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()chpm'raa BaMM KHHUTI'a aJipeCcOBaHa IIKOJBHBIM YYUTEIIAM q)I/IBI/IKI/I
¥ TeM YYEeHUKAM CTapIINX KJAacCOB, KOTOPHIM WHTEpPEcHa HAaCcToAIlasd,
peanpHas (KOHKpeTHas, KpyTas ¥ T. [.) 9KCIepUMEHTAIbHAsA (PUIUKA.
ITonesna sra KHHUra OyfeT W CTYJEeHTaM IIePBBIX KypCOB (HU3UUECKUX
oTHeseHU By30B. Bo3aMokHO, €€ OYAYT HCIOIB30BATH W OPraHU3aTOPBI
IIKOJBbHBIX (QUBUUECKUX OIUMIINAL PA3HBIX YPOBHEI.

B mepBoif yacTu KHUTY PACCMATPUBAIOTCA IPOCTHIE METOALI U3Mepe-
HUM pa3JIWYHBIX QU3UUYECKUX BEJIUYUH, CIIOCOOBI OIEHKU IIOTPENIHOCTeH
u3MepeHuil, IpUEMbI, II03BOJAMOUME IIOJYYUTH NPHUEMJIEeMYyHo (MaKcu-
MAaJIbHYIO B JaHHBIX YCJIOBUAX) TOYHOCTH U3MePEHUH IIPK OrpaHUYeHHbBIX
9KCIIEPUMEHTAJIBHBIX BOBMOYKHOCTSX.

Bo BrOpoIi WacTM KHWUTHM ONKCAHBI MHOTOYNCJIEHHbIE HKCIEPHMEH-
TaJbHbIE 3afaul A8 GU3UUYECKUX ONMMINAJ, 3HAUNTEJIbHAA YacTh KOTO-
PBIX OBLIA IPEeAJIOXKeHA aBTOPaMU. BOJIBIINHCTBO 3a1a4 JaBAJINCH HA 9KC-
IEePUMEHTAJBHBIX Typax MOCKOBCKOM TOPOJCKOIM OJMMIINAABI B Pa3HBIE
ronbl. IlpuBeneHbI yCIOBUSA 3akad, PEKOMEHIAUNU [JIs OPTaHW3aTOPOB
oMMMIMALbL IO 3afaUaM, IpUMePHbIe PeIleHns 9TUX 3a4ad.



BBEJAEHHNE

ITo Gombiromy cuéTy oOyueHHe BeHETCsS MOJIS TOTO, UTOOBI
«HAyUYUBIINICSI» MOT IPHMEHSATh CBOW 3HAHNS Ha IIPaKTHUKe.
ITosToMy BaxKHEWIIUM 3JIEMEHTOM OOYUeHUsS ABJIAETCA IIPaKTU-
YecKoe HCIOJB30BaHME TeX IPUOOPOB M METOJOB H3MEpPeHUI,
KOTOPHIE yiKe U3YUEeHBbl MIKOJILHUKAMU.

TpaguInoHHO OPU U3YUeHUU PU3UKU SKCIePUMEHTHI pasie-
JAIOTCS Ha OBe OOJIbINMe T'PYIIIbl: JeMOHCTPAIMOHHLIE SKCIIe-
PUMEHTBI, BBIMIOJHSEMbIe OOBIYHO YUUTEJIEeM, U IIPAKTHUUECKUe
(sKCcIIepuMeHTAaIbHbIe) PA0OTHI, BLITIOJIHIEMbIE ITKOJIbHUKAMU Ca-
MOCTOATENBHO.

JeMOHCTpallMOHHBIE YKCHEPUMEHTHI HYKHBI B CJIETYIONINX
cIyJasx.

1. Korma HY:KHO IIO3HAKOMUTH YUEHUKOB C (PUSUUECKUMU
SABJEHUAMU M OOCTOATENHBCTBAMHU, MHOCTYKHBIINMHU OTIPAaBHOMN
TOYKOM AJs1 GOPMYJIMPOBKM OCHOBHBIX (PUBUUECKUX 3aKOHOB UX
IIePBOOTKPLIBaTeIAMU. Kaxk 1M3BeCTHO, OOHApy:KeHHbIe IIPU Ha-
OMIONeHUAX 3aKOHOMEPHOCTH 00600maioTcss u (PopMyIUPYIOTCS
B BHJe COOTBETCTBYIOIIMX «3aKOHOB IPUPOALI». MHOrma Takue
«3aKOHBI» IMOJYYalOT UMEeHAa CBOMX IEePBOOTKpHIBaTeJel, HAIIPU-
Mep BCeM HM3BEeCTHLIN 3aKOH Apxmumena, uiau 3akoH Kymnoma. Bee
3aKOHBI (PUBUKN MMEIOT MPAKTUYECKYI0 OCHOBY — OHM SIBJISIOTCS
00001IIeHIeM OIBITA.

2. Korma paccmaTpuBaeTcsa YCTPONCTBO U MPUHIUILI Oei-
CTBUSA WM3MEPUTEJHHBIX IPUOOPOB, OCHOBAHHBLIX HA PAa3IMYHBIX
(usuueckux sABIeHUAX. IIpuOOPOB, KOTOPHIE ITO3BOJISIOT M3Me-
PATH pasauuHble PU3NUYECKUe IapaMeTpPhl, Topasao 0oJbIe, YeM
OCHOBHBIX (PU3WUYECKUX 3aKOHOB. M X0TdA y KasKIoro mpubdopa
MMEEeTCsA CBOW aBTOP, TO €CTh TOT YeJIOBEK, KOTOPBIN NepPBBHIM
MPeIJIOKUI W peajn30BajJ KOHCTPYKIMIO Ipudopa, MMeHa aB-
TOPOB OOBLIYHO HE COOOIIAIOTCA IMKOJbHHKAM. BHUMaHUE 3TOMY
BOIIpoCy (aBTOPCTBY) YAEJNAETCA TOJBKO HIPU UIYUYEHUU UCTOPUU
GusuKuU.

3. Ilpu uM3yUYeHUU CJIOKHBIX TEeXHUUYECKHUX YCTPOMCTB WU
IIPOIIECCOB, B KOTOPHIX UCHOJB3YIOTCS B KOMOMHAIINY PA3JINUHBIE
dusudecKue ABIEHUA.



4 Beedenue

IIpaxkTuuecKkre caMOCTOATENbHBIE 9KCIePUMEHTAJIbHEIe pado-
THI TOKE MOTYT OBITH pasfesieHbl Ha I'PYIOBI 0 Ha3HAUEHUIO.

1. KauecTBeHHbIE 9KCIEPUMEHTHI: cOOepUTEe — BKJIIOUUTE —
IIOCMOTPUTE — 3aPUCYIATe — cAejiaiiTe BbIBOJ (cJaoBecHass Qopmy-
JupoBKa). Takue sKCIepUMEHTHI HYJKHBI AJIA HEIIOCPEICTBEHHOTO
O3HAKOMJIEHUA ¢ (pu3mUecKnMu ABJIeHuAMU. Hanpumep, B TakoM
SKCIIEPIMEHTEe MPOBEPAETCSI «3aKOH COOOIIAIONIUXCA COCYIOB» .

2. KonuuecTBeHHBIE SKCIEPUMEHTEI: cOOepuTe — 1N3MephTe —
BBIYUCJINTE — IIOCTPONTE IpaduK — 3aNUIINTE PEe3yJabTaT B TeT-
pamb. O9TOT TUI SKCIEPUMEHTOB IIpefHA3HAUYeH IJIA BbIPAOOTKU
HABBLIKOB IIPUMEHEHUS IIPOCTEHIINX H3MEPUTENLHBIX IPHUOOPOB
u oopMIeHUA SKCIEePUMEHTANbHBIX pabor. Hampumep, skcme-
PUMEHT, B KOTOPOM PETUCTPUPYIOTCA pPAa3JIUUYHbIe YAJINHEHUS
ONHOII W TOU JKe MIPY:KUHLI, €CJU Ha Hel IToABellleHbl pasHbIe
rpPy3bI, OTHOCUTCA K 9TOMY THUILY.

3. TBopueckue sKCHepUMEHTHI: JaH HeKuii mabop obopymoBa-
HUS, KOTOPOE MOXKHO HCIIOJIb30BATh B 9KCIEePUMEHTE, JaH 00HEKT
HUCCIAeNOBaHUS, cHOPMYJINPOBaHAa KOHEUHAA I1eJib, OMHAKO He Ja-
HBI YETKUE OJHO3HAUHBLIE MHCTPYKIUU, CIEAYA KOTOPBIM MOXKHO
OBLIO OBI JOOPATHCA 4O KOHEUHOM IIeJIU.

WNmenno mociaemuuii TUO SKCHePUMEHTANBHBIX TBOPUYECKUX
padoT B mMOAPOOHOCTAX paccMaTPUBAETCA Ha CTPAHUIAX KHUTHU.
PaboThl BTOTO THIIA «3aCTABIAIOT» YUEHUKOB CAMOCTOSATEJIHHO
WCKaTh IIyTH, BeAyllye K KOHEUYHOMY pe3yJbTaTy, paspadaTbl-
BaTh IIJIaH NEUCTBUI, YUYUTHIBATH BO3MOXKHOCTU IIPENOCTABJIEH-
HBIX TPUOOPOB 1 00OPYHOBaHUSA 1 MHOOMBATBHCSA IOJNYyUeHUS MaK-
CUMAaJIbHO BO3MOJKHOM TOUHOCTU He 3a CUET BBICOKON TOUHOCTHU
npuboOpoB, a 3a CUET TOrO, UTO BHIOPAH OINTHUMAJbHBIA METO.
U3MepeHu.

Taxue paGoThI MO3BOJAIOT YUEHUKAM PeaJi30BLIBATHL U pPas-
BMBATh CBOU TBOPUYECKHE CIIOCOOHOCTH, KOTOPbIe B APYTIUX BUAAX
yueOHO# MesTeIbHOCTH MCIOJIb3YIOTCA B MAJIO CTeIleHMH.



JACTDh 1

Ilpennaras cepuio sKCIIEPUMEHTAJIBHBIX 3aJaHUM OJIA IITKOJIb-
HUKOB 9—11 KjIaccoB, MbI CTABUM I[€JILIO JAaTh MM BO3MOXXHOCTDH
OCBOUTHL IIPOCTBLIE METOALI M3MEPEHWIl PasInUHBIX (PU3NUECKUX
BeJINYNH, HAYUYNUTh KOPPEKTHO (1 0e3 IpUBJIeUeHUS HeIOHATHBIX
MaTeMaTUYeCKUX METOIOB) OIleHMBATDH IIOTPEITHOCTY M3MepeHUH
W Ha 3TOH OCHOBe HCKATh ONTHMAJbHbLIE METONUKH U pPasyM-
HO OpPraHM30BBLIBATh 9KcIepuMeHT. [louTm Bce mpemjiaraeMbie
3alaHsg PacCUMTAHLI HAa IPUMeHeHUe IIpeelbHO IPOCTOro 000-
pymoBaHusA, BIIOJHE AOCTYIIHOTO AJA KabmHeTa GU3UKU B IITKOJIE.
TouHOCTDH MOJYUYAEMbIX Pe3yJIbTATOB HOJI:KHA JOCTUTAThCA B 9KC-
IMepruMeHTe 3a CUET yJauHOTo BLIOOpPA METOAUKHM, a He 3a CUET
IIpUMeHeH!uda (PAHTACTUUECKNM TOUYHBIX (M CTOJIb Ke JOPOTHX) 3a-
rPAaHUYHBIX IPUOOPOB. B GoNbIINHCTBE HpeaIaraeMblX padoT HeT
«HAUJIYYIIero MeTola M3MepPeHUuii» — TaKoW MeTOon OOLIYHO ObI-
BaeT NPOJMKTOBAH HAJIWMUYMEM 3apaHee COOpPaHHON XUTPOYMHOI
M3MEePUTEIHLHONM YCTAHOBKM, METOABI MOKHO IIPUIYMBIBATEH, KOM-
OMHUPOBATDH U CPABHUBATD II0 JOCTUTAaeMOM TOUHOCTU U YIOOCTBY
MIPOBEIEHUA HSKCIIEPUMEHTa — MMEHHO B 3TOM U 3aKJI0YaeTcs
CMBICJI 00yUYeHUA YMEHUI0 M3MepsaATh. Bo MHOTMX 13 mpejJarae-
MBIX 3324 He TaK JIeTKO JOAyMAThLCS He TOJbKO 0 ONTUMAaJIbLHOI,
HO 1 BOOOIe MO0 KaKOW-HMOyIb «paboTaiolieii» MeTOIAUKU —
TYT y Pa3yMHBIX W OBICTPO COOOPAa’KAIOMIMX IIKOJbHUKOB €CTH
SABHOE IPEeNMYIIeCTBO Iepel yUuTeJaaMu (aBTOPLI He MCKJII0UAIOT
M3 3TOH KaTeropuu U ceba — B CIIPAaBEeIJIMBOCTH IIPUBENEHHOTO
YTBep:KIeHUA OHM MHOTOKPATHO yOe:KIaaunch 3a CyMMapHBIe Ha
Bcex aBTOpoB 70 JieT pabGoOTHI ¢ ONAPEHHBIMU IETHMH).

Pa0oTsl mo MexaHUKe

IIpocThie n3mepeHusa

Paboma 1. H3meperue maccol, pasmepos u naAOmMHOCMU meJ

ITesns paboTbl — mpogesaTh HPOCTHIE M3MEPEHUS MAacChl U
pasMepoB TeJ, OIPENEeJUTh IIJIOTHOCTH 9THUX Tej. JdacTb Tesn —
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MIPOCTOM M MOPaBUJIbHOU (popMbI (IIMJAWHIAP, IapajiesenuIien),
YacTh — OPOM3BOJIBHOU (opmbl. Ha aTmx mpumMmepax mokasaHO,
KaK OIIeHUTh TOYHOCTDH ITOJIyUYaeMbIX Pe3yJabTaToB. PaboTa HOCHUT
TPEHUPOBOUYHLIN XapaKTep — HUKAKUX NPUHIUNIUAIBHBIX TPYX-
HOCTEe IpH M3MePEeHUAX HEeT.

ITpuGopsi: Bechkl u pasHOBeC, JUHEHKa MeTajInueckas (mepe-
BAHHASA, Ha XyJOM KOHeIl — IIJIacCTMAaccoBas), II0 BOSMOKHOCTU —
IMITAHTEHIIUPKYJIb, MepHaA MEH3YpPKa, HUTKU, COCYX C YUCTOM
Bomoii. Metamnuueckuii nmuiamnHAp (MOMKHO TPYy3uUK u3 Habopa
110 MeXaHWKe), JePeBAHHBIN ITapajljaeseluIies, IJIacTUKOBaA 1IN
MeTaJLInUecKasa (QUTrypKa HeIlpaBUJIbHOU (OPMBI — AJIA M3Mepe-
HUU IJIOTHOCTU MAaTepHaJIOB.

Brimosnnenune paboOThI: AJA TeJl IPOCTOH (POPMBI BBLIIOJIHE-
HUe MOHATHO W OMNMCAHO BO MHOKECTBE II0COOUIT — M3MEepPAIOT
pasMepbl M IO HUM PAaCCUHUTBHIBAIOT O0BLEM Teia (cpasy CTOUT
CKasaTh, YTO 9TO HE caMoOe pa3yMHOe pelleHHe AJA IoJyde-
HUS IPUEMJIEeMOII TOUHOCTU — OINTHUMAJIBHBIN METOI HU:Ke Oymer
OIIMCAaH), MAccy TeJa M3MepSIOT HIPU IIOMOIIU BECOB — TOUYHOCTh
U3MepPeHU MacChl IOJIyYaeTCs OUeHb BBICOKOI, Aajiee HAXOMAT
IJIOTHOCTBH TeJjla TPOCTBIM HesieHHMeM. [l Tenl HenmpaBUJIbLHON
(opMBI IIPAMbIe M3MEPEHUsS Pa3MepPoB I HAXOMKICHUS 00b-
€éMa He IIPOXOMAT — HYKHO BOCIIOJIB30BAThCA MEPHOU MEH3Yyp-
KOIi, IpaBia TOYHOCTh IPU 3TOM IIOJYYaAETCA TOBOJIHHO IIJIOXOM.
I'maBHAA IPUYMHA IJIOX0H TOYHOCTH — HETOUHOCTH OIpeeIeHU s
00Bb€éMa KaK MPAMBIM CIIOCOOOM — MIJIA TeJ HPABUILHON (POPMEI,
Tak M IIPU HOMOIIY IOTPy:KeHusa B Boxy (puc. 1).

nocne dsicmpoeo noc/ie MedneHHo20 do nozpyxeHus
noepyxerus ¢ BorHamu aKKYpamHo2o
noepyxeHus
Puc. 1

IToapo6wHO 0 TOUHOCTY M3MEePEeHUHN 1 BO3HUKAIOIINX IIPU TAKUX
M3MEPEHUAX ITOTPEITHOCTAX HAITMCaHO B pazzeie «IlorpemuaocTm» .
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Topmosa

Paboma 2. Ouenka pemenu peaKyuu IKCRepuUMeHRmamopa

Hemuoro crpammoe mo ¢opme 3agaHMe: OIEeHUTL BpeMs pe-
aKIUHU SKCIePHMMEeHTATOpa MPU IIOMOIIM IIPOCTEHIIero o0opymo-
BaHUS — JEePEeBAHHON IIKOJbHON JIMHEeHKU AauHoir 30 caHTUMeT-
poB. OmBIT ciieayeT IPOBOAUTL BABOEM.

Ha camom gmene s3amaHue MOMKHO IIOCTABUTL WM HMHAUYe — He
OrPaHUYMBATH SKCIIEPUMEHTATOPOB KOHKPETHLIM 3aJaHueM 000-
pPymoBaHUuA, IOCKOJBbKY BpeMs PeaKIMu TOBOJLHO MAaJ0 — OHO
cocraBiaser 0,1—0,3 ceKyHObI, 1 OOBIYHBIM CEKYHIOMEPOM W3-
MEepUTh ero Heab3d (MemaeT To Ke Bpemsa peaxnun!). JIubo
MIPUIETCA MOJb30BAThCA SJICKTPOHHBIM CEeKYHIOMEPOM, T00aBIIA
K HEeMY HeCJOKHbIe JJIEKTPOHHBIE WM 3JeKTPOMeXaHHUecKUe
MPUCTaBKU, JUOO HYKHO NMPUAYMATh UTO-HUOYIb HETPUBUAJbL-
Hoe. YcJIoBHE 3aJauy IIOCTaBJIEHO He OUYeHb JKECTKO — SKCIIe-
PUMEHTATOP MOXKEeT caM IIPEIJOKUTh OIIpeJesieHNe «BpeMeHU
peaknuu», IPpUCIOCOOeHHOe K MPUAYMaHHOMY UM METOIY 13Me-
peHuii. B mameMm ciayuae pasyMHO NIPEIJIOKUTH TaKOW BapUAHT:
3aMeTHUB KaKoe-TO cOObITHe (CTUMYJI), UeJOBEK NOJIKeH Ha Hero
OTpearupoBaTh, ¥ BpeMs 3alasgbIBAHUA MBI OyJeM CUHUTATDL HC-
KOMBIM BpeMeHeM peakinuu. KoHeuHO, BCE TYyT HYKHO cAeJaThb
Tak, 4TOOBI He J00ABUTHh K BpeMeHHU PeaKkIiuy HUUYero JIUIIHEro —
IelficTBUE 9KCIIEPUMEHTATOPA, KOTOPBIM OH pearupyeT Ha CTUMY.JI,
He JOJIKHO caMO 3aHMMATL 3HAUUTEJNLHOTO BPpeMeHUW — CKakeM,
TYT He TOAUTCA 3alNCh B JKypPHAJ HAOJIOMZeHUII BpeMeHU IIPUX0-
ma crtumyJia. IlpemymaraemMbIii aBTOPOM BapHUAHT BBITVIAANUT TakK:
IIOMOIITHUK AEPXKUT JUHEHKYy TaK, YTO OHA CBUCAeT BHU3, HPU-
YéM HYyJeBOe [ejieHre yIOOHO MMeTh CHU3Yy. JKCIEPHUMEHTATOP
IeP:KUT OOJBINON M YKasaTeJbHBIN HaJjell IpaBoi (J1eBoi — ecyu
OH JIeBINla) PYKU TaK, UTO HIKHHUIN KOHEI JUHEeHKM HaXOIUTCS
MeXKIy IMaJbllaMU U eMy JIETKO CXBATHUTDH IIaMaloIlyi0 JUHEHKY.
IToMOIITHUK HEOKUAAHHO OTIIYCKAEeT JUHENKY, S9KCIePUMEHTaATOP
3a)KMAaeT e€ OByMs IIajdbllaMM TaK OBICTPO, Kak cymeer. Jlu-
Helika ycHeeT IIPOJIeTeTh HEKOTOPOe PACCTOSHIE — er0 MOMKHO
M3MEePUTH 0 eé€ JKe AeJIeHUIM, YA00HO0 BHAUAJe MeP:KaTh HalbIlbl
HAIIPOTUB HYJIEBOTO AejieHUs JuHenKu. Ilo aToMy paccToSHUIO
oIpesesinM BpeMs HMaJeHusI, CUNTasa JBU:KeHUe JIMHEeHNKU paBHO-
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YCKOpPEHHBIM. BaKHO, YTOOGHI 9KCIIEPUMEHTATOD AEP:KAaJl TMaJbIlhI
mobauKe OpyT K APYTY, He Kacasach IIPU 9TOM JUHEHKHU.

BakHO MOHATH, YTO PE3yJAbTATHI TAKOI'O SKCIEPHMEHTA HYMK-
JaloTcAd B CTATHUCTHUYECKOl o0padoTke. OOBIUHOE pacCCTOSHIUE,
KOTOpoOe IIpoJieTaeT JuHelKa, cocraBaser 14—22 c¢cm, HO B UacTu
OIILITOB 9KCIEePHMEHTATOP, 3a3€BaBIINCH, BOOOIIE HE JIOBUT JIM-
HeMKy, a MHOTIA eMy YIa€TCA «IOACTePeUb» IIOMOIIHUKA U IIOH-
MAaTh JIUHEHKY IPaKTUUecKu cpasy. SIcHo, UTo HU TOT, HU APYTOi
pesyabprar He MMEIOT IIPSIMOI0 OTHOIIEHMS K BPEMEHM peak-
nuu (XOTA — KaK IOCMOTPETh!), TO9TOMY TaKue pPe3yJIbTaThl MbI
mpocTo oropocum. IIpoBenéM HOCTATOUHO AJIUHHYIO CEPUIO U3Me-
PeHMI — HEeCKOJIbKO JEeCSATKOB, OUeHb XOPOIIIO CAeaTh HECKOJIbLKO
cepuii, MEHASACh MECTAMHU C IIOMOIIHMKOM (pasyMeeTcs, pe3yJib-
TaThbl KAXKAOTO YYACTHUKA HY/KHO YUUTHIBATH OTAEJIbHO!).

Mogudurganum 3TOro OIbLITA MOTI'YT OBITh TAKMMU — HCIBITY-
eMBIf JEep:KHUT IJIa3a 3aKPBITBIMKA M JOJMKEH OTPearupoBaTbh Ha
3BYKOBOU CHUTHAJI, CHHXPOHU3UPOBAHHLIN C MOMEHTOM OTHYCKa-
Husa JuHeliku. CUTHAJIOM MOMKeT CIY:KUTh pes3koe M3MeHeHUe
YacTOTHI 3BYKOBOI'O CHI'HAJIa HJIM IPUKOCHOBEHME K €ero pyke.
Bo Bcex cayuyasix cpemHee BpeMs peakIlny OymeT IO IIOPAIKY
BeJIMYMHBI OOHUM ¥ TeM JKe, HO MOKeT OTIMYAThCA BechMa
cymectBerHo (10 50%).

Ha sToMm npumepe MOKHO 00BSACHUTEL pedATaM CIIOCOOBI YIyd-
IIeHUs TOUHOCTH OIleHKU M3MepPAeMOi BeJIUUYMHBI 3a CUET yCpen-
HeHHUsS «Pas3bpocaHHBIX» pPe3yJabTaTOB. B camom mesne — Oymem
[I0JIaraTh, YTO €CTh HEKOTOPOE XapaKTepHOe BpeMs peakrIuu
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ITaHHOTO DKCIEePHMMEHTATOpa M MHOMKECTBO (PaKTOPOB, KOTOpPBIE
WCKa'KaIOT pes3yJbTaT, OqHH (haKTOpPHI 3aHMIKAIOT, APyTrue — 3a-
BBIIIAIOT OIEHKY M3MepeHus. SICHO, UTO mpuM yCcpeSHEHUU 3Ha-
YUTEeJbHOTO YHCJIa W3MEepPeHUIl Mbl YMEHBIINM OIIMOKYy oIpe-
IeJleHUA WHTEepecyolleil Hac BeJnunHBI. Kyzna OoJsiee CIIOKHBIR
BOIIPOC — B KAKOU CTEeIleHM y Hac 5TO MOJYy4YUTcA. TOJIBKO IIpu
OIlpeleIEHHBIX (M MTOBOJHHO MCKYCCTBEHHBIX!) IIPEATIOI0MKEeHUIAX
0 XapakTepe BIHAIONINX Ha M3MepeHHe (PAKTOPOB MOKHO BTO
yaydIlleHne IIoCYUTaTh. B yacTHOCTH, ecau (aAKTOPOB MHOTO,
BINAHNE UX HE3aBUCHUMO U OHU HPUMEPHO OAWHAKOBLI IO BJIMSI-
HUIO Ha Pe3yJbTaT, UX CYMMY MOKHO CUHNTATH rayCcCoOBOIl caydaii-
Hout BenmuumHO#. IIlMpoko pacmpocTpaHEéHHBIE METOAbI pPacueTa
«CTaHIAPTHOTO OTKJOHEHUA CPEJHEro» OCHOBAHLI WMMEHHO HAa
Takoii momesu. Hackoabko oHa pasymua? Hy, ecau peub muér
0 Xopoireii J1a00OpaTOPHON YCTAHOBKE, TIMe IPUUYMHBI OOJBIINX
BO3MOXKHBIX OIMNOOK YCTPAHEHBI M OCTAJIMCHh TOJHLKO HEYCTPaHU-
Mble (QIIOKTyalluM, TO TaKas MOJEJb BIIOJHE IIOAXOIUT. A BOT
B «IIIKOJBHOM» SKCIEPHMMEHTE C He OUeHb TOUHBIMU U HUKOTHA
He IPOBepPseMbIMY IPUOOPaMU IPENIOJIOKEHIE O TaYCCOBOM CIIy-
YaflHOM IIOTPEIIHOCTY BOBCE He SBJSETCA Pa3yMHBIM M UYacTO
IIPUBOIUT K OUeHb 3aHMKEeHHBIM OIleHKaM HorpenrHocreii. B Ha-
IIIeM caydae u3MepeHUil «C JUHeHKo» caMa 1o cebe usmMepsaemMas
BeJIMYMHA He OUeHb YETKO OIIpe/iesieHa, II09TOMY MBI He BBIUMCJI-
eM IIOTPEeITHOCTh €€ M3MepPeHUsd, a MIPOCTO YMEeHbIIaeM BJIUIHUE
daxTopoB pasbpoca.

IIpounocTs HUTH

Paboma 3. H3mepeHue cunvt, He06x00umoti 01 00pbl8a HUMU

IIpu momoiu mpocToro 060pPyA0BaHUA — HeGOMBbIIONH TUPLKI
(100—200 r) 1 MUIITUMETPOBOII OyMaru onpenenuTb CUJIy, Heoo-
XOAUMYIO IJiA OOphIBa HUTH, KOTOpas TOXKEe, PasdyMeeTcsd, dKC-
IIepUMEHTATOPY BbBIAAHA, IPUUYEM B JOCTATOUHOM KOJIUUYECTBE —
2—3 merpa. EcThb emé ocTpo 3aToueHHBIN KapaHIalll, KOTOPBIi
MOKHO MCIOJIb30BATDh TOJBKO [IJIs PUCOBAHUSI.

IIpo6iema cocTOUT B TOM, UTO BeC Ipy3a ABHO HEJOCTATOUEH
IJIs 0OpbIBa HUTHU U HE OUEHb MOHATHO, KAK M3 9TOTO II0JIOKeHUS
BeIxonuTh. Keratu, mepBoIM geoM pebsTa mpeajiaraoT He OUeHb
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MOAXOMAIINE I KyJBTYPHBIX N3MEPEeHU BapuaHThl — BpaIaTh
TUPBKY C IIOMOIIBIO IIPUBA3AHHON K HEMl HUTHU B TOPU30HTAJIBHOM,
a TO U B BEPTUKAJIBHOM MJIOCKOCTU, YBEJINUYUBASA CKOPOCTH Bpa-
IIeHUs OO0 TeX II0p, IOKa HUTH He o0opBéTcs. Kak mpu sTom 6es
CeKyHIOMepa ONpenessaTh CKOPOCTh I'Py3a, HeACHO, HesAceH u 00-
Jiee Ba)KHBIA B JAHHOM CJIydae BOIPOC — KyZa IIOJETUT TUPbKa
mocJyie o0pbIBa HUTH. EIE OOUMH He OUeHb XOPOIIWil BapuaHT —
OTIYCKATh THPBKY C HEKOTOPOIl BBICOTHI, UTOOBI HUTHL pBaJach
IpH PEe3KOM ocTaHOBKe rpysa. TyT He oueHb fCHO, ueMy OyIer
paBHAa cuJia IIPW PBIBKE, — 9TO MIPUHIUONAIbHAA TPYAHOCTb IPU
TaKOM cIlocobe M3MEepPEeHMI.

WNpes nmpuemiaemoro BapuaHTa M3MEePEeHHUI OCHOBaHA Ha pas-
aoxxkenuu cui. IlogBecuM rpys K cepeimHe KycKa HUTHU 1 HAUHEM
pactaruBaTh KOHIIBI KyCKa B CTOPOHBI. IIpm paBHOBecuu TIpysa

cuja TSKeCTH YpaBHOBeEIIeHA BEKTOPHOM
i CYMMO# CHUJI HATAXKEHUSA C JBYX CTOPOH TOY-
Lo Ku moaBeca. MOXKHO H3MEPUTHb YIroJ, CO-
CTaBJIIEMBbINl YAaCTAMM HUTU C BEPTUKAJIBIO
(puc. 2), m mpoBectu BbIUMcaeHus: 27T X

X cos a=mg.
Puc. 2 Ha npakTuke ymoGHO IIPOBECTH BepPTU-
KaJIbHYIO JIMHUWIO IIOCPeAWHE W cAejaTh Ha
Hell OTMeTKH! IOoKHpHee, UYTOObI OHU OBLIM JIyullle BUAHBI. Pac-
TATUBATL HUTh OyJeM TaK, UTOObI OHA IIPOXOAUJIa Uepes3 IBe OT-
MeUYeHHBbIe TOUKYM — €CJIU JIUCT MUJLIMMETPOBKY y Hac Iepeq IJia-
3aMU U MBI PacTSTMBaeM HUTH Ha ero )oHe, TO BCE BUIHO OUEHb
xopomro. Ham Ke ocTaHeTcs TOJBKO He MPOIIYCTUTH OTMETKY Ha
BEPTUKAJIBHON IIPAMOM, 10 KOTOPOHU IIOAHAJCSA I'PYy3 Iepe CAMBIM
00pBLIBOM HUTH. Bce HeoOXOmMMEBIE OJIA pacuéra OTPE3KH OYyIyT
Ha MWLJINMETPOBKE, JJIA HaXOXKIeHUA KOCHMHYCAa yIjia BOBCE He
MMOHATOOUTCSA M3MEPATh TPAHCIOPTHUPOM CaM YTroJ — MOXKHO BCE
HAWTU II0 OTHOIIEHWIO OTPE3KOB, a WX MOMKHO HU3MEPUTH IPHU
IIOMOIIY HeOGOJBIIOTO0 KycKa TOH iKe MUJIJINMEeTPOBOII OyMaru.

Emé HecKoabKO cyllleCTBEHHBIX MOMEHTOB. IIpOYHOCTH HUTH
OYeHb CWJIBHO MeHfAeTCA M3-3a HAJWUYUA Ja’Ke HeOOJbIIHX Ie-
(hbeKTOB — ITOITOMY HE CTOUT IEIJIATH I'PY3UK HEIIOCPEICTBEHHO
KPIOYKOM K HUTHU (yZOOHO MCIIOIB30BAaTh I'Py3 ¢ KPIOUKOM M3 Ha-
0opa o MexXaHuKe), JIy4Ille CAeJaTh 13 KyCKa HUTU IPOMEKYyTOU-
HYIO TIETJII0 U3 HECKOJbKUX BUTKOB. He cTOUT 3aBA3BIBATH Y3€JIOK
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Ha <«OCHOBHOW» HUTH WJIHW TOPEIBAPUTEJBHO €€ PaCTATUBATH —
ycuame oOpbIBa MOKET CUJIBHO M3MEHUThCA. PacTArmBaTh HUTH
cJIeIyeT OCTOPOIKHO U He TOPOIIsACh, HO peluTeabHo. He rogurcsa
pacTaHyTh, He MOBOASA OO OOPHIBA, OTIIYCTUTH HEMHOI'O, 4 IIOTOM
yoKe IMOTAHYTH CUJIBHO, HEJIL3A U AEPraTh — Jake HeCUJbHO.

IIpu akkypaTHOM BBITIOJTHEHUU, TOBTOPEHUU ONBITA HECKOJIb-
KO pa3 M yCPeIHEeHHUH IIOJYUYEHHBLIX Pe3yJIETaTOB MOKHO IIOJIY-
YUTH COBCEM HEILJIOXYIO TOYHOCTH — BO BCSIKOM CJIydae, BIIOJHE
JOCTATOUYHYIO MAJIS CPaBHEHUS HECKOJbKUX PAa3HBIX HUTEH IO
aTOMy IapameTpy (KpacuBas IIOCTAHOBKa OIILITA: KaKasd HUTH
Jerue pBérca — Oejasi, UYépHAas WM KOPpUUHEBasa?).

Ha unee pasmokeHus: c MOKHO OCHOBATH M MHOXKECTBO JPY-
TUX 9YKCIePUMEHTAJbHLIX 3amau. IIpuMep — mporpagyupoBaTh
NPY:XUHKY (PEeSUHKY) I MU3MEePEeHUs Pa3JIUYHBIX CUJ, UCIIOJb-
3yA TOJBKO OAWH rpys3uK. IlpmMep BHIMOTHEHUA 3TOM PabOTHI:
IIOABECUM T'Py3 HAa HUTH, Ha HeOOJBIIOM PACCTOAHUU OT TIpysa
IPUKPEeINM K HUTH OJWH W3 KOHIIOB MNPYKUHKK U IIOTIHEM
€é B CTOPOHY, OCTABJIAS BCE BpeMs IOpM3OHTaJIbHOW. I'opusoH-
TAJIbHOCTh MPY/KUHKN U €€ yAJUHEeHWe MOKHO KOHTPOJMPOBATH
U1 U3MEPATHh IPHU IIOMOIIN KyCKa MUJLJIMMETPOBKH, VKPEIJIEHHOTO
Ha cTeHe.

AToT cmocod 0cOOGeHHO TOUEH HMPU MAaJIbIX CHUJIaX PACTAKEHUS
npy:xkuHKu. Ecau ke rpys JETKuUil, a IPYy:KUHKA Tyrasd U IpeaHa-
3HaUeHa JJIA CYIIeCTBEHHO OOJBIINX CHUJI, TO yA00Hee MOABECUTDH
rpy3 Ha NOPYKMHKE W OTBOAUTH €r0 B CTOPOHY IIPHU ITOMOIIHA
TOPM30HTAJILHO PACHOJOKeHHOU HUTKU. llepen Tem Kak maBaTb
MMOJOOHBIN SKCIIEPUMEHT ITKOJbHUKAM, II0JIEe3HO YIOMIHYTh (KO-
HEYHO, He IPAMO IIepes caMoii 3amadeii) 0 BOBMOKHOCTH MCIIOJIb-
30BaHUS PA3JIOKEHUS CUJ B IMIPAKTUYECKOU CUTyalluu — HAIIPHU-
Mep, pa3obpaTh M3BECTHYIO MPoOJieMy BBITACKMBaHUS OereMoTa
13 60JI0Ta IPU TOMOIIY IPOYHOI BePEBKU 1 PACIIOJIOKEHHOT0 P-
IoM mepeBa. Bes aToro moramathcs pebsaTaMm OymeT oueHb TPYIHO.

Bec kynropsl

Paboma 4. H3amepeHue 8eca Heb0bUL020 KYCcKa OYymazu

HWsmepurs Bec HeOOJBIIOT0 KyCKa MUJIIMMETPOBKU (MU Ky-
mopsl 10 py0). Mcmoabp3oBaTh MOKHO MOHETKY JOCTOHMHCTBOM
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Puc. 3

1 xomeiika (OHU ellé CYIECTBYIOT M MMEIOT Maccy poBHO 1 T),
KPYIVIBIH He3aTOUEeHHBIN KapaHAall M COOCTBEHHO KYCOK MMUJILJIN-
MEeTPOBOM OyMaru — OH JOJIXKeH MMeTh (QOPMY IPAMOYTOJbHUKA,
ero pasmep ymo6HO B3ATH 5 X 15 caHTUMETPOB.

IIpomme Bcero B3BecuTh KyCOK OyMaru Ha Becax, HO UX HCIIOJIb-
30BaTh HEJb3d — B CHUCKE 00OPYyAOBAHWA BECHI OTCYTCTBYIOT.
Hasimure MOHETHI U3BECTHOI MacChl IIOACKA3bIBAET CIIOCO0 C IIPHU-
MeHeHWEeM pblYara — HO B JAHHOM CUTyalluM HUUYETO IIOXOMKETro
Ha pBIYar HeT — KapaHJall IJIOXO MOAXOAUT AJIA 9TOM IeJaH, Aa
U IPUMEHATH €TI0 MOYKHO TOJBKO JJIA PUCOBAHUA — B YCIOBUU 9TO
CIenuaJIbHO OTOBOPEHO. EnMMHCTBEHHAA BeIllb, 13 KOTOPOM MOMK-
HO IOIIPo0OBAaThH CAEJNATh PhIUaKHBIE BEChl, — caM KYCOK OyMaru.
IIpaBma oH coBCceM MATKUI U THETCS — HO 9TO He 6eJ1a, ero MOMKHO
CJIOKUTH B HECKOJIBKO pas, cleJsiaTh IIOJOCKY U OTOTHYTH Kpas.
ITonyuuTcs sTakuii «IIBesjIep» U3 OyMaru — JOBOJBLHO JKECTKUI
U JETKuii. 9Ty IOJOCKY MOKHO yPaBHOBECUTL Ha IIajblie, HAa
KapaHjalie, Ha ellé ONHOM KOHCTPYKIUU, K3TOTOBJIEHHON U3
Oymaru, @ T. II. BalXHO TOJBKO TOYHO OTMETUTH IIOJOKEHUE
pAMOii, OTHOCUTEJILHO KOTOPOM HacTymnaeT paBHoBecue. Jlajbiie
MOXKHO IIOCTYIIUTHb TAKUM 00pa3oM: YKPEIIUTh MOHETKY Ha Kpaio
IIOJIOCKX U CHOBa €€ ypaBHOBecUTh. Bce paccTOSAHUA MOXKHO
U3MepATh OPAMO N0 MIJIJINMETPOBHIM OTMETKaM Ha IIOJIOCKeE,
cMellleHre OBYX OCell paBHOBECUA W IJIUHA IIPAMOYTOJBHOM ITO-
JIOCKM Jal0OT BOBMOYKHOCTDH PACCUUTATH OTHOIIEHNE MacC MOJIOCKU
¥ MOHETKH, T. e. HaliTM Maccy OyMa:KKu. PasyMeercs, IOJIe3HO
cllejlaTh HECKOJIBbKO M3MEPEeHUH MPU Pa3HBIX IOJOKEHUIX MOHEe-
THI OTHOCUTEJLHO ITOJIOCKMU.

Ha puc. 3 moxasambl cujabl, AeHCTBYMOIIMe Ha OyMAaKHBIN
IIIBEJLJIEP CO CTOPOHBI APYTHUX TeJ: MOHETHI, KapaHjaalla, 3eMJIN.
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Ecau cpaBHUTH pes3ybTaThl IPAMOTHO IIPOBEIEHHEBIX M3Mepe-
HUU ¥ Pe3yJIbTaT IPAMOr0 B3BEIIMBAHUS HA TOUYHBIX Becax —
IIocJie OKOHYAHUA PabOThI OUeHb II0JI€3HO0 BEIHYTh 13 ITKada Beckl
U OaTh pedATaM BO3MOXKHOCTDL OIIEHUTh TOUHOCTH MOJYUYEHHBIX
UMU pPe3yJbTaTOB, — TOYHOCTDH IIOJIyYAEeTCs AOBOJBHO XOPOIIEId,
MIOTPEIIHOCTb COCTaBJAeT Imopaaxa 3—5%. Boobiie mHTEepecHBI
cI0oco0bI, KOTOPbIe MOAXOIAT IJI B3BEIIHMBAHUS COBCEM JIETKUX
TeJ — 3€pHA puUca, TapakaHa — OTJeJbHAaA ITpodjeMa BO3HUKAET,
ecJid TapakaH elé KUB, — 1 T. II.

MaaTtHuk

Pa6oma 5. Hcenedosanue masmuuka

Hccnemosanme maTeMaTH4ecKOro M He BIIOJIHE MaTeMaTHye-
CKOI'0 MaATHHKOB. 3aJada COCTOUT M3 HECKOJbKHX OTAeJbHBIX
MaJIeHbKIX MCCJIeSOBaHUN: KaKue (DaKTOPhI BIUAIOT HA CKOPOCTh
3aTyxaHusd KoJjiebammii, Kak MeHseTCs IepUoI KoJebaHuil mpu
YBeJUYEHUU YIJIOBOM aMILIUTYIbl, KAK MOKHO IIOJYYUTH Xapak-
Tep 3aBHCUMOCTHU IIePUoa OT AJMHBI HUTH, €CJI He paspeliaeTcs
MMOJIL30BATHCA CEKYHIOMEPOM.

MaremaTuueckuit MaITHUK — 9TO a0CTpaKIusa, MOoaenb. [1pu-
OJMMBUTHCS K BTOM MOJENN MOYKHO, YMEHbIIasg padMephl Tejla Ha
KOHIle HUTH, yMEHbIIasdg MacCy HHUTU II0 CPABHEHUWIO C MAacCOH
TeJa, CHIMKAs 3aTyxaHume KoJsebanuii. MeHee MaccuBHAs HUTH
CuUJbHEEe PaCTATHBAaeTCSI B CPABHEHUHU C TOJCTON HUTHIO U3 TOTO
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JKe MaTepuaJia. YAJUHeHWe HUTU MeHsdeTcA BO BpeMs KoJjeba-
Huii. IIpu mpoxome rpysoM HUMKHErO IIOJOMKeHUS (IIOJ0KeHUS
paBHOBecus) IJMHA HUTH HAMOOJBINAT, a IPU MaKCHUMAJIbHOM
OTKJIOHeHUU OT IIOJOKEeHUSA PaBHOBECUA HUTHh MMeeT HaUuMeHb-
mryto aauuy. Ilepmon xonebaHuit (BpeMsa MeXKIy ABYMsI IOcCJe-
JIOBaTEJLHBIMY MPOXOKAEHUSIMH T'Py3a IOJIOMKEHUS PABHOBECUSA
B ONHY CTOPOHY) IPU YBEJIWYEHUU YIJIIOBON aMILINUTYIbI KOJIe-
0aHmMil yBeJIWYMBAETCS KaK A HUAEAJIBHOTO MAaTEeMaTHUYECKOTO
MaATHUKA, TaK W IJA PeaJbHOTO MAaATHHKA. [{oIoJHUTEIbHOE
yBeJMUeHUe IIepuofa peaJbHOr0 MasATHUKA IIPOUCXOIUT 3a CUET
pacTs:KeHUs HUTH, II09TOMY SKCIIePHUMEHTAJIbHO IMOJyUeHHasd 3a-
BHCHMOCTD IIeprojia KoiebaHWii OT aMILINTYIbI He BIIOJIHE COBIA-
JaeT ¢ M3BECTHOUM 3aBUCUMOCTBIO, OIMMCHIBAEMOM UMCTO KMHEeMAa-
TUYECKOU (POPMYJIOH.

Ha mepumome xomebGaHumii cKasbIiBaeTcsa W Tpenue. Ilpuume
[ 3aTyXaHUA KOoJeOaHUN HeCKOJIBKO — COIPOTUBJIEHE BO3AYXa
00BIUYHO JaéT Hambosbinuii BKaan. EIé omHol IpUYNHON yBeIu-
YeHUS 3aTyXaHUsS SABJISIETCA «Ep3aHUe» HUTU B TOUKe IIOABECA —
YKPEeILIATh HUTH CJIeAyeT aKKypaTHO, JOOMBAasCh IIOABECA B TOY-
Ke. BaiXHO ¥ TO, KAk NMPUKPENJEH K HUTU T'PY3UK, — U B 3TOM
MeCcTe MOJKET BBIIeJATHCSI Tello. Ho ecTh u Apyrue MPUYNHBI.
Kak cmenaThr MasgTHUK M3 HUTHU W T'PY3WKa, UTOOBI 3aTyXaHUe
MIOJIYyYUJIOCH TTOMEHBIIIe ?

IToroBopum 006 sToM HeMHOro mnoapoOHee. Poib compoTus-
JIEHUsI BO3[yXa MOXKHO CHUS3UTh, YBEJNUMWBAA KHUHETUYECKYIO
SHEPTHI0 CHCTEMBI 3a CUET YTAKEJEeHUs TPy3WKa U BBIOMpas
HUTH IOTOHBIIIE, YTOOLI CHU3UThH JOO0OBOE compoTusaenue. OmgHa-
KO IIPH 3TOM CHJbHEe BBIPAKEH eIlé OAUH (PaKTOP — TAMKEIIBINA
rpy3 3aMeTHO PACTATHBAET TOHKYI0O HUTh. PacTsakeHre HUTHU IPU
packaumBaHUU Ipy3a HepUOSUYECKU YBeJINUYNBACTCA U YMeHbIIa-
eTcs, U IIPU 3TOM BhIfeAeTcs TemaoTa. OueHb HHTEPECeH BOIIPOC
0 TOM, KaKoe OTHOIIIeHNE K U3MEeHEHNIO0 aMILJIUTYAbl IMEeT TaKoe
BBIIeJIEHUE TeIljla — Bpoje ObI 3TO BCE CUJIbI BHYTPEHHUE, U OHU
He MOJIKHBI BAUATL Ha Kojebanusa. C Apyroill CTOPOHBI, €CJIHU
TEIJIO BBIAEJAETCS, TO aMILIUTyAa 00d3aHa YMEHBIIAThCA — 9TO
cJeqyeT M3 3aKOHA COXpaHeHWA sHepruu. Kak paspemuTb 3TOT
mapamoxc?

Wpea monaATHA: TEIJIO BBIAENSIETCA B HUTHU HPU HAJIUYUU OT-
HOCHUTEJILHOTO ABMKEHUS 3aKPEIJIEHHOTO KOHIIA HUTH U I'PYy3UKa
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(B umealbHOM MASATHUKE PACCTOSHIE MEXKAY HUMH He TOJIKHO
usMeHAThCs!). Ecau mpuHATH 3a HAUaIo OTCUETA PACCTOSHUE
MEXKIy TOUKOM 3aKpelieHUs HUTH U IPYy30M B TOM CJIydae, KOTma
KoJIeOaHUsA OTCYTCTBYIOT, TO IIPU KOJIe6aHUAX PACCTOSHIE MEKIY
HUMHU PAacTEéT, KOTJa HUTh HATAHYTA C CHJIOI, OoJsblnelr mg,
U YKOpPauMBAaeTCs, KOrJa CHJa HATAKEeHUsS HUTU MEHbIIe mg.
IIpu sTOM I'py3 ABMIKETCS, ¥ BEKTOD €r0 CKOPOCTH U COCTaBJISAET
¢ HaIpaBJIeHHWEM [IeNCTBYIOIell Ha Hero CO CTOPOHBLI HUTHU CHJIBI
F yroj, He paBHBIH 90°, TO eCcTh MOIIHOCTb, Pa3BuUBaeMasi 9TOH
CHLJION (FD’), He paBHa HYyJI0. B cpemmem 3a mepuon pabora
9TOIi CUJIBI OTPUIlATENbLHA, TO €CTh 3allac MeXaHUUYeCKOM 9HepTruu
MasITHHKA C KaJKIBIM IepUOoIOM YMeHbIIaeTca. AKKypaTHoe pac-
CMOTpeHUte MTOBOJLHO CJIOMKHO — JIYUIlle OCTAHOBUTHLCSA BOBPEM:,
IIOKAa B 3TOM BOIIPOCE IIOUTH BCE SICHO.

ITpu TiIaTeIbHOM M3TOTOBJIEHUU TAKOTO MAasATHHKA 3aTyXaHe
mosiyuyaeTcs HeOOJBITNM — aMILIATyAa yMeHbIIIaeTcs BABOE 3a
20—30 koaebanuii. TyT MOKHO yCTPOUTH 3a0aBHOE COPEBHOBA-
HUe — KTO u3 pebAT caejlaeT MasATHUK C HAMMEHBIINM 3aTyXa-
HueM. PesyibTaThl JIeTKO HAOJIOZATHL IIPU IPSIMOM CPABHEHUU
cIeJaHHBIX MAaATHUKOB (CTOUT 3apamee OTOBOPUTH HPUOIM3U-
TeJbHYIO BeJIUUYUHY IIepuoaa).

Tounble M3MEpPEHUA MOMKHO IPOBOIUTH TOJILKO C TAKMM Ma-
ATHUKOM, V KOTOPOTO 3aTyxaHue Majo. [[i1a usmepenuii HeoOxo-
IUMO HUCIOJb30BaTh ceKyHAoMep. TouHOCTh M3MepeHUu# mmepuoaa
KojiebaHuii IIPU WCIIOJb30BAHUU OTHOTO-ABYX MIECATKOB Kojeba-
HUU IMOJYUYUTCSA XOPOIleii, ecJau pasyMHO IIPOAeIaTh U3MEepeHu .
Yro0BI CKOMIIEHCHPOBATH ONIMOKMN «HAaMKATUSA», IPUIETCSI OTBE-
CTU MasITHUK U OTIYCTUTHL €T0, IIOCJIe 3TOTO HaMKaTh CEeKYHIOMED
B MOMEHT HPOXO:KIEHUA HUKHEHN TOUKU (B 3TOM MHOJIOMKEHUU CKO-
poCTh MaKCHUMAaJbHA M TOYHOCTH (PUKCAIIMY MOMEHTA IIOJyYaeTcsa
HauJyuIneii), mocje 4Yero BBIKIATH 3aJaHHOE UYMCJIO IepPHOAOB
M OCTAHOBUTH CEKYHJIOMEp TOUYHO B TOIi Ke (asze KojaebaHuUii.
B sToM cayuae 4acTMYHO KOMIIEHCHPYETCsS OIIMOKAa, CBA3aHHAS
Cc BpeMeHeM peaknuu HaOmamomareas. Kpome Toro, ommuoKu OyayT
«PasjI0KeHbI» HAa HECKOJIbKO IIePHUOHOB.

Ecau e Hac umHTepecyeT He TOUHOe 3HAUeHMe IepHOJA,
a BIUSHUE IIapaMeTPOB MAadATHHKA Ha II€PUOJ, TYT BO3MOKHBI
usMepeHus m 0e3 MCIOJIb30BaHUS ceKyHmoMmepa. Crocob Taxmx
U3MepeHuil He OUeBUAEH, OJHAKO BIIOJHE JOCTYIIEH PasyMHOMY
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IIKOJBHUKY (B TOM CMBICJIE, UTO OH CMOJKeT He TOJBKO ero
MCIIOJIb30BaTh, HO M CAMOCTOSTEJIbHO 0 HEro J0AyMaThCs, BO3-
MOXKHO, C HeOOJBIIMMH IoAcKaskamu). Mmeio cmocoba Ipoiie
BCEr0 PacCMOTPETh Ha KOHKPETHOM IIpHMepe.

IIpenmosmo:xuM, UTO HAM HYKHO y3HATh, BO CKOJIBKO pas OT-
JUYAIOTCA MePUoAbl KoaebaHnii MAaATHUKOB IPU PA3INUUU IJIUH
uuteit Ha 10%. OguH 13 MAATHUKOB OyIeM CUMTATH OIMOPHBIM.
MaATHUK ¢ OJIUHHON HUTHIO IPU KOJIEOAHMAX OTCTAET OT MAaAT-
HUKA ¢ KOPOTKOI HUTHI0. HauHéMm cuéT Koaebauuii B TOT MOMEHT,
Korzma, Hampumep, 00a MasTHHUKA IIPOXOASAT CBOU IIOJOMKEHMUS
paBHOBecusI B OLHOM (pasze, — cunTaeM KoJieOaHUSA OIMOPHOI'O Ma-
ATHUKA OO0 TeX IIop, IMoKa (asbl KoJeOaHWM CHOBa He COBIAAYT.
IIpu sTOM UHCIO MEPUOJOB KOJIEOAHUI KOPOTKOrO0 MAATHUKA
OKaJKeTcsA Ha eNUWHUITY MeHbIlle M OTHOIIEeHNE IIePHOI0B Cpasy
Harigércsa. KeraTtu, He 0043aTeIbHO OTPAHNYUBATLCS PA3HOCTHIO
B OOUWH IIePUOJ — MOXKHO B3ATH U OOJIBIIIE, TYT BCE OTPAHUUEHO
TOJIBKO 3aTyXaHueM KojeGaHUii.

JtoT cmmocob obecreunBaeT OUeHb XOPOIIYI0O TOYHOCTh — 1 6e3
BCAKUX CeKyHIoMepoB. C ero moMoIbo MOKHO BLIACHUTD 1 BJIH-
AHNWEe YyBeJWYeHUs aMILIUTYAbl Ha mepuon (Majble KoJiebaHusa
MAATHUKA M30XPOHHLI, HIPU YBEJIWUYEHUUN YIJIOBOH AMIIJIUTYIbI
epuo yBeJIUUYHUBAETCSA, XOTSI M HEHAMHOTO — [JId M3MepeHUs
MAaJbIX M3MEHEHUH Ilepuofa IOHaZo0aTCA TOUHbIE M3MepeHu!d).
CoenaeM BHauajge ABAa OAUHAKOBBLIX MaATHUKA WM JOOBEMCHA XO-
polllero coBMAafeHUs IEPUOAOB MPU OAMHAKOBBLIX HAYAIBLHBIX
AMILTATYAaX OTKJOHEHWUS HUTEH OT MHOJIOMKeHUII PaBHOBECHUS.
Hemuoro usmeHasa AJUHY HUTU OJHOTO M3 HUX, OyJZeM OTBOIUTDH
UX OT MOJIOMKEHIS PABHOBECUA U OTIIYCKATh OGJHOBpPeMeHHo. Eciu
OOVH MasATHUK OTCTAET OT APYTIOr0, HEMHOTO YKOPOTHUM €T0 HUTh,
u T. A. ITocjie TOro Kak mMoJIyueHO XOpolliee COBIIaieHre IePUOA0B
IIPU OAWHAKOBBLIX HAUYaJbHBIX AMILIUTYAAX KOJEeOaHWI, MOKHO
OOVH M3 MASATHUKOB HCIIOJNL30BATHL B KAUeCTBE OIOPHOTO — OH
OymeT coBepIlaTh KOJeOaHUA ¢ HeOOJbITNMH aMILIUTyAaMu. AM-
IJIUTYAY KoJebaHWM BTOPOTO MAasATHUKA MOMKHO yCTAHaBJINBATD
MIPOM3BOJIbHOM (B Pa3yMHBIX IIpelejax — He cJeayeT OTKJIOHATH
HUTH OT BEPTHUKAJIM Ha TYIOW yroj, Tak Kak B 9TOM CcJydae
Hens30eKHBI DPBIBKM HUTH). YUE€HOEe Ha3BaHMWE TaKOro criocoba
N3MEepPeHNil — U3MepeHusd I0 «OMeHMsM», PasHble BapPHUAHTHI
TaKUX U3MEPeHUH OIMNCAHLI B JIUTEpaType.
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3J1elc'1‘pmlecmne H3MepeHUudA Ha IMTOCTOIHHOM TOKe

Ha onucaHHBIX HUKEe PAO0T mOoHAZo0UTCA HeOOIbIIOH HAO0OD
IprOOPOB U IPUCIOCOOJTIEHNHN, HUYETO 9K30TUYECKOTO NN Aedu-
IIUTHOTO TaM HeT. BaM mpuaércs, BO3MOKHO, HEMHOT'O IIOTPadbuTh
KaKoTo-HuUOYIb PaguoJIO0uTeNd, YTOOBI HAWTH HECKOJIbKO HYK-
HBIX PE3WCTOPOB, MAPy CAMBIX OOBIUYHBIX IIOJIYIIPOBOSHUKOBBIX
IVOJOB U IIOJYIIPOBOOHUKOBEIN cTaOMINTPOH. IIpoBoa u3 ciiaBa
C BBICOKUM YAEJbHBIM COIIPOTUBICHUEM — JIYUIlle BCEro, €CJIU 3TO
6yZeT HIXPOM!, — COmep:KUTCA B OOBITHOM 9JIeKTPOILINTKe. Ecian
BaM JKaJIb paboueil ciupaJii — IOUIIUTE 3aMacHYI0, OHA YacCTo
IIPOCTO JIEXKUT B OTHEJIbHOM IaKeTHKe. B KOHIle KOHIIOB, MOKHO
pasMoTaTh CIOMAHHBIA peocTaT. B KauecTBe MCTOUYHUKA TUTAHUA
ymoOHee BCEro MCHOJIB30BAThL OOLIYHYIO IIJIOCKYIO OaTapeidKy Ha
4,5 B, BmosHe MOJOMIAET M OOBIUHBIN IIKOJbHBIHA BBIIPAMUTEID
HA TaKoe JKe HaIpsKeHue. ¥ TaKUX BBIIPIAMUTEJEH dacTo ObI-
BalOT OOJIbIIME IMyJbCAIIUM HAIPSKEHUsS Ha BBIXOJE — B TAKUX
cayJYasixX II0JIe3HO MONKJIIOUYUTL HA BBIXOJ KOHIEHCATOP EMKO-
CTBI0O HECKOJIBKO COTeH MukKpodapan (a Jydiile B3ATH EMKOCTH
mobosbiie — mopAgka 1—2 TeicaYy MHUEKpodapan), MaKCHMAaJb-
Hoe pabouee HAIPAKeHNEe KOHIAEHCATOPA JOJIKHO OBITH BHIOPAHO
«C 3amacoM» — IJId BBIIPAMHUTE]S Ha 5 B Ha mpakTuke Hy-
sKeH KoHgeHcaTop Ha 10—15 B. Heob6xoanMbl MUJIINAMIIEPMET]
IIOCTOSHHOTO TOKA HAa 5 MUJLIHAMIIED, BOJILTMETP Ha 6 B, Muxpo-
ammepmetrp Ha 100 MUKpoaMIiep — 5TO MOTYT OBITH U OOBIUHLIE
«IITKOJIbHBIE» IIPUOOPHI, JIyUIlle BCEro B3ATH CTAHAAPTHBIN HAOOD,
BBIITYCKAeMBIH IJIA IITKOJI IIOCJeAHNEe HeCKOJIBKO JIET, — IIPUOOPHI
aTu 00JIaJal0T HEIJIOXOM TOYHOCTHIO, ¥ HUX yIAO0OHO IpOrpamyu-
poBaHBI MIKAJBI M CAMU IIPUOOPHI BBITIALAT HPUATHO, UTO IJIS
yciexa 9KCIepUuMeHTa TOKe HeMaJOBaKHO.

OueHb mOJIE3€H «MarasmH CONPOTUBJIEHUIT» — €CJI OH eCTh,
TO MOJKHO JejlaTh OUYeHb TOUHLIE M3MepPeHUsA Oake C JOBOJLHO

T1aBHOE [OCTOMHCTBO HHXPOMA He B TOM, UTO Y HETO BHICOKOE YAEIbHOE
COIPOTHBJIEHNE, & B TOM, UTO OHO BechbMa CJIab0 3aBUCUT OT TeMIIE€PaTYPhI.
IIpu yBenuuenuu temueparypsl or 20 °C qo 1150 °C yaenabHOe COIPOTUBIIEHNE
HUXpoOMa yBeiuumBaercs Bcero Ha 6%. Ilpu Takom ke M3MeHEHUU TeMIepa-
TYpPHI YAEJIbHOE COIPOTUBJIEHNE BOJb(pamMa yBeJIMUMBAETCA IOUYTH B 5 Das.
Taxum o6pasoM, JI000i1 HarpeBaTeJbHBIH TPUOOP C HUXPOMOBOH CIMPAJIBIO
MOKHO HMCIIOJIb30BATh B KaueCcTBe PE3UCTOPAa, COMPOTUBJIEHNE KOTOPOTO IOUTHU
He 3aBUCHUT OT IPOTEKAIOIIEro 1o HeMy TOKa.
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rpyosiMu mpubopamu. HemmpemeHHO mocrapaiiTech ero HalTum —
IIPY I'PAMOTHOM IIOCTAHOBKE OHBITOB MOKHO HMOJYYUTH TOUHOCTbD,
oIpeedeMyl0 CaMbIM TOUHBLIM K3 BaIllUX IIPUOOPOB, — a na-
JKe IPOCTOM M NeIIEéBhIil MaraswuH COIPOTHBJECHUI o0eclieunBaeT
TOYHOCTH YCTAHOBKM COIIPOTUBJIEHUSA He XY:Ke OeCATBIX NOoJei
mporeHTa. [[J1s TIpoBepKU IOJYYEHHBIX B DKCIIEPUMEHTE PEe3yJb-
TATOB II0JIE3HO UMETh XOTsA ObI IPOCTOM IIPPOBOIH TecTep, HO AJIs
caMHUX SKCIIEPHMMEHTOB OH He HYKeH.

Pe3ucropsl

Paboma 6. H3mepeHue conpomuaaeHull pe3aucmopos

B pabore TpebyeTca M3BMEPUTH C MaKCUMAJIbHO BO3MOKHOM
TOYHOCTBHIO COIIPOTHUBJIEHUA HECKOJBKUX BHIIAHHBIX PE3WCTOPOB.
IIpo6Giema — B cKygHOM Habope M3MepHUTEIbHBIX Ipubopos. Hc-
IMOJB3YIOTCA: MCTOUHUK nuTauua 4 B uau Garapeiika 4,5 B (Ha-
IpSKeHNe CUUTAeTCA HEM3BECTHBHIM — pas3Be UTO OYeHb IIPHMep-
Hafd BeJINUMHA), MIJIJINAMIIEPMETP C TOKOM IIOJTHOTO OTKJIOHEHU S
5 MA (OJA TOMHOTHI KAPTUHLI MOMKHO U 3Ty BeJIUUYNHY He 3am1a-
BaTh — CKa3aTh, HAIIPUMED, UTO STO He MUJLJIMAMIIEDPhI Ha ITKaje,
a yCJOBHBIE E€IWHWUIILI), NBA PE3UCTOPa C TOYHO M3BECTHBHIMU
conpotuBiaeHuamu (Hanpumep, 2450 Om u 4640 OM — UX MOKHO
3apaHee MOMEPUTh IUQMPOBLIM IIPUOOPOM), OTPAHUUUTETLHBIH
pesuctop npudbausureabuo 100—200 OM — yKaKuTe CTPOro-Ha-
CTPOTO, UTO €TI0 WCHOJB3YIOT IJId OTPaHMYEHWSA TOKA B Ienu,
yTOOBI MUJIINAMIIEPMETP OCTAJICA IleJ WM He ObLI MOBPEXAEH
HCTOYHUK nuTaHusa. Padymeercs, npoBoxa. I camu pes3ucTopsl,
KoTopble HYy:KHO momMepuThb: 1 kKOm, 10 kOm, 50 kOm u 200 Om.
9Tu BeJIMUYUHEI 3aJJaHbI TYT OY€Hb IPUMEPHO — BO3bBMUTE TO, UTO
cyMeeTe o00paTh.

Yrkasanus no npogedernuro pabomosi. Huuero He mMOACKa3BI-
BaiiTe — CMBICJ PabOThHI MMEHHO B TOM, UYTOOBI IPUAYMATDL CIIOCO0
u3MepeHuii «0es HUUEero» — HU HANPIKeHUs, HU TOKa u3Me-
puTh Heab3sA (HAIIOMHMM, UYTO HPUOOPHI OUYEeHb HeuAeaJbHBIE
U IIOJHOE COIPOTUBJIEHMWE Il HEeM3BEeCTHO). BbIgaHHBIE aBa
pes3ucTopa MO3BOJIAIT IPOTPaNyHupPOBaTh IIKAJTY UMIIPOBU3UPO-
BAHHOTO OMMETPA — COENUHSIEM IIOCJETOBATEILHO «B KOJBI[O»
WCTOYHUK MMUTAHUSA, OTPAHUYUNTESIbHBIA PE3UCTOP, MUJJITAMIIED-
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MeTpP W H3BECTHBLIN Pe3’CTOp M OTMeuaeM Ha INKajge Ipudopa
TOK, KOTOPBHIH COOTBETCTBYET COIPOTHBJIEHUIO DTOTO PE3UCTOPA.
VnobHO Ha MUJJINMETPOBOII GymMare HapHUCOBATH OTHAEJIBHO OT
MUJLIAMIIEpMeTpa IIKaJIy M OTMEeTKHU JeJIaTh MMeHHO Ha Heil —
y camoro mpmbopa CTeKJ0 MellaeT. BrlmaHHBIE JBa pe3nCTOpa
IIO3BOJIAIOT ITOJYUYUTHh YEThIPE OTMETKM: KaXKIBIH PEe3UCTOP OT-
IeJIbHO, MapaJlieIbHO COeTNHEHHBIC PE3UCTOPHI (COIPOTUBIIEHIIE
paccumThIBaeM II0 M3BECTHOHM (hopMyJse), IIOCJIeLOBATEIbHO CO-
eINHEHHBbIE PE3UCTOPhI. BeJIMUYMHBI COIPOTUBJIEHWIN BBIIAHHBIX
pe3ucTopoB BHIOPAHLI TaK, YTOOBI BCEe UETHIPE OTMETKU IIOIIAIu
Ha IKaJy (BO3MOKHO, OBLIO OBl U «3aIlKaJIMBAHUE» IPHU Hapai-
JIeJIbHOM COEeIUHEHUMN).

Temepb MOXXHO IMOAKJIIOUATH HEM3BECTHLIE PE3UCTOPHI U CMOT-
pers Ha Hamry miaay. Ilpu Beanunuax 1 u 10 kOM MBI momagém
HeJaJIeKO OT WM3BECTHBIX OTMETOK, M MOMKHO OyIeT «B yMe»
clejaTh WHTEPHOJIANNIO WM SKCTPAIOJAINI0. JOTO BIOJHE pa-
3YMHBIH, XOTS M HETOUHBIHA CII0CO0 — ero MOKHO YJIYUIIHUTD,
clleJiaB JOMOJHUTEIbHBIE OTMETKY Ha INKaJe IPU ITOMOIIY HOHIT-
HOU (hOPMYJIBI

U U

I= = .
Roﬁu.( Ro + R,uon

ITo u3BeCTHBIM ABYM TOUYKAM JIEI'KO PACCUMTATEL He 3aJaHHBIE
HaMm U m R, — COIIPOTUBJIEHHE <«OCTAJbHOM» IIeIld, KOTOPOe
BKJIIOUAET BHYTPEHHEe COIPOTHUBJIEHNE HNCTOUHUKA, OTpaHUYU-
TEJLHBIA PE3HCTOP, COIPOTHBJIEHNE MPOBOJOB M COOCTBEHHOE
CONIPOTHBICHNE MULInamiepmerpa. Ilociae 3Toro MoOKHO u3Me-
PATE.

OTmenbHO HY:KHO 00CyauTh naMepenus ¢ pesuctopamu 200 Om
u 50 KOM — HepBbIA BLHIBOBET OTKJOHEHHUE 3a IIpelesbl ITKAaJbI,
BTOPOM [ACT COBCEM MAaJioe OTKJIOHEHNEe CTPeJKM B Hadaje IIKa-
JIBI, 1 HUYETO OIPeAeIEHHOTO CKa3aTh OymeT Helb3sd. BeIiiTu us
3aTPYAHUTEIHHOIO IIOJOMKEHNS 1 [OMIACTh HA N3BECTHLIN YUACTOK
IIKAJbI MOXKHO TakK: [IJA HN3MEPeHUs MAaJOro COIPOTHUBICHMUS
MBI COEIMHUM €ero IIocjiefoBaTeJbHO C pesuctopom 2450 Owm
M IIOJYYMM HOBYIO OTMETKY HA IIKaJie, OOJIBIION e Pes3HcTOop
IMOAKJIIOUMM IapaJLIeJIbHO K COeQUHEHHBIM IIOCJIEI0BATEIbLHO 13-
BECTHBIM pesucTopaM. [[Jid yBeJIWUYeHUsT TOUHOCTU U HOJYUEeHUS
0oJiee onpeneIéHHBIX OTCYETOB MOXKHO IIPOBECTH OJHO 34 APYIUM
IBa M3MePeHUus — IIPUCOEeNUWHAS HEM3BECTHBINA pPe3nucTop M He
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IIPUCOEeNUHAA, IIPU 9TOM JIyUllle BUJHA HeGOoIblIasa pasHuIla B OT-
cuétax. HTEepecHO O0OCYIUTHh C YUAIIMMUCSA BOIIPOC O TOUHOCTHU
IMOJYUEeHHBIX Pe3yJbTATOB — Pas3jNUHble Pe3UCTOPLI M3 Habopa
HEM3BECTHLIX MOTYT OBLITH M3MEPEeHBI B HAIlleM CJIyJYae C OUeHb
Pa3JINYHON TOYHOCTBIO.

Emé onuu Ba:KHBINE MOMEHT B 3TOM paboTe — TYT BUJAEH CMbBICJI
B IIapajlieJIbHOM, IIOCJIEeNOBATEJIbHOM M KOMOMHHPOBAHHOM CO-
eINHEHUN PEe3UCTOPOB, 9TO ¥ B CAMOM [lejie MCHOJIB3YeTCA IJIs
MOJIy4eHU A MPAKTUUYEeCKUX Pe3ybTaToB. W emeé: Ha 9TOM IPOCTOU
paboTe BUIHO, KAaK CUJIbHO OTIMYAIOTCA IPYT OT APYyra TOUHOCTH
KOHKPETHOTO u3MepeHusd (1 Ipeaesbl IIOTPEITHOCTH) U paspela-
IOIasg CIOCOOHOCTh MpPHOOpPa — IIOTPEITHOCTh +5% IOJIHOCTHIO
IIOTJIOITaeT Pa3HUIy Pes3yJbTATOB IIPU IIOCJEeTOBATEJIbHOM IIOA-
KJIIoUeHun MajieHbKoro pesmctopa 200 OM B coOGpaHHYIO Iiellb,
HO pasHMUIla BUAHA, U OHA BOCIIPOM3BOIMMA — 9TO IIO3BOJISIET BCE
JKe HAWT! BEeJIUYUHY COIIPOTUBJICHUA.

B mamiem skciepuMeHTe MBI He HCIOJL3yeM MUJLINAMIIEP-
MeTp Ha 5 MUIIMaAMIIEp — 9TO KaK ObI COBEPIIEeHHO HOBBIA HPHU-
00p, KOTOPBIH MBI TYT K€ KaJIuOpyeM II0 M3BEeCTHBLIM PEe3UCTO-
paM, ¥ TOYHOCTL M3MEPEHUIH OoIpelnesideTcd MMeHHO BOCIPOU3-
BOAUMOCTBHIO Pe3yJbTaToB. Ecium OBl HOTPENIHOCTh H3MepeH!i
oIpefesnsdajach TpeHHeM B ymopax (Kak u ObLI0 B IpuOopax
CTapbIX KOHCTPYKIIMIi), TO CTpeJKa IOpPU KaKIOM HN3MEepeHUU
MOTJIa 3aCTBITh T'Ie YroOHO B IIpelesaX HEeKOTOpoil obiactu (eé
Ha3bIBAJI «3aCTOMHOM»), U 3TO COBEPIIEHHO MCIIOPTUJIO OBl HaM
BCIO BBIOPDAHHYIO METOAMKY. B COBpEMEHHBIX CTPEJIOUHBIX ITPHU-
0opax paMKa CO CTPENKOH «IIOABEIIMBAETCA» Ha PACTIHYTBIX
JIEHTOUKAaX, II03TOMY CyX0€e TPeHUe B YIOPaX IIPOCTO OTCYTCTBYET
U Pe3yJbTaThl HECKOJbKUX M3MEPEHUHA MIOUTH He OTINUYAIOTCS
IPYr OT apyra (IPUUYMHONM OTIMYUSA MOKET OBITh IIOCTEIIeHHOe
YXyAIIeHWe CBOMCTB UCIIOJIb3yeMOil OaTapeiKyu WM IJI0XUe KOH-
TaKThl COEUHUTEIHLHBIX IIPOBOIOB).

Boasmme compoTuBiaeHNA

Paboma 7. H3mepeHue 601bWUUX CONPOMUBIEHUIL

OGBIUYHBIMU cIOcOoO0aMU (HaIpuMep, METOAOM BOJbTMETpa-aM-
rnmepMeTpa) TPYAHO H3MEPATH COIPOTUBJIEHUS, BEJIUUYUHBI KO-
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TOPBIX MPEBBIIIAIOT NECATKA MUWJIJIMOHOB OM JIMOO COCTABJIAIOT
JOIU OoMa — eIUHUNBLI oM. TyT HY:XKHO 60 NMPUMEHATH OUYEHb
YyBCTBUTEJIbHBIE TIPUOODPHI (a Te UX B3ATH?), JubOO UTO-HUOYIH
npuaymarsb. [lompobyem BTOopoe. IlocTaBuM 3aauy KOHKpDETHeeE:
UMeeTCsI B HAJIWUNM DPE3UCTOD OYEHb OOJBIION BEJIWYUHBI —
MIPEAIIONOKUTEIbHO HECKOJIBKO COTeH Meraom. IIpm mopkiioue-
HUU ero IOCJIeJOBATEJIbHO C CAMBIM UYYBCTBUTEJHLHBIM HAIIUM
IprOOPOM K MCTOUHUKY TOK M3MEPUTh He yaaéTcsa. MoKHO ObLIO
OBl YBEJWYUTH HATPSKEHNE HCTOUHUKA IO HECKOJBKUX COTEH
BOJIBT, OJHAKO TYT HAaC MOJKET IIOJICTeperaTh KpaillHe HeIpUAT-
HBIM CIOPIPU3 — HAIl PE3UCTOP MOYKET He BBIIEDKATh TaKOTro
BBICOKOTO HANPSKEHUSA U <«IPOOUTHCA», T. €. CTaTh Ha Bpe-
M — WJIV HaBCeT[a — OUeHb HeOOJILIINM 10 BEeJIUUYUHE, CO BCEMU
BBITEKAIOIIUMU TOCJEACTBUAMU JIA U3MEPUTEJIHHOTO IIpubopa,
WCTOYHUKA MUTAHUSA M CAMOTO dKcHepuMeHTaropa. Ha mpakTuke
UL TAaKUX U3MEPEHUI MCIOJb3YIOT CIelnaIbHble MCTOUHUKY —
OUYeHb MaJOMOIIHBIE, He YMeIOIle Pas3BUBATh CKOJBKO-HUOYIH
3aMEeTHBIN TOK B Harpyske (py4HbBIE 3JIEKTPOTEHEPATOPhI — «MH-
OVKTOPHI»), HA WX OCHOBE U [IeJAiOT HPUOOPHI AJA M3MEepPeHUs
0OJIBIIIMX COMPOTHUBJIEHUN (METraOMMETPHI), UCIIOIb3yeMbIe 00BIU-
HO JJIsI UBMEPEHUU COIPOTUBRIEHNUA U30JIAINU, KOTOPOE B Ueae
BOOOIIIEe TOJMKHO OBITh 0ECKOHEUHBIM.

Ecniu y Hac B (pusumueckoM KabuHeTe TaKUX IPUOOPOB HeET,
HYKHO IPUAYMATh YTO-HUOYAL Apyroe.

HWcnonp3yem ajia msmepeHu KOHIeHcAaTOp. Bo3bMEM KOHIEH-
caTop € MOCTATOYHO OOJBIION €MKOCTHIO M XOPOIINM KaueCTBOM
IVSJIeKTPUKA — BIIOJHE MOJONIET KepaMUUYeCKUHA NI « MeTaJLIo-
OyMasKHBIN» (caMbIii OOBIUHEBIN!) KOHAeHcaTop Ha 1—2 MUKpO-
dapagpi. 3apagum ero oT OaTapeiKu, OTKJIIOYUM OT Heé M IIOA-
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KJIIOUYMM K HeMY YyBCTBUTEJNLHBIM MuKpoammepmerp. CrTpeika
MUKpPOaMIIEpMeTPa OTKJIOHUTCS M OBICTPO BEPHETCA HA MECTO.
OKasbpIBaeTCs, «0TOPOC» CTPEJIKW OIPEeIsAeTCs MPOTEKIINM II0
nenu s3apagoM («OaIMCTHUYECKHUil» pPeXuM mpubopa — MBI ero
TOJKHYJIU, a Oajbllle CTPeJiKa ABUKETCSA II0 WHEPIUU), eCJIU
TOJTYOK OBLJI OUeHb KPATKOBPEMEHHBIM U IBU/KEHUE ITPOUCXOIMIIO
B OCHOBHOM II0 mHepIuu. Teopus Takoro pexkuMa OUeHb IIOyUu-
TeJbHA, OAHAKO MBI 00 3TOM TOBOPUTH He OyZeM — HaM BIIOJIHE
JOCTATOYHO TOTO, YTO MBI CMOYKEM MOJIYIUTH B IPOCTOM dKCIEPHU-
MeHTe: 3apsKas KOHAeHCATOP A0 Pa3HBIX HAIIPSIKEHUI, CDaBHUM
BeJIMYMHY OTOpPOCA CTPEJKU U yOeAUMCs B IIPOIOPIHNOHAILHOCTH
9TUX BeJWYUH. 1A TaKMX W3MEpEeHUIl [OeJIaloT CIeluaIbHbIe
IpuOOPhl — OAJINCTHUUECKIEe TaJbBAHOMETPHI — Y HHUX CTPeIKa
(uacTo y HUX CTPeJKH HeT, a AJIA OTCUETA UCIIOJIb3yeTCs CBeTOBO
«3afUMK») BO3BpAIllaeTCsA Ha MECTO OUeHb MEIJIeHHO, X OTCUET
JIETKO IIpom3BecTH. A OOBIYHBIX MHUKPOAMIEPMETPOB BTO HE
Tak, IPUXOAUTCA MPUMEHATH CIIeUaJbHbIe MepPbl — HapuMep,
3aropasKmBas YacTh IIKaJbl OyMaKKoii, TOOUTHCA TOTO, UTOOBI
CTPeJIKa TOJBbKO-TOJBKO BBINIPBITHBAJIA U3-3a HEE; IIPU 3TOM MBI
BUAVM MMEHHO IIOJIe3HBIN pPe3yabTaT, U3MEePeHUH NPUmETC IPo-
BECTH HECKOJIbKO, UTO U CaMo II0 cebe OUeHb II0JIe3HO.

OueHb MMOJIE3HO YOEOAUTHCA B TOM, UTO OTOPOC CTPEJNKU IIPO-
IMOpIIMOHAaJIeH UMEHHO 3apsaay KOHIeHcaTopa, a He IIPOCTO HaIlps-
JKEHUIO, 10 KOTOPOTO OH 3apsKeéH. [ 5TOro MOMKHO HCIIOJIb30-
BaTh eIl€ OAWH KOHAeHCATOP — JYYIe, eCJIN ero EMKOCTL OyIeT
pasa B gBa Ooibiile, ueM y mepBoro. Hy:KHO CpaBHUTH OTOPOCHI
CTPEJKN TIPU pas3psaiKke KayKIOro KOHJeHcaTopa B OTAEeJIbHOCTHU
¥ IPU HapaJLIeIbHOM UX COeTMHEHUN — €CJU BCE MPABUJIBHO, TO
0oTOpOC B 3TOM cJyuae OyAeT ¢ pa3yMHOII TOUHOCTBIO PABEH CyMMe
0TOPOCOB /I KaXKIOTO M3 KOHIEHCATOPOB.

Buumanue! OueHb M0JI€3HO IIOTOBOPUTH PO OATITUCTUYUECKU I
MeTOoJ 3apaHee — OH OyZeT OUeHb II0JIe3€H II03Ke, C er0 IIOMOIIBIO
MOXKHO M3MepsaTh He TOJBKO €MKOCTh KOHJIeHcaTopa, HO U WH-
IYKTUBHOCTD KATYIIKW, MHAYKIINI0O MATHUTHOTO TOJA U APYTHUe
UHTEePEeCHbIe BeJIUYNHBI.

A Temeph PO caMu uU3MepPeHUsa. 3apAIuM KOHIeHcaTop He-
CKOJIBKO pa3 W IIPOBEPUM, UYTO OTOPOCHI CTPEJKH OJNHAKOBHI.
Tenmepb oueHb BayKHAs YacThb PAOOTHI — 3apAAUM KOHAEHCATOP
U OCTaBUM €ro B IIOKOe Ha HECKOJbKO MHHYT, a IIOCJIe BTOTO
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U3MEPUM OCTABIIMICA 3apsan. ¥ XOpOIIero KOHJeHcaTopa 3apsn
MeHsieTcss MeHbine yem Ha 1—2% 3a 100 cexynn. Ecam Bamr
KOHIEHCATOp 3aMEeTHO Xy:Ke, JIydllle B3ATh APYIrol, IMPUBEIEH-
HbIe BBIIIE YKCJIA BIIOJHE TUIHUYHBI IJII OOBIUHBIX «OyMasKHBIX»
U KepaMHUYeCKMX KOHIEeHCATOPOB (OOBIUHBIX — IIOTOMY UTO €CThb
1 HeOOBLIUHEIE, C OUeHb XOPOIIUM AUIJIEKTPUKOM, HaOpuMep Ha
ocHOBe (pTOopoImjiacTta, KOTOPBLIE <«Aep:KaT» 3apsan MecAalaMu —
ecin BO3AyX cyxoii). I makoHell, 3apsaauM KOHIEHCATOD, 3aTeM
IaguM eMy Ilepel M3MepeHUeM Pas3paKaTbCs HECKOJbKO CeKYyH]
(BpeMsa wu3MepseM OOBIYHBIM CIOCOOOM) Uepes3 HAIl Pe3UCTOP
¥ TOCMOTPHUM Ha pe3yJbraT. Bpemsa paspamga momdbepéM MeTo-
IOM Ipo0 TakMM o0pasoM, UTOOBI KOHAEHCATOP 3a 9TO BpPeMA
paspskanca Ha 30—50% (cammKOM MaJio — IJIOXO OJS TOY-
HOCTH U CJIUIIIKOM MHOTO — TO:Ke). Temephb MOXKHO PacCcUUTATH
COIIPOTUBJIEHUE: IMYCTh AJIA OIPeeJeéHHOCTH KOHIeHcaTop 2 MKD
paspaguica Ha 40% 3a 50 cexyun. Torma cpemuuit TOK paspsna
oIpefeigeTcsA IIPUMEPHO Uepes MoJyCYMMY HauaJlbHOT'O U KOHeu-
HOTO HAIIPS:KeHUH KOHIeHcaTopa:

Usp 0,8-Up

0,8-Up-At
Icp: R R ’ -

R

AQ=1 -At= =0,4-C-Uy.

Orcioga onpeznenum Bennuuny R=2-At/C=50 MOwm. Pacuér
9TOT UPUOIMKEHHBLIN — Uepe3 CpefHUI TOK paspsama. MoKHO
IIOCYUTATh U TOUHEe, HO CMbICJIa HET — U3MEPEHUs STU BLICOKOI
TOYHOCTH He JaloT, IIOSTOMY M YTOUHEHMNE pacuéTa HUUYEero He
mact. PasyMeercsi, 3TO CIIpaBeAJNBO s paspAaa Ha HeOOJIbITY0
IOJIIO: ecIu KOHJIeHCcaTop OTHAcT, cKaxeM, 80% cBoero sapsza,
omrmOKa pacuéTa cTaHeT HeJOIYyCTHMO OoJibinoii. MoKHO BecTu
pacuér m mo TOUHOH dopmyse c JorapudpmMaMi, ecau pedsaTa
3HAIOT, YTO 3TO TaKoOe.

flcHo, UTO TaKo CII0CO0 ITOAXOAUT B TOM CJIyuae, KOTIa COIpo-
TUBJIEHWE M3O0JISINN CYIIeCTBEHHO BEIIIE M3MEPSIEeMOro, OJHAKO
1 B 0OpaTHOM CJIyyae BOSMOXKHEI (IOBOJBHO I'pyOblie) U3MepeHus.
OueHb XOPOIIO HOAXOAUT dTOT CIIOCOD MJIs M3MepeHusd «00paTHo-
TO TOKa» IIOJYIPOBOIHHUKOBOTO AMOAA — TOK 9TOT HE MEHSETCs
3aMeTHO IIPM CYIIeCTBEHHBIX M3MEHEeHUSIX IIPHJIOKEHHOTO Ha-
IPAKEHUSA, U MOXKHO CUMTATh, UTO KOHAEHCATOP PaspaKaeTcs
MIPaKTUYEeCKHU IIOCTOSTHHBIM TOKOM. IIpoGyiemMa cocTOUT B TOM, UTO
Y COBPEeMEHHBIX MAaJIOMOIIHBIX KPEMHUEBLIX OMOMOB BeJIWYMHA
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o0paTHOTO TOKa OYeHb MaJyia (OHAa MOXKET OKa3aThCA MEHBIIIe
COTOM MOJIM HaHOaMIIepa), W HY:KHO JIn00 OpaTh OUeHb XOPOIIHnii
KOHJIEHCATOP, JU0O0 OTPAHUUUTHCA CJIyYaeM M3MEPEHUdA MPU I0-
BBIIIIEHHBIX TEMIIePATypaxX — B STOM cJydae oOpaTHbIe TOKH BO
MHOTO pas 0oJbliie.

Tounsie n3MepeHNA

Paboma 8. Tounoe usmepernue conpomusieruil

Hy:xH0 uaMepuTs mIOTOUHEe COIPOTUBICHUSA IBYX-TPEX Pe3u-
CTOPOB, BEJIHWYMHBI COIMIPOTUBJICHUII KOTOPBIX JEKAT B IIpefeax
oT coted OM 1o mecaTkoB KOM.

[ 9TuX M3MepeHuil HaM IIOHATOOUTCSI MArasuH COIPOTHUB-
Jeunii. Emé OyayT HY:KHBI HECKOJbKO PE3HUCTOPOB COIPOTHUBIE-
HueM coTHU OM — eguHUIBI KOM, UCTOUYHUK IIUTAHUSA U YYBCTBU-
TeJbHBIH MUKpoaMiepMmerp. OTMeTHM, UTO BeJIUUYNHBI COIIPOTHUB-
JeHUI BBIJAHHBIX HaAM BCIIOMOTATENLHBLIX PE3UCTOPOB HEU3BECT-
HBI (1160 M3BECTHBI TOJBKO MPUOJIN3UTEILHO).

Pewenue. TyT BO3MOKHBI caMble Pa3JIMYHbIE CIOCOOBI M3Me-
peHuii, HaIpUMep METOIOM 3aMelleHusA: codupaeM Ielb, comep-
JKaIyo HeM3BeCTHLIN Pe3rCcTOp 1 MUKpoaMIepMeTp, GuKcupyeM
TOK M 3aMeHseM HeM3BeCTHBIH Pe3sMCTOp MarasmHOM COIPOTHUB-
aenuii. [IlénkaeM OO0 Tex IIOpP, IMOKa TOK He CTAHET TAKUM JKe,
Kak M B mepBoM ciydae. IIpu 3TOM cOOpOTHBIEHINE MarasmHa
OyZeT paBHO CONPOTHBJICHHUIO 3aMeHEHHOro pesucropa. Cmocod
ATOT XOPOIIl, HO MOYKHO M3MEPUTh 1 MOTOUHee. B TaHHOM ciayuae
TOYHOCTDL OIIpefesisgeTcs HAaIllel CIOCOOHOCTHI0 3a()UKCUPOBATH
PaBeHCTBO TOKOB B ABYX cJaydasX. IIorpelnrHoCTh TYT MeHBIIIe
Tex 4%, KOTOpbIe COOTBETCTBYIOT NIKOJHLHOMY MUKpPOaMIIepMeT-
Py, OOHAKO, IPOBEIA OMBIT HECKOJIbKO pas (JIydlle — HEeCKOJIbKU-
MU TPyHOaMM SKCIEepPHMEHTAaTOPOB He3aBUCUMO IPYT OT APYra),
MBI TOJIYYUM HECKOJBHKO OTINUYAIoIIecsa pe3yabTaThl (KCTaTu,
9TO IIPEBOCXOMHBIA METO/M OIIEHKH! MOT'PEITHOCTEN N3MEePEeHU).

MeTon moTouHee OCHOBBIBAETCS HA IPUMEHEHUN MOCTHKOBOM
cxeMbl. CoOepéM MOCTHUK M3 ABYX BCIOMOTATEILHBIX PE3NCTOPOB
(BRJIIOUMM HUX IIOCJEIOBATEJbLHO APYr C APYroM U CBOOOIHEBIE
KOHIILI IPUCOEINHNM K MCTOUYHUKY MUTAHNSI), HEM3BECTHOTO pe-
31CTOpPA M MarasuHa COMNPOTHUBJEHHUI (MX MBI TaK:Ke COequHA-
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eM IIOCJIeJOBATEeJIbHO WM IIOAKJII0UYaeM K MCTOUYHUKY) U MHUKPO-
aMIIepMeTpa, BKJIIOUEHHOTO B «AUArOHAJL» MOCTHKA — MEMKIY
TOUKOH COeNMHEHHS BCIOMOraTeJbHBIX PE3UCTOPOB M TOUKOMH
COeINHEHNsI HEM3BECTHOIO0 PEe3NCTOpPa C MarasmHOM COIIPOTHUBJIE-
Huii. O0A3aTeJbHO OJId Havajga IIOLKJIIOUNTE II0CJeLOBaTeILHO
¢ MUKPOAMIIEPMETPOM OTPAHUUYUTEIbHBIA PE3UCTOP — a TO MOXK-
HO IIPOCTO MCIIOPTUTHL MUKpPOAMIIEPMETP IIPH BKIIOUEHUU I[EIIN.
MeHssa conmpoTuBIeHNEe MarasnHa, Jo0béMcsa OalaHca MOCTHUKA —
HYJeBOTO TOKa uepes3 MuUKpoammepmerp. IIpm Taxom O6Gasamce
OTHOIIIEHNE COIIPOTUBJIEHUII HEM3BECTHOrO Pe3NCTOpa M Mara-
3MHa PABHO OTHOIIEHUIO BCIOMOraTeJbHBIX pe3ucTopoB. Temepnb
IIoOMeHseM MecTaMu Jub0 BCIOMOTATENbHBLIE Pe3UCTOPBI, JH0O0
MarasuH 1 HEeM3BECTHLIHA Pe3rCcTOpP — U BHOBL J00bEMCS OaaHca.
ITonmyueHHBIE pe3yJabTaThl (ABa 3HAUEHUS COIPOTHUBJIEHUA Ma-
rasmHa) IIO3BOJIAIOT PACCUNTATL COIPOTUBJICHNE HEM3BECTHOTO
pesucropa: Ry=+/R1-Rs.

TyT gaxke He HYKHO 3HATh TOUHLIE BEJIUUYNHBI BCIIOMOTATE/Ib-
HBIX PEe3HUCTOPOB — BAXKHO TOJBKO, YTOOBI MX COIPOTHUBJIECHUS
(maske W He caMHU COIPOTHUBJIEHUWS, a UX OTHOIIEHINE) He MeH:d-
JIUCh B IIpollecce maMepenuii. Takoe MOrio ObI MPOM3OUTHU M3-3a
HarpeBa, MO3TOMY BEJIMUYUHLI BCIOMOTATEJIbHBIX COIIPOTUBJIEHUIH
He JOJIKHBI OBITh CJAMIIKOM MAJIBI.

TouHOCTL TAKOT'O METOLA JOBOJBHO BBICOKA — OHA OIIPeJesIsd-
eTcs TOYHOCTHIO MAarasuHa CONPOTHUBJIEHUII M TOYHOCTHIO yCTa-
HOBJIEHUA Oajlamca MOCTHKA. TOUYHOCTHL MarasmHa COIPOTHBIE-
HUUM OUYeHb BLICOKA, IIOATOMY IJIABHAS IIOTPEIIHOCTH IOJIyUaeTCs
13-3a HeTOUHOCTU (PuKcamuu Oasamca. A yIydHIeHUS TOYHO-
CTU HeoOXOAMMO HPHUMeHEeHM’e CAMOTI0 UyBCTBUTEJIHLHOTO MUKPO-
aMIIepMeTpa, KOTOPBI BBl CMOKeTe pa3go0nITh. IIpu aToM coBep-
IIIeHHO Heo0s3aTeJIbHO 3HATH TOUHO €r0 YYBCTBUTEIbHOCTD, BaMK-
HO TOJIBKO OJHO — OTKJIOHSETCS JH CTPEeJKA IIPU HOAKJIIOUEeHUHN
ero B 9Ty Iienb wiam HeT. W eIlé ogHO — ecJiu IIpU IeJYKax Ma-
ra3uHa CONPOTUBICHUN He IOJyYaeTcs TOUHOTO Oajtamca, MOMKHO
IIPOBECTH HHTEPIIOJAINI0 pe3yabTaToB maMepenuii. IlycTs mpu
3HAUEHNN COIPOTHUBJIeHUS MarasumHa 134 OM cTpesika OTKJIOHU-
Jlach BJIeBO Ha 6 memeHwuii, a mpu 135 OM cTpejKa OTKJIOHUJIACH
BIIPABO Ha 2 meseHus. B saToMm ciyuyae 6ajlaHC COOTBETCTBYET CO-
npotusgenuio 134,25 Om (o6biuHasa npomopnusa). U emé: B Takux
U3MEPEeHUAX HETPYOHO OIeHUTL IIOTPEIIHOCTh pesyJbTaTa, ec-
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JIX IIOCUUTATh Mara3uH COIPOTHBJIEHUI COBEPIICHHO TOUHBIM —
MOIIENIKaeM OKOJIO Oajamca, HaWOEM AMAIIa30H CONPOTHUBJICHUI
MarasmuHa, B KOTOPOM M3MeHEeHU 3Toro 0anaHca He HaOI0IaeTcs
C HaIImM MHUKPOaMIIEPMETPOM, a 3aTeM HalmeéM IIOTPeIlHOCThb
usMepeHuil MmetomoM rpauuil. Takoii cmocod TogUTCSa AJA caydas,
KOTZa HAIll MUKPOaMIepMeTp He OUeHb UYBCTBUTEJLHBIN 1 MMEH-
HO 13-3a 9TOr0 «HAa0eramT» OCHOBHLIE IIOTPEIIHOCTH.

He Bce um3 ommchIiBaeMbBIX HHIMKE PabOT MOMKHO 0e3yCJOBHO
OTHECTH K «M3MepPeHUAM Ha IIOCTOSTHHOM TOKe», OJHAKO HU-
KaKNX BHEITHUX KMCTOYHUKOB MEePEeMEHHOTO WJIN HMIOYJIbCHOTO
HAIPsS)KeHUs MbI MCIOJb30BaTh He OymeMm. TeMm He MeHee, Kpo-
Me OOBIUHBIX BEJIWYUH MBI OyZeM M3MepPATb W MAaJjble OTPE3KHU
BpeMeHH (IIOPAIKA HeCKOJbKUX MUJIINCEKYHT), a TaK:kKe EMKOCTH
KOHIEHCATOPOB — TOYHEE, OTHOIIIEHNE EMKOCTel, MHAYKTUBHOCTD
karymin. HauaéM ¢ ABYX TPaAUIIMOHHEIX PadoT.

Harpysounasa kpuBas

Paboma 9. Hccnedosarnue Hazpy304HOll cCnOCOOGHOCMU
UCMOYHUKA NOCMOAHH020 HANPANCHUS

B sroit pabore mpejasiaraeTcAd HMCCIENOBATH 3aBUCUMOCTH OT-
O0upaeMoil OT MCTOYHWKA MOIIHOCTU (MOIIHOCTU HAarPy3KU) OT
BEJIMYUHBI COIPOTUBJIEHNUA HATPY3KHU.

VYrazauus mo opranmsanuu padorsl. MccienyeMblii ICTOUHUK
(GaTapeiika, BBIIPAMUTE]b) NPAKTUUECKW HUKOTJA He IIpelHa-
3HaUeH AJA paboThl ¢ TAKMMU TOKAMHU, IIPU KOTOPBIX HAIIP-
JKeHMe Ha 3aKMMaX CUJIBHO YMeHbBIIAeTcd, — IJs Oarapeiku
ATOT PEXUM UPEBAT OBICTPHLIM BBIXOJAOM W3 CTPOA M3-3a BHYT-
peHHero IneperpeBa, IJIA BBIIPAMUTENSA BCE MOKET KOHUUTHCS
U COBCEM OBICTPO — «CTOPAT» AMOIBLI UM, UTO eINé MeHee IIPU-
ATHO, BBHINJET U3 cTposa TpaHcdopmarop. I[losTomMy Heo6XxOZUMO
MCKYCCTBEHHO YBEJIUUUTh «BHYTPEHHEEe COIPOTHUBJIEHUE» MCTOY-
HUKAa, BIIAAB JOIOJHUTEJIbHBIN PE3UCTOP IIOCTIEeIOBATEIBLHO C €T0
BBIBOJIAMY — HYJKHO JIM OTOT PE3UCTOP IPATATH TaK, YTOOBI HUKTO
He Jorafajcd O ero HaJWYUU, 3aBUCHUT OT IleJIM IpeiJiaraeMoro
SKCIIEPUMEHTA — IJIs OJUMIIMAAHON 3aJauyud HYKHO OJHO, IJIs
sabopaTopHOi#i paborel — Apyroe. [aa «miockoii» Oarapeiiku
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BrmoJsiHe gocrtarouer pesuctop 10—20 Om, HeoOXOAMMO TOJBKO
m03ab0TUTHECS O JOCTATOYHO OOJBIION JOHMYCTUMOM MOIITHOCTH
paccemBaHUs 9TOTO pe3ucTopa — He MeHee 1—2 Br. 910 TpeboBa-
HUe CTAHeT He TAKUM JKECTKUM, €CJIU B3ATH PE3UCTOP C OOJIBIITNM
counporuiaenueM (100—300 Owm). CoBepIilleHHO TaK Ke HYKHO
mo3abOTUTHECSI M O BBIIPAMHUTEJE, ecau pPaboTy mIpeaaraercs
IIPOBOAUTEL ¢ HUM. KpoMe caMoro MCTOUHMKA IMUTAHUA B paboTe
HY:KHO WCIIOJIb30BATh aMIIePMeETP, BOJBTMETP M PEOCTaT — OH
U CIIYXKUT «HATrPy3KOM».

B sro0i1 paboTe MHOTO MOYYUTEIHHOTO — TYT HY:KHO U yUYECTH
HeuIeaJbHOCTh NPUOOPOB — B MTAaHHOM CJIydae 5TO OTHOCHUTCS
K aMIIepMeTpPy, BKJIIUEHHOMY IIOCJIEeJOBATEJIbHO C PE3UCTOPOM
HArpysku (CONpPOTUBJIECHHE aMIlepMeTpa IPUAETCS CUUTATL 4Ya-
CTBIO OOIIEeTr0 CONPOTUBJICHUA HATPY3KMH), M IPUAYMATH CIIOCOD
HaXOMKJIEHNA MaKCHMyMa II0JIESHOM MOIIHOCTH — B palioHe MakK-
cuMyMa (QYHKIIUN U3MEHSIOTCA MeIJIeHHO M HANUTH IIOJOKeHUe
MaKcuMyMa He Tak mpocTo. TyT moJIe3HO IPOaHAIU3UPOBATDH
COOTHOIIIeHNE MEeKIY COMMPOTUBICHUAMU HAaTPY3KU, IPU KOTOPBIX
moJIyuyaeTcs OJMHAKOBas MOIIHOCTL, — OSHO M3 3HAUYeHUil co-
IIPOTUBJICHUA GOJIbIIE ONTUMAJILHOT0, IPYyroe MeHbIlle, — 1 Hal-
TH ONTHUMAJbHOE COIPOTHBJIEHNE PACUETHHIM IIYTEM, a IIOTOM
CPAaBHUTL €r0 C M3BEeCTHBIM (BmasdHHBIM). Ilose3Ho mocie aTOI
paboThl 00CYAUTH C YUEHUKAMMU BOIIPOC O TOM, IIOUEMY K€ STOT
«ONTUMAJbHBIN» PEKUM HHUKOTIA HA IPaKTHUKe He yIoTpebiderT-
cs (ToxpoOHOCT — B TEOPETHUUYECKOM paszesie IIPO TeXHUUeCcKue
IpUMEHEeHUs IIKOJBHOTO Kypca 3JeKTpuuecTBa). U eIfé — cTour
MMEHHO B 5TOM cCJIyuyae OOCYIHTH IIOAPOOHO, UeM OTIMYAIOTCS
IPYr OT IPyra «CBeKas» M «CeBIIas» OaTapedKy — BHYTPEHHee
COIPOTHUBJIEHNE IIOCJETHEN B HECKOJLKO pa3 BEIIIEe, ITOITOMY
Takue GaTapelKu elié MOryT pabdoTaTh B PaIUONIPUEMHUKE, HO
He rofsaTcA A oHapuKa.

3aBHCHMOCTh COIIPOTHUBJIEHHUA OT TEMIIepaTypbI

Pab6oma 10. HcecnedosaHue 601bmamnepHol xapaxKmepucmurku
NAAMNOYKU HAKALUBAHUS

CHATH caMy XapaKTEePUCTUKY JAMIIOUYKM HaKaJIUBAHUS (IIPO-
1[e BCEero WCII0JIb30BAaTh JIAMIIOUKY [Jd KapMaHHOTo ¢oHapHd,
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paccunTaHHYIO Ha Hampsxenue 2,5 uau 3,5 B u MakcuMaabHBIH
oK 0,2—0,25 A) coBceM HeTPyAHO, HAMHOTO TpPyAHee IIOHSATD,
YTO K€ C JTOH XapaKTepPUCTHUKOI MOXKHO CIejaTh, YTOOBI caMo
3aHATHE He CTAJO IYCTHIM BPEeMAIIPOBOMKICHUEM.

TyT ecTh nBe mpuBJIeKaTeJIbHbIe BO3MOMKHOCTH. IlepBas —
MOKHO HAWTH 3aBUCHMOCTH TeMIIepaTyphl HUTH HaKaja OT TOKa
WJIN HAIPS:KeHUs JIAMOOUYKHU. [ 9TOro HYXHO BCIIOMHUTD, UTO
COIIPOTUBJIEHNE YHCTBHLIX METAJJOB (HUTHL HaKaJja OejaeTcd U3
BoJIbpaMa) MOKHO CUNTATH C HEIIJIOXOH TOYHOCTBHIO IIPOIIOPIIHO-
HAJbHBIM abCOJIIOTHOM TeMIlepaType, a Koo(pGUIMeHT IPOIOPIU-

OHAJIBHOCTU IIPUMEPHO cocrasiser 1/273 rpag 1.
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Ha rpajure (puc. 4) mpuBemeHa 3aBHCUMOCTb COIIPOTUBJIIE-
HUS OTPe3Ka IINHHOMN (6eCKOHEUHOI) BOJIL(PAMOBOI ITPOBOJIOKH
oT Temueparypsl. [[auHa orpeska 1 M, fmamMeTp IPOBOJIOKM 1 MM
(0 JAaHHBIM CIIpaBOUYHUKA «PuU3nUeCKUe BEJIUUNHBI» ).

B rabaune 1 mpuBemeHbI JaHHBIE SKCIIEPUMEHTA C MHIUKATOP-
HOM JIaMIIOUYKOUW HaKaJWBaHUA W PACUETHI.

IIpu manpIx TOKax MOMKHO CUMTATh, UTO TeMIlepaTypa HU-
TH paBHa KOMHATHOM, — JaHHBIX IOJYYaeTCsd BIIOJHE TOCTATOY-
HO. 1A yTOuHeHUs 3HAUEHUI TeMIIepaTyphbl MOXKHO B3ATHL U3
cCIpaBOUYHMKA 0o0jiee TOYHBIE 3HAUEHUS TEeMIEepPaTypPHOTO KO3(-
¢unuenTa B 06JIaCTH BBICOKUX TEMIIEPATYpP, HO 3TO y:Ke He TaK
BaKHO. BTopas Bo3MOKHOCTb — JJIs BBIITYCKHOTO KJjacca. Iloiy-
YUB 3aBUCHUMOCTH TeMIepPaTypbl HUTH HaKaja OT TOKa, MOXKHO
IIPOBEPUTH — B CAMOM JIM [lejie M3JIydaeMas HarpeThIM TeJIoM
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Taoauima 1

U, B I, MA I, MA |R,kOm| T, K
(sKcmepuMeHT) |(9KcIIepuMeHT) |(pacuérT) (pacuér)
0,00 0,00 0,00 | 0,07 300
0,50 3,00 3,26 | 0,17 450
1,00 4,70 4,94 | 0,21 574
2,00 7,10 7,49 | 0,28 761
3,00 9,10 9,56 | 0,33 890
4,00 10,90 11,36 | 0,37 991
5,00 12,60 12,98 | 0,40 1071
6,00 14,00 14,48 | 0,43 1157
7,00 15,40 15,89 | 0,45 1227
8,00 16,80 17,21 | 0,48 1286
10,00 19,20 19,68 | 0,52 1406
12,00 21,60 21,95 | 0,56 1500
14,00 23,60 24,08 | 0,59 1602
16,00 25,70 26,09 | 0,62 1681
18,00 27,70 28,00 | 0,65 1755
20,00 29,50 29,83 | 0,68 1831
25,00 34,30 34,10 | 0,73 1968
30,10 38,40 38,12 | 0,78 2116
35,00 41,90 41,73 | 0,84 2255
40,00 45,40 45,21 | 0,88 2379
45,00 48,80 48,52 | 0,92 2490
48,00 50,60 50,44 | 0,95 2561
50,00 51,90 51,69 | 0,96 2601
52,00 53,10 52,92 | 0,98 2644
54,00 54,00 54,13 | 1,00 2700
56,00 55,50 55,32 | 1,01 2724
58,00 56,60 56,50 | 1,02 2767
60,00 57,80 57,66 | 1,04 2803
63,40 59,60 59,60 | 1,06 2872

MOIIIHOCTh IIPOHOPIMOHAJbHA UYETBEPTOIl CTeleHu abCOJIIOTHOI
TeMIIepaTypsaI’.

!'MomHoCTb MBIyUeHNA NMPOIOPLUOHAIBHA PASHOCTH YETBEPTHIX CTEIeHei
TeMIepaTypbl HUTH HaKaja W TeMIepaTyphbl OKpy:Kaiomei cpenbl. IIpu BbI-
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Ha rpadure (puc. 5) 3aBUCHMMOCTH TOKA OT HAIPAKEHUSI
(BosbTaMIIepHAs XapaKTEPHUCTUKA), IIOCTPOEHHOM IIO0 SKCIepHU-
MEHTAJbHBLIM MAHHBIM [IJ5 WHINKATOPHOM JIAMIOUYKM HAaKaJIu-
BaHMA C HOMHHAJBbHBIMU IIapaMeTpaMu — Hamps:kenuem 48 B
u ToxkoM 50 MA, mpuBeneHbl U Pe3yJbTaThl PACUETOB B COOTBET-
crBuu ¢ opmyoit I/Ig=(U/Ug)%S.

«CoBMellleHNE» HKCIEPUMEHTAJIHLHOTO UM PACUETHOTO Tpadu-
KoB mpousdBoguTcsa B AByX Toukax (=0, U=0) u (I=Inax,
U=Umax). Bugao, 4To sKCIepuMeHTAJIbHbIE TOUKU W TOUKH, CO-
OTBETCTBYIOIIME pacuéraM, BecbMa OJM3KHU APYT K APYTy BCIOAY,
a He TOJILKO B MeCTaX «COBMEIIeHH!sI». TyT HOJIe3HO IOCTPOUTH
rpa@uK 3aBUCUMOCTH MOIIHOCTH (IIePeMHOKAaeM H3MepeHHBIe
HAIIPS)KeHUS W TOKHM) OT TeMIepaTypbl HUTU (PACCUUTHIBAEM).
B raxom Buze rpaduk IpakTUUecKu OecIioe3eH — Bce TaKOTo Po-
Ia KpUBbBIE IIOXO0MKU APYT Ha APYra, I0Je3HO BhIOPATh BEINUNHEI,
KOTOphbIe MBI cOOMpaeMcsa OTKJIAABLIBATEH IIO0 OCAM. B Halem ciy-
yae «IMoJo3peBaeMasi» 3aBUCUMOCTDH P=A-T*, suauur, nojesHo
OTJIOKUTH 10 ocaM P u T4, IPH 9TOM OKHJaeMas 3aBUCUMOCTDb —
mpsaMas.

Ha rpadure (puc. 6) mo ocaM OT/I0KEHBI MapaMeTPhI: dJeK-
TpuuecKas MOIIHOCTb, IIOTpeldasgeMas NHINKATOPHOMN JIaMIIOUKOT
HarkamuBanusA, u Benuunna (Uly/Uol)* =(R/Ro)* ~(T/To)*. I'pa-
(UK OCTPOEH II0 pe3yJbTaTaM TOTO :Ke dKCIepHuMeHTa.

COKOM TeMIleparype HUTU HaKajla MOMKHO npeHe6peqL 06paTHLIM IIOTOKOM
HU3JIy4YeHUusd OT oxpymalomeﬁ Cpenbl K JJaMIIOYKe.
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Puc. 6

Cpasy cJienyer ckKasaTb — He OYeHb OHa IIpsaMasd, dTa 3a-
BUCUMOCTBH. [[ejlo B TOM, YTO KpOMe HUBJIIYUYEeHUS MMEETCS eIe
OIVH MeXaHM3M YHOCa TeIlja — TeIlJIONPOBOAHOCTh. IJis 3TOTO
MeXaHW3Ma COBCEM Apyrasd 3aBUCHMOCTEL OT TeMIIepaTyphl, a Ipu
He OYeHb BBICOKUX TeMIIepaTypax HUTU MMEHHO TeIJIOIMPOBOA-
HOCTb SBJIAETCH <«IVIABHBIM» KaHaioM yxoma Temaal. ToibKo
IIpu Hakaje «aobesia» TEIJIOMPOBOAHOCTH OKAa3hbIBAaeTCA HE OUEHb
CYIIIeCTBEHHOM IO CPaBHEHUIO C UBJIYUEHUEM, TaM BUJ 3aBUCUMO-
CTH 3HAUUTEJbHO JIyUIlle IPUOIMKACTCI K OKUIaeMOMY.

Ilonme3no mokaszaTh y4YeHUKAM eINeé OAWMH MaTeMaTHUYeCKUN
OIPUEM, KOTOPBIM MTAaET BO3MOYKHOCTH OJHOBPEMEHHO YCTAaHOBUTH
HaJInyWe <«CTENeHHO» 3aBUCHUMOCTH MEKAY ABYMsS BeJWMUYMHA-
MM W HaAWTU 3Ty CTeNeHb. Peub UAET 0 «JIOTAPUPMUUECKON »
Oymare — ocu Ha TAKOW amarpaMMe CKaThl, BMECTO CaMOil Be-
JUYMHBLI (HAIIPUMED, MOIIHOCTH) OTKJIAJbIBaeTCA JioTapupMm —
YyTOOBI CHATH BOIPOCHI O TOM, UYTO TakKoe Jiorapudm 5 Bart mam
300 rpagycoB, Hy:xHO B3ATb BMecTo P u T orHomeHnus P/Py
u T/Ty, toe Po u Ty MoxxkHO BbIOpaTh jni00biMu. Eciu Ha TakoM
rpaduke MOJIYUUTCA IPAMaA UIN XOTA ObI YaCTh HOJYUUBIIEHCs
KPUBOI IMOX0XKA HA MPAMYIO, 3HAUUT, UCCIeNyeMasa 3aBUCUMOCTb

!Ckasannoe cmpaBeIIBO TOABKO AJIA JAMIIOYEK C KOPOTKOH M TOJICTOMH
HUTHIO HAKaja, TO €CTb AJIA JOCTATOYHO MOIIHBIX JIAMIOUYEK, PACCUMTAHHBIX
Ha paboTy npu HuU3KOM HanpsxeHuu (1—12 B). B aTom cryyae HelicTBUTEIBHO
3HAYUTEJIbHAS YACTh TEIJIOTHI «YyXOLUT» OT HUTHU HaKajla Yepe3 TOJICThIE IIOA-
Bogamue (MoaubaeHOBbIe) IPOBOAHUKY K IOKOJIIO JIAMIIBI 1, B KOHIIE KOHIIOB,
nepenaércsa okpykeHnio. OJHaKO AJIA MHAUKATOPHOHN JIAMIIOUKY HAKAJIWBAHUA
C BecbMa JUIMHHOM M TOHKOW CIMPAJIbI0 AMAIIa30H HAIPAMXKEHWI, B KOTOPOM
TJIaBHBIM ABJISETCA TaKOM MeXaHW3M OTBOJA TeILla, 3HAUUTEIbHO MeHbIIIe
pabouero HampaKeHUA.
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WUMEHHO CTelleHHad, a IIoKasaTeJb CTEeIleHW MOXKHO HAWTU II0
HaKJOHY mupsamoii. fcHo, uto BBIOOP P9 u Ty He BIUSIET HA
HAKJIOH IIPAMOM, a TOJBKO CMEIIaeT ee.

Ecau ke mccienyemasa 3aBUCUMOCTh HE CTeleHHad, a, CKa-
JKeM, SKCIIOHEHIIMAJIbHASA — KaK y BOJILTAMIIEDHON XapaKTepu-
CTUKM TOJYIPOBOAHUKOBOTO AMoAa (TaKOM BUJI HMeEEeT TaKiKe
3aBUCUMOCTb CHJILI TPEHUS BEePEBKU, OOMOTAHHOM BOKPYT Iie-
poxoBaToro IUJIUHAPA, OT yIJIa OXBaTa), TO YAOOHO MPUMEHATH
«IIOJIyJIOTapU(MUUECKYI0» OyMary —y Heé ciKaTa TOJbKO OJHA U3
KOOpPAMHATHBIX oceii. Eciu Ke, HampuMep, OTHOIIEHUE CUHYCOB
IBYX YTJIOB OKHUJAETCA IMOCTOSIHHBIM (IIpeIOMJIeHNe Ha MJIOCKOU
IIOBEPXHOCTH pasfesa Cpex), TO CTOUT OTKJIAABIBATH IO OCIM
UMEHHO CUHYCHI YIVIOB, «CIIPAMJIAA» OKUIAeMYI0 3aBUCUMOCTD.

EcTh emé omHa moJsiesHad BO3MOMKHOCTDL IJIA 3aJayd C JaM-
mouKoii. Eciim conmpoTuBieHMe HUTH HaKaJja IIPOIIOPIIMOHAIBHO
a0CoJIOTHOM TeMIepaType, a BcA IoJaBaeMasa Ha JaMIIOYKY MOIII-
HOCTh M3Jy4aeTcA M BBINIOJHAETCA 3aKOH «TeMIepaTypa B 4eT-
BEPTOM CTEIEHM», TO MOKHO IIOJYUUTh B IBHOM BHJIE OXKUIaeMOe
ypaBHEHNE BOJIBTAMIEPHON XapaKTepHUCTHKM (dTa 3ajadya paso-
OpaHa B «TEOPeTUYECKOI» YAaCTH), U 3Ty 3aBHUCHUMOCTH MOXKHO
CPaBHUTH C IIOJYUYEHHON B BKCIEPUMEHTE — COBIIaJIEHUE IT0JIyYa-
€TCSI COBCEM HEILJIOXMM, €CJIU He OUeHb IPUAUPATHCA.

Kakyo HemocToAHHYI0 (GYHKINIO (GUIUK
MOXKET CUUTATh KOHCTAHTOM?

Ty, KoTopasg IpM 3aMeHe Ha KOHCTAHTY
OPUBOAUT K OoJjiee IIpaBAOHOLO00HOMY pe-
3yJIbTATYy.

Aunexceil YemuHos, mamemamuk

Bannucruueckuii MmeTos

Paboma 11. Hamepernusa 3apa0o8 6aniucmuiecKum memodom.
Emrxocmov, undyxmuenocmow

IIpuboput, 06opydosarue: NCTOYHUK ITOCTOSIHHOTO TOKa (pe-
ryJUPYEeMBIil BBINPAMATENb WJIN OaTapeika), MUKPOAMIIEPMET]P
mrogbHBIHA HA 100 MKA, KoHAeHCATOpP N3BeCTHOM éMmKocTr 200—
500 MK®, HabOp M3BECTHBIX PE3UCTOPOB 2—4 IITYKHM B Aua-
nmazome 100—1000 OM, mOMyIPOBOSHUKOBBIN AMOL C MAJIBIM
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obpatHbIM TOKOM — o0bIuHbIH KI[521 uan K503 BrosHe momoii-
IET.

3adarnue: UBMEPUTH EMKOCTU HECKOJBKUX KOHIEHCATOPOB U
MHAYKTUBHOCTb KATYIIKU C JKeJEe3HBIM CEPAEUYHUKOM.

Yrkasanus 0ns yuumens: KOHIEHCATOPHI AJIA COBCEM IIPOCTO-
ro BapWaHTa MOKHO BBIOpATHh IPUMEPHO TOTO K€ HMOPAIKA, UTO
U JaHHBIE, M)A 0OoJiee CJOKHOTO W TPeOYIOIero pasgyMuit —
OAVH M3 KOHIEHCATOPOB HY/KHO B3ATH CYIIECTBEHHO MEHBIIel
éMKOCTU — JIyullie Bcero mopaaka 5—10 mx®, ero :xejgaTerbHO
B3ATH «0yMasKHOTO» WUJIU JPYTOTO TUIIA C HEOOJIBIION «YTEUKOH » .
B kauecTBe mcciaenyeMoil KaTyIIKU MOYKHO B3ATH OOMOTKY KaKoO-
ro-HuOyAb TpaHchopMaTopa ¢ He OUeHb OOJIBIITUM YMCJIOM BUTKOB
(syuiiie Bcero MMeTh MHAYKTUBHOCTH IOPAAKA OECATHIX HOJei
reHpu). YHoOHO IPOCTO HAMOTATh COTHIO BUTKOB Ha CEPAEYHUK
pasbopHOTO MIKOJLHOTO TpaHchopMaTopa.

Buinonxnenue pabomut. Boiiie MBI yike 00Cy:KIamIn 0aJIIUCTH-
YeCKHUII MeTOH, MMEHHO OH XOPOIIO IIOAXOAUT IJIid H3MepeHui
émroctu. «Kaaubpyem» mpuOOp IO M3BECTHOMY KOHIEHCATOPY:
3apssKaeM KOHIEHCATOP M3BECTHOM EMKOCTH 10 (hUKCUPOBAH-
HOTO HaNUpPSKeHUsaA (MOYKHO BOCIIOJB30BATHCA MEJUTEIAMU U3
JMAaHHBIX PE3UCTOPOB) M HabomaeM orbpoc crpenaku. Henpemen-
HO IIPOBepseM IIPUMEHMMOCTb METOMa IJs HaIIuX KOHIEeHCATO-
poB (M HalIero MmKpoamiepmerpal), COeIMHAA KOHAEHCATOPHI
mapajieJbHO, — IPU 9TOM YCJIOBUS «O0aJLIMCTUYHOCTH» IIPUOO-
pa IOKHBI COXpaHATHCA. [lasee MOKHO OIpemesATbh HEM3BECT-
Hble €MKOocTH. MeToa MOKHO IIPUMEHSTH, HCIIOJIL3YsS Iapaji-
JIeJIbHOE WJIM IIOCJIEOBATEJbHOE TMOAKJIIOUEHUE «HEU3BECTHBIX»
KOHJIEHCATOPOB K M3BECTHBHIM, — 3TO PAaCIIUPSAET 00JIacTh M3Me-
pseMbIX 3HaueHH#i €MKocTu. IIpm sTOM, OmZHAKO, yXYyIIIaeTcs
TOYHOCTh M3MepeHHuil, u Ipu OOJBIINX OTHOIIEHUAX E€MKOCTeH
crmoco6 mepecTtaér paborarh. B TakoMm ciiyuae MOKHO HOCTYyIIaTh
uHaye.

PaccmoTpuM ymoMSHYTBIM B YCIOBUU CJydail, KOTma ONUH
13 KOHJIEHCATOPOB MMEET CYIeCTBEHHO MEHBIIYI0 EMKOCTh. IIpo-
BeIEM M3MepeHUA COBCEM IIO-APYTrOMY. 3apAnuM KOHAEHCATOP
M3BECTHOM EMKOCTU OT OaTapelKy 1 HAUHEM «KpacTbh» ero 3apsn
MOPIUAMU, YHOCA €ro IpPU IIOMOIMM u3MepAeMoro (Toro, 4To
MaJioii éMKOCTH) KOoHAeHcaTtopa. IIpomemaeM sTo Tak: 3apAguM
ATOT KOHIEHCATOP OT OaTapeiiku M IMOAKJIOUMM €ro K «IJIaBHO-
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My» KOHIEHCATOPY B IIPOTUBOIIOJIOKHON HOJAPHOCTU — «ILIIOC»
K «MuUHyCyY». IIpu 3TOM IOJHBIA 3apsA] YMEHBIITHUTCS HA BeJIH-
YUHY YABOEHHOTO 3apAfa Majioro KoHaeHcaTopa. CHOBaA 3apAIuM
ero oT OaTapeliKM U ONATH MMOAKJIOUMM K KOHIEHCATOPY 00JIb-
moii émroctu. Cmenaem sto, mampumep, 10 pas. Ilocme aToro
IIPOBEPUM 3apsA] OOJBIIOT0 KOHIEHCATOpa, IMOAKJIIYAA K HEeMY
MUKPOAMIIEpPMeTP, — €CJIM 3a [OecATh pa3 OH He paspaaucHd,
mompoOyeM CHOBA IMOBTOPUTH SKCIEPUMEHT, HO y:Ke mja 15 pas-
PAmoOB, U T. I. — MBI OBICTPO «HAIIyIIaeM» YKCJIO0 Pas3psmoB, KO-
TOphIe MOUTU TOYHO Pa3psKaloT OO0 HYJIA GOJBLIION KOHIeHCATOpP
(ecau, HAaTIpUMeEp, CEMHAAIIATA MaJjo, a BOCeMHAaIIaTy — MHOTO,
CTpeJIKka MUKpOaMIepMeTpa OTKJIOHAETCA B APYTYI0 CTOPOHY —
MBI ITOJIy4aeM Bce UHcJia OJIA pacuyéTa éMKOCTH).

OIBIT 3TOT COBEPIIEHHO HEOOXOAWMO MHPOBOIUTH HECKOJIBLKO
pas, Habupas cTaTHCTUKY. M elné: BaXHO B caMOM Hauaje
yOenuThCcsa B TOM, UTO 3a BpeMs HAIIEro SKCIepUMEeHTa — a 3TO
20—30 cekyum — OOJIBIION KOHIAEeHCATOP He OUeHb 3aMeTHO pas-
paiKaeTca caMOCTOATeIbHO — Belb TaKOHW paspsl CHUJIbHO WHC-
IIOPTUT HAM 9KCHepUMeHT. [ yMeHbIIeHUs BPEMEeHU «ITUKJIa»
MOXKHO BOCIIOJIb30BAThCA IIE€PEKJIoUaTeIeM C ABYMS IIOJOKeHU-
AMH, B KOTOPOM KOHTAKT II€PBOTO BEBIBOJA HMeeTCs JubOo co
BTOPBIM, JIOO C TPETHUM BBLIBOIOM.

I aTOTO HYXKHO CPAaBHUTDL OTOPOC CTPEJIKU OT «CBexKesaps-
JKEHHOT0» 0OJIBIITOT0 KOHAEHCATOPA U OT «BBIAEPKAHHOT0» IIOCJIe
3apsga IpUMepHO MUHYTY. Eciiu pasHHIla He OUeHb 3aMeTHa —
BCé OTVIMYHO. Ecim 3TO He TaK — ONPUIAETCA IIPUHUMATH IOIIOJI-
HUTeJbHbIE Mephl, HaIpUMep 3apsKaTh M3HAYAJIbLHO OOJILIION
KOHIEHCATOp He 0 IOJHOTO HaNps:KeHuA OaTapelku, a J0 us-
BECTHOI ero 4YacTH IIPU IIOMOIIH AEJUTEJNS U3 PE3UCTOPOB. ITO
MOXKeT HEMHOT'0 COKPATUTh caMopaspsl, HO, IJIaBHOE, YMEHBIITUT
HeoO0XOooMMOe UYKCJIO IMEePEeKJIOUeHUN M COKPATUT BPeMs OIIbITA.
I9TUM Ke CIIOCO00M MOKHO BOCIOJIL30BATLCS HIPU U3MEPEHUU CO-
BceM OOJIBIITON EMKOCTU KOHIEHCATOPa — HYJKHO «KPacTh» C HETo
3apAn IpPKU IIOMOINM M3BECTHOrO KoHAeHcaTtopa. Keratu, nis
TAKOTO OIBITA M OAJLTMCTUYHOCTh M3MEPEeHMII BOBCe He HY:KHA —
MbI IIPOBEPsAEM TOJBKO (PaKT HAJIWUYUS OCTATOUHOTO 3apdana Ha
KOHJeHcaTope coBceM 0O0JIBINON éMKOCTH ITocjie GUKCUPOBAHHOTO
Yucaa «PaspsKeHnii», a IPOHOPIINOHAIBLHOCTh OTOPOCA CTPEIKU
ero 3apsAny HaM He TpebyeTrcs.
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A nsMepeHns MHIYKTUBHOCTY KaTYIIKU IPUAETCSI coOpaTh
CXeMy U3 IOCJIeJOBaTeJIbHO COeIUHEHHBIX OaTapeiiku, pesrucTopa
C CONPOTHUBIECHUEM TTopAnKa coreH OM u Karymku. IlapaienrbHo
KaTyIIKe MOAKJIIOUUM ITOCJIEIOBATEIBHYIO IEIIOYKY W3 IIOJYIPO-
BOAHUKOBOTO AMOAA ¥ MHUKPOAMIIEPMETPA, IIOJAPHOCTH AUOAA
BbIOEpPEM «O00paTHYIO» — UTOOBI TOK Uepe3 MHKpOaMIIEpMETpP He
TéK (HaAlloMMHAaeM, UTO KaTyIllKa He HujeajbHas, HaIpsIKeHUE
MeXKIy €€ KOHIIaMU IIPM YCTAHOBUBIIIEMCS TOKEe He PABHO HYJIIO).
ITo kaTyImike B TaKOM IeIIW IMMOTEYET TOK, BEJIUUNHY KOTOPOT'O MBI
JIETKO BBIUMCINM. Pa3opBEM Teleph Iellb, OTKJIIYUB KaTYIIKY
oT GaTapeiiku. Bech TOK KaTyIIKKM TeIlepb «3aMKHETCSI» uepes
IVON U MHUKPOAMIIEPMETP, W IIPW 3TOM MUKPOAMIIEPMETP JAacT
«0TOpPOC». IDTOT OTOPOC MPOMOPIIUOHANEH IIPOTEKIIEMY IO IIeIn
3apany, BeJUUYMHA 3apAna oIpefesideTcd HavYaJbHBIM MarHUT-
HBIM ITOTOKOM Kartymku ®=L-Io=L-Uy/r, Toe r — conporusie-
HUe I[eIN, W CONPOTUBIEeHUEM R Ilen ¢ MUKPOAMIIEPMETPOM —
MIPaKTUYECKN MOKHO CUMTATh, UTO DTO CONPOTHUBJIEHUE CAMOTO
MHUKpPoOaMIIepMeTpa: IPOTEKIINI 3apsl onpenesdaeTcsa 1o Gopmy-
me Q=P/R=L-Uy/(R"r).

Ecau Ham MmukpoamMmepMeTp y:Ke OTTPafyupoOBaH «Ha 3apAm»
110 M3BECTHOMY KOHJIEHCATOPY, TO MHAYKTHUBHOCTBL JIETKO HaXo-
mputcsa. O6paTuM BHHUMAaHNE Ha TO, UTO HaIps:KeHHe OaTaperku
HU B OJHOM 13 ONMMCAHHBIX OIILITOB HAM 3HATh He IMOHAI00UIOCH,
Tak 4To 0e3 BOJLTMETpa MOKHO oboiiTuch. KcraTu, onmmcaHHbIe
MEeTOABbI OUEeHDb HPOCTHI U BIIOJIHE IIOAXOLAT AJS IPAKTHUUECKOTO
UCTIOJIL30BAHUSI.

MaJabie MHTEpPBAJIBI BpeMEHU

Paboma 12. Hameperue manvlx UHmMepeaLios pemeru

OGopynoBaHMe: 3JIEKTPOMATHUTHOE pejie ¢ KOHTAKTOM <«Ha
IMepeKJaoUeHne» WJIN C OJHUM Ha 3aMbIKaHWe W OJHUM Ha pas-
MBIKaHUE, KOHIeHCcaTOp u3BecTHOU (0oibIoit) émkocTu — 200—
500 mMr®, pesucTophbl ¢ M3BEeCTHBIM compoTuBieHueMm 20 xOwM,
100 ¥OM, HCTOYHUK IIOCTOSAHHOTO HANPSKEHUA C M3BECTHBIM
HAIPs'KeHUeM, TUOI MOJYIPOBOAHNKOBLIN, MUKPOAMIEePMeTD.

3amaHue: M3MePUTh MHTEPBAJ BPeMeHU Me:KIY Iogaueil Ha-
Ips:KeHusA Ha OoOMOTKY peJjie 1 cpabaThIBaHUEM peJje — OTKJIIO-
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YeHNeM HOPMAaJIbHO 3aMKHYTOTO KOHTaKTa. To Ke — Mexay moj-
KJIOUeHrneM OOMOTKH peJjie M BKJIIOUEeHHEeM HOPMAaJIbLHO paso-
MKHYTOTO KOHTaKTa. W 0ojiee CJIOJKHOE 3aJaHue — M3MEPUTH
WHTEPBAJI BpEMEHU MEXKIY OTKJIIUEeHNEeM HOPMAaJbHO Pa3OMKHY-
TOTO U BKJIIOUEHEM HOPMAaJIbHO 3aMKHYTOT'0 KOHTAKTa (AJIs peJe
C KOHTAKTOM «Ha IepeKJoueHune»!).

Hns BeITONTHEHUA PabOTHI OT ydyalUXCA MOTpeOyeTcs HEKO-
TOpas M300peTaTeIbHOCTb B NMPUAYMBIBAHUMN HYMKHBIX JJIEKTPHU-
YEeCKHUX CXeM — 0COOEeHHO B mocjiefHeM ciaydae. [JiaBHad umes —
HaXOIUTh OTPE30K BPEMEHU, 3apAKasd B TEUEHUE dTOT0 BPeMeHU
KOHJIEHCATOP OT WCTOYHWKA UYepe3 WM3BECTHBHIN DPE3UCTOp W W3-
MepAs ero 3apajn Oa/LIucTHYecKHM MeTomoMm. VTak, B mepBOM
cJiyuae BCE COBCEM ITPOCTO: MapaJlIeJIbHO OOMOTKE peJie TOIKJIIIO-
YyaeM IIOCJIeIOBATEJIbHYIO I[EIIOYKY M3 PE3UCTOPa, KOHAEHCATOpa
¥ HOPMAJBHO 3aMKHYTOrO KOHTakKra peje. Iloka MBI He IOI-
KJIIOUMJIN MCTOYHUK, KOHIeHcaTop OyaeT paspsikeH. Ilogxaounm
UCTOYHUK — KOHJEHCATOP HAYHET 3apAKaTbCA, W DTO IIPOIOJI-
SKUTCS 0 TOTO MOMEHTA, KOT[a KOHTAKT peJjie OTKJIIOUUT I[eII0UKY
pesucTop-KOHAEHCATOP OT MCTOYHWKA, T. €. KOHAeHcaTop Oynxer
3apsiKaThCcA KaK pas B TeUeHUMe TOT'O OTPe3Ka BpeMeHU, KOTOPBIH
MBI XOTUM U3MepuTh (puc. 7).

Puc. 7

Iloaxmtouas MUKpoaMIepMeTp HapajlielbHO 3apAKEeHHOMY
KOHIEHCATOPYy, U3MEPUM BEJIMUYNHY OTOpOCa CTPEJKHU 1 CPABHUM
ero c¢ OTOpocOM IIPM IIOJIHOCTBIO 3aPSKEeHHOM KOHJIEeHCaTope.
Hamnuwme aByx (a Jayuiiie — OOJIbIlle) Pa3IUYHBIX PE3UCTOPOB
C U3BECTHBLIM COIIPOTHUBJIEHMEM II03BOJISAEeT BBIOPATH Cpeau HUX
HamboJiee MOAXONAINUIT — He CJAMIIKOM OOJIBINOI, MHaUe 3apsnm
OKa’KeTCsA CJUIIKOM MAJIBIM IJISI M3MEPeHUsI, — U He CJIUIIKOM
MaJIblii — MHAaYe MBI He YBUAUM PasHUIBI MEKAY IMOJHOCTHIO 3a-
PAKeHHBIM KOHIEHCATOPOM U 3apPAKeHHBIM YaCTUUHO — B HaIlleM
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OIIBITE, a M3-3a 9TOr'0 He CMOYKeM HalTu BpeMsd 3apAna. Bropouem,
ec/ii 3apsA] OKaKeTCs CJAMNIIKOM MaJbIM — 3TO He 0ema, MOMKHO
3apsKaTh KOHIEeHCATOp 3a HEeCKOJBbKO pa3, TOJBKO TOTda IIoCJe-
IOBaTEeJIbHO C PE3UCTOPOM HYKHO BKJIIOUHUTL eIé AuoJ — IIPU
ATOM HAKOILJIEHHBIN 3apsim He OyIeT «yTeKaTh» uepes 3aMKHYTYIO
KOHTAaKTOM IIeIlb.

Hewmuoro cioxxuee 1memnb A5 KOHTAKTa, KOTOPBI HOPMAJIBHO
PasoMKHYT, a 3aMbIKaeTCs Ipu cpabaTbiBaHuu peJie. Ilapaiens-
HO O0OMOTKe pejie Mbl Temepb MOAKJIIOUYNM Iellb, COCTOAIIYIO M3
IIOCJIeJOBATEeIbHO BKJIIOUEHHBIX (BHUMAaHMUE, TYT HYKHO HOIKJIIO-
yaTh MMEHHO TaK) Pe3nCcTopa, eIfé OJHOr0 pPes3ucTopa, Auoma
u KoHZeHcaTopa. «CBOOOIHBIN» KOHEIl KOHIeHCATOPA IMOIKIIOUEH
K HIKHEMY KOHIy OOMOTKHU peJjie, MeXAY 9TOM TOUKON M TOU-
KOU coeInHEeHNA PEe3UCTOPOB BKJIIOUYEH HOPMAJIbLHO PABOMKHYTHIH
kKouTakT peie (puc. 8). Takum obpasom, mOKa peje He cpado-
Tajlo, 9TOT KOHTAKT PA3sOMKHYT, M IIOCJe IMOJauM HalpPI:KeHUs
Ha OOMOTKY peJjie KOHIeHCATOpP HAUMHAET 3apaKaThCcA uepes Io-
cJIeoBaTeIbHO BKJIIOUEHHBIE PE3UCTOPHI. B TOT MOMEHT, Kormga
KOHTAaKT peJjie 3aMKHETCS, IIpollece 3apAna KOHIeHcaTopa IpeKpa-
TUTCA — HANPsKeHNe MeXIy KOHIIAMHU IeTIOYKH, COCTOAIIeH 13
KOHJeHcaTopa, AMOJa W OSHOTO Pe3ncTopa, o0paTuTcAd B HOJb,
IUOJ OKaKeTCs 3alepPThIM — 3HAUUT, KOHIEHCATOP U Pa3PAKaATD-

ca He OymerT.

Puc. 8

TyT-TO MBI U MOAKJIOUNM K HeMy MUKpoaMIepMeTp!

Has ciayuas HaxOKIeHUS BpPeMeHH Me:KAy pPasMbIKaHueM
3aMKHYTOT'0 KOHTAaKTa W 3aMBbIKAHMEM PA3OMKHYTOTO — BPEeMeHU
«IIPOJETa» KOHTAKTa OT OJHOTO BBIBOAA MO APYyroro (3To BpeMs
00pasHO HAa3bIBAIOT «MEPTBBLIM») — IIOCJEAHIOID CXeMYy HYKHO
HEMHOT'0 yCOBEPIIEHCTBOBATh: HAM HYIKHO, YTOOBI KOHIEHCATOD
HavaJl 3apsAKaTbCAd B TOT MOMEHT, KOT/a HAPYIIUTCSI OAWH KOH-
TaKT, U 3aKOHYMJI IIPOIECC — KOTJa BOCCTAHOBUTCS BTOPOM. 3HA-
YUT, HAJIUYNUE XOTA ObI OMHOI'0 3aMKHYTOTO KOHTAKTa He JOJIKHO
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TIO3BOJIATH KOHJEHCATOPY 3apsKaThbCcA. BBIXO[: MOAKJIIOUNM Ia-
paesbHO OBa KOHTAKTa peJjie, a BTOPBIM BHIBOJIOM CHEJIaeM
BBIBOJI, IIOABUKHOTO KOHTAKTa — TOI0, KOTOPEIA IIOOUEPETHO Ka-
caeTcs ABYX JPYTUX KOHTAKTOB (UX MBI U 3aMKHYyJu). IIpu sTom
MMOJIYUYUTCA KaK pas TO, Yero Mbl JOOMBAJIMCH: MOKA HOPMAJBHO
3aMKHYTBI KOHTAKT He PA30MKHETCS, KOHAEHCATOP He 3apaKa-
eTcs, U MOoCcJe eT0 Pa3MbIKaHUA I[eNh 3apsaaa OyAeT CyIlecTBOBaTh
IO MOMEHTa 3aMBbIKAHWA HOPMAaJIbHO PA30MKHYTOTO KOHTAKTAa.
Huon B 1enu mpenAaTCTBYET pas3psany KoHaeHcaTopa (puc. 9).

r

Puc. 9

A crupaBKu: m3MepsieMble BpeMeHa [IJs PasIudYHBIX pee
MOryT KoJsebaTrbcst or 1—2 muanucekyHn mno 20—50 mwumnuce-
KyH[ (IIocjieHee XapakTePHO [IJIsl COJUAHBLIX CTAPUMHHBIX peJie —
He CTOUT WMeTh C HUMHU [eji0). OTH BpeMeHa CHUJILHO yBeJu-
YMBAIOTCS IPY YMEHBIIEHWN HANPSAKEHNS HNCTOUHHUKA — €CJIU
9TO HANpPAKEHNe HEeMHOIMM BbIIIe HAIPSKEHUs cpabaThbIBaHUA
peJsie, TO Bce IPOIECChI 3aMeIJIAI0TC.

IlorpemnrnocTu

IIpu usmepeHuAXx PUIMUECKUX BEJINUYUH BO3HUKAET MHOMKE-
cTBO mpobiem. HexkoTophle MaMepeHUs MOMKHO [OeJiaTh «HAaIIps-
MYI0» — U3MepeHe TeMIIepaTypPhbl BOALI B CTAKAHe TePMOMETPOM,
n3MepeHre HampAKeHUs OaTapeiiKu BOJBTMETPOM, M3MepeHUe
JUIMHBI KapaHAalla JUHENKOH, u3MepeHne AJUTEIbHOCTU YPOKa
cekyugomepoMm. Takme mMa3MepeHHs HAa3bIBAIOT MHPAMBIMU, OHU
IOCTATOYHO IIPOCTHI. BpoueMm, TPYOHOCTH MOTYT IIOABUTHLCA U B
9TUX CJyYasiX — IIPU IOIBITKE N3MEPUTh MaJIeHbKUU HHTEepBaJl
BpeMeHHU (HampuMep, BpeMsd MafgeHus mapuka ¢ BeicoThl 20 cm),
IpM WM3MEpPeHUH! AuaMerpa Imapa — He TaK IIPOCTO IPUJIOKUTH
K HeMy JUHeHKy, Ipu U3MePeHUH HAIPSIKeHUsI B BEHICOKOOMHOI
nenu (IOAKJIIOUEHNE BOJLTMETPA MOMKET CUJIbHO HM3MEHHUTH 3Ty
pesnuumnHy). Iloxokasa cuTyainusi BOSHMKAET, KOrga MbI IIbITaeM-
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cA M3MEPUTh TeMIOepaTypy MAaJeHLKON IIOPIMU Topsaueill BOIbI
B cocylie TIPU IIOMOIIMY 3JAOPOBEHHOTO TEPMOMETpAa: OH IIOKayKeT
HaM TeMIIepaTypy, HgasKe MOOBOJBbHO TOUYHO, €CJIH 9TO TOUHBIH
TepPMOMETP, HO COBCEM He Ty, UTO OblJa y BOAbI B MPOOUPKe OO0
Halrero usmepenusa. Ho uaiiie mpuxoauTCss UMETh [IeJI0 C u3Mepe-
HUAMHU, B KOTOPBIX PE3yJILTAT HOJyYaeTCcd IPU KOMOMHUPOBAHUM
HAIIPAMYIO M3MePeHHBIX BeauunH. Hampumep, Ipu HaX0MKISHUU
IIJIOTHOCTH MaTepuajia, U3 KOTOPOTO CIesiaH AAaHHBIN IIpeaMer,
NPUAETCA WH3MEPUTb €ro MacCcy U pasMephl, MOCJe UYero MbI
CMOJKeM IIOCUMTATh IJIOTHOCTh. Takue wu3MepeHWs HA3LIBAIOT
«KOCBEHHBIMU » .

Kcratu, He Bcerna yaaérca 4Y€TKO OMPEAeIUTh, MUMeeM JIM MbI
IeJIo ¢ MIPAMBIM MJIM KOCBeHHBIM HM3MepeHUeM — HalpuMep, Ipu
M3MepeHUN TeMIIepaTypbl OOBIYHBIM TEPMOMETPOM MbI HAaOJIIO-
IaeM M3MeHeHue 00bEéMa JKUAKOCTH IPU HArpeBaHWU, TOUHee —
pasHuUIly U3MeHeHUs BHYTPEeHHEero o6béMa COCyAnKa, B KOTOPBIit
HAJNUTa JKUIKOCThb, 1 CAMOM JKUIKOCTH, IIPOCTO TePMOMETP 3apa-
Hee «OTTpafyupoBaH» B eIUHHUIIAX HM3MEPSIeMOIl TeMIlepaTyphI.
ITonyuaercsa, 4uTo HpsAMOe H3MepeHHe KMMeeT MeCTO B ciydae,
KOTZa V HacC eCTh CIeIlMaJbHBIA IIPUOOp A M3MEepPeHUsd JaHHOI
BeJIMYMHLBI. Brpouem, Iejio TYyT He B ONpeAesieHUSIX, BayKHO IIO-
HATH, KAK MOJKHO OIEHHUTDH IOTPEIIHOCTh M3MePeHUI — BO3ZMOMK-
HYI0 HETOYHOCTH IOJYUeHHOTO HaMM pesyjabrara. Pasbepémcsa
C TIOTPEITHOCTAMU Ha IIPOCTOM IIpUMepe.

Wrak, Mbl XOTUM H3MEPUTh ILJIOTHOCTH MaTepuayia, U3 KOTO-
poro caesaH BBIZAHHBIM HaM OpPYCOK, MyCTh 3TO OyAeT MeTai-
JIMYECKUH CILJIOIIHOM OPYCOK IPAMOYTOJbHOM (popmbl. B3Becus
Opycox Ha Becax, IIOJy4YuM ero maccy. IIycTb B HaIem CcJay-
yae moayuuaocs 74,3 r. Ilpeamoso:xuM, UYTO MBI U3MEPUIN €r0
IIUHY, IMAPUHY W BBLICOTY HPHU IIOMOIIM OOBIYHOIN AepeBIHHOMN
JUHEHKN W MOJYUYUIUW OJsd HUX 3HaueHus 32, 25 um 12 muiau-
METPOB COOTBEeTCTBeHHO. KaKyl TOYHOCTH CJefyeT IPUIINCATh
moayuyeHHBIM umciaaM? Ecam ObI MBI M3MePSaM IIPU ITOMOIIHA
ATOM JUHEHUKU PAaCCTOAHUNE MEXKAY NBYMA YETKO 0003HAUEHHBIMU
TOYKAMM Ha ILJIOCKOCTH (IIOCTABJI€HHBIMH TBEPABIM U XOPOIIO
3aTOYEHHBIM KapaHAAIIOM WJIN, UTO JIyUIile, HAKOJOTHIMHU TOHKOM
WUTJION), MBI MOTJIX GBI CUMTATDH, UTO IOTPEIIHOCTh OIPeIesaeTCs
TOJIBKO TOYHOCTHIO M3MEPUTEJILHOT0 IIprubopa — JUHEHKH, TOraa
MOKHO B3ATH <«IIOJIZEJIeHNA» B KAUeCTBe PasyMHOM OIeHKH II0-
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rpemraoctu. Takoii BBIOOP He TaK VK ILJIOX — €CJIN M3TOTOBUTEIb
JUHEHKN pasyMeH, OH He CTaHeT yBeJWYHBATH LIEHY IIPOCTOTO
M3MEepPUTeJIsA, HAHOCI Ha Hero 0oJblile AeJIeHuii, uyeM HeoO0X0guMO
IJIs peanlus3alyuy ero TOYHOCTH (pasMepnl JUHEHKH u3 AepeBa
U3MEHAITCA CO BpeMeHeM — OHa pa30byxaeT IIpU YBeJIWUYEHHON
BJIAXKHOCTH, NeOPMUPYETCA MIPU BHICBIXaHUU, IIPOCTO MEHAETCS
CO BpeMeHeM; MeTaJLInuecKue JUHeNKH JyuIlle, OMHAKO U UX pas-
MephI Uepe3 HEKOTOPOe BPeMs ITOCJIe M3TOTOBJIEHUS CTAHOBATCS
He OUYeHb TOYHBLIMM, KpOME TOTO, TOJIIHHA IITPUXA HA JMHEHUKe
He TaK MaJia, KaK X0TeJoch ObI. B ToM ciyuae, Korga pasMepsl
IJIs W3MepeHus He TaK XOpOIIo ompeleseHbl, — a B HallleM
cJIyyae 3TO UMEHHO TaK, — IOTPEITHOCTD HOJIYIUTCS BBIIIE, TajKe
ecau opMa Tejla OUeHb O0JIM3Ka K MPAaBUJILHOM, IPAMOYTOJILHOM
Y MBI PACIIOJIOKUIN JUHEHKY TOUHO BIOJIL IpaHeii.

B oOmiem, ecam oTHeCTHCh K TOUHOCTHM HAIIUX KM3MEpPEeHUH
C HEKOTOPBIM ONTHMM3MOM, MOKHO B3ATH TaKNe 3HAUECHUS: JJIN-
Ha 31—33 mm, mupuna 24—26 MM, Bbicota 11—13 Mmm. dnsa
HaXOKAEHUS ITOTPEITHOCTU OIpeneeHnusd 00bEMa BOCIOJIB3yeM-
cs TaK HA3bIBAEMBIM «METOJIOM TI'DAHMII» — CMBICJ €T0 BIIOJIHE
sdceH M3 HasBaHUA. MuUHUMalbHOe 3HaUeHHe 00bEéMa oIpemesd-
eTcs MpoM3BeleHNeM HAWUMEHBINX BEeJIUYUH, MaKCHUMAJIbHOE —
HanOONBIIUX: Vyyr=381-24-11=8184 mm®?, Vyarc=33:-26-13=
=11154 mm3. Torna V =(9669 + 1485) Mm3, xoTa JIydIle OKPYT-
JuTh U Hanumcatb V =(9,7+ 1,5)-103 MM3. Cumras m3MepeHHOe
3HaueHne Macchl Opycka 74,3 T TOUHBIM (Jaske IIPOCTHIE IIKOJIb-
HbBIe BeChl 00eCIIeUMBAIOT OUEHb BBICOKYIO TOUHOCTH M3MEPEHUSI
MAacChl, HETOUHOCTh M3MEPEeHWs IPU aKKypaTHOM MIoAxole He
npeBbicuT 20—30 mMr, utro cocrasaser 30- 10_3/75%4'10_4<
<0,05%, uTo BO MHOTO pa3 MeHbIIIe OIITNOOK P U3MEePeHUU Pas-
MepOB), MBI IOJYUYUM BepxHee 3HAUEHME ILJIOTHOCTH, PAa3nesiuB
MAaccy Ha HamMeHbIllee BO3MOKHOe 3HaueHUe 00béMa — HIKHIOIO
TpaHuIly IJid U3MEePEeHHOU HaAMU BEeJIWYNHBI, a HUKHee 3HAUeHUe
ILJIOTHOCTH — PasfesinB Maccy Ha HamboJibllee 3HaUeHre 00bEMA.

Hanpliile BCE IIPOCTO — B KaueCTBe WN3MEPEHHOT0 3HAUeHUSA
pPasyMHO B3ATH HOJYCYMMY NOJYUYeHHBIX 3HAUEHUU, a B Kaue-
CTBe IIOTPEITHOCTH M3MepPeHn — ImoJrypasHocTh. HyXHO ckasaTb
BIIOJIHE OIIPeNeIEHHO — HUKAKOTro 00Jiee pa3yMHOIO0 ciIocoba, ueM
onucaHHbIN, mpocro Her! Huxakme m3ompéHHBIE MaTeMaTHYe-
CKHe MeTO[bl He MOTYT YJYUYIIUTh TOYHOCTh I'PyObIX M3MepeHuii!
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MpbI MOKeM, KOHEUHO, CAeJaTh 00Jiee ONTUMUCTUUYECKYIO OIeHKY
TOYHOCTHM HAIIUX W3MEPEHUI. JTa OIeHKA MOMKET OMMpaThCcAd Ha
IIPeAIIoJI0KeHe 0 TOM, UTO He CTOUT OpaTh camMble KpaliHue BBI-
YKCcJIeHHbIe 3HAUeHNA 00bEMa, MOKHO BMECTO HUX IIOIPOOOBaThH
«Hanboee BepOATHLIE» 3HAUEHUA (0OBIYHO B TAKUX CIyYaAX DKC-
IIePUMEHTATOP HauMHAeT OBICTPO U yOeauTeILHO TOBOPUTD O TOM,
YTO M3MEPEeHUd IJIWHBI, IIUPUHBLI WM BBICOTHI — HE3aBUCUMBIE,
BPSAI JIU OMIMOKY IIOJyUaTCsA «B OTHY CTOPOHY» U T. II.). B obmiem,
TPYIHO IIOMEIIATh SKCIIEPUMEHTATOPY 0OMaHBIBATL ce0s caMoro,
€CJIM OH CTeCHAETCA CBOMX I'PYOBIX M3MEPEHUN U XOUeT MOJYIUTh
pesyJbTaThl «IoTOuHee»... HO B TaKMX ciiydyadx YiKe HeJb3sd
rapaHTUPOBATh «MOMAJaHNe» UCTUHHOTO 3HAUEHUA U3MEePIeMO
BEeJIMUYUWHBI B YKas3aHHBIA AManasoH, a 9TO IJIOXO — BBLIBOJABLI Ha
OCHOBE HAIIUX M3MePeHUU MOTYT ObITh COMHUTEJIbHBIMHU.

B mamem cayuae mocisie HEOOJBIIOTO OKPYIVIEHUSA IIOJYUUM
e=(7,8£1,2) I‘/CM3. HNMeHHO B TakMxX TpPaHUIAX JIEKUT IIpa-
BUJIbHOE 3HAUEHWEe M3MEPEeHHON HaMW BeJWUYMHBI. TOYHOCTH II0-
JIyYMJIACh AOBOJBHO IIJIOXOM — C TAKMMU U3MEPEHUAMU OTIUUUTH
JajKe ONWH METAJJI WU CILJIaB OT JPYTrOoro MOMKHO HE CJAUIIKOM
yBepeHHO. [JTaBHBIN BKJIa[l B IOTPEITHOCTD AAIOT U3MEPEHU pas-
MEepPOB — MOJKHO IIOIPO00OBATH MCIOJIb30BATh IITAHTEHIIUPKYJIb
WX MUKPOMETP, 9TO IO3BOJMJIO OBl YJIYUYIINUTHb PE3YJabTaT IJs
TeJ ITPaBUJIbHON (DOPMBI, XOTA JarKe IJId MUJINHIPUYIECKOTO Tesa
U3MEPUTH AMaMeTP He TaK y:K IpocTo... KeraTu, B Tex ciydadx,
KOTZla TOYHOCTHh M3MEPUTEJBHOTO IIPHOOpa IIPEBBINIAET BO3MOXK-
HOCTh OTCUETa II0 ero rpy0oii MHUJJIMMETPOBOM IIKaJie, MOKHO
BOCIIOJIB30BAThCA «HOHUYCOM», KOTOPBIM €CTh 1 HA IITAHTEHITUP-
KyJie, U Ha MUKPOMETpe.

Heno ycmoxHseTcsa, ecau O0OBEM He YAAETCA OIIPENESIUTH
NpAMBIMY M3MEPEHUAMUN pPasMepPoOB Tejia, HAOpUMep, AJIA Teja
HeIpaBUJIbHON (opMbI. B aTOM ciiyduae PEeKOMEHIYIOT U3MEPATH
00BEM, IIOTPY:KAS TEJIO B N3MEPUTENLHYI0 KIOBETY C BOIOII, — IO
MOBBINIIEHWIO YPOBHA BOMABLI. ITU M3MEPEHUA TOKE HE CJIUIIKOM
TouHBI. [VIaBHAsA mpobJieMa BCEé PaBHO OCTAETCS — MBI OIIpeaesa-
€M ILIOTHOCTb IO HECKOJBbKHM BeJWYMHAM, KOTOPhIe M3MEPEHBI
C OUeHb pasnyaplineiicsa TOUHOCThIO. V3BecTeH cmmocob HaMHOTO
00JIee TOUYHOTO OIIpeIesieH!s A IIJIOTHOCTH TeJl IIPOU3BOJILHOM dop-
MBI — IIPU IIOMOIIU «THUAPOCTATUYECKOTO B3BEIIUBAHUA» . MeTox
CBOIUTCS K ABYKPATHOMY B3BEIIMBAHUIO TeJla — OAUH Pas3 B BO3-
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Iyxe, Ipyroil — IIpM IOTPY:KEHUU Tejia B BOAY IIEJIMKOM (B 3TOM
BapMaHTe MOMKHO OIIPEAEJIATDH IIJIOTHOCTHb TOJBKO Y «TOHYIIHUX»
TeJa, a AJA OIpelesieHUs MJIOTHOCTEN, MEHBIIUX, YeM y BOMBI,
cnocob HYKHO HEMHOTO YCJIOKHUTDL, IIPUBA3aB K JETKOMY Tely
rUpbKy). YHamka IIKOJbHBIX BECOB JIETKO IIOBOpPAuYMBAETCA Ha
90° BOKPYr TOPU3OHTAJILHON OCH M B 3TOM IIOJIOMKEHUU II03BO-
JseT TPUBA3ATh TEJO HUTHIO K Becam. Ilo pesdyapraramM IBYX
U3MepPeHUH JIETKO ONIPeAeJUTh IIJIOTHOCTh — TOUYHEe TOBOPSA, OT-
HOIIIeHME IJIOTHOCTHU TeJia K MJIOTHOCTH BOABI, a IJIOTHOCTH BOIBI
M3BeCTHA MOBOJBLHO TOUHO. IIpu TaKux M3MepeHUaX 00BEM TeJsa
OIIPENEJIATh He HYMKHO, II09TOMY U JTOIMOJHUTEJIbHOTO YXYIIITeHU
TOYHOCTH W3-3a HETOUYHO M3BECTHBIX pPasMepoOB Tejia He Oymer.
Bnpouem, rpaMOTHO IIPOBECTH U3MEPEHUs HE TaK IIPOCTO —
HYKHO M03a00THUTHCA O TOM, YTOOBI HUTKA, HA KOTOPOM TeJo
IMOABEINIEHO, He HaMOKJa, UYTOObI He IIPUIILIOCh YUYUTHIBATH HeE
TAKOM YK MaJbIi J00aBJIEHHBIN BeC BOOBI, C IIOBEPXHOCTH TeJja
MPUAETCA TIATEIbHO YIAJIUTD IPUJINIIIINAE TY3bIPHKY BO3IyXa —
I TPyOBIX HM3MEpeHUi BCE 5TO HeCYIIeCTBEHHO, a B HAaIlleM
ciIyJae JKajJKO TepATb TOYHOCTb 13-3a (PaKTOPOB, O KOTOPBIX
JIETKO 3apaHee m03ab0TUTHCA.

Ja cumenmuagbHBIX CJAyYaeB, HaANPUMEP OJA OIIpeleeHUsd
IIJIOTHOCTH TeJI UyTh TdAMKeJee BOJbI, MOKHO HPUAYMATH CIIEIU-
aJbHbIE CIIOCOOBI: PACTBOPUTH B M3BECTHOM 00HEME BOILI M3BECT-
HOe KOJIMYECTBO COJIH, IIOJ0OpaHHOe TaK, YTOOBI TEJIO He TOHYJIO
U He BCILIBIBAJIO, — TAKUM O0Pa30M MOJKHO JOBOJILHO TOYHO M3-
MepPUTh HeOOJbINNE OTKJIOHEHNA IIJIOTHOCTU OT IJIOTHOCTU BOZBI.
A ecau mpemMeT UyTh JieTde BOABLI, MOKHO IPUKPEHUTL K HEMY
HECKOJIbKO MaJIeHbKNX T'MPeK — IIOKa He HAaYHET TOHYTh. B aTmx
cayJasix MOKHO [asKe He B3BemwuBaTh Tesio. OueHb TOJIE3HO
COOPYAUTHh U3 IMPOOUPKU, HECKOJbKNX APOOMHOK U IIJIACTUIMHA
IIPOCTOU apeoMeTp AJA HAaXOMKJIEHUA MIOTHOCTHU KHUIKOCTH — II0-
JIYYMBIINICA TPUOOP MOMKHO IIPOTPAaAyUPOBATEH IO HECKOJIBKUM
pacTtBopam, a 3aTeM CPaBHUTH Pe3YJIbTAThl ¢ PACUETHBIMU.

CraKkeM eIé HeCcKOJIBKO CJIOB O IPUMEHEeHUU KUIKOCTel: Ipu
IIOMOIIIY OOBIYHON BAHHBLI MOYKHO B3BEIIMBATH JOBOJHHO TOYHO
TPOMO3AKNE U TAKEJIBbIe IPEeAMETHI (I TeJ IOMEHbIIEe TONUTCS
He BaHHAa, a OoJbIas KacTpiojs). B cmenuaibHO IIPUTOTOBJIEH-
HYIO «JIOLOYKY» ITIOMEIAl0T B3BEIINBAEMbIA IPeAMET 1 OTMEUAOT
Ha OOKOBOI CTE€HKE YPOBEHb BOALI. BHIHYB IpeaMeT U3 JIOJOUKHU
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(sicHO, YTO OH OOJIKeH ObLI ILJIaBATh C JIOMOUKOM, a He TOHYTH!),
OyzeM IOJIMBATh BOAY MEPHBLIM CTaKaHOM — IIOKA YPOBEHB He CTa-
HeT paBeH oTMeueHHOMY. Macca BIWTOII BOABI paBHA Macce BHI-
HYTOTO U3 JOLouKHy mpeamera. O6patuM BHUMaHMUEe Ha TO, UTO 3TO
u3MepeHre IPOBOAUTCA «METOAOM 3aMeIeHUsa» — BJIUTAA BOAA
«3aMeIlfaeT» MHTEPEeCYIOININHA HAac IPeIMeT, TOUHOCTb N3MepeHUH
oIpefesigeTcsa TOYHOCTHIO OTCUETA YPOBHSA BOABI, (hopMa BaHHBI
(kacTpronm) ponu He urpaer. Keratu, TyT BO3MOMKEH UM eIé OIUH
XOpomu#i cmoco6 — He OoJMBaTh B BaHHY BOAY, a 3aMeIlaTh
B3BEIIUBAEMBIHA IIPeAMET TUPAMHU, €CJU UX OyIdeT JOCTATOUHO.
Ha »sTux mpuMepax BHUIHO, KaK aHaJN3 IIOTPEITHOCTEN MOMKeT
IIOACKAa3aTh HEOOXOAMMOCTh U3BMEHUTH METO]l U3MEPEeHUIT; MHOTAA
9TOT aHaJNM3 IIOMOTaeT M IIPW BBHIGOPE KOHKPETHOM METOIUKU
U3MEPEHUIA.

Ha mpakTuke pasbpoc pe3yabTaTOB IIPU HECKOJBKUX H3Me-
PEHUsIX MOJKET CYIIECTBEHHO HPEBBIIIATH BHIUUCJIEHHYIO «IIPU-
O0opHYI0» OIMOKy. B 9THX caydadx MOKHO YTBEeP:KIATb, UTO
B IIPOIlecC U3MEPEeHMN BTOPraeTcsa HeyUTEHHBIN JOIOJTHUTEIbHBIN
(aKTOpP, KOTOPHIZ HEM3BECTHBIM JJI HAC CIIOCOOOM TO YBEJIMUMU-
BaeT, TO yMeHbIaeT (UJIU — I0-IPYrOMY YBEJIUUYUBAET) U3Mepsie-
Myio BeaunuuHy. CoOCTBEHHO, MMEHHO 0 HAJIUYKUIO pasdpoca MbI
MOXKEM 5TOT ()aKTOpP YBUAETH — €CJIM ObI OH IIPOCTO YBEJIUMYNBAJ
M3MepeHHYI0 HAMH ILIOTHOCTh, CKaskeM, Ha 2 T/cM3, MBI MOIVIK
Obl ero BIUAHUA W He 3aMeTHuTb... Kak Ke mocTymaTh B Ta-
KUX CJIydyasX, KOTa MBI (PUKCHUpPyeM pasdpoc pes3yJbTaTOB IPHU
HECKOJIbKUX m3MepeHuax? Ecaum sToT pasbpoc HaXoAuUTCsS B Ipe-
Iejax MPUOOPHBIX OIIMOOK, HA HEro MOXKHO IIPOCTO He obOpaliaTh
BHMaHUuA. Ho yacTo OH mosryyaeTcss JOBOJIBHO OOJIBIINM.

Koneuno, syuiire Bcero mpoaHaIu3mupoBaTh CUTYAIINI0, HANTH
mpuunHy pasbpoca u ycTpauuTh e€. Hampumep, Kaxmoe ciaenyo-
1ee m3MepeHUe MJIWHBI ITPOBOJIOYKY JIMHEHKOU HAaéT pesyJbTar
00JIBIlle TIPEABIAYINEero — TYT BCE IIOHATHO, He HAM0 OBLIO TaK
CUJIBHO TSIHYTh, BEIOPOCHTE 3TOT KYCOK IIPOBOJIOKM U IIOBTOPHUTE
n3MepeHusa — TOJbKO aKKypaTHee. Waum apyroil ciaydaii: mpu
M3MEPEHUAX CUILI TPeHNUA, TefCTBYIONell Ha JePeBAHHBIN KyOuK
CO CTOPOHBI CTOJIa, Pas3bpoc MOKeT OBITh CBA3AaH C TeM, UYTO
B IIpollecce H3MepeHuil KyOMK ONMpAaJicCsi Ha CTOJ TO OIHOM,
TO APYTro#i TPaHBI0O WJIM [OBUTAJCA WHOTAA «BIOJH BOJIOKOH»,
a MHOTIa HOoIepéK. B aToM ciiyuyae JOCTATOYHO CHEeJaTh IIPOIlECC
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M3MepeHunil eTMHOOOPA3HEIM (eIIé JIyUIlle — UCCIeI0BATh 3aBUCH-
MOCTHb CHJIBI TPEeHHUS OT OPMEeHTAIIMU BOJIOKOH). Ho uarme Bcero
B YCJIOBUSAX HeXBATKU BPeMeHU NPUUYUHY YCTAHOBUTDH He yIAaéTCs
anbo eé He ymaéTcda yCTPAHUTh. UTO OejaTh B TAKUX CAydaax?
Mo:KHO ITPOBECTH CTATHUCTUUYECKYIO 00paboTKY pe3yIbTaTOB 13Me-
peumnii. IlpegcraBum cebe, UYTO MBI KaKIbIM pas moJiydyaeM TOY-
HBIII pes3yJbTaT, HO II0 IPUYMHE MOCTOPOHHEr0 BMeIIaTeIbCTBa
pesyJibTaT HMCKajKaeTcs — K HeMy TO HpuOaBisfeTcs 3HaueHUe
HEKOTOPOU CJIyJYalfHOM BEJIMYUHBI, TO €Il€é OJHO 3HAaYeHUe BbIUM-
Taercd. MOKHO JU IO pPe3yJbTaTaM HEeCKOJbKUX He3aBUCHUMBIX
u3MepeHuii (Hy:KHO M B CaMOM [eJie IIPOBOAUTL M3MEPeHU
CHOBa U CHOBAa, a He IIPOCTO HECKOJIHKO pas CMOTPETh Ha MIKAIY
aMIlepMeTpa) OIeHHUTH 3Ty H00aBKy, 3aTeM KaKHM-TO oOpasoM
YMEHBIIUTDL €€ BAUSHNE U, HaKOHeIl, TPAMOTHO 3aIlllCAaTh OTBET?
Mo:KHO, 1 B OOJBIIMHCTBE CAyUYaeB (PUSUKU-IKCIEPUMEHTATOPEI
Tak U IOCTYHAaIoT.

HWrak, aaropurM HAIIUX AEMCTBUUA TAaKOB: IIPOM3BOAUM JKC-
IMIepUMEeHT HEeCKOJLKO pas — ecJii pasdpoc Majl, TO BCE XOPOIIO
U HuUYero OoJbIlle AeaaTh He Hamo. Ecam pas3dpoc BeIWK — TYT
BCEé M HaumHaeTcA. BLIUMCINM cpelHee 3HAUeHUe M3MEPEHHOTO
mapaMeTpa W HalaéM IJA KaKIOTO pes3yJbTaTa U3MEPeHUH «OoT-
KJOHeHUe OT cpenHeros». OIMeHMM TaKoe OTKJIOHEHMEe — 9TO KaK
pas Ta camasa «upubaBiadeMas BeJauunHa». CunTaTh cpegHee 3HA-
YyeHUe 3TOH BeJIUUYNHBI 6€CCMBICIEHHO — HEeIPEeMeHHO MOJYIUTC
uyJs! IIpuxogurcesa mocTymars MHAYE — BeIb [JIs HAC OLUHAKO-
BO BaXXKHBI M OTPHUIATEIbHBIC, M MHOJOKUTEJIbHLIE OTKJIOHEHUA.
Haiigém «cpegHeKBagpaTUUeCcKOe» 3HAUEHMNe dTUX OTKJIOHEHUM:
BHauaJie BO3BeJEéM PA3HOCTH BO BTOPYIO CTeIleHb, IPOCYMMUPYyeM
UX U pasmeJuM CyMMY Ha YMCJO cjaraeMbiX. OcTajoch BBIYHC-
JIUTh KBAAPATHBIA KOPEHb M3 5TOH BEJWUYUHBI, U MbI HOJYyUUM
PasyMHYIO OIIEHKY TOTO CJYYaWHOTO BJIUSHUSA HA Pe3yJIbTaThl,
0 KOTOPOM IILJIa PeUb.

Hampumep: pesyabTaThl B3MEpPEHUI POCTa TPEX IMTKOJILHUKOB
1™, 2 m u 3 M. Cpentee 3Hauenue mosuydaercs (1+2+3)/3=2 m.
Temeps Hamimém pasuoctu: —1, 0, +1, cpegHee 3HaueHUe KBaji-
paros atmx Benmumn (1240+(—1)%)/3=2/8. KBaagpaTHEIii KO-
peub cocrasaser 0,83 (ToOuHbIE BLIUMCJIEHUA TYT HE HYKHBI, MBI
MOACUNTLIBAEM HE CJIMIIKOM YETKO OIPEAeIEHHYIO BEIMUYNHY).
OszHauaeT U 5TO, UTO HAaIlla «CJydaliHas IIOTPEIIHOCTh» PaBHA
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aroii Besmuuue? Het, Begb 5To omubKa IJid OJHOTO M3MepeHusd,
a MbI B KauecTBe OTBeTa BHIOpAIM cpeaHee 3HAUEHNE HECKOJIbKUX
M3MepeHunii, ommnoKa 5TON BEJWUYMHBI SABHO MeHbIIE, Bedb IPU
yCpegHEeHUU OTKJIOHEeHUS CYMMHPOBAINCH, YAaCTh OTKJIOHEHUH
OBIIN IOJIOMKUTEJIbHBIMU, YACTh — OTPUIIATEIbHBIM, OHU JOJIKHBI
OBLTIM XOTh KaK-TO CKOMIEHCHPOBATBLCA. Tak M JOKHO OBITH.
Bompochl 5T MHOTOKPATHO MCCJIEIOBAJINUCH MaTeMaTUKaMH, UX
BBIBOJABI TAKOBBI: €CcJu pas3bpoc pesyabTaTOB M3MEPeHUl CBA3aH
c o0muM mgeficTBHEM MHOKeCTBa (PAKTOPOB HPUMEPHO OAMHAa-
KOBOM WHTEHCHUBHOCTH, TO OINMMOKAa CpeNHero MeHbIlle OIIMOKI
ONVHOYHOT'O U3MEPEHUI IPUMEPHO B «KOPeHb U3 N » pas, TO eCTh,
IpOBelsi COTHIO M3MEPeHWi, MBI MOIJIM Obl M3PSAAHO CHU3UTH
BINAHNE PAKTOPOB pasdbpoca — mpumepuo B v 100=10 pas.

IIpaBma, B 9TOM ciyuyae MOXKHO HOJYUYUTH U 6GoJiee TOUHYIO
OIIEHKY [IJIsl «IIOTPEITHOCTH OAHOKPATHOTO U3MEPEHUA» — OKA3hI-
BaeTcs, MPU €€ HAXOKIeHWU [IeJUTh CYMMY KBaApaToB HYKHO
He Ha uucjo uaMmepenuit N, a Ha Beauuuuny N —1, u mpu sToM
mosnydaeTcsa Oosiee TouHasA (TaKk HasbIBaeMas «HECMeEIEHHAas»)
olleHKa. B HalleM ciyuae IIOTPeIiHOCTh OJAHOr0 U3MepeHus OyieT
paBHa \/(1'2 +0+(—1)2)/2=1 ¥ NOTPEIIHOCTH CPEJHEr0 COCTABUT
1/\/§%0,6. Msl MomIM OBI TeIlleph 3aIllCcaTh: CPESHUI POCT
H.,=(24+0,6) M.

IIpumep He CAUMTKOM XOPOII — YKNCJIA B3ATHI «C IIOTOJKA», HO
3aTo MOHATHO, KaK HYXKHO cUnTaTh. Pasymeercs, AJId TOJYUeHU
XOPOIIIero Pe3yJbTaTa B YCIOBUAX «CAYUYAMHBIX IOMEX» HYMKHO
MIPOBOAUTL MOOOJIbIIE HEe3aBUCUMbBIX M3MEpPeHHil, HO Ha MOpak-
THKe MOXKeT IIPOCTO He XBATUTHL OTBENEHHOrO Ha SKCIEPUMEHT
Bpemenu. Ham mpupércss B caMOM Havaje M3MEpPeHUU OIeHUTh
mpuOOPHYIO OUIMOKY M IIPOBECTH ABa—TPU HE3aBUCUMBIX M3Me-
peHus, 4ToObI IPy00 oIeHUTh padbpoc. Temeps HYKHO CPaBHUTH
9TH BEJUYUHBI U IPUHATH pellleHue — cjJeayeT JHU IPOBOIUTH
[JINHHYIO CepHI0 M3MepeHuii, Wju pas3bpoc MOIJIOIAeTcs IpHu-
O6opHoii omubKoii. Hampumep, Aasa ciaydasd OpuOOPHOUN OMMOKU
5% wu pasbpoca 2% cepus M3MepeHUIl He IMOHAMOOUTCS, a IIPHU
pas6poce 20% HYKHO CTATHCTUYECKON 00pabOTKOM 9Ty BeJIUUUNHY
yMeHbIaTh. XOPOIIO 6bI MIPOBECTH TAKYIO AJIUHHYIO CEPUI0, UTO-
OBl «IIepecUYnTaHHBIM» Pasdpoc oKasajcad XOTA ObI BABOE MeHbIIIe
IpuOOPHOM IIOTPEITHOCTH; B HAIlleM cJydae IJs 3TOro OyIer
HYy:KHaA Ccepus IJINHBI (20/(0,5'5))2:64. Koneuno, sTo oueHb
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MHOT'O — MOJKHO He yCIeTb. 3aTO IIOHATHO, K YeMy cJeayeT cTpe-
MUTBCA. Y ecaiy MBI yCIIed IpoBecTu ToabKo 10 mamepeHuit, TO
MBI He JOOUMJINCH ITOTJIOIIeHUA OIINO0K pasdpoca — «CIydalHbBIX
OoIubOK», MOITOMY IIPUIAETCA B OOINeil OIleHKe IIOTPeIIHOCTeH
y4ecThb Kak MPuOOPHYIO, TaK 1 CAYUYAWHYIO OomuOKu. OOBIYHO 3TO
JeJaroT o opmyJie

Bosm= \/AZ,5+AZ, o =1 /0,052 4(0, 22/10)~ 0,08 =8%.

(Mos&HO GBLIO CUATATH U IIPAMO «B IIPOIEHTax»: /52 +(202/10)=
=v25+40~8%.)

XoueTcsa MPUBECTU MHTEPECHBIN mpuMep: B pabore «Ma3mepe-
HUe Iepuofa KojebaHWI MaTeMATHYeCKOTrO0 MAATHUKA» IOHOIIA
M3MepUJI Iepuol KoJsebauuii mpu aigmae nutu 40 cm, 3arem —
npu gauHe 60 cm u, Hakomeln, mpu aiauHe HuUTH 80 cMm. IToay-
yernubie pesdyabratsl (0,9 cek, 1,1 cex u 1,8 cexk) oTimuannch
Ipyr orT npyra (pasymeercs!), majiee OH HAIIEN cpemHee 3Haue-
Hue mepmoga 1,27 cek, a 10 NPUBEAEHHBIM BBINIe (hopMyJiaM
mocumrTana «pasdpoc cpemHero 3HaueHusA». llocae aroro oH 3a-
mucajs oTBeT: «Ilepuoa KosebaHUII MaTeMaTUYECKOT0 MAATHUKA
T=(1,27+0,14) cex».

ITousitHO, uTO 3TO uymb! Hy a uro Tyr HenpasuiapHO? Bme-
CTO TOrO YTOOBI (Kak M II0JIarajioch) MCCJIEIOBATHL 3aBHCHUMOCTDH
mmepruoga KojaebaHui MaATHUKA OT IJWHBLI HUTU, SKCIIePUMEHTa-
TOP CUEJI 9TY 3aBUCUMOCTDH PE3yJIbTaTOM AEeMCTBUSA IIOCTOPOHHUX,
MemIaminx (paKkToOpoB — M YCTPAHUJ BJIHUAHNE 3TUX (PAKTOPOB
CTaTUCTUYECKOI 00paboTKoii. B pesynabTaTe oH HAaIIEJ 3HAUCHUE
mepuona OJII HEKOTOPOW «CpemHel» IJIWHBI HUTH, IIPU STOM
aTa caMasa JJUHA BOBCE HEe PaBHA CPeIHEMY 3HAUEHUIO IJIUH
B 9KCIIePUMEHTe, OHa OCTaéTcsA HemsBecTHOIi. Mopaab: mpexme
yeM NPUMEHATh CepbEe3HbIe MaTeMaTHUYecKHe MeTOHbI, CIedyeT
MOoAyMaTh — a YTO, COOCTBEHHO, MbI cOOMPaeMcsa CUUTATh?

Cra)xeM HECKOJBbKO CJIOB O NMPUOOPHBIX OIMMOKAX OOBIYHBIX
usmepureseii. JInHeliKa MJa€T MOTPEINIHOCTb HMOPAMKA IOJIOBUHBI
JIeJIeHUA IIKAJIbl — HO TOJIBKO B CJIyduae M3MEPEHUs PACCTOSTHUA
MeXKIYy UYETKO O00O03HAUeHHBIMM TOUYKaMM. HKciam cama «TouKa»
IIpeACcTaBIAeT CO00M KJISKCY pasMepoM 3 MM, OXKHIATHL 00b-
SABJIEHHOM TOYHOCTH He mnpuxoauTcA. IlorpemHocTh OOGBIYHOTO
TEpPMOMETPA TOKe MOKHO CUMTATH PABHOH ITOJIOBUHE AEJIEHU, HO
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€CTh W JOMOJHUTENbHbIE NCTOUHUKYN ONIMOOK M3MePeHUsA TeMIIe-
paTypbl — TepMOMeTP MOKAa3bIBaeT C8010 TeMIIepaTypy, a OHa MO-
JKeT OTJIMYATBhCA OT TeMIIepaTyphl HMccaeayeMoro Teja (He ycmena
YCTAHOBUTHCS PEKUM PaBHOBECHUA — HYJKHO aHAJIU3UPOBATh Bpe-
Ms YCTAHOBJEHUS TEIJIOBOTO PAaBHOBECUS B CHUCTEME, IIPU W3-
MEepeHUHW TeMIIepaTypbl KyCKa MeTa/lla WJIH JepeBa TepMOoMeTp
BOOOIIle MOXKEeT IMOKAa3bIBATh UTO YI'OAHO), €CThb U APYyrue IPUIu-
HBI TPyOBIX OIMMOOK M3MepeHUs TeMIepaTypbl (BCIIOMHHM IIPO
«TeMIIepaTypy BO3AyXa B TeHHU»). BpeMsa uaMepseTcsa CeKyHIO-
MepoM [TOBOJILHO TOUYHO, HO CaMO HasKaTue KHOIIKM Bcerga 3a-
masabiBaeT (IOMBITKY HaKaTh KHOIIKY IIOpPaHbIe, YTOOBI «CKOM-
IIeHCUPOBATh BpeMsA PeaKI[uu», HAI0T BOOOIe HelpeacKasyemMbie
pe3yJabTaThl).

Ho nmns mepuommuecKmxX IIPOIECCOB BCE CUJIBHO YIPOIIAET-
cs1 — U3MepATh HY:KHO BpeMsi He OIHOrO IIepuoaa, a, CKamKeM,
20 — BpeMsA peaKIUU MOKHO IIPU STOM «PAa3JIOXKUTh» HAa MHOMKe-
CTBO IIEPUOI0B 1 B HECKOJHKO Pa3 YMEHBIIUTH COOTBETCTBYIONIYIO
MIOTPENIHOCTh. VICIOMb3YIole 9TOT MPUHIIAI dJIEeKTPOHHbIE Ya-
CTOTOMEPHI (HM3MepPAIe OrPOMHOE — MUJLIMOHBI — YKUCJIO IIe-
PHOIOB), IIO3BOJSIOT IIOJYYHUTL OIIMOKM WH3MepeHusd Iepuoja
(1M 4acTOThI) OBICTPOIIPOTEKAOIINX MePUOSUUECCKUX IIPOIECCOB
BCEro IOPSAAKA THICAYHBIX, & TO U AECATUTBICIUYHBIX HOJEH IpOo-
neHTa. [lorpenrHocTh 0OBIYHOT0, CTPEJIOYHOT'0 BOJIETMETPA MOKET
I0XOOUuTh M0 4% (OJd IIKOJbHBIX M3MEPUTEJIbHBLIX HpPu6GOpPOB),
IPUYEM 9TU MPOIEHTHI HY:KHO CUNTATL He OT HM3MepseMOoil Be-
JIMYUHBI, a OT MAKCUMANbHO0Z20 3HAUEHHUS IIKAJIBI. ITO O3HAYAET,
YTO, U3MEPUB OOBIYHLEIM BOJLTMETPOM (MaKCHMaJbHOe 3HaUeHUe
Ha miajge 6 B) manps:xkenme GaTapedKu W IIOJYYUB Pe3yJIbTAT
1,5 B, crexnyer sanucats orBeT: U=(1,54+0,24) B, morpemnrsocTs
pu atoM gocturaet 16% ! lludporsie uamepuresbHbie TPUOOPHI
o0eceunBaIOT Kyaa JYUIIYI0 TOYHOCTD, IOTPEIIHOCTh OOBIYHOTO
«KUTaNCKOr0 MYJbTHMETPa» NIPU M3MEePEHWHU HAIPSKEeHUH Cco-
CTaBJIAET IIPUMEPHO MOJIIPOIIEHTA IIJIIOC AOIOJHUTEIbHAA OIIN0-
Ka IpU OTOOpasKeHUHU pesyJbTaTa Ha Auciljiee mpubopa (0OBIYHO
e€ OIeHMBAIOT KaK ILJIIOC-MUHYC IBe—TPU €AUHUIBI MJIALIIET0
oTOOpaKkaeMoro paspsifia, TO €CThb IIPU IIOKa3aHUAX BOJBTMETPA
12,06 B ykasaHHAad HETOYHOCTH MOKET COCTABUTH JAOIIOJHUTEIb-
uo +0,03 B. B sTrom cayuae morpemnocts 0,5% or namepsieMoii
BeJINUYMHEBI cocTaBuT mpumepuo +0,06 B u mpakTuueckm ormpe-
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IeJIUT TOYHOCTh u3MepeHuii. Ho mpum m3sMepeHMU TOKOB WU
COIIPOTHUBJICHUI TAKON MYJILTUMETP MOMKET HaBaTh Kyaa 00JbIlIne
morpemnrsocTy u mepBoro (mo 2—3%) Buma, U BTOPOTO (B HEKO-
TOPBIX caydaax mo 10—15 eguHwuil mMiamiiero paspsma) — IJs
YTOUHEHUS CTOUT IMIPOYUTATH MOAPOOHOE OIMCAHNE KOHKDPETHOTO
mpubopa.

PasymeeTcsi, mpuBeméHHBIe PENENTHI He CJIUIIKOM OOOCHO-
BaHHBI U CTPOTU, B MHOTOUHMCJIEHHBIX IIOCOOMSX TalOTCSA CaMble
pasHbIe COBETHI IO IOBOAY OIeHKW IIPuUOOPHBIX OIIMOOK, pac-
YETOB IOTPENTHOCTEe!I KOCBEHHBIX M3MEPEHUHN U CTAaTUCTHUUECKOU
00paboTKU pes3yJabTaToB uM3MepeHwuii. He ciaemyer mymarb, UTO
MPABUJIBLHBIMU MOTYT OBITH TOJBKO T€ BApPUAHTBI, B KOTOPBIX
MIPUMEHAIOT HeIIOHATHLIE MaTeMaTuYecKrue MeTonbl (1M ueM Hermo-
HATHee — TeM IIpaBUJIbHee), IPOOJeMbl TYT He CTOJBKO B CIIO-
cobax cuéra, CKOJBLKO B aHANN3e IPUUYNH KaK IPUOOPHOTO, TaK
U «CJIy4JalHOro» pasdpoca.

Buoidepiacrka us npozpammul kypca gusuku 7—8

«Cmoco0nsl mamepeHwuii. IIpaMble U KOCBEHHLIE H3MeEpPeHU.
Tounocth mamepenmii. Ilena memenusa mKaabl mpubopa. Kiacc
TOYHOCTH Ipubopa. OMuOKY u3MepeHnil cucTeMaTuYecKue 1 CJIy-
yaiinbie. Crmoco0Obl yMeHbIIeHUA omubok. CraTucTuuecKue CIo-
CcOOBI TOBBINIEHUA TOYHOCTHM B TOM CJIyYae, €CJU CJydaiiHad
omrnOKa 0OJIbIlle IIPeAebHOM TOUHOCTU IIprbopas.

Boigep:kxka mOpuBegeHa AJs TOr0, YTOOBI HAIIOMHUTB, YTO
OCHOBHbIE TOHATHS, UCIIOJb3yeMble IJI XapaKTePUCTUKU H3Me-
peHuii, BBOAUINUCH elié B 7—8 Kiiacce. ONHaKO HEJUIITHUM OyneT
IIOBTOPHUTH 3Ty TEMY U C YUEHHUKAMU CTAPIINX KJIACCOB, KOTOPbIE
OOJIBLIIIYIO YACTh TOTO, UTO OBLLIO M3yUeHO B 7—38 Kjaccax (ecau
He BCE), ycueau mo3a0bITh.

IIpu6opsl u cmocoObI N3MEpPEeHNH (PUINUECKUX BeJIMYUH

IIpuGopsl, ¢ MOMOIILI0 KOTOPBIX MOYKHO IIPOBOAUTH HM3Mepe-
HUSA, XapaKTepU3yIOTCA TOUYHOCThIO. Eciu mamMepsemMas BeJUUYU-
HA «CUUTBLIBAETCS» CO IIMKAJBI IIPUOOPAa, TO PACCTOSHUA MEKIY
IBYMsI COCeIHMMM MeTKaMmMmu (IITPUXaMM) Ha IIKajge Ipubdopa
OIIPeeIAI0T MaKCUMAaJbHYI0 TOUYHOCTb, KOTOPYIO «obecieumnBa-
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eT» maHHbIHA mpubop. Hampumep, MUIIMMETPOBLIE JeJeHUA Ha
IIKaje MeTAJIMYeCKON JMHEHKN WU PYJETKH OTrPAaHUUYNBAIOT
TOYHOCTL H3MepeHUuil Beamumuoi mnpumepuo 0,5 mMm. Mo:xHO
IIBITATBCA YBEPATh ce0s, UYTO «Ha Iia3d» BUAHO u 1/5 paccToaHus
MEXKIY AeJIEHUAMU IITKaJbl, HO 3TO, KaK TOBOPUTCA, cCAMOOOMAH.

«fI cam oOmambBIBaTHCA pam» — 9Ta cTpoka A. C. Ilymkunma
MMOAXONUT AJIA TAKUX SKCIIEPUMEHTATOPOB.

HUcTtunHOE 3HaueHUMe uU3MepAeMO BeJWUYMHBI U 3HaUYeHUe,
KOTOPOE€ 3SKCHEePUMEHTATOP CUYMTAJ CO IIKAJLI IIPpuOopa, MOTYT
OTJIMYAThbC. Pasiuune sTHUX BEeJIUUYUH SKCIePUMEHTATOPY Hems-
BECTHO, HO OHO MEHbIIIe, YeM TOYHOCTDL U3MEPEeHU, KOTOPYIO MO-
JKeT o0ecneunTh HAaHHBIA HPUOOpP IIPU IMPABUJIBLHO IPOBEIEHHOM
nsmepeHun. COOTBETCTBYIOIIEE OTINYNE HABHIBAETCA NPUOOPHOLU
nozpeuwrHocmuvlo U3MEPEHU.

OG6pIuHO TMPUOOP, HAIIPUMEDP CTPEJOUHLINA IpHOOp AJIA M3Me-
peHusa Toka, cHab;KaeTcs METKOU, KoTopas HeceéT MHGOPMAIIMIO
0 «KJIacce TOYHOCTU» Ipubopa, m3mMepAaeMoil B mpoieHTax. Ecan
npubop mMMeeT KJacC TOUYHOCTH 1, TO STO O3HAUYaeT, UTO TOU-
HOCTh H3MEpeHMsI COOTBeTCTBYIOIell BeamumHbl He Jyuiie 1%
OT MaKCHUMAJBbHOTO IIOKasaHumsa Opubopa Ha MAaHHOM IIpeaese
U3MEPEHUIA.

s mpuOopoB ¢ YMCIOBOM MHAMKAIIMEH NMEIOTCA CBOU Orpa-
HUYEHUA TOUHOCTH. B YacTHOCTHU, OJS TaKUX IPUOOPOB BaKHO
KOJIMYECTBO BBIBOAMMBLIX HAa MHAWKATOPHYIO IaHeJb nudp. Yuc-
JIO, TIPEeICTaBJsIEeMOe B BHJE OTPAHUYEHHOTO KOJMYeCTBa UMD,
MOXKET OTJIMYATHCA OT MCTHUHHOTO 3HAUEHUS M3MEPSEeMOM BeJIn-
YMHBI «HAa Ipefiesie BO3MOKHOCTEN» Mpubopa B «IOCJeTHEM 3HA-
Ke» Ha +1 uam —1. 9To Tak Ha3bIBaeMas OIIMOKA «OKPYIVICHU»,
WM OIINOKA «IMCKPETU3AIlMN» YUCJIOBOTO mpubopa. Hia Takmx
IpuOOPOB BaKHBI M OIIMOKIM, BO3HUKAIOIINE IIPU CPABHEHUU
HEKNX 3JIEKTPUUYECKUX IIapaMeTpPOB, B KOTOpPbIe IpeoO0pas3oBaHBI
usMepseMble @usnueckue BeanurnHbl. OMIMOKY IIpeodpa3soBaHUS
HOCAT CHUCTeMaTHUecKuii xapakrep. Pasauunble sjIeKTpUYECKUe
IIOMEeXHW BHOCAT CBOUM BKJAA B ONIMOKY M3MEpPEHUI, M COOTBET-
CTBYIOIIUYM BKJIAJ MOYKET MMETh CJIyYallHBIA HeIIPeJCKa3yeMbIN
xapakTep. IIpubopHas MOTPEITHOCTb CKJIAABIBAETCA B dTOM CJIY-
Yae M3 MOTPEINTHOCTE MPeo0pPas0BaHUA U «IUCKDETUBAIUU » .

YucioBsle (1M, KaK UX eIé Ha3bIBAIOT, UUDPOoEbLe) TPUOOPHI
TOXKE XapaKTepPUI3YIOTCA KJaccoM TOUHOCTH. COOTBETCTBYIOIIUE
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IIPOLEeAYPHI PACUETA IMOTPEITHOCTEHN IIPUOOPOB C UKUCIOBON MHIU-
Kaleil oOBIYHO JAIOTCS B ONMCAHUU K IIpubopy.

Nsmepsemas BeaIumunHa MOMKET OT MU3MEPEHUS K U3MEPEHUI0
IIPUHUMATh pasHble 3HaueHUsA. Hampumep, HYKHO YCTAHOBUTDH
IaJbHOCTD MOJIETOB ITYJIb, BEIIIYIIEHHBIX C OIIPeAeJIEHHON BHICOTHI
B TOPM30HTAJILHOM HAIPABJIEHUMW U3 JaHHOTO opyaud. llomar-
HO, YTO OT BBICTPEJIa K BBICTPEJY HEMHOTO MEHSAIOTCA YCJIOBUS
BHYTPH CTBOJIA OPYAUSA, TaM MOABJIAETCSI U CUMHINAeTcS Harap,
CTeHKU CTBOJIA OPYAUS M3HAIINUBAIOTCI. 3apAbl ITOPOXa 1 MAaCChl
IIyJIb B PAsHBLIX IIATPOHAX HEMHOTO OTJIMYAIOTCH, JAKe ecJId Bce
MIATPOHBI OBLIM BBIMYIIIEHELI OMHUM U TEM JKe 3aBOJOM B ONHY U TY
JKe CMeHy OTHUM U TeM K€ MacTepOM.

Kpennenue opyausa oT BbICTpesa K BBICTPENIY MEHSETCS, IIO-
9TOMY JHIIb C HEKOTOPOIl IIOTPEeNIHOCTHI0 MOMKHO YCTaHABJIU-
BaThb TOPU30HTAJIBHOCTD OCH CUMMETPUU CTBOJIA opyausa. I Tomy
momo6Hoe. TakuM o0OpasoM, CyIIeCTBYeT MHOMKECTBO (PaKTOpOB,
KOTOpPbIe HEBO3MOKHO yUeCTh, HO KOTOpPbIe BIUAIOT Ha pe3yJbTar,
MIPUYEM MOTYT U3MEHUTH €T0 KaK B OOJIBINYIO, TAK U B MEHBIIIYIO
cropony. M3MeHeHMA TaJIbHOCTH MOJIETA OT BBICTPEJIa K BBI-
CTpeJy NPUHUMAIOT pasHble 3HAUeHUs, KOTOphle IIpeAcKa3aThb
HEeBO3MOKHO, — OHU HOCAT CAYyHaliHblil XxapakTep. Ilpu aToM mipu-
OopHasa omubKa M3MepeHUM Tropas3io MeHbIle, YeM cpenHee IIO
BeJIMUMHE 3HAUeHNE OTKJOHEHUS NAJIbHOCTH II0JETA HYJU B Of-
HOM BBICTpeJIe OT pe3yJbTaTa, IOJYUYeHHOr0 B IPYyroM BBICTpEJIE.
B Taxkux ciydasx TOBOPSAT, UTO MMeETCS HelpencKas3yeMbI CJy-
yalHBIA pa30poc n3MepsaeMbIX 3HAUEeHUI OT OIBITA K OIBITY.

YTo6bl OXapaKTepU30BATh H3MEPAEMYIO BeJIUUYUHY, HYKHO
Ha¥iT (BBIYMCIUTH II0 PEe3yJbTaTaM MHOTUX BBICTPEJIOB) HeKoe
cpenHee eé 3HaUeHMNE U YKasaTh CPEIHIOID BeJIWMUMHY pasdpoca
3HAUEeHUI BOJIW3W 5STOTO CPeJHEero 3HaueHHUsA. ITUX CBeIeHUl
OymeT DOCTATOYHO, UYTOOBI B TEeXHUUECKUX MNOKYMEHTAaX OPYIUs
ITaHHOTO TUIIA YKa3aTh IJIS Hero JAJbHOCTH CTPENLOBLI «IIPIMOM
HaBOIKOI» .

Kaxkoe pasymHOe umciio u3MepeHUH HYKHO IIPOBECTH, UTOOLI
HaWTH BTO CpeJHee 3HAUEHNE C MAaKCMMAJIbHOM BO3MOMKHOU TOU-
HOCTBIO?

Ecau npeamosoXuTh, YTO OT U3MEepPeHUd K U3MEPEHUI0 CJIy-
yaHbIe OTKJIOHEHMSA HUKAK He CBA3aHLI APYr C APYrOM, TO
MaKCHMaJIbHAs TOYHOCTh OTpaHMYMBaeTCs MPHUOOPHON Iorpermr-
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HOCTBIO d UCIIOJb3YEeMOTO [JIs U3MEePeHUsA PacCTOIHUA mpudopa.
Ecau y:xe mpoBemenbl N u3MepeHUil W cpemuHuii pasdopoc OT
OTHOTO M3MEPEHUs K IPYyroMy cocTasiseT D, To Ipu ouepesHOM
M3MEPEHUN U BBIYUCJIEHUU «CPEJHErO» 3HAUEHWE 3TOT0 HOBOTO
CpemHero MOKeT M3MEHHUTHCA II0 CPABHEHUIO C MIPEAbIAYIINM
BBHIUKCJIEHHBIM 3HaueHueM Ha Beauuuny D/(N+1). Ecau sra
BeJINUYMHA M3MEHEHUs MeHbIle d, TO IIPOBeJeHre ellé 00JbIIero
KOJIMYeCTBA H3MepeHWi He HMeeT CMbICJa, TaK Kak Ipuodop-
HasA MOTPEeIIHOCTh OoJibllle, YeM W3MeHeHWe CPeJHero 3sHaue-
HUs, IIOJyYyaeMoOe B pe3yJbTaTe MOIOJHUTEJIbHBIX HM3MEpPEeHUH.
HUrak, MUHIMAaJIbHOE KOJUUECTBO M3MEPEHUH, KOTOPOoe CIeayeT
IpoBecTH, paBHO npuMmepHo D/d—1. Exqununeii B monrydeHHOH
opmyae MOKHO mpeHeOpeub M OPHUEHTUPOBATLCA Ha YHCJIO 13-
mepenuit D/d.

IIpaBuna 3anmucu U3MepEeHHBIX BEJIWYHMH C YKA3aHHEM OIINOOK

IIpu nsmepeHNM AJIVH YEePEHKOB JIOIAT OBLLIN IIOJYYEHBI CJIe-
nywomue smavenusa 120,3 cm, 130,0 cm, 127,56 cm u 1. n. Ilpu
BBIUUCJIEHUAX C HOMOIIBI0 KaJbKYJIITOpa IOJYYUJIOCH CpemHee
sHaueHNe Xcpegn=123,045678 cMm 1 cpemHuUil MOAYyJIb OTKJIOHE-
HUA OT cpenHero smauenua AX =6,789123 cm. Kak mpaBuaIbHO
3amucaTh IOJYyUYeHHbBIH pe3yasrar? ¥ BceX N3MEPEHHBIX BeJIUUNH
00513aTeJIbHO COXPAHAIOTCA Uncja 1 — B COTHAX, 2 — B JecATKAaX,
a YMCJI0O eIWHWI[ MEHSEeTCS OT OJHOI0 3HAUEeHUS K APYyroMmy.
3HauuT, B CpefHEeM 3HAYEHUHU CJeAyeT COXPAHUTL TOJbKO 123,
a Bce oCTaJIbHbIe ITUMPEI (HAUMHAA C TeCATBIX H0Jeil) OTOPOCUTD.

BesmunHa OTKJIOHEHMS OT CPEIHEro SHAUYEHNs 3aINChIBAETCS
Tak, 4TOOBI OCTaJIach OgHA 3HauaIasa nmudpa, ecau oma dosablie 1,
U IBe, ecau mepBad mudpa paBHa 1. 3HauuT, B HaIIeM cJaydae
cJenyeT OKpYyIIUTh 6,789 mo Gamixaiiniero umcsa ¢ OgHOI 3HAYAa-
meit mudpoii: 6,789~17.

Taxum o6pasoM, MPaBUIbHAA 3alIUCh MMOJIYUEHHOTO Pe3yJIbTa-
Ta TakoBa: Xcpeqn TAX=123£7 (cm).

BeposarHocTu ocyuiecTBIeHUA COOBITHI

Y mycToro KopoOKa I[eHTP MacC CMEIIEéH OTHOCUTEJIBHO ero
reoMeTpruuYecKoro IeHTpa. LleHTp Macc cMeIlléH B CTOPOHY TOH
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OoabIioi rpanu Kopobka (Ne 1), K KOoTopoii mpujaeraetr JHO IIy-
CTOTO JIOTKA IJIsI CIIMYeK, 1 YAAJEH OT TOU OOJBIION IO ILIOIAIN
rpauu (Ne 2), K KoTopoii obpaliieHa éMKOCTh JoTKa. OH TakKe
CMeIéH B CTOPOHY TOM cpemHeil IO IIJIOIIAAM TI'PaHU KOpPOOKa
(N2 3), Ha KoTOopoii 0060JIOUKA BABOE TOJINE, YeM Ha IpPyroi
Taxkou ke mo Iroinanu cropome (Ne 4). Ha sToii ToscToit rpanu
KapToHHasdA 000JOYKa CKJeuBaeTcs. J[Be caMble MajJeHbKUE IIO
mIomaay rpanu Kopobka (Ne 5 u Ne 6) HuueM ApyT OT Apyra He
OTJIMYAIOTCS, IO OTHOIICHHUIO K HMM IEHTP MAacC PacIojaraeTcs
CUMMETPHUYHO.

Ha mpusenéumoit goTorpaduu CIMUYEUHOTO KOPOOKA MOIKHO
yKasaTb, Kakue HoMepa OyIOyT MMeTb I'pDaHU IapaJiiejenuiiena
(mocie 3akpbhIBaHUS KopoOka). I'pamb Ne 1 camad JaabHSAA OT
Hac. 'parp Ne 2 — cBepxy (Oamkaiimas K Ham), Ne 8 — HIIKHSAA,
Ne 4 — BepxHsas, u Ne 5 u Ne 6 — rpaHu cupaBa u cJieBa.

3aganue: mpoBecTu MHOro (6oJsbiiie 100) McobITaHUil ¢ MOM-
OpacbIBaHUEM IIEJTYKOM IIAJbIIEB IIYCTOTO CIIMYEUHOTO KOPOOKAa.
I'panu KoOpoOKa HY:KHO IIOMETHUTH B COOTBETCTBUU C OAHHBIM
BBIllIe omucaHueM. IIpuBecTu UmcJjia OCTAHOBOK KOPOOKa IIocJe
MafieHuii Ha TpaHAXx ¢ pasHLIMM HOMepaMu. BnIpasuTh B IIPO-
IIEHTaX BEPOATHOCTH OCYIIECTBJICHUSA TOTO WJIM WHOTO HCXOAAa
Opocka.

O6paboTra 3500 OPOCKOB CIMYEUHOTO KOPOOKa (TaKkue sKcIe-
PUMEHTBI MPOBOAUJIN AOMA VUEHUKM IBYX KJIACCOB) Jajia CIemy-
IOII[1ie Pe3yJIbTaThl:

rpaab Ne 1: 50,14+0,6%;

rpaab Ne 2: 42,2+0,5%.

CyMMa BepOATHOCTeIl OCTaHOBKM KOpPOOKA Iocje MaJeHus Ha
0OJBIINX IO ILIOIIaAN rpauax paBHa 92,3+0,6%.
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Cpenumne o mwiotmianau rpaau (Ne 3 u Ne 4, cymma): 5,7+0,4%.

Manennkne rpaau (Ne 5 u Ne 6, cymma): 2,0+0,3%.

Hrak, xopolio 3aMeTHO, YTO CMeIlleHHe IeHTPa TAMKECTH OT
reoOMeTPUYECKOr0 IIeHTPa IPUBEJO K M3MEHEHHUIO0 BepOATHOCTEH
[JIS IBYX Pa3HBIX CaMbIX OOJIBIINX IO ILJIOLIAAN I'paHeii!

Pasmepst kopooka 50 MM x 37 MM x 15 mMm. BeposaraocTu ocra-
HOBKM KOpPOOKa Iocje IMaJeHus Ha Pas3HbIX I'PAaHAX OTHIOAL He
MIPOIIOPI[MOHANBHEI IJIOMIAAAM I'PaHell «BOJbINNX : CPEIHUX : Ma-
JeHbKUx». Ilnomanu orHocaTcs npuMmepHo kak 10:5:3, a Bepo-
ATHOCTU IaJeHuil Ha OOJbIllNe, CPpelHNe U MaJible II0 ILJIOIAaIu
rpaHu OTHOCATCS Kak 46:3:1.

BeposaATHOCTh OCTAaHOBKM KOPOOKa ITocje MaJeHuss Ha MajeHb-
KO TI'paHM M3MepeHa C OTHOCUTEJIbHOU TouHocTbio 15%. Insa
TOTO YUTOOBI IIOBBICUTh TOUHOCTbL M3MEPEHUS BEPOSTHOCTH IIaje-
HUA KOpoOKa Ha MajJeHbKyio rpadb B 10 pas, To ecTh M3MEPUTH
€€ ¢ OTHOCHUTEJIbHOI TOYHOCTBIO 1,5%, HYXHO IPOMU3BECTU B CTO
pas 6oibine GPOCKOB.

Kax ne cjaengyer nmocrynarb, Hjin TUIOTETUYECKMH ITKOJIbHUK

IIpencraBum cebe, UTO IMIKOJIBHUKY AU 3amaHue N3MEPUTDH
IIJIOTHOCTDH MaTepuraja, U3 KOTOPOTo CleJiaH BRIAAHHLINA eMy Opy-
cok. IIycTh 9TO OyAeT MeTaJIMYeCKUH CILIONUIHON OPYCOK HIpPAMO-
yronbHO# opmbl. IIIKOTPHUK He 3HAET, UTO YUYUTEJb, HABIIUN
3amamie, ToXKe IMIPOBEJ U3MEPEHNA, TOJIbKO MCIIOJIb30BaJ TOPasmo
0ojiee TOUHBIE TPUOOPHI, UEM MMEIOTCS B PACHOPSKEHUU IIKOJIb-
HUKa. BaBecuB OpPyCcOK Ha Becax, IIKOJbHUK moayumia 74,3 r (Tou-
HOe 3HAUeHNe, MOJyUYeHHOe IPU M3MEPEeHUWU C HCIIOJIb30BAHUEM
aHAJMTUUYECKUX BecoB, cocTaBiaser 74,321 +0,001 r). IIpeamoJio-
JKUM, UTO ITKOJbHUK U3MEPUJI ero IJUHY, IUPUHY U BBICOTY IIPU
IIOMOIITY OOBIYHOM MTepPeBAHHON JUHEHKHN U MOJYUYUI OJIA AJINHBI,
ITUPUHLI M BBICOTHI 3HaueHuA 32, 25 u 12 munaumerpos (Ciy-
yafilHO MM HeT, HO TOUHbIe 3HAUEHHUS STUX PasMepoOB, IOJyUeH-
HbIe YUHMTeJIeM C IIOMOIIbI0 MUKpoMeTpa, pasubl 32,000+ 0,001,
25,000+0,001 u 12,000£0,001 mm.) Kakyio TOUYHOCTH CIeqyeT
MPUINCATL HOJYUYEHHBIM YMCJIaM IIKOJbHUKY? Bocmpoussemém
BO3MOYKHBIA XOJ €T0 PACCYKICHUM:

«Ecau 6bI & 13MepsAJ IPYU HOMOIIY 3TOM JIUHEH KN PACCTOSTHIE
MeXKIYy IBYMsS UYETKO 0003HAUEHHBIMM TOUKAMHN HAa IIJIOCKOCTH
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(TTocTaBIEHHLIMU TBEPABLIM U XOPOIIO 3aTOUEHHBIM KapaHIalioM
WX, YTO JIy4Yllle, HAKOJOTBIMKU TOHKOM MTIJIOIf), TO MOT OBI CUH-
TaTh, UTO IIOTPEITHOCTHL OIIpefesdeTcA TOJBKO TOUHOCTBIO W3-
MEePUTeJbHOTO IIPpUOopa — JUHEHKM, TOTJa MOMKHO B3ATH «IIOJ-
IeJleHUsA» B KayecTBe Pa3yMHON OIeHKHU IIOTPelrHoCTH. TakKon
BBIOOD He TakK VK IJIOX — eCJI M3TOTOBUTEJNb JUHEHKN pasyMeH,
OH He CTaHEeT yBeJUUYUBATH IIEHY IIPOCTOTO U3MEPUTENA, HAHOCSH
Ha Hero OOJbINe IejleHWil, ueM HeoOXOAMMO IJs peaausaliuu
ero TouHOCTH. Pasmepnl JuWHENKN U3 AepeBa M3MEHAITCA CO
BpeMeHeM — OHa pasdyxaeT NIpU yBEJWUYEHHOM BJIAKHOCTH, Ie-
(opMupyeTCcs IPU BHICHIXaHUM, IPOCTO MEHIETCA CO BpeMeHeM;
MeTaJlInuecKue JUHeHKHN Jydllle, OTHAKO M MX pasMephbl uepes
HEKOTOPOe BPeMs IIOCJe U3TOTOBJIEHUA CTAHOBATCA HE OUeHb TOY-
HBIMH, KPpOMEe TOTO, TOJIIMHA IITPUXa Ha JIMHENKe He TaK Maja,
Kak xoTeJioch ObI. B TOM ciyuae, Korma pasMepbl AJS M3MepPeHUs
He TaK XOpOIIO OmpeJesieHbl, a B HAIlleM CJydYae 9TO MMEHHO
TaK, IIOTPENIHOCTh ITOJYUYUTCS BBINIE, AdasKe ecau (opma Teja
OUeHb OJIM3KA K IIPAaBUJIBbHOM, IMPAMOYTOJBLHON M MBI PACIOJIO-
KUV JUHENKY TOYHO BIOJb I'paHeii. B o0iiem, ecau oTHECTHUCH
K TOYHOCTHY M3MEPEeHUI ¢ HEKOTOPHIM OIITIMU3MOM, MOXKHO B3ATh
Takue 3HaueHusa: mauHa 31—33 mm, mupuHa 24—26 MM, BBI-
cora 11—13 mm. [ly1a HaXOKAEHUS IMOTPEITHOCTU OIpeneIeHUsI
00BbEMa BOCHOJIL3YeMCs TaK Ha3bIBAEMBIM «METOJIOM T'PAHUII» —
CMBICJI €T0 BIIOJIHE sCeH M3 HasdBaHUA. MUHMMAaJIbHOE 3HAUEHUE
00BEéMa oIlpefesisdeTcs IIPOM3BeJeHMeM HAWMEHBIINX BeJUYNH,
MaKCHMaJIbHOE — HanOOJIbIITNX.

Vi =31-24-11=8184 Mm%, Vyare=33-26-13=11154 mmS.

Torza V=9669 + 1485 Mmm3, x0T gydle OKPYIINTD U HAIUCATH
V=(9,7+£1,5)-10% mm3. Cunras usMepeHHOe 3HAUEHHE MAaCChI
opycka 74,3 © TOUHBIM (Zaske IIPOCTHIE IIIKOJLHBIE Bechl obec-
[IeYNBAIOT OYeHb BBICOKYIO TOUHOCTHL M3MEPEeHUs MacChbl, HETOU-
HOCTDH U3MEPEeHUs MACChI IPY aKKYyPATHOM IIOAXOJe He IPEBBICUT
20—30 Mr, 4TO COCTABUT 30-10_3/75%4- 1074<0,05%, uTo BO
MHOTO pPa3 MeHbIlle OIIMOOK IIPpW HN3MePeHUUW pPasMepoOB), MEI
MIOJIyYUM BepxHee sHaueHue IIJIOTHOCTH, PasaeinB Maccy Ha Hau-
MeHbIIlIee BO3MOKHOe 3HAaUeHNe 00bEéMa — HUMKHIOO TPAHUITY IJIs
M3MEPEeHHOH HaMU BeJIMUYNHBI, a HU/KHee 3HaUeHne ILIOTHOCTH —
pasmenuB Maccy Ha HaubOoJsiblllee 3HaUeHUe 00BbEMAa. Jlasblie BCE
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IPOCTO — B KadyecTBe M3MEDPEHHOTO 3HAUeHUA DPa3yMHO B3ATH
IOJIyCyMMY TOJYYeHHBIX 3HAUEHHH, 4 B KauecTBe IIOTPEeNIHOCTH
u3MepeHuil — I0oJypasHOCTb. B HallleM cjydae, HEMHOTO OKPYT-
nss, noxyunm o=(7,84+1,2) r/cm3.»

3HaueHMe IJOTHOCTH, BEIUYMCIEHHOE HA OCHOBE HCIIONb30BAa-
HUA 6oJiee TOYHBIX M3MepPeHHH, COCTABIAeT

7,7418+£0,0008 r/cM3~ 7,742 +0,001 r/cnm>.

Bugno, uto Gosiee TouHOe 3HAUEHWE IIOIIaNaeT B WHTEPBAJI,
YKa3aHHBIN ITKOJbHUKOM, HO «JIIO(T», KOTOPBIA OH OCTABUJ AJI
BO3MOXKHBIX 3HAUEHUH IJIOTHOCTH, HEIIOMEPHO BeJIUK.

Bo-mtepBbBIX, paccy:KaeHUA TMIIOTETUYECKOTO IKOJBLHUKA O Je-
PeBAHHON JIUHENKe HeKOPPeKTHbI. YChIXaHWe U KOpoOJieHue Ju-
HeWKN NOpOABJIAETCA B HAIPaBICHUM, IMOIEPEYHOM BOJIOKHAM,
a JUHEeNKU nonepék 60J/10KOH He mM3roraBiauBaioTcda. [ake eciu
HaMOYUTH JEePEBAHHYIO JUHENKY IO IIOJHOTO «IIPOMOKAHUI», €6
IJAnHa N3MeHUTCs MeHee ueM Ha 1% ! CioBa IIKOJIBHUKA O TOJI-
IMHe HAaHECEHHBIX HA JIMHEHWKY IITPUXOB IIOKA3BIBAIOT, UTO OH
He yMeeT II0JIb30BaThCs €10 IpaBuabHO. Ha TOUHOCTH M3MepeHU
JUHEHKON TOJIMUHA MTPUX0oB He BauseT. IIITpuXoBKa MOMKeT
OBITH U TaKOM, UTO IHPUHA 3a30pa COBIIAAAET C ITUPUHOM IITPU-
x0B. HUKTO He MelllaeT IPOBOAUTH OTMETKY 110 IPaBOM MJIN JIEBOU
rpaHulle ITPUXa, a OHM HAaHeCeHbI IIPU WU3TOTOBJIEHUN JUHENKU
C IIOMOIIBLIO JOCTATOYHO TOYHOM «MATPUILI» C TOYHOCTLIO, ABHO
ayurmieii 0,2 MM O OepeBAHHON JUHEHWKHN, WM C emé Ooiblirei
TOYHOCTBIO MIJIA MeTaamdecKod JimHelKu. IIIKOIbHUKY Kak pas
¥ CJIeTOBAJIO BOCIOJIb30BAThCA JIMCTOM OyMaru M TOHKO 3aTOUEH-
HBIM KapaHIalIoM, KOTOPBIA OCTABJSIET MITPUX TOJIIIMHON MeHee
0,1 mm. Haubombimmasa ommnbdKka BO3MOMKHA IPU U3MEPEHNN MAJIbIX
paccToAHU, TO €CTh B JaHHOM cJyuae IIPU U3MEPEHUU CTOPOHBI
opycka 12 mmM.

TouHOCTH MBMepPEeHUN MOMKHO M HYKHO IOBBICUTH. [ aTOTrO
OpyCOK momMmellaeTcss Ha OyMary M OYepUYMBAETCSI 3aTOYeHHBIM
KapaHgalioM C ABYX CTOPOH AJIA M3MEPeHUs caMoil MaJleHbKOI
cropousl (12 MmMm). 3aTeM OpPyCOK CABUTaeTCs BAOJb HAaHECEHHBIX
Ha OyMary JIMHUH X OTMEYaeTcs «Ha IVIa3» OTIMYUE er0 MIMPUHBI
W PACCTOAHUA MEXAY HaHEeCEHHBIMH INTPUXaMU. ITO IeIaeTcCs
IS TOTO, UTOOBI IIPU HAHECEHWM OuYepPEeIHBIX OTMETOK KapaH-
IalroM He OejaTh OOoJbIINX OIMOOK. Eciu moBepATh cBoeMy
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3peHUIo (a UTo JKe elllé IpuKaKeTe IejaTh), TO OTINYNe Pa3MepoB
B 0,1 MM ormeuaerca 6e3 ocoboro Tpyma. 3areM OPYCOK CABHU-
raeTcsi B HAIIPaBJIeHUU, MOMEPEYHOM K HaHECEHHBIM IITPUXAM,
HA CBOIO IMHPUHY, U AeJiaeTCAd HOBBIN IITPUX, 3aTeM OIepaIrus
MHOTO pas moBTopsercA. Takum oOpasom, Ha OyMmare «Kakx ObI»
YKJIAABIBAIOTCS APYT 3a APYIOM HECKOJIbKO OJMHAKOBBIX OPYCKOB.
ITocie 10 Takux omepanuii BO3MOMKHAA OIIMOKA COCTABUT OKOJIO
1 MM, To ecTh GoJbilie yeM 10—15 ommcaHHBIX omepaIlnii MPOBO-
IUTH He MMeeT CMbICJIA.

Ectb u emié oguH cmoco® yJaYYIINTh TOYHOCTH H3MEpPEeHM!I
9TOTO pa3Mepa OpycKa ¢ IIOMOIILIO TOI iKe JIMHEHKU, OH CPONHU
«HOHUYCY», TOJBbKO IOCTPOEHHOMY Ha OyMare CaMOCTOSATEeNIb-
HOo. ToHKO 3aTOUEHHBIM KapaHAAIIIOM ITPOBOAATCA JUHUU MEXKIY
aBymsa mapamMu ToueKk A—B m C—D. OpgHa mapa TO4YeK co-
OTBETCTBYeT OTMeTKaM JuHeliku, Hampumep 0,0 m 10,0 cwm,
a gpyras mapa — ormetkam 0,0 u 10,2 cm. Orpesku AB u CD
MeprIeHAuKyIApHLl Juiuu AC M HaxomsaTcsA APYr OT Apyra Ha
paccroauuu mopaaka 10 cm. Jluama BD — jauHUA HOHHYyCA.
Puc. 10 naaiocTpupyeT 9TOT CI0OC00.

A (0 cm) B (10 cm)
i
\
|
|
|

T T |
| | |
| | |
| | |
| | |
| | \

*

o

C(0cm) D (102 cm)
Puc. 10

ITocme mocTpoeHUsA TAKOTO PHUCYHKA JajbHeHIIne olepanuu
OUYEBUIHBI.

[ MCKIIOUEeHUA BO3MOXKHBIX OINMMOOK, CBA3AHHBLIX C TEM,
YTO JIMHeHKa «ToJICTasdg», CJeAyeT JUHEHKYy paclojaraTh Tak,
4yTOOBI €€ yYaCTOK CO IITPHXAMM HAXOAWJICSA II0 BO3MOXKHOCTH
Onmm:ke K Oymare M COOTBETCTBEHHO K OpycKy. Bce stu «Mma-
JIeHbKMEe YXUIIPEeHUI» KayKIoe IIOPO3Hb He AAI0T 3HAUUTEIHLHOI'O
YAYYIIeHNA TOYHOCTH, HO 1 IIPeHedperars BO3MOMKHOCTBIO VIIyU-
IIATh TEXHUKY H3MepeHui He crouT. IIOHATHO, YTO MHOIOI'O
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U3 IIPOCTOUN NMEePEBIHHOU JIMHEUKU «HE BBIXKMEIb», HO IIPU W3-
MEPEeHUM PACCTOAHUSA IOpAAKa 12 MM cUMTaTh, YTO DPE3YJIHTAT
12+1 MM BHOJHE YAOBJIETBOPUTENIbHBIN, MOMKET TOJBKO OUYEHBb
«HEpasyMHBIN» ITKOJbHUK.

A BO-BTODHIX, IPOAHATIUZUPYEM PE3YJIbTAT, KOTOPBIHA IOTyYa-
eTca IPU WCIOJIb30BAaHUU <«MeToja I'paHun». KEcim ydmTeIBaTh
BCe TIpeAIoJjiaraeMble OMIMOKY IIPU M3MEPEHUU pa3MepoB OpycKa
CHavaJjla ¢ ONJHUM 3HAKOM, a 3aTeM C APYrHUM 3HAKOM, TO IIPU
BBIUMCJIEHVY IIOJIYCYMMBI MAKCUMAJIBHOTO ¥ MUHNMAJIbHOTO 00b-
€MOB Pe3yJIbTaT I0JIyYaeTCs «CMEeIIEHHBIM» :

(A+a)B+b)(C+c)+(A—a)(B-b)(C—c)
2
OneHKa OIMMNOKKM U3MEPEHUH MMOJIyYaeTcsa SBHO 3aBBIIIIEHHOI]:

(A+a)(B+b)(C+c);(A—a)(B—b)(C—C):aBC_‘_AbC_i_ABC.

IIpu aTOM OTHOCHTENIBbHBIE ONINOKY N3MEPEHUA PA3HBIX PA3MepPOB
c

Cc

=ABC+Abc+aBc+abC.

a b
IIPOCTO CKJIaAbIBAIOTCHA (Z+ B + ), YTO 3aBEeIOMO «3aHMMKAaeT»

TOUYHOCTB!

W emé omma meTommueckas OMIMOKA, KOTOPYIO MTOIYCTHJI HAIIl
«TUIOTETUYECKU» IIKOJbHUK: OH B IIPOIlecCe BRIUMCJIEHUI IPO-
BOAWJI OKPYTJIEHUSA, IIOITOMY IIOJYUMI 00Jibliiee 3HAUEHUE CPemn-
Hell BeJIMUMHBI INIOTHOCTY MaTepuaja, ueM e€ TOUuHOoe 3HaueHue,
XOTsI JOJIKeH OBLI Obl B COOTBETCTBUM IIPUHATON MM CaMUM
MEeTOJIMKOUA BBIUUCJIIEHUH ITOJYUYUTD MEeHblULee (3a CUET CMEIeHU )
3Ha4YeHue.
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Britouenne skcnepruMeHTAJNBHOTO Typa B GU3UUECKYIO OJIMM-
muaxy — JOTUYHBIA 1M He TPeOYIomnil MoAPOOHOTO apryMeHTHUPO-
BaHud mar. HasmaueHue sToro Typa B TOM, YTOOBI BLIABUTE (a 3a-
TeM U HarpaguTh) HamboJiee JOCTOMHBIX NIKOJBHUKOB, KOTOPHIE
MOTYT Ha IIPAKTHUKE IPUMEHATH CBOM «(PUIWUYECKUe» 3HAHUA,
IIPOBEPUTH, ¥ KOTO 13 OYAYIINX YUACTHHUKOB CJIEAVIOIINX ITAIIOB
OJIMMITUAABI HE XBATAeT HABBIKOB BBINOJHEHUA (PU3UUECKUX W3-
MepeHUH, YTOOLI MOKHO OBIJIO 3a BPEeMS MEXKIY IPOUIeAITNMI
U1 OPEeNCTOANIMMHU 3TalaMU OJNUMINAALI BHEIIPABUTH O0HAPYKEH-
HbIe HeJOCTATKU ITOATOTOBKH.

ITocTanoBKA SKCIIEPUMMEHTAJIBHBIX OJIUMITNATHBIX 3aa4 IIPe-
II0JIaTaeT, YTO B YCJOBUAX OTPAHMYEHHOTO BPEMEHUH M OT'DaHU-
YeHHBIX 9KCIIEPUMEHTAIBHBIX BOBMOMKHOCTEH YUYaCTHUKU HAUIYT
ONITHMAJILHOE PeIlleHre, KOTOPOe ITO3BOJIUT C MAaKCUMAaJIbHO BO3-
MOYKHO¥I TOYHOCTBIO M3MEPUTL HY:KHBIE HapaMeTphl WJIN HaANTH
HeM3BECTHBIE 3aBUCUMOCTU. B YCIIOBUAX OJUMMOHNAIBLI NTKOJbHU-
KU MOTYT IIPUMEHATL HeCTaHAApPTHOEe 000pyIOBaHUe, CAeJaHHOe
U3 IMOJPYYHBIX IPEIMETOB, IIPOSIBIATH CBOIO M300pPeTaTeTbHOCTD,
HaXOJUMBOCTh, aKKYPATHOCTh U I1€JIEyCTPEMJIEHHOCTbD.

IIpuBomMMbIE YCIOBUA SKCIEPUMEHTAJIBHBLIX 3a7a4 B 6OJIb-
IIMHCTBE CBOEM COBIIQJAIOT C YCIOBUSIMM 3a4a4U dKCIIEPUMEHTAJb-
HBIX TypoB MOCKOBCKOII TOPOACKOI OJIMMINAABI IIKOJbHUKOB II0
(pusuKe, TaK UTO OHU IIPOILIU «00EBOe KpellleHue» B pasHbIe I'o-
nel. Uneu pemnreHWiT MHOTUX 3a/ia4y B 3HAYNTEJILHOU CTEIEHU IIe-
PEKPHIBAIOTCS, M KaKABIN T'OJ HA YKCIEPUMEHTAJIBHOM Type (u-
3WYECKOU OJIMMIINAbI IPEeAIaraloTca 3alaun 10 MeXaHuKe, dJIeK-
TPUYECTBY, TEILJIOTE, KOJe6aHUAM U T. I. ITO CBA3AHO HE TOJLKO
C TeM, YTO B IIKOJIE B OIPeNeJEHHOEe BPEMs M3y4aloT OoIIpene-
JIEHHBIe TeMbl. IIpubophl U cpeAcTBa AJs U3MEepPeHUl HeKOTOPBIX
(pusrUecKNX BeJWUYMH MOCTYOHBI U INMUPOKO PACHPOCTPaHEHHI,
aTO 00yCJIaBAMBAET MOMYJAPHOCTh HEKOTOPHIX TUIIOB 3axad. Ilo-
9TOMY [HJsI TOCTPOEHUS KHUTHU BBIOPAH He HCTOPHUYECKHui (1o
BpPEMEHHU WCIIOJb30BAaHUA 3a7laU B OJIUMIOMNAJE), a TeMaTUYEeCKUN
mpuHIUIl. BMecTe ¢ HasBaHWeM 3afadyyd IPUBOAUTCA WHMOpPMA-
1A O TOM, B KAKOM KJiacce ¥ B KaAKOM IOy OHa IpejJjiarajach Ha
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onumnuane. Hampumep, ecau B ckobkax crout (11—1—2001),
TO 9TO 03HAUAET, UTO COOTBETCTBYIOIIAS 3amada Obljaa Ha dKcIe-
pUMeHTaIbHOM Type B 11 Kiacce mepsoii B 2001 roxy!.

IIpennaraemMble 803MOJMCHbLe BApPUAHTHI PEIIeHUN SKCIIEPHU-
MEHTAJbHLIX 3aJa4 He MCUEPIILIBAIOT 8CeX BO3MOMKHBLIX NyTel
permrenus. Kakue-To pellleHrsa HaOoucaHbl COBCEM KpaTko. Hexko-
TOpbIEe pelleHnsA AAHBI, BO3MOMHO, C M3JIUIIHUMU IIOAPOOHOCTSI-
MM, OJHAKO 3TO CIAeJIaHO AJA TOTO, UTOOBI ITOKA3aTh, KAK MOKHO
y4ecThb caMble pasHble MCTOUHUKMN W NPUUYNHLI YMEHbIIeHUS
TOYHOCTH PEe3yJbTATOB U KAK MCKJIIOUUTDL AeHCTBUE COOTBETCTBY-
IOIIUX HEeTaTUBHBIX (PAKTOPOB.

Hexkoroprle 3amaum 1mo cBoell IIOCTaHOBKE HAIOMUHAIOT Jia-
O6opaTopHble pabOThI, OMHAKO OHU He CHAOKeHBI IMOAPOOHOIM MH-
CTPYKIIHeli, B KOTOPOIi OBLIO OBI YETKO «PACIIKMCAHO», KAKOU Iar
3a KakuM cienyer caenarh. IIIKoIbHUK HA OIUMIINALEe UJIN B X07e
9KCIEePUMEHTAJIbHOM IIOATOTOBKM K BBLIMOJHEHHUIO TAaKMX 3aaau
caMm paspabaThIBaeT ILJIAH JeMCTBUI M caM er0 BBIIOJIHIET.

IInanupoBaHue 3KCIEePUMEHTA

WNsmepenus, kKotopble OyAeT IPOBOAUTH SKCIEPUMEHTATOP,
MOXKHO pasmejiuTh Ha [OBe TPYNIbI: IIpeABapUTEeIbHbIE M KOH-
TpoJibHBIE. [IpeBapuTeIbHbIle U3MEPEHUI HYKHBI IJIs TOTO, UTO-
ObI BHIICHUTDH, MMEIOTCS JIM HellpeAcKasdyeMble U HeyCTpaHUMbIe
OTKJIOHEHUSA N3MEPAEMON BEJIWYUHBLI OT OZHOTO-eJUHCTBEHHOTO
3HAUEHUSA, U OIEHUTHL BEJIUUYUHBI 9THUX CJIYYAWHBIX OTKJIOHE-
Huii. Kpome ToOro, mpeaBapuTelbHbIE H3MEPEHUS MTO3BOJAIOT
OIIEHUTHh CpelHee 3HAUEHUE M3MepPsAeMOil BeJIWUYMHBI U (camoe
rimaBHOe!) «IPUKUHYTL» KOJMYECTBO HEOOXOZUMBIX H3MepeHU
IJISI TTOJIYYeHUSI MaKCUMAJIbHO BO3MOYKHOM TOUYHOCTU C HJAHHBIMU
npubopamu. IlpenmBapuTesbHble U3MEePEHUA WM WX AHAJIU3 OAIOT
UHGOPMAIIMIO AJSA YTOUHEHUS IJIaHAa NEeUCTBUIM M IPaBUJIBHOTO
pacmpenesieHns BpeMeHH (OrpaHUUYeHHOT0 OOBIYHO 2 yacamMu) Ha
OIHY 9KCIEePUMEHTAJIbHYIO Pabory.

Ecau mo cocraBieHHOMY 9KCIEePUMEHTATOPOM ILJIAHY IIPEXIIO-
JlaraeTcsa MIPOBECTH MHOTO M3MEPeHWH, TO CJeIyeT 3aroTOBUTH

lHa 9KCIIEPMMEHTAJIbHOM TypPe B KaKJIOM KJjiacce IIpeajarajochb aABe 3agaduu.
Nx HOMEepa YHCTO YCJIOBHBI: CHa4YaJia 4aCThb HIKOJIBHUKOB BBIIIO/THAET «IIE€PBYIO»
3ajavy, OoCTaJIbHbIe — «BTOPYIO», 3aTeéM INKOJbHUKKW MEHAIOTCA MeCTaMu.
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TabJUITy OJs BHECeHUSA B Heé SKCIEePUMEHTAJNbHBIX 3HAUCHUI.
CToI01IbI TaOMUIIBI IIPEIYCMOTPEHEI /IS 3HAUEHUN M3MepsaeMbIX
BEeJIUYNH U AJIS IIOTPEIIHOCTEH 9TUX Ke BeJINUMH.

Odopmiaenne otuéra o padore

IKcIlepuMeHTaIbHAad paboTa IMKOJLHUKOB Ha OJUMIIHnae
CpPOIHM HAy4YHOU padoTe, BHITOJHAEMOI IpPOoGecCuoHATILHBIMU
yuéHBIMI. Pe3yiabTaToM Takodl padoOThI SABJSETCA HaINcaHue
OoTUéTa W OMyOJMKOBaHME ero B KaKOM-JIHM00 HAyYHOM KypHAaJe
I O3HAKOMJIEHMSA CBOUX KOJUJIET YUYEHBIX C BBIMTOJTHEHHOU
paboroii. TpeboBanmA, IPeIBbABIAEMbIEe K MaTepruaiaM HayYHBIX
OyOMuKAIuil M K OTUETYy 00 SKCIepHMEHTAJIbHOII paboTe Ha
OJIMMITAAZIE, OUEHb ITOXOMKMU.

OrTuéT [OOKeH HAUMHATHBCSA 3arojJOBKOM U Pa3BEPHYTOU
(opMyJIMPOBKOM IIOCTABJIEHHOUN 3afaun. 3aTeM CJeIyeT CIIHCOK
IIPeIOCTaBIEHHOTO SKCIePUMEHTAILHOTO 000PYI0BAHTA.

OGBIUHO 3ampelaeTcs MCIIOJb30BaTh KaKue-JIu00 IIpeaMeThl
U Opubopbl, He yKasaHHbIe B cmucke. OmZHaKoO caM 3KCIIepu-
MEHTAaTOP, CTOJ, CTYJI, PACIIOJOKEHHBIE PAIOM CTEHBI HAXOIATCS
B ayAUTOPUU, a TETPalb C JUCTAMU B KJETOUKY BHYTPHU, aBTO-
PyYKa, KapauHmall Wid JuHeHKa (YyrojoK) IPUHOCATCA dKCIepHu-
MEHTATOPOM C CO0OH U IO YMOJUAHWIO TOYKE BXOAAT B COCTAaB
000pyI0BaHUA, PA3PENIEHHOTO K MCIIOJIb30BAHUIO.

Hanee ciaemyer KpaTKoe TEOPETHUECKOEe paccMOTpeHue Quau-
YeCKOTO ABJEHUA, B KOTOPOM UTPAIOT POJIb QUBNYECKUE BEJIUUU-
HBI, TTOAJIeKAIIe N3MEPEHUAM.

Ha ocHOBe TeopeTuuecKoro paccMoTpeHUSA OpeijiaraeTcsa Me-
TOA W3MEPEeHUI WJIM OIMCHIBAETCS IIOCJIEAOBATEJIbHOCTH OIlepa-
IUii, KOTOPbI€ HYJKHO BLIIOJHUTD, YTOOBI HAMTH OTBET HA IIOCTAaB-
JIEHHBII BoIpoc. B uacTHOCTHM, MOTYT OBITH IIPUBEAEHBI (POPMY.I
JLUIsI BBIYMCJIEHUA BEJIMYNH, KOTOPhIEe HEJIb3A IIOJYUYNUTD IPAMBIMU
U3MEPEHUAMMU.

IIpu HEOOXOAMMOCTH B 9TOM pasielie OTUETA IIOMEeIaeTCsI CXe-
MaTHUYeCKoe n300pasKeHne 9KCIePUMEHTAIbHON YCTAHOBKHU C IIO-
IPOOHBIM OIMCAHWEM e€ meTaJjeil U y3JI0B.

Crnemyer Tak:Ke IIOIPOOHO OIMCATH MCHOJb3yeMble IPUEMBI,
IIpegHAa3HAUEHHBIE VIS YMEHbBIIEeHN BOBMOKHBIX OINOOK U yBe-
JIMYEeHUSA TOYHOCTH M3MepPeHui. B yacTHOCTH, ecam IPOBOAUTCA
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MHOTO M3MepeHUIl IJid HAaXOXKIeHUsS CpeaHero 3HaueHHusd, OUeHb
IIOJIE3HO YKa3aTh, KAKUM CIIOCOOOM OIIeHEHO UMCJIO M3MEPEeHUH,
KOTOpbIe HEeOOXOAMMO IIPOBECTH IJiA MHOJYyUYeHUs 3aJaHHON Tod-
HOCTH.

Bo3MosxkHO, UTO OJIa HAXOMKIEHUS OTBETAa Ha IIOCTAaBJICHHBIN
BOIIpOC TpebyeTcsa MCHOJMB30BaTh TI'paduyuecKoe IIpeCcTaBICHUE
KaKux-ambo 3aBUCUMOCTeM. B 9ToM ciyuae cieayeTr parmoHAJIbHO
UCIOJIb30BAaTh BHITAHHYIO MIJIINMeTpPOBYIo Oymary. Ha xKoopmu-
HATHBIX OCSX 00A3aTeIbHO CJIeAyeT YKa3aTh pasMepHOCTU Quau-
YeCKUX BEJUYUH, HAaHEeCTH METKU, COOTBETCTBYIOIINE AeJIeHUAM
mIKajabl. MacITabbl o 0CsIM HYKHO BhIOpPATh TaK, UTOOLI rpaduk
3aHUMAJ II0 BO3MOKHOCTH OOJIBIINYIO ILJIOIIAAL Ha JIUCTe OyMaru.

IKcIlepuMeHTaJbHbIe Pe3yIbTaThl, HaHeCEHHEIE B BUIE METOK
HAa MUJIJIIMETPOBYIO OyMary, OOJLKHBI CHAOKATHCA YKAa3aTeIaMU
TIOTPeIIHoCTeH (KpecThl OITIO0K).

Ecau Besmmumubl, OTKIAABIBAEMBIE II0 OCAM, CBA3aHbI CTEIIEH-
HOM 3aBUCHUMOCTBIO, TO II0 OCAM rpadmKa KejJaTeJbHO OTKJIAIbI-
BaTh 3HAUEHUA (PU3MUECKUX BEJIMUYUH B TaKOW dopme (c TaKuMU
TIOKAa3aTe/NaMI CTelleHeil), YTOOBI IMOJYUMBIIUHCA TpaduK ObLI
npamoii auaueii. Ha rpaduke MOKHO ImoMelaTh KOMMEHTapPUU,
KOTOPBIE IMOACHSIIOT CMBICJ HAPUCOBAHHOTO.

B xoHIe oTuéTa 00BIYHO IPUBOIATCA «BBEIBOABI». Ecau Tpebo-
BaJIOCh HAWUTH 3HAUeHNE KaKoHi-11nb60 BeJIMUYNHEI, CJIeAyeT yKa3aTh
e€ m3MepeHHoe (BBIUMCIEHHOE) 3HAaUEeHNEe U YKal3aThb IIOTPEINIHO-
ctu. Ecim mpocuiy ycTaHOBUTH KAaKyHO-TO 3aBUCHUMOCTBH OIHOM
BEJIMYUHEBI OT APYTOH, CaeayeT IpuBecTu rpaduk 1 (ecjam 3ToO BO3-
MOXKHO) (hOopMYyJIy, KOTOPAsd CBSA3LIBAET YKA3AHHbIe BeJIUUYNHBI.

Ecau Hy:KHO OBLIO YCTAHOBUTL COAEPIKUMOE «UEPHOTO SAIIU-
Ka», cliefyeT IPUBECTH Pas3raflaHHYIO0 CXeMy U IapaMeTphI JeTa-
Jiel, HaXOAUBIINUXCS BHYTPHU «UEPHOTO AIIMKA», KOTOPbIE IIpen-
Jlarajioch HauTH.

Mo:xHO TOTONHUTENIBHO YKa3aTh, YTO IPU M3MEPEHUAX IIPHU-
MEHAJIOCh TOJBKO paspelréHHoe K MCIOJL30BAaHUIO 000pyIoBa-
HUe.
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JKcIIepUMEeHTAJNbHBIE 3a7aYi (PU3HUECKUX OJIHMMITHA]T
MexaHuka

Cramuiearwujuecs wapuru

CranpHOIl HMIapUK OTIYCKalOT 0e3 HauvaJlbHOM CKOPOCTH Ha
IMOBEPXHOCTU CTAJIBbHOr0 HAKJIOHHOTO K€00a, M OH CKAaThIBAeTCA
10 KE€J100y ¢ HEeKOTOPOM BELICOTHI.

3adanue: onpenesnTe 3aBUCUMOCTD IPHOOpeTaeMoil IeHTPOM
IIapuKa CKOPOCTU OT BBLICOTHI, C KOTOPOM OH cKaTbiBaerca. Cuu-
Tath g=9,81 M/C2.

Ob6opydosarue: cranbuble mapuku 10—12 mm (3 mT), 1mra-
TUB C KPeIIeHUAMHN, NPAMOH KEmxob 1 M, Hacamgka Ha KeEJaoo0,
HCKPUBJIAIOINIAA TPAEKTOPHUIO IBUKEHUSA IIapUKa, KaPTOHHAS KO-
pobka (JIOByIIKA IJIA NIAapPUKOB), JIMCTHI Oejoii Oymaru (3 1mT),
JIUCT KONHPOBAJbHON OyMaru, JUHENKA €¢ MUJILJINMETPOBBIMU
nenesusamu 40 cm.

3 —=—

Puec. 11

Peuwienue. K€no6 KpenuTcs Ha IITATHBE B HAKJIOHHOM II0JIO-
skeunu. K :KE€mo0y mpucoequHseTca «KpUBOM» yuyacToK. HakjaoH
JK€imo0a BRIOMpaeTcs TaKMM, UTOOBI KacaTeilbHas, IPOBeAEéHHAS
K JK€100y B KOHIle M30THYTOTO yYacTKa, IPUHUMAJIA TOPU30H-
TaJbHOE IIOJIOKeHMe. ITOT KOHell M3O0THYTOTO YdacTKa Kéaoba
pacmosiaraeTcsa Ha HEKOTOpPOIi BbIcOTe Hanm crojom (pme. 11).
IIlapuky OTHYCKAIOTCA B PAa3HBIX MECTAaX HAKJOHHOIO YYaCTKa
sKéimoba 6e3 HauanbHOI crKopoctu. OTOpBaBIINCHL OT KEJI004,
IIAPUK IIPOJIETAET IIepel] yAAPOM O CTOJI HEKOTOPOE PaCCTOSHUE
mo ropus3oHTasu. Mecra MmafeHWs MIAPUKOB (PUKCHUPYIOTCA HA
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Jucrax 0eyioii OymMaru ¢ IOMOIILIO PACIIOJOMKEHHOTO CBEPXY JIU-
cTa KONMpoBaJbHOI Oymarm. Il KasKmoill BBICOTHI IPOBOIUTCS
HECKOJIBKO «ITYCKOB» IITapuKa. PesdysabraThl (IJUHBI MOJIETOB IO
TOPU30HTAIN) yepeaHaTea. CKOPOCTh, IPUOOPeTEHHA IIEHTPOM
[IaPHKA IPU CKATHIBAHUY C BEICOTHI /i, MEHBIIE BeJIMUYUHEI \/2gM.
9To CcBA3aHO C TeM, UTO IapWK ABMKETCS He IIOCTYIaTeJbHO,
a KaTUTCSA, TO €CTh y HEro KMHeTHUecKas dHePrud CBA3aHaA U C
IIOCTYIIaTeJIbHBIM, U C BPAIlaTEJIbHLIM ABUKEHIIEM.

Bsesewusarnue—1

3adaHue: n3MepbTe MAcCy BLITAHHOTO BaM IIpeaMeTa.

Ob6opydosanue: nuuamomerp 0—4 H, mpouHas TOHKad Ka-
IIPOHOBAA HUTH AJAWHON 1 M, MHIIMMeTpoBas Oymara, IIITAaTUB
C KPOHIIITETHAMH.

Macca mpemgmera GoJsbiiie 1 xr. Mo:kHO, HampuMmep, BBLIAATH
ILJIACTUKOBYIO OYTBLIKY C HACBITIAHHBIM B HEE IIECKOM.

Pewenue. Cregyer IpUKpPEenUTh IIPEeIMET HPUMEPHO K cepe-
nuHe HuUTHM. OZUH KOHEII HUTHW 3aKPEeNHUTh Ha INITATHBE, a 3a
CBOOOIHBIN KOHEIl HUTU, CIAejaB Ha HEM IIpemBa-

PUTEIbHO MeTeJbKy, TAHYTH C IOMOIIBLIO IUWHA-

MoMeTpa ropuidoHTasbHO. IIpm sTOoM mpemmer He

KacaeTcsA CTOJIa, a BUCHUT PSAAOM C HUM. YJaCTOK g

HUTU, COEIMHAIOIIeH IWHAMOMETP U IIPeIMeT,

IOJLKEH pacmoJiaraTbCsa ITapajlieIbHO CTOJY, TO

ecTb ropudoHTaIbHO (puc. 12). C IOMOIIBI0 M-

JUMETPOBOH OyMaru MOKHO H3MEPUTh TaHTeHC Puc. 12
yIjla &, KOTOPBIA COCTABJIAET HAKJIOHHBLINA yYacCTOK

HUTU C BepTuKaiabio. Ecim guHaMOMETp IIOKa3bIBAeT 3HAUYEHUE
cuisbl F, To macca npenvera pasaa M =(F/g)tg a.

N

Bssewusarnue—2

3adanue: nsMepbTe MacCy BLIJAHHOT'O BaM IIpeaMeTa.

Ob6opydosarnue: nuaamomerp 0—4 H, nérkas ToHKasa Kampo-
HOBas HUTH IJIUHON 2 M, MUJLIUMETPOBas Oymara, ABa IIITATHBA
C KPOHIITEeHHAMMU.

Macca mpemmera menbire 5 r. Mo:xXHO, HAIIpUMEpP, BBLIAATH
MeTaIJINUYECKYIO0 CKPENKYy MM KOJMAauoK OT MIAPUKOBOM PYUKH.
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Pewenue. OnvH KOHEII HUTHU HYKHO 3aKPeNUTh HA OJHOM
IITaTUBE, a 3a CBOOOAHBIN KOHEI[ HUTH, cHejaB Ha HEM IIpen-
BApPUTEJNLHO IEeTeNbKY, TAHYThL C MOMOIILI0 AWHAMOMETpa TIo-
pusoHTaILHO. [lMHAMOMETD 3aKpeIljiseTcsa Ha BTOPOM IIITaTHBE.
CrenyeT pacioJiO:KUThL HUTH IO BO3MOYKHOCTHU OJIMiKe K IIOBEpX-
HOCTH CTOJI&, YTOOBI C IIOMOIIBI0O MUJJINMETPOBOI OyMaru MOXKHO
OBLIIO IIPOBEPUTDH €€ «TOPU3OHTAIBLHOCTH» M HU3MEPATH PaCCTOA-
HUE OT HUTHU O TOBEPXHOCTH CTOJIa. 3aTeM IIPeAMET IIOMEeIaeTCs
Ha cepeauHy HuUTH. Ilpm sTOM IIpeaMeT He KacaeTcd CToJa,
a Bucut Hag HuM. Huth mpoBucia. C IoMOIIbI0 MUAJIIAMETPOBOI
OymMaru MOKHO WH3MEPUTh TAHTeHC yIvia ¢, KOTOPBIA Temepb
COCTaBJISIOT YYaCTKM HUTHU C TopusoHTaabio (puc. 13). Ecianm
IVHAMOMETp IIOKAa3bIBaeT 3HaUeHUe CuJbl F, To Macca mpeaMeTa
paBHa: M =2(F/g)tg a.

Puc. 13

Bssewusarnue—3

3adaHue: HalifuUTe OTHOIIEHNE MACC MOHETHI M TETPAJHOTO
(aBoiimor0) JMUCTKA OyMAarmu.

Ob6opydosarue: moHeTa 1 KOIm mMaM 2 KOI, MMeIOIIasd Mac-
Cy B rpaMMax, IPUMEPHO COOTBETCTBYIOIIYI0O CBOEMY HOMUHAIY
B Komedkax!. JlBOIHOI JIMCT M3 IIKOJILHON TeTpagu «B KJIETOU-
Ky», KapaHJalll IJI aBTOPYYKA C MUJINHIPUUIECKUM KOPIIYCOM.

Pewenue. Jluct 6ymaru mpu IpOBefeHUU SKCIepuUMeHTa Oy-
IeT OJHOBPEMEHHO CJHIY:KHUTh M PLIUAroM U M3MepPUTeIbHOI JIu-
Heliko¥. V3 OBOMHOTrO JMCTA CKJAABIBAIOT, OOecIeuruBas eMy
JKECTKOCTb, KOHCTPYKIIMIO, MMEIOIIYI0 B IIOIEPEeUYHOM CeUEeHUU
dopmy «iBesepa». sKemaTeabHO, YTOOBI STOT INBEJIJIED MMEJI
II0 BOSMOXKHOCTU OOJIBIIYIO IJINHY, TO €CTh CAMBIN «BBITOIHBIN »

!Pimerorca B Bumy MoHersl oOpasma 1961 roga, oGpamasmueca B CCCP
M CTpaHaxX, BOBHUKIIUX B peayiabraTe pacmagza CCCP, c¢ 01.01.1961 1o
31.12.1998.
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cocob CIOKEHUS — BTO TaKoii, IPU KOTOPOM IJIMHA KOHCTPYK-
nuy OyZeT paBHa AJWHE AUaroHaJau ABOWHOTO Jucta. IlIBesnep
YPaBHOBEIINBAIOT Ha KPYIVIOM KOpIIyce KapaHmallla, JIeMKalllero
Ha cTtoje. JIA HaxXOKIeHUA IOJOKEHUsS paBHOBeCHUA IIBejjiepa
B TOPM30HTAJIBHOM IIOJIOMKEHUHN KapaHOalll MOKHO ILIABHO «IIe-
pexaTsiBaTh» majablleM. MecTo KOHTaKTa OyMasKHOTO IIBeJliepa
¥ KapaHJallla oTMedaeTcs. IlepBas oTMeTKa IIO3BOJIAET oIIpele-
JIUTH TOPU3OHTAJIBLHYIO KOOPAWHATY I[eHTPa Macc JucTa Oymaru,
CJI0KEHHOTO IIBeJIJIEPOM. 3aTeM Ha OJHOM M3 KOHIIOB IIIBeJLIepa
3aKpeIisgeTcsa MOHeTa, I CHOBa HINMeTCA IIOJIOKeHNre KapaHaalia,
IIPU KOTOPOM IIBEJIJIEp BMECTe C MOHETOIl OyIaeT HaXOIUTbCS
B TOPM30HTAJILHOM IIOJIO:KEHUN B paBHOoBecuu. I B aTOoM ciyuae
OTMEYaeTCcs MeCTO KOHTaKTa KapaHjgalmia 1 OyMaru.

[ momydueHUs BTOPOTO Pe3yJabTaTa MOXKHO II€PEeHeCTH MO-
HeTy Ha APYTro¥l KOHeIl IBeJIjiepa M HPOoAesaTh TaKylo Ke oIe-
painuio o ypaBHOBEIIMBAHWIO OyMaru B TOPU3OHTAJILHOM IIO-
Jo:xkeHuu. ITocae momydeHUsT OTMETOK, COOTBETCTBYIOIIUX KOOP-
IUHATAM PAaCIIOJOKeHMA Ha OCH IIBeJiepa IleHTpa Macc (JamcTa
OymMaru BMeCTe C MOHETOM), JHCT OyMaru MOKHO DPa3BEPHYTH
U «II0 KJeToukaMm» (c wucmosb3oBaHueM TeopeMmbl IIugaropa)
M3MEPUTh PACCTOAHUSI OT MECT KOHTAKTa OO MeCTa PacIlIoJioKe-
HUA I[eHTpa MOHeThI. Ilimeum phlyaroB Ha OyMmare mM3MepSAIOTCS
C Xopolleil TouHOCTbIO. Ilpm mamue 1miaed oxoso 100—50 mm
omunbKa B 1 MM IpU ompeAeeHnN MOJOXKEHNI IeHTpa Mace IaéT
TOYHOCTD He xy:Ke 2%. (Cm. puc. 3).

IInacmuaun (9—1—2001)

Hy:xHO HaiTm Maccy BBIZAaHHOTO BaM KyCOYKa IJIaCTHUJIMHA
¥ ero IJIOTHOCTD.

Ob6opydosarue: TPO3PAUYHBINl CTAKAHUMUK, €IE ONUH CTaKaH-
YUK, BOJa — II0 HEOOXOAMMOCTHU, MIJIJIMMeTpoBasA Oymara, HUT-
Ka.

IIpednonazaemotii cnocob peureHus. I3 aacTUINHA JIEITUTCA
Kyouk. Ero pasmepsl m3MepsaioTca ¢ IOMOIILI0 MUJLINMETPOBOI
oymaru. TakuMm cmocoOOM HaxoguTCA OOBEM KyCKa MJIACTUJIM-
Ha. 3aTeM U3 IJIACTUJINHA JIEIIUTCA «JIOMOUKA» IIPAMOYTOJIbHOI
WIN IUJINHIPUUYECKON (opMbI (BO BTOPOM cjaydae OHa OOJIbIIe
HAIIOMWHAET IYCTYI0 HNPOOUPKY C TOJCTHIMH ILIACTUJINHOBBIMU
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crenkamm). E€ miaByuecTb IIpoBepAeTCcA B BOJe, HAJIUTON B CTa-
KaH. PasMepsl JIOHOYKM MMOAOMPAIOTCA TaKMMU, UTOOBI €€ OopTa
HaxXOoAWJINCh BPOBEHBL C BOAou. V3aMepeHMe BHEIIHUX Pa3MeEpPOB
JIOIOYKM IIO3BOJISIET y3HATL 00BEM BOIBI, KOTOPHINI OHA BBITEC-
HsEeT, IIJaBasd, TO €CTh MOKHO HAWTH OTBETHI Ha IIOCTABJIEHHBIE
BOIIPOCHI 1 0e3 MCII0JIb30BAHUA BTOPOTO CTAKAHUMKA.

PasMepsl HuInHIPUUECKUX IO PopMe CTAaKaHUMKOB ITomo0pa-
HBI TaK, YTO BHYTPHh IPO3PAUYHOrO CTAKAHUMKA BXOAUT BTOPOI
HeIIPO3pPavHbIll CTAKAHUMK C HeOOJLIMuM 3a3opoM. Ilpm sTom
CTEeHKHU APYT ApyTa He 3ameBaioT. MoKHO 3aCTaBUTh OJAUH CTaKaH
IIJIaBaTh B APYTOM U Uepes IIPo3pauHble CTeHKN OTMeYaTh IJIyou-
HY €ro IOTPY/KeHUsI B BOIY.

BapuauToB peleHuA ¢ MCHOJB30BAaHWEM IBYX CTaKaHUMKOB
MOXKeT OBITH MHOTO.

Onnu u3 HUX, HaIPUMep, TaKOoIi: OMyCKaeM HeIpPO3PaduHbIi
CTaKaHYMK BHYTPDb IIPO3PAYHOTO CTAKAHYMKA, KOTOPHIN OBLI 3a-
MIOJIHEH Bojoii. Bosa BeLIMBaeTcsa yepes Kpasi. BeiHUMaeM Hempo-
3payHBI CTAKAHUYMK M OTMEYaeM YPOBE€Hb BOIbI, OCTaBIIEMCS
B IPO3PAYHOM CTaKaHUYMUKe. 3aTeM IIOMeIlaeM KyCOK IIJIaCTUINHA
B HEMIPO3PAUYHBIA CTAKAHUUK, U CHOBA OCTOPOXKHO OIIYCKAeM ero
B IIPO3PAvYHLIA CTaKaH. BbLIMBaeTcA MNOMOJHUTEJbHAS HOPIUA
Boabl. OmsaTh BBIHMMAEM HEIPO3PAYHBLIN CTaKaHUMK M3 IIPO-
3payHOro0 W OTMeYaeM HOBBIA (MEHBIINI) YPOBEHb OCTaBIIEiiCs
B cTakaHe BoAbl. JlanbHeHIIEe eHACTBUSA OUEBUTHEI.

IIpuBeném mpyroii Bo3MOKHBIN BapuaHT melicTBuii. Kycouek
IJIAaCTUJIVHA CHauvajia yAEepP:KMBaeTcAd Ha Becy Ha HHUTKe B BoOJe
BHYTPHU ILJIaBaIOIEero CTaKaHa, IIPUYEM OH JOJIKEH OBITH IIOJIHO-
CTBIO OTPY:KEH B BOLY. A 3aTeM ILIACTUJINH OIIyCKAaeTcs Ha JTHO
aToro crakaHa. MamepsaioTcsa ABa 3HAUEHUWSA M3MEHEHUS TTyOUHBI
morpy:keHuns. C IOMOIILI0 MUJJIMMETPOBOI OyMaru HaXOIUTCS
ILJIONIAAEL TIOMEPEYHOr0 CeUeHUs CTaKamuuka/Kopabauka. Iloiy-
YeHHbIe JaHHbIE ITIO3BOJISIOT HANTH MacCy KyCOUYKa IJIACTHUJIMHA.

Haunyumuii ¢ TOUKM 3peHUsS TOYHOCTH CIIOCO0 M3MepeH!i
COCTOUT B TOM, UTO MCIIOJB3YETCSA ABJEHUE MNOABbEMA YPOBHS
BOABI B 3a30pe MEKIYy CTaKaHUMKAMU IIPU IOMEIIeHUU OJHOTO
B apyroi#. Ilpm 3TOM KOJHMUYECTBO BOJBLI BO BHEIITHEM CTaKaHe
JOJIKHO OBITH IOZOOPAHO TAKMM, UTOOBI BOJA HE BBIIMBAJIACD.
3Has moIepevHoe ceueHre BHYTpeHHero (Hempo3pauyHoro) cTaka-
Ha S, MOKHO BBIYUCJIUTH €r0 MacCy, YMHOKUB Pa3HUILYy YPOBHEM
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BOJBI (B 3a30p€e U Ha BHICOTE PACIIOJIOKEHUA JHA HEIIPO3PAYHOTO
CTaKaHYMKa) Ha IIomanb S ¥ Ha ILIOTHOCTHL Boabl. IloGaBie-
HUe BO BHYTPEHHUH CTaKaH ILJIACTUJINHA U3MEHSEeT 9Ty PA3HUILY
ypoBHeii. OTciofa oueBUAeH CI0CcO0 BHIUMCIEHUA MACChI IIJIaCTU-
JuHAa.

ITouemy mocaegHMI U3 OMUCAHHBIX CIIOCOO0B U3MEPEHUA JaET
MAaKCHUMAaJbHYIO TOUHOCTEL? [[eJi0 B TOM, UTO TOUHOCTh U3MEPEHU ST
YPOBHSA BOABI B CTakaHe He Jyulle 1 MM, a YBEPEHHOCTH, UTO
BHYTPEHHMNE CTeHKHM IIPO3PAUYHOTO0 CTAaKAHUMKA HNMEIOT CTPOTO
IUINHIPUYECKYI0 (OopMy, BOBce HeT. A Ija BHeNUIHed (QOpMEI
HEeIPO3PaYHOTo CTAKaHUYNKA YCTAHOBUTD «ITHUJIUHIPUYHOCTD» CTe-
HOK ropaszo HpoIIe.

Ha ¢ororpadpum mpuBegens! crakanunku. CieBa BHYTpU He-
IIPO3PavHOr'0 CTaKaHUYNKA HaXOLUTCA I'Py3 — IJIACTUJINH.

Hsamepenue maccol naacmmaccosoii npyxicunku (9—2—2008)

3adaHue: n3MepbTe MAcCy IJIACTMACCOBOH IPY:KUHKMH.

Ob6opydosarue: LaacTMaccoBas IPYy:KUHKa, MoHeTa 1 pyoJab —
e€ Macca M3BeCTHA U COCTaBJAET POBHO 3,3 I', MHUJILJIMMETPOBAas
Oymara, MepHas JIeHTa, JUIKAs JeHTa — II0 Mepe HeoO0XOmMMOo-
CTH.

Hy:xuo nmpuaymars cnocob6 1 IPOBECTH M3MEPEHUs, HUCIIOJNb-
3ysl BRIJaHHOE CKyIHOe obopymoBanme. IlocTapaiiTech MOJIyYUTH
pesyJbTaT ¢ MaKCUMAJIbHO BO3SMOKHOI TOYHOCTBIO.
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Pewenue. Cama Ipy:KUHKA MOXKET CIAYKUTH U TPYy30M, U IIPY-
JKUHOM njia uamepennii. CHauajga ciegyeT mepecuuTaTh Bce BUT-
KH TOPY:KUHBI, cHejJaThb OTMETKYy Ha eé cepeauHe (UaIu B OpYy-
TUX TOUKAX, MENANNX NPYXKUHY B ONPEIeIEHHBIX IIPOIOPIIUIX)
U M3MEPUTH HAUAJBHYIO JJINHY Hele()OPMHUPOBAHHON MPYKUHBI.
3aTreM MPYy:KMHA OJHUM KOHIIOM KpeIuTCsS Ha IITATHBE Tak,
yTOOBI €€ OCh 3aHAJNA BePTUKAJIbHOE MOJIOMKeHNe, KOTIa IPy:KuHAa
CBOOOIHO BUCHUT B IIOJIOXKEHUU paBHOBecus. Hy:KHo ybemuThbCs,
YTO CBOMCTBaA IPYsKMHBI IIPUMEPHO OJMHAKOBBI BIOJIb BCEH €€
IauHbl. [J1g 9TOro M3MepAoTcd yIJUHEeHUA BepxXHell 1 HUKHeN
MIOJIOBUH TPY:KUHBI. Ilocjie 3TOTO KOHIBI MPY:KUHBI MEHAIOTCH
MecTaMM W BHOBb U3MEPAIOTCA YIJUHEHUA BEPXHEH U HUK-
Hell IOJIOBUH IPY:KMHBI. 3aKpeNuB MNPYXKUHY He 3a e€ KOHeIl,
a B HEKOTOPOU APYroil TOUKE, MOKHO YOeIUThCA, UYTO YAJHUHEHNE
KaKoIi-TO YacTu MPYKUHBI (HalpuMep, IIOJOBUHLI O0IIEro KOJIu-
YyecTBa BUTKOB) IIPOIOPIIMOHATILHO YNCIY BUTKOB, 3aKPEILIEHHBIX
IOl 9TOM YacCThIO CHU3Y.
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3aTeM K HIKHHUM BUTKaAM IIPY:KUHBI JIUIIKOM JEHTOH KPEIuT-
ca moHera. CHOBa m3MepseTcs yIJIUHEHNE BepXHEH MOJOBUHBI
NPY:KUHBI. YIJIUHEHNE 0] AeHICTBIEM MOHETHI U3BECTHOM MAacCChI
COOTBETCTBYET YAJUHEHWIO STOTO K€ yJYacTKa IIPYKUHBI IIOJ
JIEeHCTBUEM HEKOTOPOTO KOJIMUECTBA MPUKPEILJIEHHBIX CHU3Y BUT-
KOB Ipy:KuHBI. OTCIOa MOKHO BBIUMCJIUTH IIOJHYIO Maccy IIpy-
SKUHBI.

Hena (9—1—2002)

HN3mepenre BHyTpeHHEr0 AUaMeTPa UTOJKY AJIA IIIPHUIA.

ITpubopwvr u 06opydosarue: MITIPHUIL C UTJIOH, JUHEHKA, MUJI-
JUMeTpoBas Oymara, IIITaTUB C JIAITKOM, CTaKaHYUK ¢ Bomoii. [Ipu
HeOoOXOAMMOCTH MOYKHO IIPOCUTH KYCOUKH JIMIIKOM JEeHTHI U — Ha
KOPOTKOE BPeMs — U3MEPUTEIbHYIO PYJIETKY.

3adaHue: U3MEePUTh BHYTPEHHUH AUAMETP UTOJMKU IJIs IIIPU-
IIa 1 OIeHUTD IIOTPEITHOCTh N3MEePEeHU .

OcCTOpPOXKHO, HE YKOJIUTECH!

IIpednonazaemotii cnocob pewernus. VI3 mmopuna gyepes Uiy
BBIJABJIMBAETCA BOJA, IPUUEM CTPYSA HAIIPABJISIETCS BEPTUKAIBLHO
BBEPX, MapaJlIeJIbHO YCTAHOBJIEHHOM B INITATHBE BEePTUKAJIBHO
JuHelike. HaTpeHupoBasBIInCh, MOMHO JOOUTHCSA TOT'0, UTOOBI
KaIlJIy B3JIETAJIUW IIPUMEPHO HA OJHY M TY JKe BBICOTY. 3Has BBI-
TeCHEeHHBIN M3 OaJIJIOHUYMKA IINIPUIA 00BEM BOJAbI, BpeMsSA BbIAAB-
JIUBAHUA BOABI (€T0 MOYKHO OIIPEAEeJUTh J1OO II0 COOCTBEHHBIM
yacaMm, Ju0O IO «BHYTPEHHMM» YacaM, OTCUMTHIBAS CEKYHIBI)
M MAKCUMAJBLHYIO BBICOTY IIOABEMAa BOIAbBI BO BpeMs IIOJIETA,
MOJKHO OLIEHHUTH IIOIIEPEUHOE CeUeHlie OTBEPCTUS B UIJIE.

ITockoabKy cekyHmoMep He BXOAMJI B Habop obopyaoBaHUAd,
HY:KHO OBLIO MPHUAYMATh CIIOCO0 M3MEPHUTh BPeMs BBITECHEHUS
Boabl u3 mmpuna. CaMblii «YeCTHBIM» cIoco6 B 9TOM ciydae —
U3TOTOBUTH MAATHUK, IIePHUO] KOJeOaHUIT KOTOPOTO MOXKHO JIer-
KO BBIUMCIAUTH. [Jd HUTHM MaATHUKaA BIIOJHE IOAOMIET TOHKAaA
IIOJIOCKA MUJLIMMETPOBOI OyMaru, a ¢ rpy3nuKoOM IIpodieM HeT —
UM MOXKeT OBITH KapaHIAIll, JJACTUK MU KOJIIMAY0K OT aBTOPYUKH.
«CexyHIHBIN» MasTHUK C IIEPUOAOM Kojebauuii 1 ¢ uMeeT IJINHY
HUTHU

L=g (2—7;)2 —0,2485 w.
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VcKopeHHe cBOGOIHOTO TTaIeHusA IPUHATO PaBHEIM g = 9,81 m/c2.
Boay Mo:xkHO HampaBiIATh He TOJbKO BEePTUKAJIBLHO, HO U T'O-
PUBOHTAJIBLHO C HEKOTOPO# BBICOTHI, M MTOOMBATHLCA TOT'O, UTOOBI
KamJau BOABI IIagajd Ha CTOJ WM II0J HPHUMEPHO B OITHOM
M TOM Ke MecTe. 3HasA BBICOTY IaJeHWA W OAaJbHOCTh IIOJIETA
110 TOPM30HTAJNN, MOKHO HAWTH CKOPOCTH CTPYH Ha BBIXOHE M3
WUTOJIKH, a4 3aTeM, 3Hasd BPeMs BBIIABIUBAHUSA BOIbI, BLIUMCIUTD
MIPUMEPHO ILJIOIIAAL ITOIEPEUHOT0 CeUeHNS OTBEPCTUS B UTJIE.

Boda 6 mpybe

Haiinure saBucuMocTb cpenHeii (IO ceUeHUIO) CKOPOCTH Te-
YeHUsI BOALI B TPyOe, 3aIllOJIHEHHOI BOMOII, OT Pa3HOCTU BBICOT
pacmoyiokeHusT KOHIIOB TpyObl. HuKHMIT KoHell TpyObl OTKPHIT,
BepXHUII KOHeI[ IPUCOeIUHEH K cocyny ¢ Bomoiu. I'myOmHa cios
BOABI B COCYyZie MaJjia B CPABHEHUM C JJIMHOMN TPYOHI.

Ob6opydosarue: MTATUB C KPEIJIEHUIMHU, ITHUPOKUHA COCY.
C OTBEpCTHMEM U MITYIePOM B HU/KHEH YacTH, MEH3ypPKa, BOAa
mo TpeboBaHUIO, AnuHHaA (1,5 M) mracTuxkoBasa TPyOKa ¢ oau-
HAKOBBIM BOJb BCell TPYOKM BHYTPEHHUM IHUAMETPOM, 3aKUM
I TpyOoKu, mopuil 20 miu (6e3 UIJIbI), cTeKJAgHHasg 6auka (1 i),
CeKyHIOMEep.

Pewenue. Hy:xHo yo6eguThCsA, YTO BpeMsA BBITEKAHUA OIIpee-
JIEHHOT'O KOJIMUECTBA BOAbI (I OTMEePUBAHUA BOALI CIAYIKUT MEH-
3ypKa WU IIOPHUI]) He 3aBUCUT OT (POPMBI, KOTOPYIO IPUHUMAET
B IIPOCTPAHCTBE TPYOKa 3aJaHHOU MJUHBI W IIOCTOAHHOTO ceue-
HUS, a 3aBUCUT TOJBKO OT PA3HOCTU BBLICOT MECT PACIIOJIOKEHUS
€€ BXOJHOTO U BBIXOZHOTO OTBepcTuii. [jid 3TOro KejaaTebHO
mpoBecTu 3—4 u3MepeHusd IJA KaKIOo# pasHOCTU BBICOT IIPHU
pasauYHBIX (OpMaX PACIIOJOKEHUS TPYOKM (TOJIBKO He HYKHO
«IepeRuMaTh» TPYOKY).

Yro06bl y3HATH IIJIOWIAAbL IIONIEPEYHOrO ceueHus S TPyOKwH,
MOJKHO 3aII0JHUTEL €€ BOJOI ¢ ImoMoIIbIo npuiia. O6éM Boasr V,
KOTOPBI#I moTpeboBajicd, YTOOLI 3alIOJHUTL BCIO TPYOKY, HYMKHO
paszenuTh Ha AnunHy L Bceit Tpy6ru: S=V/L.

3Has 00BEM BOIbI V), TepeTeéKIeil 13 BEepXHEero CoCyaa B HIK-
HU, BpeMsa IlepeTeKaHusd ¢ W IIOIepeyHoe CeUueHUe OTBEPCTU
TPYyOKH S, MOKHO BBIUYHCJIUTL CPEAHIOI IO CEYEHHIO OTBEPCTUSA
CKOPOCTH TeueHUusA Boxsl u=Vy/(St).
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I'papur 3aBuCHMOCTH 9TOH CpeaHeil CKOPOCTH U OT Pa3HUIILI
BbICOT A/ pAaCIIOJIO:KEHUS KOHIOB TPYOKM IIpencTaBiaseT coboii
IPAMYIO JIUHHUIO, TO €CTh PACXOJ BOALI IIPU 3aJaHHBIX IIapaMer-
pax Tpyoxu (e€ mimme, IOIEPEYHOM CEUEHUU OTBEPCTUS) MPAMO
MIPOIIOPI[MOHAaJIeH PasHHUIle NaBJIeHUIl, KOTOpas B JAaHHOM CjIydae
paBHa pgAh. CraTtmueckue JaBieHVA HA BXOAe TPYOKV M Ha eé
BBIXOJle IPUMEPHO PaBHLI aTMoc(hepHOMY MaBJIEHUIO, TaK Kak
BOJa B BepPXHEM COCY[e HAJIUTA TOHKUM CJIOEM.

Huamemp uenvt

Hatigure BHyTpeHHUE AmaMeTPhl OTBEPCTHUH WMIVI OT LIMIPUIIA
¥ YCTAaHOBUTE 3aBHCUMOCTDL PacxXoaa BOAbI (MJI/c) uepesd KaKIyIo
WTOJIKYy OT Pa3HUILI JaBJeHHUI Ha BXOJe B OTBEPCTHE M BBLIXO[E
13 OTBEPCTUH.

Ob6opydosarue: MTATUB C KPEIJIEHUAMU, mmpui 50 M ¢ aBy-
MsA UTJIaMU ¢ PA3HBIMHU AUAMETPaMU U ¢ PA3HBIMHU AJINHAMI, IBa
oTpeska mo 1,5 M Ka)KIbIii IJIACTHUKOBOM TPYOKM ¢ AuUaMeTpOM
BHYTPEHHET0 OTBEPCTUS 2—3 MM, TPOWHUK, 3a:KUMBI IJII TPY-
00K, coCcynabl AJS BOObI, HUTHL 1 M, rupbka 10 r, MuaInMeTpoBas
oymara.

Kkopnyc wnpuya
be3 nopwHs

Bmopas mpybka

P

ypoberb xudkocmu
6 manomempe

nepbas mpybka

T T T

vena 2

I

P

S
venal /

Puc. 14

Pewenue: 13 HUTH U TPYy3UKa U3TOTABJINBAETCS «CEeKYHIHBIHN »
MaATHUK — OH OyJeT MCIIOJIb30BAaThCA AJIA M3MePeHUA BPeMeHU.
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CobupaeTca yCcTaHOBKA, B KOTOPOU OAHA TPYOKA MCIIOJIb3yeT-
cAd OJis TepeluBaHUA BOIbI, a BTOpasg TPyOKa MCIIOJIb3YeTCs
B KauecTBe MaHoOMeTpa. VITOJKM II0 Oouepeny HPUCOETUHSIIOTCS
K OOJHOMY M3 BBIXOJOB TPOMHMKA, a K ABYM APYTUM BBIXOZAM
MIPHUCOeTUHAIOTCI TPYyOKu. K BepxXHeMy OTBEPCTUIO ONHOI U3
TpyOOK HpucoeqUHAETCA IITYIlep IMnpuiia. Bropas TpyOka pac-
IIoJaraeTcs Tak, YTOObI €€ OTKPBITBIM KOHEeI ObLI Ha YPOBHE WU
HeMHOTO BbIIe mnpuna (puc. 14).

ITopwui 3akpenisdeTcsa Ha IITATHBE HA 3aJaHHON BHICOTE U 3a-
HseTcs BOAOIi. 3aTeM OTKpPhIBAaeTCA 3aKMM, U BOJa IepeTeKaeT us
HMITIPUITa B HIKHUEN cocyn. IIo pasHOCTH BBICOTHI BOABI B TPYOKe
(MaHOMeETpE) U BBICOTHI MeCTa MOIKJIIOUEeHIs 9TON TPYOKHN K TPO-
HUKY BBIUHCJIAETCS JaBJeH’e Ha BXOJTHOM OTBEePCTHU MUIJIBI. Ilo
BpeMeHU IepeTeKaHus uepes Uy OIpemeIEHHOT0 00béMa BOIbI
MOKHO BBIUMCJINTH JUAMETP BHYTPEHHET0 OTBEPCTUS HUTIJIbI.

YTo0BI YMEHBIINUTh IIOTPEIIHOCTh M3MEPEeHNA, HYKHO II0CTe
3alOJHeHUA IIIPUIla BONOH YCTAHOBUTL €r0 B HAKJIOHHOE IIOo-
JOXKeHNe M II0 Mepe BBITEKAaHNsS BOAbI HAKJIOHATH WINPUIl TaK,
yTOOLI YPOBEeHL BOALI B HEM HAXOAWJCA HA ONHOI W TOH Ke
BBICOTe A1 W OJHOBPEMEHHO MECTO IIOAKJIIOUEHUA K IIIPUILY
TPYOKU TOKe HaXOAUJIOCh Ha OTHOI U TO# Ke (Ipyroii) BeicoTe hg.

IIpounocms Humu

3adaHue: n3MepbTe MAaKCUMAJIbHYIO CHUJIY, KOTOPYIO €Illé BbI-
IEepP/KUBAET HUTH IPU PACTAKEHUN.

Ob6opydosarue: KaTyIIKa HUTOK (HECKOJLKO MeTPOB HUTH),
IBa KPOHIITENHA U3 TOJCTONM M IITPOUYHOMN M3OTHYTOM! ITPOBOJIOKH,
JIETKO Kpemdllyecsa Ha Kpasax CToJa, MUILINMETpoBas Oymara
dopmara A4, TunKas JeHTa «CKOTY», HOXKHUII, TPY3 U3BECTHOMN
Macchl, 1Jid KoToporo Mg B 2—3 pasa MeHbIIIe TPeIeTbHON CUJIbI
pacTs:KeHUs HUTH.

Pewenue. KoHIBI HUTH, NJIWHA KOTOPOW IPUMEPHO paBHA
mupune croaa (1,2—1,5 M), KpensaTca K ABYM KPOHIITeNHAM.
PaccrossHmre Mexay KOHIIAMM HUTU MOYKHO IIJIaBHO M3MEHSTH,
mmepeaBUTrasi OOUH U3 KpoHIITeiHOB. Ha cepeuHy HUTH BelIaeTcs
rpy3 u3BeCTHOII Macchl. IlocTemeHHO ymaass APYr OT Ipyra
KPOHIITENHBI, JOOMBAIOTCA TOTO, YTO HUTH HATATUBAETCS BCE
CUJIbHee U CUJIbHee. B KOHIle KOHIIOB HUTH pBETcaA. OTMeuaeTcs
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IIOJIOKeHUe, KOTOpOe 3aHMMaJja HUTh HENOCPEeJCTBEHHO Iepej
paspeiBoM. TaHTEHC OAMHAKOBBIX YIJIOB, KOTOPBIE COCTABJIAJIN
YYaCTKM HUTHU C TOPU3OHTAJIBIO, BEIUUCIIACTCA C IIOMOIIBIO MIJI-
JuMeTpoBoii Oymaru. [lJig 3TOrO OHa 3apaHee MPUKPEIJIAETCS
K Kpaio cToJia JUOKOUW JeHTou. IlpemenpHasd cuya HaTIKEHUSA
HuTH F BBIUKCAAETCA ¢ oMoInbio dopmynsl F=Mg/(2tg a).

ITpuwenkxa (9—1—2000)

WN3mepurh cuiy, ¢ KOTOPOH MHPMIKUMAIOTCA JPYT K APYTY
«TYOKU» MepPeBSHHOI MPUIIMENIKH.

Ob6opydosanue: mpuinenka, rpyssl 100 rpamm — 2 mTyxu,
HUTKA, ClellaJbHaA 3eJéHadA OyMmara, MUJLIMMeTpoBad Oymara,
HITATUB.

3amaua pelraeTcs B [ABa 9Talla: CHavajla HaXOOUTCA Koad-
unueHT TpeHuda Oymaru o Oymary, a 3aTeM HAXONUTCA CHJA
IpmKUMa «Ty0OK» HPHUINENKH APYr K apyry. Ha kKammom asra-
Ile MCIIOJb3YeTCA «PasjioKeHue» CHUJIbI Ha cocTaBismolnue. s
ATOI I1eJIN MCHOJIbL3YeTCd HUThL U MUJLINMeTpoBasa Oymara. Huth
ONHUM KOHIIOM KpemuTcsA K KyCcKy Oymaru, a ImocepeivHe HUTHU
KpemuTcsa OAUWH U3 rpys3oB. Ha Oymary ykiaabiBaeTcsi BTOPOIt
TPy3, 4 3a CBOOOAHBIN KOHEIl HUTh TAHYT TaK, YTOOBI yUacTOK, CO-
eINHAIONNYN 6yMary ¢ rpy3oM Ha HUTHU, IPUHSAI TOPU30HTAIbLHOE
(mapasnenbHOEe CTOJY) ImojoxkeHme. Ilo yriy HakKJIoOHA K BepTH-
KaJii BTOPOro (He FOPM3OHTAJIBHOI'0) YYaCTKA HUTH BBIYUCIIAIOT
TOPUBOHTAJIBbHYIO MPOEKINIO CUJIbI HATAKEHUA HUTHU. 3HAdA €€,
MOKHO BBIYUCINUTH KO9(pPUIlueHT TpeHusd oymaru o Gymary.

Ha BTopoM srame Kycok 6yMaru o60pauynBaioOT IPYTUM KyCKOM
OyMaru u IOJyUYMBIIHIiCa «0yTepOpom» 3a'KMMAaOT IIPUIIEIIKOM.
Cpenuuit TUCTOK OyMaru BRITATHUBAIOT HAPY:KY U U3MEPSIIOT MU-
HUMAaJbHYI0 BEJIUUYNHY CHUJIbI, HEOOXOAUMOI AJIs1 BHITACKUBAHUSA
oymaru. I3 xos@uitmenTa TPeHUI 1 BeJIUYNHBI CUJILI BRIUMCJII-
0T CUJIYy TPMKMMAa I'yOOK APYr K APYTY, CUUTAdA, YTO OHA MAaJiO
M3MEHUJIACh OT TOr'0, YTO T'yOKH CJIerKa PasABUHYJINCH (MEXIY
HUMU TMOSBUJINCH TPU JUCTKA OyMarm).

Tpenue (9—1—2003)

Obopydosarue: nepeBAHHBIN OPYCOK, rpy3bl Macckl 100 r —
2 UIT., HUTh, MUJJINIMETPOBas Oymara.
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3adanue: U3MePUTH KO3(MDUITNEHT TPEHUI MEKIY IIOBEPXHO-
CTBIO JepeBAHHOTO Opycka u juctoMm Oymaru. IloBepxHOCTB, IO
KOTOPOM MOJKET CKOJB3UTh OPYCOK, MOJIKHA OBITH TOPU30HTAJb-
HOIi, HAKJIOHATH IIOACTABKY He paspemniaercs!

BosMmo:kHEIN cmoco0 pellieHUA: TPy3bl (MJIKM OOUH TPy3) Kpe-
IATCA IPUMepHO mocepearte HuTH. OAUH 13 CBOOOIHBIX KOHIIOB
HUTHU KPEIUTCA K JePeBAHHOMY OPYCKY. YUACTOK HUTU MEKIY
rpysoM (rpysamu) m OPYCKOM pacmoJiaraeTcsa IapajjielbHO IIo-
BEPXHOCTH CTOJIA. 3a BTOPOIl KOHEI[ HUTU I'Py3 MPUIOTHUMAIOT
¥ pacmojaraioT He HaJd CTOJIOM, a PAJOM C ero KpaeM. 3aTeM,
IIOCTEIIEHHO MeHsAs YyroJ HaKJOHa HUTH, NOOMBAIOTCS Hadvaja
CKOJIb:KeHUA AepeBAHHOro Opycka (pumc. 15). Yroa HakJIoOHA HU-
TH, IPU KOTOPOM HAUMHAETCS CKOJbKeHUNEe, MOXKHO OIIPeIe/IUTh
¢ TIIOMOIIbI0 MUJIINMETPOBOM OyMaru.

Puc. 15

Tpenue (11—2—2001)

¥V BBIZAHHOTO BaM JePeBAHHOTO OpPyCKa OTMeueHbI Irpanu 1, 2
u 3. Hy:XHO U3MepUTh KO9PPUIMEHTHI TPeHUA KaKION U3 3TUX
rpaHedl IpU CKOJIbKEHUU 10 BHIJAHHOMY KyCKy OyMaru.

Ob6opydosarue: 6PYCOK, BEITAaHHBIN JUCT OyMaru, rpy3bl Mac-
cbl 102 r — 3 1IT., HUTKK, MUJLJIUMETPOBas Gymara.

Buumanme! He paspemraerca HAKJIOHATL IIOBEPXHOCTb, IIO
KOTOPOM CKOJIb3UT OGPYCOK.

Pewenue. Cm. pellleHUe IpeabIayIeil 3a1aumn.

Haxoxcdenue Koagpuyuenma mpenus

Hatigure Koa(pdummeHT TPEHUA MEKIY IIOBEPXHOCTHIO CTOJIA
M OCHOBAaHWEM BBIJAHHOUW BBICOKOW NHPaMUObI, CIEJaHHON U3
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CILJIOIITHOTO OJHOPOJHOTO Marepuaja. HaKJIOHATH CTOJ 3amperia-
ercs.

Ob6opydosarnue: nupamuzna Beicotoii 30 cm—40 cm ¢ oxmuma-
KOBBIMU IJIMHAMU BcexX pébep ocHoBaHusa 5 cM—10 cM, auHeiika
0,4 m.

IIupamunga caeslaHa U3 CIJIONUIHOIO AepeBa (Mau U3 IJIACTHUKA,
WX W3 IeHOILJIacTa M T. II.), BhICOTA MUPAMUIBLI 3HAUUTEJIHHO
OoJbille IJIUHBI PEOGep B e€ ocHoBaHMH. PopMa MTOBEPXHOCTHU
OCHOBAHUSA — NPABUILHBIN IIJIOCKUI MHOTOYTOJbHUK (3, 4, 6 cTO-
pox). Ha ocHoBaHme mnumpamMuabl HakjIeeHa MJIEHKa (Oymara),
obecrreunBAarIoIas 3aMeTHBIN KO9(QPUIIUEeHT TpeHud.

Cnoco6 pewenus. CTOAIIYI0O Ha CTOJE MUPAMUAY TOJIKAIOT
B TFOPU30HTAJIBHOM HAIIPABICHUN KOHUMKOM PYUKM WMJIN KapaH-
mamia. TouKky IPUIOKEHUSA CUJIbI BBIOMPAIOT Ha TAKOM BBICOTE,
4YTOOBI PEKUM ABIKEHUS MUPAMUIBI «II€PEeXOAUJI» OT TOPH30H-
TaJILHOTO CKOJNIBLKEHHUS K ONpPOKuAbIBaHUIO. IleHTp Macc mupa-
MUABI yAAJIEH OT e€ OCHOBAaHWA HA pPaccTosiHme, paBHoe 1/3
BBICOTHI MUPAMUIbI. 3HA GOPMY OCHOBAHUS, MOKHO BBHIUMCIUTH
K09((puIlueHT TpeHU.

Koagppduyuenm mpernusa

3adarue: namepsTe KO3IMOUIUEHT TPEHUA (U HUTHU O CTEKJIO.

Ob6opydosanue: CTeKIIHHAA IIPOOUPKA JUAMETPOM OKOJIO 2 CM,
IITATUB C KPeIJIeHUIMU, IIPOYHAd KAIlPpOHOBasA HUTH, rpys 50 r
(unu 1 kr), suaamometp (max 4 H).

Pewenue. Hutb ¢ npuBA3aHHBIM Ha €€ KOHIIE I'PY30M IePEKU-
IBIBAETCS UYepe3 3aKPeILIEHHYI0 B TOPU3OHTAJIHLHOM IIOJOKEHUU
mpoOupKy. 3a CBOOOAHBLIN KOHEN, HUTH €€ TAHYT BHu3. I[Ipu
9TOM AOOMBAIOTCS PABHOMEPHOI'O IIepeMeIeHusA Ipys3a BBeEpX.
B 3aBuCcHMOCTH OT yIjIa «OXBaTa» HUTHIO IIPOOUPKU ¢ TPEOYIOTCA
pasauuyHble 3HAUEHUS CHUJILI JJId TAaKOTO ABUMKeHUdA rpysa. Cuia,
KOTOPYIO IIOKa3bIBaeT JUHAMOMETD, B exp(uy) pas 6oxubire (dhop-
MyJia Jiiepa) CUJIBI TAMKECTH rpysa mg. Ecam BeImaH TAKEIBIN
TPy3, TO B aHAJIOTUYHLIX YCJIOBUAX OH JOJIKEH OIMyCKAaThCS BHUS,
IIpW 3TOM IIOKAa3aHUsS AMHAMOMETpa OyAyT MeHbIIle BeJUYUHBI
CUWJIBI TSAKECTH rpysa mg.
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Tpenue

Ob6opydosarue: nuct 6enoit 6ymaru dopmara A4, Kapamgail,
IepeBAHHLINA OPYCOK, JaCTUK, JUHEHKA.

3adaHue: ompenennTe Ko3(PPUINEHTLI TPEHUSA JePEBIHHOTO
OpycKa 1 Pe3MHOBOTO JACTHUKA O JePeBAHHYIO JUHENKY. JInHeiika
IOJLKHA JIeXKATh ropu3oHTabHO! HakJIOHATL JHMHEHKY M CTOJ
3aIpeleHo.

Kosdpopunuent rpenus onpenenserca KaK OTHOIIEHME KOMIIO-
HEHTHl CHUJIbI B3aMMOIEHCTBUSA ABYX TeJ, HaIlPaBJIEeHHOHN BIOJb
IIJIOCKOCTH WX COIPUKOCHOBEHUS, K KOMIIOHEHTe CHJbI B3au-
MOJEHCTBUSA, HAIPABICHHON IIePIeHANKYIIPHO dTON IJIOCKOCTH
[IPX B3aMMHOM IIPOCKAJIb3bIBAHUHN TEJI IPYT OTHOCUTEILHO JpyTa.

IIpu mocTymaTebHOM ABWKEHUU JUHEHKN BIOJIb T'OPU3OH-
TAJIBHOTO JIACTA OyMaru B HAIpaBJEHUX BEeKTOpa V JIHHEHKa

TOJIKAET I'PYy3, U TOT CKOJB3UT IIO0 OYy-

i N Mare ¥ BIOJb JIMHEHKHU, IepeMelasch
N B HampaBieHuu Bexropa A. Ilpm pas-
FEERN HOMEPHOM IBIKEHUHN CyMMa CUJ, IIPU-
i JOXKEeHHBIX K Tesly, paBHa HyJao. Cuia

v ﬂﬂﬂm BO3IEeMCTBUS JUHEHKN Ha I'Py3 3apaHee

1/1306pa>1ceHa B BHJE CYMMBI JABYX CHII
N u FTp. BexkTop N MepneHuKYJIAPEH
JMHENKe, a BEKTOP FTp napaJjuiesieH ei.
9Ty OBe CUJLI YPABHOBEIIHBAIOTCA CH-
JI0i1 TpeHus rpysa o 6ymary f (puc. 16). Kosdduuernt tpenus
rpys3a o JMHelKy PaBeH OTHOIIeHUIO BeJnduH Frp, K N. 9T0 OTHO-
IIeHNe PABHO TAHI'€HCY yIVIa, KOTOPBIA 00pasyroT HAIpaBjIeHNE
IBIIKEHUA T'PYy3a U MepIeHIUKYJIADP K JUHeHKe.

Puc. 16

I[enmp macc

3adaHue: HaliiuTe pacCcTOAHNE OT IIEHTPa MacC AJIHUHHOTO
KPYIVIOTO IUJIWHApPA OO0 ero ocu cuMMeTpuu. HaKJIOHATH CTOJI
Heab3sa! Ha ocHoBaHMAX IMUJIMHAPA MMEIOTCSI pPasHble HaKJeii-
u. ([l co3gaHusA acCUMMETPUM paclpelesieHus Macchl BHYTPb
OUINHIPA JOIMOJHUTEIbHO IMOMEINEH YTI:KeJIUTeN b UJIN BHYTPU
IUINHIPA cOejaHa II0JIOCTh.)
Ob6opydosarue: UUIUHAP KPYIVIOTO CEUYEHUS AUAMETPOM
5 cMm—10 cm u BwIcoTO# 30 cM—40 cM, MUJIIEMETPOBasA Oymara
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0,4 m uiu maArkaa (bymaskmas) pyiaetrka 1 M. Iuauaap Bcé
BpeMsa IOJIKeH HAaXOAUThCA BOJIMBU CepPeIuHBI CTOJAa, TO €CTh
IIOJIb30BATHCA KpaeM CTOoJIa 3alIpPelleHo.

MoOKHO «AJA OCTPACTKH» IPUKPENUTh MUJINHIP K CTOJIY HIU-
THIO U MMOTPe6OBaTh, UTOOBI HUTh OCTANAch Iesoii. [[iuHa HuUTH
JOCTAaTOYHA [AJIS IPOBeAEeHUA IpeAIlojaraeMblX dKCIIePHMMEHTOB,
HO HeJOCTAaTOUYHAa, UTOOBI IePEeMECTUTh IIMJINHAP Ha Kpai cToja.

Pewenue. KoahduiimeHTs TPEHUA MEKIY OCHOBAHUAMU KPYT-
JIOTO IUJNHAPA U IIOBEPXHOCTHIO CTOJIA, IIO-BUANMOMY, PasHEBIE,
Tak KaK HaKJeNKN HeomAuHaKoBble. CTOANIMI Ha cTOJe Ha Of-
HOM M3 CBOUX OCHOBAHUI ITMJIMHAP TOJKAIOT B TOPU30HTAIHLHOM
HaOpaBIeHUM KOHUYMKOM DPYUYKM WJIM Kapamgaiia. TOUKy Ipu-
JIOXKEeHUS CHUJLI BBIOMPAIOT HAa TAKOHM BBICOTE, UTOOBI PEKUM
OBIKEHUA IMUJINHAPA «IIePeXOAU» OT MOPU30HTAJIBHOI'O CKOJIb-
JKeHUsA K OIpoKuAbIBaHWUIo. Hy:xHO OymeT HaliTu Ha OOKOBOI
MMOBEPXHOCTHU IIUJINHAPA TaKKe ABe TOUKU, A KOTOPBIX Pa3HOCTh
paccToAHUM 10 HUKHETO0 OCHOBAaHUA OyneT HauboJIbIneli, a 3aTeM
BBIUMCJIATD MHOJOKeHUe IeHTpa Macc. [ KOHTPOJS 9KCIIepu-
MEHT HYKHO IPOBECTHU [Jis 000MX OCHOBAHUM ITUJIUHAPA.

Ckpuvimasa npysxcuna (11—1—2005)

Hy:xH0 sKcIepuMeHTAIbHO OIPeNeJUTh 3aBUCUMOCTDL YIJIM-
HEHUA <«IIPYKUHBI» OT IIPUJIOMKEHHON K Hell CuJIbI (IIOCTPOUTH
rpaduk!) ¥ IpU MOMOIIY BTOH «IIPYKUHBI» B3BECUTh BHITAHHBIN
Ipy3 HEM3BECTHOM MAaCCHI.

ITpubopwvr u obopydosarue: CKpbITasd B ILJIaCTMACCOBOH 000-
JIOUKe yIpyras «Ipy:KuHa», TPy3 u3BecTHOM MacchI (poBHO 102 1),
JuHelika (MepHas JieHTa), MUJIINMETPOBKA, HUTH, «yTOJOK» U
JIUTKasA JIeHTa AJId KPeIJIEHUA ero K CTeHe, I'PDy3 Hem3BEeCTHOI
MAaccChI.

BayTpu HempospauHOH IIJIACTHMKOBOM O00JOUKM HAXOOUJIACH
IIUHHAA peduHKa (Ha puc. 17 HapucoBaHa TOJCTOH JuHMell), KO-
TOpas ObLIA CBA3aHA «IEeTIEH», U MPOUYHAA rMOKasd ¥ IpaKkThde-
CKU HepacTsa:KuMas (B CpPaBHEHUHU C Pe3SUHKOI) HUTh (HapucoBaHa
TOHKO# JTUHUeEIR).

IIpu mocTeneHHOM BBITATMBAHUUM HUTH W3 HEIIPO3PAUYHOTO
KOpIIyca B HEKOTOPBIM MOMEHT IIETJIEBONI YYACTOK PEe3WMHKM BBI-
IPAMJISAETCS U «IIOMOTAeT» COIPOTHUBIATHCA PACTIKEHUIO BCel
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ocTtajbHOU pesumuke. Ha rpaduke 3aBUCUMOCTY BEJIUUYUHBI CHJIbI
OT YAJUHEHUS BO3HUKAET «M3JI0M». Ero-To 1 HYKHO ObLIO O0HA-
PYKUTH 9KCIIePpUMEHTATOPaM.

s maMepeHUA CUIBI HATAKEHUS HUTU MOYKHO WCIIOJIb30-
BaTh METOJ PAasJIOKeHUs CUJI [0 HampaBiaeHusM. VcciaemyeMsblit
00BEeKT KPeIuTCA K IPOUYHOMY YTOJIKY, IPUKJIEEHHOMY Ha CTeHY.
K HuTM B cepenuHe €€ BBICTYIAMIEr0 M3 KOpPIyca ydacTKa
MIPUKPENJISeTca TPy3 M3BEeCTHOI MAacchl. 3a CBOOOMHBINA KOHEI]
HUTHU TAHYT, CTAPAACh, YTOOBI YYACTOK HUTH, COEIUHAIOINIUH I'Py3
U PE3WHKY, OCTABaJICS TOPM30HTAJIBHBIM. MuamumerpoBasa Oy-
Mara MCHOJb3yeTcA JJIA HaXOMKJeHUsS YIVIOB, KOTOPhIe 00pa3yooT
MeXIy co00U pasHble YUYACTKU HUTHU.

T'pys HensBecTHOM Macchl OBLI TAKKUM, UTO IIPU €T0 B3BEIIBa-
HUU C IIOMOIIBIO BBHIIAHHOTO YCTPOMCTBA Pe3UHKA PACTATHUBACTCS
CHJIBHO, TO €CTh €€ IIeTJIEBOIl YYaCTOK OKa3bIBAETCSA BBIIIPAMJICH-
HBIM U HATAHYTBIM.

T'udpocmamuueckoe 636eULL6a e

3adaHue: M3MEPUTHh MJIOTHOCTH MAaTEPHUAJIOB, M3 KOTOPBIX
cIesaHbl [Be MOHETHI (IBa IIpeaMeTa IPOMU3BOJIBbHOM (POPMEI).

Ob6opydosarue: nBe MOHEThI PA3HBIX TOCTOMHCTB, CAeJaHHbIE
13 Pa3HBIX MATEPUAJIOB, C MAJEHbKUMU OTBEPCTUSAMHU B HUX, TOH-
Kasi HUTDb AJUHOUN 1 M, CTaKaH ¢ BOJOM, MUJIIMMeTpoBas Oymara,
HITATUB C TOPUSOHTAJIBHON AepeBAHHON (MU MeTalJIn4ecKO)
petikoii giaumHOU 0,7M, HOKHUIILI, KHOIIKA IJIA KPEILIEHUS HUTHU
K JIepeBAHHOM peiike (Mau JUIKAS JIEHTA IJIA KPeIJeHus HUTH
K MeTaJLINYecKOu pelike). PefiKy oT ITaTuBa OTIEJIATH 3alpele-
HO. IToBepXHOCTH CTOJIA, HA KOTOPOM HaXOAUTCA 00OpyIdOBaHUE,
MOKHO CUMTATh TOPUBOHTANBHOM. IIJTOTHOCTH BOABI CUUTATH W3-
BectHOi: 1000 Kr/™M3.

IIpednonazaemuiii cnocob pewerus. OT HUTH OTPE3aIOTCA ABa
KOPOTKUX yuacTKa. KopoTKkue yuyacTKM KpemnaTca K MoHeTaM (IJIs
ATOr0 B HUX M IIPOCBEPJIEHBI OTBepCcTHsi). MOHETHI MOABeIInBa-
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I0oTcA Ha KOpoTKux (5—10 cM) oTpeskax HHUTH K OCTABIIEMYCS
IJINHHOMY YYACTKY TaK, 4YTOOBI OH JeJHJcsad MecTaMiu (TOUKAMIM)
KpemaeHus: B oTHomreHusAX 1:1:1. CBoOGogHBIE KOHIBI AJINHHOTO
OTpe3Ka HUTU KPeIaTcA Ha peiiKe TaK, YTOOLI YUACTOK HUTU MeXK-
Iy TOUKAMM KpPeIJIeHWs 3aHMMaJj TOPU3OHTAJIILHOE IIOJIOKEeHUe,
a HAKJIOHHBIE YYACTKU COCTABJISAIUN C BEPTUKAJIBIO YIVILI, OJIM3KUE
K 45° (puc. 18). OgunH u3 yrioB OygeT HEeMHOTO MeHbIne 45°,
a apyroit — HeMHOro Oosbine. {15 TOYHOW HACTPOWKHU «TOPHU-
30HTAJBbHOCTHU» MOKHO MCIIOJIb30BaTh MUJLIMMETPOBYIO Oymary,
OTMepsAs eI0 PACCTOAHNE OT IOBEPXHOCTH CTOJIa O TOUKU KpeILie-
HUs. TOUHOCTh HACTPOMKY IIPU HPABUILHBIX U3MEPEHUAX MOKET
66ITh Jyutne 5 x 1073 pag. MumiaumerpoBas GymMara KpemuTCs
K peliKke mapaJLIeJIbHO IIJIOCKOCTH, B KOTOPOI PACIIOJIOKUJIACh
IMuHHAA HUTb. C IIOMOIIBIO 3TOH OyMaru MOXKHO HN3MEPUTh
TaHTeHCHI YIJIOB, KOTOPhIe 00Pa3yiOT HUTH C TOPUBOHTAIBI0. Tou-
HOCTh M3MEPEeHUs TAaHTeHCOB YIJIOB TaAKUM ciioco6om jayuiie 1%.
OrHolleHre MacC MOHET PaBHO OTHOIIEHHUIO TAHT€HCOB 3TUX YI-

0B (tg a1/ tg az).
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Puc. 18

3aTeM MOHETHI IOOUYEPETHO MHOMENIAI0T B BOAY TaK, UTOOBI
HaXOAsIIAsCSa B BOJe MOHeTa Oblja IIOJHOCTBHIO IIOTPYKeHa B BO-
Iy, HO He Kacajach JHA CTaKaHa. B 5TOM HOJOKEHUU MOHET
(omua B BO3myxe (N¢ 2), a mpyras B Bome (Ne 1)) cmoBa wus-
MEPAITCS TAHTEHCHI YIVIOB, 00pasyeMbIX HAKJIOHHBIMHU YyYacCT-
KaM{ HHUTEH C TOPM3OHTAIBIO, M BBIUMUCJIAETCA WX OTHOIICHUE
(tg 81/ tg B2). Ilpu TakoM pacIOSIOKEHUN MOHET CUJIa HATSKEeHUs
HUTU, YAEeP:KUBAIOIIEH IOrPY:KeHHYI0 B BONY MOHETY, MeHbIIe
m1g Ha BeJIWYUHY BBITAJKHBaIONIeH cuiabl Apxumezna. @opmybl
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OJIA paC‘IéTa IIJIOTHOCTU MAaTepuaJjia, M3 KOTOPOI'O M3TrOTOBJIEHAa
MOHETa, TAKOBBI:

tgar _m, tgﬁl_tga1<1 ‘01301151)
tgas  m2> tgfBe tga

‘OMOHeTbI

MepbI IPegoOCTOPOKHOCTH, KOTOPhIE TO3BOJIAIOT He IIOTePATh
TOUYHOCTH HPU N3MEPEHUSIX, TAKOBEI.

Cienyer morpy:kaThb MOHETY B BOAY TaK, UTOObI Ha Hell U Ha
MIOTPYKeHHOI YacTy HUTHU He ObLJI0 BO3AYIIHLIX ITY3bIPHKOB.

s Toro 4TOOBI yAOCTOBEPUTHCSI B JOCTATOUHOM «TOPU30H-
TAJIBLHOCTU» CTOJIA, MOKHO J10O0 pPasBePHYTh YCTAHOBKY Ha CTOJIE
Ha 180° BOKpPyr BepTHKAJIbHON ocu, Jub0 IIepeBeCUTh HUTH
C MOHETaMM TaK, UTOOLI OHU HOMEHAJINChL MecTaMu. llepBbIii
cIoco0 Jyullle, Tak Kak OH He HapyIlIaeT «TeOMEeTPHUHN» IIOABEeCKHU
¥ HACTPOWKMH M C ero IOMOIILIO IIPOBepsAeTCcs MMEHHO T'OPU30H-
TaJIbHOCTh IIOBEPXHOCTU CTOJIa, a He yMeHHe 3aHOBO IIPOBECTU
TOUHYIO HACTPOUKY.

Kpenurs MuaiumMeTpoByo OyMary HY:KHO II0 BO3SMOKHOCTU
OnMKe K HUTAM, HO Ba)KHO CJEIUTH 3a Te€M, UTOObI HUTH He
Kacanuch 6ymaru. IIpu usMepeHUU OJIUH OTPE3KOB HUTEH C IO-
MOIIIbI0 MHIJIIMMETPOBOM OyMaru cJjemyeT TaK pacmojiaraTh Ijas
(omuH!), TOUKY KpeIlJIeHuA BePTHUKAJIBLHOTO KOPOTKOTO OTpe3Ka
HUTHU K OJIUHHONM HUTHU U TOUKY «OTCUETa» Ha Gymare, 4TOOBI Jy4
3peHus ObLI TOPUB3OHTAJEH U IEPIEHANKYJSIPeH IIJIOCKOCTIM,
B KOTOPBIX pacIiojiaraloTcsa HUTKU 1 OyMmara.

He my:xHO 06/10KAUNBATHCA O CTOJ U BOOOIIE KacaThbCsA CTOJIA,
yTOOBI HUTYU 1 MOHETHI He PACKAUMBAJINCH BO BpeMs M3MEpPeHUI.
VyacToK HUTH, KOTOPBIN OyZeT HOTrpy:KEH B BOAY, IIpeIBapu-
TeJbHO, IIOKA OH eIlé CyXOoii, MOKHO IIOTEPEeTh O CBOM JIaJOHU
(manpiel uau J1o0), ¥ OH HeMHOTro OymeT cMasaH :KupoM. Torma
A9TOT YUYACTOK OyAeT MJIOX0 CMAUYMBATHCA BOMOU M, IMOAKJIANBIBAS
WIn youpas CMATHIe JUCTKM OyMaru oA AHO CTaKaHa, MOXKHO
IOOUTHCA TOTO, UTO BOAHBLIN MEHUCK BO3JIe HUTHU He OyAeT TAHYTH
HUTH BHUS HUJU BBITAJIKNBATH BBEPX.

ITnomnocmov (10—1—2000)

WsmepbTe IMJIOTHOCTH ABYX IIPEIMETOB — MOHETHI JOCTOMH-
crtBoM 50 pyOseii 1 TeKOPATHUBHOTO KeTOHA.
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Ob6opydosarue: YyIOMAHYTbIe IIPEIMEThI, JUHEHKa IepeBaH-
Has (B Hell mpocBepJieHbl HECKOJIbKO TOHKMX OTBEPCTHUI), OyJias-
Ka, IIITaTUB, MeTaJJINYecKas IeIovYKa, CTaKaHYnK, Bojaa (Tpedyii-
Te!), MUIIuMeTpoBasa OyMara, HUTKU (TPU KOPOTKUX OTPe3Ka Io
10 cm).

Pewenue. 1loCKONIBKY HUTKU IOCTAJINCh KOPOTKHE, METO.
pasaoKeHUusA CHUJI II0 HApaBIeHUAM (TOPHU30HTAJIBHOE U BEpPTHU-
KaJabHOe) He momouaér. CiemoBaTebHO, OIS U3MEPEHUNH MOMKHO
IIOJIB30BATHCA IIEIIOYKOM KaK IPeJMeTOM, y KOTOPOTO Macca pac-
IIpefesieHa M3BECTHLIM 00pasoM IO AJuHe (BCe 3BeHbS IEIOUYKHU
MMeIOT OJNHAKOBYIO Maccy).

CpenHee oTBepcTHe B JIMHeHKe IIpegHasHaueHO IJA OyJaB-
KU — OHa OyIeT oCbI0, BOKPYTI KOTOPOI OyAeT IIOBOPAUYUBATHCS
auHelika. CieayerT IpoBepPUTDh, OyIAeT JU HAXOAUTHCSA B PaBHOBe-
CUU JIUHEeNKa, eciu eé IIPUIOAHATh Haj CTOJOM 3a OyJIaBKY, HIPO-
MyIeHHYI0 B cpeauee oTBepcTue. sKemaTeabHO, UYTOOBI JUHENKA
3aHUMAaJa TOPUBOHTAJILHOE IOJIOXKeHue 160 eé paBHOBecue ObI-
Jo ObI 0e3pasIMYHBLIM, TO €CTh He 3aBMCEJI0O OT yIJIa, KOTOPBIH
COCTaBJISIET JINHEIIKa ¢ TOPU3OHTOM. Eciu KejlaeMoe paBHOBecCHe
He YCTaHABJIWBAETCH, IPUAETCI 9TO 00CTOATEIHLCTBO YUUTHIBATD.
ITemmouka KpenuTcs K 0ojiee JIETKOMY KOHITY HeypaBHOBEIIEHHOMH
auHelKku. CHavaia HaXOAUTCA YMCJIO 3BEHBEB I[EIIOUYKN, KOTOPHIE
YPaBHOBEIINBAIOT JUHeHKy. K MoHeTe Mau KeTOHY IPUKPEILIA-
IOT OOHUM KOHIIOM HUTh, 4 IPYTUM KOHIIOM 9Ta HUTH IPOAEBaeTCs
B OZHO M3 CBOOOIHBIX OTBEPCTUH B JIMHEHKE W IPUKPEILIAETCS
K JuHeiiKe. Ecau B MoHeTe 1 jKeTOHE MMEIOTCA 3apaHee IPOCBep-
JIEHHBIE OTBEPCTHUSA — 3TO 00JIeTYUT PadboTy SKCIEPUMEHTATOPY.
Eciu orBepcTuii HeT, TO MOKHO Ha KOHIIE HUTKHU CHAeJaTh ca-
MO3aTATUBaIIyIocsa meTaio (YyIaBKy) U MOHeTa OyaeT HAmE:KHO
VIep:KUBAThCA HA HUTU. IJIEMEHTHI CaMOAEJbHBLIX PBhIYaAKHBIX
BECOB OIIMCAHEI.

IlpunoguAB JIMHENHKY HA HEKOTOPYIO BBICOTY OT IIOBEPXHO-
CTH CTOJIa, MOKHO JOOUTHLCA PABHOBECUS, IPU KOTOPOM MOHETa
WJIN JKeTOH BUCHAT, JIMHEKa PacIooKeHa TOPU30HTAIBLHO, YaCThb
IEMOYKN BUCUT BEPTUKAJIBHO, 4 YACTh 3BEHBEB IETIOYKHU JIEIKUT
Ha crosie. HeTpymHO cocumTaTrh KOJMYECTBO 3BEHBEB, BUCAIIUX
B BO3AyXe. 3aTeM IIOJ MOHETY WJN JKEeTOH <«IIOABOIAT» CTAKaH
C BOAOU M BHOBBH JOOMBAIOTCA PAaBHOBECHUS, IIPU KOTOPOM MOHETA
BHUCUT, HAXOAsCH B BOJe M He Kacaschb AHaA cTakaHa. Ilpum sTom



82 acmsv 2

KOJINYEeCTBO BUCANIINX 3B€HLEB II€IIN II0O CPABHEHHNIO C II€PBBIM
OIIBITOM YMEHBIIINTCA.

H3mepenue naomuocmu mamepuania KOCMAWKY 00MUHO
(10—2—2004)

O6opydosaHrue: ualieuHble Becbl 6€3 TUPb, IPOOUHKM CBUHIIO-
Bble, I'PaHyJbI ILJIACTMACCOBLIE, CTAKAHUYNK, KOCTSIIKA JOMNHO,
HUTKAa, MUJLIIMETPOoBas Oymara, Boja — II0 TpeOOBaHUIO.

Pewenue. CBUHIIOBBIE APOOMHKN U IJIACTUKOBBIE TI'DAHYJIbI
WCHOJIL3YIOTCSA KaK IpeaMeThl, UMeIolie OMNHAKOBbIe AJIA IPO-
OouHOK M u ogWHAKOBBIE IJs Tpadmys m wMacchkl. OTHOIIeHUe
M /m nerko ycraHaBJMBaeTCA MYTEM YPABHOBEIINBAHUSA Pa3HBIX
KOJIMYeCTB APOOMHOK U TpaHyJ Ha BecaxXx. KOCTAIIKA JOMMHO
KPENUTCS C IOMOIILI0 HUTKM CHH3Y K OIHOI M3 4YallleK BECOB.
Eé Mo:xXHO B3BecuUTb, KOTZa OHA BHCUT B BO3[yXe M KOTJA OHA
IIOJHOCTBIO IOTPY KeHAa B BOAY U He KacaeTcs AHa cocyla ¢ BOMOIA.

ITnomnocmov (10—1—2003)

Ob6opydosarue: TUPpbKa IMUINHApPUYEecKasa Maccbl 50 T, 1mTa-
TUB, HUTH, MIJJILIMETPOBasaA OyMara, OPyCOK 13 IJIACTUJIMHA.

3adanue: N3MEPUTDH IJIOTHOCTD IIJIACTHUINHA.

Pewenue. Maccy Opycka M3 IJIACTHUJINHA MOYKHO HAWTH Me-
TOZOM PAa3JIOKEeHUA CHUJI IO HAIPABJIEHUSIM C HCIIOJIb30BAHUEM
IJIVHHON HUTU W TUPBKU C M3BECTHOUM Maccor. MuaimmerpoBas
Oymara ImpUMeHseTCS IJisd U3MEePEeHUs YIJIoB, KOTOpble HaKJIOH-
Hble YUYaCTKM HUTH 00pasyloT ¢ TOPU3OHTOM. 3aTeM mu3 OpycKa
JemuTcsa KyOuK, W OJanHaA ero pebpa HM3MepPseTcs ¢ ITOMOIIbIO
MUJLINMETPOBOM O6ymaru. TakuMm o0pasoM, CTalu M3BECTHLI Mac-
ca IJIaCTUJIMHA W ero o0béMm. VX OTHOIeHUe — 9TO MCKOMAasd
IIJIOTHOCTDH MaTepuaja (IJIacTUINHA).

H3amepenue naomunocmu pacmeopa (9—1—2004)

O6opydosaHue: CTaKAHYNK TOHKOCTEHHBIH C PACTBOPOM, BECHI
U Pa3HOBEC, KOCTAIIKA JOMUHO, HUTKA, MAJJINMeTpOBas Gymara.
Pewenue. CHauana Ha Becax B3BEIINBAETCA CTAKAHUYUK C Pac-
TBOPOM. 3aTe€M KOCTAIIKA JOMHHO Ha HUTKEe IOTPY’KAETCS B pac-



Jxcnepumenmanvhvle 3a0avu Gu3uiecKux onumnuad 83

TBOP TaK, YTOOBI OHA ObLjIa MOJIHOCTHIO MOTPY:KEHAa, HO He Kaca-
Jlach JHAa COCyla, ¥ CHOBa IIPOM3BOAUTCSA B3BelimBaHue. Pasme-
PBI KOCTSAIIKK MOYKHO YCTAHOBUTDL C IOMOIILI0 MUJLIMMETPOBOM
oymaru. PasHuila mokasaHuii BecOB BO BTOPOM W B IIePBOM
M3MEPEeHUN [OeJUTCA Ha O00BEM KOCTAIIKKA JOMHUHO — Pe3yJbTaT
u OyZeT IMJIOTHOCTBHIO pacTBopa.

Hamepenue naomrnocmu mamepuana (11—2—2004)

WNsmepeHre mIOTHOCTH MaTepuajia, U3 KOTOPOTO CAeJlaH IU-
JUHAPUYECKUH T'Py3 (¢ KPIOUKOM IJIS KPeIlJIeHUs).

Ob6opydosarue: n3MepsaeMbIii IPy3, CTaKaH, IJIACTMAaCCOBBIM
CTaKaHYUK C KPBINIKOM, HUTKA (1,5 M), MUIINMeTpOoBas Oymara,
BOJIa — O TPeOOBaHMIO, JUNKAA JEHTA.

Peuwienue. B cunucke o0opymoBaHUs HET IIITATHBA, IIOITOMY
HUTHU C BUCAIIUMHU Ha HUX OpeIMeTaMH’ HYKHO KPeIuTb K KpPaio
CTOJIa C TOMOIIBIO JHUIIKOU JeHTHI. lIpumércsa HeKoTopoe Bpe-
MA 1mopaboTaTh, CHAA Ha KOPTOUKax. I'pys MUIMHIPUUECKOI
¢dopMmBbI cresaH M3 MJIOTHOTO MeTaysia. OpUEeHTUPOBOYHASA BEJIH-
ygHa mrotHoct 7—10 r/cv?. T1IacTUKOBEIN CTAKAHYMK C ILIOT-
HO 3aKpbIBAIOIIENCA KPBIITKON MOMKHO HCIIOJB30BATh IJIA H3IO-
TOBJIEHUS AOIMOJIHUTEJIHLHOTO T'py3a ¢ Maccoil, KoTopasd HEeMHOTO
MEeHBIIle MacChl METAJJIMYECKOTO Tpysa. IJid 9TOro B CTaKaHUUK
HaJWBAETCs BOJAa M OH 3aKphIBaeTcAa KpPBIMIKON. C IIOMOIIBIO
HUTU TOPOBOJUTCS CPaBHEHME MacC Ipysa M CTaKaHYMKa C BO-
moii. Criocob cpaBHeHUA M3BECTEH: OH OIMCAH B pellleHUU 3aja-
uyn «I'mapocraTuyecKkoe B3BENIMBAHUE» . 3aTEM I'DY3 MOMEIIAETCS
B BOJY, IIPXA BTOM OH JOJI’KE€H OBITH IIOJTHOCTBHIO IOTPYKEH B BOLY,
HO He JOJUKEH KacaTbCd AHA U CTEHOK cTakaHa ¢ Bojoil. Huthb
1 MULINMeTpOoBas Gymara IT03BOJISAIOT IIPOBECTH BCe HEOOXOmu-
Mble U3MEepPEeHUsI.

Boodanvte secvt (9—1—2005)

Hy:xH0 nsmMepuTh mJIOTHOCTL (MAaccy eTWHUIBI 00bEMA) IIIa-
CTUJIMHA M MAaCChI ABYX MOHET.

IIpubopwt u 060pydosaHue: MEH3YDKA C IeJIEHUAMU, BOIA, Ky-
COK ILJIaCTUJINHA, TBe MOHETHI, MUJIJINMETPOBKA, HUTh U IIITATUB.

Cmoco0bl pellleHMsT MOTYT OBITHL pasHble. IIpeamo:xeHHBIE
SKCIIEDUMEHTATOPAMM PEUIeHUsI OIeHWBAJINCh HCXOAS U3 BO3-
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MOKHO! TOYHOCTH, KOTOPYIO TEOPETUUECKU MO3BOJAET IIOJYUYUTH
IpeaJIOXKeHHBINT MeTOX, a TaKiKe C YUETOM IIPAKTUUYECKU JTOCTUT-
HYTOH TOYHOCTU M3MEPEHUH.

Hamepenue naomnocmu (11—1—2006)

Ob6opydosanue: apeomerp, muTka — 0,5 M, Meranrnumueckas
IIPOBOJIOKA B ILJIACTUKOBOI wuaoaamuum — 2 Kycka mo 20 cw,
MeH3yPKa, Boja, MIUJLINMeTpoBas Oymara.

3adanue: U3MEPUTH CPEIHIOI IJIOTHOCTDL (ILJIOTHOCTH — 9TO
Macca, IPUXOAAIasicsad Ha eTUHUIy 00béMa) IIPOBOJIOKU BMeCTe
¢ usousanueit. Cuurare, uro Boga umMmeer miaorHocts 1000 KI‘/M3.

Pewenue. Apeomerp (O0BITOBOII cOMpPTOMETP) ILJIaBaJ B BOje,
¥ ero ILJIaByYeCcTH XBATajo, YTOOBI yaep:KaTh Ha cebe ellé u Ky-
COK IIPOBOJIOKH. Ecau IIPOBOJIOKA CBOpauMBajach B HECKOJBKO
BHUTKOB ¥ HaJeBajach Ha apeoMeTp CBepxXy, TO OH IepeBopaum-
Bajca. Hy:kHO OBLIO mOTamaTbCs, Kak IPUKPENUTDL IIPOBOJIOKY
K apeoMeTpy, YTOOBI OH OCTaBaJICA Ha IIJIaBy B BEePTUKAJIBHOM
MOJIO:KeHNN. ITO 00eCcHeunBaIOCh CIEAYIOIIMM IIPHUEMOM: OIWH
BUTOK IIPOBOJIOKM 00OpaumBaJiC BOKPYI TOHKOM YacTH apeo-
MeTpa, a BCA OCTaJdbHas IMPOBOJIOKA ua3rmbaach BHHU3 BIOJb
apeoMeTpa u o0opaunBaiach BOKPYT €TI0 «TOJICTOI » YacTy BHU3Y.
ITonsaTHO, UTO TNIyOMHA IIOTPYKEHUA apeoMeTpa, Harpy:KeHHOTO
IIPOBOJIOKOIi, YBEJIMUMWBAJIACH B CPAaBHEHUU C TJIIYOMHOI IIOTPY-
JKeHusa 0e3 mpoBoJoKH. IIpu ommcaHHOM cmocobe 3aKpeInieHus
ITPOBOJIOKH BCS OHA OKAas3blBajiach MOTPY:KEHHOI B BOAY, IIO3TOMY
Ha Heé melicTBOBAJa BBITAJKHBaMOINasa cuiaa (cuia Apxumena).
Eciu ke mpu 3axpellieHHH IIPOBOJIOKM Ha apeoMeTpe OCTaBUTh
BEPXHIOI0 M3BECTHYIO YACTh AJMHBLI IIPOBOJOKU (HalpUMep, II0-
JIOBUHY IJWHLI) B BO3AyXe, TO IVIyOMHA IOTPY:KEHUA apeoMeTpa
CTAHOBUJIACH eIé Oojibliie. 3Hasd OO0 OO0Iell IJIWHBI IIPOBO-
JIOKM, HAXONSIIYIOCd B BO3AyXe, W IJIYOMHBI MOMOJHUTEIHHOTO
IIOTPY:KEHUsSI apeoMeTpa B JIBYX ONMCAHHBIX CJIyYadAX, MOIKHO
BBIYUCJIUTh CPETHIO ILJIOTHOCTDH IIPOBOJIOKY B M30JIAIINH.

Juneiixa (10—1—2001)

Hy:xHO sKcmeprMeHTaJIbHO OIPeNeINTh MAaCCy IAepPeBAHHOU
JUHEHKN.
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Ob6opydosanue: nuHelKa NepeBsSHHAas, KYyCOK ILIaCTUJINHA,
CTaKaHYMK IJIACTMACCOBBIN, BOJA — II0 TPeOOBAaHMWIO, HUTKA, Ka-
pammgani, MUJIIEMeTpoBasA Oymara.

Pewenue. C TOMOIIbIO HUTKHU, JUHEHKN W BOJIBI MOYKHO OIpe-
IEeJUTh Maccy KyCKa ITacTUJIMHA (CM. pelleHWe OMMCAHHOI pa-
Hee 3ajaumM ¢ HasBaHuWeM «llimacTuiamH»), a 3aTeM Ha KPYIJIOM
KapaHgaliie MOXKHO cOaJaHCUPOBATDh JUHEHKY C IPUKPeILIEHHBIM
K OJHOMY U3 €€ KOHI[OB KYCKOM ILIACTHUJINHA M3BECTHOH (y:xe)
maccel. VI3 ycioBuil paBHOBECUSA MOKHO HAWUTH HEW3BECTHYIO
Maccy JIMHeUKU.

Mo:xHO 000%iTHCEH 063 HaX0MKJeHNA MAacChl KyCcKa IIJIaCTUJINHA.
HocTraTrouHo TOJIBKO 3HATHL ero o0bEM V. [ljna sTOro M3 KyckKa
IIacTuanHa GopMuUpyeTcsa KyOUK U ¢ MOMOIIBIO JUHEHKN u3Me-
pdAeTcA mawHA ero pebpa.

Hutka genurca Ha aBe uactu. CHauajia JUHEHKa ypaBHOBE-
IIMBaeTCA Ha OJHOM M3 HUTOK B NOPU3OHTAJIBHOM IIOJIOKEHUU.
TakuM crmocoboM MOKHO HAWTHU MOJIOMKEeHNe I[eHTpa MacC JIu-
Hetikn. Ha ogHOM KyCKe HUTKHN KPEIUTCA KYCOK IJIacTUJINHA,
KOTOPBIN IIOABEIIMBAETCA K OJHOMY M3 KOHIIOB JIMHeWKu. Jlu-
HellKa ¢ TOJBENIEHHBIM HA HUTU KYyCKOM ILJTaCTUJINHA yPaBHO-
BEIIIMBAETCS B TOPUBOHTAJBHOM IIOJOKEHUUW Ha APYrOM KycCKe
HUTHU, IIPU BTOM MECTO KPeILJIEHUS 3TOTO BTOPOTO KyCKa HUTHU
K JITHEelKe, eCTECTBEHHO, HE COBIAJAEeT C ITOJOKEeHNEM e€ I[eHTpa
Macc. 3aTeM ILJIACTUJINH IIOMeIaeTcd B BOAY, IPU STOM OH He
IOJIKEH KacaTbCs JHA WM CTEHOK CTAaKaHUYMWKA, HO MOJIKEH OBITh
IIOJTHOCTBHIO MOTPYKEH B Boxy. MecTo KpellyieHHs BTOPOTO KyCKa
HUTU MEHSeTCs TaK, YTOOLI JHHelKa ¢ Ipy30oM CHOBA HaXOIU-
Jlach B TOJIOKEHUM PABHOBECHUSA B T'OPUBOHTAJIHLHOM IIOJIOKEHUMU.
II;neun COOTBETCTBYIOMINX CHUJI U3MEPSIOTCSA HEIIOCPEACTBEHHO II0
IeJIeHWAM IIKaJabl Ha JuHeliKe. IIoCKOJNBKYy cujia HaTAKeHUA
HUTKU, yAepP:KUBAIOIel IIJIACTUJINHOBBIN KyCOK, IIPU €ro IIorpy-
JKeHWU B BOJYy YMEHBIIWJACh HA BenwuyuHy pgV, u3 BeanduH
PacCTOAHUA MeKAY MecTaMM KpelJIeHuA HUTEHd Ha JHUHeUKe
U CUJIBI ApXUMeaa MOKHO BBIUMCIUTE U Maccy JUHENKHU.

H3smepenue ckopocmu Gbtcmpo08UMCYULUXCA MeTt C NOMOULLIO
0anAUCMULecK020 MAAMHUKA

Bannmueruueckuit MasTHUK IpeAcTaBjseT coboii maccuBHoe (M)
TeJIo, TMOABeIIeHHOe HAa HUTAX IIWHLI L K KpoHInTeiny (puc. 19).
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B 510 Teno yrapsaerca u 3acTpeBaeT B HEM CHapsg Macchl m.
Hutu my:KHO KpenuThb K Teny M (K JIOBYIIKe) TaK, UTOOBI IIOCTe
IIOTIaTaHUs B HETO ITyJIW TeJio (JIOBYIIIKA) BMECTe C ITyJIel ABUTA-
JIOCh IIOCTYIIaTeJbHO.

Eciu no cToJKHOBEHUS MasgTHUK HAXOAUJCA B IIOJIOMKEHUU
paBHOBecHUs, a CHApPsA HEIOCPEACTBEHHO Iepel CTOJKHOBEHUEM
UMeJ TOJBKO TOPU30HTAJBHYIO COCTABJIAIOIIYI0O CKOPOCTH, TO IIO
OTKJIOHEHUIO MasATHUKA OT IIOJIOKeHMU PaBHOBECUA MOYKHO OIIpe-
JIleJINTh CKOPOCTh CHapsAJa Ilepel CTOJIKHOBEHUEM.

Bpemsa coymapeHusa cHapspma ¢ TeJIOM 3HAUUTEJIBHO MEHBIIE
nepuosia Kojebauuii MmaaTHuKa. [losTomMy 3a BpeMs coymapeHUA
HUTH He OTKJOHAETCA Ha CKOJbKO-HUOYAb CYIIEeCTBeHHBIN YTroJI
OT IIOJIOJKEHUSA PaBHOBECUA. SHAUUT, CPa3y IOcje cCoyAapeHusa Ha
CHCTEMY TeJI AeHCTBYIOT [Be YPaBHOBEIIUBAIOIIME APYT APYyTa CH-
JIBI: CHJIA TAMKECTU U CUJa HATAKEHUS HUTH. IMITyJIbC CCTEMbI
TeJ IO COyAapeHus MMeJ TOJbKO T'OPU30HTAJBHYIO COCTAaBJIAIO-
IIyI0, CJIeIOBATEJIbHO, IOCJE COYAAPEHUA UMIYJIbC CUCTEMBI TeJl
COXPaHUTCH:

vm=(M+m)u,

Ie U — CKOpPOCTh Teja M c 3acTpABIIMM B HEM CHapagoM
HeIIOCPEeICTBEHHO II0CJIE CTOJIKHOBEHUA.

Ilocye cTOSKHOBEHWS MAaATHUK OTKJIOHAETCS OT IIOJIOMKEHUSA
paBHOBecusd Ha MaKCcUMaJbHBIN yroa (P), a ero 1eHTp Macc IIpu-
IIOJHUMAETCS B IIOJIe TS'KEeCTH 3eMJIU Ha BBICOTY A, U IIPU 3TOM
BCS KUHETHYeCKad dHePIrusd, KOTOPYIO MMeJ MasATHUK B Hadalb-
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HBIA MOMEHT BPEMEHU, IePEXOAUT B IMOTEHIITNAIBHYIO DHEPIUIO:
(M +m)u?

2
BricoTy mogbéma b MOMKHO OIpENENNTh, 3HaA MaKCUMaJIbHOE

OTKJIOHEHNE MAasiTHUKA OT IIOJOXKEHWUS PABHOBECHs II0 I'OPMU30H-
Taan S:

=(M+m)gh.

L?2=(L—h)*>+S2.

Tak Kakx BbICOTa h MHOTO MEHbIIIe, YeM OTKJIOHEeHIe II0 TOPH-
30HTANN S, MOKHO BBIPAasuTh A uepes L u S Tak: h%Sz/(2L).

CKopoCTEL cHapsAga Iepel CTOIKHOBEHHEM HaXOAUTCS U3 Clie-
IYIOIIEeTr0 COOTHOIIEeHUA:

p Mtm SVE

Yoap wapos

3adanue: n3MepPbTE BpeMsdA COYAAPEHUs ABYX CTAJBHBIX IIa-
POB IpPYT C APYTOM.

Ob6opydosarue: MTAaTUB C KPOHINTEHMHAMM’, OBAa CTAJIbLHBIX
IapuKa ¢ KpoukaMu, TOHKHMEe MeOHbIe IIPOBoxa, OaTapeiika, pe-
suctop 1 kOm, morenmuomerp 0—1 MOwm, Kougeucartop 10 MKD,
CeKyHIOMepP, BOJLTMETP.

Pewenue. IIpenocraBieHHOe 000pyIOBaHNE PE3KO OTPaHUYU-
BaeT BO3MOKHOCTH u3MepeHui. IlosToMy cmocod HaxXOXKIeHUS
OTBEeTa OIIpefesisgeTcs BIIOJHe oxHosHauHo. CoOupaercs paso-
MKHyTasd 3SJeKTpUUecKas Iedb, B KOTOPOII BCe 3JE€MEHTHI CO-
eIMHEeHBI II0CJeI0BATEJIbHO: ABA KyCKa IIPOBOJIOKM, HAa KOTOPBIX
OyaoyT BHUCETh LIAPUKU, PE3UCTOP, IOTEHIIMOMETDP, KOHAEHCATOP
u Garapeiika. YToObI KyCKM HPOBOJA He HNMEJIU JeKTPUUECKO-
ro KOHTaKTa uepe3 KpelJeHue Ha IITaTHBe, MeCTa KpeIlJeHU:d
IIPOBOJIOK 3apaHee 00MAaTHIBAIOTCA OYMaKHBIMU JIEHTOUKAMU, KO-
TOpPBIe MOXKHO CIeJIaTh U3 JucTa padboueit rerpagu. KoHIbI TpoBo-
JIOK 3aUUINAIOTCA OT JIaKa, YTOOBLI 00eCIIeUYnTh XOPOIINil 3JIeKTPU-
YeCKUI KOHTAKT C COeAMHUTENbHBIMU IpoBogamu. Illapuku moz-
BEIIMBAIOTCSA HA ONHOM BBICOTE PAIAOM, TaK, UTOOBI ITPOBOJIOYUKH,
HA KOTOPBLIX OHU BUCAT, PACIIOJATAJINCHL BEePTUKAIbHO. Mexay
IIapuKaMy yCTaHABIMBAETCA OyMaKHasA IPOKJIAIKa, CTOAIIAA HA
crome. OHa Hy:KHa IJs TOro, 4ToObI OaTapeiika He paboraia
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moctoAHHO. Ilociie ynapa u 3apAaIKu KOHIeHCATOPA HapaLIeJbHO
KOHIEHCATOPY IIOAKJII0UAETCS BOJLTMETP B PeKUMe M3MepeHUs
IIOCTOSHHOI'O HAIIPSKEeHUA.

Omnpo6GoBaHMe YCTaHOBKM IIOKA3BIBAET, UTO IIOCJIE BCEro JIUIID
OOHOTO yaapa HAaIps:KeHMe Ha KOHJeHcaTope He [TOCTATOUYHO
BeJINKO, YTOOBI €ro MOYKHO OBLIO OIPEIeSIUTh C BHICOKOM TOYHO-
cthio. CiemoBaTebHO, HYMKHO TOMKIAThCA, KOTHA IIAPUKU yIa-
paTca apyr o apyra 4—»5 pas, a 3aTeM BCTAaBUTHb MEXKIY HUMU
oymaskky. ToIbKO mOCJe 3TOTO caedyeT IMOAKJIIYATh K KOHIEeH-
caTopy BoJbTMeTp. IloKasaHusa BOJIBTMETpPA II0CJe MOAKJIIOUEHU ST
CHauaJjia Pe3KO0 BBIPACTAIOT, a 3aTeM IIJIaBHO yMeHbIaoTcda. Mak-
cuMaJjJbHOE ITOKa3aH’e BOJLTMETPA HCIIONb3yeTCA OJIS PacuEToB
BpeMeHU COoyIapeHusd.

IIpumeuarnue: njiss TOro UYTOOLI NMIAPUKM IIOCJE COYIapeHUH
MIPONOJIKAJIYN ABUTATHCA TOJBKO B OMHOII BePTHUKAJBHON MJIOCKO-
CTH, HYKHO Ka'KIbINl M3 HUX MOABEIINBATH He HA OJHON TOHKOU
IIPOBOJIOKE, a Ha ABYX KyCKaxX IPOBOJIOKH, 00Pas3yIOIUX C BEPTU-
KaJabio Hebosabiue yriabl (20—30°).

Cuna u deppopmauus

VcramoBuTe 3aBUCUMOCTH AedopMaluyd TeHHUCHOTO IIapuKa
(OJIA HACTOJBHOTO TEHHNCA) OT BEJWUYUHLI CUJIbI €r0 B3auMOIel-
CTBUA C JKECTKUM CTOJIOM.

Ob6opydosarue: TEHHUCHBIE IMApUKU (3 IIT), KONMPOBAJIbHAA
Oymara, IITATHUB C KpeILJIeHUAMU, NepPeBAHHAA pelika IIMHOI
1,5 M, 6ymaxkHble caadeTKu, KyCOK MPaMOPHOI HOJHMPOBAHHOMN
ILJIUTBI, TUHAMOMETP.

ITpumeuarnue: BeTUUUHy AedopMaIluy MOXKHO 0XapaKTepuso-
BaTh JMaMEeTPOM 00JIaCTH KOHTAaKTa IIOBEPXHOCTHU CTOJIA U IIIapHUKaA.

IToackaska ¢ KomuUpoOBAJILHOU OyMaroii IpoOCTO OUEBUIHO 3a-
IaéT coocob puKcanuy pesyJabTaToB.

TepMomguHAMHKA M MOJIEKYJIsIpHaA (pu3nKa
Tennoma czopanusa CnUiKu

(BapuauT — yaeabHasA TeIJIOTAa CTOPaHUSA mapaduHa.)
3adaHue: n3MepbTe TEIJIOTY, KOTOPAas BbIZeJIAeTCs IIPU Cro-
PaHUY OTHOW CIIMYKMU.
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Ob6opydosarue: cunueuHblilt KOpoOok ¢ 10 cimukamMu (uiu 3a-
JKUTaJIKa U mapaduHoBas CBeUKA), MITATUB C KPEILICHUSIMU, aJIio-
MUHUEBBIH CTAaKaHYMK OT IIKOJLHOTO TEPMOCTaTa, TepMOMET],
HUTHL 1 M, pBIUaKHBIE BeChl, aBTOPYYKAa, IIKOJbHAsA TeTpamb
12 nuctoB. CunraiiTe yaeIbHYIO TEIIJIOEMKOCTL BOJIBLI M3BECTHOM:
C;=4200 Ix/(xr-K).

IIpennomaraembIii cmoco6 pelleHusa TaAKOB.

C moMoOIIbI0 BECOB MOKHO M3MePUTh Maccy crakana M u mac-
Ccy m HaJMBaeMOM B cTaKaH BOAbI. II0CKOJIBKY CTaKaH aJlOMUH-
eBbIH, MOYKHO OIEHUTh €r0 TeIJIOEMKOCTh

SRM
u

Cc*ra}c =

(3axkon [Hrosoura m Iltu). KosmmuyecTBO HaAIMBAaeMON BOIBI TOJIK-
HO OBITH TAKMM, UTOOBI B HEl IOJHOCTBIO IIOMEIaJach Ko0Ji0a
TEpMOMETpAa C pacuInpsaoIuMca BemectBoM. OTHAKO He caeayeT
3aII0JIHATH CTaKaH BOJOU ITOJTHOCTHIO, TAK KaK KOJIMYECTBO CIIU-
YeK OrPaHNYEHO M 3aMETHO HarpeTh IIOJHBLIA CTaKaH C BOIOW He
YAACTCA B CHJIy OOJIBIION yAEJbHOI TEeIJI0EMKOCTH BOJIBI.

CrakaHUMK IIOCJe «3allpaBKU» BOMOM YKpeIJdeTcsd Ha ITa-
TUBE TaK, YTOOBI CHU3Y MOXKHO OBLJIO IIOJHECTH T'OPSAIIYIO CIITHMY-
Ky. TepmomeTp mopBelInBaeTcsA HA HUTH TaK, UTOOBI ero KoJda
C pacHIupAOIIMMCA BeEIeCTBOM HaxoamJjach B BOjJe, a INMKaja,
II0 KOTOPOM OTCUMTHIBAIOT TeMIIepaTypy, OOJKHA OBITH BUIHA
u obOpaileHa K d9KCIIEpIMEHTATOpPY.

ITocnie marpeBa BoOabl B cTakaHe Ha 5—7 rpagycoB (mis
ATOT'O MOJKET IMOTPeO00BAThCA 2—3 CIIMYKM) B CTaKaH J06aBIAETCS
eIllé BOJa W M3MepAeTcs TeMIlepaTypa IoJyueHHOH cmecu. Ilo
pesyJabTaTaM U3MepPeHU TeMIIepaTyphl M Macchl CTaKaHa C BOJOM
MOXKHO YCTAHOBUTDH OTHOIIIEHNE TEeIJIOEMKOCTH CTaKaHuMKa 1 Ha-
JUTOM B Hero Boabl. TakuM cmoco60M HpOBepsAeTCS chesaHmHasd
OIleHKa AJIA TeIJIOEMKOCTH CTaKaHUYMKAa.

YT0o6bI OLIEHUTHL CKOPOCTh TEMJIOBBIX IIOTEPb, CIEeAyeT HeKO-
TOopoe BpeMs (3—5 MUHYT) mocJie MpeKpalleHusa HarpeBa IocJje-
IUTH 3a IMMOKA3aHUSIMMU TePMOMETPA U OTMETUTH BpeMsd, 3a KOTO-
poe Harpesiascsa Boga 3aMeTHO (Ha 1—2 rpazayca) oxJaaguTcs.
Eciu 3a BpeMs HaOJMIOJeHUA 3aMeTHOI'O OXJAKIEHUS He IIPO-
M30IILJI0, TO IPU HPOBEIEHUUM OCHOBHBIX HKCIEPHUMEHTOB MOXKHO
He ToponuThbcA. Ecau Ke oXJaKIeHne MPOMCXOAUT C 3aMeTHOU
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CKOPOCTBIO, TO CJIEyeT YYEeCThb 3TU IIOTEPW IIPU BBLIYUCJIECHUU
TeILJIOTHI, IPOU3BENEHHON IPHU CTOPAHUY CIIMYKU.

IIpenBapuTenbHbIe S9KCIePUMEHTHI II0O3BOJIAT IIOA00OPATH OIITH-
MAaJbHYIO CTPaTeruio mpoBeleHUsa paboThl (pacHpegeuTh orpa-
HUYEHHOe KOJMYECTBO OCTABIIMXCS CIHNYeK Ha 2—3 KOHTPOJIb-
HBIX SKCIEePUMEHTa).

MoxkHO TpUMEHATH CJAENYIOIEe MePhl YCTPAHEHUA HeKesa-
TEJbHBIX IIOTEPDH TEILJIOTHI.

C:xuras CIIMYKY TOJ CTAaKaHUYMKOM, CJIEAyeT HOKAAThbCS, KO-
TIa Y:Ke CrOpeBIINil OOYIVIeHHBIH KOHEIl CHUYKK IIepecTaHeT
CBETUTHCA, U TOJBKO IIOCJIE BTOTO IIEPEMEHUTDH yIEP:KUBAEMBIN
MajJbllaMy KOHEI[ CINYKKU. JTO II03BOJISAET 110 MAKCUMYMY HUCIIOJb-
30BaTh BCE TEIJIO, MPOMU3BOAMMOE BO BPEMS TOPEHUA CIUYKU.
IIpu sToM cHauajga CIHYKA OEP/KUTCSI TaK, YTOOBI €€ TopAIuii
KOHeI[ ObLI CBEePXYy, a Ilepel «CMEHOI» IaJbIleB COUUYKY HYKHO
ImepeBecTy Ha HECKOJBKO CEeKYH] B TOPUB3OHTAJIBHOE IOJIOKEHUE.
9TO HYKHO, UTOOBI CTOPEBIINI KOHEIl CIIMYKN HEeMHOT'O OCTBII.
Yro6bl He 006Keub IaJbIlbl, MOYKHO BOCIIOJIB30BATHCS IIEJIBIMU
CIIMYKAMU JIJIA yAep:KaHUA ropsdAllel cunyku. Hampumep, MOXKHO
«PacIIenuTh» KOHEI[ IIeJIOM CONYKN U 3aKPeIUTh B 3TOM MECTe
COUYKY, KoTOpas OyIeT ropeThb.

Ilmams ropsAmell CINYKY TOJKHO CBOEHM BepXHEN cBeTAInencsa
YacThIO (CaMOM TOpAYel) TOJMBKO «UyTh KacaThbCA» CEPEAUHBI THA
CTaKaHYUKA.

A mpemoTBpallleHnsa MOTEePh TEILJIOTHI W3 JIMCTA TEeTPaTHON
OyMaru ms3roTaBJIMBAETCS TEILIOM30JUPYIoaa «pybdalikas», B Ko-
TOPO#l CBEPXY IPOMAEJBIBAETCA OTBEPCTHE IJA TepMomeTrpa. IIHO
CTaKaHYMKA OCTABJSAETCS OTKPBITHIM, HO Kpasd «PyOaIlKu» TOJK-
HBI OBITHL HIUMKE OHA cTakaHurmka Ha 1 cMm—1,5 cm. 910 0obecrieunT
yIepsKaHue TopAUero Bo3ayxa, HarpeBIIeroca OT CIUYKY, BOJIU3HU
IHa CTaKaHYUKA.

Tennoémrxocmsv monemuvt (9—2—2003)

3adaHue: n3MepsTe yOeJIbHYIO TEILIOEMKOCTh MaTepuaja mo-
HMCTOPUYECKOII MOHETHI JOCTOMHCTBOM D Kolleek (e€ macca cocras-
JIAeT POBHO 5 rpamm).

Ob6opydosarue: TepMOMETD, TOPAYAST U XOJIOAHAS Boja (B OT-
IeJbHBIX OBYX COCYyAax — BO3MOYKHO, OOIIMX AJIA HECKOJbKUX
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ITKOJbHUKOB, BLIIOJHAIOIINX 3Ty PaboTy), MUJINHIPUUIECKHEe CTa-
KaHYMKN — CTEeKJSIHHBIA ¥ aJIOMUHUHEBBIA (0T (POTOMJIEHOK),
IITATUB, HUTH, MUJJIIMETPOBasA Gymara, CTapuHHAsA MOHeTa — eé
Macca 5 r (uau 3 T B 3aBUCUMOCTH OT TOT'O, MOHETHI KaKOTo I0-
CTOMHCTBA COXPAHMWJIVCH Y OPTaHN3aTOPOB OJUMIINAAEI OT BPEMEH
comuansMa), OymMakHble cajdeTKkn. B MoHeTe mmpocBepeHo OT-
BepcTue Majoro auamerpa. (Eciau BbIIAHO TOMOJHUTEIbLHOE 000-
pyAoBaHUe — TePMOPE3UCTOP U IPUOOP I MBMEPEHUS COIIPO-
TUBJEHUA, — IIOJYIAETCA eIé OAUH TePMOMETDP, KOTOPHINA IIpex-
BApPUTEJHLHO HYKHO OTKAJINOPOBATL II0 TOTOBOMY T€PMOMETPY.)

IlpuBeném mpeamosaraeMoe pelleHue.

ITepBoe, uTO HY:XHO MIPUHATH BO BHUMaHMNe: HarpeBaThb C II0-
MOIIbI0O MOHETHI, IEPEHOCA €€ M3 cocyZa C TopAYel BOMOM B COCYI
C IPOXJIagHOM BOIOM, CJeLyeT BOLYy, HauajJbHasd TeMIepaTrypa
KOTOpoOIi 6/iM3Ka K KOMHaTHOI. JIyulle, ecau cHauajaa Bofa Jaike
HeMHOTO (Ha 2—3 rpaayca XoJoAHee), YeM BO3AYyX B KOMHAaTe.
B sToM cayuae yMeHbITaeTcsAa CKOPOCTDL TeILIooOMeHa HarpeBae-
MOTO COCYZa C BOJOM M OKPYIKaIOIllell Cpeou.

Bropoe Ba:xHOE cooOparkeHuWe: HarpeBaTh HYKHO II0 BO3SMOMK-
HOCTU MeHbIllee KOJMYEeCTBO BOILI, MacCy KOTOPOM MOKHO ycCTa-
HOBUTH C JOCTATOYHOM TOYHOCTHIO. [IJI 3TOTO IIOAXOIUT AaJIio-
MUHUEBBIHA CTaKaHYMK MaJjoro oobéma. Ero momepeuHoe ceueHue
3HAUNTEJLHO MEHbIIIe CeUeHUs CTeKJAHHOTO CTaKaHa, ero Macca
U TEeILJIOEMKOCTb TOXKE€ CYIIeCTBEHHO MEHbIIIE COOTBETCTBYIOIIMX
BEJIMYUH, XapaKTepUu3yIOIUX CTEKJISHHBIA CTakaH. A amameTp
MOHETHI TAKOB, UTO OHAa CBOOOMHO BXOAWUT B BTOT CTAKaAHYUK.
PasMephl cTakaHuMKa JIETKO YCTAHOBUTL C IIOMOIILIO MUJIJIU-
MeTPOBOM Oymaru. 3aloJHUTh CTAKAHUWK MIPOXJIATHOM BOIOI
HYKHO IO TAaKOT'O YPOBHS, YTOOBI MOHETA HA HUTKE MOIJIa OBITH
IIOTPYy:KeHa B CTAKAHUMK IIOJHOCThIO. KcTaTu, BOABI TOJIMKHO
OBITH CTOJILKO, UTOOBI B HEE MOKHO OBLIO IIOJHOCTBLIO IIOTPY-
3UTHh OAJJIOHYMK TEPMOMETPAa C PACIIHPAMIIIEHCA KUIKOCTHIO.
I'mybmHa ciaosA BOAbI B CTAKAHUMKE MOKET ObIThH yCTAHOBJIEHA
C IOMOIIBLI0 MmoJocKu Oymaru. IToJOCKy OIIyCKAlOT BEePTHKAJb-
HO B COCYJ IO ymopa C AJHOM M OTMEeUYaloT T'PAaHUIly pasaea
CYyXOl M MOKPOI YacTu MOJIOCKHM. B sTOM MecTe, TO eCThb IIpu
M3MepeHuu TIyOWMHBI CJI0S BOALI, BO3MOXKHA HAMOOJbINAS OT-
HOCHUTeJIbHAs omuOKa maMmepeHuii. pyroit cmocod mamepeHUs
KOJIMYECTBA BOALI B CTAaKAHYMKE OCHOBAH HA OBICTPOM WM3TOTOB-
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JIEHUY PHIYAKHBIX BECOB M3 MOJPYYHBIX MaTepuaaoB. B KauecTBe
prIuara BeCOB MOXKHO MCIIOJIb30BATh COTHYTHIHA B JKECTKYIO I10JIOC-
Ky JucT OyMaru, BRIPBAHHBIN 13 paboueil TeTpaau, a B KauecTBe
OIIOPBI — MUJINHAPUYECKUI KOPIIyC KapaHzallla, aBTOPYUYKH WU
JKe CBEPHYTYIO B Tyryio TpyOKy TeTpamgHyio Oymary. Ha Takmx
UMIIPOBU3UPOBAHHBIX BECAX MOYKHO C IIOMOIIBI0O MOHETHI C M3-
BECTHOI MacCOf YPAaBHOBECUTH ITYCTOM CTAaKAHUYMK W BBIUUCJIUTH
ero maccy. IIocKOJIBKY CTaKaH aJIlOMUHUEBBIN, MOKHO Cpasy oIle-
HUTH ero TeII0EMKOCTE Cerax =3RM /u (3axor [iononra u Iltn),
a MoJiipHasi Macca axoMuHus u=27 r/mMosb. 3aTeM MOHeTa Iie-
penBuraeTcA Ha pblyare JaJibIlle OT OCU Ha 3aJJaHHOE PacCTOSAHUE,
a B CTaKaHUYMK HAJMBAETCS BOJA B TAKOM KOJIMYECTBE, UTOOBI
BOCCTAHOBUTL OajlaHC «BecoB». IIpu TakoM ciocobe m3MepeHuUit
MacChl BOABI U MACChl CTAaKAHYMKA TOYHOCTH Pe3yJbTaTa MOKET
OBITH CYIIIECTBEHHO BHIIIIE.

B creknAaHHBIIA cTakaH ¢ IOMEIIEHHBIM B HETO TEPMOMETPOM
HaJIUBaeTCs ropAadasd BoJa, U CTAKaH II0 BO3BMOYKHOCTU <«YKYThI-
BaeTcsa» OYMasKHBIMHU caipeTKaMu, YTOOLI YMEHBIIUTh TEIJI000-
MeH C OKpy:kamleil cpepmoii. [lyia aToil ke Iesnu u3 cal@eTok
M3TOTaBJIMBAETCA W KpPBIIIKA IJd 3TOTO cTakKaHa. Korma moxa-
3aHUA TePMOMETpPa YCTAHOBUJINCH, TEPMOMETP M3 3TOTO COCYIa
IIePEeHOCHUTCA BO BCIOMOTATEJBbHBINA COCYZ C IPOXJAJHOMU BOJON.
IIpoxnagHas Bofa B M3BECTHOM KOJHUUYECTBE HAXOJIUTCA YiKe W B
amoMrHUEeBOM cTakaHumke. Ilocie oxyiamkaeHUs TepMoMeTpa OH
TIePeHOCUTCA B AJIOMUHUHEBBIA CTaKaHUYMK. UTOOBI PYKU dKCIe-
puMeHTaTOpa OBLIM CBOOOTHBIMM, TEPMOMETDP C HMOMOIIBIO HUTU
IMOABEININBAEeTCA Ha IINTAaTHUBE HA TAKOM YPOBHE, UTOOBLI MOXKHO
OBLIIO ero IMMOMECTUTh B AJIIOMHUHMEBBIA COCYA M OH OBI COCYyn He
OIIPOKMHYJI.

IIponenypa «IepeHoca TeIJIOTHI MOHETKOI» ITMKJIMYecKad,
¥ OOUWH IWKJI BKJIIOUaeT B ce0sd HECKOJbKO II0CJIeJOBATEJIbHO
BBITIOJTHAEMBIX OIIE€PAIHIA.

begin

Ne 1. MoneTa Ha HUTKe Ha HeOoJblmoe BpeMA (3—5 ceKyHT)
IIOMEIIAeTCsA B CTEKJISHHBIN COCY[ C TopsaYeil BOAON.

Ne 2. MoueTra BRIHUMAETCA X OCBOOOMKIAETCA OT KAIleJIb BOABI
Ha e€ IMOBEPXHOCTU OyMAaKHOM casipeTKOI.

Ne 3. Monera mepeHOCUTCS B IIOJUITHUJICHOBBIN CTAKaAHUUK
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¥ TOJIHOCTBIO TTOTPY:KAeTCA B BOY Ha HECKOJILKO CEKYHI.
Ne 4. MoHeTa BBIHUIMAETCS, OHATL «OCYIITaeTCI» CaI(PeTKOI.
end

3aTeM BHOBb 1 BHOBBL IIOBTOPSETCA IMKJ c¢ omeparum Ne 1
mo Ne 4.

WN3baBrenne MOHETHI OT Kallejb ropsadyeil BOABI C IIOMOIIBIO
OyMasKHO# cal(eTKu YMEHBIIUT OIIUOKY, CBA3aHHBIE C JOIIOJHU-
TeJLHOU TEIJIOTOM, IIepeJaBaeMOll M3 CTaKaHAa B CTaKaH BMECTE
C 3TUMU KaIlJIAMU, €CJIHU OT HUX He m30aBIATLCA.

Cocynpl HY:XKHO IIOCTaBUTH OJIMBKO APYT K APYTrY, UTOOBI Te-
PATHb MeHbIIIe BpeMeH! Ha KaKIbIN ITUKJI.

ITepBble mepeHOCHI MOHETHI M HAOJIOJEHUA 3a TepPMOMET-
poOM IIOKa3hIBAIOT, UTO 3a OAWH ITMKJ He ymaéTcs HArpeThb BOAY
HACTOJIBKO, YTOOBI MOYKHO OBLJIO 9TOT HATrPEB M3MEPUTHL TOYHO
¢ IIOMOIIIBIO T0BOJBHO Ipyboro repmomeTtpa (0,5°). ITocme 10—12
IIePEeHOCOB BOJA B AJIOMUHNEBOM CTaKaHUYMKe HarpeBaeTcsa Ha
5—6 rpagycos.

Tenmepb TepMOMETP CHOBA IEPEHOCUTCS CHAUYaJa BO BCIIOMO-
raTeJIbHBIHA COCY[l C TOpsYeil BOAOHM, a 3aTeM B CTEKJSHHBIN Tell-
JIOM3O0JIMPOBAHHLINA CTaKaH ¢ HEMHOTI'O OCTLIBIIIEHl TropsAYeil BOJIOM.
Wsmepsercs eé Temieparypa. IIpu BeIUMCIeHUAX TePEHECEHHOTO
KOJIMYECTBA TeIlJIOThI HYKHO OpaTh cpemHee MeXKIYy HauaJIbHBIM
3HAUEHHEM TeMIIepaTyphbl ropsaueil BOALI B CTeKJISAHHOM CTaKaHe
U e€ 3HAUEHMEM II0CJIe 3aBepPIIeHNs HECKOJIbKUX ITUKJIOB ePeHo-
ca MOHETHI.

Ocrasach HEYUYTEHHOM TeIJIOEMKOCThL CaMOTO TepMOoMeTpa.
IIpm HanIMUMM BpeMeHM MOKHO aHAJOTHMYHBIM CIIOCOOOM, TO €CTh
MHOTOKPATHBIM IIEPEHOCOM TEPMOMETPA M3 COCYyHAa ¢ ropsadeil BO-
IOH B COCY C IPOXJIaTHOM BOMOM, BEIUMCIUTD 9Ty TEILJIOEMKOCTb.
Ho MoKHO mHoOCTymuTh Hpolne. B KauecTBe pacIIupAOIeics
JKUIKOCTH B T€PMOMETPaxXx OOBIYHO MCHOJB3YIOT HOAKPAIIeHHBIN
cuupt. Ero 066M MOKHO BBEIUUCJIUTD, U3MEPUB reOMeTpUUYecKue
pasMepsl KOJIOBI ¢ pacHIMpAOIeiicsa KUIKOCThIO. YaeabHasa (Ha
00BE€M) TEMJIOEMKOCTh CIHPTA CYIIECTBEHHO OOJblle yIelbHOI
00BEMHON TEILNIOEMKOCTH CTeKJIa u Juillb HemHOTOo (B 0,7 pasa)
yCTymHaeT yAeabHOM 00bEMHOM TermoéMKocTu Bogsl 4 ik /(kr- K).
ITUX CBeIeHUU JOCTATOYHO, YTOOBI OIEHUTDH TEIJIOEMKOCTH «pa-
0oueil yacTu» TepMOMeTpa.
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Tennoémrxocmov denez (11—2—2003)

O6opymoBaHue: Boaa CO JBAOM, BOJa IIPWM KOMHATHOM TeM-
mmepaTrype, rasoBBIII TepMOMETP — TOHKAasd CTeKJIAHHAA TPyOKa
¢ BHyTpeHHUM auamerpom 0,9 MM, Ha KOHIle KOTOPOM HAXOAUTCS
mapuk o6sémMa 1 cM3, MOHeTHI — IepBas JOCTOMHCTBOM 5 KOIeeK
(macca 5 r), Bropaa — 1 py6asr (mMacca 3,3 T), ILJIaCTMACCOBBIH
U CTEKJAHHBIN CTAaKaHYUKYN, MUJLUIMMETPOBasa Oymara.

3adaHue: nu3MepbTe yAeJbHEIE TEILIOEMKOCTY MaTEPHUAJTIOB, U3
KOTOPBIX CAEeJaHbl MOHETHI.

IIpumeuarnue: Kak caM SKCIEPUMEHTATODP, TaK M €ro YacTu
Tesa (HO He IPpUHECEHHBIE ¢ cO00¥ mpeaMeThl!) BXOAAT B CIIMCOK
000pPyIOBAHUA — IO YMOJIYAHUIO.

IIpenmonmaraembrii cnocob pereHusi. VI3 TOHKON CTEKJIAHHON
TPpYyOKM C NIAPUKOM W3TOTaBIMBAaeTCs Tepmomerp. Hasa sToro
BHYTPh TPYOKM HYKHO IIOMECTUTH HEOOJBIION IO IJUHE CTOJI-
6uk BoabI. UTOOBLI OTKAIMOPOBATH TEPMOMETP, HY/KHO HavaThb
3aIl0JIHEeHEe BOAOI IPU BIIOJIHE OIIPENEJIEHHON TeMmepaTrype. Bee
3mopoBbIe oAy (a 00JBHBIX Ha OJUMIINAAY He MYCKAIOT) MMEIOT
HOPMAJBbHYIO TeMIepaTypy okoio 36,6 °C.

Brigep:xaB HECKOIBKO MUHYT MIAPUK BO PTY, HYJKHO OIIYCTUTh
OTKPBITBIA KOHEI[ TOHKON TPYOKW B BOAY, BHIHYTH IIApPUK W30
pTa m maTh BoIe BcocaThbCs BHYTPh TPyOKu. Boma BcacwkiBaeTcd,
Tak Kak BO3AYyX, HAXOAUBIIHICA B ITapuKke, oxjaaxgaercsa. Omy-
CTUB WIaPUK B BOAY CO JbAOM, HAXOAUM IIOJIOJKEHIME BOISTHOTO
MIOPIITHSA, COOTBETCTBYIOIIee aToii TeMieparype. OTKaauOpoBaH-
HBIA TE€PMOMETP MCIIOJB3YETCA N M3MEPeHU! TEeMIOEMKOCTeN
MOHEeT CI0CcOo00M, KOTOPLIH OnMCcaH B IpedbIayIneii sagaue. Torb-
KO Telephb MOHETHI IEePEeHOCAT TyAa M 00pPaTHO MEXAY COCydaMU
¢ BOJOU IIpU HaYaJIbHOUW KOMHATHOU TeMIIEpaType M ¢ BOAOU IIpu
usBecTHOU Temueparype 0 °C.

HUsmepernue yoenvbHoll MeNnaoEMKOCMU MAMEPUANA ZUPLKU
(10—1—2004)

Obopydosarue: rajopuMeTp (MeTAILINYECKUHN U ILJIACTMAaCCO-
BBIA CTaKaHbI), CTAKAHYMK ILJIACTMACCOBBIA C KPBIIIKOM, TEPMO-
MeTp, HUTKA U IITATUB C «JAIKOIi», TMPbKa, TOpAYasd ¥ XOJOTHAS
Boza (1mo TpeGoBaHMIO).
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IIpumeyarnue: TUPbKa IMOJHOCTHIO ITIOMENIAETCA B MaJeHbKUHN
IJIACTMACCOBBIA CTAaKAHUMWK, W IIPU BTOM B CTaKaHUYMKe eIée
OCTaETCA MECTO JIJIsI BOMBI.

Pewenue. CHauana B cTaKaHUMK HaJWBaeTCA TaKoe KoJude-
CTBO BOJBI IIPU KOMHATHO# TeMIlepaType (M HeMHOTO MEHbIIe:
Ha 2—3 rpaayca), 4ToOLI TMPBKA IPU IIOMEIeHNN B CTAKAHUYUK
IIOJHOCTHIO B Heé morpy:kanach. C IIOMOIIBIO 9TOr0 IIJIacTMAac-
COBOTO CTaKaHUMKa C BOJOM U HUTKMU C XOpolleil TOUHOCTBHIO
oIpefeisgeTcsA OTHOIIEHEe MacChl BOJbI U TUPBKU. TepMoMeTpOM
n3MepseTcs HavalbHas TeMIIepaTypa BOIbl B CTAaKaHUNKE. 3aTeM
TUpbKa IIOMeIaeTcAd B TOPAYYI0 BOAY W BBIJEP:KUBaeTCA B HeH
OKOJI0O MUHYTBI, UTOOBI OHAa BCA BHYTPH yCIIeJia IIPOTPETHCS MO
TeMIIepaTypbl BoAbl. TemiiepaTypa ropsueili BoAbl (M TUPBHKHU)
u3MepsAeTcsa TepmMomMeTpoM. Tereph r'MpbKa IIEPEHOCUTCSA U3 Ka-
JIOpUMeETpa ¢ ropAadell BOAOA B CTAKAHYUK C IIPOXJIAAHON BOJON.
Iloce ycTraHOBIEHMS TENJIOBOTO PABHOBECUSA M3MePSETCS TeM-
neparypa. Mo:XKHO ITPOBECTU HECKOJBKO ITUKJIOB IIOMOTPEBA HPO-
XJagHOU BOALI 0e3 eé cmeHbI. Torma pasHOCTh HAUAJIbHOU U KO-
HEUYHOM TeMIlepaTyp OyAeT B HEeCKOJbKO pas3 00JIbIlle, 1 TOUHOCTDH
M3MepeHusa 3TOH PasHOCTU ToxKe crameT Gosblie. IIo BeauumHe
Pa3HOCTN KOHEUYHOH M HaAYaJbHOM TeMIlepaTyp MOXKHO BBIUHC-
JIUTh OTHOIIEHWE YAEJbHBIX TEIJIOEMKOCTEH MaTepuajga TUPbKU
1 BoAbl. UT0oOBI M30€:KaTh TEIJIOBBIX TOTEPh HAa BpeMs IIpebbI-
BaHUA TUPHKU B XOJIOTHOUM BOME, TOPAYYIO BOAY B KaJIOPHMETPE
HYKHO 3aKPBIBATH KPBINIKOI M3 JICTA TeTpamgHou Oymaru. Ecianu
HUCHOJIL3YeTCA HECKOJbKO IIMKJIOB IIEpeHOCa TUPHKM M3 ropadei
BOJBI B XOJIOTHYIO, TEMIIEPATYPY BOJABI B MAJI€HBKOM CTaKaHUMKE
cJenyeT M3MepATh B Hadajge WM IIOCJIe 3aBEPIIEHUS IMOCJIETHETo
nukJa. Bcé ocranbHOE BpeMsA TEPMOMETD U3MeEPSAeT TEMIIEPATyPy
BOJBI B KAJIOPUMETPE C TOPAUYEH BOIOM.

ITpu BeIUMCIEHUAX HEOOXOOUMO YUECTh, UTO TeMIlepaTypa ro-
pAYel BOABI IOCTEIIEHHO YMEHBIIIAETCS, a TEMIIEPATYPa XOJOJHOH
BOJBI BO3PACTaeT. JTO O3HAUAET, UTO 34 KAKABIA IOCJIEeNYIONNI
IIUKJ IepeHoca BOJle B IJIACTMACCOBOM CTaKaHUMKe IepenaéTrcs
BCE MeHbIIIee KOJTUYECTBO TEILJIOTHI.

IIpu mepenoce rupbKu caexyerT oOpallaTb BHUMaHWE Ha TO,
yToOBl BMECT€ C TUPHBKOHM B IIJIACTHKOBBLIM CTAKAHUMK HE IIO-
najajyu Kamjaum ropadeit Bogbl. g 3TOro MOYKHO, HaIpuMmep,
yAapATb TUPBKOHM IIO CTOJY, YTOOBI CTPAXHYTH OCTABIIMECS Ha
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Hel KallJiu BOJABI, MOYKHO WCIIOJIb30BaTh [JIA yOaJIEHUS Kalelb
JICT TeTPagHOUN OyMaru mau cOOCTBEHHBIN HOCOBOU ILIATOK.

HUsmepenue yoenvroii mennoémrxocmu (9—1—2006)

Ob6opydosarue: TepMOMETDP, CTAKAHUYUKYN, MUJJINMETPOBAA
Oymara, IIITATHUB, HUTKA, ropadYas M XOJOAHAA BOoga — II0 TPebo-
BaHUIO, Yachl (MOKHO MCIOJIL30BaTh Hapy4YHbIEe Yachkl). I'pys —
rUpPbKa M3BECTHOII MacChl, HECKOJLKO OAUHAKOBLIX MOHET JIOCTO-
MHCTBOM D KOIIEEK.

3adanue: u3MepbTe yAeJNbHbIE TEIJIOEMKOCTH I'pys3a W IId-
TaKa.

Pemrenne mo:xer OBITH CTAHZAPTHBIM: CM., HaIpuMep, pe-
IeHWe npenpiaymei samaun. o HaAXO0KIEHUS MacChl BOMIBI
B CTaKaHUYMKE MOJYKHO ONPeNeJUThL 3aHMMAaeMbIA BOJON 0O0BEM
C TOMOIIbI0 MUJIJIMMETPOBOY OyMaru.

B KpbIllIke cTakaHUYMKa HMeeTCs OTBepPCTHe AJISA TepMOMeT-
pa. Eciu ciegurh 3a m3MeHEHMEM TeMIepaTyphbl B 3aKPHITOM
CTaKaHYMWKe, TO IPU OJMHAKOBLIX BHEIIHUX YCJIOBUAX CKOPOCTH
M3MeHeH!s TeMIIepPaTypPhl BHYTPU 3aBHCUT OT TEIJIOEMKOCTH BCe-
TO0 COJEpP:KHMMOT0 CTaKaHUMKAa. MOMKHO 3aIpaBiIATh CTaKaHUUK
OAVHAKOBLIM KOJNUECTBOM IOpAUYEei BOABI U IIPOBECTU HECKOJIBKO
HaOmomenuii. IIpu sToM B cTaKaHUMK MOMKHO MOMeEIIaTh WJIH
He IOMEIATh MOIIOJHUTEJIbHBIE IIPeAMeThl — 'MPbKY WJIN IIATa-
ku. Cunrasi, UTO IPU 3aJaHHON pasHUIE TEeMIepPaTyp BHYTPHU
M CHaAPYXHM MOIIHOCTb TEILJIOBBIX IIOTEPL OAMHAKOBA, MOKHO
II0 pa3HUuIle BPEMEH OXJAKIEHUS CTAKAHUMKA C CONEePKUMBIM
BBIUUCIUTh «U30BITOUYHYIO» TEIJIOEMKOCTh, HOSBUBIIYIOCA B pe-
3yJbTaTe MOMEIeHUS B CTAKAHUYNK I'Py3a UJIN MOHET.

HUsmepenue ydenvroii menaomot naasienus (9—1—2007)

IIpubopsvt u npucnocobnerus: TEPMOMETPHI — 3JIEKTPOHHBIN
1 OOBIYHBIN, CTAKAHYUKHN IJISA TOPAYe M XOJIOAHOM BOABI, KYCOK
ciaBa (IPUIIO — 0JIOBO U CBUHEIT), CIIMYKH, IIIPUI 0€3 UTJIbI —
MepHLIN, MHJIJINMeTpoBasg OyMmara, IITaTHB C Jamkoii. Macca
10 cm mpoBosOKM 13 cmJiaBa (CILIaB BBIZABAJICI B BHUAE TaKOH
IIPOBOJIOKHU) cocTaBiseT 1,35 r.
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3adanue: 3KCIEPUMEHTAIBHO OIIPEIeSINTE YASIbHYIO TeILIOTY
miaasaenud A (J:x/rpaMm) BeIganHOTO 06pasiia ciaa. Temmepa-
Typa miaBiaeHusa cmiaasa 230 °C cunTaercsa m3BEeCTHOI.

Pewenue. dxcnepuMeHTaTOP IOJIKEH 3apamee OIPeNesuThb,
KaKyI0 4aCTb IIPOBOJIOKHM OH PACIIJIABUT B IPEABAPUTEIbHBIX 9KC-
ImepuMeHTaxX, a Kakyo B pemramiiux. MoKHO MOpPeKOMEHI0BaTh
Takoe pacupenenenue: 1/4 u 3/4, To ects 0,35 r Ha IIepBOM dTaIe
1 1 r I KOHTPOJIbHOTO 9KCIIEPUMEHTA.

C moMOII[bI0 MEPHOTO IIMPUIlA B CTAKAHUYUK HAJIUBAETCS W3-
BECTHOE KOJIMYECTBO BOALI, HampuMmep 3 M. C IOMOIILIO Tep-
MOMETPOB (PUKCHPYETCsS TeMIlepaTypa BOALI B cTaKaHumke. Han
CTaKaHYMKOM YyAep:KUBaeTcA B pPyKax (Uepes HECKOJbKO CJIOEB
OyMaru — TexHUKa 0e30IIacHOCTH) CILJIaB B BUAE TOHKOI IIPOBO-
Joxku. CHU3Y K IIPOBOJIOKE IIOMHOCHUTCA TopsAllas cOudyka. Kak
TOJIbKO CILJIAB HArpeBaeTcs 0 TeMIepaTyphl IJIaBIeHus, Kalelb-
Ka CIIaBa IIajaeT B BOAYy. PacIjlaBUB HECKOJbKO CAHTHUMETPOB
IIPOBOJIOKM, HYKHO BBISCHUTH, HACKOJbKO IOAHSJIACH TeMIIepa-
Typa Boabl. Ecau mpeHeOpeub TEILJIOTOI, BbIZeJAOIIelics mocie
3aTBepAeBaHUs CILJIaBa B BOje, TEIJIOTa, IIOJydYeHHAas BOLOI, —
9TO W €eCTh TeIJIOTA 3aTBepAeBaHUsA cCIIaBa (UIH, YTO TO Ke
caMoe, TeIlJIoTa ILJIaBJIeHHusA CILIaBa).

Ilocie pacmiaBieHHs OKOJIO 3 CM IIPOBOJIOKM TeMIlepaTypa
BOJBI moguHuMeTcs Becero Ha 1°. CiegoBaTesibHO, B KOHTPOJILHOM
SKCIIEPIMEHTe HYKHO HCII0Jb30BATh TEPMOMETP C MEHbIIell Tem-
JIOEMKOCTBIO, TO €CTh He KHIKOCTHBIN TePMOMETP, a «3JEeKTPOH-
HBIM», KPOME€ TOr0, HY:KHO B3ATh MEHbIIIee KOJUYECTBO BOIbI,
yTOoOBI TeMIepaTypa BOIbl IIOIHAIACH IIOBLIIIE.

IIpu BBIOOpE BCcero 1 MJI BOABI [Ji HArpeBa W HIPU OCTHIBAHUU
B Hel 7 cM pacIJIaBJIEHHOUW IIPOBOJIOKM TeMIlepaTypa OOJ:KHA
O0bl momHAThcA Ha 10°, omHaKO OHA IOZHMMAaeTCsA MeHbIIe —
IIpUMepPHO Ha 8°. 9TO 03HAYAET, UTO HYKHO YUECTh TEIJIOEMKOCTh
CTaKaHYMUKA.

CresaTh 5TO MOYKHO C IIOMOIILIO TOPSAYE BOAbI 6€3 MCI0Ib30-
BaHUA CILJIaBa, KOTOPHIH yiKe CYIIeCTBYeT He B BUe IIPOBOJIOKH,
a B BHUIe Kallejb Ha AHe crTakaHumka. OTcioma MOMKHO HalTU
TEIJIOTY IIJaBJeHUA ciaaBa — okosio 40 I[x/r.

Oco0y1o yacTh paboThl, KOTOpada olleHuBajgachk npuMepHo 30%
o0IIero KoJimuecTBa 0aJlJIOB, IIPEACTABJIAET OIleHKA IIOTPEIIHO-
CTell M3MepPEeHUI B 9TOM 3KCIIEPUMEHTE.
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Ceeua (10—2—2000)

W3amepbTe yaeJabHYIO TEIJIOTY CTOPAHUA MaTepHrajia CBEUH.

Obopydosarue: cBeya, cunuku (TpebyiiTe!), cCTaKaHYMK aJI0-
MUHUEBBIH, BOIA — IIPU HE0OXOAMMOCTH, TePMOMETP, dachl (uc-
IMOJIB3YITE CBOU, €CJIU €CTh), BeChl 1 Pas3HOBeC, IITATUB, HUTKHU,
MUJLIIMEeTpoBas Oymara.

IloxkamyiicTa, pacxoayiiTe CBEUKY 9KOHOMHO — KT'HITE €€ TOJIb-
KO IIPpU U3MepPeHUuIX!

3amaua mpocTas, Tpedyiomas akKKypaTHOTO HPOBeNeHUuA W3-
MepeHUH Macchl CTaKAHUYMKA W BOAbI, MAacChl CBeYM, a TaKiKe
M3MePeHUs BeJUUYNHLI IOBLINICHNS TEMIepaTyphl IPU Harpese.
Tem10€éMKOCTh AJIIOMUHNEBOI0 CTaKaHUMKa OIleHWBAeTCs II0 M3-
BecTHOM (popmye Hdomonra u IITu. OHa XOTh 1 MaJia, HO JOJIKHA
OBITHL yUTeHa NPU aKKypPaTHBIX H3MepeHuAX. MUIINMETPOBYIO
oymary umiam Gymary ms paboueil TeTpagy MOXKHO HCIIOJb30BaTh
IJIs1 4YACTUUYHOM TeILIOM3O0JIAIMN OOKOBOU IIOBEPXHOCTH CTaKaH-
YMKa W OJIS U3TOTOBJEHUSA KPBIIMIKKM Ha CTaKaH C HarpeBaeMou
Bogoii. sKesaTelbHO MCIIOJIB30BAaTh BOAY C HAUAJIBLHOIN TeMIlepa-
TYypPOH, HEMHOTO MEHBIIIEN TeMIIEPaATypPhI OKPYKAIOIIEro BO3IyXa,
yTOOBI TEILIOBLIE MOTEePU B IIpoIlecce HarpeBa OBLIN II0 BO3MOXK-
HOCTH MeHbIIIE.
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Boda u nap (9—2—2001)

ITocTaBbTe mIacTMACCOBBIM CTaKaH KaJopuMeTpa JHOM BBEPX,
IIOMECTUTe Ha Hero MeTaJLIMYeCKHU CTaKaHUYMK U HajgeliTe Tyma
OUYeHb ropAYyIo Boxy (mmpocute — u Bam AanyT). CHUMUTe 3aBUCH-
MOCTB T€MIePaTypPhl OCTHIBAIOIIEH BOABI OT BpeMEeHU B AUalla3oHe
TeMmneparyp He Meubine ueM oT 85°C mo 60°C um mocrpoiitTe
rpadpuk. IlpuaymaiiTe cmoco06 OIpemeJUTh SKCIePHUMEHTAJIbHO
¥ Ha#AuTe KOJIUYECTBO BOABI, KOTOPOEe MCIIapsAeTcs 3a 1 ceKyHOy
¢ 1 cm? moBepxHOCTH Bombl Ipu Temmeparype 70°C. VieabHas
rermnoéMKocTh Bogbl 4200 IIx/(kr-K), yaeapHas TemysoTa ucma-
perusa Boxsl 2200 xIIx /K.

Ob6opydosarue: KaJopuMeTp — MeTAJJINUYECKU U TJIacTMAac-
COBBIII CTaKaHUYMKHU, BOJa ropAdYas — IO TpebOBAaHUIO, TepPMO-
MeTp, Yachl, HUTKH, MUJLUILMeTpOBasd Oymara, Kycouek GoJibru,
IITATUB C JAIKOM, JUMIKAasa JeHTa — II0 TPeOOBaHUIO.

Cnoco6 pewernus. MetasinmndyecKuil cTakaHYNK OTKPBIT, U €T0
CTEeHKHU OYeHb XOPOIIO IPOBOAAT TEILIO, TO €CTh IIPU JOCTATOUHO
BBICOKOM TeMIeparype BOALI MMEIOT MECTO 3aMeTHbIe II0TepH
TemaoTbl. OHU MIPOUMCXOIAT KAaK Uepe3 CTeHKU CTaKaHUMKAa, Tak
U MyTEM HCIIapeHUs BOABLI C OTKPBITOI moBepxHocTu. CHauajaa
HYJKHO 3aperucTpupoBaTh 3aBHUCHMOCTL OT BpPEMeHHU TeMIepa-
TYpbl BOABI B CTaKaHe IIPU OTKPBITON €€ IOBEePXHOCTHU. 3aTeM
HYKHO CHATDH 3Ty K€ 3aBUCHUMOCTDb, HO IIPU 3aKPLITOH (OJBTOI
TMOBepPXHOCTH BOAbl. OOpabOTKOI IMONYyUYeHHBIX IPadUKOB MOKHO
OIlpeleINTh OTHOCUTEJNLHBIA BKJA B OOIIMe TEILJIOBble IIOTepH,
KOTOPBI CO3MAET UcCIapeHne BOAbI ¢ OTKPHITOM ITOBEPXHOCTH.

Hcnapernue (10—2—2002)

WN3mepeHre OTHOILIEHUS JaBJIeHUA HACHIIEHHBIX IAPOB BOABI
IIpU ABYX TeMIIEpaTypax.

ITpubopvr u obopydosarue: TepMOMETp, ILJIACTHKOBBIN cTa-
KaHYUK JJIsd ropsadeil BOAbI, Yachkl (CEKyHIOMED), IITATUB C JIAll-
KOIi, HUTKa, MIJIJINMeTpoBas Oymara, ropsuasi Boja — I10 Tpebo-
BaHUIO.

3adaHue: CHATH 3aBUCUMOCTDL TE€MIIEPATYPHLI OCTHIBAIOIIEH B
CTakaHe ropAdYell BOABI OT BPEeMEHHM B AHWAIIa30HE TeMIIepaTyp
He yxe 85°C—60°C u HapucoBaTh IOJYUEHHYIO KpubByio. Ilo
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pesyabraTaM HM3MepeHUIl ONpene;UTh OTHOIIeHNE TaBJIeHUI Ha-
CBILIEHHBIX IIAPOB BOALI Ipu Temmueparypax +60°C u +75°C.

Pemenne 3agaum OCHOBBIBAaeTCA HA M3MEPEHUU OTHOIICHUSI
CKOPOCTH IIOTEPDb TEIJIOTHI BOAOI IIpU €€ mcmapeHuu. as sToro
HYJKHO II0 BO3MOKHOCTU M30aBUTHCS OT IIOTEPD TEILJIOTHI, CBA3AH-
HBIX C TEIJIOIPOBOMHOCTBIO CTEHOK. V3 Oymaru s cTaKaHYMKA
M3TOTABJIMBAETCA TeIJIOU30JUPYIoIasa «pydaiika». UToO6bl Ha
pesyabraTe He CKasajgach pasHas CKOPOCTHL CAMOIIPOM3BOJILHOM
KOHBEKIIMM BO3AyXa HAaJI IIOBEPXHOCTHIO IOpAYell BOABI, HYKHO
obeceunTh IPUHYIUTEIbLHYIO OBICTPYIO CMEHY BO3AyXa Han Io-
BEePXHOCTBHIO Topsueil BoAbl B cTaKaHe. IIOCKOJBKY BEHTUJIATOP
He BXOOUT B Habop 000pYyAOBAHUS, HY:KHO 00AYBAThb XOJIOAHBLIM
BO3IYXOM CTaKaH C ropsaueil BOHOM, MOJb3ysCh CBOUMU BO3MOXK-
HOCcTAMU. [[J1s1 BTOTO MOMOUAET COTHYTHIN BABOE MU BTPOE JIUCT
TeTpagHoOU Oymaru — Beep. Eciu Ipeamosio:KUTh, UYTO CKOPOCTh
UCHAapeHUsA MOJIEKYJ C IIOBEPXHOCTU BOABI M JaBJeHUE HACHI-
IIEHHOTO IIapa HPOIOPIMOHAJIBHEI APYT APYTY, TO MOMKHO Oymer
OIIEeHUTH OTHOIIEHWE MaBJIEHWI HACBHIIMIEHHOTO Iapa IMPu PasHBIX
TeMIepaTypax.

Jlezxonnaskxoe gewecmeo (10—1—2005)

Hy:xmo msMepuTh TeMIiepaTypy IJIaBIEHUS, YIEeJIbHYIO TeIl-
JIOTY ILJIAaBJIEHUA U YAEJbHYIO TEILIOEMKOCTb BBIIAHHOTO CJIUTKA.

IIpubopsr u 060pydosarue: CIUTOK JIETKOILJIABKOTO BEIECTBA
(Macca caIuTKa POBHO 5 T, BEIeCTBO ILJIABUTCA B ropsaueit Boge!),
CTaKaHYUK AJIA ropadYell BOAbI, ropAdYas Boma (o TpebOBaHUIO),
TEPMOMETD, CTAaKAHUUK [IJs XOJIOJHOM BOJBI, XOJIOZHAS BOZA
(mo TpeGoBaHUIO), YAChl (MCIOJL3YHTE CBOM YAChl WU JIIO0OI
TaiiMep), MUJJINMETPOBKA, HUTD, IIITATHUB.

B sT0i1 paboTe ucmosb30Baica Tak Ha3bIBaeMbIi ciiaB Byza,
TeMIIepaTypa maaBjaeHus storo ciaaBa mmke 100°C, To ecTh OH
IJIABUTCSA B ropAveii, emé He KUMIAIIei, BoJe.

Pewenue. [Ins omnpeneseHus TeMIIepaTyphl ILJIaBJIEHUA HYXK-
HO HMCHOJIb30BATh BPEMEHHYIO 3aBUCUMOCTL TeMIIEPATypPhl BOAHI,
KOTOpad OCTBIBaeT, W IIPHUYEM B CTaKaHUYMKE BMECTe C BOJOU
HAXOAUTCA M3yuyaeMblii ciaB. CTakaHUMK C TAKUM COIAEePKUMbBIM
IOJIKeH OBITH TeIJIOM30JIMPOBAH CBEPXY, UTOOBI He CKAa3hIBAJIOCH
ucnapeHue Bogbl. I[ejlo B TOM, YTO CKOPOCTH IIOTEPH TEILJIOTHI,
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CBs3aHHAA C MCIapeHNeM, OYeHb CHJIbHO M HeJWHEHNHO 3aBUCUT
OT TeMIIePATyPhI, a IIOTEPH TEILJIOTEI Uepes JHO 1 O0OKOBbI€ CTEHKH
He TaK CUJIbHO 3aBUCAT OT TeMIlepaTyphl. IIpaKkTHKa IMOKas3bIBaeT,
YTO MOIIHOCTD 9THUX IIOTE€Ph HPOHNOPIHOHAJILHA PA3HOCTU TeMIIe-
paTyp cocyla um OKPYKalolleil cpeabl.

B Teuenme sTOro sKCIEpUMEHTA HYMKHO KaKMM-TO CIIOCOO0OM
ImepeMeIlInBaTh BOAY B cocyle, YTOOBI BO BCEM cocyle OHa ObLia
onmHakoBoi. Ha rpadmke 3aBUCMMOCTH TeMIIEPATYPHI OT Bpe-
MeHU MOKHO OOHADPYKHUTH <«IIOJIOUKY», KOTOpPas COOTBETCTBYET
IIpoIleccy 3aTBepAeBaHUA BEIIECTBA B COCY/E.

HatitTu «Toukm» Havaja M 3aBepIlIeHNs IpoIecca 3aTBepie-
BaHUA MOXKHO METOIOM JKCTPAIOJSIIINN, TaK KAK «II0JOUYKa» He
nMeeT UETKUX «U3JOMOB». Ilo BpeMeHu 5TOTo Impoiiecca M MOII-
HOCTH TEIJIOBBIX MOTEPH MOKHO BBIUUCJIUTD TEILJIOTY TJIaBJIEHUS
BeIIlecTBAa.

Jia onpenesieHuA yAeabHOU TEIJIOEMKOCTU BeNleCTBa MOYKHO
IIOJIL30BATLCS M3BECTHBIMU CIIOCO0aMM, KOTOPhIE OIMCAHBI B pe-
IIeHuAX IPYTUX 3amad.

Cocydvt ¢ easom (10—1—2007)

WsBecTHO, UTO B «UEPHOM AIUKE» — KOPOOKe, MPUKPEIIEH-
HOIi K CTOJIy, — HaXOOUTCSA JBa COeTMHEHHBIX KOPOTKOM TPYOKOI
cocyna. OnuH U3 HUX BHYTPU AIMIKUKA cOOOIIaeTcsa ¢ aTMocdepoit,
U3 Ipyroro TpyOKa BBIBEJEeHA M3 <«UYEPHOTO SIIUKA» HAPYKY.
BHYTpPU 0HOTO U3 COCYA0B HAXOAUTCS MOPIIEHb, KOTOPHIN MOKET
0e3 TpeHUA IepeMellaTbCsa BAOJIb CTEHOK COCy/Ia.

Ilpennaraerca HapmCcOBaTh CXEMY «YEPHOTO SAIIUKA» U C IIO-
MOIIIBIO BBIAAHHOTO OOOpPYyAOBaHUA y3HATh, KAKOBBI OOBEMBI V7
u Vg KaKIOTO M3 COCYNOB B SIUKE.

Ob6opydosanrue:

1) mmpun Ha 20 mua (0e3 UIIbl), KOTOPBIA MOMKHO «IOIKJIIO-
YaTh» K IJIACTUKOBOM TPYOKE M «OTKJIIYATHb» OT HEE;

2) miacTukKoBas TPyOKa C 3aTBIUKON, MpeqHAa3HAUEeHHAA IJIA
U3TOTOBJECHUA MaHOMETPA. S3aTHIUKYy MOXKHO BCTaBJATH B TPYOKY
¥ BBIHMMATDL U3 Hee;

3) B GaHOuUKe — 3eJIéHAA JKUIKOCTb, IIpefHa3sHaueHHad IJIA
U3TOTOBJIECHUSA MaHOMETPA;

4) 3axXuM, TO3BOJIAOIINN IIePeKNMaTh TPYOKY;
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5) TPOUHUK U Pe3UHOBLIe MY(THI;

6) «UEPHBIN AMUK» C BLIXOAAIEH 13 HETro TPYOKOIi;

7) uaMepuTeIbHAA JIEHTa C MUJJINMETPOBLIMU [IeJIeHUAMU,
MIPUKPEIIEHHAA K CTOJIY;

8) HeCKOJBbKO KYCOUYKOB IIPO3pPaAuHOIl JUIIKON JIeHTHI (I
KpeIlJieHUsI MaHOMeTpa K CTOJy).

IIpumeuanue: B KauecTBe ONHMCAHHBIX B YCJIOBUU 3amayuu
COCYZIOB C TOpIIHeM 0e3 TpeHHs HCHOoJb3oBaauch (1-ii cocynm)
IJIVWHHAA ILJIaCTHUKOBas TPyOKa m (2-fi cocyn) PesMHOBBINA IIa-
puk (pesuHOBasg 00OJOUKA «BO3AYIIHOTO INIapUKa»), MOMEIIEH-
HBIII B ILJTACTUKOBYIO KOPOOOUKY C KECTKMMHU CTEHKAMU U C
OTBEPCTUSIMHU B CTeHKAaX IJIs cooOIeHusA ¢ aTrMmocdepoii. ['ubxue
CTeHKU PE3MHOBOI'0 IIAPWUKA UTpPaJU POJb MHOPIIHA, KOTOPLIi
mmepemelaeTcs 0e3 TPeHUsS BIOJb CTEHOK MOIeJIbHOTO COCyza.
Pasmepsl pe3snHOBOM O0OJIOUKM IIAPHKA W PasMepbl KOPOOOUKH
ObLTH TTOmOOpaHBI TaK, UTO, KOTAA IMapUK 3aHMMAaJ BeCh 00BEM
KOpPOOOUKM, €ro PesMHOBbIe CTeHKHU ellé He ObLIM PACTIHYTHI,
TO eCTh He TPeboBaJIOCh M30LITOUHOTO JABJIEHUSI BO3MyXa, UTOOBI
pasayTh MIAPUK 4O MAKCHMAJIBHOIO JOIYCTHUMOI'O 00bEMA.

Pewenue. I3 1aMHHOI IIJIaCTUKOBOI TPYOKM, 3aTLIUKU U 3€-
JIEHOH KUIKOCTU M3TOTABIMNBAETCS CaMOJeIbHBIN MaHoMmeTp. OH
VKJIaAbIBAETCS HA CTOJI BAOJb JIEHTHI ¢ MUJIINMETPOBLIMU [ejie-
HuAMHU. Bxon MaHoOMeTpa MOAKJIOYAeTCA K OJHOU M3 TPEX TPY-
6ouek TpoiitHuKa. K IByM ApyruM BbIXOZaM TPONHHKA MOIKJIIO-
YalTCsa Yepe3d KOPOTKMHE OTPE3KU ILIACTUKOBON TPYOKM IIIIPHIL
U «UEPHBLIN ANUK». 3A:KMMOM CHaO:KaeTcsa TPyOKa, COeqUHSIO-
masa TPOMHUK M mmnpuil. IImpun MOXKHO OTKJIIOUYATH OT TPYO-
KM, 3aI0JHATH BO3AYXOM IIPKU aTMOC(hepHOM IaBJIEHWU WA 13-
0aBJIATBHCS OT BO3AyXa IIyTEM IlepeMeIleHNs HOPIIHS ¥ BHOBb
MMOAKJIOUATh K TPyOKe, TO €CTh MOYKHO WH3MEHATHb KOJHUECTBO
BO3IyXa, HAXOMOAIIErocsa B OTAEJIEHHOM OT aTMocdephl YacTu
ycTaHOBKM. MOMKHO «OTKAQUMBATB» BO3AYX HJIM JOMOJHUTEIHLHO
«HaKauuBaThb» BO3AYX BHYTPbD.

WN3mepsas KoamuecTBO M06ABIEHHOTO MJIN MU3BATOrO BO3AYXA,
Y PErucTPUPYsS IOKA3AHUA MAHOMETPA, MOMKHO O0OHAPYKUTH, UTO
B HEKOTOPOM AMAIIa30HE STH IIOKA3aHWS He MEHSIOTCS M COOT-
BeTCTBYIOT PaBEHCTBY MABJCHHUUN BHYTPU U cHapy:xku. OTMeTuB
IIOJIOKEeHNEe, KOTOPOMY COOTBETCTBYET MOMEHT HadaJia yMEHb-
IIeHNs OABJEHWS BO3JAyXa BHYTPHU IIPU OTKAUKE BO3AyXa, MEI
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MOXKEM YTBep:KIaTh, UTO BHYTPEHHUII 00BEM cocyaa C IMOPIIHEeM
B 9TOT MOMEHT paBeH HyJ0. IlocTerreHHO HaKaunBasA BCE OOJIBIIE
BO3IyXa B CHUCTEMY, OTMeYaeM MOMEHT, KOTOPBLIN COOTBETCTBYET
HAYaJy pPocTa JaBJIeHUA BHYTPU. OTOMY MOMEHTY COOTBETCTBYET
TaxKoe IOJIOMKeHNe IIOPIIHS, YTO 00BEM cocya ¢ IIOPIIHEeM CTAHO-
BUTCA MAaKCHUMAJbLHO BO3MOXKHBIM.

ITocTpouB rpauk 3aBUCHMMOCTM IIOKa3aHUM MaHOMETpPAa OT
00BE€MAa U3BATOTO U JOOABIEHHOTO B CICTEMY BO3yXa, MOMKHO IO
HAKJOHAM Pas3HBIX YUYACTKOB OIIPEJESINTh OTHOIIEHUS HEeU3BECT-
HBIX 00BEMOB COCYIOB B «UEPHOM AmuKe». OHU ObLIN IPUMEPHO
paBubl 10 ma (6e3 mopmaa) u 30 ma (¢ mopirHem). IIpu BbI-
YUCJACHNN HEM3BECTHBIX 00bEMOB HEOOXOAMMO OBLIO YUUTHIBATH
1 00bEM BO3IyXa B TPyOKe MaHOMeTpa.

Usmepernue ammocpeprozo dasnenus (10—2—2008)

3adaHue: maMepbTe aTMoc(epHOe HaBleHNe B IIOMEIeHUU
kadenper pusuru MU OO.

O6opydosaHue: TEDMOMETD, TOHKAA CTEKJIAHHAA TPyOKa AJIu-
HOIi 15 ¢cM ¢ IOCTOSHHBIM BHYTPEHHUM CeUeHHEeM, OTKPBITAA C Of-
HOTO KOHIA U COeIMHEHHASA CO CTEKJAHHBIM IIAPHUKOM C IPYTOro
KOHIIA, IIJIaCTUKOBas TruOKas TPyOKa mauHOII 1 M ¢ BHYTpeH-
HUM CeueHHeM, KOTOpPOoe HEeMHOTO MEHbIIle BHEITHero CeUeHUs
CTeKJSAHHOM TPYOKM, ILJIACTUKOBAasg €MKOCTb AJIS BOJBI, MepPHAS
JIeHTa, ropsyas Boga (o TpeboBaHMIO), IUIKAS JIEHTa — II0 Mepe
He0o0XOLUMOCTU

Hy:xHOo mpuayMaTh cioco6 ¥ M3MEPHUTh AaBjleHne BO3AyXa
B IOMEII[eHNH C MAaKCUMAJIbHO BO3MOKHOUN TOYHOCTHIO.

IIpennomaraBminiicsa X0 pellleHud 3aJauyy TaKOB.

Hacts 1. B ropsaueii (83 °C) Bome HarpeBaeTcs CTeKITHHBIN
IIapUK, 4 3aTeM OTKPBITBIN KOHEIl CTeKJIAHHON TPYOKM OIycKa-
eTcsa IOA BoAy. B pesyibraTe oxJaskIeHUs TPYOKM U BO3AyXa
BHYTpU Heé€ 0 KoMHaTHO# Temmeparyps! (23 °C) B TpyOKy BTs-
ruBaercsa Boza. Pasmepsl TPYOKM U IapuKa ObBLIM TAKUMH, UYTO
CTeKJIAHHaA TPyOKa moutu meaukoMm (Ha 150 MM) samosHsIach
BOMIOIi, a B IIIapUK BOoJa He IIomagaja. ITOT SKCIIEPUMEHT II03BO-
JIgeT YCTAaHOBUTHL OTHOINEHNE BHYTPEHHUX O0BEMOB IIapuka Vi
U MUJIAHAPUIYECKON YacTU CTeKJISHHONE TpyOoru Va:

o V:
(V1 +V2) Tkomn = V1(Tkom= +607); 7;%5,
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Hactes 2. C moMolIb0 HarpeBa M OXJAKIEHUS IIapUKa
MOKHO TOMECTUTL HeOOJBIIOH CTOJOWMK BOABI BHYTPL IUJIMH-
IPUYECKOM YACTU CTeKJAHHOIH Tpy6ouku. OH oTHeaseT BO3IYyX
BHYTPHU IIapUKa M TPYOOUKH OT BO3AyXa CHapy:Ku. HauaabHBIH
00BEM BO3IyXa, OTAEJIEHHOTO BOASHLIM HOPIITHEM, PaBeH

Vo= (Vl—l- %Vg) .

3mech L — BCa OaIMHA TUJIMHIPHUYECKOTO YYACTKA CTEKJISHHON
TPpyOKM, a | — nanHa MUINHAPHUYECKON YacTH, 3aIl0JHEHHO BO3-
IyXOM ¥ IIPUMBIKAIOIIEN K IITapuKy.

ITonyuuBiieecss yeTpoMCTBO MOKHO HCIIOJIB30BATh KaK YacTh
YCTAaHOBKHU OJIA M3MepeHUs AaBleHusA. Bropas 4acTb yCTaHOBKU
M3TOTABIMBAETCA U3 MJIACTUKOBOUN TPYOKU U BOABI. I11aCTHKOBYIO
TPYOOUKY CJIeZOBAJO PACIIOJOKUTH TOPUSOHTAIBHO U 3AIlOJHUTH
BOZOV HMPMMEPHO Ha IIOJOBMHY AJIWHBI. Boma moy:kHa Obliaa Ha-
XOOUTHCA B CpefHel uacTu TPYOKH, a OCTaJbHAsS YaCcTh TPYOKU
(BOMM3M €€ IBYX OTKPBITHIX KOHIIOB) HOJIKHA ObLIa OCTATbCS
IIycToH (3amoJTHEHHO# BO3ayxoM). JlJjimHa cToI0MKA BOABI B ILjIa-
CTUKOBOH TPYyOOUKe WH3MepPSeTcA C IIOMOIIbI0 MIJLINMETPOBKU
WM JUHENKN. 3aTeM OJHUM KOHI[OM 3Ty IJIACTUKOBYIO TPYOOUKY
HYKHO COEIUHUTDH C OTKPBITBIM KOHIIOM CTEKJAHHOH TPYOOUKH,
B KOTOPO# y:Ke HaXOAUTCSA PasmeIUTEeJbHBINA CTOJOUK BOIBI.

Ecau nmacTukoByio TpyOKYy IIPUBECTH B BePTUKAJILHOE IT0JIO-
JKeHUe, TO MOKHO YBEJIMYNTh WU YMEHBIIUTD AABJIEHNE BO3yXa
B CTEKJSHHOM IIapuke. [{omosHUTE bHOE AaBJIEHUE, CO3AAHHOE
B TpyOkKe croymboM BoAbl AjnuHON h, paBHO pgh. Temmepary-
pa Bo3ayxa BHYTPH IIIapUKa OCTAETCA MOCTOAHHOM, II09TOMY
maBienne P u o6béM V 3ameproro BOASHOI HIPOOKOM BO3IY-
Xa cBs3aHbl cooTHommeHueM PV =const. IsmepuB mepemelienue
pasmenuTeabHOTO CTOJOMKA BOALI B CTEKJIAHHOIN TpybOouke X,
MOKHO HaAWTHU naBjeHUe Bo3nyxa Py B KomHarTe:

(Vi+£V2) Po=(Vi+FEVa) (Po+ogh).

CienyeT mpoBeCTH HECKOJIbKO M3MEpeHHil, pacoJaras Inia-
CTUKOBYIO TPYOOUKY MO-PasHOMY (TOPM30HTAJLHO, BEPTUKAIBHO
C yBeJIMYEHUWEeM AAaBJeHUA BHYTPU CTEKJISHHOIO IIapUKa, BEPTHU-
KaJIbHO C YMEHbBIIIeHNeM [ABJIeHUSA BHYTPU CTEKJISHHOTO IIapu-
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Ka). OTU HECKOJBbKO NBMEPEHUH IT03BOJIAIOT BHIUYNCIUTD JaBJIEHUE
BO3JyXa B KOMHATE ¥ OIPEIEIUTDL IIOIPEIIHOCTY N3MEPEeH!.

JdreKTpUUEcCKNe U3MepPeHUsI

Ommemp 6e3 pa3pvl8a uenu

3adanue: uU3MepbTe BEJINUUHY pe3ucTopa 6e3 OTKIIUEeHUA
eTro OT CXeMEI, B COCTAaB KOTOPOI 3TOT Pe3ucTOp BXoauT. (3amaua
onyoaukoBaHa B HoBocubupcKkoM cOOpHUEKE 3a4a4 Mo (Gpu3uKe MO
penaximueii O. 1. CaBuenko.)

YyacToK cxeMbl COCTOUT M3 HEW3BECTHBIX COIPOTHBJIEHUMN.
Kak, nMesas ammepMeTpbl, BOJIBTMETP, 0aTapeid M COeTUHUTEb-
Hble IIPOBOJA, M3MEPUTHL COIPOTHUBIeHMe R, He paspbiBasg HU
OOHOTO KOHTaKTa B cxeMme (puc. 20)?

Puc. 20

Ob6opydosarue: KyCOK I€YATHON IIJIATHI C OOJBIIUM KOJIU-
YeCTBOM 5JEMEHTOB (B TOM UYICJe PE3UCTOPOB) Ha HEM, IBa
aMIepmerpa, nudpoBoi BOJILTMETpP, OaTapeiika 4,5 B, coenunu-
TeJIbHBbIE MIPOBOJA ¢ HAKOHEUYHUKAMU «KpoKommiaaMu». Ha miaarte
OTMeYeH PEe3UCTOP, BEIUUYNHY KOTOPOTO HYKHO OIIPENEeIUTh.

dTo Ta Ke camad 3amauva (TeopeTUUecKas), IepeBeléHHAaA
B 9KCIEPUMEHTAJIbHBIN TYD.

IIpuBeném yacTb cXeMblI, BKJIIOYAIOITYI0 NCKOMOE COIIPOTUBIIE-
Hue. K ysnam A u O moaxaouum OaTtapero, a K yaaam C u O —
BOJIBTMETD, K y3aam C u A, C u B — ammepMmeTphl, a y3iabsl A
u B coemuuaum npoBogom (puc. 21). Tok uepes conmporusienue R
paBeH Icy +1cB.
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Torna R=U/(Ica+IcB), Toe U —nokasanue BoabrMeTpa. Ha
caMoM JleJie TIPY HAJUYUU KOPOTKOTO 3aMBIKAHUA MEXKIY Y3JIaMU
A u B HeT He00XOAMMOCTH MCIIOJb30BATh ABA aMIlepMeTpa — OHU
BeJlb BCE PABHO BKJIIOUEHBI IIapaJljIeJIbHO APYT APYTY.

H3mepenue conpomuenenuil

Hanpl Oarapeiika, OfUH MUJLIHAMIIEPMETDP, COeAUHUTEIbHEIE
IIPOBOJA U TPU PE3UCTOPA: OJWH C TOUHO M3BECTHBIM COIPOTUB-
aeauem 200 OM, a COOpPOTHMBIEHUA NBYX APYTUX HEW3BECTHHI.
HaiiguTe Hen3BeCTHBIE COIIPOTUBIEHUA IBYX PE3UCTOPOB.

Pewenue. TIOCKONBKY B YCJIOBUM He OTOBOPEHO, UTO HEIb3d
MOAKJIIOUATh M3MEPUTEIbHBIN IMIPHUOOP HEemocpeACTBEeHHO K Oarta-
peifike, mompoOyeM 5TOo cheiaThb. llomyuaeTca OKUIaeMbIA pe-
3yJIBTAT — IIPUOOP «3AIIKAJINBAET», TO €CTh €r0 HYKHO HMOILKJI0-
YyaTh MOCJEI0BAaTEeIbHO ¢ pesuctopamu. Crocob60B MOAKIIOUEHUA
pesucTopoB MHOI'O, B YACTHOCTH, MOXKHO IIOAKJIIOUNTH K Oara-
peiike cHAuajaa TOJBKO M3BECTHBINA PE3HCTOP U HOCJIEI0BATEIHLHO
C HUM M3MEPUTEeJbHBIN mpubop. 3aTeM K OaTapeiike aHaJIOTHY-
HBIM CIHOCOOG0OM MHOAKJIIOYAIOTCSA OCTABIIHNECS PEe3UCTOPHI (¢ Hems-
BECTHBIMM COIIPOTHBJIEHUAMM). BBISICHSIETCS, UTO AJISA OSHOTO U3
HUX TOK, IOKa3bIBaeMbIi IIpuOOPOM, OUeHb MaJl, a IJd APYroro
HACTOJILKO BEJIHK, UTO IPUOOP «3allKaJINBaeT».

MMeHHO 5TOT pPe3ncTOp IMO3BOJIUT IIPOBEPUTH, HACKOJBKO «XO-
poma» Garapeiika. asa TakoW IPOBEPKU M3MEPUTEJNLHBIA ITPU-
00p uepes3 Pe3UCTOpP ¢ U3BECTHBIM COIIPOTHUBJIEHUEM IOIKII0UAET-
ca K baTapelike, a 3aTeM HEIIOCPEACTBEHHO K BbIBOAAM OaTapeiku
IIOAKJIIOUAETCA PE3NCTOP C HEM3BECTHBIM MAJIBIM COIIPOTHUBJIE-
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HueMm. PesyabraT o0HaIé:KMBaeT — IOKasaHme Ipubopa mIpak-
TUYEeCKU He WM3MEHAETCA, TO €CTh BHYTPEHHEe COIPOTHUBJIEHE
f0aTapelikyM 3HAUYUTEJIbHO MEHbLIIE COIIPOTUBJICHUS JIOO0OTO U3
pesucTopos.

ITogknaouaemM Temeph ATOT PE3UCTOP IApPaJIESbHO HPUOOPY
¥ TIOCJIEIOBATEJIBbHO C PE3WCTOPOM C M3BECTHBIM COIPOTUBJIEHU-
eM — IMoKa3aHus npubopa yMeHbIIaOTCsa mouTu BaBoe (B 1,9 pa-
3a). ITO 03HAYAET, YTO COIIPOTUBJICHUE 3TOTO PE3UCTOPA IIPUMeED-
HO PaBHO BHYTPEHHEMY COIPOTHBJIeHMIO npubopa. Ilogkmouaem
Temepb 9TOT PE3UCTOP IIOCIeT0BATEJIbHO B I[eIlb ¢ IPUOOPOM U pe-
3WICTOPOM C M3BECTHBIM COIIPOTHUBJeHHeM. Ilokazanusa mpubdopa
ymenbInaorcs Ha 8%. CiegoBaTebHO, COIPOTUBIEHE PE3UCTO-
pa u BHyTpeHHee CONPOTUBIEeHNE Mpubopa PaBHLI IPUMEPHO IO
20 Om.

Mg namepeHus: 60JIBIIOTO HEM3BECTHOTO COIIPOTUBJIEHUS TPe-
TBHEr0 PEe3UCTOpPa MOYKHO IIOAKJIIOUNTH €T0 IIapajuieJbHO pe3u-
CTOPY C US3BECTHBLIM COIPOTHUBJeHHeM. IIpum sToM MOKa3aHUS
nmpubopa BbIpacraoT npuMmepHo Ha 10%. 9TO o3HaAvaeT, UTO
Hen3BecTHOoe conpoTuBjaenre paBHo mpumMepuo 2000 Owm.

3e6e3da (mpeyzonvHUK)

B «uépuom samuke» ¢ Tpems BeIBomamMm Ne 1, Ne 2, Ne 3
HaXOIsTCS TPU Pe3ucTopa.

3adanue. OupeneanTe COONPOTUBICHUA PE3UCTOPOB, ECIU CXe-
Ma UX COeIUHEHUI — «3Be3ma» («TPeyroJbHuK»), cM. puc. 22.

3B8e3da mpey2o/ibHUK

Puc. 22

Ob6opydosarue: «4EPHBIA SAIMUK» C TPEMs BHIBOAAMM, BOJBT-
MeTp, MIJLINAMIIEpMETpP, 0aTapeiika ¢ HeM3BEeCTHBIMM IIapaMeT-
paMu, HeM3BECTHBIN PE3UCTOoP.

IIpubopsl MOKA3KLIBAIOT NMPABUJILHBIE 3HAUCHUS M3MePSIeMbIX
BeJIMYMH, HO OHM He WIeaJbHbI, TO €CTh BHYTPEHHEe COIIPO-
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THUBJIEHXE MHWUJLJIMaMIIepMeTpa H€ PAaBHO HYJIIO, a BHYTPEHHee
COIIPOTHUBJIEHME BOJIBTMETPA HE 0eCKOHEUYHO BEJIUNKO.

Emrxocmo

OnpenennTe HEM3BECTHYIO éMKOCTh KOHAEHCATOPA.

Ob6opydosarue: KoHIeHcaTOp HeusBecTHOU éMKocTu Cq, KOH-
mercatop Cg, EMKOCTh KOTOPOTO M3BECTHA, OaTapeiika, IINHHAA
HUXPOMOBAasA IIPOBOJIOKA, HAMOTAHHASA Ha JePEeBIHHYIO JUHEHKY
YeTLIPbMA IINHHBIMUA BUTKAMH, PE3UCTOP C HEM3BECTHBIM, HO
IOCTATOYHO OOJBIINM COIPOTHBJIEHNEM, MUKPOaMIIEPMETP, CO-
eIVHUTEJbHEIE ITPOBOIA.

Buumanue! He nmogkarouaiiTe n3MepUTEIbLHBIN IPUOODP HEMO-
CpeJICTBeHHO K OaTapeiike — OH MOXKEeT BBIMTH U3 CTPOs!

Ilepsoe peuwienHue. MukpoamMIepMeTp MOKHO MCIIOJIb30BATh KaK
mpubop ¢ OOJBITON UYBCTBUTEJIBHOCTBIO K TOKY. ECau BKIIOUYUTD
B Iiellb IIOCJIeIOBATEJIbHO APYT 3a APYroM MUKpPOaMIepMeTp, pe-
3UCTOP ¢ OOJBIINM COIIPOTHUBJIEHUEM U 6aTapeiKy, TO Ipubop Io-
KasKeT TOK C «3alllKaJuBaHueM» (IIPpU 9TOM IPubOp He MOPTUTC).

Cobupaerca MoOCTOBasA cxeMa. B Ijeum MocTa BKJIIOYAIOTCA
C ONHOUM CTOPOHBI KOHIeHcaTopbl. MecTo MX COeIWHEHUS — 3TO
OOVH 13 BBIBOAOB AuaroHaau mocta. C OApyroi CTOPOHBI ILjIe-
yaM# MOCTA ABJIAETCA HUXPOMOBasA IPOBOJIOKa. OT HEKOTOpoit
TOYKHN MEXKIY KOHIIAMM HUXPOMOBOM ITPOBOJIOKU EJIaeTCs OTBOJ,
COeIMHUTEIbLHBIM IIPOBOIOM — 3TO BTOPOIi BBIBOJ AUATOHAIN MO-
cra. B gmaroHasb MocTa BKJIOUYAaeTCA HPHUOOP HOCTIETOBATEIHLHO
C PesUCTOPOM, OTPAHMUYUBAIONIUM TOK. MOCT Ha KOPOTKOE Bpe-
MA IOAKJIOUaeTcsa K Oarapeiike. IIpu sTom mpuOop ImMOKa3LIBAET
HeKoe 3HaueHMe TOKa, eCJM MOCT He cOamamcupoBaH. BrIoo-
POM TOUKM IMOAKJIOUEHUS JOOMBAIOTCA OaaHCUPOBKU MocTa. ITo
OTHONIEHUWIO IJUH YYacCTKOB HUXPOMOBOII IIPOBOJIOKM B IIJIeUax
MOCTA OIIPENEISAIOT OTHOIIEHNE EMKOCTel KOHAEeHCATOPOB.

Bmopoe pewernue. KoHIeHcaTOp IMOAKJIIOUYAETCSA CBOMMU BbI-
BomaMu K Oarapeiike. IIpu sToM IIacTUHBLI KOHAEHcaTopa 3a-
pssKaoTCda: ofHA IIJIacTHMHA HpuodOperaeT 3apsan +@, a apyrasa
miractTuHa —@. Eciu Temeph Takoil 3aps:KeHHBIN KOHIEHCATOP
OTKJIOUUTH OT OaTapeidKW 1 HOOKJIIOUYUTL K BLIBOZAM CTPEJIOY-
Horo mpubopa, TO cTpejka OymeT «OTOpoIIeHa» OT IIOJOKEeHUS
paBHOBecus (mpuOOP B IOJOKEHUMN PABHOBECUS CTPEJKH IIO-
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KasbIlBaeT HYJIb) Ha HEKOTOphIH yros. Eciam crpenka mpubopa
«0oTOpackIBaeTCA IO YIIOpa», TO KOHAEHCATOP HYKHO 3apsKaTh 10
Hanpsikenus Mmenbinero JIC 6arapeiiku. IIpu sToMm HUXpoMOBas
IIPOBOJIOKA MOXKET OBITHL HCIIOJIb30BAHA B KAUeCTBE «IeJIUTEJIA»
Haps:KeHusa. B aToM ciiyyae Hamps:KeHMe Ha BBIBOAAX KOHIEH-
caTopa (PasHOCTh IIOTEHIIMAJOB €ro IJIACTHUH) MOKHO CHeJaThb
menblne, yem IC Oarapeu, m JOOGUTHLCA TOTO, UTOOBI OTKJIOHS-
olllasics CTPeJKa He yoapsJjach II0 OTPAHUYUTEIO.

Takxoii cmocob m3MepeHNsA Ha3bIBaeTCsS OATINCTUYECKUM, TaK
KakK BpeMs IIPOTEeKaHUA TOKAa uepesd KATYIIKY CTPEeJIOYHOro IIPHU-
0opa BechbMa MaJio, W CTPeJKa 3a CUET HPUOOpPETEHHON KUHEeTU-
YeCKOUW 9HepPruu IIOBOPAUYMBAETCS HA 3HAUUTENLHBLIN yTroJl B Te-
YyeHNEe BpeMeHH’, KOTOpOe ropasmo 6oJbllle BpeMeHH! IIPOTeKaHUsd
3apsana.

Eciu cumrarh, 4TO TpeHMA B MeXaHWYECKOM cCHUCTeMe CTpe-
JIOUHOTO IIpubopa HeT, TO MOMEHT KOJINUeCTBa ABUKEHU, IPU00-
PEeTEHHBIN CTPEJKOM M KATYIIKON Impudopa mocje MOAKIIOUeHUA
3apsKeHHOTO KOHAeHCATOPA, IPOIOPINOHANIeH 3apAaay, IPoIIes-
IIeMy 3a MaJjioe BpeMs uepes KaTryiiky mnpubopa. IIpu stom
KUHeTUYEeCKasa SHeprus BpallleHusd, HpUOoOpeTEéHHasdA CTPEIKOI
U KaTyIIKOI, IPOIOPIMOHATIbHA KBAAPATy 3apaza Q2.

MaxcuMaJabHBIF YroJ OTKJIOHEHUS CTPEJIKKH COOTBETCTBYET
TOMY, YTO BCA KMHETHUYECKas SHePrus MeXaHUYecKOH Bpalaio-
melica yacTu (pPaMKHU M CTPEJKH) Ipudopa mepelia B SHEPTUIO
yIIpyroi megopMaliiy BO3BpaIlalolle Npy:KuHbI K 402 /2, TO ecTb
YTOJI OTKJIOHEHHS IIPOIOPIIMOHATIEH Q).

ITog6opom KosdduIMeHTa OeleHud HANOPAKeHUA I W3-
BECTHOTO U JJIsI HeM3BECTHOT'O KOHIEHCATOPOB CIedyeT TOOUTHCS
OOMHAKOBBIX MAaKCHUMAJbHBIX YIJIOB OTKJIOHEHUS CTPEJIKU OT «HYy-
JIEBOTO» IIOJIOXKEHUS B 000mMX cJuaydasaxX. IIpum 3TOM BO3MOKHAA
HeJIMHEeHHOCTDL Ipubopa He OyIeT CKashbIBaThCA HA pe3yJbTaTe.

YTo0BI IO BO3MOKHOCTH TOUHEE ONPeAesiTh MaKCHMAaJIbHOE
OTKJIOHEeHUEe CTPEJIKM, MOKHO 3aKPBLIBATH JIMCTKOM OyMaru 4acThb
IIKAJbl IPUOOpa M 3aMedaTh JUIIL CJErKa «BBICYHYBIIYIOCS»
U3 IOJ MPUKPLITHA cTpeiky. IlepeMeras aucT OymMaru, MOKHO
C TOYHOCTBIO OO IIMPUHBI CTPEJKN HAWTHU MOJIOMKeHNe MAaKCHU-
MAaJbHOTO OTKJIOHEHU.

«ApeanbabIMU» OBLIM OBI TaKMe YCJIOBUA: CTpeiaka Oeias,
a (oH IMIKaJILI IPUOopa U JUCTOK OyMaru — YépHEIe.
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Jlamnourxa-0uod

JlaMmmouky HakaqmBaHUA AJIA KapMaHHOTO (poHAPUKA OKYHU-
Te B COJISHOM PacTBOP TaK, UYTOOBI €€ IIOKOJb He Kacajcsa pPacTBO-
pa. IlomecTuTe B pacTBOp MeTAIMUECKUN JEKTPOI U IIOJIYUYUTE
BOJIbTAMIIEPHBIE XapPAKTEePUCTUKU TaKOW CXeMbl B 3aBUCUMOCTH
OT CTelleH! HaKaJja JJaMIOUYKH.

Ob6opydosarue: pacTBOp B cOCyle, JaMIIOUYKAa, I[OKOJbL MIJIA
KPeIJIeHUs JIAMIIOYKHY, MeJHBIE 9JIeKTPOAbI, 1Be OaTapeiku, mud-
POBO# TecTep, COEAUHUTESbHBIE ITPOBOIA.

Jlamnouxa (11—2—2000)

CHUMHTE BOJBTAMIEPHYIO XapaKTEePUCTUKY JAMIIOUKKA B A1a-
masoHe Hamps:KeHui o 5 B, mocTpoiiTe 3aBUCUMOCTh TeMIIepa-
TYyphl HUTH HaKajJa OT IPUJIOKEHHOIO HAIPS/KEeHWUS WM HaAUIUTe
IOJII0 TOTPebJiAeMOoil JIaMIOM MOIIHOCTU, OTAABaeMyI0 B OKPY-
JKaIoNIyIo0 cpely MOCPeICTBOM TeILIolepenaun (He uaaydeHnuem!),
pu Hanps:xeHuu 3 B.

Ob6opydosarue: JaMIIOUKa, PeryJaupyeMblii OGJIOK IHUTaHUd,
IIPOBOJA, YHUBEPCAJbHBLIN ITH(MPOBOI M3MEPUTENLHBIH HpPubop
(ero mOTPemrHOCTh MPYW M3MEPEHUAX Ha «IIOCTOSHHOM TOKe» He
mpeBbimaer 1% OT MaKCHMAaJbLHOTO 3HaUeHUsS Ha BLIOPaHHOI
IIKaje), YHUBEPCAJIbHBIN «IIKOJbHBIN» M3MEePUTEIbHBIN TPpubop
(ero morpenrHocTs — HY, OH HIKOJBHBINA, NU3MEPAET OH XOPOIII0, HO
He OUeHb TOUHO), MUJIJILMEeTpPOoBas OGymara.

TemoepaTypHBIHT K03h@UIIMEHT CONPOTHUBIEHUA BOJbMpama
MOKHO CUMTATDH IIOCTOAHHBIM M paBHbBIM a=0,0037 KL, orma-
BaeMas MOIITHOCTD IIPH TeIlJIoIepeadye IPOIOPINOHATIFHA PA3HO-
CTU TeMIepaTyp.

ITo:xanyiicTa, He IpeBbINIaliTe HaIpA:KeHuA 5 B, He poHsaiiTe
Ha TIOJI M He JKTUTe M3MepUTeJbHbIe NPUOOPHI, HE 3aMBIKANTE
«HaKOPOTKO» PEeryJupyeMblil 6JIOK IUTAHUA, HY moKaayiicral

Peuwenue. B ycaoBum 3aaum TaHO YETKOE YKa3aHWE — CHATH
BAX gammouru. Ilo sToii XapaKTepUCTHKE MOKHO IIOCTPOUTH
3aBUCUMOCTb COIIPOTUBJIEHUS HUTU HaKaja JAMIOUYKU OT dJeK-
TPUYECKON MOIIHOCTH, BbIZeJIONlelicad B JaMIIouKe. B yciaoBuu
3aJjauM JaHa MOACKa3Ka: COIPOTUBIEHNE HUTHU NPAMO IIPOIOPIU-
OHAJILHO e€ a0COJIIOTHOU TeMIeparype.
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IIpu Gosbiioii TeMIlepaType HUTH MOMKHO CUHUTATH, YTO IIO-
IaBJIAOIIASA YacThb IIOTEPH TeIlIa CBA3aHA C UB3JIyUYeHUEeM, MOII-
HOCTh KOTOPOTO IIPOIOPI[MOHAJFHA YeTBEPTOM CTeIeHU abCOIOT-
HOM TeMIIepaTyphl AT*=IU. Eciu conpoTHBJIEHNEe HUTH HAaKaIa
JIAMIIOYKHK IIPU BBLICOKOU Temieparype B 10 pas GoJibIilie COIPO-
TUBJEHUA Ipu KoMHaATHOI TeMmieparype (To~290 K), To mo:xHO
BBIYUCIUTE U TeMmiepatrypy (okoso 2900 K), u kKosdpdpunuenTt opu
€€ YeTBEPTOU cTemeHW B GopMmyJie I BLIYMCIEHWS MOIIHOCTU
IIOTePh, CBA3AHHBIX C U3JIYUYEHUEM.

IIpu HeGoMbIMINX HANPAKEHUSAX HA JIAMIOYKE OJHOBPEMEHHO
paboTaioT [Ba MeXaHM3Ma MOTEPH TeIa: M3JIYUYEHUEM U TeIJIO-
IIPOBOAHOCTBHIO:

IU=A(T* - T4)+ B(T — To)~(3T§ A+ B)(T — Ty).

ITocTpomB KacaTeabHYI0 K rpadmuky 3aBucuMocTu moirmuoctu IU
ot conpoTuierus U/I upu MajbIx 3HAUEHUSIX MOIIHOCTHU, MOK-
HO Hajitu orHomeHue AT /B.

Hsa oTBeTa Ha BOIIPOC O AOJie IOTEPDH IIOCPEACTBOM MEXaHM3-
Ma TeIJIOIIPOBOAHOCTU NIPU HANPsAKeHUU Ha Jjamne 3 B HyxHO
BBIUUCJIUTH OTHOIIIEHUE

B(T@3)—To)
A(TE‘3 B) Tg) )

Heusgecmnutil anemenm (10—2—2001)

BHyTpu «uépHOro AluKa» HaxXomAuTcA OaTapeiika, IIOCJIemO-
BaTeJbHO C Hell BKJIIOUEH HeM3BeCTHBIN saeMeHT 9. Ilomyumre
SKCIIEPUMEHTAJHHYIO 3aBUCUMOCTD HANPSKEHUSI dJIeMeHTa I OT
IIPOTEKAIOIIEr0 uepes Hero TOKa, noctpoiite rpaduk. Ilompobyii-
Te MPeJCKasaTh CUJIy TOKa, KOTOPHIN MOTEUET uepe3 OaTapeiry
Hamps:xeHueM 4,5 B, HOIKIIOUEHHYIO CHAPYKHU K BRIBOJAM <«UEp-
HOTO AIUKA>».

Ob6opydosarue: «4YEPHBIN AMUK», HECKOIbKO pPE3NCTOPOB
(4—5 mTyK), YHMBepCAJIbHBIA WN3MEPUTEJbHBLIN Ipubop — Te-
cTep, MpoBoOZA.

IIpumeuanue: mpubOP TOBOJIBHO TOUHBINA — MOTPEITHOCTH IIPU
M3MEepPeHnN HAIPSKeHUA U TOKa He mpeBbiinaet 1%, mpu usmepe-
HUU COIIPOTUBJIEeHUA — He Ooubliie 2%. ConporuBienue npubdopa
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IIPY W3MEPeHUHN HANPIKEeHUS OUeHb BeJuKOo (MUIIuOoHBI OM),
IIpY U3MEePeHN! TOKAa — JOBOJHLHO MAaJIo.

(9 —aT0 JIAaMITOUKA.)

Pewenue. [Insa Hauasia MOKHO M3MEPUTH C IIOMOIIBIO BbIJaH-
HOTO IpPHOOpa COIIPOTHBJIEHUS BCEX HAJIMUYHBLIX PE3UCTOPOB BHE
«4EPHOTO AMMKA». 3aTeM cjaenyer ycranoButb JI[C Oarapeiiku,
JKUBYIIEN BHYTPHU SAIIUKA, 1 MaKCUMAaJbHBIA TOK KOPOTKOTO 3a-
MbIKaHusA (IOKa OaTapeiika eIé cBekas).

3aMeTHO, UTO B MOMEHT HOJIKJIIOUEeHHUS aMIepMeTpa K «Uép-
HOMY AIIUKY» TOK HauMHAaeT OBLICTPO BO3pacTaTh, a 3aTeM YMEHb-
1raeTcs. ITO TOBOPUT O TOM, UTO COIIPOTHUBJICHUE JIeMEHTa, IMOM-
KJIOUEHHOTO IIOCJeOBATENILHO ¢ OaTapelKoil BHYTPU «UEPHOTO
AUKa», 3aBHCUT OT BEJIMUYMHBI TOKA. M3MepeHus Ha MaKCHU-
MAJbHOM TOKe JKeJlaTeJbHO IIPOBOAUTH B TeUeHUEe KOPOTKOTO
BpeMeHH’, YTOOLI He «II0CaAUTh» OaTaperKy.

ITocae aToro K BBIBOIAM «UEPHOIO AITMKA» IIOAKJIIOYAIOTCS II0
ouepeny MMEIOINecs Pe3UCTOPLI M ¢ IIOMOIIbI0 mpubopa mame-
psAioTcA MageHusa HANPAKeHUsa Ha HuX. MOMKHO cCOeInHATL pes3u-
CTOPBI MOCJIeAOBATEJbHO, IIapajljieIbHO APYT APYTY UJIN B HEKUX
0oJiee CJIOMKHBIX KOMOMHAIIUAX JJIS I10-
Jy4YeHus 00JbIIero KOJUYeCTBa BBIXOI-
HBIX HapaMeTpoB (HANPS:KEeHUS U TO-
Ka) «UYEPHOTO AIIUKA».

Ka:xmomMy BHeIIHeMY COIIPOTHBIIE-
HUIO, IOAKJIOUYEHHOMY K OaTapeiike
IOCJeqOBATEJbHO C HEM3BECTHBIM dJIe-
MEHTOM, COOTBETCTBYEeT CBOsS Harpy-
souyHas JuHuA. OHa HA PUCYHKE COOT-

Puc. 23 BEeTCTBYyeT IpAMOM juHuu. j1da KamxK-

JIOTO COIIPOTHUBJIEHUA WUIIETCA MAKCHU-

MasbHBIH TOK U/R, a 3aTeM Ha HArpy304YHON JUHUU CTABUTCSH

TOYKa A, COOTBETCTBYIOIAs TOKY, HOJYUYEHHOMY OJIA NAHHOTO

3HAUEHUSA COIPOTHUBJIEHUS pPe3ucTopa. TaKMx TOUeK IIOJYUUTCS
MHOTO0, 1 BAX sjiemMenTa moayuaercsa B ABHOM Bume (puc. 23).

Horagarbca, 4TO HEU3BECTHBIM 9JIeMeHT — 9TO JaMIIOUKa Ha-
KaJuBaHUSA HECJIOMKHO, JOCTAaTOUHO mpoBepuTh BAX Ha cooTBer-
crBue popmyie I~ U6,

ITocae aToro MoXXKHO U IIpeacKas3aTh, KAKOU TOK IIOTEUYET Uyepes
«YEPHBIN ANUK» P €ro MoAKIIYeHuHn K 6aTapeiike ¢ IIC 4,5 B.

U/R
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BosmorxHBIX 3HaueHUIT TOKA JABa: IepBoe 3HAUYeHUE COOTBET-
CTByeT IIOCJIeOBATEeJIbHOMY BKJIIOUEHHIO OaTapeil (BHYTpeHHEH
U BHeIIHeI) CO CJI0KeHUEeM UX BJIEKTPOABIIKYIINX CUJI, & BTOpOe
3HaUeHMe COOTBETCTBYET II0CJIeJ0BATEILHOMY «BCTPEUHOMY» Ba-
PUaHTy BRKJIOUEHU:A OaTapeil, KOTa UX 3JeKTPOABUKYIINE CUJIbI
BBIYUTAIOTCA.

Jamnouka (9—2—2002)

CHATHe BOJLTAMIIEPHON XapaKTePUCTUKU JIAMIIOUKHU.

ITpubopwvr u o6opydosaHue: GaTapeiika, YHUBepPCAJIbLHBIA 13-
MepUTeJbHBIH Tpuoop (Iu(ppPoBOil aMIIepMeTP, BOJIbTMETP U OM-
MeTp), 6 OAMHAKOBBLIX JIaMOOueK (OJHa JIaMIIOYKa OTHAeJIbHO,
coeTMHEHHEBIE ITapajeibHO IBe JIAMIIOUKH, COeINHEHHBIE TapaJi-
JIEJILHO TPH JIAMIIOUKH), IIPOBOJA.

3adaHue: CHUMHUTE 3KCHEPUMEHTAJIBHO 3aBUCHUMOCTH CHJIBI
TOKa uYepe3 JIAMIOUYKY OT IIPUJIOKEHHOTO K Hell HaIpsayKeHUd
U HaPUCYHUTe MOJyUYeHHYIO KpUBYI0. VcIOMb3ysAa pes3yJIbTaThl dKC-
IIepUMeHTa, OIIPelesINTe, BO CKOJBKO Pa3 OTJIMYAIOTCS BEJIUUYNHBI
CONIPOTUBJIEHUN HUTH Hakajia npu HanpsxeHuax 0,8 B u 3 B
(Ipu CUJIBHOM HATPEBAHUU COIPOTHUBJIEHINE IIPOBOTHUKA MOMKET
CUJIBHO M3MEHUTBLCH!).

Buumanue! MsmepuTenbHbINI TpubOp MOXKET 00ECIIeUUTh XO-
poiryio TouHocTh (He xy:ke 0,5% oT MakCUMAaJIbLHOTO 3HAUEHUS
n3MepseMOl BeJIWUYMHBI Ha BBIOPDAHHOM IIpefesie M3MepeHui),
CONIPOTUBJIEHVE BOJBTMETPA OUEHb BEJIUKO, COIIPOTUBIIEHNE MUJI-
JuaMIepMerpa, K COKaJleHUI0, He OUeHb MAaJo.

W emé: He momkmouairiTe mpuOOpP B peKMME H3MEPEeHUsS TO-
KOB OPAMO K BBIBOJAM OaTapelKM — TOJBKO IIOCJIeIOBATEJIBHO
¢ JaMImouKou (mammoukamu)! A TO OH CrOpPUT, Ja WM BaM TOKe
JIOCTaHeTCA. . .

Pewenue. IlockoIbKy B yCJI0OBUU CKa3aHO, UYTO BCE JAMIIOYKU
ONUHAKOBLIE, OYIeM CUNTATD, UTO CBSI3b MEXKIY YCTAHOBUBIIMMCS
yepes3 JIAMIIOUYKY TOKOM WM HaIps:KeHMeM Ha e€é BBIBOJAX ONHA
U Ta JKe I Bcex jamioueKk. O003HAUMM OHY JaMIIOUKY CHUMBO-
JoM A, IBe COeIMHEHHBIE NMapajlJIeJIbHO JAMIIOYKH — CHMBOJIOM
B u Tpu mapajiieabHO COeIMHEHHBIE JaMIouKu — cuMBojsom C.
ITonyunTs HecKOJAbKO ToueK Ha BAX MOXKHO, COEIUHAA JaMIOU-
KM Pas3HBIMU cIloco0aMM U MOAKJII0UAA MX K OaTapeiike.
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1A Hauaja MOKHO H3MEPUTh TOK Uepe3 OAHY JIAMIOYKY,
COeIVHUB MOCJIeq0BaTEIbHO aMIIepMeTp, A u GaTapeiky.

Yro6bl CpaBHUTL BHYTPEHHEe COIPOTHUBJIEHUE aMIIepMeTpa
W CONPOTUBJICHUA JIAMIIOUEK B XOJIOJHOM COCTOSHUM’, MapaJi-
JIGJILHO amMmepMeTpy MOo:KHO moaxgounth B, C u B-+C. Ilpu
9TOM TOK, KOTOPBII ITOKA3bIBAET aMIIEPMETD, YMEHbBIIaeTCA, U II0
9TOMY YMEHBLIIEHWIO MOKHO CYAUTH O COOTHOIIEHUHN COIPOTUB-
JIeHUH.

CpaBHUTH BHYTPEeHHEE COIIPOTUBIIeHNE IPOopa B perKuMe 13-
MepeHUus HAIPSKeHUd (BOJIBTMETPA) M COIPOTHUBJIEHUE JaMIIOU-
KU MOJKHO, COeIMHUB IIOCJIeNOBATeJIbHO OaTapeiKy, BOJLTMETD,
A, B u C. Teriepb HY:KHO 3aKOPOTHUTH JaMIIOUKN 1 OTMETUTDH W3-
MeHeHNe IIOKa3aHWil BOJbTMeTpa. Ecaum m3MeHeHHUs IIOKasaHU
He 3aMeTHO, TO 9TO 03HAUaeT, UTO BHYTPEeHHee CONPOTUBJICHUE
BOJIBTMETPA BO MHOTO pa3 OOoJIbIle CONPOTHUBJICHUSA JAMIIOUEK
B XOJIOZHOM COCTOSHUU.

1A cpaBHEeHUS BHYTPEHHETO COIPOTHUBJICHUSA BOJLTMETPA
U COIIPOTUBJECHUSA TOPSUYEd HUTH HAKAJIMBAHUSA MOXKHO coOpaThb
IIOoCJeIOBATENILHO BKJIIOUEHHLIE B Iemb Oarapeiiky, A m A
(unu B). HyxHO, 4TOOBI JIaAMIIOUKU, BKJIOUEHHBIE TTapajiebHO
IPYT OPYTY, CBeTUJINCH JOCTATOUHO APKO. (MOKHO UX IIOMECTUTH
B KaKOH-HMOYIb TEMHBIA «yTOJIOK», YTOOLI BHEITHASA IIOCBETKA
He Melllajla YBUAETh M3MeHeHNe SPKOCTH HX CBEUEHUd.) 3aTeM
mapajieJbHO JIaMIIOUKe A MOAKJIIOUAEeTCA BOJBTMETD U OTMeua-
eTcsi HaJWu4Yue WUJIM OTCYTCTBHE W3MEHEHUs APKOCTU CBEUEHUS
JIAMIIOUEK, COeIMHEHHBIX MTapajjiebHO.

CaMbIli MaJIeHBKUH TOK uepe3 JaMIIOUKY MOMKHO IIOJYUYHUTH,
ecli COeOUHUTH IIOCJeNOBATENbHO OaTapeiKy, ammepmerp, A
U TapajlieibHO coefunHEHHBIe Jjgammouku B um C. Ilpu stom
MUHUMAJbHBIE TOKH Uepe3 5 mapaieJbHO COeIUHEHHBIX JaM-
IMOYeK OAMHAKOBEI. IIpu 9TOM ’Ke cOeTUMHEeHUU MOXKHO IIOJYUYHUTDH
u emé ogHy TouKy Ha BAX, KoTOpas COOTBETCTBYET TOKY Uepes
JIaMIIOYKYy, B D5 pas 6oJibllieMy, YeM MWUHUMAJbHBINA TOK. I[na
9TOTO HY:KHO M3MEPUTh Hamps:Kenume Ha A. UToObI yOemmTbecs
B TOM, UTO Ha mpubope, M3MepAOIIEeM TOK, IMagaeT HeOOJIbIIoe
HaIpsKeHNe, MOKHO 3aKOPOTUTD €TI0 ONHUM U3 COeIUHUTEIbHBIX
mpoBogoB. Eciiu mpu 9ToM He 3aMeTHO U3MEeHeHUI SPKOCTU rope-
HUS JIAMIOYEK, TO IPUOOP MMEEeT JOCTATOUYHO Majoe BHYTPeHHee
conpotuBjeHre. Ecin APKOCTHL CBEUEHUS JAMIIOUEK 3aMETHO
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n3MeHsAeTCA, HYKHO MPUAYyMaTh CI0oco06 yuyecTh Hajluuue BHYT-
peHHero cCompoTHUBIeHUS mpudopa.

I pyrue crmoco0bl coefMHEeHNA JaMIIOUeK 1 aMIepMeTpa K Oa-
Tapeiike JalOT BO3SMOXKHOCTh IMOJYUUTh eIé HeCKOJbKO TOUeK Ha
BAX:

1) mocyemoBaTeILHO cOeIMHEHHBIE aMmepmeTp, A, B u C;

2) mociegoBaTeIbHO COEIUHEHHBIE aMmnepMmeTp, A u B;

3) mocyiemoBaTeILHO COeTMHEHHBIC aMIIepPMeTD, B 1 BKJIIOUEH-
Hble HmapaJjiieJbHo ApyT apyry A u C;

4) A u nmapajieabHO coenuHEHHLIe amiepmerp u B u C.

Ecnu Garapeiikxa mMeeT 3aMeTHOe BHYTpPEHHEe COIPOTUBIIE-
HUe, TO HAIIpsS:KeHue Ha Hell MeHAeTCA B 3aBHUCUMOCTH OT IIOX-
KJIIOUEHHOM HAarpy3Ku. ITO 06CTOSATEIHCTBO MOKHO HCIIOJIbL30BATh
IJIA TOJYYeHUA AOTOJHUTEJbHBIX TOUEK Ha BAX!,

Ommemp (10—1—2002)

WN3mepeHne cOIpPOTUBIEHUSI IBYX PE3UCTOPOB.

ITpubopwvr u 060pydosaHue: Be OMHOTUIIHBIE OaTapeKu, co-
eIMHEHHBIEC IIOCJIENOBATEJIbHO, ABA PE3HCTOPA C HEM3BECTHBIMU
CONIPOTUBJICHUAMHU, €IMEé OUH PE3UCTOP C TOUYHO M3BECTHBLIM CO-
npotusieaueM 60 xOm (uam 70 Om), YHUBEpPCAJIbHBIN BOJIBT-
MeTp-aMIiepMeTp (IIKOJbHBIN), IIPOBOIA.

3adaHue: n3MepbTE COIPOTUBJIECHNE PE3HUCTOPOB U OIEHUTE
IIOTPEITHOCTh IIOJYUeHHBIX pesyJjbTaToB. HaiiguTe OTHOIIEHTE
PasHOCTH COIIPOTUBJIEHNH 3THUX PE3NCTOPOB K BeJINUYNHE MEHbIIe-
o U3 HUX ¥ OI[€HNTE IIOTPEIIHOCTh HOJYYEHHOI'0 SHAUEHMSI.

HeusBecTHble pPes3suUCTOPLI MAJO OTIMYAJUCH (IIPUMEPHO Ha
5%). Nx conpotuBiaeuuda — 2 KOm u 2,1 kOm. Touno usBecTHOE
COIIPOTUBJIEHNE TpeThero pesaucropa B 30 pas MeuHbine (MOKHO
B 30 pas Ooxbliie). Mgesa — MOCTUK M3 JBYX OaTapeeKk U IBYX
pesucTopoB. IlogkIiouas M3BECTHLIN PE3UCTOP, CMEIIaeM OTKJIO-
HEeHNe B MOCTHKE.

Peuienue. C moMombi0 BOJBTMETpa yOe:kmaeMcs, UTO Oara-
peliku mMmeroT ommHakoBble JIC M IpU MOAKIIOUEHUU K HUM

1JIyume He onmchIBaTH BCe BOBMOMKHBIE CIHOCOGHI IIOAKIIOUEHIH 1 H3Mepe-
HU, YTOOBI y MIKOJIBHUKOB M Y OPTaHUB3AaTOPOB OJIMMIINAIBI OCTABAJICA MHTEPEC
K IIDOBeIeHUIO JOIOJHUTENbHBIX HccaenoBanuii. Biaro obopyroBanre BechMa
JIOCTYIIHOE U Teopusd He ABJIAETCSA CJIOKHOMU.
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BBIJAHHBIX PE3UCTOPOB HAIPSKEHNEe Ha BLIBOJAX OaTapeeKk He
MEeHSeTC.

Pas OGarapeiiku HagE€XHO cIasgHbI CBOMMU BBLIBOJAMI, Pas3h-
eIUHATh, UX He HYXKHO. IIpy MOAKIIOUEHUM MTOCTIeI0BATEIBHO
OaTapeiiku, aMIepMeTpa 1 HEM3BECTHOTO PEe3UCTOpPa MOKHO IIO-
JYYUTH 3HAUEHUSA TOKOB IJIs KaXKIOTO M3 PEe3UCTOPOB. ITU 3HA-
YeHUs OUeHb OJU3KU APYT K IPYTY, TO €CTh MIPUOOP He IT03BOJISIET
HaWTH X PA3HUILY C XOPOIIEeH TOYHOCTHIO.

JJa TOBBINIEHNMA TOYHOCTH 3aMKHEM JBe OaTaperKw U ABa
HEM3BECTHLIX Pe3HCToOpa B KOJbIO. IIpubop B peRmMe MII-
JIMBOJIETMETPA WJW B pPeXRUMe MUIInamMiiepMerpa (Ha camMoi
OOJIBLIIION YYBCTBUTEJIHLHOCTH) IMOAKJIIOUNM K MECTY COeIMHEHUI
daTapeeKk M K MECTy COeIUHEHHS IBYX pes3ucTopoB. IIpubGop
IIOKa3bIBAET 3aMeTHOEe OTKJIOHeHue. Tereps mapasieabHO OTHOMY
13 HEeM3BECTHBIX PE3UCTOPOB MOAKIIOUAEM PE3UCTOP C U3BECTHLIM
COIIPOTHUBJIEHNEM. B omHOM ciyuae IoKasaHue IIpubopa CTAaHO-
BUTCA eIé 6oJibllie, a B APYroM cJydyae IIOKasamme Ipudopa
yMeHbIIaeTca. I1omb3ysach MOJIYUeHHBIMU JaHHBIMUM, MOMKHO IIO-
JYYUTH OTBET Ha IOCTaBJIEHHBIN B 3aJaue BOIIPOC.

Pesucmopwr (10—2—2003)

Ob6opydosarue: nBe GaTapeiiky, YHNBEPCAJIbLHBIN N3MEPUTEIb-
HbII 1pubop «ABOMeTp IIKOJIbHEBIN», IIJIaHKA C ABYMSA PE3UCTO-
pamMu 1 1 2, cOmpPOTHUBIEHUST KOTOPBIX HEM3BECTHBI, U PE3UCTO-
poM, compoTuBJeHre Koroporo ussectHo (10 Om), mpoBoaa.

3adaHue: n3MepbTe PA3HOCTb COIPOTUBIEHUN 1 1 2 1 OIeHU-
Te TOYHOCTD IIOJIYUYEHHOTO pes3yJjbrara.

Ilpumeuarnue: N3MEePUTEIBLHBIA TPUOOP HE CIAUIIKOM TOUHBIHA
¥ BOBCe He UAeabHbIH!

Pewenue. TlonpITKa M3MEPUTHh COIPOTHUBIIEHUS C IIOMOIIBIO
ABOwmeTrpa IpuUBOAUT K Heyaaue — JINOO0 XUTPhbIe OPTraHU3aTOPI
OMMMNOUAALI BLIHYJIM M3 Ipubopa Oarapeiiky, Jubo0 GaTapeinky
B Ipubope He MEHAJIM C MOMEHTAa €ero HpuobpeTeHus M OHAa
«ceaa». IIpugércsa oboiiTuch 6e3 ommerpa. IIpu nsmMepeHUn TOKa
yepes IMOoCJIeJ0BaTeIbHO BKIIOUEHHBIE B IIeb OaTapeiKy, Ipudop
B PeKHMe M3MepeHUs TOKa U JIi000i u3 pe3ucTOpoB Ipubdop «3a-
mKasuBaer». CiaemoBaTesbHO, HYMKHO IIOJb30BATHCSI MOCTOBBIM
METOJ0OM MOAKJIOUeHUs IIpubdopa.
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OpmHOM M3 COCTABJIAIONINX MOCTa OYyAYT MBE MOCJIEIOBATEIBHO
BKJIIOUEHHBIe OaTapeiku. Bropoii cocraBidaiomeii mocta OyIyT
IBa IIOCJIeJOBATeJIbHO BKJIIOUEHHBIX pesucTopa. BoT Temeps mpu-
00p OKAa3bIBAET TOK, HE «3alllKaJuBasi». [loMeHsaeM IOJIOKeHNe
Pe3nCcTOPOB — TOK M3MEHUJ 3HAK, HO OCTAJICS IPEKHUM IO Be-
JIMYUHE — 3TO TOBOPUT O TOM, UTO OaTapeiiky MMEIOT OZUHAKO-
BbIe XapaKTepuCTuKU. Eciu BKJIIOUUTDL B Ielb IIOCJeI0BATEeIbHO
C HEM3BECTHBLIMU PE3UCTOPAMH EII€ U PE3UCTOP C M3BECTHBIM CO-
npotusaenueM 10 Om, To pasbasaHC MOCTa HEMHOTO M3MEHSET-
csA. BapuaHTOB IMOAKIIOUEHUA M3MEPUTEIbHOTO IMpubopa U TPex
pe3ucTopoB B MOCT MHOro. IlonyumB pasHble JaHHBLIE W IIPO-
aHATU3UPOBAB MX, MOYKHO BBIUMCJIHUTL PAa3HOCTh HEM3BECTHBIX
COIIPOTHUBJICHUI.

Hsamepenue conpomusnernuii (9—2—2004)

Hy:xH0 m3MepuTh CONPOTHUBICHHNE TPEX PE3UCTOPOB U OIle-
HUTb TOYHOCTDH U3MEPeHUH.

Ob6opydosarue: NCTOUYHUK DJIEKTPOIUTAHUSA, YHUBEPCAIbHBIHA
M3MEepPUTEJIbHBIN mpubop (TaM HeT 6aTapedKu, II09TOMY COIIPO-
TUBJICHNE OH He M3MepsAeT), TPU Pe3ucTopa Ha KapTOHHON ILIa-
CTUHEKe, IIPOBO/A.

IIpumeuanue: pe3suCTOPhI OBLIN ITOLOOPAHBI TAK, UTO OOWH U3
HUX M3MePSJCSa HeIlOCPEeICTBEHHO C MOMOIILI0 M3MEPUTEIbHOTO
nmpubopa M MCTOUHWKA IMUTAHWS, IOCJE Yero JBa APYTHUX MOMKHO
OBIJI0O UBMEPUTH, II0Jb3YSCh IIEPBBIM KaK IITYHTOM.

«IlIyatTupoBanue» mpubopa Pe3rCTOPOM, TO €CTh IIOAKJII0Ue-
HUe pes3ucTopa IapalieibHO Ipubopy, IMPUBOAUT K «OTrpydie-
HUIO» MPUOOpa — YMEHBIIeHWI0 ero YyBCTBUTEIbHOCTH. Hampu-
Mep, AJs YMEeHbIIeH!A YYBCTBUTEJIbHOCTH aMIIepMeTpa B JecCAThb
pas HYXHO IIapajebHO Mpubopy HMOAKJIIOUYUTL PE3UCTOP C CO-
MIPOTHUBJICHNEM, KOTOPOE B [eBATHh Pa3 MeHbllle, YeM BHYTPeHHee
CONIPOTUBJICHUE aMIIepMeTpa.

H3amepernue conpomusnernuii (10—2—2004)

Ha raproHHO# NIacTMHKe TPUKJIEEHBI TPU pes3ucropa. Pe-
3UCTOpP 3eJEéHoro IBeTa umMeer compotuBiaeHue 200 Om (oH cme-
IUaJbHO IIOJ00paH, MOMKHO CUHTATh 9TO 3HAUYEHUE TOUYHBIM).
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W3mepbTe COMPOTHUBJIEHNE OABYX APYTHUX PE3UCTOPOB, OIEHUTE
TOYHOCTH M3MEPEHNN.

Ob6opydosarue: baTapeiika, IOTeHIITOMETD (IIPOBOJIOYHBIH pe-
3UWICTOD C TPeMsA BBEIBOJAMU, €70 COIPOTUBIICHUE NPUOAUIUNMETbHO
500 Om), MuaIaMIIEPMETDP, IPOBOA.

OovH "3 HEM3BECTHHIX PE3NCTOPOB MMeEJ COIIPOTHUBJEHNE,
oauskoe k¥ 200 Om (B mpememax +10%), mapyroil HemsBeCTHBIH
pesucTop MMeJ B HECKOJIBKO pas 0oJbliee (MJIX B HECKOJIBKO pas
MeHbIllee) coIpoTuBieHne. Hampumep, BO3MOMKHBI BAPUAHTHI:
220 Om u 510 Om, 220 Om 1 3 kOm, muu 180 Om u 51 Om.

Peuienue. IlocinemoBaTeqbHOE IIOAKJIIOUeHMNE OaTapeiiku (c
91C oxoso 4,5 B), Mmunrnuammnepmerpa (¢ MAaKCUMAJIbHBIM TOKOM
5 MA), ToTeHIIMOMeTpa U JIOOT0 13 PE3UCTOPOB IIPUBOIUT
K «3allKaJauBaHuio» mpudopa. CiaemoBaTelbHO, HYKHO II0Jb-
30BaTbCA MOCTHKOBBIMH cxeMaMmu. IIyCcTh IOTEHI[MOMETpP Oymer
OIHOI COCTABJSIOIIEl MOCTA, a PE3HUCTOP C M3BECTHBIM COIIPO-
TUBJICHUEM U OOUH W3 HEM3BECTHBIX PE3UCTOPOB OYIYyT BTOPOI
cocTaBJsgomeil mocta. K CKOJL3AMEMY KOHTAKTY IIOTEHI[MOMET-
pa m K MeCTy KOHTAKTa ABYX PE3HCTOPOB HOAKJIIOYAEM IIpHOODP,
a MOCT IIOAKJOUaeM K Oarapeiike. HacTpoiikoil moTeHImOMeTpa
mobuBaeMcsa YMEHBIIeHUSA TOoKa duepesd mpubop. o HyJad TOK
MOXKET M He YIacTb, TAaK KakK IBIMIKOK IIOTEHIoMeTrpa obec-
meunBaeT He ILJIABHBIN CKOJBL3AIIMI KOHTAKT C IIPOBOJIOKOI,
a KOHTaKT C €€ pasHLIMM TOUKAMM HA PasHbIX BUTKAX TOM MIPO-
BOJIOKH. Takoe cKauK0OOpasHOe M3MEeHEeHNe COIIPOTHUBICHUH I1JIeu
MOCTa B HEKOTOPBIX CJIYydYasdX He IIO3BOJIAET IIOJYYUTHh TOUHBIN
baiamc.

st ogHOro m3 HEM3BECTHBIX PE3UCTOPOB Ipu OajiaHce MO-
CTa CKOJIL3AIIMHA KOHTAKT IMOTEHI[MOMETPAa HAXOLUTCS IIOUYTH II0-
cepenrHe MeXXIy ero BBLIBOZAMHU, a [IJisI BTOPOT0 HEM3BECTHO-
0 Pes’CTOpa CKOJL3ANINI KOHTAKT PACIIOJIAraeTcs TOCTATOUYHO
OIM3KO K OJHOMY M3 KOHIIOB IIPOBOJIOKM, M3 KOTOPOMH CJejaH
IIOTEHIIMOMETP, TO €CTh BTOPOIl HEM3BECTHLIN PE3NCTOpP MMEET
CONIPOTUBJIEHNE B HECKOJBbKO pa3 6oJibine (MIM B HECKOJBKO pas
MeHbIIe) n3BecTHOro comporuBaeHud 200 Om.

IToTennmoMeTp MOKHO CHaOOWTL CaMOJENbLHOII OyMa:KHOM
IIKAJION M OyMasKHOM CTpeaKoii. A MOKHO (ecau 3peHHe XOpo-
lee) IPOCTO CUMTATh BUTKM IIPOBOJIOKM MEMKJIY €ro KOHIIAMU
U CKOJIb3AIIMM KOHTAKTOM IIOTEHIIOMETPA.
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s Gosiee TOYHOTO M3MEPEHUA CUJIBHO OTAMYAIOIIETOCA IIO
COIIPOTHUBJICHUIO PE3UCTOPA MOIKHO €ro BKJIIOUATH IapajiebHO
(eciim ero 3HaueHue BO MHOro pas 6Gosbiie 200 Om) mam mo-
cJIeJOBaTeJIbHO (ec/Ji ero COIMPOTHUBJIEHNE 3HAUUTEIHLHO MEHbIIe
200 Om) ¢ gpyrumu pesucropamu. 110 m3MeHEHMI0 COOTHOIIIEHU ST
COIIPOTHUBJICHUI YacTeil IIOTEHI[MOMETPa MOMKHO BBIYUCIUTH CO-
IIPOTUBJIEHNE U 3TOTO pe3ucTopa.

Yro6bl 00JIee TOUHO M3MEPUTHh COIPOTHUBJICHNE PE3UCTOPAa,
osmskoe 1o BeamunHe K 200 OM, MOMXHO IIOMEHATHL MECTAMU STOT
pesucTop u pe3ucTop ¢ U3BECTHLIM COIIPOTHUBIeHUeM. Baganc mMo-
cTa Hapymurcs. IlepeMelnieHneM IBUMKKA IIOTEHITMOMETPA HYKHO
BHOBBb J00OHTHCA OajlaHca MOCTA M 3aMETUTb, HACKOJBKO W3-
MEHUJIOCh TOJIO}KEHWE CKOJb3AIIEro KOHTAaKTa IOTEHI[MOMETDPA.
MoskHO ans atoit ke 1eau (0ojee TOUHOTO M3MEPEHUA COIIPO-
TuBIeHusA, Oauskoro K 200 OM) moab30BaThCA UM PE3UCTOPOM
C CHJIbBHO OTJIMYAIONIIMMCS COMPOTHUBJICHUEM, TaKiKe MMOAKII0UAs
ero Jaubo MoCJIe[0BaTeNIbHO, JIN00 NapaslyIeIbHO C IPYTUMU Pe3u-
CTOpaMu.

Heudeanvroiii munauamnepmemp (9—2—2005)

Hy:xHo HaliTH conmpoTuBIeHe MIJIJINAMIIepPMETPa Ha KaKI0OM
13 AMaNasoHOB €T0 YYBCTBUTEJNBHOCTH (5 MA u 50 MA).

IIpubopvr u ob6opydosaHue: GaTapeika, MHILINAMIIEPMETD,
HECKOJIbKO PEe3MCTOPOB (UX CONMPOTUBICHUA MOKHO CUUTATH TOY-
Ho samamabiMu: 200 Om, 110 Om, 30 Om, 12 Owm), mposoaa,
COeIUHUTEeIbHAA aHeJb C IPYKUHHBIMUA KOHTAKTaAMU.

Pewenue. Kark Bcerma, mya Hayajga HYMKHO IPOBEPUTH, HAa-
CKOJIBKO xopo1ia 6arapeiika. Ilogkiaiouaem mociaenoBaTesbHO 0a-
Tapeo, MUJUIMaMIiiepMerp Ha mpeneine 50 MA U HECKOJBKO BBI-
JMAHHBIX PE3UCTOPOB, UCKJIOYAS TOT, ¥ KOTOPOTO CaMOe MaJIeHb-
Koe comporuBieHue. IIpubop mokasnIBaeT 4YTO-TO OKojo 10—
15 mA. Temepr K BhIBOAAM OaTapelKy IIOAKJIIOUYAEM JOIOJIHU-
TeJILHO PE3UCTOP C CAMBIM MAaJeHBKUM COIIpoTuUBJIeHueM. Iloka-
3aHNuA Mpubopa IMpakTUUYeCKU He N3MeHUINCh. BEIBOA: OaTapeiika
Xopo1mas.

Temephb 5TOT Ke PE3UCTOP C CAMbIM MaJIeHLKMM COIPOTUBJIE-
HUEM IOAKJIoUaeM IIapalielbHo MunaMmaoepmerpy. Ilokasanme
mpubopa pPe3KO YMEHbBIIaeTC .
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ITogbupas BeIWUYNHY HMIYHTUPYIOIIETO COMIPOTUBIEHUI, MOMK-
HO HOOUTHCS TOTO, UTOOBI ITOKa3aHus Mpubopa B caydae ¢ IIyH-
TOM ¥ B cjaydyae 0e3 IIyHTa IO3BOJIMJIM IIPOBECTU M3MeEpPeHUe
¢ HeboJbIIOH omuoKoii. MMeeTrca B BUAY, UTO IPUOOP B 000UX
caydasx MOJIKeH MOKAas3bIBaTh OOJIbllle ITOJOBUHBI (MM OKOJIO
TOT0) OT MAKCUMAaJILHOTO 3HAUYEHUS TOKA HA BLIOPAHHOM IIpeaee
usmepenunii. Takue uaMepeHUsA IMO3BOJIAIOT BEIUNUCINUTh BHYTPEH-
HIe CONPOTHUBJIEHUSA MUJIJINaMIIEpPMETPa, TO €CTh JAaTh OTBET Ha
BOIIPOC 3aJa4u.

Cnpsamannstii kondencamop (10—2—2005)

Hy:xH0 M3MepuTh EMKOCTb BBITAHHOTO KOHAEHCATOPa U JIPY-
THe ero mapaMeTphI.

IIpuboput u ob6opydosarnue: KoHIeHCATOP (OH COPATAH BHYTPU
KapTOHHOTO IUJIWHAPA, OJWH M3 ero BLIBOAOB 3apaHee IPUIIATH
K MuHycCy Oarapeiiku, ero He paspellaeTcs OTKJOUaThb!), Oa-
TapeiKa, BOJbTMETD «IIKOJbHBIN», pe3ducTop 1 KOm (TouHO!),
yachkl (MOXKHO HMCHOJB30BATH CBOM Yachl WUJIW JIIOOOH Taiimep),
IIpoBoOZA.

IIpumeuarnue: BO3MOKHO, 9TO He COBCeM OOBIUHBLIN KOHIEH-
caTop, IMOIPOOYHTe SKCIEPUMEHTAJIBbHO OIPENEeJUTh HE TOJBKO
éMKOCTb, HO U IPyTHe sJIeKTPUUYecKHre mapaMeTphbl KOHAeHcaTopa
(KaKue — pellaiTe caMu, HO HAIlIOMUHAaeM — HeJb3s BCKPLIBATH
¥ BOOOIIle MOPTUTh KAPTOHHYIO 000J0UKY KOHIeHcaTopa, He HYXK-
HO ero TPSACTH, IYIIaTh, CAYIIATh U CMOTPETh «HAa IIPOCBeT»!).

(Tam 6b11 moumcrop Ha 0,1 @, mosToMy BpeMeHHEIE COOTHO-
IIIEHUs BCE MO3BOJIAIOT CAEJIATh.)

Pewenue. IlockonbKy He CKa3aHO, KaKne MMEHHO 3JIEKTPHU-
YyecKHe mapaMeTpbl, KpoMe €éMKOCTH, HYKHO M3MEPUTh, MOXKHO
MOIBITATBCSI HAWTH BEJIWUYUHY COIMPOTUBJIEHUS YTEUKH TaKOTO
KOHJleHCaTOpa, Y3HATh 3aBUCUMOCTH E€MKOCTH OT PasHOCTH IIO-
TEHIIMAJ0B Ha OOKJIagKaX 9TOT0 KOHAeHcaTopa U, BO3MOKHO,
YTO-HUOYOb eIeé.

ITogckaska mpo cBou coOCTBEHHEBIE YAChl TOBOPUT O TOM, YTO
BpeMsA caMopaspsdAga U AasKe paspsdAja uepes BHIIAHHBIA PEe3UCTOP
¢ comporuBiernueM 1 KOM cyirecTBeHHO OoJbiie 1 ceKyHabI. UTO
JKe, BOCIOJIb3yeMCs 3TOHU ITOACKA3KOM’.

CHauaJjia ¢ moMoI b0 BosbTMeTpa usmepuM II[C GaTapeiikn.
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3apaauM KOHIEHCATOp, IOAKJIIOUNB ero CBOOOIHBIN BBIBOI
K cBOOOZHOMY BEIBOAY Oarapeiiku. [lomep:xuM nX coeqMHEHHBIMU
C MMOJIMUHYTHI «AJIA TapaHTHUW». 3aTeM OTKJIIOUUM KOHAEHCATOP
OT OaTapeiiky 1 MOAKJIIOUMM ero K BBIBOJaM BOJbTMeTpa. BoJbT-
MeTp IIOKAal3bIBAaeT HAIPs'KeHMe, ImouTu coBmagawiree ¢ IIC
OaTapeliku, IPUUYEM HTOKA3aHUA BOJLTMETPA IIOCTEIIeHHO YMEHb-
IIAI0TCSI, HO He OLICTPO. ITO TOBOPUT O TOM, UTO IIPOU3BeIeHUe
€éMKOCTH KOHJeHCaTopa Ha BEJIWYUHY BHYTPEHHErO COIPOTHBJIE-
HUA BOJIbTMeTpa 3HaunTeabHo 6osbiine 100 cexyua. ITogkaounm
mapajuieJbHO KOoHAeHcaTopy pesuctop 1 KOm. Paspsan HaumHaer
UATU «IIycTpee», HO Bcé paBHO He ObicTpo. Ilo BpeMeHHOI 3a-
BHCUMOCTH ITOKA3aHUU BOJBTMETPA MOKHO OIIEHUTH IIOCTOAHHYIO
BpeMeHHU paspsana dyepes udBecTHBbIN pesuctop: T=RC. Iloayua-
erca okosio 100 cekyHI, TO eCcTh EMKOCTb KOHIEHCATOPA IIOPAIKA
0,1 ®Papan.

1A oleHKM BHYTPEHHETO COIPOTUBJIEHUS YTEUKMH 3apPATUM
KOHJeHCATOpP OT OaTapeiiKu M OTKJIIOUMM ero. BBIKIEM OKOJIO
10—20 mumyT (B TeueHHE 3TOT0 BpPeMEHH MOKHO O(pOPMIATH
OTYET II0 pPaboTe, PUCOBATL SJIEKTPUUECKME CXeMbI, O00IyMBbI-
BaTh JaJbHEHIIe BapUaHTEI sKcIiepuMeHTa). CHOBA MOAKJIIOUAM
KOHJeHCcaTop K BOJBTMETPY. Hampsixenue, KOTOpOe IMOKAa3bIBAET
BOJIBTMETD Cpasy IIocjie HOAKJIIYEeHMSA KOHAeHCATOpa, 3aMEeTHO
(2o me Hamuoro) menbine IJIC Garapeiiku. Ha ocHoBanumu 5TO-
0 9KCIIEPHMMEHTA MOKHO OIIeHUTHh COIPOTHBJIEHNE caMopaspsaga
KOHJeHcaTopa.

IToka 1m0 BpemsdA, B I'OJIOBY HPHUIILJIA €I€ OAHA HAes: IIOCJe
IIOJIHOM 3apAIKN KOHIEHCATOpa U IMOAKJIIOUEHUS ero K BOJIbBTMEeT-
PY BaKOPOTUTH €T'0 COeAMHUTETbHBIM IPOBOJIOM U OBICTPO OTKJIO-
YUTh 9TOT IPoBoa. Ilokazamus BOJbTMETPA (9TO YAUBUTEJIHHO!)
IIocJie TAaKOTo «pas3pAma» KOHIeHcaTopa HAaUYMHAIOT BOCCTaHAB-
JIUBATbCS, U MAKCHUMaJbHOE 3HaueHNe HANPAKEeHUA COCTABJIAET
3HAYUTEJLHYIO JOJI0 OT IEePBOHAYAJIHLHOU BEJIMUYUHBI (KOTOPYIO
BOJIBTMETP MOKa3bIBaJl Cpasdy Mocje MOAKJIIOUeHUS ITOJHOCTRIO 3a-
pAKeHHOro KoHaeHcaTopa). MOXKHO IIPOesaTh TaKue «Paspsambl»
HECKOJIPKO pas3, M YaCTHUYHOE <«BOCCTAHOBJIEHUE» IIPOMOJIKAET
HaOJIOgaThCA. 3aTeM CTOUT IIOIIPOOOBATh He cpa3y OTKJIIYATD
IIPOBOJ, 3aKOpaAuMBAIOUINI KOHIEHCATOP, a BBLIAEPKUBATH €ro
B TeueHHEe HEKOTOPOro BpeMeHH (BOT TIme IIOTPeOyIoTCA Yachl
C CeKYHITHOM CTPEJIKOH).
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B pesysbraTe aHanmu3a 3TUX SKCIEPUMEHTOB MOMKHO IIPEJJIO-
JKUTDH YIIPOIIEHHYIO SKBUBAJIEHTHYIO CXeMY BHYTPEHHETO YCTPOM-
CTBa TaKOTO KOHJEHCATOpa.

K ero BmIBOZIaM HEMOCPENCTBEHHO MOAKJIIOUEH OAWH KOHIEH-
catrop Ci, a 4Uepe3 PE3UCTOP C CONPOTHUBJIECHUEM B HECKOJBKO
OM K mepBOMY KOHIEHCATOPY IIOAKJIIOUEH IIapaJiljieIbHO BTOPOIM
KoHzmeHcaTop Co. CymMMapHas €MKOCTDb 9TUX [BYX KOHJEHCATOPOB
pasua 0,1 ®. OHU UMEIOT MPUMEPHO OJNHAKOBYIO éMKOCTb.

Ecau emé ocraérca Bpema (a Ha paboTy BbIZeJIeHO Bcero 2 ua-
ca), TO MOKHO TOMPOOOBATH YCTAHOBUTH 3aBUCHUMOCTb EMKOCTU
ATOrO KOHJIEHCATOPa OT Pa3HOCTU MOTEHIINAJIOB ero miacTuH. g
9TOTO HY:KHO 3aps:KaTh (He MOJHOCTHIO) KOHAeHCATOP OT baTaperii-
KU Yepes3 Pe3UCTOP C U3BECTHBHIM COIPOTUBJIEHVEM, a 3aTEM pas-
pAXKAaTH ero yepes 3TOoT Ke pesuctop. Keratu, aTv SKCIIePUMEHTHI
MOYKHO ITPOBOAUTH P HEIIPEPHIBHOM HOAKJJIIOYEHUY BOJBETMETPA
K BBIBOJIaM KOHJEHCATOPa, TaK KaK BHYTPEHHEe CONPOTUBJICHUE
BOJIBTMETpPA 3HAUNTENLHO OoJbite 1 KOM.

H3amepenue conpomuéieHus pe3ucmopa 6 «4EPHOM AULuKe»
(10—2—2006)

Obopydosarue: B «4EPHOM ANIUKe» (BOOOIIE-TO OH He OYEHb
YEpPHBIA, TaK HA3LIBAIOT OOBEKT, KOTOPBIA HYMKHO HCCJIEJOBATh
0e3 HapylIeHUs ero I[eJOCTHOCTM) HaXOAUTCS POBHO OBa dJje-
MeHTa — MOJIYIIPOBOAHUKOBBIN AMON 1 pe3uctop. EcTh ele ogmH
TOYHO TaKoIi iKe Imonm, pesuctop 75 OM (mumom — KPOIIEeUHBIH
MMOJYIPO3PAUHBIA ITUJIUHAP C ABYMSA BBEIBOJAMM, PE3UCTOP UYTh
moboJbIlie, OH 0oJiee IIOJIOCAT, UeM AMOM), YHUBEePCAJIbHBIA 13Me-
pUTeNbHLIH TPpUOOP, IIOTEHIIMOMETDP (PeocTaT ¢ TpeMs BLIBOIAMI)
conpotuBienueM 470 Om, GaTapeiika B KOpIyce C BBIBOZAMU,
IIPOBOAA.

3adaHue: opeeanTe SKCIEePUMEHTAIBHO COIIPOTUBJICHNE pe-
3UCTOPA B <«UYEPHOM SIUKE», OIMPEAEeJUTe CXeMY COeIUHeHUI
2JIEMEHTOB BHYTPH dAIMHKA (IapajieJbHO UWJIM IIOCJEeI0Ba-
TeJIbHO).

BruMaHUe: MUIINAMIIEPMETP U AWOA HeJIb3A MOIKJIIYATD
IpaMo K 6arapeiike — cropar! IIpo auon sHaTh HUUEro He HYKHO,
KpoOMe TOT'0, YTO 5TO HeJWHEHNHBIA 5JEeMEeHT WM IIPOBOAUT TOK
TOJILKO B OJHY CTOPOHY.
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ITucars pemreHuwe AJIA TAKOW 3aauym — 3TO BCE PaBHO, UTO
OTHUMATDL HOBYIO UTPYIIKY y PeO0EHKa, KOTOPBLIH €€ TOJbKO UTO
moayuui. He 6ygem!

Hsmepernue conpomusnenus pe3aucmopa 8 «4épPHoM AWUKe»
(9—2—2006)

Obopydosarue: B «uépHOM AMMUKe» HAXOAATCSI POBHO IBa
aJIeMeHTa — MaJIeHbKas JlaMIIOuKa m peamcTop. EcTh emeé on-
Ha Takasa ’Ke JIaMIOYKa, pesuctop 75 OM, MHIINAMIIEPMETp,
BOJIBTMETP, IOTEHIIMOMETD (peocTaT ¢ TpeMA BBIBOAAMM) COIPO-
tuineHueM 10 Om, GaTrapeiika, IpoBoOzA.

3adanue: onpegeanTe SKCIePUMEHTAIbHO COIPOTUBICHNE Pe-
3ucTopa BHYTpHU AluKa. OmpenennuTh cxemMy AIMuKa (mapajiieib-
HO B HEM dJIEMEHTHI IOAKJIIOUEHBI, WX IOCIEJOBATEIHHO).

Peuienue. B mepByio ouepenb HEOOXOAMMO IIOCTPOUTH BOJBT-
aMIIepHble XapaKTePUCTUKU «UEPHOTO SAIUKA» U JaMIIOUKu. I1o
BUAY BOJBTAMIIEPHBIX XapaKTePUCTUK CPa3y MOXKHO YCTAHOBUTb,
mapajuieJjbHOEe COoeJuHeHUe BJIEMEHTOB BHYTPU WJIM IIOCJENOBA-
TeabHOe. Korma Ha ryiaBHBIN BOIPOC OTBET HAMWJEH, IPOBOAUTCA
«00paboTKa» MOJYUEeHHOI BOJBTAMIIEPHOM XapaKTePUCTUKH.

Ecnu coeguHeHMe mociemoBaTesbHOE, TO IJIs KaKJIOTO 3HA-
YeHUA TOKA M3 COOTBETCTBYIOIIErO 3HAUEHUS HAMPAKEHUS BbI-
YUTaeTCs 3HAUEHUEe HaNpPSKeHUA, MOJIyYeHHOe IJIA TaKoro JKe
3HAUEHUSA TOKA OJIA «HAPY:KHON» JIAMIOUKH.

Ecnu coemmueHnume mapaJsiesbHOe, TO aHAJOTUYHAA OIEPAIUs
MIPOBOAUTCS B OTHOIIEHWU 3HAUEHUS TOKA, TO €CTh M3 TOKa,
TEeKYIero uepes «UEPHLIN AIMINK» IPU JAHHOM 3HAUEHUU HAIPI-
JKeHUs, HY)KHO BBIUECTb 3HAUEHMNE TOKAa, KOTOPBLI TeU4eT uepes
HapPY:KHYIO JIAMIIOUYKY IIPU 3TOM K€ HAPAKEHUH.

ITo pesynbraTram «00pPaOOTKM» HAXOAUTCS 3HAUEHUE PE3UCTO-
Pa B «UEPHOM SAITUKE» .

H3smepeHue conpomueieHull pe3ucmopos, 6KAI0ULEHHbLY
6 anexkmpuueckyio uyens (9—2—2007)

ITpubopwvr u npucnocobnenus: 6aTapeiika ILJIOCKas, YHUBEP-
CaJIbHBIN M3MEePHUTeJbHBIN mpudop («TecTep» mudpoBOIii), IIOTEH-
muomeTp 1 KOM (9TO pesucrop comporuBiaeHud 1 xOM, y Hero
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cIeJlaHbl TPU BBIBOJA — OT KOHIIOB PE3WCTOPA W OT HOABMKHOTO
KOHTAKTa, HPU IIOBOPOTE PYKOSATKM MEHSAETCA ITOJOXKeHUe IIo-
IBUKHOTO KOHTAKTA, a TaK/Ke MEeHAIOTCA BeJINUYNHBI COIIPOTHUBIIE-
HUH MeXKIy BBEIBOJIOM OT 3TOT'O KOHTAKTa U KpallHMMU BBIBOZAMU,
ocTtaBasich B cymme paBHbIME 1 KOM), KOJOZKA ¢ KOHTAKTaAMU —
Ha KOJIOAKE IIPUIIAafdH «UYEPHBIA AMMWK», B KOTOPOM HAXOIMTCS
IMOJYIPOBOAHUKOBLIN OHOJ, IIapajljieIbHO MUOAY IIPHCOeTUHEH
pesuctop R, mocjiefoBaTeJbHO C HUM IIOAKJIIOUEH peamcTop R,
pesuctop 100 OM — ero compoTUBIEeHNE MOKHO CUNTATh TOYHBIM,
¥ TaKOM Ke OUOM, KaK HaXOOANINIicAad BHYTPHU ANINKA, IPOBOIA.

3adanue: SKCIEPUMEHTAJIbHO OIPEIeJUTe CYMMY COIIPOTHB-
aeruii (R1+ R2), a Tak/Ke COIPOTUBIEHNE KAXKIOTO M3 PE3UCTO-
poB R u Rs.

Peuwenue. Hy:XKHO ITOCTPOUTH BOJBTAMIIEPHYIO XapaKTePUCTH-
Ky Anofa, KOTOPBIN JAaH B KauecTBe 000pyAOBaHUA. 3aTeM CJIeny-
€T HTOCTPOUTL BOJBTAMIIEPHYIO XapaKTePUCTUKY «UEPHOTO AIIU-
Ka». IIpu 3ameprom guoze (IIpu onpeneéHHOU MOJAPHOCTU TIOA-
KJIIOUeHUA NCTOUHMKA TOKA K <«UYEPHOMY SAMUKY») IO BOJLTAM-
TIepPHOM XapaKTePUCTUKE MOYKHO BBIUKNCJIUTH CYMMAapHOE COIPOo-
tuBjenne R+ Ro. Ilo BombTaMIlepHONI XapaKTepPUCTUKE, KOTO-
pasd cOOTBETCTBYET OTKPBITOMY ITOJHOCTBHIO UJIW YACTUUHO TUOAY,
MOKHO YCTAHOBUTDL BEJIUUYUHY COIIPOTHUBJIEHUS PE3UCTOPAa, IIOX-
KJIIOUEHHOTO MapajljieJbHO TUOIY, a TaKiKe BeJIUYNHY COIPOTUB-
JIEHUSI Pe3ucTopa, BKIIOUEHHOTO MMOCJIeJOBATEILHO C HUMHU.

dnexmpuyeckuli «wéprutit awury (10—2—2007)

B «uépHOM AIMKe» HAXOAATCS IIOCJIEI0BATEJIbHO COCTUHEH-
HbIe PE3UCTOP 1 HeJIWHEWHBIN 9JIeMeHT ¢ AByMSA BhIBoAaMu (B OT-
JUYre OT OOBIYHOTO Pe3UCTOopa, AJA HEeJIUMHeHHOTo 3JIeMeHTa
rpauK 3aBUCHMOCTH MeXKIY TOKOM uUepes Hero M ero Hampske-
HUEM II0JIyYaeTCsI KPUBOJUHEHHBIM).

IIpubopsvr u npucnocobsieHus: KOJIOAKA C IOAKJIIOUEHHBIM
K Hell «YEPHBIM SIIUKOM», BOJLTMeTp 6 BoabT, MuImammep-
meTp 5/50 MA, Garapeiika miaockas, morenimomerp 470 Om (uau
1 xOwm), mpoBoza.

3adaHue: mocTpoliTe rpa@uK 3aBMCHMOCTH TOKA OT HAIpPH-
JKeHUA OJA «UEpHOTOo AluKa». OmpeneanTte, B KaKUX Ipeneaax
MOKEeT HAaXOOUTHCS BEeJIHWYMHA COIIPOTHUBIIEHUS PE3UCTOpa, HaXo-
ISAIIETOCS B «UEPHOM SIIUKE» .
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Pewenue. Pa3 B 3ajaHUN IIEPBLIM JIE€JIOM CKAa3aHO IIOCTPOUTD
3aBHUCHMOCTh TOKa OT HAIPAKEHUS, He MYAPCTBYsA JYKaBoO, IIO-
CTPOUM 3Ty 3aBUCUMOCTD.

BapuauT 1. IIpoBepka mokasblBaeT, UTO IPU IOCIELOBA-
TeJbHOM COeIUHEHUU OaTapeiiku, «UEPHOTro AIIUKA», IIOTEHINO-
MeTpa U MUJIINaMIIepMeTpa IPU OSHOM HOJSPHOCTH IIOAKJIIOUe-
HUs OaTapeliKy TOK Uepes3 MUJLIMAMIIEPMETP HUAET, a IPU IPY-
roil MOJIAPHOCTU MOAKJIIOUEHMNSA OH HACTOJbKO MAJ, UTO CTPeJKa
npubopa IpaKTUUECKN He OTKJIOHSeTCs. BLIBOA: BHYTPHU AMUKA
Haxozurca guon. M mo jamHeiiHoM yactu BAX MOMKHO OLIEHUTH
BeJIMYUHY COIIPOTUBJICHUS Pe3uCTOpAa.

BapuaunT 2. Ilpu mociaemoBaTelbHOM coeIMHEHHHN Oata-
peiiku, «4EPHOTO AINNKA», IOTEHIIMOMETPA U MIJINAMIIepMeTpa
TOK uepe3d MUJLINAMIIEPMETP HUAET, IPUUEM CMeHa IIOJAPHOCTU
MOAKJIIOUeHNA OaTapeliKy IPUBOAUT K M3MEHEHHIO 3HAKa TOKa,
a BeJIMUYMHA ero OCTAeTcs TaKoU Ke. BLIBOA: HeJMHEHWHBIN dJie-
MEHT B «UYEPHOM AIIUKE» — 3TO JIIOO JaMIOUKa HaKaJIWBAHMUII,
Jubo ABa AMoma, COeAMHEHHBIE ITapalielbHo.

2a. Eciu mpu MaJIBIX TOKaX CyMMapHOe COIIPOTHBJIEHUE pe-
3UCTOpPa U HEJWHEMHOTO 3JIeMeHTa CYIIeCTBEHHO MEHbIle, UeM
COIPOTHUBJIECHNE IPU OOJBIINX TOKAX, TO HEJUHEHHBIN 3JIeMeHT —
aT0 JamMnouka. CBsa3b MeEKIY BEIMUYNHON CONPOTUBJICHUS JIAM-
mouku (BOIM3u paboueil TOUKM, KOrga HUTh HaKajeHa) U TOKOM,
KOTOPBII uepe3 Heé IPOTeKaeT, N3BeCcTHA:

RNI2/3,

TO €CTh COIIPOTHUBJICHNE JIAMIIOUKHM caMoe MaJieHbKoe, KOrZla TOK,
TeKyIui ueped Heé, may. Hakaon BAX BOIm3u HyJIeBOTO 3HA-
YeHUA TOKa HAET CyMMapHOEe CONPOTHUBJIEHWE PE3UCTOpa U Ma-
JIOTO COTIPOTUBJIEHUA JAMIOUYKU. A mpu OOJBIINX TOKAX COIPO-
THUBJIEHNE JIAMIIOYKHM 3HAUYUTEJNbHO BbIpacTaeT (MOMKET BBIPACTH
B 10—12 pas). O6paboTkoii pedyabraToB (rpadura BAX) MoxHO
OIIeHUTH BKJIAALI B 00Illee COIPOTUBRICHE JUHEHHOTO U HeJTuHeH-
HOT'O COIPOTHUBJIEHU.

26. Eciiz mpu MasibIX TOKaX CyMMapHOe COIPOTHBICHIE Pe3u-
CTOpa U HEeJWHEHHOI0 3JIEMEHTAa CYIIeCTBEHHO OOJIbIIE, UeM CYyM-
MapHOe CONIPOTHBJIEeHHE NMPU OOJBIINX TOKAX, TO HEJWHEHHBIN
dJIEMEHT cleJiaH W3 ABYX AUOAOB. B 3TOM ciydyae COIPOTUBJICHUE
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pesucTopa MOKeT OBITHL OLleHEeHO II0 JiMHeliHoi yactTu BAX mpu
OOJIBLIIINX TOKAX Uepes «UEPHBLIN AITUK» .

Hccnedosarnue nonynpoeodrnurosozo duoda (9—1—2008)

3adaHue: CHUMUTE BOJLTAMIEPHYIO XapaKTepPUCTUKY AMOAA,
oIpeenTe HaOpsAKeHNe, IPU KOTOPOM TOK Uepes AUOI COCTaB-
asger 0,1 mkgA.

Obopydosarue: nuon HeM3BECTHOTO Tuia, 6arapeiika 1,5 B
¢ mep:kareneMm, moreranuomerp 1 kOm, pesucropsl 1 KOm, 10 kOwm,
39 kOM, MyJIBTUMETD BJIEKTPOHHBIN.

Juon mogKIIOUEH K MSMEPUTEJbHON cxeMe IIPU IIOMOIIM 3a-
SKUMHOM maHean (IMOJAPHOCTh MHOAKJIIOUEHHUS AUOjJa BbIOpaHa
mpaBuabHO!). VIdaMeHAd momaBaemMoe Ha AUOMA HAIpPSIKeHUe IPU
IIOMOIIY IIOTEHIIMOMEeTPAa, HYKHO OIPeNeUTh 3aBUCUMOCTD TOKA
yepes OUOMA OT IPUJIOKEHHOTO HANPSKEHUA B JOCTATOUYHO IIU-
pokoM auamnasoHe TOKOB. IIpoGJyiemMa B TOM, UTO B BallleM PAacIio-
PAKeHUHN BCero OAMH M3MEePUTEJIbHBIN mpuOop (YHUBEpPCATbHBINR
MHOTOIIPeeJbHBIH aMIIepPMETP — BOJBTMETP — oMMeTp). [Ipumay-
MaiiTe cmocob M3MepeHUs HYKHBIX BeJIWUYUH C HCIIOJbL30BaHUEM
BBIJAHHBIX PE3UCTOPOB (MX CONPOTUBICHUSA MOKHO H3MEPUTH
TEeM JKe MYJbTHMETPOM C TOUHOCTBIO He Xyxke 1%).

CnpasouHbvle OaHHble: B PEXUMe H3MepeHUusa HaNpaKeHUuN
BOJIBTMETP mMeeT compotuBjenme 1 MOwm (ogmHaKOBOe Ha pas-
HBIX IIpefejiaxX, 9TO 3HAUeHMe MOKHO CUMTATh TOUHBIM). B pe:xu-
Me M3MePeHHUs TOKOB «IIafileHre HaUPS:KeHuA» P MaKCHMAaJb-
HOM 3HaUEeHUU MU3MePsIeMOM BeJINUYMHBI cocTaBiasgeT posHo 0,2 B.
Comporusnenne 1 kKOm — sTo posuo 1000 Om, 1 MOM — poBHO
1 muanauon Om.

IToxxanyiicTa, He MoAKJIIOUaiiTe MPUOOP K OaTapelike HAIpPs-
MVIO B peKUMe U3MepPeHUs TOKOB — IIpubop Oymer ucnopueH. He
MOoAKJIIOUaliTe AUOM HAIPAMYIO K OaTapeiike — MOCJIeI0BATEIBLHO
C IUOAOM IOJI:KEeH ObITh MOAKJIIOUEH KaKON-HUOYAb U3 BhIJAaHHBIX
BaM Pe3UCTOPOB!

Hsmepenue émrxocmu kondencamopa (10—1—2008)

3adanue: nsMepbTe EMKOCTD 3JIEKTPOJUTHUUYECKOT0 KOHIeHCa-
TOpAa.
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ObopynoBanme: KOHIEHCATOP OOJIBIION EMKOCTY, MOAKJIIOUEH-
HBIA K 3a:KMMHOMY YCTPOMCTBY (KOHIEHCATODP IOJSAPHBIN, €ro
«MUHYCOBBI» BBIBOJ] TMOJKJIOUEH C Kpaio), Oarapeiika (mpu-
OonmusuTenbHo 4,5 B), MyJapTUMETD CTPEJIOYHBIH, CEKYHIOMED,
pesucTop ¢ u3BeCTHBIM conpoTusaenueM 152 kOm, mpoBoaa.

Hy:xHO m3mMepuTh ¢ MaKCHUMAaJbHO BO3MOYKHOM TOYHOCTBHIO
€MKOCTb BBIJAHHOTO KOHAeHcaTopa. TOK IOJHOTO OTKJOHEHUA
npubopa B pe:XuMe wu3MepeHud Hamps:kenuii 50 MKA — ero
COIIPOTHUBJIEHNE B pexXuMe uaMepeHusa wHamps:kenuii 20 xOwm
(1 kOm — poBuo 1000 Om, 1 MKA — MUJILIMOHHAA YacTh AMmepa).
«Kiacc Tounoctu» mpubdbopa npuuATs 1,5%.

Cmoco6 pellleHNs OUEBUAEH: HY:KHO 3aps:KaTh WM PaspsKaThb
KOHJIEeHCaTOp OT GaTapeliKu uepes Pe3uCTOpP ¢ UBBECTHBIM COIIPO-
TUBJICHUEM.

Kone6anusa u mepeMeHHBIH TOK

H3yueHnue Konebarnuil

Ha miraruse Ha TPEX HUTAX OAUHAKOBOM AJIMHEBI BUCUT HEIIPO-
3pavYHLIN COCYH, B KOTOPBIA MOYKHO HAJUBATH BOAY, C AJUHHOM
MUINHIPUYECKOMN YacThIO.

3adanue: N3yunTe XapakTep MAJbIX KPYTUJILHBIX KOJeOaHUI
IUINHIPUUYECKOTO COCYyAa IIPU ero BpAaIlleHUN BOKPYT OCU CHUM-
metpuu. ITocTpoiiTe rpaduky 3aBUCUMOCTeI ITepuona Koaebanmii
1 TOOPOTHOCTH KOJIe0ATEeNbHOI CHCTEMbBI OT KOJMUYECTBA HAIUTOM
B cocyn Bombl. O0BSICHUTE MMOJYUEHHBIE Pe3yIbTaThI.

(Hag mmoM cocynma Ha OIpemeéHHOM PACCTOSIHUUM OT HEro
yCTaHOBJIEHLI HEeBUANMbBIC CHAPYKU MEePeropoaxky (pUKCHUPOBAH-
HOIi BBICOTBI 1,5—2 cM, KOTOpbIe IPEIATCTBYIOT COOTBETCTBYIO-
UM TOPMUB3OHTAJBHBIM CJIOSAM BOJBI CMEIAThCA CBOOOMHO OTHO-
CUTeJbHO CTeHOK IIPU BpAaIlleHHUU COoCcyma.)

Ob6opydosarue: TUINHIPUUYECKUN COCYH, IOABEIIEHHBLIN Ha
TPEX HUTAX HaA IITATHUBE, CEKYHIOMEP, MOHMOJHUTENLHBIH COCY.H
C MIPO3PauYHBIMU CTEHKaM! W JeJeHUSIMU Ha CTeHKaxX, BoAa IIO
TpeOoBaHUIO.

ITonyuennvle pe3ynvmamot: Ha TrpaduKax 3aBUCUMOCTe IIe-
puoma KojgebaHMi W HOOPOTHOCTH KOJIEOATENbLHOII CHUCTEMBI OT
KOJIMYEeCTBa HAJUTOIM BOAbI BUAHEI HEKOTOPEIE ocobeHHOCTH. IIpn;
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MaJIOM KOJHUYeCTBe BOJLI IIePUOJ KojJaebaHmuii cHauajga OCTAETCs
MOYUTH IIOCTOSHHBLIM, 3aTeM YMEHBIIAeTCA, a HPU HEeKOTOPOM
KOJIMUEeCTBe HAJMTOM BOAbI eT0 3HaUeHNe CHOBA HAUMHAET PacTH.
JoOpoTHOCTh cHauaja OLICTPO YMEHBIIAeTCs, IIOTOM BhIpACTaeT
IOYTH A0 HPe:KHero 3HAUeHWdA, a 3aTeM CHOBa pacrtér. IIpexarmo-
JIaTajioch, UTO IIKOJBHUKHN AOTAHAalOTCA O HAJIUUYUU IIePeropOIoK
HeOOJIBIIIONA BBICOTHI.

Masmnrurx Makxcsenna

3adanue: ucciaenyiiTe 3aBUCUMOCTL BPeMEHU IBUIKEHUA Ma-
aTHKa MakcBeJjia OT BEPXHErO TMOJOKEHUA OO0 HUKHEro II0-
JIOKeHUSI OT PACCTOAHUSA, KOTOPOEe Ha 3TOM IIYTU MPOXOAUT OCh
maATHUKA. IlocTpoiiTe rpaduK 3TOM 3aBUCHUMOCTH. BhIsSCHUTE,
KaKoIl CTeIeHHOM 3aBUCUMOCTHY BeJIUYHNH APYT OT APyra COOTBET-
CTBYeT 9KCIIEpUMEHTAJbHAA 3aBUCUMOCTD.

Ob6opydosaHue: mTATUB C PEHKON, IPOYHAA KaIPOHOBAA
HUTD, JUCK CO CTEPIKHEM, 3aKPEIJIEHHBIM Ha IMCKE COOCHO C HUM,
CEeKyHIOMED.

IIpumeuaHnue: HUTH TP HAMATHIBAHUY Ha CTEPIKEHDb JOJIKHA
110 BOBMOYKHOCTH JIO}KUTHCA BUTOK K BUTKY B OIUH CJIOM.

Mamemamuyeckuil MAAMHUK

3adaHue: uccienyiTe 3aBUCUMOCTD II€PUOLA MAaJIbIX KoJjieba-
HUN MaTeMaTHYeCKOT0 MasATHUKA OT ero Aauubl. IlocTpoiiTe rpa-
(UK 3TOM 3aBUCHUMOCTH. BEISICHUTE, KAKOI CTEIeHHOMN 3aBUCHMO-
CTU BeJUYHH IPYT OT APyra COOTBETCTBYET dKCIepUMEHTAIbHAS
3aBUCUMOCTb. VCIONb3ysA OOUH MAATHUK C MaJbIMHU KoJebaHuU-
AMU B KauecTBe M3MEPUTEJSI BPeMeHU, IIOJYUYUTE 3aBUCHUMOCTH
mepuoza KoJiebaHUiT OPyroro MaTeMATHUYECKOTO MAaATHUKA OT
aMILIUTYAbI KoJie0aHuil (0T MAaKCUMAJIBHOTO YIJIa OTKJIOHEHUA OT
BePTHUKAJIU IIPU KoJIeOGaHUIX).

Ob6opydosarue: MTATUB C PEHKOIi, HIPOUYHAA KAIIPOHOBAsA HUTH
(mpouHas ppIOOJIOBHAS JIeCKa), MACCUBHBIE IITAPUKHU C KPIOUKAMU,
CeKyHIoOMep.

OnumieM mpPUEMEBI, ITO3BOJIAIONINE ITOBLICUTHL TOYHOCTL M3Me-
peHunii u HagEKHOCTh PAOOTHI YCTAHOBKHU.
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1. KemarembHO, UTOOBI KOJIE€OAaHUS I'pys3a IIPOUCXOIUIU BCE
BpeMsA B OOHOI ILIOCKOCTHU. ITO MOKHO 00EeCIIeunTh MOBeIlBa-
HUEeM T'py3a He Ha ONHOI HUTH, a Ha ABYX HUTAX OTUHAKOBOI
IJIUHBI, KOTOPbIe 00Pas3yioT ¢ BEPTUKAJIbIO OJUHAKOBLIE YIJIbI.

2. MoMeHTHI IIyCKAa M OCTAHOBKM CEKyHIOMepa CJIeIyeT BbI-
OupaTh Tak, YTOOLI I'Py3 MaATHUKA B 9T MOMEHTHI ITPOXOMIIII
MHMO IIOJIOMKEHUS PABHOBECHUS. IOTO IO3BOJSAET IMOBBICUTH TOU-
HOCTh OIpeJesIeHrus MOMEHTa IYCKa M OCTAHOBKHU CEeKyHIOoMepa
(TO ecTh YMEHBIIIUTDL PA30poC pes3yILTaTOB U3MePeHsa nHTepBaia
BpeMeHHU), TaK KaK MOMEHT ITPOXOXKIeHUA MUMO IIOJOKEHU paB-
HOBecHusA OIpeJessieTcs «Ha Iiias» ropasio TOUHee, YeM B APYTHUX
caydasx.

B uacTHOCTH, TOpasmo xy:Ke (B CMbICJIe TOUHOCTU U3MEPEHUIT)
OymeT 3alycKaTh CEKYHIOMEP X OCTAaHABJIMUBATH €r0, OPUEHTHUPY-
fCh HA MOMEHTEI BpeMeHHU, KOTa HUTDL C TPY30M OTKJIOHSIETCSA OT
MIOJIOJKEHUSA PaBHOBeCHA Ha MaKCHMAJbHBIA yroj. B Takme mo-
MEHTBI CKOPOCTD ABUKEHUS I'Py3a JOCTUTAeT MUHUMYMA, TO €CTh
O0nmsKa K HyJI0 (MIu paBHA HYJII0). Ho TOUHOCTL yCTAHOBIEHUS
«Ha TyIa3» MOMEHTAa, KOTIa CKOPOCTh paBHA HYJIIO, HEBeJInKAa.

IIpu cpaBHeHUU MePUOAOB KOJIeOaHUM IPy30B, 3aKPEIIEHHBIX
HAa HUTAX OAMHAKOBON JIMHBI, HO KOJEOJIOIIUXCA C pPasHbI-
MM MaKCHUMAaJIbHBIMU AMILITATYAAMU, HY:KHO HANTU IIPOMEKYTKHU
BpeMeHU, B KOTOpPbIe «YKJIAaIbIBAIOTCA» PasHble KOJUUECTBA IIe-
puonoB Komebauuit Ny u No. TH KOJUUYECTBA JOJKHBI OTJINYATh-
caHal.

3. OmpHoBpeMeHHOe Hab/MI0AeHNe 3a KOJIeOaHUAMU IBYX MadAT-
HUKOB YIOOHO BEeCTH, KOTAa MAATHUKU KOJIEOJIIOTCA BO B3aMMHO
MePIeHIUKYIAPHBIX BePTUKAJIBHBIX IIJIOCKOCTSAX M KOTOa MX II0-
JIOXKeHUsS PABHOBECUS HaAXOAATCA HA ONHOM BBLICOTE HA YPOBHE
a3 sKcIepuMeHTtaropa. IIpu sToM ciegyeT CMOTPETH BIOJb
JIUHUU, Ha KOTOPOUN HAXOAATCA TPy3bl MAATHUKOB B IIOJOKEHUU
paBHOBecHus.

4. OrmeuaTh IIOUYTH OJHOBPEMEHHBIC IIPOXOMKICHUS MAasdT-
HUKOB MUMO IIOJIOXKeHUS pPaBHOBecHsA YIOOHO, eCcau TPY3UKHU
MasiITHUKOB MMEIOT pasHble (CBeTJIbIe) IIBeTa M SIPKO OCBEIeHHI,
a (oH TEMHBIN.

5. Jlna mavayia cuéTa KOJMUECTBA MEePUONOB KoJiebaHuii cie-
IyeT BBIOpAaTh MOMEHT BpeMeHU, KOTJa MASTHUKU IIPOXOLAT
TIOJIOXKEHUS PAaBHOBECUS OJHOBPEMEHHO M B IIPOTHUBOIIOJIOKHBIX
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HAIIPaBJIeHUAX IJA HaOJ0maTess, TO €CTh OAUH N3 MAATHUKOB
MIPOXOAUT IIOJIO}KEeHNEe DpaBHOBeCHs, ABHUrasch cJjieBa HaIpaso,
a apyroii cmpaBa HajJeBO. MOMEHT OCTAHOBKHU BBLIOMpaeTCA IIO
AHAJIOTUYHOMY KPUTEPUIO, KOTJa MAATHUKU COBEPIIUIN PasHbIe
KOJIMYeCTBA KoJiebaHUil, OTJIMYAIONIecs Ha eJUHUILY.

Konebanusa maaATHMKaA ¢ OOJBIIEH aMIJIUTYAOH KoJieOaHMM
IIPOUCXOIAT W C OOJBIINM IIEPUOJOM. OTOMY CIIOCOOCTBYIOT ABa
00CTOATENILCTRA.

Bo-mepBbIX, B ypaBHeHHHU KoJIeOaHMII MaTeMATHYECKOTO Ma-
ATHUKA BMECTO yIjla ¢ CTOUT ero cuHyc. IIpum MaabIx yriax
MAKCHUMAaJbHBIX OTKJOHEHUN HUTU OT BEPTUKAJILHOTO IIOJIOMKEe-
HUS PaBHOBECUA (Pnax << 1, Korma sin ¢~ ¢, mepmon KoJebaHU
MaATHUKA cJab0 3aBUCUT OT yIjia ¥ MOXKHO CUHUTATh, UTO KO-
JebaHusA MPOUCXOAAT C OAMHAKOBBIMU IlepuojamMu. Korma ke
MaKCUMAaJbHBIN YTOJI OTKJOHEHUS HUTU OT BEPTUKAJU IIPU KO-
JIebaHUAX HE YAOBJIETBOPSIET YCJIOBUIO (Ppax <K 1, CKas3bIBaeTCs
oTJIMUYe sin ¢ oT ¢.

Bo-BTOpBIX, peajbHble HUTH, HA KOTOPBIX MOABEIIHBAIOTCS
rPy3bl, He SBIAIOTCS HePaCTS:KUMbIMU. [Ipyr MaIbIX aMILIATY ax
KoJieOaHmil MaATHUKA CHUJa HATSKeHWS HUTH OJM3Ka K BeJu-
ynue mg. IIpu GONbIIOH aMILIUTYyAe KoebaHuil MaATHUKA CHJIa
HATAXKEHUA HUTHU M3MeHseTCA B IIMPOKUX IIpeaesiax. B uacTHO-
CTH, €CJIM MaKCUMAJIbHLIN YTOoJ OTKJIOHEHUSI HUTU OT BEPTUKAJIU
pasen 90°, To HaTAKeHNe HUTH MEHSIETCSI OT HYJIA A0 BeJIUYNHBI
3mg. CuiabHO HATAHYTAs HUTH YBEJIUYUBAET CBOIO AJUHY, U 9TO
TOKe IPUBOAUT K POCTY Heproja KojiebaHuii MasATHUKA.

Konebanus cmepicHsa Ha HUMAX

Crep:KeHb 3a CBOM KOHIIBLI ITOBEIIIEH Ha ABYX HPOUYHBIX HUTIX
OAWHAKOBOI AJWHBI. B mo/I0KeHUY paBHOBECUA HUTH pacliojara-
IOTCSI BEPTUKAJBHO, & CTEP/KEHb — FOPU30HTATBHO.

3adarue: onpeenTe SKCIIEPUMEHTAIBHO OTHOIIIEHE TIePUO-
OB MaJIbIX KOJIe0aHWUIN CTEePIKHS OKOJIO ITOJIOKEHUS PAaBHOBECUSA
B IBYX CIy4YadX:

a) CTepyKeHb MIBUIKETCA MOCTYIIATEJNHHO,

0) cTep:KeHb BpalllaeTcsA BOKPYT BEPTUKAILHOIN OCH, IIOXOI-
el yepes ero cepeauHy.
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IIpukpenuTe K KOHIIAM CTEeP:KHS TOHOJHUTENLHBIE I'PY3HI
ONMHAKOBOM Macchl M BHOBb OIIpeeIUTe OTHOIIeHH’Ee IIePHUOI0B
KoJiebaHuil Mpu TexX Ke ycJoBuAX. IIpogenaiiTe 9T M3MepPeHU
IJIsT PasHBIX MAacC MOMOJHUTENLHBIX I'py30B. IlocTpoiiTe rpadux
3aBUCHUMOCTH IIOJYUYEHHOTO OTHOIIEHUS IePHUOJ0B OT OTHOIICHUS
Macc: (Macca OOHOTO JOIOJHUTEILHOTO Ipysa)/(Macca CTep:KHA).

Ob6opydosarue: IMTaTUB C PENKOI, IPOUYHBIE KAaIIPOHOBEIE
HUTH, CTEP:KEHb, NJOMOJHUTEIbHBIe rpy3kl (10 mT), cekyHIOMED.

Moovt Konebaruii

Mopoii Koebaumii Has3bIBaeTCsA TAKOe ABIIKEHIE TOUEeK Tel,
BXOIAIINX B KojebaTeIbHYIO CHUCTEMY, KOT[a BCe OHU JIBUKYTCS
10 TapMOHUYECKOMY 3aKOHY C OOHOM 1 TOHU Ke YIJIOBOM YaCTOTOH,
IIPU 3TOM AMILIUTYABI U (as3bl KoJieOaHUil pasHbIX TOUEK MOTYT
OBITH pasHbIMU. JacTOTHI KoJeOaHMii MO/ Ha3bIBAIOTCA COOCTBEH-
HBIMH YacTOTaMI KoJie0aHUi KoJiebaTeIbHOM CHUCTEeMBbI.

KonebarenbHasd cucTeMa COCTOUT M3 ABYX IIAPUKOB OSUHAKO-
BOII MaccChl, IOABEIIeHHBIX Ha HUTAX K JKECTKOIN IOPU30HTAILHON
omope (cucTeMy SKCIEPHMMEHTATOP OOJKEeH co0paTh CaMOCTOS-
TeabHO). CM. puc. 24.

Puc. 24

HaxnoHHbIe yUaCTKM HUTEH COCTABIAIOT C TOPU3OHTOM YTOJI
45°, ux gauHa B 5 pa3 MeHbIe IJNHbI BePTUKAJIbHBIX YUACTKOB
HUTEH, OJINHA M'OPU30HTAJIBHOTO yYacTKa B 2 pasa 0OJblle JJINH
BEPTUKAJIBbHBLIX YUYACTKOB.

3adaHue: HagUTEe OTHOIIEHUS PA3HBIX COOCTBEHHBLIX UACTOT
MAaJbIX KOJeOaHWI BOJM3M IMOJIOKEHUS PABHOBECHUS B JaHHON
KoJiebaTeJIbHOI cucTeMe.
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Ob6opydosaHue: NITATUB C PEHKOU, IPOUYHAA KAIPOHOBAA
HUTH, HOMKHUIbI, CTAJbHLIE IIAPUKMN C KpOYkamMu (2 MITYKH),
CEeKyHIOMED.

ITepeuncaum pasiauyHble MOIBI KOJeOaHUM M3yUuaeMoii cucTe-
MBI.

1. Camaa Mmajyas JacToTa KoJiebaHUIT mMeeT MeCTO IIPH CHH-
XPOHHBIX KOJIEOAHUAX NIaPUKOB, KOTZa OHU KAuyalOTCSA, BBIXOAA
13 BePTUKAJLHOI IIJIOCKOCTH B OAHY U Ty iK€ CTOPOHY II0 OTHO-
IIeHNI0 K IJIOCKOCTU paBHOBecud. g IpuUBefEHHOTO PUCYHKA
9TO COOTBETCTBYET OJHOBPEMEHHBLIM BBIXOAAM IIIAPUKOB M3 IIJIOC-
KOCTU PDUCYHKa «K HaM» U «OT HAC».

2. Hemuoro 06JblIas 4acToTa KoJeO0aHUH IOJyuaeTcs, KOrma
IIapUKM, He BBIXO/SA W3 IJOCKOCTY PAaBHOBECHUSA, OTHOBPEMEHHO
OTKJIOHAIOTCA Ha He0OJbINWe YIVILI JUO0 B pPasHbIE CTOPOHBI
(BmpaBo u BJIEBO), JuUOO B OOHY U Ty iKe CTOPOHY (BIIpPaBo
¥ BIIPABO WJIU BJIEBO U BJIEBO).

3. Emé 066smbmiasg yacToTa COOTBETCTBYET KOJEOAHUAM, IIPU
KOTOPBIX MIAPUKHN OTKJIOHSIOTCS OT ILJIOCKOCTH PaBHOBECHUS OIHO-
BPEeMEHHO B pPasHbIe CTOPOHBI (OAWH M3 HUX «OT HAC», a APYroi
«K HaM»).

4. Emé 06JabpInad yacToTa COOTBETCTBYET KOJIeOaHUAM, IPU
KOTOPBIX NIAPUKHN He BBIXOJAT M3 ILJIOCKOCTU KojiebaHuil U cme-
Ial0TCA B IPOTUBOGa3e BBEPX U BHUI.

5. Camasa 0OJbBIIAA YaCTOTa KOJIEOAHMI HMMeeT MEeCTO, KOoTraa
[MIapUKW, HEe BBIXOAS U3 ILIOCKOCTH PaBHOBECUS, CMEIIAI0TCS
CUHXPOHHO, TO €CThb B O4HOU (pase BBepx/BHU3. B aTom ciryuae
HUTH paboTaeT, Kak IPY:KUHA.

Uepa 6 «uépnoutii awur» (11—2—2001)

BHyTpu «4€pHOTrO AIMUKA» C JBYMS BEIBOZAMU POBHO TPH 3JI€-
MeHTa (BO3BMOKHBI Pe3NCTOPLI 1 KoHAeHcaTopsl). Hy:XKHO ompee-
JIUTh CXeMY WX COeIWHEHUA U MapaMeTPhl 3JIeMEeHTOB.

Ob6opydosarue: «IEPHBIN AIUK», TeHEPATOP 3BYKOBOM, MIJI-
JuaMIepMeTp mepeMeHHOro Toka 5/50 MA, pesucroprr 5 KOm
u 1 kOMm, mpoBoga.

ITpumeuanue: ucnonbsyiite BoIBOAbI «OBIIl» u «5 Om» re-
HepaTopa, He IIoJaBaiTe CJAMIIKOM OOJbIIOE HANPSKEHUe Ha
MUJLIaMIIEPMETP — OH 9TOTO He JIIOOUT, MPpubOophl HE CIAUIIKOM
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TOUYHBIEe — JAJEKNUe OT HIeaJbHOCTH — IIocTapaliTech 000UTHCH
TEM, YTO €CTh.

(BHyTpPU «4EPHOTO AMMKA» HAXOLUJINCH COeINHEHHBIE II0CTe-
IOBaTeJbHO OBa PE3UCTOPA, COHNPOTUBICHHUSA KOTOPBIX OTJIMYA-
JUCh IPUMEPHO B 3 pasa, IapajljiebHO Pe3UCTOPY ¢ OOJIBIITNM
COIIPOTUBJIEHUEM ObLT MOAKJIIOUEH KOHAEHCATOP.)

Pewenue. I3 MunnuamMiiepMeTrpa X OJHOTO U3 PE3NCTOPOB
(c HauOOJBIIINM COMNPOTUBJICHHNEM) MOXKHO CAEJATh BOJLTMETP
¢ OOJBIIMM BHYTPEHHHUM CcOHpOTUBIeHmEeM. llogkyoumB ero u
«YEPHBIA ANUK» IapajlieJIbHO K BBIXOAY TeHepaTropa, HYKHO
IIPOUTHUCH IIO BCEMY AUMAIMA30HY YacTOT WM yOeguThCcsd, UTO aM-
IJINTyga KojaebaHUU Ha BBIXOJe TeHepaTopa He 3aBHCHUT OT dac-
TOTBI.

3aTeM ciaenyeT YCTPOUTh M3 «UEPHOTO AINIMKA» U OCTABIIe-
rocs BHEIIHErO PEe3uCTopa AeJUTEIh U IIOCTPOUTH 3aBUCHUMOCTDH
KoadduIeHTa INepegaum TaKoTo AEJIUTEeNs OT YacToThl. CHUMAaTh
HaIps)KeHUe ciefyeT C BHEIIHero pPe3uCTOpa, COMPOTUBJICHUE
KOTOPOTO B 5 pa3 MeHbIle BHYTPEHHETO COIIPOTUBJIEHUSA BOJIBT-
meTpa. OKasbIiBaeTcs, Ha HU3KUX YacTOTaxX Kod(UImeHT mepe-
Inayy paBeH mpuMepHo 1/9, a Ha BBICOKMX B TPU pasda Oobline —
npumepso 1/3.

Ecnu BorbTMETP BKJIIOUNTH He HapaJlIeJbHO PE3UCTOPY C Ma-
JILIM COIPOTHUBJIEHUEM, a IIOCIeI0BATeJIbHO C HUM, TO HAa HU3KUX
yacToTax KOoQpPUIIMEeHT mepegadyn JeJUTeId BbIpacTaeT IpuMep-
HO B 4 pasa 1o 3/7, a Ha BBICOKUX YaCTOTax — IPHMEPHO B JBa
pasa 10 5/7.

W3 oTux maHHBIX MOMKHO CHOEJIaThb BBLIBOJ, UTO B «UYEPHOM
AmuKe» aBa pesuctopa Ri m R coemmHEHBI IIOCJIEI0BATEIBHO
U K ogHOMY u3 HuX (R2) mapaielbHo MOAKIIOUYEH KOHIEHCATOP.
ComnpoTuBieHus pe3nucTopoB Takue: R =2 kOm, Rs =6 kOmM.

Temepb MOKHO IOAKJIIOUHUTHL TeHEpaTop, MUJLIAAMIIEPMETP
U «YEPHBIA AMNK» IOCJEI0BATEIBLHO APYT 3a Apyrom. ConpoTus-
JIeHVe MUJLINAMIIepMeTpa MaJjio B CPaBHEHUU C COIPOTHUBJIEHUEM
2 kOm. MoOKHO cUnMTaTh ero uaeaJbHbIM IIpubopom. Ha uacrore
okoso 1,5 kI'm TOKk MuMIIMaMIlepMeTpa IIPHUMEpPHO B JBa pasa
MeHbIIle, YeM ero MaKCHUMaJbHOEe 3HaueHVe Ha CAMBIX BBICOKUX
YacToTax.

Orcioia MOKHO BBIUMCJINTD 3HAUEHWE EMKOCTU KOHAeHCcaTopa:
npumepHo 0,04 MED =40 ad.
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«Yéprot awuxy (11—1—2002)

WN3mepenusa Ha mepeMeHHOM TOKe.

ITpubopvr u ob6opydosarue: «UEPHBIA SAIMUK» C IBYMSA BBI-
BOJaMU, COAEP:KAIINI BHYTPHU CJIOKHYIO CXeMy M3 POBHO IBYX
9JIEMEHTOB, T'eHepaTop 3BYKOBBLIX YAaCTOT, MUJIIMAMIIEPMETp IIe-
pemennoro toka (5 m 50 MA), pesucrop 440 Om (9TO TOUHOE
3HaueHue!), KOHIeHcATOp M3BecTHOU éMKocTu (? MK®, TouHOe
3HaUeHNe YKa3bIBAJIOCh KAXKIOMY ITKOJLHUKY OTAEJNBHO), IPOBO-
Ia, MIJLILMEeTpoBas Oymara.

3adanue: oIpemeInTe CONEPKUMOE «UEPHOTO SAIUKA» U CXe-
My COeIWHEHUS 5JeMEeHTOB, M3MepbhTe IIapaMeTpPhl JJIeMEHTOB,
TIOMEIIEHHBIX B «YEPHBIN ANUK», ONEHUTE ITOTPENTHOCTh ITOJY-
YeHHBIX Pe3yJbTaToB.

IToxxkanyiicrTa, mocrapaiiTech COXPaHUTH B MCIIPABHOCTU BHI-
IamHOe 00opymoBaHue!

(B «uépHOM AIMMKe» HAXOAWJINCH ITapaJJIEIbHO COeTMHEHHBIE
pesucTop M KOHIEHCaTOop.)

Pewenue. I1oCKONBKY B YCJIOBHUM HMMEETCS HpenyIIpesKIeHIe
0 COXpaHEeHUHU B UCIIPABHOCTH BHITAHHOT'O 000pPYIOBaHU, CKOpee
BCEro, TaK IPeIyIpPe:KIaloT, UTO He CJeIyeT IOAKIIUYATh MUJI-
JuaMIIepMeTpP HeIOCPEeICTBEHHO K BXOJYy reHepaTopa, Korma Ha
BBIXOZe 00JIbIlIOoe HampsKeHme. IlompodyeM yMeHBIIUTHL HaIp-
JKeHUe N0 MUHUMYMa U IMOAKJIOUNM-Takl MUAJIJIaMIepMeTp K re-
HepaTopy. IIpubGop cpasy mokasbpIBaeT MHOTO M HPU MajieHIieM
yBeJMUeHUN HaOps:KeHUus TeHepaTopa «3alllKaJuBaeT» — HaIlu
IMoJ03peHuA moATBepAuarch! CiaenoBaTebHO, MULINAMIIEDPMET]
MOKHO BKJIIOUATh TOJBKO MOCJIEeNOBATEJIbHO C KaKMM-I100 (KcTa-
TH, OGHUM €IUHCTBEHHBIM) PE3UCTOPOM.

CHauajya, Kak 00OLIUHO, yOeZUMCs B TOM, UTO I'eHepaTop mO-
CTATOYHO «XOPOIII», TO €CTh €Tr0 BBIXOAHOE COIIPOTUBIIEHUE TOCTA-
TOYHO MAaJjI0 U HAIIPAKeHe Ha BLIXOJe reHepaTopa He 3aBUCUT OT
YacTOTHI. JIJId 9TOr0 U3 MUJLINAMIIEPMeTpPa X BHEIIHEro PesmucTOo-
pa coopyauM ILIOXOHBKHM BOJBTMETP. IIpuM mociemoBaTesibHOM
BKJIIOUEHUM 9THUX SJIEMEHTOB BHYTPeHHEee COIPOTHUBIEHME TAKOTO
BosbTMeTpa mmeeT mopsamok 440 Om. Ilogka0OUYMM TAKOM BOJIBT-
MeTP K BBIXOAY IeHepaTopa M IPOHIEMCA IO BCEMY AUATIA30HY
YACTOT, HAa KOTOPBIX TeHepaTop MOXKeT padoTaThb. AMOaurtyna
HaIIPSAKEeHUS BCIOAY OJMHAaKOBA — XOPOIIIO.
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Temepb IMOAKJIIOUMM K BBIXOAY TeHepaTopa M BOJLTMETP, U
«YEPHBIHA AMNK» (mapajiaeiabHo). OKasbpIiBaeTcs, Ha BBICOKMX Ua-
CTOTAX AMILIUTYHA HAIPAKEHUd, KOTOPYIO IIOKA3bIBAET BOJIBT-
MeTp, magaer. ITO TOBOPUT O TOM, UTO Ha BBICOKHX YacCTOTaxX
UMIIEJaHC AINKA CTAHOBUTCS II0 MOJYJI0 MeHbIIe BHYTPEHHETrO
CONIIPOTUBJIEHNA IeHEepaTopa, TO eCTh K BBIBOJAM «UYEPHOTO SAIIU-
Ka» IOJKJIIOUEH KOHJEHCATOD.

CoennHUM Temepb BOJBTMETP, «UEPHBIN AIUK» U TeHepaTop
mocJyieoBaTebHO. Ha HMBKMX UacTOTax MOKas3aHWE BOJIBTMETPa
IIPUMEPHO B OBa pasa MeHbIle, YeM IIPU HeIOCPeICTBeHHOM
MMOAKJIOUEHUU K BBIXOAY TreHepaTopa. ITO TOBOPUT O TOM, UTO
B «YEPHOM SIIHUKE» HNMEEeTCS Pe3NCTOP, TOMKe IIOAKJIIOUEHHBINA
K BBIBOJIAM <«UYEPHOTO ANUKA», HTPUUYEM CONPOTUBIECHUE BTO-
ro pesucropa npumepHo paBHo 440 Om. Ha uyactoTe OKOJIO
2 xI'1 moKasaHMe BOJILTMETPA YMEHBIITNJI0Ch mpuMepHo B 0,7 pas
B CpaBHEHMU CO 3HAUEeHMEM Ha HU3KMX udacTorax. CiemoBaTesb-
HO, BeJINUMHA éMKOCTU KOHAEHCATOPA MOYKET ObITh BLIUMCICHA U3
coorHomenus wCR=1.

Usmepenue napamempos «uéprozo awuxa» (11—1—2004)

3adaHue: B COINUYEUHON KOPOOKe HAXOAUTCS CJOMKHAS cxeMa
13 YeTHIPEX 5JIeMeHTOB (TaM MOTYT OBITh PE3UCTOPBI, KATYIIKHU,
KOHIeHcaTopbl) — Me:xkay Toukamu 0 m 1 BKJIIOUEHBI POBHO ABa
aJieMeHTa, Mexay ToukamMu 0 m 2 — ToKe POBHO IBa dJeMEHTA.
Touku 1 um 2 HemoCpPeACTBEHHO APYT C APYrOM He COeIuHEHEHI.
Hy:xH0 ompeneauTh cxeMy BKJIIOUEHHSA 5JI€MEHTOB WM HN3MEPUThH
UX 9JIeKTPHUUYECKre IapaMeTphl.

Obopydosarue: TeHEPATOP HMUBKOUACTOTHBIX TapMOHUUYECKUX
KoJiebauuii, yHUBEPCAJTbHBIN N3MepUuTeabHbIH mpudop (ABOMeTp
IIKOJbHEIN, OH B HAIlleM cJyuae TOJbKo AB-meTp, compoTusIe-
HUM OH He M3MepseT — HeT BHYTPeHHeH OaTapeiiku), pe3nucTop
conpotuBieraueM 1,3 KOM (ero cCOmpoOTHUBJIEHNE MOXKHO CUUTATD
TOYHBIM), IPOBOJA. YUTUTE, YTO U3MEPUTEIbHbIe IPUOOPLI (TeHe-
parop, AB-MeTp) BoBce He uaeaJbHBI. A BOT BXOIAIINE B COCTAB
«4EPHOTO AINUKA» 9J€MEHTHI MOKHO CUMTATH IIPHU dTUX H3Mepe-
HUAX UIeaJIbHBIMU.

ITpumeuanue: mexny Toukamu 0 m 1 ObLIM TOCIETOBATEIIBEHO
BKJIIOUEHBI KOHAEHCATOP U PE3UCTOpP, Me:xkAy Toukamu 0 m 2 —
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KOHJIEHCATOP TOI Ke EMKOCTU M PE3NCTOP TAKOTrO Ke COIPOTUB-
JIEHUSI, HO IapaJLIebHO.

Pewenue. [na oupeneneHUs COREPKUMOTO «UEPHOTO ANIU-
Ka» MOXKHO COOpaTh CXeMy, IPeICTABJSIONIYI0 cOOOU MeluTeNb
HampsiKeHusa. K BBIBomaM reHepaTopa HOAKJIIOYAIOTCA COEIU-
HEHHbBIE IIOCJIeIOBATEJILHO PE3NCTOP M <«UYEPHBIA AMUK». W3-
MEePUTeJbHBLIN MPUOOP II0 ouepeau IOAKII0UaeTcA K BBLIBOZAM
reHepaTopa, BBIBOJIaM PE3UCTOPA, BHIBOJAAM «UYEPHOTO SIITUKA».
ITogrntouenme mpubopa K BEIBOAM I'eHepaTopa U IIPOXOoj IO Bce-
MYy IMaNa3oHy YacTOT IIO3BOJISIOT YIOCTOBEPUTHLCA, UTO HATPY3Ka
(mocemoBaTENILHO COENMHEHHBIE «UYEPHBIN SAINIMK» U PE3UCTOP)
He BJUSET HAa aMILIUTYY KoJie0aHWIl HANPS'KeHWs Ha BBIBOIAX
reHepaTopa, TO €CTh ero BHYTPeHHee COIIPOTUBIIEHNEe JOCTATOUHO
MaJI0 B CPAaBHEHUHU C COIIPOTHUBJIEHUEM Pe3UCTOopa.

BapmaHTOB mOAKJIIOUEHUS «UEPHOIO SIIUKA» BCETO YeThIpe:
ucnoab3yiorces BeIBOABI (0 m 1), (0 u 2), (1 m 2) u (0 m 1+2). Ina
KayKI0T0 BAPUAHTA MOAKJIIOUEHUSI CTPOSATCA aMILIUTYIHO-YACTOT-
Hble xapakrepuctuku (AUYX).

Eciu He mcmosmb3oBaTh pesmMCTOpP, a MOAKJIIOUATH «UYEPHBINA
ANINK» HEIOCPeACTBEHHO K BBIBOJAM T'eHepaTopa, TO IJIs ABYX
CII0CO00B MOAKJIIOUEeHU «uépHOoro Amuka» (0 u 2) u (0 u 1+2)
Ha BBICOKMX YaCTOTaxX HAOJIOmaeTcsd yMeHbBIIEHWEe aMILJIUTYIbI
KoJiebauuii, To eCTh B 9TUX ABYX CJyYasX K BBIXOAY reHepaTopa
HEeIOoCPEeICTBeHHO MOAKJIIOUEH KOHAeHcaTop. IIpu aToM cKasbIBa-
eTcs HaJINYue HeHYJIeBOTO BHYTPEHHETO COIPOTHURIIEHU reHepa-
Topa. Takum oOpasom, ciegyeT CUMTATH, YTO MEKAY BBIBOAAMU
0 u 2 «uépHOro AMMUKA» BKJIIOUEH KOHIEHCATOP. A IIOCKOJBLKY
nmpu TakoM ke mnoakjgpoueHru (0 m 2) Ha HUBKHUX YacTOTaxX
Ha «4YEPHOM ANIMKe» IIaJaeT He BCE HaOpsKeHHWe TreHeparopa,
9TO O3HAYAEeT, YTO MapajljieJJbHO KOHJEHCATOPY IIOAKJIIOUEH pe-
3UCTOP.

IIpu momkmouenuu «uépHOro AmmKa» BbeIBogamu (0 m 1)
i (1 u 2) Ha HU3KMX YacTOTaX Ha «UEPHOM ANIUKEe» Mamaer
BCE HaIpsAKeHNUe reHeparopa. ITo o3HauaeT, uTo B BeTBu (0—1)
BKJIIOUEH KOHAEHCATOP. A HOCKOJBKY Ha BBICOKMX YacTOTaxX Ha
«4EPHOM SAIIUKEe» MajJaeT ompenesIEHHAA M0JA HAUPAKEHUA, He
paBHas HYJIO, 3TO O03HAYAET, YTO B <«UYEPHOM HAIMUKE» MEXKIY
BeiBogamu (0 u 1) mocyiemoBaTeIbHO ¢ KOHAEHCATOPOM BKJIIOUEH
pesucTop.
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IIpu mogkIIOUeHUM K TeHepaTopy «UEpPHOTO ANIMKAa» BBIBOIA-
mu 1 u 2 ma AUX HabmiomaeTcss MaKCUMyM BOJIM3W HEKOTOPOI
YaCTOTBI: 3TO COOTBETCTBYET TOMY, UTO B «UEPHOM SIMHUKE» IIPU
ero moAKJoUeHun crnocoboM (1 1 2) HaXoaUTCS Tak HasbiBaeMasd
«menouka Buma».

ITocne ycraHOBIEeHMA CXEMBI «UYEPHOTO AIMKAa» HYKHO BBI-
YUCJIUTh 3HAUEHUsS 00HAPYKEeHHBIX EMKOCTEH U Pe3UCTOPOB.

Hasa coocoba moarmioueHuss (0 m 1) Ha BBICOKMX YacTOTax
IIPU IIOCJIEAOBATEIbHOM COeIMHEHUU «UYEPHOTO SIIUKA» U Pe3u-
CTOpa MOXKHO Y3HATDL COIIPOTHUBJIIEHUE PE3UCTOPa, HaXOMAIerocs
B «YEPHOM SAIIUKE» MEKJY dTUMU BBIBOJAMMU.

Hasa cmocoba moxkaioueHua (0 m 2) Ha HU3KHUX YacTOTax
IIPU IIOCJIeAOBATEIbHOM COEIUHEHUU «UYEPHOTO SIUKa» U Pes3u-
CTOpa MOXKHO Y3HATDL COIIPOTHUBJIIEHUE PE3UCTOPa, HaXOMAIerocs
B «YEPHOM AINIMKE» MEXKIY 9TUMU BHIBOJAMU.

3Hasa BeJIWUYWHBI COIPOTHUBJIEHUI, MOKHO BHIOMpPATh pasHbIE
YacTOTHI TeHepaTopa M IJsd Pa3HbIX CIOCOO0B IOAKIIOUEHUS
«YEPHOTO AMMKA» YCTAHOBUTH, KaK/e MMEHHO BEeJINUYNHBI EMKO-
cTell UMeIOT KOHJeHCATOPhI, HAXOAAINeCad BHYTPH.

Jlamnouxa (11—1—2003)

Ob6opydosarue: TeHepaTOpP 3BYKOBBLIX YaCTOT, MUJLIMAMIIEP-
MeTp IIepeMeHHOT'0 TOKa, ABa KoHjaeHcaTopa eéMmkoctu 0,68 Mrd
KayKIbIHN, JIJAMIIOUKA, PE3UCTOP (er0 COMPOTUBICHNE HEU3BECTHO).

3adaHue: IPOBeAUTEe U3MEPEHUI 1 MOCTPOHTEe rpaduK 3aBU-
CHUMOCTHU TOKA Uepes JaMIIOUKY OT IIPUJIOMKEHHOTO HANpPAKeHUsd.
Haiinure oTHOIIIEHME COIPOTUBICHNH JaMIOUKY IIPU TOKaX 5 MA
u 20 MA.

IIpumeuanus: TeHepaTop WM MUJLIMAMIIEPMETDP — IIKOJbHBIE
(1y, caMu IOHUMAaeETe, He COBCEM HeabHbIe). JlamMmmouka BhIED-
sKuBaeT ToK A0 50 MA, mpu GOJIBIIIEM TOKe MOMKET U IIePEeropeThb.
KongemncaTop MOKHO CUNTATh UAEATBHBIM.

Pewenue. CHauasa TpoBEepUM, HACKOJBLKO XOPOIIYM MUJIJIU-
aMIIepMeTp M TeHepaTop. BpICTaBUM caMyi0 MajaylO YacTOTy U
He0OoJIbIIIOe HaNpAMKeHNe Ha BBIXoAe TreHeparopa. llogriaroumm
IIoCJIeJOBaTeIbHO KOHIAEeHCATOP, MUJIJINAMIIEPMETP U reHepaTop.
IlocTenenHo yBeqmumBasA 4acTOTy W HANPSKeHUE, TOOBEMCA TO-
ro, 4TOO0bl MUJIIMAMIIEPMETpP IIOKasajl 3aMeTHBIH ToK. Temepnb
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MOAKJIOUNM IIapaJJIeIbHO MUJIJIMaMIIEPMETPY HEM3BECTHBINA pe-
suctop. IlokazaHne MMIIMaMIepMeTpa IIPAKTUYECKU He u3Me-
HUJIOCH, CJeIOBATEJIbHO, er0 BHYTPEHHEE CONPOTHUBICHIE 3HAUN-
TeJILHO MEHBIIIe COIIPOTUBJIEHUS STOT0 pesucropa. Taxum obpa-
30M, M3 MIWILINAMIIEPMETPA U JTOTO PE3UCTOPa MOYKHO CHeJIaThb
BOJIBTMETD C HEM3BECTHOM (IIOKA) YyBCTBUTEIBHOCTHIO. IlomKiTto-
YUM TOCJeI0BaTEJbHO KOHJEHCATOP, BOJILTMETP U TeHepaTop.
Tenmepb MOKHO M3MEPUTL COIIPOTHUBJIECHWE HEW3BECTHOTO DPE3U-
cropa. Iasa sToro mombepéM Takyl UYacTOTy TeHepaTopa, IpHu
KOTOPOY 3aMBIKaHVE HAaKOPOTKO 3TOT0 HEM3BECTHOT'O Pe3UCTopa
BBIBBIBAET YBeJINUEeHNE MIOKa3aHUi MUJIIaMIepMeTpa IIPUMepPHO
B 205 pas. IIpu 9TOM MeXAYy 6MKOCTHIO KOHAEHCATOPA, COIPO-
TUBJICHUEM PEe3nCTOpa U YIJIOBOM YACTOTOI KOJIe0aHUA MMeeTCs
cBsa3b WCR=1 (R=0,5 xOm).

C moMoIIbi0 BOJETMETPA MOYKHO M3MEPUTDH BBIXOJHOE HAIIPSI-
JKeHUe reHeparopa. IIocKoIBKY HAcC mpenynpenuad O TOM, UTO
IIpu TOKe, 6osbIiiieM 50 MA, JaMIIOUKa MOKeT IIePeropeThb, Hy:KHO
¢ Heil OBITH OCTOPOKHBIMHU, TO €CTh HeE CJeAyeT IOAKJIIOUaThb
JIAMIIOUKY HEIOCPEeJCTBEHHO K BBIXOAY reHepaTopa. BHOBB co-
OepéM Ilellb W3 IMOCJEIOBATEIbLHO COEIMHEHHBIX KOHIeHcaTopa,
MIJLIIaMIIeEpMeTpa U TeHepaTopa. BhICTaBUM TaKue 3HAUEHUS
YacTOTHI M HANPAKEHUA TeHepaTopa, YTOObl MUJJINAMIEPMETP
mokas3bIBaa TOK 50 MA. Eciu 1aMIIOUKY MOAKJIIOUYUATE Mapasliesib-
HO MUJLIMaMIEePMEeTPy, TO ero MOKa3aHue HEMHOT'O YMEHBIIUTC,
a JaMIIOYKa IPU 9TOM CBETHUThCA He OyaeT. ITO O3HAUAeT, UTO
CONIPOTUBJICHYE JIAMIOYKHN B XOJOZHOM COCTOSTHUM U BHYTPEeHHEe
COIIPOTUBJIEHNE MUJIIMaMIIEpMeTpa MMEIOT ONWHAKOBBIN IIOPSA-
IOK BeIWUYMHBI. Tereph BKJIIOUMM B 3Ty ILENb JAMIIOUKY IIOCJIe-
moBareabHO. IloKazanme MuImaMIiiepMerpa yMeHbIIUaIoch. Ilo
BeJIMUYMHE HOBOTO IOKa3aHWA MUJLINAMIIEPMeTPa, HANPAKEHUI
Ha BBIXOJle TeHepaTopa M 3HAUEHUAM YaCTOTHI TeHepaTopa U €M-
KOCTH KOHJAeHCaTopa MOKHO HAWTM HAIPS/KEeHNEe Ha JaMIIOYKe
U eé COIIPOTUBJIEHNE IJIs TaHHOTO 3HaueHUsd Toka. [asa mocTpoe-
HUS BOJIbTaMIIepHO# XapakTepucTuku (BAX) JIaMIOUKM HYKHO
MOJIYYUTh JOCTATOYHO OOJIBIIIOE KOJWYECTBO TOUEK (HAIIps:Ke-
HUEe-TOK).

OTHollIeHWe CONMPOTUBJICHUN JaMIIOYKMN IIPU Pa3HBIX TOKAax,
TEKYIIUX Yepe3 Heé, UIMEeTCA C MOMOIIBI0 HMOJYYeHHOU BOJIBTAM-
IepHOU XapaKTePUCTUKU.
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«Yépuoti awur» (11—2—2005)

Hy:xH0 sKcmeprMMeHTAJbLHO OIPENeJUTh CXeMY, 3aKJII0UEH-
HYI0 BHYTPHU «YEPHOTO AIMUKA», U U3MEPUTH HapaMeTphl IIoMe-
IEHHBIX B HET'O 9JIEMEHTOB.

IIpubopvr u o06opydosaHue: «UEPHBIN AMMUK» C UETHIPBMSA
BBIBOJaMU (HOMepa BBIBOJOB yKasaHbl Ha KOpPIIyce), reHepaTop
HU3KOU YaCTOThl, YHUBEPCAJbHBLIA M3MEPUTEJIbHBIA IU(POBOU
npubop (M3MepAIONNI IOCTOAHHOE 1 IIepeMeHHOe Hanps:KeHue,
CUJIy TOKa, COIPOTHUBJIEHHE IOCTOSHHOMY TOKY), IIpoBoza. Ma-
BECTHO, UTO BHYTPU AINIMKA POBHO TPU dJIeMEHTa — UMU MOTYT
OBITH PE3UCTOPHI, KOHAEHCATOPHI UM KATYIIKHU.

ITpumeuanue: Me:xay BboiBogamMu 1 U 2 ObLI IMOAKJIIOUEH KOH-
IeHCaTOp, MeXKAy BhIBogaMu 2 1 3 — KaTyIIKa, MeKIy BIBOIAMU
3 u 4 — peaucrop.

Peuwienue. CHauana ciaeqyeTr mMOIpPoOOBaTh «IIOIYIaThy «UEP-
HBII SIUK» C IIOMOIIBIO Mpubopa B PekuMe M3MEepPeHUs COIIPo-
TuBneHuii. Me:xnay BeiBogamu 1 u 2 (uau 1—3, 1—4) npubop mo-
KasbIBaeT paspbiB. Me:xay BbIBoZaMu 2 M 3 Ipubop IIOKA3LIBAET
oueHb Majoe compoTruBieHre. Mexay BeiBomamu 2 u 4 (a TakKe
3 u 4) mpubop moKa3LIBaeT HEKOTOPOe COMPOTUBIeHuEe R.

Tenepb 9KCIEPUMEHT HYKHO IPOBECTH HA IIEPEMEHHOM TOKeE.
Ms3mepseTcs BBIXOAHOE Hamps:KeHue remeparopa Up.

IIpu BKIIOUEHUU IIOCTIENOBATEJBHO TeHepaTopa, MUJIJIAaM-
ImepMeTpa M BBIBOAOB AmMKa 1 M 2 HAa MaJIBIX YacTOTaxX TOK
yepe3 aMIIEpMETpP MaJl, a IIPU YBEeJUYEHUU YaCTOTHI TOK PaCTET
BILJIOTDH O «3alllKaJUBaHUA» Ipudopa. fcHo, UTO MeXKIy 3TUMU
BBIBOJIAMY BKJIIOUEH KOHAEHCATOP.

IIpu BKIIOUEHMM ITOCJEeZOBATEJBHO TEeHEpaTopa, MUJLJIMAM-
ImepMeTpa U BBIBOAOB AlMKMKa 1 1 3 HA MaJbIX YaCTOTaX TOK uepes
aMIIepMeTp MaJj, a IPU YBeJIWUYEeHUU YaCTOTHI PACTET BILJIOTH MO
sHaueHua U/R. 9To o3HayYaeT, YTO IapajljieIbHO PEe3UCTOpy He
MMOAKJIIOUEH KOHAEHCATOP.

IIpu BKIIOUEHUU IIOCTIENOBATEJbHO TeHepaTopa, MUJIJIMaM-
ImepMeTpa U BBIBOJOB AIIUKA 2 U 4 HA MAJBIX YaCTOTaX TOK yepes
amrepMerp paBeH npumepHo U/R, a Ipu yBeJMYEHUU YaCTOTHI
TOK YMEHbBIIAeTCA MHOUTH OO0 HYyJad. SICHO, UTO MEXIy STUMU
BBIBOJIAMM BKJIIOUEHBI IIOCJIEOBATEIHFHO PE3UCTOP U KAaTyIIKa
UHIYKTUBHOCTH.
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ITociie ycTaHOBIEHUA COMEPKUMOTO «UYEPHOTO ANMUKA» Y3HATH
mapaMeTpbl HaXOAAIIUXCSA BHYTPU DJIEMEHTOB He IIPEeCTaBJSET
TpyAA.

HUccenedosarnue «uéprozo aujurka» (11—2—2006)

Ob6opydosarue: «UEPHBLIN AMUK», COHEeP:KAINl POBHO IBa
aJIeMeHTa, KOTOpble He COeIMHEHBI APYTr C APYroM, ABe MUHHUA-
TIOPHBIE JIAMIIOUKH, IIOTEHIIMOMETDP (PEeoCcTaT ¢ TPeMs BLIBOIAMI)
conporuBienueM 0,2 kKOm, reHepaTop 3ByKOBOI, IIPOBOJA.

3adanue: oupegeanTe S9KCIEPUMEHTATIBHO COAEPKUMOe SIIH-
Ka 1 u3MepbTe mapaMeTpPhl IIOMEIEHHBIX B Her0 3JIEMEeHTOB.

(BryTpu Amuka HaAXOAWJINCHL PE3UCTOP C CONPOTUBICHUEM
HECKOJbKO OecATKOB OM (B 3aBHCHMOCTH OT THIIA JIaMIIOYEK)
1 KOHIeHcaTop éMKOoCcThio 1—5 MKD.)

Pewenue. [na Hauasia, Kak OOBIYHO, IIPOBEPUM KaueCTBO
pabotsl reHepaTopa. CoequHUM IIOCJIeT0BATEIbHO TeHepaTop, mo-
TeHIIMOMETP 1 JaMIIouKy. HacTpoum remepaTop 1 MOTEHIIIOMETD
Tak, 4TOOBLI JAMIIOUKA 3aMETHO cBeTuJach. IIpoiimémcs 1mo Bce-
My OMAIIa30Hy YacTOT, B KOTOpPOM reHepartop paboraer. Hakan
JIAMIIOYKN IIPAaKTUYECKN HE 3aBHCUT OT YaCTOTHI — 3TO XOPO-
mro! ITograrounM K BBIXOAY TeHepaTopa ellé M BTOPYIO JaMIou-
Ky. CBeueHmue JaMIIOUKM, IIOAKJIIOUEHHON Uepes IIOTeHIIMOMETD,
MIpakKTUYeCKN He M3MEHUJI0Ch. BBIBOJ: BHYTPEHHEE COIPOTUBJIE-
HUe reHepaTopa JOCTATOYHO MAaJeHbKOEe, 9TO TOXKe XOPOIIIO.

Temnepp 3aliMEMCA «UEPHBIM SIITUKOM» .

CoemuHUM IIOCJIEOBATEJIbHO TeHepaTop, JIAMIOUYKY, IIOTEH-
IIMOMEeTP W OOWH 13 HEW3BECTHBLIX 3JJEeMEHTOB, HaXOMAIMXCS
BHYTpHu Amuka. HacTpouM remepaTop u MOTEHIIMOMETP TakK, UTO-
OBl JTaMIIOUKa 3aMeTHO CBeTHJach. IIpoiigéMcs o BceMy auarna-
30HY YacCTOT, B KOTOPOM T'eHepaTop paboTaer.

Ha ogHOTO M3 HEeMB3BECTHHIX 9JI€MEHTOB CBEeUEHUE JIAMIIOUKHU
He 3aBUCUT OT YacTOThl. ECJIM «3aKOPOTUTH» ITOT 3JE€MEHT, CBe-
YyeHUE JIaMIIOUKM BbIpacTaeT. BBIBO: ATOT djieMEHT — PE3UCTOP.

s BTOPOrO HEM3BECTHOTO dJIEMEHTa KapTWHAa Apyras: Ha
HU3KMX YACTOTaX JIaMIIOUKa TacHeT, a Ha BBICOKMX YacTOTaX
pasropaercd sgpue. BoIBOA: 9TOT 3JIeMEHT — KOHAEHCATOP.

IToTennmomeTp HaM OOCTAJCA IIPOBOJOUHBLIN C IMOBOPOTHBIM
IBIKKOM CKOJIB3SAIIEro KOHTaKTa (IIOJHBIA YTroJ IOBOPOTa OKO-
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g0 300°). CorpoTUBIEHUS YacTel IMOTeHIIMOMETPAa, BKJIIOUEHHBIX
MEMKIy ero KOHIIJAMM M CKOJB3AINIUM KOHTAKTOM, IIPOIOPIIUO-
HAJbHBI COOTBETCTBYIOIIIMM yIjlaM HOBOpoOTa ABM:xKKa. CHaOmZuM
IIOTEHITMOMETD CaMOJeJbHOI MNIKaJoil M3 OyMaru M CTPEJIKOIi,
TOXKe cIaeslaHHOIl M3 Oymaru. 3Hass CONPOTHUBJICHUS PA3HBIX dYa-
CTeH ITOTEHIIMOMEeTPa, MOKHO HAWTHU CONPOTUBJIEHNE PE3UCTOpa,
HAXOAAIIETOCA B «UEPHOM AMUKe» . J[IJId 5TOTO IMIOAKJIIOUNM CPa3y
IBe JaMIIOYKM K TeHepaTopy ABYMA IapajlyIeIbHBIMU IeIIAMM:
OIHY IIOCJIeOBATEJBbHO C IIOTEHIIMOMETPOM, a APYTYIO IIOCJIEeNo-
BaTeJbHO C HEM3BECTHBIM pPe3MCTOPOM B Aluke. HacTpoiikoii
IIOTeHITOMeTpa HOOLEMCSI OOUHAKOBOI APKOCTH CBEUEHUS 06emX
JamMmnouek. IloMeHAB MecTaMu JIaMIIOUKU, yOeZMMCsI, YTO U B
9TOM cJy4Yae WX CBEUEeHHS OAWHAKOBEHI, CJIeIOBaTEILHO, COIIPO-
TUBJICHUA IIOTEHIIMOMETPA M HEM3BECTHOTO PEe3HCTOpa B ITOM
ciryJyae OOUHAKOBHI.

Temmepr 3aMeHMM CTaABIINII WN3BECTHBIM PE3WCTODP BTOPBHIM
HEM3BECTHLIM 3JeMeHTOM. IlombGepéM TaKyio 4acTOTy TeHepaTo-
pa, 4TOoOLI M B 9TOM cJjydae o0e JIAMIIOYKH TOpPeIr OANHAKOBO
SAPKO. 3HAs YacTOTy TeHepaTopa M COIPOTHBIIEHNE TOTEHITMOMET-
pa, MOKHO BBIUHCJIUTH E€MKOCTh KOHIEHCATOPa, HaXOIAIIErocs
B «UEPHOM AIMIIAKE» .

HUccnedosarnue «uéprozo auwjurka» (11—1—2008)

3adanue: onpeneNTe CXeMY COeIMHEHUS JIEMEHTOB BHYTPU
«UYEPHOTO0 AIUKA», U3MepPbTe IapaMeTPhl 9TUX JJIEMEHTOB.

Ob6opydosarue: «4UEPHBINA ANIUK», TeHEePaTOpP HU3KOIH UacTo-
ThI, MUJIIMAMIIEPMETD HmepeMeHHOTOo ToKa, peauctop 1 kKOm, mpo-
BOZA.

B amwuke comep:kaTcaA OBa 3JeMeHTa — HYMKHO OIIPEIEIUTH
TUII 3TUX DJIEMEHTOB, CXeMY X COeIUHEHUsI, U3BMEPUTH C MaKCH-
MaJBHO BBICOKOUM TOYHOCTBIO MX ITapaMeTpbl. MuiauaMiepMeTp
uMeeT aBa Ipeaeaa mamepeHuit — 5 m 50 MA, OoH XOpoIlo pa-
0oTaeT Ha TeX UYACTOTaX, KOTOpPhIe obecleurBaeT reHepaTop, OH
COMEPKUT AUOMHBIN BBIIPSIMUTENb, «IajJleHre HAIPSKeHUd» Ha
MUWLIAMIIEpMeTpe IPU MaKCHUMAaJbHOM OTKJIOHEHUU CTPEIKHU
mpubopa cocrasisgeT npumepso 0,6 B.

(B Amuke HAXOOUINCH MHIYKTUBHOCTh U éMKOCTh, BKJIIOUEH-
Hble MapaJjjIeJbHO APYT APYTY, puc. 25.)
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Ecau BrAIOUMTH mociiemoBaTeIbHO TeHe-
paTop, Pe3UCTOP, «UEPHBINA AMUK» U MUJLJIU-
aMIIepMeTp U IIJJaBHO M3MEHATH YaCTOTYy, Ha
KOTOpOIi paboTaeT reHepaTop, TO HA YaCToO-
Te oKoJo 10 KI' MO:KHO OBLIO OOHADPYKUTH
«IIajJeHue» IOKa3aHWN MUJLINaMIIEpMeTpa
B Y3KOH IOJIOCE YacTOT. ITO COOTBETCTBY-
eT pe30HaHCY KoJie0aHUil B KOHTYPE, COCTOSIEeM W3 KaTyIIKN
UHIYKTUBHOCTU U KOHAeHcaTopa. IIpm aTom obliee compoTuBIie-
HUe II0CJeNOBATEJbLHOM IeIN CTAHOBUTCA OUYEHb OOJBIIMM, UTO
COOTBETCTBYET MapaJIeIbHOMY COeINHEHUIO KOHAeHcaTopa 1 Ka-
TYIIKA WHAYKTUBHOCTU BHYTPU «UEPHOTO AMMUKa». IIOCKOIBKY
2JIEMEHTOB BHYTPHU AINIMKA BCEro IBa, MOKHO yOeIUTHLCA B TOM,
YTO TaM AeHCTBUTEJNBHO KOHIEHCATODP M KaTyIIKa WHIYKTHUBHO-
ctu. s sToro codbmpaeM cxemy, B KOTOPOI IIOCJIeZOBATEIBHO
COeIVMHEeHBI TeHePaTop, «UYEPHBINA ANINK» U N3MEPUTEJIbHBIA IIPHU-
6op. IIpu mocTaTouHOM yAaJeHWM IO YacTOTE OT Pe30HaHca Kak
BHU3, TaK M BBEpPX NOKa3aHWsA IpubOpa PacTyT BILJIOTH OO €T0
«3aIIKaJIUBAHUA» . ITO COOTBETCTBYET TOMY, UTO CYMMAaPHBIA UM-
IMeJaHC «UEPHOTO AMNKA» yObIBAeT U Ha HU3KUX, U Ha BBICOKUX
YacToTax.

Yro0BI TPOBEPUTH, HACKOJIBLKO «XOPOIIl» TeHepaTop (B TOM
CMBICJIEe, HACKOJBKO MaJI0O ero BHYTPeHHEe COIPOTUBJIIEHUE), CO-
0epéM cxeMy, B KOTOPOIl <«UYEPHBIA AMUK» IIOCIEI0BATEIbHO
¢ MIJLIMAMIIEPMeTPOM IOAKJIIOUEH K reHepaTopy. Bribepem ua-
CTOTYy, IIPU KOTOPO¥ IOKa3aHWe IPUOOpPa COCTABUT IIPUMEPHO
MIOJIHYIO eTo IMKaJNly WM NPU JaJibHeHIIeM yAaJIeHuN OT pe3oHaHca
mpojoJKaeT pactu. s aTOro HY:KHO YHATH OT pe3oHaHca Jubo
BBepX, Ju0O0 BHM3. 3aTeM IIOAKJIOYMM K BBIBOJAM TeHepaTopa
pesuctop 1 kOm. Ecau mokasaHue mpubopa M3MeHUJIOCH MAJO,
3HAUUT, €TI0 CONPOTUBJIEHUE 3HAUUTEIBHO MEHBIIIE COIPOTUBIE-
HUS PE3UCTOPa, TO €CTh 'eHepaTop AOCTATOUHO XOPOIII.

Temeph MOAKJIOUMM 3STOT K€ PE3UCTOP MHapaJJIEeJbHO H3Me-
putenabHoMy mpubopy. Ecim ero moxasaHue HM3MEHUTCA MAaJo,
3HAYUT, €r0 BHYTPEHHEE CONPOTUBJIEHUE 3HAUNTEJIHLHO MEHBIIe
CONIIPOTUBJIEHUA PE3UCTOPA, UTO TOKEe T'OBOPUT O KadyecTBe IIPHU-
oopa.

IIpu wmsmeHeHMM dYacTOTBI TeHepaTopa BOJIM3U pe30HAHCA
BBEPX WM BHU3 MOYKHO JOOUTHCA TOTO, YTOOBI MUJLIHMAMIIEPMETP
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IIOKa3bIBAJl MaKCHUMaJIbHOe 3HaueHUe TOKa [, KOTOpoe oIpe-
IenseTcs IapaMeTpaMy <«UYEPHOr0 ANIMKa» (COIPOTUBIEHUAMU
reHeparopa u MuJUImamiepmerpa npenebperaem). Ilocae aToro
BKJIIOUAEM B I€Ilb IIOCJEOBATENLHO C «UYEPHBIM SAIMMKOM» U Te-
HepaTopoM elné u pesucTop. Ilo n3aMeHeHUIO TTOKa3aHUi IpPudo-
pPa I2 MOKHO BBIUMCJIUTH PEAKTUBHOE COIIPOTUBIIEHUE «UEPHOTO
ANMKAa» Ha COOTBETCTBYyIOLIEH wacToTe. OTO IMO3BOJIUT HaNTU
BEJIMYUHBI EMKOCTHA W WHAYKTUBHOCTU, CPABHUB UX MMIIEIAHCHI
C COIPOTHBJEHUWEM pesaucropa. TouHble (GOPMYJBI OIS TOKOB
C YUETOM MaJIOCTHU COIPOTUBJIEHUI MpuOOpa W reHepaTropa Tako-

BBI:
U() UO

[ LjC ? [ Ljc
(1/wC—wL)? +R? (1/wC—wL)?

Ecau cunraTh, 4TO BBIIIE YaCTOTHI PE30HAHCA OCHOBHOM BKJIAT,
B UMIIETaHC Ma€T KOHAEHCATOP, a IS HM3KUX YaCTOT OCHOBHYIO
poJib Mrpaer MHAYKTUBHOCTH, TO HAIMCAHHBIE (GOPMYJbI OyIAyT
BBITVIAJIETH 3HAUUTEIHHO MPOIIE:
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Hccenedosarnue KonebaHuil MuHElKU, 3aKpPenaéHHOlL 00HUM
Konyom (11—2—2008)

3adaHue: uccienyite KojeOaHUS JUHEHKMN, 3aKpeIJIEHHON
OTHUM KOHIIOM.

Ob6opydosarue: MIaCTUKOBaA JUHeHKa IJUHBI 42 cM (11BeT —
PO30BLIiT, UK OPAHIKEBBIN) — 00BEKT N3YUeHN, IIITATUB C IIJOC-
KUM UYyT'YHHBIM OCHOBaHMEM, CTPYOIHAa, IPOKJIanaKka (0pycok us
aJIOMUHUS), BTOpas JuHeiika nauabl 40 cM, TOHKasd U IIpOYHAS
KampoHOBasA HUTHL ¢ OycuHKou Maccoit m=0,34 r (cmemana us
KaMHs C Ha3BaHUeM «KOIIauWi Ijas»), IPys C KPIOUKOM U C
PEe3WHOBBIM KOJBIIOM (KOJBIIO IIPeIHA3HAUEHO I 3aKpeIlIeHusa
HUTH), TUHAMOMETP IIKOJILHBIN (mpemensl mamepenus or 0 1o
4 H).
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II.1. Teoperuueckoe 3ajaHue: HAWIWUTe YACTOTY KoJieOaHUIt
OyCHUHKM, 3aKPEIJIEHHON Ha HUTHU, KOTOpas PACTAHYTa C CUJION
F>mg. KoHnbl HUTH KECTKO 3aKperieHbl. OT KOHIIOB HUTH IO
OycuHku paccroanus L1 u Lo. BycuHka cMeliaerca B HaIIpas-
JIEHUU, IePHeHIUKYJIIPHOM PABHOBECHOMY IIOJIOKEHUIO HUTH,
U OTIIyCKAeTCs.

I1.2. Usmepenusa. Illratup yaoxuTe «HaAO0K». Mcmoabsys
KHUTHM B KayeCcTBe OIOPHI, A00eHTech BEPTUKAJIHLHOTO PAaCIO-
JIOXKeHUS UYYTYHHOTO ocHOBaHHUsA. OO0BbeKT maydeHUs (IIBETHYIO
ILJIACTUKOBYIO JIMHEHKY) C IIOMOIIBIO CTPYOIIMHBI 3aKpEInTe I'o-
PUBOHTAIHLHO MEXKIY IIPOKJIAAKOM M UYT'YHHBIM OCHOBAHUEM TakK,
yTOOBI CBOOOAHOI OKasajiach YacTh JUHeHKu gauHoi L (ot 25 10
7 cm). F3sMepbTe 3aBUCHUMOCTD YaCTOThI KOoJeOGaHUH JTUHEHNKU OT
IJIUHBI €€ CBOOOTHOI YaCcTU C IIOMOIIBIO N3MEPUTEILHON CUCTEMbI
U3 HUTKH, OYCUHKHU, TPy3a.

IlepBasa (Teopermueckas) dacTh PabOTHI Oblja YCIEIIHO BBI-
nosiHeHa Bcemu yuacTHukamu III Typa. Bee Hamm saBucuMocTb
cOOCTBEHHOM YacTOTHI KoJieOaHUiI CHCTeMBI 13 HUTEH U OYCUHKHU
OT JaHHBIX B YCJIOBUU IapaMeTPOB:

o | EL2t L)
o ngLl :

VcioBue SKCHepPUMEHTAJBHON YacTH 3aJaud IIPeAIloJarajio
BIIOJIHE OIIPEAEJIEHHLIN CII0cO0 3aKpelyieHWs JUHEHKH C IIOMO-
IIBIO NMITATHBA M CTPYOIIMHBI: IIJIOCKOCTH JIMHEHKHN B IIOJIOKEHUU
paBHOBecus Obliia BePTHUKAJIBHOI, IIPU 9TOM JHHENKa Obliaa BBI-
TAHYTaA B AJUHY TOPU30HTAIBHO.

CBoOomHbBIe KoJeOaHUA JUHENKM BO30Y:KIAINCH BPYUYHYIO
yIoapoM IO JIMHEHKe WJN IIyTEM BBLIBEAEHUS €€ U3 IIOJIOKEHUS
paBHOBeCUS W OTIIYCKAHUA.

A m3sMepeHUs YACTOTHI KoJieOaHuil JMHEeHKM Ha JUHEHKY
BOJIM3M MecTa eé 3asKmMa CTPYOIIMHOIN KPemuTCsa OUH 13 KOHIIOB
HUTU KoJiebaTeJIbHOH CHCTeMBbI, IIpelHasHaueHHON IJd m3Mepe-
HUsS YacToTbl. Takoe MecTO KpeIlleHHs obecieunBaeT caadyio
CBA3L KOJeOATeNbHBLIX cucTeM (IMHENKM M OyCHHKM Ha HUTKe),
TO €CTh HUTKA ¢ OYyCMHKON He CHJILHO BJIHAET HAa COOCTBEHHBIE
Kosiebauma JauHedKu. Ilpu Bo3Oy:KIeHMU KoJieOaHuil JUHENKU
BO30y:KIal0TCA U KojeOaHus OycuHKM. BOIm3u pesoHaHca KoJe-
0aHMs OYCUHKU MMEIOT JOCTATOUHO OOJBIIYIO AMILIUTYAY, YTOOBI
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3aUKCUPOBATh, HaJIWYMEe 9THUX KojebaHuil m momob6parh Iapa-
MeTpPhl M3MEPUTEJbHON CHUCTEMBI IJIs TOJYUYEeHUs pe3oHaHCcAa.
ITox6Gop ocyIecTBAAICA UBMEHEHUEM JIINH CBOOOJHBIX YUACTKOB
HUTU U U3MEeHeHWeM CUJIbl HaTdKeHuA HuTu. PesoHamc ¢purcu-
poBaJjicsi BU3YyaJbHO, IIPA 9TOM TOUYHOCTH IIOA0Opa IIapaMeTpOB
(ATMHBI YYACTKOB HUTH) He IIPeBHINTaja 2 CM IPU IJUHE COOT-
BETCTBYIOIIEr0 yuYacTKa HUTH 0K0J0 20 ¢M, TO eCTh IIOTPEITHOCTh
M3MepPeHUA YacTOThI Obliia He MeHbIe 5%.

Ha ocHOBaHuMM IPOBENEHHBIX M3MEPEHMNI CJIEIOBAJIO IIOCTPO-
UTH Ipa)K 3aBUCUMOCTU YACTOTHI COOCTBEHHBIX KOJIeOaHuil Jiu-
HEeHMKHU OT AJUHBI €€ CBOOOLHOM YaCTH.

KBagpar yrimoBoii uacToTBI KojeOaHmii 0O6paTHO IIPOIOPIIHO-
HaJIeH KyOy AJUHBI CBOOOMHOIN YacTu JUHEWKU. ITO JIETKO 060c-
HOBaTh: IPU PUKCUPOBAHHOM M3rube JUHEHKM BOJIM3U MecTa eé
3aKpeIlIEHN CO3IAaETCA ONpPeNeJIEHHBIA MOMEHT CUJI, IIPOIIOPITH-
OHAJILHBIN YIUIy M3rubda JUHENKN. OTOT MOMEHT CUJ o0ecIieunBa-
eT OBUKEeHMe C YIVIOBLIM YCKOpeHHeM ydacTKa JUHeHKU, mMacca
KOTOPOT0 IIPOHOPIIMOHAJbHA IJIWHE ydyacTKa. MOMEHT mHepIuu
ATOTO yYacCTKa IIPOIOPIIMOHAJIEH, COOTBETCTBEHHO, KyOy IJUHBI
ATOTO y4acTKa:

.. 3 2 K
Ko=—pAL° — o =B

Bropyio (sKcmepumMeHTAJIbHYIO) dYacTh B3aJauld YIYaACTHUKU
III Typa BeimomHUIU MeHee ycnenrHo. CKopee BCeTO, 3TO CBSA3aHO
C T€M, UTO METOAMKA HACTPONKMN M3MEPUTEJIbLHON KoJie0aTe/IbHO
cucTeMbI He ObLIa ABHO ONMCAaHA B YCJIOBUM 3aJauM, a HA IPULY-
MbIBaHMEe COOCTBEHHOII METOIMNKM TPeO00BaIoCh BpeMs.

Bonnbl Ha pe3unke

3adarnue: HaiAUTE 3aBUCUMOCTH CKOPOCTH PacIpOCTPaHEeHUs
[IOIIePEUYHEIX BOJIH OT CHUJIbI HATSKEHUS PE3UHKIH.
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Ob6opydosanue: sudbparop 50 I'ti, ciesaHHbIi 13 AKBAPUYMHO-
ro KOMIIpeccopa, Pe3sruHKa, KPOHIITENHEBI (HECKOJBKO IITYK), KO-
TOphIEe JIETKO KpemATCsS Ha Kpawo CcToja, pyJeTKa, IuHa-
MOMETP.

Wnes ombiTa mpencraBieHa Ha puc. 26.

Tenepamop «38yK080i» wacmomot

3adarue: M3TOTOBLTE TeHEPATOP 3ByKa Ha AUANA30H YaCTOT
50—200 I'm.

Ob6opydosarue: pejie ¢ OTHOM TIPYIIION M3 TPEX BHIBOJOB
(HopMAaJbHO 3aMKHYTBIX M HOPMAJbHO PA30MKHYTBIX), OaTapeiika
«Kpona» (9 B), mepeMeHHBIN pPe3ucTOp (IIOTEHIIMOMETP) C COIPO-
tuBineHueM 0—70 Om, KoHgemcaTop éMKocTbio 10 MK®, coenu-
HUTEJbHBIE TIPOBOJIA.

Pewenue. Iy aBTOMaTUYECKOTO TEPEKITIOUEHUA DPeJjie U3 Of-
HOTO pesKmMa paboThl B APYT0oil MOMKHO WMCIIOJB30BATH HPUHITUII
paboThl 3JEKTPUUYECKOTO 3BOHKA (€CTh TaKoe YCTPOMCTBO IJIs
JeMOHCTpamnuii Ha ypokax ¢usmkm B IKoJsie). OOMOTKa peJe
BKJIIOUAETCA IOCJEI0BATEIFHO C HOPMAaJILHO 3aMKHYTHIM KOHTaK-
TOM ¥ IOJKJIIOYAETCSA K MCTOYHUKY. TOK uepe3 OOMOTKY HauMHAaeT
BO3pacTaTh, M, KOTIA OH OOCTHraeT HYKHOTO 3HAUYeHUs, KOH-
TaKT paspbiBaeTcsA. HeKoTopoe BpeMs KOHTAKT OTCYTCTBYET, 3a
9TO BpeMs TOK B OOMOTKe YMEHBIIAeTCA MO0 BEJIUYUHBI «OT-
MyCKaHUA» U <«I3BIUOK» (IMOAKJIIOUEH K BBIBOAy N2 3) cHOBa
mepebpacbiBaeTcss K BbeIBomy Ne 1. Jlasee BCE cHOBa IIOBTOPSA-
ercs.

ITapannensHO 0OOMOTKE pejie MOMKHO BKJIIOYUTL KOHIEHCA-
TOp OOJBIIION EMKOCTHU, 3TUM MOYKHO CYIIECTBEHHO YBEJIUUYUTH
BpeMsd, B TeUeHUEe KOTOPOr0 HOPMAJIbHO 3aMKHYTHIE BBIBOIBI
OynyT pasoMKHYTHIMU. IIOTEHIIMOMETD MOIKET MCIIOJIb30BAThCS
IJIsT OTPAaHUYEHUA TOKAa, IPU dTOM HU3MeHAeTcs (YMeHbIIaeTcs)
BpeMsd, B TeueHHEe KOTOPOT'0 OTCYTCTBYET KOHTAKT HOPMAJIBHO
3aMKHYTBIX BBIBOIOB peJie.

ITocne HacTpoiiku cOOpPAHHOM CXEMbl SKCIEePHMEHTATOD IIOX-
3BIBAET [EKYPHOTO U TPEABABISIET €My paboTamIyio CXeMy.
Y me:xypHOTO mMeeTcsa IpUOOP OIS M3MEPEHUS YacTOThI (YacTo-
TOMEP, WK ocIuIorpad).
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MarauTHbIE HN3MEepEeHuA

Maznummnoe none (do 2000 zoda)

3adanue: HaWiguTe 3aBUCUMOCTh BEJWUYNHBI WHIYKIUUA Mar-
HUTHOTO IIOJISI Ha OCU CUMMETPHUU IUJIUHIPUUECKOTO MarHuTa
HeOOJIBIINX PAa3MepPOB OT PACCTOSHUSA IO MarHUTA.

Ob6opydosatue: IBa «CUJIbHBIX» ITHUJINHIPUUYECKUX IIOCTOSH-
HBIX MaruuTa HeOOJBIINX pasMepoB, KoMIac HeGOJbIINX pas3Me-
POB CO IIKaJION HAIpaBJIEHUH B I'paAycax, MJIaCcTUKOBaA JIMHEN-
Ka, MUJLIMMeTpOoBas Oymara, CKOTd.

Pewernue: MarHuThl OPUKPEIJIAIOTCSA Ha CTOJE TaK, YTOOBI
WX OCH CUMMETPHUH ObLIM B3aMMHO IEPIeHAUKYJAPHBI. B Touke
rmepeceveHusi Oceil CHMMETPHUH PAacCIIoaraeTcsi KOMIIAc, KOTOPBIH
MMOKA3bIBAeT HAaIllpaBJeHWe CYMMAapHOTO0 MArHWTHOI'O IIOJIS, CO-
3JaHHOTO B MECTE €ro pPacIoJIoKeHuda MarHutamu (u 3emiéit).
IlepenBuras MarHUThI, MOKHO MEHATH COOTHOIIIEHNE MEKIY KOM-
IMOHEeHTaMU CYMMAapHOTO II0JIA.

KenaresbHo, YTOOBI KOMHOAC HaXOAWUJICA IIOCEPEAVHE Iepe-
BAHHOM CTOJIEITHUIILI, KAK MOKHO JaJIbIlle OT JKeJe3HBIX UacTei
KOHCTPYKIIMHM cTojia. MaruuThl KeJaTeJbHO PACHOJOKUTH TakK,
yToObl HAIIpaBJE€HNE OCH CHUMMETPHUU OJHOTO M3 HUX COBIIAJO
C HaIpaBJeHWeM TI'OPU30HTAJIbHON COCTABJIAIONIEH MarHHUTHOTO
nosia 3emiu. KeraTu, rOpU30HTAIBHYIO COCTABJISIONIYI0 MATHUT-
HOTO T10JIsI 3eMJIX B 3TOM 3aaue MOKHO MCI0JIb30BATh B KAUeCTBe
eIWHUIBI U3MEPEHUS BeJINUNHBLI MHAYKIIMY MaTHUTHBIX MOJIeI,
coszaBaeMbIX MarHUTaMu (OHA paBHA mpuMepHO 1,5-107° Ti).

Maznummnulil yckopumeas

3adanue: HalguTe OTHOIIEHWE CHUJbI, ¢ KOTOPOM CTAJbHON
[IAPUK IIPUTATUBACTCA K MArHUTY, HAXOIACHh BILJIOTHYIO K HEMY,
K CHJIe TSMKECTHU STOrO Ke IIapuKa.

Ob6opydosarue: nBe HeMATHUTHbIe JuUHeHKH miauHoii 40 cwm,
JINIIKAS JIEHTA «CKOTY», HWJIMHIPWMYECKUN MATHUT HeOGOJBIINX
pasMepoB, YeThIpe OANHAKOBLIX CTAJIbHBIX IIAPUKA, KOIIMPOBAJIb-
Haa oymara 20 cm x 30 cM, MmuIEMeTpoBaA Oymara.

(Macca margmra MHOYTHM TakKas Ke, KaK M Macca KayKIOoro
IIapuKa.)
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IIpednonazaemotii cnocob peureHus. VIsroraBimBaeTcsA «Ha-
OPAaBJIAIONIASI» MOPOKKA MIJIA IIAPUKOB. JIMHEMKM KpPemsaTcsa K
CTOJIy JIUTIKOM JIEHTON TaK, YTOOBI IIAapUKW KaTaJluCh MEXKIY
HUMM UM BAOJb HUX. MarHuT m ABa UJIW TPU ITapuKa C OTHOM
CTOPOHBI OT HETO JIeXKAT MeXAy JUHeHKaMM Ha Kpar CToJa,
OPUIKABIINCH APYT K APYyry. MaruuT JUIIKON JIEHTOW KPEeIUTCSA
K CTOJY, IPUYEM ITapUKM ¥ MAarHUT KacaloTcA APYyTr Apyra Helo-
cpeactBeHHO. K HUM ¢ Apyroii CTOPOHBI HAIIPABJISIETCA C HYJEBOM
HavYaJIbHOM CKOPOCTBLIO UeTBEPTHIH mapuk. OH pasromdercs Ime-
pel CTOJIKHOBEHUEM C MarHuTOM UM IIOCJIe yJapa IepefaéT CBOI
UMITYJIBC TI0 ITeIIOUKe caMOMy KpalHeMy HIapuKy. OTOT KpauHui
IIaPUK OTPLIBAETCSA OT BCEH « KOMIIAHWM » , IOKUAAET CTOJ U JIETUT
B BO3JyXe N0 coyxapeHUs c mojaoM. M3MepuB BBICOTY CTOJIa
U JaJIbHOCTBH MOJIETA ITapUKa M0 TOPUBOHTAJIUW, MOXKHO BBIUMC-
JIUTh €r0 HavyaJbHYI0 CKOPOCThH. 3aJaBasd pasHble HadYaJIbHBIE
paccToAHUSA MEKJY MArHATOM M YEeTBEPTHIM NIAPUKOM, MOYKHO
BBICHUTH 3aBUCHUMOCTDL IpPHOOpeTaeMoil 9TUM HIaPUKOM CKOPO-
CTH OT BEJINUMHBI PACCTOAHUS, IPOUIEHHOTO «K MATrHUTY» Iepen
ymapoM. Ilo 2TO# 3aBMCMMOCTH MOYKHO BBIUMCJIHNTL OTHOIIEHUE
CUJI IPUTSAKEHUA K MarHuTy U K 3eMJie.

Hccenedosanue maznuma (10—1—2006)

Ob6opydosarnue: MaruuT — 1 mIT., MeTaJIMUeCKHE YTOJIKU —
5 mrr. (3aryylIKy THE3N B MATePUHCKOM OJIOKe KOMIIBIOTEPOB),
JuHaAMoMeTp — 1 IIIT., MPOYHBIM KAIPOHOBBIM mmarat — 1,5 M,
Junkasg Oymara, MUJUIMMeTpOBasA Oymara, IJIOTHas Oymara, eé
«ILIOTHOCTB» (Macca OZHOTO KBagpaTHOro Merpa) 160 r/m2 —
1 aumer dopmara A4, aBe MAJOUKM CO CPE3aHHBIMU BATHBIMU
TaMIIOHAMU, MepHAas JeHTa.

3adanue: HANIAUTE 3aBUCUMOCTD OT PACCTOAHUS CUJIbI IPUT-
JKeHUST MarHUTA W OTOTHYTOI MOM IPAMBIM YIJIOM YacCTH JKeJjes-
HOTO yroJka (oHa pacmojiaraeTcA IapaUIesIbHO OOJBINOIM TpaHu
maruuta). IlocTpoiiTe rpauK 3TOM 3aBUCUMOCTH.

IMunuHIpUYEeCKNe MAJIOUYKYA — 9TO MaJIeHbKHe KaTKU, Ha KOTO-
PBIX MOXKET cMeIlaTbCcsa 6e3 TPeHus OAUH 13 YroJaKkoB. OcTaabHbie
YTOJKYU HYKHBI, YTOOBI MOKHO OBIJIO KPENUTh K HUM IIPOUYHBIN
HImaraT 1, HaTATHUBAsA ero JUHaMOMEeTPOM, HaXOAUTDh CUJIY HAT-
JKeHUS IImarara.
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Cusa mpUTSAKEHUA MarHUTA ¥ YTroJKa B cJiydae, KOTJa OHU
CONIPMKACAIOTCS, HACTOJBKO BEJWKA, UTO, IIPOCTO MOTSHYB 3a
YTOJIOK JUHAMOMETPOM, €€ U3MePUTh Heab3s. TaKue CUJIBbI MOXK-
HO U3MepATh METOIOM pPa3JIOKeHUS CUJIBI Ha COCTaBJIAIOIINE.
IIpouHBIl mImaraT, IPUKPEIIEHHBINA K IOABHM/KHOMY YIOJKY, Ha-
TATUBAETCA HACTOJBKO CHJIBHO, UTO MATHUT M YTOJOK T'OTOBBI
OTOpBaThCA APYT OT Apyra. Ecau B cepeiuHe mImarara 3aleluTh
ero IMHAMOMETPOM M IIOTAHYTH B HAIPaBJIE€HWH, IMEPIEHANKY-
JIAPHOM IIIIAraTy, TO OH AedOpMHUPYETCa WM IPUHUMAET (QOopMY
JIByX OTPE3KOB, COCTABJAIONINX IPYT C IPYroM HEOOJBIINON yTrOJI.
BeanunHy 3TOTO yIyia MOKHO MU3MEPUTH C IIOMOIIBI0O MUJIJINMET-
poBoit 6ymaru. ITomenas MeXKaAy YyrOJIKOM M MArHUTOM IJIOTHYIO
Oymary (KapToH), CJIOKEHHYIO B HECKOJBKO CJIOEB, MOYKHO yCTa-
HABJIMBATh pPasHbIe PACCTOSHUA MEXKAY MATrHUTOM U BLIOPaHHOI
IIOBEPXHOCTHIO CTAJIBHOTO yrojka. [Jyda OGOoJBIIMX PaCCTOSHUM
MEXKIy MarHUTOM M YTOJIKOM CHUJIa TPEHUA MEKIY YTOJIKOM U CTO-
JIOM HaYMHAET UTPaTh CYIIECTBEHHYIO POJib. UTOOBI YMEHLIIUTH
BIAWSHNE TPEHUA HA PEe3yJIbTAaThl UBMEPEHUN HYKHO UCKIIOUYUTD
TpeHUue CKOJbKeHUs, 3aMEeHUB ero TpeHueM KadeHud. yia sToit
e MOJKHO WMCHIOJb30BAaTh ILJIACTMAaCCOBbIe TPyOouku. Ha Hux
TIOMeIaeTcsA YroJioK, W, IJIA TOTO YTOOBI CABUHYTH C MECTa 3TOT
YTOJIOK, TpebyeTcsa cuja, 3HAUUTEJNHHO MEHBINAA IO BEJINYUHE,
YeM B TOM cCJIyuae, KOTJa «KaTKW» He MCIOJIb3yIoTcd. [ld emé
OOBIINX PACCTOSIHUN MOYKHO YTOJIOK IIPOCTO TTOABECUTD HA IJIUH-
HOM IIITIaraTe W M3MEPATH C IIOMOIIBI0O MUJIJIUMETPOBON Oymaru
Majble YIVIBI MEMKJIY BEePTHUKAJBI0O M IIIaraToM. 9JTO TOT JKe
caMbIf MeTOJl PA3JIOKEeHUA CUJI Ha COCTABJAOIINE, AeiicTBYIOIMe
B Pa3HBIX HANIPABJIEHUAX.

Kamywwxa (11, 0o 2000 z00a)

3adaHue: ompeesnTe YHCJIO BUTKOB MEIHOTO IIPOBOJA B Ka-
TYIIKE.

Ob6opydosarue: KaTyIllKa C HEM3BECTHBIM YKCJIOM BHUTKOB,
MOTOK IpoBoAa (AjamHa 2 M), IIJIOCKHUII MardHuT C pasMepamMu
1 cmx 7 cmx10 cMm, cTpeIOYHBIH TPUOOP «HEM3BECTHOTO Has3HAa-
YeHUA» C JUHEHHOUN IKaJyoi. J[mamMeTp KaTyIIKX 5 CM MHOTO
0OoJIbIlle €€ TOJIUHLI 1 PA3HUIBI 0OJILITEro (BHEIIHEr0) U MeHb-
mero (BHyTPeHHEro) JuaMeTPOB BUTKOB.
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Bosmoxcrnoe peurenue. IlogkiirounB BbIBOJABI KATYIIKHU K IIPU-
00py «HEem3BeCTHOTO HAa3HAUEHUSI» 1 MOAHOCSA (MIM yaaads) Ka-
TYLIKY K MATHUTY (WJIXA OT HEro), JeTrKO YCTAHOBUTD, UTO CTPEJIOY-
HBIII TpubOp MOKa3bIBaeT HAJIWUYME WHIAYKIIMOHHOrO ToKa. Eciu
ImepeBopaunBaTh KaTymky Ha 180°, npmxumMas eé 1o mepeBopoTa
U II0cJe TIePeBOpoTa K MarHuTy, TO OTKJIOHEHWE CTPEeJKUA B MakK-
CUMyMe OT IIEPEBOPOTA K IIEePEBOPOTY XOPOIIO BOCITPOU3BOAUTCS.
3aps, TPOTeKAIOIIN M0 I[elH, IPOIOPIUOHAIeH BeJINUNHEe U3-
MEeHeHUs MarHuTHOI'O IIOTOKA uYepes3 BUTKM KATYIIKKA Ipu eé
IIepeBOPOTE.

3aTeM MOKHO IIOBEPX MMEIOIIMXCS BUTKOB KATYIIKK HaMO-
TaTh eIlé M3BECTHOe KOJHMUYECTBO BUTKOB IIPOBOAA C IIOMOIIBIO
MOTKa TPOBOJIOKU, BBRIJAHHOHW B KauecTBe obopynoBauusa. Ilofm-
KJIIOUMB BBIBOABI JOIOJHUTEILHBIX BUTKOB K BBHIBOJAM KaTYIIKHU,
MOKHO IIOJIyYUTh HOBO€ KOJIUYECTBO BUTKOB (00JIbIllee MU MEHb-
1iiee HeM3BECTHOI'0 YKMCJIa BUTKOB B 3aBHCHMOCTH OT IIOJSAPHOCTH
TIOIKJIIOUEHUA BHIBOJOB). VI3MepeHUs OTKJIOHEHUSA CTPEJIKU IPU-
fopa B MakcUMyMe MPH aHAJOTHUYHBIX MIE€PEBOPOTAX KAaTYIIKU
C DOIOJHUTEJIbHBIMU BUTKAMU II03BOJISIOT BEIUYUCIUTH HEHU3BECT-
HOE KOJIMUECTBO BUTKOB KaTyIIKU.

HroyxmueHocmo

Ha#inuTe MHAYKTUBHOCTD KaTYIIKU peJie.

Ob6opydosarnue: peae PICY9 (unm nmomobHOE), OaTapeiika, qu-
o, KOHIEHCATOpP, CTPEJOUHBIN HPHUOOpP, KOTOPBIN MOKeT pado-
TaTh B OAJJIMCTUUYECKOM peKHMe, COeTUHUTeIbHbIe IIPOBOIA.

Pemrenne onmcano B mepBO# yacTu KHUTU B pasnese «lame-
PeHHs 3apAL0B GAIMCTHYECKAM METOJOM. KMKOCTh, MHIYKTHB-
HOCTDB» .

Hsmepenus mazrnumnozo noas (11—2—2007)

NsmepeHre MarHuTHOM MHAYKIIUY YaCTO IPOU3BOAAT C IIOMO-
IbI0 JaTYMKOB, OCHOBAHHBIX Ha 3(pderre XoJjjaa — MarHUTHOE
moJie AeHCTBYeT Ha ABMIKYIIWECS 3apAAbl C «IIOIEPEeYHON» Ccu-
JIO¥, BBI3LIBAS MHOSABJECHNE JJEKTPUUYECKOTO MOJISA, KOTOpoe IIep-
NeHAVNKYJAPHO HANPAaBJEHUIO IBUKEHUA 3apPAKEHHBIX YaCTHUII.
Nsmepsasa «IIONEepevHyI0» Pa3HOCTh IIOTEHIIMAJIOB, MBI MOMKeM
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OIlpeleIUTh BeJIUUNHY MATHUTHOM MHAYKINY B. B Hamem onbiTe
JaTYMK IIPEACTABISAET COOOM TOHKYIO IJIACTUHKY M3 IIOJIYIIPO-
BOJHUKA C IPUMeEChIO, KOTOpas o0ecIeurnBaeT IIPOBOJHUMOCTDH
n-tuna (sJIeKTPOHHYIO0), IO Hel MIpomycKalT TOK (6GaTapeiika
IIOAKJIIOUAETCA K BBIBOZAM 0€JIOro I[BEeTa), 3JeKTPOHHBIM BOJIBT-
METPOM H3MEPSAIT PA3HOCTL IIOTEHIIMAJIOB MEXAY IPYyroi ma-
poii BLIBOZOB (KOPOTKUE, IOJYIIPo3padynbie). [IJIa MCI0oIb3yeMOTro
IaTuYnKa: IIOJYIPOBOAHUKOBEIA oOpasel mMeeT (hpopMy TOHKOM
KBaApPaTHOM IJIACTUHKM, €€ pasdmepsl (1 x 1 x 0,05) cm. Tok Teuér
BIOJIb NJHUHHO CTOPOHBI, IIPOBOAMMOCTD IIPHUMECHAs, 3apAIbl —
HOCHUTeJ — BJIeKTPOHbI. 3apsas siaekTpoHa ¢=—1,6-10"19 Ki,
KOHI[EHTpAaIlusd HOCUTeJell CcOoCTaBIaeT n=1,3-1021 1/M3. Ke-
paMuuecKas IJIACTHHA, HAa KOTOPOM 3aKpeIliéH NAaTUMK, MMeeT
roamuuy 0,05 Mmm.

Obopydosarue: OaTapeiika IJIOCKAas, YHUBEPCAJIBHBINA M3Me-
puTtenbHLI Mpubdop (IMuMPOBOI «TecTep»), JaTUMK XO0JJa C BbI-
BOJaMM, ABa IWJIMHAPUUYECKMX Maruuta (MajeHbKue, OJiecTs-
e, JIETKO TEepPSAIOTCA), MATHUT «0abouka», MUJJINMETPOBAas
Oymara, HeCKOJIbKO JILCTOB OyMaru OQUHAKOBOI TOJIIITHUHEI.

3adanue: n3MepbTe MATHUTHYIO MHAYKIINIO Y TOPIA IUJINH-
IPUUECKOro MarHuTa, N3MephTe OTHOIIeHe MaKCUMAaJIbHBIX MAar-
HUTHBIX IIOJIell «0abOUYKM» M IUJINHIPUYECKOTO MAarHWUTAa, Cle-
JaiiTe 60jiee TOUHYIO OIEHKY MAaTHUTHON MHAYKIINY NUJINHIPUYIE-
CKOTO MarHUTa HeIloCPeACTBEHHO Y ero moBepxHocTu. CrapaiiTech
BO BCeX CJyYasiX M3MEPATH MMEHHO MAaKCHMAJIbHOE 3HAUYEHNE
MATCHATHOM WHAYKINH, TAK KaK MOJIA B PA3HBIX MECTaX y TOPIA
MATHUTAa 3aMeTHO OTJIMYAIOTCS APYT OT ApyTa.

Onruka

Koagppuuuenm npenomaenus cmexkaa (11—2—1—2004)

Nsmepenne BeIuuuHBI KO3 (UITMEHTa IPEJIOMJIEHUA CTEKIA,
U3 KOTOPOTO cAesiaHa mpu3Ma. MoKHO UCHOJIB30BATh MUJLIIMMET-
poByio OyMmary m KapaHgam (Py4KYy) OIS PHUCOBAHUS, COJTHEUHBIHA
ceer. Ecau momamobuTcs aumkad JieHTa, OyJaBKU, HUTKU, JIU-
HeWKa — IOIIPOCUTE UX y AeKypHoro. [[pyrume mpucrnocobaeHmA
¥ IpuOOPHI UCIIOJH30BATh HEIb3s!
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Pewenue. IlockonbKy BBIZAHHAs IIPHU3Ma — 3TO CTaHIAPT-
HOe IIKOJIbHOEe 000pyZOBaHWE M BCEM IIKOJBLHUKAM OHO XOPOIIO
M3BECTHO, OIeHNBAJINCh CIOCOOBI MOJMYUeHUs pedyabTraTta, U Hau-
OOJIBIITYIO OIEHKY IIOJyYasii Te CIIOCOOBLI, KOTOphIe B IIPUHIIUIIE
MOTJIM JaTh MaKCHUMAaJbHYIO TOUHOCTH. C IOMOIILIO JimcTa Oyma-
TU, KapaHaalla, JUHEHKN um OyJIaBOK MOYKHO OBLIO C OOJIBIIOI
TOYHOCTBHIO IPOBECTHU JUHUU, KOTOPbIe paclojiaraloTcsA IapaJ-
JIEJIbHO ABYM T'PAHAM IIPU3MbI, 00pa3yIOIIMM OCTPBIA yTroJl OKO-
ao 30°—40°. CooTBeTCTBEHHO, MOKHO OIIPeIeJUTh 3HaueHUue
9TOTO yIJla M €ro TPUTOHOMETPUUECKUX (QYHKININ C BBICOKOI
TOYHOCTBHIO. Ecau JIucTok OyMaru mmeeT XapaKTepHbIe pas3Mephl
200 MM, TO TOYHOCTH YCTAHOBKHM WTOJIOK II0 IIapajlieJIbHOCTU
«Ha TJIa3» MOXKeT OBITh JOCTUTHYTa OKOJIO 1 MM, TO €CTh YyIJIO-
Bag ommbKa He mpeBbimaer 0,005 paguman. 3aTeM C Takoil e
TOYHOCTBIO Ha OyMare MOYKHO IIPOBECTHU JIN-
HUU, HapaJljaeJbHbIe JIydYaM CBETa, KOTOPhIE
MIPEJIOMJIAIOTCS B CTEKJIe Ha 9TOM CaMOM yT-
Jie IPU3MbI BOJIM3M €r0o BepIIuHbI (puc. 27).
Mo:xHO JeTKO momoOpaTh TaKoe PAacIoJo-
JKeHUe [OJIs BXOAAINero W IPeJOMJIEHHOTO
Jydeii, UTOOBI OHU OBLIM CUMMETPUYHBI-
MU OTHOCHUTEJBHO PAMOM PACIIOJOKEHHBIX
rpameii yria mpusMmbl. IIpm sToM BHYyTpHU
MPU3MBI CBeT UAET MePIeHIUKYJIAPHO Ouc-
CeKTpuce yrjia, o0pasoBaHHOTO 3TUMHU I'pa-
Hamu. Takoe pacrmosioskeHue IMPU3MBI COOTBETCTBYET SKCTPEMY-
MY, KOTOPBIH JIETKO «yJIaBJIUBAeTCA» IPU HAOIIOAeHUU IJIa3aMU.
YKazaHHOE DAaCIoJIOMKeHMe yIjla IIPU3MBI M JIyYell cBeTa II03BO-
JIEeT IOJYYUTH IPOCTyIo GhopMyay IJjd pacuéra. B pesyibrare
WCXOOHbIE JaHHBIEe OJIs BLIUMCICHUIN KOs @duIilmeHTa IIpeIoMie-
HUS II03BOJIAIOT IOJYYUTHh OTBET C TOYHOCTHIO O BTOPOTO 3HAKa
mocJje samngarou (Hampumep, 1,54540,005).

Tounee M3MepPUTHh KO3PDPUIIMEHT HPEJOMJIEHUA C ITOMOIIBIO
IIPeIOCTaBIEHHOTO 000PYIOBAHUSA B IPUHIIUIIE HEBO3MOXKHO, TaK
KaK AuCIepcusd CBeTa IIPUBOAUT K PAa3sHBIM 3HAUYEHUAM K03 @u-
IIMEeHTa IPeJIOMJIEHUS IJIsI CBeTa C PA3HBIMU JJIMHAMU BOJIH. 3HA-
YeHUA KOIPPUIMEHTOB IIPEJOMJEHUA OJA Pa3HBIX AJWUH BOJH
KaK pa3 W HaXOAATCS IPUMEPHO B 3TOM amanasoHe. Ha rias mo-
JIo:KeHUe OyJIaBOK ONPeNessiOTCs 0 AJIMHAM BOJIH, AJIS KOTOPBIX
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YYBCTBUTEJIbHOCTh 3pPeHUA HAMOOJbINAsg, TO €CTh B Aualas3oHe
JKENITO-3eJIEHOTO cBeTa. KpacHLIN cBEeT mMeeT MeHbBIINM, a CUHUH
1 (PUOJETOBBLI MMEIOT OOJIBIINI KO3(pPUIMEHT IIPEJOMICHU.
Ecam 3a OKHOM sSApKOe COJIHIIE, TO MOYKHO HAWTW U JUCIIEP-
CHIO CBeTa, TO €CTh PA3HUIY KO3(PUIMEHTOB IPEJOMICHUA s
TPaHUIl BUAMMOTrO AuamasoHa (OT KpacHOTO A0 (PHOJEeTOBOTO).
IIpaBma, ns 9TOro TpedyoOTCA ropasmo OOJbIINe IO IJINHE «ILIe-
YKy — OT MeTpa u OoJiee.

Kocasa aunsa (11—1—2007)

B xopob6ouke ¢ AByMSA OTBEPCTUAMU HAXOAUTCS YaCTb ILJIOC-
KO-BBIITYKJIOHA JINHBHI.

3adanue: He pa3dbupas KOPOOOUKY, OIpemesiuTe IIapaMeTpPhI
aToil JIMHBBI — €€ (oKycHoe paccroanme F m paccrosHue L
OT TJIaBHO¥M ONTHWYECKON Oocu M0 MeTKH (KpecTuKa) Ha ILJIOCKOH
IIOBEPXHOCTU JIMH3EI.

Ob6opydosarue: KOPOOOUKA C YACTHIO JMH3BI, NICTOUHUK CBE-
Ta — JasepHas yKasKa, MUJLIUMeTpPoBas Oymara, JIMIKasa JIeHTA.

Buumanmue! 3ampeliiaeTca HAIpaBJsaTh JIyY CBeTa Jiasepa Ha
cocerell u B cBou riasalll

He mepixure jasep BKIIOUEHHBIM AJUTEJIbHOe Bpems (Oata-
peiiku camgarcsl).
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Peuwenue. PaccTossHME OT MAaJIEHBKOTO MATHA HA MTOBEPXHOCTH
KycKa JuH3BI (METKM) OO ONTHYECKOIHl ocu cocTaBisaio 12 cwm.
doKycHOe pacCcTOsSHUE JUH3BI OBIIO OKOJO 27 ¢cM. OTO ObIIN BbI-
pesaHHbIe KPYMKOUKHY 13 ILJIACTUKOBOM JIUH3EI DPpeHesss, KOrIa-To
BXOJUBIIEIl B COCTAB TaK HAa3hIBAEMOT'O «KOJOCKOMA».

Ha ¢dororpadpum yueHUK Aep:KUT UMEHHO TaKyIO JUH3Y.

ITockonbKy oTBepcTUA B KOPOOOUKe OBLIM PasHOTo AUaMeTpa
(ogHO OKOJIO 5 MM B AuaMeTpe, a Apyroe mpumepHo 1,5 cMm B nua-
MeTpe), BOSMOXKHBIM AMAIa30H YIVIOB MAJIA HAIPaBJIEHUWS CBeTa
Jazepa Ha KYyCOK JHWH3bI OblI orpanuyeH. IlocTpoenus Jyueit,
OCHOBAHHbLIE HA CBOMCTBE HPAMOJHHEHHOCTH PACIpPOCTPaHEeHUS
CcBeTa, JaBaJii BecbMa HeMaJible morpemHoctu. OguH M3 dKCIIe-
PUMEHTATOPOB [OOorajajicsi HAWTH TaKoe PAacIoJIoKeH’e JINHS3LI,
Jlazepa u 9KpaHa, IPHU KOTOPOM JIyU cBeTa Jasepa (HEMHOTO pac-
XOIAIINICA IIYYOK KPACHOTO CBeTa C HAYAJBHBIM IIOIEPEUHBIM
ceueHHEM B (popMe JLIMIICA C TIOIEePEUHBLIME Pa3dMepaMu IOPAIKa
2—3 MM) cobupajica Ha SKpaHe B MSATHO HAMMEHBIIIeT0 pasMepa.
Y Hero MoJyYMJINChH Pe3yJIbTAThI, HanboJiee OJIU3KME K UCTUHE.

Junsa (11—1—2000)

Namepbre KOa(PUITMEHT ITPEJOMIEHUA HAJNUTON B MEH3YPKY
JKUIKOCTH U OIpeAenuTe (POKyCHOe PacCTOSHINE BBITAHHON JUH-
3bI.

Ob6opydosarue: MeH3ypKa ¢ HEM3BECTHOM KUIKOCTHIO, JUH3A,
cBeuKa (M CIMYKU — TpeOyiiTe!), MOIyIpo3pavHoe CTeKJIO Ha IOA-
CTaBKe, JUIKAA JIEHTa — IPU HEOOXOAUMOCTH, MUJJINMETPOBAas
oymara.

IToxxkanyiicTa, pacxonyiTe CBeUYKY 9KOHOMHO — JKTUTE €€ TOJIb-
KO IIPpU U3MepPeHUuIX!

Kommenmapuu: BbIIaHHAA JIMH3a paccerBaroIlad U HUMEET
HeOOJIBIITYI0 OIITUYECKYIO CHUJIY HMOopAaAKa MUHycC 1 aoTp.

BosMmoikHBINI BapmaHT pelleHHA B3amaud TakoB. MeHBypKa
uMeeT MUINHAPUYEcKyio hopmy. MeH3ypKa ¢ HAJIUTON B HEE IPO-
3PavHOM KUIKOCTHIO UCIIOJBb3yEeTCA B KAUeCcTBe ITMJIMHIPUUYECKON
cobuparoieit TUH3bI. YTOOBI IOJIYUYUTEL JOCTATOYHO UETKOE M300-
paskeHMe ropsAllei cBeul, HYKHO OTPAHUYHUTD II0 BEICOTE YUACTOK
MEeH3YPKU, Yepe3 KOTOPBIil cBOOOAHO mpoxoauT cBer. Ilis sToro
UCHOJIL3YIOTCS ABa OyMasKHBIX KOJIbIIA HA ITOBEPXHOCTU MEH3YP-
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Ku. X MOKHO cIesaTh U3 JHCTAa OyMaru, B3ATOTO U3 paboueil
TeTpamu, Jubo M3 MUJIIUMeTpoBoM Oymaru. Illupuuy mpocBeTa
MeXIy OYyMasKHBIMU KOJbIAMU, HAMOTAHHBIMU Ha MEH3YPKY,
MOXKHO YCTaHOBUTH MeHblIe 1 cMm. ITo ofHY CTOPOHY OT MEH3ypPKHU
Ha OJHOII BBICOTE C IIPOCBETOM yCTAaHABJIMBAaETCs ropslasa cBeua,
a o APYTYIO CTOPOHY OT MEH3YPKU YCTAaHABIMBACTCS BEPTUKAID-
HO JIUCTOK OeJioit OyMaru, Ha KOTOPOM IIOJIyYaioT JelCTBUTEIbHOe
mmepeBEPHYTOe m3o0paskeHure cBeun. Ecaum BapbUpPOBaTh PacCTOs-
HUe OT CBeUYU A0 MEH3YPKH, TO MOXKHO HJOOUTHLCS BOSHUKHOBEHUA
YETKOro m300pakeHus cBeun Ha Oymare. Hawmmaydiilee B cMbICJIe
MHHUMAaJbHOCTU OLINOOK N3MEPEeHUI PACCTOIHUN PACIIOIOKeHe
CBeulr, MEH3YPKHN u OyMaru Taxkoe, Ipu KOTOPOM pasmep mu3obpa-
JKeHIs COBIaJaeT C pa3MepoM MCTOUHHKA CBETA, TO €CTh PaCcCTO-
AHUA OT U300paKeHUs 1O MEeH3YPKU U OT CBeUU IO MEH3YPKU —
OAWHAKOBHEI. [{mameTrp IHuamMHApPa, 0OpPa3s0OBAHHOTO ITPO3PAYHONM
JKHUIKOCTBIO, HA MOBEPXHOCTAX KOTOPOTO IPOMCXOAUT ITPEIOM-
JIeHIEe CBeTa, MOYKHO H3MEPUTh C MOMOIIbI0 MUJLIMMETPOBOM
oymaru. Ilocire HaX0XKIeHUSI ONITUUECKOM CUJIbI MIUJINHIPUICCKO
JUH3LI MOYKHO BBIUHCIUTL KO3(MOUIIMEHT IIPeIOMJIEHUS CBeTa
IJIs HeM3BEeCTHOM JKUIKOCTH.

Hai#itT dpoxrycHOe paccTossHUe paccemBaloleil JUH3bI MOMKHO,
IIOMECTHUB €€ Ha IIyTH CBeTa, UAYIIEero OT CBeUM K MeH3YPKe.
IIpu sToM cymMmapHas OINTHYECKAd CHJa CTEKJIAHHOU JIMHS3BI
U KUIKON IMUINHIPUYECKOH JUH3BI OyAeT MeHbIe ONTUYeCKOI
CUJIBI OMHOW MUJINHIPUYECKON JUHIbI.

Donapv (11—2—2002)

OmnpegeneHue mapaMeTPOB OITHUYECKUX TPUOOPOB.

ITpubopwvr u ob6opydosarue: GOHAPUK, ABA OITUUYECKUX dJIE-
MeHTa — IIPO3PAaUHbIA M OTPaKaIONINil, IIITATUB C JAIIKON, MUJI-
JuMeTpoBas Gymara.

3adanue: oupegeanTe TUM OITUYECKUX JIEMEHTOB U OIpele-
JINTe y KayKI0TO 13 HUX ero IVIaBHBIM mapamerp. Eciau cymeere —
clesyaiTe IIPEIIIOJIOMKEHUSA 0 Ha3HAUYEHWHN TeX YCTPOMCTB, OT KO-
TOPBIX OBLIM OTJIOMAHBI 5TU ONTUYECKUE DJIEMEHTHI.

Buumanue! Huuero He pucyiiTe Ha BhIJaHHBIX 2JI€eMEHTAX, He
ImapamnaiTe, He JIOMaiTe 1 BOOOINe He MeHSIHTe MX HAaYaJIbHOTO
COCTOSTHUA.
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(B kKauecTBe oTpasKarolIero sJaeMeHTa ObLT MCIIOJIb30BAH KyCO-
yeK KOMIIaKT-gucka ¢opmara DVD, B KauecTBe IIpoO3pavyHOro —
KycoueK OmHOKpaTHO 3amumchkiBaemoro mmcka CD-ROM. Hy:xuo
OBLIIO OIIPEeNeIUTh PACCTOSHME MEXKIY JOPOKKAMU — IePUoH Tu-
(bpaKIMOHHON PELIETKH.)

Bosmoxcnoe pewenue. PoHApPUK 3aKpelsdeTcd B JiallKe Ha
IITaTUBEe Ha HEKOTOPOU BBICOTE HAJ ITOBEPXHOCTHIO cTosa. Herro-
CPEeJCTBEHHO IO HUM I'OPU30OHTAIBLHO YKJIAAbIBAETCA N3ydaeMblIid
00beKT. aMeHsasa MMOJOKeHNe CBOeil TOJIOBBLI, 9KCIEPUMEHTATOP
00HapPyKMBAET, UTO IIPH HEKOTOPBIX PACIIOJOKEHUSIX ero Iias
BUJIEH CBET, OTPAKEHHBIN OT IIOBEPXHOCTH 3JIEMEHTa He IepIeH-
IUKYJISAPHO K Hel, IIPUYEM CBET Pas3jIOKeH B CIeKTpP. Mcmoab3ysa
MUWLIAMETPOBYIO OyMary, MOMKHO HAWTHU YIVIbI, IIOJ KOTOPBIMU
BUHBI OCHOBHBIE I[BETA BUANMOTO CBeTa: KPACHBIH, 3€JI€HbIH, CU-
Huii. [JIWHBI BOJH, COOTBETCTBYIOIINE STUM IIBETAM, M3BECTHBHI.
OTciofa MOKHO OIPeNeUTh MePUold AUMPAKIINOHHON PeIIéTKH,
Ialolllell Takoe pasjiokeHue 0eIoTo CBeTa B CIIEKTD.

CamopenbHBIII MaHOMETP

Hsmepenue dasnernus

WsBecTHO, YTO MOXHO MHOTO pas3 OTKPHIBATh M 3aKpPbIBATh
OYTBIIKY C CUJIBbHO Ta3WMPOBAHHLIM HAIKUTKOM M IIOCJE 3aKphbI-
BaHUA OYTBLLIKHK JaBJeHIe Ta30B B Hell uepe3 HEKOTOpPOe BpeMs
B 3HAUHNTEJIHHOUN CTEeIIeHW BOCCTAHABIMNBAETCH.

3adanue: n3MepbTe MTaBjeHUe I'a30B B IJIACTUKOBOM OYTBLIKE
C CHUJIbHO Ta3WPOBAHHBIM HAIIUTKOM.

Obopydosarue: 3aKphITad IJIACTUKOBas OYTHLIKA C CHUJIBHO
ra3upoOBaHHBIM HAIIUTKOM (CT€HKHU OYTHIIKK U HAIUTOK IIPO3pad-
Hbl — «CpaiiT» , HanmpuMep), MEeIUIUHCKUH IIPHUIL C IIJIACTHUKO-
BBIM KopmuycoM Ha 10 MJI ¢ HaHeCEHHBIMU Ha KOPIIYC AeJeHUIMIH,
Y KOTOPOTO OTpe3aHbl «IIPUJMBBLI» Ha Kopiyce (Iocje TaKoi
oImeparuy IIIPUI, CBOOOTHO IIPOJe3aeT B TOPJILIIIKO OTKPBITOIH
OYTBLIKHN), KOJIIAYOK IJIA IITIPUIIA.

IIpenmomaraeMsbrii crmoco6 peleHUss 3aJaul COCTOUT B CJEIY-
IOIIIEM.

B mnpuiie «3anmmpaercsa» KOJAMAUYKOM (PUKCUPOBAHHBIN 00BEM
BO3IyXa IIPU BHeEIIHEeM aTMoc(epHOM daBjeHuu. ByTbLIKa ¢ Ha-
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MIATKOM aKKypaTHO OTKpPbIBaeTcA 0e3 TPACKM, YTOOBI mM30eKaTh
00MJIbHOTO IIeHOoOOpasoBaHUA. B OYTBIIKY HOMEIIAETCS IITIPHII
C BO3IYXOM BHYTPU, M KPBINIKA OYTHIJIKY BHOBL 3aBUHUNBAETCH.
ByTBIIKY HECKOJIBKO pa3 WHTEHCUBHO BCTPAXMWBAIOT U CKBO3b
IIpo3payHblie CTEeHKW OTMEUAaloT HOBOEe 3HaUYeHUe 00bhEéMa BO3ayxa
BHYTPH WIIPHUIA. 3aTeM KPBIIIKY BHOBb OTBHHUYHMBAIOT U aKKy-
paTHO BBIHMMAIOT IIIIPUI], He CABUTAA €ro IOPIIeHb IaJbIlaMU.
KpbIllIKy BHOBb 3aKpBIBAIOT M CHOBA OTMEYAIOT O0OBEM, 3aHU-
MaeMbIi BO3AYXOM BHYTpH WIIpuna. IIpenmnosoKuB, 4To cuja
TPEeHUs IMOPIIHA 0 CTEeHKH MITTPUIA OTUHAKOBA IIPU €TI0 IBUKEeHUN
B 00e CTOPOHBI, IO pe3yJbTaTaM HU3MepeHUiH 00BhEMa MOKHO
BBIUMCJIUTD BeJIUUYNHY JABJIEHUS I'a30B B 3aKPHITOM OYTHIIKE.

Hsmepenue dasnernus

3adanue: M3MepbTe C MOMOIILIO BHIZAHHOTO 000PYIOBaHUSA
JIaBJIeHVE BO3yXa B ILJIACTUKOBOM OyTHLIKe. B 3aBUHUMBAIONIYIO-
¢ TPOOKY 3TO# OYTHLIKK BCTaBJIEH IITYIIED, HA KOTOPHIN HazeTa
KOPOTKAasA ILJIACTHKOBAA IIpo3pauHasa TPyOKa ¢ 3a:KHMMOM.

ITpumeuanue. Bosgyx B OyTBIIKY OO IaBJeHUs, HeU3BECT-
HOTO dKcIepuMeHTaTopaM (2 aTM), HaKauMBaJl OPraHU3aTOPBI
(cTymeHTBI), HAXOAUBIIMECA B cocenHell KomHaTre. llaBieHue mu3-
MepsAJI0Ch MAaHOMETPOM.

Obopydosarue: pnuuaHasA (1 M) ImIacTUKOBas TPyOKa ¢ BHYT-
peHHUM AuaMeTpPoM 3 MM (OT CHUCTEM HepelnBaHNs JeKapCcTB),
3aThIUKA OJA TPYOKM, CTAKAHUYUK C IIOJKpAaIlleHHOII BOAOIi, «IIe-
PEeXOOHUK» [IJIs FepMETHUYHOTO COeIMHEHUS TPYOOK, MUJLIMMET-
poBas Oymara, mpo3pavHas JUIKAA JeHTa «CKOTU».

IIpednonazaemoe peuweHue. B nauHHYI0 TPYOKY BOJIM3U OX-
HOTO U3 €€ KOHIIOB IIOMeIIlaeTCA «BOAAHOM mopIineHb». C apyroro
KOHI[a TPyOKa 3aKpPBIBAETCA 3aThIuKOM. OTKPBIThIE OTBEPCTUS
IJIUHHON TPYOKM C «BOASHBIM MOPIIHEM» U KOPOTKOH TpPyoO-
KU TePMeTHYHO COoefuHAITCA. [[IuHHasa TpyOKa pacmojaraeTcs
TOPM30OHTAJIBHO Ha CcTOoJie. Bmoab He€ yKJjaabIBaeTcs Hapes3aH-
Hasd IOJOCKAMM MUWJLJIUMETPOBas Oymara, BBIMOJHSIONIAA POJIb
auHeliku. Korma saxum ociabiaseTcsi, BO3AYyX u3 OYTBLIKHU, pac-
IMUPASICH, 3aCTaBJIAET II€PEeMECTUTLCA BOASHOW moplieHb. Ilo
N3MEeHeHUI0 00béMa, 3aHMMAaeMOTr0 BO3AYXOM B JJIMHHON TPyOKe



158 acmsv 2

MEXKIYy B3aThIUKOM W BOAAHBIM IIOPIIHEM, MOYKHO BBIUUCJIUTH
JIaBJIeHVE BO3AyXa B OYTHLIKE.

Heuszsecmnuwtii 068ém

B «uépHOM dAIUMKe», 3aKpeIJIEHHOM Ha CTOJIe, HAXOJINUTCS
cocyl HeM3BeCTHOro 00bEéMa ¢ JKECTKUMHU CTeHKaMu. M3 Ammka
BBIBEJleHA KOPOTKAadA IJIACTUKOBAs TPyOKAa, COeIMHEHHASA BHYTPU
ANMKA C BHYTPEHHOCTBIO COCYa.

3adanue: oupeneanTe BHYTPeHHUI 00HEM cocya.

(B kauecTBe cocyzma mcmosb3oBasach 0,5-TUTpoBas CTEKJISH-
Has OYTBLIKA, YACTUUHO 3aII0OJTHEHHAS BOJOM WJIM IIECKOM.)

Ob6opydosarnue: nnuuuasa (1 M) ImIacTUKOBasg TPyOKa ¢ BHYT-
PeHHUM AuaMeTPOM OKOJIO 2 MM, MEAUIMHCKUH IIIPUIL, 00HEMOM
150 ma ¢ geleHUAMU Ha KOPHOYyce, TPOMHUK U IMEPEXOTHUKM s
COeIMHEHNs COCYAOB C TPyOKaMM, 3aThIUKa, 3asKMMBbI, PYJIETKA,
Impo3pavyHas JUIKasd JIeHTa.

s peliieHus 3afauu HYMKHO U3 «IOAPYYHBIX» CPEACTB U3-
rOTOBUTH MaHOMeTp. IJIfg 3TOr0 MCIIOJL3YyeTCA AJAUHHAS IJIaCTHU-
KoBasgi TpyOka. C OZHOM CTOPOHBI OHA 3aKpHIBAETCA 3aTBHIUKOIA,
a Cc JIpYyroi CTOPOHBI B HEE IIOMeIAl0T HeOOJbIION II0 AJnHE
(3—4 cwm) BomgHOI mopiieHb. Ecim K cocyay, B KOTOPOM HMe-
eTcs BO3AYX IPHU MHOBHINIEHHOM (B CPaBHEHUUM B aTMOCHEPHBIM)
IaBieHU” P, MOAKJIIOUYUTH COCYI C BO3AYXOM HpU aTMochepHOM
naBiaeHun Py, TO Iocjie YCTAHOBJIEHUS PAaBHOBeCHU JaBiaeHue Pq
B 00BeIUMHEHHOM cocyae OymeT MMeTh HEKOTOpOoe 3HaueHUe, 3a-
KJIOU€EHHOe Mexxay Po m Pi. 3Has, 4To IIpoIlecc M30TepMUYe-
CKUI, MOXHO BLIUMCJINUTL HEM3BECTHLIN 00BLEM.

IHopucmocmv mamepuanos

3adaHue: ompemesnTe MOJI0 IIYCTOTO (3aIOJHEHHOTO BO3IY-
XOM) IIPOCTPAHCTBA B IIOPUCTOM MaTepHuaJe.

Ob6opydosarue: MUINHIPUYECKAA CTeKIIHHAA IPOOUPKa, pe-
3MHOBasg MOPOOKa co IITyIepoM, aiamuHad (1 M) ITacTuKoBas
TpyOKa ¢ BHYTPEHHUM AUAMETPOM OKOJIO 2 MM, MeIUIIMHCKUH
mapul; o0sémMom 50 MJI, TPOMHUK M MEePEeXOAHUKU JIJIsA COequHe-
HUSA COCYIOB C TPyOKaMM, 3aThIYKA, 3a'KMMBbI, IOPUCTHIE MaTe-
puajbpl B CTAKAHUYMKAX: IECOK, IJIACTHUKOBBIE I'DAHYJbI, MEJIKUE
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KYCOUKM OUTOro CTEeKJia, YIaKOBKA BaThl, CBEPHYTOII B PYJIOH,
CTaKaHYMK C IIOAKPAIeHHON BOIOW, IIpO3pauvHas JIUOKAsA JIEHTa
«CKOTY».

IIpednonazaemoe peuwienue. Vicmonb3yeTcsa CBOMCTBO BO3MyXa
3aHNMAaTh BeCh INPEIOCTABJICHHBLIN eMy O0OBLEM B 3aKPBITOM CO-
cyne. IIpobupka ¢ marepuasoMm (uau 0e3 Hero) IOAKJIIOUAETCS
K cocyay (UIITpuIly), B KOTOPOM HAXOAMWTCA BO3AYX, UMEIOIUH
0oJiee BBICOKOE AaBiieHUe, ueM aTrmocdepHoe. Ilo ymMeHBIIEeHUIO
IaBJIEHUS MOJKHO BBIUMCJINTH, BO CKOJIBKO Pa3 YBEeJNUUJICA 00b-
€M, B KOTOPOM mocJje 00beIUuHEeHUsI COCYIOB HAXOMUTCA BO3AYX.
Cunraercsi, YTO TeMIlepaTypa BO3ayXa OO COEIUHEHUA COCYIOB
¥ IIOCJIe COeIVHEHUA OJUHAKOBA, TO €CThb COOTBETCTBYIOIIUE Ta-
30BBbI€ IIPOIECCHI ABJIAIOTCA M30TepMUUecKuMHu. MaHoMeTp IJis
U3MepPEeHUA TaBJIEHUA BO3AyXa B COCyJaX MB3TOTABJIMBAETCA U3
IIMHHON TJIACTUKOBOM TPyOKu. [JIA 3TOTO C OZHOM CTOPOHBI
TpyOKa B3aKphIBAeTCA B3aTBIUKOII, a C APYrod CTOPOHBI B HeE
IIOMEIIaeTCA «BOASHOU ITOPIIEHBY .

Ilasnenue HacvlueHHO20 napa

3adaHue: n3MepLTe JaBIeHNe HACBIEHHOTO ITapa BOAbI (CIu-
pTa, amerouna) mpu Temmueparypax 50°C, 60°C u 70 °C.

Ob6opydosarue: TepMOMETP, IIKOJLHBINA KajgopumeTp (cocyn,
B KOTOPOM BO/ia He Cpa3y OCTHIBAaeT), ABe OAMHAKOBBLIE CTEeKJISH-
Hble OYTBLIOUKY (OT HETCKOTO MMUTAHUA), IIPOOKU CO IITyIlepaM,
nnuHaHaA (1 M) mIacTUKOBas TPyOKa ¢ BHYTPEHHUM AUAMETPOM
OKOJIO 2 MM, IePeXOIHUKU AJIs COeIMHeHWs, 3aThIUKa, JUIKAS
JIEHTA «CKOTY», pyJeTKa, mmpull 10 ma 6e3 Uribl, BaseJIMHOBOE
(uym MaIIMHHOE) MacJjo, ropAYas BoJa, CIIUPT, alleTOH II0 Tpebo-
BAHUIO.

Hcnonb30BaHNEe TEXHUYECKHX cpeacrs

INLeKMPOHHDBLI ceKyHdoMmep

3adaHue: yCTaHOBUTE 3aBUCUMOCTh BpeMeHHU PAaCIpPOCTpaHe-
HUA TOIEPEUYHOM BOJHBI IT0 CBOOOIHO BUCAIIEI IEIIOUKE OT HIUK-
Hero cBOOOZHOI'O KOHIIA [0 BepPXHEro 3aKpPeIIéHHOTO KOHIA OT
IUINHBI [EeTIOYKHU.



160 acmsv 2

Ob6opydosanue: nauHHaA (2 M) ITeIIOYKa OJMHAKOBBIX IIa-
PUKOB, HaHMB3AaHHBIX Ha THUOKyI0 HUTH (EJI0YHOe YKpallleHmue),
IITATUB C KPEIJICHUSAMU U MOMOJHUTEJbLHBIM CTEeP:KHEM IJIUHOI
1,5 M, 9JeKTPOHHLIN CEKyHIOMEep UM [IBe MHapbl JaTYMKOB Ha
3alyCK WM OCTAHOBKY CEKYHIOMEpa, COCTOSAIINE M3 CBETOAUOAOB
1 (HOTOAMOIOB, KOTOPHIE IIPU HEePEKPHIBAHUM CBETOBOTO IIOTOKA
BBIIAIOT CUTHAJBI Ha 3aIllyCK U OCTAHOBKY CeKyHIoMepa.

Pewenue. Ilenouka nojBeninBaeTca Ha KPOHIITEI He K CTePIK-
HIO, KOTOpBI!I 3aKpelyiéH Ha mratuBe. laTumKu ycTaHaBJIMBa-
IOTCA PAOM C HIKHUM KOHIIOM IEIOYKU II0 pasHble CTOPOHBI
ot Hero. CaMblii HMKHUI ITapUK pacioJjiaraeTcad UYyTh HIKe
matTuukoB. lllequkomM masibplla MaW JUHENKM IO HUKHEMY IIapu-
Ky Ha I[elIOYKe BO30y:KAaeTcsA MOoIlepeuHas BOJIHA. AMILIATYIA
OTKJIOHEHUS HUKHUX IIAPUKOB JOJIKHA OBITH JOCTATOYHOMN IJIA
cpabaThIBaHUS JATYMKOB 3aITyCKa M OCTAHOBKM CEKyHAOMEDA.

Bpemsa gBu:keHUs BOTHBI BBEPX UM BHU3 OAUHAKOBO W IPOIIOP-
IIUOHAJIILHO KBAAPATHOMY KOPHIO U3 JJIUHBI IETIOYKH.

Bosdyxodysra

W3sBecTHO, UTO B CTPYyE BO3AYyXa, BHIXOAAIIETO U3 BO3AYXOMYB-
KU, MOKHO «IIOJBECUTH» MAaCCUBHBIH ITapUK.

3adaHue: yCTAaHOBUTE 3aBUCUMOCTL CHJIBI, C KOTOPOII BO3-
IYX, BBIXOOAIIUN M3 OTBEPCTUS BO3AYXOAYBKU, AEHCTByeT Ha
IMapuK, PACIOJOKEHHBIA HA OCM CUMMETPUU BO3AYIITHON CTPYH,
OT PACCTOAHUS MEKIY IMEeHTPOM ITapruKa U CePeInHON BEIXOAHOTO
orBepcTusa. HalinnTe 3aBUCUMOCTHY STOM CHUJIBI OT paguyca Iiapu-
Ka U OT PACCTOSHUSA 0 OCH CUMMETPUU IPU HATUYUU CMEIIeHU ST
ImapuKa OT 9TOU OCH.

O6opydosaHue: BO3LYXONYBKa, CO3AA0Ilas CTPYI0 BO3AyXa,
HaIIpaBJIeHHYI0 BEPTUKAJIBLHO BBePX (BMECTO BO3AYXOMYBKU MOMK-
HO MCHOJIb30BATh OBITOBOH IILLIECOC), MIAPUKU PA3HBIX PA3MEpPOB
W Macc, TPHU IITaTUBa, HUTKU, TMHAMOMETPHBI, CTOIKA KHUT pas-
HOII TOJIIIIMHBI C CYMMAPHOH TOJIIUHOIN oKoso 20 cM, JuHeiKa
0,4 m—0,6 M uau pyaeTka.

Bosmoxcrnoe pewenHue. MoxkHO 3adUKCHUPOBATH IIOJIOKEHUE
IIapuKa B IPOCTPAHCTBE HAJ CTOJOM, a IIOJ HUM IepeMelaTb
BO3AYXOAyBKy. IJia ymep:KaHUS MIapuKa HAa OJHOM MECTe MOXK-
HO HCIOJB30BAaTh ABE WJIU TPU HUTHU, HATSKEHUSA KOTOPBIX M3-
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MepAITCSI ¢ IMOMOIIbI0 AUHaMOMeTpoB. Eciau momobpaTh Takoe
pacmoJsiokeHre HUTEH, yAeP:KUBAIOINX IIapUK Ha MeCTe, YTOOBI
OHU OBLIM B3aMMHO IIEePHEeHINKYJIAPHBI, TO PACUET BEJIUUNHEBI
CYMMapHOU CHUJIbI He IIPeACTaBIAeT TPylda. BepTHKaIbHOE IIO-
JIOKeHNEe BO3MYXOAYBKU M3MEHAETCA IOAKJIAAbIBAHUEM IION Heé
PasHOTO KOJIMYECTBA KHUKEK.

Bo3dywrulii kKomnpeccop 0nsa axKeapuyma

3adanue: HalguTe MaKCHUMaJIbHOE IaBJeHHe BO3AyXa, KO-
TOpPOe MOXKET CO3JaTh KOMIIPECCOP, M YCTAHOBUTE 3aBUCHUMOCTH
MIPOM3BOAUTEFHOCTA KOMIIPECCOpa OT PasHUIBLI HaBJeHui (BbI-
XOJHOE TaBJieHre — aTMoc(epHoe HaBjeHue).

Ob6opydosarue: MIaCTUKOBaA Mpo3pavHas OyThLIKA 2 JI, IIPO-
OKa co IITyIepoM, TPyOKa C BHYTPEHHUM AUAMETPOM OOJIbIIIe
5 MM, coefMHUTEJIbHBIE TPYOKU, KPAHBI, 3aThIUKU, IIJIACTUKOBAs
TpyOKa AauHou 1,5 M ¢ BHYTPeHHUM IMaMeTpOM 2 MM.

INEeKmpomomop

3amaHue: yCTAHOBUTE 3aBUCUMOCTh Pa3BUBAEMOI KOJIIEKTOD-
HBIM 3JIEKTPUYECKUM MOTOPOM MeXaHWYeCKOI MOIIHOCTH Ha BaIy
OT «HATrpy3KM».

O6opydosarue: KOJIIEKTOPHBIN 3JIEKTPOMOTOP, UCTOUHUK IIH-
TaHUSA, COeIUHUTENbHBIE IPOBOIA, aMIIepPMEeTP, BOJIBTMETp, IITa-
TUB (2 M) ¢ KPOHIIITeHHAMMY, OJIOKH, ITPOUHbIE KAITPOHOBLIE HUTH,
Habop I'PY30B C MPOPE3AMU.

IIpumeuanue: onuH u3 OJIOKOB JOJLKEH COAEP:KATh ABa CKJIe-
€HHBIX COOCHO IIKMBA pas3HbIX auaMmeTpos (1:5) Ha ogHOM ocu —
9TO PEAYKTOp IJIiA 3JIeKTpoMOoTOpa. MOKHO MCIOJIb30BATh BJIEK-
TPOMOTOP U PEAYKTOP, KOTOPbIe 00beINHEHLI B OOUH MEXaHU3M.

IIxonnubie Muau-aadoparopuu «NOVA5000»

Tennonposeodnocms

3adanue: HaaUTe BEJIUYUHY YIEJIHLHOM TeIJIOMPOBOTHOCTH
Marepuaja, U3 KOTOPOTO CAejiaHa TOJICTAS IIPOBOJIOKA C M30JIA-
IIMOHHBLIM CJIOEM Ha IIOBEPXHOCTH.
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O6opydosarue: 6azoas momeab NOVAS5000 ¢ ueTbIpbMs HAT-
YMKaMU TeMIepaTyphl, JBa CTAKAHUYNKA C MEPHBLIMHU AEJIEHUIMU,
mauyka OyMa’KHBIX caJI()eTOK, MWLIMMeTpoBad Oymara, KyCOK
TOJICTOII IPOBOJIOKM IauHO# okoso 15—20 cm c¢ IIBX usomnsa-
mue, M30THYTHIA B (pOpMe HOAKOBBI, KOHI[bI IIPOBOJIOKHM OCBO-
O0OKIEHBI OT MBOJANMU M PACILIIONeHbI. MOMKHO HCIOJIb30BATh
TosicTyio (C momepeuHbIM ceueHreM 30—100 MMm?) MegHYIO MIn
AJIOMUHUEBYIO TPOBOJIOKY. ['opsiuas u xoJsoqHAas Bojga mo Tpebo-
BaHUIO.

X00 pabombwl: TIOATOTABIUBAIOTCA K M3MEPEHUAM JiabopaTo-
pua NOVA5000 u gaTunky TeMiiepaTypbl. B KaXKABIN cTaKaHUYNK
MOYKHO OIYCTHUTBH OT OJHOTO IO YETHIPEX AATUMKOB TeMIIEPATYPHI
B pasHble MecTa 00BbEMa. ITO HYKHO [IJs MPOBEPKU TOTO, UTO
TeMIIepaTypa BOILI BO BCEM 00BEMe cTaKaHa IIPUMEPHO OAWHAa-
KOBa. B oguH cTakaHUYMK HaJIMBaeTCsA XOJOAHAsS BOJA C TeMIepa-
Typolli HMKe KOMHATHOM, a B APYrod — ropAdas Bojga C TeMIIe-
paTypoii BbIllle KOMHATHOHW. B cTakaHUMKM ONyCKalOTCA pPasHbIe
KOHITBI TOJICTOII IIPOBOJIOKH. Il0 mM3MeHEHMIO TeMIlepaTyp BOJBI
B CTaKaHaX BBIUMCJISAETCS yIAeJbHAs TEIJIONPOBOJHOCTH MaTepHU-
aja nOpoBoJioKu. JlJiMHA M30JUPOBAHHOTO YyYacTKa IIPOBOJIOKU
¥ ILJIOIIAJlb €T0 IIOTIEPEUYHOT0 CEUEeHUA UBMEPAIOTCA C ITOMOIIBIO
MUJLIIMETPOBOM OyMarmu.

Mepvr npedocmopoxcrocmu, IPUHUMAaEMbIe IJIS TOTO, YTOOBI
YBEJUUUTh TOUHOCTh U3MEPEeHUN U YMEeHBIIUTh TeIIJIOBLIE IIOTePU
WM «IPUOOPETeHUs I » : JKeJIaTeJIbHO, YTOObI pa3sHUIla TEMIIEPATYP
BOABI M KOMHATHI He IpeBbImasia 15 rpagycos. Torga TemioBhie
IIOTOKM OT OKPYsKaIOIIel cpebl K XOJO0AHOM BOJie UM OT ropadeit
BOABI K OKpYsKalolled cpene OyAyT He CJIWIIKOM Beauku. Ilns
OIIeHKY MOIIIHOCTH COOTBETCTBYIOIIUX IIOTOKOB HYKHO IOCJEINUTDH
3a MOKa3aHUSIMHU IPUOOPOB, IOMEIIEHHBIX B M30JIMPOBAHHLIE CTA-
KaHYUKHU, B KOTOPBIE €II€ He OMyIeHbl KOHIILI ITPOBOJIOKH. Ilepen
HAYaJOM PerucTpanuy OaHHBIX B HKCIEPHUMEHTE C IIPOBOJIOKOI
HYKHO BBIKJATh HEKOTOPOE BPpEM:A, B TeUeHEe KOTOPOTO B IIPOBO-
JIOKe YCTaHOBUTCA CTallMOHApPHOE paclipelieieHre TeMIIepPaTyphI,
U 3aTeM OBICTPO CMEHHUTH BOAY B 000MX CTakKaHUYMKax. TOJIBKO
IIOCJIE 3TOTO CTOUT PETruCTPUPOBATH 3aBUCHUMOCTH IIOKa3aHUI
IIpuOOPOB OT BpeMeHHU. [IJid OIleHKY BpeMeH! BbIXKUIAHUA MOMKHO
OKYHYTH IPOBOJIOKY, MMEIIYI0 KOMHATHYIO TEeMIIEpaTrypy, 000-
MU €€ KOHI[AMHM TOJIBKO B OJWH CTAaKaHUYMK M IIOCJIEeIUTH 3a
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M3MeHeHNeM IOKas3aHuil TepMoMeTpoB. Cieyer HCIIOIbB30BaTH
OyMasKHBIe CAJIMETKM IJIA TEePMOU3OJAINUU CTAKAHUYMKOB U IIPO-
BOJIOKMU.

OcsewénHocmv—1

3adanue: TOJYUYUTE 3aBUCHUMOCTh OCBEIEHHOCTU OT PaCCTO-
AHUA OO WCTOUHMKA CBeTa B ABYX CJyYasX: HCTOUHUK HMeeT
MaJible pasMepbl (TOUeUHBIl), MCTOUHHUK IIPeACTaBIdeT coboi
OJIUHHBIN CBeTAIIUNC ITUJIMHIP.

Ob6opydosanue: muun-naboparopus NOVAS5000, ocuaménnasa
JIaTYNKAMU OCBEIEHHOCTH C PA3HLIMU UyBCTBUTEJIbHOCTIMIH, aB-
TOMOOUJIbHAA JaMIlouKa HaxanumBaHus 12 B x 50 Bt Ha mrartu-
B€ C MCTOYHUKOM IIHUTAHUSA, JIOMUHECIIEHTHBIA MCTOUHHUK CBeTa
B (popMe IJIMHHOTO IMUJIMHAPA ¢ OJOKOM IHUTAHWSA Ha NITAaTHUBeE,
COeIVMHUTEJIbHBIE ITPOBOa. BOJIBIIION KyCOK KapTOHA, IOKPAaIIeH-
HOT'O C ONHOU CTOPOHBI UEPHBIM IIBETOM, a C APYTOMl CTOPOHBI —
0esbIM (M3 HEro MOMKHO CAeJaTh KOPOOKY IJis 3aTeMHeHUs 00JIb-
IIMX Pas3MepoB, UTOOBI B Hell IIOMeCTHUJIOCH 00opymoBaHue 0e3
skcrepuMenTaTtopa u 6;a1oxka NOVAS5000). JIunelika ¢ MUJLIUMET-
POBBIMHU IeJIeHUSIMU, HUTKA, JUIKAA JIEHTa, HOKHUIIEI.

IIpenmomaraemble melficTBUS: Ha CTOJE YCTaHABIMBAETCSI 000-
pynoBanue. JluHelika HpUKJIeMBaeTCd K IIOBEPXHOCTH cToja. K
IITATUBY C UCTOUHUKOM CBeTAa KPENUTCS HUTKA U BBITATHUBAETCS
BOOJIb JuHENKN. MaroraBinBaeTcsa KapTOHHAs KOpoOKa C BHYT-
peuHuMHU Y€pHLIMHU cTeHKamMu. CoOpaHHas yCTaHOBKA HaKpbIBa-
eTcs KapTOHHOII KOPOOKOM, M KOPOoOKa KPeIuTcsa K CTONY JUIKOM
aeHTtoi. IlosoikeHVEe MCTOYHMKA CBETA MOKHO MEHATH C IIOMO-
IIBI0 HUTKU, IIEPEIBUTASI ero oA KOPOOKOI BIOJb MOBEPXHOCTHU
crosa. Bes KOpoOGKM MPOBECTH JOCTATOYHO TOUHBIE M3MEPEHUS
HEeBO3MOJKHO, TaK KaK MeIlIaeT BHeIIHee OCBeIleHue.

Ocsewénnocmo—2

3adanue: IOJIYUYNTE 3aBUCUMOCTD APKOCTH CBEUEHUS JIAMIIOU-
KM HAaKAJIMBAHUS B BUAMMOM AUANa30HEe JIMH BOJH OT IOIBOLM-
MO K HEeH 3JIeKTPUUYECKON MOIIHOCTH.

Obopydosanue: muun-naboparopus NOVAS5000, ocuaménnasa
JaTYNKAMM OCBEINEHHOCTH C PA3HBIMM YYBCTBUTEJIHLHOCTAMM, aB-
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TOMOOMJIbHAA JIaMIIouKka HakanuBauus 12 B x 50 Bt ma mratuse
C UCTOYHMKOM IIMTAHNSA, aMIIePMETDP, BOJIbTMETD, KAPTOHHAA KO-
poOKa ¢ 4YépHLIMY BHYTPEHHHUMM CTEHKAMU, CBETOMUJILTD, BhIIEe-
JAomuii ¢cBeT BOaM3K AiIuHEI BOJIHE! 0,5 MEM (0,48—0,56 MEM).

KII]] npeobpasosearus aieKkmposHepeuu 6 céem JAMNOUKOU
HAKAMUBAHUA

ITockonbKy 1y1a3a yesioOBeKa HAIOJHEHbBI BOJOM, YUACTOK CIIEK-
Tpa 3JIeKTPOMATHUTHBIX BOJH, IIPONYCKAEMbIX BOIOI, IPUMEPHO
COBIIAIAET C BUAWMBIM IVIa3aMHU OUAIa30HOM JJIUH BOJIH.

3adaHue: ompeneanuTe MOJI0 SHEPTUU BUIMMOTO CBETa B W3-
JIyUYeHUH, CO3JaBaeMOM JIAMIIOUKOII HaKaJlWBaHUs, paboTaroliei
B HOMUHAJBHOM pe:xkuMe. B KauecTBe (QUIBTPA, IIOTJIOIIAIOIIETO
WK-usayueHue m IMPOIyCKAIOIIEro BUAUMBINL CBET, MCIOJIb3yiTe
IIPO3PAYHYIO BOLY.

Ob6opydosanue: munn-naboparopus NOVAS5000, ocuaménnasa
YeTHLIPbMA JaTUYUKAMU TEMIePaTyphbl. ABTOMOOMJILHAS JaMIIOUYKA
HakaauBaHua 12Bx 50 Bt Ha mTatTuBe ¢ MCTOUYHMKOM IIHTA-
HUS, aMIIepMeTpP, BOJLTMETP. TpM TOHKOCTEHHBIX IJIOCKOIOH-
HBIX CTEeKJAHHBIX MUJINHIPUYECKUX CTaKaHa OSUHAKOBOI BEHICO-
Tl (OKOJI0 15 cM) ¢ pasHBIMU AuaMeTpaMiu (CTaKaHbI BXOIAT
IPYT B ApyTra ¢ 3a30paMy MIUPUHOI 0K0J0o 1 cM; BO BHYTpeHHUH
CTakaH CBOOOIHO BXOMUT JIAMIIOYKA C 3asopaMu mopAaka 1 cm).
CreknsgHHasg MeH3ypKa ¢ geneHuAMH oobémom 150—200 wmui.
IIpsMoyroabHBIH KyCcOK OapxaTHO OymMaru 4€pHOTO IIBeTa MU
KYCOK UEpHOUM 0apxaTHOM TKAaHM C TAKMMU pas3MepaMu, UTOOBI
MOKHO OBLIO 00epHYTh OOKOBYIO ITIOBEPXHOCTh CTaKaHAa C CAMBIM
OosbIINM AuaMeTpoM. HucTas Bojga Mo TpebOBaHUIIO.

IIpednonazaemoe peutenue. CTakaHbI IOMEIIAIOTCA COOCHO
BHYTPb APYT B Apyra. BHeNTHUI M BHYTPEeHHUHN CTaKaHbl HAIIOJ-
HSIOTCS BOJOI, 00BEMBI 3aJIUTOM BOALI M3MEPAIOTCSI MEH3YPKOI.
IlonyuaeTcsa BOBAYIIHBIA 3a30p MeEXK]JY CPEeIHUM U BHYTDEH-
HUM cTaKaHaMu. BapxaTHas GymMara cBOpauMBaeTCsa B IUJIUHID
U OIIyCKaeTcA B BOAY BHYTPH BHEIIHErO CTakaHa. JlamMmouka mo
eé BKaioueHUuA (1), TO €CTh B XOJOAHOM COCTOSHUU TOTPYKAETCS
IIOJHOCTBHIO B BOAY BHYTPb CAMOT'0 MaJIEHbKOT'O II0 AUAMETPy CTa-
kaHa. [laTuuku TeMIlepaTyphl IOMEIIal0TCA BO BHYTPEHHUH CJIOH
BOJIBI 1 BO BHEIITHUM CJOM BOAbI. Bcé, UTO IPOXOAUT CKBO3b IIPO-
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3pavHyI0 BOAY B BUAWMOM [QUATa30HE IJIUH BOJIH, HMOTJIOIIAETCA
yépHO Oymaroii, a 6oabmas yacts UK-usnydenus O0ymeT mIorjo-
I[eHa BOJOIM BO BHYTPEHHEM CTaKaHE CaMOr'o MaJjioTo JuaMeTpa.
ITo nu3MeHeHUIO TeMIIEPATYPLI BOABI MOYKHO BBEIUNCIUTD TEIJIOBLIE
MOIITHOCTHY, BBIAEJIAIOIINECS BO BHYTPEHHEM CJIO€ U BO BHEITHEM
ciaoe Boabl. CymMmMapHAasi TemJoBas MOIIHOCTH IIPUMEPHO PaBHA
AJIEKTPUUYECKON MOIIHOCTU, IOABOAMMON K Jjammnouke. Ilorepu
SHEPTrHUM MMEIOT MEeCTO TOJBFKO BOJIM3M JHA M Bepxa BHEITHETO
cTakaHa, TIe CBeT He yJAaBJINBAeTCs YEPHOM OyMaroii.

Pegne B IKCIIEPMMEHTAJbHBIX 3aJadax

Pene PICY9 (POC10 unu apyrue momo0HbIe UM peJie) UCIIOIb-
3yeTcsa B KauecTBe 00beKTa M3yUueHUs. ¥ pejie uMeeTcss 0OMOTKA,
COCTOSAINAs N3 GOJBIIOT0 KOJNUECTBA IIPOBOJOYHBIX BUTKOB, BBHI-
BOABI AJIA TOAKJIOUEHUS KOHIIOB OOMOTKM K WMCTOYHUKY TOKA,
TPYIIILI BRIBOAOB (OZHA WJIM HECKOJBKO), MEKIY KOTOPHIMHU MO-
TYT CYIIEeCTBOBATDH 9JI€KTPUUECKNEe KOHTAKTHI.

B rpynmy o0bIYHO BXOAAT TPU BBIBOJA (MM COOTBETCTBYIOT
TPHU BOBMOKHBIX COCTOSHUA KOHTaKTa). [IBa M3 BEIBOJIOB I'PYIIIIBI
(Ne 1 u Ne 3) 3aMKHYTBI, Korga uepe3 OOMOTKY pejie TOK He
TeUéT BOBCE MM TEUET HEJOCTATOUHO OOJIbIINOH TOK. IIpm aToM
Tpetuii BBIBOA (Ne 2) ¢ AByMS KOHTAKTHPYIOIIMMU BBLIBOIAMU
He coemumHEéH. O TaKoil Imape BBIBOJOB, KOHTAKTUPYIOIUX IIPHU
OTCYTCTBUU TOKa B OOMOTKEe peJjie, TOBOPAT, YTO OHU «HOPMAJIbHO
3aMKHYTBIE» .

BrIBOAbI pejie MHOTAA HA3BIBAIOT «KOHTAKTAMU», UTO C TOUKU
3peHUs JIOTUKM HelIPaBUJILHO, HO TPAAUIINA €CTh TPASUIIUAd. ..

Ecau Tok B 06MOTKe pejie MPeBhIIIaeT HeKOTOPYIO IIOPOTOBYIO
BEJIMUNHY — TOK cpabaThIBaHUSA, TO Pejie «BKJIIOUAETCS» U HOP-
MaJbHO 3aMKHYTas IIapa BBIBOJOB Pa3MLIKAETCd, a 3aMBIKAETCS
npyrad mapa Ne 2 u Ne 3. VIx Ha3bpIBalOT «HOPMAaJbHO PA3OMKHY-
THIMU» BBIBOJAMHU.

IIpu ymembieHMM TOKa B OOMOTKe cpaboTaBIIero peJje IO
OIlpPeNeIEHHOTO 3HAUEHUSI — TOKa OTIIYCKaHUS — peJie BHOBD IIe-
PeKIIYaeTCs K HOPMAJIbHOMY IIOJIOKEHUIO BBIBOJOB. OOBIUHO TOK
OTIYCKAHMS peJie MeHbIlne Toka cpadbareiBanusa Ha 10—20%.
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BriBatoT peisie, Yy KOTOPBIX I'PYHIBI COCTOAT TOJBKO M3 IBYX
BBIBOJIOB, IIPUYEM €CTh TPYIILI KaK C «HOPMAJBHO 3aMKHYTBI-
MU», TAK U C «HOPMAJIHLHO PA3OMKHYTBIMU» BLIBOJAMU.

B TeueHue HEOOJBIIIOTO BPEMEHM, MOKA ITPOUCXOAUT «IIe-
pebpocka» omHOTOo 13 BBIBOZOB (N 3) — ero emé Ha3bIBAIOT
«S3BIYKOM» — OT IIEPBOTO KO BTOpoMy (mjau oOpaTHO), BCe TPHU
BBIBOJIa HEe KOHTAKTUPYIOT APYT C APYTroM. ITO BpeMsA HA3bIBAIOT
«MEPTBBIM» . MEpPTBOE BpeMs {12 MOMKET OTIMYATHLCA OT BpeMe-
HU f9_ 1.

Bpemsa cpabambieanus pene

Hatinure 3aBHCHMMOCTh IIPOMEXKYTKa BpPeMEHU, OTCUMTHIBae-
MOTO OT MOMEHTA IIOAKJIIOUEHHUS pejie K HMCTOUHUKY TOKa MO
MOMEHTAa 3aMbIKaHUA HOPMAaJIILHO PA3OMKHYTHIX KOHTAKTOB peJie,
OT IIOJAAHHOTO Ha OOMOTKY peJie HalpAKeHUA.

Ob6opydosarue: pejie ¢ OTHOM TIPYIIION M3 TPEX BHIBOJOB
(HopMAaJbHO 3aMKHYTBIX M HOPMAJbHO PA30MKHYTBIX), OaTapeiika
«Kpona» (9 B), mepeMeHHBIN pPe3ucTOp (IIOTEHIILOMETP) C COIPO-
tuBjgeareM 0—70 Om, KougeHcaTop usBecTHoi éMrocTH (10 MrdD),
pesuctop ¢ Hem3BecTHbIM comnporuBieHueM (10 xOm), MyabTu-
MeTp, MHKpoamiepmerp (MoOKeT padoTrarh B 0aIMCTUYECKOM
pexmMe), coefMHUTEIbHBIE IIPOBO/A.

Cmoco6 pelieHusA omucaH B yacTu 1 KHuru B paszene «Hsme-
peHMe MAJbIX IIPOMEKYTKOB BPeMEHM! » .

Bpema omnyckanua pene

Hafinute mpoMe:KyTOK BpPEeMEHM OT MOMEHTa OTKJIIOUEeHUSA
0OMOTKHY peJie OT UCTOUHUWKA TOKa O MOMEHTA 3aMbIKAHUSA HOD-
MaJbHO 3aMKHYTBHIX KOHTAaKTOB peJie.

Ob6opydosarue: pejie ¢ OTHON TIPYIION 13 TPEX BLIBOJIOB
(HopMAaJbHO 3aMKHYTBIX M HOPMAJbHO PA30MKHYTBIX), OaTapeiika
«Kpona» (9 B), mepeMeHHEBIH pe3ucTOp (IIOTEHIIMOMETP) C COIPO-
tuBjgeaueM 0—70 Om, KougeHcaTop usBecTHoi éMrocTu (10 MrdD),
pesuctop ¢ Heu3BecTHbIM comnporuBieHueM (10 xOm), MyabTu-
MeTp, MHKpoaMmIiepMeTrp (Mo:keT padoTaTb B OaLIHCTHYECKOM
pexmMe), coefMHUTEIbHBIE TIPOBO/A.
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Croco6 pelieHus onMcaH B yacTu 1 KHuUTru B pasnaese «Msme-
peHre MaJbIX IPOMEKYTKOB BPEMEHM » .

Mépmeoe epems

IIpu mepexsitoueHUM pesie M3 TOJIOKEHUA C HOPMAJBHO 3a-
MKHYTBIMM BBIBOJZAMH K TOJIOJKEHUIO, KOTJa 3aMKHYTBHI HOP-
MaJbHO PAa30MKHYTHIE€ BHIBOIBI, UMEETCA IPOMEKYTOK BpeMeHH,
B TeUeHMEe KOTOPOTO A3BIYOK peJie He MOAKJIIOUEH H K HOPMAJIBHO
3aMKHYTOMY, H K HOPMAJbHO PAa3OMKHYTOMY BbIBOAY. Haiimure
3aBHCHMOCTb 9TOTO IIPOMEKYTKA BPEeMEHH OT IOJAHHOTro Ha 00-
MOTKY peJie Halups:KeHud.

O6opydosarue: pejie ¢ OTHON TIPYIION 13 TPEX BLIBOJIOB
(HopMAaJbHO 3aMKHYTBIX M HOPMAaJbHO PA30MKHYTBIX), OaTapeiika
«Kpona» (9 B), mepeMeHHEBIH pe3ucTOp (IIOTEHIIMOMETP) C COIPO-
tuBjgeareM 0—70 Om, KouaeHcaTop usBecTHoi éMrocTu (10 MrdD),
pesuctop ¢ HemsBecTHbIM conporubieHueM (10 xOm), MyabTH-
MeTp, MHKpoaMmIiepMeTrp (Mo:keT padoTaTb B OaLIHCTHUECKOM
pexmMe), coefMHUTEIbHBIE TIPOBO/A.

Croco6 pelieHus OonMcaH B yacTu 1 KHuUru B pasnaeie «Msme-
peHue MAJbIX IIPOMEKYTKOB BPeMEH! » .

T'ucmepesuc

BayTrpu «uépHOrOo AmMMKa» HaAXOOATCA COeTUHEHHBIE HEU3-
BECTHBIM 00pa3oM peJjie M pPe3ucTop.

3adanue: ompemeanuTe MapaMeTPhl 3JIEMEHTOB, HaXOOAINXCS
BHYTPU «YEPHOTO AIIUKA».

Ob6opydosarue: «4EPHBIN AMNK», OaTapeiika « KpoHa» , MyJIb-
TUMETP, BOJLTMETP, IIOTEHIIIOMETP, COeIUHUTEeIbHEIEe IIPOBOIA.

Pewernue. Hy:XKHO TOCTPOUTH 3aBUCHUMOCTH COIPOTUBJIEHUS
«YEPHOTO SAIMUKA» OT HAIIPSIKEHU Ha eTro BEIBOJaX M HAPUCOBATD
BO3MOXKHYIO SJIEKTPUUECKYIO CXeMy, KOTopas Morja Obl 06iamaTh
TaKUMHU CBOHCTBaMU.

O6MoTKa pejie ¢ COHNpPOTHUBIeHMEM R B «4YEPHOM SAIIHUKE»
IMOAKJIIOUAETCA K BBIBOJAM <«UYEPHOTO SAIUKA» IIOCJIEIOBATEIBHO
C PE3UCTOPOM, UMEIOLIUM COIpOoTUBIeHNEe R /2, uepes HOpMAaIBHO
3aMKHYTBIE BHIBOJBI pejie. IIpu sTOM HOPMAJIBHO PA3OMKHYTHIH
BBIBOJI peJjie IIOAKJIIOUEH K BBIBOAY M3 «UEPHOTO SIMUKA» HEIMO-
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cpeacTBeHHO (TO ecThb MUHYA mO00aBOUHBINM pesucTop). Ilocie
cpabaTwIBaHUSA pejie TOK 0OMOTKU BhIpacTaeT B 1,5 pasa, Tak Kak
CyMMapHOe COIPOTHUBJIEeHNE IeNu CTAHOBUTCSI MeHbIe B 1,5 pa-
3a. IT0 00ecHeunBaEeT YBeJIUUEHNE PABINYNA TOKA CpadaThIBaHUA
¥ TOKA OTHYCKAHUS pPejie — I'uCTePesuc.

IIpenmosaraercsa, 4YTO IMKOJbHUKKA HAPUCYIOT CXEeMYy C peJie
(puc. 28).

3agaum, KOTOpHIE ellé He JaBAJNCh Ha OJMMIIHATE

CmonkHoB8eHUe MOHem

YcTaHOBUTE HOJI0 MEXaHUYECKOH SHEepruu, KOTopasa TepsaeTcs
IIpu yIPYToOM yaape ABYX MOHET.

Ob6opydosarue: nBe MOHETHI MO 5 pPyO. M ABE MOHETHI IO
2 py0., IITaTUB ¢ 3aKUMaMU, yIpyras IJacTUKoBad (WIu Jepe-
BSIHHAA) JUHeHKa, MUJJINMeTpoBas Oymara, JucT 0esioii Oymaru
dopmara A2 uau Al.

IIpednonazaemotrii cnocob pewenus 3adayu. WsroraBiauba-
eTcs «IIyCKOoBasg YCTAHOBKa» MAJA MoHeT. [ljia sToro ympyras
JIMHEHKa KPEeIUTCA B INTATUBE TaK, YTOOBI IPU €€ OTTATUBAHUU
U OTHYCKaHWM OHA yJapsja MO0 MOHETe M coolInasa el HeKyro
(pUKCUPOBAHHYIO CKOPOCTH. IIpoBepsaeTcs «KauecTBO» ITYCKOBOI
ycraHoBKku. Ilociie IeT4KOB MOHETA CKOJB3UT II0 TOPU3OHTAJB-
HOM MMOBEPXHOCTH CTOJIA, IIOKPBITOI OyMaroi, 1 OCTAHABINBAETCS
HA HEKOTOPOM PACCTOAHUU OT MecTa crapra. CHauayia 3aMepsioT-
csl «IJIMHBI Mpobera» MOHETHI, He MCIIBITABINel ymapa. A sarem
U3MEPAITCS «IJUHBI mpobera» MOHETHI, JeKaBIIeH Ha CToJe
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U TIOJIYYHUBIIEN UMITYJIbC IIOCJIe CTOIKHOBEHHUA C IPYTOii MOHETOH,
KOTOPYIO 3aIIyCTUJIU U3 «IIyCKOBOI YCTAHOBKI».

MowHocmv 1amnouku

3adaHue: nsMepbTe HIEKTPUUECKYIO MOIIHOCTD, IIOABOANMYIO
K JJaMIIOYKe HaKaJIUBaHUAI.

Ob6opydosarue: mMCTOUHMK nuTanmAa 5 B, jJammouka Haka-
JVBAHUA, UITATUB, TEPMOMETD, IJIACTUKOBBIN IMJINHIPUYECKUI
CTaKaHYWK, 4YEpPHadA KomupoBanabHasa Oymara (10 cmx10 cwm),
MUJIMMeTpoBasa Oymara. Hesbas ropAdyio (TOPAIIYIO) JIAMIIOUKY
u3 Bo3Ayxa omyckaTh B Boay! CTeKJASHHBINA O0aJlIOH JIOIIHET,
a BTOPYIO JIAMIIOUKY BaM He naxyT! VI3 Bogbl B BO3yX TOPSAIIYIO
JIAMIIOYKY BBIHMMATH MOKHO.

JlaMIIOYKa B XOJIOZHOM COCTOSHUU IIOMEIAaeTcsa BHYTPDH CTa-
KaHUYMKa, YépHasa OyMara TOXKe IOMeIaeTcs BHYTPh — OHA IIPO-
KJIQBIBAETCS BAOJb CTEHOK CTaKaHYMKA. TOJBKO IIOCJE JTOTO
B CTAaKaH 3aJIMBAETCS BOLA, B HEE OMYCKAETCSA TEPMOMETD, a VK
3aTeM JIAMIIOYKA MOAKJIIOYAETCA K UCTOUHUKY TOKA.

ITnomnocms 80006t

Haiigure 3aBUCHMMOCTDL ILJIOTHOCTH BOABLI OT TeMIIEPATypPhl B
muamnasone 0 °C—>50 °C opu arMocdepHOM JaBJIeHUMN.

Ob6opydosarue: cTeKIsTHHAA OYTHLJIOUKA OT AETCKOTO IIHUTAa-
HUA, MPoOKa COo IITYIIePOM, IIJIACTUKOBAs TPYyOKa ¢ AMAMETPOM
BHYTPEHHETO OTBEPCTUA IPUMEPHO 2 MM U AJIuHOM 1,5 M, HITpHII
10 mu 6Ge3 UTJIBbI, CTEKIAHHAA 6aHKaA 1 JI, cCHer, ropsadyas U XOJIOA-
Has Boma mo TpeboBammio. CumraiitTe, uro nmpu 4 °C IIJIOTHOCTH
BozbI paBHa 1000 kr/m3.

Boavuwoil nepuod xonebarHuil

3adanue: caenaiiTe yCTPOMCTBO, B KOTOPOM ObI IPOUCXOAUIN
KojiebaHMs ¢ IepuoaoM 5 C.

Ob6opydosarue: MTATUB C ABYMs KPOHIITEHHAMU, AEpPEBIH-
Has auHeiika 40 cM, HUTB.

IKCIIEPUMEHTATOP IOCJe N3TOTOBJIEHU YCTPOHCTBA MOA3bIBA-
eT JeXXyPHOIo C CEeKYHIOMEPOM, M JeKYPHBIA HPOBOIUT H3Me-
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peHue mepuozna kKosebanuii. Pesyabrar durcupyerca B paboueit
TeTpagu U BUBUPYETCS NeKYDPHBIM.

ITonp3oBaTbCcA COOCTBEHHBIMU uacaMu 3amperniaercsa! OneHKa
3a pes3yJbTaT TeM BBIIIE, UeM OJinKe Iepuoj KojiebaHUii B MU3T0-
TOBJIEHHOM YCTPOMCTBE K 3aKa3aHHOI BeJWYMNHE.

Touxa Kropu

3adaHue: HANUTE 3aBUCUMOCTE CUJIbI IPUTAMKEHNA MaruuTa
1 KyCOUKAa JKejie30-HUKeJeBOTrO CIIJIaBa OT TeMIIePaTypPhbI.

Ob6opydosarHue: MAarHUT, CTEP:KEHEK M3 CILIAaBA, CTEKJISTHHBIA
coCyn IJiA BOABI, OyMajkHble cajadeTKu, TepMOMETpP, IITATHUB,
HUATH, JUIKasA JEHTa «CKOTY», XOJOSHAA M TropAdasd Boga IIO
TpeOoBaHUIO.

(CimaB umeetr Touky Kiopu oxoso 60 °C.)

Cuiabl MOMKHO M3MEPATHh M3BECTHLIMI METOAAMMU, HaIpHMep
MEeTOAOM PAa3JIOKeHMs CUJ C MCI0Jb30BaHueM HUTHU U rpysa. Ma-
MEeHEeHNe TeMIIePaTyPhI CILIABA JOCTUTAETCA IIOMeIeHeM CILIaBa
B TOPSYYIO BOLY.

Pasbopruviii mpancpopmamop

Hama 6arapeiika « Kpona» 9 B, nBa korgencaropa C; =1 Mx®
u Cy=900 mrx®, pasObopHBIII TpaHchoOpMaTOp C OSHOU HAMO-
TaHHOW U omHOI mycToil Karymkoii. HamoranHad KaTylmrka —
roToBad OoOMOTKaA HEeIOJeJaHHOTO TpaHchOopMaTopa — COAEPIKUT
2—3 ThICAYM BUTKOB, 9TO YHNCJO yKasaHo Ha Heii. Karymka
IIPOBOJIOKY JIsI HaMaThIBAHUA BTOPOI 06MoTKH. [lepekouaTenb
AJIEKTPUUECKON IIeNM, COEJUHUTEJbHBIE IIPOBOJA MOWOM, SJIEK-
TPOCTATUYECKUI BOJIBTMETP HJN BOJBTMETP C OUEHb OOJIBIINM
BHYTPEHHUM COIPOTHBJIeHUHeM (;KejlaTeJIbHO B HECKOJIbKO COTEH
MOwm)!.

3adaHue: ¢ TOMOIBIO OaTapefiKM MOMKHO 3apAKaTh TOJb-
Ko KoHgeucaTtop €éMkocTbio 900 Mr®. OT sTOro saps:KeHHOTO
KOHJIeHCaTopa HYKHO 3a OAWH Das3 IepenaTh He3apAKEHHOMY

'Keraru, IS TeJiell 9TOTrO JKCIEPMMEHTa IIOJOUIET IIKOJbHBIN JAEeMOH-
CTPAIMOHHBIA OCHUJIOTPad, y KOTOPOTO BBIBOABI OTKJIOHSIOIIUX IIJIACTUH
BBIBEZIeHbI HAPYy:Ky U HE COeJUHEHBI C KaKUMU-JIN00 APyruMu OJOKAaMHU 3TOTO
ocruorpada.



IKcnepumeHmanvHble 3a0a4u GuU3ULecKux 0IUMNUad 171

KOHJIEHCATOPy € €MKOCThi0o 1 MK®P MaKCHUMaJbHO BO3MOYKHYIO
sHepruoo. Ilociie IpoBeseHNA YCIEIIHOTO SKCHEePUMEHTAa HYKHO
IIOJ03BATh OTHOTO M3 MEKYPHBIX U IIPOBECTU KOHTPOJLHBIA JKC-
IIepUMEHT B ero mpucyrcTBuu. [lomyueHHBIH pe3yabrarT B Bosb-
Tax 3allKUCHIBAETCA B paboUuyIio TeTpaab, a AesKYPHBIN « BUBHPYET»
ero.

(B mepBuuHOii 00MOTKe TpaHc(opMaTopa OOIKHO OBITH B
\/C2/C1 =30 pa3 MeHBbIlIee KOJINIECTBO BUTKOB, YeM BO BTOPUU-
HOM 00MOTKe.)

Tpyba 8 «uépHom fsujure»

N3 «uépHoro ammka», JKECTKO 3aKPENJEHHOI0 Ha CTOJIe, BEI-
XOOAT JBa KOHIIA IJIACTHUKOBOM IIPO3pavHoil TPYOKH ¢ BHYTPEH-
HuM guamerpom 1—1,5 cm. YuacTku KOHI[OB JauHON 15—20 cm
PacIoIoKeHbI BEePTUKAJIBLHO M 3aKpernienbl. OguH M3 KOHI[OB
BBepXy «3armbaeTcsa BHM3» — B HErO BOAY HAJIWBATL HEBO3MOXK-
HO.

3adaHue: ompemeanTe OJIUHY OTHOPOAHOI TPYOKM, HAXOms-
meicsa BHYTPU «UEPHOTO ANIAKA» .

Ob6opydosarue: ceKyHIOMEp, BOPOHKA, BOAA IO TPeOOBAaHUIO
(me:xypHBIN HAJIWBAET BOAY B TPYOKY M3 YAHHUKA, a SKCIepUMeH-
TaTOP KOMAaHAYET: «JIEH — CTOII»).

Pewenue. Boma HamuBaeTcAa OO0 TeX IIOP, IMOKa B ABYX Bep-
TUKAJbHBIX YYaCTKAaX TPYObI HE IOABATCA «CTOJOMKMN» BOJIBI,
3aMOJHUBIINE 9TH BEePTHUKAJIbHBIE YYACTKM HAIIOJOBMHY. B mo-
CTYIIHBIN IJIA HAJIWBAHUSA BOIbI KOHEI TPYObI SKCIePUMEHTATOP
IyeT U moOMBaeTCs TOro, 4TO B APYI'OM BHUAMMOM BEPTHKAIBHOM
y4acTKe TPyObl BOAA IOAHSAJIACH IIOYTH OO BEPXHEHM TOUYKH. 3a-
TeM «AyThE» IpPeKpalfaeTca X M3MepseTcd IeproJ] BO3HUKIIUX
KoJiebaHuil BoALI B TPyOKe. ITOT HepPUO CBSI3aH ¢ O0IIel IInHOM
y4acTKa TPYyOKM, 3aII0JHEHHOr0 BOJOM, a He TOJHKO C BUIUMbBIMU
3aTIOJTHEeHHBIMU BOJOM yUaCTKAMU.

HIapukx c zasom

3adanue: yCTAaHOBUTE, KAKUM TIa3oM HAIIOJHEH BbIJAHHBIN
PesMHOBEIH IIapuK ¢ AuaMmeTpoM mnpumepHo 20—25 cm. O06o-
JIOUKY IIaPHKA SKCIEPHMMEHTATOP CaM OTIAaéT OprammsaTopam,
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¥ OHUM BO3BpAIlalOT €My 3Ty O0OJIOUKy C ra3oM BHyTpu. [as
«BBIIAETCSI» TOJBKO OJWH Pa3 B TOT MOMEHT, KOTZA €r0 IOIIPOCUT
SKCIIEPUMEHTATOP.

O6opydosarue: peIUaKHbIE BECHI, ITATUB, HECKOJHKO He Ha-
IYTHIX PE3MHOBBIX (BO3AYIIHBIX) IIAPUKOB, OyMasKHas pPyJIeTKa
1 M ¢ MHUIIMMETPOBBIMHU [IeJeHUSIMM, HHUTKA, JUIKAA JIeHTa
«CKOTY», YUeOHUK II0 (pu3uKe Uau 1Mo apyromy npeamery. (Kuu-
ra OOJLKHA HMeThb CTAaHJapTHBIE pasMepbl M Maccy, OJIU3KYIO
K Macce cTaHIapTHOTO yueOHuKa. HaGop ruph u rabapuThl BeCOB
IOJIKHBI OBITh TAKMMM, YTOOBI KHUTY HeJb3sd OBLIO B3BECUTH
HEIMOCPEICTBEHHO HA BecaxX, a TOJBKO METOJOM «YaCTUYHOTO»
B3BeIIMBAaHUA.) KHUTY MOKHO 3aMeHHTh Ha IIJIOCKOE CTeKJIO
TOJMIMUHON 3—4 MM, IJIWHA U IMHUPHUHA CTeKJa JOJKHBLI OBITh
IIPUMEPHO TAKUMU Ke, KaK y KHUTH.

ITapuky MOKHO HaAyBaTh YIVIEKHMCJBIM Ta30M WJIH apro-
HOM — 9TH ras3bl MMEIOT OOJBINYI0 ILJIOTHOCTH, Ye€M ILIOTHOCTH
BO3Ayxa B KoMHare. KHUra Hy:XKHa, 4TOOBI Y3HATh JaBJIEHUE rasa
BHYTPH, AJISI 9TOTO OHA KJIAAETCA CBEPXY Ha IIAapUK, U JaBJIeHUE
n3MepAeTcA II0 PasMepy IATHA KOHTAKTa KHUTHW U IIapuKa.

Pemenne oueBugHOE — 0GOJIOUKA IIapUKa B3BEIIMBAETCA IO
3aTlOJTHEHUS €€ ra3oM, a 3aTeM B3BEIIMBAEeTCA Ta Ke 000J0UYKa
Cc rasoM BHYTpHu. PyJjieTKa MCIIOJb3yeTcA AJIs HAXOKICHUS 005-
éma rasza B mapuke. C momompi0 yuyeOHMKA WM JIMCTA CTEKJa
MOKHO OIIeHUTH JaBJeHUe rasa BHYyTpHU mapuka. OHO He CUIBHO
OTJIMYaeTcs OT BHeIIHero armocdepuHoro mapiaeHusi. Ilo pesyib-
TaTaM IIPOBEIEHHBIX M3MEPeHUH OIeHWBaeTCs MOJAPHAA Macca
rasa.

Ourosas aun3a

3adanue: HaliguTe KO IUIMEHT IPEJOMICHUA BBIITYKJIO-BO-
THYTO# JIMHBBI OT OUKOB C ONTHUYECKOH CHUJION mpuMepHO (+2)—
(+2,5) ourp. Ha moroake (BbicoTa Gosiee 3,5 M) HOKeH OBITH
APKUI MCTOUYHUK CBeTa — JIaMIa HaKaJUBaHUA HeOOJLIINX pas-
MEpPOB.

Ob6opydosarue: TuH3a, MAJJINMETPOBasg Oymara, APKWUHA TO-
YeUHBIA MCTOUYHHUK CBEeTa Ha IIOTOJIKE.

Pewenue. IloBepxXHOCTh CTEeKJa YACTHYHO OTpPaKaeT CBeT.
ITosToMy B TOM ciiyuae, KOTga LEHTPbl KPUBUBHBI CTEKJIAHHBIX
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IIOBEPXHOCTel HAXOAATCA MEMXKIY CTeKJIOM UM JAJEKUM TOUEUHBIM
WCTOYHUKOM CBETAa, MOYKHO IIOJYYUTH [EeHCTBUTEJbHBIE M300-
paskeHMs MCTOUYHMKA CBeTAa He TOJbKO «3a JNH30ii», HO U B
IIPOMEKYTKEe MeXKIy JUH30H M MCTOUHHWKOM CBeTa. OTH 1300pa-
JKeHUSA MOXKHO IIOJIYYUTDb, HAIIPHMeEP, Ha JUCTOUuKe Oymaru. iasa
pellleHUsT 3afauu HeOOXOAMMO HAUTH ¥ (POKYCHOE pPaCCTOSHIE
anu3bl F, u paccrogauusa L1 u Lo oT JUH3LI OO0 AeHCTBUTEILHBIX
n300paKeHN, MOJYUaeMbIX MEXKIY JIMH30H UM MCTOYHHKOM CBe-
ta. Takux m3o0OpaKeHUi JOCTATOYHO OOJIBINION APKOCTH ABa (UX
Ha caMoM jJeJjie 60Jbllie, HO BCe OCTAJbHbIe M300pakeHnsa NMEIOT
CYII[eCTBEHHO MEHbLIIYIO IPKOCTh, YeM IBa caMbIX ApKux). OmHO
U3 9TUX M300pasKeHUH CO3MaéTCs TOJBKO IPU OTPAKEHHUHN CBETa
OT BOTHYTOTO «3€pPKaja» ¢ HeOOJBIIUM K09(pGUIIMeHTOM OTpae-
Hus. sMepuB paccTossHUE OT JUHBBI JO STOTO m300pakeHus Li
(oHO pmanbIlle OT JIMH3BI, YeM BTOpPOe u300pasKeHMe), MOKHO
BBIUNMCJINTD PAANYC KPUBU3HBI 9TOTO «3epKajyia»: R1=2L. Bropoe
n3obpaskeHne MeKIy JUH30H M HCTOUHHUKOM CBeTa CO3TaéTcs
IIPU ABOMHOM ITPOXOKJEHUM CBETA Uepe3 JINH3Y U OTPAKEHUHU OT
IPYTroro TOKe BOTHYTOT'O 3epKaJja, Y KOTOPOTO TAKOM Ke MAaJbIi
Koo (dUIeHT oTpaykeHud. VaMepuB paccTosHme m0 Hero Lo,
MOKHO HaliTu 3HaueHue BeauuuHbl: 1/La=2/F+2/Rs.
Brruncamus u3 9THMX AAHHBIX PagUyChl KPUBHU3HBI OBEPXHO-
creir auH3BI R1 1 Ro, MOKHO BOCIIOJIb30BATHCA (DOPMYJIOHN JUHSBI

1 ( 1 1 )
==n-1)(5+5).

F=( D7 + 7

W3 aToit (popMyJIbI BBIUKCIIAETCSA 3HaUYeHUE Ko3(dduimeHTa mpe-
JIOMJIEHUS n MaTepuaJa, U3 KOTOPOTO cAejaHa JIMH3A.

Mynavmueubpamop

3adaHue: cobepuTe yCTPOMCTBO, KOTOpPoe Obl TeHEepHUPOBaJIO
2JIEKTPUUECKNe Kojaebamus Ha ocHOBHOI uactore 200 T (unm
B nuamasore 100—500 I'm).

Obopydosarue: nBa OMMHAKOBBIX TPaH3WCTOpPA (C IIACIIOPTOM
Ha HUX), OaTapeiika, coeUHUTEIbHbIC IPOBOAA, MOHTAKHAS TIJIa-
Ta, Pe3UCTOPLI U KOHIEHCATOPHI M3 OMpPeNeJEHHBIX AMAla30HOB
(100 OM—10 MOwm, 0,01 mr®—10 mrdP) BEIZAIOTCA IO TPEeOOBA-
HUIO SKCIepuMeHTaTopa.
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YUacTHUK COPEBHOBAHUM IOJ3bIBAET AEKYPHOTO U COOOIIaeT,
YTO MOMKET MHPeIbABUTH PE3yJabTaT. OKCIEPUMEHT IPOBOAUTCS
B IPHUCYTCTBUM AEKYPHOTO, Pes3yJbraT (PUKCHPyeTCcA B padoueit
TeTpaau, U AeKYPHBIN ero «BU3UPYeT».

Yem MeHBINIE AeTajed 3aKasaj W IIOJIYUYMJI YUYACTHUK M YeM
ObICTpee OH 3aCTABUJI CXeMy I'eHEepHPOBATh HA HYMKHOI YacToTe
(£10%), Tem OoJsiee BBICOKHUIT 0AJJI OH IIOJyUYaeT.

dasospawamenv

3adanue: cobepuTe cxeMy, KoTopas ObI IT03BOJISAIA U3 CUHY-
COMAAIbHOrO curaasia Ha yacrore 102 I'y HOIYIUTH CUTHAI, TOMXKE
MEHSIOINICA 10 TapMOHNYECKOMY 3aKOHY, HO CO CABHUIOM (Da3bl
Ha ompeneJéHHbIH yroa (B guamasone oT +70° mo —70°).

Ob6opydosanue: mepemenusbiii pesucrop 100 xOm, coemmum-
TeJIbHBIE IIPOBOAA, MOHTAMKHAS IIJIAaTa, PE3UCTOPHI ¥ KOHIEHCATO-
pel u3 omnpemenéHHbpix auamnaszomos (100 Om—10 MOw,
0,01 Mmx®—10 Mr®P) BbIZAIOTCA IO TPEOOBAHUIO SKCIIEPUMEHTA-
TOpA.

YuacTHUK COPEBHOBAHUM MOA3LIBAET AEKYPHOTO M COOOIIaerT,
YTO MOKET IPeIbABUTL Pe3yJbTAaT. OKCIePUMEHT IITPOBOIUTCS
B IPUCYTCTBUU IEXKYPHOro, pe3yJjbraT (PUKCHUPYyeTCcs B paboueil
TeTpagu, U JeXKyPHBIA €ro « BUSHPYET».

Yem MeHBINE MeTajell 3aKasaj M IMOJYyYHJ YYACTHUK U UEM
ObICTpee OH 3aCTaBUJI CXeMy padoTaTh TaK, KaK YKa3aHO B yCJO-
BUU 3aJa4u, TeM 0ojiee BBICOKUM 0AaJjI OH IIOJy4Yaer.



NPUJIONREHNUA

HNHCTpYyKIUA 110 TEXHUKEe 0€30IIaCHOCTHU IJIA YUEHUKOB,
padoTaImux B IIKOJIbHOU y4eOHO-HAYYHOU JJabopaTopuu

0. PaGoTaTh B OTMHOYKY B JIa0OpaTOpHH 3aIpelieHo!

1. ByabTe BHUMATENbLHBI, TUCHUILINHUPOBAHHEBI, OCTOPOYKHEI:
cHAvaJa BBIMOJHUTE YKA3aHWUS yUUTEJsS, a 3aTeM CIIPOCHUTE, I10-
yeMy OH ero aaj (MHaue BOIIPOC MOMKET IIOTEePATh aKTyaJbHOCTD).

2. Bxomsa B mabopaTopuio, CHUMUTE CYMKHU ¢ Iieda. CyMKoi
JIETKO 3a/leTh IPubOPHI, CTOAIME Ha CTOJaX (BCIIOMHUTE YesIoBe-
Ka ¢ PIOK3aKoOM B aBToOyce).

3. Ilpubopsl u o06OpyIOBaHMEe, HaxXOHAIIHecs B JabopaTo-
puu, He oxmHopasoBikle! He ciegyer yHocuTh uX C¢ co00# u3
snaboparopuu! MHCTPYMEHTOB HEMHOTO, IIO9TOMY JyUIlIEe PYKO-
BOJCTBOBATHCSA IIPABUJIOM: «TIe B3AJ, Tyda JKe W IIOJIOKHU II0Ccye
MCIOJIL30BAHUI» .

4. Yoepure co crosia Bcé auirHee. JIuiHue mpeaMeTsl OyayT
MellaTh, a TeTpagu W KHUTYU II0 APYTUM IIpeaMeTaM MOXKHO
3aJIUTh WU IOIKaPUTh. ENMHCTBeHHBIN ITpeAMeT, KOTOPbIi IIpu-
TOOUTCSA IpU JI00oi paboTe, XOTA 1 He YKasaH OTAeIbLHO, — 9TO
rosoBa. Ho pacmoJsioikeHHMEe W KpeIJIEHNE €€ BBIIIOJIHEHO CTOJIb
yIauyHoO, UTO OHA HUKOTIA He MelllaeT B pabore.

5. Ilepen paboToii mpomymMaiiTe BCe 9Talbl €€ BBIIOJTHEHMUS.
CosmanHass BaMM YCTAaHOBKaA JOJIKHA ObITH Oe3omacHOl u He
IOJIKHA MeIllaTh padoTe BalmIux KoJuier. Eciu mociie BHUMATEIb-
HOT'O 3HAKOMCTBA C 3ajaueii y Bac OCTaJNCh BOIPOCHI — 3amaiiTe
UX YYUTeN 0. ByabpTe r'yMaHHBI, Beb OIHOBpPEeMeHHO paboTaThb
HaJ MHOTHMU 3aJjauyaMU He MOMKeT Jarke YUUTEJb.

6. CoOpaB 9JIeKTpPUYECKYIO Ilellb, IIPOBepPhTe eé eIé pas,
a 3aTeM MM030BUTe yuuTessi. [lociie ero paspelieHuss MOKHO IOAa-
BATh HAIpsKeHUe Ha cxeMy. KOHCTPYKTOPHI IpruGOPOB HE MOIJIN
IIpeIyCcMOTPETh BCeX BallliX OIIMOOK. JIeKTpUUecKHe IPuOOpHI,
KaK [IPaBUJIO, BBIXOAAT M3 CTPOS ropasgo ObICTpee, UYeM BbI
ycieere MOHATH, YTO JOIYCTUIMN OUIUOKY.
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7. K oronéHHBIM MecTaM IIPOBOJOB HE CTOUT HPUKACATBHCSA
He TOJIbKO DPyKaMu, HO U MIPOBOAHWKaMHU (HampuMmep, rpudeib
KapaHgalia ABJIAETCS IPEKPACHBIM IIPOBOTHUKOM).

8. ITomHUTE, YTO KOHAEHCATOP W MOCJEe OTKJIIOUEHUS OT CeTH
ocraércs 3apsskeHHbIM. KoHIEeHCATOPY BCE paBHO Uepes KOTo pas-
pAxaTbCs, a BaMm HeT. IIpegocTaBbTe KOHAEHCATOPY BO3MOKHOCTD
paspAIuThCA UYepe3 IPOBOAHUK, KOTOPBIA cieayeT Iep:kaTh 3a
M30JUPYIOIIYI0 PYUYKY (0OBIUHO 5TO JeIaioT OTBEPTKOIL).

9. Iloce oxoHUaHMsS PabOTHI CHAUaJa OTKJIIOUUTE CXEeMY OT
MCTOYHUKA HAIIPSKEHUs, a 3aTeM eé pasbupaiite. Beab HUKOMY
B TOJIOBY He NPUIET OTBUHUYUBATHL OaTapelo, He IMePeKpLIB rops-
YyI0 BOLY.

10. ByabTe 0coOO0EHHO OCTOPOKHEI IPU paboTe CO CTEKJIIHHOMN
IIOCYIO MJIW TepMOMEeTpaMU, OHM OUeHb XPYyIKH. PasOuB cTek-
JI0, He IbITaliTeCh cCaM¥ JIMKBUIMPOBATH IIOCJENCTBUSA. BBl CBOE
cIesain, OCTAJIbHOE MOKET CIeJaTh U YUUTEeJb.

11. Tlepenm pa6oToii HYXXHO aKKypaTHO IIomoOpaTh paciy-
IeHHbIe BOJIOCHI (OTHIOAL HE U3 SCTETHYECKUX COOOpaKeHM’Ii).
auuHble pacmylileHHble BOJOCHI He TOJBbKO IIPEeKPACHO BBITJIS-
IAT, HO U BEJUKOJIEIIHO I'opAT (He BCAKOe YTBep:KIeHHe CTOUT
IIPOBEPSATh 9KCIEePUMEHTAIBHO).

12. He mnITaiiTech 3arygHyTh B paboTalol[uii Jiasep, 9TO
OueHb OIlacHo (He AJA Jasepa, a IJd BAIlluX IJas).

13. Ecau BaM moTpe60oBaioCch HOIOJHUTEIbHOEe 000pyI0BaHIEe
UIW TPUOOPBI, BBl MX MOMKETe IOJYYUTHh TOJBKO C PaspelleHus
YUUTEJIA.

14. Ecau BBI IPOYUTANN BCIO MHCTPYKIIUIO 1 COTJIACHBI C Hel,
cMeJIo TIPHCTyIIaiiTe K padore, ecau HeT, cM. . 1.

Asrop nucTpykuuu EBreunii Jleonosuu MemepcKkuit

OueHKu ycrneBaeMOCTH B aKaJeMHH IT'eHepaJbHOro mrabda
(1880 r.)

1-9 cremeHs: ycmexu cjia0ble. YUeHUK e€IBa IITPUKOCHYJICSA
K HayKe II0 JeHCTBUTEJIbHOMY JIN HENOCTATKY IPUPOIHBIX CIIO-
cobHoOCTel, TpeOyeMbIX OJA ycIlexa B Hel, WJIM IIOTOMY, UTO
COBEPIIEeHHO He pajes IIPY HAKJIOHHOCTAX K 4eMy-JIN00 MHOMY.
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2-1 cTemeHb: ycIIeXH IOCpPeACTBeHHbIe. YUEHUK 3HaeT HEeKO-
TOPBIE OTPHIBKY W3 IPEIOSAHHON HAYKM, HO U Te IPHUCBOMI cebe
onHol nmamMAThI0. OH He IPOHUK B €€ OCHOBAaHUE U B CBSA3b UaCTel,
COCTaBJIAIONNX II0JIHOE Iejoe. IlocpeCTBEHHOCTDL CHS, MOJKET
OBITH, IPOUCXOAUT OT HEKOTOPOH CJIabOCTH IPHUPOTHBIX CIOCO0-
HOCTeii, 0cOOGJIMBO OT CJIAabOCTH TOTO CAMOMBIIIJIEHUS, KOTOPOTO
OH He MOT 3aMEeHUTh TPYAOM UM IOCTOSHHBIM yhnpaskHenumeM. Ot-
JINYHEIE JAPOBAHUSA IIPU JIETKOMBICJINY 1 IPA3IHOJIOONN BIEKYT
3a co0O0I Te Ke IIOCJIEeNCTBUS.

3-1 cTelleHb: YCIIeXH YAOBIETBOPUTEIbHbIE. YUCHUK 3HAET
HAyKy B TOM Buie, KaKk OHa eMy ObLia mpemnomauna. OH mocTuraer
IasKe OTHOIIEHWS BCeX YacTeidl K IeJIOMY B H3JI0KEHHOM eMy
MopAIKe, HO OH OTPaHUYMBAETCA KHUTOM MM CJIOBAMU YUUTEJI,
MIPUXOJUT B 3aMeNIaTeJbCTBO OT COMPUKOCHOBEHHBIX BOIIPOCOB,
IIpeAjiaraeMbIX HA TOT KOHEIl, UYTOOBI OH COJIM3UJ MEXKIY CO00I0
oTnanéHHelnue Touku. [lake BhIyueHHOE OH IIPpUMeEHsAET He UHA-
Ye, KaKk C TPYAOM U HAIPAKEHUEM.

Ha ceii crenmenu ocTaHaBIMBAaIOTCA OfapEéHHBIE TOpasgo OoJiee
MaMsAThIO, HeXKeJIU CAMOMBIIIJIeHeM; HO OHHU IPUJIeKaHnueM CBO-
UM JOKAa3bIBAIOT JIO00Bh K HayKe. JTY CTelleHb MOXKHO HA3BATh
CTENeHbIO YAOBJIETBOPUTEIBHLIX YCIIEXOB, IIOTOMY UTO YUYEHUK,
IOCTUTHYB OHOM, B COCTOAHUU OyAeT cIefoBaTh 3a JaJbHENIINM
pasBUTHEM HAYKU U IPUMEHATH €€ B ciaydae Hamobuoctu. IIpu-
TOM W Pa3MbIILIeHNEe, BCEra IM03Ke MaMATHU Hac IIocelarolnee,
IpoOy:KIaeTcA YacTo HaKe Cpeau 3TOH MeXaHWYeCKOW paboThI.

4-51 CcTemeHb: yCIeXW XOpourue. YUeHUK OTUETIMBO 3HAET
IIPeNoZaHHOe eMYy YUeHUe; OH YMeeT U3hICHUTH BCe YACTH U3 Ha-
YaJi, TOCTUTAET B3aMMOCBA3b UX U JIETKO IIPUMEHAET YCBOCHHEIE
UCTUHBI K OOBIKHOBEHHBIM ciydadM. TyT mAefcTBYIOIUI pasyMm
VUEeHUKA He YCTyHaeT HaMATA U OH IIOYUTAET HEBO3MOYKHBIM
BBIYYUTDH UTO-T160, He oHUMAaA. OJUH HEeJOCTATOK IPUJIEKAHUA
U YIPAKHEHUS MPETATCTBYET TAKOMY YUEHUKY HOAHATHCS BHIIIIE.
C mpyroii cTOPOHEI, ¥ TO IPaBAa, UTO CAMOMBIIIJIIEHNE B KaXKIOM
YyeJ0BEeKe MMeeT M3BECTHYIO CTEeIlleHb CUJBI, 38 KOTOPYIO UepTy
IPU BCeX HATPAKEHUAX IMePeiT HEBO3MOKHO.

5-1 cTemeHb: ycIexM OTJIMYHBbIE. YUEHHUK BJIaJeeT HayKOIi:
BeCbMa SCHO U OIIPeeIEHHO OTBEYAeT Ha BOIPOCHI, JIEI'KO CPaB-
HUBAET OTHAJIEHHEHNIINe TOUKN YUYSHUA 1 C IIPOHUIIATEIbHOCTRIO,
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IOBOJILHO H3OIIPEHHOI YIPaKHeHUAMHU, pas3bupaeT HOBbIe U
CJIO:KHBIE IIpeAjiaraeMble €My CJIydau; 3HaeT cjadble CTOPOHBI
VUYeHUsI, B KOUX COMHEBATHCS JOJIKHO, M UTO MOKHO BO3PasUTh
IIPOTUB TEOPUHU... TOJIbKO HEOOBIKHOBEHHBIH yM HPHU IIOMOIIHA
XOpolllell maMATH, B COeAUHEHUU C IJaMeHHOIl Jio00BbIO K Ha-
yKaM, a CJIeJOBATEeJIbHO, M C HEYyTOMUMBIM IPUJICKAHUEM MOKET
MMOAHATHCA Ha TaKyIO BBICOTY B 00JIaCTH 3HAHUSI.
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Anexcauap Padaunrosnu 3uandepman
(04.04.1946—11.11.2010)

Anexcaunp Padaumosuu pomuica 4 amnpens 1946 roma B Ma-
ragaHe. Ilocioe okoHuaHMa MOCKOBCKOTO (PH3UKO-TEXHUUECKOTO
uHctuTyTa 10 1990 r. padoran 8 HUU pagunoseiaTeJbHOTO IIPU-
eMa U aKyCTHUKH, SBJSIETCA aBTOPOM HECKOJBKUX M300peTeHui,
HO ellle B CTyAeHYECKHEe I'OAbl IIABHBIM JEJIOM ero 'KM3HHU cTajia
IIKOJIbHAA (pU3UKA.

A.P.3unnbepMaln M3BeCTeH B Halllell cTpaHe U 3a PyOerxoM
KaK BBIJAIOIIHUICA IIefaror ¢ IVIyOOKHMM (PU3UYECKUM MBIIILIe-
HUEeM, YMEBIINH JOHECTU CBOE BOCXUINEHNE KPAacOTOU JIO0MMOI
HAYKH IO CBOMX MHOTOUMCJIEHHBIX VUEHNKOB U CIyIIaTeJei.

O mnpemomaBaid B «KoiamMoropoBckoM wuHTepHaTe» (HBIHE
CYHII MI'Y), B munee «Bropasa mkojga», B OTAEJIbHBIX KPY:KKaAX
U ceMHHapax, a Jallle BCero — MHOTUe JeCATUIeTUI — «OIUH Ha
OAWH», HO C AecATKAMU YYEeHMKOB B roxy. Ero pabora meto-
IVCTOM U IIpemnozaBaTejeM MOCKOBCKOTO WHCTUTYTa OTKPBITOTO



o0pasoBaHUA 3aJaBajia BBICHINI CTaHZAPT (PU3UUECKOTO 00paso-
BaHUA AJIS THICSY MOCKOBCKUX YUUTEJIEH.

Eme crymentom ®Pusrexa oum Obl1 mpuBiaeduer M. III. Ciobo-
IeIIKUM K OpTaHM3aluy OJUMIUAL 10 (PU3UKe, OT HIKOJLHBIX
Io Bcecomosubix. aa ogapéHHBIX MOCKOBCKHUX HIKOJBHUKOB OH
¢ 70-X romoB IPOBOANJ KPY:KKK 1 cCeMUHAPHI (B MOCIegHIEe TOAbI
ero »KM3HU MHOTHE TaKie 3aHATHS MPOXOAUJU B miKoge Ne 179
u B Juilee «Bropas mikona»). CoTHEH yUYeHUMKOB AJeKcamapa
Padaunnosuua cranam moOeguTeIAMU 1 IIPpHU3epPaMU (PU3UUECKUX
OJIMMITHAJ, BhICOYAUIIIETO0 YPOBHA (BILIOTH A0 MeKIyHApPOIHBIX),
MIPOJOJIKUIN OOyUeHMe B JYUMINX (PUIUKO-MaTeMaTUIECKUX BY-
3aX CTPaHBI, ITO3KEe CaMHU CTAJIM YUEHLIMHU U IIegaroraMu. B Teue-
HUe MHOTUX JIET BO BpeMs CBOUX OTIIYCKOB OH T'OTOBUJ KOMAaHIY
mKoabHUKOB CCCP K BhIcTynIeHUAM Ha MeXayHapOaHBIX QU3U-
YeCKUX OJUMIONAIaxX.

B nocnenuume 20 get :xusuu A. P. 3unpbepmMaH ObLI OTHUM U3
TeX, KTO OIpeneu cCTUJIb MOCKOBCKOM oiuMIInae ITKOJIbHIKOB
mo ()u3uKe, BHIBEJ €e Ha BBICIIUHA B CTPAaHEe YPOBEHb, aKTHUECKU
(opMUpPOBAT BCIO €e dKCIEPUMEHTAIbHYI0 YacTh. OH mpUHUMAJ
IeaTeabHoe yuactue B COPOCOBCKUX OIMMIMNALAX IO QU3UKE U B
pAle IPYyruX MHTEJJIEKTYaJIbHBIX COPEeBHOBAHUI NIKOJLHUKOB.

3agaun 3unnbepMaHa 1 OJIS TEOPETUUECKUX, W IJIS SKCIIepPH-
MEHTAJBbHBIX TYPOB COCTABJIAIOT «30JI0TOM (DOHI» OMUMINATHBIX
samauuii. OH — aBTOP UyTh JIX He IIOJOBUHBI «3aJauHuKa ,, KBau-
Ta“» mo ¢usure, a ¢ 1981 roma OeccMeHHO BO3TJIABASAI 3Ty
pyopuky. Ero 3amaum u cTaThbu B :KypHajie IyOJIMKOBAINCh KaK
mox ero paMmiameli, Tak W MO MHOTOUYUCJIEHHLIMH aBTOPCKUMU
nceBoHUMaMu (eMy OBIJIO HeyZOOHO CIUIITKOM BBIZEJIATEH ce0s).

Becuennoe nmemaroruueckoe Hacuaenue A. P. 3uinnbepmana co-
XPaHUJI0Ch U B BUJe CTaTeil 1 KHUT, B KOTOPHIX OH OBLT aBTOPOM,
COaBTOPOM, Jin60 HedOpMaIbHBIM KOHCYJILTAHTOM.

3acayru Anekcangapa PadaunnoBuya OLLIM OTMEUYEHBI MHOTH-
MU Harpagamu (HampuMep, MeJajibio opJeHa «3a 3acJayru mepemn
OTEeUYeCTBOM» ), HO He 5TO IiiaBHoe. I7TaBHOe — 6JarogapHOCTL U
BOCXUINIEHUE JIeTell, yUnuTeJael, Ipy3eii, BceX KTO UMeJI CUYacThe C
HUM O0IIATHCA U Y HeTO YUUThCA.

Arademur A.JI. Cemernos,
pexmop MHOO






