MunucrepcTBO 00pa3oBanus MpkyTckoit obnactu
I'ocynapcTBeHHOE OIOKETHOE IPO(ecCHOHATBHOE 00pa30BaATEILHOE YUPEKACHHE
Hpkyrckoii obnactu
«MpKyTCKUI TEXHUKYM TPAHCIIOPTA U CTPOUTEILCTBA»

METOINYECKUE YKA3AHUS
AJISl BBIIMMOJTHEHUSA MPAKTUYICCKUX pa60T
1o y4eoHoi qucuunianne OY.09 dusuka
o podeccun cpeaHero MpoPecCHOHATBHOT0 00pa30BaHuUs
08.01.07 Mactep 001ecTpouTEeILHBIX Pa00T

KBanudpurkanus:

MacTep OOIIEeCTPOUTEILHBIX padoT

dopma 00yueHusi: OUHast

HopMmatuBHbIii cpok o0yuenusi: 2 roga 10 mecsien
Ha 6a3e OCHOBHOTO OOIIIEro 00pa3oBaHMs

Upxyrck 2024



Metoandecknue peKOMEHIAINH [T TPAKTUYECKUX pabOT COCTAaBICHBI HA OCHOBAHUU paboueit
nporpaMmsl o aucuunianie OY.09 dusuka

Pazpaborunk: HoBukoB B. B., mpenonaBarens

PaccMoTpeHo 1 0100peHO0 Ha 3aceJaHiH

ALK
[Tpotokon Ne 9 ot 28.05.2024r.



HHOACHUTEJIbBHASA 3AIINCKA

Hacrosmue meToauueckre peKkOMEHAaluu M0 JAUCIHUIUIMHE COCTABIIEHBl B COOTBETCTBUHU C
tpedoBanusimu PI'OC CIIO. IlpakTHueckue 3aaHusi HANpaBJIEHbl HA OSKCIIEPHUMEHTAIHLHOE
MOJITBEPKICHUE TEOPETHUYECKHX TOJIOKEHUN U (POPMHUPOBAHNE YIEOHBIX MPAKTUYECKUX YMEHUH,
OHM COCTABIIIOT BAXKHYIO YacTh TEOPETHUYECKOW M MPO(EeCCHOHATBHOW IMPAKTHYECKON
MIOJAITOTOBKH.

Lenp MeToauMueckux peKOMEHJAIUii: OpraHu30BaTh CAMOCTOATEIbHYIO JI€ATEIbHOCTh
oOyuarouuxcs Mnpu NpoBEACHNUN MPAKTUUECKUX padoT.
B pe3ynbpTraTe BHINIOIHEHUS TPAKTUYECKUX paboT 0Oydarouuiics Oyaer:
YMmers:
m paboTtarb  y4eOHUKOM, JuarpamMmamu, TaOIWMLAMH, CXe€MaMH, JONOJHUTEIbHBIMU
HUCTOYHUKAMU;
B BBIIOJIHATH MAaTEMAaTUYECKUE BbIUMCIICHNUS;
m paboTaTh C MOHATUHHBIM MaTepHaAIOM.

HNHcTpykuus mo npasuiaM 0e30MacHOCTH TPyAA AJIsl YYALIMXCH

1. ByapTe BHUMATEIbHBI U AUCUUIIIMHUPOBAHHBI, TOYHO BBIMOJIHSNTE yKa3aHUS MPENoiaBaTesl.
2. He mpuctymnaiite K BbIIOJHEHUIO pabOTHI O€3 pa3pelleHus npenoaBaTes.

3. Pazmemaiite mpubopsl, MaTepuabl, 000pyA0BaHUE HA CBOEM pabodyeM MECTE TaKUM 00pazoM,
YTOOBI UCKITIOYUTH UX Ma/IeHUE W OTIPOKUIbIBAHHE.

4. Tlepen BbIOTHEHHEM paOOTHl BHUMATEIBHO U3YUUTE €€ COACPKAHUE U XOJ] BHIITOJIHEHHUS.

5. IIpu mpoBeieHUU OMBITOB HE J0MYyCKaiTe MpeAeabHbIX Harpy30K U3MEPUTENIbHBIX TPHOOPOB.
[Tpu pabote ¢ mpubopamu u3 cTekia codmoaainTe 0CO0YI0 OCTOPOKHOCTD.

6. Cneagure 3a HCIIPABHOCTHIO BCEX KPEIICHUH B pubopax u npucnocobneHusx. He
MpUKacaiTech U He HAKJIOHANUTECh (OCOOEHHO ¢ HEYOpaHHBIMH BOJIOCAMHU) K BPAILIAtOLHUMCSI
4acTAM MaIlluH.

7. IIpu cOopke sKCrIepUMEHTaIbHBIX YCTAHOBOK MCIIOJIb3YHTE MPOBO/A (C HAKOHEYHUKAMU U
MIPeIOXPaHUTENBbHBIMH YeXJIaMH) C TPOYHOM H30JIsMel 6€3 BUANMBIX MTOBPEXKACHUM.

8. [Ipu cOopke anekTpudecKoi 1enu n3beraite nepeceueHus: IpoBOAOB. 3arperiaeTcs
TI0JIb30BAThCSI IPOBOJHIUKOM C M3HOIIEHHOM M30JISIMEH U BBIKIIOYAaTEIeM OTKPBITOTO THMA (TIpU
HarnpsbKeHuu Boimie 42 B).

9. UcTouHuK TOKa K 3JIEKTPUYECKOH IeNH MOAKII0YaiiTe B MOCIeHIO ouepeab. CoOpaHHYIO
L[eNb BKIIFOYATE TONBKO MOCIe MPOBEPKH U ¢ pa3peluieHus yuutens. Hanuuue HanpsokeHus B
L[EMTU MOYKHO MPOBEPATH TOJIBKO C MOMOIILI0 TPUOOPOB WIIH yKa3aTesel HampsHKeHUs.

10. He npukacaiiTech K HaXOSIIUMCS 1101 HANPSHKEHUEM 3JIEMEHTaM Lene, IMIIEHHbIM
n3ossuu. He nponsBoauTe NEpeKIOUeHNs B LENSAX U CMEHY MTPENOXPAaHUTENEH 10 OTKIIOYEHMS
VCTOYHUKA IEKTPOIUTAHHUS.

11. Cnenute 3a TeM, YTOOBI BO BpeMsl pabOThI CIIy4aifHO HE KOCHYTBHCS BPAIIAIOIIMXCS YacTel
AIEKTpUYECKUX MalIH. He mpon3BoauTe NEepeKiIoueHns B dJEKTPUUECKUX LIETIAX MAIIKH 10
IIOJIHOM OCTAHOBKH SIKOPS WJIM POTOPA MAIlIVHBI.

Onenka npakTH4ecKux pador

OueHka «5» cTaBUTCS B TOM Cllydae, e YJaruiics:

a) BBIMIOJIHUJ pabOTy B MOJIHOM 00bEeME ¢ COOIOIEHHEM HE00X0 MO OCIe0BATEIHHOCTH
MIPOBEJICHUS OTBITOB U U3MEPEHHUIA,

0) CaMOCTOSITENIEHO M PAIlMOHATHHO BBIOpAN U TIOJrOTOBHII AJIsl OTIBITA HEOOXOAUMOE
00opyIOBaHUE, BCE OIBITHI MPOBEII B YCIOBUSAX U PEKUMaX, 00€CIIEUHBAIOIINX MOTyUYEeHUE



Pe3yabTaTOB U BHIBOJIOB C HAMOOJBIIEH TOYHOCTHIO;

B) B MPE/ICTABICHHOM OTYETE MPABMIIBHO U aKKypPaTHO BBIITOJHHII BCE 3aIHMCH, TAOIUIBI, PUCYHKH,
4epTEkKH, rpaduKu, BEIYUCICHUS U CIIENAN BHIBOJIBI;

I') IPaBUJIbHO BBINOJIHUI aHAJIU3 OTPELIHOCTEMH;

1) cobmoan TpedoBanusi 0€30MaCHOCTH TPYAa.

OueHka «4» CTaBUTCS B TOM CIIydae, €CJIM BHITIOJHEHBI TPEOOBAHUS K OIICHKE «5», HO:

a) OTIBIT MMPOBOJMIICS B YCIIOBUSX, HE 00ECIIEUNBAIOIINX JTOCTATOYHONH TOYHOCTH U3MEPEHUH,

0) uiu OBLIO TOMYIIIEHO ABA-TPU HEIOUETa, UK He Oosiee 0JHON HerpyOoi omuOKH U OJHOTO
HeJo4Yera.

Ouenka «3» cTaBUTCSA, €CM pad0Ta BRIMOJHEHA HE TTOJHOCTHIO, HO 0OBEM BBITIOJIHEHHON YacTH
TaKOB, YTO TIO3BOJISIET OJTYYHUTh MPABUIIBHBIE PE3YIIBTATHI U BHIBOJIBI, MII €CITH B XO/IC
MIPOBEICHUS OIBITA M M3MEPEHUH OBLTH TOMYIIEHBI CIIEAYIOIINE OITHOKH:

a) OTIBIT MMPOBOJMIICS B HEPAIIMOHAIGHBIX YCIOBHSIX, YTO TIPUBEIIO K ITOIYYCHUIO PE3YIHTATOB C
00J1bIlIeN OTPEIIHOCTHIO,

0), M B oTueTe ObUIN JAOMYIIEHBI B 00IIEN CII0)KHOCTH HE 0oJjiee IByX OMMOOK (B 3alMHUCsIX
€IMHUII, U3MEPEHUSX, B BEIYMCICHHSIX, IpaduKax, TaONnIax, cXxeMax, aHaJi3¢e MOTPENTHOCTEH U T.
11.), He IPUHIUITHAIBHOTO JUTS TAHHOH pabOoThI XapakTepa, HO TOBJIHSBIINX HA PE3yJIbTaT
BBITIOJIHEHUS,

B) WJIM HE BBITIOJHEH COBCEM WJIM BBITMIOJHEH HeBepHO aHaym3 norpemuocteit (VIII—X kmacc);
T') WK paboTa BBIMOJIHEHA HE MOJTHOCTHIO, OJTHAKO 00bEM BBIIIOJTHEHHON YacTH TaKOB, UTO
MO3BOJISIET MTOJIYYUTh IPABHIIbHBIE PE3YJIbTAThI U BBIBOJIBI [0 OCHOBHBIM, IPUHIIUITHAIBHO
B&)KHBIM 33/1a4yaM pabOThI.

OuneHka «2» cTaBUTCS B TOM CITy4ae, eciu:

a) paboTa BBINIOJIHEHA HE MOJTHOCTHIO, 1 00bEM BBHIMOJIHEHHON YacTU pabOThI HE MTO3BOJISIET
c/ienaTh MPaBUIIBLHBIX BBIBOJIOB,

0) WK ONBITHI, U3MEPEHUS, BBIYUCICHUS, HAOIIOACHUS TPOU3BOIUINCH HEMTPABUIIBLHO,

B) WIH B X0/ pabOThI U B OTUYETE OOHAPYKUIIUCh B COBOKYITHOCTH BCE HEOCTATKH, OTMEUEHHBIE
B TpeOOBaHUSX K, OIICHKE «3».

Ilepeyenb npakTHYeCKUX PadoT
IIpakTuyeckoe 3ansaTue 1
U3y4eHUe NPUMEHEHUS CUJI B MEXaHHKE.
N3ydenue ocoOeHHOCTEHN CUIIbI TPEHUS (CKOJIBKEHHUS) Ha )KEJIe3HOM 10pore
IIpakTuyeckoe 3ansTue 2
W3ydenue 3aKoHa COXpaHEHUs UMITyJIbCa
IIpakTnyeckoe 3ansaTHe 3
N3ydenune paboThl ICUXpOMETPA U TUTPOMETpa
IIpakTnueckoe 3ansaTue 4
HabnroneHnue 371eKTpu4eckoro mnosis
IIpakTHyeckoe 3ansitue 5
CoenvHeHne KOHICHCATOPOB B OaTapero
IIpakTuyeckoe 3ansitue 6
M3y4eHHUEe CII0COO0B COEAUHEHHS] TPOBOTHUKOB.
IIpakTHyeckoe 3aHaTHE 7
onpeaenenue IJ[C uCTOUHNKA HANIPSHKEHUS
IIpakTnueckoe 3ansaTHE 8



HaGumroneHue nporecca ralbBaHU4eCKOro MOKPBITHS
IIpakTuyeckoe 3ansitue 9
HaGumroneHue o1HOCTOPOHHEH POBOIMMOCTH MOIYIPOBOAHUKOBOIO JHO/A
IIpakTuyeckoe 3ansitue 10
Habnronenne OTKIOHEHHS SIEKTPOHHOTO MyYKa MArHUTHBIM TOJIEM.
IIpakTnueckas padora 1

1. TEOPETUYECKAA YACTb
B Mmexanunke 0ObIYHO UMEIOT ACJI0 C TpEeMA OCHOBHBIMU BUJAMU CUJIL: CHJION TSOKECTH, CUIIOHN
YIIPYTOCTH U CWJION TPEHMSL.
3aKoH BCeMHPHOTO0 TAroTeHus. Bee Tena mpuTAruBaroTCs IpyT K APYTY € CHIION, IPSIMO
MIPOIOPLIMOHAIBHOM X MaccaM U 00paTHO MPONOPIIMOHATIBHON KBaJIpaTy PacCTOSIHUS I MEX LY
HHUMMU:

mlmz

F=0 L
OpHMM U3 POSIBIIEHUH 3aKOHA BCEMUPHOTI'O TATOTEHHUS ABJIIETCS cHJla TsKecTH. Cuia TsKecTH
HampaBJieHa K LEHTPY 3eMJIM U Ha TOBEPXHOCTU 3eMiIM paBHa: F = mg,
Cuiia ynpyrocru — 3T0 CHJIa, BO3HUKAIOLIAs IPU yIpyroi nedopMaliny Tela U HarpaBJjeHHas B
CTOPOHY, IIPOTUBOIOJIOKHYIO CMEIICHUIO YaCTHI] TeJla B IIpoLecce JeGopMaruu.
FBuemn = —Fymp = kx
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IpOUHOCTH
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SaroH [yka

3aBHCHUMOCTH CHJIBI YOPYTroCTu OT YIAJIMHCHUA

Cuia TPEHUHA — OTO CUJIa B3aHMOHeﬁCTBHH MCKIY COIIPUKACAIONIUMUCS TCI1aMU, IPCIATCTBYIO-
masd rnepeMECHUIO OJHOI'0 T€JIa OTHOCUTECIILHO APYIoro. Cuma TPCHUA BCCIrJa HaIIpaBJICHA BAOJIb
HOBerHOCTCﬁ COIIPpUKACAOIIUXCA TCII.

Cuna mpenus nOKoa — BCJIINYNHA HCIIOCTOAHHAA, OHa paCTCT 110 MOAYJIIO BMECTC C BHEIITHEH
CHJIOH OT HYJIAL 10 HEKOTOPOI'0O MaAKCUMAJIBHOI'O 3HAUCHUA FTp max. Cuia TPCHUS IIOKOA paBHA 110
MOAYJIIO U IPOTUBOIIOJIOKHA 11O HAITPABJICHUIO ITPOCKIUN BHEIITHEH CHIJIBI, HaHpaBHeHHOﬁ
apaJiiieJIbHO ITOBEPXHOCTU COIPUKOCHOBCHUS €0 C APYIr'UM TCIIOM.

Ecnu BHemHss cuna 6osbiie FTp max, To Bo3HMKaeT iBuxkeHne. CHly TPEHUS B 3TOM Cllydae
Ha3bIBAIOT CUNOU MPEHUA CKOIbICEHUA. IKCIIEPUMEHTAIbHO JOKA3aHO, YTO CHJIa TPEHUS
CKOJIBKCHUS IIPONIOPLMOHAIIBHA PEAKLIUK OIIOPBI:

Frp max = pN.
KoaduiuneHT TpeHus | 3aBUCUT OT MaTEPHAJIOB, U3 KOTOPBIX U3rOTOBJIEHBI CONPHKACAOLINEC
Tesa, U HE 3aBUCUT OT pa3MEPOB CONPUKACAOLIUXCS IOBEPXHOCTEU
YerpolicTBa, IPUMEHSAEMBIE B IIO€34aX Ul HCKYCCTBEHHOI'O YBEIUYECHUS CHII COIIPOTUBIICHHUS
JIBM>KEHUIO, Ha3bIBAIOTCS TOPMO3HBIMH YCTPOHCTBAMHU (TOPMO3aMH), & CHIIBI, CO3/AI0IINE
HCKYCCTBEHHOE COIPOTUBJICHUE, — TOPMO3HBIMU CUIIAMH.

TopMO3HBIE CUIIBI U CUJIBI COITPOTUBIICHUS IBUKCHHUIO TACAT KUHETUYECKYIO SHEPTHUIO
IBIKYIIErocs noe3aa. Hanbosee pacrpocTpaHEeHHBIM CPEICTBOM ISl MOJIYYE€HUS TOPMO3HBIX CHII



SIBJIIETCS KOJIOJOYHBIA TOPMO3, IIPU KOTOPOM TOPMOKEHHUE OCYIIECTBIISETCS MPUKATHEM KOJIOJI0K
K BpallaroImmuMces Kojecam, osaroapst 4eMy BO3HUKAIOT CUJIbI TPEHUS MEXAY KOJIOJKON U
kosecoM. IIpu TpeHnu Kooao0K 0 KoJjieca IPOUCXOAUT Pa3pyLIEHUE MENbUalIINX BbICTYIIOB
IIOBEPXHOCTH, @ TAK)KE MOJIEKYJISIPHOE B3aUMO/ICHCTBUE MUKPOHEPOBHOCTEN KOHTAKTUPYIOIIHUX
noBepxHocTel. TpeHue TOPMO3HBIX KOJIOJOK MOXKHO pacCMaTpUBaTh KakK MPOLECC MPEBpaILeHUs
MEXaHU4eCKO paboThl CUJI TPEHHUS B TEILIO.

Cxema cui :xcﬁcmymumx Ha KoOJICCO

Ecnm x katsimemycs 1mo penbey Kosecy, Harpy>KeHHOMY CHJIol Pk mpukaTh TOPMO3HYIO KOJIOAKY
¢ cuioii K, To MeX Iy TOBEpXHOCTBIO KaTaHUS KOJIeca M KOJIOAKOW BO3HUKHET cruta TpeHust Frp
max = uN , rae p— KodQPHUITUEHT TPEHUsI MEXKTy KOJIOAKON M KOJIECOM.

2. INIPAKTUYECKAS YACTDH
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I/ISMepHH, cuily, € KOTOpOﬁ JAUHaAMOMCETP ﬂeﬁCTByeT Ha TCJIO IIpHU €TI0 paBHOMCPHOM JIBUXKCHHU,
MBI U3MEPSAEM CHUITY TPCHHUA.

UewMm Oounbiire CuJia, IpWXKUMAroiasa TeJIo0 K IIOBEPXHOCTH, TCM OoJible BO3HHKAaromas 1mpu 5TomM
CHJIa TPpCHUA.

IIpakTnyeckoe 3ansTHe 2
N3y4enne 3aKkoHa COXpaHEHMsI HMITyJIbCa

1. TEOPETUYECKAA YACTb
duznyeckas BeIMUMHA, paBHAs IPOM3BEIECHUIO MAacChl T€JIa HA CKOPOCTD €ro ABM)KEHHUS,
Ha3bIBAETCS UMITYJILCOM Tella (MM KOJIMYECTBOM JBIKEHUS ). IMImynbe Tena — BeKTopHast
BEJIMYMHA.
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3aKoH coxpaHeHHMs MMITYJIbca: BekTopHas cymMMa UMITyJIbCOB TEJI, COCTABIISIOLUINX 3aMKHYTYIO
CHCTEMY, HE MEHSETCS C TEYCHHEM BPEMEHH IPH JTIOOBIX IBIKCHHUIX U B3aUMOJICHCTBUAX 3TUX
TeJl.

3axkou COXPAHCHHA HMNIYJILCA
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2. INIPAKTUYECKAS YACTDb
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[IpoBeauTe 3KCIIEPUMEHT U JJaliTe OTBET Ha CJIEAYIOIINE BOIPOCHI
1. TIlpu onuHaKoOBOM Macce MApUKOB ueil uMmyibe 6ombie? [Touemy?



2. Yemy paBeH UMIYJIbC JBYX COCIMHUBIIUXCS IAPHKOB
3. Tlouemy mMIyJbC MEPBOTo MIAPUKA MOCITE B3aUMOJICHCTBUS OTPHUIIATEICH?

IIpakTnueckoe 3ansaTHe 3
W3zydenue paboThI ICUXPOMETPA U TUTPOMETPA
1. TEOPETUYECKAA YACTb

BrnasxHOCTB - 9TO MOKa3aTenb KOJIWYEeCTBA BOISHBIX MapoB B atMocdepe. OT HEero 3aBHUCAT MOT0/1a
Y KJIUMAT MECTHOCTH. [Ipu n3MeHeHnH BIIaXKHOCTH YEJIOBEK HAYMHAET YyBCTBOBAThH CEOsl MHAYE.

OTHOCI/ITeJ'II)HYIO BJIAJKHOCTBH BO3AyXa MOKHO OIMPECACTIUTE IIPHU IMMOMOIIN IICUXPOMETPA

2. INIPAKTUYECKAS YACTDH

3anuImuTe IT0Ka3aHus CYyXOro 1 BJIAJKHOI'O TCpPMOMETPOB B Ta6nnuy

PaccunTaiite At, °C 1 o ncuxpomerpuueckoil Tabnuie omnpenenute @, %

Ilcuxpomerpuueckas Tadauna

ITokazanus Pa3nocTh mokazaHMii Cyxoro v BIaXKHOTO TEPMOMETPOB, °C
CyXO0ro 0 1 2 3 4 5 6 7 8 9
Tepmometpa, °C  OTHOcUTENbHAs BIIAXKHOCTh BO31lyXa , %o

0 100 81 63 45 28 11 — — — —
2 100 84 68 51 35 20 — — — —

4 100 8 70 56 @ 42 28 14 — —  —



6 100 86 73 60 47 3B 283 10 — —

8 100 87 75 63 51 40 28 18 7 —
10 100 88 76 65 54 4 34 24 14 5

12 100 89 /8 68 57 48 38 29 20 11
14 100 90 79 70 60 51 42 34 25 17
16 100 91 81 71 62 54 46 37 30 22
18 100 91 82 73 65 56 49 41 34 27
20 100 92 83 74 66 59 51 44 37 30
22 100 92 83 76 68 61 54 47 40 34
24 100 92 84 77 69 62 56 49 43 37
26 100 92 8 78 71 64 58 51 46 40
28 100 93 8 78 72 65 59 53 48 42
30 100 93 86 79 73 67 61 55 50 44

IIpakTHyeckoe 3anaTHE 4

HabmoieHue 31eKTprHIecKoro moJst
1. TEOPETUYECKAA YACTH
DNeKTpHUYECKUH 3apsij cO3MaéT BOKPYT ceOsl JCKTPHUIECKOE M0JIe, KOTOPOE, B CBOIO OUYEPE/Ib,

JENUCTBYET C HEKOTOPOM CHIJION Ha APYTHUeE 3apsiabl

N
AN

BJ'IGKTpI/I‘IeCKOG I10JIC HC HYXKJACTCA B KaKoOH-TO CHGHH&J’ILHOﬁ cpeac, KOTopas ABJIAJ1aCb OBl ero
HocutenaeM. OHO MOKET BO3HHUKATh KaK B BCIIICCTBEC, TAK U B BAKYYMC, U ABJSICTCA, HAPAAY C
BCIICCTBOM, aHbTepHaTHBHOﬁ (I)OpMOI\/'I CYHICCTBOBAHUS MATCPUU.

CunoBoit XapaKTepI/ICTI/IKOI‘/’I IIOJIA ABJIACTCA HANIPHAKEHHOCTD.

Hanpspk€HHOCTB 2JIEKTPUUYECKOT0 TOJIsl — 3TO OTHOLIEHUE BEKTOpa cuilbl F, ¢ koTopoii nmose
JIeWCTBYET Ha MPOOHBIH 3aps] , K caMOMy ITPOOHOMY 3apsity (C y4€TOM €ero 3Haka):
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2. NNIPAKTUYECKAS YACTb
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[IpoBeauTe SKCIEPUMEHT C MIEKTPUYECKUMU CYJITAHAMH, KaK IT0Ka3aHO HAa PUCYHKE U CPABHUTE
MOJIyYEHHYI0 KapTHHY ¢ U300pa’keHUEM 3JIEKTPHUUECKOTO MOJIsl ABYX TOYEUHBIX 3apsI0B:
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IIpakTHYeckoe 3aHsATHE 5
CoenvHeHne KOHIEHCATOPOB B OaTapero

1. TEOPETUYECKAA YACTb
KOHI[GHCEITOP IpeaAcCTaBJIsACT coboii YCTpOﬁCTBO, CII0COOHO€E HAKAIlJINBATh QJICKTPHUYCCKHUC 3aPsbl.
HpOCTCﬁMHM KOHIACHCATOPOM ABJIAIOTCA JIBC MCTANIMYCCKUC I1JIACTUHDBI (SJ'IGKTpOI[LI),
Pa3aciICHHbIC KaKHM-JIH0O JUDJICKTPHUKOM.

MeTAIMUeCKMe MTNacTHMHEI

"

OUSTIeKT PHE



Emxocts C KOHIEHcaTOpa OIpenensieTcs Kak OTHOLIEHHWE 3apsjga (, HAKOIUIGHHOTO B
KOHJIEHCATOpe, K pa3HOCTH TOTCHIMAIOB MEXIy €ro JJIeKTpoJaMu (TPUIIOKEHHOMY
HanpspkeHuto)U:

C=q/U
I/IHOF)Ia AJI TIOJTYYCHH A H€06XOIII/IMOI71 BCJIMYHHBI 2JICKTPOCMKOCTH NPUXOAUTCA COCIUHATD

KOH/JICHCATOPHI B TPYIIITY, KOTOpas Ha3bIBaeTCs GaTapeeii.

CoeguHeHHe KOHIEHCATOPOB MOKET MPOU3BOAUTELCS: MOCAEA0BATEIBHO, NAapalie/]bHO
U NOcJIeI0BaTeIbHO-NApaie/ibHO (T0CIeIHee HHOT/Ia Ha3bIBAIOT CMEIIAHHOE COEAMHEHNE
KOHJIeHCaTOpoB). CyIIeCTBYIONINE BUJIBI COSTUHEHHUST KOHIEHCATOPOB MOKa3aHbl HA PUCYHKE

CoeduHeHue KOHOeHcamoposa

] v

lNocnedosamenbHoe coeduHeHue lNapannensHoe coeduHeHue
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CmewaHHoe coeduHeHue
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HapannenLHoe COCANHCHUC KOHACHCATOPOB.
Ecmu rpyIilia KOHACHCATOPOB BKIIIOYCHA B IICIIb TAKUM o6pa30M, YTO K TOYKaM BKJIHOYCHUA
HCTIOCPCACTBCHHO IIPUCOCIUHCHLI IIJIACTHHBI BCEX KOHACHCATOPOB, TO TAKOC COCAUMHCHUC
Ha3bIBaACTCA Mapajiie/JibHbIM COCAUHCHHUEM KOHICHCATOPOB

A
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[Ipu 3apsne rpymnel KOHAEHCATOPOB, COEAUHEHHBIX MTApAJLIEIbHO, MEXY IUIACTUHAMU BCEX
KOHJICHCATOpOB OYJeT O/IHA U Ta K€ Pa3HOCTh MOTEHIIUAJIOB, TaK KaK BCE OHH 3apsyKAIOTCS OT
OJIHOTO M TOTO € UCTOYHUKA TOKA.

O011as eMKOCTh KOH/ICHCATOPOB IPH Napa/IeJIbHOM COeIMHEHUH PABHA CyMMe eMKOCTel
BCEX COCIUHEHHBIX KOHJAEHCATOPOB.
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MapannenbHoe coeaHHEHHE KOHABHCATOPOB SKBMBANBHTHO YBBNHYEHHK noO-
BEPXHOCTH NNACTHH.

[loce0BaTeIbHOE COEMHEHHE KOH/IeHCaTOPOB .
Ecnu ke coeIMHEHHE KOHEHCaTOPOB B 0aTapelo NPOM3BOIUTCS B BU/E LEHOUYKU U K TOUKAM
BKJIIOUEHHS B LIEMb HEMOCPEICTBEHHO NPUCOEMHEHBI ILIACTUHBI TOJILKO IEPBOTO U MOCJIEIHETO
KOHJIEHCATOPOB, TO TAKOE COeAHHEHHEe KOHIEHCATOPOB Ha3bIBACTCA MOCIeJ0BATEIbHBIM
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[Ipu 3apsizie TpynIbl KOHIEHCATOPOB, COEIMHEHHBIX MOCIEI0BATENIbHO, Ha KOHAEHCATOpax Majloi
€MKOCTH HarpsiKeHus OyIyT OoJiblile, a Ha KOHJIEHCATOpax OOJbIION eMKOCTH — MEHBIIE.

[t BbIuncyIeHus 001Ieil eMKOCTH NPH MOCJIeI0BATEIbHOM COeIMHEHUU KOHIEHCATOPOB
yao0Hee BCero moJib30BaTbCcs cJieayromeid (popmy.ioii:
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Mocnepnosarenshoe coeanHEHHE KOHAEHCATOPOB
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‘ MocnenosarenbHoe COBAHHEHHE KOHABHCATOPOB 3KBHBANEBHTHO YBENHYEHHK
PACCTORHHA MEMAY NNacTHHaMH. Emkocts YMEHbLUABTCR, !
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450 8 450 s 900 s
Y I‘IGO.IIIIOIIYHIIHO COBAHHERHBIX KON~

Rexcaropon paloyes HANpAMENKE paBwo
CYMMe paloynx  HENPAMENMA KOHABHCA-

TopOB , 20

[TocnenoBaTesbHO-NIApasyiesibHOE (CMeLIaHHOE) Coe/lMHEHNE KOH/eHCAaTOPOB
HOCJ’IG}IOBaTeJ’IBHO'HapaJ’lJ’leJ’leblM COCTMHCHMEM KOHACHCATOPOB HAa3bIBACTCA LEIIb UMEIOIIas
B CBOEM COCTAaBC YYAaCTKH, KaK C IMapaJlJICJIbHBIM, TaK U C ITOCJICAOBATCIIbHBIM COCAMHCHUECM
KOHACHCATOPOB.
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ITpu pacuere o061l eMKOCTH TAKOTO Y4acTKa [ETHU C MOCIEA0BaTEIbHO-TIapAIIIeIbHBIM
COEIMHEHUEM KOHJEHCATOPOB 3TOT Y4aCTOK Pa30UBAIOT HA NIPOCTEHIINE yUYAaCTKH, COCTOSIIHIE
TOJIBKO U3 IPYIII C [1OCJIEIOBATEIbHBIM WM MapaJUIeIbHBIM COEAMHEHNEM KOHIEHCATOPOB.
Jlanplie alropuT™ pacuera UMEeT BHI:

1. OnpenensitoT F3KBUBAJIEHTHYIO EMKOCTh YYaCTKOB C IOCJIEIOBATEIbHBIM COEIMHEHUEM
KOHJIEHCATOPOB.

2. Eci 5TH y4acTKu coJepKaT MOCIeI0BATENBHO COEMHEHHbIE KOHIEHCATOPBI, TO CHavdaa
BBIYHCIISIOT UX EMKOCTb.

3. [locne pacueTa SKBUBAJIEHTHBIX EMKOCTEW KOHEHCATOPOB NMEPEPUCOBBIBAIOT cxemy. OObIYHO
MOJTy4aeTcs LeMb U3 MOCIeI0BaTeIbHO COEAMHEHHBIX SKBUBAJIEHTHBIX KOH/IEHCATOPOB.

4. PacCUMTBIBAIOT EMKOCTB ITOJIyYEHHOM CXEMBI.
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2. NNIPAKTUYECKAS YACTDb

a. CO6epI/ITC KOHACHCATOPHI NapaJUICIIbHO, KaK ITOKAa3aHO Ha CXEMC:

j:Uc_

b. 3anummre B paboueii Terpamu 3HaueHust C1; C2; C3 u paccunraiite EMKOCTD
Oarapeun

C. Co6ep1/1Te KOHACHCATOPHBI MOCJICA0BATCIbHO, KaK IIOKa3aHO Ha CXEME!:

d. 3anmmute B padoueii Terpaau 3naueHus C1l; C2; C3 u paccunraiite EMKOCTb
Oarapen.

€. C,Z[CJ'IaﬁTe BbIBOJbI, B KAKOM CJIy4dac €MKOCTh 6aTapeH BBIIIC

f. HpOBepI/ITL IMPaBHUJIBHOCTH PACY€TOB M CACIaHHBIX BEIBOAOB MOYKHO ITPpU IMOMOIIU
MYJbTUMETPA




IIpakTnyeckoe 3ausiTHe 6
M3YYCHHE CITOCOOOB COCIMHEHUS TPOBOTHUKOB.

1. TEOPETUYECKAA YACTH
EcTh 1Ba OCHOBHBIX clloco0a COeAMHEHNS TPOBOAHUKOB JIPYT C IPYIOM — 3TO
MOCTIEIOBATEIBHOE U MAPAIICIBHOE COCMHEHUSI.
PaznnunHpie KOMOMHAIIMY TIOCTIEIOBATEIBHOTO U MAPAIICIIEHOTO COSTMHEHI HAa3bIBAIOT
CMCIIAHHBIM COCIMHCHNUEM IPOBOJHUKOB.
[TpoBoaHWK, OOIATAIOIIMI COPOTHRICHHEM R, Ha3bIBaeTCsl pe3ncTOopoM, TpadudecKku
n300pakaeTcs CIeIyIONUM 00pa3oM

R

HOCJ’IC}]OBaTeJIbHOC COCIMHCHHUE IMMPOBOHUKOB
Bo3eMmem Tpu noctosiHEBIX conpoTuBieHus R1, R2 n R3 u BKiIrounM UX B 1ETb TaK, YTOOBI KOHEI]
niepBoro conpotuiieHns R1 ObuT coerHEH ¢ HaYaaIoM BTOPOTo conmpoTuBiieHus R2, konen
BTOPOI0 — C HayaJloM TpeTbero R3, a k Hayally mepBOro COMPOTUBIEHUS U K KOHILY TPETHETO
MIOZIBEJIEM IIPOBOJAHHUKH OT MCTOYHHMKA TOKA:

Takoe coennHeHne CONMPOTUBICHUI Ha3bIBAETCS MOCe0BaTENbHBIM. OUeBUTHO, YTO TOK B TAaKOH
1enu OyZeT Bo BcexX ee Toukax ofauH u Tot xe. 11=l,=13=...=I;

OcHOBHbBIE CBOMCTBA mocjaeA0BaTC/JIbHOI0 COCIMHCHUSA
1. HpI/I MoCJICA0BATCIIbHOM COCIMHCHHUU ITPOBOAHUKOB CHJIa TOKA B HUX OJIMHAKOBA.

2. HanpsbkeHne Ha yyacTKe, COCTOSIIEM U3 MTOCIEI0BATENIBHO COSTMHEHHBIX IPOBOTHUKOB, PABHO
CyMMe HamnpspKeHUH Ha Kax oM npoBojgHuke: U=Ui+Uz+...+Un.



3. ConpoTuBIICHHE YYacTKa, COCTOSIIETO U3 TOCIEA0BATENIEHO COCANHEHHBIX IIPOBOIHUKOB,
paBHO CyMMe COINPOTUBIICHUH KaxK10r0 npoBoHuKa. R=R1+Ro+...+Ry

HapaJIJIe.]IbHOG COC/IMHCHHE ITPOBOAHUKOB
Bozbmem n1Ba noctosiHHBIX conpotuBieHus R1 u R2 u coenunuM ux Tak, 4ToObl Hayana 3TUX
COIIPOTHBIICHUH OBLIIM BKIIFOYCHBI B O/IHY OOIIYIO TOUKY A, a KOHIIBI — B JIPYTYIO OOIIYIO TOUKY
B. CoeaunuB 3aTeM Toukd A U B ¢ HCTOYHMKOM TOKa, MOIYYUM 3aMKHYTYIO JJIEKTPUUYECKYIO
nenb. Takoe coeIMHEHUE CONPOTUBIICHUI HA3bIBACTCS MTAPAJUICIIbHBIM COCIMHEHUEM.
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OcHoOBHbBIE CBOMCTBA nmapamuieJIbHOro COCANHECHUA

1. HanpsbxeHne Ha Kax/10¥ BETBU OJJMHAKOBO U PaBHO HAIIPSDKEHHUIO HA HEPA3BETBIEHHOW YaCTH
nieni. Hepa3BeTBIeHHAS dJICKTPUYECKast IIETb — JTO YYaCTOK 3JICKTPUUECKOM 1enu (BETBb), B
KOTOPOM TOK MUMEET OJJMHaKoBOe 3HadeHwue 1o Bcei mmue: Ui=Ux=Us=...=U,

2. CI/IJ'Ia TOKAa B Hepa3BeTBHéHHOﬁ YaCTH LCNIU paBHA CYMMC CHUJI TOKOB B KaH(ﬂOﬁ BETBU.
I=l1+1+.. .+,



3. Bennunna, oOpaTHas CONPOTUBIIEHUIO Yy4acTKa NapauIeIbHOTO COEAMHEHUS, PABHA CyMME
BEJIMYUH, 00PATHBIX COMPOTHUBIICHUSM BETBEH.
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2. NNTPAKTUYECKAS YACTDb

2.1.CobepuTe TPOBOTHUKH TapajUIEIbHO, KaK MOKa3aHO Ha CXeMe:
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2.2, Co6epHTe IIPOBOJHUKM IIOCJICAOBATEIIBHO, KAaK IIOKAa3aHO HAa CXEME.

2.3.BI/13ya.]'ILHO OLCHUTC APKOCTb 'OPCHUS JIaMII B CITy4dac MapaJlJICIbHOI'O U B CIIy4ac
IOCICI0BATCIbHOT'O BKIIFOUYCHMA.

2.4.TlonTBepauTe CBOM HAOIIOACHUS pacyeTaMH 1o GopMyiaM, YKa3aHHBIM HUKE:
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I=I=I,=_=I I=NL+L+ +1,

R=R +R+_ +R, l:i+l_+,,,+i
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2.5.PacueTs! 1 BBIBO/IBI 3aIUMIINTE B pabouelt TeTpaau.



IIpakTuyeckoe 3ansitue 7
onpeaeneHue IJ[C ucTOUHNKA HATIPSHKEHUS

1. TEOPETUYECKAA YACTb
OnbIT MOKa3bIBAET, YTO paboTa ACT. CHJI PSMO IPOMOPIIMOHATIbHA TTEPEMEIIAEMOMY 3apsiay q.
[Toaromy oTHOmIEHHE ACT/( YKE HE 3aBHCHT OT 3apsiia U SBIIICTCS KOJIMYSCTBEHHON

XapaKTEPUCTUKON UCTOYHUKA TOKa. DTO OTHOIIEHHE oO0o3Havaercs &: § = Act /q

JlanHasi BemM4urHa Ha3bIBaeTCs dJeKTpoaBrkytien cuioi (3/1C) uctounuka Toka.

[Ipu pazomknyTOoM Kitoue DJIC UCTOUHMKA TOKA PaBHA HAMPsDKEHUIO HA BHEIIHEH 1ienu. Tak kak
COTIPOTUBIICHUE UCTOYHHKA OOBIYHO MaJIo, TO AEUCTBUTENHHO R;>> 1. [Ipu aTom otnnume E ot U
HE MPEBBIIIAECT ACCATHIX JA0JEH MPOIEHTA, MOATOMY NOTrpemHocTh n3mepenus IJIC paBHa
MOTPEIIHOCTH U3MEPEHUs HAPSKEHUSI.

2. INIPAKTUYECKAS YACTDb

CobepuTe 371eKTpUUYECKYIO IIEMb, KaK MOKa3aHO HAa PUCYHKE

3amepbte DJIC Gatapen



3akpenuTe MoJy4YeHHbIE HABBIKH ITPH MOMOIIY aBTOMOOHMIIBHOTO aKKyMYJISITOpa U
MyJIbTUMETpPA

IIpakTnueckoe 3ansTHe 8
HaGmonenne nporecca ralbBaHIIeCKOTO MOKPBITHS
1. TEOPETUYECKAS YACTbH
DNEeKTPOTUTHIECKUE MTPOIECCHI (IIEKTPOIIN3) UCTIONB3YIOTCS U HAHECEHNS METAJUINIECKUX

MTOKPBITHH C IEJBIO 3aIIUTHI OT KOPPO3UH, B PEMOHTHOM Jiesie (HampuMep, KeJIe3HEHUE
KOJIEHYATHIX BAJIOB TPAKTOPOB M aBTOMOOWUIIEH), ISl IPHUIaHUSI U3CIIUSIM JICKOPATUBHOTO
BHEIIIHETO BUA U JIp.

HerounHK nocTOSHHOT0 TOKA

Pacrsop
coan cepebpa

Jlarynnas
JI0JKKa

2. NNTPAKTUYECKAS YACTDb
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Crigknannan Gamkg  demans :
G 3IEKMPGAUMOM P, LlIpocrefiman rasbBanndeckan BanHa

Cobepurte 2IEKTPUIECKYIO 1IETIhb, KaK MOKa3aHO Ha PUCYHKE

HaGnrogaiiTe mporiecc HaHeceHusI Meu Ha JieTainb. CKOPOCTh HAHECEHUS MEN MOYKHO U3MECHHTb,
W3MEHWB HOMUHAJ PE3UCTOPa

NPaKTH4YeCKoe 3aHsATHE 9
HaGnronenne oqHOCTOPOHHEN TPOBOIMMOCTH MOJIYIIPOBOJIHUKOBOIO MO/
1. TEOPETUYECKAA YACTb

Jduona (OT au.-rped. — JBa M -0J] 03HAYAOIIETO MyTh) — ABYXAJIEKTPOIHBIH 3JIEKTPOHHBIN
pubop, 00aaeT pa3InyHON IPOBOAUMOCTHIO B 3aBUCHMOCTH OT HAIllPaBJICHUSI AIEKTPUUECKOTO
TOKa.

DneKTpoA 1101, TOIKIIOYEHHBIN K OJOKUTEILHOMY MOJIIOCY HCTOYHUKA TOKA, KOT/Ia IO/
OTKPBIT (TO €CTh UMEET MaJICHbKOE CONPOTUBIICHUE), HA3BIBAIOT AHOOOM, IOJIKITIOYEHHBIN K
OTPHULIATEIILHOMY TOJIIOCY — KAmMOoOOM.

IMosynpoBoAHMKOBBII AM0] — MMOJYITPOBOAHUKOBBII IPUOOP, BO BHYTPEHHEH CTPYKTYpE
KOTOpPOro cpOpMHUPOBAH OJUH P-II EPEXO]

KPUCTOMNNOAEPXKATESb
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N (negativus)
ycrioeHoe 0G03Ha4eHne

p (positivus)
2. TIPAKTUYECKAS YACTD

| 3aganue
- coOepuTe IMEKTPUUYECKYIO IIeTh, KaK TOKa3aHO HA CXEMe:
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3aMKHUTE 11€Tb, YOeIUTECh, YTO JIAMIIOYKA TOPUT, 3aMephTe HANIPSDKEHHUE HA TUO/IC;,
-IIOMEHANTE MOJSIPHOCTH AUOIA

-00paTuTe BHUMaHHUE, TOPUT JIU ceifuac JiaMiia, 3aMepbTe HalpsbKeHUe Ha TUO/IE;

- 1aiiTe onpenesieHue OJJHOCTOPOHHEW MPOBOIUMOCTH

OnHOCTOpPOHHEH MPOBOAMMOCTBHIO JIEKTPUYECKOT0 TOKA siBJsieTcsl pu3nyeckoe siBjIeHuUe,
NPY KOTOPOM TOK MPOTEKAeT TOJAbKO B O/JHOM HANIPABJIEHHUH.

IpakTHyeckoe 3ansaTue 10
B3aunmMoeiicTBrie TOKOB, IPOTEKAIONIMX 110 MTAPAJUICTLHBIM IPOBOJHUKAM

3. TEOPETUYECKAS YACTb

ABa IapaJUICIIbHBIX ITPOBOJa OTTAJIKHUBAIOTC:, €CJIN HAIIPABJICHUA TOKOB B HUX IIPOTHBOIIOJIOKHEI,
U IIPUTATUBAIOTCA, €CJIM HAIIPABJICHUS TOKOB COBIIAAAOT




BJIGKTpI/I‘IeCKI/Iﬁ TOK B IICPBOM MPOBOJAHHUKE CO3JAaCT MArHUTHOC I10JI€, KOTOPOC BSaI/IMOI[efICTByeT
C JJICKTPUUCCKHUM TOKOM BO BTOPOM ITPOBOAHUKC.

i
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Cuita, neiicTByoIIas Ha y4acToK JuinHOM Al BToporo mpoBo/iHMKa, €CTh cHila AMIlepa, OHA paBHA

F, = LAIB,

4. TIPAKTUYECKAA YACTDH

2.1 cobGepute 1a00paTOPHYIO YCTAHOBKY, KaK MOKa3aHO Ha PUC a



2.2. 3aMKHHTE MEeKTpUUecKyro 1enb. OTpe3ok AB npoBogHMKA BTATUBAETCS BHYTPb
MarauTa (puc. 6). I3mMepbTe paccrosinue, Ha KOTOpOe OTKIOHMICS 0Tpe3ok AB ot cBoero
HEUTPAIBHOTO MOJIOKECHUS.
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2.3. U3menute cuity Toka B 1INy peoctaroM. M3mMepbTe paccTosiHie, HA KOTOPOE
OTKJIOHWICA OTpe30K AB 0T cBoero HeHTpanbHOTO 10J10KeHNU. CpaBHUTE U3MEPEHHYIO
BEJIMYMHY C U3MEPEHUEM, CIICIIAHHOM B II. 2.2.

2.4. CnenaiiTe BBIBOJ, KaK BIMSET CHJIA TOKA B I[EMU HA BEJTUYUHY OTKIOHCHUS
MIPOBOIHMKA B MArHUTHOM ITOJIC.

2.5 [lomeHstiiTe MOJNIIPHOCTh UCTOYHMKA TOKA. OTpe3ok AB npoBo/iHMKa BbITAIKUBAETCA

4] 4]
- TOK
F4— TOK

C C

2.6. CpenaiiTe BbIBOJ, KaK BJIMSIET HAIMIPABJICHUE TOKA B MPOBOJIHUKE HA BEKTOP CHJIIbI
Awmmnepa
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