmeposceHsv. Tak KaKk HUMb MONCHO CUUMAMb HEPACMANCUMOU,
MO nonodcenue 2py3a NOIHOCMbIO Onpeodersiemcs 0ehopmayueti pe3uHo8020 Hc2yma X .

Yactb 1. «CTaTHKa»

1.1 Ompenenure SKCIEPUMEHTAIBHO, PU KAaKUX 3HAYEHUSX Je(opMaliui pe3uHOBOTO KI'yTa
Ipy3 MOXET HaXOAUTbCS B COCTOSIHUU TIOKOS U1l Pa3JINYHBIX MAacC MOJBEIICHHBIX IPY30B.

1.2 TloctpoiiTe rpadMku 3aBUCUMOCTENH MAKCUMAJIBHOM X, M MUHMMAIbHOW X
nehopMaLuy pe3MHOBOIO KI'yTa, IPU KOTOPBIX CUCTEMA MOXKET HAXOAUTHCS B COCTOSIHUU
IIOKOs, OT MAcChl OJIBEIIEHHOTO IPy3a.

1.3 VYxkaxure, Mpy KaKuX 3HAUCHUAX AeOpMaLUU PE3UHOBOIO XKI'yTa IPUMEHUM 3aKoH 'yka

p, = —kx. )
1.4 Vcnonp3ys moMy4eHHBIEC JJaHHBIE, ONIpe/ieuTe 3HaueHus koapdumuenta [ B popmyie (1)
U 3Ha4YeHUs Ko3((UIIMEeHTa YIPYroCcTH Pe3uHbl k (B 00JacTH NPUMEHUMOCTH 3akoHa ['yka).

YacTtb 2. «/IlHHAMUKA»

Ecnu epy3 evieecmu u3 30Hbl 3acmos (0003HAYUM HAYATLHYIO KOOPOUHAMY X, ), MO OH
HauHem 06U2ambcs 00 OCHAHOBKU 8 HEKOMOPOTU MoYKe ¢ KOOPOUHAMOU X, .
2.1 UccnenyiiTe 3KCIIEPUMEHTAIBHO 3aBUCUMOCTH KOOPIUHATHI TOUKH OCTAHOBKU Ipy3a X,
OT €ro Ha4aJabHOM KOOPAUHATHI X, s rpy30B Maccsl m, = 2002 u m, =300z

2.2 TloctpoiiTe rpaduKu MOTYUYECHHBIX 3aBUCUMOCTEH.

2.3 OObsACHUTE MOJyYCHHBIE 3aBHCUMOCTH, KPATKO OTHCAB XapaKTep IBMKECHUS Tpy3a.

2.4 HUcnonb3ys NoJydeHHbIE JaHHbIE, HAIIMTE OMpeienuTe 3HaueHus Kodpduienra f B
dopmyne (1) u 3HaueHHs kod(huULIMeHTa YIPYrOCTH PE3UHBI k (B 00JIaCTH MPUMEHUMOCTH

3akoHa ['yka). OObsCHUTE PUYMHBI BO3MOKHBIX Pa3U4Uil CO 3HAUEHUSIMH, TIOJTYYEHHBIMH B 1.
1.4.

215



Kommenmapuu k ycnosuto 3adauu.

1. B kagecTBe UccIeyeMOTO PE3NHOBOTO KI'yTa yI00HO HCIOJIB30BATh PE3UHOBYIO METIIIO C
oduIMaNbHBIM Ha3BaHUEM «pPE3UHKA OAHKOBCKAs JUI ICHET», KOTOpask UCIIOJIb3yeTcsl 6e3 ICHET.

[Tpomaercs B KMOCKax, B 0HON KopoOke 500 mTyk (CTOUT KONEHKN) — XBaTUT U HA TIPOBE/ICHHE
SKCIIEPUMEHTOB U Ha YIIAKOBKY JICHET.
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Tpenue kaueHne He BCeTJa BXOJUT B IporpaMmy Kypca ¢pusuku cpenHeit mkosasl. Ho 3to
HE 3HAYUT, YTO B ILIKOJIE OTCYTCTBYET 3Ta cuia. KpoMe Toro, 3ta 001acTe HaAyKd HE SIBIISETCS
CEKpPETHOH, II03TOMY PaCCMOTPHUM 3aJady, B KOTOPOU U3YyUEHUE CUJIbl TPEHUS OCYILECTBIISIETCS
MOCPEICTBOM U3y4YCHHUS KOJIEOaHUH.

3agaya 39. «Tpenune kaueHus»

O6opynoBanue: MUIMHIP METAJUTMYECKUH, INHEHKA AepeBsIHHAs, CEKYHIOMED,
MUIACTHUIJINH, CITMIIA Bs3aIbHAas.

C moMoIbI0 TIACTHIMHA MPUKPENUTe K OOKOBOM I'paHU LMIUHIpPA
JEPEBSHHYI0 NAJIO4YKy. Pacmosiokure LUIMHAP C 3aKpPEIUICHHOHN
[aJIOYKOW Ha JIMHEWKE pacIIOJIOKEHHOM Ha Kparo crousa. Ilpu stom
LMAJIMH]P JOJIKEH JBUraThCs, BPALLASCh 10 JIMHEUKE.

Yacts 1. [lepuoa kosedanuii.
Econ LOCHTP TAKCCTHU NAJIOYKH PACIIOIOKCH HUXKC TOYKU KPCIUICHUA,

TO IIJIMHAP COBepIIaeT KojebaTenpHoe ABMKEeHNUEe. B qaHHO# yacTn
paboThl KONeOaHUs TOTKHBI OBITh MAJTBIMH.

1.1 M3mMepbTe 3aBUCHMOCTD NepHoa KosieOaHUH IIUIMHAPA OT PACCTOSHUS OT OCH IIMIIUH/PA 10
HEeHTpa Macc najnoyku. [loctpoiite rpaduk Moay4eHHOM 3aBUCUMOCTH.

1.2 Tlokaxxute (TEOPETUYECKH ), YTO JaHHASI 3aBUCIMOCTh UMEET CTETIEHHOU BU/T

T=Cz. (1

1.3 IIpoBepbTe BBHINOIHMMOCTH JAAHHOW (OPMYJSBI HA OCHOBAHMH BAIIMX 3KCIIEPHUMEHTAIbHBIX
naHHbIX. ONpenenuTe okas3areib CTENEHN O .

Yacts 2. 3aTyxaHue KoJie0aHuUii.

Konebanus nunuHIpa SBISIOTCS 3aTYXAOIMUMH W3-32 HAWYMs TpeHUs kaueHus. Cuia TpeHus
KaueHHS OMUCHIBACTCS POPMYIIOn

F= EN , (2)
R
rae N - cujia HOpMaJIbHOM peakuuu, R - paauyc WWIMHAPA, k - KO3 ULIMEHT TpeHus: KaueHus,
MMEIOIIMM PasMEpHOCTh JUIMHBL. IIpu u3ydeHMM 3aTyXxaHus pPEKOMEHIYETCsS MCCIEI0BaTh
KoJiebaHus ¢ OOJIBIION aMITTUTYIOM.

2.1 M3MepbTe 3aBUCUMOCTH OTKJIOHEHHUS OT TOJIOKEHHUSI paBHOBECUS OCH LMIMHJpA (B TOYKAX
OCTaHOBKH) OT YHCJIa COBEPIICHHBIX KOJIEOAHUH TP IBYX MOJOKECHHUAX MATOUKH.

2.2 Iloctpoiite rpaduku 3aBUCUMOCTH SHEPIUU LUIUHIPA (HOOCKA3KA — 8 MOYKAX OCMAHOBKU)
OT MpOHAEHHOro myTH. PaccuuraiiTe MO STUM JNaHHBIM KOX(PPHUIMEHT TpPEeHHs KaueHUs
LUJIUHIPA.

Kommenmapuu k ycnosuto 3adauu.
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1. B nanHoOii 3a/1a4e BI3aTBHYIO MOKHO 3aMEHUTH Ha JTI000H TOHKUI CTEP)KEHb (KyCOK HKECTKOM

IIPOBOJIOKH, JEPEBIHHYIO NAIOYKY U T.1.).
2. OcHOBHas CJI0)KHOCTb B BBIIIOJIHEHUU JAHHOM 3a1a4Ml — TIIATeIbHas yCTaHOBKA JIMHEHKU. OHa

JOJDKHAa OBITD PpacmoJIoKCeHa rOPU30HTAJIbHO, HUJIUHAP AOJIKCH KaTaThbCA 110 HEH yCTOfI‘IHBO uc

HEOOJIBIINM 3aTyXaHUEM.
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B cnenyromeit 3amaue  SKCIEPUMEHTANbHOE M3Y4YE€HUE 3aTyXaHHs KosieOaHui
UCIIOJIB3YETCSl  JUIsl  UCCIENOBAaHUS 3aBHUCHMOCTH CHJIBI  CONPOTUBIIEHHS OT CKOpPOCTH
JBUKYILErOCs Teja.

3agaua 40. «Ilorepu 3Heprum»

OO0opynoBaHUE: WUMAMUE C KOIbYEGLIM 0epicamenem, Wapux Raacmmaccosulii (Wapux
MEeManiuiecKutl), HUmKu, TuHelKa, oymaza MulIuMemposas, CnudKu.

IIpy nBWXeHUHM Tena B BO3JyXe Ha HEro ACHCTBYET cujla CONPOTHUBIIEHUS BO3IyXa,
KOTOpasi 3aBUCUT OT CKOPOCTH JBMJ)KEHHS Tena. BaM HeoOXoIuMMo HcCClenoBaTh CHITY
COIIPOTHBIICHUS BO3yXa, ACUCTBYIOIIYI0 Ha MAasATHHUK, NPEICTaBISIOMUN CcOOON IIapuK,
MOJIBEIICHHBIH Ha AMMHHOM HUTU. [lpum oTkioHeHuu Ha yros MeHbui 30° KosebGaHus
MasiTHUKa MOXHO CUMTaTh MalbIMU. [l W3MepeHHs YIJIOB OTKJIOHEHHS HHUTH YIOOHO
MCIOJIb30BATh MOJIOCKY MUJITUMETPOBOI OyMaru, MpUKPEIICHHYIO K TOPILY CTOJIa.

1. Ecau cuna conpoTUBIeHUsT BO3AyXa MPONMOPLUHUOHATBLHA CKOPOCTH (F = —,Blv), TO aMIUIATyAA
KoJIeOaHUM MasTHUKA A, Mocie k IMOJIHBIX KojeOaHU yObIBaeT B reOMETPUUYECKON MPOrpeccuu
k
A, =A%, (1)
rae A,- HadalbHOE OTKIIOHEHUE MasTHUKA.
Ecnun xe cuna conpoTuBIIEHUS NPONOPLUHUOHAIBHA KBAApPATy CKOPOCTH (F = —,Bzvz), TO
OTKJIOHEHUE OT MOJOXEHHUs paBHOBecHs A, Iocie k TOJIHBIX KojeOaHWN yOBIBAaeT IO

TUIEePOOTNIECKOMY 3aKOHY

Lok )

k AO

Onpenenure 3KCHEPUMEHTANBHO, KakoW 3akoH (1) unu (2) TOuHee OMUCHIBAET 3aTyXxaHUeE
MasTHHKA. OnpejienuTe napameTp A i MasTHUKA JIMHON [ ~ 1+ 2m .

Kommenmapuu k ycnosuto 3adauu.

1. Kak u MHOTHE pacCMOTpEHHBIE paHee 3a7auyl IOMYCKalOT HEOJHO3HAUHOE PEeIICHUE: B
3aBHCUMOCTH OT JUIMHBI HUTH, MacChl IIapuKa pPe3yabTaT MOXKET ObITh Pa3TUYHBIM — B OJIHUX
ciyyasx o6mmke K popmyse (1), B npyrux k popmyne (2). [Tostomy gannyro 3a1aqy MOXKHO
UCTIOJIb30BATh KaK TEMY JUIsl SKCIIEPUMEHTAIbHBIX HCCIIeI0BAaHHMA.

2. 171 IOBBIILIEHHS] TOYHOCTH U3MEPEHUN MOKHO U3MEPSATH YIJIbl OTKJIOHEHUS MasTHUKA T10
TEHH, 0TOPaChIBAEMOM HUTBIO.
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B 3axmouenus gaHHOTO paszena cBoeoOpasHbIi rHOpua, TpUOOPEoIorHIecKas 3aaayua, B
KOTOPO# HEOOXOAMMO Yy4eCTh KaK CHITy CyXOTro TPEHHsl, TaK U CUIy COIPOTHBIICHHS BO3/IyXa.

3agaua 41. «CkoJbKeHue TUCKA»

IIpuGopnl M _000pVAOBAHKE: INTATHB C JAIMKONM WM KOJLIIOM, HUTKH,
MUJUIMMETpPOBass Oymara, JHHEWKa ¢ MUUIUMETPOBBIMHU JICJICHHUSIMH,
ckoT4y, KoMmakT-nuck (CD) ¢ rnmagkoi  MOBEPXHOCTHIO, IPYy3
mMHApUIeckuit maccoit M =1002 u3 ctangapTHOro Habopa.

B pgannoii 3amaue Bam  mpeacTtour  WccienoBaTh  CHILY
COIPOTHUBIIEHUS, IEHCTBYIOIIYI0 Ha KOMIAKT-AUCK IIPU €T0 ABUKEHHUU IO
MUJJTIMETPOBOM Oymare.

[Tpu nBmxeHUM co ckopocThio v Mexay CD maccoit m u 6ymaroii
JNEUCTBYET KaK CWIa TPEHUS CKOJIbXKEHUS [ =pumg, TaK U cuia

CKOJIbIAC

BSI3KOTO TPEHUS B BO3JYIIHOW MPOCIONKE MeXAy TUckoM u Oymaroit F = Bv. Eciu aucky
COOOIIUTh HAYAIBHYI0 CKOPOCTb V,, TO IIyTh, NPONAEHHBIH 1O OCTAHOBKH, OIHUCHIBAETCS
bopmynoit

s =gy M gy Py ()
B Bvy pmg
Bv,
KOTOpas yIpoIaeTcs Ipu <0,75:
pmg
v 1 v
_ W 1 B @)
2ug 3mug

1. Mcnonb3ys noctynHoe 060pyI0BaHNE, ONPEISTUTE MACCy KOMITAKT-IUCKa 71 .

2. Teno maccoit M , IBHXKYyILEECS CO CKOPOCTbIO J/ Bpe3aercs B HENOJBM)KHOE TEJIO Maccou
m . Yyiap UeHTpalbHbI U abcomoTHO ynpyruil. Ilokaxure, 4To CKOPOCTh, C KOTOPOH HauHET
IBUraTbCsl TeJO m, MpomopuuoHambHa V: v, =oab . Onpenenure Kk03()¢dUIMEHT

IIPONOPLIMOHAIIBHOCTH ¢ VISl IPY3a, BPE3AIOLIETOCS B KOMITAKT-TUCK.

3. 3akpenure Irpy3 Ha HHUTH MaKCUMAJIbHO BO3MOXHON JUIMHBI,
NPUKPEIUIEHHON K JIafKe, TaK, YTOOBI MOJIOKEHHE paBHOBECHS Ipy3a
HaXOJWJIOCh MPAMO y Kpast croJia. IIpukpenure aucT MUIIMMETPOBOM
Oymaru K ctoiy. 3aKpenuTe JepeBSIHHYIO JIMHEHKY ¢ HUKHEH CTOPOHBI
napTel OpU nomouu ckoTda. IlojokuTe KOMIAKT-IMCK Ha CTOJI U
cmecture ero Ha 10mm oT kpas. OTKIOHSAS Tpy3 Ha pasHbIE
paccTOsHUS U3 MOJIOKEHHUSI paBHOBECHSI 110 JIMHEWKE, 3aCTaBISNTE €ro
Bpe3aThCs B KOMIIAKT-IUCK, COOOIIas TeM CaMblM JUCKY HadaJlbHYIO mmeixa
ckopocTh. Crieaute 3a TeM, 4TOOBI yaap OblT IEHTPaTbHBIM.
H3mepbTe 3aBUCUMOCTD IYyTH § , TPOXOJAUMOIO JTUCKOM 10 Oymare, OT Ha4aJIbHOTO OTKIOHEHHS
rpy3a X . IloctpoiiTe rpaduk 3ToW 3aBUCHUMOCTU. VM3MepeHHs HaYyMHAWTE C TaKUX 3HAYCHUUN
OTKJIOHEHHUSI Tpy3a, NPU KOTOPHIX KOMIAKT-IUCK MPOXOAUT 1o Oymare He MeHee 10 mm.
[ToctpoiiTe rpaduKk 3aBUCUMOCTH IyTH, MPOXOJUMOIO AMCKOM IO OymMare OT €ro HayajlbHOU
CKOPOCTH.

Omnpenenure k03PPULINEHT TPEHUS CKOIBKEHUS U U KO3(D(UIIUEHT BA3KOTO TpeHus f .
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4.5 Cuibl ynpyrocru.

OKcniepuMeHTaldbHass TMpoBepKa 3akoHa ['yka OTKpbiBaeT Ooratoe mojie Ul
UCCIICIOBAaHUM, YTO OOYCIOBICHO HLENBIM PSIOM HMPUYHH: BO-TIEPBBIX, 3TOT 3aKOH MPOCT; BO-
BTOPBIX, CYIIECTBYET HECKOJIBKO BHJIOB Je(opMaIiuii; B-TpeThUX, MOXKHO HCCIIEI0BATh yIpyrue
CBOMCTBAa pa3lM4YHBIX MaTepHalioB; B-4YETBEPTHIX, JaJeKO He Bcerga aedopmanuu
IIPONOPLIUOHAIBHBI IPUIIOKEHHON HArpy3Ke.

3akoH ['yka B mpocTenien «1koIbHOW» (GOpMyTUPOBKE 3aIMCHIBACTCS B BUJE

F=—kx. (1)
B takoii popme oH XOpoiIo BBIMONMHSAETCA A NpyKHHOK. Ho M B 3TOM mpocreiiieM ciydae
MO>KHO MIPUIYMaTh HHTEPECHYIO 3a/1a4y, 0COOEHHO, €CIIH MPYKUHKY CIPSTATh.

3anaua 43. «beablii TNIMHAP»

Hlupoko uzeecmuvl 3a0auu Muna «4epHulli Awuk». B odamnom cnyuae
«UEPHLIM AWUKOMY AGNAEMCA Oenblll OYMANCHBIL YUTUHOD, GHYMPU KOMOPO2O
HAXo0O0UMCs NPYHCUHA, YACMb GUMKOE KOMOPOU 006:43aHaA HUMAHOU nem.iell.

IIpudops! u 06opyaoBanue: benblil IUIMHIp, THHENKa 40 ¢cM C OTBEPCTUSIMU U CO CTPEIIKOM,
JMHEeWKa, HUTKH, Tpy3 Maccoi 100 r, KHONKY KaHLEIsPCKUE.

]
TIPYAKHHA
mogeec
JOTHEeHK a-peIyar i
QOuesuonas ycmaHo6Ka NOKA3AHA HA cxeme U mMepHTebHAT [
cobpana Ha mopye eawezo cmoaa. Mzmenss Tpy? HeHRa b
noJ0JiceHUue MouKy nodgeca 2py3a (X - paccmosHue :
om MOYKU KpenjieHus JUHelKu 00 mouKku nooseca |

2py3a) MOMNCHO UBMEHAMb CUTY, OeUCmEYIouyo Ha
NPYACUH) .

1. 3mepbTe 3aBUCHMOCTS ieopMalvy Npy>KUHBI OT AeHCTBYIOIIEH Ha Hee cuiibl. [locTpoiite
rpaduK NoTydeHHOM 3aBucuMOCTH. KauecTBeHHO ee 0ObsCHUTE.

2. Onpenenute KO3PPUIHUEHT )KECTKOCTH MPYKUHBL. OIIEHUTE MOTPEIIHOCTH MOJIyYEHHOTO
3HAUYEHMUS.

3. OnpenenuTte, Kakasi 4aCThb BUTKOB MPYXHHBI OOMOTaHa METIEH.

Kommenmapuu k ycnosuto 3adauu.

1. OcHOBHAas CIOKHOCTH MOATOTOBKH 000PYIOBaHUS — ITOI00P MPYKHUHKH HE0O0X0AUMOM
*KecTKocTh. HaMu HCIosib30Banuch IPYKUHKYA U3 CTapOU KIIaBUATYPBI.

2. KoHeuHo, 1aHHYIO yCTaHOBKY MOXXHO COOpaTh M Ha IITAaTUBE, HO HE Y BCEX OHU COXPAaHUIIUCH,
MO3TOMY U TIpEJIaraeM ee KpenuTh Ha TOpIIe CToJIa.
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[IpocTeiimme 3ama4ud  MOXHO  YCIOKHUTB, €CIHM «HE JIOAaTh» HEOOXOJIUMOTO
o0opyoBaHus, KaK, HaIpUMeEp, B CIEAYIOIIEH 3a1a4e.

3agaua 43. «OgHa pe3uHKa, OAUH I'PY3HK»

Oobopyoosanue: pe3NHOBBIM XI'yT, IITATUB C JABYMs JalKaMmH, JIMHEHKAa y4eHHUUYECKas,
rpy3 maccoit m = 100 r.

3adanue 1. VccrnenayiTe 3aBUCUMOCTb CHJIBI YIPYTOCTH PE3UHOBOIO JKIyTa OT €ro
negopmanuu.

3adanue 2. IIpoBepbTe, BBIIOIHAETCS JIU IPU STOM 3aKoH ['yka.

3adanue 3. Onpenenutre KO3(QOUIMEHT >KECTKOCTH PE3UHOBOTO JKIyTa INMPH MaJbIX
nedopmanusx.

Kommenmapuu k ycnosuto 3adauu.

1. Ora 3amava nmpejiarajgach Ha pecyOJUKaHCKON OMMIIMAJE elle B MpolioM Beke (B 1999
roJy), TOT/Ia IITaTUBHI e He ObUIM «B nedunurey. Ceiluac MOXKHO pEeKOMEHIOBAThH
MOHTHPOBaTh YCTAHOBKY Ha TOPIIE CTOJIA C IOMOIIBIO KAaHIIEIIPCKUX KHOIIOK.

2. Pe3unka nomkHa OBITH JOCTATOYHO KECTKOM (MOJIOCKA PE3MHOBOTO OMHTA NIMPUHON MOPSIKa
3 cM) — B IPOTUBHOM ClIy4yae HccieayemMasi 3aBUCUMOCTh MOXKET 0Ka3aTh HETMHEWHOM.
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3akoH ['yka sBisieTcst MpUOJIMKEHHBIM, BBIOJHIIOMIMMCS MPH MaibIX AepopManusx.
OTBer Ha BOIPOC, YTO K€ Takoe Maible Aedopmaruu, TpeOyeT OTAEIbHOTO HCCIEJOBAHUS B
Ka)KJIOM KOHKPETHOM ciy4ae. [IpuMepoM Takoro ucciaenoBaHus sBISIETCA CIECAYIOIIAs 3a1a4a.

3agaua 44. «[laacTHYHOCTHY»

IIpuGopsl u odopyaoBanue: Illtatus ¢ nankoit, Habop rpy3oB 6x1002, ABE MOMMITHUICHOBBIX

IMOJIOCKH, JIMHEMKA, HUTKH.

1. Uccnenyere 3aBUCUMOCTD J1ehOpMalMK PACTSHKEHHUS MOIMATUIICHOBBIX ITOJIOCOK OT HArPY3KH
IIPU €€ YBEJIIMYCHUU M 3aTeM IPU €€ YMEHbLICHUN (PEeKUM «HaArpysKa-pasrpyska»). O0bsicHUTe
IIOJIy4YE€HHBIE 3aBUCUMOCTH.

2. OnpenenuTte, Kakas HEPTus, U Kakast JJ0J1s yIpyrou aedopMariuy rnepemuia BO BHyTPEHHIOKO.

Kommenmapuu K ycnosuto 3adauu.

1. ITonMaTHIIEHOBBIE IOJIOCKKA MOXHO BBIPE3aTh JIIOOOTO MPOJOBOJIBCTBEHHOTO MAKeTa, IMIMPHHA
Y3KOM IMOJIOCKH JOJDKHA OBITh MOpsAKa 5 MM, MHPOKOi okoso 10 MM. OTMETHM, YTO MOJIOCKH
JOJDKHBI OBITh «OJHOPA30BBIMU» - JUIS KaXIOTO CIEAYIOLIETr0 3KCIIEPUMEHTa cliefyeT OpaTh
HOBBIE, HE Ae()OPMUPOBAHHbIC, TAK B JAHHOM SKCIIEPUMEHTE OCTaTOUHBIE NeQOpMAalUi BETHKH,
(aKTHYECKN UMEHHO M3YyueHHE TaKuX Ae(POpMalnii U COCTABISIET 1eNb JaHHON PabOTHI.
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Hesbimonnenne 3axkoHa ['yka MOXeET NPUBOAUTb U K HEOXKUIJAHHBIM IIOCJIEICTBUSAM.
XOopoI1o U3BECTHHI 331a4H (B TOM YHUCIE M SKCIEPUMEHTAIbHbIE) Ha UCHOJIb30BaHUE (POPMYIIBI
Ul Tiepuoja KojeOaHWi MpPYKWHHOTO MasiTHUKA. Ecnu 3aMeHHTh NpYXKHHY Ha PE3HHOBBIH
KTYT, TO, HA IEPBBIHA B3I, HUYETO MPUHLIUIHAIBHO HE U3MEHHUTCA. A eCli nonpoOoBaTh?

3agaua 45. «Pe3nHOBBIII MAATHUK

Obopyoosanue. 1lltatuB ¢ My(pTOol M JanKoOH, PE3MHOBBIA KIyT IIUPUHOH 6 MM,
PE3UHOBBIH KIyT mMpuHON 3 MM, Habop Tpy30B 1o 100 r 1abopaTopHbIN, CEKYHIOMED, TNHEHKa
yueHHYeCKasi, MUJUIMMETpOoBast Oymara.

[Tpu nedopmanuu pe3uHsl, B HEH BO3HHMKAeT cuia ynpyroctu. CienoBarenbHO, €Clu K
PE3MHOBOMY JKI'YTY MOJBECUTh TPY3 U 3aCTaBUTh €TO COBEPILATh BEPTHKAIbHBIC KOJICOAHUS, TO
3T0 OyayT KonebaHusa MasTHUKA. Ha3oBeM Takylo CUCTEMY PE3MHOBBIM MasiTHUKOM.

Yactp 1. Koneoanus.

1.1 M3mepbTe 3aBUCHUMOCTD IE€pUOIa KOJIEOAaHUH TPy30B, MOJBEIICHHBIX HA PE3WHOBOM XKIyTe,
oT ux mMacchel. [IpoBepbTe BBITOTHUMOCTH (hOPMYIIBI ISl Ieproia KoiaeOaHui

m
T=2m,|— . 1
% (1)

Omnpenenure K03HUIUEHT KECTKOCTH TOJICTOTO PE3UHOBOTO KI'yTa.

1.2 Insa y3koro xryra ¢opmyna (1) He monarBepxkaaercs. OOBsSCHUTE BO3MOXKHBIE TPUYUHBI
OTKJIOHEHHUH SKCIIEPUMEHTAILHBIX PE3yIbTaTOB OT PACCUYUTAHHBIX 110 3TOH Gopmyie.

Ecnu konebanust ABISAIOTCS MajbiMu, TO (opmyriy (1) MOKHO MCIONB30BaTh, €CIIM B KauecTBE
KECTKOCTH HCIIOJIb30BaTh BEIMYMHY paBHYIO (Tak Ha3biBaeMblil auddepeHnnanbHbli
KO3 (QUITUEHT KECTKOCTH )
k=2 @
Al
BBIYMCIICHHYIO B [10JI0)KEHUH PaBHOBECHSI ITOBEIIEHHOTO I'Py3a.

1.3 Hcnonb3ysi MOTydYeHHbIE HKCIEPUMEHTANbHbBIE TAaHHBIC MOCTPOWTE TpauKd 3aBUCUMOCTH
muddepeHInanbHOM JKECTKOCTH OT MacChl OABEIICHHOTO IPpy3a sl 00€UX MOJIOCOK.

Iloockaska. Tax konebanusi 2py306 HA pe3uUHO8OM nodeece OLICMPO 3aAMYXAIOM, MO MOUHbIE
uzmepeHuss nepuodos Koaebanuil sampyonumenvhvl. Cosemyem 6am NpoBOOUMb UIMEPEHUS
nepuoo08 BbIHYHCOCHHBIX KOeOaHuu. [{nsi 2mo2o MAasmHuUK ciedyem O0epicamsv 8 pyKe u
Pe2YNAPHO e20 «NOOKAYUBAMbY 8 MAK C €20 KOJeOAHUAMU.

Yactsp 2. dedpopmanun.

2.1 M3meppTe 3aBHUCHMOCTH JehOpMaIi PE3UHOBBIX IOJIOCOK OT MPUIIOKEHHOM Harpy3KH.
[ToctpoiiTe rpaduky NOTy4EHHBIX 3aBUCUMOCTEH.

2.2 Ha OCHOBAHMH MOJYYEHHBIX B TAHHOH YacCTH Pe3y/bTaTOB, MOCTPONTE rpa)uKu 3aBUCMOCTH
muddepeHInanbHON KEeCTKOCTH 00eHX MOJOCOK OT MPUIIOKEHHOW Harpy3ku. CpaBHHUTE 3TH
JaHHbIE C JIaHHBIMU IyHKTa 1.3.
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B 00b11€HHOM CO3HaHMU YIPYTOCTh Yallle BCEr0 aCCOLUUPYETCS] UMEHHO C pe3UHON. MBI
yOeauauch, 4YTO CBOMCTBA PE3UWHBI JOCTATOYHO CIIOKHBL. (OKa3bIBaeTCs, YTO HEKOTOPHIE
«HEYTPYTHe» Marepuanbl ¢ OOJBIIMM OCHOBAaHMEM MOTYT OBITh OTHECEHBI K «YNPYTHM.
Hanpumep, npesecunal

3agaya 46. «Ynpyrocrb JHHEHKN»

Oébopyoosanue. Jluneiika nepeBsHnas yueHuueckas (40 cm), Habop rpy30B
nabopatopHbiit 6 Tyk 1o 100 r, yecTpoHCTBO /Ui KpEIUICHUs JTMHEHKHY, TMHEWKA [T U3MEPEHUs
CTpenbl poruda, HUTKH.

' L

5
B nanHoii paboTe HEOOX0IMMO HCCIEN0BATh =

nedopmanuio u3ruda IepeBIHHON JIMHEHKH, KECTKO
3aKpEIUIeHHOM ¢ OAHOTO KOHIIA (B COMpOMAaTe Takoi
3JIEMEHT Ha3bIBAETCS KOHCOIBHOI Oankoii’). B kadecTBe
BEJIMYMHBI 1ehopMaIiy paccMaTpUBaeTCs CTpela
nporuda & , KoTopasi 3aBUCUT OT MaTepuaia TUHEHKH, ee
pa3MepoB ¥ MOMEHTA BHEUTHUX MPUIIOKEHHBIX CHIL.

1. UccnenyiiTe 3aBUCUMOCTD BEIHYMHBI MPOTHOa & OT MACCHI MOABEIICHHOTO Ha CBOOOTHBIN
KOHeIl JIMHEeHKH Tpy3a. JmHy cBOOOAHOM YacTu JIMHEMKH COXpaHANUTEe HEN3MEHHOM.
YcTaHOBUTE BUJI 3TOM 3aBUCUMOCTH, OIIPEIEIUTE €€ IIapaMETpHI.

2. Uccnenyiite 3aBUCUMOCTb BETMYMHBI TPOTuda & OT AITUHBI CBOOOTHOM YacTH JTUHEHKU L,
IIPY TOCTOSTHHOM Macce MOJBEIIEHHOT0 Tpy3a. MOXKHO 10Ka3aTh, YTO JAaHHAas 3aBHCUMOCTD
HMeeT CTCIIEHHOU BUJ

§=CL". (1)

Ha ocHOBaHWY MOTYYEHHBIX YKCIIEPUMEHTAILHBIX JAHHBIX OTIPEIEIIUTE MTOKA3aTeNb CTENICHU 71
B aHHOU (hopmyre.

3. Ecnut rpy3 BBIBECTH M3 MOJIOKEHUS paBHOBECHS, TO OH HAUHET COBEpIIATh KOJICOaHUs B
BEPTUKAJIBHOM HarpaByieHHH. MccnenyiiTe 3aBUCMMOCTh NEPHOAA ATUX KOJIeOaHH OT MacChl
MOJIBEIICHHOTO Tpy3a (IpU HEM3MEHHOM JyInHEe cBOOOAHOM yactu L ).

4. Ionmyuure (TeopeTHuecku) GopMyiy A Meproa BEPTUKAIbHBIX KojeOanuii. [IpoBeprTe ee
COOTBETCTBUE MOIYYEHHBIM KCIIEPUMEHTAIbHBIM IaHHBIM.

5. Cornacyrorest 11 MeX1y OO0 SKCTIEpUMEHTAIbHbIE TaHHBIE, IOJTY4YeHHbIC B TyHKTax 1 1 27

? Bonee moapo6HO AeopMans H3ruba Gy/eT paccMOTpeHa B Crieyromeii 3a1aye.
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Kommenmapuu k ycnosuto 3adauu.

1. Y100HO KpenuTh JIMHEHKY K KParo CTOJIa C MOMOIIBIO0 CTPYOLIMHEI.
2. TlepBble nBa MyHKTa 33JaYd BBIOJHSIOTCS MPOCTO M OBICTPO, MOITOMY 3Ta YacTh PabOTHI
MOJKET OBITh PEKOMEHJOBaHA HE TOJIBKO BYHACPKHHIAM.

B 3akmroueHue JAaHHOTO pa3acia 3aJgada € Hau0oJIee MOJTHBIMU SKCIICPUMCHTAJIbHBIMU
AaHHBIMU U KOMMCHTApHUHU — MOKCT 6LITI>, HAKOHCI-TO CTAHCT MMOHATHO, O YCM 3/ICCh I1J1a PCYb.

3agauya 47. «Kak Hago nporudarbcsp»

Oo6opyaoBanue: llITaTus ¢ mankou, JIMHEHKA
ydeHu4ecKas, aBa rpysa (Manbiid — 5 r, 6osbmoii -20 1),
HUTKHU, CKOTY, CTEPKEHb JUIsI IIAPUKOBOW PYUKH, IMaJ0YKa
JIepeBsSIHHAS JUTSI AILIBIKA.

Cobepure yCTaHOBKY, Kak II0Ka3aHO Ha CHHUMKE.
BceraBpTe manouky B CTEp:KEHb, KOTOPBIM 3aKpEIUTe
rOpu30HTaJIbHO B TatMBe. C TOMOIIBIO CKOTYA
3aKpenuTe BEpPTUKAIbHO JMHEWKY. KoHen mnanouku
TOJKEH HaXOUThCS BOJIM3U JIMHEHKH.

Buumanue! Ymoowvl ucknwouums ei1uanue ocmamoynoil 0epopmayuu cmepixicHs, nepeo
Kasxcovim usmepeHuem pazozHume €20 00 Ha4anbHo20 NOI0HCCHUSL.

Teopernyeckoe BBeaeHHE.

X L
8 =1
O0603Ha4YMM JUIMHY CTEP>KHA [, PACCTOSIHUE MEXIY -STJT i
TOYKOW KpEIUIEHUs] CTEp)KHA U JMHeMkol L  (To [l 1 i
paccTosiHie TPUMEpPHO PABHO CyMapHOM UIMHE CTEpPIKHS / -
CO BCTaBJIEHHOH B Hero mnajoukoir). Ilpm wmambix |R 3
nepopmanusax mpoduIb HW30THYTOM YacTW CTEp)KHS D -

MO)XHO CYMTaTh IYroll OKpPYKHOCTH (paguyc KOTOpOM ]
o0o3HauuM R ). M3rub cTepkHs XapaKTepu3yeTcs yeiom
uzeuba  « (yrom Ha  KOTOpBIM  OTKIIOHSETCA
HE3aKPEIUICHHbIM KOHel cTepkHs). OY4eBHJIHO, YTO 3TO /
yroJl TaKXe paBeH YIJIOBOMY pa3Mepy Ayrd, Gopmy
KOTOPOM NPUHUMAET CTEpKEHb. BennunHa OTKIOHEHUS
KOHIIa CTEPXKHS OT CBOEr0 HAyalbHOIO IOJIOKEHUA O - 3
Ha3bIBACTCS cmpenkoll npocuba. Tak Kak 3Ta BeIMYUHA B

JAHHOM JKCIIEPHUMEHTE HE BEIUKa W TPYAHO MOJAAETCS TOYHOMY H3MEPEHHUIO, TO B pabote
U3MEPSIETCS OTKJIOHEHHE KOHLA MAaJOYKH Zz, NPUKPEIUICHHOW K CTEpXKHIO, KOTOPOE JIETKO
HU3MEPAETCS C MOMOUIBI0 BEPTUKAIBHO 3AKPEIIEHHOW JIMHEUKH.

W3 teopun ynpyrux aedopManuii U3BECTHO, YTO YTOJI U3TH0a ydacTKa CTEPIKHS JUTMHOW X
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oa=KMx, (1)
rae M ,- MOMEHT BHEIIHUX CHJI (PacCUUTBIBAETMBIN OTHOCUTEIBHO TOYKU KPEIUICHHs CTEPHKHS),
MIPHUJIOKEHHBIX K U3TU0aeMOMY YUaTKy CTEPIKHSL.

B nanHo#i paboTe BaM HEOOXOAMMO HCCIENAOBAThH AeOpPMAIIMK CTEPXKHS B 3aBUCHMOCTHU
OT TPUJIOKEHHBIX K HeMy CWI. /[ 3TOro BaM HEOOXOJMMO MOJBEIINBATH K CTEPIKHIO HITU
MAJIOYKe Pa3INyHbIe TPY3bl (K CTEpXKHIO OOJBINON, K malouke - Maiblid). [lomoxkenue Touku
0JIBECA 33/1a€TCSI C MIOMOIIBIO PACCTOSIHUSA X , OTCUUTBHIBAEMOT'O OT TOUKH KPEIJIEHUS CTEPKHSL.
Yactp 1. Mauablii rpys.

Pacronoxure crepkeHb CO BCTaBIEHHON NaJIOYKONW FOPU30HTANBHO. C MOMOLIBI0 HUTH
[IOJBECHTE MaJIbli I'PY3 K AEPEBSIHHON MAJIOYKE.

1.1 HOJ’IY‘II/ITG TCOPCTUYCCKYIO 3aBUCUMOCTDb BCIIMYHUHBI OTKIIOHCHHA KOHIA CTCPIKHA OT
pacCTosAHNA 1O TOUKHU KPCIJICHUA I'py3a Z()C) .

1.2 V3mepbTe 3aBUCUMOCTD BEJIMYMHBI OTKJIOHEHUS KOHIIA CTEPXKHS OT PACCTOSHMS OO0 TOYKH
KpEILUIEHUs Ipy3a z(x). [ToctpoiiTe rpaduk mnosrydeHHOH 3aBUcUMOCTU. CpaBHUTE MOITYYEHHYIO

JKCIIEPUMEHTAIIBHYI0 3aBUCUMOCTb C BAllUMM TEOPETUYECKUMU IPEICKAZAHUAMU. Y KAKUTE
BO3MOJKHBIE IPUYUHBI PACXOXKICHUN.

Yactsp 2. Boabmoii rpys.
C noMo1Ib0 HUTH IPUKPENnUTe OOJIBIION I'Py3 K CTEPIKHIO.

2.1 M3mepbTe 3aBUCUMOCTD BEIMYMHBI CMEIIEHNS KOHLA AJIOUYKH OT MOJIO0KEHHUS TOUKU
KpEIUIEHUS I'Py3a K CTEPIKHIO z(x). [ToctpoiiTe rpad K NOTY4eHHON 3aBHCUMOCTH.

2.2 Vcrionp3yst MOJIy4YeHHbIE TAHHBIE TIOCTPONTE rpa)K 3aBUCHMOCTHU BEJTMYMHBI CTPEIKH
nporuda CTEpXHs B TOUKE KPEIJICHUS HUTH OT JJIUHBI 1e(hOPMUPYEMOIl YacTh CTepXKHS O (x)

2.3. [lokaxxuTe TEOPETUUECKH, YTO €CJIU IPeHeOpeYh BECOM MAaJI0YKH, TO 3aBUCHMOCTb
BCJIMYNHBI CTPCIIKU HpOFI/IGa OT KOOpAWHATBI TOYKU MTOABECA I'Py3a MOKCT OBITE npeacTaBJiICHA B
CTeNeHHO! (opme

0 =Cx" ()

Paccuuralite 3HaYeHHe IMOKa3aTeNsl CTEICHU O , UCIIOJIb3Yyd TCOPECTUUCCKOC BBCACHHC.

2.4 Vcnonb3ys NOJIy4YeHHBIE SKCIIEPUMEHTAIBHBIE JaHHbIE, ONPEAEINTE NOKA3aTeNlb CTEIIEHU B
dopmyne (2). VYkaxuTe BO3MOXXHBIE MPUYUHBI PA3TUUYUN  MEXKIY TEOPETHUYECKOH H
HKCIIEPUMEHTAIBHON 3aBUCUMOCTSMHU  BEJIMYMHBI CTPEJIKH Mporuda OT KOOPAWHATHI TOUKU
nozBeca rpysa o(x).
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Teopemuueckoe dononunerue (H€06}Z3am€ﬂbH0€, HO ]Zi0601’lblmH0€).

el
T

e
. /

/

%

[TpuBenem BbIOJ (POPMYIIBI, TPUBEACHHOMN B YCIOBUH.
IlycTp K CTEp)KHIO JUIMHOW [ TIPUJIIOKEH BHEUIHUU
U3rubaroIui MOMEHT cull M|, (OH MOKET BKJIIOYaTh KaK MOMEHT

CWJI TSDKECTH CaMOIrO CTEPXKHS, TaK U JIOTIOJHUTEIBHBIX T'PY30B,
MOABEIIEHHBIX K CTEPXKHIO). DTOT MOMEHT CUJI YPAaBHOBELIMBAETCS
MOMEHTOM CHJI, JAEHCTBYIOIIMX Ha CTEpPKEHb B MECTE €ro R /
KpEIUIEHHUs. DTU K€ CUJIbl PAaBHBI 10 MOIYJIIO0 CHJIaM YIPYTOCTH, /
BO3HUKAIONIMM B JAe()OpMUPOBAHHOM cTepxkHe. Tak Kak H3rud /
CTEP)KHSI OTHOCHTEJIBHO MaJl, TO MOKHO CUUTATh, YTO €ro Mpoduib '
umeeT hopmy nyru okpyxHoctu Hekoroporo pamuyca R, mpudem &
4acTU PAaIoJOKEHHbIE BBIIIE €r0 CPEeJHEW JMHUM PacTSIHYTHI, a
pamoJIO)KEHHbIE HUXE — CXKaThl. Paccmotpum  mpeznenbHO
YIPOLICHHYIO MOJIENb M3rHOalomerocs crepkHs. bynem cuumTaTh, 4TO OH COCTOMT M3 JBBIX
OJIMHAKOBBIX J)KECTKO CKPEIJIEHHBIX MOJIOCOK, HAXOSAIIMXCS Ha pacCTOSIHUM /& Apyr OT Apyra —
npu U3rude BEepXHsS IMOJIOCKA PACTATHBACTCS, a HIDKHAS COKUMAeTcs. YTOoJl M3ruba CBs3aH ¢
panuycoMm JIyru U3ruda u JIHHOM CTEPKHS 0UE€BUIHBIM COOTHOIICHUEM

o

[=Ra. (1)
Torga nedopmManuu MOJOCOK OKA3BIBAIOTCS PABHBIMU
h h
[, = [R +Eja, [, = [R +Eja . (2)

Tak kak 110 3aK0Hy ['yKka cuibl yrpyrocru nponopuuoHalIbHbl OTHOCUTEIIBHON zle<bopMauHH3, TO
JUIsL HUX CIIPaBEUIMBBI BBIPAKECHUS

Al h
E =i _’ 3
; SR (3)

rae ¥y - KO3(QOUIMEHT MPOMOPIHOHATHHOCTH, 3aBUCSINUNA OT MaTepuayia CTEpXKHS H €ro

Fl,z =Y

IIOIIEPEYHBIX Pa3MEPOB, HO HE 3aBUCSILNN OT €0 JUIMHBI.
CyMMapHBbIil MOMEHT CUJI, YPaBHOBEIINBAIOIIUX CTEPIKEHD, PABEH

h h’
M=2F—-—=y—=»M,. 4)
2 2R
N3 ¢opmynsr (1) BeIpasum yron wu3ruba B 3aBUCUMOCTH OT MOMEHTa BHEIIHUX CHIIL,
IIPUJIO’KEHHBIX K CTEPHKHIO
[ 2
a=—=—>M|=KM/, (5)
R yh
YTO COOTBETCTBYET (hopMyJie, MPUBEICHHON B YCIOBUH 3aauH.

[IpuBenem Taxke A7l TFOOOMBITHBIX
cTporuii BBIBOJ (POpMYIT JUISL XapaKTEPUCTUK
n3ruba  CIUIOITHONW  TPSMOYTOJIbHOM B
ceueHHN OalKW IIMHOH [, TONIIUHOH /,
LIIMPUHON a (3a IUNIOCKOCTh pucyHka). Kak u
paHee MOMEHT BHEIIHUX cui
YpaBHOBEILLINBAETCS MOMEHTOM cul
YIPYrOCTH B MECT€ 3aKperjieHus OajKu.
Boiienum  BHyTpu Oaiku OYe€Hb TOHKHUH

CJIOW TOJIIIMHON dz , HAXOIAIIMICS HA PACCTOSHUU zZ OT LEHTPAJIBHOIO IIPOJOJIBHOIO CEYEHUs

? MBI IeHCTBUTENBHO JOIDKHBI PACCMATPHBATH OTHOCHTENbHBIE 1eOPMALHH, TAK KAK B OOBIYHOM «IKOIHEHOM)
BBIpaXeHUH Juis 3akoHa ['yka F' = —kx , koopuuuenT ynpyroctu 3aBUCHT OT JJIHHBI 1e)OPMHUPYEMOTO TENA.
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h h
Oamku. JTa MepeMeHHass U3MEHSETCS OT ~3 10 +E. [To-mpexxueMy OyaemM cuuTaTh, 4TO

npo¢uiIb N30THYTOM Oanku umeer (popMy OYrH OKPYKHOCTH IOKa HEM3BECTHOTO paauyca R,
yroJ u3ruba o603HaynM ¢ . J{IMHA HEHTPAIBHOTO CEYEHUsI OCTACTCS HEM3MEHHOH Npu U3rude u
paBHO# [ = R . Toraa ajiMHa BBIAEIEHHOTO €051 OKA3bIBACTCS PABHOM

I.=(R+z)x.
CrnenoBarenbHO, € OTHOCUTEIBHOE YAJHMHEHUE PABHO
[.-1 =z

£, ; R

ITo 3akony I'yka, MexaHHYECKOE HANpsHDKEHUE B 3TOM CIIO€ OTIpeieNsieTcs: opMyIoi
o=~Fg,

rae E - moayns FOHra matepuaina Oankw.

Torma cuna ynpyroctu, I1eUCTBYIOIIAs HA MECTO KPEIUICHUS PaBHA

dF =odS = E%adz,
a ee MOMEHT OTHOCUTEILHO TOYKU C -
dM = zdF = zE%adz .

JIns BBIUMCIIEHUS CYMMapHOTO MOMEHTa CHJI, YJEp)KUBAIOIIEro Oaliky, CIeayeT IMOCIeaHee
BbIpa)KCHHE MPOUHTETPUPOBATH MO TOJIINHE OATKU

o o 3

M= [dM =] La g _Ealt
) )R R 12
A

C TOYHOCTBIO 10 HECYIIECTBEHHBIX JJISl HAILIETO pacCMOTpPeHUs KO3 uimreHToB sta Gopmyna,
CBSI3BIBAIOINAsl PAJNyC M3rH0a ¢ MOMEHTOB BHEUIHUX M3THOAIONIMX CHJI COBMAJAET ¢ (GopMynoi
(4), mony4eHHO! B paMKax MpOCTEHILIeN MOJIENH.
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4.6 Ecain y Bac HeTy pPTyTH...

Eme oHUM MIMPOKO AOCTYIHBIM U JIEHIEBBIM MaTepuaioM
JUI. DKCIEPUMEHTAIIBHOIO M3Yy4YeHHUs ABIAeTCS Bo3ayX. Mmes
O6apoMeTp MOXHO U3MEpUTh arMocdepHoe naBieHue. Ecnu
6apoMeTpa HeT, TO MOXKHO €ro M3rOTOBUTh CaMOCTOsITeNbHO. Kak
M3BECTHO, OOJIBIIMHCTBO OTKPBITHHA MpPU W3YYEHHH Ta3oB ObLIO
CIENaHO C TIOMOIIbI0 PTYTHOTO OapomeTpa, HU300peTeHHOro OJ.
Toppuuennu. OJHAKO HUCHOIB30BAHUE PTYTH B LIKOJIBHBIX JIAOOPATOPUSAX 3AMPEIICHO — PTYTh
TOKCHYHA. TeopeTHUecKH pTyTh MOXKHO 3aMEHUTH JIF000# pyroi *HIKOCTbIO, HAIPUMED, BOAOM.
IIpaBna, B 3TOM ciy4yae BbIcOTa 6apomerpa J0JDKHA npeBbimarh 10 MeTpoB. A MOXKeET, Bce-TakH,
nonpodyem? Cpa3y packpoeM KapThl — €CIIM HCCieyeMasi MOpLuUs BO3JyXa COIpPHUKACACTCs C
BOJIOM, TO 3TOT BO3JyX HACHIAETCA BOJISHBIMM IApaMM, U TOTJA CJIO)KHO YCTAHOBHUTH, YTO BbI
U3Yy4aeTe — CyXOM BO3AYyX MJIM BOJSHOM 1ap.

3anaua 48. «HachlleHHbIH nap»
Ilapmus yuum nac, umo 2a3wi
npu Ha2pe8aHuu pacuupsiomcs.
A. Patikun

B nmanHOi pabGoTe BaM MpPEIACTOMT HCCIENOBaTh 3aBUCUMOCTH
JIaBJICHUs HACBILIEHHOIO BOJSHOIO Iapa OT TEMIIEPaTypsbl.
Hanmomuuaem — 3Ta 3aBUCMMOCTh HE JIMHEHHA, KpPOME TOTO,
JIaBJICHUE BOJSHOIO Iapa pe3KO BO3pacTaeT C pPOCTOM
TEMIIEPATYPHI.

Oo6opynoBanme: IlltatuB ¢ aByMs JankaMi, JBE CTEKISHHBIX
TPYOKH C MUJUIUMETPOBBIMH LIKATAMHU, TEPMOMETP, TPyOKa THOKast
TUTACTUKOBAs, TOpSYasi U XOJIOAHAs BOJA.

Cobepure yCTaHOBKY, IOKa3aHHYIO Ha pHUCYHKE: B IITAaTHUBE
3aKkpenuTe TPYOKy OOJIBIIEro Iuamerpa, BHYTPH PaCIOJIOXKHUTE ;
TpyOKYy MEHBIIEro JIUaMerTpa, 3aKphITBIM KOHIIOM BBEpX ia - R N
(mpocaenute, 4T0OBI BOAAa MOTJIa 3aXOAUTh B TPYOKY CHU3Y), B APYrOi JIanKe MTaTuBa YKPETUTE
TEPMOMETP, TaK YTOOBI €ro U3MEepUTeNbHAas YacTh OblIa TOrPYXKEeHa MEXy TPyOKaMu.
Byovme npeoenvno akkypamnul, noxcanyicma, He pazoeime ooopyoosanue!

Oobazamenvno! — cnauana 3aneiime 6 mpyoKy 2opauyio 600y, npu INOM 4acms 6030yxa
evlii0em u3 MOHKOU GHYmMpeHHel mpyoOKu, 6 OaibHeluiem KOAUu4ecmeo 6030yxa 6 Imoil
mpyoKe 0071ICHO 0CMABamMvCa NOCMOAHHbIM!

1. M3MepbTe 3aBUCUMOCTD BBICOTHI CTOJI0A T'a3a B TpyOKe OT TeMIIeparyphbl, HOCTpoiTe rpaduk
9TOM 3aBUCUMOCTH.

B xo0e uszmepenuil, vl modiceme 00UBAMb, CAUBAMb 20PAUYIO U XOLOOHYIO 80OV 8
moncmotl mpyoxe, pekomeHoyem Olsi 9MO20 UCNOIb306ams eudbxuti wiiane. Qbs3amenvHo
nepemeuwiusaeme 600y 8 moacmol mpyoke, ymobvl memnepamypa 800vl 0bLIA 0OUHAKOBA NO
scetl gvicome. [ nepememiuganus UCNOb3yLme mMemoo bapoanuzayuu — NPonyCcKanus depes
AHCUOKOCMB B030YVUIHBIX NY3bIPLKOG, 8 KAUeCmBe HACOCA UCNONb3YUme cOOCmEeHHble NecKUe.
3aoono — nomoeme non 6 ayoumopuu.
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Usmepenusi npu 6vicoxkou memnepamype YOOOHO NPOGOOUMb, HPOCMO  O0HCUOSCH
OCmbI8aHUsi 800bl, OJil NONYHEHUS Pe3yIbMmamos Npu HUKUX (OIu3KumM K KOMHAMHbIM)
memnepamypax mpeoyiom 00au8a X0a00HOU 800bl — YIHC OOJILHO MeONeHHO OHA ocmblgaem!

B xozne nusmepenuit GuKCHpyiTe TakKe BBICOTY YPOBHS BOJIBI B IIMPOKOM TpyOKe — BAPYT
BaM IIOHAJOOWTCS OYEeHb TOYHOE 3HAUYEHHE JaBJIEHUS Ta3a B Yy3Koi TpyOke! 3HaueHue
aTMoc(epHOro AaBICHHS BaM OyJeT yKa3aHo.

2. Jlomyctum, 4yTO npu HU3KUX TeMmieparypax (20°—30°) paBieHueM NapoB BOABI MOYHO
npeHedpeub. B 3TOM ciyyae corjacHO ypaBHEHHIO COCTOSHHS HJICAIBHOTO raza o0beM rasa
JMHEWHO 3aBUCHT OT TeMIIEpaTypbl U OOpaTHO MPONOPIMOHANEH AaBieHHI0. IIpoBeprTe 3TO
NPENOJI0KEHNE, OIICHUTE HAa OCHOBAaHMM CBOMX H3MEpEHUIl 3HaueHHe aOCOIIOTHOTO HYJIS
TeMieparypsl (B rpanycax Llenbcus).

3. B cootBercTBUU ¢ ypaBHeHUeM Kianeiipona-Knaysuyca (3HaHHE 3TOro ypaBHEHHUs OT Bac HE
TpeOyeTcs) AaBlIeHHE HACBHIILIEHHBIX NapoB P (T ) CBsI3aHO C aOCONMIOTHON TemmnepaTypoit T’

Hac.

COOTHOILLIEHUEM
P T M1 1
ln HacA( ):_q —, (1)
P.(T)  RA\T T,
2 0o1c
rne M =18 - MoJsipHasg Macca BoAbl, R =831———— - yHuBepcaigbHas ra3oBas
MOJlb monb - K

MOCTOsIHHAA; ¢ - YACJIbHAA TCIJIOTA UCIIAPCHUA BOIbI, P (TE)) - JAaBJICHUC HACBIIICHHOTI'O I1apa

Hac.
npu temueparype 7.
Ha ocHOBaHUU MPOBEICHHBIX U3MEPEHUI TPOBEPH BHIMOIHUMOCTE (opMyIsl (1).
[TpuBenure Gopmyity, ¢ TOMOIILI0 KOTOPOW Bl PaCCUUTHIBAIM AABICHHE HACHIILIEHHOTO
napa (To ecTh, KaK Bbl HCKJIIOUHIIN JIaBJICHUE CYyXOTO BO3/lyXa B TPyOKe).
Omnpenennure 3HaUEHUE YAEIbHOM TEMIOTHI UCTIAPEHUST BOJBL.

Kommenmapuu k ycrnosuro 3a0auu.

1. ITpu BeImoTHEHUH pabOTHI yYalIHecs JOJDKHBI UMETh B CBOEM PACIIOPSHKEHUH, KaK XOJIOIHYIO,
TaK U TOPSYYI0 BOAY, YTOOBI MOXHO OBLIO JIETKO U3MEHSTh TEMIIEpaTypy ra3a B TpyOKe.
2. JIns mostydeHus: XOpOIIUX pe3yabTaTOB TEMIIEpaTypa JOJKHA IOCTUraTh HE MeHee 80° .
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4.7 KanuwisipHble SIBJICHHS.

IIpy oXxJaXI€HUM HACBHIIIEHHOTO Iapa HayuMHaeTcs
KOHJICHCAllUsl — BBINAgaeT poca. M3yueHue kamenb U Ipyrux
KalIWJUSIPHBIX SIBJIEHUM 3a/a4ya JOCTONHAs OJMMIIMAJ CaMOIo
BBICOKOTO YPOBHS.

VYcnemHoe u3ydeHue 3THX SBJICHUM BO3MOXKHO TOTAa,
KOI/Ia CWJIbl ITOBEPXHOCTHOIO HATSDKEHUS HE IOJABISAIOTCS
cuioil Tsokectu. [loaToMy Takue SKCIEPUMEHTHI MPUOIMKAIOTCA K «MHUKPOCKOIMUYECKUM» -
MaJIeHbKHE KaIlld, TOHKUE TPYOKH, y3KHUe LIeIH.

3agauya 49. «M3y4eHue KaneJab»

OO0opynoBaHue: IaMIIOYKa HA MOJACTABKE; COCTUHHUTEIbHBIC MPOBOJIA; UICTOYHUK
nuTtaHus (6arapest ranpbBaHudeckas 4,5 B); nuH3a coOuparomias; 3KpaH; MOJACTaBKa JJIsl Karliu;
IUTACTUHKA, TTOKPBITasi BOCKOM, IIIPHI] OAHOPA30BbIN, BOJA; JTUHEIKa; MIJUTUMETpoBasi Oymara,
IITATUB C JIATIKOW ¥ My(TOH.

. Ke
[110THOCTB BOJIbI IPUHATH paBHOi p, = 1,0-10° —

Yacre 1. Ucnoab3yss umewineecsi o00pyaoBaHMe, ompeaeauTe (POKYCHOe paccTOsTHHE
JINH3BI.

Yactb 2. «Jlexkamas Kanjisa»

Bam HeoOxoauMmo wuccnenoBath (OpMy Karuid, JeKamleld Ha TOpPH30HTAIBHOW He
CMayMBaeMOH MOBEPXHOCTHU. /[ 3TOTO ¢ MOMOIIBIO JIAMIIOYKH U JIMH3BI 100€HTECh OTY4YEeHHUS
Ha 9KpaHe YeTKOro M300pakeHus KalllM, Jiexamed Ha riactuHke. [ u3mepeHus: pa3mMepoB
n300pakeHMs pa3MECTUTE HA IKpaHEe KyCOUeK MIJUTUMETPOBOM Oymaru.

2.1 IlpuBeanTe ONTHYECKYI0 CXeMy Ballleil YCTAHOBKH, 000CHYiiTe BBIOOpP ee mapamMeTpoB,
KPAaTKO ONMIINTE METOAUKY ee IOCTHPOBKH (HACTPONKH), pacCUUTAlTe ee yBeJnYeHHe.

2.2 UccaenyiiTe 3aBUCUMOCTb BbICOTHI KAILIN OT €€ JuaMeTpa.
KadecTBeHHO OOBSICHUTE MOTYYCHHYIO 3aBUCUMOCTb.
OI.[GHI/ITC HOBerHOCTHOG HaTs)KCHHUEC BOIBI.

TIlocmapatimecs, umobdwvl Kaniu umenu 0CecuMmMempuinyo opmy

Yactb 3. «Bucsimas kamisa»

[Tonyunte Ha dKpaHe YETKOE H300paKEHHE Kallk, CBUCAIOMIEH M3 OTBEPCTHS IINPUIIA,
3aKpEIUIEHHOI'0 BEPTUKAJIBHO C IIOMOIBIO IITATHUBA.

3.1 Onumure u3MeHeHue GopMbl Kariy pH yBEIUUYEHUH ee 00beMa.
[IpuBenuTe HECKOJIBKO MPUMEPOB MOJIYYECHHBIX BaMU H300pakeHHe (yBIEKaTbCs CBETOTEHSIMU

HE CIIETyeT).

3.2 Omnpenenute MaKCUMaIbHBIM 00BEM Karljii, CHOCOOHON yIep KUBATHCS HA LIMPUIIE.
Omnpenenure 10 3TUM JIaHHBIM IIOBEPXHOCTHOE HATSKEHUE BOJIBI.
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Kommenmapuu k ycrnosuro 3a0auu.

1. B kauectBe He CMauyMBaeMON MOBEPXHOCTH MOXKHO HCIIOJIb30BaTh JIIOOYIO IUIACTHHKY,
MOKPBITYIO BOCKOM MJIM CTEApUHOM (MO>KHO HaKaraTh ¢ TOPSILIEH cBe4n).

2. Pa3mep IUIaCTUHKHU JOJDKEH OBITH HEOOJIBIINM, YTOOBI JIMH3Y MOKHO OBUIO PAacCIOI0KHUTh
OJM3KO K Karuie JUIs MOJIyYeHUs YBETUUEHHOTO N300payKEHHSL.
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HOBerHOCTHOe HaATAXKCHHUEC XUAKOCTHU OYCHBb CHJIBHO 3aBUCUT OT HaJIW4YUA HpHMGCGfI

(ocoOeHHO TOBEPXHOCTHO AaKTUBHBIX BELIECTB). B ciemyromeil 3amade uccnenyercst BIUSHUE
9TUJIOBOT'O CIMPTA HA IOBEPXHOCTHOE HATSHKEHUE BOBIL.

3angaua 50. «McciegoBaHue NOBEPXHOCTHOIO HATSKEHHUS CIIMPTOBBIX
PacTBOpPOB»

OoopynoBanme: CrexisiHHas TpyOKa, MpoOupKa, MUIETKa, JIMHEHKa, BOJ1a, CIIHUPT.

3adanue 1. Vccnenyiite 3aBUCMMOCTb IIOBEPXHOCTHOTO HATSHKEHMS pacTBOpa CIIUpTa B
BOJIC OT €r0 KOHIICHTPAIIHH.

3adanue 2. Ilonyynre sMIupuyecKyio GopMyiay 3TOH 3aBUCUMOCTH.

2 2
[Inoraocts cmupra p, =0,90—, mwiotHocte Boabl p, =1,00—, MOBEPXHOCTHOE
cm cm
MH
HaTsDKEHHUE BoAbl 0 = 70—
M

Ipumeuanue. CMaunBaHu€e pacTBOPA CYUTATD MOJIHBIM.

Kommenmapuu k ycrnosuro 3a0auu.

1. BHyTpeHHuil tuametp TpyOKH HE JOJDKEH MPEBHIATh 1-2 MM.
2. TpyOKu HOJKHBI OBITH TIATEIBHO BHIMBITHI.
3. IloHATHO, YTO MHOTO CIIMPTa y4JalllUMCs BblJaBaTh HE CIEIYET.
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r g ‘i"’ 4.8 DnekTpnyeckue Hemn.

1 Kasanock 6bl, 4TO MOKET ObITH HpoIIE 3aKoHa OMa?

»« Cuna TOKa 3TO, UTO MOKa3bIBAET AMIEPMETP, A HANPSKEHUE — TO, YTO
nokasbiBaeT BOJbTMETP. CTpaHHO, HO ATU IOKa3aHMUs OKa3bIBAIOTCA
IPONOPILHUOHAIBHEI IPYr Ipyry. B Hall Bek CIUIOIIHON 3IeKTpU(UKAIIH
3TO YTBEPKIECHHUE KaXETCsl OUEBUAHBIM. 3alyMaeTech, a kak ['eopr Cumon
OM ycTaHOBHII 3TOT 33aKOH, KOI'Jla B KBapTHpaxX He ObLIO PO3ETOK, HE OBLIO
HIKOJIBHBIX aMIIEPMETPOB U BOJIETMETPOB, a KUTAHIbl €Ille HE 3aBaIUIH
IPUITABKU KHOCKOB HU(PPOBBIMU MYJIbTUMETpaMU?

Ms! yxe BCTpedaauch ¢ 337adaMy Ha 3Ty TEMY, HO OHAa HAaCTOJIBKO
OnarojgaTHa Juisl SKCIIEPUMEHTAIBHBIX TYpOB OJIUMIIMAJ: BO-NIEPBBIX, HE
CJIO’KHO 10100paTh 00OpYAOBaHUE, BO-BTOPBIX, 3TH 3a7add MOXHO Ipe/JlaraTb Jake CaMbIM
MJIQLIMM Y4aCTHHUKAM, B-TPETbUX, 3aKOH OMa M CJIEJCTBUS U3 HETO HE BCEr/a BBINOJHSIIOTCS
ctporo!
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Pacuer mpocreimmx nenei 3NMeKTpUYECKOro TOKA — TPAJAMIMOHHAS 3ajaya ISl HauMHAKOIIUX
¢u3HuKOB. A TPOOOBANIM B MPOBEPUTH 3aKOHBI COSTUHEHUS TPOBOHUKOB SKCIIEPUMEHTAIILHO?

3agauya 51. «IlapajsenbHoe coeMHEHHE TPOBOAHUKOB)

OOopynoBanme: peocTaT UIKOJIBHBIM, pe3uctop conporusieHueM 1,0 Owm, pesucrop
HEU3BECTHOTO COMPOTUBJIEHUS, BOJBTMETP IIKOJAbHBIM, HCTOYHUK mnuTaHus (JIUIL, wmm
Oarapeiika 4,5 B), K104 dIEKTPUYECKHI, COCIUHUTEIbHbIE TPOBOAA, CKOTY, IOJIOCKA
MUJTUMETPOBOM Oymaru.

B nanHOM 3amaHuMM  BaM  HEOOXOIMMO MPOBEPUTH  CIPABEAIMBOCTH  3aKOHA
MapaJUIEJIbHOTO COCAMHEHMS IIPOBOJHUKOB, a 3aTe€M, HCIIOIb3ys IIOJY4YCHHbIC JaHHBIC,
OIIPEJIEIUTh HEU3BECTHOE COIIPOTUBIICHUE PE3UCTOPA.

Yacts 1. 'panyuposka peocrara.

[TpukpenuTe ¢ MOMOILIBIO CKOTYA MOJOCKY MUJUTUMETPOBOM OyMaru K HIDKHEH 4acTH

0OMOTKHM IMPOBOJIOYHOT'O PEOCTara, MpOocienuTe, YTOObl OHAa HE Melllana JBM)KEHUIO KOHTAKTOB

ABUIKKA peocCTara.

Coenunute MOCIEAOBATENLHO UCTOYHUK MUTAHUS, PEOCTAT, PE3UCTOP COMPOTHUBICHUEM
1,0 Om, xi1r04.

1.1 HMcnonb3ys BONBTMETP M3MEPHTE 3aBUCHMOCTb CONPOTHBIIEHHS PeEOcTaTa OT IOJIOKEHUS
nBkka. He 3a0ynpTe HapucoBaTh CXeMy Balleld LENd M OOBSCHUTb, KaK BBl H3MEPSIIH
COIIPOTUBIICHUE.

1.2 Tloctpoiite rpaduk moay4eHHOH 3aBUCUMOCTH.

1.3 PaccunTaiiTe 31€KTpUUYECKOE CONPOTUBIIEHUE €ANHULIBI ITIMHBI IPOBOJIOKU PEOCTATA.

Yacrtb 2. HeusBecTHOE CONPOTHBJIEHHE.

HOI[KJIIO‘II/ITG K peocCTary napajjiCyibHO pE3UCTOP C HCU3BCCTHLIM COIIPOTHUBJIICHUCM.

2.1 M3mepbTe 3aBUCUMOCTH OOIIETO CONPOTUBIICHUS PEOCTaTa C PE3UCTOPOM OT MOJIOKEHUS
JBUXKKA PEOCTara.

2.2 Ha ocHOBaHMHM NOJYYEHHBIX AKCIEPUMEHTAIBHBIX JaHHBIX IIPOBEPHTE BBIIOIHUMOCTD
(bopMyIbl 1151 00ILIEro CONPOTUBIICHUS IPU ApAIUIETbHOM COEIMHEHUH PE3UCTOPOB.

2.3 Onpenenurte CONPOTUBIEHUE HEU3BECTHOIO PE3UCTOPA.

Bce usmepenus npogooume, omcmynue npumepHo Ha 2 cm
om Kpasa 00mMomku peocmama.
Brnwuaitme yens moavko 60 epemsa npogedenus usmepenuii!
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Ecnu 3amada aBTOpaM KaKeTCsl CIMILKOM IIPOCTOM, TO MOXKHO JIEKTPUUECKYIO CXEMY CIIPSTaTh.
Ilouemy 3amaua Has3pIBaeTcs <OKENTHIM AmMK»? IloTomMy, YTO y €€ aBTOpa HAlUIMCh >KEIThIE
KOPOOOYKH, U OH HE JAJbTOHUK — OTIMYAET <OKENITYI0 KOPOOKY» OT UEpHOTO sIIHKa!

3amaua 52. «KeaThId AITHK»

Buumanue!
B x00e nposedenus yxcnepumenma 6amapeiika moxcem 6vicmpo pazpaoumscs.
Hooknwuaitme 6amapeiiky K yenu moJibKo 60 6pemsa nPoeeodeHus uzmepenuii!

O0opynoBanme: KOpoOKa ¢ IByMsI JAMIIOYKaMH U PE3UCTOPOM; BOJIBTMETPHI IIKOJIbHBIE,
aMIepMeTp IIKOJIbHBIN, peocTar, barapeiika 4,5 B, coequHUTETbHBIC TIPOBOA, KITIOY
AIEKTPUYECKUN.

B BbIJaHHOM BaM CEKPETHOM JKEITOM SIIUKE HAXOAATCS JBE
OJIMHAKOBBIE DJIEKTpUYECKUE JaMnouku JIj u Jl, COeIMHEHHBbIE
MOCJIEIOBATENIBHO, MApaUICIbHO K OJHOM M3 JaMIIOYEK ITOJKIFOYEH
pe3ucTop R, CONPOTUBICHUE KOTOPOrO BaM IPEICTOUT OIPEIEIHUTD.

OT cxeMbl HapyXy CH€lIaHO TPU BBIBOJA — OT KOHIIOB U CEPEIUHBI
cxembl. Ha cxeme onu mponymepoBanbl 1-2-3. Ha xopoOke BBIBOJBI
o0o3HaueHsl «A», «B», «C» (mocienoBaTenbHOCTh BHIBOJOB MOXKET OBITH MHOM, YeM MOKa3aHa
Ha CXeMe).

3aganue 1. Vcronp3ys mpemocTaBICHHOE OOOpYJIOBaHHE, OMPENCINUTe, KaKoid U3 MPOBOJOB
KaKkoMy BBIBOJIy CXEMbI COOTBETCTBYET. MHBIMU CJIOBaMH, YCTAHOBUTE COOTBETCTBUE MEKITY
HOMEpaMH BBIBOJIOB Ha cxeme «1», «2», «3» u 0003HaYeHHUSIMH Ha KOPOOKeE.
OTtBeT 000CHYIiTE TPOBEICHHBIMH OTIBITAMHU.

He 3a6wi6atime — conpomusieHue 1amnouxu 3a8Ucum om cuivl npomexarowe2o moxa!

3aganue 2. IlonyunTe BONbTaMIIEPHBIE XapAKTEPUCTUKH (TO €CTh 3aBUCUMOCTH CHUJIBI TOKA OT
HanpsHKeHWs)  JIAMIIOYKH HakajduBaHuA U pesuctopa. llocTpoiite rpaduku MOIy4eHHBIX
3aBucuMocTeil. IlpuBenure 31eKTpHUUECKUE CXEMbI, HCHOJIb30BAHHBIE BaMH IPU MPOBEICHUH
HCCIIEI0BAHUMN.
OobazamenvHo yKaxcume, MeHcoy KAKUMU 8b1600AMU (IHCEIMO20 AULUKA 6bl
npoeoounu umepenus!

Omnpenenure CONMPOTUBIEHUE pe3ucTopa (He 3a0yAbTe yKa3aTh IMOTPEIIHOCTh 3TOTO
3HAYEHUS).

Ha sTomM M0OXHO ObLIIO OBl U 3aKOHYUTH (POPMYIUPOBKY YCIOBUS,
HO Mbl peunu 6am nomoys!

Bam  HeoOXoguMoO  M3MEpPUTh  3aBUCHUMOCTb  CHJBI  OT
MPUIIOKEHHOTO HampspKeHUs: — HeT npobnem!? MoxxHO coOpaTh cxemy

U3MEPUTENBHOIO YCTPOMCTBA, IO3BOJIIOLIYI0O HU3MEHATh HANpsHKEHUE, A

U3MEpPSATH €ro U U3MEpsATh cuily Toka. Ho B Hamewm (cinenoBarenbHO, U B R
BallleM) PacIOPsIKEHUH UMEETCs TOJIbKO HIKOJbHBIN ammepmerp. Llena ——
ero nenenus 0,1 A. Cunbl u3mMepseMbIX TOKOB He npesbimatoT 0,2A, To

ecTb He Oosiee AByX neneHuil. [103ToMy OT MCHOIB30BaHUS aMIIepMeTpa || ~ K
IIPUILIIOCH OTKAa3aThCs! ||

Ilosmomy mul pewsunu 6am nomous!
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Cuny TOKa MOXKHO OIPEINENNUTH, MU3MEpsisl HAIPsDKEHHE HAa PE3UCTOPE C HM3BECTHBIM
conporusieHueM, Hanpumep, 1,0 Om. Ho u 3Tu HampspkeHHsT HE BEJIMKHM, M IIKOJIbHBIN
BosbTMETp (6,0 B ¢ nienoit nenenus 0,2 B).

Ilosmomy mul pewsunu 6am nomous!
[Touemy OBl HEe H3MEpPSATH HANPSHKCHUS HEMOCPEICTBEHHO Ha

HCCJIeOyenian

peoctate? J[lamum Bam gaBa BoabTMeTpa!l Pexkomenmyem (HO He .

HACTanuBaeM) HCIIOJIb30BaTh TS M3MEpPEHUN creayouee

U3MEPHUTEIIBHOE YCTPOMCTBO. v

ITpu 3amxHyTOM Kitode K| M3MEpEHHbIE 3HaueHUs HanpsbkeHudl U, u Y I K
. 1

U, NO3BOJSAIOT ONpPEACINTh HANPSKEHUE U CHILy TOKAa B MCCIEAYEeMOU /

LeNu, MpPU YCIOBHHU, YTO BaM M3BECTHbl 3HAYEHHS COIPOTUBIICHUMI _@_
yacred peocrara R, m R,. Ho, X COXaJeHHIO, OHU HE HU3BECTHBHI,

| o —

—_
NO3MOMY Mbl peUunu 6am nomous! R TR
W mpennaraeM, He MeHssA IMOJIOKEHUS IBUXKKAa peocTara, Pa3sOMKHYTh /--\ 2
kmod K, ¥ elle pa3 U3MEpUTh HANpsDKEHUS Ha BoibTMETpax U, u Yo/

U, - OTux uerblpex 3HA4YE€HHH JO0CTATOYHO, YTOOBl PAacCCUUTATh CHUIY | 3/
TOKa U HaNpsDKEHUE Ha ucciieyeMoil nenu! |
Hrak, cobepure U3MEPUTEIBHYIO LEMb, MOAKIIOYUTE K HEll HY)KHbIE BaM

BBIBOJIbI U3 <OKENTOTO fAIIMKa» (elle pa3 HaOMHHAEM — 0053aTEIbHO YKa)KUTE, KAKUE BBIBOJIBI
Bbl nopxirodaere!). M3MeHsAs MonoKeHHs ABM)KKA peocTaTa, M3MEPbTE 3HAYEHUs YEThIPEX
HaIpsDKEHUH, IPOBEANUTE pacyeThl CONPOTUBICHUN R, 1 R, (3anumute GopMyIbl, 10 KOTOPHIM

Bbl IIPOBOJUTE 3TU pPACUYEThl — IIOJIHOE CONPOTUBIIEHHE peocTaTa R, YyKa3aHO Ha HEM),

paccuMTaiiTe 3HauCHHME CWJIBI TOKa [ uepe3 HCCleAyeMylo Lenb (mpuBeaute (Gopmyiny, MO
KOTOpOi1 BbI IPOBOJIUTE PACYET).
Pe3ynpTaThl M3MepeHHii peiaraeM MpeACTaBIATh B BUIE TaOIUIL

U, B U,.B U,.B U, B R, .Om R,.Om 1,A

19

H nocneonee, pazpewiaem, pekomenoyem, Hacmausaem npoeoOUNb U3MEPEHUS
HANPAMNCeHUIl ¢ MOYHOCMbIO 00 Yemeepmu 0eeHUs WKAbl, XOMA INO He NO360/IUMENbHO,
coenacHo uncmpykuyusam!

Kommenmapuu k ycnosuto 3adauu.

1. B paGoTe UCTIONB3YIOTCS JTaMIIOUYKH ¢ HOMUHAIBHBIM HanpspkeHuem 2,5 B.
2. ConpoTHUBIICHUE PE3UCTOPA BHYTPH KOPOOKH 3-4 OMm.

238




A aBTOp 3TO 3a7a9u HaIIEN KpacHbIe KOPOOKH, ¥ TIEPEeKPAIINBATh U3 B YEPHBIN [[BET HE
3axoren!

3anaua 53. «KpacHblil AIuK»

OO0opynoBanme: «KpacHbIN SLUIMK» C TPEMsI BBIBOJIAMH, BOJIBTMETP, aMIIEPMETP,
MHUKpPOaMIIEPMETP, UCTOUYHUK ITUTAHUsI, PEOCTAT, COEAMHUTEIbHBIE IIPOBO/IA.

Buyrtpu KkopoOku («KpacHOro —sIIMKa») — H/Z

HAXOJATCS JIBa pPe3UCTOpa U JUOJ,
COCOUHEHHBIE IO CXEMe, IIOKa3aHHOM Ha 19: — —ﬂ/
pucynke. /luon MokeT OBITH BKIIOYEH B
mo0oM HampaBlieHHH. Ha KopoOKe BBIBOJIBI
0003HauYeHBI «A», «B» 1 «Cy».

1. IlocraBbTE UM B COOTBETCTBHUE TOUKHU 1,2, U 3 Ha MPUBEIEHHOMN CXEME.

2. Onpenenure CONpOTUBIIEHUS PE3UCTOPOB.
3. TlocTpoiiTe BOJbTaMIEPHYIO XapaKTEPUCTUKY AuoAa ITpU HanpsoxeHusx otr 0 1o 1,5 B B
IIPSIMOM HallpaBJICHUU.

Buumanue! Ilepgonauanvno 60 6cex uzmepenuax ucnob3yinme amnepmemp u moavko npu
Heo0X00uMOCHU UCNOTB3YIIME MUKPOAMNEPMEND, UHAYE 8bl MOJCEMeE 8bleeCU
MUKDPOaAMRepmemp u3 Cmpos.

Kommenmapuu k ycnosuto 3adauu.

1. Mpl He NpUBOAMM 3HAYEHHUS CONPOTHUBIEHUM pE3UCTOPOB — HUX MOAOOpP 3aBUCHUT OT
UCTOJb3yeMoro auona. O4YeBUIHO, YTO 3TH CONPOTHBICHHS JOJDKHBI OBITH CPaBHUMBI C
COIPOTUBIICHUEM JUO/A B HOMUHAIILHOM PEXKUME.
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[TpuGopBI MOXKHO UCIIONIB30BAaTh HE TOJIBKO MO NPSIMOMY Ha3HAYCHHIO, TaK B JaHHOU paboTe
NPEeJIaraeTcst UCIOJIb30BaTh OOBIUHBIN IIKOJIbHBIM BOJIBTMETP B KAUECTBE U3MEPUTEIIS
MIPOLLIEIIETO 3apsiia — FaJbBaHOMETpa.

3agaya 54. «BoabT™MeTp - raJibBAHOMETP»

OobopynoBanue: ucrounuk nuranus JINII, BoibT™MeTp, NOJIOCKOBBINM PEOCTAT CO IIKAIOM,
KOHJEHCATOP U3BECTHOM EMKOCTH, KIIFOY — MEPEKII0YaTENb, COCIUHUTENBHbBIE TPOBOA,
CTepKEHb METAJUTMUECKUN C TIPOBOJIOM, YaChl, KYCOUEK METAILTUYECKON (hONBIH, CKpEIKa.

duznyeckue npubOpbI MO>KHO I ,
OJOCKOBBIH PEOCTAT

HCIIOJIb30BAThL  AJId  HU3MCPCHUA  PA3JIMYHBIX IBITKOK KOHIeHCaTop
BeMMUMH. B  jaHHOW paboTe  MIKOJBHbIH e +
71a00paTOPHBIN BOJBTMETP MCHOJB3YETCS JUIS
U3MEPEHUs ... JJEKTpUUecKoro 3apsaa. llpum R B
NPOTEKaHUU KPATKOBPEMEHHOT'O MMITYJIbCa TOKa
OTOpOC  CTpEJIKM BOJIETMETpA 3aBUCUT OT 1—?—3
IPOILE/IIET0 4Yepe3 HEro 3JIEKTPUUYECKOTO 2
3apsia. [Ipubop s u3mepeHus 3apsijia TaKuM

crocoOOM Ha3bIBaeTCs OAJUTMCTUYECKUM TalbBaHOMETPOM.

Yacts 1. 'pagyupoBka peocrara.

[TonkmounTe peoctaT K UCTOYHUKY IMUTAHUS TaK, YTOOBI C €r0 MOMOIIBIO JIETKO MOKHO

OBbUIO PETryaUpOBaTh BHIXOAHOE HAIPSHKCHHUE.

1. Tloctpoiite rpaduk 3aBUCUMOCTH BBIXOAHOTO HAMPSKEHHSI HA PEOCTaTe OT MOJIOKEHHS
JBUKKA.

2. TloaximounTe K BBIXOy peoctata KoHaeHcatop. [loctpoiite rpaduk 3aBUCIMOCTH
HaIPSDKEHUS Ha KOHJIEHCATOPE OT IOJIOKEHUS ABUKKA PEOCTATa.

OOBsicHUTE MOTy4YEeHHBIEC 3aBUCUMOCTH.

YacTtb 2. 'paayupoBka 0aJJUMCTHYECKOT0 rajJbLBAHOMETPA.

Cobepure >IEKTPUUECKYIO 11ETTh, TO3BOJISIONIYIO 3apsKaTh KOHASHCATOP /10 U3BECTHOTO
HaANPSHKEHUS U pa3psKaTh €r0 YEPE3 BOJIBTMETP.

1. Tloctpoiite rpaduk 3aBUCUMOCTH BETUUMHBI OTOPOCA CTPEJIKH BOJILTMETPA
(paboTaromero B KauecTBe raJlbBAaHOMETPA) OT 3apsAa, MPOILIEALIET0 Yepe3 Hero.

Yactb 3. U3Mepenus.

1. 3apsaure KOHAEHCATOP A0 MAKCHUMAJIBHOTO HapspKeHUs. OTKIIOYEHHBIN OT LIENHU OH BCE
paBHO pazpspkaercs. [locTpoiiTe 3aBUCUMOCTD HaIIPSHKEHUS HA KOHAEHCATOPE OT
BpeMEHHU pa3psaaku. Onpenenute 3JEKTPUUECKOE CONTPOTUBIEHUE KOHAEHCATOPA.

2. Ouenute BpeMs CTOJIKHOBEHHS METAJUIMUECKOTO CTEPXKHSI C TOBEPXHOCTBIO CTOJIA.

Mooiceme oeparcamv cmepoicenek 6 pyKe u HOCMYKUSAms UM no CMOJY.

ConpoTuBieHHE BOJBTMETPA CUATAITE PABHBIM R, = (4,3 + 0,2) KOm
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Kommenmapuu k ycnosuto 3adauu.

1. ITomockoBbIE peocTaThl HCHOIB3YIOTCS B PA3TUYHBIX IPUOOPaX — TEICBU30PAX, MY3bIKAIbHBIX
neHrpax. OOpamiaeM BHHUMaHHE, YTO YacTO €ro CONPOTHUBJICHHE HEIMHEHHO 3aBUCHUT OT
MIOJIOKEHUs JIBUJKKA. PEKOMEHlyeM HCIOJIb30BaTh PEOCTAT ¢ MAKCUMAJIBHBIM COIPOTUBIICHUEM
B HECKOJIBKO KOM.

2. Konnencarop noJnkeH eMKocTh He MeHee 10MKD.

3. B nanHoil paboTe HCIOJB3YyeTCS OOBIYHBIM MIKOJBHBIM BOJBTMETP C OTHOCHUTEIHHO
HEOOJIBIIMM BHYTPEHHUM CONPOTHUBICHHEM, B 3TOM CIllyyae BpeMs pa3psIKd OKa3bIBaeTCs
HEOONBIINM  (HECKOJIBKO MWJUTMCEKYHM), IO3TOMY OTKJIOHEHHME CTPEJIKH BOJBTMETpa U
OKa3bIBACTCS MPONOPLMOHAIBHBIM IPOLIEALIEMY 3apsay.

4. JIns BBIIIOJHEHUS MOCIEHEN YacTH HY)KEH METAUNIMYECKUI CTEPKEHb TUaMETPOM Iopsaka 1
CM M JUIMHOHN 0K0JIO 5 cM. OuH M3 KOHLIOB 3TOr0O CTEP)KHS CIENyeT cllerka 3akpyriuTb. Ko
BTOPOMY KOHIly CTEp)KHS HYXHO IMPHCOEIMHUTH NMPOBOA. BMecTo Kycouka (OJIBIW MOKHO
UCTOJb30BaTh METAIMUECKYI0 IUIacTMHKY. Ho B mroOom ciyuyae, (oOJIBIy WIM IUIACTHHKY
CllelyeT pacrojaraTb Ha TBEpAOH MOBEPXHOCTH, YTOOBI yJap CTEpKHS ObUT JOCTAaTOYHO
YIPYTUM.

JdomoHenue.

Hcnonp30Bath BOJIBT METP B KAayeCTBE TaJIbBAHOMETPA MOXKHO M B JPYIHX 3aJadax.
Hanpumep, npu ObICTPOM U3BJICUCHUH MarHuTa M3 KaTYIIKU WHAYKTUBHOCTH B HEW BO3ZHHKAET
kpatkoBpemeHHass DJ{C. M0OXHO 3aMKHYTh KaTyIIKy Ha BOJIBTMETP U U3MEPUTh NPOLIEAIINN
3apsAl, KOTOPBIM OKa3blBACTCS MPONOPLUOHAIBHBIM H3MEHEHUI0O MAarHUTHOIO IIOTOKAa Yepes
Karymky. TakoW 5SKCIHEpPUMEHT IO3BOJAET H3y4aTb XAPAKTEPUCTUKH MArHUTOB, a TaKxKe
IIPOBEPUTH 3aKOH DJIEKTPOMArHUTHOM UHIYKIUU.
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4.9 IIpou3BOACTBO 3JIEKTPOIHEPIr UM

DOHepreTuyeckass 0€30MacCHOCTh CTpPaHbl €CTh BaKHEHIIas
cocTaBiOLmIas ee BceoOmiel Oe3omacHocTH. B cTpawne,
KOoTOpast OeHa MPHPOJHBIMU SHEPTETHUECKUMH pecypcamMu
(3a uckiIoYeHneM O00J0THOro Topda), mpobiiema IMOUCKa
aJIbTEPHATHBHBIX ~MCTOYHMKOB JSHEPrUM Bceraa Oyner
aKkTyalnbHOW. Jlns pemieHUst 3TOH  MpOOJIEeMBl  MOXKHO
UCIOJIb30BATh MPAKTUYECKU BCE — KaK THJIPOIHEPTUI0 MaJIbIX
peuek (KOTOPBIX y Hac JOCTATOYHO), TaK U TaJIbBAaHUYECKYIO
SHEPTHI0 JIMMOHOB, KOTOpbIE Yy Hac, K COXKaJICHHUIO, MOTYT THPOU3pacTaTb TOJIBKO Ha
nolokoHHUKax. [Ipex e uemM co31aBaTh NPOMBIIIJICHHbIE YCTAaHOBKU, HEOOX0AUMO pa3odpaTbes
B IPUHLUMAX UX pabOTHI, CO37aTh HKCIEPUMEHTAIbHbIE 00pa3Ilbl, IPOBECTH UX UCCIIECIOBAaHUE,
4YeM cerdac Mbl celyac U 3aliMeMCsl.

242



3agaua 55. «'aJabBaHNYECKUH JUMOH»

OOopynoBanme: MenHass U OLMHKOBaHHAsS
IUIACTUHKM, CTajlbHas Wrja, KyCOK MEIHOM IPOBOJIOKH,
COEIMHUTEINIbHBIE TIPOBOJA, KIIIOU AJIEKTPUUYECKUI, PE3UCTOP
c comporuBienueM 1,0 Owm, wmynbTUMeTp, Habop
LIUTPYCOBBIX, PACTBOP JIMIMOHHOW KHCIIOTHI.

Mexny naBymMs pasHbIMHM METAJUIAaMH, I[IOMEIIEHHBIMH B JJIEKTPOJIUT, BO3HHUKAET
ranbBannueckas JOJ[C. B kadecTBe 3JIEKTPOJIUTa MOTYT BBICTYNAaTh U (PPYKTOBBIE COKH.
N3yuenne «(QpyKTOBBIX» TaJbBAaHHMYECKUX HIEMEHTOB SBIAETCS OCHOBHOM IENBIO JaHHOTO
JKCIIEPUMEHTAIILHOTO 3a/1aHHUs.

B oannoti pabome mynbmumemp cinedyem UCHOAb3086AMb MOJbKO 6 Kadecmee
8oIbIMMemMpPd, MAK KAK U3MepeHue ¢ e20 NOMOWbIO MAlblX MOKO08 NPO8OOUMCs ¢ OONbUWOU U
HEKOHMPONUPYEMOU NOZPEUHOCMBIO.

Conpomuenenue myremumempa npu usmepenuu Hanpsaxcenus npegoiuiaem 500 kOm.

Yacrs 1. «PpyKTHD

BoTKHUTE CTalbHYIO WIIy M METHYIO MPOBOJIOKY B KYCOK (pyKTa, MPU 3TOM MEXKITY
STUMU 3JEKTPOIaMU BO3HUKaET ranbBannyeckas J/(C.

W3mepbTe Bo3HUKaIOMIYIO TaidbBaHuueckyo DJIC B numMone, rpeiindpyre u MaHaapuHe
(He 3a0yAbTe OLIEHUTH NMOTPEIIHOCTh MPOBEJCHHBIX H3MEPEHHIA).

OObsicHUTE NOTY4YEHHBIC PE3YJIBTATHI.

Yactb 2. «J/IUMOH B cTaKkaHe»

JUis  NalbHEHIINX HKCHEPUMEHTOB HCIOJIB3YHTE «MOIU(MHIMPOBAHHBIA JIMMOHHBIN
JIEMEHT»: MEXAY JABYMS METAUIMYECKUMHU IUIACTUHKAMH (MEIHOM M  OIIMHKOBAHHON)
PacCIIOJIOKUTE MAPJIEBBI TAMIIOH, CMOYEHHBIN PaCTBOPOM JIMMOHHOM KHACIOTHI. Bama 3agada —
HCCJIEN0BATh JJIEKTPUYECKUE XapaKTEPUCTUKU OTOrO JJIEMEHTAa, IPU €ro paspslIke uepes
PE3UCTOP U3BECTHOT'O CONIPOTUBIICHUS.

Brumanue: SJleKmpuvecKue xapakmepucmuku calb6adHUYECKO20 J1eMeHma 3a6ucint om
IJIEKMpuUudecKoco 3apﬂ0a, npomexKkuieco 4epes Heco, nosdmomy cHavala nojiHocnbro co6epume
OJIEKMPUUECKYIO Yenb, MOJbKO nocjie 3moco npucmynaﬁme K USMEPEHUAM CUIbl MOKA.

2.1 Cobepute >MEKTPUUYECKYIO II€TTh, MTO3BOJISIONIYI0 U3MEPSATh 3aBUCHMOCTh CHIIBI TOKA
n O/1C ucTtouHuka oT BpeMEHHU.

2.2 IlpoBeaure U3MeEpPEHUs: 3aBUCHMOCTH CHJIBI TOKA, IPOTEKAIOIIEr0 Yepe3 Pe3UCTop, U
O/1C ucTouHuKa OT BpEMEHH pa3psAKH.

2.3 Tloctpoiite Tpaduku TMOMYYEHHBIX 3aBUCUMOCTEW. JlaliTe uX KadyecTBEHHOE
0OBsICHEHHE.

2.3 TlocTpoiiTe 3aBUCUMOCTb BHYTPEHHEI'O COIPOTHUBIIEHUS JIMMOHHOIO)» 3JIEMEHTA OT
3apsijia, IPOILEALIEro Yepe3 UCTOYHHK. [IpenokuTe sMIupHUecKyto (pyHKIIHIO, OMUCHIBAIOLIYIO
IIOJIyYEHHYIO 3aBUCUMOCTb, OIIPEJEIINTE €€ TapaMETPHI.
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Kommenmapuu k ycnosuto 3adauu.

1. B nanHoii paboTe BMECTO MyJIbTUMETPA UCIOIB30BATH MIJUTUAMIIEPMETP.

2. JI1st U3roTOBJIEHUS T'aJIbBAHUYECKOTO JIEMEHTA CJIEYET UCI0JIb30BATh IJJACTUHKY IIOIIA/bI0
He MeHee 5 cM® . MapieBblii TAMIOH cloxeH u3 8-10 CIOEB Mapii M 3aKaT MEKIy
TUTACTUHKaMH, KOTOPbIE MOKHO 00BS3aTh HUTKOH.

3. Pe3ynbraThl H3MEpEHUN CWJIBHO BapbUPYIOTCA M pa3HbIX JJIEMEHTOB, IIO3TOMY
IIPUBE/ICHHBIE JAHHBIE CIIEYET PacCCMaTPUBaTh KaK OJWH U3 BO3MOXHBIX IPUMEPOB.

244




OcHOBOI OOJBIIMHCTBA MPOMBIIIICHHBIX AJIEKTPUYECKHX IHEPreTHUECKUX YCTAaHOBOK
SABJISIETCS. TEHEPAaToOp, YCTPOMCTBO KOTOPOrO IPUHLUIIMAIBHO COBIALACT C YCTPOHMCTBOM
AIIEKTPOBHUrATENs, IO3TOMY U3y4aTh UX pabOTy HAJ0 COBMECTHO.

3agaya 56. «/IBurare;nnb u resepaTrop»

OOopyaoBanmue: MoOAENs DJIEKTpojBurarens; Oarapeiika 4,5 B; ammepMmerp; BOJIBTMETP;
peocTar; COeTMHUTENBLHBIE TPOBO/Ia; CEKYHIOMEp; HUTKH, HA0Op TPY30B, JTHHEWKA.

N3BecTHO, 4YTO DJIIEKTPUYECKMM JBUIATElb U JJIEKTPUYECKUM TE€HEpaTop YCTPOEHBI
onuHakoBo. Eciu yepe3 0OMOTKY ABHUTraTess NpOMycKaTh 3JIEKTPHUUECKUI TOK, TO BaJl JBUraTeNs
HAuMHaeT BpAIIaThCs, a €CIU BpallaTh Bajl JBUTATeNs, TO B €U OOMOTKH MOXET MOSIBUTHCS
JNEKTPUYECKUH TOK.

Yacmw nepeas. «/leuzamesnv)

1. TlocrtpoiiTe 3aBUCUMOCTb CHUJIBI TOKA YEPE3 0OMOTKY JABUraTeNs OT IPUI0KEHHOTO
HanpspKeHUs pu HepaboTaromeM asurarene. Onpenenure COnpoTUBICHHE 0OMOTKU U
amIepMerpa.

EByovme axkypammuvl — conpomusenenue ooOmomxu mano!
3akpenurTe ABUraTesb Ha Kparo CTOJIa, Ha Bajl ABUraTelll HAMOTAWTe HUTh, K KOTOPON HYKHO
IIPUBS3BIBATh IPY3bI PA3IINYHONU MACCHI.

2. TloctpoiiTe 3aBUCUMOCTH HAMPSKEHUS Ha pab0TAIOIIEeM JBUTATEIIE OT CUIIBI
MPOTEKAOIIET0 YePe3 HEro AIEKTPUIECKOTo TOKa Mpu (PUKCUPOBAHHON Macce
[IOJIBEILIEHHOTO I'py3a.

3. H3mepbTe 3aBUCUMOCTb CUJIbI TOKA, IPOTEKAIOIIEr0 YePe3 ABUTATENb PU MOCTOSIHHOM
HaIpsLKEHUHA UCTOYHHKA, OT MACChl ITOJABEILICHHOIO Ipy3a.

4. W3mepbTe 3aBUCUMOCTh MEXaHUYECKOW MOITHOCTH JBUTATENS OT MPUIIOKEHHOTO K
JBUTATEII0 HANPSKEHUS [IPU ITOCTOSIHHOM Macce MOABEIIEHHOr 0 Ipy3a.

5. Tlocrpoiite rpaduk 3aBucumoct KI1J[ nBuratesns ot ero MOIHOCTH.

Yacmov emopasn. «I enepamop»

1. Toctpoiite rpaduk 3aBucumoctu KI1J] renepaTopa oT NpUI0KEHHON MEXaHUYECKOM
MOIIIHOCTH.

B kauecmese «none3noiiy mowHocmu ucnonv3yime MOWHOCMb 1EKMPUIEcKo20 mokd,
gblOeNAEeMYI0 HA AMNepmempe.

Kommenmapuu k ycnosuto 3adauu.

1. B paboTe MOKHO HCIIOJIb30BaTh Pa300PHYIO0 MOJAETb 3JIEKTPOABUraTeNs, JTMO00 000 Apyroi
HEeOO0JIBIION SIIEKTPOIBUTATENb [l AETCKUX UTPYIIEK.

2. Habop rpy3oB cieayer moaooparh Tak, YT00bI IBUTATENIb CMOT UX MOJHUMATh. DTH K€ IPy3bl
MCIOJB3YIOTCS ¥ BO BTOPOM 4acTH pabOoThl, KaK HCTOYHUK SHEPTHH T'eHepaTopa.
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Henb3sst pazpabatbiBaTh SHEPTeTUUECKUE YCTAHOBKHY, HE 3HAsl 3aKOHA JIEKTPOMArHUTHON
UHIYKIHH!

3amaua 57. «3aK0H 3J1eKTPOMATHUTHON MHIYKIMID)
OOopynoBanme: TOJOBHOM TenedoH, MYJIbTUMETpP, CEKyHIOMEp, KOHIEHCATOp,
IMOJ TOJYNPOBOJHUKOBBIM, MAarHUT KOJBIIEBOH, TpY3UK, COCIUHHUTEIbHbBIC

MPOBOJA, IITATUB, HUTKH, JINHENKA.

Emkocts xonaencatopa C = (50 £ 1) ux®.

ComnpoTuBiIeHHE KaTYILIKU ToJ0BHOTO Tenepona R =1,2x0m

Cobepure ycTaHOBKY, KaK NMOKa3aHO Ha PUCYHKE: JKEJIE3HBIH Ipy3
MOJBEChTE HAa JBYX HHUTIX (OuduuspHBIA TOABEC), YTO OBl KOJICOAHMS
IIPOXOJUIN B OAHOM miockocTu. K kene3HoMy rpy3y NPUKPENUTE CHU3Y
MarHur.

Ha noxcraBke mraTtruBa 3aKpenuTe ¢ IOMOIIBIO KyCOUKa IJIaCTUIIMHA
rojioBHOW TenedoH. IloaBemeHHbIN TPy3 ¢ MAarHUTOM JOJDKEH MPOXOJIUTh
TOYHO HaJ KaTymkoi tenedoHa. J[nuHa MasTHHKA JOJKHA ObITh HE MEHEE ;’?T,WH\ B
70 cm. 2N

JUist U3MEpeHus aMIUIUTY bl KOJIeOaHUN PUKPETUTE K OCHOBAHUIO IITAaTHBA JIMHEHKY.
Pl T

=

o

[Ipu packauMBaHWU TPpy3a C MAarHUTOM B KaTyIIKe TeledoHa
Bo3HHUKaeT JDJ[C. DTOT UMIYyIbC HE CIOKHO YBHJETh Ha JKpaHe
ocumiuiorpada, HO OYEHb CJIOXKHO OOECIEeYUTh BCEX YYACTHHKOB
OJIUMIIHA/Ibl MHIUBUAYAJIBHBIMU OCHMIIOrpadaMH.

JUisi  DKCIEPUMEHTAIBHOTO  MCCICNOBaHUS  SBJICHHUA  BaM
NPEeJIaraeTcsi MCIOJb30BaTh CIEAYIOIIYIO JIEKTPHUECKylo cxemy. K
KaTylIKe ToJIOBHOrO TenegoHa K MOJACOEIMHUTE IOCIEA0BATEIEHO
o D u xonaencarop C, K TMOCIEIHEMY MOAKIIOYUTE MYIbTHMETD.
N3mepenus cnenyer npoBoauTts B quanazone 2000 mB.

Tenepp, DIC MHAYKIIMY, BO3HUKAIOIIAsA B KaTYLIKE, 3apsKacT
KOHJIEHCATOP, HANPSDKEHUE Ha KOTOPOM JIETKO U3MEPUTh.

Cobepute ycTraHOBKY. YOemutech B ee pabOTOCIOCOOHOCTH.
JloGeiitech, 4TOOBI HaNMpsKEHWE Ha KOHJIEHCATOpe JOCTHTalo HE MEHee
500 MB.

OcHoBHas Ociib Balei pa60TI>I — OKCIICPUMCHTAJILHOC HU3Y4YCHHC 3aKOHa
3HCKTpOMaFHHTHOﬁ HHAYKIHH.

1. UsmepwTe neproa konebaHuil Baliero MasTHUKA.

2. Bapﬂ,[[I/ITe KOHACHCATOP U U3MCPLTC 3aBUCHUMOCTBL HAIIPSLKCHHA Ha HCM OT BPCMCHU IIpU
pPaspAaKe TOJIBKO UCPE3 MYJIIbTUMETP. OHpCI[CJ'II/ITe COIMMPOTUBJICHHUC MYJIbTUMETPA.

3. Bap;mnTe KOHACHCATOP U U3MCPLTC 3aBUCHUMOCTBL HAIIPSLKCHHA Ha HCM OT BPCMCHU IIpU
pas3paaKe 4€pe3 BOJIbTMETP, AUOA U TCJ'IC(I)OH.
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4. U3mepbTe 3aBUCUMOCTh MAaKCHMAJIBHOTO HANPSIKEHUS HAa KOHJEHCATOPE OT aMIUTUTY/IbI
KoJnebaHuil rpy3a.

5. TeopeTruecky OMMIINTE 3aBUCHMOCTh HANpPSHKEHUS! Ha KOHJCHCATOPE OT BPEMEHH (MOXHO U
HYXHO cZenaTh pasyMHble aonymieHus). [loctpoiite nmpumepHBIii rpaguk 3TOW 3aBUCUMOCTH.
[Tonyuntre mnpuOmMMKEeHHYI0 (HOpMYTy, ONHUCHIBAIOIIYIO 3aBHUCUMOCTh  MAaKCHUMAaJbHOTO
HaNpsOKEHUS Ha KOHAEGHCATOPE OT aMILTUTY/IbI KoJeOaHUH MasiTHHUKA.

6. HpOBepre, BBITIOJIHACTCA JIX B JAHHOM 3KCIICPUMCHTC 3aKOH BHGKTpOMaFHHTHOﬁ HHAYKIUU

@apanes. OLEHUTE MaKCUMaJbHbIH MAarHUTHBIM MOTOK, KOTOPBIA CO3[a€T MAarHUT B KAaTYILKE
TOJIOBHOTO TenedoHa.

IIpnMedyaHus U MOJACKA3KH.

1. O1C uHayKUMK, BO3HUKAIOIIAS B KaTYIIKE TOJOBHOTO TenedoHa, OYeHb CHUIBHO 3aBHCHT OT
paccTosiHUS MEXIy MarHuToM u tenedonHoM. He ctpemutech nobutbess makcumanbHoi D(C
(Ham ynanoch 3apsAauTh KOHJIEHCATOp mouTu 10 2 B) — mpoBoaute uszmepenus (B mn. 4) npu
PacCTOSIHUAX MEXJLy MarHUTOM U Tene(oHOM nopsaka 1 ¢cM — B 3TOM cilyyae oKa3aHHus OyayT
0osee cTaOMIbHBIMHU.

2. IlpoBeauTte pa3yMHbIE OLIGHKH BPEMEH pa3psijia KOHJEHcAaTopa Yepe3 MyIbTUMETP U Telae(oH
U CpPaBHUTE UX CO BPEMEHEM MPOXOXKACHUS MarHUTa HaJl TENE(OHOM.

3. KongeHcarop 3apspkaeTcss 10 MaKCHUMAJIbHOTO HAINPSDKEHMs NAJEKO HE cpa3zy — HYKHO
noaoxnaate He MeHee 10 mpoxokaeHuil marHuta Haja karymkoi! Hukto He 3ampemiaer Bam
BpEMs OT BpEMEHU NMOATAIKUBATH MAATHUK!

4. 3apsokaTh KOHAEHcCATOp (71 MPOBEAEHUS M3MEPEHHMH B I. 2 U 3) ciIeAyeT C MOMOIIBIO
MarHuTa, B 3TOM CJIy4ae pacCTOSHUE MEXKIYy MarHUTOM U TeIe()OHOM MOKHO YMEHBIIIUTb.

Kommenmapuu k ycnosuto 3adauu.

1. Hamu ucnosnp3oBanuch rojoBusie Tenegonsl TOH-2. MoxHO mornpo6oBaTh HCIOJIB30BaTh U
Jpyrye TUIbl HAyITHUKOB C MATHUTHBIM CEPIEYHUKOM.
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4.10 1a 6yner cBet!

be3 npeyBenuueHuss MOXKHO CKa3aTh, YTO M3YyYEHHUE ONTHUECKUX
SIBJIEHMM BO MHOTOM OIPEACIWIO PAa3BUTUE COBPEMEHHOM
¢u3nku nenukoM. Teopusi OTHOCUTENIBHOCTH, KBAaHTOBas (PU3HKA
BBIPOCIIM U3 ONTHUYECKHX MpobdiaeM, W 3T0 Haubojee spKue
npuMepsl. B cpeaHue Beka HMEHHO ONTHKA IOCITYXXKHIIA
i MOJIMTOHOM, Ha KOTOPOM Hayajil OTpabaThIBATHCS METOJIbI
MaTeMaTHYeCKOTO OmucaHus  (u3nyeckux mporeccoB. VI B Hacrosiiiee BpeMsl ONTUYECKHE
METOJIbl SBISIOTCSI OJHUMM M3 OCHOBHBIX BO BCEX €CTECTBEHHBIX Haykax. He MoxxeM u MbI
OpONTH MUMO ONTHYECKUX 3agad, TeM Oojiee YTO, B MCTOYHMKAX CBeTa JeduuuTa He
HaOJIroaeTcsl — JaXke eIle HEeJaBHO SK30TUYECKHE JIa3ephbl MPOJAIOTCS B KHMOCKAX, JOCTYITHBI
CBETOJMOMAbI, HE TOBOPS YX 00 OOBIYHBIX JaMIOYKax HakanuBaHus. IlocMoTpum ke
BHUMATEJIbHO Ha HEKOTOPHIC 3HAKOMbIE W NPUBBIUYHBIC ONTHYECKUE SIBJICHUS, KaK UCTOYHHUKH
MHTEPECHBIX IKCIIEPUMEHTAIBHBIX 33/1a4.
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3HaeTe U BBl, YTO HEOOJIBIIOE OTBEPCTHE MOXKET (POPMHUPOBATH N300paKEHHE. ITO CBOMCTBO
OBLIO OTKPBITO €IIIE B CPeIHUE BeKa, KOTJa OBbLIIM CKOHCTPYHUPOBAHBI M TOCTPOEHBI NIEPBbIE
KaMepbI-00CKYPHI.

3agaua 58. «CBeT U TeHN»

OOopyaoBanme: cBeya, JIMH3a, MATOBBIN KPAH, SKPAHbI C OTBEPCTUAMH, JTUHEHKA.

Bam HeoO0XoIuMO H3Yy4uTh NPUHIMIIBI JEHCTBUS HPOCTEHUIIMX YCTPOMCTB, (HOPMHUPYIOLIUX
n300pakeHue: JUH3bI U HEOOJBIIOr0 OTBEpCTHA. B KauecTBe MCTOUYHMKA CBETA HCIIOJIB3YETCS
I1amMs CBEUU.

1. M3mepbTe ¢ MAaKCUMAIIbHOW TOYHOCTHIO (POKYCHOE PACCTOSIHUE JIMH3BI.

2. INonyuure popmyny ais pacyeTa JIMHEHHOTO YBEJIMYCHUS U300pakeHus, HopMupyeMoro
muH30i.  IlpoBeppre ee  skcnepuMmeHTanbHO. Ompenenutre  BEPTUKAIBHBIA U
TOPHU30HTAIBHBINA pa3Mephl MIIAMEHH.

3. Pacnosio)xure Mexay CBEUOM UM DKpPaHOM TEMHBIH OJKpaH co 1ienpto. Onumwure
Ka4eCTBEHHO pacrpesie]ieHne OCBEIIEHHOCTH 3KpaHa. MccaenyiiTe 3aBUCUMOCTD IIMPUHBI
CBETJION MOJIOCKM HAa JKpaHEe OT PACCTOSHHS MEXIy LIeNIbl0 M 3kpaHoM. [IpoBeaure
M3MEPEHUs JJIsl BEepTUKAIBHOTO U TOPU30HTAIBHOTO PACIIONI0KEHHUS CBEUH.

4. Ilonyunte wH300pa)keHHWE IJIAMEHHM CBEYM HAa DHKpaHe, HCIOJb3ysd TEMHBIM JKpaH C
KpyrieiM oTBepcTHeM. OOBsICHUTE MeXaHM3M BO3HUKHOBEHHS H300paKe€HHUS B ITOM
ciyqae. Ilpeanmoxute YHCICHHbIE  XapaKTEPUCTHKH, OIpPEICIAIOLINEe  KadeCTBO
n3o0paxeHus, (GopMHPYeMOro ¢ TMOMOINBIO HEOOJIBIIOr0 OTBEPCTHS, HUCCIESIyNHTe
3aBHCUMOCTh 3THX XapaKTEPUCTHUK OT B3aHMMHOTO PACIIOJIOKEHUS CBEYM, OTBEPCTUS U
9KpaHa ¢ u3oopaxenuem. Onpeaenure JMaMeTp OTBEPCTHUSI.

Kommenmapuu k ycnosuto 3adauu.

1. Heo6Xxo1uMo MOATOTOBUTH HECKOJIBKO IKPAHOB € OTBEpCTUsAMH. OMH - C Y3KOH IIeNbIo
mupuHoi nopsinka 1 mm. Kpome toro, 4-5 3kpaHOB, B KOTOPBIX IIPOCBEPJIEHBI OTBEPCTHS
JMaMeTpPbl KOTOPBIX yBenuuuBaroTcs oT 0,5 10 3 MM. DKpaHbl MOTYT ObITh U3TOTOBJICHBI U3
0OBIYHOTO KapTOHA.

2. JlarHyto paboTy cieayeT MpOBOIUThH B 3aTEMHEHHOM TIOMEIIEHUH — SIPKOCTU U300paKeHHH HE
BEJIMKH.
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Jlnst HaOmroieHust MHTEp(PEPeHIINN CBETa HEOOXOIUMBI CIICIIHAIbHbBIC YCIOBHUS — KOTEPEHTHbIE U
MOHOXPOMAaTUYECKHE  HMCTOYHUKH, MAJbIE  OTBEPCTH,
Oonpuie pacctostHus W T.0. Ecim Bcero 3Ttoro HeT B
HaJlM4u¥, TO HYKHO OCO3HaTb OCHOBHYK  HJCIO

BO3HUKHOBEHUS HWHTEP(PEPEHIIMOHHBIX TOJOC — OJHA
nepuoanuecKas CTPYKTypa MOPOKIAET IpYTyIo
MEPUOJANYECKYI0 CTPYKTYpY! Ota xe wuaes JeKUT B

ONMHCAaHUM TIOJIOC Myapa (MoBepbTe, pyoOamka Ha (GOTO B HEs
MEJIKYIO TTOJIOCOUKY), 1 MaTeMaTUu4eCKUe ONMCaHHUs BeCbMa CXOXKH!

3agaya 59. «MHTepdepenuus Ha Gymare»
O6ODVI[OBaHI/IeZ npo3pavuHas MJICHKa Nel ¢ HaHeCEHHBIMH MNpsAMBIMH TAPAJIIICIIbHBIMHA JIUHUSIMU,

npo3pauHas miieHKka Ne2 ¢ HaHECeHHBIMH KOJbIIaMH, Ha0Op M3 TpeX JHUCTOB Oymaru ¢
HAaHECEHHBIMU IITPUXAaMHU, KHOIIKU KAaHIIEIIPCKHUE, KAPTOHHAS IallKa, JIMHEWKa.

[Ipy HaNOXXEHUM IUICHKM C HAHECEHHBIMM INTPUXaMHM Ha OyMaXkKHbIE JIHUCTBI TakKXke C
HAHECEHHBIMU IITPUXaMH BO3HUKAIOT IMOJIOCKI Myapa, KOTOpbIe MOTYT MOJEIHPOBAThH
UHTEePHEPEHINIO BOJIH.

[TycTh nmpomyckaHue IUIEHKH 3aBUCUT OT KOOPAMHAT 10 HEKOTOPOMY 3aKOHY

e = {1+ cosp(x, ) (1)

Torna mpomyckaHue ABYX HAJOKEHHBIX IUICHOK (MJIM, YTO PABHOCWJIBHO IUIGHKH M JIUCTA
Oymaru) paBHO

1
T=7,"T, = Z(l +Cos @, (x,y))(l + COS(Pz(xay)) =
1
= Z(l +c0s ¢, (x, y)+cos @, (x, y)+cos g, (x, y)- cos @, (x, ) = (2)

1 1 1
=4[ eoso ) cosp )+ oo () 5+ ol ()= 5)

Ecmu o, (x, y), o, (x, y) SBIISIFOTCST OBICTPOMEHSIOIIMMUCS (PYHKIIUSMHU KOOPJIMHAT, TO IIMPOKHE
(0 CpaBHEHMIO CO LMITPUXAMH OTAEIBHBIX IJICHOK) TEMHBIE MOJIOCH M CBETJBIE MOJIOCH Myapa
ONHKCBHIBAIOTCS TOCJIEIHUM cjaraeMbiM B BbelpaxkeHun (1). Pacmpenenenue sTHX moJoc
oTIpeenseTcs pasHoCThIo GyHKImi o, (X, y), o, (x, y), KOTOPBIE MOTYT CIYXHTh aHajioroM ¢as
Kosie0aHui UHTEPPEPUPYIOIINX BOJIH.

Ha muienkax W JHMcTaX HaHECEHbI IIKalbl — B KAYeCTBE €IMHULl W3MEPEHUS [IMHBI
UCTIOJIBb3YHTE €JMHUIIBI ATHX IIKAJL.

1.1 Pacnonoxute miienky Nel Ha nucte Nel, Ha KOTOPOM HaHECEHBI TAKHUE K€ IITPUXU, KAK U HA
IUIEHKE, TaK YTOOBI IUICHKY MOJXHO OBUIO MOBOPAaYMBATh BOKPYI OCH, B KaueCTBE KOTOPOU
UCIIOJIb3YITE KHOIIKY, BOTKHYTYIO B KAPTOHHYIO IIalIKy. OJTa OCh OTMEYEHA Ha IIJIEHKE W JINCTE
Oymaru Kpy>KKOM B JIEBOM 4acTH JIUCTA.

W3meppTe 3aBUCHMOCTb PACCTOSHUS MEXAY IOJIOCAMU Myapa OT YIjla MEXy IITpUXaMu
Ha Oymare u Ha IUICHKE.

[ToctpoiiTe rpaduK NOTYyIEHHON 3aBUCUMOCTH.
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[TosyunTe TEOPETUUECKYIO 3aBUCUMOCTD IIMPHHBI ITOJIOC Myapa OT yIila MexIy
mrpuxamu. [1o qaHHBIM, IOTy4eHHBIM B 11 1.1 onpenenuTe MUpUHY MOJI0C, HAHECEHHBIX Ha
IUIEHKY 1 JucT Oymaru Nel.

[TpuBenuTe ONTUYECKYIO UHTEP(HEPEHIIMOHHYIO CXEMY, KOTOPYIO MOJICIUPYET JaHHBIH
OTIBIT C MOJIOCAMHU Myapa.

2. Pacnonoxwure mieHky Nel Ha imucre Ne2, mepros MITPpUXOB HA KOTOPOH OTJIMYAETCS OT
IepUoJa ITPUXOB HA IIJICHKE.

N3meppTe 3aBUCMMOCTD PacCTOSHUS MEXY I10JI0CAMH Myapa OT yrjla MEX1y HITpUXaMH
Ha Oymare u Ha IUICHKE.

[TocTpoiite rpaduk nomydeHHON 3aBUCUMOCTH. OIpenenuTe Nepuo/I TPUXOB HA JIUCTE
Ne2.

[IpuBeauTe ONTUYECKYIO UHTEP()EPEHIIMOHHYIO CXEMY, KOTOPYIO MOJICIUPYET JaHHBIH
OIIBIT C [10JIOCAMU Myapa.

3. Pacnonoxxure muieHky Ne2 Ha sucte Ne3. IIpu ciBure miieHKM BOZHUKAIOT MapajliebHbIE
I10JIOCBI Myapa.

W3mepbTe 3aBUCUMOCTD IUMPHUHBI IIOJIOCHI OT C/IBUTA IJIEHKH.

[ToctpoiiTe rpaduk NOTYy4eHHON 3aBUCUMOCTH.

[Tponyckanue MaeHKH (M pacrpeeieHue MojIoc Ha JIMCTe OymMaru) B 3TOM SKCIIEPUMEHTE
OTMHKCBIBACTCS (PYHKIIMEH

1 xt+y?
r=—|1+cos| 22 ||, 3)
2 2
0
[TpuBenuTe ONTHYECKYIO UHTEP()EPEHIIMOHHYIO CXEMY, KOTOPYIO MOJICIUPYET JaHHBIH
OMBIT C IToJIocamMu Myapa. IlosryunTte TeopeTHuecKyro 3aBUCUMOCTb IIMPUHBI I0JI0CHI Myapa OT

casura mieHkd. OnpenenuTe Mo NOJay4eHHBIM JaHHBIM napamerp D, .

Iloockaszka. MOXHO 1OKa3aTh, 4TO NPU HAJIOKEHUU CUCTEM JIBYX NApAJUIEIbHBIX II0JI0C IIUPHUHA
noJjoc Myapa D cBsi3aHa ¢ IEPUOJIaMHU PEIIeTOK d, U d, COOTHOIIEHHEM

d_ 1,1
D> 4’ d} dd,

rac o - yroj Mexay nojocamMu.

cosa , 4)

251



Kommenmapuu k ycnosuto 3adauu.

1. OcHOBHas CJOXHOCTb IOATOTOBKM JAaHHOW 3aJayd 3aKJIIOYaeTcsl B H3TOTOBJICHUU
HEOOXOAMMBIX TUIEHOK M JIUCTOB Oymaru ¢ TpeOyeMbIM pHUCYHKOM. Jlydrie Bcero 3To caenaTh ¢
MIOMOIIBI0 KOMIIbIOTEpAa U JlazepHOro npuHrepa. Ha ruienke Nel HaHeceHbl mnapaiieibHbIE
LITPUXH C nepuoaoM MeHee 1 MM. Takoll ke pucyHok HaHocuTcsl Ha JucT Nel. Ha nucre Ne2
HAHECEHbI! NapajliebHble IITPUXU C APYrUM nepuoaoM (yBenuueHHoM Ha 10-20%). Ha nnenke
Ne2 u nucte Ne3 HaneceHa cucTeMa KoJiell, KBaJpaThl paJuyCcOB KOTOPBHIX INPONOPLHOHAIbHBI
HOMepy KoJibla. Takast cucreMa HOCUT Ha3BaHMA KoJjell HproToHa, oTOMY, 4TO OHa BO3HUKAET B
M3BECTHON OJJHOMMEHHOHN MHTep(epeHIIMOHHOM cxeme. Huke mpuBeeHbl X N300paskeHus, IS
y100CTBa Ha HUX HAaHECEHBI U M3MEPHUTEIbHBIC IIIKAJIBI.

Ilnenxa Nel ILnenxa Ne2

L2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20
T T T T T T T T T T S,

i s
Noowooa o

s i e
o w & W N =

oy
_—

i/
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Ceituac MOXXHO HAMTH MHOTO MHTEPECHBIX OJECTAIIMX MPEIAMETOB, TOCTOMHBIX THIATEIHHOTO
n3yueHusi. OueHb UHTEPECHBIMHU OOBEKTaMH SIBJISIETCS] BCEBO3MOXKHBIE IIMPOKO PEeKIIaMUpyeMble
otrpaxarenu. [Tomuure: «Cranb 3ameTHeN B TeMHOTE!» [la OHU CBET OTpa)aroT XOPOLIO, a €CIIU
OCBETHUTD UX C IPOTUBOMNOJIOKHOU CTOPOHBI?

3agaya 60. «MHTepdepennus, TMPpaKkuus, WIH...»

O0opynoBanme: a3epHas yka3ka Ha M0JICTaBKe, TMH3a coduparomas, prukep-oTpakaTens,
Kkycouek CD- aucka, 3KkpaHbl ¢ MUJUIMMETPOBOM OyMaroi, TuHenKa.

Ilpu nosedenuu onmuuecKux IKCREPUMEHM 08 21A6HOE — MOYHOCHb HACMPOUKu!
IKkonomome damapeitku nazepuoi ykazku (made in China!).
He ceemume e, kozoa ne nposooume uzmepenus!

3aganue 0. Onpenenure AIMHY BOJHBI U3Iy4EHUS Ja3€PHON YKa3KH.

3anganme 1. Mcnons3ys umeroieecst 000pya0BaHUE, U3MEPHTE ¢ MAKCUMAIBHOW TOYHOCTHIO
(hOKyCHOE pacCTOSTHUE JTUH3BI.

3aganue 2. Pacmonoxute coOuparomyro A axpan
JUH3Y Iepel JIa3epHOM YKa3KOW 3a Heu
pacIoyoxKuTe JKpaH. Usmepbre ———— D
3aBUCHMOCTb JIMaMeTpa IIITHA Ha 3KpaHe OT
pacCTOSHUA MEXAYy JMH30H M DKPaHOM. x
[ToctpoiiTe rpaduk 3T0# 3aBUCUMOCTH.

OueHuTe yriaoByro pacXoJAMMOCTBD JIA3EPHOTO JIyya.

3aganue 3. Pacrnosiokure nepen Jjla3epHON YKa3KOM 3KpaH € OTBEPCTHUEM, 4e€pe3 KOTOPbIH
IIPOXOJUT JIa3epHbI Jiyd. [lepneHauKysspHo J1ydy pacnosnoxute Kycouek CD-mucka, KOTopbIi
ABIISICTCA OTpakaroule audpaxiuoHHol pemierkoil. Ha skpaHe BbI MOXXeTe YBHIETh TpH
oTpakeHusA. M3MeppTe 3aBUCUMOCTb PACCTOSIHUS MEXIAY OTPaKEHUS OT PACCTOSAHMS MEXKIY
9KpaHoM U auckoM. Onpenenure nepuon pemerku CD-gucka.

3ananmue 4. Pacronoxute Mex 1y JIa3epHON yKa3Koil U sKkpaHoM Kycouek (uukepa. [Tpu sTom Ha
9KpaHe BBl YBUAWUTE IIecTh SApKUX MsATeH. [Ipemnoxxkurte cTpykTypy ¢imkepa, kotopas Obl
oObsicHANa JaHHOe siBieHWe. [loHATHO, 4Yro Ha (¢uMKepe HAaXOAUTCS HEKOTopas
IIPOCTPAHCTBEHHO Mepuoandeckas CTpykTypa. ONpenenaure ee Nepuo.

Kommenmapuu k ycnosuto 3adauu.

1. Vcnonb3yemblii B JaHHOK pabOTe OTpakaTelb MOXKHO KYIUTh B KHOCKe. J{J1s1 SKOHOMUH
CPEZCTB OJIMH OTpa)kaTelIb MOKHO pa3pe3arh Ha HECKOJIBKO YacTeil, Ui paboThl JOCTAaTOuYEH
KBaJPaTHBIN KyCOYEK CO CTOPOHOH B I10JI CAHTUMETPA.

2. annyto paboTy cienyeT NpOBOIUTH B 3aTEHEHHOM ITOMEIICHHH, TIOJIHOM TEMHOTHI HE
TpeOyeTcs, HO SIPKUN COJIHEUHBIH CBET UCIIOPTHUT BCe paboTy!

253




Panyry na HeGe Buzenu Bce, a Ha croJie?

3anaua 61. «Pagyra»

OoopyroBaHue:

1. JIaMrouka Ha MOJICTABKE C MUTAHUEM
(Gatapeiika, nim JIUII)

2. JInnza coOuparormias

3. DkpaH

4. JIuneiika miacTMaccoBasi — NIpo3pavHasi
5. Jluct Genoit Oymaru HaKpbHITh CTOJI, HA HEM
MOKHO PHCOBATb.

6. [IpoOupka Ha Mo/ICTaBKE.

7. Pynerxa unu mepHas JIeHTa

8. I'estb 7151 MBIThSI IOCY/IBI

9 . Kycok nnactuimnHa (Kak KperexHbli
Marepuain).

3aganus.
1. 3mepbTe hoKycHOE paccTOSHUE MPEACTABICHHON BaM JTMH3BI.

2. OnpeenuTe moka3aTesb MPEIOMIICHUS BOJBI (77 - CPSIHUIA /I BCEX BOJIH BHIUMOTO
Jana3oHa).

Memoouxy onpedenenus smou eeaununsl pazpabomatime camocmosmenvro. He 3a6yovme ee
onucams 6 cgoell pabome.

3. B mnampapieHuu, o6pa3syroOleM YroJd OKOJIO Manaroupsii ceer

a ~40° K IEepBOHAYAIBHOMY  HAIPABJICHUIO rf
pacrpocTpaHeHHsl cBeTa oOpasyercssi JI0CTaTOYHO T
sIpKasi [[BeTHas MoJioca (3TO U €CTh pajayra). y
N3mepbpTe ¢ MAaKCUMaJIbHOM TOYHOCTBIO 3TOT YIOJ. o

TIpobupxa

Hapucyiite xox nmydeid, oOpa3yrommx 3Ty paayry.
JlokaxxuTe HKCIEPUMEHTAIbHO  CIPaBEIIMBOCTh
BaIllero OOBSICHEHHS 3TOU [IBETHOM MOIOCHI.

He 3abyobme kpamxo (Oocmamouno non K ''pagyre"
cmpanuyel)  onucame  c60U  HAOMOOEHUs U
U3MepeHus.

[locnme TOro, Kak BBl HAIUIM «Pajgyry» d3KpaHe,
pacIoJIOKUTE Ha MeCTe dKpaHa cBou rias. IIpu srom
BOJIM3HM Kpas MPOOMPKH Bbl YBUIMTE SIPKUN LIBETHOM
OmMK. OTOT OJIMK MOXHO BHJIETh M C OOJBIIOTO
paccrostuusa. J{nst TOro, 4yToOBI €ro BHUAETH HYKHO
TaKXke MoAOUpaTh U BBICOTY, Ha KOTOPOW PacIOIOKEH
Balll IJ1a3.

Mexay npoOupKON U MECTOM PACIIOJIOKEHHUS TJ1a3a PACTIOI0KUTE TOPU3OHTAIBHO MTPO3PAUYHYIO
JMHENKY, Tak 4YT00bl ONMK OB BUJICH HA ()OHE IIKAIBI JIMHEHKH (MM UyTh BBIIIE).
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Kommenmapuu k ycnosuto 3adauu.

1. Ilpexxne Bcero, HyXHa TIIATENbHAs IOCTUPOBKA — OCOOCHHO MpU HM3MEHEHHUH MaJbIX
M3MEHEHMM [T0Ka3aTes npenoMieHus. BakHoO He CIBUHYTH ¢ MECTa HM JIAMIIOUKY, HU JIMH3Y, HU
NpOOHPKY, HU MPO3PAUYHYIO JTUHEHKY.

2. B kauecTBe MOJCTAaBOK IMOJA MPOOUPKY W IMOJ JIMHEHKY MOXKHO HCIIOJIb30BATh IUIACTHINH —
Jy4llle 3al1acTUCh UM - KaKIOMY I10 JBa Kycka!

3. IlonHoe 3aTeMHEHHE HE HYXHO, HO JIydlle KOIJa B KOMHAaTe€ CyMpayHO, TOTJa Ha JKpaHe
nydme BUAHA panyra. HaOmionaTh ONMK M U3MEPATH €ro MOJOXKEHHE MOXXKHO U NPH JHEBHOM
CBETE.

4. TIpo3pauHyo JIMHEHKY JIy4llle pacroyiarare Ha paccTostHuM nopsiaka 50 cm, a rias 3a Heil ele
Ha CaHTHUMETPOB 25 JaJyblIe.
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Panyra kpacuBoe u a3 dexTHOE 3penuiie, Tenepb HaM He0OX0IMMO TOHSTh, ToueMy He0o
romy0oe.

3agauya 62. «JIy4ue ObITh paccesitHHbIM, YeM OTPa’KeHHbIM! »

Onrtuyeckne U3MepeHus TpeOyIoT MpeeNbHOM TIIATETbHOCTH U aKKYPAaTHOCTH, HE
JKaJlelTe BpEMEHU Ha IOCTUPOBKY, KaXIIblii pa3 yOexkaalTech, 4YTO CBET HJIET BJIOJIb OCH TPYOKH,
UCTIOJIb3YHTE MPEIOCTaBICHHBIE KYCKH KaPTOHA, YTOOBI «yOpaTh)» JUIIHUMN CBET!

IIpuGopsl ¥ oGopyaoBaHue: (HoTOINIEMEHT,
MYJIBTUMETP, HCTOYHUK CBETa (IHAMPOEKTOP),
COCJMHUTENIbHBIE  TPOBOJA,  AU(paKIOHHAS
pelieTka Ha MOJCTaBKEe, 53KpaH, CTEKJIsSHHAas
TpyOKa C MYTHBIM pPacTBOpoM, JiMHelka. Kycku
KapTOHA

Pexomenoyemoe pacnonoscenue 060pyoosanus
NOKA3aHo Ha pomozpaghuu.
Domosnemenm  NOOKMOUAEMCS  HANPAMYIO K
MyTbmuMempy, nepekuouament NOCMAgbme Ha
uzMepeHue  HAnpsAdiCenus, — cuumaime,  Ymo
3a6UCUMOCb NOKA3AHULL (HOMOINEMEHMA Om UHMEHCUBHOCIMU NA0Alowe20 HA He2o ceéemd
nPSAMO NPONOPYUOHATILHAS.

B kauecmee ougppaxyuonnou pewemku Ucnoib3yemcs Kycoiex om 1a3epHo20 OUCKd, max
KAK WmMpuxu 9motl peulemku U302Hymol, mo OUGPaKyuoHHas Kapmuna Ha SKpamne umeem gopmy
cexmopa. Tem He menee, yCl108Us MAKCUMYMO8 OUPPAKYUU OCIMAIOMCS CNPABEOIUSBIMU.

HanpaBbTe NOTOK cBeTa CKBO3b TPYOKY C pacTBOPOM. YOEIUTECh, YTO PACCESIHHOE MU3IydeHUE
XOPOIIO BUIHO Yepe3 OOKOBYIO MOBEPXHOCTh TPYOKH.

1.1 IIpomycture dyepe3 TpyOKy Oeublii CBET, OTPaXEHHBIH KYyCOUYKOM JHuCKa. M3mepbTe
3aBUCUMOCTb MHTECHCUBHOCTH PACCESHHOIO CBETa OT PACCTOSHHUs, IPOUIEHHOIO CBETOM uepe3
MyTHYIO cpeny. IlocTpoiiTe rpaduk noaydeHHOM 3aBUCIMOCTH.

1.2 M3mepbTe 3aBUCUMOCTh MHTEHCHMBHOCTH PACCESIHHOTO CBETa OT PACCTOSHUS MPOUICHHOTO
CBETOM 4epe3 MYTHYIO cpeny. M3mepeHus mpoBeiauTe Ui M3JIy4€HHH HECKOJIbKUX 3- 4 uInH
BOJIH (IO BO3MOXHOCTH CTapaitech, 4YTOObl NPOXOMAIIMA CBeT Obul OJM30K K
MOHOXPOMATHIECKOMY).

He 3a0ynpTe mpuBecTH cXeMy Balllell YCTAHOBKHM C yKa3aHUEM PACCTOSHUM MEXIy ee
3JIEMEHTaMHU.

JUis MOHOXpPOMAaTHYECKOTO H3JIy4YEHHs] HMHTEHCUBHOCTb CBETa, IIPOLIEAIIETO 4YEpes3
MYTHYIO CPENly, 3aBUCHUT OT IIPOIIEHHOTO PACCTOSIHUS [ 110 3aKOHY

I = [Oe_“l , (1)

rac [ - 1nokKas3aTcCiib paCCCiaHU.

1.3 Tlocrtpoiite rpaduku momydeHHbIX 3aBHUCMMOCTell. JlaiiTe MX TeopeTHuecKoe OIHCaHuE,
IIPOBEJIUTE CPABHEHUE C TEOPETUYECKON 3aBUCUMOCTBIO.

256




1.4 laiiTe kauecTBEeHHOE OOBSICHEHUE 3aBUCUMOCTH, TTONy4eHHOM B 11.1. 1

Kommenmapuu k ycnosuto 3adauu.

1. OnHa u3 uenel 3Toi MOYTH Ka4eCTBEHHOM 3a7jauu — 1aTh COBET, IJIE MOXKHO HaWTH IIPOCTOU U
Ha/iexKHBIN poTonpueMHuK. KanbKynaropsl ceifuac moaeneBean HacTOJIbKO, YTO UX yXKE MOTYT
JaBaTh KaK cllady MpH HOKYNKe raser. MHOrue u3 HUX CHAa0XXEHBI (POTOIIEMEHTOM, TOJBKO
NPOCIENTE — UHOTIa BMECTO (POTORNIEMEHTa BCTABISIOT MYJSUK (made in China!). Bckpoiite
KOpPOOKY M TOJKIIOYUTECh K BBIBOJAAM 3TOro (OTODJIEMEHTa M BBl IMOJYYUTE HaJCKHBIN
(OTORIEMEHT, 1aXe B KOpITyce.

2. CrnoxxHee HaTH TpyOKy, OJJHA CTOpPOHA €€ MOXKET OBITh 3aKphITa OOBIYHON MPOOKOH, a BOT
BTOpas JOJDKHA OBITh Mpo3pauHa. ChenmaTh 3TO HE TaK YK NPOCTO — MBI OOpaIiaguch K
crexnonyBam! JlmnHa TpyOku goimkHA ObITh HE MeHee 40 cm.

3. MyrHBIi pacTBOp — 3TO OOBIKHOBEHHas BOJa C HECKOJbKHMMH KaIUIIMH MOJIOKa —
TpaaUIMOHHAS Cpela U U3yUeHHsI paccesiHUs CBeTa, B TOM YHUCIe U B aTMocdepe!

4. B xadecTBe MCTOYHHMKA CBETA JyYIE MCIOJIb30BAaTh JOCTATOYHO MOIIHBIA AMANIPOEKTOp, B
3TOM Clly4yae MOJIyJaroTcs CTaOMIbHBIC PE3YJIbTATHI.

5. HakoHern, cienyer HCIOJb30BaTh AU(PAKIMOHHYIO PEIIETKY, KOTOPYIO, B IPUHIUIIE MOXHO
3aMEHUTh HAOOPOM CBETO(PHUILTPOB.
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4.11 Ecamy Bac HeT YCKOpPHUTeIs.
CoBpemenHas (u3uka He MbIcnmuMa 0e3 (QU3MKM 3JeMeHTapHBIX 4YacTuill. KoHedHo, MbI He

npeajiaracM HCCICaA0BaTh CBoOlicTBa KBAapKOB B CBOGOIIHOM COCTOSIHHMH, HO IIO3HAKOMHUTBHCA C
METOAaMU UCCICIOBAaHUs B 3TO# 00IacTu CJICOYyCT MOTIBITaTHC !

3angaua 63. «IlouTH saepHas pusnka»

Mo Hacmosawezo 6pemeHU OCHOBHLIM IKCNEPUMEHMATbHLIM MemoOOM
UCCe008AHUsL CEOUCME MUKPOUACMUY ABIAEMCA U3VUeHUe XAPAKMepUCmuK CMmoJIKHOBEHUs.
yacmuy. Ha smom nymu skcnepumeHmamop Cmaakugaemcs co MHOMCECMEOM NpodIeM: HOMOK
yacmuy, KaKk npasuio, umeem OOIbULON pazdpoc 3HAYEHULl dHEPSUU, 8ePOSIMHOCINU HEKOMOPbIX
npoyeccog mocym 0Obimb O00CMAMOYHO MAIbIMU, UMEPEHUe HEeKOMOPLIX XAPAKMePUCmuK
yacmuy 6ul3vleaem MeXHUYECKUe CLONCHOCMU, HeU30DEeHCHO NPUCYmMCmeyrom 3HaAYumenbHvle
Gdrykmyayuu pesyibmamos, npogedeHue dKcnepumenma mpeoyem mepneHus, a makice
OONLUUX BPEMEHHBIX U MAMEPUATILHBIX 3aMPAm.

Bam npedcmoum, wacmuuno no3nakomMumcs ¢ HeKOMOpubIMU U3 dMUx npobiemamu, 6
MOOENbHOU  cucmeme: 6 Kauecmee Mooenell 4acmuy UCHOAb3VIOMCA — 00bIKHOBEHHbIE
NIACMMACCO8ble WAWKU, «YCKOpUmMenemy 4acmuy - MemaiiudecKuti yurunop, n0O8eueHHblll Ha
HUMU, MopmMo3awel cpedoli U pecucmpupyrowjeli. cucmemol - aucm oOymazu u, HAKOHey,
UCTNOYHUKOM JHepeuu, Ynpasisaowel, KOHMpOIupyowleln u axnaiusupyouwjen cucmemou Bul
camu.

Cobepute  yCTaHOBKY Ml  WCCIIEIOBaHUS
coymapeHuii mamek Mexay coboit. IloaBecbte
METATMYECKUI IWIMHIP Ha HUTAX TaK, 4YTOOBI B
HIWOKHEW CBOEM TOYKE OH IMOYTH Kacajicsi CToJia.
OTKIIOHSIE HUTh HAa U3BECTHBIM yroji, W IUJIABHO
OTIYCKasl, €ro MOXXHO HCIOJIb30BaTh B KadyeCTBE
«yckoputens» vactuipl. [locne ynapa mamika goJpKHA
CKOJIB3UTh 10 Oymare, pacCTeJIEHHOW Ha CTOJE WIHA Ha
nouty (rie BaM yioOHel).

3adanue 1. llokaxure, 4YTO MEpOH HayalbHOMU
KMHETUYECKOM 3HEPruy 4acTHULb! (IIALIKKA) MOKET CIY)KUTh ITyTh, IPONJACHHBINA TON HIAILIKON
710 OCTAHOBKH.

3adanue 2. IlocrapaiiTech JOOUTHCS MAaKCUMAIBHOW CTAaOMILHOCTH HaYaJIbHOW SHEPTUHU MIALIKU
cpazy mocne ynapa. OueHuTe SKCIEPUMEHTAIbHO OTHOCHUTENbHYIO (DIYKTyaluio HadajdbHOU
SHepruu mamky. KakuMu MeTo1aMu BaM ylalloch YMEHBIIUTH pa30poc HaualbHbIX SHEPTuii?
Omuocumenvhoi gaykmyayueti Quzuuecko eeruuunvt X HA3bIEACMCS OMHOUCHUE ee
CPeOHeK8a0OpaAmMuUUHO20 OMKIIOHEHUS. K CPEOHEMY 3HAUEHUIO
2
.. 2 X, 2L (X ~{x)
&= <X>:—; o, = .
N N

3adanue 3. Viccnenyiite 3aBUCMMOCTh HayaJIbHOM SHEPrUY INAIIKU IIPU LEHTPAJIBHOM yJIape OT
yrila OTKJIOHEHUs HUTH ¢ . lIpoBenure cpaBHEHHE DKCIEPUMEHTAIBHOM WM TEOPETUYECKOMU

3aBUCUMOCTEM.
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3adanue 4. Cautas ypap METALUIMYECKOTO IMIMHIAPA O MIAIIKY a0COJIOTHO YIPYTUM, a Maccy
WIMHIPA 3HAYUTEIBHO OOJIbIIIE MacChl IIAIIKH, ONpeneanTe Ko3(pOUIueHT TpeHHus MAIKH O
Oymary.

Kakue cucremarnyeckue (GpakTopbl, MO BalleMy MHEHHIO, HauOoJee CHIIBHO BIUSIOT Ha
omKOKy onpeaeneHust KodppuurueHTa TpeHus?
3adanue 3. Viccnenyiite HELEHTPAIbHBIN yaap HUIMH/PA O LIALIKY.
IToxaxuTe (TEOPETUUECKH), YTO CKOPOCTh LIAIIKM IOCIIE ynapa (B pamMKax ONMCaHHBIX B 1.4
npuOIMKEHHU)  MPONOPIHMOHAIBHA COSC, TAE€ ¢ Yrol

MCXKAY CKOPOCTAMU HUIIMHAPA OO0 yAapa UO U IIalKy II0CJIC T V

U, p

ynapa V' . Uccnenyire S5KCIIEpUMEHTAIBHO 3Ty 3aBUCUMOCTb.

3adanue 6. Onpenenute KOXPPHUIUEHT MOTEPh 1) MEXAaHUYECKOW SHEPTHH NPU LIEHTPAIHHOM

ylape AByX LIalleK, OJHA U3 KOTOPBIX IIEPBOHAYAILHO ITOKOUIACH.

E —
n=—"—",20e E, - mexanuueckas snepus wauiex 0o yoapa, E - snepaus nocne yoapa.
E 0

3adanue 7. Viccnenyiite 3aBUCUMOCTb CKOPOCTH IIAIIEK I10CJIE CTOJKHOBEHHUS (0JJHA U3 KOTOPBIX
IIOKOWJIACh) OT YIJla «Q MEXJy CKOPOCTAMH LIAIIKU 10 U MOocie yaapa.

ITynkTsl 6. 7. PekoMeHIyeM BBIIOJHATH OJAHOBPEMEHHO — MPOM3OIIEN LIEHTPAIbHBIN yaap —

OTHOCHUTE €ro K I. 6, €Cli HEUEHTPAIbHBIM, TO K 1.7, €CIIM CTOJIKHOBEHHUE HE MPOU3OILIO —
HCHOJIB3YUTE PE3YIBTAT ISl KOHTPOJIA HAYaJIbHOW SHEPTUH.
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Pelnenust 3a1a4 4acTu 4.

3anaua 20. «3agaua Apxumenay».

OpHa U3 BO3MOXKHOCTEW IPOBEACHMS SKCIIEPUMEHTA
3aKJIIOYAETCSl B M3YYEHUM 3aBUCUMOCTU JUIMHBI X
IUleya pplyara, K KOTOpoMy NPUKPEIUIAIOTCS CKPENKH, OT YUCia 71
CKpENOK, TIOJBEUICHHBIX Ha KOHELl KapaHjama. Y CIOBHS
paBHOBECHS phlyara B JaHHOM CIlyyae UMEET BH/T

I-x X

M
—(-x)
21
rae m,M - mMacchl CKPENKH M KapaHjaunia, COOTBETCTBEHHO, [ = 168mm - jynHa Kapanaama. 13

b

=%x2 +nmx , (1)
21

ypaBHeHus (1) cienyer BelpakeHHe U JUIMHBL X

P — @)
2[1 +n ’”j
M
KOTOPOE MOKHO MPUBECTHU K JIMHEHHOMY BUAY, YI0OHOMY /sl IPOBEPKU
L 3)
2x M

B Ta6J'II/II_[€ NPpUBCACHBI HM3MCPCHHBLIC 3HAYCHUSA IJIMUHBI IJIC4Ya X, Inpru pa3jvdyHOM HYHCJIC
MOABCHICHHBIX CKPCTIOK 71 .

n 1 2 3 4 5 6 7 8 9 10 [ 11 | 12 | 13 | 14 | 15
X, MM 70 | 68 | 65 | 60 | 58 | 53 | 51 | 49 | 47 | 43 | 42 | 40 | 38 | 36 | 35
Ha pucynke mokazaH rpauk 3aBUCHMOCTH - 1%
(3), Ha HeM TakkKe IpPUBEACHO YypaBHEHUE 24 {!VD—
AKCIIEPUMEHTAIbLHON 3aBUCHMOCTH, 4 4 o]
noiayyeHHoe ¢ mnomonipo MHK. 9T10T ( y = 0,089% + 1,0 12 7/
JIMHEWHBIN rpadpux noxarsepkaaer 2.0 : :
CIPaBEIUBOCTD ypaBHEHUS, a, 18 "
CJIE0BATEIBHO, MPaBUIBLHOCTh MIPaBUII ,@{{'{
paBHOBecHsI pbluara. BaXXHO OTMETUTh, UTO L il
CcBOOOIHBIN YJieH JUHEWHOM 3aBucumoctd B 1.4 i
Ipejesax MOrPeIIHOCTH paBeH 1, B MOTHOM 451 g
COOTBETCTBUHU C TEOPETUUYECKUM YpPaBHEHHEM 1,I] / HI

(3). Haknon rpaduka paBeH OTHOIICHUIO
Macchl CKpENKM K Macce KapaHjalia.
PaccuntanHOE 3HaUEHHUE FTOrO OTHOIICHHUS

2 ~(82+0,7)-107
M

=
M
o
[=r]
[==]

M0m 12 14 16

WIM OAMH KapaHAalll BECUT MPUMEPHO 12 CKpenok.

Obpamume eHumanue, 4mo IKCNEPUMEHMANbHAA NPOGEPKA YC/108UA PABGHOGECUA
00/1)CHA C6OOUMCA K U3YUEHUIO 3A6UCUMOCHMU, nojydeHHou meopemuuecku. Haubonee
YOOOHBIM, HACTIAOHLIM U YOEOUMEIbHbIM CHPABEOIUBOCIMU NOJIYYEHHOU 3A8UCUMOCHU
AeNAEMCA ee TUHeAPU3aAYUSL.
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3anaua 21. «B3BemmmBaHue BO3AyXa».

1. PaccMoTpuM ycioBHSl paBHOBECUSI BECOB.
B HayaabHOM TIOJIOKEHUM PAaBEHCTBO MOMEHTOB CUII,

JEUCTBYIOLMX HA Pa3HbIE IUIEYH BECOB, UMEET BUJI o -f
m,l, cosa = m,l,, (1) .
rae m,,m, - Macchl Ied (C ypaBHOBELIMBAIOILUM IPY30M), g

[,,1, - paccTosiHUSI OT yHopa 10 LEeHTpoB Macc 1uied. ITocne
TOr0, KaK Ha TOPU30HTAJIbHOE IIJIEYO MOBECHIIM IaiiKy, MacChl /7, Ha PacCTOSIHUU [ OT ymopa,

3TO IUIEYO HAKJIOHUTCS Ha HEKOTOPBIM yron [, KOTOPBIH MOYKHO HAlTH U3 YCIIOBUS PABHOBECHS
B 3TOM II0JIOKEHUU

m,l, cos(a — ) = m,l, cos B +ml cos 3. (2)
N3 3THX ypaBHEHUI HAXOIUM
ml
1gf=——"— (3)
m,l, sin o

Taxum 06pa3zoM, TaHTEHC yrila HaKJIOHA MPSMO MPOMOPIIHOHATIEH MOMEHTY NPUIIOKEHHON CHIIBI,
YTO JieNlaeT JaHHbIe Bechl JMHEHHBbIMU. CleoBaTebHO, B Ka4eCTBE MOKa3aHUN BECOB yIOOHO
HCII0JIb30BaTh X - PACCTOSIHUE, KOTOPOE “OTCeKaeT’ CTpeiKa Ha JMHelke. Ecnu paccrosHue ot
yropa 710 JTMHEHKN 0003HaYuTh L , TO MOKa3aHUs BECOB OMPEACTSAIOTCS (POPMYIIOii:

L
x=Ltgf =———myl=Kmyl, 4)
m,l, sin o
rie K- KkodQOHUIMEHT NPONOPIHOHAIBHOCTH  (YYBCTBUTENBHOCTB), 3aBHCAIIMN  OT
I€OMETPUIECKHUX CBOWCTB BECOB.

B0 1x, () :
2. Jlns mpuMepa Ha PUCYHKE TIPUBEIEHBI TpaduKu /§> Z)
OKCIIEPUMEHTAIBHO  TOJYYEHHBIX 3aBHCHMOCTEN > 7 Pe
Opv  JIBYX  pasHbIX  3HAUEHHWAX yIJla Q4 ,/ ,/
(o, #20°% o, =10°). Kak BuIHO u3 TrpadHUKOB, / /

30

npsMasi MPOMOPIUOHANBHAS  3aBUCUMOCTh  x(/)

—r

LN

IIOATBEPKIACTCS DKCIIEPUMEHTAIbHO, MpuU4YeM, ¢ &
YMEHBUICHUEM yIia « YYyBCTBUTEIBHOCTb BECOB )
IMIOBBIIIACTCS. 1 {ena)

| |

3. Jlna wu3MmepeHuss Beca (34€Chb IOJ BECOM a0 < x, () TPAmyHPORKa

TOHMMACTCA PA3HOCTh MEKNIY CHIOH THKECTH M g
CWION ApxuMmena) BO3AyXa B BO3AYIIHOM LIapuKe 0 /@’
3aKpenrM HE HA/IyThIi IAPUK C MMOMOIIBI0 HUTKU Ha P
KOHIIE IUIeYa phldara M C TMOMOIIBIO IUIACTHIMHA P
YPaBHOBECHM BeCHl (YCTAHOBMM H3MEPHTENHLHOE -

I1e40 ropu3oHTanbHO). [Tocie sToro nporpagyupyem 40 g

BEChI C TIOMOIIBIO TaifKH, Maccy KOTOpoii onpeneaum 30

B3BCIIMBAHUCM. Pe3ynbTaThl H3MEPCHUIT NpPUBEICHBI 20 v

Ha pHCYHKE (TpagydpoBOuYHBIA Trpaduk). 3mech 10 }I}Ij I, {cm)
U3MEPCHUSI CJIEAYeT MPOBECTH C MAaKCUMAIBHOM 0 | -
TILATEIbHOCTHIO. o1z 3 4 5 B 7 & 3 10

Hanyem BO3AyIIHBIN IAPUK U IPUKPEIIUM €r0
Ha IMPEKHEE MECTO, NPEIBApUTENILHO CHAB raiiky. CHUMEM IOKa3aHMs HaluX BecoB X,. Ilo

rpasyupoBOYHOMY I'padHKy HaliieM 3HaueHUeE [, , Takoe, YTOObI raiika Macchl 71,, HAXOAAIIAsCS
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Ha PpacCTOAHUU IO’ co3gaBaia TaKkoM K€ MOMEHT CHJIbI, KaK BC€C BO3JyXa B MIApUKC Ha
paccrosiuuu [, (paccTosiHue OT yrnopa 0 TOYKH MOJIBECA [IAPUKA)
myl,g =1,mg,
[

rae m -“u30pITo4yHAs” Macca Bozayxa. OTcrofa ciiemyer, 4To m = m, =,
1

[To namum usmepenusm, m, = (500 +£10) 107%%e, l,=(45%£0,2)cm, [, =(20,0£0,2)cm, uto
cootserctyer 7t ~ (0,112 0,006)e ¢ OTHOCHTENBHOM MOTPEIHOCTHIO 5%.

I[JISI OMpCACIICHUA OABJICHUA BO3AyXa B HMIAPUKE CIICAYCT BOCIIOJIB30BATHCA YPABHCHHCM
COCTOSIHUSA T'a3a, IPUYCM I €ro UCIOJIb30BaAHUA CICAYCT OLCHUTD 00BeEM HaayToro miapuka.

Ommemum mpaouyuoHHy0 HOC1E008AMENbHOCHb 8bINOTHEHUA 3A0AHUA: NOTIYYeHUE
meopemu4ecKoil  3A8UCUMOCU, ee  IKCHEPUMEHMAbHAA  NPO8epKA,  NOJYYeHUe
2padyupogounozo zpaguka, usmepenus, pacuem OKOHUAMENAbHO20 pe3yibmama U e2o0
nozpewinocmu.

3amaua 22. BA3KOCTD :KMIKOCTH.

1. TeopeTnueckoe onucaHue ABMKEHMS IJIaCTUIIMHOBOIO Iapyuka o4eBUAHO. [Ipu nagenuu tena
B BSI3KOH cpesie (KUAKOCTU WJIM ra3e) Ha HEero JEHCTBYIOT: CHJIA TSHKECTU mg , BHITAIKUBAIOLIAS
cuna Apxumena F,=pgV u cuna conporusienus Crokca F =6mrnv.
Tak kak cuiga CONPOTHBIIEHHS BO3PACTAET C POCTOM CKOPOCTH, TO IIpPHU
HEKOTOPOM 3HAYEHUM IOCIEAHEH JBUKEHUE CTAHOBUTCS PAaBHOMEPHBIM.
CKOpOCTh yCTaHOBUBILIETOCS JABM)KEHUS MOKHO OIPENEIMTHh U3 YCIOBUS
paBHOBECHS CUJI
mg—F,—F =0 (1)

Jlns mapuka paanyca R, magaromero B )XKuIKOCTH ypaBHenue (1)
npeobdpaszyeTcst K BULY

4

4
3R P8~ R pg —6mnRy =0, )

p,,— HIIOTHOCTb BemIeCTBa TCja, 0 - IJIOTHOCTb KHUIKOCTH, B KOTOpOﬁ

aJaeT TEJO.
W3 3T0ro ypaBHeHHs HaXOJIUM CKOPOCTb YCTAHOBUBILIEIOCS ABMKECHMUS
2
yo 2R pu=p)g 3)
on

2. JIns mpoBepKu paBHOMEPHOCTH ABIDKEHHSI CIIEAYET MOCTYNAaTh TPATUIMOHHBIM CHOCOOOM —
[I0Ka3aTb, 4YTO BpeMs MaJeHUs MPONOPLHUOHAIBLHO BBICOTE NAACHUS. OKCIEPUMEHT
MOATBEPKIAET 3TO NPETOJI0KEHHUE.
3-4. Jlna u3MepeHust IIOTHOCTEN TUIACTWIIMHA U KUJKOCTU (KpaXMaJbHOTO KJeHcTepa) MOXKHO
BOCIIOJIb30BaThCSl METOJIOM THIPOCTATUUECKOT0 B3BEILIMBAHUSA: U3MEPUTDH BEC KYCKa IJIACTHIIMHA
B BO3/1yX€, B BoJ€ U kuceine. OTMETUM, YTO IJIOTHOCTb KHMCEJS MPAKTUYECKU HE OTINYAETCS OT
IJIOTHOCTH BOBI.
5. Ha BBINOJIHEHUH 3TOTO IMYHKTAa OCTAaHOBUMCS MOJpOOHEe.
[IpoBeputs mnpumeHuMOCTh Qopmyasl CTOKCa MOXKHO, HCCIEAYS 3aBUCUMOCTb BpPEMEHH
OIyCKaHMs IIapUKa HAa paccTosiHUuE /i (HE ClleqyeT HauMHaTh U3MEPEHMsI C BEPXHEH TOYKH —
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ClIelyeT HauMHaThb OTCYET BPEMEHU IOCIE HEKOTOPOro 2-3 cM ydyacTKa pas3roHa) OT pajuyca
mapuka. 13 popmyist (3) cieayer, 4To 3TO BpeMs paBHO

h Onh 1

v 2p,-p)g R’

4)
[TockonbKy MNPOBOAMTH M3MEpPEHHs JMaMeTpa IIapuKa JIOCTaTOYHO CIIOKHO (IIapUKH
neopMHUpYIOTCS TpPU CHIBHOM CHIABIMBAaHUHU IUTAHTCHIMPKYJIEM) W JBW)KCHHE IIApHKa B
KHUAKOCTU TIOJBEP)KEHO CIY4YalHBIM BIIMSHUSM (HAUMHAETCS BpAlIEHHE, TPEHUE O CTEHKH)
KOJINYCCTBO OIIBITOB JI0OJIX)KHO 6]:ITI> JOCTATOYHO BECJIIMKO.
3KCHepI/IMeHTa.HLHBIM HO,Z[TBCp)K,Z[eHI/IeM CHpaBeI[JII/IBOCTI/I HpOBCIIeHHOFO TeOpeTI/ILIeCKOFO

. 1
aHaJIM3a MOXXCT CIIY’KHUTh JIMHCHMHOCTh 3aBUCHMOCTH BPEMCHH JBHIKCHHUA [ OT F . Hmwke Ha

rpaduKax MPUBEICHBI SKCIIEPUMEHTAIBHO IMOJYyYeHHbIE TpadUKu 3aBUCUMOCTH BpPEMEHU
MaJICHUs OT pajuyca LIapuKa U €€ JIMHeapu3alysl.

Nuueapuzauun
4/ T c—F
3aBMCHMOCTE BPEMEHH NadeHHA 0T PadHyca WapHKa
BT e 40
10 . 35 i
35 30 o
30 % 35 M-
\09 /(
25 \ 20 o
20 *
15 N 13 > /
by
10 “‘.’h;; 10 "3
5 e 5 R e 5 T 1/g2
0 0 i
0 1 2 3 4 5 6 7 0.0 0.1 0.2 0,3 04 0.5 0.6

Ha HGpBBIfI B3TJIAA KaXCTCA, 4YTO B MPCACIaX HNOTPCHIHOCTHU JSKCIHCPUMCHTAJILHBIC JIaHHBIC
MOATBCPIKAAIOT CACITIAHHBIC MMPECATIOIOKCHU A, TO ECTh JIMHCAPpU3aAlIUA ynanacs!

norapvdprmMUHecKMA macwrtad

40 Int
35 \u

o
3.0 + [y = -z,unxw,zaj i

25 g

2.0 - [3,::-1,1|:|}{+3,35j—
aNull
‘\"""-\_
In r
1.0 i

0,0 0,2 0.4 0,6 0,8 1.0 1,2 1.4 1.6 1.8 2,0

Bonee TmiaTenpHBIH aHAIM3 YAaCTHYHO OTBEPraeT IOCTPOCHHYIO TEOPETUYECKYIO MOJIENb.
[TocTpoum naHHYIO 3aBUCHUMOCTb B Jorapudmudeckom Macmrade. [Ipu BeimonHenuu Gopmysist
(4) xo3dppuneHT HakIoHa rpaduka 3aBUCUMOCTH In¢ OT In R 1oipkeH OBITH MPUMEPHO PAaBEH
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(— 2). OnHako Takoi HaKJIOH rpaduka MOJyYeH TOJBKO ISl IIAPUKOB, PaJUyChl KOTOPHIX HE

npeBbImaT npuMepHo 2,5 M. Ilpu Gonbmmx pagumycax (opmyna Crokca oka3bIBaeTCs He
npumeHumoit! Iloatomy nanpHeMIne pacdeTbl BS3KOCTH KIEHCTEpa JOJDKHBI IPOBOAMTCS

TOJIBKO ITO JAHHBIM JIs1 MAJIbIX [IaPUKOB.

3anaya 23. /IBukeHUe NOHOB.

Kpome wucnbiTanus TtepreHus (BpeMsi HM3MEpPEHHs COCTaBJISIET OKOJIO IIOJyTOpa 4YacoB),
BBITMIOJIHEHUE JaHHOM 3aJaud HE BBI3BIBAET OCOOBIX CIIOKHOCTEH. 3aBHCHUMOCTH CMELICHHS
OKpalICHHOW I'paHULbl OT BPEMEHHU B IIpe/eiiax OrPEIIHOCTh OKa3bIBACTCs JTUHENHON. B Hamem

JKCIIEPUMEHTE  HaIlpsHKEHUE  MEXIy
anekTpoaaMu paBHo U =4B, pacctosiHue
Mexnay HuMu [ =6,0cu. Pe3ynbraThl
M3MepeHui mokas3ansl Ha rpaduke. Pacuer
no MHK npuBogur K clienyroumum
3HAYCHUAM [1apaMeTpOB JIMHENHON
3aBUCMMOCTH X =at +cC:
a=(0,15%0,10)mm/ mumn
¢ =1(0,02%0,68)mm.

IIOABMIXXHOCTH HOHOB
2

b=(3,8+0,2)-10"° ;4 ; OTHOCHUTEIIbHAs
-c

MOrPEIIHOCTh ~ HAWJACHHOTO  3HAYCHUS
ex7%.

3HaueHue

15 — X, M
14
13 v
12 g
11 -
10 e
q P
g
7 Pl
B P
5 e
.
4 Il
3
2 ra
1 < £ MUH
D{ﬁ/‘r : :
0 10 20 30 40 50 B0 FO S0 90 100
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3amaua 24. «MaruuTHas BA3KOCTh»

Yacrsp 1. /IBU:KeHHE 0€3 MATHUTOB.

Pe3ynbraThl U3MepeHU 3aBUCUMOCTEH BBICOTHI HOABEMA TPY30B /; OT HAUaJIbHOM BBICOTHI

najfeHus A, npeacraBieHsl B Tabaune 1. BHeceHHBIe cpeHue 3HAYEHUS BBICOT I10IbEMA,
MIOJIyYEHHBIE 110 TPEM U3MEPECHUSIM.

Tab6umna 1.
hy,cm hy,cm h,cm
(nerkwmil) | (TSDKENbIN)

111,5 18 46,75
101,5 15,75 44,5
91,5 13,75 41
81,5 12,25 36,5
71,5 10,25 33,25
61,5 8 29
51,5 7,5 23,5
41,5 5,75 19,25
31,5 4,25 14

50 i
45 | | - Ay
% ~
4 I\ Teawenwii rpys /] &
C‘.
35
/!‘y
30
P
25
20
2.2
P )
15 ?_r/
_‘_,-'—"‘- -
10 £ Jlerxmii rpy3
5 _—F [
FT" Rox
0 r 1
20 40 60 80 1 120
Pue. 1

I'paduku, mocTpoeHHbIE 10 MOJIYYSHHBIM JaHHBIM, MpecTaBieHs! Ha Puc. 1.

Pe3ynbpTaThl MOKa3bIBAIOT, YTO TOTEPU MEXAHHUUECKOM SHEPruM JOCTATOYHO BEIHKH.
OCHOBHBIMU UX MPUYUHAMU, TIO-BUAUMOMY, SBIISETCS CHJIa TPEHUS B OCH OJIOKa M HEYNPYrocTh
IMHAMUYECKOTO yJaapa TMpH TMepexojie Tpy3a uepe3 HIDKHIO Touky. [loutm crporas
MPONOPIHOHAIBHOCTh MOJYYEHHOH 3aBUCHUMOCTH JUIS JIETKOT'O T'py3a TOBOPUT O BO3MOXHOCTH
peHeOpeKeHUs] COMPOTUBIICHUEM Bo3ayxa. i TSHKENoro rpy3a CpeaHss CKOPOCTb BpallleHHS
OoJIbIIe, TOITOMY BIMSHUE CHUJIBI CONPOTHUBICHHS BO3AyXa CYIIECTBEHHO, YTO MOATBEPIKIACTCS
3aMeTHON HeTMHEWHOCTHU rpaduka, 0coOEHHO IpU OOJIBIINX BHICOTAX MaCHUS.

Yactp 2. MarHuTHOE TOPMOIKEHHE.

Pe3ynpraThl aHAaIOTMYHBIX U3MEPEHMM, IIPOBEIEHHBIE IIPU 3aKPEILICHUU B JIeprKaTelie
IBYX OOJIBIIMX KOJbLIEBBIX MAarHUTOB IpezcTaBieHbl B Tabnuue 2.

Ta0auna 2.
hy,cm h,cm h,cm
111,5 2,5 13
101,5 3 12,5
91,5 2,5 11,5
81,5 2,5 11
71,5 2,25 10
61,5 2,75 9
51,5 2,5 8
41,5 2,25 7
31,5 2,5 6

I'paduku, mocTpoeHHbIE 10 MOJIYYSHHBIM JJaHHBIM, MpecTaBlIeHb! Ha Puc. 2.
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Kak cnenyeT U3 moslydeHHBIX pe3yiIbTaTOB BIMSHUE MAarHUTOB Ha BpPALICHUE ITUIACTUHKU
BEChbMa CYIIECTBEHHO — BEJIMYMHA BTOPUYHOTO MOJbEMa I'Py30B YMEHBIUIMIACH O0JIee YeM B TpU
pasza, a Jerkoro rpysza 0Oojee 4yeM B IIeCTb pa3. DTO (aKT TOBOPUT O TOM, YTO BIIUSHHUE
«MarHUTHOW BS3KOCTH» Ha CHJIBl TOPMOXXEHHS sABisieTcss mpeoOnanatomuM. OcoOeHHO
CYLIECTBEHHO €€ BIUSHHME Ha [BWXKCHUE JIETKOIO Ipy3a — BpeMs IMOAbEMa B Ipeaenax
MIOIPELIHOCTH HE 3aBUCUT OT BBICOTBI, C KOTOPOM OIIyCKAaeTCs Ipy3 — CIEAOBATEIBHO, MOXKHO
CUMTAaTh, YTO JIETKUU I'Py3 MPAKTUYECKU BECH IIyTh IIPOXOJUT € IOCTOIHHOU CKOPOCTBIO.

Yacrp 3. UHAYKIHMSA MATHUTHOIO 110JISI MATHUTA.

JUnis MOATBEP)KACHUS TUIOTE3bl O PAaBHOMEPHOM JABIKEHHMH MOXHO IPOBECTH CIIEAYIOMIUN
JIOKa3aTeNIbHbIM SKCHEpUMEHT. PacronoxuTh B Jepikarene Majible MarHuThl (€CIU MPH HUX
IBIOKEeHUE OyJIeT paBHOMEPHBIM, TO IIPH 0oJiee CUIIbHBIX MarHUTax, TeM OoJiee, IBUKEeHUE OyIeT
PaBHOMEPHBI) ¥ MPOBECTH M3MEPEHMSI BPEMEHH ABIDKEHUS [ MaJoro rpysa, OTIYIIEHHOTO CO
CTPOTO OIPEJCIICHHONH BBICOTHI, B 3aBUCHUMOCTH OT JUIMHBI MOCJIEIHEro y4JacTka HyTH S.
Pe3ynpTaThl Takux u3MepeHuil npexacraBiensl B Tabmuue 3 u Ha rpaduke Puc.3. Pesynbrathi
IIOJIyYEHBI IIPY HAa4aJIbHOW BBICOTE IPy3a paBHOM 86 CM.

10

=]

=]

Tabnuua 3.

10 20 20 40 &0 ED 70

u}
Pue3

IIpssMast mponopuvOHaibHAas 3aBUCUMOCTb MEXKIYy HM3MEPEHHBIMU BEJIIMYMHAMU OJHO3HA4YHO
CBUJICTEILCTBYET O PABHOMEPHOCTH JIBUKEHUS.

IIpu 1BMKEHUH NIPOBOJAHUKA B MATHUTHOM I10JI€ B HEM BO3HMKAIOT UHIYKIMOHHBIE TOKA DyKO,
KOTOPBIEC B3aMMOJEUCTBYS C OPOJUBIINM UX II0JIEM IIPUBOAAT K BOSHUKHOBEHHUIO TOPMO3SIINX
CHWJI, KOTOPBIE ¥ Ha3bIBAIOTCSI CUJIAMM BSI3KOTO TpeHUs. BenuunHa 310l cuibl (B HaLIEM cllydae
MOMEHTa CHWJIbI) HIPONOPLMOHAIBHA KBaApaTy WHAYKLUUU IOJSI W CKOPOCTHU JIBUYKEHUS
npoBojgHuKa. CrieoBaTeNbHO, B YCTAHOBUBIIEMCS pEXHME H3ydaemas IUIacTUKa Oyzaer
BpalllaThCsl C YIJIOBOM CKOPOCTHIO OOpaTHO MPONOPLHMOHATBHOM KBaapaTy WHAYKIHUH IOJI.
CrnenoBarenbHO,  BpeMs  JBHKCHHS  MEXKIy  ABYMS  (UKCHPOBAHHBIMH  TOYKAMHU
IIPONOPLMOHAJIBHO KBAJpaTy BEKTOpa MHAYKUMU. OKOHYATEIbHO IOJIy4aeM, YTO H3MepseMas
MHJYKIUS MATHATHOTO TI0JISI IIPOIIOPLIMOHAJIbHA KBAJIPATHOMY KOPHIO U3 BPEMEHHU JIBUKEHUS

B=Cyt.

B Tpex ykazaHHBIX ciaydasx (110 OJHOM nape MarHUTOB, U JIB€ NIapbl MarHUTOB CPETHUE BPEMEHA
IBHKEHUS OKa3alluCh paBHbIMU ¢, =9,4c, ¢, =13,9¢, t, =25,3c, 4TO NPUBOAUT K ClIEAYyIOUIEH
MIPONIOPLIMU MEXY UHAYKLUSAMH MOJIEH, CO3/1aBAEMbIX MarHUTAMU

B :B,:B,,,~3:3,7:5. Kak 3T0O HU CTpaHHO Ha [1E€PBbII B3I — IPUHLMII CYNEPIO3ULUH [10JIE

B JJaHHOM cCily4ae He BbINojHserca! UTo cBs3aHO, ¢ TEM, 4TO IpU Pa3MEILEHUU ABYX Map
MarHuTOB U3MEHSETCS. PACCTOSHUE MEXKY MAaTHUTAMH.
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3agaua 25. «3agaua I'. 'aaniess — ckaTbIBaHUeE [0 HAKJIOHHON MJIOCKOCTI

1. DOkxcnepuMeHTaJIbHOE M3Yy4EHHME 3aKOHA CKATbIBAaHUS IIApUKa JOJDKHO IPOBOJUTCS
TPaJMLIUOHHBIM METOJIOM — H3MEPSETCS BPEMS CKaTbIBaHUS W3 HAUYAIBHOIO IOJIOKEHHUS [0
(UKCMPOBAaHHOTO 3HAYEHUS JUIMHBI CKaThiBaHUS L. Tak Bpems ABHKEHHS Mano (HECKOJIBKO
CeKyHJ), TO €ro U3MEpeHHEe HEU30e)KHO TPUBOJAUT K CYHIECTBEHHBIM CIy4ailHBIM
norpeurHocTsM. [loaToMy HEOOX0 MO TSl KaXI0H JUIMHBI CKaThIBAaHHUS IPOBOJUTH HECKOJIBKO
U3MEPEHUN BPEMEHU JBIKCHHUS . Pe3ynbTaThl Takux M3MepeHUH NpuBeaeHbl B Tabmuie 1. B
MOCIEIHUX CTpOKax Tabjiuie TMpHUBEICHBbl CPEJHHE 3HAYCHHUS BpPEMEH CKAaThIBaHUA U
MOTPELIHOCTH UX U3MEPEHMS MPH MOCTOSHHOM BBICOTE HAKIOHHOM miockoctu h = 2,0cm . [ns

ATHUX U3MEPEHU BhIOpaHa Masiasi BBICOTa, YTOOBI H3MepsieMble BpeMeHa ObLIH 100ObIIIE.

Tabauna 1. 3aBUCUMOCTb BPEMEHH CKaThIBaHUS OT JUIMHBI IPOMAEHHOTO MyTH.

JABMCHHOCTL KEAAPATA BPEHEHH CKATLIBAHWA OT PacCTOAHMA

Ecan MNPpCAIIOJIOXKNUTh, YTO ABHUKCHHUC IIapUKa ABJISICTCA PABHOYCKOPCHHBLIM, TO 3aBUCHUMOCTDH
2

. at
MPOMJEHHOIO MYTH OT BPEMEHU ONMUCHIBAETCS 3aKOHOM L =7. JIns mpoBepKM 3TOro 3aKOoHa

ClIelyeT TOCTPOUTh IrpaduK 3aBUCHMOCTH KBaJpaTa CKOPOCTH OT JUIMHBI MyTH (MMEHHO TaK —
BO-TIEPBBIX, 3TA 3aBUCUMOCTH JIOJDKHA OBITh JIMHEHHOMN, BO-BTOPBIX, JJIMHA U3MEPSIETCS TOYHEE,
4eM BpEMs JBUKECHMS ):

22 (1)
a

[TocTpoeHHbIN TpapuK 3TOH 3aBUCHMOCTH IIOKa3blBae€T, 4YTO B MpeesiaXx MOTPelIHOCTeH
U3MEPEHUS JaHHAs 3aBUCUMOCTD JIEHCTBUTEIIBHO MOXKET CYUTATHCS JIMHEHHOM, IO3TOMY MOJEIIb
PaBHOYCKOPEHHOI'O JBMKCHHS B JAHHOM CJIydae IPUMEHUMA.

1 o o
B o4depeaHOoUn pa3s oﬁpamaeM BHMMAaHUC Ha MCTOJAUKY U3MCPCHUU (1)I/IKCI/IpyeTC$[ pacCTodHUEC, 3aTEM U3MCEPACTCA
BpEMsA IBUKCHUSA.
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2. Jlna u3MepeHHs YCKOPEHHS MOKHO HM3MEpSATh BpeMs ABIKEHHE 10 MAaKCUMAaJbHON JJIMHE
xKenmoba, Tak Kak B ITOM Ciydae 3TO Bpemsl OyneT MaKCHMalbHO, MO3TOMY MOTPEUIHOCTH
u3MepeHuit OyayT MEeHbIIE.
W3 3akoHa IBMKEHUS CIIEAYET, UTO YCKOPEHUE PAaCCUUTHIBAETCS 10 (popmyie

2L
= )

Pe3ynbTaTel n3MepeHil BpEMEHU CKAaThIBAHUS (L = 6SCM) OT BBICOTBI HAKJIOHHOM INIOCKOCTH A

a

npuBesieHbl B Tabnuie 2. B Hell jke mpuBeAeHbl pacCUMTaHHbIE 3HAYCHUsI YCKOPEHUH, a Takxke
paccYMTaHHbIC 3HAYEHUS JOJIM YHEPTUU BPALIaTEIbHOIO JIBUKCHUS.

Tabmuna 2. 3aBHCHMMOCTh BpPEMEHH CKaThIBaHUS OT BBICOTHI HAKIOHHOHM IuIOCKocTH. Pacuer
YCKOPEHMS U J0JIS SHEPTUU BPAIATEIbHOIO IBUKCHHUS.

I'paduk 3aBUCUMOCTH YCKOPEHHS OT BBICOTHI HAKIIOHHOM IUIOCKOCTH YKa3bIBAET, YTO BEJIMYMHA
YCKOPEHUS IPUMEPHO MPONOPLUOHAIBHA BBICOTE HAKJIOHHOU INIOCKOCTH.

- 33aBUCHUMOCTb YCKOPeHWA OT EbICOThI HAKNOHHOW NAOCKOCTH
070 1 & 2
050 »‘L;,;
0,50 =
0,40 PM}
0,30 ,er/ﬂfi |
0,20 .

|
o

0 3 4 B 5 10 12
Xopouio M3BECTHO M JIETKO JI0Ka3yeMoO, UTO IpPU JBHKEHUHM Tejla 10 HAKJIOHHOM IUIOCKOCTH
YCKOpPEHHME MPONOPLMOHAIBHO CHHYCY YIJIa HAKJIOHAa K FOPU30HTY. B HccienoBaHHOM ciydyae

0,10
0,00

yIJIbl HAaKJIOHA Majbl, IOITOMY CHHYC yIJla HakKJOHa MPUMEPHO paBeH Sina =~ o =Z, 4TO U

00BICHSIET MOJIYYCHHYIO SKCIICPUMCHTAJIbHO 3aBUCUMOCTD.

3. B BepxHeii Touke mapuk o01agaeT MOTEeHUMANBHOM 3Heprueil W =mgh, koTopas nepexoauT
my’*
B KUHETUYECKYK0 DHEPrUI0, YaCTUYHO IOCTYNATEIBHOIO 7 YaCTUYHO BpallaTeILHOIO

nwkeHus. Ilomyuum ¢dopmyny s pacueta JONM TOJHOW SHEPruM, Iepeuieqeld B
KMHETUYECKYI0 SJHEPTUIO BPAILATEIBbHOIO JBUKEHUS

my*

L 2
17:1— 2 :1— v ,

mgh 2gh
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3[IeCb V - MTHOBEHHAsl CKOPOCTh IIapHKa B HIXKHEH TOUKE HAKJIOHHOTO >Kenoba, KoTopas MpH
PaBHOYCKOPEHHOM [IBIKEHUM C HYJIEBOM HadajlbHOW CKOPOCTBIO B JIBa pa3a IPEBBIIIAET

S
CPEIHIOI0 CKOPOCTD ABIKEHUS v = 2(v) =2 — . Takum o6pa3om, pacueTHast popMyiia UMEET BUI
p p ; p p pmy.

v? 287 3)
_ =1-=.

2gh ght
Pesynbrarhl pacdeToB 1o 3T0# popmyIie mpuBeIeHBI B IOCTAEAHEH CTpoke Tadmuibl 2. PacueTs
MOKa3bIBAIOT, YTO JOJIS BPAIIATEIBHOW SHEPIUU HE 3aBHCHUT OT yIJla HAKIOHHOW IUIOCKOCTH U

paBHa 17 = 0,60 £ 0,03

n=1

Heobsazamenvnoe meopemuueckoe 00noJiHeHue.

Teopernueckoe 3Ha4eHUE HAUJCHHOM JOJU SHEPrUM BPAILATEILHOIO IBUKECHHS OIPEIEIISAETCS
no hopmyie

lo
S E— @
T= 10" m mv?
+ 1+—
2 2 lw

2 .
rae [ = ngz - MOMEHT MHEPLHHU IapuKa. Eciiy mapuk KaTuTes Mo IVIOCKOU MOBEPXHOCTH, TO

v = @R, TOrAa
1 2
=———=—=x0,3.
i mv: 7
I+—

lw
B HalImux BKCHepI/IMCHTaX Luapmc KaTHuJICA 110 HpHMOyTOHI:HOMy
XKeNnoOy, MOATOMY CKOPOCTh IIEHTpa MIApHKa CBs3aHA C €ro YrioBOi

R
CKOPOCTBIO COOTHOILIEHHEM V = @F = a)T B stoM ciydae nckomoe
2

OTHOIICHUEC OKAa3bIBACTCS PABHBIM

n=—"t - _ 4 044,
my 51 9
1+ I+
I’ 22

BGPOHTHO, YTO OTKIIOHCHUC SKCTICPUMCHTAJILHOTO 3HAYCHUSA CBA3aHO C BJIMSIHHUCM CUJIBI TPCHUA,
MPUBOJAIINM K YBCIIMYCHUIO BPCMCHU JIBUKCHUS.
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3agaya 26. «TpyOka Ha HAKJIOHHOM IJIOCKOCTH»

1. BelnosiHeHUE 3TOTO 3a7jaHKsI TOJIHOCTBIO AHAJIOTUYHO NYHKTY 1 B mpeapiayiei 3agaye 25,
II03TOMY 3/1eCh HE paccMaTpuBaercs. OTMETHM, YTO CKaThIBAaHUE LIUIMH/IPA TAKKE MOKET
paccMaTpuBaThCs KaKk paBHOYCKOPEHHOE JIBUKEHUE.

2. PesynbpTarbl HW3MepeHMi 3aBUCMMOCTH BpPEMEHM ¢ CKaThIBaHMA TPYOKHM C HAKJIOHHOM
MJIOCKOCTU (TMOCTOSTHHOM JIMHBL S =(80i1)czw) OT BBICOTHI HAKJIOHHOM IJIOCKOCTH /1,
npuBeACHHI B Tabnuie 1 u Ha rpaduke.

3aBHCHMOCTE BPEMEHH CKaTEIBAHHA 0T BLICOThI

Taoauua 1.
EE— 15+ b ; : ; ; ; ;
VIS "G U UG OO ST S o
I A R A
cIR TR ST M 5 s T S S
T s e o e, N (O
L E Een
2 t t t t t t t i
2 25 3 a5 4 45 5 55 5]

3. Jlns onpeneneHust ycKOpeHus cBOOOIHOTO MaAeHUs U KO PHUIMEHTa TPEHUs HE0OX0MMO
MOJIyYUTh TEOPETUYECKYIO 3aBUCMOCTh BPEMEHH CKaThIBAaHHSI OT BBHICOTHI U IMHEAPH30BATh €€.

[Tpu ckaThIBaHUU TPYOKH BBITIOJIHSIETCS 3aKOH COXPAaHEHHS SHEPTHH.

mvz mvz

+

mgh = +Fmp.S, (1)

Bropoe cnaraemoe MOSIBJIICTCS, TaK KaK TpPyOKa y4acTBYeT HE TOJBKO B IMOCTYIATEIbHOM,

HO U BO BpalllaTCIIbHOM JIBUKCHHU. Takum 06pa30M:
mgh=mv’+F, S, )

re VvV - KOHEYHas CKOPOCTh TPYOKH INPH CKATHIBAHUM IO HAKJIOHHOM IJIOCKOCTH; Tak Kak
YTl BO3BBIIIEHHS] HAKIIOHHOM IJIOCKOCTH Majibl, TO CHIIy TPEHMS

K K K
FmpA :EN:EmgCOSOl zEmg (3)
MO>KHO YHUTAaTh IMOCTOSHHOM IIpU pa3jJInYHbIX yTJIaXx. Koneunas CKOPOCTD JICTKO OIMPCACIIACTCA U3
2

2 o
3aKOHOB KMHEMATUKU: V™ = N3 ypasuenuit (2)-(3) cnenyer:

o

48* 1 F,S 48> 1 KS
—+ = —+—.

h=
g t mg g t© R

4
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Takum oOpa3oM, nMHeapu3auusi JOCTUIAETCS, €CIH PACCMOTPETh 3aBHUCHMOCTH BBICOTHI
HAKJIOHHOH TIOCKOCTH OT BEJIMYMHBI 0OPAaTHOM KBaJIpaTy BPEMEHU JABHKCHHUS.
I'paduk 3TO 3aBUCUMOCTH JIEHCTBUTEIBHO OKA3bIBACTCS JIMHEHHBIM.

NMHeapu3aUMA 3aBMCUMMOCTU EPEMEHU COCKANb3bIBAHMA

5"'}!,{?-?!!: : : : : : : : ;
§ t---mmee- dmmenes boneeene- R boeeoooes oo bomeonoes - - e ¥ e b
T T — P T N S . I R
S U SN S T S SO - —
S8 N S o WO SO SO T R
{ o L. . S L . [ . n o S
: : : : : : : : RS e
: : : : : : : : N -
] f f f f f f f f f i
000 oo2 004 0 05 003 010 012 014 016 01a8 0,20

1
OOGpabotka 3aBucumocTd h=a—+b mo MHK nmaer cremyromue 3Ha4eHHs NapaMeETPOB
t

3aBUCUMOCTH:
a= (27 + 2)CM ¢t b= (0,9 + 0,2)CM.
OTH KO3PPUITMEHTHI BBHIPAXKAIOTCS Yepe3 UCKOMbIE (PU3HUECKUE BEITMUNHBI:

48? 48> 4.80° A
a= S , IO3TOMY g = S ziz948%, Ag=g_az70%;
27 c a c
R .0,76 Ab

b =~ » OTCIOa OnpejensieM K =b§z 0,9 ~9-107%cn, AK =K7z 2-107cm.

3aMeTuM, YTO OTHOCHUTEIIbHBIE TOTPEIIHOCTH OTpeiesieHHs] KOI((PHUIIMEHTOB JTNHEApU30BAHHOM
3aBHCHUMOCTH Ha TOPSIOK MPEBBIMAIOT NOTPEIIHOCTH U3MEPEHUS JUTMHBI HAKIIOHHOW IIOCKOCTH
u paguyca Tpyoku (R = (0,76 + O,OS)CM ), IOATOMY IOCJEIHUE HE YYUTHIBAIIMCH IIPU pacuerax
MOTPELIHOCTEeH YCKOPEeHHUs: cBOOOIHOTrO maaeHus u koddounuenta tpeHus. Kpome toro, kak
OOBIYHO,  MOTPEIIHOCTh ONpEeAENeHUs MapameTpa b 3aMeTHO OoJIbIlle MOTrPEIIHOCTH
omnpeeneHus Ko3(hhuuenTa HaKIoHa IPSIMOH.

Wtak, okoHUaTEeNbHBIE Pe3yabTATHI CIEIYIOLIHE:

g=(9,5i0,7)cﬂ2, £, =7%; K=(9%2)10"u, & =22%.

Hebonvwoe dononnenue. 451 be

Eciiv He yuYUTHIBATH CHIY TPEHHS, TO 49— NN (SN N S

MIPEANOYTUTEIbHES aHAJIM3UPOBATh

3aBUCUMOCTBH (CHeIIyIOH_[yIO us3 ypaBHeHI/IH 3,8 eemerennanannans , ................. s : .................

4)): t=%, Tak Kak NOTrPELIHOCTh
g

HU3MCPCHHUA BPCMCHU 3aMCTHO MPCBLIIIACT

S (= T e e =1
IIOTPELUIHOCTh U3MEpPEHHUS BBICOTHI ; g ; ’—1’_ en 2
> | : ; |11
HAKJIOHHOH MJIOCKOCTH. 20 | ; ; - !
JlaHHasi 3aBHCHMOCTh TakKe OJIM3Ka K 040 045 020 L D00 0,63

HHHeﬁHOﬁ, HO HaJIHW4Yuc€ 3aMCTHOI'O CBO60I[HOFO qJICHa B €€ YpaBHCHHU OAHO3HAYHO
CBUACTCIILCTBYCT O BIIMSAHUHN CUJIbI TPCHUSA HA CKATBIBAHUC Tp}I6KI/I
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3amaua 27. «MaaTHuk MakcBeia»

Her HeoOxoaMMoCTH TPUBOIUTH BCE YHCICHHBIC JaHHBIC, MOJIYYECHHBIC
IIpU NIPOBEACHUN U3MEPEHUH, TaK KaK, BO-IIEPBBIX, OHU MOT'YT JOCTATOYHO 3aMETHO OTJINYaThCS
UL pa3IMYHOrO OOOpYIOBAaHMSA, BO-BTOPBIX,  METOJMKA BBINOJHEHUS HSTOTO 3aJaHHS
AQHAJIOTUYHA MPEAbIAYIIUM 3aJaHUSM, MOCBALIECHHBIX U3YUYECHUIO 3aKOHA JBUJKCHMUS, B-TPETHUX,
PEKOMEHJIOBAHO BBITIOJIHUTH 3Ty pabOTy caMoCTOATENbHO. 1103TOMYy OrpaHMYMMcs KpaTKUMHU
KOMMEHTApUAMH, MOCBALICHHBIMA TEOPETUYECKOMY OIMCAHUIO U KAYECTBEHHBIM pe3yibTaTaM
U3MEPEHUN.

TeopeTnueckoe ONUCAHME,

JIBikeHue MasTHUKa (0e3 ydera CONPOTUBJICHUS BO3/yXa)
ONMCHIBAETCS C  IIOMOIIbIO  OCHOBHOI'O  YpaBHEHHMS  JIMHAMUKHU
BpAIaTEIbHOTO ABM)KEHUS, 3alIMICAHHOTO OTHOCUTEIBHO MTHOBEHHON OCH ,
BpalllCHHUs,

I = mer, (1
a .
rae f} = — - yrioBoe YCKOpEHHE BpallleHUs] MasATHHUKA, d - JINHEHHOE
r

2

YCKOPEHHE OCH MASITHUKA, ¥ - paAuyC OcH, [ = - MOMEHT UHEPLIVH

mucka’. U3 ypaBHeHus (1) cnemyer, ABUKEHUE AUCKA SBIISIETCSI pABHOYCKOPEHHBIM C

YCKOPEHHEM PaBHBIM
2
a=2 g[%j . )

Tak paanyc ocu Mai, IO CPaBHEHHUIO C PaJUyCOM JIUCKA, TO YCKOPEHUE OKAa3bIBAETCS MajbIM,
YTO AT BO3MOKHOCTh IIPOBOJIUTH U3MEPEHUSI BPEMEHH «BPYUHYIO.
Jlig KBagpaTHOM KapTOHHOM IMJIACTMHKM MOMEHT MHEPLUU IPONOPLUOHAIEH KBAApaTy IIMHBI

1
CTOPOHBI [ = gmb2 . IToaToMy ero yckopenue

a=6g[§j , 3)

0o0paTHO MPONOPLMOHATIBHO KBAApATy JUIMHBI CTOPOHBI. VHTEpEeCHO OTMETHTh, UTO BpEMs
. . L

JBUKCHUSI MasATHHUKA C KBaAPATHOW IUIACTUHKOM [ =,/— MPSIMO IPONOPLUOHAIBHO JJIMHBI
a

CTOPOHBI (A Ul JUCKA NPONOPLUOHAIBHO €r0 Paauycy).

1. Tlo HammM U3MEpEHMsIM, JBMIKEHUE OCU JIUCKA MOKHO CUMTAaTh PaBHOYCKOPEHHBIM IIPU €T0
CMEILIEHNH Ha BBICOTY mopsaka 50 cm. OnTuManbHBIM OOOCHOBAHMEM TAKOTO YTBEPXKIACHUS
SBJISICTCS JIMHEMHOCTD 3aBUCHUMOCTHU KBaJpaTa BPEMEHHU JIBUKEHHUS OT BBICOTHI.

2 Pa3pa6aTI>IBaTI> 9TO TCOPETUUCCKOC OMUCAHUEC OT YHAIUXCA B XO/JC BBITIOJHCHUA pa6OTI>I HEC TpeﬁyeTCS[, 31€Ch OHO
MPUBOAUTCA, YTO 6I>I MPOSACHUTL OCHOBHBIC XapPaKTCPUCTUKHU paCCMATPUBACMOI'O JABUIKCHUA.
3 C‘H/ITaCM, YTO pagnyC OCH 3HAYUTCIIbHO MCHBIIIC paJinyCa JUCKA. BOJICG TOYHOC 3HAYCHUC MOMCHTA MHCPUUN
2
mR )
1= > +mre.
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2. KoadduuueHT BOCCTAHOBIECHUS MOXKHO CUUTATh BEJIMYMHON IOCTOSHHOW MJJIsi JTAaHHOTO
MasTHHKA. 3aMETUM, YTO KO3(PPUIIMEHT BOCCTAHOBICHHSI BO MHOTOM OIPEEIISETCS YIIPYrOCThIO
HUTEN MoJBeca.

3. Jlnga MasTHUKAa C KAapTOHHBIMHM KBaJpaTaMH, YK€ Ha paccTosHusAx nopsaka 15-20 cm
CKa3bIBAETCsl BIMSHHE CHUJI COIIPOTUBIIEHMS BO31yXa. EciIu IOCTPOUTH 3aBUCHMOCTBH KBajpaTa
BPEMEHHU JIBUKEHUS OT NPOMAEHHOTO IyTH, TO 3Ta 3aBUCUMOCTb JIMHEWHA TOJIBKO Ha ITOM
yuactke. I109TOMy nanbHEilINe H3MEPEHHs YCKOPEHHs CieAyeT MPOBOANTH' Ha BBICOTAX
nopsiika 10-15 cm.

4. Jlns ompeneneHUss YCKOPEHUS HEOOXOAMMO M3MEpPUTh BpEMs pacKpydMBaHMS Ha dTare
PaBHOYCKOPEHHOTO JBMKeHHUsA. (OKa3pIBAaeTCs, 4YTO HAYAIBHOE YCKOPEHHE JAECUCTBUTEIBHO
00paTHO MPOTOPLHUOHATIBLHO KBAPATy JUIMHBI CTOPOHBI KAPTOHKHU.

4 Taxum 06pa30M, OKCIICPUMCHTAJIbHAA ITPOBEPKA 3aKOHA ABWIKCHUS OKA3bIBACTCA HCO6XOHHMOﬁ, JJIs TOr o, YTOOBI
OIpeACIINTb 00J1aCTh MNPUMCHHUMOCTH MOACIN PaBHOYCKOPCHHOI'O JIBUIKCHU .
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3agauya 28. «bpaxucroxpoHa»

Yacrb1. B Tabnuue 1 npuBeaeHsl pe3ynbTaThl U3MEPEHUS BPEMEHH CKAThIBAHUS OT
IIPOMICHHOIO IIyTH.
Tabmuna 1.

I'paduk 3akoHa OBIKEHUS S (t) Y €r0 TPaJUIMOHHAs JIMHeapu3auus (151 paBHOYCKOPEHHOIO

2
ABUKeHHUs) t° =S OJHO3HAYHO CBUIETENLCTBYIOT, UTO JBUKEHHE SBIAECTCS
a

PaBHOYCKOPEHHBIM.
3aKoH ABUHEHHA NuHeapH3aUMA 3aBUCHHOCTH

15 18, em
40
35
30
25
20
15 -
10 -
5_
0o

1]

I[lapameTphl TMHEAPU30BAHHOMN 3aBUCUMOCTH ¢~ = kS + b, paccunTannbie no MHK, npurumaror
3HAYCHMUS:

napameTp b = (— 0,4+t 3)c2 - 000CHOBaHHO MOXHO MPUHSATH PaBHBIM HYJIIO (UTO

CBUJIETEIBCTBYET O MPSAMOMN MPOMOPIIMOHATIEHON 3aBUCUMOCTH );
2

c .
3HavyeHue ko3pdunuenrta k = (3,41 + 0,06)— MI03BOJISIET HATU YCKOPEHHME OCH IUCKa
cm

2 A
a= 7 ~ 0,587%, Aa = aTk r 0,010%. OTMeTHM Malyro NOTPELIHOCTh OIPEIEIEHUS
c c

YCKOPEHHMS B JAHHOM cilydae & =2%.

Yacrs 2.
IIpu u3MeHEHUH Pa3HOCTU BBICOT HAYAJIbHOM U KOHEYHOU TOYEK /1, U3MEHSAETCS U IIyTh,
IIPOXOJMMBIH AUCKOM. DTOT IYTh, & TAKKE CHHYC
yria HakjIOHa  HAMPAaBJIIOLIUX cienyer
paccuuThIBaTh 10 hopmyaam
S=I+i?, h S

(1 &

: h
sino =—
S
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Pe3ynbTaThl M3MEpeHUs: BpEMEHU CKAaThIBAHUS MIPU Pa3IMYHBIX BBHICOTAX /1 M (PUKCHPOBAHHOM
TOPU30HTAIIBHOM PACCTOSIHUM MEXKIy TOUKaMU KpemsieHus: L =48cm, a TakkKe paccCuuTaHHbIE

28
3HA4YEHMs IIyTU S, CUHYCA yIJla HAKJIOHA U YCKOPEHUS a = Pk MPEJCTaBIICHBI B TAOIUIE 2.

Taoauua 2.

I'paduk 3aBUCUMOCTH YCKOPEHHUS OT CHHYycCa yIjila HaKJIOHa HANpaBJISIOMIMX IOKa3bIBAET, UTO
YCKOPEHHUE IIPUMEPHO IIPONIOPLUUOHAIBHO CUHYCY yIila HAKJIOHA.

3JaBMCHMOCTL YCKOPEHWA OT ¥IrNa HaknoHa

058 1 & M2
0,7 4
0.6 1

0,5 -
04 A
0.3 -

0,2
0,1 7

0.0

0.0 0,1 0,2 0,3 0.4 0.5 0.6

OOBSACHUTD NMOTYYCHHYIO TUHEHHYIO 3aBUCUMOCTb
HE CJI0XHO. PaccMoTpuM BpallieHue 11cKa OTHOCUTEIBHO
OCH BpALIEHUS, IPOXOAILYI0 Yepe3 TOUKY KacaHus OCU
(3r0 MrHoBeHHass ocb BpamieHus). Cuiioi, MOMEHT
KOTOPO#l OTIMYEH OT HYJs, SBISETCS CHJIA TSAKECTH,
IJIe40 KOTOpod paBHO d =rsina . ClenoBaTeiabHoO,
YyIJIIOBOE€ M JIMHEHHOE YCKOPEHHE MPONOPLUOHAIBHO

CUHYCY yIJla HaKJIOHA HaAIPaBJISAIOLIUX.

MO>KHO HOIY4UTb ¥ TOUHYIO (POpMYILy JUI YCKOPEHUS OCH
aucka. Ha  ocHOBaHMM  OCHOBHOrO  ypaBHEHMS  JIUHAMHKU
BPAIATEIFHOTO ABHKCHUSI 3aITUILIEM |

a .
I—=mgrsma.
7
HCHOJ’IBG;YH BLIpa)KCHI/Ie JJis1 MOMCEHTa I/IHepI_[I/II/I JAUCKa (OTHOCI/ITGJ'ILHO MFHOBCHHOﬁ ocu BpaIHCHI/Iﬂ)
2 2
mR , mR
I = +mr° =
2

, IIOJTYYUM BBIPAXKCHUC IJI1 YCKOPCHUS

a=2(%j gsina. 3)
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BHEMaTenpHO MOCMOTPHUM Ha IKCIEPUMEHTATBHBIN TpaduK 3aBUCUIMOCTH YCKOPEHUS OT
CHHYCa yIjla HaKJIOHa — IIpY YBEJIMYEHUH yIJla HakJIoHa (kornaa cuHyc npesbimaer 0,35) Toukn
HAYMHAKOT HECKOJBKO OTKIIOHATHCA OT MPSMO MPONOPLMOHAIBHON 3aBUCHUMOCTH. BO3MOXKHOM
anqHHOﬁS 3TOTO OTKJIOHEHUS SIBJISIETCS] HE3HAUUTENIbHOE MPOCKAIb3bIBAHUE OCH MO PE3UHOBBIM
HanpasisiomuM. [loatomy ans onpenenenns kodddunuenta y B popmyne (1), mpuBeneHHON B
YCIIOBUH, B pacderax OyJeM YYHTHIBATh TOJBKO IMEpBBIC MATh TOYEK. Ha pricyHKe mpoBeacHa
npsiMas UMEHHO 1o 3TuM ToukaMm. Pacuer mo MHK mnpuBomutr Kk clieqyronuMm 3HAYEHUSIM
[IapaMeTPOB 3aBUCUMOCTU a =ksina +b :

cm . .
b= (0,02 + 0,01)—2 - C HEKOTOPOH HATSXKKOM MOKET OBITh MPUHSAT PaBHBIM HYJIIO;
c

k= (1,39 + 0,04)% MO3BOJISIET OTPEACTUTh TpeOyeMblil Oe3pazmepHbIil Ko3(dunneHt
c

= k = 139 ~1,41-107, Ay = V%k ~3,6-107. Takum 06pa3oM, OKOHYATEIHLHOE 3HAUCHHE

g 98l
HCKOMOT0 K03((UIHeHTa paBHO

y=(1,4+0,4)-107.
OTMGTI/IM, 4TO MOJIYYCHHOC 3HAUCHUC BIIOJIHC PA3yMHO, U COOTBETCTBYCT TOMY, UTO
paauyc aucKa ONpuMEpPHO B TPUALATH IATh pa3 MPEBLILIACT pagnuyC OCH.

I'paduk  3aBUCUMOCTH BpEMEHHU
NIBUKEHUSA OT JJIMHBI HpOﬁHeHHOFO yTH BEBHCHMDCThvaEHEHH ABMHEHHWA OT
HE COBCEM OOBIYEH — YBEIMYEHUE IYTH B 1t ¢ AP OHAEHROLD: MYTH
OPUBOIUT K YMCHBIICHHUIO BPEMEHHU

CKaThIBaHMsI. JTO CBSI3aHO C YBEIUYEHUE e A T VTt o T
YCKOPEHUS. Jlerxo MOJIyYUT 24 +-%------- - T raLiE e clis
TCOPETHYECKOC ~ BBIPAKCHUE JUIA  OTOH oo | by lozmparind R R a————
3apucuMoctu. [Ipu  paBHOYCKOpPEHHOM i i i i
JBUKEHUU BpeMs JIBUKCHUS OIUCHIBACTCS e o " { Teopermueckan | |
(bopMynoﬁ {2 it Tl reeeae o (R (-
e A e R SR s S o R AT e e e e e
t_

gsma ;/gh e O R R R R
BC rnapaMeTpbl  KOTOPOM  HaWJICHBI. P Rt b PEEE R AEE iR ST P
Fpa(bI/IK 5TOM (QYHKUMH TIOCTPOCH Ha  4q : : ; ;
UCYHKE U MOHCTPUPYET  XOPOLI
PUCYHKC ACMOHCTPHPYCT  XOpOLICe 48 50 52 54 56 S, oM
COOTBETCTBUE AKCIEPUMEHTAIbHBIM
JAHHBIM.

HHTepeCHa 3aBUCUMOCTb BPCMCHU [JABUKCHUS OT BBICOTHI h npu (IJI/IKCI/IpOBaHHOM TOPU3OHTAJIbBHOM
pacCToAHUN L MCKIY HaYaJIbHOM M KOHEYHOH TOUKaMH TpaCKTOpHU
2 2 2 2
252 pm+r?) |2(, L
= = |—|h+—
ygh ygh 78 h

Dra QyHKUMs UMeeT MUHUMYM ipu A = L, T0 ectb npu yrie Hakiona B 45° K ropu3oHTy.

Yacrs 3.

B 37011 yacTH Takxe OKa3bIBAETCsI, YTO BPEMsI CKAaTbIBAHNS YMEHBIIAETCS C YBEIIMUEHUEM
nporuda (COOTBETCTBEHHO, U JJIMHBI TpaeKTopru). OCHOBHOM NMPUUMHON TaKOTO TIOBEJICHUS
SBJIAETCS YBEJIMUYEHNUE YCKOPEHUS HA MIEPBOM YUAaCTKE TPAEKTOPUHU U KaK CIIEJICTBUE YBEJIUUYECHHE

5 A, MOXKCET, IMPOCTO ITATHUB yHaJ, U €ro NOCTaBWJIN HAa APYroe MECTO. B nmro6om ciy4dac, BI)I60p Juaria3oHa ajisa
PpacyeToB — NpeporaTtuBa SKCIICPUMCHTATOPA.
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CpeiHel CKOpOCTH Ha BceM IyTH. Jiist mpuMepa npuBeeM rpaduky 3aBUCKMOCTEH BpeMEeH!
JBYD)KEHUS OT BEJTMYMHBI IPOTHOa 6 | JUIMHBI TPAGKTOPUH S , TIOTYUYE€HHBIE TIPU CIICAYIOIINUX
3HAYEHUSAX MApaMeTpOB YCTaHOBKU /1 =18cm, L =51cm.

3aBMCHHMOCTL BpeMEHH ABHKEHWA OT EENWYHHLI 3aBEMCHHMOCTL BpeMeHH ABWKEeHHA OT ANHHLBI

nporuoa TPpaeKTOpHUH
15 b € 15r4¢ i

AT A
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3agauya 29. «IBanxkenucta Toppuuesin»

BrinonHeHne »KCHEPUMEHTAIBHOM YAacTH 3aJaHHsl HE BBI3BIBAET HUKAKUX CIIOXKHOCTEH —
€CJIM OTBEPCTHUE MAJIO, TO BPEMS BBITEKAHUS COCTABIIIET HECKOJIBKO JIECSITKOB CEKYHI, ITOATOMY
3aKOH OITyCKaHUs YPOBHs JHa JIETKO u3Mepserca. B pesynprare moyiydaercs HEJIMHEHHAs
3aBUCUMOCTD - C YMEHBIIEHUEM BBICOTHI YPOBHS CKOPOCTb BBITEKAHUS 3AMELJISIETCS.

Jns onpeneneHus 3aBUCUMOCTH CKOPOCTM BBITEKAOLIEH BOABI OT BBICOTHI €€ YPOBHS B
CTakaHe HEOOXOJMMO HCIIOJIb30BATh MOITYYCHHYIO 3aBUCHMOCTH BBICOTHI YPOBHSI OT BpEMEHH
h(t). CKopocTh BBITEKAIOIIEH JKUIKOCTH CBsI3aHA C M3MEHEHHEM o0beMa BOJIBI B CTaKaHE

OYEBU/IHBIM COOTHOILIEHUEM
vs,At =—=AV =-SAh, (1)
rae s, - IIOW@aAb OTBEPCTHs, S - IUIOMIaJb IONEPEYHOro CEYeHHUs cocyna Ha BbicoTe /. U3
ypaBHeHus (1) cremyer, 4To CKOPOCTh BOJIBI MOKET OBITh paccuuTaHa 1o ¢popmyie

S Ah

v=——.
s, At
MeToanka TaKuX pacueToB MOAPOOHO PACCMOTpPEHA NP 00CykaeHuu 3axayun 16.

[Tokazarens cTemeHW MOXKET OBITH OMNpeneieH JUOO0 METoIoM Tojadopa, aubo (dTo,
€CTECTBEHHO, IPEINOYTHTEIbHEE) C TIOMOLIbI0 OOpabOTKM MOJYyYEeHHOH 3aBUCHUMOCTH B

JBOMHOM JIOrapu(pMHUUECKOM MaciITade.
[Ipu mpaBUIBLHOM BBIIOJIHEHUU PAaOOTHI 3HAYEHHE ATOTO MOKAa3aTells MPUMEPHO PaBHO

)

~1
/4 >

Heoos3amenvnoe meopemuvyecKkoe oonoJineHue.

CornacHo wu3BecTHOH ¢opmyne ToppHuelIM CKOPOCTh JKUIKOCTH BBITEKAIOLICH U3
OTBEPCTHS B COCYE 3aBUCUT OT BBICOTBI 10 3aKOHY

v=42gh. 3)
W3 sToro 3akoHa cienyer (Kak peleHue YpaBHEHUS 2), 4YTO 3aBUCUMOCTb BBICOTHI YPOBHS BOJbI
OT BPEMEHHU MOXKET OBbITh MPEJICTABIICHA B «KPACHBOM» JINHEAPU30BAHHOM BHUJIE

i:l_s_o g_tz 4)
h, S\ 2k~

Ota Gopmyina T0MyCcKaeT IPOCTYIO MPOBEPKY.

Taxke DOCTAaTOYHO MHTEPECHO OCYLIECTBUTH IMOMCK IOKA3aTess CTENEHH 10 aHAIU3y
3aBUCHMOCTHU h(t), 0e3 ee umcneHHoro auddepeHiupopanus. Bripouem, 06 3ToM TOIPOOHO
rOBOpWIOCH Mpu pemeHud 3amad 16 u 18, ITlompoOyiite pa3paboTaTh Takyl0 METOIHMKY
CaMOCTOSITEJIHO, WJIM BHUMATEIbHO pa30epHuTech (a elle JIydlie npojesaiTe caMOCTOSTENLHO)
CO CIEAYIOUIEHN 3aauei.
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3agauya 30. «®opmy.a Toppuuesin»

Yacrs 1. Teopernueckas.

1.1 ITycTs HavanbHas BBICOTA KMAKOCTU B COCyNE€ /), BHyTPEHHUH

23 li
auamerp cocyaa D, nuamerp orBepctus d (puc.l). B momeHnr, korma Lo
BBICOTA >KUAKOCTH B COCYyJ€ PaBHA /i, CKOPOCTb BBITEKAHMS KHIKOCTH

u3 cocyna, cornacHo popmyne Toppuuennu v(h) =+/2gh . KA

CoOOTBETCTBEHHO, 3a Malbli IMPOMEXKYTOK BpeMEHM Af U3
OTBEpCTUSl BBITEYET BOAAa OOBEMOM (CUMTAEM, YTO B TEYCHHE ITOTO
MajJoro IPOMEXYTKAa BpPEMEHH CKOPOCTb BBITEKAaHUS OCTaeTCs
MOCTOSIHHOM BETMYUHOMN)

2 2
rd rd
v(h)At =
4
3TO BBI3OBCT ITIOHM)KCHUC ypOBHSI BOJbBI B COCYI[G Ha BCJII/I‘-II/IHy

AV d?
Ah=""="__[2ho At. 1
5 D g (1)

AV =

2hg At.

Hcnone3ys BeIpaKeHHE, TPUBEICHHOE B YCIOBUH, BBIYHCINM IMpHUpalIeHUe A/f Kak pa3HOCTh
h(t + At) — h(¢) npu ycnoBuu At — 0 (MM IPOCTO BBIYHUCIMM IPOU3BOJIHYIO):

Ah = hy (1=b(t + At))* — (1 +bt)*) = 2h,(1 - bt)bAt . )
W3 ¢opmynsl, mpuBeAeHHONW B YCIOBUH, Haiaem, 4yto (1—bt)= \/hz ), ¢ yuetom uero (2)
0

npeoOpaszyeTcs K BULY

Ah h 2h, d?
- 2h,(1-bt)b = 2h,b = b |2 [2gh = {(1)}=§1/2hg : (3)
0 g

1.2 U3 (3) cnenyet BelpaskeHue i kodpduunenTa b depes napaMmerpbl yCTaHOBKH
2
b= d_z £ . 4)
D"\ 2k,

N3 (4) crnenyeT BaKHBIM BBIBOJ: JUISL COONIOJCHHS MOCTOSIHCTBA KOX(PQUIIMEHTa b cleayer
MIPOBOANTH U3MEPEHHS TOJBKO B IMIMHIPHYECKON YacTu OYTBUIKH, T.€. IO TEX MOp, IOKa BOAA
HE OIyCTHUJIACH JIO CYXAIOMIecs (HUKHEH ) 9acTh OYTBHUIKH.

Obpamume gHumarnue, 8 OaHHOU 3a0aye haxmuyecKu npedyazaemcs Uccie008amy 3aKOH
O0BUINCEHUSI — 3ABUCUMOCMb GbICOMbL YPOGHS OM BPEMeHU, 6e3 NOCIedVIoWUx paciemos
ckopocmu! Tem camvim yoaemces uzdedcamsv KpaiiHe HENpUsSMHOU U «HE3AKOHHOUY onepayuu

BLIYUCTCHUSL OMHOULCHUL MATIBIX BEIUMUH V = X , npu@oc)ﬂu;ed K ZPOMaaHblM nocpeutRocmsm.
t
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Yacth 2. 3aK0H BHITEKAHUS.

2.1 B rtabmuue npuBeACHBI 3HAUYEHHUS PE3YJIbTATOB TPEX M3MEPEHHMH BpEMEH (a Takke HuX
CpelHuEe 3HAYEHUs) BBITCKAHWs JAHHbIC JUIS IJIACTUKOBOHM OyThUTKM oOBbemMoM | nuTp mpu
JMaMeTpe OTBEepCTUs B IpoOKe paBHOM 1,6 MM.

Tabumna 1.

I'paduk moxydueHHON 3aBUCUMOCTH MOKa3aH Ha PUCYHKE.

3aBUCUMMOCTb BbICOThI YPOEHA OT EpeMeHH
JE .h, CH . . .

20

15

10

a a0 100 160 200 250 300 350

2.2 JlanHas 3aBUCUMOCTD He JIMHEHHA. J[J1s1 IpoBepKU BHIMOJIHUMOCTH (opmyibl Toppuuerniu ee
crenyer nuHeapu3oBarh. Kak ciemyer u3 ¢opmynsl (2), mpuBEACHHOW B YCIOBHHM 3a/layH,

| h . h
3aBUCUMOCTb IIapamerpa z = . OT BpPEMEHHM JOJDKHA OBITh JHMHEHHA z = . =1-bt.
0 0

I'paduk 3T0M NMMHEApU30BaHHON 3aBUCMMOCTH MOKa3aH Ha CIEAYIOIEM PUCYHKE.
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2.3 MoxxHo paccuutaTth napamerpsl 3Toi 3aBucumoctu no MHK. Ho, xak yxe ormeuanock
paHee, TpeAnouTUTENIbHEE 00pabaThiBaTh OOPATHYIO 3aBUCMMOCTh — BPEMEHU BBITEKAHUS ¢ OT
napameTpa z , Tak Kak HoCJeIHHI u3Mepsiercsi ¢ 0ojee BHICOKOH TOUHOCTBIO!
1-z

b
ITapameTpsl 3TON 3aBUCUMOCTH (¢ = az + ¢ ), paccuntanHble 1o MHK, npuHnMaroT 3HaueHus

a=—(759£5), c=(757+4).

3aMeTHM, YTO 3THU MapaMeTpbl PaBHBI B IPEJesax NOTPEIIHOCTH U3MEPEHHUH, U UMEIOT CMBICI
BPEMEHHU IOJHOTO BBITEKaHMS, NMPH YCIOBHH, YTO OYTBIJIKA MMEET CTPOr0 LUIMHIPUYECKYIO
¢bopmy (6e3 ropsiiika). COOTBETCTBEHHO, 3HaUCHHE MapaMeTpa b, Bxoxduiero B ¢popmyiy (2)
YCIIOBUS PaBHO

t (5)

b=—Lo132.10%¢", Ab=b2%—09.10%¢"
a a
Teopernueckoe 3HaYCHHUE ITOTO MMapaMeTpa paBHO (quaMeTp OyTbulku D =)
2
~ 48 107107
D\ 2h,

Takum 00pazom, NaHHBIN HKCHEPUMEHT MOATBEPXKAAET NPUMEHUMOCTH (opmyibsl Toppuuenin
HE TOJIBKO KaYECTBEHHO, HO U KOJMYECTBEHHO!

Henyoicnoe dononnenue.

Cpasnume pesynbmamoi, NOAYYeHHble NpU 00pabOmKe UCXOOHOU IKCHEPUMEHMATbHOU
3a6UCUMOCTU, C 2pApUKAMU, NOTYYEHHBIMU NPU GbIYUCIEHUU CKOpOCmuU ebimeKkanus. [ladice
JIUHEAPUZ08AHHAS 3ABUCUMOCTIL MONCEM CUUMAMbCS NPSAMOL MOIbKO NPU HAIUYUU 002amo2o
8000pad*CEHU.

3aBUCMMOCTb CKOPOCTH BbITEKaHWA OT BbICOThI AMHeapusaLma
0,07 0,07
0,06 | 0,06 -
0,05 0,05
0,04 0,04
0,03 0,03
0,02 ~ 0,02 +
0,01 . . . ! 0,01 +
0 i : : i 0
0 5 10 15 20 s 0 1 2 3 4 5
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Mano nomoeaem u obpabomxa 3moti TlorapHdMUIEcioni MaclTad

3a6UCUMOCIU 8  JI02APUPMULECKOM 2 22 2.4 2,6 2.8 3 3,2
Mmacwmabe — pazbpoc mouexk oueHb o ! ! ! ! ! In A
GenK. IIpasoa, swawenve 3o | Ap i T
Koapppuyuenma  HaxkioHa  (pagHoe _2:3 {ln >4

nokazameno CmeneHu 8 UCCIeOVeMou 2,9

dopmyne) y=0,57+£0,07 -3
-3,1

3axeambvleaem meopemuyeckoe ',
3Hauenue y = — B
2 3.4

3.5

2.4. B kauecTBe MPUYMH BO3MOXHBIX OTKJIOHEHHH CJEeAyeT Ha3BaTh HAMYUE Y KUIKOCTH
BSI3KOCTH (BHYTPEHHETO TPEHUS), BO3MOXKHOE HEJIaMHUHAPHOE TEYEeHHE (3aBUXPEHHI) mpu
MPUOTVHKEHUH YPOBHS BOJIBI K OTBEPCTHIO, TIOBEPXHOCTHOE HATSKEHUE JKUTKOCTH.

Yacrs 3. [Ipyrue orBepcTHs.

3.1 Kak cnemyer ©3 TOJYYCHHBIX 3aBHCUMOCTEH, BpeMsl T  BBITEKaHUs OOpaTHO
2

IPONOPIMOHAIBHO 3HAYEHUIO KOd(uuunenra b=— £ , KOTOpBI IpHU IMPOUYMUX PABHBIX
D\ 2k,
YCIIOBHAX MPSIMO MPOTIOPLIMOHAJICH KBaIpaTy AuaMeTpa orBepcTus. OTcioaa cieayeT, YTo

1

TOO—Z.

Taku 00pa3oM, OTHOIIEHHWE BPEMEH BBITEKaHUS BOJIBI M3 OYTBHUIKM NPH pasHbIX IHAMETpPax
OTBEPCTUH OmpeenseTcs OTHOIEHHEM 00paTHBIX KBaIpaTOB UX PaJNyCOB

. . 1. 1 .
TI.TZ.T3=d—12.d—22.d—32.
CoOOTBETCTBEHHO, B HALLIEM CIIy4ae
111
T,iT,:T,=—:—:—=36:9:4
T 17479

C y4eToM MOTrpenrHOCTH IKCIIEPUMEHT aeT OMU3KHUE 3HAUCHUSI.
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3apaua 31. «Kaencugpa»

Ha pucynke nokasan rpaduk 3aBUCUMOCTH BBICOTBI YPOBHS BOJIbI B HUJKHEH OyTBIIKE OT
BPEMEHH.

y 3ABMCHMOCTb BLICOThl YPOBHA OT BpeMeHH
12 e N
10

B W
.

e
(y'/z/ I,-‘.:I

a 100 200 400 400 500 E00

0O k3 =

Kak BuIHO, 3Ta 3aBUCHUMOCTb HE JHMHEWHAa — CKOPOCTh M3MEHEHHUS BBICOTHI YPOBHS
YMEHBIIIAeTCsl. JTa 3aBHCUMOCTh MOXET OBbITh 00paboTaHa MO METOJUKE, OMHUCAHHON IpH
BBITIONTHEHUH 3amad 16 - ocoOeHHO oOpaTUTe BHUMAHUE HA METOAMKY OOpabOTKH Bcei
3aBHCHUMOCTH «IETUKOMY - 0€3 HCII0JIb30BaHMS MAJIBIX PA3HOCTEH.

JaBMCHUMOCT b CKOPOCTH HaNWEAHWA OT BEbICOTEI YPpOBHA

035 — Abh—
031+ At 1 s
025 '\D\H‘l O
0 7 r—— 9 -~
' _-"'-l—_._.e__‘_‘__

015 -
0,1

0,05 ft.cm

0 )

0 2 4 8 8 10 12 14
OTMeTruM, YTO B JIaHHOM CJly4a€ CKOPOCTb H3MEHEHHS YPOBHS IMPUMEPHO
MPOMOPIMOHANILHA PAa3HOCTH NaBICHUH Ha KOHIAX TPYOKH, TO €CTh JIMHEHHO 3aBHCUT OT
Pa3HOCTU BBICOT YPOBHEN B BEPXHEW U HUKHEU 6yT1>1nKax6, YTO MOATBEPKIAAET CIEAYIOLIUNA

rpadux.

6
HanoMHyM, 4TO IpH BBITEKAHUU Y€PE3 OTBEPCTHE CKOPOCTH BBITEKAHUS MPONOPLHOHANBHAS KOPHIO U3 BBICOTEI
YpOBHSL.
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3agaua 32. «HamokaHue TKaHN»

Onucanue METOAMKY MIPOBEICHHS SKCIIEpUMEHTa (PaKTUYECKH JTaHO B YCJIOBHUHM 33JauH, TIOATOMY
3[IeCh Ha HEM OCTaHABIIMBAThLCS HE OyneMm.
OTMeTuM TOJBKO, YTO B JAaHHOH 3amaue ynoOHell (ukcHpoBaTh BpeMs, B TEUEHHE KOTOPOTO
IpaHMIA HAMOKAHUS JOCTUIaeT ONPEIEICHHON OTMETKH.

Pe3ynbrarel n3mepeHus UIMHBI HaMOKLIEW 4acTu S, cv B 3aBUCUMOCTH OT BPEMEHU

t, mun TIPEICTABIICHbI B TAOIUIIE U HA pHC. 1.

S, cm 1 2 3 5 7 8 10 11 12 13 14

Lwun |15 | 3.5 5 8 12 15 21 26 31 37 48

3aKkoH ABHMAEHMA

B ouepenHoil pa3 Mbl cramkuBaemcs ¢ 16 1 8, om
HEJIMHEUHON 3aBUCUMOCTBI0 KOOPIUHATEI
oT BpeMeHHU. lIpuueM xopomo 3aMmeTHo,
YTO CKOPOCTb PACIPOCTPAHCHUS I'PAHUIIBI
HaMOKIIEH YacTH YOBIBAeT C TEYECHHUEM
BpeMeHH. PasyMHO NIpeaIonoKuTh, 4To B
JAHHOM  CJIy4ae 3aKOH JBWJKCHHUS —

«KOpPEHHOI», TO €CTb CKOpOCTb
HAaMOKaHUs IMPONOPLUOHAIBHA KOPHIO W3
BPEMEHU.

OKCHEPUMEHTAIBHBIM  TOATBEP)KACHUEM
JAHHOTO TPEINOJIOKEHUS CIYKUT BUJ
rpadpuka. MOXHO JaTh M TEOPETHUECKOE
000CHOBaHME 3TOM runoTe3sl. Hamokanue — ecTh pacrpocTpaHeHHe BOIbI 10 TOHKMM BOJIOKHAM-
KanmwuisipaM TKaHu. [Ipy ABMKEHUH KMJIKOCTH MO TOHKOM TpyOKe ee CKOpOCTb (B COOTBETCTBUH
¢ Gopmynoii Ilyaseiins) o6paTHO MPONOPIMOHANIBHA UIMHE 3aTI0JIHEHHON YaCTH Karujuispa:

a
v=T. N3 3TOr0 COOTHOWIEHHS CIEAYET, YTO BEJIMYMHA S MPONOPLHUOHAIIBHA KOPHIO M3
S

BPEMEHHU.
JIist  TpPOBEPKHM  CHENAHHOTO NuHeapusauma
[PEANOIOKEHUSA CIEAYET IOCTPOUTH ' '
JMHEAPU30BAHHYIO 3aBHCHUMOCTh
Ji=F (S ) I'padux 3TOU
3aBHCUMOCTH OJIM30K K JIMHEHHOMY,
YTO TOATBEP)KIACT IMPUMEHHUMOCTh
BBICKa3aHHOTO MPEAIOJIOKEHUS.
bonee  mompoOHOEe  mccrenoBaHue
ATOTO Tpolecca MpejiaraeM MpoBECTH
CaMOCTOSITENIbHO — TIOBEPHTE MOXKHO
HalTH MHOT'O UHTEPECHOTO!
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3apaua 33. «IIpocTo maTeMaTH4YeCKUil MASTHUK

1. KoHeuHo, 3TOT MyHKT 3a/1audl MOXHO MPUHATH 3a IIYTKY, HO

. M3MEpSUIM K€ CPEIHEBEKOBBIE MAaTEMAaTHKHM IUIOIIAAb Kpyra C

IIOMOIIBI0O BECOB U TEM CAMBIM OIIPENENsUIM 3HAYEHHWE 4YMCcla 7T .

Ceituac ™Mbl oOpenu  OONBIIOW  OMBIT  KCIEPUMEHTAIBHBIX

UCCIICIOBAaHUM, TO4YeMy OBl SKCIIEPUMEHTAIbHO HE MPOBEPUTH
TOYHOCTb BBIYMCICHUN 3HAMEHUTHIX MAaTEMaTUKOB?

Hcnonb3ys METOAMKY, H3JIOKEHHYIO B 3ajaue 3, IPOBEIEM _
M3MEpeHHsT Ha Oosiee Cepbe3HOM OOOPYHOBAHUM: YBEIMYAM JUIMHY g
MasTHMKA M JMANa30H €€ M3MEHEHHs, MCIONb3yeM OOJiee TKENbli g
Ipy3, YBEIMYMM 4YHUCIO M3MEPEHUM [UIsl TOBBILIEHUS TOYHOCTH,
NpUBJICYEM Y4eOHO-BCIIOMOTATENbHBIN MEPCOHAI.

ToHkui TpoUYHBIN WHYpP (IJTMHON Gosiee 2 METPOB) C TKEIBIM METAJUIMYECKUM IIapOM
MOJIBEIIEH Ha OOpe3ke MeTalimueckoil TpyOsl. HamarbiBas mHyp Ha TpyOy MOXHO M3MEHSTh
JUIMHY MasiTHUKA. 13 mpuBeieHHOM B YCIIOBUH (POPMYJIBI ClIEyeT

2 2 2 3
oY L ) 4D (1)
g g g g
rae D - nuaMetp TpyObl, Ha KOTOPYIO HamMaThIBaeTcs MHyp. TakuMm oOpa3oM, KBajapar nepuoaa
JUHEWHO 3aBUCUT OT 4YKCIAa HAMOTAaHHBIX BHTKOB, a KOI((UIMEHT HaKJIOHA JaHHOM
3aBHMCHMOCTH T03BOJIUT PACCUUTATh 3HAYEHHUE YUCIIA 7T .
PesynbTaThl M3MepeHUi, MOJTydeHHbIE YeThbIpbMs HaunHatomuMu ¢uzukamu (D1-D4),

yCpeaHEHHBIE 3HAYEHUS IIEPUOJ0B KoJIe0aHuit <T > U UX KBaJpaTOB IIPUBEICHEI B Ta0InILE.
Tabanna pe3yJbTaToB H3MEpPEeHUH.

Bpewms 20 konebanuii (¢,,c)

D1 D2 D3 D4

63,04 62,74 62,78 63,24
61,23 61,12 61,46 61,21
59,08 58,69 59,41 59,12
57,05 57,00 57,09 56,98
54,84 54,82 55,03 54,66
52,24 52,23 52,37 52,72
50,12 50,31 50,39 50,41
47,53 47,54 47,56 47,57
44,93 45,18 45,23 45,18
41,91 42,11 42,40 42,31
39,01 39,00 39,57 39,18
35,90 35,74 36,21 35,78
32,25 32,37 32,38 32,33
28,29 28,03 28,48 28,48

0
1
2
3
4
5
6
7
8

JlnameTp UCHOIB30BAaHHON TPYOKHU OBLT U3MEPEH C MOMOIIBI0 IITAHTSHIMPKYIIS ¥ OKa3aJICs
paBHbIM D = (50,0 + 0,0S)MM .
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[Toctpoum  rpaduk  3aBHCHMOCTH

KBaJpaTa MEpPUOAA KO JIe6aHuil  OT i chz 3aBHCHMOCTE KBAAPATA MePHOJA 0T YHCIA 000POTOR
qycjla HaMOTaHHbIX BUTKOB. [lo MHK . | ' | ‘ ' '
paccunTaemMm TapameTpel oTOl
JMHEAPU30BAHHON 3aBUCUMOCTH
T? =b—an monydyeHHble  3HAYECHUS ;
paBHbI <

a=(0,6111£0,0035)c’ .

b =(9,952+0,026)c’ 3
U3 ¢ysxkumu (1)  cmemyer, uyro 2
TEOPETHUECKOE 3HaueHne 1 n
KO3 pHIIMEeHTa HAKJIOHA PAaBHO 0 ' ' ‘ ! ' ;

4D 0 2 4 6 8 10 12 14
a = ———, CJIeJJOBATEIIHO,
g
- 1Aa)  (1ADY
T =3 % , C TOTPEIIHOCThIO AT =7 3 + 3D Pacuerst mo stHM (opmynam
a

IIPUBOJAT K pE3yJIbTATY
7 =3,106+0,012.
Kak Buaure, MaTeMaTHKU JOCTAaTOYHO TOYHO CyMEJIM BBIUMCIMTH 3HAUEHUE 4YUCIA T,
pe3yibTaThl UX MHOTOBEKOBBIX BBIYHCICHHMH Jaid 3HAu€HHE OYEHb OJHM3KOE€ K 3HAYCHUIO
[IOJIy4EeHHOMY HKCIIEPUMEHTAIBHO.

2. 3nmech HaM MPEACTOUT UCHPaBUTH OMMOKY Benukoro I'. I'ammiesi, KOTOpbIN cumTa,
YTO MEepHO]] KOJIeOaHUH MaTeMaTHYeCKOro MasiTHUKA HE 3aBUCUT OT aMIUIUTY/Ibl €0 KOJeOaHU.
[IpaBna, oH u3ydan KojeOaHHs MMOJABECHBIX CBETHIIBHUKOB B COOOpE, a B KAUECTBE M3MEPUTEIS
BPEMEHU HCMOJb30Ba COOCTBEHHBIH Imyibc. JKanb, YTO Halle OTKpbITHE HE Oyzaer
OpUruHaNbHBIM - omuOKy ['ammnes mcnpaBun eme B XVII Beke X. I'olireHc, KOTOpBIA He
TOJIBKO TONYYMJ MPaBUIBHBIA pe3yiabTaT Ui MaTeMaTHYECKOTO MAasTHHKA, HO U H300pern
IUKIOUIATHHBIA MAasSTHUK, NEPHOJ KOJNeOaHW KOTOPOro JAEUCTBUTEIBHO HE 3aBUCUT OT
amnuTyael. Ho 310 yxke Tema i MOCIeAyOMUX SKCIIEPUMEHTaIbHbIX 3a/1a4.

PexomeHmyemM  mpoBecTM — H3MEpPEHUs ~ 3aBUCUMOCTH  Iepuoja  KosieOaHui
MaTEMaTUYECKOI0 MAasATHHUKA OT aMIUIUTYIbl CaMOCTOSTENbHO. OTMETUM, 4YTO TEOPETUYECKOE

1
3HaYeHue HCKOoMoro kod¢p¢umnuenta B ¢opmyne (2) yclnoBus paBHO Y :E. Eme pa3

MOJYEPKHEM, UYTO M3MEpPEHHs HEO0OXOIMMO NPOBOJIUTH OYEHb TIIATENBHO, TaK KaK MEepHOJ
M3MEHSETCSI OuYeHb HE3HAUMTENbHO — HampuMep, Npu aMIUuTyae Konebanuii B 90° oH
BO3pacTaet Bcero Ha 15%.
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3anaua 34. «/IBOIHON MasITHUK

Ecnu cumrare, uyTO mnpuMeHMMa QopMmyna Uil Hepuoja KoJjeOaHHi
MaTeMaTU4eCKOro MasATHHMKA, TO 3aBUCHUMOCTH IIEPUOJA OT IOJOKEHUS
LIEHTPAJIBHOTO I'py3a A0JKHA UMETh BUJL:

T:Zﬂ\/z=27r/L+x , (1)
g 2g

L+x
31ech [ = T - paccTosiHuEe OT TOYKH IMOJBECA J0 LIEHTPA MacC CUCTEMBI.

OnHako STOT MAasSTHUK SBISETCS (DU3NYECKUM, IMO3TOMY €ro MEpHOJ OJDKEH

paccuMThIBaThCs 1O (hopmyIie
J

T'=2n |— =

Mgl ?)

rae J = m(L2 + xz) - MOMEHT MHEpPLUU MAsATHHKA.

L

Kak u B ciiyyae konieOaHHi cTEpxHs, 3aBUCUMOCTh (2) HE SBJISIETCS MOHOTOHHOM, 8 UMEET TOUKY

MHHUMYMA.

IIpoBeneHue W3MepeHUHM HE  BbI3BIBACT  3aTPYyJHEHUM, PE3YJbTaThl

MOATBEPKIAIOT CIPABEITHUBOCTE (hOpMyIIHI (2).
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3amaua 35. «/IuHeilika HAa HMIMHAPAX

3aganue 1. U3mepenne ko3ppuuneHToB TpeHus.

[IpenenpHBId yroa HAKJIOHA JHHEWKH Ha OOKOBOM
IIOBEPXHOCTH IIPM KOTOPOM JIMHEMKA €Ie 0CTaeTCs

max *

B PaBHOBECHHM, YIOBIIETBOPSET YCIOBUIO e = '

180 = M- Do
JUis  u3MepeHHust JTOro yria yaoOHO MPUMEHUTh R
CIIENYIOLIYI0 METOAMKY. PacmosioxkuTh JIMHEWKY Ha
LMJIMHIPE B PABHOBECUM B TOPU30HTAIILHOM I10JIOKECHUH, AL A
3aTeM,  MEUICHHO  IIepeKarblBas  LUWIMHAP IO

TOPU30HTAIBHOM IOBEPXHOCTH, ONPEIAEIUTh CMELICHHUE €r0 TOYKH KACAHMS |A'A| =[50 TOrO

MOMEHTA IOKa JIMHEHKa HE HAayHET COCKalb3biBaTh ¢ IUIMHIpa. Kak cinexyer u3 pucyHka 1,

21

MaKCUMAJIbHBIN YIOJ1 HAKJIOHA JIMHEWKM PaBeH o, = — = D’ rae D - nuamerp HUIMHAPA.

[
R
3apanme 2. U3yyeHne 3aBUCHMOCTH MEePHOIA KOJIeOaHHI OT pajuyca onophbl.
Teopemuueckoe 6sedeHue.

Bv1600 popmynst 0ns nepuooa xonebanutl 1uHeliKy HA YUIUHOpe A6IAemcsi UHMEPECHOL

meopemuyeckoll 3a0aveu. Ho sma xnueca noceésawjena 3KCNepUMEHMATbHbIM UCCLe008AHUEM,
NOIMOMY 02PAHUYUMCS MOILKO KOHEYHbIM Pe3YIbmamom — opmynou 0 nepuood Koieoanuii:

1)

20e L - onuna nuwmeuxu, h - ee momwyuna, R - paouyc yununopa. @opmyna nonyyena npu
VC08UU, YMO 0BUIICEHUEe TUHEUKU RO YUTUHOPY NPOUCX00Uum 6e3 NpOCKAIb3bl8aAHUs, A KOAeOaHUs
AGNAIOMCA ManbiMu.  3amemvme, umMo KoAeOAHUS B03MOJICHbI, €CU MOIWUHA TUHEUKU He
npegviuaem ouamempa yununopa. Ionpobyiime 3acmagums Koredamvcs IUHEUKY Ha ueoKe!
O6b1uHO MONWUHA TUHEUKU 3HAYUMETbHO MeHbule ee ONuHbl h << L, nosmomy ¢opmyna

(1) ynpowaemcs

)

DxcnepumenmanvHas npogepra 3moti Yopmyivl COCMABIAen COOePHCAHUS 3A0aHUs 2.
Ecnu oice monwuna numetiku 3HAUUMENbHO MeHbule paouycd YuiuHopd, mo OOnyCmumo
OdanvHeliuiee ynpoujenue

7L 7L

3g[R — hj \/3gR

T =

()

2
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B smom cayuae nepuoo xonebanuii o6pamuo nponopyuoHaieH paouycy YuiuHopda, mo ecmov
UCKOMbIUL NOKA3amenb CMeneHu pagen y = 5

[TpoBeneHne U3MepeHU He BBI3BIBACT 3aTPyAHEHMI (TIeprobl Koiebanuii mopsiaka 1 c,
YTO JIETKO H3MEPUMO), OSKCIIEPUMEHTAIBHOE 3HAUYEHUE I[10Ka3aTelsl CTEINEHW OKa3bIBAaeTCs
OJM3KUM K €r0 TEOPETUYECKOMY 3HAYEHHUIO.

3aganue 3. U3yyeHue 3aBHCHMOCTH NEPHOAA KOJeOAHWH OT MOJIOKEHHMS MeTANIMYeCKHX
nereb.

L
TH

Teopemuueckoe  8gedenue.  Mooicho — noayuums 1|r

MOYHYI0 hoOpMYNY 0I5l NEPUOOa MAIbIX KOLeOaHUl U 8 T,
O0aHHol cucmeme: k

)& L Y
m+2m1[—xj

12 2

(m +2m, >g[R—’;j

a e20 omHoulenue K nepuody Koiebawuti 6e3 Memaiiuyeckux nemeiv Oyoem pasHo (npu
DPA3YMHBIX OONYWeHUAX muna m, < m)

2
L 24 it [é—xj . (5)
1, mL™\ 2

OKcrepuMeHTadbHass TpOBepKa OSTOW (GOpPMyJbl MPOBOJAUTCS TPATUIHMOHHBIMH METOIAMU:
NPOBE/ICHUE M3MEPEHMH, 3aTeM JIMHeapu3alysl MOJyYeHHOH 3aBHCHMOCTH M ee 00paboTka Mo
MHK. Kak Hu yIUBHUTENIBHO, 3Ta U (popMyJa MOATBEPKAACTCS SKCIIEPUMEHTAIBHO.

Jns wm3MepeHuil ynoOHO BbIOMpaTh LWIMHJADP CpPEAHEro pasMmepa, TIae KoyiebaHus
JOCTaTOYHO JOJTO HE 3aTYXAal0T, a UX MEPHO/ JIETKO MOIIAETCS U3MEPEHHSIM.
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3amaua 36. «CBsi3aHHLIE OAHOH HUTHIO...»

Yactp 1. Pe3zonanc.

Tak xak JuiIMHa TSDKEIOro MasTHUKA OCTAeTCsl HEM3MEHHOM, TO U 4acTOTa ero KoJieOanui
HE u3MeHseTcs. VI3MeHeHue UTMHBI JIETKOTO MasTHHKA NPUBOAUT K U3MEHEHHIO COOCTBEHHOU
4acToThl ero Koyiebanuil. [Ipu cOMMKEHHMH YacTOT BBIHY)KJAIOMIEH CHIIBI (TO €CTh YacCTOTHI
KoJeOaHUW  TSHKENOro MasTHMKA) H  4YacTOThl COOCTBEHHBIX KOJIGOAHMH aMILIATYyJa
BBIHY)KJICHHBIX KOJI€0aHUH BO3pacTaeT, BO3HUKAET pe30HaHC. B maHHOI cucTeMe 3TOT pe3oHaHC
OTYETIMBO HabronaeTcs — TpedyemMasi 3aBUCMOCTb UMEET SIPKO BBIPAXKEHHBIA MAKCUMYM.

BeIHYyXZI€HBl NIpU3HATh, YTO PE3YJIbTAaTbl HOCAT KAa4ECTBEHHBIM XapakTep, IMPOBECTU
YUCJIICHHOE CPAaBHEHUE C TEOPETUYECKOM PE30HAHCHOM KPUBOHM 3aTPYyAHUTEIIBHO, BEJIMKU
IIOIPELIHOCTH U3MEPEHUN.

Obuapysicums  pe3oHanc HA 4acmome GbIHYHCOAIOWel CUNbl, PAGHOU NONOBUHE
cobCmBenHOl Yacmomsl, 3ampyOHUMENbHO, HO 803MOICHO, OCODEHHO 6 CNOKOUHLIX OOMAUHUX
yeaosusx!

Yacrtp 2. «buenusa»

OTa 4acTh 3a/1a4d MOXKET ObITh BBINOJIHEHA «J10 KOHIIa». M3BecTHO, YTO yacToTa OUeHUil paBHa
pPa3HOCTH COOCTBEHHBIX YaCTOT KOJICOAHUH CBSI3aHHBIX MAasTHUKOB. OTOT (akT IO3BOJISET
HOJYYUTh TEOPETHUECKYIO 3aBUCHUMOCTD IepHoja OMEHUIl OT AJMHBI OJHOTO MasTHUKA /[, IpHU
¢uxcupoBanHoil anuHe BTOoporo /. Tak wyacToTa KojeOaHMH MaTEMaTHYECKOTO MasTHHKA

omnpenensercs: GopMmyoi

2\ |
CIICIOBATENILHO, YaCTOTA OMCHUI paBHA

Ve[ v ) e [

VﬁueH.:|V0_vl| 27[‘\/— \/—‘ e l - Z

Haxkownern, m3mepsieMblii mepro1 OMEHU OTIHCHIBACTCS] (POPMYIIOi

Tﬁuel-n = = * (1)

dopmyna CIMIIKOM KpacuBa, 4yTO Obl HE MOABEPTHYTH €€ HKCHEPUMEHTAIbHON mpoBepke. Ee
JUHeapHu3alys TakkKe OpUTMHAIbHA: CIEAyeT IPOBEPUTh 3aBHCUMOCTh B 0€3pa3MepHBIX
rnapamerpax:
i
1,

Ouen.

/
=1-_[Y. (2)
ll
3aMeTuM, 4YTO U CEKYHIOMEpP B JAaHHOM IKCIIEPUMEHTE HE 00s3aTeNIeH, MOKHO U3MEPSITh IEPUOJT
OueHuii B eprojjax KoieOaHui MasTHUKA HEM3MEHHOW JJIMHBI.
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3agauya 37. «I'ne HOpMAaJIbHAS peaKkusa?»

1. Cuna HaTsKEHHMsT HUTU HampabicHa
BJIOJIb HHUTH, MO3TOMY B JI000H TOuUKe MO
KacaTeJIbHOW K TIOBEPXHOCTH LMJIMHJpA.
Yro OBl «HaWTH» CUIy HOPMaJIbHOU
peakuuu, HeoOXOUMO PaCCMOTPETh CHIIBI,
JCUCTBYIOLIME Ha HEOOJBIIOW Y4acTOK
HUTH, BUAMMBIA M3 LEHTpPA MOJ MaJlbIM
yriom Ag. Cunel HaTSKEHMUS,

JNEUCTBYIOLIUE Ha KOHIIBI 3TOTO
BBIJICJICHHOT'O Y4acTKa, HaIpaBIICHbI IOJ
YyIIOM JIpyr K IpYry U MMEHHO paJualIbHbIE COCTABJIIOLIUE DTUX CUJI NPUKUMAIOT HUTHh K
[IOBEPXHOCTH, INPUBOJAT K IIOSBICHUIO CWJIBl HOPMAJIBHOM pEakUMM U, CJIEAOBATEIBHO, K
BO3HMKHOBEHMIO CUIIbl TpeHUA. C Opyroil cTopoHbl, BOHMKILAS CUJIA TPEHUS IPUBOJAUT K TOMY
K YMEHBIICHUIO CHJIbl HATSDKEHUS HUTH. TakuMm oOpa3oM, BO3SHHMKAaeT OoOpaTHasl CBA3b — CHJIA
HATsDKEHUs OIPENeNsieT CUILy TPEHMs, a Ta BIUAET HAa U3MECHEHHME CWIbl HAaTspKeHus. [Ipuuem
YMEHBILICHUE CHUJIbI HATSHKEHUS HA MAjOM Y4acTKE IPONOPLUOHAIBHO CAMOW CHUJIE HATSKEHHS,
YTO U MIPUBOJUT K HKCIIOHEHIIMAIIBHON 3aBUCUMOCTH CUJIBI HATSDKEHUS OT YIila HAMOTKH.

Ilpugedem cmpoeutl 8v1600 hopmynvl Jilnepa (0m WKOIbHUKOE mpedosams 3Mom 6bl800

parosamo)
byoem cuumamo, umo epy3 onyckaemca. Ilycmb 6 HauanbHOU mMoOYKe KACAHUSA HUMU

NOGepXHOCMU CUNA HamAdceHus uzeecmua u pasua 1, (3ma cuna odycnoenena noogeuleHHbiM
epysom). Yeon mamomxu @ Oyoem omcuumvliéams om 9Mmou mMouKu. Beedem cucmemy
KOOpOUHAm, NPUBA3AHHYIO K 6blOeIeHHOMY Y4acmky Humu, ocb Oy Hanpagum paoudaibHo

(HopmanvHo K yuyacmky), a oce Ox no xacamenvHou K Hemy. Tak Kax Mvl cuumaem, 4mo Humbo
osudicemcss  6e3  YCKOpeHusi (UlU  MOJNCHO HpeHedpeyb Maccoll HUmu), mo cymma Cul,
0elicmeyIowWux Ha 6bl0eeHHbIU YYACMOK, pagHa Hyto. Jmo ycioue pagHo8ecus No3eoaieSm
3anucamov 08a YpaGHeHUs.:

6 npoexyuu Ha oco Oy :

AN=T(go)sinA—2(p+T((p+A(p)sinA—2¢zT((p)A(p, (1)

30ecb yumeHo, 4mo yeon A@ mai, nosmomy e2o CUHYC pageH CamoMmy Yaiy, Kpome moeo, MOHCHO
npenedpeysb 8 paziuyuax CUl HAMANCEHUs HA KOHYAX 8bl0eNeHHo20 yuacmka T ((p) ~T ((p + A(p) ;
6 npoexyuu Ha ocb Ox :

T(go)cos%—T(go+Ago)cos% = UAN, (2)

Mmax Kax y2ojl Majl, e20 KOCUHyc ciedyem cuumams pasuvim 1. U3 ypaenenuit (1)-(2) credyem
ypasHeHue 0Jisl ONpeoeieHUss 3a8UCUMOCIU HAMANCEHUS HUMU OM Y2id HAMOMKU

T(p+Ap)-T(p)=-ul(p)rp,
uiu
T
e 3)
do
peutenuem 9mo20 YPAsHe st RPU 02080PEHHOM YCI08UU U ABNAEMCS NPUBCOCHHASL (hopMYLa
T =T, exp(- up).
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2. Camoe Ba)KHOE IpH BBINOJHEHUU JAHHOTO 3aJaHus MOHATH, YTO CHJIA HATsDKEHHs OoJiblIe,
YeM CHJIA TSDKECTH, TIOATOM TEOPETHUECKasi 3aBUCUMOCTD J0JKHA UMETh BHT

T =T, exp(+ up). 4)
ToyHOCTH W3MEpPEHUH 3aBUCUT OT KadyecTBa JUHAMOMETPA, HO B pPE3yJIbTaTe MOJIY4aroTCs
JOCTaTOYHO TJAJKHE 3aBUCUMOCTH. [Ipu mpaBUiIbHOM MOAOOpPE HUTH U CTEPXKHS yIAE€TCs CHATh
6-7 touek (moiTtopa — nBa oOopota). Bonbliee KOJIMYECTBO TOYEK YAACTCS MOIYYUTh MPU
MEHBILIEH Macce MOABELICHHOTO I'py3a.

3. Jlns mONTBEpXKIEHHS CIPaBEUIMBOCTH TNPHUBENECHHONW (OPMYIBl CIEAYeT MOCTPOUTh

T(p)

3aBHCUMOCTB JIoTapru(mMa CHITbl HATSDKEHUS OT yriia HaMoTkH. bonee Toro, 3aBucumoctu In ——=
0

OT (@ OKa3bIBAIOTCS NPAKTUYECKH OJMHAKOBBIMU JUISI BCEX MacC IOJBEIICHHBIX TIPY30B.

KoadduuneHT HakIOHA STHX 3aBUCUMOCTEH paBeH KO3()(HUIIUEHTY TPEHUSI HUTH O TTOBEPXHOCTh

crepkHsA. Tunuunele 3HaueHUs 3Toro ko3 ¢uimenta nmopsaka 0,1 u He 3aBUCAT OT Macchl
MIOBEILLIEHHOI' O IPy3a.

4. Ilpu onmyckaHuU rpy3a HUTh JIBHJKETCS B IPOTHMBOIIOJIOKHOM HarpaBieHuu. [loaToMy B 3TOM
Clly4ae CWJIa HaTSDKEHUsS HUTH OKa3bIBACTCS MEHBIIE CHIIbl TSKECTH U3-3a JCHCTBUS CHIIBI
TPEHUs, B 3TOM cllydae B MOKa3aTelie SKCIIOHEHTHI cienyeT OpaTh 3HaK MHUHYC. bojblie uncio
U3MEPEHUH yaeTcs IMPOBECTH IIPU MAKCUMAJIBHOM Macce rpysa. [ B 3ToM ciiydae npuBegcHHas
(bopMyna moaTBEPKAACTCS.
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3agaua 38. «SIBJaeHue 3acTosa»

JlaHHas 3a/1a4a CIIMIIKOM OPUTHHAIBHA JJIs1 TOTO, YTOOBI OIPAaHUYUTHCS TOIBKO
KPaTKMMHU yKa3aHUSIMH, TIOATOMY OOCYMM €€ BBIOJHEHHE TOAPOOHO.

Yactb 1. «CTaTHKa»

Haunewm ¢ pe3ynbTaToB H3MEpeHU, KOTOpbIe npeacTaBiensl B Tadbmune 1 u Ha rpaduke,

rac x u x .. - MHHAMaJIbHOC W MAaKCHUMAJIbHOC 3HAYCHUC IIG(I)OpMaL[I/II/I PC3UHKHU, TIPpH

min

KOTOPBIX CUCTEMA OCTAE€TCs B pAaBHOBECHUH, ITPU MAcCCe Ipy3a m .
Ha rpaduke BbieneHa 30Ha 3aCTosl.

3oHa racToA

300

Tao6auua 1.

240

200

1a0

100

al

0 i ; 5 g ;
] 100 200 300 400 500 BO0

Teneps HaM HEOOXOJMMO MaTEMaTHYECKH ONMCATh YCIOBHUS paBHOBECHUS Tpy3a.
Jlis omnpeneneHus

Xini T ; Xmax T ‘_
MHUHHUMAJIEHOTO e o e -—
PaCTSKEHUST MBI JOJDKHBI 91_
Ipy3bl MEJIEHHO L
omyckarb. B aTom cirydae T

cujia TpeHUs TOKos OyeT
IIOMOTaTh  YIEpXKUBATh
rpy3bl (ypaBHOBEIIMBATh
CUILY TSOKECTH). B
MIOJIO)KEHUH  PaBHOBECHS
cuia HATSDKEHUS
BEPTUKAIBHOU 4acTu
HUTH paBHa cuie
TSKECTH I,=mg; a -
YMEHBIIICHHAs TPEHHEM CHJIa HATSHDKEHHE TOPU30HTAIBHOTO Y4YacTKa paBHA CHUJIE YIPYrOCTH
(6ynem cuurarts, uto 3akoH ['yka cnpasennus): T, = BT, = kx, . .
W3 3TUX ypaBHEHHI HaX0AUM 3aBUCUMOCTh MUHUMAJILHOW JiepOopMaliuu pe3uHKU OT MacChl
MIOJIBEIIEHHOTO Tpy3a
mg
X min P (1)

JUist ompeneneHUs MaKCUMalbHOM nedopManuu Tpy3bl MEUIEHHO MPUIIOJHUMAIOT,
MO3TOMY M3MEHSIETCS HalpaBJIeHWE NeHCTBUS CHJI TpeHHs (ceddac 3Ta cuja IOMOTaer
yICpXKUBaTh PE3UHKY B pACTIHYTOM cocTossHuM). CrenoBaTeibHO, CHIA HATSKEHHS
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TOPU30HTAIIBHOTO y4acTKa YPaBHOBEIIMBACT CUJly HATSKCHHMS MAaKCHUMAJIbHO pPacTSHYTOU

pesunku T = kx a YMEHBIICHHAs TPEHUEM CUJa HATSKEHUS BEPTUKAJIbHOIO Y4acTKa

min ?

YPaBHOBEIIUBAETCS CUION TsbkecTH, nmodtomy 71, = ST, = mg . CinenoBaTellbHO, 3aBUCHMOCTh
MaKCUMaJIbHOU AepopMaIiiy pe3sMHKH OT MacChl MOJBEIIEHHOTO Irpy3a HMEET BH/]L

1
X = _E (2) Nuueinoe npubnuxeHue
max ﬁ k 300
Takum  oOpazoM, ¥  MUHUMaJIbHas |

250 : : § é ---------
MaKCHUMaJIbHas He(bOpMaL[I/II/I PC3UHKHU OOJIZKHBI : ! | ; .

ObITh  MPSIMO  TPOMOPLHUOHANBHBI ~ MAacce g : : ' A
nojsemeHHoro rpysa. OOpatumcs eme pas : : : ' |
OKCIIEPUMEHTAIBHOMY  IpaduKy. MoxHo 150 b b
CUMTaTh, 4TO AehopMmaruii mopsaaka 200 mm obe ¥ : : : '
3aBUCUMOCTH HPUMEPHO JIMHEHHBl (WM HX
MO3KHO TaK anmnpokcuMupoBats). [locrpoum 3tu
3aBMCHMOCTH U ONPENEIMM HX IapaMeTphbl IO
MHK. JInd MUHMMaNbHOIO  DPacTsKCHHA
3aBMCHUMOCTb UMEET BHU]{

100 e

&0 T

500
Xpin =@M+ b,
CO CJIEYIOIIMMHU 3HAYEHUSAMU KO3 (DUIIMEHTOB

a, =(0,49+0,09)2%: b =(=26+25)un;
pes

IJIsI MAKCUMAJIBHOTO PACTSDKCHUS
X, =a,m+b,,

max

¢ ko3 purreHTaMu
a, =(0,72+0,06)22: b, =(-21+13)n.
pes

ToyHOCTH HE BETMKA, OTOMY YTO 3KCIIEPUMEHTAIBHBIX TOYEK HE MHOTO (YEThIpe IS IEPBOM U
BCEro TPH JUIs BTOPOH) - HO HE MBI )K€ BUHOBATHI, YTO B CTAHIAPTHHIH HA0Op BXOAMT BCETO
IIECTh T'PY30B, @ PacWIMBATh UX HE pas3pemiaoT. TeM He MeHee, MYCTh M C MOTPEIIHOCTHIO B
20% 3HaveHus: K03(h(HUIMEHTOB HAKIOHA MbI MoNydmiin. CBOOOAHBIEC WICHBI OTIIMYHBI OT HYJS
(00 WX MOrpemrHOCTH Jydllle HE TOBOPHUTH), MO-BUIUMOMY, JIMHEHKa OKaszajach CABHUHYTA
MuILTEMETpOB Ha 20 - yuTeM Janee, Kak monpasKy K gedopMamun &x = 224 .

Koapduuuent [  BbpasuM U3 SBHBIX BBIPAXKEHUH 11 KOA(PQPHUIMEHTOB HAKIOHA,

crenytomux u3 gopmyn (1) u (2):

a=pE
Kos e ()
_. & a,
2 ﬁ k
[Toxcuet o 370 popmysie MPUBOIUT K YUCICHHOMY 3HAYCHHIO
£ =083+0,17 (4)

OTMGTI/IM, YTO, HUCIIOIBb3Ys (bOpMyJ'Iy JJIg 9TOro mnapamerpa, HUCCICAOBAHHYIO B r[pez[mz[ymeﬁ 3aaa4c

T 2
= X - , MOKHO OHpe,HeJ'II/ITI) KOD HUITUCHT TpGHI/IH HHUTHU O CTep)KeHL = - ln ~ 0,12 .
p > H H .

7 o o
ITO 3HAUCHHUE HAWACHO, KaK pE3yJIbTaT YCPCAHCHUA [TapaMETPOB b C YUCTOM HX Pa3JINYHOU MOTPCHIHOCTU.
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Tenepp, 3Has kodpduuueHT [, MOKHO PacCUMTATh 3HAYCHHUS CHJI YHNPYTOCTH MpHU
pa3nuyHbIX JeopManusax NpyKUHKH. Tak, MpU U3MEPEHUSIX MUHUMAJIbHBIX PACTSDKEHUH cuiia

1
ynpyroctu pasusnace F, = fmg, a npu MakcumanbHeix - F, =—mg. Ilepecuntaem

nannple Tabmuiel 1 mo stum dopmynam (Tabmuma 2) u moctpouM «oObeIUHEHHBII» rpaduk
3aBHCUMOCTH JIe(OpMaIUU OT CHIIBI YIIPYTOCTH.

Ta6auna 2. SakoH MNyka
330

300

250

200

150

[, WA R T N S N I | I | L

e i anEE T EEC LR L PETK CEETRT SETEEY FERRE SERER PREES

50 ek @A

| Eipigi] = ]

Lo o o, 2

Tt e Sl

Kak BuauM, TOUKH AEHCTBUTEIBHO JIETIN HAa OJHY MPSAMYIO (32 UCKIOYEHHUEM JIBYX MOCIEIHUX,
JUI KOTOPBIX 3aKOH ['yKa — «He 3aK0oH»).
ITapametpsl 31Ol 3aBUcUMOcTH Ax = AF + B, paccuntansuslie no MHK, paBHbI

A:(64i6)ﬂ;—M; B=(-8+15)un.

Tak kak TOUYKM JEraM Ha MPSAMYIO OPSMOW MPONOPLUMOHAIBHOCTH (3HauyeHue casura B
000CHOBAHO MOKET OBITh HNPUHATO PaBHBIM HYIIO), TO U AedopMmanuii pe3uHku 10 250 MM

3akoH ['yka BbimonHsaercs. JKecTKoCcTh pe3uHKu k = — , ee YUCICHHOE 3HauUCHHe

1
A
k= (15,6i1,5)£.
M

3aM€TBTe, O6’b€,Z[I/IHeHI/IC TOYCK IO3BOJIMJIO CHU3UTH MOTI'PCIIHOCTL OIIPCACIICHUA KCCTKOCTU O

10%.

YacTtb 2. «/IMHAMUKA»

I'py3 Bcerpa octaHaBIMBaeTCs B 30HE 3acTos. 1Ipu Hamu4uu 1OCTaTOYHON SHEPTUH OH MOKET
MIPOCKOYUTH 30HY 3aCTOS U HaYaTh 00paTHOE ABMKEHUE. DTUM OOBACHSACTCS HAIMYME PA3phIBOB
B rpauKax 3aBUCUMOCTEH KOHEUHOTO TIOJIOKEHUSI TPY3a OT €ro T

N X g
Ha4YaJIbHOU KOOPAUHATBI. _@
Pemenne 31Ol 4acTu 3a1a4yd Ha4yHEM C TEOPETHYECKOrO aHaIn3a 7
JBUKEHUS Tpy3a, KOTOPOE OIUCHIBACTCS YPaBHEHHEM BTOPOIO .
3akoHa HploTOHA (Ipy3 omyckaeTcs): 7

ma=mg-T,. (®)) 2
Cunbl  HaTSDKEHMSI C  pPa3HbIX CTOPOH  OJloKa  CBSI3aHBI -
cootHomeHueM 7, = BT, a HaTsDKEHHE TOPU3OHTAIBHOM uacTu
HUTHU PaBHO CUJIE YIPYIOCTH PE3UHKH (II0Jlaraem, 4to 3akoH I'yka
. — Hig
crpasemuB): T, = kx . &
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Taxum oOpa3oM, ypaBHEHUs IBHKEHHS Tpy3a (5) mpuolOperaet BUJ

ma:mg—Ex. (6)

Ho 310 ecTh ypaBHEHHE TAPMOHHUYECKUX KOJICOaHUN

k mg k
a=——- x_ﬁ_ =__( _xmin)' (6)
Pm k Pm
mg
C TMOJIO)KCHHEM pPAaBHOBECHS, CMEIICHHBIM Ha BEIUYMHY fJ—=> =X COBITAJAIONIYIO0 C

k min
MUHUMAJIbHON T'paHHIICH 30HBI 3aCTOS. PellieHueM 3TOro ypaBHEHHsI SIBJISICTCS TapMOHUYECKAs
GyHKIUS, KOTOpas HAacC, S3KCIEPHUMEHTATOPOB HE HMHTEPECYeT, TaK KakK SKCICPUMEHTAIbHO
UCCIIEYeTCS TOJIb 3aBHCHMOCTH KOHEUHOTO TOJIOKEHHUS Tpy3a OT HauyalbHOro. BaxHo, 4TO
TOYKAa TICPBOM OCTAHOBKHM OYJET HAaXOMUThCS HAa TAKOM K€ PACCTOSHUU OT MOJOKCHHUS
paBHOBeCHS, KaK U HavaJbHAas TOYKA, TOJBKO C JAPYrOi CTOPOHBHI.
AHAJIOTUYHO MOJKHO TO0Ka3aTh, YTO MPH JBUKCHUU I'py3a BBEPX YPABHCHUC JBIIKCHHUSI
OyZeT UMeTh BU]T

_Pk x-2& =—ﬁ(x—xmax). (7)
m Pk m
OTMGTI/IM, I/IHTepeCHHﬁ (baKT — YaCTOTHI KOJIEOAaHMIA Pa3JIMYHbI I pa3iIMIHbIX HaHpaBJ'IeHI/Iﬁ JABHIKCHMU.

IIpn nBH)KEHMM BBEPX pPACCTOSIHUE MEXKJIYy TOYKOM IIEPBOM OCTAHOBKM W BEpPXHEU
IpPaHULIEN 30HBI 3aCTOSl PABHO PACCTOSHUIO OT 3TOW TPaHMIBI 10 HA4YaJbHOM TOUYKM (KOTOpas,
€CTECTBEHHO J0JDKHA HAXOIUTCS 32 3TOM IpaHuLeit).

Tenepp MBI MOXEM MPOAHAIU3MPOBATH HCKOMYIO 3aBHCHUMOCTb. Ham HeoOxomaumo
paccMOTPETh HECKOJBKO YYaCTKOB HayaJIbHOW AedopMaiiui Pe3UHKH (MU IMOJIOKEHUs Tpy3a,
YTO paBHOCWIBHO). Hike mocTpoeH MTOTOBBIN rpaduK 3aBUCUMOCTH KOOPIMHATHI KOHEYHOTO

IIOJIOXKCHUA I'Py3a X; OT KOOPAHWHATBHI €TI0 HAYAJIBHOI'O HOJIOXKCHUA X, . IIo Xo4y paCcCMOTPCHUA

MBI OyZIeM IIOCIIeIOBATEIbHO CTPOUTh YUACTKH 3TOT0 rpaduka.

(1-2) Ilycte HavanmpHas KOOpJAMHATa

MEHbBIIIE  KOOPJIWUHATBI ~ MHHHUMAJIbHOM Xomin— Xy =X17 Xmin (1—=2)
rpaHUIbl 30HBI 3aCTOS X, <X,. . B 3TOM : I
cllyyae CHJa TSDKECTH IPEBBIINIAET CUILY i X e 35{
YIOPYrocTH (Jaxe C Y4eTOM TpEeHus), X, X

[O3TOMY  TpPy3  HAyHET  OIyCKaThCs

(pe3MHKA pacTAruBaThes). KoopamHara mepBoOil M OKOHYATEIHHON® OCTAHOBKH YIOBJICTBOPSCT
OTOBOPEHHOMY BBIIIE YCIIOBHUIO

xl _xmin = xmin _x0 b

U3 KOTOPOTO CIIEIyET, YTO

Xp = 2X 0 — X ()
(2-3) Eciu HavanbHasi TOUKa HAXOAMUTCS B 30HE 3aCTOSA, TO JIBJKEHHE HE HAYHETCS, IMOATOMY
KOHEYHOE TOJIOKEHHE TMOMpOCTy OyneT

—x =X —X 3—4
COBIIaJaTh C HAaYaJbHBIM. Xmai~ X1 0 T ( )
(3-4) Kornma HavanmbHasi TOYKa JICKUT 3a
IPaHULEN 30HBI 3aCTOS X, > X, ., PE3UHKA L ! =
X mrin X e X
HAa4yHET CXKUMATBCA, NOJAHUMAs Tpy3. B aTom x
1 x(]

cJIydgac JABUKCHHUC OIMMCBIBACTCA

8 Y51 paccMaTpuBacMm cnyqaf/i, KOoraa KoopAauHata HIDKHEH I'paHullbl MCHBIIC INMHUPUHBI 30HBI 34CTOA

xmin < xmax - X B stom crydac IepBasA OCTAHOBKA IIONMAAacT B 30HY 3aCTOs. B tom cjIydac, Korjaa

min *

xmm > xmax —X BO3MOXHO, YTO CHUCTEMa NPOCKOYHUT 30HY ITOKOA. Ho B Hammx OKCIICPUMCHTAX 3TOT BAPUAHT

min °

HE BCTPCTUIICH, TIOITOMY MOKETC IPOAHAJIU3UPOBATH €0 CaAMOCTOATCIIBHO.
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ypaBHeHI/IeM (7), a J1s KOOpIII/IHaTBI TOYKHN HepBOI\/JI OCTAaHOBKU CHpaBe,ZUH/IBO COOTHOLICHUEC
xmax _xl = xO _xmax b
nu3 KOTOpOFO HaxoIum
X, =2x__ —X,. 9)
3Ta (bOpMy.]'Ia 6yIIeT OINMUChIBATh KOHCYHOC ITOJOXCHHUEC, €CJIIM OHO OKAaXCTCA B 30HC 3aCTOsA, TO
€CThb HpI/I

X, =2x_, —X,>X = X,<2x, +Xx

min ? min *
(4-5) Ecam xe Ha9aIbHOE TONOKEHHE . — X =Xy~ Xmin (4—5)
JSKUT 3a MpefenamMu 3TOH o0nacT, TO (—'e—ﬁ

crcTeMa MPOCKOYHT 30HY 3aCTOS U HAYHET D X X1 = Xy T Xomax
oOpaTHOE  JBH)KEHHE. Koopnunara T
nepBoi OCTaHOBKH ynosnerBopsier | ERE) .
dopmyne (9). Ho, Tak kak s3Ta TOUKa X min X e X
BBIIIUIA M3 30HBI 3aCTOS, TO TOYKa Xy

IOPOJOJDKUT — JIBUKEHHE B 0OpaTHOM %
HaNpaBJICHUH, KOOPJUHATA BTOPOH OCTAaHOBKU YJOBJIETBOPSIET COOTHOILEHUIO, aHAJOTUYHOMY
dopmyne (8): x, =2x,_ . —x,. lloxcrasnsas u3 popmyist (9) 3HaueHHE X, HOTYYUM BBIPAKCHUE
JUIsl KOOPJIMHATHI BTOPOH (Ha/ieeMcs OKOHYATEIbHOM) OCTAaHOBKH:

=3, = Xy = 22X = Xy ) (10)
Ha 3ToM MBI 3aKOHYHMM TEOPETUYECKUN aHAIM3, HE CMOTPS Ha TO, YTO €IIe HE BCE BAPHAHTHI
paccMoTpensl. Harmpumep, ecnu koopiMHaTa nepoBOi OCTAHOBKH 0Ka3anach OTPULIATENLHOM, TO,
Kak OyJeT pearpoBaTh Ha 3TO pe3uHKa? MBI )K€ CUMTaeM, YTO M B 3TOM CJydae CIpaBeJIUB
3aKkoH ['yka, T. . pe3uHKa HaYHET «TOJIKAThCS.

[TocMoTpuTe Ha UTOTOBBIN TpadUK U Pa3pbIBHYIO (QYHKIMIO, €r0 OMUCHIBAIOLIYIO (00BeIUHUM
BCE MOJIy4YEHHBIC BBIPAKEHHS).

min

X, =2x

min

2xmin _x0’ xO < xmin
xO’ xmin <x0 <xmax
. = (1)

2xmin _‘xO’ xmax < xO < 2xmax +xmin

xO _2(‘xmax _xmin )’ 2xmax +xmin <x0 <...

X 3ABHCHMOCTh KOHEYHOr ¢ IOJI0KeHHA
IA OT HAYAJILHOI'O
5 3
1 /
’/
/
/
d
/
’
Xomin > 4N
N\
N
\\
Ha rpaduxe BbigeneHa o0JacTb \
3aCcTOs, Kak I HayvalbHOM, Tak u N 3-}-{
0

. ; x
KOHEYHOU KOOPMHATEHI. Koy T 2% ™ Xomin |

Cornacutecb, HE  TpaIULUOHHAS
3aBUCHUMOCTh JJIl JKCIEpUMEHTanbHOW mpoBepku!  I[locMoTpuM, 4YTO XK€ MOJYy4yWIOCH B
JKCIIEpUMEHTE.
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B Tab6muue 3 u Ha rpaduke MOKa3aHbl SKCIEPUMEHTATIbHbBIC 3HAYCHUSI KOOPIUHAT HAaYaJIbHON H
KOHEUHOM Touek mpu macce rpy3a 300 r. KoopanHatsl TOUeK KOHEYHON OCTAHOBKH IMOJIY4EHBI
YCPEIHEHHEM M0 5 SKCHEPUMEHTAIbHbIM JaHHBIM. OTMeTHM, 4TO pazOpoc pe3yiabTaTaMu
OTIENbHBIX M3MepeHHi He npeBblan 3 MM. Ha nuarpamme BblaeneHa 00JacTh 3acTos,
IOCTPOEHHAs IO JAaHHbIM [epBOM dacTH (a1 JaHHOM Maccel rpysa x,.. ~116.mm,

X g X197 mm ).

Taoauua 3.

Maccarpyza 3d00r

=
-

L% DR et |

E e T W

150 4=-=-%

100 -

50 --enoee-

P s D

L [P P

ITonydeHHBIE PE3YNIBTATHI KAYECTBEHHO COTJIACYIOTCS C TEOPETUUECKUMU MPEACKA3ZaHUAMU — I10
MEHbBILIEH Mepe, €CTh JBa YETKO pa3/eNICHHBIX MEeXIy co0oil ywactka. J[ns mepBoro u3 HUX
(ysacrox 1-2 mo  Hamel  TEOPETHMYECKOM  HyMepalMM)  COOTBETCTBUE  BIIOJIHE
YIIOBJIIETBOPUTENILHOE. Y PaBHEHHE ITOrO yyacTka, HailneHHoe no MHK, umeer Bun

x, =-0,95x, +188.

CpaBHUBas C TEOPETUUECKUM BbIpakeHHUEM (9), OTMEYaeM, UTO OHU COOTBETCTBYIOT APYT APYrY
«B TIpefenax MOTPEIIHOCTH M3MEpPEeHHi» — Kod((UIMEeHT HakioHa ONM30K K -1, KoopauHara
~ 188

HU)KHEN TpaHULbl 30HBI 3aCTOSl X —Tz 94mm, TpPUMEPHO COBIAJAET C HAWJCHHBIM B

min

CTaTUYECKUX YCIOBUSAX 3HadeHW0 X . ~116mm. Co BTOpPBHIM YYacTKOM [I€JIO OOCTOUT

min

3HAUUTENBHO XYK€ — OH JaK€ HE IOIajl B paHee HaliICHHYIO 30HY 3acTosi! YpaBHEHHE BTOPOIO
oTpe3Ka

x, =-10x, +58 .
C HakKJIIOHOM BCE€ OTJIWYHO — IOJHOE COBIMAACHHUEC, a BOT BCPXHAA I'PaHUIA 30HBI 3aCTOA

~ 558
=—— =280mm B moJsiTopa pasa BblllIE, YEM B CTATUYECKOM ciaydae x, =197 um.
2

max

[IpaBma mpu 3THX nedopMalysX HE BBINOJHSETCS 3aKkoH ['yka, kpome Toro, kKo3dduuueHt
TPEHUSI TOKOS OTJIMYAeTCsl OT KO3(PQUIMEHTa TPEHUS CKOJNbXKEHHA. A MOXKET JTOT
KOA(QHIMEHT BO3pacTaeT MpH yBEIMYCHUU CKOPOCTH, HUTh «BIphI3aeTcs» B IIAacTUK? HyxXHbI
JOTIOJTHUTEBHBIE UCCIIeA0BaHus !
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Eme Gonee ynuBuTeNbHBIE pe3yabTaThl MOTyUeHBI I rpy3a Maccoit 200 r. OHUM TpeACTaBICHBI
B Tabnuie 4 u Ha rpaduke. MeTouKa MoJIy4yeHHUs U IPECTAaBICHUS aHAJIOTHYHBI TPEBLIYILIUM.

Taoauua 4.
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3nech naxke mepBas BETBb HE COOTBETCTBYET TEOPETHUYECKH MpecKa3zaHus, ee KodhduiueHT
HAKJIOHA 3HA4YUMO OTJIM4aercs oT -1 (ypaBHeHue 31Toro orpeska x, = —0,75x, +134), nostomy

€€ HWKHUU Kpall He COBIIAJACT C IPAaHULEH 30HBI 3aCTOSl. XOTs 3HAYECHUE KOOPAMHATHI 3TOU

~ 134 .
TpaHULBl X . =——~ 67MM OYCHH OJHM3KO K MOJYYCHHOMY B MEPBOM 4acTu X . =~ 64 mm.
2 min

min
B uem mnpuumHa ymeHblIeHUs KodpduuueHTa HakiaoHa? HeEMOHATHO, MOXET, CTEpKEHb
npotepcsi? Ho Ha ApYrux cTEpKHAX MOTyYESHbI aHATOTHYHbBIE pe3yIbTaThl!
VpaBHenue Broporo orpeska x, =—0,65x, + 257, nokasplBaeT emie Oobliee OTKIOHEHUE OT

TCOPCTUYCCKOIO TMPCACKA3aHUA. 3HadeHUE KOOPAWHATLL BerHCfI T'paHUIbl 30HBI 34CTOsA

257
= ~130mm 6aM3KO K cTatuyeckoMy X, .~ 120mm , XOTS TakKe MPEBBILIAET €ro.

=

max

CamMoe yaMBUTENIBHOE MPOU3OILIO C TPETBUM OTPE3KOM — y HEro HAKJIOH HE B Ty CTOPOHY!
[TosTomMy o0OCyXIaTh 4YHCICHHbIE 3HAa4EeHUs CMbIcIa He umeer! B uem mnpuumHa Takoro
paIuKaNIbHOTO OTKJIOHEHHS — BO3MOXKHO B 3TOHM 0ONAacTH Ipy3 MOANPHITMBAI BBILIE YPOBHS
HEpacTAHYTON PE3UHKN?

Kak Buaure, 3amadya gaeT MHOIO IOBOJOB JUIl JOMOJHUTEIbHBIX Pa3MBIIUIEHUN U
CaMOCTOSITENIbHBIX IKCIIEPUMEHTAJIbHBIX UCCIIEI0BaHMUI !
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3agaya 39. «Tpenune kaueHus»

1.1 TIpu xoneOGaTenbHOM JABWXEHHM MEXaHHUECKas

SHEPrusl  CUCTEMBI  CKJIQJBIBAETCS W3  KHHETUYECKOW W
MOTEHIMAIBLHON SHEPruil Bcex Tell, 00pa3yIoIUX CUCTEMY.

bynem cuurarh, 4YTO KMHETUYECKOW DHEPrUEH ICPEBSIHHOU

NAJIOYKW M LEHTPUPYIOIIEro KyCOuKa IUIACTUIMHA Ha €€ KOHIIE

MOXKHO TpeHeOpeub B CHJIy MaJOCTH HX Macchl (m=52) 1o

CpaBHEHHIO ¢ Maccoil rpysuka (M ~1002).

Torna kuHeTHYECKast SHEPTHsI CUCTEMBI OyZIEeT OTPEACIATHCS
TOJIBKO KMHETUYECKOM SHEprueil rpysuka (WIMHAPA), KOTOpas IpH  x
Ka4eHUU MOXKET OBITh HaiJeHa KaK CyMMa €ro KHHETHYECKHX
SHEPrUi MOCTYNATEIBHOIO U BPAIAaTEIbHOIO ABHKCHUM

mv*  Jo’ M(Ro) 1 MR* , 3MR* ,
E, = + = +— 0 =—-on,
2 2 2 2 2 4
(1)
rae v=w R - CKOPOCTb IIOCTYNATEIbHOIO IBUKCHUS IPY3UKa, (@ - YIJI0Bas CKOPOCTb BPALLICHUS

MR?

rpysuka, M - ero macca, J= - MOMEHT HMHEpPLUMH LUIUHIpPA OTHOCUTEIBHO OCH,

IIPOXOJAIICH Yepe3 ero LEeHTP Macc.
HOTCHLII/IaJIBHaH OHCPTHUSA CUCTCMbI IIPpU OTKIOHCHHUU OT TIOJIOKCHUSA PABHOBCCHUA
OMpCACIIACTCA TOJIBKO YBCIMYCHUCM HOTCHI_[I/IELHBHOI\/'I OHCPTrUuM IMaJIOYKH, IMOCKOJIbKY TIPY3HK

JABMKCTCA I1O FOpH3OHTaJIBHOI>’I IMOBCPXHOCTHU:
2

E, =mgz(l-cosgp) = mgz%, (2)
II€ (¢ — YroJ OTKJIOHEHUS NaJOYKU OT BEPTUKAIM B Ipouecce ManbiX (¢ — 0) KpyTHIBHBIX

KoneOaHul, z - PacCTOSHUE OT OCH IIMIMHIApa 10 IeHTpa Macc nanouku C. IlpeneOperas
TPEHHEM 3aIHILIEM YPaBHEHUE 3aKOHA COXPAHEHUSI MEXaHUYECKOM dHEPrun

3MR* 7
—w + mng = const ,

KOTOpOE COBIAJAET C ypaBHEHHWEM T'apMOHUYECKUX KojieOaHMi. V3 3TOro ypaBHEHUs Cledyer,
YTO MEepHOJ KojeOaHui paBeH

3MR’
2mgz

T=2n 3)
Taxum obpazoM, neproa kosedaHuit 00paTHO MPOIIOPLMOHAJTICH KOPHIO KBaJPaTHOMY U3 Z -
PacCTOSsIHUSA OT OCH IIMJIMHIPA J0 [IEHTPa MAcC MaJT0YKH.

1.2 YtoObl HEe oOmpenesnsiTh SKCHCPUMEHTAIBHO TOJOXKEHHE LEHTpa Macc Majlodyku (c
MPUKPEIUICHHBIM TPY30M) U3MEPUM 3aBHCHUMOCTD TIEpHoJia KoJeOaHU OT IIIMHBI YaCTH MAJOYKU
[, pacroyioKEHHONM HW)KE TOYKM KperuieHus. PaccTosiHME OT KOHIIA MaJOYKH 10 €€ KOHIa
0003HauuM x. 3HAYEHHE 3TOr0 TapameTrpa MOXHO OyJeT OIpeleNuTh HENOCPEACTBEHHO W3
M3MEPEeHUN 3aBUCUMOCTH IepHoJa KojeOaHWil OT AuuHbl ee vactu /. JleHcTBHUTENbHO,
3aBUCHMOCTH (3) MOXET ObITh TMHEAPU30BaHa CIEIYIOMUM 00pa3om

1 2mg
=g ) 4)
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[TonyunB rpaduK NaHHOM 3aBHCHUMOCTH IapaMeTp X, JIETKO OIpenessieTcss Kak KOOpAWHaTa
TOYKHM NlepeceyeHus rpaduka ¢ ochro adcIucc.
Pe3ynbTaThl U3MEepeHHU 3aBUCHUMOCTHU IEPHOAA KOJeOAaHUH OT JUIMHBI [, @ TaKXkKe Pe3ylbTaThl

1 y
pacyeToB BEIUYMHBI 77 npezcTaBieHbl B Tabmuie. PaaoMm mocTpoeH rpaduk MOTydeHHOU
3aBUCHUMOCTHU.

3aBMCHMOCTE NEPHOAa KONEGAHHHA OT 0 AMHLI YaCTH CTEDIKHA

280 +Ti ¢

Taoauua 1.

225 drmemme e AN b

200 rmemmm e B e e

1,75 fmemmmmmmdresnon b g

. O
1,40 i

10 12 14 16 13 20

I'paduk nuHEapu30BaHHOM 3aBUCUMOCTH (4) OJHM30K K MPSIMOM JIMHUU, YTO MOATBEPKAAET
MOJIy4eHHYI0 (opMyIy JUTsl epuoaa Konebanuit. UHBIMU clloBaMU, MOKa3aTeb CTETICHU B

dopmyine (1) paBen o =% .

-2

I:Il"ll ] [ iz, c :
T i

T
02 oo
Qe e
00 i i
0 2 4

PaccunTanHO# 1O 3TOM 3aBUCHUMOCTH (MJIHM NPOCTO CHATOE ¢ rpaduka) 3HAUYEHHE MapaMerpa
x=59cm.

OTtmeTnM, YTO TMOJIOKEHHE LIEHTpa Macc (TO €CTh 3HAUEHHE HAWJIEHHOrO MapameTpa X )
MOKHO OBIIO ONPEIETUTh M 3KCIIEPUMEHTAIFHO, HAIIPUMED, YPAaBHOBECUB CTEPXKEHb Ha pedpe
JIMHEUKHU.
3HaHue 3TOro mapameTpa Mo3BOJISIET MPOBECTH MPOBEPKY (POPMYIbI UL NEproaa KojiebaHuil u

ApyruMu crocodamu. He cI0HO MOCTPOUTH 3aBUCUMOCTD Tiepuoja 7 OT BeJIMYUHBI u

[—x
yOenuThCs B €€ TMHEHHOCTH (JaXke MPsIMOM MPOMOPIIUOHATIBHOCTH).

MO’HO Takke MOCTPOUTHh IpadHK B JABOHHOM JorapudpmuueckoMm macmrade: In7 ot
ln(l —x). [IpuBeneHHbIE HHMXKE PUCYHKH TaKXKe IIOATBEPKAAIOT BHUJ HAWJCHHBIA BHUJ
3aBHCHUMOCTH TIepuoJia KoJeOaHu| OT paccTosHUA 10 IeHTpa Macc — gopmyny (3). OrMernm,
YTO 3HAUYEHUE TOKA3aTelNs CTENEeHHU, HallIeHHOe KaK KO QHUINEHT HaKJIOHA rpaduKka B JBOHHOM
norapudpmuueckom Macirade pasuo o =0,51+0,05
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Yacts 2. 3aTyxaHue KoJie0aHuUii.

BeinnonHeHue 310 4acTu Ha4yHEM C
TEOPETUYECKOTO ONKCaHUs Mpolecca
3aTyxaHus  KoJiebaHuil, KOTOpoe
IIPOUCXOOUT  BCIEACTBUE  TPEHUS
kaueHus. Tak kak macca LMIMHApA %
3HAYUTEIIBHO OoJibIIIe Macchbl .
[AJIOYKHU, TO MOXKHO CUMTaTh, 4TO

CHJIa TPEHUs KaueHUs paBHA c

mp.

K
=~ Mg,
R g

K N o
a ee pabora 4, :EMgS , Tne S - myTh, NPOWJEHHBIN IMIMHIpoM. PaboTa cuibl TpeHus

paBHa yObUIM MEXaHWYECKON HHEPruu CUCTEMbl. MI3MEpHUTHh 3HEPrUI0 MOYKHO TOJBKO B TOYKaX
OCTAHOBKH, B KOTOPBIX KHHCTHYCCKAsd OSHCPIUd 06pamaeTC${ B HYJIb, a HNOTCHHOHUAJIbHAA
omnpenensercs: GopMmyIoi

U=-mgzcosgp.
B xoze 3kcniepuMeHTa ciaeayeT U3MEpPUTh KOOPIUHATHI TOUEK OCTAHOBOK LIUINHIpPA V, (yAOOHO

B XO/I¢ KOJIEOaHUI X TPOCTO OTMETHTD, & 3aTE€M YXKE U3MEPATh UX MOJOKEHUE). 3aMETHM, YTO B
JAHHOW YacTW KoJjebaHus He 00s3aHbl ObITh MalbIMH. Eciu ABWKEHHE MPOUCXOIUT 0e3
MPOCKAIIL3BIBAHUS, TO YTOJI OTKIIOHEHHUS MAJIOUYKHU OT BEPTUKAIHN OMPEIENIeTCs 10 GopMyIie

y
Pr :?ka

a IIyTh 10 k - TOM OCTAaHOBKU PaBEH

Sy = |J’0| +|)’1 _YO|+|J’2 _J’1| +..=8,, +|)’k _J’k71|-
Taxum 006pa3zoM, KOOPAWHATHI TOYEK OCTAHOBKH MO3BOJISIOT OMPEICIUTh KaK SHEPTUI0 CUCTEMBI,
TaK U IMPONECHHBIN ITyTh.

3aHI/IHIeM YPaBHCHUC 3aKOHA COXPAHCHUSA MeXaHU4YeCKOU SHCPruu
UO - Uk = Amp

K .
mgz(cos @, —CosQ, ) = EMgSk

W3 »sTOro ypaBHEHHMs IOJYy4YMM 3aBUCHUMOCTb, KOTOpass MOXET ObITb IOJIyueHa
IKCIIEPUMEHTAILHO
KM
—COSQ, =—CosQ, ———3, . (5)
R mz
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OTHoIIeHHEe MacC MAJOYKH M LWIMHJIPA MOXET OBITh BBIPAKEHO M3 (OPMYIBI IS MEepHoaa
KoJieOaHuit

MR’ M ?
T=2rn 3 = = ngz .
2mgz mz 671 R

IloacraBisis 3TO BbIpaXkeHHE B ypaBHEHUE (5), TOIyIUM
g
—cos@, =—cosp, — K—==8§,.
67" R
DOKCIEPUMEHTATIBHO JIerdye M3MEpPUTh JUIMHY OKPYKHOCTH InuMHApa 27R = L, o0epHyB ero

nojiockoit Oymaru. Tem caMblM MOJIYyYUM 3aBHUCUMOCTh, KOTOPYIO MOXHO H3MEPHUTH
HKCIIEPUMEHTAIBHO M IO KOTOPOH MOXKHO ONPEACTUTH KOAPPHUIIMEHT TPEHHS KaUeHUs

4z T?
—cos2ﬂ%=—cos¢0—K%S,{. (6)

B Tabnune 2 mpeacTaBieHbl pe3ynbTaThl U3MEPEHUI KOOPAMHAT TOYEK OCTAHOBKU IIMIIMHIPA,
JUTSL HATJISITHOCTH 3TH K€ Pe3yJIbTaThl MOKa3aHbl Ha rpaduke.

Taoauua 2.

HOOpAHMHaTE TOYEK OCTAHOEBKM

et

1
Toad

0
1
2
3
4
5
6
7
8

o)

—
S

—
—

—
\]

HOCTPOCHHBIfI Fpa(I)I’IK JaBHCMMOCTL 3HEPTHK OT NPOAAEHHOTO NYTH
3aBUCHUMOCTH %) JIeMOHCTpupyer 1.0 ;[)‘COIS{P: — v 1
TUHEWHYI0 (B MpeAenax MOTPEUIHOCTH (08 frgoioo-n-bomodomodooodoo bbb
U3MEPEHUH) CBSA3b MEXIY NEPEMEHHBIMH. [ |
Paccunranusiii mo MHK kospguument

0.4
HaKJIOHA rpad)uKa OKa3bIBaeTCs PaBHBIM '
Al 021
:%:(_2,1%0,15)-10%%]%‘ 00
3HayeHHe ~ STOro  mapamerpa ]
MO3BOJISIET  paccuuTaTh  Kod(duuument -04 1
TpeHUsI Ka4yeHHSI (B HAaIlUX -0f e e e B
skenepumentax I =19¢, L=111um) 0 &0 100 150 200 250 300 350 400 450 500 550 GO0 650
An T’ 15 111y’
a=-kTLE  go L =2,19-10*3#~20MM
3L 4xT’g 47(1,9)° -9.8
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3agauya 40. «Ilorepu s3Heprum»

Kak 0but0 OTMEYEHO B KOMMEHTApHUsAX K YCJIOBHIO,
pe3yabTaThl AKCIEPUMEHTOB M OKOHYATENbHBIA BBIBOJ O BHUJAE
3aBUCHUMOCTH CHJIbI CONIPOTHUBIIEHUS BO3/lyXa OT CKOPOCTH TeJla 3aBUCAT
OT IIapaMEeTPOB YCTAHOBKU — PE3KOM TPAHMIBI MEXAY JMHEWHOU U
KBaJIpaTUYHOM 3aBUCUMOCTAMH He cymectsyer. llostomy mpu
ONMMCAaHUHM  OKCIEPUMEHTOB  HEOOXOJAMMO  TOYHO  OIHUCHIBATh
HCII0JIb30BAHHYIO JKCIIEPUMEHTAIbHYIO YCTAaHOBKY. 311€Ch NPUBEICHBI
JaHHBIE, MOJIy4YEHHBIE C TOMOIIBIO 000PY/I0BaHUs, ONIMCAHHOTO paHee B
3agaue 33.

Jlns mpoBeleHUsT M3MEpPEHH Haao HaOpaThCsl TEpIEHHS, s
MOJIydeHUs] 3HAUMMOTO pe3yjibTara 3aTyXaHHE JIOJDKHO ObITh cJa0bIM, MOITOMY YHCIO
MOJICYMTAHHBIX KOJeOaHUH JOIKHO ObITh OONBIIMM. Tak B ONUCBHIBAEMBIX HKCIEPUMEHTAX
guciio konebanuii 6onee 200, yauThIBasA, YTO NEPUO KOIeOaHU IPUMEPHO paBeH 3 ¢, To odiee
BpeMsl HETpPEephIBHBIX HAOMIOJEHUN cocTaBisieT okoio 10 muHyT. O4eBHIHO, YTO B JAHHOM
HKCIEPUMEHTE ClIeAyeT (PUKCHPOBATh aMILTUTYAY KOJIEOaHUI M MOJICUUTHIBATH YE€Pe3 CKOJIBKO
KoJIe0aHUH aMIUTUTY/la YMEHBIIUTCS 10 BHIOPAHHOTO 3HaueHHs. Pe3ynabTaTel H3MEpeHUu ducia
3THUX KOJIEOAHUN k i1 MOHOTOHHO YOBIBAarOIIEH aMIUIUTY bl A TpeJICTaBlIeHbI B TAOIUIIE U HA
rpaguxe.

1214, em
Tabanna pe3yJbTaToB H3MEpeHUH. :

Kak u crnemoBano oxuiaTth, aMILTUTYAa KOJIeOaHU MOHOTOHHO M HETMHEHHO YObIBAeT, HO
10 BHEUIHEMY BHJly JAHHOW 3aBHCHUMOCTH HEBO3MO>KHO OIPENENINTh, KaKOM M3 3aKOHOB (1) mnu
(2) 6onee TOYHO OMMCHIBACT MOMyuYeHHBIE qaHHbIEe. [loaTOMY clienyeT mpoBECTH JIMHEApU3aLUI0
MOJIy4eHHOH 3aBHCHMOCTH, KOTOpas B JAaHHOM Cllydae Tak)K€ OYEBHJHA: B IIEPBOM CIydae
TpeOyeTcst MOCTPOUTh TpadyK 3aBHCUMOCTH JOrapu(Ma aMILUTUTYAbI OT YMcia KoJeOaHHii; BO
BTOPOM — BEJIMYMHBI OOpaTHOM aMIuMTyle KojeOaHWi, mpuueM ymoOHee 3TO crenarh B
HOPMHUPOBAHHOM BHJIE.

304



1 oGpaTHad 3aBMCMMOCTb

2,0 §

18 1-
16
14
1,2
1,0 4---
0.8
0.6 -

0 25 50 75 100 125 150 175 200 225 0 25 50 75 100 125 150 175 200 225
ITocMoTpuTe Ha pe3ynbTaTbl pPacyeTOB — BBIBOJ OJHO3HAYEH: B JAHHOM JKCIEPUMEHTE
CHJIa CONPOTHBIICHHSI MPOIMOPIIOHANIBHA CKOPOCTH B nepBoii cteneHu. Koapduiment Hakiona

naHHOM 3aBucuMocTH (U3 dopmynsl (1) ciaemyer, 4To — lnAi =klnA) paBen —InA. Pacuer
0

narnHoro kodddunuenta no MHK naer 3nauenue —In A = 8,57 107, cnenoBarensHo A = 0,99.

WubIMu crioBaMH, 3a OJHO KoJieObaHHe aMIUIUTy/1a yOsIBaeT Bcero Ha 1%.

JU11 TOATBEPKAEHUS CIETAHHOTO BBIBOJA MOXKHO 05 -
CPaBHUTb pe3yJbTaTbl HM3MEPEHUHM U pacdyeroB 1o 041
¢dopmyne (1) ¢ HalijeHHBIM 3HAUYEHUEM Tapamerpa A . g:
Ha pucyHke mokasad rpadHK 3aBUCHMOCTH PasHOCTH g1l .
3TUX 3HAYEHUH OT uMcia KojebaHuil. BeBOAbl: BO- 04
HEePBBIX OTKJIOHCHHUS TEOPETUUCCKUX u ﬂ’; i
SKCIICPUMCHTAIIbHBIX 3HAYCHUN Manbl (MeHee 3%), BO- g5
BTOPBIX, HOCST HEPETyJSpHBIM XapakTep, TO €CTb 04 -

00yCJIOBIICHBI CITy4alilHBIMH OIIMOKAMHU. 05

0 25 50 7 100 125 150 175 200 3225
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3agaua 41. «CkoJbxeHNe TUCKA»

Teopemuueckoe 66edenue (Heobda3amenvbHoe 01 YUAUUXCA)
Ecnu Ha Teno nedcTBYIOT CUIIbI TPEHUS CKOJIBKEHUS U BSI3KOTO TPEHHUS, TO TIO BTOPOMY
3akoHy HpI0TOHA OHO TPHOOpETAET YCKOpEHUE
m % — g — . M
dt
YroObl HAWTH 3aBUCUMOCTH IIyTH, NPOWUIEHHOTO JMCKOM, OT €ro HayaJlbHOW CKOPOCTH
n30aBUMCS OT BpEMEHHU B 3TOM YPaBHEHHH

dv dv dS dv

Mm—=m——=mv—. (2)
dt ds dt ds
Taxas 3aMeHa I03BOJIIET pa3/ieIUTh IEpEMEHHBIE B ypaBHEHUH (1)
mvﬂ =—umg—-pv = dS= __mvdv_ 3)
ds umg + v
U IPOMHTETPUPOBATH €T0
_[mdv _m |y Hmg gy PYo ] )
o umg + v B, pmg
[Tpu manbIx 3HaUYEHUAX apameTpa & clipaBeuInBa NpUOIKeHHas popmyia
g ¢&
In(l+&)= & —=+=. 5
(o) ~e -+ )
CoOTBETCTBEHHO, ITPU MAJIbIX 3HAYEHUSX P, ¢dopmyna (4) npeBpaiaercs B
2 3
Szﬂvo 1_/””"g By _l By +l 'B_Vg li_lLOB (6)

i By, | umg 2\ umg ) 3\ umg 2ug 3u’mg’
OTHOCUTEIbHAS OTPEUTHOCTh NCHOJIb30BaHUs (hopMysl (8) Ha npesbitaet 5% npu & <0,7.

OTMeTruM, YTO MEpBOE ClaraeMoe B JaHHOW (OopMylie ONMUCHIBACT MPONACHHBIN MyTh 0€3 ydeTra
COIIPOTHUBIICHUS BO3/yXa, a BTOPOE — YMEHBIICHUE IIyTU U3-3a BIUSHUS BO3AYyXA.

Pemrenmne.

1. Jlns onpeneneHusi MacCchl KOMITAKT JHUCKA MOKHO BOCIOJIB30BAThCS «PBHIYaKHBIM» METOIOM,
UCIIOJB3Ysl B KQUECTBE phlyara JUHEHKY, 1 UMes B CBOEM PAaCIOPSHKEHUU I'Py3 U3BECTHOW MacChl.
B pe3ynbrate u3mepenuii noiaydeHo, yto macca CD paBHa m =(15,3+0,7)e

.
2. Paccmotpum coynapenue ten. Ilycte ckopoctu Ten M M m mocie coyiapeHus paBHbl V' u
v cooTBETCTBEHHO. IlockonbKy coymapeHue aOCONIOTHO YIPYroe, BBIMOJIHSIOTCS 3aKOHBI
COXpaHEHUs UMITYJIbCA U DHEPTUU

MV =MV +mv, (7) N "
. ——————
MV =MV? +mv’. (8)
OTCroaa Hepr,Z[HO HOHyLH/ITB JUTS CKOpOCTI/I TCIa m
y= _2M V. )
M +m
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2M
M+m

NOTPENHOCTD £, =+/&5,, +&;,,, ~0,01. AGconmoTHas norpemH#ocTs paHa Aa e, ~0,02.
Koadduuuent nepenauu ckopoctu paser a =1,73+0,02.

JUisl NCHONb3yeMOro KOMITAKT-AMCKA U Tpy3a KOdPPHUIHUEHT « = =1,73. OtHOCUTENBHAA

3. Paccrostnne X u3mepsercs TMHEUKON, IPUKPEIIJIEHHON K HI)KHEW CTOpOHE
nmapThl CKOTYeM. J[Jist yBeTUYeHUs TOYHOCTH U3MepeHuid X Tpy3 HE0OX0aHMMO
OTILyCKaTh, KOT1a OH HAXOJUTCS B BEPTUKAIILHOM ITOJIOKEHUU.

W3MepeHuss CcMeEIIEeHUs KOMIIAKT-JUCKa 10 MIUDIMMETpPOBOM  Oymare
MIPOU3BOAATCS P MOMOIIM CaMON MHJUTUMETPOBOW Oymaru.

Pesynbrarel M3MepeHUN NPONIACHHOIO IIyTM OT HA4dalbHOIO OTKIOHEHUS
rpy3a X mnpusenensl B Tabmune 1. [lo pe3ynpraram m3aMepeHuil mocTpoeH

rpaduk s(X). s LE

IIpu cMeleHnu rpysa u3 MOJIOKEHUS PABHOBECUS HA paccTosiHue X |:|
10 TOPU30HTAJIM, OH ITOJHUMAETCS Ha BBICOTY
H=R-\R-X?, (10)

rae R —paccTosiHUE OT TOUKHM MOJBeca A0 LieHTpa macc rpysa. [lpm moaxoae K JUCKY ero
CKOPOCTbh MOKHO HalTH U3 3aKOHA COXPAHEHUS YIHEPTUU

v=Jaigh \2g(R—R-X°). (11)

Hauanpuas CKOpPOCTb ABUIKCHUSA KOMITAKT-IHUCKa

v, =aV :a\/2g(R—\/R2—X2). (12)

PaccrosiHre OT TOYKM KpEIJIeHUs HUTHU K JIalKe IITaTHBa J0 LIEHTpa Macc rpy3uka ObUIO paBHO
R=T710mm.

ITo n3mepeHHbIM JaHHBIM U Gopmyie (17) HeoOX0UMO ONpeaeIuTh HaYaIbHYIO0 CKOPOCTh
JHCKA V.

Taomauna 1
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X, Mm

3aBUCHMOCTD MPOMIEHHOr0 MyTH OT HAYaIbHOM CKOPOCTH JTUCKa OMUCHIBaeTCs Gopmymoii (6).
Jns onpenenenus Kod(h(UIMEHTAa TPEHUSI CKONBXKEHHUS 4 W BS3KOTO TpeHUs [ HeoO0XoanMo

s
5Ty 3aBHCHMMOCTb JIMHEAPM30BaTh M MOCTPOUTH IpaQuK 3aBUCUMOCTH — OT V, (Tabm. I).

v,
0
JlaHHAast 3aBUCUMOCTD — YOBIBAIOIIAs JTMHEHHAS
S —_—
— = A-By,, (13)
Yo
1 1
rome A=——, B:—%.
2ug 3umg 120
Koadduuuent 4 ompenensercs no Touxe o
. 100 \
nepeceueHust rpaduka ¢ BepTUKAIbHON \
N
0CbI0, @ KOO(PGHUIHUEHT B - 110 TaHTEHCY 2 g0 Ovs
N "N, o
yIyla HakJIoHa rpaduka K TOpHM30HTaIbHOM 2 Y%
v S
ocu. AbTepHATUBHBIN CIOCO0 s ® S,
onpenenenuss 4 u B - no MHK. N;o 40 S\%
[Tockonbky u paccrosaue s, U X, U, & Q0o
20
COOTBETCTBEHHO,  V,, OIpPEHEIECHbl  C
MOTPEIIHOCTSIMUA, TO TPHU JEICHUH MaJbIX 0 — R
. 00 02 04 06 08 10 12 14 16
3HA4YeHUH APYT Ha JApyra, pe3yiabTaT MOXKET
MOJIyYUTHCS a0COJIIOTHO HEBEPHBIM. v, mic

s
MmeHHO 1O3TOMY MNpHM TNOCTPOEHMH TIpaduka 3aBUCUMOCTH — OT V, W ONpPEACICHUH

v,
0
KodpduureHToB 4 U B HE0OX0aUMO OpaTh JUILb TOYKH, COOTBETCTBYIOIINE CMEIIEHUIO AUCKA

6omnpire 10 Mm.
Koaddunuent 4=0,11 ¢*/m,a B=0,057 ¢*/M°. Orcrona

1

=——=0,46, 19
“=5 (19)
B :3‘uzmng =0,053 xr/c. (20)

By,
umg
MPOBEPHUTH MaJIOCTh ITOTO BhIpaKEHHs. MaKCHMalbHOE 3HAUCHUE HAYalbHON CKOPOCTH JIHCKA,
IJIs1 KOTOPOM MOrpenrHocTs Gpopmyisl He npessimaeT 5%, pasHo v, =0,7umg/ [ =0,91m/c.

®opmyna (9) npuMeHHMa TONBKO Ul MallbIX 3HA4YE€HUM <0,7, moaTtomy HE00XO0AUMO

Kak BuaHO 13 Tabnuupl 1, B 9KCIIEpUMEHTE CKOPOCTh JUCKA HE IMPEBBIIIAET 3TOr0 3HAYCHHS.
WMHaue TOYKHM, COOTBETCTBYIOIIME CKOPOCTSIM, OOJBIIMM MAaKCHUMalbHO JIOITyCTUMOI,
HE00X01MMO OBIIIO ObI OTOPOCUTH MPH OTIpeAeIeHUH Ko duireHTos 4 u B.
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3anaua 42. «beablii TNIMHAP»

1. Ha pucyHke nokazaHa cxema YCTaHOBKM MJIs
MIPOBEACHUS MCCIEI0BaHMs 3aBUCUMOCTHU AedopMariiu
IIPYKUHBI OT IPWIOKEHHOW K HeW cuibl. 13 pucyHka
ClIeNyeT, YTO B IIOJIOKEHUM pPaBHOBECUsS CHUIIA
YIIPYTOCTH MPYKUHBI onpeenseTcs GopMyaon

X
F =mg—, 1
. =ME (D

rae L=40cm - nnuna nuueiiku, mg ~1,0H - cuna

TSDKECTH, JISHCTBYIOIIAs Ha TPy3.
W3meHsis moNoXKeHUe Tpy3a X , MOKHO U3MEHSTh CUITY, IEHCTBYIOIIYIO HA IpyXuHy. B Tabnuie
1 mpuBeneHbI pe3yabTaThl U3MepeHuit Aedopmanuu npyxuHsl A/, (mm) OT paccTostHUS X, (CM)
MEX]y 3aKpETICHHBIM KPaeM JIMHEHKH U TOUKH I0/IBeca rpysa.

Tabmuna 1.

I'paduk 3T0¥ 3aBUCUMOCTH NpECTaBIEH Ha pHC. 2

AL, fene)

100
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Tak xak cuia, IpUIOKEHHAs K MPYXHUHE, IPOMOPIIMOHAIbHA KOOPAWHATE TOUKE MO/IBECa
rpy3a, To TpedyeMblii rpaduk 3aBucuMocTy redopMaluy OT IPUIOKEHHON CHIIBI OylleT UMETh
TOT K€ BHJI, TOJILKO HEOOXOIMMO MPOBECTH MHYIO TPAyUPOBKY OCH aOCLUCC B COOTBETCTBHH C
dopmymnoit (1).

[Tomy4yennslii rpaduk mpencTaBisieT CcoOOW JIOMaHHYIO, COCTOSAIIYI0 M3 JBYX
IPSIMOJIMHEHHBIX OTpe3KoB. OObICHEHNE TAKOH 3aBUCMMOCTH OUYEBHUIHO: IIPU MaJIbIX Harpy3Kax
nedopmupyeTcs Bes MpyXKHUHA, Koraa aegopmanus Opy>KuHbl JocTUraeT 3HaueHus Al ~ 40mm
HUTH, CBS3BIBAIOINAS YacTh BHUTKOB IPYKHHbI, HATSATUBACTCS M NPEIMATCTBYET AalbHEUIIeH
nedopmanny 3TUX BUTKOB, MO3TOMY KOA(PHUIIMEHT YIPYTroCTH MPY>KUHBI BO3PACTAeT.

2. B cooTBercTBUM ¢ 3aKk0HOM ['yKa, cHla ynpyrocTu mponopuroHaibHa AeGopManuu npyKUHBI
F,, =kAL, (2)
rae k - Ko3pPHUIHEHT KecTKocTH npykuHbl. 13 dopmyn (1) — (2) cnenyer, uto ko3dpdunuent
YKECTKOCTH MPY>KUHBI MOKET OBITh paccuuTaH 1o hopmyie
_mg x 3
L Al
JUisl MOBBILIEHUS TOYHOCTH CJIETyeT BOCIIOIB30BATHCS MOMYYCHHON 3aBUCUMOCTBIO, U3 KOTOPOii
CJIEYeT ONpPEeaeTUTh KOA(PPHUIIMEHT HAKJIOHA TIEPBOTO OTPE3Ka
o(Al MM
a, = ( ) ~3,0—=10,30. (4)
5(x) cm
CrnenoBarenbHO, KOA(DGUIMEHT KECTKOCTH NMPYKUHbBI paBEH

0,10kz 9.8
N c

p=rel T T got (5)
L a 0,40 -0,30 M

3. Jlerko moka3aTh, YTO >KECTKOCTb NMPYXKMHBI OOpaTHO MPOMOPIMOHATIbHA YUCITY CBOOOIHBIX
BUTKOB, WJIN MPOMOPIMOHANIbHA KO3 (ULIMEeHTY HaKIOHA O TpaduKa 3aBUCUMOCTH J1eOopMaIiu
NPYKUHBI OT KOOPAMHATHI Tpy3a. Eciu 0003HAYUTE 7] - OO0 BUTKOB, OOMOTaHHBIX HUTHIO, TO

707151 CBOOOIHBIX BUTKOB paBHa

1-n="2, (6)
a,
Iac a, = 55((A l)) ~23 el 0,23 - ko3¢ duUIMEeHT HaKIIOHAa BTOPOT'O OTpe3Ka Ha rpaduke puc.2.
X cm
ITo popmyne (6) HaxoauM
-n= 023 ~0,77. (7)
0,30

Taxkum 06pa3oM, 0OMOTaHO MPUMEPHO YETBEPTasi 4aCTh BUTKOB (TouHee 17 = 0,23).
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3agauya 43. «OgHa pe3uHKa, OAUH I'PY3HK»

OmHa ©U3  BO3MOXKHBIX  CXEM
NPOBEACHUS W3MEPEHUH 3aKII0YaeTcs B CIEAYIOIIEM.
[Tpuxkpenutsb K CTEP>KHIO TOPU30HTAIIBHO
PAcCIIOJIOKEHHOTO IITaTHBA PE3MHOBBIM KI'YT, CTENEHb
pacTsHKeHHs KOTOPOrO MOJKHO HU3MEHSTh. 3areM K
CepeliMHe JKI'yTa TOJBECHTh TI'py3 H3BECTHOM Macchl H
M3MEPHUTDH BEIMYUHY IPporuda (MpoBUCAHUS) KIyTa X .
OO0o3HauuM L - AnMHA HEPACTSIHYTOTO XKryTa, /-

paccTosiHue MeXJy TOYKaMU 3aKpEIUICHHs JKI'yTa Ha
CTOMKE IITaTUBA. Y JNIMHEHHUE KI'yTa PACCUUTHIBACTCA I10 mg
bopmyne

Al =g +4x" - L (1)

Cuna ynpyrocTtu onpeaesnseTcs: U3 yCIoBHs paBHOBECHS Ipy3a

2 2
m mglly +4x
N=-"8_= . 2)
2sin 4x
V3MeHsisi paccTOsiHHE MEXKJIy TOYKAMHU 3aKPEIUICHHUS MOXXHO BapbUPOBATh CHITY

HATSHKEHUS JKTyTa U ero 1ehopMaIuio.
Macca rpysa paBHa /00 2, cnenoBatenbHo mg =~ 1,0n. JlinHa HEPACTAHYTON PE3UHKU B

Hamux skcrnepumeHTtax L =15cm. Pe3ynprarhl M3MEpeHMH M pacueToB MPEACTaBICHBI B

Tabmuie u Ha rpaduke.
3aBMCUMMOCTb CUNbI YNpPYrocT oT yanMHeHWA

81N H
Taoauna.
7 //"/
6
5 ﬁ//
4 ,,/
3
2
/
1
L em
0 |
0 2 4 6 8 10 12 14 16

I'paduk sBIsIETCS NPSAMOM JTMHUEH, TO3TOMY MOKHO CYUTATh, YTO B JJAHHOM ciiydae 3akoH ['yka
BBITMIOJIHACTCS (IIpaBJa OH HE MPOXOIUT Yepe3 Hadaino koopauHat). Kosdduiment naxmona
rpaduka paBeH KECTKOCTH PE3UHKH, KOTOpasi B JAHHOM CJIy4ae OKa3bIBAETCsl paBHOM

kz37£.
M
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3agaua 44. «I[laacTHYHOCTHY

PesynbraTtel u3Mepenus aedopmanuy TOHKOW (IIMpuHAa 5 MM) M mupokoi (mmpuHa 10 MMm)
MOJIOCOK TPH YBEJIWYCHUU U YMEHBIUICHUH HArPY3KH IPHUBEICHBI B TAOIUIIE.

Cuna F,H Tonkas nonocka [Inupokas nosocka
Harpyska pasrpyska Harpyska pasrpyska
Al, mm Al, mm Al, mm Al, mm

2 0

HpeIICTaBI/IM TCIICPb TOJYUYCHHBIC 3aBUCUMOCTH Al
rpaguyecku B 3aBUCUMOCTH Aedopmauuu Al wm & |- e oo oo frovenees e i

oT npwioxkenHoit cwisl [, H . Jlng mmpoxoit
TOJIOCKH JIaHHBIN rpadK moKasaH Ha puc. I. , , , , ,
Kak BuHIHO, B naHHOM ciydae aedopmanus g f.... E— S - -l EA—
MOJIOCKH OKa3bIBAETCSA MPSIMO TIPONOPIHOHAILHOMN
NPUJIOXKEHHOM CWJIe, 4YTO CBHJAETEILCTBYET O 2

npuMeHUMocTH 3akoHa ['yka. To ectb nedopmannu ; i i 5 i FH

H H H H H »
SBISIFOTCSL  YIIPYTUMU W OOpaTUMBIMH, I03TOMY 7 3 4 5§
NOTEPh MEXaHUYECKOW SHEPTUU HE TPOUCXOIHT. Puc.1

Koaddunuent ynpyrocru k:% OKa3bIBaeTCs

H o
6muzok k 1,0-10° ——. 3ameTum, 4TO mpu AIMHE JaHHOH mogocku B 205 MM ee MakcUMalbHas
M

OTHOCUTENbHAs Aehopmanus coctasisier 3%.

[IpyHUMNIHATBHO WHAs CUTYalMsS 44 -
MOSIBIIICTCSL  TPH  1epOpMaLUU  TOHKOM
NOJMUATWICHOBOM  moJiocku.  ['paduk
3aBUCUMOCTH  ee  jaedopMamuu  OT g -
NPUJIOKEHHOM Harpy3kd TIOKa3aH Ha : : : : ; :
pHC.2, TOE HIKHAS BETBb COOTBETCTBYET pmrpvma
PacCTsLKCHHIO, a4 HIMJKHSA - COKpPAICHMIO. ' ’ '
Bo-nepBbix, aedopmarius okazpiBaeTcs He
IIPONIOPLUOHAIBHON IPUIOKEHHON CHIIE
(mepexogut B 00JacTh IIACTUYECKOMH
neopmanumn); BO-BTOPBIX, JAedhopMaIiu
IIPU Harpy3Kke M pasrpy3Ke OKa3bIBAIOTCS
Pa3IMYHBIMU - UMEET MECTO OCTaTOYHas
nepopmarusi U rucrepesuc (HeoOparmmasi nedopmarius), YTO TaKKe CBUICTEIBCTBYET O
HAJIMYUU TUITACTUYHOCTH.

Al mm

SRR S MO NS S S —
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CpaBHMM YHCIIEHHBIE XapaKTEPUCTHUKU TOJTYYEHHBIX 3aBUCUMOCTEH [UIl pa3HBIX
nosocok. Kak cremyer mpuBeneHHBIX B TaOMUIle M Ha TpauKe TAHHBIX IUIACTHYECKas
nedopmaruss HauMHaeTcsa NpH cuie mnpeBblmatomeil 3 H (3ameTuM, 9TO OTHOCHUTENBHBIC
nedopmanu B 3TOM TOUKE OKa3bIBAIOTCS MPUOIM3UTENBHO OJUHAKOBBIMH). Ecim cpaBHUBATH
CHJIBI, MPHUXOJSAIIMECS HAa €IUHHILY IIWPHHBI, TO BHUIHO, YTO JJs IIUPOKOH IOJOCKH 3Tall
IUTACTUYHOCTU JIOJDKEH HACTYNHThH MPH CHJIe IpeBblmatonieid 6 H, mostoMy 3Tu JnaHHBIE HE
NpOTUBOpEYAT APYr Apyry. Tak ke cieayer OTMETHUTh, YTO B 00JaCTH yNpyroi nedopmanuu
KOA(PPHUIHUEHT KECTKOCTH TOHKOM MOJIOCKH OKAa3bIBAETCS MPUOIM3UTEIBHO B 1BA pa3a MEHBIIIE,
YTO TaKXKE JIETKO OOBACHUMO - B oOmactu ymnpyroil negopmanuu moxynmu HOHra y obemx
MIOJIOCOK OJJTMHAKOBBI, TAKXKE OJAMHAKOBBI TOJIIIMHBI OJIOCOK, MO3TOMY KO3(D(UIIUEHT KECTKOCTH
MPONOPIMOHAJICH UIMPUHE MOJIOCKHU, YTO U TOJIYYEHO B HAIIEM 3KCIIEPUMEHTE.

2. Jlerko mokasaTb, YTO IOTEPU YIPYrOM SHEPrUU paBHBl IUIOIIATU IOJYYEHHOW NETIIH
THCTEpEe3nca, KOTOPYI0 MOKHO MOJICYUTATh YUCICHHO, C TOMOILBIO IOCTPOCHHOTO rpaduka.

313



3agaua 45. «Pe3nHOBBIII MAATHUHK

[Momyunm hopmymy ans nepuojia KojaeOaHHid rpy3a Ha pe3MHOBOM TOJBECE.
Ha ocnoBanuu Broporo 3akoHa HeroToHa F(x)
3aruieM \F

ma=mg—F, (1)

F(x)+kAx

rne F=F (x) - Cujla YIOPYIOCTH, KOTOpas

CIIO)KHBIM 00pa3oM 3aBUCUT OT BEJIUYHHBI
nedopManuy pe3uHOBOTO KI'yTa.
IIpy HEKOTOpPOM [UIMHE XKIyTa X, TIpy3

HaxXo4UuTCd B paBHOBCCUU, TO €CThb F()CO)Z mg .

[Ipu HEOOJBIIOM OTKIOHEHHU OT TOJIOKEHUS
paBHOBECUS] Ax 3aBHCHMOCTbH CHJIBI YIIPYTOCTH -
OT nedopmarun MOXET OBITH
anMnpOKCUMUPOBaHa JTUHEHHON (QyHKIMEH
F(x)= F(x, )+ kAx, 2)
rae Ko3(UuueHT HaKIOHA KacaTelbHOM paBeH MPOU3BOAHON OT QyHKIMH F (x), B35TOH B

dF
TOYKE X, : k :d_ . Tak kak moioxxeHue paBHOBECHUA 3aBUCHUT OT MACChI IOJABCHICHHOI'O
X

=%
rpy3a, TO U 3TOT KO3()(HUIIMEHT TaKkKe 3aBUCUT OT MACChI TPpy3a k(m) B ToMm xe ciyuae, korga
CHJIa YIPYTOCTH CTPOrO MpONOpIHOHANbHAS JAedopMalyu, 3TOT KoddduuueHT ocraercs
MTOCTOSTHHBIM.

3amemum, umo smom KoOIPPuyuenm Heawb3s oOnpedenimv KAK OMHOUEHUE CULb
ynpyeocmu K degpopmayuu.

Komb6unanus Beipaxenuit (1) u (2) mpuBOANUT K ypaBHEHUIO TAPMOHUYECKUX KOJIeOaHUH

ma = —kAx ,

C TIEPHOAOM

T=2rx . 3)
k(m)
Takum 00pa3oM, 3aBUCUMOCTH KOA(UIMEHTA YNPYrocTH OT HArpy3kd MOKHO H3y4aThb IO
3aBHCUMOCTH NEpHOa KOJIEOAaHUH OT Harpy3KH.

Pesynbrarel HM3MEpeHUM 3aBUCAT OT HCIOJIB3YEMBIX PE3HHOBBIX JKIyroB. Eciu
MCIOJIb30BaTh IOJIOCKH PE3UHBI, BBIPE3aHHbIE M3 MEIUIIMHCKOTO PE3MHOBOrO OWHTA, TO JUIA
IMPOKOH MOJOCKH (IIUpUHON OoJiee 5 MM) 3aK0oH [ 'yKa BBITIOJIHSACTCS B MpeeiaX MorpeurHoCTr
U3MepeHui: aedopMalys MpornopLUHoHaIbHA Macce TPpy3a; Nepruo KouedaHuii mponopLUOHATICH
KOPHIO KBaJIpaTHOMY U3 Macchl. J{7st 6osiee TOHKOTo 3aBMCUMOCTL NepHOAA KONEBaHHIA OT MacCk! rPysa
kryra  neOpMaril  HENWHEHHO 3aBHCAT OT - |7¢ | f ; :
HATPY3KH, U PE3UHBI KOIDPUIMEHT KECTKOCTH 10 i g :
BO3pacTaeT ¢ pocToM JepOpMALyM, II0OITOMY  og | oo A - ..
nepuoa  KojeOaHM  BO3pacTaeT — MeUICHHEe, : :
BO3MOKHA J@K€ CHUTyaluss KOTJa 3aBHCHMOCTh
Nepuo/ia OT Macchl SBISETCA HE MOHOTOHHOM: IpHU
HEOOJBIIAX MAacCax MEPHOJ BO3PACTACT, @& BATEM 02 f-— i
HauMHaeT yOBIBATh BCIEACTBHE 6OJiee OBICTPOTO g 5 : : : 5 e
BO3pacTaHust KOA(UIMEHTA >KECTKOCTU DPE3HHBI. 8 ot B A& sA 0E  Gs
IIpuMep Tako¥ 3aBUCUMOCTH II0Ka3aH HAa PUCYHKE.
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3agaya 46. «Ynpyrocrb JHHEHKN»

B tabnune | nmpuBeneHsl pe3ynbTaThl M3MEPEHH 3aBUCUMOCTH MpOruda JIMHEHKU U MepHoaa
KoJIeOaHUH OT MacChl MOJIBEIIEHHOTO Tpy3a.

Taoauua 1.

Hwxe Ha rpadukax mocTpoeHbl NOJTyYEHHBIE SKCTIEPUMEHTAIbHbBIE 3aBUCUMOCTH.

JaEnCcHIMOCTE Npornba NHHEHKN OT HACCEl rpy3a 3aBNCUHOCTE NepUOoAa KONedaHMiA 0T Macckl rpyza

10 1 O, &M~ : : : , 06

05 -
04 -

03

0,2

IS A T W T e

0 ! : i i : .0 i ; i i i .
0 01 02 03 04 05 06 0 01 02 03 04 05 06

Kak crnemyer u3 mocrpoeHHOro rpaduka, mporud JMHEHKH JTUHEHHO 3aBUCUT OT MAacChl
noJBelIeHHoro rpy3a. OOpaboTka 3aBucumoctd 6 =am+bno MHK pmaer cnenyromue
3HA4YEHUs TapaMeTpOB

a=(159+03)%, h=(~0,09%0,10)cm (1)
Ke

Tak kak Ab>|b

MIOJBEUICHHOTO TIpy3a. VHBIMH cll0OBaMH B JaHHOM Cllydae .
BBITIOJIHATCS 3aKOH ['yka: BO3HMKAIolas BEPTUKAIbHAs CUJIA AF
YIIPYTOCTH MPOTOPIIMOHANBHAS AehopMaIiu

F=ko, (2) Hﬁ
re k - )KeCTKOCTb JIMHEWKH, KOTOpasi MOXET ObIThb BBIpaXKEHA

yepe3 K03(pPUIMeHT HaKIoHa MOCTPOSHHOT 0 rpaduka

, TO 000CHOBAHO MOJKHO CUHuTaTh, 4YTO HpOFI/I6 INpoONnopHruOHAJICH MaccCe

9,87
AF A 2 H
="t =gt 8 C  ~6l6— . (3

A5 A5 a 15’9.1072ﬁ M B

Ke mg

PaccunTaeM Takxke norpeirHocTb 3TOM BETUYUHBI
A= k2 10 H (4)
a M

3aBHCUMOCTh TepuoJia KoleOaHui OT Macchl rpys3a SIBHO HE JUHEWHa. TeopeTrmuecku
YCTAaHOBUTH 3TOM 3aBUCUMOCTHU MOKHO Ha OCHOBAaHUHU YPaBHEHUS BTOPOTo 3akoHa HeroToHa miis

rpysa
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ma =mg — ko, 5)
KOTOPOE SIBJIACTCS] YpaBHCHHEM TapMOHUYECKUX KOJICOAHHH ¢ TIEPUOIOM

m
T=2r,|—. 6
% (6)

JUist IpOBEPKU ATOM 3aBUCHUMOCTH IIOCTPOUM
rpaduK 3aBHUCUMOCTH KBajpaTa mepuoma oT 930 7
Maccel  rpy3a. JIeHCTBUTENBHO  JaHHAas
3aBUCUMOCTh Omm3Ka K JMHEHHOM.
Koaduuuent nakmona »3T1oro rpaduxa Tak 020 -
xe onpenenstorcs no MHK

0,25 -

2 0,15 -
c
a=(0,41£0,01)—. (7)
K 0,10 ~
U3  dopmynsr  (6) cimemyer, 4YTO €ro -
TEOPETUYECKOE 3HAUCHUE PABHO i .
1 1 1 1 1 Ke
4r? 0,00 ; ; ; : | M e
a= P 0 0,1 02 03 0,4 05 06

YTO Ja€T BO3MOXKHOCTb OIPENETUTh >KECTKOCTh JUHEWKH (HE3aBUCUMO, Ha OCHOBAaHUU
pE3yIbTAaTOB H3MEPEHUI MEPHOIOB KoJIeOaHu i)

ke~ (96 + 3)% (7)

OTO 3HAYeHHE B TOJITOpA pa3a MPEBBIIIAET KECTKOCTb, HAWJAECHHYIO B CTATHUYECKOM
cllyyae, CIe0BaTeNbHO, TOJYyYCHHBIE JaHHBIE HE COTIIAcyIOTCs APYT C Apyrom!

[TopoGyem npoBepuTH JaHHBII BBIBOJ €IIIe OJHUM CIIOCOOOM, UCKITIOYAIOIINM pacyeT
KECTKOCTH. B mooxeHnn paBHOBECHS CHJIa TSXKECTU YPaBHOBEIIMBACTCS CUIION YIPYrOCTH
mg = ko, IOATOMY KECTKOCTb JIMHEHKH BBIPa’KaeTCs uepe3 MPorud B MOJI0KEHUH PABHOBECHS

m,
k= ng . TloacraBnsis 3TO BbIpaXKeHHE B
0 030 1 Tle?

dopuyy (6) nomyumy
5 b i E—— P :

m ; ; | :

T = 27r\/; = 2@/?’ : ®) sl | S— —

Termeppb TOCTPOUM  3aBUCHUMOCTH  KBAIPATA 0,15 ---r-vmmeemioeemrmmeenees Lo AN —
nepuosa KonebaHuii oT mporuda. 3aBUCUMOCTD : : : '

3aBMCMHOCTE KBaApaTa nepuona ot gedoprayy

JIMHEWHA U €€ apaMeTPhl PaBHBI o i e e A
2 i i : i

c s R oo e
a=(2,57+0,08)—, b=(0,392+0,005) | | - |

M 0,00 i i ; i i

3aMeTUM, YTO B JJAHHOM CIIy4ae Mbl HE MOXKEM 0 2 y : p %

CUMUTATh 3aBUCUMOCTb IPONOPLHOHAIBHOM, TaK
KaK mapameTp b 3HauuMo OTJIMYeH OT Hynsa. U3 hopmyssl (8) HaliieM TeopeTudecKoe 3HaueHUe
Kod(uireHTa HaKIOHA

2 2

4r c

ameop. - ~ 4_ ’
g M

KOTOpOE OKa3bIBaeTCs B MOJTOpa pa3a Bhile! Takum 00pazom, JaHHBIE U 37IeCh HE COTJIACyIOTCS
ApYr € Ipyrom.

B uem jxe mpuuyMHa TakKoro HecOOTBETCTBUSA? B03MOXKHO, 4TO KojeOaHUS Tpy3a He
SBJISIIOTCSL CTPOrO TapMOHMYECKUMH — Ha BEPXHEM YYacTKE OHHU «IOANPBITMBAIOT». JTOT
OTPHLIATENIBHBINA PE3yJIbTAT — TEMa JJIsl BalllUX CAMOCTOSITENIbHBIX UCCIIEI0BaHNUH!
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3aro BBINOJHEHHWE MyHKTAa 2 JaHHOW 3aJaud HE BBI3bIBAET HHUKAKUX ClIOKHOCTEH. IIpoBoanm
u3mepenus (Tabnuna 2).

Taoauua 2.

Ctpoum rpaduku B «0OBIYHOM» U JOTapH(PMHUUECKOM MaciTabdax.

3ABHCHAMOCTE MPOTHGA 0T JTHHBI Jlor apudnurieckHii MacTad
915, em , : Hp : : 2511nd - , : :
'S AN S S SO S 0
B S U NS WO OO A0 R E P
o . T T T T 1,0
05 -
o S R e A R
00
e e e
0,5
3 ] R R B R | E R R R R G b B P B P G Ry LS
! 1,0 -
- N R T 15
L 2,0 -
0 4 : ; ; ; ; 25
0 5 10 15 20 25 30 35 2 22 24 26 28 3 32 34 36

Haxomum ko3¢ (UIMEHT HaKIOHA JOTapuPMHUUYECKONH 3aBUCHMOCTH, pPAaBHBI HCKOMOMY
MOKA3aTeNI0 CTENeHU, YOexXIaeMcs, YTO OH NMPUMEPHO paBeH 3, MPUBOAMUM 3TOT PE3yJbTaT U
M0JIy4aeM MaKCHMaJIbHbIE OLIEHKH 32 PABHJILHOE BBHIIIOJHEHHUE ATOTO ITyHKTA !
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3agauya 47. «Kak Hago nporudarbcsp»

BHumaTenbHOE O03HAKOMIIGHHE C YCIOBHEM IO3BOJSIET Ooyiee YeT YSICHUTh CMBICI
NPEeUI0KEHHBIX 3a1aHuil. [IoHATHO, YTO BO BCEX MyHKTax clieayeT npeHeOperats aedopmarueit
JICPEeBSHHON TAJIOYKH MO CPaBHEHUIO C M3TMOOM IUIACTUKOBOTO cTepkHs. [loaTromy B mepBoii
4acTH pabOThI UCCIEYETCSl 3aBUCUMOCTD J1e(hOpMaIK OT MPHIJIOKEHHOTO K CTEPYKHIO MOMEHTA
ciil. MOXHO 0KUAATh, YTO BEJIWYMHA Mporuda OyneT mponopuuoHaibHas 5TOMY MOMEHTY CHIL
Bo BTOpOIi 9acTu HEOOXOAMMO HCCIEA0BATh 3aBUCUMOCTh MPOTrHba OT ATUHBI AehOopMHUpyEeMOii
gacTu. PaKTUYECKU MTOJIHOE IIOBTOPEHUE NIPEbITyILEH 3a1aun !

Yacrtp 1. Maublii rpys.

1.1 IlonsaTHO, uTO nedopmanus ACPEBIHHON MaTOYKU
3HAYUTEIBHO MEHbIIE, YeM jAedopMalius IaCTUKOBOTO
CTEPIKHS, TIOATOMY €10 MOYKHO NPEHEOPEUb.

Tak kak yros wu3ruba Maj, TO BeIUYMHA

CTpENIKU MpOoruda MoxeT ObITh MpeJcTaBieHa B BUAC (C
2

y4eToM IpuOImKeHHON popMyIbl cosa = 1 _a?)

2

6 =R—-Rcosa zRa?

[Ipu nmoaBemMBaHUM Tpy3a K MaJ0OUKe U3rubdaeTcs Bech
CTEp)KEHb, o3ToMy B opmyne (1) u3 ycnous 3amaun | &
cieayer noyioxutb x=/. Torma Ra =/, a BenIu4nHa

CTpeJIKU Tporuda o
2 2
s=Re 1o Ly E
2 2 2 2

H3mepsieMoe OTKIIOHEHHE KOHIIA CTEPKHS OMUCHIBAaETC (OpMyIIon

z=6+(L-1)a =%a+(1:—l)a =[L—éja =[L—éjKMol=

= K[L —ljl M,
2

MoMeHT cuil, ACUCTBYIOIIMX Ha CTEPXKEHb, ONPEACIAETCS CHION TSHKECTH I'Py3a Maccou m, u
JEPEBAHHOM MAJIOUKH
M,=mgx+m,ga,

Il€ a - KOOpAMHATA [IEHTPa Macc MaJ04YKH, 1, - €€ Macca.
Taxkum o6paszoM, nomydaem Gopmyiy, MOAIEKAIYIO SKCIEPUMEHTATIBLHON TPOBEPKE

z=K[L—£jl-M0:K[L—ijlm1g x+og =C, x+ g , (1)

2 2 m, m,

KOTOpasi yTBEP)KJAeT, 4YTO CMEILUCHUE MAaJOYKU JIMHEHHO 3aBUCUT OT KOOPIMHATHI TOYKHU
KpeIuleHus rpysa.
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1.2 B Tabnune 1 npuBeneHsl pe3ysbTaThl H3MEPEHUN 3aBUCUMOCTH CMEIIEHUS KOHIIA CTEPAKHS
OT KOOPJMHATBI TOUKU KPETJIEHUS Tpy3a.

Taoauua 1.

I'paduk 370 3aBUCUMOCTH MMOKa3aH HUXKE U MMOKA3bIBAET, YTO IOJyYCHHAs! 3aBUCUMOCTh
Onmu3ka K  JuHEHHOH. Bo3MOXHBIE OTKIOHEHHS CBS3aHbI C HETOYHOCTBIO HM3MEPEHUH U
BO3MO>KHBIMHU OCTaTOYHBIMHU J1€(hOPMAITUSMH.

Sagucumocniy RPOIROL ON MIOUKI KPENTISHIE JPY

80 & MM

1 T S
R
L
T
30 frmmenmenennees
20 Armeenmennnnees

10 f-mmmmsmmenmeees

P Aot Ao Hy Iiais sty P p ik ORI sx Al a i tin ki

O
m

10 14 20 25 30

Crnenyer OTMETUTH, YTO IpsiMasi HE IPOXOJUT Yepe3 Hauajuo KoopAuHatr. M3 nomydeHHOU
dopmynet (1) cnemyet, uto mpu x =0 (T. €. KOrJa Tpy3 OTCYTCTBYET) OTKJIOHEHUE CTEPIKHS
JIOJPKHO OBITH MOJIOKUTEIBHBIM — SKCIIEPUMEHTAJIbHbIC JaHHBIE TPOTUBOPEYAT 3TOMY BBIBOY!

O6paboTka noyueHHoi 3aBucumoctd o MHK naet crneayromue 3Ha4eHus mapaMeTpoB
JUHEWHON 3aBUCUMOCTH z = ax + b

a=(3,4+01)-10", b=(-27+3)mn,
ClIeZIOBAaTENIbHO, HE BEPHBIM 3HAK MapameTpa b HE MOXET ObIThb OOBACHEH MOTPEIIHOCTSIMU
U3MEPEHUN.

Bo3MokHOE 00BSICHEHHE 3TOTO MPOTUBOPEUMS 3aKII0YaeTCs B HaYaIbHOU Jeopmanuu
crepxHs! [leficTBUTENBHO, IPU OTCYTCTBUM I'Py3a CTPEKEHb BMECTE C MAJOUYKOM pacroJiaraics
TOPU30HTAIIBHO, XOTS Ha HEro ACMCTBOBAJ MOMEHT CHIbl TskecTu nanodyku. Gopmyna (1) e
YUUTBIBACT STOW HAYANBHOU NedopMaliuu.
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Yactsp 2. Boabmoii rpys.

B naHHOM SKCIIEPHMEHTE MOXKHO CUYHUTATh, YTO %T ]
u3rubaeTcss TOJNBKO YacTh CTEPXKHA — OT TOYKH /

KpeIuleHus A0 TOYKM Iozseca rpysa. IIpexne Bcero,
noJiyduM  (opMyily, MO3BOJISIONIYIO pacCYUTHIBATH /

R / E
3HAYeHHWE CTPEJIKM Mporudba 1Mo  HU3MEepsieMbIM / D 3
/

BeIMYMHAM X U z . VI3 pucyHKa ciieqyeT, 4To J

z=0+(L-x). ) /
3HayeHue yriaa u3ruba MOKHO BBIPa3UTh  4Yepes E/
3Ha4YeHUE CTPENIKUA mporuda

Ra’> xa 25
0= = = a=—.
2 2 X
[ToncTaBinss 310 BeIpaskeHHE B GopMyity (2), HOITyduM

2 2L -
z=5+(L—x)a=5+(L—x)—5=5 al
x x
Orcrona nomydaeM
S=—_.
2L—x
B TabGmuue (2) npeacraBieHsl pe3yabTaThl H3MEPEHUH 3aBUCHUMOCTH

¢dopmyne (3) 3HaUeHUS CTPEIKH Mporuda (B Hamei yctaHoBKe L =

TpeGyembie TpaduKu.
Tabamnna 2.

0
1
2
3
4
5
6
7
8

3)

z(x) U PAacCYUTAHHBIE 10
30cm ). Huxe npuBeneHbl

JaBMCHMOCTE OTKNOHEHWA KOHUA Nano4kM o1 TO4KH 3aBUCHMHMOCTL CTPENKK NPOTMDa 0T TOHKW KPENTEHUA Tpy3a

KpEnmneHwn rpyaa
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[TomyueHHble peE3yNbTAaThl CBUACTEILCTBYIOT, YTO TOJYYCHHBIE 3aBUCHMOCTH HE
JTUHEHHBI ¥ TI0 BUY TOXOKH HA CTETICHHBIC (PYHKITUH.

[ToyunM TEOpETHYECKYIO 3aBUCMMOCThH CTPENKH MPOTrHbda OT TOYKU KPEIJICHUS Tpysa.
Tak kak u3THOAETCSI TOJBKO YACTh CTEPXKHS JIUHOW X, TO BEIMYMHA CTPEIKH Tporuda
paccuuThiBaeTcs 1o Gpopmyse

K
5 =ﬂ:£KMOx=?M0x2.

2 2
Cutamu, U3ru6aroIUMU CTEP>KEHb, SIBJISIOTCS CHIIBI TSDKECTH I'Py3a U MAJI0YKH, I03TOMY
Ky »_K 2
o :?Mox = ?(ngx+m0ga)x .

ECHI/I HpGHGGpCIIL MOMCHTOM CHJBI TSOKCCTH IIAJIOYKH, TO HOquHM TpeﬁyeMyIO CTeHeHHyIO
3aBUCUMOCTH
Km
Zg x3 ) (4)
2
Takum 06pa30M, TeOpeTI/IquKOC 3HAYCHUC ITOKA3aTciid CTCIICHU O = 3 .

6= g(ngx+ myga)x® ~

[IpoBeputh CIIPaBEJINBOCTD
noisydyeHHo  ¢opmynsl  (3)  MOXHO 1578, e
HECKONBKUMHU  cnocoOamu.  HambGonee 14 /‘/@
OYEBUJIHOW  JIMHEApU3ALMEHd  SBIACTCS 1o W
3aBHCUMOCTh CTpEJKH Hporuda or Kyda .o /-"@’
KOOpAMHATHI TOUKH IO/IBECA Tpy3a O (x3 ) /
I'paduxk nmaHHOW 3aBUCHUMOCTH OYEHBb i /
O30k K mpsMoil. OTkioHeHus ot ° /p
JIMHEWHOM 3aBUCHUMOCTH XOPOILIO 3aMETHBI 4 A
IIPY MaJIbIX 3HAUEHUSX KOOPIAMHATHI TOUKH - .
nosiBeca. JTO pe3yibTaT JETKO OOBICHUM: DK@V X GM
BO-TICPBRIX, IMPH MAIBIX OTKIOHCHHAX 0 20 S0 70 1000 1280 1500 1750

TOYHOCTDB I/I3MepCHI/II71 HC BCJIHUKa, BO-
BTOPBIX, IIpHU MAJIbIX 3HAYCHHUAX X 0oee CYHICCTBCHHOC BJIMAHUC OKA3bIBACT CHJIA TAXKCCTU
ITaJIOYKH. CHC,Z[OBaTeJIBHO, B 3TOI oOnacTu ucciacayemMasl 3aBUCUMOCTD JOJDKHA OTJIIMYAThCSA OT
KyOHn4ecKoi.

AHanoru4Hble BBIBOJIBI CIEIYIOT U -
B TOM Cjlydae, €CIH  IOCTPOUTH ‘\/5
3aBUCUMOCTh KyOMYECKOTro KOpHA U3

XOpOLIO BHUAHBI OTKJIOHEHUS OT 3TOU
3aBUCHUMOCTH. Hopahimsroe o il e oo 00 M B0 o M Bl
OTMETHM, 4YTO 3Ta 3aBHCHMOCTH

noxseca /6 (x). Taxke mpm Gompmmx 5| ... ________ ________

25 oo b A
CTpeNKH Hporuba OT KOOPIMHATHI TOUYKH 5 ;
3HAYEHUSX KOOPIAMHATHI TOYKU MOJABECA : ;
3aBUCUMOCTb JIMHEWHA, & IPHU MalbIX — 154-------- S R S S SRR

pacrionaraiorcss  Oonee paBHOMepHO. B X, M

AR S A B

) (x) Oojilee HaArasAHa, 30€Ch TOYKH 05 f-------8s---- o RERERE R

[ IS -
oo

3
3aBUCUMOCTHU 5(x) CIIMILKOM  BEJIMK 5 S 4 10 12 T

JIMara3oH U3MEHEHUS apryMeHTa, a HadyalbHbIe TOYKH TECHO IPYINIUPYIOTCS BOINU3H HYJISL.
[TomyepkHeM, 4To B 000MX CITydasiX MOCTPOCHHBIE MPSIMBIE B MpeJiesiaX MOrPEHIHOCTH IPOXOIST
4yepes3 Ha4yallo KOOPAMHAT.
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Haxonen, ans ompeneneHus MoKa3aTems
CTETIEHHOMH 3aBUCHUMOCTH seusiercs © 111(9) Lﬁ
UCTOJb30BAHUE JIBOMHOTO JIOrapu(pMuIecKoro
Mmacmtaba ¢ nocneayromei oopadorkoit mo MHK.
B oroit  3aBucumoctn  In(6) or In(x) 'S LA

HaOII01aI0TCs yKe OTMEUYEHHBIE ' P
3aKOHOMEPHOCTH: JIMHEHHOCTh MpH OONBIIMX Inf
3HAUEHUSAX X U OTKJIOHEHHs OT HEE NPU MaJbIX /
3HayeHusax. KoapduuueHnt HakimoHa npsmoil (OH B
e TOKa3aTellb CTENEeHH), MOCTPOCHHOM mo 6 o//
IOCJIEAHUM TOYKA OKA3bIBAETCS PaBHBIM s

1 1.2 1.4 1.6 1.8 2 22 24

o =2,99+0,09.

Takum oOpa3om, KyOudeckass 3aBUCHMOCTb BEJIMYHHBI CTPEJIKH NPOTHda OT TOYKU KpPEIUICHUS
rpy3a MOATBEPKAACTCS SKCIIEPUMEHTAIIBHO.
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3agauya 48. «HacplmeHnbli nmap»

3aBHCHUMOCTB BBICOTHI CTOJI0A Ta3a B TpyOKe OT TEMIIEpaTyphl IPECTaBICHA B
tabnuie | u Ha rpaduke (B OCIEAHEM CTONOIE TaHBl 3HAYCHUS BBICOTHI YPOBHS BOJIBI B
IIUPOKOH TPYyOKe).

60 — &, oM

55 P
50

45 f
40 f
35 #1

30 é}Jé?
pad

Taoauua 1.

25

|
T, K

20

280 290 300 310 320 330 340 350 360 370

[IpekpacHO BUAHO, YTO JaHHAs 3aBUCHMOCTb HE JIMHEHHA, CJEI0BATENbHO, BIUSHHE
JaBJICHUSI HACBHIIIEHHBIX APOB BOJBI B TPYOKE CYIIECTBEHHO. 3aMETHM, YTO BO BCEX CIydasx
MOXKHO TMpeHeOpeub TUAPOCTATHYECKUM JIABICHHEM CToj0a BOJABI IO CPAaBHEHHIO C
aTMOC(EpHBIM JaBICHUEM.
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2. B yka3aHHOM JMana3oHe «HU3KHX» TEMIIEpaTyp JaHHAs 3aBHCUMOCTh OJM3Ka K JIMHEHHOM.

28 + i, oM

27,5

27
265 //4?")
o ’___,---"“'0
235 <}/,-u- LC
25 i
20 15 30 a5 40

[TosTOMy, ecny HE YYUTHIBATh BIUSHHE MApoB, TO 3aBHCHUMOCTb O0beMa BO3AyXa OT
TEMIIEPATypPhl OIMCHIBAETCS YPAaBHEHUEM

h=h(1+at). (1)
Torna 3HaueHue aOCONMIOTHOIO HyNs TEMIIEPAaTyp OLEHHMBACTCA Kak f, =—a'. Ilo naHHBIM

M3MEPEHUIT JTO 3HaueHWE paBHO f, =—a ' ~—145°C, 4T0 BecbMa NAIEKO OT TAGIMYHOTO
3HaueHus. Ce0BaTeNbHO, U B 3TOM JHAaNa30He JaBJIEHUE MapOB BOJbI CYLLIECTBEHHO.

3. Jlna npoBepku crpaBeiTMBOCTH ypaBHeHus1 Knaneiipona-Kiay3uyca Heo6xonumo u3 o61ero
JaBJICHUSI Ta30B B TPyOKEe BBIUECTh JAaBIeHHE cyXxoro Bo3ayxa. Cyxoil BO3IyX MOIUMHSETCS
YPaBHEHUIO COCTOSIHUS UAEATBHOTO rasa, HO3TOMY JAJIsl HETO MOYKHO 3allicaTh
Ph _ Fh,
T T,

rae h, BelcoTa crojiba, kKoToporo Obl 3aHUMal Cyxoil Bo3ayx mpu Ttemmneparype 7,. Ilo

)

npexHeMy, MoJiaras aTMocepHoe IaBICHHE 3HAYUTEIBHO OOJBIIMM THUIPOCTATHYECKOTO,
MOXHO 3aIIMCaTh

hy T
P=P24p | 3
0 0 7—;) h napa ( )
OTKy,Z[a C.HeI[yeT, YTO JaBJICHHUE BOAAHOTO Hapa MOXHO paCC'-H/ITaTB 110 (bOpMy.He
h, T
P =P[l-22 | 4
napa 0 TO h ( )

Pacuer naBieHuss BOASHOrO mapa Mo 3ToH ¢GopMmyine HPUBOIUT K CIEAYIOUIEMY rpaduky
norapudma JaBIeHUs BOJSIHOTO Hapa OT BEIHMYMHBI, 00paTHON aOCOMIOTHON TeMmnepaTtype (4To
Tpebyet ypaBHeHue Kianeiipona —Knay3uyca.
45 — In P
4,0

3.5 H’@”’S}
3.0 H__,..-/(S'Q"
25 e

el
2,0 MW

1,5 547'
1,0 M
0.5 A ]
T
0,0
2,7 2.8 29 3,0 3.1 3,2 3.3 3.4 35
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3T0T rpaduK NOATBEPKAAET CIPABEATUBOCTD JAHHOTO YPAaBHEHHS U JIOKA3bIBAET, YTO B JAHHOM
JKCIIEPUMEHTE JIEUCTBUTEIIBHO OCHOBHOM BKJaJ BHOCHUT JABJICHME HACBIIIEHHOIO I1apa.
HalinenHoe 110 1aHHOM 3aBUCUMOCTH 3HAYEHUE YAEIbHON TEIUIOTHI UCIIAPEHUS BOJIbI
g=23100 ¢
K2
OuYeHb OJIM3KO K TAOJIMYHOMY 3HAYECHUIO.
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3agauya 49. «M3y4eHue KaneJab»

Yacrp 1. OmnpeneneHrie (QOKYCHOTO PACCTOSHHUS JIMH3BI  SIBISETCS
TPaAMLIMOHHON 3aJadel, K TOMYy JK€ pacCMOTpEHHOM Hamu panee. He
BBI3BIBAET COMHEHHS TaKK€  BO3MOXHOCTb  IIOJIyYEHHE  YETKOIO
n300pakeHUs] Kaluld C JECATUKPATHBIM YBEJIWYCHHEM C IOMOILBIO
cobupatomieid snuH3bl. Jns  mpumepa, TpUBEAEM IpUMEpP  TaKoro
M300paKeHUs BUCSIICH KaIlIu (OYEBHIHO, YTO N300pakKeHHE MEPEBEPHYTO).

Bropass u Tperbsi yacTu pabOThl HOCAT MOYTH KAaYECTBEHHBIH XapakTep.
IlonydeHue TOYHBIX 3aBUCUMOCTEH 3aTPYAHMTENIBHO, IO3TOMY pELICHHEM 3aJayd CIeAyeT
CUMTATh IOJy4YEHUE 3aBUCUMOCTEH, IIPABUIILHO OTPAKAIOIIMX UMEIOIIHUECS 3aKOHOMEPHOCTH.

Tak BbICOTa KaIUIM JIeXKAlled HAa HE CMA4MBAcMOW IOBEPXHOCTH IIPU MAJIBIX pa3Mepax Kalulu
[IPAKTUYECKU paBHA €€ JUaMeTpy, IPU YBEIWYCHUU pa3Mepa Kallld €€ BbICOTA CTPEMMTCS K

IpeaeIbHOMY 3HAYSHHIO. DTO MpeieIbHOE 3HAYCHHE BBICOTHI KaIlId d MOXET OBITh OI[CHEHO U3
YCIJIOBHS PAaBEHCTBA JIAIUIACOBCKOIO U TMAPOCTATUYECKOIO JABJICHUM:

4 ~ ~ |4
AN pgd, = d= 9 5 2,5mum . (1)
d rg

Ota e GpopMylia MOKET MPUMEHATHCS U JJIS1 OLIEHKU TOBEPXHOCTHOTO HATSDKEHUS O .

Jist onipesienieHns MOBEPXHOCTHOTO HATSHKEHUS C MMOMOILBIO BUCSIIECH KAy CIIEAYeT MOJTY4YnuTh
U 3apHCOBaTh €e M300pakeHHe. 3aTeM OINpPEeTUTh AUAMETP CaMON Y3KOM YacTH (TEpeTsKKH)
D_. | a TakKe YHCIECHHO BBIUUCIHTH €¢ 00heM (1Mo 3apucoBaHHOMY mpodumio) V. YcimoBue
paBeHCTBA CHUJIBI TSDKECTH M CHJIBI TOBEPXHOCTHOTO HATSHKEHHS Ha MEPEeTsDKKE MO3BOJISET
OLIGHUTDH MMOBEPXHOCTHOE HATSKEHUE

min

c=pVg = o= )

min

7D

min
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3angaua 50. «MccaegoBaHue NOBEPXHOCTHOIO HATSZKEHHUS CIIMPTOBBIX
PacTBOpPOB»

Jns  u3MepeHHs TOBEPXHOCTHOTO HATSDKEHUS  CIIeAyeT HCIOJb30BaTh  KANMWUIIPHYIO
CTeKIsIHHYI0 TpyOky. Ilorpyxas ee umcciemyemblii pacTBOp, a 3aTeéM BBIHMMAs, IO BBICOTE
CTOJIOMKA >KUIKOCTH, OCTaBILEHCS B TPyOKE MOXHO OIpenenuTh Ko3hduiment
MOBEPXHOCTHOTO HATSDKEHUS O .
JIeHCTBUTENHHO, YCIIOBUE PABHOBECHS KUAKOCTH B TPYOKE UMEET BU
22— pe, 1)

r7ie P - TUWIOTHOCTh JKUJKOCTH; 7 - paAnyc Kamwuisipa. 3 3TOro yciaoBus CleayeT
dbopmyna onpeneneHuss KodhGUIIMEHTa MOBEPXHOCTHOTO HATSKCHUS
=15 ph.
4

Crporo roBopsi, 3Ta ¢dopMmyla HE YYUTHIBACT KpaeBbIe YIJIbI, 0Opazyembie
KHUJKOCTBIO C BHYTPCHHUMH CTEHKaMU TPYOKM W C €€ HIDKHUM OCHOBaHHEM.
[ToaToMy M3MeEpeHHs 3aBUCUMOCTH MIOBEPXHOCTHOTO HATSKEHHUSI OT KOHIICHTPAIMH
ClIeZTyeT IPOBOJIUTH OTHOCUTEIBHO YUCTOU BOIBI.

OO6o3HauuM p,,0, - IIOTHOCTb U KO3((GHUIUEHT MOBEPXHOCTHOIO HATSDKEHUS UUCTON

BOJBI; /i, - BBICOTY YpPOBHSI YUCTOH BOJBI B TpyOKe, Torga Ko3((GHUIHUEHT MOBEPXHOCTHOIO
HATSDKEHUS pacTBOpA CIIEAYeT PacCUUTHIBATD O (hopMyIe
h
oc=0,". )
Pohy
B xone wu3MepeHMil clenyeT ydecTb, YTO IUIOTHOCTh pacTBOpa 3aBUCHT OT €ro

KOHIIeHTpauuu. [[puroToBUTh pacTBOp M3BECTHOM KOHIICHTPALIMU MOXHO CIICAYIOIIMM 00pa3oM:
C TOMOUIbIO CTEKISIHHOM TPYOKH JIETKO OTMEPSATh OJMHAKOBBIE OOBEMBI (KaIlld) »KHAKOCTEH.

Ecmu pacTBOp HPUI'OTOBJICH M3 7, KallCJlb BOJIbl H n, Kallejlb CHIupTa, TO o0BeMHAas

OTHOCHTEIIbHAS! KOHLIEHTPAIHMsI COIUPTA ¢ M IVIOTHOCTh PacTBOpa O ompeaessercs GopMynaMu

n n, + n
1 , p=p0 0 pl 1 . (4)
l’l0+l’l1 l’l0+l’l1

CcC=

Tax kak ciy4aiiHasi HOTPEIIHOCTh U3MEPEHHUS BBICOTHI CTOJIOMKA KHUJIKOCTH B KaIIHILISIpE
CYIIECTBEHHA, TO HEOOXOIMMO MPOBOIUTH STH U3MEPEHUSI HECKOJIBKO pa3. Pe3ynbTarThl
M3MEpEeHUH MpeACTaBICHbI B Ta0JIMIIEe U HA TpaduKe.

Tab6anna.
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[lo panHBIM  TaOAMLBI  MOCTPOUM
rpadux 3aBUCHUMOCTH KodpdunreHTa
MOBEPXHOCTHOTO HATSHKEHUS pacTBOpa OT
KOHIICHTPAIlUU CIIUPTA.

Kak BumHo, »93Ta  3aBHCHUMOCTH
HEJNMHEHHAst, TMpU MaJblX KOHIEHTPAIMIX
KOA(POUIIMEHT MOBEPXHOCTHOTO HATSHKCHUS
JIOCTaTO4HO  OBICTPO  Majgaer, a IpH
KOHLIEHTPALUAX O0bIINX 50%
MOBEPXHOCTHOE  HATSDKEHHUE  HM3MEHSETCS
ropaszio MeJJIeHHEe.

Yacrs 2. Onpenesnenne BUAa 3aBUCHMOCTH.
Dkcnepumenmamop nooaem meopemuxy 3KCnepuUMeHma bHbulil
epaghux: «He moenu 6vl Boi 00bacHUmMb NOIYUEHHYIO 3A8UCUMOCTIL? »
Teopemux: «Hy... sma 3a8ucumocms NOHAMHA,
OHa Modicem 6blMmb 00BACHEHA CLeOYIOWUM 00PA3OM ... »
Okcnepumenmamop. «Hzeunume, Bol Oepacume epagux eepx noeamu!y
Teopemux (nepeseprnys epagux): « Toeoa smo mem bonee NOHAMHO! »

Hayunwii honvrnop.

[TonGop SMIUpPHUYECKON 3aBUCUMOCTH, KaK Mbl YK€ HEOJHOKpPAaTHO YOEeKIaluch, HE
COBCEM KOppEKTHas oImepalus, MOTOMY KaK OHa MOXET OBbITh IOCTPOEHAa pa3IMYHBIMU
cniocob6amu. [Tokakem 3To erie oJiuH pas, elle pa3 «HACTYIHUM Ha 3TH rpadiin.

Ilepoe. IlompoOyem anmpOKCUMHPOBATH IOJYYEHHYIO 3aBUCHUMOCTh CTETIEHHOM
bynkuuei

oc=A4-c". (5)
[Toctymaem TpaJAWIIMOHHBIM O0pa3oM: CTpouUM Tpaduk B Jorapu(pMUUECKOM MacuiTabe U 1o
MHK onpenensiem ero napameTpsbl.

Ing
4

39
33
37
. : . : 36
s W 34
e L
: ' ' : 32
BAN S S " oo
.- ; ; ; ; 3

y=-0.341x + 3,188
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Y AMBHUTENHHO, HO MOKA3aTeNb CTEIICHN OKa3biBaeTcs paBHbIM « =~ —(0,341, 4TO OYeHb OIU3KO K

a z—g, WHBIMH  CIIOBAaMH, TIOBEPXHOCTHOE HATSDKEHHE OOpaTHO MPOIMOPIHOHAIBEHO

KyOndeckoMy KOpHIO U3 KoHIeHTpauuu! Mtak, nepsas annpokcuManus UIMEeT BT

o= Fle)=1-. ©)
Ye

B03M0XHO, KTO-TO M3 TEOPETHKOB CMOKET 000CHOBATH ATY 3aBUCUMOCTh. He cMoTpst Ha TO, 4TO
rpaduK 3TOH (QYHKIHUU MPOXOIUT JOCTATOYHO OJM3KO K IKCIEPUMEHTAIBHBIM TOYKAaM, Y 3TOU
(GYHKIIMU €CTh OJUH CYIIECTBEHHBIH HEJOCTAaTOK — MPU KOHILIEHTPAIMH CHOHpTa CTpeMsIIencs K
HYJIO (TO €CTh JUIsl YUCTOM BOJBI) MOBEPXHOCTHOE HATSXKEHHE CTPEMUTCS K OECKOHEUHOCTH !
[TompoGyem monoOpaTh Takyl0 anmpOKCUMHUPYIOIIYI0 (YHKLIHIO, uYToObl mnpu c¢=0
MOBEPXHOCTHOE HATSDKEHHE ObUIO PAaBHO MOBEPXHOCTHOMY HATSDKEHHUIO BOIBI O =0, 4 C
POCTOM KOHIICHTpPAllMd MOHOTOHHO YMEHbBIIAJIOCh. DTUM YCJIOBUSM YJIOBIETBOPSET (DYHKIMSA
BUJIA

go_ G0 (7)

1+ Bc’

rie B u [ - mapaMmerpsl, MOJJIKAIINE ONpeAeiIeHuto. JIsi UX HaXO0XKAECHUS MOXKHO TaKKe
Bocronb3oBathess MHK, nmunaeapu3oBaB GyHKuo (7) cleayronmm o0pa3oM
%y

In| =2 ~1|=pBhc+hB.

o
Pacyer mapameTpoB Takke NPUBOAUT K «UHTEPECHOMY» pe3yibTary (IOCTOMHOMY BHHUMaHUS

3 .
TEOPETHKOB): TIOKa3aTelNb cTeneHu onm3ok f = 0,773 = R I'padux nmonyueHHON HYHKIIUU

O'ZFZ(C)Z

o
—% ®
1+ B¢

TaKXe HEIJIOXO OMHCHIBACT AIKCIEPHUMEHTAIbHBIC TaHHbIC, 0COOEHHO mpu ¢ =0, 37eCh OH
a0COJIFOTHO TOYEH !

¥y=0,773x+ 0,754

70 ¢

60 4

50 4

40 1

30 4

20 4

10 1

0 0.2 04 06 0,3 1

A ecnu mompoboBath moaoOparh (yHKIMIO, KOTopas mnpu c¢ =0 (4uctas BoAa) paBHA
MOBEPXHOCTHOMY HATSDKEHUIO BOJBl O,, a NpU ¢ =1(4UCTBIl CHUPT) NOBEPXHOCTHOMY

HaTsOKEHUI0 cnupra o,? MoxHo ocraButh (QyHkuuto Buga (7), B KoTopod mapamerp B
OTIPE/ICIUTh HYKHBIM 00pa3oM:
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©)

—1|c”

Teneps HE00X0IMMO noa00paTh
eIMHCTBEHHBIM mapameTp y, Tak dYToObl cymma

KBaaApaToB OTKJIOHEHHH TCOPCTUUCCKUX u
OKCIICPUMCHTAJILHBIX 3HauYeHUN OblIa MUHHMAJIbHA.
HOpaBI/ITGHLHO, HO WU B 3TOM CJIydac II0OKa3aTeClib
CTCIICHU MOKCT YIAOBJICTBOPUTH TCOPCTHUKOB —

2
OKa3bIBACTCs IPUMEPHO PaBHBIM J =~ 3 Ilonyuyennas

byHKIISA TaKxKe HEIJI0XO0 OTUCHIBACT

AKCIIEPUMEHTAJIbHBIE JaHHBIE. : . . .

MOET, UMEET CMBICI IPUIUCATH BEJIHYMHE 10 4--------- e £ e e E—

2 ! ! s s C

¢® CMBICIT «IIOBEPXHOCTHOM KOHIIEHTpanun»? B aTom ; ' ' ' '

ciyqae  ¢opmyna  (9) mpuoOperaeT  OYCHB
«TEOPETUYECKUN» BUL:

2 2
_n3 3
lzl C +C ’ (10)

c o0, O

BEJIMYMHA OOpaTHasi MOBEPXHOCTHOMY HATSDKEHUIO pacTBOpa paBHA CPEIHEB3BEIIEHHOMY OT
9TUX BEJIMYMH KOMIIOHEHTOB pacTBOpa, IPUUYEM B KAUECTBE BECOB BBICTYNAIOT «IIOBEPXHOCTHBIE
KOHIICHTpauuu». BoT yx neficTBUTENbHO riTyOoualinii Kiae3b TeOPETUIECKUX MO Iesei!

[logaumeMcs, OJHAKO, Ha TBEPIYIO
[IOYBY OKCIEPUMEHTAIbHBIX JAHHBIX, H
3aJaluMCsl BOIIPOCOM: Kakasi u3 ¢pyHKuui (6),
(8), mnu (10) mydine OnMMCHIBAET PE3yJbTAThI
n3Mmepenuii? Winm crnenyer mpuaymarh enne
yro-10? [locTpouM rpaduku 3aBHUCUMOCTEH
Pa3HOCTH  MEXKIYy  TEOPETUYECKUMH U
9KCIEPUMEHTAIbHBIMU 3HAYEHUSIMU oT
KOHIIGHTpPALlMU  pacTBopa. OTU  Tpaduku
[I0OKa3bIBAIOT, 4YTO, BO-NEPBBIX, IS BCEX
paccMOTpPEHHBIX (YHKUUH OTHOCHUTEIIbHAS
orpemHocTs He npesbimaer  10%; Bo-
BTOpPBIX,  MOBEJICHHE  3TUX  T'pauKOB
IPUMEPHO OJMHAKOBO, YTO OOYCIIOBJICEHO MOTPEHIHOCTSIMM WM3MEpPEHUH, a He HeI0CTaTKaMu
Mozeneld. [ToaToMy OTBeT Ha MOCTaBJIEHHBIH Bompoc oueBHJieH: «Jlydmie Ta ¢yHKIMs, KOTpas
BaM OoJibliie HpaBUTCS ! »
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3anaua 51. «Hapa.)meﬂbnoe COCAMHCHHC IIPOBOAHUKOB»

Yacts 1. 'panynpoBka peocrara.
Koneuno, nyurie 66110 ObI UMETh U aMIIEPMETP, HO XOPOIIMKA BOJIBTMETP B Mape € PE3UCTOPOM
M3BECTHOTO COMPOTHUBIICHUS MPEKPACHO €0 3aMEHSET, 0COOCHHO, €CIIN €ro CONPOTUBIICHUE
paBHO 1 Omy!

[IpuHnunuanbHas d3JIEKTpUYECKast CXema,
IIpeHAa3HAaYeHHas i1 TpajgyHpOBKH peocTara,
nokazaHa Ha puc. 1. IlonmepemeHHO mnoxkiOuas
BOJBTMETP K TOoukaM A U B MOXHO HM3MEPUTH

HanpspkeHus U, Ha U3BECTHOM COIPOTHUBIICHUH in R,
B

R,=90m n U_ napeocrare R_IIpH 337aBa€MOM A

3HAQYEHHH TOJIOXKEHUS JBIXKKa peocrara x. [Ipum
ATOM COIPOTHBIICHHE PEOCTaTa PacCUUTHIBACTCS [ ™o
o hopmyie

U
R =R,—/. 1
x OUO ()

OTMGTI/IM, 4To MMpu TaKoM cxeMe HET HGOGXOZ[I/IMOCTI/I B CTaGI/IJII/IBaLII/II/I HaMps>KCHUA UCTOYHUKA.

Pe3ynpTaThl M3MEpEeHUIl U pacCUUTAaHHBIC 3HAUCHHS COMPOTUBIICHUS PEOCTaTa JaHbl B TaOJHIIE
1. Ha puc. 2 mokazaH TrpagyMpOBOYHBIA IpaduK: 3aBUCMMOCTH COMPOTUBIICHHS peocTara OT
ITIOJIOKCHUSA ABHUXKKA.

Taoauna 1.

Kak crnemyer w3 MOJIydeHHBIX JaHHBIX, 3aBUCHUMOCTh JIMHEHHas, HO HE TPsAMO
nponopuuoHansHas. [locienHee cBA3aHO ¢ TeM, YTO HYJb IIKAIbl HE COOTBETCTBYET HYJIEBOMY
COIPOTHUBIICHUIO peocTaTa. B manbHeieM A onpeneneHus COPOTUBICHUS] peocTaTa MOXKHO
MOJIb30BaTbCd ATUM TPAJAYHPOBOYHBIM TpaUKOM, HO NPEINOYTUTENBHEE OMUCATh ITY
3aBHCHUMOCTb (PYHKIMOHAJIBHO. Tak HOCTPOCHHBIN IpaK ONMUCHIBACTCS TMHEWHON (yHKIMEH
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R =0,073x-0,37 (2)
1.4 Koa¢dpuuueHT a B 3aBUCUMOCTH R = ax +b sBISE€TCS CONPOTUBICHUEM €AUHUILIBI JUINHBI

o0MoTKH peocTara. C MOMOIIBIO MOJOCKH MUJUTUMETPOBOM OymMaru JIerKo U3MEPUTh JTUHY
4acTH OOMOTKU Z , COCTOSIIEH U3 1 MPUIIETAOIUX BUTKOB, ¥ JUIMHY OJHOTO BUTKA /.

ConpoTHBIICHUE 3TOr0 y4acTKa PEOCTaTa, PACCUMTAHHOE [0 U3BECTHOU (opMyie Ui
COIIPOTHBIICHUS IPOBOAHKKA, PABHO
4nl,

nl
R=p y ;’/ =p R
/4 ﬂ[j
n
C nmpyro#i CTOpPOHBI, 3TO K€ CONMPOTHBICHHE PaBHO R = az . [IpupaBHMBAs 3TH JIBa BBIPAKCHHUS,
MOJIyYMM PACYCTHYIO (OPMYITY Uil YIEIBHOTO COMPOTUBIICHHUS

4 3
p l, =az = pza[ij & (2)

[zjz - n) 4nl,
zl =
n

[TorpenHOCTh OMpeieeHHs YIeIbHOTO CONTPOTUBICHUS PACCUUTHIBACTCS MO POpMYIIe
2 2 2
A Az Al
Ap=p [_“j +[3_j +f Ao 3)
a z [,

a= (72,8 + 1,1)% (paccuutano mo MHK, nauunast ¢ x = 30mm );
M

ITo HamuM U3MepeHusIM:

Yactb 2. HensBecTHOE CONPOTHBJIEHHE.

N3mepeHue  CONPOTUBIEHUS  IAPALIEIBHO  COCAUHEHHBIX

peocrata W pe3UCcTOpa CIEAYeT IPOBOAWUTHL II0 IIPEKHEU Vv

Meronuke. Pesynprarel u3mepenun HanpsokenunU,, U , a Rx! | R,
1

TaKkKe pacyeToB OOIIEr0  CONPOTHBIEHHS peocTata H Al — B

HEU3BECTHOTO PE3UCTOPA R, , COMPOTHUBJIEHUS peocTara R Ipu

Rl I—C/
pa3IMYHBIX MOJIOKCHUSX ABM)KKA peocTara X TMPUBEICHB B | °
Tabuuue 2.

Taoauua 2.
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3aBUCHUMOCTH  OOIIIEro
CONMPOTHBIICHUS  mapel  (peocrar -
HEU3BECTHBIN pesucrop) oT
CONpOTUBIIEHUs peocrara (puc. 4) He
MO3BOJISIET CYOUTh O CIPaBEIIMBOCTU
dbopMynbl Ui OOIIEro COMPOTHUBICHHUS
MapauieIbHO COSAMHEHHBIX PE3UCTOPOB

1 1 1
=t )
ITosTOMy U1 NPOBEPKU INPUMEHUMOCTH 1

Roﬁ Rx Rl
,Z[aHHOﬁ (bOpMyJIBI CHCI[yeT 110 CTpOI/ITB
3aBUCUMOCTHb BCJINYHH, OGpaTHLIX

I'padux’

compotuBienusm: R} ot R.'. Pacuer oti

BEIMYMH  MPEACTAaBICH B  IOCIEAHUX

cronlax Tabnauipl 2, a rpaguk mokaszaH Ha

puc.5.

IIpaxkTruecku cTporas JIMHEWHAast

3aBUCUMOCTB, C KO3(PPUIMEHTOM HaKJIOHA,

OU3KUM K 1, MOATBEPKIACT

CHPaBEATIUBOCTh (OPMYIIBI (4).

Hwmeer cmbicn paccuuTaTh KO3(GHUIMEHTHI

aToM 3aBucumocTu no MHK:
A=097+0,02;

B =(0,0385+0,0024)On""
[TepBeiii kO3 ULIMEHT  AEHCTBUTEITHHO
OueHb OJM30K K E€JUHHIE, a BTOPOH B
cooTBeTCTBUU C (hopmyioii (4) pasen R, .

ITosToMy
paBHO

R, =B"'=25970m,
C MOTPEIIHOCTHIO

AB
ARI :Rl?:1,6OM.

HCHU3BCCTHOC COMMPOTHUBJICHHUC

3aBMCHHOCTE CONPOTHBNEHMA NMapbl 0T CONPOTHENEHWA

OxoHuaTenbHO NoNy4aeM R, = (26,0 + 1,6)OM .

9
[To ycioBuio 3aauu €ro CTpOUTH HE TPEOOBAIOCH!
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3amaua 52. «KeJaThIHd AITHK»

1. CaMoe nmopa3uTesnbHOE B JAHHOM SIIHMKE, YTO MPHU MOJKIIOUEHUN
Oarapeikul K JTFOOBIM IBYM BBIBOJIaM, TOPHUT TOJILKO OJ{HA JIAMIIOYKA.
[Ipu noaxioueHNH K BbIBOJAM 1-3 BTOpast laMIiouka He CBETUTCS
MOTOMY, YTO CHJIBI TOKA HE XBAaTaeT, YTOOBI pACKAJIUTh €€ CITUPATh —
OHA LIIYHTUPYETCSI PE3UCTOPOM.

Jl1is onpeieNieHrst COOTBETCTBUS MEX/Ty BRIBOAAMU HEOOX0TUMO
O0OBEMHATH BBIBOJIBI M ONIPEIENIATH MPU KAKOM MOAKITIOUESHUN

HAUMHAIOT CBETUTHCS 00€ JIaMIOYKHU. DTO MPOU30iIET, eciu OaTapelika MoJKII0ueHa K BBIBOIaM
2 u coequHeHHbIM BMecTe | u 3. Takum 06pa3om, MOKHO ONPEEIUTh HEHTPAIbHBINA BBIBOJ 2.
YroObl pa3inuyuTh BIBOABI 1 M 3 HEOOXOIMMO HCIIONB30BATh aMIIEPMETP — MPU HOJKITIOUEHHH K
Oartapeiike BbIBOAOB 2 U 3 cuiia Toka OyaeT OoJiblie, 4eM MpH MOAKIIOYSHNUHN K BeIBoAaM 1 u 2.

Cxema coOpaHa TakuM 00pazoM, uTo «A»= 2; «B»=1; «C»=3.

2. PeasbHO IpOBECTH M3MEPEHHUS MO MPEAJIOKEHHOW CXEME, TOJIBKO
MOJKIII0Yasi K U3MEPUTEILHOMY YCTPOUCTBY BBIBOJIBI 2 U 3, B 3TOM Cllydae
U3MEpsIeTCsl BOJIbTaMIIEpHAsl XapaKTEPUCTUKA JIAMIIOYKU U TMapajlielabHO
MOJKIIOYEHHOTO PE3UCTOpa; a TaKKe 2 U COCAUHEHHBIX BHIBOJOB 1 1 3 —
B 3TOM CJIy4ae U3MEpsIeTCsl BOJIbTaMIIEpHas XapaKTepUCTUKA apaJlIeIbHO
COCIMHEHHBIX JBYX JlaMIOYeK M pe3ucropa. lIpum moakimrouyeHun OJHOU
JaMmouky (BbIBOABI 1,2) W3MEHEHUs HaNpsOKEHUS TpPU Pa3MbIKaHUU
kmoua K| He3HauuTeNbHBI (He 00JI€€ OJHOTO JCIICHNS).

Pacyersl HEOOXOAMMBIX BEJIMYUH MPOBOJIATCS TIO CIETYIOMHUM QopMyIiam:
ComnpoTHBI€HHME YacTU PE3UCTOpPa, K KOTOPOMY  MOJKIIOYAETCS
uccienyemMas Lenb

U
R =R, (1)
U
00
COIPOTUBIICHUE BTOPOU YaCTH
R, =R, —R,.
Cuua ToKa B UCCIIElyeMOH IIeTIH pacCUUTHIBAETCs 1Mo (popmyie
IOl
RZ Rl

HCCJIeayenas
Jizhe S

)

3)

Pe3ynpTaThl H3MEpeHHid U pacueToB MPU MOJKIIOUEHUH BHIBOJIOB 2 U 3, IpUBECHbI B TadmuIe 1.

Taoauua 1.
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[Ipu noakIrOYeHUH BBIBOJOB 2 M CO€IMHEHHBIX | ¥ 3 MOJIy4aroTcs CAeAYIONIUEe PE3YIbTaThI.

Taoauua 2.

[Ipu 3amaHHOM HaNpsHKEHUH Ha BXOJE HCCIEIYyEeMOM IIeTM CHIIBI TOKOB ONPEICINSIOTCS I10
bopmymnam:
B [ICPBOM CIIydae

1= I,mMnA R> (4)
BO BTOPOM
1,=21 +1,, 5)
N3 stux ¢dopmyn crieayer, 4yTO CHJIBI TOKOB dYepe3 JIAMIIOYKY WU PE3UCTOpP MOTYT OBITh
MEPECUUTAHBI CIACAYIOIIUM 00pa3oM:
ImwnA = 12 _11
: (6)
I1,=21 -1,
Pe3ynbrarhl pacyeToB mpuBeIeHBI HA TpaduKax.
Boanamneprle XapakTepUCTUKK

Jaamn.

09 Tr 4
0.8 b IE
0,7 ;,/ II
0.6 o
- .;//g,/}ﬁ, I,
0.4 A _...--'/9/

[ ﬂ

0.2 Ejﬂi:ﬁ##‘ -

2 X L _,.,-r"’é} Srann.
0,1 = TF - o ——] U B
0,0 | i

0,00 0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00 2,25

Kaxk BHUJHO TOYHOCTH H3M€p€HHI>i HC BBICOKA, HO, TCM HC MCHCC, 3aBUCUMOCTbL MCKIY TOKOB U
HaAMpsDKEHUEM Ha PEe3UCTOPE MOKET OBITh MpU3HaHA MponopiroHanbHO. o HakmoHy rpaduka
OmnpeneNsieTcss COonpoTuBieHue pesucropa R =390m. OrMmeTuM, 4YTO TOYHOE 3HAUYCHUS

CONpPOTUBIIEHUS paBHO R =3,60m .
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gonwmenue.

Tounocmo uwwepeHuL? MOJCHO cOenamo CYWeCcmeeHHo 8blile, UCnoibsys ons M3M€p€HI/l12

yucnogou mynbmumemp. I paguxu, nocmpoenuvie no UsMEPEHUIM ¢ NOMOUWBIO MYTbMUMEMPA,
NOKA3aHbl HUDICE.

08 7L A 1 004 I
I "/A ALEWIL.
u57 4 : 0,12
H ___,_Q
l],ﬁ |—"1
e 0,10 s
u,s /ﬂ’ /’8—-
04 o Mﬂ/ 0,08
L M /_pﬂ/ I
£2S e R 0,06 G’,,.ef'/
» | o "
0,2 7 ’g: r | 0m4
IV |
0.1 — 0,02
e lug U, B
0 . i 0,00 |
o o022 05 075 1 125 15 1,78 2 0 025 05 075 1 125 15 1,75 2
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3anaua 53. «KpacHblil AImK»

JlanHas 3afaya aHajoruyHa npexapaymiei. CHayama HEO0OXOAUMO OMNpPEHCTUThH
COOTBETCTBHE MEXIy BBIBOJAMH Ha cxemMe M Ha KopoOke. [l sToro ciemyer
HCII0JIb30BaTh CBOMCTBO OJHOCTOPOHHEHN MPOBOAMMOCTU JHMOAA — €CJIHM AMOJ BKJIIOYAETCS B
LIeMlb, TO IPA U3MEHEHNUH NOJIIPHOCTU UCTOYHHMKA U3MEHSIOTCS 3HAYEHMSI CUJIbI TOKA.

3areM CTaHAAPTHBIM METOJIOM U3MEPSETCS CONPOTUBIIEHUE PE3UCTOPA MEX Y BbIBOJaMu 1 u 2.
ITocne aToro cieayeTr MoJay4yuTh BOJIBTAMIIEPHBIE XapaKTEPUCTUKU MEXTy BbiBogamu 1 u 3, u,
BHMMAaHHE, MEXKIY BBIBOJOM | M COEAMHEHHBIMHM BbIBOJAAMH 2-3. OTH JBE XapaKTEPUCTUKU
IIO3BOJISIFOT BBIAEIUTH U MOCTPOUTH BOJIBTAMIIEPHYIO XapaKTEPUCTUKY auoaa. OHa mosydaercs
0oJiee HEMMHEWHOM, YeM y JIAMIIOUKH HaKaJTUBaHUSL.

3agaya 54. «BoabT™MeTp - raJibBAHOMETP»

IlepBass yacTh 3amauu SIBISETCA TPAIUIMOHHON (371€Ch BOJBTMETP HCHOJB3YETCS I10
CBOEMY NpsIMOMY Ha3zHaueHHUt0). OTMETUM, YTO OOJBIIMHCTBO IOJIOCKOBBIX PEOCTAaTOB MMEIOT
HEJIMHEIHbIE XapaKTePUCTUKH — Oy/IbTe BHUMATEIIbHBI.

B ycnoBum 3amaum OroBOpPEHO, KaK MPOBOJUTH TI'PAAYHPOBKY OaITMCTUYECKOTO
rajJbBaHOMETpa (TOro K€ BOJBTMETPA). 3apsikas KOHACHCATOP IO U3BECTHOTO HANpPsHKEHUS (U1
3TOro OblIa HeoOXoauMa mepBas 4acTh pabOThI) M paspsikas €ero 4yepe3 BOJIBTMETP, MOXKHO
MOCTPOUTh 3aBUCHUMOCTb OTOpOCa CTpPENKH OT 3apsiia KOoHAeHcartopa. JlaHHas 3aBUCHMOCTb
OKa3bIBaeTCs ONM3KON K JIMHEHHOH.

ITepBbIit Bompoc TpeThel 4acTH, Ha MEPBbIM B3I KAXKETCS CTPAHHBIM — KOHJIEHCATOP
o0najaeT €MKOCTbIO, a HE CONpOTHBICHHEM. TouHee, y WHICAJILHOTO KOHJEHCATOpa
COINPOTHUBIIEHUE paBHO OeckoHeYHOCTH. Ho pa3Be ObIBaeT peanbHO, 4YTO-TO HJeaTbHOE?
3apsDKEHHBIM  KOHJAEHCATOp  paspsbKaeTcs,  CIeoBaTelNbHO, MEXAy ero oOKIaJKkaMu
AIIEKTPUYECKUN TOK BCE-TAaKU MpoTekaeT. [ BBIMOJIHEHUs JaHHON 4acTH paboThl HEOOXOIUMO
IIPOBECTH CJEIYIOIIYI0 CEPHIO IKCIEPUMEHTOB. 3apsIuTh KOHJEHCATOp J0 MaKCHUMAaJbHOTIO
HamnpsOKeHUs W H3MEpPUTh €ro 3aps (C TOMOIIbI0 TaJdbBaHOMETpa) uepe3 H3BECTHBIN
IIPOMEXYTOK BPEMEHHU. 3aTeM MOBTOPHUTH 3TH U3MEPEHUS Ul APYrHX MPOMEXYTKOB BPEMEHH.
TeMm camMbIM MOKHO TIOCTPOMTH 3aBUCHMOCTbH 3apsja Ha KOHIEHCATOpe OT BPEMEHM M IO Hel
OIpeNleNIUTh TpedyeMoe CONMpPOTHBIIEHHE, KOTOPOE OKa3bIBAETCS PaBHBIM HECKOJBKO IECATKOB
MOM.

B mnocnenueld wactu paboThl  MEXIy KOHJIEHCATOPOM M BOJIETMETPOM  CIEIyeT
MOJICOEJIMHUTh TOCJEIOBATENbHO CTEP)KEHb U METAJUIMYECKYIO IUIACTUHKY. B 3ToM ciyuae
pas3psaa KoHIeHcaTopa OyeT MPOXOAUTh TOJIBKO BO BpeMs yaapa. OTMETHM, YTO 3a BpeMs yaapa
YTEUKOW 3apsijia uyepe3 KOHJEHCATOp MOXHO IpeHeOpeub. BoabTMeTp mo3BoisieT onpeneiauTh
3apsizl, NpOILEIINI 4Yepe3 Hero 3a BpeMs yaapa. Tak Kak XapakTepUCTUKH BOJBTMETpa U
KOH/IEHCAaTOpa M3BECTHBI, TO Ha OCHOBAaHUM IOJYYECHHBIX JAHHBIX HE CJIOKHO OLIEHUTH BpEeMs
ynapa.

Bo3MoxHO 1 MHas cxeMa U3MEepPEHHH — 3apsAAUTh KOHIEHCATOP, YACTUYHO Pa3psSAUTh €ro,
ClleNiaB HECKOJIBKO yIapoB, a 3aT€M M3MEpHTh OcTaBIuuiics 3apsa. Koneuno, pa3dpoc 3HaueHuin
JOCTATOYHO BEJHUK, MO3TOMY B YCJIOBHM CTaBUTCS LI€Jb XOTA Obl OLGHUTh BpeMs YyAapa.
[TpoBeneHHBIE U3MEPEHMsI TIOKA3bIBAIOT, YTO BPEMsl yJapa COCTaBISET BEIUYMHY MEHBIIYIO,
yeM | MUJTUCEKYH/a.
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3agaua 55. «'aJabBaHNYECKUH JUMOH»

Yacrp 1. Tak Kak CONPOTUBIEHUE MYJIBTUMETPA 3HAYUTEIBHO IMPEBBIIIAET BHYTPEHHEE
COMpOoTHUBIIEHUE «(DPYKTOBOTO» TaTbBAaHUYECKOTO AJIeMeHTa, To s u3Mmepenus DJIC ciemyer
HaIMpsAMYIO MOJKIIOYUTh MYJBTUMETP K JIEMEHTY, HAIPsDKEHHE Ha HEM C BBICOKOM TOYHOCTHIO
coBnagaer ¢ JJIC ucrounuka. [Ipu ucnonpzoBaHuM MeIHOW W UMUHKOBOM miactuHok DJC
OKa3bIBaeTCsl paBHOUM mpuMepHo | B u mpakTHdecku HE 3aBHCHUT OT HCIIOJIB3YeMOTro (pyKTa.
Wzectno, uyro DOJIC rampbBaHUYECKOTO DJJEMEHTa OMNpeAeNseTcs, TJaBHBIM 00pa3oM,
Marepuanamu 3JIEKTPOIOB.

Yacre 2. /[ u3MepeHus cuibl TOKAa HY)KHO HU3MEPAThH HAIPSDKEHHME HAa PE3UCTOPE, KOTOPBI
COCIMHEH IIOCJIEIOBATEIbHO C TaJbBAHMYECKUM DJJIEMEHTOM. Pe3yibrarbl 3aBUCUMOCTH CHUIIBI
ToKa / OT BpEMEHHU ¢ MpuBeJeHbI B Tabauie | u Ha rpaduke.

Taoauna 1. 3aBMCUMMOCTL CUMNbl TOKA OT BpeMeHH
65 1 I mA
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Kak u CJICOOBAJTIO OKHNAATh — C TCUCHHUEM BPECMCHHU CHJIa TOKa YMCHBIIIACTCA (K COXaJICHHUIO, HaIll
JMMOHHBIN 3JIeMeHT paboTaet He Oojee 10 MuHYT). BO3MOXHBIME IPUYHMHAMHU 3TOTO SBIISETCS
OKHCJICHUC 3JICKTPOJOB U YMCHBIIICHUC KOHICHTPAIIUHA NOHOB 3JICKTPOJIUTA.

IIo »TMM HOaHHBIM MOKHO HaWTHU
3aBUCUMOCTb COIIPOTHUBJICHUA 3JICMCHTA SaBUCHMOCTE CONPOTUBMEHNA OT NpollefWers sapaaa

U
(R= 7) OT JJIEKTPUYECKOro 3apsna,

NpOLIEAIIEr0  4epe3  djeMeHT.  Jus
BBIUMCIICHUSI ATOTO 3apsajga HEoOXOIUMO
YHUCJICHHO [IPOUHTETPUPOBATH
3aBUCUMOCTb CUJIBI TOKAa OT BpPEMEHH.
PesynmpraTtel  pacyeToB  IIOKa3aHbl  Ha
CJIeIyIOLIEM rpaduxe. Bnyrpennee
COIPOTHUBIICHUE 3JIEMEHTA BO3pacTaeT II0
Mepe  yBEIMYEHHS  CpPOKa  CIIY>KObI
anemeHTa. IlomydyeHHas  3aBUCHMOCTH
MOHOTOHHO  BO3pacTampias, HO  HE
nuHelHas.  IlogOopoM  SMIHMPUYECKUX




3aBHUCHUMOCTEHl MBI 3aHHMAIIHCH HCOOAHOKPATHO, MO3TOMY MNPUBCIACM, HAIIPUMCP, BOT TAKYIO
«IPOCTYHO» 3aBUCUMOCTD

3

4

R=R, +B[ij :
F

rie R, *160m - HavanbHOE CONPOTHBIEHUE, [ =9,6-10*

- nocrosinHas Papanes,
MOTb

B~25-10°0Om, xo>pdumuent HaiineHHblii MetomoM mnoadopa. CpaBHHTE — HEMIOXOE
cooTBeTcTBUE!
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3agaya 56. «/IBurare;nnb u reseparop»

JlanHas TeMa MOXKET OBbIThb MpeIMeTOM OYeHb MHOTHMX 3aJad M TEeMOW Juis
CaMOCTOSITEJIBHON JKCIIEPUMEHTAIIBHON HCCIIEI0BATENIBCKON paboThI. PesynbraTsl
CYIIECTBEHHBIM O00Opa3oM 3aBUCAT OT HCIOJIB3YEeMOTO OOOpYAOBaHUS — BUIA JBUTATEI,
HUCTOYHHUKA, MEXaHUYECKON CUCTEMBI.

OCHOBHBIE PE3yJIbTaThl KPATKO MOXKHO C(POPMYIHPOBATH CICTYIOLUIMM 00pa3oM:

1. Cuna Toka mpu paloTarolieM ABUTATe]e MPAKTHUYECKH MOJHOCTHIO OMPEAEsIeTCs Maccou
MOJIBEIIEHHOTO TPY3a, TO €CTh CJIa00 3aBHCHUT OT MPUJIOKEHHOTO HAINPSDKEHUS U NPUMEPHO
IIPONOPLUOHAIBHA MACCE MOJHUMAEMOI0 I'Py3a.

2. MouHocTe ABUTaTENss MOXKHO ONPENENINTh, U3MEpss BpeMs MOAbEMAa Ipy3a Ha 3aJaHHYIO
BbICOTY. Torna pas3BuBaeMas IIOJI€3HAs MOILMHOCTb PaBHA IPOM3BEICHUIO CHIIbI TSHKECTU Ha
CKOPOCTb IIOJbEMA. 3aTpauuMBaeéMas MOIIHOCTb pPaBHA IPOM3BEIEHUIO CHJIbBI TOKa Ha
IIPUJIOKEHHOE HAIPSIKCHUE.

TeopeTrueckoil 0OCHOBOM ONKUCAHMS MOT'YT CIIYKUTh CICAYIOIHUE YPAaBHECHHUS:

Tak kak cujga (MM MOMEHT CWIIbI), pa3BHBaeMas JBUTaTeleM MpPOIOPLUOHATbHA CUJIE TOKa
yepe3 0OMOTKY (3TO cieayeT M3 3aKoHa AMIepa M MOCTOSHCTBA MAarHUTHOTO IOJIsS CTaTopa),
[I09TOMY CHJIa TOKA OKa3bIBAETCA NPONOPLUOHAIBHON Macce MOJHUMAEMOr0 I'py3a.

I=km. (1
Bropoe ypaBHEeHuE SBISETCS ypaBHEHHUEM 3aKOHAa COXPAHEHMs S3HEPruu (3alMcaHHOE MAJIs
MOIITHOCTEM )

IU=1°R+mgv, ()
3aech R - o0liee CONpPOTUBIICHUE IIETH, V - CKOPOCTh MOAbeMa rpys3a.
OtmeTnM, 4TO Kaxylleecs HapylieHus 3akoHOB OMa B JaHHOM CIIy4dae CBSI3aHO C MOSIBJICHUEM
3/1C uHayKIMU B OOMOTKE JABUTaTeNsl P €ro padoTe.
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3amaua 56. «3aK0H 3JIeKTPOMATHUTHON MHIYKIMI)

1. U3smepenue neproaa KoneOaHU MPOBOIUTCS OOBIYHBIM CIIOCOOOM U Ja€T 3HAYCHHE
T=174c.

2. 3apsiiuB KOHAEHCATOP, MPOBOAUM M3MEPEHUS 3aBUCUMOCTU CHJIbI HANPSDKEHUSI OT BPEMEHHU.
PesynpraTel uM3MepeHUil mpexacTaBieHbl B Tabmuine 1w Ha rpadukax (BTOpoil B

JorapupMUUECKOM
Mmacuitabe). PazpAT Yepes BOJETMET]
Tabamnna 1. 2000 U, mB
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RN
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1000 P,
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|
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9‘&@_"_&1 !

&00 I

E00 M i
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JorapH{MITIe cCKHIT MacIuTal

g00 v Iml7
" &%M
700

550 -

B.00

5480 ;@%m

500

o 10 20 30 40 30 6O VO 80 90 100 110 120

Lc
OnpeneneHHoe N0 METOly HAUMEHBIIMX KBaPAaTOB 3HAUYEHHE BPEMEHH Pa3psAIKU PABHO
r=(62,4%15)c. (1)
ComnpoTuBJeHNE MYJIETUMETPA PACCUUTHIBAETCA 10 (hopMmyIe
R, = % = (1,25+0,05) MO . )
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IIpumeyanue. o« AT

Bpewmst pa3psaku MOKeT OBITh OTIpEAETICHO U Al " L
0e3 HCroJb30BaHMs JOrapuGMUIecKkoro macmraba = P
(Bce-taku 10 kmacc). [nst 3TOr0 MOXKHO MOCTPOUTH 2 /'
3aBHCUMOCTb ~ CKOPOCTH HW3MEHEHMS HAIPSDKEHHS .
AU %KO
—— OT HamnpsHKeHHs Ha KOHJEHcaTope. JTa 1 "
At . 0&.%
3aBHCUMOCTh OIMCBIBACTCS NPUOIMKEHHBIM "‘?"T U B
o + 1
ypaBHeHHeM o 200 400 600 &00 1000 1200 1400 1600
AU 1
At T
3)

U SIBJISETCS JTMHEWHON. 3HaUeHHE BPEMEHH, OIPENEIEHHOE 0 3TOM 3aBUCHMOCTH OKa3bIBAETCS
pPaBHBIM T & 55¢ C CyIIECTBEHHO OOJIBIIECH MOTPEIIHOCTHIO.

3. 3MepeHus BpeMEHHOW 3aBUCUMOCTH HAIpsHKEHUST Ha KOHJCHCATOPE MPH €ro pa3psiike uepes
MO U KaTyIIKy Tene(oHa MpOBOAATCS aHAIOTUYHO, PE3YIbTaThl 3TUX U3MEPEHUN MPUBEICHBI
B Tabnuie 2 u Ha TpaduKe.

Taoauna 2. g — il morapmdnvorieckii macinrad
7 50 S

7,00 M*
B,50 Mi

XOpOH.IO 3aMCTHO, 4YTO COIIPOTUBJICHUC JOUOJA 3aBHCHMOCTE BPEMEHI paipAga depes JHoT
(cmenoBaTenbHO, M BpeMs paspsiia) HE SBISETCA 0.1, ¢ 0T HATIP DECHIIH
IIOCTOSIHHBIM, @ 3aBUCUT OT IIPHWJIOKEHHOIO
HanpspbkeHus.  [lostomy — cinegyer  mOCTpOUTH * O
o

40
3aBUCUMOCTb BPEMEHHU Pa3psIKU OT HAIIPSIKEHUS Ha o

33
KOHJIEHCaTope. JTa 3aBHCUMOCTH MOXET ObITh
paccuMTaHa Ha OCHOBaHMM YypaBHeHMA (3), u3
KOTOPOI'O CIEAYET, 4TO

30

25

20
__yAL Z4
£ AU 15
I'paduk 3T0if 3aBUCUMOCTH MMOKA3aH HAa PUCYHKE.
OTmeTHM, YTO U B 3TOM CIIy4yae BpeMsl pa3psaKu U, mB
(oxo010 30 ¢) 3HAUUTEIBHO NIPEBBIIAET IEPHOL

KOJICOAHUM.

0 200 400 &00 a0 1000 1200
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4. Pe3ynbTaThl U3MEPEHUN 3aBUCUMOCTH MaKCUMAJIBHOTO HANPSKEHUS HAa KOHJEHCATOPE OT
aMILTUTYAbI KoJieOaHui puBeieHs! B Tabuuue 3 u Ha rpaduke.

Taoauua 3.

[TonydeHHast 3aBUCUMOCTD OJIM3Ka K JIMHEHHOM.

3aBMCHMMOCTD HANPAXEHWA HA KOHQEHCATOpe OT aMNNUMTYAbI
KonebaHWi

500 1 {7, mB //ﬁ
450

e
400 R
350
300 / V’
250 /‘1
200 -

i)

h o~

150 /4/:
100 o
50 ,/ 5 m-
0 /T i
0 5 10 15 20 25 30 35 40

5. Ilpu npoxoxaeHnun MarHuTa HaJl KaTylkoi B Hel nunaynupyercs 3/1C, BeauunHa KOTOpoi
onpexaensercsa 3akoHoM M. Dapanes

B =22 ()

At
Ora DJIC mnonzapskaeT KOHIAEHCATOp, KOTOPBINA pa3pspKaeTcss B TOT MPOMEXYTOK BPEMEHHU,
KOI'/Ia MarHUT HE IPOXOAMT HaJ| KaTYIIKOM.
Cxemaruueckas 3aBUCUMOCTD U

HaIpsDKEHHUS HA  KOHJEHCATOPE OT  Uax
BpEMEHHM IIOKa3aHa Ha pucyHKe. B
TCUCHHC IPOMEKYTKA BpPEMCHU [, Uy

(MarHUT NOPOXOJIUT HAJ  KATYIIKOM)
HaIpsKEHUE Ha KOHJIEHCATOPE 1
BO3PACTacT OT HEKOTOPOro 3HayeHus U, 7 7

no wmakcumaneHoro U _ . Ilpouecc

3apsAAKU OIMMChIBACTCA YPABHCHUCM
CcAU_E-U_1A0 U

= . (5)
At R R At R
yLII/ITBIBaH MaJIOCThb BpeMeHI/I tl 10 CpaBHeHHIO CO BpeMeHeM pa3p51ﬂKI/I, MOXHO 3aIirucarb
o U
Umax =ljl + o — 1 tl (6)
R,C R,C

3/ech B KauecTBE COIMPOTHBIICHUS LEMH cleayeT OpaTh CONPOTHUBICHHME KAaTYIIKH, TaK Kak BO
BpeMsI 3apSAKH TUOJ] OTKPBIT, U €0 CONMPOTUBIEHUEM MOXKHO ITpeHeOpeus. Bennunna
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R,C=12-10°0m-50-10°®=6,0-10"¢, (7
Oouibllle YeM BpeMsl IPOXOXKJICHUS MAarHUTa HaJ KaTYIIKOH (KOTOpOe MEHBIIE, YeM OJ(HA COTas
nepuo/ia KonebaHuii).

T . .
3a DOpPOMEKYTOK BpPEMEHH 1, zE NPUMEPHO pAaBHBII IOJIOBHHE Tepuoja KoyieOaHui

KOHJICHCATOP paspspKaeTcss 4Yepe3  3akpbIThli  auon. Ilpomecc paspsakud  ONUCHIBAETCS
YpaBHEHUEM

A
cAY- Y ®)
At R
U3 KOTOPOT'O MOYKHO TOJIYYUTh MPUOIMKEHHOE COOTHOIIICHHE
t
U =U -2 9
1 max RC ( )
N3 popmyn (6)-(9) cnemyer
-1
)
S L B (10)

U,x =
™ R,C\R,C RC
Ornpenenum Bpemsi TPOXOKJACHUS] MarHUTa HaJl KaTyIIKOW (TOYHEe HaJ MOJOBUHOM KATYILIKH) U3
3aKOHA JBIDKCHHSI MasTHHKA. Tak Kak pa3Mep KaTyIIKd M MarHuTa 3HAYUTEIbHO MEHbIIEe

aMIUTATYIbI KOJIEOaHH, TO 3TO BpeMs OlleHUBaeTCs (hopMyIoit

Al
t,=——o, (11)
vmax
rae Al cymMMa JuaMmerpa MarHuTa pajuyca KaTylmlkd (B Hamux skcnepuMeHTax Al =3cm), a
MaKCHUMaJIbHasi CKOPOCTh MOJKET OBITh HaiiJIeHa U3 3aKOHA COXPAaHEHHsI SHEPTHU

2 2 2
Vow A (12)

max

2 2

2r o
e o = 7 - KpyroBasi 4acToTa kojebaHuii MasiTHUKa. Takum 00pa3oM, MBI TIOTy4aeMm,

Al T Al
=—=—. 13
: Vw27 A (13)

OreHuM YKCIIeHHBIC 3HaUeHUs crnaraeMbix B hopmyste (10)

t T Al 1
R = 075 H
R,C 2m A R,C
L T
RC 2RC
Bropoe cnaraemoe 6osiee 4eM Ha MOPSIOK MEHBILIE IEPBOTO, TO3TOMY B IIEPBOM MPHUOIIKEHUH
UM MOXXHO TmpeHeOpeub. B mTore MakcumalibHOE HANpsDKEHHE Ha KOHJIEHCATOPE MPUMEPHO
OKa3bIBAETCs paBHBIM cpeiHeMY 3HaueHuto D/1C
() 2r
U, ~—"2=0,—"—4 (14)
t TAl
Y TIPOTIOPLMOHAIBHBIM aMIUIUTY/E KOJIeOaHU, YTO HEIIOXO MOATBEPKAACTCS SKCIIEPUMEHTOM.
Kosdduuuent nponoprmonansHoctd B ¢opmyne (14) mMoxer ObITh ONpeAeseH U3 HAaKIOHA
rpaduKa 3aBUCUMOCTH HANPSDKCHUS OT aMIUTUTYIbl KOJeOaHUl U paBeH

K:Auﬂﬂz,s-lo*ﬁ.
AA cM

Teneppb ¢ €ro NOMOIIBI MOKHO OLIEHUTh MaKCUMAJIbHBI MAarHUTHBIN MOTOK, KOTOPBIA CO3AET

MarHur B katymke O~ K %‘l ~1-107°B6 .

T

~0,03.
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3agaua 58. «CBeT U TeHN»

IlepBrle nBa MyHKTA 3aJa4l HACTOJIBKO TPAJULIMOHHBI, YTO AK€ BXOJAT B IIEPEUYEHb
00s13aTeNIbHBIX Ta00PaTOPHBIX PadOT.

[Tynkt 3 JOCTOMH BHHMMATEIBHOTO pPACCMOTPEHHUS TEeHEH u ONMKOB Ha SKpaHe,
pPacIOJIOKEHHOM 3a Iuenblo. DakTUYeCKH 37eChb pPAcCMAaTpPHUBAETCS JOCTATOYHO IIPOCTas
npobinema TeHed u moiyTeHed. Kak wu3BecTHO, pasMepbl IONYTEHEW OINpenesstoTcs
COOTHOILIEHUEM MEXJy pa3MepaMHM HCTOYHHMKA M pa3MepaMH IPENsTCTBUS, OTOPACHIBAIOILErO
TeHb. TO, YTO B JaHHOM CJIy4ae PacCMATPUBAIOTCS HE TEHU OT HEIPO3PAYHOM IOJIOCKH, a CBET,
IIPOLIEIIINHI Yepe3 LIeNIb CYTH Jela HE MEHseT. Tak Kak IulaMs CBEYU BBITSHYTO BEPTHUKAJIBHO,
TO TMPHU BEPTUKAIBHOM PACIHOJI0KEHUHU IIEIH CBETNIAs MOJIOCKA OKa3bIBaeTcs OoJiee pe3Koi U C
MEHBIIHUM Pa3MEPOB MOIYTEHHU, YEM IIPU TOPU3OHTAIIBHOM PACIIOJIOKECHUH LLIEIIN.

OObsicHeHHE BO3HUKHOBEHUS H300paXEHHUs, IOJIYYEHHOTO C TOMOLIbI0 MAJoTo
OTBEPCTHUS, JTaeTCAd B paMKaX IeOMETPUYECKOW ONTHKH — TU(PAKLUs CBETa B JAaHHOM CIIydae
CYIIECTBEHHON poJl He urpaer. M3o0paxeHue moiyyaercss TeM OoJiee PEe3KHUM, YeM MEHBIIIE
pasmep otBepctusa. llpaBna, B 3TOM ciaydae e€ro spkocTb 3aMeTHO MeHbuie. Kpome Toro,
BUJIMMasl YETKOCTh M300paKEHUS M €ro SPKOCTh YXY/IIAIOTCS MPU YBEJIWYCHUU PACCTOSHUS
MEX/ly OTBEPCTUEM U IKPAHOM.
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3agaya 59. «MHTepdepeHuus Ha Gymare»

[Ipexne Bcero, MOSICHUM, TOYEMY IIOJIOCHI Myapa MOTYT MOJEIUpPOBATh pe3yibTar
uHTepdhepeHy.  Pacrpenernenne MHTEHCHUBHOCTH CBeTa B MHTEP()EPEHLMOHHOM KapTHHE
oTpeeNseTcsl pa3HOCThIO (a3 konebaHuii nHTephepupyromux BoyH. Eciu HapucoBaTth MIeHKH,
pacmpezieneHe MpOIyCKaHusl KOTOPBIX OmUchIBaeTcs dopmynoi (1), roe ¢, (x,y), 0, (x, y) -

¢da3pl MHTEPPEPUPYIOIUX BOJH, TO HMX HAJIOKEHHUE BOCIPOM3BENET HHTEPPEPEHIIMOHHYIO
KapTUHY, OTIMCHIBAEMYIO (DyHKITHEH

[:[0(1+COS( 1(xa)’)_(02(xay)))2 :

Ota ¢GyHKUMs KauyecTBEHHO coBmagaer ¢ (opmynoit (2). Takum oOpa3zoM, uTOOBI «yragaTb»
MOJICTTUPYEMYIO HMHTEPPEPEHIIMOHHYIO CXeMy, HEOO0XOJAMMO ONpEACTIHTbh KaKOW BOJHE
COOTBETCTBYET IIPOILyCKaHUE COOTBETCTBYIOIIUX IIIIEHOK.

@®a3za U3MEHSETCA C KOOPAMHATOM II0 JIMHEWHOMY 3aKOHY Ul IUIOCKOM BOJIHBI,
najaromel moja HEeKOTOPHIM (OOBIYHO MaJIbIM) YTJIOM Ha IJIOCKHH dkpaH. [losToMy HaloXeHHe
JBYX U300pa’keHUH ¢ MapajuleIbHBIMH IITPUXaMH MOJEIUPYET HHTEPPEPEHIIMIO ABYX IUIOCKUX
BOJIH, NAJAOIIMX Ha S5KpaH IOJ MajblMM yriaMM. B 3TOM ciyuyae BO3HHUKaeT cucTeMa
napajieNIbHbIX HHTEPPEPEHIIMOHHBIX MOJIOC, PACCTOSIHUE MEXKy KOTOPHIMH YMEHBIIACTCA TPH
YBEJIMUEHUM YIa MEXJYy MaJalolIMMHU BOJHAMM. OJTa aHAJIOTUS IO3BOJISET JIETKO IOJIYYUTh
dopmyny (4), IpUBEICHHYIO B YCIIOBHH.

IIpy HanoXE€HUM IUIEHKM M JUCTa C MApALIEIbHBIMU IITPUXaMU BO3HUKAIOT MapajlieibHbIE
I10JIOCBI Myapa, IIMPUHA KOTOPhIX YMEHBIIAETCS MIPU YBEIMUEHUH YIJIa MEXAY IITPUXAMHU.

CR . L

_v"__,'.*,.....l’.-r«#«w'ﬁ'—r““
LE T LN S U o U )
T T T
Fe

E

Mosopor 3° Iosopor 4°

4
Fx
Y
1
B2

[
1
1

T &

4
Ef.s
&

OueBuzHas JMHEapU3alUs 3aBUCHUMOCTH pAacCTOSHUS MEXJy I0JIocaMd OT Yria,
COOTBeTCTBYIOIIas opmyne (4) MOATBEPHKIACT €€ CHPaBEIJIMBOCTb U MO3BOJISIET ONPEICIUTh
IIEPUO/I IITPUXOB Ha IIJIEHKE cHauyana Ha jicre Nel, a 3areM Ha sucte Ne2.

D’f P Nuer Net D, mn JneT Ne2
0,10 0,10
0,09 1 0,09 1
0,08 1 0,08 1
0,07 1 0,07 1
0,06 1 0,06 1
0,05 1 0,05 1
0,04 1 0,04 1
0,03 1 0,03 1
0,02 1 0,02 1
0,01 - 0,01 -
0,00 0,00 |
09 091 092 093 094 095 096 097 098 099 1 09 091 092 093 094 095 096 097 098 099 1
CcoOS ¢ cosdy
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Pacnipenenenuro ¢a3, ommceiBaeMomy ¢dopmynoi (3), COOTBETCTBYeT cdepudeckas
BOJIHA, MAJarollas Ha IJIOCKUH JKpaH, TO €CTh BOJHA OT TOYEYHOTO HCTOYHHMKA. [losTomy
HAJOXEHUE NIBYX cucTeM Kousiell HproToHa MonenupyeTr WHTEpEepEeHIIUI0 BOTH, HCIYIEHHBIX
JIBYMsI TOYEYHBIMM HCTOYHUKaMHU, TO ecTh cxemy lOnra. Ha ocHoBammu dopmyn (2) u (3)
MOKHO TOKa3aTh, YTO MPU CIBUTE JIBYX CHUCTEM KOJICIl HAa PACCTOSHUE O , BO3HUKAIOT MPSMbIC
PaBHOOTCTOSIIME TIOJIOCHI Myapa, PaCCTOSTHUE MEKIY KOTOPBIMH OMHCHIBAETCS (OPMYIIOif

2
_ Do
26
[HuprHa nmonoc oka3bIBaeTcss 00pPaTHO MPOIMOPLUOHAIBHON BETUUNHE CIIBUTA.
Casur - 1 gesrenne CaBHI - 2 1eJIeHus
‘ e e S e i o S s e e A A
S N
S N
N

Konbua HelotoHa

I'paduk 3aBUCUMOCTH HIMPUHBI
IOJIOCHKI  Myapa Ax OT BEJIUYHHBI

oOpartHOM CIIBUTY OKa3bIBaeTCs | |
JMHEWHBIM M IO3BOJSET ONPENCIUTh . i . : . :
TpebyeMslii mapamerp D, . 0,000 0,025 0,050 0,075 0,100 0,125 0,150

HNHuTepecHoe 10no0JIHEHHE.

Y

Xopouio M3BECTHO, YTO B  pe3yibTare “\:I N NI
uHTEpPEepeHIIMN TUIOCKOM ¥ CcepudecKoil BOJH W :q ::
BO3HUKAET UHTEepPEepEeHIIMOHHAS KapTuHa,
onuceiBaema KosblamMu Hetotona. Hanoxurs mieHky | | ” I] H] '”
C MpSMBIMU IITpUXaMH (IUIOCKash BOJIHA) HA JIUCT C ‘J‘ h I ” i i) il
KOJIBLICBBIMHE [ITPHXaMu (ceprueckass BOJIHA), TO "’ i ::: 1:: u,:‘ ,,”,m il

L

i
\! i

HOSIBIISIFOTCS MTOJIOCH Myapa, WITIOCTPUPYIOIIUE 3TOT
3pQeKT — Hama Teopus MOJOC Myapa MOXO0Xa Ha

npasay!
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3agauya 60. «MHTepdepennus, TMPpaKkuus, WIH...»

3aganue 0. /[m1Ha BOIHBI U31y4EHHUS Ja3€PHON yKa3KU IIPUBEACHA HA €€ STUKETKE.

3apanme 1. be3 aToro ynpaxxHeHHUs TPYAHO 0OOUTHUCH, TOTOMY YTO 3HaueHHE (POKYCHOTO
paccTosiHUS IOHAAOOHUTCS B TAJIbHEHIIIEM.

3aganme 2. OObluHas 337aya T€OMETPUYECKON ONTHKH — PACXOISAIIMKCA MYy4OK MajaeT Ha
COOMpAIONIYIO JIMH3Y, coOupaeTcs B (OKyce M 3aTeM pacxoauTcs. JuameTp mydka JIMHEHHO
3aBUCHUT OT PACCTOSIHUA 10 JIUH3BL. TEOpEeTUUYECKU JIETKO MOIYYUTh (POPMYIy 3TOH 3aBUCHMOCTH
C Y4YeTOM YIja pPacXOAMMOCTH HCXOIHOIO IIydyKa, a »3KCIEPUMEHTalIbHO €€ H3MEpPUTh
NPAKTUYECKH HEBO3MOXHO, YK OOJIbHO OHa Malsla, HEeUW30eKHbIe MOTPEIIHOCTH H3MEepEeHHH
IIPAKTUYECKU ITOJTHOCTBIO €€ MOKPHIBAIOT.

3apganme 3. KT0 U3 y4acTHHKOB OJUMIIMAJBI HE U3ydyall Iu¢pakunoHHyto pemeTrky? Kycouek
JIUCKA TAKOBOM U SIBJISIETCS, TOJBKO OTPa’KaTeIbHOM !

3aganue 4. JleliCTBUTENBHO KapTUHKA IIOJIY4aeTCsl OYEHb
3aHMMATEIbHOW — IIECTh SPKUX IIATEH, COEIMHEHHBIX
TOHKHMM IIOJIOCKAMH CBETa, HACTOSIIUN KaOaIMCTHYCCKHI
3HaK - 3Be3na JlaBunma! Ho 3T0T pucyHOK moiy4aercs, eciu
¢iukep OCBETHUTh C OOpaTHOM CTOPOHBI, B OOBIYHOM
MOJIOKEHUHM CBET IMOJHOCTBIO OTpaXkaeTcs B OOpaTHOM
HampaBieHuu. Takas KapTHHa JIETKO OOBACHUMA, €CIU
IIPEIIOJIOKHUTh, YTO OTPaXKarOIIMMH JIEMEHTaMU SBIIAETCS
CUCTEMA YTOJIKOBBIX OTpa)kaTeled — TPEyroJIbHBIX IPHU3M.
[To3TOMYy BOBHUKHOBEHHE TaKMX U300paKEHUI €CTh CIICACTBUE MPEIOMIICHUS CBETA.

Ecnu ke ynanute 5KpaH Ha OoJbliee paccTOSHHE, TO MOXKHO 3aMETHUTh, YTO KaKIoe
ISTHO TMEPeceueHO TEMHBIMH TOJOCaMHM, a 3TO €CThb pe3yiabTaT HHTep(hepeHIuu Jydeit
IIPEJIOMJIEHHBIX B OJHOM HaIlpaBJICHMM pa3HbIMM Ipu3MaMu. V3MeHeHue mepuona 3THX
MHTEP(EPEHIIMOHHBIX M0JIOC MO3BOJIET PACCUUTATh MEPHUOJA CTPYKTYpPHI (uIMKepa, HallpuMep ¢
MOMOIIBIO (POpMYJIBI AUPPAKITMOHHON PELIETKH.
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3apaua 61. «Pagyra»

1. be3 kxomMmeHTapues!
2. J11st U3MEpPEHNUs CPEeIHErO MIOKA3aTels IPEIOMIIEHUS MIPOLIE BCETO U3MEPUTH PACCTOSHUE d OT
3aJJHel MOBEPXHOCTU MPOOUPKH JI0 FKpaHa, Ha KOTOPOM (POKYCHUPYIOTCS JTyUH.
PaccmoTpenue xo/a nyda B mapakCUaTbHOM NPHUOTIKEHUN TPUBOINT K Popmyrie
d=R2". (1)
n—1

U3 KOTOPOM JIETKO OIPEIEIUTD 71 .
OTmeTuM, YTO HCHOJIb30BaHUE (DOPMYIBI TOHKOH JMH3BI B JaHHOM ClIydyae HE JOIYCTHUMO,
npoOupKa ¢ BOJ0I TakOBOW He sBIsETCA!

3. Pagyra oOpa3yercst lydaMu, HUCTBITABIIMMU JBA MIPEITOMIICHHS HA TIOBEPXHOCTU MPOOUPKH U
OJHO OTPAKEHUE OT BHYTPEHHEW NMOBEPXHOCTH. Ba)KHO OTMETHUTH,
9TO PEe3KHii OJIMK BO3MOXEH TOJBKO HM3-3a HAIWYHS MaKCUMyMa B
3aBUCUMOCTH YIJIa OTKJIOHEHHSI ¢¢ 3TOTO JIyda OT TOYKHM MONagaHus
JTy4a Ha MOBEPXHOCTh MPOOUPKHU.

DKCHEPUMEHTAIBHOE  JIOKA3aTEIIbCTBO — MEPEKPHITh JATBHIOK0
MOJIOBUHKY MTPOOUPKU U pajyra ucye3aer.

UucneHHoe 3HaYeHUe yriia o =~ 42°.

3Has cpenHee 3HAYEHHME TMOKa3areis npeinomseHuss n =133,
dbopMyna, mpuBeIcHHAS B YCIOBHH, TPUHUMAET BUJ]

_—:—2,56Al’l.
n \n" -1

Yron OSa wu3Mmepsiercs Jserko. HeoOXoAawMo pacmoJIOKWUTh JIMHEWKY MepHeHAUKYISIPHO
HAaWJCHHOMY HAIpPaBJICHUIO Ha OJIMK Ha W3BECTHOM pPACCTOSHUU OT NpoOupku. B Hamux
M3MEPEHUSIX 3TO paccTosiHue paBHsUIOCh L =520 mm . Ecnu cmemenne 61Mka Ha JIMHEHKE paBHO

ox
Ox, TO U3MEHEHUE yria, OYEBHIHO PaBHO O« :T. Takum oOpazom, Qopmyna s pacuera

M3MEHEHU MOKa3aTelisl IPEeJIOMIICHUS] UMEET BUT
ox
n=——:
2,56L

4. Tlpu m3MeHeHWHW IBeTa OMMKAa OT TEMHO KpacHOTO, JO CHHEro (BHJEH IUIOXO, Cpa3y 3a
3eJICHBIM) CMEIEeHUEe OJIMKa OKa3ajloCh paBHBIM MPUMEPHO 15 MM, HYTO COOTBETCTBYET
M3MEHEHMIO MOKa3aTeNs IpenoMieHus Ha An =1,1-107 (4To, KCTaTH, MPUMEPHO COBMANAET C
TaOJIMYHBIMH TAHHBIMU).

5. Ilpu nobGaBneHuu reis B BOAY ONMK MOHOTOHHO CMEIIAeTCs B MpeieniaX [0 MPUMEPHO
ox = =25+ 30mm . CnenoBarenbHO, TOKA3aTENb MPEIOMIICHUS BO3pAcTaeT Ha BEIIMUUHY TOPSIKA
An~25-107.
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3agaua 62. «J/Iy4ie ObITh paccesitHHbBIM, YeM OTPa’KeHHBbIM! >

[Tpn mpaBUIBHOM IOCTHPOBKE, KOTJa O€lNblii CBET MPOXOIUT CTPOro MapayjiebHO OCH
TPYOKH, MO>KHO JTI0O00BATHCS 3aMeuaTeNbHBIM 3penuineM. L{BeT pacTBopa mi1aBHO U3MEHSETCS OT
roryooro 1o modru KpacHoro. OObsicHeHHE JTOro (EeHOMEHa OCHOBBIBACTCS Ha
XapaKTepUCTUKAaX paccessHus cBeTa (COOKYy Mbl M HaONoJaeM pacCesHHBIH CBET) —
MHTEHCUBHOCTh PACCESIHHOTO CBETa OOpAaTHO MPOMOPIUOHATIbHA YETBEPTOH CTENEHH JUIMHBI
BOJIHBL. Takas 3aBHCHMMOCTb HOCUT Has3BaHue 3akoHa Pened. IloaTomMy KOpOTKOBOJIHOBOE
u3nydenue (uoseroBoe, cuHee, royry0oe) paccenBaeTCsl HA MaJlOM PACCTOSIHUU OT MCTOYHHKA,
Ooyiee UIMHHOBOJIHOBOE H3JIydeHHE (JKEJITOe, OpaH)XXeBOE, KPAacHOE) MpPOXOAUT Ha OoJibliee
paccrosiHie. DTO K€ SBIICHUSI paccestHUs OOBICHSIET royry0oil 1iBeT Heba (paccessHHBIN CBET) U
KpacHblil nBeT CosHIa Ha 3akare (IPOILEALINI CBET U3 KOTOPOro yOpaHbI I[BETa MajbIX JUIMH
BOJIH).

Takum o0Opa3oM, mokaszaTenb paccesHus B Gopmyie (1) 3aBUCUT OT JUIMHBI BOJHBI (OT
nBeta). s MOHOXpOMAaTUYECKOTO U3JIy4EHHs aHHAs 3aBUCHMOCTDH BBIMOJIHAETCS 10CTaTOYHO
XOPOILIO, YTO HMOATBEPKIACTCA MPSIMOJIMHEHHOCTHhIO rpaduka B JOrapupMHUUECKOM Maciutade
(Ju1g MpUMepa MPUBEICHBI IOJYYSHHbIE 3aBUCUMOCTH JJIS 3€JIGHOTO CBETA.

JeneHbId ¢BeT

J.. norapudpmMuHecKnid maciutad
140 11> omn. eo.. : : 22 1 —ln(?) :
. ' ’ : : 2,0 1 L IR e LACCTLTLEERReE
1.8 1
100 1 L6 1
1.4 1
30 1 12 -
60 - 1,0 1
08 4
40 1 06 -
20 - 0,4 4
. . j 02 1, : :
0 T T T i 0,0 i i ; i

I[JI}I 0enoro cBeTra 3aBUCHUMOCTb HWHTEHCHBHOCTHU pacCceAHHOro CBCTa OT HpOﬁI[CHHOFO
PaCCTOSAHUA HC ABJIACTCA 3KCHOH€HI.[PI3.J'IBH01>1!

Benkiii ceer I NorapudgpmmHecknil MacwTad
600 1 I, omn. ed. , : : 30 7-In()
1 : : Iu ] ] H
500 25 - ------------- ----------- s Bule
400 g s e e N A
300 15 f--mmmnemeees e oe g fome e oo
200 10 4------------ -------- e ~ ------------
100 0,5 oo SRR
i Loem
0 T ' T T 1 0,0 i 1 i
0 5 10 15 20 25 0 5 10 15 20 25

OOBsCHEHHE 3TOTO (I)aKTa MAaTCMaTUUICCKOC — CyMMa 3KCIIOHCHT — SKCIIOHCHTOH HE SBJsSCTCS!
I[J'I}I TCOPCTUYCCKOTO OIMCAHUA HOJ'Iy‘-IGHHOfI 3aBUCUMOCTH TIOMHMO 3aKOHa pPacCCIHUA
HCO6XO,I[I/IMO 3HATb CIICKTPp H3JYYCHHUA JIaMIIbl U  CIICKTPAJIbHYHO YYBCTBUTCIIBHOCTH
(I)OTOHpI/IeMHI/IKa. PacueT »TOM 3aBHCHMMOCTH HE BXOJUT B NNEepCUCHb 33.IlaHI/II71, J0CTAaTO4YHO HEC
HOJYYUTH SKCIOHCHIHUAJIBHYIO 3aBHCUMOCTD.
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3agauya 63. «IlouTn sanepHas pusnka»

BrimonHenue naHHOTO 3amaHusi TpeOyeT MpOBEACHHUs OOJBIIOro 4uciia M3MEPeHHH B
KaX/IOM IyHKTE, TaK KaK BEJIUK CTAaTHCTUYECKUH pa30poc HayalbHBIX CKOPOCTEW IIallek,
CYILLECTBEHHOE BIIMSHUE TAK)KE OKa3bIBACT IPULIEIBHBIN ITapaMeTp, CYLIECTBEHHO BIMSAIOIUN Ha
YIJIbl PACCESHUS.

1. Tlpm pABWIKEHMM IIAIIKM 10 TOPU30HTAJIbHON IIOBEPXHOCTM HA HEE [JEHCTBYET
MOCTOSIHHASL [0 MOMYNIO CHIa TPEHHS CKONbXKeHus F, = umg, BCerga HampaBlICHHAs

MIPOTUBOIOJIOKHO cKOpocTH. [loaTomMy paboTa CHiIBI TpEHUS paBHA NMPOU3BEICHHUIO CHJIBI Ha
NPOANEHHBIA yTh A, = umgsS . PaboTa Cuilbl TPEHUs HA BCEM IYTH JIO OCTAHOBKH I10 MO/IYIIIO

2

. . my
paBHa HavyaJbHOW KMHETHYECKOW sHepruu E, = . Tak kak cuna TshkecTd U KodpdumeHt

TPCHUA OCTAOTCA INOCTOAHHBIMU, TO HpOfII[QHHBIfI A0 OCTAaHOBKHU IIYTh HNPOMOPHHUOHAJICH

Ha4aJIbHOM DHEPI'Uy IIAIKU

2
Vo

S = . (1)
2ug
2. Jlng Toro 4toObl YMEHBIIUTH Pa30pOC HAYaNbHBIX SHEPrHi MIAIKK TOCIE yaapa
WIMHIPA HE0OXOAMMO, MIPEXKIE BCEro, TOUYHO 3a/1aBaTh HaYaJbHBIA YroJl OTKJIOHEHUS HUTH. B
HallUX SKCIIEPUMEHTAX IOJBEIICHHBIA IPy3 «CTapTOBaI» OT YIOpPa, B KAayeCTBE KOTOPOIO
HCII0JIb30BajJlaCh HOXKKa CTyJla (CBOM SKCIEPUMEHTHI Mbl IPOBOAMIM Ha 1nojy). Bo Bcex
U3MEpEHUSX JUIMHA HUTH NI0/IBECA OCTaBalach HEM3MEHHOMU U paBHOU L = 72 cm . PaccunThiBaTh

MOTPEIIHOCTh 3TOM BEIWYMHBI HET CMBICNA, TaK KaK OHA 3aBEJOMO MEHbIIE MOTPEUIHOCTEH

JIPYTUX U3MEPSIeMbIX (PIYKTYUPYIOMIUX BEIMYHH (HAIPUMED «UTHHBI CBOOOHOTO TIPoOeray).
[Tocne NMOBOJNBHO MPOJOJIKUTENBHBIX TPEHHPOBOK HAM YAANOCh JOCTUYBL CIEIYIOIINX

PE3yIBTATOB MO CTAOUIN3ALMU TTAPaMETPOB yaapa.

[Tony4yeHHsle 3HaYEHUS JAIBHOCTHU (B CM) B cepuu U3 17 usmepeHuit:

49, 49, 50, 53, 52, 50, 48, 50, 51, 51, 52, 52, 53, 54, 55, 51, 54.

2.5
CpenHee 3HaueHUe <S> = kN ~5lcm.
2.8 =(s)?
k0

N

~2cm.

Cratuctuueckuii pazdopoc AS =

AS
OtHocutenbHas QIAYKTYalust & = <_S> ~4%.
3. Ilpn HavaIbHOM OTKJIOHEHMM MAsTHUKA HA YyroJl ¢ €ro CKOPOCTb B HM)KHEH TOUYKE MOKET
ObITh HaiizieHa 10 popMyJie, KOTOpas CIIEAYET U3 3aKOHA COXPAHEHUS SHEPTUH:

V, =+/2gl(1-coso) . (2)
Jlerko mokasarb, 4TO MpH JIOOOBOM CTOJIKHOBEHHMHM MajOro Tejla C ropasfo 0Oosee TsKENbIM,
CKOPOCTbh MaJIOTO T€Jla U3MEHSIET 3HAaK Ha MPOTHBOIIOJIOKHBINA M YBEIMYMBAETCS 110 MOIYJIIO HA
BennuuHy 2F,. (U1 JOKa3aTenbCcTBAa ATOTO YTBEPHKAEHUS JOCTATOYHO MEPEHTH B CHUCTEMY

0TCYeTa, CBA3aHHYIO C MACCUBHBIM TeloM). Takum 00pa3oM, mpu aOCOJIOTHO YNPYroMm yaape

IJIMHPA O INAIIKY HOCIEeIHsA IpUoOpeTeT cKopocTh Vv, = 24/2g/(1—cos¢) . CornacHo paHee

JOKa3aHHOMY, IIyTh, IPOMAEHHBIM 10 OCTAaHOBKM, NPONOPLMOHAIEH KBAaApaTy CKOPOCTH,
clleIoBaTeNIbHO, Ha OcHOBaHUH (opmy (1) u (3) momyunm
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S =4—l(1—cos¢)) . 3)
u

JI71s IPOBEPKH 3TOTO COOTHOIICHHS TOCTATOYHO MOCTPOUTH 3aBUCUMOCTh MPONACHHOTO MyTH S
ot BenuuuHbl (1 —cosg)
Hamu ucrnonp3oBaiach METOIMKA BBITIOJIHEHHUS 3TOTO 3a1aHus. VI3MeHsU10Ch 1

MU3MEPSIIOCH PACCTOSHUE AX OT HUYKHEW TOUKM MAasTHUKA 10 CTAPTOBOIO YIIOpa. FVa 4
[Ipu n3BECTHOM BEIMYMHE JJIMHBI [TOJBECA BBIYMCIUTh KOCUHYC TPY/Ja HE
IPEACTaBIISICT. Ax

4

cCosQ =

Jis  kaxgoro 3HadeHMst Ax mpoBogwiock 10 m3MepeHuil  AMMHBL  NIyTH, IPUYEM
«3aCUMUTHIBAINCHY TOJIBKO LIEHTpajbHble yzaapbl. [0 3TMM [OaHHBIM paccUMTaHBl CpEIHUE

3HAUEHUs <S> U TIOCTpOEH HeoOxoauMmelii Tpaduk. B pesynabrare mnpojenaHHOW paboOThI
OKa3aJloch, YTO TOCTPOCHHAs 3aBHCUMOCTh SIBJSIETCA JIMHEHHOW, 4YTO TOATBEP)KIAeT

CTpaBEIMBOCTh NMPOBEJCHHBIX paccyxiaeHuid. (Tabmuua 1, rpaduk 1). Cpennue 3aHdeHus
paccuuTansl 110 10 pe3ynpraTaM U3MEpEHUIl.

100|-
Taoauna 1.
Ax [ (S) 20
CM
45 77
40 |58 6o
35 41
30 29 40
25 20
20 11 20

4. Kaxk cnenyer us dpopmyasl (3), koapduuuent Hakiaona (06o3HaunM ero A ) storo rpaduxa

4] =
paBeH — . OnpenenuB 3TOT KOA(POUIMEHT, MOXKHO HANTH U 3HaYCHHUS KOA(PPHUIMEHTA TPEHHS

u= ﬂ [To HammMM SKCHEPUMEHTATIBHBIM JAaHHBIM TOJYYEHBl CIEIYIOLINE pe3yabTaThl (10
MHK): 4 =360+ 21) cmu, u KOOPPUIUEHT TPEHUS
4
U =ql ~0,80 Au=0,05

MBI OJTy4HIIN SIBHO 3aBBIIICHHOE 3HAaUYeHUE K03(duiinenTa TpeHus, OCHOBHAs MPUYKHA 3TOTO -
HEYIPYTrocTh yAapa.

5. Ilpu HeneHTpaIbHOM YIPYTOM yHape TSXKEJIOTo Tena o Oosee

JIErKO€ CKOPOCTb MOCIEHEr0 onpeenseTcs GopMynoi, KoTopas - a
clIeyeT U3 3aKOHOB COXPAHEHUs SHEPIHU M UMITYJIbCA Uy
—
v, =2V, cosa , ©) b

BCe 0003HAYECHUSI OCTAINCH MPESKHUMH.
JUnist  OKCIEpUMEHTAJIBHOW  IPOBEPKM OTOTO  YPABHEHUsA IPEACTaBUM €ro0 B BHUJIE

v =4V] cos’ @, Tak Kak KBaJpaT CKOPOCTH IIPOMOPIMOHAIEH MyTH JO OCTAHOBKH, TO

AOCTATOYHO MMPOBCPUTDH JIMHEMHOCTH 3aBUCUMOCTHU
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S ~cos’ @ (7)
[Tocne kaxmoro ymapa Ha Oymare MbI
OTIpEICTISIIN  TMOJIOKEHNE IAaiOBl Toce
ynapa, u3Mepsist BEJTMYUHBI
a, b (cMemenus mwaiObl BIOJIb U HONEPEK 4,

S, on

50

D
k= w2
[}

B

P2

BEKTOpAa CKOPOCTH «yAApHUKA»), 3HAHHE S
5THX BEJUYMH JOCTATOYHO, /IS IIPOBEPKU  °° g
3aBucuMocTd (7). Tak MpOMIEHHBIN MyTh 4
M KBaJgpaT KOCUHYCAa ONPEACISIOTCS ®
COOTHOLICHUAMMU 18

S=+a’ +b°
2

2
cos o=

82 (xS 0.6 [X] cosiy

2 2
a +b
Pe3ysbTaThl H3MEPEHHUS TIPEICTABIICHBI B CIeAyIOmei Ha rpaduke. Kak BUAHO pa3dpoc JaHHBIX

B JAHHOM OJKCIEPUMEHTE 3HAYUTENIEH, OJHAKO, 4YETKO BHUJHA TEHJCHIUS YBEIMYEHUS
IIPONJIEHHOTO ITyTU C POCTOM KOCHHYCA yIJa.

6. — 7. Jlma wncciaenoBaHUS CTOJKHOBEHHUS IIAIICK MBI
HCIIOJIb30BAJIU CIIEIYIOUIYIO CXEMY SKCIIEpUMEHTA.

Ileppas mamka pacrmojaranach Ha IPEKHEM MeCTe HOA  [J, v,
«yIJApHUKOM», a BTOpas Ha €€ MyTH, Ha pacCTOsHUU h (B e

HaIIMX 3KcrepuMeHTax h =16cm). Ilocne cTonkHOBEHUS
MIAIIeK U3MEPSUIUCh OTKJIOHEHUs 1amek a,,b,,a,,b, . Ilpu

LEHTPAIBLHOM YyJape IepBas IIallKa OCTAHABJIMBAIAChH
IPaKTUYECKH Ha MeECTe BTOpPOM, a BTOpas cMellalach Ha HekoTopoe paccrosHue S,. Ilo
pesyibTataM TaKUX OSKCIIEPUMEHTOB, BO3MOXKHO, OIPENCIUTh KOA(PPHUIMUEHT MOTEph
MEXaHUYECKOH JHEPruu

{s)he(s) ()

<S0>_h . <S0>_h
rae <S 0> —h cpenHss «HEprus» Ialek 10 yaapa, <S 1> - mociie yaapa. B pesynbrare Hamumx

b

HKCIIEPUMEHTOB MOIYYEHO CIIeyIolIee 3HaueHne Ko uIeHTa noTepb

n=0,25+£0,12.
Kak cnemyer W3 moJiydeHHOTO pe3yibraTa, KO3()(HUIMEHT MOTeph JOCTATOYHO BBICOK. Emne
OoJyiblllee 3HAYEHHE HMMEET O3TOT KOI(P(UIMEHT NpU CTOJIKHOBEHHHM C METAJUIMYECKHM
[WJIMHIIPOM, YTO TIOATBEPIKAACT HAIl BHIBOJ O 3aBHIIICHHOM 3HAUYCHHU KOA(PPHUIMCHTA TPCHUSL.

[Ipu mccnenoBaHUM 3aBUCUMOCTH CKOPOCTH INAIIKK MOCIE yAapa OT yria OTKIOHCHUS
MOXKHO WCIIOJIb30BAaTh 3HAYCHHS YIJIOB U
NPOMIECHHBIX MyTeH JUIst 00€uX Imaniek, Tak ¢
KaKk  pachpesielieHHs  CKOpOCTed st
yAApAIOEH M INOKOALIEHCS — IIaleKk : . : . .
OJIMHAKOBLL. Hamu NpoOBeNeHBI U3MEPEHHUs 38 |- R e e e
s 25 ynapoB. PesynmbTarhl  00paboTKH : : ' : :
IpeCTaBJICHbI Ha rpaduKe.

Jlenath Kakue-1uO60 OOOCHOBAHHBIEC 10
BBIBOJIBI M3 3TUX JAHHBIX 3aTPyIHHTEIBHO, : ] : : :
KaKk 3TO 4YacTO M ObIBa€T B CEPbE3HBIX 0,2 a4 8.6 8,8 cos’w
HaYYHBIX DKCIIEPUMEHTaX.

T e e

20
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Yacrtb 5. A kak y «<HHUX»?

Jlymaercsi, 4to Te, KTO aoOpaics 10
9TOM 3aKIIOYUTEIBHOM 4YacTU YK€ TOTOBBI K
YCHELHOMY BBICTYIUICHUIO Ha
MEXJIyHApOAHOH (PU3UYECKOW OJUMIIHAJE.
IloaToMy He JuIIHE TPUBECTH NIPUMEP
AKCIEPUMEHTAIBHOTO 3aaHus
: ) : MEXIyHapOoAHOH (usznueckoi onumnuaasl. B
Ka4yecTBE TaKOBOTO BbIOpaHa 3aaava oiumnuaznsl 2007 rojga, KoTopas cOCTOsUIach B
upanckoM ropoze Mcdaxane. Mbl npuBOJMM MOJHBIM TEKCT ycinoBus (0e3 onucanus
00OpYyZIOBaHUSI M JIUCTOB OTBETOB) M aBTOPCKOE pEIIEHHE 3aJayd C MOAPOOHBIMU
KOMMEHTapHsIMHU.

ITonbITaliTECh CPABHUTH €€ CTUJIb C PACCMOTPEHHBIMH PAHEE 3aJaHUSMM.
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OnpenesieHue JHePruu 3anpenieHHo 30HbI TOHKOMH
MOJIyIIPOBOTHMKOBOM MJIEHKH

YciaoBue 3a1auu.

1. BBenenne

[TosmynpoBoAHMKAMU Ha3bIBAIOT MATEPUAIIbI, JIEKTPUUYECKUE CBOMCTBA KOTOPHIX
HAXOJATCS MEXKIY AJIEKTPHUUECKUMU CBOWCTBAMU MTPOBOIHUKOB M AUANIEKTPUKOB. [1Jist
U3YUEHHS] DJIEKTPUYECKHX CBOWCTB IOJYNPOBOJAHUKOB PACCMOTPUM  XOPOIIO
U3BECTHOE sBICHUE Gomosghdpexma DoTodPPeKT — sABIEHHE HCIYCKAHUS
9JIEKTPOHOB € TIOBEPXHOCTH MaTepuaia Ioj JEHCTBHEM MaJalolIero Ha ero
MOBEPXHOCTh JIEKTPOMArHUTHOTO U3IydeHHs ((poTOHOB). DPOTOADPEKT UMEET MECTO
TOJIBKO B CJIyyae, €CIIM SHEpPrusl Majarouiero u3iaydeHus ((GpoTOHOB) mpeBbINIAET
paboTy BBIXOJa 3JEKTpoHA (paboTa BRIXOJa — MUHUMAJIBHO HEOOXOAMMAsi SHEPrus
JUIL MCITYCKAaHUSL JICKTPOHA C MOBEPXHOCTH Marepuaina). TakuMm oOpas3om, siBJIeHUE
¢doro3dexra MOryT BhI3BaTh TOJBKO T€ MAAAIOLIME HA MaTeprai (OTOHBI, SHEPTHS
hv KOTOpBIX OoJblIe YeM paboTa BBIXOJA 3JIEKTpOHA (h— nocmosunas Ilanka, v
— YacToTa).

Pucynox 1. Mmmocrpanuss  UCIyCKaHHs LLEE_‘
(hOTORIEKTPOHOB C MTOBEPXHOCTH

METATHYECKOM TUTACTHHBI. *.° . e ®e

B neiictBuTenbHOCTH TOHATHE O paboTe BbIXOJAa B (POTOINEKTPHUECKOM
npolecce aHAJOTUYHO MOHATUIO 00 SHEPreTHYECKOW IIMpPUHE 3aIpPEIIeHHON 30HBI
MOJTyIIPOBOIHUKOBOTO Matepuaia. B ¢usuke TBepHoro Tena MIMPHHA 3aNpPEIIeHHON
30HBI £, ONpEeNesseTcs pasHULCH YHEPTHMH MEXIY BEPXHCH TpaHHULCH BalCHTHOM

30HBl U HWJKHEW TI'DAaHMIICH 30HBI MPOBOAUMOCTH. B ciyyae, korna BajgeHTHas 30Ha
IIOJIYIIPOBOJHMKA ITOJHOCTBIO 3aIlOJHEHA JJIEKTPOHAMM, a €r0 30Ha NPOBOAUMOCTH
IIyCTa, DJIEKTPOHBI MOT'YT IIEPEXOAUTH U3 BAJICHTHOU 30HBI B 30HY IIPOBOAUMOCTH IIPH
YCIIOBUM IIOJy4YEHUs DHEPIUM, BEJIMYMHA KOTOPOM HE MEHBIIE, 4YeM UIMPHUHA
3anpeneHHoi 30Hbl. TakuM 00pa3oM, HPOBOJMMOCTH MOJYINPOBOJHUKA CHIIBHO
3aBUCHT OT LLIUPUHBI €T'0 3alIPEIICHHON 30HBI.

Tak Ha3bpIBaeMbIN MPOLECC MHKUHUPHUHIA 3aIIPEIEHHON 30HBI MaTepuaya eCThb
IIPOLIECC M3MEHEHUs U KOHTPOJIA LIMPHUHBI 3allpEICHHOW 30HBI MaTepualla IyTeM
co3iaHus (KOMIIO3UIMM) OIpENeNIeHHBIX IOJYIPOBOJHUKOBBIX CIulaBoB. Ha
CErOJHAIIHAN JEHb II0KA3aHO, YTO W3MEHEHUE HAHOCTPYKTYPBI IOJIYIPOBOJHHUKA
II03BOJISICT YIPABJIATH LIUPUHOM €T0 3aIPELIEHHON 30HBI.
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B skcniepumenTe, koTopslii Bam npeacTouT npoBecTH, HEOOX0AUMO, UCTIONB3Ys
ONTUYECKKHE METO/BL, OIIPENEIUTh HIUPUHY 3ampeleHHON 30HBI
MOJIYIIPOBOTHUKOBON TOHKOM TUICGHKH COJEpiKamield B cebe MEemoYKd HaHOYACTHI]
okcuga xenesa (Fe,O,). i u3sMepeHUs HIMPUHBI 3alPELICHHON 30HBI HYXKHO,

UCIIOJIb3YSl ONTHUYECKUH CIEKTp IpOIyCKaHWs, W3YYUThb CBOWCTBA ONTHYECKOIO
MOTJIOLEHUsT MpOo3payHOi IUIeHKH. CHEeKTp NOTJOLIEHUS HCIBITHIBAET PE3KOE
BO3pacTaHMe, €CIIM SHEPTHUs Maaouero (GoToHa paBHa IHUPUHE 3aMPEIEHHOI 30HBI.

I1. DxcnepuMeHTaJIBLHOE 000PYAOBaHHE

Bam mpenocraBieHo ciemyromee o0OopynoBaHHMe, Haxojslieecs Ha Bamewm
pabouem croue:
1. Bonbuoii 6enblii AIMKK, COACPIKALINI CIEKTPOMETP U TaJOI€HOBYIO JIAMITY.
2. Manenpkuil SIIMK, COJEpPXKALIMi 0oOpasel, CTEKISHYIO IMOIJIOKKY, JepXKaTeib
oOpa3siia, pemerky u GoTope3nucTop.
MynsTumeTp
Kanpkynarop
JIuneiika
bymakHast iIacTUHKA C OTBEPCTUEM B LIEHTPE
HaGop 6enoii camokmesiieiicst Oymaru
IIpenocTaBieHHBIN CHEKTPOMETP COAECPAKUT TOHUOMETP, TOYHOCTh HM3MEPEHUS
koToporo 5'. I'ajoreHoBas jlammna yCTaHOBIIEHA Ha HEMOJBIKHOM Iuiede (TyOyce)
CIIEKTPOMETPA U CIYKHUT UCTOYHHKOM H3IydeHus (Oosiee moapoOHast WHGOpMAIH
NpeJ0CTaBIeHa B OMMCAHUY aIlapaTypbl)

Nownhkw
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MasneHbKH SIIUK CONEPIKUT:
1. Jlepxarenp oOpa3ma ¢ OByMsl OKHaMH, B OJHOM H3 KOTOPBIX pacloJIOKEHa
CTEKIIIHHAs II0JUI0KKA, IOKPbITas IIEHKOW Fe,0, a BO BTOPOM — HEMOKpPbITas

CTEKJISTHHASI TTO/IJI0KKA.

2. DOoTOpe3ucTOp, 3aKPEIUICHHBIA C IOMOIIBIO JEpXKATelsl, CIYKUT B KauecTBE
(dboTonpUEMHHUKA.

3. Tlpo3paunas mudpakiuonHas pemetka (600 auHui/MM)

CxeMa HKCIIepHUMEHTAIBHOM YCTaHOBKHM M300pakeHa Ha puc.3

Pemerka \

MyJabTUMETP 600 mumi/my b dysnoe crexiio
(Max. nnamazon 200 MQ)

TOHHOMETP NIMH3a

I'ajorennast 1amma

|

OnTnyeckas ocb

obpaszery
Bxonnoe
oTBepcTHE

K doropesucrop /

Pucynok 3: Cxema 3KCIIepHUMEHTAJIBHON YCTAHOBKH

II1. Teopernyeckoe onucaHue METOA0B U3MepPEHHUH.

YroObl HaliTH K03(p(HUIUEHT NPOIyCKaHUS TUICHKU JUIS KaXKIOM JJIMHBI BOJIHBI,
T4, (1), HCTIONB3YIOT CIENYIONLYIO bopmyiy:

T (A) _ Iﬁlm (A)
film - Ji (A)
glass
rae [ﬁlm u Iglass HHTCHCHUBHOCTU CBCTA, MPOXOAAMICTO0 YCPE3 CTCKIAHHYIO ITOJIOXKKY,

MOKPBITYIO IUIGHKOM U CBeTa, NPOXOJAIIEr0 4Yepe3 HEMOKPHITYIO CTEKJISHHYIO
MOJII0KKY, COOTBETCTBEHHO. BenmmumHa [ MoOKeT ObITh M3MepeHa NpU IMOMOIIU
¢doTopesucTopa, UCIONb3yeMOro B KadecTBe (oTompuemHuka. B ¢doropesucrope
AJIEKTPUYECKOE COIMPOTUBIEHUE YMEHBIIACTCS NPU YBEJIMYCHUH WHTCHCUBHOCTHU
najalonero ceera. BemuumHa [ MOXeT OBITh OIpeneleHa Ha OCHOBaHHWHU
CJIEIYIOLIET0 COOTHOLICHUS:
I(A)=C(A)R',
rae R — snekTpuueckoe compoTuBieHue ¢oropesucropa, C (A1) — 3aBUCALIMNA OT
JUIMHBL  BOJHBI cBeTta Kod(dunuent. [IpospauHas audpakimoHHAs perieTka
CIIEKTPOMETpPA OTKJIOHSET CBET PA3IUYHBIX JJIMH BOJH Ha pa3iuyHble Yribl. [loaTomy
IUISL UCCIICJOBAaHUs 3aBUCUMOCTH 1 OT JITMHBI BOJIHBI A JIOCTaTOYHO M3MEHSTH yroJ
¢doropesuctopa (0') OTHOCHUTEIBHO ONTHYECKOH OCH  (COOTBETCTBYIOIICH
HaMpaBJICHUIO MAJAIONIET0 HA PEUIETKY CBETOBOTO IMy4yKa), KaK YKa3aHO Ha PHCYHKE
4. U3 ypaBHEeHUS TUPPAKIIMOHHON PELISTKH:
nA =d[sin(6'—6,) +sin 6]

MOYKHO OTIPEICNIUTh yroi 6', COOTBETCTBYIOUIMW OMNpPEICICHHON IMHE BOJHBIA ,
n — 1eJoe Yucio, obo3Hayvaromee nopsaaok audpakuuu. B 1aHHOM COOTHOLIEHUH
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d — mepuoj pemeTrkd, a 6, — Yroil Mexay BEKTOPOM, MEPHEHIUKYISPHBIM K
MOBEPXHOCTU PEUIETKA, U ONTUYECKOHM ochio (cMoTpu puc.4). (DKCrepuMeHT
mpeaycMaTpuBaeT HEOOXOIUMOCTh Pa3MEIIEHUs] PEHICTKH MEPIeHIUKYISIPHO K
ONTHYECKOUN OCH, HO MOCKOJIbKY KelaeMasi TOYHOCTh Pa3MeIeHUs HEJOCTHKUMA, TO
CBSI3aHHBIE C 3TUM OIITUOKHU OYIyT OMpenesiThCs MPU BHIMOHEHUH 3a1aHus 1e).

eLueTKa
P 0

[

0 ) \ OnTuyeckas ocb PucyHnok 4: OnpeneiieHue yrjios,
0| %« BXOJSIIUX B ypaBHenue (3).

DKCIEPUMEHTAIBHO TOKA3aHO, YTO B CIIydyae, €CJId 3Heprusi (oToHAa HEMHOIO
OoJIblIIe YeM SHEPIUs 3alPELIeHHOM 30HbI, CIIPaBEIMBO CIIEAYIONIEe OTHOLICHHUE:!

ahv=Ahv-E,)"

re o — Ko3(pdUIMEHT MOrIoIEeHus MIeHKH, 4 — KOHCTaHTa, 3aBUCSAIIAs OT
MaTepuana IUIEHKM, 1) — KOHCTaHTa, KOTOpas ONpPEIENsIeTcs MEXaHU3MOM
NOTJIOLEHUS] MaTepuana IUIEHKM M ee CTpyKTypol. Ilpomyckanue omnmchiBaeTCs
U3BECTHBIM COOTHOLIEHUEM, COAEPKALUM BEJINUUHY

Ty, = exp(— a t)

Iac ¢ — TOJIIWHA IIJICHKH.

IV. 3apanus
0. Baweti ycmaHnoske u KOHmelHepy ¢ 06pa3yom (MaieHbKas KOpooKa, cooepircauydst
obpaszey ¢ Oepoicameniem) NpuUceoeH Homep. 3anuuiume HOMepP 6auiell YCMAaHOo8KU U
HOMep obpazua 8 coomsemcmsyrowue cpagvl 1UCmMa 018 0OMeemos.

1. Hacmpoiiku u uzmepenus:

Paccmotpure HOHMYCHYIO 1IKalny TOHMOMeTpa U 3anumure | 0./

1-a
MUHUMAaJbHYIO IOTPEMIHOCTD U3MepeHus (Af ) yrios. banna

IlepBblii Tam:

[Ipexne 4eM HavyaTh SKCHEPUMEHT, BKJIIOYMTE TaJIOTEHOBYIO JaMmy [uisi eé
nporpesa. Bo Bpems 3kcriepyuMeHTa JIaMIly JIydllle He BhIKIo4YaTh. He nmpukacaiitech
JlamIie, ITOCKOJIbKY BO BPEeMsi SKCIIEPUMEHTa OHa CUJIBHO Pa3orpeBaeTcCsl.

OTOaBUHBTE JIAMITy HA MAaKCHMAaJbHOE PACCTOSHUE OT JIMH3BI. DTO MO3BOJMT
BaM TOJYYUTh MapajlyieJIbHBIN ITy4OK CBETa.

I'py6o (He wucnonb3ys (OTOpe3nuCcTOp) BBHICTABHTE HOJIb TOHHOMETpA.
OcBoboaute pukcaTop moaBMKHOTO TyOyca (18) 1 Ha T71a3 yCTaHOBUTE MOABWKHBIN
TyOyC BIOJb ONTHYECKOW OCH. 3akpenure TMOABIWKHBIA TyOyc BuHTOM (18).
OcBoboanTe HOHUYC C MOMOIIBIO QuKcaTopa (9) U BpalleHUEM CTOJIMKA YCTAHOBUTE
IIKaJIly HOHMYCA Ha HOJb. JKeCTKo 3aKkpenute HOHMYC BUHTOM (9) U BUHTOM TOHKOU
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HACTPOWKHM HOHMYCA YCTaHOBHUTE €T0 Ha HOJb. BCTaBbTe MUPPAKIIMOHHYIO PEIIETKY B
Jiep>KaTellb, IOMECTUTE ero Ha CTOJMK TOHMOMETpPA U MOBOPAYMBANTE €ro TakK, YTOOBI
pelieTka okasajachb NPUMEPHO IEPHEHAMKYISIPEHO K ONTHYECKONM OCH CHUCTEMBI.
Jlanee MOMECTUTE KapTOHHYIO IUIACTUHKY C OTBEPCTUEM IE€pE] MCTOYHMKOM CBETa
TakK, YTOObI MyYOK CBETA IOMajal Ha pemeTKy. OCTOPOKHO MOBOPAYMBANTE PELIETKY
710 T€X MOp, NOKa OTPAKEHHBIM OT HEE MY4YOK HE COBMAJAET C MAJAIOIUM. 3aKpEIuTe
CTOJIMK C IOMOIIIO (PUKCHpYrolIero BuHTa (12).

W3mepuB paccrosiHuEe MEXAYy KAPTOHHOM  IUIACTUHKOM  C 0.3
OTBEPCTUEM U PELIETKOM, OLCHUTE TOYHOCTb HTOU PETYIUPOBKHU :

banna
(AG,).

[ToBopauuBasi TOABWXHBIA TyOyC TOHHOMETpPA, OIpPENEIUTE
JMana3oH YTJoB, B KOTOPOM HaONIonaeTcs MEepBBIA MOPSIOK
nudpaxiuy cBera (0T CHHEro 0 KPacHoro).

0.2
banna

Bropoii 3Tan:

Tenepp, 3akpenure (HOTOPE3UCTOP HA KOHIE MOJABMXKHOro TyOyca. s
IOCTUPOBKU CHCTEMBI C MUCHOJb30BaHHEM (PoTope3ucTropa, ocBoboaute BUHT (18) u
Cllerka MOBOpayMBas IMOJBHXKHBIN TyOyc, noOeiTech TOro, 4ToObl CONMPOTHBICHUE
¢dorope3ucTopa CTajg0 MHUHUMANbHBIM. JIJI1 TOBBIIIEHUS TOYHOCTH FOCTHPOBKH
KecTko 3akpernure BUHT (18) ® wucnonb3yiite BHHT TOHKOM HAaCTPOMKH
Bpalariierocs tyoyca.

C nmoMo1p0 BUHTA TOHKOH peryJaupoBKHA HOHUYCA YCTAHOBHUTE €r0 Ha HOJIb.

(0)

3anumuTe B OTYET MUHMMalbHOE 3HaueHue (R ) usmepenHoro | 0.1

COMPOTHBIICHUSI. banna
1 ITocne HaCTpOWKM cCHCTEMBI HA MUHUMYM COIIPOTHUBIICHUS, OLICHUTE
-C
TOYHOCTB (A, ) ¥ 3alIMLINTE PE3yabTaT B JIUCTE OTBETOB. 0.1

3ameuanue: A(po 0WL[6KCZ, CBA3AHHAA C HEBO3MONCHOCNIBIO NMOYHO2O banna

onpeoeneHus MUHUMYMA CONPOMuUsIeHus. hpomopezucmopa.

» VYkazanme: Ilociie BBINOJHEHUS HTOTO 3aJaHUsl 3a(UKCUPYHTE BHHTHI
HOHMYCA U JiepxaTesst pOTope3nucTopa U He TporaiTe X B JalTbHEHIIEM.

Tperuii sTan:

[ToBepuute Bpamaromumiics TyOyc B 001acTb JU(PAKIUN TEPBOTO MOPSAKA.
HaiinuTe yroiu, npu KOTOpOM CONPOTHUBIIEHHE (POTOPE3UCTOPA CTAHET MUHUMAIIbHBIM
(4TO COOTBETCTBYET MaKCUMaJIbHOW MHTEHCUBHOCTHU CBeTa). Bl MOXKeTe ¢ MOMOIIbIO
PEryaupOBOYHBIX BUHTOB CJIETKAa U3MEHSITh HAKJIOH CTOJIMKA (Ha KOTOPOM 3aKperieHa
peleTKa), Tak 4ToObl OJYYUTH €Ile MEHbIIee COPOTUBIEHUE (POTOpE3UCTOpA.

d 3anuImuTE B COOTBETCTBYIONIYIO TIpady OT4eTa MHOIYy4EHHOE | ().]
| MUHHMaBHOE 3HAYEHME conpoTuBaenus (R

). banna

min

Tenepb HCOGXOIII/IMO CHOBa MPOBCPUTH TNCPHCHAMKVYIAPHOCTH PCIICTKHU A
PETYIMPOBKHU HYVYIIA HDI/I6ODa. I[JBI 3TOIr0 Bbl OOJDKHBI HMCIIOJIB30BATh MCETO[L
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COBMAJICHUSI OTPAXKECHHOTO MydYKa C MaAarommM (MIPUMEHEHHBI BaMH B IEPBOM
OTIBITE).

» BHHMaHHe: C 53TOT0O MOMEHTa IIPOBOJUTE OHKCHEPUMEHT B TEMHOTE
(3aKkppIBaiiTe KPBILIKY SIIIUKA IPU KaXJA0M U3MEPEHUN).

HN3mepenus: J[o Hayana U3MEPEHUNM OCMOTPUTE MOJIYIIPOBOJHUKOBYIO ILUIEHKY
(oOpazen) u yoenurech B e€ IEJIOCTHOCTH. 3aKpemuTe Aepkareilb ¢ oOpas3loM Ha
NoJBMKHOM TyOyce ronuomerpa. [loBepHute paepkarenp obOpasna Tak, YTOOBI
00paserl OKasajcs IMepei BXOIHBIM OTBEpCTHEM S, TyOyca ¢ (OTONPUEMHUKOM, H
1103a00ThTECh, YTOOBI PABHOMEPHO MOKPHITas 4aCTh 00pa3iia NpUKpbIBaia OTBEPCTHE.
JU1s1 yBEpEHHOCTH, YTO Bbl KaXKAbI pa3 UMeeTe JEJI0 C OJHOW M TOW K€ 4YacThIO
oOpa3ia, BOCHONb3YyHTEeCh OCNbIMM HakJIEHKaMH. 3aKkpenuTe WX Ha JAepkaTene u
MOJIBIKHOM TyOyce U MOCTaBbTe HAa HUX METKHU.

Bnumanue. Tlpn n3mepenun OOJIBIIMX CONPOTHUBICHUNA HEOOXOOUMO J/1aBaTh
¢doTopesucTopy BpeMs OTpelakcupoBaTh. Jlias 3TOro mepen KaXAbIM CHATHEM
oTcyeTa HeOOXOUMO JieaTh nay3y B 3 — 4 MUHYTHI.

W3mepbTe COMpOTUBIEHUS (OTOpPE3UCTOpa sl  CTEKISIHHOM
MOJUIOKKH 0€3 MOKPBITHSA, a TaK )K€ JJIsl CTEKJIIEHHOM IOJUIOXKKH,
MOKPBITOM MOJYIPOBOJHUKOBBIM CJIOEM Kak (yHKIMH yriaa 6
(yron 6 usmepsieTcs ¢ MOMOIIbIO TOHUOMETpa MEX1y onTrueckoi | 2.0

OCBIO U HampaBieHueM Ha Gorope3uctop). amonuute Tabmuny 1d. | 6ana
1-e | Bam HeoOxoammo He MeHee 20 TOYEK B WHTEpBAJe, HAWIEHHOM
BaMu B nyHKTe 1b. [IpaBunbHO BBIOMpaiiTe mnpeaenasl U3MEpeHuit

OMMETpA.
e OueHuTe NOTrPeIHOCTh U3MEPEHUS KaKOW TOUKHU. Bamr oTBer 10
JOJKeH 0a3upoBaThbCcs TOJNBKO HA TMPSMBIX TOKAa3aHUAX 6@]1

OMMETpa.

YerBepTslii dTAIL

[IpoBeneHHas BaMu IOCTHPOBKA HE SIBJISAETCS aOCOJIIOTHO TOYHOM, MOTOMY YTO
HEBO3MOXKHO a0CONIOTHO TOYHO COBMECTUTH ONTHYECKYIO OCh C HAIpaBICHHEM Ha
($OTOPE3UCTOP UM YCTABUTh PEIIETKY CTPOTO MEPIEHANKYISIPHO K ONTUYECKON OCH.
[TosToMy crenyer ONpeAeTUTh ACUMMETPHIO M3Iy4eHHs, JU(PPAarupoBaHHOTO Ha
peleTKe, IPOBOJIs U3MEPEHUE NPH OTKJIOHEHUH HOJBIKHOTO TyOyca B 00€ CTOPOHBI
OT ONTHUYECKOW OCH (T4 aCHMMETPHS BO3HHUKAET H3-32 OTKJIOHEHHUS HOPMAlld K
MOBEPXHOCTHU PEIIETKH OT ONTHYECKOH ocu(f))).

JUist oripeniesieHus 3TO aCHMMETPHH HE0OX0IUMO:

e wm3mMmeppre 1, 1na 0 =-20°, a 3aTeéM H3MEPHTC 3HAUYCHUS
film

0.6

— (e}
T,, M1 HECKOIBKHX YIJIOB B OKpecTHOCTH 6 =+20°.| 5. .-

1-f 3aHecHuTe MOJyYCHHBIC pe3ynbTaThl B Tabauny le.

e [locrpoiite rpaduk 3asucumoctu 7, or yrna 6 u nposeaure | (.6

4Yepe3 HAHECEHHBIE TOUKU KPUBYIO. banna
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C moMomIBI0 9TOM KPUBOM HAUAUTE YTOIl ¥ , IpU KOTOpoM GyHkimst Ty, uMeeT

TO K€ 3Ha4YCHHUE, 4T0 M npy yrie 6 =-20° (y = 6|, _, (7200)). O6o03HaubTe yepe3 O
fi

ilm~— film

Pa3HOCTh JAaHHOTO yria ¢ yriaom 6 =+20°. Jlpyrumu ciioBamu:

o =y-20° (6)
0.2
1-g | ¢ Bnummure 3HaueHHEe 0 B COOTBETCTBYIOIIYIO TAOIHILY. Gania
Jlnst mepBoro nopsiaka qudpakiunuu ypaBHeHHE (3) MOYXKHO IPUBECTH K BUIY:
A=dsin(0-6/2) (7)

rae 6 - yroja OTCYMTAHHBIH 110 IIKaJle TOHUOMETPA.

2. O0paboTka pe3yJIbTaTOB
e lcnonb3ysa ypaBHeHue (7), BbIpa3suTe NOTPEIIHOCTh AA uepes
NOTPEUIHOCTH  JAPYI'HX [apaMeTpoB (cuurtaiite, uYto d| (.6

2-a norpemHocTy He umeer). Ucnonw3yitte Takxke ypaBuenus (1), | ganna
(2) u (5) nns Toro, utoObl Beipasuth AT, depes R u AR.
2 | ° 3anummuTe morpemHocTh AA  gns  obmactw  audpakuum | 0.3
MIEPBOTO MOPSIKA. banna
e Ha ocHOBaHUYM U3MEpPEHHBIX TAPAMETPOB B YacTH 1, 3amoyHuTe 24
2-¢c Tabnuily 2¢ sl Kaxaoro yria 6. BHumanue: AMHY BOJHBI 561].1]161
BBIYHCIISINTE pU IoMoIY ypaBHeHus (7).
e Ha oaHoil auarpamMme mnocTpoiTe rpadukd 3aBUCUMOCTEH
R, ¥ Ry, oT wmuHEl BonHEL O6pamume sHuMmanue Ha mo,
umo u3 ypaenenus (2) u euda 3agucumocmell R;m u Rf},lm 61 -9
' anna

2-d MOJICHO KauecmeenHo npedcmasums 6uod sagucumocmett 1,

u 1y, om Onunbl 6ONIHDLL.

e C momompio Tabmuibl 2d HalIUTe IIMHBI BOJIH MPU KOTOPBIX |  ().4

Rglass u R fitm [LOCTUTAOT MUHUMAJTbHBIX 3HAUCHMI. oanna

e Jlns moJynmpoBOJHHUKOBOTO cjos (0Opasiia) moctpoiite rpaduk | 7.

3aBUCUMOCTHU 7', OT JUTHHBI BOJHBL. bann
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3. AHaJau3 JaHHBIX
[oxacrasus n=1/2 u 4=0.071 ((3B) ” /um) B ypaBHEeHUE (4), MOXHO HaWTH

3Hayenus E, u ¢ (B emuHUIaX 3B W HM, COOTBETCTBEHHO). DTO YAOOHO ClENaTh,

MOCTPOUB rpauK B MOIXOISIINX KOOPAUHATAX X — ), U BbIOpaB 00JIaCTh B KOTOPOU
ypaBHeHUE (4) BBINOIHAETCS.

e [Ilomaras x =hv u y=(athv)’> ¥ UCNIONB3Ys BALIU H3MEPEHHUS
B yactu 1, 3anomHuTe Tabmmimy 3a Ans JJIMH BOJH B
okpecTtHOCTH 530 HM U BbILIE. 3aUIINTE Ballu Pe3yabTaThl (X
U y) ¢ HYXHBIM YHCIIOM 3HAYaluxX IUQp, OCHOBHIBAsSCH Ha 24

3-a OIICHKE MOTPELIHOCTH TOJIBKO B OJIHOW TOUKE. i

oanna

OOpatnTe BHUMAHHE Ha TO, YTO DHEPIUIO AV _ CIENYET
BBIYUCHATH B 9B, a AnuHy BoiHBI B HM. EAMHUIBI U3MepeHus
BCEX TIEPEMEHHBIX B TaONMUIlE JOJKHBI OBITH 3alKCaHBl B
CKOOKaX B BEpXHEH CTPOKE TAOHIIBI.

e [locrpoiiTe rpaduk 3aBUCUIMOCTH ) OT X .

e [IpoBeaure mpsiMyro uepe3 IKCIEPUMEHTAIbHbIE TOYKU B TOU
okpectHocTH 530 HM, r/1e rpaduK JIMHEESH. 26

3-b | Onpenenure 001acTh, TAe BbIIONHSAETCA ypaBHeHUe (4), | gama
3alIMIINTE  BEIMYMHLI  HaWMEHBIIEH W HauOOJBIIEH
KOOPAMHATHI X JJIsl TOUYEK, Yepe3 KOTOPhIE BbI MPOBEIH MPSIMYIO
JINHUIO.

e OO6o03HauMM KOX(P(PUIMEHT HAKIOHA MPOBEACHHOW NPAMOIL
JUHUM cUMBOJIOM m . Haiinute Bblpaxkenue i Tonumussl | 0.5

3-c
IIeHKH (), morpeImHocTs (Af) €€ OmpeieseHus Yepes m u | bania
A (monarasi, 4T0 A HE UMEET OIUOKH).

3-d e Boruncnure Benuuunel £, U t ¥ UX MOTPEMIHOCTH B €IMHULAX | 3.()

5B u aM. 3anonxuTe Tadnuiy 3d. banna
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Onucanne 000py10BaHMs 111 SKOHOMUU MECTa MBI OITYCTHM (3TO ellie 7 CTpaHHIl),
orpanu4auMcs Gororpadueit 1 onucaHueM OCHOBHOTO MCIIOJIb30BAaHHOTO MpHOoOpa.

Bun npubopa

Ha

CBEpXy IOKa3aH

IIPOHYMEPOBAHBI.

puc.2.

OcHoBHBIE JleTanu  Tpubopa

Puc.2 Bua npu6opa cBepxy.

N —

W

=0 0o

11.

12.

13.

. Bunt

CereBoil IHYP.

T"anmorennas JaMIa "
OXJIAXKJAIOIINN BEHTUIISATOP.
Brixirouarens.

HenoaswxHelii TyOyc roHHOMETpa
C pPeryIupyeMou IINHOM.
PerynupoBouHsIii BUHT TyOyca.
Apnanrep: 220B - 12 B

JIunza

HoHnnycnas mxkana

@ukcarop HOHMYCHOH IIKaJIbI

TOYHOU peryaupoBKu
HOHUYCHOM IIKaJIbI
Bpamaromuiics CTOJIMK s
TUGPAKIIHOHHON PEIIeTKH.
dukcarop BpAILAOIIEr0Cs
CTOJIHKA.
PerynupoBouHsie BUHTBI TSt
YCTaHOBJIEHUS ~ TOPU30HTAIBHOTO

YPOBHS BEPXHOTO CTOJIA pEIIeTKH (
MOKa3aHbl OTJEIBHO HA PUCYHKE 4).

14
15

16.

17.
18.
19.
20.
21.
22.
23.

24.

Jlepkatelb PemeTKH.
Jeprxarens oOpasua.
KpenexHblii BHHT JepiKaTels
oOpasia u crewia (mokKaszaH
OTJIeNHHO Ha puc. 6)

[ToaBWXHBII TyOyC
TOHUOMETpA.
dukcarop MOABWKHOTO TyOyca

(TmokazaH OTIeNbHO Ha puC. 4)

BuHT TOYHON  peryaupoBKH
MOJBWKHOTO TyOyca.

Herexrop.

KpenexHblii BUHT IeTEKTOpA.
PasbeM 111  npoBOJOB  OT
JETEKTOpa.

IIpoBoga 11 NOJOKIHOYEHHUS
MYJBTUMETPA.

KpenexHblii BUHTBI CTAHUHBI
TOHHUOMETpA.

Howmep, ykasauwviti 6 yeny npubopa
o3Hawaem Homep 0060pyodosanus (Ha
PUCYHKE — 8 8eDXHEM JIleBOM Y2ly)
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Pemenne SaﬂaHHﬁ IKCIEPUMEHTAJBHOI'O Typa.

BBenenue.

[lepBbIil B3rsA HA TONIIUMHY CTONKH JIMCTOB C YCIOBHEM 3a/IaHUS
HKCIIEPUMEHTAIBHOTO Typa MOXET IPHBECTU B LIOKOBOE cocTosiHue. Eme Oonmbrimid
y’ac BBI3BIBAET O€rioe 3HAKOMCTBO C COJEP)KAaHMEM 3TOM CTONKH: BHYTPEHHUH
boroaddekt, 30HHAS TEOPHSI MOTYIPOBOIHUKOB, HAHOYACTHUIIBI, CIIEKTP MOTJIOICHHUS,
7Ba SIIMKA MaJO3HAKOMBIX ImpubopoB U T.A. Ho He BeIOpackiBaTh ke cpa3y Oeublii
¢mnar!

He croutr xBararbcsi cpasy 3a jaeTaqud oOOpYAOBaHHS U IBITATbCS COOpaTh
Mo3auKy 0e3 miuaHa, 6e3 uaeu, 63 NOHUMAaHUS LIEJIH.

[ToaTOMY, TOBTOPUM OCHOBHYIO PEKOMEHIAIIHIO:

Jly4iuie urparsb 1o mjioxomy IJiaHy, 4emM BooOmie 0e3 nmiiaHa!

EnrHCTBEHHOW allbTEPHATUBOM ILIOXOrO IUIAHA, MOXKET CIYXHUTh TOJBKO
XOpOLIMK IIJIaH, OCHOBAaHHOW Ha NOHUMAaHUM LEJIEW U METOJOB HCCIEIOBaHMS.
[ToaTomy emie paz oOpaTuMcsi K yCIOBHUIO, IJISl TOTO, YTOOBI YETKO YSICHUTH CMBICI
MPEUIOKEHHOTO 3aJaHusl, MOHITh KaXAbIH (WM TOYTH KaXKIbIA) mar paboTsl,
OIIMCAHHBIN B YCIOBUHU.

Tak B JaHHOM cCllydyae OCHOBHas IIellb yKa3aHa B CAMOM Ha3BaHUU PaOOTHI:
ONPEAEIUTh WUPHHY 3aNPEILICHHON 30HBI MOJYIPOBOAHUKA. /[ T€X, KTO HE 3HAET,
YTO ATO TAKOE€, CIEAyeT BHUMATEIbHO NpouyuTarh Beenenue. B HEM ymomuHaercs
¢boTo3(hheKT, KOTOPBII XOPOIIO 3HAKOM IO HIKOJLHOMY Kypcy (DM3UKHU: BHIOMBAaHUE
AIIEKTPOHOB M3 MOBEPXHOCTH MOJ AeiicTBreM cBeTa. PoTodPdeKT XapaKTepu3yeTcs
HaJIMYMEM KPAacHOUM I'paHMIILI — MUHUMAIbHOU SHEpruu (OTOHA, HEOOXOAUMOM st
TOTO, YTOOBI BEIOUTH AIIEKTPOH C MOBEPXHOCTH. OHAKO OKAa3bIBACTCS, YTO B JTAHHOM
Clly4yae JJIEKTPOHBI HE BBUIETAIOT U3 MOJYIPOBOJHUKOBOM IJIEHKH, a MEPEXOIAT U3
BaJICHTHOH B 30HY mnpoBoauMocTH. K kakuMm HaOmomaeMbiM 3¢ dekraMm MOTyT
MPUBECTU Takue mnepexoapl? OYeBUIHO, UTO [OJDKHA BO3PACTaTh AJIEKTpUUYECKas
MPOBOAMMOCTh IUIEHKM. HO B [MaHHOM cilydae HE O KakUX DJIEKTPUUYECKHX
M3MEPEHMAX PeUYr He UIET — 3a1ada ontuyeckas. [loaTtomy Hao UCKaTh ONTUYECKHUE
XapaKTEpPUCTUKHU, B KOTOPBIX HPOSIBISAIOTCA IMEPEXOAbl M3 OJHOW 30HBI B JIPYIYIO.
[ToHATHO, YTO ANEKTPOHBI B 30HE MPOBOJAMMOCTH 00Jaal0T OONbIIeH dHEepTUue, YemM
B BQJEHTHOM 30HE — E€JUHCTBEHHBIM HCTOYHMKOM ATOM JOINOJHUTEIBHOW IHEPTUU
MOXET CIYXUTbh 3Heprusi ceeta. CrenoBaTellbHO, MEPEX0/Ibl AIEKTPOHOB BO3MOMKHBI
TOJIBKO TpPU MOIJIOIIEHWH CBETa. XOpOIIO H3BECTHO, YTO B IIOOOM cCHCTEME
MOIJIOIIEHUE CBETA IMPUBOJMUT K MEPEXOAY AJIEKTPOHA M3 OJHOIO CTAalMOHAPHOIO
COCTOSIHUSL B JApyroe. Ecinym 3T cTanMoOHapHBIE COCTOSIHUS JOUCKPETHBI, KaK B
OTZENBHBIX ATOMAaX, TO CIIEKTP MOTJIOLIEHUS COCTOUT U3 OTAEIbHBIX TOHKUX JIUHUU. B
JJAaHHOM K€ CJIy4ae HDHEPreTUYECKUE COCTOSIHUS CIIMBAIOTCA B IIMPOKUE IOJIOCHI,
30HBI. [I0ATOMY BO3MOXHBI MEPEXOAbI M3 JIOOOr0 COCTOSHUS B BAJCHTHON 30HE B
1000€ COCTOSIHUE B 30HE HpOBOIlI/IMOCTI/Il, TO €CTh CIIEKTP MOTJIOMICHUS I0JIKEH ObITh
CIUIOmHBIM. Ho 4T00BI MOMAacTh B 30HY MPOBOJUMOCTH 3JIEKTPOH JOKEH MPEOA0TIETh

! Ilepexonpl BHYTpU BaJIEGHTHOW 30HBI HEBO3MOXKHBI, [IOTOMY YTO BCE COCTOSIHUSI B HEH 3allOIHEHBI, a
nepexoa B 3aHsAToe cocrosHue 3ampemaer npuHuun [laymu. Ilepexompl B 30HE MPOBOAUMOCTH
BO3MOXHBI, OJHAKO OHHM MAaJOBEPOSITHBI, MOTOMY 4YTO 3JEKTPOHOB B 3TOW 30HE KpailHE Mallo, a
MOMIABIIIME TyAa OJJICKTPOHBI OBICTPO €€ TOKMIAIOT, BO3Bpalasich B 0Ooliee HU3KHE COCTOSHUS
BaJICHTHOM 30HBI.
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3aMIpCUICHHYIO 30HY. MuHuMaabpHas OHCPTUs, KOTOpAas HCO6XOIII/IM3 JJIA 3TOTO U €CTh
HCKOMag SHCPreTUUCCKasa MHpHUHA 3alpCIICHHOU 30HbI Eg . HOBTOMY CYHICCTBYCT

MHUHUMAJIbHAsI HEPrUsl KBAHTA CBETA, KOTOPBIA MOXKET MEPEBECTH ANEKTPOH B 30HY
N 2
IPOBOMMOCTH E, , KOTOPBIHA, CIICIOBATEIIBHO, MOXKET MOTIOTUThCS . MTak, ecimu

(OTOHBI MMEIOT HPHEPTUI0, MEHBIIYIO0 IIWPHHBI 3alpellieHHOW 30HBI, TO OHH HE
MOTJIOIIAIOTCS, Te ke (POTOHBI 00IaaAI0T YHEPTrUeii OOJbIIEH MMPUHBI 3alpeeHHON
30HBI, TO OHHU morjiomarTcs. Takum o00pa3oM, CHEKTp MOTJIOIMIEHUS JOJKEH
NPEJCTABNATL COOOM CTYNEHBKY: 10 MCKOMOW SHepruum E, - Hyjb, MOCIE HEE -

enuHua. [loatomy U1t onpeesieHust IUPUHBI 3alIPEIEHHO 30HbI MOKHO U3MEPUTh
CIIEKTp MOIJIOIIEHHS M ONPEACIUTh 3HaYeHHE YHEPruu (HOTOHA (MOKHO U3MEPUTH U
JUIMHY BOJIHBI — pacCYMTaTh 3aTeM »HHEpPrui0 (OoTOHA JIETKO), MPH KOTOPOH
MOJYIIPOBOIHUKOBAs IUIGHKa HayuHaeT nornomars. OuveHs mpocto. Ho 310
pe3yibTaT A7 TEOPETHKOB, PEaJbHO HUKOIZA B SKCHEPUMEHTE PE3KOro CKauka He
MOJIy4YHIITb, CKOpPEE BCEro, MOJYYHUTCS KAKOW-TO IUIABHBIM IEepexoj, MO KOTOPOMY
MOYKHO OYZIET OIpeaesuTh TPeOyeMyo BETUUUHY.

3anomnum: oasce be3 06pabomku MONCHO OyOem NPUMEPHO OYeHUMb UUPUHY
30HbL MO CHEKMpPY NO2NOWeHUs — DHEP2Us (POMOHA, COOMBEMCMEYIOUAs Pe3KOMY
603pacmaHuio NO2IOWEHUST .

Teneps pazOepeMcsi, Kak K€ aBTOPbl PEKOMEHAYIOT HPOBECTH 0OPabOTKY
CIIEKTpa i 60JIee TOUHOIO onpesenenus sHeprun £, . OCHOBOH st peleHus 5Tou

3a7jauyl ABJIAETCS HMIUpHUecKas popmyia (4), B KOTOPYIO BXOJIAT SKCIIEPUMEHTAIBHO
U3MepseMble BEJTMUYMHBI: 4acTOTa (BBIPA3UM 4Yepe3 JUIMHY BOJHBI) M KOA(P(UIMEHT
IOTJIOLEHUS] (, KOTOPBI BBIPAXAeTCs 4Yepe3 HENOCPEICTBEHHO M3MEpPIEMOe
3Ha4YeHHe Npomyckanue 7 ¢ momMoursio popmyinsl (5). JanpHeHmmii myTh n3BeCTeH —
HYXHO OygeT KakuM-TO 00pa3oM JIMHEapu30BaTh 3aBUCUMOCTb (4) M 1O 3TOH
napameTpam 3TOW JTMHEHHON 3aBUCMOCTH MOXKHO OyZIeT HalTH TO, YTO TpedyeTcs.

IloxBeneM HUTOr TEOPETUYECKOIO ONMMCAHMS: HYKHO M3MEPUTH 3aBUCUMOCTH
K03 uIIMeHTa MOTJIOIICHNS OT JUIMHbI BOJHBI M1aJIal0UIETO CBETA.

Teneps pasOepeMcsi, Kak NPOBECTH OSTH HU3MepeHUs. [[na u3MeHeHus W
U3MEpPEHUsl JAJIMHBI BOJHBI Y HAaC HMMEETCS TOHUOMETpP, IMO3BOJIIOIIUNA H3MEPATh
yIibl C BBICOKOM TOYHOCTBIO, IO3TOMY M HAacTpauBaTh €ro (TO €CThb FOCTUPOBATH)
HYXHO OyZeT OueHb TIATEIbHO — TMPHYEM CHadajga C MOMOIIBIO JIYYIIero
ONTUYECKOTO MpUOOpa — cobcTBeHHOTO I1asa. [lpouenypa HacTpoiKM onucaHa oueHb
noipoOHO (BCs mepBasi yacTh HabOpa 3aJaHuil LEJbIX YeThIpe JTana) — ¢ Hell Jrydie
pa3buparbcst HermocpeAcTBeHHO ¢ npudopom. Keratu u 6amsl 3a 310 narot!

Ocranoce yacHUTH, KaKk U3MepATh K03 duiment nornomenus « . B xauectse
NpPUEMHHUKA UCHONb3yeTcs (POTOPE3UCTOP, COMPOTUBJICHHUE KOTOPOTO OOpaTHO
MPOMOPIMOHAILHO ~ MHTEHCHBHOCTH  Majamomero ceera —  dopmyma  (2).
ConpoTuBieHHE pE3UCTOpPa H3MEPSETCS € TIOMOIIBIO MYJIBTUMETPA, TO €CTb
Hanpsamyo. Ho B 3Toif ¢opmynie cTOMTh HEM3BECTHBIH, J1a €Ille 3aBUCAIINNA OT JJIUHbI
BOJIHBI KO3(pduuueHT. Kpome TOro, MCTOYHHMK CBeTa, TajJOreHOBas Jiamma, AaeT
U3JIy4E€HUE, UTHTEHCUBHOCTh KOTOPOTO TAKXE 3aBUCUT OT JJIMHBI BOJIHBL. [losTOMY
IpsIMO  M3MEpATh NPOIyCKaHME HEBO3MOXKHO. Kak M cienoBano 0Xxujgarbh —
U3MEPEHUsT OTHOCUTENbHBIE, KaK IMoJcKa3biBaeT ¢opmyna (1) — oTHoueHue

2 Jra MUHUMAIIbHAS SHEPTHS ABJSICTCS IMOJHBIM aHAJIOTOM 3HAKOMOM KpacHOM rpaHUIlbl GoTodhdeKTa.
3 Jaxxe 6e3 mprOOpOB e MOXKHO OYCHB TPYOO OIICHUTH «HA TJIa3y»: IUICHKA Ha IPOCBET UMEET KEITO-
KOPUYHEBBIN CBET, 3HAYNT, OHA TIOTJIOMIACT B cUHE-(QMOoIeToBOM obmacTu. [ToaToMy ncKkoMas rpaHuIia
JIOJDKHA JIEKaTh TOe-TO B 3eJIeHOH obnactd B nuana3zone 500-600 Hwm.
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MHTEHCUBHOCTU CBETA, IPOLIENUIEr0 Yepe3  IUIEHKY, K HMHTEHCHUBHOCTH CBETa,
MPOMIEIIETO Yepe3 CTEKISTHHYIO MOIOKKY. [Ipu 3ToM Heu3BecTHbIN KO3 PUIIEHT
YYBCTBUTEIHHOCTH (POTOPE3UCTOPA U HEM3BECTHASI MHTCHCUBHOCTH MAIAIOIIETO CBETA
COKPATUTCH.

MO’KHO OJBECTH UTOT U OOCYKJCHUS METOIUKU U3MEPEHHIA:

- U3MEHSS Yrojl MOBOPOTA MOJABMXKHOM TPyObl TOHHMOMETpPA, U3MEHSEM JUIUHY
BOJIHBI CBETA, MPOXOJSIIEro yepe3 oOpasipl (IUIACTHHKY C IUIGHKOH M YHCTYIO) U
MIOTIaIAIOIIEro Ha (POTONPUEMHUK;

- U3MEpsieM YroJj MOBOPOTa TPYOBI, M MO 3TOMY YINIy C HOMOIIBIO (POPMYIIBI
(7) paccuuThiBaeM JIMHY BOJHBI; KakOW-TO Yrol & HYXHO OyJeT OIpeaeTuTh
3apaHee, B X0J1¢ IOCTUPOBKH;

- JUI KaXJI0HM JUIMHBI BOJIHBI Ha ITyTU CBETA BBICTABIIIEM OJUH Pa3 IUIACTUHKY
C IUIGHKOH, BTOpPOH pa3 YHCTYIO IUIACTUHKY, B OOOHMX Cilyd4asx H3MepseM
corpoTHuBieHue (poTopesucropa (yapydaeT ykazaHue — GOTOPE3UCTOP HHEPIMOHEH,
HE00X0IMMO BBDKUAATH 3-4 MUHYTHI)

Taxum criocoboM HEOOXOIUMO MOIYYUTh OCHOBHYIO Tabnuiy nMepenuit 1d:
yTroJl, 1Ba 3HaueHHs conpoTuBieHus. Ho Tam eme u morpemHoctu — pasdepeMcs 1o
X0y U3MEPEHUN. DTO NEHCTBUTEIBLHO OCHOBHBIE MU3MEPEHHUS — HE CIy4alHO 3a 3Ty
TaOIUILy TAIOT LEeTbIX 3 Oana.

Hanee 00paboTKa pe3yabTaToOB U3MEPEHUN — OHA MOAPOOHO M3JI0KEHA
B yacTsX 2 u 3 pazaena 3agaHus.

BbInoJHeHHe PaGoThI H Pe3y IbTaThi .

la. ITorpenrHOCTh M3MEPEHUsT YIJIOB MOBOPOTA MPSMO yKa3aHa B YCJIOBHH, TOJBKO
YUTATh HAJI0 BHUMATEIBHO - 5. MOKHO nepeBecTH U B rpamychl: AQ =5 =0.08".

1b. TpyaHo omucChIBaTH MPOLECC ONTHYECKOW IOCTUPOBKU Oe3 mpubopa, MO3ITOMY
OTpaHUYUMCS TOJIBKO KpPaTKMMH KOMMEHTapusMu K ycinoBuio. HOctupoBka
TPaAMLIMOHHO HA4YMHAETCA OT HCTOYHMKA: JIaMIIOYKa BCTAaBICHA M 3aXIKCHa,
pacrioyiaraeM ee 3a JIMH30M Tak, 4TOOBI MOJIyYUTh MapajuleJbHBIN My4OK cBeTa. JTO
My4OK MajgaeT Ha IUIACTUHKY C IU(paKIMOHHON pemieTkoid. Perierka momkHa OBITH
NEepIEHINKYISIPHA MaJaoleMy HoToKy. s 3Toro ymoOHO HCIONb30BaTh METON
OTPaXEHHOI'O JIy4a: JIyd OTPaKCHHBIM IOJDKEH COBIAAATh C JIy4OM IIaJAIOIIMM.
NMmeHHO Takoii MeTon W Ipeasiaraercs B OTpAKEHHLIE Iy

JaHHOM 3azaHuu. OnTuyeckas cxema 3TOro

METO/1a FOCTUPOBKH ITI0Ka3aHa Ha puc. 1.
Kak cienyer n3 pucyHka, Majblil yroi ¥
0, MOXeT ObITh paccuuTaH o Gopmyie R
OCE
r L
0, =— . .
2a -
Y OTEEPRCTHE
Tak kak CMeEIIEHHE OTPaKEHHOIO Jy4a .
r JOJIXKHO CTPCMUTLCA K HYIJIIO, TO - MafaroHH JI7d
L

HOTPEIIHOCTh YCTAHOBKU yIJa MOXET OBITh PEIIETKE * Puc. 1

paccunTana 1no gpopmyie
Ar

A, =—.
" 24

4 3Z[€CL MbI OCHOBBIBACMCA Ha pE3yJIbTaTaX, IMPCACTABJICHHBIX dBTOpaMU 3a1a4.
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B kadectBe Ar MOXHO B35Th paauyC IMy4Ka, PAacCTOSHUE [0 PEUIETKH JIETKO
n3MepuMo. Pacyer npuBOAUT K pe3ynbTary:

Ar=1mm, a= (70 il)MM =0, = % pao =0.007 pao =0.4"
a

Jlnama3oH W3MEHEHHs yria IOBOpOTa IMOABIXKHOTO TyOyca TOHMOMETpA JIydYIle
OTNIPENCNUTh Ha TJa3, 3arisabiBas B TpyOy. [Ipu 3TOM MOKHO M MOJpPEryarupoBaTh
TpyOy Tak, 4ToOBl SIPKOCTH Jiydya Obula MakcuMmaibHa. [lo pesynbraTam aBTOPOB
06/1aCTH [EPBOTO HOPSAAKA AU(PAKIHE COOTBETCTBYET JMANa30H yriioB 13°< 6 <26°.

Omo upe3sviuaino 8adXdCHLIU pe3yibmam 0isl OaIbHeuue20: UMEHHO 8 MOM
ouanasome ciedyem nposooums gce OdlbHeuuiue UsMepenuss, NO3MoMy HeoOX00UMO
ybeoumsbcs 8 e20 NPasuibHOCMU, No MeHbulell Mepe, 08aXtCObl.

lc. Tenepbh OKOHYATENBHO 3aMEHsIEM TJla3 Ha (POTOPE3UCTOpP — TOKE OUEHb BaKHAS
omeparusi (XOTs €e CTOMMOCTh B Oallax Mana), OT €€ TIIATeIbHOTO BBHITOTHCHUS
3aBHUCUT BO3MOKHOCTh JAJIBHEUIINX OCHOBHBIX wu3MepeHud. Iloatomy 31ech
CJIEIOBAJIO TAK)KE HEMHOTO MOBO3UTHCS, YTOOBI TOOUTHCS MUHUMAIBHO BO3MOKHOTO
3HAYEHUsI CONPOTUBIICHUS PEZUCTOPA. Y aBTOPOB 3TO 3HAYEHUE OKA3AJIOCh PABHBIM

R©) = (21,6 £0,1)xOm.

[Tocne Toro, kak ObUTO HAWAEHO ATO IMOJIOKEHHE, CIEN0BATI0 3aPUKCUPOBATH
HYJIb IIKAQJIBI U3MEPEHHUS YIIIO0B.

Crnenyroomuii BOPOC CIOKHBINA, HO HE CIIMIIKOM MPUHLMIIHAIBHBIA: MBI
MOBOpPOT TyOyca HE MPUBOAMT K 3aMETHOMY H3MEHEHUIO COMPOTUBICHUS (Tak
CBETOBOM JIy4 U (POTOPE3UCTOP UMEIOT KOHEUHbIE pa3zMephl). HyHO ObLII0 TOBEPHYTH
TyOyc (C TOMOIIBI0 BUHTA) B OJHY-APYTYI0 CTOPOHY M OIEHUTH B KaKOM JHAara3oHe
YIJIOB COINpPOTHUBIICHHE (OTOPE3UCTOpPAa HE HU3MEHseTcs. B opurunane mMmoiaydeHo

3HaueHue A@, =5'=0,08°, 4To JIEKUT B IIpeAeIIax [IOTPEIIHOCTA U3MEPEHUS YIIIOB.
0

[ToBopaunBaem TyOyc B 00acTh u3MepeHus (MEpBbIiA MOPAIOK IUPPAKINN) U
oTpeiesisieM MUHUMAaJIbHOE 3HaYEHUE COMIPOTHBIICHHS B 3TOM 00sacTu. DTO ACHCTBUE
HE00X0AMMO, YTOOBI MPaBWIBHO BHIOpaTh IUANa3oH M3MEPEHUsS! COMPOTHUBICHUS U
UMETh MpPEJCTAaBICHUE O YHCICHHBIX 3HAUCHHMSX JAJIbHEHIIMX OCHOBHBIX
pe3ynbraroB. IIOHATHO, YTO MOJMYyYEeHHOE 3HAYEHUE MAODKHO OBITH pa3 B JECATh
OosblIe, YeM B HYJIEBOM MakCUMyMe. ABTOpaMHU MOJIY4EHO 3HAYCHHE

W _
RY = (192 £1)xOm.

Buinonnena noocomosumenvuas pa60ma. Om ee muwamenabHocmu 3aeucumn
ycnex OanbHeuux usvwepeHuﬁ, noSmomy MOICHO He€ nooaicalensv u daca pa6oqe20

6PEMEHU.

5 o
[Tpn HaM4YMM OHOM MUHYTHI 3TOT AWANA30H MOXHO NPOBEPHUTH U TEOPETUUECKH — C TIOMOIIBIO
(opMynbl TUPPaKIMOHHON PELIETKH.
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1.d Pe3ynpTaTsl H3MepeHuH.

0° Rolass(MQ) | ARglass(M€Q2) | Raim(MQ) | ARim(MQ)
15,00 3,77 0,03 183 3
15,50 2,58 0,02 132 2
16,00 1,88 0,01 87 1
16,50 1,19 0,01 51,5 0,5
17,00 0,89 0,01 33,4 0,3
17,50 0,68 0,01 19,4 0,1
18,00 0,486 0,005 10,4 0,1
18,50 0,365 0,005 5,40 0,03
19,00 0,274 0,003 2,66 0,02
19,50 0,225 0,002 1,42 0,01
20,00 0,200 0,002 0,880 0,005
20,50 0,227 0,002 0,822 0,005
21,00 0,368 0,003 1,123 0,007
21,50 0,600 0,005 1,61 0,01
22,00 0,775 0,005 1,85 0,01
22,50 0,83 0,01 1,87 0,01
23,00 0,88 0,01 1,93 0,02
23,50 1,01 0,01 2,14 0,02
24,00 1,21 0,01 2,58 0,02
24,50 1,54 0,01 3,27 0,02
25,00 1,91 0,01 4,13 0,02
16,25 1,38 0,01 66,5 0,5
16,75 1,00 0,01 40,0 0,3
17,25 0,72 0,01 234 0,2
17,75 0,535 0,005 12,8 0,1
18,25 0,391 0,003 6,83 0,05
18,75 0,293 0,003 3,46 0,02
19,25 0,235 0,003 1,76 0,01
19,75 0,195 0,002 0,988 0,005
20,25 0,201 0,002 0,776 0,005
20,75 0,273 0,003 0,89 0,01

OOpatuM BHUMaHME, YTO CHayaja MU3MEPEHHs NMPOBOAMINCH C MHTEPBAJIIOM B
MoJITpajiyca, a 3aTeM B IIEHTPAJIbHOM 00JIaCTH T'yCTOTa TOYEK YBEJIIMYEHA B JIBa pasa.

l.e M3HauanbHO HE COBCEM IOHSTHBIM NyHKT. Peub MAeT o mompaBke K
W3MEpPEHUIO0 YIJIOB, B OYEepeqHOW (M TOCIEAHHWH pa3) HEOOXOIUMO  yTOYHHUTH
II0JIOKEHHE HOpMaJlu K perieTke. Maes onpeneneHus 3Toi MONpPaBKU 3aKIH0YAETCs B
UCIOJb30BaHMU AU(paKINK, KaK MEpPBOro, TaKk U MUHYC IepBoro mnopsuaka. Ilpu
UICTbHON YCTAaHOBKE PpEIIeTKH 3HAYEHUS HHTEHCHBHOCTH CBETa JIOJDKHBI OBITh
OJIMHAKOBBI IIPH OTKJIOHEHMM Ha yriel +6 u —6. Eciu pemerka ycTaHOBIEHAa He
CTPOTO NEPIEHAUKYISPHO, TO U3MEPEHHUE YIJIOB (IO pa3HbIE CTOPOHBI OT ONTHYECKOMN
OCH), IpU KOTOpPBIX HHTEHCUBHOCTH CBE€Ta OJMHAKOBbI, II0O3BOJSAET HaWTU
HEOOXOAMMYIO TIOMPaBKyY® JUTs ONpEIeNeHNs JUTMHBI BOJHEI cBeTa 110 dopmyie (7).

6
Jloka3aTenbCTBO 3TOr0 METo/1a — HEOOJBIIOE TPUTIOHOMETPUYECKOE YIpakKHEeHNE, OCHOBAaHHOE Ha
ucxoaHou dopmyre(3), MOXKeTe IIPOBECTH CAMOCTOSTEIIBHO.
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Jlnst 6osiee TOUHOTO ONPEACTICHUS yIila ¥ , IPU KOTOPOM MPOIyCKaHUE TNICHKH

Takoe ke, Kak U npu yrie —20°, mpeanaraercs NPOBECTH HECKOJIBKO U3MEPEHUM
BOIM3M 3HaYeHUs + 20°, ¥ anpOKCUMUPOBATH MOIY4YSCHHYIO 3aBUCUMOCTb.
OKCNIEpUMEHT Jlaj CIAEAYIOIINE 3HAUEHUS IPOITyCKaHUsI INIEHKH.

0 Ttiim 0 Tfiim
0=-20" 0.255 19.25 0.134
19.50 0.158
19.75 0.197
20.00 0.227
20.25 0.259
20.50 0.276
20.75 0.307
0.35
Otu
030 - pe3yinbTaThl
— MPEICTABICHBI Ha
.E 025 _____ .__‘_____ rpaduke, U3 KOTOPOTO
o CIIE/TyeT, YTO UCKOMOE
I= 3HAa4YeHHE yIiia paBHO
% 0.20 o
£ 5 =(0,25+0,08).
0.15 4
Ob6parure
BHUMAaHHe, 4YTO 9Ta
0.10 ' ' ' IIOIIpaBKa  SBILIETCI
19.0 19.5 200 205 21.0

CYLLIECTBEHHOM,  TakK
Kak OHa [PEBBILIAECT

0 (degree)

NOrpCluIHOCTb OTCUCTA TOHUOMETPA.

2-a. /lyinHa BOJHBI TeNeph JOHKHA PACCUUTHIBATHCS 10 opmysie (7), U3 Hee CleayerT,
YTO MOTPEIIHOCTh €€ ONPEIEICHUS JOJDKHA PACCUUTHIBATHCA 1O (hopMyIie

AL =dcos(9—%J\/(A9)2 +(%}2. (1)

Honaras A ~AS ~5'~15-107, d = ﬁjww ~1,7-107" M, noayuum Qopmymy mis

OIIEHKH MOTPEIIHOCTH AJMHBI BOJIHBI AA = 2,5cos 0 (HM ) .
BenuunHa npormyckaHusl pacCYUTHIBAaETCS 1o hopmyrie

T _ Rglass

film R ’
film

HOBTOMY €C NOTpCIIHOCTL OLICHUBACTCH 110 q)OpMy.He
AR, (AR,
film glass
AT =T | = He | 2)

film glass
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2-b. /1151 yrioB B Hy>)kHOM jauana3one 13°< 60 <26° morpemHocTs onpeneieHus
IUTMHBI BOJIHEI JI€KHUT B quamna3one AA = (2,4 + 2,2)HM .
2-c¢. J1nst 3armonHeHust TaOIUIBI 2.C HEOOXOAUMO HUCIIOIB30BATh (POPMYIIBI

Rglass (A) _
R, at=mn(T,,4)). 3)

Pe3ynpTaThl pacueToB MPeACTaBICHBI B TAOIUIIE.

A=dsin(0-5/2), T, (A) =

-1 ~1
00 7\. (HM) RgllaSS (MQ ) Rﬁ}m (MQ ) Tfilm at
15.0 428 0.265 0.00546 0.0206 3.88
15.5 442 0.388 0.00758 0.0195 3.94
16.0 456 0.532 0.0115 0.0216 3.83
16.25 463 0.725 0.0150 0.0208 3.88
16.5 470 0.840 0.0194 0.0231 3.77
16.75 477 1.00 0.0250 0.0250 3.69
17.0 484 1.12 0.0299 0.0266 3.63
17.25 491 1.39 0.0427 0.0308 3.48
17.5 498 1.47 0.0515 0.0351 3.35
17.75 505 1.87 0.0781 0.0418 3.17
18.0 512 2.06 0.096 0.0467 3.06
18.25 518 2.56 0.146 0.0572 2.86
18.5 525 2.74 0.185 0.0676 2.69
18.75 532 3.41 0.289 0.0847 2.47
19.0 539 3.65 0.376 0.103 2.27
19.25 546 4.26 0.568 0.134 2.01
19.5 553 4.44 0.704 0.158 1.84
19.75 560 5.13 1.01 0.197 1.62
20.0 567 5.00 1.14 0.227 1.48
20.25 573 4.98 1.29 0.259 1.35
20.5 580 4.41 1.22 0.276 1.29
20.75 587 3.66 1.12 0.307 1.18
21.0 594 2.72 0.890 0.328 1.12
21.5 607 1.67 0.621 0.373 0.99
22.0 621 1.29 0.541 0.419 0.87
22.5 634 1.20 0.535 0.444 0.81
23.0 648 1.14 0.518 0.456 0.79
23.5 661 0.99 0.467 0.472 0.75
24.0 675 0.826 0.388 0.469 0.76
24.5 688 0.649 0.306 0.471 0.75
25.0 701 0.524 0.242 0.462 0.77
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2-d. I'paduku 3aBUCUMOCTHU BETHYNH

6.0
00paTHBIX COMPOTUBIICHHUIO (POTOpE3UCTOpa
OT JUIMHBI BOJIHBI IIOKa3aHbl Ha CIEAYIOLIEM 5.0 1 i
— o -
PUCYHKE. c 4.0 glass . .
Z 30 A = ;
Otmerum, 4YTO  3TH  rpaduKu o .
npuOIM3HTENLHO (¢ TOYHOCTBIO  JIO 2.0 1 7 film .
HEU3BECTHOTO MHOKHUTEIS (1)) 1.0 4 e
.t e SO M
NPEACTABIISAIOT ~ HWHTEHCUBHOCTH  CBETa, 0.0 s aepmranonee , i ;
HaﬂaKHHeFOIHl@OTOHpHGMHHK. 420 470 520 570 620 670 720
3Ha4eHus JAJIMH BOJIH, TIPH KOTOPBIX JTaHHbBIE Wavelength (nm)
MHTEHCUBHOCTH MaKCUMAaJIbHbI PABHbI:
Amax,glass = (5 64 * S)HM
Aonasgim = (5735 )um

2-e. I'paduk 3aBHCHMOCTH MPOITYCKAHHS TMOJYIPOBOJIHUKOBOM TUICHKH OT JIJTHHBI
BOJIHEL.
Kak u crmemoBano oxuaaTb, MBI

0.50
MOJIyYMJIM  TOCTATOYHO IUIABHYIO 045 -
KpUBYIO Tepexoja OT ciaaboro K 0.40 1
CHIILHOMY normnomenno.  § 3% ]
JIelicTBUTENBHO, ONPEACIUTh IO g 222:
HEMy IIOpOrOBO€ 3HAYCHHE HE £ . 5, |
BO3MOXHO, HO JHMAama3’oH, B £ 015 -
KOTOPOM JISKHT 3TO 3HAYCHUE, 0.10 -
yrajiaH IpaBUIIbHO. 0.05 1
0.00 ; ' T ' T

420 470 520 570 620 670 720
Wavelength(nm)

3-a. B 3TOM myHKTE $BHO I0JCKa3aHO, KaK JIMHEApU30BaTh IPUBEACHHYIO
3aBUCUMOCTb

ahv=Ahv-E,)". 4)
1
Tak kak n = ) (mouemMy-To 3TO 3HaUYEHHUE MPHUBEJICHO He ocie GopMyIsl (4), a

TOJIBKO B pa3zelie 3aJaHuii), TO COOTHOIIEHUE (4) HEOOXOIUMO YMHOKUTH Ha ¢
BO3BECTHU B KBaJIpaT

(thv) =A*(hv -E,). (5)
Haxowen, npoBeneM HE0OXOAMMBIH MEPEeXo K YKa3aHHBIM KOOPIUHATAM:
hv  hel 6,63-10°-3,00-10® 1 1243
x[3B]:_:__: 19 ’ 9 = ’
e e A 1,60 -10 A(HM) -10 A(HM)
(6)
31CCh A(W) - JJIdHAa BOJIHBI B HAHOMETpaX;

yaBz]z[ath—vj =(x-at). @)
e

Pe3ynpTaThl pacueToB 1o 3TUM (popMysiaM MpHBeIEHBI B TAOIHUIIE:
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0° x (3B) y (3B
15.00 2.898 126.6
15.50 2.806 121.9
16.00 2.720 108.8
16.25 2.679 107.8
16.50 2.639 98.9
16.75 2.600 92.0
17.00 2.563 86.3
17.25 2.527 77.4
17.50 2.491 69.7
17.75 2.457 60.9
18.00 2.424 55.1
18.25 2.392 46.8
18.50 2.360 40.4
18.75 2.330 33.1
19.00 2.300 27.3
19.25 2271 20.91
19.50 2.243 17.07
19.75 2215 12.92
20.00 2.188 10.51
20.25 2.162 8.53
20.50 2.137 7.56
20.75 2.112 6.23
21.00 2.088 5.43
21.50 2.041 4.06
22.00 1.997 3.02
22.50 1.954 2.52
23.00 1.914 2.26
23.50 1.875 1.98
24.00 1.838 1.94
24.50 1.803 1.84
25.00 1.769 1.86
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3-b. I'paduk, TOCTPOCHHBI TO O3TUM JIaHHBIM,  TO3BOJSET YETKO BBIACITUTH
JMHEWHBIA y4acToK B obnactu X . = 2.24 (3B), X = 2.68(3B)

min

NUHeapKialMA
—. 140 : : . . . . ;
35/ ' ' ' ' '
2 ¥ = 214x - 465 5 5 5 5 5
i e e e T
00 - -
o S S R T
I S—  E— S SR — i —
TR S e e s g
B0 Jo-emesemes o b
oo o
0 L O(}(}OI.GG
1,5 1.7 1.9

3-c. 3anueM ypaBHEHHE JTMHEHHOTO y4yacTka GyHKuuu (5) B BUze

y=mx—-b, (8)
371eCh
m=At’, b=mE,. 9)

ITapameTpsl 3TOM JIMHEWHON 3aBUCUMOCTH U UX MOTPEIIHOCTH MOXKHO HAaUTH METOJIOM
HAaUMEHbIIMX KBajaparoB (wiu mo rpadpuky). [lo mpHUBEOEHHBIM HaHHBIM 3TH
napaMmeTpsl okasbiBaroTcs paBHbIMU (1o MHK)

m=(214+4)pB,  b=(465+11pB>
N3 dopmyn (9) cremyer, 4TO HMCKOMBIE MapaMmeTphl IJICHKA PACCUUTHIBAIOTCS IIO

bopmymnam:
=3 2060um, E, =2 =21738.
A m

[TorpenrHoCTH ITUX BETUYHH OLEHUBAIOTCS MO (hOpMyIaMm:

2 2
et 35,52 (2] <o

2m b bm
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3-d. Takum 06pa3oM, mosrydyaeM OKOHUATEIbHBIN pe3yabTar:
t=(206+2)um,  E,=(217+0,02)8 .

3akaunTeIbHbIE 3AMeYaAHNS 10 3aJJaHNI0 DKCIIEPMMEHTAJLHOI0 TYPa.

1. [Ipexxae Bcero, OTMETUM TIIATENBHYIO M JOOPOCOBECTHYIO Pa3pabOTKy 3aJaHMS.
Opranu3aropsl OJIMMIHNAIBI 3aTPATUIIM Ha €€ JBa Ioja, 3TO 3a/JaHue ObLJIO BHIOpaHO
3 22 mpenyokKeHHbIX. OJKCIEepUMEHTalbHOE 000pyaoBaHHE OBLIO CHEIHMAIBHO
3aKa3aHO OJHOW M3 MpaHCKuX (upm. beima pazpaborana cneuuanbHas Ipouenypa
TECTUPOBAHUS, KOTOpOe OBLIO NPOBEIEHO B HOYb Iepel TYpoOM CHEIHaIbHO
nonoOpanHoii komanaoi. He cimydaitubiM siBisiercst [Tynkt 0 u3 3amanuii (xanp, 4To
OH HE OLEHHMBAJICS B Oainax) — s KaXI0ro odpasia ObLIM MPOBECHBI OTACIbHBIC
U3MEpEHHUs C IOMOIIbI0 Oosiee CcOBEpIIEHHOro obOopynoBanus. IlomyueHHble
3HA4YEeHHUs TOJIIIMHBI TUVICHKU U HMIMPHHBI 3alIPELICHHOM 30HbI (7151 Kaxkoro obpasual)
UCTIOJBb30BATIUCH MPU MpPOBEpKe pabOT y4yaCTHUKOB (€CTECTBEHHO, YTO OHU ObUIM
COOOIIEHBI U PYKOBOJUTEISIM KOMaHI).

2. I'maBHBIM  JOCTOMHCTBOM  3aJjaud, 10 HAIIEMY MHEHHUIO, BBICOKas TOYHOCTb
KOHEUHBIX pe3yJbTaToOB (IOrPEeIHOCTh nopsiaka 1%), KoTopasi onpaBIbIBaeT )KECTKHE
TpeOoBaHUs K IOCTHpOBKe npubdopa. IloguepkaeM, 4To 3Ta mnpoueaypa He CIUIIKOM
CJI0’KHA, HO TpeOyeT aKKypaTHOCTH U OIpeeSICHHBIX AKCIIEPUMEHTAIbHBIX HABBIKOB.

3. Bo3MOXHO, aBTOpBI 33/1a4d U3JMUILIHE YBIECKIUCHh PAcueTOM HorpemHOCTeﬁ7. Tax,
€CIIM OLIEHKA MOTrPELIHOCTH M3MEPEHUs JJIMHBI BOJIHBI MOKET OBbITh OmpaBaaHa (OHa
UCIOJIb3yeTCS MPU MPAaBUIBHOM 3amucH YKces B TaOnuLax u3MepeHuii), To gpopmyna
JUIsl  pacueTa [MOTPEIIHOCTH MpOIyCKaHWs Jajleeé HUIAE HE HCHOJb3YETCs.
AHAJIOTUYHO, HHUTAE HE HCHOJB3YIOTCS MOTPEHIHOCTH W3MEPEHUs CONPOTUBICHUS
doropesucTopa, OLEHKA MOTPEHIHOCTeH HW3MEpeHus yrioB. EauHCTBEHHOE
OCHOBAaHUE Ul 3TUX PacdyeToB — JIEMOHCTPALUs TOTO, YTO OHU HE CYIIECTBEHHBI IS
OKOHYATEJIbHBIX pacueToB. Kak oka3anoch, OCHOBHON MCTOYHHMK 3TOW MOTPEIIHOCTH
NOSIBJIICTCST TpH  pacdyerax Kod(p(UIMEHTOB JMHEAPU30BAaHHOM 3aBUCHMOCTH.
[TosTOMy BIOJIHE MOYKHO OBUIO OTPAHUYUTHCS OLIEHKOM MOrpeNIHOCTeN U3MEPEHUN B
KaKo#-1100 OJHOM TOUKe.

4. KoHeyHO, BBINOJIHEHUE PabOThI B OTBEIEHHOE BpeMs 3aTPyIHSIET HHEPIIMOHHOCTh
doTopesucropa’, 1MOITOMY HPOBECTH MOBTOPHBIE H3MEPEHHS IIPAKTHUECKH
HeBO3MOkHO. C Ipyroil cTopoHsl, HoKa3aHus GoTope3ucropa 6ojee cTabUIbHbBI, YeM
Ipyrux GOTONPUEMHHUKOB.

5. B paborte TpeGoBanoch NPOBECTH IPOMAJHOE YUCIO APHU(PMETUUECKUX PACUETOB.
VYyacTHUKaM ObLIM TOJapeHbl KajabKyasaTopbl (6e3 Excel’a) — HO pacueTsl ¢ ux
MIOMOIIIbI0 HAIOMUHAIOT UTPY BUPTYO3a Ha NuaHWHO. [loaTOMy mpu MOATOTOBKE
IIKOJIbHUKOB CJIEyeT YIeNATh BHUMAHHE TEXHHMKE pacueToB: IMPEXae BCEro

B wHavameHOM BAapHUAHTC Tpe60Ba.HOCL paCcCUUThIBATL MOrp€HIHOCTH OTACIBHO JJIA Ka)K}_'[Oﬁ
3KCH€pHMCHTaJ'ILHOI71 TOYKH.

8
HanomuuM: BpeMs OHOTO U3MEPEHHsI 3 MUHYTHI, IOATOMY MUHHUMAJILHOE BPEMSI OCHOBHBIX
n3MepeHuii (ecin CTpOro CJIe0BaTh HHCTPYKIMN) — MUHUMYM 20 TOYEK, B KXKIOH U3 KOTOPOH 2

mMepennus — utoro, 2% 20x 3 mun = 2uaca .

374



TIIATEIbHYIO MOJATOTOBKY pacdeTHBIX (hopMys, NMpHBEIEHHE WX K BUAY Haumbosee
yI100HOMY IS BBIYHCIICHUH.

5. Ha nepBbIif B354, U3MUIIHUM SBISIETCS. TOCTpOeHHE rpadukoB 2-d (3aBUCUMOCTD
MIPOBOJIUMOCTH (pOTOpE3rCTOpa OT JUIMHBI BOJIHBI) U 2-€ (3aBUCUMOCTh MPOMYCKAHUS
IUIEHKK OT JJIMHBI BOJIHBI) — OHU HOCAT WUIIOCTPATUBHBIA XapakTep M HE
UCIIOJIb3YIOTCS B KOHEUYHBbIX pacueTax. OJHAKO MMEHHO OHHU [T BO3MOKHOCTh
HArJSIHO MPEICTaBUTh (PU3NYECKYIO CYITHOCTh MPOBEICHHBIX U3MEPEHUH.

6. Haxonen, 3agaHus W3IUILHE AETaIU3UPOBAHBI: HEKOTOPBIE MOJCKA3KHM MOKHO
OBbUIO OIYCTUTH — JaTh MOJyMaTh CAMUM YYaCTHHKAM.

7. U 310 3a1anue HEOOXOOUMO OBUIO BBIOJHHUTH Bcero 3a 5 yacoB! IlopasurensHo,
YTO HAIUIACh YYACTHUKH, KOTOPBIE CMOIVIA 3TO chenarb. [IpusTHO OTMETUTH, 4TO
CpeIy HUX OKa3ajcsl U OAMH U3 yYaCTHUKOB KoMaHbl benapycu!

8. Ecnu oce enumamenvHo e0ymamuvcsa, mo HU4E20 HOB020 — O03HAKOMIEHUE C
ycinosuem u 0060pyooeanuem, meopemuueckas Mooeib, RPOOHbLI IKCnepumenn,
uzmepenus, odpadbomka pe3zyibmamos, ogopmieHue padomevl U ... noaAyuYeHue
nazcpao! Bce amo mut yyce npoxoounu!
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IIpuiaoxenne 1.

TpuGOpHbIE OrPEIHOCTH HEKOTOPBIX YACTO HCIO0JIb3YeMbIX IPHGOPOB’.

IIpudops! u MepbI 3HauyeHHMs Mepbl, IIpeneabnasi npudopHasn
AHANA30H U3MePeHUs NMOTrPeNHOCTh

JInHelikn

-METaJUTHYCCKHUE 150, 300, 500 mMm 0,1 Mmm
1000 mMm 0,2 Mmm

- IEpEBSIHHbBIC 400, 500, 750 mMm 0,5 mm

- IIJJaCTMAaCCOBEIEC 200, 250, 300, 400 MM 1 MM

Men3ypku 2-ro Kiacca 100, 200 cm’ 5cM

[Itanrenuupkynu ¢ uenoit | 0-155, 0- 250, 0-350 mm 0,1; 0,05 Mmm B

nenenus 0,1; 0,05 Mmm

COOTBETCTBUH C ILIEHOU
ACJIICHUA HOHI/cha

Becsl 1abopatopHbie

5-100, 10-200 r

3 IEeHBI IEICHUS KA

CexyHaoMepsl
MCXaHHUYCCKUEC

30-60 ¢

1,5 1eHBI AeaCHUS IIKaIbI
3a 0JIMH 000POT
CEKYHJHOM CTPEIIKU

TepMOMETpBI CTEKIITHHBIE
KUJKOCTHBIE

ot -20 mo 100°C
oT -35 o 100 °C

1 1eHa JeIeHus, eClIM OHA
paBHa 1;2; 5 K;
2 LICHEI ACICHHUS, €CIIH OHA
paBna 0,2; 0,5 K

Ecamn Bam He u3BecTHa npeaebHasi NPUOOPHAs MOTPELIHOCTh MJIN KJIace
TOYHOCTH NPHOOPa, TO B KaUeCcTBe OLEHKH MOKHO OpaTh NOJIOBHHY LIEHbI

JEJEeHHUS IKAJbI!

? o xuure I'.C. Kem6poBckuii «IIpuOIikeHHbIE BEIYHCICHAS H METOIBI 06PaGOTKH Pe3y/IbTaTOB
n3Mepenui B pusuke»; MH. «YHuBepcurerckoe», 1990.
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IIpuioxenne 2.

Pacuer moaHoM MOIPEITHOCTHU NMPAMOI0 U3MEPECHUA HA MUKPOKAJIBKYJIATOPE.

Jlnist pacdera MorpemHocTeil y1o0Ho MoJib30BaThCs MPUTOTOBICHHBIM

0JIaHKOM, B KOTOPOM IPEICTaBIICHBI KaK pe3yJIbTaThl H3MEPEHHA, TaK U pacyeTHBIC
bopmyIbI.

Pesynbrarsl PacueTHble hopMmyIibl
U3MEpEHUN

He CMOTpPA HAa TO, UTO NOPAAOK 3aITOJITHCHUA TaKou Ta6JII/II_U>I IIOYTH OYCBHUJCH,

MO3BOJIUM ce0e HEKOTOPbIE KOMMEHTAPUU

1.
2.

e

HepBOHa‘laIIBHO 3aHCCUTC BCC PC3YyJIbTAThI I/I3M€p€HI/II>i B JICBBIN CTOJ'I6€LI.
HpOBCI[I/ITe BBIYUCJIICHUEC CPCAHCTO 3HAYCHUA: IJIA OTOI'0 MOCJICA0BATCIILHO Ha6€pI/ITC
PE3YyIbTAThI I/I3M€p€HI/II>’I 1 3aHOCUTC UX B H'{ef/’IKy namMsaT ¢ CyMMUPOBaHUCM (Z[J'IFI 9TOro

0GBIYHO HCTONB3yercs Kauia | M +]), mocie BBoma BCex 3HAUCHHH H3BIEKHTE

COZIepKUMOE SUCHKH TaMaTH (¢ moMotbio knasurmi | MR| u pasnenute ero na uncio
W3MepeHni (HajgeeMcsl, YTO MMOACUET YUCIa U3MEPEHHH BBl CMOXKETE MTPOBECTH O3
KaJIbKYJISITOpa) ¥ cpa3y 3anuiuuTe pe3yiasrar. He 3a0yapTe OUMCTUTD STYEHKY MaMSTH C
nomosio knasumm | MC| . Iposepsme nonyuennviii pesynomam - cpednee snauenue ne
CUNTbHO OMAUYAETNCA OM NOTYCYMMbL KDAUHUX 3HAYEHU.

. AHanoru4Ho MPOBCAUTEC BBIYUCIICHUA CPCAHCTO KBaJipaTa: I BO3BCACHUA B KBaJApaT

JOCTAaTOYHO IMOCJICAO0BATCIIbHO HAXKATh KJIIaBHUIIIN [X] [=] 3anumuTe HOHy‘-IeHHI:Iﬁ

pesynbtat. [Iposepbme nosyuenuvili pe3yivmam - cpeonee 3Ha4eHue Keaopama He CUIbHO
omauuaemcs om Keaopama cpeoHe20 3HaueHus, Ho 6ce20a Oobule e2o.

. Beruucnute cnyyaitnyro ommnoKy, npuBeaeHHas GopMyiia I0MycKaeT pacyer O6e3 3amucei

MIPOMEXYTOUHBIX PE3YIBTATOB. [Ipogepbme nonyuenHslii pe3yavmam - Ciy4aHasl
NOZPeUWHOCMb COCMABIAEH NPUMEPHO YemBEEPMb OM PASHOCHIU MENCOY MAKCUMATTLHBIM U
MUHUMATLHBIM 3HAYEHUSMU.

3anuimmTe 3HaUCHMS TPUOOPHOM MOTPEITHOCTH M IMOTPEITHOCTH OKPYTIICHUS.

. Boramcnure IMOJIHYTO MOTrPCIIHOCTD, OITATH KE UCIIOIb3Y ﬂ‘leﬁKy IIaMsTH.

Ecnu y sac ecmo Oonee «kpymoiy KaioKyassmop, mo 8pems pacuema MO#CHO

YMeHbUIUMb, HO MOJIbKO nynem ONUMENbHBIX MpEerHUpOBOK. Ecnu evl xomume
noJjib306anvcCA Ha60p0ﬂ/l cmamucmudecKux d)yHKI/}LlIZ, mo 6HUMAMENIbHO pa36epumer,
Umo UMEHHO cHumaem eail Ka]ZbeJZﬂmOP./
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IIpuiosxkenne 3. IlpuBenenne 3aBUCHMOCTH K JIHHEITHOMY BHUY.

No Hcxomgnas
3aBHCUMOCTD
1 y — axm
2 y=ax"+b
3 y=af(x)+b
4 y = axm

HewnzBecTtHbIE
rapaMeTpbl

a

a,b

a,b

a,b

Bo3MoskHbIe ipeoOpa3oBaHus U
BUJI TIOJIy4YCHHOH 3aBUCMOCTH

Y=y
1.1  Y=aX
X=x
1 |
12 Y=V" yognx
X=x
Y=y
2.1 { . Y=aX+b
X=x
31{Y:y b
. Y=aX+
X = f(x)
a1 TEMY oyl
. X:lnx =m +ina
s1 107y v
. X:x = +ina

KomMeHTapun

Br160p BO3MOXKHOTO IpeoOpazoBaHUs
orpenensercss ynoOCTBOM BBIUMCIICHUH,
HaIpuMep, B KBaJpaT BO3BECTHU MPOILIE, YEM
U3BJIEKATh KOPEHb.

[TpeobpazoBaHne OYEBUIHOE U €MHCTBEHHO
BO3MO>KHOE TIPH JIBYX HEM3BECTHBIX
napamerpax

[IpeobpazoBanue SABIISETCS OYEBUIHBIM
06061menneM npepiaymero. 3aeck f(x) -
MIPOU3BOJIbHAS (PYHKIIHS, HE COepIKaIas
HEH3BECTHBIX TAPaMETPOB.

Oto nmpeobOpa3zoBaHre HEOOXOAUMO IS
HKCIIEPUMEHTATBHOTO OMPEICeTICHHS
HEM3BECTHOT'O IOKA3aTelIs CTETICHH.
[Ipeobpa3oBaHHast 3aBUCIMOCTb SBJISETCS
norapudmuueckoil. (HaspiBaercs
norapupmudeckuit macmrad, niam «log-logy
scale)

OT10 npeoOpa3oBaHUe CIYKHUT IS
OTIpeIeNIeHUs TI0Ka3aTelNsl SKCIIOHEHTHI.
(HazbiBaetcs momymnorapuMuyecKuii
MacmTab, mm «semi-logy» scale)

Hpu@oc)wwaﬂ ma6ﬂub;a, KOHEeYHO, He ucdepnvleaem e6cex B8UO008 BO3MONCHDIX npeo6pa306aﬂuﬁ, 6 Hell npueeOeHbl Haubonee wacmo

ecmpedarouiuecst 3a6UCUMoOCmu.
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IIpuiaoxenne 4. Pacuer mapamMeTpoB JHMHEHHOH 3aBHCHMMOCTH METOAOM HAaWMMEHbIIHX
KBA/IpaToOB ¢ MOMOIIBI0 MUKPOKAJIbKYJIATOPA.

[Ipemyaraemasi HMXKE METOAMKA INpPEJHA3HAYEHA Ul pacdyera IapaMeTpoB JIMHEWHOU
3aBUCUMOCTH Y = aX + b 10 HabOPy SKCIIEPUMEHTATIBLHBIX JJAHHBIX (X i,Yi)i =1,2...N.

Jlns ycKOpeHHsl pacdeToB M B 3TOM CiIydae YAOOHO BOCHOJIB30BAaTHCS 3apaHee
MPUTOTOBIIEHHBIM OJIAHKOM, B KOTOPBIN 3aHECEHBI SKCIIEPUMEHTAIbHBIC TaHHBIE U pPacueTHBIC
dopmynel. Pacyer cBOOUTCS K TMOCIEAOBATEIHHOMY BBIYHCICHUIO pslla BEIUYUH: CPEIHHUX
<X > <Y >; mucnepcuit S ) 5 , koappuurenta R,,, HAa OCHOBAaHHM KOTOPBIX PACCUUTHIBAIOTCS
napameTpel a,b u ux norpemHoctd Aa, Ab. ®opMynbl Ans pacyeTa HPUBEICHBI B CaMOM
ONaHKe, MOATOMY MOBTOPSATh UX HET CMBICIA. MeEToJWKa TMPOBEICHHS PAcueTOB aHAIOTMYHA
paccmotperHol B [Ipunoxkennn 1, OTMETUM TOJIBKO, UTO BCE pACUYEThl MOTYT OBITh TPOBEICHBI C
MOMOIIBI0 «0a3apHOTO» KANBKYIATOpa 0€3 3amicH MPOMEKYTOYHBIX PE3YNIbTATOB (JO0CTATOYHO
OJIHOM stueiiku mamsTH). [Ipu onpeneneHHOM HaBBIKE (JOCTUTAEMOM B XOJI€ TPEHUPOBOK) BpeMs

pacuera mo mnpuBeneHHBIM (opmyraam ans 10 SKCIepUMEHTANBHBIX TOYEK COCTaBisieT 4-5
MUHYT.

Pesynbrarsl PacueTHble popMmyIibl
U3MEpEHUN
X, Y DX, > X!
X :—l: SZ :—1_ X 2 —
(x)==2 =)
X, Y, ZY ZYZ
Y :—l: SZ — i Y 2 —
== -
%€ Y, > XY,
Ry = Nl 1_<X>'<Y>:
R
= b={¥)-alx) -
X
I (s
Aa=2|——|——-a |=
N-2\S}
Ab = Aay|S2 +(X)* =

Ecnu sxcnepumenmanvhvie mouku 1exjcam ovensb OIU3K0O K NPAMOU, MO, 803MOICHO, YUMo
npU BbIYUCTIEHUU NOSPEUWHOCMEN NOO KOPHeM NOS8UMCs ompuyamenvHas eeauyuna. [Ipuuuna
MAaKo20 Kazyca HUCmo pacuemHuas (Mmeopemuyecku 6eIuUyUHd, Cmosas noo KOpPHeM
HeompuyamenbHa), cKopee 6ce20, NPOMEeNCYMOUuHble pe3yibmamyl Obliu OKPY2leHbl CIUUKOM
2pybo, HeobX00UMO UCNONIBL308aMb DObULEE YUCTO 3HAYAWUX YUDD.

3anomuume, umo omHOCUMENbHASL NOCPEUHOCTND NAPAMEmMPA d , KAK NPABUL0, MeHblle
noepewHocmu napamempa b, nosmomy npeonoumumenvHee bIOUPAMb MAKVIO CXEMY
IKCNEPUMEHMA, 8 KOMOPOM DOJIee 8ANCHBIM SAGIAEMCS UCNOIB308AHUe KOIDDuyUeHma HaKIoHaA.
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3aKjIoueHue.

3aTpoHyTasi TeMa HEHUcUepliaeMa U s YBEPEH B TOM, UTO KHHUIU, IOCBSIIECHHBIE
HKCIEPUMEHTAIBHBIM 33JauaM, OyAyT MOSBIATHCA U B JalIbHEHIIEM.

[Ipn HamucaHuum OJTOW KHUTH HE CTaBWIACh 1elb JaTh TIOJHBIM COOpPHUK
HKCIIEPUMEHTAIBHBIX 33/1a4 M0 BCeM pasnenaM Kypca ¢uszukud. OCHOBHAs Lieib OblIa MHON —
MOKa3aTh IMpPEJeCTh HKCIEPUMEHTATBHOM HCCIIEA0BATENBLCKOM padOThl, OMHCAaTh OCHOBHBIC
TEXHUYECKUE IMPUEMBl €€ BBIIIOJHEHHS, aTh OOIIME PEKOMEHIAIMHM MO IMOHMCKY IOJXOJ0B K
PELICHUIO SKCIEPUMEHTAIBHBIX 3ajay, NMPUBECTH HPUMEPHI pemieHus (M ero IMoucKa) 3a1ad
pa3IMYHOrO YPOBHS CIOXXKHOCTU. [J1aBHOE ke — Jl0Ka3aThb HEOOXOAMMOCTb MOCTOSTHHOTO
OCMBICJIEHUSl yCIIOBUS, TEOPETHUYECKOTO OIMCaHMs, METOAMKHM W3MEPEHHUs, IOJyYEHHBIX
pe3ynbTaToB U uX 00paboTku. IHBIMM C10BaMU — lyMaTh | ... COMHEBAThCs !

OCHOBY MJaHHOM KHHMIM COCTAaBWIM 3aJauydl OeOpYyCCKUX (PU3MUECKUX OJUMIIMAL
mkoJapHUKOB ¢ 1991 mo 2008 rox. Koneuno, chopMmynupoBaTh BCe 3TH 3aJaud, TIIATEIHHO
pa3paboTaTh YCIOBUS, IPOBECTH MHOTOYHMCIICHHbIC MPEABAPUTEIbHBIC U3MEPEHUs, 00paboTaTh
UX B OJAMHOYKY HE BO3MOXHO. B pasHble roapl B pa3paboTKe 3KCIEPUMEHTAIbHBIX 3aJaHUN
IPUHUMANHN ydacTue Mou Apy3bs U kosuteru: A.IL. Heuait, I'.C. Kem6posckuii, B.O. boromoros,
J.B. boromonos, A.I'' Mapkosuu, C.M. Manykosuu, A.B. Annpuesckuii, A.A. Mumyk, u
ocobenHo H.B. Ko3noBckuii, 3a 4YTO BBIp@Kald MM HCKPEHHIOW TNPU3HATEIBHOCTh U
671aro1apHOCTb.

B03MOXHO, YTO HEKOTOpPBIM YHTATENAM CTUJIb M3JI0XKEHUS MOKAKETCS W3JINIIHE
JIETKOMBICIIEHHBIM U HE O(pUIIHANBHBIM. YTO XK, S K 3TOMY M cTpeMuiics! DTa KHUTa HE SBIISETCS
00s13aTeNbHOM, €€ MOXHO M HE YNTaTh, HO BCE YK€ MPUMHUTE MOU U3BUHEHMUS.

C yBaxeHuem

A.N. CnoOosHIOK.
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