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Conepxanue

Berenenue

Llems u 3ana4n n3ydeHus QUCIUTLIMHEL
O0opynoBaHme U MaTEPUAIIEI
HanmenoBanue nabopaTopHex padoT
Conepxanue 1ad0paToOpHEIX padoT

Jlaboparopuaa pabora Ne 1. OOpaborka pe3yapTaToB (PU3UUECKOTO
skcnepuMmenTa. M3yuenue npukenns tena OpOmEeHHOT0 NOa YIjIOM K TOPHU30HTY
JTaGoparopuas padora Ne 2. MU3yueHune 3akOHOB TUHAMMKHA MOCTYTATEIBEHOTO U
BPANIATENBHOI0 JBUAKEHUN C ITOMOIIBI0 MAIIMHEI ATBYIA

Jlaboparopuasa pabora Ne3. Onpenenenue CKOpPOCTH ITONETA ITyJIA ¢ HOMOMIBIO
(pU3UIECKOTO MAATHUKA

Jlaboparopras a padora Ned. Onpenenenune nepuona konaedanuil (Pu3nueckoro
MasATHUKA

Jlaboparopuasa padora Ne5. Onpenenenne k03(pPUIMEHTA BHYTPEHHETO TPEHUSA
AKUJIKOCTH METOIOM Mafaroniero mapuka (meron Crokca).

Jlaboparopuaa  pabora  Ne6. Omnpenenenue  OTHOMEHUSA  YIEIBHBIX
TEMI0EMKOCTEH BO3AyXa METOA0M aa1ua0daTHIECKOTO PACILNPEHUA
Jlabopatopuas padora No7. U3yuenne 3meKTpOCTATUUECKOTO MOJIA.

Jlaboparopnas pabora Ne§. M3mepeHne COONpPOTUBIEHHUSA C ITOMONIBIO MOCTA
Yurcrona

Jlaboparopuasa pabora Ne9. HMccnenoBanmne smeKTpUYeCcKOW HENH ITOCTOAHHOTO
TOKA

Jlaboparopuas padora NelO. MU3yuenue saBaeHus 31€KTPOMATHUTHOU MHAYKIIVH.

Jlaboparopuasa pabora Nell. Onpenenenue ropu3OHTAIBEHON COCTABIIAIONIEH
WHIYKIIMA MATHUTHOTO ITOJIS 3€MIIH

Jlaboparopuaa padbora Nel2. WccnegoBanune xomebaHmii B IPOCTOM
K0JIE0ATETbHOM KOHTYPE

Jlaboparopuas pabora Nel3. Usmepenue mmHEI CBETOBOWU BOJHEI C IMTOMOMIBIO
IU(PPAKIITOHHON PEMIETKH.

Jlaboparopuas padora Nel4. U3yuenue BHemnero ¢porosdpgexra.

Jlaboparopuas padora NelS. M3yuenne sSHEPreTH4ECKOro CIEKTPa MEKTPOHOB.
Jlaboparopuas pabora Nel6. M3yduenne kOCMIUIECKOT0 U3y YEHUA.
Jlaboparopuasa pabora Nel7. Ilposepka 3akona Mamoca.
YueOHO-MeToanIecKOe U MH(POPMAIMOHHOE 00eCITeueHne TUCIIUTUTHHEI
[lepedyens OCHOBHOM W AOMOJHUTENBRHOM JMTEPATYPBI, HEOOXOTUMOU IJIA

OCBOCHHA JHCIHUITIIMHEBIL

HepgueHn nyHEREY-METOTMICCKOT0 00ECIeUeHHs] CAMOCTOATEIBHON PA0OTHI
3NEKTPOHHOW MOANKCHIO

Ceptudmkar: Eﬂﬂmmw MHEIHIITHHE

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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WNurepuer, HEOOXOTUMEIX IJIsI OCBOCHUS AUCIATLTAHEI
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Bsenenne

JlaboparopHbeie 3aHATHA CO30AIOT ONTUMAIBHBEIE TUAAKTUYECKHE YCIOBUS I
OEATENBHOCTHOTO OCBOEHHUS CTYNEHTAMM CONEPKAHUA M METOIOJIOTUH M3Y9AE€MOU T CLUILINHEI
«Dum3uka», MCHONB30BAHNE CHENHATBHOTO J1a00paToOpHOTO O000PYAOBAHMUSA W TEXHWUYECKHUX
cpencrB. JlaboparopHeie 3aHATHA 3aHUMAIOT MPEUMYIIECTBEHHOE MECTO NOPH W3YUYEHUH
oOmenpodeccnoHambHEIX U NPOPECCHOHAIBHBIX aucHUIUmMH. Jlaboparopueie 3aHaThs
IPOBOIATCS C LEIbIO BEIPAOOTKNA MPAKTUUECKUX YMEHUN U MPUOOPETEHNA HABBIKOB B PELIEHUU
SKCIIEPUMEHTHBIX 3a47a4, OTPAa0OTKM YIPaKHEHWUH, BBIMNOJIHEHUN YEPTEXKEH, HPOU3BOICTBE
pacuc€roB U T.II.

[lensro n1abOpaTOpPHBIX 3aHATUM ABIAECTCA (POPMHUPOBAHUE NPAKTUYECKUX YMEHHM —
npo()eCCUOHANBHEIX (BBITOIHATE ONPENCIEHHBIE OEUCTBUA, ONEpanuu, HEOOXOIMMEIE B
MOCIENYIOMIEM B MPO(PECCHOHATEHOU OEATEIHHOCTH) WIW Yy4€OHBIX, HEOOXOAUMBIX B
MOCIENYIOMIEN Y4eOHOM IEATENbHOCTH MO 00menpo(pecCHOHANBHEIM U NPO()ECCHOHAIBHBIM
TUCIUILIMHAM.

bubmiorpapuueckuii CmMCOK COAEPKUT CBEACHUS O COPABOYHOM JIUTEPAType U

OOTIOJTHUTEIEHEIX U3JAHUAX, HEOOXOOUMBIX IJIA YTIIYOIEHHOTO U3YUEHUS OTIEMBHBIX BOIPOCOB.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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1. lenw u 3a0auu uzyuenus ouCyUnIuHbl

[lenpro ocBoeHMA mucIUIIIMHEL «DU3NKa» ABISAETCA (pOPMUPOBAHUE Y CTYJEHTOB
KOMITETEHI[UH MO3BOJIAIOMINI BEIPA0OTATE HABEIKK (PU3MYECKUX UCCIENOBAHUM B Cpepax
aKaneMHYIECKOU, PO ECCHOHATEHON U 00NIEHAYYHOU OEATEIBHOCTH.

3amaun OCBOEHUS TUCIUIUIUHEL:

- M3yYEHHE 3aKOHOB OKPYKAIOMIET0 MUPA B UX B3aUMOCBA3M;

- OBJAACHUE ()YHIAMEHTATBHBIMH MPUHIIUIAMHA M METOJAMH PEIICHUA HAYYHO-TEXHUIECKHUX
3a1a4;

- (OpMHUpPOBAHME HABBIKOB I1I0 IMPUMEHEHUIO MONOKEHUM (PYHIAMEHTATBEHOU (PHU3UKH K
rPaMOTHOMY HAyYHOMY AaHAJINA3y CUTyalud, C KOTOPBIMH WHKEHEPY MOPUXOIUTC
CTAIIKUBATHCA ITPH CO3JAHUHM HOBBIX TEXHOJIOTHI;

- OCBOEHHME OCHOBHBIX (PM3MYECKUX TEOPHUI, MO3BOJIAIONINX OMHCATH SBJICHUA B MPUPOIE, U

NpENenoB MPUMEHUMOCTH 3THX TEOPHM IS PEIMIEHUS COBPEMEHHBIX M IEPCIEKTHBHBIX
TEXHOJIOTMYECKUX 3a/]1a4.

2. Obopyoosanue u mamepuasvl

Jlaboparopnsiii crenn «Ckames JKykoBckoroy. Jlaboparopusiit crenn «Mammna ATBynay.
Jlaboparopusiii crenn «Maatauk Makcsennay. Habop nemoncrpaninonneii «Mexannueckue
spneHus». Habop naboparopusiii «Mexannkay (pacmmpeHHsIi ).

Becsl TexHMYECKME HACTOMBHBIE C PA3HOBECAMH OEMOHCTPAMOHHEBIN. Habop
OEMOHCTPAIMOHHBIN «J[MHaMuKka BpamaTensHoro aBmkeHus». 1 pydka Herorona. Habop
OEMOHCTPAUOHHEIN «] a30BEI€ 3aKOHEI U CBOMCTBA HACHIIMIEHHEIX mapoBy». Habop
AEMOHCTpaunoHHEBIN «MonekynsapHas (pu3mnka u TerioBsle aBaeHuss». Hadbop
OEMOHCTPAIMOHHBIN «3BYKOBBIE KOJIEOaHMA 1 BOMHED. Habop nemoncrpanmonusiit «/{nnammka
BpAIIATENBHOTO ABUKEHU . Habop nemoncTpanmoHHeiil «l a30BEI€ 3aKOHBI U CBOMCTBA
HACBIMIEHHEIX mapoB». Habop nemoncrpanmonnsnt « Monekyapaas (pu3nka u TemioBbIe
ABJICHUD .

Kommnekt yueOnoi medemm.

3. Haumenoeanue npaxmuueckux paoom

M3 aux
Ne Temsr
P HanmeHnoBanue T€M OUCIHUANIIMHBL, UX KPATKOE Oo0wem MpaKTUYIECKaA
o COIEepKaHue qacoB MO OrOTOBKA,
qacoB
1 cemecTp
HUM*MMW}I&H padoraNe 1. Ob6paboTtka 1,5
SNEKTRPOHHOW MOANMUCHIO
Ceprycbukar: 2C0000043E4A PEBYTABEFEOB (PHIAHEEKOTO SKCIIEPUMEHTA.
Braagnew:  UWeGsyxosa TardAgyerRier I KEHUA TEJ1a OPOIIEHHOTO MO
YIJIOM K TOPU30HTY.
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M3yunTh METOABI KOTMYECTBEHHOTO U
rpapuaecKOro mpeacTaBICHUA
YKCHEPUCMEHTATBHBIX PE3YIBTATOB.
[TonTBEpOUTE HA ONEITE CITPABENINBOCTD
(hOopMYyIT KHHEMATHKH.

Jlaboparopnasi padboraNe 2 U3yuenne
3aKOHOB JUHAMMKH MOCTYATEIEHOTO
IBUKEHUS C ITOMOIIBI0 MAIIMHBEI ATBY/A.
[TpoBepka 3akOHOB MOCTYNATENHHOTO
IOBUKEHUS C MOMOIIBI0 MAIIUHEI ATBY J1a.

1,5

Jlaboparopnas padoraNe 3. Onpeneneuue
CKOPOCTH MOJIETA MYJIH C TOMOIIBIO
(pU3NIECKOTO MAATHUKA.

Haygaurscs onpenensaTte CKOPOCTh MONeTa Myan

C MOMOIIIEHO d)H?leIECKDFD MAdATHHKA.

1,5

Jlaboparopnasi padbora Ne 4. Onpenenenue
nepruoaa konedanui (pru3naeckoro MasTHHKA.
Omnpenenenue CKOPOCTH ITOJIETA ITYJIH C
IMOMOIIBHD CI')HH{[IECI{GFD MAATHHKA.

1,5

JlabopaTopHast pabora Ne 5. Onpenenenue
KO3 (p(puiienTa BHyTPEHHETO TPEHUA
’KUIKOCTA METOIOM IMATAI0NIEr0 MAPHKA
(meTox Ctokca).

[To3HaKOMUTECS C METOIOM U3MEPEHU
BA3KOCTH JKHUAKOU CPEIHL.

1,5

JlabopaTopHast pabora Ne 6. Onpenenenue
OTHOIIEHUS YAEIBHEIX TEINIOEMKOCTEH
BO3yXa METOAOM a11adaTnuecKoro
pacpeHHus.

M3y4uTh ra30BeI€ 3aKOHEL, IIEPBEIN 3aKOH
TEPMOIUHAMUKA U IMOHATHE TETUIOEMKOCTH.
Onpenemurs OTHOMIEHUE TEMI0EMKOCTEN
BO3QyXa IIPHU HOCTOSHHOM JABJIECHUH U
MOCTOAHHOM 00BEME (KO3 (p(pULMeHT
[Tyaccona) B ycnoBusax, OMU3KuX K
HOPMAaJIbHBIM.

1,5

JlaboparopHasi padbora Ne 7. U3zyuenue
SMEKTPOCTATUIECKOTO TMOJIA.

M3yuenmne >1eKTpoCTaTHIECKOTO MOJIA;
NOCTPOEHNUE SKBUMOTEHIHMATBLHBIX
MOBEPXHOCTEN MOJIA.

1,5

CepTydukar:
Bnangneu:

9 SNEKTH
2C0000043ES
llleBayxoea T3

’Qﬂiﬁhﬁﬂ fiag padora Ne 9. Vccrenopanue
B8B952205E7/B

A

JlabopaTopHast pabora Ne 8. U3mepenne

COMMPOTHBJICHHUA C ITOMOIIBKO MOCTA VYurcrona.

[lemsro paboOTEL ABIAETCA N3yUEeHHE METOAA

W3MEPEHUA COMPOTHUBIECHUS ITPOBOIHUKOB C
MOMOIILEI0 MOCTOBOM CXEMEI U ONPEACICHNE
YAEAEHOTO CONMPOTUBIICHUA MaTepUaia

1,5

0006000004 3E

| DICKTPUICCKON TICTTH MOCTOSIHHOTO TOKA.

H.?.}’IIEI-H*IE 3dBHCHMOCTH CHIIBEI TOKA,

1,5




K.IT.0. HCTOYHHKd OT COIMPOTHBJICHHA HAI'PY3KH.

Hroro 3a 1 cemectp:

13,5

2 ceMecTp

10

Jlaboparopnast padora Ne 10. M3yuenne
ABJICHUSA JIEKTPOMATHUTHOW WHIYKIIWAH.
N3yuenue >1eKTpUUeCKX TOKOB
BO3HUKAIONIMX OPH SIBIECHUN
SMEKTPOMArHUTHON MHAYKIINH.

1,5

11

Jlaboparopnasi padbora Ne 11. Onpenenenue
FOPU3OHTAIIBHON COCTABJIAIOMIEH UHIYKIINN
MATHUTHOTO TIOIS 3EMITH.

OnpeneneHue ropu3OHTATEHON COCTABIAIONIEN
WHIYKIMH MArHUTHOTO ITOJIA 3€MIIH.

1,5

12

Jlaboparopnast padbora Ne 12. Mccnenosanue
KOneOaHui B KOJI€OATEIEHOM KOHTYPE.
M3yuenne 3aTyxarniux MeKTPUIECKIX
KOJe0anuil KoaedareaprHOM KOHTYPE.

1,5

13

Jlaboparopnasi padbora Ne 13. U3mepenue
IOIMHBL CBETOBOH BOJIHBI C MOMOIIBIO
IU(PPAKITUMOHHON PEMIETKU

M3yuenne nBUkKEHUHN 3apsAa0B B
SIICKTPHYCCKHUX H MAIHUTHBIX ITOJIAX,
U3MEPEHHE YIEILHOTO 3apaga NIEKTPOHA.

1,5

14

Jlaboparopnasi padbora Ne 14. M3yuenne
BHEIHEro Qorosrddekra

[Toznakomurcs ¢ ApneHuem qud pakiuu CBETA
B MAPAJUIEIBHBIX Ty4ax AU(PPaAKIMOHHOU
pEIETKH.

1,5

15

JlaboparopHasi padbora Ne 15. M3yuenue
YHEPTETUYECKOTO CIEKTPA AIEKTPOHOB
[TpoBepUTH BEIMOTHEHUE MTEPEHOCA
SIEKTPOHOB.

1,5

16

JlaboparopHasi padbora Ne 16. M3yuenne
KOCMHYCCKOTO M3 IYUCHWA
OnpeneneHne CKOPOCTH MEPEMENEHHS.

1,5

17

Jlaboparopuas padora Ne 17. [Iposepka
3akona Maumroca.
[IpoBepuTs BRIMOMHEHUE 3aKk0oHA Mamroca.

1,5

HToro 3a 2 cemecTp

12

Hroro

25,5

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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4. Cooeporcanue 1adopamopHbvlx paoom

JlaboparopHasi pabora Ne 1

Tema paoompr. O0padoTka pe3yIbTATOB (PH3HYECKOr0o JKkcnepuMeHTa. W3yuenue
JIBH:KEHHS Te1a, OpOLIeHHOT 0 MO/l YIVIOM K TOPH30HTY.

Ilenvs padompr. V3yunTs METOOBI KOJMYECTBEHHOTO W Tpa(UUeCcKOro NpPencTaBICHUA
SKCIIEPUCMEHTANBHBIX  pE3yabTaToB. llogTBEpauTE HA OMBITE CHPABEMIMBOCTE  (POPMYII
KHHEMATHKH.

Teopemuueckan wacmo.

Kinaccupukanus norpemiHocTeH

HctunHoe 3HaueHMe (PU3MYECKOW BEIWUYMHBEI A0COMIOTHO TOUHO OIPENEIUTH HEIB3.
[Ipy u3mepennax (uU3MUECKUX BEMMUYWH MMOA OEHCTBHEM CAMBIX PAa3HOOOPA3HBIX MPUYHUH
BO3HUKAIOT HocpewHocmu W3MEpPeHHH. Bce morpemnHocTH NOpuHATO  pa3fenirTe Ha
cucmemMamuiecKkue, ciydaunvle u npomaxu (OmnOKH).

Cucmemamuyeckou HA3BIBAIOT TAKYI ITOTPEIIHOCTEL, KOTOPAs OCTACTCA ITOCTOSHHOMN
WA 3aKOHOMEPHO U3MEHAETCA MPU NOBTOPHBEIX U3MEPEHUAX OJHOW U TOM K€ BEIWUMHBI. |akue
MOTPEMIHOCTH  TMOSBIISIIOTCA  BCAEACTBUE HEUCIPABHOCTH MPUOOPOB, HETOUHOCTH METOIA
MCCIIEN0BAHUA, KAKMX-TU00 YITYIIEHUH SKCIEPUMEHTATOPA, & TAKKE IMPHU HMCIIOJIB30BAHUU IS
BEIUMCIIEHUN HETOYHBIX 3aBUCUMOCTEN ((POpPMYyIT), KOHCTAHT M T.I.

Cnyuaqunou HA3BIBAETCSA HOTPEIIHOCTB, KOTOpas BEI3BIBACTCS OCUCTBUEM  HE
MOTAFONIMXCS KOHTPOJIF0 MHOTOYHMCIIEHHBIX, HE3ABUCUMBIX APYT OT Apyra (pakTopoB. 3HAYEHUE
CIy4allHOM TMOTPEIIHOCTH KOneOdmerca OT OJHOTO W3MEPEHUS K IOPYIrOMy, 49TO JETAET
HEBO3MOKHBIM TOUHOE IPEICKA3aHUE PE3YAbTaTa B KAXKIOM OTAEILHOM HU3MepeHnu. OnHako
MPA PACCMOTPEHHU TMOBTOPHBIX W3MEPEHHUH OOHAPYKMBAECTCA XAPAKTEPHAA 3aAKOHOMEPHOCTEH
pPE3YIBTATOB, WX ONPENEIECHHAsA YCTOMYMUBOCTh, KOTOpas W CIOYKHUT OCHOBOU  JUIA
MATEMATUUECKON 00pabOTKM OTBITHEIX JAHHBIX, BEIUUCICHUS CIIyYalHBIX NOTPEIIHOCTEH.

Ilpomaxom WM oOwuOKOU HA3BIBAIOT TAKYH IOTPENIHOCTE HM3MEPEHUsA, KOTOpas
OKAa3bIBAETCA 3HAUUTEIBHO OONBIIE OKUOAEMON NPU JAHHBIX yCAOBHAX. Omudka 00A3aTENBEHO
n0JKHA OBITh UCKITFOUEHA U3 Pe3yIbTATOB U3MEPEHHUH.

Omnpe/elienne nMorpemiHocTedi Npu NPSIMbIX H3MepeHHSIX

IIpsvbivu  HA3BIBAIOT TAaKWE W3MEPEHMA, OPHU KOTOPEIX (PU3MUECKAs BEIUYMHA
W3MEPSETCA HEMOCPEACTBEHHO MPU MOMONINA Iprudopa.

[lycte X — [OEUCTBUTEILHOE 3HAYEHHUE W3MEPAEMON BEIWYUHBI, 4 X; — MNOKA3aHUA
npuOopa. AOCOIIOTHON NOTPEIIHOCTEIO HA3EIBACTCS BEIMUMHA
A = - x
- (1)
TounocTs M3MEpEHUs XApPAKTEPU3YETCA OTHOMIEHWEM AOCOMOTHOM MOTPEMIHOCTH K
OEHCTBUTEIBEHOMY 3HAYEHHUIO U3MEPAEMON BETMIUHEL

Ax]
£E=—

AOKYMEHT MNOANMCAH X
SNEKTPOHHOW NOAMNWMCLIO

(2)
Ceptudpukar:  2C0000043E9AB8B952205E7BA500060000043E
Bragenew:  LeGayRglaT @I ATCHIPES*“HA3EIBAETCA  OMHOCUMEILbHOU NO2PCUIHOCbIO W BBIPAKAETCA B

HpDU,E-‘HTHK.
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[lorpemnuocTi, ROMyCKAa€MBIE IIPH IPAMBIX H3MEPEHHMAX, HEPENKO HA3BIBAIOTCAH
npuOOpHLIMU, TAK KaK 00YCIOBIEHBI KIA4CCOM TOYHOCTH IMPpUOOpa, KOTOPBIM YKA3BIBAETCA JTHO0
Ha camoMm npuOope, b0 B macmopre. B tex ciyuasx, korga Ha npuOope KiaacC TOYHOCTH HE
yKa3aH, a0COII0THAA MOTPEMIHOCTE MPUHUMAETCA PABHOM MOJOBUHE LIEHBI JEJICHUA.

CiydaiiHel€ TOTPEIHOCTH HMMEIOT CTATUCTUYECKUH XapakTepP, X MATEMATHYECKas
00paboTka MPOM3BOAUTCA C MOMOMIBIO TEOpUM BeposATHOCTEN. [Ipn MHOrOKpaTHOM M3MEPEHUH
PaBHOBEPOATHO MOMYUYUTH PE3YALTAT KAK OONMBIINIA, TAK U MEHBIINNA, YEM UCTUHHOE 3HAYCHUE
W3MEPSAEMON BETUIUHEL.

[Tycte mpoBeneHo n M3MEPEHNH BETUUNUHEI X M B PE3YIETATE MTONYIEHO N 3HAYEHUHN: X|,

X1, ...X, . BeIuuruHa
n
in
XyHx,+...+Xx T

x )= =
(x) - - .

HA3BIBAECTCA CPEOHUM apumemuyecKum 3HAYEHUEM, ABETCS XOPOMMM MNPUOIMKEHHEM K
UCTUHHOMY 3HAYEHHUIO M3MEPAEMOM BEIMYUHBI W, KAaK M[PAaBHIO, HCIOJIB3YETCA KaK
OKOHYATEJIEHEIN UTOT CEPUN U3MEPEHHU.

PaccMoTpUM HECKOIBKO OCHOBHBEIX ATAIMOB YIPOMIEHHOW MATEMATHUYECKON 00padOoTKM
PE3YIILTATOB U3MEPEHUM.

£

1. Haxogum cpennee apu)mMeTnueCk0€e 3HAUCHUE N3MEPIEMON BETMINHEL
2. Beruucnsem abCOMOTHBIE MOTPEMTHOCTH PE3YIHTATOB OTAEIBHEIX U3MEPEHUM

_ / x‘
\ﬂxi\-\xi K/ i=12,..,n (4)
AOcComOTHas TOTPENIHOCTH WMMEET PAa3MEpPHOCTh M3MEPSIEMON  BETWYUHBI |

XapPaKTePU3YET KAUECTBO OTAEILHBIX U3MEPEHUI.
3. BeruucasgeMm cpeHio0 adCOMIOTHYI0 HOTPEIHOCTE

Z |ﬂxf|

:—1 .
n n (5)

AX | |+|Ax,|+. . .+|Ax |

(Ax)|=

4. BerancasgeM OTHOCUTENBHYIO IMTOTPENTHOCTE

’Ax
xX:'

£= %.

(6)

_f +/ Y
5. 3amiCeIBA€M OKOHUYATENBHBIN PE3YIbTAT X= X )2 {Ax, : (7)

OHPEHEHEHHE lIﬂI'pElllI—IﬂETEfI IIPH KOCBCHHLIX H3IMEPEHHHX

B OOnmpmMHCTBE CIy4aeB NpU NPOBENCHUM (PU3UUECKUX SKCIIEPUMEHTOB MCCIENYEMAs
(u3myeckas BeMMUMHA HE MOKET OBITH HM3MEPEHA HEMOCPENCTBEHHO, IS €€ ONPEEIeHHA
TpeOyeTCa U3MEPUTE PAL APYTUX BEIUYHMH, 4 MCKOMYIO HANTH, NOJCTABUB HANICHHBIE 3HAUCHUSA

B (pﬂprvty%MEHHr%%ﬁhammym 3aBUCUMOCTh HCKOMOH BEIMYHUHEI OT HEMOCPEICTBEHHO
H?.MEpHEEIIE]-HHI@HHﬂ'HMI‘I @HIIE M3MEPEHU HA3BIBAIOT KOCBEHHBIMU.

Cepmupimar.  2CO000Y ﬂfﬁgﬁﬁ?éﬁéffﬁ? YFOTPEIIHOCTEN KOCBEHHBIX W3MEPEHHM MOKHO BOCIOJIE30BATHCA
(e

Bnagen E(T) llleGayxoea TaTesAH eKcaHopoBHa

opmysaMu au((PepeHIMPOBaHUA, T.K. (POPMyIbl MOTPEIIHOCTEM IMOIY4YArOTCA B TOM K€

npuOnmxkeHun, 9to u Gopmynasl ia mapdepenmpana QyHkimu. Bo MHOrux ciydasx, korma
Nencteutened: ¢ 19.08.2022 no 19.08.2023



¢popmyma ymnobOHa musa porapu(MUpOBaHMs, OKaseplBaercsas Oomee ypobHou (opmyna

X . dx
E=— dllnx|=—
OTHOCUTEILHOM morpemnocTd. OTHOCUTENEHAS MO PEMIHOCTE X o X m,
. Ax
Allnx|=—
CIIEIOBATEILHO, X

WNnaue roBOps, OTHOCUTENBHYIO MOTPEIIHOCTE MOKHO pPacCuuTarh, €CIU B3AThH
mi(pepeHran HaTypaTbHOTO JoTapu(pMa, Onpeaeaaronfi 3aBUCHMOCTE TAHHOW BETMYUHEI OT
m3MepsaeMbIX BermunH. Hanbonee wacto Berpevaronecsa (POpMyasl MPUBENEHE B Ta0me 1.

Taomua 1.
Maremarnueckas onepanus AOcomoTHAA NOTPENIHOCTD OTHOCHTENEHAA TTOTPENTHOCTE
X+y Ax+Ay Ax + Ay
Xty
X-y Ax+Ay Ax + Ay
X=y
Xy yAX+xAy Ax Ay
*y
XyZ yzAx+xzAy+xyAz E N ﬁ N g

X Y z

- A
" v - xby Av, Ay
Yy X Y
-1
x" nx" " Ax n A%
X
Vo | ! 1 Ax
—x" Ax
X
" n
X Ax Ax
| +x (1 +x)? x(1 +x)
e’ e Ax Ax
Inx Ax Ax
X xInx
SHdiyMeHT nopnncaH cos xAx ctgx Ax
3NEKTPOHHOW MOANWUCHIO
Ceprudbjikar: 2C000 B8BO52205E TBAL00060000003E :
Bnagengy: LUEEJ:-.-*%%?I:HHE AnekcaHgpoBHa S IM Ig X M

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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18X Ax 2Ax
C{:}SE X sIn 2.1'

clox Ax 2Ax
sin? x Sin 2x

HE}"‘IEHHE IBHACHHA TeJIa, ﬁpﬂlﬂEHHﬂI‘ﬂ noxa YrjioM K ropH3oHnTy

Teno, Opomennoe mox yrimom @ K TOPU30HTY C HAYAITBHOH CKOPOCTHIO ', Oymer
OBUTATHCA MO KPUBOJIMHENHON TPAEKTOPUH , B MFOOOM TOUKE KOTOPOU BEKTOP CKOPOCTH MOIKET

OBITE Pa37I0IKEH HA OBE COCTABIAIONINE — TOPU30HTAIBHYIO U BEPTUKAIBHYIO (puc.l).

vOh

Puc.1.

[Tpoekinn 5THX BEKTOPOB HA OCH KOOPIWHAT, HAUYAIO0 KOTOPEIX BEIOPAHO B TOUKE
Opocanus, paBHBL:

v, =0, Cosa
L, =y Sina—gt ()

[Tpu sTOM ropuzoHTanbHAas COCTABIAIONIAA CKOPOCTH HE OyIET MEHATHCSI C TEUCHHEM
BPEMEHH, T. K. YCKOPEHHE CBOOOTHOTO MAAEHUS HE MMEET TOPHM3OHTAILHOM COCTABIAIONIEH, a

HAIIPABJIEHHO BEPTUKAIBHO BHU3. BepTukanbHas COCTABIAIONIAA CKOPOCTH OyJZeT MEHATHCA IO
3aKOHY PaBHOIIEPEMEHHOI 0 JBUKEHUA C YCKOPEHHEM a = g.
M3MeHeHne kOOpauHaT TEJIa UMEET BULL.

X =UU-C{;~5 ot

y=h= v,-Sin r::f—g—t

2
JOKYMEHT MNMOANCcAH ( )

Ceprudbukar: Ecﬂﬂﬁgfﬁﬁfﬁgﬁ&mgm O YIIOM K TOPU30HTY, MMPEACTABAAIET coOO0M mapadomy.

Bnanendd BEIIHELE TATOHARAPANONS] BEPTUKAIBGHAS COCTABIAIONIAA CKOPOCTH paBHA Hymo. B Touke
mageHus CKOPOCTh TE€la paBHA MO a0COMOTHOMN BEIMYMHE CKOPOCTH TEJd B TOYKE OpocaHus, a

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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HAIMPABJICHUE €€ COCTABJIIET TOT K€ YrOJI, UTO U B TOYKE Opocanusa. ITO CIEAYET U3 CUMMETPUN
mapadoIBl U UMEET MECTO B OTCYTCTBUE COMPOTUBIECHUS BO3yXa.

Hagamsnyio CkOpoCTh TEna ,0pOmEeHHOro MO YII0M K TOPU30HTY MOKHO ONPENEIUTh U3
ypaBHeHus (1).

I
0 Cosa-t (3)

U

I'ne { - nampHOCTE MOJIETA - U3MEHEHHE MOJIOKEHUS TEJIA 0 OCH X.

Bpems mmosiera MOKHO ONMPENEauTs U3 ypaBHEHUA (2). B HauBEICIIEH TOUYKE TPACKTOPUU
OBWKEHUA TEla CKOPOCTh Vy=0. Bpem:a, COOTBETCTByIOIIEE 3TOMY MOMEHTY, COCTABIIAET
MOJIOBUHY BCEr0 BPEMEHH IOJIETA TEIA, TOTAA

_ : gt
0= uv.-Sing— 2
Uy olna ) |
OTCIO/IA BpEMS MMOJIETA TENA
20, Sina
[ =
g . 4)

[Togcrasmss (4) B (3) momyuum

|I N

D= | .{;’ 2
N Sin 2« (5)

OCHOBHOU 3a7a4€ld MEXAHUKH SBJIAETCA ONPENEICHHUE ITOJIOKEHH TEIA B IMMPOCTPAHCTBE B
00011 MOMEHT BpPEMEHHU. 3HAsA KOOPAWHATHI TEAa BCETAA MOKHO HAUTH €r0 CKOPOCTH H
YCKOpPEHUA (II0 OIPENENEeHUI0 3THUX BEIWYMH). OCHOBHBIMM 3aKOHAMHM, CBA3BIBAIOIIUMH OTH
BEJIMUMHEL, CWJIBI U MACCY TEJIA ABJIAIOTCS 3aKOHBI HEIOTOHA M 3aKOHEI COXPAHEHUS.

Oobopyooeanue u mamepuabol.
YcTranoBka, COCTOAMIA U3 IIPYKUHHOIO IMMUCTONIETA C APUKOM U JIMHEUKH.
Ykazanus no mexnuke desonacrnocmu.
1. K BeimomneHnio madopaTOpHBIX pabOT AOMyCKAKOTCA CTYIAEHTHI, M3YUMBIINE MPABUIA
TEXHUKN 0€30TTaCHOCTH.
2. JlaboparopHsie pabOTEI MOTYT MPOBOAUTECA TOJMBKO MO PYKOBOACTBOM U HAOIIOEHHEM
IPEnOaaBaTEeNs.
3. Pacnonaraure npuOOpel, mMarepuaisl, 000pymoBaHue HA padOdYEeM MECTE€ B HOPSIKE,
YKA3aHHOM HPEMOgaBaTEIEM.
4. Ilpu BeIMOMHEHNH TA00PATOPHEIX padOT C MPUMEHEHHEM MMOJIETOB OALTUCTUUECKUAX TEI
HE CIIEQyEeT HaxOAWUTHCA B 00saCTH moJjera Tea.
He nepxure Ha pabouem CTONE MPeAMETHI, HE TPEOYIOMMECA A1 BRIMOIHEHNUS 33 JAHUSL.
6. llepem Tem, kak OPUCTYIUTE K padOTE THIATENBEHO M3YUUTE €€ ONMMCAHUE, YACHUTE XOI
BEIMIOJTHEHUA PAOOTEHL.

LN

3aoanus.
1. Onpenemure B3BEIMBAHMEM MacCy mapuka M . BplUuCIWUTE OTHOCUTENBHYIO
MOTPEIIHOCTE MacCel M
2. 3aKkpenuTe MUCTOJIET HA BBICOTE h non yraom @ | BelauCAWUTE OTHOCHUTENBHBIE
HDFpELﬂHEﬂIIHHHhIEEMIH]HGiL uyrima a .
ANEKTPOHHOW MOAMMChIO E
Ceprudpukar: 2300000 ACTAHYB HAPY/KMHYIHCEOICTa HA X CM, ONPEIEIUTE II0 TUHAMOMETPY CHILY
Bnapnensw llebayxoea TaTeaHa AnekcaHapoBHa F
BEIMICINTE OTHOCUTEIBLHEIC MOTPEMIHOCTH X |

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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4. BeicTtpemure 5-7 pa3 mpu OOHMX W TE€X K€ 3HAYCHUAX X U F [Tpn xaxoom

)
)

BEICTPEJIE W3MEPSIUTE TATBHOCTH MOJIETA Beruncimre OTHOCHTENBEHYIO HOTPEIIHOCTH

HEIOCPENCTBEHHOTO U3MEPEHM A JATBHOCTH
5. Beruucaure:

k

a) K03 PUIMEHT KECTKOCTH NPy IKUHBEI MHUCTONETA ;

U
0) HAYAIEHYIO CKOPOCTH TOJICTa mapuKa U

. U
B) BEPTUKATBHYIO COCTAB/IIONIYI0 HAYAIBHOH ckopoctn  0)

. U
') BEPTUKAIBHYIO COCTABIIAIONIYIO KOHEUHOU CKOpOCTH  J  ;

o U
IT) TOPM30HTAILHYIO COCTABJIAIONIYIO HAYANLHOM CKOpOCTH X

. U
€) TOPU30HTATEHYIO COCTABIAIONIYIO KOHEYHOM CKOPOCTH X

6. Brruucaure AAIBHOCTE MMOJICETA MO U CPABHHUTEC CO 3HAYCHHCM, IMOJTYUYCHHEBIM B ITYHKTC 4.
-

7. Bpluncaure WM3MEHEHHE WUMITYJILCA MIAPHUKA 34 BPEMS MHOJETA ‘ p . Beraucmmre
CHITY, I3MEHUBIIYIO UMITYJILC IIAPUKA 3a BPEMs MOJIETA.
§. CpaBHUTE 3HAUEHUA TMOTEHIMAIBHOM OJHEPrUM CKATOM MPYKUHBL, HAYATEHON
KUHETUYECKOU SHEPIUU MAPHUKA U KOHEUHON SHEPTUM [IAPHUKA.
Cooepicanue omuema.
Otuer o 1adopaTOpHEIM padOTAM JOIKHEL CONEPHKATD:
- TUTYJIBHBIH JIACT;
- IeNTb PadOTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OMPEIEIEHUI, TOHATHH, (POPMYJI;
- OCHOBHOE 000pyn0BaHmne, CXeMa yCTAHOBKHU;
- OMMCAHUE M0 MYHKTAM BBEIIIOJIHEHHOU Pa0OTHI;
- pE3yIBTATEl U3MEPEHUM U pacueToB (TaOmuIlel, rpaduky );
- OIIEHKA MOTPEMIHOCTEM;
- OTBETHI HA KOHTPOJILHBIE BOIIPOCHI;

- BRIBOJIBI TT0 PE3YJILTATAM BBIITOJTHEHHOW pa0OTEI, 1aTd, MOAIHNCE.

Koumponwsuwie eonpocuol.
1. Cdopmynupyire NpUHIAN CYIIEPITO3UIIAN OBUKEHUM. [1e OH nmpuMmensaercs?
2. BriBegure ypaBHEHHE M1 ONPENEICHUS ITOJIETA MIAPWKA, OPOIMEHHOTO MO YIJIOM

. U
O K rOpU30HTY C HAYAILHOH CKOPOCTBIO U
3. BeBenure MakCUMAIBHYIO BBICOTY MOIBEMA IIAPHUKA, OpOIMIEHHOTO mog yriiom & k

o U
TOPU30HTY C HAYATLHOM CKOPOCTBIO U
4. BeiBenure ypaBHEHME OAIBHOCTH ITOJIETA MAPHKA, OpomeHHOro mox yraom ¢ k

. U
TOPU30HTY C HAYATLHOH CKOPOCTBIO U

5. Ilon xakum yriom Hano OpPOCUTE TENO, YTOOBI JAIBHOCTE ITOJIETA OBLIA MAKCUMAIEHA?
[Tpu xakom yrie OpocaHus BEICOTA MOJIETA PABHA €r0 JATBHOCTH?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Cepruchukar:  2C0000043E9ABBB952205E78A500060000043E JIabopaTopHast padbora Ne 2

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Tema Pﬂﬁﬂf’HM+ HE}"‘IEI—IHE 3AKOHOB JHHaMHKH INOCTYIIATE/IBHOI'0O JBHXKECHHH C
NoMOINnN s MallTHHBI ATE}’,[[H

Ilenvy padomer. IlpoBepka 3aKOHOB MOCTYIMATENBRHOTO IBMKEHUA C IMOMOIIBIO MAIIHWHBI
ATByHa.

Teopemuueckasn uacme.

[TocTrymaremsHBIM IBUIKEHMEM HA3BIBAIOT [BHIKEHHE, IPH KOTOPOM JIr00as JMHMUA,
NPOBEACHHAA B TENE, OCTAETCA MapauieabHOu camou cede. Ilpu TakoM IBMKEHUN TPAEKTOPHH,
CKOPOCTh M YCKOPEHHUA TOYeK Tema coBmaaaroT. CneqoBarenbHO, ABUKEHHE TEad MOIKHO
3aMEHUTEL ABWKEHHEM €r0 OAHOM TOuku. Yamie BCEro, BEIOMPAIOT ABHKEHUE IIEHTPA TKECTH
TENnA.

OCHOBHOE ypaBHEHHE NOCTYNATEILHOTO ABUKEHNA, (BTOPOU 3aKOH HBpI0TOHA) MMEET BUA:

T — E F

M
—
rae m— macca, ! — yCKOpeHHe Tena, - CyMMa CHJI, JEUCTBYIONINX HA TENO.
BpamaremsHBIM OBUKEHUEM HA3BIBAIOT ABMKEHHE, TP KOTOPOM TOUKH TEJIA IBUKYTCA
M0 OKPY/KHOCTSAM, HEHTPHI KOTOPEIX JIE€KAT HA OOHOU HMPAMOM, HA3BIBAEMOH OCBIO BPANICHUS.

OCHOBHOE YPaBHEHHE BPAMIATEIBHOTO ABWKEHUA (BTOPOU 3ak0H HEI0TOHA) MMEET BUA:

fe=VM
—
]
f =m0 .
[ne -  MOMEHT WHEpPIMA MaTE€PUAJTBHOM TOYKH, MOMEHT HWHEPIUN
BPAIIAFOMIETOCS TEMa, PaBEH CYMME MOMEHTOB HHEPIIMH BCEX MAaTEPUATBHBIX TOYEK TOTO TeJa:
Mo
— - CYMMa MOMEHTOB CHJI, JEHCTBYIONIMX HA TEI0. MOMEHT CWIBI — BEIUIHNHA

paBHAs NPOU3BENCHUIO MOV CHJBI HA miaedo 5Tod cuibl. [lnegom cuiel HaA3BIBaOT
KpaTdaniiee pacCTosHUE OT OCH (LIEHTPA) BPAICHU OO0 JTUHUH JEUCTBUS CHIIBL.

Mammna AtByna (puc.l) mpencraBmger coboimt Omok pammuyca R, depe3 KOTOpBIU
NEPEKUHYTA HUTh C TPy3aMHW m; U m:. Ecau m 6 my, mo, Vaumbi6ad, Hmo HUltlb HEPACIsDICUMA,
P36l HPUOVIN 6 OBUNCEHUE ¢ OOUHAKOBLIM Yekoperuem d. Riok Gyoem gpawamvest ¢ yenossiv YekopeHueM €,
MOYKU Ha €20 0bo0e GYOVIm umenb MAHCHYUATLHOE YCKOPEHUE PAGHOE VCKOPEHUIO SP)308 Vpasrernua
OBUDHCEHLAL 2PV308 U IOK G, NPUHLMASL HANPAGTCHUE OBUMCEHLEL MO ocl oci X, OYoym umenis auo:

Io-m oo =

()
T, -, o =m.
£ R-T K-M_ =i ¥
" | )
I L ~ M
Ioe  'u - -cauwl HamMIceHAa HUNTU Cead U cnpasa oim OlIoKa, - MQMEHM CLTbl MPEHLA, )eT1060¢

o = |

VCKOpeHue R

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

CeptudmMKa Z2C0000043E9ABBBS952205ET7TBAS00060000043E

Bnageney, LUleD3ayxoBa |aTeAHa ANeKkcaHapoBHa

- = - « } YT e E [=] ]
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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IHI

’”jg

PUCYHOK 1- MALIIHHA ATEVOA

Onucanune YCTaHOBKH, BBIBO/l paCiHe€THBIX [l)ﬂpM}'.]]

OOmmit BuA yCTAaHOBKH mnpuBencéH Ha pucyHke 2. Ha BeprukansHOM crouke |
PacIoIOKEHBI TPU KPOHIITENMHA: HUKHUA 2, CPEIHUN 3, BEpXHUH 4.

Ha Bepxuem kponmreiine 4 kpemurcs 010K, 4epe3 KOTOPEIM MEPEKUHYTA HUTh C TPY3aMU
5, OOMHAKOBOM MAacCel. BHM3Yy HAXOOWUTCA SNEKTPOMATHUT, KOTOPHIA OPH HOAAYE HA HETO
HAMPSDKEHUS yASPKUBAECT CUCTEMY C TPY3aMU B HEHOABUKHOM COCTOSHHH.

Ha BeprukamsHOn crOMKe | ykpenineHa CaHTUMETpOBas JIMHEMKA 8§, N0 KOTOPOH
OMPENEIAOT HAYATBHOE M KOHEUHOE IOJIOKEHWE TPy30B, 4, CIEAOBATEIBLHO, U MPOIIEHHEIH
myTh. HavaimpHOE MOM0OkKEHNE ONMPENENAIOT BU3YATBHO MO HUIKHEMY CpE3y rpy3a, KOHEUHOE - 1O
WHAEKCY (KpacHas METKa) CPEIHETO KPOHIITEMHA.

CexkyHmomep ¢ HM(PPOBOM MHAUKAIMEN BPEMEHM 3aKPEIUIEH HA OCHOBAHWUM IPHOOpA.
[Ipunin paboTer mpubopa 3akmouaercs B cnenyromeM. Korma Ha KOHIIAX HATH BUCAT TPYy36I
onmHakoBOM maccel M; =100 r, cucrema HaxoaurTcsa B paBHOBeCHHM. Ecnu HA OOMH U3 rpy30B
MOJIOKUTE MEpPerpy3ok maccou Am, (M,=m;+ Am) cucrema BBIXOIUT W3 PABHOBECUA U
OBIKETCA paBHOYCKOpeHHO. Macca Omoka paBna 102 rpamma, pamuyc Omoka paBeH 7 CM,
MOMEHT MHEpHUN OI0Ka paBeH IMOJIOBHHE NPOM3BEAEHWS MACCHI €T0 W KBAaApaTa €ro paauyca
(KaK CILIOIIHOTO JHCKA).

[Ipu paBHOYCKOpPEHHOM IBMKEHMM YCKOPEHHUE TPY30B MOKHO HAUTU M3 U3BECTHOTO
COOTHOUIEHUA

af

K=
S—p . ﬁﬂﬁ%HT BOBIVCAH — 2

Ceptudifrar: ﬁﬁ@%&%%ﬁﬂﬂ@ﬁéﬁ?@ﬁ%5m@ﬁ{emaEHne 3HAYECHUE YCKOPEHUS HANIEM UE€PE3 U3BECTHEBIN
e

Bnaneneu: bayxoBa TaTeAHa Anegli:aH,qu Ha
_ 1
T — y
. I
neiicranty P HoBPSMA L, 19 08,2023
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[Ipu npoBenennn oneITa ¢ OAHUMH 3HAYECHUAMU MPOUICHHOTO ITyTU S U U MACCHI NEPETPY3Ku A
M, ¥3 NEePBEIX ABYX YPABHEHUH CUCTEMBI MOKHO OIPEAEIUTE CHIIBI HATSKCHUS HUTCH:

Io=m fu+g)
o=m, fa+g)

3Has CWIIBI HATSAKEHUA TPETHET0 YPABHEHNA MOKHO HAUTH MOMEHT CHJI TPEHMUS:
M, = -1 ) K-1¢

OmneIT ¢ OQHUMH TIEPETPY3KAMH IMTPOBECTU 1A ABYX 3HadeHUd S (0,6 M u 0.8 m).
CpaBHUTE 3HAUECHUS CUJI HAMPSKEHUS M MOMEHTEI CHJI TPEHUS 71 STUX JBYX CEPUM MOMEHTA.
Oobopyooeanue u mamepuabol.

Mammna ATByna, 3IEKTPOMArHAT, CEKYHIOMEDP, HA0OP MepEerpy3os.

Yrazanus no mexuuxe oezonacnocmit.

1. K BeimomneHnio madopaTOpHBIX pabOT AOMyCKAKOTCA CTYIAEHTHI, M3YUMBIINE MPABUIA
TEXHUKN 0€30TTaCHOCTH.

2. JlaboparopHsie pabOTEI MOTYT MPOBOAUTECA TOJMBKO MO PYKOBOACTBOM U HAOIIOEHHEM
PENOaaBaTENs.

3. Pacnonaraure npuOOpel, mMarepuaisl, 000pymoBaHue HA padOdYEeM MECTE€ B HOPSIKE,
YKA3aHHOM HPEMOgaBaTEIEM.

4. He pepxure Ha paboueM CTOIE OPEAMETHL, HE TPEOYIONMECA A BEITOJTHEHUS 33 JAHUA.

[IposABIATE OCTOPOKHOCTh M AKKYPATHOCTH IPH HEMOCPENCTBEHHON padoTe ¢ rpys3amu,

OpyKUHAMH 1 HTHBIMH HEOOXOIUMEIMA LI PA0OTHI IPUCTOCO OMEHUAMU.

6. llepem Tem, kak OPUCTYIUTE K padOTE THIATENBEHO M3YUUTE €€ ONMMCAHUE, YACHUTE XOI
BEIMIOJTHEHUA PAOOTEHL.

Ln

3aoanus.

BKIIOYWTE B CETH MIHYP MUTAHUS MPUOOPA.
[TepemecTuTs HUTE C TPy3aMU TaK, YTOOBI MPABEIM TPY3 3aHAI BEPXHEE MOTO0KEHUE.

BKIIIOYUTE 3JIEKTPOMATHUT, YAEPKUBAIONINN CUCTEMY B ITOJIOKEHHH ITOKOS.
[TonoxkwuTe Ha mpaBeIi rPy3 OAWUH U3 MEPETPY3KOB. Y CTAHOBUTH CPEIHUN KPOHIITEWH HA

e

DTME‘TI{E”' = 0,6 m, win 0,8 M. BkmouuTe CEKyHIOMEP OOHOBPEMEHHO C BBIKIIFOUYECHUEM
TEKTPOMATHUTA.

3amucars 00 MOKA3aHUAM CEKYHAOMEpA BpeMs IBUKEHUS TPy3a.

[ToBTOpUTE OMBIT ¢ BEIOPAHHBIM MEPETPY3KOM HE MEHEE ITATH Pa3.

“m

[ToBTOpUTE OOBIT IPH OAPYTOH BEICOTE.
OmnpenenuTs MO pEe3yabTaTaM OIMBITA CPETHEE 3HAUEHUE BPEMEHU [, U PACCUUTATH IO
(popmyIie 3HAUEHNUE yCKOPEHUSL.

BEIMHUCIUTE CHIIBL HATAKEHUA HUTEUM 1 MOMEHT CHJIBI TPEHHSL.

10. ITo manHBIM OMBEITA C OAHUM 3HAYEHUEM S BEIYUCIATE KHHETHUECKYHO SHEPTHUIO TPY30B B
KOHEYHBIIT MOMEHT JBUKECHUA

XN W

RS

CfmAnn ) () a”t o (mpam, )2 8T

n

9 9 rFe

1. Beruncmires KHHETHIECKYIO SHEPTUIO OJIOKA

JOKYMEHT MNMOANCcAH

3NEKTPOHHOW MOAMUCHIO foped S ' R 1 B R 1] )
CepTudomkar: 2cﬂﬂﬂﬂﬂdaEaﬂaaﬂeﬁEEDSE?BASGﬂﬂﬁcﬁOQwa—E —  — — -
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa 1 1 1 .Iil'if. —1 !
12. BplumcimTh M3MEHEHHE NOTEHIHMATEHON SHEPIr U IPY30B

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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A = o 8

u Al-7K_+K_ )
13. Haittu 3nauenue BeIpaKEHUA - i

14. OOBACHMTEL MOJYYECHHEIN PE3YIILTAT.

N
_
. mile 2 m
—_— S )
S R -
e S i

Puc. 2. O0mmii By SKCIEPUMEHT ATbHOW Y CTAHOBKH

Cooeprcanue omuema.
Otuer no 1abopaTopHBEIM padOTAM JOMKHBEL CONEPHKATH:
- TUTYJILHBIN JTUCT;
- Ieab padoTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OMPENEIEHUI, TOHATHH, (DOPMYJI;
- OCHOBHOE 000pyn0oBaHme, CXemMa yCTaHOBKHU;
- OMMCAHUE MO0 MYHKTAM BBIITOJIHEHHOH PA0OTHI;
- pE3yIBTATEl U3MEPEHUM U pacueToB (TaOmuIlel, rpaduky );
- OIIEHKA MOTPEMTHOCTEH;
- OTBETEI HA KOHTPOJILHEBIE BOIIPOCEHL;
- BRIBOJIBI TT0 PE3YJILTATAM BBIITOJTHEHHOW pa0OTEI, 1aTd, MOAIHNCE.
Koumponwsuuie gonpocul.
1. Jlaitre onpeneneHne nmoCTynaTeIbHOTO IBUKEHUSA TBEPIOTO TEJA.

2. Yro Takoe marepuanbpHas TOUKA U a0COMIOTHO TBEPAOE TEMO?
3. O0BgACHUTE, YTO TAKOE cHucTeMa oTcuera’
4. Ilepeuncrmre u  0OBSCHUTE  OCHOBHBIE KHHEMATHYECKHE  XAPAKTEPHUCTUKH

MNOCTYVIIATCIIBHOTO ABHKCHI A.

OKYMEHT NOAI/ICAH .
5 OPERHTAPYHTECBOPBEINA 3aK0H HeroToHA.

Ceptudmkar: ﬁﬁ)ﬂ 4GESABEBBO52205E FBASO0060000043E
6

€ QUPSAE/IEHA MdCChL 1 MMITYJIbCA TETIA.
7.Chopmynupyure BTOpOU 3ak0H HeroToHA.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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8. Uro Takoe paBHONEUCTBYIOMIAA Cruta?
9. O0BsacHUTE TpeTHii 3aKkoH HeroTOHA.
10. [late onpenenenue cun ynpyroctu. Uro takoe ynpyras aeopmarus ?

11. Ha uem OCHOBEIBAETCA BRIBOJ, PACUETHEIX (POPMYJI B TaHHOM J1adoparopHOU padbore?

JlabopaTtopHast padbora Ne 3

Tema paoompli. OmnpejejieHHe CKOPOCTH MOJIeTa MYJH ¢ NMOMOINBI (PH3MYECKOro
MAasITHHKA.

Ilenv padombi. HayauTeCa ONPEREnAaTh CKOPOCTE IMONETA IMyJIH ¢ HOMONIBIO (PU3HIECKOTO
MasTHHKA.

Teopemuueckan wacme.

Ou3znueckud MasTHUK cocrtour w3 yiaoBurends (A" Ha puc.l) B Buae wmmnuHOpa,
3aMMOTHEHHOTO TUTACTUYHBIM MATEPUATIOM, KOTOPHIM 3aKpEMIeH Ha CTEepiKHE, CIO0COOHOM
CBOOOIHO, C OUEHbh MAJIBIM TPEHUEM, KA9aThCA BMECTE C YJIOBUTEIEM BOKPYT HEIMOABHKHOW OCH.
Ha pucynke 1 sTa ocs Bpamienus (Touka "O") mepneHIUKyIsIpHA K IIOCKOCTH PUCYHKA.

BeICTpen mpon3BOIUTCA M3 ITHEBMATUUECKOTO IMUCTOJIETA, YCTAHOBICHHOIO TAK, YTOOEI
BEKTOP CKOPOCTH MyJH OBLT HAIMPABJICH TOPU3OHTANBHO IO MPAMOH, MPOXOIAIMIECH 4epe3 LEHT]P
MWINHAPA C IUIACTUIMHOM M HepneHgukyIapHo ocu BpamieHus O. Ilymsa, 3actpeBas B
IUTACTUJIMHE, TEPSET CBOI HAYANBHYI0 CKOPOCTH M OJHOBPEMEHHO COOOMIAET MAATHUKY
HEKOTOPEIM MOMEHT MUMITYJILCA.

[To 3aBepmennn HEYNIPYTOro yaapa MasTHUK OTKIOHAETCA OT BepTUKAIbHOU mHnn OC Ha

HEKOTOPBI ~ MAaKCHUMAIBHBIM YT O v, KOTOPBIML M3MEPSAETCA TPAHCIOPTUPOM — TI0
MaKCUMAJIbHOMY CMEIIEHHUIO YKAa3aTeNs, }KECTKO 3aKPEIUIEHHOTO Ha CTEP/KHE.
JlJ1A 1ByX MOMEHTOB BPEMEHHM, IO yAapa, H IIOCIE HEYIPyroro yaapa (mon

"yoapoM" MBI MOAPa3yMEBAEM OTHOCUTEIBHO OBICTPBIN MPOILECC TOPMOIKEHHS MyJId B
[UTACTUIIMHE) MOJKHO IIPUMEHUTE 3dKOH COXPAaHEHUSA MOMEHTA UMITYJIBCA:

moa =(1 +ma .

MERGEFORMAT ()
rne " — macca myms, {' — ckopocTe mymm 10 ymapa, @— paccTosSHHE OT OCH 10 TOYKH yaapa

111*

yJIN, [_ MOMEHT WHEPIMA MAATHUKA MOCIE yaapa. Bropeim wieHoM B CkoOkax B (1) MOxkHO
npeHeOpeds JAJEKO HE BCErAa (A HAIIETO Ciiydas BaM HEOOXOOUMO HAa OCHOBAHUM M3MEPEHUM
MOKA3aTh (UM OMPOBEPTHYTH) BO3MOKHOCTE TAKOTO YIPOIIEHU).

C ‘t. #h

O

h ————————————— ;‘r
-

MEHT NoanvcAH

CepTudukar:
Bnaneneu:

0O
EHEﬁDHHDﬁ Noannch
20000043 ABBBQEEEDEE@AEGG[
llleGayxoea TaTeAHa AngxkcaHopoBHa
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Puc. 1

Puc.]l. ®uznueckii MASTHUK

[Ipu neynmpyrom yaoape 3ak0H COXpPAaHEHHs MEXAHWYECKOHM HHEPrUH HE BRIMOIHAETCS, OTHAKO, K
MPOLIECCY KadaHusi MAATHMKA, MBI MOKEM IMPUMEHWUTH 3aKOH COXPAHEHHUA OSHEPIHU.
HenmocpencreeHno mocne ymapa MaaTHHUK BMECTE C 3aCEBIIEH B HEM IylneH OyIeT, KaK MBI

I

£rd
Bumenu u3 (1), UMETs yIJIOBYIO CKOPOCTB, paBHyio . CremoBarenpHO, OH OyIeT MMETh M
COOTBETCTBYIOIIMH €M 3araC KHHETHUECKOU 3HEPrUH, KOTOPBIM 3aTEM B MOMEHT HauOOJbIIETO
OTKJIOHEHUA (M MTHOBEHHOM OCTAHOBKU MAATHUKA) NPEBPATUTCA B MOTEHIMAIBHYIO SHEPTUIO:

T+ maYer
E, = -'
2 22\ MERGEFORMAT
_ 0
(f
E :‘ M +m—|gh
| ! 33\* MERGEFORMAT
] _ ()
Jr-‘-‘- :jr_‘-'-'., CIIeI0BaTEIILHO
([ +ma Y| (|
- :‘ M+ m— ‘ ol
g j -
= ' ' 44\*
MERGEFORMAT ()
roe M — macca OAUTHCTUYECKOT 0 MAATHHKA, ho_ BBICOTA MAKCUMAJIILHOTO ITOQHATHSA €r0 [EHTPA
o =9.81
MACC B TOYKE OCTAHOBKH, : M/C- — YCKOpEHHUE CBOOOOHOTO MageHuA Ha

mupore T. [Iaturopcka, [ _ paccTosHuEe OT OCH BpamIeHHsA A0 LIEHTpa Macc mMadarHuka (0e3
myau). [locpencrBom OanmaHCUPOBKN MCMOIB3YEMOTO B JAHHOUM padoTe (PM3MUECKOTO MAATHUKA
yIAIOCE YCTAHOBUTBH, UTO LIEHTP MACC MAaATHMKA IOYTH COBMANAET C TOYKOM KpEeIUIeHUA

crepxkHA ¢ mumuHApoM (T. B Ha puc. 1). Takum o0pazom, paccrosnue / OPUHUMAETCA PABHBIM
muHe crepxHsa OB.

Bropoe (mamoe) cimaraéMo€ B BBIPAKEHWH OJIA ITOTEHIMAIBHOU yHEpTHN (3)
DOMOJHUTEIEHO YYUTBEIBAET, YTO LIEHTP MACC Iy B OOMIEM CIydde HE COBMNANAET C LEHTPOM
MACC MAATHHKA.

h ={ - {cosg =l(1- cosg) =215
M3 puc.2 BugHO, 4T0 e [ _ PacCTOAHHUE OT
ocu BpamieHus O mo uenrpa macc maatHuka C. Urak, Ml monyduinmn ypaBHEHHE

¢
2

i

[ ”l'lflr: + }F) '!”I;I :‘ I|'Ii|||T + 1‘f 0

gf =2 m?+_-'\-1’ g!:-lin:%

|
2
- 55\
MERGEFORMAT ()

Tagyist B0 03t i cocnoBamun  ypasnenuit (1) u (5) momyuaem ocHOBHYIO pabouyro

Eepmd:ujlﬁ)p EIEB{BII?,BMSEBABBBQEEEDEETBASﬂGGEGﬂﬂGﬂdSE
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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. o
(ma- + H‘ mlr?+ M | gl
0 =2sin? |
2 I _ 661 %
MERGEFORMAT ()
Bce BemMuuHBI, BXOOAMME B  BeIpakeHue (6), MOTyT OBITH  ONPEHEIEHEI

SKCITEPHUMCHTAJIBHO.

Oobopyoosanue u mamepuabol.
YcranoBka, coctosAmias u3 (PU3UUECKOT0 MASTHUKA, MOJBEHIEHHOTO HA TOPWU30HTAIBHOU
OCH M TPAHCTIOPTUPA, MTHEBMATUUECKUI MUCTOJIET, TPOTHK.

Ykazanus no mexnuke desonacrnocmu.

1. K BeimomHeHuio madopaTopHBIX padOT DOMYCKAKOTCS CTYAEHTHI, M3YUMBIIHME ITPABUIIA
TEXHUKHA O€30MaCHOCTH.

2. JlaboparopHsie pabOTEI MOTYT MPOBOAUTECA TOMBKO HOJ PYKOBOACTBOM U HAOIIOEHUEM
IPEnoqaBaTEes.

3. Pacmonaraite npuOoOpsel, marepuaisl, 000pymoBaHHE HA padOdYEM MECTE€ B HOPSIKE,
YKa3aHHOM IIPEINOIABATEIIEM.

4. Ilpu BeImOMHEHNH 1a00PATOPHBEIX padOT ¢ MPUMEHEHHEM MOJETOB OATTUCTUUECKUX TEN
HE CIEQyeT HaxXOAWUTHCA B 00JaCTH mOJeTa Tena.

5. He pepxure Ha paboueM cTone npeaMeTsl, He TPEOYIONMECS O/ BEITOJTHEHHU S 33 JAHUA.

6. llepem Tem, kKak OPUCTYIUTE K padOTE TIIATENBEHO M3YUUTE €€ ONMMCAHUE, YACHUTE XOII
BEIMTOJTHEHUA PAaOOTEL.

3aoanus.

i, —u]

Macca uwmHzpa-yJIOBUTENA r. Jlunennas IIOTHOCTE CTEpXkKH:A, Macca,

—1.97 My =t !
IPUXOIAIIAACA HA €QUHUIY JINHEL: iy L. r/cMm, TOrAa mOIHAsA Macca CTepkHA - .

M =m + .
CnemoBarenpHO, Macca MasgTHHUKA - °. Paccrosnue - @ OT OCH BpamieHus OO0 TOYKHU

yoapa M3MEPAIT MWUIMMETPOBOM JuHeHKon. [lomoikenne mneHrpa wacc MasTHUKA

COOTBETCTBYET TOUKE COCOUHEHUS YIOBUTENA U CTEpkHA. [[nuHy crepxHA { ONIPENEAIOT KaK
paccTOAHNE OT TOYKH MOABECA 10 TOUKU COCAMHEHHUA YIOBUTENA U TPYOKH.
1. OnpenesieHe MOMEHTA HHEPIHA 0ALIHCTHYECKOT0 MAATHHKA
MomenT nHepiu (PU3NYECKOT0 MAsSTHUKA HAXOAT MO MEPUOAY €r0 Ka4aHuil, pPABHOMY

[ =27

77\*
MERGEFORMAT ()

(BETMUHHEL Moy YK€ OIPEEICHEI).
OOparute BHUMAHUE, UTO IIA JOCTATOYHO HANEKHOTO U3MEPEHUA MEPUOAA KAUAHUH MBI
OOJKHBI 00€CIEUNTh BRIMTOJIHEHUE CIAEAYIONIUX YCIOBHIA:

— AMIUIMTYOAa KAyaHud JOOKHA OBITH OOCTATOYHO Mana, 49rOOBl MOMKHO OBIIO
npeHe0peys €€ BIMAHUEM HA NTEPUOJ KAYaHUM;

SheaRE ﬁ%%%}ﬂh 3a OTCYTCTBUEM KadaHWUM MasTHUKA MO IPYTrOM OPTOrOHAJBEHOU

Cepruchukar:  2C000004306KE s(HSHHhsH QAGEATDGH0IEX TTOTHOTO 3aTyXaHUs, €CIU OHU N0 KAKUM-TMO0 MpUYMHAM

Bnaneneu: meﬁayxnsaﬂﬂww,upua%
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— NOEPUOI KAuYaHWM HAOo OIpeneimre Kak cpennee 3a 20—30 kaganwil, 49TOOBI
YMEHBIIUTE TOTPENIHOCTh U3MEPEHUS BPEMEHH CEKYHIOMEPOM.
MomMmeHnT uHEepIY BEIUMCISIETCA, UCX0as U3 (7), Kak

- Mal -
4T 88\* MERGEFORMAT ()

[

Teopernueckoe 3HaueHME MOMEHTA WHEPIIUN MOJKHO HAUTH KaK CYMMy MOMEHTA HHEPIIUU
CTEPKHA OTHOCUTEIBRHO OCH BPAIICHU:A, NMEPINECHIUKYIAPHONW CTEPKHIO W IMPOXOIANIEN depes
1

2 “
OMWH W3 ero koumoB [ ,_Hm=§mgﬂ 1 MOMEHT WHEPLHUM YIOBUTEIA, KOTOPEIM (B CBA3U C

OOCTATOYHO OONBIINM PACCTOAHUEM OO0 OCH BPANIEHMA) MOKHO HPHUHATH 34 MATEPUATBHYIO
2
TOYKY, TOrzaa I,,=m;a’, a TEOPETHYECKOC 3HAUYCHHE MOMEHTA HHEPLIUH

OAJIJIMCTHUYECKOr0 MasSTHHKA

1
Leop=Len # 1= mpa"+m, 0. 99\* MERGEFORMAT ()

—; _ -, o/
Paccuurars nOrpemHoCTs U3MEHEHUA. 0=61 =1V I 100%¢

meop

2. OHPE,[[EJIEI—IHE CKOpPOCTH IIOJIETA IIY.JIH

Macca kaxgou IyJd ONPEAECHAEM B3BEMIMBAHUEM. JTO MOJKHO CHENATH ITOTOMY, 4TO
Aorapu(pMUYECKU JEKPEMEHT 3aTyXaHUs OJTHUX KOJIeOaHMHd BEChMAa MAJl M KX AMIUIMTYIA
OOBOJIEHO JOMTO OCTAETCA IMOYTH MMOCTOAHHOM (MOIBITAUTECH SKCHEPUMEHTAIBEHO OILIEHUTE
BEJIMIUHY JeKpemeHTal).

1) MU3mepurs B3BemuBanmeM mMaccy mynad. OIEeHUTs MOTPEMHOCTh ONMPEAETIEHN MACCHL.

2) IMpomsBectn BeICcTpen. OTMETHTh MAKCHMMAIBHBIH yron 'f OTKIOHEHMA ykazarems Imo

tpaHcrioptupy. M3mepenmne yrina oTkiaoHenus ‘! HamexHee NPOM3BOIMTL HE TOIBKO IO
AMILUIATYE€ OTKJIOHEHWA MAATHHUKA IIPU MEPBOM KAYaHWHM, HO U IIO pa3Maxy €ro KomeOaHuu,
IUIAIIAXCSA HEKOTOPOE BpEMA MOCIE yaapa (IIPH 3TOM IOJIE3HO IPUMEHATE U YCPEIHEHHE
OTIENBHEIX OTCYETOB). BEICTpEn NPOM3BOIUTE TOJBKO IO HEMNOABUKHOMY LHMINHIDPY.
[ToBTOpUTE OTEIT 5 pa3. Haiitu cpenHee 3HaueHWEe yria OTKIOHEHWSA U MOTPEIIHOCTE
W3MEPEHUS yTJIA.

3) DBerumcaute 3HAaY€HHUE CKOPOCTH TojeTta myau mo (opmyne (6). Brerunmcmurs
MOTPEMIHOCTE OIPEIEIEHHU CKOPOCTH ITOJIETA ITYIIH.

4) 3armcare OKOHUATENBHBIN pe3ynbTaT. CIenars BEIBOI.

Cooepicanue omuema.

Otuer o 1adopaTOpHEIM padOTAM JOIKHEL CONEPHKATD:

- TUTYJIBHBIH JIACT;

- IeNTb PadOTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OMPEIEIEHUI, TOHATHH, (POPMYJI;

- OCHOBHOE 000pyn0BaHmne, CXeMa yCTAHOBKHU;

- OMMCAHUE M0 MYHKTAM BBEIIIOJIHEHHOU Pa0OTHI;

- pesybTaTEL hﬁ%ﬁiﬁgjﬁ%ﬂg M pacueToB (TaOmuiel, Tpadukn );

- OICHKASIOTPCIHHO CHRHICHIO
S e e

- BBIBO IIBI I10 peayﬂhT'a'TﬁﬂfﬁHnDﬂHemmﬁ paboTEI, mara, MOAIUCE.

NeicteMTeneH: ¢ 19.08.2022 no 19.08.2023
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Koumponwsnuie éonpocul.
1. Kak ompepemserca KHMHETHYECKAA HSHEPTHA IIPU MOCTynmatenbHOM aBuxkeHuu? [lIpu
BPaniaTeIbHOM ABUKECHUU !
2. OOpsacHUTE, TOUEMYy MPU HEYIPYTOM VYIOAPE HE BBIMOJHAECTCA 34KOH COXPAHEHUA
MEXAHUUECKON YHEPTHH.

3. CopmynupyiiTée W 3a0UMIUTE 3aKOH COXPAHEHWS WMIOYIbCAa MOIA HEYIPYTroro
B3aMMOJCHUCTBUS IyIH U (PU3NUECKOT0 MasATHUKA (00BACHUTE BEIBOL (popMymsl (1)).

4. Copmynupyiire Teopemy llTennepa.

5. Uro Takoe wmomeHT wuHepmmmu? Kaxk ompegenserci MOMEHT HWHEPIHUN CTEPIKHA
OTHOCUTEIBHO OCH, IIPOXOJAIIEH Yepe3 OIUH €r0 KOHIIOB.

6. BreiBectu popmymy (6).

JlabopaTopHasi padbora Ne 4

Tema padomur. OnpeneieHne nepHoaa kojiedanui GU3HIECKOro MAATHHKA

Ilenvs pabomer. OrnpeneneHue CKOPOCTH ITOJIETA IYJM C ITOMONIBIO  (PHU3MUECKOTO
MAsSTHHKA.

Teopemuueckan wacmo.

Duszunueckum MasmMHUKOM HA3EIBAETCA TBEPAOE TEIO0, COBEPIIAIONIEE w |
Koe0aHud OTHOCHUTEIBHO HEMOOBMKHOH OCH MO MOEHCTBHEM CHJIBI ﬁll,'-‘a"""';,\:-’-.'.
I.- ..' el 5
TsIKeCTH (puc.l). 4'1_.-: LY W,

JTa OCh ABJAETCA TOPU3OHTAILHOM, U OHA HE MPOXOIUT 9EPE3 LIEHT]P

MACC Tena (Takas OCh HA3BIBAETCA OCBIO KauaHus MasTHUKA). [Tpu mamerx ["?:II'" ‘}K}"'
YIIaX ~ OTKIOHEHWS OT IIOJIOKEHHS PABHOBECHA W B OTCYTCTBHE CHLII | MO
CONMPOTUBJICHUS JBUKEHINE MASTHUKA OIMUCHIBAETCS YPABHEHUEM | “-.,:h"
Puc.1. ) | "'1.1

f |:.'_'r =-mc |'I [;.'I'r I
(1)

[ — MOMEHT MHEPIMM MAATHUKA OTHOCHUTEIBHO OCH KOJIE0aHuu,
m — Macca MaATHHAKA,
[ — paccTosiHME OT OCHU 0 LIEHTPa Macc.

[Tepuon konedanuii onpenensieTcss COOTHOMEHUEM
—

|
T=2n ,'i
\ mgi (2)
DOuU3nYeCKOMy MAATHUKY MOMKET OBITH IMOCTABAEH B COOTBETCTBHE MATEMATHUYECKUIT
MASTHUK, UIMEIOTIAN TOT K€ MEPUO]

Puc. 1

—
|
I=2n \|| L
g 3)
L — nmyHa MaTeMaTHUeCKOro MagTHUKA (HPUBEAECHHASA IIUHA (PU3MUECKOTO MAsITHHUKA).
JlnmHa MareMatn4eckoro MasATHUKA, NEPUOA KOneOaHuil KOTOPOTO PABEH IEPHOLY
KonebaHui (PU3NIECKOTO MAATHUKA, HA3BIBAETC MPUBEIEHHOMN JIMHOM (PU3UUECKOr0 MAATHUKA

AOKYMEHT MOANACAH L=—
ANEKTPOHHOW MOANMCHIO ml 4
Ceptudpukat:  2C0000043E9ABBBI52205E7BAS00060000043E (4)

Bnageney LB AGHAOMPABGODEPHBTICCKIIT MAATHUK IPENCTABJAET CO00M CTAIBRHOH CTEPHKEHB (puc.

1). Ha crepsxne npocBepreHsl otBepcTuaMr HA paccrosHuu 10 cu gpyr ot gpyra. CtepixeHb
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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NOABEMMBAIOT HAa WTEIPeE (). Bridupas oTtBepcTHE HA CTEPKHE, MOXKHO PETYIUPOBATEH
paccTosHNE OT TOUKU moaBeca crep:xkHsa O no nenrpa macc crep:xkua C, Hanpumep, Ha puc. |
paccrogane OC paBuo 40 cu. Llenrp macc € 0mHOPOOHOrO CTEPKHA HAXOIUTCS MOCEPEINHE
CTEPIKHA.

Ecimu crepixeHb OTKIOHHTEL OT IOJOXKeHHs paBHoBecua Ha yroa 3’ + 5°, to om Oynmer
coBepmare komebaHusa Omm3kue K TapMOHUUECKMM. Bpemsa konebaHumii u3Mepsercs
CEKYHIOMEPOM.

Puc. I. Mawem
hLE LY eCK g aamenr

[Tepnon komeOammii (pU3NMUECKOTO WIM MATEMATHYECKOTO MAATHHKA B OOmIEM Ciydae
3aBUCHUT OT AMILUTATYBI Konedanuii MasTHUKA. Ho eciu yroim OTKJIOHEHHA MasTHUKA @ < 5°, TO C
XOpOmIeH TOUHOCTRI0 MOMKHO TpeHeOpedsr 3aBUCMMOCTBIO MEpUoaa OT AMIUIUTYIR |
NPUOIMKEHHO CUUTATh, YTO MAATHUK COBEPIIAET rapMOHHUUECKUE KOonebanus.

[Tepuong konebanuit PU3NIECKOro MasTHHUKA GH’IZE,H,EJIHETCH o (popmyne

I
I=2n \' —
g,
rae L — mpuBeneHHas aianHa PU3ndecKoro MasTHUKA.

Ilpusedennan oruna PU3NUECKOTO MAATHHUKA PABHA JIMHE MATEMATHUECKOTO MAasATHHKA,
MMEIONIETO TAKOM K€ MEPUO KOMeOaHmil KaK y JaHHOTO (PU3MIECKOTO MAATHHKA.

[IpuBenennas nmuHa PU3NUIECKOTO MAATHUKA OMPEREIAETC (popMyIIon

- J
md
rae: J — MOMEHT MHEPIIMH MAsATHUKA OTHOCUTEIBHO TOUKH moaseca O,
m — Macca MasTHHUKA,
d — paccrosHue 0T TOUKH roaseca O 1o nuentpa macc mastauka C.
Teopema LlImennepa. Momenm unepyuu J mena omuocumenbHo RPou38oIbHOU OCU DAGEH
cymme momenma unepyuu Jy mera omHocumenbHo ocu, NPoBeoeHHOU Yepe3 YeHmp macc meid

napauierbHo OaGHHOU OCU, U NPOU3BEOCHUA MACCbl M mela Ha Keaopam paccmoaHus d meicoy
IMUMU OCAMU

[IOKYMEHT MOAMMCAH J= jD +md2

HEKTRPORHOW NOONHMCBIO

':::'-..::”."1.:.'

O00043ESABBEBAOS I5ETBASDO0DE 1004 .4 ]
Broneney ﬁ JAQHHOH 11 ffﬂple;tmpﬂﬂu 'paboTe MOMEHT HHEPIMH CTEPIKHS OTHOCHTEIHHO OCH KAUAHHS
O Beiuucmaercas no teopeme llrennepa. [linga ogHOPOAHOTO CTEPKHA MOMEHT HHEPIAU

Hererey QTHOCHTETEHO TIEHTPA MACC CTEPXKHA (COBNATACT C ICHTPOM CTEPIKHA)
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Jﬂzimf2
12

rae [ — ngauHa CTEPIKHA, M — Macca CTEPIKHS.
Taxum oOpazom

m(1°+12d*)
12

[IpuBenennas pmiHa (U3MYECKOT0 MASTHUKA B JaHHOM jabdoparopHod padore
ompenensercs mo (popmyme:

J:JU+md2:imIE+md2:
12

; oot w124 ) D+ 12
et | 2ondd | 2f (5)

Torma mepuwon xomebanumii (PM3NUECKOTO MAATHUKA B JAaHHOW maboparopHou padote
onpeneraercs no (popmyne:

-+ 2

12 H'_L’

I =Zi7

(6)

Oobopyoosarue u Mamepuaipl. Y CTAHOBKA I WUCCIENOBAHWA KOJIEOAHUN (PU3MUECKOTO
MAsATHHKA, JIUHEHKA, CEKYHIOMED.

Ykazanus no mexnuke vesonacrnocmu.
1. K BeimomHeHuio madopaTopHBIX padOT DOMYCKAIOTCSA CTYIAEHTHI, M3YUMBIIME ITPABUJIA

TEXHUKU 0€30TTaCHOCTH.

2. JlaboparopHsie pabOTEI MOTYT MPOBOAUTECA TOMBKO HOJ PYKOBOACTBOM U HAOIIOIEHHEM
PENOaaBaTE.

3. Pacmonaraiite mpuOopsel, marepuansl, 000pymoBaHue HA padodeM MeCTe€ B HOPSIKE,
YKa3aHHOM IIPEINOIABATEIIEM.

4. He pepxure Ha paboueM CTONE NPEAMETHL, HE TPEOYIONMMECA OJIA BEITOJHEHHUS 33 JAHUA.

5. Ilepen tem, kak NPUCTYNUTE K padOTE THIATENBHO M3yUUTE €€ ONMHUCAHUE, YACHUTE XOX
BBIMIOJTHEHUA PAaOOTHL.

3aoanus.

1. ITogBemmBaroT MasTHUK HA IITHIPE NEPBEIM OTBEPCTHEM. JTO 3HAUWT YTO PACCTOSHUE
OC =d, =40 cu.

OTKJIOHAIOT MAaATHUK HA Mameiii yroa okomo 3° + 5° m ormyckaror. Ilpu momonm

cekyHaoMmepa mmepsaroT Bpemsa f; (1 = 1, 2, 3) gma N=30 nmomneix konebanun. M3mepenus
MOBTOPSIIOT 1 = 3 pasa.
BeraucnaoT cpenHee 3HaueHUE BPEMEHH

[Tepuon onpenengtoT o ¢o e
p,ﬂ,{]&MEP H%DII_IHCPLH q) pMy

SNEKTPOHHOW NOAnMCLIO T ! ;
Ceprvpukar: 2C0000043ESABBBO52205E7BAS00060000043E {’ I o {’

i

: . ‘ ' M
Bnapneneuy llleBayxoea TateAHa AnekcaHapoBHa

- = - « } YT e E [=] ]
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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2. IloppemnBarOT MAaATHUK HA IITHIPE BTOPEIM, TPETBUM WU YETBEPTBIM OTBEPCTHAMH II0

OYEPEN U MMOBTOPSIOT U3MEPEHUA ITyHKTA 1.
[Ipu stom d> = 30 em, ds =20 em, ds = 10 cm.

Jlmna crepxua [ =1 u.

JlaHHbI€ M3MEpPEeHUI 3aHECTH B TA0IUILY

Taomura 1.
d <[> T en L Tpacu
M C C M C
0.4
0,3
0,2
0,1

3. BEIUMCIAOT OPUBEIEHHBIE IITUHEI (PU3UYECKOTO MASATHUKA A7 BCEX d
2 2
L_I+42d
12d

4. BpraucimorT nepuoael KoaeOaHuM (PU3NYECKOTO MAsATHUKA [ BCEX 3HAYCHUMN
MPUBEAEHHON TMHEI (PU3HUYECKOTO MAATHUKA

) =2HV
g

pacu
r =1L I, =fL]
5. IlocTpours rpadgukn nepuoma U3MEpEeHHOro 1 PaCuYETHOTO

3aBUCUMOCTH OT OIPUBEACHHOM IIUHEI L.
6. CpaBHUTE U3MEPEHHBIE U PACUETHBIE 3HAYECHHUS ITEPUOT0B KOJICOaH M.
Cpenate BRIBOJ O XapakTepe 3aBUCUMOCTH MEPUOJA KoaeOaHuN (Pu3nuecKoro MasTHHKA
OT MPUBEAEHHOH JJINHEI.
Cooeporcanue omuema.
Otuer no 1abopaTopHBEIM padOTAM JOMKHBEL CONEPHKATH:
- TUTYJIbHBIN JIUCT;
- HeNb padOTHI;
- KOHCIIEKT OCHOBHEIX 3aKOHOB, OMPENEIECHUN, TOHATHH, (DOPMYII;
- OCHOBHO€ 000pyI0BaHNE, CXEMA YCTAHOBKH,
- OMMCAHUE MO0 MYHKTAM BBIITOJHEHHOH Pa0OTHI;
- pE3yIBTATEl U3MEPEHUM U PACYETOB (TaOMUIIEL, TPpAPUKH );
- OIICHKA MOTPEIIHOCTEM;
- OTBETHI HA KOHTPOJIBEHBIE BOITPOCHI;
- BRIBOJIBI IO PE3YJILTATAM BBEIITOJTHEHHOU padOTEI, 1aTa, MOAMHUCE.
Koumponwsuuie gonpocul.
1. Jlaure onpeneneHne rapMOHUYECKUX KOJIEOaHN.
2. Uto0 HAa3BIBAECTCA MATEMATHIECKUM MAATHHUKOM?

3. %ﬁ%ﬁﬂ%ﬁ(ﬂmmé}maﬁ OIMHOMN (PH3MYECKOTO MAATHUKA?

Cepruurar: £CoihopmyseapyHaeAeopenryblreimepa.
Pranenel 5 UCOBER P P reprio 1a koeGanmit pU3MUECKOT0 MAATHHKA.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JlabopaTtopHast padbora Ne 5

Tema paoompi. OrnpelesieHHe KOIPPUIHEHTA BHYTPeHHEr0 TpPeHHS KHUIKOCTH
MeTOoA0M najamwuiero mapuka (Merog Crokca).

I{ens padbomept. 1103HaKOMUTECS C METOIOM U3MEPEHUS BA3ZKOCTH KUIKOU CPEMEL.
Teopemuueckan uacms.

Bs3zkocTs (BHYTpeHHee TpeHHe) — HTO CBOMCTBO PEANBHBIX KUIKOCTEH OKAa3bIBATH
CONPOTHUBIEHUE MNEPEMENIEHUI0O OTHOM YacTH JKUAKOCTH OTHOCUTENBHO Apyrou. [lpwm
NEPEMENIEHUH OJHUX CJIOEB PEATBbHOH JKUIOKOCTH OTHOCHUTEIBRHO APYTUX BO3HHUKAIOT CHJIBI
BHYTPEHHETO TPEHUsA, HANPABIEHHBIE MO KACATEARHOM K MOBEPXHOCTH CIOEB. JlelcTBHE HTHX
CUJI HPOSBIIAETCSA B TOM, YTO CO CTOPOHEI CJIOS, ABUKYIIETOCS OBICTpEEe, HA CIIOH, NBUKYIUHCA
MEIJIEHHEE, NEUCTBYET yCKOparomaa cuna. Co CTOPOHEI ke CIIOs, ABIKYIIErOCsI MEIJIEHHEN, HA
CJIOM, ABWKYILIMICSA OBICTpEE, IEUCTBYET TOPMO3AMIAA CUJIA.

Cuna BHYTpEHHEro TpeHus [ tem Oosbmie, yem OOsbIIE paccMaTpuBaeMas IUIONIANb
MOBEPXHOCTHU CIOEB S, M 3aBHUCHUT OT TOTO, HACKOIBEKO OBICTPO
MEHAETCA CKOPOCTh TEUEHUS JKUIKOCTH IPH MEPEXOAE OT CIIOA
K Ci10r0. Ha pUCyHKE MpencTaBiIeHb! ABA CH0MA, OTCTOANIME APYT

dx OT ApyTa Ha pacCTOAHUU AX M IBUIKYILIUECSI CO CKOPOCTAMM D)
u v Ilpm srom v — v» = Avp. Hampasnenue, B kKOTOpOM

- . OTCUMTEHIBAETCSA PACCTOSHUE MEKIY CIOSIMU, HePHeH OUKYTAPHO

/ y CKopocTu TeueHus crmoeB. Bemmumna Ao/Ax mokaseiBaer, Kak
z OBICTPO MEHSETCA CKOPOCTH IPU MEPEXO0JE OT CJI0S K CIOI0 B

HAMPABJICHUH X, NEPHEHINKYIPHOM HAMPABICHHWIO [BWKEHUS CIIOEB, W HA3BIBAETCH
rpajlHeHTOM CKOPOCTH. Takum 00pa3om, MOKHO CUMTATH, UTO MOAYJIb CWIBI BHYTPEHHETO
TPEHUS PABEH:

: (1)

rae Ko3(p(puipenT mponopruOHATIEHOCTH 7, 3aBUCAMIMHU OT MPUPOIEI KUAKOCTU, HA3BEIBACTCA
THHAMHYECKOH BA3ZKOCTBIO (1M IPOCTO BA3KOCTHIO).

Enunnna Ba3koctn — nackajiab-cekYHAA (Ila-c): 1 Ila- ¢ paBen nunamMuaeckou BA3KOCTH
Cpenbl, B KOTOPOH IMPH JTAMUHAPHOM (TIaAKOM) TEUEHMH W TPAAUEHTE CKOPOCTH C MOIYIEM,
paBHEIM | M/C Ha | M, BO3HMKAaeT cuia BHyTpeHHero Tpenns B | H ma 1 M° moBepxHOCTH KacaHus
CIIOCB (1 ITa-c=1 H- ¢/m’). [IpumenseTcsa Takxe BHECHCTEMHAA eqununa — myas (I1):
1ITa:c =10 I1.

Yewm O0JIBIIIE BAZKOCTE, TEM CHJIBHEE JKHIKOCTHh OTJIHYAETCA OT UIeaTpbHOH, U TeEM OOJIBIINE
CWIBl BHYTPEHHETO TPEHUS B HEHM BO3HUKAIOT. BA3KOCTH 3aBUCHT OT TEMIIEPATYPBI, OIPHYEM
XapakTep OSTOM 3aBUCUMOCTH MJA KUJKOCTEM W Ta3oB pa3audeH. [lns KHUOKOCTEH # C
VBEIIMIEHUEM TEMIEPATYPEl YMEHBIIAETCS, YV Ta30B, HA000POT, YBEIMUNBAETCS, UTO YKA3EIBAET
HA pa3MMdue€ B HUX MEXAHW3MOB BHYTPEHHETO TPEHUA. lak, TUHAMHYECKAS BI3KOCTH BOMEI
ymenpimaercsa or 1,792-107 IT go 0,284:107° IT (r.e. B 6,3 pasa) npu yBEINIEHHH TEMIIEPATY PhI
or 0 °C 1o 100 °C. a y BO3AyXa B 3TOM K€ AUATA30HE BA3KOCTh YBEIUIUBAETCA OT 1,709-107* IT
1o 2,175-107¢I1.

CymiecTByeT OBa pexnUMa TEUEHUA KUAKOCTEH. ledeHme Ha3pIBACTCA JIAMHHAPHBLIM

CJIOH CTLIAPYY e S$4H MOTOKA KaKIOBIM BBIICIEHHBIA TOHKHUH CJIOH CKOJIB3UT OTHOCHTEILHO
( EIHEK)I%DHHDH I'IE%I'IHEE:HJ A A

Ceprud HOCCHHN g4 HEATIEPS MEEHIBANCE 0 & HIMIL, U TYPOYJIEHTHBIM (BHXPEBbIM), €CIIM BIOJIb MOTOKA
BnanenggpO O AHT THHFEACHBHO@ BUX PE0OPA30BAHUE U NEPEMEIINBAHUE KUIKOCTH (Tasa).

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JlammHapHO€ TeueHUE KUIKOCTH HAOMIOOAECTCS NMPHU HEOOBIINX CKOPOCTAX €€ IBUKCHUA.
BHenmHmit ¢10# KUAKOCTH, MPUMEBIKAIONINNA K MTOBEPXHOCTH TPYOBI, B KOTOPOU OHA TEUET, M3-34
CHJI MOJIEKYJIIPHOTO CHEIUIEHUS HOPWIANAET K HEM M OCTAeTCS HEemoABUKHBIM. CKOpOCTH
MOCIENYIOMMNX CI0EB TeM Oombmie, yeMm OOJbIIE MX PACCTOAHUE A0 MOBEPXHOCTH TPYOBI, M
HauOOIBIIEN CKOPOCTEIO 00Ma0aeT CIOU, ABMKYILIMICA BOOIb OCH TPYOHI.

[Ipu TypOynaeHTHOM TEUEHMM YACTHIBI JKUIKOCTH MPUOOPETAIOT COCTABIAIOMIME
CKOPOCTEH, NEPNEHIUKYIAPHBIE TEUCHUIO, TOATOMY OHU MOTYT MEPEXOAUTH U3 OTHOTO CJIOS B
apyroil. CKOpPOCTh 4ACTHI KUAKOCTH OBICTPO BO3pPACTAET MO MEPE YAAIEHHUA OT MOBEPXHOCTH
TpyOBI, 3aT€M U3MEHAETCA JOBOJILHO HE3HAYUTENBHO. TaK KAk 4aCTUIIEI JKUIKOCTH NEPEXONAT U3
ONHOTO CJIOS B APYTOH, TO UX CKOPOCTH B PA3JIMYHBIX CIIOAX MO0 orinndarorcsa. M3-3a 0ompmoro
rPagueHTa CKOPOCTEN Y MOBEPXHOCTEH TPYORI OOBIUHO MPOMCXOOUT 00pAa30BaHNE BUXPEH.

[Tpopune ycpenneHHOM CKOPOCTH ONpU TYPOYJIEHTHOM TEUEHUH B TPyOaxX OTIMYAETCA OT
mapadoymueckoro mnpo(una nOpu JTaMUHAPDHOM TeueHHH Ooyee OBICTPBIM BO3pPACTAHUEM
CKOPOCTH Y CTEHOK TPYOBI U MEHBIIIEN KPUBU3HOH B IIEHTPATHHON YACTH TEUECHUA.

Anrmmickui yuensld O. Pennonsac (1842—1912) ycranoBumn, 4T0 Xapakrep Te4eHH:A
3aBUCUT OT O€3pa3MEepHON BEIMYHUHEL, HA3EIBAEMON YUCIO0M PertHonbaca:

plv)d

Re | : (2)

rac £ — ILIOTHOCTBh KHUIKOCTH,

oo

|'ll II'

0/ CpemHsAA M0 CEYEHUIO TPYOBI CKOPOCTE KUIKOCTH;
d — XapakTEPHBIH JIMHEUHBIN Pa3Mep, HAMPUMEP TUAMETP TPYOEL;
§ — IMHAMWYECKAsA BA3KOCTH KUIKOCTH.

OtHomeHnue V = /p HA3BIBACTCA KHHEMATHYECKOH BA3KOCTBIO, ITOSTOMY (2) MOKHO
IPEACTABUTE CIEOYIOMIUM 00pa3oM:

_{v)d

Re Vo (3)
[Tpu MameIx 3HaueHusAX umcaa Peifnmompaca (Re ¢ 1000) maGmomaercs TaMUHAPHOE

TEYEHUE, MTEPEXO0 OT JAMHUHAPHOTO TEUEHUS K TypOyJIeHTHOMY npoucxoaurt B oomactu 1000 ¢

Re ¢ 2000, a mpu Re = 2300 (mra rmagxux TpyO) Teuenue TypOyaeHTHOE. Ecam gucmo
PeltHonmsaca OIMHAKOBO, TO PEKUM TEUEHUA PA3IMUYHBIX KHUIKOCTEM (ra3oB) B TpyOax pa3HBIX
CeyeHUi OIUHAKOB.
Teopust MeTO/1a ¥ ONIHCAHHE YCTAHOBKH
BA3KOCTE TIPOABIAETCA MPU ABMKEHUM HE TOJIBKO JKUAKOCTH MO COCyaam, HO U TET B
#ugkocTu. [Ipm HEOONBMMX CKOPOCTAX B COOTBETCTBUM C ypaBHeHHWEM HproTtona cuna
CONMMPOTHUBJIEHUA ABWKYIIEMYCS TEIy MNPOMOPHUOHATBEHA BA3KOCTH KUIAKOCTH, CKOPOCTH
OBUKEHHMSA TEJIa M 3aBUCHUT OT pa3MEPOB Tend. laKk KAk HEBO3MOKHO yKa3arbe OO0mIyro
(popMyny U1 CHIIBI CONPOTUBIIEHUS, TO OTPAHUIUMCSA PACCMOTPEHUEM JaCTHOTO CIIydas.
Haubonee mpocroit ¢opmon tena ssasercs cpepa. Jlna cdepuueckoro tena (mapuk)
3aBUCHUMOCTh CWJIBI COMPOTUBJICHUA TIPU €ro JABUKEHUM B COCyAE€ C JKUAKOCTBIO OT
IEPEUNCIICHHBIX BEILIE (DAKTOPOB BRIpAXKACTCA 3aKkoHom Cmokca:

F o =bagiy
; (4)
T1€ MexPAdiy e HapHuKa;
SJNEKTRPOHROW OO TACEH
CepTuduKar HEHHQFEQEEEQEIE;Wﬁj#qﬁyﬁtﬁE
Brnapeney L[FFOT3AROH -‘N‘Hﬂﬂ}’-ﬁlﬂﬂ-lﬂ IPCOIIOJIOKCHHH, 4TO CTCHKH COCYVIOd HC BJIHMAIOT Hd ABHKCHHC

TCIAa.
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[Tpn nanennn mapuka B BA3KOU cpene (puc. 3) Ha HETO ACHUCTBYIOT TPU CUJIIEL:

_ 4 3
Mo =2 T (T
* cuma TokecTH o 3 =

— —-I' l'_-:
Fo=m, o= 71"
® BHITATKWUBAIOMIAA (ApXUMEIOBA) = - s TF =

II€ My — MACCa BEITECHEHHON MIAPOM JKUIKOCTH; P — €€ TIIOTHOCTE;

* [\, — CHJa COMPOTUBIECHUSA, BEIUUCIAEMAS IO (popmyme (4).
[Tpn momamanuu mapuka B BA3KYIO JKUAKOCTh €70 CKOPOCTH YMEHBIIAETCA. TaK Kak Ccuia

COMPOTHUBJIEHUA NPAMO IPOMOPIIMOHATEHA CKOPOCTH, TO U OHA OyIEeT YMEHBIIATLECA 10 TEX IOP,
MOKa JBMIKEHUE HE CTAHET PABHOMEPHEBIM. B 3TOM Ciryuae:

moe +F +F =0

(3)
FA
B ckamsapHoil popme IpH TOICTAHOBKE COOTBETCTBYIOMINX
Y .
FTp BBIPAKEHUM A7 Cui, popmyia (5) Oyaer UMeTs BUJ
AN
N 1 ; 1 ; _
ST 1 g- =0 T g - by, =0 (6)
Mg
Puc.2.
rae % _ CKOPOCTh PAaBHOMEPHOTO MOBWKEHMA (mameHua) mapuka. M3 (6) momygaem

BBEIPAKCHHUC IJIA ,I[I'HIHNH*’I‘IECKDI?I BA3KOCTH:

. : (7)
Gopmyna (7) cripaBeyMBa OIS ABUKEHUS IAPUKA HE TOJBKO B JKUIKOCTH, HO U B rase.

JKCIIEPUMEHTAIbHASA YCTAHOBKA COCTOUT W3 CTEKIAHHOTO I[MJIMHIPA, 3AMO0JHEHHOTO
i epuHoM. Ha nmnuHape HaHeCeHBI OBE TOPU30HTAIBHBIE METKH (ITPOBOJIOYHEIE KOJIBIIA),

PaCIOJIOKEHHBIE IPYT OT APYra HA PacCTOAHUN | (BEpXHAA METKA IOKHA OBITh HUKE YPOBHA
JIALEPAHA HA 5 — 8 C¢M.). BA3KOCTE riminepruHa 3aBUCHAT OT TEMIIEPATYPHI CIEAYIOIIMM 00pa3oM:

OOKYMEHT [IDD,HI-"IGAH
IANEKTPOHHOW NOANWUCEIO
Ceptudpkar: EEGGGG@?E@BBBBEEEDEE?Bﬂﬁﬂﬂﬂﬁﬂﬂﬂﬂﬂdag 18 21
Bnanenem: Ie03yX0oea [aTeRHa ATTERCanJpoBHa
1, 42,20 10,69 7,78
v, eMZ/C 33,40 8,48 8,18

MNelcTen

TeneH: C 13.U0.LULL No T U LULS

28



Obopyoosanue u mamepuapl.

CTeKknsaHHBIA UWIWHIP, 3aM0JHEHHBIM TJHUIEPUHOM, CEKYHIOMED, MHHIET, [LAPUKH,
MHKPOMETP WM OTCUETHBIN MHUKPOCKOII.

Yrazanus no mexuuxe oezonacnocmit.

1. K BeimomHeHuio madopaTopHBIX padOT DOMYCKAKOTCS CTYAEHTHI, M3YUMBIIHME ITPABUIIA
TEXHUKN 0€30TTaCHOCTH.

2. JlaboparopHsie pabOTEI MOTYT MPOBOAUTECA TOJMBKO MO PYKOBOACTBOM U HAOIIOEHHEM
IPEnOaaBaTEeNs.

3. Pacmonaraite npuOoOpsel, marepuaisl, 000pymoBaHHE HA padOdYEM MECTE€ B HOPSIKE,
YKA3aHHOM HPEMOgaBaTEIEM.

4. He pepxure Ha paboueM CTOIE OPEAMETHL, HE TPEOYIONMECA A BEITOJTHEHUS 33 JAHUA.

[lepen Tem, kak NpUCTYNUTE K pabOTE THIATENBHO M3yUUTE €€ OMUCAHME, YACHUTE XOI

BBIMIOJTHEHUA PAOOTHL.

Ln

3aoanus.

1. M3mepuB pumamerp mapuka, OMyCTUTh MIAPUK B KUAKOCTH KAaK MOXKHO Ommike K OCH
IIAHAPA.

2. BxrouuTs CEKyHIOMEDP B MOMEHT ITPOXOIKIEHUA MIAPUKOM BEPXHEN METKU.

3. BeIKMIOYUTE CEKYHOOMEP B MOMEHT MPOX0KACHUA IAPUKOM HUKHEN METKH.

4. IloBTOpUTE OIBIT HECKOIBKO (7 — 9) pa3. Beruucimre cpennee Bpems [, 3a KOTOPOE
IAPUK MPOXOIUT MEKIY ABYMSA METKAMU.

5. Hamepurs paccrosnue | MEKITY METKAMU.

6. Bpluncanure CKOPOCTE MageHus WapukoB YV = [/t,,.

7. IlopcraBures 3Hau€HUE CKOPOCTH B (POPMYITY (7), BEIYMCIUTE BA3KOCTE TIIUIIEPHHA.
8. Pesynprarer n3aMmepeHui 3auectu B a0y 1.

TaOmura 1.
l,c | ||l |ls,C |lg C|Ilr,C|1s, C|lg, C |l C F, M Vo, [, m 1,
M/C ITa
C

IIpumeuanue: MIOTHOCTE CBUHIA p = 11,350 r/ cM
IUIOTHOCTE TJIMLEPUHA P = 1,264 1/ CM.
Coodeprcanue omuema.
Otuer no mabopaTopHEIM padOTAM JOMKHBEI CONEPHKATD:
- TUTYJIbHBIN JIUCT;
- Ieab padoTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OMPEIEICHUI, TOHATHN, (DOPMYIT;

- OCHOBHO , CXEMA YCTAHOBK;
CARORY AORALAS y

- O MM CAHPE TP ANV B BP0 THEHHO U pabOTHI;
CepTvduKkag; .
aranencud YA FEMEPEHITEL It PACHCTOB (raOmiust, rpadumicn)
- OLIEHKA MOTPENIHOCTEN;

) - OTBCTEI Hd I{GHTPGJTE:HLIE BGHPGCH;
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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- BEIBOJBI 10 PE3YJILTATAM BBEIITOJTHEHHOU paOdOTEI, 1aTa, HOAMNCE.

Koumponwsuuie gonpocul.

Yro Takoe BHyTPEHHEE TPEHUE?

OT 4yero 3aBUCUT CUJIA BHYTPEHHETO TPEHUA !

Kak 3anuceiBaerca popmyna HeroToHa A1 BHYTPEHHETO TPEHUA !

Yr0o moka3sIBaET rpagueHT CKOPOCTH? B Kakmx equHuIax OH U3MepIeTcs?

IS N

OT yero 3aBUCUT CUJIA TPEHUA NPU ABUKEHUH TEM MApo00pa3sHoil (pOpMEI B BA3KOM
cpene?

Kakune Cribsl JEUCTBYIOT HA MAJAIOMINKI B BA3KOM CPENE MIAPHK U KAKOB XAPAKTEP
OBUKCHUA [apuKa’

7. B Kakux eImHUIAax U3MEPSIOT BA3KOCTE? OT uero oHa 3aBUCHUT?

N

JlabopaTopHasi pabora Ne 6

Tema Pﬂﬁﬂmm. OIIPE,[[E.]]EHHE OTHOILICHHHA VIC/JIBbHBLIX TeILI0eMKOCTeH B0O31vVXa
MeTOJd0M aJHadaTHYeCKOro pPaclllHpeHHH.

I{ens padbomer. V3yunuts ra3oBel€ 3aKOHEI, MEPBBIM 3aKOH TEPMOOUHAMUKHM U ITOHATHE
TEII0EMKOCTH. ONpeneTs OTHOMEHNE TEIUIOEMKOCTEN BO3yXa MPH MOCTOSHHOM NABJICHUN W
MOCTOAHHOM 00BeMe (ko3 puriuent Ilyaccona) B yCcmoBuax, OIU3KNX K HOPMAJIBHBIM.

Teopemuueckasn uacme.

OneIT MOKA3BIBAET, UTO KOMMYECTBO TEMAOTHI (J, HEOOXOAMMOE IS HATPEBAHUSA MACCHI
OOHOPOJHOTO BENIECTBA OT TeMmeparypel [; 1m0 7>, DpPONMOPHUOHAIEHO MACCE BEMIECTBA U
W3MEHEHUIO TEMIIEPATY PHI:

Q=cm(T,—T,),
TI€ ¢ - yAEIbHAA TEILIOEMKOCTE BenlecTra. M3 ¢popmyner (1) cnemyer
e T T \ .
m —_
(, 2 1 (2)
Yoenvnoni mennoemrkocmoro HaspBaeTCs KOMWMUECTBO TEIDIOTBEI, HEOOXOmDuMoe mid
HC
=142
Harpesanus semectsa maccoii 1 kr va 1 K. B «CH» ke K
KpoMme ynenpbHOU TEMIOEMKOCTH BEMIECTBA MCHOIB3YETCA MOJIIPHAA TEII0EMKOCTD cM,
Monapuoi menioemMKoCH b0 Ha3bIBAECTCA KOJIMIECTBO TEMIOTHI, HEOOX0IMMOE 11 HATPEBAHU A

1 mona BenmiecTea Ha 1 K. VI3 onpenenenns yaeasHOM TEMIOEMKOCTH CIEAYET, YTO OHA CBA3aHA C
MOJISIPHOM COOTHOIIIEHUEM

(1)

CMZ Mc (3)
rone M - momapuas macca Bemectea. B «CHU» emunnna wusmepenus [CY] =1
e
MOfMb-K

CocrosHue raza MOXKeT OBITH OXApaKTEPU30BAHO TPEMS IApaMeTpamu: IaBje-
HUEM p, 00BeMOM V' 1 Temmeparypout /. YpaBHEHUE, CBA3BIBAIONICE 3TH BEIMYUHEL, HA3BIBACTCA
ypagHeHuemM CoCmoaHua 2aza. 111 ciydas MIeaTbHOTO ra3a YPABHEHUEM COCTOSHUSA ABIACTCA

ypasneny MendeizesaRganeipona

Ceptudukar: 2C0000043ESABBBO952205E7BAS0006000004 3E m
Bnapeney; lllebayxoea TatbAHa AnekcaHapoBHa pv — e RT

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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rae R - yHuBepcaabHasA ra3oBas MOCTOAHHAA.

BemiunHa TEmmOeMKOCTH Ta30B 34BUCHT OT VCIOBHM HArpeBaHusAa. BBIICHUM 5Ty
3aBUCUMOCTh, BOCIIONB30BABIINCE YPABHEHWEM COCTOSHUA (4) W nepeviM HaAY@ioM
mMepMOOUHAMUKY, KOTOPOE MOKHO C(OPMYJIHPOBATE CIECIYIONIMM O00pa3oM: KOJIHMYECTBO
TETJIOTE 0(), TIEPETAHHOE CUCTEME, 3aTPAYMBAETCA HA YBEIMUEHHUE €€ BHYTPEeHHEH sHeprun d U
1 Ha paboTy 04, COBEPIIAEMYIO CUCTEMOM MPOTUB BHEIIHUX CHII

00 =dU + 04. (5)
[To ompenenenio TEMI0EMKOCTE paBHA

~-8Q_dU A
dT ~ dT ~dT ©)

M3 ypaBuenusa (6) BMOHO, 4TO TEINIOEMKOCTH MOKET HMETH PA3INYHBIE 3HAUYEHUSA B
3aBUCHMOCTH OT CIIOCOOOB HAarpeBaHWA ra3a, TAKk Kak OOJHOMY M TOMY K€ 3HAU4CHUIO dl MOryT
COOTBETCTBOBATE pPa3anuuHbIe 3HaueHuA dU u dA.

IneMenmapHan padoma NOCATLHOTO Taza paBHa dA = pdV. Buympennasa snepzus 2aza
paBHa:

2 M (7)
m

roe M KOJIWYECTBO MOJIEH rasza, I - YUCJI0 CTeneHer CBOOO IbI.

Hucnom cmeneneir 6000061 MOIEKYJIBl Ta3d HA3BIBAETCA 4YHCIO HE3ABUCHUMBIX
KOOPIWHAT, ONPEIEIIAIONINX MOJI0KEHUE MOJIEKYJIEL B IIPOCTPAHCTBE.

[Ipy nBWKEHMHM TOYKHU IO IIPSAMOU JIUHHHU IS OLUEHKHU €€ ITOJIOKEHHUA HAN0 3HATH OJHY
KOOPAWHATY, TO €CTh TOYKA HMEET OJHY CTemeHb CBOOOABI. Ecam Touka ABMKETCA IO
IUIOCKOCTH, €€ MOJOKEHHE XaPaKTEPU3YeTCs ABYMA KOOPOWHATAMM, TO €CTh TOUKA 0Omamaer
OByMsA CTenmeHAMU CBOOOAEI. [lookeHne mMarepuassHON TOUKH B MPOCTPAHCTBE OMPENENAETCS
TpEMS KOOPAUHATAMHU (TPHU CTENEHU CBOOOIBI).

Mosekyibl, KOTOPEIE COCTOAT U3 OJHOTO ATOMA, CYUTAIOTCA MATEPUATBEHEIMU TOUKAMH U
MMEIOT YHMCIO CTemeHEW CBOOOmpl [ =3. Takumm ABIAIOTCA MOJIEKYJIBI aproHa, TE€AUs W Op.
JIByXaroMHBIE  MOJIEKYIIBI (Ha, N> u mp.) oObnamarot umciom creneHen CBOOOIBI [ = 5; OHU
UMEIOT TPU CTENEHU CBOOOIBI MOCTYMATENRHOTO IBWKEHUA BOOIL Oced X, Y, Z U OBE CTENEHHU
cBOOOBI Bpamenua BOKpyr oced X u Z (pucyHok 1, a). Bpamenuem Bokpyr ocu Y MOIKHO
npeHeOpeus, Tak Kak MOMEHT HMHEPLMH MOJIEKYJIbl OTHOCHTEIBHO O3TOM OCH OYEHb MAJL.
Monekynsl, cocToAne U3 TPeX U 00JIe€e KECTKO CBA3AHHBIX ATOMOB, HE JIEKANIMX HA OJHOHU
opsamou (pucyHok 1, 0), UMEIOT 4YHUCIO CTEmEHen CBOOOABI [ = 6: TPU CTENEHW CBOOOIBI
MOCTYIMATEILHOTO ABMKEHUA U TPH CTEMEHU CBOOOIBI BpanieHus BOKPYT ocer X, Y, Z. CTOnBKO
K€ CTENEHEN CBOOOIBI UMEIOT U JPYTUE MHOTOATOMHEIE MOJIEKYJIBL.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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3 Puc.9P1 6
PucyHoKk 1 - Yucno creneHe ceoboabl  MOMEKY

B oOmem ciayuae i - k03(p(pUIMEHT, PABHEII CYMME UYMCIA MOCTYMATENBHBIX (Inocm),
BPAMIATENBHBIX (I40,) U YIBOEHHOTO YHCIA KOMEOATENBHBIX (I4,,.5) CTEIEHEN CBOOOIBI MOJIEKYIIBI

rasa.

I = Inoem T Igpay T 2lwones -
M
Ha pucynke 2 mokazana 3aBUCUMOCTE MOJIIPHOW Temmoémkocthn vV Bomopozaa (H,)
OT TEMIIEPATYpPBl, U3 KOTOPOH CIEAYET, YTO TEIUIOEMKOCTh PEATBHOTO ra3a HE 3aBUCHUT OT
TEMIIEPATYPEI TOJIBKO B ONPEAEICHHEIX TEMIEPAaTypHEIX HHTepBaiax. [Ipu stom B unreprae 1-
1" HEOOXOTMMO YIUTHIBATH TOJIBKO MOCTYIATEIBHEIE CTEeHH CBOOOME! (i=3); B mHTEepBaNTC 2-2
- MOCTYIIATEIBHBIE U BPAIATENBHEIE (I=)); B UHTEpBaJE 3-3' - MOCTYMATENbHEIE, BPAIATEIBHBIE
u komeOarensHele (i=6). OnucaHHas 3aBUCHMOCTH TEIUIOEMKOCTH PEANTBHOrO Ta3za oT
TEMIOEPATYPEI 00YCIOBIEHA KBAHTOBOWU MIPUPOAON MOIEKYI U OOBACHAETCA B COOTBETCTBYIOMINX

pazagenax Kypca (pusuku.
Temmeparypsl, BeIle KOTOPEIX HEOOXOIMMO YYHUTBIBATH TEMIIEPATYPHYIO 3aBHUCHUMOCTH

b G

npl__
3R 3 5
2pf —
'2'&) 5 2
. 7,1 A
ER i S &
-/
/
a]‘ T

Pucynok 2 — 3aBUCHUMOCTE MOJIAPHOM TETLIIO0EMKOCTH OT
TEMIEPATypshl raza

BKJIQOB B TEMIOEMKOCTh BPAMIATEILHOTO W KONIEDATENRHOTO NBWKEHUA MOJEKYJI, TOIYUMIN
Ha3BaHUE spauiamenbHoll  Xapakmepucmuvueckou u Ko/ledamenbHoil
Xapaxkmepucmudeckou memnepamypsl  COOTBETCTBEHHO.  3HAYECHUA THUX
XApPaKTe PUCTUIECCKUX TEMIIEPATYP /I BOOOPOAA, a30Ta U KUCIOPOAA NPUBEAEHEI B Ta0miIe 1.

Bpamarensnas n konedarenpHas Xapak TEPUCTUUECKUE TEMITEPATYPEL

HCKOTOPEBIX I'd30B

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO TH@JTHT_[H 1

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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I'a3 Xapakrepucrudeckas remmeparypa, K
BpamniareabHasd Konebarensnas

H, 85,4 6100

N, 2,86 3340

O, 2,07 2230

M3 mpuBeneHHBIX DAHHBIX CAEAYET, YTO MPH TEMIIEpATypax, OMM3KHMX K HOPMAIbLHOH,
pEanIbHBIE IBYXATOMHEIE I'd3bl MOKHO PACCMATPUBATE KAK MACAIBHBIM Id3, MOJEKYJIBEL KOTOPOTO
0071a7ar0T TOABKO MOCTYMATEAEHEIMA U BPAIATEIEHEIMU CTEIIEHAMH CBOOOIEL.

PaccMOTprM OCHOBHEIE TPOIECCEI, MPOTEKAIONIME B UACATLHOM Tda3€ MPH HU3MEHEHUH
TEMIIEPATYPHI, KOTAa KOJIMYECTBO BEILIECTBA Ta3a OCTAETCS HEU3MEHHBIM M PAaBHO OJHOMY
MOJII0. KOmmaecTBO TEMIOTEI, HEOOXOAMMOE A HATPEBAHUA OAHOTO MOJiA rasa Ha 1K, paBno
MOJIIPHOM TEMIOEMKOCTH.

H3zoxopuvtii npouecc. llpouecc Ha3pIBAa€TCA W30XOPHBIM, €CIM 00BEM TE€na mpH
W3MEHEHUHU TEMIIEPATYPHI OCTAETCA MOCTOSHHEIM, T.€. V'=const u m=const. B stom cnyuae dV =
0. CnenoBarempHo, U d4 = (), T.e. Ipu 3TOM BCA MNOABOAMMAS K rasy TEIUIOTA WIET HA
VBEIMUEHUE €r0 BHYTPEHHEH dSHEpruu. lorma u3 ypaBuenuu (6) u (/) cremyer, 4ro MOJIApHAsA
TEMJIOEMKOCTE T'a3a MpU MOCTOIHHOM 00BeMe paBHA

dU _ i
Cy'=——==R.

H3zoo0apuwtii npoyecc. IIponece, mpoTtekaronmi Mpyu DOCTOSIHHOM JABIEHUU p = const 1
m=const, Ha3eIBaeTCA n300apueM. [{ma sToro cnygas gopmysa (6) mepenumercs B BUAE:

dU . dv
M= p
» 4T P dT o)

13 ypaBHeHus ra3oBoro coctoanus (4) ma 0OQHOTO MOJIA MOITYyIAEM:

pdV + Vdp = RdT. (10)

Ho p = const u dp = (). CnenoBarensno, pdV = RdT . [logctaBnsas 5T0 BEIpaKeHHE
B ypaBHEHUE (9), momyunm

[+2
CY=—=R.
b2 (11)
13 ypaBuennii (8) u (11) cmenyer, uaro
M__ M
C,=Cy+R. (12)

[Tocnennee ypaBHeHne HA3HIBAIOT ypagHenuem Maiiepa.
Hzomepmuueckuii npouecc. V30oTepMudecKMM MOPOIECCOM HA3BIBAETCS MPOIIECC,
MPOTEKAIONIMNA NPU ITOCTOAHHOM TeMmmeparype I=const 1 m=const. B stom cinyuae dI = 0 u

dQ = %UDHMEHT OAMNWCAH

EKRPORHSVIOBHACERCHHAA SHEPIHA I'd3d OCTACTCA ITOCTOSIHHOH U BCE [MOOBOJHUMOEC TCILIIO

EEPT“dJTﬁEEK Qf?fﬂﬂ _BASGGﬂEGGﬂGGdSE
Bnapneneu: UleGayxpea TareaHa AnexkcaHgpoBHa — —
1‘4 HdoamuuyecKuil Hpﬂl{ﬁfﬂ*. HPDT_[ECC, HpDTEKHTD]lIPﬂI 6'3‘3 TCILII00 GME‘HH C DKP}’}HHT-D]]_[E‘H

cpenoit, Ha3pIBaeTca amuadatmueckuM. [leppoe Hauamo TEPMOAMHAMUKY Ui TAKOTO OPOIECca
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Oyner umers Bua: dQ = 0, dU + dA = 0, d4 = -dU, to ects npu aguabaruueckoM Ipoiecce
paboTa COBepHIAeTCS Ta30M TOJBKO 3a CUET U3MEHEHHUA 3a1aca BHyTPEHHEH SHEPrHH.
BriBenem ypaBHeHue ammadaruueckoro mponecca. [Ipu ammabatnueckom pacummpeHuH

pabora coBepmaercsa 3a cuer yObumM BHyTpeHHEW sHepruu dA = - dU. Ho dA = pdV n
_ M
dU_CV dT , 3HAUUT
cM
pdV=- "V dT. (13)

PaznemiB ypasuenue (10) va (13) u yuursiBas (12), monyumnm

M M
M ' o ’
p dV Cy, p V (14)

rac HA3BIBACTCA

.H: T HOKazamejiem aouaovamoi WIH
y B Kol hpuyuenmom Ilyaccona.
o
]
£y
5
T
e

Hurerpupys 1%} MOTEHUUPYS

ypaBHEHUE (14), 0Ty YAM

ypasnenue Ilyaccona (ypaBHEHUE
,r annadbaTnIecKoro mporecca):

H(h)

| pV'=const.
C ywyuetom (8) mu (11)
kos(purnent [Iyaccona pasen

L
|

y_i_f+2
Cy

PucyHok 3 — Cxema yCcTaHOBKH :

(16)

Jra (opmyna CIpaBeaIMBa KAK IS OTHOUIEHUA MOJIAPHBIX, TAK U YACABHBIX TEIIOEMKOCTEN
rasos.

Bo3nyx ABmA€TCA B OCHOBHOM CMECBIO JBYXATOMHBIX Td30B: a30Ta W KUCIOPOXA.
[TosTomy €ro moxKHO paccmarpuBarhk B ILENOM Kak ABYXarOMHEIM ra3. (CoOBHmameHHe OKC-
NEPUMEHTAIEHO HAWIEHHOTO 3HA4eHU KO3 QuiineHTa y ¢ paccuutaHHeIM o Gpopmyne (16) mna
OBYX4aTOMHOTO HWOEANBHOTO Ta3a MOKET CIYKUTh KPUTEPUEM MPUMEHUMOCTH TEOPUH
WIEATHHOT O Ta3a IJIA OMMUCAHUS PEATbHEIX Ta30B.

Oobopyoosanue u mamepuabol.
[Ipennmaraemerit meron ompenenenua kod(ppummenrta Ilyaccoma y ocHOBaH HA NPUMEHEHUH
ypaBHEHUHN aquadaTHIeCKOr0 U M30X0PHOTO IponeccoB u 3akoHa bomna-Mapuorra.
YV cranesrancoormomr 13 CTEKIAHHOTO Oa/moHa A, COEIMHEHHOr0 ¢ BOOAHBIM MAHOMET-

INEKTPO W noanncko i
coprnOM E&m}gm]%ggl EM&Q&SW%QMEHDCPE&CTBUM kpaHa [l Oamwton mosker OBITH COEIMHEH C
Eina,qemﬂ,TM(]ﬂéb@p:@iﬁaTbﬂHa AnekcaHapoBeHa
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[Iycte B HAa9anbHOM COCTOSHUM OABICHHE BO3AyXa B Oa/UIOHE paBHO aTMOC()EpHOMY.
Ecmu 3akpeITh KpaH ¥ ¢ MOMOTIBI0 HACOCA HAKAYATh B OATJIOH HEKOTOPOE KOJIMUECTBO BO3AyX4,
TO OAaBJIEHWE B OaJUTOHE MOBBICUTCS; HO €CIM 3TO MMOBBILIEHHE OBIIO MPOWU3BEAEHO TOCTATOYHO
ObICTPO, TO CTONOUK BOABI B MAHOMETPE HE Cpa3y 3alMET OKOHYATENHHOE MOJIOKEHHUE, TAK KAK
NPy CKATUM BO3AyXa TEMIEpATypa €ro MOBBICUTCA. OKOHYATENRHASA PA3HOCTL YPOBHEH BOIEI B
KOJI€Hax MaHoMmerpa / yCTAaHOBUTCA TOJBKO TOTAA, KOTAA TEMIIEPATYpa BO3AyXa BHYTPH
OanoHa cpaBHAETCS, OMaroaaps TEIIONPOBOIHOCTH CTEHOK, C KOMHATHON TEMIIEPATYPOH
O003HaunM uepe3 77 KOMHATHYH TEMIIEPATYpPy M 4EpPE3 p; - TABJICHUE ra3a BHYTPH
cocyna, COOTBETCTBYIONIEE MOKazaHuto MaHomerpa H. OugeBugHo, dYTO  ABIEHUE,
yCcTaHoBuBIIEECA B Oainone, Oyaer Oompme armocdepunoro Ha Bennunny A p, = pgH:

P a
pr=potdpr (17)
P 1 Pivily rme po - armocgepHoe
b sk nanenue. [lapamerper 717 u
P1 XapakTEPU3YIOT COCTOSTHUE
yieMenta ooOnema V), rasa,
KOTOpOE MBI HA30BEM
APy P [ICPBEIM  COCTOAHHEM Trasa
=i (Touka | nHa pucynke 4).
AP- Ecmru  Temepr  Ha
KOPOTKO€ BpEMsA  OTKPEITh
| J— KpaH, TO BO3AyX B OamnmoHe
P,=F; Oyner pacnpATHCA
ammadaTHdeCcK, moKa
o

OABJIEHNE €r0 HE COEIaeTCs
PaBHBIM aTMOC(EPHOMY  Po;

[P 5TOM OH OXJIATUTCA 10
PucyHokK 4 - [lnarpamma rasoBoro npotecca remmeparypsl I». 310 Gymer

BTOpOE€ COCTOAHHMC Ta3a C

napamerpamul 1>, V> 1 pr=po(TOUKa 2 Ha PUCYHKE 4).

Ecmm cpazy B MOMEHT OOCTHIKEHUS BTOPOTO COCTOSHMSA Ta3a CHOBA 3aKPHITh KpaH, TO
DABJIIEHWE BHYTpU Oa/yioHa HAYHET BO3PACTATh BCIEACTBHE TOTO, YTO OXJIAAUBILIMHCA OPH
pacumpenun (mponecc 1-2) Bozmyx B OauioHe CTaHET CHOBA HArpeBaThCsa. Boszpacranue nas-
TEHUS TPEKPATUTCA, KOTJa TemIeparypa BO3ayxa B 0OannoHE CpaBHAETCA C KOMHATHOW
Temneparypoit ;. O0o3HauuM 1aBiaeHUE BO3AyXda B OaLIOHE B STOT MOMEHT 4YEpe3 pz U
COOTBETCTBYIOIIEE MOKA3AHUE MAHOMETpA - uepe3 h. I1o Oyner Tperse coctosHue raza: 1), p; v
V3 (Touka 3 Ha pucyHke 4). /laBnenue B 3T0M COCTOSAHUH PABHO

ps =po tAps, (Aps=pgh) (18)

[Tepexon OT BTOPOTO COCTOSAHUA (TIOCHE 3AKPEITUA KpaHA) K TPETEEMY NPOUCXO0auT Oe3
W3MEHEHHs 00bEMA, TO €CTh M30XOPHO.

3anuiieM ypaBHEHUsA, CBA3BIBAONINE MAPAMETPEI BO3IyXA B PA3HBIX COCTOAHUAX:

mporecc 1 —2 (ammadara) P1 Vli =P V’; , (19)
npouecc 2 —3 (u3o0xopa) V= Vs, (20)
kpuBasa | — 3 (u3orepma)  p V) = pibi. (21)
B ypasuenmue Ilyaccona (19) na ocnoBanuu pasencrtsa (20) moacrasum F; smecto Vo
p,Vi=p,V} _ (22)
OrepMer (21) Beipasum 006éM Vi
Ceptvpukatr: 2C0000043ESABBBO52205E7BAS00060000043E pl

Bnageneuy; llleGayxoea TaTeAHa AnexkcaHgpoBHa V3:—V1

P (23)
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[Toryuennoe 3nauenue V3 moacrasum B ypaBuenue [lyaccona (22):
\Y

_ | P
P,\Vi=p,|—V,

Ps (24)
[IpencraBum Beipakenue (24) B BUzE:
p,Vi=p,piVips" (25)

Y -y
Cokparus 00e wactu Ha | , mepeHecs p, BIpaBso, a P2P3" prepo n nomenss ne-

BYIO U IPABYIO 9ACTH MECTAMH, ITOJTYIUM:
y yio y

~1_ 1
Py =p, D _ (26)

VoY
[ToMHO)HUM mpaByo 4acTe Ha P2 P, (OTYEro paBeHCTBO HE HAPYMIUTCA) U CAEIAEM
COOTBETCTBYIOIIME ITPeoOpazoBanms, 00BEIMHNB WIEHE! ¢ OIUHAKOBEIM OCHOBAHMEM CTEIEHMU:

y=1_ y-1 Yy —¥
Pi =P P3P (27)
y—1
[To memim Ha P2 JIEBYIO U MPABYIO YACTH YPABHEHU S, ITOTYYHM:
y—1 Y
P (s
[IpencraBum naBnenusa rasa B OannoHE B TOUKax 2, 1 1 3 COOTBETCTBEHHO Kak
p2= po, (29)
pi1=pot Apy, (30)
3= pot+Aps, (31)

TI€ po— OABIEHUE OKPYIKAIOMIEN CPENBI, TO €CTh arMoc(epHoe nasnenue, Ap) u Ap; — naBieHue,
OPONOPIUOHANBHOE PA3HOCTA YPOBHEH MKUAKOCTH B MAHOMETPE B COCTOSHUAX 1 u 3
COOTBETCTBEHHO.

[Toncrasur (29), (30), (31) B ypaBuenue (28), momyuaum

(32)

Paznoxue 00€ 9acTu MHOJYY4EHHOTO BEBIPAKEHUSA B  pAd II0 MaJIOMy IapaMeTpy H
OrPAaHUYMBIIHNCE TEPBEIMHU JBYMA WICHAMH PAa (B CUIY MaJOCTH BTOPBIX CIATAEMEBIX B JIEBOU U
IPaBOM YACTHAX ), MOy IUM

1+|y — 1]ﬁ =1+y 2P
Po Py | (33)
Beipazum u3 ypasaenus (33) koapdument [Iyaccona:
y=—
Ap,=4p; (34)

JOKYMEHT MNOANWCAH

Fomurepnesrsopamosio Ap, = pgH, a Ap; = pgh, To nmonyuum padouyio dopmyny mis
“erbep e ertit KoShpinircit e TTyaceomna:

Bnaneneu: ebayxoea TaTefAHa KCaHapoBHa
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H

V:—
H-h (35)

VYrazanus no mexuukxe oezonacuocmit.

1. K BeimomHeHuio mabopaTOpHBIX padOT AOMYCKAIOTCS CTYAEHTHI, M3YUMBIIME ITPABMIIA
TEXHUKH 0€30TTaCHOCTH.

2. JlaboparopHsie pabOTEI MOTYT MPOBOAUTECA TOMBKO HOJ PYKOBOACTBOM U HAOIIOIEHHEM
PENOaaBaTE.

3. Pacnonaraure npuOOpr1, Marepuassl, 00OpygOBaHHE HA padouemM MECTE B HOPSOKE,
YKA3aHHOM HPEMOgaBaTEIeM.

4. He pepxure Ha paboueM CTONE NPEAMETHL, HE TPEOYIONMMECA OJIA BEITOJHEHHUS 33 JAHUA.

[lepen Tem, kak NpPUCTYNUTE K padOTE THIATENBHO M3yUUTE €€ OMUCAHUE, YACHUTE X0

BEIMTOJTHEHUA PAaOOTEL.

LN

3aoanus.

1. ITpu momonu kpana [I coenmmuTe 0anmoH ¢ arMoc(epoil. 3aKpeITh KPaH.

2. Hakaware B OammoH BO3OyX Tak, 4TOOBI Pa3HOCTE YPOBHEM BOIBI B KOJIEHAX
manomerpa cocrasuna 20-25 cm. (4-5 000poTOB pyuku Hacoca)

3. Beokmare 1,5-2 MumyTBEI, 94TOOBI BO3AYX B OQJIOHE OXJIAMWICA OO KOMHATHOU
TEMIIEPATYPEI U YPOBHU BOAEI B MAHOMETPE OepecTamu nepemeniarecs. [lonyuennoe cocroanue
COOTBETCTBYET TOUKE | Ha pucynke 4.

4. 3anucare B tabmuily 2 BBICOTY ypOBHEM BOABI /, WU h,, B KOJIEHAX MaHOMETpA.
Onpenenurs H :

H=|h —h |
A np

5. OTKpeITE KpaH Tak, 4TOOBI BO3AyX B OammoHe OB coenquHeH ¢ armMocgepoH, u
OBICTpPO €ro 3aKphITh B MOMEHT, KOTAA YPOBHHM JKHUIKOCTH B 00OMX KOJIEHAX MAaHOMETpa
cpaBuaAroTca. [lpu sToM maBneHwe BO3ayxa B OA/UIOHE CTAHET PABHBIM ATMOC(EPHOMY po — 3TO
COCTOSHUE, COOTBETCTBYIONIEE TOUKE 2 HA PUCYHKE 4.

6. Benknars, aTo0OBI BO3AyX B OALTOHE MOCIE anuadaTHOTO PACIIUPEHMNA HATPENCA, U €T0
TEMOEparypa NpuOmM3MIACE K KOMHATHOM Temmeparype. [Ipm srom npaBmenue B Oamtone
MOBBICUTCS U BHOBBL MOSBUTCA PA3HOCTh YPOBHEH KUAKOCTH B Manomerpe. Korma ypoBau
MEPECTAHYT MEPEMENIATHECA, CAENATH HOBBIM OTCYET MOKA3aHWM YCTAHOBUBIIMXCA YPOBHEU B

h

KOJIEHAX MAHOMETpA 1 U hﬁ.ﬂ' . OnpenemiTs pa3HOCTE YPOBHEH /1.
7. ITpn momonu kpana [l coenuuuts 0anmoH ¢ aTMochepon.
8. OmeIT MOBTOPUTE HE MEHEE 5 pa3 mo MyHKTaM 1-7 (0 yKa3zaHuio OpernoaaBaTens).
9. Paccuurare o ¢opmyne (35) p; I Kaxka0r0 OIBITA TPOBEAEHHON CEPUH U3MEPEHUH.

Lo
10. Haiitu cpennee apudmermueckoe '/
11. BeruncmiTe mOnymmmpuHy OOBEPUTEIBHOTO WHTEpBAIA Ay, KAK IId CEPUH IPAMBIX
W3MEPEHUM.

TR
12. Pe3ympTar npencTaBuTes B BUOE )= WY + Ay, o = 0,95.
13. BeiBOg cpemate W3 CPAaBHEHMA OSKCHEPUMEHTAIBHO MOJMYYEHHOTO 3HAYCHUSA
kos(ppumumenra Ilyaccona n paccanrannoro no opmyne (16) gepes crenenu cBOOOIBI MOJIEKYJI

BO3yXa.
AOKYMEHT [MOAMWCAH
ANEKTPOHHOW MOAMNUCHIO

Ceptuidmkar: ECGGGGGdSEEABBEQEEEDEETBAEGGGEGG%&E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

UIIA PE3yIbTATOB U3MEPEHUN
Taomuria 2

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Cooepicanue omuema.

Otuer o 1adopaTOpHEIM padOTAM JOIKHEL CONEPHKATD:

- TUTYJILHBIN JTUCT;

- IeNTb PadOTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OMPEIEIEHUI, TOHATHH, (POPMYJI;
- OCHOBHO€ 000pyI0OBaHUE, CXEMA YCTAHOBKH,

- OMMCAHMWE MO IMYHKTAM BEINOJHEHHOU padOTHI;

- pE3yIBTATEl U3MEPEHUM U pacueToB (TaOmuIlel, rpaduky );

- OIIEHKA MOTPEMIHOCTEM;

- OTBETHI HA KOHTPOJIBEHBIE BOITPOCHI;

- BEIBOJBI 10 PE3YJILTATAM BBEIITOJTHEHHOU paOdOTEI, 1aTa, HOAMNCE.

Koumponwsnuie gonpocul.

1. Yro Takoe umeabHBIN ras?’

2. 3amumure ypaBHEHHE COCTOSHMSA WACANBHOrO rasza. Jlalre ompeneneHne BEIMYUH,
BXOIAMNINUX B HETO.

3. Yro Ha3zpBAeTCAd YUCIOM CTeneHen ¢cBo00ael cucreMel? KakoBO 4HUCIIO CTEIEHENH CBO -
00IBI OTHO-, ABYX- U MHOTOATOMHOM MOIEKYIEI? UeM 00yCIOBIEHO pa3Iudie 4KCiId CTEMEHEN
CBOOOIBI 111 pA3HBIX MOJEKYI?

4. Uro Takoe BHyTpeHHAA SHeprusa’! Kak HaUTH BHYTPEHHIOI SHEPTHUIO HIECATBHOTO
raza’?

5. HazoBute cmocoOrl mM3MEHEHUA BHyTpeHHeW sHeprun. Kak paccuurare padoTy
HIeaJILHOTO raza’

6. Cdopmymmpynre nepBOE HAYATO TEPMOIUHAMUKH.

7. Haitte  ompeneneHusa — TEIUIOEMKOCTA  CHUCTEMBI, YIAENBHOM W MOJIAPHOU
TEILIO EMKOCTEH.

8. Haitre  ompemeneHus  M30TEPMUUYECKOMY,  H300apHOMY,  H30XOpHOMY U
anadaTHUecKOMy Ta30BEIM IIPOIECCAM, MPOAHATIM3UPYHTE HUX C MOMOIIBI0 HEPBOTO Hadana
TepmoanHaMuku. [IpuBenure rpadyik COOTBETCTBYIOMIMX U30MPOIECCOB.

9. 3amummre GOpPMyIIBI A MOJIAPHBIX TEMIOEMKOCTEH MAeanbHOro rasza. O0piacHuUTE,
Mo4yeMy  TEMJIOEMKOCTh ra3a OpH MOCTOSHHOM JaBJACHWUM OONbIIE, 4YeM OpPU MHOCTOSHHOM
o0BeMmeE.

10. Brrpaszure kos¢duument Ilyaccona uepes gucmno creneHe CBOOOIB MOIEKYIIHI.

11. Ilocrpoure rpapuk nponeccoB, MPOUCXOMANIMX C BO3AYXOM MPH BBEITOJIHEHUH
OAHHOU pa0OTEI U OOBACHUTE €TO.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

JlabopaTtopHast pabora Ne 7

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Tema pavomer. U3ydyeHHe 3JIeKTPOCTATHYECKOIO MOJIS

I{ens padomobr. V13yuenue s1eKTPOCTATUUECKOTO MOMA; MOCTPOEHUE SKBUMOTEHIMATBHBIX
MOBEPXHOCTEMN MOJIA.

Teopemuueckan uacms.

M3BecTHO, 9TO BOKpYr mr000T0 3apsama  WIKM  3apsSKEHHOTO Tela  CYIIECTBYET
SIEKTPUYECKOE moJie. B 5TOM mosie Ha BHECEHHBIN B HETO IPYTrOU 3apAa JEUCTBYET KYJIOHOBCKAA
CHId. JJIEKTPUYECKOE II0JIE XAPAKTEPU3YETCA B KAXKOOM TOYKE BEIMYMHAMU. CHUIOBOM —

BEKTOPOM BIEKTPUYECKOU HAMPAKEHHOCTH E , 1 SHEPTETUUECKON — CKAIIAPHOUN BEJIMYUHON —

[MOTCHITHAJIOM o
HanpsaxeHHOCTBIO 3JIEKTPUYECKOTO TOJIA HA3BIBAETCA (PU3MUECKas BEIUUYMHA, YUCIECHHO

paBHAd M COBIANIONIAS MO HAMPABIECHUIO C CUIIOH F , JEUCTBYIOMIEN CO CTOPOHEI ITOJA HA

€ IMHUYHBIN MOJIOKUTEIbHBIN TOUEUHBIHN 34/ G0 , MOMEMIEHHEIN B PACCMATPHUBAEMYIO TOUKY'

il (1)
HUTEHL[HHJIUM QHEI{TPH'-IECI{UFEI moaId B ,I[ﬂHHﬂf’I TOUKEC HAZBIBACTCH CI{H,JIHPHHH EE‘JTHT-II*H-IH.,
UUCIIEHHO PaBHAA MOTEHIHMANBHOU SHEprun U eqMHUYHOTO MOMOKUTEIHHOTO TOYEUHOTO 3apaaa

90 , TOMEIIEHHOTO B 3Ty TOYKY
o=
qo (2)

HDTEHT_[HHJI 51 HHHPHH{EHHD CTE SJIEI{TPHIIECI{DFD MOJId CBA3dHEI COOTHOIMCHHUCM
—

Hamomaum, 4Tt0 rpammieHToOM 000U CKAIAPHOM BEJIMYHHEI 0  HaspIBAIOT BEKTOP,
HAIIPABJIEHUE KOTOPOr O COBMANAET C HANIPABICHUEM OBICTPEHUIIETO YBEINYECHUS BEINUNHEI 0 .
a4 MOAYJIh PABEH W3MEHEHUIO 0 Opu TMEPEMENICHUM HA EIWHUIY AJUHBI B HANPABICHUH
OBICTPENIIET0 W3MEHEHU e «vMuHyC» B (opmyne (3) MOKA3BIBAET, UTO

HATIPAKEHHOCTE TOJIS E HAIPABICHA B CTOPOHY YOLIBAHUA ITOTEHIIHAJIA.

Hampapienne BekTopa HANPsIKEHHOCTH YIEKTPHYECKOTO IMOJIA B KAXKIOH TOYKE IMOJI M
pacmpeneleHue IMOTEHIMAJIOB IOJI MOMKHO CIOeNark OCOOEHHO  HATMAAHBEIM, €CIIH
BOCITOJIL30BATECA MOHATHAMH O CHJIOBEIX JIMHHAX W O MOBEPXHOCTAX PABHOTO MOTCHIMANA, TAK
HA3BIBAEMBIX DKBHUITOTEHI[MAILHEIX MOBEPXHOCTX.

CHWIOBBEIMHM JIMHUSAMH HA3LIBAIOTCA JIMHWH, KACATEILHEIE B KaXKIOW TOYKE KOTOPBIX
OMPENCIAIOT HAIMPABJICHHUE BEKTOPOB HAMPAKEHHOCTEH DJJIEKTPHYECKOro Mmois. UMCIo ke
CHJIOBLIX JIMHHH MPOXOAAIIMX YEPe3 EIUHHUIYY IUIOMIaaH, HOPMAILHOM K OJTHM JIMHHAM,
OMpeNeIAeT BEIMIMHY BEKTOPA HAMIPSIKEHHOCTH JIEKTPUUECKOTO IMOJIA B [IEHTPE STOM TIOIIA/IH.
JIMHUM ~ HAMPSHKEHHOCTH — DJIEKTPUYECKOTO  TOJS  HE3AMKHYTBI, OHM HAUMHAIOTCA W3
[MOJIOKUTENHLHOTO 3apAaa U 3aKaHIUBAIOTCA HA OTOPUIATEILHOM 3apse.

['eomerprueckoe MECTO TOYEK DIIEKTPHUECKOTO IOJIA, MOTEHIIHAILI KOTOPEIX O HHAKOBEL,
HA3BIBACTCH DKBHUITOTCHIIMAILHON MOBEPXHOCTLEI0. DKBUIIOTCHIIMAILHEIC TOBEPXHOCTH ITPOBOIAT
TakuM 00paszoM, 4T0 PasHOCTh IMOTEHIMAIOB I JIBYX COCEQHHMX MOBEPXHOCTEH BCIOAY OOHA U
Ta Ke. OTR HAIROAAST AL TYCTOTE SKBHUMOTEHIMATLHEIX MOBEPXHOCTEH CyAMTh O BETMUMHE
Hanpﬂ}ﬁﬁﬂﬁﬁﬂ?ﬁ“ﬁﬂﬂﬁgmcbm

g:s;j:fr iﬁﬁﬁﬁjﬁﬁﬁiﬁ Eﬁ[ﬁﬁfi@?ﬁ%%ﬂd35}1&1{Tp}{qem{0m moas M, CACJOBATEILHO, CHIOBBLIE JIHHWUH

[TOJIA HOPMAJIBHBI K SKBHITOTCHIIHAJIBHBEIM ITOBCPXHOCTAM. Ha pHC.l CHJIOBLIC JIMHHUH HCKOTOPOTO
[TOJIA %%13%1}&“151% D%E&QHIHGH JJUHHCH, d SKBUIIOTCHIHAJIBHEIC ITOBEPXHOCTH-IUTPUXOBOH.

NelcTRUTENEH: C
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puc. 1

N3BecTHO, 94TO AKCIMEPUMEHTATEHOE U TEOPETHYECKOE M3YUEHHUE PACIPEIEICHUs MOTEHIINATIOB
SIEKTPUYECKOTO MO MPOMIE, YeM OMPEeAENeHue HampsxkeHHocTen moia. [losTomy B mannon
paboTe SKCIMEPUMEHTANEHO OIPENENAeTCA PACIpPEeNeNeHUe MOTEHIUAIOB JIEKTPOCTATHYECKOTrO,
T.€. HE U3MEHIONMIETOCA CO BPEMEHEM AIEKTPUIECKOTO moJsa. CHUIOBBIE IMHUN U3Yy4aEMOTO MO
MOJKHO HOCTPOUTH ITOTOM, KdK KPHUBBEIE, OPTOTOHAIBHBIE K HKCIEPUMEHTAILHO HANIECHHBEIM
MOBEPXHOCTSM PABHOTO MTOTEHIMAIIA.

Pacnpenenenne mOTEHIMAIOB SIEKTPOCTATUYECKOTO OIS MOJKHO HM3y4aTh METOOOM 30HIOB,
3aKII0YAIONIEMCS B CIEAYIONMIEM: B HCCIEAYEMYIO TOYKY MOJSA BBOOUTCS TOMOIHWUTEIBHBIN
SMEKTPON — 30HI, YCTPOEHHBIM TakK, 4TOOBI OH MUHMMAJIBHO HAPyMlad CBOUM HPUCYTCTBHEM
MCCIIEY€MO€ ITOJI€ U MPUHUMAN ITOTEHIIMATI TOU TOYKH I10JIA, B KOTOPYIO OH momenieH. [Ipu stux
YCIOBUAX IMOKA3aHUS OPUOOpa, ¢ KOTOPBIM 30HA COEAMHIETCS MPOBOAHUKOM, OYIYT IaBaTh
MPAaBUJIBHYIO KAPTUHY PACTIPEAEIECHUS MOTEHIIMATIOB B UCCIEIYEMOM MOJIE.

Cnoxuoctn paboTEl ¢ 30HOZAMH M, BOOOMIE, TPYOHOCTH HIEKTPOCTATHYECKUX W3MEPEHUU
OpUBEIN K pa3zpadoTke 0Cco00ro Meroga H3yUEHHS JIEKTPOCTATUYECKUX MOJNEH — MOYTEM
MCKYCCTBEHHOTO BOCHPOM3BEACHUS HX CTPYKTYPHl B MPOBOASANIUX Cpeoax, IO KOTOPEIM
MPOITYCKAETCA MOCTOSHHEIM TOK. TaKUM MyTEM OPAMOE M3YUEHHUE SIIEKTPOCTATHUECKOTO ITOJIA
3aMEHAETCS U3YYEHHEM €T0 TOYHOU 1 0oJiee yaoOHOM MO IEITH.

OmrcanHeI A METO T UCCIEeT0BAHN A, KOTOPBIN HA3LEIBACTCA MO JETMPOBAHUEM
SIEKTPOCTATUYECKOTO IOJIA, UMEET IMPOKOE MPUMEHEHUE HA MPAKTUKE. JTOT METOJ IOJIE3€H
IJISL U3YUEHUA CIIOKHBIX SJIEKTPOCTATHYECKUX MOJIEN, TOYHBEIM PACUeT KOTOPHIX 3aTPyIHUTEIEH
13-3a CJIOKHOCTH TPAHUYHEIX YCIOBHM (MHOTOAIEKTPOIHBIE PATHOIAMIIEL, SIEKTPOCTATHIECCKHAE
JMUH3EI, (POTOSIEKTPOHHBIE YMHOKUATEIN U T.1.).

Oobopyoosanue u mamepuaol.
CoenuarsHas yCTAHOBKA; TATBBAHOMETD; MCTOYHUK TOKA.

Ykazanus no mexnuke desonacrnocmu.

1. K BeimomHeHuio mabopaTtopHbeIX padOT AOMYCKAIOTCA CTYAEHTHI, M3YUMBIIME ITPABUJIA
TEXHUKU 0€30TTaCHOCTH.

2. Jlaboparopusie pabOTEI MOTYT IIPOBOIUTECA TOJBKO IMOJ PYKOBOACTBOM M HAOIIOIEHHEM
IPEnoqaBaTEes.

3. Pacmonaraiite mpuOopsel, marepuansl, 000pymoBaHue HA padodeM MeCTe€ B HOPSIKE,
YKAa3aHHOM MPEMNOIaBaATEIEM.

4. He E%EPRHTE Ha Mgaﬁﬂqem CTOJIE MPEOMETEL, HE TPEOYIOMMEC AJI1 BEITOJTHEHH S 33 JAHUA.

MEHT TOAIMEAH .
5. Ilepemoreny NGARVOPUCTYIUTE K pabOTE TOIATENBHO M3y4UTE €€ OMHUCAHME, YACHUTE XOX

Ceptudmkar: 2 Eﬂ%ﬂﬁ%fﬁ%ﬁﬂﬁﬂﬂﬂﬂﬂd JE

Bnaneneu: Ulebayxoea TaTeAHa AnekcaHgpoBHa

A0aHUA.

1. IlpoBepurs cxemMy AKCIIEPHUMEHTAIBRHON VCTAHOBKH.
[encTenuTened: c 19.08%022 nEH-DB-EDEE w p y
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2. BxiarouuTs BEIHIPAMUTENE B ceTh 220 B.

3. YCTaHOBUTH IBWXKOK PEOXOPALI HA pacTosHuM 8-10 ¢cM OT 0ZHOTO M3 KIAEMM PEOXOPIHL.
Onpenemrs NOTEHIMAN ABUKKA m0 (popmyiie (4).

4. Ilepememiad 30HIO BpamIieHMEM pPydYeK KOOPIWHATHMKA, HAXOOUTH TAKWE TOYKH, I
KOTOPBIX TOK TalbBAHOMETpA paBeH HymoO. KOmMuecTBO O5TUX TOYEK MOIKHO OBITH
OOCTATOYHO [JiA IMOCTPOEHMA JIMHUM SKBUIIOTEHIIMAIBHOM MOBEPXHOCTH (7-10 TOUEK).
KoopanHarel TOUEK OTCYUTHIBATE N0 JTMHEUKAM KOOPAMHATHUKA.

5. Hanectn nHa MmimmMeTpoByro Oymary HaMOEHHBIE TOUYKM M COEOUHUTH HMX IJIABHOU
miaue. Ha muauu Hamucars ero moTeHI[aal.

6. M3meHuB nosI0K€HUE PEOXOPAEI IIOBTOPUTE .4, 5. 9UCI0 MOBTOPEHNHN OIBITA 4-5 pas.
7. Vcnone3ys HAWAEHHBIE TUHUWA SKBUIIOTEHIIMAIBHEIX IMOBEPXHOCTEN, TOCTPOUTE CHIIOBHIE
miann monA. [Ipu sToM HAamo WMETs B BHOY, YTO B TOUKAX IEPECEUECHUS JIMHUHU
SKBOTIOTEHIIMAIBHBIX MMOBEPXHOCTEN U CHJIOBBIE JIMHUM JOJIKHBI OBITH HOPMAJIBHEI IPYT K

ApyTY.
(Cxema SKCIIEpUMEHTAIEHOM YCTAHOBKU IPEACTABICHA HA PUC. 2.

: A s &
f 1 &

Puc. 2

Ona mpexacraBaseT COO0M MOCTOBYIO CXEMY, COCTOAMNIYIO M3 AIeKTpoaoB A u C, moie
MEXK Ty KOTOPEIMU M3y4aercs, peoxopasl P, nyne-ramsBanomerpa G, COEIMHEHHOTO C 30HAOM Z,
U UCTOYHMKA nuTaHnus — Beinpamurena B. Hampsskenwe na snekrpomel A u C momaercs c
peoxopael P, DOOKIIOWEHHOM HA BBIXOA BBEIIPIMUTENA B. Cpenmoii, no3ponsAmwonicit
MOJETUPOBATE SIEKTPOCTATUUECKOE MOJIE, CIYKUT TOKOONPOBOAANIAA OyMara, KOHTYPEL KOTOPOH
MOKA3aHBI HA PUC. 2 IITPUXOBEIMH JTHHHAMMU.

[Tpyaunm padoTel YCTAHOBKM MOKHO HOHATH M3 crenyromiero. llepemenias nBuxkok
PEOXOPABI, STOMY OBHKKY MOKHO IPUAABATE PA3TWYHBIE 3HAYEHHA MMOTEHIIMAIA OTHOCUTEIBHO
snekTponoB. Hamudue win OTCyTCTBHE TOKA B LIEMH 3aBUCHUT IIPU ATOM OT TOT0, B KAKOW TOUKE
OJIA HAXOAWTCA 30HA. ECnu OH HAXOOMTCA B TAKOW TOYKE MOJA, MOTEHIUMAT KOTOPOH PaBEH
MOTEHIMANY, yCTAHOBJIEHHOMY HA [BWKKE PEOXOpPABEL, TO TOKAa B IENMHM TAJGBAHOMETPA HE
Oynmer.I'eomeTrpuueckoe MeCTO TOYEK IOMA, HJII KOTOPBIX TOK B ILIENMH TraabBaHOMETpa Oymer
paBeH HYyIO, 00pa3yeT SKBUMNOTEHIIHAILHYIO IMOBEPXHOCTE B HcCaenyeMom mone. [lorenmman ¢
3TOM ITOBEPXHOCTH OTHOCUTENBHO 31eKTpoaa C MOKHO HANTH Kak

p=—U
N (4)
rae U — Hanps:KEHUE HA BBIXOAE BBIIPAMUTENA, N — UMCIO AENECHUH NIKAIBI PEOXOPIBI, H —
OEIEHUE MIKATBL, HA KOTOPBIM YCTAHOBJIEH JBUKOK.
VYcraHoBka cCcHaOkeHA  CHEHUAIBHBIM — OPUCHOCOOIEHHMEM —  KOOPAMHATHUKOM,
MO3BOJISIONIMM BPANIEHUEM PYUYEK KOOPAUHATHUKA MEPEMENIATH 30HM, 4 TAKKE OTCUMTHIBATEH
KOOPAWHATEI HANAEHHBIX TOYEK SKBUITOTEHIIMATLHOM MTOBEPXHOCTH.

Cﬂﬂﬂpﬂwﬂﬁ&gh%wc A

OTtuer rﬁﬂﬁﬁﬁ%‘%ﬁ@ﬁﬁ&ﬂfﬂ?ﬁﬂmm TOMKHBI CONEPKATh:
Ceptudmkar: 2C0000043E9ABBBI52205E 7BASD0060000043E
Bnapgenel: Tm@m%%‘&—ﬁhemwﬂpna%

- HeNb padOTHI;
- KOHCIIEKT QCHOBHEIX 3aKOHOB, ONPE/IEICHHIL, TIOHITHH, dpopmym;

NencteuTenad: c 1
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- OCHOBHOE 000pynoBaHue, CXeMa yCTAHOBKHU;
- OMMCAHUE IO MYHKTAM BBIMTOJHEHHOW PAOOTHI;

- pE3yIbTATEl U3MEPEHUM U PacueTOB (TaOMUIEL, TpA(UKH );

- OIIEHKA MOTPEMIHOCTEM;

- OTBETHI HA KOHTPOJILHBIE BOITPOCHI;

- BEIBOJEI IO PE3yJILTATAM BEIMOIHEHHOW padOTEI, Oara, MOAIHCE.

Koumponwsuuie gonpocul.

1. Kaknmy BETMUMHAMM XAPAKTEPU3YETCA dJIEKTpHUIecKoe mone? Jlalre onpeneneHue STux
BEINYMH U HAIMUIINTE EAUHULEI X U3MEPEHU.

2. KakoBa CBA3b MEKIy HAMPSKEHHOCTBIO M MOTEHI[HAIOM SIEKTPOCTATUUECKOTO TOJIA B
00mieM CiIydae v B CIIydae OQHOPOIHOTO HMOMIA?

3. KakumMM NOHATUAMM TOMB3YIOTCA [ HATJISATHOTO HPENCTABICHUSA SIEKTPHUYECKOTO
OJIsA?

+ Hapucyiite CWJIOBBIE JTUHMUM M SKBUNOTECHIUAIBLHBIE IMOBEPXHOCTA MO TOUYEUHOTO
3apsana, IByX Pa3HOUMEHHBIX 3apAI0B.

5. Kakue skCnepuMeHTATBHBIE METOBI UCIOMB3VIOT IS MU3YUEHUSA SJIEKTPOCTATHYECKOTO
OJIsA?

JlabopaTopHnast pabora Ne 8
Tema padomui. U3MepeHHe CONPOTHR/IEHHS C IOMOIIBI0O MOCTA YHTCTOHA.

I[env padomei. llenpio pabOTEl ABIAETCA M3YUEHHE METONA M3MEPEHUS COMPOTUBICHUA
MPOBOJHUKOB C IMOMOMNIBI0O MOCTOBOM CXEMBI M OHNPEIEIECHHUE YAEIBHOTO COIPOTHUBICHUSA
Marepuaia mpoBOJHHKA.

Teopemuueckan uacms.

INIeKmMmpoconpomueieHiie NPOBOOHUKA —3TO  CKAIpHAad  (PU3MYECKAas  BEIMUYMHA,
XapaKTePU3YIONasA €ro SJIEKTPONPOBOAANINE CBOMCTBA. CONPOTUBIAEHHUE MPOBOTHUKA 3aBUCHT
OT €ro (POpPMEI, pa3MEPOB U HICKTPOMOBOIANINX CBOMCTB MaTe€puaid, U3 KOTOPOTO U3TOTOBICH
MpoBOAHUK. B mpocreiimem ciaydae OOJHOPOTHOTO HPOBOAHUKA C MOCTOSHHBIM IONEPEYHBIM
CEUEHNEM, COMMPOTUBICHHUE MPOBOIHUKA OMPEAEIIETCS CISTYIONMM 00pa3om:

?
R=p—
S | (1)
rmue p _ YIACIBHOE CONPOTHUBJICHUE MATEpHaaa MpPpOBOIHHUKA, f — JJIMHA TPOBOJHUKA,

S — mIonIaae €ro MONEePEedyHOT0 CEUEHH .
13 popmymnet (1) MOKHO BEIPA3UTE YIETBEHOE COMPOTUBIICHHUE:

R-S

4
;
(2)
OTKyZJa BUAHO, YTO YAEJIEHOE COMPOTHUBICHHUE YUCJIEHHO PABHO COMPOTUBJIEHUIO MPOBOJHUKA
E€IMHUIHOM ITUHEBI, UMEIOMIErO ILIONIANh MOMEPEYHOT0 CeUEeHHA, PABHYIO €IUHUIIE IUomanu. B
cucreme CH ynensHOE CONPOTUBIEHUE U3MEPAIOT B OMMeTpax (Omm).
OmHuUM 13 METOI0B U3MEPEHUA COMTPOTUBIIEHUA ABIAETCSI METOA MOCTA Y UTCTOHA.

[OKYMEHT NOANWCAH Moct Yurcrona [MPpEAHA3HAYCH IJIA M3MCPCHHA CDHpDTHBJIEHHﬁ.

u

| .:::?;“'HI:HTPUW _éﬁ%ﬁ@(ﬂo}ﬂ JBYX PE3MCTOPOB R: u R,, uyBcTBUTENRHOTO TaneBanomerpa G,

f ..[ {El.!..'"-_ll:-;.--:-_:.f-l:-.l_._-';._-':I:. AU UUEL00LL S

ona perbana AnercansE3HETOPOB — ATANOHHOTO R, m Hemssectnoro Ry (puc.l). Paccmorpum
] ycrnoBuM, 4r0o nmo ydactky ED tok ne mporekaer. 3amkuém kmod K,
rAa, 1m0 ydactky AB moredé€r TOK M BmOms Hero Oyaer HaOmoJaThCa mageHue
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MOTEHI[MAJIA OT BEAMYHHEI (Pa (B TOUKE A) 1m0 BeamuuHbl @ (B Touke B). B nermt AEB

nouaer Tok I; m Oyner nabmomaTeCsa mageHue MOTEHIMAIA OT @ 10 @O  (HA pe3ucrope

Ry) 1 ot @& 10 @ (Ha pe3ucrope Ro).

OueBHOHO, MOTEHIMAJ B TOUKE € WMEEeT 3HadeHue OE mnpomexyTogHoe Mexny
3HaueHuAMHA QA u @B. [losTomy monbopom pesucropor R1, R2 u Ro Bcerma moxno modurscs,
TOro uro B Ttouke D morennman ¢D Oyner paBen moreHmuany ¢@E: ¢D=¢E. Ecrm mexny
Toukamu D u E Bkatouen ransBanometp G, TO B STOM CIydae TOK UEpPEe3 HETO HE MOUAET, T.K.

Pe-pp=0.

Takoe momoxenune Ha3epIBAETCA paBHOBECHEM MoOCTa. [Tokaxkem, 4TO yCIOBHE PABHOBECHA

ONPENEAETCA COOTHOILEHHUEM:

Ry _R

J 2 (1)
JlericTBUTEIEHO, HA OCHOBAHWM BTOPOTO 3akoHa Kupxroda nms moOOro 3aMKHYTOTO
KOHTypa CyMMa MaJeHUN HAMPAKEHUH paBHA CYMME NIEKTPOABMIKYINIMX CWI, JEBCTBYIONIUX B
3TOM KOHTYpE:

m

h
MIR =)E,
i=l i= (2)

3armmem 5Tu ypaBaenusa mia koHTypoB AED u BED mpu paBnoBecun mocra , T. €. ipu
OTCYTCTBUM TOKA HA yuactke ED.

J IIRX - Ile :0
{ Il RB ) IZR2 =
M3 sTHX ypaBHEHHUH JETKO MOJIy4aeM CoOTHOmEHUE (1).
R
R, =R, —
Otkyna: R, (3)

3uag, uro R;=270 Om, R,=47,6 Om 1 nonbupas R, naitnem R;.

Oobopyoosanue u mamepuaol.
Mocr VYwurcrona, HaOOp COOPOTHUBIEHWH, MarasuH COIPOTHUBJIIEHWH, TaIbBAHOMETP,
MCTOYHMK ITOCTOSTHHOTO TOKA.

Ykazanus no mexnuke desonacrnocmu.
1. K BeimomHeHuio madopaTopHBIX padOT DOMYCKAKOTCS CTYAEHTHI, M3YUMBIIHME ITPABUIIA
TEXHUKN 0€30TTaCHOCTH.
2. JlaboparopHsie pabOTEI MOTYT MPOBOAUTECA TOJMBKO MO PYKOBOACTBOM U HAOIIOEHHEM
IPEnOaaBaTEeNs.
3. llpu BeImomHEHUH TA0OPATOPHEIX padOT CTyAEHTAM 3aIPENIAeTCA:
- BKJIFOUATh CXEMBI IO HATIPSKEHUEM 0€3 MPOBEPKH MPETOAABATENA;
- TMPUKACATBCS K HE3AMMMIEHHBEIM M30JAIMEN YacTAM CXEMBI, HAXOMAMIMXCA TOX
HAIMIPSAKEHUEM,
- OOpPENeNATh HAJWYHME HANPMKECHUA HA OSJIEMEHTAX LEMA IPU HOMOIIU ITATBIIEB,
[POBCPEEYMERTIBFACAHANIDIOKCHIA NPOM3BOAUTCA TONBKO C IOMOIIBIO BOIBTMCTPA U B

EKTPOHHOW I'IDLJ%IEI}HEEHJ .
Ceptudmkar: w&ggﬂg%%@ %%@%BJEE
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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- BKJIIOYATh PYOWIBHWUKH, HAKXKUMaThb KHOIKHM, HPUKACATBECA K JJICKTPHUYECKOMY
000OpynOBaHNIO, HE OTHOCANIEMYCS K MOaHHOM JaboparopHoil pabore 0e3 Bemoma
MPEIO 1aBaTENA;

- IPOU3BOINUTE 10 X0y BEIMOJHEHUA PadOTHI MEPEKITIOYEHUA B CXEME, HE 00eCTOUNB €€,

- OpocaTe COEMMHUTENBHBIE MPOBOIA HA TTOJ M HA UCCIIENYEMYIO YCTAHOBKY;

- KJIACTH Ha pa0dO4YMi CTOJ HOCTOPOHHUE TTPEAMETHI;

- BXOJIUTE B 1a00paTOPUIO B BEPXHEN OJIEKIE;

4. Ilepen BknrogeHUEM CXEMBI 00S3aTEIBHO NMPERYNPEAUTE YWIEHOB Opuraasl: «OCTOPOKHO!
Bxmogaro!».

5. Ilpy Hamiuum B CXeM€ KOHIOEHCATOPHBIX Oarapei, HEOOXOIMMO IOCHE OTKIHOYCHUS
OUTAHUA UX Pa3pAIATE 110 HAOIIO THEUEM ITPEMOAABATE.

6. [Tpu oOnapyxennn kakux — 100 HEUCITPABHOCTEN, NCYE3HOBEHNA HANPSIKEHHS B CETH, a
TaKKe€ IMPH HECYACTHOM CIIy4ae, HEMEJIEHHO ITPEKPATUTE PAadOTy, OTKJIIOUYUTE YCTAHOBKY OT
3JIEKTPONUTAHUA U COOONIMUTE MPEIOAaBATENIO.

7. IloMHUTE, 4TO NPU OTKIFOYEHUH [[ENEH MOCTOSHHOIO TOKA C UHAYKTUBHOCTBIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KO€ MOBLINIEHNE HATIPSKEHUS.

8. CrynmeHTsl, HapymMBIIME MPaBWIA TEXHUKU O€30MacCHOCTH, HE OOIyCKAIOTCA K
nampHeum e padore B 1ad0paTOPHN U MPUBJIIEKAIOTCA K OTBETCTBEHHOCTH.

3aodanus.
1. ColOpars cxemy (puc. 1).
2. IlopoOpaTe HA marasmHe COMPOTHUBIEHUN TAKOE€ COMPOTHUBICHUE R, mpu KOTOPOM TOK

uepes raJbBaHOMETP PAaBEH HYJIIO.

3. Beraucaurs Ry mo ¢opmyne (3).
4. IToBTOpUTE U3MEPEHUS IJIA BTOPOTO CONMPOTUBIEHUS RX>, 1 1 Tpersero Rxs.
5. M3MepuTe CONMPOTUBIACHUA MPU IMOCIEOOBATENRHOM U MAPAIICIEHOM coemuHeHun Rx,

Rx, u Rx; u mposepsaror (popMyasl O MOCAEAOBATEIRHOTO M MAPATUIENBHOTO COEIMHEHUS
CONPOTHUBIECHUIM:

1 1 1 1
= + +

R =Rx, + Rx, + Rx R Rx, Rx, Rx,

noci 1 2 3. napa.
3

6. OnpenemuTs MOTPENTHOCTE U3MEPEHH.
7. 3amicaTe OKOHYATEILHEIN PE3YIILTAT.

Coodeprcanue omuema.

Otuer no mabopaTopHEIM padOTAM JOMKHBEI CONEPHKATD:

- TUTYJIbHBIN JIUCT;

- Ieab padoTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OMPEIEICHUI, TOHATHN, (DOPMYIT;
- OCHOBHOE 000pyI0BaHNe, CXeMa yCTAHOBKHU;

- OMMCAHUE MO0 MYHKTAM BBIITOJHEHHOH Pa0OTHI;

- PE3yIBTATEL U3MEPEHUM U PACYETOB (TAOMUIIEL, TpapuKy );

- OIIEHKA MOTPEMTHOCTEH;

- OTBETHI HA KOHTPOJILHBIE BOMIPOCHI;

- BRIBOJIBI IO PE3YJILTATAM BBEIITOJTHEHHOU padOTEI, 1aTa, MOAMHUCE.

Koumponwsnuie éonpocul.

CepTudukar:
Bnaneneu:

1. Cdopmymuporars 3akoH Oma.

2. C&Mmg@ apaswiia Kupxroda.

3. BBty WW&BHGBEGM MOCTA UCTOMB3y 4 npaBwia Kupxroda.

%%JOWSE%ABBB ﬁEDEE?BM OBIC PAaBHOBECHA MOCTA, €CITH TATHBAHOMETD M HMCTOYHHMK TOKA

YXO0Bd 1dTbHHA dHOpP

MOMEHATE MECTAMHU /
?
[elcTeuTteneH: c %Dﬁlg% r%qg’gﬁ%%gé{ﬂc'ﬂ }’,I[E‘JTE:HQE CGHPGTHBHEH_HE .
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JlabopaTopHast pabora Ne 9

Tema pﬂﬁﬂmm. Hccienopanne EJIEET[)H‘IEERGﬁ Helld MOCTOAHHOI'O TOKA.

Ileav pabomwi. V3yueHune 3aBUCHUMOCTH CWIBI TOKA, HAOPSIKEHWSA, MMOJHOM ITOJIE3HOM
MOTIIHOCTH U K.M.JI. UCTOYHUKA OT COMPOTUBIEHUS HATPY3KH.

Teopemuueckasn uacme.

JIrobas snekTpudecKkas 1Eenb COCTOUT W3 MCTOUYHUKA U MOTPEOUTENsS SHEPTrUM, a TAKKE
Pa3JIMUHEIX PETYIUPOBOYHBEIX YCTPOMCTB U U3MEPUTEIEHEIX TPHOOPOB.

A
> O

Puc.1.

Ha puc. 1 opencrasnena nmpocrenmnias 1enb, COCTOANIAS U3 UCTOYHUKA MOCTOSHHOTO TOKA €
OJ1C E v BHYTPEHHUM CONPOTUBIEHHEM /¥ HArpy304HOro peocrara R . J{ma m3MepeHus CIIbl

TOKA W HANMPSAKEHUA HA HATPY3KE B LENb BKIIOUEHEI amrepMmerp 4 M BOJXBTMETP V. B rakoi
e CHiIa TOKA, HANPAKEHWE Ha HArpys3Kke, [MOJHAA M MOJe3Has MOITHOCTH OKa3bIBAOTCA
3aBUCHUMBIMIL OT RETHULHEI HATPY3KH. Cwuuta TOKa, HarpuMmep, yOBIBAET C POCTOM COITPOTHUBJIEHHS

HArpy3KAB OB TOIRINA 3 BECTHRIM 3aKOHOM OMma.
CepTucpukar:  2C0000043E9ABBBI52205E7BA500060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa E

| =

R+r (1)
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OueBuaHO, HAMOONEMNI TOK OyZeT B Ciydae KOPOTKOrO 3aMbIkaHus, T.e. mpu R=(. Ero
E

BenmyuHa I, T (puc. 2).
13 (1) nerko monygaem

E=IR+Ir =U, +U, 2)

rae Ugp =IR 151 U,=Ir _ DageHUs HaOpPsSKEHUA (UM MPOCTO HANPSIKEHHA) HA
BHENIHEM M BHYTPEHHUM YUaCTKaX L€ COOTBETCTBEHHO.

[Ipyaumas Bo BHuMmanue 3akoH Oma (1), momydaem u3 (2) 3aBucuMoCTh HanpskeHus U, ot
CONPOTHUBIEHUS HATPY3KHU R:

E E
Un =k R
+r r
1 +—
K. (3)
Otcroga BUAHO, UTO C POCTOM CONPOTHRBICHUSA HATPY3KH HAMPSIKEHUE HA HEW BO3pPACTAET,
ACUMITTOTUYECKU NTpuOnmxaice k sexmunne JJ(C npu R— oo (puc. 2).

[Ipy mpOX0kKAEHMM HIEKTPUUECKOTO TOKA B IENMM IMPOMCXOJUT BBIACICHUE ITOJHOM

MOIITHOCTH
P =IE (4)
ITPH 5TOM MOIIHOCTE, BEIACIIEMAs HA HATPY3KE
P, =1U,

(5)

ABJIAETCSA ITOJIE3HON MOTITHOCTEIO.
M3 (4) BUOHO, 4YTO MMONHAS MONIHOCTh, pAa3BUBAEMAs WCTOYHUKOM, 3dBHUCUT OT

COMpOTHBIEHUA HArpy3km R Tak ke Kak M CHIa TOKA I'=I(R) ' Oua makcimambmas pu
KOPOTKOM 3aMbIKanuM (R=())

2

PH'-E :IH'-E-E —
r, (6)
HO B 3TOM CIy4Yae€ BBIAEIAETCA B CAMOM HUCTOYHHMKE M OKA3BIBAETCS OECIOJIE3HOM, 4 3a4acTyio
BPEIHOM, BEI3BIBAS BRIXOJ UCTOUYHHKA M3 CTPOA. C pocrom R mommas MONIIHOCTE yOBIBAET,
CTPEMACH K HYJIIO ITPH R — @ (pyuc. 3).
3aBUCHUMOCTh MOJE3HOM MOIIHOCTH, BBIAEIAEMON HA HArpyske, ot R omnpepemnsercs
BEIPAKEHUEM
g
) E-
PRZIURZI‘RZ 2 ~ R
+F )
- P =P(R) o
Anamm3 BeIpaxeHusa (/) MOKA3bIBAET, YTO 3aBHUCHUMOCTE - IOJKHA WMETH

MAKCHUMYyM, TaK Kak P =0

R— oo

B IIPEAEIBHBIX CAy4Yasax: IMPH KOPOTKOM 3ambelkaHuu (R=0) u mpu

Haiinem 3Hauenuwe ~°, opu KOTOPOM MONE3HAA MONIHOCTB, OTOMpaemas OT MCTOYHHUKA,
Oymer waubomsmaa. [ma ostoro npomuddepenuupyem dopmyny (7) U HOpuUpaBHIEM
MPOU3BOIHYIO HYJIIO

OOKYMEHT UDﬂHHCHH
SANEKTPOHHOW I'ID,EII'IIgiEO )
Ceptvdmkar: 2C0000043E9ABBB952205E7 Gﬁﬂﬁﬁﬂgﬁ@ldgg + F)[(R + F') ZR] :0
Bnaneneu: llleGayxoea TaTeAHa AneucaHﬂpcﬁa ( R + .”")4
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COTTPOT HATDY
Ceptudmkar: 2C0000043E9ABBBA52205E 7BA50006000804

R
Orcroga naxomum, uto Pr — makcumaneHa npu = Y , T.e. KOrJa COMNPOTHUBIECHUE
HATrPYy3KW PaBHO BHYTPEHHEMY CONMPOTUBICHUIO UCTOYHUKA (puc.3). [Ipu sromM HanpsxeHue Ha

E
Uﬁﬂ =5
Harpyske pasao noaosune JJC, T.e. , & CHJIa TOKA — ITOJIOBUHE CHJIBI TOKA KOPOTKOTO
I _Lo
o2
3aMBIKAHU S
PR

PK3

Puc.3.

[Tone3nags MOMHOCTB, B 3TOM CIIydde, COCTABISAET YETBEPTh MOIIHOCTH KOPOTKOTO
3aMEIKAHW .
OTHOIIEHWE MOJE3HOU MOTMIHOCTH KO BCEM MOITHOCTH, PA3BUBAEMON MCTOYHUKOM B IIEITH,
onpeneraer KO3 PUIMEnT moJIe3H0ro IeUCTBUA (K.II.1.) T ucrounuxka.
P, 1U, U, R

n:P:IE:E:R+r (9)

W3 sroit Gopmymsl cremyer, uto ! Gymer Tem Gosbine, geM OONBIIE COMPOTHBICHHE
n =0

i acummrorTueckn crpemures k 1 =1 mpu R © Tpu
1

N =—
R=r_re. IPU MAKCUMAITBHOM MOJIE3HOW MOMIHOCTH K.IT.J. UICTOUHHMKA 2 , T.e. COCTaBJIAET

50%.
HMMeHHo uccienoBaHne 3THX 3aKOHOMEPHOCTEM ABIAETCA Henbio paborel. Heobxomumo
U

marpyskun R . ITpu & =0

[MOJIVIHUTE DSKCIICPHMCHTAJIBHBIC 3dBUCHUMOCTH CHJIIBI TOKA 1 » HAIIPAKCHHA . moJiHOu P n

Mone3Hoi Pr, a TAK %€ K.ILA. ||  OT BEIMUUHEI COMPOTUBIEHHSA HATPY3KHU.

Oobopyooeanue u mamepuabol.

VICTQEREHTIOSHMEHIOI0 TOKA, Pe0CTar I MCKYCCTBEHHOTO YBEIWYCHHSA BHYTPEHHETO
.g.éjll}mﬁ peEOCTaT MIJLIIMAMIIEPMETP, BOJIBTMETP.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Yrazanusa no mexunuke dezonacuocmit.
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1. K BeimomHeHuio madopaTopHBIX padOT DOMYCKAKOTCS CTYAEHTHI, M3YUMBIIHME ITPABUIIA

TEXHUKN 0€30TTaCHOCTH.

2. JlaboparopHsie pabOTEI MOTYT MPOBOAUTECA TOJMBKO MO PYKOBOACTBOM U HAOIIOEHHEM

IPEnOaaBaTEeNs.

3. llpu BeImomHEHUH TA0OPATOPHEIX padOT CTyAEHTAM 3aIPENIAeTCA:

- BKJIFOUATh CXEMBI IO HATIPSKEHUEM 0€3 MPOBEPKH MPETOAABATENA;

- TMPUKACATBCS K HE3AMMMIEHHBEIM M30JAIMEN YacTAM CXEMBI, HAXOMAMIMXCA TOX
HAIMIPSAKEHUEM,

- OOpPENeNATh HAJWYHME HANPMKECHUA HA OSJIEMEHTAX LEMA IPU HOMOIIU ITATBIIEB,
NPOBEPKA HAJIWYWAA HAMPAKEHUA IMPOU3BOIUTCA TOJBKO C ITOMOMNIBI0 BOJIBTMETPA U B
OPUCYTCTBUU HNPEMOOABATEN;

- BKJIIOYATh PYOMIBHUKH, HAKAMATh KHOMNKH, HOPHUKACATBECA K HIECKTPUYECKOMY
000pynOBAHNIO, HE OTHOCAMIEMYCS K MOaHHOW JadoparopHon pabore 0e3 Bemoma
MPEIO 1aBaATENA;

- IPOU3BOIUTE 10 X0y BEIMOJHEHUA PA0OTEI IEPEKITIOYEHNA B CXEME, HE 00eCTOUNB €€,

- OpocaTe COEIUHUTENBHEIE MPOBOIA HA TTOJ M HA UCCIIENYEMYIO YCTAHOBKY;

- KJIACTH HA pad04mil CTOJI MOCTOPOHHNUE TTPEAMETHI;

- BXOJIUTH B 1a00paTOPUIO B BEPXHEN OJIEKIE;

4. [lepen BKIOYEHUEM CXEMBI 00A3aTENIBHO NMPEAYNPEANTE YWIEHOB Opuraasl: « OCTOPOKHO!
Bxmogaro!».

5. Illpyu Hamuunu B CXEME€ KOHAEHCATOPHBIX Oarapen, HEOOXOIMMO MOCIE OTKIIFOUEHUA
NUTAHWA UX PA3PAIATE 110 HAOIIO JHEUEM ITPEMONABATES.

6. [Tpn oOnapyxennn Kkakux — 100 HEUCIIPABHOCTEN, NCYE3HOBEHUA HANPSKEHUS B CETH, a
TaKK€ IMPH HECYACTHOM CIIy4ae, HEMEJIEHHO ITPEKPATUTE PA0OTY, OTKJIIOUUTE YCTAHOBKY OT
3JIEKTPONUTAHUA U COOONIIUTE MPEIOAaBATENIO.

7. IToMHUTE, UTO TTPH OTKITFOYEHUH I[ENEH MOCTOSHHOTO TOKA C MHAYKTUBHOCTBIO BO3MOKHO
KPAaTKOBPEMEHHOE PE3KO0€ MOBELIIIEHNE HATPSKEHUS.

8. CrynmeHrel, HapymMBHIME IIPABHJIA TEXHUKU O€30IMACHOCTH, HE MOOITyCKAITCA K
nampHeUm e padore B 1ad0pATOPHUN U MIPUBJIIEKAIOTCA K OTBETCTBEHHOCTH.

3aoanus.

Pabogasa cxema m3o0Opaxena Ha puc. 4. B kauecTBe MCTOYHUKA MOTYT MCIIOJIB30BATHCSH
AKKyMYJIATOPBL WIH BBEIIPAMHUTENL, OAIONIME HANPAKEHHE BEIWNYMHOW HECKOJBEKO BOJIBT.
BHyTpeHHEE CONPOTHBICEHNE TAKMX UCTOYHHKOB, KAK IPABIIO, MAJIO0 - MOPANKA JECATBIX OOJIEH
Oma. IlosTOoMy, kKak crnegyer W3 BEIIIEWU3I0KEHHOTO, IJIA MOCTPOECHUA TPa()UKOB MCKOMBIX
3aBUCUMOCTEN HATPY30UHBINA peocTar R TOkE TOMKEH UMETh CONPOTHUBICHUE MOPIIKA JECATHIX
nmonen Owma. IlomoOueie peocTarsl ABMAIOTCA YHUKAIBHBIMUA. [losTOMYy BHYTpeHHEE
CONMPOTUBJIICHHUE MCTOYHMKA B JaHHOM padOT€ MCKYCCTBEHHO YBEIMUMUBAETCA ITYTEM

r

MOCIIENOBATENRHOTO BKIIOUEHUA JOMOJMHUTEIRHOTO peocrata 7, MMEomiero BEIMYUHY
HECKOJBKUX HOecATKOB OmoB. IIpu 3TOM COOCTBEHHBIM BHYTPEHHHUM CONPOTUBIEHUEM V'
MCTOUYHUKA MOKHO MPEHEOPEYE.

M3 cxemel (puc.4) cnemyer, 4TO BHYTPEHHEE CONPOTHUBICHUE MWIIMAMIIEPMETPA H
BOJIETMETPA COCTABJIAIOT C COMPOTHUBICHUEM HATPY30YHOTO peocTrara emuHoe Ienoe. Takum
00pa3oM, JEBYIO UACTE CXEMBI CIIEYET PACCMATPUBATH KAK UCTOUHUK, 4 MIPABYIO0 KAK HATPY3KY.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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NcTOYHMK mA

r

Puc. 4.

1. CobOpares pabouyto cxemy (puc.4). Brracaute mnapamerpesl npuOOpoB. [[BUKKH
pPEOCTATOB YCTAHOBUTH B IMOIOKEHNE HAMOOIBIIEr0 3HAYEHUSA COMTPOTUBIICHUA.

2. Ilocne mpoBepkrn CXEMBI OPEMOAABATENEM WM JTA0OPAHTOM BKIIOYUTHE HMCTOYHHK
muTanusa. OTcunuTars MoKaszaHusa MpuOOPOB U 3aHECTH B TAOIHILY.

3. Jlanee, ymeHbmas COnpoTuBiIcHUE HArpy3ku R, cuare 8-10 3nauenny toka B nerm I u
HanpsoxeHus Ur Ilocnennsas Touka gomkHA COOTBETCTBOBATE KOPOTKOMY 3aMelikaHuro. [Ipu
3TOM TOK JOJKEH PABHATHCH /s, & HAMPAKEHUE TJOKHO OOPATUTHCA B HYJIb. BEIKITIOUNTE CXEMY.

4. OnpenenuB 1€HBI OENEHUN HA WCMOJIB30BAHHBIX MPENEIaX U3MEPEHUH aMIIEpMETpa U
BOJBTMETPA BBIYMCIUTHE M 3aHECTH B TAOIMIy 3HAYEHUSA TOKA B aMmepax W HAMpIKEHUd B
BOJIbTAX.

5. PaznenuB monydeHHBIE 3HAYEHMSA HANPSIKEHUSA HA COOTBETCTBYIONIME 3HAYECHUA TOKA

pacCuUmMTATh U 3aHECTH B TAOMMIY COMPOTUBIEHUE HATPY3KH R
Taomua 1.

N I U P=IE P=IUx P,

U
“r n =—&
— I P

R
A B Om Bt BTt

6. Bemmuuny JJIC E cnemyer cuurare w3BECTHOM, MO0 W3MEPUTH 3HAaueHue E mpu

OTKTIOYEHHOM HATPY3KE.
7. ITo popmynam (4,5,9) paccuurats 3HaUEHUA MOJIE3HOM Pr momHoON P MOnHOCTH M K.IL. 1.

J , COOTBETCTBYIONIME HAUAEHHBIM BeTmanHaMm R.

I=I(R) U, =U,(R)

8. Ilo mosrydeHHBIM 3HAYEHUSAM TOCTPOUTH KPHUBBIE Ha OIHOM

rpaduke u P=P(R), Px=Pr(R) u " ="1(R) ma gpyrom.
9. OT™MeTuTh HA NEPBOM rpapuKe COMPOTHUBIEHHUE R (=7, MpH KOTOPOM TOK M HAIIPAKEHUE

I/
COCTABIAMBIVEBATREIVABEHHO, MOJOBHHY TOKA KOPOTKOTO 3aMblKaHusa *° U moaoBuHy E. Ha
SNEKTPOHHOW MOANKC

Cepudb BFO pONPP RS oRRAEERBABb00600000476 MAaKCUMyMy 3aBUCHMOCTH Pr =P (R) . CpaBHUTE MEXKIOY

Bnaneneu: llleGayxoea laTeAHa .ﬁ.ﬂEHEEHﬂ,ptﬁHE
co00OM H3TH 3HAYCHUA 0. IlpumepHOo€ paBEHCTBO MEKAY O3THMHM IOBYMA 3HAYCHHAMH U
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ABJIIETCA KPUTEPUEM NPABUIBHOCTH BBIITOJHEHHBIX W3MEPEHHMH. ECIM Takoro paBeHCTBA HET,
W3MEPEHU CIIENAYET IPOIEIaTh BHOBS.

Cooeprcanue omuema.

Otuer no abopaTopHeIM padOTAM JOMKHBEL CONIEPKATD:

- TUTYJIBHBIH JIACT;

- IETb PaOOTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OMPEIENEHUI, TOHATHH, (DOPMYIL;
- OCHOBHOE 000pyIOBaHUE, CXEMA YCTAHOBKH,

- OMMCAHUE M0 MYHKTAM BBEIIIOJIHEHHOU Pa0OTHI;

- PE3yJIBTATEl U3MEPEHHUH U pacueToB (Tadmuilel, rpadukn);

- OIIEHKA MOTPEIIHOCTEM;

- OTBETHI HA KOHTPOJIBEHBIE BOITPOCHI;

- BEIBOJIBI IO PE3YJILTATAM BBIITOJTHEHHOU padOTEI, aTa, MOAMHUCE.

Koumponwsuuie eonpocui.
. Uro taxkoe 2J1C?
. 3amummTe 3ak0H Oma B 0000meHHon (popMe U 1A 3aMKHYTOH TEITH.

. [IpoBenuTe maremarnyeckoe UCCAENOBAHNE (DYHKIIMI Ur(R)  L(R)

. JlaiiTe onpeneneHne MONTHOCTH ATEKTPUUECKOTO TOKA.

. [TpoBenuTre uccaenoBaHue 3aBUCUMOCTH Py =FP(R)

. Y10 Takoe K.II.0. UCTOYHHKA?

N s b

JlaboparopHnasi padbora Ne 10
Tema padomui. U3yueHHe IBIeHHS YJIEKTPOMAr HHTHOM HHIVKIHH.

Ilenv padompi. W3yuenune 5HIEKTPUYECKHMX TOKOB BO3HMKAKIIMX IIPU  ABICHUH
SIEKTPOMATHUTHOW WHIYKIHH.

Teopemuueckan wacme.

MAarHuTHbI NOTOK 4Yepe3 IUIOCKYI0 IOBEPXHOCTH — H3TO CKaApHAA (Pu3mueckas
BEIMUMHA, YHCIEHHO paBHAsA MPOM3BENCHUIO MOIYAA MArHWUTHOM WHAOYKIMM HA IUIONIANE
MOBEPXHOCTH, OTPAHUYEHHON KOHTYPOM, U HA KOCHHYC yIJa MEXIY HOPMAIbI K MOBEPXHOCTH
1 MarHUTHOU uHAyKunen 17 okradpsa 1831 roga anrmmickmit yuensid Matikn dapanend OTKpBLT
SABJICHUE YIEKTPOMATHUTHOH HHYKIHH.

SIpiieHNeM 3JIeKTPOMATHUTHOH WHAYKINH HA3BEIBACTCA ABJICHUE BO3HUKHOBEHHUA TOKA B
3aMKHYTOM KOHTYPE HOpPH M3MEHEHMH MATHUTHOTO MOTOKA, MPOHU3BIBAIOMIETO ATOT KOHTYP. A
MOJIYUEHHBIN TAKUM CIIOCOOOM TOK, HA3EIBAETCA HHAYKIIHOHHBIM.

3aK0H JJIEKTPOMATHHTHOM HHAVKIHH: CPENHEE 3HAYEHWE DIEKTPOABUIKYILEN CHIIBI
MHOYKIIUA B MPOBOIANIEM KOHTYPE HOPOMOPLMOHAILHO CKOPOCTH M3MEHEHUS MATrHUTHOTO
MOTOKA Ye€pPe3 MOBEPXHOCTh, OTPAHWUUEHHYIO KOHTYPOM.

Bemuunna n nanpasnenue 3J[C nungyKimm

PaccmoTpum Tenepp, KakOBEI OyayT BEIMYMHA W HAIMPABIECHUE HWHIYKTUPOBAHHON B
npoBoaHuke J/1C.

Bennunna D J]C MHOIyKIMM 3aBUCUT OT KOJIWYECTBA CHJIOBBIX JIMHUM MOJIA, ITEPECEKAIOIINX
MPOBOJHUK B €AUHUIYY BPEMEHH, T. €. OT CKOPOCTH JBUKEHUS MPOBOTHHKA B TOJIE.

BEHWEHWOBHHHD?I IOJIC naxomurcs B IpAMOM 3aBUCUMOCTH OT CKOPOCTH
SNEKTPOHHOW MOANACE

Ceprud HkBHLE EHTHEL QB AHEHK R, B, MaTHITIdI QM TI0TIC.
Bnanenew:  UBemmirpa-aHayErpeBaHHod J/[C 3aBUCHT Takke W OT OJIWHBI TOM 9aCTH NPOBOIHHKA,

I{DTDPH}I HEPECEI{HETCH CHIOBEIMM JIHHHAMH IT1OJIA. qEM GDHBH_IHH qdCTh HPDBD,II,'HHI{H
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MEPECEKAETCA CHIIOBBIMU JTUHUAMH NOJL, TeM Oompmasn J/1C nunayktupyerca B npoBoaHuke. U,
HAKOHEIl, YEM CIUTRHEE MATHUTHOE MOJE, T. €. 4eM OOIbIe ero MHAYyKIwA, TeM Oompmas 3/[C
BO3HUKAET B IPOBOJIHUKE, IEPECEKAIOIIEM 3TO ITOJIE.

Hrak, sennuuna O/[C wHAyKIMKM, BO3HUKAIONIEH B HNPOBOJHUKE IIPU €r0 ABUKEHUH B
MATHATHOM IT0JIE, IPAMO IIPOIO PIHOHAIBHA WHAYKIIUK MArHATHOTO ITOJIA, JJIMHE ITPOBOIHUKA U
CKOPOCTH €r0 MEPEMEMICHHUA.

3aBUCUMOCTH 9Ta BEIpakaercs popmynoit E = Blv,

rane E — DOJ1C wunykipm; B — marautHas wHaykims; | — qimuHa OpoBOIHUKA, Vo —
CKOPOCTH JBUKEHHA ITPOBOIHUKA.

Cinenyer TBepoO NMOMHWTH, YTO B NMPOBOJHHUKE, IIEPEMENIAIONIEMCA B MArHUTHOM IIOJIE,
OJIC MHAYKIMM BO3HUKAET TOJBKO B TOM CIydae, €CIM STOT MNPOBOJHUK IEPECEKACTCA
MATHUTHBIMHM CHWJIOBBIMU JIMHUAMM TOnA. ECan ke mpOBOIHMK MEPEMENIAETCS BAOJb CHIOBBIX
IUHUN TOMNA, T. €. HE IMEPECEKAEeT, 4 Kak OBl CKOJB3UT MO HUM, TO HUKakou I/C B Hem He
uHaykTupyercsa. [lostomy nmpuBenennas Beime (popmMyna cnpaBeqiMBa TOJIBKO B TOM CIIydae,
KOT1a IIPOBOTHUK MEPEMENIACTCA MEPIEHIUKYIIAPHO MArHUTHEIM CHJIOBBIM JIMHUAM ITOJIA.

Hanpasnenne naaykruporannoi J/[C (a Takke v TOKa B IPOBOJHUKE) 3aBUCHUT OT TOTO, B
KaKyI0 CTOPOHY IBWKETCS MPOBOAHUK. /115 ompenenenus HanpasieHusa nHOyKTupoBanaou 3[C
CYILIECTBYET MPABUIO MPABOU PYKH.

Ecmm pepxkars nagoHe MPAaBOM PYKH TAK, YTOOBI B HEE BXOJIWIM MATHUTHBIE CHIIOBBIE
JIMHUU TI0JIA, 4 OTOTHYTEIM OONBIION MAJIEI] YKA3hIBAX OBl HANIPABICHUE IBUKECHUA ITPOBOIHUKA,
TO BBITAHYTHIE YETBHIPE MANBLIA YKAKYT HANPABICHUE IEUCTBUA WHAYKTUpOBAaHHOU JJ[C u
HAIIPABJIEHUE TOKA B MPOBOIHUKE.

[Ipn mBUKEHUM BHYTPH KATYIIKW MNOCTOSHHOTO MAarHura B HeW uHayktupyercs IJ[C 3a
CUET TOr0, YTO MATHUTHBIM MOTOK MArHUTA IEPECEKAET BUTKH KATYHIKH, T. €. TOUHO TAK K€, KaK
5T0 OBLIIO TP ABMKEHWUHN IMPAMOIMHEHMHOTO MPOBOIHUKA B IT0JIE MATHUTA.

Ecmi marHdT OmycKaTe B KATYHIKY MEINIEHHO, TO BO3HUKarmomas B Hed JJ]C Oymer
HACTOIBKO Mamna, 4TO CTpenka mpudopa MOKET Oaxke HE OTKIOHUThCA. Ecnu ke, Haobopor,
MATHUT OBICTPO BBECTU B KATYUIKY, TO OTKJIOHEHHE CTPEIKH Oynetr OOnpmMM. 3HAUNUT, BEIMUHHA
uHayktupyemon JJIC, a cnegoBarenprHO, MU CWIA TOKA B KATYIIKE 3aBUCAT OT CKOPOCTH
OBWKEHUA MArHUTA, T. €. OT TOTO, HACKOJIBEKO OBICTPO CHIIOBEIE JTMHHUM MOJA MEPECEKAIOT BUTKU
Karymku. Ecau Tenepes moodepenHo BBOIWTH B KATYHIKY C OOWHAKOBOM CKOPOCTBIO CHAdasia
CWIBHBIM MArHuT, 4 3aTeéM CHa0BId, TO MOJKHO 3aMETUTh, YTO MPU CUILHOM MATHUTE CTPEIKa
npuOopa Oymer OTKJIOHATHCS HA OONBIIMM YTOJI. 3HAYWT, BeTuduHa HHAOyKTupyemoun J/[C, a
CJIEIOBATENEHO, U CHJIA TOKA B KATYIIKE 3aBUCAT OT BEIMUYNHLI MATHUTHOTO MTOTOKA MATHUTA.

W1, nakonern, ecim BBOAUTE ¢ OJMHAKOBOM CKOPOCTBIO OJWH M TOT K€ MATHUT CHAYAIA B
KaTymiKy ¢ OOJBIIMM YUCIOM BUTKOB, 4 3aT€M CO 3HAUWTEIFHO MEHBIIUM, TO B IEPBOM CIIydae
CTpenka mnpudopa OTKIOHUTCA HA OOJMBMIMN yrol, 4€M BO BTOPOM. 3HAYWUT, BEIMUMHA
uHayktupyemon JD/(C, a cnemoBarensHO, U CHIA TOKA B KATYIIKE 3aBUCAT OT YMCIA €€ BUTKOB.
Te xe pesymprarel MOKHO NOIYYUTH, €CIM BMECTO MOCTOAHHOIO MArHWATA ITPUMEHATEH
SIEKTPOMATHUT.

Hampasnenne 3JIC MHAYKIMU B KATYIIKE 3aBUCUT OT HAMPABICHUA MHEPEMENICHUS
maraura. O Tom, Kkak onpexpenars HampaBaenne JJIC  uHAYKIUM, TOBOPUT 34KOH,
yCTaHOBAEHHEBIN J. X. Jlenmem.

3akoH Jlenna mia 51eKTPOMAarHUTHOM MHAYKIMK: BCiAkoe N3MEHEHNE MATHUTHOTO IMOTOKA
BHYTPHU KATYIIKH CONPOBOKAAETCA BO3HUKHOBEHMEM B Heu JJIC MHOyKIMM, TPUYEM UeM
ObICTpEE U3MEHAETCA MATHUTHBIM MOTOK, MPOHU3BEIBAIONINN KAaTyIKy, TéM Oomemag 3/[C B Hent

WHIYKTUPYETCA.
Ecmm karymka, B kotopou coznana JJ1C mHaOyKmn, 3aMKHYTa Ha BHENIHIOK LEMb, TO MO

OKYMEHT NOAMMCA o .
BUTKAM gﬂmm&wu TOK, CO3JQFOIIMI BOKPYT MPOBOJHMKA MATHUTHOE IOJIC, B CHITY

CoprvbaeT0 2 AT HITEA SIS PETRARYOSPOR0eTIIeHO M. 110y aeTcs TAKIM 00pa30M, UTO M3MEHIONIEecs

B - T " .

naAe S rennies M 08 e BerspiBaer B KATYIIKe WHAYKIHOHHEIA TOK, KOTOPOi, B CBOIO OYepelb,

CO314cCT BDI{p}T I{HT}’H_II{H CBOC MATHHUTHOE ITOJIC — ITOJIE TOKA.
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WM3yuag 510 sBnenwe, J. X. JleHn yCTaHOBHUI 3aKOH, ONPENEILIIONINM HAMNPABICHHUE
WHIYKIMOHHOTO TOKA B KATyIIKE, a cruenoBarenbHO, W HampaBiaeHme IJ1C ungykipm. S]1C
WHIYKIIMM, BO3HUKAIONIASA B KATYHNIKE MPU U3MEHEHMM B HEH MArHUTHOTO MOTOKA, CO37AET B
KaTyIlIKe TOK TAKOT0 HAPABIEHUSA, TPHU KOTOPOM MATHUTHBIN MOTOK KATYUIKW, CO3TaHHBIA 3TUM
TOKOM, MPENATCTBYET U3MEHEHUIO MMOCTOPOHHETO MATHUTHOTO MOTOKA.

3axkon Jlenmna copaBenymMB s BCEX CIYyYA€B WHAYKTUPOBAHUA TOKA B MPOBOIHHKAX,
HE3aBUCUMO OT (POPMBI TPOBOJHMKOB U OT TOTO, KAKMM CHOCOOOM MOCTUTAETCA M3MEHEHHUE
BHEIITHET0 MATHUTHOTO MOJIA.

£ o
Bemiunua 5.1.C. MHIYKIUA uH0  OMIPENENAETCA 3aKOHOM 3JICKTPOMArHUTHOW

o £
uHAYKIM Dapanes: 5.1.C. 3JEKTPOMATHUTHON WHAYKIUKA U0 | B 3aMKHYTOM IPOBOISAIIEM

KOHTYPE UYHMCICHHO pPaBHA M MPOTUBOIIOJIOXKHA II0 3HAKY CKOPOCTA W3MEHEHUA MATHUTHOIO
moTOKAa @ CKBO3b NMOBEPXHOCTH, OTPAHUYECHHYIO 3THM KOHTYPOM

L do
und e

dt (1)
3HaK MMHYC B (pOpMyJI€ COOTBETCTBYET npasuly Jlewya: TPU BCAKOM W3MEHEHUH

MAI'HUTHOTO IMOTOKd CKBO3b IMOBCPXHOCTL, OTPAHHYCHHYIO 3dMKHVTBIM KOHTYPOM, B ITOCICIHEM

BO3HHKACT I/H—I,I[}’I{T_[HDI-H-]LIﬁ TOK TAKOTO HAIIPpABJICHHA, YTO €TO COOCTBEHHOE MATrHUTHOE IT0JIE
HpﬂTHBﬂ,I[EﬁCTB}’E‘T H3MCHCHHWH) MATHHUTHOTO ITOTOKd, BEI3BABILICT O I/H-I,I[}’I{HHGI-H-]LIﬁ TOK.

Puc. 1.

[Ippyurna BO3HMKHOBEHWA WHAYKIMOHHOIO TOKA B HEMOJBHUKHOM KOHTYPE COIJIACHO
TEOPUH SIEKTpoMarHeT3Ma Makcpena coOCTOUT B TOM, UTO ITPU U3MEHEHUH MArHUTHOTO ITOJIA
BO3HHUKAET BUXPEBOE AMEKTPUUECKOE MOJIE, T.€. HAEKTPUUECKOE MOJE C 3AMKHYTBIMH CHJIOBBIMU
muauaMu. llog mencTtBuemM 5TOro mosiga CBOOOIHBIE 3apAlbpl KOHTYpa MEPEMEMAIOTCS, T.€, B
KOHTYPE BO3HUKAET JIEKTPUUECKNUN TOK, HA3BIBAEMBIN HHAYKITHOHHBIM TOKOM.

[lycte mmockuil 3aMKHYTBIM MPOBOASAIIAN KOHTYP L HaxomuTcsa B OJHOPOIHOM
MATHUTHOM mnone ¢ uHayknuen B (puc. 1). Torma marHutHeni motok @ (DOTOK BEKTOPA
MATHUTHOM WHAYKIMM) YEpE3 IOBEPXHOCTh, OTPAHUYEHHYI0O KOHTYPOM L, ONpenensercs
BEIPAKEHUEM

O=BScosa (2)

o

rae S — muomane MOBEPXHOCTH, OTPAHUYEHHON KOHTYpOM L, &  — yrom MexIay HanpaBJIEHUEM

CHJIOBEIX JIMHWH (HAIPaBIEHHEM BEKTOpAa W HOPMAIpI0 1 K MOBEPXHOCTH, OTPAaHHYCHHOM
KOHTYPOM).

[lycte maraurHO€ 1moOsE€ CO3mAETCA LWIMHAPUYECKOW KATYMKOM (COIEHOMIOM), IO
KOTOPOU MPOTEKAET NEPEMEHHBIN SIEKTPUIECKHUI TOK

I=1 coswt
! (3)
[ _
rae 0 — aMmMTyAHOE 3HAYEHWE TOKa; @ — IUMKIWYecKas gacrora Toka @ =2nv
V. —ygacrora TOKA.

Toraa marpprHas pHAVKIIAA B MOJis BHYTPH KaTYIIKH ¥ BOIM3M €€ TOPLOB paBHa
ANEKTPOHHOW MOANMCHIO B=piy,nl
Ceptudpukat:  2C0000043E9ABBBIS2205E7BAS00060000043E 0

BnanenddJTHA m@ﬁi@ﬂﬁﬁ NﬁTeg-l)El AnekcaHapoBeHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023

52



B=pp,nl ,cos wt
(4)

rme H — mMarHMTHAS TPOHUIIAEMOCTH CEPIEUHUKA KATYIIKHU; Mo _ marmmrHas MOCTOSHHAS;
n — YACIO BUTKOB KATYIIKA HA eaunHuile MiuHbl. [loacrtaBuB Breipaxkenue (4) 8 popmymy (2),
HAXOJIUM MATHUTHBIN MOTOK 9€pPE3 KOHTYP, PACIIOI0KEHHBIM BOIM3H TOPIA KATYIIKH

D= pp,nl ,Scos a coswt

OTCPD,I[H CKOPOCTh U3BMCHCHHWA MdTHUTHOTO ITOTOKd PdBHA,

dﬂ:— Ui, nIﬂSm cos a sin wt
dt (5)

Takum oOpazom, CKOPOCTE M3MEHEHMA MATHUTHOTO IMOTOKA MPOMOPIHUOHANBHA AMILUIATYTHOMY

3HAuCHUIO TOKA B Katymke 0 wukocunycy yrma @ . [logcraBuB BeipaxeHue (5) B popmymny
(1), momyuaem

EuHa:CIﬂcnsa

(6)

Fne C=—pp,nSwsinwt

E_.I"—-’.[B AL E,E’B .- ‘{3
s ;.r'
, X / {-
.l'lll fl’
___.".-I _..""f ) lf-.-t:f I;.-' - L I_I-!r
- fﬁ_,a' ' T
. ’ - -:I.-H___.
7 wA e
Puc.2.

o €
3aBUCUMOCTE  3.1.C. SIEKTPOMATHUTHOM WHAYKIHMH ud OT I 5| cosa
(mpUMeEepHEBI BUIT U300pakeH Ha puc.2.

Oobopyooeanue u mamepuaol.

. Munmiamnepmerp.

. Marnaur.

. Karymka-moTok.

. UcTounmk TOKA.

. Peocrar.

. Kirou.

. Karymika ot anekrpoMaraura.
. CoemuHUTENBEHEIE TPOBOAA.

GO =1 SN n e L B —

Ykazanus no mexnuke desonacrnocmu.
1. K BeimomHeHuio madopaTopHBIX padOT DOMYCKAKOTCS CTYAEHTHI, M3YUMBIIHME ITPABUIIA
TEXHUKHN 0€30MaCHOCTH.
2. JlaboparopHsie pabOTEI MOTYT MPOBOAUTECA TOJMBKO MO PYKOBOACTBOM U HAOIIOEHHEM
PEnOaaBaTENs.
3. I Bt nadopatopHelx paboT CTy IeHTaM 3aIperaeTcs:
Ceptudmkar:  2C0S0BHIEOEAT T CRENVLE (10 HAPTKCHHCM oe3 [IPOBCPKH ITPCITIO JABATCIIA,
Snagenew:  WeboyHpIfRACATISCA R He3anMIIEHHEIM  M30JIIIMEH  9acTAM CXEMBI, HAXOASAMIMXCA TIOT

HHHPHHCEH'HEM;
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- OIIPENEIIATE HAJTNYNE HANPSKCHIA Ha SJIEMEHTAX L€ IIPUITOMOIM [TAIBIER; IIPOBEPKA
HATUUMSA HAMPSKEHUSA MPOU3BOAUTCA TOJBKO C MOMOMIBIO BOJBTMETPA M B HMPUCYTCTBUH
MPEIO 1aBaTENA;

- mpu pabore Ha 1adOPATOPHOM YCTAHOBKE IIPUKACATHCA OJHOBPEMEHHO CTEH,
pamuaTopoB CUCTEMBI OTOILIEHUA U IPYTUX METALIMYECKHUX ITPEIMETOB;

- BKJIIOUYATh PYOMIBHUKH, HAXKHUMATh KHONKHM, HOPHUKACATBECA K HIEKTPUYECKOMY
000OpynOBaHNIO, HE OTHOCANIEMYCS K MOaHHOM JaboparopHoil pabore 0e3 Bemoma
MPEIO 1aBaTENA;

- IPOU3BOINUTE 10 X0y BEIMOJHEHUA PadOTHI MEPEKITIOYEHUA B CXEME, HE 00eCTOUNB €€,

- OpocaTe COENMHUTENLHEIE IPOBOAA HA ITOJI M HA UCCIIENYEMYIO YCTAHOBKY;

- 3aMEHATE CTOPEBIIME MPEAOXPAHUTENM HA pAOdOYMX MNIMTAX IPU BKIHOUYEHHBIX
pPYyOMIE HUKAX;

- KJIACTh HA pad04mil CTOJI MOCTOPOHHUE TIPEAMETEI;

- BXOJIUTh B 1a00paTOpPUIO B BEPXHEN OJIEKIE;

- KYpEHHE U 3aKUTAHUE OTHAL.

4. Ilepen BxkiIrOUEHHEM CXEMEI 00A3aTENBHO MPEAYIIPEAUTE YWIEHOB Opurans: «OCTOPOKHO!
Bxmogaro !».

5. Ilpy Hamiumm B CXeM€ KOHOEHCATOPHBIX Oarapei, HEOOXOIMMO MOCHE OTKIJIHOYEHHUS
MUTAHWUA UX PA3PAIATE 110 HAOIIO JHEUEM ITPEMOAABATE.

6. ITpu oOnapyxennn Kakux — 100 HEUCIIPABHOCTEH, NCYE3HOBEHNA HANPSDKCHUS B CETH, a
TaKK€ IMPHU HECUACTHOM CIIy4ae, HEMEIJIEHHO MPEKPATUTE PabOTy, OTKIIOUUTE YCTAHOBKY OT
3JIEKTPONUTAHUSA U COOOIMTE MPEIOAaBaTENIO.

7. IloMHUTE, 4TO MPU OTKIFOYEHUH [IENEH MOCTOSHHOTO TOKA C UHAYKTUBHOCTBIO BO3MOKHO
KPAaTKOBPEMEHHOE PE3KOE MOBLIILIEHNE HAMTPSKEHUS.

8. CryneHrsl, HapymMBIIME IIpPaBWIA TEXHUMKU O€30IIaCHOCTH, HE JOOIYCKAIOTCA K
nampHemn el padore B 1adOpaTOpHH M MPUBIEKAIOTCSA K OTBETCTBEHHOCTH.

3aoanus.

JKCnepuMenT |

Haunem nmaboparopuyto padbory co cOopa ycranoBku. UToOEI COOpaTs Cxemy, KOTOPYIO MBI
OymemM WCOOnbp30BaTe B jgabopaTtopHOM  paboTe, HOPUCOEOTUHUM  MOTOK-KATYIIKY K
MUJUTHAMIOEPMETPY M UCIOJB3YEM MATHUT, KOTOPBHIM OyaemM nOpuOiMKare WIM YOATIATH OT
KaTymku. OJTHOBPEMEHHO C STUM MBI JOJKHBI BCIOMHUTBL, 4TO OyIeT OPOUCXOIUTH, KOTAA
OyIET MOABIATECA MHIYKIMOHHEIH TOK.

o |

Puc. 1. Dkcnepument 1

Homyaaiize: FRAAGEM, KaK 00BsACHUTE HaOmromaemoe Hamu sBiaeHue. Kakum oOpazom
BITHSACT MAFA? IR TPT0RHa TO, YTO MBI BUZMM, B 9ACTHOCTH ITPOUCXOKICHUE DICKTPHIECKOTO
N000043E9ABBBIS2205E7BAS00060000043E
oo T 0kay JLT, ATOTO, IO CMOTEPUTE HA BCITIOMOTATETEHETH PHCYHOK.

OGPHTHTE BHHUMdAdHHE, UTO JTHHHH MArHUTHOH HHIYKIHUH BBEIXOOAT H3 CCBCPHOTO ITOJIKOCA,
Nei MEKDFH 91 ],:E:)“ Ir]i:ﬂ]f[ ILD.]'II-DL HPH OTOM KOJHMYUCCTBO D5THX JIHMHHH, UX I'YCTOTA PAa3JIMUHA Hd PA3HBIX
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ygacTkax marHuTta. OOparure BHUMAHMUE, YTO HAOPABICHHUE MHIYKIMH MATHUTHOTO MO TOXKE
M3MEHAETCS OT TOYKM K TOuke. [ToaToMy MOKHO CKa3aTh, uTO H3MEHeHHEe MATHHTHOIO IMOTOKA
NPHBOJAUT K TOMY, YTO B 3aMKHYTOM IIPOBOJHHKE BO3ZHHKAET JJIeKTPHYECKHH TOK, HO
TOJbKO IIPH JABH:KEHHH MAIHHTA, CJIeJ0BaATe/JIbHO, H3MEeHSIeTCsd MAIHHUTHBLINH IIOTOK,
NPOHH3BIBAK UK ILT0IAIb, OTPAHHYEHHYI0 BHTKAMH 3TOH KATYIIKH.

DKCOEPUMEHT 2

Crenyroomuil 5Tan HAMEr0 HCCIEI0BAHUS JJIEKTPOMATHUTHOM WHAYKIWHM CBS3aH C
ONpENEICHUEM HANPABICHU HHAYKIHOHHOr0 Toka. O HanpaBIeHMH MHAYKUMOHHOTO TOKA
MBI MOKEM CYIUTh MO TOMY, B KAKYH CTOPOHY OTKJIOHAETCS CTPEIKAa MILIMAMIIEPMETPA.
Bocnomszyemces gyrooOpa3HeIM MATHUTOM U YBUIWUM, YTO OPU MPUOMMKEHNNA MATHATA CTPENKA
OTKJIOHUTCA B OOHY CTOpOoHY. ECmm temepp MAarHUT ABUTAThE B APYTYIO CTOPOHY, CTPEIIKA
OTKIOHUTCA B IPYryl0 CTOPOHY. B pe3ynprate NpPOBENEHHOTO HKCIEPUMEHTA MBI MOKEM
CKa3aTb, YTO OT HAMPABICHUSA OBWKCHUA MArHUTA 3aBUCUT W HAMPABICHUE WHAYKIMOHHOTO
Toka. OTMETUM ¥ TO, YTO OT IOJIOCA MATHUTA TOKE 3aBHUCUT HAMPABIECHNE WHIYKIMOHHOTO
TOKA.

OOparure BHMMAHHME, UYTO BEIMUYMHA HWHIYKIMOHHOTO TOKA 3aBUCHUT OT CKOPOCTH
MEPEMENIEHNA MATHUTA, & BMECTE C TEM U OT CKOPOCTH U3MEHEHHA MArHUTHOTO MOTOKA.

Bropasa gacte Hameu y1adopaTopHOU padOTHI CBA3aHA OyAeT ¢ APYTUM SKCOEPUMEHTOM.
[TocmoTrpum Ha cxeMy ATOTO SKCOEPUMEHTA U 00CYANM, 4TO MBI OyI€M Teneph OEIAaTh.

Knwouy
N

© il

Mlq

ICTOYHMK TOKA

Peocrar

Puc. 2. Dxkcnepument 2

Bo BTOpOHM cXxeM€ B MNPUHIMIIE HUYETO HE HM3MEHUIOCH OTHOCUTEIBHO W3MEPEHUS
WHIYKIMOHHOTO TOKA. 10T K€ CaMBIi MIJITHAMOEPMETP, TPUCOETMHEHHBIN K MOTKY KATYIIKH.
Ocraerca Bce, kak ObLIO B mepBoM ciaydae. Ho Tenmeps M3MEHEHME MATHUTHOTO ITOTOKA MBI
OyZlemM monmydaTh HE 3a CUET ABMKEHMA ITOCTOSHHOTO MATHHTA, 4 32 CYET U3MEHEHUA CHIIBI TOKA
BO BTOPOH KATYIIKE.

B nmepBou wactu OyaemM HUCCIeIOBaTh HAMMUME MHAYKIIMOHHOTO TOKA MPU 3aMBIKAHMHU U
pa3meikannu 1iemd. Mrak, mepBasg 4acTe SKCOEPUMEHTA: MBI 3aMbikaeM kmod. OOparure
BHUMAHUE, TOK HAPACTAET B LENH, CTPEIKA OTKIOHWIACE B OJHY CTOPOHY, HO oOparure
BHUMAHHE, CEMUAC K04 3aMKHYT, a JIEKTPUYECKOTO TOKA MHLIMAMIEPMETP HE MOKA3BIBAET.
Jlemo B TOM, 94TO HET U3MEHEHUA MATHUTHOTIO MOTOKA, MBI YK€ 00 aTOM roBopunn. Ecimm teneps
KITFOY Pa3MBIKATh, TO MIJLIMAMIIEPMETP MOKAKET, UTO HANIPABICHUE TOKA U3MEHUIIOCE.

Bopns@@eAMnGIUBAPHIMEHTE MBI IIPOCIEINM, KAK BO3HUKAECT MHOYKIMOHHBIA TOK, KOTZA

cormmoS AT SR RIS SER A X0k B g0 poit e

Bnageney:  Wedby MBSO AR AETRLOMTBITA OYIET 3aKM0YATECA B TOM, YTOOBI MPOCIEOWTH, KAK Oyaer
W3MEHATECA WHAYKIHMOHHBIM TOK, €CIIM MEHATH BEIMYWHY TOKA B LEMH 34 CUET peocrara. Ber

NeiicrandAAET S EBQE0IHS b H3MEHAEM JIEKTPHUUIECKOE COMPOTUBIEHUE B LIENH, TO, CIEQys 3aKkoHy Oma,
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y HAC OyZeT MEHATBCA U DSJIEKTPUYECKUM TOK. Pa3 M3MeHseTcsa SIeKTPUYECKUH TOK, Oyaer
MOMEHT MEPEMENIEHUS CKOJB3AMIEr0 KOHTAKTa peocrara

3MEHATLCA MArHuTHoe moie. B

H3IMCHACTCA MAIr'HUTHOC ITOJIC, UTO ITPHUBOIHUT K ITOABJICHHIO HHIOY KITHOHHOI'O TOKa4d.

No Cnoco0
ONLITA | MOJIYYeHHS
HHAYKIIHOHHOI'0
TOKA

I

B

BMm

AdM

1 Boecenue B
KATVIIKY
CeBEpHOI0
MmoJiroca
MATrHHTA

2 Yaanenue us
KATYIIKH
CeBEPHOI0
IOJIKCA
MATHHTA

3 Boecenue B
KATVIIKY
H0KHOI0 IOJIInCa
MATHHUTA

4 Ynanenue u3
KATYIIKH
OKHOT 0 MOJTI0CA
MATHHTA

%%
S
>
¥

Coodeprcanue omuema.

Otuer mo y1abopaTopHEIM PadOTaM JOJIKHEI CONEPIKATE:

- TUTYJIbHBIN JHCT;
- 1IeTs padoTHI;

- KOHCIIEKT OCHOBHEIX 3aKOHOB, OMPEIENEHUIN, TOHATHH, (POpPMYyIT;

- OCHOBHOE 000pyT0BaHMNE, CXEMA YCTAHOBKH;
- OTMMCAHWE TI0 MMyHKTAM BBITIOJTHEHHO# pabOTHI;

- PE3yIBTATH W3MEPEHUH M pacueToB (Taldmmilel, rpadukn);

- OIIEHKA MOTPEMIHOCTEN;

- OTBETHI HA KOHTPOJIEHBIE BOMTPOCHI;

- BEIBOIBI TTO PE3YJIbTATAM BBEIITOJTHEHHON pabOTEI, 1aTa, MOIHCE.

Konumponsruie éonpocot.

B D=

Ceprudomkar: 2C0000043E9ABEBBOS52Z205E7BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023

Jlaboparopnasi padbora Ne 11

B uem 3akimodaercs SBIEHUE SEKTPOMATHUTHON UHAYKIMHA?
Kakol TOK Ha3pIBAIOT WHIyKIIMOHHBIM
Copmynupyire 3aK0H 3IEKTPOMArHUTHOM HHAYKIMK. Kakou (popmMyioi OH OMUCEIBAETCS !

Kax opyreiiypnespasno Jlenma?
5. Kax®HfTERHHRY YRO)Iennia ¢ 3aKOHOM COXpaHEHUs SHEPTUN !

56



Tema paoomwi. OnpeJelieHHe TFOPH3OHTAJIBHOH  COCTAB/IAKINEH HHIVKIHH
MATHHUTHOTI'O MOJIS 3eMJIH.

Ilenvs padomwi. OnpeneneHue ropU3OHTAIEHON COCTABIAKONIEH MHAYKIWUA MAarHUTHOTO
MOJISA 3EMITH.

Teopemuueckan wacmeo.

3emMiA B LIEIOM OPEACTABIAET COOOM OTpOMHBIM MIAPOBOW MarHUT. llostomy B mroOou
TOYKE HPOCTPAHCTBA, OKPYKAIOMIETO 3€MIIIO, U HA €€ MOBEPXHOCTH CYHIECTBYET MArHUTHOE
MOJIE, CHUIOBBIE TUHUU KOTOPOTO M300paxkensl HA pucyHke 1. [Ipu sTom ceBepHBII MAarHUTHEIN
momroc N nHaxomurcs BOmi3u rokHoro reorpapuueckoro KO m waobopor. Ha sksarope
MATHATHBIE CHJIOBBIE JIMHUH HAIIPABJIEHEI TOPU30HTAIBEHO, 4 HA MOJIOCAX - BEPTHKAIBLHO.

B ocTranbHBIX TOUKAX 3€MHOM MOBEPXHOCTH WHAYKIMA MATHUTHOTO ITOJIA HAINPABJIEHA MO
HEKOTOPBIM YTJIOM K IUIOCKOCTH 3€MJHM, T.€. UMEET M FOPU30HTAIBHYI0 B, n BeprukaibsHyo B,
COCTAaBJLAIOIIHE.

Puc.l.

HampaBnenune ropu3OHTAIBEHOM  COCTABJIAIONIENM  MPUHAMAETCA 34  HANpPaBJICHUE
MATHATHOTO MEpHUIHMaHd, T.K. B 3TOM HAIpPAaBJICHUM YCTAHABIMBAETCA CTPEIKA KOMIaca,
BPAMIAIONIAACA B TOPU3OHTAIBEHOM IUIOCKOCTH. L]enpro HacToAmen paboTel ABIAETCA U3MEPEHUE
BEJIMYUHBI TOPU3OHTANBHOU COCTABIAIONIEN MHAYKIMHA MATHUTHOTO MOJA 3€MIM C MOMOTMIBIO
TAHTEHC-TATBBAHOMETPA. | aHTE€HC-TAJIbBAHOMETP  OPEACTABIAET  COOOM  BEPTHUKAIBHO
PacIiOJIOKEHHBIE N KPYTOBBIX BUTKOB pamuyca R, Mo KOTOPBIM IMPOITYCKAETCA MOCTOAHHBIA TOK
cunou . B nenTpe 510U COBOKYIMHOCTH BUTKOB (KOPOTKOH KATYIIKN) Imomemaercs kommac. [lpu
OTCYTCTBMM TOKA B BUTKAX MArHUTHASA CTPEIKA KOMITACA YCTAHOBUTCA IT0

90

180

AOKYMEHT MNOANMCAH Puc. 2
SNEKTPOHHOW NOAMNWMCLIO "

Ceptudmkar: ECDDDt}t}dBEEABBBQEEEDEE?BAEDDDEDEIEIDﬁﬂlﬂE
Bnageney MAE I THONN, n MEPHIAHY . pH IPOIIYCKAHHUH TOKd II0 BHTKAM CTPCJIKd ITOBCPHCTCA HaA

HEKOTOPEIM YIOJ (I, T.K. TEEPhL HA HEE IMOMHUMO TOPHM3OHTAIBHOW COCTABJLAIONIEN MAarHUTHOTO
Neicravt IO, 3EMMA, Oy ACE ASHICTBOBATE €I1€ MATHUTHOE ITOJIE, co3aaBaemoe TokoMm I B n BuTkax. Ecim

S7



Bnapneneu

Neinct

BATE

BUTKM COPUEHTHUPOBATE TAK UYTOOBl MX IUIOCKOCTH COBNAJAIN C IUIOCKOCTBIO MATHUTHOTO
MEPUIMAHA, TO HA CTPEnKy OyIyT MENCTBOBATH ABA B3aUMHO MEPHEHAMKYIAPHBEIX MHOJIA: MOJIE
3emmu B3 u mone toka B, (puc.2).

Crpenka kommaca YCTAaHOBHUTCS B HANPABICHUH PABHOAECHCTBYIONMIEH STHUX MOJEH, BIOJb

B =B, + B,
, T.€. 0 OUATOHAIU MapauienorpamMma, CTOpoHamu KOToporo Oyayt B, u Bs. Cwm.

puC.2, HAa KOTOPOM H300paKEHO CEYEHNE BUTKOB C TOKOM, OPHEHTHPOBAHHBIX BIOJb

B,
go =—
MATHUTHOTO MEPUIMAaHa, TOPU30HTAIBHON IUIOCKOCTRIO. M3 puc. 2 cnemyer, 4To B, ,
OTKyZa
B
B, =
B :‘uﬂf
Tak kak MHAYKIMSA MATHUTHOTO ITOJISA B IIEHTPE KPYTOBOTO TOKA " 2R 1o LIEHTPE N
B, :;LDIH
BUTKOB OUECBHUIHO 2R (2)
B, = w, In
Moncrasus (2) & (1) oty T 2R 1ga (3)

Jra (Qopmyna WUCIONB3YETCA B HACTOAMIEH pabOTE O ONBITHOTO OMPENEIEHHUA
TOPU30HTAIEHON COCTABJIAIONIEH MAarHUTHOTO Mo 3emnu. @opmyna (3) 3amucaHa B CHUCTEME
CH, mostomy B; monyuurcsa B Tecmax.

DJIEKTPUYECKAs CXeMa yCTAHOBKH IS M3MEpEeHUA Bi: COCTOMT M3 TAHTEHC-TAIIBBAHOMETPA

G, ucrounnka Toka © ,peocratra R u ammepmerpa A nans peEryJIMPOBKH M U3MEPEHUA TOKA
(puc.3).

B cxeme wucnome3yerca nepekmouarens Il gnda u3MeHeHusa HampaBieHMA TOKA,
MPOXOJANIETO Yepe3 TAHTEHC-TATbBAHOMET).

Q
] ]

[NOKYMEHT NOANWUCAH Puc. 3

O dopyodosariien Wamepuanb.

i __.I_:,tgyp,"a ' H’EEpMEer, peocTar, HCTOUYHHK TOKA.

Ykazanus no mexnuke vesonacrnocmu.
1. K BeimomHeHWIo n1adopaToOpHBIX padOT DOMYCKAKOTCS CTYAEHTHI, M3YUHMBIIME ITPABUJIA

neH:c 19.08.2022 no 19.08.2023




TEXHUKU 0€30TTaCHOCTH.

2. JlaboparopHsie pabOTEI MOTYT MPOBOAUTECA TOMBKO HOJ PYKOBOACTBOM U HAOIIOEHUEM

IPEnoqaBaTEes.

3. llpu BeimomHEeHUH 1a00OPATOPHEIX padOT CTyIEHTAM 3aIpPEnIaeTCs:

- BKJIIOUATh CXEMBI IO HAMPSKEHUEM 0€3 MPOBEPKH MPETOAABATENA;

- TMPUKACATBCS K HE3AMMMIEHHEIM M30JAIMEN YacTAM CXEMBI, HAXOMAMIMXCA IO
HAMTPAKEHUEM,

- OIIPENEIIATE HATUYNE HAPAKEHNA HA SJIEMEHTAX €M IIPUITOMOIM MMTAIBIER; TPOBEPKA
HATUYMA HAMNPSKEHUSA MPOU3BOAUTCA TOJBKO C HMOMOMIBIO BOJBTMETPA U B HMPHUCYTCTBUH
PEIO 1aBATEA;

- mpu pabore HA mabOpaTOpHON YCTAHOBKE MNPUKACATHECA OJZHOBPEMEHHO CTEH,
pamuaTopPOB CUCTEMBI OTOILIEHUA U IPYTUX METALIMYECKHUX MTPEIMETOB;

- BKJIIOYATh PYOWIBHUKH, HAKUMATh KHONKH, HPUKACATECA K SIEKTPHYECKOMY
000pyIOBaHNIO, HE OTHOCAMIEMYCSA K JOaHHOM JadoparopHont pabore 0€3 Bemoma
PEIO 1aBATEA;

- IPOU3BOIUTE IO X0y BEINOJHEHUA PadOTEI MEPEKTIOUECHUA B CXEME, HE 00eCTOUNB €€,

- OpocaTe COEMMHUTENBHBIE MPOBOAA HA TTOJ M HA UCCIENYEMYIO YCTAHOBKY;

- 3aMEHATE CTrOPEBIIME IPENOXPAHUTENM HA pAdOYMX MIMTAX IPU BKIFOYEHHBIX
pPyOMIEHUKAX;

- KJIACTE HA pad04mii CTOJI MTOCTOPOHHUE ITPEIMETEL;

- BXOOUTE B 1a0OPATOPHUIO B BEPXHEHN OJIEHKIE;

- KYPEHME U 3aKUTAHUE OTHSL.

4. [lepen BKIrOYEeHUEM CXEMBI 00A3aTEIBHO NMPEAYNPEAUTE YWIEHOB Opuraasl: « OCTOPOKHO!
Brimouaro !».

5. Ilpy Hamiuum B CXeM€ KOHIOEHCATOPHBIX Oarapei, HEOOXOIMMO IOCHE OTKIHOYCHUS
NUTAHUA UX PA3pAIATE 1O HAOIIO THEUEM ITPEMOAABATE.

6. [Tpu oOnapyxennn kakux — 100 HEUCIIPABHOCTEN, NCYE3HOBEHNA HANPSIKEHUS B CETH, a
TAKK€ IMPH HECYACTHOM CIIy4ae, HEMEJIEHHO ITPEKPATUTE PAdOTy, OTKJIIOUUTE YCTAHOBKY OT
3JIEKTPONUTAHUA U COOONIMUTE MPEIOAaBATENIO.

7. IToMHUTB, 9TO TIPH OTKIFOYEHUH LENEH MOCTOAHHOTO TOKA C MHAYKTUBHOCTBEO BO3MOXKHO
KPAaTKOBPEMEHHOE PE3KOE MOBLIILIEHNE HATIPSKEHUS.

§. CrynmeHrsl, HapymMBHIME IIPABHJIA TEXHMKU O€30IMACHOCTH, HE MOOITyCKAITCA K
nampHeum e padore B 1ad0paTOPHN U MPUBJIIEKAIOTCA K OTBETCTBEHHOCTH.

3aodanus.

1. Cobuparor 3MeKTpUYECKyIO 1LIETE IO CXEME PUC.3
2. IloBopaunBas TaHTEHC- TATBBAHOMETD, YCTAHABIMWBAIOT €r0 IJIOCKOCTh B IUIOCKOCTH
MATHUTHOTO MEPHUINUAHA, TAK YTOOBI MATHUTHAS CTPENIKA YCTAHOBUIACEH B Hanmpasiaenuu (°-180°.
3. YcranaBimmBas  OBWKKOM — peocrara 3aJaHHyI0  BEIMUMHY  TOKa  (3amaercs
MPEMOIABATEIEM) U3MEPUTE YTOJI OTKJIOHEHU MATHUTHON CTPENIKHA ().
4. He m3meHsas BEIMUMHY TOKA NMOMEHATE nepekmrwouarenem [I manpaBnenue toka Ha
OpPOTUBOMOIOKHOE. OTCUMTaTh HOBBIM YTOA OTKIOHEHWUSA CTPENKU 0. DBBIUMCIUTE
(o, +a,)
op 5 |
5. IloBTOpUTE M3MEPEHHU O U (1 TTPH HECKOJIBKUX JPYIUX 3aJaHHBIX 3HAYEHUAX TOKA.
6. [loacraBnsaa mocienoBaTeNnbHO W3MEPEHHBIE COOTBETCTBYIONIME 3HAYEHUS TOKa i m

ct

a, “
yCpEOHEHHBIE 3HA4eHMA yria | B (Qopmyay (3) maurtu 3nadeHuda Bi. ( Bemmumnaer n u R
yKa3aHbl HA TAHT €HC-TATbBAHOMETPE).

OKYMEHT MOANVCAH " .
7. ﬁ%éfy WMEPEHUI U BEIUUCIIEHUH 3aHECTH B TA0I. |

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E Tﬂﬁ]’[.l
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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(A) | |a |« e | B | AB | 6B

cp

(cp)

8. OueHuTh MOTPEMHOCTE MPOBENESHHOTO n3MepeHus B u pesymsrarer 3anectu B Tadu. 1
9. 3amicaTe pe3yJabTaT B BUIE
B: =B, =ABs,
Coodeprcanue omuema.
Otuer o mabopaTopHEIM padoTaM JOIKHBEL CONEPKATE:
- TUTYJIbHBIN JIUCT;
- IeNTb padOTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OMPENEIEHUI, TOHATHH, (DOPMYJI;
- OCHOBHO€ 000pyn0oBaHue, CXeMa yCTAHOBKH,
- OMMCAHUE IO MYHKTAM BBIMTOJHEHHOW PAOOTHI;
- pE3yIbTATEl U3MEPEHUM U PacueTOB (TaOMUIEL, TpA(UKH );
- OIIEHKA MOTPEMIHOCTEM;
- OTBETHI HA KOHTPOJILHBIE BOITPOCHI;
- BEIBOJEI IO PE3yJILTATAM BEIMOIHEHHOW padOTEI, Oara, MOAIHCE.
Koumponwsnuie gonpocul.
1. Kakoit BUO UMEET MAarHUTHOE TTOJIe 3eMITH
2. B uem 3akmoyaercs uaes U3MEPEHNUA TOPU3OHTAIEHON COCTABIAIONIEN HHIYKIIMH
MATHUTHOTO MO 3€MIA?
3. Kak ycTpoeHn TaHreHc-ransBaHOMeETP?
4. BriBegure popmyny uHAYKIUH Bo, B IEHTPE KPYTOBOTO BUTKA C TOKOM.
5. Ilouemy IUTOCKOCTE TAHTE€HC-TATEBAHOMETPA CIENYET OPUEHTHPOBATE B HAIIPABIECHUH
MATrHUTHOTO MepuanaHa?

JlaboparopHnasi padbora Ne 12

Tema paoomui. UccliefoBaHHe KOJIe0OaHHH B KoJIe0aTe/IbHOM KOHTYpe

Ileny padompr. V3ydeHue 3aryxamnmx SJIEKTPUYECKUX KONEOaHUNM KOmedarenbHOM
KOHTYpE.

Teopemuueckan uacms.

[IpocToii komeDarenpHBIM KOHTYP COCTOMT W3 MOCIEIOBATENBHO CO-E€IWHEHHBIX
5EMEHTOB: eMKOCTH C, MHIyKTUBHOCTH L 1 akTUBHOTO compoTuBaeHua R
Cpenu pa3M4HBIX JNCKTPUYECKUX SABJICHUU OOJBIION HWHTEPEC IPEACTABISIOT
SMEKTPUYECKUE KOJIeDaHUsI, MPU KOTOPEIX HEKOTOPEIE HSIEKTPUUECKHUE BEIUUMHBI, TAKHUE Kak
MOTEHIMAI CHIa TOKA, WIM 3apsai W3MEHSAITCA BO BpeMmeHun. OmgHuM W3  OpOoCTEHHIMX
MCTOUYHUKOB TOJYUYEHHUS SNEKTPUUECKUX KOJECOaHWH ABIAETCA AJIEKTPUYECKUN KONneOaTenbHBIN
KOHTYP.

AOKYMEHT NMOAMUCAH  _ . .
QRTOATPOEPON  KOJIEOATEIBHEIM KOHTYP, COCTOANIMM W3 HOCIEIOBATEIEHO

CEPTH¢§6@gﬁ%@%&%ﬁ@ﬁ%@ﬁaﬁaﬁﬂ@P%ﬂyI{THBHC'CTH L, pesucropa R u xmoua K (puc.l, a). Ecom

Bn dernei. JYX0Bd 1dTbHHA ERCaHOpoB

KOHIEHCATOP 3apsaauTh, a4 3aT€M 3aMKHYTh Kmod (puc.1,0), TO KOHZEHCATOP HAYUHAET

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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paspsaxkareca. B nenu nosBiaserca BO3pacTalOmMIMA TOK I, B KATYMIKE WHIYKTUBHOCTH -
COOTBETCTBYIOIIEE MATHUTHOE MOJIE.

K K K
cl"'".::: — «—

L L.
1. C C
+ + _ _
— e 1 E—— 1
— — +
E
K K

a) 0) B)

Puc.l.

Tox paspsama konmencaropa i, mpoTeKas uepe3 KaTywky, mopoxnaer B Hed I[[C
camonnaykuyu. Bo3znukaromas 3/1C caMomHOyKiinm 3aMeqiaeT paspan KOHACHCATOPA, a IToCie
TOTO, KAK KOHAEHCATOpP MOJHOCTRIO paspagurca IJC camomHAyKimu, HA00OPOT, HAUWHAET
MOIAEPKUBATE TOK B IIPEKHEM HATTPABICHUU.

B pesynbsrare 5TOro KOHAEHCATOP MEpe3apAIuTCsa, MOCIE 4ero Mpouecc MOBTOPUTCS, HO
OB EHUE 3apaI0B OyIeT MPOUCXOIUTE B MPOTUBOMOI0KHOM HAMPABIEHUH (pUC.2,B).

[lepronauansHas sHEpPrus SAECKTPUUECKOTO IO 3aPSKEHHOTO KOHAEHCATOPA BO BPEMS
€T0 pa3psana NEepexXOauT B SHEPTUI0 MATHUTHOTO mond karywku. [Ipu nepesapsane konnencaropa
NPOUCXOAUT OOpaTHBIM NEpPEXOa HSHEPIUM MATHUTHOTO TIONA KATYIIKA B HHEPTHIO
SIEKTPUYIECKOTO IMOJIA KOHAEHcaTopa. B naeansHoM komedarenmsHOM KOHTYpE COMpOTHUBIIEHHE R
PaBHO HYJIIO U BO3HMKIINE MEKTPUIECKUE KOneOanus OyayT Hesamyxarouiumu (puc. 2,a).

B peamsnom komedarenpHOM KOHTYpPE R OTAMUHO OT HyIIA, MOSTOMY OPU OPOTEKAHUU
TOKA 4epe3 HETO HNPOMCXOIWUT BBEIAEIEHUE Termiaa. BemencreBue 5Toro oOmiuil 3amac SHEPTUU B
KOHTYPE YMEHBILAETCA, U KOJICOAHUA 3amyxarom (puc.2,0).

C yBemmueHweMm CcOnpoTuBIEHUSA R CKOpOCTE 3aryxaHus KOneOaHWN yBEIMUYHUBAETCSH
(puc. 2,B), a mpu mgoctatouHo Oospmom 3HaueHUM R komebanua BOOOMIE HE BO3HUKAIOT -
HAOIIIO JA€TCA anepuoouyeCKui paspan KoHaeacaropa (puc. 2,r).

CompoTHBIEHHE KOHTYpa, MPA KOTOPOM KOJEOATENIBHBIM MPOIECC MNEPEXOIAUT B
AepUOANI €CKUI, HA3EIBAETCSI KPUTHIECKUM (R).

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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T

AAAR L T A
VAVRTRY Y

Puc. 2.

Haitnem ypaBHeHNE, ONMMCEIBAIONIEE 3aTYXAIONINE IEKTPUUECKUE KOIeOaHus B KOHTYPE.
B coOTBETCTBHMM € 3aKOHOM COXpAaHEHUA SHEPTUH YOBUIBR HHEPTUHM KOHIEHCATOpA IMPH €ro
pazpane -dW¢ pacxomyercs Ha YBEIWUCHWE HSHEPrMHU MArHUTHOTO mojs katymkun dWp wm

BereneHue Teria dQ B conporusnennu R:

- dWe = dW; +dQ, (1)

rae We - SHeprus KOHAeHcaTopa, W | y

Wy - sHEprusa MArHUTHOTO MO KATYIIKH, Wi =

30ecCek ( - 3apAn KOHASHCATOpAa B JAHHBIM MOMEHT BPEMEHH, 1 - CHJIA TOKA B KOHTYPE B

3TOT 7K€ MOMEHT.
KommaecTBo Teria, BEIIEISIONIEECS B TPOBOTHUKE 3a Bpems dt:
dQ =i* Rdt.
Hcnone3ys 5t cooTHOmEHMU:A, mpeoOpasyem ypasuenue (1):

-d ‘ q_
2C,

]. [—l L] - rr}
—j - _-"j L] = » —
2C__q dq+2 21+d1+1-R «dt =0

%dwm-dm?ﬁ-dt =()

L=| +i2-R-dt =0

L

=d

(2)

Tax xak ! =49/t y dq=idt,
TO BEIpAKEHUE (2) MOKHO TTPeoOpa3z0BaTh K BUIY

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprucbukar:  2C0000043E9ABBBI52205E7BA50006000004BE
pTud dg + L

—

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa ':._ L-lt

993 +iR -dq =0

CDI{pHTITB HAa dq H HCHDJ’[BE}’H COOTHOLICHHUEC
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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di d :q
dt dt-

nonydaem craenyromniee nupepeHIuansHOE yPaBHEHUE:
2
dq2+Rqu+ q = 0
d’t L dt LC

- 3)
B 5TOM ypaBHEHUHN COEIaeM CIEAYIONINE 3AMEHBL:
E =278
L : (4)
| -0 g;
L7C j (5)
rae P - koa(puumueHT 3aTyxaHus, (g - COOCTBEHHAA 4aCTOTA KOHTYpA.
Toroa

ﬂ+”‘ ,L?IL]

—+ 21—+ r-'J'I:I._'] —(J
dt dt (6)
Huppepenumansaoe ypaHeHue (6) uMmeer (Impu P < @ o) CIEAYIONIEE PELIEHUE:
- AU _
— - COS( ot +cr
rae
L I R
(0 = w,/ru N - :
LC 4L
il (8)
Qo U O - HEKOTOPEIE IOCTOSHHBEIEC, COOTBETCTBYIONIME HAUAIBHON AMIUINTYAE U
HAUAIRHOM (pasze komedanus.

Beipaxenne (11.7) ecrs ypaBHEeHME 3aTyXaromMX OIEKTPUUYECKHX KOneOaHWM,

[UKJIAYECKAA 9aCTOTAa KOTOPBIX pPaBHA (0, & AMIUIMTYAA SKCIIOHEHIUAIBHO YOBRIBAET C TEUCHUEM
BpEMEHH (pucC. 3).

[Tepuon stux konebdanmii:

©)

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

-~ T T P ———
) IE9ABBRBG! 05ETBA i =
Ceptvdukar: 2C0000043E9AB8B952205E7/BAS00060000043

Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa

Neicteutenex: ¢ 19.08.2022 no 19.08.2023
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Puc. 3.

Jlns maneix 3HaueHnd R momyaum

2T _ 50 L7

, . (10)

-
I
\
I

B coorBerctBuM ¢ ypaBHeHuem (9) mpm yBEeIWUEHWH COOPOTHBIECHUA KOHTypa R,
nepuoa kouedanu Oyaer, CTpeMACE K OECKOHEUHOCTH IIPH

B = wo. (11)

JTO 03HAYAET, YTO KOJIEOATEILHEIN NPOLECC MEPEXOONUT B anepuoauueckni. Mcmoms3ys

ypaBHeHus (4) u (5) u3 Beipaxkenua (l11) MOXKHO NDOMYYUTE 3HAYEHWE KPUTHYECKOTO
COONPOTHUBIECHUSL:

R 2-/,/L
w VC (12)

Jlna xapakTepuCTHUKH 3aTyXaHusA KOJICOaHWH 4YacTO MONB3YIOTCA JI02apugmuydecKum
OeKpeMeHnoM 3amyxanus 0 u ooopomuocmsio Q.

Jlorapu(pmMmuuecknii TEKPEMEHT 3aTYXAHUA PABEH HATYPAILHOMY JIOTAPU (MY OTHOIIIEHU S

AMIUIUTYZ KOJICOAHMI, COOTBETCTBYIOIIMX OBYM MOMEHTAM BPEMEHH, OTIMYAIONIAMCA HA
HEPUOL:

5 = 1n A

JOKYMEHT MNMOANCcAH
3NEKTPOHHOW NOANMCLIO A ( t+1 )

Ceptudmkat:  2C0000043E9ABBBIS2205E7BA500060000043E
Bnapenew:  Web3meeRariiv= AQNMTIHPYIIA KOJIEOAHMIT BEJIMYMHBL 3apAla, TOKA WM HANpPSKEHUA (puc. 3).

Hcnone3ys ypasuenue (7), moayaum
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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B

_ q':'fe_ s
0 = I“q /e—ﬁf"[HT}'B 1
0

Ina nebompmmx 3naueHut R, ¢ yderom ypaBuenunt (4) u (10), morapudmymueckuit
OEKPEMEHT 3aTYXaHWU MOKHO OIPENEINTE YEPE3 MapaMeTPhl KOHTYpa:

—

1RO

L (14)

[Tycts T - Bpems penakcaiuu, B TEUEHUE KOTOPOTO AMILUIUTY A KOJNEOAHNHN YMEHBIIAETCS
B e = 2.7 pa3, N, - uncno konebdanuil COBEPIIEHHBIX 3a BpEMA perakcanun. l'orma MOKHO JETKO
I0KAa3aTh, 4TO

Ne (15)

JloOporHocTe Q mpexncrasmser co00M YMHOMKEHHOE HA 27t OTHOWIEHUE >Hepruu W(t) B
OAHHBIA MOMEHT BPEMEHHU t, K SHEPTUH, TEPAEMOMU 3a nepuo konedanus 1:

Wit)

Q=2n W(t)”—fw(f"']q) (16)

2

Ecim B HauaneHBIT MOMEHT BpeMeHH (t = () sHEprus KOHTypa COCTOWUT U3 SHEPTUU
3apsKEHHOTO KOHIEHCATOPa, TO

W(rt)=
)= | (17

JHEPrusa KOHTypa 4Yepe3 BpEMs, pPABHOE IMEPUOIY, YMEHBIIUTCA B COOTBETCTBHM C
YMEHB IINUBIINMCS 3aPAI0M:

['fq E._BTE]E
: v U Yo _
W/ 7t+T)= % | (18)
[Toncrasus Bripaxenus (17) u (18) B ypaBuenue (16), momyunm
21 I
Q = R I = ‘_._ A
g VR TE (19)

M3BECTHO COOTHOMIEHHE € * =~ |+X , BEITOJHAIOMICEC I MAJIBIX 3HAYCHUHN X: (X << 1).

C yuerom 3T0T0 BEIpaxkeHue (19) ympocrurcs:

)
i (20)

J1oOpOTHOCTE MOKHO BEIPA3UTH U UEPE3 NAPAMETPEI KOHTYPa, TpuMeHUB (popmyy (14):

—
I —

1 | L
AOKYMEHT MNOANMCAH Q - 1|'|
SNEKTPOHHOW NOAMNWMCLIO R C

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

(21)

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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13 ypaBuenuit (20) u (15) coenyer takixke, 4T0 JOOPOTHOCTE ITPONMOPLUOHAIBHA YHUCITY
KOnedaHuil B KOHTYpE, COBEPIIMBILMNXCSA 3a BPEMS PEIAKCAIMH, B TEIEHHE KOTOPOTO aMIUTMTyIa

YMEHBIIAETCS B € pa3:
Q =m N..

B page cmoydaeB komeOaTempHBIM — OPOLECC  MOKHO  HUCCIAEAOBATH, W3ydasd
B3aMMO3aBUCHMOCTh MEKIy HAMPAKEHUEM U U TOKOM 1 B KOHTYPE.

['paduk, m3o0paxkaronmii 35Ty 3aBUCUMOCTH, Ha3wIBaercsA (paszoBou kpuBou. CocTosHMuE
KOneOaTeILHON CUCTEMEBI Iy JTI000T0 MOMEHTA BPEMEHN M300pa3uTCsA TOUKOM HA 3TOW KPUBOU

(puc. 4).

YpaBuenune (pazoBOM KPUBOM MOMKHO TMOJYUYUTh, HCMIONB3YsA 3aBUCHMOCTH TOKA M
HAMPSKEHUS OT BPEMEHH.

13 Bripaxenus (7) u cootHomenusa u=q/C cinemayer, 9ro

U= % Bt cos (wt+a )

Cnoemaem 3ameny "Y', MW TOIyddM 3aBMCHMOCTh HANPAKEHUA HA
KOHIEHCATOPE OT BPEMEHH

u=U. -e"" cos (@’ t+a ) ﬁ (22)

rae Uo - HawanpHasg pa3HOCTh NOTEHIINATIOB.

13 ypaBHeHus (/) MOKHO ONIPENEIUTE M 3aBUCUMOCTE TOKA B KOHTYPE OT BPEMEHU

—d_q—d_f —B7t
TG T ar (€

i qDE_EEt

ccas-"(m-"t+cr)l =
| —w-sin“(wt+a) — Bicos”(wt+a )| .

Jlna maneix 3aryxanuu P << w, Torga

. o= p e _
1 =-q, ¢ -Slﬂ(f{)t-l-(»!‘)-

i == Le "' sin(wt + )

O06o3nagum Ih= qo®w, TOrHA , TO €CTh

i=[e'cos(wt +a+4)
= (23)

CpaBuuB Belpawkenus (22) u (23), MOKHO YBUAETH, UYTO KOmeOAHWUS CHIBI TOKA

T/

ormepexaroT o (paze Ha 2 KojpeOaHusA HANPSKEHHA HA KOHICHCATOpE.

[TpeoOpazyem Beipaxenus (22) u (23) cnegyronmm 00pa3zom:
U —B”/t
- e

U cos (o t+a)

AOKYMEHT MNOANMCAH ?
HEKTRPORHOW NOONHMCBIO
Ceprwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E

Bnageney, LUleD3ayxoBa |aTeAHa ANeKkcaHapoBHa

- = - « } YT e E [=] ]
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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—B’t

Lz—e sin”(w t+a)
1,
Ecmi BO3BECTH 5TH ypaBHEHUA B KBAAPAT U CIOKUTE, TO MOIYIUM YPAaBHEHHE (Pa30BOM
KPHUBO:
i 2 | u ~2/p’t
‘ o f"| + ‘ — /| =
TR

A . (24)

B cmyuae nezaryxaronmx konedanun ( R = 0, p = 0) dazoBaa kpuBasa umeer (popmy
sumnca (puc. 4,a). [lma peamsnoro konrypa (R # 0, R < R,,) ¢a3zoBas kpuBas mpencraBiageT
cOO0M CKPYyUYMBAIOMIYIOCA CIIUPANb, IIPUIEM OONBIIEMY CONPOTUBICHUIO KOHTYPA COOTBETCTBYET
OospIee 3aTyxaHue (puc. 4,0 u puc.4,B).

[Tpu anmepuommueckom koaedaHuM, KOraa COMPOTHBIECHUE KOHTypa  Oombmie
kpurnueckoro (R > Ry,), hazoBasg kpuBad BEIpOKIAETCA B IMHUIO, M300pAKEHHYIO HA pUC. 4.T.

11T v T 7
e ff_hm“‘x B e
. h Ue+T) | \
- "_ff LH' .
[ )
R\ 22y
~ |
el RS O
A U = U
U - .
\\1
UI:E—I—:_HI"_E_*H 1 _
Scave —
B I ~ rC

Puc.4.

Obopyoosanue u mamepuapl.

JlaboparopHas ycTraHoBka COCTOMT W3 ocmwmiorpada M CTEHOd, COIEPKAMIETO BE
KaTylIKH MWHAYKTUBHOCTH, JBA KOHAEHCATOpPA, MAarasuH CONPOTHUBIEHHHM W TEHEPATOp
HUMITYJIBCOB.

['eneparop BrIpaOATHIBAET KOPOTKUE MHOJOKWUTEIBHBIE UMITYJIECEL, B PE3YABTATE 3TOTO
KOHJICHCATOP KOJIEOATENBHOr0 KOHTypa MEPUOIUUECKH MOMYYAET HEKOTOPBIM SIECKTPHYECKUHN
3apan. B mpomexyTkax BpEeMEHM MEXKOYy HMIyJIbCAMA B KOHTYpE OyIOyT COBEpIIATHCA
saryxarone kouebanuda. ['paduku stux konedanmii MoxHO Oymer HaOmOOAaTe HA SKpaHE
ociputorpada u, gajiee, mo HAM ONPENENIAThE NEPHO, T0rapu(pMUIECKUHN TEKPEMEHT 3aTyXaHHUA,
DOOPOTHOCTE, KPUTHUECKOE COMPOTUBIICHHUE.

HeoOxomumere nis pacueToB mapaMeTpel SIEMEHTOB KOHTYPA YKA3aHBI HA CTEH/IE.

Ykazanus no mexuuke dezonacrnocmit.
1. %n%%%ﬁ%ﬂpﬂTﬂpHHK padoT AOIMYCKAITCA CTYAEHTHl, W3YYUBIINE MPABHUIIA

Ceptudbukat:  2CORRSSHFRR PR B3 PRl EARY B4EH000043E

Bnaneneu: lebzgyxopa TaTeAHa AnexkcaHgpopHa
2. jTﬂéaDpﬂTDpI-]LIE pﬂgﬂTH MDT'}’T HPDBD,I[HTBCH TOJEKO ITO T, p}’I{DBDﬂCTBDM H HHGJ’[PD,I[EH’HEM

HpE‘l'I OdaBaTCIIA.
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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3. Ilpu BeimomHeHUH 1a00OPATOPHEIX padOT CTyAEHTAM 3aIPENIAeTCA:

- BKJTIOUATh CXEMBI IO HAMPSKEHUEM 0€3 MPOBEPKH MPETOAABATEA;

- MPUKACATBCS K HE3AMMMIEHHBIM M30JHAIMEN YacTAM CXEMBI, HAXOMAMIMXCA TOM
HAITPAKEHUEM,

- OOPENE/ATh HAJIWYHME HANPMOKEHUA HA OJIEMEHTAX LEMA IPU HOMOIIW ITATBIIEB,
OPOBEPKA HAIWMYUA HAMNPAKEHUSA MPOU3BOAUTCA TOJBKO C IMMOMONIBIO BOJBTMETPA U B
OPUCYTCTBUU HNPEMOOaBATES;

- mpu pabore HA adOPATOPHOM YCTAHOBKE IIPUKACATHCA OJHOBPEMEHHO CTEH,
pamuaTopPoOB CUCTEMBI OTOILIEHUS U IPYTUX METALIMYECKHUX ITPEIMETOB;

-BKJIIOYATh PyOMJIBHUKW, HaXUMaTh KHONKH, IPUKACATBCA K JIEKTPUYECKOMY
00OpymOBaHMIO, HE OTHOCAMIEMYCS K JaHHOM mjaboparopHou pabore 0e3 Bemoma
MPEIO 1aBaTENA;

- IPOU3BOINUTE 10 X0y BEIMOJHEHUA padOTHI MEPEKTIOYEHUA B CXEME, HE 00eCTOUnB €€,

- OpocaTe COEMMHUTENBHBIE MPOBOIA HA TTOJ M HA UCCIIENYEMYIO YCTAHOBKY;

- 3aMEHATH CrOPEBIIME HOPEOOXPAHUTEIM HA padounx NWMTax IIpPH BKIIOUYEHHBIX
PYOWIBHHKAX;

- KJIACTH HA pad04mil CTOJI MOCTOPOHHNUE TTPEAMETHI;

- BXOJIUTH B 1a00paTOPUIO B BEPXHEN OJIEKIE;

- KYPUTh U 3QKUTATh OTOHB.

4. Ilepen BKkIrOYEHUEM CXEMBI 003aTEIRHO NIPEAYNPEAUTE WICHOB Opuraasl: « OCTOPOIKHO!
Brumrouaaro !».

5. Ilpu pabore Ha yCTaHOBKAax, B KOTOPBIX MOKET HAOMOOATBCA PE30HAHC, COOMIOIATH
0CO00YI0 OCTOPOKHOCTB.

6. Ilpy Hamiumm B CXeMe€ KOHOEHCATOPHBIX Oarapei, HEOOXOIMMO IOCHE OTKIHOYEHUS
MUTAHWA UX Pa3pAIATE 1101 HAOIIO IEHUEM ITPENOAABATEILA.

7. ITpu oOHapyx)eHMM Kakux — 1100 HEUCITPABHOCTEN, NCYE3HOBEHNA HANPSIKEHUAS B CETH, a
TaKKe€ IMPH HECYACTHOM CIIy4ae, HEMEJIEHHO ITPEKPATUTE PAadOTy, OTKJIIOUYUTE YCTAHOBKY OT
3JIEKTPONUTAHUSA U COOONIIUTE MPEIOAaBaTENIO.

8. IToMHUTE, UTO NMPU OTKITFOYEHUH [IENENH MOCTOSHHOTO TOKA C UHAYKTUBHOCTBIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KO€ MOBLINIEHNE HATIPSKEHUS.

9. CryzeHTsl, HApyHNIMBIIME MOpaBWIA TEXHUKU OE30MACHOCTH, HE OOMYyCKAIOTCA K
nampHeum e padore B 1ad0paTOPHN U MPUBJIIEKAIOTCSA K OTBETCTBEHHOCTH.

3aoanus.
1. Cobpars cxemy cormacHo puc. 5. ConporuBineHue marazuHa R, CIenate paBHBIM

Hy 0. UHIYKTUBHOCTE M €MKOCTh KOHTYpPa BBIOpATH IMPOW3BOJIBHO, BHECTH MX MAPAMETPHI B

Taom. 11.1.

CepTudukar:
Bnaneneu:

R
e -

o

=

Ij Flu IENTE
| [t}

MMEHAEFRPATOOR

"

NOKYMEHT NOANWUCAH Puc. 5.

SNEKTPOHHOW NOANMWUCHIO
2C0000043E9ABBBO952205E7BAS00060000043E
llleGayxoea TaTeAHa AnexkcaHgpoBHa

2. Bxmouuts ocuumiorpad, mporpers e€ro B teueHue 1-2 mumyTt. Pyukoun “@okyc”

Neicran kO POINN, £ OKY CHPOBATE JTyd, YTOOBI YMEHBIIUTE OMINOKY U3MEPEHHUI.
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3. Bxmrouurs reneparop. C momMonipio pyd4eKk yOPABICHUsS Pa3BEPTKOU ocpuuiorpada
DOOMTHECA HEMOABUIKHOM KAPTUHBEI KOJEOAHMM Tak, 4ToORl 00ECmeunThs OOCTATOUYHO TOYHOE
W3MEPEHUE BPEMEHHBIX HHTEPBAJIOB U AMILIIUTY I KOJIEOaHU .

4. C mOMOMIBI0 MOJYYEHHOH OCHMILIOTPAMMEBL, AHAJOTUYHOWU PUC. 3, U3MEPUTH MEPHON
konebanui To mpu MUHUMATEHOM COMPOTUBIEHUN KOHTYpA, T.€. mpu Ry = 0, pe3ynsTar BHECTH
B Ta0n. 1 B MIJITMCEKYHAX.

J1714 TOBBIIIIEHNA TOYHOCTH MOKHO U3MEPHUTE MPOMEKYTOK BPEMEHN, COOTBETCTBYIOMIHI
HECKOJIBKMM TEPHONaM KOneOaHwii, pa3ieNuTh €ro Ha 4UCI0 MEPHUOOOB W, TAKUM 00pa3om,
ONMPENEIUTh JIUTEIBHOCTE OJHOTO NEPUOIA.

5. ¥YBemuuuBas CONpPOTHUBICHUE MarazuHa Ry, Dpocaenures 3a BO3PACTAHUEM CKOPOCTH
3aTyXaHWA KOJe0aHU U ONMPEIETUTs KPUTHIECKOE COMMPOTUBICHUE KOHTYPA, COOTBETCTBYIOMIEE
OEPEXONY OT MEPUOIMYECKUX KOJNEOAHMI K AmepuoOaUUIeCcKUM (T.€. IEPEXOAY OCIHMLIOTPAMMEI
OT puC. 2,B K pucC. 2.T):

R =Re + R,
rae Ry - COOCTBEHHOE COMPOTUBIECHUE KATYIIKH UHAyKTUBHOCTHU. [lonyueHnoe 3Hauenue
Ry, BHECTH B TAbmI. 1.
6. YmeHemmTh conmpoTuBieHue Ry, wHampumep, BaBoe ot R,,. B kOHType BHOBE
BO3HHUKHYT 3aTyXawIMe nepuoandeckue koaedanma. Onpenenurs nepuosa 3Tux konebannt 1 u
BMECTE C ITOJIYyUCHHBIM 3HA4E€HUEM conporuBieHus KOHTypa (R = Ri + Rwv) 3anectn B Tadn. 1.

YO0enureca B paznuuuM OepuogoB kKoimedamumit 1o m 1, COOTBETCTBYIONIMX pPa3IUYHBIM
3HAYEHUAM COIPOTHUBIIEHUSA KOHTYPA.

TaOmura 1.
Ne |[C,mx®D |L,MmlH Ri,Om To, MC Rip,OM  |Rym, OM  |R, OMm T, McC
1
2
3

7. IToBTOpUTE M3MEPEHUA MO MyHKTaM 4 - 6 Tpu pa3a aaa pazandHeix komOunHami L u C

8. Jlna BeiOpanHbIX 3HaueHuHd emkocTH C, mHaykTuBHOCTH L, comporuBnenus Ri u

MOJITHOTO COMPOTHBIECHUA KOHTYpa R, BHeceHHBIX B TabOn. 1, BEIYUCAWUTE M 3aHECTH B TadiI. 2
TEOPETUIECKUE 3HAUCHUA:

Ty - mo popmyne (10); T - mo popmyne (.9);
Ry, - M0 popmye (12); & - mo dpopmyne (14),
Q - 1o popmyne (20).

Taomura 2.
Ne To, MC T, mc Ry, OM 0 Q
1
2

AOKYMEHT MNOANMCAH
NEKTPOHHOW NOAMNWMCLKO

Ceptvdukar: 2C0000043E9ABBBO952205E7BAS0006000Q0043E
Bnaneneu: llleGayxoea TatyaHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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9. Hua nponsBoseHEIX 3HaueHnit L u C uccnenoBare 3aBUCUMOCTE JTOTAPH(PMUIECKOTO
OEKPEMEHTA 3aTyXaHWsA OT CONPOTHBIIEHHUSA KOHTYpA. YBEIMYMBAA CONPOTHBIEHUE KOHTYpA C
MOMONIBI0 MarasuHa comnpotuBiaeHuit R, w3Meputrs ammuryasl A; U Az, KOTOpEHIE
COOTBETCTBYIOT MOMEHTAM BPEMEHH, OTIMUAOIIMMCS HA IEPUO T (puc. 3).

Pesymerarer m3Mepennit BHeCTH B Tadm. 3. [lomcumrars SKCIEpUMEHTANBHEIE 3HAUECHUS

norapu(pMudgeckoro aekpementa saryxanus o0, mo ¢opmyne (13), mo dopmyne (14) - ero
TEOPETUUECKHE 3HAUCHUS O-.

Tabmma 3
No R, Om Ay, MM As, MM 0, Or
1
2
3
4
5

10. [l nabmromenusa (pa3oBBIX KPUBBIX COOpaTh CXxeMy Mo puc. 6.

< Bxon Y
C L
.
FEHEPATOP —
=  Bxopg X
O
Rom
1 Kopnyc
Puc. 6.

[Tpu sTom Ha Bxoa X momaerca CUrHan ¢ conporuBieHusa R,, KOTOpEIT HaxoauTces B (paze
C TOKOM B KOHType. Ha Bxom Y momaercs CUrHajl, HaxXOomAmMHca B (pasze C HANPAKECHUEM.
HabOnromasa (azoBeie KpUBBIE Ui PAa3IMYHBEIX COONPOTHUBICHUN KOHTYPA, MOMKHO HMCCIEIOBATEH
BAMSAHUE 3aTyxaHua Ha (opmy (Pa3oBOHM KPUBOM M YTOYHATH 3HAYEHHE KPUTHYECKOTO
CONPOTHUBIEHUS A1 JAHHBIX 3HAYEHUN €MKOCTH U MHOYKTUBHOCTHU (puc.4.r).

C nomonipro (pazoBBIX KPUBBIX MOKHO MPOBECTH TAKIKE U3MepeHnua mo 1.9 (puc. 4,0).

11. dma otHOBpEMEHHOTO HAOMIOAECHUS OCHIWLIOTPAMM KOJICOAHMIT TOKA M HAMPSIKCHUS
U ompeneneHus capura (pas Mexay HUMU coOpaTe CXemMy B COOTBETCTBHUU C PUC. 7.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Bxaon Y

.":.1'1.
T_ 1 raman
L L
£

rEHEPATOP — Exon v

N w 2 waHan
‘ Fo.na

| HKaopnyac

Puc. 7.

Ha Bxomer Y mepBOro u BTOPOr0 KaHAIOB oOcuunorpada nomarTCs CHUTHAJEL,

OPOTOPIUOHANBHBIE HATIPSKEHUIO M TOKY B KOHType. YOeauTscs B HAMWMUMU cABUra (pa3 STux
KOoneOaHu, OLEHUTh BEIMUMHY 3TOT0 CIBUTA.

Cooeprcanue omuema.
Otuer no 1adopaTOPHEIM padOTAM JOMKHEL CONEPHKATD:
- TUTYJIBHBIH JIACT;
- IeNTb PadOTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OMPEIEIEHUI, TOHATHH, (POPMYJI;
- OCHOBHOE 000pyn0BaHmne, CXeMa yCTAHOBKHU;
- OMMCAHUE M0 MYHKTAM BBEIIIOJIHEHHOU Pa0OTHI;
- pE3yIBTATEl U3MEPEHUM U pacueToB (TaOmuIlel, rpaduky );
- OIIEHKA MOTPEMIHOCTEM;
- OTBETHI HA KOHTPOJILHBIE BOIIPOCHI;
- BRIBOJIBI TT0 PE3YJILTATAM BBIITOJTHEHHOW pa0OTEI, 1aTd, MOAIHNCE.

Konmponwshbie gonpocu.

1. PacckasaTte 00 syekTpryeCcKkux KOneDaHusax B KOHTYPE.

2. Jlate ompeneneHue aMIuIuTyabl, 9aCTOTHI, (Pa3sl, mepuoaa KoaedaHui.

3. Kakou mponecc Ha3weBACTCA anepuoamdeckuM? UTO Takoe KPUTUYECKOE CONMPOTHUBIICHUE?
Breiectu ypaBuenue (12).

4. Kakue mnpeBpamieHus 5SHEPIMH HMEIT MECTO OPH MEPUOIMYECKOM W ANMEPHOOUUECKOM
noporneccax?

5. Kakne (opmMynbsl OMUCEIBAIOT SHEPTUI0 AJEKTPUUECKOTO IO KOHAEHCATOpPA W SHEPIHIO
MArHATHOTO ITOJIS KaTYIIKH.

6. BEIBECTH YPABHEHHE 3ATYXAOMINX SIEKTPUIECKUX KOJIEOaHMIT.

7. Uro takoe morapu(pmMmudecKknil JeKpeMeHT 3aTyxaHua’?! OOBACHUTE €T0 (PU3UUECKUI CMBICIH,
BBIBECTHU ypaBHEHUE (15).

8. [loscHuts pu3ndeckuit CMBICT T0OPOTHOCTH KOHTYpa. BriBecTn ypaBuenue (20).

9. Uto naseiBaercsa (pazorou kpupoiui? [lonyuurs ypaBHeHHEe STOU KPUBOU.

10. Beiectu ypaBuenue (7), npuMeHuB 3ak0H OMa 0711 HEOTHOPOAHOH 3aMKHYTOH LIETTH.

11. KakoBa BemmumHa caBura (paz Mexay KoneOaHWsIMM TOKA M HANPSIKEHUA B HOACATHHOM
konedarenpHOM KOHTYpe? Kak MOKHO U3MEPUTH €€ B PEATBHEIX Y CIOBUAX !

12. Paccka3aTe 0 MpakTM4eCKOM IMIPUMEHEHUH KOIE0ATENBHOTO KOHTYPA B TEXHHKE.

JlaboparopHnasi padbora Ne 13

Tema paodaorE ¢ JNIHHBbI CBeTOBOH BOJIHBI ¢ IOMOIUBIO TH(PpaAKIHOHHOH
SNEKTPOHHOM NOANKUCHIO

Ceprud PRSI €I XIM043E9AB8B952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ilenv padompl. M3ydeHNE IOBUKEHUM 3apAI0B B JIEKTPHUYECKMX M MArHUTHBIX ITOJLIX,
M3MEPEHHE YIEIbHOTO 3apsAia SIEKTPOHA.

Teopemuueckan wacme.

Y nemsHEIM 3apAO0M YACTHUIEI HA3BIBAIOT OTHOIIEHWE ee 3apama Q x macce m. Mmenno
yIEILHEIM 3aPAaoM /M OMHMCEIBAETCS TJIABHEIM 00pa30M MOBEJEHNE YACTHULIEI B DJIEKTPHUECKHX
M MATHUTHBIX ITOJIAX.

B nacrosamiedt pabore ompenensercs yaeabHbIN 3apsaa Hau0OoIee 4acTO BCTPEUAIOMIENCA B
MPAKTUKE YACTULEI-OJIEKTPOHA METOAOM MArHETpoHA. MarHerpoH- 3I€KTPOHHBIN MPUOOp, B
KOTOPOM MOTOK SJAEKTPOHOB OJHOBPEMEHHO YHPABIAETCSA B3aUMHO - HOEPHEHIUKYIISAPHBIMH
SIEKTPUYECKIM U MATHUTHEIM NOJIAMHU. B COBPEMEHHON TEXHUKE MATHETPOH UCIOJIB3YETCA IJIA
TEHEPUPOBAHUA CBEPXKOPOTKHUX SJIEKTPOMATHUTHBIX BOMH HAmpumep B panuonokanmu, CBY-
TEXHHUKE.

B naboparopuon paboTe B KaueCTBE MAarHETPOHA UCIOIB3YETCs ABYXAJEKTPOIHA JIAMITA C
WINHAPUUECKUM aHOAOM A M NMPAMOIUHEHHBIM KaTtonoMm K, pacmoiokeHHBIM HAa OCH aHOAA,
MOMENIEHHAA B AKCUAIBHOE (HAMPABIEHHOE BAOIL OCH AHOJA) MATHUTHOE MOJE C HHAYKIuEH B,
CO3JaHHOE  JOCTATOYHO MIMHHBIM coneHouaom C puc.l OnekrpoHs
VUCITyCKA€MBIE PACKAICHHBIM KAaTOJOM MO NEHCTBHEM JJIEKTPHYECKOTO

OIS PA3HOCTHIO MOTCHIMAIOB MEKAY KATOOOM M aHOIOM HPU OTCYTCTBUH
MATHUTHOTO TIOJIA OBIKYTCA MO PAIHATBHEIM TPAEKTOPUAM (pHC.2a).

B> Bk

Puc.2

Kak u3BECTHO Pa3HOCTh MOTEHIMAIOB YMCIEHHO paBHA padOTe MO MEPEHOCY €OIUHHUYHOTO
3apsaga U3 OMHOM TOYKU IMOJIA B ApPyryro. B manHOM Ciyuae pasHOCTh NOTEHIMAIOB, PABHAS
anomHoMy HampskeHuto U,, COBepmIaeT mEPEHOC OT KAaroaa K aHOAY HAEKTPOHA 3apsaaoM
Q=e=1,610" Kn. U BeimonnaeMas yIeKTpuYecKkuM nonem padbora A=eU, umer Ha cooOmenue
YIEKTPOHY KMHETHYECKOH dHEPIUH, PABHOM Mv’/s.

mV ’
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Bnapeneuy; ThAHA KCaHapoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023

72



V=[2-U
m (1)

Cremyer 3aMeTUTh, UTO OJIEKTPUYECKOE IIONE MEKIY AaHOOOM M KATOIOM PE3KO
HEOTHOPOOHO. ['yCTOTA CHIOBBIX JIMHUM, 4 CIE€NOBATEILHO, U HANMPAKEHHOCTH mosia E, BOmi3u
Karoga MHOro Oombpmie d4eM B CpeaHed u npuaHogHou obmactu (puc.2a). Ilockonabky
HAMPSKEHHOCTE  €CTh T'PAAWEHT MNOTEHNMANna, TO €CTh pPAaBHA M3MEHEHUIO MOTEHIMAda Ha
E€IUHULIE PACCTOSHUA BAOJL CHIOBOM JIMHWHM, aHOAHOE HampsskeHue U, pacmpenencHo B
MPOCTPAHCTBE MEKAY AHOOOM M KATOAOM HepaBHOMEPHO. OCHOBHAS 4acTh €r0 Imagder Ha
MPUKATOOHOM YYaCTKE CWIOBBIX JUHUM. Mpeamisupys, MOXKHO cuuTarb, 4TO BCE AHOIHOE
HAMPSKEHUE TMANAeT HA OYEHb MAJIOM ydacTKe BOIM3M Karoma, HA KOTOPOM U MPOUCXOTUT
pPa3roOH ANIEKTPOHOB, a JAIBIIE, T.C. IMPAKTUUYECKM HA BCEM CBOEM IYTH OT aHOJA K Karony,
SIEKTPOHBI ABUKYTCA C MPAKTMYECKH MOCTOSHHOM MO BEIWUYMHE CKOPOCTBIO. JTA CKOPOCTH H
ornpenensercs no popmymne (1).

Ecrm mo miuHHOMY CONEHOUAY MPOONYCTUTh TOK CHIOU l., TO BHYTpH €ro co3macrcs
OQHOPOIHOE MATHUTHOE ITOJIE C UHAYKIIUEN

N
B=uu —1

il v} &
/ 2)
IJ€ |l -MATHUTHAs MPOHUIAEMOCTE cpensl (B ganHoM ciayuae p =1); u 0=4x 10-7 I'm/m —
MATHUTHAS MocToAHHAaA; N- ancao BuTkoB conenouna (N=2000); 1 - nmuna conrenomnna.
Kak n3BeCcTHO, HA AIEKTPOH, ABHIKYIIUHCI B MATHUTHOM ITOJIE AEUCTBYET cuia JlopeHna

F =el E‘ (3)

Tak kak B CWIy KOHCTPYKIIMM MATHETpOHA Bekzopk:r V' m B oproronansbHeie, TO

BermunuHa cuikl Jlopenna Oyner paBHa
F =elB, (4)

a ee nHampasienue F ompenensercs w3 BEKTOPHOTO MPOU3BEAEHUS (3) WK IO MPaBWITY
JMEBOM PYKM C yUETOM OTPHUATENBHOTO 3HAKa 3apana siaekrpona (puc.20). W3 ¢opmyns
Jlopenna (3) cnenyer, 9T0 MATHUTHOE MOJIE B OTJIMIUE OT AEKTPUUECKOTO IENCTBYET TOIBKO HA
oeKynIyroca gactuny: npu—vV=0, F=0. Kpome T0Oro sT0 nencreme He OPUBOIUT K U3MEHEHHUIO
BEJTUYUHBI CKOPOCTH dacTuripl. JlelcTBuTensHo snemeHtapHas pabora cwiel Jlopenma dAA
pasHa dAA=Fdr cosa , rme o- yrom mexny mnepememnienneM wactuiel dr w cwer F. U3

— dr

V — ?

[
BekTOpHOro mpoussBenenus (3) cmemyer, aro F1V, cnemosaremsno FLdr (T.k. ) u
coso=0. 3mauur, pabora cumer Jlopenma dAA paBHa HymO, T.6. B MAarHUTHOM IT0JIE

mV >

KIHETHYECKAsS SHEPrHs YACTHIEI 2  OCTAeTCS HEM3MEHHOW M ee CKOPOCTb IO BEIHYHHE
noCTOAHHOU (V=const) TakuMm 00pa30M MATHUTHOE MOJIE HE YCKOPSET YaCTUIILI (HE M3MEHAET
BEJIMIUHBI UX CKOPOCTH), & TOJIBKO UCKPUBIIAET UX Tpaekroputo. Cuna Jlopenua aBisercsa Cunon
LEHTPOCTPEMUTEIBHON, U [0 BTOPOMY 3akOHY HproTOHA nMmeem

F =eVB =mV /r (5)

rJe I'- paguyC KPUBU3HEI TPAEKTOPHUH YACTHILEL (3JIEKTPOHA).

V
| jgp—
AIOKYMEHT MOAMMCAH e
SNEKTPOHHOW MOAMNWUCHIO — B
Ceprudukar:  2QAP908IERIBIRPTIARTAAMO060000043E 171 (6)
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Kak BugHo u3 ¢popmymsl (6) B OQHOPOIHOM OPTOrOHAIEHOM MArHUTHOM Ione (B=const)
TPAEKTOPHA JACTHUIIBI- OKPYKHOCTE (r=const). IIpu srom yureno, uro V=const, T.K. MArHUTHOE
MOJIE SIEKTPOHBI HE YCKOPAET, 4 TEOMETPUS SJIEKTPUUECKOTO IOJA B JAHHOM MATrHETPOHE
MO3BOJISIET CUYMTATH UX CKOPOCTH MPAKTUUECKH HEU3MEHHBIMU HA OOJIBIIEH YACTH IyTH OT aHOAA
K KaTOAy, O 4EM MHCAIOCH BBIIIE.

C pocTOM WHAYKIMM MAarHuTHOTO moas B paanmycel TpaekTopuu HSIEKTPOHOB
YMEHBIIAIOTCS W IMPU HEKOTOPOM 3HAaueHMu B=Bkp (kpuTHueckoe) OHM CTAHYT PABHBIMHU
MOJIOBUHHBIMH PACCTOSHUSA MEXKIYy aHOJOM M KaToaoM (puc. 2 B)

r=(R,-R)/2 )

B sTOM cCiywae 5IEKTPOHBEI HEPECTAHYT OOCTUTAaTh aHOJZa U OyayT mo OKPYKHOCTH
BO3BpamiareCs K karoxy. [Ipu stom anomuseiit Tok [A mamrrel, mpoOTIO pHMOHATEHEIN KOJTUIECTBY
SIEKTPOHOB, MOCTHTAMONIMX AHOA B €IUHUIY BPEMEHH, PE3KO YMEHBIIAETCA TEOPETHYECKH [0

A Hyma (kpuBaga (a) wa pwuc.3). Ilpu nmanpHENIIEM YBEIMYEHUH

WHAYKIMM MarHuTHOTO moas (B>Bkp) snexkrponsr OymyT kpyue

~ = — 3aBOPAYMBATE K KATOAY, & AHOJAHEIM TOK OCTAHETCS PABHBIM HYITIO

(puc.2). Habmonenne ckaukoOOpazHOTO YMEHBUIEHWS AHOTHOTO

TOKA MATHETPOHA B 3@BUCHUMOCTH OT BEJIMYMHBI MATHUTHOTO MOJA

\ JICKUT B OCHOBE MCIOJBL3YEMOr0 METO1d ONPEACICHU YICIEHOTO

\ _——  3apama osektpoHa. Pacuermas Qopmyma aad €/m JIETKO

BKP ' monyuaercs w3 BoIpaskeHms s pamdmyca KpHBH3HBL (6), eciu

Puc. 3 YUECTh €ro KPUTHYECKOE 3HaueHWe (/) WM BBIPA3UTH CKOPOCTH
SIEKTPOHOB U3 (popmytst (1)

e
R

2 ey e, ACI -
m " m OTKy1a MOJTy I M: " B“?’[R*”i - Ry)
Breipaxas By, 3 popmyns (2) OKOHIATENEHO HAWIIEM, UTO
U :
c —K ;‘ K =2 21
m pr ., rae FLHDN(RA B Rﬁ) (8)

Yepes L, 0003HaueHO 3HaueHue TOKa coneHouaa Ic coorercrByroniee nHaykuun B=B,,.
Kos(ppumment K 3aBUCUT TOJIBKO OT KOHCTPYKIMOHHBIX JAHHBIX MATHETPOHA.

Taxkum oOpasom, aasa ompeneneHus yAEABHOTO 3apAna 3MEKTPOHA METOJOM MarHeTpoHa,
OOCTATOYHO CHATH 3aBUCHMOCTH AHOOHOTO TOKa Jamikl A or Toka B comenoupe Ic, tak
HA3EIBAEMYIO COpOCOBYIO XapakTepucTuky. OueBumHo, ¢opma rpapuka 5TOM 3aBUCHMOCTH
nomxHa ObITe anamormunonn kpuBow [A= f(B), nmpencrasnennonn nHa puc.3. Hcnomssys
MOJIYUEHHYIO KPUBYIO, HA HEM MOKHO HAUTH 3HAaueHue Ikp, a 3arem mo popmyne (8) BEIUUCIUTE
e/m.

Ha puc.3 npencraBnena wuaeamm3upoBaHHas (a) u  mpakrtuueckada(0d) cOpocoBeie
xapakrepuctuku. Ha mocnegueit, cnagaroniuil y4acTOK 0O0JIe€ pa3MBITEI. JTO O0OBACHAETCS Kak
PAsIMIHOTO POXA. HECOBEPMICHCTBAMY KOHCTPYKIMI MArHETPOHA. Croma OTHOCATCSA HE TOYHAA
KOAKCHABBHOCIRHOAHOMMCHO KATOAA, HE CTPOras OJHOPOAHOCTh MATHUTHOIO MOJII BHYTPH

g:z;‘;fgﬁh%%iﬁfi ﬁisgﬁﬂ%%ﬁ%% OTMETUTh TEMIOBOM pPa30dpOC HAYANBHEIX CKOPOCTEH

5JIEKTPOHOB, BEIJICTAIONINX C MOBEPXHOCTH KATOOd, MPUBOMANIMN K Pa3MBITUI0O KpUBOU. B CBA3M

C DTHUM .?.HTP}’,I[HHE‘TCH OTCUCT CGPGCGBGFG, T.C. I{pHTHIIE-‘CI{ﬂFﬂ SHAYCHHUA HAMAIHHUYMWMBAKOIICTO
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Ttoka Ikp. [lo-Bugumomy, Hanbonee ynoBIETBOPAIOMIEMY TEOPHUH, CIEAYET CYUTATH TO 3HAYCHUE
Ic, mpu koTOopom HaOmO JaeTca HanOompIee U3MEHEHHE [A.
CxeMa >KCIIepHMEHTAJIBLHOH YCTAHOBKH

Pabouas cxema mnokazana Ha puc.4. OCHOBy €€ COCTaBaAET HNIEKTpoHHAs jaamma JI,
nmoMeniensasa B cogenonn C.

puc.4

[Tocroannoe anogunoe nanpsukenne UA CHUMAETCs ¢ YHUBEPCATBHOTO UCTOYHNKA MTUTAHWS
(YUII-2), perymupyerca mMOTEHHHMOMETPOM R, pykoATKa KOTOPOTO PACIONIATAETCA HA MAHEIH
YHUII-2 n u3mepsercsa BOIsTMETPOM V. AHOIHBIN TOK U3MEpAeTca Muutnamnepmerpom mA. Ha
manern YHWUII wumerorcs Takke wIEMMBI, € KOTOPBEIX CHHUMACTCS Hampsaxenne 2 B,
MpeIHa3HauYeHHAasA I MATAHWA HAaKajla HUTH KaTo/a.

Hamarmmuusaronmiicsa conenoun C murtaercs ot BeinpamuTens B b5-7. Tok conenounna
PETYJIMPYETCA PyUKAMH HA MTAHEIH BREIIPAMUTENS U Oonee miaBHo peocratom R.
Hamepsaerca [C ammepmerpom A.
Oobopyoosanue u mamepuaol.
Maruerpon - snekrpuueckas gammna 21[2C (muox), pacmonoKeHHas BHYTPH COIEHOWIA.
YuuBepcanepueni wucrtounuk muwranus (YUII-2), seimpssvurens bB5-7 ¢ perymupyemsim
HAMPSIKEHUEM, BOIBTMETP, AMIIEPMETP, MUIIIMAMIIEPMETP, PEOCTAT.
Ykazanus no mexnuke desonacrnocmu.
1. K BeimomHeHuio madopaTopHBIX padOT DOMYCKAKOTCS CTYAEHTHI, M3YUMBIIHME ITPABUIIA
TEXHUKHN 0€30MaCHOCTH.

2. JlaboparopHsie pabOTEI MOTYT MPOBOAUTECA TOJMBKO MO PYKOBOACTBOM U HAOIIOEHHEM
OpEenoaaBaTes.

3. Pacmonaraite npuOoOpsel, marepuaisl, 000pymoBaHHE HA padOdYEM MECTE€ B HOPSIKE,
YKa3aHHOM IIPENOABATEIEM.

4. He pepxure Ha paboueM CTOIE OPEAMETHL, HE TPEOYIONMECA A BEITOJTHEHUS 33 JAHUA.
[lepen Tem, kak OpUCTYOUTE K padOTE THIATEIBHO M3YYWUTE €€ OMUCAHUE, YACHUTE XOJ
BBIMIOJTHEHUA PAOOTHL.

3aodanus.
1.Cobpare cxemy (puc.4). Ilpu sTOM peryaaropsl BBEIXOOHOTO AHOJHOTO HAMPSKEHUA

YUII-2 upeswgpavigiedaan bS-7 yCTaHOBUTh HA HyJeBO€ 3HaueHHe. CXeMy HE BKIIHOUATh 10
g SRS R Gopons
Brageney  WdGayxdHOGGHa BKIHOMEHHSA CXEMBI MOMOKIOATe 2-3 MHUHYTHI, MOKa MOPOTPEETCA KaTo.d

ME’II‘HE‘TpDHH.

Ln
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3. Ilo zamanuro mpenopaBaTens YCTAHOBUTE BEIMUYMHY aHOAHOTO HampsikeHus UA u
3amMuCaTh €€ B OTUET IO padore.

4. ITognepxwuas Bce Bpemsa UA CcTporo mocTOsHHBIM (0COOEHHO B KPUTHUYECKUHU MOMEHT )
MOCIETOBATENRHO YBEIMUMBAS HAMATHUYMBAIONIMI TOK coJeHouna Ic cHATh COpOCOBYIO
xapakrepuctuky [A=IA(Ic). PesympTaTer n3amepenns 3anmucars B TaOMMILy.

I(A)

Is(mA)

WMurepBaner m3menenus I, m umcno m3mepeHnid nmomoOpare CaMOCTOATENBHO, Oolee

TIIATEIBHO U3MEPAA KPUTHUIECKUH YIACTOK.

5.IToctputs rpadguk cOpoOCOBOM XaPAKTEPUCTUKNA MATHETPOHA.

6.0mpenemiTs MO0 HEMY KPUTHYECKOE 3HAUEHUE I, U 3amicars €ro B OTUET.

7.3amcaTe B OTUET KOHCTPYKTHUBHEIE JAHHEIE MATHETPOHA:

uucno BUTKOB coimeHouma N=2000, pamuyc karoma Rx = 0,lcm u anoma Ra=0,95cwm.
M3meputs 1 3anmmcars QMHY coeHonaa .

8.Pacuurars no (popmyiie (8) Benmunny kos(puimenra K u onpenemits 3Ha4€HUE /), IIIA
SIEKTPOHA.

9.CpaBHUTE MONYYEHHOE 3HAYEHUE /,, C TAOTUIHEIM U BEIPA3UTE PA3HUILY B MPOLIEHTAX.
Coodeprcanue omuema.
Otuer no mabopaTopHEIM padOTAM JOMKHBEI CONEPHKATD:
- TUTYJIbHBIN JIUCT;
- HeNb padOTHI;
- KOHCIIEKT OCHOBHEIX 3aKOHOB, OMPENEIECHUN, TOHATHH, (DOPMYII;
- OCHOBHO€ 000pyn0OBaHUE, CXEMA YCTAHOBKH,
- OMMCAHUE MO0 MYHKTAM BBIITOJHEHHOH Pa0OTHI;
- pE3yIBTATEl U3MEPEHUM U PACYETOB (TaOMUIIEL, TPpAPUKH );
- OIICHKA MOTPEIIHOCTEM;
- OTBETHI HA KOHTPOJIBHBIE BOMTPOCHI;
- BRIBOJIBI IO PE3YJILTATAM BBEIITOJTHEHHOU padOTEI, 1aTa, MOAMHUCE.

Koumponwsuwie eonpocuol.

1 .Yto Ha3pIBAETCA YAEIBHBIM 3apAI0M 4aCTHIL

2.Kak neicTByeT SJIEKTPUIECKOE MOJIE HA 3aPKEHHYI0 YACTUILY !

3.Kak neicTByer MarHuTHOE IOJIE HA HAXOAANIYIOCS B HEM 4aCTHILY /

4. KakoBO yCTPOUCTBO UCHOIB3yEMOT0 B padoTe MarHerpoHa’?

5.Kak aBMKYTCA IEKTPOHEL B MATHETPOHE?

6.Pacckaxure 0 KpUTUIECKOM PERKUME padOTE MarHeTpoHa’?

7.Kakne wupeanu3anu BBOOATCA HOPH  PACCMOTPEHMH JBWKEHUSA OSJIEKTPOHOB B
MATHETPOHE?

8.BriBectu pabouyro Gpopmyiy (8).

JlaboparopHasi padbora Ne 14
Tema pavomepr. U3yuyenne BHeliHero ¢gorodddexra

H enpopagentiganhddo3nakomurcsa ¢ aeinenuem (porosdexra cBeTa B mapanaenbHbIX J1ydax
/ 10

M@gamﬁﬂ Eﬂﬁ: :
Ceprudikart 2C0000043E9AB8BS52205E 7BAS00060000043E
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2. OmpenemTh JIHHY CBETOBOI BOTHEI C TIOMOMIBIO JU(PPAKIIMOHHOM PEIIETKH.
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[Ipuboper u  nOpuHAANEKHOCTU:  YCTAHOBKA €  MCTOUYHMKOM  CBETA, HIEIBI0 U
I (PAKIIMOHHON PEMIETKOU.

Teopemuueckan wacme.

1. Audpakums ceera.
Jupakimeit cBeTa HA3BIBAETCA OTHOAHNE CBETOBBIMU BOJHAMU BCTPEUHBIX MPEMATCTBUM.

B 0Oonee mmpokoM cCwmeIciae OU(PAKIMEH CBETA HA3BIBAETCS COBOKYMHOCTBH SIBJICHHH,
00yCIIOBJIEHHBIX BOJHOBBIMHM CBOMCTBAMM CBETA U HAOMOOAEMBIX OPH €T0 PACHpPOCTPAHEHUH B

Cpene € pe3KO BBIPAKEHHBIMH HEOTHOPOTHOCTAMM (OTBEPCTHA B HEMPO3PAUHBIX JSKpaHax,
rPAaHULEI HEMPO3PAYHBEIX TE€M U T.A.). SIBIeHME Au(pakuuM yKAa3eIBAET HA HAPYLICHUE 3aKOHOB

FEOMETPUUECKON ONTHUKHU. SIBnenue gudpakium HAOMOZAETCA HA PACCTOSHUN Uor OPEMATCTBUA

t~D?/4A ,cae D - nuHenHsIe pa3Mepsl NPEmarCcTBUsL, A - IIMHA BOJHEL (YCI0BHE HAOMIO IEHUA
mu(ppaKumn).

Jna pemenus mupakiMOHHBIX 3a0ad - OTBICKAHUE PACHPEOEIEeHUs HA OSKpaHe
WHTEHCUBHOCTH CBETOBOM BOJHEBEI, PACHPOCTPAHAIONIENCA B Cpeae C MNPEMATCTBUAMU, -
OPUMEHSIOTCS MPUOMMKEHHBIE METOABLI, OCHOBAHHBIE HA mpuHIMNax |rourenca u 'ronrenca -
Openensi.

[Tpuniun ['ourenca’, kaxnas touka S1,S2....,Sn pponTa BoHEI AB SBAAETCS MCTOYHUKOM

HOBBIX, BTOPUYHBIX BOmH. HoBoe momoxenwe ¢ponra BomHel Al Bl uepe3s Bpems At
IPEeACTABIIAET COOOM OrM0AONIYI0 MOBEPXHOCTE BTOPUYHEIX BOJH (pucC.1).

[Tpuniun [rourenca sABmAeTCa 4YUCTO reoMerpudeckuMm. OH IO3BOJAET, HAIPUMED,
OOBSCHUTH PABEHCTBO YIVIOB MANE€HUSA 1 W oTpaxkeHua 1 HA moBepxHocth MN cpemsr mpu
orpaxenun cera (puc.2). Paznocts xoma CB nyuent AA2 u BB2 coszmaer takou (gppout DB
OTPAKEHHOW BOJHEI, 4TO W3 ONpAMOyroabHbeIX TpeyronbHUKOB ADB u ACB (AD=CB) cnenyer
paBeHCTBO: 1=1' (puc.2). Takxke MOKHO OOBACHUTE 3aKOH IIPEIOMIICHHS.

AOKYMEHT MOANVCAH Puc.2 Puc.3
SNEKTPOHHOW NOANWUCHIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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[Tpymmun [rourenca-Openensd: Bce BTOpUYHBEIE UCTOYHUKU Sl, S2 ...Sn, pacmonoxeHHbIE
HA MOBEPXHOCTH (PPOHTA BOJH, KOTEPEHTHBI MEXKIy C000M. AMmmMTYyaa u (pa3a BOIHBEI B M0O0OH
touke M mpocTpancTBa - 3TO pe3yabTar MHTEPPEPEHUMH BOJH, H3JIYyYAEMBIX BTOPUUHBIMHU
UCTOUYHUKAMU (puC. 3).

[Ipamomnenoe pacopoCTpaHEHHUE nyda SM, HUCOYIIEHHOTO
HMCTOUHUKOM S B OJTHOPOTHOM cpene, 00BACHIETCA npuHiunom  ['rourexHca-
Openensa. Bee BTopuyHBIE ITOJTHEI, M3IyIaEMBIE BTOPHUYHBIMHA MCTOUHHUKAMH,

HAXOIAMIMMUCA HA MOBEPXHOCTU (ppoHTA BOIMHBI AB, racarca B pesynbrare HHTEP(EPEHIINH,
KPOME BOJIH OT MCTOYHWKOB, PACIOJIOJKEHHBIX Ha MAJIOM ydacTke C()epHduecKkoro cermeHra ab,
nepneHauKysIpHoro k SM (puc.3). Ceer pacnpocCTpaHAETCSA BOOJbL Y3KOTO KOHYCAa C OUYEHB
MAJIBIM OCHOBAHHMEM, T.€. MPAKTHIECKHU MPAMOINHEIHO.

B pame mudpakumonHsix 3amad, oOmamaronmix OCEBOM  CUMMETPHUEH, pacuer
UHTEP(PEPEHIINN BTOPUYHBIX BOJH MOMKET OBITH CHUIBHO YOPOMIEH C MOMOIIBIO HATJISAIHOTO
FEOMETPHUECKOTO METOAA pa3OueHus (PpoHTA BOMHEI HA KOJIBIEBEIE YYACTKH, HA3BIBAEMBIE
3oHamu Openernsa. PazOuenne Ha 30HBI IPOU3BOOUTCA TAK, YTOOBI ONTHUUECKASA PA3HOCTH XOHA OT
CXOACTBEHHBIX TpaHUI] (BHYTPEHHMX WIM BHENIHUX) KAXKIOM HApBl COCEOTHUX 30H M0

A

paccMarpuBaeMoil Toukn M paBHsmack 2 . BropuuHbIE BOJHEI OT CXOICTBEHHBIX TOUEK IBYX
COCEOHUX 30H IMPUXOIAT B TOUKy M B NMpOTHMBOMOMOKHBIX (pazax M B3aUMHO OCHaOJLAIOT OPYT
apyra IpyA HAJIOKEHHUH.

)

5 Jona
- -5 BONT
TR Fova
-7 TOMT

Puc. 4

Ha puc. 4 nokazano mocrpoenne 30H Openenss B caydae CQEpPUUECKOU BOJIHEI
BO30Y’K1a€MOI UCTOUHUKOM S.

Taxk xkak a m b » A, To pu He cmumrom Oompmom k rmmomaan mepBeix k 30 dpenens
OTMHAKOBEIL:

_ T rabA

S, =5, =..5,
i a+b

B cnydyae mimockoro BOMTHOBOTO (ppoHTa
S, =85, =..5, =x -bA

Paznmuuaror gBa cayuas auppakipmu. Ecnu UCTOUYHMK CBETa M TOuka HaOmoneHus P
PacCIOIOKEHBI OT MPENATCTBUS HACTONBKO NAIEKO, UTO JIYUM, NAJAIONIME HA OPEMATCTBHUE, U
Ay4M, UAYIIYE B TOUKy P 00pa3yroT mpakTU4YeCKH mapanielbHBIE ITydKH, TOBOPAT O Au(pakumu
Opayurodepa wm 0 audpakuuu B HAPAUIEABHBEIX JIydaX. B NPOTUBHOM Ciiydae TOBOPSAT O
mu(ppaKuu (DNEEHEJIH T.€. au(ppakuuent OpeHens HA3BIBAIOT TAKME AU(PPAKIMOHHEIE 3a0auM, B

NOKYMEHT noarincaAH . o .
KOTOPBIX3/1E B3 nmp&m&@peram KPUBU3HOH BOJHOBBIX IIOBEPXHOCTEH IMAJamONen U

Cepti djﬂﬁq) }ﬁjﬁm ﬁﬁwgﬁﬁﬂ 20006000004 3E

Bnaneneu: ebayxoea TateAHa AnekcaHgpoBHa

2. Mu¢ppakumsa ceera Ha menu. Jluppakumonnas pemerka.
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Ilycte Ha Henmpospaunel 5kpaH E, B koropom mpopeszana y3kasa menas BC, nmeromias
noctosHaylo mupuHy b=BC wu mgmury Lw»b, mamaer nepneHOuKyIIpHO K 5SKPaHy NYUOK
MapanIeIbHBIX JIYIEH MOHOXPOMATHIECKOTO CBETA (puC 5).

Ha skpane D, ymameHHom oT mienmu Ha paccrosauu |, Oymer HaOmromaTeCs sABICHHE
mi(pakunu. Ecnu Obl 5TOro sABIeHUA HE OBUIO, TO HA SKPaHE I, YCTAHOBIEHHOM B (POKATBEHON
miockocTu cobuparomien guH3el MJI, B Touke FO rmaBHoro (okyca mMH3BI MOTYYWIOCE OBI
m3o0paxkenne ucrounnka csera. [Ipum muidpakumm Ha y3k0M mienum Ha SKpaHe HaOmromaercs
UHTEP(PEPEHIIMOHHAA KAPTUHA: MOCIEA0BATENBHOCTE PA3MBITEIX M300paKeHUI UCTOUYHUKA CBETA,
pa3aeIeHHBIX TEMHBIMHU DpoMexyTKaMu. B Touke F Ha skpane coOuparoTcs Bce mapauieibHbIE
Ay4M, ODANArOMIUe HA JIMH3Y no4 yriaoMm ¢ (yroa gudpakiuu) k omrudeckon ocu OF0 mum3er,
OEPIEHINKYIAPHON K (D)POHTY BOJIHEL.

Tax xak BropuuHBIE (PUKTUBHEIE UCTOUHUKH (ppoHTa BomH BC TOueunsie, T0 (PpOHTHI BOIH,
M3Iy4aeMBIX UMM C(EpUUECKue, a CIEOOBATENbHO, AU(PPArupOBAHHBIE Jy4M HAYT BO BCEX
HanpaBiIeHUAX. BerOepeM T€, KOTOpBEIE UAYT MO YITIOM (p K HAMPABIECHUIO MANAOMINX JIy4YEH.
[Tamas wa muH3y 5T nydn coOuparorcas B OZHOM TO4dke F¢ (oxampHOM MIOCKOCTH.

MgicneHHo pa3o0beM MIENP HA YYACTKHM, KPAMHWUE TOYKM KOTOPHIX MOCEUIAIOT Y4 C

A
pa3HOCTBIO X0ma 2 . B oTOM cityuae Bce JIydH, MOCTAHHEIE TIEPBEIM YIACTKOM Oy IyT MOTAMICHEI
JIy4aMHA BTOPOTO yYacCTKd, JIyUH TPETBETO - JIydaMd 4eTBeproro u T.4. (ClenoBarensHO, €CIIN
A
UICI0 YYACTKOB pa30MeHUsA 4E€THOE, T.€. €CIH 0=2m 2, 10 B TOUKE F¢ Oymer temMHO (MUHUMYyM
ocBenieHHOCTH ). Ecmm e aucno y4acTkoB pa3OueHus HedeTHOe, TO Touka F@ Oymer ocemieHa
(MAKCUMyM OCBENIEHHOCTH ).

Takum oOpazom, ycuwienue cBera (AU(PpaknMOHHBIE MAKCUMYMBI) NMPH AU pakuuu Ha
y3KOM MIeIU HAOMOAAETCA IO YIVIAMA (P, YIOBICTBOPSIONIMMHA Y CIOBHIO

bsme =(2m +1)&,,(m :0,,1,2,3....)

JOKYMEHT MNOANvcAH

Y CHBEIO OGNS CcBeTa (IN(DpaKIMOHHEIE mnm{ym)
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E A,
Bnaneneu: llleGayxoea TaTeAHa AnekcaHapogHa »
bsing = Zm— ,(m =0,2,....)
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Yucmo m Ha3pIBAETCA MOPAAKOM IH() PAKIIHOHHOTO MAKCUMyMd WIM MUHHUMyMd. Bennuanna

0=CD=b sing npencraBmger co00H ONMTUYECKYI0 PA3HOCTh X0/1a MEKIY KparHuMH ayaamu CN
u BM, naoynmvm ot miemun mox yrinoMm ¢ (puc.S). B mampaBnenun ¢@=(0 Habmomaerca cambiil

WHTEHCUBHEIM IEHTPAILHBIN MAKCUMyM HYJIEBOro mopsanka. B touke Fo Bcerma nabmonaercs
yCHUJIEHUE CBETA, HE3ABUCHUMO OT 3HAUEHMS IIMHBI BOJIHEI A.

[Tpu HaOIIOIeHuH oA paAKIIH Ha MIEIH B oemom CBETe
UHTEP(PEepEeHINOHHAA KapTuHa HA HYKpAHE OKa3bIBAETCA OKpaIeHHOM. B
T (PAKITHOHHOM MAaKCHUMY ME KaKIo0ro IOPAIKA (m=const) oTHIKe K
IEHTPAITEHOMY, HEOKPANIEHHOMY  MAaKCHUMyMYy OKAa3BIBAIOTCS i (ppaKkIMOHHEIE

MAKCUMYMEI C MEHBIINMHU JJIMHAMHA BOJIH.

Ju(ppakiinOHHON pelmeTKod B ONTHKE HA3BIBAECTCA COBOKYMHOCTE OONBIIOTO 4YHCIIA
NPENATCTBUA M OTBEPCTHH, COCPEIOTOUEHHBIX B OTPAHUYEHHOM IPOCTPAHCTBE, HA KOTOPBIX
IPOUCXOIUT TU(PPAKIINS CBETA.

[Ipocrenmen au(pakumOHHOM PEMIETKOM ABMAETCA cucremMa w3 N OOMHAKOBEIX
MAPAJUIEIBHEIX MIEIEH B IIIOCKOM HEMPO3PAaYHOM YKPAHE IMUPUMEL b Kak1as, pacmoIOKEHHBIX Ha
PaBHBIX HEMPO3PAUHBIX MPOMEKYTKAX 4 APYT OT Apyra (puc. 6).

Bemunna d=b+a HazerBaeTcsa mocTOAHHON TU(PPAKITMOHHON PEIIETKH.

[To mpunmumny [rourenca-Openensa kaxaas MIETb SIBJIACTCA HCTOUYHHMKOM KOT€PEHTHBIX
BOJIH, CIOCOOHBIX uUHTEP(PEPHUPOBATE APYr € ApyroM. Ecam HA mU(pPaKkiMOHHYIO PELIETKY
NEPIEHAUKYIIPHO K HEW MAJAET MyUOK NAPALUIENBHBIX Tydeld CBETA, TO MO YIIOM TA(PPAKIH
HA SKpaHe I, PACIOIOKEHHOM B (POKANBEHOM MIOCKOCTH JIMH3BEL, Oyaer HaOmomaTeCa CHCTEMA
T (PPaKIIHOHHBIX MAKCUMYMOB MUHUMYMOB, TOJTy4€HHAA B PE3YIBTATE HHTEP(PEPEHIIMH CBETA OT
pPa3IMYHEIX MIETEH.

[TycTe mpu mageHNN MIOCKOW MOHOXPOMATHYECKOW BOJIHBEI HA JU(PPAKIMOHHYIO PEMIETKY
ayuu, Ju(pparupoBaHHBIE HA OJHON MIETH OA0T B TOUKE F@ MakCuMyM OCBEMIEHHOCTH. JTO EIIE
HE 3HAYUT, 4TO B TOYke F@ Oymer MakCuMyMm OCBENIEHHOCTH, TAK KAK Jy4H IMMOCIAHHBIE ATOU
MIETBI0 MOTYT OBITE MOTANIEHBI JIYIOM OT COCETHEH, WM HA000POT ycuneHsl. ECmm yCuneHsl, 1O
B Touke F¢ Oymer Oompmas OCBENIEHHOCTb, YEM OT ONHOM mIenW. lorga, y4WTeIBas yCIOBHUE
YCUIECHUA BOJH HOPU HMHTEP(EPEHIINN, TIaBHBIE MAKCUMyMBI NPH IU(PPAKIMUA HA PEUIETKE
HAOJIFO TATOTCS MO YIIIAMH () YIOBIETBOPAIONINMH Y CIIOBHIO

d sin ¢ = ki,
rae k= 0,1,2,3 Ha3zpBaeTca NOPAIKOM TIIABHOTO MakcuMyMa. Bemmunna 6 = DK = dsing aBisercs

ONTUYECKOM PA3HOCTBIO X0Ja MEXAY CX0ACTBEHHBIMM Jiydamu BM u DN, unynmym ot cocegnnx

mienen (puc ?)M
AOKYMEHT NOAMNCAH "
["nagszsreveunogyAdbioHA TU()PAKIIMOHHON PENIEeTKE HAOMIONAI0TCA MOJ TAKMMH YIJIAMH

R v (1) ﬁ%ﬂﬁ’ﬁﬂﬂ%ﬁ%ﬁ%ﬁﬁ@ﬁ@ﬁ%fﬂmx qacTeH KA OO MISIH IMOJHOCTEIO TACUTCSA B HA OOQHOH
dibHHZO

Bnaneneu: ebayxoea AnekcaHapoBHa

IEJTH
bsin g =mi, (m=0, 1,2,3,...).

Nencteutened: ¢ 19.08.2022 no 19.08.2023

80



Tak kak ecim HM oxgHA W3 WIENEHM HE MNOCBUIACT JIYUE€H B OSTOM HAIPABICHUM TO B
COOTBETCTBYIOMIEH TOUKE HA SKpaHe OyaeT TEMHOTA.

[Ipn mabmronennn qu@pakuuu B HEMOHOXPOMATUYECKOM CBETE BCE TJIABHBEIE MAKCHMYMEL,
KPOME IEHTPATBHOTO HYJIEBOTO MAKCUMYMa, OKpameHsl. C yBEIMYEHUEM JIMHEI BOJIHEL TVIABHEIE

MAKCUMYMBI BHYTPH JAHHOTO MOPAIKA PACIIOIATatoTCs Moa OOMBIIMMH YIIIAMU OT IEHTPAITBHOTO.
PanyxHas monocka, comepskamas CemMb IBETOB OT (PMOMETOBOrO 10 KPACHOTO (CUMTAETCA OT

IEHTPATEHOT0 MAKCHMyM4a), HA3BIBAETCA TU(PPAKIIMOHHEIM CIIEKTpOM. Juppakimmontas pemierka
ABJIAETCS OTHUM M3 OPOCTEHIINX OCTATOUYHO TOUHBIX YCTPOMCTB IS M3MEPEHUSA TJIMH BOJIH.

TEHPHH MeTOda H OITHCAHHE YVCTAHOBKH.

PaccMoTpuM OOWH W3 METOIOB OINPEIENICHWUA OIMHBI CBETJIOM BOJHBI MPH MOMOIIH
mi(pakunoOHHOM pemerku. Ha onTuueckon ckambe (MMM CHOENUATBHOM PEHKE) YKPEIUIAETCA
mu(pakinoOHHasA penierka P u nepnenamKyJIsapHO 0CH MOABWIKHAS MUJUTUMETPOBAA TuHENKA AB C
mensto L. [lenenus nunenky, meas ¥ IITPUXU PEMIETKH PACIIOIATAIOT NAPAJUIENLHO APYT OPYyTa.
[llenrs ocBemiaeTcs MCTOYHMKOM S M PacCMATPUBAETCA depe3 pemerky rnazom (puc. 7). Ha
JIMHEHKE TPOETMPYIOTCA M300paKEHUSA TIABHBIX MAKCUMYMOB W m3Mmepsercs paccrosaue lk
MEKIY MAKCUMYMOM | -TO mopAaKa 1 MAKCUMYMOM HYJIEBOTO ITOpsAAKa (T.€. OT NIEIH)

?,«"—4

I =
v o
B .

Puc. 7

Xon myued mocne u()pakMOHHOW PEMIETKH COOTBETCTBYET XOAy JIiyueH HA puc. 6. Ot
UCTOUHUKA CBETA S dUe€pe3 MUPOKYI mieab B JuHEHKe AB mpoxomur mydok Oenoro ceera u
MOMAJaeT CHAUaila HA AU(PPAKIMOHHYIO PEHIETKY, a 3areM B a3 Habmonarena. Jlyau, ngymme
MapanjielbHO TIABHOM ONTHYECKOM OCH XPyCTanMKa AT B (POKyCe LEHTPAIbHBIN (HYIECBOH)
MakCuMyM Fo ocBenieHHOCTH OEIBIM CBETOM.

Jlyuu, cozgaronie B HEKOTOPOM TOYKE CETYATKU F(p MakCMMyM OCBEMIEHHOCTH KaKHM-
m00 1BETOM (Hampumep, (puOoIETOBBEIM) MAAAIOT HA XPYCTAMK Imoxg yrioM ¢. CremoBarensHo,
OHM BUOHBI KAK OBl BBRIXOZAMIMMU 13 TOUKU D, MONOKEHHE KOTOPOU OMPEAEIIETCS MO IIKAIE
muHenkn AB.

Takum oOpazom pons nun3er JI (cM. puc. 6) BBEIDOJHAET XPyCTAIWK I71a3d, KOTOPBIN
(POKYCHPYET MapauienbHbIE JIyUd, ITOJIYIEHHBIE B pPe3yabTare qudppakuum (Hampumep, tyau M u
N) Ha ceruaToit 000I0UKe T7Ia3a (Urparoniey poas SKpaHa).

Y cnoBue MakCUMyMa OCBENIEHHOCTH UMEET BUI.

dsing = ki (1)
M3 pucyHka BUIHO, 94TO
sSiIn@ = 4
‘JHE + fz (2)
CrnemoBareapHO
L dt
SHEKTPOHHOM NOATMCHIO kNH? + (2 (3)

Ceptudmkar: 2 C’)P%Eﬂdﬁ%%#%ﬁ EEED.’?%?BA 20006000004 3E

Bnaneneu: llleGay x0Ba 1aTbAHa ANGKC aHOpoBHa
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kH (4)

Oobopyooeanue u mamepuaol.
YcranoBka € HMCTOYHMKOM CBETA, MIENBIO U JU() PAKIITUOHHOW PEMIETKOM.

Ykazanus no mexnuke vesonacrnocmu.

1. K BeimomHeHuio madopaTopHBIX padOT DOMYCKAKOTCS CTYAEHTHI, M3YUMBIIME ITPABUJIA
TEXHUKH 0€30TTaCHOCTH.

2. JlaboparopHsie pabOTEI MOTYT MPOBOAUTECA TOJIBKO HOJ PYKOBOACTBOM U HAOIIOIEHUEM
OPEnogaBaTes.

3. Pacmonaraiite mpuOoOpsel, mMarepuansl, 000pymoBaHuE HA padodeM MeCTe€ B HOPSIKE,
YKA3aHHOM MPE0gaBaTelIeM.

4. He pepxure Ha paboueM CTONE NPEAMETHL, HE TPEOYIONMECA A1 BEITOJIHEHHUS 33 JAHUA.

5. Ilepen tem, kak NPUCTYNUTE K padOTE THIATENBHO M3yUUTE €€ ONMHUCAHUE, YACHUTE XOX
BEIMIOJTHEHUA PAOOTEHL.

3aoanus.

OnpenenuTs MAKCUMAIbHBIE MOPAIOK CHEKTpa HAOII0JaeMOTr0 B JAHHOW padoTe, YUUTHIBAS
gqro d=0.01 mm.

1. Ycranosute muuenky AB Ha 3agannom paccrosnuu H or qudpakimonnon pemerku (H
> 300 mM). BrkiirouuTe UCTOYHUK CBETA S W, TMIAAA uepe3 OU()PAKIMOHHYIO PEHIETKY HE MIENE,
IpOBECTH HAOMIO IeHNE TU(PPAKIITUOHHOTO CHEKTPA.

2. OnpeneneHue monoxenue [k nas CUHEH, 3€JI€EHON U KPACHOM JTUHUH CIIEBA M CIIPAaBa s
1-ro 1 2-10 MOpAAKOB COEKTPOB.

PesyipTaTe! 3anectu B Ta0IUILy.

3.ITo ¢popmyne (4) BEIUUCINTE JTUHBI BOJH YKA3AHHBIX JTMHUH.

4. YKazarp M OLEHUTH OCHOBHBIE HOTPENIHOCTH JAHHOTO METOJA W3MEpPEHUA, 4 TAKKE
MOTPENIHOCTH, JOMYCKAEMYIO IPU UCIOIB30BaHUH (popmy sl (4), a HE (3)

PE3YJIbTATEI U3MEPEHUN.

d=0,01 MM H= (MM)
[Topsmok [k( )
crekrpa k — — —
DuoneToBbIN 3eJIEHBIN Kpacuerit
JIEBEIMN OpaBBIA JIEBBIN PABEIH JIEBBIN MPAaBEIN
|
I1

Coodeprcanue omuema.

Otyer o JIHGDEpaTD HEIM pabOTaM JOJIKHEL CONEPKATE:
AOKYMEHT NOANNCAH

= TITT}’JWM Nnoannucbio
CEPT“dJ‘i“ﬂEIEg %ﬁﬁﬁﬂBBBQEEEDEETBAE'DEIEE{]EGEIEJSE

Bnaneneu: UleGayxoea TatbaAHa AnekcaHgpoBHa

- KOHCIIEKT OCHOBHBIX 3dKOHOB, OMPEIEIEHUI, TOHATHH, (POPMYJI;

- OCHOBHOE DﬁﬂgyﬂDBaHHE, CX€Ma YCTAHOBKHU;
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- OMMCAHUE M0 MYHKTAM BBEIIIOJIHEHHOU Pa0OTHI;

- pE3yIBTATEl U3MEPEHUM U pacueToB (TaOmuIlel, rpaduky );

- OIIEHKA MOTPEMIHOCTEM;

- OTBETHI HA KOHTPOJILHBIE BOIIPOCHI;

- BEIBOJIBI IO PE3YJILTATAM BBIITOJTHEHHOU padOTEI, aTa, MOAMHUCE.

Koumponwsnuie gonpocul.

1. Uro wnaseBaerca mu@dpakumonHoro ceera? KakoBel ycCinoBHA HAOMIOIEHUS HSTOTO
ABJIEHHUSL.

2. CoopmynupoBars npunimn [ rourenca.

3. Cdopmynupoars npuHin [ rourenca-Openens.

4. OOBACHUTH C UCITONB30BaAHUEM NpuHNUNA [Toirenca- OpeHens 3aK0H MPSIMOIMHENHOTO
pacrnpoCTpaHEeHHs CBETA.

5. Yro takoe «30HbI Openena». Kak onpenensaroTcs mionaamn neEPBLIX K 30H?

6. Yro takoe nudppakimonHas pemerka? Onpenennurs yCIoBAsI JU(PPAKIIUH HA PELIETKE.

7. BriBectu (popmymy (4).

JlaboparopHnasi padbora Ne 15
Tema padomoi. VI3yueHne sHEPreTUIECKOTO CIIEKTPA SJIEKTPOHOB

[IpoBEepUTE BEITOTHEHUE MEPEHOCA HTEKTPOHOB.
Ilenwv padomer. 11poBepUTE BEIMOTHEHUE NEPEHOCA DIIEKTPOB.
Teopemuueckas vacme.

Kak M3BECTHO, MIOCKAsA SAEKTPOMATHUTHAS CBETOBASA BOJIHA SABJIAETCA MOMEPEUHOM  H
NPEICTAB/IAET  PACIPOCTPAHEHUE  B3aMMHO  IEPOEHIMKYJMIPHBIX — KoyieOanuii:  BEKTOpa
HAMPSKEHHOCTH ANIEKTPUUECKOTO moastl E u BekTopa HAmpskKE€HHOCTHM MAarHuTHOTO HOIsA H
(puc.la). Kak mokaseiBaer omeIT, ()U3NOIOTHIECKOE, (POTOXMMHYECKOE, (POTOIIEKTPHUECKOE M
ApPYrue€ OEHCTBUS CBETA BHI3BIBAIOTCA B OCHOBHOM KOJIEOAQHMAMM SJIEKTPUYECKOTO BEKTOPA.
Bekrop E Ha3eiBaeTCs CBETOBEIM BEKTOPOM, U BCE PACCYKIEHUA MBI OTPAHMUNM PACCMOTPEHUEM
3TOT0 BeKTOpa. Hamuuue Bekropa H mogpazymeBaercs.

pucl.

CBETOBOM Ny4OK, B KOTOPOM pa3IMYHBIE HAMpaBieHUs BekTopa E B momepedyHou kK
HAIMPABICHUIO PACTPOCTPAHEHUSA BOJIHEI INIOCKOCTH PABHOBEPOATHEI, HA3BIBAETCA €CTECTBEHHBIM

(puc. 1 0)

CBer, B KOTOPOM HANpaBIECHUA KOJICOAHMN BEKTOPA YIIOPANOYEHEI KAKMM-TH00 00pa3zom u

IO UEAIOTCE %ﬁ%%ﬂﬁﬁ&% 3aKOHOMEPHOCTH, HA3BIBACTCA MOMAPH30BAaHHEIM. Ecmi komeOanus
BEKTOPA HFENTYTHEOBAPINATHOS JINIIE B OOHOM OIIPENEIIEHHOM HAIIPABJICHUH, TO CBET HA3LIBACTCS

CEPT“dJﬁEFﬁ{ﬁ%PHﬂGPﬂﬁEPW%ﬁ@@%%%M (puc. 2a).
pOEHa

Bnaneneu: ayxoea TaTeAHa Anekcada
L”JECJTH AHE KOJICOdAHHA BE‘I{TDPH E CDBE‘p[ﬂﬂI—DTCH TdK, dT0O €T0 KOHCII OITHCEIBACT Kp}’l" HJIH

SJUIMIC, TO CBET HA3BIBAETCA COOTBETCTBEHHO MOJAPU30BAHHEIM OO KpPyry (puc. 20) wnm
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SUIMOTUYECKA  OOJAPU30BAaHHEIM  (puc.2B). Ilpum nuHenHOM nomApu3anuu — ILIOCKOCTE,
comepxkamias Jyd ¥ BekTop E, Ha3pmBaercs MNAOCKOCTBIO KOJIEOaHMl, WM IUIOCKOCTBIO

MOJIAPHU3AIHH BOJIHBI.
-Ni

Puc 2.

JIiA  momydeHnsa JMHENHO IMOJIAPU30BAHHOTO CBETA MNPHUMEHAIOTCA  CIEIIUAIBLHEIE
ONTUYECKHE NPUCHOCOOMeHnA- moaIpru3aTopel. [110CKOCTE KOIEOaHMIT SNEKTPHUUECKOTO 'BEKTOPA
B BOJHE, HOPOWIEANIEH dYepe3 MOIAPU3ATOpP, HA3BIBACTCS IUIOCKOCTBIO mossgpusaropa. Jis
MOJTYYE€HMA TJI0 CKOMTOIAPHU30BAHHOT O CBETA UCITONIB3YIOT HECKOJIBKO CITOCO0OB.

a) OTpaxkeHne CBeTa OT MOBEPXHOCTH IUIIEKTPUKOB.

OTpaKE€HHBIN OT AWAJEKTPUKA CBET BCETAa YACTUYHO ITOJIAPU30BaH. Ha puUCyHKE depHBIE
TOYKA COOTBETCTBYIOT KOJ€OaHMAM Bekropa E nmepneHmukyIsapHBIM IUIOCKOCTH HANE€HUA, a
CTpenouku - koaebanusam B minockoctu naaeHusa (Puc.3). Crenens moaspu3anuu OTPaK EHHOTO
Tyda 3aBUCHT OT OTHOCHTENBHOIO ITOKaszarensa npenomieHusa nl2 m or yrma magenus o. [Ipu

EJ— [TOJIHOCTEHD

'§0p =Ny

nagenuu nayda E na mmockocte MN mox yrimom bprocrepa ob orpaxkennsrin myq

noxspu3oBad. [Ipenmomnennsrii nyu El momsapuzoBan gactmuno. CooTHOmEHUHE
Ha3eIBaeTCA 3ak0HOM bprocrepa. [InockocTs konedanuii SJIEKTPUYECKOTO BEKTOPA B OTPAKEHHOM
CBETE MEPNEHANKYJIIPHA ILUI0CKOCTH TTAEHHA.

£ | £

Puc.3

0) [Ipenomnenue ceera B CTONE CTEKIITHHBIX IUTACTUH (cToma CToneroRa).

[TockONMBKY OTpPaKEHHBIM OT IUAIIEKTPUYECKOW IUTACTUHKM CBET YAaCTUYHO (WM Jaxke
MOJHOCTHIO ) MOJIAPU30BAH, MPOXOAANINH CBET TAKKE YACTMUHO IMOJAPU3YETCA W CTAHOBUTCA
CMEIIAHHEIM  CBETOM. [IpenmymiecTBeHHbBIE KOIEOAHNA AMEKTPUIECKOTO BEKTOPA B MIPOUIEANIEM
ceere OyayT COBEpHIATECA B IUIOCKOCTH MaaeHua. MakcumanpHas, HO HE MOJHAA CTEINEHE
MOMAPU3AIMK MPOXOTANIETO CBETA OOCTUTAETCA HOpH mameHun mon yriaom bprocrepa. s
VBEIIMUECHUA CTEMEHW MOMAPU3AIMHU OPOXOJAMIEr0 CBETA MCHOJB3YIOT CTOMY CTEKIAHHBIX
nﬂaCTHHDIﬁO%%HyU&E%%FDBa), PacHosIOKEHHBIX MO YIIoM bprocrepa k MajaiomeMy CBETY. B
STOM CII9REEPOIOYRITOOATOINIANTE NPAKTUIECKA MOJHOCTHIO ITOJIPU30BAHHEIN MNPOXOISNIUNA CBET,

Cepibriak ﬁ%ﬂg:%ﬂﬁéﬁg%%Wgﬁ%mdaﬁﬂﬂﬁﬂﬂﬂ OPOMYIIEHHEIE KONIe0aHUsA, MEePIEeHANKYIIAPHEIE

Bnapeneuy; ekcadpoBHa

[DIOCKOCTH ITaACHHUA B OMIPEACIICHHOM OTHOMICHHH .

B?) H CIIOMICHHMEC CBETA B ,I[BDHI{DHPEHDNUIHIDHJ,H}{ I{pHCTHJU'[HK.
Nencteutened: ¢ 19.08.2022 no 19.08.2023

84



Hekoropeie kpucramisl (MCIaHACKWM IIIAT, KBAPL, CIIOAA W ApP.), 4 TAKKE HEKOTOPEIE
W30TPOTHBIE BEMIECTBA (MMOA OEHCTBHMEM MEXAHMYECKHX HATPY30K WIHM SIEKTPUYECKUX ITOJIEH )
001amaroT CBOMCTBOM ABOMHOTO MydenpenomieHus. [IpenoMisasace B TAKOM KpUCTANIE, CBETOBOM
Iyd pasensercs Ha OBa JMHENHO NOJIAPWU30BAHHEIX JIydd CO B3aWUMHO IMEPHEHIUKYIIAPHBIMA
HanmpaBiaeHUAMU KkoneOanuu. OguH W3 JTyded HAa3bIBAETCA OOBIKHOBEHHBIM M 0003HAYAETCH
OyKBOM 0. a BTOpPOM -HEOOBIKHOBEHHEII M 0003HAauaercsa OykBou €. OOBIKHOBEHHBIM Iy4
YIOBAETBOPAET OOBIYHOMY 3daKOHY TMPEIOMIEHHS M JEKUT B OOHON IUIOCKOCTH C MAJArONIIM
Iy4OM W HOpMaibio. J[J11 HEOOBIKHOBEHHOTO Jy4a OTHOIIEHHE CHHYCOB yIJIa MMAJEHUSA W YIJa
MPEJIOMIIEHHUSA HE OCTAETCS IMMOCTOSHHBIM IPH U3MEHEHNUHN YTJIA Ta1EHUS.

KpoMme TOro, HEOOBIKHOBEHHEIN JIyd4, KaK NPABUIO, HE JIEKWUT B IUIOCKOCTH MANCHUA U
OTKJIOHAETCA OT ayda O maxke mpu HOPMAIbHOM IManeHuM CBeTa. OTKIOHAA OOWH W3 JIYUEH B
CTOPOHY, MOHO MNOJIYYUTh IUIOCKONOJAPHU30BAHHEIM JIyd. 1ak yCTpO€Ha, HampuMep MIpH3Ma
Hukonsa (puc.4). JIBe ecrecTBEeHHBIE TPAHU KPUCTAILIA UCIAHACKOTO MINATa CPE3arTCA TaK, YTOOEI
YMEHBIIUTE YTOJ MEXKIY MMOBEPXHOCTAMH 10 68°.

3aTeM KPUCTAJUT pACIIIMBAECTCA HA ABE yacTu 1o muockoctu BD mox yrimom 90° k HOBEIM
rpanam. Ilocne mOMMpPOBKM MOBEPXHOCTHM pacmuia CKJICHBAIOTCA KAaHAACKUM Oaib3aMmom,
MMEIONIUM MOKA3aTENb OPEIOMICHUS N, YIOBIECTBOPAIOMIMIT YCIOBHIO N<N<Ng, TAE No U N -
MOKA3aTENN NPEIOMIECHUSA UCIAHICKOTO mIara I OOBIKHOBEHHOTO U HEOOBIKHOBEHHOTO JTy4d.

[Tagas mox yrimom, OOmbBHIE TPERENBEHOTO, HA IIOCKOCTE BD, OOBIKHOBEHHBIM mIyd
IPETEPHEBAET ITOJTHOE BHYTPEHHEE OTPAXKEHUE HA TpaHULEe mmnar - Oams3am. HeoObIKHOBEHHEIN

JIVU, 0JIA KOTOPOro, BEIXOOUT U3 MMPHU3MBL JIMHEHHO [MOJIAPHU30BAHHBIM.
8

Puc.4

r) [Tornonienune cBeTa B ITMXPONIECKUX ILUTACTUHKAX.

Y  HEKOTOPBIX  JBOAKONPEIOMIAIONIMX  KPUCTAIOB  (HAmpUMep.  TypPMAaIMHA)
KOA(D(PUITMEHTH TOTIOMIEHUSA CBETA UIA ABYX B3aUMHO MNEPNEHIUKYIAPHBIX TMOJIAPU3OBAHHEBIX
AyYEH OTINYAIOTCA HACTOJIBKO CHIIBHO, 9YTO YK€ NPU HEOONBIION TOJIIMHE KPUCTAJIIA OTUH U3
Ay4YEH racuTCs NPAKTUYECKU MOTHOCTRIO U U3 KPUCTAIUIA BEIXOOUT JIUHEWHO MOJIIPU3UPOBAHHEIN
My4OK CBETA. JTO ABJICHUE HA3BIBACTCA OJUXPOM3MOM. B Hacrosmiee BpeMs TUXPOUUECKUE
[UTACTUHKM HW3TOTOBJIIIOT B BHIOE TOHKMX IUIEHOK - MOJIIPOUIOB, HMEKONIAX MIMPOKOE
npuMeHeHue. B OOnpIMHCTBE CIydaeB OHM COCTOAT U3 MHOMKECTBA MAJIEHBKUX (TOJIIMHOM IO
0,3 MM) mapanneabHO OPUEHTHPOBAHHBIX KPUCTALIOB CEPHOKHCIOrO0 WOIUCTOTO XWHUHA-
repanaTuTa, HaxXoJANIMXCS BHYTPH CBA3YIOMIEH CPEOEI - MIPO3PAUYHOMN ITIEHKH.

g uccmenoBanma XapakTepa W CTENEHW MOMAPU3AlN CBETA HOPUMEHSAIOT YCTPOHCTBA,
HA3BIBAEMBIE aHANW3aTOpaMu. B KauecTBe aHAJIM3aTOPOB HCHOJB3YIOT TOMKE YCTPOMCTBA,
KOTOPEBIE CIYKAT 1A MOJIYUYEHUS JIMHEWHO-MOIAPU3NPOBAHHOIO CBETA (IOIAPU3ATOPEI).

[Iycte Ha nomspuzarop OagaeT IUIOCKOMOJAPU30BAHHBIM CBET aAMIUIMTYABI Ao U
MHTEHCUBHOCTEIO lo (Puc. 5). CkB03p momsapu3arop NpoOMAET COCTABIAOMIAA KomedaHusa C
AMILTUTYTIOU A =A,COS(L , TOE O - YTOI MEXKAY MIOCKOCTBEIO KONIEeOAHMIT MaJaromiero CBETA U
IUIOCKOCTBIO IMOIAPU3ATOPA. A TAK KAK MHTEHCUBHOCTHL CBETA NMPOHOPLUOHAIBEHA KBAAPATY €ro

amrumTy et LOS et R IocTe pomenuiero ceera onpenensercs Beipaxkenuem [=locos o.
Cepudurar:  2COD00CGOTHOILOHE S HOCHDEAZBAHNE 3aKkoHa Mairoca.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023

85



IAOCKOCTh MOAAPHIATODE

A,

A, singa

Puec. &

[ToctaBum Ha TyTHM €CTECTBEHHOTO Jyuda moiaspuzarop P u anmamasarop A (puc.6). U3
MOJIAPU3aTOPa BBIMAET IUIOCKOMOJIPU30BAHHBIM CBET, MHTEHCHBHOCTH KOTOPOTrO COCTABUT
MOJIOBUHY MHTEHCUBHOCTH €CTECTBEHHOro cmera, T.e. 1= Iy /2. Cormacno 3akony Mamoca u3
aHAT3aTOPa BBIMAET CBET WHTEHCUBHOCTRIO: D=I;c0s20 (rme a yronm mexay IUIOCKOCTAMU
OOJIAPU3ATOPa M aHami3aropa). lakum o0pa3zom, MHTEHCUBHOCTE CBETA, MPOMIEAMIETO YEpe3

1

—J,co8’ a
[OJIPU3ATOP M AHATI3ATOP paBHa 12=2
|0 |1 "
> > >
P - ||
Puc.6 A

Onucanue YCTAaHOBKH.

B nacrosmnien pabore mias mOIydeHus U UCCIEOOBAHUS TUHEWHOTO MOIAPU30BAHHOTO CBETA
IPUMEHSAIOT TMOIAPOUALl. OHU U3rOTABIMBAIOTCA W3 OYEHB MEJIKWUX KPUCTAIJIOB TypPMAIWUHA WA
repanaruTa, HAHECEHHBIX HA LHEUIYJIOHMOHYIO IUIeHKY. Onrudueckue oOCM  KPUCTALIOB

CHEHUANBHBIM  00pa3oM OpPHEHTHPYIOT B OJHOM HampaBineHUW. Kpucramnel TypMaimHa
POy CKAOT CBET TOJIBKO C ONMPENEIEHHON OPUEHTAIMEN CBETOBOTO BEKTOPA U ITOUTH ITOJTHOCTHIO

MOTJIONIAIOT BCE MEPHMEHAUKYIBIPHBIE COCTABIAIONINE CBETOBOTO BEKTOpPA K HAMPABICHUIO OCH
kpucraniaa. Cxema yCcTaHOBKU npuBeneHa na Puc 7.

BO

mA,

OOKYMEHT NoanncAaH
BNEKTPOHHOM NOONMUCEID

whbukaT: 2C0000043E9ABSBO52205ETBAS00060000043E

Bnapeneu llleBayxoBa ThAHA ANeKcaHapoBHa PHE T

D8 AU2Y o 1908 2023
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CBeT OT UCTOYHMKA CBETA S MPOXOAUT 4EPE3 HEMOABWKHEIN noyrapusarop P. Anammsarop
A 3aKperuieH BO BpAMIAIOMIEMCA AUCKE. YTOJ MOBOPOTA AHAIW3ATOpA M3MEPAETCA MO MIKAIE
mucka, pazpenennon Ha 360 menenuu. Ilpoings momapuzarop u aHama3arop, CBET MAgdaeT HA
BEHTWIbHBEIN  (poTosmemeHnT B® (comneunsrt  snaemenr). [Ipu He ouens Oonbpmmx
OCBEMIEHHOCTAX Cuaa (POTOTOKA MPONMOPHUOHANIBHA CBETOBOMY MOTOKY. Bennumua (oToToka
M3MEPAETCA MUKPOAMITEPMETPOM. MEXay MmoJapu3aTropoM U aHATU3aTOPOM UMEETCS KaMepa, B

KOTOPYIO MOKHO HOOMENIaTe oO00pa3upl mii HAOmMogeHus sABACHUA (POTOYOPYTOCTH WU
UHTEP(PEPEHIINH TOIAPU3OBAHHEIX JTYUEH.

Oobopyooeanue u mamepuaol.
1. YcranoBka miis npoBepku 3akona Mamroca. 2. Uctounuk csera. 3. Mukpoammepmerp.
Ykazanus no mexnuke desonacnocmu.
1. K BeimomHeHuio mabopaTOpHBIX padOT AOMYCKAIOTCS CTYAEHTHI, M3YUMBIIME ITPABMIIA
TEXHUKH 0€30TTaCHOCTH.
2. JlaboparopHsie pabOTEI MOTYT MPOBOAUTECA TOJMBKO MO PYKOBOACTBOM U HAOIIOIEHHEM
PENOaaBaTE.
3. Pacnonaraure npuOOpr1, Marepuassl, 00OpygOBaHHE HA padouemM MECTE B HOPSOKE,
YKA3aHHOM HPEMOgaBaTEIeM.
4. He pepxure Ha paboueM CTONE NPEAMETHL, HE TPEOYIONMECA O BEITOJHEHHUS 33 JAHUA.
5. Ilepen tem, kak NPUCTYNUTE K padOTE THIATEIBHO M3yUUTE €€ OMHUCAHUE, YACHUTE XOX
BEIMTOJTHEHUA PAaOOTEL.
3aoanus.
| .BxirounTh MCTOUHUK CBETA.
2.Bpamaa anammsarop, 1OOUTECA MAKCHUMAIBHOTO OTOpPOCa CTPENKH MHKPOAMIIEPMETPA
(A moxker OwiTh crmenyer noOuBarecs MuHUMATRHOTO? Ilouemy? Yemy paBeH yrom B 3TOM
ciyuae?).
3.3amICeIBAIOT TOKA3aHWA  MHUKpPOAMIIEPDMETPA W B JAABHEHIIEM, MMOBOPAUMBAS
anami3arop, depe3 10 rpamyCoB 3amMCBIBAIOT COOTBETCTBYIOMINE 3HAYEHUE TOKA.
4. Kakum 00pazom 1o moIy4eHHBIM JAHHBIM MOKHO yOEIUTECA B IPABUILHOCTH 3aKOHA

Mamoca? Kakue rpapykn U3 HUKE MEPEIUCIEHHBIX CIEAYET NOCTPOUTH AJIA NPOBEPKH 3aKOHA?
(BEIOOD apryMEHTHpGBaTL)

—f(f,v) —f(mw) Ii = f(cos” @)

[=f(9).2~f(g), | o ,
5. IToctpouts rpaqm]ac 3aBUCHUMOCTH.
6. Coemars BBEIBOI.

PesyibTarsl H3MepeHHI.

o I COSQL cos2a

Cooeprcanue omuema.

Otuer no abopaTopHeIM padOTAM JOMKHBEL CONIEPKATD:

- TUTYJIBHBIH JIACT;

- IETb PaOOTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OMPEIENEHUI, TOHATHH, (DOPMYIL;
- OCHOBHOE 000pyn0oBaHme, CXemMa yCTaHOBKHU;

= QHHCHHHE 1O F%HKTHM BEITOJHEHHOHN pHGDT]E:I'
OKYMEMT MNOANCcAH

- peaymwﬂmummﬁpemmaﬂ pacueroB (TaOmuiel, rpapuky);
CEPTHdJHHfj’ @ﬁ%ﬂﬂﬁf_ FHE[‘H%DFE.EFAEG{]ﬂEGﬂGGﬂdSE

Bnaneneu: llleGayxoea TaTeAHa .fl.nerccaH,u,ErDEHa

- OTBETHI HA KOHTPOJIEHBIE BOIIPOCHI,

- BEIBOOEI ITO pE-‘?-}’JTE:TﬂTHM BLIHDJIHEI—I]—IDH pﬂﬁDT]E:I adrd, ITOIJITHCE.
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Koumponwsnuie gonpocul.
Yro npencrasnset w3 ce0s CBETOBAS BOTHA?
Kakue mencrBus oka3eiBaeT cBeT? brmaromapsa aemy 310 BO3MOKHO?

Yro Takoe momapusanua’ Kakou cBeT Ha3pBarOT ecTeCTBEHHBIM? [lomsapru3oBanHbIM?
Onumwure BUABI MOJIAPU3AINH.

[Tepearicmte CrmoCoORI MOMTYUEHUS MOJIAPU3OBAHHOTO CBETA.
Cdopmynupyiire 3akon Mamnroca.
. Kakue mannsie B paboTe mo3BoL0T yOEIuTCa B CIpaBeIMBOCTH 3aKkOH Mamoca ?

(oTBET CPOPMYIUPYUTE).

-1 N n B o o—

JlaboparopHnasi padbora Ne 16

Tema paoomopi. U3yuyeHHe KOCMHYECKOI0 H3IY4YeHH
Ilenws padomupr. Onpenenenne CKOPOCTH MEPEMENLIEHHUS.
Teopemuueckas vacme.

Paznuuaror Tpu Buga gorosddekra:

®* BHewHumM @omosggexkmom HA3BIBACTCA BBIPEIBAHUE NIEKTPOHOB W3 BEMIECTBA I0]
OEHCTBUEM  OSJIIEKTPOMATHUTHOTO W3MydeHusA. Buemmuii ¢otosdpdexkr nadbmomaercs
NPEUMYIIECTBEHHO B ITPOBOHUKAX.

* Ilpu euympennem pomosgghexme HSNEKTPOHBI MOJ NEUCTBHUEM CBETA TEPAIOT CBA3b CO
CBOUMH 4TOMAMH U MOJIEKYJIAMH, HO OCTAIOTCA BHYTPU BemleCTBA. 1akou Bun (orodddexra
BO3MOKEH TOJIBKO B ITOJYIIPOBOTHUKAX.

* BenmuivbHbiu pomosrhghekm 3akmodaeTCA B BOZHUKHOBEHMH (POTO-3.1.C. OPH OCBEMIEHUU
KOHTAKTA OBYX PAa3HBIX MOJYIPOBOIHHKOB WM IOJYIIPOBOTHUKA M MeTanna 0e3 Ham4usd
BHEMIHETO NIEKTPHUYECKOTO ITOJIA.

B nmamnon padore 1A M3ydeHUA 3aKOHOMEPHOCTEH
gHewHe20 omos3hgpexma WCNIOIB3YIOT BAKYYMHBIM _ (OTO-

_ pmemenr. OH mnpencraBiger COOOM CTEKJIAHHBIM OTKAYAHHBIH

ceer AV K cpepruecknii 0A/IOH, B LIEHTPE KOTOPOTO PACHOIOKEH aHOI A B

BUAE KOonmbla winn mnactuHku (puc.l). Yacre BHyTpeHHEH

MOBEPXHOCTU Oa/UIOHA IIOKPEITA TOHKHAM CJIIOEM METaJUIa,

7 -

-
- 5
-
-

KOTOPBIM CIYXKUT gomoxamodom. Ha puc.l. mnzobOpaxena

-®_ MPUHIIUIHATBHAS CX€Ma, € MOMOMIBI0 KOTOPOH HCCIeqyeTcs

i E — - BHemHUN (ororpdexr. Mexay aHOAOM U KATOAOM HCTOUHUK

v U toka CO3JAET ANIEKTpUUECKoe mone. Tak Kak 3JIeKTpUIecKas b

= PA30MKHYTa, TO IIPH OTCYTCTBUN CBETA AIEKTPUUECKHUI TOK 4epes

— potormement we umer. [Ipu ocBemieHn KaTtoma CBET BHEIPHIBAET
- W3 HETO SJIEKTPOHBI, KOTOPHIE MO AECHCTBUEM CHI SJIEKTPUYECKOTO

+ = MOJiA ABWKYTCA K aHony. B menu mosBIsgeTcs HSIEKTPUUECKUH TOK,
Puc. 1 HAa3BIBAEMBII @homonmokom. Cuna (poToTOKA  MIMEpPAETCA

ransBaHOMETpPOM G, HANTPAIKEHNE MEKIY aHOIOM A U (porokarogom K
— BoasTMeTpoM V. M3menasa HanpsikeHne ¢ mOMONIpI0 mOTeHmnpoMerpa P, Haxomar
3aBUCHUMOCTE CHJIBI (POTOTOKA OT HAIIPAKEHUSA — BOJIBTAMIIEPHYIO XAPAKTEPHUCTHKY.
Ha puc. 2 n3o0paxkena BonpraMnepHas XapakTepuCcTUKa BakyyMHOro (porosnemenra. [Ipu U =0
(MEKIY KATOOOM WM AHOAOM SJIEKTPUUECKOTO IMOJII HET) Cua (POTOTOKA BCE PABHO HE PABHA

HYIIIO. Qﬂﬁiﬁﬂﬁﬂ%&[mﬁo TEM, 4YTO DJJIECKTPOHBI, BBIPBAHHBIC CBETOM M3 Karoga, HMCIOT
CepTvdh HEK 0TV PV I3 EHEBIATIREIVIOR/CROPOCTEEY (4 3HAUWT, MU KMHETUYECKYI0 SHEPTUI0) M YACTh M3 HHX

PeAe o et ROCTHTATE AESHAM fpur oTCyTCTBMM EKTPHYECKOTO MO
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Ecmn yBemmuuBaTE HANPKEHUE MEXKIOY KAaTOIOM M aHOAOM (MOJaBas OTPULIATEILHBIN
MOTEHIMAT HA KATOM, 4 HA AaHOJ — MOJOKUTENBHEIN), OyAeT yBEIMUMBATECA CHIIA TOKA. ITO
OOBACHAETCA TEM, YTO TENEpPh SAEKTPOHEI, koTopeie mpu U =0 He pgocruranu aHona, mon
OEHCTBUEM CUII 3JIEKTPUUECKOTO TOJIA TPUTATUBAIOTCA K AHOTY .

M3 rpajuka Bumno, uro mpu Hexkotopom 3Hadenun U= U, cuira (OTOTOKA AOCTUTAET

HAuOONBIIETO 3HAYEHWA, MOMYYHMBLIETO Ha3BaHue ToOkKa Haceimenus [, Jlampueimee
YBEJIMUEHUE HATIPSKEHUA YKE HE BBI3BIBAET POCTA CUIIBI TOKA. JTO 3HAUMUT, YTO BCE HIEKTPOHEI,
BEIPBAHHBEIE CBETOM W3 KATOA4, JOCTUTAIOT aHoma. Ecmt 3a eduHnuyy épemeHu CBET BHIPBIBAET U3
(poToKaTONA N FMEKTPOHOB, TO TOK HACHIMIEHUA OyIET paBeH

IL=e-n, (1)

II€ e — 3apsam SJIEKTPOHA.

Ecimm momMeHATs MOJAPHOCTH ANEKTPOHOB, TO €CTh MOAATh HA KATOM IOJI0KUTEIbHBIN
MOTEHIIUAI, 4 HA AHOJl — OTPULIATEILHEIN, TO AMEKTPUUIECKOE MO OyAET TOPMO3UTE JBUKEHHUE
SIEKTPOHOB OT KATOAA K aHoay. 3a cuer paboTel cua siaekrpudeckoro mons (A = el)
KUHETUUECKAsA SHEPTHUA OBWKYIIMXCA SIEKTPOHOB OyaeT ymeHbmaTtecsa. Ecnum nepBoHauansHas
KHHETHUECKas sHepruda siaekrpona W, Oymer Oomeme pabotel snekrpudeckoro mons (W,.>Ag),
SIEKTPOHEL OyAyT JOCTUTATh aHoaa, B uenu Oyaer uatu tok. [Ipu W, < elU snexkrponsl anona He
OOCTUTHYT W TOK HOpeKpaturca. HaumeHrwmee HANpsHKEHWE, MPH KOTOPOM MPEKPamIAeTCs
(OTOTOK, HAZBIBAETCS 3a0CPKUBAIOTITAM.

[Tpu U = U, naxe cambie OBICTPBIE 3JIEKTPOHBI, UMEIONINE MAKCUMAIBHYIO CKOPOCTh, HE

OOCTUTAIOT aHoAad. B 3Tux yCaoBUsax

2 2)

Takum oOpaszom, m3mepsas Ha ombiTe Uz MOMKHO BBEIYHUCIUTH MAKCHUMAIBHYH) KHHETHYECKYIO
SHEPTUIO JEKTPOHOB, BEUICTAOIINX M3 KATOOA.
Obopyoosanue u mamepuapl.

[Tpu n3yuenun 3akonomepnoctent (porosrpdexra B paboTe NCTIONB3YETCS BAKYYMHEIH
(pOTO3NEMEHT, MPUHIUITHAIBEHAA CXEMA BKIFOUEHH KOTOPOTO B AIEKTPHUECKYIO IIETh
MPUBEIEHA HA pucC. 4.

1. ®orosnement @, ceeropuneTp CAD U UCTOUHUK CBETA (CIEKTpanpHas pryrHas gamma) JI
MOMENIEHBl B 3aKPBITEIM KOHTeHHep. (CBer OoT jammel, mpoxonda uepes3 cBero(punsrp CO,
CTAHOBUTCSA MOHOXPOMATHYECKUM W, Manas Ha KaTon (porosiemeHTa, BEIZBIBAET (pOoTOA(P(hEKT.
Mukpoamnepmerp NA usMepser cuiay (OTOTOKAa, a BOJBTMETP V — HanpsKEHHE HAa
(oTorIEMEHTE.

2. YcraHoBka COCTOUT U3 OOBEKTA WCCIEOOBAHWA M YCTPOUCTBA HM3MEPUTENLHOTO,
BRITTOJTHEHHBIX B BHUAE KOHCTPYKTHBHO 3aKOHYEHHBIX W3AEIMI, YCTAHABIMBAEMBIX Ha
1adopaToOpHOM CTOJIE M COEAUHAEMBIX MEKITY CO00H Kabemem.

3. OOBeKT uccnenoBaHus KOHCTPYKTHBHO BBIMIOJTHEH B BUAE COOPHOTO KOPITyCd, B KOTOPOM
YCTAHOBJIEHBI OCBETUTENL (CIEKTpAaIbHAA PTYTHAA JaMma) ¢ MCTOYHUKOM MHUTAHUA, OIOK
uHTepepeHIMOHHEX CBETOPMIsTpoB Nel (A=407 mxm), No2 (A=435 mxm), Ne3 (A=546 mxm),
Ned (A=578 MKM) u YCTpPOMCTBO pErymmpoBkH ocBemeHHOCTH. [lomoxkenmne "0" Omoka
CBETO(PUABTPOB COOTBETCTBYET MPOXOKICHUIO CBETA 0€3 CBETO(PUILTPOB U MOKET TPUMEHATHCS
IUISL CHATHSA WHTETPANBHBIX BOJIETAMIIEPHBIX M JIFOKCAMIIEPHBIX XAPAKTEPUCTHK, & MOJOKEHHE

g
- H%ﬂﬁumm)mmmx H HCIIOJIB3VETCA O/ YCTAHOBKHM HOJIA. K ko Cy C IMNOMOMIIBHD
OHHOW Noanncek Y Y prycy

E
Copru IPOHIEEIHA 11D IDICH - ¥CHIMTENE  (POTOTOKA, HA BEPXHIOK  KPBHIMIKY KOTOPOIO
BnaneniCTAHABIIIBAIOFEA 0MEHHBIe (poTonpueMHuku ¢ orosnemenramMu O-8 u @-13. [Ipu ycranoske

q)DTUHpHE‘hﬂ-H{I{DB HX HpHENH—IOE OKHO COBMCHIACTCA C BEBEIXOIHBIM OKHOM OCBCTHUTCIA H
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3aKPEBIBAIOT IIPHU ITOMOIIM OJIEHIBL.

Ha mnepenmeit mamemn o00BEKTA WCCIETOBAHMA HAXOIATCS CETEBOM BBIKIIOUATENE C
WHOUKATOPOM BKIIOUEHUS ceTu. Ha 3amnell manemn oOBEKTa MCCIENOBAHUS PACIIOJIOKEHBI
KJIEMMA 3a3€MJICHUA, AEPKATEIN MPENOXPAHUTENEH M CETEBOUM MIHYP C BuaKo. Ha 0OokoBOM
CTEHKE  pacCIOJIOKEHO  BBIXOOHOE OKHO  OCBETHTENSA M yCTPOMCTBA UIA  CMEHBEI
UHTEPPEPEHIIMOHHEIX  CBETO(PWIBETPOB W  PETYJIMPOBKM  OCBEMIEHHOCTH. Ha OOKOBBIX
MOBEPXHOCTAX YCHIMTENSA (POTOTOKA PACHOIOKEHBI COCOAUHUTENLHBIM MIHYP C Pa3beMOM A
MOJKJIIOYEHUS 0OBEKTA UCCIENOBAHUSA K YCTPOUCTBY M3MEPUTEIBEHOMY M PETYIATOPHE Oamanca
yewmrena [ PYBO u TOHYHO.

OOBEeKT uCCIen0BaHMs C MMOMOMIBIO CETEBOTO mHypa noaxmouaerca k cetn 220 B, 50 I'n.

4. YCTpOUCTBO U3MEPUTENEHOE BEIITOJIHEHO B BUAE KOHCTPYKTUBHO 3aKOHYEHHOTO mM3nemusa. B
HEM OPUMEHEHA OJHOKPUCTAIbHAA MUKPO - OBM ¢ COOTBETCTBYIOMIMMM [OTIOJHUTENLHBIMA
yCTPOHCTBAMH, MO3BOIAIONIMMH IIPON3BOAUTE H3MEPEHHUE TOKA (POTONIEMEHTA, YCTAHOBIEHHOTO
B 00BEKTE WuCCIeOOBAHUA, YCTAHABAMBATE W M3MEPATh NUTAIONIME HANPIKEHUA Ha
(pOoTORIEMEHTE, A TAKKE OCYIIECTBIATE (DYHKIIMN YIIPABJICHUS YCTAHOBKOM (YCTAHOBKA PEKUMOB
OpsAMOr0 MM 00paTHOTO M3MEPEHMA U T.I.). B COCTaB yCTpOMCTBA M3MEPUTEIBLHOTO BXOIAT
TAKK€ UCTOYHUKU €r0 MTUTAHMUSL.

Ha nepemnenn manenu yCTpoOMCTBA W3MEPUTENRHOTO PA3MENIEHBI CIEAYIONINE OPraHEbI
yopaBneHus W uHaukanuu: kuHonka [IPAIMAA - OBPATHAS ¢ cootBercTByrommmu
WHINKATOPAMHM - M[PENHA3HAYEHA U1 BKIIYEHWA IPAMOr0 WIM OOpaTHOTO pPEKUMOB
mmepenus; kHonku "+, "-" u CbPOC - npennaszHaueHwl i PEryIUPOBKU HAMNPSIKEHUA HA
(oTosnmeMenTe U ero cOpoca B HOJIb; MHAUKATOPEL B 1 MKA - mpegHa3Ha4eHsl I WHIUKALNH
3HAYEHUH BEIMYWH HANPKEHUA HA (poTosnemeHTe u (POTOTOKA B nponecce padborel. Ha 3agnen
MAHEIN YCTPOUCTBA U3MEPUTENLHOTO pacnonoxkeHsl Beikmodarens CETh, knemma 3azemnenus,
OEPIKATEIN MMPEIOXPAHUTENECH (3aKPBITHI IPEXOX PAHUTEIBHOM CKO0O0M), CETEBOU HIHYP C BUJIKOU
1 Pa3beM Ui NOJKII0YEHNA 00BEKTa UCCIETOBAHNA .

YCTpOUCTBO M3MEPUTEILHOE C MOMOIIBIO CETEBOTr0 MIHYpa nmogkmouaercs k ceru 220 B, 50 I'm.
5. IlpuHimn neuCTBUA YCTAHOBKM OCHOBAH HA W3MEPEHUM TOKA 4Yepe3 (POTOAIEMEHT IIpH
W3MEHEHUH TOJHIPHOCTH W BEIWYHMHBEI IPHJIOKEHHOTO K HEMY HANPDKEHUA M H3MEHEHUS
CHEKTPAIBHOTO COCTABA M BEIMUNHEI OCBENMIEHHOCTH KAaTOAa (POTOAIIEMEHTA.

6. B mpounecce BeImomHEHUs TA0OPATOPHEIX PAdOT CHUMAIOTCA 3aBUCUMOCTH TOKA dEpe3
(pOTO’NEMEHT OT MNPUIOKEHHOTO K HEMY HampskeHusa. llpum 3TOM MEHAETCa HOIAPHOCTE
HANPSKEHUA (T.€. Pa3fenbHO CHUMAIOTCA MpsaMas W o0parHas BETBH BOJBTAMIIEPHOU
XapakTepucTuku (porosnemenra). XapakTePUCTUKN CHUMAIOTCS MPU PAa3IUYHEIX 3HAYEHMAX
OCBEIIEHHOCTH W IPU U3MEHEHUM JIMHBI BOJHEI OCBenieHMA (portosnementa. Ilo pesymeraram
M3MEPEHNUH  CTPOATCA  CEMEMCTBA  BOJBTAMIIEPHBIX  XAPAKTEPUCTHUK M,  HCIOJIB3YA
COOTBETCTBYIOILIME METOAEI PACYETA, UMCIEHHO OLEHUBAETCA 3HAYEHHUE MOCTOAHHOU [lnanka.

Ykazanus no mexnuke desonacrnocmu.

1. K BeimomneHnio madopaTOpHBIX pabOT AOMyCKAKOTCA CTYIAEHTHI, M3YUMBIINE MPABUIA
TEXHUKN 0€30TTaCHOCTH.

2. JlaboparopHsie pabOTEI MOTYT MPOBOAUTECA TOMBKO HOJ PYKOBOACTBOM U HAOIIOIEHHEM
PENOaaBaTENs.

3. Pacnonaraure npuOOpel, mMarepuaisl, 000pymoBaHue HA padOdYEeM MECTE€ B HOPSIKE,
YKA3aHHOM HPEMOgaBaTEIEM.

4. He pepxure Ha paboueM CTONE NPEAMETHL, HE TPEOYIONMMECA OJIA BEITOJHEHHUS 33 JAHUA.

5. Ilepenm tem, kak NPUCTYNUTE K padOTE THIATENBHO M3y4UTE €€ OMHUCAHME, YACHUTE XOX

BBIITOJIHEHUSA PAOOTHI.

AOKYMEHT MNOATNMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprudmkar: 230 aITLABEE952205E7BAS00060000043E

sranenew: - letyosa TR ¢TPOEHNE BoIbTAMIIEpHOIE XapakTepucTHKA (POTOTeMeHTA.

1.  VYcranoBure Ha 0OBEKT HCCAENOBAHUA (POTOMPHEMHHK C UCCIENYEMBIM (JOTOSIEMEHTOM H
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3aIBUHBTE OJIEHY OCBETUTENA B OKHO (POTOIIEMEHTA.

2. IlogkmrounTe CETEBBIE MIHYPHI YCTPOUCTBA M3MEPUTENHHOTO U 0OBEKTA MCCAEAOBAHUSA K
CETM U BKIIIOYWTE YCTPOUCTBO m3mepurensHOe BeIkIrouarenem CETD wa ero 3amneit manemm.
[Ipu stom pmomxen 3aroperbca wuHaukatoper OBPATHAM, B u wMxA  ycrpoiicTBa
m3MepurensHoro. Ha naaukarope B momkHBl yCTAHOBUTHCA HYIU (IO CKAETCA UHAUKAIIAAL OO0
3HaueHua 2 mmammero paspsapa). Ilocme 5 mmmyrnoro mporpeBa pyukamm Y CTAHOBKA
HYJIXI na oOpexre wucciemoBaHusa yCTAHOBUTH HYIEBOE 3HAYECHHE HA HWHAWKATOPE MKA
YCTPOUCTBA U3MEPUTEIBHOTO.

3. Bxmouure o0wekT uccnenoanus Beiknougarenem CETD nva ero nepenueit manema. Ilpu sTtom
nomxeH 3aroperecsa nnaukarop CETDh o0vekra nccnenoBanus.

4. Jlate mamriie OCBETUTENA MIPOTPETHCA B T€UEHUE |5 MuH.

5. C nomomnipto kHonku [IPSIMA S - OBPATHA S BeiOpaTe HEOOXO TUMBII PEKUM U3MEPEHUS.
6. YcranoButs cBeTo(puiasTp Nel moBoporom gucka domoka CdD.

7. Uamensa 3nauenusa HanpsbkeHus depes 0.5 B ¢ momomnisto kHomok "+" u MU CUHTHIBAA
moKasaHnus (POTOTOKA C MHANKATOpA "MKA" ITOIYyYUTE JAHHEIEC IS MOCTPOCHUS BOJIBTAMIIEPHOU
XAPaKTE PUCTUKH.

8. YcranaBimmBas AMCK CO CBETO(MMABTPAMHA B MOJOKEHHUE "S5" U MPOBEPAS YCTAHOBKY HYJIA TOKA
MPA HYJEBOM 3HAYEHUM HANPSKEHUA, TOBTOPUTE AEHUCTBUA MO mI. S...7 HACTOAMIETO pa3aena
it apyrux cBeTopuiasTpoB (CD2-CD4).

[Ipumeganue 1: [Tpyn HE0OOX0IMMOCTH € TOMONIEIO0 MOBOPOTA KOJIBIA, PACIIOJIOKEHHOT O Ha
BEIXOJHOM OKHE O0BEKTA UCCIEAOBAHUA MOKHO W3MEHATE OCBEMIEHHOCTE (POTOAIEMEHTA.
Ilpumeuanue 2: [Ipu onpegenennu 3amuparnmiero HanpsKeHusA (POTO3NEMEHTA HEO OXO0IUMO
HYJIEBOE 3HAUYEHUE TOKA CUUTHIBATE IPH YMEHBIIEHUH HAMIPAKEHU OT HYJIEBOTO 3HAYEHUSA O
3HAYEHUS 3AMUPAIOILIETO HANMPSKEHUA, @ HE HA000poT. He pexoMeHayeTcs TakkKe yCTaHABINBATE
3HAYCHUE HAIPKCHHA HUKE 3aITHPAIONIETO.

9. Ilo oxonuannm padOTEI HEOOXOAWMO OTKIFOYWTH HMUTAHHWE YCTAHOBKHM BBIKIIOUATEIISIMHU
CETb (ma 3amHenn naHemu yCTPOMCTBA W3MEPUTENBRHOTO W TEPEOHEN MNaHemn O0O0BeKTa
MUCCIENOBAHMUA) W OTKIIOYUTH CETEBBIE BHIKW YCTPOMCTBA H3MEPUTEIRHOTO U 00BEKTa
HCCIETOBAHHAA OT IMATAIOMIEH CETH.

10. Pesxum pabOTEI yCTAHOBKU MPEPEIBUCTEIN - UEPE3 KAKIBIE 45 MUHYT

pabotel nepeprB HA | 5-20 MuH.

mon

Coh U,
Nel B
B I, mxA
Ch U,
Ne2 B
B I, MmxA
Coh %
Ne3
I, MxA
Coh U,
Negd B
) I, MxA

[To manaEIM TAOMUIEI 1 MOCTPOUTE BOJIBTAMIIEPHYIO XaPAKTEPUCTHUKY, TO €CTh TpaUK
3aBUCUMOCTH Cuiibl (poToToka I (abcumcca) or Hanpsxenud Ha porosnemenrte U (opaunara).

AOKYMEHT MOAMWCAH
SNEKTPOHHOWM NMOANUCHIO Tabmmia 1

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E
Bnanenew:OnBHEQEIeHRE Pabeitsiesixo0a 31eKkmpoHa, KpacHou 2panuybl gomospgexma u nocmoaHHoOU

Ilnanxa
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1. C nomomniero knomku [IPSIMAS - OBPATHAJS BeiOpare pexum m3mepenus ObPATHAJS
(HE menaeM yCTAaHOBKY HYIA KAaK B MEPBOI 4aCTHU padOTEL!).

2. WN3meHsd 3Ha4eHUA HANPAKEHUA C MOMOMNIBI0 KHOMOK "+' u "-" yCTaHOBUTH MOKa3aHUA

nnaukaropa (ororoka "MKA" paBHbeIM (). 3aHECTH MONYYEHHOE 3HAUCHUE 3a0EPKUBAIOILIETO

Hanpsxenua Uz B Tabmany 2.

[ToeTOpUTEs yHKTH! | 1 2 g gpyrux CBETO(WIETPOB.

4. Ilo momydeHHBIM SKCOEPUMEHTATBEHEIM 3HAYEHUAM Uz pacCuUmnTars:

.

4) KUHETHYECKYIO SHEPTHIO (POTONIEKTPOHOB: Wi = e Us
b) padoOTy BRIXOJA DIEKTPOHOB:
_h-c
A gpix = 1€ U,
A= h-c
A Brix

C) KpacuHyto rpanuny ¢porospdexra:

Taomura 2
Wﬁ;‘ Aﬁbm
No o/mr & KM Us; B 1071 e 10" T ... MKM
C
V=—
5. Ilo mosyueHHEIM JaHHEIM DOCTPOUTE rpaduk 3asucumoctu Us; ot v, rae A .
AU;  h
tg o= —

6. Hcnomp3ys moyueHHBIN TpapuK, BEIUUCIUTE MO (hopmyne Av e y OLI€HHUTh

HOTPENTHOCTE U3MEPEHHH.
Cooeprcanue omuema.
Otuer no abopaTopHeIM padOTAM JOMKHBEL CONIEPKATD:
- TUTYJIBHBIH JIACT;
- IETb PaOOTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OMPEIENEHUI, TOHATHH, (DOPMYIL;
- OCHOBHOE 000pyIOBaHUE, CXEMA YCTAHOBKH,
- OMMCAHUE M0 MYHKTAM BBEIIIOJIHEHHOU Pa0OTHI;
- PE3yJIBTATEl U3MEPEHHUH U pacueToB (Tadmuilel, rpadukn);
- OIIEHKA MOTPEIIHOCTEM;
- OTBETHI HA KOHTPOJIBEHBIE BOITPOCHI;
- BEIBOJIBI IO PE3YJILTATAM BBIITOJTHEHHOU padOTEI, aTa, MOAMHUCE.

Koumponwsuuie eonpocui.

1. UYto Ha3wRIBAETCSA &glﬂmatbq)ﬂ{mm? Kakue OrrBatoT BuabI poTodddexta?
AOKYMEHT MOATINCAH

2. B uewsngainroBamd¢mcasonsl GoTtospdexra?
CeprvdbiBar REAKOCRIPFANEE AT BOIHEL W4 cToTa (poToHA?

Bna,u,ene&: ebayxoea TaTesaHa Anekca OBHA

X
aKast HIMEHHO 0COOCHHOCTE (POTO(P(PEKTA HE MOKET OBITH OOBACHEHA C TOUKM 3PEHUS

BOJTHOBOH TEOPHUH CBETA?
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EIH

1

3ammuTe 1 00BACHUTE ypaBHEHNUE DUHIITENHA A (poTosddexra.

Yrto HazeiBaeTcs kpacHou rpanumien (porosp(pexra u 0T 4ero OHa 3aBUCHT !

OT 9ero 3aBUCHT MAKCUMAIbHAS KUHETHUUECKAsS SHEPTUA (DOTOSIEKTPOHOB?

Hapucyiire 1 00BACHUTE BOMBTAMIIEPHYIO XAPAKTEPUCTUKY (PoTOd(] Pekra.

Ha wem ocnoBan crmocod onpenenenua kpacHou rpanunsl Gotodddexra B qaHaou padore?

L XA

JlaboparopHas padora Ne 17

Tema pavomer. IlpoBrepka 3akoHa Malloca

Lenv padomwer. Onpenenenue NIMHBEL npoOera NIEMEHTAPHBIX YACTHI[ B BO3AYXE IIPH
aTMOC()EPHOM [ABIEHUM M ONPEICICHUE MAKCUMAILHOW SHEPruM O€Ta-dacThll MPHU MMOMOIIH
METOJA MOTIOIICHNU .

Teopemuueckan wacmo.

SIBnenue pagmoakTuBHOCTA ObBITO OOHapyxkeHo bekkepenem (1890 r.). Onm 3amerun, 4ro
HEKOTOPBIE BEMIECTBA, COAEpKANIME ypaH, O00mamaroT 3amMedareIbHOM OCOOEHHOCTBIO
CAMOOPOM3BOJILHO, 0€3 BCAKOTO BHEMIHETO BO3OEHCTBUA, W3Iy4aTh JIy4dd, CHOCOOHBIE
IPOXOAUTH CKBO3b HEMPO3PAYHBIE I BUAUMOTO CBETA BEMIECTBA.

PannoakTnBHOE M31ydueHNE OBIBAET TPEX BUOOB: O -jmyuw, B -myan Y -mydm.

d _Tyud MPEeACTAaBIAIOT MOTOK SAAEP TEIUEBBIX aTOMOB, WJIM, UHBIMHU CIIOBAMM, MOTOK
TEINEBBIX HOHOB C 3apAnaoM +2e.

Obl1a  yCTaHOBJIEHA C  HOMOINIBKD  CIEOYIOMIETO  OINBITA,
npomsBeneHHoro Conam.

Cocyn A (puc. 1) ¢ moMOmpi0 TOHKOM CTEKIAHHOH
neperoponku G paspensuica Ha aBe dactu B u C. B gactu B
[Tomemanoces pannoakTUBHOE BEMIECTBO F,

narygaromee @ -myum. Ileperopomka G momOupanace Takou \’ ’/f-r 2

TOJIUMHBEI, 49TOOBI & -Tydd MOTIM TPOXOOUTH CKBO3b HEE.
Ilpyraa gacte sroro cocyma C coemmHsutach uepe3 kpan K ¢
BAKYYMHEIM HACOCOM, M B 3TOM 4YaCTA CO30aBAJIOChH HOCTATOUHO
CUJIBHOE pa3peKeHue.

B tpyOke H, coenumennoiu ¢ cocymom C, momemamice aBa snekrpona D, E, ¢ momonisro
KOTOPEIX MOKHO OBLIO BEI3BATh pazpsan B TpyoOke H. Bakyym B cocyme C coszmaBancs CTOMb
BBICOKMI, 4TO TIpH npwioxkeHud K D u E paznoctu moTEHIMaNIOB B HECKOJIBKO COTEH BOJIBT
SIEKTPUYIECKUHN pa3psan He Bo3HuKal. [locne otkauku cocyn A orcoenunsicsa ot Hacoca. Crycrsa
HECKOIBKO AHEH, OJTHAKO, MOCIE MPHJIOKEHUS PAa3HOCTH mOTeHImanoB Mexay D u E Boznmkan
SIEKTPUIECKUM pa3psl, UHTEHCUBHOCTE KOTOPOTO C TEUEHUEM BPEMEHM BO3paACTaNA.

Cper, ucxomamu mnpu paspsaae w3z Tpyokum H, Obl1 mpoaHamizupoBaH € MOMOIIBIO
cnexkrporpaga. Oka3amnoce, 4TO CHEKTP STOr0 M3JIYyUEHUA B TOYHOCTH COBIIAAAET CO CIIEKTPOM
W3]y UCHH A, BO3ZHUKAIOMINM IIPH 3JIEKTPUIECKOM pa3paae B ra3000pa3HOM TeIii.

B TpybOke H remusa me Orpwno, HO croma m3 B mponmkamn @ -gacTUIEL, W3Iy4aeMEIE
paguoakTUBHBEIM mpemapaTroM. [IoCckompKky B pe3ymsTaTe TAKOTO MPOHMKHOBEHUSA B TpyOke C

HOSIBWINMCH ATOMBI T€IHsA, TO, CIEAOBATENbHO, (¢ -4aCTUIEI U ABIAIOTCS TEIHUEM, NMPABAA, HE
atoMamu, a saapamu renud. fAnpa remsa (@ -4acTuiBl) 3aXBAaTEIBAIOT U3 OKPYIKAIOMIEH CPEIEI 2
5JIEKTPOHA W MPEBPAMIAIOTCA B «HOPMAIBHEIE» ATOMEI remusa. Mrak, @ -4acTUIBI ABIAIOTCA
AIpaMH aFOMOE T iicLio

Ka Lﬁlapar{fep@r@waﬂeﬁpﬁnmm«r VIXABIIETCA SHEPTUA. JHEPrua @ -gacTUI] BEIMKA — MOPAIKA
'HECKOJTBKUX MIJTIHOHOB C-}JIEI{TpﬂHBGJIBT Pazmiunbie pagMOaKTUBHEIE BENMIECTBA M3MydaroT

ToxnectBennocte @ -nmyded C MOTOKOM TEIHEBBIX SIEP m

b
b

r

Puc.1 OneiT Coanu
IS
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-JACTUIBI PA3TUYHON SHEPTUM, HO BCE€ @ -gaCTUIBI, U3MYYEHHBIE NAHHEIM PAJHOAKTUBHBIM
BEILIECTBOM, UMEIOT BIIOJIHE OMPEAEIICHHYI0 SHEPTHIO.

B -Iy4d SIBIAIOTCA HOTOKOM OTPHULATENBHO 3apPSKEHHBIX UACTHIl. 3HAK - (MUHYC) OpH
e

OykBe B MO TYEPKHBAET, UTO STH YACTHIIGI HECYT OTPHIIATENBHEIN 3apsay. OTHomeHue
IVl HUX OKAa3aJlIoCh B TOYHOCTH TAKUM K€, KaK M I JJIEKTPOHOB. B -IyUA ABJIAKOTCA B

OEUCTBUTEIBEHOCTH MOTOKOM 3JIEKTPOHOB. OTnnune B -Ty4eH OT OOBIUHBIX KATOIHBIX JIYYEH
HE KQUECTBEHHOE, a KOJMYECTBEHHOE. JHEPrus NIEKTPOHOB

B -JIy4€H 3HAYUTEIBHO MPEBOCXOIUT SHEPIUI0 KATONHBIX JIYYEH M MMEET BEIWYHMHY ITOPAIKA
MHJUTHOHA JJIEKTPOHBOJIBT.

Y -JIyu, HEC OTKIOHACMBIC HH MATHHMTHBIM, HHM O3JICKTPHYCCKHM II0JICM, HEC HCECYT

snexkTpudeckoro 3apsama. [To coeit mpupome VY -Tydnm aHATOTHYHBI PEHTTEHOBBIM JIydam, HO
OTJIMYAOTCA OT HUX OOJBbIEH BEJIMYMHON KBAHTOB.

Kak yke yKa3pIBaJIOCh, pAAMOAKTUBHOE U3ITYIEHUE MPOU3BOIUT CIIBHOE HOHU3UPYIOMIEE U
(POTOXMMHYECKOE NOEUCTBUE WU MO STOMY OEMCTBHIO MOKET OBITH perucrtpupyemo. lak kak

OTAEIBHEIE YACTULIEL, BXOIANIUE B COCTAB PAANOAKTUBHOTO M3nydeHusA ( ¢ -gacTuigl, B -ua-

CTUIBI, [ -KBaHTHI), 0OmamaroT OOJBHION SHEPrHUeH, MOPAIKA MIWLTHOHA SIEKTPOHBOJBT, TO
MPEACTABIIETCS BO3MOMKHOCTh HAOMOOATE M PETUCTPUPOBATE HE TOJBKO PAaJIHMOAKTHBHOE
W3IyUEHUE B IIEOM, HO U OTJEIbHBIEC YACTUIILL, BXOIANIME B COCTAB ATOTO U3IyUEHUS.
Haubonee wacro pma perucrpanmyu M HAOMOOEHUA OTAEABHBIX OBICTPBIX YACTHII
MPUMEHSIOT TPU METO/IA:
a) Kamepa Buwiscona. B rmase VI Opin ykazan opuHin OeUCTBUAS KaMepsl BuibcoHna u
nmoka3ansl (pororpadum myreit @ -wactur. Kamepa Bunnscona mpuromna M mis HaOmogeHUA

myTeN B -4aCTUIl. 3HAUUTENRHOE YCOBEPIIEHCTBOBAHME B METOA Kamepel Buiscona ObLIO
BHeceHO J[. B. CkoOenbIIBIHEIM.
CkoOempupiH TOMECTHII Kamepy Bwuwiscona B marnurHoe mnone. MarnutHoe moste

HCKPHBJIIET TPACKTOPHIO ﬁ -gacTtuil. B ciydae, Korga ﬁ -JaCTHUIIA OBHKETCS
OEPIEHANKYIAPHO CWIOBEIM JIMHUAM OJHOPOAHOTO MATHUTHOTO HOJIA, €€ TPACKTOPUEH
R= mcu
eH

ABJISIETCA OKPYKHOCTB paauyca
rae U - CKOpPOCTh 4acTHLBL, /1 - HANPAKEHHOCTh MATHUTHOTO MOJA, € - 3aps SIEKTPOHA, C -
CKOpOCTh cBera. B kamepe Bumscona, mOMENIEHHOW B MArHUTHOM IIOJIE, TPEKH SJIEKTPOHOB
OPEACTABIIAIOT 4YacTH OKpyxkHOCTeW. [lo Bemmuune pamumyca 5TOM OKPYKHOCTH MOKHO
ONPENENUTE CKOPOCTE NIEKTPOHA.

0) Cueruuk [enrepa-Mromnepa. CymiecTBYIOT OBAa BAapHAHTA CUYETUMKOB: CUETUMK C
ocrpueM (cueruuk ['eirepa) u cuerTuuk ¢ HATEIO (cueryuk ['eiirepa-Mronepa).

Cuerynk ¢ HUTBIO (puc.2) npencrasiager nuwarmHAp C, Mo 0CH KOTOPOro HATAHYTA HUTE AB -
TOHKAsAd METAUIMYECKAA HPOBOJIOKA. HHUTH B HIEKTPUYECKOM OTHOIIEHWH H30JHPYETCA OT
koproyca cyetunka C. CueTumk HAMOJHAIOT ra30M MPH HEOOIBIIOM JABIEHUMN.

CepTudukar:
Bnaneneu:
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Mexay HUTBIO M HWIMHAPUYECKUM KOPITYCOM CYETYMKA C moMomipr Oarapen E wium
CHENHUATBEHOTO BEIMPAMUTENBHOTO YCTPOUCTBA CO3AI0OT AIEKTPUUECKOE ITOJIE

Takoro manmpsaxenus, Npu KOTOPOM B CUETUMKE MOKET Pa3BUBATHCA KOPOHHBIM paspal.
KOopoHHBIM pa3psan HAYHET Pa3BUBATBHCA, €CIAM B MPOCTPAHCTBE MEKIAY HUTBI0 U KOPIIYCOM
OKAXKYTCA 3apsKEHHBIE 4ACTHIBI. [103TOMY KOPOHHEBIM pa3paAl BO3HHKAET B CUETUMKE BCAKUU
pa3, KOraa B HEr0 HNPOHMKHET MOHM3UPYIONMIAA 4YACTHUIA-dJIEKTPOH Wiau @ -vactuna. lakas
JacTHId, ABUTAACH BHYTPH CUYETUMKA, MPOMU3BOAUT HMOHMU3AIMIO Ta3a, BCAEACTBUE UETO M
BO3HHUKAET KOPOHHBIM pa3pan. [locnenoBarenmsHO € HUTBIO CUETYHMKA MHOJKIIOYACTCA
conporuBineHne R, BemMuMHYy KOTOPOTO HOOOMUPAIOT TAK, YTOOBI MPH PA3BUTHH KOPOHHOTO
pazpAana Ha 5TOM COMNPOTHUBIEHUM BO3HHUKAJIO IOCTATOYHOE MAAEHHUE MOTEHIMama. Ecmm 5To
MagE€HUE MOTEHIIMAIA OKAXKETCA NOCTATOYHBIM (OKOJIO COTHU BOJIBT), TO BO3ZHUKIINN B CUETUUKE
KOPOHHEIHN Pa3psaa NPEPBETCA.

[To Bo3HUKmMEMy B cuerunke ['edrepa mMImyiasCy TOKa M CyOAT O TOM, 4TO 4€pe3 CUETUUK
MPONUIA HOHM3MpYyOmas dactuna. Hama mpOMBINUIEHHOCTE BEIIMYCKAET TAaK HA3BIBAEMEIE
yCTaHOBKHU TuUna «by», copepxanme ammaparypy, HEOOXOAUMYI Ui TUTAHUS CUYETUYUKOB,
YCUJIATENh, C HOMOMIBI KOTOPOTO UMITYJIEC TOKA B CUETUNKE YCHIMBAETCA OO TAKOW BEIMUYWHEL,
UTO MPUBOJINT B JEUCTBHUE PEJIE HyMEPATOPa, NPEIHA3HAYEHHOTO /14 0TCYETA YMCIIA BO3ZHUKIIINX
B cuerunke [eirepa wummymscoB. Jlma Toro uroOer cuerunk [enrepa «cpaboramy,
MOHM3HUPYIONIAA YaCTHUIA JO/KHA HPOHHKHYTE BHYTPb €r0 - IPOUTH 4Yepe3 CTeHku. Ecmm
W3JIyUEHUE MOTTIONIAETCA CTEHKAMHM CUETYMKA, TO MPUMEHAIOT I PETUCTPALMHM TAKUX YACTHIL
00 OUEHb TOHKHUE CTEHKH, TU00 CIEeNMATBHEIE TOHKHE OKOIIKH.

B TOpIEBBIX CUETUMKAX HUTH 3aMeHsIeTCs Urinon A. B mepennen creHke CueTunka AeTaeTcs
orBepcTue B, 3akprBaemoe (poapron HyKHOUM TOIIIMHEL (puc. 3).

Cueruynkm ['eiirepa MPUMEHSIOTCS M i1 cdeta | -KBAHTOB, [ -KBAHTHI BHI3LIBAIOT B
CTEHKAX CcueTurKa (POTO3NEKTPpUUECKUN (PPEKT mnu KOMITOH-3(PekT. BripBaHHEIE U3 CTEHOK
CcueTurKa (POTO- ¥ KOMITOH-3JIEKTPOHEI U BO30YKIAIOT pa3piaj B CUCTUHKE.

=

K SACITIOMETITY
LA JOLALITRENSO

Puc.3 Cxema TOp1eBOro C4ETUHMKA.

B) MeTton toncrocmoinou (pororutactuHku. MeToa TOICTOCIOMHBIX (POTOIIACTUHOK OB
pazpabotan MeicoBCckum 1 JKmanoBeiM. MMy M3roTOBIANNCE CHEUMATBHBIE (DOTOTIIACTHUHKH C
yTONMMIEHHBIM cnoeM (poTosmyascuu (50—300 Mk). @ -gacTHUIEI IPU IBUKEHUH B TAKOM CIIOE
BEI3BIBAIOT PA3JI0KEHUE OpoMHCTOro cepedpa TONBKO B TE€X 3€pHAX, YEPE3 KOTOPHIE OHU
npouum. [Tocne mposBaeHNA Tako#l MIACTUHKYA B HEH BO3HUKAIOT «IOPOKKI» U3 0CATUBHIETOCSA
cepedpa, Xopomo BUANMEBIE B MUKpOCKOTe. Kaxkmas takasa gOpokKKa MpPEncTaBasaeT co0oM cnex
ABHUT aBIICHGA g4 e, 110 Beqndnte npodera @  -gaCTHIEI MOJKHO OMPEAETUTE €€ YHEPTHIO.

TGW@H%HHCTPH{KH MPUTOIHEI /IS PETUCTPAIIMH HE TOJIBKO &  -JTydeid, HO U
Ceptucukar: 2C0000043E9ABBBIS2205E 7BA500060000043E

BnanenddD YTH ., CHIRHQ,, AOHHAUPYIONINX YACTUL - IPOTOHOB, AEUTPOHOB. B macrosmiee spems
W3TOTOBIAIOTCA U Takue (POTOIMIACTUHKHN, B KOTOPBIX MOMKHO OOHAPYXUBATH CIEIBl YACTHUIl HE

ﬂEﬁCTEH%ﬁéHIEE1EWﬂQW}TDMIE, B HdCTHOCTH, JICKTPOHOB OonpIION SHCPrHH.
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Oobopyoosanue u mamepuabl.

B pabGore wucmomp3yercs TOpHOBEIA cuetunk [ edrepa-Mrionnepa. Mccmemyemsrit
PaTMOAKTUBHEIH MCTOUYHMK B TEPMETHMYECKOW KAICyJI€ PAa3MENIeH Ha Jepikarene, CBOOOIHO
IEPEMENIAFONIEMCS TT0 CKAMBE OTHOCHTEIBHO cdueTuuka. J[J1d u3MepeHus pacCTOosHUA MEKIY
CUETIMKOM M 00pa3oM HA CKaMb€ YCTAHOBJIEHA W3MEPUTENbHASA JTUHEHKA, a Ha JepiKaTele
oOpastia manecena pucka. [lormorurenem Oera-uacTuil ABIAETCS HAOOP TOHKUX aJTFOMUHHUEBBIX
IUTACTUH, TOMENIEHHBIX HA CHEI[HATBEHOM Jepikarene. ToammHa KaxI0W MIaCTUHEL YKa3aHa Ha
KOJBIIE JIEPrKATEeN .

Ykazanua no mexunuke dezonacnocmu.
1. K Beimomnenuto mabopaTtopHbIXx padoT AOMYCKAIOTCS CTYAEHTHI, M3YUMBIIME ITPABUIIA
TEXHUKH 0€30ITaCHOCTH.
2. JlabGoparopHsie pabOTEI MOTYT TPOBOIUTHCS TOJBKO IO PYKOBOJICTBOM W HAOTIONEHUEM
OPEenoaaBaTeNs.
3. Pacnomaraiite mpuOOpEI, Marepuaisl, 00OpPyIOBaHHE HA pPadOueM MECTE B HOPSIKE,
YKa3aHHOM IIPENOABATEIEM.

4. He nepxure Ha pabodem CTOJIE TPEIMETHI, He TPEOVIONIMECS I BEITOTHEHUS 33 JAHUS.
[Tepen Tem, kak mpuCTYmATh K padoTe TOIATENHEHO M3YyYHUTE €€ OMUCAHWE, VACHUTE X0
BBITIOJTHEHUS PAOOTHI.

3aodanus.

1. BxirouuTs mpuOOpEl YCTAHOBKH M IATH UM MPOTPETHC B TeueHue 10 MuH.

2. YcraHoBUTE HA CUETYHKE pabodee HAMPSIKEHUE U OMPENEnuTh «()OH» CUETIHKA.

3. IlomecTuTh B «IOMHMK» WCCIEIYEMBIH HMCTOUYHMK O€Ta-W3TydeHHS € OMPEIeTHTh

HAYAJIEHYIO MHTEHCUBHOCTE O€Ta-M3IIyIeHUS MPU OTCYTCTBUMA MOTIOTHUTEIA.

Ln

4. HCHDHLEYH Hﬂﬁﬂp dJITFOMHHHCBEIX ITIJIIACTHH, CHATE 3dBHCHMOCTE MHTCHCHBHOCTH Oera-

W3JIy4EHUSA OT TOJIMHBL d TOrnoTurend. lloCTpouTe mnO IOJIyYEHHBIM OAHHBIM KPHUBYIO
IOT JIOILIEHUA.

R
5. Biouemrxon0emee  TOYHOTO — OMpENeNIeHus MaKCHMAaIbHOTO mpodera Maxe

OKCTPANO I IY Hﬁ%ﬂmgﬁﬁﬁm OU3BECTHU IO TpapuKy KPUBOM MOTIOMIEHHUS (MO OCH OPAMHAT
Ceptmucomkat: 2C0000043ESABBBO952205E7

200060000604 3E
anaﬂenﬁrmmmmﬁamﬂ a 1mo ocu adbcuce — d).
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R
6. Ucnone3ysa dopmynry (8) m HAMAEHHOE IMYTEM SKCTPAMOIALMH 3HAUYEHHUE waxe

OMPENETUTEH BEITMINHY MAKCUMAITIBHOU SHEPTUN OETa-4aCTHII.

7. OueHUTh NOrPEMHOCTE PE3YIABTATOB.

CHATHE 3aBHCHMOCTH HHTEHCHBHOCTH 3JIEMEeHTAPHbLIX YaCTHI[ OT PACCTOSHHSA 10
HCTOYHHKA H3/Iy4YeHHS

|. BkirouuTs yCTAaHOBKY B CETh YCTAHOBUTE Bpemsd peructpanuu 10 cexynn,.

3. YcraHOBUTHE HAUamepHOE pPACCTOSHME R Mex)Dy CHUHTWUIALIMOHHBIM SKPAaHOM H
MpenaparoM, COOTBETCTBYIONIEE HYJIEBOU TOUKE MIKAJIBI.

4. Ucnons3ysa yCTaHOBKY, OINPENEINTh HMHTEHCUBHOCTH | SIEMEHTAPHBIX YACTHUIL OJIA
HAYAJIBHOTO paccTosHus R.

5. YBenuuuTe pacCcTOAHME MEKAY SKpaHOM U npemapatoM Ha 0,5 ¢CM U HOBTOPUTH
W3MEPEHUS UHTEHCUBHOCTH.

6. llpomomkas yBemmuuBare paccrtosaus R ugepes 0,5 CM, HOBTOPATE W3MEPEHHA
WHTEHCUBHOCTH AJIEMEHTAPHEIX YACTHI] IO BCEH JUTMHE JIMHEUMKN Npudopa.

7. Ilo monyuennsiM manHeiM nocTpouTs rpaduk 3aBucumoctu [ = f (R) u ompenenurs
cpenuui mpooer Ry, skcTpanomipoBanueil R, u mapamerp paszdpoca s.

8. Ilpomu(pepentmporaB rpaduueckn momyueHHywo kpuByio I = f (R) ompememuts

&=y (R)

cpenuu mpooder Ry kak adcimccy MakCumMyMa KPHUBOM: dR
9. OLEHUTH MOTPENTHOCTE PE3YJILTATOB.
Coodeprcanue omuema.
Otuer o 1adopaTOpHEIM padOTAM JOIKHEL CONEPHKATD:
- TUTYJILHBIN JTUCT;
- IeNTb PadOTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OMPEIEIEHUI, TOHATHH, (POPMYJI;
- OCHOBHOE 000pyn0BaHmne, CXeMa yCTAHOBKHU;
- OMMCAHMWE MO IMYHKTAM BEINOJHEHHOU padOTHI;
- pE3yIBTATEl U3MEPEHUM U pacueToB (TaOmuIlel, rpaduky );
- OIIEHKA MOTPEMIHOCTEM;
- OTBETHI HA KOHTPOJILHBIE BOIIPOCHI;
- BEIBOJBI 10 PE3YJILTATAM BBEIITOJTHEHHOU paOdOTEI, 1aTa, HOAMNCE.

Koumponwsnuie gonpocul.
1. Yro takoe pagnoakTMBHOCTH? BUABI paTMOAKTUBHOTO WU3Ty4YEHUS.

Quznueckas npupoga d - B n YV - U3TyYCHUH.

Merons! peructpanuu paguOaKTUBHBIX W3ITy UCHUM.

Omucats padboty cuerunka I'eitrepa-Mromnepa.

ChopmynupoBaTs mpaBwia paquOAKTUBHOTO U3 TyIE€HU .

3amicate (opmysly pamuoakTUBHOrO pacnana. [louemy kmaccumueckud METOI HE
oOBsACHAET Ipupony @ -pacmama?

Omcate @ -pacnan ¢ MO3ULMN KBAHTOBOM MEXAHUKHU.

N B D

~]

8. Omcars B -pacnaz ¢ mO3UINUHM KBAHTOBOU MEXAHUKMU.
9. B uem 3akmrogaercs METON OONPENENECHUS AMUHEI CBOOOOHOTO mpodera sIeMeHTApPHOMU
JACTUIIEI B JAHHOU pabore?
10. 3amacars popmyny ['enrepa.
11. B uem 3akmrodaercs METOI ONPENEICHUS JSHEPTUM DJJIEMEHTAPHBIX YACTHI[ (METOI
O e
AMNNCHIO
Ceptudmkar:  2C0000043E9ABBBY52205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnedenie OUCHUNIUHDI
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5.1 Ilepeuenv 0CHOGHOU U OONOIHUMENbHOU JAUmMEPAMypPbl, HEODXO0UMOU OnA
0CBOCHUA OUCHUNTUHDI
5.1.2 Hepeuenv 0CHOBHOIL TUmMEPAMYPbI:

1. ®Ousnka amd BY30B: MEXAHUKA M MOJEKyIsApHas (PU3MKA [DIEKTPOHHEIN pecypc]:
yueOHuk / B.A. Hukepos. - Mocksa : N3garenscko-toproeas xkoponopamma «J/lamkos u K°»,
2017. - 136 c¢. : Tabm, rpad., cxem. - ISBN 978-5-394-00691-3;-URL:
http://biblioclub.ru/index.php?page=book&id=450772

2. TamneikoBa-bymkepnu, U.1. @uzuka : 8 2 4. / N.U. TanueikoBa-bymikernu. — 2-e
3., ucnp. — Munck : Beinmimmas mkona, 2014, — Y. 1. Mexanuka. Monekynsapuasa ¢uzuka u
TEPMOAUHAMHUKA. JJIEKTPUYECTBO U MarHetu3Mm. — 304 c. : ui., cxem. — Pexxum mocrynma: mo
mogmicke. — URL: http://biblioclub.ru/index.php?page=booké&id=235732

3. TamneikoBa-bymkesnu, M.M. @usuka : B 2 u. / N.M. TanumikoBa-bymkepuu. — 2-¢
3., ucnp. — Munck : Bermnmas mkoina, 2014, — Y. 2. Ontuka. KeanroBas ¢pusuka. Crpoenue

1 (pU3UUECKHUE CBOMCTBA BemieCcTBA. — 232 C. : uia., cxeM., Tabm. — PexnM moctyma: mo moamucke.
— URL: http://biblioclub.rw/index.php?page=book&id=460883

5.1.3 Ilepeuens OonoiHumenvbH ol 1M epamypbl:
1. Jlekium mnmo yuebnOM muciummmHe «OCHOBEI  TEOPETHMUECKOW  (PU3UKU».

ONEeKTPOANHAMHUKA. | DIMEeKTpOHHBIN pecypc]| : yuebnoe nmocodue / E.M. Kyxape. — Dnexrpon.
TEKCTOBBIE gmaHHele. — Bomrorpan: Boarorpaackuii rocCymapCTBEHHBIM — COIHMATIBHO-
negaroruueckuit - yaupepcurer, 2017. — 57 c¢. — 2227-8397. — Pewxum gocrymna:

http://www.iprbookshop.ru/70731 .html
2. Hukepos, B.A. ®muka: coBpemennsiil kypc / B.A. Hukepos. — 2-e u3n. — Mocksa :

W3narenscko-roproaa kopnopanus «Jlamkos u K°», 2016. — 452 c. : wn. — Pexum gocryna: mo
mogmicke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.

5.2 Ilepeuenv yueOHO-MemoOUUeCKO20 oDecnedeHus CamMoCmoamensHoi padomnbol
00y UQIOWUXCA NO OUCHUNIUHE

1. Meroaguueckne peKOMEHIAIMW Ui MOATOTOBKM K MPAKTUUECKUM 3aHATUSAM IO
micrumInHe « Ou3ukay.

2. Meroguueckne peKOMEHAAUMMU s IMMOATOTOBKM K JA0OPATOPHEIM 3aHATHUAM II0
micrumnHe «Ousukay.

3. Meromnueckue pekOMEHIAIUN 10 OPTAHU3AIUKA CAMOCTOATEIEHON pabOTHI CTYAEHTOB
o mucituImmHe « Dusuka.

5.3 Ilepeuenv  pecypcos  uHpopmMaulioHHO-meNCKOMMYHUKAUUOHHOU  Cemu
Humepunem, He00X00UMBbIX 0718 0CEOCHUA OUCHUNTUHDI

1. http://www.biblioclub.ru -OBC "YHusepcurerckas Onbimoreka ommai"

2. http://www.iprbookshop.rw/ - nekrponno- bubmioreunas cucrema IPRbooks

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

Ceprvdomkatr: 2C0000043ESABBBO952205E7BAS00060000043E
Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa

- = - O YT e 4 (=] ] -]
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MUHHNCTEPCTBO HAVKHU U BBICIHIET'O OFPA3OBAHU S POCCUNCKOUN OEJIEPAIINU
OEJ/IEPAJIBHOE I'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEXJITEHUE BBICHIET'O ObPA3OBAHWSA
«CEBEPO-KABKA3CKHNI ®EJIEPAJIBHBIM YHUBEPCUTET»

[Taruropckmii UHCTUTYT (punmman) CKOY

MeTtoaunueckue peKoOMeHIaIuU

MO0 OPraHu3alul CaMOCTOATEILHOU PpadOTE 00yUarONXCS
o mucimmHe «OU3NUKA»
IULA CTYIEHTOB HAIPABJICHHA ITOATOTOBKH
09.03.02 UndopmanmoHHEIE CUCTEMEI U TEXHOIOTHHU, MH(OpMannoOHHEIE CHCTEMEL U
TEXHOJIOTUH 00pabdoTKN M) POBOTO KOHTEHTA

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Conepxanue

Beenenue

1 OO0mias xapakTepUCTUKA CAMOCTOATEIBbHOM padoTel oOOyuaromierocs mnpu

m3yueHun quciinHel « ODU3UKA»

2 [Tnan-rpaduk BEIMOTHEHWA CAMOCTOATETLHOM PAOOTEI
3 KOHTpOIBHEIE TOUKH M BUALI OTUETHOCTU IO HAM
4 Meromnueckne peKOMEHJAINH 10 N3YYEHHUIO0 TEOPETUUECKOTO
Marepuaia
5 ComcoK peKOMEH Iy EMOH JINTEPATY PHI.
NIOKYMEHT NOJMNWCAH

ANEKTPOHHOW NOAMUCHIO
Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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BBenenue

CamocroarensHas pabora — mranupyemas yueOHas, ydeOHO-HCCIenoBaTenbCKas,
HAyYHO-UCCIEN0BATENBCKAA padoTa CTyIEHTOB, BEITOJHAEMAS BO BHEAYAUTOPHOE (ayIUTOPHOE)
BpeMsA IO 3aJaHWI0 M HOPH METOIMYECKOM PYKOBOACTBE MPEmoAaBaTeiss, HO 0e3 €ero
HEMOCPEACTBEHHOTO y4acTHs (IIPHM 4YACTUUHOM HEMOCPEICTBEHHOM YUACTHH NPENOgaBaTes,
OCTABJIAIONIEM BEAYIIYIO POJIb 34 pA0OTON CTYAEHTOB).

CamocroarenpHas padbora CryneHTOB B BY3e ABmA€TCA BaMHBIM BHUAOM YUE€OHOM H
HAYYHOM NEATEIRHOCTU CTYIEHTA.

Begymias nems opranmzaumm u ocymiectBaeHus CPC momxHa COBMAmaTe C IIEBIO
o0OyueHMs CTyIEeHTa — NOATOTOBKOM OakamaBpa C BeICIMM OOpaszoBanuem. [Ipu opranmsanuun
CPC BaxHBEIM U HEOOXOOMMEBEIM  YCIOBUEM  CTAHOBATCA  (POPMUPOBAHUE  YMEHHUA
CAMOCTOATENBLHON PA0OTHL A1 mMPUOOPETEHNA 3HAHWUM, HABBIKOB M BO3MOKHOCTH OpraHW3aiiuu
yueOHOM 1 HAYIHOU JIEATENHHOCTH.

Llenpro camocToATENBEHON PAOOTEI CTYIEHTOB SBISAETCA OBJIAACHHE (DYHIAMEHTATEHBIMU
3HAHUAMHU, TPOPECCHOHATBHEIMA YMEHUAMH U HABBIKAMH OEATEIRHOCTH IO MPO(UIIO, ONBITOM
TBOPUECKOM, HCCIEOOBATEIBCKON aeATenpHOCTH. (CamocrosTencHas padora CTyOEHTOB
CIOCOOCTBYET pa3BUTHIO CaMOCTOATENBHOCTH, OTBETCTBEHHOCTH W OPraHU30BAHHOCTH,

TBOPUECKOTO MOIX01A K PEIIEHHUI0 TpodneM yaeOHOro u npo()€CCHOHATEHOTO YPOBHA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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O01as XapakTepHCTHKA CAMOCTOATE/ILHOM pa0doThI 00yualonierocs nNpu H3y4eHH

AHCIHILTHHLI « DH3HKA)»

CamocroarensHas pabora - miaHupyemasa yueOHas, y4eOHO-HCCIeqoBaTenbCKas,
HAyYHO-MCCIEI0BATENLCKAA padoTa CTyAEHTOB, BEITOIHAEMAS BO BHEAYAUTOPHOE (ayIUTOPHOE)
BpeMsA MO 3aJaHUI0 M IIPU METOIMYECKOM pPyKOBOJACTBE IIpEnmojgamBarensi, HO 0e3 ero
HEIMOCPEACTBEHHOIO0 y4JacTHs (IIPHM YaCTHYHOM HEIOCPEICTBEHHOM YUYAaCTUW NPENONaBaTel,
OCTABJIAIOMIEM BEAYIIYIO POJE 3a padOTON CTYIAEHTOB).

CamocrosArenpHas padborta CryneHTOB B BY3e ABmA€TCA BaKHBIM BUIAOM YUE€OHOM H
HAyYHOU AEATEMRHOCTH CTyaeHTa. CamocrosTensHas padoTa CTyAEHTOB UTPAET 3HAUUTEIBHYIO
pPOJIbE B PEUTHMHTOBOM TEXHOIOTMM 00yueHusa. B cBa3u ¢ stum, oOyuenue B BY3e Bkmrouaer B
ce0s nBe, NPAKTUYECKU OQUHAKOBEIE MO 00BEMY U B3aUMOBIIMAHHUIO YACTH — ITPO1Ecca 00ydeHUs
u nporecca camooOyuenus. [Tosromy CPC momxna crares 2()(EKTUBHON U LIEIEHANPABICHHON
paboToH CTyIeHTA.

K coBpemMeHHOMY CENMATUCTY OOMIECTBO MPENBABIAET JOCTATOYHO MIMPOKHUHN MEPEYEHE
TpeOOBAHUI, Cpem KOTOPHIX HEMAJOBAXKHOE 3HAYEHUME WMEET HAIMYME Y BBIMYCKHUKOB
OMPENENEHHBIX CIIOCOOHOCTEN M YMEHMA CaMOCTOATENBLHO NOOBIBATE 3HAHWA W3 Pa3IMUHBIX
MCTOYHUKOB, CHCTEMATH3UPOBATH IOJYYEHHYI0 HH(POpPMAIMIO, AABATH OIEHKY KOHKPETHOH
(uHancoBou curyanuu. GopMuUpOBAHUE TAKOTO YMEHUA MPOUCXOAUT B TEYEHUE BCETO MEPHUOIA
00ydeHMsA depe3 ydJacTHE CTYOEHTOB B IIPAKTHYECKHUX 3dHATHUAX, BBIITOJHEHUE KOHTPOJIBHBIX
3aIaHUI U TECTOB, HAMUCAHUE KYPCOBBIX M BBIMYCKHBIX KBAMM(PUKAIMOHHEIX padoT. IIpu sTom
CaMOCTOATENBHAA pPAadOTa CTYIEHTOB HWIPAET PEMIAIONIYID pPOIsL B XOAE BCEro ydeOHOTrO
mporecca.

Bengymaa nems oprammszauum u ocymiecrBaeHusas CPC pomxHa cOBmagars C IENBIO
00ydeHusa CTyaeHTa — NOATOTOBKOM CIIENUAnnCTa U OakaimaBpa ¢ BEICIIMM OOpaszoBanueMm. [Ipu
oprammsanun CPC BaxHBIM B HEOOXOOMMEBEIM yCIOBHUEM CTAHOBATCA (POPMUPOBAHUE YMEHUS
CAMOCTOATENRHON pabOTEI A1 MPUOOpPETEHUA 3HAHWN, HABBIKOB M BO3MOYKHOCTH OPraHU3aIun
yueOHOM U HAYIHOM JIE€ATENBHOCTH.

DopMBI  CAMOCTOATENHHOM pPAaOOTHI CTYAEHTOB pasHooOpa3uel. B cooTBeTCTBHU C
pabodgen mporpaMmoN OUCHUIUIMHBL MPEOYCMOTPEHBI CIEOYIOMIME BHUABL CAMOCTOATEIBHOU
padOoTEI CTyIeHTA:

- CAMOCTOATENBHOE U3YYEHHUE JINTEPATYPHI;

OKYMEHT NQANWC
- SENSSTOSH GORHRS PELLICHITE 3a7aT;

Cepmwdukatr: 2C0000043E9ABEBS52205E7/BAS00060000043E
Bnagenew; etk @EBa CAMOCHLORMETEHO20 U3YUCHUA JUmMepamypbl — CAMOCTOSTEIBHOE OBIATEHUE

3HAHHUAMH, OIIEITOM HCCJ’[E‘,I[DBHTEJTE:CI{DITI JEATCIBEHOCTH.
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3adauamu CaMOCTOATEILHOTO U3YIECHUS JIUTEPATY PBI ABJIAIOTCA:

o yrayOJIEHHE U PACIIUPEHNUE TEOPETUUECKNUX 3HAHUM,

o (opMHUpOBAHNE YMEHHUH HCIIOIL30BATh HOPMATHBHYIO, MPABOBYIO, CIPABOUHYIO
DOKYMEHTALMIO U CIEIUAIBHYIO TUTEPATYPY;

. pa3BUTHE NO3HABATEIBHEIX CITOCOOHOCTEN M AKTUBHOCTH CTYIEHTOB.

Lenv camocmoamenvho2o pewenus 3a0ad - OBJIAJCHUE IPO(ECCHOHAIBHBIMA
YMEHUAMH U HABBIKAMH JE€ATEIHHOCTHU MO MPOPWIII0 OyayIIEH OEATENbHOCTH.

3adauamu CaMOCTOATENLHOTO PEIIEHUA 34044 ABJIAIOTCA:

. CUCTEMATH3AIMA W 3aKPEMICHHE MOIYYEHHBIX TEOPETUYECKUX 3HAHUH W
MPAKTUIECKUX YMEHUN CTyIEHTOB;

. (popmMupoBaHue CAMOCTOATEIEHOCTH MBITILIEHU A, criocoOHOCTEN K
CaMOPa3BUTHIO, CAMOCOBEPILICHCTBOBAHUIO U CAMOPEAIN3aLINN;

o pPa3BUTHE UCCIEIOBATEIECKUX YMEHHUI.

Henvio camocmoamensHo2o 6bINOJIHEHUA paciuemHo-cpaduueckoii padomsvt 10
OUCHUIIIMHE SABJISAETCS OBJANEHHE (PYHOAAMEHTAIBHBIMM 3HAHUAMH, HOPO()ECCHOHATHHBEIMHU
YMEHUAMH ¥ HABBIKAMH AEATEIRHOCTH MO MPO(UIIO, OMMBITOM TBOPUYECKOM, UCCIEI0BATENBCKOM
IEATEIBHOCTH.

Jadauamu TAaHHOTO BUOA CAMOCTOATENLHOU pA0OTHI CTYAEHTA SABJIAIOTCA:

o CUCTEMATH3AIMA W 3aKPEMICHHE MOIYyYEHHBIX TEOPETUYECKUX 3HAHUH W
MPAKTUYECKUX YMEHUN CTYIEHTOB;

. yTIIIyOneHne U pAaCIIMPEHNE TEOPETHIECKUX 3HAHNN;

. ¢popMUpOBAHNE YMEHHUM HCIIONL30BATh HOPMATHUBHYIO, MPABOBYIO, CIPABOUHYIO
DOKYMEHTALUIO U CIIEIUAIBHYIO TUTEPATYPY;

o pPa3BUTHE MO3HABATEIBHBIX CMOCOOHOCTEN M AKTUBHOCTU CTYIEHTOB: TBOPUYECKOM
WHUIIUATUBEI, CAMOCTOATEIBHOCTH, OTBETCTBEHHOCTH U OPraHN30BaHHO CTH;

. (opmupoBaHE CaMOCTOATETBPHOCTH MBITILIEHU S, cmocoOHOCTE K
CaMOPa3BUTHIO, CAMOCOBEPILIEHCTBOBAHUIO U CAMOPEaTN3aliim;

. pPa3BUTHE UCCICIOBATEIIECKUX YMEHUI;

o UCIIOJIb30BAHUE  Marepuana, CoOpaHHOr0 W MOJYYEHHOTO B XOne
CAMOCTOATENBHBIX 3aHATHUN HA CEMHUHAPAX, HA MPAKTUYECKUX U TA00PATOPHBEIX 3aHATHUAX, NIPH

HAMMCAHUHU KYyPCOBOM PaOOTEL

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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B pesynerare

OCBOCHHA

OUCIIAIUIMHEL  (POPMUPYIOTCA

CICOYIONIUN  IEPEUYECHE

[UIAHUPYEMBIX PE3YAbTATOB OOy4YEHHsA MO MUCIHUILUIMHE, COOTHECEHHBIX C IUIAHUPYEMBIMH

pe3yapTaramMu OCBOEHUA 00pa30BaTENBLHON MTPOTPAMMEL:

[Inanupyembie pe3yasTarsl
00y4eHHs MO0 TUCHUIIINHE

Kox, popmympoBka Kona, ¢popmynupoBka (MOmynIO),
KOMITETCHIIMH WHIUKATOpa XapaKTEPU3YIOIIUE STAIIEI
(popmMupoBaHUA
KOMIOETEHIINI, THIUKATOPOB
H,I[' ].{jn].::_l 3HAKOM C
OCHOBAMH MATEMATHKH,
W3UKHN BBIYHCITUTEITEHOU
q)e ’ 3HAET OCHOBHBIE (PU3MUECKUE
TEXHUKHU 151
ABIEHUS U 3aKOHBI MEXAHUKH,
MPOTPAMMHPOBAHAS
SJIEKTPOTEXHHKH,
MJT-2 Pemaer | TEMVIOTEXHUKHU, ONMTUKH U
- OITK-1 v
AAEPHOU (PM3UKU U UX
OIIK-1 Cnocoben mpuMeHATs | CTAHOAPTHBIE AT EMATHIECROE OMHCAIE
€CTECTBEHHOHAYUHEIE U npo(peCCUOHANEHEIE 3a0a9M C '
YMeeT npuMEeHSTE
OOIIENHK EHEPHBIE 3HAHNA, MPUMEHEHHEM " CCKIE 2AK0
N3WYECKUE 3aKOHBI
METO OBl MATEMATHIECKOTO €CTECTBEHHOHAYUHBIX S
aHaIM3a U MOJIETUPOBAHUA B OONIEMHKEHEPHBIX  3HAHWMU, F— T;.: Mﬂm{iﬂ mE{ .
npopeccuoHanEHON METOIOB ~ MATEMATHYECKOT O | > TEP ’
3JIEKTPUYECTBA M MATHETH3MA
DeATEIBHOCTH aHAT34a U MOJEITNPOBAHUS
1T PENIEHUS TUITOBBIX 3a1a4.
Brageer MmeTromaMH aHaimnsa
UJ1-3 OITK-1 [TpoBoguT o
O DETHIECKOE P MH (pU3MIECKUX ABJIECHUH B
P TEXHUIECKUX YCTPOUCTBAX U
SKCIIEPUMEHTAILHOE
CUCTEMAX.
HCCIeI0BAHUE 00BEKTOB
Ipo(heCCUOHATBHOM
NEATENBHOCTH
AOKYMEHT OAMNCAH
ANEKTPOHHOW MOAMNMChIO
Ceprvcukar:  2C0000043E9ABBBI52205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ilnan-rpauk BbINOJTHEHHS CAMOCTOATE/ILHOH padoThI

O0BeM J4acoB, B TOM 4HCJIE
Konapr
CpencrBa u KoHrakTHas
peanrn3yeMbIX Bun negarensHOCTH
. TEXHOJIOTHA pabora c
KOMIIETEHIIHH, CTYyZIEHTOB CPC Bcero
s TKaTOpa(oB) OIIEHKH PETo1aBaT
erIeM
Ounas popma 00yueHHs, 1 cemecTp
CamocrogrensHoe CobeceToRA
WU3YIEHUE TUTEPATYPEI 5 14,58 1,62 16,2
OI1IK-1 mo Temam Nel-18
NJ1-1 00k [TonroroBka k CobecenmoBanu 2.43 027 X
HU-2 onk JTCKIIMLAM e
HU1-3 onk [ToaroToBka k
1adopaTOPHEIM CQGEC?DBM 7,29 0,81 8,1
3aHATHAM
Hroro 3a 1 cemecrp: 36,45 6,9 24.3
Hroro: 36,45 6,9 24.3
3aounas ¢opma odyuenus, 1 cemectp
CaMOCTOATEIEHOE CoBecenORAM
M3YUCHUE JTMTEPATYPHI 5 . 59,94 6,66 66,6
OITK-1 mo Temam Nol-18
NJT-1 00k [TonroroBka K Cobecemoranu 0.54 0.06 0.6
N-2 omxa JIEKITAAM e
HU-3 omxa [Toaroroska K
Ta6OpPATOPHEIM CGGECTGBM 1,62 0,18 1,8
3AHATHAM
Hroro 3a 1 cemecrp: 62,1 6,9 69
HToro: 62,1 6.9 69
[OKYMEHT MOAMUCAH
3MEKTPOHHOW MOAMNMCHIO
Ceptucoukatr: 2C0000043ESABBBY952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MeToan4yeckHe PEKOMEHIAIHHA 10 HIYUCHHIO TCOPETHYECKOI'0O MaTepHaJia

CamocroArensHas padoTa CTyIeHTA HAYMHAETCS ¢ BHUMATEIBLHOTO O3HAKOMIIEHHMA C
comepxanueM yueOHOro Kypcea.

M3ydenne ka0l TEMEI CIEIy€eT HAUMHATE C BHUMATEIRHOTO 03HAKOMIEHU ¢ HA0OpOM
BOMMPOCOB. OHU OPUEHTUPYIOT CTYAEHTA, MOKA3BIBAIOT, YTO OH JOJIKEH 3HATH IO JAHHOWU TEME.
Bonpocer Tembl kKak OBl HAKIAOBIBAIOTCA HA COOTBETCTBYIONIYIO IUIABY M30paHHOrO ydeOHHKA
wm yueOHOoro nocodusa. B urore nomkHO OBITH ACHBIM, KAKHE BOMPOCHI TEMEI YU€OHOTO Kypca U
C KAKOUW TIIyOMHOU PACKPBITHL B KOHKPETHOM yueO0HOM Marepuaie, a Kakue BOOOIIE OMynIEHEI.
TpeOyercs TBOpUECKOE OTHOIIIEHHE U K CAMOMY COAEPKAHUIO0 JUCTUITIAHEL.

Bonpocel, cocTaBustomme ee coaepkanne, 00IamarT pa3HOM CTENEHBIO BaXKHOCTH. ECTh
BOIIPOCEI, BBEIMOJHAIONINE (PYHKIUIO JIOTMYECKOW CBA3KM COAEPKAHUSA TEMBI M BCETO Kypca,
MMEIOTCS BOMPOCH! OMUCATENBHOTO WM PA3bACHUTEIBHOTO XAPAKTEPA, @ TAKKE UCTOPUIECKOTO
3KCKypca B 00IaCTh M3y4aeMOM IUCHUILUIMHEI. BCe 3T BOMPOCE HE COCTABISAIOT CYTH ITOHS-
TUHHOTO, KOHLUENTYAJIBHOTO COAEPKAHUA TEMBI, HO HEOOXOIMMEI I/ HETOCTHOTO BOCHPHUATHS
M3y9aeMBIX ITPOOIEM.

M3yuaemas pucnuiuimHa MMEET CBOM KaTErOPUAILHO-MOHATUMHEBIN annapar. Hayuwusere
MOHATHA — 3TO Ta 0a3a, Ha KOTOPOM CTPOUTCA Kaxkaas Hayka. [loHaTtua — y3moBBI€, OMMOPHBIE
MYHKTHI KAK HAYYHOTO, TaK U y4€OHOTO MMO3HAHUA, JIOTHUECKHE CTYMEHU ABWKEHUA B yduede OT
OPOCTOrO K CJIOKHOMY, OT ABJIEHUS K CYNIHOCTU. be3 sCHOro moHuMaHus moHATHH yuelda kpailHe
3aTPYIHAETCS, 4 COEPKAHUE TPUOOPETEHHBIX 3HAHWH CTAHOBUTCSA TYCKIIBIM, PACTIILIBUATHIM.

CTyneHT AOKEH NOHUMATh, YTO CAMOCTOATENBRHOE OBJIAACHME 3HAHUAMH ABIACTCA
[JIABHEIM, ONpENe/MionM. Bricmias mkosa co3gaer sl 3TOr0 HEOOXOAMMEIE YCIOBHAL
MOMOTAE€T OyaymEMY BBICOKOKBATU(PUIIMPOBAHHOMY CIENHAIUCTY OBJAAETh TEXHOIOTHEH
CaMOCTOSATENLHOTO MPOU3BOACTBA 3HAHUM.

B camocroAaTemsHOM paboOTE€ CTyOeHTAM MPUXOOUTCA UCIIOIB30BATE JIUTEPATYPY
pa3IMYHEIX BUAOB: IEPBOUCTOYHUKH, MOHOTpauu, HAydHBIE COOPHMKH, XPECTOMATHH,
yueOHUKH, yueOHBIE mocoOus, KXypHaIsl U Ap. M3yuenue kypca Opennoaraet 3HAKOMCTBO
CTYAEHTOB C OOJBIIMM OOBEMOM HAYYHOW MU y4€OHOM JMTEPATYPHI, 4TO, B CBOIO OYEPE.B,
MOPOKIAAET HEOOXOOMMOCTE BBIPAOOTKM Yy HHUX pPalHMOHAIBHO-KPUTHUECKOTO MHOOXO04a K
M3y4aE€MBIM UCTOTHHKAM.

YTtoOBI HE «YTOHYTE» B OTPOMHOM OOBEME PEKOMEHIOBAHHBIX €My IJISI M3YUECHUS
MCTOUHUE R poiaR Hdg PGIIE BCErO, TOMKEH HAYUNTHCS MPABWIBHO MX UHTATH. [IpaBIIBHOE

Ceprvcukar:  2C0000043E9ABBBI52205E7BAS00060000043E
BnanenddT CHH & PEKOMEHIOBABHEX.: HCTOYHUKOB IPEAITOIaracT CJI€A0BAaHME HECKOJIbKHM HECIIOKHBIM,

HO BECbMA ITOJIEC3HBIM HpHBHHHM.
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[IpenBapurenbHeIil IPOCMOTP KHUTH BKIIOYAET O3HAKOMIEHHE C TUTYJILHBIM JHCTOM
KHATH, AHHOTAI[MEH, MPEIMCIOBHEM, OIIaBJIE€HUEM. [Ipu O3HAKOMIEHMHM C OIJIABICHUEM
HEOOXOAMMO BBIAEIUTE PA3AeNbl, TI4BkI, maparpadsl, MPEeaCTABIAIONINE I BAC HHTEpEC, OErno
UX OPOCMOTPETH, HAUTH MECTA, OTHOCAMMECA K Teme (ad3anel, cTpaHuusl, maparpadsr), u
MO3HAKOMUTHCS ¢ HUMU B OONINX 4ePTaX.

Hayunsie n3nanusa COMpPOBOKIAIOTCA PA3IMIHEIMU BCOOMOTATEIEHEIMI MATEPHATIAMA —
HAYYHBEIM AOmaparoM, MOSTOMY BAaXHO 3HATH, M3 KAKMX OCHOBHBIX J3JIEMEHTOB OH COCTOMT,
KaKOBEI €r0 (PyHKINH.

3HAKOMCTBO C KHWUTOW JIy4II€ BCET0 HAYMHATH C M3YUEHHSA AHHOTAIUM — KPATKOU
XAPAKTEPUCTUKA KHUTH, PACKPBIBAIOMIEN €€ COOEp/KaHUE, HIACHHYI0, TEMATHYECKYI0 U
JKAHPOBYIO HAIPABJIECHHOCTh, CBEIECHUA OO0 aBTOpE, HA3HAUEHHE M APYTHE OCOOEHHOCTH.
AHHOTAIMA NOMOTA€T COCTABUTE MPEABAPUTEILHOE MHEHAE O KHUTE.

['my0ke moHATH COOEpPKAHUE KHWUTH IMO3BOJIIOT BCTYIUTENBHASA CTAThsA, B KOTOPOU
OAeTCsA OIEHKA COAEPk aHWA KHWUTHA, 3aTParuBaeMoil B HEW NOPOOIEMATUKH, COAEPHKUTCS
uH(pOpMaNUA O KU3HEHHOU M TBOPUECKOM Omorpauu aBTOpa, BBICKA3BIBAIOTCSA MOJIEMHUUECKHE
3aMEUaHUsA, PA3BACHAIOTCA OTAEIBHBIE MOJOKEHWsA KHWUTH, OAIOTCA KOMMEHTApHUU U T.O. BoT
MOYEMY 3HAKOMCTBO C BCTYIIUTEIIBHOM CTATHEU MPEACTABILIETCA OYEHb BAKHBIM: OHO ITOMOTAET
CTYAEHTY COPUEHTHUPOBATHECA B TEKCTE padOTHI, 00pATUTH BHUMAHUE HA €€ HAMOOIEE IEHHBIE U
BAKHBIE PA3IEIIHL.

Toit xxe nenu comencTByeT 3HaKOMCTBO € OTJIABIEHUEM, NMPEAUCIOBUEM, MOCIECIOBUEM.
Becbma mDONIE3HBIMM SJIEMEHTAMHM HAYYHOTO ammapata SABJSIOTCA CHOCKHM, KOMMEHTAPHH,
TaOmunpel, rpauku, coucku ureparypel. OHM HE TONBKO WIMIOCTPUPYIOT OTAENBHBIE
MOJIOJKCHU. KHUTH WIM CTAaTbH, HO M CaAMM IO Ce0€ ABJIAIOTCA IOIMOJIHUTEIBEHEIM UCTOYHHKOM
MH(POpPMALINN I UATATEIIA.

Ecmm gurarens 3amHTEpECcOBaNa Kakasf-TO BBEICKA3dHHASA aBTOPOM MBIC/Ib, HE HALLIEUIAS
MOAPOOHOTO OCBENIEHWA B NAHHOM HCTOYHUKE, OH MOKET OOpAaTUTBCA K TEKCTY HMCTOYHHKA,
YIOMHWHAEMOTO B CHOCKE, JITMOO K MCTOYHUKY, KOTOPEIM OH MOKET HANTHU B CITMCKE JIMTEPATYPHL,
PEKOMEHIOBAHHON aBTOPOM U1 CAMOCTOSATEIIEHOTO H3YUEHUA.

CymiecTBy€eT HECKOIBKO (POPM BEIEHUA 3ATTUCEN

— 1u1aH (OPOCTOM U pa3BEPHYTHIN) — HaWOoOIEe KpaTkas (popma 3amicu OpOYUTAHHOTO,
MPEeaCTaBIAONIas COOOM NEepedueHbp BOIPOCOB, PACCMATPHUBAEMBIX B KHHMIE WIH CTATHE.
PazsepuyTerili mnan mnpexncraBmier coOou Oosee mompoOHYIO 3amuch HPOYUTAHHOTO, C
eTATIBAHHE P AR AbRHISLBOTONKEHI I BEIBOIOB, C BEIITICKOI! IATAT, CTATUCTHYECKUX JAHHEIX

Ceprvcukar:  2C0000043E9ABBBI52205E 7BAS00060000043E
Bnagendd: T.MecBHa3BePHYTBIM HEaH. — HEOLEHUMBIM MOMONIHMK HPH BBICTYIUIEHHMM C JOKJIAA0M HA
KOHKPETHYIO TEMY HA CEMUHApE, KOH(EPEHIINH;
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— TE3UCBl — KPATKO C(OPMYIUPOBAHHEIE ITOJIOKEHUA, OCHOBHEIE MOJIOKEHUA KHUTH,
crareu. Kak mpaBmio, TE3UCHL COCTABIAIOTCA MOCIE MPEABAPUTEILHOIO 3HAKOMCTBA C TEKCTOM
MCTOYHMKA, IIPH €T0 MOBTOPHOM NPOUYTEHHH. OHM MOMOTAIOT 3alOMHHUTE M CHCTEMATHU3UPOBATH
UH(O pMATIHIO.

CocraBieHne KOHCIIEKTOB

bosblIyro poss B YCBOGHHMM M MOBTOPEHUM MPOMIEHHOTO MATEPUATIa UTPAET XOPOIINH
KOHCITEKT, CONEPKAIIMN OCHOBHBIE HJIEU MPOYUTAHHOTO B YUCOHUKE U YCIBIMIAHHOTO B JIEKIIVH.
KoHCekT — 3T0, M0 CymiecTBY, HAOPOCOK, PA3BEPHYTHIN ILIAH CBA3HOTO pAacCKa3a M0 OCHOBHBIM

BOITPOCAM TEMBEL.

B kakol-TO Mepe KOHCIEKT pacCuuTaH (B 3aBUCHUMOCTH OT WHIWUBUAYATBHBIX
OCOOEHHOCTEN CTYIOEHTA) HE TOJBKO HA WHTEUIEKTYATBHYH W SMOIUOHAIBHYK, HO U HA
3PUTENLHYI0 IMAMAThH, IPHUYEM TEKCT KOHCIIEKTA HEPEOKO aCCOLMMPYETCA €€ M C TEKCTOM
yueOHMKAa WIN 3anmucero Jieknuu. [losromy serue 3amoMHMHAETCA CONEPIKAHUE KOHCIIEKTOB,

HAITHCAHHBIX pﬂ?rﬁﬂplﬂ{ﬂﬂ, C MOOYCPKHUBAHHUEM HWJIH BBIOCIICHHUCM pﬂ?.pﬂ,[[l{ﬂﬁ KIHYCBEIX CIIOB H

(pas.

CaMOCTOATENPHO W3YYEHHBIE TEMBI NPEIOCTABIAIOTCA MpenogaBaremo B (opme

KOHCHEKTA, [0 KOTOPOMY HpoUCXoauT codecenoBanue. T eopeTnuecknue TeMEI Kypcea (OTAEIbHBIE

BOIIPO CLI), BBEIHOCHMBIC Hd CAMOCTOATCIIBHOC H3YVUCHHEC, IMTPCACTABJICHEL HHKC.

Bornpocsl k codeceT0BaHHIO

OCHOBHBIE TOHATHUA KUHEMATUKU. Y PABHEHU S IBUKECHUA MATEPUATEHOU TOUKH.
YrmoBas CKOPOCTh U YTIIOBOE YCKOPEHHUE.

TanrenuansHoe, HOPMATBEHOE U MOJHOE YCKOPEHHUS.

3axonsl HeroTOHA.

[Tpuninn ornocurensnoctu ['amunes.

Yrpyrue cwibl, OTHOCUTENbHAA Aedopmariisg, MEXaHMIeCKOe HATIPSKEHE, 3akoH ['yka.
3aKOH COXPAHEHU S UMITYJIbCA.

[lenTp macc nnepunu. /[BuxkeHne neHTpa HHEPLUH

. Pabora, MOIHOCTE, SHEPTHUA: MOHATHUA U B3aUMOCBA3b.

10. Kunernueckas, nOTEHIMAIBLHAS U TOJTHAS MEXAHUYECKAA YHEPTH TENA.

11. 3akon coxpaneHus SHEPTUN.

12. CBA3b MOTEHIMANBHOH YHEPTUU U CUIIBL.

13. Kunematnka BpamareabHOTO IBUKEHH .

14. MomeHT Cuitbl. Y paBHEHNE TUHAMHKH BPANIATEIRHOTO IBUKEHUA TBEPIOTO TEA.

15. MomeHT HMITVIRCA I 3AKOH €T0 COXPAHEHUS.
AOKYMEHT TIOAMMCAH

16. KiseEueoerai nGM@PEs NpH BpamiareabHOM ABIKeHMM. Moment unepumu. Teopema
Ceprucukar: mq\[@ﬁﬁﬁ%lﬁ\ﬁﬂﬂ%EEDEE?BASﬂGﬂEﬂﬂﬂGﬂdSE
Bnaneneu; leGayxoga T ThsHa AnekcaHgpoBHa

17. KoneoareasHsie OPOIECCH B MEXaHuKe. Mexanndeckne rapMOHUUECKHE KOIeOanus.

18. Dueprusa marepuanbHOU TOYKH, COBEPILAIONIEN TAPMOHHUECKHE KOIeOaHus.
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19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

51

56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
CeptudpuiB .

Bnaneneu:

69.

CBoOOHEBIE 3aTyXAIOMIME KOIECOAHM L.

Brmnyxaennsie konebanus. Pezonanc.

YpaBHEHHE COCTOSHUA UIEATBHOTO rasa.

OCHOBBI MONEKYIAPHO-KUHETUIECKOM Teopur. M30mponeccs B rasax.

3axkoH Makcgeiia 0 pacnpeneneHu MOIEKYIT HACAITBHOIO Ta3a Mo CKOPOCTAM.

bapomerpuueckas popmyna.

Paconpenenenne bompimana.

BHyTpeHHss SHEeprus HUAeansHOro rasa

BuyTpennssa sneprus MmHOroaroMHoro raza Padbora B repmoamHaMuke.
Pabora raza npu u30TepMHUYeCKOM IPOIIECCE.

[Teproe Hauamo TEPMOIMHAMMKH.

Pabora raza opu m3MeHeHun ero o0sema.

AmadaTHBIA U MOMUTPOITHEIN HPOLIECCHI.

TermmoemkocTs. Y paBuenue Maiiepa.

[Iprmenenmne mepBoro Havaga TEPMOIIMTHAMUAKH K H30MPOIECCAM.
Ourpormma. Hepasencrro Kiaysuyca.

Bropoe Hauamo TepMOIMHAMUKH.

Tenmosoit nBurarems. Teopema Kapno.

MexMONEKYIAPHOE B3aUMOJEHCTBUE.
Ypapuenue Ban-nep-Baansca.

BHyTpeHH:AsA SHEPrus peabHOTO Tra3a.

JKUIKOCTH 1 X OIMHUCAHUE.

CmaunBanue. KamimnsapHbie SBICHHUA.
Jluarpamma cocrosauda. 1poiiHas Todka.

[TonaTue snekrpuueckoro 3apana. 3akoH Kynona. 3akoH COXpaHEeHU 3apana.
DNIEKTPUYECKIUH TUITOTb.

DJIEKTpUYECKOe moie. HanmpskeHHOCTh MOos.

Teopema 'aycca ms HanpsKEHHOCTH SIEKTPUYECKOTO MOJIA.
PaznocTs moTeHnmanioB. CB3b HAMPSIKEHHOCTH M PA3HOCTH MOTEHIHATIOB.
OCHOBHEBIE€ YPABHEHMA SNEKTPOCTATUKH B BAKYYME.

JIMDIEeKTPUKH B SIEKTPUUECKOM ITOJTE.

[TpoBOTHMKM B 3IEKTPUIECKOM TIOJIE.

. DNEKTPOEMKOCTE YEIMHEHHOTO MMPOBOJHHKA.
52.

53.
54.
35.

KonneHcaTopel. DIEKTPOEMKOCTE KOHIEHCATOPA.
DJHEPru 3apAKEHHOT0 NPOBOJHUKA. JHEPrUs 3apAKEHHOTO KOHIIEHCATOPA.
DHEPruA SAEKTPUIECKOTO MOJIA.

ONEKTPOABIKYIIAA cumia. 3akoH OMa [y OQHOPOAHOT0 U HEOTHOPOTHOTO YYACTKA IEITH.

ConpoTHUBIEHUE TPOBOIHUKOB.

[TpaBmia Kupxroga u ux npuMeHeHHUEe K PACUETy SJICKTPUYECKUX L EIEH.
3akon [[xoyna — Jlenua.

PaboTa 1 MOITHOCTE TOKA.

Kimaccngeckas smekTpoHHad TEOPUS MPOBOAUMOCTH MeTANOB. D( ekt Xomna.

Haxonure CKOPOCTE U YCKOPEHUE, CPETHIO, CPETHIOI ITYTEBYIO, MTHOBEHHYIO CKOPOCTH.

Hopmamsnoe, TAHTEHIIMAIBEHOE U ITOJTHOE YCKOPEHHUE.

HaxoauTes yriioByro CKOPOCTb U YTIOBOE YCKOPEHHUE.

[TpumensaTts 3akoHbr HetoTOHA.

[TprMeHATs 3aKOH COXPAHEHUS SHEPTUH.

[IpuMeHATH 3aKOH COXpaHEHUA UMITYJIBCA

Mﬂm&&y [t} QUHOEUEETEHO TOUKY M OTHOCHTEIBHO OCH BPAIICHILS.

mﬂmgﬁﬂmﬂmHﬂﬂ TOYKH OTHOCHTCIBEHO TOYKH MW OTHOCHTCIBHO OCH

%ﬁﬁéﬁf %EIHT%'IE-HHE AnekcaHgpoBHa

OCHOBHBIE TAPAMETPHI MAKPO CHCTEM.
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70
71

81

90.
91.
92.
93.
94.
95.
96.
97.
98.

99

. Y paBHEHUE COCTOAHUA UACANBHOTO ra3a (ypasuenue Knaneupona-Menneneesa).
. Konmmuectro TenmoTe. TemnoeMkocTs. CBA3B YIEARHON U MOJIIPHON TEIIOEMKOCTEH.

72.
73.
74.
75.
76.
77.
78.
79.
80.

YpaBHEHHE COCTOSHUA peanbHOro rasza (ypasHenue Ban-nep-Baamsca).
[Tpumenenue nepporo Hagasa TEPMOIUHAMHKH K a1HA0aTHIECKOMY MPOLIECCY.
Ypapuenue [lyaccona.

Jluarpamma cocroguua. 1ponHas Touka.

Pabora mo mepeMmenienuio 3apaaa B SJIEKTPOCTATHIECKOM IMMOJIE.

[Torentman nonsg ToueyHOTrO 3apaaa.

Cuna ToKa ¥ MJIOTHOCTE TOKA.

3axkon Oma B 0000mennoun gpopme.

Pabora u moniHOCTE TOKA. 3ak0H [0yt — JleHna

. Meronamvu pemeHns 3agad mo KWUHEMATHKE.
82.
83.
84.
85.
86.
87.
88.
89,

Meronamu pemeHus 3a1a4d Mo JTUHAMUKE.

HopmanpHO€, TAHTEHIIMATBEHOE U IMOJTHOE YCKOPEHHUE.

Haxonure yrioByro CKOPOCTE U YIJIOBOE YCKOPEHHE.

[TpumensaTs 3akousl HeroToHa.

[TpuMmensaTs 3aKOH COXpPAHEHUS SHEPTUM.

[TprumeHATs 3aKOH COXPAHEHWUA UMITYIbCA

MoOMEHT CHJIBI OTHOCUTENBHO TOUKH U OTHOCUTEIBHO OCH BPAIIECHHUA.

MowmeHnt HMITYJIBECA MHTE‘pHHJTE:HDﬁ TOUKHM OTHOCHTCIBEHO TOYKH H OTHOCHTCIBHO OCH

BpAIICHUS.

YpaBHeHUE COCTOSHUA UIEATBEHOTO ra3a.

KonnuecTBo TennoTel. TemioeMKoCTs.

CBA3b yAEIBHOU U MOJIAPHOU TETLIOEMKO CTEM.

YpaBHEHNE COCTOSHUA PEATEHOTO rasa.

[Tpumenenmne nepBoro 1 BTOPOTO HAYATA TEPMOIMHAMHUKH.
Tennosou geurarens. Teopema Kapho.
MexxmonekynapHoe B3auMOIEUCTBHE.

Ypapuenue Ban-nep-Baansca.

BayTpeHHAA SHEPrUA peaTsHOTO rasa.

Cuna TOKa ¥ IUIOTHOCTH TOKA. 3ak0H OMa B 0000mienHoit hopme.

100. BrBopg 3akona /Ixxoymns - Jlenna.

101. MarnutHoe mosne u ero 0CHOBHBIE XAPAKTEPUCTHUKU.

102.  3akon buo - Casapa - Jlanaca u ero npuMmeHeHue.

103. 3akon Ammnepa. BzaumoaencTeue napaanensHBIX TOKOB.

104. MarautHas UHIy KA.

105. Cumna Jlopenma.

106. JIBukeHUE 3apAKEHHBIX YACTUI] B O THOPOAHOM MArHUTHOM IOJIE.

107. Hekoropeie mpuMEHEHNS MAarHUTHOTO oy, JD(Pdexr Xormia.

108. Teopema o nupkymaiuu Bekropa. MarauTHeIE ITOMIA COIEHOUA U TOPOUIA.
109. IloTok BEekTOpa MAarHUTHOM MHAYKIIUM. 1eopema ['aycca nims MarHuTHOTO MOJIA.
110. OnekrpomarnntHas naoyknusa. 3akoH Dapanes.

111.  Huagykuunonsstit Tok. [IpaBuno Jlenua.

112, Ilpupoma IC maaykuuu. 3/1C MHAYKIIUY B HEMMO ABUKHEIX MPOBOJHHUKAX.
113,  Iupkymauusa BeKTOpa HANPAKEHHOCTH BUXPEBOTO AJIEKTPHUECKOTO MOJIA.
114.  Toku ®yko. Ckun-3pPekT.

115.  VpaBuenus Makcsenna.

116. fIBnenune camonnaykumu. MHIYKTUBHOCTH MPOBOIHUKOB.

117. ﬁ%%%%mmﬂ{ Y Pa3MBIKAHUHU TOKOB B 1€ C UHIYKTUBHOCTEIO.

Ceprvdncdt] 82C000BSEANIEFASP RETAIMIOD ISP MATHUTHOTO ITOJIA
PRAAene] 19 KEHEGATEAE IR KTy p.

120.

Ormcanue >IeKTPOMATHUTHEBIX KOJIe0aHU B KOneOaTeIbHOM KOHTYPE.
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121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.

169.

CBoOomueIe KoeOanua. BeiHyxaeHHBIE KOTeOaHus.

3aK0OH MOJITHOTO TOKA. 10K CMENIeHH .

Enunas Teopus SneKTPUIECKUX M MATHUTHBIX ABIeHUN MakcBenna.
Cucrema ypaBuenui Makcsermna.

CKOpOCTh pacnpOCTPAaHEHU SIEKTPOMATHUTHOTO ITOJIA.
PenaTuBUCTCKAA TPAKTOBKA MATHUTHEBIX ABICHUM (OOIIME TTOIOKEHH ).
[TepemeHHEIN YIEKTPUUECKAN TOK: OCHOBHBIE TTOHATHS W 3aKOHEI.
BuxpeBoe 3j1eKTpruaecKoe none.

MoniHoCTE, BEIAEIAEMAS B IIENN IEPEMEHHOTO TOKA
doTtomerpusa. OCHOBEI TEOMETPUYECKOH ONTHKMU.

3aKOHBI OTPAKEHUA U NIPETOMIECHUS CBETA.

SBnenue moaHOTO BHYTPEHHETO OoTpakeHus. [Ipuniun depma.
Jlun3el, popMyna TOHKOM JIMH3EL.

Onrugeckas cuna JIUH3HL.

M300paxenne nmpeaMeToB ¢ MOMONILIO JIMH3. 3epKaa.

Cucrema mMH3 Kak OCHOBA ONTUUECKUX MPUOOPOB.

SIBnenue nHTEP() EPEHIINI CBETOBBIX BOJIH.

Hudpakumsa cBeToBeIX BOIH. (ndpakimonnas pemerka.
B3zanmonencTBrue 3JIEKTPOMATHUTHEIX BOJH C BEMIECTBOM.
Hucnepcus ceera. Ilormomenue ceera.

Paccesnue ceera. DQdexr Jlonnepa.

[Tonspuzanus ceera.

3aKOHBI TEIUIOBOTO M3yueHusa. 3akoH Credana-bomsumana.
3akon Buna.

Dotospexr.

YpaBHeHMEe DUHIITENHA U1 BHEMHETO (poToapdexra.

Macca, sueprus u uMnyiasc (pOTOHA.

JlaBnenue ceera. S dexr Komrrona u ero snemMeHrapHas npupoa.
Monemn aroma Tomcona u Pezepdopra.

Jlunengateiit cnektp aroma Bogopoaa. Ilocrynarer bopa.
CnekTp aroma Bogopoaa mo bopy.

Kopry CKy msipHO-BOJTHOBOM OyaJIN3M CBOWCTB BEMIECTBA.
Hekoropsie croiicTBa BonH ae bpoiins.

Obmee ypaBuenue llpenunrepa.

DIEMEHTEI COBPEMEHHOH (PU3UKHU ATOMOB U MOJIEKYI.

Cocras, 3apsaa aTOMHOTO sAapa. MaccoBoe u 3apa10BO€ UuCia.

JlepexT maccer u sHEprus cBs3u aapa. CvH aapa U ero MAarHATHEI MOMEHT.
SnepHbie CHIBI, MX CBOMCTBA, MOJENU AApPA. 3AaKOH PaIUOAKTUBHOTO PACIAIa.

DNEMEHTAPHBIE 4aCTUIEI. KoCcMIueckoe n3IydeHue.

Knaccnpukaima snemeHTapHeix gactul. Ousnyeckas KapTuHa Mupa.
3akoH Amrmepa.- BzauMoaencTsue napaaneabHBIX TOKOB.

JIBrkeHne 3apAKEHHBIX 9aCTUI] B MATHUTHOM ITOJIE.

PaboTa mo nepemeniennio mpoOBOJHUKA B MATHUTHOM MOJIE.

[IpaBuno Jlenna. Bpamienne pamku B MArHUTHOM ITOJI€. BUXpeBEI€ TOKM.
Toxu opu pa3MBIKAHUN U 3aMBIKAHWUA TIETTH.

B3zanmHuas nHIyKIus.

YpasHenue cBOOOTHBIX KOTEOAHMH.

3aryxarone konebaHus B KOJIEOATENEHOM KOHTYPE.

MEHT NOANUCAH
B%ﬁﬁ@m[@m%ﬁ VSIRKTPOMATrHUTHEIE KOJICOaHM .

Ceprucpucdi] (RCooPhepenfeRI RO/ IEPE@NICAHEBII TOK Yepe3 PE3UCTOP

Bna,u,eneul ? lmeﬁa‘,ﬁ%El TaTesaHa AnekeadnpoBHa

172.

MEHHBIH TOK 4epe3 KaTyIlKy WHIYKTUBHOCTH.
[TepemeHHEI TOK 9EpE3 KOHOEHCATOP.
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173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.

188.
189.
190.

Llene nepemennoro toka, conepxkamaa R-L-C.

Pe3oHanc HanmpsKeHui.

Pe3oHaHC TOKOB.

[lIxama sneKTpOMAarHUTHBIX BOJIH.

JIMH3BI 1 UX XapaKTEPUCTHKH.

Meronsr HaOmoneHns nHTep(PEPEHIINN CBETA.
[Tonocer paBHOTO HAKIIOHA.

[Tonocer paBHOM TONIMIMHEL.

Komsia HeroroHa.

Hudpaxuus Openens.

Hudppaxims Opaynarodepa.

Jludpaxisa Ha TPOCTPAHCTBEHHOM PEMIETKE.

Pazmmans B inppakiinOHHOM U ITPU3MATHIECKOM CIIEKTPAX.

EcTeCTBEHHBIN U NONAPU30BAHHBIN CBET.

[Ipoxoxknenne ceera uepes aea nmoyrapusaropa. [lomapuszanma ceera nmpu orpakeHun
U NPEJIOMIECHUH HA TPAHULIE IBYX JIUAJIEKTPUKOB.

JIBOITHO € TyUEnmpeno MIIEHHE.

HckyccTBeHHas onTHUECKas aHU30TPOTIHSA, BPANIEHUE TIJIOCKOCTH TTOJIAPU3AlIHH.
YacTtumia B OMHOMEPHOU MPAMOYTOMBHOM «IMOTEHIMAIBHOU AME» C OECKOHEYHO

BEICOKHMH «CTCHKAMI .

191.
192.
193.
194.

Tynnensnein 3¢ pexr.
CrekTp aroma BOAOpoaa.

CrmH smekTpona. CoMHOBOE KBAHTOBOE YHCIIO.
Monekynasl: XUMHUECKUE CBA3W, ITOHATHE

Mounekynsapueie cnektpsl. [lornonienue.

195.
196.
197.
198.
199.
200.

Cro"TanHoe u BBEIHYKICHHOC M3 IYUCHHUC.

Bomusr Jle-bpoiing u kBanToBeie ycnoBus bopa.

B CPOATHOCTE HAXOXKIACHHUA MHKPOYACTHIIBI.

Ypasuenue lllpenunrepa B oneparopuou Gpopme.
[ToreHumaneHeIN ANIMK YU MOTEHIIHAIBHEIN Oapsep.

[Tpyaimn [Tayma.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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