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INPEAUCIIOBUE

TIpennaraeMas BHUMaHMIO YMTaTeNielt HACTOSAILAA KHUTA ARIAET-
CS Pe3yNIbTATOM MHOTONETHEH PabOTh KOJUIEKTHBA COTPYAHHMKOB Ka-
denpul o611elt GUINKK ¥ MATHUTOYMOPANOYCHHBIX cpefl hH3HYECcKO-
ro ¢akynsrera MI'Y mm. M. B. JlomoHoCoBa no coananuio nadopa-
TOPHOTO (PHINYECKOTO NPAKTUKYMA A CTYACHTOB HEDHUIHYECKHX
crnienanpHocTell yHusepeuTeToB. Co3laHHe NMPaKTUKYMa CTaBWwiIo
CBOEIt 11eJbIO, BO-TIEPBHX, O0ECIIEYCHUE BO3IMOXHOCTH CaMOCTOA-
TEJIPHOM SKCIIEPUMEHTANLHOM MPOBEPKH CTYACHTAMU OCHOBHBIX HH-
3MYECKUX 3aKOHOMEPHOCTEHM M, BO-BTOPBIX, 00yYCHHE CTYIEHTOB Ha-
BBIKAM CAMOCTORTENIFHOU pabOTH Ha 3KCNEPUMECHTATBHEIX YCTAaHOB-
Kax.

B COOTBETCTBHHM C JiECTBYIONMElH B HACTOSIIEE BpEMSI IIPOTPaM-
Moii no obuieit pusnKe IUIA YKA3aHHBIX CIICUMAILHOCTENR 3anaun a-
6opaTropHOro NpPakTMKyMa CrpyTIITMPOBAHK B IIATH pa3aenax: Mexa-
HMKa — DJIEKTpHYECTBO W MarHeTusM — MonexynspHasa GpM3HKa U
TepMoIMHaMiKa — Onrka — CrpoenMe BenecTsa. B ¢Bolo ouepeny,
KaX/IBH pa3neNl MPaKTUKYMa CONEPXKHUT 3ala4f, OTHECEHHBIE K pas-
JIMYHHM TeMaM. Bcero 1a6opaTopHEII MPakTHKyM coiepXut 66 3a-
na4. Ui yno6eTBa CTyAEHTOB BCE 3aauy NOMHMMO OETATBHOTO OMU-
CaHMs SKCNEPUMEHTATBHLIX YCTAHOBOK M MPOLIECCA BBIMOMHEHHA CO-
NPOBOXJIAIOTCA JOCTAaTOYHO MOIPOGHEIM BEIBOLOM OCHOBHBIX
COOTHOLIEHMI, HEOGXOMUMEIX U aHAJIW32 N3YyYaeMbIX (PUINIECKUX
SIBNEHU,

JlabopaTopHuili npakTUKyM Ha kadenpe obuieit Gu3nkm U mar-
HHUTOYTIOPSIOYEHHEBIX CpeJl HEMPEPHIBHO COBEPIICHCTBYETCS B Tede-
HHe Goiee 50 neT, B CBA3M C YEM 3KCIIEPUMEHTANbHbBIE YCTAHOBKH
YCJIOBHO MOXHO pa3le/IUTE Ha ABe rpyrinsl. K nepsoil oTHOcATCS 38-
Ja4¥, B KOTOPBIX CTYIEHTH UMEIOT BO3MOXHOCTD C UCIIOJTB30BAHU-
eM NpocTeHImuxX puéopoB NPOBOAUTE U3MEPEHUS U TIPOBEPATH Te-
OpETHYECKHE COOTHOWIEHHS. BTH YCTAHOBKY B CBOE BpeMs OhUIM U3-
TOTOBJIEHH Ha ODKCNEPHMEHTAJILHOM 33aBOJ¢  (DU3MYECKOro
tbakyasTera MI'Y. Ko BTOpOIt IpyTIIIe OTHOCSITCSA SKCTIEPUMEHTANh-
HbIe YCTRHOBKH C MCTIONIb30BAHHEM COBPEMEHHEIX METONOB Habmio-
IeHUS K pPEerucTpaluy (3JeKTPOHHBIE MUUIMCEXYHIOMEPHI, (OTO-
3JIEKTPOHHEIE 3aTBOPH U T.I.). II0CKOJNEKY YCTAaHOBKM, OTHOCHILME-
¢ K TepBoif rpyrme, JaloT HarJggHOE TIpeNCTaBieHHME OO
M3y4aeMOM HPOLIECCE, aBTOPHI COWIN HellelecoobpasHbIM TPOBOIUTD
HMX MonepHM3auumio. ITo 2Toi npuyMHe psAJ 3aa4 HacTosel KHUrY
COIEPXHUT ABa BapHaHTa OMHCAHUS SKCICPUMEHTANBHON YacTH U
MPOLIECCa BHITIOHEHMS 3a0aYH.



Hixe NpHBOAHTCA CIIMCOK NpenofaBaTeneil, y4acTBORABIIMX B CO-
3faHHH 3ana4. TloBTOpHOE YIIOMHHAaHKME HOMEPOB 3a/1a4 nocie damiu-
JIii ripenojaBateNieil CBUACTENLCTBYET O COBMecTHOI pabore: 10.U. Ag-
KCeHTheB (25, 27, 37, 39, 41, 42, 47-49, 54, 61), A.C. AHapeeHKO
(11), C.1. Antumos (24, 63), JI.T. Antouma (16, 18, 57), A.B. Benos
(5, 15, 18, 19, 23, 33, 38, 40, 43—46, 56), A.E. bornaHos (31, 45),
M.YO. I'aiinykoga (48, 49), C.H. T'opuikos (59, 60), T.H. HBaHoBa (30,
36, 37),[A.K. Kynipusitos| (28), A.B. Muuypun (57), B.U. Henensko
(20, 21, 23, 25, 66), C.A. Hukurnu (15), I0.A. OBueHkOBa (32),
T.JI. OpaunHUKoBa (10, 29, 62), I0.®. Monos (20, 21, 23, 25, 26),
T'.E. llyctoBanos (1, 2, 17, 28, 35, 36, 38, 39, 43, 44, 46, 50, 52, 55,
56), E.Il. Ceupuua (50, 58, 61), N.A.Cxkunerposa (9, 14),
A.A. Cxnaakue (12), B.A. Crpykos (253), E.B. Tananaepa (22),
JLIIL. nsxvina (3, 4).




TEMA 1
BBEJIEHUE

PA3JIEN 1
IOTPENIHOCTH U3MEPEHU

1. OcHoBHEIE IOHATHA H COOTHOLICHUSA

Iloustae o norpemnoctax, U3Mepenns He MOTYT ORITH BRITIONIHE-
HE a6CONIOTHO TOYHO. BCEraa MMEETcss HEKOTOpas HeoTpeneaeH-
HOCTb B 3HAYCHHH UIMEPACMON BEIMYMHEL. BTa HEONPEACIICHHOCTh
XApaKTePU3YeTCsl NOrPelHOCThIO — OTKJIOHEHHEM HU3MEPEHHOTO 3Ha-
YeHUA BEJIMYHUHBI OT €€ UCTUHHOTO 3HadYeHHA. Hekoropsie U3 IpH-
4¥H, NPHBOISILKME K TIOABICHWIO ITOTPEeIHHOCTCI:

OrpaHN4eHHasl TOYHOCTh U3MEPUTETBHEIX TPHOOPOB;

BIHAHUE Ha U3MEpEeHHe HEKOHTPOJMPYEMBIX U3MEHCHHH BHE-
LIHYX YCIOBUH (HATIPSKEHWA B INCKTPUIECKOHN CETH, TEMIIEPATYPHl
uT.0.);

ICUCTBNS 3KCTIEPUMEHTATOPA (BKINIOYeHHE CEKYHAOMEPA ¢ HEKO-
TOPBIM 3alia3HBaHHUEM, PAIMAYHOE TTOJIOXKEHUE IJ1a3 110 OTHOLIEHUIO
K wKane npubopa ¥ T.1L.);

HENOJHOE COOTBETCTBHE N3MEPAEMOro O6HEKTA TOi MOMIENH, KO-
TOpad IPUHATA JUIS U3MEPACMON BEIMYMHH (HaNpUMep, TIPH H3Me-
peHMH 00BbeMa TACTHHKA CYNTACTCH TapauiesieNiuneoM, B TO Bpe-
MA KaK y Hee MOTYT GHITh 3aKpyIJIeHUs Ha pebpax);

NpHONUXEHHRIH XapaKkTep 3aKOHOB, KOTOPHIE UCNOAB3YIOTCH IS
HAXOXACHHA N3MEPAEMOit BEIMUMHEI IIK JIEXAT B OCHOBE YCTPOi-
cTBa npubopa.

Knaccudpuxauns norpemmnocrteil. B 3aBHCHMOCTH OT NPHYMH, NIpH-
BOAALIMX K BOZHUKHOBEHHIO MOIpeIiHoCTed, PaIyaloT UX Cliemy-
JOLAE BUMEL.

TIpomaxu — rpyObie OMMOKN B 3HAYEHUAX HIMEPAEMOHN BEJIMYHHBI.

CucTeMaTHIeCKHE NOFPEIHOCTH — TIOTPEITHOCTH, KOTOPEIE COOT-
BETCTBYIOT OTKJIOHCHHIO M3MEPSEMOil BEIMYMHEL OT ee HCTUHHOTO
3HAYEHHs BCETIa B OAHY CTOPOHY — MO0 B CTOPOHY 3aBBLILICHHUS,
60 B CTOPOHY 3aHIKeHHA. IIpH TTOBTOPHEIX M3MEPCHNUSAX B TEX X€
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YCNOBMAX BENMYMHA NOTPEITHOCTH OCTaeTess HeM3MeHHoM. Tlpu 3a-
KOHOMEPHBIX H3MEHEHMSAX YCIOBUH ITOrPENIHOCTh TAKKE MEHAETCS
3aKOHOMEPHO.

Cayqalinbie norpemnocTd. Jaxke Ipy o4eHb CTPOroM cobaione-
HHH OOHUX U TEX XK€ YCJIOBHIT MOBTOPHBIC U3MEPEHUA OTHON M Toit
K€ BeJIMYMHEI, KaK IMpaBWwiIo, NPUBOIAT K 3HAYEHHEM, OTIHYAIO-
IHMCA APYT OT Ipyra. OTa pasHMIA B 3HAYEHUAX MOXeT BBI3HBATh-
csl TIPUYWHAMM CaMO#l pa3nUYHON Mpuponrsl. OTKIOHEHUA OT Mc-
THHHOI'O 3HAYECHHUS TIPM 3TOM MOIYT OBITE KaK B CTOPOHY YyBeJIndYe-
HWA, TAK Y B CTOPOHY YMEHBIICHMSE, ITPUYEM BEJINUMHA OTKIOHEHUS
TaKKE MOXET OBITh pa3THYHOIA.

TIpnGopunie NOrpemROCTH — MOTPEUIHOCTH, CBA3aHHEIE C TOYHO-
CTBIO H3rOTOBJIEHHA NpUOOpa, UCTIONL3YEMOTO O U3MEPEHMA.
OHM MOT'YT HOCHTBL KaK CUCTEMAaTHYECKUH, TaK U CIyYyaWHBIHA xa-
paxrep.

B 3aBUCHMOCTH OT TOro, KaKHMM CIoCO60M TMOAYYAIOT 3HAYECHHE
N3MEPAEMOM BEJIMYMHE, Pa3iNyaloT MOTPEITHOCTH NPAMBIX (Hemo-
CPEACTBEHHBbIX) H KOCBEHHBIX M3MepeHUil. IIpaMbIMH Ha3BIBalOTCA
U3MEPEHHSA, B PEIYNLTATS KOTOPHIX 3HAYSHUE U3IMEPHEMON Belyi-
YUHBI TOTYYAIOT Cpa3y Mo liKale Mpubopa (HanpuMep, U3MepeHHe
BAIWHE WITAHTCHLIMPKYJIEM) WM NPY TIOMOINH KaKOTo-JIMG0o CIioco-
6a cpaBHeHMS ¢ 3TajIOHOM (HAmpHMep, B3IBEIUMBAHUE HAa PbIYaXx-
HHIX Becax). KOCBeHHRIe — 3TO TaKHe U3MepPeHHUs, KOorja JUid Ha-
XOXACHUA HEKOTOpOo# (GH3UYECKOM BeTHYMHB CHaYala U3MepSIOT
NpAMEIMUA U3MEPEHHUAMN HECKONBKO APYTUX BEJIHMYMH, a 3aTeM MO
X 3HAYEHUAM C ITOMOWIBIO KaKUX-JIHGO (POopMysT BEIMUCHATIOT 3Ha~-
YyeHHe MCKOMOM BenquUHEL. OAHY U Ty Xe BEIHYHUHY YacToO MOX-
HO HAalTH ITYTeM Kak IPSAMEIX, TaK U KOCBeHHEIX Mamepennit. Ha-
npuMep, CKOpocCTh aBRTOMOOHIZ MOXeT OBITh onpeacicHa 1o CIiin-
IOMeTpy (npsMoe W3MepeHWe) WM HaliieHa MAelIEHHEM
NpOoANEHHOrO PaCCTOSHUS Ha BpeMs ABHXEHHUS (KOCBEHHOE H3Me-

peHue).

2. Ilpomaxn

ITpoMaxy, KaK IpaBuNO, BRI3KIBAIOTCH HEBHUMATEJILHOCTRIO (Ha-
NpUMep, MPK KIMEPEHUM MNAMETPA OTBEPCTAS ITAHTEHUUPKYJIEM
4acTo 3a0BIBAIOT YYECTH TOJIIMHY €ro HOXeK). OHM MOTYT BO3HH-
KaTh TaKX€ BCJICACTBHE HEMCNPAaBHOCTH Nnpubopa. OT npoMaxoB He
3acTpaxoBaH HUKTO, OMHAKO MO Mepe TIPHOOPETEHUs 3KCIMepHMEH-
TaNIbHAIX HaBHKOB BEPOSTHOCTE MPOMaXOB 3aMETHO YMEHbLLAeTCA.
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3. CucreMaTHYeCKHe NOTPEMIHOCTH

CucreMaTHYeCKNE MOTPELIHOCTH MOTYT BO3HHKATh IO PsIy TIpH-
YHH:

HECOOTBETCTBHE NpHbOpa 3TajIoOHY (HanpuMep, I1aCTMAacCOBHIE
JIMHEHRKH C TEeYeHUEM BpeMEHH OORYHO YKOpPayHWBAIOTCA Ha HE-
CKOJIbKO MMJUIMMETPOR, CEKYHAOMED MOXCET NMEThb HENPABUIIbHBIN
XOI ~ CIICWIHTh WK OTCTABaTh HA HECKONBKO CEKYHA B CYTKH);

HEMpaBWILHOE HCNONB30BaHKE Npubopa (HanmpuMep, nepen BiBe~
1IMBaHKEM HE YCTAHONICHO PABHOBECHE HEHATPYXKEHHBIX BECOB);

npeHeOpeXXeHHeE MOoNMpaBKaMH, KOTOPHE HYXHO BBECTH B pe3yJib-
TaThl H3MEPEHUS VIS AOCTIDKCHMA TpeOyeMoil TOYHOCTH (HampuMep,
HE¢ YUTEHA 3aBUCUMOCTB TEMIIEpaTyphl KUTIEHUS BOAB OT aTMocep-
HOTO HaBNCHUA).

ITorpelrHoCTH, 06YCNOBIIGHHEIE HEKOTOPEIMH M3 3THX MPHYMH,
MOTYT ObITH CBEIEHEI K MUHMMYMY TIPOBepKOii Npu6GOpoOB, UX TILA~
TeNbHON YCTaHOBKOM, aHATH30M HEOOXOAMMLIX NMONpaBokK ¥ T.4. CH-
cTeMaTHyeCKue MOrpeITHOCTH MOTYT OLITh CKPBITH B TeYEHUE WM~
TEABHOTO BpeMEHU U 00bIYHO OOHAPYXKMBAIOTCHA NPH HAXOXACHUU
Tex Xe QH3HYECCKUX BeTHYHH NPHHUHNHAIbHO ADYTHMH METORAMM.
AHann3 nonobHOTO pora CHCTEMATHYECKIX NOTPEIHHOCTEN MOXET B
psane cinydaeB TIPUBECTM K OTKPHITUIO HEM3BECTHEIX paHee SABIEHUI
TIPUPOZBI.

B yueO6HEIX 1a6opaTOPHUSIX CUCTEMaTHYECKHE NOTPEWIHOCTH NpHU-
HSTO He YYUTHIBATD U HOITOMY UX aHANIM3 He NPOU3BOAUTCS,

4. Cayuaiitbie DOrpeiHoCTH

CinyyaifHele NOrpelIHOCTM BHI3bIBAIOTCA HEKOHTPOJIHPYEMBIMHM
NpUYHNHAMH, BITUAIONIMMHM HA NpollecC u3MepeHus. Takne npuyuHLI
'MOTYT ObITh 00bEKTUBHMMH (HEPOBHOCTH Ha NMOBEPXHOCTH H3MEpPS-
€MOro npeaMeTa; IyHOBEHHE BO3IyXa, BeAyllee K U3MEHEHUIO TEM-
TIepaTyphl; CKaykoo6pa3Hoe U3MEHEHHE HaIpPsKeHUs 3eKTpUYeC-
KOt CETH U T.11.) ¥ CYOBEKTHBHBIMY (Pa3Has CIJIa 3aXKUMa NpeaMeTa
MeXIy HOXKAaMH WTaHIeHUUPKY/IA, HEOMUHAKOBOE TTOJOXEHHE IJ1a3
MO OTHOLUEHUIO K WiKane npubopa, pasiyHoe 3anasabiBaHUE TIPU
BKJTIOYEHHH CEKYHIOMEPA H T.IM.). STH MPUYHHBI MOTYT COYETAThCA
B Pa3IUYHEIX KOMOMHALMSAX, BBI3LIBAS TO YBEJIHICHHUE, TO YMCHBILE-
HHE 3HaYEHHUA U3MepsAeMoil BenUYHHEL TTo3TOMYy npM 3MEpeHMAX
OITHOI M TON e BEIMYHHBI HECKOABKO pa3 NojyyaeTcsl, KaK MpaBH-
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JIO, PAN 3HAYCHHWIl 3TOI BEJWUYWHLI, OTITHYAIOIMXCA OT UCTUHHOIO
3HAYCHMA CITyYaitHEIM 06pa3oM.

3aKOHOMEPHOCTH, ONUCHIBAIONIHME ITOBSICHHUE CIIyJaliHBIX BEIH-
YHH, U3YYaIOTCs TeopHeil BepoaTHocTeit. [1on BepoATHOCTLIO 3AECH
TIOpa3yMeBaeTcsd OTHOLIEHNE YNUCHa CIYYaeR, YAOBIETBOPSIOMINX
KaKOMY-JIH0O YyCITOBMIO, K OOLLIEMY YHCITY CITY4aeB, €CIH obllee ync-
JIO CIYYaeB OUEHb BENUKO (crpeMutces X GeckoHeanoctn). Makeu-
MAIBHOE 3HaUYeHUE BEPOSATHOCTH PaBHO eIHHULE (Bce Crydall yAOB-
JIETBOPSIIOT 3alaHHOMY ycnosuio). Ilpu ommucaHuu cnyqaitHRIX 1o-
rpemHoCTeH OORI9HO HCNOMNB3YIOTCA CACHYIOWME IMPCATONOKCHHUA;

MOTPEIIHOCTH MOTYT IIPHHUMATE HETIPEPRIBHAIN AN 3HAYCHHI;

6oJplUMEe OTKIOHEHHS H3MEPEHHRIX 3HaYeHUil OT MCTHHHOTO
3HAYCHUSA U3MEPACMOI BEIMIMHE BCTPEYalOTCA pexe (MeHee Bepo-
SITHRI), 9YeM MAJIBIC;

OTKJIOHEHUS B 06€ CTOPOHH OT NCTUHHOIO 3HaYeHHST paBHOBEPO-
SATHEL

BTH NPEANONOXEHUS CIIpaBeIHBE He Beeraa. ONMT, OMHAKO,
TIOKa3EIBatT, YTO BCE X€ B MOMABNAIOMEM GOJBUIMHCTBE Cydaes
OHH BBHITIONHAIOTCA AOCTAaTOYMHO XOpOIIO.

Cpennee apudmernieckoe. Ilycrs npu naMepeHUN GHU3NMYECKON
BEJIMYMHBI g TIONYYCHO 1 3HAYCHMI: a,, 4, ..., 4, ..., a,. [Ipeanona-
TaeTcsl, 4To cpeaHee apudmeTyeckoe 3TUX 3HaYeHM (obo3navae-
Moe 4epToil Hax GykBoil)

a= 29 1)
n

CTPEMUTCS K UICTHHHOMY 3Ha4YEHMIO U3MEPSIeMOi BeJIMYMHEI, €CIH N
CTpEeMUTCS K OecKOHeYHOCTH. TIpU KOHEUYHOM 4YMCile N3MEpeHUN
cpelHee apupMeTUYECKOe NPEeACTaBIsAeT cobol Hauboee BepoATHOe
3HaYeHne U3IMEPSICMOH BEJIMUUHKL. TeopHus BEpOATHOCTCH MO3BOMSAET
OLICHUTh BO3MOXHO€ OTKJIOHEHHe CPeHEro apudMeTHIecKoro ot
WUCTHHHOTO 3HA4YeHHS U3MEPAEMOI BEMNYHHEI.

Iorpenmocm OTACNLHBIX H3MepenHil. 32 Mepy NOrPELIHOCTH 3Ha-
YECHUA a; MMOJYYEHHOTO IIPpH OTACABHOM H3MEPEHUHN, MPHHHUMAIOT
Pa3HOCTh MEXNY 3THMM 3HAYCHMEM M UCTHHHLIM 3HavyeHmeM a. Ho
TaK KaK MCTURHOe 3HaYeHHe @ HEM3BeCTHO, TO BMECTO Hero 6epyr
cpenHee apupMeTHIECKOE @ Cepuu u3MepeHuit. PasHoct

Ag =g -a,
Aay, =a, -4,
SR s 2
Aa, =a,-a



NPUHSTO HA3LIBATh AGCOMOTHLIME NOTPEMIHOCTAMH OTHENBHBIX U3Me-
penuit. Cpeu MOTPEMTHOCTEH Ag,, Ag,, ..., Ad, BCTPEYAIOTCH KaK
MOJIOXHUTEIEHME, TaK M OTpHUATENBHEIE, Jlerko mokasars, 4To ai-
rebpanyecKas CyMMa aGCONMOTHRIX MOTPEUTHOCTEl paBHa HYMIO.

Cpennieli XBaApaTHIHOM HOrpemMOCTbIO WIH CTAHAAPTHLIM OTKIO-
HeHHeM OT/ICTBHOIO M3MEPEHMA HA3KBACTCA BEJIMYHHA

5, = At + A + ...+ Ad? JZAa G)

n-1 n-1"

TOE 7 — YUCIO U3MEPEHHBIX 3HAaYCHUI.

3aMeTuM, 49TO JUIS cilydasi, Korja NpoBeeHO JIUIIL OJHO U3Mepe-
Hue (n = 1), dopmyna (3) HenMpUMEHUMa, K S OLEHKH TIOTPEUIHO~
CTH CJIEAyeT MOJIb30BaThCA APYTUMK COOOpaxeHUAMH, OOHMM H3Me-
PEHUEM OrpaHUUMBAIOTCS, €CNU 3aBEeAOMO U3BECTHO, YTO NpHGopHas
TIOTPEIHOCTh 3HAYMTEJILHO NMPEBRIIAET CIYYaiHY10.

CraHaapTHOe OTKJIOHEHHE MeeT cexylonmit cMeici. Ilpu 6onb-
1I0OM YMCJIE€ U3MEPEHHIT BEPOATHOCTH TOTO, YTO MOAYJIb 3HAYCHHA
Ag; He TPEBHINACT S _WIH, YTO TO X€ CaMOe, YTO 3HaYEHHE a; NEXHUT
B MpejAesax oT a S no a+ S coctannger 0,67~2/3. HHaqe To-
BOpSA, €CNTU BeJINYMHA g uamepeHa nanpumep, 100 pa3, To okono 67
ciyyaeB OymeT TakMx, UTo d -5, <a, <da+3§,. A

Iorpemmocthb cpeaHero apmbum-lecxom. Cpenuaa KBaapaTHy-
Has TOrpelHOCThb S,i OTHENLHOTO U3MEpeHns, onpenensieMada ¢op-
MmyJioii (3), ¢ BO3pacTaHHEM n CTPEMUTCH K HEKOTOPOH oripeneneH-
HoM BeMYHHE (COBCTBEHHO MOrPENIHOCTHIO COMIACHO TEOPHH Bepo-
ATHOCTEX U sABIAETCA 3TOT npepen). C npyroil CTOPOHB, cpeaHee
apuPpMeTHIecKoe d Mo Mepe YBEJIHYEHUA 7 JO/DKHO NpUODKaThea K
HMCTHHHOMY 3HAYECHMIO g (€CNIM, KOHEYHO, YCTPAHEHBI CUCTEMATHYEC-
KM€ TorpentHocTh). Clei0BaTesIbHO, MOrPEUIHOCTb CPEAHETO apud-
METHYECKOTO JOJDKHA IIPH 3TOM YMEHbIIaThesi. COrmacHO TeOpHH Be-
POSTHOCTEH CpeansA KBAXPATHYHAN TIOrPEIHOCTD, WIM CTAHNAPTHOE
oTKIIOHeHHE, CpeaNero apmlmmecxom onpenenserca ¢popmynoit

Aﬂ2
Sy = b o [2A4 4
JH 1)’
T.c. S; C BO3pacTaHHEM YHC/Ia M3MEPEHNii n yGEIBaeT 06paTHO NMpo-
HOPLMOHATHHO V.

CTaHAapTHOE OTKJIOHEHHE CPEAHEro apugpMeTHYECKOro UMeer
cnenyommii cMeici, ECv MpoBeAeHO HOCTaTOYHO GOMBIIOE YHCIIO
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cepnit N3MepeHMss HEKOTOPOI BEJIMUMHEBI @ W KaXas N3 3THX cepHit
COHOEPXHUT OAMHAKOBOE JOCTATOYHO 6OJIbIIOE YHCIIO OTACHIBHEIX H3-
MEpeHHi, TO BEPOSATHOCTH TOro, UTO CpPEAHEEe apudMeTH4ecKoe
a cepVM OTAMYAETCS OT MCTHHHOrO 3HAYCHMS g He Gonee, yeM Ha
S; , cocrapnset 0,67 = 67%.

JloBepHTebHLIH MATEPRA H JIOBEPHTE/ILHAN BepOATHOCTh. BeposT-
HOCTB TOTO, YTO UCTUHHOE 3HAYEHHE H3MEPIEMOM BeJINUMHEL JIEXUT
BHYTPH HEKOTOPOIO MHTEPBAJIa, Ha3HBaETCA NOBEPHTEILHOM BepOAT-
HOCTSI0 JUIH KO3¢pHIMEHTOM HAREXHMOCTH, 3 CaM MHTEPBaJl — J0Be-
pHuTeAbAbM nATepBanoM. Kaxoii foBepUTENLHOI BEPOSTHOCTH CO-
OTBETCTBYET CBOM OBEPHTEIBHEII HHTEPBANL. B 9aCTHOCTH, NoBEpH-
TeNIbHOM BepoATHOCTH 0,67 COOTBETCTBYET AOBEPUTENHHBIH HHTEPBAN
oT a—S; a0 a+S,. OnHAKO 3TO yTBepXACHNE CIIPABEIVIMBO TONb~
KO TNPU HOCTaTO4YHO GoyibIIOM uMciie u3Mepenuit (6onee 10), na u
BepoATHOCTE 0,67 He MpeACTaRNAeTCH JOCTATOYHO HaIeXHOH — NpH-
MEPHO B KaXHo# U3 TpeX cepuil U3MEpEHU @ MOXET OKa3aThed 32
npelelaMH JOBEPUTEILHOTO MHTEpBana. s nonyvyeHus Gonniuei
YBepPEHHOCTH B TOM, YTO 3HAYCHUE M3IMEPAEMOIl BEIMYHHEL JIEXUT
BHYTPH JOBEPUTEIBHOTO HHTEPBaJIa, 00BIYHO 3a8al0TCA AOBEPHTEb-
Hoif BeposiTHOCTBIO 0,95—0,99. oBepHTEAbHBIA WHTEPBaN IS 3a-
JaHHOM TOBEepHUTCIbHOI BEPOATHOCTH @ C YYETOM BIMSIHMS 4HCla
U3IMepEeHUH n MOXHO HAaWTH, YMHOXUB CTAHIAPTHOE OTKIOHEHUE
cpenHero apuMeTHYeCKOro Ha Tak Ha3biBaeMHIil Ko3(ddHUHEHT
CreioneHTa 1, . Koadduumenrs: CreloneHTa 1 psaaa 3Ha4eHU o
Vi n IpUBEXIeHbI B TaGauILe.

Yueno namepeHuit n JosepurenbHas BEPOATHOCTb o

0,67 0,90 0,95 0,9¢
2 2.0 6.3 12,7 63.7

4 1.3 2,4 3.2 58

5 1,2 2,1 2,8 4,6

6 1,2 2,0 2,6 4,0

10 1,1 1,8 2,3 3,3

100 1,0 1,7 2,0 2,6

OKOHYAaTeNBHO JUIS U3MEPASMOIi BeTMYMHBI @ TIPH 3aaHHOM J0-
BEpUTENLHON BEPOATHOCTH @ U YUCTIe UBMEPEHUH 1 11oTydyaeTcs yc-
JIoBUE

a-t, S; <a<(7+tanS5. (5)
n

Bemumuuna Ag, = I,,,"S,T Ha3BIBAECTCS CIY4Yalinoil NOrpemHocThI0

BEJINYUHH a.
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TIpubopHile MOTPEUTHOCTH TIPUHATO OTHOCUTh K CAYYaMHRIM,
€CY YCTPaHEHE! NPUGOpHEIE MOTPEITHOCTH, UMEIOIME CHCTCMATH-
YECKMIi XapaxTep (BeChl BHICTABJICHH IO OTBECY U YDaBHOBEIIEHRI B
OTCYTCTBME HArpy3KH, CTPEJIKa OTKIIIOYEHHOTO 3IEKTPOU3IMEPUTESTh-
HOro npubopa MOKA3KIBAET HA HYJb, YAaChl BRIBEPEHEI 110 CUTHANAM
TOYHOT'O BpeMEHU U T.1.). Takue nOorperHocTH MOIYT BO3HUKATE HpPH
M3TOTOBJICHUH NpUOOPOB MM NPU UX rpagyupoBkKe. OGHIYHO JO-
BOJILCTBYIOTCS CBECHHUAMH O JOITYCTUMEIX TPHOOPHAIX TIOTPEIHOC-
TAX, COOOIMaeMBIX 3aBOTaMH-H3TOTOBUTENSIMH B NACTIOPTAX, NpUiara-
€MEIX K TpubopaM. 3aBod rapaHTHPYET, YTO MOTPEITHOCTH OTCYETA
no npubopy He BEIXOJAT 3a MpPEACAbl, YKa3biBa€MbI€ B ITaCIOPTE.
TIpn 3TOM OCTalOTCA HEM3IBECTHEIMU HU KOHKPETHas BeJIMYMHA, HU
3HaK MOTPEIIHOCTH, NOTydalonieica B pe3yabTaTe OTACIBHOTO H3ME~
peHMA JaHHEIM 11pnGopoM. ITosToMy Takue MOrpelmHoOCTH CIEAYET
OTHOCHTD K CIYYaiiHEIM NMOTPEIIHOCTAM C IOCTaTOYHO GOILIUO 10-
BEpUTEJIBHON BepPOATHOCTRIO (nopsiaka (0,95 u Brime). JlonycTuMble
TIOTPELIHOCTH OOBIYHO BKIIOYAIOT B ¢€6A M T€, KOTOPbIe MOTYT BO3-
HMKHYTh NIPM NPUBEISCHUM NTpUGOPOB B paGouee cocrosiHue (ycTa-
HOBKe Ha HYJb M T.I1.) IPH YCJAOBUM BBINIOTHEHUS 3aBOJCKOM WHCT-
PYKIUIH.

JomycTVMEIEe HOTPEIHOCTH HEKOTOPBIX ITPUOOPOB, HCTIONE3YeMBIX B
nabopaTopusix GpU3INIECKOro MPAKTAKyMa:

CrpelouHbIe 31eKTpou3MepUTENIbHEIE TPUGOPH NO BEUMUNHE R0-
MYCTUMOM TIOTPEUIHOCTH AENATCA Ha KIACChl TOYHOCTH, KOTOpEIE
0603HayaloTCA Ha mWKajax npubopos nudpamu 0,1; 0,2; 0,5; 1,0;

1. NpnGoph, CHAGXEHHBIE HOHUYCOM (LWITAHMEHLMPKYNW,

YrAOMEPHLIE MHCTPYMEHTH U NP. ), KaK NPaBUAo, UMEIOT

AONYCTUAMYIO MOrPELIHOCTL, PABHYIO LIGHE IBNEHUSI HOHWYCA:

a) WTaHreHuMpKynu ¢ npeaenamu uameperus 0-125 mm u ueHoi 0,1 Mm
peneHusl HoHvyca 0,1 Mm

6) WraHreHuUMpKynu ¢ npeaenamu namepeuua 0—150 mm U LeHon 0,05 mm
fenerns HoHuyca 0,05 mm

B) WITAHreHUWUPKYNW C NpeaenamMm U3MePeHnsi 0.1 MM
0-250 MM 1 UEeHOM BeneHus Honmyca 0,05 Mm
2. MuxkpomeTpel 0,004 MM

3. UHankaTopsl 4acoBOro TMNA 4NA U3MEPEHUA MANLIX PasMe-
poa ¢ ueroir genenna 0,01 MM:

a) ¢ npepenaMn usMepeHuns 0-2 Mm 0,012 Mm
6) ¢ npepenamu uamepernn 0-10 MM 0,022 mm
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4, TexHA4BCKME BeCkHl G Harpy3kon A0 5 Kr U HAUMEHbLLIM 01r
pa3HoseckoM 8 100 mr

5. CexyHaoOMepbl MexaHu4eckme ¢ LeHon aenedus 0,2 1 01¢

0,1 ¢ (npu uaMeperun npomMexyrka sBpeMenn 120 ¢
NOrpewHnoCTb X0Aa N0 CPABHENUIO C 3TANOHHLIMN HacaMM)

6. JlTaGopaTopHbie PTyTHbIe TEPMOMETPLI (6e3 yxaaaHua 1°C
Knacca TOHHOCTH)

1,5; 2,5; 4,0 (it1dphI MOTYT OBITH IOMEIIIEHE B KPYKOK HIH pOMOUK).
Kracc TOYHOCTH NOKA3LIBAET BEUYMHY AOITYCTHMOM TIOTPEIIHOCTH B
NMPOLEHTAX OT 3HAYeHUsT N3MEPSAEMON BETUYHHEI, COOTBETCTBYIOLLIETO
OTKJIOHEHHIO CTPEJIKY 10 TTOCIIEAHEr0 AeNleHHA 1iKansl. HanpuMmep,
ecny y ipubopa nocnenuee aenenne wxats 300 B, a xiacc ero Tou-
HocTH 0,5, TO TONMycTUMast TTOTPEILHOCTD paBHa 0,5% ot 300 B, win
300.0,5/100 B=1,5 B. Taka#s xe gomycTumas norpeiusocts 1,5 B
OymeT M mia AKO0TC ApYroro 3HavYCHUA, U3MEpPSEMOro no 3Tol
LLIKAJE.

B cnyyae MHOroyHKIIMOHANBEHOIO TpHOOpa, UMEIOMIETO Pa3sHLIE
TIpeAesisl U3MEPEHNS Y N2I0LIETO BO3MOXHOCTb N3MEPATH PalIMYHO-
T0 poda BEJMYMHE (CWIY TOKa, HAamMpsKeHHE, CONMPOTHBICHHE
¥ T.I.), KJIaCC TOYHOCTH OOBIYHO HE 3aBHCHT OT NpeleNia N3MEPEHUS,
HO MOXET 3aBMCETh OT POJa TOKA (MOCTOSIHHEIN WM TIepeMEHHLI)
¥ OT poia u3MepseMoit BenudHHH. Ha mkane takoro npu6opa yka-
3BbIBACTCSI HECKOJBKO KJACCOB TOYHOCTU C YCIIOBHBIMU 0003HA4YEeHH -
AMHU Y KaXXIOTO U3 HUX («—» WIN «=» — IIOCTOSHHLI TOK, ¢~» WK
«w» — [IEPEMEHHEBIH TOK, «=» — W MOCTOSAHHBIA M TICPEMEHHBIH TOK,
«Q» — conpoTuRIeHue, «pF> Wik «C» — eMKOCTB U T.A.).

Hudpossie 31eKTPOU3MEPUTENIbHEIE U TIPOUE TIPUOOPHT MMEIOT,
KaK TpaBWiIo JONYCTHMYIO TIOIPENIHOCT, COCTARIIONLYIo 12 enu-
HULBI TIOCIEAREr0 MHAHLIMPYEMOIO pa3psna.

Ecnu cBegeHuit 0 oMycTHMON ipuGOPHOI MOTPeIIHOCTH HET, TO
B KayeCTBe HEE MOXHO IIPUHATD ITOJIOBHHY HAMMEHBIIETO ACJICHHS
1KaJIEl Mpubopa Wil NOJOBUHY HaUMEHERIIETO 3HaYeHHST HaMepsie-
MOH BEIUYUHLI, KOTOPOE €1ie MOXHO HaiiTU MpM ITOMOLM 3TOro
npubopa. HaripuMep, Ipy U3MepeHUH IUTHHBI JTHHEHKON ¢ MWIIN-
METPOBBIMM ACTIEHHAMH 33 XOITYCTHMYIO TTOIPEUTHOCTS TTPUHUMAET-
cs 0,5 MMm.

JornycTuMEIe MOTPeIHOCTH, TIPUBEIEHHEIC 31€Ch, OTHOCATCS K
TOYHOCTH M3rOTOBJIEHNN caMoro nipubopa. Ilpu usMepennn npubo-
POM B psifie CydaeB NOrpelliHOCTE MOXeT ObITh 33METHO GONblle,
HanpuMep, 13-3a TPYAHOCTH OTCYETa Ha TJ1a3 JeCsTRIX NOAcH MW~
JIMMETPA TIOTPEIMHOCTh P W3MEPEHHH METAUTHIECKOM THHEUKOMH
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MOXET cOoCTaBIATh 0,2—0,3 MM, XOTsI caMa JIMHEeHKa U3roTOBJIeHa C
TOYHOCTEIO 10 0,1 MM. TIpH M3MEpPEHUH CEKYHAOMEPOM HEGOMBIINX
NPOMEXYTKOB BpeMeHU (MeHee 5 MUH) MOTPeLHOCTh ONpeAegeTcH
He TOYHOCTBIO XOJIa CEKYHIIOMEPA, a 3ana3AbIBAHKUEM TIPH BKITIOYEHUHU
M BHKJIIOYEHHH H cocTaBideT oOmuHo 0,2—0,4 ¢. I[Tono6HBIE TO-
TPEWHOCTU PACCMATPUBAIOTCH He KaK NPUOOPHHIE, a KaK crydai-
HBIE,

6. IToHAA MOTpemHOCTD

Choxense norpemmnocteii. B reopun BepoATHOCTEHN 1TOKa3pIBaeT-
€A, YTO B TeX CAYYANX, KOTAa NOTPEITHOCTH BLI3BIBAIOTCA HECKOMNb-
KMMH HE3aBHCHMBIMM JIDYT OT APYTa clydalHBIMH NMPHYHHAMU, TO
CKJIAIBIBAIOTCA HE CAMM MOTPEIIHOCTH, a UX KBaapaTH. [Tostomy
noxnas aGCoROTHAN NOTPEITHOCTb Ag HIMEPAEMON BEIMYHMHEI Bhi-
paxaercs Yepes ee CIy4aiiHyIo Ad ., ¥ NPUGOPHYIO Agy, NMOrPEUIHO-

ctd dopmyon
Aa= 1/Aa.f,, +4d, . (6)

3nech NpemoNaraeTcs, Yo NOTPELIHOCTM Aa,, U Ag,, COOTBETCTBY-
HOT DPHGM3UTETHHO OIMHAKOBEIE JOBEPUTCILHEE BepoATHOCTH. Takyio
XKe JOBEPHUTETBHYIO BEpOATHOCTE OYICT MMETD U Ad.

U3 dpopmynsl (6) cienyer, UTo B CiAydac, KOrja ojfHa M3 TO-
TPELIHOCTER Aa,, WIH Aallp Aaxe B He6GoJblIoe YuciIO pa3 MeHbIUe
JIPYTo#f, TO €€ BKJIA/l B MOJHYIO MOIPEUTHOCTh OKA3RIBAETCA HE3HAYM -
TeNHHHIM. B 4acTHOCTH, €CJIM OXHA M3 NMOrpeumHocTedl cocTaBisier
MeHee 1/5 apyroii, To ee KBanpar Gyaer yxe MeHee 1/25 xBanpara
IpYTOi, a BKJIaJl B TIOJIHYIO NOrpemHocTh — MeHee 1/50. AcHo, yTo
B TaKOM ¢lyyae MeHbIeld NorpeliHOCTRIO MOXHO TIpeHebpeyn.

B HEKOTOpRIX CHyJasiX YIPH MHOTOKPATHRX H3MEPEHHAX TNoMyqa-
€TCS1 OIHO M TO XKC 3HAYCHHE U3MEPSIeMON BEIMIUHEL, 3TO O3Hava-
€T, YTO Cy4aifHas MIOTPEITHOCTD HE NPEBHIIACT HAUMEHBIIETO 3HA-
YeHHs, KOTOpoe MoXeT ORITh M3MepeHo TaHHKM npu6opom. B Ta-
KUX CiayyasX @OJIHasd MNOTrpelHOCTh MEJMKOM ONpenensieTcs
JOIMYCTHMO MpUGOPHOI MOrPEITHOCTEIO.

OTHoCHTeILHAA norpemnocTs. Kpome aGcomoTHOIM TOrpelHocTH
Pe3yIbTAaT TAKXKE XapaKTEePU3yeTCs! ¥ OTHOCHTEJILHOI NOIPemHoCThIO,

T.¢. OTHOWIEHHEM Ag K CpeAHeEMY apM(hMETHUECKOMY 3HAUYEHHIO 4.
OTHoCHTeNbHAsA TIOTPEIHOCTh Aa /@ BhIpAaXaeTcs B BUAE NECATHYI-
HOI ApoOW WIM B MPOLEHTAX M NOKAa3kIBAET KAaYeCTBO U3MEPEHMS.
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Ecniyu NMpH m3aMepeHHUsAX MONy4eHA OTHOCMTCIbHAs NMOIPEITHOCTH
6onee 10%, To roBopAT, YTO NMPOU3BEJEHO He UIMEPEHUE, a JIULIB
OLIEHKA M3MepsieMOil BeTMYNHEL B mabopatopusax ¢pU3Nyeckoro mpak-
TUKYMa OTHOCUTENBbHASI TMOTpPEWIHOCTE OOBLIYHO COCTamiAeT
1-10%. B HayyHBIX Xe€ abopaTopHsiX U3MEPEHUsT HEKOTOPHIX PH3K-
YECKMX BEMUYKH, TaKuX, HalilpuMep, KaK [UiMHA CBETOBO BOJIHEL, OCY-
LLECTRIITIOTCH ¢ TOYHOCTHIO NTOpAIKa MIWUTHOHHOI#M JOMH MTPOLIEHTA.

3anuch npudAKeHHbIX JHcel. [TOCKONBKY 3HaueHMS HU3NIECKUX
BeJIM4UH, TIOJTy4eHHEIE B Pe3y/AbTaTe U3MEPEHUI, MEIOT MOrpelHO-
CTH, OHH BHIPAXAKTCA HE TOYHBIMM, 8 NMPHOIIDKEHHBIMM YHCIIaMH,
Hesnavamumu nugppamn pub1rpkeHHOro YUCIa Ha3hIBAIOTCH HYNH,
CTOSILIME ClIeBa B JECATUYHERIX ZpoOAX O NepBoil OTJIMYHONA OT HyJs
1mdpsl, U HyIU, TIOCTABNIEHHBIE B KOHLE UKcna, BMecTo Ludp, ot-
6pollUeHHEBIX NP OKPYIIEHUH. OcTa/IbHbIE LMPBI Ha3bIBAIOTCS 3HA-
yamuMi. Hanpumep, B uncne 00,0123 sHavamue unodps 1, 2, 3;
Byucae 508000, monyyeHHOM oOKpyrieHHMeM uucna 507893, tpu
HYJIS — He3HAyalue (He3Hayalue HYIM IIOTYePKHYTHI). B KoHLe
YHCIa MOTYT GBITh M 3HavalWe HYIH. Tak, HarpuMep, BO BTOPOM
yyucne BrpaxeHus S kM = 5000 M Hy/IM He 3aMEHSIOT OTOPOIIEHHBIE
TIpY OKPYTJIEHHM MUDPH, a BHIpAXAIOT TOUHOE COOTHOLICHUE MEX-
Iy eNMHHLaMU LJIMHEL.

Jns TOro 4TOOBI YUCIA HE COOEpPXKATH He3HavalllMX HyNlel, ux
TNIPHHATO 3aITKCHIBATh B IT0KA3aTENBHOM (3KCOHEeHIMaNbHOM) ¢op-
Me ¢ 3aTiATol nocse niepsoll 3Havaleilt nudpn. B 2TOM ciyyae yne-
na NpeAaslRymHX TpuMepoB umelor Bua: 0,0123=1,23.102
508000 = 5,08-10%. 3HayallMe Hy/MM NPH TAKOH 3aITMCH He OTEPaCchi-
patotest: 5 kM = 5,000-103 M.

B umMcnax, BEIpAXalOIUX 3HAYeHHUd, JUIS KOTOPHX YKa3aHa no-
TPELIHOCTD, TTOCICAHAA UMdpa (COMHUHTEILHAS) CTOUT B TOM Xe pa3-
psaae, YTo M nepBas 3Havamasi undpa norpeurHoctd. Ludpwt, Haxo-
ISILIKECS B CISOYIOUIUX Pa3psafaX XaK CaMoro YHC/a, TaK H ero no-
TPELIHOCTH, IOJIKHH ORTh OTOPOLUECHEI KaK HEBEPHRIE 110 NpaBI1aM
OKDYTAIEHMS, [TPUYEM [TOTPEIHOCTh OKPYIJIOT BCETRA B CTOPOHY
yBenmuyeHus. TakuM o6pa3oM, camMa NOrpeITHOCTh COOEPXKUT TONBKO
OIHy 3Havamryio undpy. OnHako ecim nepBas uudpa NOrPEWHOCTH
¢OVHHWLA, TO B MTOTPELIHOCTU OCTABJSIOT ABE IHGPE, a3 B CAMOM
YUCJIe COXpaHAOT JUIUHKN paspan. HakoHern, ecay ZaHHOE YMCIIO
He ABJAACTCS OKOHYATeNBHLIM PE3YAbTaTOM, a OymeT y4acTBOBaTH B
KaKMX-JH00 BBIYMCIEHUAX, TO B HEM, KaK ¥ B €ro MOrpPeUIHOCTH,
COXpaHAIOT JIUIHUHA pa3spsl,

3amuch OKOHYATENIbHONO pe3yJsTATA M3MepeHns, B 3armucH okoHYA-
TESLHOIO Pe3yNETaTa U3MEPESHUA JODKHBI COREPXKATHCA:
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Ha3BaHNe U3MEPAEMO BEJIMUMHK M ee OyKBEHHOE 0603HaYeHHUE;

HauboJlee BepOsITHOS 3HAYCHNE M3MEPAEMOi BETMMUHEL, T.6. 3HaYe-
HUe, noyyalollleccs B pe3yJibTaTe OTCUYeTa 1o npuoopy, ecim uaMepe-
HHE NPOBOIWIOCH OTHOKPATHO, WIH CpelHee apupMETHUECKOe ITHX OT-
CYETOB, €CJIM M3MEPEHHE NPOBOMIOCh HECKOJILKO Pas;

TorHast abcomoTHaA NOTPEUIHOCTE N3MEPAEMOI! BETMMHDI;

€IVHULIa U3MEPEHHA, B KOTOPO#H BBIpaXeHa U3MepsieMasi BeJIHUM-
Ha M ee TNoJIHag a6CONIOTHAs MOTPELLHOCTD;

JOBEPUTEAbHASA BEPOATHOCTD pe3y/bTara;

OTHOCHUTENBHAS MOrPEMIHOCTD, BhlpaXXeHHas B BULE AeCATHYHON
Ipo6u WIM B NPOLCHTAX.

I1pu 3anucH pe3ysibTaTa U3MEpeHHs clenyeT cobmonaTk npuBe-
ACHHBIE BhllIE NMPABMIA 3aMUCH NPUOTUKEHHBIX YUCEN.

IIpumep. IlycTh npu U3MepeHNH NMATH pa3 AINHH L npeaMera ¢
nomMousio opmyn (1), (2) v (4) noyyeHs cpeaHee apudmMeTHdec-
Koe 3HayeHHe MIUHK L =64,945 MM ¥ cTaHJapTHOe OTKJIOHEeHMe
cpexHero apugpmeTHaeckoro S; = 0,057879186 mm. MisMepeHus 11po-
BOQWIHKCH € MTOMOLIBIO IITAHTEHIIMPKYJIA ¢ AOMMYCTUMOI nprubopHOHi
norpeurHoctsio AL, = 0,05 MM. 3anaBiuncek A0OBEpUTENLHOR BEPO-
ATHOCThIO a0 = 0, 95 HaxoauM ro Tabmuue xo3dbduumeHt CTbioacH-
Ta (cM. c. 10) mnd naTh uamepenuit £, = 2,8. YMHOXMB Ha Hero S,
MOAYYUM CAyYaiHylo MOTPEeIHOCTD AL = (,16206172 mm. ITona-
ras, Yy1o JOBCPUTEIbHAS BEPOATHOCTD npuﬁopﬂon MOTPELIHOCTH He
meHee 0,95, no ¢popMyne (6) HaitneM NonHyl0 aGCoNIOTHYIO HOTpenI-
HOCTh M3MepeHHA AL = 0,16959953 MM M ero OTHOCHTENIBHYIO MO-
rpewHocts AL/ L = 0,0026114332. 3aecs npeAnonaranock, 470 pac-
9eT NPOBONMIICSA HA KANBKYJIATOpPE C BOCEMBIO 3HAYaLUMH LIMppaMH.

Ilepen OKOHYATENbHOM 3aIMCHIO PE3yJbTaTa NMOMYYCHHbIE NPU
pacyere YMcna caenyer okpyriurtb. Ilpu atoM B abconoTHol no-
IpeuIHOCTH AL, nepBad 3Havamas uudpa xotopo#t 1, cnemyer ocra-
BUTh OBE 3HAYAMMX UMGPE, a B OTHOCHTEABHON TOTPEWHOCTH
AL/L - omy, T.e. 3anucats AL= 0,17 Mm ¥ AL/ L =0,003. Tak
KaK MocJIeAHAA 3Haqallas undpa abcomoTHol norpeuHocT! 7 Ha-
XOOMTCA B pa3psafe COThIX, TO Pe3ySIbTaT U3MEPEHHS JUIMHBI TaKkKe
ClelyeT OKPYIJIMTE A0 COTHIX, T.e. 3amucath L = 64,95 MM.

Takum o6pazoM, 3aMHCh OKOHYATENBHOIO pe3yAbTaTa H3IMEpEeHNA
HOJDKHA UMETh CIICAYIOLIMA BU:

L = (64,95 + 0,17) MM,
AL/L=0,03=3% )]
(moBepuTeNbHas BEPOATHOCTD 0,95).
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Ec/i pesysbTaT XeJIaTeNsHO NPeACTaBUTh B METPax, TO Nepsast CTpo-
Ka IIPHMET BUJ
L =(6,495 £ 0,017)-102 m.

7. IlorpenIHOCTH KOCBEHHRIX H3MepeHHit

OLeHKa MOrpelHOCTeN, BOSHUKAIOLMX NTPH KOCBEHHBIX U3MEPEHH-
SIX, OCHOBHBAETCS Ha CIECAYIOIIMX MPEAIIONOXEHMAX:

OTHOCHTEJIBHBIE TIOTPEITHOCTH BETHYWH, NONYYEHHBIX NMPAMEIMH
M3MEPEHUSMY ¥ YYaCcTBYIOLIUX B pacueTe UCKOMOI BeNHUNHBI, KO-
SKHE! OBITh Mass! 110 CPAaBHEHHIO ¢ €IHHHLIEH (Ha NPaKTHKE OHM HE
JOJKHEI npepriath 10%);

U1 TIOTPEIIHOCTEN BCEX BEMYMH, YYACTBYIOLUIHX B pacdere,
NIDUHATA OJHA U T4 Xe NOBEPUTENLHAs BEPOATHOCTh. DTy Xe JIOBe-
PUTENBHYIO BepOSITHOCTb OYIET UMETh M ITOTPELTHOCTh HCKOMOIM Be-
JWYMHEI;

Hanbolee BeposSTHOE 3HAYEHIIE MCKOMOM BeTMYHHE NOJIydaercs,
€CJIH UTS ee pacyeTa UCIONL3YIOTes Hanboslee BeposaTHBIEe 3HAYCHUS
MCXONMBIX BETHYMH, T.C. HX CPEIHHE apudMeTHYECKHE 3HAYCHHA.

[orpewHocTh B ciydae oanoH Hexoauod Beaumunnwm, Kax 6yner
BHUIHO M3 JATBHEHIIEro, B OMHHUX CTyYasX HaXOXAEHWE NOrpeLrHo-
CTU BEJIMYMHEI TIPH €¢ KOCBEHHOM U3MEpPEHMM YIOoOHO HAaYMHaTh ¢
a6GCoNMOTHON MOrPenIHOCTH, B IPYTUX — C OTHOCHTEIILHOMN.

AGcomoTnas norpeumocts, ITycTE HCKOMAst BEIMUHHA y, H3MEpH-
eMasi KOCREHHO, 3aBHCUT TONBKO OT OJHON BeJIHMIMHBI 4, TOMYYEH-
Hoil NpssMBIM H3MepeHNeM. I'paHKIIEI HHTEpBalla, B KOTOPOM C 3a-
HAHHOI BepOSTHOCTBIO JICXKMT BEIMINHA g, ONIPEACIAIOTC CPEIHUM
apUdMETHISCKUM 3HAYEHHEM @ U TIOJMHOW aGCOoJIOTHON NMOrpelHo-
CThIO A2 BENHYUHBI 4. DTO 3HAYMT, YTO 3HAYEHHUE g MOXET JICXKATh
BHYTPU MHTEpBANa ¢ TPAHWLAMH a + Aa.

ITpu KOCBEHHOM M3MEPEHWH AJI BEJIMYMHE J{d) TaKue TPaHHLIbI
O6ynyT onpeneaaATbes e Hanbosnee BEPOSTHEIM 3HAYEHHEM ¥y = y(a)
M TOTPEUIHOCTEIO Ay, T.e. 3HAYCHUS y JIEXAT BHYTPM HUHTEepBana c
rpaHMiiaMu 7 + Ay. Bepxueil rpanuuei Jns y (Npn MOHOTOHHOM
BO3pacTaHuy) OyieT 3Ha9CHNE, COOTBETCTRYIONIEE BEpXHEH rpaHuLIe
a, T.¢. 3HaYeHHUe J + Ay = y(a + Aq). TakuM o6pa3oM, aGCcoNOTHas
NOTPEIIHOCTh Ay BEJIMUMHKI Y UMEET BUA MPHPALICHUS QYHKLIHUH
JX{a), BRI3BAHHOTO NIPHPAIMEHHEM €€ apIYMEHTa @ Ha BEJIMYMHY Aa
ero abconoTHOM NMorpeltHocTH. Cliel0BaTEIFHO, MOXHO BOCIIONb30-
BaThCA NpaBWiaMH i depeHIIHaNBHOTO MCYHCIIEHHS, COTMIaCHO KO-
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TOPOMY TIPM MANBIX 3HAYEHHSAX Ag IIpHpalliecHUe Ay MOXHO NpUOIH-
JXEHHO BHIPa3uTh B BHJIE

by =2 p, ®
da
rae % — NpoM3BOAHAYA TIO a QYHKIIHH y(a) ipn a = a.
TakuM obpa3zoM, aGCOAIOTHAs NOTpPEelIHOCTh OKOHYATENHHOIO
pe3yiLTata MoXeT GRITh BRUMCIICHA ¢ TOMOLIBIo GopMyns! (8), npu-

4eM OBEPUTENIbHASL BEPOATHOCTb COOTBETCTBYET TOM NOBSPHTENIEHOMN
BEPOSITHOCTU, KOTOPYIO MMEET Ag.

OTHocHTeIbHAA NOrPemHOCTh. UYTOOH HAlTH OTHOCHTEILHYIO 110-

TPENIHOCTh 3HAYEHUA y, mojenuM (8) Ha y ¥ IpUMeM BO BHUMaHHe,

4TOo l% MpeACTaBIgeT co6oit MPOHM3BOAHYIO MO @ HATYPAJIbHOIO

a
noragmpma y. B pesyabrarte nony4uTcs

Y 1, 4y ,, )
y yda da

Eciy B 3T0 BHIpaXeHMe ITOACTABUTh ¢ =@ U y =y , TO €r0 3Ha-
yeHye U OyIeT OTHOCUTENBHON MOrPEIIHOCTRIO BEIMMUHEL Y.

IorpemHoctb B c/ydae HECKONLKHX HCXOOHBIX Besuaun. B oOmem
ciy4ae B hopMyIy, O KOTOPO# BEIYUC/IAETCA BEJIHYMHA Yy, H3MEPsi-
e€Masd KOCBEHHO, MOXET BXOOUTh HECKOJIBKO UCXOOHBIX BENHUMH a,
b, c, ..., W KOTOPBIX NPAMBIMH H3MEPEHUSIMH MOMYYECHH CPEXHHE
3HaYeHUs a, b, T, ... ¥ MoNHEIe a6COMOTHHE NOTPELIHOCTH Aa, Ab,
Ac, .... HaxoxneHne NMOrpeniHocT¥ Ay BEIMYMHEL y B 3TOM Cly4ae
OCHOBHIBAeTCS Ha CJIEAYIOMMX MPEANON0KEHUAX:

HaIMYMe MOTPEUTHOCTH OAHOM M3 HCXOAHBIX BEIMUMH HE BiIEHET
3a co60il 0653aTeNLHOTO MOSARIEHUS NOrPEIHOCTER APYrUX MCXON-
HBIX BEJIMYHH, T.€. IOIPEITHOCTH PAa3iIMYHALIX BETHIMH, HAMIEHHBIX
NMpPAMEIMHA U3MEPEHUAMH, NPEACTARISIOT cO60H HE3aBUCHMEIE CITY-
gafiuple yucna. Tlo3ToMy 4acTHYIO MOrpeIHOCTh (BKIIaA B obuUiyio
TIOTPEILHOCTh OXHOM M3 MCXOAHBIX BEJIMYHUH) MOXHO HaXOAWTH, I10-
Jlaraf TOTPELIHOCTH BCEX IPYrHMX MCXOOHBIX BEMHYMH PABHBIMH
HyTio;

NpH HaxOXACHWU o6uIell MOTPpeUIHOCTH UCKOMOI BEJIMYHHBI
CKJIaJBIBAThCS JOJDKHH KBaJpaThl €e YaCTHHIX NOTPELIHOCTel Tax,
KaK 3TO ACNaeTCA Wi HaXOXIeHUA MOHOM abCcoMmOoTHOI MOrpeIHo-
CTH TIpAMOro M3MepeHus, o6ycnoBicHHOR HE3aBUCHMbBIMH MEXAY
cobolt cyyattHoft 1 npuGOPHOMK MOTPELIHOCTAMU.

28779 17



AbGcontorHan norpemmocts, M3 nyHkra 1 crieayet, 9To NpaBwio ans
HaxOXIeHHs NMo60it YaCTHOI NMOTPEIIHOCTH BEJIMYMHEL y TaKOE Xe,
Kax U B TOM CJIy4ae, KOTra y 3aBUCHUT TOJBKO OT OJHOM HCXOZHOM Be-
JuyuHbl. Ho npu mnddepeHimporannn B dopMyne (8) cnemyer 6parn
9acTHYIO NIPOU3BOIHYIO ¥ 1O JaHHOI MCXOOHOM BEIMYMHE, TaK KaK
TIPEAITONIOXEHHE 06 OTCYTCTBHM MOTPelIHOCTeH Y APYTHUX UCXOMHRBIX
BEJIMMUH COOTBETCTBYET NOCTOSHCTBY 3TUX BelIMUMH. TakuM o6pasom,
YaCTHHIE TIOTPENTHOCTH AY,, Ay, AY,, ... BEIMYMHEI y (4, b, ¢, ...) BRIYHC-
JISIOTCA 1o hopMynam

ay oy dy
Ay, = —=Aa, Ay, = =Ab, Ay, ==Aq, ....
Yo = = A, Ay = - Ve = 36 (10)

3mecs B BuIpaxerus (10), nonyyeHHsie B pesynsrate muddepeHLm-
POBaHuU, CIENYET NIOACTABUTH CPeHIE apudMeTHecKN e 3HAYCHHS MC-
XOIHBIX BeIWYMH a,b,T,....

AG6CoIoTHAd TIOrpellHOCTh BEJIMYHHE] Y, 06YC/IOBICHHAA BCEMU
YAaCTHBIMH TIOTPEIIHOCTAMH, KaK 3TO CleAyeT U3 NMyHKTa 2, paBHa

Ay = JAV2 + AV} + A2 + ... (11)

g COREOREN)

Ay \][aaAa] + 6bAb + acAc +... (12)
Tak kak BeipaxeHud (10) 11 YaCTHBIX TOrPEUIHOCTEH MOTYT GLITD

JIOBOJIEHO TPOMO3IKHMH, TO Jierde cHadaja no dopmynam (10) Hai-

TH MX YUCJIEHHRIE 3HAaYeHHs, a 3aTEM BOCHOJL30BaThCA PopMynoit

(11). ®opmyiny xe (12) Boobliie nMpu 3TOM NMUcaTh He TpebyeTes.
OTHoCHTe/IbHAA NOTNPEIHOCTh. BHYHCIIEHHE OTHOCHTENBHOI To-

A
TPEIIHOCTH = BeNHUMHH HU3MepAeMOit KOCBEHHO, B Clyyae ee

3aBUCHMOCTI OT HeCKOMBKHX HUCXOOHEIX BEIWYHH 4, b, ¢, ... aHAJIO-
TMYHO BRYHCIEHHIO aGCOMOTHOM MOrpeIIHOCTH ¢ TeM JIMIIb OT/H-
YUEM, YTO JUIA HaXOXIEHHUSA YaCTHHX OTHOCHTE/BHBIX NOTpPeurHoc-
Teit GepyTca YacTHBIE TPOM3BOMHEIE OT HATYPaIbHOIO Jlorapugpma
y(a, b, ¢ ...):

(Q] Loy, [Ay_] _any)
v

y) da ob
[QJ _any) (13
) .
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TMocrie middepeHIMpoBaKus CIOAA CleyeT NOACTABHTH Ha MECTO Be-
JIMYMH a, b, ¢, ... X cpeqHHe apudMeTIiecKHe 3HadeHud 4, b, C, ...

OTHOCHTEJILHAA TIOTPEITHOCTE, 00YCIIORNIEHHAs BCEMH YaCTHRIMH
norpewHoctamMu (13), BeraucisieTc no dopMmysie

2 2 2
mJ[ﬂ] (&) (2] +... (14)
y Yo \Y N Y/

Ocobuili cyuait BuIYHC/IeHHA norpemHocTeli. PaHee npenmonara-
JloCh, YTO NPH MPIMBIX U3MEPEHMAX KaXnasd U3 BeIUYMH a, b, ¢, ...
H3MEPACTCS MO HECKOJIBKO pa3 B HEH3MEHHbIX YCJIOBHAX U YTO B €€
TIOJIHYIO TOTPEUTHOCTD BKJIIOUCHA NpHOOPHast morpeliHocTh. OgHaKo
BO3MOXHBI CJTy4aH, KOTAa BeJINYNHEL @, b, ¢, ... UMEIOT MPUHLIMITH-
aJTbHO pa3Hbie 3HAUYCHMs, CO3HATENIbHO M3MEHsCMbIe B Mpolecce
OMHTa (HAIIpHUMEP, YCKOpeHUe CBOGoAHOro NaaeHNs OoNpeaenaercs
no nepuonaM xosiebaHnit MaTeMaTHYECKMX MasTHUKOB HECKOBKMX
Pa3HBIX IIHH). B Takux cilyyadax peKOMeHayeTc BMYMCIWTD 3Have-
HHMS UCKOMOM BEJIMYUHMI y ANST KAKAOTO U3 /1 ONBITOB MO OTAENABHO-
CTH:

y1=.)’(“p b]’ cj) “')s )'2 =J’(02’ b)s C2, '")) esty yn =)’(a,,, b;p cna -~°)°

B kavectBe Hanbonee BeposSTHOro 3HaucHHUs GepeTcsl cpeaHee
3HaYeHHe:

J7=y,+y2+...+y,,
n ' (15)
CityyaitHas IOTPELIHOCTE Ay, BEIMYMHEI y BRIYHCIAETCA TaK Xe,
Kax M ciydaifHasi IOTPELIHOCTh NPY NIPSIMOM M3MepeHUH (GHopMyIThI
(2)), (4), (5), B KOTOPEIX BMECTO 4y, @5 , ..., a, PUTYPHDPYIOT Y|, ¥y, ...,
Yn)-

BrrumcineHne npubopHoit MOrpeuIHoCcTH AYp,, TPOU3BOAMTCA Cle-
ZyioluM o6pazoM. Ilo dpopmynam (10) BeIYHUCAAIOT YacTHBIE abco-
JUOTHBIE NOTPEUIHOCTH BEIMUMHKL Y. B 5T PopMysnsl B KauecTse Aa,
Ab, Ac, ... NOACTABNIAIOT NPUOOPHEIE MOTPEMIHOCTY COOTBETCTBYIO-
WHX BEJINYMH, a VI a, b, ¢, ... GepyT UX cpelHHe 3HaYeHHud. 3a
KBaIpaT NpHOOPHOM MOTPEIHOCTH BETMMHWHEB! y MPUHHMAIOT CyMMY
KBaZpaTOB YaCTHEIX MorpemHoctel. OKoHYaTe/IbHO MOJHasA IT0-
IPEIIHOCTD BEeJIMYUHE y MOOCYMTHIBACTCA 1O popMmysne

Ay= 1fAy‘f,, +Ay2,. (16)



IlorpemnocTu Tabauynpix 3ua4eHnit. Eciw B GopMyny uig Bbl-
YUCJIEHUST BEIMYHHBI, U3MEPAEMONA KOCBEHHO, BXOIAT BEIIUYHHHI,
3HaYEHMS KOTOPBIX GepyTcsi M3 MaTeMaTUYECKUX WIM PUIUYECKUX
TabMKI, TO HX BKJIANBI B IIOrPELIHOCTE UCKOMOM BETMYNHBI YYUTHI~
BalOTCA Ha OOLIMX OCHOBAHUAX HapAOy ¢ NMOTPEIUHOCTAMH BETHYMH,
TOTY4SHHBIX TTPAMBIMM H3MEPEHUAMYU,

B ommcanmsx pabor pnanyeckoro npakrukyMa M B TaOJMYKAX Ha
NabopaTOPHBIX CTOJIAX yKa3aHbl MOrPELIHOCTH ¢ NOBEPUTEIIBHON Be-
positHOCTRIO 0,95, Ecay ona duanvyeckyix Bennuuy, NIpUBOJUMEIX B
CMpPaBOYHMKAX, YKA3BIBAIOTCS NOTPEUIHOCTH, TO TIOX HUMH, KaK Ipa-
BWIO, MOAPA3yMEBaIOTCA CTAHOAPTHBIE OTKJIOHEHMS, MMEIOIME JIO-
BEPUTENBHYIO BeposaTHocTh 0,67. s Toro 4ToOH! JoBepHMTEAbHAs
BEPOATHOCTD coctanisna 0,95, 3HaueHMss 3TUX NOTPEILHOCTel Crexy-
€T YMHOXATh Ha 2,

Ecnu png BenW4YWH, NPUBOOVMBIX B GMIUYECKUX VI MaTeMaTH-
YeCKUX CMPABOYHMKAX, MOIrPELIHOCTL HE YKa3aHa, TO NOApa3yMeBa-
eTCs, YTO MOIPEUIHOCTh HE MPEBHINACT MOMOBUHBI EAWHULINI MO-
cJedHero paspsaga umcna. Hampumep, B 3HaueHHMM cmHyca 0,479
nocaenyss uudpa 9 cTouT B paspane TricAYHEX. [103TOMy norpeni-
HOCTh JaHHOro 3HadeHus He rnpesbiwaeT 0,0005 ¢ moBepHTEbHON
BEPOSITHOCTHIO 1,

B cayuasx Korna i pacuyeToB B (hU3MIECKOM NMPaKTUKYME MC-
MIOJTB3YIOTCA KANBKYJISATOPH WIK KOMMBIOTEPH, MOrPeLiHocTe MaTe-
MaTHYeCKHX BEJIMYMH (YMCNA 7, 3HAYEHMII TPMrOHOMETPHYECKHX
GyHKUUA U T.M.) YYUTHIBATH He CJAEAYET — OHU NpeHeOpexumMo
Malbl N0 CPaBHEHHIO ¢ NMOTPELTHOCTAMH U3MEPSIEMbBIX BEJTUYHH.

8. O6ume coersl K pacuery norpelmHocTeit

Pacyet norpewHocteli 065IYHO NPEACTARIAET COOOI JOCTATOYHO
TPYAOEMKY10 YacTb IKCIMIEPUMEHTANBHON paboThl. DTOT pacyeT MOX-
HO 3aMeTHO 06JIerYHTh, UCMOB3Ys1 IPUBOANMEIE Jajiee MPHEMEI.

1. Eciv B pacyeTHy10 GopMyiTy B KauecTBE C1araéMoro BXOLUT
NOTNPABOYHBIN WieH, YHCEHHAd BEJIMYHHA KOTOPOTO 3HAYMTENBHO
MeHBIlle OCTATBHBIX WIEHOB, TO NipH BHIBOAE GopMyn (10) niu (14)
IUIS YACTHBIX TTOTPELIHOCTEH €ro MOXHO 3apaHee oTopocHTb. Hanu-
Ype TaKoro wieHa MOXeT OBITh OTOBOPEHO B TEOPMH, MJIH OH MOXET
OBITH OOHAPYXEH NPU YNCICHHOM pacueTe NCKOMOM BEJIMYHHEI.

2. B ciyyae pacyeTHBIX GopMyI, NpeaCTaBaMommx coboit cymmy
DAIMYHLIX WICHOB, BEIYUCICHNE MOrpeLIHOCTEH cleXyeT HaYyMHAaTh
¢ Haxoxaenns dopMyn (10) AnA HACTHLIX AGCOMIOTHBIX MOrpewHOC-
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Teil. OTHOCHTEIIBHYIO TIOTPEIITHOCTS MMOTYy4aloT AejicHUeM abcomoTHol
TIOTPEIIHOCTH Ha UCKOMYIO BEIMUMHY YXe TI0c/Ie HAXOXISHHS YMCIeH-
HBIX 3HA4YEHUI.

3. Ecnu pacuetHada ¢hopMyZia COCTOUT U3 MHOXKHTeEll B JejuTe~
Neil B pa3HuIx creneHaX (dbopmyna yno6Ha mis norapuMMpoBaAHUs),
TO BBIYHCIEHHE MOTPEIHOCTEH HAYMHAIOT ¢ HAXOXIEeHHA (HOopMyn
(13) 115 YacTHBIX OTHOCHTEJbLHLIX norpemnocrelt. B 3ToM cirydae a6-
CONIIOTHYIO TIOTPENIHOCTh HAXOAST NOCHe pacyeTa YUCIeHHBIX 3Haye-
HHIl YMHOXEHHEM OTHOCUTENIBHOM MOTPEUIKOCTH Ha HCKOMYIO BeJIH-
YUHY.

4. Bo Bcex cnydasix nocne HaxoxueHus dopmya (10) wm (13)
JUIA YaCTHBIX MOTpEIIHOCTER HYXHO HaliTM HUX YHCIEHHBEe 3Haye-
HMA, KOTOPHE U caelyeT noacraButs B popmynst (11) win (14) co-
OTBETCTBEHHO. IIpH 3TOM NMOrpeuwrHOCTH, BETHYNHA KOTOPHIX MEHB-
ille HaubonwIIEN U3 TIOrpelTHOCTEN B NATh pa3 U 6ojee, oTOpackBa-
10TCSL.

S. Tlpy BRIYKCIIEHMM TIOTPELIHOCTEH B YMCIIaX, YYaCTBYIOLIMX B
apubMETHYECKUX ONepalusx, COXPAHAIOT He Oosiee Tpex 3HaYalux
1nbp.

IIpuMeHeHHe IPaBWI HAXOXAEHHUS MOTPelIHOCTEN B KOHKPETHBIX
cmyvasx noapobHo pasdoupaercd B 3ajaye Ne 1.
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PA3JIET 2
NIPOCTEVIIVE U3MEPUTEIBHBIE ITIPHEOPHI

1. Honnyc

ITpn6opH!, B KOTOPHIX OTCYET 3HAYEHUI M3MepAeMOl BeJIMYNHE!
TNIPOM3BOTUTCS MO JUHEHHEIM W YIVIOBBIM (KpYTOBBIM) ILIKaJiaM,
CHabXaloTCA AOTIOTHUTENIbHBIMU OTCUETHBRIMY TIPUCTIOCOOICHUAMY —
HOHRYCAMH JUIS1 YBEJIMYCHHUS TOUHOCTH OTCYeTa AoJeH JesleHUs Io
3THM wKanaMm. X npuMeHeHHe OCHOBaHO Ha TOM, YTO OLIEHKAa JOJIN
IEeNeHUs Ha TJ1a3 He CIIULIKOM TOYHa, B TO BpeMsT KaK 3aMeTUTh, cO-
CTaBJIAIOT JIM IBa WITPUXa MPOAOIXeHHEe OAWH JIPYToro Wi OHM He-
CKOJIBKO CIBMHYTEI, HE COCTABJISICT TPYAa.

HoHuyc npencrasnser coGoi HeGONBUIYIO UIKATY, KOTOpast MO-
XeT NepeMeLIaTECa BAONb OCHOBHOM mkaiH (puc. 1). IlIkana Hoxu-
yca cogepXuTt M neneHni, Kaxaoe W3 KoToprix MeHsblle K (X paB-
HO 1 win 2) naenenwil ocHOBHOM mmiKansl Ha X/M, rme X— uena
(annHa) neneHust oCHOBHOM mKanbl. [Ipu 3TOM IUTKHA Beeil WKANbI
HOHUYCa COCTABIISICT

Y=(KX- X/ M)M = (KM - 1)X,

T.€. PaBHa LEJIOMY YHCIY HeJIeHHIT OCHOBHOM mIKankl. BemmumHa X/M
Ha3bIBACTCH TOYHOCTHIO HOHMYCA M paBHA OTHOLICHHIO LEHBI HAMMEHB-
LIErO JIEJICHUS] OCHOBHOM LMKAMBI K YHCITY AeJICHHIT HOHMYCa.

H3o6paxeHHHI Ha puc. | HoHUyc uMeeT 10 aeneruit, npuyem
IUIHHA €ro JeJIeHUA OTIIMYAaeTCa OT ABYX Ae/ICHUI OCHOBHOMN 1IKANH
Ha 1/10 neneHus ocHoBHO# wxansl, Ero nonHas mvua Y = (2.10 —
—1) = 19 nenennit OCHOBHOM LIKATH.

Iy
a Ly
——
FT
6 a T T T T 3
— ot e ==Y
Puc. |
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Hynesoit orcuer nmo mxane npuéopa, CHaGXeHHOro HOHHYCOM,
COOTBETCTBYET COBIANCHHIO HaYaIbHbBIX (HYJIEBLIX) LITPUXOB OCHOB-
HO¥ 1WKanK 1 HoHMyca (puc. la). IIpn H3MepeHHH HOHUYC CABMIa-
eTcs BAONL OCHOBHOM mKanbl. OTcyeT 3HaYeHUs H3MepseMoit Beu-
YHUHK COOTBETCTBYET HENOMY YHUCAY NEACHHN OCHOBHOM NIKAMHI, 3a
KOTODBIE CABUHYJICA HYJIIEBOM HITPHX HOHHYCA, H HEKOTOpo# no6as-
KH AL, ecu HyJEBOM WITPNX HOHHYCA CTPOTO HE COBIIANAET CO
LOTPUXOM OCHOBHO#R mKanel (Ha puc. 16 HyneBoH mMITPHX HOHUYCA
PacrnonoxXeH 3a 11-M aesnieHHEM OCHOBHOM IWKAIHL). g Haxoxe-
HHS BEIMYUHBI AL MIyT IOTPUX HOHMYCA, MO BO3MOXHOCTH TOYHO
COBIMAJAIOMUH ¢ KAKUM-I60 WITPHXOM OCHOBHON mikansl. Ilyctb
3TO WITPHUX HOHMYCa ¢ HOMepoM N (Ha puc. 16 3To IITPpHUX ¢ HOMe-
poM N=3). JIerko BUAETD, YTO NMPEXBIXYUINiI ITPUX HOHUYCA C HO-
MepoM N—1 cIBUHYT OTHOCHTENBHO GJHXaiilero K HeMy (B CTOpPO-
HY YMEHBIICHHUS OTcYeTa) IITPHXAa OCHOBHOM HIKAJIHI HA BEeNTMYHHY
X/M. IlITpux HOHUYyca ¢ HOMEpOM N—2 ¢MellieH OT COOTBETCTBYIO-
111eTO LITPHUXa OCHOBHOM IIKANKI Ha 2-X/M u T.4. B pe3ynbTare Hy-
JIeBOIt IITPHX HOHUYCA OKA3LIBACTCA CMELEHHBIM OT NPEeAbIAYLIETO
LITPHXa OCHOBHOM mIKamhl Ha BeM4nHy AL = N.X/M. Taxum obpa-
30M, BenuuHa fobaBku AL paBHA TOYHOCTH HOHMYCA, YMHOXEHHOI
Ha HOMep IUTPHXa HOHWYCA, COBMAAAIONIET0 CO IITPUXOM OCHOBHOM
KA.

2. IIITanreHRUMpKY b

HItanreHpKynb (pyc. 2) NpUMeHsAeTCA I U3MEPEHUs TUHElH -
HBIX pa3MepoB ¢ TOYHOCTHIO OT 0,1 a0 0,02 mM. IITaHreHUIUPKYND
COCTOMT M3 JIMHeKH (iwtaHru) (1) ¢ MWUTMMETPOBRIMM AENIEHHSIMU
M MOJBKXHOM paMKH (2) ¢ HOHMYCOM (3) M 3aKperUIAIOLM BUHTOM
(4). Ha witanre ¥ paMKe uMer0Tc HOXKH (ry6xu) (5) u (6). BHyT-
PeHHME MOBEPXHOCTH HOXEK TUockue. TIpy COMKHYTBIX HOXKaX OT-
CYyeT Mo HOHUYCY paBeH Hyiio. YacTo MITaHreHIHPKYIH CHA0XKaloT-
cq eme ogHOM pamKoit (7) ¢ 3akpersiiomiMM BUHTOM (8) M raiikoit
(9). IIpu 3akpemieHHOM BHHTe (8) BpaleHueM raiiku (9) pamxy (3)
MOXHO IUIaBHO TIepeMellaTh Ha HeGOJIbLIOe PACCTOAHME.

PsinoM c meneHussIMH HOHHMYCOB, TOYHOCTB KOTOPEIX 0,05—0,02 MM,
YKa3hIBACTCS OONYHO HE HOMED ACICHHSA, a YUCIIO COTHBIX MHJUTUMET-
pPa, OTCYUUTHIBAEMEIX TIPH COBMaZeHHUH JAHHOrO IENEHUA C KaKHM-
Jnbo nenenveM mKanbl. Ha HoHuycax, TOYHOCTh KOTOPHIX 0,1 MM,
IM¢p BooOLIC HE CTABAT, HO OENAIOT HECKOJIBKO UIMHHEE IITPHXH,
COOTBETCTBYIOIIHE NIEPBOMY, TIITOMY U ACCATOMY JENCHUSIM.
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Puc. 3

Ipn n3MepeHUsIX HAPYXHBIX Pa3MEPOB U3IMePACMHIA npeaMer
6e3 OONBLIOTO YCHUNMS 3AKMMAETC MEXAY TUI0CKUMU TIOBEPXHOCTS-
MU HOXeX (puc. 3a). YToOH He CABMHYTH paMKy MpPH OTCYETe, €€
MOXHO 3aKpelMTh BUHTOM (4). 151 U3MEpEHUs PacCTOAHUI MeXIy
TOUKAMM WK JUHUSIMM Ha TIOBEPXHOCTY NPEIMETOB MOJb3YIOTCA 3a-
OCTPEHHBIMH KOHLIAMUI HOXEK.

s u3MepeHns BHYTPEHHUX PasMEpPOB CIYXAT KOHNLl HOXEK,
UMeEIONIHE 3aKPYTNICHHBIE BHeIHWe NMoBepxHOCTH (pHc. 36). B atoM
cliydae K OTCUETY N0 HOHMYCY cliedyeT NpUOaRIATh CYMMapHYIO TOJN-
IMHY HOXeK (ee 3HaY¢HHe B MMJUTMMETPax YacTo YKa3aHo Ha caMUX
HOXKax). Eciiv BRYTpeHHMIt pa3sMep MeHblIlLIe TOMIUMHE HOXEK, TO C
MMOMONILIO TAKOr0 WITAHTEHUUPKYJIST €r0 U3MEPUTh HEBO3MOXHO.
Y HEKOTOPLIX MITAHTCHUMPKYNEil 3a0CTPEHHLIM HOXKaM MpHaaHa
crneunanbHas dopma (OHM 3axomaT Hpyr 3a apyra). O6kYHO 3TO
INTAHTCHIMPKYAYN ¢ TOYHOCTHIO HOHMYyca 0,1 MM. TIpn usmepennn
BHYTPEHHMX Da3MEpPOB TaKMMH IITAHTEHUMPKY/ISIMH X OTCYETy 1O
HOHHYCY NIpNGaBIATH HUYENO He HYXHO.

3. Muxpomerp

Mukpomerp (PUC. 4) CNYXUT INs USMEPEHHS TMHEHHBIX pa3Me-
poB 00br4HO ¢ ToyHOCTBIO 0,01 MM. OH cocToMT n3 cKOOHI (1) ¢ nAT-
Kol (2) u Tpy6koit (crepxHem) (3). B TpyOKe nMeeTcst pessba, B Ko-
TOPYIO BBUHYEH MHMKpOMETpHYeckHit BUHT (4). OauH KoHeu BMHTa
BBIXOJUT BHYTPb CKOGBI MPOTUB TIATKY, a HA APYTOM €ro KOHIIE 3a-
KperuieH 6apabaH (5). bapaGan okaHuMBaeTcst PPUKLMOHHOM TONOB-
Kol (Tpewnotkoit) (6). Ha cxobe okono Tpybku mMeercs BUHT (7),
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NPEenATCTBYIOIMA BpalicHHI0 6apabaHa
(Y pa3sHbIX MUKPOMETPOB 3TOT BUHT MOXET
6bITh pa3Hoit dopMBl). UTOOM 3TOT BUHT
He Meman spameHuio H6apabaHa, ero He
HYXXHO 3aTATHBATD.

s M3MepeHus TpeIMeT NOMeIaeTcs
MEXAy MHKPOMETPMYECKMM BHHTOM M
NATKO#H (PaCCTOAHHE MEXIY HUMH JOJDKHO
OBITh JOCTATOYHHIM JUIS TOMEIeHus
npeaMeta). 3aTeM BpalieHWEM BUHTA
NpEeOIMET 3aXHUMaeTca MeXOY BUHTOM M
naTkoi. CHaYana BHHT Bpalaetcs 3a 6a-
pabaH, OKOHYATEIBHEIH Xe 3aKHM (Tocie/-
HMe 1—2 06opoTa) MpOHU3BONUTCS BpallleHHEM BHHTA 33 (PPUKIIMOHHYIO
rosoBky. Ilociie Toro kak JOCTUTHYTA ONPEAENCHHAsA CTENEHb HAXATHS
BHMHTa Ha nipeamMeT (5—6 H), GpuKimoHHast TOOBKA HAUMHAET IPO-
CKAKMBaTh C XapaKTEPHHIM TPeCKOM. Biaronaps 5ToMy H3MepsieMbIiA
npeaMer JehOpMUpPYETC CPABHRTEJIEHO Malio (€10 pa3sMephbl 3aMETHO He
HCKaXaloTcs), BIO6ABOK MMKPOMETPUYECKHI BUHT NPEIOXPaHAETCA OT
TOpYH.

Ilpu kaxpoM 060poTe BHHTA PacCTOSAHHE MEXIY BUHTOM U NST-
KON MaMeHsAETCA Ha BEJIMYMHY 11ara BUHTa, paBHYIO 0,5 MM. Tak kak
mxana, uayuas saons kpaa 6apabana, cogepxwur 50 nenenwii, To
NOBOPOTY BUHTA Ha OfTHO jeficHHe 6apabaHa COOTBETCTBYET U3MEHE-
HHE PacCTOSIHUS MEXIY BHHTOM M nATKoil Ha 0,01 mMm. Ha T1pyGke
HUMEETCA MWUIMMETpOBAA IKana, pa3AciiCHHasa Ha JIBC YaCTH 4YCp-
ToM, uayurei BRONSL TpYOKWU. JleleHHs 3TOl LIKANB, HAXOASIIHECH
HaJl Y€pTOM, CABUHYTH OTHOCMTEJIBHO JieNeHUH, HaXORANAXcsa o)
4yepToit, Ha 0,5 MM. Korzia BUHT KacaeTcs nATKH (M3MepaeMHulii pas-
Mep paBeH HYJI0), W3-1oj Kpas 6apabaHa BHIHO JIUIIL HYJIEBOE fie-
JIeHMe HIDKe YepThl, a8 HyJeBOe JieJieHHe Ha OapabaHe TOJXHO COBIa-
IaTh C 4YepTo# (€CIM 3TO HE BHINIONHAETCS, CIEAyeT OOpaTUThCH K
MPENoJaBaTeNI0 HAH JIaGOPpaHTYy).

1Ipn n3MepeHu pasMepoB NPEAMETA LIENTOS THCIO0 MIUUTHMETPOB
onpenensiercsd NMOCIEAHAM [10Ka3aBIIUMCHA U3-NOJA Kpas 6apabaHa
HIDKHWM JieJIcHHeM Ha Tpyoke. CoThle MoK MWUIHMETPa OTCYHThI-
BaIOTCA Ha IIKaile 6apabaHa npoTuB depthi. Ecii# U3-miox Kpast 6a-
pabaHa noKa3anoch ene U 04epefHOE BEPXHEE JEJICHHE, TO K MoJTy-
YEHHOMY 3HAYE€HHI0 HyXHO npubaBwuth 0,50 MM. OgHako cneayer
HMMETHb B BUAY, YTO OYEpeIHOE JeJIeHNe n3-Nnojx Kpas 6apadaHa mo-
Xa3BpIBacTCH €Ie IO Toro, Kak 6Gapaban caenan nojHnlil o6opoT
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(MHave neieHHst IPUIIOCH OBl NeNaTh 6eCKoHeY-
a s HO TOHKUMH). [1o3TOMY eciti OTCHET 110 WIKAJe
HapabaHa npepbinaer 30 neneHui, TO MOKA3aB-
meecs W3-N0J Kpas 6apabata neneHue (BepxHee
WK HIDKHEe) MPUHHUMATh BO BHUMaHNE He HyX-
Ho. Ha puc. 5 nokasaHsl orcueTsl: 8,62 MM (a) ¥
6,48 MM (0).
IMepexn HayaioM paboTEl clIenyeT YoeanTheA
B TOM, 4YTO TIpU COMKHYTBIX BUHTC H IIATKE
Puc. 5 MUKPOMETD JIaeT HYJIEBOH OTCYeT.

4. CexynnoMep

CTpenoyHBI MEXaHWYECKHH CEKYHAOMED NMpeIHasHayeH W1d HU3-
MepeHNST MAIEIX ITPOMEXYTKOB BpeMeHU (10 30 MuH). ¥ ceKyHaoMe-
pa MeeTcs ABE CTpeNIKM: 60nbliasi — CEKYHAHAA ¥ Maas — MUHYT-
Has. LleHa caMOro MaJleHbKOrO AeIeHUSI CEKYHIHOM 1Kaiel — 0,2 c.
CeKyHAHasA CTpeNKa IBIKETCS cKaukaMM Takke yepes 0,2 c. [1oato-
My HauGoJbluass aGConoTHAasE TOYHOCTb, KOTOPYIO MOXHO HOCTHYE
cexyHaoMepoM, coctasisieT 0,2 ¢. OquH 060pOT CeKYHAHOM CTpen-
Ky umres 1 MuH = 60 c. 3a 3T0 BpeMsi MMHYTHasA CTPEJIKa nepemMe-
1AETCSA Ha OHO AEIEHME.

VYrpasngeT BceMu ASHCTBIAMM CEKYHAOMEPA TaK HalbiBagMas To-
JnoBka. Ilpn ee BpanieHMH 3aBOAUTCA TIpYKHHA. YTOOBI CTpEeNKH
MPULLUTA B IBMKEHKE, HAXXWMAIOT rOJIOBKY IO Ynopa (Hajajlo u3Me-
peHMA NPOMEXYTKa BpeMeHM). TIpH BTOPUYHOM HaXAaTUU TOJIOBKY
CTpPEeJIKM OCTaHABNIMBAIOTCA (KOHEI] U3MEPEHHS TIPOMEXYTKA BpeMe-
HH). [Ipon3ssoauTcs OTcUeT BpeMeHH. TpeThe HaXKaTHE Ha TOJIOBKY
BO3BpAll[a€T CTPEJIKH K HCXOAHHIM (HYJNEBHIM) HEJICHWAM CBOMX
ILKAJ — CEKYHIOMEp TOTOB K CJIEAYIOIEMY H3MEpPeHHIO.

EcTb ceXyHIIOMEDHI ¢ IBYMA rojioBKaMH. C MOMOILIBIO OMHOMH U3
HUX OCYILLIECTBIRIOTCSA 3aBOJ CCKYHIOMEPA, TIYCK ¥ OCTAKOBKA CTpPE-
JIOK (TaK Xe, KaK ¥ Y CeKYHAOMEPa C OXHOH IroJIoBKOi), Apyras ciy-
XHT TOJNBKO JN1A BO3BpATa CTPENIOK B HAYAILHOE MOJIOXEHHE.

3aBOIHMTE CEKYHIIOMEDP PEXKOMEHAYETCA Nepel HAYaIOM NONAb30Ba-
Hud. Ilocre MonNL30BaHUA HE CNEAYET OCTAHARIMBATH CEKYHIOMED —
OH JIOJIXEH MATH JIO TTOJIHOTO CITYCKa 3aBOHON TIPYXMHEI.

5. Texuuaeckue BecM

Toukoif oroprl KOPOMEIC/IA (PaBHOIDIEYErO PHYAra) TEXHHIECKHX
BECOB ABJISIETCS CTaTbHAA NPH3Ma, HAXOASILIAACS HA CEPEAUHE KOPO-
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MBIcIa H obpanieHHasa ocTpeIM pe6poM BHU3. [Ipu3Ma omipaetcd Ha
CTAILHYIO TJIACTMHKY, PACTIONIOXEHHYIO HaBepXY LIEHTPAITLHON KOJIOH-
xu. Ha KOHITAX KOPOMRICNIA HAXOMATCA MPU3MEL, ObpallleHHEE OCTPRIM
pe6poM BBepX. Ha 3TH npusMel onypalotcs riogsecH amek. ITocepe-
JMHE KOPOMEICJIA 3aKPeIUICHa JNIMHHASA CTPENKa, TIONoXEeH e KOTopoit
MOXHO OTCHMTHIBATH IIPH TTOMOIIM HeGIHLIOH LIKAITH, HAXONMINCHCA B
HWXXKHEH JYaCTH KOJIOHKHM. Bechl CHaGXXeHBI appeTHPOM — IIPUCIIOCO0-
JICHUEM, 3aKPETUBIIONIMM KOPOMEBICJIO H YalIKH BECOB M IIPEAOXPaHSTIO-
MM MPU3MAI OT M3HAUMBaHUSA. Bee aeiicTBHs ¢ BecaMil — noMeEIeHue
BIBCIIHBACMOTO NpeMETa HA YAIIKY, JOOaRIeHHE JMOOLIX (ake CaMBIX
MAJICHBKHX) Pa3sHOBECOB — AOJDKHBI MPOM3BOAMTHCA TOJIBKO C apPPETH-
POBAHHEIMM BECAMH.

Ilporepka BecoB. Ha yamkax HHYero He JOKHO HaXOAWUTHCH.
MepieHHBIM TUIaBHLEIM BpallleHHEM IO YacCOBOW CTpeNKe pyuku, Ha-
XOAATOCHCS TIOCEPSAMHE OCHOBAHUSI BeCOB, BECH OCBOGOXAAIOT OT
appernpa. KopoMBIC/IO BECOB HAYMHAET MEVIEHHO KonebaTeca. Ecnu
OCBOGOXIEHNE OT appeETHPa NPOH3BEACHO AOCTATOYHO IUIABHO, TO
KOHEH CTpPeNnKH KonebieTcs B npeaenax WKansl. He HyxXHO HOXH-
JaTbCA NPEKPallcHHA Kone6aHui. Y MCNpaBHBIX XOpOIIO YPaBHOBE-
UICHHBIX BECOB Pa3HULIA B aMIUTHTYAE Koac¢GaHHI CTPENIKH BIIPABO U
BJICBO OT CepeAMHH MKAIRI HE AOJDKHA TNPEBHILIATh TPEX ACJIEHUHN.
IInaBHO Bpamiag pyuyky appeTHpa B NpOTHMBOIOJOXHOM HanpasJe-
HUWH appeTHPYIOT Bechl. EClI BECEI HE YPaBHOBEIIEHH!, TO CNEAyeT
00paTUTBCS K MpPenogaBaTelio WM nabopaHTy.

ITopanox B3BeIUBAHHA:

1. Ha onny u3 yalieK appeTHPOBAaHHBIX BECOB KJIANYT MpEIMeT,
TIOAJTEXALINM B3BEIIMBAHMIO, 3 Pa3HOBEC — Ha APYTYIO.

2. CHATHI ¢ YalUKH BECOB Pa3HOBEC JOJDKEH GHITH cpa3y Xe INo-
MCIIEH B COOTBETCTBYIONICE THE3M0 AIUKA JUIS pasHOBECA.

3. Onpenenyts, Kakas U3 YalleK MepeBeUIMBAET, MOXHO, Cllerka
0CBOOOMIUB appeTUp, HO He BBRIBOAA €T0 MOJIHOCTHIO, 110 OTKIOHEHUIO
CTDEIIKH.

4. OcBoGOXIATh NOJTHOCTBIO OT apPETUPa MOXHO TOJIBKO IOYTH
yYpaBHOBELIEHHEIE BeChl (IPM 2TOM CTpeNKa ZONIXKHA KoJjie6aThcA B
Mpeenax UIKanhI),

5. Tipu B3BeMMBaHWM cleiyeT NPHAEPXUBATHCA OMpPeNeNeHHOTO
nopsinka. [TepBrIM Ha YaIIKy BECOB KJIAIYT TOT pa3HOBeC (TMPBKY),
KOTOPHI, ITO MHEHHIO B3BEILIWBAIOIIETO, HABEPHSKA TIEPEBEIIUBAET
Teno. Crnerka ocsoGoxaas appeTup, yoexIaloTcs B 3TOM (B IIPOTHB-
HOM CJIy4ae cienyeT B3IThH Dosiee TSoKeNbIit pasHoBec). Bech apperu-
PVIOT, Pa3sHOBEC CHMMAIOT M Ha €TO MeCTO KJIayT CJICAYIOIMI B o~
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psaaKe yOBIBaHUS Beca (B THE3/lax SILUMKA Pa3HOBECHI JIEXAT OOBIYHO B
TaKoM e nopaake). Crerka ocBo60xas BECHI OT appeTHpa, Y3HAKT,
YTO NepeBeNIUBaeT — TEJI0 WX pa3HoBec. Eciu — pajHoBec, TO €ro
CHMMAIOT M KJIaIyT BMECTO HEro CICHYIOLUA, eCJIM Xe — TeNo, TO, OC-
TaRIAA pa3HOBEC HA 4allKe, RoOarRAIOT K HeMy cienyroumid. Teneps Ha
yamrke yxe ase THpbkH. CHoBa npobyroT, YTo TsoKenee. Ecim nepese-
IIWBaeT pa3HOBEC, TO CHUMAIOT THPBKY, MONOXEHHYIO ITOCHAEAHEHR, H
KJIAyT BMECTO Hee CIERYIOILYIO B MopsaKe yOrBaHUA Beca. Ecom me-
peBEIMBAET TEJO, TO K NOJIOXKEHHBIM paHee pasHOBecaM X00ABISIOT
CIENYIOUHA, DTy ONEpaLyio MOCIEHOBAaTENBHO IIOBTOPAIOT, TIOKA HE
JIOMRYT no pasHoBeca Maccolt MeHee 500 mMr. TaibKo TToCie 3Toro MoOX-
HO appeTHP BRIBOIUTE NONHOCTHI0. PaBHOBECHE CuMTaeTCs NOCTUTHYTHIM,
€CJIH pa3HMIIA B aMIUTMTYZie KoyieGaHMi{ CTPEJIKH BIIPaBO M BIEBO OT ce-
PEIHHEI IIKANTEL HE TIPEBBIIIIAST TPEX JCIICHHIA.

Tpy B3BCIIMBAHMN HA TAKHX BECAX C HMEIOIIMMCA Pa3HOBECOM HaM-
Oonk1Ias JOCTHKUMAaA TOYHOCTh cocTamiuseT 100 Mr. B3BelnBanue
06BIYHO NPOU3BOANTCA OUH Pa3, ECNH HET CNELINANBHOIO YKA3aHHs
NpenoAaBaTens.



3amaua Ne 1l

ONPEJAEIEHUE ILUIOTHOCTH TEJI ITPOCTENIIEN
TEOMETPUYECKO¥ ®OPMBI

Iens 3aaayn: 03HAKOMJICHHE C NPOCTERITNMY M3MEPUTETLHBIMY
npubopaMy — IITAHTEHLMPKYJIEM, MUKPOMETPOM, TeXHUYEeCKUMH
pecaMi. Ha mpuMepe U3MEPEHHS TUIOTHOCTH TeJ NIPOCTON I€OMeET-
PHYECKOIM (POPMBI U3Y4aIOTCA OCHOBHEIE METOIRI YYeTa MOTPELIHOC-
Tell U3MepeHuit.

TIpxGoprl M MPHHARNEKHOCTH: TTIOJIBIA LIMHAD U NapaUleNenunen
(TU1acCTMHKa), H3TOTORJICHHBIE M3 OTHOPOAHBIX MAaTepHAIOB; LITAHTEH-
LVPKY/Ib, MUKPOMETD, TEXHWYECKHE BeChl, HA00Op pa3HOBECOB.

ITpenBapuTeNbHO CaenyeT 03HAKOMUTECS ¢ pa3aenamu «[lorpewu-
HOCTH H3MepeHN» U «IIpocredime namMepurensHele npubopss. ITo
OKOHYaHHM M3MEPEHWH CIIEOYET NMPEACTaBHTh OTYCT B COOTBETCTBUH
¢ pekoMeHayeMoil dopMoii oTueTa 3anaun Ne 1 (cM. aanee).

Ynpaxcnenue 1

OnpeneneHHe WIOTHOCTH NOJON0 UMIHHIPA

0603HauYeHNA BEIHYMH, XapaKTepH3YIOLIMX LHIMHADP (pHuc. 1):
H — BricoTa; D, — HapyxHhlit iuameTp; D, ~ BHYTPEHHHI THaMeTp;
V— o6beM; m — Macca; p — IUIOTHOCTD.

O6BeM nonoro LMIWHAPA MOXHO BRIYHCIIMTS 10 GopMyie

V =3 nH(D} - D).

D, S OTc104a ero IIOTHOCTD

m 4m
= —_—— 1
ey S

Hsmepennn

Haxoxneune mMacchl. Macca uminHapa
! onpenenseTcsd B3BEIIMBAHNEM HAa TEXHH-
H YecKux Becax. BaBelnBaHMe NMPOH3BOAUT-
! ¢s1 OVIH pa3 ¢ ToyHocThIO Ao 0,1 r. Haii-
! LIIEHHOE 3HAYE€HUE 3aNUCHIBACTCS B CUCTEME
i
1
)

».

/A
’KU

enuHu CH ¢ yderomM INpMGOpHOiI mo-
TPEIIHOCTH. YKAa3hIBaeTCA TaKKE OTHOCH-

"/":::::‘\‘3 TeJTbHAA TIOrPEIIHOCTE H3MEPEHUST MACCH.
( \""':_:::’,/‘/ W3mepenne Buicotnl H, BHemmuero D, u
\J' BHyTpeHHero D, nuaMeTpoB uMIHHApA. Be-

Pre. 1 muuvHbl H, D, n D, V3MePAIOT LITAHIEH-
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LIMPKYJIEM MO IATH pa3 B Pa3HBIX MECTAX C MAKCHMAIBHOM TOYHOC-
TBIO, KOTOPYIO JOITYyCKAET INTaHT€HIIMPKYNb. Pe3yabTaTel usMepeHui
U COOTBETCTBYIOLIHE ITOTPELIHOCTH 32HOCAT B TabnuULBl, aHAJIOTHY-
HBle Tabn. 1, npuseneHHON Hibke. OKOHYAaTeNbHBIE 3HAaYeHUA BCeX
M3MepAeMEIX BEJIHUMH AOJDKHBI ObITh TPUBEICHEI B CHCTEME SIMHML
CH.

Tabnuubl MOTyT GHTE 3aTOTOBNEHH 3apaHee B Mpoliecce MOATo-
TOBKM K BHIIIOJTHEHMIO 337aYyM M 3aIOJIHEHB! MPH NMPOBEACHUH M3Me-
PeHHIA.

Vnpaxcnenue 2

Onpenenente IUIOTHOCTH ILWIACTHHKH

OG03HaYeHUS BEIMYHH, XaPaKTEPUIYIOIIMX TUTACTUHKY (pHC. 2):
A — mmHa, B — umpuna, C— ToMUHHA, m — Macca.

Maccy m nnacTHHKA HaxolsT B3BEIIMBAHHEM Ha TEXHHYECKHMX
Becax ¢ TOUHOCThIo 10 0,1 r. JIiuHy A ¥ 1mMpuHy B macTMHKM U3-
MepSIOT IO NATh pa3 IITAHT¢HUMPKYJIEM B pa3HBIX MecTax. 1oMmm-
Hy C u3aMepsioT MEKpoMeTpoM 10 pa3 B pa3HbIX MecTax. Peaynbra-
THI USMEPEHHI 3aITMCHIBAIOT B TAOMULIBI, aHATOTMYHO TOMY, XaK 5TO
IeJIaoch B yIIDaXHEHUM 1,

OGpaboTka pe3yabTATOB H3MepeHHi

Hcnonb3ysa faHHbIe TaiMll, B KOTOpHE 3aHOCIIHCE PE3YNETATH
U3MepeHUH, OACYUTHIBAIOT CPeTHUE 3HaUEHHA BEJIMYMH U NOTrpeLl~
HOCTH, JOMYIIEHHEIE NPU HX H3MEPCHUAX, 3aMOHAA TEM CaMEIM
cBOOOIHEIEC MecTa B Tabnuiax. PacCYUTHIBAIOT IUVIOTHOCTh BELIECTBA,
M3 KOTOPOT'0 M3roTORJCH LUIHHAP. DA 3TOr0 Ha MeCTO COOTBET-
CTBYIOIIMX 0003HaueHHIT B dopMyiry (1) MOACTABNAIOT CpelHUE 3Ha-

9eHHA BennyuH H, D,, D,, a Taxke 3Ha9¢HHeE m.
Jns HaxoXJeHHUsS TIOrpelfHOCTH B Be~
AC JINYUHE TUIOTHOCTH, H3MepsieMoil Koc-
BCHHO, UCTIONB3YIOT GOPMYJNEI JUIA YacT-
. 4 HBIX OTHOCHTENBLHEIX IOTPELIHOCTEH B
A HM3MEPACMBIX BEeIMYMHAX, NPUBEACHHBIE B
4 Pexomennyemoii ¢opMe oTHeTa 3313UM
Prc. 2 Ne 1 (¢popMyny mis YaCTHOM TOrpeIIHOC-
TH BE&JINIUHK D, cnelyeT HalTH CaMOCTO-
ATeJIBHO). OTHOCUTEJNBHYIO MOTPENIHOCTH IUTOTHOCTH TOMyYaloT, M3-
piIeKast KBalpaTHHI KOpeHb U3 CyMMBI KBalPaTOB YaCTHHIX OTHOCH-
TeJbHBIX norpemuocteii. HakoHew, yro6H HaNTH abCONIOTHYIO
TOTPEIIHOCTD TUIOTHOCTH, OTHOCUTENBHYIO NOIPEIIHOCTD YMHOXAIOT
Ha BEAMYMHY TUIOTHOCTH. Jlajlee 3anMHCHIBAIOT OKOHYATENbLHBIN pe-
3Y/IBTAT U3MEPEHHS TUIOTHOCTH C YYETOM TIOTPELIHOCTH, COXPaHAA
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KakK B pE€3yJibTaTe, TaK U B NTOIrpPCUIHOCTH HeobX0IUMOE YUCIIO 3Ha-

yaurmx mmdp.

Haxoxnenue dopMynnl i BEMHCIEHUA TIOTHOCTH BELIECTBA,
M3 KOTOpPOTO M3TOTORJICHA IUTACTHHKA, M BECh PAcyeT KaK YACTHBIX
norpelHocre BenuuuH A, B, C ¥ m, TaKk ¥ NOJHOI! NOrpEeIIHOCTH
BEJIMYMHEI p NpEIJIaracTcs PoAeNIaTh CaMOCTOATENBHO.

PexoMenayemaa dopMa oTueTa 3amaqd Ne 1

Caanepxanue oryera

flosacHenns

JaTta 8LiNONHEHUA

3anaya 1. OnpeneneHne NJIOTHOCTH TeN
npocToii reomerpwieckoit GopmMobl

KoHcnekT onucaHus «MNorpeLHocT N3MepeHMaA»,
Kparkmit KOHCNEKT TEOPHUN HOHWYCOB

Homep 1 nasmaHue
3apaun

KpaTtkoe uanoxeHue
TeOpUU

AKCNIEPUMEBHTANLHAN 4aCTh

NpuHagNexHocTH: NonbiN LUAMHAP, NNACTUH-
«a 8 GOpPMe Napannenenunena, WTAHreHUMpKyne,
MUKDOMETD, TeXHUYECKUEe BECh

Mepeyers
NPUHaRNEXHOCTeN,
PUCYHOK YCTAHOBKM,
3NGKTPUYECKES UNK
ONTUYECKan Cxema

YnpaxHeuwe 1

Onpegenexne NIOTHOCTH NONOrC yUNKHAPE

-——tm

" rH(D} - D})’

rae p — NNOTHOCTb BELUECTRE WMAMHAPE;

m - ero Macca; H - BbicoTa; Dy ~ BHeWHWiA
auamertp; D, — BHYTPEHHUA AMaMEeTp

p

PacueTHie Gopmynbl
¢ o6A3aTeNbHRIM YKa3a-
Hnem oGoaHaueHun

HMamepeHue Maccel m (B3BeWnBaHWe):
PaarnoBecul Ha yallike Becos:
(200+20+5+2+0,2)r=227,2r.
NpuGopras NOrpeWHOCTL BECOB Anty, = 0,1 1.
m= (2,272 + 0,001)-10°1 xr,

Am/m=4,4 104 =0,04%

Peaynetat Henocpea-
CTBEHHbIX NAMEPEHUIA
BEIMUUHLI, M3MEDRE-
MOt OAMH Pas, U oLeHKa
€0 MorpewHocTU

MamepeHuno sbicorel 4

AH, = H;— H - abconioTHast NorpewHocTs;
Sy — CTARAAPTHOE OTKIIOHERNE CPEAHEro apudme-
TUYBCKOrO;
AH., = ChyqaihHaa NorpewHoCcTs (ROBEPUTENLHLIR
yHTepsan);
AHy, ~ NPUGOPHAA NOrPEHOCTD;
AH - nonHan abconioTHas NOTPEWHOCTb;
AH/H — NONHas OTHOCUTENbHAA NOrPEWHOCTL,
H=(6,491%0,018).10% m;
AH/H = 027%

Tabnuua 1
Ne! H, H | AH, | Sv | AH. | AH, | AH |AH/H| Ta6n. 1 3anonuseTcn
n/n MM pe3ynkTaraMu uaMepe-
1 165,00 [ 64,91]+0,08]0, 0,168 0,05 10,1753/0,0027| Huit RenrynHL M, KOTO-
216480 0,11 pas M3mepaeTcs He-
3 | 65,10 +0,19 CKOMbKO pa3 u copep-
4 g:':g __3(1)(1-, XMT CIYNEAHYIO U NPY-
H - cpenHee apupmeTu4eckoe; ‘?:fuﬂz?a%?\;plf:mxtu

OhiTh COCTaRNEHH QA
BCEX BENMHVH, U3MEpS-
EMbIX M0 RECKO/IbKO pa3
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ConepxaHue oryera

lMosicheHna

(AH,)
S, = J=—
# 4.5
AH,, =145y Sy =2,8:5y;

AH = J(AH,_,)’ + (AH,,,,)’

W3mepeHue BHOWHEro AnameTpa D,
D, = (2,849 £0,0052) - 107 u;
AD] /D1 = 0,13%

Wamepenue sHyTpeHHero awameTpa D,
Dy = (1,71 £0,026) - 107 m;
AD2/Ds = 1,5%

Mpy M3mepeHunx
aanonssiorcs Tabn. 2
anaD, Tabn. 3 ana D,
aHanoru4Hele Taén. 1.
3aech NPUBOAATCA Wb
OKOHYaTenbHNE Pe3ynbTa-
Tol, NONY4EHHBIE NPU
obpaborke Tabn. 2 3

BhiuMucneHne NAOTHOCTY p

4-2,272-10°

=8,574- 10° kr/m®

3,142.6,491.10 |_(2,849-10")2 —(1,71-10")’]

BbluvicneHue namepaemMon
BESIVHUHBL (C NOACTAHOBKOM
8 POPMYANY YUCNEHHBIX
3Ha4EHUIA BXOAALLMX B HES
8enU4UH B cucteme CH)

OueHKa NOTrPELINOCTH NNOTHOCTH.

Norapudm dopMynbl AAA NNOTHOCTU:
Inp=uind+lnm-Inn-InH -In(d}! - D}).
Keagpartel 4acTHBIX NOrpewHoOCTeH:
a(lap) _ 1,

’

om m

2 2
o Aml - |ﬂ| = (4,4-10% =1,94.10".
m

OueHka norpewHocreii ¢
npusegeHnem dopmMyn Ana
YaCTHLIX MOMPEWHOCTER U
Bbi4MCAEHMEM KXA0N

U3 HUX.

B panHoM catyvae yno6-
Hee HaxomuTb CHa4ana
OTHOCUTENLHYIO NOoTpeLl-
HOCTb.

MNorpewHoOCTs LMdpL 4

2 2 paBMa HyMo, NOTPEWHOCTL
M--—'—;]MAH =|—£| = 7 NPU pacyeTe Ha
oH H H KaNbKYAATOPE Y4UTLIBaTL
=(2,7-10%) =7,3.10". He cneayer
dnp) ___2D, Ia(ln P ap| =|-208D
aD, o-0 | "D -Di|
| 2-2,849.10%.5,24 -10" |2 330.10°
= -2\2 Snz| T OV 10
|(2,349-1o ) — (1,709 -107)}
al ) YHacTHy0 NOrpPewHOCTb,
21p) AD;| =..=2,84-10* BO3HUKAOLLYIO BCASACTSNE
oD, NOrPeWHOCTY B D,

npeanaraeTca anHNCAMTL
CaMOCTOATENbHO
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Cogepxatue or4era rlosRcHOHWA
MonHan oTHOCUTENBHANA NOMPELHOCTL BEMYMHE p: | Bhiuucnenne otHocvTens-
HOA NOrPEIHOCTM
% = L9 107+7,3.10° 43,3107 + 2,84 .10~ =
=0,0180
Nonnan abconloTHAA NOrPEWHOCTL BEAIUUMHE! p: Burcnenue abconiotHon
NOTPeWHOCTU
[Q]-pmms-&smo’ =0,154.10° kr/m®
p
3HaYeHME NNOTHOCTYU p C YYETOM fIOrPeWHOCTH: 3anucb OKOH4ATENLHOMo
N pesynsTara ¢ yHeTom
p=(8,57£0,16) 10’ krn’, Ap/p=1,8% NOFPeWHOCTH
Coaepxarue oTiera lNorcHenns
Ynpaxweswe 2
OnpeaenexHne NIOTHOCTH Napannenenunana
MpegnaraeTci 0HOPMUTE CAMOCTORTENBHO,
aHanornyHo Ynpaxsenmo 1

3 —-8779



TEMA 2

MEXAHUKA TOYKW.
MEXAHHWKA TBEPJOI'O TEJIA

PA3JET 1
JUHAMHUKA MATEPUAJTBHOW TOYKH

3agaya Ne 2

HU3MEPEHHUE YCKOPEHUA CBOBOJHOI'O ITATEHUSA
C IIOMOIIBIO ITPUBOPA ATBYJIA

Iesp 3a8ayu: onpesiencHNE YCKODPeHUs CBOOGOIHOIO NaneHus g ¢
TIoMoLBIo NipnBopa ATByna.

TIpubop ATByna npeaHa3HaueH Ut U3YUEHHUSA NPSAMOIHHENHOrO
PAaBHOYCKOPEHHOTO NBMXeHUA. [IpyHIMN paboTh Nipubopa 0CHOBaH
Ha YICTIOJIb30BaAHUY 3aKOHOB CBOGOIHOTO NadeHHA Tena.

BbiBoji, pacueTHoil dopmyan

Yepe3 posmK, CMOHTHPOBAHHbBIA Ha NMOJMHITHMKE TaKMM 0Gpa-
30M, YTOOBI OH MOT BPAU[aThCA ¢ BOZMOXHO MaJIbiM TpSHHEM, TPO-
XOIWUT HUTKA C ABYMSA ONWHAKOBHIMM Ipy3aMu Maccoit M xaxnuiit
(puc. 1).

BriBezieM BRIpaXCHHME ISl YCKOPEHHUA CBOGOAHOIO MafeHMs g B
TIPEATNONOXKEHHH, YTO HUTh HEPaCTSXHNMa, Macca POJIMKA M Macca
HUTH MaJibl ¥ CWIOH TpeHHUS B 3af1auye MOXHO TipeHeOpeyb. Ecnu Ha
TIpaBEIi Tpy3 M, Haxonsmmiicss B BEpXHEM TIONOXEHHH, NOJOXHTH
HeOOoNBIIOH I'py3 Maccoit m, To CHcTema Tpy30B (2M+ m) MoAYMHT
YCKOPEHHE @ TToX BAHAHHEM CWibl F= mg W, NCpeBUTaACh YCKO-
PEHHO, TIPOMIET MyTh S, 32 BpeM

QM+ m) a = mg, (N
S, = 1/2a12. ?)

Ha xonbue, 0603Ha9¢eHHOM Ha puc. 1 6yksoil X, AonojHHTENb-
HBIii Tpy3 OyAeT oTLENNEH, U TPY3bl NPOMAYT, TeNeph yXe JBUTasach
PaBHOMEPHO CO CKOPOCTBIO v, = af,, 32 BPeMSI 7 ITYTh S,

S, = wt=att. (3)
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CucteMa ypasHeHuit (1)—(3) jerko no-
3BONAET ITOJIYYMTD BRIPAXCHUE LA YCKope-
HMS CBOOOJHOro mnaneHust g (Hampumep,
NOACTAHOBKOM f, U3 TPETHETO YPaBHEHUA BO
BTOpOE, 3aTeM, BbIpa3uUB 4, NOACTABUTH €To
B [IEPBOE YPaBHEHME):

g£= QM+ m) 5}/m 2§13, (4)

roe ¢ — BpeMs (B CEKYHAaxX), B TeYeHUE KO-
TOPOro TPy3bl NPOAAYT NYTH S,.

HU3MepeHHe BpEMEHM  ITPOM3BOOMTCS
MWTUIMCEKYHIOMEPOM, PDACTIONIOXEHHBIM B
OCHOBaHMM Npubopa. JIviesas naHeb MWUTH-
CEXYHAOMEPa TaKKe M300paxkeHa Ha puc. 1.

ITopsanok BuinoJiHeHUA pa6oTsi

BHUMAHUE! BxnoyeHne npubopa B ceTh OCYIUECTRIACTCA

TIpeTIOAaBaTesIeM WIH JIaBOpaHTOM.

Haxats knasuiny «CETb» munnucekynaoMepa. Ilpu atom 11po-
M3BOMMTCS aBTOMAaTHYeCKU# cOpoc nokasaHui npubopa (Bce MHAN-
KATOpHI BHICBeYMBAIOT LUudpy «0») U 3axuraiorcsa naMnodku goro-
3JIEKTPUYECKMX JaTYKKOR B Havaje U KOHLE NYTH S,.

Ha npasuilt rpy3 M nonoXuTts OAMH M3 TpeX JONOJHHTENbHBIX
IPy30B m, (c MeHbIlIeH Maccoi). JleBuilt rpys M NOJXeH 3aHMMATh
HIDKHEe TIoJIoXeHUe (Ha omope).

ITpoBepuTh coBNageHye HIXXKHEN TPAaHH NPABOTo rpy3a M ¢ 4yep-
TOW, HaHECEHHOM Ha BEpXHEM KpOHIITEHHE.

HM3MepUTh ¢ TOMOWIBIO MUWITUMETPOBO# WIKAIBL Ha KOJIOHKE 3a-
IaHHBle TYTH PAaBHOYCKOPEHHOTO S, ¥ PaBHOMEPHOTO .S, IBMXKEHUM
rpysa M.

Haxats xnaBuury «I1YCK». IIpy 3ToM 371€KTpOMarHUT OTITyCKa-
€T TPY3H U OHM HauMHAIOT ABMXeHue. Ha Tabno cexyHmoMepa MH-
IULMpyIoTcs Hyad. CeXyHOoMep 3anyckaeTcst ¢ MOMOMbIO $hOoTOo~
3JIEKTPHYECKOro JaTyuxa (y Konbua K) B MOMEHT OTLICILIEHUS Ipy-~
32 m;. CexyHAOMEp TpPEKpallaeT OTCYeT BPEMEHH € TIOMOUIBIO
HIWKHETO DOTOIeKTPHYIECKOro XaT9MKa. [TpounTath 1 3anmucarb U3~
MEPEHHOS 3HadeHUEe BpeMeHM IBMXEeHMs Gonslioro rpysa M Ha
nytu §,. Haxats knasuuty «CBPOC». 1Ingposble MHIMKATOPH A0-
XHEI BBICBETUTD HYJIH.

HamepeHye MOBTOPUTE He MeHee IATH pa3, obpamiast ocoboe
BHMMaHMe Ha TIOJMHHIA Nokoit rpy3oB B MOMeHT 3amycka. Onpene-
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JIUTH CpeliHee 3HaYEHUE BpeMeHH ABMXEHHs 6obLuoro rpyza M Ha
nym S, o popmyiie

1 n
tp ==X 1is &)}
nig

TI€ N — KOJMYECTBO BBHITIONIHEHHBIX N3MEPEHMH; #, — BpEMSI /-TO M3~
MEpEHHH.

Tlo popmyiie (4) BHIYMCIUTS g, UCTIONB3YH f,,. OnpeaennTsb To-
rPEIIHOCTE U3MEPEHHOTO 3HAYEHUA YCKOPeHUsi CBOGOXHONO MaleHMs
8, OTHOCHTEJILHO TaGJIMIHON BEIMYMHHI g, o HopMye

£=Igl'30|0100%’ (6)
-4 £

rae g,= 981,56 cM/c? — yckopeHHe CBOGOAHOrO NajJicHHs Ha INUpo-
Te MOCKBEI; g, — YCKOpeHUe CBOGOZHOrO MafieHus, ONpeaeeHHoe B
onbITax ¢ Maccoi m,.

JaHHBIN MabopaTopHbIit NprGop ATByna 06eCICYNBAET OMpele-
JieHHe g ¢ norpeltHocThio He Gonee 15%. Ecau nomyuuiack oG-
ka Goneuie 15%, UaMepeHNs ciienyeT npeKpaTuTs W oOpaTUTHCS 3a
KOHCYJNBTallMelN K NMpenofaBaremio Wik nabopanrty. Ecam oummbxa
noxy4ywiace MeHee 15%, U3MepeHUs TTPOIOJIKHUTD ¢ Tpy3aMHK Macca-
MM m, U m,.

Macch Ipy3oB m,, m, ¥ m, yKa3aHH Ha CaMHX Ipy3ax ¢ TOYHOC-
10 20,01 T.

Maccy M HeobGx0aMMO onpefenvTh B3BEIUMBaHYEM 0G0UX TPY30B
M BMecte ¢ HUTBHIO (TIPH pacyeTax Maccoft HUTH NMpeHebpeys) ¢ TOY-
HocThio 1o 0,1 1.

TTorpemiHoCTh N3MEpeHNA NyTH S He Gonee 1 MM.

IorpelHOCTL U3MEpPEHUS BpeMeHH He Gonee 0,02%.

C nomMousio suddrepermanbHOTO MeTOma HAXOXKASHUS OIWHGOK
KOCBEHHBIX U3MEPEHHI MOXHO NONYYHTh BHpPaXeHHe JUIS pacuera
OTHOCHTEJIbHOM OolMOKM onpenelicHUA g no gopmyie (4):

Ag_mAM + MAm  ,AS,  AS) A (7
g m2M +m) S, S f

TTorpeutHocts B 15% o6ycnomieHa o6HYHKMY JUIS 3334 ¢ G)10-
KaMH NpUOIHXEHHAMHK: NpeHeOperaiM CWIAMH TPEHHs, MacCoi
0GJ10Ka, HUTh CUNTANACH HEBECOMOI K HepacTskuMoit B T.4. C 1eibio
YMEHBIIEHHS MOTrPELIHOCTH K3MEPEHMIT HEOGXOAMO KOHTPOJIMPO-
BaTh, YTOOH TUIOCKOCTH 6JI0Ka 6BINA CTPOTO BEPTUKANBHOM, 3alyCK
MIpOU3BOAVNTH IUIABHO U TOJBKO B MOMEHT IONHOM OCTaHOBKH 060-
UX Ipy3oB M.
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3anava Ne 3

HN3YYEHHUE VIIPYTOrO U HEYIIPYT'OIO
COYJIAPEHVA TEN

Ilens 3apayn: M3ydeHUe NPoOLIECCa YIIPYTOTO M HEYTIPYroro coyna-
PEHMS IapoB C NMPURBJIEYEHHEM 3aKOHOB COXPAHEHHUA SHEPTHU U UM-
TIyJIbCa.

OcHoBHEIC IOHATHA H COOTHOWECHHUSA

AGComOTHO YUPYTHM Ha3BIBaeTCA yap, MPH KOTOPOM MEXaHWJeC-
Kasi JHEPrUs TeJl He MEPEeXOfUT B APYTUE, HEMEXaHUYECKHE BUIRI
sHepruM. I1py TakoM ynape KnHeTHdecKas SHEPTHs NEPEXONUT IoJI-
HOCTBIO WIH YaCTU4YHO B NOTEHIMAIBHYIO 3HEPTHIO YNIpyro# aedop-
Malui. 3aTeM Tena BOCCTAHARIMBAIOT CBOIO NEPBOHAYaNIbHYIO dop-
MY, OTTAJIKHBas APYT Apyra. B utore moTeHIansHas 3Heprus yopy-
ro#i nedopManui CHOBA MEPEXOAUT B KMHETUYECKYIO 3HEPTHIO U
TeJa pa3jieTaloTCS CO CKOPOCTSIMM, BEIMYMHA W HalpaBleHUE KOTo-
PHIX ONPEAEIIRIOTCS ABYMS YCIOBUAMN: COXPAHCHHUEM NOJIHOH 3Hep-
THU U COXpaHEHMEM TIOJIHOTO UMITYJIECA CHCTEMBEI TeJl.

AGCONOTHO HEYNPYIHil YAAp XapaKTepU3YeTCsl TeM, YTO TNIOTEHIIU-
albHO 3Hepruu Aepopmauuu He Bo3HHKaeT. KuHeTHyeckas sHep-
v TeJl TTOJIHOCTHIO WM YaCTHYHO TIPEBPAIaeTCss BO BHYTPEHHIOKO
suepruio, ITocne yaapa cronkHyBLIMecs Tena JIHGO ABIXYTCA C OIM-
HaKOBOI CKOpOCTHIO, 160 nokosarca. ITpn abconoTHO HeynpyroM
yAape BBITIONHSETCSA JIUILID 3aKOH COXPAHEHU UMITY/IbCA; 3aKOH CO-
XPaHEHHUSI MEXaHWUYECKOH SHEPIMM HE BEIMOJIHAETCSA, TaK KaK Mexa-
HUYECKAs SHEPTUS YACTUYHO NEPEXOIUT B TEILIOBYIO.

Viap nasniBaeTcsi UEHTPANLHBIM, SCITU IIAPhI IO yAapa IBUXYTCH
BIOITh NPSIMOI, TPOXOAALIEN Yyepes UX LEHTPEI.

Buiron pacuernoli ¢opMyinl

1. A6comorHo neynpyrwii yaap. ITycts Macchl INapoB m, U m,,
CKOPOCTH JI0 YAapa ¥y, M ¥, 2 HX MMITYJIbCH], COOTBETCTBEHHO PaB-
HBI mp,, H mpy,.

Hocne coyaapeHHMS IIapbl ABUXYTCSA CO CKOPOCTBIO, KOTOPYIO
MOXHO HAlTH, YJUTHIBasA, YTO CYMMApHBIN MMTYJILC IIAPOB 1OCTe
ylapa HOJDK€H GHTb PaBEH CYMMapHOMY MMITYJILCY A0 YAapa (3aKOH
COXpaHEHUSA):

mvyo + myvyy = (my + my)v.
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Orxyna

y= "‘|"|0 + Mmyby . (l)
ny
B cJIydyae Koria OAMH 1ap A0 CTOJIKHOBCHMA TIOKOMWJICS (”20 =0),
noay4acM
L )
my + m,

2. AbcomoTHo ynpyruii ynap. O6o3Ha4MM MacCul WIapoB n1, U m,,
CKOPOCTH LIAPOB O YA2apa ¥, H Py, CKOPOCTH IIAPOB IIOCTe yuapa v,

! l':{fnap LeHTpanbHLY. [To 3aKOHY coOXpaHEeHMA UMNYNIECA
MY + MV = MWy + Mgy, 3
Ilo 3aKoHY COXpaHEHUSA SHEPTHU
VYpasnenue (3) npeobpasyem:
m (g — %) = my(»; ~ vyp). (5)

Vuurnieas, uto A2 — B = (A— B)(A + B), ypaBHeHHE (4) npuBO-
JUM K BHOY

m (Mg = %) (Mo + 1) = My(vy — v )(#y + ¥y). ©®
U3 sripaxennii (5) u (6) mosyaaem
Vg + ¥ =V + ¥y 7

YMuoxast ypasHenwe (7) Ha m,, # BBIYMTAs pe3ynbTaT H3 (35), a
3ateM, ymHoXas (7) Ha m, ¥ cKiIanbBas C (5), ONYUHM BEKTOPBI
CKopocteil 1apoB 1ocie ynapa:

" = 2myby + (m - m)mg 8)
m +m

va = 2myig + (my — my)vy . )
2 m +my

JInst 4acTHOTO ciyyast, KOTHA ¥y =0, MoaydaeM

p = M =M (10)
! my +my ’

2myv
= 0
vy T+ f (ll)
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Kaxk cnenyer u3 dbopmyn (10) 1 (11), BTopoit map nocae yaapa
ABUXETCA B Ty Xe CTOPOHY, KyAa ABMTaJICA NEPBLIN 1ap IO yrapa.
IMoBeneHe MepBoOro Hiapa 3aBUCUT OT COOTHOMIEHUs Macc. Pac-
CMOTPHM CJedyIoLIHE CITy4dau:

1. m>m,. IlepBHi Imap MPOAOKAET ABUraThCsl B TOM Xe Ha-
TIpaBJIEHUH, YTO ¥ 0 YEApa, HO C MEHBIIEH CKOPOCThIO, TIPH 3TOM
v > ¥

2. m<m, [TlepBeil 1ap orckakusaetr obpaTHOo. IIpa 3ToM
vy < P

3. m;=m,. B 3TOM cny4ae w =vy =0,», =y, T.c. IIapkl PaBHOM
Macchl IpM yaape 06MEHNBAIOTCA CKOPOCTSIMMU.

B 3anaye BenM4¥Ha CKOPOCTH lIapa Ofpefie- 4 &
NAETCS MO YTy OTKJIOHEHHMA HHUTH, Ha KOTOPOM Y
rnoxBeuieH wap. PaccMOTPUM 1map maccw m, N
MoABEUWIEHHBIH B TOUKe O HAa HUTU JUIMHOMN [ “
(puc. 1). ! \

Ecay map BBIBECTH U3 ITOJIOKECHUS paBHOBE- \ B
CHsl, OTKJIOHMB HUTh Ha YToJI o, 4 3aTeM OTITyC-
TUTH, TO B HUXHEM TOJOXEHUM wwap Oyger —-
HUMETH CKOPOCTE ¥, BETUYUHY KOTOPOK MOXHO
HaWTH K3 3aKOH2 COXPAaHEHHS SHEPTUU

mg;.=m7". (12)

W3 AAOB HalineM AO=lcosa, Ttorma h=1{(1 —cosa)=
=2 /sin*(a/2). IToacraBnss # B ypaBHeHHe (12), nonyyaem

v-—-2JE~sin%. (13)

Iopanok sumosmenss pabors

ITpnbopul ¥ npuHANIEXKHOCTH: TPUGOP UT UCCAEIOBAHHS COyaa-
PEHUS WApOB ¢ MHJUIMCEKYHAOMEPOM, Habop 1LapoB.

OO6umit BUA npubopa it W3ydeHUsT CTONKHOBEHMSA HIapOB Npe -
CTaBJIeH Ha puC. 2.

Ha ocroBanuu (1) 3akperuieHa KONOHKA (2) C BEPXHUM M HUX-
HUM KpoHwTetHAMH. Ha BepXHeM KPOHIUTEHHE YKpeTUIEHbI CTEPX-
HH (3) ¥ BOpoTOK (4), CiTyXaUmif [Uid yCTAHOBKY PaCCTOAHUSA MEX-
Iy wapaMu. K ctepxuam (3) noasemeHsl mapel (5) Ha npoBofax,
TI0 KOTOPBIM TIONBONMTCA HAaNpPAXEHUE K 1apaM C LEeJbIO perucTpa-
LHH BPEMEHU COYIAPCHMA.

Ha nmxHeM KpoRinTeifHe 3aKpervieHbl YTONBHUKMA CO IKaIaMU
(6) ¥ Ha cneUMaNBHBIX HarpaBisoIUX — 3aekTpomaruuT (7). Bon-
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15

13 14 12
Puc. 2

THL (8) MO3BONSAIOT MEPENBUTATE ANEKTPOMATHUT BAOND WIKANHK U
dukcnpoBaTh ero BRICOTY. CWITY, C KOTOPOU 3JIEKTPOMATHUT NPHTA-
TMBaET 1Iap, MOXHO PeryiMpoBaTe BOpoTKoM (9). IlIkany MoxHo
TiepeIBUraTh BIOJDL HHXHENO KPOHIITeHa, ocna6uB BUHT (10).

Ha ocHoBanuy npubopa ykperieH MuncekyHaomep (11). Ha
JULEBOI TaHEIW MWUTMCEKYHIOMEPa HaXORATCs CNenyIoivie KiiaBu-
11478
(12) «CEThb» — Beikmouatenb ceti. Haxarue 3To# KIABHIIY BLI-
SKIBaeT BKIIOYEHUE TIMTAIOILIETO HATIPSDKEHHMSI, COTIPOBOXIAIOLIEECS
CBEYEHHMEM LHQPPOBLIX UHIHKATOPOR (BBICBEYHBAIOUIAX LTUPPY «0»);

(13) «CBPOC» — cbpoc namepurtensa. HaxaTie 3Toi KIaBHIIN
BRI3LIBAET COpachIBAHME TI0KA3aHUMR ceKyHnoMmepa (IMdpOBHE MHIN-
KaTOpHI CHOBA BHICBEYUBAOT HUDDPY «0»);

(14) «IIYCK» — ynpaBnenue anexrpoMarHiToM. HaxaTthe sroi
KJIaBUIIM OTKIIIOYAET 3MEKTPOMATHHUT, a cliedylollee HaXaTHe —
BKJIIOYAeT €ro.

Ioarororka nmpubopa K u3mepennam: HaxaTh Kiasnmly «<CETb».
Bce HHOWKaTOpH U3MepUTeNst NoKa3uBaloT LUy «0». Ipubop He
HYX/3eTCd B IIPOTPEBE Y FOTOB K H3MEPCHUAM.
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Ilopanox BaMepennit

1. Ha nonBeck! (15) HaBMHTUTD ABa LI1apa TakKUM o6pa3soM, yTo-
6BI X OCEBbIC THHUHM HAXOMWIHCEH HA OOHOHU BRICOTE.

2. BopoTkoM (4) yCTaHOBHTb TAKOE PACCTOSTHUEC MEXTY CTEPXKHSA-
MU, 4TOOHI HIAPE! CNErKa CONPUKACANUCE APYT ¢ APYTOM.

3. OcTpus NoIBecOB AOJXHBI IIPH 3TOM YKa3KIBATE Ha HYJIM
wkai. Ipn Heob6xoauMocTi ociabuTh BUHT (10), CABMHYTH JIEBYIO
LIKaJTy U CHOBa 3aKPYTUTh BHHT.

4. Ocnabus BUHT (8), YCTAHOBUTh HYXHOE NOJOXEHNE 3/IEKTPO-
MarHuTa (I10 yKa3aHMIO TIPENOAaBaTeNIA) U 3aKPENUTh BUHT,

5. BxmouuTh MUJTHCEKYHIOMEDP B CETh.

6. Haxarts xnapmiry «CETb» MwinucexynaoMepa.

7. Ilpusecty npaselii wap (eMy 6yaer COOTBETCTBOBaTb HH-
JeKc «1») B COMPMKOCHOBEHME CO CTEPXHEM AJIEKTPOMArHuTa (eCIH
3JIEKTPOMarHUT HE NpPUTATHBaeT IlIap, TO HAaXaTb KIaBHLIY
«[TYCKb»).

8. OTperynnpoBath CUIY NMPUTSCKEHNA LIapa K 3J1eKTPOMarHUTy
BOPOTKOM (9). DIeKTpOMarHuT JOJLKEH yAEpXUBATh 1Lap,

9. TIpaBmIii mIap OTOOBMHYTH B CTOPOHY 3JIEKTPOMArHuTa 1 6Jo-
KHPOBATb €r0 B 3TOM TMOJOXEHWH, JIEBbIIf — YCTaHOBHTh HEMOABHXK-
Ho. OcTpye noaBeca JIEBOTo 1apa JONMXKHO YKA3blBaTh HA HYNE 1Ka~
JIB! (JIeBOMY 111apy OYAET COOTBETCTBOBATH UHACKC «2»).

10. 3anucaTth 3HaYEHHE YA oy, Ha KOTOPOE YKa3bIBAaeT OCTPHE
noABeca NpaBoro 1apa.

11. Haxars knasuiry «CBPOC».

12, Haxats xnapuwy «ITYCK».

TTocne cTONKHOBEHMS LIapOB 3alMCATh YITH o, M a,, HA KOTOphIE
OTCKOYAT 11apHl (TTOCKOJIBKY CIEAUTh 3a ABYMS lllapaMH OXHOBpE-
MEHHO CIOXHO, TO CHayana NpoAciaTh JeCATH ONKTOB, 3ANNCHBAs
0,, @ 3aTEM €LIE AECHTH ONBITOB MPH TEX XK€ YCHOBMAX, 3alNCHIBaA
a,). IIpy coynapeHusax pasHBIX N0 Macce 1APOB 3aMUCKIBATEL TOJb-
KO 3HAYCHUS o U a,.

IIponoIXUTENLHOCTE T CTONKHOBEHHWit 1IapOB IPOYMTATH Ha
mdpoBoM Tabno u 3amucaTs. CAeIUTE 3a TEM, YTOOH CTONKHOBE-
HHUe ObIO HSCHTPAJIBHRIM, T.6. TPACKTOPHUS IBHXCHUS ITOCKE CTOJK-
HOBEHMSI IOJDKHA HaXOMUTHCS B TUIOCKOCTH IBWXECHMS MPABOro mapa
Jo cTroKHOBeHWS. OcTpHs OOBECOB JODKHBI ABUTAaThCA NMapasuieiib-
HO 1IKajiaM, He 33JeBasi X U He nepecekas UX II0CKOCTh.

IIlapsl HEO6XOOUMO B3BECHUTD.

Paccrosinue / OT TOYKH moaBeca OO LEHTpa LIapa W3MEPHTD JIU-
HEHKOIA.
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Bce maHHEBIe U3MEpEHHiA 3aHeCTH B Tabmy. OnpenenuTs cperHue
3HAYEHUS o, o, M T.

Ne oneita [« 27 Aoy a) Aa, T At ay A,

10
Cpennve 3Ha-
YeHusd

Vaxcn Vio= Voswen = Visken =

Vieop V2reop Vireop =

F
Wmnynec ao Py = mvyp
coyaapeHna
Umnynec noc- P =mwv+ vy
ne coyaapetus

ITo ¢opmyne (13), HCNONB3YA CPEOHHE 3HAYEHHUA ¢, ONPEACIUTh
CKOpPOCTH LIApOB M 3alTUCaTh B TabnMLy B rpady v,

ITo popmynam (10) u (11) ¥ SKCNEPUMEHTAIEHOMY 3HAYEHMIO V,,
OTpeNleNIMTh TEOPETUYECKME 3HAYEHMST CKOPOCTEH v, M v, M 3aNMCaTh
B TaGnuuy B rpady v, ., . SHaYEHHA m, ¥ m,, BXOAALIME B HOPMYJIBI
(10) u (11), paBHBI Macce COOTBETCTBYIOMIETO 1IIapa C Y4eTOM Mac-
cbl moaseca m, (m, = 227). B cayyae pasHULB MeXAY SKCNIEPHMEH-
TATBHBIMHK M TCOPETHYECKUMH 3HAYEHUSIMU CKOPOCTEN O6bICHUTL ee
TIPUYHHY.

Hns nesoro wapa, ucnonb3ys dopmyny B - B = Fr, tae P — M-
NyJsC 1Iapa, MOXHO ITOACYNTATE CPeHEe 3HAUYeHVe CUIILI, NeHACTBY-
et Bo BpeMst coynapeHus. Cienyer y4ecTb, YTO JIEBHIH IIap A0
coylapeHMs MOKOMJICS, CeNoBaTebHO, P = 0 ¥ Toraa myyv,, .=
= Fx, oTKyRa

F = MVasen
1

THonmyueHHoe 3HaYeHUE CIUILE 3aITUCaTh B Ta0muuy.

TToncyHTaTh MMIIYJILC 1IAPOB JO COYNapeHUWs W Ioclie coymape-
HHS M 3aMUcaTh B TaOnuLy (MCNOJMb30BaTh 3HAYEHHS V,, ).

O1lIeHUTE TIOTPENIHOCTE OTpee/icHUsS UMNYJIbCa U 3aHECTH B Tab-
auny. PexoMeHayeTcs MpoenaTh CIEAYIOUMI KOMILUIEKC H3Mepe-
HUH,
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1. IIns aByx CTAMBHRIX LIApOB OJHOIO JUaMeTpa.

2. Jlna OByX 1apOB M3 ILTACTWIMHA. B 3TOM onbiTe BpeMsa t He
n3MepsAeTcs. PacyeT TeOpeTHUIECKOro 3HAYCHUS CKOPOCTH TIPOH3BO-
aures no dopmyne (2).

3. Inst ABYX CTANBHEIX WAPOB pa3sHoro auaMerpa. [ap MeHsble-
ro IMaMeTpa MOBECHUTDb CIIPaBa.

Jing xaxnoro ciry4asi COCTaBHUTE OTAENbHYIO TaGnuLLy.

JIwreparypa

CapenbeB WM. B. Kypc obumeii dusnxu: Yue6. nocobue. B 5 kH. KH. 1.
Mexannxa. — 4-¢ uad., nepepab. — M.: Hayxa, ®n3mamiut, 1998,

I'naBa 3. 3akOHB coXpaHeHus.

§ 3.2. Kuneruueckasn 31eprus m paGora.

§ 3.5. NoTeHupanbHas 3HEPrUa BO BHEITHEM Hojle cil.
§ 3.7. 3akoH coxpaHeHNnsT SHEPTUM.

§ 3.10. 3akoH coxpaHEHUS HMITYbCA,

§ 3.11. Coynapenne aByx Ten.



3anaya Ne 4

ONPEAEJIEHHME CKOPOCTH IIVJIM IIPM HOMOIIHA
BAILTMCTUYECKOI'O MAATHMKA

Ilems paGoThi: onpeaeieHne ¢ MOMOLIBIO GAJULINCTUYECKOTO MastT-
HHUKa CKOPOCTH NYAH C KUCMOJB30BAHWEM 33aKOHOB COXPaHCHHA
SHEPTHM U UMITYJIbCA.

IIpuGopbi M NpuHanIexHOCTH: GALTMCTHIECKHI MASTHUK B BHIC
UMAMHOpP2 HA JUIMHHBIX HUTAX, M3MEpUTENbHAd LIKaNa, IMyIKa,
BECHI, TPH MYJIH, METAJUTMYECKAA NANOYKA, CEKYHIOMEDP.

OnucaHne YCTAHOBKH

BamcTHyeckuM MasTHMKOM Ha3kIBAETCS TBEpAOE TENO, CNocob-
HOE COBepIIaTh KoeGaHUa ¥ MCNONb3yeMOoe ISl OTIpeNeICHIsS CKO-
pOCTH GRICTPO ABHXYILIHUXCS Tel.

OKCNepUMEHTANbHAS YCTAHOBKA (PHC. 1) COCTOMT M3 6ILTUCTH-
yeckoro MastHuKa (1), npeacrapnsiomero coboii OTKPLITHI ¢ 060-
MX KOHLIOB METALTUYECKHH LIWIMHAD, HANMOJHEHHHIA TUIaCTWIMHOM
M TIOABEIICHHEBIM Ha YeThipeX IMHHBIX HuTaAX (2). K mwwmHnpy
NMPpUKpPEIUIEHa yKa3aTeabHaa crpeika (3). BeiCTpensl nponu3BoasTest
M3 NMPYXUHHON mymku (4) BHYTpe numuuapa. Ilynd momanaer B
TUTACTHIMH U 3aCTPEBAET B HEM, BBRI3BIBasl OTKIIOHEHNE LWJIMHADPA OT
TIONIOXEHHSA PaBHOBECHSA, KOTOPOE MOXHO W3MEPHUTh, Habmogas ne-
peMelIeHe CTpenKy (3) BOOIb IIKATH (5).

BwiBoa pacuernosi dopmyast

JnuHa HUTeN ToABeca 3HAYKTENLHO GoJbIe pa3MEpOB LIWINHI -
pa, NIO3TOMY MAasTHUK MOXHO CYMTATh MareMatHdeckmm. s pac-
YeTa BeJIMYMHBE CKOPOCTH IYJNH II0 SKCNIEpHMEHTATEHBIM NaHHBIM
TIPUMEHSIOTCH 3aKOHBI COXpaHEHNS HMITYJIbCa W SHEPTHH.

1. PaccMOTpHM CHCTEMY, COCTOSIUYIO U3 LMIMHAPA M MYyAH, KO-
Topas JICTHT TOPU3COHTAIEHO CO CKOPOCTRIO ¥, 3aTe€M 3aCTPEBAECT B
IUIACTHJIMHE ¥ HAUMHAET ABHUIATHCS BMECTE C INUIMHIPOM — NpPOUC-
XOoAuT abcomoTHO Heynpyrhii yanap. Eciim Bpems f coyaapeHust Ny
¢ MIHHAPOM MHOTO MEHBIIE Tiepuoaa 7 koneGanuii MadTHHKA (yc-
JIOBHE NMPUMEHUMOCTH GLTMCTHHECKOTO METOZIa), TO 3a BpeMA / Ma-
ATHHK MPAKTHYECKHA HE YCIIEBacT BRIATH H3 MOJIOXKCHMSA PaBHOBECHS.
B 3TOM MONOXEHHH Ha IMIAHAP ICHCTBYIOT CHa TSDKECTH H CWIHI
HaTspxkeHus1 Hutel. Ha mymo HenmocpencTBeHHO nepeR CoyAapeHHeM
JeHCTBYET TONBKO CHa TsKECTH. ITOCKONBKY NMPOCKIMM BCEX ITUX
CHJI Ha TOPHU3OHTATbHOE HAMpaBJICHUE PaBHEI HYMIO, TO CIIPaBEITHB
338KOH COXpPaHeHHUsT UMITYJIECA CHCTEMHI «LTIWIMHAP~—ITYNsi» IS TIpo-
eKILIMIil Ha 3TO HarpaBJIeHHUE.
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Puc. 1

ITycte m — Macca mynu, M — Macca H{WIMHApA C TUIACTHJIMHOM.
HernocpeacTBeHHO NIE€pel COyAapeHHEM MMAYILC LWINHAPA paBeH
HyJTIO, TIPOEKLIUA VMITYJIbCa My Ha TOPH3OHTAJIbHOE HaNpaBicHHE
paBHa myv. Cpa3y noclie CoyaapeHus, Koraa nyJs 3acTpsia BHYTPH
LWIMHAPA, LIWIKHIP Y YN JBUXKYTCS BMECTE C HEKOTOPOIi CKOpO-
CTBIO ¥, U UMEIOT IPOEKLIUIO MMITYJILCa Ha TOPH3OHTAJILHOE HAIIpaB-
nenue (m+ M)y, CornacHO 3aKOHY COXPaHCHMS WMITYJIbCa

my = (m+ My,

OTclofia HaXOOUM CKOPOCTh NYAH

v=[l+%]ov|. 1)

2. TTpumeM MOMEHT BPEMEHHM Cpa3y MOC/IE 3aCTPEBaHMA Iy/H 3a
HavanbHEI MoMeHT. KuHeTHYecKas 3Heprusa UWIMHAPA € 3aCTpAB-
1Ie# mynei B 3TOT MOMCHT paBHa

W =1/2(m+ MW}

Ilpu 3TOM DWIMHIAP HAXOOUTCHA B CBOEM HMXHEM TIOJIOXKEHUH H
MBI OyZIeM CYMTAaTh, YTO NMOTCHIIHATEHAA YHEPTHSA CHCTEME «3eMIIsi—
UHWIMHAD> B 3TOM TTOJIOXCHHUH paBHa Hy/o. [ToTteHumanesHas 3Hep-
rus 3aech 00yCNOBNEHA CWIOH TSXECTH W 3aBUCMT OT B3aHMHOIO
PacTiONOXKEHUS IWINHAPA N 3eM. 3eMisd pacCMaTpUBAETCH KaK
UHEPLHATIbHAS CHCTEMa OTCYETa, CICAOBATENbHO, €€ MOJIOXKCHHUE He«
M3MEHHO, a CKOPOCTh paBHa Hyiio. [To3TOMy B HayanbHbLt MOMEHT
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BPCMCHH IOJIHAA MEXaHM4CCKasd SHEPIrus CHCTEMbI «3eMna—1m-
JIMHIp» PaBHA €¢ KMHETUYECCKONH 3HEPTUH:

E =W =1/2(m + M)¥}.

3. IIycTh KOHEYHHIM MOMEHTOM BpPEMEHU SBAACTCA MOMEHT,
KOTZIa OTKJIOHEHWE MaATHHKAa Haubosbluce. B 3TOT MOMEHT cko-
POCTH LHFUIMHAPA H, CJICHOBATEIbHO, €10 KHHETUYECKAss DHEPTUs paB-
Hul Hyno. IToreHumansHast 2Heprus U cMCTEMEI B 3TOT MOMEHT Ofl-
peAeNseTcd, KaK M3BECTHO, BBICOTOM A, Ha KOTOpYIO IIOOHAJICH
HEHTP MacC HUAHHAPA OTHOCHTCIBHO IOJOXCHHA, NPU KOTOPOM
MOTEHIHAIbHAA SHEPTHsA ORLIA MPHHATA 32 Hy/ib. TakuM o6pa3oM, B
KOHEYHBIf MOMEHT BpeMEHM MEXAHWYECKAA SHEPIrUsl CHCTEMBI

E=U=(m+M)gh.

JAns cucTeMbl, cocToAIECH U3 3eMIH U LIIMHAPA, BHCLIHUMHU
CHIIAMM SIBJITIOTCSI CWJIHI HATSDKEHUSA HUTEH, a BHyTpeHHEN cWwiolt —
CMJIA TSDKeCTH (CHUIOM TpeHMS B MOABECE U COTIPOTHRICHUEM BO3IY-
Xa TP ABYDKCHHM MAATHMKA MOXHO NpeHeOpeus). BHemKue cunul
He COBEPIAIOT paGoTRI HAX TENIAaMH CHCTEMEI (TOUKA MOABECA HETOA-
BUXHa, IWIMHAP ABMXETCS IO AYTE ¥ CWILI HaTSDKEHUS HUTel nep-
MEHAUKYISIPHBI IBHXCHHIO WWIMHIPa). BHYTpEeHHAA culla — CHia
TSOKECTH — ABIAETCS NMOTCHIMATLHOMH. T103TOMY Npy ABHXEHMH Ma-
ATHUKA JUIS CUCTEMBI «IMAKWHAP—3eMis» BBINOJHAECTCA 3aKOH CO-
XpaHEHUsI MEXaHU4ECKOIl IHEPTHH, ClienoBaTenbHo, E, = E,, T.e.

1/2(m + M)y} = (m+ M)gh. )
U3 Beipaxenuit (1) 1 (2) HallIeM CKOPOCTB MyJIH:

v=[1+%]-‘jm. )

4. BerwuuHy # MOXHO HailTH, U3MEPUB HaNGOIbIIEE OTKIIOHEHHE
MasiTHUKA OT IMOJIOXeHWA paBHOBecHs. Kak BuaHo n3 puc. 1,

h=1—1cosa=2lsin2%. 4)

rne | — paccTosiHMe OT LieHTpa Macc IWIWHAPA A0 TOYKH NOJBeCa;
o — YTOJ OTKJIOHCHMSI MaATHUKA OT TOJIOXEHHS PaBHOBECHS.

C npyroi ctopoHsl, ecnu  R=1/+ b — paccrosiHne OT KOHUA
CTPEJIKM JO TOYKMU TMOJABECA, a N, — BEJIUYMHA CMELIEHUs KOHLA
CTpENIKH BAOJb KA, TO, KaK BUIHO U3 PHC. 1,

=10

sma = ’-‘-b

X |S
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Tax Kak Yron OTKJIOHEHMSI MasITHHKA OT TIOJIOXEHHSA PaBHOBECHS
MaJ, To

. Ny
assSina =——.
I+b
CrnepoBarensHo,

. a
SiIN -~ — = "o

252530+ 0) ®
Orclopa, yuTs BEIpaxeHwe (4),

__ I
h W (6)
JIns ckopoctn Imynu u3 ypasHenuii (3) ¥ (6) momydaeM

v=[l+%] el @)

5. TlockonbKy UAMHIP Ha HATAX PACCMATPUBACTCA KAK MaTeMa-
THYECKHH MAsATHUK, TO J Haxoqum K3 ¢HopMyHl IS Nepuona Mate-
MaTHYECKOTO MasSTHUKA:

1 gT
T = 2nJ: yw (8)

TTopanok H3MepeHH#

1. YcranaBuTh SajumcTHYeCKMil MasTHHK TaKuM obpa3oM, JToObl
HHUTH TIOJIBECa HE TIEpeKpellHBaIUCD.

2. lIIxaimy yCcTaHOBHTD TaK, YTOOBI €€ HYJIEBOE AcJICHUE Haxoau-
JIOCh MPOTHB CTPENKH (3) M NMpU ABWKEHUH LWIMHAPA CTpenKa He
3aieBalia 3a INKany.

3. Cnerka oTKIOHMTH MWIMHAP H3 NMOJOXEHUS PaBHOBECUA H
M3MEPHUTH IPY TIOMOIIH CEKYHIOMEPa BPEMA ! ACCATY TMONHEIX KoJie-
6arnmit MasTanka (n = 10). Ilponenars n3MepeHusa narth pa3. Uc-
TONB3yA CpeAHee 3HaYeHne BpeMeHH £, HaltTv BeymunHy / (cM. dop-
Myay (8)):

gT2

4nin?

O1IcHUTH TIOTPEITHOCTS H3MEPEHNS BETUYHHBI /.

4. B3BecHTE NMYJNIO Ha TEXHHYECKHX Becax (TOYHOCTL BecoB 0,1 ).

5. 3apsaaurh nywky. [Dist 3TOro OTTAHYTh PYYKY MYIUKH JO KOH-
11a ¥ MOBEPHYTh €€ Tak, YTOOBbl OHa 3aLeNMWIach 3a BHICTYIT Tasa.

/=
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BeTaBuTh B CTBOJI MyIIKH MYITIO ¥ NNPOTOJIKHYTH €€ XO YIIOpa METal-
JIMYecKoif nanoyxkoil.

BHUMAHME! IIpu 3apagxe MymiKy cieayeT AepXaTh CTBOJIOM K
cTeHe aynuropun!

YCTaHOBHTEL NYIUKY TaK, YTOOB! IMyJiA MOIJ1a MIONACTE B NEHTP 1(H-
JMHAPA B YWIACTWIHH. [Ipon3BecTH BHCTPEN, RaXUMast Ha PYIKY
IyIDKM M BEIBOAS PYYKY M3-3a BRICTYNA ma3a. OTCUMTaTL MaKCH-
MaJIBHOE OTKJIOHEHHE M, CTPEIKH OT TOJOXCHHUS PaBHOBECHS. Bbi-
HYTB TTYJTIO U3 HWIMHAPA M MPOACATh OITAIT CILE YETHIPE pas3a ¢ IToH
Xe mynei. Halith cpenHee 3Ha4eHME 7, W PacCUMTaTh 10 (opMmyne
(7) CKOpOCTB IYJIH.

Macca \IMHIpa ¢ TWIaCTUWIMHOM M BeJIMYMHA b yKa3aHbl B Tab-
JImlIe Ha cToJie.

HI3aMepeHus HpoBeCTY V1A TpeX Myib ¢ Pa3iMIHBIMM MacCaMu.

Jinst omHOM M3 MyNb (C MPOMEXYTOYHHM 3HAYCHHEM MACCHI) Olle-
HHTB IOTPEIIHOCTh U3MEPEHHA CKOPOCTH M 3alMCaTh pe3yNbTaT ¢
YYETOM MNOrpelIHOCTH, NPH 3TOM IPUHATE BO BHUMAaHHE, YTO
M>>m u upexebpeyr eanHuuel B popmyne (7). Cynras, yto OTHO-
CHUTEJILHAS TIOTPEIIHOCTL H3MEPEHHUS OCTaeTCsl IPHMEPHO OIMHAKO-
BOM JUIA BceX MyJMb B JAHHOM METoJie, HaiiTH aGCOMIOTHEIE Orpel-
HOCTH M 3alIHCaThb OKOHYATCIIbHHE PE3YNbTaTH W3MEPEHHH v Juisd
BCeX TpeX MyNAb C YYETOM MOIPEIIHOCTH.

JIutepatypa

Camennes H.B. Kypc oGwen dpusuku: Yue6. nocobue. B 5 ku. K. 1.
MexaHuKa, — 4-¢ nan., nepepab. — M.: Hayka. ®usmariut, 1998.

T'naBa 3. 3aKOHHB COXpaHEHHSI.

§ 3.2. Kunetnyeckas sueprud u pabora.

§ 3.5. IToreHunansHas 3HEPrusA BO BHEWHEM MOJAE CUIL.

§ 3.7. 3akoH coXpaHEeHUst IHEPIUM,

§ 3.10. 3akoH coXpaHeHWsl UMITYJIBCa.

§ 3.11, CoynapeHue qByx Tel.
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PA3JIEJI 2

BPAIIIATEJIBHOE JBUXEHHUE

3amaga Ne 5

ITPOBEPKA 3AKOHOB BPAIIIATEJIBHOIO JBHXKXEHUA
IIPH INIOMOIIIN MAATHHNKA OBEPBEKA

ens 3a389K: IKCNIEPUMCHTANIbHAast IIPOBEPKA OCHOBHOIO 3aKOHa
AHHAMHWKHM BpalIaTCIbHOIo ABMXCHHUA — YPABHCHUS MOMEHTOB.

OmxcaHne YCTAHOBKHM (IepBblif BAPHAHT)

ITpu6op ~ MasTHUK O6epbeka — COCTOMT M3 YETRIPEX CTEPXHEN
M IIKHMBOB Pa3IMYHEIX PAIHYCOB, BpallaloIIUX-
Cd OTHOCHTECIBHO TOPH3OHTAJILHOM  OCH
(puc. 1). Ha cTepxHu HacakeHBl OMUHAKOBLIC
IpYy3bl UMIMHAPHYECKOK (HOPMBI, KOTOPHIE
MOXHO IIEpEMEIATE U 3aKpEIUIATh B HYXHOM
MOJIOXECHUH NPH NOMOIUM BUHTOB. EcCiM Ha
KOHIIE HUTH, HAMOTaHHO! Ha OAWH M3 IUKHBOB,
YKDENHTh IPy3, TO MOA AEHCTBUEM CHIIHL TSXKE-
CTHU TIOCNEAHUII HayHeT OIyCKAThCH, NPUBOAA
MAafITHUK BO BpalllEHHUE. Puc. 1

BriBox pacyerHoit ¢opMynt
Yto6bi OnpenesinTs, XKaKk SyAeT ABUTaThCH CHCTE-
4, Ma «Ipy3—MaATHHK», HCOOXOMUMO HAIMMCATh YpaBHe-
3 HMSA IBWXEHUS: BTOpoii 3akoH HeI0TOHA B npoekiMu
) Ha BEpPTUKAIBHYIO OCh IUISI TIOCTYIIATENBHOTO JIBHKE-
HMSA Tpy3a ¥ ypaBHEHHE MOMEHTOB OTHOCHTEJIBHO
P \  OCH BpalllcHUA W1 BpaliaTeIbHOTO ABMXEHUA MasAT-
T ‘ HUKa.
Ha rpy3 neiicTByloT (np TNpeHe6pexXeHHH CHa-
g MM TPEHMS) CHWJIA TSXKECTH mg, TAe m — Macca Ipysa
Puc. 2 U g — YCKOpeHHEe cBOOOAHOIO MaJeHUs, U CHUIa HaTH-
Xxenust HUTU T (puc. 2), TaK YTO YpaBHEHUE IBUXKE-
HKSA rpy3a (B IIPOESKI[HMA HA BEPTHKAIb) UMEET BH]

ma=mg—T, (1)

Tae a — yCKOpeHue rpysa.
W3 MOMEHTOB cHII, ACHCTBYIOLMX Ha MAaATHUK, OTJIHYEH OT HyJIA
JIM1Ub MOMEHT CUJIBI HaTsokeHUst Hutu M=[RT], rne R— pagnyc-
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F

BEKTOP TOYKM NPUIIOXEHHUS CHIBI, YHCICHHO PaBHBI panuycy
KuBa. JelicCTBUTEIPHO, MOMEHTRI CHJIB TAXECTH mg ¥ CWIB N—
peaxkl¥u ocH, Ha KOTOPO# 3aKkpeIUleH MAATHUK, PaBHE HYJO, TaK
KaK OHU HanpaRrIeHk 10 TUHUM, TIPOXOMUeH Yyepe3 och BpallleHUS,
BCEMU CWIAMM TPEHHH B 3TO 3a1aue MOXHO NpeHebpeys. CreloBa-
TeNbHO, YPABHCHHE JBWDKECHHS MaATHHKA UMEET B

JB=[RT], (2

rae J — MOMEHT HHEPLIMK MasiTHHKA OTHOCHTEJIBHO OCH BpaIleHHA;
B — ymioBoe YCKOPEHUE MassTHUKA,
Yckopenns rpysa M MaTHHKA CBA3aHE COOTHOMIEHHEM

a=PBR. 3)

C yyeToM CHHYca yria Mexay BeKTopaMu R, Twu R, f B ypaBHe-
HUAX (2)—(3) ypaBHeHHs (1), (2) u (3) MpMHMMAIOT cieayiomMiA
BUO:

ma=mg-T,
JB=RT, @)
a=pBR.

Hcwmouast U3 3TUX ypaBHeHH# B w1 7, HAXOOUM YCKOpeHHue:

a-—8 ©)
J
1+—
mR
KOTOpOE, KaK BUIHO U3 3Toi dopMynnl, nocTtogHHo. [To dopmyne
PaBHOYCKOPEHHOTO ABUXEHUS h =at?/2 yCKOPEHHE MOXHO BHIpa-

3UTh Yepes MyThb IPy3a 2 U BpeMA IBHXCHUSA f:

a= f_f (6)
ITpupaBHAB NpaBbIc YacTH BeipaxeHH (5) u (6), momyynm dop-
MyJy Ui MOMEHTa MHEPLIMY MasTHHKA

L[ 7
=32 mD [ T ], )
TIe BMECTO paJdyca LIKMBA BBeleH ero quaMetp D=2R.

BriBeneM aBa cneactBuA U3 ¢popmyist (7).

IlepBoe cnencrene, IlycTs B OBYX ONMBITaX I'Py3, OMYCKasCh, PO-
XOOUT OOUH U TOT Xe€ MYTh /, IpHYeM MOMEHTHM CHJI Pa3JHYHAI
(8 nepBoM oruIte GepeTcst rpy3 Macchl m; ¥ HUTb HAMATLIBACTCH Ha
WKuB guameTpoM D,, BO BTOPOM OINEITE HCMONL3YIOTCA IpPY3
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MacCH m, H WIKHB AMaMeTpOM D)), a2 MOMEHTh MHEPIHH OTHHAKOBM
(nonoxeHne UWIMHAPOB Ha CTEPXHAX MAaATHMKOB OCTAETCHA HEHU3-
MeHHEIM). O603Ha4as 4epes f, U #, BpeMs NaJleHHsd Ipy3a COOTBET-
CTBEHHO B NepBOM M BTOPOM ONKITaX, U3 GopMYIH (7) uMeeM

2 2
m D [i’—,’, - 1] = myD? [é;ﬁ- - 1]. (8)

Bropoe caencrsue. Ilycte Tenepp B ABYX OIBITAX MOMEHTHI CHJ
OMHHAKOBM (B O6OMX Cly4yasX MCIONb3YeTCsd OOUH W TOT Xe Ipy3
MacChl m M IIKHB AHaMeTpoM D), a MOMEHTBl KHepOMU PA3IHYHBI
(B NepBOM ONBITC WWIMHAPH Ha CTEPXHAX paclojiaralorcss Ha pac-
CTOSTHHM /;, a BO BTOPOM OfIbITe — HA PACCTOSAHMUM /, OT OCH Bpalie-
HUS).

MoMeHT MHEPIIMK MagTHUKA J CKIIaIRIBAETCA U3 MOMEHTA HHep-
KN JyMasgTHHKA 6€3 UMIMHAPOB M M3 YETHIPEX OAWHAKOBBIX MO-
MEHTOB MHEPIMH J' KaXIoro NMAMHAPA OTHOCHTENBLHO OCH Bpalle-
HMS:

J=J,+4J. 9)

IIo Tteopeme Illteiinepa MOMEHT WHep-
UMH J UWIHHAPAa OTHOCHTENBHO OCH BpalleHus
(Ha puc.3 oce BpalleHMsA NeEPNEHAUKYIAPHA
IUVIOCKOCTH 4epTexa U u3obpaxaercs Touykoil O)
MOXET OBITh MIPCACTABICH B BH/C

J =T+ ml?, (10)
roe J' — MOMEHT WHEpPUWM LIWIMHAPA OTHOCH-
TEALHO OCM, TIAPaUICIBHON OCH BpallcHUS M NpoxomsAmiell yepes
LIeHTp Macc (Ha puc. 3 3Ta ocb H3o0paxaerca Toukoi 0); I= 00’ —
paccTosiHHe MeXAy obeMMm ocaMM; m' — Macca LIFUTMHApA.

C yuetoM (10) dopmyna (9) maer
J=Jy+ 4Tm' 2.
IToacraensas 310 BeipaxeHue B dopMyny (7), iMeeM Wi NIEPBO-
ro onslta (/=/,, =) n JUIs1 BTOpOrO ONMBITA (/=1,, I=1,):;

2( 442
Jo + 4J(;m'll2 = ﬂ[:‘_tl_ - ]’

Puc. 3

4 | 2
D2 2 (1 1)
Ty + 4Jmh? = '”T [g’—; - 1].
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BriuuTast Bropoe paBeHCTBO U3 NEPBOTO, HallieM
D2(22 - 1,2)
am? -y =787 —h )
m (- 57) 8k
OTKYyna
2 _ 2hm' (42 - 1Y)
mgD? )

JKcnepuMeHTATEHAA TIpoBepKa dopMyn (8) u (12) U saBasercsa
LEJIBIO 3a]Ja4YH.

B -t (12)

Ynpaxcnenue 1
Ilepnuiit cayqail npoBepKH

B 3TOM ynpaxXHeHWH TIpoBepdeTcs NMepBoe cleacTaue, T.e. dop-
Myna (8). 3MepeHuIo TIOWIeXaT BETHIUHEL m,, m,, D,, D,, h, ¢,, 1,

Ilpexne yeM NMPUCTYIHTL K H3MEPEHHUSM, pacrionaraloT HWiIHH-
ApH BOMM3N yRaleHHHIX OT OCH BpAIEHUs KOHLIOB CTEepXHeil Ha
PaBHEBIX PAcCTOSTHUAX OT ocy MaaTHuKa. [Ipu aToM Heobxoanmo,
qTOBEI NIPU HEHATAHYTON HUTH J11I060€ NOJIOXKEHNE MasSTHHKA SBNA-
JIOCH TIOJIOXeHHeM Oe3pasiuuHoro paBHoBecus. Eciu paBHOBecHe
OTCYTCTBYET, €10 MOXHO JOOMThCA clieayiomnM obpa3zoM. Pacrona-
TaI0T IBa CTEPXHSA MasSTHUKA TOPH3OHTATEHO M CJIETKA TIEPEMEIAIOT
OIVH M3 LIWIMHIPOB HA HUX, NOKA HE HACTYIIUT PAaBHOBECHE. 3aTeM,
MOBEPHYB MasTHUK Ha 90°, NpH HEOOXOAUMOCTH NOBTOPAIOT aHAJIO-
THUYHYIO OTEpalHIo.

Anamerpu D, n D, IUKMBOB H3MepSIOT HITAHTEH-
LIMpKY/IEM He MEHee TIATH pa3 B Pa3IMYHBEIX MECTax.

Maccel m; 1 m, Tpy30B ONPENENAIOT B3BCLUMBAHHEM
™=}~ 1 HYMEPYIOT TaK, yTO6H GOMNBILAST MACCa MMENa TOT Xe
r_g_ h HHAEKC, YTO H MEHBIIMI JUAMETD LIKWBA.

N Ilyts Tpy3a A u3MepAOT METPOBON JMHEHKON Kak

Puc.4  DACCTOsSIHME OT TioNia 0 HUXHENO OCHOBAaHMsS TIpy3a

(puc. 4), xoTopoe BO BCEX ONKITaX B HaYaJBHHIK MoO-
MEHT J0JDKHO HaXOOMTHECA HA OXHOM YPOBHE.

HaMoTaB NMoYTH LEIMKOM HUTHL Ha LUKWB aWaMeTpoM D, u non-
BECHB Ha €€ KOHEL IPy3 MacCoif m,, U3MEPSAIOT CEKYHIOMEPOM Bpe-
M ¢, onycKaHMs rpy3a. Bximoyalor ceKyHIOMep B MOMEHT OTTIyCKa-
HMA rpy3a, KOIJa OH HAXOAUTCH HA PACcCTOSTHUU h OT TMOJNA, a BH-
KJIIOYaioT B MOMCHT yapa Ipysa o noj. ONKT MOBTOPAIOT HE MEHEE
IISITH pa3.
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ITocne 3T0ro NEpeKNALBAIOT HUTH HA JAPYTOM IIKHB AHAMETPOM
D, v nofBeNIHBAIOT K Hel Apyroii Tpy3 Maccoit m,. [losropsior aHa-
JIOTHYHYIO CEPHIO M3 TISTH ONBITOB, HIMEPSA BPeMA £,

IloacTaBnss M3MEPEHHBIE 3HAYEHUA BEJIUMHH B opmyny (8),
BLIMMCJISIIOT €€ TIPaByIO M JIEBYIO YacCTH:

2 2
Al =m,D|2[§2%—— ], A2 =I”2D22[%"1].

OLeHVB NOrpeNrHOCTH BHPAXEHNI A, 1 A,, CPaBHUBAIOT 3TH JIBa
BBIPDAKECHUS:

A =(.2.)kr M2, Ay %,
4

Ay =(..t.)Kr ML, A4 ..%.
4
Ipn BriBoae dopMynsl LA MOTPEUTHOCTH MOXHO NpeHeOpedb
eIMHHULEH B ckoOKaxX, TaK Kax MpH YCIIOBWY OMBITA g12/2h>> 1.

Ynpawcuenue 2
Bropo¥i ciyyad nposepEn

B 3TOM ynpaXHeHHH NpOBepsAeTCS BTOpOE CAEACTBHE, T.€. dop-
myJia (12). HuTh HaMaThIBaeTCAd HAa MIKHB MEHbILEro paavyca W Ha
ee KOHell NoABEIINBAETCA Ipy3 MEHbLUeH MaccH. Macca m’ Kaxno-
ro IMIMHAPA Ha CTEPXHE yKa3aHa, a BHICOTA / N3MEpEHa paHee, TaK
YyTo JNA TIpoBepKU (opMynn (12) ocraercs
U3MEDPHTh PAcCTOAHUA /|, 1 [, 1 COOTBETCTRYIO-

IMe 3HAYEHUA BPEMEHM £, H £,

He n3MeHsAs pacroNioXeHusi UHIHHIPOB,

ONpPENEISTIOT CPEaHEe PACCTOSHUE /| OT LEeHTpa Y N
Macc WIMHIpPa A0 OCU BpaleHuA. s 3toro

M3MEPSIOT JMHeHKON pacctosmma L, v L,

MEXIY COOTBETCTBEHHBIMM OCHOBaHUAMM

KaXIOW Naphi CHMMETPHYHO PacIiONOXeHHBIX Puc. 5

LWIXHIPOB (pHc. 5).

QuesunHo, | = L : .
HU3mepaioT BpeMs NaneHUA rpysa f, TO4HO TaK Xe, KaK B YIpax-

HeHnH 1.
BTopylo cepuio U3 NATH OMBITOB ITPOBOAAT NPU HOBOM PACCTOS-
HWH /, LIWIMHIPOB OT OcH BpalieHus (/, < /), pacrionaras IWIHHA-
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PH CYILECTBEHHO GMiDKe K OCH BpaIleHHs, HO TaK, 4ToOH BpeMs Na-
JeHud Tpy3a 6sU10 He MeHee 5—8 c¢. JoOuBIIMCH MonoxeHus 6e3pas-
JIMYHOTO PABHOBECHSA IPY HOBOM PAcTONIOXEHUM LWIMHAPOB, ONpe-
HeNAIOT PacCTOSIHUE [, ¥ BpeMsi NajieHHs #, TOYHO TaK Xe€, KaK B IIpe-
JBIOYLIEM clTyvae:

b+l
2 T

TToncraensas uaMepeHHEBIE 3HaYCHUs BEXWYMH B dpopmyny (12),
BBIYHCIIAIOT €€ JIEBYIO H MPaBylo YacTH:

32hm' (47 - by
mgD’

ONEHMB NOIPEITHOCTH, CPAaBHMBAIOT Pe3yNLTaThi:

AB
2
B(:t)cB

2AC

B=4*-1),C=

.5,

C=(.zt..)c ..%.
Onycanne yCTAHOBKH (BTOPOH BRPHAHT)

)

' Ha BepTHKANEHOM KOMOHHE (2) (pHc. 6) MPUKPeIUIeHK ABA KPOH-
LITERHA — HIDKHHI HenOABWKHAHM (1) M BepXHMH MOOBIKHLIHA (6) —
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¥ xBe HenoaBuxHeie BTynkH (3) ¥ (7). Uepes BepxHut auck (11)
NepeKuInIBaeTCa HUTH (5), OOMH KOHEU KOTOPOM MpUKpEeILieH K
IBYXCTYTICHYATOMY OHUCKY (8), a Ha IpyroM KOHLe 3aKpeIvieHs! Ipy-
36 (10). Ha HuXHeM KpoOHINTefiHe TIPHUKpPeIIeH TOPMO3HOM Mar-
HUT (4), KOTOPHII MOXET YAEPXUBATL CUCTEMY KPECTOBUHEL BMECTE
€ TPy3aMH B COCTOSIHMH TIOKOA. 1 oTCHETa IUIMHEI IIYTH Ha KOJIOH-
He HaHeceHa MWUIMMeTpoBas mxana (9). Ha kpoumrreiinax (6) u (1)
3aKPEIVIEHE (POTOIIEKTPUIYECKUE JATYMKY, (PUKCUpPYIOIIME BpEMS
TIPOXOXAEHHSA TPY30M YYacTKa IYTH MEXAY TaTYMKAMH.

Ha nuiierolt maHe M MWITHCEKYHIOMEPA PACITOJIOXEHB! CAEoYIo-
LIHe 3JIEMEHTHI YIIPABICHUA:

(12) «CETDb» ~ HaxaTne KIaBUILY BKITIOYAET HaNIPSDKEHUE ITUTa-
HMS (BCE MHANKATOPH BEICBEYMBAIOT LINbpY «0» U CBETATCA JTaMIIOY-
KH QOTOINEKTPUUECKUX XATIHKOB);

(13) «CBPOC» — HaxaTHe KIABUIIY NMPUBOIUT K ¢OpOCY Npeaki-
HAYIIETO ITOKA3AHMS;

(14) «IIYCK» — ymipapiieHHe MEKTPOMArHUTOM — HAXKATHe Kia-
BHILIM BBI3BIBACT OTKJIIOYEHHE JICKTPOMAarHuTa M NPUBOAWT B IBH-
KEHHUE MEXaHNYCCKYIO CHCTEMY.

Ynpaxmcnenue 1

B 3TOM ynpaxHeHWM NMPOBEPAETCA TIEpBOE CJEACTBHE POPMYIKI
JUIST HAXOXAEeHUS MOMEHTa UHepiuu MasstHka Obepbexa, T.e. dop-
myna (8).

HeoGxonumo 3HaTh BETUYHMHBEL m,, m,, R, R,, t, U 1, tAe m —
Macca rpysa, puBA3aHHOTO K HUTKe (m, = 53 r); m, — cKnaaniBaeT-
Cd U3 m, M Macchl JBYX JOMOJHHUTENBLHEIX rpy3oB No 40T,
D,=42 mm; D,= 84 mM; h=40 cM; 1, 4 {, N3MEPAIOTCA B TpolIecce
5KCTIEpUMEHTA.

IIpexne yeM NPUCTYIIUTL K M3MEPEHUSAM, PACTIONaralT LUVIHH-
JIpBl BOMM3M yHANTEHHBIX OT OCH BpallleHHsA KOHLOB CTepXHeil Ha
PaBHBIX pacCTOSTHMAX OT OCH MasiTHuKa. IIpy 3TOM HeobxoamMo,
YTO6HI MPH HEHATAHYTOU HUTH Mobo¢ NMONIOXEHHE MaATHUKA SIBJIA-
JIOCEh TIONOXEHMEM §e3pa3IMYIHOIO PaBHOBECHUS.

ITopanok n3mepennit

1. BxmouuTts mpu6op B ceTh.

2. 3aKkperuTh HUTh Y3eJKOM Ha IleyKe IIKUBa R,

3. [Tonsecuts rpy3 m,.

4. HaMarTeIBast HUTb Ha IUKMB R,, yCTAHOBUTb HIWXKHUI Kpail rpy-
3a TOYHO Ha YPOBHE YEPTHI Ha KOpIyce BepXHero GoToaieKTpuiec-
KOro JaT4HKa.
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5. Haxanr xkHonky «CETDb», 3apuKCHUpoBaTh MarHUTOM Ipy3 B
3TOM TIOJIOXKEHHH.

6. Haxatb xHonky «JTVCK>».

7. 3armcars 3HauYeHMe /,, BRICBETUBILICECS HA IKCIUIEE MHJUTHCE -
KYHIOMepa.

8. Haxatns xHonky «CBPOCs.

9. IToBTOpHO MOXHATH TPY3 IO BepxHei yepTw, riae 3adpUKCUPO-
BaTh €ro, oTIycTHUB KHONKY «ITVCK».

10. IToBTOPUTH U3MEpPEHNS NECATH Pa3.

1 1. TIponenats To Xe caMoe AJs WKKBA pagnyca R, ¥ Macchl m,,

TMoxncrasnas uaMepeHHbIe 3HaYeHNA B opMyiy (8), BEIYUCINTD
€e JIeBy10 H NpaByIo YacTH.

Ynpawnenue 2

B aToM ynpaxHeHnn nposepserca dopmyna (12). Inst aroro He-
06X0JMMO M3MEPHTB PaCCTOAHHA /, M /, H COOTBETCTBYIOWIME 3HaYe-
HUS BpEMEHH 1, H 1,

He #3MeRas pacnoiiokeHHNs HWWIMHIPOB, KOTopoe ORUIO Npy BRI-
TIONTHEHVH YTIDAXHEHNS |, OMPEAENSIOT CpemHee pacCcToaHue /| oT
LIeHTpa Macc UWIKHADPA A0 OCH BpauleHns. U3MepsioT AecATh pa3
BpEMsT NIAICHMA TPy3a 7, TOYHO TaK Xe, KaK B YIpaXHeHHH 1.

BTopyio cepHIo H3 IATH OITRITOB NMPOBOAAT IIPH HOBOM PaccTOs-
HUM /, MWIMHAPOB oT ocu BpauteHus (1, < /). obusumcek nonoxe-
HYA 6e3paTMYHOTO PABHOBECUS ITPH HOBOM PACIIONOXEHUH LIVUIMH-
JPOB, OTIPENEIAIOT 3HaYeHUE /, ¥ BpeMs MaleHUs ¢, TOUHO TaK Xe,
KaK B NMpeLAyIIeM Cyyae,

IMoacrarngs u3aMepeHHEIE 3HAYCHHUA BeINYHH B dhopMmyny (12),
BBIYMCIISIIOT e¢ JIEBYIO 1 NpaBhie YaCTH YU CPABHUBAIOT pe3yJLTATHL.

JInteparypa
Casenses M. B. Kypc obwe#t dusuxku: Yueb. nocobue. B 5 xu. KH. 1.
MexaHuka. — 4-¢ n3z., nepepab, — M.: Hayka, ®uamarmur, 1998,

I'maga 5. MexaHKKa TBEpPIOTO TeJa,
§ 5.3. BpaujeHue Tena BOKPYT HEMOABYDKHOM ocH.,
§ 5.4. MoMeHT HHepLMH,



3anaua Ne 6

OITPEAEIEHUE MOMEHTA MHEPIIMH TEJ
U NIPOBEPKA TEOPEMBI ITENHEPA METOA0M
KPYTUIBHBIX KOJEBAHHN

Ilens 3ana4u: ompenesieHHe MOMEHTa HHEPLIMM TeNl M IpOBEpKa
TeopeMHbl O MAapaIeABHBIX ocax (TeopeMul IIITeitHepa) mMeTomOM
KPYTHJIBHBIX KONeDaHW.

BoiBoa pacueTHoill dopMy.IHI

Ecxu i ogHOPONHEIX TeN NpocToil GOPME MOMEHT MHEPLIMH
MOXHO 6€3 0CODLIX 3aTpYIHEHHI BLIYHCIIUTD TEOPETUYECKH, T.C. MO
ONPEAEJIEHUIO, TO LA TEJI CIOXHOK HOpPMBI WIH C HEPaBHOMEPHBIM
pacrnipencieHUeM MacChl MPsAIMOM TEOPETHYECKHIL pacyeT MOXET OKa-
3aThCS CJIOXKHBIM M Aake MPaKTHYeCKH HeocylecTBUMBIM. IToaTto-
My GONBIION HMHTepec TIPEACTABIAIOT SKCNIePUMEHTAIbHBIC METOAB
omnpezeneHHsi MOMeHTa WHepUWH. OOMH W3 HUX — METOJ KPYyTHib~
HBIX Kone6aHuii TpuWIAPHOro noxseca — U3y4aeTcst B HacTosIeR
3afaye.

TpudwiapHeIii iogsec Mpeacrasnger codol kpyryio riardop-
MYy, TIOABEIICHHYIO Ha TPEX HUTAX K HENMOABWXKHOMY IUCKY MEHb-
uero paguyca (puc. 1).

Ecnu nnatdopMy, MYCTYIO HIH C TPY30M, MOBEPHYTH Ha MaJTBIA
YTOJI BOKPYT BEpPTUKAJIBHON OCH M OTIYCTHTB, TO OHa 6yaer coBep-
aTe ABMOKEHHE, NpeJcTapiaonee cobolt aBa OAHOBPEMEHHO NPO-
HCXOIALLUX KOJeOaHUA: KONebaHue «BBEPX—BHHU3» B BEPTHKANbHOM
HaNpaBJIeHUH M KPYTHJIbBHOE KONeGaHHEe OTHOCUTENIbHO BEPTHKAJID-

o) T2
{ M 4 ;
G ‘; 1] ‘
o} i
I
~ T
- ot \Ud
o r='t;/ o h n l;f

Puc. | Puc. 2
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Holl ocu cuMMeTpUM NonBeca. JIerko BUAETH, YTOo nepuox T Kpy-
THWIBHBIX KOJIeGaHu BIBOE Gosblle MepyHoaa BePTUKANBHEIX Koneba-
Huit (puc. 2): 33 OAMH M TOT Xe MPOMEXYTOK BPEMEHM (f, — {)) Tox-
BEC COBEpLINT NMOJOBHHY KPYTWIBHOTO KoleOaHus (ITpoind U3 rnono-
XEHUS ¢ MAKCUMAIBHEIM YIJIOM OTKJIOHEHUS +¢, B MIOJOXEHUE C
MaKCUMAIbHEIM YIJIOM OTKJIOHEHHS —@, B MIPOTUBOITOIOXHOM Ha-
NpaBNeHHN) ¥ OTHOBPEMEHHO MOJIHOE KOoNehGaHUe B BEPTUKAIBHOM
HanpasJeHUU (M3 HaUBBICIIETO NOMOXKEHHSA ¢ h = h, 4epe3 HaUHU3-
IIee noyioxeHue ¢ =0 CHOBa B HaWBEICILIEE TIOIOXEHUE),

BriBeneM popMyny, CBAILIBAIOILLYID MOMEHT MHEPLHUH CUCTEMhI
«mnardgopMa + rpys» ¢ NepHOJOM KPYTWIBHBIX KoneOanuii. CHavya-
a BOCITONIb3YEMCA 3aKOHOM COXpaHEHHUsI MEXaHW4YECKOH 3HBEpPrHH.
Ha cuctemy <«mnardopma + rpy3» ACCTBYIOT CHIBI TSXECTH, CAITRI
HaTKEHUA HUTell ¥ cunel Tpeuus. CHIB TSXECTH KOHCEPBATHB-
HEL, paboTa CWI HaTAXCHMSA paBHa HYJMIIO, TaK KaK CHIA HATSXEHUSA
MEePNEeHANKYIApHA HANpaBJIeHWIO ABHXEHUS TOYKM €€ NpHIIoXe-
HHSA, T.€. TOYKU 3aKpETUIEHUA HUTH; CMUTaMH TPEHMS BBUAY UX Ma-
Jocty npeHedperaem. [ToaToMy coracHo 3aKOHY H3MEHEHUSA H CO-
XpaHEeHUsI MEXAHWYECKOI SHEpIrHM MEXaHWYECKas SHEPIUsa paccMar-
pUBaeMoil CHCTEMb! JOJDKHA COXPAHATECS.

B ToT MOMEHT (4, Ha pwuc. 2), Xoraa nnarhopMa HaxoguTCs B
HaMBLICILIEM ITOJIOXEHUH, CUCTeMa 06J1afiaeT NOTEHLIHANBHOM SHep-

et

E,(,Br = mghy,

. [OE m — Macca CHCTEME!; £ — YCKOpPEHUE CBODOIHOTO MageHusi, B TO

BpeMs KaK ee KHHEeTHYecKas 3Heprus EY) =0, Tak KaK B TOT MO-
MEHT CYICTEMa OCTaHABINBAETCH.

B nmpyrolt MOMEHT BpeMEHH, KOTla CUCTEMA TIPOXOIMT IOJIOXKE-
HMe paBHOBecHs (f, Ha puc. 2), HaobopoT, E{, =0, TaK Kak A(#,)=0,
B TO BpeMs KaK KVHeTHYecKast SHEPTUsi CUCTEMEI

L
Egn =——
2
rae J— MOMEHT VIHEPLIMH CHCTEMbl OTHOCHTENIBHO OCH BPaLICHUS;

., — €€ YTJIOBas CKOPOCTh B MOMEHT NMPOXOXICHNS MOJOXECHNS paB-

HoBeCHS,
ITpupaBHHBas MO 33KOHY COXpPAHEHMS MEXaHUYECKOM 3HEPTHM

3HaYeHNA TI0THON MeXaHH4YecKoit 3HCPruN B MOMCHTHI /, U [,, UMEEM

m%:f_zwﬁ. (1)
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BripasuM Tenephb YIJIOBYIO CKOPOCTh @, Yepe3 MaKCHMMATbHEIH
YTOJ OTKJIOHEHNS @, CunTast KpyTWIILHEIE KONE6aHIA TapMOHIIEC-
KUMH, UMeEM

o(?) =<posin[—271,[-t+a],

roe ¢, — aMIumTyaa; T — nepuon; a — HadanbHas ¢asa.
Vrnosas cXopocTh « COIACHO ONPEACNICHUIO BEIPA3UTCA TakK:

o(f) == =g, %COS[%—;I‘+G]

N3 nocnenneit gopMynbl, nonaras cos [—2-;!+ a] =1, AN Makcu-

MATBHOTO 3HAYCHHUA © UMEEM

2n
® = %T-

IToncrapnsas 31o BelpaxeHue B Gpopmyiry (1), momyunm

mghy = 1 I(MT )
2\ r )

HaxoHen, HaiiieM CBSI3b MEXIY BEIMYNHAMHA
h, u ¢, B popmyne (2). Ha puc. 3 usobpaxeHnl
NOJOXEHHS TOYKH 3aKPETUIEHHA HUTH B MOMEHT
MPOXOXIACHUA MOJIOXEHHA paBHOBeCcHA (A) U B
MOMEHT MaKCHMANBHOTO NOAbEMa (4,).

3neck R=A0= A, O, — paanyc nnatrpopMsl,
r=C,0, — paguyc BEpXHEro AMCKa; /=AB=
=A,B — wmHa HuTH; hy= 00,= CC, — MaKcu-
MalikHasl BHICOTA NMOABEMaA; @, — MAKCHMAJIbHAIMH
yron mosopora. Kak BHUIHO M3 pPHCYHKa,
h,= CC,= BC— BC,. Ucnons3yeM popMyiry i
Pa3HOCTH KBAIPATOB:

(BCY* - (BC)) 3
hy = BC - 15!6',.———)3(_,+BCl . 3
Bxogsiue cioa BEJHIYMHH JErko BRYHCIHTE — (BC)* HaiineM
no treopeMe Indaropa u3 AABC:
(BC)*=(AB)*~(AC)*=PL—(R - r?, @)

(BC,)? Beipaznum nio Teopeme Tlndaropa u3 AA, BC,, Acionb3ys Teo-
peMy KocuHycoB 1ist ctopoHsl 4,C, A4,C,0;:
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(BC,)?=(4,B)*—(A,C,)?= P—(R*+ r=2Rrcosq,).  (5)
' Tpy ManbiX yriax OTKIOHEHHA U [P YCIOBHM R~ 7 BHIpaxXeHHe

B 3HaMeHarene dopMyns (3)
BC+ BC, ~ 21 (6)

IMoacTapnss noaydeHHbie Bupaxenus (4)—(6) B dpopmyny (3),
HMeeM

hy = 2Rr(1 — cos @g) -

-2 Qo
Rrsin —2.
2 !

2
TaK KaK A1 MAJIbIX YIJIOB Sinc.~a, TO sin? 9;—" = -";—0 , TAK 4TO
hwl
= )

U
Hoacrasnas cootHowenne (7) B dopMyny (2), noamyyuM

Rrgd 1, 4xlq}
SLLOEEY RLE.
K TR R

" orkyna

ngr 2
—-,-—T .
47l ®)

Tlo aroit popMyne, 3Hag COOTBETCTBYIOIHE MapaMeTPH CHC-

I=

_ TeMbl M MU3MEPHUB Mepuol KoNeGaHUi, MOXHO BHIYHCIATL MO-

i

MEHTH MHEPLNHU.

Ynpaxcuenue 1
Onpeneniene MOMEHTA MHEPUNH HeHAIPYXeHNOH nRATHOPMBI

TpeaBapuTeNbHO YCNIOKOMB MUIaToOpMy, coobualor it cnaberit
BpaniaTedsHHN MMITYNIBC, CJierKa JEPHYB 3a BEPEBKY, IIPUKPEILICH-
HYIO K BEPpXHEMY JAMCKY. AMILTHTYIA BOHUKIUMX KPYTWILHKIX KOJle-
Ganuit 1o/DKHA GBITE CTONME MATO, YTOOK MAKCHMANTBHOE OTK/IOHE-
HHMe TOYKM 3aKpEIUICHUS HHUTH B KaXOyi0 CTOPOHY He IpPEBRILIANIO
1 cM, MOCKONBEKY TIpY GONBIIMX aMILTHTyAaxX KoneGaHUsA MOryT cy-
WECTBEHHO OTIMYATBCA OT rapMOHHYecKuX. KpoMe Toro, cneayer no

{ BO3MOXHOCTH H30€ratb nonepeyHuX KoseGanuii ruiaTrdopmel.

B onuH B3 MOMEHTOB, COOTBETCTBYIOIIMX MAaKCHMANBHOMY OTKJIOHE-
HHIO IIATPOPME! OT NIOJOXEHHS PABHOBECHS, BKIIIOYAIOT CEKYHIO-

! Mep M M3MEPAIOT BPeMS ! ABAALATH NMONHEIX KoNeGaHuii. YTobb1 Hc-
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KTIOYHTH BOIMOXKHYIO O1IUOKY B cueTe yucia Kojie6aHuif, OnbIT no-
BTOPAIOT IISATh pa3, OOUBAACH TOr0, YTOOK M3MEPEHHEIE 3HAYCHUS
BpeMCHHM [ OTIMYANUCH OPYT OT Apyra He 6onee ueM Ha 0,2—0,4 c.

Yro6b1 136exaTh BLIYHCIICHUS NEpHOAA KoneGaHuii M YIIpOCTHTh
TIpOLEAYPY OLICHKU TMOTPEIIHOCTH, HelecoobpasHO BBECTH B HopMy-
ny (8) BMecTo nepuoaa 7 HeNOCPEACTBEHHO H3MepseMoe BpeMs ¢
(T=1/20):

I, = meR
1600x°/
IMoacTasngs ciofa cpelHee 3HaYCHUE 7 M NIPYTHUX BEJIKYNH, BXO-
Jauux B GopMyiy (YKa3aHBI B TaOMHUKE HA CTOJe), BRIMHUCIAIOT MO-
MEHT MHepLMH 1iaThopMH /. OLIEHMB NOTPELTHOCTH, 3aNMChIBa-
10T OKOHYATEIbHLIN pe3yJbTaT:

(8a)

I, =Gt )xr M2 éi]- =..%.

Ynpaxcnenue 2
Onpenenenne MOMEHTA MHEPHMH IMARHIPR OTHOCHTE/BHO €10 OCH

JBa oaMHAKOBEIX UWIMHAPA pacnoNfaraioT Ha ruardopme oouH
Ha JIPYroM Tak, YTOOEI UX OCU COBMAAANM C OCBI0 CHMMETDHH TIaT-
$opMEI (uIg 3TO# ey Ha MaTdhopMe HAHECEHA CHCTEMa XOHIIEH-
TPUYECKUX OKpYXHocTeil). DopMyna (8a), rie B KaueCcTBe MacChl
CHUCTEMHI TETIEPh CIEAYET B3SATE CyMMy Macc (m + 2M) mnatdhopMH
m ¥ OIBYX UWWIMHAPOB 2M, onpenelnT MOMEHT UHEPLIMH BCE CHC-
TEMBI, T.€. CYMMY MOMEHTA MHEPLMH TUIaTGOPME I, M JIBYX OBHHA-
KOBBIX MOMEHTOB HHEPUMH [ IIWIMHAPOB OTHOCHTEIBHO MX OCEii:

I, +21,=(m+2M)gRrt:/1600x!.

OT1ciofa IS UCKOMOro MOMEHTa VHCPUMW IUWIWHAPAa OTHOCH-
TEJIBHO €ro OCH NMEeM

Iy = %[(m +2M)gRrt? /160057 - I, | (86)

CymMapHas Macca AByX IIWIMHAPOB 2 M onpenensercs B3BEIIH-
paHMeM. Bpems 7 nBanuatu xone6aHuii CUCTEMH U3MEPAETCA TaK
Xe, KaK B YTIpaXHECHHH 1.

OLEHUB NOTPeNTHOCTH, NMPEACTARIAIOT OKOHYATE/ILHRI pe3yib-
TaT B BUAC

2. Aly

Io =(..-i...)Kl"M s -}0—‘: ..%.
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; COIOCTaBHTD.

. N o —

:

PexoMmeHayeTcs Takxe, M3MepuB auaMeTp D UMAMHIpa, pacCyH-
TaThb MOMEHT MHepumy uunuuapa I,=1/2m(D/2)? n pe3ynbLTaThi

Vnpawcuenue 3
IIpoBepka TeopeMbl 0 MAPALTENBHBIX OCHX

unuuapH pacnoyiaraloT no o6e CTOPOHHE OT OCH TLIATGOPMEL
TaK, YTOOBl UX LUEHTPHl HAXOMWIUCh HA OXHOM NpAMON ¢ LEHTPOM
1U1aT(OPMEI Ha ONKHAKOBRIX PacCTOSHHUAX OT Hero (puc. 4).

OnpenensioT paccrofgHUe d OT OCH LIWIKHAPOB JO OCM Bpale-
HUA, TAe D — puameTp UWIHHApa; D’— pacCTOSHHE MeXIy MaKCH-
MaJTBHO YNATEHHBIMH APYT OT APYTa TOYKaMH LWIHHIPOB. JuaMetp
D u3mepseTcs WITAHTCHUMPKYIEM, pacCTOAHUE D’ — JNHEAKOM.

Puc. 4

To4HO TaK Xe, KaK B MIpeXblaymeM ynpaxHe-
HUM, UIMEPSIOT B ITATH OMKITaX BPeMA ! IBAILATH
KoneGaHUit CHCTEMH ¥ TI0 opmyne (86) BrYMCHA-
10T MOMEHT HHEPUMH [, INUTHHIPA OTHOCHTENEHO
OCM, Mapa/UIeNBHOM OCH LIWIKHIPA M OTCTOAILEH Ha
PaccTOsIHKM d OT Hee.

3aTeM PacCYMTHIBAIOT TOT X€& MOMEHT WHEPLIMH
TEOPETHYECKH, TIONb3YACh TEOpEMON O Mapauieih-
HHX 0CHX:

Io,= I+ Md>.

Bxonsime cloga Macca WWIMHAPa M u paccrosiHue d H3MEPEHH
paHee, 8 MOMECHT HHEPLIMH Jj IWIKHAPA OTHOCHTENIbHO €TI0 OCH BhI-
JHCIEH B YIIpaXHEHUH 2.

OLieHHB NOrperHOCTH Wi o6oMX ciocoBoB, CONOCTaRIAIOT pe-

3YNLTATHL
Iy = (o k) K- M% Al _ %,
Ten
Trp = (... 2 ) KT - MY Al _ . %.
i1’°°P
Ynpaxcnenue 4

Onpenencane MOMEHTOB HHEPIEH NPAMOYTOJLHOIO
gapauvlelieninesa OTHOCHTELHO €ro ocei CHMMETpHH

Pacnonaras mapajieNciiuiien Ha margopMe Tax, YTo6h! ¢ OChIO
CHMMETPHH TOJBECA COBMAZANIa OHA M3 ero oceil CHMMETpUH, Ha-
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npyuMep, ock (1) Ha puc. 5, oTpeaendIoT ero Mo-
MEHT MHEPUUU I, OTHOCUTENIBHO 3TOIl OCU TEM 2
Xe CrocoO60oM, KaKHM OIpeHeIsyict MOMEHT
HHEPIUM LIVJIMHApA B YIIPAKHEHHH 2!

1
I, = %[(m + 2M)gRrt* /1600221 - 1,,]. Puc. §

Macca naparenenmnena M onpenenseTcs: B3BELITUBAHHEM,

AHaJIOTUYHO HAXOIAT MOMEHTHl UHepIMY /, u [, napannenenurie-
Ia oTHocuTenbHO oceil (2) ¥ (3). OueHUBaIOT NOTPELIHOCTH U peé-
3YJILTATREI IPEACTARNAIOT B BUE

L=(ot.ya vy 2 g,
I

12-':( 4 .)KT'MZ‘, A12= %1
I

I =(.%.)xr M} A]—]3 =..%.

3AMEYAHME. OueHka Bcex TorpeurHocteif B 3Toif 3amaye
TIPEACTABIIsIET COB0i NOBOJIBHO TPYAOEMKYIO OMNEPALMIO, TO3TOMY
BRIYHCIICHHE HEKOTOPRIX NOTPEITHOCTEH, 10 CONIACOBAHMIO C IPeNo-
JaBartesieM, MOXHO OITyCTHTb.

JIuTepatypa

Casenbes U. B. Kypc obuweit pusnxn: Yue6. nocobue. B S xn. Ku. 1.
MexaHuKa. — 4-e uaj., nepepab. — M.: Hayka. ®dusmatnur, 1998.

I'naBa 5. MexaHvka TBEpaOro TeNa.

§ 5.3. BpaiueHue Tena BOKPYr HENOIBIXHOM OCH.

§ 5.4. MOMEHT HHEepLIMH.



3agaua Ne 7
OIIPEAEINEHHUE MOMEHTA HHEPITUM KOJIECA

Llesms 3aaa9u: U3MepeHUe MOMEHTA MHEPIIMY BEJIOCHIIETHOTO KO-
Nleca ABYMsl Pa3TMYHEIMU CIIOCOGAMM.

Onucanue YCTAHOBKH
BenocuneaHoe xoneco MOXET BpallaThCsi BOKPYT TOPHU3OHTAIb-
Hoif ocu (puc. 1). Ha mxuB, XecTKo CBA3aHHBIA ¢ KONECOM, HAMO-
TaHa HUTh; ONIMH €€ KOHEL 3aKpeIUleH Ha WIKKBE, a K APYTOMY TIpM-
BSI3aH META/UIMYECKUH wmapukK. B IBYX OIUaMeTpajbHO
ITPOTUBOIIONIOXHBIX TOYKAX HA BHYTPEHHE cTopoHe 060-
Jla KOJIECa UMEIOTCH SYEHKM, B KOTOPHlE MOXHO TIOME-
IATh LWAapHK. YTOJ OTKIOHEHMS KOJIECa ONpeaensaeTcs
10 ITOJIOXEHHIO yKa3aTeJsl, CBA3aHHOIO C KOJIECOM, IIO

Puc. 1 YTJIOMEDHOM 1IKane.

Yupaxcnenue 1
OnpenenieHHe MOMEHTA WHEPLIMH KO/eCA METOIOM KoJedanwi

BobiBox pacueTHOI hopmy.ini

Ecny wapuk NOMECTUTh B OAHY U3 sTYEEK, TO LEHTP TSDXECTH CH-
CTEMBI «KOJIECO—LUIApUK» He OYIET HaXOJUTHCA Ha OCH BpallleHMs,
YTO COOTBETCTBYET TUIMYHOMY (DU3HIECKOMY MAaATHUKY.

Bynyuy BBIBEIEH U3 MOJOXEHUS pPaBHOBECUA, MAATHUK HayHET
COBepLIATL MPUOIUIUTENBHO FApMOHHYECKUE Kolebanmus, Kpyropas
9acToTa KOTOPKRIX onpenensiercs GopMmynoi

o =18 (1)
I
Tae g — yCKOpeHMe ¢BoBOoaHOTO maneHus; [ — MOMEHT UHEPLIMH Ma-
SITHHKA; | — pacCTOSHME OT OCH BpalUleHUs 0 IIEHTPa IIapHKa; M —
Macca mapuka (a He Macca BCero MasTHHKa M, COOTBETCTBEHHO,
PaccTOSTHUE OT OCH BpalleHMs 10 1leHTpa Macc MagTHUKA, KaK B 06-
meil TeopuH GU3UIECKOro MasiTHUKA)., DTO CBA3AHO C TeM, YTO B
JAHHOM CJTy4yae MOMEHT CHJl TAXECTH CBOOUTCH NUILIbL K MOMEHTY
M=mglsing cWI TAXecTH, NCHCTBYIOIIUX HA LUIAPHK, MOMEHT CUJ
TAXECTH, IeHCTBYIOHIMX Ha KOJIECO, paBEH HYJIO, TaK KaK BCleld-
CTBHE CHMMETPUHU KOJIECA €TO IEHTP TAXECTH HAaXOAUTCA Ha OCH
BpailieHUsA).
MoMeHT uHepuuu I MasgTHMKAa OTHOCUTEIBHO OCH BpalleHUs
CKJIALIBACTCS B3 MOMEHTOB MHEPLIMY Koneca I, ¥ apuKa I :

I=1+1,. @)
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Tax XaKk pa3Mepsl IUapUKa CYIeCTBEHHO MEHBIIE PACCTOSTHUA JI0
OCHM BpAllgHUH, TO €r0 MOXHO CYMTATE MAaTEpHAIbHON TOYKOH, Tak
uto [, = ml* U NOJHBIA MOMEHT MHEPUMM MadTHHKA 3alTULIETCA B

BHIE
I=1 +mbP. 3)
IMoacrapisas 3To srIpaxkeHUe B popmyny (1), uMeeMm

3 mgl!
(0 R e—
I +mi*

BrIpaxasi KpyroByl0 4acTOTy o 4epe3 mepuHold Kojebanuit 7 o
dopMyne o = 2n/T, Haxoaum

4’ mgl
T I +mi’

OTKyJa JUISI MOMEHTA MHEPLIMH KOJIeca NoyuaeM GopMyny

I = mp? [3_7;’- } @
47n°]

DKCNEepUMENTATLHAA YaCTh

Jna BeIYUCTIEHNsT MOMEHTA WHEPLIMHU KoJjieca 1o dopmyne (4) He-
o6XonMMOo 3HAaTh 3HaA4eHUST BeawuuH m, / U1 T. Macca m wmapuka
yKa3aHa B Tabmiuke. [Uis onpenesicHHS pacCTOAHMA / OT LIEHTpa 111a-
pYKa 0 OCH BpalleHHA PEKOMCHAYETCS CHAYala H3MEDHTh KpaT4aii-
LI€e PacCTOSTHHE MEXJY NMOBEPXHOCTAMH IMIapHKa M BTYJIKH H NpPH-
6aBUTL K HEMY CYMMY PaiuyCOB IIapWKa M BTYJIKH, H3MEPHB THa-
METPHl TOCAEAHMX INTAHTCHIMpPKYJeM. Jlng onpeaeneHus nepuona
KoneGaHuit T usaMepseTcs BpeMd ¢ sanuar konebanmi. KoneGarmsa so3-
Oy>KnaroT, OTKIOHA Kayieco Ha HeGonkoi (He 6anee 10°) yron or nosio-
JKEHMA paBHOBeCHS M omTyckad. Ecim n3-3a GaurbslLIoro TpeHHst Koneco oc-
TAHARTMBACTCS TIPEXIIE, YEM COBEPIIATCS ABAJILATH KOeGaHMi, TO yBe-
JIMYMBAIOT HAYANEHOE OTKIIOHEHHE Kovieca JIo 15—20°, YTo6s1 HCKTIoUnTs
BO3MOXHYIO OIIIMOKY B CYETe MCIIAa KONEeOaHMit, OTILIT IOBTOPSIOT HE Me-
Hee IATH pa3, 106WBasck TOro, YTOGH W3MepeHHBIe 3HAYEHNS BpeMe-
HM ! OTIMYAJIUCH APYT OT Apyra He Gonee 9eM Ha 0,2—0,4 c.

Y1068l H36eXAaTh BEIYMCICHUA NIEPUOAA KOAeOaHNt M yIIPOCTUTD
TIPOLIENYPY OLIEHKH TIOrPEIIHOCTH, Lieliecoobpa3Ho BhIpasHTs B pop-
Myne (4) mepHon depe3 HEMOCPEACTBEHHO M3MEpIeMoOe BpeMs

T=1/20:
= 2 312 -1
Ie=mi [1 o ] (4a)
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ToxcTarnad B 31y popMyily 3HAYEHUS BEIUYHUH m, [ U f, BHIYHC-
sstior 1. OlieHMBAIOT NMOTPEUIHOCTY M OKOHYATENBHKI pe3ysnbTaT
MPCACTARIAIOT B BULC

Ig:L“i"Jxrmﬁ;iﬁzau%.

X

Ynpaxcuenue 2

Ilepsoiii Bapuanr, Onpeneenne MOMEHTa HHEPUHM KOJ€Ca MeTo-
oM BpameHus Oe3 yuera CHI TpeHHs

Buisozx pacueTHolt GopMynl

Ecny, BRIHYB INapHK M3 A4YEHKHM, HAMOTATH HUTh HAa IUKHUB U OT-
MYCTUTH IIAPUK, TO OH HaYHeT OIyCKAaThCs, NMPUBOAS KOJNECO BO Bpa-
menue, Tlpennonarasgd HATE HEBECOMON M HEPACTSKMMON M NpeHeon-
peras CWIaMy TPEHHs, 3allMlIeM ypaBHEHUS ABMXKEHHUS: Ui MapH-
Ka — Bropolt 3akoH HBI0TOHA B IpOEKIIMK Ha BEPTHKAIBHYIO OCh U
JUIT KOJTeCa — YpaBHEHHE MOMEHTOB OTHOCHTENBHO OCH BPAlIEHHA, &
TaKKe KHHEMATHUIECKYIO CBA3b MEXAY YCKOPEHUAMM 1apuKa ¥ Ko-
neca;

ma:mg'fm
=1,

a=pr,

rAe 4 — YCKOpeHMe 1IapMKa; ¢ — YCKOPEHHe CBOGONHOro
najgeHus, f, — cuwia HaTsOKEHUsA HUTH; B — YIJIOBOE YCKO-
f—; PEHHE KoOJI€Ca; r — paauyC LIKMBa.
o Cuinl, gelicTBYIOIME Ha KOJIECO U 1IApHK, H306paxe-
HHI Ha puc. 2. [TocnenHee paBeHCTRO MOyYaeTcs U3 COOT-
Puc.2  HOMIEHMs 4,= fr MeXNy YIIOBHIM M TAHIMCHIMAIBHEIM YC-
KOPECHMAMH TOYKH NMOBCPXHOCTHM 1IKHBA, €CIU YIECTD, UYTO
3TO TAHTCHIMANBHOE YCKOPEHHUE PAaBHO YCKOPEHHUIO IapHKa a = a.
HMcxmouas u3 3Tolt cHCTEMBI HEU3BECTHRIE B U f,, HAXOIMM YCKO-
PEHHC IIapHUKA:
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Tak KaK YCKOPEHHME WapHKa TIOCTOSHHO, TO €10 MOXHO BhIPa3HTb
[10 U3BECTHOI POPMYyJIe pABHOYCKOPEHHOTO MBIDKEHMS

4gepes MyTh h WAapuKa 1 BpeMst ABMXKEHHS £
a==.
2

ToacTarnas 310 BhIpaXeHNE B NPEALIAYINYIO GOpMYTy, HAXOIUM
OKOHYATENBHYIO GOpMYITy U MOMEHTa MHepLMH KoJeca

;= mD [_31_1 B} ] )

4 | 2h

rie BMECTO paguyca BBelcH AuaMeTp WKuea D=2r.

DKcenepuMenTalbHasn YacTh

JIng BEIYMCIIEHHWS MOMEHTA WHepLUH Koneca no dopmyne (5),
HeoGX0IUMO U3MEPHUTE BeNWdIMHBL D, A U L.

JuaMerp D WIKyMBa U3MEPAIOT IITAHICHUNPKYJIEM HE MEHEE TATH
pa3s B pa3IMYHBIX MECTax.

IIyts & MOXHO U3MEPUTh KaK PacCTOZHUE OT HMXHEH
TOYKH IIOBEPXHOCTH WIKNBA 10 BEpXHeW TOYKM LIApUKa B
€r0 HAaNHUIIIEM TNOJIOXEHUHA, KOria HUTh NONHOCTHIO pa3- Y
MoOTaHa (puc. 3). d

Taxkoe ompelencHUe h PEeATIONIaraeT, YTO B HauyaNbHbIA ‘
MOMEHT, KOF/Ia IIAPHK OTIMYCKAIOT H BKIIOYAIOT CEKYHHI0-

Mep, BepXHsIS TOYKA 1IapuKa AO/DKHA HAXOIUThCA Ha of-  PHC. 3
HOM YpOBHE C HUXHeR TOYKOH TNMOBEPXHOCTH ITKWBa

(puc. 3), a BEIKIIIOYATL CEKYHIOMED CNIEAYET B MOMCHT JOCTHXCHHUS
IAPHKOM HaHWHH3LIEH TOYKH €ro MyTH.

OnwIT ¢ ONMycKaHHEM 11apuKa TOBTOPAIOT HE MEHEE TISTTH Pas.

Ioncrasnsist 3HadeHHs m, D, h u t B Gopmyxny (5), BRYUCITIOT
MOMEHT HHEpIHH Kojeca. OLeHHBAIOT MOTPEITHOCTH H3MEDEHUN,
NPWYEM JIPK BoIBoAe GOPMYITH WA NIOFPEUTHOCTH EXMHNIEH B CKOO-
Kxax GopMyBI (5) MOXHO NpeHeGpedb, TaK KaK MpH YCJIOBHAX OMBITa

872
> > 1.

Kak okoHyaTeabHBIA UTOT, COMIOCTARMAIOT Pe3y/IbTaThl 000HX ME-

TOIOB:

MeTol BpallleHHs I =(. 2. )k M A]I" =..%,
X
Meron Konebanmii I, =(..t..)kr M3 Al _ %

K
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Ynpaxcnenue 2

Bropoit saprant. Onpeneiesne MOMEHTA HHEPIHH KOJeca

METOOOM BPANICHHA C YICTOM CHI TPeHMH

Bbisoa pacsernoii popmysmi

TIpeHeOGpexeHre CUIaMU TPEHHUS AOITYCTUMO JIMIIL B TOM ClIy4yae,
€CJIM CBSI3aHHasd ¢ UX HEy4yeTOM CHUCTeMaTHdecKas NOTPeliHOCTh
MeHBIIEe MOrpeltHOCTY MeTona u3MepeHus. B mpoTUBHOM ciydae
CWwIaMy TpeHus npeHebperats Henb3sa. Hioke uanaraerca cnocob on-
penecHUA MOMEHTa MHEPUMHU KoJleca C YYeTOM ciil TpeHUs. Peus
WIET O CWiax TPeHUsl B OcH Koseca. IIpodne CHIIBI TPEHHA, B YacT-
HOCTHM CWJIR COTIPOTUBIEHUST BO3AyXa, BBHAY HX MaJIOCTH NPAKTH-
YeCKH He CKa3HIBAIOTCA Ha pe3y/ibTaTax OIbITa.

B 3TOM cityuae cHcTeMa ypaBHEHHI, OTIKCHIBAIONIAs ABUXXEHWE
IIapuKa 1 xoJyieca (B NMpoEKUHsIX Ha COOTBETCTBYIOIIME HaTIpaBile-
HHs), ByreT MeTs BUI

ma=mg-~ f,,
!xpz'fu _Mm-
a=pr

Cuutasi MOMEHT CWII TPeHUS M, MIOCTOSHHEIM M NPOBOASA aHANIO-
THMYHBIE BHIKJIAXKH, NTONYYal0T BMECTO dopMyiul (5) caemyonyio
dopMyITy 1N MOMEHTa MHEPLIMU KONEca:

1“=”"2[‘821j:'[1'},l,,{g,.]'1]' (6)

MomMeHT cwt TpeHuss M, MOXHO OTIpEeNENIHTS, MONB3YACh 3aKO0-
HOM M3MEHEHUsI MexaHuyeckoit sHepruu. ITocne Toro xak mWapyuk
OIYCTHUTCS Ha TIONHYIO IVIMHY HUTH, Kojeco 6yaer
NPOAONMKATE BPaUIATECH B TIPEXHEM HANpaBRReHUHU,
HUTE OyIeT HaMaThIBaThCA HAa IUKWB M [UaPHK IMOX-
HHMETCS BBEPX Ha HEKOTOPYIO MAKCHMANbHYIO BhI-
coty h, (puc. 4).

Tak KaK KWHeTHYecKadg DHEPrusd mapuka B Ha-
YanbHOM (Ha BBICOTE /1) U KOHEYHOM (Ha BLICOTE A,)
THONOXEHMAX PABHA HYJIO, TO M3MEHEHHKE TTONHOM
MeXaHUYeCKol aHepruu mapuka AE onpenenutes Pre. 4
HM3MEHEHHUEM €ro TOTCHLIMATIBHOM 3Hepruu

AE=mgh—mgh,. O]
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Paborta cwi TpeHUA

P
A= | M do
L
B HallleM ciydae (M, = const) IPHHMMAET MIPOCTON BUX
A=M o, 3
II¢ ¢ — TOJHBIA Yrojl, HA KOTOPBIA IMOBEPHYJIOCH KOJIECO 38 BpEMSA
nepexoaa Mapuka N3 HaYaIbHOTO B KOHEYHOE COCTOSTHME,
Jlerko BHIETH, YTO
o="h )
r
JeitcTBUTenbHO, @ = Il/r, ri¢ ! — MONHBIA MyTh, NPOHNEHHBIN Ka-~
KOi-1H00 TOYKOM MOBEPXHOCTU MIKMBA, M 3TOT NYTh PABCH MYTH
h+h,, npoiinennoMy mapukoM. C ydetoM (9) popmyna (8) mns pa-
OOTBI CWJT TPEHUS TIPUMET BULI

A=, 2th, (10)
CornacHo 3aKOHY U3MEHEHUSI MeXaHHYECKOI SHEPTUH
AE=A, (11)
TMoxncrannss crona Beipaxenus (7) u (10) mnsi AE n A, iMeem
h+h
h-h)= ]
mg ( l) M ™ r >
OTKyAa
h-h
M, =4 12
T (12)
IMonctarnass 310 BEIpaxeHWe B ¢opMyny (6), OKOHYATENFHO
HMeeM
2
A&y _hoh
r-4 p[2h[ h”J 1]. (13)

DKCHEPUMENTANBHAA YACTD

H3MepeHust NpOBOAATCA TAK XK€, KaK B [IEPBOM BapHaHTE yTpaX-
HEHHA 2, C TOM JIMIIE Pa3HHULICH, 4YTO Tenepb KPOME BPEMEHH OITYC-
KaHHs IIapUKa ! HeO6XOMMMO U3IMEpSTh TaKXe BhICOTY A, €ro mo-
CIIEOYIOIIETO MTOABEMA. DTY BBICOTY PEKOMEHIYETCA HAXOMUTE CeLy-
pomuM obpasom. Korna mapuxk JOCTUTHET HauBBICIUEH TOYKK
TIOABEMA U KOJIECO OCTAHOBHUTCS, (PUKCUPYIOT MOJNIOXKEHNE KoJleca
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PYKO#l M M3MepsIoT paccTosHue H OT BepxHeil TOYKM mapHka 1o
nixuBa (cM. puc. 4). OueBungHo, 4, =h—H.

TMoncranrnssa 3HaAYEeHUs U3MEPEHHRIX BEIMYHH B dopMynsl (5) u
(13), BRMMCIAIOT MOMEHT MHEPLIMHM KOJIECa COOTBETCTBEHHO 6€3
y4eTa ¥ ¢ YYETOM CHIT TPECHMSI.

TIpu BeiBONE GOPMYIEI [Uisi MOrPEITHOCTH MOXHO UCTIONb3OBATh
JJIs MOMEHT2 HHEPLIMY IPHOIDKEHHYIO DopMyITy

sz 2
I = sagt’

TIOCKONEKY

s h-
h= h »1n W:.L <«

Tem caMueIM TorpentHocTH AJ, B 0GOMX BapHaHTax YIpaXHEHUsI 2 OKa-
SHIBAIOTCS OIMHAKOBEIMU.

OLieRMB TOrPEUTHOCTH, NPEACTARIAIOT OKOHYATEIEHBIEC Pe3YILTATH,
BEITYICAB PANOM JUISA YAOOCTBA COTIOCTAB/ICHUS Pe3yNLTaT, NOy4eHHBIA
METOIOM KOJIeOaHHIH:

MeTox BpaneHus — Ge3 yuera CHl TPEHUs

2. AL
IK
C YYETOM CHJI TPEHHA

I =(.%.)xr -M% Aly %,
Ix

I =(.t.)xr M} =% =%,

MeToJ KonebaHu
Al

T, =..%.

Io=(.t.)kr-M%
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3amaua N 8
KPYTUJIBHBIN BAJLTMCTUYECKUY MAATHUK

Ilens 3amaum: ofipene/ieHHE CKOPOCTH MM C MOMOIUBIO Kpy-
TWIbHOTO 6aJUIMCTHYECKOTO MasTHHKA Ha IPUMeEpPe HeyNnpyroro co-
yAApeHHUs C UCTIONB30BAHUEM 3aKOHOB COXPAHEHUSA IHEPIUH U MO-
MEHTa UMITYJIbCa.

Ilepebiit BapHAHT SKCNEPUMEHTANBHON yCTAHOBKA

Omucande ycranoBkM. KpyTUnbHBIN MagTHHUK TIPEACTaBJIAET CO-
6ol Tes10, cnocobHOe cOBEPIIATh YIPYrUue KPYTWIbHbBIE KonebaHuA
BOKDYT BEPTHKATHHON OCU. DKCNEpUMEHTAIbHAs YCTaHOBKA K306pa-
XeHa Ha puc. 1.

Puc. 1

MaATHHK YCTpoeH cieayiowiuM ofpasoM. Ha BepTHMKaibHOM
cTepXHe (1), NoABeIIEeHHOM Ha yNpyro# NpoBoioke (2), 3akpervieH
TOPH3OHTANBHBIN CTEpXeHb (3), N0 KOTOPOMY MOTYT NepeMeLIaTbCs
IBa LUWIMHAPWYECKUX Tpy3a (4). Ha koHue crepxHs (3) ykpemneHa
yaeyka ¢ TUIACTIWIMHOM (5). BeicTpen NpoM3BOAUTCS U3 MPYXKUH-
Ho#t mymkH (6) Tak, YTo NyJs, BbUICTSBIIAs M3 MYIIKH NepreHI-
KYNAPHO NOPU30OHTAJIBHOMY CTEPXXHIO, TOITAaeT B YALIEYKY C TuTac-
TWIMHOM Y 3aCTpeBAeT B HEM.

BoBon pacuetnoi dopmyJib

PaccMOTpUM CHCTEMY, COCTOSIIYIO U3 ITYIM Y MasiTHHWKA. BHava-
Ne MasTHUK HEMOABUXEH, a T/ MacCOM m JCTUT TOPU3OHTANILHO
B HAIpaBJieHNH, TEPIEHAUKYJIAPHOM CTEPXKHIO CO CKOPOCTBIO V.
BennynHa MOMEHTA MMITYJIbCa IMYJIM OTHOCUTEIBHO OCY MasTHUKa
paBHa L,=mv,/, roe !— pacCcToiHUE OT OCH MAATHHKA /10 JTUHUU,
110 KOTOPOil MPOUCXOIUT ABUXEHHE ITYJIH. 3aTEM MY/ 3aCTPEBaeT B
NNacCTHIMHE, T.e. TIPOHCXOMUT a6CONIOTHO HEyNpyTHit ynap. Mast-
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HHUK BMECTE C 3aCTPABIICH B HEM ITyJieil HAYHHAET NMOBOPAYHBATHCSA
BOKpYT BEPTUKATHLHOM OCH C YITIOBOH CKOPOCTBIO ©, Cpa3sy nocie
COyIApPEHHA MOMEHT HMITY/IbCa CHICTEeMbI OTHOCHTEJIEHO OCU MadaT-
HHUKa 6ynetr paseH L,= Jo,, rae ]~ MOMEHT HHEPIMM MaATHUKA
BMECTE C 3aCTpsiBUIeH B HEM Mynei.

BhisicHUM, MOXHO NIV B AaHHOI 3a1a4e NIPUMEHATD 3aKOH COXpa-
HEHUS MOMEHTA UMITYJIbCa. BHEITHUMM CUJIaMU JUISl CHCTEMEBI «Ma-
ATHUK—TIYJA» SBNAIOTCH CUNH TSAKECTH, ACUCTBYIOMHE Ha MyMo B
MaATHHK, YIIpYTHE CWIEBI, OGYCIIORIIEHHEIE PACTDKEHHEM NPOBOJIO-
K¥, U YTIDYTHE CHJIIBI, CBA3aHHBIe ¢ AedopMalel KpydyeHus IpoBo-
Jokd. Cuiia HaTSDKEHHS YPABHOBELUIMBAET CWIY TSLKECTH U AeHCTBY-
€T BEPTHKATHHO BBEPX NIPH NI000M NOMOXKEHUU MAsSTHHKA; 5TH CHITbI
HaIpaBJicHH BAONbL OCH MasTHHUKA, C/ICAOBATENILHO, MOMEHTHI 3THX
CHJI OTHOCHUTENIBHO OCH MaATHHKA paBHB! Hyno. CHbl, CBA3aHHBIE C
medopmaitieii  KpydeHHs, MOABRNAIOTCA NPU MOBOPOTE MassSTHUKA Ha
HEKOTOPBI YTOJ a OT NMOJIOXEHUS PaBHOBECHA, BH3EIBAA MOMEHT
cu M, cTtpemMsumiicsi BEpHYTh MASITHHK B IOJIOXEHWE PaBHOBECUS.
C ygeToM TOrO, UTO BPpeMs T COYAAPEHHSA NMYIHN C MAATHUKOM MHO-
TO MeHblile Tepuoaa Konebauuit T caMoro MasTHUKA (YCIIOBUA TIpH-
MEHMMOCTH BALTMCTUYECKOrO METO/Ia), 3aTUIIEM YT CUCTEMBI «Ma-
ATHUK—NYNA» 3aKOH COXpaHEeHUss MOMEHTA UMITY/kCa:

L=L, 1emvi=lo, 1)

PaccMmoTpuM Teneps fanbHeifiuee IBMKEHKE CUCTEMBI U IS €10
OINMCaHNA IIPUMEHUM 32KOH U3MEHEHHA MEeXaHNYeCKOM SHepruy.
IMocne coygapeHHsi cucTeMa MMeeT KHMHETHYECKYI0 SHEPTruio
E = I} /2. 1o Mepe TOro Kak MassTHHK IOBOPauYMBAETCH U 3aKpy-
YHBACTCSA NPOBOJIOKA, HA KOTOPON OH IOXBELUCH, BO3PAacTacT MO-
MEHT CWJI KpyueHus M= Da, rae o — yroia 1noBopoTa MagTHHKa OT
MONOXeHUS paBHoBecus; D — Momyse kpyueHusl, [TonHas pabota A,
KOTOPYIO COBEPINAIOT CHJIbI KPYYSHHUS MPH U3MEHEHUH YT/1a IOBOPO-
Ta MasATHHUKA OT HYJISi 10 MAKCHMANBHOTO 3HAYEHHA o, ONIpeaenseT-
CH BbIpDRKEHHEM

Qa,
A= j Dada =1/203.
0
Korna YTron NoBOpOTa MasiTHUKA JOCTUTHET MAaKCHUMAJIBHOTO 3HA-

YeHHs o, YIJIOBas CKOPOCTh BpAaLlEHHs] MasTHUKA CTAHET PaBHOM
Hymo. TakuM 06pa3oM, noayuaem:

I(:)%_Da%
2 2 @)
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W3 ypaBHeHUH (1) 1 (2) MOXHO COCTAaBUTH CUCTEMY
mv,l=1In,

2
D ag

’

I}
2 2
pelast KOTOpYIO, HalIeM CKOPOCTB TyH

. ﬂ.oTD

" Dml 3

C apyroit cTopoHR!, N3BECTHO, YTO NEpHOI KoNeGaHUH KpYTHITb-

HOTO MasiTHUKA T MOXHO ONPENEUTs 1o popMmyne T=2n/I7D, cne-

JOBaTeJIbBHO, MOMEHT MHepUUU [=T72D/4n?. OKoHYaTeNnbHas Ppop-
MyJia [Uis BHIYHUCICHUA CKOPOCTH Nyiau OyneT

v,=a,TD/2nml. (4)

Ynpaxwcuenue 1
OnpejaesieHHe MOIYIA KPyd4eHust

Moxyns xpyyeHus omnpencnsieTcs CTaTHYECKUM METOAOM (CM.
puc. 1). UaMmepsior auneiikoit paccrosHue b ot 3epxanbua (7) ao
wkane (8). IleTesKy Ha KOHIE HUTH HAaOEBalOT HAa BUHT, BBEPHY-
ThI B Xenobok Oapabaua (9). O6opaunBaloT HUTh BOKPYT Gapabana
No XeJIoBKy M NepeKUALBaIoT e¢ Yepe3 6ok (10). Inargopma (11),
NPHBA3aHHAA K APYTOMY KOHIly HUTH, XOJDKHA BHCETh HAll CTOJIOM.
Ha mnatdopmMy nomMemalor rpy3 Maccel m. B pesynkrate 3toro Ma-
STHUK TIOBOpaunBaeTcs. Haxoaar BeTMUMHY OTKIOHEHUS n CBETOBO-
ro Jiyga Ha mkaie (8) oT HauaisHoro noioxeHus. ITonobHnle H3Me-
PEHUSI IPOBOAAT, NMOMELIAA Ha TLIaTPOPMy TTOCNEAOBATEIBHO AT
Ipy30B. PeayibsraThl aMepenuit 3avocaT B tabm. 1.

Tabruya 1

New/n m, xr n,M D, H:Mm

TMonyyum dopMyiy Wi onpeneacHUS MOayna xpydyenus. [Ipu
HEMOOBUXHOM MasTHHKE MOMEHT CHJI M, NeHCTBYIOIIMX HA MadT-
HUK CO CTOPOHKI IIPOBOJIOKM IoABeca, YPaBHOBEIIMBAETCS MOMEH-
TOM CHJIBI HATSDKEHHS HUTH, ITepeKHHyTO! uepe3 6i10K. Cina Hata-
XEHUSI HUTH paBHa CWIe TSXXECTH mg rpy3a Ha mwiardopme. Ilneuo
9Tol cMJIRl paBHO pamuycy Oapabana (9). CrnenoBaTejbHO,
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M=mgd/2?, roe d — nvaMeTp GapabaHa, U3MEPACTCA LITAHTEHIUP-
KyneMm. 3Has, 4To M= Da, a yron a onpefendeTca Kak a=n/2b,
ToJIy4yaeM
p-medd.
n

TaxuM 06pa3oM, TIPOBEAS BCE HEOOXOAUMBIE H3MEPEHHSA, OTIpe-
JensiioT MoayNb kpyyeHusi D. OLeHMB MOrpenrHocTH, 3aniChIBaOT
pe3yneTaT B BUAE

D=(D +AD), [HM], AD/D=..%.

Ynpaxcnenue 2
Onpenesetiie CKOPOCTH NyJIH

CHuMaloT HuTh ¢ 6apabana u youpalor 610K (cM. puc. 1). Aame-
PAIOT IMHEHKON paccTrodHre / OT 0OCH MasATHHKA JO CECPeANHAI Ya-
LIEYKH C JUIaCTWINHOM. Pa3aBuraioT HMiaHHAPH (4) Ha cTrepxHe (3)
JO AAIbHUX METOK. YCTaHaBAWBAIOT NywKy (6) TakuM o6pasoM,
yTOOR! €& CTBOJI OLLT IEpNEHAUKYNsipeH cTepXHIO (3) M HanpagiieH
Ha CepeIMHY YalleyKy ¢ IUIACTWIHHOM. 3apsDKaloT MKy W MIPOr3-
BOAAT BHICTpel. M3MepAIOT MaKCHMANTbHOE OTIUTOHEHHE 1, CBETOBO-
TO JIyya IO LIKaJIe OT NOJOXeHUA paBHoBecHS. IIpy nmoMow cexyH-
JoMepa OIpeessTioT BpeMsl ¢ IBaAaTH TIOIHEIX KoJieOaHUH MasTHHA-
xa. Maccy mynM m oOmNpeAendioT B3BENIMBaHWEM. Brictpen
TIPOU3BECTH NATH pa3. 3aTeM CABHIAIOT WJIWHAPH Ha CTEPXHE 10
GNUXHUX METOK Y CHOBA NMpOJEJIHIBAIOT BCe UIMEPEHMSI.

PesynbTaThl HaMepeHHit MOTYT OBITH CBEfIEHSI B Tab. 2.

Tabauya 2

I= m=

| no, M | Ic v, M/c
Unnuxapel HaxogaTca Ha paccToaHum A,

5
LinAMHAPL HAXOAATCA HA paccToaHun A,
1
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I/ICIIOJ'IBSYS 0603HaYeHH 3TOTO YIIpaXHeHn4d, d)opmy.ny U1 OoIn1-
PEACICHHUA CKOPOCTH My MOXHO 3anyCaTth B BUAEC
v= mtD D
2620mi2n  4m20bml’

OueHuBaloT a6CONIOTHYIO ¥ OTHOCUTENbHYIO MOTPELIHOCTH B OM-
penesieHUM CKOPOCTH Y 3aIMUCHIBAIOT OTBET C UX YHETOM.

Bropoif BADHAHT 3KCHEpHMEHTAJIBHON YCTAHOBKH

Onmcanne yCTAaHOBKH

YcTaHOBKa COCTOHT M3 KPYTWIBHOIO MasgsTHHKA, CTPESIOUIETO
ycTpoiicTBa (IIMCTOJIETA) U JIEKTPOHHOIO 610Ka, BKIIOYAIOUIETO B
ceOst YHMBEPCANBHEIN MUJUIMCEKYHIOMED M (POTO3JIEKTPUUECKU
JaTIvK T PETHCTPali BPEMEHHU M YHCIIa MTOJHBIX KojiebaHui Ma-
SITHUKA,

Obuwmi Buj §annvucTUYECKOTo MagTHIKA TIOKa3aH Ha puc. 2.

1 Yenseponnnor
MEATROEKYHAIACD |
]

Puc. 2

MasiTHUK coGpaH M3 MacCHBHOIO BEpTHKanbHOro crepxkusa (1),
Ha KOTOPOM HaXOIATCHA TPU KPOHLITeliHa: BepxHui (2), HrxHuir (3)
u cpennmit (4). K cpenHeMy KpOHIUTEHHY IPUKPENIEHO CTPEnsio-
1ee ycTpoiicTBO (5), NpO3pavHEIN 3KpaH ¢ HAHECEHHOM Ha Hero
yriioBo# 1wKaoh (6), o KOTopoit onpefesIFeTcs Yroi IToBopoTa Ma-
ATHHKA, ¥ PoToanekTpuuccknit narauk (7). ITucToner npeacTasisi-
eT cof0ii 3aKpeIIeHHYIO Ha YCTAHOBKE TPYOKY-CTBOJ, BHYTPY KOTO-
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i

Poit HaxomuTcA ympyras NMPYyXHHA ¢ HAMPABRIAOIMM CTEPXHEM.
MpyxwuHa cxaiMaeTed, My, NpeacTaBlsonias co6oi KopoTkuit no-
BRIl MeTAUTHYECKHMI LMNVHAPHK, HajleBaeTcAd Ha HampaBRISIOLMHA
CTEPXEHb U onyckaercs B CTBOJ. Ilocae ocBOBOXICHUA NPYXHHBI
riyns Baibpackipaercs. KpoHurreitnel (2) u (3) MMeIoT 32KMMEL, CITy-

*alnme A1 KpeIsieHUd CTATBHON npoBonoky (8), nedopmainus Ko-

TOPOH co3faer MOMEHT ynpyrux cwi. Ha mpoBosioke nojBelieH Ma-
STHUK, COCTOALMIA U3 ABYX IONBIX YalleyeK (9), HaMONMHEHHBIX
TUIaCTWIMHOM, JIBYX MepeMellaeMux Ipy3os (10), AByx cTepxkHen
(11) v norogxa (12).

. BximodYeHHe 3JEKTPOHHOTO 6J10KA OCYLIECTRIASTCS HAXATUEM Ha
xnasuuny «CETbs. [Tpu Haxatun Ha kiasuury «CBPOC» mipoucxo-
Int oGHyneHue oboux Tabno anexTponHoro 6noka. Tlpu neproM xe

. filepeceyeHMH MAaSgTHHKOM CBETOBOIO TNMyuKa (hOTO3NEKTPHUYECKON

CHCTEMEI TIPOUCXOAUT 3AMYCK 3JIEKTPOHHOro CEKYHIOMEPA U CUCTE-
MEI CyeTa YHclia MOJHAEIX KojnebaHMit MadTHuKa. [Tpy HaxaTuu Ha
xnapniy «CTOIT»> 1poMcXoanT BHIKIIOMEHNE CEKYHAOMEPa H CUC-
TEMEI CYeTa YHCiia IIEPHOLOB T10CIIE 3aBepLIeHUS 0YepeTHOrO KoJie-
6anus, IIpu 3TOM Ha TabJ0 3NEKTPOHHOro 6I0KA BHICBEYMBAETCS
YHCIIO NONHEBIX KonebaHu# N ¥ COOTBETCTBYOLllEE UM 3HAUEHHE Bpe-

MEHH L.

BriBox pacuetHoil (opMyani

Brisenem GopMyiTy Wwist onipeneneHus ckopoctH mymn. Ilocse no-
najaHusa NMyAH B MagTHUK OH HAaYMHACT BpalllaTbCHl BOKPYT BEPTH-
KanbHo# ocH. Eciu npeHeOpeys NpH ero ABHKCHUH MOMEHTOM CHUJI
TPEHUs, TO MOXHO BOCINOJIB30BAaThHCH IBYMSI 3aKOHAMM COXPaHEHMA:
38KOHOM COXpaHEHMsSI MOMEHTa HMIYJECa H 3aKOHOM COXPaHEHHS
MEXaHUYECCKOU SHEPIUMN.

~ Ha ocHOBaMMM 3aKOHa COXpaHEHHMSI MOMEHTA MMITYNIbCA, CYMUTAsI
YAap NONHOCTBIO HEYNPYTHM, a IYJII0 MaTepHATLHOW TOYKOH, MOX-~
HO HamucaTh, 9TO BEMYMBA MOMEHTA UMITYJIhCa CUCTEMbI «ITYJISI—
MaATHHK» IO yJapa paBHa CYMMapHOMY MOMEHTY HMIyJibCa CHCTe-
MBI 1TOCIe yaapa:

mvr=(I,+mr?)o, 1)
rfie m — Macca Imyny;, v — BeJIMYWHA €e CKOPOCTH; r— paanyc-BEKTOp
MecTa TonafiaHus IMyJH nepex yaapoM; I, — MOMEHT HHEpLIMM MasT-
HHKA, @ — YIIOBasi CKOPOCTE BpallcHMA MAasTHHKa ¢ IyJIeH cpasy
nocie yaapa.

Iocne ynapa MagTHHK [OBOPAYHBACTCH Ha HEKOTOpHIY yron a.
Ha ocHOBaHHH 33KOHa COXpPAHCHHUA MEXaHHYCCKOI IHEPTHH TONyYa-
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€M, YTO BCS KWHETUYECKAS HEPrus NepexXoAuT B IMOTEHLIMANbHYIO,
T.C.
1721+ mr)et=1/2Dal, 2)
rhe o, — HauGonbluuii yrosi NOBOpOTa MasTHUKA; D — Momynb xpy-
YeHUS.
W3 ypasrenuii (1) u (2) monyyaem
2
v :%([, +mr?). (3)
mr
Tak xak MOMEHT MHEpLUHM NyAu mr? BO MHOTO pa3s MeHbLIE MO-
MEHTa MHEPLMU MasTHHKa 1), T.e. mri<<[,, T0o U3 GOpMyNbI (3) no-
nydaem
Vo DC;%? . (4)
mer
VpaBHEeHME ABMKEHMS KPYTUIBHOTO GAIACTUMECKOrO MAaATHUKA
MOXET ObITb 32a[TMCAHO B BUIE

4% - e, ®)

T c.— YFOI TIOBOPOTA MAsTHUKE; — 7 — YIJIOBOE YCKOPCHHE.

Pewenuem muddepeHimanshoro ypassenus (5) senaerca QyHk-
s
a=a,c08(0,t+¢),
tae o, = D/I; — cobCcTBeHHas 4yacToTa KonebaMuii MasTHHKA, o,—

MAaKCHMATBHELA yro/l OTKJIOHEHHWSI MAaATHUKA; ¢ — HavanwHas daza.
Torna nepruoa co6CTBEHHEBIX KoAebaHui Oyaer

]1 = 27[\/W5. (6)
s uckmoveHusa u3 GopMyn MOLYIS KPYdEHHsA D MOXHO Io-

CTYNIUTh Ciiefytouium o6pa3om. MamMeHMM MOMEHT UHEPUUM MAAT-
HUKA, H3MEHUB PacCTOSTHUE MeXay rpysamu. Toraa

T,=2nJ5,/D, T, =2JL,]D, I, -1, =Al,
rae 7, — nepnon xoneGaHuii 1ipy HOBOM 3HaYEHHU MOMEHTA UHEP-
1y I,; Al — pa3HOCTh MOMEHTOB UHEPLIUH.
Tlocne npeo6GpasoBaHuil nonyyaem

7}2

L/ L=TT3 I “@-1)H

Al @)
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Ioncrasnss anayenne J,, Haitnenwoe B (7), ¥ ucnons3ys (6), no-
JYy4uM
v=2r0a,T,/mr(T*-T)AIL (8)
Bennuuny A7 MOXKHO OTIPERENNTDb, UCTIONB3YH Teopemy Hlteline-
pa. CornacHo 37oil Teopeme
I,=1+2MR}?,
L=1I+2MR},
rae f,— MOMEHT HHEPIMM MasTHHUKA, KOTAA LEHTPA! TAXECTH IPy308
COBMAJIAIOT C OCbIO BPALLEHWS MAasTHMKA; /,—MOMEHT MHEPLMH,
Korna oba rpy3a HaXoIATCS Ha PacCTOSAHUAX R, OT OCHM BpalIEHUS;
I,— MOMEHT WHepUMH, KOraa 06a rpy3a HAXOOSATCs Ha PACCTOSTHMAX
R,; M — macca ogHoro rpysa.
Mycte R,>R,, TOrna
AT=1—-T,=2M(R2-R}. 9)
C yyeToM (9) OKOHHYATENLHO 111 CKOPOCTH ITYJIU NOJ1yYaeM

 _ Ama MT,(R? ~ BY)
mTE-TH

(10)

Tlopanok seiioaHeHHst paboOTbL

CKopocTh nojeTa nyau onpezensierca no ¢vopmyne (10), B koTo-
poit r— paccTOAHUE OT OCU MAATHUKA A0 CEpeAMHB! OAHOM N3 yale-
Y€K C IUTAaCTUIMHOM; R, ~ PacCTOsIHME MEXAY OCbIO MasiTHUKA U ce-
PEARHOM OXHOTO U3 IPY308 B MEPBOM ITONOKEHUH; R, — PaCCTOAHUE
MEXIY OCBIO MasITHKKA M CEPElyHON OXHOIo U3 rpy30B BO BETOPOM
nonoxeHuu, npuyem R,>R,.

H3amepeHne ¢ckopoCTH CHapsiaa MPOBOJUTCH CAERYIOIIUMM obpa-
30M;

1. MakcumansHo nMpubaM3anTb rpy3bl Opyr K Apyry (R, — min).

2. YCTaHOBUTh MasiTHMK B TAKOM ITOJJOXKEHUH, YTOOB! YyepTa Ha
IUIKaJie nokassiBania yroa o =0,

3. BEICTPENUTE CHAPSA U3 CTPEJAIOLLErO YCTPOiCTBA.

4. MamepuTh MaKCHMANBHBINA YTO OTKIOHEHUS MAsiTHHKA o

S. BKIIOYUTE ¥ OOHYJIMTBE CUeTYUK BPEMEHU.

6. OTKJIOHUTb MasiTHUK Ha YroJ o, U NYCTUTD ETO.

7. U3aMepuUTh BpeMs IS AeCATU KOJMeGaHUI U BHIYUCIMTE T,

8. MakcHUMaJbHO OTRAIUTH APYT OT Apyra rpy3n (R, — max) u
MMOBTOPKHTD ACHCTBUS COTMIACHO NMYHKTaM €O 2 1o 6.

9. Mismeputsb Bpema s DECATH KoneGaHUM M BEIYUCIUTS 7.

10. CxopocTh cHapsaa v;, BeiaucauTh no dpopmyie (10).
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Tlocne OIIPEHICNICHHA CKOPOCTH IIYJIH CACAYET BHIYUCIHNUTE TIO-
TPCUIHOCTH N3MEpPEHU W 3anucaTth pe3yibTaT C y4eTOM Horpeur-
HOCTH.
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[napa 8. KoneBarenpnoe aBixeHMe.

§ 8.5. MagrHuk,



3agaya Ne 9

ONPEJAEIIEHUE MOMEHTA UHEPIIUH MASITHHKA
MAKCBEJLIA

Hens 3anaun: 5KCIepMMEHTAIEHOE O3HAKOMJIEHHE C ABIKCHHEM
TBEPIOTO TeNla Ha MPUMepe TUIOCKOMAPAUIENLHOTO ABIDKCHUA MasiT-
HUKAa MaKCBeJUTa U ONpeAeNicHHE €T0 MOMEHTa WHEPLUMH.

Buimox pacyernoi popmy.inl

JinrxeHue MaaTHUKa MakcBenna npeacrapiifeTr coboif mpumMep
IJIOCKOIApAJUICABHOTO ABHXKECHUA TBEPIOro Tejia, KOTOPOE MOXET
OBITH CBEAEHO K TIOCTYTATENBHOMY ABHXEHUIO
TeNa BMeCTe ¢ KaKoil-Iubo To9koil U BpallleHHIO
BCEro Tejla OTHOCHTENIBHO OCH, NPOBEACHHOM
yepe3 3Ty TOUKY.

Taxkoil THN ABMKEHKUS AOBOJBHO MIMPOKO
pacIIpOCTpPaHeH B MPUPOAE U TeXHUKE: KONeco
JBHXYILETOCS ABTOMOOMASA, KATOK HOPOXHOIN
MALUMHB! ¥ T.1I.

MasatHuk Makcsemta — 3To HeGONBIWION
IHCK (MaXOBHK), TUIOTHO HacaXeHHbIH Ha OCh.
MasTHHK MOXeT olyckarses (NoA AeicTRUEM Puc. |
CHJIBI TSXKECTH) Ha JBYX HUTAX, IPCABAPHTEINb-

HO HAMOTAHHBLIX HA 0Ch MaxoBuKa (pHc. 1).

Hutu Bo BpeMs IBHXCHHA BHM3 pa3MaThIBAIOTCA HO TMOMHOM
JUIMHEI, PaCKPYTHBLUMIHCS MAaXOBHK MPOJOJDKAET BPAlaTeNIbHOE IBU-
XEHHUE B TOM X€¢ HAlpaBlcHMH H HAMATHIBaCcT HUTH Ha OCh, BCJe-
CTBHC Y€TO OH NORHUMAETCS BBEPX, 3aMEVIAS IIPHU 3TOM CBOE IBU-
XeHue. Jloiaa 1o BepxHeil TOYKH, AMCK ONATH OYNET OMycKaTbcsa
BHM3 M T.J4. JIucK 6yaeT copepmars NEPHOAUICCKH [TOBTOPAIOILICECS
IBIDKEHWE, TIOTOMY OH TTONYYM/1 Ha3BaHME MasiTHHKa. TakuM obpa-
30M, OBMKEHUE MaATHMKa MakcBeiuia MOXHO pasfe/lNTh Ha IBe
CTaJIUN: OIMYCKAHHME M MOLBEM.

CornacHo OCHOBHBIM 32KOHaM JWHAMMUKU TIOCTYINIATEIBHOIO U
BpaLIaTEbHOIO ABIKEHHI, NpeHebperas ciaMi TPEHHS M OTKIIO-
HEeHWEeM HHTEH OT BEpTHKaJM, 3amMiemM (B MPOeKIIUAX Ha COOTBET-
CTBYIOIIHE OCH):

ma=mg-2T, ¢y
13=2rT, 2
a=pr, 3)
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re m — Macca MaATHUKA; ] — MOMEHT UHEPLIMM MATTHHKA OTHOCH-
TEALHO OCH; r— PanUyc MadTHUKA; T — cwia HaTsxeHust HHTH (OA-
HO#); g — YCKOPEHNE CUNBI TAXECTH; g ~ YCKOpEeHMWE IEHTpa Mace
MasiTHMKA,; P — YITIOBOE YCKOPEHHE.

D1u ypaBHeHUA NMPUMEHHWMEI KaK K MepBOM, TaK U XO BTOpPOIt
CTAJIMM OBIKCHWS MassiTHHKaA. HauaioHele ycIoBMS IUISI HKX B pa3-
HBIX CTAAMAX painaHbl. TIpH ONMyCKaHMH MasTHHKA Ha9ATbHasA CKO-
POCTDb €10 LIEHTPA MacC paBHA HYMIO, TIPHU €ro NOALEME OHA OTJINY-
Ha ot Hyns. M3 ypasHennii (1), (2), (3) caenyer:

1= -'g-(g - a)r?, 4)
2T = m(g ~ a), &)}
2h (6)

0=-t'2—,

TJie {— BpeMs OBVDKEHUS MasTHHKA OT MOMEHTa OCBOGOXAECHMUSA 1O
MOMEHTA JTIPOXOXAECHNSA UM HIDKHeH TOYKH; i — pacCTOsSHAE, POXO-
IVIMOE MasTHUKOM 34 3TO BpeMs.

pu g <<g nMeeM

g’ )

= ’

a

2T = mg. ‘ (8)
JaMeT¥iM, 9T0 HaNPABJICHHA YCKOPEHASA ¥ CH HATSDKCHHAA HE 3a-
BHCAT OT TOTo, KyJa ABIKCTCH MajdTHMK — BBCPX WIM BHH3; B TO
BpeMSI KAK CKOPOCTE M3MEHMET CBOE HanpapiieHHE NMPU KolieGaHnsX
MasTHHUKA. BrICOTa, HA KOTOPYIO OIMHUMETCH MasTTHUK TIPYM JBUXKE-~
HNM BBepX, OyneT MEHbllle, YeM FiepBOHavYanbHaA. PasHOCTH 3THX
BRICOT XapaKTePH3YeT YObUIb MEXAHHIECKOM SHEPIrHH, 3aTpayeHHOM
Ha npeopofieHHe CHn dedpopMaLy HUTEH NPU yaape ¥ CHN TpeHus.
Jons morepAHHON MEXaHHYECKOH SHEPrUM paBHa

n=AE/E=mg(h,—h,)/mgh,=8h/h, . 9

e h, — BEICOTA ONMYCKAHUSl MAATHNKA; /i, — BEICOTA TIO[{beMA MasT-
HHKA.

Omicanne yCTaHOBKH

VYcranoBka n3obpaxena Ha prc. 1. B ocHosanum (1) 3akperuiena
KONOHK4 (2), X KOTOPOil MPUKPeIUIEH HETTOABUXHO BEPXHUK KpOH-
urreitn (3). Ha BepXHeM KpOHLITEHHE HaXOOWUTCH DIICKTPOMATHUT
(4), doroanextpudecknit Aatynk (3) v BopoTok (6) Ans 3akperuie-
Huxa GudunapHoil noaseckn MadATHUKA. K HUXHeMy KpoHIITeHY
NpUKpEIUIeH BTOPOi ¢oroanexTpudyeckuil natyuk (7). MasTHux
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MakcBesUia COCTOMT M3 AMcKa (8), 3aKperuieHHOro Tyro Ha ocy (9)
H NojBeleHHOro Ha HuTaX. Ha nucke ykperieHo xonslo (10), us-
MEHSIOILee MOMEHT HHEPLIMM CHCTEMbI. MasTHUK ¢ KOJIBLIOM y/iep-
XKHMBAETCS B BEPXHEM TOJIOXEHUH JJIeKTpoMarHToM. BricoTa omycka-
HNA MasTHUKA ONpelieNifAeTcs fIo MIUmMMeTpoBolt mxane (11), Haxons-
nieifca Ha KOJMOHKE npubopa. g H3IMEpeHUS BRICOTHI OITyCKaHUs
MagTHMKa A/* PeKOMEHIYETCS BOCIIONE30BATECH YEPTEXHRIM NIPSIMOY-
TONEHLIM TPEYTOJILHUKOM. B cocTostHuM, KOra HUTH MasiTHMKA pac-
KpPY4€Ha TIOIHOCTEIO, ONPENENAIoT MOoJNoXeHye KpalfHell BepXHEH ToY-
KM MasATHHKA, JJI9 5T0ro OIMH H3 KaTeTOB TPCYTOJIBHHKA pacriolaraioT
BEOJIb LIKAJE! OTCYETA TaK, YTOOKN BTOPOH KaTeT Kacajicsi MadTHMKA
CBEPXY, M 3aMMUCHIBAIOT MTOJIOXEHHE BEPIIHHEI IIPAMOTO YIVIa Ha NIKA-
ne h,*. 3aTeM, HaMaTbIBask HUTh MAaATHHKA Ha €T0 OCb, HUKCHPYIOT
€r0 ¢ NMOMOLBIO JICKTPOMAarHUTA B BEPXHEM, MCXOAHOM MOJIOXEHUHA
M AHAIOTHYHLIM CII0CO60M onpeiensiioT MoNoXeHe Ha KaIe Hau-
HM3LIEH TOYKN MASTHHKa A, *. Bricory olmycKaHMsA MasTHMKA BEMMC-
nsor no dopmyne
Ah*=—h*—h,t+d,,

rae d, — ANaMETP KOJIbla MasTHHUKA (NaH Ha yCTaHOBKe).

Muumcexyrnomep (12) npeasasHayeH Wil UBMEPEHUS BPEMEHH
IBIXEeHUsA MaaTHUKA MakcBemia. BKinioueHHeE U BRIKTIOYEHHE MWJI-
JNMCEKYHIOMEpa OCYIIECTRIACTCA ABYMA (HOTONATYUKAMM, HAXOHA-
IHMHCA COOTBETCTBCHHO B Hayalleé M B KOHLIE JXBIXKEHUsST MagTHHUKA.
Knasuia «[TYCK» oTkioyaer uraHue 3JeKTpOMarHura, ¥ cBo-
GoIHEIN MaATHMK HauHaeT ABIkKeHue. CBETOBOM TMOTOK TAMIIOYKHA
BepXHero PoTonaTYHKa MOMNaNaeT Ha (HOTOIIEMEHT, M C 3TOr0 MO-
MEHTa cXeMa CYCTUYMKA BPEeMEHH HaunHaceT paborate. MiamepeHue
BpEMEHH TIPOLO/IXKAETCA IO MOMEHTA IPEPEIBAHHA MassTHHKOM CBE-
TOBOTO ITOTOKA JIAMITOYKH HIDKHEro doromaTinka. 3ToT CUTHAJ OT-
KTIOYaeT cYeTHHK BpeMeHU. CueTuMK BPEMEHM TIPEACTARISIET COBOit
3JIeKTPOHHMIE YaChl, COOpaHHBIE Ha HHTEIPAIBHEIX CXEMaX, € YCT-
PONCTBOM 3allyCKa H OCTaHOBKH.

H3MepeHHe MOMEHTa MHepPLH MadTHUKa MakcBesia npou3Bo-
JAUTCA KOCBEHHBIM oGpa3oM. U3 ypasuenwust (6) u (7) cneayer, 49ro
MOMEHT WHEPLMH onpeasiiierca dopMyaoi

mrgr’ (10)
I= TR
3nech m — Macca MasSTHHKA C KOJILLIOM Onpeietsiercs 1o opmyrie
m=m,tm +m, (11)

l‘ﬂé m,— Macca ocH; m, — Macca [HCKa, m, — Macca Kojbla.
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Macchl aucKa, KONl ¥ OCH YKa3aHKl Ha CAMMX 3JIEMEHTaxX, ina-
METPHI OCH H KQJIEIL — HA YCTAHORKE,

Mephi HpeROCTOPOKBOCTH

1. B ycraHoBKe Hcnons3yercs HanpskeHne 220 B. Heobxonumo
cobmopats 061pe paBHIIa N0 TEXHUKe 0€30MMacCHOCTH TpyAa IS
YCTPOICTB, B KOTOPHIX HCTIONB3YETCsI BBICOKOE HATIPSIKCHHE.

2. Ctpoxa¥iie 3anpeiliaeTcss MCHATh JJINHY HUTH MasTHHKA!

3. B ycraHOBKe NPUMEHSIOTCS YYBCTBATENbHBIE DOTOdNEKTPU-
yecKue AaTYuky. HeAolycTHMEI yZapel MagTHHKA MO HMXHEMY
KPOHIITEAHY, KOTOPHIC MOTYT TIPUBECTH K TIopue GOTONEKTpUYEC-
KOTO AaTyMKa.

4. HyXxHO clenTh, YTOOH NpPK OBVKCHUM MAsTHUKA (BBepX W
BHHM3) HUTE HARHBAJIaCh HA OCh CHMMETPHYHO, BUTOK K BMTKY. He-
CUMMETPUYIHOS HAMATHIBAHME HUTH MOXET TIDUBECTH K yAapy MasT-
HHXa.

5. Ecn¥ MasaTHWK, HauMHad JIBHTATHCA, BBILIET U3 BEPTHKATLHOI
TUIOCKOCTH, €70 HEMEUIEHHO Hall0 OCTAHOBHTD, B3SIB B PYKH OCb.

Ynpaxcuenue 1
OnpeneneHue MOMERTA HHEPUMH MasTHHKZ Makcpemia

1. BroiounTs ceTeBOii HYp YCTaHOBKM B ceTh 220 B.

2. Haxate xnaBumy «CEThb», upH 3TOM MHIMKaTOPHL H3MEPUTE-
7S BBICBEYMBAIOT LU(DPH «0» ¥ BKITIOYAIOTCH JIAMITOUKH 06omx ¢doro-
JaTIMKOB,

3. Ha och MasATHMKA CHMMETPHYHO, BHTOK K BHTKY, HAMOTaTh HUTh
MIOIBECKM ¥ (PHKCHPOBATh MAaSTHHMK TIPH MOMOILHY EKTPOMArH1TA.

4. TlpoBepuTh, COBIMANAET U HHXHUH Kpall KONBUA C HYNEM
LIKATH oTcyeta. EcH coBmajieHHs HeT, o6paTnThea K J1aBopaHTy.

5. Haxatp xknapuuy «[1YCK» MHIIMCEKYHIOMEPA H TIPOBEPUTD,
MOMAajaeT Jii CBeTOBOM JIyd HykHero (OTONATINKZ HA MANTHWXK.
Ecnu nonagaHus HeT, o0OpaTUTLCS K NabopaHTy.

6. Otxars xinapumy «[1YCK» MuumiceKyHaoMepa.

7. CHOBa CMOTATh Ha OCH MasTHUKA HUTb TIOABECKH CUMMETPHY-
HO ¥ PaBHOMEPHO ¥ (PMKCUPOBATh MAATHHK DJIEKTPOMAarHUTOM, CTa-
pasich YIpH 3TOM, YTOOH HHUTH HE ObUIA CIULIKOM CKpYYeHa.

8. IloBepHyTh MasTHHK B HallpaRIE€HHUH ABHKEHHUSA Ha yrona 5°
I ocNabNicHUsS. HHTH.

9. Haxats xiapniy «CBEPOC».

10. Haxath xnasumy «I1YCKb».

11. TIpounTars M3MepeHHOE 3HaYeHHE BPpEMEHM MalcHHUA MasiT-
HHKA M 3aHECTH €ro B Tabnily.
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12. TTIoBTOPUTE U3MEPCHUS BPEMEHH €ll(e 9ETHIPE Pa3a H HaHHbIE
3aHECTH B TaGmury.

MNe o/n Le Al c 8h, MM by, v

WV W N e

13. ITo mxane Ha KOJOHKE ONMPEHEIUTh IUVIMHY, Ha KOTOPYIO
OIIyCKaeTcsl MasTHHK h, M 3aHECTH B TaGnuLy.

14. Vicnions3ys cpeaHee 3HaYEeHUE BPEMEHM OIMYCKAHMS MasATHU-
Ka, o dopmyne (10) BEIYHCAUTE MOMEHT WHEPLUHMH MasTHHKa Mak-
CBeJa.

15. OueHNTb abCOMIOTHYIO M OTHOCHTETLHYIO NOTPENIHOCTH B Ofl-
peleleHUH MOMEHTA MHEPIMM MasTHMKA M 3alKcaTh OTBET C MX
YYETOM.

Ynpaxcnenue 2

Onpenenerne 10M YORUIH MEXAHUYECKOH JHEPIHR

1. MosTopuTs NyHKTH 6, 7, 8, 9 1 10 ynpaxHennsa 1 u, oTcun-
TaB TIATh HOMHBIX KoneGaHWii MaATHUKA, U3MEPHTD PA3HOCTh BHICOT
8h. aMepeHHEIe 3HAYEHNS S U h) 3aHECTH B TaOMuLLy.

2. ViaMepenve BeMYMH 8/ ¥ A, IPON3IBECTH NMATH Pa3 M 3aHECTH
B TabnAuUy.

3, JIng nOBHILIEHUS TOYHOCTY U3MEPEHUN HYXKHO B3ATh NATH Ne-
pHoaoB KosiebaHui MadaTHUKA. TOrla nona MeXasudecKo HEPIuH,
NOTePSTHHOM 33 OOUH MepHOn KonebaHu#A, COCTABUT

A€ h, — BHICOTA ONMYCKAHUs MAsTHHKA B TIEPBOM Tlepuone; A, — Bhi-
COTa MoI’beMa MaATHUKA B TIATOM TIEpHOTE.

4. OUEHHTH TIOTPEUIHOCTH M3MEPEHUYN U 3aITHCaTh OTBET ¢ MX
YYETOM.

JInteparypa

Casennes H.B. Kync obuteit duzuku: Yueb. nocodtme. B 5 xu. Ku. 1.
MexaHuxa. ~ 4-¢ u3L., nepepab. — M.: Hayxa. @uamaraur, 1998.

I'masa 5. MexaHuKa TBEpIOTO Teaa.

§ 5.3. BpauleHue Tes1a BOKPYT HENIOABIDKHOMN OCH.

§ 5.4. MoMeHT HHEpUUH,

§ 5.7. KuHeTHuYeCcKasA SHEPTHA TeJa NPH TUTOCKOM ABHXXEHNH,
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3agava Ne 10
OMNPEIAEJIEHUE MOMEHTOB MHEPIIUU TBEPABIX TEJX

Heaw paboThli: IKCTIEPUMEHTANBHOE ONpEREICHHE MOMEHTOB
HHEPUWH TBepAKIX TEN; NMPOBEPKa TeopeTHUYECKHX (opMyn pacdeTa
MOMEHTOB UHEPLIUU Te.

OcHoBHBIE NOHATHS B COOTHOLICHAS

Kak cnefyet u3 ompeieneHus, MOMEHT HHEPUHK TBEPAOTO Teaa
OTHOCHTEJIbHO NAHHOM OCH ARISACTCS ANAWTHUBHON BENMYMHOM, T.C.
MOMEHTH WHEPLIMM TeJla OTHOCHTENbHO NaHHOM OCH CKIAIbIBAIOTCS
U3 MOMEHTOB UHEPUHH OTACIIBHEIX YAaCTel Tena OTHOCUTEILHO TOM
Xe oci. MOXHO JOCTATOUHO TIPOCTO PACCYUTATH MOMEHTH! MHEPLIMH
TBEPAOTO TeJa, BCE 3JIEMEHTH KOTOPOro YAaleHEl OT OCH HAa OMHA-
KOBEIE PaCcCTOAHUA (HapuMeEp, TOHKOE XONBIO WiYl TOHKOCTEHHELI
UWIHHAP OTHOCUTENLHO OCH CHMMETpHH). g onpeneneHusd Mo~
MEHTOB MHEPLIUU TeN CIOXHOM (POPMBEI OGRMNHO MCTIONB3YIOT IKCITe-
PUMEHTAIbHEIC MCTOABI, OGHUM M3 KOTODHIX SIBJISETCS METOA Kpy-
THIbHbIX Kone6annii. KpyTHIbHBEIM MagTHUKOM Ha3kIBaeTCA TBEPLOE
TEJNO, NMOABEMIEHHOe Ha YNIPYTroif IPOBOJIOKE M COBEpIIAIoNiee Kpy-
TWIbHEBIE KOJIc0aHNSA OTHOCUTENLHO NOJIOXEHUA paBHOBecud. Ecnu
TIPOBOJIOKY 3aKPYTUTh Ha MaJIklii YTON U OTHYCTUTH, TO BOSHUKAIOT
rapMOHHYECKHe KonebaHNs OTHOCHTENIBHO TOJIOXKEHHA PABHOBECHS,
KOTOpBie MOXHO ONNCaTh CACAYIOIIM YPAaBHCHHEM:

Ia"=—-Da, (1)

rae J— MOMEHT MHepuuu Tena, D — MOAyNTh KPyYeHUs TIPOBOJIOKH;
a. — YTOJI [TOBOPOTA OTHOCUTEJIBHO NOJIOXEHHA PaBHOBECHS.

Pemme nanHoe ypaBHEHHE 110 AHAJIOTHH C PEMICHHEM YPABHEHUSA
JUIs TPY3MKa, KOJeOMoLIerocss Ha MpyxXHHe, ONpeaeuM NEPUON KO-
Jie6anua T XpyTUABHOIO MasTHHKA:

T = 2z /T]D. (2

DKCMEPUMEHTANBHO ONpeneNuB NepHox KojcGaHNA M MoAyNb
KpYYEHUs TIPOBOAOKHU, NO hopMmyrie (2) MOXHO PacCUNTATHL MOMEHT
MHEpLUY TBEpIOro Teja Mo6oi POpMEI OTHOCHTENLHO JaHHOH OCH.
CornacHO ONpeneNeHIo MOMEHT MHEPLITY TBEPAOTO Teja 3aBU-
CHT OT MONOXEHUS OCH BPaleHUs OTHOCUTEBHO Tesa. Kak W3BecT-
HO, Y KaXJIOTO TBEPROrO TeNa CyLECTBYET TPM B3aMMHO IepreHAU -
KYJISDHEIX OCH, NPOXOAALWIUX Yepe3 ero LEHTp Macc (cBOGOAHEIE
OCH), KOTOPHE 3aMEYaTeILHKE TEM, UTO €CJIM BOBJICYL TEJIO BO Bpa-
[LEHHE OTHOCUTENRHO JII000H U3 3THX OCeH, TO TeJI0 CTpEMUTCS CO-
XPaHATh OPUEHTALMIO 3TO OCY B NpocTpaHCcTBE. MOMEHTHI HHED-
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LM OTHOCUTEJILHO CBOGONHKYX ocelt {,, [,, I, Ha3HBAIOTCA TAABHbLI-
MH MOMEHTAMH HHepUMH. 3Has IJIaBHBIE MOMCHTBI MHEPLWUH, MOXHO
PACCYUTATE MOMEHT HHEPHUHMH OTHOCUTENIBHO 1060 ocH, npoxons-
IIEi Yepes LIEHTP Mace Mo ciaenytoieit popmyne:
I =TI cos’a,+ I,cos?a,+ I,cosa,, 3)

TAe a,, a,, &, — YIIN, KOTophie 06pa3yeT JaHHast 0Cb CO CBOBOIHEI-
MH ocsiMH O,, O, u O, COOTBETCTBEHHO.

B yacrHocTH, WIS NPAMOYTONBHOTO TapasuleNenuIicia MOMEHT
MHEPLHH OTHOCHTEJIBHO OCHM, COBNANalolIei ¢ MPOCTPAHCTBEHHOIM
JuaroHaibio, 6yner paBcH

2 2
a, a
Li=hh5—5—+5h— ag_ 7+ h—5—, @
ay +a) +a5 aQ +4ay +a g +a) +ay

rie a,, @, a; — JUIMHHL peGep napajnenenunena, napauieisHbe
cBoSoxHEIM ocsiM O,, O, B O, COOTBETCTREHHO (pHC. 1).

OnKcanne yCTAHOBKH

Ha ocHoBanuu (2) npubopa (puc. 2) npuxperuied MUWUINCEKYH-
nomep (1). B ocHOBaHMM 3aKkperUieHa KOJIOHKa (3), Ha KOTOPO¥ NpH
TIOMOIUM MPUXUMHEBIX BUHTOB 3aKpeIUIEHB! KPOHIITERHH (4, 5, 6).
Ha xpoHurreitHe (5) HaxonuTcA rU1acTHHa (8), KOTOpasd CIYXHUT OC-
HOBaHMEM (POTOIEKTPHYECKOMY AaTuMKy (9), anexTpoMarnuty (10)
H yroBoit mkane (11).

KoHcTpykums paMku (7) IO3BOJNAECT 3aKpeIUIATH PasiNYyHBIC
TBepable Tena (12), CYIEeCTBEHHO OTINYalolIMecs OpYT OT ApyTa no
dopme ¥ pasamepam. TBepabie Tena 3akperuidiOTCd IIPU MTOMOILY
noamykyoit 6anku (13), xoTopas nepeMelacTcs IO HATIPABNAIOIEM
MEXJy HeMOOBMXHEIMU 6ankaMu. Bajka ycTaHaBIIHBAaSTCA TyTeM
3aTArMBaHMUA Taek (14) Ha 3aXUMHBIX BTYIKAX, NOMEWEHHBIX Ha
MOABYDKHO Danke.

B mpouecce xone6annit MasiTHUKa, draxok (15) paMku nipepui-
BaET CBETOBON IIOTOK OT JIAMITOYKHM, YTO NIPHBOAMUT K PETHCTPaLHM
YHCIa NEpUOAOB Koebatus GoTO3MEKTPHUECKUM NaTYHKOM U 06-
LIIEr0 BpeMEHH, 33 KOTOPOE NPOUCXOIUT U3MEpPEHHE,
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Puc. 2

Ha maireBoii maHenn MWITUCEKYHIOMEPA pPa3MELUEHH CeAyIo-
(M€ KIaBUIIN:

1. «CETDb» — HaxaTue BKIIOYAET NHUTAIOLIEE HAlpKeHHe (BCe
WHINKATOPH BhicBeduBaoT LHbpPY «0» ¥ ropuT JaMnoyka ¢(poTo-
3JIEKTPUYECKOT0 AaTIHKaA).

2. «CBPOC» — HaxXaTHe BHI3BIBAET COPOC MpEeAbIAYIIErO NOKa3a-
HU4, TI0C)E Yero npubop FOTOB K NMPOREAEHMIO ClICAYIONIMX U3MEpe-
HMWIA.

3. «(IIYCK» — mipuBOAUT K OCBOGOXISHHIO PAMKH OT 3JIEKTPO-
MarHuTa ¥ Havany xonebarensHoro npouecca. OQHOBpPEMEHHO
BKIIIOYAETCA CEKYHIOMED.

4. «CTOIT» — okoH4YaHHe HIMEPEHUS.

HaMepenne nepHoaa KosieOanmii KPYTIALHOTO MAATHHKA

1. Haxats xnasyuury «CETb».

2. B pamke mpudopa 3aKpenuTh UCCAERYEMBIN rpy3.

3. INoropaunBag paMky npubopa, NpubIH3UTE ee Paaxoxk kK
NMEKTPOMATHHUTY JI0 TPHINIAHUS.

4. Haxats kHonky «[TYCKo».

5. Ilocne oTcyeTa CYETYUKOM MEPHOLOB HE MEHEE AECATH Kpy-
TUABHSEX Konebaumii, naxath kHonky «CTOIIs.

6. ITo dhopmyne T=¢/n (rne T— nepnol XPYTWIBHBIX Koneba-
HHIi; 1 — BpeMSA KonebaHuit; # — Yucao KojebaHuit) paccuuTars Ie-
puon KoeGanmit,

7. TIOBTOPUTD 3TH UIMEDPEHMSI ¥ BRIMMCIIEHUsA TPH pasa.
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Ynpasxcuenue 1

Onpenesietne NOCTOAHHOTO MOMEHTA YNPYTHX CHII
H MOMEHTA HHEPUHH PaMKH

Kak BuaHO U3 popMyiibt (2), IJif onpeneneHnsT MOMEHTa HHep~
LIVM TBEPAOTO Tejla HeoDX0AMMO 3HaTh MOIYNb KPYYCHUSI TIPOBOJIO-
KM, Ha KoTtopo# moasemeHa pamka. Kpome Ttoro, HeoOXomuMo
Y4eCTh COOCTBEHHRKII MOMEHT MHCPDUWY DaMKH, KOTOPHIII MOXET
OBITb CPaBHUM 10 BEJIMYMHE C MOMEHTOM MHEPLIMHA HCCICAYEMOTO
Tena.

Jns onpeneneHus 31X NapaMeTpoB KPYTWIBHOTO MasTHHKA BOC-
MONB3yeMCSl TEM, YTO MOXHO JIEFKO PacCUYUTaTh MOMEHTH HHEPLHH
HEKOTOPBIX CHMMETPUYHBIX OJJHOPOOHBIX TEJ OTHOCUTENBLHO OCEH,
TIPOXOAAIIVIX Yepe3 LEHTP Macc 3Tux TedA. Harmpumep, MOMEHT
MHEPUWH IWINMHApPa paguyca R M Maccoil m OTHOCUTEIBHO OCH, CO-
BHafawllelf ¢ OCbI0 aKCHAIBHOM CUMMETPUY LTWIMHAPA, PaBEH

u

I, =—;-mR2. (5)

Iepyon xonebaHUa KpYyTHJIbHOTO MAsITHUKA B OTCYTCTBHE TeENa,
3aKpeIUieHHOro B paMKe, coriacHo (2) Gyner

T, = 2nJT,]D, (6)
rac /,— MOMEHT HHEPUHM PaMKH.
[Mepron koneGaHMA MAATHUKA C 32KPCIUICHHBIM B HEM LIVJIHHI-

pOM paBeH
Ty = 2n /T, + T)/D. )
CoBMecTHOE perleHHe YpaBHeHMI (6) U (7) naeT CNeAYIoLHe Bhl-
PaXEHUs:

D =4 (T2 - T?), @)

LT )
P -tH"

3Kcnepnmelrram,nan 9aCcTh

1. A3MepuTts paguyc UMAIKHAPA LUTAHTCHLUUPKYNEM HE MCHeEE
naTy pa3. OnpenendTh CpeHee 3HaYeHUE.

2. B3BecuTh INUTHHAP.

3. PaccuyuraTh o dopmyne (5) MOMEHT MHEPUMM LIFVIMKAPA OT-
HOCHTEIBHO OCH, COBNajalolleH ¢ 0ChI0 aKCHATBHOH CHMMETPHM.
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4. OnpenenuTs NEPUOA, KPYTHIBHBIX Kole6aHUll MasTHHKA B OT-
CyTCTBUE I'py3a IO CXeMe, TIPEUIOKEHHOI B TIpeabIIYIIIEM pa3acie.

5. OnpenenuTh Mepuon KoneGaHuil MaATHHKA ¢ 3aKpeIUIeHHBIM
UWIXHIPOM. ISl 3TOrO 3aKpemnuTh B paMKe npu6opa WIWIHHIP U
ONPEACITHTL NIEPHOJA KoJiebaHMii IO TOi Xe cxeMe.

6. ITo dopmynam (8) n (9) paccuntars 3HaucHusa I, u D.

Ynpaxcnenue 2

Onpenenense rABHLIX MOMEHTOB HHEPUMH NPSMOYTOILHOTO

napaleienunena

1. 3akpenuTh HCCIEAyeMHI MapaUIeNenumen B paMke npubopa,
yTOGH OChL BpallleHHs MPOXOAWIA Yepe3 LEHTP CUMMETPHH ABYX
TIPOTUBOTIONOXHAIX FpaHe NapajuieasHO pebpy a,.

2. ITpou3secTd M3MepeHMs1 mepuona Konebanui 7.

3. Tlo ¢popmyne
T, = 2nf(h + 1,)]D (10)

NPOM3BECTH PACYeT IVIAaBHOTO MOMEHTAa MHEPHMHK I, OTHOCHMTENIBHO
310i cBOGOAHOMH OCH.

4. AHanormyHEIM 06pa3oM M3MEPHTE MOMEHTE HHepUnH 1, v I,
OTHOCHTENTLHO IBYX IPYrUX cBOBONHEIX oceil, mapajieabHBIX pebpaM
a, ¥ a, COOTBETCTBEHHO.

Ynpaxncrenue 3

OnpezeneHie MOMEHTA HHEPLMHH NPAMOYTOILHONO MAPA/LIE/ICIHIIA

OTHOCHTEJILHO OCH, CORMTANAIOLIEH C NPOCTPAHCTBEHHOH JHATOHATILIO

1. 3axpernuTh napavIeeuIe] B paMKe npuéopa Tax, 4robh och
BpAlleHUsI COBMafana ¢ ero AHaroHajblo.

2. IlpouspecTn naMepeHus nepuona Konebauutt T,

3. ITo dopmyne (10) MIpOU3BECTH pacyeT MOMEHTa UHepHMY I

4. V3MepuTh WTaHTEHIMPKYJIEM pa3MepH pebep mapamieseny-
nefa.

5. PaccuMTaTh KOCWHYCH YTJIOB, KOTOpDhIE COCTARIAET JUATOHANb
TapajliesIeITUIIea ¢ eT0 CBODOAHBEIMU OCSIMU (cM. puc. 1 n popmy-
ny (4)).

6. ITo dpopmyne (4) paccumnrats 1.

7. ComocTaBUTh SKCNEPUMEHTANBHBIE U TEOPETHYECKUE 3Haue-
HuA I,

OnpenenuTts NOrpeIHOCTY U3MEPEHU U 3aIIicaTh OTBETH C UX
YYETOM,
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Jlurepatypa

Casenres MH.B. Kypc obuei pusuxn: Yue6, nocobue. B 5 xu. Ku. 1.
Mexanuxa, — 4-¢ uan., nepepab. — M.: Hayka. @uamariut, 1998,

Inasa 5. Mexanuka TBepAoro Teia.

§ 5.3. BpauteHue TBEPAOro TENA BOXPYT HENOABHXHOM OCH.

§ 5.4. MoMeHT MHepLMH.

§ 5.5. TloHATHE O TEH30PE MHEPLUU.

TIpuaoxenre. DUNCONT UHEPUMY,



3agaua Ne 11
H3YYEHUE JBHXEHNA THPOCKOIIA

Ilens paboThl: M3ydeHHE OCHOBHEIX CBOACTB TMPOCKOINA M 3aKO-
HOB, OITHCHIBAIOIIMX €r0 ABUXKEHME TOX AeHCTBHEM BHEIIHUX CHIL.

OCHOBHLIE NOHATHA U COOTHOMEHMS

T'upocKonoM Ha3bIBacTCs GHICTPO BPALIAIOLIEECS CHMMETPHUYHOE
TBEPIOE TEJIO, OCh KOTOPOTo (O0Ch CHMMETPHM) MOXET TIOBOpayYM-
BaThCA B MPOCTPAHCTRE.

IMpocTeHinM ¥ BceM 3HAKOMBIM THPOCKOTIOM sABJSIeTCA AETCKAS
1012, WM BOJMYOK. Bce, maxe caMule YOMBHTENBHEIE, HA ITEPBHIN
B3I, CBOMCTBA M'MpPOCKONa HAXOAATCS B COOTBETCTBUM C 3aKOHa-
MH MeXaHMKH. PacCMOTPHM TIPUONIDKEHHYIO TEOPUIO CHMMETPUYHO-
T'o I'MpocKona.

B 0CHOBe TEOPHH JIEXHT ypaBHEHHE MOMEHTOB:

dL
7 =M L
roe M — cyMMapHBIif MOMEHT CUJT, XeACTBYIOIINX HA cHcTeMy; L—
MOMEHT NMIyNbCa cUCTeMEL. BaxHo, yto M 1 L Do/mKHE! 6HITH BH-
YUCIIEHE OTHOCUTENIBHO OJHOM U TOM Xe (IpOoU3BO/LHOMN) TOYKH
NpocTpaHcTBa. A CHMMETPHYHOTO Teja, COBEPLUIAIOILETO Bpallie-
HHe BOKPYT COOCTBEHHOM OCH, €ro COGCTBEHHEI MOMEHT UMIYILCA
PaBeH

L=]o, (2)
roe /— MOMEHT HHEPUMH OTHOCHTENBHO OCH BpallleHUd; @ — YIIIO-
Basi CKOPOCTh BpaueHUs. BHICTpo Bpawaioumiics rupockorn obnana-
et GONbIMNM COOCTBCHHEIM MOMEHTOM MMITYJILCA, KOTOPLI HATIPAaB-
JIeH BOOJTb OCH BpAllCHHS.

1. Eciu Ha THPOCKON He JeHCTBYIOT BHEIIHHME CHIIBI MM UX CYyM-
MapHBIif MOMEHT paBeH HYMIO, TO TaKOW TMPOCKON HA3BIBAIOT CBO-
6omHREIM. B cooTBeTcTBUM ¢ YypaBHeHMEM MOMeHTOB (1) npu M=0,
L=const, T.e. MOMEHT UMMYJIbCA TAKOTO IUPOCKONA OCTAETCH TO-
CTOAHHBIM KaK IO BEJIMYHHE, TaK H MO HamnparlecHU0. JpyTuMH
CNIOBaMM, CBOGOMIHEIN THPOCKON COXPaHAET B TIPOCTPAHCTBE HEU3-
MEHHERIM HalpaB/IeHUE OCH BpallfeHUS. DTO CBOWCTBO aHAJIOTHYHO
3aKOHY WHEPLIMH: Bpallaiollieecsl TBEPIOe TeNIO COXpaHIeT CBOE Bpa-
IICHHE B OTCYTCTBUM BHEIMHHX CWI CKOMb YTOMHO HoNTo. JInd uame-
HEeHHA HanpamIeHUs OCH TPeOYIOTCS BHELTHHE CHITH, TeM GobHInE,
yeM Gonblie cOGCTBEHHBI MOMEHT MMITYJIbca TMpockona. Ha yc-
TOMYHMBOCTH HaNpaBIEHHMA OCH BpallleHHA THPOCKOIIa OCHOBAHHI €ro
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MHOTOYMCNICHHEIC TIPUMEHEHUS B TEXHUKE: Hape3Hoe OpYXHe, HaBU-
TalHOHHEIE TPHOOPH! (TMPOKOMITaC, THPOTOPU3OHT), CTa0IIN3aTOPhI
TONOXEHUA TeNl B TIPOCTPAHCTBE, THPOCKOIIUYCCKHE YCTIOKOUTENH
Kauky U T.1L.

- 2. Ilpn neicTBUM BHENIHKX CUJI MOMEHT UMITYJIbCAa U3MEHACTCH,
TpHYEM U3MEHEHHE MOMEHTA UMITYJIBCA OTIpe/IeNsIeTCs KaK MOMEH -
TOM BHELIHUX CHJI, TAK U JTHTENILHOCTBIO UX NeHCTBHUS:

AL=MAt.

3aech pa3nnyaloT ABa CIydas:

2) eCJIM BHELTHHE CHIH AeHCTBYIOT B TEUEHHE KOPOTKOIO NpoMe-
XYTKa BpEMEHH (KaK, HalpuMep, NpH yoape WIH TONYKe) U MPOu3-
BeieHHe MA! HEBEJIHKO, TO U3MEHEHHE MOMEHTA MMITYJIbCa TaKXe
GyneT MahIM laL|<<|L|. IIpu ynape HampasieHHe OCU THPOCKO-
Na He YXOOUT JaNeKO OT CBOETO HCXOXHOTO IMONOXEHUS, a CIerka
IPOXUT, OCTABASCH MOYTH HEM3MEHHEIM, JIpoXaHue OcH THpOCKONa
OKOJIO MEPBOHAYANLHOIO HANpAaBJIEHUA NOCcIe KPAaTKOBPEMEHHOTO

. -AEHCTBMSA CWJIbI Ha3RIBAETCA HyTaume;

6) npu JUTHTEBHOM JCHCTBHM CIIH OCh 'MPOCKOITa NIOBOPayMBa-
ercq B IpocTpancTBe, OQHAKO TTOBOPOT OCH FKPOCKONA IIPOUCXOTUT
HE B CTOPOHY AeWCTBUS CWIH, KaK 3T0 6BUIO OR DM HE BpaImIalo-
IEMCH POTOPE, @ B HaIIPaBJICHUM, NMEPNECHANKYASIPHOM 3TOM OCH.
BpameHue ocu THPOCKONa BOKPYT HArpaBlIe¢HUsA TIOCTOAHHO Heii-
CTBYIONIEH CHIIBI HA3bLIBAETCA BhLIHYXAeHHOH mpemeccmel. Pasbepem
SIRIeHHe TIPeleCCUM HECKOJIBKO NMOApo0HEE.

PaccMOTpHAM THPOCKOTI, 3aKpEeTIeHHEIH B NEHTPE MAcC TaK, YTo-
6Bl OH MOT TIIOBOPaYUBATHCSI BOKPYT TOYKY 3aKpervienus. OuesuIHo,
CWiIa TAXECTU ypaBHOBelleHa peakiieil Oomophl, © B OTCYTCTBHE
JpYrux BHEUIHHX CWI THPocKon AnIseTcs cBoboaHbM. ITycTe Ha och
TMPOCKOIIA AeCTBYeT enie nocTossHHas cwia F (puc. 1). MoMmeHT
3TOH CUJIBI OTHOCHTENILHO TOYKHM 3aKpemieHus O HamparieH Mep-
NIEHINKYJIAPHO CIJIe K OCH rMpocKora (puc. 2).
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CoracHO YPaBHCHHIO MOMEHTOB 32 BpeMs A7 MOMEHT HUMMYJIBCa
M3MEHUTCA Ha BEJIMYUHY AL, npwuem

AL= MALt.

3nechs BaXXHO OGpaTUTh BHUMAaHUE HA TO, YTO HanpaBil¢HMe BeK-
Topa AL coBnafacT ¢ HanpaBleHUEM BEKTOpa MOMEHTAa CWIN M, a
He cwiwy F. JipyriMu ¢j10BaMi, N3MEHEHWE BEKTOpA MOMEHTa HM-
myJibCa GyneT nepneHIUKYISPHO BEKTOPY MOMeHTa MMITYNbca. Ecan
y4ecTh, YTO MOMEHT UMITYJIbCA THPOCKONA HampaRjeH BAONIL OCH
BpalleHHUsl, TO OChb THPOCKONa NMOBEPHETCA BOKPYT HallpaBiIeHUSA
BekTOopa F. DTO BpamieHMe OCH TMPOCKOIIa U eCTh npeueccus. [Ipu
9TOM BeJiMYuHa COGCTBEHHOTO MOMEHTA IMITYJIECA HEe U3MCHSAETCS.

HaiingeMm yrnoByio CKOpocTh Nperneccuu. 3a BpeMsi Af oCkb FMpo-
CKOMia NIOBEPHETCA Ha Yroi Ac. M3 puc. 2 BHAHO, YTO

AL
Ao = —.
=7

Yriaopas CKOPOCTbD IIPpELIECCHH

o, =A% AL

A LAt
Bocnons3oBaBIiMCch ypaBHEHHEM MOMEHTOB (1), MOXHO ITOJIYUHUTh
Oy = &)

OT1a popMyna nokaskBaeT, YTO OCb THPOCKOINA MIOBOPaYMBacTC
TeM OBICTpee, YeM GONILIIMIH MOMEHT BHELHEH CHWIH NelCTBYeT Ha
THUPOCKOIT — 3TOT Pe3YJILTAT OYCBUACH C TOYKH 3PCHMS OOIIMX 3aKO-
HOB AWHaMuKM. C qpyroit CTOpoHH, YeM Gonplue COGCTBEHHE MO-
MEHT UMITyNhea THpockona L= Ja, TeM MejuteHHee GyaeTr npoucxo-
IUTh npeteccus. CoOCTBEHHbI MOMEHT MMITYJIbCa SIRNIAETCA KaK Obl
«MEepO MHEPTHOCTH» TUPOCKOTIZ U OMNPEAC/AET €ro yCTOMYNBOCTL
10 OTHOIUCHUIO K BHEITHEMY BO3AEHCTBHIO.

Y4YUTHIBas BEKTOPHRIH XapakTep BE&JIMYWH o, , M u L, a Takxe
HanpapleHHe 3TUX BeKTOpOB (puc. 3), dopmyny (3) o6EIMHO 3amu-
CHIBAIOT B BEKTOPHOM BHAE

M=o L],
rae M — MOMEHT BHEUIHHUX CHJI, MoX Ae#icTBUEM KOTOpBIX OCh IH-
POCKONA MPELECCHPYET € YIJIOBOM CKOPOCTHIO ©,; L — cOGCTBEHHbIN
MOMEHT UMITYJIbCa TUPOCKOTA.

Hocnenylomuii aHanu3 ABMXEHUS THPOCKONA NPOBOAUTCA NpH
yueTe TpeThero 3aKoHa Hrulorona. Ecnu kakoe-nmu6o reno nefcrBy-
€T Ha OCh THPOCKOTa, BH3KBAs ¢¢ MPELECCHIO, TO CO CTOPOHBI OCH
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Ha 3TO TeNO NEHUCTBYET TaKasl X¢ MO BEJIMYMHE, HO o M
NPOTHUBOITOIOXHO HampaBsieHHAasl CHNIa. DTa cwia
NPOTHBOAEUCTBHA CO CTOPOHKB! TIpeliecCHpyIoLIeH
OCH THPOCKOIIa Ha3khIBaeTCA IMPOCKOMMYecKoif. Jler-
KO IMOKa3aTh, YTO aHAJIOTMYHOE COOTHOLICHME AODK-

HO OhITh CTIpaBeJIMBEIM M JUIL MOMEHTOB IPOTHBO- Puc. 3
AeHCTBYIOIINX CHIT

M, =-M,
TaK 4To

M, =[Lo,]

Takum o6Gpa3zoM, MpH INOBOPOTE OCH THPOCKONA BO3HUKAIOT
CWIIEI, TIPENATCTBYIONIME NOBOpoTY. MMEHHO rupockommyeckue
CWJIK OTBETCTBEHHH 33 YCTOHYMBOCTh OCH THPOCKOIA B NMPOCTPaH-
CTBe: J10ad IONKITKa HOBEPHYTH OCh BCTpEYaeT NMpoTHBOACHCTBHE,
TeM 6onbliree, 9¢M 6obme COGCTBEHHRH MOMEHT HMTIYJIbCa I'HpO-
cKora.

3nech OLUTH PAacCMOTPEHH 3JEMEHTh TEOPHH CHMMETPUYHOIO
YPaBHOBEIIEHHOIO rupockorna. O611aa TeopHa TMpoOcKona ropasuo
ciaoxHee, V3ioxeHHOE Xe MO3BOJIAET MOHATH Haubonee BaXHBIE
CBOJICTRa TMPOCKONA.

Onuncanve YCTAHOBKH

OKCMepUMeHTATTBHAS YCTAHORKA BKIIIOYAET TUPOCKOII € ANEKTPO-
MOTOPOM Ha OCH H 3JIEKTPHUeCKHit GJIOK YTIpaBIeHHS M H3MEPEHHIA.
Bnok no3BoifeT HIMEHATH YacTOTY BPallCHMSA MAaXOBHKa U H3Me-
PATDH €e, aBTOMaTUYECKU BBECTH OTCYET YIJIa OBOPOTa OCH TMPOCKO-
Tia TIPY MPEeLEeCCUM Y H3MEPATE BPeMA.

KoHcTpykims ycTaHoBKM M306paxeHa Ha puc. 4.

Iipockon npeacTaBlgeT coboi MWINHAPUYECKUH MaxoBHK (1),
KOTOpBIit GBICTPO BpalaeTcss BOXpyr cobcreeHHol ocu 00,. Koner-
PYKLHS TIPEAYCMAaTPHBAET BO3MOXHOCTbh NOBOPOTa COOCTBEHHOM OCH
00, BoKpyr ropusoHTankHo# ocH OO, N BpalIcHHA BOKPYT BEpTH-
KanbeHoi ocH 0O0,;. Takoe yCTPOHCTBO NMO3BOJISIET OCH TMPOCKOIA Me-
HATH HAIIPaBJICHUE B MIPOCTPAHCTBE, NIOBOPaYHBAsCh BOKPYT HENOM-
BIDKHO# Touku O, XoTOpas siRnsgeTcs NnepeceueHUeM BCeX TPEX OCEH:
00,, 00,, 00,. 310 06CTOATENLCTBO TIO3BOJIAET NPUMEHUTE TEO-
PHIO, HITIOXEHHYIO paHee. Takasi KOHCTPYKLUA HOCUT Ha3gaHHe M-
pockona Peccens.

Ha ocy rupockona 3akpenieH HpoTHBOBEC (2), KOTOPHIF MOXHO
nepeMelarh BAOIL oc OO0 ¥ TeM CaMEIM PEryiipoBaTh CYMMapHBIH
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12

|13

Pnc. 4

MOMEHT BHEIHWX CYUT OTHOCHTENBHO ToukH O. Ha peiike (3), Broan
KOTOPOIA ITepeMelllacTCss NPOTHBOBEC, HAHECEHA METPHYECKas LKA,

‘Yron oBopoTa rHpocKona BOKPYI' BEPTHKAILHOM ocu 00, MOX-
HO CYMTHIBATHL BU3YAIBHO C OWCKa (4) ¢ HaHECEHHOM MIKANON NpH
noMortuu yxasarens (5). KpoMe Toro, Ha 60KOBO# NTOBEPXHOCTH AMC-
Ka UMEIOTCA OTBEPCTUSE uepe3 Kaxable 5°. Tpu Bpamenun aucka or-
BEPCTUST PETUCTPUPYIOTCA (POTOANEKTPUIECKUM JATYMKOM. TaKHM
o6pa3oM uHbopMauus 06 yriie noBopoTa nepeaaerca B 610K yrpas-
JICHUA U M3MEpPeHMNI. AHANOIMYHRM O0pa3oM ¢ NMOMOILUBIO JPYroro
doroaneMeHTa B 6J10Ke NOARNIAETCS HHPOPMALMS O YacToTe Bpallle-
HISL MaXOBHKa.

Biiok yripaBieHus U U3MCDEHUI MMCET Ha JIMUCBOM mnaHenu (6)
cnenyrome MaHUNYAAIVMOHHKE 31eMeHThl: (7) — « CETb» — BKiTIO-
yatens cetH; (8) — «CBPOC» — c6poc uamepurtens. Haxatue aToit
KHONKH BRIBRIBAaeT COpoC JAaHHEIX Y MOCHUIAET CHIHAN pa3pelleHUs
Ha n3MepeHue; (9) — «CTOIT» — oxoHyaHne n3MepeHuit. Haxatue
KHOIIKA (9) BEI3BIBAET I'€HEPUPOBAaHME CHUTHaJIa, BRI3KIBAIOLIETO
OKOHYAHUE TIpoliecca aBTOMAaTHYEeCKoTo cueta; (10) — «PET. CKO-
POCTMH» — BpaueHme 3101 PYYKH BHI3bIBAET BKIIOYCHHE HANPSIKE-
H¥ MATAHUS NBUTATENS TUPOCKONA U YPaBIeHHEe CKOPOCThIO Bpa-
meHusa. Ha nuuesoit naHeau 6i1oka uMeiored Tpy mikansl: (11) —
IIKana CTPEesIOYHOro ranbLBaHOMETpPA il M3AMEPeHHS YACTOTH Bpa-

_IeHU MaxoBHKa, (12) — uu¢ppoBol HHANKATOP YIva IOBOPOTA BOK-
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Lyr BePTHKaNbHO#M ocy; (13) — undpoBoit HHANKATOP BpeMEHHA H3-
kMepeHHs.
¥ DKcnepuMeHTaNbHAA YACTH

4 [Ipu MOATOTOBKE K U3MEPEHUAM HEOGXOIMMO NPOBEPHTH BEPTH-

. KAIBHOCTh ycTaHOBKU ocu OO0,. ITposepka ocyuecTriseTcs IIpH Io-

, MOIIM TY3RIPBKOBOIO YKa3aTejsl yPOBHS, PACIIONOXCHHOTO MO

' 3IEKTPOMOTOPOM MPOCKONa, B CIIydae HEOOXOAUMOCTH — C IIOMO-
IBIO PETYIMPOBOYHEIX BHHTOB-TIOACTABOK (14) (cM. puc. 4).

3 Haxarts xnapumy (7) «CETb» u ybequTscs B TOM, YTO UHANKA-
TOPEI BEICBEYHBAIOT LIUGPY «O».

y  Tlpu nomowu NepeMeIleHHs NpoTuBoBeca (2) YCTaHOBUTE TOPU-
SOHTAITBEHO COOCTBEHHYIO OCh rHpOcKona. 3aMeTHTh 110 LIKale ¥ 3a-
NHCATD NOJIOXEHKE NPOTHBOBeca. CyMMapHBIE MOMEHT CWJI OTHOCH-
TeNLHO TOYKH O MpPH 3TOM PaBeH HYJMIO.

Ynpaxcuenue 1
Haémonenue HyTauuu

1. JBAratens rupocxona BLKNIOYEH, YOeIUTLCA B TOM, YTO NpH
JIETKOM TOJMYKE NajiblieM M0 MPOTHBOBECY OCh THPOCKOIA IIOBOPAYH-
BaeTcsA B HallpaBICHHHU AeHCTBUS CHJIBI.

2. Bxmioynts pyukoii (10) — «PEI. CKOPOCTH» — nwranne
Beurarensa. IlnaBHo moBopaywBsas pydKy, OTPeryIMpoBaTh YacTOTy
BpanieHus asHraresnst okono 6000 of./MuH. Jath ABUraTENIO pacKpy-
TUTHECA B TedyeHHe 1—2 MyuH. Habniogats HYyTauuIo NPH JIETKOM TOJI-
4Ke najasleM IO [IPOTHBOBECY. YBeaUThCa TakuM oBpasoM B yCToOi-
YHBOCTH OCH BPALalOUIEroCs THPOCKONA.

Ynpaxcnenue 2

HaGOnionenue npeneccHx

TIpukpenuTh K KoHLUY peitku (3) cmabyio npyxuHy. Crnerka no-
TAHYB 32 KOHELl NPYXNHKHU, YOEAUTHCA B TOM, YTO OCh BpAlLAOLIE-
1OCs TMPOCKOIIA MEPEMEIaeTCA NePNEHANKYISIPHO HaNpPaBRICHUIO
OCKCTBUSA CUIIBL.

Ynpaxcnenue 3

H3mepenne cOGCTBEHHOTO MOMEHTA MMITY/IbCA FHPOCKONS

H OmnpenesieHne MOMEHTA WHEPLHH

MoMeHT UMITynbea onpenensieTcs U3 cooTHoweHus (3):

-2 ®)

O
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TIe ®,, — YIIOBasi CKOPOCTb IPEeLeCCHH; M — MOMEHT cu, BBI3BIBA-
IOLUH TIPELECCHIO.

Tlopanox H3MepeHHiH

1. TlepeMecTUTh NMpoTHBOBEC (2) HA HECKONBKO CAHTHMETPOB
BIONb ocH 0O0,, N3MEPUB 1O WIKANE PeHKM BEIMMHY CMELICHUs Al.
BesmuiiHa MOMEHTA CHJIBL, BH3KBAOLIEH NpeLecCHio, onpeaenaercs
o popmyne

M=mgAl,

Tle m — Macca IIpOTHBOBECA, 3HAYCHHE KOTOPOH YKa3aHO Ha NPOTH-
BOBECE.

2. Jta u3MepeHHUA YINIOBOK CKOPOCTH MNpPELIECCHU HaxaTh KHOIT-
Ky (8) «CBPOCs. Tlocne noBopoTa oc¥ THpPOCKONa Ha yron ¢ (He
MeHee 30°) Haxarth KHOTIKY (9) «CTOII». 3anucars MOKa3aHUA UH-
IOMKATOPOB YrJla MOBOPOT2 ¢ M BPEMEHH .

VrnoBasi CKOPOCTh BEMNCIAETCA 1o HopMye

®pp = %IPW c),

I¢ BENIMYUHA N3MEPEHHOTO YIIA ¢ BRIPAXAETCS B paJliaHax.
[ToBTOPUTE U3MEPEeHNA NATh Pa3. 19 3aNMUCH Pe3yIETaTOB MOX-

HO peKOMEeHIOBaTh TabJHLy.

YacroTa BpalleHUs MaXOBHUKa

n=.., 06./MHH.
1A Y

¢°

Orgp, PAI/C

Haliti cpennee 3HaueHne o,,, OUCHNTb aGCOMIOTHYIO ¥ OTHOCH-
TEJIBHYIO MTOTPEITHOCTH. BHUHCIIHTD COGCTBEHHBIT MOMEHT HMITY/Ib~
ca L no dopmymne (5) B xT-M%/cC.

3. [ToBTOPHTE U3MEPEHYIA, TIEPEMECTHB MTPOTHRBOBEC HA HECKOMb-
KO CAHTHMETPOB B ITPOTHBOIIOIOXHYIO CTOPOHY OT TOJIOXEHHS paB-
HoBecus. Haittu L,

4. Tlponmenate H3MepeHNA 1—3 I 4acTOT BpallleHUA MaXxOBHUKa
n=4000, 5000, 6000 u 7000 06./MUH. Pe3ynbTaThl U3MEPEHUIT 3aHe-
CTH B TabnuLy.

7, 06/MHR 4000 5000 6000 7000
L 1y xrﬁ/c
L;, xr-M?/¢
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ITocrpouts rpaduxk 3aBucumoctu L(n), HAHOCA TOYKH, COOTBET-
ersylomue 3HaveHusM L,, u L,. Kaxoil BEIBOA MOXHO clenaTh M3
rpaduka?

5. Ione3yack pe3yabTaTaMH BCeX OIBITOB, BHIYUCIHTD 3HAYEHNSA
006cTBeHHOrO MOMEHTAa MHEPIIMM MaX0OBHKA IMpockona no dopmyne

’

¢ I===—".

MOMEHT MHepLIH BHPa3UTh B KT-M2. i1 3TOr0 9acToTy Bpallie-
MHsg MaXOBMKa HeOOXOXMMO BhipaXaTth B 00./c.
- Haitu cpeanee 3HaieHMe MOMEHTa MHepUMH | ¥ OLEHUTD TO-
TPCIIHOCTD.
-0
- Jlsmepatypa
CasenbeB M. B. Kypc obieit opusukn: Yueb. nocobue. B 5 xu. Kn. 1.
Mexannka. — 4-e nan., nepepab. — M.. Hayka, ®usmamiur, 1998.
éll'nasa 3, 3aKOHM CoxpaHeHns,
§ 3.12. 3akoH coxpaHeHHs] MOMEHTA HMITy/bCa,
(_1 I'napa 5. MexaHHKa TBEPAOTO TeNa.
» § 5.3. Bpaiuenue Tena BOXPYT HEMOLBWKHOM OCH,
v € 5.9, Tupockorsl.



PA3QEN 3

KOJEBAHUA

3anaga Ne 12

OIPEAEJIEHUE NEPMOJA KOJEBAHUN
OHUINIECKOrO MAATHHUKA

Ilenw 3anmaum: onpeneleHMe TniepHona KojebaHuil ¢puandeckoro
MAafATHHKA IIPOCTON IeOMeTPUIECKOi HOPMEI U CpaBHEHUE CO 3HAYE-
HHEM, BRIYUCIIEHHEIM 110 T€OMETPHYECKHM pa3MeEpaM.

IpuBop H DPHHANMEXHOCTH: THCK, U3TOTOBICHHRIH M3 OXHO-
POIHOIO BEINECTRA, NMOACTABKA AN JUCKA, WITAHMCHIMPKYNb, MUK~
pOMETP, CEKYHAOMEp, TeXHUYECKHE Beckl, Habop pa3HOBeca.

OcHopHBIC HOHATHA W COCTHOMEHHS

OuarieckHM MASTHHKOM Ha3KIBAaeTCS TBEPLOE TEJIO NPOU3BOJIBHON
hopmus, KOTOPOEe MOXET BpalllaThCsl BOKPYT FTOPU3OHTAILHON OCH,
He npoxonsuen yepes UeHTP Macc Teia. MasTHHK HaXxoAnTcs B yc-
TOHYHBOM PaBHOBECUM, eCAH €TI0 HEHTP MacC HaXOOHTCA HIDKE OCH
Ha BEPTHKANLHON NPAMOT, npoxoasie depe3 ock. BHBEACHHBINH U3
MIOJIOXXEHHSA PaBHOBECHSA MasATHUK COBEPLIAET KONCOaHHA TOL He#-
CTBUEM MOMEHTa CWIH TsXecTH. Eciu mpH KoseGaHuAX JUHMSA,
npoxoasIas yepe3 UEHTP Macc MagTHUKa M OChb OTKJIOHSETCH OT
BEPTHKATIH Ha YTOJI, BEIMYMHA KOTOPOro (BHIPAXEHHAA B pafiHaHax)
Mana IO CPaBHEHUIO C eIAUHHLEH, TO 3aBUCHMOCTE 3TOTO YIjla OT
BPEMEHH BJIM3Ka K rapMOHMYECKO. B 3TOM cayuae 3aBUCUMOCTH
nepyuona Koneb6auuii 7 OT BENHYUH, XapaKTEPUIYIOMIUX MasTHUK,

HNMEET BUIO
7
T =2 |——, 1
"\} Mgd )

rae J — MOMEHT HHEPUUY MasgTHHKA OTHOCUTENBHO OCH BpaLlleHUs],
d ~ PacCTOsSIHME OT OCH IO LIEHTDA M3cC MasfATHUKA;, M — ero Macca,
& — YCKOpeHHe CROOOXHOIO TIafieHus.

MOMEHT UHepIUH NPeACTaBAsAeT coboH DHINYECKYIO BETHYUHY,
XapaKTepU3YIONIy0 UHEPTHEIE CBOMCTRA TBEPROTO TEJA NPH €ro Bpa-
LLIEHUH BOKPYr ocH. OH 3aBMCHUT OT pacnipeleNieHusi MaccH Tena OT-
HocHTenbHO ocu. Ilo onpeneneHuIo OH paBeH

I= Z Amiliz, (2)
{
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The Am,— Macca 3/IEMEHTA Tefla; 7, — PACCTOAHUE OT OCM IO 3TOTO
SnemMeHTa. [N CIUTOUIHBIX Tel MOMEHT MHEPLUUY BEIYUCAAETCA 110
3aJaHHOMY pacnpelesieHHIO IUTOTHOCTH Tejla IyTeM UHTErpHupoBa-
HHS 10 00BEMY TENA, DT BHIYUCIICHMS CPABHUTENBHO MIPOCTRI LA
ONHOPOJIHBIX CUMMETPUYHBIX TeJ, €CII MOMEHT MHEPIIUY, BEIYUCS -
€TCs OTHOCHTEJIBHO OCH CUMMETpHH. B JaHHOM paGoTe B KauecTpe
QU3NYECKOro MasgTHUKA MCTIONB3YETCS ONHOPOOHBINA OUCK, Koneb-
JoolMicA BOKPYT OCH, MEPNEHANKYIIPHOM ero rocKocT. MoMeHT
RHEpUMM OXHOPONHOrO AWCKa ¢ nuamMeTrpoM D u maccoli M OTHOCK-
TeJIBHO OCH, TTPOXOUAIIEH TIEPNEHAUKYIAPHO IUIOCKOCTH XUCKA Ye-
Pe3 ero LIEHTp Macc, paBeH

Iy = %MD2. 3)

‘OnHako och, BOKPYT KOTOpO# Bpaitaerca Gu3nuecKuif MassTHUK
fipH Kone6aHUAX, HE TIPOXOAUT Yepe3 LEHTP Macc. B aToM ciyyae
&renyet Bocnomb3oBaTHCs Teopemolt Tofirenca—IIrefinepa: MoMerT
WMHepunn I OTHOCUTENLHO OCH BpallIcHUS MAaATHHKA
>
x I=1,+ Ma2, 4)
®ge [, — MOMEHT WHEPIIMH OTHOCHTENBHO OCH, NpoxoaAumeit yepes
§ieHTp Macc ¥ mapa/UIeTbHON OCH BpallieHMst JUCKa; M — Macca Tea;
W— pacCTOAHUE MEXTY 3TUMH OCAMH.

. U3 popmyn (3) u (4) noxydum
I= -;-M(Dz +8d?). &)

IloacTtaBuB 3HaueHHWe MoMeHTa wWHepuuu (5) B dopmyny (1),
haﬁneu BEIPAXEHHUE It IepHoaa KoneGaHUR AucKa BOKpYT OCH,
REPIIECHINKYASAPHON €70 TUIOCKOCTH:

D’ +84 (6)
2gd
TaxuM o6pa3oM, nepnox KojeGaHuil IUcKa He 3aBUCUT OT €To
ﬂaaccsx Y OTipenesieTcs TOABKO TEOMETPMYECKUMH NapaMeTpaMu:
)mameTpom aucka D ¥ paccTosHHeM d MeXIy LUEHTpOM IHUCKa U
OCBIO BpallicHHSI MASTHHKA.

T=n

Ongcanxe yCTAHOBKM

Hayuaemslit B JanHOM paGore GUINUECKUR MASTHUK NpeAcTaB-
AreT cofoif cniomHol oaHopoAnbIA JHCK, HA KAXIO! CTOPOHE KOTO-
poro HaHeceHH auametp AB v xopaa EF (puc. 1). Ha nepeceyenuu

i
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B
Puc. 1

JuaMeTpa U XOpIsl B TouKe O Ha KaXAoi U3 CTOPOH AUCKA UMEIOT-
cA1 KOHHYeCKHe YTIyOuieHns, Haxoosmuecs OpyT POTUB JIpyra.

IMoncraBka wid 3aKpeIVIeHUsT MaaTHUKA (PUC. 2) IMEeT ABa KOHY-
ca: HemoABHKHMIA (1) M noaBIDKHLIA (2). BeplUMHEI KOHYCOB pacro-
J1araloTcsl Ha OAHON TOPU3OHTANEHON NHMHUN. BuHT (3) cayxuT 114
3aKpeIUICHUs ITOOBHXKHOIO KOHYCA.

Ilopanok u3Mepenuit

1. M3Mepenne reomMeTpHIecKHX napaMeTpoB. M3MepAIOT IITAHTEH-
UMPKYIEM HE MEHEe MISATH Pa3 B PaliNYHLIX MecTax auaMerp D ounc-
Ka. Ecny npu 5TOM KaXabid pa3s Tojy4aeTcs OTHO M TO Xe 3Haye-
HHe, TO 33 MOJHYI0 26COMOTHYIO TIOrPEITHOCTh H3MEPEHNS IPHHH~
MAaloT TNIPUOGOPHYI0 TNOTPEIMIHOCTH LITAHTEHIIMPKYASA. Pe3ynbTaThl
N3MEepeHNii 3aHOCAT B TaONNLLy.

He MeHee Tpex pa3 M3MepAIOT WITAHMEHUUPKYNEM IIWHY L oT-
pe3ka AO (cM. puc. 1) C oHOI CTOPOHK AUCKA U CTOJBKO XK€ pa3 —
¢ Opyroii. Pe3ynbTaThl HAMEPEHHIt 3aHOCAT B TaGauILy.

2. N3mepenne nepHona Kojiedannii MAATHHKA. 3aKpCmIgIOT AUCK
Ha ToacTaBke. Ina 3TOro ocBoboXxnaoT BUHT (3) U OTOABUTAIOT
TIOABUXHEI# KOHYC OT HETTOABHXHOIG Ha pacCTOAHHE, HECKOJIBKO
NMpeBbIMIAONICe TONUIMHY AMCKA. JUCK BCTaBAAIOT B MPOMEXYTOK
MEXIY KOHYCaMH TaK, YTOOK OCTpHE HeNOIBIXXHOTO KOHYCa BOIDIO
B yIJIyGleHMe Ha o6pallleHHOM K HEMY CTOPOHe IHUCKA. 3aTeM OCTpHe
TMOIBUXHOTO KOHYCa BOBUTAIOT B yriybleHUe Ha OpYToif CTOPOHE
JUCKa IO YIIopa W MOABIXHBIA KOHYC 3aKPEIUIAIOT BUHTOM (3).

BRIBOASAT OUCK M3 T1OJOXEHUSA PABHOBECUS TaK, YTOOBI HMXHSSA
TOYKA AMICKA OTKIIOHSIACH Ha 2—3 cM OT BePTHKAILHON JMHMH, U
TIpOBEPAIOT, ZOCTATOYHO JIU CBOBOLHO TIPOMCXONAT ero KonebaHus.
Ecsu AMCK 10 MONHOM OCTaHOBKM coBepluaeT MeHee 15 xone6aHuix,
TO, 0OCBOOOIMB BUHT (3), YyTh-YyTb BBLABHTAIOT NMOABHXHBIN KOHYC
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Puc. 2

? CHOBA BJBHTalOT €I0 JIO YIIOpa B yriuyGJieHHe Ha ANCKe, HO yXe ¢
@CHBIUNM HAXUMOM, YeM 3TO aenarock paHee. KoHyc cHoBa 3a-
tpennsior BUHTOM (3). IIpn 3TOM AMCK cneayeT NpUACpXHBATH py-
toft, obeperass OoT MageHHUs] U TMOBPEXICHUS OCTPUIMHM KOHYCOB.
CHOBa TIPOBEPSIOT, KOCTATOYHO M CBOGOXHO Kavyaercsa muck. [Ipu
Te06XOAMMOCTH 3aTSDKKY MOABHXKHOINO KOHYCa TNPOBOMAT el pa3.

MpuBomaT aucKk B KoNeBGaHUA M HU3MEPAIOT CEKYHAOMEPOM
spemd 7 necaty KoneGaHmit, Takue uaMepeHUs NIPOACAKIBAIOT i pa3
n=5+10 no yKa3aHMIO Npenojasateisi), 3aHOCA 3HaYeHHe ¢ B Tab-
Muy, HMelowyo Bum Tabn. 1| Pexomenayemolt dopMm orgera
'CM. ommHcaHue K 3anaye Ne 1).

JIna nonyueHus sHadeHus nepuona 7 U ero NMOrpelIHOCTH BpeMst
L} ero MONHYI0 a6COMOTHYIO NOTPEHOCTL Af NENIAT Ha n.
3. BumucireHde neproja kKojebanu#i MagTHHKA MO M3MEpEHHMM
‘YoMeTpHyeckuM pasMepam. ITonn3ysch puc, 1, Nerko Ha#Tu, 4ro
SRCCTOSHHE MEXTY OCBIO BPAIICHUS MAaATHUKA Y €T0 LIEHTPOM Macc

?IBHO

d==-1L, @)

S

TlonctaBue d B popmyiy (6), nonyunm misi N3MEPEHMSE NIEPHOA
sone6anuit THCKA 1o U3MEPEHHEIM NapaMeTpaM BRIPAXCHHE

B r1)1+2(1)-2L)
T=n W. (8)
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[enecoobpasro BBecTH 0OO3HAYEHMS:
A=D-2L, 9

B=D+2(D-2L)*= D*+ 242 (10)
CHavana BeMMCNSIOT 3HaYeHHA A U B. 3atem no Gropmysie

r=n\[;§ 1)

PACCYNTRIBAIOT HCKOMOE 3HAYCHHUE IICpHOaa T. I]pu pacycTe yCKkope-

HUe CBODOAHOTO TIaACHUA Ha IIBpoTe MOCKBHI NPUHUMAETCA paB-
HBIM

g= (9,816 % 0,006), [m/c?).

B 3akimoYeHHe TIPOU3BOMUTCA BHIMMCICHHE aGCOMOTHBIX NOrpeil-
HOCTeH HEMOCPEACTBEHHKIX ¥ KOCBEHHLIX M3MEPEHHI TIEpHOAa KO-
nebaunft ¢puanyeckoro MasTHMKa. Ecnan MaMepeHHMA NpoBeAeHB

KOPPEKTHO, TO onpeaensicMble MOrpelIHOCTAMU MHTEPBANIB AOKHEL
TIePEKPHIBATHCH.

Jlureparypa

Casenves WU.B. Kypc obiei dpusuxu: Yued. nocobue. B 5 ku. Ku. 1.
Mexanuka. — 4-¢ uan., nepepad. — M.: Hayka. ®uamamiut, 1998,

I'nana 5. Mexanuka TBEpPAOro Tena.

§ 5.4. MoMeHT uHepUMH,

I'napa 8. KonebatesHOE NBHXCHUE.

§ 8.5. MaaThux.




3amavya N 13

ONPEIEJIEHUE YCKOPEHUA CBOBOJHOI'O NANEHUSA
C IIOMOIIBIO PU3UIYECKOI'O MAATHHKA

HeJsk 38339H: BEIYHCICHUE YCKOPEHHS CBOGOAHOTO NANCHUS TNl
Ha OCHOBE aHa/u3a KonebaHuii YU3NIECKOTO MasITHUKA.

OCHOBHBIE IOMSATHSA H COOTHOMIEHHSA

KonebGaHMAMM Ha3pIBaIOTCA NBUXeHHsT WIN MIPOLECCH, KOTOPHIC
XapaKTEPH3YIOTCA ONPEHAENCHHOH TNOBTOPAEMOCTEIO BO BPEMEHHU.
[MpocTeiilinM TUIIOM KonebaHnit ARNAIOTCA TAPMOHUUECKHUe Kojleba-
HMA, TIPY KOTOPHIX KoNeOmoIasncs BeJiMuMHa X n3aMeHsaeTcs CO Bpe-
MEHEM T10 3aKOHY CHMHYCa (KOCHHYCa)

X=Asin(of+¢,), 1)
rae A — MakcUManbHoe 3HaYeHHe Konebnomeiics BeMYMHbI, Ha3bl-
BaeMOC aMIUIUTYHOH KOebaHnH; o — Kpyropast (HMKJINYeCKan) 4a-
CTOTa, CBA3aHHasA c mepuonoM konebanwnit T (BpeMeHEM OZHOTO
noyHoro konc6anus) cootHoueHHeM ® =2n/T; (af+ ¢,) — pa3a
KoneGaHMii B MOMEHT BPEMEHH, ¢, — HayallbHas ¢aza xonebanui B
MOMCHT BpeMeHu =0 c.

DPU3nYeCKUH MasiTHUK — 3TO TBEpAOE TEJO, COBEpIIAlOLIEe IO
JEeCTBUEM CWIBI TAXECTH KoJicGaHHs BOKPYT HEMOABHXHOMN ropu-
JOHTAIBHOK ocH (Touka O), He NPOXONSLICH Yepe3 LICHTP Macc Tesa
(Touka C, puc. 1).

JBUXEHME TBEpIOTO Tejia B ofueM cllydyae
OMpEACIAETCH ABYMS BEKTOPHBIMU YPaBHEHMSIMU.
OaHo M3 HHUX — ypaBHEHHE, ONTUCHIBAIOLLIEE MOCTY~
NaTesibHOE IBYXeHUe LieHTpa Macc ma,, = LF, rae
m — Macca Tena, [ — YCKOpEHHUE L EeHTPpAa MACC,
L F— paBHOIEHCTBYIOIAs BCEX CHN, AEHCTBYIO-
WYX Ha TENO; ApPYro€ — ypaBHEHUEC MOMCEHTOB
Ip=M, rne M,—~ pe3ynbTHPYIOLUMA MOMEHT
BCEX CWI, JCHCTBYIOIIMX HA TEJO OTHOCHTEJIHLHO Puc. |
ocu Z; J,— MOMEHT HHEPLMHU TBEpPAOro Tella OT~
HOCHMTENIEHO OCH Z, B — YIIIOBOE ycKopeHue. B ciyyae ¢pusnyeckoro
MasTHHKA IOCTYMNaTeIbHOE JBIDKEHNUE OTCYTCTBYET U pacCMaTpyBa-
€TCs TOJIbKO BpalIaTeNkHOe (KoJiebaTeNIbHOE) ABUXEHHE BOKPYT He-
MOABWXHOM OCH. YpaBHeHue MOMEHTOB B 3TOM Cily4ae NPUMET BUA
(B NIPOEKLIMMY Ha OCh BPALUCHHUA):

do
I

mg

=—mglsinqz—mg1a, (2)

105



rae J— MoMeHT MHEPUHHU MASITHHUKA OTHOCUTENIBPHO OCH, Ipoxoas-

d*a
west yepe3 rouyxy O (TOYKa noaseca); o B — yrnoBoe yckopeHue;

] — paccrosinne MeXmy TouKo# mogseca O M LIEHTPOM Macc MAATHH-
ka C sina=a, Tak KaK pacCMaTPUBAIOTCS TONBKO MaJible KoleGaMus;
3HaK (—) OoOyC/ORNEH TEM, YTO HANpPaBJIECHUE MOMEHTA CWIBI TSDKE-
CTH NPOTHBOIMOJIOXHO HATIPaRIEHUMIO BO3PACTaHUA YTAA ., T.€. YCKO-
peHHlo,

Pemenuem nubpepeHNANEHOTO YpaBHeHUA (2) ABIACTCA HYHK-
ums

o=asin(w?+ ¢). (3)
ToncTaensaa sTo peweHre B ypaBHeHHE (2), HAXOANM
o= Jmgl[I. )

CrefoBatensHO, IPU MaTHX KojieOaHusaxX GUINYecKMi MasTHHK
COBepIIALT rapMoHuyecKue xonebGaHua ¢ KpyroBoi yactoTol o U
MICPUOIOM

T = 2rT]mgl. %)

Onncanne YCTAHOBKM H BLIBOJ pacueTHOH dopMyiml

B HacTosimieit 3ana4e pu3NIeCKUf MAATHUK (PHC. 2) COCTOMT U3
aucka (1), xpyrnoro nerkoro crepxHsa (2) u rpy3a (3) Maccoit m,
YKPETUIEHHOIO Ha CTEpXHE Ha PacCTOAHMH / OT OCH BpallleHUs Ma-
ATHUKA.

Puc. 2
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TIpu nposecHUN 3KCNEPUMEHTa LEHTP MacC CTEPXHA (2) Aon-
JKEH COBIIAIATh ¢ TOYKOM 3aKpeIUIeHHUS OCHM BpallEHHSA, TTO3TOMY TNpH
YCTaHOBKE CTEPXHS JOOHBAIOTCA €ro paBHOBECHA B FOPHU3OHTAIBHOM
TIOJIOXEHNM,

Jd monmydeHUsT pacueTHBIX HOpMYN, UCNOJb3yeMBIX B 3aJaye,
:BENAaeTCA JOMYUICHUE, YTO pa3Mephl rpy3a (3) Manel 1Mo CpaBHEHHIO
'C paccTosiHUEM ! M TPY3 MOXHO IPUHATH 3a MATEPUAJIBHYIO TOYKY
‘Macchl m. Jlna pacyeTa neprona KojebaHuit MasTHUKa MOXHO UC-
oJb30Bath GopMyny (5), noacTaBHB B Hee 3HAYCHUE MOMEHTa

HHEPLMH CHCTEMBI
T = 2nJ(Jo + mi%)[mgl, (6)

rae 1, — MOMEHT HHEPLMH CTEPXHSA C 6JIOKOM.
- Ecnv M3MeHMTL Maccy rpysa M €ro pacCTOsiHME 30 OCH BpalleHNs
MasATHMKA, TO HOBHIHA INEpPHOA KONEOAHUI 3amMIIeTCa CleAyIOLUM

ofpas3om:
T, = 20 (1o + miD)mgl,. @)

CoBMecTHO pelliad ypaBHeHHs (6) U (7) OTHOCHTENBHO YCKOpe-
HMA CBOOOAHOTO ManeHMs g, NoyJyaeM

g = 4n? (mf} - mP)[(mh T} - mIT?). (8)

Ynpaosicnenue 1

Onpenenenne yCKOpeHusi CBOOOIHOIO ajleHHs NMPH NOCTOAHHOM
PacCTOAHMH MeKNY IPy3oM H OCbi0 BpalllCHHA

ITpu nocrosinHom 3Hauenmu / (/=1)) pacuetHas dopmyna (8)
TIPHHHUMAET BUI:
g = 4nl (m —m)[(mT} ~mT?), ®
HJU[ BBITTOJIHEHNA YINPAaXHECHNA NPOAC/BIBAIOTCH CICAYIOLINE
omnepalyy; TIpy MOMOIIY JTMHENKH U3MEPAETCA PACCTOSTHUE | MEXTY
IPY3OM Maccoii m M ocblo BpalleHUS. OTKIOHMB MasTHHUK Ha
yron ~10°, BKIloyaeTcs CCKyHIOMED U ONpeesiAeTCs BpeMa ACCATH
TIONHEIX KoneGaHnii /. YKa3aHHEIE U3MEPEHHS [IPOU3BOIATCA IIATH
pas. ITo pe3ynbTataM 3TUX U3MEPEHUN onpefensieTcs Nepuoxn Koie-
Gaumit MasTHUMKA 7. JaHnsle N3MepeHU 3aHocATeod B Tabi. 1. 3ateM
BCA 3Ta NpoLenypa NOBTOPAETCA V1A TPy3a ¢ ApYTOi Maccoi m,.
IToacTasnsda HaliieHHbIe 3HaUeHUS NepHooB Konebanult T T,
B popMyity (9), MOXXHO BEIYMCIINTD 3HaYEHHMST YCKOPEHHS CBOGOIHO-
10 naneHus:
g=(..x...) M/cy Ag/g=...%.
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Tabauya 1

=M
m=..., K[ my = ..., KO

Newn | t,=..cC N o/n lp=..,C
1 !
2 T=1,/10,¢ 2 Ti=1/10,¢
S S

Ynpaxcnenue 2
Onpenenenne yckopeHHs cBOGOAHOIO RAKEHHA TPH BOCTOSHHOMN
Macce rpy3a

B maHHOM ynpaxHeHWM OCHOBHas pacuyerHas dopMmyna (8) npu
y4€Te, YTO M, = m CBOOMTCA X BUIY

g=4n (I} - P/ T2 - 1TY). (10)

Iopsmox BRITIONHEHUS YTIpaKHEHUS 2 TONHOCTHIO AHAJIOTHYEH

OIMHCAHHOMY B YNIPaXHCHMH 1, OT/IMYHE COCTOUT TOJIBKO B TOM, ¥TO

37IECH HE M3MEHAETCA Macca Irpysa, 8 MCHACTCA NOJIOXECHHE Ipy3a oT-

HOCHTENBHO OCH BpallleHHs GH3UYECKOro MasiTHHKA (Toyky 0).
PeaynpraThl H3MepeHuil 3aHocaTest B Taba. 2.

Tabauya 2
M= .. KT
I, M h=.,™
M n/n = . © Ne /) Ip=..0C
1 1
2 T=1,/10,¢ 2 T) = t,/10, ¢
5 5

IMoacranoska B dopMyny (10) HaliIeHHBIX M3 U3MEPEHMI 3Haue-
HUit nepronos Konebanwit T u T, no3BoNgeT BHYNCIHTL 3HAYEHME
YCKOpeHHs cBOOOIHOTO NMaleHHs

g=(..x...)M/c% Ag/g=...%.

Ynpaxcnenue 3

Onpejeiesne YCKOpeHHs CBOGOXHONO NMAJEHHs NPH OAMHAKOBOM

nepuone KoJeGaHuil M 0INHAKOBOM MACCE Ipy3a

B manHOM ynpaXXHeHWM U BHIYUCIICHUSA YCKOPEHUA CBOGOIHO-
TO MaJeHus ucronsdyercsa Gpopmya
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g=4n2(l + T2, (11)
KoTOpas noyiydaercs W3 ypaBHeHNA (8), €CIIM y4ECTb, YTO m=m, 1
7= T,. DKCIIEPUMEHTANIEHO M3y9aeTcd 3aBUCMMOCTD fIepUOja Kone-
6annii pusaeckoro MagTHHKa OT paCCTOAHUSI TPY3a MacChl m OTHO-
CHUTENIBHO OCH BpAlICHUA (M3MEPEHHUS TIPOHU3BOAATCH IUIA RXECATH
3HaveHMit paccroaHun /). Kak ¥ B npebmyiumx ynpaxHeHusx, Ma-
ATHYK OTKJIOHSETCA OT BepTHKaiu Ha yroit ~10° U ¢ nmoMolpio ce-
KyHzoMepa bukcupyercs BpeMsi JECATU TONHBIX KoneGaHui. Pe-
3yNbTATH H3MEPeHHii B BLIYUCIICHUS 3aHOCSTCA B Tabi. 3.

Tab6auya 3
m=_.. K
MNenhn l.u fi0, C T=l/l0,c
1 h ho, by
2 L hoz T
10 ho hoyo 14‘&

ITo maHHWM Tabn. 3 Ha MHJLTMMETPOBOMH
6yMare ctpourcs rpa¢uK 3aBUCMOCTH TiepH-
ona xonebaHu dpn3nyeckoro MagTHMKa 7 oT
paccrositusa I, T= f(1) (puc. 3).

Eciin Ha a10M rpagyixe npoBecTH NIpAMYIo,
NapajLneasHyI0 TOPH3OHTAILHOH OCH, TO TOY-
KM TEpeCCUCHNA ¢ IKCIIepUMEHTANIbHOM KpH-
BOM NamyT nBa 3HAYEHHA /, ¥ /,, TpH KOTOPBIX
nepuonan Konebauuit copnanarwT. [Toacrabus
aHayenms /|, L, u T's popmyny (11), Haxomum
3Ha4YECHMe YCKOpEeHWsI CBOOOTHOTO NaneHus 8.
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3anava Ne 14

ONPEJEJNEHHUE YCKOPEHHA CUWIbI TAXECTU
C TIOMONIIBIO YHHUBEPCAJIBHOI'O MASITHHKA

Hem» 3amayu: U3yucHue X0ne0aTenbHOro ABMKEHUA MaTeMaTH-
4ECKOTo M PU3MYECCKOTO MAasATHUKOB, a TaKXe onpeaeneHne 3Haye-
HHS YCKOpEHUs: CBODORHOTO NafcHNA (YCKOPECHUA CHIILI TAXKECTH).

OcHoBHblE NOHATHA U COOTHOUICHHS

MaremaTHiecKHM MasTHHKOM HA3BIBAlOT Konebjlolueecs B nosje
CHUII TSXKECTH TENo, MOABeHICHHOS Ha CTONb IIMHHOW HUTH, YTO
pasMepaMM Tejia 10 CPABHEHHKIO ¢ JUIMHOW HUTH MOXHO IpeHe6-
peuys. Bpemsi nonHoro konebaHWa MassTHHKA — TIEPHOR MasiTHHKA
Npyu MaNLIX YIIax OTKIOHEHUs! OT BEPTUKANU paBeH

T=21t\/'//_, (I)

rae ! — JJIMHA HUTH; g — YCKOpeHne cBOGOIHOTO TaieHUs,
Yron o OTICTOHEHUs MAATHHKA OT BEPTUKAIM MEHSETCH CO Bpe-
MEHEM IO TAPMOHUYECKOMY 3aKOHY (NPY MaibIX OTKJIOHEHMX)

o= a,cos(2nvi), 2)

TIE o, — aMIuTYAa KonebaHwii; v — yacTora KonebaHuii. AMIUIUTY-
[a Koyie6aHni MagTHHKA «, OTIPEAENACTCA HaYIbHBIMH YCJIOBHS -
M. U3 dopmyinl (1) cnenyer, 4TO nepuoa KonebaHuit MagTHHUKA
3aBUCHT OT €TO JUTMHB / U YCKOPEHMA CHIIN TAXECTH g, HO He 3a-
BUCHT OT aMmuutyanl. CBOMCTBO, 3aKloYalolllcecst B COXpaHEHHU
nepuoaa KoJie6aHuii mpy JMOOKIX aMIUIMTYAAX, Ha3bIBAIOT H30XPOH~
HOCTLIO KoneDannii mastuuka. CBOIRCTRO H3OXPOHHOCTH CHpPAaBERAH-
BO TOJBKO NIPH MabiX OTKJIOHEHNaX. Dopmynsl (1) v (2) BrNONHA-
IOTCS TIPpU YCIOBHUH, 4TO AcHcTBME HA MASATHVK CWI TPEHUA M CO-
NPOTHBAECHMA Cpelnl npeHebpexumo Mano. HdeilcTBue 3THX cun
TIPUBOAVT K NMOCTENEHHOMY 3aTyXaHUIO XoNebannii MaaTHUKA. Ecau
HUX ACHCTBUE HEBEIHMKO, TO MEPUOJA MasTHHUKAa OYAET OCTABaTBHCSH
NPAKTUIECKYN TIOCTOSHHBIM. (DH3INYECKUM MASTHHKOM Ha3LIBAIOT KO-
nebniolieecst B 1ojte CHJI TSKCCTH TENO, 3aKPEIUICHHOE Ha OCH, He
npoxoasiueii yepes UEHTP TsXecTH. B 3TOM cyyae pazMepaMy Tena
npeHebpeyn Hesb3st. BuiBellcHHBIN U3 paBHOBECHA bHaUYeckuil Ma-
ATHMK COBEPIIAET KONEGAHUS C TIEpHOIOM

- ’_’_
T=2n mgd' 3)
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roe m macca Tena; /— MOMEHT MHEPLUMH (PUBUYECKOTO MasTHUKA
OTHOCHUTENBHO OCH BpalieHust, d — pacCTOAHME OT OCY BpalieHUA
(Touxa 0) no ueHTpa TaxecTn Tena (Touka O*) (puc. 1).
CpapHuBas ypasHeHus (1) v (3), BWAMM, uTO B ypaBHeHUM (3)
TaM, Tae N9 MaTEMATHUYCCKOTO MasiTHMKA CTOUT MHOXMTENb /, IUIst

1
(HVI3KYECKOTO MAATHNKA BXOAUT MHOXHUTEND /4, = —
m

BennyuHy J, Ha3HBAIOT MPUBEAEHHOH ANMROH
¢u3nueckoro MasTHka. Ouanyecknii MasITHUK
coBeplaeT KoaefaHna ¢ TEM XKe TIEPUOOM, YTO
N MaTeMaTHYECKMI MaATHHMK JUTMHON /. Touka
O', nexaulasi Ha NWHUUK, Npoxoxsineil yepes och
BPallCHUS M LEHTP TAXECTH Ha PACCTOAHUM
npusencHHOH JUIMHBI OT OCH BpalICHHSA, Ha3bl-
BAcTCA LEATPOM KRYAHHA (DH3INYECKOTO MasiTHH-
Ka (puc. 1). Ecay x ocy BpauleHus Gpusuyecko-
o MasTHUKA TIOABECUTh MATEMATHYECKHIl MasT-
HUK Ha HUTH JUTMHONR, paBHOI NpUBEeACHHOUI
IUTUHE IaHHOTO (PU3NYECKOro MasATHUKA, TO OT-
KJIOHEHHRIE Ha OAWHAKOBbIH yron a ¢usnyec-
KMl © MareMaTMYeCcKU MassITHUK Konebniorcs
BMeCTe ¢ OOHMM MEPHOAOM H TakK, YTO TENO,
MOJBEIICHHOE HA HUTH, HAXOAUTCH JIOCTOAHHO B
LIeHTPe KauaHHus GU3HYECKOTO MasTHUKA.

PaccMoOTpUM, YeMy paBHBI TIEPUOAL! KOeha-
HU OU3INYECKOTO MasiTHUKA MPK Pa3THYHOM
TIONIOXEKHMH OCet BpallleHus (puc. 2).

TlycTh B TIEpBOM ClIyyae PacCTOAHME OT OCH
BpamieHus O, 10 UCHTpa TAXECTH PaBHO d,.

MowmenT MHepuuut orhocHrensHo ock O, no Teopeme [ltefinepa
paBeH

Iy = Iy + md}, 4)
rae J,— MOMEHT HHEpPUUH OTHOCHTENLHO ock U*, mpoxonsuues ye-
pe3 LEHTP TADKECTH M NapaUTesIbHOH ocM BpalueHus O,.

CornacHo ¢opmyane (3) nepuon KoneGaHUsA GU3NYECKOTO MasAT-

HHKa B 3TOM ClTy4ae
2
T, =2x ‘M. (5)
mgd,

Ha auxuy, coeamusiowe# Toyky O, M LEHTP Tsaxectw O*, BhIbe-
PEM HMXE LIEHTPA TAXECTH HOBOE NOJIOKEHHE OCH BpalleHUs (Tou-
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ka 0,). Ocb O, 6yneT HaxXOAUTBCS HA PAacCTOSIHUM d, OT LEHTpa TA-
xecTd. Tlo aHanorum ¢ npeAbAYIUM CyYyaeM nepuoa KonebaHui
JaHHOTO (PU3HIECKOro MasATHUKA C OCbio Bpawchus O, byner pasen

2
T, = 2n {M, (6)
mgd.

rae d, — paccTosiHMe OT ocH BpauleHust O, 0 LIEHTPa TAXECTH.
Wamensa paccrosinus d, u d,, moabepeM UxX BETMYUHY Tak, 4YTO-

Obl nepnonbl KonebaHuit JaHHOro GU3NYECCKOro MaATHHKA C OCAMH

BpauieHus O, u O, cosnanaii. U3 ycnosusa 7=T, =T, 1 ypaBHeHMiA

(5) u (6) nonyuum
T =2 ’i’l_*_ﬁ ™
4

C npyroii cTOpoHbI, TIEpHON KoJeOaHH MATEMaTHYECKOro MasT-

HUKA PaBeH
T = JE )
14

CpaBHUBasi 3TU ypaBHEHWS, 3aKnioyaeM, YTo niepuonsl 7, u 7T,
COBIIAAAIOT B TOM CJIy4Yae, KOTAa CyMMa PacCTOSTHUIT OT oceil Bpalle-
Husg O, 1 O, 10 UEHTPA TAXECTH d, + d, paBHa PUBEACHHON UTHHE
¢buangeckoro MasiTHUKa: /= d |+ d,.

TakymM 06pa3oM, LEHTp KayaHHs M OCh BpalleHuUsl (TOYKA MoJBe-
ca) ABIATCA 06paTUMbIMH. Eciu nmepeHecTH och BpallleHUs (TOYKY
nonseca) GU3NYECKOrOo MassTHUKA B UEHTP Ka4aHUM, TO NPEXHAA
OCB BpAllEHUST OKAXETCST HOBBLIM IIEHTPOM KauaHUsl, IpU 3TOM TIEpH-
on xonebaHuil GHU3UIECKOT0 MasSTHUKA OCTAHETCS TIPEXHUM.

ITOCKOMTBKY OCb BpallleHUsl — TouKa O, ¥ LEHTP KayaHUs — TOYKa
O, 06paTUMBI, TO MOXXHO IKCMEPUMEHTANLHO ONMPENSTUTD TTOTIOXKE-
HMe LieHTpa KavyaHus. ns 3Toro Hano HaTH OChb BpallleHUs (TOUKY
rnoaBseca), B KOTOPOM OH KoJieBaeTcsi ¢ TEM XK€ MepHoaoM, 4YTO U
npexae. PacctosiHue Mexily TUMU IBYMsi OCSIMW BpalleHUS U AdeT
TIPUBEIEHHYIO JUINHY. M3MepeHns NpuBeNecHHOM UINHBI OCYLLECTB-
JITIOTCA ¢ ropasao 60abuIeH TOUHOCTHIO, YEM OTIpeIeIcHHE MOMEHTA
nHepuuH. MaMepuB npuseaeHHyo AinHy /) U nepuoa HHU3NIECKOTOo
MasATHHUKa 7, MOXHO HalTH yCKOpeHNe CBOOOMHOTO NMafaeHus g, Mc-
nons3yst Gopmyny (8).

Jns M3MepeHus yCKOPEHHUsT cBOOOAHOrO MaACHUS UCTIONb3YIOT
YHUBEDPCANIbHBI MasTHUK, OMTUCaHHe KOTOPOro OyAeT 1aHO HUXe,
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Onucanue yCTAHOBKR
O6wnit BUA YHUBEPCAIBLHOFO MassTHUKA NPEACTARAEH Ha pUC. 3.

9 4

—

- :jp_.-.—._..-‘.- — - —

LT
A

7 5
Puc. 3

Ocnosanue (1) ocHalneHO perynnpyeMbIMM HOXKaMM (2), KOTO-
phbie MO3BONAIOT NPOU3BECTH BHIpaBHUBaHME nNpubopa. B ocHoBaHnH
3aKpelvicHa KoNoHKa (3), Ha KoTopoh 3aHKCUpOoBaH BepXHUIt KPOH-
IITeiH (4) M HIXKHUMA KPOHIUTEHH (5) ¢ GOTONEKTPUUCCKMM JaTyH -
koM (6). ITocne oTBHHUMBaHMSA BOpOTKa (1) BepXxHMI KpoHwTEiH
MOXHO TIOBOPaYMBaTh BOKPYT KONOHKM. 3aKkpyuusaHue BopoTka (11)
buKcHpyeT KpOHUITEHH B J110O60M, IPOU3BOJILHO BLIOPAHHOM NONOXE-
HuU. C OnHOM CTOPOHLI KPOHIUTEHHA (4) HAXOAUTCA MaTeMaTHIECKHil
MaatHuK (7), ¢ Apyroi ~ Ha BMOHTHPOBAHHBIX BKJagbiiax o6opoT-
HBIl MasATHUK (8).

JITWHY MaTEeMaTHYeCKOro MasiTHMKA MOXHO pPEeTyJMpoOBaTh NPH
TIOMOWM BOPOTKA (9), a ec BeIMYUHY MOXKHO ONpEAECNUTh NPH Mo~
MOLLM HIKATTBI Ha XOJOHKE (3).

OGOpPOTHLIN MasTHUK BBITTOJIHEH B BUIE CTaJIBHOTO CTEPXHA, HA
KOTOPOM (DMKCUDOBaHBI JBa HOXa, TIOBEPHYTHIE JPYT K JPYTY JIE3BU-
SIMU, ¥ ABa ponvka. Ha crepxue yepes 10 MM HaHeCEHb! KONbLIEBbIE
JeJIEHHS, CNYXKALMe JUIS TOUYHOTO OTIpeNesieHns JUIMHbB 060POTHOTO
MasiTHNKa (PacCTOAHHUA MeXAy HoxaMmH). HOXY U POJIMKM MOXHO
repeMeniaTh BAOJL OCH CTEPXHA U (PUKCUPOBATH B N1I060M NONOXe-
HUM, OTU DNEMCHTH BbINMOMHCHB TakHM o6pa3oM, YTO UX pa3Mep
BIOJL CTEPXHS KpaTeH 10 mM.
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HikHMi KpOHIUTEHH BMECTe ¢ (POTOINEKTPHICCKHAM AATHUKOM
MOXHO NepeMeliaTh BAOAb KOJIOHKH H (hDUKCUPOBRATDh B ITPOH3BOJIb-
HO N36paHHOM NOJIOXXEHHH.

PoTO3NMEKTPUYECKHI TaTYUK COEAMHEN ¢ TIPUBUHYEHHBIM K OC-
HOBAHMIO YHUBEPCANBHBIM MIWLUTHCEKyHIOMepoM (10). Bua nuuepoit
NaHeI MUJINTUCEKYHAOMEPa TakoKe MOKa3aH Ha pHC. 3.

Ha nnuesoil maHeny MWINKMCEKYHIOMEPa HAXOAATCS CIeaYIOLINe
9/IEMEHTHI peryIMPOBKH:

«CETDb» — Bxmovarens cetH. HaxaTue 370l KNaBUIIH BKIIOYAeT
MUTAoLIeE HaNpsXeHHe. ByayanbHO BKIIOYEHHE NMOKa3bIBaeTCs CBe-
yeHneM UMPPOBLIX UHAWKATOPOB (BEICBEYHBAIOLIMX HUGPY «0») M
CBCYCHHEM (DOTOINEKTPUUECKOIO NaTYUKA.

«CBPOC» — ycTaHOBKa Hy/st uaMepuTens. Haxatue 3Toit KiraBH-
WK BBI3bIBAET COPOC CXeM MHUJLUITUCEKYHAOMEpPAa M FreHepUPOBaHHeE
cvrHana paspelieHns Ha u3MepeHue.

«CTOII» — okoHyaHHe n3mepeHus. HaxkaTne KiIaBUIIW BBI3bIBA-
€T reHepUpOBaHMNE CUTHAIA HAa OKOHYAHHE TIpoliecca NojacyeTa.

Ynpaswuenue 1
Onpenenenne yckopeHus cBo6oaHOro najenus
NpH NOMOIIH MATEMATHYECKOr0 MASTHHKA

HwvoxHuit KpoHIITEH BMeCcTe ¢ BOTOINEKTPHUECKHM JATINKOM
YCTAaHOBUTb B HUXHEI 4AaCTH KOJIOHKN, O0palias BHMMaHKHe Ha TO,
YTOOBI BePXHAA IpaHb KPOHIITECHHA NOKa3kiBaNa Ha 1WIKajle JIVMHY
50 cM. 3aTsiHYTh BOPOTOK, DUKCHPYS POTOINEKTPHUECKMIA NATUKK B
u36paHHOM nonoxeHuHU. [loBopaunBas BepXHUA KPOHIWITEH, TTOME-
CTUTh HaZl RATYINKOM MaTeMaTHYeCKUI MaATHUK.

Bpaimas BopoTOK Ha BepXHeM KPOHIUTEHHE, YCTAHOBUTHL NAMHY
MaTeMaTH4ecKoro MaaTHHKa. OOpaTHTb BHMMaHME HA TO, 4YTOOH
YyepTa Ha l1apuke 6bUTa MPOOIIKEHHEM YEPThl HA Kopriyce doTo-
3JIeKTPUYECKOIO IATYHKA.

IlpuBecTH MaTeMaTMYEeCKUii MAgTHHK B JABHXEHHE, OTKJIOHSSA
LIAPUK Ha 4—5° OT NONOXEHHS PABHOBECHS.

Haxarts nepexmoyarens «CETh», npoBepuTh, Bce IM HHAUKATO-
pbl U3MEPHUTENA MOKA3BIBAIOT UMDY «0» U rOpHUT JTH TaMniouka ¢o-
TO3JIEKTPHYECKOIO JATUHKA.

Haxarp kHonKy «CBPOC».

Tlocne noacuyeTa H3IMEPUTENIEM AecATH KoneGaHUil HaXaTh Kia-
puiy «CTOID»,

Io wKkane npuGopa USMEPUTh JTUHY [ MATEMaTHYECKONO ManAT-
HMKa.
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BemuuHa nepuona xone6anuii T MasTHUKA ONpeAesaeTcs Ha oc-
HOBaHHH H3MEPEHNS BPEMEHH f NPOAOJKUTEILHOCTH N TNOJIHBLIX KO-
Jnebannil no gpopmyne

T=L. )
n

BrrumcieHue YCKOpeHNA CBOOOAHOrO Naa¢HUs NMPOU3BOAUTCI Ha
OCHOBaHWM Pe3yNIbTaTOB SKCNEPUMEHTA Mo GopMyJe, Caenylollei u3
cootHomenwms (1):

4n¥
g="r> (10)
THE £ — YCKOpeHue cBoGoaHOro nageHus B M/c?; / — ninHa MateMa-
THYECKOTO MasITHUKA; T — MepHOA MAaTeMATHYECKOro MasiTHHKA.
YckopeHue g onpeensieTcs i AeCSTH 3HaYCHUI JUTHHEB! MaTe-
MAaTHYECKOTO MasiTHUKA M €ro nepvoaa. Pe3ynbTaTel H3MEPEHMIt 3a-
TMTUCBIBAIOTCS B TA0T. 1.

Tabauya 1
Homep Jnnna / Bpemn ¢ Yucao n MepHor Ycxkopenne
HIMEPEHHA | MaTeMaTHUECKO- | TPONOMKHTENL- | konebanuii | koneGauuii | ceobomnoro
IO MasTHHKE, M HocTH 1 To,c najieHus
xoneGanmi, ¢ 8, e

10

Ynpaxcuenue 2

Onpenenenne YCKOpeHMa CBOGOAHOTO MAJCHHS TIPH MOMOLIM

000pOTHOTO MAATHHKA

TToBepHyTL BepxHuUii XpoHluTerH Ha 180°.

®OUKCHPOBATE POJUKYU HA CTEPXHE HECUMMETPUYHO TaKUM 0bpa-
30M, YTOGBI OIVH W3 HUX HaXOJWJICSl OKOJIO KOHLA CTEPXHA, a npy-
TOil — OKOJIO €T0 CepeavHEL.

Hoxu MafTHUKa 3aKpenuTb No 06eUM CTOpOHAM LIEHTpa TSIXEC-
TH, NOJIYYEHHOM! TI0 BBINIEYKA3aHHOMY CMOCO0Y CUCTEMBI TaKUM 06-
pa3oM, YTO6K OHM GBIV 0GpalueHB! APYT K Apyry Ne3BusaMu. OavH
M3 HHUX NTOMECTUTh OKOJIO CBOBOAHOrO KOHLA CTEPXKHSA, a APYTOif —
Ha NONOBUHE PACCTOAHMS MEXAY PONMKAMU.

IIpoBepyTh, COOTBETCTBYIOT JIM JTOIOXEHWE IpaHeil IEIBMI HO-
xeit KoJIbLEBLIM AeJIEHWsIM HA CTEPXHE.,
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3akpenuTs ManTHUK Ha BKJalbllue BEPXHEro KPOHUITEHHa Ha
HOXE, HaXOLALLIEMCS OKOJNO KOHLIA CTEPXKHA.

HuxHnit KpoHwuTeH BMecTe C (DOTO3NEKTPUYECKHM JaTYUKOM
PacnonOXWTh TaKUM 00pa3oM, YTOBh CTEPXEHb MAaAsTHUKA Iepece-
KaJl OITTUYECKYIO OCh.

OTKJIOHUTE MAATHHK Ha 4—5° OT IONOXEHUSA PAaBHOBECHS ¥ OTNY-
CTMTb €ro.

Haxars knasuiuy «CBPOC».

Ilocne noacyeTa uaMepuTENEM HECATH TIONHBIX KoneGaHuit Ha-
Xatb KnaBuiuy «CTOIXI».

To dopmyane (9) onpenenuts nepuox 060poTHOrO MasiTHUKa T,

CHSTB MasiTHUK U 3aKPENUTH €ro0 Ha BTOPOM HOXE.

HuyxHM KPOHIUTEIH € POTOINEKTPHYECKUM JATYNKOM TiepeMe-
CTUTb TaKUM 06pa3oM, UTOOEI MAATHUK NEePeceKal ONTHYECKYIO OCh.

OTKJIOHWTb MaATHHK Ha 4—5° OT NONOXEHUA PABHOBECHS, H3MC-
PUTB Tiepuon T, ¥ CPaBHUTD PE3Y/bTAT C NOMYYEHHON paHee BENUUU-
HoW T

Eciu T,<T,, T0 BTOPO# HOX TIEPEMECTUTH B HANPABACHUN PONIN-
Ka, HAXOAALIErOCH B KOHLIE CTEPXKHSI.

Ecnu T,>T,, To BTOPO# HOX NEPEMECTUTb B HaNpaBiEHHH cepe-
IVHBI CTEPXHSI.

Pa3MelieH1sT pONHUKOB H IEPBOTO HOXA HE MEHATh.

IlosTopHO U3MEpHTL Nepuon (nepuoa 7,) U CPaBHHTD C BENHYU-
Hoit T,

[Tonoxelne BTOPOro HOXa A0 MOMEHTA NOJNYYEHUS PaBHOBECHS
T= T,U3MEHATb C TOYHOCTHIO 10 0,5%.

OnpeneauTs NPUBEACHHYIO IIWHY OOOPOTHOTO MasiTHMKa /,, NoA-
CYHUTHIBasA KOJIMUECTBO ACNICHUI Ha CTEPXHE MEXAY HOXAMM (aene-
HHS HAHECEHH! vepe3 Kaxanie 10 Mm).

YckopeHue cBo60aHOTO NafieHUs g Buuuchserca no Ghopmyne,
cNeaAyIOIEe U3 COOTHOWIEHHUA (8):

_ 42

=z
TAE /, — BHIpAXECHHAA B MCTpaxX JUIHHA 0GOPOTHOTO MasiTHHKa, onpe-
JAEJIAEeMas KaK PacCTOsTHHE MEXIY HOXaMH, KOTOPOMY COOTBETCTRY-
€T PAaBEHCTBO NEPUOAOB NPU NPAMOM H TIEPEBEPHYTOM TIOJIOXEHHH
060pPOTHOTO MasATHKKa; 7 — nNepuol obopOTHONO MasTHUKA B CEKYH-~
JaxX, BHIYMCIICHHBIN U3 3KCHEPUMEHTAIBHHX JaHHBIX No dopmyne
(9). YckopeHue g onpeaensieTcs s NECATH 3HAYECHUIA NpuBeneHHOoM
JUTMHBI W IEpHOJA.

an
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PesynbTaThl H3MepeHHI 3aNI¥CHIBAIOT B Tabn. 2.

Tabauya 2
Homep Jnuwa ! Bpema ¢ Uncno n | Mepmon xosie- | Ycxopenue
n3Mepetns | 06opoTHOTO | NPOROMKHTENLHOCTH | KoneGauuit| 6annit obopoT- | ceoboanoro
MARTHHKE, M n KoneGanuii, ¢ HOIO MasTHAXA | nanenns
T c 2, Wit
3
10

Haxonat no gaHHsIM Tabn. 1 ¥ 2 cpe/iHue 3HaYEHUA YCKOPEHUS
cpOGOAHOTO TIANEHHS, BLINUCHAIOT NOTPEIIHOCTL N3MEPEHUA U pe-
3YNLTATHI 3AMUCKIBAIOT ¢ YYETOM NMOIrPEIiHOCTA.
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§ 8.4. FapmoHuyeckue konebanns,
§ 8.5. MasTruk.



3anavya Ne 15
W3VYYEHME YIIPYIUX KOJEBAHUN

Hean paGorm: u3yyeHne coBCTBEHHRIX FapMOHHYECKUX Koneba-
HUII cucTeMbl. B 3amaye onpenensierca cob6CTBEHHAs YacToTa KoJie-
6aHui MpyXWHHOro MasTHUKa. [Ipu u3yueHUN 3aTyXalolUX Koje-~
6aBU BEIYMCAAIOTCS AEKPEMEHT 3aTyXaHUsA 1M KOIPOULIMEHT CUNBI
TPEHMUA.

Omicanne yCTaHOBKH

Tpu6op npexpcrapnsier coboif WTATHB, HA KOTOPOM TNOOYEPENHO
NOABEIIMBAIOTCH Ha ABYX PA3NTUYHBIX TIPYXXKMHaX JBa IPy3a C pa3Hbl-
MH MaccaMu m, 1 m, (puc. 1).

IItatus (1) cHabxeH MUUTMMETPOBOI wKanoi (7), KoTopylo
MOXHO [lepeMemars BpameHHeM ronoBki (8). KpoHwreiH (2) ne-
peMellaeTca BROJL WTATHBA C IOMOILBIO MaxoBHuKa (3). dns yno6-
CTBa OTCHYETA MeXAY TPYXUHON (4) v rpy3oM (2) chemyeT nipuxkpe-
MUTH YKa3aTeNbHBIA OUCK (5) Maccoit m,. Tlpu u3ydenum 3atyxaio-
UIHX KosiiebaHMi K YKa3aTeJbHOMY AMCKY NMPHKpEnisercs rpys ¢

Puc. 1 Pue. 2
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Jonatkoit (9) Maccoit m (puc. 2). Ins co3maHua CWibl TPEHMA Tpy3
¢ IoNaTKo¥ noMeniaercs B cocyX ¢ Bogoit (10).

Ynpaxcuenue 1
H3yyenne coOCTBEHHBIX HE3ATYXAIOWMX KOJeOaHHMH

a) Nismepenne COOCTBEHHBIX 9ACTOT KoJebaumii rpysos. [Ins usMe-
peHuA coBCTBEHHOMN YacTOThI KosleGaHHil v, MONBEINEHHLIA Ha TIpY-
XHMHE rpy3 (BMECTE C YKa3aTeNbHBIM JUCKOM) BBIBOAST U3 TIOJIOXEHNS
paBHOBECHS, ONTyCcKasi eTo BHM3 Ha 3—4 cM U oTnyckator. Ilpu xone-
GaHMAX rpy3 WIN yKa3aTeJIbHRIN AUCK HE JOMKHEI 3a7ieBaTth 3a 1LKa-
Jy. 3aTeM CEKYHIOMEPOM H3MEPAIOT NMPOMEXYTOK BPEMEHH 1, B TeUE-
HHME KOTOPOro rpy3 coBepluaet n = 20 noaHbiX konebauwuii. [ing yse-
JIMYEHUSI TOYHOCTH CIIeYET CAeNaTh NMATh TAKUX N3MEPEHMIA U HaliTH
cpe/iHee 3HAYEHHE BPEMEHU /. 3aTeM 110 popMyne

!
T,=22 1
b= ()
HaxonsaT nepvoll 7, KonebGaHUH CHCTEMBI W JaJiee BBIYUCASAIOT COB-
CTBEHHYIO YaCTOTY CUCTEMBI

1
T )

HaMepeHue 4acTOT KOe6aHMIT HYXXHO NpOAENaTh LISt KAXAON H3
NPYXUH ¢ KAXIEIM IPy30M. Pe3ynsTaTel M3MEPEHU cneayeT 3any-
carb B Tabum. 1.

A\

Tabaunua 1
ITepsas npyxuua Bropas npyxusa
Ne i/l 1-# rpya 2-it rpy3 1-# py3 2-f rpy3
BpeMs At, BpeMa AL, BpEMA A, BpeMa At,
t, ¢ [ i c [ {, C ] [ ] c
1
2
3
4
5
Cpennee
BpEMA, o
TNepnon
Ty c
Yacrors
vy, ¢!

6) Haxoxnaenue Ko3(dduimeHToB KeCTKOCTH HpyXuu. JUid HaxoX-
AeHMA K03 bhnuneHTa XecTKocTH K, NpYXUHY TOABELWINBAIOT K
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KPOHLITCHHY UM Ha €€ KOHeEll BEIAIOT yKa3aTeabHbIR nuck. [Ixany
NepeMELlaloT B BEPTUKAJILHOM HaNpaBJI€HWU TaK, YTOOM HyneBoe
AeJIEHUE B BEPXHEN YACTH WKANK! CTATO TPOTHB YKA3aTeIbHOIO INC-
Ka. 3aTeM K yKasaTeJIbHOMY AMCKY NMPHLCIUIIIOT OAMH U3 Fpy30B U
3aMeYaloT JeJIEHWE UIKANBI, CTOSIIEE NPOTHB YKA3aTeNBHOTO ANCKA.
PeaynbTaThl K3MEPEHHIH 3anuCHIBaIOTCA B Tabm. 2.

Tabauua 2
m, xr | mg, H Tleprag npyxnHa Bropas npyxnta
M | K, HM | Kig, Hm | x,m | K5 WM | Ko, HM
1-% ypys
2-if rpy3

B dhopMyny s BEYUCHECHHS XECTKOCTH TIPYXUHLI

K =7 3

NONCTaBUTbL Maccy rpysa m, (6e3 ykasaTeleHOro AMCKa) B KWiorpam-
Max, YCKopeHue cBobogHoro naneHud g=9,8 M/c? U BeanyuHy pa-
CTSIXEHMs TIPYXWHBI X, BHIPAXeHHYIO B METpax,

Jnst 3Toi Xe npyXuHbl KO3(M@PHUIIMEHT XECTKOCTH HAXOAUTCA U C
MTOMOLLBIO BTOPOTrO Ipy3a Maccoii m,. 3aTeM TakkKe C TIOMOLIbIO nep-
BOTO ¥ BTOPOTrO rpy3os onpenensercs Koadduumenr xecrkoctu K,
BTOPOI MPYXUHBL.

B) Buaucnenne coGCTBEHHLIX 9ACTOT Konebanui rpyszos. Cob-
CTBEHHasl YacToTa KoneGaHuii rpys3a, NoABEIIEHHOTO Ha TIPYXHWHE,
BblyKCAsieTCs 1o opMyne

=9g=L{___K 4
O T m +my’ @

rie o, — cobcTBeHHasg KpyroBas yacToTa KonebaHWi; m, — Macca
rpy3a; m,—Macca yKa3aTeJIbHOrO JIHCKa.

3HaueHuss COOCTBEHHBIX YAaCTOT KOJcOaHHWii TPY3OB HYXHO Bhl-
YUCIIMTD UTA KaXAOH M3 TIPYXUH ¢ KaXOABIM U3 IPY30B, UCNOJb3YA
noJiyyeHHbIE B MyHKTE (6) 3HaYeHUA XeCcTKOCTH NpyXnH K. Pesyib-
TaTbl BHIYUCIIEHUI CieayeT 3anucaTh B 1abn. 3,

Tabauua 3
Macca smecte Co6crBeHHas yacTora Vo, €'
€ yKalaTenbHEIM AHCKOM 1-8 mpyXHHa 2-1 TIpY’HHA
m g+ mg, KT
1-it rpys
2-it rpy3
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Pe3yapTaThl BHYNCIEHWH HYXHO CPAaBHUTH CO 3HAYEHUSIMH Yac-
TOT, U3MEPEHHBIMH B MyHKTE (2) W 3aNMMCaHHBIMH B Tabn. 1.

Vnpancuenue 2
H3yuenne 3aTyxawommx Konedanmii
JeKpeMeHT 3aTyxaHus A BHIYHCIsieTcS TIo opMylie
a=te (5)

+1
rae A, — aMImTyaa npeAwayiero Konebanms; A4, — nocneayome-

ro KoneGaHusi.
Yacro ynorpetunserca norapudMHYCCKHI ICKPEMEHT 3aTYXaHUA

d=1InA. (6)

Ha npaxkTike oObLIYHO H3MEPAIOT HE ABE NMOCNCAOBATE/ILHEIE aM-
TUTHTYAB A, U A,,,, @ HaYaIbHYIO aMIUIMTYY A; U KOHCYHYIO aMTi-
NUTYAY A, 4EPE3 HEKOTOpoe Yucno Konebanwmii n. B aToM cayvae,
MOCKOJIbKY OTHOMIEHME KaXA0W npeAbiaylieid aMIuIMTyasl K nocie-
NyOUIEH B MTPOMEXYTKE OT A, 10 A, paBHO

AI ' A ' An
TO
A b A A Ay
A, A A AL A
CrnenoBaTeNbHO,
lni= InA" =nlnA.
A,

Orclona, yuntriBasi, yto n=¢/T u dopmyny (6), OKOHYATENLHO
HaineM

8=lnA=%-ln%=§-ln—4’l (7N

roe A, — aMIINTyNa HavyankHoro KonebaHus;, A, — aMIIUTyaa n-To
KoneGaHug yepes BpeMs ¢, T — TMEpHOA 3aTYXaloWHX KonebaHui,

a) IToarovosxa ycranosks. K ykazarelbHOMY AMCKY, BUCAILEMY
Ha TIpYXWHe, TIPULIETVIFIOT TPY3 C JIONATKOM U TIOACTABISIIOT TIOA I'Py3
cOoCy/l ¢ BOIOM TaK, YTOOK! JIOTIATKA OKA3aach B BOAE. YPOBEHb BOMII
B COCYJIe JOMXEH ObITH TAKMM, YTOOB! IpU NMOTrPYXXEHUH JIOTIATKU Lie-
JIMKOM B Boxy (rpy3 pH 3TOM KacaeTcs TOBepXHOCTY BOABI) JIONAaT-
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Ka He NOXOAWNa 00 AHA cocyaa He MeHee YeM Ha 2—3 cM. Ilepeme-
Was BpalieHVeM MaXOBHYKa KPOHMITEHH (puc. 2), Bobumawoted,
9TOOH! ITPU CTIOKOHHO BUCALLEM IPy3e TIOBEPXHOCTh BOORI IepeceKa-
Jla cepeilMHy CTEpXHS, COEANHAIOLIYIO JIONATKy C TPy30M.

6) Onpenenenne JOrapupMHYECKOTO JeKPeMeHTa 3aTYXAHHR K KO-
sthdununenta Tpeuns. Tleproa 3atyxawwuyx Koie6auuit T onpenens-
€TCA aHATOTUYHO TeproNy cobeTBeHHbIX Konebanuit T, nainento-
MY B YNpaXHeHUU | MyHKTa a. 30eCh TAKXKE ! — CpelHee Bpemd,
n=20 KoJneb6aHwuii rpyaa,

Hns HalneHHBIX 3HauYeHuH 7, 1 T cocrarnalor Taba. 4, B xoTo-
PYIO NMOCNeA0BaTEIEHO 3aHOCAT aMIUTUTYAY HAYaILHOTO KoNeBGaHud
A, v aMIUIMTYAy n-TO KoneGaHusi A, JUIA TISATH OTAENBHBIX M3Mepe-
Huit. [Inst kaxgoro uaMepeHus o gopmyne (7) paccYUTHIBAIOT JIO-
rapupMuyecKuit 1eKpeMEHT 3aTyXaHMS 8. 3aTeM HaXOMAT ero cpel-
HIOIO BEJIMYHHY & .

Takue u3MepeHUs NPOAEBIBAIOT JUTSE 0GEHX NPYXHUH C 06OMMU
TPY3aMH.

JlorapudMuyeCcKUii IeKPEMEHT 3aTyXaHUsA 8 cBA3aH ¢ KO3 DULH-
€HTOM b CUITbI TPeHHUd, ACHCTBYIOLIEH Ha KO/IeOOLIeecA Telo, Co-
OTHOLUECHHEM

=2 ; my)3 (8)

ITo popmyne (8) Beruncisior Ko3hPULUHEHT b cUIH TPEHHUA RIS
Kaxaoit npyXuHbl.

B xone BHIMONHEHUA RAHHONO YNpaXHEHUs TIONE3HO CPAaBHUTD
BEJIMYMHY TepUOLa 3aTyXaloIKX Koinebauuit T ¢ BeTHIUHON nepu-
ona cobcTeeHHBbIX KoneGaHu T (Tabn. 1) Wis Kaxnoi MpyXWHs! U
KaXJIOTo rpy3a COOTBETCTBEHHO.

Tabnuua 4
[TepBas npyxkHHa Bropas npyXuna
Ao A, 5 8 Ao 4. 8 5
1-# rpy3 1 1
2 2
3 3
4 4
5 S
2-ii rpy3 1 1
2 2
3 3
4 4
5 5
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§ 8.9. 3aryxaloume konebaHns.



3anada Ne 16
HN3YYEHHE BHIHYXXJIEHHBIX KOJEBAHUM

Heap 3amauu: U3yuyeHHE KoNe6aHMI KpYTHMABHOrO MaaTHHWKa
(Mcka, NOABEIIEHHOrO Ha YNpyroi NPOBOJIOKE) C PEryiupyeMbIM
3aTyxanueM. Ornpenensiorcs 4acTora U AEKPEMEHT 3aTyXaHUs cob-
CTBEHHBIX KONECOaHUi MasTHHKA, CHUMAIOTCS aMILINTYAHLIE M da-
30BBIC PE30HAHCHBIE KPUBBIE BRIHYXKICHKRLIX KONeOaHuit MadTHNKA,
BBI3BIBACMbIX CHJIOi, U3MEHSAIOLLENHCA B 3aBHCHMOCTH OT BpeMeHH
110 TAPMOHHYECKOMY 3aKOHY.

Ilosicuenus K pacuetHoit Gopmyne

B pekoMeHI0BaHHOM K 3a0aye JUTEPAType pacCMaTPUBAIOTCS Bhi-
HYXAeHHBIE KoniebaHNs Ipy3a, NOABELWICHHOIO Ha npyxuHe. OfHAKO
BCE TMOJYYEHHbIC B HUX PE3yJbTaThl MPUNOAHB M IS KPYTHIBHBIX
KoneGaHui. HyXHO TOJNIBKO 3aMEeHNTH B GOPMYIaX CHlY Ha MOMEHT
CHUNbI, Maccy Ipy3a Ha MOMEHT HHEPLUUH CHUCTEMBI, XECTKOCTb MpYy-
XHHbB] — Ha MOLYIb KpYYeHUS NPOBOJOKH NMOABECA, 3 KOOPAHHATY
rpy3a — Ha yron mosopota. B uacTHocTM, nox aMmnmTynoii 4 3neck
NOAPA3yMEBAOT HaUOONBLUINA Yron NoBOPOTa KoJebmoluerocs aAncka.

IU1a onipenencHUA OMBITHBIM NYTEM BEAWYMHLL YTIA ¢ CABMTa (a3
MeXny KoyeGaHNAMH BbIHYXIAIOIWEA CHIIBb (3AECh BLIHYXAAIOWIETO
MOMEHTa CUJBI) U BBIHY)XACHHBIMH KOJIEOAHUAMU AUCKA YROOGHO
BLIPA3UTh CUHYC 3TOIO YIIa Yepe3 BEJAUYMHB], HENOCPEACTBEHHO U3-
MepAeMbie Ha onbiTe. [Ipn 3TOM HYXHO BOCNONB30BAaThCSA H3BECTHOM
M3 TPUTOHOMETPUHU GOpMYNIoH

2
18"
I+ tg2 ¢
¥ dopmyNoit AN TaHIeHca 3TOrO YIiia, CIEAYIOLLe U3 TEOPUU BHI-
HYXAEHHbIX konebanuii. TTocne psina npeofpa3oBaHmit noayyaior

sin P= o, _Ii.. .
@y Apes
rae w,— CoGCTBEHHAd (Kpyropasi) yactoTa Konebanmii; o — yacrora
KOJie6aHUI BeIRYXAalOWEel CUILI, A — aMIMIMTYAa KonebaHnit auc-
Ka TIPH JAHHOH YacTOTe BRIHYXJAIOWEH Cunbl; A, — aMILIMTYa KO-
neGaumii AMcCKa TIDH pe30OHaHCeE.

sin @ =

Onucanne ycTaHoBKH

B naBGoparopuu umeercsd asa npubopa A u B nnsa usydeHus sbi-
HYXICHHBIX Konebanuit (pyc. 1 v 2), KoTopble, HECMOTPSI Ha BHELU-
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(P5="30000 po X
{\] Chn0sd’

HEE pa3MYUe, UMCIOT OAHHAKOBRIE OCHOBHbBIC AeTand. B nansHel~
wieM NPUHLKM paGoThl 3TUX NMPHGOPOB OyaeT OOBACHATLCS HA MPU-
Mepe npubopa A ¥ B cirydae HeoGXOnQUMOCTH 6yayT JaBaThCs yKasza-
HHA Ha OTIHYMTENIbHLIE OCOOEHHOCTH Npubopa B.

OcHoBHO! YacThio npubopa apnsercsi ANCK (1), MoaBeIEeHHRINA
Ha ynpyro# nipososioke (2). CHU3y K AUCKY NPUKPEIUIEH CTEPXKEHD,
Ha KOTOPOM PACITONOXEH TNepeBePHYTHIH KOHUYECKUH cTakaH (3).
ATOT ¢TaKaH, B CBOIO OYEPEAL, HAXOAUTCA B CTaKaHe (4), BHYTpPEeH-
HASl TIOBEPXHOCTb KOTOPOTO TAKKE KOHMYECKas, MeXAYy CTEHKaMH
CTaKaHOR UMeeTcs Y3KMA 3a30p. B cTakaH (4) Hanuta BA3Kas Xua-
KOCTb — KacTOpoBo¢ MW BaseJuHoBoe Maciio. CrakaH (3) MOXHO
nepeMeiarb 10 CTEPXHIO BBEPX W BHU3, 3aKpennsisi ero B HyXHOM
TIOJIOXEHUHU BHHTOM (5).

Ecnu anck noBepHYTh HA HEKOTOPKIA YIOJI BOKPYT BEPTUKANLHOMN
OCH, a 3aTEM OTHYCTUTH, TO OH OYAET COBEpIIaTh BOKPYT 3TOH OCH
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KPYTWIbHbIE KoJleGaHUsi ¢ COOCTBEHHOM YacTOTOH, KOTopad 3aBUCHT
OT MOMEHTa MHEPLYM JMCKa (BMECTE CO cTakaHoM (3)) u Momynas
Kpy4yeHusa npososiokd. Hanvune BHYTpPEHHErO TpEHUs B C10€e XUX-
KOCTH MeXIy CTAKaHAMH MPUBOAMT K BO3ZHWKHOBEHUIO leiiCTBYI0-
LIETO Ha cTakKaH (3) MOMEHTA CUJl TPEHUS, TIPONTOPIIMOKANBHOTO YT-
JIOBOW CKOPOCTY AMCKA U BBI3BIBAIOILETO 3aTyXaHUe KoneGaHuiA, 3a-
TYXaHUE yBeJUYUBACTCH NPH ONYCKaHUM cTakaHa (3), Tak Kak npu
3TOM 3a30p MEXIY CTeHKAMH CTAKaHOB YMCHBIUACTCH H OMHOBPEMEH-
HO YBEJTMUMBAETCA TTyGUHA TIOTPYXEHUSA B Macso cTakaHa (3). AmMn-
JUTYLY KONEGaHM JUCKA MOXHO U3MEPSTh TIPY NOMOILIM WKaibs (6)
M yKasatens (7), pacnoJioXXeHHoro Ha JucKke. ¥ npubopa B uikana
PACTIONIOXEHA Ha AUCKE, a YKA3aTeJ b — Ha CTOWKE PSZIOM C HUM.

BepxHuit KoHeLl MPOBONOKY 3aKperieH Ha BTY/IKE, Ha KOTOpO#
uMeetcd priyar (8). K priyary npussisaHa HUTh, TIEepDEKUHYTasl Ye-
pe3 Onok. JIpyro#i KoHell HATH MPUBA3aH K YIHKY 3KCLEHTpUKA (9).
B cnyvyae npuGopa B HUTH CBA3aHa € 3KCLIEHTPUKOM Yepe3 IaTyH H
Kagawoluitcs ceKTop. BpallleHne 3KCUEHTPUKA BRI3BIBAET KPYTUTb-
Hble KoJiebaHus BEPXHEro KOHLA NMPOBOJOKH, OJH3KUe K rapMOHU-
YECKUM, YACTOTA KOTOPBIX paBHA YACTOTE BPAMICHUA IKCUCHTPUKA,
3a yrioM NoBOpOTa BEPXHETO KOHLIA NPOBOJIOKH MOXHO CIEAUTh
NIpY NOMOLUM CTPEJIKH, ABMXKyUleiica BooJb wxansl (10). ITporono-
Ka NPy 3aKpyuvBaHUU OeACTByeT Ha OUCK. B peaynkrate amck co-
BEpIIACT BLIHYXIEHHLIE KONEeGaHWst C TOW 4aCTOTOH, ¢ KOTOpO#
MPOUCXOAUT BpallleHUE DKCUEHTPUKA.,

BpanieHue 3KCUSHTPUKA OCYLUSCTBIISETCS DIICKTPUYECKUM MOTO-
poMm (11) uepe3 mydry (12) v peaykrop (13). PenykTop yMeHsbllaeT
CKOPOCTL BpaiueHuss Motopa B 120 pa3. MoTop BKJIOYaeTcs B CETh
MOCTOSIHHOrO TOKa ¢ HanpsixeHueM 110 B (mo wryHToBO#M cxeme).
CKOpOCTb BpallleHUS MOTOPA Peryaupyercss H3aMEHEHHUEM CHJIbI TOKa
B IKOpe MOTOpa NMpH noMoluu peocrara (14). JIna yno6¢Tna perynn-
pOBaHMA CKOPOCTH BpalUEHMsI MOTOpPA peocTar cHabxeH WKAJIoH,
110 KOTOPOi1 OTMEYACTCS NOJIOXEHUE IBUXKa peocTarta. I1pyn yBenu-
YEHUY OTCYETa TI0 3TOH UIKANE CKOPOCTh BPaLICHUS MOTOpa yBeJIu-
yysaetca. IlycKk n ocTaHOBKa MOTOpPA TIPOM3BOAUTCA BLIKJIIOYATE-
nem (15).

BkaioyeHne ¥ npoBepKa YCTAHOBKH

1. ITocTtaBuTh BhIKMO4arTens (15) B nonoxenne «BbIKJI», a aBu-
XOK peoctata (14) — Ha HaMeHbIIee NejIeHNe LKA,

2. BcraButh BUIKY B po3eTKy ¢ HanpspkeHWeM 110 B nmocTosaH-
HOTO TOKa.
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3. BotitoynTthb BRIKIIOYaTeNs (15) U ybenuThes, YTO MOTOp Bpalla-
ercs (ecnyi MOTOD He BPallaeTCH, ClieayeT HEMHOTO CABHHYTH NBH-
XOK peoCTaTa JI0 Hayala paboThl MOTOpA, a 3aTEM BEPHYTh ABMXOK
o6paTHo). IIpocnenuTs 3a ABHXEHUEM cTpeakH no luxane (10). Or-
KJIOHEHUS] CTPENKY JOJXHEI OBITE OMUHAKOBLIMH B 00¢ CTOPOHB! U
COCTaBJATBh 1O 5—6 penexmit. Ecny oTKIOHEHUA OTJIMYAIOTCH OT YKa-
3aHHBIX, CIeYET oOpaTUThLCA K NabopaHTYy.

4. OCTaHOBMTH MOTOP B TOT MOMEHT, KOTa CTPEnKa MpoXoauT
B6snau Hyng wkanw (10). Bpawas pykoit mydTy (12), ycTAHOBUTD
CTpeJIKY Ha HYJIb. JlaTh AMCKY YcrIoKoUThCA. CTpenka yka3sarens (7)
JONXHA CTOATH TIPOTUB HYAA KaNbi (6). Ecny 370 He BHITIONHSAET-
¢, TO CJeNYyeT, NPUAEPXHWBass AUCK PYKOH, MOBEPHYTh yKa3aTellb
OTHOCUTENLHO AMCKa 3a OAHY H3 €ro rooBOK (HE 3a CTpeJIKy!) Tak,
4yTOOM CTpeNKa yKa3blBasia Ha Hydb. B ciiyuae npubopa B ocsobo-
IUTB TaitKy, Kpensaurylo yKasareias (OHa HaAXOOUTCS CHU3Y), NOABU-
HYTb yKa3aTeNb TaK, YTOOLl ero cTpefixa Toxa3biBana Ha HYAb K
3aKpernMTh ero CHOBa. JIaTh UCKY YCTIOKOUTBECST M CHOBA TIPOBEPHUTH
N0JI0XEHHE CTPEIKM yKasatend. IIpy HeoGXoauMoCTH MOBTOPUTH
PETYyNHPOBKY.

BHHUMAHME! Ipn nanpHeinueit paboTe He N0TpParvBarhes A0
yKa3arelisi, YTOObl HE U3MEHUTD €T0 TIONOXEHUS.

Yupaxcuenue 1

H3yuenme coOCcTBEHHbIX 3aTYXAOMUX KoneOaHui

TIpH n3ydyeHHH cOGCTBEHHLIX KOJNIEGAHHIT MOTOP HE BKIOYAETCH.

1. M3amepenne nepHoZa H YaCTOTH cobcTBeHibIX Konebamwi. Orny-
CTUTh BUHT (5), MONHATB cTaKaH (3) HACKOJNBKO BO3MOXHO BBEPX M
3aKpeMUTh €r0 B 3TOM TIOJIOXEHUH BUHTOM (5).

OTKIOHHTL AUCK JIByMSI PYKaMH TIO BO3MOXHOCTH mpmomuo
nipuMepHo Ha 100 nenenwnit wikaibl (6) ¥ OTIMYCTHTL ero 6€3 ToUKa.
HU3MepnTh CEKyHAOMEDPOM BpeMsl TIONHAIX BECATH KoneGaHHi aucKa
Tpu pa3a (OCTaHARIUBATL TUCK MNEPEN KAKALIM U3MEPSHHEM HE HyX-
Ho). Haittu cpenree Bpems 10 KonebaHuit M BeIYHCIHTL iephon T, a
3aTeM yacToTy v,= 1/ 7" cobCTBeHHREIX KonebaHHil. BHIMUCTHTE NoHY10
abcamoTHYIO TIOFPENTHOCTEL 3HAYEHHA YaCTOTHS.

2. Peryauporka JexpeMenTa 3aTyxanwsa. OnycTHTh CTakaH (3) B
CTaKaH (4) npuOIUIUTESILHO AO NOJIOBYHE! CTAKaHa U 3aKPEINUTH ero
B 3TOM 1of0XeHHM. TIoBepHYTh UCK PYKaMH TaK, YTOOI yKa3areh
nokassipan aeneHue A,= 100, crapadgcs HE MEpeKOCHTh NPH 3TOM
ONCK. 3aTeM OTIYCTHTH AHCK Ge3 Tonmuxa. 3aMeTHTDb AeleHue A,, 1o
KOTOPOTO OTKJIOHHJICK YKA3aTellb NOJIOXEHUS THCKA NPH €ro BO3Bpa-
HEHHH B TY CTOPOHY, Ha KOTOPOH OH HAXOMWICA B HaYa/IbHBIH MO-
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MeHT. [ns nocneaywoniero NayyeHus BuoIHYXIEHHBIX Konebauuil He-
06X001MO, YTOOR! 3HauyeHUe A, exano Mexay 60 u 70. Ecim 1nst A4,
NOJYYHJIOCh 3HAaYEHUE, BBIXOASILEE 33 3TU NpeAeabl, HY)XHO CTaKaH
(3) noanaTe (npu A,<60) nnu onyctuts (npy A,>70). 3axpenus cra-
KaH B HOBOM NOJIOXEHHH, HAUTH HOBOE 3HAYCHUE A,. IToBTOPATH
YKa3aHHbIE Bbillle IEHCTBUA 0 TeX nop, NMokKa A, HE OKaxeTcd B 3a-
JIAHHBIX Mpenenax.

3. Haxoxnenue nexpeMenta 3atyxanus. I[TosepHyTh Auck Ha 100
JIeJICHUI M OTNYCTUTh €ro 6e3 Tonuka. 3aMeTHTh W 3anucath psa
NOCAEIOBATENBHBIX HaMOONbIIUX OTKIIOHEHUId (aMIuIMTYya Koneba-
HUit) 1ICKa B OAHY CTOPOHY A, A,, A,, ..., A,. B KauecTBe A, npu-
HATb Ha4YaJIbBHOE OTKJIOHEeHHe, paBHoe 100 neaenusM. OTKIOHEeHNs,
BeJIMYUHA KOTOPEIX MeHee 10 pefleHnit, yduteiBaTh HE HYyxXHO. Ecnu
KaKue-Ino0 U3 OTKNIOHEHHN 3aMOMHHUTD M 3anucaTh He yAanock, TO
U3MEpPEHNs CieAyeT NOBTOPHTb, OOpallasgs BHUMaHUE Ha TIPOMYLLIEH-
Hble 3HaYeHus. [To dopmyne

A=A,/A

BBIYMCJIUTD NEKPEMEHT 3aTYXaHUS A JUTS KaXIOi NMapbl NOcAeaoBa-
TEJIbHBIX OTKJIOHEHMH. Pe3ynbTaThl M3MepeHVIH YAOOHO 3anHCHBATh
B TaOJM. 1.

k+)

Ta6auya 1
Homep ornonennn, k i 2 3 4
AMmmimtypa, 4, 100
JleXpeMeHT 3aTyXaRus
A=AV A

Hanee CheNyeT HailTu cpeaHee 3JHAYEHUE JCKPECMEHTA 3aTyXaH s
Acp M BLIYKCIINTE IorapupMUYECKHl ACKPEMECHT 3aTyXaHUs

8=Ina .
YVnpaxncrenve 2

HMayuenne BbHYKICHHBIX KoneGannit

1. CasTie Pe30HAHCHBIX KPHBLIX NPH MajioM 3aTyxanun. Kpusbie
CHUMAIOTCS NpY 3aTYXaHUM, YCTAHORICHHOM B NMPEALULYIUEM YTIpax-
HEHHH. B Hayane paboThl, He BKIIOYAS MOTOP M HE KacascCh AWCKA,
BpalllcHHeM BpPYYHYI0 My®DTH (12) yCTaHaBAUBAIOT CTPEJIKY WIKa-
a6l (10) Ha HauGonbliee OTKIIOHEHHE B KaKylo-nbo ctopoHy. Ilpn
3TOM YKA3aTeNb OTKIOHEHHS NMCKa NOJDKEH MoKa3aTh no wkane (6)
TaKke Hanboneliee OTKIOHEHUE, DTO OTKIIOHEHVE IPEACTABASAET CO-
00l aMIIUTYAy CTATHYECKOTO OTKIOHEHHWA, COOTBETCTRYIOLIETO HyTe-
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BOIt YacToTe (6eCKOHEUHOMY NEPHOAY) BEIHYXaawLe ciipt. Cratn-
YeCKOe OTKIOHEHHE HYXHO M3MEPUTE W JUISl OTKNOHEHUSA ANCKA B
IpYTYIO CTOpoHy. LA 3Toro, BKIIOYMB MOTOP Ha KOPOTKOE BpeMs,
MOXHO BHXIIIOYHTE €r0 B TOT MOMEHT, KOTAa CTpesiKa Ha 1Kane (10)
OyleT TOOXOMWTE K KpailHEMY MOJIOXEHHIO, a 3aTéM YCTAaHOBHUTH
CTPEJIKY Ha Han6olblllee OTKNOHEHMe, Bpaast MydTy (12) BpyuHylo.
CpenHee 3HAYEHHE STUX ABYX CTATUUECKUX OTKIIOHEHHWH 3aHOCUTCA
B TIEPBYIO CTPOKY KOJIOHKY 3Ha4YeHuH ammtyn tabn. 2. Tlpy nmon-
rOTOBKE 37O TaGNMIIEI HYXHO MMeTh B BHIY, YTO B HEil JAOJIXKHO
6BITb HE MEHEE ABANLATH CTPOK.

TlocTaBHTh IBHXKOK PEOCTATa B TIEPBOE NTONOXEHKE, YKA3aHHOE B
TabNMie, NOMEeIEH O Ha cToje Boane npubopa. BKMOYHUTE MOTOP
M BBIXIATH MUHYTY IUIS YCTAHOBJICHHA CKOPOCTH €TO BPAalUEHUS.
TIpn noMounIM CEKYHAOMEpa U3MEPUTH TPM Pa3a BPeMs MATH Kofe-
GaHMit BHHYXAAOWEH CHIB, CNeas 3a KoneGaHUAMH CTPENKH NO
wkane (10). llonyvyenHnie 3HaueHUA 3anucaTh B Tabi. 2.

Ta6auya 2
Monoxeune Bpems ngTH Korebauui 1, © Aunnuryna Hepron
Ne n/n NBHEKA { 2 3 cp A, rpan T=t/S.¢c

peocrara

1 - - - - .

20

3a BpeMs, TIOKa TIPOBOAATCS 3TU U3MEpPEHUS, KoneGaHUA THUCKa
OOBIYHO YCHEBAIOT YCTAHOBUTBCS. DTO HYXHO NPOBEpHTH, Habmonas
B TCUHCHHE HCKOTOPOro BpEMCHU 3a KoachaHuaMH ANUCKA NO 1IKa-
nie (6). Ecny B npogo/mxeHUn 5—6 KoneGaHuit aMIUIMTYRA MEHSETCH
MEHBLIIE, YeM Ha IATh HeJIeHH, To XoncbaHus MOXHO CUMTATh ye-
TaHOBUBIIMMMUCH. Have HYXXHO BpIXAATH eule 0,5—1 MUH U cHOBa
TIPOBEPUTH YCTAHOBJNIEHKE Kosebanwit. [Tocie ycraHOBAEHHS KONE6a-
HU#t TIPOM3BECTH OTCHET aMIUIMTYAb BNPABO M BJIEBO U, B3AB CPER-
Hee 3HauYeHue, 3anucath B Tabn. 2.

Craps IBIKOK PEOCTaTa B MOCJIEAYIOIINE NONOXKEHHSA, YKa3aHHbIE
B TabGanLE, NOMEWEHHONW Ha cTOje Bod/ie npubopa, nponenars no-
JOOHEIE H3MEPEeHUS VIS BCeX NOJIOKeHUH ABUXKa. IlonydyeHHbie
3HAYEHWA 3aHECTH B COOTBETCTBYIOLIHE KOJIOHKN Ta6. 2.

BHHUMAHMHME! B npoMexyTkax MexXIy H3MepeHUsIMH TIpU nepe-
JBWXEHUH JBUXKA pPEOCTaTa MoTop He BKmouatrs! Ecim npyu npu-
GIMXKEHNY K Pe30HaHCy aMILIATYNa KojleGaHwii J1cka npessIicHT 120
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JeneHuit, To Bo U3bexaHne noiioMKY npubopa cienyer HeMeIEHHO
BBIK.TIOYMTH MOTOP U 06paTMTBC K J1abOpaHTy.

CnenyeT y4yecTb, YTO B HauaJlle M3MepeHUIT NMPH MaJbIX YacToTax
KoJsiebaHUIt BRIHYXAAOWIEN CWITBI (IO pe30HaHCa) HaNpaBIEHHS Kole-
GaHMNY BLIHYXIAlOWEH CUNBI ¥ AUCKa COBMANAIOT: CTPEJKH 110 1UKa-
naM (6) u (10) ABUXYTCH OJHOBPEMEHHO B OJHY H Ty X€ CTODOHY.
HaobopoT, B KoHLIe U3MEPEHMI TpH OONBILIMX YacTOTax (fOcie pe3o-
HaHca) HanpasJeHUs KoNeBGaHWil BEIHYXXIAIOWe CHIBI M AMCKA Tpo-
TUBOTOJIOXHEI: KOJeBbaHHA JUCKA OTCTAlOT Mo (a3e oT KonebaHmit
BBIHYXKAQKOWWEN CUiIbl rmouty Ha 180°, v cTpenku mo mwkamaMm (6)
U (10) aBWXYTCS HaBCTpedy IPYT Ipyry.

2. CuaTHe pPe30HAHCHBIX KPHMBBLIX NPH 0ONBWIOM 3aTyXaHuH. (Bbi-
MOJIHAETCA TI0 YKa3aHWIO Tipenogasarens.) [Ipou3BoasaT ycTraHoBe-
HHWe Ha Hyab Wwkansl (10) (cM. TYHKT 4 pa3gena «BxmodyeHue u npo-
BepKa YCTAaHOBKM»). Onyckas cTakaH (3), 100MBaIOTCS TAKOTO 3aTY-
XaHMA KoneGaHMi AucKa, NpH KOTOPOM 3HAUYE€HHE aMIUIMTYAH A,
BTOPOTO OTKJIOHEHMUs (NPU HA4YalbHOM OTKNIOHeHUU A, = 100 nene-
HUIF) JIEXNUT B npenenax Mexny 45 u 50 neneuuamu. MaMepsioT nek-
PEMEHT 3aTyXaHUA, 3aHOCA pe3yibTaTel B TaGnl. 3, aHAIOTHYHYIO
Tabn. 1 (cM. nyHkTh 2 ¥ 3 ynpaxHeHus 1).

ITpoBOOAT U3MEPEHNUA B TOM X€E MOPSAKE, YTO U B CJIyuae Mano-
ro 3aTyXaHMsi, YCTaHaBNXBasA AUCK peocTaTa B MOJNIOXEHHUS, YKa3aH-
HblE€ B Tabnnue, NMPUNAraeMoN K YCTaHOBKE, A GOJBIIOrO 3aTyXa-
Hus. Pe3yabTarbl M3MepeHUI 3aHOCAT B Tabnuly, aHalOTMUHYIO
Tabn. 2.

TlocTpoenne pe30HANCHBIX KPHBBHIX

Ha ocHoBaHUM pe3ynbTaTOB U3MEPEHWH, 3aHECEHHBIX B TabJ1. 2 M
aHaNOTHYHYIO eif Tabnnuy, IA Xaxaoi cTPOKH 3TUX TaOlIMLl BbIMUC-
JIAI0T YacToTy KoneGaHuit v =1/7 BeIHYXAAIOWER CUIIEI U €€ OTHO-
lEeHHE K COOCTBEHHOM YacTOTe v,, HaliIcCHHO# B ynpaxHeHuu |, T.e.
BeNHYMHY v/v,= 0/w, TlonyyeHHble 3HaYeHUs 3aHocAT B Tabn. 3
JUTA MAJIOrD 3aTYXaHUS U B aHANOCHYHYO el Tabnuuy uist 6oabmo-
ro 3aTyxaHusl.

Tabnuya 3
4 . o A
Ne n/n :‘j‘:’:’a V/vo=0fty | Al [sing| = s o, rpan
1 0 0 5

IMonb3ysics naHHBIMY Tabn. 2 U 3, a TaKKe aHANOTMYHBIX UM Tab-
TINL, CTPOAT HAa MWINUMETPOBOY OyMare aMIUIMTYOHBIC PE3OHAHC-
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HBIE KPMBbIE, OTKJIAALIBaA MO ocH abcumce 3HaYeHUs /o, a N0 OCH
OpIWHAT COOTBETCTBYIOIME 3HAYEHHs aMININTYNH A KonebaHuii
JIMCKa (KpHBble IUIA MAOro U G0JbLIOro 3aTYXaHUA CTPOAT Ha Of-
HOM rpaduke).

Haiina Ha rpadrke MakcuManbHhle (pe30OHAHCHBIC) 3HAYEHMS
aMIUTMTYA A, BHYUCTISIOT OTHOILEHHUS A/A A W 3HAYCHWS BENTUYU-
HHI [sing]; 33HOCAT STH 3HAYEHMUS B Ta6I. 3 M ananomqﬂylo eit Tab-
auuy. Janee BHIYHCIAIOT 3HAYEHUA YTJIa @ CABMTa (ha3 Mexay Kone-
GaHMAMU BBIHYXHAIOIIEH CIIBI U BHIHYXIAEHHEIMU KOJIEOAHHUAMHU
aucka. [ing 3Toro HaxoAdT 3HAYEHMs arcsin BeauuuHsl [singl. Tpn
3TOM CJienyeT YYUThIBaTh, YTO KoNebaHHus AucKa BCe BpeMsi OTCTAIOT
no ¢a3e or xkonebanuit BEIHYXXIAIOWEH CUIRI, T.€. 3HAYECHUA @ MO-
TyT GBITh TONRKO OTpHUATeNLHBHIMU. Tlocie pe3oHaHca 3HauYeHUs ¢
nonyyaiorcs myreM BeluuTaHUg 180° U3 HalineHHBIX 6¢3 yueTa 3Ha-
Ka 3HaY¢HWH yma .

3anonHuB TakuM o0pa3oM TpM TocieaHux ctonbua tabn. 3 n
aHAJIOrHYHOM eil, Ha MWUTMMETPOBOIt GyMare CTpOAT Ha OXHOM Ipa-
¢duke (a3oBbie pe30HAHCHBIE KPUBLBIE AN MAIOro U 60IbLLIOTO 3aTy-
xauus. IIpy 310M NO 0CcH abcuKce CHOBa OTKJIAAMBAIOT 3HAYEHUS
©/w,, 2 0 OCH OPAHHAT (BHW3) 3HAYEHHA yTJia @.

Jlureparypa

Casensen U, B. Kype obweii puauku: Yue6. nocobue. B 5 xH. Kh. 1,
Mexanuxa. — 4-e u3n., nepepab. — M.: Hayka. ®@uamatiur, 1998.

I'naba 8, KonebarennHoe aABUXeHUE.

§ 8.1. O6wne cBeneHuna o KoNCOAHNAX,

§ 8.2. Komrurexcrnle yucna.

§ 8.3. JIuneiiunie qMdpepeHUMATLHBIE YPABHEHUS.
§ 8.4. TapMoHuMueckue Konebanus.

§ 8.6. BexTopHas auarpamma.

§ 8.11. BuiHyxaeHHble KonebaHus.
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3anaya Ne 17

BBIHYXJIEHHBIE KOJIEBAHUA MASAATHUKA
C ABMXYIIENCSA TOYKOH IIOJBECA

enb 3anaun: M3yueHHe BHIHYXIAECHHBIX KONebaHW MasTHHKa,
TOYKA MOLBECA KOTOPOrO CORepllaeT KONeOAHWUS TIO FOPHIOHTANMN.
KonebaHua MasTHUKA paccMaTpUBAlOTCS B HEMHepUMAIbHOM CUCTe-
M€ KOOpPIHWHAT, CBA3AHHOM ¢ TOYKOH MOJABECA.

OcHOBHBIE OHATHA H COOTHOLICHUA

MaremMaTHYeCKHM MAATHHKOM Ha3bIBAeTCA MIeaTu3UpOBaHHasA cH-
CTEeMa, COCTOALLAA M3 HEBECOMOW HUTH, HAa KOTOPOW TOJIBEllIeHa
Macca, cocpenoToyeHHasn B ogHoit Touke. Eciu xonebmoleecs teno
Henb3s NMpPeACTaBUTb KaK MaTEePUANBHYIO TOYKY, MAATHUK Ha3bIBaeT-
cs pn3nveckuM. IIpy OTKIOHEHUH MAATHIKA OT TONIOXEHHS PaBHO-
BECUA HA Yrojl ¢ BOZHUKAET BpalllaTeNbHbIf MOMEHT, CTpeMaLIniicH
BEPHYTb MasATHHK B NOJOXEHHE PABHOBECHA. DTOT MOMEHT paBeH

M= —mglsina, )

TAE m — Macca MasiTHKKa, a [ — paccTosHue Mexay Touko# O noa-
Beca M UEHTPOM Macc C MasATHHKa
(puc. 1).

BpalatensHbii MOMeHT M uMeeT Takoe
HanpagjieH!e, KOTOPOoe CTPEMHUTCH BEPHYTD
MaSITHUK B TIONIOXXEHHE PaBHOBECHS.

YpaBHeHNe AMHAMMKY BPalATENLHOIO
ABHXEHUS Ul MAasSTHHKA 3aNUCHIBACTCH B
BUIE

d2
/ i =-mglsina, (2)
d*
il] 7l yrioBoe yckopeHwe, / — Mo-

MEHT WHEepUHH MasiTHHKa OTHOCHTEIbHO
OCH, TIpoXoasiueil yepes TOYKy TOoIBeca.
OrpaHMYMMCSl paCCMOTPDECHHUEM MAJIBIX
KojebaHuit. B aTtoM cnyuae MOXHO noso-
XWUTb sina ~ a. Torna ypaBHenue (2) npuMeT BUI

d*a
152 = —mgl 3
7 mgla, (3)
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dza 2
aa =0, 4
e “)

mgl
e Wy = T — cOoOCTBEeHHAN YacTOTa Koneobmouerocs Tena. Pewre-

HUEM ypaBHeHMA (4) 6yneT GyHKUNUA
a = A, sin(o,f + ¢,), (5
TAE A, — aMILIMTYAa; ¢, — HavaibHas ¢$a3a KonebaHuil.

OtMeTuM, YTO 0, NPEACTARAAET COBOM Ty YaCTOTY, C KOTOpOMH co-
BeplIaNUCh 661 CBOOOAHDBIE KONEOAHUS CHCTEMEI B OTCYTCTBHE CO-
npoTuBNeHUs cpeabl. OaHako BO BCSKOM KonebaTenbHON cUCTEME
HMEIOTCS CUABI CONMPOTHUBNIEHHUS, JeHCTBHE KOTOPBIX NMPUBOAUT K
YMEHBIIEHHUIO HEPTUH CHCTeMB. EclY yOLIIb 3HEPrH He BOCNON-
HAETCA 3a CYET paboThl BHEWHHX CWI, KonebaHus OyayT 3aryxaio-
uMMy, B cyyae BpalliaTe/IbHOTO ABVXKEHUS TBEPAOTO TENA NPH yue-

TC XHUIAKOTO TPCHHUA MOMEHT CWI CONPOTHUBICHHA N* NpoNoOpLHOHZ-
@,

JIGH BEIIUYMHE YINOBOM CKOPOCTH —- a

Ne=-nZZ, 6)

rae 4 — Ko3¢hdOULNEHT MOMEHTA CHJI TPEHMS.
YpaBHeHHe BTOporo 3akoHa HuloToHa mnsi BpamiatensHOro ABM-
XKEHUS TIPU HANNYUH CHJT CONIPOTURIEHUS UMEET BUL

192 o nda (7)
dt
rae kK — Ko03hbHUNeHT MOMEHTa Boanpamalomux CHIL.
YpasHeHue (7) MOXHO nepenucaTb B BUAC

d*a da 2 _ (8)
7 — + 28— dt @y =0,

h
The B= 5 Ko3dppuLUMEHT 3aTyXxanus. PellleHHue 3TOro ypaBHeHHA

HUMECT BUA

a = Ae P sin(ey + 9p), &)
T ®, — YaCTOTa KONeGaTeNnbHONH CUCTEMBI TIDH HANIMUUK B HEll cun
CONPDOTHRBACHHNA.

CoOcTBeHHas 4acTOTa ®, ¥ ®, CBA3aHbI CAEAYIOIIUM COOTHOILE-
HHEM:
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o =a}-pr=k (10)

BriHyxxaeHHbIe Koj1e6aHUA BOZHUKAIOT IIPU BHEITHEM Niepnoan-
YeCKOM BO3ICHCTBUM Ha KOJeOaTeNbHYIO cucTeMy. B ciryyae Bpania-
TEJIHOTO ABUXEHUSA Tella YPaBHEHWE ero ABUXEHUS TIPU MaJTbIX KO-
TNlebaHUAX ¢ YYETOM CUJIBI TPEHUS B MHEPLIMANBHOW CUCTEME OTCUE-
Ta UMEET BUJA

d’a da .
1 == = —ko. - h— + M,sin pt, an
dt dt
rae M, — aMnanTyaa MOMEHTa BHEIIHErO BO3ACHCTBHA; p — YacTOTa
BEIHYXAAOWEeil CUabl; f — BPEMSI.
ITepenminem ypaBHenue (11):
d*a da.

F+2B—d—r-+m%u=%sinpr. (12)

O6bLuee penreHKe 3TOr0 YpaBHEHUsI MOXeET OBITh 3alTUCAHO B BUAE

a = Age ™ sin(uwyt + ) + ag sin(pf + ¢). (13)

ITepBbiit uneH BolpaxeHus (13) AaeT coOCTBEHHBIE 3aTyXalouye
KonebGaHus, BTOPOH — BBIHYXAEHHHE, He3aTyxalomne. C TeyeHneM
BpEMEHU COOCTBEHHBIE KONEGaHMA (C aMIUINTYAOR A, N HayanbLHOMN

dasoit ¢,, onpegesseMbIMK HaYaibHBIMU YCJIOBUAMH) 3aTYXHYT H
OCTAHYTCSl TONBKO BRIHYXACHHBIE

o = a, sin(pf + @) (14)
C aMIUIUTYOH
My

1) e

(15)

M caBuroM (a3

tgo=-—2. (16)
o - p

AMILTUTYNA 0, BO3PACTAET C YBEJIUYEHHEM YaCTOTBI p, JOCTHraeT
MaKCHUMyMa (pe30HaHC), MOoclie YETo HaYWHAET yMeHbwarsess. CABHT
¢$a3 ¢ Mexay KonebaHHAMY BHELUIHEH CHUbl U BRIHYXAEHHBIMU KO-
nebaHUAMH U3IMEHAETCA C YBEJIMYEHHEM 4acTOTH p (oT 0 Ao —m).

IMpu pe3oHaHce ero BelMYNHA paBHA ¢ = —1t/2.

Bropoit 3akon HrloToHa:

ma . =F 17
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BBHIMTOJIHAETCS TOJBKO B MHEPLMAJIbHBIX CHCTEMAX OTcYeTa. 31ech
m — Mmacca Tena; F— jeiicTBytomas Ha HEro CUna; a,,, — yCKoOpeHue
TeJla OTHOCHTEIBHO MHEPLMATTBHOW WY HEMOABUXHOMK CUCTEMbI OT-
cuera O.

TTycTh MMeeTCcs HeMHepLHanbHas cucTeMa otTcueta O', KoTopas
ABIIXETCA NOCTYNATENIBHO C YCKOPEHHEM &, OTHOCHUTENBHO HHEPUH-
ansHoOM (HENONBUXHOM) CUCTEMBI OTCUETA. YCKOpEHHE TeNa OTHOCH -
TENbHO HEMHEPLIMANBHOM cucTeMbl oTcyeta O' 0603HaumM a, . Tor-
Ja OTHOCHTENBHO HEMOABHMXHOM CHCTEMBI OTCYETA O YCKOPEHHE 4,4,
TéNa 3aMmuiieTcs

aa6c= aom+ aO‘ (18)

VMHOXUB NOJIYUEHHOE BBIPAXEHUE HA M7, TONYYUM

ma, =ma, —ma,.
Yyurtusag (17), mepenuuieM 5TO BbIpaXEHHE TakK
ma_  =F—ma, (19)

TaxyM 06pa3oM, MOJTYYEHO ypaBHeHUE IBUXEHUS TeJla OTHOCH-
TEIbHO HeMHepUMaNbHOA (MOOBMXHOIT) cHcTeMB oTtcuyera O,
«Cuna» (F=ma,,) cnaraercs n3 IByX CyLUECTBEHHO Pa3TNYHBIX CO-
crapnsgwoiux. Cocrasnsionas F ¢cTh «HacTOfLWaA» CHIa B TOM
CMBICJIe, YTO OHA SIBJIAETCH Pe3yNnbTaToM B3auMoaelcTeusa Ten. Co-
CTaB/ISIOIAN —ma, BO3SHKKAET B pe3y/bTate YCKOPEHHOTO JIBYDKEHHS
cuctemnl oTcyera O'. OHa Ha3biBaeTcs NOCTYNATEABHOW CHio#H
UHepIMH u obo3Havaetca F, = —ma,,. CoO0TBETCTBEHHO, YPABHEHHE
BTOpOTro 3aKOHa Hpl0TOHa B HEWHEpLMANBHOH (MOABMXHOM) chere-
Me OTCYETa MOXHO 3aNUCaTh

ma_~=F+F,. (20)

B HacTosIeit paGoTe paccMaTpUBAIOTCA Mankle KonebGaHus MasT-
HHK3, TOYK2 NTOABCCA KOTOPOro camMa COBEpIIACT konebaHnsa no Topn-
30HTAIN. YpaBHECHUE ABWXKEHHUA TAKOro MasTHUKA MOXeT GhITh cBe-
JieHO K ypaBHenuto (11), ecnu paccMaTpuBaTh €ro ABIHXXKEHHE B He-
VHepLUUAIBHON cUCTEMe KOOPAWHAT, CBA3aHHON ¢ TOYKO noaseca.

ITycTh TOYKA MOABECE ABIDKETCA MO 3aKOHY X = bsinpt, rae b — amr-
JIUTYIa CMEIUCHUSA TOYKH IOABECA; p — 1acTOTa CMELUEHHS; ! — BPEMS.
Torza yckopeHHe JBHXEHUS TOYKH ITOABECA (YCKOPEHUE HEUHEPITH-
aJILHOM CHUCTEMBI OTCYETA OTHOCUTEIBHO MHEPUHANIbHONH) Oyner

dx = —bp?sin pr.
dt
CnenoBaTtenbHO, B HEHHEPLMANIBHOUW CHCTEME OTCYETa, KpoMe

OGBIYHBEIX MOMEHTOB CHJI, HEOOXOMMO YYeCTh MOMEHT CWIBI HHEp-
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2
U -ml% = mibp? sin pt, TIe m — Macca MafATHWKa; / — pacCTOsIHME
OT TOUYKH NnojBeca MaATHUKA 0 ero UeHTpa Macc.
VYyuTeiBast 310, AN YpaBHEHHUS ABUXECHUA MasTHUKA UMEEM
d 2(1 da 2 .
1 — = -ka - h— + mlbp* sin pt. 21)
ar? ar o sne (
3To0 ypaBHEHHE OTIIMYaETCA OT ypaBHeHus (11) Tem, 4TO aMILTH-
TYA2 MOMEHTA BHEIIHErO BO3NEHCTBUS 3aBUCHT OT YacTOThl. 3aKOH
IBMXKEHUS MasTHUKA TOCJIE 3aTyXaHMs ero co6CcTReHHBIX Koaeha-
HUI{ NPUBOAMT K BEIHYXIEHHEIM KONeOaHUSIM, COBEPIIAIOLIUMCS TIO
32KOHY
a=a,sin(p’+ ¢) (22)
¢ aMIIuTyaon

- miby” 23)
IJ[«».% -p) 4

M caBuroMm ¢as

tgo=-—222 . (24)
wy = p

Onucanne ycranoBku

B HacTosillel paboTe Ui NONMyYecHUs BBIHYXICHHBIX KoaeOanui
ucnons3yercs Gonbuoi pusnyeckuit MasTHUK (puc. 2).

OH COCTOMT U3 CTEpXHA AB, YKperuieHHOro Ha CTanbHOW npH-
aMe, U ABYX MaccHBHEIX YedeBul C, 3aKpernaseMsix Ha HeM, Onupa-
ACk MpU3MOii B Touke O Ha NOACTaBKY, MAATHHK MOXET COBEpLUIATh
Konebanusa B BepTHKANbHOM nuockocTH. TepeMelieHne YyeuyeBru no
CTEPXHIO NMO3BONACT TIONYYaTh PaBIUYHBIE MEPUHOALI KoneGaHuid.
Y101 Y OTKIIOHEHUA NPOACNBHOK OCH CTEPXHA OT BEPTHKANIU omnpe-
aensgercs no wkane M. Illapux P Ha cranbHo¥H cnnue (Masslit Ma-
ATHUK) nonselwieH B Toyke E Ha paccTosSfHHU d OT OCH BpalllcHHS
OGonbiroro MaaTHHKA. [Ipu Kone6aHuAX nocaeaHETo Manblil MaSTHUK
C ABMXYLIEHCA TOUKOH MoABeca COBEPIIAET BHIHYXACHHbBIE Koneba-
Hus. Eciin yron oTkioHeHUs 6anblIoroe MaAsTHHKA He3HAYHUTeIeH, To
TOYKY MOABECa MOXHO CYHTATH IBHXYLICHCH MO TOPUIOHTAILHON
NpAMON ¢ aMIUTMTYAOH b=1yd, nonaras Npu 3TOM, YTO ABWXKEHHA
MaJIoTO MaATHHUKA ONWCHRAIOTCA ypaBHeHHeM (21). Vyer mpawa-
TEJILHOTO NBMXEHHS TOYKH MoJiBeca Manoro MasaTHHka (rouxa E)
NPUBOAMT K YCNOXHEHHIO ypaBHeHHA (21) M He3HaUMTENBHOMY
casury a3, YTO B IaHHOW 3aJaye HE YIUTLIBAETCA.
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3aTtyxaHue KonebaHHit 60JbILION0 MASTHUKA OYEHb MANIO. JTO No-
3BOJIICT CYUTATD €ro KoNebaHusA 3a BpeMsl YCTAHOBIICHUS] BBIHYX-
JeHHBIX KojiebaHuii Manoro MasiTHUKa He3aTyXaloLUMH C aMIUTUTY-
IOH, paBHOIt HayanbHOMY OTKJIOHEHMIO. CryCcTA HEKOTOPOE BpeMs
NMOCNE UCYEIHOBEHUA COOCTBEHHRIX KouebaHUil Maloro MasiTHHKa
(YCTaHaBIIMBAaEMOE IKCNEPUMEHTANbHO) MO WKae N NPon3ROIUTCS
OTCYET YIJIOBOM aMIUTUTYAR! & YCTAHOBUBLIMXCSI BbIHYXXAEHHBIX KO-
nebaHuit Manioro MasTHHKa.

CnenyeT OTMETHTD, YTO 3KCNEPUMEHTATBHO HEBOIMOXHO MPOMN3-
BECTH OTCYET aMIUTUTYb! ., KonebaHWH Majloro MasTHMKa OT Bep-
THKaJIbHOH ocH. Kpome Toro, ecau 1o pe3oHaHca nMpu p <Ko,
(puc. 3a) BHINONHAETCA COOTHOWIEHHE a=a,ty (TA¢ o — yrioBas
aMIUIMTYa, u3MepsieMasi o wkane N; a, — YIoBas aMILUTHTYRa, u3-
MepsieMasi OT BEPTHKAIH; ¥y ~— YroJl OTKJIOHEHUS TIpORoAbHON ocu
GOABIIOrO MAaATHNKA OT BEPTUKAIH, N3MEPAECMEIil N0 wKane M), To
TIOCNE pe3oHaHCa NpH p >> @, (pUC. 36) 3TH BENMYMHBI CBA3AHBI Cne-
AYIOLHUM COOTHOLLUCHUEM: O = o —Y.

Puc. 3
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Tax kaxk yron oTkiioHeHHs GOMBLIOTO MAsSTHUKA HEBEJTHK (y~5°),
TO B NaNIbHEMILIEM ByAEM CUMTATh, YTO B pallOHE Pe30HaHCa o~y U
aMIUTUTYIy BEIHYXNEHHBIX KOJIe0aHHH Majoro MasaTHHKa a, 6yaeM
MU3MEPSATH 10 NiKae N.

HauanbsHoe oTkjoHeHMe GOJIBIIOrNO MasATHHKA OT TOJOXEHUS
PAaBHOBECHSA TIPU BCEX YACTOTaX €ro KonebaHWit JOMIKHO OLITL CTPO-
FO TIOCTOSAHHEIM, Bo n36eXaHue 1mopuM Ne3BUA MPU3MBI OCBOBOXIE-
HHE U 3aKpEIUIEHME YEeYeBUIl Ha CTEPXKHE CIEAYyeT INPOU3BOIOUTH
TOJIBKO TOrAa, KOraa MasiTHUK NMOBePHYT Ha 90° BOKpYT cBOE# Tpo-
JONBHOM OCH M TUIOCKOCTM ero MPU3MHl OMUPAIOTCS HA TIOACTABKY.

Kaxbiit pa3, Bo3Bpalllas MadsTHUK B pabouee rnosloXeHue, Heob-
XOAMMO YBEAMTECS, YTO OH YCTAHOBJIEH B HYXHOM TIJIOCKOCTH, a
JIe3BME NPU3MEI 3aHAI0 MPaBUITbHOE (HU3LIEE) MONOXEHNE Ha ONOp-
HOM TIonIaaKe.

YeueBHiibl Jyyille NepeMellaTh OTAEBHO APYT OT ApYra. 3akpern-
JIAIETCS HUXHSAA, TIOTOM BEPXHAA OITyCKAETCA Ha Hee.

Ynpaxcuenue 1
[Moaydenne aMILIUTYIHON XapaKTePHCTHKH o= f(p)

ITpeasapuTensHO HeOOXOOUMO OMPERENUTD UMKIUHECKYIO YacTo-
TY ®, ¥ X03pPHUMEHT 3aTyXaHUS B COOCTBEHHBIX KOebaHNi Masio-
ro MasATHMKA, a TAKXKEe U3MEPHTB BPEMA /,, 32 KOTOPOE OHH MOJIHOC-
TBIO 3aTYXHYT. 15 3TOr0 NPpH NoKosieMcss 60JbIIOM MaATHHKE OT-
KAOHSAKOT MauThlii Ha yroa 10—15°. MasATHHK OTIyckaloT, BKIloYas
ONHOBpEMEHHO ceKyHAOMep. CeKyHIOMEP OCTaHaBAMBAIOT, KOTAA
OCTaHaRIMBaeTCA MasaTHUK. U3aMepeHne BpeMeHH f npou3BoaAT He
MeHee Tpex pa3s. BeruMcnsoT cpenHee apudmeTHdeckoe 3HaueHUe
())p» KOTOPBIM TIONIL3YIOTCS B AanibHefileM:

foy + loy + 1
(1), = 22208

Onpenensmot nepuon 7, co6CTBEHHEBIX Ko€6aHuif Manoro MasT-
HMKa. [Tepuoa onpenensieTcss U3 Tpex MNOJHbIX KONEOaHUH MasATHH-
Ka. BpeMa ¢’, 3aTpayeHHOE Ha 3TH KOJNeOaHHA, UIMEPACTCS CEKYH-
IIOMEPOM HE MEHEe JECATH pas:

/o N+hHh+..+hy
LA T

Hanee BHYUCIAIOT CpefHEE 3HAYCHNE LUKANYECKOH YacTOTH ,

cobCTBEHHbIX KONebaHU it MAIOTO MasTHHUKA!
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o _ (25)

Ins onpenenenus Ko3bpPuLMeHTa 3aTyXaH!s B MaJloro MasTHH-
Ka MOXHO KCNOJb30BaTh HaliieHHOE BpeMS fp =T LIEJIOro Yucna
n,=3 ero NOJHBIX TICPHOAOB, 32 KOTOpPOE aMIUIMTYyAa Kojie6aHHii
YMEHBLIHUTCA OT a, 00 0. BEMMYMHBI ) ¥ o OTCYUTBIBAIOTCA TIO
wkane N. KoadduuneHT 3aTyxaHnns  BHIMUCHSIOT Mo GopMyJie

1, o 1 a
=~lp=L==. log—L = ...
] p naz " 2,30 Ogaz (26)

W3Mepenns BenuuvH o, B o TIPOU3BONAT HE MEHEE TPEX pas. Mo
HMM BBIYHCISAIOT 3HaYeHWe KoadduLmeHTa 3atyxaHus. OxoHYaTeNb-
HO cpeaHee 3HaYeHHe Koa¢dULUMeHTa 3aTyxaHMs Gyner

Bq):ﬂn +l332+|33 -

TMocnenoBaTenbHOCTL UIMEPEHHH oy W p crienyioluas, YKpersior
HMXHIOK YeYeBMILY B caMoit HUXHeI Touke cTepxHs. [TotroM Bepx-
HIOIO OMYCKalT Ha HUXHI0W. [1poBepsioT NpaBUILHOCTL MONOXE-
HHUSI IPU3MbI OOJIBILIOrO MAITHUKA Ha TIOACTaBKE. YCTPAaHAIOT KoJe-
6aHus MaToro MasTHHKa. BosjibWwoil MasiTHUK OTKNOHSAIOT Ha 5° U,
OTMycKas ero, BKJIoYaloT cekyuaomep. [ina onpenenexns nepuona T’
xonebaHuil 60bIIOro MasATHUKA OTCYHTHIBAIO Liejioe yucno (n=20)
TMOJTHEIX NMEPHOAOB 32 BpeMA /> (#), W BBIKIIOYAIOT CEKYHAOMEP.

3a 910 BpeMs 3aTYXHYT COOCTBEHHbIE KOJiebaHusi Malloro MadaT-
HHKA, a aMIUTUTYZA KoJie6aHMii 60NbILOTO NPAKTHYECKK HE H3MEHA-
erca. Ilo wkane N U3MepAIOT aMIUINTYAY YCTAaHOBHBLIMXCS Koneba~
HUH o, Majloro MasiTHHKa. Bce naMepeHus caelyeT mpoaenars He
MEHee MATH pa3 W 3aHECTH B Tabnunuy.

teps € | Tep™tep/Ns € | pop= 20/Tep, €' | (0tg)ep TPAR

-

S

ap

o

Bhramcasior cpeaiHee 3HaUYEHUE LIMKITHUECKOH YacToTl p=2x/T,
xoneGaHuii GoNBUIOro MasiTHUKA (YACTOTH! BHEIIHETO BO3NeHicTBUA
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Ha MaJIbIif MasATHUK), a TAKXKe CPelHee 3HaYeHWe aMILTUTYAR (ay),,
BRIHYXXAEHHEIX Kojie6aHui1 Ma1oTO MasiTHUKA.

AHANOTHYHEIM CIOCOGOM M3MEPAIOT BENIMYMHEI 0, ¥ p, TIOMeLIas
YeueBHLBI NTOCNEROBATENBHO Ha OejieHuda: 5, 10, 15, 20, 25, 30; Ha
3TUX OENEHUAX 3aKpenaeTcst CTONOP HHXHEN ueyeBUlbl. B pattore
PE30HAHCA HEOBXOIMMO NIPOU3BECTH JONMONHUTEIbHbBIE U3MEPEHUS U
TIOJIYYUTD ewte 3—4 TOUKU IS HYXHBIX YacToT. TTomyyeHHbIR 3KCTIe-
PUMEHTAIIBHBINH MaTepHal HeOOXOAUMO NMpPENCTaBUTL B BHIe Tpadpu-
Ka Ha MMJJIMMETPOBOI Oymare, OTKJIafbiBast o ocH abCLIMCC YacTo-
TY P, @ TIO OCH OPAWHAT — aMIIIUTYAY ().

dnellyeT OTMETHUTB, 4TO NpPY p_ = O, (pe3oHaHc) KosebaHHs ToY-
KM MOJBECA MaNoro MasiTHMKA IepecTaloT ORIThb JIMHEHHKIMH
(sina# o). YpaBHeHMe nBUXEeHUS (2]1) Majioro MasTHUKA IJIS BepX-
Hel YacTn aMTUTUTYAHOUN KPUBOII HEMPUMEHHNMO.

Ynpaxcuenue 2
IMoxydenne pa3oBoii XapaKTepHCTHKH ¢ = f,(p)

Casur da3s ¢ Mexay cMelUeHHEM MallOTO MassTHHKA M CMEIIEHH -
€M €ro TOYKM oJgBeca MOXHO ONpeaesIuTh No opmyse (24):

2B _ 28
-7 e

Ha6nonas koneGaHHA Maloro MasTHUKA, HEOOXOAMMO y6enuTh-
cA, 4To:

1) npu Mansix yactoTax (p <K e,) tgp ~ -2pB/wi M CMElEHHE Ma-
70T0 MasiTHUKA HaXOAMUTCH TIPAKTUYECKM B (hase CO CMEIEHHEM TOY-
KW noaseca. Paza BLIHYXIEHHBIX KoNeGaHMit npuMepHO COBNanaeT
¢ dazolt BHewHeH cunsl. CaBur ¢a3 B 3ToM cnydae 61M30K K HYMIO
o—0; .

2) BONM3U pe3oHaHca (p= ) tgp—>oo U CABUT a3 p—>—n/2, T.e.
¢a3a BEIHYXXIEHHbIX KoJieGaHWHK Ha nt/2 OTcTaeT OT a3kl BHELIHEH
CHJIBL,

3) npu Gonkluux yacroTax (p >>w,) tge~=2p/p; cMellleHHe Mano-
ro MasTHUKA HaXOAMUTCS NPAKTUYECKH B NPOTHBO(da3e CO CMEMIEHH-
€M TOYKH noaseca. Pda3a BLIHYXIECHHBIX KONe6aHMI NMOYTH TIPOTH-
BOMOJNIOXHa (ha3ze BHELIHEro Bo3AeicTBus. B 3ToM ciyyae capur das
P->-n.

HanpagneHust cmeuieHHit MJIOTO MasiTHUKA M TOYKH NOABECA JI0
pe30HaHCca M MOCJie Hero yKasaHbl NYHKTUPHBIMH CTPEJIKaMM Ha
puc. 3a 1 36 COOTBETCTBEHHO.

tgo = -
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3Has BeIMYMHEI @, H $, NoNb3ysch GopMyoi (24), pacCUNTHIBA-
IOT 3HAUCHUS yIia casura $a3 Jas Bcex U3MEPEHHBIX YacToT p, KO-
NebaHuit 601b1IOr0 MasTHHKA. BRIYHCIICHHEIC BEIHYMHBI YITia CIIBU-
ra ¢a3z HeoGXoAUMO TNPEeACTaBUTL B BUIE rpaduvka HaA MUJLTUMETPO-
Boi GymMare, OTKIaaniBasi No ocH abclucc 4acToTy p, MO OCH

OpARUHAT — yroJ caBura §as ¢.
JIurepatypa

Capenben H.B. Kypc o6ueit dusnkn: Yueb. mocobue. B 5 xH. KH. 1.
MexaHuka. — 4-¢ M3l., nepepab. — M.: Hayka, ®uamarant. 1998.

I'nana 8. Kone6GarensHoe ABHXEHME.

§ 8.1. O6uine cBeaeHnA 0 KonebaHusX.

§ 8.2, KoMmrnekcHbie yncina.

§ 8.3. NMuneinnie anddepeHUMANBHBIC YPABHEHNS,
§ 8.6. BexTopHas anarpamMma.

§ 8.11. BuiHyxaeHHBIe KonebaHus,

§ 8.12. Mapamerpuyeckuit pesoHaHc.



3anava Ne 18
U3YYEHHUE KOJEBAHUM CBA3AHHBIX CUCTEM

Ilens 3anaum: usydeHne cOGCTBEHHBIX U BHHYXIEHHRIX Konie6a-
HHI CHCTEMBI U3 ABYX OAWHAKOBBIX CBA3AHHLIX MasATHUKOB. Onpe-
JEeNI0TCS 3HaYEHUsI HOPMaJIbHBIX M NapuuaibRbeIX Yactor. HaGso-
RAAIOTCS ABNEHUA GHEHHUH N Pe30HAHCa CBA3AHHBIX MASTHHUKOB,

OcHonnbie TOHATHS M COOTROUICHHA

CoOcTBeHHBIe KOJIOAHNA CHCTEMB H3 JIBYX CBASAHRLIX MAATHHKOB.
IIpocTeillInM IpUMEPOM CBA3AHHON CHCTEMBI SIBJAIOTCS ABa ONMHA-
KOBBIX MaTeMaTHYECKMX MAsTHUKA, CBA3AHHEBIX MeXAy coboif her-
Kot mpyxuHoit (puc. ). JIiobylo CIOXHYIO CBA3AHHYIO CUCTEMY
MOXHO paccMaTpHBaTh KaK COCTOAIIYI0 W3 6oJiee IPOCTBIX CHCTEM,
HA3bIBaEMBIX NApHUANTBHBIMWA CUCTEMaMHU.

P P £\ 7

Puc. |

B cayyae cncteMbl, IPEACTARNICHAOR Ha pHC. 1, MOXHO BRUIEIUTD
JiBe TlapLnalbHble CHCTEMBI. Kaxnylo U3 HUX NOJNYy4aioT, 3aKpelHB
OJ\MH Y3 MAasiITHUKOB B NOJIOKEHUU PaBHOBECHUA. «OCTaTOK» CUCTE-
MBI, BRIIOHAIOUIUA HE3AKPETNCHHBIN MAaATHUK U TIPYXUHY, COESAH~
HSIOLLYI0 MasiTHHKH, U TIPEICTABHT COOO#H MapLHAIBHYIO CHCTEMY.
3aKkpernuB BTOPOH MagTHUK, NOJTY4alOT BTOPYIO NapLHANLHYIO CHCTe-
My. QueBMAHO, NIPY OAWHAKOBOM [UTMHE MAATHUKOB YaCTOTH OOEHX
napuHaIbHBIX CUCTEM COBNAJAIOT.

TlapuvanbHas yacToTa OTAMYAETCSH OT YacTOThi Konebanuii CBO-
6oaHOro MasiTHYKa,

HopManbnbie 9aCTOTHI H HOPMAJbHBIE Kohe6anAus. PaccMoTpUM
ciayvait, koraa o6a MasiTHUKa He 3aKperneHnr. YTobnl Bo3byauTs
CoOCTBEHHRIE KONeGaHUsA B CUCTEME U3 IBYX CBA3aHHBIX MasTHMKOB,
HYXHO BBIBECTH U3 NMONOXKEHUA PABHOBECUS 00a MasTHUKa U 3aTeM

142



oTnycTUTh. KaK 1oKa3bIBaeT ONBIT, BOZHUKAIOWME B CUCTEME KOJe-
GaHMs1, KaK TMPaBWIO, OKa3bIBAIOTCS HErapMOHHUYECKUMU (aMILTUTY-
Inl KoyiebaHuit o60nX MasTHMKOB OYIyT HENOCTOSHHBIMU).

Jluwb B ABYX CNELMAIIBHEIX CNyYasXx HayaJlbHBIX OTKJIOHEHMIA B
cucteMe HabmioxaloTcsl KoAeOaHUsi C NOCTOSIHHON aMIUTUTYI0H —
rapMOHUYECKNE KOoNeOaHus:

1) o6ouM MasiTHUKaAM COOOGLICHbl OIHHAKOBBIC OTKJIOHEHHA B
OIHY M Ty Xe CTOPOHY (puc. 1a);

2) 060MM MasITHUKAM COOGIIEHB! OJMHAKOBBLIE OTKNOHEHWA B
NPOTUBOIONOXHEIE CTOPOHEI (puc. 16).

Jlerko BMImeTh, YTO B NMEPBOM ClIy¥ya¢ NMPYXHHa, CBSA3bIBalOLLAs
MasiTHUKH, B TipoLiecce KoaebaHuit ocTtaeTcs HeaeopMUPOBAHHOM
(oHa He cXaTa U He PacCTAHYTa) M HE CO34aeT CUJI, NEUCTBYIOLINX HA
MasTHUKU. CnefoBare/ibHo, MasSiTHUKN OynyT KonebaTbhes Tak, Kak
6yATO NMpYXUHA OTCYTCTBYET, T.€. C YaCTOTOMH, paBHOU COBCTBEHHOI
YyacTtoTe cBOOOZHOro MasiTHuKa. IIpyu atoM KonebGaHuss 060MX MasAT-
HuKoB OyxyT cH(pa3HBIMM, T.€. COBNanars no ¢ase. Bo Bropom ciy-
yae 06a MasgTHHKA OyayT coBeplliaTh TaKKe rapMOHHYeckue Koneba-
HuA (T.€. KonebaHus ¢ NOCTOSAHHON aMIUIMTYIOM), HO YK€ B NPOTHU-
Rodaze.

TI'apMoHHYeCcKHE KoNiebaHUs, KOTOpbIE COBEPILAIOT KAXALIA U3
CBSI3aHHBIX MAasiTHMKOB TIPH CriellMaibHOM BbIGOpe HaYaNbHBIX YCI0~
B, Ha3bIBalOTCA HOPMABLHEIMM KONeOaHUAMM CBA3AHHOMN cUCTe-
MBI, 2 COOTBETCTBYIOILIME YACTOTH — HOPMaJIbHBIMY YacTOTaMHU. By-
IeM 0603HauaTh IEPBYIO HOPMAILHYIO YacToTy (CUHGa3Hbic koneba-
HUA) Yepe3 o, BTOPYIO HOPMAIBLHYIO YacToTy (NpoTHBOda3HLIe
KofieGaHus1) uepes O

Pacyer napuMansHeiX H HOPMAJLHBIX 9aCTOT. A pelnienus 3Toi
3a/1a44 yAOOHO NOJIOXUTE B OCHOBY BRIBOLOB YPaBHCHHE MOMEHTOB
(BTOpoi#i 3aKkoH HploTOHA N5 BPAalIATEIbLHOFO ABUXKEHHSA):

d’a
;’T = Z Mh (I)
2
rae /= ml? — MOMEHT UHEPLIUU MAATHHKA; i
HHe (o — YroJl OTKIOHEHHS MasiTHHKaA); », M, — cyMMa MOMEHTOB

I/

— YrIoBOE YCKOpe-

OeUCTBYIOLNWX CHIIL.

B nanbheiimem 6ynem onupaThcs Ha puc. 2. TIpy Mansix yraax
OTKROHEHNA MOXHO NOJOXUTDH: ) sina = a; 6) OTPE30K X Ha PUCYH-
Ke NepileHAUKYJISPEH OTBeCY, TOTAa x= dsino = da,; B) IECYO yripy-
roit cibl paBHO otpe3Ky d. s ceo6ogHoro MasTHuka (6e3 npyxu-
HBl) BEYHHA MOMEHTA, CO3AABAEMOrO CUJION TSXECTU, pPaBHa
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M=—mglsina=—mgla,
MOMEHT MHepLIUK

I=mi,

TMoncraBuBs 3TH BHIpaXXeHHUS B ypaBHeHHe (1), HaXoouM ypaBHe-
HHE TApMOHWYECKOTO OCLWILIATOPA

d*a
el

a2 Tt @

Te o= \/% — Kpyrosas 4acToTa xojie6anuii cCBOGOIHOrO MasiTHHKA

U pasHad el nepsasd HopMaJibHast 4acToTa Koaebanuit cucTeMbl CBs-
3aHHBIX MASTHUKOB (4acToTa CH(}pa3HBIX KoneGaHWit "’av)‘

Tlpu pacuere Bropoii HOpMaNbHOH 4acTOTHI (NMPOTHBO(MA3HEBIE KO~
NebaHuA) M NApUHATBHBIX Y2CTOT HEOOXOAUMO BBECTH B YPaBHEHHE
MOMCHTOB MOMEHT YMpYTOoil CWIBI, ActicTBYtolleil HA MagTHUKHA cO
CTOPOHBI TIPYXXHHEI ¥ paBHOil, corilacHo 3aKoHy I'yka, fm= —kx
(rae k — x0adxbHUIMEHT XECTKOCTH NPYXUHHL;, X — pacTxkeHue). OT1-
pe3oK, 0603HAYEHHBIIH Ha pUC. 2 Yepe3 X, paBeH PACTAXEHUIO TIPY-
XMHH B CJyyae, KOTAA IEBbII MasTHUK (He MOKa3aH Ha PUCYHKE)
3apMKCUPOBaH B NOJIOXEHUN PaBHOBECHS, M TOJIBKO MOJOBHHE pa-

Puc. 2
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2oy
Puc. 3

CTSDKEHMsI B clydae, Korla 06a MassTHHKA OTKJIOHEHbI Ha yron o B
NPOTUBOTIOJIOXHEIC CTOPOHBI.

C y4eTOM NPHHATHIX BBILIE AONYIIEHH NOTYYaloT:
JUIA NapLMalbHBIX KoeOaHni

Soup=—kx—kda, M, = —kda,

yn
JUIST HOPMAIBHBIX KONCOaH Uit

frmp=—k2x—2kdo, M, =—2kd%. &)

Bsens nojiydeHHBIE BETHYWHBI MOMEHTOB YNPYTUX CHII B ypaBHe-
HHE MOMEHTOB (1) H NpoBead HECNOXHBIE Ipeobpa3oBannst, NIPUAEM
B TOM M APYrOM CAyyae K YpaBHEHMIO FapMOHUYMEecKHX KoJseba-
Huit (2), HO C paTMYHBIMK 3HAYEHUAMU KPYTOBBIX YacTOT:
NapLuanbHas 4acToTa

g kd*
=T @
BTOpass HOpMaJibHas dacroTa
2kd
Opgp = %+ mlz . (5)

Tlpu nio6oM ApYTOM BEIGOPE HAYATBHBIX OTKJIOHEHUI B KaXIAOM
U3 MaATHHKOB BO3HHKAIOT cpa3y 06a HOPMaNbLHBIX Konebanus, apy-
UMM CJIOBaMM, BO3HUKaloHe KonebaHus npeacraBisiior coboit cy-
NepPNo3nLHIO ABYX HOPMaNbHBIX KonebaHuil. BTo cneayet M3 Toro,
YTO Jo6ble HaYaIbHEIE OTKJIOHEHHE ABYX MASTHUKOB MOXHO Npen-
CTaBHTBb KaK CYMMY JIBYX HAaYaILHBIX OTKJIOHCHHI; OQHOIo, NpH KO-
TOpPOM 062 MasTHWKa OTKJIOHEHBEI OAWHAKOBO B OJHY CTOPOHY, U
JpYroro, fipH XoTopoM 06a MasiTHUKa OGUHAKOBO OTKJIOHEHB! B Npo-
THUBOIIONIOXHBIE CTOPOHBI. YeM criabee NpyXHHa, CBA3BIBAIOLLAA Ma-
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SATHUKU, TEM, OYEBHIHO, OaMXe ApYyr K Apyry OyayT o6e HopMalb-
HEBIE YACTOTEI.

W3 obnmieit reopun KoneGaHUN H3BECTHO, YTO NPH HATOXKEHUM
IBYX TaDMOHNYECKHUX Ko/iebaHuil ¢ 6MM3KMMHU 4acTOTaMH pe3ynsTH-
pyouume KojaebaHus HOCAT XapakKrep «OMeHu». AMIUTUTYIB! KoJje-
GaHMit KaXI0ro N3 MasTHUKOB NEPHOIUYECKH U3MEHAIOTCSA CO CABU-
ToM To da3se Ha m/2: Korja OfHa W3 HUX AOCTUTAET MAaKCHMyMa,
apyras obpallaeTcsl B Hyl1b, U Hao6opoT (puc. 3). Ileppon 6ueHnit
(BpeMst MeXIy IBYMs O6pallieHUSMH B HYNb aMIUTMTYIBl OQHOTO U3
MASITHUKOB) paBeH

tym—2 (6)
(i)nq, - 0)c¢
Buinyxnennbie Kone6aHHa B CBA3AHHBIX cHcTeMax. Pesonanc. ITox
OEHCTBUEM TNPDHJIOXCHHOK K OXHOMY M3 CBS3aHHBIX MafATHHMKOB
BHEUWIHE rapMOHUYECKOR CHITBI Kako#-1u60 4acToThl », 062 MasT-
HUKa 6yayT coBeplLIaTh TApMOHUYECKHE BBIHYXACHHBIE KONeGaHns ¢
yacTOTON BHEINMHEN CUJIBI. AMIUIMTYAH KoOJeGaHMii Kaxaoro M3
MasTHUKOB BYAYT 3aBHCETh OT YAaCTQTEI BHELIHEH cunbl. Koraa yac-
TOTAa rapMOHWYECKOM BHElIHEeH CHITBI TpUOAMKaeTCa K YacToTe co0-
CTBEHHBIX TapMOHMYECKUX KoJebaHui, KoTophe cnocobHa copep-
WaTh CUCTEMA, HACTYIAET PE30HAHC — ABJIEHUE PE3KOro BO3pacTa-
HUA aMIIUTYAbI KojeGaHuif, TTOCKONBKY TAKMMH TapMOHUYECKUMH
KonebaHNAMM I CUCTEMBI JIBYX CBA3aHHBIX MASTHUKOB ABJIAIOTCA
HOpMaJibHkle Konebauus, T.e. KonebaHusa ¢ OAHOH U3 ABYX HOpMalh-
HBIX YacTOT (CMH(ba3HBIe WU aHTHU(da3HbIE), pe30HAHC HACTYNaeT,
KOTAa YacToTa BHELUHETo BO3JEHCTBUA
npUGIHXKaeTCs K OOHOM U3 ABYX HOpMaJib- 4
HBIX YacToT w, U @ , cucteMul. Ecan pe-
30HAHC B CHCTeMéeé NOoCTaTOYHO OCTpLIﬂ
(rToTepy Ha TpeHUE ML), TO MIPHU ZOCTA-
TOYHO MEUIEHHOM HM3MEHEHMH YacTOTHI
BHEIIHEH CHIBI PE30HAHC MOXHO Habmo-
AaTh ABaXJbl — pe3OHaHCHas KpUBas 6y-
JeT UMeThk IBYTopObIit XxapakTep (puc. 4). Puc. 4

Bxcnepnuen’raubnan 4acThb

VYeranoska., O6mwii sua rnipubopa npeacrasieH Ha puc. 5 u 6.
OcHoBanMe (1) cHabXeHO peryaIMpOBOYHLIMH BUHTaMH-HOXKaMH
I BeIpaBHWBaHWUA Tpubopa. Ha ocHOBaHUM 3aKperUleHa KOMOH-
Ha (2), B BepxHeii YacTH KOTOpOH HaxoaMTCs BTynKa (3), a BHH3Y —
KpoHwTeiH (4). Ha crepxne (5) BTYNKM NPUKpPETIEHE! TPH MOLBEC-
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Puc. §

Ku (6), B KOTOPBIX C NCTIONB30BAHMEM 1HAPHKONOAIHUITHUKOB NMOM-
BeUIEHH JBa MaATHUKA H crepxeHb (7) Wi CO3NaHUs BEIHYXAEH-
HuX KojeGauuii. Kaxablil MasTHHK COCTOMT M3 JIETKOTO CTEPXHS
(8) ¢ meneHMsAMMH Yepe3 Kaxaple 5 CM, CYMTAas OT OCH BpaLCHHA, H
nepemMeniaeMoro rpy3a (9). MasTHMKM CBA3aHBI APYT C APYTOM TIPH
noMouM aByx npyxuH. ITpyXuHel NpUKpeIieHbl HApYXHBIMH KOH-
LiaMH K KoHUaM cneuuansHoit o6o#ME! (11), n3ornyroit C-o6pasHo
B I'OPM3OHTANBHOM MIIOCKOCTU U 3aKPETUICHHONW MO CBOEMY LIEHTPY
3a CTepXeHb OMHOTO W3 MaATHUKOB. BHYTpeHHHe KOHLBI PYXHUH
TIPUKPEMAAIOTCA K CTEPXHIO IPyroro MasTHUKa. O6oitMy ripu Heo6-~
XOAHMMOCTH MOXHO NEPEMEIIATE BAONb CTEPXKHA MassTHHKOB.

CoanaHue BEIHYXIAEHHEIX KoneGaHuil ocyiiecTrRIsgeTCA NPUBOA-
HBIM QUCKOM, HaXOAsAIUMMCHS Ha 3afHelt cTopoHe 6a0Ka yrnpasie-
HuA (12). DnexkrpoaBHraTenb, BpallaloMif ANCK, HAXOOUTCS BHYT-
pu 6noka. CrepxeHn (7) nMeeT npope3b, B KOTOPYIO BXOAUT KpH-
BOWUIMIT NpUBoaHOro mucka. Ilpu BpameHun AuckKa crepxeHb (7)
NMPUXOAUT B MAsATHMKOOOPA3HOE JBMXKEHHE, KOTOPOE TEpenaeTcs
BTOPOMY (OT 3KCNEPHMEHTATOpa) MasTHUKY C MOMOILBIO BEPXHEH
o6Golimbl (10) ¥ ABYX 3aKpenyieHHbIX Ha Hell NpPyXuMH. Yrnosas
mxana (13) cayxut wist onpeacneHus aMIuIMTy KXone6anmil Maar-
HukoB. K HMXHeMy KpoHWTElHHY (4) npukpenyieH Takxke doto-
anekTpuyecKkuit JaTumuk. TIpU xavaHHAX BTOpPOro MasTHHKa HHX-
HKuf KOHEl ero CTePXHA MnepeceKaeT ¢BETOBOH NOTOK, Nagalowui
Ha AATYMK OT JIAMIILL.
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Ha nwnuesoit naHeny Onoka (12) HaxoouTcsi BHIKAIOYATENB
«CETb». Tlpu ero BKIIOYEHUU 3aropaloTcs HYIW TATHU3HAYHOrO
UndpOBOro HHANKATOPa-MULTHCEKYHAOMEpa « BPEMS» u nBy3Hau-
Horo «[TEPHO/Ibl», a Taxxe namna (15). Ipu pxmoyeHuu tymGne-
pa «BKJI. ABUTATEJISI» asMrarens HauMuaer paborarb, NpuyemM
yncyio 060poToB NPUBOXHOIO MUCKA peryaupyercs pydkoit «YAC-
TOTA KOJNEBAHWUH» ot 15 no 60 06./MHH. 3aropaeTcs TaKxe
JIaMITOYKa B OKOWKe Haa TymbyiepoM,

)

=5

Puc. 6

Haxatue xnaBuwu «CBPOC» B Hauyane paboThl Heo6GX0OUMO
JU1S IOATOTOBKM CXEMBI K CUETY BPEMEHHU U NEpHOAOB, 2 NOBTOPHO —
Ins cbpoca noKa3zaHuii 060MX KHANMKATOPOB Ao HynA. CueT BpeMe-
HU HaYUHaeTco ¢ TIEPBOro NpoxXoXIaeHUs MasTHUKA nepen doToane-
MEHTOM, 3 CYET MNEPHOJOB — CO BTOPOr0 TNPOXOXIECHMA «Tyda»
(C nponyckoM npoxoxaeHus «obpatHo»). Ilocne HaxaTus KiaBuLIK
«CTOII» cyer npekpalyaercsi, HO He Cpa3y, a nocje GUKCUPOBAHUA
OKOHYaHUsI nNocnefHero nepuoaa. bes 3azemnenuns npubopa xiasu-
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ma «CTOII» He paboraer. KneMMa 3azemneHusi HaXOAUTCA Ha 3an-
Helf creHke 6noka (12).

IoaroToBka K H3Mepenuam. [locne BKIOYEHUs B ceTh npHOOp B
nporpeBe He Hyxpmaerca. Haxar xnasuwy «CETb», nposepsiior
BBICBEUMBAHYE Hy/Ieil Ha MHAMKATOPAX K FOpeHHE NaMITOYKH ¢oTo-
anemenTa. Bknouns tym6aep «BKJL. IBUTATENA», y6exaaiotcs,
paboTaeT JIH OH, PETYNHPYETCA JIH ¢ noMotubio pydykH «YACTOTA
KOJIEBAHUI» cKOpoCTh €ro BpallleHUS M KaK 3TO BIMSET Ha KO-
neSanus MasTHUKOB,

Ynpaxcuenue 1

Onpenenenne YACTOT HOPMAIBHMYX H NAPIMANLHBIX Konebanuii
CBA3AHHO CHCTEMBI M3 ABYX OJMHAKOBBIX MAATHHKOB

CornacHo cKa3aHHOMY B TCOPETMYECKOM BBEACHHM, B CBA3aHHOM
cHUcTeMe, MPencTaBleHHoil Ha puc. 1, MOryT KMeTh MECTo ABa THNA
HOPMAJIbHBIX KOJIeOaHMIi: CHH(]a3HuIe ¢ YacTOTOH o, = /g/l, MPOTH-

Boda3HbI€ C YAaCTOTON =,fg/1+ﬂ(d57mli, M IBa MapLUHAJIBHBIX
KOJle6aHUA ¢ OMHHAKOBOM YAacTOTOH w4 = ,/g/l + kd’?m/z. Oanako 8

HCIOIB3YyeMO IKCTIEPUMEHTANLHOR YCTAHOBKE CBA3b MEXIY MasT-
HUKaMHU pEanu3oBaHa ¢ NMOMOINIbI0 He OAHOM, a ABYX NErkKuX Tpy-
XHMH, KaK 3TO TNMOKa3aHO Ha puc. 5. BHYTpeHHNEe KOHUH NPYXWUH
TIPUCOSONHEHB! K CTEPXHIO OAHOTO U3 MASTHUKOB, HAPYXXHbIE KOH-
LLI PacTAHYTBIX NMPYXWH MPUKPEMIEHB K KOHUAM C-o0pa3Hoit
060iMBI, LIEHTP KOTOPOW 3aKperUleH Ha CTEPXHE APYTOro MasTHWKA.

Bo3HHKaeT BONPOC, OCTAIOTCSA JIM CNpaBelJIMBLIMU TIOJYYEHHbIE
panee GOPMYB! ANK YaCTOT HOPMANBbHBIX U NMapUHANBHEIX Koneba-
HUI, UHa4YE TOBOPS, COXPAHIETCH JIK 3aBUCUMOCTDb 3THX YacToT OT
XKECTKOCTH K TIPDYXWH.

PaccMOTpuM MpOCTeHUlIvi cryyail — napuWaibHble KoJjiebaHus.
Ons vx Bo3GyXneHHs PUKCHpYeM MasTHHK, HECYLINit U3OTHYTYIO
0GoitMy B NONIOXEHNM PaBHOBECHS, BTOPOIl MasiTHUK OTKJIOHSIEM Ha
HEKOTOPhI yron v oTnycKaeM.

O0603HAYMM HAYAILHOE YIUTTHHEHHE (PACTSXEeHUE) TIPYXUH ue-
pe3 x. Torna cunbl, IEHCTBYIONINE CO CTOPOHLI MPYXWH Ha BTOpOH
MasTHUK, T.e. C/IeBa U cnpasa Oyayr f, = kx. lonycTum, YTo npu
OTKJIOHEHVH BTOPOTO MasiTHHKa CJIEBa HANpaBo Ha HEKOTOPLIA Ma-
JIBIH YTOJI o 1eBast MIPYXWHA T10J1yYyacT JOTOJHUTENIBHOE YIUIHHEHWE
Ax, Tak UTO YTNpyras Cujia TIDYXWHb! CTaHOBUTCS paBHAM
Somp = k(x+ Ax). TpaBas pyxuHa COXMETCS Ha BEIMUMHY Ax, U €€
YTIpyTasi CWa CTAHEeT PaBHOM k(x —AX). Sy
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PesynpTUpyIOLLas cuna, AEHCTBYIOLIast CO CTOPOHBI MPYXHH Ha
MasiTHUK, paBHa

k(x+ Ax)—k(x—Ax)=2kAx,

WM, YYMTBIBad, yTo Ax=d sina=da, f,,,= 2kda.
MoMeNHT CHbI, KOTOPBIM HeOOXONWMO BBECTH B ypaBHEHNE MO-
MEHTOB, paBeH M= 2kd?«, M mapuydaibHas KpyroBasi 4acTOTa OKa-

3bIBaCTCSl pAaBHOMN

2
an = £+ 22 Q)
ml

®opMyna omyacTcs OT (4) MOABIEHHEM MHOXHTENS 2.

B cnyyae npotrBoda3HbIX KonebaHni M3aMEHeHHe IWHBI NEpBOM
TIPYXXMHBI TIPH OTKJIOHEHUU BTOPOrO MasiTHMKa BNpPaBo, a NEPBOro
BJICBO Ha OAMH M TOT Xe yron Byner sasoe Gonelie, yeM npyu puk-
CHpPOBaHHOM TNOJIOXEHUH NEPBOro MasTHHKE, T.e. paBHO 2Ax. Tako#t
K€ BEJTMMUHE paBHO U3MEHEHWE IUTMHBL BTOPOI NPYXUHKI — yKopa-
yuBaHue. PesyneTHpylolas cwia, AeHCTBYIOLAsA Ha BTOPOH MAATHUK
€O CTOPOHbBI NIPYXHHbI, PaBHA

f;np =k(x+2Ax)— k(x—2Ax)=4Ax.

JansHei1ue paccyXaeH!s TIPUBOIAT MUl YaCTOTH NPOTHBOda3-
HBIX KosiebaHn¥ (BTOPOH HOPMaIbHOM YaCTOThI) K BRIPAKEHUIO

, 4kd®
W, = %4— -—’;;F—, (8)

TaloKe OTIINYHOMY OT PopMyITH! (5).

W3mepenne mepeoil HOPpMANLHOH FacTOTH. OTCOCANHUTD TIPYXU-
Hbi, COEANHIOMINE MAATHUKU co crepxHeM (7), Bo3byxaarommum
Kosebanuga. YCTaHOBUTE OOOMMEI, Kpensiue NPYXUHE], B cpeaHei
YacTu crepxHeil MaaTHUKOB. Haxate Ha kuonky «CETb». Orxio-
HATB 062 MasTHUKA B ONHY W Ty Xe¢ CTOPOHY Ha yron ~6° ¥ ornyc-
T™Th UX. Haxats Ha xHONKy «CBPOC». ITocne moacuyeTa aecsaty ne-
pHoRoB KojlebaHuit, Haxath Ha KHonKy «CTOII». 3anucate ¢ vHAN-
KaTopoB BpeMSl { M KOJMYECTBRO MEpHONOB KonebaHuit n m
BRIYHCIUTD HacTOTy KoJlebaHhii no ¢opmyne

{
3pecs M B manbHeilleM Bce H3MCPCHHUA YAaCcTOT NPOBOAAT HE

‘MEHbllIe TIITH Pa3 ¥ 3aTEM HaXOUAT CpelHHE 3HAYCHUS.

+* MisMepeHns BTOPO HOPMAILEOH YACTOTH M NAPHUAIBHOH YaCTOTHI.

HUamepeHus MTPpOBOAATCA B NOpsAAKE, pPCKOMEHIOBAHHOM BLIUIC, C
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TEM OTJIMYUEM, YTO TIPY ONpEaeTICHUN BTOPOH HOPMaIbHOH 4acTo-
TH! JUIA BO30YXICHHS KONeOaHNI OTKJIIOHSIOT MasAsTHHKH B TIPOTUBO-
TOJIOXHEIE CTOPOHK HA ONWHAKOBHI yron ~6° u ornyckaiot. [Ipu
oTpeAesieHUY MAapuManbHOH 4YacTOTH (UKCUPYIOT B NOJOXEHUH
PABHOBECUS OJIMXaNIINiA K HaOMIONATEMO MAsITHHK, BTOPOH Xe Ma-
ATHHUK OTKJIOHSIOT HA YTOJX ~6° ¥ OTTIYCKAIOT.

ITo OKOHYaHMHM U3MEPEHUIf CIIEAYET CPaBHUTh NMOJYYEHHLIE IKC-
MEPUMEHTANILHBIE 3HAYCHUSA YACTOT C TEOPETUYECKUMU 3HAYCHUAMMU,
BLIYMCNEHHRIMA 110 dopmynam (3), (4) u (5). Bxonauiue B dopmy-
JIbI BETMYWHEL: MAcca IPy30B ¥ KOPPNUMEHT XKECTKOCTH TIPYXKHH K
CYMTATH 3aJAHHRIMHU (VX MOXHO Y3HaTb y JlabopaHTa). Benuuuny 4 —
PACCTOSTHHE OT OCHM BpallieHWsi O MECTa KPEIUIEHNs TIPYXUH U3Me-
PUTh C IOMOLILIO JIMHERKM.

Ynapaxcuenue 2

Haomonenne sapinerns «Oneumii»

YcTraHOBUTH 00OMBI, KpenAliNe NPYXHWHBI, B CPeNHEH yactn
CTepXHeil MaATHUKOB. OAMH U3 MASTHUKOB OTKJIOHWUTbh Ha yron
~10° ¥ otnyctuth. ONpeaenuTh N0 HHAUKATOPY MHUTHCEKYHIOOME-
pa BpeMst MeXy AByMs oOpallieHUSIMA B HYNIb aMIUTUTYARI Kojieba-
HU OTHOTO U3 MAgTHUKOB NMepuox OMeHH# t ¥ BBIYNCIIUTD YacTOTY
6uennii vy=1/1. CpaBHUTL NONYYEHHOE 3HAUEHHE YACTOTHI C TEOpe-~
THYECKHUM 3HaYEHHEM

V6= Vae~— Vac:

Vnpaxcnenue 3
HaGmonenue pe3oHAHCa CBA3AHHLIX MAATHHKOB

Ipucoeauunts Kk o6oiime (10) APYXUHE, CBA3LIBAIOIUE OOMH U3
MasiTHUKOB co crepxHeM (7). Bkiawyuts nutasnne asuratens. Mea-
JNeHHO yBeJInunBaTh 000pOTH! ABUraTeisa, Habmonas 3a U3MEHEHWEM
aMIUTUTYIN xosieGaHmuii MaaTHUKOB. [IpM 3TOM ABaXAbl NpU ABYX
3HAYECHMSAX YACTOThI OOOPOTOB AO/LKHO HAaCTYNATD SIRNEHUE PEIOHAH-
ca. MenjieHHO BO3BPATHTh PeryasAaTop o60poTOB ABUTATENS B HaYalb-
Hoe nonoxeHue. IIoBTOpUTL 3KCNEPUMEHT, GUKCHPYA BENNYMHBI
AMIUIMTYH KoJieGaHMii oqHOro U3 MassiTHUKOB (6amxaiiuero K Ha-
6monaTenio) AiA pala 3HAYEHUH YacToThl BLIHYXAAIOMIEH CHIIbI, AO-
CTAaTOYHBIX Uil TOTO, YTOOBI MOXHO ObUIO NMOCTPOHTH rpad¥K 3aBN-
CHMOCTH aMIUTMTY/IBI OT YaCTOThI BEIHYXaAlowed cuasl. Yacrory Ko-
ne6aHMii BLIYUCIATE NO BpEMEHH AecATH KolebGaHMuit, OTCURTAHHEIX
n3MepuTesieM BpeMeHY. Tlepen KaXIbIM OTCYETOM CEAYET BBIKIATh
1—2 MuH, YTOOH K0JICOAHNSA YCTAHOBWIUCH.
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PA3JIE] 4
JEO®OPMAIIMSA B TBEPIOM TRIIE

3agaua Ne 19

ONPEAEJIEHUE MOAVJA CABUTA 110 JEPOPMALIUU
KPYYEHUA

Lens 3a8a4K: 3KCMEepUMEHTANILHOE U3Y4YeHUE AedopMallK Kpy-
YEHHS U Ha ero OCHOBC OIpCOcICHUE MOAYIS CABUTa UCCIIEAYEMOTO
obpasua.

OCHOBHRLIC NOHATHA H COOTHOIIEHHSA

XapakrepHoit 0COGEHHOCTBIO YIIPYrUX TeNn ARISETCS UX Cocob-
HOCTb NMPOTUBOACUCTBOBATEL A¢(OpMaLMAM, BLI3BIBACMBIM BHEIIHU-
MH cunamMu. OHa NMpoABAsEeTCA B BOBHUKHOBEHWM YIIDYTMX BHYT-
PEHHHX CWI, CTPEMAILMXCHA BEPHYTh YaCTHLH TENa B MONOXEHME,
KOTOpO€ OHM 3aHUManu ao gedopmaumm. s xommyeCTBEHHOro
ONMUCAHMSA YNPYTUX CIUT, BOSHHKAIOIMX B AePOPMUPOBAHHOM Tele,
BBOIMTCS TIOHATHE YNPYTHUX HaNPsDKCHHUIA: HanpamkeHHeM Ha3bIBalOT
BEKTOPHYIO BEJIMMHHY, PABHYIO OTHOIICHUIO CWIBI YIIPYTOCTH, Jei-
CTBYIOLLGH Ha JJaHHOMH TUIOLIQNIKE BHYTPH TeJa, K €€ fUIOoMmanu.

MouaynsaMu ynpyroCcTH Ha3blBaIOTCS BEJIMYMHEI, XapaKTepH3ylo-
IWe YNPYTHE CBOMCTBA MaTepUaJioB. B 3aBHCHMOCTH OT THMNa Je-
dopmaLMu pazndyaloT:

1. Moayns npononsHoit ynpyroctd (Moaynb KOura) E — B ciy-
yae achopMaIuy pacTsKCHMS.

2. Monyns capura G — B citydae AeOpMalIMU CABHra.

3. Monynb kpyyernsa D — B ciiyyae aedopMaliuy Kpy4eHU.

Jnsa mepBhIX OBYX TMNOB gedopMaliu (B ciiyyae MajkiX Jedop-
MaLMii) 3aBUCUMOCTE MEXJy YNpYruM HamipsskeHMEM M COOTBeT-
cTByo1ieit Aedopmalmeii onpenensercs npocrou GpopMynoi: Hanps-
JKeHHe PaBHO Npon3BeAcHHI0 AedopMalHH HA COOTBETCTBYIOLUMIt MO~
ayns yopyroctu (3akon I'yka). Tak, misa gedpopmaunuu NmpocToro
pacTsoxeHus (cxaTus) (puc. 1) dopmyna 3akoHa I'yka uMeeT BUA

o= Eeg, (1)
e 6 — HOPMAIBHOE HaNPsKEHHE, PABHOE OTHOLUEHHIO PACTATHBA-
jolleit obpa3sell cHibl K TUIOWAAM €ro TOTMEPEYHOTO CeuyeHMUs
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o =f/S, € — OTHOCHTENbLHOE YIJINHEHUE, PABHOE OTHOILEHUIO YIUIU-
HEHMUA K MepBOHAYaNBHON [UTMHE obpasua e =Al/l.
3akon Tyka pis nedopMaliuy CIBUTA 3aITUCHIBAaeTCS B BUJIE

1= Gy, (2

FH€ T — KacaTejbHOe HaNpsKeHHEe, paBHOE OTHO-
LIEHHIO KACaTETbHOW CHJILI, BBI3BIBAIOILEH CIBUT,
K Totowiany S (puc. 2); y — Yron CABura. - =t
3aMeTHUM, YTO HanmpsXEHUs, onpelensaemble
dbopmynamu (1) u (2), neiicTytor Ha MoGOM ce-
YeHUM BHYTPU ob6pasua, napauie/bHOM BHeE-
LHUM TIIOLIaKaM, 0603HaYEeHHbIM Ha PUCYHKaxX
yepes S. Ommune dopMynsl 3akonHa I'yka ans
RecdopMaMi KpyuyeHus (PUC. 3) 0T NEPBBIX ABYX
GopMYST COCTOUT B TOM, Y4TO BMECTO CHJIbI (Ha-
MPsXEHUs) B Hee BXOIUT MOMEHT cui (Ha pH-
CYHKe 3TOT BPAalLAIoINi MOMEHT CO3aaeTco na-
POt CHJI f| U f;, TPUIIOXKEHHBIX K BEPXHEMY OCHOBAHHIO LUMAHHIDH-
4YeCKOTO CTEPXHS, HUXKHEE OCHOBAHHE KOTOPOTO HEMOABUXHO):
M= De, 3
rie M — BeIMYUHA MOMEHTA CUN; ¢ — YTOJ 3aKPYYUBAHWS, PABHEIH
yIJIy IOBOPOTa BEPXHETO OCHOBAHMA 3aKPYYMBAEMOFO CTEPXHA OT-
HOCHTEJIBHO HUXXHETO OCHOBAHMA.

N3 dopmyner (1) caenyet, 4T0 MOAY)Ib NPOAOCJIBHOI YyNpyroctu
(Moaynb KOHTa) E paBeH OTHOLLEHWIO HOPMAJILHOTO HaNPSAXEHKs K
OTHOCUTENIBHOMY YIUIMHEHUI0 E=0/c M XapaKTepu3yer crnocob-
HOCTbL MaTE€PUATOB CONMPOTUBIATRCA NehopMAIIHH PACTSDKEHHA.

AHanoruyHo u3 (GopMynsl (2) cnenyer,
YTO MOAYJIL CIBUTA G MO BEJIMYMHE PaBEeH
OTHOLLEHHUIO KacaTeJILHOIO HArpPsSXEeHUs K
BeJIMYKHE yria casura G=t/y W onpeaens-
€T CMOCOOHOCT, MaTepnanos CONpPOTHB-
JNATbCA AedopMalliM COBUTA.

Otnuune Moaynsg xpydeuus D ot Mony-
Jieit FOHTa Y CIIBUTA COCTOUT B TOM, YTO OH
3aBUCHT He TONBKO OT CBOHCTB MaTepHaia,
HO U OT TeéOMETPUYECKNX Pa3MEpOB Tena:
B cJiydyae UWWIHHIAPA — OT ero paguyca R u
IUIVHBI /,

TTocKoybKy KpyueHue CBOOMTCH K He-
Puc. 3 OJHOPOIHOMY CABMIY, MOIYNb KpyuyeHus D

Puc. 2
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OKAa3bIBAaETCH 3aBUCUMBIM OT MOayis caBura G. Pacyer, KOTOpbIH
MPUBEIeH HUXEe ANA Tel LWIMHAPpUYeCcKoi ¢opMul ¢ panguycom R U
IIIMHOM / U3 MaTepHala ¢ MOOyNeM CABUra G, NPUBOOUT X ClEedy1O-
uie dopMyne wist MOIyna KPydEHUs:

GR*
D=1 4
Y (4)

Kpyuenne kpywioro crepxnsg, Ceasp MeXIY MOAY/1eM KpydeHusa i
mMoxyJiem casura. [lywmunpuuecknit ctepXkeHb paccMaTPHBAETCs KaK
COCTOSAIINIA U3 TONKMX LIMJIKHAPHYECKHX CNOEB, KaXIBI H3 KOTO-
PbIX UMeET TOMMUMHY &7 (puc. 4a). B pesynbsrarte 3akpyunBaHus 06-
pasytowiasg uwnuHapa DC npno6Gpetaet nonoxedne DC’'. MuicieHHO
pa3pexeM HapyXHBIH cnioif no aedopmauuy no aMHUU DC M 3aTeM
pa3BepHeM ero, caenae TOCKUM., O4EBUIHO, OH MpEBpaTUTCHA B
TOHKM# NpIMOYTroibHEI Mapamnenenunes. Ecian Takoil paspes Ha-
PYXHOTO Cllosl cAeNaTh Tioclie AepopMaLliy MO HOBOMY TIONOXKCHUIO
nuHuK DC n pa3BepHYTH CNIOH, TO MONYYUTCA YK€ KOCOH Napaine-
nenunex (puc. 46).

BT0 03HAYAET, YTO WIHHApHYECKUii cnoit ucneitan aedopma-
LHIO CABUTA. BeHuuHAa cMelleHUA BEpXHEH rpaHu cnos onpeaena-
eTcsi paccrosgueM a= CC’, OTHOLIERHE TON BENMUMHBI K [UIUHE
LUMIWHAPA JAeT Yron casura y. Ecii omucanHbie onepauuun paspesa-
HUSA W pa3BepTHIBAHUSA NPOJENATh CO BCeMH UMIWHAPHYECKHUMHU CIIO-
AMM, TO TIpPUBEAEHHBIE PACCYXICHHMS NMPUBOAAT K BbIBOAY, YTO BCE
CJIOM TaKXe UCTIBITBIBAIOT MPH KPYYCHHUM AecopMalivio casura. On-
HaKO CMELIEHUS BEPXHHX TPaHEi CNOEB U, CNeNOBaTeIbHO, BETUYH-
Ha YT71a CABUTA 0Ka3bIBAETCA HEONHHAKOBOM /1Sl pa3fINYHBIX CJIOEB,

rm———

o’
»
]
)
1
4
]
)
]
1
3
1
)
]
1
1]
L]
"
[/
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Puc. 4
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yOBIBasl OT BHEWIHUX cNIOeB K BHYTpeHHRHM. OTciofa u clieayer, YTo
Kpy4YeHHE MOXHO TIPEICTaBHTh KaK HEOAHOPOJIHBI CABUT LIMIWHA-
pUYECKHUX coeB (cM. puc, 46).

PaccMOTpUM Tereph BHYTPHM LIMIMHAPA OOUH U3 TOHKHX CJIOEB C
BHYTPEHHUM paivycoM r U BHEIIHUM r+ &r. Jlia cMeleHua Bepx-
HEW rpaHu ciiod @ MOTYT OBbITh NOJMYYeHbl JBa OYeBUAHBIX BhIpaXKe-
HUSA: .
a) yepes yroj CABUra W JUIHHY UMJIWHApA (U3 TpeyroibHHWKa
CDC')

“a=ltgy=ly g Maasix aepopMaLmii;

6) yepe3 yron 3aKpyymBaHUA ¢ M paiuyc clod r (M3 TpeyrojibHHU-

ka COC')
a=re.
TIpupaBHMBasi 06a BEIpaXXEHHS, TIONYUAEM IS YIJa CIBUTA

y=r$. )}

Yron casura JaHHOrO cNOSi paBeH €ro Pajinycy, YMHOXEHHOMY
Ha OTHOWMICHHE YIJia 3aKpYYMBaHUA K JUTHHE LIWIHHAPA. YroJ cABU-
ra NpONOPpLMOHANIEH PaAXYCy CJIOEB,

KacarenpHoe HanpspkeHHe Ha BEpXHEM OCHOBAHMM LIMWIMHIDHU-
YyeckKOU TpY6KU (COsl) HaxoauM, TONb3ydach ¢opMyJoi 3aKoHa
Iyka (2):

t=GI’$. (6)

Cuity ynpyrocTH, AeiCTBYIOLLYIO Ha 3TOM OCHOBAaHWM, MOJYYNM,
YMHOXMB T Ha €ro TuIolliaib, paBHylo 2m/or:

Jp = 2rrdr = 21:0% risr. )
MOMeHT 3Toi CHIbL OTHOCHTEJIBHO OCH LWIKMHApa GyaeT
M, = 2GS rer. ®)

Kaxapiit cnoit BHOCUT cBO#t BKJIAan B TTOJTHEIN MOMEHT CWII, Nei-
CTBYIOLIMX Ha BCEH MOBEPXHOCTH BEPXHETO TOpLA HWTHHApa. Bemuu-
HY NOMHOTO MOMEHTA TTOTYYUM, Ntepeins OT 87 K 6eCKOHEYHO MaJTbIM
BETMYWHAM dr Y TIPOMHTErPUPOBAB BhipaXeHue (8) no ror 0 no R:

R
= 2262 [ Par =0 )
M 2n61£rdr o Ro.
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BTOT MOMCHT YMPYTHX CUJ JOJIXEH ObITh paBeH MOMEHTY CHJI,
3aKpYYHMBAIONIMX CTEPXKEHB (YCNOBHE paBHOBeCHA). CpaBHUBas BhI-

G
paxeHus (9) n (3), NpUXOAHM K BHIBOLY, YTO BEJIMYHHA %R‘

NpeACTaRIAET COO0H HE YTO MHOE, KaK MoaYab Kpyuenus D. Takum
06pa3oM, MBI TIONTYYHIH BHIPAXKEHHE

G
D=7R“, (10)

T.¢. hopMyiny (4).
OTMeTHM, YTO B JII0GOM CEYEHHU CTEPXKHA, NepNeHANKYJISPHOM

K OCH, MOMEHT BHYTPCHHHUX YTIPYTUX CHJI OTHOCHTENBHO OCH CTep-
XHS OIMHAKOB M PaBeH MOMEHTY BHEIUHMUX CHJI, 3aKPYYHBAlOWMX
ctepxeHb, YTOOH yGeaAuTHCA B 3TOM, MBICIEHHO NpeACTaBUM cebe
OTpe3aHHOM KaKyIO-TO YacCTb 3aKPYYEHHOTO CTEPXHSA (C BepXHero
KOHLIa Ha HamMx pucyHkax). ITockonbsKy 3Ta 4acTh CTEPXHSI Haxo-
INUTCA B PAaBHOBECHH, TO CYMMAa MOMEHTOB CHJI, NEHCTBYIOLIUX Ha
Hee, JOJXHA PaBHATBCA HyMo. C OZHOrO KOHUA Ha 3Ty 4acTh Jeii-
CTBYET MOMERT BHEWHUX CWJI, 3 C APYTOT0 — MOMEHT BHYTPEHHUX
yNpYruxX CHN, KacaTeJbHHIX K ceyeHM1o. CnemoBaTenbHo, 06a
MOMCHTA PaBHHI MO BEJIMYMHE U MPOTHBOMONIOXKHBI MO 3HAKY.

®opmyna (4), B KOTOPOif COREPXMUTCH CBA3b MeXAy MoxyiamMu D
u G, NIO3BOJISET, 3Has OOWH W3 HHUX, BHIYUCINTD JPYTroil. DKcnepu-
MEHTAILHO JIeTKO ONpeAcNseTcs BeJHYUHa MOAYAs KpydeHus. [lo-
3TOMY 3alayy HaXxOXICHHUS MOIYJA CABHra 11eJieCo06pa3HO pemiaTh
TyTEM IKCITEPUMEHTANBHOTO H3MEPEHHUS MOAYAS KPYYEHHS € TIoCe-
AYIOUIHM BREIYHCAEHUEM BEJIWYHHH G B COOTBETCTBUM ¢ (HOpMY-
Joii (4).

H3MepeHHe MOTYNST KPYYeHUSA MOXET ObITh BBITIOJHEHO ABYMS
METOIAMM: CTaTHYeCKUM H AUHAMHYECKUM. B nepBoM ciiyuae usmMe-
PAETCS YTOJ 3aKPYYUBAHUA LIMAWHIPHYECKOTO CTEPXHA (MPOBOJIO-
KH) TIpM ONpeJesieHHOM 3aKpyyuBawIUeM MOMeHTe. Bo BTOpoM ciy-
Yyae HemnocpeacTeeHHO U3MepsieTc NepUop KoflebaHuil KpyTUIIBHO-
TO MafATHMKA — MOJBEIIEHHOro Ha TIPOBOJIOKE Tejia. DTOT NEpPUON,
Kak OyAeT mokKa3aHO HUXE, 3aBUCHT OT YTIPYTHX CBOWMCTR TIPOBOJIO-
KU (MOLYNSl KDYJEHHS),

Vnpaxcuenue 1
Onpeaenenne MOIYNA CABHTA CTATHYECKHM METOAOM

ITpuGopsl B NMPHHANIEKHOCTH: IKCIIEPUMEHTAIBHASA YCTAHOBKA,
OCBETHTENb C MONYNPO3payHOIi LIKaNoM, MaciutabHas auHelkKa, Ha-

60p rpy308B.
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Puc. 5

Onmcanne yCTAHOBKH: OCHOBA 3KCMEPHMEHTANBLHOM YCTAHOBKH
NpencTaBleHa Ha puc. 5. BepXHuif KOHeL BEPTUKAIBHOIO CTEPX-
HA (1) (cTaTbHO NPOROSIOKK) XKECTKO 3aKperiieH Ha BEPXHEH nepe-
KJlaOuHe OepeBAHHOM paMbl. K ero HUXXKHEMY KOHLY NPUKpPErieH
MeTaIndecknii auck (2). MoMeHT M, 3akpyumBalolimii cTepXeHb,
co3laeTcsi IByMS HaBUTHIMM Ha JMCK U TICPeKMHYTBHIMH yYepes
610K (3) HUTAMU (4), K KOHLIAM KOTOPHX MOABCLIMBAIOTCA OAHHAKO-
BbIE Ipy3sl (5).

Inst onpefeneHus yria 3aKpy4YuBaHUS NPOBOJIOKH HCTIONL3YeTCsA
3epKajbHBIA OTCYET ¢ MOMOLIBIO 3epKaiblia (6), XeCTKO CBA3aHHO-
FO ¢ AUCKOM, U ocseTuTens (7) ¢ noaynpoapauHoi wkanoi (8). Jyu
CBETa OT OCBETUTEJIA, OTPAXAACH OT 3EPKANBIIA, TIONANACT HA WKany
W TIpU NMOBOPOTE 3epKaibLa CKoJb3UT no mkane. Ilpu 3ToMm, Kak
BMAHO U3 puc. 6, Npy TIOBOPOTE 3ePKAIbIla HA YTOJ ¢ JIY4 OTKIOHS-
ercd Ha yroa 2¢. Ecin cBeTOBO# 3ailyUK Ha WIKae CMECTHTCA Ha 7
NeNeHMWH, To

t32¢=%. (11)

rae b — paccToaHue OT 3EPKATbLA A0 LIKANBL.
ITpu ManbIx yriaax OTKNOHEHHUS tg2¢ ~ 2¢. Torna

l
(P'—'%- (12)
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Hopanox uamepenmii. YcTaHaBIMBaOT TPYOGY OCBETUTENA TaK,
YTOORI OTpaXeHHBIH OT 3EpKATBUA 3aHYHK TIONazal Ha CEPEAUHY
KAk, ¥ (UKCHPYIOT MMONIOXEHHE DUCKH 3aiiuuxa. Pacrnonaraior
HUTH ¢ IaThopMaMu 1ist TPY30B TaK, KaK NOKa3aHo Ha puc. 5. [lo-
Mellast Ha 1aTdopMEl 110 OTHOMY, ABa U T.1. Ipyaa, (PHKCHPYIOT U
3aMMCRIBAIOT JUIR KAXIOM HArpy3KM OTKNOHEHHE i 3afiyuKa 1o mka-
Jie OT HayalkHOoro nonoxeHus. I[ToBTOpsIOT KCNepHMeHT B 06paTt-
HOM TIOpsAIKe, CHUMAs Ipy3bl € TaThopM, U HAXOOAT ANA KaXA0iH
Harpy3Ku CpefiHEe OTKJIOHEHME .

Ipv paBHOBECHM CUJIa HATSXKEHWS HWUTEW paBHA CuJie TAXECTH
mg TPy30B Ha TuaTdhopMe (BKTiodas ruatgopmy). Ineyo 31oit cunbl
paBHO paauycy aucka d/2 (d — nuamerp). Iloactarnas 3HaueHue
MOMeHTa napsl cul M=mgd n @ u3 (12) B papeHcTBO (3) U pewas
€ro oTHocuTeNabHO D, noiyyaeM

p=2medh
n

TMoaw3yace 31oil ¢hopMynoi, BRIYNCASIOT MOAYNb KPYYEHUS s
K@XI0i Harpy3ku W 3ateM cpenHee sHauenue D . Ha xaxaoM u3
TPY30B yKa3aHa ero Macca, AHaMeTp IHCKa 3a,uau paccrom—mc bor
3epKaJiblia 0 IUIKaJkl U3MepAeTcs NuHeitkoil. PesynbraThl naMepe-

HUS MOJAYNS KpydeHUs 3anmucath B Bune Tabm. 1.
Tabauya 1

Ne | Macca rpyss, kr|  OtinoHeHsue no uixane, M Moayne D, HmM | AD=Dy~D
n/n nl [ ot | ny

B 3aknioyeHue, noacraeus D, B hopMyny (4), BEIMHCIAIOT MO-
aynb casura G. OUEeHUBaIOT norpcmﬂoc'rb HM3MepEHUIt,

Ynpawcnenue 2
OnpeneyieHse MOIYAA CABKIA H3 KPYTHIbHBIX KojeGaHMi

JIna u3aMepeHNi UCNONb3YSTCH Ta X 3KCNEPUMEHTANbHasA yCcTa-
HOBK3, 4TO ¥ B ynpaxHenny 1. K npuHamnexHoctsM pobapnsaercs
BTOpPOIt HAbOp LIWIHHAPHYECKUX I'PY30B K CEKYHIOMEP.

BuiBox pacyernnix dopmyn. ONbIT MOKa3bIBAET, YTO TEJNO, NOABE-
1IEHHOE Ha CTAJIHOM NPOBOJIOKE, BHIBEAEHHOE U3 NOJIOXEHUS paB-
HOBECHS U NPEeNoCTaBlIeHHOe caMoMy cebe, HaYMHaeT NoJI ACHCTBU-
€M YTIpYTHX CHJ, BOSHMKAIOLUINX B YNpyroi NpoBoJjIOKe, COBEPLUATh
KpYTHIBHEIE KoneGanus. IIpy noBopoTe Tena Ha yrosr ¢ MOMEHT yri-
PYTHX CWI, CTPEMSALLMACH BEPHYTh TENIO B NOJIOXEHUE paBHOBECHS,
cornacHo opmyie (3) 6yner

Do=M.
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HanomHum: dpopMyna cripaBeTUBa [Uisi ManbIx KonebaHult (Ma-
NBIX YINOB ). COrNacHO OCHOBHOMY 3aKOHY AWHAMHUKHW BpaniaTeib-
HOTO ABMXCHMS

& _y, (13)
dr*
rae / — MOMEHT VHEPLIUY Tejla OTHOCUTENIBHO OCH BpalLlEHHS.

3HaK MHHYC TIOCTaBRNEH MOTOMY, YTO MOMEHT CHJT BhI3hIBAET Bpa-
LIeHUe B CTOPOHY YMEHLIEHUs yrna ¢. [{nd Haliero XpyTwibHoro
MasTHUKA MOXHO 3aTTUCaTh

d* d D
I =-Dp WM — +—¢=0. 14
ar - TDewm ZEeTe (14
J1o YPaBHCHHEC MATEMATHYECKHU TOXIACCTBCHHO YPaBHEHHIO
da g
W + -I- a= 0, (15)

ONUCHIBAIOLIEMY IBHXEHHE MAaTEMaTHYECKOTO MasTHHKA. 3HA4WT,
Teso OyAeT coBeplIaTh FAPMOHUYECKHE KPYTHIIBHBIE KONeGaHUs ¢

TepuonoM
r=zﬂg. (16)

Ecnu MoMeHT nHepuun I Tena U3BECTEH, TO, U3MEPUB TIEPHOL,
Kone6aHuit, MOXHO, NONb3yach ¢opMynoii (16), BEIMHCIATE MORYb
Kpyuyeuusi D, OOHaKO MOMEHT WHEPUHH KPYTHILHOTO MasATHHKa
(aucka), ¥CTIONB3yeMOro B 3aaaye, Hen3BecTeH. CleaoBaTENIbHO, OH
IOJIXeH OBITb HCKITIOYEH M3 pacyeToB. Jra Uedb MOXeT GLITh JOC-
TUTHYTA NYTEM M3MEPEHUS ABYX TIEPUONOB KoieDaHMuit CUCTEMBI, CO-
c*romneﬁ M3 INCKa, NMOABCIICHHOIO Ha NMPOBOJOKE, C YETEIPLMA IPY-

3epxanbue
C. -
N,, ]
OrpaxeHHB ! “~
myq o la B
!
N |
3altapx y
M Hixana
OceeTnTens
Puc. 6
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3aMH, Pa3MELICHHBIMU Ha HEM OMH pa3 Ha pacCTOSHMAX /, OT ocH
AUCKa, BTOpolt pa3 — Ha paccTosiHusAX [, MOMEHT uHepuuM cucTe-
Mbl MOXHO TIPEICTaBUTh KdK CYMMY MOMEHTAa MHECpLMM NUCKA
(c npoBoOnOKO#) f, ¥ MOMEHTOB WHEPLMH TPY30B, T.€. AN ABYX Cly-
Yyaen:

L= Ty +4miY; Iy = Iy + 4mi3, an

Mepuoanr konebanut 7, u T, cHCTEMBI NPK IBYX TIONOXKEHUSX
rpysos, cornacHo gopmyae (16), 6ynyt

f/ + 4mf} f/ + dml}
T, =2n _“_D_”’_I;T2=2n __O.T”'.J_ (18)

M3 3TUX BbIpaXEHHH HECNI0XKHO HONYYUTh

1672m(1? - 12) (19)

D =
7‘;2 —T22

[Mopsnox uamepennit. Ilox senmunHamu /), n /, nonpasymenalor-
Cs1 pacCTOSIHYSI OT OCH BPallEHMs 0 LieHTpa Macc rpy3oB, Ins pa3-
MEULIEHMSA TPY30B Ha JUCKE TIPEyCMOTper sl CRenyiaibHble ITHETH,
PacnoNOXeHHbIE N0 ABYyM KOHUEHTPUYECKUM OKDPYXXHOCTAM C panu-
ycamu /, u /,. Cravana rpy3bl HaieBalOT Ha WTHPTDI, Hosiee yIaneH-
Hble OT ocu BpauieHus. [1naThopMbI ¢ rpysaMu, HCnonb3yeMble B
NEepBOM YTIPaXXHEHHUH, OTCOCAUHAIOT OT HUTell. Hacrpausalor ycra-
HOBKY CBETOBOrO 32ifuMKka MNMPUMEPHO Ha CePEeAMHY UIKanbl
(cM. puc. 6). CoobliialoT cUcTeMe BPpalaTelbHMI UMITYALC (1IETKHM
PBLIBKOM TOTSHYB 3a LWIHYPOK, COEAWHEHHBIN C BEDXHUM KPENAeHH~
eM rnipoBosioku). ITpensapuTrenbHO A0MXKEH OBITH CNETKa OTBEPHYT
BHHT (9). BosHukiuive KoneGaHus HOMKHB UMETb HEQONBIIYIO aM-
mIMTYAY. C NOMOILUBIO CEKYHIOMEPA U3MePsIOT BpeMa 20—25 no-
Hbix xonebanuii. MamepeHus cneayer nOBTOPUTL NAThL pa3 U HaiTH
cpeamee 3HaueHue BpeMeny 1. Paznenus 1, Ha yncno konebanuii n,
BBIYUCAIOT NepHon Konebanuit T,. ITepeMecTHB Ipy3nl Ha BHYTPEH-
HMe, 61 XHUe WTHOTE, NOBTOPSIOT UIMEPEHNS ¥ ONPEAENAIOT HO-
BhIif iepuoa koneGanuil 7,. PeaynbTaThi H3MEPEHWM 3aMHUCHIBAIOT B

Buae rabn, 2.

Tabnuya 2
f Ne onerma 1 2 3 4 S
I/ f lp=
At Aty =
h t Ip=
I — g™
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Macca rpy3oB HaxoquTCs B3BEUIMBAHWEM HA TEXHUYECKHX BEcax
¢ ToyHocTeio 10 0,1 1. Paccrosinus /, v /, 3anansl. INons3ysice ¢op-
MyJ0if (19), BRIYMCIKIOT MOAYIIbL KPYUYEHMA.

IMonctaBuB monyvyeHHOE 3HAYEHUE MOAYAS KpydeHUs B (hopMy-
ay (10), BeryncAOT MonyJib ciBMra G. Bxonsiume B dhopMysTy pagu-
yC U JJIMHA TIPOBOJIOKW 3allaHkl.

CnegyeT OLIeHUTh OIMMOKU, NONYlUEeHHbIE MPU ONpeNeIcHUH Be-
JuyuH D v G, 3anucare peayjibTaThl C y4eTOM NOTrPeLIHOCTH U3Me-
pEHUH.

B 3akn04eHHe CONOCTaBAAIOT 3HAYCHUST BeNWYUH D u G, nony-
YeHHble 000MMU MeTOoLaMU (T.e. B YpaxXHeHusX | U 2): ctaTHyec-
KHM ¥ 1HMHAMHUYECKNM,

Tlo cornacoBaHnuio ¢ npenoaasateneM MOXHO OTPAHUYUTLCA Bbi-
YKCeHUEM TNOTPELHOCTE TOABKO WIS YNpaxHeHud 1.

JIntepatypa

CarenbeB U, B. Kypc obuieit dpusnkn: Yueb. nocobue. B 5 ku. KH. 1.
Mexanuka. — 4-e u3n:, nepepab. — M.: Hayxa. ®uamatauTt, 1998.

Tnaga 2. [InHaMuka Mavepnanbroil Touky,
§ 29. Ynpyrue cuibl.



TEMA 3
SJAEKTPUYECTBO 1 MAI'HETH3M

PA3ZEN 1

SJIEKTPUYECKOE ITOJIE.
CBOVICTBA U ONIUCAHUE

OcHOBHbIE BOHATHA H COOTHOMICHHS

1. Daexrpmaeckuii 3apan. HocuteaaMy 35eKTPHYECKHX CBOHCTB
B BELIECTBaAX ABNAIOTCA NEKTPOHBI U BXOIALUKWE B COCTAB aTOMHOTO
spa NMPOTOHRI, NpudeM UX 3apsabl (+1,6-10-°K) He npuobperalor-
CAl B pe3yNbTATe 9JIEKTPU3ALINU WIH KakUX-TNGO ApYTUX TIPOLIECCOB,
a ARNAIOTCA HEOTheMJIEMbIM CTaOWIBHBIM CBOCTBOM, KOJIHYECTBEH-
HO MOCTOSTHHBIM B TCYEHHME BCEH XKU3HM YAaCTHLBI M OTBETCTBEHHBIM
3a ee anexTpuyeckue (MU B 60Nee LUMPOKOM acnexkTe — 3JeKTpo-
MarHuTHbIe) B3auMoacicTBusA. UMEHHO 3TH CBOMCTBA M JIEXAT B Of-
peleNIeHUH 3IeKTpUUecKoro 3apsina. B cOBpeMEHHO TpaKToBKe
3JICKTPUYECKU N 3apa ONpPEASSieTCS KaK BHYTPEHHSASA XapaKTepUc-
THKa 3JIEMEHTApHOMN YacTHLBI, ONIpeNeNslollasd e¢ NMeKTPOMATHUT-
Hoe B3auMogeicTBUe. K uneny ¢gpyHIaMEHTAIBHEIX 3aKOHOB, ONWCHI-
BaKOIINX CBOKCTBA U NTOBEACHHUE NIEKTPHYECKHX 3apsAIOB, OTHOCAT-
cq 3aKOH COXPaHEHMA 3apsANa M 3aKOH B3aVMOAEHCTBHUSA TOYEYHBIX
3JIEKTPUYECKMX 3apsiaoB (3akoH Kynona):

F=k f’}%, (1
roe F — Monynk CUIBI B3aMoJIeicTBUS; K — K03hGHIINEHT, 3aBUCS-
K oT BeI6opa eaMHMIL U3MEPEHWH; ¢,, ¢, — 3apalsl; R — paccTo-
AHME MEXIY 3apsAOaMU.

2. DaexTpHyeckoe moje. Borpoc: ABIsETCA M YyeAMHEHHBIH 3a-
PR UCTOYHUKOM DNEKTPUYSCKUX CUMT B TIPOCTPAHCTBE WM HUKAK HE
JIeNCTBYET Ha NMPOCTPaHCTBO? NS OTBETA CIEOYST NPOBECTH U3MEDeE-
HUeE NIEKTPHYECKHNX CWT BOKDYr YEAMHEHHOIO 3apsiia, He Nojb3ysach
IPYTUMHM 3JIEKTPUYECKUMHU 3apsiiaMH (COXPAaHMTb YEAWHEHHOCTD,
HHaye BO3HMKHET B3aUMOACICTBUE O 3aKoHy KysoHa), a Takue
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cnoco6p! n3MepeHUit Heu3BecTHbl. C ApYroit CTOPOHEI, NOJIOXEHUE
0 3apAiie KaK WCTOYHUKE 3TCKTPUUESCKUX CUIT B OKPYKAIOMEM TIPO-
CTPAaHCTBE HE MNPOTUBOPEYUT (DYHAAMEHTANBHBIM TIPUHLIMIIAM
npupoasl. U MOXHO BBECTH MoJeNib, COTJIACHO KOTOpOil BOKPYT
YEIMHEHHOTO 3apsna BCErna CYLIECTBYET NEKTPUUECKOE oe, Ofl-
penessiioliee cocTOAHNE IPOCTPAHCTBA. TakM 06pa3oM, B JIEKTPO-
CTATUKE 3JIEKTPHYECKOE MOojie pacCMaTpUBaeTcd XaK yaoOHast MO-
IeNb, OAHAKO B YYEHHH O JIBHXYILHXCA 3apAnax «Imojie» UMeeT Iy-
6okuit PU3NUEeCKHii CMBICA U ABAACTCA MAaTEPHAIbHBIM HOCUTENEM
BlauMozaeicTrus. Cunbl nons 6yayT onpeacieHnl, €Cu onpeaeicHa
B KaXIO¥ TOYKe ITOro nonsi cuia, AeHCTByioNlast HA NOMEWEHHBIA
B Hee MpoOHBIi 3apan (EMHHWYHLIA NOJOXUTENBHbIN 3apsaa). O1a
CWJ1a Ha3BIBACTCS HANPAKEHHOCTHIO 3JIEKTPUUECKOTO NOJs

e-E 2)
q
IMpu nepemelucHun NEKTPUIECKOTO 3apsna ¢ B ANEKTPHYCCKOM

none U3 ToYKM R, B TouKy R, coBepiuaeTcs pabora

K, R,
Ay=[ Fdl =q[ Edl, Q)
R R
(ecniu g=1, 10
R,
Ay = [ Edl, Q)]
R

rae F— cuna, aeiicteylolllast Ha 3apan; dl — nepemenlenue; E,— co-
craBagiouas Bexkropa E Ha HamnpasneHue dl.

BneMeHTApHEIM pacyeToM MOXHO MOKa3aTh, YTO paboTa 3JieKT-
PHUYECKHMX CHIT TIO NCPEMCIUCHNIO CAMHUYHOrO 3apfiia Ha NpoOH3BOJib-
HOM TIYTH B MOJIe, CO3NaHHOM HENOABHXHLIM 3apanoM (), paBHa

R
fEa--[2_2 5
A,z—'j;E,dl- (Rz R‘] (5)
M He 3aBUCUT OT popMBI NyTH. JIns 3aMKHYTOTO MyTH
=pE,dI=0. (6

Takum o6pa3oM, BCAKOE 3JIEKTPOCTATHYECKOE NOJie ecTh Ntofe
MOTEHUHANBHOE. ITO AET BO3MOXHOCTL BBECTH NIOHATUE MOTEHUM-
ajla JIeKTPHYECKOTo NoJA: Pas’HOCTb MOTEHUUATIOB MEXAY ABYMs
TOYKaMH (R, U R,) 3neKTpOCTaTHYECKOTO NOJA PaBHA B34TOH ¢ 06-
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PATHBIM 3HaKOM paboTe, COBEPILAEMOM CHJIaMU NONs TIpU NEpeMe-
LWEHUY EAMHUYHOIO MOJIOXHTENLHOIO 3apaaa U3 NEPBON TOUKU BO
BTOpYIO:

L
0 — ¢y =—[ Edl. )
R,

OueBMAHO, YTO NOTEHUHUATY ¢, MPOU3BOJILHON TOYKH Nons R,
BCETNla MOXHO MpHUTUCaTh NMoboe Hamepeld BbIOpaHHOE 3HAYECHHUE,
Heno B TOM, 4TO MyTeM U3MepeHUs paGoThl MOXeT OhITb onpeaese-
Ha TONBKO PAa3HOCTh MOTEHIMANIOB, HO He aBCOMOTHAA ero BeTUYUu-
Ha. OnHako, Kak Tonbko 3a(hMKCMPOBAHO 3HaYeHWe MOTeHLIMana B
KaKo#-1160 TouKe mossi, 3HaYeHUe ero BO BCEX OCTAJIbHBIX TOYKaX
OIHO3HAYHO onpeneneHo (6). O6LIYHO ANIUTUBHYIO NOCTOAHHYIO B
BBIPaXXEHUH NOTEHLIMaNA BRIOUPAIOT TaK, YTOGH NoTeHIIHaN 6€cKo-
HEYHO YAaleHHBIX Touek (¢_) ObUT paBeH Hyimo. [lpy 3TOM ycnoBun
dopmyna (7) NpuHUMaET BUI

R, ©
¢ =0, - | = [ Edl, Tax xak (¢,=0), (8)

R, R
T.€. NOTCHUWAN TOYKH R, paBeH paboTe, coBepLIaeMOM CHIIaAMM TONIA
TIPY YAQIeHUN EAHHHYHOIrO TIOJIOXHTENBHOTO 3apsAia H3 TOYKH R B
OECKOHEYHOCTD.

Css3b BeIMYMH E U ¢: HaNpAXEHHOCTb 3JIeKTpHuyeckoro nona £

paBHa TPAIUEHTY TEKTPOCTATHUECKOTO NMOTEHLUHANA ¢, B3SITOMY C
06paTHBIM 3HAKOM:

= —grado. )]

3. I'paduueckoe npeacTaBienne MeKTpHYecKoro noas. OaHUM U3
crnocobOB TNPEACTARICHUA ABIKETCA MOCTPOCHHUE CHIIOBHIX IMHUI H
9KBUMOTEHLMANBHLIX TIOBEPXHOCTEHR nekTpUueckoro nois. Cunobolt
JIMHMed 3JIEKTPUUYECKOro IOl HA3LIBAeTCA JIUHMS, KacaTeJbHBIE K
KOTOpO# B KAXIOM €e TOYKE COBMAHAIOT MO HaNPaBJieHHIO C BEKTO«
poM HanpsixeHHocTH E nons B Toit ke Tovke. O4YeBUAHO, YTO uepe3
KaXayro TOUKY nojs, B KoTopoid E#(0, MOXHO NpoBECTH TONABKO
OfHY cUNoBYI0 NKHUWIO, Ha puc. 1 moKasaHb CUNOBLIE AUHUM Y 2K~
BUITOTEHUHANBHEIC TTOBEPXHOCTH CHCTEMBI JABYX PABHBLIX OHOUMEH ~
HBIX (pUC. 1a) ¥ pa3HOMMEHHBIX (PUC. 16) TOUEUHBIX 3/EKTPUYECKUX
3apsA0B, PACNONOXEHHBIX Ha paccTosiHUMM R npyr ot apyra. [1pu no-
CTPOEHUM CHYHTAETCH, YTO CWIOBbIE AMHWHM HAYMHAXOTCA Ha NOJOXH~
TeNbLHOM YU 3aKAHYMBAIOTCA HA OTPHLATENBHOM 3apsaax UJIH OJHHM
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KOHLIOM YXOAAT B 6eckoHeyHOCTh, CUIOBEIE IMHUM He MOTYT OBl
3aMKHYTBIMM, TaK K3K B ciiydyae 3aMKHYTOIl TMHKH Tlofie He OyaeT
NOTEHUHANBHBIM W CUIOBBIC IMHUY HE MOTYT YXOAUTH ABYMSA XOH-
LaM¥ B 6eCKOHEUYHOCTh, TaK KaK B 3TOM c/yyae IEIdI — o0,

HaHecTu Ha yepTexX BCe CHJIOBLIE IMHUM HEBO3MOXHO, MOITOMY
OHM YepTATCH TaK, YTOObI B JIIOOOM Yy4aCTKE NONS YUCHO JHHUH, 11e-
peceKanlUnX TICPNEHAUKYNAPHYIO K HUM TUIOLIAAKY e€AMHUYHOW
TNIOWAAH, OELTO NPOTIOPLUOHANIBHO YUCJIEHHON BeaTHYUHE Hallpsa-
XXEHHOCTH TIOJIST Ha 3ToM molaake. B kaxzmoM ciydyae rycrora pac-
TOJIOXEHUS CUJIOBBIX JJMHUH CYXXUT MEPOIi HaNIPHKEHHOCTH T10714.
Tak xak YuCiio CUJIOBEIX JIWHHUI OoMnpenensercs HanpsaxeHHocTbio E,
a HaNPSKEHHOCTL TIONA NMPONOPLHMOHANEHA 3apaly, obliee YUCHo
CUNOBBIX JIMHUW, MAYNIMX OT 3apsifa, AOJXHO ObITh MPONOPLIMO-
HABHO €Tr0 BeJINMYWHE.

Ecnu Ha nuHuax HaANPAXEHHOCTH OTMETUTH TOUKH OAWHAKOBOTO
noTeHLMana ¥ coeauHuTh UX Mexay coboit, To NnoJy4eHHble INpH
3TOM IMOBEPXHOCTH (B TIJIOCKOCTH PHUCYHKA 3TO OYyOyT KPUBLIE) Ha-
3bBIBAKOTCH 3KBUIIOTCHUHANBEHBIMU,

4. ITpoBonuskM B 31eKTpHUIecKom none. Korna roBopsT o6 anex-
TPUYECKHUX 3apsalax, TO UMelOT B BUAY 3apAxeHHble Tena. [1pr aToM

Puc. |

NOJ TOYEYHLIMH 3apAJaMU TIOHUMAIOT 3apsAXEHHbIE Teaa, pa3Mepa-
MH KOTOPBIX B YCJIOBUSIX JaHHOM 3allauynm MOXHO npeHeGpeys. Bee
Tena 1o AMEKTPUYECKHM CBOICTBAM pa3fieNsioTca Ha Tesa, BEWeCTBO
KOTOPbIX COAEPXHT 3apsi/inl, CRBOGOHO ABMXYIIMECA BHYTPY TIO BCE-
My 06beMy TeJia (MPOBOOHUKU), U TeJIa, 3apAALI KOTOPLIX NPH CBO-
€M ABMXECHHWH OCTalOTCS B Mpeiesiax aToMa WIW MOJIEKY)T, B COCTaB
KOTOPBIX OHM BXOIIT (M30NATOPHI).

IMpyu noMeuieHuH NPOBOAHMKA B INEKTPOCTATHYECKOE TTOJIE MIH
NpPH COOOLIEHHH eMy 3apsina B HEM TNPOUCXOIUT NepepacripeeicHue
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3apsAOB, MPMBOAsLIEE K HOBOMY PaBHOBECHIO 3apsinoB. PasHoBecHe
3apsNOB O3HAYAET, YTO BHYTPH NMPOBOIHUKA Ha HUX HE ACHCTBYIOT
CUIIBI, T.€. HAMPAXKEHHOCTb E BHYTPU NPOBOAHMKA PaBHA HYNIO.
Hanpasnenne E Ha mMOBepXHOCTH NPOBOAHUKA MEPNEHIHKYIAPHO
TIOBEPXHOCTH (B NMPOTHBHOM CJiyyae BOSHUKHET C/laralolass Hamnps-
XeHHocTH E, HanpaBieHHas BIOJIb NIOBEPXHOCTH MPOBOAHMKA, Bbi-
3bIBAIOIIARA ABMKCHMUE 3apanoB). B 3ToM ciiyyae pa3HoOCTL NOTEHLIM-
anoB MeXIy NoObIMH IBYMA TOYKAaMH NMPOBOJHMKA, JIEXKAWNMU HA
MOBEPXHOCTH W BHYTPU HEro, paBHa Hymo. TakuM oOpa3oM, TIOTEH-
LMaJl BCEX TOYEK NMPOBOOHUKA OOWH U TOT Xe€, U MOBEPXHOCTb NIPO-
BOXHUKA ABJIACTCA SKBUIIOTEHUHATBHOMN.



3anawa Ne 20
N3VYEHUE CBOUCTB DJIEKTPHUECKOrO NOJif

Hem paGoToi: IOCTPOEHUE IKBUNOTEHIMANBHBIX MOBEPXHOCTEN U
CUJIOBBIX JINHUI 3NIEKTPHYECKOTO TMOJIsi, CO3NAHHOTO 3apAXKEHHBIMH
TENaMH.

DKCNepHMEHTANLHAA YCTAHOBKA: 3NIeKTPONMTHYECKAA BaHHa'!, Mac~
wTabHasi CeTKa C INEKTPONIAMH, TEHEPATOP, BOJBTMETP, JIUCT MU~
JIMeTpOBON OyMarnu?,

Ynpaxcuenue 1

IMocTpoenne IKBUNOTEHUHANLHLIX NOBEPXHOCTEH MO ABYX
Pa3HOMMEHHBIX TOYEYHLIX 3APANOB

ITopspok spINOAHEHNA paboTui

1. Tlonoxute MaclITaGHYIO CETKY C SJIEKTPOAAMH Ha JIHO 3J1EKT-
PONUTHYECKOH BaHHBI M HAJIUTH BOAY TaK, YTOOBI 2NEKTPOAbI OKa3a-~
JINCh Ha 3—4 MM HUXe ypoBHA Boabl. [TpoBOAHKMKM, noaBOaARIIHE
HaMpsXeHUE K ANEKTPoAaM, AOMXHbI pacnoiaraTecs BHU3Y Noj CeT-
KOM.

2. CoeanHuTh NpUOOpPLI ¥ 3NEKTPOAbl COTJIACHO CXeMe, TipHBe-
JeHHOMN Ha puc. 1: T — reneparop, B — BonsT™eTp, DB — 3nexTpo-
JMTHYeckas BaHHa, D — anexTponbl, LIl — wyn. IIpu 3ToM yepHbie
NpOBOJA, UAYILUE OT TEHEPATOpPa U BOJILTMETPA, HEOOXOAUMO TIO/I~

Puc. |

KJIOUYMTb K OIHOMY 3JIEKTPOAY?, IOTEHLIMAN KOTOPOTO 6YNET paBeH
HYJTIO, TAK KaK MPHOOPH 3a3EMJICHBI. '

{ DaeKTpoMTHYECKaA BAHHA ARNACTCA YROBHON MOAC/LIO IS M3YYERHA INEKTPOCTA~

TU4ECKOTO NoAA. 3T0 0BYCIORNIEHO TEM, YTO NPN OTIPEAENEHHBIX YCIORUAX pacnpe-
ZC/ICHHE TIOTCHLIMANO0B B Cpeac, Mo KOTopoii TeUeT TOK MEXIY YCTAaHOBACHHLIMM B
Hell ANEKTPOLAMH, MOXET ObITh TOXAECTBEHHO PACTIPENENEHMIO NIOTEHLUHAIOR MEX~
Ay TeMM Xe IEKTPOAAMU, HAXOMLUMMUCA B BaKyyMe.

Pacnonoxenue v GyHKIHOHANbHOE HA3HAYEHHE OCHOBHHIX EMEHTOR YTIPaRICHHS
npu6opamu, a TaKXKe KPaTKHUE PCKOMCHIAUWN MO SKCIUyaTalUH npnGopos, UCNONb-~
3yeMbiX B 3TOM U B ciienyiomwmnx pabotax, cM. c. 244~245.

B HacTosllei 3a1a4e 3TOT SNEKTPOA BHNOIRAET HYHKUMU OTPULATERGHOTO 3apsa.
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3. YcraHoBUTL Ha reHepatope 4actoTy 60 ' (nepekiouarens
«MHOXHTENIL» B TIOJNIOXEHUU «xl», JeKanHble MePeKNoYaTein Unmu
IKAa MIaBHOTO W3MEHEHUS YacTOThl B 1oAoXeHuu 60,0 T'n).

PerynsiTop BeTMYUHEI BRIXOXHOTO HATIPAXKEHHSA B CPEJHEM TOJO-
XeHHUM (Ha BBIXONEe reHepaTopa yCTaHaBJIMBAeTCA HanpaAXeHUue 5—
6 B).

4. YHUBepcaibHuIiT pubop — BOABTAMIEPMETP BKIIOYUTH B pe-
XUME BOJNLTMETPA (KHOMKA «Ub) I B3IMEpEeHUs TIEPEMEHHOTO Ha-
npsxeHusa (KHOMKa «=/=» B YTOIUICHHOM noJioxxeHnM). Bknoyuts
npeaen uamepeHnsa 20 B (xHonka «20»). 1llyn ¢ yepHbIM NPoBOAOM
BKJIIOYUTH B THEINO «*», IIYTI C KPACHBIM TIPOBOJOM — B THE3NO «Us.

5. IaMepuTh pasHOCTh NOTEHIMANIOB MEXAY NCKTPOJAMM, JUIS
Yero LynoM Ha KpacHOM IMPOBOAE KOCHYTLCA 3MEKTpoaa', coeam-
HEHHOTO ¢ 6eNbIM NPOBOOHMKOM TeHepaTtopa. OTMETUTL HA MIJLITU-
METPOBOIi GyMare pacnojoXeHue 3MeKTponoB (Macwtad 1:1).

6. Ha npamoii, coeauHsoneil 3nekKTpoabl, OTMETUTL TOUKH, OT-
cToslMe Apyr OT Rpyra Ha pacctossHue |1-2 cM. Tlomewas myn
(C XpacHBbIM TIPOBOAIOM) B TOYKH 3JIEKTPOAUTUYECKOH BaHHLI, COOT-
BETCTRYIONME OTOGPAXEHHBIM Ha rpadMKe, U3MEPUThL TIOTEHUMA B
atuX Ttoukax. llyn HyXHO pacnonarath NeprneHIUKYAsApHO K
TIOBEPXHOCTU BOABI, a NEPER CYUTBIBAHUEM NMOKA3aHWI BOJBTMETpA
NMogOXAaTh 5—6 ¢, 4TOOb! YCTAKOBUJIMCH 1OKA3aHUA Ha CBETOBOM
TabJyi0 npuGopa. U3MepeHHBIE 3HAYeHHA NoTeHUMana GUKCHpyloTes
Ha MUUNIMMETPOBOH ceTKe pAAOM € TOMKaMi, B KOTOPbIX OHY U3Me-
PAIIUCH.

7. Idnsg kaxporo sHaueHUst U3BMEPEHHOTrO NMOTEHLIMAIA HAWTH elle
8—10 Touek ¢ TAKUM Xe ToTeHIUaNIoM (1Mo 4—5 ¢ Kaxmnoi CTOPOHE
OT LIEHTpANbHOW MpsAMOM, ABIAlOUIECA OCbl0 cUMMeETpuH). Ina
3TOrO ULy MEIJIEHHO TIePeMEILAOT MEXIY dNEKTPOIAMHU 110 TeX Top,
MOKa MOKa3aHWe BOJLTMETPA He 6yneT COOTBETCTBOBATh 3HAYECHHUIO
NIOTEHIIMANA, TIOJYYeHHOMY B TOYKE Ha NpsaMoil 1unnu. HalineHHble
TOUYKM OTMEYAIOTCA Ha MaclITabHOH ceTKe U BCe TOYKU C OAUHAKO-
BBIM 3HAYEHUEM TIOTEHUHATA COEAUHSAIOTCS MIAaBHOM KPUBOW,

Ynpaxcnenue 2

HocTpoenre 3KBHMOTEHUHAMBHBIX NOBEPXHOCTEH M0JIA
NPy BHECEHWH NPOBOANAIIEroO Teaa

l. [na u3yyenyss BIUMSHUSA TPOBOASIIMX TEN HA 3JIEKTPUUECKOE
nosie B NPOCTPaHCTBE MEXIY 37IEKTPOLAMHU B TIPOU3BOJIILHOM MeECTe
BaHHBI TIOMELLEETC] MeTAUTHYECKOe KOoNbLo. B 5TOM ciyyae Ha rpa-

I DToT anMeKTpon BHIMOMHSAET (GPYHKLIMK NONOXUTENLHOTO 3apsiid.
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uke oTMeuaeTCS NOJNOXKEHHWE NEKTPONOB U XoabLa. B ocTansHOM
NMOCTPOCHUE SKBUTMIOTEHLMAIBHBIX NOBEPXHOCTENH OCYLECTRIACTCSH
TAK XK€, KaK ¥ B OTCYTCTBUE TIPOBOASLIETO TENA.

2. ITocne OKOHYAHUS U3MEPEHMI BEIKITIOMUTE TIpPHBOPHI M BEUIMTh
BOJY U3 BaHHHI.

JIutepatypa
l.Casennen H.B. Kypc obueit pusnku: Yueb. nocobue. KH. 2. Dnex-

TPUYECTBO U MarHETH3M. — 4-¢ H34., nepepab. — M.: Hayka. @usmaraur,
1998.

Tnaga 1. Dnexrpuueckoe noie 8 BaKyyme.

1.1. DnexTpuyeckuii 3apan,

1.2. 3akou Kynona.

1.3. Cucrema eamHuIL

1.4. PauroHanu3MpopaHHas 3annuch GpopMyi.

1.5. Dnexrpuueckoe none. HanpsxeHHoOCTb Mo,
1.6. TToreHuman.

1.8, Cesiab MeXly HANPAXEHHOCTLIO 3NEKTPUYECKOTO NOJAA U NOTEHLMA-
JIOM.

1.9, lvnons.

I'mama 3. TIpOBOAHMKM B 3N1EKTpHUYECKOM TOJIE.

3.1. PaBHoOBECHE 32pAA0B HA NPOBOAHKKE.

3.2. lpOBOAHMK BO BHEIIHEM 3/IEKTPHYECKOM NONe.



PA3JEI 2

DIEKTPUYECKUNA TOK

3anagya Ne 21
3AKOHBI OMA U ITPABWWIA KUPXTO®A

IIean paGoThl: SKCNEpUMeHTANbHAA TIpOBepKa 3aKoHOB OMa M
nipaBun Kupxroda s passeTBIeHHBIX LENE.

OCHOBHBIE IOHATHA H COOTHOWICHHUS

1. Tox n Hanpsmkenue. Ecnu BHYTpHY NpoBOAHHKA 3NIEKTPHYECKOE
1osie OTANYHO OT HYJA, TO B NPOBOAHKKE BO3HUKAET 3NeKTPHICCKHIA
TOK, T.€. HANPaBIEHHOE AABMXEHHUE 3apsaaoB. Mepoit aneKTpuiecko-
IO TOKa ABJIACTCA CHIA ToKa [ — KOIIMYECTBO 3JICKTPHUYECTBA, NpoTe-
Kaolllee yepe3 ceyeHHe NMPOBOJAHKKA B eAWHHLY BpeMeHH. Ecau 7 ne
3aBMCHUT OT BPEMEHH, TOK Ha3bIBAIOT MOCTOAHHDBIM.

OCHOBHO}i 3aKOH MOCTOAHHOIO TOKa — 3aKOH OMa BhIpaxaeTrcs
dopmynoit

[ ® ; ® 1)
e ¢, ¥ ¢, — 3HaYEeHUs NOTEeHLMANa Y Hayalla ¥ KOHLA NIPOBOAHUKA
(cuvTas Mo HanpaeleHUIO TOKA); R — conpoTHUBIieHUE MPOBOAHMKA.

HanpasneHueM ToKa CYUTAETCS TO HanpaBJieHHe, B KOTOPOM NOA
JAEHCTBUEM NOJA AOMKHB! 6bUTH 6b1 ABUTATECS TOJIOXHUTENbHBIE 3a-
pARHL. JIpyTUMH ClIOBaMi: CYMTAETCA, YTO TOK TeueT OT Honbluero

NoTeHUMana X MeHbieMy (¢,> @,). Pa3HOCTb NOTEHUMATIOB MOXHO
BHIPA3UTh TaK:

2
P - = I Edl,
)
rae d! ~ 3neMeHT AIMHB NPOBOAHMKA (cM. 3aaauy Ne 20).
JIMHEHHBIN MHTErpasT NONA HOCUT Ha3BAHUE HaNPAXEHUA MEX-
Iy TOYKaMH:

2
Uu =J-E/dl~ (2)
1

Cpasnusas (1) u (2), nonyyaior
IR=U,,
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DTO COOTHOLIEHNE BBINQIHAETCS HE TONBKO B CJTyJae MOCTOSIHHO-
ro Toka (1), Ho ¥ s 6BICTPONEPEMEHHEIX TOKOB.

IToueMy 3n€eKTpHYECKOE MOJIE TIOCTOSHHBIX TOKOB MOTEHLMANb-
Ho? [leno B TOM, YTO B NoOJIe NOCTOSHHBIX TOKOB pacripefesieHue 3a-
psa B MPOCTPAHCTBE AOJKHO OCTABATLCH CTALIMOHAPHBIM, T.€. He-
HB3MEHHBIM BO BPEMEHH, B MPOTMBHOM cITy4ae YCJIOBHE MOCTOSTHCTRA
TOKOB He BbINOJHAETCA. Ho ecnu pacnpeneiaeHue 3apsjioB CTalyo-
HapHO, TO NMOJI€ UX AOJIXKHO OBITH TOXIECTBEHHO TIOJII0 COOTBET-
CTBEHHO pacHpeac/IeHHBIX HEMOABMXHLIX 3apsaaoB. To 00cToATeNb-
CTBO, YTO B JaHHOM TOYKE NMPOCTPAHCTBA OAHU JIEMEHTHI 3apsiaa
Oslarofapst TOKy CMEHAIOTCA IPYTUMM, HE MOXET CKa3biBaThCS Ha
HanpsixeHHocTd nona E. Takum 06pa3oM, CTALIMOHAPHOE NGNE Mo~
CTOSTHHBIX TOKOB, KaK M TOJ¢ 3JIeKTPOCTaTHYeCKoe, NOJIXKHO OBIThH
710/1eM NOTEHUHANBHLIM. U3 CTalIMOHApHOCTH pacipeeieHUS 3aps-
A2 CAeAYET, UTO TOKH AONXHbBI ObITH MO0 3aMKHYTHI, TNDO YyXOAHUTH
B 6eCKOHEeUHOCTb, MOO B NMPOTUBHOM CJIyuyae B MeCTe Hauyajla Mau
OKOHYaHHUS TOKa NPOUCXOAWNIO OBl HaKOIIEHKE MU YObIBAaHHE 3a-
pana. Ilo Toif e npuuNHe Yepe3 pasiiuHbEe cCeYeHMS NPOBOLHNKA
(rpy OTCYTCTBMU Pa3BETRIEHUI) JOJKEH NMPOTEKAaTh TOK OHHAKO-
Boit cunbl. HakoHeu, B Xaxnoi TOUKe pa3BETBJCHHA LEMM TOKa
(y371€) A0IXeH BHIINONHATLCA NEPBbIN 3aKkoH Kupxroda:

ZII = 0)
T.e. aJirebpanyeckas cyMMa TOKOB, IPOXOJSILINX Yepe3 y3eNn, paBHa
HyJI0. B NpOTMBHOM ciiyyae B y3jie NPOUCXORUNO 6bl HAKOTUIEHHE
3apAnoBs.

TIpu DBMXKEHUM 3apsiioB HA HMX NCICTBYET NMOCTOSTHHAS CHJIA €O
cropoHsl nons (£ =const), Kotopast BbI3bIBAET YCKOPEHHKE, HO YCI0BHE
I=const o3HayaeT, YTO 3apANKI ABUXYTCA C NOCTOAHHON CKOPOCTHIO.
Ecymm cucreMa nogyuHseTes 3aKoHy OMa, TO 3TO JOIDKHO TIPOUCXOINTh
U3-32 TOro, 4TO AJIA TAKUX HOCHTEJEH CKOPOCTH NPONOPUHOHAIBHA
cune. CnenoBateibHO, 3apAllbl HE MOTYT ABUMATLECS CBOGOIHO, YTO-TO
JOJDKHO MEIlaTh ABYDKEHHMIO, BHI3EIBACMOMY IEKTPUYECKUM TIONEM.

ConpoTuBiieHNe ABUXEHHIO 3apsiioB 00YCIIORIEHO CTONKHOBEHUSI-
MU HOCHMTeNIeH 3apsaa Apyr ¢ APYToM U ¢ JIIOOLIMM YacTULIAMY Cpelbl.

2, Daexrpoasikymme cuwibl. Tak KaK JMHMU TIOCTOAHHOTO TOKa
3aMKHYTEI WJIM YXOAAT B OECKOHEYHOCTb, TO peajbHO CO34aTh Mo-
CTOSIHHBIM TOK MOXHO TOJBKO B 3aMKHYTRIX Lensx. s nonyyenus
TMIOCTOSIHHOT'O TOKAa HEOOXOIMMO NI0OLIM crOCOO0M 3apsl, Npuie-
WKt 13 To4ku | B TOUKy 2 (Mo mytu 1—a—2) TiepeHEeCTH, NPeononen
3/1IEKTPOCTATUYECKHE CHITBI, ONATH B | JUIA CIEMYyIOLIETO NPOXOXAS-
HUS ITHX 3apgaao0B Mo Nyt 1—a—2 u 1.4. (puc. 1).
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-ET™ Takum oGpa3om, Ha dNEKTPHYECKHE 3aps-

<= JABl, ABMXKYUIMECS B NPOBOAHUKAX, AEHCTBYIOT

4__ CUJTEI 3JIEKTPOCTATHYECKOTO Tons (ACTOYHM-

KOM KOTOPOTO SIRISIOTCA CAMU 3apsiibl) U CWIKL

He 3JIeKTpOCTaTHuYeckre (MX Ha3bBalOT CTO-

poHHUMH). CBs3b oblIeH CWIbl, OTHECEHHOM K

elNHULE 3apsina, T.¢. 00LIeH HanpsIXXeHHOCTH,

g nepemematouieit sapsanel E= Eee+ Ecop i1 Ha-
NPSXXEHHEM MEXIY TOYKAaMH | M 2 MOXeT

Pue. 1 6BiTh BHIPAXEHA BOPMYIOH

2 2
#2 = [ E™dl + [ EF®dl = 63" + 67, 3)
1 l

TAe £5°P — HATPSDKEHHE CTOPOHHHMX CHJI HAa3bIBAIOT JIEKTPOABHKY-
e cyoi (31c) M no onpenencHuio [em. (1)] £5°° = ¢, —¢,. B atnx
0603HaYeHNAX 3aKoH OMa UMeeT BUA

IR, = ¢ — ¢y + §3°F. L))

Jins 3aMKHYTOM LeMH ¢, =@, U IR =™, tne 63°° = [ Ef™dl —

noJiHag 34c B uenu Toka. OTciofa cnenyer, uTo B 3aMXHyTOH uenu
MpH OTCYTCTBHU 3AC CHJIA IIOCTOAHHOrO TOKAa paBHa HYJIO. 3aMETHM,
YTO Ha3BaHME 2]C HE OTPaxaeT ¢e QU3UYECKOTO COAEPXKAHWS, TaK
KaK 10 CMBICITY 3AC He CUNa, a, KaK 3TO CJICAyeT U3 ONpPEIcNeHNA,
paboTa 1o NepeMELICHUIO EAMHUYHOTO TIONOXUTEBHOTO 3apAna no
3aMKHYTOW 1IeMN.

3. Ipasuna Kupxroda. [Tepsoe npasuno:

2I1=0. (5)

Toku, BXOOAIIHE B Y3€J, CYMTAIOTCS TIOJIOXHUTEITHbHBIMH, 4 BBIXO-
AFIINe U3 y3ia — OTPHLATEABHBIMU. ECM MoJTHas cxeMa cooepXuT
m y3JoB, TO ypaBHeHHe (6) cocTarnaercs ans m—{ y3/os,

CnencreueM 3axona Oma (4) siBnsercst BTopoe npaBuno Kupxro-
¢da: B 3aMKHYTOM KOHTYpe aJireGpanyeckas CyMMa NnajJeHU Hanps-
XEHUSA Ha y4acTKaxX lLieny paBHa anreGpanueckoit cyMMe 3¢, Haxo-
As1nxcss B 1aHHOM KOHTYype:

S Lk = TE™ (6)

Ina coctaBnenus ypasHenus (6) cneayeT o0ONTH 3aMKHYTHIH
KOHTYD, BBLICJIEHHBIH B obnieit uenu. ITpy o6xone KOHTypa Hanpas-
JNieHue (10 YacoBOI CTPENKe AU NMPOTUB HEE) BhiGMpacTcsl Npous-
BOAbHO. [lajeHHne HanpsXeHUs CYUTAETCs ITOJIOXKUTEIIBHBIM, €CNU
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BBIOpAHHOE 3apaHee HANpaBJCHUE TOKA HAa 5TOM YYacTKE MEXAy
IBYM# Y3JIaMH COBNAJaET ¢ HanpapjieHUEM obXola KOHTypa, ¥ OTpH-
uaTeNBHBIM, €CJIM HallpaBllieHHE TOKA NPOTHBOMONOXHO HalpaBie-
HUI0 06x0a4. DIc CYUTAETCS MOJOXKUTENBHON, €CIU NpH obxoxe no
KOHTYPY UCTOYHUK TOKA MPOXOAUTCS OT OTPULIATENIBHOTO NOJ0ca K
MOJOXUTENIBHOMY, Y OTPULIATENbHOI — B NpOTHBHOM cny4ae. [Ipu
COCTARJIEHUM YPABHCHWH WJIsi KOHTYPOB HYXXHO CNIEANTD 32 TeM, 4YTO-
OBl KaXXAbiil BHOBb B3SThIil KOHTYP HE MOT ObITb NIOJYYEH CNOXEHU-
€M WJIW BbIUMTAHUEM YXE€ PACCMOTPEHHBIX KOHTYpOB. [TonHOE yMc-
JIO YPABHCHHIH, COCTAaBNICHHbIX MO npaBunaMm Kupxroda, 101KHO co-
BIaJaTh C YUCAOM YYaCTKOB MeXOY y3JaMU, T.6. C YUCIOM
PaVINYHBIX TOKOB B AAHHOI CXxeMe.

DKCNepHMEHTAJILHAA YCTAHOBKA: MaKCT 3/1eKTPHU1ECKOH cxeMsl C
UCTOUYHMKAMM 3AC, BOJXLTAMIICPOMMETP.

Ynpaxcuenue 1
H3mepeHHe CONpOTHRIIEHHIA U HJIC

1. BKJI1OYUTb YHHBEPCUILHBINA NPpUOOD B PEXUM N3MEPEHUS CO-
TIPOTUBJIEHUA (KHOIMKY «=» OTXaTh, KHOMKY «R» HaXaTk), yCTAHO-
BUTH Nipenen usMepeHun «2 kOm». IToaxkaouuTek Nposoaa co uryna-
MU K COOTBETCTBYIOLLIMM THe31aM Ha BXOAe npHbopa (KpacHbIi npo-
BOJ — K CHE3LY «R», UePHDBIl — K THE3My «*»).

BHUMAHME! Ilpu v3MepeHUM MOCTOAHHLIX BenuyuH U, I, R
KHOIKa («=») oTXara.

2. TIpown3sectu n3MepeHue conpoturienuii R,, R, R,, BKIOYeH-
HBIX Ha COOTBETCTBYIOLMX y4acTKax uenm l—4, 2—5, 3—7 Maketa
3JIEKTPHYECKOI cXxeMbl (puc. 2).

TIpuGop NOKa3bIBACT CONPOTHRIECHHUE YJACTKA LUETU MEXAY TOY-
KaM¥, K KOTOpbIM NoaxAouaioTes mynsi. Tloka3anna npubopa npm
BHIOpaHHOM mpefiesie GyAyT BhipaXeHbl B KuJlooMax. U3MepeHHEie
3HAa4YeHUsI CONPOTMBIIEHWIA 3anucatk B TeTpalb: R =..; R=..;
R=....

~
.
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3. BKIIOUUTH CXEMY-MaKeT B CETh MPH Pa3OMKHYTHIX MEPEMblY-
kax 1—0, 2—0, 3—0. YcraHoBUTE TIPHOOD B PEXUM HN3MepEHMUs NO-
CTOAAHHOTO HampAxXeHus (kHonkKU «b, «=», KpacHBlil MpoBoj B
THe3ae ¢ CHMBOIOM « Uk, ipeaen uaMepenus 20 B).

4. H3MepuTb pasHOCTb IOTEHUUANIOB B ToYKax 6—4 v 8—5. Tlpu
TOJIHOCTBIO Pa3OMKHYTON LEMU MNOJIYYEHHBIE 3HAYEHUA PA3ZHOCTH
MOTEHLHANOB PaBHBI ACHCTBYIOWMNM Ha COOTBETCTBYIOWUX YHACTKaX
cxeMbl 31C. I3MepeHHbIe 3HAaYEHUSA DAC 3anHcaTh: 6,=...; &= ..

Vnpasxcuenue 2
IIposepka 3aKona OMa 115l OZHOPOAHOTO YYACTKA LNy

4 1
['4} 1; : ? P2
1 Ry '
1 )
' !
Puc. 3

1. 3aMknyTb Lenb niepeMbiukaMu 1-0, 0—3 (nepeMeruxa 0—2 pa-
30MKHYTa). DTO MIO3BOJISIET MONEINPOBATh OAHOPONHBII YYaCTOK LIeTH
(6e3 3ac), n3obpaxeHHslit Ha puc. 3. TTonoxeHUe nepexmoYaTenst
«IT» BBEPX (1€)).

2. BkIoUnTh MakeT-CXeMy B C€Tb. YCTaHOBUTB BOJIkTaMnep-
OMMETP B pexXUM M3MEPEHUSA TIOCTOSAHHOTO HAnpsiXeHUs (KHOMKY
«U», «=»), ycraHOBUTD NIpenea namepeHuda 20 B. BxiouuTs npoBo-
Ja co WynaMHM B THe3ja (KpacHbI# — B rHe3no «Us, YepHbIA —
B rHe310 «*») rnpubopa. IMogkmounts wWyns K Toukam 1—~4 (cMm.
puc. 3) M U3MePUTb Pa3HOCTL MOTEHLUANIOB Ha yYacTKe ¢ CONpOTHB-~
NeHueM R. 3anucath NOAYUeHHOE 3HaYCHUE,

3HaK U3MepeHHOI Pa3HOCTH MOTEHUHUAJIOB 3aBUCUT OT MOpAAKA
MORKMIOYEe U WYnoB K Toukam 1—4. Echu Ha mikane npubopa B~
CBEYMBAIOTCA TONbLKO UMGPLI 63 3HAaKa, TO U3MepsicMas BEIHYKHA
nonoxurensHa (>0), T.e. 3T0 03HAYAET, YTO MOTCHUMAT TOYKH, K
KOTOpO#H NOIKIIOYEH KpacHbIA 1Iyr, OONbLIe NMOTEHIUANA TOYKH,
KOTOPOI KacaeTcst UepHBIi I1yM, Ha BeAMYUHY NTOKa3aHuA npubéopa.
Ecnu MOMEHATh TOYKU MPUCOECAUHEHUS ULYNIOB, TO Ha IKajle nNpH-
60opa NOABUTCA TIPUMEPHO TO XK€ 3HAYEHHE (C YYETOM MOrPEITHOCTH
npuBopa), HO CO 3HAKOM «—», T.€. B 3TOM C/lyyae UaMepaeMas Ben-
YMHa pa3HOCTH NMOTEHUHANOB OTpHLaTeNbHA. TakuM o6pa3oM, npu-
0op BCETHA IMOKAa3bIBAET Pa3HOCTb MOTEHIMAJIOB MEXAY IBYMS TOY-~
KaMH, IPUYEM C YHETOM 3HaKa «+» WK «—» UIMEPAIOT MOTEHIHAN
TOUYKH, Kacasch €8 KPaCHBIM IIIYTIOM, TI0 OTHOWIEHMIO K NMOTEHUMANY
TOYKH, COEAMHEHHOI ¢ YepHBIM LIynoM. B GonbLIMHCTBE Cilyuyaen
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MOTEHMaAN BTOPOI TOYKM MOXHO CYMTaTh PaBHHIM HYIIO JINOO OH
ACUCTBUATENBHO PaBeH HYAIO, €CIIH NIPUOOPHI 33a3EMJICHEL.

Tak Kax 32 NoONOXUTEALHOE HANIPaBlIeHUE TOKA PUHATO CYHNTATh
HarpaBJieHVe B CTOPOHY YMEHBILEHWS TIOTEHLHANA, TO BCE BhIlUE
YTIIOMAHYTOE OCTAETCA B CWJIE M TIPU N3MCPEHUU TIOCTOSIHHBIX TOKOB.

3. IlepesecT IpUGOP B PEKUM N3IMEPEHUS NMOCTOAHHOTO TOKa
(KHonNKU «J», «=», KpacHBIi 1IyT B THe3xe « ). YcTaHOBUTD Mpeaes
nsMepeuusa 20 MA. PazoMkHyTh nepeMbluky 1—0 (cMm. puc. 2) #
MOACOSAMHUTL KPAcHAI 1yl K Toyke 1, a 4yepHslit myn x Touke 0.
TIpn 3toM noxa3aHue npudopa BYAET COOTBETCTBOBATEL [TOJIOXKHTENb-
HOMY 3HaYEHMIO TOKA (TOK Yepes CONnpoTHRIIEHNHE R UIET ClieBa Ha-
npaeo). IToMeHsB Lynbl MecTaMu, YOCAUTBCA, YTO NOKa3aHue Npu-
6Gopa CMEHHUT 3HaK HA MPOTHBOMOJOXHEINA. Pazobpartees, Kak ¢ yde-
TOM NOPsANKa IPUCOENWHECHNS LYTIOB M 3HAKA NOKa3aHWH npubopa
YBEPEHHO ONpPEACHATE HATIpARJIEHHWE TOKA B LIENH, CTPENKON OTMe-
TUTb HANPAB/IEHUE TOKA Y 3alMCATh eT0 BEJIUUMHY 1= ...,

4. Ucrionb3ys U3MEpeHHBIE 3HAYCHMUS Pa3HOCTH NoTeHuHanoB Uy,
u 3axkoH OMma st yyacTka Leny, HailTH CONPOTHBRIEHUE 3TOTO yva-
cTKa o popmyne

CpaBHUTS 1107IyyeHHOe 3HaueHue R, co 3HaYEHUCM, H3MEPEHHBIM
paHee HeTocpeacTBeHHO.

5. TIoBTOPUTb aHANOTUYHBIC U3MEPEHUST Ha yyacTke uenu 0-7,
coaepxauleM R,. st 3Toro 3aMKHyTh nepemblyky 0-3. Ipucoenu-
HUTH KPaCHBIM ILYIT X TOYKe 3, a YepHbli K Toyke 0 U UIMEPUTH
Tok /,. TIpu 3TOM YHUBEpCANbHEIH NIPUGOP paboTacT B pEXUME U3-
MEDPEHHS MOCTOAHHOTO ToKa. s usmepeHunst Hanpsixkenns U, 3am-
KHyTBb nepemblyky 0—3. [lepepectn ynmpepcaiubibil 1puéop B pe-
XMM M3MEPEHHUS NOCTOAHHOIO HamnpsikeHus! (KHonka «U» Haxara,
KpacHBI 1wyn Ha npubope nepeHocuTcesa B THesno «U, R». Ha cxe-
Me NOAKTIOYUTE 1YTBl K TOUKaM 3—7 M U3MEPUTb PA3HOCTL TOTEH-
LMaioB Ha yyacTke R,. 3amucatb noayueHHoe 3hadenue Up.

6. Ucronbays TMOAYYEHHbIe 3HAYEHUS PA3HOCTH NMOTEHUHANO0B
Up,, Toxa I, na ocHoBaHyHM 3aKoHa OMa s y4acTKa Henu, HauTH
COMpPOTUBNEHHME NAHHOTO y4acTka 110 dopmysie Ry =Up /13.

Vnpaxcuenue 3
ITpoBepka 3akoHa OMa NS HEOAHOPOIHOIO YYACTKA LEMN

|. 3aMkHyTb TIepeMbluky |—0 1 2—0, nepeMbiuky 0—3 pasomk-
HyTb. Ilepexsouarens «[1» — B NoNOXEHUM «BBCpX». [IpyU 3TOM MO-
IeIUpYeTCs Yy4acTOK LUEeTH, coaepxKallei 5a¢ (puc. 4a).
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6 ~* 1 6 * | 1

3 —o

) & R ) ) 31 R \

1 ) 1 ]

1 a ] ] 6 1
Puc. 4

2. MpubopoM B pexume BosibTMETpa (npepen 20 B) u3Meputsb
Pa3sHOCTD NTOTEHLINANIOB MEXAY TOYKaMHu 1—6, 3anHcats nosy4eHHoe
3HayeHMe € YUeToM 3Haka U _= ¢, —¢,.

3. TlepesecTy ipubOpP B peXUM U3IMEPEHNUA TOKA (Mpeaen uime-
peHus 20 MA), pa3OMKHYTb NepeMBIUKy 1—0, MOACOENUMHUTSD 1LYIbI
npubGopa k Toukam 1 1 0. Mameputh 1 3anKcaTh 3HaYEHHE TOKa Ha
9TOM y4acTke uenu (1—6), C yderom nopsiaka nonxynodeHus nyrnos
Y 3Haxa TIOKa3aHus Npubopa ONpPEAEANTD HalpaBlieHHe TOKa, OTME-
THUTh €T0 CTPENKOI U 3aMKUCaTh €ro BETUUNHY [, = ...

4, UMes 3HayeHVs BEMYMH &, [, R v ¢, — = U, MpOBepHUTH
CNpaBefJIMBOCTh 3aKOHa OMa 1S y4acTKa UerH € JAC:

IR=¢,—¢.x 4,

5. IIpoBecTH aHANOrUYHbIe H3IMEPEHHUA U TIPOBEPKY 3aKoHa Oma,
V3MEHMB TIONAPHOCTD BKIIIOueHUd &, (puc. 46), uid Yero nepeBecTH
nepexoyarelib «f1» Ha cxeMe-MaKeTe B TOJIOXKEHNE «BHU3» (—&,).
JansHeAWUA TOPANOK NEHCTBUIM, KaK B I. 2—4 AaHHOTO ynpax-
HEeHHS.

Ynpaxcuerue 4

TTposepka 3akona Oma ansl 3aMKHYTO# UeNH H onpeseieHue
BHYTPEHHEr0 CONPOTHB/ICHUA UCTOYHHKA 31C

1. CMmonenvpoBaTh uenb, U300paxeHHYIO Ha puc. 5a, JUISL yero
3aMKHYTH nepeMbiuky 1-0, 3—0, nepemsiuka 2—0 pa3oMKHYTa, nepe-
kiioyaTens «I1» B monoxenuy «sBepx» (+4,).

2. W3ameputs Hanpsikenue U, B Toykax 4—6. [Tepesecty npudop
B peXUM M3MEPEHHA TOKa, pa3sOMKHYTh nepeMbluky | —0 niu 0—3,
U3MEpPUTHL TOK B LIEMIM U ONpeAenuTh Ero HampasjieHde. 3anucaTthb
nonyyenHnle 3naueHust U, u I, (cneayeT OTMETUTD, YTO MOAYYEHHOE
3HaueHUE pa3HOCTH noreHunanos U = U, asnsercs najeHueM Ha-
TIPSKEHUST BO BHeUIHe!t (110 OTHOMICHUIO K HCTOYHUKY 3/C) LEMH,
T.¢. Ha CONPOTUBNIEHUAX R, U R,, B YEM JIETKO YOEAUTHCA, U3MEPUB
nio otaensHocTH Uy u Uy . B 10 Xe BpeMs 910 3HaueHHe PAa3HOCTH
TIOTeHUHANO0B, KaK clenyeT u3 3akoHa OMa [1a 3aMKHYTOH Lienu,
PaBHO

U4—6=II(RI+ R3)= t5’,1"1’3’

rae r, — BHYTpEHHEE CONPOTUBICHUE UCTOYHMKA IAC &,.
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Ry

R

—0
8

Puc. 5

91a hopMyna No3BoaseT KOCBEHHBIM COCOGOM NOJIYYHTD 3Haye-
HMe BHYTPEHHETO COMPOTHRIEHHS UCTOYHUKA IC, KOTOPOE HENb3s
W3MEPHTH TIPHOOPOM HETOCPEACTBEHHO, KaK 3TO JIENAJIOCh B YTIpaX-
Heuuu 1.

3. Ucnonb3ys paHee nofy4eHHble 3HaYeHMA R, R, M £ ¥ u3Me-
peHHble 3HaueHus J, u U _, OUEHHUTb BETHYUHY BHYTPEHHETO CO-
NPOTUBAECHMS MCTOYHUKA JJC ¥, TIO OHOM H3 (opmyir:

g -U, €
=l——46 poZL_R-R,.

Tak Kak r, Majlo no cpaBHeHMIo ¢ (R,+ R,), To B npeaenax 10%
TOYHOCTH JOJKHO COBMafaTh U3MEPEHHOE 3HaYeHNe ToKa J| co 3Ha-
YeHUeM, MoJayYEHHBIM 10 QopMyae

-4
CR+R

4. AHaJIOTHYHBIM ofpaloM ornpeaeaseTcs BHyTpeHHee CONPOTHB-
JIeHWe WCTOYHUKA 3IC #, B 3aMKHyToW uenu 0-2—5—-8-7-3-0
(puc. 56). Ina >TOrO HEeoGXOAMMO Pa3OMKHYTH TNepeMbIluKy 1—0 n
3aMKHYTh nepeMblvku 0—2, 0—3 U N3MepHUTh pa3HOCTh NOTEHIMANOB
U, ; 1 Tok [, TaK, KaK 370 A€nanock B NpeNbIyLIUX MYHKTaX LS &,.
BHyTpeHHee CONPOTHBNEHHE HCTOYHMKA 3MIC %, PACCUMTLIBAETCS N0
¢dopmynam

Y

rzzﬁ_—.IZﬁ WIn r2=_g2_..R2_R3_
2 I
Ynpaxcnenue 5

ITporepxa npasnn Knpxroga

1. CMonenvpoBaTh Pa3BETBACHHYIO AEKTPHYECKYIO LIeNb, Js
4yero 3aMKHYTh BCE TPU MepeMBbIYKH (cM. pUC, 2). B 3T0it menu ume-
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I0TCS ABa yana Touku 0 u 7 ¥ TpU 3aMKHYTBIX KOHTYpa: 4—0—5—8—
7-6, 4—0—7—6 u 0—5—8-7.

2. ITpuGopom B pexXMMe BOTLTMETPA HIMEPUTh TTaEHHME Hanps-
xeuusg U R,,U #, ¥ Up Ha conpoTuBieHMsx (TOYKH 4—1,2-5u 3-7
COOTBETCTBEHHO). IleperecTy mpubop B peXuUM U3MEPEHUS TOKa
(npeaen 20 MA). TTooyepeaHo pasMuikas nepeMblukud 1-0, 0—2 u
0—3 v noaxmoyas Npubop, UIMEPUTL 3HaYeHUst TOKOB /|, /, u I, ve-
pe3 COOTBETCTBYIOIIME CONPOTUBIEHUS. CTpeikaMU OTMETUTH Ha
cXeMe B TeTpalu HarpasJieHKe TOKOB.

3. Mpoussectu npoepky 1-ro npaeuna Knpxroda mna oaHoro u3

y3NnoB
Z li = 0.

YeMm OymeT oTAHUYATLCA aHANOTMYHOE ypaBHEHME, 3aMUcaHHoe
Uil Apyroro yana?

4. Ucnonb3ys uaMepeHHbIe 3HaueHus U, I 1 paHee MOyyeHHbIE
3HaueHHs R, 7, M &, COCTABUTB C YY4ETOM HANpaBJeHNS TOKOB U Ha-
fipaBiieHNs obxona KOHTYpa ypaBHeHMA 2-ro npasuna Kupxroda
ST KaXA0ro U3 TpeX KOHTYPOB

ZI,R,— + gl,(r,‘ = ;q.

Y6enuTnes, YTO TPEThE M3 TIONYYEHHDBIX YPAaBHEHMI ARgeTCA JU-
HeltHoM KoMOWHauued TepBBIX ABYX (MOXET OBITH NMOJYYEHO U3
HHX).

5. [MoBTOPUTL aHANOTMYHbIE U3MEPEHUS W PACUEThl, ONMKCAHHEIE
B MyHKTaxX |1—4, U3MEHUB NMONAPHOCTL BKJIIOYEHU: UCTOYHHUKA I]C ¥,
Ha MPOTHUBOTIOIOXKHOE [NepeBecTu nepeknoyatens «I1» B nonoxe-
HUE «BHU3 (—&)].

6. ITo okoHYaHUK PaGOTH! BHIKITIOUHTL NPHGOPBI U OTCOEAVHUTD
MAaKCTHYIO CXEMY OT CE€TH.

Jlureparypa
I.Casennen HU.B. Kypc obwei dusuxu: Yueb. nocobue, B 5 xH. KH. 2.

DNeKTPHYECTBO U MArHETH3M. — 4-e W3, nepepab. — M.: Hayka. ®namar-
auT, 1998,

I'napa 5. T1oCTOAHHBIA 3NEKTPHYECKU TOK.

5.1. DneKTpHUECKHii TOK.

5.3, Onexrpoasuxymas cuia.

5.4, 3akoH OMa. ConpoTHBICHHE NPOBOAHHKOB.
5.5. 3akoH OMma 1A HEOMHOPOAHOTO YYacTKa LIENM,
5.6. Pa3speTBnennble uenwu. [pasuna Kupxroga.
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Janmaya Ne 22
HN3YUYEHHUE PABOTHI BAKYYMHOTO TPUOJIA

Ieas 3amaum: n3yyeuue paboThl BAKyyMHOTO TPMOAA B CTaTHYEC-
KOM U IMHAMMYECKOM PEeXUMaX.

VcTpolicTBo » npusuMn ReACTBHA TpHOJA. BHYTPU CTEKIAHHOrO
GannoHa, U3 KOToporo yaajieH Bo3nyx (aaenenue 10-°—10~+ I1a), Ha-
XOAATCS TPM 3jekTpona (puc. 1).

OauH U3 37eKTpogoB (HUTEH K) BHINONHEH B Bujae
METaNIMYECKON TIPOBONOYKHU, HaKATWBAaeMOM 21eKT-
PUYECKHMM TOKOM OT HU3KOBOJBTHOrO TpaHcdopMa-
TOpa Hakaja WM ot 6atapeu. Bropoit anektpon —
METALTUYECKUN LUAMHAP A — OXBaTbiBaeT TIepPBLIN,
Tperuit anexTpor C — crupainb, OKpyXawluas 3JeK-
Tpon K. Onexrpon K (katoa) rpy pabote HarpeBaeT-
csl 10 TeMNEpATYphl NMOPARKA COTEH rpagycoB, ¥ Ha
| Hero TojaeTcs OTpHUATENBHLIN mnoTeHuuam. Ha
3ieKTpod A (aHon) nmojaeTcs IONOXUTEABHBIN No-
teHuman. Ha anextpon C (ceTKa) B 3aBUCHMOCTH OT
YCIOBUH MOXET NOAABaTLCA MOTEHLNAN J11060T0 3Ha-
ka. B Metamtax aocratouno MHoro (1032—10% a351/cM3?) npakTUuecKu
CBOOOAHBIX 3JIEKTPOHOB, KAXIBIA U3 KOTOPHIX CBOGOAHO NMepeMella-
eTCsl Mo BCceMy 00bEMY HEHTPaNbHOIO TPOBOJAHMUKA, OAHAKO KaK
TOJILKO OH BLIXOJMT 3a rpaHHULly MeTajja, YHocsl ¢ coboi 3apan
«—e», B METAJLNE BO3HUKaET 3aps) «+e». Ux B3auMozeiicTBue «3ata-
KHBaeT» 3JIEKTPOH 00paTHo B MeTajul. Ecnn MeTamn HarpeTh, TO npu
JOCTATOYHO BBICOKHX TEMTIEPATypaX KHHETUYECKAS 3HEPTHA NEeKT-
POHOB MO3BOJIACT UM NMPEOAOJIETh MOTCHIHAIBHYIO 3HCPTrHIO KYyJiO-
HOBCKOI'O IMPUTSXEHHS M KaKOe-TO BpPEMS HaXOAMTLCA BONM3HM no-
BEPXHOCTH packaneHHoro McTawta. O6pasyercsi Tak Ha3blBaeMoOE
«3JIEKTPOHHOE 00J1aK0» (MPOCTPAHCTBEHHBII 3apsi), TUIOTHOCTh KO-
TOporo TeM Gonblue, Yem Brille TeMnepatypa. Takum ob6pa3oM, BOK-
PYF KaToaa npu paboTe co3faeTcs MPOoCTPAHCTREHHLI 3apsf, U ecnu
MpH 3TOM IONIaTh HA NECKTPOIL! HAMPAXEHHUE, TO OT KaTOlda K aHO-
Ay NOWIAET SJIEKTPUYECKHH TOK, TIpH 3TOM OyaeT HabmoaaTbes
CJIOXHAs1 3aBHCUMOCTb TOKa OT NPHJIOXKEHHOTO HanpsmkeHus. Tok B
TPHOAEC 3ABHCHUT HC TOJLKO OT HANPAXCHHA, NPHUIOXEHHOTO K aHo-~
Iy, HO M OT 3HaKa ¥ BEJIMYMHBI NoTeHUHaNa 3neKkTpoaa C (CeTKHn):
L=f(U, U). Bty 3aBHCMMOCTb MOXHO 3amucaTb Takxe B aAudde-
peHUMANbHOM BUAE:

dI, =01 /0U.dU +381,/3UdU,. (1)

Puc. |
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TaxuM o6pa3oM, ocTariisisi HanpsikeHUe Ha aHolle TIOCTOSSHHBIM,
MOXHO B LIMPOKHX NpPEReNnax U3MEHATb aHOAHBIN TOK, PETyIIUpys ym-
paBJisiiolIee HaNpsSOKEHNE 33 CYET UIMEHEHHSA TMoTeHumana ceTki. M3
¢opMynEI cieAyeT, YTO MpU onpeleieHHOM OTPRUATENBHOM MOTEH-
Mane Ha ceTKe TOK Yepes JIaMImy UATH He Gyaer (Jlamna <«3anepra»).

XapaxkTepHCTHKH H nmapaMeTph! TpHoaa. XapaKTEpUCTHKH JiaMn
MpeACTaBIsIOT B BUAE rpahMKOB 3aBUCHMOCTU TOKa aHOMA OT Ha-
NPSIKEHNS HA CETKe (CETOUYHBIC XapaKTEPUCTHKH) MM 3aBUCHMOCTH
AHOJIHOTO TOKA OT HATIPAXEHUSA HA aHOAe (AHOAHLIE XaPaKTEPUCTH-
Ku) (puc. 2, 3).

L(MA)

U,=100B

U8 -16 5 0

Puc. 2 Pnc. 3

TTonek3ysich XapakTepUCTUKaMH, MOXHO JIETKO BBIYUCIWTD Napa-
METPHI JTAMTIBI, OTIpeAensIolMe ee GyHKUNOHAIbHblE BO3MOXHOCTH.
KPYTU3HY CETOYHOM XapaKTepucTHKU (§), BHYTpEHHEE CONPOTHRIE-
Hue (R) u KoadduLmneHT yowneHus (m). KpyTusHa ceTo4yHO#M xa-
PAKTEPUCTUKU JTaMITHI

S= Al ‘ ?)
AU,
npu U, = const — BETMYNHA, PaBHAS OTHOLLEHMIO U3MEHEHMWS] aHOX-
HOTO TOKA K BEI3BABIUEMY €TI0 U3MEHEHUIO CETOUHOIO HaTIpXeHUs
Npy NOCTOSSHHOM HanNpsKeHWM Ha aHoae. Hanprmep, wcnonwvsys
rpadpux I, = f(U,) (puc. 4a), MOXHO HaTH

AU =2-1=1B,
Al =6,5—-3,2=3,3 MA;
=-3,3:1=3,3 MA/B.
BHyTpeHHee COPOTHBIICHHE TPUOAA

Al
Ry’ = AU, ’ (3)
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Puc. 5 Puc. 6

npu U,=const — BeTMYHHA, PaBHAsA OTHO-
HICHUIO U3MEHEHUS aHOAHOTO HaTIPSIXEHV
K BbI3BAHHOMY UM HU3MEHEHUIO aHOAHOro
TOKA TIPU TIOCTOAHHOM HaNpPAKEHUH Ha ceT-
ke. Hanmpumep, ucnonbaysa rpapmk 1,= f(U))
TIpy pa3HbIX 3HayeHuax U, (puc. 46), MoxHO
HalTH
A AU,=100-80=20 B;
14 =8 6—3= = -
Y os  AL=8,6—3=5,6 MA=0,0056 A;
}80 R,=20:0,0056=3540 Owm.
a-—’i“““ KoaddnumeHt ycunenns

AU,
L 2 "’Cl' = - a (4)

o AU’

npu I, = const — BeAUYHHA, paBHasd OTHO-
Puc. 4 LWIEHUIO W3MEHEHNS AHOAHOTO HAMPSXKeHUs
K COOTBETCTBYIOIIEMY M3MEHEHUIO CETOYHO-
TO HamnpsXeHus, Heo6GXOAMMOMY ISl TOTO, YTOOKL!I BETHYHHA TOKA
ocranack nocrosHHow. Hanpumep, ucnonssysa rpaduk 1,=f(U,),
(puc. 4B) HailineM
AU=2,4B, aAU=20B, n_=8,3.

Ces3b Mex1y napaMeTpaMi TPHOAA:

RS=p. %)

Pexumbl paGotel TpHOZa. XapaKTEPUCTHKU M TIapaMeTpbl TpHOAA
3aBUCAT OT peXuMa paboTHl JaMTIBL; cTaTHueckoro (puc. 5) ¥ auHa-
MHYeckoro (puc. 6).

OHM OTNNYAIOTCA HATHYMEM (B AMHAMHUECKOM PEXHME) B aHOA-
Holi LenM conpoTHRNeHNs Harpy3ku R,. B otcyrcrene R (craThuec-
KU pexXUM) aHoAHOe HanpsXeHne U, paBHO 31c UCTOYHMKE £ M
OCTaeTCsl TTOCTOSTHHBIM, HECMOTPA Ha KoJiebaHUS aHOAHOIO TOKa.
TIpy HaMyny aHONHOM Harpy3KH aHOAHOE HaNpsTKEHNe
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U=#—-1R,. (6)
TIpu TOM, ecnu B pe3ylbTaTe M3MCHEHUS HaNpPSIXKEHHA Ha ceTkKe
U. n3MeHNTCA aHOAHBII TOK [, TO BMECTe C HUM H3MEHHTCS Hanps-
xenue Ha R, (AU,=RAl), B cooreTcTBUM ¢ (6) aHOAKOE HaMps-
XeHHe H3MeHUTcA Ha BenuuuHy (AU, = RAL). Taxum obpasom, npu
paGoTe JaMnbl B AMHAMUYECKOM peXHMe TpH Belmyuun U, I, U,
CBSI3aHbl ¥ MEHAWOTCA OTHOBPEMEHHO. OTMETUM, YTO yBeTHUCHUE U,
BBI3BIBAET YBENUYCHHE aHOMHOTO ToKa /,, YTo yBeanuusaeT /R, W,
cnegoBarenbHo, ymeHnwaer U. IToatoMy no cpaBHeHMIO €O CTaTH-
4YEeCKMMM XapaKTepUCTUKAMK IMHaMUYecKME aHOAHO-CETOYHbBIE Xa-
paKTepHuCTMKY Gosee Nonory, npuyeM, yeM Gonblue R, TeM Gonee
Mosora AMHaMH4eckas xapakrepucruka (puc. 7, 8).

L Nl

Y
=
< \gq

R 5
‘1‘0
- A
0 & je—U, —otalpa0 U
Puc. 7 Puc. 8

Kaxpoit Touke AMHaAMUYeCKOR aHOAHO-CETOYHOI XapaKTEPUCTH~
KH COOTBETCTBYET CBOE 3HaYeHME aHOQHOrO HarmpsixeHud. U3 (6)
CNIeAYET, YTO

I, =

ols

U
ﬂ’ 7
R, M

MOJYyuYeHHOe COOTHOLUEHME HA3LIBAETCHS HArpY30UHOW TIpAMOK
(puc. 8).

C noMouipi0 JMHAMHYECKON aHOOHOU XapaKTEpUCTUKU MOXHO
OnpeneaUTh aHOOHBIN TOK (a 3HAYMT, M ManeHUe HaMpsKEeHUs Ha
Harpy3ke) ¥ aHOAHOE HanpspkeHWe MpH 1000M HanpsiKeHUM Ha ceT-
Ke. BcnencTBue TOrO YTO 3Ta XapakTepUCTHKa CTPOUTCS IMPOCTO U
NO3BOJIAET YAOGHO HaxoduTh BeauuuHsl U n U, MMEHHO ee Haule
BCEro MCIONb3YIOT ISl PA3IMYHLIX MPAKTUYECKHX PacyeToB C JlaM-
naMu (puc. 8).

JuHaMHYecKas KPYTU3HA CeTOUHOM XapaKTepPUCTHKH JIaMITbl

Al

A 8

Snml =
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npu R=const, #= const XapakTepn3yeT 3aBUCUMOCTb aHOJZHOTO TOKa
OT HATpSIXEHUS Ha CETKE B PEXMME C HArpy3koil B aHOMHOH LieNu.
Ceasb §,,, CO CTAaTUYECKOM KPYTU3HOM S,

aun
S,
S €T 9)

JHH ] + Ra/R,

MuHamuyeckuit KO3OHULUMEHT YCUIEHUS W, — BEJIMYNHA, PaB-
Hasl OTHOLIERUIO YCHIIEHHOTO MepeMeHHoTo HanpskeHus Uy(Y), pe-
TUCTPUPYEMOTO Ha COMPOTHBIIEHUMN HATPY3KH, U TIEPEMEHHOTO Ha-
NIpSKEHUs, TeCTBYIOLIETO B LIenH ceTku. HanpumMep, ecim Ha cet-
Ky noarb Hanpsixenue U, (1) = U, sinof, To Ha aHoAHOMN Harpyske
nosasutca Hanpsixenue U, (N =U R sinwf. B aToM cnyyae

_Un (10)
€y
CBA3b y,,, CO CTATUYECKUM KOIDGULMEHTOM YyCUNEHHUA [, (4)
BbIpaxaeTcs opmynoit

Haun

_ Her
Haun “TTRJR (an

OKCnepUMEHTAIbHAA YCTAHOBKA: TPEXINICKTPOAHAS NaMna (Tpu-
Ol), YKperuleHHasi Ha MOHTaXXHOMW MaHeNu; cTabUIH3UpOBaHHBIN HC-
TOYHUK MOCTOSIHHBLIX HanpsixkeHuit: £300 B, +15 B u nepeMenHoro
HanpsikeHus 6,3 B; Tpancdopmarop; ocuwnnorpagp C1-70; MHoro-
WKaIbHBIE BOJNBTMETPH! Ha 13 1 300 B; amriepMeTp; BHICOKOOMHEIH
peocTaT, MCNONb3yeMbIl B KauecTBe NoTeHLHoMeTpa P, ximoy «Ki»;
nepexmouatens «[lepexi»; conpoTHBieHne R; MaHeNb ¢ KIIEMMaMH,
Ha KOTOPYIO NofaeTcsl O0LIMA MUHYC CXEMBI.

s BRINONHeHUA paboTH clenyeT coOpaTh cxeMy, U300paxeH-
HY1O Ha puc. 9.

AHaJM3 CXEMEl NOKa3bIBAET, HTO OHA COCTOUT U3 IByX OCHOBHEIX
yacred: aHOIHOM uenu, co3aalollieil pa3HOCTL TOTEHLIMANOB MEXIyY
a”HozoM M Kartofiom U, ¥ uenu, cozaatoweii pa3HocTb MOTEHLHANOB
Mexay ceTkor v Kkarogom. Ha Hakan JaMImbl nonaetcd nepeMeHHOe
HanpsixeHue 6,3 B. TIpu cbope cxeMmbl cHayana coOMpalOT OOHY
uernb, a 3aTeM — Apyry1o. IIpy 5ToM MCTOYHUK aHOAHOIO Harpstxe-
Hua (kiemMbl £300 B) noakmoyaloT ToNIbKO B IPUCYTCTBUM TIPETio-
JIaBaTeJisi Uy 1abopaHTa.

U3 puc. 9 gcHo, 4TO ¢ NOMOUILIO MOTeHUUOMETPA P MOXHO
T12aBHO U3MEHATH Pa3HOCTE NMOTEHLMAIOB MEX/Y aHOAOM M KAaTOA0M
U, ot 0 no 300 B, nepemeinas 1BMXOK MOTEHLIMOMETPA CHU3Y BBEPX
(cM. puc. 9).
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= == — Per
+ QWH.D. Ugesx ® -d15a%¢
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N Ugy R | x ocunn- Ue -3008
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| A g 6.3
Tp A ~2208
G
eHS | ’lo'
.--Uci-tuc-'—l — +—=) P
1 I YE
3 o~ oc +5
158 15MA 3008
Up ’a Ua
Puc. 9

TToTEHUMOMETD 1A U3MEHECHHA PasSHOCTH MOTEHLIMAIOB MEXIY
KaTOJOM W CETKOH BMOHTHMpOBAaH B KOPIYC CTaGHJIN3MPOBAHHOIO
BHINIPAMUTEAA M MMEET Ha nNepenHed manenuw pyduky «Per. Upx»
(0—15 B). ITepexumouarens «Ilepekn» UMEET LIECTh KJIEMM, YKpen-
JIEHHEIX Ha MoacTaBKe M3 30onuTa. HanpskeHue moasoauTtesi X
CPEeAHMM KJIeMMaM NepekiouaTtens, a CHUMaeTcsl — ¢ KpaifHux (mpa-
BBIX WM JIeBbIX — 6e3pa3inyiHo). [IpuHLnm paboTh! epeksiouaTens
sceH u3 puc. 10, Ha KOTOpOM N300paXkeH BUI CBEPXY U BUA CHHU3Y.

OTMeTUM, 4TO B LIEMb CETKU TIOCTOSSHHO BKJIIOYEHA BTOPUMHASA
0bMoTKa TpaHchOopMaTOpa, KOTOpas UCNONb3YeTCs i MOJA4YH Tie-
PEMEHHOTO CHI'HANIa Ha CETKY NMPH 3KCIEPUMEHTANBHOM OTipefene-
HAY IUHAMHYECKOTO KOd(hHUNeHTa YCUIeHUS JIaMIEL (CM. YTIpaX-
HeHUe 4). Bo Bcex Apyrux ynpaXHeHHsIX 3Ta BTopHuHasi obMoTKa
(2—4 BUTKA) UrpaeT Ponb HEKOTOPOTO AOTIONHUTENBHOTO, MAJIOFO No
BEJIMUMHE, AKTHBHOTO COMPOTHBIEHUA, TaK KaK Ha MepBUYHYIO 00-
MOTKY TpaHcdOopMaTopa B DTUX YNPaXHEHUSAX HaMpsikeHUe He To-

J4aeTCA.
® @T © o)
® FO 2>o<z

Bna ceepxy Ban cuuay
Puc. 10
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Vnpaxcnenue 1
CHATHe CTATHYECKHX SHOAHKIX XaPAKTEPUCTHK TPHOAA

Hnst nonyyeHns 3apucuMoctd I, =f(U)) npu U =const cnenyer
HU3MEHATh aHONHOE HATIPSKEHHE W 3aITUCHIBATh JUTS KAXAOro 3Haye-
Hus U, cuny aHomHoro Toka ..

ITopsanok n3MepeHHii

|. TlepeaBUTAIOT ABWKOK MOTEHIITHOMETPA B TO HIKHEE TIOJIOXKE-
Hue, npu kotopoM U =0.

2. Pyuky ceroyHoro noreHuuoMerpa «Per. U» nosopaymBaior
NPOTHB YacOBOM CTPENKH 10 yriopa (nipu 3toM U, = 0).

3. Ilpu pa3oMKHYTOM Koue «KJji» BKIIIOYAIOT B CETh CTAONNU3N-
POBaHHEINA BHIMpAMMTENEL Ha 220 B W BRIXHIAIOT 2—3 MHH, NoKa
MporpeBaloTcs JaMmiTel mpubopa.

4. 3ampiKaloT kmiod «Ki» TTocteneHHO MoBBIIAIOT AHOAHOE Ha-
npaxeHne U, ¥ HabmozaloT No MUUTHAMIIEPMETPY 3a TIOABNEHUEM
ToKa /..

5. ITpu nexoropoM (HeGonblIOM) TOKe [, TEKYILEM Yepe3 namny,
3aMBIKAIOT NepekmovaTend «Ilepexsi» B 0HO U3 KpaitHUX nosoxe-
HUIii. HeMHOTro YBENUYWBas MOTEHIIHAJ CETKW C MOMOIIBIO PYYKH
«Per, U» (0~15 B), Habmoxalor 3a H3MEHEHUEM aHOHOTO TOKa /.
[MepexnioyaTenb oCTaBASIOT 3aMKHYTBIM B TOM KpalHeM Tojoxe-
HHH, TIPH KOTOpPOM yBeanyeHHe U, IpHBOIMT K YMEHBILIECHUIO [, 4TO
COOTBETCTBYET OTPHULIATEIbHOMY HANPSXEHMIO Ha CeTKE. JIBUXOK
noTreHuuoMeTpa P Bo3spawaiot BHU3 (U = 0).

6. CHuMalor aHOZHYIO XapakTepucTuky nipu U, = 0. Ing 3atoro
pyukoit «Per. Uy ycraHasnusawoT U, = 0 (Tpy 3aMKHYTOM NepeKo-
yatenie). [TocTeneHHO yBeTMUWBas aHOnHOe HanpsixeHue U, ot 0 no
220 B (v ot 0 1o 120 B — B 3aBUCHMOCTH OT TUNA JIaMTIbl), U3-
MepsIOT COOTBETCTBYIOLIME KaXIAOMY (GPUKCHPOBAHHOMY 3HAUEHUIO
U, 3nayenus /, anoaHoro Toka. Mamepenus ot 0 1o 100 B nposonsT
uepe3 Kaxnbie 10 B, a ot 100 no 220 B uepes 20 B. 3Hauewna U, u
COOTBETCTBYIOLIME UM 3HAYEHHS [, 3aNUCHIBAIOT B Ta6u. 1.

Tabauua 1
U.B U,=0B U=-2B U=+1B
= Iy, MA Ty MA I, MA

10
20

ZAZO B
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7. T1oBTOPAIOT H3MEPEHMA U CHUMAIOT €llie ABE aHOAHBIX XapaK-
TEPUCTHKH NPU Pa3HLIX CMEUIEHMAX HaA ceTke: —1, —2, —3, —4,
+1 B — no yxa3aHWIO npenoaasaTens.

YKA3AHME. He cneayet nonaBaTh NOJOXUTENLHBIC CMCILICHUS,
npeBbimaomye +2 B, Ha ceTku GONBIIHHCTBa COBPEMEHHBIX JIaMII,
TaK KakK IIP4 3TOM PE3KO BO3PACTaeT TOK CETKHU M JIaMIla MOXET BEIH-
TH M3 CTPOS.

Hcnonn3ya mnonyuyeHHble JaHHBIE, HA MHJUIMMETPOBOI Bymare
CTPOST rpauK ISl CEMEHCTBA aHOAHBIX XapaKTepUCTHK TPHOJA, OT-
KJanuBas no ocM abcuucc 3navenus U, a no ocu opavHar — I,
(cMm. puc. 4).

Ynupaxcuenue 2

CHATHE CTATHYECKHMX CETOYHBLIX XAPAKTEPHCTHK TPHOAA.
Onpeneienye CTATHYIECKHX NAPAMETPOB JIAMITHI

CeMelCTBO CETOYHRIX XapaKTEPHUCTUK TpPUOJAa M300paxeHo Ha
puc. 2.

st CHATHA CETOYHOM XapaKTepUCTHKU HECOOXOONMO TIPH HEKO-
TOPOM NMOCTOSHHOM aHOAHOM HaNpsSKEHWH U3MEHATb Pa3HOCTh NO-
TEHLUANOB, IONABAEMYI0 HAa CeTKy, H3Mepsas JUIs KaxJoro
3HauyeHusa U, aHOAHWH TOK /. CHATUE CETOYHBIX XapaKTePUCTHK
OOBIYHO HAYUHAIOT C TAKOIO NOCTATOYHO OONBILOTO OTPULATENILHO-
Tro MOTeHLMAJI4 Ha CETKe, MPH KOTOpoM yiamnia 3anepra (/,=0). Ha-
npumep, Ha puc. 2 o1a U, = 60 B sannpalollee HanpspkeHue Ha ceT-
Ke U =—4 B, anpu U= 100 B 3anupalollice CETOUHOE HANPsDKEHHE
paBHO nipuMepHO —13 B. TakuM obpasom, U, npu kotopoM /, = 0,
3aBUCHUT OT PAa3HOCTH MOTEHLHAJIOB MEXAY aHOOOM M KaTOOOM.

ITopsanox n3mepeHHi

1. VeraHaBinuBalT oONpefesieHHOE AdaHOAHOE HAMNpsXKeHue
U,= const (o yKa3aHHU10 npenonasatens Wi 1abopaHTa, 110CKOMb-
Ky 3HayeHMs U, = const, TIPY KOTOPBIX CHUMAIOTCS CETOUHBIE XapaK-
TEPUCTUKH, 32BUCST OT THNA JIAMITHI).

2. Mepekmoyarens «Ilepeki» 3aMBIKAIOT B TOM TOJIOXEHWH, TIpU
KOTOPOM Ha CETKY MOJAacTCA OTpuuaTeNlbHoe HanpsikeHue. [TocTe-
NEeHHO yBenuyHuBas pyukoit «Per. U» orpyuarenbHOe HanpspkeHUE
Ha CeTKe, HaxoAAT TakKoe 3HayeHue U, npu xotopoMm /,=0. OTH
3HauyeHus U v I,=0 sanuceiBaloT B Tab1. 2.

3. HauuHaa co 3Havenus U, yCTAaHOBNEHHOrO B NpeablaylleM
nyHKTe, yMeHblaT U, Xaxaslit pa3 Ha | B v 3anucriBalot cooTeeT-
CTBYIOIIME UM 3HaueHus I, B Tabn. 2.

187



Tabruya 2

U Uy=...B Ug=...B
‘ I, wA I MA

3B

-28

-1B

0

+1B

+2B

4. 3anucas 3HavyeHue / npu U =0, nepekuasIBaloT pyuKy nepe-
KTI04aTes s B TIPOTUBOTONOXHOE NOJIOXeHHe (NMpU KOTOPOM Ha ceT-
KY NOXaeTcs TMOJNOXUTEIBHOE HANpPsKEHUE) W 3aTTHCHIBAlOT 3Haue-
Hua [, npu Uy=+1 Bunpu U;=+2 B.

YKA3AHHE. ITockonbky Kaxnoe M3MEHeHUE MOoTeHuMana Ha
ceTKe U3MEeHseT BHYTPEHHEE COMPOTURIEHME IaMNbl, TO OyneT u3-
MeHATbcsA M aHogHoe Hanpsxenue U,. TloatoMmy, npexae yeM 3anu-
caTb 3HaueHue [, npu JaHHoM U, ciienyeT CHayana MOApErynupo-
Bath U, 10 3HayeHus U, =const, IpK KOTOPOM CHUMAETCSA XapaKTe-
PHUCTHKA, M TOJILKO NOC/IE 3TOTO 3aMMcaTh 3HaYeHune /.

5. CHMMaIOT BTOPYIO CETOYHYIO XapaKTePUCTHKY, NOBTOPSAA BCE
H3MepeHUs NIpH JPYTOM aHOAHOM Hanpsxkennn U,

OO6pa6oTka pe3yabTaToB H3mepeHHi. I10 nonyyeHHBIM NaHHBIM
cTpoAT rpadHk Ha MIWUTHMETPOBOM Oymare, OTKIaabIBasi o ocH ab-
curce 1 U, (BnpaBo U BJICBO OT HyJfA), a NO OCH OPAMHAT — 3Haye-
Hus 1. O6e CHATbIE XapaKTePHCTUKH CTPOAT Ha ONHOM Tpadrke.

Mo rpaduky (Ha THHEKHOM YYaCTKe XapaKTepPHCTHUKHU) ONpeRens-
JOT CTATHYECKYE NapaMeTpLl JIaMIlbl:

1) XpyTH3Hy ceTo4HO#i Xapaxtepuctuku S=AJ /AU, npu
U, =const;

2) cratuueckuit xoapduumenT ycunenus p=—(AU,/AU,) npn
1 =const;

3) BHYyTpeHHee compoTMBneHMe naMnel R,=AU,/AI, npu
U.=const.

TTpoBepsIOT CBA3b, CYILECTBYIONIYIO MEXIY [1apaMETPaMH JIaMIibl,
HaliIeHHbBIMH Ha OOHOM Y TOM Xe YYacTKE CETOUHBIX XapaKTEpHUCTHK

Ynpaxcnenue 3

CasTHe AMHAMWYECKHBX CETOYHBIX XapaKTePpUCTHK TPHOAA.
OnpenenieHHe IHHAMHIECKOH KPYTH3HBI TPHOAA

Hamepenus n o6paGorka pesynstaTos

1. B aHOogHYiO Lienb J1aMribl MexXay TouKamMn A 1 B (cM. puc. 9)
BKJIIOYAIOT CONMPOTHBIEHHe R, (Harpysky) nopaaka 10—25 kOwm. [na
3TOrO MPOBOIA, HAYLINH K TOUKE A, NepeKITIoMaloT B TOYKY B CXeMHBI.
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2. CHUMAIOT CETOYHbIE XapaKTEPUCTHKH TaMNbl TIPU IBYX 3Haye-
HUAX HanpsikeHUs U, nokasniBacMOro BOJIBTMETPOM, KaK YKa3aHo B
ynpaxXHeHWH 2. JlaHHBIe M3MEPEHNH 3aMMUCHIBAIOT B Tal. 3, aHANo-
TMYHYI0 TaOJ. 2 U3 YIIpaXHEeHWS 2.

3. TIo JaHHBIM U3MepeHUH Ha OAHOM rpadmke cTpoAT 06e nuHa-
MWYECKUE CETOUHBIE XapAKTEPUCTHKH,

4. OnpenensiioT Ha TWHEIHON YACTU XapaKTEpUCTUK (Hanpumep,
npu U = -2 B) IMHaMHYECKYIO KPYTH3HY XapaKTepUCTHKU §,,, (Tak
Xe, Kak OBII0 OMYCaHO BHILE A CTaTHYECKOH KPYTH3HEL).

3AMEYAHMUE. ITockonpKy B aHOIHYIO LIENb BKIIIOYEHA HATpPY3-
Ka R, To BonsTMeTp U, NOKa3bIBaeT B 3TOM CIydae He NajeHue no-
teHuMana U, Ha namne, a cyMMapHoe naacHue noteHunana U Ha
JIaMIfie U Ha Harpyske:

U=U+Us=U+IR,
TIpu cHATHM AMHAMUYECKOI CETOYHOH XapaKTEPUCTUKH UMEHHO
BeaMunHa U noaaepXxuBaeTcs NOCTOAHHOI, Torna Kak U, MeHsiercs.

Ynpaxcuenue 4

Onpenenenre THHAMHYECKOr0 KOIPGUIHEHTA YCHICHHA TPHOIA

¢ nomotusio ocuuLIorpada

JAviHaMuseckuM Ko3hOHUMEHTOM YCUIEHHA 1, ,, Ha3bIBAETCA BE-
JW4YMHa, NTOKa3bIBalollasg, BO CKOJIKO pa3 aMIVINTYAa NepeMeHHO’
coCTaBJsoONICH HanpsXXeHHsA Ha Harpyske U ., 6onbie amnnuryast
TIEPEMEHHOTO HanpspKeHus Ha cetke Ug .

_ URmax _ Umx

B UC max Unx

Jinst onpegenenns U, v U, vicnions3yloT ocuwnnorpad C1-72.
Jna momayu NMECPEMCHHOTO CUTHaNa MEXAY CETKOW Y KaTonoM B
LUenb CETKM BKJIIOYEHA BTOpUYHAs obMoTKa TpaHcdopmaTopa

(cM. puc. 9).

Haun

Tlopanok n3mepennii

IIpexne 4yeM HauaThb U3MEPEHMS, CNEAYCT O3HAKOMHTRCS C YCT-
PONCTBOM TiepeaHeii maHenn ocuwinorpada C1-72 u opraHamu ero
yNpaBieHus (Mo CNEelHAILHOMY OMHCaHHIO).

I. YcTaHaBnMBaiOT NpH AHHAMHYECKOM peXume paboThl naMmnbl
U=140 wm U, =160 B (wim 80—100 B no ykaszanunio npenoaasa-
Tend).

2. Tlepexiitouaresib 3aMBKAIOT B TO KpaiHee NOJIOXEHNE, TIPH KO-
TOPOM Ha CeTKY MOAaeTCA OTPULIATEIBHOC CMEUIEHUE, U YCTAHABIU-
BaloT U,=—2 B unn —4 B (B 3aBUCUMOCTH OT THNA JIaMITbl).
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3. Bxmouyatot ocunmwiorpad (B cets 220 B).

4. BxmouaroT Ha 220 B nepBuuHyto o6MOTKY TpaHcthopMaropa.

5. C NnoMOlLIBIO CHIELUATBLHOrO KOAKCHAJILHOTO Kabens co TeKe-
paMH Ha KOHLaX (MMEIOILETO pa3aeTUuTeNIbHBIR KOHIEHCaTop) Mojia-
10T Ha BXof ociuinorpada Y nepeMeHHyl0 COCTABIAIONIYIO CUTHAIa
U,,, NOIaBaeMOTO Ha CETKY NaMnbl (CM. puc. 9).

6. VIaMensas yacToTy reHeparopa pa3BepTku ocuuinorpada c no-
MOLLBIO PYYKH «Bpems/nencHnss, T00MBaOTCA NOSABICHUSA Ha 3Kpa-
He ocuorpada CHHYCOMIANbHOTO cUrHana. PekoMeHayeMoe mno-
NOXEHYE PYYKH — 5 MC.

7. ob6uBaoTCa YCTOHYUBOIM, HENOABUXHOM KapTUHBI CHTHAJIA Ha
5KpaHe € TIOMOIIBIO0 HEGONBIIOTo TIOBOPOTA PYUKH «CTAOUIBHOCTEY.

8. M3o6paxerHue (poKyCHMpYIOT H YyCTAHABIUBAIOT HEOOXOAUMYIO
JUTS1 YeTKON KapTHHBI APKOCThL C MOMOILIO pyyeK ((pOKyCHpOBKa U
SIDKOCTbD).

9. TloeopoTtoM pyuxu «V/IEJI» BLIOHpPAIOT TO MaKCUMaILHOE
yCUJIEHWE CUFHaJla, TIPM KOTOPOM OSTOT CUFHal TIOJHOCTHIO
yKJIaAbIBaeTCA B TNpeaesiax mKansl ocunanorpada (puc. 11). Peko-
MeHOyeMoe rnoloxeHHe pysku — 0,1 wiu 0,2,

10. UamepsioT aMmuTynly curnana U, B NCAEHMAX IUKAILI 1 ne-
PEBOIAT NOJYYEHHOE 3HAYCHHE B BOJILTH, YMHOXAas AN 3TOTO YUC-
JI0 JIeNIeHui Ha TIoKa3aTeb NooXeHUs pyuku «V/IEN».

Puc. 11 Puc. 12

YKA3AHME. st yno6¢cTBa OTCYE€TA MOXHO BHKIIOYUTH pa3-
BEPTKY CHTHaJIa MO TOPU3OHTANH, A5 HETO CIEAYET HAXaTh KHOMKY
«Bxoa X», » 3aTteM, NONbL3YsCh PyYKaMH BEPTHKAJIBHOTO M TOPU3OH-
TANBHOTO CMEUICHMUA JIy4a, COBMECTUTh U306paXeHHe ¢ LIEHTPOM
1KaJibl 3KpaHa (puc. 12).

11. Ha Bxoa Y ocuunnorpacda noaaroT HanpsXEHUE C BEIXOAA
YCWIINTENs, T.e. C aHOINHOI1 Harpy3ku R, (kiieMMBl A v B, puc. 9).

12. Tlepexmouas pyuyky «V/IAEJI», nop6upaior Heobxoammoe
ycwieHue curiana U, (o6bIMHO ToNoXeHue pyuku 1 win 2).

13. UamepsioT ammnntyny curiana U =B JeJCHUSIX, a 3aTEM Te-

BHIX

PEBOIAT NOMYYEHHOEC 3HAYCHHE B BOJIBTHI.
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14. Haxonat 3Ha4yenue w,,,= U, /U,
15. Haxonar 3HaueHue p_, 1o hopMmynam

Baun = RASnum M =K RaﬁaR, -

CpaBHUBZIOT BCE TPU 3HAYEHHA [ .

B cnpasemtuBocTd opMynsl p,, = R,S . 7Nerko y6enuThCs.
HentctBuTensro, AU,=AI R, Hno §,, ,=AI/AU, orxyna
al=S,,,AU,. CrenosarenbHo,

AU=R,S, AU,

AU
Haun = -AT: = RASmm-

JIuTeparypa
1.Casenner M. B. Kypc obmei dpnsnku: Yueb. nocobue. B 5 kH. KH. 5.
KBaHTOBas onTHka. ATomHas dusnka. Ouauka Teeproro rena. Musnka
ATOMHOTO A/1pa M IEMEHTapHBIX YaCTHL. — 4-¢ 31, Nepepab. — M.: Ha-
yxa. ®usmamur, 1998,

['napa 9. KOHTaKTHbIE H TEPMO3NEKTPHUYECKUE ABITEHUS,

9.1. Pabora Brixona.
9.2. TepMO3NEeXTPOHHAS IMUCCHUA. DNEKTPOHHbBIE NAMITLI.



3anava Ne 23
H3VYEHUE PABOTHI NOJYIIPOBOAHUKOBOIO THUOIA

Ueab 3axaun: U3yyeHne MpUHUUTIA IEHCTBUS MOJYNPOBOLHHKO-
BOTO IMOAA U paGOThl BLINPSIMUTENSA.

OcHoBHbIE TOHATHA

1. KonrakThblii CJ10ii ¢ oJROCTOpPOHHEH NMPoBoAMMOCTLIO. PaccMoT-
PUM KpPaTKO CyTh (PM3MYECKUX SBIECHMUH’, JIEXKallUX B OCHOBE JeH-
CTBHUS NOJYNPOBOAHUKOBOTO AuoAa. Eciv B MaTpully ueThipexBa-
NeHTHoro repMaHus (Ge*') no6aBUThL B KauyeCcTBE NMPUMECH aTOMbBI
NISATUBAJICHTHOrO MBIlIbsiKa (AsS*), To o6pa3yeTcs Cnnas B 3NEKTPU-
YeCKOM OTHOLUEHUM HelTpalbHBIA. OIHAKO B MECTE HAXOXIEHUSA
aTOMa MBILIBSIKA OAWH 3JIEKTPOH OKAa3BIBAETCS] JIMLUIHWUM, OH J1IeTKO
OTPLIBAETCS M CTAaHOBHUTCH cBoOoAHBIM. Ecniu B Ge** 106aBUTH B Ka-
YyecTBE TIPUMECH aTOMbl TpexBaJieHTHOTo WHAusA (In**), To cHoBa
0o6pa3yeTcsl HeMTpaNbHBIN CM1aB, OAHAKO B MECTE HAXOXIEHUs aTo-
Ma MHAMS ONHA U3 €T0 3JIEKTPOHHBIX 000JI0YeX OCTAeTCs He NOJMHO-
CTBIO 3aTIOIHEHHOW M MOXET BCTYNATh B XUMUYECKYIO CBA3Db C IEK-
TPOHOM. EcCnu OCyLIECTBUTD MOCPENCTBOM CBADKM WIM MAWKU KOH-
TAKT MeXIy 3TUMU CIJIaBaMU, TO NEKTPOHBI NIPUMECHO# 0bacTu
GeAs, 6yayun cBOOOAHBIMY B Mpoliecce TEMJIOBOTO IBUXEHMA, 10C-
TUTAIOT He3anoJHEHHEX obonouek mpuMecHoi obnactn Geln B
KOHTAaKTHOM CJIO€ Y BCTYNAlOT ¢ HUMM B CBA3b. TakK Xak MpH 3TOM
3JIEXTPOHBI MIOKHAAIOT NEPBOHAYAIBHO HEUTPATBLHBI GEAS ¥ TipH-
XOIAT B TIEPBOHAYAIBbHO HelrpanbHblil Geln, TO B IPUKOHTAKTHOM
cnoe co ctopoHsl GeAs obpa3yeTcs NMONOXUTENBHBINH 3apsi/l, a €O
croponbl Geln — oTpyUuaTeNbHBIE. MeXay 3THMY 3apsaaMu BO3HH-
KaeT 2JIeKTPUUECKOoe ojie ¥, TaK KaK OHO Bceraa HanpablIeHO OT
TTOJIOXXUTEBHOTO 3apsana K OTPULIATEILHOMY, TIPETIATCTBYET AaJlk-
HeiueMy nepexony 31eKTpoHoB B Geln; HacTynaeT IMHaMHUYyecKoe
paBHOBECHE 3apsAJOB.

Dnexkrpuyeckoe none obpasyercs B pesylibTaTe pasieneHus 3aps-
JIOB XUMUYECKUMH CHJIaMH, U B MECTE KOHTaKTa BO3HWKAET KOH-
TaKTHas Pa3HOCTb NOTEHUMAIOB, HMEIOLIAs TIOJIOXHUTENLHBIN TIONIOC
co ctopoHbl GeAs v orpuaTensHblil co ctoponsl Geln (puc. 1).

TonumuHa 3apsiKEHHOro KOHTAKTHOrO €108 OOLIYHO COCTABIISICT
10-—10-5 cM. CxeMaTuuHO 3TO NoKa3aHo Ha puc. 1. Ecnu K rpaHuy-
HBIM yYaCTKaM CIJIaBa ¢ JAHHBIM KOHTAKTHEIM CJIOEM TIPUIOXHUTH
HanpsiXeHKe, KakK MoKa3aHo Ha pPUC. 2, TO 3neKTpoHbl U3 GeAs Oy-
IYT CTPEMUTHCA K MONOKUTEIBHOMY NOJNIOCY 311C, & SJEKTPOHbI OT-
PULATENIBHOTO MOJNIOCA 3AC YCTPEMSITCA K W3GBLITOUHBIM CBA3SIM
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GeAs (|7} Geln T N
YT ~—
14| =) 1
+|p € —|+8
" 1]
Puc. 1 Puc. 2 Puc. 3

Geln. B pesynbTaTe KOHTaKTHasi pPa3HOCTb MIOTEHLMAJIOB BO3PACTET U
yepe3 KOHTAKT TOKa He Oyaer.

Echu npunoXuTh HanpsokeHHe, KaK TOKa3aHo Ha puc. 3, To
3IEXTPOHBI C OTPULIATENILHOTO TMOJIOCA 3AC MOUAYT K NMOJOXHTENb-
HOMY MONIOCY KOHTAKTA, a ¢ OTPULATEIbHOrO MOJIIOCa KOHTAaKTa — Ha
NMONOXUTENBHBIA Tonmioc dac. [Ipu 5ToM 3anupalomuii cnoil HeilT-
panu3yercs, KOHTaKTHasl pa3HOCTb ¢ YMEHBLIACTCA U UIET ToK [,
HarpaBiieHHe KOTOporo Noka3aHo cTpenkoi. I'paduxk 3aBucuMocTn
TOKa I, IPOXOASIIETro Yepe3 CIUIaB ¢ KOHTAKTHBIM CJIOEM B 3aBHCH-
MOCTH OT BEJIMYMHBI U 3HaKa TIPWIOXEHHOTO HamnpsokeHus 6Gyaer
UMETh BHII, KaK Ha pHC. 4.

BepTukanbHas npsAMas Ha pyc. 4 O0YCOBJICHAa TEM, YTO TpH A0-
CTHXCEHHH O00paTHbIM (OTPHLIATENBHBIM) HAMPSXXEHHEM HEKOTOPOH
KPMTHYECKON BETUYHUHE —U IPOUCXOANT PE3KOE YMEHBILEHHE CO-
TPOTUBJIEHUS KOHTAKTHOIO CJIOA M NIaBUHOOOGpa3Hoe BO3pacTaHHe
TOKa. 370 sikIeHUe HOCUT HasBaHKe npobosi, U, — Hanpsbkenue npo-
6os1. ‘

2. Bunpamienne nepeMenHoro Toka. CpoiicTBa pacCMOTPEHHOTO
KOHTAKTHOr'O CJIof HCNOJIB3YIOTCA B yc’rpoﬁcnaax JJISI BHITIDAMJACHUA

"

4
~Up y
-U / yall +U

L~y

Puc. 4
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NEePEMEHHOr0 TOKa, Ha3bIBAeMBIX NMOMYNPOBORHUKOBLIMH AMOAAMH.
TIpy 3TOM AHOA NPONYCKAET TOK B HAMpPaRIEHHH, YKa3aHHOM CTpeJ-
KOii, U He nponyckaer B o6paTHOM HanpapieHuu. Ecin Ha anwox no-
JaTh CUHYCOMAAJIBLHOE HANDIXCHHE, TO Yepe3 Harpy3ky noiuuaer
nyabcupytomni Tok. Cnocob noctpoeHus rpaguka BpeMEHHOM 3a-
BUCHMOCTH TOK2 MOKa3aH Ha puc. 3.

TMonaBaeMoe HanpsXeHUE Pa3BEPHYTO NO OCH BPEMEHH BHH3.
Tok pa3sepHyYT N0 ocH BpeMeHHU BripaBo. KpHBas Toka nMmeer BHI
NOJIOXNTENbHOH noxychHycouan. OaHononynepHoaHoe BupsMie-
HHE, PACCMOTPEHHOE BbIlIE, HA NPAKTHKE NMPHMEHATH HEBLIFOAHO,
TaK KaK He UCNIONB3YeTCH OTpHLaTebHad noaycuHycouna. flosromy
NPHUMEHSAETCS ABYXNONYNCPUOLHOE BLINPAMICHHE, NO3BOAAIOLIEE
UCTIONB30BaTh 062 nanynepuoaa NepeMeHHOro HanpsxkeHusa. CxeMa
DBYXIIONYNEPUOAHOTO BHINPAMMTENS 110Ka3aHa Ha puc. 6,

Puc. 5 Puc. 6

Ipy nonoXuteJbHOW MOJYCUHYCOMAE HANPSAXEHHS HA BXOXE
BBINPAMATENA TOK HAET NO LENMM B HanpabBlI¢HHH, YKalaHHOM
CTUIOIIHBIMU CTPEJIKAMH; TIPH OTPHUATENBHON — NYHKTMPHBIMH
cTpeakaMy. Heo6xoaMMo OTMeTHTh, YTO HanpaBleHHE TOKa pOTH-
BOMOJIOXHO HanpaBi¢HUIO NepeMelieHun 3nekTpoHoB. Ha puc. 7

>
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B
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Puc. 7 Puc. 8
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NMOKa3aH rpaduK n3MeHEHN nepeMeHHOro HanpsXXeHUd, NojlaBae-
MOTI'0 Ha BXOJ, ¥ rpadMKi BHNPAMIEHHOIO TOKa NPH ABYXIMONYTIE-
PUOIHOM BHINPAMIICHHH.

Bo MHOTHX ciiyuyasix BHINPAMJICHHBI TOK HENPUTOACH JUIsl MpaK-
THYECKOTO HUCTIONB30BaHUs. YTo6Hl ocnabuTh nyiLcaliuyM TOKA, MeX-
AY BLHINPAMMUTENEM W HArpy3Ko# BKJIIOYAIOTCS (PUIBTPHI.

Mpocreitinmm GUALTPOM ABISIETCS KOHIEHCATOP, BIJTIOYEHHEIMH
napamnensHo Harpy3ke ¢ conpotusierneM R. Ion6opoM HomuHanOB
R u C MoXH0 n06UTBCS TIONIOXEHHA, NIPH KOTOPOM BBIXOJTHOE Harps-
xeHue U, nmeeT BuA, noKasaHHBIA Ha puc. 8 (noMaHas xpuBas).

DKCnepUMERTAILHAA YCTAHOBKA: MAKETHAA CXEMA BRITIPIMHUTENA,
ocuuorpad.

Ilopsanok suinonHenua paéorsi
YVnpaxcuenue 1
HaGnionenne BOJILT-aMNEPHON XAPAKTEPHCTHKH AHOIA

1. BKAOYUTBL MakeT BHINPAMUTENSA B CETb. YCTAaHOBHTH Niepe-
KlloyaTeslb Ha MakeTe B NoaoxXeHne «ONHONoNYNEPUOAHLIH BBINpS-
MuTeNb», [IpM 3TOM mnepeMeHHOe HampsXeHHe OT BCTPOEHHOro
TpaHcchopMaTopa TIoAaeTcs B TOUKH cxeMsl 1-3 (puc. 9).

—=o X-mxop ocusiorpada
: iy 2 R 3
Vi
__.©Y2 Yn@._
- -
Puc. 9

2. Bknwouuth ocuynorpad, nepekniounTh ero B peXXuM pa3Bep-
TKH MO «X» OT BHELIHErO HanpsLKeHUs (HaXaTh KHOMKY «X»). [Tpu
3TOM JIYY Ha 3KpaHe oclLiuiorpada CTATMBAETCA B TOYKY M €€ MOX-
HO MepeMeuIaTh Mo 3KpaHy ocuuiuiorpada Mo BEpTHKATY (PYYKOMH
BEPTHKANBHOTO CMEIUCHUA TEPBOrO KaHajla) ¥ MO rOPU3OHTaIU
(Py4YXoil BepPTUKAILHOIO CMEILEHUS BTOPOro KaHaina). [lepemeluas
TOYKY, NTOMECTUTD €€ B LIEHTpE SKpaHa.

3. Monats HanpsIXeHWe C TOUEK 2—3 Ha Y-BXox NepBOTo KaHana
ocutorpada, Kak NnokasaHo Ha pMc. 9, cobnionas nopsiiok rnoaco-
€AMHEHNA JUIMHHOTO U KOPOTKOTo KOHLIOB Ha KaGerne Y,.

OTaebHHEM NIPOBOIOM COEAVHHTDL TOUKY | ¢ X-BXOOOM OCLWI-
Jorpada (B MpaBOM HHXHeM yriy). TIpy TakoM BKJIIOUYEHWH pa3Bep-
TKa TIO FOPU3OHTAIH 00ECTIEYHBACTCS HANPSXKEHHEM MeXOY TOYKa-
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MH 1-3, a BEpTHKaIbHOE CMCILEHHE — HANPAKEHHWEM Ha
pe3ucrope R (touku 2—3). 3apucoBaTh ¥ 0GBACHHUTL HabJOAaEMyI0
Ha 5KpaHe KapTHHY.

Vnpaxcuenue 2
Ha0moaense BLINPAMASIIOUIENO ACHCTBRA THOAA

Tepexiiouutsh ocuwmnorpad B peXXM BHYTpeHHeil pa3sBepTKH
(xHonka «CWHXpPOHW3allUs BHYTPEHHAA 1», KHONKY «X» OTXaTh).
HaxaTb KHONKY COBMECTHOM paboTH 000MX KaHaJoB «...». C Tou-
KW | HanpsAXeHWe NoAaTh Ha Y-BXOJ, BTOpOro KaHajia ocuwuiorpada.

TIpn 3TOM Ny4 BTOPOro KaHajia GyaeT BOCIPOU3BOAUTD MEPEMEH-
Hoe HarnpspkeHue U_,(#) B Toukax 1-3, a Jly4 nepBoro kaHana — Ha-
npsixeHue Ha pesnctope U(f). 3apucoBats U 06BACHUTH Habmona-
€MYIO KapTHHY.

YVnpaxcnuenue 3
Pabora ABYXNOJYNEpPHOANOTO BLINPAMHTEN

1. TlepeBecTn nepexnioyaTenb Ha MakeTe B nonoxeHne «Byxno-
JIYNIEPHOIHBIN BBINPAMUTENbY. TIpY 3TOM NEepeMEHHOE HANPAXEHHE
¢ TpaHchopMaTopa nocTynaet B TO4kH 4—7 (cM. puc. 10).

Puc. 10

2. laHHasa cxeMa ¥ npUMeHsieMBIi ocuwutorpad) He NoO3BOASIOT
OJHOBpPEMEHHO HaOMOAATE IBa HaNPAXEHUd B Toukax 4—7 u 9—10,
TaK KaK MpH 3TOM LIYHTHPYETCS 3a3eMJIEHHBIM NPOBOAIOM OJHO IUie-
4o auoaHoro Mocta. [losToMy Ha nepBHii (WK BTOpOit) KaHan oc-
wworpada noaaeTca HaNpsKeHKE Co BXOAA BHTPAMHUTENSA (TOYKU
4—7). YyBCTBHTENBHOCTb OcuMUiorpacda no 3ToMy KaHany yCTaHaB-
ausaercs 2—5 B. Habmonaemast xapTuHa 3apucoesiBacTca. 3aTeM Ha
TOT X€ KaHaJ NOAAETCH HANPAXKECHUE C BLIXOAA BRNPAMHTENA R,
(Toukn 9—10) npu oTKMOUEHHOM KoHAeHcaTope C,. 3apncoBaTh Ha-
OnogaeMyIo KapTHHY O NPEABLIAYINUM rpadMKOM, MTPUHUMAA 3a
HaYyasio OTCYETAa BpEMEHU Hayano HabnonaeMbiX KApTHH.

3. Bxmounts C, ¥ HabMONATH UIMEHEHUE KAPTHHB Ha IKPaHe.
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3apucoBaTh HabnoOOacMyI0 KAPTHHY TION NMPENbIAYIIHMH ABYMA
rpapyikaMy. Pa3zobpaTecs, YTO OTKNAALIBAETCH NO OCH OPAWHAT, a
yTo — No ocH abcuuncc. OOBACHUTD HabnloaaeMbie rpaKu U UX OT-
JinyKe ot rpadhuKoB, HaGMoAaeMBIX B YTIPAXHEHHH 2.

JIurepatypa

I.Casenbes H.B. Kypc obuieit dusmnxu: Yueb. nocobue. B 5 xn. Kn. S.
KBaHTOBas ontuka. AtoMHas duanka. ®u3uka teepaoro Tena. Pusnka
ATOMHOTO SAPA U NEMEHTAPHBIX YacTUll. — 4-¢ naa., nepepab. — M.: Ha-
yka. ®uaMaranT, 1998.

nasa 8. DneKTPONPOBOAHOCTL METANNOB U NMOJAYNPOBOAHHKOB.

8.6. InexTPONpOBOAHOCTD NMONYTIPOBOAHNHKOB.

naBa 9. KOHTaKTHHE ¥ TEPMOAIEKTPNYECKHE SRICHUA.

9.3. KoHTaKTHast pa3HOCTb NOTEHUHNATOB.

9.5. MoaynpoBOAHHKOBBIE AHOLK U TPHOJBI.



3apaya M 24

HU3YYEHUME PABOTHI YCWINTEISA HAIPAXKEHUA
HA TPAH3UCTOPE

Hem paGorni: 3yyeHHEe PaGoOThl TPAH3HCTOPA B KAYESCTBE YCUIN-
TEJILHOTO KACKAA TMO HAaNPSXEHHIO B CXEME ¢ OOLLIMM SMHTTEPOM!.

OcuoBHbIC IOHATAS H COOTHOIIECHHSA

Tlo cBoelt cyTH TpaH3NCTOP ARIAETCA YCUNIUTENEM TOKA, TAK KaK
HeGoNbLIOoN MO BeJIMYUHE TOK 6a3bl 1, yrparisier 3HaYMTeNbHO 60/1b-
IIHM TOKOM KOJUIeKTOpa 7, T.€. TPAH3UCTOP YCHIMBAET TOK 6a3kl U
obn4Ho J;= 0,057 . OnHako TPaH3WCTOP MOXHO HCIONB3OBATh U B
Ka4YeCcTBe YCHIHTENS HAIIPSDKEHHS.

OauuM 13 HanbGonee PaCTIPOCTPAHEHHKIX YCHINTENBHLIX KacKa-
JIOB N0 HAMPSXECHUIO ABIAETCA Kackaj ¢ o61uM 3MuTTepoM (0I),
KOTZa 3MUTTED ABJECTCS OBILUNM 3NEKTPOAOM AN BXOAHOH M Bhi-
XOHOI uened TpaH3ancropa. HanpsixeHusi, NpuaoXeHHse K KoJl-
nekropy (U,,)) u k 6a3e (U,,), OTCHUTBIBAIOTCS OTHOCHTENBHO 3MUT-
T€pa M Ha3BIBAIOTCS COOTBETCTBEHHO BBIXOAHBIM W BXOJLHBIM

(puc. 1).

Unux
WUol=igtl,

O

Puc. |

IIna moBoro ycMNHTETbHOrO YCTPOMCTBA MePOil YCUAEHUS cny-
KUT KO3PPULHEHT YyeuneHns, KOTopril onpeAeaseTcs XaK oTHOme-
HHE BLIXOAHOH BeNUUHLI K BxopHOi. Torna KoagpdHunenT ycune-
HHS 110 HaNPSAXEHUIO onpelensieTed Tak:

U
K = BhiX s
v U“
a KO3{pULIMEHT YCWIEHHS TIO TOKY:
K’ = IBHX .
To

' Ecnu npoBeCTH CONMOCTaRNEHUE MEXAY TPHOAOM (BaKYYMHOI TPEXMEKTPOAHOR JaM-
noit — cM. 3an1ayy Ne 22) y TpaH3UCTOPOM, TO MOXHO BLUIENHTB ceaylolme pyHx-
LHOHANbHLIE AHANIONH: KaToA, — IMUTTEP, YIIpasnsiomwas ceTka — 6aza, aHoa — xon-
JNIEKTOp.

198



B ycunurensHpix Kackanax ¢ OO oOGbIYHO UCMOIBIYETCA PEXUM
TIONaYH HaMpsAXeHHUs1 Ha xosiekTop M 6a3y Tako#, uro U <U, <0
(ans TpaH3UCTOPOB THMa p—n—p). B 3TOM cayyae 3MUTTEpHBIi
(p—n)-niepexoll OTKPHIT, @ KOJUIEKTOPHLIA (#—p)-Tiepexon 3aKphiT.
Hanpsmkennsa cvemenns Uy, v U, 3analotcs ¢ TOMOIUBIO NOTEHIM-
OMeTpOB R, H R, COOTBETCTBEHHO (pHC. 2).

Brix. _Rx

Puc. 2

Zns Toro 4Tobs! NOCTOTHHAA COCTABASIOLIAs BXONHOINO CUTrHaNa
U, ne Bnusina Ha Beanuudy [, Hanpsikenne U, nopaerca Ha 6asy
TpaH3uCTOpa Yepe3 pa3aeauTenbHylo eMkocTb C. [lepeMeHHHI cur-
HaJl Ha BXOAIE TPaH3UCTOPa OyAeT YyCHIMBATLCA 110 HANPSDKEHUIO TONb-
KO TP BKJTIOYEKHH B LIEMb KOJVIEKTOPA COTIPOTHRIICHUS HArpy3ku R,
(cM. puc. 2). YeunenHoe Hanpsikenue U siRnsieTcsl nepeMeHHbIM
HanpsDKeHWEM, CHUMaeMbIM MEXIY KOUIEKTOPOM U 3MHUTTEPOM TpaH-
3uctopa (cM. puc. 2). HanpsokeHne cMEIeHHUs & Ha KOJUIEKTOpE OIl-
penensiercs o opmyne =R, I +U, .. Ecii npoucxoamT yBenu-
yeHue HanpsikeHus U _ , To TOK Ko/lekropa f, BO3pacTaeT U, COoT-
BETCTBEHHO, TaKk Kak U, =¢—R1, penvumsda U, _ Oyner
y6niBaTh. Hanpspkenue U, MMeeT MHHUMANbHOE 3HayeHMe, Koraa
HanpsaxeHue U, MaKCHMMajlbHO, T.€. OHH CABHHYTH no ¢dase Ha
Ap=m.

OO6LIYHO pexuM TpaH3UCTOopa BeiGHpaeTcsd TakuM o6pa3oM, YTO
3HaueHue U, Xonebaerca oTHOCUTETbHO Hanpsokenust U, = €,/2 B
npenenax ot 0 B (mpu MakcMMaibHOM TOKe Koyiektopa /) 1o &,
npu 1, =0. 3ro cneayer u3 ypasHenus npamot (U =U, ). U, .=
=¢— R I , KoTopasi Ha3blBaeTCA NHHHEH HArpy3KM. DTa npamMas or-
penensieT BCe BO3MOXHBIE 3HaUeHUs Toka /, W Hampsikenus U, —
NpY o6bIX U3MEHEHUAX 6a30BOro TOKA Jj, €CIM 3aaHbl BEIMYUHLI
Eu R,

OO6HIYHO Harpy3o4yHas NpsiMasi CTPOUTCSI Ha CéMeliCTBE BRIXOAHBIX
CTATMYECKHX XapaKTEPHCTHK. BbIXOAHBMH CTATHYECKHMH XapaKTepH-
CTHKAMM Ha3hIBalOT Tpaduyecku NMpencTaBleHHbIE 3aBUCUMOCTH
MeXIy TOKOM M HanpsKEHHEM B BRIXOAHBIX LEISAX TPAH3UCTOPa TIPH
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Pyuc. 3

OTCYTCTBMM COMPOTHBJIEHUsI Harpy3k R = 0 u Npy pasmHyYHbIX 3Ha-
YeHUAX ToKa [, T.€. 3aBUCHMOCTH TUMNA 1 =f (U,Q)l e npeacras-
JIeHHble Ha puc. 3.

Jna nocTpoeHUs TMHUK Harpy3Ky Ha 3TOM CEMENHCTRE BBIXOIHBIX
CTaTMYECKMX XapaXTepHCTHUK HalieM TOYKH TepeceYycHUs npAMOoif
U.=¢—R I c ocamu abcumce ¥ OpAUHAT.

(I=0; U, =¢) — Touka A,
(U,.=0; I =¢/R) — ToyKa B.

CoeMHUB TOYKU A U B IpaMoil, MONYYMM HATPY3OUHYI0 HPAMYIO.

YCHUAUTENBHBII KACKAM 110 HAMPAXCHHIO .I[OJI)KCH BHOCHTb MHHH~
MaJIbHBIC MCKaXEHUS ycunuBaeMoro curHaia U, _. s 3toro uexon-
HEIW PEXWM TPaH3UCTOPA BLIGHPAIOT TakuM 06Pa3oM, YTOOK! H3Me-
HeHWs I _ 6BUIM BOSMOXHEI M B CTOPOHY YBEJIHYEHHSA, B B CTOPOHY
YMEHBILIEHNS Ha OIMHAKOBYIO BEMYMHY Al . 310 ycnoBye BHINON-
HsieTCs, eclid paboyasi ToUKa HaXOIMTCH nocepezml-lc JIUHHM Harpys-
KH (Touka CHa puc. 3), T.e. ipu U =0,5¢n I =0,56/R,. Toraa mns
KO3 PULIMEHTa YCUTIEHUS TIO HATIPSIKEHUIO B CXeMe ¢ OB1uM 3MUT-
TEPOM UMeeM

b Ve AU _AE-1LR) _ALR, _ . R )
Y" V.. 8Us. MR, ARy ' Ry’

raec R, — BXOIHOE CONPOTHBICHHE B paboyeit Touke C; B — Ko3(-
drumeHT ycnnenns no toxy B cxeMe ¢ OD B paboueii Toyke C.
Beauuwna B B Touke C (M. puc. 3) HAXOAUTCH CneayonUM 06-
pa3oM. Uepes Touky C NPOBONUTCA TEPIEHOAUKYIAP K OCH HallpAXe-
uuil U, (BepTUKanbHBI# NMyHKTHP). U3 TOYEK mepeceyeHus 3Toro
TEPNEHAVKYISpa ¢ ABYMS OJIMXKaHIIMMU XapaKTepUCTHKAMM Haf
Toukolt C W non He#l (Touku B’ W A’) IpoBORATCS TIpsIMblE (TOpU-
30HTANIbHEIE TYHKTHPBI), Mapajiie/ibHble OCH HaTIPSKEHUH, KOTOphle

=const
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onpenensior Ha ocu I, BemnuuKy Al,. UaMenenne A paBHO pa3Ho-
CTH 3HayeHM#H 6a30BOro TOKa 1is n8Yx 6anxaiiunx XapaKTepuCTHK.

Benuuuna R, Bxoasuas B BepaxeHue (1), onpenensiercsi cooT-
HOILIEHHEM

AU,

AI5 UK3-00IISC

M HaAXOJUTCA TIO CTaTHYECKO#l BXOAHON  XapaKTEpUCTHKE
Is = f(Uﬁa)I, (puc. 4).

Myctb Té%Ka Ha xapakrepuctuke I(U,) npu U, = -5 B spnser-
cAa paboyeit. Jinga HaxoxaeHHA R, B 3TOH TOoyke NPOBOAMM Kaca-
TENbHYIO K BXOAHOI XapaKTepucTUKe (NMyHKTUPHAas NpsgMas) o Tie-
pecedeHus ¢ ochio abcuuce. BennunHa R, onpenensieTcs KOTaHreH-
COM YTJIa o. HAKJIOHA KacaTeJIbHO# B ToYKe A K ocH Hanpspkeumii U .

U3 seipaxeuns (1) Buano, yro KoaQdHLUHEHT YCHICHUA KacKa-
JIA Y10 HANIPSIKEHUIO PacTeT ¢ YMCHBIICHHEM BXOAHOrO COMPOTHRIIE-
Hha R

BennynHy K,, MOXHO U3MEpHUTb HenocpeacTseHHo. [ins sroro
KCIONL3YETCH HCTOYHHK MEPEMEHHOro HanpsKeHUs: ¢ aMNIUTYa0i|
U,,-= 10 MB (4actora f=1 xI') ¥ ocumnnorpad. CurHan ¢ reHe-
paTopa NepeMEHHOTO HAMPSDKCHKA MOJAeTCA Ha BXOA YCWIHTEIBHO-
ro xackana. C noMouIblo ocumuiorpadba naMepsaeTcs aMIUIMTYa Ha-
npsxeuua U, a satem U, . Torna K= U, /U,,., ¥ 3Ty Bennumn-
HY MOXHO CpPaBHMBaThb C pE3yJbTaTOM, TOJAYYEHHHIM IO
dopmysie (1).

Ry =

Is(MxA)

Puc. 4

B nanHoii paboTe ¢ NCnob30BaHMEM OCLIWLIOTpad)a onpeaescT-
ca K, v Haxonarca sasucumoctd K= f(R,) n K,=f(R_).
TTopagok sunosHenus padoTs

1. CobupaeTcst ycunUTeNnbHbIN Kackal Ha Ga3e TpaH3UCTOpa TUMA

p—n—p (KT 814) u aneMeHTOB, BXOAALIMNX B cocTaB Moayneit MO2,
MO1 xommrekca JIKD-1.
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2. I1pu 3TOM UCTIONB3YIOTCA TAKXKE Cleayoiuve H3MEPUTENbHbIE
nprooOpHI KOMIJIEKCa:

reHepatop HanpsaxeHuss TCP-1;

ocuwiorpad Cl1-131/1;

mynsTUMeTp M 83013;

BoJIbTMETp B 7-22A.

3. Tlpu cOopke 3neKTpHUUECKOW CXeMbl YCWIMTEIBHOIO Kackana
UCTIONB3YIOTCA 3NEKTPUYECKUE Kabeu M NPoBOIa CO WITEKEPaMK U
pa3beMaMu.

Ynpaxcrenue 1

Hayyenue 3aBHCHMOCTH K03(pHuMenTa yCHIEHNHA

00 HanpsoKen:Hio B cxeme ¢ OD OT CONPOTHBICHHA HAIPY3IKH

Ry: Ky=f(Rp)

CobupaeTcs ycTaHOBKA MO CXeM€E, NpedcTaBNeHHOR Ha pyUC. Sa.

BxonHo# Tok 6a3bt J; (MKA) M3MepsACTCS MUKPOaMnepMeTpoM
(MyneTHMeTp M83013), BKTIOYEHHBIM MeXIY ToykaMu 1-3. Benu-
YHHY BXOJHOTO HaMPAXEHUA H3MEHSIOT C TOMOILbIO TOTEHLUMOMET-
pa R,. Bennunna toka /; He noxHa npeBsiwiath 1 MA, g yero
CJIYXHT OTPaHUYUTEILHOE CONPOTUBAEHHE R,

Hanpsixenne U, 3anaercs ¢ nomoliblo NOTeHItHOMETPA R, 1 u3-
MepsaeTcss BoALTMETPOM (B 7—22A), BKNIOYEHHBIM B TOYKaX 4-35.
ConpotuBieHHe R, B LEMU KOWIEKTOPAa W3MEHSIETCA CTYMEH-
yato: R ,=1000M; R ,=4000mM; R ,=1,4xOm; R, =4,4xO0Mm;
R ;= 5,4xOmM (puc. 56).

Ilopsnok maMepennii

1. C nomowmsio noreHuuoMeTpa R, YCTAHOBUTE BEAUYMHY
U_=-5B (Bonbrmetp B 7-22A Mmexay ToukaMu 4 ¥ 5) ¥ B gaib-
HeillleM npu n3MeHeHuu U, oHa NMOAAEpPXHBacTCH MOCTOAHHOIM.
Ycranosute ¢ nomoubio notenupometpa R, Tox 6asnl J;= 100 MKA.
Bxniouute MexJly ToukamMH 4 u 6 conpoTtnpiehne R, = 100 Om,

2. TTonaiite nepeMeHHoe HanpskeHne U, ¢ BbIxola reHepaTopa
IC®-1 amnautynoit U, =10 MB u yacrotoit f=1 xT'il Ha BxOA
YCWINTENBHOTO Kackaja (KieMMEI «Bx» Ha cxeme).

WamepbTe amnnuTyny BXoaHoro curHana U, . Jins 3Toro Bxoa
ocuwmorpada C -131/1 noacoenynure K xiemme «Bx» u namepsre
aMIDIMTYAly CWTHajJa Ha 3KpaHe ocuwmorpada B JAeNeHMAX
WIKANB 7.

3. Hamepere aMmntyay BbixogHoro curxana Uy,. ns atoro
Bxon ocwuiorpada C,-131/1 noncoeanHuTe K KieMMe «Boix» M us-
MEpbTE aMIUIMTYAY CUTHaNa Ha 3KpaHe ocuwuiorpaga B AeNeHUAX
WKANB 1,
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Puc. 5
U()nux = ﬂ

4. Onpenenvre K = s U,=-5B Toka 6a3sl
I,= 100 MKA, R, =100 Om.Uomx ™

5. Ocrasnaa seanuuHbl U, =-5 B u I,= 100 MKA nocTosu-
HBIMU, onpefenute K, LA CONPOTHBIEHHWH Harpy3kn R,
R(,=400 OMm, R.,= 1,4 XOM, R ,=4,4 xOM, R ;= 5,4 KOMm, nocne-
JOBAaTENIbHO MOACOEAMHSAS UX MEXIY TouKaMu 4 1 6.

6. IToctpoitte rpaduk 3aBucuMoctH K, =f(R,).
Ynpaxcnenue 2

Hayyenue 3aBHCHMOCTH KO3 (OHUHEHTA YCHICHUS
no HanpsakeHHI0 B cxeMe ¢ OD oT BelIHYHHbLI BXOJHOTO COOpPO-

THBienus R : K= f(R,,)
ITopsook u3Mepenuit

1. YcTtaHoBuTe B LIeny KoJutekTopa (Touku 4—6 Ha puc. S) conpo-
THRIeHue R, =100 Om, U_=-=5B.

2. CHMMHTE 3aBUCUMOCTD TOKaA 6a3bl Jj ot Hanpsixenusa U, 3a-
JaBacMOro NOTEHUHOMETPOM R,. CHATHE 3TOH BXOAHOM XapaKTepH-
CTHKM OCNOXHSIETCS TEM, YTO TIPU uaMeHeHnu U, uamensierca v U,
TMoaTomy ¢ noMoulblo NoTeHMOMeTpa R, Hanpsixxenue U, noanep-
XHBAETCH MOCTOAHHEIM. OTCYETH NPOBOAMTE TIPH 3Ha4YeHUAX Uy oT
0 no 300 MB uepes 50 mB.

3. Nocrpoitte rpadmk sasucumoct Iy=f(U; )|, 5 s 3naue-
Hu#t I,=50, 100, 150, 200, 250, 300 MKA, onpeaenuTe BXOAHbIE CO-
NIPOTHRIIEHUS, NOJIL3YACh COOTHOLIEHHEM

_AUs

Rox Al

U, =-58.
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4. Onpenenute K, cnoco6oM, OMUCaHHbLIM B YIPaXHEHUK | npy
3Havennsax I, = 50, 100, 150, 200, 250, 300 mMxA, U,=—-5 B u
R, =100 Om.

5. Hocrpoiite rpadumk 3aBucnMoctn K,=f(Ryy).

Jlureparypa

1.Casenbves WM. B. Kypc obweit dpuanku: Yue6, nocobue, B 5 xH, KH. 5.
KeaHToBast onTuka. AtomHas ¢puauka. ®uauka teepaoro Tena. Pusmuka
aTOMHOrO SIIPa U 3/1eMEHTapHBIX YacTHL. — 4-¢ u3n,, nepepad. — M.; Ha-
yka. ®usmarnur, 1998.

'nana 8. 3neKTPONPOBOAHOCTL METALIOB ¥ NOJIYNPOBOAHUKOB,
8.6. DnexTpoNpoBOAHOCTb NONYNPOBOAHHKOB.

I'napa 9. KOHTaKTHBIE Y TEPMOSACKTPHUECKHUE ABNEHHUA.

9.3. KoHTaKTHasi pa3HOCTB IOTEHLIHANOB.

9.5. INonynpoBOMHNKOBLIE AMOALI H TPUOALI.



3anaya Ne 25
H3YVYEHUE IIEPEMEHHOI'O TOKA

ueJlb paﬁo'm: HcCIe10BaHKE NCPpEMEHHOIO TOKa B L€, Coacp-
xalei akTUBHOE COTNIPOTHRIIEHHE, HHAYKTUBHOCTb U €MKOCTb.

OcHoBHbIE IOHATHA H COOTHOWIEHHA

1. Ksasucraunonapuniii Tok. U3 ncero MHoroo6pasus nepeMeH-
HBIX TOKOB PACCMOTPHM TOK /, USMEHAIOIMNIACA MO 3aKOHY

I=1 sin(wt+g,), (1)

rae I, — aMnTyaa (MakcuMalbHoe 3Ha4YeHHe) TIEpeMEHHOr0 TOKa,
(ot + ¢,) — daza; © — Kpyrosast YacTOTa NEPEMEHHOTO TOKa; ¢, — Ha-
yansHas ¢asa.

Kaxk 13BecTHO, 3JIEKTPpHUECKHIT TOK BO3HMKAET TOJLKO NMPU HATH-
Yuu 3j1eKTpuYecKoro nojis. OaHako cKOpPOCTh pacripoCTpPaHEHUs
3NIEKTPHYECKOro Mosa KoHevHa (¢ =3-108 m/c). TloaTomy, ecau B
KakKoi-nu6o Touke 1 asexTpuyeckoe 1noJjie Bo3OyIWwIo B MOMEHT Bpe-
MeHM £ ToK [ =] sinw?, TO B TOYKe 2, HaxoaAeHCs OT ToUKHM | Ha
PacCTOSHUM X,;, TOK BO3OYAMTCA B MOMEHT BPEMEHH ' = f—1, TAE
1 =Xx/c — BpeMs pacrnpoCTPaHEHUS NoJisk OT TOYKMU | 10 TOYKH 2:

I= ] sino(t—1) = I sin(of —ox/c) = I sin{wf - 2nx/cT),

rae 7=2n/o — nepuod. B obmeM cayyae BENUYUHBI TOKOB B AaH-
HLIi{ MOMEHT BPEMEHH 10 AIMHE Lenu Oy1yT UMeTh PalIHUHbie 3Ha-
YEeHHs B paIIMYHBIX Toukax Lenu. Ecnu cMeulerusa no ¢dase Mankl
WM MMH MOXHO NpeHebpeub, TO CUUTAETCA, UTO BEJIMYNHA TOKA BO
BCEX TOYKAX LIEMM oMHAKoBa. Takue TOKH Ha3bIBalOTCH KBa3HCTa-
LMOHAPHBIMY, U JUIA HUX BHINOJIHAETCH YCJIOBHE

2nx NN X
—C-T—<l Win v_[21t]>c’ WIH T>c. 2)

JonylleHrUe KBa3SHCTALHOHAPHOCTH TOKA NO3BONACT NMPUMEHATh
3akoHKI OMa w Kupxroda k MrHOBeHHbIM 3Ha4YeHUsIM TOKA B dop-
MYJIMpPOBKE, JaHHO#M JIA NocTOSHHOro Toka. IIpu 3toM MOXHO pac-
CMAaTpUBaTh BCIO CMb.

2. Tpaduyeckuii cnocod 3ananms nepeMenHbIx Toxos. CUHycoM-
JAJIbHKIE NepeMEHHBIE TOKM BhIPaXaloTCsl Yepe3 cootHoleHue (1).
1ot criocob 3anaHus Ha3kIBaeTCA aHANUTHYECKUM. YacTo, oaHako,
MOAB3YIOTCA rpadUyecKUM METOIOM, KOTOPHIH YNpOIacT pacueTsl
CONMpOTHRIIEHUH B LiensiX TIepeMEHHOro Toka, PaccMoTpuM rpadu-
YeCKWii METO H306paXeHHs TIEPEMEHHBIX TOKOB. B npssMoyroimsHoi
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CUCTEME KOOpPAMHAT U300pa3uM nepeMeHHBIl TOX B BUIE OTpe3Ka
BeIMUMHBI [ TaK, uTo6bl OH 06pa3oBai yrol ¢, ¢ oceio X. OTpe3ok
Ha30BEM BEKTOPOM TOKa. DTO HAYAILHOE TOJI0KEHHME BEKTOPA TOKA
(puc. 1).

2

t

3

E

% 5

J 0]

®o X
Puc. |

Byaem BpallaTh BEKTOP TOKa BOKPYr Haualla KOOPAWHAT C YIJo-
BOW CKOPOCTBIO

m=E=2nv.
T

Yepes BpeMs t BekTop [, 6yneT cocTaBpNATb Yroa of ¢ NepBOHa-
4anbHBIM TIONOXEHHWEM BEKTOpa ToKa i yron (w/+ ¢,) ¢ ocbio X.
TMpoekuus BeKTOpa Ha oCch Y paBHa

I=TIsin(ot+g,),

T.€. B 10601 MOMEHT OHA paBHa MIHOBEHHOMY 3HauyeHUIo ToKa. Ta-
XHM Cnoco60M MOXHO M300paXaTb OAHOBPEMEHHO TOKW W Hanps-
XeHUS B LeNAX MCPEeMEHHOTO ToKa. BekTopHbiii MeTon M306paxe-
HUS BEJIMYHMH, XapaKTEPU3YIOLIHX MPOLECCH B LENMAX NEPEeMEHHOrNo
TOKa, TMPUMEHSETCA TOrAa, KOraa MMEETCS HECKONbKO BEJINYUH, U3-
MEHSAIOIMXCH CO BpeMEHEM FApMOHHUYECKH C OJHOM Y TOH X¢ YacTo-
TOil. B 3TOM Chyyae fns CIOXEHUS OXHOPOAHBIX BEJIMYHMH HYXHO
CHavana cJIOXHTh U306paxalolye UX BEKTOPHI, a 3aTeM TIoNny4eHHbIA
BEKTOP CYMMBI CTIPOEKTUpOBaTh Ha ock Y. HanoMHMM, 4TO U1 KBa-
3UCTALIMOHAPHBIX TOKOB UCMONL3YIOTCA NpaBuia Kupxroda.

a) llens c akTUBHBIM conpoThBIieHueM R, (puc. 2a) U,= € nnn
IRy= ¢ sinwf, unn

[ =siner = lysinof. 3)
Ry
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#=8,sina

Puc. 3

B rpadmueckom npeacraBnenun I ¥ ¢, 6yayT UMeTh BU, KaK Ha
puc. 26.
6) lens ¢ emkocTeio C (puc. 3a):

U.=¢
Wi
U .= gsinot.
&
I= % = &Cacoswf = l/ﬁsin(m +n/2),

rae Q — 3apsill Ha eMKOCTM.
Beenem emxoctHoe conporneienme Z.= 1/Co. OXOHYaTENbHO
HMmeeM

I= ?-sin(mr +1/2) = Iy sin(of + n/2). 0)
A .
BexrtopHas IMarpaMMa TOK2 M HalpAXEHHA MMEET BHA, KaK Ha
pumc. 36.
8) Llens ¢ vHayKTHBHOCTLIO L (pHC. 4a):

U=6¢+5¢,,
rae U, = /R (R — aKTHBHOE CONPOTURICHUE KaTyUIKK WHAYKTHBHO-

dl
CTH); ¥ = _LI — 371C CAMOMHAYKUWY (rae L — MHOIYKTUBHOCTB).
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T4

-/
8=&,sinw!

a

Puc. 4
IIpeHeGperas R, nMeeM
dl
#ysinot = L—
0 SInw ar
WIIH, UHTETPUDYA,
&
7 =% sin(wr - n/2). (5)
ol

BeeneM HOyKTHBHOE conipoTuBierne Z,= o L. Toraa

# .
I = Lsin(of - 7/2) = I, sin(or - 1/2).
Z;

BekTopHast nnarpaMMa MMeeT BHI, KaK Ha puc. 46.

r) Llenb 13 nocieqoBaTeNkHO COEAWHEHHEIX €MKOCTH, HIYKTHB-
HOCTH M aKTUBHOTO COMpPOTHBNeHUS (puc. 5).

ITo 3akoHy Kupxroga

Ut U+ U=6+58,. 6)

bynem cuuTaTh, YTO aKTUBHOE COMPOTHBIACHHE KaTYWKU UH-

OyKTHBHOCTH Maiio, T.e. U,=0. Toraa
Ut U.—8,=8.
TTocTpoM BEKTOPHYI0 IMarpaMMy Ajs 3TOro ciyvasi, HanpaBuB

no ocH X BeKTop ToKa J; (puc. 6). AMIIUTYIHOE 3HAYEHHE HaTpske-
HUS Ha COMPOTHBIEHUM NPENCTABUTCS BEKTOPOM [y R, aMILIuTynHoe

Y
Lol |
R L c AR S
4’(‘OL a)C)‘ h
1
(S

_]_0‘ ]0 bR

=8 sinor wt
Puc. 5 Puc. 6
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3Ha4YeHKe 3MIC Ha KATYMIKe MHAYKTUBHOCTH — BeKTOpoM Lwl, v aM-
TUIMTYIHOE 3HAYEHHWE HanpsXKeHHs Ha KOHAEHCATOpPe — BEKTOPOM
I/oC. Ing aMIIMTyIHOTrO 3Ha4eHus TIONTHOrO HanpaxeHusa U= &,
Ha KOHIIaX Y4acTKa UMeeM

€2 = R*! + }(oL -1/eC)?.

Orciona
#g = IOJR2 + (ol -1/oC)?
Wi
&

I, = O

¢ R+ (oL - 1l
U

tgo = £9—_R}/9€, (8)

HTak, ecnv Ha KOHILIaX LIENM KBa3UCTALIMOHAPHOTO TOKa, COCTO-
sueit M3 nocnenoBarteNnbHo BKITIOUEHHBIX R, L, C vMeeTcsa Hanpsoke-
Hue U= §= g sinws, TO B LIETIH MMEET MECTO DJIEKTPHYIECKHil ToK [=
=] ;sin(w/+ ), rae Tok [ onpeneneH BripaxenueM (7), a yron ¢ —
BhIpaxeHueM (8§).

lo o4
2 5
o4
L
R
3 I 6
Puc. 7

DKcnepuMenTANbHAS YCTAHOBKA: BOJILTAMIIEPMETD, MeHepaTop ne-
PEMEHHOIO HanpskeHUsA, ocLuiorpad, MakeTHas CXeMa C JJeMeH-
Tamu L, Ru C{pnc. 7).

Ynpaxcnenue 1

H3mepenne aKTHBHBIX CONpOTHBACHHA R H R,

(R; — conpoTHBJIeHHe NPOBOAHAKA, KOTOPbIM HAMOTAHA KaTyuiKa

HHIYKTHBHOCTH)

TIpubop ycTaHOBUTD B PEXUM H3IMEPCHHUS «R», pEXUM H3Mepe-
HMA TIOCTOSIHHBIX BENWYMH «=», [1penen usmepeHus 20 kOM npu
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n3mepenuy R (Touxu 3—6) u 200 OM — npu uamepeHun R, (Touku
2-3). ITony4yeHHbIe 3HAYECHUA 3aNUCATh.

Ynpaxcnenue 2

Haomonenue u usmMepense capura a3 Mexay TOKOM
H HanpsOKeHHeM B uensx ¢ 3nementamu Lu C

Cagur (ha3bl MeXIy TOKOM H HANPSOKEHMEM B LENH ¢ HHAYKTHBHOCTHIO

1. O3HaKOMHThCA C Ha3HaYeHNEM OCHOBHBIX 3/IEMEHTOB YIpaB-
JIEHUs Ha JIMLEBOM naHeau ocuuuiorpaga (CM. KpaTKoe OnMcaHue
B KOHUE T1aBhl). BKIIOYNTB ocuminorpad Ha OgAHOBpEMEHHYIO pabo-
Ty 060oux KaHanoB. Ilepexiioyaresiv CTyNeHYaToM peryiuposKy YyB-
CTBUTENLHOCTH YCTAHOBHUTE B NOMOXEHUE «2» WK «5» B/cM. Pyuka-
MY BEpPTHKAJILHOTO CMELIEHUS Ayueild «J» cBecTd oba jyya, ycTa-
HOBWB KX BAONB cpeAHeit TUHWM 3KpaHa (3Ta CpeldHAA JHUHUSA
ABNAETCS HYNEBRIM YPOBHEM CUTHANOB (HanpsXeHuit), noaaBaeMbIX
Ha Y-Bxogn ocuuniorpada).

2. YCTaHOBMTb YaCTOTY NMEPEMEHHOIO HanpsXEHUS TeHepaTopa
60,0 T’y (neKaZHBIMM MEPEKTIOYATENAMM MY TUIABHOM PEryMpoOB-
KO# B 3aBUCUMOCTHM OT TUNa renepatopa). [lepexniouarens «MHo-
XHTENb» YCTAHOBUTL B NONoXeHUe «x1». ITogaTh nepeMeHHOE Ha-
npaxenue 5—6 B ¢ reHepaTopa B TOYKH cxeMbl 2—6 (puc. 8).

\?.)c BBIX. FTEHEPATOpa
L R
24 L_NW\_.Q_D__ Eé

—@" 5@ —xon ocunmorpaga
—3—

Puc. 8

310 Xe HanpsixeHHe ¢ Touek 2—6 nonate Ha ¥, — BXoJA nepBoro
KaHana ocuunorpada, YTo COOTBETCTBYET NOJIHOMY HaNPSXEHUIO,
JefCTBYIOIEMY Ha yuacTKe uenu 2—6 (KOpOTKMit KOHel BXOAHOTO
kaGens ocumnnorpada NOACOEANHHUTD K TOUKE 2, JUIMHHLIA — K TOY-
Ke 6, cM. puc. 8). C Toyek 3—6 HampsxXeHME NojaTh Ha Y — BXon
BTOpOro KaHana ocuwuiorpada. OTo HanpsKEHHE Ha aKTUBHOM CO-
NPOTHBJIEHHU MPONOPLHOHAILHO TOKY B IAHHOM YYacTKe UENH H
coBniagaeT ¢ HUM no da3se. .

3. Monb3ysicb CTYNEHYATHIM MEPEKNIOYATENEM UIMTEAbHOCTH
Pa3BEpPTKH MO TOPU3OHTAJIM, YCTAHOBUTL Pa3BEPTKY ocLHimorpaga

5 Mc. [naBHOI perynMpoBKON pa3BepTKU ROGUTbCA YCTOHYMBOH
KapTHHBI CUHYCOMRANBHOIO HaMpAXEHNUs Ha 3Kpane ocumtorpada

" 210



JIUTeNbHOCTEIO 1—-2 nepuona. [Ipn 3ToM KapTMHA Ha 3KpaHe OcC-
uiuiorpada MoxeT ObITh Cllerka pasfiBOeHa, YTO JIErKo YCTPaHACT-
cA HeGOMbIIMM CMEIICHUEM OHOTO H3 Ayyeif no Beprukanu. Ilon-
HOE COBMCLUCHHKE ABYX CUHYCOMJI 03HAYaeT OTCYTCTBUE CABUra (a3
MEXIY HUMM, T.€. MEXIY TOJIHBIM HaNMpsiXXECHHEM M TOKOM B LICTIH.

4. U3Menas yacroty (C moMomblo nepexnioyatens «MHoxu-
Tenss) B 10, 100 u 1000 pa3 U, cOOTBETCTBEHHO, YMEHbINAR JUVIUTENb-
HOCTb FOPU3OHTA/IbHOM Pa3BEPTKU, MOXHO HaOJI0ONaTh MOSBJIeHNE
capura ¢pas mexay U, (= U w U, (= U,. Casur no ¢ase conpo-
BOXZIACTCA YMEHBIUCHUEM AMIUIHTYbI Hal‘lpﬂ)KCHMﬂ Uy, TaK Kak pe-
AKTUBHasA COCTARJAIOWIAS WHAYKTUBHOIO CONPOTURIIEHUSA, paBHas
2rvL, pacTeT C yBeIHUeHHUEM 4acTOThl. Jng yno6crsa paboTul npu
onpeaeacHM casura ¢assl 310 yMEHbUIEHHE aMITUTYAb U, KOM-
TIEHCUPYETCA YBEIMYEHHEM YYBCTBHUTENBHOCTU Y-BX0ga BTOPOro Ka-
Hana (nepexiioyaTenb YyBCTBUTEbHOCTH TI0 Mepe HEOOXOINMOCTH
TIepeBOAUTCA B nosioxeHue 1 win 0,5 B/cM u 1.4.).

5. Copur dasel Mexny U, n [ onpenenserca caeyomidm obpasomM
(cM. puc. 9a). Tlonk3ysch MaclITabGHOM WKaNoii Ha 3KpaHe OCUuUi-
norpaca, onpenenseM JHTENLHOCTb IEPROAA OJHOH U3 CUHYCONT B
JENSHMAX ILKAJNbl # U JTUTERBHOCTb MHTEPBANIAa COOTBETCTBYIOILETO
CABHMra MeXAY CMHycouaaMu An. Tak Kax Neproa COOTBETCTBYET U3-
MeHeHU10 Qa3bl Ha 2x, TO cABUT no ¢dase Mexay U, v I MoxHo on-
penenuTb no dopmyne

«p-l‘im [pan).

Casur no dase onpeneauTts Ha Yactorax 600, 6000, 60 000 Iu.
TMocTpouTh BEKTOPHYIO RarpaMMmy (puc. 96).

4
U

Puc. 9

C)mnr $a3sl MeXIy HanpsDKeHHEM H TOKOM B LIENH C eMKOCTHIO
. MoaxnounTs reHepaTop U ocuwiorpad K y4acTKy LEnH 3—5
KaK noxasauo Ha puc. 10.
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P C
33— | s
BXOX ocummorpatpa—'@ EX @'—

d I p 8

Puc. 10

2. HaGnionenue casura ¢as MEXIY TOKOM H HanNpsDKEHHEM OCY-
LIECTBIAETCA, KAK M B CllyYae Lenu ¢ HHAYKTHBHOCThIO. OThnune
COCTOMT B TOM, YTO MOCAEAOBATENHHOCTh KOPPEKUNY YYBCTBUTEND-
HOCTU BTOPOro KaHana 6yzer o6paTHOf, T.e. €€ Hano YMEHbINATh €
YBEJIM4CHHEM YaCTOTEI. OTO 00YC/IOBNIEHO TEM, YTO PEAKTHBHOE CO-
NPOTHURIEHNE EMKOCTH paBHO 1/wC M y6piBaeT ¢ yBeIMYEHHEM Yac-
toThl. Ha6moneHue casura ¢az nponssoaurth Ha yacrorax 60, 600,
6000 1 60 000 ', a M3MepeHue ¢ NpoBecTH Ha yactoTax 60 u 600 Iy
¥ TTIOCTPOUTDH BEKTOPHYIO IuarpamMmy (puc. 11).

1 U Url!
Up=IR X
[}
I/’ ( n;'l
/‘f [} 1
VT !
S :
/) H t 1
s : : An= Uf----=--== v
o ) —
An 1 ! Y
ettty

Vnpaxcuenue 3

H3Mepenne TOKR ¥ HANPAKEHHIE B UeH ¢ HHAYKTHBHOCTBIO
H eMKocTbio. Onpenenense seawunn Lu C

1. Topars HanpsokeHUe 5—6 B ¢ reHeparTopa B TOyky 1—-5 Maker-
HOI1 cXeMH (CM. puc. 7). YCTaHOBUTB NPHGOP B peXUM U3MEpeHH:A
TICPEMEHHOTO TOKa (KHOMKM «f», «=»), Mpenen usMepeHns 20 MA,
TMIOAKJIIOYUTD €TI0 K TOYKAM 1—2 ¥ HW3MEPDHTDb BEJIIMYMHY TOKA NpPH
ABYX 3HaueHmnax Yactorel 600 u 6000 I'u. Ipu 3ToM HanpsDkeHHe Ha
BLIXOJIC TEHEPATOPa AONXKHO OCTABATLCS HEM3IMEHHKIM (MONOXEHHE
perynsitopa U He MenaTs). PeaynbTaThl U3MepeHUil ToKa 3aHECTH B
Tabu. 1.
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Tabauya 1

v, I'n I, MA U,B Uz B Us B U.. B
600
6000

2. He MeHAA BeMYMHY HaNPSOKEHHMS Ha BHIXOZE TeHepaTopa, Te-
PEKITIOYNTH BXOJ TeHepaTopa K ToykaM 2-5. Tlepesectu npuGop B
PEXUM H3MEPEHHUsI TTIePEMEHHOTO HaNpsDKeHHst (KHONKM « b, «=»),
YCTauvoBUTB Tipesen uaMepeHua 20 B. Ha xaxmoit yactore (600 n
6000 I'u) M3MepHTL 3HAYCHNA HanpsXeHui Ha uHayKTMBHOCTH U,
(B Toykax 2—3), Ha aKTHBHOM conpotusnenuu U, (B Touxax 3—6),
Ha eMKOCTH U, (B TOYyKax 6—5) H MOJIHOTO HAMpsDKEeHHA B UenH U,
(Trouxu 2—5). PesynsTaThl u3MepeHuit 3avecT B Tabn. 1. Ilpose-
puTh, uto cymma U,, U, u U, He paBna U,. ObpsicHuTe noueMmy.

3. Onpenenenne napamerpos lienu R, L, C. Ucnonw3ys pesyib-
TaThl H3MCPEHUI HaNpPAXeHHI ¥ Toka U3 Tabn. 1, NnpoBecTH pacyer
BEIMYHUHBl aKTUBHOTO COMPOTHBIICHUA R, MHAIYKTHBHOCTH L H eM-
koctu C 1o ¢popMynam:

Ug 1 UL) ) 1
Uropo LU _goc- :

Pe3ynbTaTsl pacyeTa 3anucaTsb B Tabj. 2 M CPaBHUTD MOJTY4EHHOE
3HayeHMe R ¢ U3MEPEHHBIM paHee.

Tabauya 2
v, 'y R, OM LT C,®
600
6000

R Loy Co

4, OnpeaeneHue MONKOrO CONTPOTHRIEHUS LENH H cABUTra ¢a3bl
MeXny HanpsokeHMeM B uenu U, u ToxoM 1. icnons3ys peaynbra-
Tl M3MEPEHHUiT U3 Tabi. 1 ¥ 2, HAHTH NONHOE 3Ha4YeHUE COTIPOTUB-
JIEHUs1 LETIH:

v,
Reken _Zn :
z 1
pacyeTHOE 3HaYCHUC CONPOTHUBIICHHA LCnu:
2 1Y
Rr® = |R* +| 2avl ~——
z [ ™ 27:ch

u casur no dase Mexay U, n Tokom 1.
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8¢

_ 2nvl - 1/2avC
R
Peaynwratel paboTh NpeacTaBUTL B BUAE Tabn. 3.

; @ = arclge.

Tabauya 3
v, Tu RZ“", Om R7®,0m @, pan
600
6000
JInreparypa

{.Casenber H.B. Kypc obuteit dusnky: Yuel. nocobue. B S kH. KH, 2,
DNeKTpUYECTBO U MArHETU3M. — 4-¢ Uaf., nepepa6. — M.: Hayka. Puamar-

T, 1998.

I'napa 13. DneKkTpHueckue xonebaHua.
13.1. KBa3ucTauHOHapHbLIE TOKM.,

13.3. Crobonnuie 3aTyxalommre konebaHus.

13.4. BolHYXIeHHEIE 3NeKTpHyecKhe KoneGaHus.
13.5. TlepeMeHHbBIR TOK.



3axaua Ne 26
HU3YYEHHUE DJIEKTPOMATHUTHON MHIVKIIUH

Llesnb 3ana9K: MCCNEA0BAaHHE ABRNEHMUS 3TEKTPOMArHUTHON MHAYK-
uMu, 3akoHa Papanes, npasuna JIeHLa, OCHOBHBIX CBOWCTB BMXpeE-
BOrO 3JIEKTPUYECKOTO MO,

OcHOBHbLIE MOHATHA H COOTHOLRICHHA

SlaneHue sjekTpoOMarHUTHOM uHAYKuuu (OMU), ortkpmiToe
M. ®apaneem B 1831 r., MaMOCTPUPYETCHA CNEMYIOWIUM OINBITOM.
Ecinu K npoBoasuieMy BUTKY ObICTPO TIOLAHECTH MOCTOSSHHEIM Mar-
HMT, TO B HeM BO3OYXAnaeTcsd 3NeKTPUIECKUH TOK, pErMCTPUpPYEMBbIii
raieBaHOMETPOM (puc. 1a). Korna MaruuT 6bicTpo yAANAIOT OT BUT-
Ka, BO3HUKAIOIIMI TOK MMEET TIPOTUBOMOJIOXHOE HanpapneHue
(puc. 16).

HUHIYKIMOHHEIE TOKM COOTBETCTBYIOILMX HAMpaBlIeHU BO3HKKA-
IOT M B TOM Cllyuyae, eC/IN MarHUT HEMNOABUXEH, a BUTOK NMpHOAnKa-
ercs WIM YOAIAETCA OT HETo.

KonuuectBeHHBIe UCcCNEAOBaHNA, poBeneHHBle PapaneeM, no-
3BOJIWIM YCTAHOBHTb, YTO BEJMYMHA D3JICKTPOABMXYyNIEH CHIbI

RN AR
i
e A ST

i

X
A
~f

’ 2)

Puc. 1
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(31€), MHIYKIIMN 3aBUCHT OT CKOPOCTH M3MEHEHHUA MarHUTHOTO TI0-
TOKa &

o[ Bds, )
5

rac B, — npoekuns BeKTOpa MarHMTHOW MHAYKLUMMK Ha HOPMaib K
3EMEHTY TIOBEPXHOCTHU dS, a uHTerpan Gepercs no modofi nopepx-
HOCTH §, OTPAHNYEHHOI NPOBOIALIMM BUTKOM.

EnvHune# MarHutHoro Tmiotoka gensiercs Bebep (BO6):
1 B6 =1 Tn-m2 Tak KaK HHZYKUHSI MaTHHTHOTO NoJs B paBHa mar-
HWTHOMY TIOTOKY 4epe3 eAuHuy nowaau: B= @/ S, ee uHorjaa Ha-
3LIBAIOT TUIOTHOCTBIO MATHUTHOTO MOTOKA.

WUcnonb3ys noOHATHE MarHUTHOTO TIOTOKA, PE3YNBTaT OoNKIToB (a-
pagess MOXHO 3anucatb MaTeMaTHUYE€CKH, a UMCHHO: 34C HHAYKUUH
B KOHTYpe paBHa CKOPOCTH H3MEHEHHUA MarHUTHOIO NOTOKa, NMPOX0-
JSILIETO Yepe3 ceueHNe KOHTYpa:

E=-— )

Benanuuna 3¢ WHIYKIUM TTONyYaeTCcs B BOJILTAX, €CJIM CKOPOCTh
M3MEHEHUs MarHUTHOro noroxka d@®/dr spipaxeHa B Bebepax B ce-
KyHay (B6/c). OTO YTBEpXACHHE HA3BIBACTCS 3AKOHOM INEKTPOMAr-
HHTHOMH wHAYKuMn Papanes v npeacTasnsgeT coboil onuH U3 pyHaa-
MEHTANILHEIX 3aKOHOB 3JIeKTpoMarHeTsMa. Ecii KOHTYp COCTOMT M3
N OnVHaKOBBLIX BUTKOB, TO HHAYLMPOBAHHLIE B KAXKAOM BHTKE 3/C
cKnaabBaotTcs ¥ dopMyna (2) NpUHUMAET BUI

do

=-N—- 3)

3HaK «—» B (2) ¥ (3) yxa3niBaeT HanpaBleHHE, B KOTOPOM J€ii-
CTBYET 3IC MHIAYKLHH, T.€. €€ noaapHocTb, COMIACHO IKCIIEpUMEH-
TANLHBIM AaHHBIM 30C UHAYKLUM BO3OYXIAET B KOHTYPE TOK, HH-
IYKLIUA MarHUTHOTO TIOJIS1 KOTOPOTO BCETAA NMPOTHBOAEHCTBYET TiEp-
BOHAYAIbHOMY M3MEHEHUIO MarHWTHOTO TOTOKA. DTO MOJIOXEHHE

'M3BECTHO KaK npaswio Jlenua.

BaxHO OTMETHTb, YTO 31C WHIYKLMM BO3HMKAET BCETAa, XOria
NMPOUCXOAUT U3MEHEHHE MArHUTHOrO MoToKa. [1ocKoabLKY MarHuT-
HbIH NIOTOK paBeH @ = [ B,dS = ]BcosadS TO 3akoH dapanes MOX-

HO 3aMucaTh B BUAE 5

d
e =L ds 4
« | dt!;Bcos‘x g )]
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Tlie o — YToJl MEXZLy BEKTOPOM B 1 HOPMaNkIo K 3N1IeMeHTY d.S nosep-
XHOCTH S, 4epe3 KOTOpYIO CUKTaeTcs NOToK.

Orcloaa cieayeT, YTO 3AC MHAYKUUU MOXET ObITh HHAYLMpOBa-
Ha cneayioumMi cnocobamy:

1. U3MeHeHHeM MHAYKIIKN MarHUTHOrO nons: dB/dr«0.

2. U3MeHeHWeM OPHEHTAUMH KOHTYpPa 1O OTHOWIEHHIO K BEKTO-
py B: da/dt+0.

3. N3MeHenneM TUIOWAAUN ceYCHNA KOHTYpa: dS/dr#0.

IlepBriit cnocob noxydeHNs 34¢ HHAYKLHY NOAPOOHO PacCMOTPEH
Bbllue Ha TIpUMEpE OIHTa, H306paxXeHHoro Ha puc. 1. Bropoit cnoco6,
T.€. UBMCHCHHE OPUECHTAIMH KOHTYPa MO OTHOILCHUIO K B, nojioxeH B
OCHOBY TaKOI0 NPAKTH4ECKOIO YCTPOIACTBa, KaK T€HEparTop NiepeMeHHO-
ro ToKa (Hanpsokenus). Eci NpoBozsiuylo paMKy NOMECTUTD B MOCTO-
SIHHOEe MArHUTHOE ToNe ¢ MHOYKUMEH B U4 BpalaTh BOKPYT OCH, JieXKa-
1eli B TUIOCKOCTH paMKHM, C TIOCTOSIHHOM YTIIOBO#H CKOpOCTBIO @ (puc.
2), TO NOTOK MarHUTHON WHIYKLIMM Yepe3 CeYeHUE paMKu S Gyaer U3-
MCEHATBCS 32 MOJIOBMHY NepuoAa oT 3HayeHuss @= BS fo sHayeHUs
@=—RBS no 3akony ®= BScosn?.

B B
n
a=e=0 a=@f=n
®=BS d=RBS
Puc. 2

TIpu 3TOM 3AC WHOYKLIMKM, HABOOKUMAS B paMKe, GYNeT U3MEHSTHCS
10 3aKOHY

5222 = oBSsinot. G)
HiaMeHeHYe Ioany KOHTypa HEMOCPEACTBEHHO CBA3aHO C ABH-
XEHHUEM 3JIEMEHTOB MPOBOAHMKA B MArHUTHOM TI0JI€, YTO TaKXKe CO-
TIPOBOXAAETCA BOSHUKHOBEHUEM 3AC WHAYKLIMU. AHANU3 3TOrO CIIy-
Yasg no3BojigeT Goinee MOJHO MOHATH NPUPONY HABOAMMOW 3AC.
Ilycts onHOpOOHOE MarHUTHOE TONie ¢ UHAYKLMeH B nepnenguxy-
JIAPHO MJIOWANH, OTpaHHYEeHHOI [1-00pasHEIM NPpOBOOAHUKOM H Jie-
XAlWM Ha HEM MOABKXKHKIM cTepXxHeM (puc. 3). ITone B nepneH-
JUMKYJISAPHO paMKe M HarpaRleHo OT Hac.
Korna crepXxeHb CKOJB3UT MO MPOBOAHUKY CO CKOPOCTBIO V, OH
TNIPOXOJUT 32 BpecMs dt paccTrosinne dx =vd(. [Inomwaib KOHTYpa
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Puc. 3

NIPH 3TOM YBEJNVYUBAETCA Ha BEJIWYHHY dS= lvdf, CoriacHO 3aKOHY
®apanes (2) B KOHType HABOAMUTCA JAC UHIYKIIMH

f=m— = =——— = -Biv. (6)

3T0 COOTHOLLEHHWE CTIPABEUTUBO TIPH YCAOBUH, uTO B, / N v B3aUM-
HO NepneHanKyIApHbl. Ecny oHM He nepneHAMKYAAPHBI, TO yYUTHIBA-
JOTCSA JIMLUIB WX B3aUMHO NEPNEHANKYNSPHBIC KOMITOHEHTL.

To e caMoe COOTHOLIEHHE MOXHO MOJNYYNTh NMOMMMO 3aKOHa
Dapanea. H3BecTHO, YTO Ha ABMXKYLINIACA B MarHMTHOM ToJae 3a-
psn aeicteyeT cuna Jlopenua F, = q[vB]. IIpu apuxeHuyu nposo-
JAUETO CTEPXHA BMECTE C HUM ABUXYTCH HAXORAUWUECH B HEM HO-
CUTENU 3apsla — JJEKTPOHL. B pe3ynsraTe Ha KaxAblil 3NeKTPOH
HauWHaer aeiictBoBarhb cwia JlopeHua Fy=evB. HHaekc «]» yka3ni-
BaeT, YTO CHIa HanpaBieHa BAOJIb NPOBOAHMKA (pUc. 3a).

JleiicTaue 3TOi CUMbl SKBUBANEHTHO ACHCTBUIO INEKTPUYECKO
CHAbI, 0DycNOBNIeHHOH NosieM HanpsixennocTblo E=vB. Tlon acii-
CTBHEM 3TOM CUIb! SJEKTPOHH NEPEMEINAIOTCS BOOJIb NPOBOAHMKA
co ckopocThio # (puc. 36). BciiencTBUE 3TOro NOSIBNAETCS NepreH-
IUKynapHas coctapnstomas sl Jlopenua F,=euB. Taxum obpa-
30M, pesynpTHpyowas cuna JlopeHua, neitCTryiolast Ha 3IEKTPOH,
pasHa F,=F+F . Pa6bora 3T0if cunsl 3a BpeMa df paBHa
dA= F]ludt—fJ vdf. C y4eToM HanpaBieHUsl BEKTOPOB l‘] ,F,vnu
noJiasi pa6ota cunsl JIopeHua OKa3KBaeTCsl PABHOM HYMO,

Tak xak cuna F, HanpaeneHa TIPOTHBOMONOXHO CKOPOCTH » MOJ-
BUXHOTO TIPOBOAHHWKA, TO WIS €ro NepeMeIleHHsT K HEMY HEo6X0aAH-
MO TIDWIOXUTb BHELWHIOW cuny F,,, paBHYIO CyMMe BceX NepneHau-
KYJSIPHBIX COCTaBAsoWUX F,, nefcTRylolMX Ha 3NIEKTPOHBI B TIPO-
BOAHMKe. 3a cyeT paboThl 3TOH CHIIbI B KOHTYpe GyAeT BO3HUKATb
IAC UHIYKLUH.
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M3 paccMOTPEHHBIX BRIIIIE PUMEPOB CEAYeT BaXKHbI BRIBOJI: M3Me-
HCHWE MarHHTHOTO TTOTOKA BEAET K BO3HUKHOBEHHIO 3EKTPUUECKOTO
nons. DTO OTHOCHTCH HE TANBKO K NIPOBOAHMKAM, B COOTBETCTBHM C TH-
note3oif MakcBesUla anexTpHuecKoe none BO3HUKAET B Joboit oGnactu
NMPOCTPAHCTBA, TAE NPOUCXOIMT H3MEHEHEe MATHUTHOTO NOTOKA. JTO
noJie HETEKTPOCTATHYECKOI TIPUPOANI, T.€. IS €r0 BO3HUKHOBEHHS HE
Tpebyerca HAMMYMSA cBOGOAHRIX 3apSAA0OB; YaCTO 3TO NoJie Ha3bIBaeTCs
BUXpeBHIM noJieM. CUIOBLIE IMHUY BUXPEBOLo 3MEKTPHYECKOro nmojs
ARLTIOTCS 3AMKHYTRIMH (HEeNpepbIBHBIMM) JIMHUAMU (pHC. 4).

Puc. 4.

BekTop HanpAXeHHOCTH BUXPEBOro aneKTpuueckoro nosas E Ha-
TpaBJieH MO KaCaTeJbHOM K CWIOBLIM JIHHUAM, a UX TDIOTHOCTb HpPO-
NOpPLHOHATEHA BeJinunHe E.

OCHOBHBIM OTIMYMEM BUXPEBOTO 1EKTPHYECKOTO NOAS OT 3NEKTPO-
CTATUYECKOro (MOTeHUHATLHOrO) 3aKII04YaeTCs B TOM, 4TO padoTa no
NEpPEMELLCHHIO 3apsAa 10 3aMKHYTOMY KOHTYPY B BUXPEBOM Mofie OT-
nr4Ha ot Hynd. JleicTBUTE)N1EHO, HABOAMMAas B KOKTYpe 3AC MHAYKLIMH
paBHa pa6oTe no nepeMeLleHHIO eINHHYHOIo NOJIOXHUTEJIBHOMO 3apaaa
N0 KOHTYpY, T.€. PaBHa UUPKYJISILMN BeKTOpa £ N0 3aMKHYTOMY KOHTY-
py/:

do
e=0Edl = ~—. )
pridt =

OnucaHHe YCTAHOBKH

TIpakTHyeckas yacTb paGoThblI BRINIOJIHAETCS HAa MHOTOQYHKLHO-
HanbHOM JlaGopatopHoM KoMiuiekce JIKD-1. B HacTosueit pabore
HCNONB3YIOTCA CNEAYIOLLIME AIEMEHTH KOMILIEKea (puc. 5):
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(1) — aBa coocHo 3aKperUIEHHbIX coneHouaa L, v L, ¢ HeGonblnum
3330pOM MeXIy HUMU. BKTloueHHEIe T10C/IeIoBaTENTbkHO OHU TIO3BONSIOT
MOJIENIUPOBATb BECKOHEYHO NPOTAXEHH KT coneHonn (d << 1). Tlapa-
METPBI 0GOMX CONEHOUIOB UICHTUYHBL: UTMHa /= 120 MM, YNCIIO BUT-
KoB N=422, cpenHwit auaMeTp obMoTku <d> =52 mwm;

(2) — naTuMK 371€KTPOMArHUTHON UHAyKLMHU (3MU) D, ¢ pukcupo-
BaHHLIMH TIapaMeTpaMy NpeacTarnseT co0oil KaTyllKy, 3aKperUIeHHYI0
Ha BEPTUKAILHON OCH TakMM 00pa3oM, UTO OCh KaTyLIKH MOXET TIOBO-
PayUBATBLCS B TOPU3OHTATBHON TUIOCKOCTH Ha yron £90°. Yron noso-
poTa puxcupyered no nuMOy. JdaTumk yKpenneH Ha noacraeke (3),
KOTOpasi MOXET IepeMeLIaThes 1o peitepy (5) co mxanoii. Peiitep
OPUEHTUPOBAH B/0J1b OCH COJICHOMIOB, YTO NIO3BOJISIET YCTAHARINBATD
KaTYIUKy AaTYyMKa B N1000H ToUKe Ha ocH coleHonnoB. IlapaMmeTps!
KaTywku naryuka D, gndHa /=10 MM, uncio sutkop N=250, ana-
MeTp 0OMOTKM d= |8 MM;

(4) — Tounblil peanctop R=1,0 OM ¢ OTKNIOHEHNEM NO HOMYHany
+1%, cMOHTHPOBaHHBIN Ha OTAEJbHOI NMaHenbke ¢ K1eMMaMy. [lpa
KOaKCHANLHbBIX Kabesisl ¢ pa3sBETRIEHHbBIMH MPOBOAHHKAMH, COEIUHM-
TeibHBIE NPOBOJA C NPOCTLIMU U KOMOUHNPOBAHHBIMU LUTEKEPAMM.
KoMOMHMpOBaHHBIIA LWTEKep (LUTEKEP C THE3A0M) HCNOJL3YETCH B TOY-

1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
a 6
Puc. 6
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Kax, FAe Ha CXeME UMEIOTCA YUIN (Y3eJ — TOYKa, B XOTOPOH cxoaaTea
TPH WK bosiee NMPOBOJAHMKOB);

(6) — mnockHit KonpLEBON naTUMK D, 3neKTpOMarHuTHOH UHAYK-
UMM, COCTOSALUMIA U3 AEBATH KOHUEHTPUYECKHUX KOHTYpOB (pHcC. 6a).
Yuciio BUTKOB B KaXAOM kKoHType N=50, paauycbl KOHTYpOB
r=10, 15, 20, 25, 30, 40, 50, 60, 70 MM cooTBeTCTBEHHO. CxeMma
KOHTYpPOB UM MOJKNIOYEHHA WX BLIBOAOB NMOKa3aHa Ha pHc. 66. Bbi-
BOAK! {-I'0O KOHTYPA NOAKIIOYEHDb! K K1eMMaM ¢ HoMepaMHK iu i+ 1;

(7) — reHeparop curHanos GpyHKUMOHanbHLI# IT'CP-1 (puc. 7):
1 — BinIoteHUe npuGopa, 2 — UHAMKATOD BKIIOYEHUA, 3 — nnae-
Has YCTaHOBKA YaCTOThbl, 4 — AeKaaHble MEePeKIIoYaTeNH YacToThl,
5 — cBeToROE Ta6N0 MHIHKALMM YCTAHORIEHHOrO 3HAYEHUS YaCTOTHI
(c yyerom BLIGpaHHOIl KpaTHocTH), 6 — cO6poc nokasanuit Tabno,
7 ~ yCTaHOBJICHHE pexnMa paboThl FreHepaTopa KaK HCTOYHMKA nNe-
PEMEHHOTO TOKa CHHYCOMAanbHOR POpMHN, 8 — yCcTaHOBKa BbIXOJ-
HOTrO HanpsaxeHus (Toka) NpaMoyroabHoll ¢popmbl, 9 — ycTaHOBKa
BBIXORHOTO HanpsxeHun (Toka) nwioobpasHo#t popmul, 10 — xnem-
MBI (THE31a) BLIXOAHOIrO HanpsxeHWs, 1] — MiaBHasi peryn HpoBKa
HaNpsXeHUd (ToKa) Ha BbIXOAE;

(8) — ocuwuiorpad nByxkaHanestiidi CI-131/] (puc. 8): a) I —
BKJNIOYEHUe nprbopa (WHAKKATOP B KHOMKe), 2 — BXOJ I1epBOro Ka-
Hana (V,), 3 — Bxon Broporo kasania (Y;), 4 — ycraHoBKa n4anaso-

100502010 5 2

ya
TH/ef? wszﬁ—s—zaun
../3

o of o orztaaoase
X E popoo % , — ,

Puc. 8

™~
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Ha n3MepsieMbIX HanpskeHuit (B, MB) no Y, v Y, cooTseTcTeenHO,
5 — ycTaHOBKa YyRCTBUTENIBHOCTH 110 Y, U ¥, COOTBETCTBEHHO (CM. pHC.
9), 6 — yCTaHOBKa AJIMTENILHOCTU Pa3BepTKH No X, 7 — ycTaHOBKa
JiMana3oHa pa3BepTKU No X B MKC Wik Mc (mS/uS), 8 — CHHXpoHKB-
3auus (3anyck pa3BepTKH Mo X) BHeurHdas waM BHyTpeHHsAs (EXT/
INT), 9 — nuBepcus (cMeHa NOAAPHOCTH) HANPSXEHWA Ha NIEPBOM
KaHane, 10, 11 — skmoyenue apkoctu nepsoro (Y,) u sroporo (Y))
Jiy4ya COOTBETCTBEHHO, 12, 13 — cMemeHnue nepsoro (Y)) u Broporo
(Y,) ny4a no BepTHKAIH COOTBETCTBEHHO, 14 — cMeLLEHKE Pa3BepPTKH
0060MX XaHANOB (KapTHHKH) TIO TOPHU3OHTAIHU, 15 — perynvpoBkKa
YPOBHS CHHXpoHM3auuH (110 ¥, uin Y)), 16 — BKIIOYEHME pexXuMa
XY (pa3BepTKa No X OCYILECTRIISICTCA HaNpKeHHEM NMEPBOTO KaKsana),
17 — doxkycupoBka nyueit, 18 — peryaMpoBKa APKOCTH Jyuei,
19 — skpaH. HasnaueHue oCTaNLHLIX OPTAHOB YNIPABIEHNS, HE KC-
NONBE3YEMEIX B JAHHOMH 3allaue, HE YKa3bpiBaeTes; 6) 1 — nepexinoueHne
JaMana3oHos B, MB (cnipaBa) U YyBCTBUTENLHOCTH (LEHD JEJIEHHMS 11IKA-
7mI 3KkpaHa) no Y, (Y)) (chesa), 2 — ycraHOBKa BpEMEHH PasBepTKH O
X (IManasoH pa3BepToK B MC, MKC 3aJIA€TCA KHOMKOM 7, puc. 8a).
Ilopanok Bmmonnenys pagoTnl

BeIHYTB U3 3a30pa MEXTY CONICHOMIAMM TUIOCKHIA naTiuK D, Ycra-
HOBMTB JaT4vK D, Ha peifTep, PacNONOXEHHBI BAOJIb OCH COJICHOMIIOB
(cM. puc. 6). l'[onepHyTb KaTymky aatynka D, Tak, 4ToObl €€ ochb co-
Brnagana ¢ ocsio coiieHouon (0° Ha numMGe). l'lepememaﬂ TOACTABKY
Jatyuka D, o peiitepy, BIBUHYTb JATYNK B CONIEHOMIBI TaK, YTOGK! OH
okasancs Mexuay HuMH. TIpM 3TOM pHcKa Ha MOACTaBKE NaTYMKa N0~
JKHA 0Ka3aThCd Ha JieNeHun 456 MM TIo wWwiKkane peitepa. Koakcuane-
HBI#A Kabensb ¢ gatunka D, (CMHMIA) NOAKMOYNTb K Pa3beMy BXOIa BTO-
poro KaHana ocupuiorpaga Y,.

Cobpatb cxeMy, Kak TI0Ka3aHo Ha pHc. 9.

rco-1 R Ha ; octt
Bix| 1 YRR
20~ L pA
| D @ne ¥, ocu.
=

Pnc. 9

IIpn 3TOM, N5 TOrO YTOGLEI MATHHUTHOE T0JIE B 060OUX CONEHOMAAX
OBIIO HaTIPABJIEHO B OAHY U TY X€ CTOPOHY, HEOOXOIMMO HUXKHIOI
(BTOpPYIO) KJIEMMY JICBOTO COJIEHONAA COSAUHHUTDL C BEpPXHEH (NepBoil)
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KJleMMOli TipaBoro coneHouna. IIpu Heco6GMIOAEHUH 3TOrO YCIOBUS
MArHWUTHOE ToJie B OGJIaCTH 3a30pa OyAeT paBHO HyIMIO.

B y3nax cxeMm! UCMNONB30BaTH KOMOMHUPOBAHHBIEC IITEKEPH!
(c rHeanaMH), YTO MO3BOJIAET B 3TUX TOYKAX NOIACOEAUHATL Hosee
onHoro nposoaHuKa, HanpsnkeHue ¢ peaucTopa R nocpeacTBoM Ko-
akcHanbHoro kabena (6eoro) nogatk Ha pa3beM Bxojla NEPBOro Ka-
Hana ocuwuiorpaga Y.

Ilepen BKIIOYEHHEM NPUOOPOB CleAYeT BHUMATEIIEHO O3HAKO-
MUTbCA C Ha3HaYEHUEM UX OpPraHoOB ynpaBJeHUs (cM. puc. 7, 8) v
NepeBECTH HX B UCXOTHOE COCTOSAHUE, T.€. YCTAHOBUTH PEXUM pabo-
TH NPHGOPOB, HEOOGXOAUMEIH IS MpoBeNeHMA 3KcnepuMenTa. [lo
XOJly BHIMONHEHHSA 3KCIICPUMEHTA PEXHM paboThl NpUBOpOB MOXET
KOPPEKTHPOBATBLCH,

3amaHue pexuMa paboTe reHepaTopa IPOU3BOLUTCS B CIIEAYIO-
ueM nopsiake. IlnaBHEIC peryJIHpPOBKH YacTOThI W BEIXOJHOTO Ha-
NpSXeHUs TIOBEPHYTh B KpaitHee NeBoe ronoXeHue (NpoTHB Yaco-
BOM ctpenku). KHomku ¢ cuMBonaMy «x100» ¥ «ToK» ROMXHBE 6K Th
B HaXXATOM TIOJNIOXEHUH, OCTAIBHAIE KHOTIKH OCTal0TCA B CBOGOAHOM
(OTXXaTOM) COCTOAHMU.

B 3TOoM pexyMe reHepaTop paboTaeT KaK UCTOYHHK CTaGWIbHO-
ro no amMrututyae (Wi no 3¢pGeXTHBHOMY 3Ha4YE€HUI0) TOKA, TIOO-
JIEpXUBas ero HeU3MEHHBIM NpPH U3MEHEHUM YacTOThl WM CONnpo-
THRIICHUSA Harpy3ku. HanoMHMM, YTO CONpPOTHRICHHE CONECHOMIA
nepeMeHHOMY TOKY NPAMO NPONOPLUHOHAILHO YaCTOTE ® NMEPEMEH-
HOTO HanpsXeHWs ¥ MHAYKTHBHOCTH L coneHouna u paBHo Lo.

AHanornyHeIM 06pa3oM YCTARHABITUBAETCS pe)lcu% BaGO’rbEIX ojgummor—

pada. KHonku c cuMBonamy «Y», «¥p, «=», “L§ » Tiepe-

> “INT
BECTH B HAXATOE COCTOSTHUE, OCTAIBHBIE KHOMKY TIEPEBECTH B OTXATOE
(cBOBONHOE) COCTOAHHE. YCTaHOBUTD AMaNa3ocH U3MepeHUit no o60uM
KaHataM mV, MacuTtab (lieHa aeneHust Mo Y) Ha nepBOM KaHaje
100 MB/nen., Ha BropoM KaHane — 10 MB/nesn. (cM. puc. 86). YcraHo-
BHTb JJIHTEJIBHOCTE Pa3BePTKH TI0 OCH X (4acTOTa TEHepaTopa pa3BepT-
KM), paBHyio 2 Mc/nmen. {puc. 86).

IMoacoeXMHUTL NMPHOOPEI K HCTOYHUKY NIUTAHMA, T.€. BCTAaBUTh BIWIT-
Ky Kabeng nuTaHUs B po3eTKy ¢ HanpsixeHUeM 220 B. Tlocne 3toro
MOXHO BKJIOUMTh NPHUGOPHE M JaTh UM TIPOTPETLCH B TeyeHWe 2—3
MuH. ITocne noABneHus Ha 3KpaHe ociuiorpada yyefl perynupos-
KON BEpPTHMKAJIBHOIO CMEWEHNSA JTyyei YCTaHOBUTD JIyY TIEPBOro KaHa-
na (Y,) Ha IBa IeNIeHNs Bhillle LIEHTPANLHO JIMHKM, BTOPOrO KaHala
(Y)) Ha nBa neneHus Huxe (puc. 10). B ciydae HeoGxoammoOCTU CKOp-
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PEKTHPOBATS SIPKOCTh U (DOKYCHPOBKY JTyueil COOTBETCTBYIOLIMMU pery-

JIHPOBKAMMH.
AU=218 5
M v e e
1

A [
6

Puc. 10

IInaBHOM perynMpOBKOA 4aCTOTHI TEHEpaTOpa YCTAHOBUTH YacTOTY,
pasHyo 100 I'u. IIpy 3TOM Heo6A3aTENEHO AOOMBATBCA YCTAHOBKH 3Ha-
YeHus yacTotsl TodHo 100 I, BnonHe A0CTATOYHO, eCJIM 3HaYeHHe Yac-
TOTBI Ha Ta6no Gyzer nexartsb B npeaenax 90—110 I'u. OgHako npu mpo-
BEICHUY U3MEPECHHH 0053aTe/IEHO PErUCTPHPOBATEL Y 3AMMUCHIBATB TE 3Ha-
YEHHST 9aCTOThI, KOTOpBIE OTOGpakaloTes Ha Tablo.

TInasHo# perynMpoBKoil BLIXOAHOIO HaMpsXKeHUs reHepaTopa yc-
TaHaBJIMBaeTCsA TaKoe HanpsXXeHue Ha BHIXOAE (TOK B UENM Harpys-
KY), NP KOTOPOM YIBOCHHOE 3HAYCHHE aMILTUTYJbl HaNpSXKEHHUS
Ha NepBOM KaHaNe He MPeBhILIAeT TpeX OeNeHUH. JTO COOTBETCTBY-
€T NPUMEPHO OAHOMY ACJIECHHUIO HA JIMMOE NiIaBHON PEryJMpOBKHU
BLIXOAHOTO HAaIPXEHUA TeHepaTopa.

Bce uamMepeHUs HanpsKeHHI B HacToswel pabore OCylIeCTRIA-
I0TCS ¢ TOMOLLBIO ocuTorpada caenyioluum obpasoM. Onpeaens-
€TCSl PACCTOSTHUE IO OCH Y MeXIY MUHHUMAIBHBIM U MAKCHMAJIbHBIM
3HAYEHUSAMU HamnpaxeHUi AU B JeneHusax WKajel 3KpaHa OCLU-
norpada. YTtoGbl NOMYYUTh HCTHHHOE 3HaYCHHE U3MEPAEMOro Ha-
MpsAXKEHAST B BOJIbBTaX (MHJ’IJIHBOJII:TEX), Haxo UIMEPEHHOC 3HAYCHHE
AU B neneHMsix 1WIKajibl YMHOXHUTh HAa LICHY AeNCHHUS (4yBCTBHTENb-
HOCTb), YCTAHORJICHHYIO HA JaHHOM KaHane. s moBbIuieHUs J0C-
TOBEPHOCTH pe3yJIbTaTOB W3MepEeHU It MOXHO UCNONb30BaTh METOAU-
KY, CYTB KOTOpOii noscHsieT puc. 106.

Hcnonbays perylmMpoBKY BEPTHUKATIBHOIO CMELLEHHS JTy4a, YCTaHaB-
JIMBAIOT JIBA COCENHUX MMHUMYMa (UM JBa COCEAHNX MAaKCHUMYyMa) Ha
6mDKaRILYIO TOPU3OHTATTLHYIO IMHUIO. PeryMpoBKoii ropu3oHTAIBHO-
TO CMELUEHUS Jyyeil (BNpaBO—RIEBO) COBMEILAIOT MAKCHMYM MEXIY
COCeIHUMH MUHUMYMaM¥ (MMHUMYM MEXIY COCEITHMMH MaKCHMyMa-
MM) C LIEHTPAILHOM BEPTUKANKLHOM TUHWEl 3KpaHa. DTOT npueM cy-
WIECTBECHHO YIPOLUAET CYMTBIBAHUE N0Ka3aHKit. Bosee Toro, Takum o6-
Pa3oM MOXHO MEepPEMeCTUTb YHaCTOK KPHBOIt, Ha KOTOPOM MPOH3BOISAT-
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€A1 UI3MEpEHHS, B LEHTP 9KPaKa, yTo NMO3BOIUT Niepeiitk Ha Bonee BRICO-
KYIO YYBCTBUTEIBHOCTb (YMEHBLIMTD LIEHY deJIEHUA Kansl). OaHaxo
MPY TAKOM YBEJIMUEHUH YYacTKa KpUBOH AU He DOJIXKHO NpPeBBILIATh
6—7 neneumid.

Ilpu npoBeleHUM W3MEPEHHIl cieayeT oOpaTUTh BHUMaHHe Ha
B2 00CTOATENBCTBA. BO-NEPBHIX, H3MEPEHHOE TAKHM 06pa3oM 3Ha-
yeHnue AU paBHO YABOEHHOMY aMIUIMTYAHOMY 3HAYEHWIO MEPEMEH-
HOTO HanpsixeHusa. Bo-BTopbix, mMKana 3kpaHa ocumiorpadpa no-
3BOJIAET U3MEpATh HaNpAXEHHEe ¢ TOYHOCThIO 10 0,1 neneHus
(NMONOBKHHA HaUMEHBLIETO ACJHEHUA 1UKANBI), T.€. MOTPeIHOCTDH Ta-
KHX U3MepeHHI1 1OBOJILHO BEJINKA.

Vnpaxcuenue 1
HaGnionenne SRICHHA EKTPOMATHHTHON HHAYKUNH

1.1. HaG6monenue YMU npu rapMOHHIECKOM H3IMEHEHHH TOKA
B cosleHoHae

Tlocne BHINONHEHUA ONMMCAHHBIX BBIIIE ONEPALMii MO YCTAHOBKE
pexyMa paboThl TeHepaTopa Ha e€ro BLIXOJle TeHEepUPYeTcs NepeMeH-
Hoe HamnpsikeHwe. [Ipv 3TOM B LenH Harpy3KH (MocieloBaTeNbHO
BKJIIOYEHHBIX pe3ucTopa R W conenonna L) BOZHHKAET NEPEMEHHDII
TOK, U3MEHSAIOWMWHACS MO rapMOHUYECKOMY 3aKOHY [= [ cosw!.

Kaxk u3BecTHO, MarHMTHOE M10Jie B CONCHOMAE NPAMO TIPONOpPLU-
OHaNbHO TOKY: B~ 1. C npyro¥i cTopoHbI, najJleHie RanpsaxXcHUs Ha
pe3ncrope R Takke nponopuMoHanbHo ToKy: U,= IR. Cnenosatens-
HO, 3aBUCUMOCTb OT BpeMEHM HamnpsikeHus AU, HabGmonaeMmas Ha
TIEPBOM KaHase ocumuiorpada, ¢ TOUHOCTBIO 0 NOCTOSTHHOTO MHO-
XKUTEJIA TOBTOPSET 3aBHCUMOCTD OT BPEMEHH MAarHUTHOW UHAYKLUUH
coneHonpa B(f) = Bcoswt.

B coorBetcTBUM ¢ GopMynaMu (2) u (3) B KaTyumike RaTyUKa
OMMH D, BO3HUKAET 34C WHAYKLUHH

dao dB .
ﬂ-”=—7=—N|S|E=BN|S|mSInmL (8)
3apucoBath U O6BACHUTE Habmofaemble 3aBUcUMOCTH Un(h)

n U9.

IepeBectn ocumnorpag B pexum pabotsl XY (HaXaTh KHONKY C
CHMBOJIOM «XY»). B aToM pexume paGothl ocuwuiorpada pa3sepT-
Ka 110 ocH X o6ecTieunBaeTca He BHYTPCHHHM TeHEPaTOPOM pa3Bep-
TKM, a HanpsKEHUEM, NOCTYNMAOWUM Ha nepBbld Kakan Y. Ilpu
3TOM Ha 3KpaHe nosiBATcS GUrypel JInccaxy BCieICTBUE CIOXEHKUS
niepneHIMKYISPHO HanNpaRIeHHBIX Kone6aHwil. 3apucoBaTh Habona-
eMble KapTHHBL.
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AHanTM3Upys Nosy4eHHbIE paHHee 3aBuchMoctd U(Y), U (f), enoxe-
HHE KOTOPBIX ¥ IPNBOIMT K HabumonaeMbiM urypaM Jlnccaxy, onpe-
aenuTs casMr a3 mexay U (H) n U, ().

BepHYTBCA K HCXOTHOMY pexxiMy paborsl ocimnorpaga (0TKaTh
KHOTIKY «XY») U POU3BECTH CNEAYIONNE U3MEPEHHSA:

AUpg =n nen.x100MB =...

AU, =n, pen. x 100MB = ...
v=..Tu

1.2. Haomopenue DMMU npH nMIy LCHOM H3IMEHEHHN TOKA colie-
HOMAA (MMTYJLC MPAMOYTOMLHAOHK (opMuI)

TlepeBecTi reHepaTop B PeXUM TFeHEPUPOBAHUA UMITYJILCOB TOKA
npaMoyroneHoit opmul. JUist aToro Hano Haxatb (YTOITHTb) KHOTIKY
C CHMBOJIOM «[1». TIpu 3TOM TOK B COJICHOMIE 32 OYCHb KOPOTKOE
BpeMs Af (CKaukoM) OylieT MEHATDb HanpaB/ieHHe (3Hak) ot —/ o +/'n
B TEUEHHUE TIOMYNEPUOAA MMITyJIbCa GYIET OCTaBaThCs MOCTOAHHBIM.
TouHO TaK Xe 6yaeT MEHSThCS MHAYKLMSA MarHUTHOTO NMONS B CONEHO-
WIE U B COOTBETCTBUH C 3aKOHOM Dapajiest 3A¢ MHAYKIIMY B JaTYMKE.

SO MOM, LA A,
EgEgN R VRN

®
B

Puc. 11 ) Puc. 12

3apricoBaTh 1 0OBICHUTL HaGmoxaeMbie 3aBucuMocth U(h) n U, ().

1.3. Habmonenwe DMU npu nmunoobpaznoM M3MEHEHHH TOKA B
cosenonae

Jna neperosa reHepaTopa B 3TOT peXHM paboThl Halo OTXKaTh
KHOMKY C CHMBOJIOM «/1» W HaXaTh KHOTIKY C CHMBOJNIOM «AAAD,
ITpu 3TOM TOK B colleHOURe GyneT B TeYeHHE TONYNIEPHORA H3MeE-
HsaTbCA oT =/ no +1, ¢ nocrosHHo# ckopoctsio. Tlo TakoMy xe
32KOHY GYIeT HIMEHATBCA WHAYKLIMSA MATHHTHOrO NOJiA B CONEHOH-
ne. CneoBatesIbHO, B COOTBETCTBUM C 3aKkOHOM (Dapaznes B TeueHHe
5TOr0 UHTEPBAJa BPeMEHM 3AC WHAYKIIUM AOJDKHA OCTaBaThCS I0-
CTOSAHHOM.

3apucoBaTs ¥ 06BACHWTL HaGmonaeMbie 3aBucHMocTH Uy(d) n U, (1).
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M3mepeHus:

AUR =n pi (+) R4 100MB = ...
AU, =n) ien.x100MB = ...
v=..lu

1.4. PacyeT HRIYKIHH MarHUTHOIO HOJS COJICHOHIA

IIpy BHIYMCNEHNH BEJIUYMHLI aMIUIMTYAHOTO 3HAYEHUSA WHAYK-
MM MarHWTHOTO TIONSA COJEHOMIA VCTIONB3YIOTCA CJIEAYIONE BeU-
YUHBI M APAMETPBI:

S, — rowank BUTKa Karyurku naramka OMH D,, S, = nd} /4,[m?);

d, — nnameTp xatymku gatyvka, d,=18 Mm=0,018 M;

N, — YKCNO BUTKOB KATYIIKHM faTyHKa, N,=250;

8,, — aMIVINTYAHOE 3Ha4YCHHE IAC MHAYKUMH, & =AU, /2, [B];

I — aMIuINTyAHOE 3HaYEHUE TOKa B coneHomne, /, =AU, /R, [A],
R=1,0, [OM];

n — JacToTa NnepeMeHHOoro Toka B coyeHoune, [Iu);.

® — KpyroBas (YTJIOBasi) 4aCToTa, ® = 2rna, [pan];

T — nepuon nepeMeHHoro Toka, 7=1/v, [c].

B cucreme CH BesuuHa MHAYKLIMH MAarHUTHOTO TIOJNST U3MEpPSeT-
ca B Tecnax: 1 Tecna= 104 lNayce. I'aycc — eauHmila H3MEpEHHsT Mar-
HATHOI KHAYKIIM B 2JIEKTPOMArHUTHO#H (raycCOBOii) CHCTEME eMHHLL

Ilo pesynpTaTaM U3MEPEHMIt B yHKTe 1.1 aMIUIMTYyAHOE 3Haye-
HHWe MarHUTHOM MHOYKLIMK PacCYUTBIBAETCA 1o popMyJie

= , )
n (l)N |S]
KOTOpast MoJydaeTcss U3 cooTHoOIeHUH (3)—(5).

1) B,=...,[Tn].

ITo pe3ynbraraM u3MepeHHil B MyHKTe 1.3 aMIUTUTY1a MAarHUTHOMH
HHIYKUWH paBHa:

_ &, T
B, = s (10)

Bta dopMyna nony4aeTcs U3 Tex ke cooTHoweHuit (3)—(5), (9),
€CITM YYECTh, YTO 32 TIOJIOBWHY NMepruona MarHUTHast HHAYKUUS B CO-
JicHouae MeHseTcs oT —B, o + B, Mo NMHEHHOMY 3aKOHY, T.€. € Mo-
CTOSIHHOI cKopocThIo, paBHol 2B, /0,5T=4B,/T.

2) B=.., [Tn].

PacueT UHIYKUIMW MarHWTHOTO TN O popMyre i GecKoHeY~
HO JUTHHHOTO COJiecHOMIa

B, =i, an

15* 227



re u,=4n-10-7 — MarHuTHag nocrosiHHas, [Ta/M]; n — 4ucno BUT-
KOB Ha eAUHUUY MIHHBI cofieHouaa: n= N//, tne N=422 — yucno
BUTKOB B XKaXI0M coneHoune, /= 120 MM = 0,12 M — myiHa Kaxko-
TO COJICHOMAA,

3) B,=..,[Tnl

CpaBHeHue TpeX NMOJYYEHHBIX 3JHAYEHWIl MATHUTHON WHAYKIHH
B, B coneHoune nOKa3skIBaeT, YTO ABA NEPBLIX 3HAYCHUSA OTIMYAIOT-
CA IpYT OT NpyTa B NpeieNax NMOTPeLIHOCTH SKCTIepUMEHTa, KOTopasi
MOXeT cocTaBisaTh ~15%. (IIpemnaraercs caMOCTOATENBHO OLIEHUTD
peanbHy1o NOrpellHOCT pe3yibTata onpeaeneHns B ). Tperbe 3Ha-
YeHUe B 6ornee cylecTBEHHO OTIIMYAETCs OT NEPBBIX IBYX: OHO He-
CKOJIBKO 3aBbiLIEHO, YTO BTOjiHe 00BLICHNMO. Jleno B TOM, 4TO 3TO
3HaYeHHE NoJyyeHo no dopmyne (11) g uacansHOro 6eCKoHeYHo
JNUHHOrOo cojieHowuaa, Wi Kotoporo />>d. PeanbHbll colleHOUN
UMeeT OTHOUIEHUE //d~ 5, XpoMe Toro, Mexny NByMs €ro NojoBH-
HaM{ UMeEeTCA 3a30p, YTO 3HAYMTENbHO CHMXKAET BENMYMHY B,
CrnenoBarenbHO, 3HaUYEHUSA B, NOJNyYEHHBIE HHAYKIIMOHHBIM METO-
aoM (dopmynal (9), (10)), bonee TOYHO COOTBETCTBYIOT HCTHHHOMY
3HAUEHHMIO MAaTHUTHOTO TIOJS COJIEHOMA.

Ynpaxcuenue 2
DKcnepHMeHTATbHASA NpoBepka 3aKoHa DMMU dapanes

H3amepeHnst BHINONHAIOTCS NP ninoobpa3Hoi ¢opMe n3MeHe-
HUA TOKA B COJIeHOM e (CM. ymipaxXHeHue 1, myHKT 3). PeryaupoBkoii
BBIXOJHOTO HaIPAXEHUSA TeHePaTopa YCTaHOBHTh AU, Ha 3Kpate oc-
uwutorpada, paBHoH 2—3 NesleHHsIM NPH YyBCTBUTEIBLHOCTH 10 Y, —
100 MB/nen. Tlpu panbHeiweit pabote cneayeT CHEAUTHb 3a TeM,
yTOGB! 9TO 3HaYeHHE AU, OCTaBANIOCh HEU3MEHHEIM.

YcraHoBUTE YacroTy reHepatopa 7= 100 I'ii ¥ nporecTH M3aMepeHue
AU, B aeneHMsX 1WIKanbi, NOMy4eHHOE 3HAUEHHE 3aHeCTH B Tabr. 1. W3-
MEHSA JacTOTY reHeparopa ¢ maroM =~ 100 'y, nponasectn ananorny-
Hoe n3Mepenne AU,. (Ilpu ycraHoBke yactoTsl =400 I'tl 1 BbILIE crie-
JYeT BOCTIONB30BATECA JOMONHHTENBHEIM MHOXHTENEM x3, JUTS YET0 He-
0GXOAUMO HAXKATE KHOIMKY ¢ CUMBOJIOM «x3».) Cneayer 3aMeTHTE, UTO
C YBeJIUYEHUEM YaCTOTbI YBEJINMYABACTCH CKOPOCTh U3MEHEHHUS MATHUT-
Hol MHIOYKUMH dB/dr u, coorBercTBeHHO, AU,. T1px 310M JUIST NpOBeie-
HHA N3MEPEHUH HEOOXOAMMO KOPPEKTHPOBATH YYBCTBUTENBLHOCTE BTO-
poro KaHana ocLiulorpada Y, v JUMTeNsHOCTh pasBepTKy 1o ocu X. C
3TON UeNbio B Tabn. | npuBeeHH peKOMEHIyeMbIe 3HAYEHHS! YyBCTBH-
TENBLHOCTH 10 ¥, ¥ no X 1nsi paxmmuHbx yacrot. [1pu nposeneHvu pe-
TBHBIX U3MEPEHUH BO3MOXHKI OTKIIOHEHHS OT PEKOMEHIOBAHHBIX 3Ha-
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YEeHMIt B Ty WM HHYIO CTOPOHY. B 3TOM cityuae 3TH OTKIIOHEHUS Clie-
JYET 3aHeCTH B TAOHLY. MOXHO CYMTAaTh, UTO YCJIOBUSA TIPOBEACHUSA U3-
MepeHHi AU, onmMabHEL, eclti AU, He MeHbIle 2—3 neneHui, HO He
6onsbule 6—7 neaeHUIA, IPUYEM MIMEPAEMBIH YUAaCTOK KAPTUHKH He
BBIXOIMT 32 MpPenesIsl CETKHA IKpaHa ocuwuiorpada.

Tabauya 1
v, I'n pazs.mo X AU,, nen. LeHa jgen., AU, »B ddidl, Bé/c
107 c/men. MB/nen.

100 2,0 s

200 1,0 10
300 1,0 20
400 0,5 20
500 0,5 50
600 0,5 50
700 0,2 50
800 0,2 100

Tak xak MarHWTHast UHIYKUKS B CONECHOWE MEHSAETCS TIO JIWHEM-
HOMY 3aKOHY, T.€. C IOCTOSSHHOM CKOpOCTBIO OT —B, 1o + B, 3a nono-
BUHY NIepUOIa, TO CKOPOCTh U3MEHEHMS TTOTOKA MAaTHUTHON WHIYKUMH
B KaTyLIKe NaTYNKA MOXKHO PaccyuTaTh no GopMyne

% =4B,N,Sv, |B6/c]. 12)

TlockonbKy aMIUTMTYHOE 3HAYEHHE TOKA B COJIEHOMAE HEe H3MeH -
ercs no BenMuuHe (AU,= const) NpH u3MeHEHNUN YACTOTHI reHepaTopa,
TO B, ABNAETCA KOHCTAHTOH (3HaYeHHe B, onpeaesuioch B yNpakHeHUH
1, myHkr 3). CnenosarenpHo, dPD/dt oka3pBacTCA NMPAMO NMPOMOPLIHO-
HATLHO YacTore 1, a £, =AU /2. TloctponTs 3aBUCUMOCTD &, OT dP/d!.

Vupaxcnenue 3
Hccnenosanne BHXpPEBOro 3J1EKTPHIECKOIO OIS

BuuiBHHYTD M3 CONEHOMIOB NATYHK D, U OTCOCOMHHUTD ero Kabenb or
BXOJIa BToporo KaHana Y, ocuwmorpada. B 3asop mexay cosieHonna-
MU BCTaBMTh MAOCKHI KONBLEBO#H faTinK D, TaK, 4TOOH €ro UeHTp
OKa3aJic Ha OCH coJiecHoHunoB. Hcronb3yd 3anmacHoil KOaKCHATBHBIH
Kabenb (CHHWIT) co WTeKepaMH Ha KOHLIE, IOICOEAWHNTE KO BTOPOMY
KaHany Y, ocuunnorpada nepeslit KOHTYp (xiieMMsl 1, 2). YcraHoBuT
4acToTy reHeparopa v= 100 I'i. Mamepurs BesuumuHy AU, B neneHHsAX
LUKaJIbl 3KPaHa U 3aHECTH pe3yNbTaT B Ta0M. 2. (PekoMeHnyeMast yyB-
CTBUTENBHOCTD 1O ¥, — S MB/aien., M. Tabn. 2). Jnst nopximoyeHus
BTOPOro KOHTYpa AOCTATOYHO NMEPECTABMTE IUTEKED C KIIEMMBI | Ha
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KitemMMy 3 (TaKk XaK nonsipHocTs AU, JUIi HACTOALLMX M3MEPEHHH 3Ha-
YECHHA He UMEET) U NOBTOpHTL u3Mepekue AU,. TlocneaosatensHo ne-
PEXONIA K CJICAYIOLIEMY KOHTYDY, NOBTOPSTIOT HaMepeHne AU, u naHHble
3anMcLBaoT B Tabu. 2. [1py noaxoyeHMH i-ro KOHTYpa WTEKEPH
JIOJDKHBI HAXOAMTLCSH Ha KieMMax ¢ HomepaMu i n i+ |.

Tabauya 2
r, MM 110 115 220 225 330 440 550 660 770
AU, rea.
ueHa aed.
1o Yy, MB/zen. 55 55 110 110 220 220 220 220 220
28Nr
E_,MB/m

HanpsikeHHOCTb BUXPEBOTO IEKTPHYECKOTO TIONA B COOTBETCTBHH C
TEOpeMO O LMPKYNSLUMI paccYMTLIBaETCA No GopMyne

_ AUL 13
E(r)_“uNr’ (3

TIE r — palHyC COOTBETCTBYIOWIEro KOHTYpa (CM. Tabn. 2); N=50 —
YUCJIO BHTKOB B KAXIOM KOHTYpE.

TlocTpouTh rpadpmKk 3aBUCHMOCTH HANPAXEHHOCTH BHUXPEBOro
3JIEKTPUYECKOTO TI0JIs1 OT paanyca KOHTypa £(r) 1 0ObACHUTD Nnoiy-
yeHHBI# pesynbTar. Panuyc conenouna R =26 MM.

JlutepaTypa
1.Casenbes W. B. Kypc obieii dusnku: Yue6, nocodue. B 5 kH. KH. 2.

DNeKTPUYECTBO M MarHeTHsM. — 4-e u3l., nepepad. — M.: Hayka. ®uamataur,
1998.

I'naBa 8. DyiexTpoMarHuTHasA UHIyKLIMA.

8.1. SIrnenne anexTpOMarHNTHOM MHAYKLIMH.

8.2. SnexTpoaBrKyILas Cila UHIYKIHM.

8.3. Meronb! M3MepeHHs ANEKTPOMarHUTHOM HHRYKLIMN.
I'naBa 9. YpapHeHns Maxkcpesna.

9.1. Buxpesoe anexTpuyeckoe none.



3apgaua Ne 27

HU3VYEHUE BBIHYXJIEHHBIX DJIEKTPUYECKHX
KOJEBAHHUI B KOJIEBATEJIbHOM KOHTYPE

Iean 330248 M3MepPEHYWE PE3OHAHCHBIX KPUBBIX Koje6aTeNbHbIX
KOHTYPOB M ONpPEACIEHUE MO HUM XapaKTePHUCTUK KOHTYPOB. pe3o-
HAHCHOH YacTOThl, WHPHHB Pe30HAHCHOM KpHUBOM, N10OPOTHOCTH,
norapudpMUYECKOro IeKpeMeRTa, a TakXe pacyeT HOMHUHANbHBIX
3HaYeHUIT eMKOCTH U COTIPOTUBJICHMA.

OCHOBHbIE MOHATHA W COOTHOWICHHA
IIpoueccsi, NpoHcXoasuHe B IAEKTPHYECKOM KOHTYpe MpPH nojave
HA €ro BXO0J CHHYCOMIAILHONO HanpsxkeHusa (puc. 1).
R L c B 3amaue Ne 22 paccMmoTpeHune TpOLIECCOB,
NPOUCXOAALIMX B aHAJIOTUYHOM 3JIEKTPHYECKOM
| —~ I-’ KOHTYpe, U oflpeAciicHue napaMeTpoB UENH
= MPOH3BOANIIOCh C UCMOAL30BaHHEM Ipaduuec-
E=Hysino KOTO MeTona (BeKTOPHbIX AMarpamMm). B HacTo-
Puc. | Awel 3anaye Wi ONMMCAHUA TIPOLIECCOB B KOHTY-
PE U OmpeaesicHUsA €r0 XapaKTePUCTHK MCTIOJNb-
ayeTcsl aHATMTHYECKMIH MeTon (peweHne ypasHenus). Ha ocHo-
BaHHH 2-To 3akoHa Kupxroda zanuieM ypaBHEHHE:

U+U.=¢+s8, )
e
q da 2
Us =1, L AR (2)
R R» UC C»FL dt »
g=¢;sinot. (€))

TIpuBeneM ypaBHEHWE K OMHOMY HEM3BECTHOMY — 3apsay. Yum-
TBIBASA, UTO

dg . dl d%q
=Sy 23 4
dt  dr “)
ypaBHeHue (1) 3anuileM B Bule

1. R4, LE—-=YDsmmt (5)

BBoas 0603HaYeHUA
R 1
B=sL " ™ Ic

NepenuiIeM

g +28q + g =%sin Q1. (5a)
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PaccMmoTpuM criepyrontue cryvau,
a) IIyets R=0, B =0, &,=0; dopmyna (5a) NPUHUMAET BUL

¢ +olg=0. (6)
Penienue sroro ypasHeHus:
g=gsin(oyf+ ).
B 3TOM ciyuae B KOHTYpe MMEIOT MECTO CBOGOAHEBIE HE3ATYXalo-
Me KoyiebaHua 3apsja, HaNpsAXEHUA W TOKa € YaCTOTOH o,

6) Ilycte R+0, &=0; Torna gopmyna (5a) UmeeT BUI

q"+2Bq + 03g = 0. (N
Pemenue ypaBHeHUWS:

qg=g,e*t'sin(ert+9),

THE = J(n(z, —-p2.

B 3TOM cilydae B KOHTYpe UMEIOT MeCTO CBOGOAHBIC 3aTyXaloLIHe
KoneGaHHs 3apsijia, TOKa U HaNPsOKEHUS € YacTOTOH o,.

IMpu npakTHYecKUX U3MEPEHUSIX KOTUYECTBEHHON XapaKTepHC-
TUKOI 3aTyXalolvX KonebaRUH ABNSAETCA JEKPEMEHT 3aTyXaHHs

- q(1) =M
qt+T) ’
rae T — nepuon xoneGaHuii 3apsna.
O6L1YHO GepyT HaTypanbHBIA norapudM BeJIWYHHH A — Jiora-
pUDMHUYECKUI JEKPEMEHT 3aTyXaHusl:

A=Ina=pT. (3)

XapakTepUCTUKON KoNeGaTeNbHOro KOHTYpa ABJIAETCA BEJIUYM-
Ha (, Ha3bpIBaeMast J0GPOTHOCTBIO!

_r_e )
0=3 23
B peanbHBIX KOHTypax B<<w, W B 3TOM cnyyae A =BT, rae
T,=2n/w, — nepyon HelaTyXaloWMX KonebGaHui 3apsna.

Hpyrue ¢GopMBI 3alIUCH:

C n 1
X: R— = e I -
“\{;"Q > R

B) ITycte R#0; ¢,#0, ¥ 1A ONHCaHHs MPOLIECCOB, TIPOMCXOAs-
IHUX B KOHTYPE, HeoGXOAMMO HCNONL30BaTh ypaBHeHUe (1). 310 —
HeoaHopoaHoe nudipepeHIUMATIEHOE YPaBHEHHE BTOPOro NMOPANKa.
Ero penieHue eCTb CyMMa OOIICTO pellieHUA COOTBETCTBYIOLIETO ON-
HOPOIHOTO YPaBHEHHUH (T.€. YyPaBHEHWE 3aTyXaloLuX KonebaHuil) ¥ ya-

Ol
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CTHOTO pelieHHs HeOJIHOPOIHOTO YpaBHEHUSA, B KA4eCTBE KOTOPOT'o
MOXHO TIPUHSATD:
g=gsin(of+a). (10)
Tak Kak 3aryxalolie KoinebaHus co BpeMEHEM IMPeKpaTHATCH, pac-
CMOTPUM MOMEHT BPEMEHM, KOTJa OCTAHYTCA TOJIBKO KojiebaHus1, BO3-
6yxnaeMele BHeltHeit sgc. [ToncraBuM B ypaBHEHHE (52) 3HAUEHUSA
q' =g 0cos(wt+ta) 1 g" = —g,0sin(w!+ a), pacKpbiBasg IIpH 3TOM
sSin ¥ ¢OS CyMMBI YTJIOB:

gow?[sin o cos o + €os o sin o] + 2Bgyw[cos wf sin o -

(1)

CrpynnmupoBaB COOTBETCTBYIOLIHM 006pa3oM 4YJNE€HBI ypaBHe-
Hu4 (11), MOXHO MOTYYUTH

—sin ©f cos a] + gywi[sin w! cos a + cos wrsin a] = %/ Lsin of,

sin of[(gyw? — ggw?) cosa — 2Bguwsin a +

+¢0s of{(gg0d - ggw?) sina + 2Bguwcosal = &/ Lsinw!. (12)

Anst Toro yToGbl ypaBHeHMe (12) ynoBaeTBOpsiioch NMPU A106BIX
3HayeHUSAX BpeMeHM, K03DGIULMEHTH NIpU Sinw? U cosof B 06enx
4acTAX YpaBHEHMS JOMKHEI GbITh oAvHaKOBLIMH. OTclona monyya-
IOTCA CJICAYIOllIME PABEHCTBA:

(gow} - gpo?)cosa - 2Bgeesina = /L, (13)
(9o0s — gyo?)sin a + 2Bggocosa = 0. (14)
Ecnu Bo3BecTH TipaBbie W JieBHE YacTH paBeHCTB (13) u (14) B
KBA[PAT M CNOXHTB, TO NOXYYNM ga(w - o?)? + 4pgie’ = ¢/ L*, orky-
Aa

90 = &/ LI(w] - o)? + 4pw’]/2. (15)
U3 ypaBHeHUsa (14) cnenyer, uTo
tga = 2B of( f — o?). (16)

I'pa¢puxu g,=f(w) n tga=f(0) wnMeOT BUA, NOKA3aHHKII Ha
puC. 2 LISl pa3sHEIX 3HaYeHUIf aKTUBHOTO COMPOTUBJICHUS KOHTYpa R.

H3 rpadpmkoB BUIHO, YTO NPH © — ©, PE3KO YBEINYHBAETCS 3HA-
4eHue ¢,. ArneHne, 3aknogalolieecs B yBeIMYEHUH aMILIMTYAB BhI-
HYXACHHBIX Kolc6aHHiA TIPH NPHOMDKEeHUH 9aCTOThl BLIHYXAAIOWICH
CUIIB K COOCTBEHHOM 4aCTOTE CUCTEMH G, HA3LIBACTCHA PEICHAHCOM.
MakcHuMyM g, IEXAT Ha YacToTe

0pes = Jad ~257. (17)
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%)

iR

Puc. 2

Benuunxa HanpspkeHUs Ha KoHneHcarope U= ¢q,/C. TIpu pe3oHan-
ce aMIUTUTYAa HanpsKEHUA Ha KOHAgHcaTope (CYuTas B MajibiM M
O =)

U =522 =0, ()

T.€. IPH Pe30HaHCce aMITJINTYIA HanpsixXeHUA Ha KOHAeHcaTope B Q
pa3 Goiblie, yeM aMIUIUTYAA 34C. B yC/IOBUAX MaIoro 3aTyXaHus
JIETKO MOKa3aTh, YTO MPH OTKIOHEHUH 4aCTOThl OT PE30HAHCHOM Ha
+B, XBanpaT aMIUITUTYABI HANPAXEHUS Ha KOHACHCATOPE YMEHbIUA-
€TCsl B J1Ba pa3a. BenuunHa Ao = 2, Ha3bIBaeTCA WHPUHONM pe3o-
HaHCHOW KpWBOI WM TIOJIOCOH nponycKaHusA. CBA3b LUMPUHDBI NO-
JI0CHI MPONYCKAHUSA ¥ TOOPOTHOCTH UMEET BUA

Ao=28=2. (19)
=2

Topanox suinonnenHs padoTsl

B pa6oTe H3MEpAIOT PE30HAHCHEBIE KPHUBLIE KONebaTenbLHbIX KOH-
TYPOB Y OMNpENENsIoT M0 HUM xapax'lrepucmm KOHTYpOB:

1) pe30HaHCHYIO YACTOTY oy = W;

2) WIHPHHY Pe30HAHCHOM KPUBOH Aw = 2B = .

™ 0

Aw
4) norapudMUYECKMIl AEeKPEMEHT 3aTyXaHUs A =

3) pob6poTHocTs Q =

L)

4

Qla
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a TaKke napaMeTphl 31EMEHTOB KOHTYPOB — éMKOCTh C, CONPOTHBIIE-
Hue R.
IlupuHy pe3oHaHCHOI KpUBOii Aw ONpeAeNoT no rpaduKy

_ 9

=,
BhIpaXalolleMy 3aBUCHMOCTE AMTUTMTYAbI HATIPSIXKEHUS HA KOHAEH-
catope U, oT 4aCTOTH @ (pMC. 3).

r=—--

5
/
§ h e

JIns 3Toro NMpoBOAAT NPAMYIO, NAPAUIENBHYIO OCH YaCTOT Ha YpOB-
He, paBHOM

U,
Up =~ (Uopea = 00)-

Touku nepeceueHus 3Toit KpUBOIi MPOEKTUPYIOT Ha OCh YacTOT
W NOJIYYAIOT 3HAYEHMUS FPAaHUYHBIX YacTOT ®, 1 w,. UHTepBan yac-
10T |©,~0,] = |A®| ¥ ecTb nosoca nmponyckaHus KOHTypa.

Tak KaKk WHAYKTUBHOCTb KaXIOro KOHTYpa U3BecTHa, T0 C U R
MOXHO OTIpEACNUTD, BOCNONB30BABIINCh (POPMYNaMy sl COOCTBEH-
HOM 4acTOThI U JOOPOTHOCTH;

o 1 g o L 1L
RJLC RNC’
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IpuGopnl H MPHHANIERKAOCTH

1. TeHepatop curyanok BmcokodacToTnulii [™I-18A. I'eneparop
I'IY-18A BbipabaTHBaeT CHHYCOMAANBHBIE CUTHANB ¢ YACTOTON OT
0,1 I'u po 35 MI'u Ha mecTd MoAaManasoHax yacror. KaxaomMy noa-
JMana3oHy COOTBETCTBYET cBoA 1Kaua yactoT. Lludpwt cnenyer un-
TaTh nof wkanaMu. IepexnioueHue NOJANATIA30HOR OCYILECTBIISIET-
cq pyuxoit «Inanazons MTI'u» (puc. 4).

Pyuka (2) cmyxut qns rpy6oil HaCTPOHKH 4acTOTH B Mpeaesax
noanuana3oHa. ToyHas YCTaHOBKAa 4acTOTM NPOU3BOAMTCHA pyy-
Koii (3). Pyuka (4) cnyxut aisi perynMpoBKY HanpsixXeHNsl CUTHaNa
Ha BBIXOZIEe TeHepaTopa. DTO Xe HaNMpPAXKeHNE ABNACTCA BXOAHLIM Ha-
npsixeHuem xojedarensHoro KoHTypa. Ha mikane BonsTMerpa reve-
patopa I'Y-18A cTpenka nonxkHa 6bIT MPOTHUB AesieHns «60».

2. Ocunorpad C1-5. [ina u3aMepeHUs! aMIUTUTYABI HANPOKEHNS
Ha KOHJeHcaTope KOHTYypa ucnonsndyerca ocuwuiorpad Cl-5, Ha
BEPTHKAJILHOI JIMLEBOIH NMaHeNnu (pUC. 5) KOToporo pacrionoXeHbl
Bce TymMOnepn! ynparieHus: (1) — ApkocTs, (2) — cMemenue X, (3) —
ycunenue, (4) — cuHxpounsauus, (5) — Aenutens, (6) — xanuGpos-
Ka aMnanTyasl, (7) — yactoTta naasHo, (8) — pon pabotsl, (9) — ¢o-
Kyc, (10) — cmewenne Y, (11) — metku, (12) — passeptka, (13) —
CUHXpoHH3auus, (14) — Bxon Y Bxoa X. HaanucH cooTBETCTBEHHO
o603Hayaior:

«CETb» — w1s BKIOYEHUS U BEIKTIOYEHUS NTPUGOpOB;

Mepexn. ananas.
/

@ o D 10 @ o9
2\\0 o /o o 20 O10
° 0 © |4 i@ 6C03 g
3‘\? X . &g BV
T —I9 N\ Q‘B - 5ﬂ‘o 8@ o¢ y
Cem Twhnas. IXOT o 14 -] O

Puc. 4 Puc. §

«APKOCTDb» u «POKYC» — anst ycTaHOBKM HeO6XONUMOW Sip-
KOCTH (POKYCHUPOBKH JNyua;

CMEIUEHHUE «X» v CMEIMIEHUYE « V5 — ana ynpasnexuns ay-
4aMU MO TOPU3OHTANU U BEPTUKAIIH;
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«YCHUJIEHUE» — nnaBHast peryJiMpoBKa YyBCTBUTENILHOCTH YCH-
JINTeNs BEPTHKAJIBHOTO OTKJIOHEHUS,

«KAJTUBPOBKA AMITTUTVbI» — ans uaMepernus Hanpsxe-
HMSA CHTHana; .

«dEJUTEJIb» — ana genenus aMmIuTyasl ¢ Ko3dpULHEHTOM
1:1, 1:10, 1:100 1 nmoakmoYeHUA KanubpaTopa aMIIUTYIbI;

«BXO/l Y» — mns1 nooKmoyeHUsT UCCeLyeMOoro Curyania,

HaMmepsieMoe HanpsokeHHe NOAKIIOYAKT K Y-KieMMaM oCLWio-
rpada. [Ipu 3TOoM menuTeNns HalO MOCTABUTE B MonoxeHue 1:100, a
PYYKY «YcuneHue» — B nooxeHre 10. MsMepaoT UTHHY cBeTALLeHC
nonocke! / Ha aKpaHe 1o MaclrTabHoM ceTKe, HANOXEHHOW Ha 5KpaH
TpY6ku. UTOGEI ONPEACTUTE BeIMUKHY aMTUTHTYAB! UCCIIEAYEMOTO CUr-
HaJla B BOJIbTAX, HEOOXOIHMMO MPOU3BECTH KAMMOPOBKy. s atoro:

1) YCTaHOBUTb PETYTMPOBKY BXOLHOTO AENMUTENA B TOJOXEHHE
«KanubpoBka»;

2) pyykoii «Kanm6poBKa aMIUIMTYB» OTPETYTMPOBATH BeJIHUUHY
3TANOHHOrO CUrHana. XKenarenbHo, YTo6EI ero u3obpaxeHne pasHA-
JOCh U306paxXeHUIO UCCIeayeMOro UMITyabca NM6o oTIHYaNoch, or
HEro B LieNoe YUcno pas, HanpuMmep B 1,5—2 pa3a;

3) oTCYUTATH NPOTUB PYYKH Ha LUKaNEe noteHUHoMeTpa «Kanmnb-
pPOBKa aMIUIUTYOBI» AEEHUE WKAAK (NOJIb30BaTLCA WKMo «Ddd.»);

4) aMnauTysa uccnelyeMoro MMIynbca onpeaensiercs no ¢op-
Myrne

Uo=%uxx,

TAe g — BEJIMYHHA MCCREAYEMOro H306paXeHHs B MM; b — BeJIMYH-
Ha M300paXeHHs STaNOHHOTO cMrHana B MM; U, — BelIMYMHA 3Ta-
JIOHHOMO CUrHaJia B BOJIbTAX, COOTBETCTBYIOLIAs BeNWUKHe H306pa-
XeHHs1 «b»; K — KoddppHIMEeHT AeNeHUA BXOAHOTO AeNNUTeNst, NPH
KOTOPOM U3MEpAETCA UCCICAYEMBI CUTHAI.

3. HaGop KonedaTeJLHBIX KOHTYPOB (JUIST IECTH YCTaHOBOK). Ko-
NebaTehHW KOHTYp CMOHTHPOBAH Ha MaHeJH M3 OprcTekna U 3a-
KPHIT ¢ B0KOB METUIMMYECKUM KOXYXoM. Ha BHELIHIO BepxHIOIO
4acTh NMaHENH BHIBEACHHI KeMMEI: «Bxoa» U «Beixod», THe3aa co-
nporusnenuit K, R, u R;, rHe3na Konmencaropos C,, C, n C,, ne-
pekiodatens conporusienni I, U nepexnioyaTens KOHAEHCATO-
pos I1,. Cxema XOHTypa Jana Ha puc. 6.

KOHTYp Kaxnoit yCTAHOBKM HMeeT HoMep 1, 2, 3, 4, 5, 6. B na-
6opaTopuy UMEIOTCA TaGJHLIBI, B KOTOPbIX JaHBH WHAYKTHBHOCTH
KaXJ0r0 KOHTYPA, a TaKXe TIONAMATIA30HB YacTOT, B KOTOPLIX Cle-
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ZlyeT KCKATh YACTOTY AAHHOTO KOHTYpa NIPH BKITIOYEHHH B HETO KOH-
nexcarpos C,, C,, n C,.

AT

y 1, ATh Brxox

R
aldc

Puc. 6

Vnpaxcuenue 1

H3mepenre pe3oHAHCHBIX XAPAKTEPHCTHK A KOHTYPOB

€ pa3snHYHbIMH KOHACHCATOPAMH

CobupaloT cxeMy o puc. 7.

Ka6enn nuranus npubopa I'-18A noaxiioualor K CETH C HaNps-
xeHueM 220 B. Buikniouatens ctaBat B nojoxcHue «Cerbs. Ilpu
3TOM JIOJUKHA 3aTOpeThcsi WHIAMKaTopHad Jiamnouka. [IpuGop nos-

T4-18
o o

o o

o ©

o O
ocunia-

norpad

Puc. 7

XEH TIPOTPETHCA B TEYEHHE 3—5 MUH.

Tlocne 3Toro cheayer MOCTaBUTH NEPeKNIoYaTENb
«J[Iluana3zonsr MIN» B monoxeHue, COOTBETCTBYIOLICE
TpebGyeMOMY AHANA30HY (PYKOBOACTBYACH AAHHBLIMM
KOHTYpOB). Pyukoii (4) cornacHo puc. 4 ycraHOBUTh
CTpeNIKy npubopa «M» Ha 60 nenenuit U crporo cie-
JIMTH 332 TTIOCTOSIHCTBOM €€ TIOJNIOKEHUST RO BpeMs W3-
MEpEeHMIA.

CoenvHuTh BRIXOH npubopa (k1emma 0,1—1 B) co
BXO#OM KoJiebatenbHoro Koxrtypa. Ilepexnwouarens
1, crasar B nonoxenue R, (cM. puc. 6). Tepexmo-
yatenem [1,, BK1oualoT B KOHTYp KoHaeHcaTopa C,.

C BbIXOJIa KONEOATENLHOTO KOHTYPA NMOJAIOT Ha-
MpAXEHUE Ha BXol «Y» ocumnnorpada. s Toro
YTOOB! BKJIIOYHTb OCUMIIOTpad, COSAUHAIOT WHYP

TINTaHUA ¢ UCTOYHUKOM TNepeMeHHOro Toka n TyMmGnep «CeTb» CTa-
BUTCA B IoJiokeHue «Bxn.». Tlocne pasorpesa B TeueHue 2—3 MUH
CJIelyeT OTPETYNUPOBAThL APKOCTh U (POKYCHPOBKY.

YcTaHoBUTE pyuxy «CMewieHUue Y» Tak, yroOnl cBeTAILAgCA NO-
Jnocka Gb1a B TPpeGYeMOM MeCTe 3KpaHa. Tenepb MOXHO CHUMATh
PE30HAHCHYI0O KPUBYIO JJisl IAHHOTO KOHTYpa. Pyukoft (2) npousso-
AT rpy6ylo HACTPOIiKy TeHepaTopa IJis NOodydyeHUs pe3oHaHca. 3a-
TEM PYUKO# (3) HacTpanBaloT A0 MONHOTO pe30HaHCa, T.e. JoOuBa-
JOTCS MAKCUMATLHOM JUIMHBI CBETALLEICA MONOCKH / Ha 3KpaHe oc-

uunorpadga.
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Otcuer no wkane I'U-18A naer 3HayeHUE pe30HAHCHOMN YaCTOTHI
KOHTYpa f,,. = f,, KOTOpas CBf3aHa ¢ KPyroBo# 4actoToit HpopMynoi
o=2nf XM]’IJIHTyEHOC 3HaYeHWE PEe3OHAHCHOTO HaNpPsSXEHHsA Ha
KOHIEHCATOpe KOHTYpa ONpPEAENsieTes o ocuwuiorpady:

!
Uo(b)=-2}-,

rae / — anyHa cBeTAIleCs TIOJIOCH B MM; y — MYBCTBUTEJBHOCTB OC-
uwuiorpadia, ykasaHHas B Tabnuue Ha crone. JlaHHbIe H3MepeHHUit
3aMTUCHIBAIOT B HUXENpPUBeAEeHHYlo Tabmuuy. Tabnauuy cnenyer 3a-
TIOJIHSATD OT LEHTPa (w,,,) K KpasM. Crenyioline TOUKH Pe30HAHCHOM
KpHBOii NOJNYYalOT TaK: CJAEBA U CIpaBa OT PE30OHAHCHOMH YacTOThI
HYXHO B34Tb I10 ITATh TOYCK ¢ TAKUM pacyeToM, 4Tobsl mocneaHss
U3 HUX (cronbusl 1 ¥ 11) cOOTBETCTBOBANM HanpgXeHUIO NpUOIN-
3UTENLHO B ISITh pa3 MEHkIte, YeM pe3oHaHCHOe.

1 2 3 4 S 6 7 8 9 10 1t

f,Tu
Oy PBA/C
1, MM
Uy, B

Takuie e KpuBble CHHMAIOT ISl KOHTYpOB ¢ KoHAeHcaTopamu C, ¥
C,. Ina aroro nepexkmoyareneM [, BKIMo4alorT B KOHTYp CHayaia KOH-
aexcarop C,, a 3ateM C; ¥ 3aN0THAIOT ABE TabanLb!, 2HIOTHYIHbIE
npuseneHHoM. 1o noryyeHHBIM JaHHEIM CTPOAT HA MWUIMMETPOBOI
6ymMare ceMeACTBO pe30HaHCHRIX KPHBLIX (pHC. 8).

ITo pe30HaHCHBIM KPMBBIM ONPEACIAIOT NOJNOCY NPONYCKaHUA
|Aw|, a 3aTeM ZOBPOTHOCTL KOHTYpa

O0=o /Ao,
OTKYZa JIErKO HakTH coMpoTHRIeHUe R=|Aw|L, neKkpeMeHT 3aTyxa-
HUS A=/ U eMKOCTb KaXJOro KOHTypa

%,
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1
3
(opL
(4TO6BI TOJTYYUTH EMKOCTH B (papanax, caeayeT MHIYKTUBHOCTD U3-

MEPSITh B FEHPH, a 4acToTy — B pan/c). Ansa nposepky 3HaYEeHUs
JIOBPOTHOCTH CIEAYET BOCTIONL3OBATHCA POPMYIIOi

C] =

o)pes
0=—"
@
TIe 4, — aMIUTMTYZIa BHEIIHETO BO3GYXIAKOWEr0 KOHTYP Hanpsxe-
HUS. 3HaueHUs ¢, yKa3aHbl B TabaMLax Ha crone.

Ynpaxcnenue 2

H3MepeHne Pe3OHAHCKBIX XAPAKTEPHCTHK KOHTYPA ¢ PAIIHYHBIMH
AKTHBHBIMH CONPOTHBJICHHAMH

IMocne BHINONHEHUS ynpaxXHeHUsa | BBIGUPAIOT KOHTYpP C TeM
KkoHneHcatopoM (C,, C, wau C,), AnA KOTOPOro noay4anach HaM-
Gosiblasi BEJIMYHHA PE30HAHCHOTO HampaxeHus. [lepexmouare-
sem [T, BKIIOYAIOT B KOHTYp 3TOT KOHAeHcaTop. [lepeinouare-
JjeM I, BKMOYAI0T B KOHTYp CHa4yana conpoTHrileHne R,, a 3areM
COMPOTHBJICHHE R,  CHUMAIOT 1B PE30HAHCHBIE KPUBbIE, 3aTIONHASA
JBE TaBIULILI, TTONOOHBIE BhIWENPHBEACHHOM.

CtposAT Ha MIIIMMETPOBOH Dymare pe3oHaHCHLIE KpHMBHE 1S
KOHTYpa C Pa3/IMYHBIMY COTIDOTUBIICHHAMHA R,, R, u R, (cM. puc. 8).

JIns KOHTYpPOB € COMNpPOTHUBJEHUAMU R, 1 R, HaXONAT Mo pe3o-
HaHCHBIM KPUBBIM TIONOCY NPONYCKaHUA A® W PaCCYNUTBIBAIOT BEJIH-
yuHbl R, ¥ R,, nobpoTHocTb Q ¥ norapudMHYECKUI IEKPEMEHT 3a-
Tyxauus A cornacHo dopmMynam.

Jlurepatypa

l.Casenben W.B. Kypc obweit pusuku: Yueb. nocobue. B 5 kn. Kn. 2.
DNeKTPUUECTBO U MarHETH3M. — 4-¢ U3ll., nepepab. — M.: Hayka, ®u3mar-
anT, 1998,

I'nasa 13. DnekrTpHueckne KojsebaHus.

13.2. CoGonHbie KonebaHnst B KOHTYpe 6€3 aKTUBHOFO COTIPOTUBNACHUS.
13.3. CBoGonHbIE 3aTyXaOLMe KOoNnebaHUs.

13.4. BoiHYXAECHHDIC DICKTPUYECKHE KoaeGaHns.



3anawa Ne 28
HN3YYEHUE PABOTHI DJEKTPOHHOIO OCIIMWUIOIPADA

Ilean 3aa294: B3yYeHHUe TIPUHIMNOB AEHCTBUA ATIEKTPOHHOIO OC-
numorpada.

VerpoiicTBo M npuHupn padoT nprbopa

Ocwwwinorpad npeaHa3HadeH Ui HaOIOACHKA BPEMEHHBIX 3aBU-
CHMOCTEH 3JIEKTPUYECKOTO TOKA W HAIPSKEHUA.

OCcHOBHBIMU OJIOKaMHU ocuwUiorpada sRISIoTCS JNEKTPOHHO-TY-
4yepas Tpyoka, reHepaTop pa3BepTKU, YCUNIUTENU U UCTOYHUKMU IMTH-
TaHMS.

ONeKTPOHHO-NyYeBast TpyOKa — BAXHEHIIMIA 37IEMEHT OCUWIINO-
rpada. OHa npencrasnsgeT coboH 3aMAstHHYIO CTEKISTHHYIO Konby
cneuyansHoi (hOpMbI, OTKAYaHHYIO IO BLICOKOro BakyyMa (puc. 1).

K M Ay Ay Xnnactimm

S S ST A 2
]
: + 1
::ﬁ At 1- E@E’ % - -
S =
o e e e e e e ———— 4 1
{ Y-nnacTuHn
AMEKIPOHHRINA Ty
Puc. 1

B xonGe HaxonaTcs: 3NEKTPOHRANA NYWIKA — CHCTEMa JIEKTPOLOB,
MpeaHa3HaY€HHas ISl CO3MaHUA Y3KOrO T1yYKa 3MEKTPOHOB, JICTH-
LUUX ¢ BONBIIOI’ CKOPOCTBIO BIOJL OCH TPYOKM; OTKIOHAIONINE TIa-
CTHHEI — CHCTEMA BJIEKTPOIOB, CAYXKAIUAA JUIsl YIpaBNIeHUsS TTYUKOM
3JIEKTPOHOB; 3KPaH — (IIOOPCCUUPYIOIUHHA cTOH, ITOKPBIBAIOIMHI
BHYTPEHHIOIO CTOPOHY OCHOBaHHUs KOJObI, HQ KOTOPOM BO3HUKAET
CBETSIIICECS NMATHO B TOM MECTe, KyAa MOTiafaeT My4oK 37eKTPOHOB.

DiteKTpoHHasa nywka [ (pyc. 1) cOCTOUT U3 IPynnbl DJIEKTPOLOB
K, M, A, n A, (o6senena nynkrupom). Katon K aneKTpoHHO-nyue-
BOH TpybKH MMeeT GopMy LUNIUKIPA, BHYTPH KOTOPOTO HAXOAUTCSH
HHMTB Hakana. OMUCCHS 3JICKTPOHOB NMOJYYAETCsi ¢ NOKPLITOIO OK-
CUIHBIM CJIOEM IOHBIIUKA KaTona. JIns peryupoBaHus KonuyecTsa
3NEeKTPOHOB B INEKTPOHHOM MNYYKE 3JIeKTPOHHO-Jy4eBasg TpyOka
viMeeT ynpasisiomuii daexktpoa M, KoTophlii nipeacTasnsger coboit
METATNUMECKUI TUITUHAP, PacloNIOXEHHbI BOKpyr Katona. Lu-
JUHIP B TOPLE WMEET HeGONbIoe OTBEPCTUE, YEPE3 KOTOPOE MOTYT
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MPOXOANUTE JJIEKTPOHEl. YTPaBIAIOLIHA 3JEKTPOA MMEET OTpUlla-
TeNbHbIA MOTCHUMANT OTHOCUTEIBHO KaToaa.

JelcTBHE YNPABIAIOLLETO 3TEKTPOAA COCTOUT B TOM, YTO BJIEKT-
POHBI, BBUIETAlONUIME U3 KATOAA, YACTUYHO OTTAJKMBAIOTCA YIIpaBJisi-
IOLLIUM 3JIEKTPOAOM, & YACTUYHO BBUIETAIOT B OTBepcTUE. OYeBUOHO,
YTO TPHU YBETUYEHUH OTPULIATEJIBHOrO MOTEHLIMANa Ha YTIPaBJA0-
LIEM 3JIEKTPOAE KOJNMUYECTBO SJIEKTPOHOB, MPOJIETEBIWINX B OTBEP-
CTHe, YMeHblIaeTcsl. TakuM o6pa3oM, U3MeHAs NTOTEHLIMAJ YTIpaBIsi-
I0LLEro /IEKTPOMa, MOXHO PEryJIMPOBaTh KOMUYECTBO MEKTPOHOB B
My4yKe, a CNENOBATE/IBHO, U IPKOCTh MATHA Ha DKPaHe.

3a ynparisiolliuM 3JIEKTPOLOM CIEAYIOT 21Ba aHoAa: A, — oKycH-
pylommii  anon v A, — yckopsommii anoa. Hasnayenue anozos cine-
aytouee. Bo-nepBbIX, OHM HIPAIOT POJib, AHAMOTHYHYIO aHOAY 3JIEK-
TPOHHOM JIaMIbl: MPUTATUBAS] UCITYCKAEMBbIC KaTOAOM 3JIEKTPOHEI,
OHM pa3rOHAIOT WX 10 BONBLUKUX CKOpocTeH. Bo-BTOpHIX, OHU (DOKY-
CHPYIOT MYYOK 3NeKTPOHOB. BTopoit aHox MMeeT Gonee BHICOKMIT O-
JIOXXUTEIbHBIH TIOTEHLIMAN 1O CPaBHEHMIO C TIEPBLIM, M MEXKAY aHOAA-
MU o6pa3syeTcsl SNEKTPUYECKOE NOJIE, TAK Ha3biBacMast JIEKTPOCTaTH-
yecKasl JINH3a, no3soiaomas (GOKyCHpOBaTh NMYYOK SJIEKTPOHOB.
DokycHupoBKa 3JIEKTPOHHOTO Ty4YKa OCYLLECTBASETCS W3MEHEHHEM
Pa3HOCTH NOTEHUHANOB MeXay aHogaMM. OOGBHIYHO MEHAIOT TIOTEHLIM -
aJl MepBOro aHoJa, KOTOPBIH 10 BEJIMYMHE MEHbILE TIOTEHLIMANA BTO-
poro aHoga. Perynupys moTeHLMal TEPBOTO aHOAA, MOXHO C(OKy-
CHPDOBATH 3JIEKTPOHE! B TOUKE, KOTOpasi HAXOAUTCA Ha 3KpaHe.

3a 3nekTpoAaMM 3N1eKTPOHHOM MYINKM HaXOAATCS JABE NMaphbl OT-
KJIOHAIOWMX TUIACTUR, CIYXAIIMX Ui YIPAaBICHUA MYYKOM 3J1€KT-
poHoB. OnHa napa IJacTHH PaclioyioXeHa rOpU30OHTaIBHO U HOCHT
Ha3BaHHE BePTHKAJIbHO OTKAGHSIOMMX IIACTHH WIH Y-miacTuH. Bro-
pas napa IUIACTHH PacnojioXXeHa BEPTUKAIbHO M HOCUT Ha3BaHHE ro-
PHIOHTAJIDHO OTKJNOHAMINHX IWVIACTAHR HWIH X-wracrun. Ecnm X Kakoi-
au6o U3 map TUIACTHH NMOABECTH HANpsHKEHHE, TO B NPOCTPAHCTBE
MeXIOy HUMW 00pa3yeTcsl INeKTPUUYECKOE TIoNE. DAEKTPOHB MyyKa
NpHY NponeTe MPOCTPAHCTBA MEXILY TUIACTHHAMM HCIIRITHIBAIOT CUIIO-
BOE BO3IEHCTBHE CO CTOPOHBI DTOIO MNMOJsA, BCIECACTBUE YETO TPacK-
TOpHUS UX UCKPHBIAETCA, KaK MOKA3aHO Ha puc. 2.

ITockOJIbKY NYYOK 3JIEKTPOHOB NEPECEKAET TeNnepb IKPaH HE B
Touke 0, a B Touke A, TO MOXHO CACNATH BBHIBOJ, YTO H3MEHEHME Ha-
TIPAXEHUST Ha OTKJIOHAOWMX TUIACTHHAX MO3BOJISICT NMepeMellaTh
CBeTsIIeeCS MATHO Ha DKPaHe.

T'OpH30HTANIBHO PAcoIOXEHHBIE TUTACTHHB BBI3BIBAIOT NEpeMe-
LHICHUE NMATHA NO BEPTUKAABHOMY HalpaBJI€HUIO, a BEPTUKATBHO
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Puc. 2

PacnioNoXeHHHE — TI0 rOPH3OHTaNTbHOMY. OTKITOHSAIOWNE TUIACTHHI
PacnoIOXEHHI 1O OCH TPYOKY 32 aHOJAMH, TIO3TOMY INEKTPOHBI JIE
TAT K HUM, OABUTasACh PaBHOMEPHO (HMKaKHe CHIbI B HaNpaBICHUH
ocH X Ha HUX He OeHCTBYIOT). DJIGKTPOH, BAETAIOLLNH B MPOCTPaH-
CTBO MEXIY MIaCTHHaMH, NMPeABapHTENLHO NIPOXOAUT Pa3sHOCTb 110-
TeHUUanos U Mexay BTOpPbIM aHOAOM M KaronoM. Ero HavaibHas
CKOpPOCTb ¥,, HamlpaBJieHHas 10 ocH X, MOXET OBITb OTpec/IeHa U3
3aKOHa COXpaHCHUSA SHEpTuH

2
St =el, (1)
rae e — 3apsj 3JA€KTPOHa; m — ero Macca.

Bpems #,, HeobxonuMoe Uit TOro, YTo6b! 3JEKTPOH IPOJIETEN
TOpV30OHTAIbHBIE TUIACTHHEI ANHHOM /, paBHo 1, =I/v,. TTycth MEX-
1y 3TUMH TJIACTUMHAMU UMEETCS ANEKTPUUECKOE NOAE C HATIPAXKEH-
HocTbio E. Torza Ha 3neKTPOH B HanpasneHUy Y AeliCTBYyET NOCTO-
fIHHasA cwia F=eE, ¥ oH NojlyyaeT B 3TOM HaNnpaB/IcHHH YCKOPEHHE
a=F/m=eE/m. OTKIOHEHHE y, KOTOPOC TNOJYYHT 3JEKTPOH,
TNpoiiaa rOPU3OHTANBHBIE TUVIACTUHBI, p2BHO

ﬂ’,2
Y
TMoncraensas B 3T0 BBIPAXCHHWE 3HAYEHHSI a U f,, nonyymm
5 = ar?  eEr?
"= =7
2 2my

l‘lo.uzcraBuB B 3TO BBIPaXEHHE 3HaYeHME mvi M3 (1), Haiinem

h=w
HanpsaxeHHOCTb 2NEKTPHUYECKOTO NOJAs MeXIOY IaacTHHaMH
E=U/d, rne U~ pasHOCTb MOTCHUMANOB MEXIY NNACTHHAMH, 4 —~

paccrostive Mexny HumMu, Orciona
16 . 243



_E_up
NTW T wa

a
IMycTs 5KpaH pacnonoxeH Ha pacCTOAHUM L OT rOpH3OHTANbHBIX
nnacTuH. Toraa OTKNOHEHHE Jyya MO BepTHKanu OyaeT y=y, +y,,
TAE y, ONpeAeneHo Bhlllie, a y, MpeacTaBlseT co60if BEPTHKANLHYIO
COCTABNIAIOLLYIO CMELUEHHS IEKTPOHA, TOTYYCHHOTO UM Ha MYTH OT
nnactux 1o dkpana. Ipu atom y,= v, 1,, TAe v, ~ cKOpOCTb B BEPTH-
KaNbHOM HanpaBlICHVH, KOTOPYIO 3REKTPOH npuo6pc1‘ae'r NpH BbI-
nete M3 NPOCTPAHCTBA MeXay muactHHamM. Jlerko Buaers, uto
=at,, a ,= L/v, Tloncrarnag 3HayeHms a, {, W {, B BbipaXeHMe
Mﬂ y, HMeeM
anl all UL

_vf=———=——v..
R Wd

TlonHoe oTKNOHEHHME INEKTPOHHOTO Jiyya, TAKUM 00pa3oM, byaer
2

Ul UL Ul[1+L Uit

4U, d 0 d U,d\2 U, d

Tak xak L +-§ = L (nockonbky /<<L).

H3 nonyyeHHo#H (OpMYnbl MOXHO ONPEACINTh ONHY U3 BaXHEN-
WIKX XapaKTepPUCTHK 3NEKTPOHHO-JIyueBoil TpyOKH, a HMEHHO ee
YYBCTBUTENBHOCTb. UyBCTBHTENLHOCTBIO TPYOKM ocLMiuiorpada Ha-
3pIBAETCA OTKJIOHEHME (B MM) NATHA HA 3KpaHe, BHI3BaHHOE Pa3HO-
CTbIO MIOTEHLMAJIOB B OAHH BOJIET HA OTKJIOHSAIOLINX TUIACTHHAX:

yatoo tb 2

Y=nt+tr=

TIpencrasuM Tenepb, YTO MNACTHHBI ocliwuiorpada CoeauHEeHb! €
MCTOYHHUKOM NEPEMEHHONO HanpsnkeHHs. Toraa npH NONOXUTENEHOM
TIOTEHLIANE BEPXHEH NMJIACTUHBE JTYY OTKAOHSAETCA BBEPX, a NPU OTPH-
uareJbHOM — BHH3. TakuM 06pa3oM, aNeKTPOHHLL Jiyy 6yaeT Bhiuep-
4WBATb Ha PKPaHE TIOAOCKY, AJ1IHHA KOTOPOil NponopuHoHalbHa YABO-
€HHOM aMIUTHTYJIE MPUAOXEHHOTO HANPSDKEHMS. 3HAA YYBCTBUTENTb-
HoCTh ocupmnorpada ¥ V3MEPUB IWIMHY TIONOCKH, MOXHO OfpPENE/IUTD
BEIMYUHY U, aMIUTHTYAB! NEPEMEHHOTO HaNpPSXEHHUS.

Hanplmcp, €CJIM YYBCTBUTENBHOCTb ocumiorpada y = 0,4 Mmm/B,
ANUHA NONOCKM b=20 MM, T0 2U, =50 B, nm U, =25B.

TakuM 06pa3oM, ocuunnorpagp MOXET CIYXHTb BOJIBTMETPOM
NepeMeHHOro ToKa.
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JInneilHas pa3BepTKAa NEPHOAHYECKOr0 HANPKEHMSA NO BPEMEHHM.
Ecan Ha rwacTvHE Y nogartek uccilielyeMoe HanpsaxeHue Uy= f(1), a
HA MAACTHHBI X — TMHEHHO U3MEHSIOUICECA OT BPEMEHH Hampsixke-
Hue U = kt, To Ha aKpaHe GyneT HabnoaaThes pa3sBepHyTasi HEUCKa-
XeHHast hopMa HanpsxeHus

Uy=f[%].

YTo6ul Ha 9KpaHe MONYYMUIOCh HEMOABMXKHOE U300paxeHe Uc-
CNeAyeMOTO HATNIPSAXEHUS, NTOJAHHOTO Ha Y-naacTUHH, Ha X-mac-
TUHBI TIOJAETCA TAaK HA3bIBAEMOE MHNO0OPAa3HOE HAMPAXEHHE NU-
HeWHOM pasBepTKU. DTO NEPNOANYECKOE HamnpsKEHUE, MEPUOL KO-
TOPOTo JOJKEH GBITh PaBeH NEepUOAY MCCIEAYEMOTrO HanpsaXeHUs
WK Gonblilie B 1ie0€ YUCNo pas (puc. 3).

W
/\ /.
A\
U : i
\ N
=g T

Puc. 3

Ecnu nepuon uccneayemoro npouecca 7, paBeH BpeMEHH Hapac-
TaHUS HaTPAXEHUA TeHepaTopa pa3BepTku T, TO Ha 3KpaHe BHACH
OIWH TIEPUOJ CUHYCOUJIbI, TaK KaK 3a NPOMEXYTOK BpeMeHM ! << T,
SNEKTPOHHEI JyY TNpoae/iLIBaeT o4eHb OuICTpbiil o6paTHEI| Xxoa.
Ecnu T=nT,, roe n— 1enoe 4KCIO, TO HAa 3KPaHEe BUAHO Henox-
BHMXXHOE M300paXxeHUe /1 IEPHOIOB CHHYCOMEI.

BT0 YCAOBUE HA3bIBAETCA YCIOBUEM CHHXPOHU3aunH. [lns CHHX-
POHHM3aLMM B KaXAOM ocumjuiorpade npuMeHAKTCA cnelanbHble
METObI.

TenepaTop nunooGpasHoro Hanpsokenns. s nonyyeHusa nunoo6-
pa3HOrO HANPAXEHUA CIYXHT reHepaTop ¢ rasopaspaaHoit JaMIon-
THUPATPOHOM (pMcC. 4).

OT MCTOYHUKA NOCTOSIHHOIO HaNpAXEHUs &, Yepe3 conpoTHBie-
HMe R, 3apsxaercst oqvH u3 KoHaeHcartopos C, C,, C,. apauiens-
HO KOHAEHCATOPY BKJIOYEH THpaTpoH 7. Bo BpeMs 3apsiia Hanpsxe-
HMe Ha KOHAeHcaTope pacTter. Koria oHO AOCTUraeT HEKOTopo# Be-
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anannbt U, ., paBHOI HanpsXKEHUIO 3aKMIraHNA Ta30BOT0O paspsia B
TUPATPOHE, TO TUPAaTPOH 3aXKETCA. TaK KaK BHYTPEHHEE CONPOTHR-
JIeHHE 32XCKEHHOrO TUPaTPOHa BechMa HEBEJIMKO, TO KOHAEHCATop
ObICTPO Pa3pAAMTCS Yepe3 TUPATPOH no HanpspkeHust U,,,, paBHOTO
HanNpsOKEHMIO TTOracaHMsl Ta30BOro paspsna B TMpaTpoHe. Kak Toin-
KO THPaTPOH [OracHET, CHOBa HAYHETCS MEUIEHHHII 3apAl KOHOEH-~
caTopa 4epe3 conpoTHBneHHe R, ¥ Bech npouecc 6yneT NOBTOpATH-
ca. Hanpsaxenve U, Ha KoHIeHcaTope GYAET MEHATLCA B 3aBHCHMO-
CTH OT BPEMEHM TaK, KaK NOKa3aHO CIUTOWIHOM KpUBOii Ha puc. 5.

LIl Lo o & ol

G CzTC?l' f== — A

R | CrHXpotinz, 4/ 4
+Ua J7 R Univl ',. ...... ———
T K '

Puc. 4 Pue. 5

Ecau 3T0 HanpsiKeHHe NMOIaTh Ha X-TUTaCTMHH ocLMWUIorpada,
TO MONYYUTCH pa3BepTKa BO BPEMEHHM MCCJIedyeMoro (MoaaBacMoro
Ha Y-INacTHHBI) HanpskeHUA. YacToTa pa3sBepThHIBAIOIIECTO HamNps-
XEHHUS U3MeHsieTcs rpy6o nepeximoyareneM I, BKIOYalomMM KOH-
AEHCATOp TOM WIH BHOMN EMKOCTH, U TUIaBHO — MEPEMEHHBIM COIIpo-
TMRIEHHEeM R,. Yem Gonbuie eMKOCTb U COMPOTURIEHHUE, TEM Mejl-
JieHHee WOET 3apsl U TeM MEHBUIE YAacTOTA Pa3BepPTKU. DTy YaCTOTy
MOAGKPAIOT TaK, YTOOL! OHa GbUIA B 11€J10¢ YHCIIO pa3 MEHBILE Yac-
TOTBI UCCJIEAYEMOTO HanpsDKeHUS WIK paBHa €H.

HenocTaTox 1aHHOIT CXeMbl COCTOMT B TOM, YTO 3apsill KOHJEHCa-
TOPAa MPOUCXOAUT HEPABHOMEPHO: cHauana GuicTpee, 3 3aTeM Men-
JNeHHee. Takass HEpaBHOMEPHOCTh GyaeT UMETh MECTO M B HApacTa-
HHMH MUT000pa3HOro HaNpAXEHNA, U B ABMIKCHUH TIATHA HAa 3KpaHe
Tpyb6ku. IToaToMy M pa3BepTKa OCHUIIIOTPAMM MOJIYYAETCHd HCKa-
XeHHOii, ¢ HCpaBHOMEPHBIM MaclUTaboM BpeMeHHU. UTobhl ucnpa-
BUTB 3TOT HEIOCTATOK, 3apPAAKY KOHISHCATOPA NPOU3BOIAT uyepe3
NATU3NEKTPOAHYIO JaMny — TleHTon (HanpuMep, 62K8). ITpu nocro-
STHHBIX HanpsSiXGHUSIX Ha CeTKax MEHTOLA €ro aHOAHBINA TOK TIOYTH
He 3aBHCHT OT aHOXHOrO HanpsaxeHus. [lycTs 3TOT TOK paseH [
Torna 3apsg KOHAEHCATOPOB O pacTeT NPONOPLUHUOHANILHO BPEMEHH,
1.e. Q= [,t. Hanpsxenne Ha xouaencarope U= Q/C=(I,/ )t by-
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JIET TAKKE PacTH MPONOPLMOHANIEHO BpeMeHH. TakuM obpa3oM, Ha-
MpPSXEHHE HA KOHAEHCATOpE U Ha COCMHEHHBIX ¢ HUM X-TUIaCTUHAX
ocuwuiorpada 6yaer M3MEHATLCA, KaK TTOKa3aHO IYHKTUPOM Ha
PUC. 5 U, cleNoBaTeNbHO, BPEMEHHAA pa3BepTKa OCLIWUIOrpaMM He
Oyner uckaxaThbess. CxeMa reHepaTopa pa3BepTKH C NMEHTOAOM TOKa-
3aHa Ha pHC. 6.

1 Io\J_l T T Baixan
T
C
— “_’ ,rCHpronua
1 L
;81
Puc. 6

3nech MIaBHas peryJMpoBKa YaCTOTH Pa3BEPTKH OCYLUECTRIAET-
¢t U3MEHEHNEM aHOIHOro TOKa neHTona. [Uia 3Toro nNpu rnoMouiu
TIOTEHIMOMETPA R, MEHAETCA HAMPAXEHHUE Ha CETKE TICHTOAA.

YacToTa reHepaTopa pasBepTKH, KakK NpPaBHJIO, HE ABNSETCS CTa-
OWIBbHOI U JIErKO MEHACTCS NPU H3MEHCHUM TMIMTAIOLIWX HaTlpsxe-
HHWH, TeMNepaTypsl H OT MHOTHX APYrMX nmpH4HH. IlogobpaHHoe
KpaTHOE COOTHOIIEHHWE MEXIY YacTOToM f UCCHeyeMOTo HaTlpaxe-
HUA ¥ 4aCTOTON pa3BepTkH f,. He Gymer coxpaHaThes. Ocumio-
rpaMMa HaunHaer 6exXaTh 10 IKpaHy.

Jst crabwivsaliui KapTHHBI, HabMoaaeMoit Ha 3KpaHe, HCMob-
3yeTc CHHXPOHHW3MpyIouee ycrpoicTBo. Ero pabota ocHoBaHa Ha
TOM, YTO HANpsDKEHHE 32XXUTaHUsd THPaTPOHA yMEHbINAeTCA Npy no-
NOXMTENbHOM MOTEHLMANE HA CETKS THPATPOHA ¥ YBEAMUMBACTCS
npy orpuuarteasHoM. [1pr Tak Ha3kIBaeMOW BHYTPEHHEH CMHXPOHU-
341HMN NTOTEHIMAN CETKM TMPATPOHA MEHSETCsT 32 CYET CaMOro UcC-
CIelyeMOTo HamnpsikeHHs, KOTOpoe Yepe3 NMOTeHUHOMETP R, U KOH-
JeHcaTop NOoJaeTcd Ha CETKY THPaTPOHa (CM. puc. 6).

W3 puc. 3 snaHo, YTO NPHU NOJHON CUHXPOHH3ALNH 3aXUTaHHEe
THpaTpoHa (pa3pai KOHAEHCATOPAa) JOIXHO NPOHCXOANTE NPH CMe-
He 3HaKa HCCJCAYEMOro HaNpsSIKeHHA ¢ OTPULIATENILHOTO HA MOJo-
xurensHblA. ECM yacToTa pasBepTKH f, ., HECKOJIBKO MEHBIIE Yac~
TOTHI [ UCCNEyEMOTO HampsDKEHUSA, T.e. THPATPOH €UIe He 3aXura-
eTcsl K KOHIIY Tneproja NCCIleyeMOro HATIPSDKEHNS, TO TTOCHEC CMEHBI
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3HaKa UCCNIEAYeMOTO HanpsDKEHUsA Ha CeTKe THPATPOHa TOTeHLMANX
CTaHEeT TIOJIOXHTEIBHLIM, YTO BHI3OBET YCKOPEHHOE 3aXKWUraHHE TH-
patpoHa. Ilpu £, > f oTpulaTeNsHOE MCCIieayeMOe HaNpsDKEHNe, Ha-
060opoT, 3aNepXUT 32KHraHUe TUPATPOHa, NMOKA He NMpHOAU3NTCA
BpeMSI CMEHbI 3HaKa MCCIIEAYEMOTO HanpskeHus. B pesynbrate aB-
TOMaTH4€eCKH ITORNEPKHUBAETCA KPaTHOE COOTHOLIEHHE MEXAY Yac-
TOTaMy f,,,, ¥ f, HECMOTPSi Ha BO3MOXHbLIE UX HeGonbwMe N3MEHE-
HHUs. YBeUYHBas HANPSKEHUA Ha CETKE TMPAaTPOHa TOTEHLIOMET-
poM R,, MOXHO ycuiauBaTh ACHCTBHE CHHXPOHM3AlMHM, T.C.
YBEJIMYHBATH CTENMEHD YCTOMYMBOCTH OCHIUIOTPaAMMBI Ha 3KpaHe.

Vnpaxcnenue 1
Osnakowiense ¢ BaHENbI0 OCHLIONPAd:a H PyYKAMH YNIPaBIeHNA

He BKimoyas ocipnorpada, 03HaKOMUTECA C py4YKaMHM ynpaBiie-
HMS, HaXOIAIMMHUCH Ha MepeaHei NaHeau ocuwnorpagda. 3apuco-
BaTh NMAHEJb yTIpanileHud (puc. 7).

3anucaTs Ha3HaueHHe pyveK yIpaBNeHUs Ha TIaHeNH, YKa3aB Ha
MX CBI3b C 3JIEMEHTAMH CXEMbl AICKTPOHHO-JIYYeBOi TPYOKH M cXe-
MO# reHeparopa pa3BepTKM. BxmouuTs ocummuiorpad B ceThb
(220 B), nns yero Tymbnep «CeTb» MOCTaBUTL B NOJIOXEHHE «BKino-
yeHo». Ilocne nporpesa B TeyeHne 2—3 MHUH OTPeryJupoBaTh sp-
KOCTh TaK, YTOOHEI NATHO OT 3JIEKTPOHHOIO JIy4ya Ha 3KpaHe ObUI0
cnabbiM, HO XOpoLLO BUIMMBIM. TIpOBEpUTH yNpaBieHUE JIy4OM.

Ynpaxcnenue 2
OnpeaeneHne YyBCTBHTEIBHOCTH OCIHUIorpada
Cob6pathk cxeMy no puc. 8 ¥ 3apHCOBaTH €€,

L3
AEROCTY oxryc

Ociwnorpad

C".OL y ma?x re:um CHrHaNoB
o @ S < )

Do et - O

annmuyau
¢

yCuagnne

pon omxp.w%mmwam o °‘5 O (0] Y )f
emtens  poA PRGOTH  CrHxPOH

©
e uo©AY 3 wmonX 9

Pnc. 7 Pnc. 8

248



BxumounTs reHepatop pa3BepTkH. Ilocne sToro mepexmniodatesib
«Pox paGOTHI» MOCTAaBUTBL B MONOXEHHE «YCWI», pydyKy «CUHXp» B
nofoxenve «0O», a mepekmoyatens «Poa cHHXp» — B nonoxexHHe «Ot
ceTH». YCTaHOBUTE TlepeKiiovatens «OcnabieHye CUTHANOBS B 110~
noxeHue 1:10. ITocTaBUTh pydky «YcuneHue» Bxoaa Y Ha Makcu-
MaJbHOE ycwieHue (Ha Haubonblee neyeHue). YCTaHOBUTh YacTOTY
reHeparopa Huskux yacror 1000 I'um. Bxmounts T'HY B ceTh 1 ycTa-
HOBUTH HaMpsXeHUEe CUTHana cHadasa Usq,= 1 B, a 3ateM U,q,=2 B
(10 » 20 geneHuit Mo BoAbTMETPY Ha naHenu 'HY npu nomonm
PYYKH <«Perynarop Bbixofa». s KaXIOro 3HAYEHUS HANPSKCHUA
KU3MEDPUTH JBOHHYIO aMIIUTYAy L CHrHana Ha 3KpaHe ocuwuiorpa-
da (1MHYy cBeTameica MONOCKH). YyBCTBUTEIBLHOCTD OCLIWILIOTPA-
¢$a noacuuraTs o popmyne

1L
RN

3anomHUTh Tabim. 1.
Tabruya 1

Use, B L, MM y, MM/B

-

Ynpaxcnenue 3

Haomoznenue duryp JIuccaxy na skpane ocuwuiorpaga

Cpasnenne acToT Koslebanmil. @urypnl JInccaxy. OXHMM U3 TIpH-
MeHeHHit ocunwuiorpaga ABNAETCA CPaBHEHUE YacTOT IBYX KoJeba-
Huil. g 31oro Ha X-TIaCTMHH MOAAIOT HanpsxXeHHe W3BeCTHOM!
4acToThl f, (HanpuMep, OT ceTH vactoThl f, = 50 'u), a Ha Y-mac-
THHBI — UCCNIElyeMOe HanpsoKeHHE YacToTHI f, (HalpuMep, OT reHe-
paTopa HU3KOW YacToThl). MEHsAA 4acToTy f,, KOGMBAIOTCS Ha 3Kpa-
He HENOABHXHOM 3aMKHYTOH KpHuBoif JTuccaxy (puc. 9).

Ipu paBeHcTBE HacToT f,=f, Ha 3KpaHe NONYYalOTCH IINNC,
OKPYXHOCTh WIH HaKJIOHHas JIMHUA B 3aBUICUMOCTH OT CABUra ¢a3
MEXIY HaNpsSCKEHUSMH W OT COOTHOIIICHUS MEXIY VX aMTUTUTYIaMM.
TIpy paBeHCTBE aMIUINTYI HAMPSOKEHHI U pa3HOCTH WX ¢a3 ¢ =n/2
NOYYaeTca OKPYXHOCTb, a MPH pasHOCTH (a3 ¢ =0 u paBeHCTBe
aMIUTUTY], — OTPE30K TIPAMON C HAKIIOHOM 45° K BepTUKaH. dury-
pa B BUIC BOCBMEPKH MAM ABOHHOI Xyr'M COOTBETCTBYET OTHOllE-
HHI0 yacToT 1:2 wnu 2:1, Tak KakK 3a BpeMst OnHOro Kojie6aHus B oa-
HOM HamnpaBJIcHHHU NPOUCXOIUT JiBa KOJIcOaHWsl B MEPNEHAUKYAAP-
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Puc. 9

HoM HanpaeneHuu. Korna orHowenue yactoT 6onsiue 1:100, To -
TYPHI YK€ TPYIHO pa3odpath.

Inst HabmoneHus uryp Juccaxy 4OCTATOYHO NEPEBECTU PYUKY
«CuHXp» Ha nepeaHeil naHean ocuuiviorpada B NONOXKEHUE «2».
Tpu 3ToM Ha X-naacTUMHEI ocHWUIorpaga nojgaeTcd CHHyCouaanb-
Hoe HamipsixeHue ¢ yactotol S0 'l oT ropoacko# ceTn, Ha Y-ruiac-
TUHH — HanpstkeHue 2,0 B (20 peneHuit no BOABTMETPY Ha NaHeNu
T'HY). Ycranosus yacrory THY f= 50 Tu, cheayeT oTperyaupoBaTh
BEPTUKAJIBHOE H TOPH3OHTAIBHOE YCHIESHME TaK, YTOOH Ha 3KpaHe
ocuMtorpada noayuunach OKpy>XHoCTb, IMaMeTp KOTOPOW paBeH
3/4 nnametpa 3kpada. Ecau durypa Ha akpaHe He OCTaeTCH HENnoju-
BUXHOI, TO €€ OCTaHABJMBAIOT OYEHBb OCTOPOXHBLIM IBMXCHHEM
pyuky mkansl yactot F'HY B Ty inu apyryio cropody. MUaMeHaa 3a-
TeMm yactoty THY, cneayer nonyyuts Ha akpaHe ocuwuiorpada ¢u-
rypsl JIuccaxy ¢ cooTHoueHueM yacrot 1:1, 2:1, 3:1, 5:1. 3apuco-
BaTh 3TH DUTYPHI.

Ynpasxcnenue 4
OnpeneseRne YacTOTH TeHepaTopa pa3sepTku ocumwurorpaga C1-5

YactoTy cnenyeT onpeneNuTh ANs ABYyX NONOXEHUH pydYKH «Pa3-
BEpTKa» (3T NOJIOXKEHUS OTMEYEHBI Ha NMepeaHeil aHe I KPacHbI-
MK TOYKaMW) W JHECATH NONOXEeHUR pyukH <«Yacrora MiiaBHO».
BKoYNTL BHYTPEHHIOW CHHXPOHU3AUUWIO, 1S 4ero NOCTABUTD Mne-
pexmoyatenb «Pol CHUHXp.» B ToNOXeHue «BHYTDEH», a pPydYKy
«CwHxp» — B nonoxexue «10». IToctaBuTh pyuKy «Pon paborni» B
nosoxeuue «Henpep». YcranaBnupas pyuky «Hactora NiapHO» B
NOCJIENOBATENLHBIE TIOJIOXEHUS, C TIOMOLIBIO pYYeK «YCHIEHHE BXO-
Na» U «PeryiMpoBKa BbIXOAa» AOOHTHCSA, YTOOBI HA 3KpaHE OCUMII-
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norpada ObU1 oOAWH (IPUMEPHO) MEPHOA HETIOABUXHOMN, CUMMET-
PHYHOH OTHOCHTEILHO TOPU3OHTANBLHOH OCH CHHYCOHABLL. B aTOM
ciygae uMeeT Mecto paBeHCcTBO yactoT I'HY u reHepaTopa pa3pepT-
Ku ocumorpada. 3anonHuTe Tabi. 2.

Tabauya 2

TMonoxenne

Yacrora, 'y
pyuku «Pa3BepTxa»

Monoxenue pyukn «YacTora nnapHo»
1 2 3 4 S 6 7 8 9 10

JInteparypa

Casensep WM. B. Kypc obueit ¢hmn3nku: Yue6. nocodue. B 5 xu. KH. 2.

DACKTPHUYECTBO U MAarHETU3M. — 4-¢ M3A., nepepab. — M.: Hayka. ®u3mar-
JmT, 1998.

Inaga 10, ABMXXEHHUE 3apsXEHHBIX YaCTHLL.

10.2. OTKJIOHEHKE IBHXYLINXCA 3apXEHHBIX YaCTH L ANEKTPHUCCKUM M Mar-
HHTHBIM MONAMM.



Ilpunoxenue

KPATKAA HH®OPMAILIUA
O PACITONOXEHNU U ®YHKIIHOHAJIIBHOM
HA3HAYEHHH OPTAHOB VIIPABJIEHUA
SJIEKTPOUIMEPUTEIILHBIX [TPUBOPOR,
HUCIIONB3YEMBIX B JIABOPATOPHBIX PABOTAX

ITpuGop KoMOMHMpOBAKREIH TN(POROH — BOJILTAMNEPOMMETP
111 4300 (II1 4313)

[~ o

1—10
2o
3\_0

F"i“% '1'35’ P”RF/"

4 lO 5 6
Puc. |

1. THe3no win moaKAloyeHUA ryTia (KpacHOTo) nMpu H3MEPEHHHU
Uu R

2. THe3n0 AN NOAKTIOYEHNs 1iyna (KpacHoro) TIpH naMepeHun 1.

3. Tnesno nist moAKMOYeHMs YepHOro 1ymna (3aseMleHne).

4. BxkmoueHue npubopa.

5. Wi3Mepenue nocrogHHBIX Benuyuu U, J, R — xHomKa oTxa-
Ta (=), U3MepeHHUe TIepeMeHHBIX BeMuuH U, / — KHONKa Haxara.

6. IlepexmoueHne pona pabotul: BombT™MeTp — U, amnepMerp — 7,
oMmeTp — R.

7. Tpenen uamepenuii 200 MB, MKA, OM B 3aBHCUMOCTH OT pona
paboTHI.

8. Ilpenensr uamepenwuit 2, 20, 200, 2000, B; MA; KOM B 3aBucCH-
MOCTH OT poaa paboThl.

9. CgeroBoe Tabio.

10. TTonceeTKa cBeToBOTO TAbIIO.

Teneparop nepemenHoro nanpskenus I'3-111, I'3-118

2
/ A\

@] [Eoo

g -5
O

°
°
o
Mo
lﬁ-—‘o

>, lo
o]
e

Puc. 2
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1. BxmiodyeHue npubopa (mnst I'3-111 BrmoYeHUE BHIIKY B CETE-
BYIO PO3€ETKY).

2. Jexaxurle Tiepexmouaren yacrorH (I'3-118), nmnasHas ycra-
HOBKa 4actoth! (I'3-111).

3. Iepexmouarenb « MHOXUTENbY; 3HAYEHHUE YAaCTOTHI, YCTAHOB-
JIeHHOe py4yKaM# (2), HaMo YMHOXHTb Ha KO3Gh(ULHEHT, Ha KOTO-
pbiit YKa3bIBACT LUTPUX HA PYUKE.

4, PerynsiTop BEIXOXHOTO HampsIXEHUs .

5. THe3Mna, ¢ KOTOPBIX CHUMAETCsl BBIXOJHOE HarpsKeHHe nepe-
MEHHOM YaCTOTHI.

Ocuwnorpad C1-93
1. Bxiouenme ocimorpada.
2. YnpaBlieHMe APKOCTHIO CBEYEHU yueil.

8
/
4~ [«]
5 wtdg- . “6,”
7 -
43;0—"" E/ Sﬁ’?o
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10 i pgoooq R T
/7 1\ VN
8 2 13 1 11
Puc. 3

3. ®okycrpoBka Jiyueil.

4. CTyneHyaToe nepekiaovYeH’e YyBCTBUTEILHOCTH KaHAJIOB OC-
untorpada (B/cM, MB/cM). TInaBHas perynnpoBKa YCHIEHUS He
UCTIONB3yeTCA (PYYKN B KpaHHEM TTONIOXEHNH N0 YaCOBOM CTpENKe).

5. BxoHHE THe3na KaHaNOB ocuwulorpada.

6. KHONKY BKTIOYEHUA OXHOBPEMEHHOM paboTH 060MX KaHaJIOB.

7. CryneHuyaroe nepekMoYeHue YacTOThl TOPU30OHTaNbHOM pas-
BEPTKHU. B LleHTpe — pydyKa IUJ1aBHO# NMOACTPONKH YacTOTH pa3BepT-
KM, UCTIOJIb3yeTCs Ui CTabWIN3aLMM U306paxXeHus Ha dKpaHe.

8. PyYxku BepTHKaNLHOTO CMELEHHS NyYeH.

9. KHONKM BKITIOYEHMSA BHYTPEHHE CHHXPOHHW3aLHH pa3BepTKU
oT 1 ¥ 2 KaHanoB.

10. KHONKH BKIIOYEHUs] BHEIUHEN CUHXPOHH3AUWN Pa3BEPTKH,

11. KHonka nepeknoycHus ocuniuiorpada mnsa pabotsl B X-Y-
peXuMe, Korna Tpedyercs HabnoaeHNe OJHOTO CHIHaJa KaK (pyHK-
LIMM, 3aBUCSLIEH OT APYroro.

12. Bxon BHelIHEro CUTHaIA, 06ECTIEYHBAIOUIET0 TOPH3IOHTANTb-
HYI0 pa3BepTKy B X-Y-pexume.
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TEMA 4
MOJIEKYJIAPHAS ®U3UKA

PA3JET 1

BSI3KOCTh I'A30B M XXMJIKOCTEN

OcHOBHbIE TIOHATHA H COOTHOIIEHHSI

TTpu IBHXEHUY CONPUKACAOILMXCA CI0EB Ta3a (XKUIKOCTH) APYT
OTHOCUTENIBHO APYyra MEXOY HMMM JeHCTBYIOT CMNBl BHYTPEHHETO
TpeHUs, UM cunbl BA3kocTH. Hanpumep, ecinn pasMemiath Xua-
KOCTh B CTaKaHE, TO €€ JIBUXEHUE TIOCTENIEHHO NPEKPATHTCA U3-3a
HaJMYUs CUJI BA3KOCTH. JIpyroit nprMep Takoro ABHXEHUSA — Teue-
HMe raza (KMIKOCTH) BHYTPU TPyOKM wiau Kanunasipa. Hanuuwne
CUWJT BA3KOCTH TNMPUBOINT K TOMY, YTO CKOPOCTb TEUEHHS V 3aBUCHT
OT PACCTOSIHUS r 10 OCU TPYBKU (CM. puUC. 1, rie HanpasjieHue cKo-
POCTH TEYEHUSA YCIOBHO 0603HaYEHO cTpeakamMH). OHa paBHa Hy/O
HETIOCPEACTBEHHO BOIU3M CTEHOK TpYGKH (V(R,) =0), a Ha ee ocu
(r=0) noctHraer MaKCMMaJbLHOTO 3HaYEH K.

- rtd
WA

==
P ra—
Puc. |

IUia mpocToT B panbHeliuieM GyaeM MOBOPHTH TOJILKO O Fa3ax,
U, €ECJIH HE OroBOPEHO 0c0B0, BCe NPUBEAEHHBIE GOPMYNIH OYAYT OT-
HOCHTBCS TaKKE W K XUIKOCTAM. 3aKOHH NIBHXCHUS Ta30B M XU~
KOCTel CyLUeCTBEHHO Pa3jIMyaloTcsa MeXAy coboii TOJIBKO NPH KoC-
TaTOYHO GONBIUMX CKOPOCTAX ABHXEHHSA, KOra HEOOXOAUMO YYHTRI-
BaThb CXWMAEMOCTh Ta30B, HANPUMep ITPH PacCMOTPEHHM 3aay Ha
JIIBUXEHHE CaMOJIETOB CO CBCPX3BYKOBOW CKOPOCTBHIO WIH ARICHHH,
CONMPOBOXAAIOLIHX B3PLIBLL. B 3THX CyyasX CKOPOCTb ABMDKCHUS
JIEXUT B TAKMX NpeIenax, YTo ra3 MOXHO CYUTATh HECXKXMMAEMBIM.
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Bo3HMKHOBEHME CHII BA3KOCTH B Ta3e CBSI3aHO C TEM, YTO €ro MO-
JIEKYJIbI YYacTBYIOT OTHOBPEMEHHO B IBYX IBUXEHUAX: YTIOPANOYEH-
HOM ¥ XaOTHYECKOM TEIUIOBOM. B HatieM npuMepe ynopsano4eHHoe
WIY MaKpOCKOITH4ECKOE JBIDKEHHE ra3a — 3TO €ro TeueHHe no Tpy6-
ke. KpoMe Toro, Monexynnl ra3a JBHIalOTCs XaOTHYECKH, NPHYEM
cpefiHee 3HaYCHUE MOAYNS CKOPOCTH TETUIOBOIO XaOTHYECKOTO ARU-
XEHHS MOJNIEKYN1 OOBIYHO 3HAYMTEJILHO NPEBLIIAET CKOPOCTH YNOps-
JIOYEHHOTO ABUXEHUS, T.€. CKOPOCTh TCUCHUS.

BeiaenuM yciioBHO ciioif rasa, IBUTAIOMMIACA 1O TpyOKe Kpyrio-
TO CEYEHUS ¢ HEKOTOPBIM ONpPEAENACHHBIM 3HAYCHUEM CKOPOCTH V.
JroT cno¥ npeacTapnser coboit MONBIH WWIMHAP C BHYTPEHHUM pa-
BMYCOM r M BHEUIHMM r+dr (Ha puc. 1 0603HaYeH TIYHKTHPOM).
B pe3yneTate TEIUIOBOrO ABMXKEHUS B HETO IMOMANAIOT MOJIEKYNIEI U3
cocemHuX cnoeB. U3 BHENIHEro c1os ¢ 60IbIIUM 3HAYCHUEM 7 B BhI-
JEJICHHLIH CJIOH MOMajaloT MOJIEKYJIN ¢ MEHbLEel CKOPOCTHIO U, Ha-
0060pOT — M3 BHYTPEHHErO CNn0A NONaJaloT MONEKYH ¢ Gonbluei
cxopocThlo. TIpoucxomuT nepenaya WMNOyNbca YNoOpsAOYEHHOTO
JBUXEHUS MOJIEKYJT B TIPOLIECCE MX TEMJIOBOTO ABMXEHMA. BHyT-
pEHHUH CNOH YCKOPSET, a BHCWHHI TOPMO3UT TCYECHHE ra3a B Bhl-
IeJIeHHOM obNacTH, YTO M SBIAETCH NMPOABICHHEM CUII BHYTPEHHE-
TO TPEHUS, HJIM CHJ BA3KOCTH. TOHKUIA CJIOH ra3a, HernocpeACTBEH-
HO TNpPUMBIKAIOUWIMH K CTeHKaM TpyOKM, OOGBONAaKMBaeT €€ M
3aMelIAET ABUXEHHE COCEIHEro CJiog, KOTOpLIH B CBOIO ovepedb
OKa3blBaeT BIUSHME Ha CAECAYIOIIMUHA chroif, H T.O. OTMETUM, 4YTO
TIPUBEICHHOE KAYECTBEHHOE O0BbACHEHHE MEXaHN3Ma BHYTPEHHETO
TPEeHUs] OTHOCUTCH TONBKO K rasaM. B XuaKoCTIX npuUpoja BA3KO-
CTHM CBA3aHA C HEMOCPEACTBEHHBLIM 3NEKTPUYECKUM B3aUMOIEii-
CTBUEM MOJIEKYII.

BenmuunHa cunbl BASKOCTH F, Kax cieayeT U3 onbiTa, NpAMO NMpo-
TIOPUMOHANIEHA TUTOIANH S CONPUKACAIOLIMXCA CIIOEB Ta3a U rpaiu-
€HTY CKOPOCTU MX ABMXKEHMUS TI0 NMEPNEHAUKYIAPHOMY eif Hanpagne-
HMUIO r, T.€. IpoU3BoaHOM dv/dr (hopMyna HeloToHa):

F=nS8dv/dr, (1)

Ta¢ 1 — KO3(PUIHEHT BA3KOCTH WIU NPOCTO RAKOCTD.
Jns ra3oB Ko3pGULUHEHT BA3KOCTH 1) YBETUUMBACTCS € TEMIIEpa-
TYpO# (n~ ﬂ rHe m — Macca MOJIEKYJNE Ta3a; ¢ — ee 3PeKTnB-
HOe ceqex-meg W He 3aBMCUT OT AaBJE€HUsA. BA3KOCTE XUAKOCTEH,

HanpoTHB, C YBEJIMYEHUEM TEMIEPATYpH yMeHbluaeTcd, Enunuuei
n3MepeHus BsiskocTH B cucteMe CH cayxur [ITa-c] (mackanb-ce-
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xyuna)'. OnpeneneHHEBii TakuM 06pa3oM K03 (PULIMEHT BA3KOCTH 1)
B JIMTEpAType Ha3LIBAETCA TaKKe KOI(PPHIHeATOM AHHAMHISCKOH BA3-
KocTH. U1 BOo3lyXa NPHW XOMHATHO TeMriepaType H aTMocdhepHOM
NaBjieHUM Ko3(hPHUHEHT BA3KOCTH n cocTaBager 1,85-10° Tla-c.
[IpuMepamy xuakocTeli ¢ HeGONbIOK BAIKOCTHIO MOTYT CIYXHMTb
6ensuH, Boma (n=0,1 Ia-c ipu Tex Xe yciaoBusix), ¢ 60JibLuol BA3-
KOCTBIO — TimuepuH (n= 1,48 Tla-c), macno, cMona.

B paccMoTpeHHOM BHILIE IPUMeEpPe (CM. PUC. 1) XapaKTep TeueHus
NMo TPybKe 3aBVICHUT OT CKOPOCTH TCYEHMS V, TNIOTHOCTH p U BA3KOC-
TR 1 ABUXYylekcs cpenpl. KonngecTBeHHO 3Ta 3aBUCMMOCThL OTIpe-
Iensiercd 3HaueHueM yucna Peiivomsnca Re = pvl/n (/ — xapakTep-
HBIH pa3Mmep TpyOxH, HanpuMep ee paauyc). Ipu HebonblIMX 3Ha-
yeHussX Re TeyeHue OyIEeT JAMHHAPHLIM W CTAUHOHAPHBIM.
JIaMBHapHEIH XapaxTep TeYeHH 03HA4YaeT, YTO CIOW ra3a He Tepe-
MCILMBAIOTCA MEXIY CO0OM, B 3TOM Cllydac MOXHO BBIACHHTE JUHUH
WIH TpyOKM TOKa, MO KOTOPHIM IBUXYTCA YaCTHLB] ra3a. TeueHue
ARISIETCS CTALIMOHAPHLIM, €CJIM €70 CKOPOCTh B KaXAOW TOYKE He
3aBMCUT OT BPEMEHH U UMeeT NMocTogHHoe 3HayeHue. TTpi npeBbI-
IIECHUM YMCTIOM Re HeKOTOopoit BeMMYUHBI XapaKTep TEYCHUS CTaHO-
BUTCS BUXPEBBIM, WIH TYPOY/IEHTHLIM.,

TTpu TaMUHAPHOM TEYEHUU Ta3a C JUIOTHOCTBIO p Y BASKOCTHIO 1)
BIOJIE TPYOKM C BHYTPEHHUM panvycoM R, u anMHo# L, pacxon M
rasa onpeaensiercs gopmynoii Ilyaseitns:

M = mpR{AP[8n Ly, ()
rae AP — pa3HOCTB JaR/IEHMI1 Ha KOH1Iax TPYOKU.

ITo xonmy TedyeHus AaBpneHKHe YMeHbInaeTcs. BelnunHa pacxona 0
TMOKa3BIBAaeT, Kakasd Macca ra3a NPOXOIUT 32 eAMHULY BPEMEHU Ye-
pe3 TorepedHoe cedeHne TPYOKH ¢ y4eTOM IEHCTBUS CHIT BA3KOIO
TpeHus. ®opmyna Tlyaseinsa (2) sepagercs ciaeacTBueM GopMybl
Hriotona (1).

Ecan kakoe-nm60 Teno ABUXETCS OTHOCHTEIBHO BA3KON cpennl,
TO Ha HETO CO CTOPOHBI BTOW Cpenbl AeCTBYeT cujia JOOOBOTO CO~
NPOTUBJICHHS, 3aBUCSLLAsA OT CKOPOCTH JBUXECHUA M HaIparjicHHas
NMPOTHBONONOXHO 3TOH ckopocTH. Cuna 1060BOrO CONPOTURIEHHS
0oBycIIOBJIEHA HATMYUEM BI3KOCTH U CKIAABIBAETCA U3 COTIPOTUBIE-
HHS TPEHUS U COTIPOTHUBIEHNS AaBieHUA. CONpPOTHBIIEHHE TPEHUSA
BO3HHKAET W3-3a TOTO, YTO YACTHULEI CpeABl OOBONAKUBAIOT IBHXKY-
Leecs TEJ0 U ABUTAIOTCS BMECTE ¢ HUM, BOBJIEKas B IBMXKEHUNE CO-
celHue cilou cpenbl. COnpoTHRIIEHKE NaBleHUS BLI3biBaeTCs 0Gpaso-

! Myas=0,1 IMa-c.
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o s -

BaHMEM TI03aIHU Tella BUXPEBOil OBJIACTH C MOHMKEHHBIM JaRJIEHUCM,
3Ta COCTaBAAOlas JIOGOBOTO COMPOTUBICHUA TIpeoOnajgacT npwH
60MBIIKX CKOPOCTSAX ABMXCHUA U CWILHO 3aBUCUT OT (GOPMH Teja.
Jns HeGonblUMX 3HaYeHU Re cuna noboBoro conpoTUBNCHUA Cpe-
IB BO3HHMKAET TONBKO U3-3a HaNW4Yusg TpeHus. B 3ToM ciydae mis
JBHXYLIEToCs OTHOCHTENBHO CPER [apa pajgnyca r BETUYHHA CHIIH
NoboBoro conporupiaeHusa F nogunHsercd 3akony Crokca:
F=6nnry, 3)

TIe vV ~ CKOPOCTh JBUXECHUS 1Iapa OTHOCUTEJILHO CpeIbl.

CyliecTBEHHOE OTAWYUE CWII BHYTPEHHErO TPEHUS, ACHCTBYIO-
LMX MEXAY CNosiMU raza (KMAKOCTH), OT CWI TPEHUs, JeiiCTBYIO-
LWHX MEXAY TBEPABIMHA TEJIaMH, COCTOMT B TOM, YTO IJISI TBEPHBIX
TeJ1 CYLECTBYET TPEHHME TIOKOA, TOTJa KaK ra3bl ((KMIKOCTH) UM He
obnapgaior. Jist Toro 4ToOB NPUAATH UMNYJIbC TUIaBAlOLIEMY Ha BOAE
TeJly, JOCTaTOYHO MaJieiiiiero yculiusi. Cvjla CONpOTHRIEHUS, 00yC-
JIOBJICHHASA BA3KOCTBIO, IIPH HEOONBIIMX CKOPOCTAX ABIDKEHUA TIPO-
NOPLMOHAIbHA CKOPOCTH, a VIS TBEPABIX TeJI CWIA TPEHUS CKOJIbXe-
HUA MPAKTUYECKY HE 3aBUCUT OT CKOPOCTH.

1" —8779



3anaya Ne 29

OIIPEJEJIEHHE BA3KOCTH XHUAKOCTH
110 CKOPOCTH MCTEYEHMA YEPE3 KAIMUILIAP

Lleas 3apauu: onpenenieHue K03 ULIMEHTa BA3KOCTH 1 BOAbI
TIPM KOMHATHOW TEMNEpaType 110 CKOPOCTH €€ UCTEYEHUA Yyepe3 Ka-
NUnAp.

DKCnepUMERTAIbHBIR MeTo,

Bona seiTekaer U3 cocyaa Mapyotra (puc. 1) yepe3 Tpy6Ky Mma-
JIOro auaMeTpa — Kanwuiap (2) ¥ HanoAHAET MEH3YPKY H3BECTHOTO
o6bema (5). Cocyn MapHoTTa 1103BOJIsiET NOMIEPXUBATE NMOCTOAH-
HOW pa3HOCTb AaBJIEHUA AP Mexnay KoHuamu Kanwuispa. Uame-
pAETCA BPEMS [ 3aNOJIHEHUS MEH3YPKH BOLOH NPH pa3IUYHbIX 3Ha-
YeHUdaX h — BBHICOTHI CTON6a XUAKOCTH B cocyle MapuorTa Mexay
OCBIO XamMANApa U HUXHUM KOHLOM BEPTUKAILHON TPYOKM (3).
Onpenensiercsi pacXon Boabl Q Npy UCTCUEHUH €€ Yyepe3 Kanusp.
KoadduumueHT BA3KOCTH 1) PACCUMTBIBAETCH Yepe3 TAHTEHC yIila Ha-
KJIOH2 NMPAMO, COOTBETCTBYIOWIEH 3aBUCHMOCTH pacxona Q OT Bbi-
COTHI A.

BoiBoa pacyeTHoil dopMyh

Mpu HeGonboON BeMMYUHE pa3HOCTH AamrNeHUi AP Teyeuwme
BOAB! 1O KamWwuasApy (2) MMeeT JJaMMHApHBIH  XapaKTep, No3ToMY
Jns pacdeTa Xo3(DOHLKEHTA BA3ZKOCTH 1) MOXHO BOCTIONB30BAThCH
dopmynoit TMyaseitng. TMoxa pacxonoM Boan O B AAHHOM CJTyYae fo-
HUMAIOT é¢ 00LeM, BHITEKIIWH 3a €AMHMIY BPEMEHH, TIPH 3TOM
Q= M/p, Tie p — TWIOTHOCTb BOANW. Pa3sHoCTL naBnenmit AP Ha KoH-
LAaxX Kanwuiapa cornacHo 3akoHy IMackans u ¢ yyeToM NofipaBKH K
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AABAECHUIO Ap,, OGYCNIOBJIEHHOH CUNAMM TOBEPXHOCTHOTO HAaTSIXE-
HMS, paBHa pgh —Ap,. BoipaxcHue U1t pacXoiia BObI 3aTIUIIETCS B
BMIE:

A Q=Ah-B,
rie A=npgR*/8Lm; B=nRAp,/ELm; Ap,=2s/p, a Ly R — co-
OTBETCTBEHHO JJIMHA W PaauyC Kanwuisapa; r — paaiuyc KPUBHU3HBI
TIOBEPXHOCTH XUIAKOCTH B Tpybke (3).

TanreHuc A yrna HakioHa nipamoii Q¢h) MO3BOALET ONPENeNnnTh
3HaueHue K03 dHLIeHTa BA3KOCTH 1) 110 opMyne

n=npgR/BLA. )

Iopanox w3mepenmii

Bpems f ncredeHUs BOABI M3MEPSIETCT CEKYHIOMEpPOM, 00beM V.
BBEITEKILIEH BOOKI — MEH3YPKOI (5), YTO MO3BOJAET ONPENCHURTD pac-
xon Q= V/t. Bucora cT1o/16a XHAKOCTH A U3MEPAETCS ¢ NOMOWbLIO
TOPM3OHTANBHOI0 MMKPOCKONa (4), 3aKperieHHOro Ha croiike. Jinu-
Ha Xanwuispa L; u3MepseTcss MUWUIMMETPOBOH JTMHENKOM. Ocoboe
BHUMaHHE HY)XKHO 0OpaTHTh Ha H3MEPEHME paauyca (AWaMETpa) Ka-
nwuispa R, (D,=2R,), noCKonbKy 3Ta BEIMUKMHA BXOAUT B dhopMy-
ny (1) B yeTBepTOil CTENMEHN U TOYHOCTL €¢ U3IMEPEHNA BO MHOTOM
OMpeieNsacT NOrPEeIIHOCTb ONMBITa. PacCMOTpUM Ha MIpUMEPE MHKPO-
ckona «Mup-12» (puc. 2) nopsrox neHCTBUI MO U3MEPEHMIO BHYT-
PEHHEro AMaMeTpa Kamwuisipa.

1. 3akpenurs BepTHKaNEHO Kanwuiap (1) BMecTe ¢ npobkoii B
cneunaabHOM Aepxatene (2) U NOMECTUTE B IPOpe3b MpeAMETHOTO
CTO/MMKE MUKpOCKona «MHp-12». YCTaHOBUTE KalmLIp TaK, YTOON
ero Topeu 61 BUREH B OKYJIAP.

2. Ilposectu rpy6y10 GoKycHpoBKY NOCPEACTBOM BepTUKAIBLHOTO
nepeMelieHUs MUKpocKona. s 3Toro npeaBapHTeNbHO OCBOGO-

=]

1
| RASEE |

10 20 30 40 50

(72

Puc. 2 Puc. 3
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AWUTH BUHT (3), 3aTeM BpalleHHEM ONpaBhbl (4) HABECTH OKYNAP Ha
Pe3KOCTh IO U300PaXEHHIO LITPUXA U LIKAJIEI OKYJSAPA.

3. IIpoBecT TOUHYIO POKYCHPOBKY BpallleHHEM OOBEKTHBA 34
HIDKHHH HakaTaHHBIH mosAcok (5) H 3aKpenuTh 06beKTHB KOHTpran-
Kol (6).

4, CoBMeCTUTb C TIOMOIIBI0O MMKpomeTpudeckoro BUHTa (7)
LITPUX OKYJISpa MUKPOCKOTIA C JIEBBIM KpagM BHYTPEHHETO AMAMET~
pa Kanuangpa ¥ CAENaTh OTCHET MO MIWIIMMETPOBOH 1ixasne (8) u 1o
GapabaHy BuHTa (9), LeHa nenenus koroporo cocrasnser 0,01 MM.
Tax, HanpuMep, NoKa3aHKEM MUKPOCKOMNA MJISl CTydasi, TIpUBEACH -
HOTO Ha puc. 3, cnenyer cuurath 16,03 Mm. IIpu UIMepeHusx Bpa-
maThs 6apabaH B OIHY CTOPOHY, MEIJIEHHO TIOABOAS WITPUX OKYJApa
K Kpal Kanwuigpa. Eciv Xpa#i Kanuuispa oKaXercd MpOiIeHHHM,
TO BEPHYThCSA Ha3ad Ha nojobopora GapabaHa W TIOABECTH IITPUX
OKYyJIsipa 3aHOBO.

5. COBMeCTHTb LITPUX OKYJISIPA C NPaBBIM KPaeM BHYTPEHHEro
AnaMeTpa M Takxe MpoBeCTH oTcyeT. PasHocTh oTCUeTa IS NEBOro
U TPaBOro KpaeB Kamwuisipa JACT UCKOMBIit THAMETP.

6. BHyTpeHHHW#t IMaMeTp KanWUISPHO TpyOKN U3MEPUTH NO He-
CKOJIBKMM HamnpapJeHUsIM CHa4Yala Ha OIHOM, a 3aTeM Ha JIpyroM
KoHLe TpyokH. [TonyuyeHHble pe3yneTaThl YCPEAHUTD.

I1p¥ nposeneHUY U3MEPEHU I HEOOXOMUMO BLITIOTHHTb CleaYIO-
Me onepaiuu:

1. TINIOTHO BCTaBKTh KaNHJLISID BMECTEe C PE3HHOBON Mpo6KoW B
6G0OKOBOE OTBEPCTHE COCYAa MapHOTTa M 3aKPBITh KanWusap pe3HHO-
Boit mpo6koit (6). HanuTe B cocyn AMCTUNIMPOBAHHYID BOAY H
MAOTHO 3aKPEITH TOPJIOBUHY cocyzna npobkoit (7) ¢ BCTaBIEHHOH B
Hee Tpyoko# (3) (cM. puc. 1).

2. BpaweHueM onpasbl OKysipa (8) Mukpockona (4) cdokycupo-
BaTh BUAMMYIO B NToNe 3peHus wkany. Ecnu mkana pacronoxeHa He
BepTUKAIBHO, NIOBEPHYTh TyDyc MUKpockona. BpauleHueM ronos-
k¥ (9) xpeManbeps! CTOHKH YCTAHOBHTE MHKPOCKOTII Ha YPOBHE OCH
Kanuulspa v, OBWrag MWKPOCKOI IO CTONY, JOOUTBCS YETKOTO
U306paXeHUs Toplla KaNmUAnsApa U KOHLA TPYOKM OAHOBPEMEHHO.
CrnienyeTt yyecTs, 4TO MUKPOCKOI AaeT TIepeBEPHYTOEC U300paxeHue,
TTO3TOMY K300paxeHne TpyOKH OKa3biBaeTCA HIXE U300paKeHKS Ka-
muuispa.

3. YCTaHOBUTB pacCTOSTHUE MEXY LIEHTPOM KaIllMansipa U KOH-
LOM TPYOKH, paBHBIM 25—30 HAaHMEHBIWM AENREHUAM LKAl MUK~
pockona (4). Ins 310ro, BO3MOXHO, NPUIETCA U3MEHHUTb BBICOTY
MHKpockora. BpaueHneM ronosku (9) yCTAHOBHTb TOPU3OHTANb-
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HBHIA IITPUX OKYJIApa Ha LieHTp Kanmwuiapa. [1poussecTH oTcyeT mo-
JIOXEHHSI OCHM Kanmwuisapa 1o HoHuycy (10) Ha cToifKe MHUKPOCKO-
na (4) ¥ 3anucaTh 310 Nnokazanue. INogHuMas Mukpockon (4), Bpa-
IeHUEM ToJIOBKY (9) YCTAHOBHTH FOPU3OHTANbHEIH LITPHX HA KOHEL!
TpyOkH (3). ITpou3BecTH OTCYET MONOXKEHUA KOHLIA TPYOKM M 3amu-
€aThb 3TO nokasaHue. Pa3HOCTb OTCYETOB JACT 3Ha4YeHUE A.

4, CHATb ¢ XKamwinsapa npooxKy (6), IpH 3TOM BOJAA HAYHET BhiTe-
KaTb B MeH3YpKY (5). JloXnaThCcsl TOSIBREHUSA HA' HUXHEM KOHLE
TPyOxM (3) ny3nppKOB Bo3gyxa. [locie 3Toro B cocyie yCTaHOBUT-
€5l HyXHOE PacIpeiieNcHNE JaBNEHHA 1 MOXHO NPUCTYNATh K U3ME-
PEHMIO PACXONa BOXKI,

5. CHaTb npobky (6) ¢ KanmWwinsapa ¥ U3MEPUTh BpEMA, B TCHEHHE
KOTOPOTO HaNOJHUTCA MEH3ypKa.

6. OCTopoXHO NoaHATL TPYOKY (3) U U3MEpPUTDL pacxon roasl QO
ewe npu 4—5 3HaYeHNAX h, NOBTOPHB ONEPaUMH NYHKTOB 4—6.
IIpuMmepHbie 3HAYEHUA A B NECNEHHAX WKaAbl MMKPOCKONA MOTYT
6uth crieaytowne: b =25, h,=30, h,=35n 1.0

O0paGoTKa pe3y/IbTATOB U3MEPEHMil

H300pa3uTh NoayyeHHbIe Pe3yNsTaThl Ha rpaduKe, OTIOXUB NO
ocH abcumcce A, a no ocu opauHar Q. [1pu HapyuieHMH JaMWHAPHO-
rO XapaxTepa TEYEHUS Pa3HOCTbL AAaBJICHUI pacter GnicTpee, YyeM
pacxof, TIO3TOMY i onpencneHus Kos3dduuueHTa BA3KOCTH M
TIPUTONEH TOJLKO NPAMOJHHENHRIR yyacTok rpaduka.

PaccunTarb TAHMEHC A YIJia HaKI0HA NOJYYeHHOH MpsAMOil (Ha-
NpUMEP, TIO METOAY HAUMEHBUWHNX KBaApaToB) U 1o dopmyne (1)
onpeacsuTh 3HaueHNe KO3QhHULHMEeHTa BI3KOCTH 1),

JIuteparypa

Casennes H.B. Kypc obwent ¢pu3uku: Yued. nocobue. B 5 xu. KH. 1.
MexaHuka. — 4-e ual., nepepab. — M.: Hayka. ®u3mamiur, 1998.
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§ 9.6. TeueHne XHOKOCTH B KpyrJIo# TpyGe.



3ampaya Ne 30

ONPEJNEJNEHUE BA3KOCTH XHUIKOCTH
IO METOAY CTOKCA

Heab 3aaaum: onpenenehye Ko3GUIMeHTa BA3KOCTY M KUIKO-
CTH NpU KOMHaTHOH TeMniepaTtype mo Meroxy Crokca.

DKCHIepuMeHTALHbIR MeTox

He6onpwoit TBepablil WapyK nafaet B BA3KOH XuAKOCTH. M3Me-
pAeTCA BpeMs IBUXEHMUA LWapUKa MEXIY ABYMSI METKaAMU, HAHEeCEH-
HBIMM Ha COCYJI C XXMIKOCTbIO, ONPEAE/IETCS CKOPOCTb IBUXKEHUA U
Ha OCHOBAHMMK 3TUX JAHHBIX PACCYUTHIBAETCA KO3 DULMUEHT BA3-
KOCTH.

Boisox pacyetrHol (opMyJIb

Ha wapwnk, onylieHHBIH B XUIKOCTb, J€HCTBYIOT TPM CHIbL: CWIa
TSKECTH mg, cuna Apxumena F, U cuna 1o06080ro cornpoTUBIECHUS
F,. Tlpeanonaraercs, 4To WIapUK AOCTATOYHO Mall, NO3TOMY NpH
JABUXEHWUY OH HE BOIMYLIACT XWIAKOCTh U HE OCTABIACT 34 coboi
puxpeii. Taxkoii WapyukK, ABUTasACk B XUAXOCTH, BOBIEKAET B ABWKE-
HUE MpPUJIETaoNINe CJIOM, TIPUYEM CKOPOCTh 3THX CIIOEB TEM MEHb-
1€, 4YeM Jajbllieé OHU HaxXoaaTcA OT uapuka. Takum o6pa3zoM, npn
BBLIYHCIICHUY COTIPOTHBIICHNUSA CPEeXBbl CNCNYET YUNTHIBATh TPEHUE OT-
HENBHBIX CIOEB XUAKOCTU MeXay co6oi, a He TPeHHe WIapHKa O
KUIKOCTh. [Nt MaJICHBKOTO 1AapHKa TpU MAaNbIX CKOPOCTAX mane-
HUA B 6e3rpaHMYHON XUAKOCTH CHNA COTPOTUBAEHUSA TPEHHA onpe-
aensercsa 3akoHoM Crokca.

Btopoii 3akoH HbloToHa B BeKTOpHOIT dpopMe ans 1mapuka mMac-
CHI m, MANAIOUIETO B XHIKOCTH, 3aNMLIETCS B BUie

ma(f)y=mg+F +F,. )}

B npoeknMn Ha OCh, NMapalNeyBHYIO HarlpaBJIEHUI0 CKOPOCTH

JBUXCHHS IAapHMKa, 3TO YPABHEHHE UMEET BUI

ma(t) =4/3nr*p g—4/3nrp 8—6rnrv(s), )
rie p, — IUIOTHOCTb BEWIECTBA WIAPUKA; p, — TUIOTHOCTDb TIIHIIEPUHA;
() — cKopocTh; a(t)=dv(1)/df — yckopeHHue LapyKa.

Kak BHIHO, CHMJ1a TAXKECTH U CHJla ApXHMENa — NMOCTOSHHBIC Be-
JIMYMHH, 2 CHJIa CONPOTHBRJIEHUS 3aBUCUT OT CKOPOCTH IBHXEHMUS
mwapuka. OnpeaennM 3aBUCHMOCTb W) CKOPOCTH 1LIapKKa OT BpeMe-
HH.

3anuueM ypaBHeHWe (2) B BUae

mdv/dt= F,—6anrv(1), 3)
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tae nepssiit wieH F,=4/3nrg(p,— p,) npeAcTamnszeT coboi MOAYb
BEKTOPHOM CYMMH CHJRI TSDKECTH M CIUTBI ApXUMEAA W OT BPEMEHH
He 3aBUCHT. A Toro 4YToOb peitnTh AnddepeHUHANBHOE YpaBHE-
Hue (3), T.e. HAUTH PyHKIMIO W(7), OOpalLAIOLLYIO €r0 B TOXAECTBO,
BBEAEM HOBYIO nepeMeHHyI0 W(1):

K1) =v(1)— Fy/6rnr. )

Bropoii WwieH B npaBoif 4acTH (4) — NOCTOAHHAA BEJIWYHUHa, NO-

atoMy dV=dv. Beipa3uM u3 cooTHomeHUA (4) cKOpocThb WapHKa

W7) Yepes HOBYIO TlepeMeHHY1I0 (/) M noacTaBuM B ypaBHeHMe (3):

mdV(1)/dt= —6anr¥ (7). (5)

Pasnenus o6e yactu ypasueuus (5) Ha V() U yMHOXHUB Ha df,
NONYYUM

dv(H/ V(1) = —6rnr/mdt. 6)

NpouHTErpUpOBaB NEBYIO U TPaBYIO YAacTH YpaBHeHUsA (6) ot
Vo= W(0) no () n ot 0 10 1 COOTBETCTBEHHO U UCTIONL3Ys HopMy-
Ny BJiA pasHOCTH JIOTapH(PMOB, HMEEM

InW(1)/V, =—(6rnr/m)t,

V(t) = [/oe —(Smr/mii’ (7)

rae V, — HavanbHOE 3HauYeHNe NEpeMEHHON V() B MOMEHT BpEMEHHU
1=0. Bripa3us W?) uepes NMPexHIO NEPEMEHHYI0 — CKOPOCTh Llia-
pUKa wW(f) (4) n yUuTHIBag BhIpaxeHue WA F,, 3annmeM Gopmyny
(7) B BURDE

w0 =2/9rg/n(p,—p,) (1 — e~sm/m), 8)
Kak BuzHO M3 BbipaxeHus (8), CKOPOCTh WIAPMKA C TEYEHHEM
BPEMEHN CTPEMHUTCA K BRIPAXCHUIO

xr?

Vo =
0 9
JIBMXEHHE € TIOCTOAHHON CKOPOCTHIO V, Ha3bIBAaETCs YCTAHOBUB-
IIAMCA.
YckopeHue mapuka H3MEHSETCs Co BpEMEHEM MO 3aKOHY

()  4nr -Srar,
"2{(’—)'=Tn';—g(pm"9x)e mo. (10)

g(pm - px)- (9)

a(t) =
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Ha puc. 1 npeacrarneHsl rpaduku U3MEHEHHS CKOPOCTH H )
peHHs mapHka co BpeMEeHeM. B Hayase 1apHk ABHXETCA € YCK
HWEM, €TO CKOPOCTb BO3PACTAET, CICAOBATENLHO, BO3PACTACT H ¢
COMPOTUBJICHHUS, 4TO, B CBOIO OYEPEND, NMPHBOAMT K YMEHbBLICH
YCKOPEHUS B COOTBETCTBHH C YpaBHEHHEM (5).

~y

Puc. |

N3 (9) nonyyaem dopmyny s onpeaeyeHus n:

< 2w —Px) 2 (n
9 Vo

dopmyna (11) He yUUTHIBACT BIMSAHMS CTEHOK COCYAa Ha ABHXE~
HHE 1IapuKa, OHa NOJYYeHa s Cyyass 6eCKOHEYHO MPOTSXKEHHOH
XUIKOCTH.

Ecnu wapuk namaer BAoJb OCH UWIMHAPHYECKOTo cocyna, TO
BIIMAHHUE CTEHOK cOCy/a paauyca R yYuTEIBaeTcs nonpaskoii X ¢rop-~
Myne (11):

!

nelg? Pe =Px (12)
9 vo(1+1,24r/R)

Iopsanok uamepensii

B 3anaue naMepserca KoaddHULMEHT BHYTPEHHETO TPEHHS TIHLIE-
PHMHA, KOTOPHIi# HAXOAUTCH B CTEKISHHOM LUWIMHIPDHUYECKOM cocyae,
MOMEUIEHHOM B COCYX € BONO ;Ui YMEHLILUEHHS BIUAHUA UIMEHE-
HMSA TEMIIEPATYPHI B MTOMCUICHUH, TAK KaK BA3KOCTh XUIKOCTH CHIb-
HO 3aBUCMUT OT TeMIiepaTypsl. 11 uaMepeHHA BSA3KOCTH IVIMLEpHUHA
HCIONB3YIOTCS MalleHbKHe IIapHUKH U3 criaBa Byna'. na nposeae-
HUS UIMEPEHUI HeoO6X0IMMO BBIITOJHUTDh CACAYIOIIHUC OncpaLuu:

1. UaMepuThb AnaMeTp UIapHUKa C NMOMOLIBEI0 MHKPOCKOINA C OKY-
JAPHBIM MUKpoMeTpoM. TToMecTUTs HIapHK CTEKISTHHOH Jonarod-
KOil Ha NMpeJMeTHOE CTEKJIO MUKPOCKOIT4, CAEdaTh OTCHET NOJIoXE-

I Cnnas Byna (Bi —50,10%, Pb — 24,90 %, Sn — 14,20 %, Cd — 10,80 %) yaobeH ang
"CI’!07Jlb30BaHM$I TeM, uyto 06.1anaeT cpasHNTENBEHO HUIKOHA Temieparypof! ruiasse-
HUA 70°C.
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HMA NEBOro 1 MpPaBOro KOHLOR AMAMETPA LIApWKa, HaliTH ux pas-
HOCTHb B JENCHUAX MUKPOCKONA ¥ B MWUIMMeETPaxX. Pe3ynkTaThl 3a-
HECTH B TaONUILy, TPUBEACHHYIO HHXE.,

2. OCTOPOXHO ONYCTUTh MAPHK B COCYA C MIMLIEPMHOM, KaK
MOXHO GAMXe X ero ocu. Ha WIMHAPHICCKOM COCYAE € TMHUEPH-
HOM HaHECCHBI B¢ KPYroBhle MeTKM. OmHa — Ha 5—6 cM Huxe
YPOBHSA [IMUEpHHA, apyras — Ha 20 cM Huxe BepxHeit. B Tot Mo-
MEHT, KOI1a IIAPUK NPOXOJUT BEPXHIOID METKY, BKNIOYUTE CEKYHAO-~
Mep M BHIKJIIOYMThL €r0, KOrja WAPUK TPOHAET HHXHIOW METKY.
BpeMs ABIDKCHMS 1LIAPHKA MEXIY METKAMH 3aHECTH B TaGJIHiLy.

3. Onepanun NMyHKTOB 1, 2 noBTopuTh I 10 1mrapukos.

4. U3mepuTh paccrosHue / MEXIY METKAMM.

O0paGoTka pe3yasTaToB M3MEPEHNIt

JIns KaXnoro mapuka ofpeAeSINTh YCTAHOBUBIIYIOCA CKOPOCTD
OBUXeHUa v,=I/t n no ¢popmyne (11) nau (12) paccuurarh K03~
duuHeHT Ba3kocTH. Pe3ynkTaThl CBECTH B TAOGNHILY, pacCYUTATh MO-
TPELHOCTD IS 1.

Qrcuer no mxane Jnamerp Bpema Cxopocrr | Bsskocts,| [Morpew-
No MMKPOCKONa wmapuka, MM | I2ACHHS, C (aJeHNR, M/c Mac HMOCTb
a/n [ cneea, cnpaBa,
nen. zen.

1

2

3

10
Llena AeneHHUS MHKPOCKONA = ..., IOTHOCTb KHAKOCTH — ..., TUIOTHOCTb MaTepHala
IAPHKA — ..., PAIIUYC BHYTPEHHETO COCYAA — ..., PACCTORHHE | MEXUTY METKAMH — ...
Cpennee 3Hayerue Ko3GOUUHENTA BAIKOCTH 1] — ... .

Jinrepatypa

Casenben WM. B. Kypc obueit dpusmku: Yueb. nocobue. B 5 xH. KH. 1,
MexaHuka. ~ 4-¢ u3n., nepepab. — M.. Hayka, @vamataut, 1998,

napa 9. I'maponvnamuka.

§ 9.4. CuKl BHYTPEHHETO TPEHMS.

§ 9.5, JlamuHapHoe 1 TypOy/IEeHTHOE TEYeHU .
§ 9.7. [IBMXeHUE TeJl B XUIKOCTAX U rasax.



3anava Ne 31

ONPEAEJEHHE BA3KOCTH BO3AYXA
110 CKOPOCTH UCTEYEHUA YEPE3 KAITULIAP

lenb 3anaumu: onpeneneHre KoddhduuneHTa AMHAMUYECKOH BA3-
KOCTHM 1 BO3ayxa B MHTepBaine Temnepatyp 20—100°C no ckopoctn
€ro UCTEYCHUA Yepe3 Kanwuisp.

DKCnepHMEeHTANBHBIA METOR

Boanyx HakauMBaeTcsl B COCY/A IO AaB/JE€HUS, TIPEBLILLIAIOWIETO aT-
MOC(hepHOE Ha HEKOTOPYIO BeJMUMHY AP, ., a 3aTeM MOCTENEHHO
BBIXOAWT U3 cocyla B aTMocepy depes TpyOKy Manoro namerpa —
xanuanap. Ilpy 3ToM pa3HocTh AP naBneHUS B cocyle M aTMocep-
HOTO HaBJIEeHUs YMEHBIUAETCA ¢ TeueHNeM BpeMeHu., Pukcupylorcs
3HaYyeHUSA BPeMEHU {, NPU KOTOPHIX AOCTUTAIOTCA OMNpelesleHHbIe
pa3HocTH daBieHUit AP. KoagduimeHr BI3KOCTH 1 pacCUUTHIBAET-
Cfl yepe3 TAHTEHC Yria HaKJIOHa NMpsAMOoi, COOTBETCTBYOIIEN TUHEN -
HOMY y4acTKy 3aBUCUMOCTH In(AP/AP, ) OT t. PacueTHble popmynsi

BLIBOASITCS /IS HEBOJBLIMX O CPAaBHEHMIO C aTMOC(EPHBIM JiaBiie~
HHEM 3HaYyeHuit APL.

Buison pacyernoii Gopmyant

Ipu npoBeaeHMM 3KcnepUMEHTa BO3AYX BHITEKAeT M3 COCyla
obbemom V| uepes kanwanap aunst L, u avamerpa D, B atmocde-
py. 3anMileM ypaBHEHHE COCTOSSHMSA VIS BO3JyXa B 3TOM COCYIE:

PV, =-'£RT, )

TAE u — MOJIApHAas Macca BO34yXa; m — Macca Bo3jlyxa B cocyne; R —
yHUBEpCaibHasA ra3oBas nocrosgHHas (R= 8,314 Ix/mons-K).

CunTasi TeMnepaTypy Bo3ayxa B COCyA€ NOCTOSAHHOI, NSl NIPOU3-
BOAHOI# dP/dt naBneHnsa NO BPEMEHY MOXHO 3aNnuCaTh:

dP RT dm RT _
7V d - Vg M, tne M=—dm/dt. (2)
3HaK «—» B 3TOM COOTHOLUEHMM TIOKA3LIBAET, YTO C TEYEHHEM
BPEMEHM XOJU4ECTBO BO3AyXa B cOCyae yMeHbliaeTcs. Pacxon Bo3-
yxa M=—dm/dt npu ero NaMMHapHOM CTallHOHAPDHOM TeYeHHMM
onpenensercs popmynoit Ilyaseinsi, B xoropoit AP= P— P, — pa3-
HOCTb AaBNeHUii Ha KOHUAX Kanwuispa, L, — amHa kanvnspa; R —
ero panuyc. IInoTHoCcTh Bo3ayxa p = m/ ¥, MOXHO BbIpa3UTb U3 ypaB-
HeHMA cocToaHus (1):

_Pu

m
P—Vo RT' (3)
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W3 cootHoweHnii (3), dopmynst [yaseitna v (2) yuntoiran, uro

R,= D2, dP=d(AP), nonyyaem nuddepeHunanbHoe ypaBHEHHE
dP _ =DyPAP @
dr— 128nlghy’

Ero MOXHO ynpoCTHTh, TpHHMMasl BO BHHMaHUE, YTO Pa3HOCTh
JaBfReHnii AP Mana mo CpaBHEHHIO C aTMOCHEPHHIM HABJIEHUEM.
TIpuMeM cTosduIce B NpaBoil yacTH ypaBHeHus (4) AaBneHMe B cocy-
ae P= P,+ AP paBHRIM HEKOTOpPOMY cpelHeMy 3HavyeHW1o (P) 3a
BPCMSA MPOBCACHHA IKCIICPHMEHTA, Pa3IcAUM NEPEMEHHBIC B NONy-
YeHHOM JIMHECIHHOM YPaBHECHHUM M TIpeobpa3yeM ero JIEBylO 4acThb:

dap) =Py
AP 128nLl,

din(AP) = Ady. )

IMocToAHHan A naercs BripaxXeHHEM

__ P\ Dy
VY A7
Hnrerpupys nesyio yacTs ypasHenus (5) B mpeaenax ot In(aP, )

Ao In(AP), a npaByio B npeaenax ot 0 4o ¢ U Ucnionb3yst popMyny
JUIST Pa3HOCTH JIOrapudMOB, TTOTYYNM

In(AP/AP,,) = Ar.

Bsenem obosnauyenusi: Y=In(AP/AP,
HaKJIOHa NpsAMoM

) X=1 TanreHc 4 yrna

Y=AX (6)
NO3BOJIACT ONPCACHANTD 3HAUCHUE KO3dihrumeHTa BA3KOCTH 1 NO
dopmyne

_ n{P) D}
128|4| LoV’ O

rae |A] — a6conoTHOE 3HaueHUe YraoBoro KoadbduumneHTa A npa-
Moil.

TTopanoxk n3Mepennii

3anaua MoOXeT BhINONHATECS Ha jabopaTOPHBIX KOMILIEKCaX
JIKT-2 (npy pasnuyHeIXx Temneparypax), JIKT-5 u JIKT-10 (npu
KOMHATHOI TeMneparype). I3MepeHHUd Ha KaXJAOM KOMIUIEKCE pe-
KOMEHIyeTCsl IPOBOAUTS BABOEM: OAMH YeNoBeK (PHKCUPYET U JHK-
TYeT NMOKA3aHUSA SNEKTPOHHBIX YaCOB, BTOPOil UX 3aMUCHIBAET. DeK-
TPOHHBIE Yackl MTPEAHA3HAYEHBI JUIS H3MEPEHHSI HHTEPBANIOB BpEME-

1“:
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HM ¢ pa3pewnieHmneM 0,01 ¢ ¥ ynpaeasiorcs TpeMst KHONKaMH. K
ka «<MODE» — Br6op pexuma pabotbl. B pexnme «CeXyHao)
muraet Haanucb «SUN ... SAT» B BepxHe# yact auciuiest. KHc
«ADVANCE» B pexXuMe «CeKyHIOMEp» 3aIyCKaeT H OCTaHaB/IMU)
oTcueT BpemMeHU. Ecnu He cOpachiBaTh OTCYETHI, TO IIPOUCXO,
CYMMMpOBaHHWeE H3MEPSEMbIX MHTEPBAIOB BpeMeHH. KHonka «SE
HaXxaras B NpoLecce OTCYETa BpeMEHH, (PUKCHPYET NOKa3aHMs [
TUIeA, HO He OCTaHaBIMBAET OTCYET BpeMeHH. ITpy noBTOpHOM H
XaThUy 3TOM KHOIKM TOKa3aHusl AuCIies G6yayT cOOTBETCTBOBA
nponoxawoeMycst orcuety BpeMeHu. KHonka «SET», Haxaras ng
OCTAHOBJNIEHHOM OTCYeTe BpeMeHM (Mocje HaXaTUsd KHOMNK
«ADVANCE»), cbpacbiBacT (06HYNRET) OTCYET H MOKAIAHHS ANCTE
nes. B HEKOTOpPHIX MOZENSAX 3NEKTPOHHDIX YACOB CPEAHAA KHOMNK:
«A A» obbennuseT yHkunu «SET» n «<ADVANCE», npu sTom Ha-
XaTve Ha JieBblif Kpaif KHONKH «A A» cooTBeTcTByeT «SET», Ha npa-
BbIit — < ADVANCE».

JIKT-5, Bce 3n1eMeHThl KOMiIeKca pa3MellleHbI B KapKace, COCTO-
AlEM U3 NepeaHeii maHeny U AByxX 6GoKoBUH. OpraHbl yrnpasaeHHs
BBHIHECEHB! HA TIEPEAHION0 NTaHe/b, Ha KOTOPOiH HaHECEHa CXEMaA Co-
eIUHEHH 21eMEeHTOB KoMmiekca (puc. 1).

OCHOBHOI# 371eMEHT KOMIUIeKca — 6ailioH obveMom 3,0 1, KoTo-
pPoIii HAXOAWTCS 3a niepeaHel naHeawblo (Ha puc. | He nokasaH). ban-
noH cHabxeH KpaHoM K3 (1), pykoATKa KOTOpOro BbIBEAEHA Ha na-

Hesb npuGopa. B uensax 6e3onacHOCTH Ha GaIOH B pabovyeM CocTo-
STHHU HaJeT MELIOK U3 IUIOTHOW TKaHW. 3a nepeaHei INaHenplo




YCTAHOBNEH OCYUIMTEND (CTEKISAHHBI GANNIOHYUK C CUTUKATENEM),
yaepxuBacMbIH npyXuHOMN.

OnddepenumancHeIif BOXATHON MaHOMETP (2) COCTOUT M3 HHX-
HEro ¥ BepxHero 6a4koB, COeJMHEHHBIX NPo3payHoii Tpybxoit. B6sn-
3u TpyOKM pacnionoxeHa JIMHelKa (3), o KOTOpoH OTCHUTBIBaETCA
ypoBEeHBb XHIKOCTH B Nipesienax oT 0 10 22 ¢M ¢ paspelicHueM | MM.

IIpn npopeseHun uaMepeHui Ha JIKT-5 Heob6xoamMo BHINOJ-
HHTB CJIEAYIOIUHE ONEPaLIUH:

1. O3HaKOMUTECSL C paboTOit 2NEeKTPOHHKIX YacoB (4) U ycraHo-
BUTL peXuM «ceKyHaoMep» KHonkoil «MODE». B 3ToM pexxume Ha
3KpaHe aucrnes MuraeT Haxnmuch «SAN ... SAT».

2. CobpaTh NHEBMATHYECKYIO CXEMY JUISI MIPOBEACHHS 3KCTIEpH-
MEHTA.

2.1. Coeavituth 6autoH (wTyuep (5)) ¢ BOASHBIM MaHOMETPOM
(urryuep M(6)) CHIIMKOHOBBIM 1IUIAHIOM.

2.2. CoeauHuTh BEIXOX 6awiona (rtyuep (7)) ¢ kanwuisipom (8)
Hnu (12) CWINKOHOBBIM LILTAHTOM.

2.3. NpucoeaHUTL pe3MHOBYIO Tpylly K wrtynepy (11).

3. ¥6eauthcsi, UTO YypOBEHbL BOAH B MAHOMETPE COOTBCTCTBYET
HyNeBOM OTMETKE HIKAIbl NPH OTKPBITOM Oa/uioHe (BEPTHKANBHOM
nonoxenun «OTKP» kpana K3 (1)). B cnyyae HeobxoanMocTH Kop-
PEKTHPOBKH YPOBHS 06paTHTLCA K NaGopaHTy.

4, 3akpriTh 6ann0H kpaHoM K3 (1), nocTtaBus ero B ropu3oH-
TaTbHOE noNoXeHue «3AKP»,

5. HaxauaTe Bo3ayx B GaJinoH.

5.1. 3axpuTs Kpan K2 (9) BpauieHrneM pyykM Ha fIaHENIH 1o ya-
cosoit cTpenke no ynopa. Ilpu 3TOM NEpeKprIBacTCA BhIxoa bamio-
Ha 4epe3 Karnuusp.

5.2. OtkpeITh BxoxHOM kpaH K1 (10), moBepHyB ero Ha HeCKOJh-
KO 0GOPOTOB NMPOTUB YAaCOBOil CTPEJIKM.

5.3. Hakauats BO3ayXx B GaJUIOH pe3UHOBOMH Ipyllei yepe3 wTy-
uep (11), cnean 3a NOKa3aHUAMH MAHOMETPa ¥ MEUIEHHO NOBbLILLIAS
JaBneHue B 6annoHe 1o 3HavyeHnsa 200—220 MM BoasiHoro ctonba no
OTHOLIEHHIO K atMochepHomy nasiennio. ITepekpoiTh kpaH K1 (10),
Bpallasi ero py4xky rno 4acoBoil CTpeJiKe A0 yNnopa, U BBIXAaTh 1—
2 muH. TToka3aHnus MaHOMETpa HE JNOJXKHBI 3aMETHO U3MEHATECH CO
BPEMEHEM.

6. CHATb 3aBUCUMOCTD AABIICHUS B DAJIVIOHE OT BPEMEHH.

6.1. OcranosuTb cexyHnomep kHonkoit «<ADVANCE» v c6pocuts
ero nokasanus kHornkoi «SET». Ha 3kpaHe JO/DKHO NOSIBUTLCH 3HA-
yeuue «0-0000».
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6.2. OtkpeITh KpaH K2 (9), npu 5TOM BO3AYX HAYHET BHIXOAUTH
U3 GalsToHa uepes Kanuaisp B atMocdepy 1 NoKa3aHusd MaHOMET-
pa (2) 6yayT ymeHbluaThes. TIpy moaxone JaBNeHUs K BRIGpaHHOMY
3HayeHHIo AP, (MoxHO B3ATb AP, = 160—180 MM BOmsIHOTO CTON-
6a) BKIIOUHTD ceKyHAoMep KHoNKoit «<ADVANCE».

6.3. Tlpu AOCTUXEHUK CTONOUKOM MAaHOMETPA TNEPBOTO 3aJaHHO-
ro sHayeHust AP (cM. TaGimuy B pasgene «O0paboTka pelynbraTos
H3MePEHUIT») 3aPUKCHPOBATL MOKA3AHHUSI CEKYHIOMEpPAa KHOMKOM
«SET» u 3anucaTth UX B Tabnuily, 3aTeM cHOBa HaxaTh «SET», 3a-
buKcHpoBaThs BTOPOE 3Ha4YeHue U T.4. Becero Heobxonumo 3adukcu-
posaTh 8— 10 3HaYeHUii JaBNEHUA U COOTBETCTBYIOUIUX 3HAUYEHUN
BpEMEHH.

7. ITOBTOPUTH MOCTEAOBATENBHOCTD ONEpaLHi ITYHKTOB 5, 6 He
MeHee TIATH pa3 cCHavyala ana kanwutsapa (8), a 3aTeM Ois Kanmwuis-
pa (12), npeaBapUTESibHO COEAMHUB €ro ¢ BHIXOAOM 6ajuioHa (WITYy-
uep (7)) CWIMKOHOBBIM LLUTAHTOM.

IMp¥ MCNONLE30BAHUY KanWuisipa ¢ GONMBIIMM 3HAYCHUEM PagHy-
ca JaBieHHe B OayioHe MafJaeT JOBOJIBHO OLICTPO, NO3TOMY MOXHO
He GpUKCHPOBaTh MOKA3ZAHUSA CEKyHAOMEPA JUISI PA3HOCTH AaBJIECHUIT
AP> 150 MM BOIAIHOTO CTONGA.

IMpu ckaykooOpasHOM U3IMEHEHHH NMOKa3aHWH MaHOMeTpa BO
BpeMsl UCTEUCHHS BO3yXa Yyepe3 Kanwuisp MOBTOPUTH ONBIT, Mpe-
BapUTENbHO HECKONBKO Pa3 MOBLICHB U COpOCHB JaBJICHHE B MAHO-
MeTpe MPU MOMOLIH PE3UHOBOMH Irpyiiu.

JIKT-2. DnemeHtsl kommnekca JIKT-2 pasmelieHs! B Tpex sipycax
Kapkaca {puc. 2). HuxHuii apyc — cnyxeburiil. B Hero BCTpoeHBI
npubopsl U pasMelIaloTesl 6JIOKH, HEUCTIONB3YEMbIE B HAHHBIN MO-
MEHT, 1 ALWUKY JUIA TIDUHAUIEXKHOCTEH, KOTOpLIE BIBUTAIOTCH B
KapKac o HanpasIsIoWUM. B cpetHeM sipyce pasMeitieHsl KOMIIpec-
cop, 6710K OaIOHOB K HEKOTOpEIE (PYHKLIMOHANTBHEBIE Moaynay. Hyx-
Hble 4715t paboTkl 6I0KM YCTaHABNUBAIOTCA BEPTHKAJILHO B CpEAHEM
Apyce Ha IITBIPAX OBYX 6anok, orpaHMYUBAIOINUX paboyyio 30HY
CBepXy U cHu3y. biioku 3akpennsAiorca raikaMu, HAaBHHUMBAKOWM-
MMCH Ha LITHIDHU,

Ha 3agHelt cTeHKe YCTaHOBEHEBI PO3ETKH 3NMEKTPONTUTAHUA (CETh
220 B). Ha npaso#t 6okoBuHE (C BHYTPEHHEN CTOPOHHBI) NMeEETCS
KJIEMMa 3a3eMIIcHUs.

Bepxuuit sspyc Kapkaca — Imoika, Ha KOTOpoii pa3Meniaercs Ao-
TIOJTHUTEIBHOE OCHAILICHUE.

Komnpeccop (1) nmpeaHazHaueH anst CO3AaHUA NMOTOKA BO3AYXA C
HanopoM jo 30 kI1a u pacxogom mo 90 mn/c. Komnpeccop cHabxeH

270



f ,_-:,E'; _ﬂ
30 !
i l
T p—14
B——15
n 1738
1] o1l 4
1 {
BT

NN

2 6 20 26

Puc. 2

GannacTHpIM o6BemMoM 0,65 1 1 crTaXvMBaHUA NyabcaLMii AaBne-
Hug. Ocyuiutens npeacraensier coboit 6annoHUYMK C CUIMKATESIEM,
yaepxuBaeMbiit npyxuHoit. [Tocne 6annacTHoro o6premMa 1 oCcymIMTe -
JIA BO3OYX TMOCTYNaeT Ha WITYLep, YCTAHOB/ICHHBIW Ha nepeaHeil Bep-
XHeit Ganxe kapkaca M 0603HaYeHHBbIH (2).

dBa 6noxa 6annoHOB coaepxar no Asa 6annoHa obbemoM 1,06 n
Kaxawtit. Beixoam 6j10k08 BRIBeJEHBL! Ha LUTYLIEPbl HA BepxHeil ne-
peaHet 6anke Kapxaca u ob603HayeHH (3).

HUsmeputensHas: cucrema UCT-2 (4) 3aHMMaeT OAHY CEKLKIO
HYXKHETO 3TaxXa Kapkaca. OHa CIYXMT Uil 3/ICKTPONUTaHUA Harpe-
pateneil, ynpaBieHHS TEMIIEpPaTypoi H3yuaeMmuix o6rexTon (B yacT-
HOCTH, TEPMOCTAaTUPOBaHUA) U T.0. A3MepeHHe TeMNepaTypsl ocy-
IECTBAAETCS TIPH MTOMOIIHM JAaTYNKOB, TIpECTaRJISIOUX coboif no-
NyNpOBOAHUKOBbIE AMoabl. TIpM NpoTekaHuM uYepe3 AUON
bMKCUPOBAHHOTO TOKA B NMPSIMOM HanpaBlieHUY HAMPAXCHUE Ha
HEM MPaKTHYECKU JHHEWHO 3aBUCHUT OT TeMrepaTrypul. CucTema
HCT-2 3amaer TOK ¥ U3MepAeT HATIPSXKCHUE Ha ANO/E, a 3aTeM ripe-
obpazyer 3TO HaNpHKEHNE TaK, YTOOB MOKa3aHUA IU(pPOBOTO MHAM-
KaTopa JaBajiid IHAaYECHUA TEMTIEPATYphI ¢ paspelrerueM 0,1°C.

IMepen mpoBeneHneM uaMepeHUt Ha kKomrutekce JIKT-2 nosnxeH
OBbITh YCTAHOBJICH BEPTHUKAJILHO Ha WITHIPSX M 3aKpeluleH Traika-
miu (5) 6nok «['A3 — XKUAKOCTb» (6). Ha HeM pacronoxeHs! pe-
ometp (7) — ycTpo#cTBO 11 U3MepeHus pacxoja rasa, MaHoMeTp (8)
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Ha 300 MM pT. ct. (40 kIla) ¢ passerBuTenem (9), nsa xpaHa (10)
u (11) co mTyuepaMu U NeKTPOHHBIE yach! (12). Paboune 6amno-
Hbl (3) coeaunaloTes ¢ KanwwisapoM (13), pa3BeTBUTEEM MaHOMET-
pa (9) u BeIXOAOM KoMipeccopa (2) CHWIMKOHOBBIMY IIUTAHTAMH.
CxeMa NIpUBOIUTCA B NPUWIOXKEHNH K ycTraHoBKe. CO0pKa CXeMbl Bbl-
MoNHAETCH NabopaHToOM.

TIpu nposeneHun uamepennii Ha JIKT-2 Heobxogumo BbInoji-
HUTBH CJEYIOIME OTNIEPalVH:

1. O3HaKOMHUTECS € YCTPOWCTBOM KOMIJIEKCA U PACTIONOXEHHEM
€ro OCHOBHBIX Y3J10B (KOMIIpeccopa, M3MEpPHUTCIBHOH CHCTEMM
HUCT-2 u mip.).

2. O3HaKOMHUTBCS C paboToil 3MeKTPOHHEIX YacoB (12) u ycraHo-
BUTH PEXUM «CeKyHIoMmep» kHomkoit «MODEs. B atom pexume Ha
3KpaHe Aucitles MuTaeT Haanuck «SAN ... SAT». B monenu cekyH-
nomepa Ha JIKT-2 cpeanHsst KHOMKA «A A» 06beANHACT (DYHKIIHH
«SET» u «<ADVANCE». Haxarue Ha neBBIil Kpaii KHOMKH «A A»
cootBerctryeT «SET», Ha npasbiit — «<ADVANCE».

3. HakayaTs BO31yX B OaIOHHI.

3.1. 3akpuiTh kpaH (11), Bpaulasg ero Mo yacoBoi CTpeEnke A0
yropa, TIp1 3TOM NEPeKPLIBaeTCA BbIX0H OaVIOHOB Yepe3 Kanuuisp.

3.2. Orkpmits kpaH (10), Bpawas ero NpoTHB YacoBOH CTPENKY
Ha HEeCKOJIEKO 060poTOB, NIPH 3TOM OAUIOHE COETHHAIOTCS C KOM-
TIpeccopoM.

3.3. TTocrasuTs peryasaTop (14) xoMIipeccopa B KpaifHee TOJI0Xe-
HUE, Bpalllasi €ro NMpOTHUB YacOBOM CTpENKH A0 yropa, obecrneyus
MHHUMATBHBIN HayanbHbl HAMop Bo3xyxa. BkioynTs KoMnpeccop
TyM6nepoM (15) u, cnens 3a MoKasaHUAMH MaHOMETpa, HaKayaTh B
GaJTOHET BO3AYX A0 IaBJIcHUSA NpuoanauTesibHo 180—200 MM pT. CT.
ITpu HeoGXOoOWMOCTH YBENUYNUTL MOWHOCTL paboTel KOMIpeccopa
perynsitopoM (14).

3.4. 3akpoertk KpaH (10) u BeIKMOYNTE KoMnipeccop. ITokazanus
MaHOMETpa HE JOJIKHBI MEHATHCS ¢ TCUeHHEM BPEMEHH.

4. CHATL 3aBUCUMOCThb JABJEHUA B Ga/IIOHAX OT BpeMEHHU,

4.1. OctaHoBuTh cexyHnoMmep KHoMKoi «~ADVANCE» (HaxatueM
Ha TNpaBbIft Kpail KHOIIKU «A A») U COPOCHUTD €ro TOKa3aHMsl KHOM-
Kot «SET» HaxartneM Ha neBbIH Kpait KHONMKH <A A»). Ha skpane
JOJIXHO NMOSAIBUTBCA 3HaUeHHe «0-0000».

4.2. OTKphiTh KpaH (11), npy 3TOM BO3AYX Ha4YHET BHIXOAUTH U3
6aUTOHOB Yepe3 KalmuIsip B aTMocgepy U 1okKasaHust MaHoMeTpa (8)
Oymyt ymeHsiuarscs. [1py noaxone naBiaeHHS K BBOpaHHOMY 3Haye-
Huio AP, (MoxHo B3saTs AP, = 160 MM PT. CT.) BKNIOUMTD CEKYHIIO-

Hay

272



Mep KHonkoi «<ADVANCE» (HaxaTnem Ha npaBblif Kpail KHOIKH
«A A»).

4.3. IIpn mocTHxeHHUN CTONGHKOM MaHOMETPa NePBOro 3ajaHHO-
ro 3HadeHus AP (140 MM. pT. cT., cM. TaGnuLy B pasneie «O6pabot-
Ka Pe3yNLTaToOB U3MEPEHMI») 3ahNKCUPOBATh NOKA3aAHMSA CEKYHJ0-
Mepa KHonkoil «SET» (HaxaTvcM Ha JieBhIf Kpail KHOIKM «A A») M
3anucarh MX B Tabsuily, 3aTeM cHoBa HaxaTh «SET», 3adukcupo-
BaTh BTOpPOE 3HaueHHWe U T.i. Bcero HeoGxonumo 3admnxcupoBatb
8-—10 3HaueHMit faRNeHUS] M COOTBETCTBYIOWMX 3HAYEHNIT BpeMEHM.

5. Onepalimy MyHKTOB 3—4 TipoaenaTh He MEHee MsITU pa3 CHaya-
Jla MpHM KOMHATHOW TeMreparype, a 3aTeM TNpPH TEMIIEepaType
60—100°C. s Toro 4yToBHl HarpeTh BO3AYX B NMONOCTH PEOMETPA,
HeobXoMo:

5.1. CoeanuuTh kabeneM rie3po (15) HarpeBaTenss peoMeTpa ¢
rHe3qoM (16) namepurenshoi cncteMbl UCT-2.

5.1. BxmouuTs uaMepuTensHyio cucreMy UCT-2 tymGnepom (19).

5.2. 3apatb Tpebyemyio TeMmnepartypy perynstopomM «TEMITEPA-
TYPA» (17) u HanpsiXeHUe HarpeBaTenss npuMepHo 14—16 B pery-
ngropoMm «<HAI'PEB» (18) (HanpskeHHe KOHTPOAUPYETCS MO Lmnp-
pPOBOMY MHAMKATOpY (22) npH HaxaToi KHonke (28)).

5.3, BxitounTh Harpesareas Tym6nepom (20). ITpu noctuxeHnu
3aaHHOH TeMIepaTypbl CHCTEMa TIepeiaeT B peXUM TEPMOCTaTHPO-
BaHUsl U 3aropuTcs KpacHuIi unavikatop (21). Ilocne 3Toro MOXHO
MPOBOAUTb U3MEPEHMsA. 3HaYCHNE TeMMepaTypsl B rpanycax enb-
cusl CYMTEIBaeTcs ¢ UM@poBoro mHAMKatopa (22) npu Haxatoi
KHoOMKe (23).

1o OKOHYaHHM M3MEPEHMIT BBIKIIOYUTh HarpeBaTelb U JIMTaHKe
u3MepuTeIsHOM cucteMsl UCT-2,

JIKT-10. 3neMeHTsl XOoMmiekca JIKT-10 (6auioHbl, BeChl, MaHO-
METP) CMOHTHPOBAHbBI Ha TLINTe-ocHOBaHwM (puc. 3). [Ipu nposene-
HHUM u3MepeHHil Ha JIKT-10 HeoOXOOMUMO BHITIONIHUTD CIICOYIOLIHE
onepauum:

1. O3HakoMHUThCA C paBoToit 3/IeKTPOHHBIX YaCOB U YCTAHOBUTH
PEXUM «CeKyHIoMep» KHOMKoii «MODE». B 3ToM pexuMe Ha 3x-
paHe mucIuiea MuraeT Haanuch «SAN ... SAT». B Moaenu cexyHno-
Mepa Ha JIKT-10 cpegHas KHOmMKa «A A» 0OBbeAVHAET PYHKUUM
«SET» v «<ADVANCE». Haxarue Ha JieBslit Kpali KHOTIKM «A A» cO-
orBercTByeT «SET», Ha npaBniii — «<ADVANCE».

2. CoeAMHUTh CUINKOHOBEIMY LITAHTAMH TIPH TIOMOLLIH TPOIHU-
KOB (6) 6aymioH (1), peavnosyio rpywy (3), MaHoMeTp (4) M Kanui-
Jsip (5) TaK, KaK MokasaHo Ha puc. 3.
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Puc. 3

3. IepexpnITh Kanusiap 3axxuMoM (7), HakayaTs B 6ANNOH BO3-
IyX A0 Pa3sHOCTH AaBneHui AP, ~180—200 MM pr. CT., MEPEKPHITH
32XKMMOM (8) 1LNAHT OT PE3NHOBON IpyIIN.

4. CHATb 3aBUCUMOCTE JaBIECHUA B OAJUIOHE OT BPEMEHH.

4.1. OctanoBuTk cexyHaomep kHonkoit «<ADVANCE» (HaxaTtveM
Ha NIPaBbLil Kpait KHOTIKK «A A») K COPOCUTH ero MOKa3aHUS KHOT-
Koit «SET» (HaxkaTueM Ha JIeBbIfl Kpal KHONKK «A A»), Ha axpane
JOJDKHO MosiBUTheA 3HaueHue «0-0000»,

4.2. OTKpBITHE Kanwuisp, ocnabus 3axum (7), Npu 3TOM BO3AYX
HaYHET BRIXOIUTHL U3 CaINOHA uepe3 Kanujuisp B aTMOCGhEpPY M No-
ka3aHua MaHoMeTpa (4) OyayT ymeHbuiathea. [1pu noaxone AaBne-
HUA K BbIGpPaHHOMY 3Hayehuio AP, (MOXHO B3aTh AP, =
=160 MM pT. CT.) BKIIOYUTH cexyHaoMep kHonkoi «ADVANCE»
(HaxKaTHEM Ha TIpaBblii Kpail KHOMKH <A A»).

4.3. TIpn JOCTIDKEHUM CTONOMKOM MaHOMETpa NEPBOTC 33jlaHHO-
ro 3HayeHust AP (cM. Tabnnuy B pasgene «O6paGorka pe3yibTATOB
HU3MepeHKik») 3apUKCHPOBATL NMOKA3aHUA CEKYHIOMEpPa KHOMKOM
«SET» (HaXaTHeM Ha JIEBbIH Kpail KHOMKHU «A A») M 3anucathb HX B
Tabunuy, 3aTeM cHoBa HaXaTb «SET», 3adukcupoBaTh BTOpOE 3HA-
YyeHue U T.1. Becero HeoOxonuMmo 3adukcuponats 8—10 aHayeHU#
JAaBICHUS Y COOTBETCTBYIOLUMX 3HAYEHVI BPEMEHH.

5. Onepalui NYHKTOB 3—4 TIpOAENATh He MEHEE NSTH Pa3.

OGpaGoTka pe3yanLTaTOR H3MepeHHit

TTpuMepHbIil BUI TaOAHLIBI, B KOTOPYIO 3aHOCSTCS 3KCHEPUMEH-
TaJIbHbIE JAHHDBIC, MOXET ObITh CJICIYIOLINM:

Kanwmnsap L= ... mm, D,=... MM, Bannou V= ... n, Temnepa-
Typa T=... K.

Duamerp D, v mnuHa L, HCTIONB3YeMRIX KaNMJIAPOB, a TaKxXe
o6beM GUTNOHOB ¥, MPUBOAATCA B NPHIOXKEHUH K IKCIICPUMEHTAND-
Hoilt yctaHoBke. [Ins 06paboTKu pe3yibTaTOB HEOOXOAUMO:
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AP
ty
MM BOA. CT. MM pT. CT. t | Lt In( AP/AP,
UIKT-5)  (KT-2, IKT-10) | (awmc) | 2 | s ® (AP/AF )
160 160 0-00,00 0
(AP

140 140

120 120

100 100

80 80

70 70

60 60

50 50

40 40

Yranosoi xoxpduument (Tanreuc Harnona) A = ...,

Koappuument araxocrw 1) = ... (Ma<c)

1) ana xaxnoro sHayeHus AP HaliTn cpenHee 3Ha4YCHUE BPEMEHH
n= th/n, NPU XOTOPOM OHO AOCTUranoch (n = 5);

2) nocTpouTh TpadMK 3aBUCUMOCTH In(AP/AP,,)) OT BpeMeHH (f);

3) BuIAENUTb NUHEHBle YIaCTKH rpaduka, onpeaenuTs oénacts
JIAMMHAPHOTO TedeHUs Bo3ayxa. [l MaHHLIX, CHATHIX PR AABACHH-
sx P<200 MM pr. cT. (Ha ycraHoBkax JIKT-2 u JIKT-10), nuHeii-
HEBIX yyacTKoB Oymer n8a. OOUH U3 HUX COOTBETCTBYET TypOYJICHTHO-
MY TEYEHWIO BO3ayXxa (4 3HaUYSHU A P, MpeBBILIAIOILNX MPpUOAV3IN-
TenbHo 100 MM prT. cT.), 2 Apyrod — naMuHapHoMmy (ans Gonee
HW3KUX NepenanoB gaeneHus). Touxa nanoma rpaduka Gymer coot-
BETCTBOBAaTh H3MEHCHHUIO THNa TeUEHUSN (PHC. 4);

o

e,
™O¥es 908

T -A%_)

Puc. 4.

4) paccuutatb K03 HULIHEHT BA3KOCTH 1| o dopmyne (7) yepes
TaHIeHC A yT1a HaKJIOHA TIPSAIMOIi, COOTRETCTRYIOWICH YJAcTKy JlaMu-
HapHOTO TEYECHHS,
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5) cpaBHMTD 3HaueHUA X03¢bbHULMEeHTa BAIKOCTH, NOMyYEeHHbIE
TIpU pa3HBIX TEMNepaTypax, 0ObACHUTb pe3ynnTaT (Ms JAaHHKIX,
CHATHIX Ha yctaHoBke JIKT-2).

Pacuer yrnmoBoro xosbhduumueHTa A MOXHO TIPOBECTH METOAOM
HaUMEHBILIHX KBAJpaToOB.

Paccuntath cpeaxee aasineHue (P)= P + (A P) B 6anoHe MOX-
HO, HanprMep, chaeaylownM obpazoM. IlycTs TaMUHapHEIH XapakTep
TEYCHMA rasa No KANWUIAPY COOTBETCTBYET Pa3HOCTSM JAaBJICHHMi,
JIeXalMM B UHTEPBae OT A P, 10 NOC/IEAHETO U3MEPEHHOrO 3Haye-
Hus AP, OTuM 3HaueHHaM AP, AP+ 1, AP, +2, ..., AP, cooTperT-
CTBYIOT CpeJHHE 3HAYEHMUSt BpEMeEHH (H,, (N, + 1, (H,+2,.., (DHy
(cM. Tabnuuy). Toraa ansa ( P) MOXHO 3anucaTh:

(aP)= {APL M + Py (L)Lﬂ2;<t_)L +AP,,, M +..

+ (’)N‘(’>N—| 1
coan sl L

Jlureparypa
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OUIT, 1998.

§ 29. [IsuxeHue BA3KOHK XMAKOCTH.



3agawa Ne 32

OIMPEAEJIEHHUE KOOQOHHHUEHTA
TEIUIOITPOBOAHOCTH BO3AYXA

Ienb 3agaan: onpeneneHne xosdpduiieHTa TEMWIONPOBOAHOCTH
BO3IyXa % METOJIOM HAarpeToil HUWTH.

DKCHePHMEHTANBHLI METOX

Hccnenyemblit Ta3 (BoaayX) 3aNoNHAET NPOCTPAHCTBO BHYTPY LK~
JVHApUYEcKo#t TpYOKH, no ocH KOTopoil HaTAHYTa METaJIMYECKas
HNTL. Yepe3 HUTH NPOMycKaeTcd 3MEKTPUYECKUH TOK, TPU 3TOM B
COOTBETCTBUM C 3aKOHOM JIXKoyns—JleHlAa BHIAENAETCA TEIIO M BO3-
IyXx B Tpybke Harpemaetrca. KoadduiuueHT TennonpoBOAHOCTH x
MOXHO PacCYMTATH, 3Hasd MOLITHOCTH HarpeBa W U pa3HOCTb TeMIie-
paTyp HMTH i Kopriyca T—T..

Buison pacuernoil opmyan

IlepeHoc Teruia oT Gojiee HarpeToil YacTH Kakoro-iubo tena x
MEHEE HArpeToi MOXET OCYIIECTRISITLCS TPEMS CNIOCO0GaMU: Tero-
MPOBOAHOCTHIO, KOHBeKLMei 1 JIydencnycKaHueM. B ciryyae nepena-
YU TeIvla IyTeM TeIUIONPOBOXHOCTH KOJIMYECTBO TeTuta dQ, npoxo-
afiee 3a BpeMs df Yepe3 TUIOIAAKY dS, NEPNEHAUKYNSPHYIO K Ha-
TIpABNEHNIO, B KOTOPOM CYLICCTBYET rpaMeHT TemriepaTypul d7/dx,
OyJeT paBHO

dar
dQ=-x = dsdt, )
roe x — K03 GULMEHT TETUIONIPOBOIHOCTH, 3aBUCSIMIA OT CBOHCTB
BELLECTRA.

¥YpapHeHue (1) — SMIIUPHUYECKOE YpaBHEHHE TEMJIONPOBOAHOCTH.
Ero Ha3piBaloT Takke 3aKoHOM Dyphe.

EcayM HUTb HarpeTh TOKOM, a TEMIIEPaTypy CTEHOK TPYS6KM noa-
JEePXWBaTh NMOCTOSHHOM, TO B HANPaBIEHUH paavyca TpyOKY BO3HM-
KaeT rpalueHT TeMrnepatypbl. Yepe3 mobyio KOaKCHATbHYIO C HUTBIO
MOBEPXHOCTE pagMyca » 3a eIUHULY BPEMEHM TIPOMAET KOINYECTRO
Terua

0= —nanL%Z, Q)
r

roe L — WinHa HUTH.
Jns craumonapHoro npouecca Q — BeNW4MHA NMOCTOSAHHAas, Pa3-
JeNUM TepeMeHHblEe B NTOJIyYEHHOM YPaBHEHHM:

er = -x2nldT.
r

$277



UHTerpupys NeByio yacTe B pegenax ot 4 1o D, npasyio B npe-
aenax ot T, no T v ucnonb3ys cBoiicTBa norapu¢Mos, st Koadhu-
LIMEHTA TEMUIOMPOBOAHOCTH NONYYUM

lnB
- Q2 . __d (3)
2L T-T,

rae D — guametrp Tpybkw; 4 — nawamerp Hut; T n T, —
COOTBETCTBEHHO TEMTIEPATYPBI HUTH U KOpITyca TPYOKH.

Temnepatypy Tpyoku 7., MOXHO ONPERETUTE C NIOMOLLBIO AATYHKA
TeMNepaTyphl, BBEPHYTOTO B Kopriyc. Temneparypy HuTH T onpenensi-
10T TIO U3MEHEHMIO €€ SJIEKTPUUECKOTO COMPOTHRIEHUA TIPH Harpesa-
HuY. B 06naacTh npuMeHseMbIX TeEMTIEpaTyp COTNIPOTURIEHHKE MeTal-
JINYECKOit HUTH R pacTeT ¢ TeMIepaTypoii No JTUHEHHOMY 3aKOHY

R=R/(1+aT), 4)
rae R, — conpoTuBieHUe HUTH nipy 0°C; o — TeMnepaTypHBIi Koad-
(ULMEHT CONTPOTHURIIEHUSA MaTEpHala HUTH.

HaMepuB conpoTuBneHye HUTU R, 10 HarpeBaHHs TIPM Hayaib-
Hoit TeMnepatype 7, (T.e. TEMIIepaTypa paBHa TeMIepaType Kopry-
ca) U CONMPOTUBIEHNE R npU HCKOMOI Temniepatype 7 W 3Hasi TEM-~
nepaTypHHi KO3¢hPHUHEHT CONPOTHRIICHMA BEILIECTBA HUTH o, NO-
JIYYUM

R-R| 1+(1T| 5
.R| a ) ()

Cunras, 4TO BCe BbIAENSEMOE HAYILMM NO HUTH TOKOM TEIUIO MNe-
PEHOCUTCH TTyTEM TEMAONPOBOAHOCTH, MO YCTRHOBMBILEACS pa3Ho-
CTH TeMMepaTypsl 7 HUTH M TeMnepatypsl T, Kopmiyca onpeAensior
KO3(MPUUMEHT TENJIONPOBOAHOCTY BO3AYyXa:

D

In—
W.__d :
WL T-T, ©)

rae W — MOLIHOCTb HarpeBaHWs! HUTH.

Tlopanoxk u3mMepennii

PaboTa BHIMONHSIETCH HA YHUBEPCANLHOM J1abopaTOPHOM KOMI~
nekce JIKT-2, KoTopulit N03BOJISIET MPOBOAUTD H3MEPEHUS DAY~
HBIX NMpOLECcCOB B raszax. OO1MIT BUA YCTaHOBKHW NpPEACTAaBNEH Ha
puc. la. IIpn BeinonHeHUM AaHHOI PaboTbI UCTIONB3YIOTCH: KCMe-
PUMEHTANbHBIR Moayiab (puc. 16), u3MepHTeabHas CcHCTeMa
HCT-2M, cocanuuTeNbHble TPOBOJA.

T=T+
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MEHTARBHR
MOTYTb
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: Tueana «[IUT» « y
i
THeano sarunka
TEMNEPATYPH
—l by L
] .______ o Iuezna «Uyr» F
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B xopriyce 3KcnepMMEHTAIBHOMO MOAY/l Ha NMepeaHeil naHeln
pacrionoXxeH LHIHHAPHYECKHUit KaHan (TpyOKa), BHYTPH KOTOPOTO
MO OCH TPYOKV HaTAHYTA METANUYECKAA HUTh U3 CIIIaBa HA OCHO-
Be HUKensd. Kanan 3akpeiT npoGkamu. CxeMa coeAMHEHUA HUTH TT0-
Ka3aHa Ha puc. 1B. HUTh noaxmoueHa K rHe3gaM «U» Ha maHenu
monyna. [locnenoBaTenbHO C  HMTBIO BKIIIOYEH ISTAJIOHHIR
pesucrop R, nonxmodeHHb K rHe3naM «U ». K rHeanam «[TAT»
MOOKIIOYAI0OT HUCTOYHUK TUTAHUSA H3IMEPUTENBHON CcUCTEMBI
HCT-2M. C noMolBI0 MyJbTHUMETpA (pPUC. 2) MOOYEPETHO U3MEPH-
[OT HANPSXEHUE HA HHTH U HA 3TAIOHHOM PE3HCTOpE, U3 4YEro omn-
pPencnsiioT CONPOTHRIIEHHE HUTH R M BHUIEAMBINYIOCH B HEl Terno-
By10o MolIHOCTE W. [10 CONpPOTHRIEHNIO HUTH OIPEACIISAIOT ee TEM-
neparypy T. Temmepatypy Kopnyca 7, M3MEPAIOT ¢ NMOMOILBIO
IaTYMKa TEMNEpaTyphbl, BBEPHYTOTO B Kopryc (THe3a0 «IAT»).

Ipu nposeeHNM U3MEPEHNH HEOGXOMHMO BRIOJIHUTD CIICAYIO-
L(HE oIepaluu;

1. Cobpatrhb 2NMEKTPHYECKYIO CXEMY.

1.1. BKJIWOYUTH HCTOYHHK ITHTAHHA B CXE-
MY COEAWHEHHMI HUTU. JLIA 3TOro K rHe3aam
«[TNT» akcnepuMeHTANBEHOTO MOAYSA C TO-
MOLLBIO COSTHHUTENBHEIX TIPOBOMIOB TIOACOE-
JUHHUTE UCTOYHUK NMUTAHUA UIMEPHTEIbHOW | {
cucreMsl (THe3na «HAIP» u «OBlll» Ha ne-
pegHel TNaHend U3MEPUTENBHON CMCTEME
HNCT-2M (em. puc. In));

1.2. JaTt4yuk TeMriepaTypbl Koprnyca (THe3-
10 «JAAT» Ha nnaHenmu MoAysisi) ¢ NMOMOLIBIO
COEIMHUTENBHOr0 NMPOBOJAA MOAKIIOYUTL K
rHeany «II,» namepurenbHoit cucreMb HCT-
2M. Haxatb kHonky «T». Temneparypa
xopryca 7, B °C GyneT BRICBEYHMBATLCA Ha LIMGPOBOM HHAMKATOpE.

1.3. Tne3na «U » u «Up» naHenu moayns CIyXaT A1 H3MEPEHHsA
HanpsbkeHust U, Ha 3TATOHHOM pe3ucTope M HanpsxeHna U, Ha
HUTU. B npouecce BBINOIHEHUA paGoOTH K HUM NOOYEPEAHO fOA-
Kovaercs MyapTHMETp. IIpH n3MepeHusaxX HanmpsXeHUs TIpeacnkl
U3MEPEHNI MYJILTUMETPA cneayeT BelOHpaTh TaK, YTOOL! MMOKAa3aHUA
MMeENU He MeHee TpeX 3HavalluX Uudp.

2. C noMouIbio MyJTBTUMETPA U3MEPUTE CONPOTHBIAEHNE STAJIOH-
Horo peaucropa R, (rHe3zaa «U, » Momyns).

3. C nomomsio 1H¢poBOro HHAHKATOpPA Ha MepeaHeil NaHeJH 13-
meputenbHoil cuctembl UCT-2M n3mMeputh HaYanbHyIO TeMMepaTy-
py Xopnyca ¥ HutH T .
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4. Tym6aepoM «BKJI» Ha n3Mmepurenbhoit naHeam UCT-2M
BKTIOYHTD ITHTAHHE HarpeBaTeif,

5. TloncoeTMHHB H3MEPHTEBHBE IPOBO/IA MYNETUMETPaA K FHE3-
IaM «Up» maHenn Monyns BpamieHueM pyuku «HATPEB» uamepn-
TeLHOH MaHeNN, YCTAHOBUTL HEOOXOMUMOE 3HaAUYEHHE HATPSDKEHUSA
HuTH U,. Bennunna U, BHICBeYMBaeTCAd Ha MaHeNU MYJNbLTUMETPA.
Jna naHHoro 3HaueHUs U, ¢ MOMOMBIO MyABTHMETPA H3MEPUTDb Ha-
TIPHKEHHE HA 3TANOHHOM pe3ucrope U, ¥ ¢ noMoLIbio uudppoBoro
VHAKKATOpa uaMepuTenbHosi navemm UCT-2M temnepatypy xopmy-
caT.

6. IIposectnt iaMepeHns Wid MMHUMANbLHOTO 3HauyeHud U, a 3a-
TeM nopsaka 8—10 u3MepeHn# Wis pa3THYHEBIX 3HaYeHuiA U, B nua-
na3zoHe 1000—4000 MB. Pe3ynbTaTel 3aHeCTH B TabuuLy.

U.MB | Uy B I, MA R, OM W, Bt T.C T.'C x, Br/{(M-K)

IuaMerp HUTH d = ... , AaMaMeTp kanana D=..., ummawem L =...,
TeMnepaTypHblii KO3¢GPHIUHEHT CONPOTHBACHUA HUTH Q. = ... .

Tox I B HUTH onpenensior 1o dopmyne: 1= U,/ R,

Conporusnenue R uurn: R=U /L

MowHocTs HarpeBanusa Wuutn: W= I’R.

TeMnepatypy HUTH onpeaenuTh no popmyse (S), koadbuLnent
TETUIONPOBOFHOCTH BO3ayXa — no dopmyne (6).

JInreparypa

Caseanen H. B. Kypc obueil dpusuxn: Yueb. nocobue. B 5 xn. KH. 3.
MonekynapHaa GH3HK2 W TepMORHHAaMuKA. — 4-¢ u3a., nepepab. — M.:
Hayxa, ®u3matimt, 1998,

I'nasa 7. ®u3nyeckas KHHETHKA.
§ 7.4. TemnonpoBOAHOCTL ra3oBs,



PA3JIEJI 2

NOBEPXHOCTHOE HATSKEHUE XHAKOCTEH

OcCHOBHBIE IOHATHA H COOTHOIEHMS

Cyl1ecTBYIOT IBa SKBUBAJIEHTHBIX onpeaenernus KoaddunumneHra
MOBEPXHOCTHOTO HATAXEHUSA XUIKOCTH G

1) KaK BeJJMYNHBI, YUCJIEHHO paBHOIt KoaddULHMEeHTY nponopLu-
OHANBHOCTH B COOTHOLLEHUH MEXIY MOBEPXHOCTHON aHeprueit Wu
TIOMIANBIO TOBEPXHOCTH S:

W=6S 9))
(Zpyr¥Mu cjIoBaMM, KakK MOBEPXHOCTHOW 3HEPrUM, OTHECEHHON K
eAVHVLIE TIOLIANN);

2) KaK BeJIMYMHBI, YHUCIIEHHO paBHON KO3 HhULIMEHTY MPoTopLu-
OHAJIBHOCTH B COOTHOLUEHKHH MEXIY CHIOH MOBEPXHOCTHOIO Hars-
XeHMA F, ReHCTBYIOLIEM Ha HEKOTOPOM OTpe3Ke Jio00N IMHUU Ha
TIOBEPXHOCTH XHUIKOCTH U ,!IHI/IHOi"l OTpE3Ka I

F=al )

(npyrumu cnoBaMu, KaK CWIBI NOBEPXHOCTHOTO HATSXKEHMUS, OTHE-
CEHHOM K eIUHULIE IJINHLL. DTa CHA KAcaTeNibHA K NMOBEPXHOCTH U
HanpamjicHa NeprICHAUKYASAPHO K PACCMATPUBAEMOMY JIEMEHTY JIM-
HHUK).

OnuiT U HabmoaeHUs MOKa3LIBAIOT, YTO TIOBEPXHOCTHHI Cloit
XHUJIKOCTH IO CBOMM CBOWCTBAM BO MHOTOM HAanoOMMHAET pacTAHY-
TYIO 3NaCTHYHYIO TUIEHKY. B TOM M JipyroM ciiyda¢ AeHCTBYIOT NO-
BEPXHOCTHLIE CWIEL: B OTHOM CJTy4ae — CWibl NOBEPXHOCTHONO HATSI-
XEHWS, B APYIOM — CHUJIB YIIpyrocTi. Te v Apyrue CUibl NpeacTaB-
JMI0T cob0i CHABI CLEIUIEHUS, AEUCTBYIOIHE CO CTOPOHBI OAHOM
yacTu cyos (TJIEHKY) Ha APYTYIo, ¥ o0yCNoBIeHB B3aUMHLIM NpPH-
TAXEHUEM MOJIEKYJI, HAXOAAWMXCA TIO Pa3HBIE CTOPOHBI JUHUMH,
pasaensiomeit obe yactu (puc. 1).

Bceskaa nsorHyTas (BBINYKIIasi WM BOTHYTasi) pacTAHyTas ynpy-
rasi JIEHKa, OrPAaHWYEHHAS TUIOCKMM KOHTYPOM, CTPEMUTCA BHMPA-
MUTBCS, CTaTh TUIOCKO. Tak Xe Bener ce6s U MOBepXHOCTHBIN choit
XKHUIOKOCTH. Byayun 1o KakuM-1uM60 npuuMHaM M3OTHYTHIM, OH OKa-
3BIBaECT HAa XUAKOCTH Oosbliiee NaBNeHHUE, YEM JaBNCHUE, KOTOPOE
HCTIBITBIBAET XMAKOCTH € TUIOCKOH NMOBEpPXHOCTHIO. B nocnemHeM
c/1yuae CMJIBI MOBEPXHOCTHOIO HATSIXXEHUST HanpaBieHbl BIONb TO-
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BEPXHOCTH M HE CO3/IAI0T NONONHUTEIBHO-

ro RaRIeHHA — OarI1E€HHUE NOI NMOBEPXHOC-

TBIO PaBHO BHELIHEMY nasnenuio P, Ecnu

MOBEPXHOCTh KUIKOCTH UCKPURIECHA, J4B-

JIEHMe TI0J TIOBEPXHOCTBIO OyneT OTau-

YaThCsl OT BHEWIHETO AaBICHMS: NaBIeHUS

IO pa3HBIe CTOPOHBI MOBEPXHOCTH OKA3bI-

BAlOTCH Pa3IMYHbLIMU. B cliyyae BLITyKIIOM Puc. |

TIOBEPXHOCTY (pHUC. 2a) IONONHUTEABHOE

JaBRieHKUe NpubaBiseTcs X AaBICHUIO, KOTOPOE MCITBITHIBACT XHI-

KOCTb MO TUIOCKO#M NOBEPXHOCTDIO, T.C. ABJIAETCA MOJIOXUTEbHBIM.

B ciyyae BorHyro# nosepxHocTH (pMc. 26) JaBieHHe, MCIBIThIBae-

MO€ XHIKOCTHIO, OYIET MEHBIle, YeM TI0] TUTOCKOH NMOBEPXHOCTHIO,

T.€. JOTNIOJIHUTENBHOE JaBJIERUE SBASAETCA OTPULATENBLHEBIM.,
BenuunHa DOMONTHUTENBHOIO NABIERNA AP 3aBUCUT OT CTEHECHN

VCKPHBJICHHOCTH TOBEPXHOCTY U onperensetcs popmynoit Jlannaca:

Ap=c[l+l} 3)
h n
TOE 7, U r, — PaivyChl KPMBH3HLI MOBEPXHOCTH JUIS ABYX B3aWMHO
NMepneHANKY/IAPHBIX CEYCHUI.

B cnyyae Koria noBepXHOCTh XUMAKOCTH TpeAcTaBiseT coboi
4acTb cephbl paauyca #, BHINONHAETCA PaBEHCTBO 1, =/r,=rM

ap-%. )
r

®opmyna (4) onpeaesdeTr U3GHTOUHOE AABJICHUE B KaIUlsAx cde-
pudeckoii GopMB M B My3bIPbKAX ra3a, HAXOMAWMNXCA BHYTPY XHI-
KOCTH. B 060oMx ciyyasax n3bnTouHOE NaBieHHE HaMpasieHO K LieH-
Tpy KpuBu3HE chepbi (puc. 3). BeanuuHa nanieHust, Kak CleayeT u3

Puc. 2
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X
X

[

Puc. 3 Puc. 4

dopmynel (3), TeM Gonble, yeM MeHbILE paguyc chepsl. DTy 3aBU-
CUMOCTB XOPOLIO H/UTIOCTPHUPYET OIEBIT, CXEMAaTHYECKH M300paxeH-
HBIV! Ha puc. 4. Ha xoHuax crek/JISHHOM TpyOKM BHIAYBalOTCA JBa
MBIUIBHBIX Ny3bIpst A ¥ B pasHbix pa3MepoB. Kpaus C v D nospons-
IOT BEIOYBaTh 00a NMy3bIpsl OTACABHO U 3aTeM COODWIATH UX ApYr €
IpYTroM (npu 3akpbiToM Kpane D). IIpu coobiieHny nmyssipeii Bo3ayx
B MEHBIIEM My3BIPE OKaXeTcs Mof GOMBIINM JAaBIEHUEM U HAYHET
1o TpyOKe nepeTekaTth B GONMBIINIA MYy3bIps. B pe3ynbTaTe Maibiit my-
3kIPE OYAET CTAaHOBUTBLCA BCE MEHBILE, MTOKA MOJIHOCTBIO HE CTSHET-
cs1, CONBIION Xe TTY3bIpb OYIeT yBeAWUNBATBCSH, NOTIONAS MaJleHb-
KHit.

JonosHuTeNBHOE AaBIEHHE AP, 06yCIOBJIEHHOE CHIIaMH TTOBEP-
XHOCTHOTO HATSAXEHUsl, BHYTPU MBUIBHOTO TY3bIpA MOXET OBTH
HaiizeHo no dopmyie (4), MpH 3TOM HEOOXOAWMO Y4YeCTh BKIIANH,
co3laBaeMble BHEWHEH W BHYTPEHHEH CTEHKAMM 1My3BIps, NO3TOMY
NONHOE JOMONHATENBHOE NaBNEeHUE BHYTPH MY3HIpA PaBHO 4G/r.

Hanuuue cun MOBEPXHOCTHOTO HaTSKCHUSA TMPHUBOANT X MOAHA-
THIO XUIKOCTH B TPpyOKax Majloro CeueHWs — Kanwuispax. Takoe
SBMNEHUE MPOVCXOANT, HaNpuMep, NIPH COTIPUHKOCHOBEHHH XHIKOCTH
C TIOPUCTBIMH TENAMH, HMCIONIMMH OOJTbIIOE YMCHO Y3KHX, HE3aMET-
HBIX KaHaloB (NpOMOKaHUEe TKaHEH, TIOAHATHE BOABRI B FIOYBE HIN
KepocHHa 1o GUTHAIO W T.1.). PopMa NOBEPXHOCTH XHAKOCTH B Ka-
NMWLUTSIpe — MEHACK — MOXET OBITL BBIMYKN0i1 W BOTHYTOH (pHC. Sa,
56) COOTBETCTBEHHO TIPU HeCMAaUWBaHUM M CMAYHBAHMU KUIKOCTBIO
TIOBEPXHOCTH Kamwuisapa. [Ipy nolHOM cMauyuBaHUK (pUC. 56) MOX-
HO CYUTATh, YTO PAJAYC KPUBU3HB MEHMCKA COBITANAET C BHYTPEH-
HUM paguycoM TpyOKM r. FuapocTaTuieckoe NaBjicHUE CTo6a Xua-
KOCTHM YpaBHOBEWIMBACTCS NOMOJHUTEIBHEIM JaBJIeHUEM, 06yCIIOB-
JIEHHBIM CHJIAMH NOBEPXHOCTHOTO HATAXEHHS, TTO3TOMY

AP=2c/r=npgh. 3)
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W3 37010 COOTHOWEHHSA BHIHO, YTO BbICOTA MOIHATHA XHIKOCTH

B KaNWINSpe NPy MPOYHX PaBHBIX YCIOBUAX TeM GoNblie, yeM yXe
Kamuiap (puc. 6).




3anava Ne 33

HU3MEPEHHUE KOBD®OUIINEHTA INOBEPXHOCTHOI'O
HATAXEHUSA XNAKOCTH C NOMOINBIO ITPUBOPA
PEBUHIAEPA

Ilemb 3anaun: onpeneneHUe 3aBUCHMOCTH K0 duLMeHTa noBep-
XHOCTHOTO HATSXEHMs1 G CITUPTOBOrO PacTBOpa OT KOHUCHTpaunH
TIpY KOMHaTHO#t TeMIepaType.

OKCnepHMeHTATbHBIE MeTon

MeTon MakCUMaILHOTO JaBJICHHUSA B TY3bIpbKe, HCTIONb3YEMBIH B
3a5a4e, OCHOBAH Ha U3MEpPEHHHN MAKCHMAJILHOTO JaBneHws NpH 06-
pa3oBaHKK BO3AYIIHOTO My3bIPbKa, BHIAZBIMBAEMOrO M3 KamWILIsAp-
HOTO KOHYMKa B XUAKOCTb. KoadhduULneHT NoBepXHOCTHOTO HATA-
XEHHSI G PACCYUTBIBAETCA C NOMOILIO ¢opMyIb! Jlamnaca.

Ha puc. 1 nokasaH npocreiilmii papyanT npubopa, No3BoNsIO-
LIEr0 peanm3oBaTh Kiclo Metofia. HaxaTHeM Ha peanHoBylo rpyuy
CO3/1a€TCS MOBBILLEHHOE AaBJIEHHE (MO CPAaBHEHUIO C aTMOC(HEPHBIM)
BHYTPH TpYOKM, KOHYHK KOTOPO#H CONPUKACAETCH C NMOBEPXHOCTHIO
XMAKOCTU, HaxomsiLieicst py aTMOcepHOM AaBneHuH. B pesynrra-
Te BO3AYUWIHKIA cTONIGHK TIpornGaeT nNoBepXHOCTL XUAKOCTH, YTO, B
CBOIO OYepelb, BLISBIBAET NOSBACHUE JONONHUTENLHOIO RABNEHNS,
HarpaBNeHHOTO BBEPX M YPABHOBELIMBAKOILETO (NMPH MEANCHHOM
npouecce) U3OHITOK JaBNeHHUA B TPyOKe. PasHOCTh AaBiieHUiT name-
pSETCS XUAKOCTHEIM MaHOMeTpOM. Kak BMAHO U3 pPUC. 2, IO Mepe
YBENUUYCHUA PA3HOCTH JABJICHHII BO3ZHUKAIOLIHIT HA KOHYMKE TPYO-
KHA BO3JYUIHEIA Ny3blpeK YBeJUUMBaeTCd, HO €ro paauyc BHayajie

L
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yMeHblUaeTcsl (pHc. 2a). D10 YMeHbIIEHUE NPeKPaacTcs, KaK Tolb-
KO paMycC My3bipbKa r CTAHOBUTCS PaBHBIM panUyCy OTBEPCTHSI KOH-
4MKa r,. B 3TOT MOMEHT my3sipek umeeT hopMy nonychepsl panny-
coM r, (puc. 2B). B nannHelieM paauMyc nysbipbka yBEnHUHBaeTCA
(puc. 2r). TakuM 06pa3oM, paanyc NMy3blpbka HE MOXET GbITh MEHB-
e panyuyca oTBepcTHs TPyokyu r,. CneaosaTentHO, MaKCHMATBHO
BO3MOXHOE JaBJieH)E B Ny3nlpbKe, 06S13aHHOE Cci1aM NOBEPXHOCT-
HOTO HATSIXKEHUA, OTIpeleNseTCs BeTUIMHOK

2
APmax=r_U' (1)

0

MakcumansHoe N36LITOYHOE aBieHUE B TpYObKe, KOTOpOE KOM-
TIEHCUPYETCSl MOBEPXHOCTHBIM HATSIKEHUEM U W3MEPAETCS pa3Ho-
CTbIO BBICOT YPOBHE XHUIKOCTH B MAHOMETPE, TAKXKE ONpPEACNseTCA
dbopmynoit (1).

IDTHM OOBACHAETCSH Ha3BaHUe MeTola H3IMepeHU! — MeTola Mak-
CHMaILHOTO NaBJIeHUS B TY3bIPbKE.

OnpeneneHne Ko3(GOULNEHTA TOBEPXHOCTHOTO HaTSXKEHUA Npo-
M3BOAMTCSA ¢ noMolLbio hopMynsl (1).

BoiBoa pacyeTHolt GopMy bl

HUnest MeToaa, ONMCaAHHOrO BHIE, PeaU30BaHA B HECKOJNBKO
apyroii dopme B mpubope PebGnnnepa, HCnons3yeMOM B HacTosILEN
3agave (puc. 3). HecnemyeMan XMOKOCTb NOMELIAETCA B CTEKNAHHOM
cocyne B. CrekinsiHHas TpyOKa, OTTAHYTHIA KOHYHUK KOTOpO# conpu-
KacaeTcs ¢ XHOKOCTBIO, BBIBEAEHA Yepes TpobKy HapyXy U coobia-
etcd ¢ atMocdepoit. TpybKa cBOUM BEPXHWM KOHLOM MOXeT ObiTh
BMasgHa B BEPXHIOIO YacTb COCYNa, B 3TOM cliyyae Npo6Ka He HyXHa.
B oTsiMuMe OT paccMOTpPEHHOIO BhIllle TIpHMepa nepena oJaBNeHWi,
HeobXxonUuMARI nna o6pazoRaHUA NMY3LIPLKOB BO3MYXa, CO3NAETCHA HE
TNOBBIILIEHHEM JaBIIEHHS B TPYOKE, a pa3pexXeHUEM BO3lyxa B COCY-
Ie B, 1.e. TOHHXEHHEM JaBNSHUS BO3AYyXa Hal XuaKocTteio. Paspe-
XKEHHE CO3AETCs C TMIOMOLLUbBIO acnupaTopa A — HaroJIHEHHONO BOAOH
cocyna, — M3 KOTOpOro npy OTKPHITOM KpaHe E 1o KamisM BbITeKa-

2 TN
/ \
/
\ /
\ Fo Y
]
N s/

a 6 8 z
Puc. 2

————
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et Boga. [1py 3TOM ypOBEHBL XHAKOCTH B aCIIMPATOPE NMOHNXKAETCA,
00BEM BO3IYXa B CUCTEME «aCNUPATOp — cOCcyl B — cCoemMMHHUTENLHLIE
TPYOKH» YBEeNUYMBAETCA, a NABICHHUE MANACT, KaK 3Toro Tpebyer 3a-
xoH Boitns—Mapuotra. IIpn onpenesieHHO#H CTeNneHH pa3pexeHus
NMy3bIPbKH BO3AYXA, BOZHUKAIOLIME Ha KOHYMKE TPYOKH, HAYMHAIOT
TIPOXOAHTbL Yepe3 XUAKOCTh. Pa3HocTh namieHumil atMocdepHoro
BO3IyXa U BO3AyXa B cocyle B u3MepseTcs pa3HOCTbIO BbICOT YPOB-
Heil XUIKOCTH B KOJIEHaX MaHoMeTpa M.

Mir L R EVTMLDART |

(£~
ety

Ch

Puc. 3

ACTIMPaTOp CBEPXY 3aKPHIT NMPOOKOi, TIPU OTKPLITUH KOTOPO CH-
creMa cooburaeTcs ¢ arMoctepoiil. Cocyn B MoxXeT OLITh CBEPXY 3a-
KPBIT KOJIIAYKOM.

Hns onpenenenust KoaddulivieHTa TIOBEPXHOCTHOTO HATSXKEHUSA
no ¢opmyne (5) HCOOXOAMMO 3HaTh paauyC OTBEPCTHS KOHYHKA /.
IpsiMoe U3MepeHUE 3TON BETUYUHBI TIPEACTARIACTCA 3ATPYIHUTENb-
HBIM TIPEXAE BCETO MOTOMY, YTO TpyOka OOLIYHO ObIBAET HE BHOJHE
Kkpyrnoii. [ToaToMy npeanoyTUTENLHO paccMaTpUBarTh 1, KaK Belu-
YUHY, OTIpEAC/IEMYIO U3 TIPEABAPUTE/IBHOIO OTILITA C «3TAJIOHHOM»
XHMIKOCTEIO (HanpuMep, ¢ JUCTUIIMPOBAHHOH BOJOH), KO3PdHUN-
€HT NMOBEPXHOCTHOrO HATAXEHUA KOTOPOH G, XOPOLLO U3BECTEH.

BBens o6o3HadeHue k= r,/2, popmyny (1) MoXHO Tiepenucath B
BUAC

c=kaP,. @)

Jns «3TANOHHOM» KUAKOCTH, KO3 OUUUEHT NMOBEPXHOCTHOTO
HaTSXKEHUA KOTOpoil U3BECTEH U paBeH o, a Pa3HOCTh JaBJeHHIl B

288



MOMEHT OTPHIBAa BO3AYIUHOTO ITy3bIpbKa, ONpenelisieMas U3 OnbITa,
paBHa AP, .., COOTHOweHHe (2) 3anMIUeTCA B BUAC
o, = kAP, .\ 3)
Ortciofa BeIM9UHA k, KOTOPYIO Ha3HIBAIOT MTOCTOAHHOM 1pHbopa,
TMOCKOMbKY OHA 3aBHCHUT OT Pa3MEPOB «KOHYMKa», ONIPELEIIUTCS Cle-
IyiowHM obpasom:

k=—2_. 4)
AR)max
OnpenennB NMOCTOSHHYIO Npubopa k, MOXHO NMPUCTYTIIUTH K Of-
peneneHnio kod3dpduUumMeHTa TOBEPXHOCTHOTO HATSAXEHMUS 060
XWIKOCTU B COOTBETCTBHH C HOPMYNON

o=—0 APy (5
ARy max
TTocKonbKy pa3HOCTb AaRJIEHUIT aTMOCHEPHOTO BO3yXa M BO3Y-
Xa B cocye B nponopunoHanbHa pa3HOCTH BLICOT H ypoBHeH Xua-
KOCTH B KOJieHaX MaHOMeTpa M, MOXHO ¢opmMyay (5) 3anucats B
BUIE

o=—"H, 6)

ITopanok u3Mepenmi

Jlnsa npoBeneHHA U3MEpeHH HEOOXOAUMO BBITIONIHATE CIACAYIO-
11[He OTepaluH:

1. IToATOTOBUTL YCTAHOBKY K U3MEPEHUSIM.

1.1. Haauts B acnuparop Boay (BORONPOBOAHYIO) 0 YPOBHS 60-
KOBOT'O OTPOCTKA M 3aKpbiTh €ro mpobkoit. Cocyd B 3aNONHHTDL AH-
CTIJUIMPOBAHHOMK BoAOH. JIJIS 3TOro CHavyana HanoJXHUTB BOJIOW CTa-
KaH, PacToNIOKEHHEIH MO COCYIOM TaK, YTOOLI HUXXHSAA YacTb CO-
cyna 6bu1a norpyXeHa B BOJy.

1.2. Orkputs kpaH F. Cocys B cBepxy 3aKpHTh KONMAYKOM.
TTpnoTkpeiTh XpaH E acnuparopa, Py 3TOM BOAA HAYHET Mo Kan-
JISM BRITEKATh M3 HEMO M YPOBEHb BOIAW OYAET NOHWXAThCA. B nmpo-
CTPaHCTBE HaJl BOJOH U B COEAVVHEHHBIX C HUM BEpXHEH YacTH CO-
Cyl2 W NEBOM KONeHe MaHoMeTpa obpa3yercs paspexenue. Tloa
RIUSAHWEM Pa3HOCTH JIARNIEHU — aTMOocdepHOTO, AeiiCTBYIOLIETO Ha
XMIKOCTh B cTakaHe C, U NIOHWXEHHOTO B cOCylle B — XHIKOCTD
TIOCTETIEHHO BCACKIBAETCA B cOcyjl B 10 ypoBHsA, HAXOUALIETOCH He-
CKOJIbKO BBIIE KOHYHKA creknsaHHOW TpyOkM. Kpan F cocyna B u
KpaH E acriMpaTtopa 3aKphITh, ¢ COCYAA B CHITh KOJINA4yoK.
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1.3. IIpHOTKpHITE KpaH F, CIMBATh U3OBITOK XUIAKOCTH B COCYNE
[I0 TEX TIOp, TIOKA KOHYHMK CTeKJISiHHOM TPYOKH He CONPUKOCHETCS
MOBEPXHOCTLIO XUAKOCTU. TTocae 3Toro xpaH F 3aKpbiTh. YCTaHOB-
Ka TOTOBa X M3MEpeHHUAM.

2. OnpeneanTs TIOCTOSTHHYIO Npudopa.

2.1. OTKpBITH NPOGKY aCIUpaTopa, YCTAHOBRUB BHYTPU CUCTEMBI
atMocepHoe naeneHue. [Tpy 3TOM YPOBHU XUAKOCTH B KOJIEHAX
MaHOMETPA BLEIPABHUBAIOTCS.

2.2. TlepenBuras wKajny MaHOMETPa, YCTAHOBUTE HYJIEBoE nelie-
HHMe Ha oOLUUN YypoBEHb XUAKOCTH B 060UX KOJeHaX.

2.3. 3akprITh acnyparop NpobKoii, pa3obILHB CUCTEMY C aTMOC-
¢depoit. TIpHOTKPHB KpaH acnupaTopa, cCAyeT NPOCIeaAnTs 3a obpa-
30BaHHEM M OTPLIBOM MYy3bLIPEKOB B cocyne B. OTKpHITH KpaH Tak,
YTOOB! U3MEHEHME NaBREHUSA TTPOVCXOAUIO NOCTATOYHO MEIJIEHHO K
MOXHO OBUIO JIETKO OTCYMTHIBATh BHICOTHI YPOBHEH B MAHOMETPE B
MOMEHT OTpbIBa My3bIpbKOB. OTcueTH npoBecTy Wis 10—~12 nyswipb-
KOB, 3aTTUCbIBast 3HaueHUs H, B Tabnuuy.

2.4. Tloxncrasuts 8 hopmyiy (6) cpenHee 3Haverue H, , 1 B3ATOC
U3 TabNUL 3HAYEHHE G, HAWTU NOCTOAHHYIO Mpubopa K.

Ne n/nn AranoHusii PactRopnt
"(*'Bf:sp 10% 20% 30% 40% 50%
H, H, H; H, H;s

My

5
cpeanee
k
o

3. Onpenenntb 3aBUCHMOCTb KOI(PDDULMEHTA TOBEPXHOCTHOTO
HATAXEHHUS OT KOHLIEHTPallul pacTBOpa.

3.1. BouiuTh BOAY M3 cocyla B, HaNOMHWTD €ro paCTBOPOM METHU-
NOBOTO CTTUPTa HaHMEHbILEH KOHUEHTPALIUH.

3.2, TIpononockaTts cocyl X OCOOEHHO «KOHYMK» PAaCTBOPOM Me-
TUNOBOTO CITMPTa HAMMEHBILIEH KOHLIEHTPaLH.

3.3. Cneaysa MeToOuKe, ONTUCAHHOM BbIllIE, OMPEACTUTE BENHYU-
Hy H u no dopMyne (6) HailTH 3HaYeHHe o, A4 PacTBOPa JaHHOM
KOHUEHTPaLKHU.
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3.4. isMepeHnsi NOBTOPUTS JUISl PSlia pacTBOPOB U MO NMONY4YeH-~

HBHIM JaHHBIM NMOCTPOUTH rpadMK 3aBUCUMOCTH G OT MX KOHLIEHTpa-
HHMH.

19*

3.5. OUEHMTD NOrPEIUHOCTb H3MEPEHMUIA.
Jlureparypa

CasenneB W. B. Kypc o6meit ¢pusmku: Yue6. nocobue. B 5 ku. Kh. 3.
MonekyasipHas Gu3uka U TepMOaAHHAMHKa. — 4-€ H3A., nepepab. — M.:
Hayka, ®uamaraut, 1998.

I'naBa 5. XKnaxoe cocrosHye.
§ 5.2. NosepxHOCTHOE HATAXEHYE,
§ 5.3. llapneHune noa H3OrHYTOH MOBEPXHOCTHIO XHIKOCTH.



3anaya Ne 34

U3MEPEHUE KOD®PHULHUEHTA IIOBEPXHOCTHOI'O
HATAXEHUA KANMMWUIAPHBIM METOA0OM

Llenn 3ap2um; onpeacieHue KOS(bd)HI.lHCHTa NMOBEPXHOCTHOI'O Ha-
TAXEHHUA 6 XUAKOCTU TIPH KOMHATHOM TEMMeEpaType Mo BLICOTE €€
NOAHATHUA B KaNMWLIAPC.

DKCHepHMENTANLHBIH MeToA

Kanunnsaps norpyxarorca B COCYA C UCCIIEAYEMOi XXMAKOCTHIO U
3aTeM YCTAHARIMBAIOTCS BEPTUKAIBHO Hal COCYOM TaKUM 00pa3oMm,
YTO0OR HUXHWI KOHEL KaNWIIAPOB HAXOOWICH B XHAKOCTH (puc. 1).
[pu 3TOM YacTk XUAKOCTH OCTaeTcs B Kanwuisipax, a Koadduum-
€HT MOBEPXHOCTHOTO HATAXEHUSA & ONpEeAcIsicTCA U3 YCJIOBHUS pPa-
BEHCTBA MMAPOCTATUYECKOrO AABJIEHHA, OTIPEAENIAEMOTO 3aKOHOM
IMackans, ¥ 1ONOMHUTENBHOTO AARNIEHUS, ONIPERENIEeMOro GopMy-
noit Jlamnaca.

Brisoa pacuerHoit dopMyan

TlycTb BLICOTE MOAHATHUA XUAKOCTH B KAMMUIAPaX ¢ BHYTPEHHU-
MW pafMycamu r,, r,, r, PaBHbHl COOTBETCTBEHHO A, h, W h,, ToTna B
COOTBETCTBUH ¢ opMynoii (5) pasznena «OcHOBHEIE MIOHATHA U CO-
OTHOILEHU®» MOXMO 3aITHCaTh;

hh ot i (1)
o ="Strg =Stpg=-Tlpg,
B—hy= 28 20 g2 2 )
ngp  ngp ngp  nep
v Wi Ko3¢bPUHEeHTa NMOBEPXHOCTHOTO HATXEHUS HMEEM:
hb nr
o= L (I - h)pg = 52— (h - hy)ps. @)
An-r) T Am-r)

ITopsanox n3mepenwuii

Mpn npoBeeHUU U3MEpPEHHIT HEODXOAMMO BRITTOHUTD CICAYIO-
M€ onepaLvu.

1. TIaTENBHO MPOMBITE KaTWUIAPLI KHCAOTHBIM W CITHPTOBLIM
PacTBOPOM, a 3aTeM OIMCTHIIMPOBAHHON BOAOIL.

2. IMpocymuTh KAMWUIAPH TIPOMYCKAHUEM Yepe3 HUX HArpeToro
BO3MyXa.

3. N3MepuTh BHYTPEHHUE AMAMETPHl KATIMIUIAPOB BAOJNb HE-
CKOJIBKMX HANPaBNESHUIA NIPH NOMOLLM MMUKPOCKOTIA (NMOpAaOK HU3Me-
peHuil Ha IpUMepe MMKpocKona «Mup-12» onKcaH B 3anade Ne 29),
TONy4YeHHBIE Pe3yNbTaTHl YCPEAHUTD.
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Puc. |

4. 3aKpenuTb KanWuIsApsl CTPOrO BEPTHKANBHO MO OTBECY B JAep-
xarene.

5. OmycTuTh AepXxaTens TaKUM 06pa3oM, YTOOK Kanuansgpb no-
TPy3WINCh Ha HECKOJIbKO CAHTUMETPOB B COCYA ¢ AUCTWUIMPOBAH-
HOW BOAOH WM BBIXJIATb HECKOJLKO MUHYT IS CMAUWBaHHA CTEHOK
Kanwuisipos,

6. [TpunoausTh AepXaTeab TAaKUM 0Bpa3oM, UTOGH HMXHHE KOH-
L{bI KATTWJUISIPOB OCTABATHCH B BOIE.

7. IIpoM3BECTH OTCYET IMOJIOXEHMIA BEPUIMH MEHUCKOB TIPH TO-
MOIUM TOPHU3OHTAIBHOIO MUKpOcKona (cM. 3amayy Ne 29), npuba-
BUTh K KaXIOMY OTCHETY MOMNpaBKy Ha MEHUCK, paBHYIO 1/3 BHyT-
pPEHHETO pagnyca Kanwuispa.

8. ToBTOpUTH ONEpaUMy NYHKTOB 5—7 st Tpex 3HaYEHUi ry-
OMHDBI NOrpyxXeHus.

9. Paccuurats no ¢gopmyne (3) Ko3pdHUUHMEHT NOBEPXHOCTHOTO
HaTsKeHHA. 3HaYeHMEe MIOTHOCTH BOILI p NP TEMIIepaType Habmo-
JICHUA B3ATh U3 CTIPABOYHBIX TaGAMIL.

JIureparypa

CaseabeB H. B. Kypc obuweit pusmkn: Yueb. noco6ue. B 5 xH. K. 3.
MonekynapHas ¢pu3Mka u TepMoAMHAMuUKa. — 4-€ u3p,, nepepab. — M.:
Hayka. ®u3amaraut, 1998.

[naea 5. XKuakoe cocrosHue,

§ 5.2. [1oBepXHOCTHOE HaTXEHNE.

§ 5.3. laBnenHe NOA H3OTHYTON NOBEPXHOCTHIO XHAKOCTH.
§ 5.5. KanwuiapHbte aBieHus.



PA3JIETL 3

TEILIOEMKOCTb NIEAJIBHBIX I'A30B

OcCHOBHBIC TIOHATHSA Y COOTHOLICHHA

IlepBoe Hauano TepMoaHHAMHKH. [lepBoe Hayano TepMOOMHAMH-
KM YTBEPXIaeT, YTO GECKOHEYHO Majloe KOJUYECTBO TEMNOTH dQ,
coofllleHHOoe cucTeMe (Teny), MIET HA U3IMEHCHWEe BHYTPEHHEHR
aHepruu dU v coBeplileHUe CHCTEMONH paboThl 84 Hal BHELIHUMU
TeNaMH:

30=dU+58A. (1)

BTO COOTHOWIEHHEe BhIPAXaeT 3aKOH COXpPaHEHUs 3HEPTUMN IS
TepMOOWHAMHYECKUX CHcTeM. BenudyuHa 5, crosilias B JCBOM Ya-
CTH ypaBHeHMA (1), npencrasisgeT cobol sHepruio, KoTopas 1epexo-
JUT OT OIHOTO TeAa K APYroMy npu TermsioobMeHe U cyHTaeTcs 1no-
JIOXUTEBHOM, €CTM OHA coobLIaeTcsl Teny, M oTpUlaTeNbHOI, eciiu
3abupaercst OT Hero. BeckoHewHO Manoe U3MEHEHWE BHYTpPEHHEH
aHepruu dU cBA3aHO ¢ U3MEHEHUEM KWHETHYECKOH W MOTeHIMANb-
HOM 3Hepruil Monexkyy. DTa BenudMHa ABNsieTcsd NonHbM audde-
PEHLIMAIOM, TaK KaK ONpeAensaeTCss TONbKO HaYaJIbHEIM ¥ KOHEUHBIM
COCTOSTHUSIMH CHCTEMMI. DJjieMeHTapHas paboTa 34 U KONUYECTBO
TeroTH 3Q 3aBUCAT OT BUZia NMPOLIECCA, MPH KOTOPOM CHCTEMa Tie-
PEXOAUT H3 HAYANLHOTO COCTOAHMSA B KOHedHoe. OHU He ABNSIOTCA
nonHLIMU auddepeHINaANAMH, NO3TOMY JUId UX 0603HaYeHuss Uc-
Nonb3yeTes 3HaK §.

Iyctb paGota A4 copsepiiaeTcsi CHJIaMH AaBJIEHHSA Ta3a, HaXxolsi-
werocs nmox nopmHeM. Eciu aapneHue rasa pasHo P, To nipu niepe-
MELEHWHY NOPIITHSA TUTOMAABIO .S Ha 6ECKOHEYHO MATYIO BeJTHUUHY dx
ra3 cCoBeplIMT pabory:

SA=fdx= PSdx=PdV,
rae f— Cila JaBJIEHHs Ta3a Ha nopiueHs; Sdx = dV — npupaieHue
00neMa rasa.

MoacraBus 3T0 BbIpaxkeHHWe B ypasHeHue (1), nomyymum

30=dU+PdV. (2)

Tennoemkocts. I1ycTh npu coobLieHUN CHCTEME KONHYECTRA Tell-
notel 8 ee TeMmnepaTypa M3MEHKWNACh Ha BenmdUMRY d7, HX OTHOILE-
1703

C=80/dT 3)
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Ha3KIBAETCA TEIIOEMKOCTBIO cHCTeMBL. C y4eToM (2) MOXHO 3amucarh:
C=6Q/dT=dU/dT+ PdV/dT. (4)

TeroeMKOCTb XapakTepH3yeT CIOCOBHOCTh CUCTEMBI U3MEHSATD
CBOK TeMIiepaTypy NpH COOBIIEHMH el HeKOTOPOTro KONUYECTBa
TerwtoTel. OHA 3aBHCUT OT pona BelleCcTBa, €ro arperaTHOre CoCToA-
HMA, TEPMOIVHAMUUYCCKUX NapaMeTPOB M Bua Ipolecca Tennood-
MeHa. [Ipy pacuetax yomo6HO MOJIb3OBAThCS YAENbHOH TemjioeMKoc-
TBIO ¢ U MOJISAAPHOI TeNIoeMKOCThI0 C. YIEeNBbHOU TEMNOeMKOCTBIO ¢
Ha3BIBaeTCH OTHOLIEHMe TEMNOEMKOCTH CUCTEMBI K ee Macce. DTa
BeJIMYMHA YHCNEHHO PaBHA KOJIWYECTBY TETUIOTH, KOTOpPOe Heobxo-
IUMO cooBLLIMTP | KT BellecTBa U U3MEHEHNS er0 TeMNepaTyphl Ha
1 K. EauHuueit naMepeHUs yaelbHOH TEIIOEMKOCTH SBAAETCS
JIx/xr-K. AHaTormYyHo BBOOUTCS MOHATUE MOJIIPHOR TEINIOEMKOC-
™ C, WIH TEIUIOEMKOCTH OXHOTO MOJIS BENIeCTBa, KOoTOpoe Byner
UCNONb30BaTheA B AaibHeilleM, MonsipHas TeruioeMKocTs C U3Me-
pserca B Jx/Monb-K. HeTpynHo BuzeTh, YTO MEXAY YAEAbHOM H
MOJIAPHOM TETNIOEMKOCTAMM CYNIECTBYET TIpocTas CBs3k: ¢ = C/u,
rae u — MOJSIpHAs Macca BelIeCTBa. DTH BEJINMYHMHBI MCMOJB3YIOTCA,
eClY cHUcTeMa OAHOPOIHA MO CBOEMY cocTaBy. B 3TOM ciyyae OHU
ABJIAIOTCA XapaKTEPUCTUKAMY BEILIECTBA CHCTEMEI.

B 3aBMCHMOCTH OT BHAa Npollecca, NPOMCXOAALLETO C CHCTEMOH,
Pa3MYaloT MOHATUSA TETIIOEMKOCTH TIPU MOCTOSHHOM 06BveMe C, U
TEIUIOEMKOCTH TIPY TIOCTOAHHOM AaBneHUH C,. DTH BEJIHYUHLI 3a-
METHO OTAIMYAYOTCA APYr OT Apyra JUid Ta30B, a B Ciyyae TBEPOBIX M
XKUAKUX TeJl OHU 6NU3KU. TPYTHOCTH 3KCNEPHMEHTAIIBHOTO ONpeac-
JIeHUS TETUTOEMKOCTEN XUIKOCTE!H U ra3oB COCTOMT B HEOGXOAUMO-
CTH y4era KOMUYECTBA TEeIUIOTHI, HAYILEro Ha HarpeBaHue cocyaa, B
KOTOPOM HaxoIMTCS MccneayeMas XUIKOCTh WIM Tas3.

Tennoemxoctn C, u C, Haeanpnoro ra3a. CBOMCTBa MHOTMX ra3oB
B JOCTAaTOYHO IIMPOKOM WHTEPBAJIE NaBJIEHHIM U TEMIIEPATyp XOpO-
110 OMUCHLIBAIOTCH TIPM MOMOUIH MOJIEJIU UAeaNbHOoro rasa. B ee oc-
HOBE€ NeXUT MpeACTABJIeHUE O rase Kak 0 COBOKYMHOCTU HaXoasi-
IUMXCSA B TETUVIOBOM IBMXXCHHUH MOJEKYJI, KOTOPBIE YTIPYTO CTAJIKMBA-
T Mexny cobolf, HO He B3aUMOIEHCTBYIOT Ha PACCTOAHUH,.
BHYTpeHHAS SHEPIrus MIcaILHOrO ra3a NpeAcTaBiseT cob6oi cyM-
MapHYI0 KMHETHYECKYIO SHEPrHIO BCeX eI'0 MOJIEKYJI U OTpefcseT-
¢ TOBKO TeMIieparypoit rasa: U= U(T). [lng naeanbHoro rasa Jjier-
KO nony4uts cootHomenue mexay C, u C,. Ecnu o6wveM rasa no-
CTOsiHEH, T.e. V'=const, T0 dV=0 u u3 ypaBHeHus (4) noayyaeMm
BBIpaXeHHUe IS TEIUIOEMKOCTH C, NIeaNlbHOro rasa:

C,=dU/dT. ()
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Toraa anst TEMIOEMKOCTH TIPN MOCTOTHHOM AaBieHnu C, cooT-
HouleHMe (4) 3armuuIeTcsl B BUIE

C,= C,+ P(3V/aT),. (6)
Hunekc P nipu cko6Kax B NMpaBoil YacTU yKa3blBaeT Ha TO, YTO
nuddepeHUNPOBaHHE TTPOUIBOAUTCS TP TOCTOSHHOM JaBJIeHUH,

MO3TOMY 3/ieCh B3ATa YacTHas npoussoaHas dV/oT. Ee 3navenue
MOXHO OTPENAETUTb U3 YPABHEHUSA COCTOSTHUSA

PV=RT, (7)

CNpaBCJIMBOTO 1T OOHOTO MOJIA UACANBHOTO ra3a. BosbMeM ,Il]r‘l(I)~
depeHImansl oT 06euX YyacTeil 3TOro YpaBHEHHUS:

d(PV)=RdT,
VdP+ pdV=RdT.
Ecimv P=const, To dP=0 n B 3TOM ci1yuae
(8¥/6T),= R/P. ®)
B pesynbTaTe M3 ypaBHEHNS (6) TIONYYUM, YTO MONSIPHAA TETUIO-

eMKOCTb uaeansHOro rada C, 6onble ero MosISIpHOM TEMIOEMKOCTU
C, Ha BeJITMYUHY YHHBEpCalbHOI ra3oBoit MocTosHHOMN R:

C,~C,=R. ©)

BTO COOTHOWEHHE Ha3LIBAETCH ypasHennem Maiiepa. OTHowieHue
TENMNOEMKOCTEH TIPU MOCTOAHHOM JABJEHUU W TIOCTOAHHOM 00beMe
y=C,/C, Bceraa 6onnille eaAMHHULLI, Tak Kak C,>C,. BTo MOXHO
NOSICHUTH crreayouwum o6pasom. TTpu usoxopuyeckoM npouecce,
Korna obbweM cucrteMbl He MeHsietrest (dV'=0), B COOTBETCTBUM C Tiep-
BLIM HauyaJoM TEPMOAWHAMMUKH (2) BcA coobuIeHHas rasy TeruloTa
MIET Ha N3MEHEHNE ero BHYTpeHHel 3Hepruu. I1pu n3obapuuyeckom
npolecce YacTh TENNOTH MAET Ha COBeplUIeHHE Ta30M paboTsl PdV.
1t omHOro MOASE MAEaNbHOTO ra3a Npy HarpeBaHnu ero Ha 1 K npu
p = cons! 31a paboTa, KaK HETPYAHO BUAETH U3 ypaBHeHUs (8), pas-
Ha YHuBEpCaNkHOH ra3oBoit noctroaHHoi R. TToaToMy s U3MeHe-
HHs TeMmrnepatyps! Ta3a Ha 1 K npy NOCTOSAHHOM AaBlieHHH TpebyeT-
¢S 3aTpaTUTH GoJibllee KONUYECTBO TETUIOTHI, YEM TIPU NOCTOSSHHOM
obreme, T.6. C,>C,.

ComracHo TeopeMe O paBHOpacTipeieIEHUH IHEPTUU MO CTere-
HSM CBOOOIN, cpelHsisi SHEPTUSA MOJICKYNBI Ta3a paBHa

(e)y=1i/2kT, (10)
TAE { — YHCJIO CTeneHel CBOOOAbI MONEKYJIHI.

VMHOXMB e¢ Ha yucio ABoraapo N,, MONYYUM BHYTPEHHIOIO
3HEPrHIO ONHOTO MOJS WEATbHOrO rasa;
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U=N,(e)=i/2N,kT=i/2RT. (11)

OTciona MOXHO BHPa3UTh TerioeMkocTH C, u C, yepes gucno
cTeneHel CBOGOIE!I MOJIEKYJIbI rasa i:

C,=dU/dT=i/2R,
C,=C,+R=(i+2)/2R, (12)
y=Cy/C,=(i+2)/i.

TaxuMm o6pa3oM, Ang wiaearbHOro rasa tennoeMkoctd C,u C,
NMOCTOSIHHB W OTpeAeNdaioTess YMcNoM /. OHO paBHO cyMMe 4Hcna
NOCTYNATENbHBIX, YHCNA BPALIATEBHBIX U YIBOCHHOIO YUCAA KOJIe-
GarenbHEIX cTeneHeil cBOOOIALI MONEKYBI:

i=nnm+nm+2nxm6. (13)

JIns MHOTHMX IBYXaTOMHBIX ra30B, B TOM WHCHAE IS BO3AYyXa,
MOXHO NIPUHATD {= 5 (TP NOCTYTIATENBHbBIE CTETIEHH CBOOOAR] U ABE
BpaularelibHbie). B 3TOM cirydae oTHOWweHUE TeruloeMKocTeit ¥ = 1, 4.

TTomsrponuuecknii npoitece. B obilieM ciaydae npotiecc, NMPH KOTO-
POM TENMNOEMKOCThL cucteMH C ocTaeTcsl MOCTOSTHHOMN, Ha3bIBaeTCs
noaMTponndeckKuM. BriBeieM €ro ypaBHEHHUE A HAEANBHOTO ra3a.
C y4eToM onpeneNicHUs TEMToeMKOCTH (3) # cooTHOIeHUA (5) nep-
BOE HayaJlo TEPMOAMHAMAKH (2) MOXHO 32MTNCaTh B BUAE

CdT=C,dT+ PdV. (14)

Bripa3uM gasfieHue Ta3a p U3 ypaBHEHHA COCTosiHUA (7).

P=RT/V=(C,-C)T/V,
rie yuteHo, yto R=C,—C,.

Pa3nenss nepeMeHHEIE B BuipaxeHuu (14), noayyum

dT/T+(C,-C)/(C,~C)dV/V=0.

OT10 ypaBHEHHE JIETKO WHTCTpUPYETCH:

In7+(C,—C))/(C,—C)inV=const.
Ucnonb3ys cBofcrea jlorapupMoB, B pe3yabTaTe i NOJUTPO-
MTAYECKOro Mpoiiecca monydacm
TV 1=const, (15)
The BBegeHo obosHayenme (C,—C))/(C,—C)=n—1.
Ecnu B ypaBHeHUMN cocToanvs (7) BHPa3uTh TeMrepaTypy rasa

Yyepes ero gasncnue W 06vem (7= PV/R) n noacrasuts B (15), nmo-
JIYYUM ypaBHEHUE NOJHTPORDI:

PVr»=const, (16)
rae n=(C—C,)/(C—C,) — nokazarens NOAUTPOIBI.
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PaccMOTPUM HEKOTOPBLIE YACTHBIE CTYYaM DTOTO YPaBHEHMS.

1. n=0, P=const, n3odapuyeckuii npouecc. B 3ToM cnyuae
C= C,, T.c. TEIMJIOEMKOCTb €CTb TETJIOEMKOCTH NPU TIOCTOSAHHOM
IaBJIEHUH,

2. n= %, V= const, usoxopuueckmii npouecc, C=C,.

3. n=1, PV=const, n3oTepMnyeckuii npouecc. B atoM cnyqae
dT=0, Tak Kak T=const, ¥ U3 onpencNeHns Tennoemkoctu (3)
cnenyet, yto C= tow,

4. n=y, aanabatnyeckuii npouecc, C=0. B atoMm ciyuyae cucre-
Ma He OOMEHMBAeTCA TEMJIOTOM € OKpYXaloWVMM TejlaMu, T.e.
30=0. na annabaTHUECKOTO NPOLECCa CIIPaBCAINBO YpaBHEHMUE

PVi=const. a7

Taknm 06pa3oM, TEMIOEMKOCTh CUCTEMBI BO MHOTOM OMpelenis-
ercs XapaKTepoM npollecca U MOXET NMPUHHUMATD NI00bie 3HAYEHUS.

Bce paccyxaeHWA, MPOBENSHHEIE BhIIE, OTHOCATCA K Knacchyec-
Koit Teopum TemnoeMkoctu. CornacHo ee pesyistatam C, M C, He
3aBUCSAT OT TEMNEPATYPhl U ABNSIOTCS MOCTOSHHBIMHU BEIMYHHAMM,
OHu onpenensOTCs YUCIOM CTeneHel CBOOOAB MOJEKYNhI
ra3a i (12). Pe3ynbTaTel KAaCCHYECKON TEOPUH COPNAcyloTcs ¢ KCTe-
PUMEHTAJIbHBIMM 3HaYeHUsamMu C,u C, nuuib B ONpeneacHHOM TEM-
nepaTypHOM MHTepBane. OHY cnpaBeJIUBEI, B YACTHOCTH, IISl BO3-
AyXa Nnpy TeMrepatypax, Jexalux BOJH3¥ KOMHaTHO#. Bue atoro
HHTepBana, NMpU JOCTATOUHO HU3KUX WAY BHICOKMX TeMIepaTypax,
TETJIOEMKOCTB YX€ He SBNISIETCS TIOCTOSTHHOM BesnuMHOf. Ee Temne-
paTypHast 3aBUCUMOCTb HAXOJUT CBOE OTPaXeHHe B KBAHTOBOI Teo-
pum.



3agavya Ne 35

OINPEJEJNEHUE OTHOIUEBUSA TEILUIOEMKOCTEMN
BO31VXA TIPU IIOCTOAHHOM JABJIEHUMU

M ITIOCTOSSHHOM OBFBLEME

METOJIOM KJIEMAHA-JIE30PMA

Ileas 3anayn: M3yyenre OCHOBHHIX 3aKOHOB MACANILHOIO rasa u
ornpeesieHHe OTHOMIEHUA TernoeMKocreli y = C,/C, Bo3ayxa npu
NOCTOSIHHOM XAaBJICHVUUN U NNOCTOSIHHOM obbeMe.

DKCNEPHMENTANLHBIH METOR

Benvuuna y sxonut B ypasueuue Ilyaccona PVy=const, onu-
chiBalolllee aguabatnueckue pouecCy B UACANBHBIX Ta3aX. B uc-
nosnb3yeMoM Metoae KnemMana—Jleaopma nocneioBaTeNbHO peanusy-
10TCA anuabaTHYECKHH, U3002pHUECKHIL ¥ U30XOPUYECKUH Npouec-
Cbl JUIR BO3AYXa B CTEKJIsIHHOM GamnoHe. PeuieHHE cUCTEMBbl
ypaBHEHMW#H, OMUCHIBAIOIIMX 3TH TIPOUECCHI, NO3BOJSET PACCYHUTATD
OTHOUICHUE TETJIOEMKOCTEH ¥ Yepe3 IKCNECPUMEHTAIIBHO U3MEPEH-
Hble BEJUYUHLL: IaBneHus B 6amioHe B Hauane apuabatvyeckoro
npouecca i, ¥ B KOHLIE H30XOpHYECKOro npouecca /i, (B MM BOJ. CT.)
Y BpeMS# 1, B TEYEHHE KOTOPOro NPOUCXOAAT anrabaTnueckuil M u3o-
fapyUyeCKUY MPOLECCHI.

BriBoa pacyersoit gpopMysIn

AInabaTHYECKUM SRIACTCS TIPOLIECC, TPOUCXOAAUIUN ¢ TepMOaU-
HaMMYEeCKOH CHCTEMOI, 3axIIOUYCHHOM B TennoU30Mnpyomyto o6o-
Joyky. OmHaKo TIpH OMuITaX ¢ ra3oM Takag obojoyka, obnanas Ten-
JI0OEMKOCTEIO, BO MHOrO pa3 TIpEBHILIAIONIEH TEMIOEMKOCTE CAMOTO
Ta3a, BHOCHT OYeHb GOJIBUIYIO MOTPEINHOCTb B pE3yaLTaT U3MepeHNIA.
Ha npakTtuxe ajist TpoBeeHUs alnadaTnyeCKUX MPOLIECCOB MOb3Y-
I0TCs1 TEM, YTO JABJICHME B I'a3¢ YCTaHaBJIUBACTCs CPABHUTCIBHO Obl-
CTPO — 32 JOJH CEKYHIE!, B TO BpeMS KaK IUIST BHIPaBHUBaHUS TEM-
TepaTypel TPEOYIOTCST MURYTHI. [103TOMY nMpotieccel, O4eHb BaH3KHe
X anmabarnyeckuM, MOryT OBITh OCYLIECTRIEHBI TyTEM OLICTPOro U3-
MeHeHun AaBhaeHus raza. UMeHHo Takoil npueM U UCTONb3ayeTcs B
JNaHHON paboTe, YTOOHl HAWTH 3HAYEHUE y JUTST BO3NYXa.

YeraHoska (pUc. 1) cocTouT U3 crekNgHHoro 6annoHa (1) oose-
moM 10-20 51; Hacoca (2), chyxallero ois co3fanusa B 6amoxe na-
GBITOYHOTO AABJICHUS BO3AYXa; TPEXXOJIOBOTO KpaHa (3), ¢ NOMOILEI0
KOTOPOTo DAUIOH MOXeT coobLIaThes ¢ aTMOCHEPOR HIH HAacoCcOM
(p¥ic. 2); KpaHa (4), pasobuiaioiiero 6anioH u Hacoc; U-o6pa3Horo
BOIOSTHOrO MaHoMeTpa (5), MOKa3kIBAIOUIETO PA3HOCTb MEXNY AABJIEC-
HNEM Boanyxa B 6amione v arMocdhepHbIM DaBreHneM. g vsMepe-
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Bannon —~

Puc. 1 Puc. 2

HMSA NPOMEXYTKOB BPEMEHH, B TEYEHUE KOTOPRIX OTKPHIT KpaH (3)
(6awion coobiueH ¢ armocdepoit), ncrnonb3yercst CeKyHIOMep.

IMpoutecchi, npoucxoasiyue ¢ BO3ZYXOM B OALIOHE, TIOKA3aHkL HA
PV-puarpamme (puc. 3). B Hauane namepenwii B 6a/10H HakaynBa-
10T BO31YX, Tlocne yero pazobuiaioT 6anioH ¢ atMocdepoit. Tak kax
NIPU CXAaTHM BO3YX HarpeBacTCs, TeMnepaTtypa Bo3ayxa B 6awoxe
TocNe HaKaYMBaHUA CTAHOBHTCA BuUIe KoMmHaTHOi. CocrosaHuio
BO3ayxa B GIMOHE B 3TOT MOMEHT Ha PV-anarpaMme COOTBETCTBY-
et Touka 1. JJanee ¢ BO32yxoM NPOMCXOAAT CAEAYIOLINE NNPOLIECCH!.

W3oxopniecknit mpouecc 1—2 — 3T0 OCTHIBaHME BO3IyXa NPU No-
CTOSIHHOM 00BEME, KOTOpPOe B COOTBETCTBUU ¢ 3akoHOM Ilapns co-
NMPOBOXIAETCS YMEHbIUeHUEM aanneHuss. [1o oKOHYaHWU 3Toro npo-
Liecca BO3AYX NpUoGpeTacT KOMHATHYIO TeMnepaTypy 7 ¥ AaBneHue
P,= P,+ AP, (P, — atMocepHoe naBneHue).

AnuaGatvyeckuii nponecc 2—3. B Hayane 3Toro npouecca cocro-
SHUI0 BO3AyXa OTBeuaeT Touka 2. bannon oTkpeiBaercs, U B TeueHue
nonei CeKyHIbI nocie cooblieHusl 6anoHa ¢ aTMochepor U3 HETro
BEIXOAMT YacTh BO3AyXa W YCTaHaBJIMBAETCs aTMOchEpHOE naBie-
Hue P,. DTOT npouecc BBUIOY €70 KPATKOCTH CJEAYET CUMTATh aama-
OaTHYECKMM pacuinpeHreM Bo3nyxa. Kpusasa 2—3 Ha puc. 3 mpen-
cTaBisieT coboii oTpe3ok aguabaTel. TeMnepaTypa Bo3ayxa B 6amno-
He NpU aguabaTMYECKOM paclIMPEHUM PE3KO TajaeT U B TOUKe 3
npuobperaer 3HayeHue T,.

T'a30BbIe 3aK0HB OOLIYHO NPUMEHSIOTCS M PACYETOB U3MEHE-
HU#, TPOUCXOISALIMX C FA30M, Macca KOTOPOIO OCTaeTcs TOCTOAH-
Ho#. B JaHHOM chyyae 4acTb BO3[AyXa BbIXONUT U3 GALIOHA NIPH co-
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obuienun ero ¢ atMochepoitl. Pasaennm ycaosHo Bo3ayx B 6anoHe
Ha aBe yacTU. OOHa YacTb Bce BpeMs MPHUCYTCTBYeT B fanione, a
JApyras YacTk MOXET PACCMATPHBATLCA KaK NMOPLUEHb, KOTOPHIA BhI-
BUraercs U3 6a/U10Ha NpM pacltupeHnu. JanbHeinue paccyxaeHus
OTHOCHITCHL HEe KO BCEMY BO3NyXy B OajmoHe, a NULIb K TOH YacTH,
KOTOpas BCE BPEMS NMPHCYTCTBYET B BAIIOHE U OCTaeTCcs B HEM NOC-
Jie ero pa3oOuieRus ¢ arMocdepoit B Touxe 4. s HarasigHoCTH
MPOLIECCHI, TIPOUCXOASIIINE ¢ BO3AYXOM B 0anyoHe, NMoka3aHbl Ha
puc. 4 (toe a, 6, B, T COOTBETCTBYIOT TOYKaM 2, 3, 4, 5 Ha guarpam-
Me puc. 3).

Puc. 3

JlorapudMunpys ypasHeHue Knaneitpona PV/T= C,, cnpaseanu-
BOE g mobGoro npouecca, ¥ ypasHeHune [lyaccoHa PVr=C ansa
agnabarnueckoro npouecca (CU C, — KOHCTaHTHI), TONY4YUM COOT-
BETCTBECHHO:

InP+InV—-InT=InC,, (N
InP+yInV=InC. (2)
Bripasus InV u3 ypapHennst (2) ¥ noacTaBnsig B ypaBHeHue (1),
nony4yuM Juig Touek 2 (P, T) n 3 (P, T)):
Y lap-wwr =g -tinc, 3)
Y Y
y-1 I
Tlnﬂ)'—]ﬂn =1nC|-—lnC. (4)
Y
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BriuteM ypaBHeHue (4) 3 ypasHenus (3) u npuMeHMM GOpMyY-
Iy AnA pa3HocTd norapu¢MoB

Y Lin BB+ Ty/T; =0,
Y

Yuuteisag, uto P,= P+ AP, a T,= T, + AT, nocnexuee cOOTHO-
NIeHME 3aNUUIETCS B BHIE:

YT“mu +AR/R)-In(1+ AT/T;) =0. )

ITpuMeM BO BHUMaHHE, YTO B PACCMATPUBAEMOM CITy4ae HIMEHE-
HMS JAaBNCHMS U TEMMEPATYPHl MAhl: NaBJieHue P, Boadyxa B Gawio-
HE OTJIMYAeTcs OT aTMOC(EPHOro nabneHus P, Ha coTwie fonu Py,
TeMIepaTypa U3MeHsieTcsa Ha 2—3 rpagyca: O4YeHb Malo 1o CpaBHE-
HHIO ¢ KoMHaTHo#H Temnepatypoil T;=300 K, T.e. AP,/P K1,
AT,/T,<< 1. 1o no3asonseT BOCMNOALIOBATLCA NPUBIMXKEHHOIM dop-
MYJTOi 1S 1orapudMHYecKoi GyHKUUU npu MainX x: In(l + x) = x.
B urore ans annabatTueckoro npouecca 2—3 ypasieHue (5) npuMer
BUI

-1 A-A_T-T (6)
Y P I

Pnc. 4
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W3o6apuyecknit npouecc 3—4. I1o 0KOHYaHUU anuabaTUYeCKoro
Mpollecca ¥ YCTAHOBIEHUA B 6anoHe aTMochepHOoro maBieHUs npo-
WCXOIMT INOBHILLICHHE TEMIIEpaTyphl BO3AyXa B GaLTOHe [IpU IOCTO-
AHHOM aTMOC(EpPHOM naBieHuu P (M306apuyecKoe HarpeBaHHe) 3a
CHET TIPUTOKA TEIIa U3 OKPYXAIOLIEr0 BO3AyXa Yepe3 CTCHKH Gaino-
Ha (rpsMast 3—4 Ha puc. 3 — u3obapa). B xoH1e nzobapuueckoro
npouecca 3—4 Gannol paso6imaercs ¢ atMochepoii. K stoMy MomeH-
Ty TEMIEpaTypa Bo3ayxa B HannoHe AOCTUraeT HEKOTOPOro 3Haye-
Hust T,, He NpeBbILIAIOIIEr0 KOMHATHOW TeMnepaTyphl 7. Pa3Huua B
3HayeHuax T, n 7, yMEHbIIAETCS NPH YBEJIMUEHUH BPEMEHH 1, B Te-
YEeHUE KOTOPOTO Oa/IOH OBLT OTKPEIT.

TIpu n3zobapuueckoM mpouecce 3—4 TIPOMCXOOUT HarpeBaHHe
BO3Ilyxa B 6alnioHe NMyTeM Terlonepenavyu uyepes cTeHku GajnoHa,
CornacHo mpeanoioxeHvio HEl0TOHa KONMHYECTBO TenmnoTsl 4Q,
NMpUOOGPETEHHOE TEJIOM NPU HarpeBaHUY B TEYEHHUE MaJIOTo NpoMe-
XYTKa BPEMEHU df, TIPONOPIMOHANRHO Pa3HOCTH TeMIIepaTyp MexX-
Zly TIOBEPXHOCTBIO Tella M OKpYXawlleil cpenod U 1aHHOMY NpoMe-
XYTKY BpeMeHu. [1py 3ToM TeMMnepaTypa Tela yBeIMyMBaeTCs Ha He-
KOTOpYI0 Majiywo BenuuuHy d7, npnueM dQ= CdT, rae C -
TEMNO0EMKOCTh TeJla. B HawleM ciyyae otciozia cnenyer auddepeHun-
aJIbLHOE ypaBHEHHUE

dQ=CdT=o(T,=T)dt, )
rae C, — TeNN0eMKOCTh MPY NOCTOSHHOM NABJIEHUH TOM 4aCTH BO3-
IlyXa B GajlJIoHe, KOTOPYIO, KaK TOBOPWJIOCH BRILIE, CJIEAYET NIPUHU-
MaTb Bo BHMMaHue; T — TeMnepaTypa Bo3ayxa B 6aioHe B AaHHBIA
MOMEHT BpeMeHU f; T — TeMnepaTypa cpeibl, OKpyXaiolei 6ajLioH,
T.e. KOMHATHas; o — KO3Q UUKEHT Tennonepesayu, 3aBUCAIHA OT
CBOWCTB CTeHOK OaJlIOHa.

VpaBHeHMe (7) MOXHO NpEACTABUTDL B BULE

daT a
— _=—dt. 8
T-T, Cp ! ®)

TMpu usobapuaeckoM npouecce 3—4 Bpems H3Mensiercs ot 0 1o ¢
(KOpOTKMIH TIPOMEXYTOK BPEMEHH, B TEYEHHE KOTOPOTO UIET anna-
GaTU4YecKUi NMPOLIECC, MOXHO He TIPUHUMATh BO BHHMaHWe), a TeM-
nepatypa oT T, no 7,. HHTerpupys B 9THX nipeneiax, HaiaeM

mbk-To__<o, )

W3oxopuyeckuii mpouece 4—5. ITocne pa3obiteHus 6aoHa ¢ aT-
Mochepoit Bo3ayX B GaLIOHE MPOAOILXACT HarpeBaThLCs NpH T10CTO-
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AHHOM 0OBEMe 10 TeX Mop, MOKa ero TeMIlepaTypa He NOAHHMETCS
oT 3HayeHus T, no KOMHaTHO¥M TeMnepaTypwl T (npsMas 4—5 Ha
puc. 3 — u3oxopa). IIpu H3o0xopUYeCKOM MOBLILIEHHH TEMTIEPATYDLI
BO3/IyXa €To iaRieHHe YBETNYUBaeTCd Ha BEHYHHY AP, 1o cpaBHe-
HUIO ¢ aTMOCGEPHBIM.

JlorapudmMupys ypasHeHue usoxopuyecxoro npouecca P/ T= C,
(3akoH IHapns), naingem

InP—InT=InC,. (10)

3anuceiBasg 3TO ypaBHEHWE Mg TO4YeK 4 U 5 ¥ AcHCTBYS aHAIO-
FHYHO CHTyYao aanabaTHYecKoro npouecca 2—3, nojxyyuM

(Pz'"Po)/Po:(Tu—Tz)/Tz' (l))
Pasnenue ypasHeHue (6) Ha ypaBHenue (11), HaiineM
(y=D/v(P,—PY/(P,— P)=(T\—TH)/(T)—-T)T,/T,. (12)

3nech pa3HocTu pasnennii P —P= AP u P,— P,= AP, nponop-
LIMOHANTBHBI Pa3HOCTAM A, U A, YPOBHEH XHIIKOCTH B KOJICHaX MaHO-
MeTpa, U3MEPEHHBIM B TOYKAX 2 H 5 cooTBeTCTBEHHO (puc. 3). OT-
Howenue temnepatyp T,/7T, GyneM cunTarh NMPUOIN3NTENBEHO paB-
HBIM enuHuLe. ClleroBaTelbHO,

L-To _y-1h (13)

O6paTM BHUMaHUWE Ha TO, YTO TOYKM 2 M 5 fieXar Ha oxHou
U30TepME, COOTBETCTBYIOLIEH KOMHAaTHON TeMmepatype 7 Bo3lyxa B
6ayutoHe, a Toyku 3—4 — Ha ofHo# H306ape, cooTBeTCTRYIOLIEH aT-
MochepHOMY AapneHNI0 Py DTU 3HaUYEHUs TeMIiepaTyphl M JaBjie-
HUA YCTAHARJINBAIOTCA caMU coboli, He TpebyeTcsi HUKaKUX noba-
BOYHBIX HEWCTBUI WU YCTPOHCTR LA UX TIOAHEPXKAHUS, YTO 3HAYH-
TEJLHO YTIPOLUACT 3KCIIEPUMEHT.

YuutsiBast Beipaxeuue (9), nyTeM HecaoXHbIX npeobpa3oBaHMA
TipuBesieM BhipaxeHue (13) k Buay

ML=ty 14
nhz nY-l+CP ( )
BBeneM oGo3HaueHN:
h y a

Int=y In—t-=q —=b

nhz ¥, ny_] a C, (15)
Toraa
y=a+ bt (16)
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Taxkum obpa3oM, BenuuuHa y=In(h,/h,) npeacrasiser coboit u-
HelHyo hyHKLWo BpeMeHY £, Ha rpaduke 3aBUCUMOCTE y OT £ flon-
KHa U300paxarthes B BUAE NPSMON TKHKWM, OTCEKAIOLIe OT OCH Op-
JuHaT (npu t=0) orpelok a (puc. 5). [ToTeHUMPYA BRIpaXeHUE

In—t-= a, (17)
HauaeM
=e°, (18)

OTcroa JIeTKo MOJYyYUTh UCKOMOE SHAYEHHE ¥ Yepe3 BEIHYNHY 4,
HaIeHHYIO ONMBITHHIM TyTEM:

y=— (19)

1-¢™

Puc. 5

Ilopanok m3Mepenmuii

B mpoliecce naMepernit HeOOXOAUMO BHIMTONHHMTL CICAYIOUIHAC
olnepaumru:

1. Haxavats BO31yX B 6aJDIOH.

1.1. BamwioH coobmmTs ¢ aTMocepoit kpaHoM (3) (TTonoxenuve
XOI0B KpaHa (3) mokasaHo Ha puc. 2a), KpaH (4) oTKpuITh (€70 py4-
Ka I0JKHA GBITh HamnpasJieHa BAONb COeMMHUTENbHON TpyoKkw). TIpH
3TOM XHUAKOCTb B KOJIEHAX M@HOMETPA JOIKHA HAXOAUTLCA Ha of-
HOM YpOBHE BOJIM3H CepellMHB WKl [IpoBeTpUTh 6aJUIOH B Teye-
Hue 10—12c.

1.2. Kpanom (3) pazobumTh GajutoH ¢ atMocepoit Tak, YTO6hI
€ro cooGLIEHHE C HACOCOM COXPAHMINOCh (MTOJIOXEHHUE XOAOB Kpa-
Ha (3) mokasaHo Ha puc. 26).

1.3. HakayaTs HaCOCOM BO3IYX TaX, UTo0bl OXMH YPOBECHB XHUM-
KOCTH B OJJTHOM M3 KOJICH MaHOMETpa OKa3ancs BOJNU3M BepXHero
KoHIa mKanbl. Bo u3bexaHue BHITUIECKMBAHUA XHAKOCTA U3 MaHO-
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MeTpa HakauMBAHUE BO3AYXa CNEAYET MPOU3BOAUTHE MEUICHHLIMH
NepEMELLICHUAMU PYKOATKM HACOCA, 3aMEUTAS 3TU IIEPEMEILEHYIS TTO
Mepe YBEIWYEHHUS Pa3HOCTH YPOBHEN XMAKOCTH B KOJEHAX MaHO-
METpa.

1.4. KpanomMm (4) 6annoH pa3oblIMTh ¢ HacocoM (pydykKa KpaHa
JOJDKHA CTOSATh MEPNEHANKYIAPHO COSAHHHUTENLHON TpyGKe).

2. Berkaats He MeHee 30 ¢ Insi ycTaHORNIEHHS B BaioHe KOM-
HaTHoi TeMnepatypel 7, HeobxonuMbiii MpoMEXYTOK BPEMEHH IS
YCTAaHORJIEHHS B Oa1I0OHE KOMHATHOM TEMIIEPAaTypPhi MOXHO OTpese-
JIUTH MPY NPOBEJICHUY TIEPBOTO UIMEPEHYS, BKIIOYUB CEKYHJIOMEP B
MOMECHT pa3obuieHus bauioHa ¢ HacoCoM, M, Habiionas 3a uamMeHe-
HUEM YPOBHEI XUIKOCTH B MAHOMETPE, 3aMETUTD TI0 CCKYHAOMEDY
BpeMA, 33 KOTOpOe M3MEHEHHE ypoBHeil npekpatutca. [pu aann-
HEHIUIMX U3MEPEHUNIX BPEMSI YCTAHORJEHUS TEMIIEpAaTyPH MOXHO
OnpeAcnaTh NPHU IOMOLIM CEKYHAOMEpa, He Clels 32 ABUXEHHEM
XUAKOCTU B MAHOMETPE.

Tak kKak npM cXXaTHU BO3AYX HarpeBacTCsl, TEMIEpaTypa BO3lyXa
B 6a/IOHe Nocne HaKAYHBAHUA CTAHOBUTCS BBILIE KOMHaTHOM. TToc-
Jie 3aKPHITHA KpaHa (4) HauuHaeTCA W30XOpwieckuit npouece 1-2
(cM. puc. 3) ocThlBaHHS BO31yXa IIpH NOCTOSIHHOM o6beMe. Tlpy
3TOM JlaBjieHMe BO3lyxa B 6aioHe nmajfaer. DTOT NPOUECC COMpo-
BOXAAETCS YMEHbLIEHHEM Pa3HOCTH YPOBHEI XHUAKOCTH B KOJEHAX
MaHoMeTpa. TakuM oBGpa3oM, B JaHHOM CJy4yae OanioH, cHabxeH-
HBI MAaHOMETPOM,. UCTIONB3YETCA B KaYeCTBE Ta30BOTO TEPMOMETpa
i PeCHCTPALMY U3MEHEHUS TeMITEPATYpPHI.

TIpekpallicHHe yMeHbIIEHUA PasHOCTEN YPOBHEH XMIAKOCTH B KO-
JIeHaXx MaHOMeTpa yKa3blBaeT Ha TO, YTO TeMIepaTypa BO3Iyxa B
bannoHe JOCTHIIa KOMHATHOMW TeMIiepaTyphl 7, (TOYKa 2 Ha puc. 3).
B pesynbTtare B 6ai0HE YCTAHABIHBASTCS LABICHME, NPEBBILIAIOLIEE
aTMocepHoe pasienue Py Ha BENUYKHY AP,, TIPOMOPLHOHANBHYIO
pa3sHOCTH h, YPOBHE XUIKOCTH B KOJIEeHaX MaHOMETpa.

3. 3admkcupopats 3HaueHHe A, B TabnuLe.

4. Coob6wmTs 6a110H ¢ aTMOCchepoit, Bo3spallias KpaH (3) B no-
JIOXEHMeE, NMOKa3aHHOE Ha PUC. 23, U OIHOBPEMEHHO BKIIIOYUTH CE-
KyHaomep. ITo ucreueHHH 3alaHHONO BpeMEHH / (OT HECKOJILKMX Ce-
KYHA 10 MMHYTbI, ¢M. Tabnuuy) 6a1oH pa3o6iualot ¢ atMocdepoit,
craBs KpaH (3) B NojlloXeHWe, NoKa3aHHOe Ha puc. 20. Ilpu aToM
TIOC/IEJOBATENLHO NPOUCXOAAT anuabaruyeckuii npouece 2—3, u3oda-
prteckuii npouece 3—4 (Tak KaK B GaJloOHE B TeYCHHE BPEMEHH f 3a
UCKJIIOUEHUEM KPATKOTO NPOMEXYTKA, II0Ka MIET aquabaTyeckuit
Tpoliecc, coxpaHsieTcss aTMochepHoe TaBjleHHe, XUAKOCTh B KOJIe-
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Hax MAHOMETPa HaXOMHTCS HA OJHOM YPOBHE) H H30XOPHYECKHIi npo-
necc 4—5 (B pe3ynkTaTe 4ero BHOBb BO3HHKAET Pa3HOCThL YDPOBHeM
XUNKOCTH B KOJEHaxXx MaHoMerpa). Koraa TemrnepaTrypa BO3ayxa B
6anjioHe CpaBHAETCA ¢ KOMHATHOM, HeoOxoauMo 3adUKCUPOBATH
Pa3HOCTh YPOBHEH h,, NpeaBapUTENbHO BbiXaB He MeHee 30 c.

5. U3MepeHnsi IOBTOPHTB HECKONBLKO pa3 ¢ palTUYHBIMU MpoMe-
XYTKaMy BPpeMEHH /, B TeYeHUe KOTOPKIX Oa/IoH coobLieH ¢ aTMOC-
depoii (xpan (3) oTKpHT). PekoMeHAyeTcs GpaTth 3HaYeHUS f OT 5 110
50 ¢ yepe3 Kaxnple 5 c.

6. 3HaueHUs BpEMEHH I, B TeYeHHe KOTOPOro 6anioH 6bii coob-
WEH ¢ aTMOCEPOH, U COOTBETCTBYIOLIME 3HAUYEHUA /1, U h, pa3HO-
cTeil ypoBHE#H XUIKOCTH B KOJIEHAX MaHOMETpa 3aHEeCTH B Tabnully.

Bpens Hamepenne pasnocTy Hamepenne pasiocTi
o — yposHeii h, yposHeii hy
c af':iil)ncz::)oﬁ BeicoTa ypoBHa hy, BeicoTa ypoBHs hay Inthy/ha)
tc KUIKOCTH, el nen. KHUKOCTH, JAE. nen.
cnesa | cnpama cneBa | crnpasa

5
10
15

50

OGpaGorka pe3yanTaTos HIMEPEHHI

s kaxnoro 3HayeHus ! BYKCRuThb In(h,/h,) ¥ 3aHecTn nony-
YeHHbIE€ 3HAYeHHST B TabauLy (1IpH BLIYMCIEHNSIX ClIeQYeT OrpaHU-
YUTLCH YETHIPbMA 3HaUaIMMHK Lndpamu). Ha rpaduk 3aBucumoctu
BEMYUHE y=In(h,/h,) OT BpeMEHM { 1O NMONYHEHHBIM 1aHHbIM Ha-
HECTH 3KCHepUMEHTATbHbIE TOYKH. [10 3THM TOYKAM CIICRYET Npo-
BECTH MPAMYIO JIMHMIO y=a+ bt ¥ HAlTH OTPE30K 4, OTCEKAEMBII
3TOi MpsAMOIL OT ocH opinuHaT (cM. puc. 5). IonyueHHoe 3HayeHue
a cJienyeT NoACTaBUTh B hopmyiny (19) [wis HaxoXaeHUs 7.

H3-32 HeH3GEXKHBIX TIOTPELTHOCTEH SKCTIEPHMEHTA TOYKH OObiY-
HO He NeXaT Ha ogHok npsaMoii. [1oaToMy npsaMmylo ciaeayeT npoeo-
IMThH TaK, YTOOBI OHa MPOXOAKJIa MEXIY TOUKAMH, ITPUYEM BhIIE U
HUXe TIPAMO# JieXalo Obl NPUOAN3UTENILHO OANHAKOBOE YHCIO TO-
yek. [Ipu npoBeacHNY NMpAMON Ha IMa3 BO3HUKACT HeoNpeAeaeH-
HOCTb B €€ HaKJIOHE H, CAEAOBATEIbLHO, B BEJIMUWHE OTpe3Ka a, T.€.
3Ta BEJIHYMHA CONCPXHT MOTPEINHOCTb, OLIEHUTh KOTOPYIO 3aTPY.-
HHUTENBHO.
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CyuiecTByeT, 0IHaKO, OOGBEKTHBHEIN METON NPORENECHKS NIPAMOIL:
HaMy4iiell cYHTacTCA Takasd npAMast, CyYMMa KBaapaToB PaCCTOAHHMA
OT KOTOPO# A0 IKCHEPUMEHTANBHLIX TOYEK HA rpadMKe — HAUMEHB-
was (MeTo HaMMeHbILMX KBanpaTos). [lia 3Toit npaMoit Teopus Be-
POATHOCTEH AacT cnocob OUEHKW NOrpelrHocTeil, AonyilleHHLIX B
JHAUEHHAX KO3PPUINEHTOB 2 U b ypaBHEHHS.

Jlureparypa

Cagenbvep U. B. Kypc obweii dusnkn: Yue6. nocobre. B 5 xH. KH. 3.
Monexynspras ¢puanxa M TepMogMHaMuKa. — 4-¢ uan,, nepepab, — M. Ha-
yxa, ®uamataut, 1998,

I'napa 1. NNpeasapyrenbune CBEACHMA,
§ 1.9. BHYTPEHHAA 3HEPTHA U TEILIOEMKOCTE UAEATLHOrO rasd.
§ 1.10. YpasHeHne aanabarsl MacanbHOro rasa.



3anaua Ne 36

OINNPEAEJIEHHUE TEILIOEMKOCTH BO3AVXA
IPU IIOCTOAHHOM JABJIEHMM

Heap 3ana9n: onpenencHue MONAPHOM TENIOEMKOCTH BO3AyXa
NpH NOCTOSHHOM AaBieHuu C, NO Harpesy CTPy!.

DKCNepHMEHTANIbHbIH METOR

oToK Bo3ayXa, CO3NABAEMEII KOMIIPECCOPOM, TIPOXOIUT Yepes
TpYOKY C HarpeBarteneM, Noaydast NpU 3TOM HEKOTOPOE KOANYECTBO
TerUIOTHI, U BRIXONUT B OKpyXalowugyio cpeay (puc. 1). Temneparypa
BO3NYXa f, . . Ha BHIXONEC TPYOKM B pe3yibTaTe HarpeBa Bhillle, YeM
TeMnepatypa £, , Ha BXOIe, a NaBJIEHUE TIPU HeGoMbIIOH CKOPOCTH
TeYeHHUsT IPUMEPHO OTMHAKOBOE ¥ paBHO aTMOoc(hepHOMY. IIns He-
KOTOPBIX MOCTOSHHBIX 3HAYEHWH Pa3HOCTH TEMNEPATYp /. U 1, ..
CHYMAETCH 3aBUCHMOCTh MOUIHOCTH HArpeBaTeNsi OT PAacXofa BO3My-
Xa, 7.e. CKOpOCTH ero IToNa4YM KOMIIPECCOPOM Ha BXOA TPYOKM. 3T1a
3aBUCHMOCTD ABAAETCA TUHEHHOM U TETUI0eMKOCTL C, pacCYUTLIBA~
eTcq yepes TAaHTeHC YIJIa HaKMOHa COOTBETCTBYIOMLIEH NPAMOIL.

BuiBoa pacueThoi dopmyan

MOIIIHOCTB, BhIACTAEMAA HArpeBaTEJIEM, pacXoadyEeTca Ha Harpes
CTPYH BO3IYXa U Ha MOTEPH TETUIOTHI YCTAHOBKO# B pe3yabTare Tern-
JIOOTNAuH C TIOBEPXHOCTH TPYOKHM B OKPYXalolylo cpeny, 4TO MOX-
HO BBIPa3HTh YpaBHEHHEM Tenosoro banaHca:

W = dQl'loJl)"l + dQno’rep R (‘)
dt dt

MowHoCTL HarpeBatens W paBHa MPOU3BEACHKIO CUBI ToKa / B
ero oOMoOTKe Ha HanpspkeHue UHa Heil:

W=1IU. (2)

OrHowenne dQ, . /df GECKOHEYHO MATOTO KONU4ECTBA TEMLTOTHI
dqQ,,,,., MOMy4eHHOII BO3ZYXOM 32 MHTEPBa/ BPEMEHU d!, X Benn4u-
He 3TOr0 MHTepBaNa MpEACTaBseT CO60H CKOPOCTb WIH MOMWHOCTD
HArpesa CTpyM Bosaoyxa. AHalornyHo 4@, ../d! — 3T0 CKOpOCTb
TIOTEPH TETLIOTH YCTAHOBKO#. BesimunHa noteps nposopLyoHanbHa
[UIOLLUAAW TOBEPXHOCTH TPYOKM M Pa3HOCTH TEMNEPATyp MEXIy Hel
M OKpyXaioleit cpenoii. Tlpu cTauMOHapHOM pacnpeneaeHun TeM-
nepatyphl BO3JiyXa BeJIMYKMHA T10TEPh NIOCTOSIHHA.

Ilycts vyepe3 TpyOKy IIponUIIO HEKOTOPOE YMCIO MONEH
BO3Ayxa dn. DTO KOJIHYECTBO BO3yXa NOJIYYHUT OT HarpesaTens Ten-
noty d@,.,.., YBEIUYHUB CBOIO TEMIIEPATypy Ha BETHYHHY AT. Cun-
Tasi, YTO Pa3HOCTb JABNCHHH Ha KOHUAX TPYOKM JOCTaTOYHO Mana
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A JATYUK TOMNCPATYPst  OT KOMIIpCCcopa

AaTuHK
TeMICpaTYphl

Tayon

KOPNyC

WarpeRatelns
Apens RAIOPIMETPA

peoMeTp ——

OMranue
HarpeRarens

Puc. 1

o=

110 CPaBHEHUIO C aTMOC(HEPHBIM AABJIEHUEM U BO3NYX HarpeBacTcH
TIPU MOCTOSTHHOM (aTMOCEPHOM) AaBIEHUH, TO ONPEACHEHWIO TeT-
JIOEMKOCTH MOXHO 3aITUCaTh

dQ,oppe= CoA Tdn. 3)

W3 ypaBHEHHS COCTOAHMS U[EaNbHOrO ra3a MOXHO BbIDAa3UTh
4UCno MONel dn npolueniero Bo3ayxa yepel ero ooveM dV:

PV =nRT 5
/ (4)
[ V, )
dn RTd

rae P, T — naBneHue U TeMreparypa BO3IYXa H4 BXoJE B TPYOKY;
R — yHuBepcaJibHas ra3oBas NOCTOSHHasA.

IMoncraBuM cooTHouleuus (2), (3), (4) B ypaBHEHHE TEIUIOBOTO
6ananca (1) ¥ 1119 TOCTOSTHHOTO 3HAYeHUA Pa3HOCTH TeMriepaTyp AT
MOJIyunM

CoPAT 4V, dOums, ®
RT dr dt
. Ornowenne A =dV/ds obsema dV npolueuero yepe3 Tpy6ky
BO3IyXa K WHTEpBaJly BPEMEHM df npeacTasiisfieT coboit pacxol BO3-

U =
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ayxa. Beeaem ob6osHavewns: X=»2x, Y=IU, A=C,PAT/RT,
B= dlep/dt, Toraa ypasHeHue (5) 3amyiuercd B BUOe

Y=AX+ B. (6)

Tennoemkocts C, pacCYMTHIBAETCS HEPE3 TAHTEHC A YTJla HaKJIo-

Ha NMpsMO#, COOTBETCTBYIOWLEN TIONYYECHHON IMHEIHOM 3aBUCUMOC- -
™ NX) (6), mo ¢popmyne

ART

P=PaT" )

INopsinox u3mepenwuii

3anaua BbinonHAeTcs Ha naboparopHoM Komruiekce JIKT-2, ane-
MEHTEI KOTOPOrO pasMelnieHn! B Tpex apycax Xapkaca (puc. 2).

Ilepen nposeacHueM u3Mepennit Ha kommnekce JIKT-2 DoMKHBH
OBITh YCTAHORJICHHI BEPTHKATEHO Ha IITHIPAX W 3aKperJieHH! rafika-
Mu 6n0ku (5) n (6). Beixon (2) komnpeccopa, peomeTp (7) — yer-
pOVCTBO WIS K3MEPEHUS! PAacXOla rasa M ra3oBblii Katopumetp (24)
COeIMHSIOTCS CHAMKOHOBBIMU utaHraMH. THe3no (16) usMepHTeb-

5 g 6 2 3
| I N
—7 [0 710
24 (;F
2L @ s [t
H 7
s 30
o) 10 > !
2|5 °=q)=() 3 ] ——14
1 \ 3—)5
21 18
12 2z MY
e foY T mme— Fa Z 4
Ul iEsllofoXe)
ooorj Oj
QOO0 O doo
232729 L
N N
28 16 20 26
Puc. 2
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Ho#t cucteMbl UCT-2 coenuHseTcs KabelleM C THE310M KaJOpUMET-
pa (25), K KOTOpPOMY [IOAKJIIOYEHBI HATPEBATEND U JATUYHKHU TEMIIe-
parypul. Kommutexe JIKT-2 nomkeH 6uITh noaxmiodeH K cety 220 B.
[TepeuncneHHblE BBILIE ONEPALIUU BHIMONHAIOTCA TOMBKO C MOMO-
610 nabopanTa. .

TIpu nposeneHun uaMepenuii Ha JIKT-2 Heo6XoauMo BLITION-
HUTB CNCAYIOWHE OTepaLuy.

. 3adpuKcupoBaTh 3HauYeHHe A, YPOBHSA XUIKOCTH B MEPHOH
TpyGKe peoMeTpa Ipu BHIKITIOYEHHOM KOMITPECCOopeE.

2. Tlocrasute perynsrop (14) KoMmpeccopa B KpaiiHee ToJloXe-
HHUe, Bpallas ero NpPOTHB YacoBO# CTPENKW A0 yrnopa, obecreuns
MHUHHUMAaJIbHBIH HaYaIbHBIA pacxod BO3AyXa, M BKJIIOYUTh KOMIpeC-
cop tym6bnepom (15). Boanyx 6yner mpoxoauts yepe3 peometp (7)
B KajiopuMerp (24), npy 3TOM YPOBEHB XUAKOCTH B MEPHOI TPYO-
K€ PEOMETpa MOBBICUTCH C HaYalbHOrO YPOBHS A, O HEKOTOPOTO
ypoBHS h. Pacxon BO3xyxa ONpEnensieTcsl Mo BeJIMYNHE PAa3HOCTH
Ah= h—h, (CM. IPWJIOXEHHNE K YCTAHOBKe). YOeIUThCA B BO3MOX-
HOCTM DETYIMPOBKH PacXojla BO3AyXa, MeUICHHO Bpallasg peryis-
Top (14) KoMIpeccopa 1Mo YacoBOi CTPEKeE.

3. TloctaBute peryastopel «TEMITEPATYPA» (17) u «HA-
I'PEB» (18) B xpajiHee mosioxeHue, Bpalasi UX MPOTHB YacOBO#
CTPEJIKM 110 YTIopa.

4. BrmoyuTs TyMOnepoM (26) usmepurensHylo cucremy UCT-2
U 3anucaTh ¢ UU¢ppoBOro HHAMKATOPa (22) HayaNbHBIE 3HAYEHUS
TeMrnepaTypsl Ha Bxol€ B TPYOKY M BRIxole U3 Hee. Temnepatypa Ha
Bxome Z ... B rpagycax Llesbcust CYMTHIBAaETCA TIPY HAXATOI KHOTM-
ke (27), a TeMnepaTypa Ha BmIXOJ€ .. .., — TIDH HaXaToil KHoN-
Ke (23).

5. 3anaTe TeMIepaTypy Harpesa Bo3ayxa npuMepHo 60°C peryas-
TopoM «TEMIIEPATYPA» (17), nOBEpHYB €ro no 4acoBO#l CTpen-
Ke Ha 3—4 aeneHus. 3anaTh HaMpsOKEHWE HarpeBaTelsl IPMMEPHO
14—16 B perynaropom «<HATPEB» (18), Bpauias ero no yacosoit
crpenke (HanpsDKEHUE KOHTPONINPYETCA 10 HpPOBOMY HHAHKATOPY
(22) npw Haxarto# kHonke (28)). BkilounTh HarpesaTens TyMbne-
poM (20). IMocae 3Toro TeMmeparypa BO3ayXa Ha BRIXOJE TPYOKH
1, on HAYHET YBeNHuMBaTECA. TIpH JOCTHXEHHM 3a1aHHOM TeMMepa-
TYpbl CUCTEMA TMEPEHAET B PEXUM TCPMOCTATUPOBAHUS W 3arOPUTCS
KpacHeIit urauKaTop (21).

6. IMocne crabunmsaumm TeMnepaTypel, HATPAXEHUS U TOKa B
HarpesaTesie 3arucaTh ¢ HHPOBOrO0 HHAMKATOPA UX 3HAYEHMS NPH
HaxXaTbIX KHomKax (%) (27), (1.0 (23), U, (HanpsokeHue B BONb-
Tax) (28), 7, (Tox B Munnuamnepax) (29).
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7. YBeauuuTh pacxoj Bo3ayxa perynstopoM (14) xommnpeccopa,
YCTaHOBMWB Clielylolifee 3Ha9eHue Ak (¢M. Tabmuity B pasnene «O6pa-
60TKa pe3yNLTATOB N3MEPEHUI») M BELXAATh HECKOJILKO MUHYT NS
ycTaHOBJIEHMSA pacrnpenesieHus Temnepatypul. [Tociie sToro BestMyn-
Ha 1, IOJKHA OCTaBATLCA NIOCTOAHHOI, a HeOOXOMMMAas IS 3TOTO
MOIHOCTb HarpeBaTeNs aBTOMaTHYECKH YBETUUUTLCA. Jlomyckaercs
HE3HAYUTENBHOEC OTKIIOHCHUE TEMIEPATYPH £, = OT NPENbLIYILETO
3HayeHus Ha 1-2°C.

8. Onepaumu NyHKTOB 6—8 caeAyeT BHINOMHUTD WA psilia YKa3aH-
HbIX B Tabnmie 3HaYeHHit pacxona BO3AYXa, 3aTeM MOBTOPHUTh BCIO
CcepMI0 U3MEpeHHit s Dojice BRICOKOIH TeMnepaTypbl Ha BLIXOOE
TpyOKM, 3a5aB ¢¢ peryiaTopoM (17). PekoMeHayeTcs B3sATh CaeAy1o-
uyio Temnepatypy Ha 20—-30°C Brlile riepBOHayaNbHOM, TTOBEPHYB
peryasrtop {(17) na 2—3 nenenus no 4acoBoil CTpelke.

O0paboTka pe3yILTaToB H3MEPeHMil

1. PaccuutaTs cpegHue 3HayeHus Temneparyp <f >=
=28t o/t <t > =28t . /n (n — YUCNO NCTIONb3YEMBIX 3HAYCHUI

pacxona BO3[IyXa) H 110 HEM OnpeaenuTh cpeaHee SHadeHWe pasHo-
CTH TeMniepaTtyp <AT> (cM. Tabnuiy).

s> = i hyg> =}
<AT>= (<4, >~

BHXON BHIXOA Ha'l)— (<tm> - tnm naq) =

Peomerp: Ak, MM 30 60 90 120 180
Pacxog, M/c

tlum

taca
UB
LMA
W, Bt

A=
CP= iy

2. TlocTpouTts rpadPHKH 3aBMCHMOCTEH MONIHOCTH HarpeBa W ot
pacxozaa BO3AyXa A JUISl KaXIOTo 3Ha4eHKs pasHocTu <AT>, mocTpo-
MTE COOTBETCTBYIOILME NIPSAMBIE, ONPERETNTE YIIOBOU KodbduimeHT
A ¥ paccunTars 3HayeHue C, 1o popmyne (7), NoJOXMUB B HEH

T=(t, 41 /24273, AT=<AT>.

bixod. Hay BX04. Hav
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3HayeHMUs pacxona BO3AYXa A B MMJUIMJIIMTPaX B CEKyHAY, COOT-
BETCTBYIOWIME OMNpPENeICHHbIM 3HAYEHUSAM PAa3HOCTH YpPOBHeH Ah,
MPHBEJCHBI B NPUJIOKEHUM K 3KCNIEPUMEHTANBHOR YCTaHOBKE.
JInreparypa

Casenser WM. B. Kype o6ueit pnsvku: Yueb. nocobue. B 5 kH. KH. 3.
MonexkynspHasa ¢M3uKa U TepMOIMHAMMKKA. ~ 4-€ H3L., nepepab. — M.
Hayxa. ®uamartnut, 1998.

I'nasa 1. [penBapyutebHeie CBEACHMS.
§ 1.9. BHYTpEeHHAR IHEPIUs ¥ TENAOCMKOCTD KASATbHOrO rasa.



3agaua Ne 37

OMPEJAEIEHUE OTHOIIEHUSA TEIUIOEMKOCTEN
BO3XYXA 110 CKOPOCTH 3BYKA

Lean 3anaum: onpeleyieHUe CKOPOCTH YIIbTPA3ByKOBO! BOJIHLI B
BO3IlyXe M OTHOLIEHUA TemnoeMkocrel y= C,/C,, rae C, — Temnno-
€MKOCTb BO3AYyXa NPH MOCTOAHHOM JaBlieHuM; C, — TEII0EMKOCTD
BO31yXa MPU MOCTOAHHOM 0OLEME.

OKcnepuiMeRTATbHBIE MeTox

Mpu npoBeneHUU U3MepeHnit U3MEHSETCS PacCTOAHHE MEXIY
MCTOYHUKOM ¥ TIPMEMHHKOM YJIBTPa3ByKOBHIX CUTHAJIOB, a Tepe-
MEHHOE HanpsXeHHe OT HUX NoJaeTcst Ha ocuwuiorpad. Pukenpy-
I0TCH TaK¥eé PacCTOAHUSA MEXIY UCTOYHUKOM W TIPUEMHUKOM, TIPH
KOTOPBIX MEXAY HUMH YKJIaablBacTCs LeJIoe YHUCTO TI0JIYBOJTH.

Buisog, pacueTHoii hopMybi
CKOpOCTB paclpOCTpPaHeHMsT 3ByKa B raie MoOXeT ObITh HaiiieHa

no dopmyrne Jannaca:
y= /y Ly (1)
p

Tak kak npu AaHHOM TeMmnepaType JaBieHHe P W MJIOTHOCTb p
TPOTMOPUHOHANIBHS! IPYT APYry, TO, KaK moka3sniBaet ¢dopmyna (1),
CKOPOCTb 3ByKa He 3aBMCHT OT AaBjieHUs B rase. U3 sroit xe ¢op-
MYNRI CHEAYET, YTO CKOPOCTb 3ByKa CYLUECTBEHHO 3aBUCHT OT TEMIE-
paTypnl cpeabl. JAeiicTBUTENbHO, U3 YPaBHEHUSA COCTOSTHUA MIEab-
HOTO I'a3a MOXHO NMOJYYUTH CIEAYIOLEEe COOTHOLUEHUE:

£A 2
p M
TAC p — MOJsIpHas Macca rasa; R — yHMBepcaibRas ra3opas ocTo-
aHHasA; T — Temneparypa rasa no KenssuHy.
Moacrasnsag (2) B (1), nonyuuMm dopmyay, onpelesioulyio CKo-~
POCTD 3BYKa B ra3e¢ B 3aBUICHMOCTH OT TeMMNEPaTyphbi:

v {Y-RZ. 3)
p

B nanHoi paboTe VTS HAXOXICHHUA CKOPOCTH pacripOCTPAHEHMS
YIIpYTHX KojeGaHuil B BO3MyXe UCNIONB3YIOTCS KonebGaHUs, yacroTa
KOTOPBIX JIEXUT B YILTPA3BYKOBOM Anarna3oHe (v > 20 000 I'u). Uc-
TONML30BaHMUE YILTPA3BYKa B AaHHOM 3aJaue 06yCNOBNEHO B OCHOB-
HOM ABYMs MPUYHHAMH. Bo-TiepBHIX, OH HE BOCMPRHNMAETCH Heso~
BEYECKUM YXOM, H 3TO MO3BOJsET pacnofiarath B OXHOW Jabo-
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paTopMM HECKOJILKO YCTAaHOBOK, BO-BTOpPLIX, MaJas IJIMHa YJIbLTpa-
3BYKOBOH BOJIHBI (NOPAAKA HECKOJBKHX MM) JaeT BO3MOXHOCTb 3HA-
YUTENBHO YMEHBUINTD Pa3MEPHI KCIEPUMEHTANBHON YCTAaHOBKH.

Konebanus Bo3myXa BHICOKOW YaCTOTHL OOBIYHO NONYYaloT C NO-
MOILBIO TbE303NIEKTPUHECKUX NTpeobpa3oBaTeneid.

Ecau Xpuctann KBaplia, BhIpe3aHHBIA ONpeeneHHBIM 06pa3oM,
3aXaTh MEXAY IBYMA METAUTMYECKUMU TIACTUHKAMM (3NEKTpoJa-
MK), 2 32TEM [TONBEPTHYTh €r0 CXaTHIO, TO Ha 3NEKTPOAaX MOSBNA-
10TCS pa3HOMMEHHEBIE 3JIEKTpHUYEecKUe 3apsibl. B pesynbrate Mexny
NMJACTHHKAMU BOSHUKAET Pa3HOCTDL [OTECHILMANOR (IJEKTPUUECKOE
HanpspkeHUe). [Ipy pacTsKeHUM KpHCTalia 3HaKu 3apsiioB Ha 3J1eK-
TpOOaxX U3MEHSAIOTCA Ha POTHBONONOXHBIE. DTO ABIEHUE HOCUT Ha-
3BaHUE TIPAMOTO Nbe303ddexra. OGpaTHBIM Nbe303(dHEKTOM Ha3kl-
BaeTCA BO3SHWUKHOBEHMEe aedopMallMd KPHCTaUla TIDHM CO3JAaHHU
3JIEKTPHYECKOTO HanpsKEHUSA MeXIy 3feKTpopamu. [Ipu nepemeHe
3HaKa HaNPSOXEHUA UIMEHACTCH Ha NMPOTUBONONIOXHKHII U 3HaK Ae-
dopmauuu.

HUcToYHUKAMU ¥ ITPUEMHUKAMM 3BYKA B JAHHOI pabGoTe ARISIOT-
¢q aKyCTHYECKHe ToJTIOBKH. OCHOBHOI YaCThbIO 3THX TOJIOBOK ABJIACT-
¢S KpUCTa KBaplla C HAHECEHHBIMU Ha €T'0 TIOBEPXHOCTD DJIEKTPO-
JdaMU. TonoBku pacCYHUTaHbBl Ha BIOJIHE ONPEACJIEHHEIC YaCTOThI
(B naHHOM ycTaHoBKe ~ 60 xT'u).

OT reHepaTopa NMEPeMEHHOr0 3JIEKTPUYECKOTO HANPAXEHNA Ha
371eKTPOLE! KPHCTAJ1a KBapla U3TyyalolleH ronoBKH NMoJaeTcsi Ha-
TIPAXEHUE, USMEHSIOLLEECA IO CHHYCOMIAIBHOMY 33KOHY

u,(1)=u, sinot (4)
€ YacToTOH ®, Ha KOTOPYIO pacCUMTaHa rojioska. Benencreue obpart-
Horo Mhe303¢dheKTa BO3HUKAIOT KoNeOaHUs KpUcTalla, KOTOphIe T1e-
penaoTcs CBA3AHHON ¢ KpUCTALIOM MeMOpaHe, obpa3syowuei osep-
XHOCTb FONOBKM, B pesynsraTte Kone6aHuiH MemGpaHsl BOIU3H TO-
BEPXHOCTH TOJIOBKM BO3HUKAeT MU3OLITOUHOE MO OTHOLIEHUIO K
aTMochepHOMY NaBfieHUE Bo3ayXa P, M3MeHsomeecs TI0 3aKOHY

AP(1)=APsinnt (5)
€ 4acToToi ®, paBHOI YacTOTE NOXABAEMOTO Ha KpHCTaLI HaNpsKe-
Hust, U3MeHenust paBneHus OyayT pacnpoCTpaHATbCs B BO3AYXE TIO
HAaTpaB/lCHHIO, NEPNICHINKYISPHOMY NOBEPXHOCTH TOJIOBKM B BUIE

BOJIHBI, OTIMCbIBaeMoOi (hopmynoH
AP(t,x)=APgsin(ot+9), (6)

rae

¢ =—kx )]
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2 .
(k= T“ — BOJIHOBOE YNCJIO;, A — JUTHHA 3BYKOBOMH BOJIHKI), NPeACTaB-

JigeT co0oil HAYaNbHYIO (pa3y JarmIeHUS B TUIOCKOCTH, Haxoaslleics
Ha PacCTOSIHMM X OT MOBEPXHOCTH TOJOBKH.

Ecny npHeMHYI0 aKyCTHUECKYIO NOJOBKY, PACCYMTaHHYIO Ha 3a-
AaHHYI0 YacToTy KoJicbaHuii, TOMECTHTh TaK, YTOOK €€ MoBEpX-
HOCTB, SBNSAIONAAcS MeMOpaHoii, HaxoAUNIaCh Ha PACCTOSHUY X OT
MOBEPXHOCTH WATyYAlOILEi TOJIOBKH, TO U3MEHEHUS TaRIeHust BOIM-
3M TIOBEPXHOCTH TIPUEMHOI TOJIOBKH BRI3OBYT KojlebaHusa MeMOpa-
HEI, YTO, B CBOIO OuYepellb, IPUBEAET K TICpHOAWIECKOil aedopMaunn
KpHCTanna KBapua. B pe3ynbraTe Ha 271€KTpoiax, HAHECEHHBEIX Ha
TIOBEPXHOCTH KPUCTAJUIA, BOSHUKHET JIEKTPUYECKOE HAMpSXEHHE,
U3MEHSIOMEECH TIO 3aKOHY

u(8) = uysin(ot+¢), (8)
roe ¢ — HayansHas ¢a3a, coBnagaloumas ¢ HayaubHoi da3zoit (7) us-
MeHeHHs U3ORITOYHOTO AARIEHHA BONIN3U NOBEPXHOCTH TIPUEMHON
FOJIOBKH.

Jns permcTpauyy HanpsbkKeHM# Ha anexTpolax KpHUCTAIOB
KBapila ¥3nyyalouieii ¥ NpueMHoON aKyCTHYECKHMX T'OJIOBOK UCHONB3Y-
eTca ocuwutorpag. Hanpsokenue (4), nonaBaeMoe OT reHepaTopa Ha
HMATYYAIOILYIO TOJIOBKY, OAHOBPEMEHHO NOAACTCH HA TOPH3OHTANLHO
OTKJIOHSIIOLLME TUTACTHHBI oclulorpada (Bxon X). 31o HanpsbkeHue
BbI3BIBACT CMELLEHHE JTy4a Ha 3KpaHe oclLiuiorpaga B ropn3oHTANb-
HOM HanNpaBRJIEHWY, NPONOPLIMOHANBHOE HANPKEHUIO (4) N NPONC-
XOJIAlLee 110 3aKOHY

X(t)= X sinot. 9)

Hanpsokenue (8), Bo3HMKalolIee HA 3JIEKTPOAaX KPUCTAIUIA KBAp-
na llpPleMHOﬁ TOJIOBKH, NMOAAETCA HA BEPTHKANBHO OTKJIOHAOUWMHKE
TUIaCTHHE ociwutorpada (Bxoa Y) v BLI3LIBAET CMELLIEHHE JIy4a Ha
3KpaHe ocuuiviorpada B BEpTHKAIBHOM HAMPABICHHH, NPOHCXOS -
uiee 1o 3aKOHy

Y(8) =Y sin(wt+ ¢). (10)

TakuM obpa3oM, Jiyd Ha 3kpaHe ocuwuiorpada oMHOBPEMEHHO
COBepIIACT Ba CMEIUEHMA, NPOUCXOAAIIMX BO B3aUMHO NeprieHau -
Ky/MAPHBIX HANPaBACHUAX W NPEICTARIAIOINX CO00i rapMOHHYeC-
KHe KonebaHNs, HMelINe OAMHAKOBYIO YaCTOTY ®, HO OTJINYAIOLIU-
ecql Apyr oT Apyra no ¢a3¢ Ha BeJIMYMHY ¢. B pe3ynbTaTe COXEHUs
3THX KoJleGaHui JIyd Ha 9KpaHe ociiwiiorpaga onuceBaeT, Boobiie
FOBOPA, 3aMKHYTYIO KPHBYIO NTMHMIO (IO MPOXOXACHUH NPOMEXYT-
K4 BpPEMEHH, PaBHOIO NepHopy Konebaunit, KoopauHartel ayda (9)
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1 (10) npuobpeTaloT npexHue 3HaueHus ). Popma TpaeKTOPUH Jiyya
3aBUCUT OT pasHocTh da3 ¢ Mexay Konebaunsamu (9) v (10). B ya-
CTHOCTH, NIpH ¢ =21n

Y(1)=Ysin(wf+ 2nn) = Ysinot, (11)
T.€. HAMPAXKEHUS Ha 3/IEKTPOAaX KPHCTAJUIOR KBapLa Wayyaiowei H
TIPMEMHOM aKyCTHUYECKUX TOJIOBOK KOJIEOMIOTCA B OANHAKOBOM hase.

Paanenus (11) na (9), HailneM ypaBHeHHe TPACKTOPHUH Jyya Ha 9K-
paHe

X
Y= A X. (12)

Kak usBecTHO, 3TO ypaBHEeHUe NIpAMOit, IPOXOAALIEH U3 NEPBO-
TO KBaJIpaHTa JeKapTOBOW CHCTEMBl KOOPAMHAT B TPETHIl KBaIPAHT
(puc. 1a). B aTom ciyyae Ha OTpe3Ke MeXIY aKyCTUYECKUMU TOJIOB-
KaMM yKiiaIblBaeTca Lenoe yucio (n|) anuu BoaH (YeTHOE YUCHo
nonysonH). Ecav KoopanHaThl aKyCTHUECKHX TONIOBOK 0603HAYHTD
Yepe3 X, M X,, TO BEJUYMHA OTpPe3Ka MeXAYy HWMM COCTaBJSIET
Ix,| = |x,—x,|. U3 BuipaxeHus ans casura ¢as ¢ nomydaeMm

<p=%:£x,, = 2nn, X, = An.

Ipu ¢ = (2n+ 1)n, (/) ==Y sinwt, T.e. HANPIXCHUA HA INEKT-
pomax KpHCTAUIOB XBapha Uany4yaloluei U NpHeMHO TrojIOBOK KO-
nebntorcs B IpoTuBo(dase. B 3ToM ciyuae us dopmyn (9) u (10) cne-
JlYeT YpaBHEHHE

/Y
Y=g X, (13)

npeacTasisioliee coGoi ypaBHEHHE NMPsAMOit, NPOXORsiIei U3 Broporo
KBapaliTa B YETBEPTRIH KBAAPaHT (PUC. 1X). AHANOrHYHO NpeabIayILLe-

Y Y

B R AS Aty

m 114

Puc. 1
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MY CIy4al0 Ha OTPE3Ke MEXIY aKyCTHYECKMMM TOJNIOBKAMM |x, ,, o YK-
N2IBIBACTCA HEYETHOE YHCIIO MOTYBOJIH:

2 A
=Xz = Q0+ D, Xy =5 @+ 1),

MoOXHO0 NI0Ka3aTh, YTO JI BCEX OCTANILHAIX 3HaYeHUH ¢ casura $a3
TPAeKTOPHS JIyua Ha 3KpaHe yiMeeT ¢dopmMy ammurca (puc. 16, B, r).
H3MeHenne paccToOTHUA MeXAy aKyCTUYECKHMH TOJIOBKAMM Ha Be-
NNYHHY AX=X,,, ,—X,= A/2 COOTBETCTBYET H3MEHCHHIO TPACKTOPHH
JIy4ya Ha 3KpaHe ocumorpaga. ABuxeHune gyya no npamoi (12) B
He4eTHOI MNape KBaapaHTOB (pUc. a) nepeXoauT K ABMXEHHIO 1O
npsaMoit (13) B ueTHoit nape (puc. 1n), 1 Hao6opoT. CneaoBaTeNLHO,
H3MeEpAs BEJIMYUHY AX, COOTBETCTBYIOLUYIO ONIMCAHHOMY BbILIE U3~
MEHEHHI0O HanpaBieHWs NpAMOH, CKOpPOCTh 3BYKOBO{l BOJNHEBI B
BO3AYyXE MOXHO BHIMMCIIUTB MO Gopmye:

v=2Axv. (14)
rie v — 4acToTa 3BYKOBLIX KonebaHMit U y4TEHO, YTO A = %

Tlopanok H3MepeHui

B cocTaB aKCnepUMEHTATIBHOMK YCTAHOBKH WIS M3MEPEHUS! CKOPO-
CTH 3BYKa B BO3OyXe (CM. pyuc. 2) BXOISAT:

1) ckaMbs € aKYCTHHECKMMH TOJIDBKAMY;

2) reHepaTop CUrHANOB HU3KOI YacToThbl '3-118;

3) ocunnnorpag C1-76.

Ckamba Tipe/Ha3HayYeHa I pa3sMelleHUS aKYCTHYECKHX NOJIOBOK.
Hanyyaionias akycTHYECKas rojloBKa (2) (puUc. 2) yKperneHa Ha He-
MOABWXHOM JepxaTene, npueMHasl akycTuyeckas ronoska (3) pac-
nonoxeHa Ha cronuke (4). ITonsuxHas 4acTb CTONKKA NepeMelliacT-
¢ BMecTe ¢ TOoJIOBKOW (3) npy moMoIuy MUKPOMETPUUECKOTO BHH-
Ta (5), ¢ KOTOPHM CBsI3aH BapabaH ¢ HaHECEHHOI HA HeM WIKANOoM,

°ee) (o]
I3-118 X v
3 | )

Feueparop Ocpumo-
pa¢ C1-76

AN

Crofika

Puc. 2
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uMeromeii 50 nenexnit. Tlpn BpallleHH BUMHTA GapabaH nepemeiaeTcs
BIOJTb OCHOBHOM HEMOABYDKHON WKL, LIEHA ACJIEHUA KOTOPOi paBHa
0,5 MM. TIpy 3TOM TOJIOBUHHBIE JEJIEHUS, YTOObI HE 3aTPOMOXIATD
LUKy, PAcTiosaraloTcs Hal NpsMOo¥ JIMHYEH oCHOBHOM wikankl. Ular
MUKPOMETPHYIECKOrO BHHTA (NMOCTYNAaTEALHOE NEpeMellicHKe Kpas Ga-
pabaHa npy TOBOpoTe BUHTA Ha 360°) paBeH 0,5 Mm. ClieoBaTenbHo,
1IeHA QTHOI'0 MaJloro AeNEeHUs MKaNbl Ha Gapabaxe pasHa 0,01 MM.
Jlepxareys Wany4yawouiell roJJoBKH ¥ IOABUXHEI CTOJIMK YKPETUIEHE
Ha MacCMBHOM ocHosaHuu (1).

CenepaTop curuanos uu3Koil yactorsl I'3-118 singaercs UCTOUHU-
KOM TIEpEMEHHOI0 HaNpsXXEHNA, NOJABa¢MOTO Ha U3TYYAIOULYIO aKy-
CTHYECKYIO TOJNOBKY U FOPHU3OHTAJIbHO OTKJIOHAIOIWUE NNACTHUHLI
(sxoa X) ocummnorpaga C1-76. BHeuwrHnit BuA nepexHeil naHenn
reHepaTopa rNpelcTaBieH Ha puc. 3, rae:

1 — «CETb» — TyM6)iep BKITIOUEHUS CETH;

2 — ceTeBOl HHAWKATOP BKIIOYEHUS TeHepaTopa;

3 — «Hz» — nepexnwoyaTe YCTAHOBKY YaCTOTHI;

4 — «AdB» — nepexmmoyaTenk CTYNIeHYaToOro ocnabdbieHMa BBIXOI-
HOTO HaIpAXEHHNS,;

5, 6 — BLIXOAHBIE FHE3MIA TEHEPATOPA;

7 — py4Ka TJIaBHO# YCTAHOBKM BBIXOAHOIO HAIIPSXEHUS;

8 — «PACCTPOMKA» ~ pyuka MnaBHOH YCTAHOBKM YaCTOTHI,

9 — «<MHOXHUTEJIb» — nepexouarteib NOAAHANa3oOHOB YacToT.

Ocuwunorpag C1-76 ucrionssyerca At UsmepeHus $hasossix co-
OTHOLIEHMIA MEeXAY HanpsXeHWEM, NMoaBaeMbiM Ha Nepenarllyio
aKyCTHYECKYIO NOJIOBKY U HaTIpAXXeHUEeM, CHUMaeMbIM C TIPUEMRAOI
aKyCcTH4eCKO#H TONOBKH. BHELIHMI BUA IEpEHEH NTaHeNH oCLMAIOr-
pada npencTarIEH Ha puc. 4, rae:

1 — «CETb» — TymMOnep BKIIOUEHUS CETH;
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2 — «[PYBO», «JITABHO» — pyuyku nepemelneHus H3obpa-
KEHHS N0 NOPU3OHTANM;

3 — «3» ~ pyuka nepeMelICHUS U300paXeHUs MO BEPTUKAIH;

4 — (JIOUCK JIYYA» — KHOTIKa JJiF OTBICKaHUS Jlyya Ha 2Kpa-
HeE;

5 — pyuka perynvpoBKU SPKOCTH U300pakKeHH;

6 — pyuxka OKYCHPOBKM U300paKeHHs;

7 — pyyKa TIEpeKIIOYEHUS COCTOSHUS BXOAA YCHUIUTENA BEPTH-
KaJIBHOI'O OTKJIOHEHUS:

«L» — BXOI YCHIMTENS 3aMKHYT HaKOPOTKO;

«~» — Ha BXOJ YCWIUTENS MOXHO NOIaBaTh TONBKO NepeMeHHoe
HanpsokeHUe,

8 — BXOOHOE THE3XO YCHUIMTENS BEPTHKAILHOTO OTKNOHEHMs
(sxon Y);

9 — kHoOMKHU «0,5», «x1», «x2», nepexmoyaresb «V/cM», pyuka —
3JIEMEHTH! PETYIMPOBKY K03 duLieHTa yCUAEHHS BEPTHKAILHOIO
OTKJIOHEHUS;

10 — BXOHOE THE3N0 YCUANTENS TOPH3OHTANBHOIO OTKIOHEHHSA
(Bxon X);

11 — nepeknoyaTesb BXOAHOTO ACTUTENST HaNpAXeHUs YCUIHTe-
JIf TOPU3OHTANILHOrO OTKINOHEHUSA (MONOXEHUA «1:10», «1:1»);

12 — pyyka nepeksOYEHHUsl COCTOSHUA BXONA YCUIIMTCJSA TOpH-
30HTAILHOTO OTKJIOHEHUS (B TIONIOXEHHUH «—)X»> Ha BXOA Mojaercs
HanpsxeHue, noapseaeHHoe K THe3my (10)).

IMpu npoBegeHUN N3MePeHNIH HEOOXOAWMO BBINOJHHUTD CACAYIO-
LIME ONepalnu.

(. MoarorosuTk K paboTe reHeparop I'3-118.

1.1. PyuKy TU1aBHO# YyCTAaHOBKM BRIXOZHOTO HarnpsixeHus (7) mo-
BEepHYTE 10 YaCOBOW CTpesiKe A0 ynmopa.

1.2. Pyuky (8) «PACCTPOMKA» yCTaHOBUTD B CPEIHEE TIONOXKE-
Hue.

1.3. Mepexmouarenn (4) CTYyNEeHYaTOro ocNnabieHusi BHIXOAHOTO
HaMpPAXEeHVST YCTAHOBUTE B TIOJIOXEHHE 1.

1.4. C nomoupio nepexmouareneit (9) «<MHOXHWUTENDb» u ycta-
HOBKHY 4yacToThl «Hz» (3) ycTaHoBUTE pabouce 3HAYEHME YACTOTHI.
Pa6ouasi yacToTa YCTAHOBKH YKa3aHa Ha OCHOBaHMM (1) cKaMbM
{cM. pHc. 2).

1.5. Tym6aepom (1) «CETDb» Bxa0UMTL TEHEPATOp M NPOTPETH
ero B TeyeHue 10 MUH.

2. INoarotoButs K pabote ocunmtorpad C1-76.

2.1. Tym6aepom (1) «CETb» BkmouuTts ocuwvuiorpag v nporpersb
€ro B TCYEHHE 5 MUH.
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Puc. 4

2.2. Pyuxu nepexmoueHusn coctoannsa Bxoaa (7) v (12) ycTaHOBHTS
B TIOJIOXEHUA «~» W «—)X» COOTBETCTREHHO.

2.3. ITepekmoyarenb (11) BXOZHOTO aeSMTENST HANPSDKEHHA YCTa-
HOBMTH B ToNloXeHHe «1:1».

2.4. DneMeHTH! PerYIHPOBKH K0P DHLHEHTA YCUIEHUS YCUINTE-
Jist BEPTHKAJIBHOTO OTKJIOHCHMSA YCTAHOBHTH B CJIEAYIOINHE NONOXE-
HUS:

HAXATh U 3aUKCUPOBRATH B HAKATOM COCTOAHUU KHOMKY «x1»;

TIEPEKIIoYaTENh «V/CM» MTOCTABUTD B TIOJIOKERHE 1;

PY4Ky (9) noBepHyTb M0 YaCOBOM CTpeJIKe IO YTopa,

2.5. Pyuxy (5) perynupoBKH IpKOCTH H300paXeHUs MOCTABUTD B
cpenHee TONOXEHHE.

2.6. TIpu modAB/IeHUHN Ha 3KpaHe oclputorpada onHol U3 puryp,
H3o6paxeHHON Ha puc. 1, pydykamy (5) u (6) RoGUTBHCS NOCTAaTOYHOI
SIPKOCTH U YETKOCTH U300paKeH .

2.7. TIpu oTCYTCTBHH H300paXcHUS Ha 3KpaHe HaxaTb KHOMKY
«IIOMCK JIYYA» H, He OTRYCKast €e, BpalleHHeM pydek (2) U (3)
OTBICKATh JIYY, YCTAHOBUTH €TI0 B LIEHTpe 3KpaHa W BLIMONHUTD yKa-
3aHUA NYHKTa 2.6.

2.8. Tpn HeO6XOAMMOCTH PETYIMPOBKOI KO3 dULIMEHTA YCHIIe-
HUsS YCUINTENS BEPTUKAIBHOTO OTKJIOHERHSA N0GUTHCS TOrO, YTOGHI
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Ppa3Mep H300pakeHNA Mo BEPTHKATY COCTARIT 3—4 KPYNHBIX JCNeHUA

| WIKALI 3KpaHa.

; 3. TIpoBeaenne 3xcnepuMeHTa B 06paboTKa pe3ynsTaTtoB H3Mepe-

. HMiIfL

3.1. BpallleHueM MUKPOMETPHYECKOTO BHHTa YCTAHOBMTHL Kpaii

~ Gapa6aHa NPOTHB HYJICROTO JICJIEHUSA OCHOBHOM IIKANH TaK, YTOGHI
HYNb Ha niKane 6apa6aHa pacnoiarajici NpoTMB TOPU3OHTANBHOMN
JuHny. (M3-3a HaMuug 3aMeTHOro JI0(Ta B NPUBORE OTCYET NO
IIKaye MUKPOMETPA CJIEXyET IIPOU3BOAMTL TONBKO TOTAA, KOTAA Ha-
MEUYEHHOE TIOJIOXKEHHUE IOCTUraeTesi NNpH ABUXeHHU 6apabaHa cripa-
Ba HaneBo. Ecny B HyxHBIlI MOMeHT 6apabaH He yHaloch OCTaHO-
BHMTh, TO CJICAYET MOBEPHYTh €ro Ha OAWH 060opoT B 06paTHYIO CTO-
POHY U NOBTOPHTb YCTaHOBKY 6apabGana.) [lpu 3ToM npueMHas
aKyCTHyecKas ToNoBKA 6yAeT HaXOAMTLCA Ha MaKCHMAallbHOM pac-
CTOSIHUH OT Nepeaaloleii.

3.2. Mennenso cOumxas roJIoBKH, JOOHTBCA TIepeMeElLiEHHA Jyda
Ha 3KpaHe ocuwlorpada no npsiMoii IMHUK B TEPBOM — TPETbEM
HWJIM BTOPOM - YETBEPTOM KBafApaHTAX, IIpH 3TOM Mepepaloilas ro-
JIOBKa MOXET OCTABaThCA HEMOABHIKHON.

3.3. 3anucate B TabNHILy OTCYET MO LIKAIAM BUHTOBOIO MUKpPO-
METpa X, OTCUUTHIBAsA IO JIMHEHHOM 1lIKaNle MIUIMMETPLI ¢ TOYHO-
cteio A0 0,5 MM, a no wxane 6apabaHa — 0 COTHIX AoAed MWINM-
Metpa. PekoMeHnyemas dpopMa TabnMLiel NpUBOOUTCS. HILKE.

3.4. IMpononxkate cOMMKEHNE TOMOBOK IO TEX MOP, NOKa Jy4 Ha
3KpaH¢ He CTAaHET BRIYEPYHBATH TIPAMYIO JIMHMIO, JIEXALIYIO B apy-
roil rnape KBalpaHTOB,

3.5. 3anucars B TabauLy pe3yNbTaThl OTCYETOB 1O IUKAJIaM BUH-
TOBOrO MUKPOMETPA X,.

3.6. OnMcanHBle B IMyHKTax 3.1—3.5 U3MepeHus NpOBOAUTHL IO
TEX MOpP, ITOKa YMCJIO TAKHUX Hsmepelmﬁ HE€ CTAHET paBHLIM 11.

X, (MM) A x, (MM) v, (M/c) VoAV, o

1

OGpaGoTka pe3yabTaTOB H3MepeHuil

ITocne OKOHYAHHS  HM3MEPEHUM  BBIYKCIUTHL  3HAYECHUA
Ax=x,,—x,. [lna Bcex 3HayeHnit Ax no dopmyne (14) nainth cxo-
POCTb 3BYKOBOIi BOJIHH v. Bce pesynbraThl 3anucats B Tabnmuy. TIpu
OTYETe NPEeACTABUTD CpEHEE 3HAYEHHE CKOPOCTH 3BYKa ¢ YKa3aHM-
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€M DOBEPUTENEHONO UHTEPBANa AV ¥ COOTBETCTBYIOLLEH JOBEPUTEILHOMN
BEPOATHOCTH L.
OTHoweHne TENNOEMKOCTEM Y BEIYUCIUTE o dopmyne

y=(u/RT)v2.

Dta popMyna asasetca cneacTsueM dhopMynrt (3). Ilpu pacyere

HUCTIONB30BATD CIICAYIOWUE YHUCTOBRIE 3HAUCHUSA:
Pogan= 29,210 xr/monb, R=8,31 x/mome-K.

Temnepatypy Bo3ayxa T onpene/MTh No MOKa3aHUIO TEPMOMETPA,
HAXOHSIErOCs B KOMHATE. Pe3ynbTaThl BRIYMCICHUN ¥ IPEACTABUTD
C YKa3aHHeM MorpelrHocTH. ITorpeiurHocTy YMCIoBRIX 3HAYEHUH U U
R He y4UTRIBATE.
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TEMA 5
OIITHKA

PA3JIEJT 1

3AKOHbI OTPAXEHHWSA M INPEJIOMJIEHUA
CBETA. ITOKA3ATEJIb IIPEJIOMJTEHUA

3axawa Ne 38

OINIPEAEJEHHUE ITOKA3ATEJIA INPEJIOMJIEHUSA
XUIKUX 1 TBEPIALIX TEJ

Ileas 3amaum: onpeacneHKe MOKA3aTeNs MPENOMIIEHNS BEWLIECCTBA
METOIOM ped)paKTOMETPHU.

OcHoBHLIEC MOHATHA H COOTHOLICHHA

M3 onkiTa U3BECTHO, YTO B OAHOPOAHON NMPO3PayHOl Cpele CBET
pacnpocTpaHseTca npsMoHeliHo. ONHAKO ecM Jiyy CBETa Nanaet
Ha rpaHMIy pa3lena JABYX NPO3pa4YHEIX CPell, TO IPOMCXOIUT U3Me-
HEHHE HAMPARJICHUS €T0 PaclPOCTPAHEHNSA: CBET YaCTUUHO OTpaXa-
€TCH OT IPAHMIBI Pa3feNa ITUX CPEA, YACTHYHO Xe TIPENIOMIISIETCA U
ApPOXOINT BO BTOPYIO CPeny.

- 3axon OTpaxkeHHsi CBETA: YTOJN TIAIEHWS i pa-

[ ko2 BeH yriy otpaxeHus /', JIyu nanaouust 1, ayy

s // OTPAXEHHBI 2 M HOpMallb K I'PaHULe pasaena

g Cpell, NpoBeieHHAs Yepes TOYKY TaieHUs, Nie-
s opemal  yeat B omHOM rIOCKOCTH (pHC. 1).

3aKOH NPEOMJIEHHS CBETA: OTHOLIEHUE CU-

cpenn Hyca yria nafgeHusi i K CHHYCY yrna npenomie-
HUA 7 JUIS OBYX AaHHBIX U3OTPOIHBIX CPEXd B

3 Cliysae MOHOXPOMATHYECKOTO CBETa €CTh BEJIN-

Puc. | YHHA TIOCTOSTHHAs (He 3aBUCSILAsT OT yrna nane-

HHMA), DTO OTHOILEHHE HA3bIBACTCH OTHOCHTEh-
HbIM MOKAa3aTejJeM NpejioMJeHHss BTOPOil cpelbl O OTHOWIEHUIO X
nepsoit. JIyy nmagawoiuii 1, Tyd npenoMICHHbIH 3 U HOpMaib K Ipa-
HMLE pa3fena Cpell, MPOBEACHHAs Yepe3 TOUKY ManeHusa, IeXaT B
onHoit ockocTH (prc. 1). OTHOCUTENBHEINA HoKa3aTeNb NpeomiIe-
HHS paBeH OTHOLUEHMIO CKOPOCTEN PAacrpOCTPAaHEHHS vV, U V, MOHO-
XpOMaTHYECKOIO CBETA B ATUX Cpelax:

——:COW:])‘z:{;—. (1)
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Ecnyu MOHOXpOMAaTHYECKMit CBET ManaeT Ha TPaHULY Cpenbl U3
BaKyyMa, TO TIOKa3aTeNlb TIPENOMJICHNA CPENbI 110 OTHOLIEHMIO K Ba-
KYYMY Ha3blBalOT 20COMIOTHLIM NOKA3aTe/ieM NpeaoMierus (Miu Npo-
CTO TToKasaTteJieM npenomaeHust). OueBUIHO, YTO aGCOMIOTHBIN MO-
Ka3aTeab NPEeIOMIIEHHUs Cpellbl

n=c/v, (2)
IIE ¢ — CKOPOCTb CBETA B BAKyyMe; ¥ — €ro CKOpPOCTh B JaHHOM cpele.

ANt IBYX CPENL CO CKOPOCTAMM PACHPOCTPAHEHUSI CBETa V, M ¥,
abCosIOTHBIE TIOKA3aTENM NPENIOMIICHUSE COOTBETCTBEHHO 7, = ¢/V, U
n,= ¢/v,. Otciona cnenyeT, 4YTO OTHOCHTENBHBIN 1T0KAa3aTeNnb Mpe-
JOMJIEHHS! BTOPOH Cpejibl NG OTHOILEHUIO K TIepRof

ny, =n/n,. 3)

Cpena, y koTopoii abcomOTHBIN MmoKa3aTelbh npenoMieHus 60Jh-
e, CUMTAETCS ONTHUECKU HoJee TIIIOTHOM,

ITonnoe BuyTpennee orpaxenne. [Ipu MageHUM CBETOBOIH BOJNHBI
Ha TpaHUUY pa3fiena ABYX NPO3pauHbiX CPex NPOMCXOAUT KaK OTpa-
XEHME, TaK Y TIPEJIOMIICHUE CBeTa. DHEprys Mafalolieil BOJHLI pac-
TIPELENACTCS] MEXIY OTPAaXEHHOH U INpesIoMNIeHHOH BoIHaMH. [Ipn
repexone cBeta U3 onTHYeCKM Gonee mnotHo#M cpensl I B cpexy, on-
THYECKU MeHee TwioTHylo 11 (puc. 2), myd cseta ynansieTcs oT HOp-
MaJIM K FpaHulie pasgena cpen (yron npenoMiienus r Gonablile yria
TajicHus i).

ITo Mepe yBenmyeHns yrna naaeHus HEPrus OTPaXEHHOTO Jiyda
pacTerT, a 3Heprys mpeioMIieHHOro niyya naaaer. IIpy HekoTopoMm
yriie najeHus i ..., Ha3IBaCMOM TMPEAEbHBIM YIJIOM, MpeloMICH-
HBII 1y4 OyIIeT CKONB3UTH M0 TpaHule pa3aena cpell (Ui Hero yron
npenomiieHns ry=n/2). llpu yrnax naaeHus, NpeBHIAIOWMX i,
CBETOBAS BOJNHA TIPOHMKAET B ONTUYECKM MEHEe TIJIOTHYIO Cpeay Bee-
IO Ha PACCTOAHHE MOPANKA [UIMHEI BOJHLI, 4 3aTeM BO3BPALLACTCH
obparHo, T.e. NPH yINiax naacHUs i i"wl CBCTOBas BOJIHA B OITH-
YeCKM MeHee TUIOTHYIO Cpeay TIPaKTUYECKH HE TIPOHHKAET, a TIoNHO-

cpeaa I
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| cTBIO OTpaxkaeTcs Ha rpaHuIIE pasfiena cpe. DTo ABIEHHE HOCHT Ha-
| 3BaHME MOJIHOTO BHYTPEHHErO OTPAIKEeHHA.

Ipudoput UPD-22 u UPD-23

Xoxa Jyseit n pacgeTHbie (opMynnl

HOna “3MEpeHUs MoKasaTeNel NMpeIoOMAeHHA BEUECTBA CNYXaT
npuGope!, Ha3bBaeMEle pedpaxkromerpaMu («pedpakums» — NPeOM-
nerne). IIpuHUMN gelcTBUA pedppaxTOMETPOB, NCIONB3YEMEIX B Ha-
croslell 3anaye, OCHOBAH HAa ONPEAENEHHH YIJa TIPeSIOMIEHHS
cKons3fmero ayya (yron nageHus 90°), MAywero BA0Nb TPaHULIBI
paszenia HCCeayeMoN Cpellbl C HEM3BECTHRIM NOKA3aTeJIEM TPeJioM-
JIEHUS 1 U CPEIkl C M3BECTHBIM IMOKa3aTeNneM npejomiieHust N, pu
YCJIOBUM, YTO N > n. [aBHOI YacTbio pehpakTOMETpa ABIACTCA U3-
MepHUTebHaA PU3Ma C NIPEOMISIOLINM YIJIOM, N3roTORIIEHHAs N3
€TeKia ¢ nokasareneM npenomnerns N (puc. 3).

Puc. 3

Ecan BewecTBo ¢ HEH3BECTHLIM NTOKAa3aTesieM TIpeJOMICHMSA n 3a~
NONTHAET MPOCTPAHCTBO HAI BEPXHEN TPaHBIO MPU3MLI, TO A
cKob3suiero nyda LK coriacHO 3aKOHY NpPEAOMICHUA

nsin90° = Nsin/,
WIH
. n= Nsinl, 4)

rae / — npeaenwHwit yron npenroMieHusa. ®opmyna (4) nexur B oc~
HOBE BRIYUCJIEHUS n [UISi BCEX THIOB pedpakTOMETPOB.

DKCNEePUMEHTANBHAN YACTh HACTOSILEN 3a[ayM BBITIONTHAETCS C
ucrions3oBaHMeM IBYX pedpakroMmetpoB UPD-23 u UPD-22.

B pedpakromerpe UPD-23 n3meputenbHas nipusMa sIBIACTCS
TpAMOYTOJIBHOM (pHC. 4), T.€. ee npenoMasnownii yron ¢ =90°.

s ckonm3simero  ayda LK CcnpaBelUIMBO  COOTHOILEHUE
Nsin(90°— I)=sini. Otciona cos/=(sini)/N, rae i — yrom Mexay
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HOPMAJIBIO K BEPTUKANBHON rpaHU U3MEPUTEILHONA NPU3MEL M BhI-
WeAWINM M3 IIPU3MEI JIY4OoM (TloKa3aTesib NpeNoMJIEHHS BO3ayxa
30eCh NPUHAT 32 eAVHULLY).

2_ .
Tak kak sin/ =+ ~cos*J, TO sin1=——}-v-—ﬂ.

N
IMoacTtapnss 310 BeipaXeHue B (4), MOMyYuM GOpMyITy
n=JN?-sinli, )]

Nno KOTOpOoii, 3Has noka3arens npenomneHusi N BellecTBa H3MEPH-
TENIbHOI NPU3MBI H H3MEPHB YION /, MOXHO ONPCACAHTDL MOKa3aTelb
MPEeNOMAEHHA 1 HEM3BECTHOFO BellectBa. B npnbope UPD-23 Be-
IMECTBO OCBELAETCH MOYTH NApAJUICNBHLIM ITYYKOM Jiyyei, majaio-
UIMX Ha BEPXHIOIO TpaHb NpU3Mbl noA yraom 90°, noatoMy B nose
3peHUsa BUAHA CBETNAS TION0CKA, PE3KKUH BEPXHUI Kpal XOTOpoOii co-
OTBETCTBYET NyUaM, TIAfaloIMM NOJ NpeaeibHBIM YyTIIoM {pUc. 4).

Nnnl

Puc. 4

B pedpakromerpe UPD-22 M3aMepUTeNbHASI MPU3Ma HMEET OCT-
pBlit ipesoMAasTIolMil yros ¢ (cM. puc. 3). B aToM cayyae dopmyna
NS oNpenesicHUA 1 YCIOXHACTCA U UMEET BUIL,

n=sinevN? —sin?i - cos gsini, (6)

A¢ i — yrod MEXAY HANpaBACHUEM MPENOMUBIIETOCSH NOJ TIPEAEIb-
HBIM YIJIOM JTy4a ITOCJIe BEIXOMA €ro W3 NMPU3Mbl U HOPMAJIbIO K Tpa-
HH MPHU3MBL.

U3 xoaa sydeii (puc. 3) BuaHO, yTo M0G0 Nyd, NaJaolni Ha
NpU3My noA yriioM MeHblle 90°, no BEIXoae M3 nNpu3Mbl Oyaer co-
CTaRIATb C HOPMAJIbIO K ¢¢ TpaHu yron Gospiue i, [ToaTtoMy nipu oc-
BEILEHHH OT UCTOYHMKA, JAIOLIETO JY4H C Pa3fINYHBIMU YTaMH Ha-
neHust (yto uMeet MecTo B pedppakroMerpe UPP-22) B poKanbHON
TUIOCKOCTU NYH3bI JI OyJeT BUAHA pe3Kas rpaHuua pasieia MEXAy
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CBETIBLIM U TEMHBIM NOJIAMM (CBETIOE MMOJIE COOTBETCTBYET JIyYaM,
MAN2I01IMM Ha BEPXHIO0 rpaHb TIPM3MEI MO YTIOM MeHbiue 90°).

Onmncanue npubopa UPD-23

B pedpaktomeTrpe UPP-23 UCNIONB3YIOTCH NPAMOYTONBHBIE H3-
MEpUTENLHLIE TIPU3MBbI, 3aKpersaeMale Ha crolinke npubopa. [1pu
onpeelicHUN MOKA3aTeld TPEIOMICHUA TBEPABIX TEA U3 HCcneaye-
MOT0 BEIIECTBA U3TOTOBRMSIOT KYOHK € XOPOLIO OTNONIMPOBaHHLIMM
rpaHamu. JUid cobmoneHns ONTHYECKOTO KOHTAKTA MEXRY TPAHbIO
W3MEPUTENBHOW NMPU3MEI ¥ UCC/IEAYEeMBIM BEIIECTBOM TMOMEIIAIOT
KAIUTIO XXHUAKOCTH, TIOKa3aTe/lb NMPEIOMJIEHHA KOTOpo#i 60/b1e, yeM
MOKAa3aTeNb MPeJIOMIACHUS UCCASAYEMOro BelleCTBa, HO MEHbLUE,
YeM 10Kasatenb NpeJioMieHNs n3MEpUTeNbHO NpU3Mel. BBepeHune
MEXIY HCIBITYCMbIM BELICCTBOM H MPH3MOH MapaaicibHOro cios
XVKOCTH He OKa3bIBacT BANAHHUA Ha xox Jiyueii B cucteme. [loaro-
MY OKOHYATEJIbHas (popMyna (5) s onpenencHHs NoKasaTeas npe-
JIOMJICHMR MCCNIEAyeMOro BemecTBa ocraeTcsa Toit xe. pu onpene-
JIeHMH TI0KA3aTenA MPENOMJICHUS XUAKOCTEN yNoTpeOnsaoT uaMepy-
TENbHYIO TIPU3MY € TIPUKICEHHMM K HEH UHIAHAPHYECKUM
COCY/IOM, B KOTOPLIit HATWBAIOT UCCNIeayeMylo xuakocts, He ocra-
HaBIMBasgch 6onee neTanbHO Ha onTyeckoi cxeme UPM-23 (¢ Heir
MOXHO O3HaKOMHTRLCSI 110 ONMUCAHUWIO, MMelomeMycs Y abopaHTa),
onulleM HasHauyeHHe pydeK ynpamiieHUs Tipubopa. BHemnuit Bua
pedpakToMeTpa MoKa3aH Ha puc. 5.

JInm6 noMewaeTcs B Koxyxe (1). Jasg muraHus 1aMIiodky nog-
cueTKH (2) peppakTOMeTp MOIKIIOYAECTCA K CETH NepeMEHHOro ToKa

Puc. §
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yepe3 MOHWXalouwmit TpanchopMaTop. Bpatue-
HHEM onpaBtl (3) oKynsapa 3pHTeNbHOH TPYOB!
JoOUBAIOTCA YETKOro U300paXeHUs KpecTa HU-
Teil B nojie 3peHys: Tpy6ul. I'pyboe BpaleHue
TPYGBI NPOM3IBOAUTCA BPYYHYIO NPH OCBOGOX-
IeHHoM BUHTe (4). ITnaBHoe BpauleHne TpyOnl
OCYLIECTBIACTCH TIPH 3aTaHyToM BUHTe (4)
BpaleHueM ronosku (5). Bpawas onpasy (6)
Puc. 6 OKyNsipa OTCYETHOTO MHUKPOCKOTIAa, MOXHO 1O-
JY4YUTh YeTKoe M300paxceHue LKaNbl JUuMOa.
Tpu noMoun MaxoBH4Ka (7) NMPON3BOLUTCH OTCHET COTHIX M ThICAY-
HBIX ROJeH rpanyca 1o uikane amm6a.

OTcyer nonoxenns 3putesabHolt TpyOul. B nosie 3perns oTcyeTHO-
ro MuKpockona (puc. 6) BHIHBI rpaRycHas WIKaia ¢ LEeHOH nene-
HUs 1°; BepTHKanbHasAg HeNOABUKHASA IUKANa, NecsTh JefleHW KOTo-
POl paBHAIOTCA ONHOMY JENECHMIO IpalyCHOM LIKATLI; ABOWHEIE CITH-
pajii, War KOTOPLIX paBeH OZHOMY AEJIEHHIO HEMMOABHXXKHON MIKaJb
(necsiToft mone rpanyca) M pacrnofoXeHHas CBEPXY KPYroBasi 1Kana,

TIpu nepemMewweHuH ABONHOM crIMpay HA OZHO JeJICHUE BepTH-~
KambHON HEeMOABHWXHOHW wKamkl yKa3aTelb Ha KpYroBod uikaie
npo6eraet 100 aeneHuit. CienpoBaTentHO, ORHO AeNeHHEe KPYroBOui
wkans pasHo 0,001 rpanyca.

OnpeneseHue NOJOXECHUS 3PHTEIbHON TPYOHI IIPH MOMOIUH OT-
CUYETHOINO MUKPOCKONA TIPOU3BOAMTCH clieaylonM obpazoM. Yucao
LENBIX FPanycoB OfNpeensiercs Mo MITPUXY TPanyCHOMR 1KAIbl, KOTO-
phiit HAXOOUTCH B NpeAenax HENOMBHXHOH BEPTHKAAbHOM IKanbl
(1a puc. 6 otcuer saet 12°). lecaTsie n0nu rpagyca onpeaensiioTcs
YUCIIOM LENBIX JeIEHUH HENOABMXHOK BEPTUKAILHOM WIKAJNKI, KO-
TOpbie YyXe NpoileHB IITPHUXOM rpaaycHoil iikanu. Ha puc. 6
LITPHUX, MTIOMEYEHHBIHA §12°, HAXOAUTCH HUXE HNEJIEHUA HEMmOABMXHON
WIKajsl, 0003HaYeHHOTO 1MGPoi 2, uto o3Hayaer 0,2. ns onpene-
JNICHUSA 4acTK RACNCHHMA HEMOABHXHKOK LUKAAL CIHYXUT CRUPANLHBIA
MUKpomeTp (Honuyc). C moMompsio MaxoBuuka (7) (cMm. puc. 5) spa-
[IAIOT ABOIHBIC CMMPAIY B JIIOOOM HATIpaBJACHUM JO TEX NMOP, NMOXa
IpagyCHBIH IUTPUX HE 3aHMET CUMMETPUYHOIO NMOJIOXECHUS MEXIY
NUHUAMHK JBOMHON CTIMpaiH; TOrNA yKa3aTenb KPYTOBO# 1MIKa/lkl NO-
KaXeT Ha Hedl 3HaYCHME COTBIX, THICAYHEIX M NEeCATUTHRICAYHBIX KO-
Jieit rpagyca (HecsITHTRICSAYHBIE JOJH OTCYHTHBAIOTCA Ha rna3). Ha
pUc. 6 TIONOXEHME KPYroBOM  HIKAILI COOTBETCTBYET OTCHYETY
0,0725°. Takum obGpa3oM, NpUBeaeHHOE HA PUC. 6 PaCIIONIOXKEHUE
BCEX LUKa B 110JI€ 3PEHHA OTCYETHOIO MUKPOCKONA AaeT WA NMoao-
XeHMUSs 3pUTeJILHON TpYOR! oTcueT yra 12,2725
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Tlopsaok uaMepeHnit

Bxotioyaror yepes moHwxXalmomyii TpancopMaTop JIaMIouKy 110~
cBeTku. HacTpausaloT no rna3aM OKynspsl 3puTenbHON TpyOsl U OT-
CUETHOTO MUKPOCKOTA,

Hynesoii orcuer. YCTaHABIMBAWOT ONTUYECKYIO OCh OGBLEXTUBA
3PUTENLHOI TPYOb! NEpPreHIUKYIAPHO BEPTUKAIBHOMK IpaHU U3Me-
pHUTENBHOM NpU3aMHL. U1 3TOT0, OCBOGOAMB BHHT (4) (CM. puc. 5),
BpalliaioT TPpyOYy BpYYHYIO A0 TOARICHMA B NONE 3pCHHUSA OTPAXEHHA
KpeCTa HUTCH U 10 BO3MOXHOCTH OIMXEe COBMEMAIOT OTpaXeHue ¢
CaMHM KPECTOM, 3aTAHYB BHHT (4), BpauieHAeM ronoBky (5) nobu-
BAIOTCH TOYHOTO COBMeLICHMA. EcM Takoro coBMelleHUs caenath
He yJaeTcs, TO JoOUBalOTC CUMMETPUYHOIO PacnonoXeHHs n3o6-
PAXEeHUst OTHOCUTENILHO KpecTa (puc. 7a).

Puc. 7

TIpou3BoAAT OTCYET HYNECBOTO MOJIOKEHUS TPYOBI, TONB3YACH OT-
CYETHLIM MUKPOCKONOM, ¥ 3aIINCHBAIOT OTCYNTAHHOE 3HAYEHHE.

Onpenenenne NOKA3ATE/ A MPEIOMICHHA MHIKOCTH. 3aKpelnsioT B
pedpakTOMeTpE U3MEPUTENBHYIO NIPU3MY CO CTEKIIAHHBIM LIMWJIMHA-
pOM Ha BepXHel rpaHu. YCTaHABNUBAIOT UCTOYHUK CBeTa (rasopa3s-
PAIHYI0 HATPHEBYIO JJaMITy) ¥ NP NMOMOLIM BCTIOMOraTebHOI OTpa-
XaTeJbHOM TPU3MBI HAITPABJSIOT TIYYOK CBETA BLOJIb TPAHMIIBL pa3-
Jefia MCXIy MCCIICAYEMBIM BCLUECTBOM U H3MCPUTCIIbLHOI TPU3MOH.
OrnycTvB BUHMT (4) (CM. pHC. 5), BpaUIAIOT 3pUTENbHYIO TPYOy U J0-
6HBalOTCS, YTOOHI B Hee MONaANM NPEIOMJIEHHBIE B U3MEPUTEILHON
nipuaMe Jayud. [1py 3ToM B noje 3peHus TPYOB! BUAHA XeJrras 11oJo-
¢a MOHOXpOMATHYECKOTO CBETa, COOTBETCTBYIOLIETO JIMHHU HaT-
pus D. HaBonsIT LEHTp KpecTa HUTEH Ha BEPXHIOID PE3Kyl0 TPaHHULY
nosiocH (puc. 76), MoabL3ysach MUIA TOYHOI HaBoaKM roynoBkoil (5)
npy 3aTARyTOM BUHTE (4). C noMoLibio OTCYETHOTO MHKPOCKOIIA OT-
CYMTBIBAIOT MOJOXCHUC 3pUTENbHOM TPyOBl. OTCYET MPOU3BOIAT
MATH pa3, cGUBas Kaxaslil pa3 HABOAKY W MpoBOAA ee 3aHoBo. fHa-
XOISIT CPEAHEE 3HAYECHUE YIVIa f;, OTIPENEATIOIIETO NOJOXEHHE TPY-
6b1. PasHocTb 3HayeHUH YTA0B /| ¥ i; 1aeT BeJIMYUHY yIna i, BXOAs-
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mero B popmyiny (5). 3vas yron /, mo taGnuue 119 U3MepHUTENILHOM
NPHU3MBI C RAaHHBIM TTOKa3aTeNeM TpeJloMieHusa N, NpwiaraeMoit kK
npHGopy, ONpeaesIOT NOKAa3aTeNb NPETOMIEHHS UCCITELYeMOM X -
KOCTH [Tabnuup! COCTABAEHBI HA ocHOBaHUM GopMynrl (5)].

Onpenenenne noxasarens NpeJoMIeHHs cTeKia. B 3ToM ciyuae B
KayecTse 00pa3UoB UCTONB3YIOTCS KYOUKH, U3TOTOBNEHHEIE U3 MC-
chaenyeMbix coptoB crekia. CTeknsiHHON MaloyKoi Ha paGouyio
rpaHb XyOuKa HaHOCAT Kamo anhdpamoHoOpoMHadTaivHa, nokasa-
TeJb NPEJIOMIICHNsA KoToporo n,=1,6588 npu 20°C, 1 ycraHarnuBa-
10T KyOMK HA TOPU3OHTA/ILHYIO TIOBEPXHOCTh M3MEPUTEBHOM TPU-
ambl. Ky6uK U n3MepuTesIbHas NpU3Ma AOMIXHBI GBITH XOPOLIO TNPHU-
TEPTH! APYT K ApYry. B ocTanbHOM MOPSAROK UIMEPEHKSA TOT XK€, YTO
M TPH OTIPEIESICHUH TTOKA3aTesl NPEOMICHHSA XUAKOCTH.

Ounucanne npnGopa NTP®D-22

Pedpakromerp UPP-22 Tna A66e npeaHasHadeH Wi ObICTPO-
ro M3MEpPEeHUs ToKa3aTesNeit MpPeJoMICHUS XKUAKOCTeH, HO MOXeT
ynoTpeonaTeea v Wi N3MEPEHUS MOKa3aTesiell MpeaoOMICHUS TBEP-
ABbIX T€J, a TAKKE LIS ONPEAENEHUSA CPEAHEI AMCIIEPCHH BELLECTB.

YnpolieHHas onTHYeCKas cxema pedpakToMeTpa NoKasaHa Ha
puc. 8.

OcHOBHOI feTanbio pedpakTOMETpa ABAAETCSA CTCKIISHHBIN Na-
panenenunen (1), cocroawui u3 apyx npusm I u 11, usroronneH-
HBIX U3 ogHoro copra crekia. [Ipuama I nmeeT xopouio oTnonnpo-
BaHHYIO rpaHb A, B, U ABASETCS U3MEPUTENbHOM, a ipu3Ma 11 ume-
€T MaTOBYIO TPaHb A, B, n ABNgeTCs ocBeTUTENLHON. [Ina H3MepeHnst
NOKa3aTeNA NPEJIOMIEHUS XKUAKOCTH HECKONBLKO €€ Kaneilbh oMeLa-
€TCA B WIenb Mexay npusMaMH. ITy4ok cBera oT Kakoro-aum6o mc-
TOYHMKA ¢ MOMOLILIO 3epKaiia (2) HanpamiseTcsi HA OCBETHTEIBHYIO
1pU3My. BeaencTsue paccesiHUA CBeTa €€ MaToOBOR MMOBEPXHOCTHIO B

Puc. 8
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. ICCIEAYEMYIO XHAKOCTD JIY4W BXOZAT MO pasIHYHbIM HanpaB/IeHU-

aM. Cpend 3THX Jyyeil UMEIOTCS JIyYM, CKOJB3sTIME BAOJb IPaAHU

" A, B, npuaMnl I, KoTopkie, MPoXoAs B 3Ty NMPH3IMY, MPEIOMIAIOTCS
noj npeleAbHLEIM YIJIOM. YTNBI Xe NPEIOMACHUST OCTANbHEIX J1yuen
Sonoiie npexenbHoro. Brliing M3 M3MepUTeNbHOH TIPU3MEI, CBET
MPOXOAMT Yepe3 ABe AUCIIEPCHOHHBIE TIPU3MBI AMUYM TNIPSIMOTO 3pe-
HHA (3) n (4) (0 Ha3HAUYCHHUM 3TUX NPU3M OydeT CKa3aHO HUXeE) U
fIOMaaeT B 3pUTENBHYIO TPYOy, cocToslylo U3 o6bLekTHBa (5), OKy-
aspa (6) u orcueTHoro npucnocobneHus (7), pacnonoxeHHOro B
¢oxansHOM TUToCKOCTH 00BeKTHBA. B 9TOM mnockocTi cBeT 06pasy-
€T CBETIIOE M TeMHoe nojis (cM. puc. 3). OTcueTHoe npucnocobne-
HUE TIpeAcTaBsieT coboil cTexknaHHy10 IacTUHKy. Ha onHoit yactu
3TOM IIACTHHKM HAHECEH KPECT, COBMELUACMBLA NPU UIMEPEHHSAX C
TpaHMlIel pasfesia TEMHOTO M CBeTNioro moJyeit. Ha apyryio yacrs
TUIACTMHKM TP TTOMOLLM NMH3E! (8) W npu3Mkl (9) npoexTHpyeTes
H306paxeHue npo3payHoii mkanu (10), KoTopas ocBelllaeTcs OT Ka-
KOro-nubo MCTOYHMKA TIYUYKOM CBETa, HaMPaBisCMbIM 3€pKa-
oM (11). TakuM o6pa3oM, B nioyie 3peHUs OKYJIAPa BUAHBI OAHOBpE-
MEHHO KapTuHa, 06pa30BaHHasa CBETOM, IMPOLUCIILINM Yepe3 n3Mepu-
TenbHYI0 MPU3My, ¥ H3obpaxeHne wWwKannl. [Tapannenenunen (1)
CBsI3aH ¢ IUTAaCTHHKOM, Ha KOTOpOH HaHECEHA 1IKAJIa, MEXAHHYECKOM
niepenadeit. [Ipn ero noBopoTe NPOMCXOIUT NMEPEMEILECHHE WKAMH Y,
CIEROBATEIBHO, NEPEMEILiCHE c¢ N30OPaXKEHUR B TMOJe 3pEHHUS OKY-
napa. KoHCTpyKums npubopa npenycMaTpMBaeT, 9TO TIpY COBMELle-
HHMH KpecTa C TpaHMLICH pa3zena CBETJIOTO U TEMHOTO TIOJIEH yKa3a-
TEJIb LIKalhI 1TOKA3BIBAET Cpa3y 3Ha4YeHUe NoKa3aTes NPeNoMIIeHUA
HCCIIeRyeMOTO BEILECTBA IS MOHOXPOMAaTUYECKOTO CBETa ¢ AIMHOMN
BOJIHEI, COOTBETCTBYIOLLEH XENTOW JIMHUM HaTpHUa D.

TIpu ncnons3oBaHUYM UCTOYHKKA Genoro cBeTa B U3MepUTENbHON
TIpU3Me TIPOUCXOOUT JUCTIEPCHS CBETA. B peaynbTaTe rpaHMLA pas-
ZieN1a CBETA0TO0 M TEMHOrO nojiei, BUHas B OKYJadp, OKa3bIBaeTCA,
BOOO1LE TOBOPS, OKpALIEeHHOMH U pa3MbiToil. Ins ycTpaHeHHs okpac-
KU rpaHMLBI pa3fena ronew ciiyxar IMCNIEpCHOHHbIE TIPH3MBI TIPS -
Moro 3peHns. Kaxnasi M3 3Tux npusmM (puc. 9) cocrarieHa U3 Tpex
MPU3M: IBYX KpaltHKX, U3rOTORJIEHHbIX U3 ONTHUYECKOro CTEKJa C
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Majioii aucnepcueil (KpoHa), U cpegHeil — M3 cTexkna ¢ 6onbluoih
aucnepcneii (pamnTa). Brixoasmuii U3 TaKo# CHCTEMbI CBET OKa3bi-
BaeTcA pa3loXCHHLIM B CNIEKTP.

IIpenomMasitolmve yrisl npusM nogobpaHH Tak, 4TO Ny4, COOTBET-
CTBYIOUIMIT HEKOTOPO# JJIMHE BONHBI (OOBIYHO JUIHHE BOJHEI XEITOMH
JIMHMM HaTpus D), npoxoauT cucreMy 6¢3 OTKIIOHEHHS.

OKoHuaTeNibHas TUCTIEPCHS TIPH NIPOXOXKIEHUM CBETA TNOCJEI0BA-
TEJNBHO Yepe3 ABE ANCTIepCUOHHLBIE Npu3MHI (3) u (4) (cM. puc. 8) sa-
BUCUT OT OPHEHTALUMHU NPH3M N0 OTHOILCHUIO IPYT K Apyry. Bpamias
OJHY U3 NPU3M BOKPYr OCH, HAYLIEH BAOJNb HEOTKIOHEHHOTO Jlyya,
MOXHO NONYYHTh M06YI0 qucrepculo (OT HyJlesoiH o ABOHOIA) TTo
CPaBHCHWIO ¢ AUCNEPCHEH OOWHOYHOI NMpU3MEL. TakuM obGpasom,
MOBOPOTOM OZHOH W3 AUCIIEPCUOHHKIX NPU3M MOXHO KOMIIEHCHPO-
BaTh IUCIIEPCHIO CBETAa, BOHUKHIYIO B M3MEPHTENBHOH NMpH3IMeE, H,
CJIEAOBATENbHO, YCTPDAHUTh OKPACKY U PA3MBITHE TPaHHLIBI CBETIIOTO
M TeMHOro Nojei, HabnwaaeMbIX B OKYJISAp.

BHeuwrHui BUA npuGopa npeacraBneH Ha puc, 10 u 11,

IMpubop cocTouT U3 Kopnyca (1), 3puTesibHOM TpyOsI (2), ¥ H3-
MepuTensHoi ronosku (3). amepuTtensHas rojioBKa COCTOUT U3
IBYX JVTBIX TONyLIapuii. BepxHee momymapye 3akpenjieHo Ha wap-
HUpEe U MOXET OTKUALIBATHCA. B HeM HAXOAUTCA OCBETMTENLHAS
npu3Ma. B HMXHEM Tonyllapuy pacTiOIOXEHA H3MepHTeNbHas
npu3Ma. [loBOpoT ronosku, NpouCXoASINMii COBMECTHO ¢ TIEpeMe-
LEHWEM LUKANBI, MTPOM3BOONTCA BpallleHHeM MaxoBnuka (4). Ha oc-
BETUTENTbHYIO NPU3MY CBET HanNpamIsgeTcs TPY NOMOLIH 3epxana (5),
a Ha wKainy ~— IpHy nomMoun 3epkana (6). IlosopoT npusmMnl Kom-
TIeHcaTopa IMCTICPCHH H3MEPUTEIbHON TIPH3MBI OCYLUECTBAACTCA
BpameHueM MaxoBHuka (7). ITo moka3aHMsM WIKANBl KOMNEHCATO-
pa (8) BHIYUCAAECTCA BEAWYUHA JHCTIEPCHH MCCIICAYEMOro BElleCTBa.
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H3amepenne nokazatens npeioMaeHuA XHAKOCTH. YCTaHABIUBAIOT
WCTOYHUK cBeTa (HACTONBHYIO JIaMITy) TakK, 4TOOH CBET Mmajgajn Ha
aepkana (5) ¥ (6) (MOTYT 6BITh MCIIONB30BAHE! H ABE JiaMnbl). Is-
BA B OKYNAp 3pMTENBLHON TPYOsl, BpalleHUeM OonpaB 3epKal A06uBa-
) 10TCA APKOK N paBHOMEPHON OCBELLIEHHOCTH NONA 3peHnA. Bpauiaa
* ONpaBy OKyJisipa, GOKYCUPYIOT €ro Ha KpecT M H300paXEeHHUE KA,
_ OTKMABIBAIOT BepXHEe NONYIIapHe U3MEPUTENEHO TONOBKM M HaHO-

CAT ¢ TIOMOILBIO CTEKNSHHON NANOYKH HA MOBEPXHOCTE U3MEPUTE)b-
HOM NPU3MBI HECKOJIBKO KareNb uccnenyeMoii xuakoctn. OcTopox-
' HO 3aKpHIBAIOT ToNoBKY. Mccnenyemas XMIKOCTb AOJDKHA TIOHOC-
" TBIO 3AMONIHWUTL 3a30p MEXIY W3MEPUTENBHONW M OCBETHTENLHOMN
npusMaMy. CMoOTpsl B OKYJID, BpallaloOT MaXOBUYOK (4) H HaxoAdT
TPaHHMUY pa3fieNa CBETNIONO ¥ TeMHOro noneid. BpaleHneM MaxoBuu-
Ka (7) ycTpaHAIOT e¢ OKpacKy. C moMolbio MaxoBH4Ka (4) ycraHaB-
JIMBAIOT KPECT KaK MOXHO TOYHEEe Ha TpaHHIE pasaena noaeli u
CHHMAIOT MO liKane 3HaYCHUE NOKA3ATENA NPENOMICHUA (MHICKCOM
" IJIA OTCYETA CYXMT HEMONBHXHBIA TOPM3OHTAILHEIA 1WTpnx). Lle-
Nbie, AeCATbIE, COTHIE M THICAYHBIE AOJIM OTCYWTHIBAIOT NO AejJeHU-
fIM LUKAJIBI, 4 AECATUTBICAYHLIE OLleHMBAIOT Ha ma3. lllkana nokasa-
TN NIPeJOMIICHUST paccyuTana ans Temneparypsl 20°C.

H3mepenne noxasarens npeiomiesus Teepaoro teaa, Ilepea pabo-
TON BepxHee NMOJNyWlapHe M3MEPUTELHON FONIOBKH OTKHABIBAIOT U
npu pansHeiei pabote He 3akpriBaroT, Conpuxkacaloumecs Nosep-
XHOCTH oOpa3lia M U3MEPUTENLHON NMPU3MBI IPOTHPAIOT CITUPTOM U
yuctoi canderkoit. Ins cobnogeHNs ONTHYECKOrO KOHTAKTa MEXAY
FPaHbIO U3MEPUTENBHON NIPN3MBL M UCCIEIYEMbIM BELIECTBOM fnome-
AT KaIulio XUAKOCTH, [10Ka3are/b NPENoMIEHHA KOTopoit 6onplue,
YyeM IMoKa3aTelbh NMpeIOMIEHUS U3MEPUTENBbHO! npu3Mbl. BeeaeHue
MeXTy OOpa3LIOM U MIPU3MOINA NAPAUIEILHOTO A0S XUIKOCTH HE OKa-
3LIBACT BJIMAHUA Ha XoZ nydelt B cuereMe. OOBIYHO I 3TO# 11enn
CITyXXuT MoHOGpoMHadrTanuH. Karumo XXUaKocTy noMellaloT Ha Noiu-
POBaHHYIO NOBEPXHOCTL 06pa3Lia NpU NMOMOLIHN CTEKISTHHON NAIOYKN
€ 3aKpyrieHHbIM KOHIOM. HaknanbiBalor o6pa3ell mosiMpoBaHHOM
rPaHbIO0 Ha U3MEPUTENLHYIO MPU3MY TakK, YTOOBI €ro MaToBas rpaHb,
obpa3yioas ¢ noaHpoBaHHOM FpaHblo ocTpoe pebpo, 6bina obpaiie-
Ha K UCTOYHMKY cBeTa. IIpy ycTaHOBKe 06pasiia MIocKoCTb €ro co-
NPUKOCHOBEHHA C U3MEPUTENBHON MPU3MON NOMXKHA NMPUHUMATh
paBHOMEPHYIO OKpacKy. U3MepeHue nokasaresisi NPEeNoMIIEHHSA aanee
NPOU3BOAMUTCA TaK XK€, KaK U B CIYyYae XXHIKOCTH.

H3smepenne cpeaseil aucnepcad. Mepoil ancnepcum MOXeT Ciay-
XUTh CPERHASA JHCHIEPCHN A . — N ., XapaKTepH3ylollasi HAMEHEHHE TI0-
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Ka3aTeNsd NPENoOMIICHUA BCUIECTBA B nIpeaciax BUJIUMOM 4aCTH CIIeK-
TPa (1, U n. — 3HaAYCHUS MTOKA3ATENS NPENOMIECHHS VISl JUTHH BOJH
A,=6563 A n A.=4861 A, COOTBETCTBYIOLIMX KPACHOH U CUHEH JIU-
HUAM BOAOPOIHOrO criexTpa). [is uaMepeHus cpefHen TUCIiepCHu
XHIKHX M TBEPALIX BEWIECTB UCCAENYEMBI OOBEKT YCTAHABIHBAIOT
TaK Xe, Kak 4 pY U3MepeHHH TIoKa3aTtelis npenomieHus. Haxonsar
TI0Ka3aTeNb IPEJIOMICHNIA, KOTOpRI 3neck 6yneT 0603HayaThes N,
TaK KaK pedpaKTOMETp AaeT 3HaYeHHE riOKa3aTesi NpeoMIeHNS
JNA JIMHBL BOAIHEI, COOTBETCTBYOIIEH XeNToi MMHUH HaTpuda D.

Jducnepcus onpeaenseTca OTCYETOM TOJIOXKEHNA NMPU3MEI KOM-
neHcaTopa no wkane (8) npu NMOAHOM YCTPAHEHMHU OKPAaCKM rpaHn-
L6l pa3fena nonei ¢ noMoubio MaxoBH4kKa (7) (cMm. puc. 11) u xa-
paKkTepusyeTcs YHCIOM Z AeleHN WKansl KoMneHcaTopa. Ecin
nocie ycTpaHeHMsa OXpacKM BpallaTh MaXoBHYOK (7) B TY Xe CTopo-
HY N0 TIPOTHBOTIONIOXHOTO, HO PaBHOTO (WIM MOYTH PaBHOTO) 3Ha-
YeHHUS Z, TO TpaHWla pasnena BTOPUYHO MONYYNTCA GECLBETHOM.
TIpy n3MepeHNAX cieayeT NPOU3BOANTD He MEHee MATH OTCYETOB C
JBYX CTOPOH LUKAJIbLI KOMIIEHCATOpa ¥ HaXOAUTH cpenHee apudmery-
YecKoe BCeX ITHX OTcueTOB. it M3MEepeHHOr0 3HaYCHMA NoKa3arte-
715t TIPENOMIIEHUS ny, HaXOAT No Tabx. 1 exuuuHu A v B. Ecnn Ta-
KOTO TIOKAa3aTesis B TabJMile He OKaXeTcs, TO BeJWYMHB A U B
MONyYaIlOT WHTEPIONMPOBaHUEM, NONB3YACH Taba. 3 NMpoONopLUKO-
HATBHBIX YacTelt. 1A noayyeHHOro 3HaueHus Z HaXoAdT no Tabn. 2
BEJIMYUHY o. s ApPOGHBIX 3Hau4eHUl Z BEIMUMHY G ONPEAEHAIOT
TakKe MHTEPIONMPOBAHMEM TIpY TTOMOLLY TOM Xe TabIHLIBI NPOMop-
LMOHAIBHEIX YyacTeit. HeoGxoauMo yunTeIBaTs, uto wis Z 6onblue 30
BEJIMUYMHA ¢ MPUHNMAET OTpULIATENIbHBIE 3HaueHus. 1o HalneHHBIM
BeNIMMHHAM A, B M ¢ BHIYUCISIOT 3HaYeHUE CPEOHEel OUCIEPCHU:
ny—n.=A+ Bo. Ilpumep 3anucu pesysbTaTOB U3MEPEHHA M Ha-
XOXNEHUs CpelHEN NVICTIEpCUU TIPUBEIEH HYIKE.

IIpnmep. Onpenenenue cpenneit aucnepcun
OtcyeThl NO WIKale KOMIIEHCATOpa.
Boaa npu 20°C, n,=1,3330. ITpu noMoluu rabnui, noayyaercs:

Mo ozuo#l cropose 41,7 41,7 41,6 42,0 41,8 Cp.418
ITo npyroii cropone 42,1 42 42,0 41,9 419 Cp. 42,0
O6wsee cpennee: Z=41,9

A=10,02418, B=0,03120, c = —0,584,
np—n.=A+ Bo=10,02418-0,01822=0,00596.
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Jlureparypa

CasenbeB W. B. Kypc obuieii pm3pky; Yueb. nocobue. B 5 xn. Ku. 4,
Bonuui. OnTuxa. — 4-e nan., nepepab. — M.: Hayka. ®usmarnur, 1998,
napa 3. NpeasapUTe/ibHEIE CBEACHHS.

§ 3.1. CeeroBas BoJIHA.

§ 3.3. OTpaxeHHe N NPEJIOMJICHHE CBETOBOM BOJIHBI HA TPaHMLE OBYX AU-
AJNCKTPHKOB.
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* Tabauya 1 Tabauya 2

npy A A 8 A Z o A VA
1300 0.02437 . 003168 p 0 1 1000 | - | 60
1310 0,02431 ) ¥ 0,03155 . 1 1 0,999 -4 59
1,320 0.02425 o oonal | "% 2 | 0995 | 7 [ 58
1330 0.02420 5 003125 :. 7 3 0,988 -10 57
1,340 0024150 | 00308 "7 4 | 0978 | .12 [ 56
1,350 0.02410 5 0.03089 20 5 " 0.966 -15 55
1,360 0.02305 G 0.03065_| 9 6 | 0951 | 7 54
1,370 0,02301 s 003047 | 7 1 0934 | 5 |53
1,380 0.0239% M 003023 | 8 T 0914 | 53 [ 52
1,390 0,02392 4 0,02998 % o 0.891 51
1,400 0,02388 0,02971 - — -25
4 29 10_| 0866 | .57 [ 50
1410 0.02384 002942 .
-4 -30 11 0,839 30 49
1.420 0.02380 002912 -
-4 -32 12 _0,809 48
1.430 0,02376 0,02880 -32
3 -34 13| 07177 47
1.440 0,02373 0.02846 -34
3 -36 14 | 90743 46
1450 | 0,02370 3 002810 | 2 T o071 36 s
1460 | 002367 0,02773 ] -38
3 -39 16 0,669 44
1,470 0.02364 0.02734 9, 40
2 -l 17| 0,629 43
1480 | 002362 3 003693 | X A
1490 | 002359 b 002650 | ¢ 18 | 03588 | .5 | 42
1500 | 002387 3 002605 | 7 19 | 0545 = 5 | 4l
1,510 002356 , 002558 o 20 | 0500 | ¢ | 40
1,520 002354 i 003509 | o 20 1 04354 & ., | 39
1.530 0.02353 o 0.02457 by 22 0407 49 8
1.540 0.02352 o 0.02403 .57 23 0,358 49 kY
1550 0,02352 0 0.02346 59 24 | 0309 50 36
1,560 0.02352 0 002287 | o) 25 10259 | 20 [ 35
1,570 0,02352 X 002225 e 26 | 0208 | - 34
LS80 | 002353 \ 002160 | e 27 | _odse | 52 33
1,590 0.02352 ) 003057 | 5 28 | o104 | 32 [ 32
1.600 002356 5 002021 | 5, 29 | 0052 | =52 [ 31
1600 _| 002358 N 001947 _| 3¢ 30 | 0000 | 52 [ 30
L620_| 002361 P 001869 | g
1630 002365 s 001786 | g
1.640 0.02370 6 0.01698 | o
1,650 | _ 0.02376 7 001605 | g9
1,660 0.02383 M 001506 | o6
1,670 0.02391 ° 0.01400_| 1
1.680 0.02300 ‘" 001286 | 154
L.690 0.02411 18 001162__| 37
1,700 0.02425 0.01025
Tabauya 3
) 2 [ 3 [ 4516 [ 71 8 9 [ 10t
| 0,1 0.2 0,3 0,4 0,5 0,6 0.7 0,8 [ 09 1,0 1,1 1,2
2 o204 06|08V 10| 1,2 141 16 18 [20]22]24
3 0.3 0,6 0,9 1,2 1,5 1,8 2,1 24 2,7 30 33 3,6
4 0,4 0,8 1.2 1,6 2,0 24 28 32 36 | 40 [ 44 | 48
S 0,5 1,0 1.5 2,0 25 3.0 35 4,0 | 45 5,0 5,5 6,0
6 | 06 [ 12| 18| 24 [ 30 | 36 | 42 | 48 | 54 | 60 | 66 | 7.2
7 0.7 1.4 2,1 28 3,5 4.2 4,9 5,6 6,3 7,0 7,7 84
8 | 08 | 1,6 | 24 | 32 | 40 | 48 | 56 | 64 | 7.2 | 80 | 88 | 96
9 09 1,8 2,7 36 | 45 5,4 6.3 7.2 8.1 9,0 99 | 108
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Hpodonxncenue maban. 3

13 14 15 16 17 19 20 22 23 24 25 27
! 1,3 14 | 1,5 ) 1,6 | L7 ] L9 | 20 22 23| 24 ) 25| 27
2 | 26 | 28 | 30 | 32 | 34 [ 38 | 40 [ 44 | 46 | 48 | 50 | 54
3 39 1 42 | 45 | 48 | 5 57160 | 66|69 ] 72 75| 8t
4 52 | 56 | 60 | 64 | 68 | 76 | 80 | 88 | 92 | 9,6 | 10,0 | 10,8
5 65 )70 [ 75|80 | 85 [95 100 11.0] 11,5]120]125] 135
6 78 | 84 190 | 96 | 102 | 114|120 | 132 ] (38| (44| 150 ] 16,2
719! (98 |105]|11,2] 11,9 ] 133 [ 140 [ 154 | 16,1 | 168 | 17,5 | 18,9
8 104112 )220 [ 128 ) 136|152 | 160 [ 17,6 | 184 | 192 | 200 | 21,6
9 | 11,7126 13,5 [ 14,4 | 153 | 17,1 | 180 [ 198 | 20,7 | 21,6 | 22,5 | 24,3
29 30 32 34 36 37 38 39 40 41 43 45
1 29 | 30 |32 |34 |36 |37 |38 ]39] 40| 41 | 43 | 45
2 58 |1 60 | 64 | 68 | 72 | 74| 76 | 7.8 | 80 | 82 | 86 | 9,0
3 87 [ 90 ) 96 | 102108 | 11,0 | 114 | 011,7 120 123 ] 129 [ 13,5
4 [ 11,6120 128 [ 136 ]| 144 | 148 [ 152 | 156 | 160 | 164 | 17,2 | 18,0
S | 145|150 | 16,0 | 17,0 | 18,0 | 185 [ 19,0 [ 19,5 | 20,0 | 20,5 [ 21,5 | 22,5
6 | 174 ] 180 | 19,2 | 204 | 21,6 | 222 | 22,8 | 234 | 240 | 24,6 | 258 | 27,0
7 1203 |21,0)224 (238 (252]259]|266](273] 280/ 287 | 30,0 | 315
8 |23,2[240 (256272 (288 ]296 304 [ 312320328 | 344 | 36,0
9 |26, | 270288 (306 ] 324 | 333 [ 342 ] 35,1 | 36,0 | 36,9 | 38,7 | 40,5
46 47 49 50 51 52 54 57 59 62 65 68
1 46 | 47 | 49 | 50 | 5.1 52 | 54 | 57159 | 62 | 65 | 68
2 92 | 94 | 98 [ 100|102 | 104 | 108 | {14 11,8 | 124 | 13,0 ] 13,6
3 [ 138 | 141 [ 147|150 | 153 | 156 | 162 | 17,1 | 17,7 | 18,6 | 19,5 | 204
4 | 184 | 188 [ 196|200 | 204 | 20,8 | 21,6 | 22,8 | 23,6 | 248 | 26,0 | 27,2
S | 23,0(23,5]245 (250 255|260 |27,0]| 285 ] 29,5 | 31,0 [ 32,5 | 34,0
6 | 27,6282 (294 | 30,0306 | 31,2 | 324 | 34,2 | 354 | 37,2 | 390 | 40,8
7 13221329 | 343|350 357|364 ]37,8)399 41,3 |434 | 455 | 47,6
8 | 368 (376|392 |40,0 ) 408 | 41,6 | 43,2 | 45,6 | 47,2 | 49,6 | 52,0 | 54,4
9 | 414|423 [ 44,1 | 450 | 459 | 46,8 | 48,6 | 51,3 | 53,1 | 558 | 58,5 | 61,2
71 74 78 83 88 93 99 106 | 114 | 124 [ 137
1 7,1 74 { 78 | 83 | 88 0] 93 ) 99 /106 11,4 12,4 | 137
2 | 142 | 148 | 156 | 166 | 17,6 | 18,6 | 19,8 | 21,2 | 22,8 | 248 | 274
3 1 213[222]234[249 | 264|279 29,7 |31.8 342|372 411
4 | 284296 | 31,2332 352 37,2396 [ 424|456 | 496 | 54.8
5 |1355[37,0] 390 | 41,5 440 | 46,5 | 495 | 53,0 | 57,0 | 62,0 | 685
6 | 42,6 | 444 | 468 | 498 | 52,8 | 55,8 | 59.4 | 63,6 | 684 | 744 | 82,2
7 | 49,7 | 51,8 | 54,6 | 58,1 | 61,6 | 651|693 | 742 [ 798 | 86,8 | 959
8§ | 568 (592[624]664[704]| 744|792 | 8489129921096
9 | 63,9 666|702 | 74,7 | 79,2 | 83,7 | 89.1 | 954 [102.6| 1116|1233
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PA3JEJI 2

HHTEPOEPEHIINA CBETA

3anmaya Ne 39
OIIPEJEJIEHUE ITOKA3ATENA NNPEIOMJIEHHUS

CTEKJISHHOMN ITUIACTUHKHM M3 OIIbITOB
110 UHTEPOEPEHIIVMU CBETOBBIX BOJIH

Heunb 3apaun: U3yuycHUE SRICHUA UHTEPpPEPEHUNH NIpU 60NBIION
PA3HOCTH X0Ja UHTepdEepUpYIOLIMX Jyueid; HAaX0XICHHE 3aKOHOMEp-
HOCTH 06pa30BaHUs TEMHbIX U CBETJIBIX TIONOC B HHTEPDEPEH MO -
HOIl KapTHHe; BRIYUCTICHUE [TOKa3aTeist NPENOMIEHUA CTEKIIAHHOMN
MIacTUHKY.

ITpsHuMn paGoTh! re/Hii-HEOHOBONO ra30pa3pALHOro Jialepa

HanyueHue B rennit-HEOHOBOM Jla3epe BOZHMKAET B ra3opaspsn-
Holt TpyOKe, noMeleHHON MeXxIy OByMS 3epKajaMM U HanOJIHEH-
HO# CMECHIO HeOHa M renna. B TpyOKy BNasiHbl 3NEKTPOIAbLI, MEXIY
KOTODBIMM CO3IA€TCs BbICOKOBOJBTHOE HAIPSKEHHE, Heo0X0auMOoe
11 BO3HMKHOBEHUA ra3oBoro paspsaa. Ha puc. 1 uaoGpaxeHna cxe-
Ma YpoBHelt aHepruu aToMoB HeoHa Ne u renmst He, mepexonn
MEXIY KOTOPHEIMU 06ecneurBaloT KOTepEHTHOE MANTyYeHHe KpacHOoM
JTMHUU B CNEKTPE HEOHA C WINHOM BOJHB! A =6328 A (apyrve ypoB-
HM He NOKa3aHHi),

TIpH CTONKHOBEHHAX B TA30BOM pa3psie 2NeKTPOHOB C aTOMaMHU
HeoHa U renus Boabyxaalorcs yposHu E, neona u E; renns. Ha-
npsKeHUe ra3oBoro paspsaa nodobpaHo Tak, YTOObI ApyrHe YpOBHU

Nepexon, BLIsesHHEIA MeTacTabwwinih
YpoReiih C WHBBPCHOR  CTONKHOBONWAMM 8TO~ YPOBaKbL
32CONGHHOCTHIO

\ woBreAMKeoRa ¥ ,
PN MRE 2 EZ
Ez Y O
Mepexog, Asoupw
KOrEPEHTHOS HafTY- 'y, Boabyxaeime
denmes §32,8 Hu . - SOXTPOHHBIMA
‘ COYARPEHUAMN
E,o-
y . . w . - S —— l

. E
e NEmT®

Puc. 1
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BO36YXIaNuCh MO BO3MOXHOCTA MEHBIE. DHepPrUs BO36YyXAeHUA
YPOBHA E; TE€AUA HECKONBKO BbILIE IHEPTHH BO3GYXKAEHHA YPOBHSA
E, neoHa. YposeHb E; refusi METACTAGUNILHEIN — €ro BpEMs XKH3-
HU MHOrO 6obIIe BpeMEHM MEXIY CTOJIKHOBEHUAMM aTOMOB HEOHA
M resiust apyr ¢ apyroM. IIpy Takux CTONIKHOBEHHSAX aTOM Irevs OT-
JaeT CBOIO 3HEPTUIo 6e3 NATyueHUsT aTOMY HeoHa, BHI3bIBasl NEpexo
3JIEKTPOHA B aTOME HeoHa ¢ yposHsi E; Ha ypoBeHs E,. B pesynrra-
T€ CTONIKHOBEHU! BO3GYXneHMe YPOBHA E, HEOHAa NMPOMCXONMT Ha-
CTONILKO 4aCTO, YTO CO3NAETCH VHBEPCHUS B 3aCENICHHOCTH YPOBHEN
HeoHa E, u E, (Ma puc. |1 ryctoTa To4eK Ha ypOBHSIX OTpaXaer oT-
HOCHUTENBHYIO 3aceNIeHHOCTD). [IpH Nmepexonax 3/M1eKTPOHOB B aToMax
HEOHa ¢ ypoBHA E, Ha ypoBeHb E, M cO31aeTcsl KOTepeHTHOE WH-
AyUuHpOBaHHOE HITYYEHHE.

B ycTaHOBNEHMH WHBEPCHOI 3aceNEHHOCTH ypoBHeit £, u E, 3a-
METHYIO POJTb UIPAIOT CTOJIKHOBEHHA 4TOMOB HEOHA CO CTEéHKAMM Td-
30pa3pAnHoi Tpyoku. Takue CTONIKHOBEHHWS YMEHBILAIOT 3aCeJieH-
HOCTb YpoBHfA E,, BLI3bIBasi EPEXOABI C 3TOTO YPOBHS Ha OCHOBHOWM
ypoBeHb E,. Urobsl CTONKHOBEHNS CO CTEHKaMM TPY6KH npoucxonm-
U JOCTATOYHO YACTO, AMAMETP TPYOKH He oNXeH ObITh CIUILKOM
BEJIUK.

Kak yxe oTMeyanocs BhllE, VIS BOSBHUKHOBEHHS CTAGMNBHOTO
VHAYUHPOBAHHOrO U3JIyd4eHUsI HEOBXOAUMO, YTOOBI MCNYLLEHHOE
KaXAblM aTOMOM H3NyyeHHe MHOTOKPaTHO MPOXOAUNO yepe3 pabo-
yee BelecTBO. g 3TOro y Topuos TpyokM noMeniarTcs ABa cge-
PUUYECKHUX 3epKaya, POIYCKAIOLMX HapyXy b 1—2% naaatoure-
TO Ha HUX cBeTa (puc, 2). 3epKaja JOJKHBI 6bITh HACTPOEHH B pe-
30HAHC: B PaCCTOAHMM MEXLY HUMH JIONIXHO YKJIAAbIBaThCH LENioe
YHCII0 TIONYBOJH. JINLIB B 3TOM Cilyyae oTpaxeHHble OT 060UX 3ep-
KaJT BOJHBI OYIYT HMETh OAVHAKOBYIO (pasy ¢ MafalomMMH Ha HUX
BOJIHaMM, T.e. OymeT obecrieyeHa KOrepeHTHOCTb BCETO UINTYYEHUS.

W3 TopiioB TpyOKM CBET BHIXOAUT Hepe3 TaK HA3bIBAEMBIC OKHa
Bproctepa, npeacTamisiompe coboit rockonapaniebHble CTEKIAH-
Hble TUIACTHHKH, PACHONOXEHHBIE TAK, YTO CBET, MAYWUUA BIOMbL

Anoa Kavop
3spranc 3eprane
' Menone
Wenon Fasopaspranan TpySue
youbiA Owo OPAIPAANAR TPY Oxvo :Y“:'“
ny“oK Bpiocteps Bpocrepa VO
Puc. 2
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TPYOKH, NMajacT Ha HUX NoZ yrjioM BplocTtepa. Ponb 3TUX OKOH clie-
ayowas. MHTeHCUBHOCTb CBETa IIPY NPOXOXAEHHM Uepe3 TIIOCKO-
nNapaUIebHYIO CTEKISHHYIO IUIACTHHKY TIDH NeprneHANKYASAPHOM
MaieHN YMEHbIaeTCS NPUMEPHO Ha 8% BCNEACTBUE OTPAXEHWH
CBeTa Ha Kaxnoit u3 ee noBepxHocTel. [ToaToMy ecnm 6vI OKHA Ha
TopuLax TPyOKM ObUIU OBl eif NEPNEHIUKYIAPHLI, TO NOCIE NATUAE-
CATUKPAaTHOro MPOXOXAESHUST MEXAY 3epKalaMH OT nepBOHaYaJkHOI
WHTEHCHBHOCTU ocTanock 661 MeHee 0,3%, YTO HeAOCTaTOYHO ANd
BO3HUKHOBEHUA CTAOMABHOrO MHIYLIUPOBAHHOTO W3nyueHus. B o
XK€ BpeMs, €CJIM CBET MafacT Ha CTEKJIAHHYIO TUIACTUHKY NOJ YIJIOM
BprocTepa, TO BOJMHa, NOJIIPU3OBAHHAS TaK, YTO BEKTOP HamnpsKeH-
HOCTH 3NIEKTPHUYECKOrO 110/ 3TOH BOJIHBI JIEKHUT B TUIOCKOCTH Naje-
HHUsI, BoOOLLE HE OTpaXxaercs, T.€. BOJIHA TaKoO MOJIAPU3ALUM TIpO-
XOOMT Yepe3 CTeKNAHHYIO MIaCTUHKY 0e3 norepb. CnenoraTenbsHo,
bnaronaps okHaMm Bplocrepa BO3MOXHO BO3HHKHOBEHHE CTAOMIIBHO-
ro MHOYLYPOBAHHOIO M3NyYeHUSA, NONSPUIOBAHHOIO B MJIOCKOCTH
nageHust K okHaM, ManyueHus xe ¢ Ipyroii nonspusaumei Benen-
CTBUE GONMBIUUX TIOTEPh ITPU NMPOXOXIEHUM Hepe3 OKHA BO3HMKHYTh
He MOXeT.

Ecnu cobniogeHs! yoMAHYTBIE BhIllie YCAOBHSA (pasMepbl TPYOKH,
COCTaB rasa u ero AaBJCHUE, aHOAHOE HAMNpshkeHUe, KoddduumeHr
OTpaXXeHMUs 3ePKaJl U UX I0CTHPOBKA, HalmyMe oKkoH bpiocrtepa), To
B ra3opa3spsiiHOl Tpybke yCTaHABIMBAETCA PAaBHOBECHE MEXIY YMC-
JIOM aTOMOB HEOHA, B KOTOPSIX JIEKTPOHBI pa3HBIMH MYTAMU Momna-
JAioT Ha ypoBeHb E,, ¥ YNCIIOM aTOMOB, B KOTOPbIX MTPOMCXOIAT Ne-
PEXONBI NIEKTPOHOB C ypoBHS E, Ha ypoBeub E| ¢ HCITYCKAHHEM MH-
JYLIMPOBAHHOIO UINyYEHMS.

B pesynbTare U3 ladepa BBIXOXUT MOIMHBI CBETOBOM TYYOK, 06-
AaJAIIMHA CIeayIOIIMMH CBOHCTBAMU:

1) BbicOKOW HanpamIeHHOCTHIO. YTojl pacCXOAUMOCTH 1a3epHOro
JIy4a COCTaBISIET HECKOJBKO YIVIOBBIX MMHYT, a MHOTIA JaXe Yrio-
BBIX CEKYHI;

2) UCIJIIOYUTENIBHO BBICOKOH MOHOXPOMaTHYHOCThIO. TeopeTH-
yecKMil npeleN IWUPUHE JIMHAM H3Y4EeHHUs Jasepa, onpenensdeMblii
BPOYHOBCKMM IBHXCHHEM 3¢PKAJT pE30HATOPa M1 CNIOHTAHHBIM U3Ty-
YEHUEM aTOMOB  CpEibl, COCTABRMSICT MAaJlyl0  BEJIUYHHY
Av=102—-10-1 T, 4TO npv v 108 Ty obycnopauBaer
Aviv=10"-10-%. K HacToqleMy BpeMeHM 6aaronaps pa3sBuTHIO Na-
3epHOR TEXHUKU 3TOT TIpEAeN NPaKTHYECKH PEaIU30BaH;

3) BBICOKO# KOrepeHTHOCTBIO. TTon TepMITHOM «KOTrepeHTHOCTL» NIOHHU-
MAeTCs KOPPeNsALMS KaKUX-THO0 XapaKTepHCTUK 3MIEKTPOMATHUTHOTO H3-
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Puc. 3

JydeHmst, HanpyuMep ¢as. B BrICOKOM KOrepeHTHOCTH JIa3epHOTO JTy4a MOX-
HO YBeIUTRCA ¢ TIOMOLLIBIO MHTEpdEpeHIIMOHHOTO OnkiTa FOHra.

IlepeuncnerHbie Bhillie CBOMCTBA Aa3ePHOTO HTYYEHHUSA TIO3BONA-
10T HabnionaTh sIBIeHUE UHTephEpeHIHN TIpU OTPaXEHWH OT TON-
CThHIX CTEKJITHHBIX TUIACTUHOK, KOTAa BO3HMKAET GoMbluasg pa3HOCTh
Xolla MeXIy WHTepdhepUpyOLIUMHI TydaMHu.

Onucalne ycTaHOBKM

CxeMa ONTHYECKOMN YCTAHOBKU WISl H3YYeHUS ABJIEHUS HHTepde-
peHLMM TpHBeAcHa Ha puc. 3. Oua BxiloyaeTt: nasep — (1), 6aok
NUTaHHUA Nasepa (2), 3kpaH (3) ¢ mH30ii (4), CTeKNAHHYIO TUTaCTHH-
KY (5), onTHYecKyIo CKaMblo (6) H peitrepH (7).

Bce npuGopsl M npucnocobneHnss yCTaHOBKH (33 UCKIIOYCHHUEM
6n0ka nuranus nasepa JI'-72) pacnonaralorcss Ha ONTHYECKOM cKa-
Mbe Ha pefiTepax, UTO NO3BOJISET JIETKO MEHAThL MX B3aWMHOE pachio-
noxeHne. Kaxnwii pelitep cHabXeH MeTKoil. MeTKH peiTepoB U
HaHeCEeHHada Bao0Ji1b OIITHYECKONH CKAMBH 1LIKAJIA NO3BOAAIOT HU3MEPIThL
paccTOSHHA MeX]y 3JIeMEHTAMM YCTAHOBKH Ha ONTHYECKOH CKaMbe.
YcTaHOBKA COCTOMT U3 TPEX OCHOBHBIX Y3/IOB:

e nasepa (1), KOTOpHIH ABNAETCA HENOCPEACTBEHHEIM UCTOYHU-
KOM KOI¢pEeHTHOIO HANMy4YeHMS;

o TOJNCTOM TLIATEILHO OTNONMHUPOBAHHOM IIIOCKONApaiebHOMi
CTEeKJISTHHOI TLIaCTMHKH ¢ fAepxareneM (5).

KadectBo nonnpoBku ee paGoynx MOBEPXHOCTEH COCTaBNsAET
npuMepHo 0,14, T.e. ~630 A. Knunoobpa3HocTs NMNacTUHKY (Hena-
paJuleNIbHOCTS ee paGounx moBepxKHocTei) He nmpesbiuaet 5. O cre-
TEHW TIOJIMPOBKHM MOXHO CYAWTb Ha OCHOBaHWu cienyouiero. Ecau
3Ty MIACTMHKY TIOACPXATh HEKOTOPOE BPEMSA B pyKax, TO BO3HWKa-
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IOLLMII OT PYK HEpAaBHOMEPHBIH TIpOrpeB NIACTHHKKW NPUBEICET K 3a-
METHOMY HCKaXeHHI0 NHTepdEePEHITHOHHOI KApTUHBL. 3arps3HeHus,
ocTaBnsieMbie Ha TIOBEPXHOCTH MOCJIE KaCaHHA €€ MajNbliaMK pYyK,
TaKXe CHABHO CHHXXAKOT KauyeCTBO HHTEPPEPEHLHOHHON KapTHHBI,

BHMMAHME! Ilps BoinonHeHud paboThl KacaTbcsi PyKaMH
TOJIBKO A€PXaTeNs CTEKIAHHON TUIaCTUHKU U €ro peryHpoBOYHBIX
BHHTOB;

e 3KpaHa (3) ¢ LleHTpaJIbHBIM OTBEPCTUEM, B KOTOPOM HaXOIMT-
CA OnpaBKa ¢ XKOpOTKOMOKYyCcHoit cobnpaiolueit vH3oM (4). 3aaHsas
¢okasbHas MIOCKOCTh JTMH3BI COBMAJAET € IJIOCKOCTBIO 3KpaHa.
Jvu3a (4) cayxuT Wis npeobpa3zosaHyg Napaie]bHOro nyyka cBe-
Ta uanyyarenas (1) B pacxopsailuniicsa ny4yox. Brelcokad MOHOXpoMa-
TUYHOCTb ¥ Majiasi PaCXOAMMOCTD JIa3¢PHOTO Ty4Ka MO3BONAIOT cho-
KYCHPOBATh JIyY J1a3epa Ha IJIOWANKY UPE3BBIYAITHO MAIOW BEAUYH-
HBl U B JaJibHEILEM pacCMaTpUBATh €€ Kak TOYEYHHBIA MCTOYHUK
W3Nny4yeHUs. DKpaH CIyXUT WIS HabnoaeHus uHtepdhepeHIIMOHHOR
KapTuHEL, ofpasytollelicss B peaysibTate HaJOXEHHMS CBETOBLIX BOJH,
OTPa3UBILMXCS OT TIEpeIHEel M 3aaHEH TTOBEPXHOCTEH TONCTO TLIOC-
KOoTiapajineNlbHOW CTEKISTHHOM nnacTHHKM (5). B cuny cuMMeTpumn
nagaollero Ha TIaCTUHKY CBETOBOTO MYYKa MHTepdepeHIInOHHAs
KapTHHA UMEET BUI YEPEAYIOLIUXCH CBETNHIX ¥ TEMHBIX Konel. Ana
M3MEpPEHNS INAMETPOB UHTEPDEPEHIHOHHBIX KON B LIEHTPE 3Kpa-
Ha HAXOAATCA IBE NWHEIHHbIE LWIKAJIbI, PACIIONOXEHHbIE MOX NPAMBIM
YoM APYT K ApYTY.

Kaxmplif y3en YCTAHOBKM UMEET CICAYIOLIKE PETYIMPOBKH.

Jlazep (1):

e TraiKy (8) Wig nepeMelleHns BBEPX—BHW3;

e BUHT (9) U1 NOBOpPOTa B rOPU3OHTAIBLHOI TJIOCKOCTH;

e BUHT (10) o MOBOpPOTa B BEPTHKAIBHOM MJIOCKOCTH.

3KpaH (3) ¢ TMH30i4:

e cTONOpHHI BUHT (11);

e cTOnopHoe Konsuo (12).

TIpun ocBoboxzaeHun BuHTOB (11) u (12) cMmeuieHue 3KpaHa
BBEPX—BHH3 MU NOBOPOT BOKPYT BEPTHKAIBHOM OCH OCYIIECTRIIAETCA
BpyuHyi0. CronopHoe konbuo (12) ¢ BAHTOM CITyXUT JUTst GHKCALUKH
9KpaHa Ha BEIOPaHHOI BHICOTE.

ITpu ocBoboxneHUM BUHTA (12) B LIEJIAX 3aIMTH OT NaAeHWA 3K-
pPaH HaOo YACPXHUBATh PYKOIf.

Jlepxatenb co CTEKISAHHOM TUIacTUHKOIM (5):

e BUHT (15) g U3MeHEeHUsI HAKJIOHA CTEKJITHHO IJIaCTHHKMW,

e CTONOpHLIN BUHT (13);

e CTOIOpHOE KONbLIO ¢ BUHTOM (14).
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IIpu ocBoSoxneHun BUHTOB (13) M (14) cMemcHEe BBEPX—BHM3
¥ TIOBOPOT BOKPYT BEPTHKAIBHON OCH OCYMICCTBIAIOTCA BPYYHYIO.
CronopHoe KOibLIO ¢ BUHTOM (14) CIyXUT 11 GUKCaumy CTEKIAH-
HOM TJIACTMHKM Ha BHIGpaHHOM BricoTe. [1pH 0CBOBOXIAECHUM BUHTA
(14) B mensax 3aMMTLI OT NAJEHHA NEPKATETb CTEKISIHHON ITaCTUH-
KM HeoOXonuMo ynepxuBaTh pykoi. IlasieHue JepxaTensi MOXET
MPUBECTH K 00pa30BaHUIO TPELIWH U CKOJIOB Ha CTEKJISTHHOM TMac-
TNHKe. Bo BpeMs paboTBl M YOCTUPOBKY HEJIb3sl BBIHUMATDh Jepxa-
Tenb U3 penrepa.

M CTOUHUK NMUTAHUSA Na3epa HAXOAUTCA Ha HUXHEN NOJTKE CTONA.

BoiBox pacueTHoit dopmy.n

KoHeuHo# 11enbl0 JaHHOTO IMYHKTa OTIMCAHMS SBISETCS Nojyve-
HUe GOpMYNEL, CBA3BIBAIONLEil KBAIPAT AMaMeTpa UHTepdEPEHLMOH-
Horo KoJibtia D,, ¢ ero nopsinkoBhIM HOMEPOM N, OTCYUTBIBAEMBIM
OT LICHTPa UHTepDEPEHLIHOHHON KapTHHEI.

Xox nydeit B yCTaHOBKE U306paxeH Ha pUC. 4.

BelnenuM M3 MapajuieNIbHOTO NMyYyKa J1a3¢pHOTO WU3NYy4YCHUs ABa
ay4a 1 u 2. [locne npoxoxaeHua uepes cobupamowyio TuH3y JI atn
JIy4Y¥ 1ajaloT Ha CTEKJIAHHYIO TUIACTUHKY B ToukKax £ ¥ D. HdanbHei-
HIK XOX 3THX Jyuei MOCTPOEH C COBMIONEHNEM 3aKOHA OTPAXEHUA
B TOuKe E s nyya | (yron nageHus paBeH yIJIy OTPaXeHNs) U 3a-
KOHa npejioMieHus B Touke D nnsa ayua 2. ITocne orpaxXeHUd B ToY-
Ke C oT 3aHell MOBEPXHOCTH CTEKIAHHOMN TUIAaCTMHKM U TIpEJIoMe-
HMA B TOuKe B yiyd 2 BCTpeuaercs ¢ JydoM 1 B Touke M 3KpaHa.
B cWTy CBOJCTB Na3¢pHOTO UINTYYCHUS Jiydl 1 ¥ 2 KorepeHTHBI, XOTs
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U COOTBETCTBYIOT pa3sNUYHBIM LyraM HanydeHMsi. CnegoBaTesbHO,
OHY Y4acTBYIOT B 00pa30BaHUU MHTEephepeHLIMOHHOM KapTuHbl. Pe-
3yJAbTaT MHTEPPEPEHLIMM 32BUCUT OT pa3HOCTHU XoAaa, npuobpeTae-
MOV 3TUMMU JIy4aMM Ha NYTHU OT TOYKH F K Touke M.

Kax BUIHO U3 puc. 4, ONTHYECKAA Ppa3HOCTh XOAa MeXIY JIyYaMUu
1 ¥ 2 Ha iyTH OT ToukHu F x Touke M paBHa

A, =2DCn—2(FE-FD)+ /2, 1

TAC n — noKa3saTtelb NPeJIOMIICHUsA CTEKJIAHHOM TIAaCTUHKHU.

CnaraeMoe A/2 BO3HMKAET W3-3a MOTEPH TNIOJYBOAHBI P OTpa-
XeHUU nyya 1 oT orruyecky 6onee MioTHOM cpenkl. Pa3zHocTh xona
MOXHO BBIYMCIUTD M GoJiee NPOCTEIM CITOCOBOM, €CNTY YUECTh peab-
Hble MapaMeTpH ycTaHoBKY. [elicTBUTENBHO, paccTosinue L B ycTa-
HOBKe paBHO ~80 cM, a paauyc r JeCATOro HHTepdhepeHIIMONHOTO
KoJbua coctasisieT ~3 cM. CrenoBaTeNbHO, YoM o, MOl KOTOPLIM
Jay4 | magaeT Ha CTEKJIAHHYIO MnacTUHKY Man (a~1°). Kpome Toro,
MOXHO CYWTATh, YTO TOJIIMHA CTEKISHHON TIACTHHKY A MHOTO
MEHbILIEe e paccTOssHMA A0 3KkpaHa L (h/L~0,03). CnenoBarensHo,
YroJl NageHus Jiyya 2 Ha CTEKJISHHYIO IJIACTUHKY MaJI0 OTJINYaeTCA
OT yrna najleHus ay4ya |, paBHoro o. BeeacTsue 3Toro MOXHO CUH-
Tarb, YTO HaONIOAaeMEIe Ha 3KpaHe WHTEPPEPEHLIMOHHEIE TIOJIOCH!
(OKpPYXXHOCTH) ABAAIOTCA NONOCAMH PaBHOTO HAaKJIOHa, BO3HHKAIO-
IIMMU B pe3ynbTaTte UHTEPHEPEHLIUH NapanneNbHbIX Nyyei 1’ u 2,
NMafaloHIMMHK Ha CTEKIIAHHYIO THIAaCTHHKY noj yraoM a. OnTHyecKas
Pa3HOCTE XORa MEXAY TAKHMH JIYYaMH paBHa

A,=2h(n?—sin2a)%5+1/2, (2)

PacyeTsl MOKAa3BIBAIOT, YTO PA3HOCTH XOHAa, BblUMCJIEHHblE NO
dopmynaM (1) u (2), omMyaloTes Apyr oT Apyra Ha BEJUYUNY,
MeHBIIYIO, 4eM A/2 (~1000 A), YTO MOXHO paccMaTpUBaTh KaK IO~
Ka3aTeJIbCTBO CNpPaBEyTHBOCTH UCNIONL30BaHusA opMysibt (2).

Hcnonb3ysa cooTHoueHue (2), ycnosne obpa3oBaHus B TouKe M
MHTepHEPEHITMOHHOTO MIPHHMYMA M-TO NOPSIKA MOXHO 3aITMCaTh B
ClieAyIOLIEM BUAE:

sin’a

0,9 .
A A
A1=2hn[l- — ] +3=Cm+ ). (3

Tak kax sinZa/n?<< 1, To XOpeHb B BhIpaXeHUH (3) MOXHO pa3-
JIOXUTH B pal 1o dopmyne

.9 0,5 . 2
[I_Slnza] =1_Sln u.. (4)

n
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ITocne noactaHOBKY (4) B BeIpaxeHHe (3) rmoayuuMm

)
sin“a| A A
A2=2hn[l—Tnz-]+—2'=(2m+l)-'2‘ (5)
W3 puc. 4 sBunHoO, 9TO
tgo = sina = 2, (6)

2L

Iocne nonctaHoBkH (6) B popMyny (5) U HeCTOXHBIX npeobpa-
30BaHUi, MOTy4UM

h A A
A2=2hn—1—l}—nrﬁv +5=(2m+])5. (7)
U3 (7) nonyyaem
A%\ (2h
R [T"-m). ®)
505078
16 2n\. ( 2hn
DY = =_ 9
N A [ x m]; ( )

rae D, — InameTp TeMHOTO KOJbLA.

Kak BUAHO H3 coOTHOIUEHUS (D), B LEHTpe UHTepdepeHIMOHHOM
KAPTHHEBI PACcMoJIaraloTcA KoJbLa, COOTBETCTBYIONIHE GONBIINM TI0-
pankaM uHTepdepeHuuN (bonbmuM m). OOpaTHOE pacIoNOXEHNE
UHTEp(PEPEHIIMOHHEBIX JUHUA MO OTHOWIEHUIO K UX PACTIONIOXEHHIO
B 0ObIYHON cxeMe HabmoneHus uHTepdepeHUMMN OT IBYX TOYEUHBIX
WCTOUHUKOB SBJISETCA 0COOEHHOCTBIO JaHHOM cxeMbl. OTcUeT 3Haue-
HUIl m BCEerga MpOU3BOAAT OT TOYEK, AN KOTOPBIX Pa3HOCTb XO4a
UHTephEpHPYIOIINX NYyYeil paBHa Hyno. C yRBeTUUECHHEM Pa3HOCTU
XO0a pacTyT 3Ha4CHUA m. B paCCManHBaCMOﬁ CXCMC€ HaripaBJICHUIO
K LIEHTpY WHTepdEepeHLIMOHHON KapTHHE COOTBETCTBYET MAaKCH-
MalbHas Pa3HOCTh XO#a 2An, T.c. MaKcuMansHoe m(m,, ). Takum
o6pa3oM, B HalUxX 0603HauYeHUAX m,, — TO MAKCUMANbHBINA IO-
pAAOK HabmozaeMoro MUHUMyMa. Popmyna (9) no3BoieT OUEHUTE
NnopsaoK UHTep(PEepEHUMOHHBIX NMHUA m_, , HabMlogaeMbIX B LEH-

Tpe 3KkpaHa. Ilpn D,=0, m=m_,. JU1a m_,, nonydyaem
o 2hn (10)

m .
max }.
OueHKa NpPUBOAWT K BEJIUYMHE

2.2-1,5

mo. o= —= =02 05
"X 6.10°-107¢
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C yuerom (10) dopmyna (9) npruobperaer Bug

2
Dﬁ=%@'(mmax_m)‘ (]1)

Ipeotpasyem ¢opMyay (11) rtak, utobm e GbUIO YROOHO
NOJIB30BATHCA.

IMonoxeHue KONMbLA Ha 3KPAHE TIPU U3MEPEHHAX YIOOHO onpene-
JIATh €TO NOPAIKOBBIM HOMEPOM N, OTCUMTBIBAEMBIM OT IEPBOLO
BUAMMOrO Ha 3KpaHe TeMHOIO KOJbLA, a He YUCIOM m, PUCYHOK 5
TIoMoraeT YCTAHOBUTE COOTHOLIEHWe Mexay N u m.

|
0 Ngr1 Ny*2 No*N
Puc. 5

TIpennonoxXuM, 4To Ha OTBEPCTHE B LICHTPe 3KpaHa nonanaer N,
HHTEPGhEPEHUUOHHBIX MUHUMYMOB. OQUeBUIHO, YTO UX Ha6GMIONATh
Heab3s. Toraa nepBoMy OT LICHTPa 9KpaHa HabmogaeMoMy MUHHUMY-
MY MOXHO npunucats Homep N+ 1, BTopoMy — N,+2, a N-my —
HoMep N+ N. Kak BMAHO M3 pHC. 5, 3TO YUCNO PaBHO m_ —m, T.€.
CIpaBeJTHBO COOTHOLIEHHE

m_ —m=N+N. (12)

Tloncraenss (12) B8 dpopmyny (11) v BBOAsA 0603HaYEHHS

2 2
D =16LnlN0“ b=|6Ln7t’ (13)
h h
NOJYYHUM
D}, = D}, +bN. (14)

Kak cneanyer us ypaBHenns (14), 3aBucumocts D} ot N umeer
TINHENHEBIN BUA.

IloaroToBka yCTAHOBKM K H3MEpPEHHAM
BHHUMAHME! Jlasep pa6oTtacT np1 aHOAHOM HaNpsKEHHH CBBI-
we 3 kB — BKIOYEHUE Jlazepa MPOU3BOAUTCSH TOJNBKO JJaGopaHTOM.
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Ipu paborte ¢ nazepoM HeobXxoaUMO NOMHHMTE, YTO NIPAMOE TOMNa-
NaHMHe Ja3epHOro M3NyYeHUs B ria3 omacHoO mis 3peHusa. Kpowme
TOrO, TAKYIO XK€ ONAaCHOCTb MPEACTARIACT JIA3EPHRIH JIy4, OTPAXEH-
HbI OT 3€PKAJ ¥ XOPOMIO OTMONUPOBAHHBIX GIECTAUMX METALIU-
YeCKHMX TTOBEPXHOCTEH.

Bkmouenne nazepa

1. YcranosuTh TyMONEp «BKJI» ncToYHHKa NUTAHUS B BBIKJIO~
YeHHOE TOJIOXEHME.

2. MMoaxmouynTk K nuTaoeil cetn ~220 B ceTeBylo BUIKY HC-
TOYHHKA TIUTAHUS.

3. Broniounts TyMOsep «BKJI». IIpy 3TOM Ha nepeaHeit nmaHenu
UCTOYHHMKA NMTaHuA 3aroputca uHaukaums «CETbs.

4. Yepes Bpema He MeHee 30 ¢ mocne BKIIOYEHHsS Tymbiepa
«BKJI» Haxatb kHOTIKY «3AITYCKb». IIpu 3TOM Ha nepenHel naHe-
JIM UCTOYHHMKA TIMTAHHA 3aroputcs wHaukauusa «BbICOKOE» n
HayHeT paboTaTh UAy4yartenb. s BLIKIIOYEHUS Jlazepa TymMbnep
«BKJI» noctaBuTh B BHIKJIIOYEHHOE TIoNOXeHKe. TIpy aToM nHanKa-
uusa «CETb» noracHer cpasy, a nHaukauus «BbICOKOE» — uepes
5-8 ¢. 3atem OTKIIOYMTE BUIKY HCTOYHHKA NNTAHUA OT NUTAIOWIEH
CETH.

IOctuposxa ycranoexu. [Ipy HEo6XONWMOCTH JOCTUPOBKa YCTa-
HOBKH MPOBOAUTCA 1a60paHTOM WJIH NPENOAABATEIIEM.

Ilopsnox HamepeHnit

I'lpy ¥3MepEeHUsIX PEKOMEHIYETCS TONB30BaTheA Jynoif. Pacnona-
raTh Jiyny clAeayeT NOoAIblle OT 3KpaHa, YToObl NOAYYHTE HAanGOoMb-
lee ypelyueHue WIKANBl M HE 3aropaxuBaTth €io JIy4H, OTPaXEHHbBIE
OT TINacTHHKU. B npoliecce paboThl yI1o0Kee U3MepATH AUAMETPHI
CBETJIBIX, 2 HE TEMHEIX HHTEPDEPEHLUIMOHHBIX KOJELl, TaK KaK lKa-
J1a B MECTax pacroJIOKCHHUS CBCT/IBIX KOJICLl OCBeLIAETCsA Boee ApKo.
CoBeplieHHO OYeBUAHO, YTO IMHEHas 3aBUCUMOCTD (14) He Hapy-
WMTCS U KOIPDULIMEHT b OCTAHETCA TEM XKeE.

J1s noctpoerus npsaMoit D} = f(N) Heo6XoaMMO U3MEPUTH AM-
aMeTphl 10—-16 cpemIRIX Koneu. JInaMeTp Koiblia onpeaenseTcs no
TOPH3OHTATBHOM LIKaNE KaK CyMMa KOOPAHHAT €r0 JIEBOro ¥ NpaBo-
ro panuycos. [Ipy 3TOM BHayasne OnpeAensioTcs KOOPAWHATE palH-
YCOB 10 OQHY CTOPOHY OT LIEHTpa, 3aTeM — IO APYTYiO CTOpOHY. Pe-
3yJIBTATHl H3MEPEHUTH 3aNUCHIBAIOTCS B TaONHIYY NaHHBIX.

B KauecTBe YKa3Ky TPH HIMEPEHUAX HENb3A UCMIONL30BATh Pyy-
KM ¥ Kapangawy. Takue ykasku noptaT 3kpaH. Bonbwoe ysennye-
HHE, NaBaeMoe JYNOoH, No3BoJIgeT U 6e3 YKa3KM JIETKO ONpeaciaTh

. NIOJIOXEHHE HYXHOTO KOJIblla Ha 1Kane. B xoHle n3MepeHuH ¢ no-
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Homep Orcyer Orcuer Dy, D X X, L,
KOMbIa, chega, cnpasa, cM oM’ oM oM cM
N MM MM
1
2
2
N

MOLUBIO METOK Ha pENTepax ONpelNeNaUTh KOOPAMHATHEL 3KpaHa U
CTeKJISTHHOI TIACTUHKU. Pe3ynbraThl M3aMepeHUii 3amucarh B Tab-
JINLY BaHHBIX.

O0paboTka pe3yabTaToB H3MepeHul

1. Tlo pesynsTaTaM H3MEPEHUN BEIYMCIMTH AMAMETDHI KOJEIL
(B cM) M paccrostHUE L MeXIy 3KpaHOM U CTEKIISIHHOH [UIaCTUHKOIA,
Ina BeryucneHunss L Bocnosib3oBaThest (hopmyson

L=[(X,—X)—1,32] (cm).

lMonpaeka 1,32 cM BBOOUTCST MOTOMY, YTO METKU peUTEPOB HE
JlexXaT B MUIOCKOCTAX 2KpaHa U nepeaHeit rpaHy CTEKIISTHHOMN rutac-
THHKH. Pe3ynbTaThl BEIMUCIEHHIT 3aHECTH B TabsiMLly JaHHBIX.

2. Ha MmunnuMeTpoBoit 6yMare nocTpoyuTth rpadyK 3aBUCHMOCTH
D} ot N vi BHYMCIIMTL TaHTEHC Yria HakiioHa npsamoit b. Tlpu no-
CTPOCHUMU rpaduKa BbIOpaTh Takoi MacwTab, 4ToObl 1 ¢M Mo ocu
abcuucce coorsercTBoBas D=1, a no ocu opanHaT — AD}? =5 cMm?.

3. Uicnonb3ya ¢popMyny

1622

BBIYUCIINTH NTOKA3ATeJIb TIPEIOMIICHNS CTEKISFHHON TacTUHKH. Tpu
BBIMUCIICHUSIX NOJOXHUTHL A= 6328 A , h=20,3 MM. MeTOA BBIYUCIE-
HUA MOTPEIHOCTH U3MEPEHUI TOoKa3aTesd NpeJIOMIEHHUS 1 obey-
JIUTH C NPENONaBaTEe/NEM.

TIpH oTYeTe NPEACTABUTL: 3aNONHEHHYIO TabIHMUY AaHHLIX, Tpa-
¢dux 3aBucumoct¥ D)} oT N U BBIYUCIIEHHOE 3HAYECHME MOKA3aTeNs
IMpeJIOMJCHUA CTEKISTHHOM TJTACTHHKH 1.

JIurepatypa

Camenbes W. B. Kypc obuweit duanxy: Yue6. nocodue. B 5 kH. KH. 4,
Bonupl. OnTHKa. — 4-¢ n3n., nepepad. — M.: Hayka. ®uamarnur, 1998.
T'naea 4. UurepdepeHuns ceera.

§ 4.1. MUnTepdepeHUMs CBETOBBIX BOJH.



3anaua Ne 40

OIIPEAEJEHHME JJIWHBI BOJTHBI UCTOYHUKA

CBETA C IIOMOWILIO BEUIMH3LI 1 BUTIPUIMBI

Ilens 3anayu: onpejieeHKe NSIMHBI CBETOBOM BOJIHEI MCTOWHMKA.

OCHOBHBIE NOHATHA M COOTHOWIECHMSA

B 3anaue nayyaoTcs MHTEP(PEPEHIIMOHHBIE CXEMBI C GUIIMH30N U
6UNpN3Moit, KOTOPEE CBOAATCA K CXEME C IBYMS KOTEPEHTHLIMMU TO-
YeuHbIMM MCTOYHUKAMM cBeTa. VM3 TEOpHMM cnefyer, 4To npu COoT-
BETCTBYIOLIEM HAOGNIOACHMM URTCDOHEPECHITMOHHONW KAPTUHBI BHINIOJN -
HSIETCA COOTHOUIECHUE

A= -’D— Ay, M
rae X — JUIMHa CBETOBOI! BOJIHbl MCTOYHWKA CBETA; Ay — WVPUHA
UHTEPDEPEHLIMOHHOMK NOAOCH!; I — pacCTOAHME MEXAY KOTECPEHTHLI-
MM UCTOYHWUKaMM; D — paccTosiHKe OT 3TUX KCTOYHUKOB 0 THOC-
KOCTH, B KOTOPOi1 HA0MI0AaeTCA HHTEPDEPEHIIMOHHASA KapTHHA.

dopmyna (1) NO3BONAACT ONPENENUTH BJIMHY CBETOBOWM BONHEL UC-
TOYHHKA, YTO U AABJIAETCA OCHOBHOM 1ENbIO 3aaUN.

B cxeMe ¢ OMNIpU3IMOH N300paXeHus WENN MHUMBIE, TIO3TOMY
pPacCTOsIHUE MEXIY HUMH Heb3A U3MEPUTHL HEMOCPEACTBEHHO. Tlo-
KaXeM, YTO 3TH U3006pakKeHNs S, 1 §, HAXOAATCH HA TOM Xe pac-
CTOSSHUU d OT OMNPU3ME], YTO U Liensb S, U BuiBeaeM GopMyry s
paccTosinus [ Mexay HuMM. BriOpas crcTeMy KOOPAVHAT, KaK TIOKa-
32aHO Ha pMC. la, HaigeM ypaBHEHUE y(X) NMyuyeil, NpeaoMacHHLIX
BEPXHEH Ha 3TOM PUCYHKE TOJIOBMHON OUIIPU3IMBL.

Jlyy, najaomuit Ha GUNPU3IMY TIOA YITIOM i, IOC/E ABYKPATHOIO
MPENOMJIEHMS Ha €€ TPaHsAX COCTAaBUT C ochbio X yron ¢<0 u orceuer

Silx, 1) )

)

Puc. |



Ha OCH y OTPE30K dtgi, Tae d — pacCTOSHME OT e A0 OGUTIPHIMEI
(TomuyHoi 6uNpy3MHI NpeHebperaeM BBUAY MANIOCTU NIPEJIOMIISIO-
uiero yrna f). IloatoMy ypaBHeHuUe NpsIMOIA, MO KOTOPOH pacnpo-
CTpaHsAeTcA yd, UMEeT BUR: y = (—ige)x+ dtgi. Bce yrami, 3aneii-
CTBOBAHHEIE B 33aJa4e, MANbl BCJIEACTBUE AOCTATOYHOM YIANIEHHOCTH
menu OT OunpH3MbEl U MaNOCTH yria f, Tak 4YTO JNA HHX
tga ~sina~a U ypaBHeHHe NPeIOMIICHHBIX Nydeil TpHHUMaeT BUA;
y=(—@)x+id. HWcnonwdya NBaXIHW 3aKOH TIpeJOMJICHUA
sini/sinr =n u sini’/sinr’ = n, B KOTOPOM 328MEHHM CHHYCHI YIJIOB
Ha CaMH YMIBI, U JBa COOTHOWIECHUS MEXAYy Yraamu: i'=B—r u
¢=r'—B, cneaywouue U3 puc. 16, umMeeM cuctreMy ypaBHeHUH:
ifr=n, i'/fr=1/n, i!=p—r, o=r'—B, U3 KOTOPOI HAXOAUM:
¢=Pp(n—1)~i, ¥ ypaBHeHWE TIPEJIOMJIEHHBIX Jy4eil TIPUHUMAET
OKOHYaTENBHBIT BUA
p(x)=—[p(n—1)—ilx+id,

rae yroj naacHus i BXOOUT KaK NnapaMmerp.

HaobpaxeHnue S, MCTOUHHKA CBETA HAXOAMTCA B TOYKE C KOOPAM-
HaTaMM X, y,, B KOTOpO# TICPECEKAIOTCS HaNpariIeHUs JiydeH, T.c. B
KOTOpOH 3HaueHHWE KOOPIWHATHI ¥ ONMHAKOBO IJI BCEX JIyueii TTyuKa
HE3aBUCUMO OT yIiia naneHus it y(x,) = y,. HezaBUCMMOCTb KoopaMHa-
THI ¥ OT { O3HAYAET, YTO B 3TOi1 Touke dy/di=0. InddepeHumnpys
dyHkuMIO y(x) Mo i, uMeeM: x+ d=0, oTkyaa x, = —d. IloacTapnss
3TO 3Ha4YeHMe X, B PopMyy s (x), HAXONUM KOOPAMHATY y, M306-
paxenus: y =d(n—1)p. Haobpaxenve S, MHMMOE, TaK KaK B TOYKE
(x,,¥,) TiepeceKaloTcs He CaMU Jy4H, a8 UX MBICJIEHHEIE TIPOIOIDKEHMS.
U3 coobpaxkeHMit CHMMETPUH OUYEBUIHO, YTO MPOIOJKEHUS JIydeil,
TIPEJIOMJIEHHEIX ZIPYTOM TTOJIOBUHON GMNPH3MEI, MIEpeceKaloTcs B TOY-
Ke S, PACTIONIOXEHHOW CHMMETPHYHO C TOYKON S, OTHOCHTEIBHO
ocu Ox (puc. 2).

Takum o6pa3oM, 10Ka3aHO, YTO GUITPU3MA C MATBIM NIPEJIOMIIS-
JOLUVM YIVIOM IIA€T IBAa MHUMBIX M300paXeHUs yIaneHHOro UCToy -

Puc. 2
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HUWKA CBETa, HAXOAAIYXCH Ha TOM X€ PACCTOAHUU ¢ OT GUNPUIMBL,
YTO Y CaM UCTOYHHK, M Ha PAcCTOSTHUM

I=2d(n-1)p 109
APYT OT Ipyra.

OnncanKe yCTaHOBKH
HurepdepenuoKHan cxema NpeacTaBiacHa Ha pyuc. 3.

Harpuesan namna BunuHaa
B KOXyXe uni Gunpuama Oxynapnbiid

MUKDOMETD
j wene

1T

OnTUyeckan craMbA
Puc. 3

B KayecTBe HCTOYHMKA CBETA UCIMONB3YETCA Y3Kas BEPTHKaNbHAs
H1e)Ib, OCBEIIaeMast HATPUEBOH amTIoN, KoTopast UCTTYCKAeT TIPaKTH-
YeCKH MOHOxXpoMaTHuecKUii ceeT. Lllens cHabxeHa BUHTOM, peryiu-
pYOLIUM ee upuHy. g naMepeHus: IUPUHLI UHTEPHEPEHIIHOH-
HBIX TIOJIOC U PACCTOAHNN MeXITy BTOPHYHBIMU HCTOUYHHKAMH CBETa
HUCITONIb3YETCH OKYIISIPHBIM MUKpPOMETP. Bee erany yCTaHOBKM pa3-
MEWEHH HA ONTHYECKOH CKaMbe, CHaOXEHHON CAHTMMETPOBBIMYU
nenenusMn, OnpaBbl ¢ BUITMH30M, OUNIPU3MOI U OKYIAPHBII MUK-
pPOMETP YKPEIUIEHbl Ha BEPTHKAIBLHbBIX CTEPXHSAX — JAepXaTelisx, yc-
TAHORJIEHHLIX Ha TOA3ymKax. ITonsymxku MoryT cBoGoaHo nepemMe-
1IATLCA BAOJL ONITHYECKON cKaMby. BUNMH3a 1 MUKPOMETP MMCIOT
ellie U TOPU3OHTANIbHLIE BUHTOBBIE Cala3KH, MTO3BOJIAIOLIME NEpEME-
1IATh UX B TOPU3OHTAILHOM HAIIPaBICHUH NEPICHANKYJISIPHO ONTH-
YyecKkoi CKaMbe, YTO HEODXOXMMO IS JOCTUPOBKY BCEH YCTAHOBKH.

- Vnpaxcnenue 1
Onpeaenenye LIHHL BOJHB HCTOYHHKA CBET2
¢ IOMOINBIO OHIMH3LI

Iepeui cnocob. BwiuH3a pacnosaraercs Ha pPacCTOAHWUMU OT
weau, GobmeM POKycHOTO paccTOSHHS JIUH3bI, ¥ JOAU OUITHHIBI
Pa3IBHHYTHI 110 OTHOUIEHHIO K MX TOJIOXEHMIO B LiejI0i aunse. Xon
Ayyeit npencrasiaeH Ha puc. 4, rne §— MCTOYHHUK CBeTa (1ENh), S,
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N1/ /111 mlmr

i

Puc. 4 Puc. 5

U §, — €ro neiCTBUTENbHbIC U300paxXeHU, a o6nacTe UHTEPPEPEH-
HUU 3aHITPUXOBaHA.

TMoaroroBka cxeMbl K U3MEPEHUSM OCYLLECTBIAETCA 10 UHCTPYK-
LIMY, KOTOpasi BBLIACTCH JIaGOpAHTOM HEMOCPENCTBEHHO Neped Bbi-
TIOJIHCHUEM 3alauM.

Tlopanox n3mepensii

CornacHo dopmyne (1) 1A onpeaeseHUsA AL HEOOXOIUMO H3Me-
PHUTb BEJIMUWHBI Ay, D u /.

IIvpuHa NHTEPGHEPESHIIMOHHOM TIONOCH Ay PacCYMTBLIBAETCS Clle-
JIyloumM obpazoMm. I'nsas B okyssap v Bpaiias 6apabaH OKyIsspHOTO
MMUKPOMETpa, HABOAAT COKPECTHE HUTEH HA OIHY U3 TEMHBIX JTUHHN
(MMHUMYM) MHTEPGEPEHLMOHHOM KapTUHBI U 3aNUCHIBAIOT OTCUET Y,
no wkane bapabana B MM (LieHa aeneHud wkains 0,01 MMm). 3ateM
MEPEMELLAIOT COKPECTHE HUTEH HA MATh WHTEP(HEPEHIHOHHBIX NMO-
JIOC, T.e. HAaBOLST €Tr0 Ha MATYI0, HE CYUTast UCXONHOMH, TEMHYIO MO~
JIoCy M 3aMUCHIBAIOT BTOpo# orcueT y;. QueBnaHo,

|)’s - .Vo|

Ay=—'—5——.

HaMmepennss nosTopsIOoT He MeHee TIATH Pa3, KaXnblil pa3 Wi
TPYNIB U3 NATH UHTEPGDEPEHLIMOHHBIX TTOJI0C, BEIYUCISIOT CpeaHee
3HAYCHHUC Ay M OLCHUBAIOT IIOFDCIHHOCTI: H3MCDCHMHA,

JAnst uamepenus D perncTpupyloT MCXONHOE NMONOXEHNE OKYNSP-
HOro MMKpOMETpA, 3anucbiBas OTCYET MO LIKAne ONTHYECKOl cKa-
MBH (B MM). 3aTE¢M NepenBUraloT MUKPOMETD B HarpaBJICHUU K OM-
JIWH3E Y PETMCTPHPYIOT €ro NoJI0XEHNE, TIPU KOTOPOM TIOSIBJISIONIY-
ecsl B ToJe 3peHMs U300paXeHUs 1eny (OBe XenTble NOoNochl)
Haunbosee y3khe U YeTKue. PazHocTs 3THX OTCYETOB OMpPEIEeNNT UC-
KoMoe paccTosinue D Mexny uHTepdhepeHIMOHHONA KapTUHOH U
M300paxeHusAMU S, U S, ey,

Jnsl i3MepeHUsT paccrosiHus [/ MexXny N300paxeHHsIMUA UIEY Ha-
BOAAT COKPECTHE HUTEW MUKPOMETPA TTOOYEPEIHO Ha M300paXeHUs
wenei ¥ 6epyT pa3HOCTL OTCUETOB (B MM).
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Buancienns

TMoncrarusis B dopMyay (1) usmepeHHble 3HadeHus D, / u cpen-
Hee 3HAYEHHUE Ay, HaXOIAT UCKOMYIO JJIMHY BOJHbLI A. OLeHWBAOT
NOrpEeLIHOCTb U3MEPEHUS A.

Bropoit cnoco6. Ecv 1oy GMIMH3BI CONMXKEHDI MO CpaBHEHHIO
€ UX MOJIOXEHUEM B LIEJION NUH3E, TO 0ONACTh NepeKPLIBAHUSA CBe-
TOBRIX MY4KOB, Iie MOXeT Habnionarbea WHTepdepeHUIMOHHA Kap-
THHA, HAXOIUTCA MeXNy OWIMH30i U NeHCTBUTEILHBIMU N3006paxe-
HUIMH S| H S, IeNH S, KaK 3TO BUAHO M3 puc. 5.

PyKOBOJACTBYACE MHCTPYKLIMEH, OCYIIECTRIIAIOT HEOOXOAUMBIE U3-
MEHEHHS B CXeMe, 10OUBasACh MOSRNEHMS YCTKOH MHTEPhEpEeHUNOH -
MO KapTUHLI.

Bce naMepeHus, 3anmch pe3yILTaTOB U pacyeThl TPOBOMATCH aHa-
JIOTUYHO NEepBOMY cnocoby.

Ynpaxcuenue 2

Onpenenenve AIMHLL BOJHEI HCTOYHHKA CBET3

C NOMOMIBIO OHIPH3MBI

JUIMHa cBeTOBOI BONHBI A MCTOYHMKA BRIYUCAAETCS 1O HOPMY-
ae (1). IIupuna Ay uutepdhepeHUNOHHON NOJIOCH U3MEpPSETCH, KaK
B YTIpaxXHeHuH 1.

MHuuMble M306paxeHus S, U S, WeaM IeXaT B ONHOI TJIOCKOCTH
co menso S (puc. 2), noatoMy D B popmMyne (1) ecTb paccToaHNe
MEXIy lleJiblo U HabmogaeMol MHTepdepe HUMOHHOW KapTHHOM,
PACIIONOXEHHOI B pOKaNbHOM MJIOCKOCTH OKYJsipa, — €ro U3Meps-
IoT MuHelKoi. Paccrosuue /=88, MexXay MHUMbIMH U300pakeHH-
SAIMK L1eIU BHIYUCAAOT To dopMyne (2). Paccrosiume d ot menu no
GUIIPU3MEI N3MEPSIOT JIMHEHKOMN, a 3HAYCHUST TIOKA3AaTeNs TpesloM-
JIEHUS B CTEKIa U TIPEJOMIISIIOILEro yria  6Unpu3Mbl yKa3aHbl Ha
TOMN3YIIKE.

JIureparypa
Cagsenner U.B. Kypc obuieii ¢dusuku: Yued. nocodue. B 5 k. Kh. 4.
Boaubl. OnTHka. — 4-e w3n,, nepepab. — M.: Hayxa. ®namariur, 1998.

Tnasa 4. Unrepdepenuns cuera.
§ 4.1. UrTepdepeHLIMS CBETOBLIX BOJIH.
§ 4.3, Cnocobbl HabNMoAeHUST HHTepEePEHLHH CBETA.
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3anaua Ne 41

OHPEJIEJIEHHE PAJWYCA KPUBU3HbBI JIUH3bI
METOJIOM KOJIELlT HBIOTOHA

Heas padoThr: M3ydeHUE SIBIIEHUS MHTEPhEPEHLIMU CBETA B ONbI-
Te no HaGmoaeHuIo Koneu HbioToHa B 0TpaXXeHHOM CBETE M OTpe-
IENeHNE Paanyca KPUBU3IHBI AWH3BI.

BuiBoa, pacyeTHoil ¢opMyIBI

IlycTh HA TMH3Y Malloit KPUBHU3HBI, COMPUKACAIOUIYIOCS C TIIOC-
KOi1 MOBEPXHOCTBIO XOPOILO OTNIOTUPOBAHHOMN MNACTHHKHM, HOPMah-
HO NagacT NyyoK MOHOXpoMaTHhyeckoro ceeta (puc. 1).

Ha pucyHke H3o6paxeH TONbKO OOUH JydY
3TOro Nyuyka. B pesysnbTaTe HANOXKEHUS CBETO-

0 BbIX BOJIH, OTPAXeHHBIX OT BEPXHENH M HUX-

HEW TpaHUL BO3AYUIHOH MpOCnonkH, OyaeT

5777 Habmogarbesl MHTephepeHUUs. B cuny Toro

K 2/ YTO TOJIUIMHA BO3LYUIHOM NPOCIOHKU MEXIY
AANPNRILS JIMH301 U NJIACTUHKO NOCTeNeHRO YBEJINYU-

BaeTCA OT TOYKM CONPMKOCHOBEHMS K KPasM,

Puc. 1 Habuto1aeMas MHTepEepESHIMOHHAA KapTHHa
SABJISIETCS TIPUMEPOM TIOIOC PABHOI TOJIIHHHEI,

Benencrsue CMMMETpUM OTHOCUTENBHO ocM OD uHTepdepeHIHOH-
Has KapTHUHA UMeeT BUI KOHLEHTPHYECKUX TEMHBIX U CBETJILIX KO-
Jlery 1 HOCUT Ha3BaHue konel, HeloToHa. PasMephbl U monoxeHue Ko-
Jeu HrloToHa npy HOpMankHOM NajieHWM CBETa Ha NOBEPXHOCTh
JIUH3Bl HETPYAHO PACCYMTATh, €CJIH YYECTh, YTO BbICOKAS BUAMMOCTL
UHTEpdEPEHLIMOHHOMH KapTUHBI HMEET MECTO NUILbL B TOHKOM CNOE,
MPAaKTHYECKH COBITAJAIOLIEM CO C(HEPUIYECKOH ITOBEPXHOCTBIO NMH3HI.

Jnst BoiuMcneHus onTuyeckoil pasHocTH xoga (OPX) snyueir B
Touke K Ha cdhepHUECKOH MOBEPXHOCTH NMHILL BOCTIONB3yeMcs Ghop-
Mynok

(OPX) = 2h(n? —sin® ))*® + /2, (1)
Tae 4 — pacCTOAHUE OT TOYKU K A0 NOBEPXHOCTH NMIACTHHKH, N —
noKasatesb IPENOMIICHUSA Cpeabl (BO3yXa) MeXIy JHH30H 1 mnac-
TWUHKOI1, paBHHI# |; / — yron nageHus yyda.

ITpy HoOpMansHOM TIAIGHNH, YTO MMEET MECTO B IAHHOM CAydae,
i=0, A — anvMHa BOAHBI U3NnyYeHus. M3BecTHo, 4TO yciaoBueM 06-
pa3oBaHUsl HHTEPGHEPEHIMOHHOTO MUHUMYMa SBISCTCS PaBEHCTBO
OPX-nyueit HeueTHOMY 4HC/y MoayBosH. C y4eTOM CKa3aHHOTO
BhILIE TS MHTEP(DEPEHLHOHHOIO MUHMMYyMa TIOPSAKA M MOXHO 3a-
TINCaTh CAENYIOLIEE PABEHCTBO:
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A A
2h+-2--(2m+l)5,

W
2h=mx. (2)
Hcnonk3ysa puc. 1, HalineM COOTHOLLEHUE MEXRY 4, PaluycoM 7,
TEMHOro UHTEPGDEPEHIIMOHHOIO KOJAbla NMOPSAKA M U PanHycoM
KpUBW3HBI NHH3K — R. TIpy BLIBOJE 3TOTO COOTHOLUCHHS YYTEM,
uTO B pe3ynbTaTe nedopMalluy CTEKJIA B MECTe KOHTaKTa NpH BUAE
CBepXy MOBEPXHOCTb KOHTaKTa uMeeT ¢popMy Kpyra. Ha uHTepde-
PEHLIMOHHOM KapTUHE 5Ta NMOBEPXHOCTH COOTBETCTBYET UEHTPANBHO-
MY TEMHOMY NATHY paauyca 7,. BeeaeM caenyiomme obo3HaueHus:

OK =0C =R,
OB=H,
BD=h,
KB=r,, 3)
CD=r,
M3 npsaMoyronsHseix Tpeyroabiuxos ODC v OBK nmeem:
(OB + BDY! = 0C? - CD?,
OK? = OB* + KB’

WU
(H+h?=R—r2, 4
Ri=H+r2. 5)
M3 paBeHcTBaA (4) HaXOOIUM
H=(R*-r})*—h. (6)
MonctaruM (6) B ypasHenue (5):
R = R* - if - 20(R? = 1{)* + H* + 1. (7)

Ecau yuects, yto ry<< R u h K R, TO BeaM4YMHaMH ri NoJ Kop-
HeM U A* MOXHO TipeHebpeyub. PaBeHcTBO (7) B 3TOM ciiy4yae npnos-
peraeT BHI

2h = 7’(-(’;3 - Ibz). (8)

TloncraBuB (8) B ypaBHeHHMe (2), MOTYYUM HMHTEpECYIOLEE HAc

COOTHOILIEHHE

%(rf, —13,2) =mA
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HIN
2 = mRA + 1. )

m
Tak kak npu U3MEPEHUSIX ONPEAENIOT 3HAUCHHUS INAMETPOB KO-
Jel, a He pajinycoB, TO Gosee yAoOHbIM UIsi BEIYHCIICHUH ABIAETCS

cieaymoumece COOTHOIMECHHE:

D2 =4Rvm + D}. (10)
Kak cnenyer ua dopmyns (10) 3aBUCHMOCTD D2 OT m JInHeiliHa, T.c.
DX =bm+ D} (1)

Tloctpous 3aBucumocts D2 OT m, 10 KO3DGHULMEHTY b HaKIOHa
3TOM MpsIMOI MOXHO BLIYUCINTD PAANYC KPUBU3IHBI IUH3H R:

b
R=o 12)

Omnmncanue yCTanoBKH

OnTuueckasn YCTaHOBKA A HaGmonerus konell HeloTtoHa cobpa-
Ha Ha Gase ctepeockonuyeckoro Mukpockorna MBC-10. O6umit sug
YCTAHOBKM MPEICTARICH Ha PUC. 2.

1
—\f1 _— 5
] L
J

Puc. 2

TIy4yok cBeTa Oid OCBElEHUs JIMH3bl CO3[AeTCSi OCBETHTENEM
(cM. puc. 3). TTvuTanue ocBETUTENS OCYLUECTBIAETCH OT UCTOYHUKA,
H3006paXEHHOrO Ha pHcC. 4.

Hopmanbshoe nageHue nyyka cBeTa Ha JIMH3Y JOCTHTaeTes B pe-
3yJbTaTe TOrO, YTO OCBETHTE/b YCTAHABJIWRAETCHA HAa MECTO OJHOIO
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el

Puc. 3

N3 OKYJISpOB B GMHOKYNsIpHON Hacagke MUKpockona (CM. puc. 5).
JIns nonyyeHUss MOHOXPOMATHYECKOro Ny4Ka ¢BeTa Mnepes OCBETUTE-
NeM pacrionaraercs CBETODUALTP ¢ y3KOil nNonocoil nponyckaHus.
MecTo BTOpOro okysspa B GHHOKYNSPHON HacalKe 3aHMMAET OKy-
napHbIil MukpoMetp. C rnoMolsio OKyNIpHOrO MUKPOMETPA U3Me-
psatoT auameTprl konel Helotona. M3o6paxenne koneuw HbiotoHa,
coanaBacMoe 0OBEKTHBOM MHUKPOCKOIaA, pacioaaraetcs B poxkanbHOM
TJIOCKOCTH OKYJISIPHOTO MUKPOMETPa. TaM Xe pactioNoxeHbl Henoa~
BUXHAA WKana ¢ aeneHusiMm ot 0 no 8 MM, noaBUXHOE NEpeKpec-
THe W HHIEKC B Bune GyuTpuxa (cM. puc. 6.)

88, x ocaerurenmo

SbiKNICHaTONL

é! PYHKa PErynaTopa Hanpax.
NHTaRNA NBMALL

C 2

Puc. 4

ToaBinKHOE NepeKpecTHe U MHACKC PAa3MEILAIOTCS Ha TJIaCTUHKE,
KOTOpas nepeMeliaeTca B nNoJie 3peHust OKYNsipa OTHOCUTENIBHO He-
MOABMXHOM 1UKANLI C NTOMOUIBIO MUKPOMETPHYECKOTO BUHTA, CBSI-
3aHHoro ¢ GapabaHoM (12) (cM. puc. 5). lllar BuHTa pareH | MM.
TIpn nNOBOpPOTE MUKPOMETPHUYECKOTO BUHTA 3a HAKATAHHYIO YacTb
6apabana (12) Ha onuH 0BOpOT BULLITPUX U NepeKpecTie NepeMeLLa-
JOTCS B TONE 3pEeHUs OKYJsipa Ha OAHO neJicHUe wkanei. Crnenosa-
TENIbHO, HEMOJBUXHAA 1Kaia CHAYXKHUT I OTCYETa NONHBIX 000po-
ToB GapabaHa, T.e. Henhix MwuMeTpos. bapaban (12) pasaeneH no
okpyxHocTH Ha 100 nenennit. IToBopot bapabara Ha onHoO AeneHue
COOTBETCTBYET NepeMELLEHUIO TiepekpecTsi U GmmTprxa Ha 0,01 mm.
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Taxum ofpasoM, ongHo AeneHue 6apabana coorBetcryeT 0,01 MM.
Otcuer no 6apabaHy (12) NpoN3BOAUTCS TOYHO TaK Xe, KaK ¥ Ha
OOBIYHOM MUKPOMETPE, T.€. ONpele/saeTcs AelleHUe Kkl 6apaba-
Ha, KOTOPOE HaXOZWTCA NMpPOTHB LUTPHXa, HAHECEHHOrO Ha Hemofa-
BuXHOM nuanHape (10). TIoNHBIN OTCYET 10 LIKaNaM OKYJISPHOTO
MUKPOMETPa CKIAABLIBACTCS U3 OTCYETA MO HENOLBUXHON WIKANE M
otcueta o 6apabaHy. Hanpumep, ecliv MHACKC HaXOAWTCA TIPOTHB
JeneHus «55» mkansl 6apabaHa, a GUIITPUX, KaK Ha puc. 6, pacro-
JIOXEH MeXY JeneHUAMH «0» U «1», TO NOAHBIM OTCYET MO WKaJTaM
pasen 0+ 0,55=0,55 mM.

IoaroroBKa ycTaHOBKM K padore

1. ITonoXuTh ONMpPaBKy € JUH30U U CTEKIAHHOMN TIIACTHHKOMN Ha
TMPEAMETHBIN CTOTHK MHUKPOCKOTIA,

2. TToaKIIOUMTL OCBETUTENDL K HCTOUHUKY MTUTAHWUS: BUIKY NMUTA-
HUS OCBETUTEJIS BCTAaBUTH B PO3ETKY, HAXONSIIYIOCSl Ha KPhILIKE KC-
TOYHWKa NIMTAHUA, KaK NOKAa3aHo Ha puc. 4.

3. Bxy1rouMTh CETEBYIO BWIKY UCTOUHWKA MUTAHUSA B ceThb 220 B,
50 Tu.

4, BKTIOYMTL OCBETHTENL: TOCTABUTL BEIKIIIOYATEND Ha KOpnyce
UCTOUHUMKA MUTAHUA B nonioxeHue «Bxkn». Pyuxy perynuposxy Ha-
NpsSXKeHUS (CM. puC. 4) YCTAHOBNTD B ¢penHee nojoxeHue. Ilo cee-
Ty, NpofuBalowiemMyca yepel pebpa paavaropa oxjaaxnenus, yoe-
JIMUTbCA, YTO OCBETHTENL BKJIIOYEH.

OcsaTureND

ANMRNRR!
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5. BpaluenueM okynsipa MUKPOMETpA 3a HaxaTaHHoe Konbuo (11)
(cM. pHc. 5) TO6UTBECA PEe3KOTO HM300PAKEHHUA NEPEKPECTNS U OT-
CYETHOM LIKANEBI B NONE 3peHUST OKYISIPHOTO MUKPOMETPA.

6. PykoaTky nepekioyeHus yeaudenuii (9) (cM. puc. 2) yctaHo-
BHTH B NOJIOXEHUE 2.

7. ChoxycupoBaTh Tpy6o MMKPOCKOIT HA M300paxkeHue Konell
Huiotona. st atoro pykostkoit gokycupoBku (3) (cM. puc. 2) ye-
TAHOBHUTH MOABMXKHYIO METKY 2 IIKATE (4) Ha NEBOU CTOPOHE KOP-
myca MUKPOCKOTNA HaNIPOTUB HEMOABMXROM MeTKU «0».

8. Paccmarpusas xonbua HbloTOHA yepe3 OKYyIsIpHBIA MUKPO-
METp, MPOU3BECTH TOUHYIO HOKYCUPOBKY MUKpPOCKOMNa',

JInst Toro UTOOLI OINBITHBEIM TIYTEM PELIMTb BOMPOC O NOKAIM3a-
LMY UHTEPPEPEHUMOHHON KapTUHbBI, Ha BRIMYKAYIO [T0BEPXHOCTh
JIMH3bI, HElATIEKO OT TOYKY €€ KacaHHsl CO CTEKIAHHOM TUTACTUHKOM,
TYWIBY0 HaHeceHa Toyka HeGonbuwinx pasmepos. Ilpn ¢okycnpoBke
MMKpOCKONa 06paTuTL BHUMaHUE Ha TO, YTO YETKUE U300paKEHUs
UHTEPDHEPEHIIMOHHOI KAPTUHBI U KOHTYDA TOYKH HACTYIAIOT OAHO-
BPEMEHHO. -

9. BpauleHueM pyyxy peryJMpoBKHA HarnpsKEHNsT MCTOYHMKA TIU-
TaHUsl YCTAHOBUTH HEOOXOAMMYIO IPKOCTb H30OpaXeHUS.

10. BpauweHueM oTcueTHoro 6apabaHa OKy/lISPHOro MHKpOMETpa
NepeBECTN TOYKY MEPEKPECTHA B JIEBYIO TIOJOBMHY NOAA 3PEHMUS.
TTepeMelieHHEM OIMPaBKH C IHH30H NO NPeIMETHOMY CTONHKY MUK-
POCKOIA PACIONOXUTh LEHTP KoNel NPOTUB IUTPHXa 4 HEMOABUX-
HOM 1UKaNhl TaK, YTOOLI NMHKH NEPEKPECTHS CTAIN KacaATEeNLHBIMU
KO BTOPOMY (WIM TpeTheMy) xonbly (cM. puc. 6). IIpu Takom nc-
XOIHOM PacIiOJIOXXEHHH TOYKA NepeKpecTus MpH BpalieHUU 6apaba-
Ha OydeT nepeMelnarbes no AMaMeTpy Kosnell,

Ynpasxcuenue 1
H3mepenue nnamerpor kojell HoioTona

Bynem npou3BoaUTE U3MEPEHNS AUAMETPOB TeMHBIX Koneu. Ile-
pél NpoBeaeHUEM U3MEPEHUI YOeAUTLCA, UTO AMaMETp LieHTpaibHO-
IO TEMHOTO [ATHA MO HEeMONBMXHOM LlIKaNe OKYISIPHOrO MUKPOMET-
pa He mipesbiliaeT 2 MM?, JIlnaMmeTtpnl Kosiell HploTOHa M3MepsioT
clienyloinM obpasoM. [lepeMeruas TOUKY nepekpecTusi OKyAsipHoro

! Ecayv nHTepdepeHUMONHAs KAPTUHA He BUAHA, MOATAHYTL KPYFIYIO raiiky onpas-

KH. [1py oTcyrcTBHM KiMoua o6paTHThes X 1abopanty.

Ecnu 3ToT anametp Gonblie 2 MM, TO 3TO O3HAYEET, YTO CHJIA JABJAEHNA JIMH3LI Ha
CTEXTHHYIO TUIACTHHKY CIMLIKOM BeauKa. Takoe AAaBACHHME HAPYLIAET «MJ1I0CKO-
CTHOCTb» CTEKISIHHOM MIaCTHHKHK M MCKAXaeT 3apucuMocTb (1 1). st yMeHbireHus
JMaMmerpa oO6paTUTLCA K JiabopaHTy.

2
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MUKPOMETPA BJIEBO OT LUEHTPA HHTepDHEpeHUMOHHOMU KAPTUHBI CO-
BMCLIAIOT €& C CepeIMHOI NepBoTo (CYUTadA OT UEHTPA) TEMHOTO
Konbua. [Tpou3BoasiT NOAHBIA OTCYET MO LIKaJIaM OKYASPHOrO MHK-
POMETpPa W pe3ysIbTaT 3aMMChIBAIOT B KOJNOHKY X Tabn. 1'. Ilponon-
XKasi nepeMellicHKe TepeKPecTUs B TOM Xe HamnparieHUU, onpeaess-
IOT MONOXEHHME 2-TO, 3-TO ¥ T.1. TEMHBIX KoJcll. Takue uaMepeHmns
npouasoast anst 10—15 koncu. PesynbTaThl BCex M3MepeHUH 3anu-
ChIBAOT B TabJ1. |. BuInonHUB niocnenHee n3MepeHHeE, NEPEMENIAIOT
LIEHTP MEPEKPECTHUN BIPABO OT LICHTPA UHTEPHEPEHUMOHHON KapTH-
Hbl ¥ NPOW3BOASAT U3MEPCHMS CNIpaBa TeX e TEMHBIX KOJiel, Hauu-
Hast ¢ TiepBoro. Pe3ynbTaThl M3MEPECHUI 3aMUCHIBAIOT B KONOHKE X
B Ta6n. 1.

O0palboTKa pe3yALTATOB M3MepeHuil
HuameTtp d, nHtepdepeHUMOHHOrO KOnbLa Mopsaaka m paBeH
Pa3sHOCTH 3HaYeHWH X W X 171 COOTBETCTBYIOLIErO HOMEPA «m»!

upas e
d=X X (13)

npar ace

BelyncneHHblif Takum 06pazom amamerp d, — 3T0 aAMaMeTp H306-
PaXeHUs m-ro KOabla B (POKANBLHOM MIOCKOCTH OKYASPHOIO MUK-
poMeTpa, nonyueHHoro ¢ noMmouiblo c6bekTHBa Mukpockona, Cne-
JOBATEAbHO, UCTUHHEIH IMaMeTp m-To Kojbla B [ pa3 MeHbiue Au-
ameTpa d,, T.e.

D,=d JT, (14)
rae I' — koadhdnMeHT NMHEHHOro yBennueHusi 00beKTBa MHKPO-
cKona.

Ceeaenust 0 Ko3thduuneHTe yeeanueHus I v Juimte BoJIHBI NpO-
MyCKaHUsI UCTIONH3YEMOTO CBETO(MHUILTPA MOXHO NOJYYUTD Yy J1ab0-
paHTa?.

Ucnonssys popmyan (13) u (14), Beiuncauts D, v D2, Pesyns-
TaThl BulYMcneHui 3anucats B Tabn. 1. [To pesynbraram BulYMCACHMIA
Ha MUJIMMETPOBO# OyMare NocTponTh rpatduk

D2={f(m).

Jnsi nocrpoenusi rpabuka BrIGpaTh caeaylolnii MacwTab: no
ocu abcumucc — 1 cM cooTBeTCTBYET Am = 1, IO OCU OpAMHAT — 1 CM
cootsetcTByeT AD?2= 0,25 MMm2. Tlo rpaduKy HalTH KOIPPULUHEHT
HaKJIOHa npsiMoit h. Paauyc KpuBH3HBI JIMH3BI paccuuTaTh No dop-
myne (12), R=5/4.

TTopsaKoBbiii HOMEp TEMHOIO KObla 1IpY OTCHETE OT LUEHTPA COBMNANAET ¢ NOpAA-
KOM uHTephepeHunu m B popMmyne (11).

Ecay cTyaeHT no ykazaHuIo NpenoaaBatens BLITIOMHAET 3allayy B HOJHOM o6beme,
T0 K0o3athduument I' nuneitHoro yBennyeHuns: o6bLeKTHBA MUKPOCKONA ¥ ANHMAY BOJ~
Hbl A OH U3MEPSET B YIIPKHEHUAX 2 M 3 COOTBETCTBEHHO.

2
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Tabauya 1

Topankosuit HoMep
KONBUA Myonuus Koo MM Xogsar MM Dy, mm DZ, mm?

W N -

1S

[

Tlpu otyerTe NpencTaBuTL:

a) 3aN0JIHEHHYIO Tabul. 1;

6) rpaduk 3aBucumoctn D= f(m);

B) BbIYKCACHHOE 3HaYEHUE PaIuyca KpUBU3HBI JIWH3BL R. B Kaue-
CTBE NOrPEIHOCTH U3MEPEHMUA R yKa3aTh NMOrpewHOCTs METOAa.

Ynpaxcuenue 2

Usmepenne auneinoro Koahdpmmenta
ysennyenusi 00bexTnBa MHUKpockona

Iloarorosxa ycTanoBKM K pabote

1. TymOnepom «Bkn» Ha Gnoxe MUTAHUA BHIKIIOYUTH OCBETUTEND
¥ MOJOXAATh HEKOTOPOE BPEMSI, TOKA KOPIYC OCBETHTENA OCTHIHET
U €70 MOXHO OyNeT B3ATH B PYKM.

2. VnepxuBas pykolt Aepxaresib OCBETUTENSA U, TOBOpaYHBasg OC-
BETUTEN D BIONb €TI0 OCH Ha HeGonbiloi yros No U NpoTUB YacOBOM
CTPC/IKH, W3BJIEYDb €70 U3 AepXKaTena Y nepeHecTH B rHesno (1) Ha
Kopnyce MUKpockona (cM. puc. 2). Tak Kak npu HeakKypaTHOM
BHIMOJHEHUM 3TOH Onepaliui MOXET ObITh MOBPEXIEH CBETODHIBTD,
HaxXOAALIUICS TIOX OCBETUTENIEM, TO BBIMOAHUTh €€ NOMKEH Nabo-
PaHT.

3. Tymbnepom «Bki» Ha BnoKe NMUTaAHKA BKIIOYUTL OCBETUTESD.

4, PykosiTkoit dokycnpoBku (3) (cM. puc. 2) COBMECTUTb MET-
Ky «0» (0ObEeKT-MUKPOMETP) Ha TONBUXHOM 1KaNe (4) ¢ HENOABUXK-
HbIM WTPUXOM «0»,

5. B none 3peHUs OKyNIAPHOrO MUKPOMETpa NosiBUTCA n3obpaxke-
HHe o6bekT-MukpomeTpal. Ilpy orcyTecTBnn M306paxeHUs nosep-

! OB6BLEKT-MUKPOMETP NPEACTARIALT co60N NPO3pauHyto NNACTUHY, HA KOTOPOit Ha-

xoauTea u3obpaxenue wkanst, WTpuxu HA WKany HAHOCATCH ¢ ONpeaeneHHbIM
LWATOM, TaK YTO PACCTOSIHWE MEXAY HUMY CHHTAETCA K3BECTHAIM. TaKne NNaCTHHKH
MCNOMBLIYIOTCA st KaIMGPOBKH PaIUUHBIX ONTUYecKnX npubopon. B uchonbaye-

MOM OBhCKT-MMKPOMETpPE PACCTORHUE MEXLY MAILIMU JENEHHAMK LIKAIL paBHO
0,10 MM,
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HYTb oTpaxaTeib (5) (CM. puc. 2) Tak, 4To6bl NY4OK CBETa OT OCBe-
TUTEN Tionanan Ha obsext-mukpoMeTp (7). s nonydeHus paBHo-
MEpPHOTO OCBEILEHUSI PEKOMEHIYETCST UCTIONb30BATh MaTOBYIO (2 He
3epKANBHYIO) TTOBEPXHOCTh OTpaxatens. [loBopoT oTpaxarenss BOK-
PYT TOPU3OHTANIBHOR OCH OCYIIECTRIASIETCH MYTEM BpallleHUS IUCKa
C HaKaTKOM, HaxoIAlIEerocs ciena or rHesna ocseTutes (1). Ilocae
Nnojy4yeHusi paBHOMEPHOH OCBELICHHOCTH I1OJ151 3pEHUS BpallleHHEM
PYKOATKHY (POKYCHUPOBKH (3) J0OMTHCS YETKOTO 1306paxeHus WwKa-
JIB! 06BeKT-MUKpoMeTpa. IIpu He06XOAMMOCTH NMPOU3BECTH pery/In-
POBKY SAPDKOCTH OCBETHUTEJSA,

6. Y6eauThed, 4TO PYKOATKA NEPEKTIOYEHUST yBenuueruit (9)
(CcM. pHC. 2) YCTAHOBJIEHA B NMONOXEHUE «2», T.€. HAXOAUTCH B TOM
Xe TIOJIOKEHWH, KOTOPOE OHA 3aHWMAaia NMPU U3IMEPEHUU THAMETPOB
konew; HrelotoHa.

IIporenenne H3mepentii

HaGmopaa B okynap v Bpawas 6apa6ad (12) (cM. puc. 5), noa-
BECTH OMLUTPHUX OKYJSPHOTO MUKpPOMETpA K AeneHulo «8» Hernon-
BUXHOH MUINUMETPOBOM 1rkansl. BpaweHuem 6apabaHa B o6paT-
HOM HarpaBlIeHUU COBMECTUTh LEHTP NEePEKPECTUA OKyasapa ¢ G-
XaRlIUM IUTPUXOM LUKanbl 00beKT-MUKpoMeTpa. CHATL OTCYET MO
wKanaM o6beKTa-MUKPOMETPA U OKYJIIPHOro MUKpoMeTpa. Pesysib-
TAaThl M3MEPEHUI 3anucaTh B KOJTOHKH X, u Y, Tabn. 2.

Tabauya 2
JlencHne o0 BLCKT-MUKPOMETpA Jlenenue oKyJIRpHOIO MHKPOMETpa
X, X, Y, Yz

Iponosokast HabaONAaTh B OKYJSAP U Bpallas Gapaban (12) B Ty xe
CTOpOHY, COBMECTHTD LIEHTP NEPEKPECTUA ¢ M300PpaXXEHHEM ITpUXa
00BEKT-MHKPOMETPA, OTCTOALIErO OT nepBoro Ha 30 maseix aene-
HUA. CHATHL OTCYET MO LWKajnaM 06LEKT-MUKPOMETPa U OKYASiPHOTO
MHMKpoOMeTpa. Pe3ynbTaThl ©3MepeHHi 3aMHCcaTh B KOJOHKN X, M ¥,
Tabn. 2.

Oo0padorka pe3yibTaTOR H3MepeHHif

KoadpdnumeHT amHeitHoro yrenuyeHusi o6beKTHBa MUKPOCKONA
BBLIYUCAUTD IO opmyie

Y, - Y,
r=—"1-°"2 (15
|X, - X, - 0,10

B kauecTBe NOrpellIHOCTH U3MepeHUs KoadduLneHTa THHEHAHO-
ro yBennueHus I' 00bEKTHBa MUKPOCKOTIA YKa3aTh MOTPEITHOCTD ME-
Tona.
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Yupaxucnenue 3
H3Mepenne JLTHHBI BOJHDBI NPOMYCKAHHA CBETO(IILTPA

Yerpofictso monoxpomatopa. s uaMepeHUst JNIMHBE BOJTHH TIPO-
TycKaHMA CBeTOMWIbTPa UCIIONb3YETCA MalorabapuTHbI YHUBED-
canbHEBIH MoHOoXpoMmaTop (MYM), ofmit BUA KOTOpOro NpenacTaB-
JIeH Ha puc. 7.

MoHoxpoMaTop mipeHa3HaueH TNaBHLIM 06Gpa3oM QNS Bhiaene-
HUSA U3 Nafialolero Ha Hero CBETOBONO ITOTOKA MOHOXPOMAaTHYeCKO-
ro M3JydeHUs. YHUBEpPCANTbHOCTb UCMONB3YEMOIO MOHOXPOMATOpPa
COCTOWT B TOM, UTO C €TO NMOMOILBIO MOXHO peniaTh M JApyrue 3aaa-
YH, B YACTHOCTH, €ro JIErKo NPUCIOCOOUTE ISt UCCIeNOBaHHUs CIIeK-
TpaJLHBIX XapakKTEPHCTHUK CBeTOGWILTPOB. B cocraB MOHOXpOMATO-
pa BXOJAT (CM. pMc. 7):

1. UCTOYHUK HATYyYEHMS.

B kauecTBe nicroyHHkKa ManyyeHus B MYM ucnonssyerca rano-
reHHass JamMna Hakan¥BaHusa thma KI'M-12-100, oGnanalouuas
CTIJIOIUHBIM CTieKTpoM. JlaMna pa3MellieHa B 3aKpEITOM Koxyxe. Cie-
TOBOI NMOTOK BLIBOAMTCSA Yepe3 KOHAECHCOpP, BCTPOEHHBIH B CTEHKY
KOXyXxa.

2. Hepxarens cBeTodunbTpoB (5).

JepxaTtens COCTOMT U3 ABYX KOPOTKNUX COOCHBIX TPYGOK pa3sHOTO
aviameTrpa. Bonpuias Tpybka cpe3aHa Mo AMAMETPY HANOJIOBHHY M
MMeeT Ha BHYTpEHHel CTOpOHE KOJILLECBYIO TIPOTOYKY A1 pa3Mellie-

MONOXPOMATOP

Npuamink vanyuenna A%/ _'p .4..‘

)

HcTounnx

i

I~

:
T
(UM
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HMS B HEM y3KOU 4acTu OnpaBKU CBETOMUILTPA (KOJblla ¢ Hakar-
Ko¥). Bononb ocx Masnioit TpybKH BIIEBO U BIIPaBO MepeMEIIaeTes KO-
XYyX UWWIMHApHYecKoit dopMbl. Tlepen noMeleHeM cBeTodUABTpa
B IEpXaTellb, KOXKYX CMeaeTcst BieBo. [ 3a1uThl CBeToDMILTPa
OT TTONaaHusl Ha HETO NMOCTOPOHHETO UINYYEHUA KOXKYX CMEHIAeT-
cSl BIIPARO,

3. BsioK cOBCTBEHHO MOHOXPOMATOPA C OTCYETHLIM YCTPOHCTBOM.

st crneKTpanbHOTO aHAJIM3a M3NYyYEHUS B MOHOXpOMATope Mc-
none3yercs IudpakunoHHasa pewietka. JudparvposaHHoe pelueT-
KON M3/IyYyeHME HanpaBiseTcsd B BBIXOAHYIO LIENb, Yepe3 KOTOPYIO
OHO TiONazaetT B NPUEMHMK M3nyyeHUs, CKaHMpOBaHUE CMEeKTpa
(NMpOCMOTpP COCTABJISIOILUX CMEKTpPa) OCYLIECTBISAETCS MOBOPOTOM
peuieTku. OQHOBPEMEHHO C PEILETKON NPUBOIUTCS B ABHXEHHE OT-
CUETHOE YCTPOWCTRO, KOTOpPOE MPEACTaRnseT coboit indporoit Mexa-
HUYECKUII cUeTYHK, BMOHTHPOBAHHBIH B KOPIYC MOHOXpPOMaTOpa.
[ToxasaHusi c4eTYHKA COOTBETCTBYIOT IMHE BOJHBI W3NYYCHHUA,
IUdparkpoBaHHOTO B HaMparjieHUM BBIXOJXHOM 1IETH MOHOXPOMATO-
pa, B HaHoMeTpax (1 HM = 10 A). OTCUeT IUH BOJH OCYIIECTRIAET-
¢ ¢ ToUHOCThIO +£2 HM. CKaHMPOBaHHE CNEKTpa TIPOM3BOAMTCS Bpa-
LIEHHEM TOJIOBKH, PACNOJIOXKEHHOH pSloM co cueTyrukom. Jns no-
NyyeHus GOJNblIEH CNEKTPaibHOW YWUCTOTHI HAa BXOAE M BHIXOILE
MOHOXPOMATOPA YCTAHARINUBAIOTCH CMEHHLIC UIENY TIOCTOSHHON 1IM-
pUHLL. Jnsi paboTEl B BUZUMOM YacTH CMNEKTpa LIeJU yCTaHaBIUBa-
10Tcs B nIoJIoXeHHe «1». (MeTrka «1» BbIrpaBUpOBaHa Ha Kophyce ca-
Moit 1uenu.) ns ycTaHOBKHM WEjelt B XOpITyce MOHOXpOMaropa rpe-
JIyCMOTPEHBI THE3a.

4. TIpueMHUK H3NYyYEHWS.

I[TpneMHUKOM M3NYyYeHHUA ABRdeTcsa POTOINEMEHT, TOK KOTOPOTO
MPOTNOPUUOHANIEH UHTEHCUBHOCTH CBETOBOTO [OTOKA, NAaXaloLEro
Ha ero kato. C aHoZHON! Harpy3ku GoTo31eMEHTa CUTHa NMONAET-
Csl HAa BXOJ, N3MEPUTENIBHOTO YCHIIMTENS, BBIXOA KOTOPOro MogKIo-
YeH K rHe3naM «BonbsTMmeTp» Ha 65ioke nuTaHud. BrixonHoe Banps-
XKEHHUE YyCUIMTESs u3MepsAeTcs g poBbIM BosTMETpOM B7-22A.

Taknm o6pa3oM, perucrpaliysi HHTEHCUBHOCTH CBETOBOIO NOTO-
Ka, TOMafaoiliero B MIPHEMHHUK, OCYILECTBAAETCA B OTHOCHTEIIBHAIX
equHuLaxX no wkane uudposoro BoabT™Merpa. Ha 60K0BOI cTeHke
KOpilyca IPUCMHUKA Paciosaralorcs:

e TIEPEKITIOUATEINb YYBCTBUTEABHOCTH U3MEPUTEIbHOTO YCHIIUTE-
na (4);

& PYKOSITKM YCTAaHOBKU HYJISI BBIXOZHOTO HampsDKEHUS M3MEPH-
TEABHOIO YCHMTENSA, «pyBo» — (3), «ToyHO» — (2);

* PYKOSATKA U3MEHEHUS OTBepcTHs anadparmsl (1).
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Bce Tpu 6/10Ka — MCTOYMHUK M3NYyYSHHsI, MOHOXPOMATOp M TIpH-
€MHUK PacloNaraloTcst CTallMOHAPRO Ha ONTHUECKO# CKaMbe.

5. Bnox nuTtaHus.

BJoK nUTaHuA CIYXUT Wi obecnieyeHUsT HeoOXOOUMbIM Harps-
KEHHEM BCeX BNEKTPUUYECKUX leileid MOHOXpOMAaTopa.

Ha nuuesoit naHenu Kopriyca 610Ka NMUTaRUS pacronararoTes:

o TyMOnep «CeTh» (M CUrHANBHAS Namiia) Ans BKIodeHusa 6ioka
nvtanus. IonoxeHne «BHU3» COOTBETCTBYET BBIKNIOYEHHOMY CO-
CTOSIHUIO;

o TyMGnep «Hakan—Henokans Ha Tpy nonoxeHns s obecneve-
HHSA Pa6OTH UCTOYHWKA U3TYYEHHS B IBYX pexumax. [opH3oHTaIb-
HO€E PacroNoXeHne PYKOATKY TyMO/iepa COOTRETCTBYET BBIKITIOYEH-
HOMY COCTOSTHUIO MCTOYHUKA U3NTYyYCHUS;

o TyMGNiep «DoTo3aeMeHT» Ha ABa noioxenus. Ilpu nepexnoue-
HUH PYKOATKY TyMOepa BBEPX (POTOIIEMEHT BKITIOYAETCS B CXEMY M3-
MEPHTENLHOrO YCHIHTENS, TIDH HEePEKTIOYEHNH BHH3 — BBIKNIOYAETCS;

e THE3A 1A OOKAIOUEHMS LIM(DPOBOro BOJLTMETPA.

IToaroToBKa MOHOXPOMATOPA K H3MepeHMsaM. Ilepen npoBeleHHEM
H3MEPEHUI YCTAHOBUTD PYUKH YIPARNTEHHA B HCXOHOE TOJIOXEHME.

Ha 610ke nuranus:

o TyMOJep «CeTb» B NMONQXKEHHE «BHU3»;

e niepexitioyarens «Hakar—Hemokan» B ropHioHTAILHOE TOJIOXE-
HUeE;

o TyMOJep «DoTOIIEMEHT» — B NONOXKEHNE «BHU3».

Ha npueMHUKe HATYyYEHUS:

e TiepeKiouaTesb (4) B MOJTOXKEHHE «3»;

¢ pykoaTKy (1) noBepHYTH MO 4acoOBOIi cTpeaKe 40 ynopa,

¢ pykoatku (2) U (3) MOTYT HAXOIUTLCHA B NPOU3BOJILHOM TOJIO-
XKEHUH.

Ha uudposom BonsTMeTpe B7-22A:

o TyM6J1ep «CeThb» B MONCKEHHE BLIKIIOYEHO,

e B Irpynme KHomnok (—, V~, mA, kQ) HaXaTb KHONKY (—), 4TO
COOTBETCTBYET BBIOOPY PEeXHMa H3MEPEHHA MOCTOAHHOTO Hamnpsxe-
HUA;

¢ B rpymnie kuonok (0,2; 2; 20; 200; 2000) HaxaTb KHOTIKY «2»,
YTO COOTBETCTBYET BbIGOPY AMANa3oHa H3MepeHUS TIOCTOAHHOTO Ha-
npsaxeHus (-2 B)— (+2 B);

o Y6EANTLCA, YTO ¢ TIOMOLUBIO NPOBOJOB KiieMMbl (0—2 B) u (*)
Ha BONILTMETPE COEIUHEHD! ¢ XK1eMMaMy «BosibrMeTp» Ha 610Ke NH-
tauus, [Ipy aToM KileMMa, OTMeueHHast Ha OJoke NMUTaHUS CUMBO-
nom (™), ZO/KHA ObITh COEANHEHA C KIeMMOH (*) Ha BOJIBTMETDE;

o LIMJIMHIPUYECKHI KOXYX (5) nepeaBUHYTb BIIPaBo IO yNopa.
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Bxnoyenne MoOHOXpOMaTOpa

1. CeTeBBle BUIKM 670Ka NUTAaHWA M UUPPOBOTO BOJIBLTMETpA
MOLKJIIOYUTS K nuTaomeid cetn 220 B, 50 T,

2, TymGnepamu «CcThb» BKIIOUUTB 60K THTAHUST MOHOXPOMATO-
pa ¥ UNDPOBOIT BOTBTMETP.

3. Tlepexmouyarens «Hakan—Henokan» ycTaHOBUTE B MOJIOXEHHNE
«Henokan».

4. TyMbnep «PorosnieMeHT» NOCTABUTL B NONOXEHUE «BKITIOUEHO.

5. Bpamenuem pyxosatkn (3) Ha 610Ke NpUEMHHKA U3TYYEeHMS
YCTAHOBUTb Ha MHIUKATOpPE L(POBOrO BONLTMETPA HATIPSIKEHUE
npubauantensHo +0,5 B.

K “3MepeHUsAM MOXHO NPUCTYNATh I10¢/1e NPOrpesa MOHOXpOMa-
TOpa U UMDPOBOro BOALTMCTPA B TeueHHe 30 MUH.

TTopsinox namMepenwii

1. TlepenBrHYTh BACBO UWAMHAPHYECKUI 3KpaH (5) mepxarens
CBETO(HUNBTPOB.

2, TMepenectn cBeTOMUNLTP U3 CTEPEOCKOMUUECKON HacaoKu
MHKpOckona B aepxatenb. (CTyIeHTaM, BBIMONHAIOWMKM 3alavy
No 41, npenBapUTENbHO OOPaTUTBLCA K NaBOpanTy € NMpockboi Bbi-
HYTb OCBETUTE/b U3 CTepeocKonmyeckoi Hacaaku). CeeTouasTp U3
CTEPEOCKONMUUECKOM Kacaaky M3BNEKAETCA ABYMS NaJbLIAMU 323 y3-
KO€ KONbUO ¢ HAKaTKOH. JROCTYyNl K KoJbuy obecneunBaeTcs 1ByMs
TIpOJOJIBHBIMM TIPOPC3IMU B KOpIyce AEPXaTens OCBETUTENS
(cM. puc. 5). B nepxarens MoHOXpoMaTopa cBETOMUILTP MOMEILAIOT
TaK, KaK MoKa3aHo Ha puc. 7 (XONbUO C HAKATKOK AOINKHO ObITh 00-
PallicHO B CTOPOHY MCTOYHUKA U3TYUCHNUSA).

3. IMepeaBuHyTh LUIUHAPUYECKHUIT aKpaK (5) BNpaBo A0 ynopa,
U30JIUPYST TEM CAMbiM MOHOXPOMATOP OT NPOHUKHOBEHMS NOCTO-
DOHHETO U3NYYEHHS.

4. Iepexnouaresis «Hakan—Hepokan» nepesectd B nonoxeHue
«Hakan».

5. TlpousBecT K3MEpPEHUE IUHBI BOJIHB! TIPONYCKAHUSA CBETO~
¢bunbTpa (A, ). B nensx cokpalueHus BpeMeHM U3MEPEHHUS TIOHCK A,
PEKOMCHIYETCSl HAUYHATD JJIN:

® XpacHOro ceeropunbTpa ¢ A = 600,0 nm,

» opanxesoro ceeroduibTpa ¢ A = 500,0 HM,

® 3cJicHOTO cBeTodunbTpa ¢ A =450,0 HM,

e rony6oro ceetoduneTpa ¢ A =400,0 HMm.

IMepen M3aMepeHMEM YCTAaHOBUTh Ha MEXaHUUECKOM CYETUMKE
IUTMHY BOJNHBI, COOTBETCTBYIOULYIO LIBETY NCMONB3YyeMOrO CBETODMINBL-
Tpa. Bpautas pykosiTky cueTunka «IJIHHa BOIHLI» Ha KOPIYCe MOHO-
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XpoMaTopa (CM. puC. 7) B CTOPOHY YBENHUYEHUSA JIMHBI BOJTHL, Haii-
TV JUTUHY BOJIHBI, MPH KOTOPOIi MoKa3anue undpoBOro BONTMETpa
CTAHET MAKCUMANBHBIM. 3aMMCaTh U3MEPEHHOE 3HAYeHUE LUTUHEI
BOJIHBI NPOMTYCKAaHUA B TabM. 3. MaMepenus A, NpoBeCTH TPH pa3a.
Ilocne nepBoro H3MEPEHHUs AMaNa30H MOUCKA MOXHO COKPaTHTb —
uckath B npeaesax 10 HM OKONIO HaIEHHOM NP NEPBOM M3Mepe-
HAM A

YKA3BAHHUE. PykosaTky cyetumka «/liMHa BOJHbI» BpaIATH
[aBHO, 0¢3 PLIBKOB, ¢ HEGONBUION CKOPOCTHIO.

Tabauya 3
Ne i/ l"p, BM an_w’ A
1
2
3
O0paboTKa pesyILTaToB HaMepenHil
ITo nanHBiM Tabu. 3 HAlTU cpensHee 3HAYEHME A, JOBEPHUTENb-

np?
HBIl UHTEPBATT M OTHOCUTEJIBHYIO MOTPELIHOCTD H3MEPEHHIA.

JIureparypa -

Caseaben H.B. Kypc obuieit pusnku: Yue6. nocodbue. B 5 xn. KH. 4.
BonHet. OnTHKa, — 4-€ U3R., nepepab. — M.: Hayka, ®Pu3smarmaut, 1998.

Tnapa 4. UntepdepeHunsn caera.
§ 4.4. NnTepiepeHuna cBera npy oTpaXeHNH OT TOHKMX TUIACTUHOK.
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3azawa Ne 42

HN3YYEHWVE BIMAHUA HEMOHOXPOMATUYHOCTU
CBETA HA UHTEP®EPEHIIHOHHYIO KAPTUHY

ean 3aaa4H; U3yuyeHHE BAUAHUSA HEMOHOXPOMAaTHYHOCTH HCTOY-
HUKAa CBeTa Ha UHTEPPEPEHUMOHHYIO KAPTUHY, U3MepEeHKE LIVHBI
BOJIHBL ¥ LLIMPHHBI TIOJIOCH TIPOTIYCKaHUA CBEeTO(GMILTPA U OMnpene-
JeHNe HaMGONbLIIETO TOPsIAKa UHTEPDEPEHLIMOHHOTO MHHUMYMA B
UHTEpdEPEHUIMOHHOI KapTHHE.

Pacyetnas dopmyna

Ins nosyyeHUsi MOHOXPOMATHYECKOTO MyuKa cBeTa B pabote uc-
nojib3yercd MHTepGhEPEHLIMOHHBII CBETOQUIBTD, BLIICASIOWNI U3
CMJIOUIHOTO CTIEKTPa HCTOYHHKKA Y3KY10 NOJNOCY UTHH BolH. Kak no-
Ka3aHO B PEKOMEHJOBAaHHO JIUTEpAType, HEMOHOXPOMATUUHOCTL
CBeTa B Ty4YKe MPUBOIUT K YMEHBIIEHHWIO KOHTPACTHOCTH UHTEpde-
PEHUMNOHHBIX JIMHMI, IPY 3TOM KOHTPACTHOCTDb JIHHUHN T€M MEHBIUE,
yeM Gonblie nopsaaok untepdepeHuun m. Tpyu 60sblInx nopsakax
KOHTPACTHOCTb CTAHOBUTCS CTOJIb MaNoif, 4To HHTepdhepeHLIHOHHAs
KapTHHA CTaHOBUTCA HeHabmonaemoit. CBasb Mexay AL H HAaH6OJb-
KM NOPALKOM m MHTEP(EPECHLIMOHHOTO MaKCHMYMa aaetcs dop-
MYnoit

A
m= A_k’ n
rae AL — UIMPHHA CNEeXTPaJIBHOTO MHTEpBaJla CBETA B MYyYKE; A —
CpEeNHsAA IIMHA BOJIHBI 3TOTO UHTEpBAa.
®opmyna (1) MoxeT ObITH MCITONB30BAaHA W IS BHIYMCICHUSA
Hauboabluero nopsaxka HHtTepdepeHunoHHoro MuHuMyma. Ilpu
Gonbmux 3HaueHnuax m (m= 100) norpelHOCTb TAKUX BEIYMCIEHHIA
Oyaer mana.

Onucanne yCTAHOBKH

YcTpoitcTBO YyCTAaHOBKY onucaHo B 3adaade Ne 41, Tak kak mpwm
BBITIOJTHEHMU HACTOSILLIEHN paboThl panuychl kosnell HbloToHa HE U3-
MepSOTCS, TO YTEHWE TOH YacTH pasaesa, B KOTOPOH ONUCHIBAETCSA
YCTPOMCTBO OKYNSIDHOTO MMKPOMETPa, MOXET HOCUTh O3HAKOMM-
TeNAbHbIM XapakTep. OAHAKO C/IEAYET CKa3aTb HECKOJBKO CIOB O KOH-
CTPYKLIMW ONPaBKH, B KOTOPOH pa3MelLlaeTcsd CTEKIAHHAA TJIaCTHH-
Ka C NTUH30MH, U crnocobe ee KpernjeHUs Ha NPEAMETHOM CTOJIMKE
MUKpockomna. Onpaska (1) umeer sun umauHapa (puc. 1). C oaHo-
ro KOHLA Ha BHYTPEHHEMN NMOBEPXHOCTH UWIWHAPa HAape3aHa pe3bba.
MpoxoaHoe oTBepcTUe UMIMHAPA HA IPYTOM KOHLE UMEET IHaMeTp,
MEHBLIMA, YeM BHYTPEHHUI IHAMETp CaMOTO LUMANHAPA. BHYTpPE
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UMAWHAPA HAa GOPTHK YKITAIOBIBAETCS CTEK/ISIHHAsi TUlacTUHKaA (2),
umewotasn hopMy nucka. Ha Hee BoilyKiof CTOpOHON HaknaabiBa-
ercd CTeKJIsSHHasA NuH3a (3). Mexay NMH30i U CTeKNSAHHOM mac-
TUHKOM TIOMe1laeTcs ynpyras KonblieBast npokianxa (4). K konsue-
BOJ TIpOKNaaKe TMH3A NPUXHMAaETcsl KPYToi raifkoi (5) ¢ Hapyx-
Ho#t pe3nboit, nepeMewtaloueifics Mo BHYTpeHHEH pe3bbe OnpaBKH.
laiika Bpamaercs xnouoM (10) crieumnansHoi dhopMbl (puc. 2), Ko-
TOPBII BCTABIAETCS B TIpope3u (6), MpoenaHHble HA Hapy>XHOW Ya-

CTH Taiiku.
N/

Puc. 1 Puc. 2

Bpauast raiixy, MOXHO M3MEHSTb PACCTOAHUE MEXAY JIMH30# U
CTEKIITHHOM MnnacTHHKOM. TIpM oTKkpyyeHHOI Tailke AMH3a HE Kaca-
eTCH CTEeKJIAHHOW TnacTMHKU. i (UKCHPOBAHUA OMpaBKU Ha
NMPEAMETHOM CTOJIKKE MHKPOCKONAa CHYXWUT KOnbLO (7) ¢ AByms
BMHTaMH (8) 1 (9), ¢ TOMOUIBIO KOTOPHIX YCTPAHSIETCS MOABUXHOCTL
OTIPaBKY W KOJIblIa HA NIPENMETHOM cTONWKe MHKpocKona. ITpunuun
paboTHl HUKCATOPOB NOHATEH U3 pUcYHKa. BUHTH (8) U (9) BHIBHH-
YHUBATh CJIEyeT POBHO HACTOJIBKO, YTOOLI MO IaBJeHUEM Majblia
HaPUKH TIOOYEPELHO VULIH Br1yOb KOMBLA U HE BBICTYIIAIM HAJ €T0
60KOBLIMHU NMOBEPXHOCTIMY. UpeaMepHOoe BLIBUHYMBAHNE STUX BUH-
TOB MOXECT NPUBECTH K NTOTEpPE IMapUKOB. 3akpyuuBaHue BUHTaA (8)
bHKCHpYeT ONPaBKy ¢ JIMH30M B KONbLE, 3aKpyYrMBaHue BHHTA (9)
(rKcHupyeT KOabLO ¢ ONPaBKOH Ha MPEAMETHOM CTOJIMKE MUKPOCKO-
na'. IIpy 3axpy4yuBaHHM BHHTOB HE ClieAyeT TIpuiarath Ype3MepHO
GOoNbLINX YCUIIMIA. PazMelieHNe KoJiblla ¢ ONpaBKoi Ha NpeJIMETHOM
cronuke Mukpockona (11) nokazaHo Ha puc. 2 (BHI CBEPXY).

IToaroroska ycTanoBKH K pabore

1. Y6eauThCcst B TOM, 4TO LIAPMKY MOX BUHTamu (8), (9) HE BHI-
CTynaloT Haja OOKOBOH MOBEPXHOCTLIO MEPEXOAHOTO KoJibua (7).

! Tonoska BHHTa (8) oTMeueHa 6enoft TOYKoii.
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Ecnu 3TO He Tak, TO, HAXWMas NooYepeaHOo NMaNbLeM Ha KaXIIbli
IIAPHK Y Bpallas COOTBETCTBYIOLLMIA BHHT, YTOTIUTD LIAPHUKH T1OJHO-
CThIO B paIMaJIbHBIX KaHajax.

2. TToNnOXUTb KONbLIO Ha POBHYIO TIOBEPXHOCTb J1ab0paToOpHOTO
CTOJ1a, HAOXUTh Ha BHYTPEHHEE OTBEPCTHUE KOJbLIA ONPABKY € JIMH-
301 U PABHOMEPHEIM YCUJIMEM JIBYX MaJibLEB ONYCTHTH €€ 10 NMoBep-
XHocTM cTona. IIpu 3ToM HeoOXooMO U36EraTh MEPEKOCOB U 3aKIIN-
HuBaHUs. BuHTOM (8) 3adUKCHPOBATH ONpPaBKY B KOJNbLE.

3. TlepeHecTH KOMBLIO C ONIPaBKOI Ha MIPEAMETHEIN CTONMK MUK-
pocKona YU TIOBEPHYTh €r0 TaKUM 00pa3oM, 4Tobbl BUHT (9) He co-
Bnagan ¢ npopessmu (12) Ha TpeAMeTHOM CTOJIMKE MUKPOCKOMA
(puc. 2). BetaBuTh B npopesu Tariku kmou (10). Janee BEINOAHUTD
JIeiicTBUSA, ONMUCAHHEIE B IyHKTax 2—9 pasnena «IToaroroska ycra-
HOBKH K pabore» 3anaum Ne 41,

4, Tak KaK UeHTp WHTephEPSHIIMOHHOM KapTHHEI HE COBMAanaeT ¢
LIEHTPOM TOJS 3peHUsT 06BEKTHBA, TO, PacCMaTpUBas UHTepdepeH-
LIMOHHYIO KapTHHY Yepe3 OKYJISIPHBIA MUKPOMETP, NOBEPHYTh OKY-
JIAPHBIK MUKPOMETD TaK, YTOOBI LIEHTP NMEPEKPECTUA MOXHO ObLJIO
6Bl YCTAHOBMTE Ha TIEPBOE WM BTOPOE HHTepdEePEeHLUIHOHHOE KOJb-
no. Eciiv B HanpapiieHUH paguyca, NPOXONSIUEro Yepe3 UeHTp niepe-
KPECTHS, NHTephEPEHIIMOHHbIE KOJIbla B HEKOTOPOM MECTe MCKaXe-
HEI M3-33 1eeKTOB CTeKISHHOM MNIACTHHKY WIH JIMH3H, TO Bpallie-
HUEM KOJIBLIA B IIPEIMETHOM CTOJIMKE YOpaTh AedEKTHRIE MECTa C
3TOro HampamneHus. Buntom (9) sadMxcUpoBaTh KONbLIO HA Npea-
METHOM CTOMHKE.

Iopsapok u3mepennii

Hamepenre MAKCHMAILHOTO NIOPAIKA

HHTepdEPEHUHOHHOTO MHHUMYMA

CHauaya yCTaHOBHTb LIEHTD NMePEeKpecTHsl OKYNAPHOr0O MUKPOMET-
pa Ha 1-# wim 2-i vHTEphEPEHLUIMOHHBIH MUHUMYM (m,= | uiH 2).

IIpononxas HabnoaeHHEe VHTephEPEHIMOHHOR KapTHHbBI, YKa3a-
TeJBHBIM H GOABUIUM TTLLIAMU NPABOl U NIEBOI PYKHU MEMIEHHO
HayaTh BpaLlaTh KJIOYOM raiiKy NIpoTUB 4acoBoii cTpenku. UHTep-
(bepeHIIMOHHBIE KOJIblIa, YMEHbBIIAACh B AUAMETPE, HAYHYT CTATHU-
BaThCsl K ueHTPy. MaMepeHUe COCTOUT B NMOIACYETE YUCITA TEMHBIX
MHTEpdEPEHUIMOHHBIX KOJIELl, NPOIUEAIIMX Yepe3 UEHTP Nepexpec-
THsA. Jlo Havaia nojacyeTa 4ucaa Kojiel NoTpeHUpyiTe naibUbl pyK,
Bpamarowme Koy, HeobxoamMo Ro6UThCS MEMIEHHOTO U PaBHO-
MepHOTO TiepeMelieHns HHTephepeHLIMOHHBIX KoNell B NIone 3peHust
oKyjasipuoro MukpoMeTpa. IIprocraHoBKa U BO30GHOBNICHHE Bpalle-
HHA TafiKy He OKHBI NPUBOOUTH K ¢OOI0 B NOACYETE YUC/IA KOJELL.
C yBenMueHHeM nopsaka MHreppepeHUNOHHOTO KOJIbLa m KOHTpa-
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CTHOCTb UHTEP(EPEHIIMOHHONW KAPTUHH B COOTBETCTBUM C Teopneit
YMEHBLIAETCS, TaK YTO KOJblIa ¢ m,> 50 CTAHOBATCA TPYAHOPA3/IM-~
yuMBEIMU. T103TOMY 1pH BoJILLINX m HE PEKOMEHOYEeTCA TIPEPhIBaTh
HaGNIIOIeHHE U TOACYET YUCIa TEMHBIX KOJel, ITPOXOAsILNX Yepes
LeHTp nepekpectus. INoacyer m, Npou3BOAUTHL A0 MOJHOTO UCYes-
HOBEHHUs1 UHTepdepeHIMOHHON KapTHHEL. B TeTpaab 3anucaTs Hau-
GONMBIINH TTIOPANOK UHTEPPEPEHIIMOHHOTO MUHUMYMa m, .
mum= m0+ ml

Hamepenue m,,, npoussecT Tpu pasa. B oTyeTe mpeacTaBuUTh
cpelHee 3HaueHne m, .

H3mepeHne IMHLI BOJHBI M IUMPHHBI II0JIOCKI NIPOIyCKAHHS

ceeTowIbTpa

L9 3TUX M3MepeHKi UCcnoab3yeTcsl ManorabapuTHBEIM YHUBEp-
canbHLI MoHoxpomarop (MYM). Ero onucaxue, NoaroToBka K U3-
MEpPeHHsIM, BKITIOYEHHE U NIPOBEIECHHE H3MEPEHUH (BBITIOTHUTD YKa-
3aHHUs, COIEPXallHeCs B MyHKTax 1—4) naHbl B yripaXHeHWW 3 3aaa-
yu Ne 41, danee:

1. B uensx cokpailieHHs BpeMeHH H3MepeHUS TIOUCK JUTHHBI BOJI-
Hbl NIpOMyCcKaHMUsL CBETOGIILTPA (A,)) PEKOMEHAYETCS HAYUHATD JUIS:

KpacHoro ceeTodmibtpa ¢ A = 600,0 uM,

opaHxegoro csetogmnsrpa ¢ A = 500,0 uMm,

3esteHoro ceetodwnnTpa ¢ A =450,0 HM,

rosiy6oro ceeTopuisTpa ¢ A =400,0 HM.

YCTaHOBUTh HA MEXaHUUYECKOM CUETHYUKE JUIMHY BOJIHBI, COOTBET-
CTBYIOUIYIO 11BETY MCMOAh3yeMoro cBetodwintpa. PykosTkamu ycra-
HOBKM Hyns (3) u (2) ycTaHOBUTh Ha MHOUKaTope LubpoBoro
BonbTMeTpa HanpsikeHue +0,500 B. Tax Kak AjMHa BOJIHBI, YCTa-
HOBJIEHHas Ha CUYETUMKE, N1ajieKa OT JUTMHEI BOJIHBI NMPONMYCKAHUS
cBeToOWIbTpa, TO Hampsaxenue U na wHAWkatope umdbpoBoro
BOJITMETPA MOXHO CYUTATh COOTBETCTBYIOIUMM WHTEHCUBHOCTH
¢ona csetosoro notoka U= U, .. 3anucars U, ., B IpUBEAEHHYIO
HUXE TabnuiLy.

2. Bpamas pyKosiTKy c4eTuMKa «JJTMHa BOJHBI» HA KOPITYCE MO-
HOXPOMAaTOpa B CTOPOHY YBEAWYeHUs] ANMHbI BOMHL, HAUTH IINHY
BOJIHBI A, TIPY KOTOpO# TI0Ka3aHue 1dpoBoro BonbTMeTpa U cTaner
MakKcuMalbHbIM, U= Unp. Haiinennas Takum oOpa3oM A €CTh IJTUHA
BOJHBI NPOMYCKaHKsA CBETOGUALTPa, A=A . V3mepenus A, npose-
CTH TpM pa3a. Pe3ynbraThl 3aniMcaTh B HUXKENPUBEACHHYIO TabnULy
JaHHBIX BMECTE C COOTBETCTBYIOIIMMH MM TTOKA3aHUSAMH LIMPPOBO-
ro sonet™eTpa U . Tlociie MepBoro u3MepeHusl ManasoH rnoucka
MOXHO COKpaTuTb 10 10 HM OTHOCUTENbHO HaljeHHOH X, . Tlo

oHa*
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HaHHBIM U3MepeHUit BHIMUCITUTE CpelHee 3Hadenne A, u U, . Pe-
3yJIbTaThl BHIUUCIEHUI 3aHECTH B TaGANLLY NaAHHBIX.

Ne n/n A, IM U B Uporns B lnp , TIM U np> B

1
2
3

[Monocy npomyckanust CBeTOGUNBTPa UIMEPUTD Ha ypoBHe 0,57
(0,5U,)). Ins storo:
3. BHlUncauTs

AU =U,, - quua)/?
U HanpsxeHue
ljl.2= Unp_AU‘
4. Ha cuetunke «/InMHa BONHBI» YCTAHOBUTD WINHY BOJHMI A, .
S. ¥YMeHbl1adg nokasaHus cueTyruka «/UTiHa BOJIHBI», HAUTH TH-
HY BOJIHBI X, TIpH KOTOPO# T1OKa3aKue LMbPOBOTO BOJABTMETPA CTa-
HET paBHBIM

U, =U,, - AU.
3anucare 3HaY€HWE A, B TETPalb.
6. YBesnuuBasg NokalaHus cyeTunka «JINHa BOJIHBI», HaHTH

JAUHY BOJIHBEI A,, TIPY KOTOPOIi NnoKa3aHWe UM(PPOBOTO BOILTMETPa
BHOBbL CTAHET paBHbIM

U2 =U“p—AU = U].
3anucarb 3HaYeHHE A, B TETPAIb.
7. BLIMHCAMTb NONOCY TIPOTYCKAHUST CBETOGUILTPA AL 0
AL =Ry —A,.
8. TTo dopmyne (1) BEIYUCTHUTE HAMGONBLUHI NOPSAJIOK MUHUMY-
Ma B UHTEPPEepPeHLIHOHHOH KApTHHE:

Mgq = -~
Al gy
CpaBHUTB BBIYMCIICHHOE 3HAYEHUE M, C UIMEPEHHBIM m, .
TIpy OTYETe MPEACTABUTE 3aNOIHEHHYIO TabNMLy JaHHKX, m,,,,

m,,,, C YKa3aHVeM TIOrpENIHOCTH UX U3MEPEHMIA.

JIuTepaTypa

CaBeaben M. B. Kypc obuiei pusnku: Yueb. nocobue. B 5 xH. Kn. 4.
BosHbl. OniTHKa. — 4-¢ u3n., nepepa6. — M.: Hayka. @uamataur, 1998.
naga 4. UHTepdepenuus crera,

§ 4.2. KorepeHTHOCTb.



PA3IE]I 3
AUOPAKIIMA CBETA

Janaua Ned3
U3YYEHUE JUOPAKITUHN ©PEHEIA

Ileas 3apauu: M3yyeHue Audpakunu PpeHesnss Ha KPyryioM OT-
REPCTHU U OMpefesieHHe paduyca 3TOr0 OTBEPCTHST U HEW3BECTHOM
IUIMHDBI BOJIHBI CBETA, a TAKXE KAa4eCTBEHHOE U3ydeHue Andpakunm
®peHenst HA paanUUHbLIX 06BEKTAX.

BpiBon pacuerHoil (opmyJibt

Ha puc. 1 u3o0paxeHa B CEUEHNHM [UIOCKOCTBLIO YEPTEXA NPUH-
nMnuanbHad cxeMa HabmoneHus augpakuyu OpeHens Ha KpyIJIOM
OTBEPCTHH.

‘;’ - -~ T
| W |
BE T
5/
Puc. 1

31ech ¥ — paamyc OTBEPCTHSA, @ U b — PACCTOSIHUSA OT 3KpaHa C
OTBEPCTHEM IO HCTOYHHUKA cBeTa S U o Habmonaemoit audpakuu-
OHHOM KapTHHBI cOOTBeTCTBEHHO (d <K a, d << b). Ecnu UHTEHCUB-
HOCTb CBETA B LICHTPAILHOM TOuKe B nudpaxitMOHHOK KapTUHBEI MA-
HHMaJIbHAa WIKM MaKCUMaJIbHa, TO VI 3TOH TOYKHK Ha OTKPBITOM Ya-
ctu S, chepryecKoi BOJTHOBOH NMOBEPXHOCTH 2 yKnajieIBaeTcst Lenoe
yHcno n 30K @pexens. [Inomans S, 5THX 30H paBHa

_ nmab)
" a+b’
TJAe A — JUIMHA BOJIHbI UICTOYHHKA CBETa.
C npyro#t cTOpOHEI, TUIOIAAL 60KOBO MOBEPXHOCTH 1TAPOBOTO
CErMEHTa B HAIIMX 0003HAYEHNAX COCTARJISAET
= 2 2
S, =n(ri+s?).
TMpexebperas 62 BBUIY MAJIOCTH & TI0 CPABHEHHMIO C 7, UMEEM
S,=nr?
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(TeM caMbIM MJIONIAAL YUACTKA ChHepHUecKoil MOBEPXHOCTH NMPUBIN-
KEHHO 3aMEeHSIETCA TINOWANBI0 CTATUBAIOIETO ero Kpyra). [Ipupas-
HUBas ApYr Apyry o6a BEIPaXCHUs A7 S , HaXOaUM:

n
2 nab)u. (H
a+b

DTa popMyna TT03BOJSICT MO U3IMEPEHHBIM 3HAYEHHAM BeTUYUH a
U b onpegenvuTh paauyc oTBepcTUst r (€CAM U3BECTHA ANHHA
BOJIHBI A) UAH, HAO60POT, JUJTMHY BOJTHEI A, €CTU U3BECTEH panvyc r
OTBEPCTHSA.

OnncatHHe YCTAHORKH

CxeMa ycTaHOBKM u3o0paxeHa Ha puc. 2.

PryrHas namna G

Pue. 2

B kadecTBe MCTOYHHKA CBETa UCMONbL3YETCS PTYTHAs JlaMIa Bbl-
cokoro nasneHusi CBA1. Heobxonumblii ans cxembl audpakiumu
dpeHenst TOYCYHBIH UCTOYHUK CBETa 00ECNIEYNBAETCS CIEAYIOUIHM
06pa3oM. Beixoasiuinii M3 okolKa B KOXYyXe 1aMNbl CBETOBOIT NOTOK
KOHIIEHCUpYETCs cobupaTeibHOM JTMH30 Ha Manoe Kpyrjioe OTBep-
ctie S awamerpom 0,05 MM, Haxonsweecd Ha Topue 1py6ul. OT oT-
BEPCTUSA BHYTPb TPYOHM WACT pacXoAsilMiiCs Ty4oK nydcit. 31o oT-
BEPCTUE U MpeEJcTaBAAeT cob0i ToueuHbIif MCTOYHUMK cBeTa. Takoit
Crnocob JaeT 3HAYNTENLHBINA BLIMIPHILL B WHTEHCHBHOCTH 110 CpaBHe-
HUIO €O CIly4aeM, KOrja OTBEpCTHE MaJlor0O NTUaMeTpa JIenaeTcs He-
MOCPEACTBEHHO B KOXYXe JiaMibl. [IpensaTcTBue, Ha KOTOPOM INpo-
HCxoaMT audpakums, pacnonaraeTcs Ha APYTOM KoHlle Tpyorl. J{ud-
paKlMOHHasi KapTMHa HaGmiomaeTcs TIpN TNOMOIUM OKYJasApa,
Jawoluero ysenauueHue B 15—20 pa3. OKynsip MOXHO NepeMELIaTh
BJ0AL ONTHYECKOI CKAMBU, HAa KOTOPOIT 3aKPEIIEHHI BCE ACTANH YC-
TaHOBKM. [l BHIACNEHUS] U3 CBETOBOrO NMOTOKA CBETA C HYXHON
JUINHOM BOJIHBI NMepel AMH30M MOXHO NOMEIATh TOT WIM MHOM CBe-

TOPUALTP.
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Ynpaxcnenue 1

Onpenenenye paaMyca Kpyrjioro oTsepeThs

IlonroToBka K W3MEpEeRNAM

K pa6oTte MOXHO npucTynuTh 4Yepe3 10—15 MUH Mocse TOro, Kak
JaBOpaHT 3aXXKET NaMITy U OHa Pa3ropuTcsa JOCTaTodHOo apko. Ha
KoHel TpyObi, o6palieHHHI K OKYJIsipy, HAeBAlOT B Ka4ecTBe Tipe-~
TATCTBUA KPBHIIUKY ¢ KPYTIBIM OTBEPCTHEM, PafUyC KOTOPOTO NMOJ-
JIEXUT U3MEPEHUIO, M CTABAT OPAHXEBLIH CBETODUNLTD,

CHauana usy4aiot a1u¢paxiHOHHYIO KapTHHY KayecTBeHHO. Tlo-
JOABUTAIOT OKYJIAIP NOYTH BIVIOTHYIO K TPY6E, TIOKAa B HeM HE OyIeT
BHUIIHO YETKOE U300paXeHHE OTBEPCTHS, a 3aTEM HaUMHAIOT MeIeH-
HO OTOABWIATE OKYNAp OT npenaTcTeus. ITpu 3ToM H3o6paxeHHe
OTBEPCTHS CTAHOBUTCH MEHEE YETKHM, 1 BHYTPH HEr0 MOXHO oOHa-
DYXHTL Yepenyiommecs CBETAbIE ¥ TEMHBIE KOJIbLA, T.e. HabnonaeT-
ca nudpakuMoHHaa KapTuHa. o Mepe ynaneHuss oKynspa ot nipe-
TIATCTBHA YUCIO KONELl YMEHBLIACTCSA, a4 B LIEHTPE KapTHHBHI Habnio-
AaeTcsl CMEHa UHTEHCHBHOCTH OT MAKCHUMAJILHON 10 MUHUMAaNbHOM,
u HaoGopoT. Korna okynsgp npudbnnxaeTrcs K KOHLY CKaMbH, B LIEH-
Tpe KapTUHBI NOCNEAHWH pa3 Habmojaercss TeMROE NSATHO (OTKpPbI-
Tl JiBE€ 30HH). 3aTeM TeMHOE MATHO CBETJEET W, HAKOHEL[, COBCEM
Hcye3aeT: HabModaeTcA NNILb Pa3MBbITOE CBETIOE NATHO (OTKpbITa
OITHa 30Ha WJIH TONBKO 4acThb €¢). Eciu npu oTroaBUraHuu oxynspa
IuppakiMOHHAs KapTHHA CYLIECTBEHHO CMELLAETCsl B CTOPOHY UMY
BoOOLEe MCHE3aeT U3 TI0NA 3PEHUs] BCNEJCTBUE HemnapauieIbHOCTHA
OCH TpyOB! CKaMbe, TO cneayeT 0OpaTHTBCH K 1abopaHTy.

H3MepeHns ¥ BLMUCAEHUA
PaamMyc OTBepCTUsA BHIYUCTAETCS N0 hopMmyne

nx
"= \Va+ip @

caenylouei u3 dopmyist (1), B XKOTOPOIA ANst COKpallleHHsl BBEIYUCTTE-
HUH YUCIUTENh U 3HaMeHaTenb TIoaedeHb! Ha ab. DddexTHBHAdA
IUTMHA BOJNHBI, BbIIENsAEMasd OpPaHXEBBIM  CBETOMWIBTPOM,
A=(578 £ 10) HM, paccTosAHYE OT UCTOYHMKA CBETA O OTBEPCTUS
a=280 MM, H 3KCHIEpUMEHTANTLHAS 4aCTh 334341 CBOIUTCSH K V3Me-
PEHHIO PACCTOAHWS b OT OTBEPCTHUA IO TeX NMGpPaKIMOHHBIX Kap-
THH, Y KOTOPBIX B LICHTPE WHTEHCHUBHOCTh MUHUMANLHA (IIATHO OM-
TUMAILHO TEMHOE, YHCJI0 OTKPLITHIX 30H /1 Y€THOE) U MaKCUMasbHa
(MATHO ONMTHMAILHO CBETJIOE, YMCJIO 30H HeueTHOoe). [l 3Toro oKy-
JISIp U3 TTOJIOXEHUS Ha CAMOM KOHLE ONTHYECKOH CKamMbH HauuHa-
10T MEIUIEHHO NPUOIKATDL K OTBEPCTHIO K OTMEYaTh Ha LIKaJe On-
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THYECKOM CKAMbH TE TIOCTEOBATENbHLIE TIONIOXEHUS OKYIsApa, MU
KOTOpPBIX HHTEHCHBHOCTB B LICHTPE KAPTHHBI MMHUMANIEHA U MaKCH-
MaJlbHa, 3aHOCS OTCYETHI (B MM) B rpady «b» Tabauibl (Nepsuiif no
CUETY MUHUMYM COOTBETCTBYET 7 =2, TIePBbIi MaKCUMyM h=13
M T.0. 10 n=7). 3aTeM NIPUIBUTAIOT OKYJISIp TIOYTH BIUIOTHYIO K TpY-
6e, 10OGMBAsCh YETKOTO M300paXeHUsT OTBEPCTHS (3TO NONOXEHUE
OKynapa 1MOKa3aHO Ha pMC. 2 IUTPHXOBBIMU JIMHUSIMH), U 3aNMUChHIBA-
10T COOTBETCTBYIOLLMH oTcyeT b, (Bo n3bexaHune Bo3MOXHOrO npo-
Maxa, KOTOPLIM NMORIUAET Ha Bce U3MEPEHHEIe 3HAYEHUS b, XKema-
TENbHO BEIMYMHY b, M3MepUTh HecKonbKo pa3.) Kak BumHO u3
puc. 2, pacCTOSHHE OT OTBEPCTUA A0 AUDPAKLUUOHHON KapTHHEI
b=|b,— b,|. BHIYMCASIOT 5TH Pa3HOCTH, 3aHOCH Pe3y/bTATH B rpady
«b» TaGMULE!, ¥ A1 KaXIOTO M PACCUUTHIBAIOT * no dopmyie (2)
(cnyyalt n=2 MOXHO ONyCTUTB, TaK KaK b, U3MepAETCs € GonbLuon
MOTPEMIHOCTHIO).

Nen/n n bs b=|b.~bo| nM
1-1 MUHEYMYM
1-7 MAKCHMYM
2-# MMHUMYM
2-%i MarcuMyM
3-# MHHHUMYM
3-it MaKCHUMYM

ba

HaxonsaTt cpeaHee 3HaUeHNe paavyca OTBEPCTHA, OLECHUBAIOT TO-
TPEHOCTH U3MEPEHNI Y ¢ UX YYETOM 3aMMNCHIBAIOT OKOHYATENBHEIA
pe3ynbTar.

Ynpaxcnenue 2
Onpenenenne LIMHbI CBETOBOH BOJIHB

3aMeHSIOT OPaHXEBLIl CBETODWIIBTD XeNThIM. Ternepr U3BeCTeH
pamuyc oTBepcTUS (M3 yrpaxXHeHus 1), HO HeU3BeCTHA 3¢ (HEKTHB-
Hasi JUTMHa BOJIHBI, ponycKaeMast cBetodibTpoM. OHa BEIYUCAET-

cs no opmyne
2
A= ’_[l . l], 3)

HENOCPeACTBEHHO cienylolei u3 ypapHeHus (1).

Bce naMepeHust poBoaATCA TakK Xe, KaK B yrnpaxHeHuu 1. Pe-
3YIbTATH U3MEPEHUN M BHIYUCIIEHUH 3aHOCATCH B AHAJOTHYHYIO
TabnuLy, ¢ 3aMeHoilt nocnenHe rpadsl «» Ha rpady «i». Boruncns-
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10T CpeoHEe 3HaYCHUE A, OLICHUBAIOT MMOrPeLTHOCTU U3MEPEHUM U C
WX YYETOM 3aMHChIBAIOT OKOHYATEJIbHBIN pe3y/bTarT.

Ynpaxncuenue 3

Haomonenne anppakuun Openens Ha NPeNnATCTBUAX
paznuHoil Gopmbl

B Ka4yecTBe NpensaTcTBMil MOOYEPEAHO HAZEBAIOT Ha KOHEW Tpy-
6b1 KPBILIKH, HA KOTOPBIX peaJIn30BaHbl MOCIECA0BATENBHO OOBEKThI
pazTHYHOH (opMBEI: NONYTUIOCKOCTS, HATh, Meab, auck. Honyyaro-
wyecd anpakiMOHHbIE KAPTHHBI HabMI00al0T B OKYNAP U aKKypart-
HO 3apMCOBBIBAIOT KapaHAALIOM.

JIutepatypa .

Casenbed U. B. Kypc obmeit busmxn: Yyeb, nocobue, B 5 xH. KH. 4.
BonHbl. Ontyka, — 4-¢ uan., nepepad. — M.: Hayka. ®uamarnut, 1998.

nasa 5. Mudbpaxkums ceeta.

§ 5.1. BeeaeHue.

§ 5.2. NpuHuun loitreHca~PpeHens.
§ 5.3. 3oubl Pperens.



3anaua Nedd

N3YYEHHUE JUOPAKIIUV OPAVHTODEPA
HA IIEIH ITPU ITIOMOIIU I'A30BOIr'O JIA3EPA

Hens 3anauym: ucciefoBaHKe KPUBOIl pacnpeneieHUst UHTEHCMB-
HOCTH CBeTa B JUQPPAKUMOHHON! KapTHHE OT OfIHOM LIENU B CXEME
Judpakuy OpayHrodepa ¢ UCMONBIOBAHUEM B Ka4cCTBE HCTOYHM -
Ka CBETa rejiInit-HEOHOBOro ra3oBoro Jyiasepa OKI-12.

OcHoORHbIE MOHATHA ¥ COOTHOIICHHUA

KpaTtkue cBeaeHus o Jasepax. Jlazepamu Ha3blBAlOT ONTHYECKHE
KBaHTOBsIE reHepaTophl (OKI). [Tpu noMoiuy nasepos yaaerest No-
JIyyaTh Y3KUe TIPAaKTUUECKH MapajuleNibHbIC TIYYKH CBETa C BhICOKOM
CTENEHbIO MOHOXPOMATUYHOCTY U OFPOMHOI UHTEHCUBHOCTHIO. DTO
CB5i3aHO C TEM, UTO B JIa3epax, B OTJINYME OT OOBIYHBIX UCTOYHUKOB
CBeTa, U3NyueHUd OTAENALHLIX ATOMOB KOI€épEeHTHBI, YTO JOCTHUraeT-
ca cneuuduyeckuM crmocoboM Bo30yKIeHUs ATOMOB.

Kak u3BecTHO U3 TeopuU UHTEpdEpeHIMU, UHTEHCUBHOCTD CBe-
Ta, UCTIYCKAEMOTO HEKOTEPEHTHEIMU UCTOUHUKAMY (HanpuMep, aTo-
MaMu OGBbIYHBIX UCTOYHMKOB CBETa), PaBHA CYMME UHTEHCUBHOCTEI
oTaenbHRIX u3nydarteneii: /= Na?= Ni, roe N — ducio H3Ty4alommx
aTOMOB; @ — aMTIIUTYAa KoneGaHu! B BOJTHE, UCAYLUEHHON OTAeNb-
HbIM aTOMOM; { = g — WUHTEHCUBHOCTb, OOYCJIOBIIEHHAS N3TYYEHHEM
OTJACJIBHOIO aToMa. Hpennonox(um TENMEPb, UYTO ATOMBI HU3JYHAIOT
KOTePEeHTHO U B ONPEeACNIEHHOM HanpaBieHUM, npuyeM ¢asbl Kone-
6aHui, NpHUILEIILUX B HEKOTOPYIO TOUKY NPOCTPAHCTBa OT BCEX U3-
JIY4AIOIUX ATOMOB, OAMHAKOBBl — YTO U UMEET MECTO B JIa3ePHOM
nanydyeHun. Torza B pesynbrate uHTEphEPEHLIMM CYMMapHas aMil-
autyna xonebaHui B 3Toil Touke Gyaer A= Na, a UHTEHCUBHOCTb
ceeta J= N?a2= N2 1.e. B N pa3 boJblle, YeM B ciydae OOBIYHOro
UCTOUYHUKA. Tak kak yncio UIANTYyYAUIUX aTOMORB BEJINKO, TO CTAHO-
BUTCA TIOHATHBLIM, NMOYEMY WHTEHCHBHOCTBL CBET2 OT Ja3epOB BO
MHOTI'0 pa3 npeBoCcXxoauT HHTCHCHBHOCTb CBETa OT OOBIYHBIX MCTOY-
HHKOB.

Bonee nonpobHO 0 Nazepax MOXHO NPOYNUTATL B PEKOMEHAOBAH-
Ho#t nuteparype [1].

BoiBoa dopMya D KOOpPAMHAT MAKCHMYMOB M MMHHMYMOB, Xa-
paKkTep AM(pPaKUNOHHOW KapTWHBI, BO3HUKAOLIER Ha o4eHb GONb-
HIOM YIAQNIEHHUU OT NpENATCTBUA, HE USMEHHUTCA, €Cnn BMECTO TOFO,
YTOOR! HEOrPAHUWYEHHO YAANSTE 3KpaH WISk HabNoACHUWI, pacnono-
XUTh ero B QOKaIbHOI MIOCKOCTH COOUpATENbHOM TMH3BL: B 000X
cJyyasx B KaxIoil Touke dKpaHa OyayT cobuparecsl U uHTepdepUpo-
BaTh JIYUH, MAYUIHE NapaineNbHo apyr Apyry. [TapatnenbHbiii myyok
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Jiydyeil, ocBeUWAIIUI MPEeNATCTBUE, MOXHO MOJIYYUTh, NOMECTUB
TOUCHHBIf UCTOYHUK CBETAa B DOKYC COOMPATENbHOM JIMHIBI — TaKas
CHCTEMa HAa3bIBAETCA KOAMHMATOpOM. JIudpakiinio, BOZHKKAIOUIYIO
TIPY YKA32HHBIX YCIJIOBUSIX OCBELIEHUsE NIPETNIATCTBUS U HabMoNeHUsA
IUPPAKIIMOHHOK KAPTUHEI, Ha3biBaloT autpaxuued Ppayurodepa
wiv JudpakuMeii B NapajvlebHEIX Jyuax,

B naHuo# 3apaye paccMaTpuBaeTcs ciydaii nudpakiuvu OpayH-
rodepa, Korna NpensATCTBHEM ABISCTCH HETIPO3IPAYHBIii 3KpaH C y3-
KOt ¥ JUTMHHOH wWeablo. IIpHHUMNIHaIbHAs cxeMa aHa Ha puc. 1:
3aech § — TOYEUHBLI MOHOXPOMATHYECKNI UCTOYHMK CBeTa; JI, —
KOJLTUMATOPHAA JIH3a ¢ GoKycHBIM pacctogHueM F,; JI — cobupa-
TeJibHast TMH3a ¢ (OKYCHBIM paccTosHueM F, B oxanbHOH Mnocko-
CTU KOTOPOM HAXOAUTCH dKpaH s HabnoneHus audpakLMOKRHOR

KapTUHBI.
b)| m

R

N
NN

7

Y
Puc. 1

TIpy oTCyTCTBMM NIPENSTCTBUS — 3KpaHa €O lienblo — Habnona-
eTCSl CBETNAasl TOUKA B LEHTPEe 3KPaHa, KOTOPYIo NIPUMEM 3a Hayalo
IeKapToBo#t cucteMbl XoopauHat X, Y. [Ipy Hanmvuuum sKkpaHa co
LIETBK0 KapTUHA YCIIOXHUTCA BCAECICTBUE AU(MPaKUMHA, OAHAKO JUPD-
paKklUs PON3OMAET NPAKTHYECKY il B HANpaBleHHH ocu X, TaK
KaK pasMep WEnM B 3TOM HaNpabicHUY (€€ UIMpHMHA) OCTATOUHO
Man. Judpakuueii B HanpaBleHHH OCU Y MOXHO npeHebpeys, No-
CKOJIBKY pasMep WENM B 3TOM HanpableHUM (JUIMHA Luenu) cyule-
CTBEHHO TIPEBOCXOMMT JUIMHY CBETOBOI BOJIHBL.

Ina BLIACHEHWs pacnpenelcHUs WHTEHCMBHOCTH CBETA BIOJNb
ocH X ynoOHO nmpeacTaBUTH NOPU3OHTANLHOE CEYEHHE CXEMBI, NPO-
xonAuiee 4epes 3Ty ock (puc. 2).

IlIpumenss npuHumn INoirenca—@penens, BbIGepeM NNOCKYIO
BOJIHOBYIO TIOBEPXHOCTD 2 (KOJLTMMATOP JAeT MapauieNbHbIA TIy4OK
Jyyei, T.e. TUIOCKYIO BOJIHY, BOJTHOBEIE MOBEPXHOCTH KOTOPOH —
TUIOCKOCTH, NEepneHANKYASAPHBIE JYyYaM), PACTIONIOXEHHYIO HEMO-
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Puc. 2

CPEINCTBEHHO MePEl 3KPAaHOM CO IIENbI0 — B PACCMaTPHUBAEMOM Ce-
YeHUU OHA U300pa3NTCA NPAMON NUuHUEN. SIcHo, UTO Ha BKpaH A
HaGnoAeHUH npuxoadaT KoNebaHusl TONLKO OT TeX BTOPHUYHDBIX HUC-
TOYHUKOB 3TOH TIOBEPXHOCTH, KOTOpble HAaXOAATCAd B mpeaenax
LIEJI — OCTANIbHBIC 3aKPHITH IKpaHOM. TakK KaK 3KpaH 1S Habmo-
NIEHUI HaxoauUTCs B (hOKAJTBHOM TUIOCKOCTH JIMH3K, TO B KaXA0# ero
TOYKE cobupatorcs JIyuM, MIyLIUe OT BTOPUYHBIX UCTOYHUKOB Ia-
PAUIENEHO ApYT Apyry. Tak, HanpuMep, Jy4d, oOpa3yloline HEKOTo-
PBIlt YTOJT ¢ ¢ HanpapNeHWEM Nanaiowmx Jyded, cobepyTes B COOT-
BETCTBYIOLIIEH TOUKe B 3KpaHa, U pe3yisraT X HHTepdepeHIMH om-
penenuT UHTEHCHWBHOCTEL CBETA B 3TOIl TOUKE.

PasGuenue MOBEPXHOCTHU 1LENU Ha 30HBI DpeHens oCyllecTRIsA-
eTcs ClenyIolrM criocoboM: yepes Kpali e (touxa M) nposo-
nuTes TuockocTs (M, P), nepneHanKyasipHas ULYIIUM B TOUKY Ha-
OJIF0ACHNS JIydaM, 3 3aTeM NPOBOJATCA MAapaJjICNIBHEIC ef TMIOCKO-
CTH, OTCTOSIIIME APYr OT Apyra Ha TOJYBOJHY. OTH TUIOCKOCTH,
nepeceKas TIOCKOCTh IeNy, pa3bUBaioT ee Ha 30HLI DpeHens, Ko-
TOPbIE MPENCTABIAIOT COOOMH NMONOCH, NapaleibHbie KPasgM LIETU:
TpaHUULI 30H M306paxalorcst ToukamMu M,, M,, M,, ..., a oTpeakun
MM,, M\M,, ... onpeaensioT IUMPUKY NEPBOI, BTOPOI U T.I. 30H.
TlockonbKy BCAEACTBUE TAYTOXPOHU3IMA JIHH3BI ONTHYECKUE MYTH
MBv PB, M\Bw P,B v T.1. NONIapHO OJWHAKOBHI, TO PA3HOCTH
XoZa JIyyeif, UAYIKX OT KPaeB COCEAHMX 30H, ONpeaesloTCH OTpeEs-
KamMu M P, M,P,, ... KOTOpLIE NIO TIOCTPOCHUIO PABHEI TIOJYBOJTHE.
[MoaToMy KoneGaHus, NpUXoaAILME OT ABYX COCENHUX 30H, UMEIOT
TIPOTUBONOJNIOXKHBIE (pa3bl U, CKJIANBIBAsICh, B3AaMMHO TIOraliaiorcs.
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U3 puc. 2 BnaHo, YTO YUCNO OTKPHITHX 30H k paBHO YMCIY NONy-
BOJIH, YKJIaABIBAIOLIEMYCS Ha oTpe3ke MP — pa3sHOCTU XOAa MEeXIOy
JIy4aMU, UIYLIMMY OT KPaeB 1ENH:

MP=kr/2. )
Jns Toukn HabmoaeHUsa B Ha 3TOM PUCYHKE B IeJIM YKIANLIBa-
€TCs OKOJIO TpeX C TOJIOBHHOM 30H PpeHensi.

Puc. 3

HccnenyeM B audpakiimoHHONW KapTuHbl. B LieHTpe 3KpaHa
MHTEHCUBHOCTh MaKCHMalibHA, TaK KaK KoieOaHNUS OT BCEX TOYEK
LeIM TIPUXOAST ClOIA B OJWHAKOBLIX (ha3ax, 1o Mepe YAaJleHUs or
LIEHTPAa 3KpaHa YBEJMUMWBAETCH PA3HOCTh XOa MeXIy KpaHUMU JTy-
4aMM (KaK BUIHO M3 puc. 3, 1ns Gonee ynaneHHo! Touku B, otpe-
30K MP, 6osblue, yeM OTpe3oK MP 1ns To4KM B), a ceqoBaTeNsHo,
COIMIaCHO ypaBHEHHIO (1) pacTeT ¥ YKCIIO OTKPHITEIX 30H MpeHens.
ITpu 3TOM BIOAL OCK X Ha DKpaHe BYAYT UepenoBaThcst MUHUMYMBI
(OTKpHITO YeTHOE YMCIO 30H, T.e. k=2m u MP=ml) U Mak-
CHMYMBI (OTKDHITO HEYeTHOE YWUCNIO 30H, T.6. K=2m+1 wu
MP=(2m+ 1)A/2) uureHcuBHOCTH. [Tockoneky LMM P= Lo (yr-
JIbl C B3aUMHO TNEPNEHAUKYAAPHLIMU CTOPOHAMMK), HAXOIMM U3
AMM,P: MP= bsing, roe b= MM — mmpuHa meau. Yciosust M-
HHMYMOB H MaKCHMYMOB NIPUHUMAIOT BUA:

bsing = mA — yc10BHEe MMHHMYMOB,
bsing=(2m+ 1)A/2 — ycnoBue MakCUMyMOB (2)
(m=1,2,3,..).

Ycnopusi (2) OXBATBIBAIOT BCE MHHUMYMB H MakCHMYMbl 1Ud-
PaKUMOHHOW KapTHHBLI, KpOMe LIeHTPAIbHOr0O MakcHMyma ¢ =0.
B stux dopMmynax nojoxXeHNEe MUHUMYMOB M MAaKCUMyMOB
XapaKTepu3yeTcs YIJIOM ¢ HAKJIOHA Jiyyeil, UIYIIUX B COOTBETCTRY-
I01IYie TOYKU Ha dKpaHe. HaiineM BuipaxkeHNst HETOCPEACTBEHHO IS
KoOpAuHaT X MMHUMYMOB U MakCcUMYMOB. Kak ciemyeT U3 puc. 2,
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KoopauHata X= OB npou3BonsHOM TOUKU B 3KpaHa cBA3aHa C yT-
JIOM ¢ cooTHoleHUeM |X|= Ftge. Eciu orpaHHYUTBCA paccMOTpe-
HUEM MAJHX YIIOB AMPPaKIIUK M COOTBETCTBEHHO He0O0JIbILOI 00-
JacTbio AW PaKIIHOHHOM KapTHHEI OKOJIO LEHTpa 3kpaHa (X=0), To
tgp =singp =, Tax Yto |X|= Fp. Bupaxast oTciolla ¢ U NOACTaBNAS
B QopmMynHl (2) BMECTO Sing, NoJlydaeM cheayiouye GopMyias wis
KOOPIWHAT MUHUMYMOB 1 MaKCHMYMOB:

IX..|= FAm/b, |X,.|=F\(2m+1)/2b. 3)

mn
B nauHoili 3anadye cobupaTeNbHasi THH3a OTCYTCTBYET, ITO3TOMY
doKycHoe paccTossrHe F TOMKHO 6bITh 3aMEHEeHO Ha L — paccros-
HHe OT wenu no andpakiHOHHOU KapTHHEL. J1s HHTEeHCUBHOCTEH
CBETAa B MAKCUMYMaX NiepBoro (1)), Broporo (1,) ¥ T.J1. TIOPsIKOB Bbi~
BOTUTCS CIIEAYIONIEE COOTHOWICHUE:

1.1 1 1
TR e “)
rae (2m+ 1) — 4Yucno OTKPHIThIX 30H ®peHENst AN MaKCHMyMa
m-ro 1nmopsiaka.

W3 dopmyn (3) nerko BuiBecTH (HOPMYJY INA PACCTOAHUS AX
MEXIY COCEAHUMH, T.€. Y KOTOPBIX M OTIIMYAETCA Ha CIUHUILY, MU-
HUMyMaMHu:

L5y,

ax =L (5)
b

a TaKkke QopMyIty, TT0 KOTOPOii MOXHO PaCCUNTATh YHCIIO OTKPLITHIX
30H (2m + 1) B MaKCUMyMax:
2X 5
2m+ 1= Z0max (6)
AX
Onucatine YCTAHOBKH
Cxema OnTHUYECKOM YCTAHOBKY M306paxeHa Ha puc. 4.

Puc. 4
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3neck (1) — nasep, (2) — crofika ¢ yKpEIUVICHHONH Ha Hell IHENbIOo,
WIHPUHY KOTOPOif MOXHO U3MCHSTD, BPaLlas TONOBKY MUKPOMETPH-
yeckoro BUHTA (3). Illens Bo m3bexXxaHue NMOBPEXICHUN 3aKPHTA
Kpbiuxo# (4). Tak xak nasep RaeT NPaKTHYECKH NAPAJUIENLHBIH TTy-
YOK JNyyeii, HEODXOAWMOCTb B KOJUIMMATOPHON JIMH3E OTMalaeT.
JudpakuvioHHas xkapTuHa Habnonaetcs Ha aKkpane (5). Bronk 3kpa-
Ha Mo Hanpapasioleil peiike (6), cHaGXeHHON MUIINMETPOBOIi
LIKaIOi, MOXET TepeMelaThesi Kopnye dotoanemenTa (7). Cnpapa
Ha HeM HAXOIMUTCH PYKOATKA MEPEKITIOUNATENsA, KOTOpask MOXET 3aHHU-
MaThb JiBe no3uiiuy. Koraa oHa MoBepHYTa 0 YNopa NpOTHB 4acOBOH
CTPEJIKK, KOpITyC (JOTO3NEMEHTA COeMHEH YEPBSYHOM TIepenaveii ¢
3NeKTPOMOTOPOM, PACHONOXEHHEIM Ha NalkHEM Kpalwo 3KpaHa ¢
TLUIBHOM CTOPOHEI, M YIIpaBieHUe ABMXKeHUEM HOTOINEMEHTa ocy-
ILECTRIACTCS MPU TIOMOILM TAaHENW, PacTONIOXKEHHOH Ha OJIMKHEM
Kpam 3KkpaHa. I1py ropM30HTAILHOM MONOXEHUU PYKOATKH (MoBep-
HyTa [0 Ynopa 110 4acoBOH CTpeaKe) Kopnyc GOTONEMEHTa HE CBSA-
3aH C MOTOPOM U ero MOXHO CBOGOIHO nMepeMeniaTs BAOASL 3KpaHa
pyxoif. OKOIKO (oTO3IeMEHTA 3aKphiTO KPbIiKOi (8), KOTOpylo
NIpH 3anMcH AMdpPaKHHOHHO® KapTUHBI CHUMaIOT. Ha nyTH ayuei,
nafaomx Ha (POTOANEMEHT, MOXeET ObITh NOCTaRJIEH ocnabasioumii
ceeTodUILTp. Ina sroro cneayer, ocnabue BUHT (9), NOAHATL ro-
ToBky (10) BBepX 110 yiopa M 3aUKCUPOBATH €€ B 3TOM TOJIOXEHUH,
ClIerKa 3aTAHYB BUHT (9). PoxycupyloLlei TMH3bI, KoTopasg 00brHO
nMeeTcs B cxeme PpayHrodepa, B JaHHOM cilyuae He TpeGyeTcs, Tak
KaK 3KpaH HaXOAMUTCA JANEKO OT LIEAN U B KaXIYKO ero TOYKY npu-
XOIAT OT 1LeNM NPaKTHUSCKH NapauieNIkHBIS JIYYH,

ITon nedcTBUEM cBeTa, naaalwoilero Ha GOTO3NCMEHT, B IIOC/e-
IHeM BO3HUKAET 3NEKTPHYCCKHI ToK (siBNeHHe (OTORAC), CHAIa KO-
TOPOro NIPONOPUKOHANbHA NHTEHCHBHOCTH CBET4. DTOT CUTHaJ T10-
AaeTcs Ha GOTOKOMIEHCALMOHHBIN MUKPOBOJIETMUKPOAMNIEPMETD
D116, a c Hero — Ha « Y-BXO» ABYXKOOPAWHATHOTO CaMOMKILYLIe-
ro notenuromerpa I1JIC-021M, Bel3eiBasi cMeleHue ¢aoMacrepa
no ock OY, MponoplMOHaabHOE OCBELIEHHOCTH. OIHOBPEMEHHO Ha
«X-BXOI» MOLAETCH HAaMpsXeHUe, CHUMaeMoe ¢ peoxopaa’, KoTopoe
TIPONOPLIMOHATBHO KoopauHaTe X GhoTosieMeHTa, OTCUUTEIBAEMOMK
OT ero KpaiHero JieBoro rnojoxeHus. TakuM obpa3oM, nNpH nepeMe-
IeHUH (POTO3NIEMEHTa BIONL 3KpaHa (ioMacTep 6yaeT pycoBaTh B
HEKOTOpOM Maclitabe nudpaxiuyoHHylo Kpneyio I(X), Brok-cxema
YCTAaHOBKM TNPEICTaBjieHa Ha puc. 5.

' Nunednu# MPOBOAHNK, UATOTORNEHHEI U3 BHICOKQOMHOTO CIU1aRa M HE NOKPLITHIA

M3OISLIMEN, 11O KOTOPOMY MEepeMeLLaeTcs NPHXHMHON KOHTAKT,
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Puc. 5

IToAroToBKa YCTaHOBKY K paboTe OCYIIECTBIISIETCS TIO UHCTPYK-
UM, BEIAaBaeMO TaGOPaHTOM IPY BBITIOJIHEHWM 3a1a4HU.

ITopanok BuimoiHeHHs paGoTh

IIpoBepka roToBHOCTH YCTAHOBKM K paGore. BpaunieHneM rosnos-
K (3) (cM. puc. 4) ycraHarRIMBaioT MpUHY wend b= 0,050 MM nio
IKaJle MUKpOMeTpUYeckoro BUHTA. TlepeBenst pyyky nepekniouare-
JiS Ha IPAaBO¥ CTOPOHE (POTO3/IEMEHTA B TOPU3OHTANILHOE T10JI0Xe-
HuUe (110 YacoBOM CTpesike A0 ynopa), NpUABUTAT (POTONEMEHT
Nnpy 3akphiTod KpbllliKe (8) M mouHsATOM diaomacrepe (TymOnep
«J[TEPO» — BBepX) K GAMKHEMY Kpalo 3KpaHa IO yrnopa ¢ OrpaHu-
unTenbHON MydTOol Ha peltke (6). Ilpu 3TOM nonoxeHun ¢orole-
MeHTa prroMacTep 10JKEH HAXOOUTECA B JICBOM HUXHEM Yy nons
3aMKCU Ha MWUIMMETPOBKE. DTO NOJIOXEeHHE (ioMacTepa KOppeKTH-
pyioT BpalieHueM pyuexk «<YCTAHOBKA HVJIA 1O OCU X» u
«YCTAHOBKA HVJIA 10 OCH Y», oTcTynas OT rpaHUL NOJSA Ha
paccrosinne 0,5—1 cM (Npu 3allKaTMBaHUA CaMOITHCLA CIBIIUEH Xa-
PaKTepHEI 3BYK).

Y6eauBILKCh B OTCYTCTBUM OcNabisIolIero cBETOGUNILTPa (ro-
noBka (10) B HUXHEM NONOXEHHM), CHUMaIOT ¢ (OTO3NeMEHTa
KPRIKY (8) ¥ MEIEHHO TIepeMealoT €ro PyKoil BloJIb ANdpaKLHU-
OHHOI KapTUHBI — TMpU 3TOM IBUXEHUE (ioMacTepa «BOCIIPOM3BO-
IuT audpakUMOHHYIO KapTHHY. B MakcuMyMe nepBoro nopsiika
dbroMacTep IOMKEH cMelllaThes 10 ocH Y Ha 50—70% pasmepa Juc-
Ta. [Ipy1 NPoXoXAEHUHU 06J1aCTH LICHTPATBLHOTO MaKCMMyMa CaMOIH-
Cell 3alIKaIWBaeT, Ha 4YTO He ciieayeT ofpaillaTb BHUMaHUsT — TIpK
3anucy UEHTPaIbHBIM MakcUMYM Oyner «cpe3an». Korma goroane-
MEHT IOMAST OO OrPaHHYHUTENBHON MY(THI Y JanbHEro Kpas 3KpaHa,
(bnoMacTep NONXEH HaXOAUTbCS B NPaBOM HUXHEM yriy pabouero
nons Ha MUINUMETPOBKe. (EcnM OH CYLIECTBEHHO He JOXOIUT A0
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Kpasl UM, HanpoTHUB, caMOnMcell HAYUHACT 3alIKaauBaTh, CASAYET
obpaTuThLCA K JIabopaHTy.)

Onpenenenne pacCTOAHMA MEXIY WEJIBI0 H 3KpaHoM. Perncrpupy-
10T T10 IIKa/C ONTUYCCKO CKaMbU MONOXeHHE METOK B OKOIKAX
pefTepoRB, Ha KOTOPHIX YKpernaeHbl AMDpakKLMOHHAA WeNb ¥ KPaH:
L=.. MM, L,=... MM. BolYHCNSIIOT PacCTOAHNE MeXIY WIENBIO U
3KpaHoM no ¢opMmyne L=|L,—L,|+ 125 mm.

Ompenenenne macmrata no oc X. [Ing onpenenerva Macwraba k
10 OCH X, B KOTOPOM CaMOMUCELL PUCYET TUDPAKLMOHHYIO KapTHHY,
nepeMELLIAIOT PyKoil (pOTOIEMEHT (€ 3aKpbiTolt KphilKoil (8) u pyu-
KO# mepexiiouaresisi B rOpH3OHTAIBHOM MOJMIOXKEHNWH) BAONB AUd-
PaKIMOHHOM KapTHHBI, OCTAHABIUBAsA B MOJIOXEHHUAX, KOrga bnmx-
HMI K 9KCNIEPUMEHTATOPY Kpait Kopnyca PpoToaneMeHTa (OH noacse-
YUBaAETCSl JIAMIIOYKOI) HaXOAUTCA TOYHO MPOTHB AeneHni 100 u
400 MM wKanel peiixu (6). B aTHX NoONOXEHUAX MAJIBIM NOBOPOTOM
sHewHel pyyky «YCTAHOBKA HYJA 11O OCH Y» Tyna—obpar-
HO JeNaloT KOPOTKUE BEPTUKANbHbIE METKH BBLICOTOH HECKOIBKO
MMWUIMMETPOB Ha MUJIUMeTpoBKe. OyeBMAHO, OAHOMY MWIJIUMET-
PY pPAacCTOSSHUS Mo ocH X Ha MHIIUMETPOBKE COOTBETCTBYET
k=300// MM Ha ocu X IudpakUMOHHON KapTHHBI, rae / — paccro-
STHHE B MWIJIMMETPaX MeXIy METKaMM.

Cuarue gudpakinonsnix Kpusbix. GoToaieMeHT pacnonaraiot y
6NMXKHEro xpast 3KpaHa ¥ TIOBOpPaYMBAIOT Py4YKY Ha Kopnyce GoTo-
3JIEMEHTA U3 TOPU3OHTANILHOTO MOJOXEHUS TIPOTHR YaCOBOI#i CTpeEll-
KM JI0 YNIOpa, TEM CaMbIM COeUHSS (OTOINEMEHT ¢ MOTOpoM. CHu-
MaloT KpbliKy (8) ¢ okourka ¢oTo3jieMeHTa; BKIIOYaa TymOnep
«ITEPO», onyckator domactep Ha muiiuMeTpoBky. Ha nauenm yn-
paBneHns MoTopoM: BKIouaroT TyMGiep «CETb» — cieBa 3aropacT-
¢Sl KpacHasi laMII04Ka; YEPHYIO PYUKY TIEpEKIIIoUaTeNs nNepeKulibiBa-
10T B NpaBoe TOJNIOXKEHME, BKJIOUAIOT MOTOp, HaXWMad KHOMKY
«[TYCK» — 3aropaercs 3enenasi naMmnodka. C storo MomeHra ¢oto-
SMIEMEHT IBHXKETCS BAOJIb SKpaHa aBTOMaTHUeCKH, a pJoMacTep pH-
cyeT IudpakLHOHHYI0 KapTHHY. Korma ¢oToasneMeHT moiaer no
JIATbHErO OrPAHHUYMTENS, MOTOP ABTOMATUYECKU BBIKJIOYAETCA. 3a-
KPRIBAKT IM(GPAaKUMOHHYIO LUENDb KPbIWKOH (4); YepHYIO PYKOSITKY
TEPEKITIOYATENS Ha TIaHEMW TIEPEKUABIBAIOT B JIEBOC MOJIOKEHHUE U
BKJIIOYAIOT MOTOP HaxartheM KHonku «[TYCK» — camonucell aBu-
XKETCH 00paTHO, PUCYS NMOYTH FOPU3OHTANBHYIO NMHUD [=0, cooT-
BETCTBYIOLLYIO CBETOBOMY (hOHY B JlabopaTopuu. 1o Bo3BpaileHH#
¢doTo3nEMEHTa B UCXOLHOE TIOJIOKEHUE Y OJIMIKHEro Kpasi 3KpaHa
MOTOp aBTOMAaTHUYECKH BBIKITIOUAETCSI.
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He BLIHMMas MWIJIMMETPOBKM, NOKA3BIBAXOT NOJYYEHHYIO KPH-
BYIO IIpETIOAARATENIC WY N1abOPaHTY U C YYETOM CAeNaHEBIX 3aMeya-
HUl CHUMAIOT aHAJIOTMYHBIM CIIOCCOOM OU(PPAKLUNOHHBIE KPUBLIE
IUTA APYTHX YKa3aHHBIX 1A60PaHTOM 3HAYCHUIA WUHPUHBI LIETH, KaX-
IBI pa3 cMelnasg HavanbHoe TojioxeHnne dbnoMacrepa Beepx Ha 1,5—
2 cM nosopoTtoM pyukH «YCTAHOBKA HVIISA ITO OCH ¥» (xe-
JIaTeNIBHO UCTIONB30BATh (hIOMAcTephl APYTHX LBeTOB). OKOMIO Kax-
JIOM KPHBOM 3anMCHIBAIOT COOTBETCTRYIONIEE €l 3HAYEHUE LIHPHHB!
LIENM TI0 WKajie TONOBKM (3) MMKPOMETPUYECKOro BUHTA.

Ha oBopoTHoii cTopoHe MIWIIMMETPOBKYA CHUMAIOT AUdpaKiMOH-
HYI0 KPMBYIO 1l OAHOTO U3 3HAYEHUH WIVMPUHEI 1ieIM, YMEHLINHUB
YYBCTBUTENBHOCTb YCTAHOBKY HACTOJILKO, YTOOBI IIPOPUCOBATIach BCA
IUdpaKiMOHHAs KapTiHa, BKIIIOYas LEeHTPAIbLHbIA MakcuMyM. Jnsg
3Toro 160 BBOXAT ocnabnsowui cBeToPUILTp, THOO YMEHBIIAIOT
YYBCTBUTENILHOCTh «Y-BXo[a» caMOTncLa (3Ta onepaiuus NpoBOAUT-
cs1 1aGOPaHTOM).

O06paboTka pe3ynbTATOB IKCNEPUMENTA
Pacyer mMpHHbl MmEedH. PacCYMTHIBAIOT IWHPUHY LUETU LISt KaX-
ot audpakumoHHo Kpusoi no dopmyne

Ia
b=2,
AX

KOTOpasi HenocpeicTBeHHO cneayer W3 dopmynn (5). 3npech
A =632,8 HM — UIMHa BOJHKI MATy4YyeHUs Jadepa; L — paccTtossHue
MEXIY WENbI0 ¥ JKPaHOM, BHIYMCIIEHHOE paHee; AX — paccTosTHUe
MEXIY COCEIHUMHM MUHUMYMaMM ITH(ppaKUUOHHONH KapTUHE. Ero
BRIYUCIIAIOT, USMEPUB PacCTOAHME /[, MEXJY AByMs YETKMMM CHM-
METPUYHO PACITONIOKEHHBIMU MUHUMYMaMy HEKOTOPOTO TIOpSAKA M,
IOCTAaTOYHO YIATCHHBIMM NPYT OT Ipyra (3TO YMEHBIIMT norpeu-
HOCTh UaMepeHus). OueBuIHoO,

l
AX =2 k.
2m

OLEHUB MOTPEWHOCTh, CPABHUBAIOT BbIYMCIIEHHbIE 3HaueHns b ¢
WX 3HAYCHUAMHU MO ILIKAJNIC MUKPOMETPHYECKOro BUHTA LLUECITH.

IIpoBepKa COOTHOMERHH MeXIY WHTEHCHBHOCTHI0O B MAKCHMYMAaX.
Jns ogHo# 13 ANGPAKIIMOHHBIX KPUBBIX ONPEACSIOT UHTCHCHBHO-
CTH B MaKCHUMyMax Pa3IWYHbIX MOPSIAKOB B YCJIOBHLIX €AMHULIAX,
H3MepAS B MHUIUMETpax BLICOTY MAaKCHMMYMa Hajg ypoBHeM I=0;
JNA KaXAO0ro mopsaaka GepyT cpeaHee 3HAUEHWE WHTEHCHBHOCTH
NPaBoOTO M JIEBOTO MakcUMyMa. OTHoOlLIEHVIe HHTEHCUBHOCTEN 3aHO-
CAT B MpaBhIi cTon6ely Taba. 1. B 1erom cTonbue npyBeNeHb! Mpel-
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cka3zanug Metola 30H PpeHelnn, He NPETEHAYIOIIETO HA CTPOTOCTh,
a B CpefiHEM — pe3y/IBTaThl CTPOTOTO TEOPETHUECKOrO PaCCMOTPEHHS
TIpoGNeMEI (C BEIYUCIIEHWEM UHTerpanoB PpeHens).

Pacuet wncna oTkpuiThiX 300 DpeHens 18 MaKCHMYMOB. YTBep-
XIeHWE, YTO MAaKCUMYMBI IU(DPAKLMOHHON KApTHHBI PacrnojiaraloT-
Csl B TEX TOYKaX 9KpaHa, i KOTOPLIX B LIETH YKIAALIBAETCH HeueT-
Hoe yucho 30H @penens [3, 5,7, 9, ... (2m+1)..., COOTBETCTBEHHO
st MakcuMymoB 1, 2, 3, 4 ... m, ... IOPALKOB], HOCHUT TIPUONMIKEH-
HBIH xapakTep. CTpOruif pacyer 1oKa3siBaeT, YTO MaKCUMYMaM CO-
OTBETCTBYET HECKONBKO MEHBILEE YHCIIO OTKPHITHIX 30H, YTO BUIHO
W3 NIpUBOAUMOIL Tabm. 2.

Tabauua 1
I TeopeTHueckoe 3HauEHHE | AKCTIEPHMEHTANILHOE
™" | Tlo metony 301 dpenens (¢-na (4)] | ITo erporoit Teopun 3Ha4eHHe
11, (5/3y=2,778 2,785
1y (7/3)=5,444 5,657
Iyl (9/3'=9,000 9,380
Ity (7/5)*=1,960 2,031
il (9/5)*=3,240 3,368
JATA (9/7Y=1,654 1,658
Tatauya 2
Topsnok m Yucno OTKPHITHX 30H B MAKCHMYMaX
MAKCHMYMa Io MeTony 3o0H Tlo cTporo# Teopuy DkcnepUMEHTANBHOE
Opewens (2m + 1) snavenme X /AX
1 3 2,86 E
2 5 4,92 -
3 7 6,94 o
4 9 8,96 .

Jlnst onHo# M3 AU PaKIMOHHBIX KAPTUH C XOPOLIO MPOPUCOBaH-
HBEIMH MaKCMMYMaMH BBLIYMCIAIOT KOOPAWHATH MAaKCUMYMOB TIEp-
BBIX TPEX WIM YETHIPEX TIOPSAKOB No hopmyne

Xm =kl (2,
rae / — paccTOSHUE MEXMY TIPAaBHIM W JIEBBIM MaKCUMYyMaMy m-ro
nopsaka. PaccunTHBAIOT YUCNO 30H 2X /AX, OLEHMBAIOT MoO-

IpelIHOCTb, 3aHOCS PE3YABTATHl BEIYHCIAEHHI B KpaHUI mpaBbid
cronbeu Tabx. 2.
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3anxnaua Ne4Ss
N3VYEHUE JUPOPAKIITUN PPAYHIODEPA

HA OJHOH IIEJIM A HA JUOPAKIIMOHHBIX
PEITETKAX

Lens 3anaun: uccnenopanme qudppakumu Ppaynrodepa Ha oa-
HOM U HECKOJBKUX LWENAX B MOHOXPOMATHYECKOM CBETE M, B YACT-
HOCTH, OfpeaeieHUe AMHLI BOJHB! U NEpUoaa PeILeTKH,

Buison dropMyJibl A1 KOOPAMHAT IIABHBIX MAKCHMYMOB

Kak cnenyeT u3 Teopuu, U3N0XEHHONR B PEKOMEHAOBAHHOM JIU-
TepaType, AMPaKLUMOHHAs KAPTUHA PELIETKH C GONBIINM YHUCIOM
Iieeil B MOHOXPOMAaTHUYECKOM CBETE MPEACTABIAET coboit uepeno-
BaHUE Y3KMX JMHWIl — TJIaBHBIX MAKCHMYMOB, KOTOpbIE ONpenes-
10TCS YCIIOBUEM

dsing = nA. (1)

Otcioaa Nerko noJiyyuTs GopMyny HENOCPEACTBEHHO IR KOOp-
OUHaT X . TJaBHBIX MAKCUMYMOB, MOBTOPSIA BBIKNAAKH, MPHBEa-
e X ¢popmyie (3) B 3amaue Ne 44, ¢ yuetoM Kotophix U3 (1) cne-
IyeT uckomas dopmyna:

Xonar J% )

I1a hopMyna NO3BOAAET, H3MEPHB KOOPAHHATHI MAKCHMYMOB
JUGPaKLIMOHHO# KapTHHBI M 3Has nepuoj d pelmeTkH, onpeieinuThb
HEU3BECTHYIO JUTMHY CBETOBO# BOMHE!I U, HAOOOPOT, ONpeneTHTL
HEHU3BECTHbII NEPUOA PEILCTKU 1O 3aaHHOH JAUHE CBETOBOIN BOJ-
HBI.

OnMcanue yCTaHOBKH

Cxema ycTaHOBKM U306paxkeHa Ha pucC. 1.

CseT oT HaTpHeBOil N1aMNbl NAJlaéT Ha Y3KYylO LIeNb, PACnoo-
L XEHHYIO B (DOKQIBHOM MAOCKOCTH JIMH3BI KoyutuMmatopa. [lapan-
JeJIbHBIM TYYOK JIY4eii, BRIXOASIUMI U3 KOJNMMATOpa, NafacT Ha
ofbexT (menb, pewerky). IudpaxiivmoHHas KapTHHa HabmoaaeTcs
BU3YAJIbLHO B 3pHTENIbHYIO TpYOy. UT06bI YyC10BUA HAONIOACHHSA CO-

Pewerka  3pwr. Tpyba

@ @ ey

Ujens Nunza™ O6nextue  Oxynap
Puc. |
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OTBEeTCTBOBanu cxeMme audpakunu dpayHrodepa, Tpyda (puc. 2)
JOJIXHA ObITh chOKYCMPOBAHA HA BECKOHEYHOCTb.

Puc. 2

B 3Tom cnyuae pons cobupatouiei 1uH3L B cxeme DpayHrode-
pa urpaer obbeKTHB TpYObl, a obpa3youasica B oxanbHoOM 110C-
KOCTH 00BEKTUBA AUGPAKUVOHHAsA KapTHHA pacCMaTpUBAETCA Yye-
pe3 okynap. JUIS M3MepeHua NMoAoXeHHn TnHMit andpaklMoOHHON
KapTUHBI Tpyba cHabXeHa OKyJsipHbIM MUKpoMeTpoM. TIpn name-
PEHUY PACCTOSIHMU MeXIY JUHUAMU BEPTUKAJILHYIO HUTH MOIBKX-
HOTO KpecTa, KOTOPbIii BUAEGH B NOJE 3pCHUS OKYNsApa, BpalleHUEM
rOJIOBKU MUKPOMETPUYeckKoro BuHTa (1) cosMewlaloT nocneaonsa-
TENBHO C 3TUMU JIMHHSIMHK U 3AMUCKIBAIOT OTCYETh! MO LUKaJle MUK-
pomeTpa (MWUIMMETPLI) M ero 6apabaHy (COTbie JOAH MHUJUIMMET-
pa). UckoMbie paccrosiius 6yayT pa3HOCTAMH ITHX OTCHETOR.

Hacrpoiika ycranopku

BHUMAHMHE! Yro6hl He HapylUTh YCTAHOBJICHHYIO 3apaHee
NapajieJbHOCTb OTITHYECKMX OCeil KOJUIMMATOPa U 3PUTEIbHOMN
TpYORI, a TAKXKE PACMONIOKEHHE eI KOJUIMMATOPa B (hOKANLHOK
MAOCKOCTH €ro JUH3bi, HUKAKHX BUHTOB, KPOME YKa3aHHBIX Jajee,
KPYTHTb He caeayeT. HartpueBylo jamny Bkmoyaer JlabopaHT!

[lepen TCM, KaK NpHCTYNKTh K M3MEPECHUAM, HYXHO, CHSB
NPeIBAPUTENBHO C ONTUUCCKOW CKAMbU IITATUB € PEIUETKON UAN
LIEJbIO, BRINMONHUTDb Clieayloliue onepaunu; 1) BpallieHNeM oKys-
pa 3pUTeNbHOM TPYOLI CthOKYCUPOBATHL €r0 Ha KPeCT HUTeH, 2) yc-
TAHOBUTbL TPYOY Ha GECKOHEYHOCTh, JOOUBLINCE BpalleHMEM BHH-
Ta (2) yerxoro M3o0paxkenus nienu (ApKoi NonochH B Noje 3peHun
OKyJIsipa). YCTaHOBJICHHbIC TIONOXEHUS OKYIISPA U TPYOB! OCTaIOT-
Csl HEU3MEHHBIMH B TIPOAOJIKEHUE BCEH paloThl.

Ynpaxcnenue 1

Hab6mopaenne andpakiuys na oaHoi wemmn

Ha onTHueckyo CKaMblO MEXIy KONIUMAToOpoOM U Tpyboit noMe-
LIAIOT LWITATHB ¢ Pa3sABUXKHOMN 1eTblo. HabmogaoT ¥ 3apucoBBIBaOT
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KapaHpawoM IudbpaKUMOHHbIE KapTHHBI IPH TPeX 3HAYEHUSX 1M~
PHHHE LIeNU: NO BO3IMOXHOCTH Gojee y3kasi 1I€Nb, KOTa NMepBbIe
MUHMMYMBI YXOISIT 32 NPEeNeAbl NMofig 3peHUA TPYOh!; ek cpeaHel
BEMUYHHBI M IMHPOKAN LIENb — TIOPAAKA HECKOJIBKUX MUJUIMMETPOB.
PHCYHKYW OOMXHBI IPEACTARIATh CO00Ii «HeraTUBHOE M3006paKeHHe»
JTUPPaKUHOHHOK KapTHHB: MUHUMYMBI OCTaBRJISIOT CBETNIBIMU, A
MAaKCUMYME! 3alUTPHXOBBIBAIOT TeM MHTEHCHUBHEE, YeM Bonbuie UX
APKOCTh — 3TO NMO3BOJIAET NEPEAATh COOTHOIIEHHE HHTEHCHBHOCTEH
B PA3NIUYHBIX MAKCHMYMaX.

Ynpaxcuenue 2
Ha0monetne JH(paKiMH Ha PATHIHBIX PeleTxax

BMecTo 1ITATUBA CO 1IETBIO CTABAT APYrol LITATHB, Ha KOTOPBIA
NooYepesHo NOMELLAlOT PELIETKH ¢ IBYMSI, TPeMST ¥ GONbLIMM KONIN-
yecTBOM ilenied. Jn@pakiiMoHHbIe KAPTUHB U3YYal0T U 3apUCOBbI-
BAJOT, 3aMMCHIBASA OKOJIO KAKAOro pucyHka uucyio N enei peluer-
KU. Y6eXnawTcsa, YTO B COMIACUN € TEOpUE MEXAY COCEAHUMHU
DIaBHBIMH MaXKCHMYMaMM pacnoiarajorcss COOTBETCTBEHHO N -]
MHUHUMYMOB ¥ N — 2 c1a6bIX BTOPHYHBIX MAKCUMYMOB.

Vnpaxcnenue 3
OnpeneJlelme JTMHBI CBETOBOH BOJIHBI

IniHY BOJIHBEI CBETa, MINTYYaCMOro HATPUEBO Jlamnio#, onpene-
JA10T 110 hopmyne

A= Xmexd &)
Fn

caepyromieit U3 hopMmyast (2). 3oech 1 — TOPAAOK MakcuMyMa (To-
DANKOBbIN HOMEP MAaKCHMyMa OT LIeHTpa KapTUHBI, HE CYHUTAs LieH-
TpabHBIA MakcuMym); F=(27,1%0,3) cM — doKycHoe pacCcTossHUE
06beKTUBA TPYOB!; d — NEPHON pelleTKH, UCTIOIB3YEMO B 9TOM YTI-
paxXHEeHMM (yKa3aH Ha caMmoil peweTtke). [ns H3MepeHUS
KOOPAMHAT X MAaKCHMYMOB HAaBOJAT BEPTHKANIbHYIO HHTb KpPecTa
OKyJApa TI00OUYEPEHO HA MAKCUMYMbI TIEPBBIX TPEX TOPSIAKOB CJIcBa
¥ CTpaBa OT LEHTPATHLHOTO MakCuMyMa, Aejas OTCYETHl kK MO OKy-
JIAPHOMY MHKPOMETPY € TOYHOCTBI0 10 0,005 MM M 3aHOCs UX B nep-
Bbi¢ iBe rpadni Tabnuusl. Ya00HO HayaTh H3MEPEHHUS C MAaKCHUMyMa
3-ro nopsiuka, HaTlpUMep CJIeBa, Y ABUTATLCA B OTHOM HaNpamrlIeHUN
IO MaKCUMyMa 3-To nopslKa cnpaBa, KaK YKa3aHo B Tabimie; ueH-
TPaIbHbII MakcuMyM TiponycKaloT. Ovesunuo, X =k . —k, |/2.
TIponsBoas pacyeThl, 3aNOMHAIOT OCTanbHble rpadnl Tabnuusl. Boi-
YHCASIOT cpelHee 3HaueHue A (B A WIH HM), OLIEHHBAIOT NOTPELL-
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Mopanox Orcuer k 110 MUKPOMETPY Xow= | ko k] 2 D
MaKCHMyMa # cnena cnpasa max nea ™ fnp MA
!
2
3

HOCTH U3MEpPEHUI U C KX YYEeTOM TIPEJCTABNAIOT OKOHYATENbHbIA
Pe3ysLTaT.

Ynpaxcnenue 4
Onpeneienne Mepnoaa pelIeTKH

CrTaBdT HA LUTATUB PeLIETKY C HEM3BECTHBIM 3HaUECHUEM TIEpUO-
Jia, KOTopoe onpenensercst no gopmyne

d= Fnk, (4

max

HENMOCPEACTBEHHO NOAYy4YaeMblii U3 popMyIibl (2). 3RaUeHWE JUTHHD]
BOJIHBI HalileHO paHee, a U3MEPEHHS KOOPIUHAT MaKCHMYMOB TPO-
BOJATCSH TaK XK€, KaK B NIPEAbIAYLUEM YNPAXHEHUHU. Pe3yantaTH w3-
MEPEHUN ¥ NMocAeayolnuX BbIYMCAEHUH 3aHOCAT B aHAJIOTHYHYIO
Tabnuuy, ¢ 3aMeHolt nocnenHeii rpadsl «h» Ha rpady «d (MM)», Boi-
YUCTIAIOT cpelHee 3HaYeHuWe NMepruoaa peLleTKH, OUEHWBAKOT Norpel-
HOCTH U3MEPEHUM U ¢ UX YYETOM 3aNUCHIBAIOT OKOHYATENLHBIN pe-
3YNBTAT.

JIntepaTtypa
Casenbes MW. B. Kypc obuien pusnku: Yueb. nocoéue. B 5 xkH. Ku. 4.
BonHbl, OnTtuka. — 4-¢ u3a., nepepad. — M.: Hayka. ®usmamiur, 1998,

I'nasa 5. Aundpakunsa ceera.
§ 5.6. IudpakuuvoHnas peulerka,




3anauya Ne 46
U3YYEHUE JUPPAKITMOHHON PEINETKH

esb 3apauu: onpeAeacHNE NapaMeTpoB AX¢PaKLIMOHHON peuler-
KW — €€ 1nepuoia M yriioBo# JUCnepcHH, a TakKe onpeneneHue npu
noMolM nudpakKLMOHHONR peleTKN AIMH BONH CNEKTPa PTYTHOMN
JAMITEL

Kax u3BecTHO M3 TeOpHH, YCIOBUE IJIABHBIX MAaKCHMYMOB aud-
PaKLIMOHHOWH KapTUHEI pPeLIeTKY BhIpaxaercs ¢popMynoit

dsing = nA, (1)

rae d — TMepuoa PELIeTKY; ¢ — yroj andpakudy ans paccMaTpy-
BaEMOro MaKCHMMyMa; A — JUIMHA CBETOBOM BONHBL, n=0, 1, 2, ... —
TMOPAZOK MAKCUMYMa, T.€. €ro NMOpAAKOBBIf HOMEpP, CUNUTAs OT LieH-
Tpa KapTHHBI. )

3ta dopMyna nos3sogeT, u3mMepss Yyl audpaxkuuu, onpeae-
JINTb HEM3BECTHBIA NepHof PEIIETKY, €CNU 3a1aHO 3HAYEHHE JUTUHEI
BOJIHBI, H, HA060POT, HATM HEU3BECTHYIO AJIMHY BOJIHAI NO 33l0aH-
HOMY NEpUONY PeLeTKH.

Onucanpe yCTAHOBKH

VYcTaHOBKAa COCTOMT U3 Pa3MEILIEHHEBIX BHYTPH KOXYXa UCTOYHU-
KOB CBETa, B KaYeCTBEe KOTOPLIX B 3aa4€ MCIIOJb3YIOTCH HaTpUeBas
W pTYTHaa aamnel, roHnoMeTpa I'C-5 v audpakuyonHoi pemeTxu.
I'onuomerp (puc. 1) cocrout u3 kowumMaropa (K), cronuka (C), Ha
KOTOpbIf mMOMelaeTcH pelleTka, W 3purensHoit Tpyom (T), yepes
KOTOpy10o Habmonaerca aMdpakiiIMOHHAaa KapTUHa.

3puTeabHas Tpy6a MOXeT BpaIllaTeCA B TOPH3OHTANILHOI MJIOCKO-
CTH pYKOIf, AN Yero cneayeT ocBo6oaANuTh BUHT (1) (B ciayyae Heob-
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XOAMMOCTH 6o0Jiee TUIABHOTO BPALEHUs JJIS TOYHOH HABONKY HYX-
Ho, HaobopoT, 3aTAHYTH BUHT (]) ¥ NnoBopauuBaTh TpyOy BpalleHK-
€M BHHTa (2). Yros nosopoTa TpyObl pErucTpupyeTca 1o numoy,
wKajna Koroporo Habmonaetca uepes okynsip (O,). llIkana oceema-
€TCA CTIEMATBHOM JIAMNOYKOH, BLIKNIOYATENDL XOTOPOH PACTIONOXEH
Ha HUXXHEM OCHOBaHWHM TOHMOMETpA C JICBOM CTOPOHH. MexXny oky-
JIpoM u o6BeKTHBOM TPYObl HaXOAUTCA KPeCT HMUTEH, TIO3BOJAI0-
WMH TTPAaBUITLHO YCTaHOBUTH TPYOY W C(POKYCHpOBATh €& Ha Gecko-
HeYHOCTb. POKYCHPOBKA OKYNsipa NPON3BOIUTCS TIOBOPOTOM €0 32
onpasy (O,), hoKycHpoBKa 06beKTHBa — BpallicHUeM BUHTa (8).

CroasK MOXeT BpaluaTeCsl BOKPYr BEPTHKAIBLHOM OCH, N YEro
chneayer oTnycTUTs, BUHT (3). ([ng niaBHOro BpamieHNss HyXHo, Ha-
060pOT, 3aTAHYTh BUHT (3) ¥ NOBOPAYMBaATh BUHT (4).)

Koanumarop vMeeT Ha KoHlle, OBpallleHHOM K MICTOYHMKY CBETa,
BepTUKanbRylo wenb (L), wmpuHy KoTopoii MOXHO H3MEHATH
BpaLLEHHEM TONOBKY (6). Ha 3Ty wiens npy nOMOILUM JIHH3EI, BMOH-
THPOBAHHOM B CTEHKY SIIMKa C JJaMNaMH, oKycHupyeTcs CBETOBOH
MOTOK, MIOYILMA OT aMNbl, TaK YTO AaNee OT MICJH MOET pacXons-
wuitcs nyyok nyyefl. Takum o6pa3oM, HMEHHO 3Ta LIENL UIpaeT
poJib UCTOYHMKKA CBETa B AndpakunoHHo#K cxeme. [TonoxeHue Lieau
110 OTHOWIEHUIO K JIMH3E KOJIMMATOPa MOXHO M3MEHSTD 1IpY NOMO-
wy BuHTa (7).

Jns Toro 4ro6B! CXeMa COOTBETCTBOBANA YCIOBUAM AMdpakumun
®payHrodepa, HeobxoaMO, YTOBLE:

1) aM¢ppakUHOHHYI0 KapTHHY 06pa3oBRIBATH Ny4), UAYyLIHE OT
PELWETKN NapavleNnbHO APYT Apyry. Ans 3Toro HyxHo c¢(oKycupo-
BaTh 3pUTENBHYIO TPYOYy Ha BeckoHeyHoCTh. [1pu Takol okycupos-
Ke posib cobnpartensHoM JuH3bl urpaet o6bEKTHB TPYOBI, @ BO3HUKA-
onas B ero HoxanbHoM NMJIOCKOCTY ANPPaKLHNOHHAsA KapTHHa pac-
CMaTpHBaeTCs Yepe3 oOKynap;

2) nazaiolue Ha PEWETKY JIYYHM TaKXe DOJIXKHbL 06pa30BRIBaTh
napannenasHslit nyvyok. Jins aToro Heo6XonMMO, UTOOL! LIEJb HaXo-
JANNach B hokanbHOM NNOCKOCTH KONIUMATOpa,

Hacrpoiika cxeMbl TPOU3BOAMTCSA COTJIACHO WHCTPYKLUMH, KOTO-
pasi BblaaeTcs NabopaHTOM TIPH BbINOJHEHUU paboThI.

Orcuer yrios. Yron, onpenenasoliMil HanpagjieHHe OCH TPy6b!
NIpY €€ NOBOPOTaxX OTHOCUTENBHO CTONMKA, PETUCTPUPYETCH 110 IBYM
LIKajnaM, KoTopeie BUAHBI B oKyasp (O,) npu BKIIOUEHHON NOACBET-
Ke. Bpawas Tpydy (rpy6o — BpPY4YHY!O, TOYHO — BpallleHMEM BUH-
T2 (2), yCTaHaBJIMBAIOT ce TaK, YTOOH BepTUKalbHad HUTHL KpecTa
coBnaja ¢ pacCMaTPUBAEMOM TOYKOH obbeKkTa, BUIMMON B OKYJISID
(O)) (B nanHoOI 3a1aye — C UCCIEAYEMOI CTICKTPANbLHON JIHMHUEH).
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i

Peuwerxa

Bua ceepxy
Puc. 2 Puc. 3

BpauieHyeM MaxoBUKa (9) B Ty MM HHYIO CTOPOHY TOUHO COBMeLia-
10T ABOMHbBIE WITPUXM BepXHE M HUXHEH yacTelt LUKaibl JIEBOTO
OKHa. Ync0 rpaaycoB onpeiensieTes YHCIOM, CTOSLIMM Ha BEPXHEH
LIKane CieBa OT HermoaBuxHoro wtpuxa (73 Ha puc. 2). .

3aTeM Ha HIXKHEH YacTH WKAJIBl HaXOAAT Yuc/0, OTiMYaloLeecst
Ha 180 or 3Toro uncsaa rpanycos (253 Ha puC. 2), U CMOTPAT, CKOJb-
KO VHTEPBATOB PACIIONATAETCA MEXAY ABOWHBIMU WITPUXaAMHK, COOT-
. BETCTBYIOL[MMM 3THM IBYM 4YuclaM (5 UHTEpBANOB Ha puc. 2). 910
" YHCJIO VHTEPBAJIOB JACT YHCAO HECATKOB MMHYT. UMCNO eaHHMI MH-
_ HYT OTpenensercs o WKane NnpaBoro OKHa: OHO PaBHO UMdpe B JleBOM
psiny, CTOSIILEN BBILE HEMOABHXXKHON rOPU3OHTAILHON 4epThl (2 Ha
" puc. 2). Uncao ceKyna onpeneaseTcs o 3TOH Xe iKale YMCJIOM B
TIPaBOM psIOY, HaXOAALIMMCH Bbillle TOPH3OHTANBHOW YEPThHl, U KO-
JINYECTBOM MAJIBIX EJIEHHi, 3aKINOUYCHHBIX MEXAY YTUM YHCIIOM U
ropU3oHTanbNoM yepTolt (34 Ha puc. 2). TakuM 06pa3oM, Cllyyaso,
H300paXeHHOMY Ha PUC. 2, COOTBETCTBYET OTCcUeT 73°52'34”.

Ynpascnenue 1

OnpeneneHue nepuoia AMQPpAKIHOHHON penieTRH

HcTouHUKOM CBeTa B 2TOM YNpPaXXHEHUU CIIYXKHT HATpHEBas JlaM-
na (sknwouaercs nabopantom!). Ileproa peuieTku onpeaenseTcs 1o
dopmyne

d="" (2)
sin ¢

HEMOCPeACTBEHHO nonyyeHHoM 13 dopmyibl (1). Harpnesas namna
H3NTY4aeT B BUAUMOM 0ONacTH CNeKTPa BOIHBI ¢ OIU3KMMH 3HaYeHU-
AMH JUTHHBI BOJTHBE A, = 5890 A u 4,=5896 A (1A =107 MM), Tax
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YTO €€ CNEKTP, JaBaeMBli PCIICTKOM, COCTONT B KaXAOM TOPSAKE H3
BYX PACTIONOXEHHBIX PAAOM TMHWN (1ybaeToB). Ansa BEMUCACHUS
MEepUoAa PeIleTKU JOCTATOYHO U3MEpPUTh yribl audpaxuuu ¢ A1s
JIMHHI, COOTBETCTRYIOILINX MCHBIIEH JUTMHE BONHHL A, = 5890 A. Bpa-
1was Tpyoy, HaBOIAT BEPTHKANBHYIO HUTh KPECTa HA TY M3 IBYX JIU-
HUIl B KaXIOM NybsieTe, KOTOpas JeXUT GJuxXe K LEHTPanbHOMY
MaKCHMYMY, U JENAIOT OTCUET TI0 LIKaje TOHHOMeTpa. Peructpanmu
MOANIEXAT JINHUU NMEPBBIX TPEX NOPSAKOB 110 06¢ CTOPOHHI OT LIEHT-
paibHOro Makcumyma. Ecnv B nepBoM nopsiake TMHWUU nyOneTa He
pa3peiaioTest, T.€. CIMBAIOTCA B OXRY, TO NP pacyeTe d B popMyny
(1) ansi n= 1 noacTaBNAIOT cpeiHee 3HayeHne A = 5893 A nauH BonH
A M A,

M3MepeHHBIE 3HAYCHUS YIJIOB ¢ 3aITUCHIBAIOT B NMEPBBIC 1BA CTOJN-
6na tabnuusl. Kak BUIHO U3 puc. 3, 3HaYCHUe yTa Tudpakuvu ¢
PaBHO MOJYPa3HOCTH OTCUETOB CJIEBA U CMPaBa IJIsi COOTBETCTBYIO-
LUMX JTMHAN onpeaeneHROro nopsaaka: ¢ = 1 /2|am—-a“p|.

3anoHAIOT ABa TIOCTEAHUX cToNOLa TabMULbl, HAXOAAT CPEIHEE
3Ha4YCHWe NepHola pellieTKH, OUCHNBAIOT NTOTPEIIHOCTH H3MEPEHHH
M C UX YYCTOM 3aMUCHIBAIOT OKOHYATEJILHLIIA Pe3ysbTar.

" seB. npas. 0 =| otpea—0tp | /2 d, MM

Ynpaxcnenue 2

Onpenenenne AIHH BOJH CNEKTPA PYYTHOH JIaMITB

M YTJIOBOM JUCTIEPCHH PELICTKH

Hatpuenas naMna 3aMeHsAeTCA PTYTHOH (TlepeKinioueHne pous-
BoauTcd JJabopaHtom!). B BUIAMMOIT YacTH CNIEKTpa PTYTHOI J1aMITH
UMEIOTCA YeTHIpe JIMHUU: (DHOJIETOBadA, 3eJeHasd W JBE XENTHE.
[Mpexzie YeM NMpUCTYTIHTh K U3MEPEHUAM, PEKOMEHAyETCH, Bpallas
3pUTENIBHYIO TPYDy, 03HAKOMHTLCH C pACIOJIOKECHUEM JIMHHA B
CMEKTPaxX TEPBBIX TPEX MOPSAAKOB, OCMBICIIUB COOTBETCTBHE Haluo-
[aeMOil KAPTHHEI ¢ Teopyeil. JIMMHBI BOJIH 9TUX JIMHWIA BEIYHCIISTIOT-
cst no popmyne

Lzm’ (3)

n

HenocpeNCcTBEHHO MoNyYyeHHo nua dopmysnn! (1). 3Hayenue nepuo-
[1a pelueTKH d U3BECTHO M3 ynpaxHeHus |, U3MepeHue yrioB Npo-
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W3BOAMTCA TOYHO TaK Xe, KaK B yrpaxHeHuu 1. g xaxpoit U3 ye-
THIpEX ANUH BONH COCTaBNIAIOTCA OOMHAKOBbIE TabJIKLIBI, aHAIOrUY-
Hble NPenBIAYLIEH Tabnuile, HO ¢ 3aMeHoil ocneaHeit rpadsr «d» Ha
rpacdy «A», B KOTOPHIE 3aHOCATCS PE3ybTaThl USMEPEHUH U TTOoCIe-
IOYIOWIMX BEIYUCTEHUN. s KaKION IIMHBI BOJTHEl HAXOIAT €€ cpef-
Hee 3HayeHMe, OLICHUBAIOT TIOrPEIHOCTH UBMEPEHNT M C X YYETOM
MpeACTaBIAIOT OKOHYATENbHLIN Pe3ysbTart.

YrinoBas AucniepcHs pellleTKN BRIYHUCTAETCS A XenToi obnacti
B CIMeKTpe TpeThero nopsiaka. OHa paccUMThIBacTCs Kak no gopmy-
Jie, SIBMIAIOMENHCS e OTNIPEIETICHUEM,

A
aKe = A—‘:. ’ (4)

TaK M TIO TEOPETUYECKON HopMyne

n
arrves (5)

B dopmyny (4) B KauecTBe AQ TOACTARIAETCA PA3HOCTD [, —0,)|
yrnoB nudpakuuu 1A auHui: xeatasa-I u xenrtaa-II B cnekrTpe
TPETHETO MOPSIKA, a B KAYECTBE AL Pa3sHOCTb WUIMH BOJH 3THX JiM-
Huit. B dopmyne (5) nonaraerca n=3, B KauecTBe ¢ Geperca cpea-
Hee 3HayeHHe yrnoB pudpakuun ¢ u ¢$) ana neppoit u BTopoit

XKENTHIX JUHUM B CMEKTPE TPETHETO NOPAAKA:

Teop

¢=%(¢‘3 +od)s
a 3HaYeHMe TMepHoaa pellleTKH HaiieHO B ynpaXHeHUH 1. YIioByio
AVICTIEPCUIO TIDHHATO NpPEeACTaBIATh B EAMHMLAX A-', Mo3ToMy Ag B
(4) cremyeT BHpa3WTb B panvaHax, a d B (5) — B aHrcTpemax
(1°=0,017453 pan., 1'=0,000290 pan, 1"=0,000005 pan.,
1 MM= 107 A). OLileHMB TIOrPEILHOCTD, CONOCTAB/ISIOT 3HAYECHUA AUC-
riepcUu, MoJTyyeHHbIe o 06enuM opMynam.

JInTeparypa

Casenbes WU B. Kypc obueit dusuku: Yye6. nocodue. B 5 ku. KH. 4.
BousiHul, OnTHka. — 4-e nag., nepepab. — M.: Hayka. ®namaranT, 1998.
Inaea 5. Audpaxuus cera.

§ 5.6, JudpakumuonHas peierka.



PA3JIE] 4

INOJAPU3AIIVA CBETA

3anaua Ne 47

HU3IMEPEHUE VIJIA BPIOCTEPA TIPU OTPAXEHUU
CBETA OT CTEKJISHHOMN IUIACTUHKH,
HAXOXJIEHUE HANPABJIEHUI IIPOITYCKAHUA
MOJAPOUIOB U ITPOBEPKA 3AKOHA MAJIOCA

ITens 3aaa4uu: U3yUueHUE ABIEHUA TIONAPU3ALIMMN CBETA MIPU OTpa-
JK€HNH OT CTeKISAHHOM TUIaCTUHKHU, U3MepeHHne yria bplocrepa, Ha-
XOX/IEHHWE HAPaBJCHUI NPOTNyCKaHUs TIONAPOUIOB U TIpOBEpKa 3a-
KOoHa Mamoca.

OCHOBHbBIE TOHATHSA W COOTHOWIECHUS

Onncanue NPHHUMNAATBHON CXeMbl W3MepeHus yriaa bpioctepa.
B onbITax Mo B3aMMoIeCTBHIO CBETA ¢ BEILIECCTBOM {IMJIEKTPHKOM)
YCTAHOBJIEHO, YTO KaK OTPaXeHHbIe, TAK ¥ NMPENOMNEHHbIE yYH SIB-
NAIOTCA NONSIpU30BaHHBIMU. MccrienosaHus, mpoBeaeHHbIe bplocTte-
POM, TIOKA3aJIM, YTO TIDH OMPEACICHHOM YIJIC MAJCHUA ¢, OTPAXEH-
HBbIH JIyu SIBJISIETCSI TIOTHOCTBIO NONSIPU30BAHHLIM, YT0J, NPY KOTO-
pOM JOCTHTAaeTcs TmoJIHaA MoNgpu3alus OTpaXeHHOro Jy4a,
Ha3BIBAIOT YrioM Bprocrepa, a COOTHOIIEHUE, CBA3KLIBAIOLIEE 3TOT
YTOJI C MTOKA3aTeNSIMU NPENOMAEHHS 1, U n, IBYX Cpell, Ha TpaHULIE
MEXIY KOTOPbIMH TIPOMCXOANT OTpaXeHHe, — 3akoHOM BpiocTepa:

tge,=n,/n,. (1)

I'na3 yenopeka He B COCTOAHMM OTAWYMTD MNONSIPU3OBAHHBIA CBET

OT €CTECTBCHHOTO, HO YYBCTBHTCACH K H3MCHCHHUIO HHTCHCHBHOCTH
CB€TA. ﬂoaromy B onbITaX € NMOJAPU3OBAHHBIM CBETOM TNOJNE3HO
UMETDb ONTUYECKOC ychOﬁCTBO, NpU NMPOXOXIACHUH KOTOPOrO HH-

400



TEHCUBHOCTb CBETa MEHs1ach OB B 3aBUCUMOCTH OT HarpapjicHUs
TIONAPHU3ALIMM NAJIAI0IIEr0 Ha HEro Nyyka ciera. Takoe ycTpoHcTBO
MONYYUNO HA3BAaHME TONAPH3IATOPA, TAK KaK €CTECTBEHHBIN CBET,
NpoNylIEeHHEI Yepe3 HEro, CTAaHOBUTCA TIOJNIAPU3OBAHHBIM. N Ha-
XOoxXIeHUA yria bplocrepa MOXHO NpeJIOKHUTH CNEAYIOULYIO ONTH-
YEeCKYIO CXEMY, HCITOTh3YIOLIYIO MonsAapusaTop (puc. 1a).

Ha puc. 1a napaowuii (1) u otpaxeHHbI| (2) nyun U306paKeHE!
NeXalUUMH B IUIOCKOCTH YepTexa. OTpaXeHHE MPOUCXOINT OT CTeK-
JIAHHON IUIACTMHKM, MEPINECHANKYIAPHON MIOCKOCTH uepTeXa, a
clell OTPaXeHHOTO Jiyya HabmonaeTcs Ha skpaHe (5) B BUJe CBETO-
Boro maTHa. Ha nymu syya (2) ycTaHORBJNEH [ONISIPpU3aTOP «A», OpH-
€HTMPOBaHHHKII TaK, YTOOK HANIPARICHUE NPOMYCKAHMA €ro OuIIo
NapaJuIenbHO TUTOCKOCTH YepTeXxa, B cooTeeTcTBMM € 3ak0oHOM Bpio-
cTepa NyTeM BpAlLCHUS TIACTUHKH (3) BOKPYT OCH, NEPIIEHANKY-
JIAPHOH IUIOCKOCTH YepTexa, MOXHO YCTaHOBMThL TaKOH yroxn maue-
HUA @, IPY KOTOPOM SIPKOCTb CBETOBOTO MATHA HA 3KpaHe (5) cra-
HeT paBHOM Hymo. HaliileHHEIH TaxuM o6pa3oM yron ¢ paBeH yriy
Bpioctepa ¢,. JlelcTBUTENBLHO, NIPH OTPAXEHHUU NMANalOMMii Nox yr-
nomM BprocTepa Jiy4 cTaHOBUTCS MOHOCTHIO TIOJIAPH30BaHHKM. I1pu
3TOM HanpaBlieHHE BEKTOPA HaTNPSXXEHHOCTH SNEKTPUYECKOro Nojs
B nyue (2) 6yneT nepneHAMKYIAPHLIM TIOCKOCTH YEpTEXa, U MPH
YKa3aHHOI! BhILIE OPUEHTALMH NOJsSpU3aTopa Jiyd (2) He JOCTUraeT
akpaHa. [Ipy npakTHyecKoil peann3almu 3Toil CXeMBl BOZHHKAET He-
06X0IUMOCTh B OTHOBPEMEHHOM BpallleHUU TIIACTMHKY (3) v nons-
pH3aropa «A», MpUUeM YroJl NOBOPOTa NoJapu3aTopa J0mKeH 6b1Th
B JBa pa3a Honblile yria noBopoTa IiuacTMHKU. CxeMa, NpeacTaBicH-
Hasi Ha puc. 16, cBo6oaHa OT 3TOro HejgocraTka. Kak BUOHO U3 pu-
CYHKa, B HEeH Toisipn3aTop «A» NoMellaeTcd Ha MyTH NajaioLlero
Jyya (1) ¥ TakuM obpaszoM HeoOXOOQHMOCTb B €ro BpallleHUU OTMa-
naeT. HanpasneHue nponyckaHusi NOAsipM3aTopa Mno-npexHeMy opn-
eHTUPYETCs NapaleNIbHO MIOCKOCTH YepTexXa. IMeHHO Takas cxe-
Ma HaxOXAeHus yria bpioctepa Hcnonb3yercs B IaHHOM 3anayve.
CTyneHTaM npenjaraeTcss caMoOCTOSATENbHO OOBSICHUTH HCYE3HOBE-
HUE OTpaxXeHHOTO Ny4ya (2) Npu YCNOBMM paBeHCTBa YIjla ¢ YTy
Bpiocrepa ¢,.

3axon Mamoca. CornacHo 3akoHy Manioca MHTEHCUBHOCTh CBe-
Ta I, Ipolealiero yepes moaapoun «B», 3aBHCHT OT yria o MeXIy
HanpasJIeHUSIMUA NPONYCKAHMUS MONsAPOUIOB «A» U «B», T.e.

I= I cos’a, (2)
rae J, — VHTCHCUBHOCTB CBETa, TIaJlaloLlIero Ha nonsipoua «B», 9ta
dbopMyna cnpasejuinBa Ui AETbHBIX Monspounos. [Tonspounasl,
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BBINTYCKAEMbIE NPOMBILUIEHHOCTSIO, HE 00ECIEYUBAIOT FONIHYIO 110~
JIAPU3ALMIO CBETA U, KPOME TOro, NMOrJlolaloT 4YacTh CBETOBOI 3Hep-
rvM, Nipoxogsuiei yeped HuX. 1103TOMy MHTEHCHBHOCTDL CBETa, Na-
JAIOLIETO Ha MONAPOUA, «B», MOXET OBITh NPEACTARICHA B BUIC ABYX
cllaraeMBIX: WHTEHCHBHOCTH MONSIPH30BaHHOMN KOMHOHeHTbl Im_p
MHTCHCUBHOCTH HENOJIAPU3OBAHHO! KOMIIOHEHTH! 1., T.

L=1 .+ . 3)

nonsp

Tak Kak ToTepH 3HEPIMM NMEIOTCA KaK B MOJIAPHM3OBaHHOM, TaK
W B €CTECTBEHHOI KOMIOHEHTaX, TO 3aKOH Mamoca (2) ans mons-
POMIOBR MOXHO 3anucaTh B BUe

IT=(1 o= Lromp )08’ + 1/2(1 = 1) 4)
Beenem 0603HayeHM:
A= o™ Doreo B= 1200 = L) %)
PaseHcTBO (4) Teneph MOXHO NEepenHcaTs B BHJIE
7= Acos?a + B. (6)

KosdbduumneHTH A 1 B HETPYAHO HAUTH, €CITH H3IMEPHTh UHTEH-
cuBHOCTh [ nnscnyvas a=n/2 u T s a=0:

I=1, =8B 1=]_ =A+B. @)
M3 cootHomennii (7) uMmeemM
B=I  A=I ~1I.. ®)
INoncraeus 3HaueHUss Au BB q)opmyny (6), nonyuaeM
I=.—1,)cos*a+ 1T 9)

ITokasaHus CTPEIIOYHOTO HHIWKATOpa ¢ pemc'rpupylomero ycT-
POWCTBA NMPONOPUMOHANTBHEI UHTEHCHBHOCTH [ CBETa, MajaloLero Ha
doTonpueMHuK:

g=kl, (10)
rae XK — K03d¢UINEeHT TpoNopLHMOHANEHOCTH. TI02TOMY paBeHCTBO
(9) c yuetoM (10) MOXHO NepenucaTh B BUIE

7= (Qrax— i) OS2 + G, (1D
WU
q _qmin = 0082 a. (12)
Fmax ~ Fmin
OtHocuTeNnbHO cosZa ypaBHeHHe (12) npeactapnseT coboit npd-

MYI0 C TAHTEHCOM YyTJila HAKJIOHA, PABHBIM E€IWHHLE, TIPOXOASINYIO
Yyepes HaYa10 KOODIMHAT:

y=x, (13)
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rac

y= q — Qmin ,x=COSZ(l. (14)
Gmax — qmin
Ipy g,,,, << g, MOXHO NONOXHTH ¢, = 0.
B ynpaxXHeHUH NPOM3BOANTCA DKCNIEPUMEHTANLHAS TPOBEPKA CO-
otHoweHud (13).

Ynpancuenue 1

Hamepense yraa BprocTepa u Haxoxaenne
HANPaBIEeHHA NPOMYCKAHHS NONAPOHIA «A»

Onucanune ycranoBku, OOIMif BUI YCTAHOBKM TIPENCTaBIICH Ha
puc. 2 u 3.

Bce ontHyeckye yanbl YCTAHOBKM Pa3MEIEHBl Ha ONTHYECKOM
ckaMbe (6). ICTOYHHKOM CBETa CITYXUT OCBETUTENS (7) € KONJUMa-
TopoM. HanpsixeHHe HaKajia TaMIibl OCBETUTENSA PerylIupyeTca uc-
TOYHMKOM NUTAHUA (8), MepeAHssT MaHeNb KOTOPOTo C py4KOM pery-
JIUpoBKHU (9) u306paxeHa Ha puc. 4.

JIy4 cBeTa (1), npexae 4eM NomnacTk Ha CTEKIIHHYIO IIaCTHHKY,
TIPOXOAUT Yepe3 TONSIPU3ATOP «Av, Pa3MEILEHHBIN B CIICHAILHOM
Inepxatene. B kayecTBe Monsipu3aTopa UCMONL3yeTCs TONSpOnaHas
rniaeHka (noaspoun). Jepxartens 06€CreynBaeT BOIMOXHOCTL Bpa-
IeHVS TIONSPOHAA ¢ TTIOMOIILIO KoJibila ¢ HakaTtkoi (10) (cM. puc. 2
K 3) ¥ OTCYET yTJia MOBOpOTa B rpaaycax no wkaie (18) otHocHTensb-
Ho MeTkH (11) (puc. 5).

13
11

N\ //.

L8

Rl Ky
1
[\}
2
N, N\
22 7
6
21 15
A L :
L []] UE] 5 g, |
Wi i 14 I

Puc. 2
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CTekJIfHHas [UIACTUHKA YKPEIUISIETCS BEPTUKAIbHO Ha CTOJIM-
Ke (12) (cM. puc. 3), KOTOpHIif MOXET BpamaThcsl BOKPYT BEPTHKANB-
Hoit ocu. CTonnK cHabGxeH uwkanoit (13), nporpanynpoBatHHoOH B
rpagycax. CTeKIsAHHasA NMJIaCTMHKA pacroJiOXEHa OTHOCMTENBHO
wkans! (13) Tak, YTO HOpMab K €€ MOBEPXHOCTH, TIPOXOAALIAS Ye-
pe3 LIEHTP CTONMKA, TIPOXOAWUT Y€pe3 HYJIEBOE JICCHHE IUKAIbI
(cM. puc. 2). Takoe pacrosnoxeHne CTEKISHHON TUIACTMHKY Ha CTO-
JIUKE TIO3BOJISIET JIETKO U3MEPATH YroJl OTPaXeHus ¢ y4ya (2) oT Hee
¢ noMouso doronipuemunka (14) (cm. puc. 2). dna aroro ¢oro-
NPHEMHUK CHaOXEH METKO, onpenensolcii €ro nonoxeHue Ha

Iau pe»ccra(g. I og!aﬂn‘a 17
BKN. y g M- 0-10B, 0~3A
W QO © © ©
= 1 +
o J
Puc. 4
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wkane (13), v perucTpupyloliuM yCcTpoicTBOM (15) €O CTPENOYHBIM
naavkatopoM. IlepeaHsis MaHeNb PErMCTPUPYIOIIETO YCTPOMCTBA
u3obpaxeHa Ha puc. 6. Kak ¥ cTekngHHas TUIacTUHKA, GoTonpueM-
HUK MOXET BpPalIaThC BOKPYT BEPTHKAJIbHOM ocH. JIns ero spaiue-
HHSA CTYXUT KONbLIO ¢ HakaTkoi (16) (cM. puc. 3). JiBikeHus crex-
JIAHHOW NNAcTHHKYU U GoTonpueMHUKa He3aBucuMBIL. JIyd cBera, OT-
PaXEHHBIH OT CTEKIIAHHON NMAAaCTUHKM, NMonafacT B GOTONPHEMHHMK
yepe3 oTBepcTHe (17) B akpaHe (5) (cM. pMc. 3). DkpaH (5) ppama-
eTca BMecTe ¢ QoTonpreMHUKOM. He yroMsiHyTele B TeKcTe dJe-
MEHTHI YCTaHOBKY: Noasipoual «Bs, (otonpremuux (20) v peructpu-
pyloulee ycrpoficteo (21) B 3ToM ynpaxXHeHUM HE MCNIOJIB3YIOTCA.

H3mepenne yrna Bprocrepa

1. BKITIOYUTH UCTOYHHK TIUTAHUA OCBETUTENA: MOJI3YHOK Mepe-
KiloyaTeNsi EPeBeCTH B TONIOXEHHEe «Biu». YcTraHOBHTH MakcH-
MaJIbHOE 3HaYeHHe HanpsXXeHud Hakana namnsl (~10 B), nosepHys
PYKOATKY (9) no yacoBoit cTpenke A0 yriopa. C NMOMOIUBIO PYKOSAT-
KM (9) HanpspKeHue MOXHO MeHSITh KaK TUIaBHO, Tax M rpy6o. TTpu
TUIaBHOM perynnpoBKe pykosTKa (9) Bpaiaercsa nerko, npu rpy6oit
K Hefl HyXXHO NpUIoXUTh 6onpsiuee ycunue. Ipu Hanpsaxenun 10 B
namna pabotaet ¢ nepexanoM. [ToaToMy ecnm UIMEPEHUs TIO KaKoH-
60 MPUYMHE TIPEPLIBAIOTCA, TO HaNpsXXeHWe Hakala Ciexyer nmo-
HU3uTL 10 5—6 B.

2. BKIIOYKTE perucTpupylouiee yerpoictso (15) doronpuemun-
Ka, HaXxaB KHONKy «CeTb» (CM. pHc. 6). BonounTs NOACBETKY WWIKa-

1l a

Hanpasnenue
L nponyckaHus

MNonaponaHan
nnevka
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JIl HHAVKATOPA, HAXKAB XHONKY «*». BriGbpath Haubonee yyBCTBU-
TeNbHBIIA NUaNa30H U3MEPEHHI, HaXaB KHOIKY «x1»,

3. Noneuxwuutii 3kpaH (5) (cM. puc. 2 ¥ 3) pacoNoOXUTb napan-
NleILHO ONTHYECKOo# cKaMbe. Bpawenme cTeXaHHON NNACTUHKH U
3KpaHa ¢ ¢GoTonpHeMHNKOM HEOOXOMHMO OCYIIECTRIATE C TIOMOLBIO
xonen (12) u (16) (cM. puc. 3).

4. TlosepHyTh CTEKNISIHYIO MIACTUHKY (3) Tak, YTOOGBl CERETOBOE
MATHO, 00pa3oBaHHOE CBETOBHIM NyuoM (2), BHaYaNe 0Ka3anoch ciie-
Ba OT BXOJHOTO OTBepCTHS (poTonpueMHUKa (17). 3aTeM NOBOPOTOM
3kpaHa (5) No YacoBoif CTpeNKe pacroJOXHUTh €T0 CrIPaBa OT OTBED-
crus. Takas opyeHTALMSA CTEKNSIHHOM TUTACTHHKHA U 9KpaHa obecre-
YHBAET JOCTATOUYHO CWIBHYIO 3aBUCUMOCTE APKOCTH CBETOBOIO MAT-
Ha Ha 3KpaHe 0T yIiia MOBOPOTA NOJSIPOUIa «A».

5. MosopoToM noNsipouAa «A» HOOGHTLCA MUHUMAIBHONH APKOCTU
CBETOBOTO NMATHA Ha 3KpaHe (5).

6. TlopepHyTh (hOTOTIPUEMHUK MO YACOBOM CTPEJIKE TaK, YTOOLI
JieBbIit Kpaii 3KkpaHa (5) KocHyJCA CTeKIAHHON acTuHXK (3). Ta-
KOi1 TIOBOpOT MPENOTBPAaTUT BEIXOA CBETOBOTO TIATHA 3a NPEAENIHI 2K~
paHa MpU BBIMIOJTHEHUN YKA3aHWIi CIIEXYIOIEro MMyHKTa.

7. Bpamas cTeKJIsHHYIO TIACTHHKY (3) mo 4acoBOW CTpefike,
HAWTH TOJIOXEHUE, TIPU KOTOPOM SIPKOCTH CBETOBOTO TMATHA Ha K-
paHe (5) 1o BM3yanbkHOM OLEHKE CTaHeT MUHUMaNbHOM. IIpn aTOM
CaMO CBETOBOE ISITHO HOJIXHO HAaXOBUThCA CTMpaBa OT OTBEp-
crus (17). Ecav MUHUMYM mipuxoantcs Ha oTBepctHe (17), To 2Kk~
paH (5) ¢ HOTONPHUEMHHUKOM NOBEPHYTh JOMOMHUTENLHO 10 YaCOBOM
CTpeJIKE Ha HEKOTOPBINA yrou.

8. TToBopaynBas CTEKISAHHYIO MIACTHHKY (3) HAa HeGOALILOWK yron
B TY HJIHM WUHYIO CTOPOHY OTHOCHUTEABHO HaWACHHOrO TMONOXEHUS,

9 40 60 & @\ Moacsetka
AT |2
T\ u
® @ @ 000
] cE™®
]
Puc. 6
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yGeaUTLCH B TOM, YTO HAHACHHOE NMOKOXEHNE AEHCTBUTENBHO COOT-
BETCTBYET MUHMMAIBHON APKOCTH CBETOBOTO TMATHA.

9. Iocne BHINONHEHHA TNpeAbIAYIUEr0 MYHKTa MOBEPHYTH K-
paH (5) TaK, YTOOR LIEHTP CBETOBOTO MATHA COBMAJ € LUEHTPOM OT-
BepcTusi potonpueMHnka (17). Tak Kak SpKOCTb CBETOBOTO MATHA
MWHHMMAJIbHA, TO OTKJIOHEHHE CTPESIKU PEerdCTPUPYIOLIEro yCTpoii-
ctBa (15) 6yner HeGonbIMM. B manbHelnieM NpU OTbICKAHMM YINa
BplocTepa HeOOx0MMMO HAWTH Takoe NMoaoxeHue GoTonpUEMHHKA,
NPH KOTOPOM OTKIIOHCHHWE CTPENKU CTAHET MaKCHMalbHHIM. DTy
OMepaluio JIETYS BLINTONHUTL, KOrJa CTpenKa HAXOAMTCA BAANH OT
RYJS WIKATBL

10. IToBopauwpada noasspoua «A» 3a KoabLo (10) B IPOH3BOIBLHOM
HarpaBNEHUY, YCTAHOBHUTEL CTPENKY HHIUKATOPA PErMCTPHPYIOLLErD
ycrpoiictea (15) Ha OTMETKY «50» aeneHuii.

11. JIng HaxoxneHus yrna Bprocrepa ¢, Heo6XoRMMO MyTeM Men-
JIEHHOTO BpalieHus (GoTonpHeMHHKa 32 Koablo (16) B TY WIH HHY1I0
CTOPOHY, JOOUTBCH MaKCUMAJIBHOTO OTKIIOHEHUS CTPENKU MHANKA-
TOpa perncTpypymomero ycrpoiictaa (15), nocne yero no wkane (13)
(cm. puc. 2 ¥ 3) IpOM3BECTH OTCYET ¢,. st OCBEMIEHMS WIKAIBI TIPK
OTCYETE YIJIA ¢, BOCTIONB3OBATHCS MATOMOLIHBIM 3/IEKTPUYECKUM
thoHapukoM (puc. 7).

KHonka
Puc. 7

ITpy ocBeIeHMM WKAJIH! (13) HEOOXOAUMO CITEAMTE 32 TEM, YTO-
681 TyY cBETa OT (POHAPHUKA HE MONajgan B OTBEPCTHE (HOTOTIPHEMHH -
ka (17). PesynbTaThl u3MepeHus ¢, 3anucatb B Taba. 1.

Yron ¢, U3MepHUTh TpH pa3sa. Pe3ynsTaTel H3MepeHUil 3anucars.

OnpenesieHHe HATIPABJICHHS NPOMYCKAHMUS TIOIAPOMIA «A»

ITosopoToM nongpounna «A» N06GUTbCA MUHUMaJIbBHOIO OTKJIOHE-
HUS CTPeNKHY UHIHKATOpa perHCTpUpYloLlero ycrpoiictaa (15). Iy-
TeM MELIEHHOTO BPALUCHUSA MOJIAPONIA «A» B TY WIM HHYIO CTOPO-
Hy yOCOUTBCA B TOM, YTO HaliIEHHOE MOJIOXEHNE AEHCTBUTENBHO
COOTBETCTBYET MHHHUMaJIbHOMY OTKJIOHEHHUIO CTPEJIKM MHIWKATODa,
niocne yero no wkane (18) (cM. puc. 5) orcunTaTh IIPOTUB MET-
Ku «11» yron a B rpagycax. MUHMMaNbHas sipKOCTb OTPaXEHHOTO
Jiyda Oyzer Habni0daThCsl TP PACNONOXKEHNM HANPaBJIEHUs Npo-
TyCKaHHUs TOJsipouaa «A» B TOPU3OHTANBHOM mockocty. Ha puc. 5
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3TO HAMpaBJIeHUE yKalaHo cTpesikaMu. Tak kak Merka «l1» pacro-
JlaracTcsl Ha BEPTHKaNyU, TO HalpaBlieHUE TIPOMYCKAHKUS TOJIApOnaa
@9, MOXHO BBIYHCNIUTD:

CloA = '(1 + 90°| .

Tabauya 1
Do Qa, 0‘0. s Po, TPAL g , rpan Aal),‘s %
rpan | rpan rpan | (cpeasee) | (cponuee) man | ®

N |— 53

3HaueHuUe o 3anucaTbh B Ta6n. |. HaMepeHus a nmpoussecTu Tpu
pa3a. [locne nocnenHero U3MepeHUs! a. OCTABUTH TIONSIPOUA «A» B
MOJIOXEHUM C TOPUIOHTATLHLIM PAaCNONOXEHUEM HANPABJICHMS TIPO-
nyckaHus. Takoe nojloXeHne OH AOKEH 3aHUMAaThL TIPH BHITIONIHE-
HUM YIIPAXHEHUS 2,

Tlpu oTyeTe NPEACTaBUTS!

1. Tabnuuy ¢ pacyeToM CpeqHUX 3HaYEHUR @y U @, , abcomoT-
HOW U OTHOCHUTENIbHOM MOTPEIUHOCTEN STUX BEJIUUMH.

2. YMmeTb OGBACHUTL No puc. la v 16 NPUHUMNHANIBHYIO CXEMY
u3MepeHusa yrna bploctepa ¥ HanpapieHue nponycKaHMs nojsi-
pouza.

Ynpaxcuenue 2

Onpenesiende HANPABJIEHHS NPOMYCKAHHS NoaAponaa «B»

H npoBepka 3akona Mamoca

Onucanne ycTanoBky. 1151 IpOBEPKM 3aKOoHa Majioca Ha ONTH-
YecKOoil cKaMbe YCTAHOBNEHEI Noaspous «B» u Bropoii hoTonpueM-
HUK cBeTa (20) ¢ peructpupywuium yerpoiicrsoM (21). Moronpuem-
HUK (20) HeMmogBUXXHO 3aKperieH Ha oMTHYecKo# ckambe. ITonsipo-
ua «B» wu peructpupylomee ycerpoctBo (21) UIAEHTHYHBHI
ycTporcTBaM «A» M (15) (puc. 2).

Onpejesienye RANPaBJIeHHA TPONYCKAHMA noaapouna «B»

1. BkaounTts pervicrpupymollee yeTpoicTso (21) (cM. yipaxHe-
Hue ).

2. ®ortonpnemuux (14) ¢ 3xpaHoM (5) TOBEpHYTh IIPOTHB Yaco-
BOW CTPeJIKM Ha yroJl, KOTOPBIH OB He MEWAaJT YCTAHOBUTD CTEKIIAH-
HYI0 TIAaCTHHKY (3) NepneHANKYNApHO NagalomeMy aygy (1).

3. YCTaHOBUTL CTEKIAHHYIO MNACTHHKY (3) NepneHANKYIIpHO
Mapamouiemy ayuy. [isi 3TOro nosepHyTh cTonMk (12) NpoTHB Yaco-
BOI CTpeNkn 0O MOSABJIEHUS Jlyya, OTPaXEHHOTO OT CTEKISTHHOW
TIACTUHKY Ha 2KpaHe (22), ¥ Janee B TOM Xe HarnpaB/I€HHH 10 TNOo-

408



NaJaHus ero B OTBepcTHe KojnuMatopa ocBetutens (7) (cM. puc. 2).
[Tpy TakoM pacTiIOXEHWH CTEKNSTHHOM IUTaCTHHKH HaNMpaBieHWe KoJe-
6aHii MeKTpHIeckoro sekTopa Emyya (1) nocne npoxoxacHUsa UM CTeK-
JIAHHOM TNACTUHKU ByAET OnpenensiTbCs HanpaBAeHNEM TPOITYCKAHUA
nionsipouna «A». Ecnn opueHTaumg nonspomaa «A» nocjie BoInojiHe-
HHUs1 ynpaxHenus 1 He MeHsach (y6e1uThesl B 3TOM), TO BekTOp E
B Jiyde (1), magaiolieM Ha noasgpous «B», 6yaeT OpUEHTHPOBAH TO-
PUIOHTAITBHO.,

4. BpauieHnem nonsipouaa «B» 3a xonasuo (10) B TY MIH HHYIO
CTOpPOHY JOOUTHCA MUHMUMAJIBHOIO OTKJIOHEHUSA g CTPEITKYU UHAUKA-
Topa perucTpupylouiero ycrpoitctsa (21). Tak kaKk HanpaslieHne KO-
nebGannii BexTopa E B NajaouieM Jiyde OPUEHTHPOBAHO FOPH3OH-
TANBHO, TO MUHUMAJIBHOE OTKJIOHEHME CTpelIKM MHAMKaTopa (21) —
g..., OyAeT HabmoaaThCsT PU BEPTUKANBHON OPUEHTALIMK HampaBie-
HUS NIPONYCKaHUA moaspousa «B». TakuMm o6pa3oM, HanpasieHue
NpONYCKaHus NONAPOMAA ag MOXHO COCYWTaTh Mo wKane (18)
npotuB METKM 11 (cM. pHcC. 5). B npouecce oTbIcKaHuA ¢, CTaHO-
BUTCS OYCBUIHBIM, YTO U3-3a IUIAaBHOM 3aBUCHMOCTH 4 OT o B obs1a-
CTY MUHUMYMa OIUUOKA MPH UIMEHEHUH «p MOXET OBITb GONBLWOM.
Hns yMeHbIIEHH] OMMNOKU MOXHO BOCMOAB30OBATHCA TEM QOCTOA-
TENLCTBOM, UTO KpUBast ¢ = f(a) B 0611aCTU MUHUMYMa CUMMETPHUY-
HA OTHOCHUTENBHO o (PUC. 8) M IPOBOAWTL U3MEPEHHE @, B CACHY-
IOLIEM MopslKe.

BpauieHHeM nosasiponaa «B» B Ty WIK MHYIO CTOPOHY ONPERE/INTD
BETWYMHY MUHUMAIBLHOFO OTKNOHEHUA ¢, (Ha puc. 8 g, MeHblue
OIHOro JieNeHusi).

[TosopoTom nonsipousa «B» B IpOM3BONLHOM HaNpPaBICHUH yCTa-
HOBHTh CTPEJAKY HHIHKATOpA Ha 6imxailuee K MUHMMYMY JejieHne
wmKansbl (Ha puc. 8 — neneHue 1). 3anucath B Ta01. 2 3HAYCHUE YA
a, no wkane (18) (cM. puc. 5).
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MenaneHHHEIM BpalleHUeM NIONspouaa «B» B 06paTHOM Harnpagrse-
HUM YCTAHOBUTB CTPENTKY UHAMKATOpa Ha Gauxaiillee K MUHUMYMY
IefieHHe WKanbl (1o ApYryro CTOPOHY OT ¢, ..) ¥ TIPOM3BECTH OTCYET
yrna a, no wkane (18) (cM. puc. 5).

3anucathb B TaGN. 2 3HAYEHWE YTIIA O,

Hanpasnenue nponyckanus nonsponaa «B» — oy sasagercs
CPEAHUM 3HAYCHUEM o U a,:

a()“ = ((ll + azo)/z.
3Ha4eHHUs o, U o, USMEPUTH TPH pasa.

Tabauya 2
)}"-‘ .y, a2,