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DKcnepumenm HUKO20 He 0OMaHbleaem,
0OMAHYUBLL HAUU CYHCOCHUSL.
Jleonapao na Bunuu

BBEJIEHNE

JlaGopaTopHO - TPAKTUYECKUE 3aHATHS MO (PU3UKE MMO3BOJIAT CTY/CH-
TaM, BO - MEPBBIX, TO3HAKOMHUTCSI ¢ OCHOBHBIMH METOJaMU TOYHBIX (pH3u-
YECKUX H3MEPEHHH M OBJIAAECTh HamboJee BaXHBIMU MPUOOpPaMH, BO-
BTOPBIX, 00Jiee MOAPOOHO M3YUYUTh HEKOTOPBIC SIBICHHS M 3aKOHBI TIPHPO-
JIbI, JJIS TIOJTHOTO TIOHMMAHHWH KOTOPBIX OJHOTO JICKIIMOHHOTO MaTepuaia
o ¢u3uKe ObIBACT HEJOCTATOYHO. 3aJa4l BTOPOTO pOjaa TOXKE HOCAT Xa-
paKkTep U3MEPUTENbHBIX, XOTS Ha MEPBOE MECTO B HUX BBICTYIAET HE BBI-
MOJIHEHUE U3MEPEHHM, a U3yYEHUE CaMOTO SIBJICHUSI.

[IpenBaputenbHOe U3yueHUe padOT ABJISETCS HEMPEMEHHBIM YCIOBUEM
UX TIOCJICTYIOIIETO BBIMIOJIHEHHS B Jlaboparopusix. B 1ensx moBbIICHUS
3¢ (HEKTUBHOCTH 3TON IpEIBAPUTEIHLHON pabOThl CTY/IEHTOB ONMMCAHUS Jia-
OopaTopHBIX paboOT coAepk AT JOCTATOUYHO IMOJIHBIE TEOPETUUYECKUE BBEIC-
HUS U OAPOOHBIC YKa3aHUs M0 TIPOBEJICHUIO OIBITOB. | 0OTOBHOCTD CTY/ICH-
TOB K BBITIOJIHCHHIO JJAOOPATOPHBIX pabOT MPOBEPSIETCS MPENOIaBaTEIICM.
HemoaroToBneHHbIE CTYIECHTH K BBITOJHCHUIO PabOT HE JOITyCKArOTCS.
OTueT 1o BBIOTHEHHON pabOTe COCTABISAETCS A0MA.



Ilenv pabomwr — onpedenenue Kodaghguyuenma eoccmanosieHus, NPoOOOIIHCU-
menbHOCMU Y0apa u cpeonell CUlbl 83aUMOO0eUCEUs WAPUKA CO CMEHKOU.

Ha puc. 1 mokasan skpaH nporpaMmbl, IpeIHa3HAYEHHOW JJIsl TIPOBEICHUS Jia-
OopaTopHOil pabOThl Ha OCHOBE KOMIIbIOTEpHOW Monenu. Mccaemyercs ynap
CTaJIbHOTO IIapMKa O MAaCCHUBHYIO METAJUIMYECKYIO0 TIUTY. Bo Bpemsi cToNKHOBe-
HUS IIApUK, MOJBEIICHHBIA Ha MPOBOIAIIECH HHUTH, 3aMBIKACT AJIEKTPUUYECKYIO
nenb. KoaQpuimenT BoccTaHOBIGHUSI HAXOJUTCS MO MaKCHUMalbHOMY YTy OT-
KJIOHEHUS IIapuKa IIOCJE yaapa, a BpeMs CTOJKHOBEHHS — IO YMEHBLIECHUIO
HaIpsDKEHUS Ha KOHJIEHCATOPE M3-3a Pa3psiiKu 4yepe3 OayulacTHBIA Pe3nucTop 3a
BpEMsI 3aMbIKaHUS 1ICTIH.

[ Hecnenosanme coypapenma wapwia co crenkod
dalin  <Hazap OT4eT 3amaHuA
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Puc.1. OcHOBHOE OKHO MPOTPaMMBbI U CXeMa dKCIIEPUMEHTAIBHON YCTAHOBKHU

1.TeopeTnyeckue 0CHOBBI PadOTHI

B pabote nccnenyercs yaap CTaJIbHOTO IIapHUKa O MAaCCUBHYIO HETOJBUKHYIO
METAJUIMYECKYIO IIIUTY (CTOMKY YCTAaHOBKH - KPOHIUTEHH) MPU €ro JBHKECHHUH B
HAIIPaBJIICHUM HOPMAJIA K MOBEPXHOCTH. TaKOM yJIap Ha3bIBAETCA LIEHTPAIBHBIM,
TaK KaK TOYKa COIPUKOCHOBEHMS TEN JISKUT HA JINHUM IBUKEHUS LICHTPA IIApUKa.

Ko3¢puuuenr Boccranosiaenus. [Ipu coygapenun mapuka co CTEHKOM CHa-
yajia MPOMCXOJUT UX B3auMHas nedopmalusi U TOPMOKEHHUE IIapUKa 10 MOJHON
OCTaHOBKH. 3aTEM IOJ IEUCTBUEM CUJIbI YIIPYTOCTH TEJIA MOJHOCTHIO UJIM YaCTHY-
HO BOCCTAHABJIMBAIOT MEepBOHAYANIbHYIO (popMmy. Ilpu 3TOM CKOpOCTH HIapUKa Me-
HSIET CBOE HAIpaBJIEHUE HA MPOTUBOMNOJIOXKHOE. B ipenenbHoM ciiyyae abCoJIFOTHO
YOPYIOoro yiapa KUHETUYECKask SHEPTUsI CUCTEMBI, COCTOAILEH M3 IIapUKa U CTEH-
KM, coxpansiercs. Kak cnencraue, BBITOIHAETCS COOTHOLIEHUE

—

Vi=-V, (1)



rie V — CKOpOCTh IaprKa J10 yaapa; V,— CKOpOCTh NIapuKa MOCIie yaapa.
B cinydae aOconoTHO HEYNpyroro yjapa BOCCTAHOBJICHHSI (POPMBI TEJ HE MPO-
WCXOJIAT, ¥ CKOPOCTH TeJl ypaBHMBarotcs. TornaV, =0. B obmieM ciyduae ynpyrue

CBOMCTBA CUCTEMBI yIOOHO XapaKkTepu30BaTh KOA((HUIIMEHTOM BOCCTAHOBICHHUS.
E_V )
V

OueBunno, 0< E <1, rne npenenpHbIe 3HAYCHUSI COOTBETCTBYIOT HEYIIPYTOMY H
abCOIFOTHOM yIpyroMy yaapy. B nelcTBUTENBHOCTH aOCONMIOTHO YIPYTHX Mate-
pHAJIOB HE CYIIECTBYET, U MOATOMY (pakThdecku E < 1.

CkopocTh mapuka B paboTe ompenessieTcss KocBeHHbIM obpasom. [llapuk mon-
BEIICH HA JUIMHHON HHUTU TaK, YTO B TOJIO)KEHWU PABHOBECHS COMPHUKACACTCS C
wmToil. [Ipy OTKJIOHEHWH HUTH Ha YToJl O LIEHTP THKECTH IIapHuKa MOAHUMAETCS
Ha BBICOTY

h=I(1-cosa). (3)
U3 3akoHa COXpaHCHHUA MEXaHUYECKOU OHCPIUH B JTAHHOM CJIy4dac CJIICAYCT:
2
mgh="10", (4

rae V — CKOpoCTh IIapuKa B HIDKHEW TOYKe; § — YCKOpPEHHE CBOOOIHOIO MaJe-
HUS

13 (4) u (3) nomyuaem V =2,/gl(l-cosa) , wim
vV =2/gl sin%. (5)

Takum oOpa3zoM, 3Hasi HaYaJIbHBIA YroJl OTKJIOHEHMS IIapuKa o, MOXHO U3 (5)
HalTH €ro ckopocTh V B Haudaje coyaapeHus. AHanorudsas gopmyia JaeT CKO-
pocTh mapuka Vi B KOHIE COyAapeHHUs:

.
_ 1
V1_2«/glsm?, (6)
IJIe 01 — MAKCUMAaJIBHBIM yTOJ1 OTKJIIOHEHHS TTocie yaapa. Torma u3z (5) u (6) mo-
JydaeM COOTHOIIEHHE JIJIs pacdyeTa KodDPUIIMeHTa BOCCTAHOBJICHUS

—sin® /sin%
E_sm2 S|n2. (7)

a
Ecnu yron man, to E ~ =%,
o
Bpewms coynapenus u cpenHss cuia, IeMCTBYIOIIAst BO BpeMs yaapa.
Jl1st onpenenenus mpo0JDKUTEIHLHOCTH yaapa B paboTe MCIOIb3yeTCs] KOCBEH-
HbI MeTon. M3BecTHO, 4TO eciu 3apspDKEHHBIA KOHJIEHcaTop eMKocThio C 3a-
MKHYTh Ha CONPOTHBIEHUE R , TO HampspkeHME HAa HEM YMEHBIIAETCS MO JKCIO-

HCHIIMAJIbHOMY 3aKOHY

t
U(t)=U.e FC, (8)

rae t— Bpems, Ug = U(0) — HauanbpHOE HampshKeHHE.
B naGopaTtopHOW yCTaHOBKE 3aMbIKaHHE IIEIH, Yepe3 KOTOPYIO pa3psKaeTcs
KOHJICHCATOpP, MPOMCXOJMT IPH KOHTAKTE MIApHKa C IUIMTOW. B pesynbrate



HaNpsDKEHUE Ha KOHJIEHCATOPE IMOCIIe yAapa OKa3bIBa€TCsA MEHbIE, YeM JI0 yaapa.
N3mepuB Up u U , MoxHO U3 (8) HAWTH JUIMTENHHOCTD y1apa:

r= RCIn%. 9)

Ecnu u3BecTHa IMTENBHOCTD yJapa T , TO U3 BTOPOro 3akoHa HeI0TOHA MOXKHO
HaWTHU CpeNIHIO cuiy F B3anmonelcTBYs apuKa cO CTEHKOM:

F=M ) (10)
Orcrona, yuutsiBas, uto Vi=—EV | nomy4aem:
F - ¥(1+ E). (11)

2. MexaHu4ecKasi 4aCTh YCTAHOBKH

Ha puc. 2 moka3zana mexaHudeckasi 9acTh ycraHoBku. [llapuk 1 monBemieH k
KPOHIITEHHY 2 Ha JBYX TOHKUX IpoBoJjiokax 3. Takoil OM(pMISApHBINA MOJBEC
YCTpaHsIET BpallleHHE IIapUKa U MOBBIIIAET TOYHOCTh U3MEPEHUS yTJla Mo mkane 4,
yMEHbIIasi BIUsHUE mapauiakca. (B KoMmbloTepHOM MOJIeu BUHA TOJIBKO OJIHA
MIPOBOJIOKA, M MTAPAIUIAKC OTCYTCTBYET).

[To n30THYTOMY penbCy 5 MOKET TepeMeIaThbes U 3aKPEIUIAThCSI B HYKHOM Me-
CTe crenuaibHas KapeTka 6. OHa MO3BOJSET yASPKUBATh ITAPUK B OTKIOHEHHOM
MIOJIO’KEHUH.

|

Puc.2. Mexanudeckas 4aCTh YCTaHOBKH

YnpasineHre MOJEIbHOW YCTAHOBKOW OCYIIECTBIIAETCA C MOMOIIBIO «MBILID.
UToO0BI 3a/1aTh HAYAIBHBIN YTOJI OTKJIOHEHUS IIapuKa, HAaBEIUTE Ha MApUK Kypcop
«MBIIIN», HAKMUTE JIEBYIO KHOIKY W, HE OTIIyCKas €€, NEPEeMECTUTE IIAPUK Ha
HY>KHBIM yTOJI, I1I0CJIE YEr0o OTIYCTUTE KHOIKY. MeXaHu3M, yIEpKUBAIOLIMN I11a-
PHUK, aBTOMaTUYECKHU OyJIeT 3aIIENKHYT.



YTOoOBl OTIYCTUTh LIAPHK, MIEIKHUTE «MBIIIBIO» M0 YAEPKUBAIOLIEMY €r0 Me-
XaHU3MY.

YToJ MakCUMaJIBHOTO OTKJIOHEHUS LIapHKa I0CIe COYIapeHUsl CO CTEHKOU pe-
TUCTPUPYETCS BU3YAJIbHO.

3. DileKTpHYecKasi CXeMa YCTAHOBKHU

K \

2 \

Puc.3. Dnexktpruyeckas cxeMa yCTaHOBKHU

Ha puc. 3 noka3ana 3jeKkTpryeckasi cxeMa yCTaHOBKH. [Ipy 3aMbIKaHUM KJTtO4a
Ki xougencarop C 3apspkaercs ot O0arapeu €. HampsbkeHue Ha KOHJIEHCATOpe U3-
MepsieTcs BOJIbTMETpoM V IpH 3aMblkaHuU Kiroda Ks.

Kirou Ky cyxut ju1st mojcoeAuHeHUs 1M pa3psiia KOHJAeHcaTopa K YCTaHOB-
ke. [lapuk, MoABEMIEHHBIA HA METAIUIMYECKON HUTH, MPU KOHTAKTE C IUIMTOU WT-
paeT poJib €IIe OJHOrO K04, 3aMBIKAIOIIETO 1ENb B TeUEHUE yaapa. B koMmmbro-
TEPHON MOJIENM MOCIE 3aBEPILICHUS MEPBOro yaapa kitod K; aBTOMaTHYeCKu OT-
KJIFO4aeTcs1, Oyarogapsi 4eMy BTOPOM M MOCJEAYIOIINE Yaphl MIapUKa HE BIUSIOT
Ha pa3ps] KOHJAEHcartopa. B peanbHON YCTAaHOBKE TaKOE€ OTKIIOYEHHUE CIEAYET
MPOBOJIUTH BPYUHYIO.

Buumanmue! BonsT™erp 00najaeT KOHEYHBIM BXOJIHBIM COMPOTHBIEHUEM. W3-
3a 3TOr0 MPH 3aMKHYTOM KJtoue Ks MpoMCXOIUT yTeuka 3apsija ¢ KOHJIeHcaTopa.
[TosTOMy M3MepeHHE HAYaIbHOTO HAIPSHKEHUSI HA KOHIACHCATOPE CIEAYET MPOBO-
JTUTH TIpH 3aMKHYTHIX Kiatouax K; n Ks. 3arem ciaeayer cHavdaja BBIKIIOUNATH KITFOY
K3, ¥ TOJIBKO TIOTOM BBIKIIOUNTH KIt0u K; — uraue kondencamop nauném paspsi-
JoHcamuvCs uepes conpomueienue ymeuku goavmmempa. 11o Toi ke npuurHE U3Me-
PEHUE HaNpSHKEHUsS HA KOHIACHCATOPE IOCIE yaapa CIEIyeT IMPOBOAUTH B CaMbIii
MepBbIA MOMEHT MOCJIe 3aMbIKaHus Kiroda K.

4. TlopsaioK BHINOJTHEHUSI PA0OTHI
YACTbD 1. Onpeoenenue koagpghuyuenma e6occmarnoénenus E
1. OTkyIOHUTE TapUK Ha yrodl a=15° (Wi Apyrou yroj rno ykazaHuio mpenoja-
Baresis). 3aTeM, OCBOOOIMB IIAPUK, 3APETUCTPUPYUTE YOI (ip MAKCUMAJILHOTO OT-
KJIOHEHHSI. 3aHECUTE 3HAUYCHUS YTJI0B B OTUET. M3mMepenus mposeaute 2-4 pasa.
2. I[IpoBeaute onmbIT At yriioB o =10° u @ =5° (WM Ipyrux YIriioB MO yKa3aHUIO
MIPEToIaBaTeNsl) -Jisl KAKIOTO yIiia 1Mo 2-4 u3MepeHus.



3. Paccunraiite s Kaxxaoro u3 yriioB Kodd¢uiueHT BoccTaHOBiIEeHUs E mo
bopmyie
. a
SIn—
E-_ 2
. a
sin—=
2
3HaueHus AJs1 KaXJI0Tr0 U3 YIIIOB YCPETHUTE.

Buumanue! [Ipu BeIIOTHEHUH JaHHOM YacTu pabOTHI AJIEKTPUUECKas CXema He
UCIIONIB3YETCsI, U B OTUET J0OABISIOTCS TONBKO yribl (KHOMKA «/]00aBUTh B OTUET

YTIIBI»).

YACTD 2. Onpeoenenue npodondcumenvHocmu yoapa t , cpeoHeli Cuibl 83au-
MoOdelicmeus wiapuxka co cmenkou F u ckopocmu wiapuka 6 navane yoapa V

1. OTknOHUTE MWAapUK Ha yroi o =15° (win apyro# yroi no ykaszaHUIO Mpenoja-
Batenst). HaxxaB Ha kmou Ky, 3apsauTe KOHAEHCATOP OT UCTOYHMKA HAIPSKEHUS.
3areM NOJKIIIOYUTE K KOHJEHCATOpY BOJBTMETp, HakaB Ha kimou Ks. M3mepbre
HavajnpHOE HampsbkeHue Ug Ha KOHJEHCATOpPE M OTKIIOYMTE BOJBTMETP, BBIKIIIO-
quB Ks.

2. [loncoenuHuTe KOHAEGHCATOP K MIAPUKY Yepe3 MPOBOSIIYI0 HUTh, BKIIIOUNB
K04 Ko, mmociie yero ocBOOOAUTE MIapHK.

3. Bo Bpems yaapa miapuka O CTEHKY MPOUCXOIUT MOCTENEHHBIA pa3psia KOH-
neHcaropa. CKopocTh pazpsana 3anaércs 3HaueHueMm Emkoctu C u BenmmuuHom 6as-
nactHoro pesuctopa R. Cpazy nocie yaapa kiaou K; aBTOMaTHYECKH BBIKJIIOUHT-
cs. Ilocnie aToro n3MeprTe ocratoyHoe HampsbkeHne U Ha KOHZIEHCATOpe W 3aHe-
CUTE €T0 B OTYET.

He 3a0yzabTe, 4To BOabTMETP 00Ja/1aeT KOHEUYHBIM BXOJIHBIM CONPOTHUBIIEHUEM,
13-3a YETO IIPHU €ro MOJACOCAUHEHNN KOHICHCATOp HauMHaeT paspsxkarecs. [loaTo-
MY U3MEpEHUs HaJl0 MPOBOJUTH OBICTPO.

Buumanmue! Ilpu BbImoNHEHWHM AAaHHOW YacTH PabOTHI B OTYET M00ABISETCS
HaYaJIbHBIN YTOJ OTKJIOHEHUS o, a Takxke Hanpspkenus Up u U (kHomka «J{o6aBuTh
B OTUET HAIPSOKEHUS»). YTOJI a1 BBOJUTH HE HAJIO.

5. [IpoBeaute onbIT 2-4 paza. 3aTeM MpoBeaAuTe Mo 2-4 pa3a AHATIOTMYHBIX OIbI-
Ta 11 yrioB o=10° u a=>5° (unu Ipyrux yrioB M0 YKa3aHUIO MPErnogaBaTes).

6. 3anecure B oruér quHy HUTH |. 3Hauenus m, R, C 3aHOCATCS mporpammoi
aBTOMAaTUYECKHU.

7. Paccuuraiite 3Hauenus t, F u V s yrios, npu KOTOpbIX ObUIA MPOBEACHBI
U3MEpPEHHUS.
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