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[IpeaMEeTHO-UIMKIIOBOM KOMUCCHUEN
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17 C.B.EpemeeBa
«30» aBrycra 2024 r.

JUCT U3BMEHEHUI, BHOCUMBIX B PABOYYIO TIPOTPAMMY

Pabouas nporpamMma yueOHON AUCIUILIUHBI

OVIIL.11 ®PU3UKA
HanMeHoBaHue CIielnaabHOCTH
24.02.02 ITpou3BOACTBO ABHAIIMOHHBIX JBUTraTeJIe,

YTBEPKIECHHYIO
Ha 2024-2025 yueOHbIi o]

Coaep:xkaHue 10M0JTHEHUH/M3MeHeHUii

OcHoBaHHe 1J4

e Paznen BHECEHUSsI
n/n bou1o Crano
JOTIOTHeHHs1/M3MeHeHU sl
1 3.2 Ilepeuens | OcHOBHas nuTEpaTypa OcHoBHas auTepatypa | AKTyanuszanuss OCHOBHOHN
OCHOBHOM " | 1.Jlorsunenko O.B. ®uzuka | 1.Msxkuwes ['.41., ByxoBues | AUTEPaTypbl
HOHgHHVHTem’HOH (ms CITO). YueOHUK : B.b., Corckuii H.H. ®usuka:
ﬁie;;)fypm y4IeOHHK / 10 x1: 6a30BbIH K
HEOGXOTHM 0}'1 e O.B. JlorBuHeHKko. — yIITyONEeHHBIH YPOBHH:
OCBOEHHUS Mocksa : KnoPyc, 2019. — | yueOHuk / Msakumes I".4.,
JTUCIUTUTAHBI 341 c. — ISBN 978-5-406- Byxosues b.b., Corckuit

06464-1 -
https://www.book.ru/book/9
29950

2.Tpopumosa T.U., dupcos
A.B. Kypc ¢usuku ¢
HpUMEpaMH peLIeHus 3a1a4
B 2-x ToMax. Tom 1 :
yaebHoe mocodue /

T.U. Tpodpumona,

A.B. ®upcoB. — Mocksa :
KuoPyc, 2017. — 575 c. —
ISBN 978-5-406-05363-8 -
https://www.book.ru/book/
919561

3. Tpopumona T.H., dupcos
A.B. Kypc ¢usuku c
MIpUMepaMH peleHus 3a1a4
B 2-x Tomax. Tom 1 :
yuebnuk / T.U. Tpodumosa,
A.B. @upcoB. — Mocksa :
KuoPyc, 2017. — 577 ¢. —
Hast CITIO. — ISBN 978-5-
406-05612-7-
https://www.book.ru/book/
921510

H.H. — U3parenscTBO
«IIpocsemenuey, 2024, —
416 c.
https://e.lanbook.com/books/
443757page=4

2 Jlorsunenko O.B. ®usnka
(s CITO). YueOHUK :
y9eOHHK /

O.B. JlorBuneHnko. —
Mocksa : KnoPyc, 2024, —
341 c. — ISBN 978-5-406-
06464-1 -
https://www.book.ru/book/9
29950

3.Msxkumes I'.4., Byxosies
B.b., Corckuii H.H. ®u3uka:
10 ki1: 6a30BBIH U
YIIyOJICHHBIH YPOBHH:
yueOHuk / Msikumres I'.5.,
Bbyxosues b.b., Corckuii
H.H. — U3naTenscTBO
«Ipocsemenuey, 2024. —
416 c.
https://e.Jlanbook.com/books/
443757page=4

4. Tpodumona T.1., dupcos
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https://e.lanbook.com/books/44375?page=4%20%20%20%20

4.Tpodumosa T.U., dupcos
A.B. Kypc ¢usuku ¢
[IPUMEPAMHU PEIICHHUS 3a1au
B 2-X ToMax. Tom 2 :
yueonuk / T.W. Tpodumosa,
A.B. ®upcos. — Mockaa :
KnoPyc, 2017. — 378 ¢c. —
ISBN 978-5-406-05816-9 -
https://www.book.ru/book/
924048

JlomromHUTEIbHAS
TuTeparypa

1.Tpopumosa T.U. ®usuka
ot A 5o S : cipaBoYHHK /
T.U. Tpodpumora. —
Mockaa : KaoPyc, 2017. —
300 c¢. — s ccy3oB. —
ISBN 978-5-406-04671-5-
https://www.book.ru/book/
918094

2. Tpodpumona T.1. ®usnka:
TEOpHsl, PEIICHUE 3a/1a4,
JIEKCHKOH : CIIPaBOYHHUK /
T.M. Tpopumona. —
Mocksa : KnoPyc, 2017. —
315 c. — CIIO. — ISBN
978-5-406-00993-2 -
https://www.book.ru/book/
920565

3.Tpopumosa T.U. KpaTkwuii
Kypc GU3MKH ¢ npuMepamMu
peleHus 3a1a4 : yueOHOe
nocobue / T.W. Tpodumora.
— Mockaa : KaoPyc, 2017.
— 280 c. — CIIO. — ISBN
978-5-85971-880-1 -
https://www.book.ru/book/
927680

A.B. Kypc dusuku ¢
IIpUMEpaMH peIIeHHs 3a1aq
B 2-x Tomax. Tom 1 :
yaeOHoe mocobue /

T.U. Tpodumosa,

A.B. ®upcoB. — Mockaa :
KuoPyc, 2022. — 575 ¢c. —
ISBN 978-5-406-05363-8 -
https://www.book.ru/book/9
19561

5. Tpodpumona T.U., dupcos
A.B. Kypc ¢usuku c
IpUMEpaMH pEIIeHHs 3a1a4
B 2-x Tomax. Tom 2 :
yueonuk / T.1. Tpodumona,
A.B. ®upcoB. — Mockaa :
KnoPyc, 2024. — 378 c. —
ISBN 978-5-406-05816-9 -
https://www.book.ru/book/9
24048

JomomHuTENbHAS

IuTepaTypa

1.Tpodumona T.1. duznka
oT A 10 1 : cipaBoYHHK /
T.1. Tpodumosa. —
Mocksa : KnoPyc, 2022, —
300 ¢. — st ccy3oB. —
ISBN 978-5-406-04671-5-
https://www.book.ru/book/9
18094

2.Tpodpumona T.U1. ®usuka:
TEOopHsl, peleHne 3a1a4,
JIEKCHKOH : CHIPABOYHHUK /
T.1. Tpodumosa. —
Mocksa : KnoPyc, 2022, —
315 ¢c. — CIIO. — ISBN
978-5-406-00993-2 -
https://www.book.ru/book/9
20565

3.Tpopumona T.U. KpaTkwmii
Kypc (DU3UKH C IpUMepamMu
petieHust 3a1a4 : yueOHoe
mocobue / T.W. Tpodumona.
— Mocksa : KaoPyc, 2024.
— 280 c. — CIIO. — ISBN
978-5-85971-880-1 -
https://www.book.ru/book/9
27680
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PabGouass mporpamma y4yeOHON AUCHMILIMHBI pa3paboTaHa Ha OCHOBE
dbenepaibHOTO  TOCYJIAapCTBEHHOTO  00pa3oBaTEIbHOTO CTaHJAApTa CPEIHETrO
npodeccuonansHoro oobpazoanusi (nainee — O®I'OC CIIO) mo cnenuaibHOCTH
24.02.02 TIpou3BOJCTBO ABHUAIIMOHHBIX JBUTATEICH, YTBEPKICHHOTO MPUKA30M
MunucTtepcTBa oOpa3zoBaHuss U Hayku Poccuiickoit ®enepanuu ot 21.04.2014
Ne363.

Opranmzanusi-paspadotunk:  DenepalibHOE  TOCYAapCTBEHHOE  OIOHKETHOE
o0pa3oBaTeIbHOE YUPEKIACHUE BBICHIETO 00pa3oBaHUsl «Y UMCKUN YHUBEPCUTET
HAyKU U TEXHOJOTU» MHCTUTYT cpepHero npodeccuoHaIbHOro 00pa3oBaHus
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1. IIACHOPT PABOYEHN INTPOI'PAMMBI YYEBHOU JUCHUITINHBI
dusuka

1.1. ObaacTh npuMeHeHusi padoueii MPOrpaMMbl
[Iporpamma y4eOHOM JUCHUIUIMHBI SIBISIETCS YacThl0 MPOrpamMMbl

MOATOTOBKHU CHEIUAIUCTOB cpenHero 3BeHa (nanee - [IIICC3) B cooTBeTCTBUU C
dbeneparbHBIM  TOCYJApCTBEHHBIM  00pa30BaTEbHBIM  CTAaHIAPTOM CPEIHETO
npodeccuoHabHOTO 00pa3oBaHus 1o crnenuanbHoctu 24.02.02 TlpousBoacTso
aBUALIMOHHBIX JBUTATEIICH.

1.2. MecTto aUCHUIUVIMHBI B CTPYKTYpe OCHOBHOH mpodeccuoHaIbHOM

o0pa3oBaTeIbHOW MPOrpaMMbI:

JucuurnianHa  OTHOCHTCS K 0a30BbIM  JUCHUIUIMHAM W BXOJIUT B
oOmreoOpa3zoBarenbHbIi UK TexHudeckoro npoduist [MIICC3 no crnenuansHOCTH
24.02.02 IIpou3BOACTBO aBUAIMOHHBIX JBUTATEIEH.

1.3. Henu u 3a1a4n JMCHUILIMHBI — TPe0OOBaHUS K Pe3yJbTaTaM OCBOCHUS
AUCHUNIMHBIL

OcBoenue conepkanusi yuyeOHOM aucuurinabl «Dusnka» obOecrneurBaeT
JOCTHKEHHE 00YJArOIIMMHUCS CIACAYIONINX Pe3yJbTaTOB:
JIUYHOCHIHBIX:

— YYBCTBO TOPJOCTU U YBAKEHHUS K UCTOPUH U JOCTHXKEHUSIM OT€UECTBEHHON
dusznueckoil  HayKH; ¢bu3MYecKu  TPaMOTHOE  TOBEJICHUE B
npoeccuoHanbHOM NEeITEILHOCTH U OBITY MpU 0OpaIieHuu ¢ mpudopaMu u
YCTPONCTBAMU;

— TOTOBHOCTH K TIPOJIOJKEHUIO 00Pa30BaHUS U MOBBIIICHUS KBATH(PUKAIINH B
n30paHHON TpoeCCUOHATIBHON JESTEILHOCTH U O0OBEKTUBHOE OCO3HAHUE
poyi GU3UIECKUX KOMIIETEHITUI B ATOM;

— yMEHHUE HCIOJb30BaTh JOCTHXKCHHUS COBPEMEHHOW (U3MUECKOW HAyKU |

busznuecKux TEXHOJIOTUHI InIE: ITOBBILICHUS COOCTBEHHOTO
WHTEJUICKTYaJbHOTO  pPa3BUTHUA B  BBIOpaHHOW  MPOQECCHOHAIBHON
NEATEIbHOCTH,

— YMEHHE CaMOCTOSTENILHO JI00BIBATh HOBBIC NJIs ceOsl pusznueckue 3HaAHUS,
UCIIOB3YS JIJIs1 TOTO JOCTYIMHBIE HCTOYHUKHU UH(POpMALINH;

— YMEHHE BBICTPAMBATh KOHCTPYKTUBHBIE B3aUMOOTHOIIEHHUS B KOMAaHJIE IO
pelieHnIo o0IuX 3a/1a4;

— YMEHHE YIPaBIATh CBOEH MO3HABATEIBHOW JEATEIBHOCTHIO, MPOBOJUTH
CaMOOIICHKY YPOBHS COOCTBEHHOT'O UHTEJUICKTYaJIbHOTO PA3BUTHS;

MemanpeomMemuulx.

— HCHOJIb30BaHWE PA3IMYHBIX BHUJIOB TMO3HABATEIBHOU JEATEIBHOCTU JIS
peuieHust PU3MUECKUX 3a7a4, MPUMEHEHNE OCHOBHBIX METOJIOB IMO3HAHUS
(HabmroneHusl,

— OIHCaHUs, U3MEPEHHUs], FIKCIEPUMEHTA) JI1 U3YUYEHHUs] Pa3JIUYHBIX CTOPOH

5



OKPYXaroUIEH IeUCTBUTEIbHOCTH;

UCIIOJIb30BAaHUE OCHOBHBIX HWHTEIUICKTYAJIbHBIX OIEpalnii: MOCTAaHOBKHU
3amaud, (QOpMYJIHMpPOBAHUS THUIOTE3, aHalIW3a M CHHTE3a, CpPAaBHEHMS,
000011IeHNs, CUCTEMAaTU3allii, BBIABICHHUS TMPUUYMHHO-CIICCTBEHHBIX
CBsA3E€H, MOMCKA AaHAJIOroB, (POPMYIUPOBAHUS BBIBOJOB I H3yUYCHHUS
Pa3IUYHBIX CTOPOH (DU3UYECKUX OOBCKTOB, SIBICHHH W TPOIECCOB, C
KOTOPBIMH BO3HHKAET HEOOXOAMMOCTh CTAIKUBATHCS B MPO(HEeCCUOHATBLHOM
chepe;

YMEHHE TeHEPUPOBATh UJEH U OMPEALIATh CPEACTBA, HEOOXOAUMBIE JJISI UX
peanuzanuu;

YMEHHUE UCIOJIb30BaTh Pa3IUYHbIe UCTOYHUKH JIJISl TOTydeHUsT (PU3ndecKoi
uH(pOpMaIH, OLIEHUBATh €€ JOCTOBEPHOCTH;

yMEHUE aHAIM3UPOBATh U MPEJCTABIATh HHGOPMAIIUIO B PA3IUYHBIX BUJAX;
YMEHUE MyOJIMYHO MPEJCTABIATh  PE3YJIbTAThI COOCTBEHHOTO
UCCIIEIOBAHUsI, BECTH JHMCKYCCHUHM, JOCTYIIHO M TapMOHHUYHO COYETast
coJiepkaHue ¥ (opMbI MpeCTaBIsIeMON HHGOPMAIIHH;

npeoMemHblx:

1.4.

c(OpPMHUPOBAHHOCTh TMPEACTABICHUNA O POJIU U MecTe (U3UKU B
COBPEMEHHOM HAYyYHOU KapTUHE MUpPA; IOHUMaHUE (PU3NYECKON CYIIHOCTU
HaOnogaemMbIXx BO BceneHHoll siBneHu#, poau (GU3MKH B (POPMUPOBAHUU
Kpyrozopa M (YHKIMOHAJIBHOM T'PaMOTHOCTH 4YEJOBEKa MJIA PEIICHUS
MPaKTUYECKUX 3a/1a4;

BJIQJICHUE OCHOBOITOJIAral0IIUMH buznueckuMu MTOHATHUSIMU,
3aKOHOMEPHOCTSIMHM, 3aKOHAMU M TEOPUSIMU; YBEPEHHOE HCIOJIb30BAHUE
(bu3HUecKol TEPMUHOJIOTHUH U CUMBOJIUKH;

BJIQJICHUE OCHOBHBIMM METOJAMH HAyYHOT'O MO3HAHUS, UCIOJb3YEMBIMU B
busuke: HAOMIOIEHUEM, OTTMCAHUEM, UBMEPEHUEM, PIKCTIEPUMEHTOM;
yMeHHusi  oOpabaThiBaTh  pe3yJbTaThl  HU3MEpPEHUM, OOHAPYKHUBATh
3aBUCUMOCTh MEXIy (GU3UYECKUMHU BEIMUUHAMU, OOBSICHATH MOJTYYCHHBIE
pe3yabTaThl U JeiaTh BHIBOIbI;

c(hOpPMHUPOBAHHOCTh YMEHHUS peliaTh (GU3MUECKUE 3a/1a4H;
c(hOPMHUPOBAHHOCTh YMEHHS TMPUMEHSTh TOJYyYEHHbIE 3HAHUA JUIS
OOBSICHEHUS YCIIOBUI MPOTEKaHUs (PU3MYECKUX SIBJICHUW B MPUPOJIE,
npodeccuoHanbHON cdepe W i MPUHATUSA MPAKTUYECKUX DPEIICHUN B
IMOBCEJHEBHOM KU3HU;

c(hOpMHUPOBAHHOCTh COOCTBEHHOM TMO3UIIMH 1O OTHOIICHUIO K (PU3MUECKOI
uH(DOpMaIuu, MoydaeMoi U3 pa3HbIX HCTOYHUKOB.

PexkomMeHnayemoe KOJHYECTBO 4YACOB HA OCBOEHHE TMPOrpaMMblI

AUCHUNIHHBI:

MaKCHUMaJbHOU yueOHON Harpy3ku oOyuatomerocsi 116 gacos;

00s3aTeIPHON ayTUTOPHOU ydeOHOU Harpy3ku oOydaromierocs 116 dacos, B Tom
qHCle:

TeopeTudeckoe oOydenue 70 4acos,

JabopaTopHbIe 3aHIATHS 46 4acoB.



2. CTPYKTYPA U COJAEP)KAHUE YYEFHOU JUCIUILINHBI

2.1. O0bem y4yeOHOM TUCHMILIMHBI U BHAbI Y4e0OHOH padoThI

" Oo0vem uacos
Bup y4eOHoii padoTsl
1 cemecmp 2 cemecmp
MakcuMaibHasi yyeOHas HArpy3Ka 48 68
(Bcero)
Oo0s3aTeIbHAA  ayAUTOPHasA Yy4yeOHas 48 68
HArpy3Ka (Bcero)
B TOM YUCJIE:
JICKLIUU 28 42
71a00paTOPHBIEC 3aHITHUS 20 26
NPAKTHYECKUE 3aHATUS - -
KypcoBasi pabora (mpoekT) (eciu - -
npeoycmMompeHo)
KoncyabTanuu 2 4
Dopma npomedsrcymouHou ammecmayuu 1. npoexm
2. oK3ameH




2.2. TemaTu4eckuil IVIaH U co/iepkaHue Y4eOHON TMCUMIVINHBI DU3NKa

Conep:kanue y4eOHOT0 MaTepHuaJia, JJadopaTopHble U MPaKTHYeCKHe padoThl,

HaumenoBanue YpoBeHnb
O —— CaMOCTOsITe/IbHAs padoTa o0yuawuuxcs, KypcoBasi padbot (IIpoeKT) O0beM yacoB OCBOCHHMS!
(ecnu IpeayCMOTPEHBI)
1 2 3 4
BBenenune 2
Coneprxanue yueOHOro MaTepuasa 2
Ouzuka — QyHIaMeHTalbHasl HayKa O mpupoje. Ponb skcnepuMeHTa M TEOpUHM B 1
mporecce TMo3HaHus mpupoabl. [lorpemHocTn u3MepeHUi (PU3NYECKUX BEIHYMH.
ITonsiTre o puznyeckoil KapTUHE MUpA.
Pasznea 1. 18
MexaHuKka ¢ 3J1eMeHTaMH
TEOPUH OTHOCUTEJIbHOCTH
Tema 1.1 Coneprxkanue y4eOHOro Marepuasia 2
OCHOBHBIE IOHATHS 1 | Mexanunueckoe gBuxkenue. Cuctema orcueta. MartepuanbHas — TOYKa. 2
KHHEMaTUKH XapakTepuCTUKU MEXaHMYECKOTO JIBIKEHHs. PaBHOMEpHOE M PaBHOYCKOPEHHOE
npsMonuHeiiHoe aBrkeHue. CBoboaHOoe majneHue. [[BukeHHe Mo OKPY>KHOCTU C
MOCTOSIHHOM IO MOJYJII0 CKOPOCTBIO.
Tema 1.2 Conepxanue yueOHOro MaTepuasa 4
Jnaamuka 1 OcHoBHas 3agada quaamMukn. Crta. Macca. 3akons! HeroToHA. 2
2 | 3akoH Bcemupnoro tsarorenus. Cuia Tsxectu. Bec 1 HEBECOMOCT. 2
JlaGopaTopHble 3aHITHS 6
1 | U3y4yenue IBM>KEHUS Tella 10 OKPYKHOCTH MO AEMCTBUEM CUJIIbI YIIPYTOCTH H
CHUJIBI TSKECTHU
2 | U3yyeHue 3aBHCHMOCTH yrja HakKJIOHA IUIOCKOCTH, HEOOXOJUMOro Jid Haudaia
CKOJIBbKEHUS Tela, OT MaTepHalla TPYIIUXCSl TOBEPXHOCTEN
3 | U3ydyeHue cBOOOAHBIX U BEIHYXJACHHBIX KOJeOaHU
Tema 1.3 Conepxanue yueOHOro MaTepuasa 4
3aKOHBI COXPAHEHUS B 1 | Umnynbec Tena. 3aK0H COXpaHEHHUs! UMITYJIbca. PEakTHBHOE BHKEHUE. 2
MEXaHUKe 2 | PaGora u momrHOCTh. MexaHudeckas dHEpPTUs W €€ BHJbI. 3aKOH COXPaHEHUs 2
sHepruu. [IpuMeHeHne 3aK0HOB COXpaHEeHHS.
JlaGopaTopHbIe 3aHATHS 2
1 \ CpaBHeHue pabOThI CUJIBI YIIPYTOCTH C U3MEHEHHUEM KMHETHYEeCKON DHEPTUH Tela
Paznen 2. 20
MouJiexkyasipaas pu3nKa u
TePMOIMHAMMKA




Tema 2.1 Coneprxanue yueOHOro MaTepuasa 4
OcnoBel MKT 1 | OcHoBubie mnonokenus MKT wum ux ombiTHOoe o00ocHOBaHMe. bpoyHOBCKoe
awxenne. Juddysus. CrpoeHHE Ta3000pa3HBIX, KHUJIKHUX U TBEPIBIX TeIl.
Cxopoctu aBwkenust mosiekyn. OneiT Iltepna. Pasmepsl u macca MoOJEKyd U
atomoB. KonnuectBo BeniectBa. Mouib. [locTostnnass ABorajpo.
2 | Uneanbubiii ra3. JlaBnenue raza. OcnoBHoe ypaBHenne MKT upeansHoro rasa.
Temneparypa Kak Mepa cpeHeld KHHETHYECKON SHEPTUU Xa0TUUECKOTO JIBHIKECHHUS
Moniekys. YpaBHenune Knaneiipona — MenpaeneeBa. M3omnpomneccsl, ux rpaduku.
TepmoarHaMuyeckas mkaaa TeMnepaTyp. AOCONIOTHBIN HYJb.
JlaGopaTopHbIe 3aHATHS 4
1 | OnbiTHOE noaTBepkAeHUE 3aKoHa boiins — Mapuotra
2 | M3ydyeHne apxuMeq0BOM CHUITbI
Tema 2.2 Copep:xanue yueOHOro MaTepuana 2
OcHoBbI TepMOaMHAMUKM | | | Fi3MeHeHWe BHYTPEHHEH SHEPrHU ras3a B MpOIecce TeIUIO0OMEHAa M COBEPIICHHS
pabotel.  TermnoeMKOCTh. Y[enbHas TEIJIOEMKOCTh. YpPaBHEHHE TEIIOBOTO
Oananca. IlepBoe Havajao TEPMOAMHAMUKMA M €r0 NPUMEHEHHE K Pa3INYHBIM
u3onporneccam. AnuabatHeiii nporecc. Pabora raza mpu u300apHOM H3MEHEHHS
ero oobema. [TpuHIMI NeHCTBUS TEIUIOBOM MAlIMHEI.
Tema 2.3 Copep:xanue yueOHOro MaTepuana 4
ArperaTtHoe COCTOSIHUE 1 | Hachimensslii map u ero cBoicTBa. AOCOJIOTHAasT U OTHOCHUTEJbHAs BIAXKHOCTb
BeliecTBa u (ha3oBbie BO3/yXa. 3aBHCUMOCTh TEMIIEPATyphbl KUIEHUS OT jAaBieHus. [I0BepXHOCTHBIN CIOH
TIEPEXOIBI KHUIKOCTH. DHEprus noBepxHocTHOro ciosi. CmauuBanue. KanumispHOCTS.
Kanunnsipusie siBneHust B ObITY U TEXHUKE.
2 | Kpucraminueckoe cocTossHUE BemiecTBa. JlanpHuii nopsaok. Ynopyrue
cBoiicTBa TBepabIXx Ten. 3akoH ['yka. MexaHuueckue CBOMCTBAa TBEPABIX TEIl.
AmMop(HbIe BeliecTBa U )KHUJIKHE KpUCTAIIBL. TerioBoe paciupeHne TBepIbX Tel U
xuakocted. [lnaBnenre n kpuctamiuzamusi.
JlaGopaTopHblie 3aHITHS 6
1 | OnpeneneHue OTHOCUTEIBHOM BIAXKHOCTH BO3/lyXa
2 | Onpenenenne kodhUIMEHTa TOBEPXHOCTHOTO HATSHKCHUS KUIAKOCTU
3 | Onpenenennie koadduiveHTa JIMHEHHOTO pacCIIUPEHUs TBEPBIX Tell
Paznen 3. 36
OcHoOBBI
JIEKTPOAUHAMUKHI
Tewma 3.1 Coneprxanne y4eOHOro MaTepurasa 4

DIIEKTPUUYECKOE TT0JIE

1

3aKOoH COXpaHEHHUs IEKTPUUECKOTO 3apsaaa. 3akoH Kynona. DnekTpuueckoe mnosie
U €ro HampsHKeHHOCTh. PaboTa cuil 3JEKTPUYECKOro Mojs MO MepeMENICHHIO




3apsaa. HOTGHI_II/IaJI 1 Pa3sSHOCTb MOTCHIHAJIOB. CBs13b MCKAY HANPSXKCHHOCTHIO U
Pa3HOCTHIO MOTCHIINAJIOB. 3KBI/IHOTCHI_II/IaJ'II:HBIe IOBCPXHOCTH.

2 | IIpoBOAHUKH U TUAJIEKTPUKHU B AJEKTpUUECKOM moJie. [lonsipuzarms
TUDIIEKTPUKOB.  JIMAJIeKTpuyeckass MNPOHUIAEMOCTh Cpellbl.  DJIEKTPOEMKOCTb.
KonneHncaropsl u ux coeuHeHus. DHEprus 3aps>KeHHOT0 KOHJIEHCATOpA.

JlaGoparopHble 3aHATHS

1 I Onpe;[eneHHe BHGKTpI/I‘ICCKOﬁ CMKOCTH 3apsAKCHHOT'O KOHJACHCATOpa

Tema 3.2
3aKOHBI ITOCTOIHHOTO TOKA

Copep:xanue yueOHOro MaTepuana

1 | IlocTOSSHHBIN AJIEKTPUYECKUIN TOK, €T0 XapaKTEPUCTUKH. Y CIIOBUS, HEOOXOIUMBIC
JUIsT BOBHUKHOBEHUA 3JekTpuyeckoro toka. IJ[C umcrounmka. 3akoH Oma ist
ydyacTKa M TOJHOM 1enu. 3aBUCHUMOCTh CONPOTHBIICHUS PE3UCTOpa OT
temreparypsl. [IoHsTHE O CBEPXITPOBOANMOCTH.

Kouncyabranus

2 | CoepriHEHHS! TPOBOJHUKOB B DJIEKTPUUECKON CXEME.

3 | PaGorta u MouHOCTh MOCTOSTHHOTO TOKA. 3akoH Jlxoyns-Jlenna.

JlabopaTopHble 3aHATHS

1 OHpeI[eJ'IeHI/IC SHGKTpOHBI/I)KyH_Ieﬁ CHJIbI 1 BHYTPCHHCTO COIIPOTUBJICHU
HCTOYHHKA BHGKTPH‘{CCKOfI OHCPIUun

2 OnpeﬂeneHHe YACIBbHOTO COITPOTUBJICHHUSA ITPOBOJHUKA

3 IlocnenoBaTtenbHOE U MapaJijieJIbHOC COCANMHCHUEC ITPOBOJAHHUKOB

4 HCCHGI{OB&HI/IG MOIIMTHOCTH JIaMITbl HAKaJIMBAHHWA OT HAIIPSAXKCHHUA HA €€ 3a’)KNMax

Tema 3.3
DNEeKTPUUIECKHUI TOK B
Pa3IUYHBIX Cpenax

Copep:xanne yueOHOTO MaTepuana

1 | DnexkTpudeckuil TOK B pa3IMUHBIX cpefax. DJIEKTPUUECKUN TOK B DJIEKTPOJIUTAX.
ONEeKTpUYECKU TOK B razax Hu BaKyyMe. OJEKTPUUYECKUH TOK B
ITOJIYITPOBOTHUKAX. [1071yITpOBOTHMKOBEIE TPUOOPBHI.

JIaGopaTopHbIe 3aHATUS

1 OnpeﬂeneHI/Ie QJICKTPOXUMHNYCCKOT'O 9KBUBAJICHTAa MCIU

Tema 3.4
MarnuTtHoe 1oJe

Conepxanue yq4eOHOro MaTeprasa

1 | [locTossHHBIE MarHUTBl M MarHUTHOE moje 3emnu. MarHutHas WHAYKLUS.
BsaumoneiictBue tokoB. JleiicTBus MarHuTHoro nois. Cmna Awmmepa. [IpuHimn
neiicrBus anexrpoasurarens. Cuna Jlopenna.

2 | MarautHsbIii notok. PaboTa no nepemenieHnto NpoBoJHUKA ¢ TOKOM B MAarHUTHOM
1osie. MarHuTHbIE CBOWCTBA BELIECTBA.

JlaGopaTopHbIe 3aHITHS

1 ‘ I/I3y‘-ICHI/IC QJICKTPHUYICCKOI'0 ABUTATCIISI IOCTOAHHOI'O TOKA (Ha MOI[CJ'II/I)

Tema 3.5

Copepxanne yaueOHOro MaTepuana

10




DneKTpOMarHuTHas 1 | OnexrpomaruutHas uMHAYKIuA. Omnbitel @apanes. 3akon OMU.  Ilonstue 06
WHIYKIUSA AJIEKTPOMArHUTHON Teopur MakcBesia. BuxpeBoe 3JeKTpU4YecKoe MmoJe.
2 | Camounnykuus. DC camonHaykiuu. WHIyKTUBHOCTB.
JlaGopaTopHbIe 3aHATHS 2
1 | W3yuyenue sBICHUS 2JIEKTPOMArHUTHONW MHIYKIUN
Pasznea 4. 10
Kosie0anus 1 BOJIHBI
Tema 4.1 Coneprxkanue y4eOHOro MaTepurasa 4
Mexanuyeckue konebanus 1 | 1 | FapMoHndeckre KoJeOaHUsI M UX XapaKTEPUCTHKU. Y paBHEHHE TapMOHHYECKOTO
BOJIHBI koseOaHus. [IpeBpalienre s3Heprun pu KojaedaTeIbHOM JBUKEHHUH.
2 | IlonepeuHble U MPOAOJIbHBIE BOJHBI. XapaKTepUCTUKU BOJIHBL. VHTepdepeHius
BosH. [lomsatne o nudpakmum BodH. 3BYKOBBIE BOJHBI. YIIBTPA3BYK U €ro
IIPUMEHEHHE.
JlabopaTopHble 3aHIATHS 2
1 | Onpenenenne yckopenus cBOGOIHOTO NAIGHUs IPU TIOMOIIH MasTHUKA
Tema 4.2 Coneprxkanue yueOHOro Marepuasia 4
ONEeKTPOMarHuTHbIE 1 | CBoOosmHbIE d3JeKTpOMarHUTHble Kosiebanus. IIpeBpamieHust sHepruu B
KoJIeOaHus kojeOarenbHOM KoHType. Popmyna Tomcona. 3aTyxaromue 3JIEKTPUUYECKUE
kosiebaHus. IlepeMeHHBIN TOK U ero nojiydyeHue. I'eHepaTop nepeMeHHOro Toka.
2 | IlpeoGpazoBaHue nepeMeHHOro Toka. Tpancgopmarop. TOkM BBICOKOW YacTOTHI.
[IpousBoncTBO, mepenadya U MOTpPeOIEHUE DIEKTPOIHEPTUU. DJIEKTPOMArHUTHOE
[0JIE€ U €ro pachpoCTpaHEHUE B BHJIE JIEKTPOMArHUTHBIX BOJH. M300pereHue
paauo A. C. ITonosiM. Pu3nueckre OCHOBBI paJHUOCBSI3H.
Pa3neu S. 12
Onrtuka
Tema 5.1 Conepxanue yueOHOro MaTepuasa 4
I'eomerpuueckas u 1 | DnexkTpoMarHuTHas MPUPOAA CBETa. 3aBUCHUMOCTb MEXJy [UIMHOM BOJHBI U
BOJIHOBasl ONTHKA YaCTOTOM AJIEKTPOMArHUTHBIX KojeOaHHH. 3aKOHBI OTPaKEHHUsSI U IMPEIOMIICHUS
cgeta. [lonHOE OTpakeHue cBeTa.
2 | KorepeHTHOCTh M MOHOXpPOMAaTHYHOCTh. MHTepdepeHuMs u Audpakius cBera.
Hudpakiuonnas pemerka. [lomspuzanus  cBeta. [ucnepcus cBera. Bumbl
cnekTpoB. CHEKTpaIbHBIA aHAIN3. DJIEKTPOMAarHUTHBIE U3ITyYEHHUS B Pa3IUYHbIX
JMarna3oHax JJIMH BOJH.
JlaGopaTopHbIe 3aHATHUS 8

1

[Tonyuenne n300paskeHus MPU MTOMOIIH COOMPAIOIEH JIMH3bI

2

I/I3MepeHHe IMOKa3aTcJId MPCJIOMIICHUA BCIICCTBA

3

V3MepeHue JUTMHBI CBETOBOI BOJIHBI C TOMOIIBIO AU(PPAKIIMOHHON PEHIeTKH
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4 ‘ Habumo1eHre CiIonHOTo ¥ TUHEHYaTOro CIeKTPOB PAa3IUYHBIX BEIECTB

Paznea 6. 14
CTtpoenue atoma u
KBaHTOBas pu3uka
Tema 6.1 Copepxanne yaeOHOro MaTepuana 6
KBanToBas ontuka 1 | KBanroBas ontuka. KBantoBas runotesa [Inanka. ®oToHbI.
2 | Buemnuit Qotosnexkrpuyeckuii 3pdext. Onbitel CronmetoBa A.I. YpaBHeHue
OWHINTEeWHA IS dboroaddekra. I[lpumenenume dbororddexra. Twumbl
(OTODTIEMEHTOB.
3 | Oddexr Kommnrona. JlaBmenue cBera. Omnwitel JlebemeBa II.H. Xumunueckoe
neiicrBue cera. PorocunTe3. [loHSATHE O KOPIYCKYJISPHO — BOJHOBOM TEOpPUU
CBeTa.
Tema 6.2 Copep:xanue yueOHOro MaTepuana 6
@®usuka aroma u aroMHoro | 1 | Mozgens atoma Pesepdopaa u bopa. M3nydeHnue u noriomeHnue 3HEPTud aTOMOM.
a1pa EctecTBeHHass paauMoakTHBHOCTh, €€ BHJbl. 3aKOH paJMOAKTHBHOTO pacmaja.
CnocoObl HaOMIONEHUS W PETUCTpallM 3apsHKEHHBIX YacTun. buonoruueckoe
JIeiCTBHE PaJIMOAKTUBHBIX U3ITy4EHUM.
2 | CocraB aroMHbIX siaep. McKkyccTBeHHass pPaJuOAKTUBHOCTb. SiepHbIE CHUIIBL.
JledexT macchl. DHEprus CBSI3U aTOMHBIX JIep. SnepHble peakiu.
3 | Henenue Tsokensix saep. Llennas saepHas peakius. YmpasiseMasl HEIHAs PeaKiys.
Snepusiii peaktop. [lonmydeHne paguMoakTHBHBIX H30TONOB M UX IHPUMEHEHHUE.
buonoruyeckoe nelcTBUE PaJUOAKTUBHBIX U3ITYYCHHMH.
JlaGopaTopHble 3aHATHS 2
1 ‘ N3yueHne TpekoB 3apsyKEHHBIX YACTHIL
Paszpen 7. 2
IBosaonus Beesennoi
Tema 7.1 Coneprxanne yueOHOT0o MaTepuana 2
CrtpoeHnue u 3BoIrOIUA 1 Tepmosnepnsiii cuntes. [Ipobnema TepmosaepHoit sHepreTuku. JHeprus ConHia u
Bcenennoit 3Be3q. [Iponcxosxnenue u ctpoeHne COTHEYHON CUCTEMBI. DBOIIOIHS 3BE3I.
3amuTa NpoeKTOB 2
Koncynbranus 4
Bcero: 116
Koncynbranmi 6

JIy1st XapaKTepUCTUKHA YPOBHSI OCBOSHHUS y4eOHOT0 MaTepHraia UCIOIb3YIOTCS CIASAYIOMNE 0003HAYCHUS:

1 — 03HAaKOMUTENBHBIN (y3HaBaHUE PaHEE N3YYEHHBIX 0OBEKTOB)




2 — penpoayKTHUBHBIN (BBIOJIHEHUE AEATEILHOCTH IO 00pa3ily, MHCTPYKLUU WX TOJI PYKOBOACTBOM
3 — NPOyKTUBHBIN (IUTAHUPOBAHHUE U CAMOCTOSITENIbHOE BBITIOJHEHUE JIEATEILHOCTH, PEIICHHE TPOOIEMHBIX 3a]1a4)
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2.3. MeTtoanueckue yKazaHus K JJa00OpaTOPHbIM 3aHATUIM

JlabopaTtopHoe 3ansatue Nel

HByquHe ABHIKCHHUA TCJIA IO OKPYKHOCTH 110 I[@ﬁCTBHGM CUJI YIIPYT'OCTHU H

TAKCCTHU

Heab padoThl: onpeaeanTh LHEHTPOCTPEMUTEILHOE YCKOPEHUE IIapuKa MpH €ro

PaBHOMEPHOM JIBI)KEHUU 10 OKPYKHOCTH.
YueOHbIC 321a4U:

1. BeruncnuTe HEHTPOCTPEMUTEIBHOE YCKOPEHUE PAa3HBIMU METOJAMHU: BpalCHUE
KOHMYECKOTO MAasiTHHKAa BOKPYI BEPTHKAJIBbHOW OCH; OTKJIOHEHHME MAsTHUKA Ha

yron &
2. CpaBHHTD MOJTYYCHHBIC 3HAYCHUSI YCKOPEHUH.

O0opyznoBaHue: WTAaTUB ¢ My(QTOH U JIAKOH, JHMHEWKa, LHUPKYJb, TUHAMOMETP
7a00paTOpHBI, BEChl C pa3HOBECAMM, IIAPUK HA HUTH, KYCOK MpPOOKU C

OTBEPCTUEM, JTUCT OyMaru.
Meroanuyeckue yKazaHusi

[Ipy ABUKCHUM KOHWYECKOTO MASTHHKA TI0
o -+
OKPYXKHOCTH, JEHCTBYET CHIIa TsHKECTH MG W cuia
—
HATSDKCHUS HUTH F,. Onu CO3MAI0T

HEHTPOCTPEMUTEIBHOE YCKOPEHHE, HAMPABIEHHOE IIO0
paguycy K HEHTPY OKpYKHOCTH (puc. 1).

Jl1st onipenenieHust yCKOpeHust (I Hajlo U3MEPUTH PaSINyC
okpyxkHOoCcTH R ¥ mepuoj oOpalieHdss IHapuKa II0

OKPYKHOCTH | .
41°R
TZ
CornacHo BTOpoMy 3aKkoHy HeroToHa:

md = mg +FE,.

a= w?R =

- — e
Paznoxum cuiny F, mHa cocraBmsromme ] n [,
HaIpaBJICHHBIE 10 PAAUYCYy K LUEHTPY OKPYKHOCTH H IO
BepTuKaiu. Torma BTopor 3akoH HproTOHA 3anuiiercs B
BUJIE:

5 3 - -
ma =mg + F, + F,.
HampaBnenue KOOpIWHATHBIX OCel BBIOEpPEM Tak, Kak
MoKa3aHo Ha pucyHke 2. B mpoekuusix Ha ock Oy
YpaBHEHUE JIBUKEHUS [IAPUKA TPUMET BUI:

0=F, —mg.
CraenoBaTteibHO,
F; =mg.

3anuiiemM BTOpoy 3akoH HbI0TOHA B TpoeKIuaX Ha och Ox:

ma,, = Fj.

Puc. 1. Koanueckuit
MAaSTHUK

Puc. 2. Pacnono-
JKEHUE CHIT



Otcrona,

B
a, = E
N3 nonobus tpeyronbaukoB OAB u FBF:

F, _mg
R h’
Orcropa,
mgR gR
L= 2=
Taxxke MOZYJIb COCTaBJIAIOLIEH E} MOYKHO

HEIOCPEICTBEHHO U3MEPUTh JuHaMoMeTpoM. Jljist aTtoro
HY’)KHO TOPU30HTAJIBHO PAaCIOJIOKEHHBIM JUHAMOMETPOM
OTTSHYTh IIAPUK HAa paccTosiHuE, paBHOEe paauycy R
OKPYXHOCTH, W OIIpEAeNsieM I0Ka3aHue JIUHAMOMETpA.
[Ipu sTOM cuna ynpyroctd MNpyKHMHbl YPaBHOBEUIMBAET

cocrasisomyio Fy (puc. 3).

ConocTaBuM BCe TPU BBIPAKCHUS: Puc. 3. Onpenencuue
2
_ o, Am°R _ YR _ i CHIIBI yIIPYTOCTH
a=wR=—7—,a, =—,a,, = —.
T2 h m

I[aHHble BBIPAKCHUA JOJIKHBI OBITH PaBHBI.

IHopsinok BbINOIHEHHS PAadOTHI

1. Onpenenure maccy IapyuKa Ha Becax ¢ TOYHOCTHIO 110 | T.

2. IlonBeckTe MIApUK HA HUTH K LITATUBY.

3. Beruepture Ha aucte Oymare OKpy>XKHOCTb, paJnyc KOTOpo# okoiio 10 cm.

4. I3amepwTe paauyc OKpYKHOCTH R ¢ TOYHOCTBIO 10 1 MM.

5.ItatuB ¢ MaATHUKOM pACHOJIOKHUTE TaK, YTOOBI MPOJAOKEHUE NIHYpa
MPOXOJIUIIO Yepe3 LEHTP OKPY>KHOCTH.

6. B3siB HUTH MajbllaMu y TOYKU TMOJBECA, BpAIllATe MasTHUK TakK, YTOOBI IIApPUK
OMKCHIBAJI OKPYKHOCTh, PAaBHYIO HAU€PUYEHHOW Ha Oymare.

7. U3mepwTe Bpems L, 3a KoTopoe MasTHUK coBepiraetr 50 o6opoToB. Onpeaenure
nepuo oOpalieHus mapuka no Gopmysie:

T L
=T
3aTeM BBIYUCIUTE YCKOpeHue 1o popmyie:
AR
a= ?

8. Ompemenure BHICOTY KOHMYECKOTO MasTHUKA M. JIs 5TOro W3MephTe
PacCTOSIHHE MO BEPTUKAJIM OT LIEHTPA IIapuKa 10 TOYKH ITOJBECA.
Haiimute Moysb IEHTPOCTPEMHUTEIBHOTO YCKOPEHHS TI0 (popmyIe:
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_gR
a==

9. OTTSIHUTE TOPU3OHTAIBHO PACIHOJIOKEHHBIM JIMHAMOMETPOM IIIAPUK Ha
paccTosiHUE, PaBHOE PAJANYCy OKPYXKHOCTH, U U3MEPhTE MOJYJIb COCTaBIISIONICH

—
F .3atem BulunCIUTE YCKOPEHHE 1O POPMYIIE:
_h
a=—.
m
10. Pe3ynbTaThl M13MEpEeHUI 3aHeCUTE B Ta0. 1.
11. CpaBHHMTE TIOJyYEHHbIE TPU 3HAYECHHUS MOAYJS LIEHTPOCTPEMUTEIHHOTO

YCKOPCHUA U cneﬂaﬁTe BBIBOJ.

Tabnuya 1
Panu Bricot
Ay Bpewms
c Ilepno a Macca
K0J1e0 Yckopenue
OKpYX . i KOHyC | rpy3a | Cuna
aHUU
HOCTH a
4R
t R - E
Ra ) T =—, ha m, Fla an :g_ “ T’ ay :_1'
N H h m
M ¢ C M KT M/ c? 5 M/c?
M/c

KouTpoJsbHBIE BONIPOCHI

1. Jaiite  ompeneneHuss  CIEAYIOIIMM  TMOHATHSAM:  LEHTPOCTPEMUTEIBHOE
YCKOpPEHHE, CUJIA TSHKECTH M CUJla YIIPYTOCTH.

2. Touka JOBHXKETCS paBHOMEPHO IO OKpYKHOCTH. Kak u3MmeHseTcs: JMHEeiHas
CKOPOCTB 110 HAIPABJICHHUIO U 10 MOAYIIO?

3.IIoCTOSIHHO 1M YCKOpEHHE IIpM pPaBHOMEPHOM JBH)KCHUM TOYKH 11O

OKPY>KHOCTH?
4. Kyza HanpaBJieHO YCKOPEHHE KOHIIA CTPENIKH 4acoB?
5. dse cunet F; = 4 Hu F, = 3 H npunoxensl kK oHON TouYKe Tena. YTom

Mexay Bekropamu F; u F, paBen 90°. UeMy paBeH MOJyJib PABHOJIECUCTBYIOLIEH
ATUX CHII?

JlaGoparopHoe 3anstue No2

W3y4yeHune 3aBUCUMOCTH yTJIa HAaKJIOHA TUIOCKOCTH, HE0OXO0IUMOTO JIJIsl Hadasa
CKOJIBKEHHUSI TeJa, OT MaTepraia TPYIINXCS ITOBEPXHOCTEN

Heap pabGorbl: KCHONB3Ys MNOAPYYHBIE CPEACTBA YCTAHOBUTH 3aBUCUMOCTD
KOd(PUIIMEHT TpeHUsi OT CBOWCTB MaTEPHAIIOB B3aMMOJICUCTBYIOMUX Tel (OT
KadyecTBa 00paOOTKH TPYIIUXCS MOBEPXHOCTEN) U OT yIJia HAKJIOHA TIJIOCKOCTH.
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YueOHas 3aga4a: BHIYUCINUTH KOAOULIMEHT TPEHUS CKOJIBKEHHS ISl Pa3IMUHbIX
MaTepuaoB.

OO6opynoBanme: J1100asi MOBEPXHOCTh, UCMOJb3yeMas KaK HAKIOHHAS IJIOCKOCTb,
npeaMeT (HampuMmep: TOYWIKA, pe3uHKa, OpyCoK W T.1.), JTUCT OyMaru, TKaHb,
KJIEEHKA U IPyTHE, TUHEUKA.

KpaTkass Teopusi: mpu JBIKEHHM Te€la IO
HAaKJIOHHOM IUIOCKOCTM Ha HEro JAEHCTBYIOT

. —
ciefyromye cuiabl: Mg — cuna tsokecrw; N -

CHJIa pe€aKunun OITOPEI;
—

F,, — cuna Tpenust.
PaccMoTpuM  [BKeHHe Tema Ha  puc. .
[Toctponm ock OX HapauiebHy0 HapapiIeHUO
ABIKEHUST Tenma, ochb OY TepHeHIUKYISPHYO
IOCKOCTH HOBEPX-HOCTH.

[1o BTOpOMY 3aKkOHY HprOTOHA:!
P ——
am = mg + Iy,
PaccmoTtpuMm citydaii, koraa Teno HaxoauTes B nokoe (a = 0),
TO npoekuu cui Ha ocu OX u OY OyAyT 3anucaHsl B CIEAYIOLIEM BHUIE:

Puc. 1. Teno Ha HAKJIOHHBIN
IUTOCKOCTH

{0 = mg sina — F Tp _}{mg sina = F Tp
0 = N—mgcosa N = mgcosa
[MToacTraBuM 3HAUEHUE CUITBI peakiiuu ornopsl N B OpMyITy CHITBI TPEHHS FTp,
F.p, = UN = pmgcosa.
Torna,
mg sina

mgsina =umgcosa - u =————==tqg Q.
g Lmg U mg cos a g

IHopsinok BbINOIHEHHS PadOTHI

1. IToaroroBbTe MPUOOPHI U MaTEpHUANbl, HEOOXOIMUMBIE JJIs1 BHITOJIHEHUS pa0OTHI.
2. [lonoxuTe BEIOpaHHOE TEJIO Ha Kpail MIOBEPXHOCTH.

3. [logauMaiTe 3a 3TOT Kpaill MOBEPXHOCTh OO TE€X MOpP, MOKA TEJIO HE HAYHET
CKOJIb3UTh BHM3.

4. U3mepbre mmmny [ 1 BBICOTY N HOMyYEHHON HAKIOHHOM MIIOCKOCTH.

5. 3anummte B TaOJMIly BHJ CONPHUKACAIOIIMXCS MaTEepUajioB M JIaHHbBIC
U3MEpPECHUM.

6. [lomensiiTe BUJI MaTEpUaIOB U MMOBTOPUTE ONBIT HE MeHee 3-X pas.

7. PaccumTaiite yroj @ s 3-X MaTepualioB 1o popmyiie:
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. h
@ = arcsin.

8. Paccuurante tg & s 3-x MaTepualos.

9. CrenaiiTe BBIBOI.
Tabnuya 1

JlnmmHa | BeicoTa

Martepuain
p [, MM h, MM

a,” nL=tga

KoHTposbHBIE BONIPOCHI

1. Pacckaxxute 0 MEXaHUYECKOM JIBH>KEHUU U €r0 BUAAX.

2. Chopmynupyiite 3akoHbl MexaHuku HproToHa.

3. Pacckaxkute mogpoOHO O Ccuilax, AEUCTBYIOIIMX Ha TEJNO HpH JBHKEHUU I10
HAKJIOHHOU IUTOCKOCTH.

4. JlaWiTe ompenesicHusl CICAYIOIUM IOHSTHUAM: CHJIa TPEHHS M CUJIa PEaKUUU
OTOPBI.

5. /IBa Tena, CBsI3aHHBIE HEBECOMOM HEPACTSHKMMOM HUTHIO TAHYT ¢ cuiiod F=15 H
BIIPABO MO cToJIy. Macchl OpyckoB m; = 1 kr u my= 4 xr, KO3QpPUIHEHT TpeHUs

n = 0,1. C kakuM ycCKOpeHHEM MBIXKYyTCA Opycku? UYemy paBHa cuia
HATSOKEHUS HUTHU?

JlaGoparopHoe 3ansitue Ne 3
N3ydenune cBOOOIHBIX U BBIHYKICHHBIX KOJIEOAHUI

Hear paGoThl: O3HAKOMJIEHHE C OCHOBHBIMHM 3aKOHAaMHU KO0J€0aTeIbHOTO
JIBHODKCHUS.

Oo6opynoBanme: 1) Habop rpy3oB no mexanuke HI'M-100; 2) nepxkatens co
CHUPAJIbHON TPYKUHOHW; 3) mTatuB i (QPOHTAIBHBIX padotr; 4) MeTp
JIEMOHCTPALMOHHBIN; 5) CEKYHJIOMEpP WJIM Yachl C CEKYHAHOM CTPEIIKOM.

Kparkas teopusi: ['py3, moaBemeHHbIA Ha CTAIBHOU NIPY>KUHE U BBIBEICHHBIN
13 TIOJIOKEHHUSI PABHOBECHSI, COBEPIIAET MOJ JEHCTBUEM CHII TSDKECTH U YIIPYTOCTH
MPYXKUHBI TapMoHMuYeckue koJjiebanusi. CoOCTBeHHass 4acToTa KoJieOaHUM TaKoro
MPY>KUHHOTO MasTHUKA OMPEAEISAETCA BbIPAKEHUEM

1 |k

Vo =—1|—>

27 \'m

rae k - KeCcTKoCTh NpyKUHBI, M - Macca Tena.
3amadya JaHHOM pabOTHI 3aKIOYaeTCsl B TOM, YTOOBI AKCIEPUMEHTAILHO
MpPOBEPUTh  MOJIYYECHHYK) TEOPETHUYECKH 3aKOHOMEPHOCTh Kk  MpyXuHBI,
MpUMEHSIEMON B JIa0OpaTOPHOW YCTAaHOBKE, MacCy m Tpy3a W BBIYUCIUTH

COOCTBEHHYIO 4YacTOTy Vo M mepuoia To koimeOaHWil MasTHUKA. 3aTeM, MOJIBECHB
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rpy3 Maccol m Ha IMPYXHUHY, DSKCIECPUMEHTAIBHO MPOBEPUTH IOJYUYEHHBIN
TEOPETUYECKUIN pe3yJIbTar.
ITopsinok BhINOJIHEHUS Pa0OTHI:

1. IToaroToBBTE B TETpaaM TAONMILY JJIS 3allUCH PE3yJIbTAaTOB M3MEPEHUU M
BBIUMCJICHUH.

Ne FFH |Ax,Mm | K, m, KT | vo, ¢! | At ¢ p= | YTV 1000
OITbITa H/m At v

1

2

3

2. YKpenure Opyx UHY C AepKaTelIeM B JIAlKE IITAaTUBA U MOJBECHTE K HEM
rpy3 maccoit 100 r. PsgoMm ¢ rpy3omM YKpenuTe BEPTUKAJIbHO H3MEPHUTEIBHYIO
JIMHEWKY U OTMETHTE HaYaJIbHOE MOJIOKEHUE TPy3a.

3. IlonBeckTe K mpyxuHe emie aBa rpy3a maccoi mo 100 r. u uzmepbre ee
yainHeHue AX, BeI3BaHHOE neiicTBueM cuibl F=2H. [1o nu3MepeHHOMY yIJIMHEHUIO

AX 1 n3BecTHOU cuiie F BBIUUCIINTE )KECTKOCTD MPYKUHBI :
k=t
Ax

4. 3Hast )KECTKOCTh MPY>KUHBI, BBIYUCIUTE COOCTBEHHYIO YaCTOTy KoJieOaHUM
vo 1 mepuop To npykuHHoro MastHuka Maccoit 200 u 400 .

5. OcraBbTe Ha MpYyKHUHE ABa rpy3a mMaccod mo 100 r, BeIBeaUTE MPYKUHHBII
MasTHUK U3 TIOJOKEHUS pPABHOBECHUS, CMECTUB €ro Ha 5-7 CM BHHU3, U
HKCIIEPUMEHTAJILHO OIpPEACIUTEe YacTOTy KojebaHuil v wmastHuka. [[ns aToro
U3MEPHTE MHTEPBAJ BpeMEHU At; 32 KOTOPbIM MasgTHUK coBepiiaeT 20 MOIHBIX
KOJIeOaHUM U POU3BEUTE pacyeT 1o GpopmyJie

oL
At
TJI€ N - YUCJIO KOJeOaHUA.

6. Taxue ke U3MepEHUs U BBIUUCIICHHS BBIIOJHUTE C MasSTHUKOM Maccoi 400

7. BeluncauTe OTKIOHEHUS PAcUeTHOIO 3HAYCHHUS COOCTBEHHOM YacCTOTHI Vo
KoJieOAaHWM  TPY)KMHHOTO  MasgTHMKAa  OT  YacTOTBl VvV,  IOJyYCHHOM
AKCIIEPUMEHTAIIBHO, W PE3yJbTaThl M3MEPEHUW W BBIYWCICHUH 3aHECUTE B
Ta0IuILy.

KoHTpoJsbHBIE BONIPOCHI:

1. Tlo kakomMy 3aKOHy MpPOUCXOJUT KojeOaHue Tena, MOJBEIIEHHOTO Ha
pYyKHUHE?

2. 3aBUCUT JIM YacTOTa KoJieOAaHUM MPYKMHHOTO MAATHHUKA OT aMIUTUTYIbI

Kosie0aHui?

Kakum ObL1 OB pe3ysabTaT OMbITa B YCIOBHUSIX HEBECOMOCTH?

4. Kak m3MeHUTCS BBITAIKUBAIOLIAS CUJIA, €CIIM B TPU pa3a YMEHbBIINUThH TITyOUHY
norpyxenus tena. He BeiHMMast ero u3 Bozb1?

o)
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5. TlmacTUKOBBIA TAKEeT C BOJOW OOBEMOM 171 MONMHOCTHIO TOTPY3WIH B BOY.
Onpenenure BITAIKUBAIOIIYIO CHUITY, ACHCTBYIONIYIO Ha MaKeT?

6. Aspoctar o00béMoMm 1000Mky6. 3amonnen renaueMm. IlnoTHOCTH remus
0,18xr/mMKy0.. IIOTHOCTH Bo3ayxa 1,29 kr/mMky0. Kakasi BeITaaKMBaromas cusia
JEHUCTBYET Ha a’pocTar?

JlabopaTtopHoe 3ausTue Ne 4

CpaBHeHHE padOThI CHIIBI YIIPYTOCTH C U3MEHEHHE KUHETUYECKOM SHEPTUH TeTa
Heap padorbl:  OKCIIEpUMEHTANbHAS IPOBEPKA TEOPEMBI O KHUHETUYECKOU
DHEPI'UH.
OOopynoBanme: MTATUBHI AJs1 GPOHTAIBHBIX PabOT; IMHAMOMETP YUCOHBIN;
map; JMHenka uaMmepuresbHas 30 CM ¢ MUUTIMETPOBBIMU JIEJICHUSIMU; BECHI
y4eOHBIE.
Kparkas Teopus:

Puc 1. YcranoBka TeopeMa O KHUHETHUYECKOU
OHEPTUU YTBEPXKIACT, UTO paboTa CUJIbI, MPUIOKEHHON K TENy, paBHA U3MEHEHUIO
KUHETUYECKOU SHEpPruu

Tena:
A=E, -E, =AE,

JIns SKCIEpUMEHTAIBbHOM MPOBEPKH OSTOr0 YTBEPKACHUS MOXKHO BOC-
MOJIb30BATHCSl YCTAHOBKOM, M300paKEHHOM Ha pUCyHKE 1.

B nanke mratvBa 3aKperuisitOT TOPU3OHTAIBHO AuHamMoMeTp. K ero kprouky
MPUBA3BIBAIOT 1Iap Ha HUTH JimHOM 60—80 cM. Ha npyrom miratvBe Ha Takoil ke
BBICOTE, KaK U TMHAMOMETP, 3aKPEIUIAIOT JIANKY. Y CTAaHOBUB IIap Ha Kparo JIANKH,
IITATUB BMECTE C IIAPOM OTOJBUTAIOT OT MEPBOr0 MITATHBA HA TAKOE PACCTOSTHUE,

4yTOOBl Ha Iap JAEWCTBOBaJa CWila YOPYroctd Fy,, CO CTOPOHBI MpPYKUHBI -
HaMoMeTpa. 3areM Mmap oOTmyckaroT. [log aelcTBMEM CHIIBI YHNPYTrOCTH IIap

my’
2

npuoOpeTaeT CKOPoCTh V, ero KHHeTH4YecKast SHeprus u3mensercs ot 0 10

CrnenoBaresibHO, U3MEHEHHE KHHETUUECKON dHEPTUHU OYyIeT paBHO:

2
AEk:mV
2

Jns  ompeneneHus  MOayis
CKOpPOCTH V TIapa, MNpUOOPETEHHOMN
IO/ IEUCTBUEM CHUJIBI YIPYIOCTH Fyyp,
MO>KHO M3MEPUTH aJTbHOCTh MOJIETA S
mapa Mpu CBOOOTHOM TAJEHUU C
BbICOTBI H. Tak kak CKOpoCTb mpu
MaJICHUH 111apa MOKHO ONPEAETUTD MO

S

popmyne: V= e a Bpems,
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2H
3aTpavyeHHOe Ha majieHue, no popmyne: [ =, [— .

g
_SVs
OTCIOI[a MOAYJIb CKOpPOCTH Vv  PaBCH: V—E, a HN3MCHCHHUC

KMHETUYECKOU SHEPTUU PABHO COOTBETCTBEHHO:
2 2
myv mS°g
AE, = =
2 4H
Cuna ynpyrocta Bo BpeMsl JCHCTBHUS Ha IIap IO 3aKoHy ['yka u3MeHseTcs
JUHENHO OT F, , 10 Fy,»=0, Torna cpenHee 3Ha4eHUE CUIIBI YIIPYTOCTH PABHO:

ynp
Fynp,] + Fynpz _ Fyl’lpl

F ynp.cp = ) - 0
W3mepuB aedopmanuio NpykuHbl (€€ yIUIMHEHUE) JUHAMOMETPA X, MOXHO

1
BBIYUCIUTE paboTy cuibl ynpyroctu: A=F, x= EF np1 X -

ymp.cp” T
3aiada HacToslel pabOThl COCTOUT B MMPOBEPKE PABEHCTBRA:
2
1 mS°g

A=AE . T.C. EFynpl'x_ AH

IHopsiaok BbINOJIHEHUS PA0OTHI:

1. Ykpenute Ha MITaTUBAaX JUHAMOMETP U JIANKY JUIs IIapa HA OJMHAKOBOM BBICOTE
H = 40 cm OT NOBEpXHOCTH CTOJIAa. 3alENUTE 3a KPIOUOK JTHMHAMOMETPA HUTH C
MPUBSI3aHHBIM ILIAPOM.

2. YaepxuBas 1Iap Ha JarKe, OTOABHUraiiTe ITATUB JO TEX IMOp, MOKA MOKa3aHUE

JMHAMOMETpA CTaHET paBHbIM F,_ =2 H.

ynpl
W3meprTe nedopManiio TPYXKHHBI JUHAMOMETpa X TIpHU JAHHOH CHIIe.
OTmycTuTe map ¢ Jankd W 3aMeThTe MECTO €ro najeHus Ha ctoje. OmbIT
MOBTOpHUTE 2—3 paza W OMNpeACIUTEe CpeHee 3HAYCHHE MabHOCTH TojieTa S
mapa: Sep = (S1 + S2 + S3 )/3  u cpennee 3HaueHue nedopmaluu NPy KUHBI
JTUHAMOMETpa X . JlaHHBIC 3aHeCTH B TaOHITY.
3. M3mepbTe Maccy Iiapa ¢ MOMOIIbI0 BECOB (MJIM UCIOJIB3YHTE TOTOBYIO, €CIH
Macca W3BECTHA) M BBIYHMCIUTE HM3MCHEHHEC KHHETHYECKOM SHEPIruM Iapa Toj
JICUCTBUEM CHJTBI YIIPYTOCTH UCTIOJNB3Ys CPEIAHEE 3HAYCHUE TATLHOCTH ToJeta (Sqp):

2
_mS, 8
=
4H
I'me g = 9,8 M/c*> — yckopeHue CBOOOJHOrO MajaeHus. J[aHHbIE 3aHECTU B
Ta0HILy.
4. Brruucnute padboTy A CHIIbl yOPYTOCTH U 3aHECTU JaHHbIE B TAOIHITy 1.
1
A = 5 ynplxcp
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5. CpaBuuTe TONy4YeHHbIE 3HA4YeHUS pabOThl A CHIBI YIPYTOCTH W W3MEHEHUS

KMHETHYECKOU 3Hepruu A E, mapa. Caenaite BIBOJ.

TabmumaNel
Ne H’ F ynp.1, X) X cps S) S s AE) A)
onvima M H M M M M o e
1
2 0,4 2
3

KoHTpoJibHbIE BOPOCHI
1. Chopmynupyiite 3aKOH COXpaHEHUS IHEPTUH, KaK OOIINI 3aKOH TPUPOJIBI.
2. ChopmynupyiiTe 3aKOH U3MEHEHUSI KHHETUYECKOU SHEPTUU.
3. I[lpuBeaute npuMephl 3aKOHA COXPAHEHUS MEXaHUYECKON YHEPTUH.

JlaGopatopHoe 3ansitue No5
OnbITHOE OATBEPKACHUE 3aK0HA bolins - MapuoTra

Heap padoThI: 3KCIIEPUMEHTAIBLHO MPOBEPUTh 3akoH boins - Mapuorra, a
uMeHHO cootHomrenne pV = const. Hayuutscs onpenensts o0beM M JaBiIeHHE
rasa ¢ MoOMOIIbIO TPUOOPOB JIJIs1 U3YUYEHUSI Ta30BbIX 3aKOHOB.

Y4yeOHble 321a4U:

1. Berunciuth 1aBiaeHue U 00beM Tra3a B TpyOKe.

2. I[ocTpouts rpaduk 3aBUCUMOCTH JIaBJICHUS Ta3a OT 00beMa.

OO6opynoBaHMe: CTEKIISTHHBINA UIUHAP C BOAOMH, CTEKIIIHHAS TpyOKa aymHou 50
CM, 3aKphITasi C OJTHOM CTOPOHBI, INHEWKa U3MEpUTEIbHAas1, 0apOMETpP-aHEPOHI.
Kparkas Tteopusi: 3akoH boiins-Mapuorrta — OJAMH W3 OCHOBHBIX T'a30BBIX
3aKOHOB, COTJIACHO KOTOPOMY IIPH TOCTOSIHHOW Temreparype oowém V' manHo#
Macchl HACANBHOIO ra3a oOOpaTHO IPONOPLMOHANEH €ro JaBIEHHIO P, T.e.

pV = C = const. Tlocrosnnas C mnpomopuuoHaIbHA Macce Trasa (Yuciy
MoOJIel) ¥ ero a0COIOTHOM TeMIlepaType.
DTO 03HA4yaeT, YTO MO MEpPE BO3PACTAHUS JIaBJICHUS OOBEM Ta3a YMEHbBIIAETCH.
BnepBeie »TOoT 3akoH Obul copmynupoBan B 1662 r. PobGeprom boitnewm.
[TockonbKy K €ro CO37JaHuI0 IPUYACTEH TakKe (PPaHIy3CKUW yueHbIi Mapuorr, B
JPYTUX CTpaHax, KpoMe AHTJIMU, 3TOT 3aKOH HAa3bIBAIOT JABOMHBIM MMeHeM. OH
MIPECTABIISIET COOOM YAacTHBIN ciydail 3akoHa WJEaTbHOTO Ta3a (OMHCHIBAIOIIETO
TUIOTETUYECKUI Ta3, HJCATbHO MNOJYMHSAIOUIMKACS BCEM 3aKOHAM IOBEACHUS
raszoB).
3akoH boilns-Mapuotrrta cieyeT u3 KHHETUUYECKON TEOPHUH Ta30B, €CJIU NPHUHSTH,
YTO pasMephbl MOJIEKYJ MPEHEOPEKHUMO Majlbl MO CPABHEHUIO C PACCTOSIHUEM
MEXAY HHMH M OTCYTCTBYET MEXMOJICKYISIpHOE B3aumoaeicTeue. HMubiMu
cioBaMH, 3akOoH boinsa-MapuoTTa BBINOJHSETCS CTPOTrO A HACAIBLHOrO Tas3a.
Jns peanpHbIX Ta30B, Yy KOTOPBIX BIUSHHEM pPa3MEPOB MOJEKYd MU HX
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B3aMMOJICUCTBUEM MpEHEOperaTh HeNb3s, 3aK0H boins-MapuoTTa BBIMOTHSETCS
npUOIMKEHHO, TEM JIy4llle, YeM JaJIbLIE OT KPUTHUECKOTO COCTOSHUS HaXOAUTCA
ras.

[TpumeHeHne 3akoHa NPUOIMIKEHHO MOKHO HAOJIOaTh B IPOLIECCE CHKATHS
BO3/lyXa KOMIIPECCOPOM WJIM B PE3yJIbTaTE€ PACIIMPEHMsS TIa3a I0J IOpPLUIHEM
Hacoca IpU OTKAa4yKe ero U3 cocyza.

MeToanyeckue yKazaHus

3akon  boins-Mapuorra ~ MOXHO ~ HpOBEPUTH # 4
JOCTaTOYHO MPOCTO C IOMOULIBIO  HECJIOKHOTO
obopynoBanusi. Eciu B munmuAp ¢ BoAon 1 omycTuth
OTKpPBITBIM KOHIIOM BHHU3 TPYOKy 2, TOrJa BO3AYyX B
Hell OyneT HaXOAWThCS IMOJ JAaBICHUEM, pPABHBIM
aTMOC(EPHOMY, IUIIOC THUAPOCTATUYECKOE JIABJICHHE
CTOJIOMKA BOJIbI BHICOTOM N, M3MEPEHHON B MM PT. CT.
[InoTtHOCT, BOABI B 13,6 pa3 MeHbLIE IUIOTHOCTH

PTYTH, IO3TOMY CTOJOMK BOABI BBICOTOH N MM

CO3/IaeT JIaBJICHHE, pPaBHOE JABJICHUIO CTOJIOUKA PTYTH
h
BBICOTOU —— MM.
13.6

Puc. 1. YcraHoBka

Bo3ayx B TpyOke OyaeT moj qaBjieHueM
P=P, +—,
7136

rae P, — arMocepHoe 1aBlieHHEe, BHIPAXKEHHOE B MM PT. CT.;

h — pa3HOCTh YPOBHEHN BOJbI, U3BMEPEHHAS B MM.
OO0beM Bo3ayxa B TpyOKe
V=51,
rjae [ — nmuHa CTOJIOMKA BO3/1yXa;

S — oAk MONEPEYHOro CEYeHHsI TPYOKH.
[TockonbKy TUIOIAAL TOMEPEYHOTO Cce4YeHus TpYOku (a, CcIegoBaTelbHO,
BO3JIYIIIHOTO CTOJIOMKA) TMOCTOSIHHA, TO YMCJIOBOE 3HA4eHHWE [ MOXHO YCIIOBHO
NPUHATH 32 V B YCIOBHBIX €IWHUIAX. [IpW M3MEHEHWM TIIyOWHBI MOTPYKCHHUS
TpYOKH U3MEHSAETCSI 00bEM U JIaBJIEHUE BO3/1yXa B HEM.
Hccnenyem 3aBUCUMOCTh MEXKly STUMH BeimunHaMmu. 110 3akony boitns-
Mapmuorra:
PV, =BV, =FV;
P,Sl, = B, Sl, = P,SI,
P ly =Pl; = P3l4

3amenum npoussenenne Pl na koncranty C u monxydum
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Tabnuya 1

Atmocdepnoe | JlinHa Paznocts | /laBnienue | IloctosiHHas
JABJICHUE, MM | CTOJIOMKA | YpOBHEH BO3/lyXa B | U30TEPMHUECKOTO
pT.CT. BO3/yXa B | BOJBI B | TpyOKe, mpo1ecca
TpyOKe, UWAJIMHIPE | MM PT. CT.
MM u TpyOKe,
MM
P, / h P C

ul-lkwl\.)r—*z
1©

IopsioK BbINOJIHEHUS PadOThI

1. U3mepbpTe OGapoMerpoM aTtMmochepHoe naBiieHue P, (B MM PT. CT.) — IO TaKUM
JTaBJICHUEM HAXOJUTCS BO3JyX H0 €€ MOTPYKEHUs B BOAY. 3aHECUTE JaHHBIC B
Ta0IuIy.

2. [lorpy3utre B BOAy TpPYOKY 2 OTKpPBITBIM KOHIIOM BHHU3 Ha MaKCHUMAaJIbHYIO
rIyOuHY, U3MEphTE JUIMHY CTOJIOMKA BO3/1yXa B TpyOKe L

3. Onpenenure B MM Pa3HOCTb YPOBHEW BOJIbI /1 B IUJIMHAPE U TPYOKE.

4. TloBTOpuTe M3MEpEHUs i€ i MEHbIIUX TTyOUH MOTPYKEHUS.

5. IlocTpoiiTe rpaduk 3aBUCUMOCTH JaBIIEHUS OT 00bEMa U ClIeJaiiTe BBIBO/I.

6. Beruncinre npou3BeICHHUS:

CS = PSIS
Cpasuute Cy, C,, Cs 1 T.11.
C; C; C C4 .
7. COOTHOIIECHUS C.°C.°C, . CPABHHUTE C eTMHHIIEH U OLIEHUTE TOTPEIHOCTH
2 3 4 5

V3MEpPEHUS.
8. 3aHecuTe nmaHHbIE B TAOJIUITY, HAMIUTE TTOTPEITHOCTh U3MEPECHHUI.

KonTposbHbIE BONIPOCHI

1. Ot yero 3aBucut nocrosinHasi C B 3akoHe boitns-Mapuorra?

2. ImeeT nu CylIECTBEHHOE 3HAYEHUE ISl SKCIEPUMEHTA IUIOMIAAb OIEPEYHOTO
cedyeHus Tpyoku S?

3. [louemy BO BpeMsi ONIBITA HE CIAEAYET Aep>KaTh TPYOKY pyKoit?
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4. Moxert nu rpaduk nepecekats ocu koopauHat V u P? [louemy?
5. Ilpon3BOIUT 1 ra3 AaBJICHUE B COCTOSIHUU HEBECOMOCTH?

JlabopaTtopHoe 3austue Ne 6
N3yuenue apxuMen0BOM CUIIbI

Hear padoThI: HccnenO0BaTh 3aBUCUMOCTh apXUMEJAOBOM CHIIBI CHayana OT
00BEMa MOTPYKEHHOM B JKUIKOCTh YaCTH TEJa, & IIOTOM OT TUIOTHOCTH KUIKOCTH,
UCCJIEI0BATh HE3aBUCUMOCTh apXUMEOBOUM OT TITyOUHBI MOTPYXKEHUS, TIOTHOCTH
U Beca Teda.

OO6opynoBanme: JMHAMOMETpP, METAJUIMUYECKUE UWIMHAPHI, CTakaH C BOJIOH,
CTaKaH C PaCTBOPOM COJIH.

KpaTtkas teopusi: ApxumenoBa cuia (BBITAJIKUBAIONIAs CHJIA, MMObEMHAsT CHJIA)
JEWCTBYET HA MOTPYKEHHOE B ) KUAKOCTh WUIIU Ta3 TEJO.

[IpyunHa BO3HUKHOBEHUS BBITAJIKHUBAIONICH CHIIBI: HUXHSS TpaHb Tela
HaxOAUTCS Ha OOoJbIIeH TIIyOMHE, YeM BEpPXHsIS, MOATOMY AAaBJICHUE KUJIKOCTU
CHU3y Oonble, 4yeM CcBepxy. M3-3a pa3HUIBI B JaBJICHUAX BO3HUKAET
BBITAJIKMBAIOIIAs CUJa.

ApxuMeIoBa cuJia BCET/la HalpaBjieHa BEPTUKAIBHO BBEPX.

ApxuMeZIoBa CUjla paBHA Pa3HOCTU CUJI JIaBJICHUS HAa HUKHIOIO U BEPXHIOIO
rpaHu NOTPY>KEHHOTO B JKUJIKOCTh TeJja:

E, = Fy — Fp.

ApxuMeIoBa CHJIa paBHAa Pa3HOCTH Beca Tella B BO3AyXE M Beca Tela B
JKUJIKOCTH:
Fy = Fsoa,q — Bk

Monynp BBITAIKMBAKOWIEW CHJIBI  ONPENENAETCS € IOMOILIBIO 3aKOHA
Apxumena.

3akoH ApxuMena: BBITAIKMBAIONIAs CWJIA pPaBHA BECYy BBITECHEHHOU
YKAJKOCTH WJIX rasa:

FA - F}EH,E[K'

Xoxa padoTsi:
1) IlonBechTe XKeNE3HBIA LWIMHIAP K KPIOYKY JWHAMOMETpa. MemJieHHO
OIlyCKas
WIMHIpP B CTAKaH C BOJOM, HAOMIOAalTe 3a MOKa3aHUSIMU TUHAMOMETpA. 3aBUCUT
JM apXMMeJIoBa cujia OT 00bEMA MOTPYKEHHOM YacTH HUIUHApa?
Beluncnure apxXuMenoBy CHIly, NEUCTBYIOILYIO Ha JKEJIE3HBIM LWIMHADP IIpU
MIOJTHOM TOTPY>KEHUU €ro B Boay. Pe3ynbrarsl 3anummre B Tadbmauiy Nel.

Ta6n. Nl ApxumenoBa cujia B MPECHOM U COJICHOM BOJIE, ACHCTBYIOIIAs HA OJTHO U
TO K€ TEJO.

KunakocTb P1 P2 FA=P1-P2
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2) Ilepenecute *ene3HbIN HIIMHIP B CTAKaH C PACTBOPOM COJIM U CHOBA U3MEPHTE
apXUMEAOBY CHIIY IpPHU IOJHOM IMOTPYKEHUU LWJIMHAPA B PACTBOP. 3aBUCHUT JIH
apXyMMeJI0Ba CHJIa OT TUIOTHOCTH JKUJKOCTU? Pe3ynbpTaThl 3aHecuTe B Tabi1.Nel

3) 3MepbTe U BBIUUCIUTE APXUMEIOBBI CUJIbI, IEUCTBYIOLIME HA AIFOMUHUEBBIN 1
YKEJIC3HBIA IWIMHAPHI IPU TTOJTHOM ITOTPYKEHUH UX B BOJY.

4) UYucneHHble 3HAYEHUS apXUMEIOBOM CHWIIbI, JCHCTBYIOIIEHM Ha KaXIbli
UUAJTAH]ID,

3aHECUTE 3aHecuTe B TaOI.Ne2.

TabnmuaNe2 ApxumenoBa cwia B MPECHOM Boje, JACHCTBYIOIIAss Ha TeEJO
OJIMHAKOBOTO 00BhEMA, HO Pa3HOM TIOTHOCTH.

Hununap P1 P2 Fa=P1-P2

AJTIOMUHHUEBBIH

Kene3uniit

5) I[logBechbTe OMATH K KPIOUKY TUHAMOMETPA JKEJIE3HBIN [IIMHAP OMyCKaWlTe €ro
B BOJIy MOCTENEHHO: cHayaja Ha 1\4 oO0néma, 3atem Ha 1\2 m 1.1, Kaxnpiid pas
BBIYHCIIINTE apXUMEIOBY CUITY, a pe3yJbTaThl 3aHOCUTE B Ta0I.Ne3.

TabnumaNe3 ApxumenoBa cuiia Mpu NOTPY>KEHUU YacTel Tea

Yactb oObeMa Tela, NOTpyKeHHAs! B BOY 1/4 172 |2/3 1

Fa H

6) [Ipoananusupyiite pe3yabTaThl, cPopMyIupyiiTe 00001IIEHHBIE BHIBOIBI.
KoHTpoJibHBIE BONIPOCHI

1.Kakx u3MeHHUTCS BBITAIKHUBAIOIIASI CUJIA, €CIIM B TPU pa3a YMEHBIIUTh TIyOUHY
norpyxeHus tena. He BeBiHUMAast ero u3 BoJibl?

2.IInacTUKOBBIA TMakKeT ¢ BOAOH O0O0BEMOM 171 MONHOCTHIO MOTPY3WIH B BOAY.
Onpenenute BHITATKUBAIOIIYIO CHITY, JEHCTBYIOMIYIO HA MAKET?

3.Aspocrar o0BEMOM 1000mMky6. 3amomuen renwem. [lnoTHOCTH remus
0,18kr/mMky06.. mioTHOCTh, Bo3ayxa 1,29 kr/mxy0. Kakas BbITamkuBaromas cuia
JIEUCTBYET Ha a’pocTar? 4.3aBUCHUT 11
cuiia Apxumeza OT INIOTHOCTH BEUIECTBA, U3 KOTOPOTO CAEIAHO TEN0?
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JlabopaTtopHoe 3ausiTue Ne 7
OmnpeneneHre OTHOCUTEIBHOW BIAXKHOCTH BO3/IyXa

eapb padoThl: ONpeaenuTh OTHOCUTENBHYIO BIaKHOCTh BO3/lyXa B KAOUHETE.

YyeOHsnie 3aga4un:

1. Hay4uuTsCs 0JIB30BaTHCS ICUXPOMETPOM U TUTPOMETPOM.

2. OnpenennTh BIaXXHOCTh BO3AyXa C IIOMOLIBI0 TEPMOMETPA.

OO0opynoBaHme: ICUXPOMETP, TUTPOMETP, TEPMOMETP, TaOIULIA.

Kpatkas teopusi: B atmocdepe 3emnu Bcerna conmepkarcs BOAsSHbIC maphl. Mx

COJIEp)KaHUE B BO3JyXE XapaKTepu3yercs aOCOMIOTHOM M OTHOCHUTEIBHOM

BJI&KHOCTBIO.

AOCOMOTHAsA BIIQ)KHOCTb  ONPENCIAETCA IJIOTHOCTBIO BOJISHOIO mapa p,,

HaXOoJsIIerocs B aTMocdepe, UM ero napuuaibHbIM J1aBICHUEM p.

[TapumaneHbIM JaBJIEHUEM p Ha3bIBA€TCS JIaBJICHHE, KOTOPOE MPOU3BOAUI Obl

BOJISIHOM Tap, eciid Obl BCE IPYTUe ras3bl B BO3AYXE OTCYTCTBOBAIIH.

OTHOCHUTENBHON BJIAXKHOCTBIO (P HAa3bIBAETCS OTHOIIECHHUE NAapPLHAIbHOIO JaBICHHUs

P BOISHOIO Iapa, COAEpKallerocs B BO3AyXE, K JABJICHHUIO HACBHIIICHHOIO Iapa

Py » 0pu JaHHOM Temneparype. OTHOCHTENbHAs BIAXHOCTh (P IIOKa3bIBAET,

CKOJIBKO TNPOLEHTOB COCTAaBISIET MAapUUAIbHOE JABJICHUE OT JABJICHUSA

HACBIILIEHHOI'O Napa Npy JaHHOM TeMrepaType U onpenensercs no GopMmyinam:

©=2-100%.
Py

[TapumaneHoe NaBIEHHE P, MOXHO PacCuuTaTh II0 : XN

ypaBHeHMI0O MeHnneneeBa—Knanelipona wanucamo ocn®

VpagHeHue UK TI0 TOYKE POCHI. :

Touka pocel — 3TO Temmeparypa, INpU KOTOPOH 1F 2

BOJISSHOM Tap, HAaXOISIIHUICA B BO3JyXE, CTAHOBUTCS E E

HACBIIEHHBIM. TE| = »HE
=

uhmrg

OTHOCHUTENIbHYI0O  BJIQKHOCTH  BO3JyXa  MOXHO
OTIPEJICIUTh C TOMOIIBIO CIEUATBHBIX MPUOOPOB —
ncuxpomMerpa u rurpomerpa. [lcuxpomeTp cocTout u3

JIBYX TEPMOMETPOB. PesepByap OJHOIO W3 HHX —E LE =
ocTaércsi CyXMM, H  TEPMOMETpP  IIOKa3bIBACT X =
TeMIIepaTypy Bo3ayxa. PesepByap Apyroro OkpyxeéH L y o
MOJIOCKOM TKaHW, KOHEIl KOTOpPOH OMyIIeH B BOIY |

(puc. 1). Boma wucnapsiercsa, u Osarogapsi 3TOMY

TEPMOMETP OXJIKIACTCS. Yem OoJbIIIe \ \\ S
OTHOCHTENbHAS BIIAXHOCTh BO3/yXa, TeM MEHee
WHTEHCUBHO WAET HCIapeHHe W TEM MCHBIIEC
pPa3HOCTh IOKAa3aHUM TEPMOMETPA, OKPYKEHHOIO
MOJIOCKOW BJIQXKHOM TKAaHU, U CYXOr0 TEPMOMETpA.
[Ipu oTHOcUTENbHOW BiaxKHOCTH, paBHOU 100 %,
BOZla BOOOIIEe HE OYJeT MCMApATHCS U TMOKa3aHUs
o0oux TepMOMETpOB OyayT oauHakoBbl. [lpu
pPa3HOCTU TEMIIEpaTyp TEPMOMETPOB C MOMOUIBIO

Puc. 1. llcuxpometp



CriICouaJIbHBIX Ta6J'II/II_[, Ha3bIBACMBbIX TICUXPOMCTPHUYCCKHX, MOKHO OIIPCACIUTD
OTHOCUTCIIBHYIO BJIA’JKHOCTb BO3aYyXaA. HCI/IXpOMeTpaMI/I 0OBIYHO IMOJIB3YIOTCA B TCX
ClIy4dasax, Koraa Tp€6yeTCSI JOCTAaTOYHO TOYHOC H 6BICTpOC OIIPCACIICHUC

BJIA’JKHOCTH BO3ayXaA.

Puc. 2. T'urpomertp
KOJIEHCAIIMOHHBIHN

Touky pocbl ompeaensioT ¢ TOMOIIbI0 Mpudopa,
Ha3bIBAEMOT0  KOHJICHCALIMOHHBIM  THTPOMETPOM.
Buemnuii Bug 3TOro mpudopa u ero pazpes nokasaH Ha
puc. 2. ['urpometp MIPEACTABISIET coboi
METAJIMYECKyl0 KOpoOKy 1, mepemHsisi cTeHka 2
KOTOpoM Xxopowo oTnojgupoBaHa. KopoOka okpyxeHa
IOJINPOBAaHHBIM  KOJIBLIOM 3, OTHEINEHHBIM OT HeE
Teron3zonupyoomein  npoknaako 4. KopoOka
COCIMHEHA C PE3WHOBOU Tpyiiei 5. BHyTpb KOpoOku
HAJIMBAIOT JIETKO MCHAPSIIOIIYIOCS JKUIKOCTh — 3PUp U
BCTaBJSIIOT TepMomeTp. [lponmyBas uepe3 KOpOOKy
BO3JlyX C IIOMOINBK) TPYIIM, BBI3BIBAIOT CHUJIBHOE

UcrapeHue adupa
n OblcTpoe oxjaxaeHue KopoOku. Ilo Tepmomerpy
3aMeUaloT TEMIepaTypy, MpPH KOTOPOH MOSIBISIOTCS
KarejgbKh pOCHl Ha TMOJMPOBAHHOW TMOBEPXHOCTU

CTEHKH 2. DTO U €CTh TOYKa POChI, TaK KadK ITOABJICHHC POCHI YKa3bIBACT, YTO
BOI[HHOfI map CTajl HaCbIIICHHBIM.

Onpenenenue  TOYKH

pocbl — HauOoiee TOYHBIM CHIOCO0 HU3MEpPEeHHs

OTHOCUTENHHOU BIIAYKHOCTH.

IHopsinok BbINOJIHEHHS PadOTHI
1. Onpezenute NoKa3aHus Cyxoro TepMomeTpa £°; 1 IOKa3aHUs BIAYKHOTO

o]
TepMomeTpa L5

2. HaiinuTe pa3HOCTh MOKa3aHUU TEPMOMETPOB

At = tol - toz.

3. Ilo naHHBIM Pa3HOCTH TEMIIEPATyp U MOKA3aHUIO CYXOTO TEPMOMETpa B

IICUXPOMETPUYECKOM TabJI. 1 HaliANTE OTHOCUTENBHYIO BIA)KHOCTB (.

4. IIn10THOCTB HACHIAONIMX APOB Py, HAWANUTE MO TadIHLE 2.
5. HalimuTe aOCOIIOTHYIO BIIAXKHOCTh BO3/TyXa 1Mo Gopmyrie

_ P Px

Pa = 100%

6. 3Had p,, 10 TabiuIe 2 HAWJUTE TOUYKY POCHI tpocm.

7. 3aHecuTe NaHHbIC B TAOJIHUILY.

8. CunemanTe BBIBO/I.
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Tabnuya 1

[Tokazanus [Tokazanusa Pasnoctsp OtHocurenb | AOCOIIOT- Touka
CyXOTO BJIAYKHOTO MMOKa3aHUMN Has Has ochL
TEPMOMETpa, | TEPMOMETpa, TEPMOMETPOB, | BJIAXXHOCTh, | BIIAXKHOCTD, p oC ’
°C °C °C % Kr/Mm>
Q- Py

0 o _ +0 __ 10 = t
t At =t t P- OCBI

! I 1t P 2 100% | P

KoHTpoabHBIE BONIPOCHI

1. Kak u3MeHMTCS pPa3HOCTh IOKa3aHWW TEPMOMETPOB B IICUXPOMETPE IpHU
HNOHWKEHUU TEMIIEPaTypbl, €CJIM a0COIIOTHASI BIAXKHOCTh OCTAETCS] HEM3MEHHON?
2. MoxeT 1M OTHOCUTENbHAsl BIIAXKHOCTb YBEIMYMBAETCA, €CIM a0COJIIOTHAs
BJIQXKHOCTh YOBIBAaET?

3. IIpennoxure cHnocoObl MONJAEPKAHUS BIAKHOCTH BO3JyXa B  IKUJIBIX
MOMEILEHUAX 3UMOM, KOTJa BO3AYX CyXOM M3-3a LIEHTPAJIbHOTO OTOIUIEHHUS, YTOOBI
COXpaHHUTH €€ B npeaenax HopMbl 50-70 %.

4. Temnepatypa Bozayxa 20 °C. Touka pocwel 12 °C. KakoBa aOcoitoTHas u
OTHOCHUTEJIbHAS BIAXKHOCTh BO31yXa?

5. Temniepatypa Bo3ayxa 25 °C. OTHocHUTeNbHAs BIaXXHOCTh BO3yXa paBHa 60 %.
[Ipu kako¥ TeMIieparype nosBisieTcs poca?

Tabnuua 2
[Tcuxpomerpudeckas Tabiuia
IToka3sa-
HUS

CyXO0ro Pa3zHoCTh NOKa3aHU CyXOT0 U BJIAXXHOTO TEPMOMETPOB

TEPMO-

MeTpa

K|°C| O 1 1234|567 ]8]9 10|11
2731 0 | 100 | 82 |63 (45|28 |11 | - | - | - | - | - | -
2741 1 | 100 |83 |65 (48 |32 |16 | - | - | - | - | - | -
2750 2 | 100 | 84 |68 |51 |35|20| - | - | - | - | - | -
276 | 3 | 100 | 84 |69 (54 (39|24 10| - | - | - | - | -
2771 4 | 100 |85 |70 |56 |42 |28 |14 | - | - | - | - | -
278 5 | 100 |86 | 72 |58 |45 (32|19 | 6 | - | - | - | -
2791 6 | 100 |86 |73 |60 |47 {3523 10| - | - | - | -
280 7 | 100 | 87 |74 |61 |49 |37 |26 |14 | - | - | - | -
281 8 | 100 |87 |75 |63 |51 |40 |28 18| 7 | - | - | -
2821 9 | 100 | 88 |76 |64 |53 |42 |31 |21 |11 | - | - | -
283 | 10 | 100 | 88 | 76 | 65 | 54 |44 |34 |24 | 14| 4 | - | -
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284

11 | 100

88

77 | 66 | 56

46

36

26 | 17

g | - | -

285

12 | 100

89

78 | 68 | 57

48

38

29 1 20

1] -] -

286

13 |1 100

89

79 169 | 59

49

40

31 |23

141 6 | -

287

14 | 100

90

79 170 | 60

51

42

33 |25

1719 | -

2388

15 | 100

90

80 |71 |61

52

44

36 | 27

20112 | 5

289

16 | 100

90

81 |71 |62

54

45

37 130

22 115 | 8

290

17 | 100

90

81 |72 | 64

55

47

39 132

24 117 | 10

291

18 | 100

91

82 |73 | 64

56

48

41 | 34

26 120 | 13

292

19 | 100

91

82 |74 | 65

58

50

43 | 35

29 122 |15

293

20 | 100

91

83 |74 | 66

59

51

44 | 37

30 |24 | 18

294

21 | 100

91

83 |75 | 67

60

52

46 | 39

32 126 | 20

295

22 | 100

92

83 |76 | 68

61

54

47 | 40

34 |28 | 22

296

23 | 100

92

84 |76 | 69

61

55

48 | 42

36 |30 | 24

297

24 | 100

92

84 | 77 1 69

62

56

49 | 43

37 |31 |26

298

25 | 100

92

84 | 77 |70

63

57

50 | 44

38 | 33 | 27

299

26 | 100

92

85 |78 | 71

64

58

51|45

40 134 | 29

300

27 | 100

92

85|78 | 71

65

59

52 | 47

41 136 | 30

301

28 | 100

93

85 |78 | 72

65

59

53 | 48

42 | 37 | 32

302

29 | 100

93

86 |79 | 72

66

60

54 | 49

43 | 38 | 33

303

30 | 100

93

86 |79 | 73

67

61

55 150

44 139 | 34

Tabnuya 3

JlaBiieHNE HACBIIIEHHBIX BOJASHBIX IAPOB U UX INIOTHOCTH
IIPU Pa3JIMYHBIX TEMIIEpaTypax

pu.Klla

Pu, 107 kr/M°

t,"C

P, Klla

P, 1073 kr/M?

0.260

2,14

16

1,813

13,6

0,401

3,24

17

1,933

14,5

0,437

3,51

18

2,066

154

0,476

3,81

19

2,199

16,3

0,517

4,13

20

2,333

17,3

0,563

4,47

21

2,493

18,3

0,613

4,80

22

2,639

19,4

0,653

5,20

23

2,813

20,6

0,706

5,60

24

2,986

21,8

0,760

6,00

25

3,173

23,0

0,813

6,40

26

3,359

24.4

0,880

6,80

27

3,559

25,8

0,933

7,30

28

3,786

27,2

1,000

7,80

29

3,999

28,7

1,066

8,30

30

4,239

30,3

O XA N[ W=

1,146

8,80

40

7,371

51,2

30



10 1,226 9,40 50 12,33 83,0
11 1,306 10,0 60 19,92 130,0
12 1,399 10,7 80 47,33 293
13 1,492 114 100 101,3 598
14 1,599 12,1 120 198,5 1123
15 1,706 12,8 160 618,0 3259
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JlabopatopHoe 3ausitue Ne 8
Onpenenenue ko3 duieHTa MOBEPXHOCTHOTO HATSXKEHUS KUKOCTH

Heas padoTsl: onpeaenuts KOAPGUIMEHT TOBEPXHOCTHOTO HATSXKEHUS METOI0M
OTPBIBAHUS KAIEJb.
YyeOHunle 3aga4n:
1. Usmeputs 06bem 100 kamens BOJbI U CIIHPTA.
2.Paccuntath K03(h(HULIMEHT MOBEPXHOCTHOTO HATSHKEHUS CITUPTA.
Oo6opynoBanme: OropeTka, Bojia, TEXHUUYECKUN CIIUPT, INTATUB, CTAKAHYUK (pHC.
1).
Kparkas Teopusi: Tak Kak y JKUAKOCTH MOJIEKYJIbI
MOBEPXHOCTHOT'O CJI0S1 00J1a/1at0T N30BITOYHON MOTEHIIMAIBHON
DHEPrUer, TO T[IOBEPXHOCTb KHUJAKOCTH  CTPEMHUTCS K
COKpAIICHHIO  CBOMX  pa3MepoB. Bpoms  nepumerpa
IIOBEPXHOCTU  JEHUCTBYIOT CHJIBI, COKpAILAIOIIME pa3Mep
MMOBEPXHOCTHU. DTH CHUJIbI HA3bIBAIOTCS CUJIAMU MOBEPXHOCTHOTO
HaTsokeHUs. Cuila  TOBEPXHOCTHOTO — HATSKEHUSI  MPSIMO
MPONIOPLIMOHANIBHA IEPUMETPY MMOBEPXHOCTHU:

FHaTH}K = 0" I’
rae 0 — KO3 UIIMEHT MPONOPLUMOHAIBHOCTH, 3aBHUCAIIEH OT  Pyc. [. Vcra-
poAa >KUAKOCTU U BHEIIIHUX YCIIOBUM. HOBKa
Takoii KodhpUIreHT Ha3bIBACTCS Kodh purrieHTOM
MMOBEPXHOCTHOTO HATSKCHUS:

o= FHEITH}I{ [E]

l Ml
KoadduureHT noBEepXHOCTHOTO HATSKEHHS O MOXKHO
OMPENCIIUTh MemooomM ompbuleanus Kaneivb (puc. 2).
Karmis orpeiBaeTcss B MOMEHT, Korja BecC Kamm P
CTAHOBUTCS paBHBIM CHUJIE TOBEPXHOCTHOTO HATSIKECHMUS:

P=F, 0 —>P:G-l—>P:a-2nR—>G::2—:;
mg = P,
i, g
rae R — panuyc meiku xamiau U paguyc TpyOku. UToObl
HE U3MEPATh paauyc TPYyOKH OepyT JBE >KUIKOCTH H Puc. 2. Merox
CPaBHUBAIOT ux K02 (P ULIEHTHBI MTOBEPXHOCTHOTO OTpBIBA KaIlellh
HATSDKCHUS:
JiEi:rmp"ra
UchpTa - 2R - cTcrmp"ra _ JiEi:rmp"ra
_ 'PBClﬂ UBO,ELI - 'PBCI,ELI '

Osoms = 5o p
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r€ Ocpupral Ogoper — KOIDOHUIMEHTHI MOBEPXHOCTHOIO HATSDKEHHS CIUPTA M

BOJIbl COOTBETCTBEHHO, BHITEKAIOIIUX U3 OJJHOM U TOH ke TpyOKH.

W3mepuB BeC HECKOJIbKUX Kamellb 3THX JKUIAKOCTEH, W, 3Has Kod(QuimeHt
MOBEPXHOCTHOTO HATSKEHUS OJHOW JKUIKOCTU (BOZABI), MOXHO BBIYUCIUTH
KO3 GUITUEHT MOBEPXHOCTHOTO HATSKEHUS APYTOH KUIKOCTH (CIIUPTA):

Pan Ta Mepupra ™ 9 M pupra
a = aq L] LU a, L L a, TP
CIHpTa ~ “BOJAEI P — “YBOoJAHI . — “YBOoJAHI -
BOJEI mBO,ﬂ;m ) mBO,u;LI
_ panpTa ) L{ZHHpTa
- JBO,.E[LI V.
fOBo,qLI BOJEI
_ panpTa ) w:anTa
JCI'[PIpTa - JBO,E[I:I ‘v ’

pBO,.[[]:I BOJIEI

rae Ogony = 0.072 Wi K03(p(PULIMEHT MOBEPXHOCTHOTO HATSKEHUS BOJIBI,

_ KI
Pgoass 4 Pemupra — IUIOTHOCTH BOABI M cupTa  (Pgony = 1000 —

panpTa = 790 E),

VanpTa uV,, a1 — 006eM 100 Kariesnb BOJIbI ¥ CIIMpTa.

IopsiioK BbINOJIHEHUS PadOThI

1. HanuTb B OIOpeTKY BOABI M M3MEPUTh HAYAIIBHBII ypOBEHb BOJIbI B Otopetke V),
3aBECTHU JJaHHbBIC B TaOJUILY.

2. OTKpbITh KpaH TakK, 4YTOObl BBITEKAHWE Kareiab ObUIO  MEAJIEHHBIM,
PaBHOMEPHBIM, pUMEPHO 1520 kanens B MUHYTY, oTcunTath 100 Kamenb BOABI U
3aKpBITh KPaH.

3. I3MepuTh KOHEYHBI ypoBeHb BOAbI B Otoperke V,, M BBIUHCIHTH 00BEM

100 karens V', 3anecTy qaHHbIe B TaOIMILY.

4. Cnuth Boly U3 OIOPETKU U HAJIUTh B HEE CIUPT.

5. IloBTOpUTH M3MEPEHNUS o0beMa CIIApTa B OropeTke JUISL
100 xamenb. 3aHecTu HaHHBIE B Ta0d. 1, BBIYMCIHTH MOTPEIIHOCTH M3MEPEHUS,
CZIeJIaTh BBIBOJ.

Tabnuya 1
. . O0BeM
Havaneabii | KoHeunbrit I Kooddurment
Haumeno 100 JIOTHOCTE | 1 BepXHOCTHOTO
YPOBEHb YPOBEHB Y
BaHUE Karenp | JKHIKOCTH, HATSDKCHUSI
JKUJIKOCTH | JKHUJIKOCTH KT )
KUIKOCTHU % Vv KUIKOCTHU P, ) - H
1 2 v '
Bona
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Croupt

KoHTpoJibHBIE BONIPOCHI

1. OOBsicHUTE, KaK BIHSET TEMIIEpaTypa KUIKOCTH Ha BEC KarlIn?

2. [Touemy Bosia cMa4MBaeT HEKOTOPHIE TIOBEPXHOCTH TEJl, @ HEKOTOPBIC HE
CMauyuBacT?

3. Kakue mnpuymHB BIMSIOT Ha BEMWYMHY KOd(QUIIMEHTa TOBEPXHOCTHOTO
HaTSDKEHUS KUJIKOCTH?

4. Kakue CyIiecTBYIOT METOIBI JIJIs onpeeneHus Ko GHUIreHTa moBepXHOCTHOTO
HATSHKEHUS ?

5. I3MeHuTCs 1 pe3ysIbTaT BBIYMCIICHUS, €CJIM JUAMETp Kameiab TpyOku Oyaer
MECHBbIIIE?

JlabopaTopHoe 3ansatue Ne 9
Omnpenenenue ko uieHTa TMHEWHHOTO PACIIUPEHUS CTATN U ATTFOMUHUS

Leab padoThl: HAYYUTHCS ONPEAEIATh KOIPPUUUEHT TMHEHHOTO paCIIuPEHUS.
YueOHble 3a1a4n:

1. Onpeaenuts KOAQPUIUEHTH TMHEHHOTO PACIIUPEHUS CTAIN U ATFOMUHUS U
CPaBHUTH UX C TAOJUYHBIMU 3HAUCHUSIMH.

2. CpaBHUTB UX MEXIY COOOM U ClieNIaTh BBIBOJIBI.

O6opynoBanme: npubop s omnpeAcsieHuss KodpduuueHta JUHEHHOTO
pacliupeHus C UHIUKATOpOM, CTaJlbHOM W  QJIIOMUHHEBBIA  CTEP)KHH,
MUJUTUMETPOBAs JIMHEMKA, BOJIA.

Kparkas Teopusi: ¢ U3MEHEHUEM TEMIIEPATyphl TeIa €ro pa3Mepbl U3MEHSIIOTCS.
TennoBoe pacmpeHue TBEPIBIX TEN, Y KOTOPHIX HMMEETCS IMPEUMYIIECTBO B
OJIHOM HANpaBJICHUU, XapaKTePU3yeTCs JIUHEHHBIM paciiupeHue Al:

Al = alAt,

rae & — Ko3(QPUIMEHT JIMHEWHOTO PaCUIMpPEHHUs], 3aBUCAILIMN OT MaTepuaia u
TEMIIEpaTyphl.

OpHako ecnu paccMaTpuBaTh HEOOJbIIME HMHTEPBAIbl TEMIEPATyp, TO MOKHO
cuuTarh KOA(Q(UIMEHT JHMHEWHOro paclIMpeHus s JaHHOTO MaTepuana
BEJIMUYMHON MOCTOSHHOU. J[J1s1 OOIBITMHCTBA BEIIECTB ATOT KOA(DPUIIUESHT MaJl, €To
3HaueHus cocrasisor 10°—10° K.

Oco0eHHo Man KOA()PUIIMEHT JTUHEHHOr0 pacIlIMpeHusl B AMANa30He TEMIEpaTyp
ot -30 o 100 °C y unBapa (craB »xene3a u Hukens ). [loaTomy nHBap NpUMEHSIOT
JUISL U3TOTOBJIGHUSI TOYHBIX HMHCTPYMEHTOB, HCIOJB3YEMBIX [JIsl ONpeneNeHus
pa3MmepoB Ten. JInHelHbIe pa3Mephl CAMOr0 HHCTPYMEHTA U3 MHBApa Maylo 3aBUCST
OT KOJIeOaHUI TeMIEPATYPHI.

Koaddumment nuHEHHOrO0 pacmMpeHus MOKa3bIBaeT, Ha KAKYHO JOJII0 CBOEH
nepBoHavanbHOM JiuHbl npu 0 °C U3MeHsieTcss JjIMHa
tena npu HarpeBanuu Ha 1 K wm 1 °C: A

lo




ol oAl
T e R T

rae Al — npupainenue JUIMHBL. Puc. 1. I'padux
3aBUCHMOCTH

OnbIT MOKa3bIBa€T, YTO NPU HEOONBIINX HU3MEHEHMSIX

TEMIIEpaTypbl W3MEHEHHME JIMHEWHBIX pPa3MEpOB TBEPAOrO Tejla  IPSMO

IPONOPLUUOHATIBEHO U3MEHEHUIO TEMIIEpATypsl (cM. puc. 1).

Tak Kak yAJIMHEHUE NpU HAarpEeBaHUU (UM YKOPOUEHHE NPU OXJIAXKACHUN) 3aBUCUT

Tak)Ke OT MEepPBOHAYAIBHON JUIMHBI, YA0OHEE paccMaTpUBaTh HE CaMO YJJIMHEHHE

Tella, @ OTHOCHTEIIHOE yUTHHEHHE: OTHOLIeHue yBenndernus mmaet Al = [ - [,
Al

K mepBoHavyanbHol unHe [y. OTHOCHTENBHOE YIUTMHEHHE 7 TIPOTOPIHMOHATBHO
0

m3MeHeHuro Temneparyp At = € - t,:

Al

— = aALt.

Lo

Bo Bcex atux gopMynax oObIYHO Ha4YaJIbHOE 3HAYEHUE TEMIEPATypbl MOJAraroT
paBHbIM HYIIO (fp = 0 °C) U COOTBETCTBEHHO ly CUMTAIOT JUIMHOW Tejia MpU €ro
temriepatype. Ha mpakTuke ke HadalbHasi TeMIlepaTypa Tella JaJIeKO He BCernaa
obiBaeT paBHa 0 °C. Torga pacu€r IIMHBI Teja MPH JOO00W TeMIepaType MOKHO

BBIIIOJIHATG Tak. IlycTh mpu Temrmeparype C, juuHa Tena pasHa [, a mpu
Temrepatype t, ona paBHa [,. Torma cuuras HayaJbHYIO TEMIIEPATYPY
to, = 0°C, umeem:

L, =1, (1+ aty),

L, = 1,(1 + at,).
Orcrona,
l, 1+ at, 1+ at,

ll_l+at1H 27 "1+4at,

OpHako, y4uThIBasl, YTO 3HaUYE€HUE (X OYEHb Majo, (GOPMYITy MOXKHO YIPOCTHUTh.

VMHOKHMB YHCIIUTENb ¥ 3HaMeHatelb Ha 1 — aty, momy4nm:

2
2 = 242 .
1—a“t]
Buny manoctu koaddunmienTa & dneHsl, coaepkamue o 2 Mansl 0 CPaBHEHHUIO C

4JIEHOM, B KOTOPBI BXOIUT (& B IEpBOH cremeHu (TouHee, at >> a, - U»).
[ToaToMy UX MOXHO OTOpoCHUTh. B pesynbrare hopMyra i BEIYUCICHUS AJIHUHbI
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[, oxasbiBaeTcst Oomee MPOCTOM W JOCTATOYHO TOYHOM /Ul WHKCHEPHOI
IIPAKTUKHU:

lp =L[1+a(t; —ty)]

W

I, = 1,(1 + adt).

Pemas 3agaun ¢ y4€ToM TEIUIOBOTO JIMHEWHOTO PACHIMPEHHUS TeJ, HEOOXOAUMO
UMETh B BUIY, YTO MPHU U3MEHEHUHU TEMIIEPATypPbl MEHSIETCS HE TOJIBKO JJIMHA, HO
U BCE JpYyrue JHWHEHWHbIE pa3Mepbl Tena. Tak, y KpyIjloro CTEpXKHA IpU
HarpeBaHUM YBEJIIMYMBAETCS JIMAMETP, U MPUTOM BO CTOJBKO pPa3, BO CKOJIBKO
YBEIIMUMBAECTCS [JIMHA CTEpKHs. Y IUIACTUHKM B OJHO U TO K€ YHCIO pa3
YBEIIMYUBAIOTCS [JIMHA, IIMPUHA U TONIIMHA. EciM HAYepTUTh Ha IUIACTHUHKE
KaKyl-HUOY/b JIMHUIO, TO JJIMHA 3TOW JIMHUM TMPU HArPEBAaHUM YBEIUYUTCS B
TaKO€ KE YHUCIIO pa3. Y OKPYKHOCTH YBEJINUYATCS €€ JJINHA U JUaMETP.

[Ipu HarpeBaHWM IUIACTUHKHU, UMEIOLIEN KPYIJ0€ OTBEPCTHUE, THAMETP OTBEPCTHS
TOXE YyBeJIWYUTCA. Jleqo B TOM, YTO IPHU PAaBHOMEPHOM HarpeBaHUM B TeEJle HE
BO3HHMKAIOT CWJIbI yNpyroctu. [loaromy pacimimpeHue npoucXOIUT Tak, KaK eCciu
OBl MJIACTUHKA ObLIa CIUIOMHON. TOYHO Tak kK€ yBEIIMYMBAETCS NPHU HArpEBAHHUH
JMaMeTp raiiku, pa3Mepbl paKOBUHBI B TOJILE METAJUIMYECKOU OTIIMBKU U M.0.

B cnpaBeasmBOCTH CKa3aHHOTO MOXHO YOEAUTHCS HA OMNBITE C METALIMYECKUM
mapom. [llap 3acTtpeBaeT B KOJbIle, €CIU €ro HarpeTh, U MPOXOAUT C OOJBIIUM
3a30pOM, €CJIH HarpeTb Koyblo. HaoOopoT, mpu OXJaXJIEHHH KOJIbLIA IIap
3aCTPEBAET, a OXJIAXK/ICHHUE 1Iapa YBETUYUBAET 3a30P MEXKIAY HUM U KOJIBIOM.
Takum o0pa3oMm, KOIPPUIIMEHTOM JIMHEWHOTO pPACHIMPEHUS HAa3bIBACTCS
BEJIMUMHA, W3MEpsieMasl YIJIMHEHHEM €IUHUIIbI JJIMHBI NIPU HarpeBaHWU Teja Ha

1°C.
11(52 - I51) 11(t2 - t1)’

rae Al — yuimHeHne Bcero crepsxHs,

a

{1 — KOMHaTHas TeMIEpaTypa,

t, — koHeuyHas TeMneparypa Tpyoxu (100 °C),

l{ — JutiHa CTEPKHS NP KOMHATHOM TeMIIepaType,
[, — nnvHa cTEpXKHS IPU TEMIIEPATYPE .

IMopsiok BhINOJTHEHUS] PA0OTHI

1. Hanmute akkypaTHO B TpoOUpKy mpubopa Bojsl. Bo n3bexanue BHITIIICCKUBAHUS

BOJIBI TIPH TAJIbHEUIIIEM KUIIEHUH MPOOHUPKA JTOKHA OBITH HE TTOTHOM.

2. I3mepuTh [JIMHY CTQJIBHOTO M aTIOMHUHHEBOTO CTEPKHS MHIIIUMETPOBOM

nuHelkou. J[aHHbpIe 3anmucath B TAOIUILY.

3. OnyCTuTh ATIOMUHHUEBBIA CTEPKEHb BEPTUKAIBLHO B MPOOUPKY C BOJOU H

aKKypaTHO yCTaHOBHUTH HW3MEPUTEIBHBIN CTEP)KCHb WHIUKATOpPAa HA BEPXHIOIO
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TOPLIEBYIO IIOBEPXHOCTH CTEPKHA. ECIM CTpenka OTKIOHUTCA OT IIyJIEBOTO
IIOJIOKEHUS, COBMECTUTB €€ C ITyJIEBBIM IITPUXOM LIKAJIBL.
4. Bxarounth npubop JUisl HarpeBaHUs U JOBECTU BOAY /10 KUIEHUS. BBIKIIOUYNUTH
puoop.
5. I3MepuTh HACKOJIBKO YJUIMHWICS CTEPXKEHb IIOCJIE€ HArpeBaHUsA. 3alncarh
JaHHbIE C MHJIUKATOpa B TAOIULLY.
6. VI3mepenust IOBTOPUTH AJIs CTAJIbHOTO CTEPIKHS.
7. Beruncnuth KO3(GQGUIUMEHT JTUHEWHOTO PACIIUPEHUS CTAald W aJIOMUHUS 10
dbopmyre:

Al

11(52 - I51)'

8. CpaBHUThH MOJYYEHHBIM pe3yiabTaT C TAaOJIUYHBIM 3HAYEHUEM U BBIUUCIUTH
OTHOCUTEIBHYIO MOTPEIIHOCTD MO (POpMYyJIE:

o =

|anr - l:'T:l 0
£ = —-100%.
a?”
9. Jlanabic 3aHeCTH B TaOII. 1.
Tabnuya 1
Hassa | Hauanenas | Havanbnas | Koneunas Yamne | Kodg.
No HHE JIVH. OrtH.
omer | FHE JTMHA TeMIIepaTy | TemIepary Tpy6KH | pacumpe | morp
Bemec | TpyOKH pa TpyOKku | pa TpyOKu o/
Ta ; ; Al, HUS, €, %
TBa l{, MM t,°C t,°C
MM a
1
2
Tabnuya 2

TemnepatypHbiii KO3)PUIUEHT TMHEMHOTO PACIIUPEHHS] METAJIJIOB U CILIABOB

Meram, cmas | o, 10 °C! Mertal, criaB a, 106 °C!
AJIOMUHHN 24 Huxpowm 14

bpon3za 13-21 OnoBo 26
Boasdpam 4,5 [Inatuna 9,1
Mropamomunuii | 23 [TnaTuaAT** 8-10
30J10TO 14 [Inatura-upummic*** | 8,8
Keneszo 12 Caunert 29
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NuBap* 1,5 Cepebpo 20
Npunnin 6,5 Cranb yrnepoaucrass | 10-17
Koncranran 12-15 unk 32
JlatyHb 17-19 YyryH 9-11
Manranux 18 LlemenT 14
Menn 17 Crexiio 9
Hetizmnnoep 18 Kgsapr (mmaBnensiii) | 0,04
Huxkens 14
g ATOT CIUIaB  WCHOJB3yeTCS IS  HW3TOTOBJICHUSI  JeTalled  TOYHBIX

U3MEPUTENBHBIX TPUOOPOB;

*¥%  NpPOBOJHUKOBBIM MaTepHall, O KOTOPOrO TaKOMl XK€, Kak U y CTEKja;
MPUMEHSIETCS ISl U3TOTOBJIECHUS SJIEKTPUUECKUX JIAMIT;

*E% M3 3TOrO CIIaBa U3rOTOBJICHBI MPOTOTUIIBI KUJIOTPAMMa U METPA.

KoHTpoJibHBIE BOIPOCHI

I.Yto0 Takoe pacmmpeHue TBEPABIX TeI € TOYKA 3PEHUS MOJEKYJISAPHO —
KUHETHUYECKOU TEOPUH.

2. Ilouemy Hetr Tabmui KO3((GUIHEHTOB OOBEMHOIO PACIIUPEHMS ISl TBEPABIX
Ten?

3. [louemy wMexnay penbCcaMH KEIE3HOW JOPOTH OCTaBILIIOT NPOMEXKYTKH B
CTBIKaX, a JUIsl TPAMBAMHBIX PEIBLCOB ATOTO HE JEIA0T?

4.TloyeMy JIeTOM DJIEKTPUUYECKHE MPOBOAA MEXIYy CTOJ0aMU TYro He
HaTATUBAIOT?

5. Kak u3MeHMTCS XOJ 4acoB C METAUIMYECKUM MAasiTHUKOM, IPH IOBBIIICHUH
(MOHMKEHUH ) TEMTIEPATYPBI OKPY>KAIOIIECH cpesbi?

JlaGoparopnoe 3anstue Ne 10
OrnpeneneHue IEKTPUUSCKON eMKOCTH 3apsKEHHOTO KOHACHCATOpa

eab padoTbI: U3YUYUTh YCTPOWCTBO IJIOCKOTO KOHJEHCATOpPAa W PACCUUTATh €ro
AIEKTPOEMKOCTh; HAYYUTHCS OMPEALATh AJIEKTPUUECKYI0 EMKOCTh KOHJIEHCAaTOpa
OAJUIMCTUYECKUM METOOM.

YyeOHbIe 3a7a4u:

1. Onpenenuts EMKOCTh KOHJIEHCaTOpa. [IpoBepUTh 3aKOHBI TOCJIEIOBATEIHHOTO U
NapajuieIbHOrO COeIMHEHUS KOHIEHCATOPOB.

2. Onpenenutb €EMKOCTh KOHIEHCATOpPa METOJOM HM3MEPEHHS] HAKOIJIEHHOTO
KOHJICHCATOPOM 3apsizia.

O0opynoBaHmMe: UCTOYHMK »dJEKTpUUECKOl »sHeprun 6 B, Mukpoammepmerp,
KoHsieHcaTopbl (3—4 wT.) u3BectHOM €MKOCThIO (0,254 Mk®D), KOHAEHCATOPHI
HEU3BECTHOM €MKOCTH, JABYXIOJIOCHOM TMEPEeKIoYarelib, COEIUHUTEIbHbBIC
MpoBOJIA.
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Kpatkasa Tteopusi: CioBO «KOHAEHCATOP» NPOUCXOAUT OT JIATUHCKOIO CJIOBA
condensare, 4TO O3HAYaeT «CTylIeHUE». B yueHuM o0 3JIEKTPUUECKUX SIBICHUSIX
3TUM CJIOBOM O0O3HA4alOT YCTPOWCTBA, MO3BOJISIIOIINE «CTYIIATHY» AIIEKTPUUECKUE
3apsi/ibl U CBA3aHHOE C 3TUMU 3apsiIaMU AJIEKTPUUYECKOE TTOJIE.

[TpocTeiiuii  KOHJIEHCATOP COCTOMT M3 JIBYX IPOBOJAHMKOB, pa3JelIE€HHBIX
TUDIIEKTPUKOM.

BaxkHoil XapaKTepuCTUKOHN J1I000T0 KOHAEHCATOpa SIBIISETCS €ro AJIEKTpUdecKas
émkocth C — (u3nueckas BeIMUMHA, paBHAs OTHOILICHUIO 3apsia q KOHAEHcaTopa

K pa3HOCTH IIOTCHIHNAJIOB U MCKAOY €TI0 O6KJI&I[OKI

q
C=-—.
U

3a eOUHHIYy DIIEKTPUYECKOW EMKOCTM B MEXIyHapOIHOW CHUCTEME EIUHULL
IIPUHUMACTCS  DJIEKTPUUYECKAs] EMKOCTb KOHAEHCATOpPA, HAIPSHKEHUE MEXKIY
oOkJlafkaMu KoToporo paBHa | B, korma Ha ero oOKIagKax HUMEIOTCS
pazHouMeHHbIe 3apsisl o 1 Kin. Dta enununa HasBana dapan (1 D).

Kpome Toro, nsnekrpuyeckas €EMKOCTb KOHAEHCATOpa 3aBHCUT OT pojJa
JTUAJIEKTPHUKA, HaXOIAUIErocs MeXIy IlacTuHaMu. BeiBeneM dopmyny amns
pacuéra 3IEKTPUUECKOM EMKOCTH TIJIOCKOTO KOHJIEHCATOPA.

[To onpenenenunto

q
C=—.
U
YuuTteiBas, 4To
U =Ed,
a,
q
E = :
89S
[Tomygaem,
C_q_ q _ qegS €8S C_EE.‘OS
“U Ed_ qd d "MtTTa

IHopsanok BbINOJIHEHUSI PA0OTHI:

1. CobOpath 2JIEKTPUIECKYIO IEMb 10 cXeMe (B IIeMH YCTaHOBUTh I, oL
OJINH U3 KOHJICHCATOPOB M3BECTHOM EMKOCTH) (puc. 1).

2. KoHzgeHcarop 3apsauTh; JJIsI OTOrO  COCIUHUTH  €ro c CD
(mepekiroyaresnieM) Ha KOPOTKOE€ BpeMs C€ HCTOYHHUKOM —9Q
AIEKTPUYECKOUN SJHEPTUH. -I_

3. CocpenoTouriB BHUMAaHUE Ha MILIHAMIIEPMETpE, OBICTPO
3aMKHYTh KOHACHCATOP Ha U3MEPUTEIHHBIN MPUOOP U OTPEEITUTh
YHUCIIO IEJICHUH, COOTBETCTBYIOIIEE MAKCUMAJIBHOMY OTKJIIOHEHUIO
CTPEJIKHU.

4. OnbIT TOBTOPUTH ISl 00JIE€ TOYHOTO OMNpESSICHUs Yucia JACJICHUN N U HAUTH
OTHOILIEHUE HAUIAECHHOTO KOJMYECTBA ACJICHUN K EMKOCTH B3SITOTO KOHJIEHCATOpa

C:

Puc. 1. Cxema
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n
-= k.
C

5. OnbIT NOBTOPUTH 2—3 pa3a ¢ APYrUMH KOHAEHCATOPAMU U3BECTHOM EMKOCTH.

6. Pe3ynpTaThl ©3MEpEHUI U BBIUMCICHUH 3alliCaTh B TAOIUILY.

7. OmnsIT (n. 1-4) MOBTOPHUTH C KOHJICHCATOPOM U3BecTHO# EéMKkocTH C,..

8. Ompenenuts B OTOM CIlydae YHCIO JCIeHUH M, W HauTH EMKOCTb U3
OTHOLLICHHS:

T
C., ==
x k

9. V3Hate y mnpenogaBaTenss EMKOCTh HCCIEAYEMOTO
KOHJIEHCATOpa M, MpUHSAB €€ 3a TabIWyHOEe 3HAYCHHE, l
OMPENICIUTh OTHOCUTEIBHYIO MOTPEITHOCTH €, Y.

10. Bxitounts B coOpaHHyro cxemy (puc. 2) 1Ba
napajyielbHO  COEJUHEHHBIX  KOHJEHCATOpa  HW3BECTHOMU
EMKOCTH.

11. IIpoBepuTh COOTHOLIEHUE U CAETATH BBIBOI:

Cnap =(; +C,.
12. BxirounTh B cOOpaHHyI0 cxemy (puc. 3) JBa MOCJIEI0BaTEIbHO COCIMHEHHBIX
KOHJICHCATOpAa U3BECTHOU EMKOCTH.

Puc. 2. Cxema

13. IIpoBepUTH COOTHOLIEHUE U CAEIATH BBIBO: _f
1 1 1 T
= — 4+ — q e

Choc Cl CZ

13. I1o mpoienaHHOM pabOTE CEIIANTE BHIBO. Puc. 3. Cxema

Tabnuya 1
Enmocts Yucno geneHui OTII{IEI;JJIG; " Haitnennas
KOHJIeHCa é O,
Ne Topa IO IKare JeNIeHUH K EMKOCTD orp.
OlBITa MHKpOaMIICpMETpa EMKOCTH | KOHAEHCATOpa . %
C, Mmx®d n k= n Cx. MKD
C
1
2
3

KonTposbHbIE BONIPOCHI
1.OT byero m Kak 3aBUCUT EMKOCTh MPOCTEHILETr0 KOHAEHCATOpa? 3aluIInTe
bopmyity 3TOM EMKOCTH.
2. Kak BBIYHCIIUTH €MKOCTh Tpex KOHJIEHCATOPOB, COE€IUHEHHBIX
IIOCJIEIOBATEIIBHO?
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3. I[OK&)KI/ITC, 4YTO HaIPsOKCHHUA Ha JBYX IIOCICAOBATCIIBHO COCAMHCHHBIX
KOHICHCATOpax 06paTHO IMPOIIOPHUOHAJIBHBI UX CMKOCTIM.

4, I{Ba KOHICHCATOpa CMKOCTBIO C1 )41 C2 COCANHCHBI ITapalJICIIBHO U 3apsKCHBI 10
HaIIPAKCHUA U. B KkKakOM COOTHOIICHUHU PaclpCaACiICHbl 3apiAdbl Ha J3THX
KOHI[CHC&TOan?

5. Kak OIIpCACINTb CMKOCTb TPCX KOHACHCATOPOB, COCAMHCHHBIX HapaJ'IJICJ'IBHO?

JlaGoparopHoe 3ansitue Ne 11
Omnpenenenne MMEKTPOABIIKYIICH CUITBI U BHYTPEHHETO COTIPOTUBIICHUS
HMCTOYHHKA JICKTPUUECKON dYHEPTUU

Heab padoTel: onpeaennTs eKTpoaABKyILyo cuiy (3/1C) u BHyTpeHHee
COMPOTHUBJIEHUE UCTOYHUKA TOKA.

Y4eOHble 3a1a4un:

1. CobpaTh 31E€KTPUUECKYIO LIEMb, CHATh TOKa3aHUs IPHUOOPOB.

2. BeruucnuTh BHYTPEHHEE COMTPOTUBIIEHNE UCTOYHHKA TOKA

3. OnpenennuTsb 31eKTPOABHKYIILYIO CHITY HICTOYHUKA SHEPTHH.

OO0opynoBanme: aMepMeTp, BOJIBTMETP, PEOCTAT, KIIH0Y, IPOBOAA, HCTOYHUK
IIEKTPUYECKOU SHEPTHH.

Kparkas teopusi: npu pazoMmkHyToM Kitoue I/JC HUCTOUHMKA TOKa paBHA
HaIpsHDKEHUIO Ha BHEUIHEH Lenu. B skcrnepuMeHTe MCTOYHUK TOKA 3aMKHYT Ha
BOJIbTMETP, COMPOTUBJIEHUE KOTOPOTO JOJKHO OBITh MHOTO OOJIBIIE BHYTPEHHETO
CONPOTHUBJIEHUS! MCTOYHUKA TOKa 7. OOBIYHO CONPOTHBIIEHHE HCTOYHUKA TOKa
Majo, O3TOMY ISl U3MEPEHUsT HAPSHDKEHUS] MOYKHO HMCIOJIb30BATh BOJIBTMETP CO
mkanoir 0-6 B u comporusnennem R, = 900 OM (cM. magmuck moj mkanoi
npubdopa).

Tax Kak CONpOTHBIEHHE NCTOYHHKA OOBIYHO MAJIO, TO ICUCTBUTENBHO R >> T
[Ipn sTom otimume E or U HE NPEBBIAET IECATHIX AOJIEW MPOLEHTA, OITOMY
norpemHocTs u3mepenus J/C paBHa NOTPEIHOCTH U3MEPEHMS HAIPSKEHHUS.
BHyTpeHHee CONMpPOTUBIIEHHE MUCTOYHHMKA TOKA MOKHO M3MEPUTh KOCBEHHO, CHSIB
MOKA3aHUsI amMIepMeTpa U BOJIBTMETpPA MPU 3aMKHYTOM KIIIOYE, pAacCUUTATh W3
3akoHa OMa 171 MOJTHOM 1enu:

[ = €
T R+4+7
e=IR+Ir
e=U+Ir

rae € — DJIC UCTOUYHHKA;
U — najieHue HarpsKEHUST BO BHEITHEW LIETIH;
I — cuaa Toka B IIETIH;
r — BHYTPEHHEE COIPOTUBIICHUE AKKYMYJIATOPA.
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IHopsinok BbINOJIHEeHUS PadOTHI

1. CocTaBHUTH NMEKTPUUECKYIO IEMb 110 cxeme (puc. 1).
2.3aMKHYTh IIeNb M 3amucaTh B TaOJUIly IOKa3aHUs
amrepMeTpa M BOJbTMETpa JUIsl JBYX IOJIOXKEHUHN
peocTara.

3. ITo 3axkony Oma a1 BCeil 1enu:

e=U+Ir.

CocTaBuM cHUCTEMY YPaBHEHHIA:
e=U +Lir
e=U +1Lir.

OTCI-OI[a BBIBOIUM (IJOpMYJ'ILI JJIA BBIYMCIICHUS 1.

U +Lr=U,+ Lr

u,—-U,=Lr—-Lr

U — U,

L -1

4. BbIUMCIUTD 3HAYCHHUE 7.

5. Iloxacrasnss r B 1r000€ U3 ABYX ypaBHeHuM nocuutarsh JC.

T =

-

Puc. 1. Cxema

6. Pacuer norpemnocreil. MakcumanbHble TOIPEITHOCTH U3MEPEHUI BHYTPEHHETO

COIMIPOTHUBJICHUA HCTOYHHKA TOKA OIIPCACIIAIOTCA I10 Q)OpMYHaMl

Ae + AU Al A
& =———+—, r =71,
Ep— Upp Ly, P
JlanHabie 3aHecTH B Ta0. 1.
Tabnuya 1
Buytpennee DJIC DJ1C
No Cuna
HampsikeHue | COMPOTHUBIICHH | aKKYMYJIATOpa | aKKyMYJISITOpa
OIIbITa TOKa
e (paccuetHas) (u3mep.)
LA U.B r, OM €, B e, B
1
2

KoHTpoJibHBIE BONIPOCHI
1. Ilouemy mnajneHWe HanpspDKEHUS BO BHemIHeM dYactu uenu Mesblne JJ1C

UCTOYHHKA?
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2. Ilouemy cC yBeIWYEHHEM CHJIbI TOKAa B II€MH, HANPSIKEHHE HaA 3aXUMax
MCTOYHUKA YMEHbINAETCS?

3. [louemy, ompenensis NPUTOJAHOCTh K HCIOJB30BAHUIO TallbBAHUYECKOTO
AJIEMEHTa HEeJIOCTATOYHO OTPAHUYUTHCS UL u3MepenueM ero IJC?

4. Batapeiika s kapMaHHoro (oHapuka 3aMkHyTa Ha peoctar. llpu
conpotuBieHun peocrara 1,65 Owm Hanpsokenue Ha Hem 3,3 B, a npu
conporusieHuu 3,5 Om — 3,5 B. Haiinure BHyTpeHHee conportuBieHue u IC
OaTapeiKu.

5.B kakoM cnydae BOJBTMETP, NOAKIIOYECHHBIA K 3a)KMMaM TeHeparopa,
nokaspiBaeT JJIC reHepaTtopa W B KakKoM cllydae HaIpsOKeHHE Ha KOHIIAX
BHEIIHETO YyyacTka menu? MOXKHO JIM 3TO HalpsHKEHHE CUYUTaTh TakKXkKe U
HaIpsHKEHUEM Ha KOHIIAX BHYTPEHHETO y4acTKa Lemnu?

JlaGoparopHoe 3anstue Ne 12
OnpeneneHue yaeabHOro COMPOTUBIICHUS MPOBOTHUKA

Lenb padoThI: ONpPENEIUTh YIEIBHOE COIPOTUBIICHUE TPOBOIHUKA.

Y4eOHble 3a1a4un:

1. CoOpath 3JIEKTPUYECKYIO LIETb, CHATh MOKa3aHUs PUOOPOB.

2. BeIunciuTh yiesIbHOE CONMPOTUBIICHUE MPOBOJHUKA.

O0opyaoBaHMe:  WCTOYHHMK  JJIEKTPONMTAHUSA,  aMIIEPMETpP,  BOJBTMETP,
MIPOBOJIOYHBIN PE3UCTOP, KIIFOY, METAINIMYECKUAN TUIAHIIET, IUPKYJIb, JUHEHUKA.
Kparkasi Teopusi: M3BECTHO, YTO CONPOTHBICHUE IPOBOAHUKA 3aBUCUT OT
YAEIBHOTO CONPOTHUBJICHUS IMPOBOAHUKA, W3 KOTOPOTO OH HW3TOTOBJIEH, U €ro
r€OMETPUYECKHUX PA3MEPOB:

[
R:pg.

OTtcroa ciaeayer, 4To OnpeAesaTh YAeIbHOE COMMPOTUBIECHNE MPOBOIHUKA MOXKHO,
3Hasi €ro CONMPOTUBIIEHUE, JUIMHY U TUIONIAh TONEPEYHOTO CEUCHUS:

RS
Ecau npoBOJHUKOM SIBISIETCSI MPOBOJIOKA C KPYIJIBIM CEUEHHEM, TO, TaK Kak
IJI0IIAIb KpyTa

dz
S=TEI,T0
_ md’R
P=

CrnenoBatenbHO, JJIsi OMPEACIICHUS YACIBHOTO CONMPOTHUBJIEHUS MPOBOJA HAO
3HaTh €ro JJIMHYy, JTUaMEeTp W comnpoTuieHue. [Ipu OTCyTCTBUM OMMETpa, 3Ty
BEJIMYMHY MOYXHO ONPEACIIUTH C TOMOIIBIO aMIIepMeTpa 1 BoJibT™MeTpa. 1o 3akony
OMa f71s1 ydacTKa Lenu:
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B pa6OTe OIIpeI[eJ]SIIOT y,HeJ_H)HOC COHpOTI/IBJIeHI/Ie HpOBOIIa, nu3 KOTOpOFO
N3I'OTOBJICHO HpOBOHOI‘IHOC COl‘[pOTI/IBJIeHI/Ie R]. EFO IlI/IaMeTp yKa3aH Ha
kopnyce. JIMHy IPOBOJIA ONPEEISAIOT C HOMOIILIO LIAPKYJIS U JIMHENRKH.

IHopsnok BbINOJIHEHHUS Pa0OThI:

1. [logrotoBpTe TabM. 1 [ 3anMcu  pe3yiabTaTOB M3MEpPEHUN H
BBIYMCIICHUN.
Tabnuya 1
I, M d, MM U,B I, A p, OM MM? /M

2. C noMOIIBbI0 IUPKYJIS W JUHEWKH U3MEPHTE JUIMHY OJHOIO BHUTKA IPOBOAA,
HaMOTaHHOT'O Ha KapKac MaHEeJIu IPOBOJIOYHOTO COPOTUBIICHUSI.
3. Onpenenure 4UCIO BUTKOB IIPOBOJA HA KapKace M BBIUUCIMTE €ro OOIIyIo

JUTUHY .
4. 3anumuTe B TaOIUILy TUaMETpP MPOBO/IA. N
5. Ins u3MepeHust yaeiabHOro CONPOTUBIICHUS! POBOHUKA h
coOMparoT  JJeKTpuueckyr 1enb. (Cxema, KOTOpOM R
rokKasaHa Ha puc. 1. | :: I
6. 3aMKHUTE KJIOY U HU3MEpPhTE CUIy TOKa B LENU U

HaIpsHKEHUE Ha POBOJIOYHOM COIIPOTHBIICHHUU.
/. BBIUACIIUTE yIEIBHOE COITPOTUBIIEHUE IPOBOIHUKA.

8.Ilo Ttabmuue 2 onpenenuTe MaTepual MpPOBOJA, U3
KOTOPOT'O U3rOTOBJIEH PEZUCTOP.

Puc. 1. Cxema

KounTposabHbIe BONPOCHI

1. Yto Ha3bIBAIOT yAEIBHBIM CONPOTUBICHUEM ITPOBOIHUKA?

2. KakoB ¢u3ndeckuii CMbICI 3TOW BEJIMYUHBI?

3. Kakoe coenrHeHre TPOBOJIHUKOB HA3bIBAETCS IMoOcieaoBaTenbHbiM? Haueprure
ero cxemy?

4. Kakoe coequHeHue MPOBOJHUKOB Ha3blBaeTcs napajuiesibHbiM? Haueptute ero
cxemy?

44



5. Kak u3MeHMTCS HalpsHKEHUE HA y4acTKE JJIEKTPUUYECKOM LIENH, €CIH MEIHYIO
IIPOBOJIOKY HA 3TOM Y4YaCTKE 3aMEHUTh HUKCIIMHOBOM.

Tabnuya 2
I[110THOCTH METAILIOB

p’ p)

108 0Om M 108 0Om M
BemiectBo BemiectBo

WIH WA

102 Om MM /M 102 Om Mmm? /M
AOMUHAN 2,69 Huxpom 110
Boasdpam 5.5 dexpanb 110-130
Jlatyns JI-61 | 7,1 Cepebpo 1,468
Mens 1,7 Koncranran 45-50
Hukenun 42 Cranp IX18HOT 12
Keineso 9,71 bpon3za 3,52
CBuHelg 20,6 PtyTh 95,8
JlanTan 56.8 Hukenn 6,844

JlaGoparopHoe 3ansitue Ne 13

ITocnenoBarenbHOE U MapalIEIbHOE COEAUHEHUE IPOBOJHUKOB
IIeab padoThl: IPOBEPUTH OCHOBHBIE 3aKOHOMEPHOCTH MOCIIEI0BATEIEHOTO
U apaJlJIENbHOTO COEUHEHUN TPOBOJHUKOB (PE3UCTOPOB), & TAKKE

CIIPaBEIJIMBOCTh (POPMYJI JJIsI OTIPEICTICHUS SKBUBAJIEHTHOT'O COMTPOTUBIICHUS.

OO0opynoBaHme: UICTOYHUK TOKA, PE3UCTOPHI, aMIIEPMETP, BOJIBTMETP,
peocTaT, COEAMHUTEIbHBIE TIPOBO/IA, KITHOY.

Kparkas teopusi: CyniecTByeT JBa OCHOBHBIX BUAA COCIUHEHUS
IIPOBOJAHUKOB: MIOCJIEIOBATENIBHOE U MapaJIeabHoe. s Ka)XKa0ro ciayJas

BBIITOJIHAKOTCS OIPCACICHHBIC 3aKOHBI ITOCTOSHHOTO TOKA:

1) [Ipu nocnenoBaTeIbHOM COSAMHEHUU:

I:I]_:IZ
U:U1+U2
R:R1+R2

2) Ilpu nmapanneabHOM COEAUHEHUN:

I=1,+1,
U:U1:U2
1 1 1
— =
R R, R,

I'ne I- cuna Toka; U- HanpspKeHUe Ha ydacTKe Lenu; R- conpoTusieHne yyactka

OCIIN.
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Ilopsaok BbINIOJIHEHHS PA0OTHI
1. Cobepure cxeMy, COCTOSAILLY O M3 COSAMHEHHBIX MOC/IE/I0BATE/IbHO HCTOUHHMKA
TOKA, PeocTara, aMIepMeTpa, OAHOTO PE3UCTOpa.

C' | SRS | 'D

R2
C — *D
2. lloaxkmounTte K Toukam C u D BONBTMETP MapaieibHO PE3UCTOPY.

3. 3aMKHUTE LIeTb U U3MepbTe cuity Toka I1 u Hanpsbkenne Ul

4. 3aMeHHTE NEPBBII PE3UCTOP BTOPHIM M U3MEphTE CUily ToKa [2 u HanpshkeHue
U2.

5. Honkmrounte mexay Toukamu C u D 00a pe3uctopa nocienoBaTenbHo.
[TapannenbHO UM NOAKIOYUTE BOJbTMETP. U n3MepbTe cuity Toka 13 u
Hanpsbkenne U3.

6. CoequHUTE PE3UCTOPHI NAPAJIETBHO U MOAKIIOUUTE UX MEKAY ToukamMu C u
D. IlapamnenbHO UM NOAKIIOYMTE BOAbTMETpP. W m3meppre crity Toka 14
Hanpsbkenue U4.

7. Pe3ynbpTaThl ©3MEpPEHUH 3auIInTe B TaOIUIy .

TabmuimaNel.
[Tonkmrouenune R; | Ilopkmrouenue R, | [locnenoBarensHoe | [lapannensHoe
MOAKJIFOUEHHE R MOAKJIFOUEHHE R
R2 R2
I, U, I, U, I Us I4 Uy

8. Paccuuraiite conporuBienus R;u R;

9. PaccumTaiiTe SKBUBaJEHTHOE COMPOTHBJIEHUE R;, mpu mocieqoBaTENbHOM U
napajuieIbHOM MOJKIIOYEHNUN PE3UCTOPOB B LIETIb.

10. Cnenaiite BBIBOJ O CIIPABEIJIMBOCTH MPUBEIEHHBIX BbILIE (DOPM.

KoHTposbHbIE BONPOCHI.
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1.CocTaBbTe 11enb U3 TPEX PE3UCTOPOB BCEBO3MOKHBIMU CIIOCOOAMHU H
paccunuTalTe SKBUBAJICHTHOE COMPOTURIICHUE B KOXKIOM U3 HUX.

2. Kak HYy>)XHO COE€JITMHUTH PE3UCTOPHI, YTOOBI YMEHBIIUTH COMPOTHUBIICHHUE TICTTH?
3. Hanmmmre 3akoH OMa Jij1 yyacTka 1enu. Yem yq4acToK ey OTIUYaeTCs OT
3aMKHYTOH 1LIernu?

JlabopaTtopHoe 3ansitue Ne 14
HccnenoBanue 3aBUCUMOCTH MOIIIHOCTH JIAMIIbl HAKAJIMBAHUS OT HAIPSKEHUS Ha
ee 3aKUMax

Ieanr padoThI: Ha ONBITE UCCIEIOBATH 3aBUCMMOCTH MOIIHOCTH, MOTPEOIIAEMON
JIaMITON HaKaJMBaHUS, OT HAIPSUKEHHS Ha €€ 3aKUMax.

YueOHbIE 32124

1. IlopmaBass pa3iW4HBIE HANPSDKEHUS OT MCTOYHMKA, C IIOMOLIBIO peocTara,
MU3MEPHUTH TOK U BBIYMCIIUTH MOLIHOCTE 110 popmyne P = U,

2. YCTaHOBUTH 3aBHCUMOCTH MOLIHOCTH JIAMIIGI OT HAMPSKEHUS rpaduuecKuM
METOJIOM.

OGopyaoBaHMe: KMCTOYHUK IMTAHUS, KJIOY, PEOCTAT, BOJLTMETP, AMIIEPMETP,
JaMIIa.

Kparkass Teopusi: Ipd IPOTEKAHWH TOKA II0 OJHOPOAHOMY YYACTKy LIEIH
SIICKTPUYECKOE TI0JI€ coBepiiaeT padory. 3a Bpems At 1o 1ienu mporekaer 3aps
Aq = IAt. DnexTpuyeckoe moJie Ha BBIICICHHOM y4acTKe coBepIuaeT paboTy, u,

CIIeZI0BaTeNIbHO, OTHOIICHHE paboThl K MHTEepBany Bpemenu AL, 3a koTopoe 3Ta

paboTa Oblja cCoBepIlicHA Ha3bIBAEMOE MOIITHOCTBIO, BRIUUCIIACTCS 10 hopMYyJIe:
2

P—A—UI—FR—U
At R’

PaGota snextpudeckoro Toka B CU Boipakaercst B koyisx ([x), MOIIHOCTD — B
Barrax (BT).

IHopsanok BbINOJIHEHUSI PA0OTHI:

1. Cobpath 2JIEKTPUYECKYIO IIEMb M0 cXeMe puc. 1.
2. 3aMKHYTh  LIeNlb, YCTAHOBUTH HA  JIAMIIE
HanOoJIbIIEe HANIPSDKEHUE.

3. YMEHBIIUTh  HaNpsOKEHWE  MpPU  TTOMOIIU
peocTara, 3anmucarh CHJIy TOKa M CHOBA BBIUYUCIIUTH
MOIITHOCTBH TOKa.

4. 3anecty gaHHbIE B Ta01. 1.

Puc. 1. Cxema

Tabnuua 1

N | UB | IA | P=IU,Br |
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S.HOCTpOI/ITI) Fpa(i)I/IK 3dBUCHUMOCTH MOIIHOCTH JIaMIIbl OT HAIIPSKCHUA Ha €C
3aKNUMax, BBI6paB COOTBETCTBEHHO MAacIlTad I10 pe3yjabTaTaM CBOHUX H3MepeHHﬁ.
ITo ocu OopAWHAT OTKJIAAbIBATH MOIMHOCTD, I10 OCH a6CI_II/ICC — HalIPs’KCHUC.

KoHTposbHBIE BONIPOCHI

1.V kakon Jyammel HUTH Hakaima Tomme: y  100-BarTHOM — wim
25-BaTTHOM IIPU OJHOM U TOM K€ HANPSKEHUN?

2. Y 5IeKTpOIUIUTKH YKOPOTHIIM CHHUPANIb HA MOJIOBUHY JUIMHBI. Kak n3MeHuTCs
MOIIIHOCTbh TOKA B IJIMTKE ITPU OJJTHOM U TOM XK€ HAPSKEHUH?

3. /IBe onuHakoBbIE Jiammbl, paccunTaHHele Ha 220 B, B oaHOM ciy4ae
BKJIFOYAKOTCSL B CETh MapaUIeNIbHO, B IPYTOM Cilydae — mociiefoBaTesbHo. Korna
MOIIHOCTh TOKa OoJible ¥ BO cKoybKo pa3? [louemy?

4. Jlamner 200-BartHast u 60-BaTTHas, pacCUUTaHbl Ha OJHO HAIPSIKEHHUE.
ConpoTuBieHue, Kakoi JaMiibl Oosblie? Bo ckoiabko paz?

5. MOXHO 1M MO SIPKOCTH CBEYEHUS AIIEKTPUUYECKOW JIAMIIbl CYyJIUTh O KOJUYECTBE
TEIJIOTHI, BBIIETSIEMON B HUTH JIaMIIbl TPU HATPEBAHUU AIEKTPUUYECKUM TOKOM?

JlaGopatopnoe 3ansitue Ne 15
Omnpenenenne 3eKTPOXUMUIECKOTO SKBUBAJICHTA MEIN

Heab padoThl: ONpPEAEIUTh ANEKTPOXUMUYECKUI SKBUBAJIEHT MEJIN.

Y4eOHble 3a1aum:

1. Onpenenuts  IEKTPOXUMUYECKUN SKBUBAJIEHT MEIW IpU  IPOBEACHUU
3JIEKTPOJIN3A pacTBOpa cysb(ara MeIau.

2. BBIUHUCIIUTD SIEKTPOXUMUYECKHUM SKBUBAJICHT ME/IU.

OO0opynoBaHme: BEChl C pa3HOBECAMH, aMIIEPMETP, Yachl, aKKyMYJISTOP, PEOCTaT,
KJIFOY, MEJTHBIE JIEKTPOJbI, COEAUHUTEIBHBIE IPOBOJA, DJIEKTPOIUTUYECKAsT BAaHHA
C paCTBOPOM MEIHOIO KyIlopoca.

Kpatkass Teopusi: DJIEKTpUUECKHII TOK B JJIEKTPOJIUTAX MPEACTABISET COOOM
nepeMelieHie HMOHOB OOOMX 3HAKOB B MPOTHBOIOJOXXHBIX HANpaBICHUSX.
[TonoxuTenbHble HOHBI JBUXKYTCS K OTpPULATENBHOMY 3JIEKTpoay (Katomy),
OTpHULIATEIbHBIE MOHBI — K TOJOXKUTEIbHOMY 3JIeKTpoAy (aHoay). Monbl oboux
3HAKOB NOSIBIIIFOTCS B BOJIHBIX PACTBOPAaX COJIEM, KMCIIOT U IIEJIOYEN B PE3YIIBTATE
pacIICIUIEHUsT YacTH HEUTPAJIBHBIX MOJIEKYJ. OTO SIBJICHUE Ha3bIBAETCSA
JJIEKTPOJIMTHYECKOH Jucconuanueii. Bo MHOrmx ciy4asx dJIEKTPOJIM3
CONPOBOXKJIAETCSI ~ BTOPUYHBIMM  PEAKUUAMH  IPOAYKTOB  Pa3JIOKEHMS,
BBIJICIIAIOIIMXCS HA DJIEKTPOJAX, ¢ MAaTEPUAIIOM JJIEKTPOJOB WM PACTBOPUTEIIECH.
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[TprumepoM MOXKET CIYKHUTh 3JEKTPOIN3 BOAHOTO pacTBopa cynbdara mean CuSO,
(MeIHBIN KyIOpOC) B TOM Clly4yae, KOT/Ia 3JEKTPO/bl, OMYyIIEHHBIE B AJIEKTPOJIHT,
U3rOTOBIIEHBI M3 Menu. [luccomnuanus MoJeKysa cylbdara Meau MPOUCXOAUT 1O

cxeme CuSO, < SO, ~ + Cu™™. Heiitpanbhbie aTOMBI Meu OTJIAralTcs B
BUJIC TBEPJOT0 OCaaKa Ha Karoje. TakuM MyTeM MOXKHO MOJYYHTh XUMHUECKH
yrctyio Meab. Mon SO~ ormaer aHomy ABa 3JCKTPOHA M IMPEBpAIaeTCs B
HEWTpaJbHBIA paauKall, BCTyIIAa€T BO BTOPHUYHYIO PEAKIIUIO C MEIHBIM AHOIOM:
50, + Cu = CuSO0,. O6pa3oBaBiascs MoJeKy1a cyibhara MEAU MEPEXOIUT B
pacTBop.

Takum 00pa3oM, NMpPH MPOXOKAEHHH IIEKTPHYECKOT0 TOKA 4Yepe3 BOIHBII
pacTBop cyabdara MeaH TPOMCXOAUT PACTBOPEHHE MEIHOI0 aHOAA M
oTJIOKeHHe Meau Ha katoxe. KoHuenTpauus pacreopa cyjibdara Meau npu
ITOM He U3MEHSETCSI.

3aKOH 3JICKTPOJIM3a ObUT AKCICPUMEHTAIBLHO YCTAHOBJICH AHTJIUHCKUM (DU3HMKOM
M. ®apaneem B 1833 r. 3akon @apazges omnpenensieT KOJIMYECTBA IMEPBUYHBIX
IPOJYKTOB, BBIJACIISIONIMXCSA HA 3JICKTPOJAAX MPU 3JICKTPOJIM3E: Macca BEIICCTRa,
BBIJICITUBIIEIOCS HA  OJIEKTPOJAE, INPSAMO MPONOpHUMOHAIbHA  3apsany O,
npomenmemy uepes snekrpoaut: M = kQ = klt. Bennuuny naswiBaror k
SIIEKTPOXUMUYCCKHM SKBUBAJICHTOM, JUIS KaXKI0TO BEIECTBA SIBJIACTCS BEIUIUHOM
ITOCTOSIHHOM:

_m KF]
-t lKnl

4
IHopsinok BbINOJIHEHUS PadOTHI HrH | T

1. OunctuTh HaXIAYHOW OymMaroil KaTOMHYIO IUIACTHHY, | - -
MIPOMBITh U MPOCYIINTh €€. Onpenenutb Ha BeEcax Maccy - — —
MJIACTUHKHU ¢ TOYHOCTHIO 710 0,01 r (m1).

2. COoCTaBUTBh IEKTPUUYECKYIO LIENb 10 CXeME puC. 1. : i

3. 3aMKHYTb LEMb U 3aMETUTh BPEMS BKIIFOUCHHS TOKA.
4. Tlpu momo1M peocTara B TeUEHUE BCel pabOThI
MOAACPKUBATH ITOCTOSTHHYIO BETUYMHY TOKA B ITpeaeax
ot 0,8 10 1 A. parHa
5. Yepes 15 MuHYT pa30MKHYTb LIEIb, BBIHYTh KATOJHYIO IIJIACTUHY, TPOMBITH U
IIPOCYILIHUTH €€.

6. OnpeaennuTh B3BEIIMBAHUEM MACCY KAaTOJHOM IUTACTUHKH (7112).

7. BerurcnuTh Maccy BIIETUBIICHCS MEIH 110 GOopMyJIie m= my- m;.

8. BBIYMCIUTD 3JIEKTPOXUMHUUYECKHI SKBUBAJICHT MEU TI0 popmyIie:
k m
It

9. BeIunCAUTh NOTPEMIHOCTD U3MEPEHHUS, 3aHECTH TaHHbIE B TA0II. 1.

Puc. 1. Dnextporurudeckas

Tabnuya 1

49



my Kr | mp Kt | mykr | I, A | t,c | k,KT/Ka | Kkpaen, KT/K | Ak, xr/Kn %

10. Cnenaiite BBIBOI.

KoHTpoJibHBIE BOPOCHI

1. Kak ompenenuth 3NEKTPOXMMHUYECKUM OSKBUBAJIEHT, €CIM IO OHIMOKE
B3BCUICHHYIO IUIACTUHKY BKJIIOUMJIM HE KaTOJIOM, a aHOJOM?

2. I3MeHUTCA 1M KOHILIEHTpAlMs MOJIEKYJ pPAacTBOpa MEIHOIO Kymnopoca IIpH
AIIEKTPOJIN3E, €CIIU aHOJI MEAHBIHN, TPaQUTOBBII?

3. byner nu BBIIENATHCS BEMIECTBO HA AJNEKTPOAAX B DIIEKTPOJIUTUYECKON BaHHE,
€CJIM UX BKIIFOUUTH B TOPOACKYIO CETh?

4. Ilouemy mnpu NPOXOXKIECHUM TOKA II0 PACTBOPY DJIIEKTPOJIUTA IMPOUCXOIUAT
IIEPEHOC BEIIECTBA, a P NPOXO0KICHUHN TOKA IT0 METAJUIMYECKOMY ITPOBOAY HET?
5. [IpuBeauTe npuMepsl NPUMEHEHUS JIEKTPOIIU3A.

JlaGoparopHoe 3anstue Ne 16
N3ydeHne 3JIeKTPUIECKOr0 IBUTATEIs IOCTOSTHHOTO TOKa (Ha MOJIEIH)
Ieab padoTbl: O03HAKOMHUTBCS C OCHOBHBIMH JCTAISIMU DJIEKTPUUYECKOTO
JIBUTATENIS MOCTOSIHHOT'O TOKA Ha MOJEIN ATOTO JIBUTATEIA.

ObOopynoBanme: MoOJC/Ib DJICKTPOJBUTATENA, MCTOYHUK THATAHUA, KJIIOY,
COCJIMHUTEJILHBIEC TTPOBO/IA.

Kparkast Teopusi: B ocHOBe pabOThI 37€KTpOABUTATENs, TAaK K€ KaK U reHepaTopa
NEPEMEHHOTO TOKa JIEKHUT — SBJICHUE AJIEKTPOMArHUTHOW WMHIYKIUH (SBJICHUE
OMMN). Snenne DMMU 3akmmtoyaeTcss B BOSHUKHOBEHUU 3JIEKTPUYECKOTO TOKAa B
MPOBOJALIEM KOHTYpE, KOTOPBIM JHOO MOKOUTCS B MEPEMEHHOM BO BpPEMEHU
MarHUTHOM T0Jie, JHOO JBUXKETCS B TOCTOSHHOM MAarHUTHOM TIOJI€ TaKUM
o0pa3oM, YTO YHUCJIO JMHUNA MAarHUTHOM WHAYKIIMH, MPOHU3BIBAIOIIMX KOHTYD,
MeHseTcs. CorinacHo 3aKOHY 3J€KTpOMarHUTHOM MHAyKuuu: IAC MHAYKUHMH B
3aMKHYTOM KOHTYpe PaBHA IO MOIYJI CKOPOCTH M3MEHEHUS] MArHUTHOIO
MOTOKA Yepe3 MOBEPXHOCTh, OTPAHUYEHHYI0 KOHTYPOM:

o

T

E-D1C nnaykiuu

@D-MardaUTHBIA TOTOK
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Ecan metamnuueckuii IMPOBOJHUK C TOKOM INIOMCCTUTb B MAIrHUTHOC II0JIC, TO Ha
IMPOBOJHHUK CO CTOPOHBI MAI'HHUTHOI'O IIOJIA 6yz:eT I[GﬁCTBOB&TB Cujia, KOTOpasa
Ha3bIBACTCS - CUIION AMnepa.

F =B-1.1-Sina

F- cuna Amnepa
B- uHAyKIIMS MarHUTHOTO TOJIS
i-c1J1a TOKa B POBOJTHUKE
|- nmHa MpOBOJHMKA

PabGoTta snexTponBurarens 3akirovaeTcss B paboTe cuiabl Amiepa 1o
BPAILICHUIO PAMKH C 3JICKTPUUECKUM TOKOM HIYIIUM TI0 HEH.

Nuaykrop (cTtaTtop) — 3MEKTPOMArHUT, COCIMHSIONIMNA MAarHWTHOE IOJie, B
KOTOPOM BpaIeTcs IKOPb.

Sxopb (poTop) — MOABMXKHAsI 4acTh AnekTpoasurarens. llletku- cosznmaror
KOHTAKT C MOJIyKOJIbIIAMHU, TOK ITOAAETCSA Ha Harpy3Ky.

OcCHOBHbIE PUYMHBI, IOYEMY HE pabOTaeT 3JIEKTPOBUTATENb!
1. OTcyTcTBUE KOHTAKTa MIETOK C MOJTYKOJIbIAMU;
2. Bo3Huk 00pbIB LIEMH;
3. [loBpexneHre 0OMOTKH SIKOPSI.

Eciu B mepBbIX JBYX Ciy4yasix Bbl BIOJHE CIIOCOOHBI CIIPABUTCS
CaMOCTOATENIbHO, HO B ciy4ae oOOpbpiBa OOMOTKH HYXHO OOpaTHUThCS K
npenoaasarento. llepen BkiItoueHUEM JABHUratTens cleAyeT yOeauThCsl, YTO SKOpb
MOJKET CBOOOJIHO BpalllaTbCs M €My HUYEro He MeIaeT, WHadye MPH BKIIOUEHUU
AJIEKTPOJIBUTaTeNIb OyNeT W3/1aBaTh XapaKTepHOE TyAE€HHE, HO BpalAaThCS HE
Oyner. Ilpm u3MeHeHMM HalpaBieHUSI TOKa B LIEMH, JABUTATENb BpallaeTcs B
POTHUBOIOIOKHYIO CTOpOHY.
IMopsaok BeINoJIHEHUs] padoOThI:

1. U3yunTe ycTpONHCTBO MOJEIHN IEKTPOABUTATEIS.
2. IlopknrounTe 3IEKTPOABUTATENb K ICTOUHHKY 3JIEKTPUYECKOTO TOKA.
3.Cmonenupyiite HEOOIbIION BEHTHIISITOP U3 KapTOHA.
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4. [TomensiiTe HalpaBIeHUE TOKa U 0OpaTUTE BHUMaHUE HAa paboTy
AIIEKTPOABUTATEIS.

KOHTpOJILHbIe BOIIPOCHI

1. Yem npuHOHMOMATBHO OTIWYAETCS 3JIEKTPOJABUTATEIb OT JIEKTPOrEHEPATOPa
NIEPEMEHHOT0 TOKa?

2. Ha xakoM sIBJICHUM OCHOBAH IIPUHLIUII JCUCTBUS SJIEKTPOJBUTATENA?

3. Kakas 4acTp 3leKTpOABUTATENS SBIISIETCS CTATOPOM, U Kakasi pOTOPOM?

4. OObsICHUTE 3aKOH JIEKTPOMAarHUTHOW MHTYKIIUH.

JlabopaTtopHoe 3ansatue Ne 17
N3ydeHune sBICeHUS 3JEKTPOMAarHUTHOU UHIAYKIIUU

Heab padoThI: N3yYUTh 3aKOHOMEPHOCTH SIBJICHUS 3JIEKTPOMArHUTHOW UHIYKIUU.
Y4yeOHblIe 3a1a4u:

1. 3y4uuTsp sIBIEHUE IIEKTPOMArHUTHON MHIAYKIIMH U YCIIOBHSI €TO
BO3HHKHOBEHHUSI.

2. PaccmoTtpeTs BOpOC O CBSI3M MAarHUTHOTO U AJIEKTPHYECKOTO TMOJIS.
ObopyaoBanmne: MUUIMAMIIEPMETP, KaTYIIKa-MOTOK, IIOCTOSTHHBIA MAarHuT,
ITaTUB C My(PTON U JanKOH.

Kparkas Teopusi: fBiieHME 3JIEKTPOMArHUTHOU
UHAYKIUH ~ OBLJIO  OTKPBITO BBLIAFOLIUMCS
anrnuickuM  ¢puzukom M. dDapaneem B 1831 T.
3aKJIF0YAETCS. B BO3HUKHOBEHHM DJIEKTPUUYECKOTO
TOKa B 3aMKHYTOM IPOBOJAILEM KOHTYpE IIpHU
U3MEHEHUM BO BPEMEHM MArHUTHOTIO IOTOKA,
MIPOHU3BIBAIOIET0 KOHTYp (puc. 1).

MaruautaeiM otokoM @ dyepe3 miomaapr S kKoHTypa Puc. /. MarHUTHBINM IOTOK
Ha3bIBAIOT BEIUYHUHY

¢ = BScos q,

rae B — Moaynp BEKTOpa MAarHWUTHOM MHAYKUWU; O — YroJI MEXKIY BEKTOPOM H
HOpMaJbl0 K IUIOCKOCTHM KOHTypa. HampaBnenune HopManu u BblIOpaHHOE
MOJIOKUTEIbHOE HalpaBieHHEe 00Xo/la KOHTypa CBsI3aHbl MPABHIOM IPABOTO
OypaBunka

OnpeneneHne  MarHUTHOTO — MOTOKAa  HETPYAHO  00OOHIMTH Ha  Cllydaid
HEOJHOPOJIHOTO MAarHUTHOTO TMOJISI M HEIUIOCKOTO KOHTypa. EnvHMIIa MAarHUTHOTO
notoka B cucreMe CU HazbiBaetcs BeOepoM (BO). MarHuTHbIN MOTOK, paBHBINA 1
B0, co3naercss MarHuTHBIM nosiem ¢ unayknued 1 Ta (Tecna), mpoHu3bIBaromm
I10 HANPABJIEHHUIO HOPMAJIU IUIOCKHMI KOHTYP IIoImansio 1 m%:

1B6 = 1 Tn- 1m2.
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dapaseii IKCIEpUMEHTAITLHO YCTAHOBUJI, UTO TIPY M3MEHEHUHW MarHUTHOTO TTOTOKA
B MpoBoAsIIeM KoHType Bo3HuKaeT JDJIC uHIyKIMH EHH,E[? paBHasi CKOpPOCTH

M3MEHEHUSI MarHUTHOTO TOTOKA Ye€pe3 MOBEPXHOCTb, OTPAHUYCHHYIO KOHTYPOM,
B34TOM CO 3HAKOM MHUHYC:
AD

MHE — E
Orta hopmyna HOCHT Ha3BaHue 3aKoHa Dapayest.
OnpIT  MOKa3bIBA€T, UYTO MHAYKIUOHHBIA  TOK,
BO30YXKJaeMbIii B 3aMKHYTOM KOHTYpP€ IPU U3MEHEHUU
MarHdTHOTO TIOTOKA, BCEr/la HampaBleH TakK, 4YTO
CO3/1aBAa€MOE€ MM MAarHUTHOE TI0JIE TIPEMSITCTBYET
W3MEHEHHI0 MArHUTHOTO TIOTOKA, BBI3BIBAIOIIETO
WHIYKIIMOHHBIA TOK  (puc. 2). DTO YTBEpXkICHHE,
chopmynmupoBanHoe B 1833 1., Ha3bIBaeTCS MPAaBUIOM
Jlenna.

B&?«i{,’. T \ \:'B.md

Puc. 2. Hpaﬁnno Jlenua

Ad
[IpaBmiio JIeHIa oTpaXkaeT TOT SKCIIEPUMEHTAIBHEIN (akT, uto K, n M Beerna

MMEIOT MTPOTHUBOIIOJIOXKHBIE 3HAKU (3HAK «MUHYC» B popmyiie Papanes). [Ipasuiio
Jlenua umeet riryOOKUI (PU3HYECKUI CMBICI — OHO BBIPAXXAET 3aKOH COXpPaHEHUs
DHEPIUH.

IHopsinok BbINOIHEHHS PA0OTHI.

1. 3akpenuTe B Janke IITaTUBa KaTylmIKy U
MOJKJIIOYUTE €€ K THE3AaM MUJUIMaMIIEPMETPa.

2. [lpubmmwxkast u ygansisi ¢ pa3HOM CKOPOCTBHIO
MarHuT K KaTyIlKe, YCTAHOBUTE IO MOKa3aHUSIM
MUJUTMAMIIEPMETPA, KaK 3aBUCHUT BEJIUYWHA
WHIYKIIMOHHOTO TOKa OT CKOPOCTH HM3MEHEHUS
MarHdTHOTO TIOJISI B MECTE pPaCMOJIOXKEHUs
karymku (puc.1).

3. YcraHoBuTe, 3aBUCHUT JIM  HamlpaBJICHUE
WHIYKIIMOHHOTO TOKa OT TOJIOKEHUS MOJIOCOB
JIBIDKYIIETOCS] MarHuTa.

4. IToBTOpUTE ONBITHI, 3aKpPENUB B JIAIKe
[ITaTHBA MarHuT, IPUOIMIKAs U yAQISIS K HEMY
U OT HETO KaTyIIIKY.

5. OnpenenuB HanmpaBiI€HHE HAMOTKU MPOBOJA B KaTyIIKE, HAMpaBJICHUE TOKA B
HE W HaIMpaBJIEHHWE MAarHUTHOTO MOJiI MarHuTa, MPOBEPhTE CIPABEIIUBOCTH
npasuia Jlenua.

6. 3anomHUTH TaOMI. 1.

Puc.1. YcranoBka mo HU3YUCHUIO SABJICHUSA
BHGKTPOMaFHHTHOﬁ HHAYKIOHUN

Tabnuya 1
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PAacCIIOJIOKCHUC ITOJIFOCOB U

HAIIPaBJICHUC UX IBUKCHUI
S S N N
Nt |[N| |S1 |Ss|

OTknoHeHUE CTPCIIKH MUJLIMAMIICPMCTpPa

HaHpaBJIeHI/Ie TOKa B KaTYIIIKC

Hamnpasnenue nosst KaTynku

7. Cnenatb BEIBOJI.

KonTposbHbIe BONIPOCHI

1. B yeM 3akitodaeTcsi CylHOCTb SIBICHUS SJIEKTPOMArHUTHOW UHAYKIIUN?

2. IlosicHuTe pUCYHKaMM W  OINMIIUTE OAKCIEPUMEHTaMH, B  KOTOPBIX
OOHapy>KHUBAETCs SIBJICHUE DJIEKTPOMArHUTHOM UHTYKIIUH.

3. Kakue ycnoBusi HEOOXOJIUMBI JIJIsi CYIIECTBOBAHMSI SBJICHUSI DJIEKTPOMArHUTHOMN
WHIYKIU?

4. YT0 NpPOUCXOAUT CO CTPENIKON TradbBaHOMETPA, €CIM MAarHuT OCTaBIISIIOT
HETOJBH>KHBIM OTHOCUTEIIBHO KaTYIIIKHU?

5. UTo MpOUCXOAUT CO CTPEIKOM TaJIbBAHOMETPA, €CIU KAaTYLIKYy BpallaTb BOKPYT
Maraura’?

JlaGoparopnoe 3anstue Ne 18
Omnpenenenre yCKOpEeHHsI CBOOOAHOTO MaICHUS ITPH TTOMOIIK MasTHAKA

Heab padoThl: U3MEPUTH YCKOPEHHE CBOOOIHOTO MAICHUS C TTIOMOIIIBIO
MaTeMaTU4YECKOr0 MasiTHUKA.

Y4eOHble 321a49u:

1. BeruncnuTh yckopeHue CBOOOIHOTO TaJeHUSI.

2. CpaBHUTH MOJYYCHHOE 3HAUYECHUE YCKOPEHHS C TAOJUYHBIM 3HAUCHHUEM.
O0opynoBanme: 4Yachl C CEKYHJIHOW CTpEIKOM, W3MEpUTENIbHAs JIEHTa C
norpemHocteio A, = 0,5 CM, mapuk ¢ oTBepcTHEM, HHUTh, IITATUB ¢ My(DTOH 1
KOJIBIIOM.

Kparkas Tteopusi. [l wu3MepeHus yCKOpEHHUs] CBOOOJHOrO  MajJcHUs
MPUMEHSIOTCS pa3HOOOpa3HbIE TPABUMETPHI, B YACTHOCTU MAsITHUKOBBIE TTPHOOPHI.
C wuX TmMOMOMIBIO YyAAeTCS U3MEPUTh YCKOpEHHE CBOOOJHOTO TMAaJCHUS C
a0COTIOTHOM MOTPEIIHOCTRIO mopsaaka 10~ m/c2.

B pabote ucnonb3yercss MpOCTEHINIT MasTHUKOBBIA MPUOOP — MAaTEMATUISCKUN
MasTHUK. [Ipy Manmbix pazMepax MasiTHUKa IO CPABHEHUIO C JJIMHOW HUTU U
HEOOJIBIITUX OTKJIOHEHUSX OT TOJIOKEHHS paBHOBECHS TIEPHO/] KOJIeOaHUs PaBEH
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[
T=2m |—
g

I[J'ISI YBCIMYCHUA TOYHOCTH HU3MCPCHUA IICPHOJAa HYXHO HU3MCPUTL BPCM:A L
JOCTAaTOYHO 0oab10ro unciaa N monHeIX KoJieOaHui MasTHHKA. Torz:a Imepuoa

T L
N

A yckopeHue cBOOOAHOTO MaICHUSI MOXKET OBITh BEIYHCIICHO TI0 (hopmyie:
AT2lN*

9= 7z

Manbie KoneOaHHsI MasTHHKA SIBISIIOTCS TapPMOHUYECKUMHU. DTO O3HAYaeT, 4TO
CMEIICHUE MAasTHHUKA OT TOJIOKEHHSI PAaBHOBECUS HU3MEHSETCS BO BPEMEHU 110
CUHYCOUJANbHOMY 3aKoHy. IloCKOJIIbBKY ypaBHEHME JBHUKEHUS  SIBISIETCS
OOBIKHOBEHHBIM  AU((depeHIMaIbHbIM YPaBHEHUEM BTOPOrO MOPSAAKA, IS
ONpEJENICHNs] 3aKOHA JBM)KCHHSI MasTHHKA HEOOXOJMMO 3a/aTh JIBa HAaYaJIbHbBIX
YCIIOBUSI — KOOPJUHATY M CKOPOCTb, U3 KOTOPBIX OMPEAEISIIOTCS JIBE€ HE3aBUCHMbIE
KOHCTAaHTBI:

x = Asin(8, + wt),

rae A — aMmityaa konebanuit Masitauka; 0, — HauanpHas Qasa KonebaHumil; W) —
[UKJIMYECKasl YacToTa, KOTOpas OIpelnessieTcss U3 YpaBHEHMs JABMXKEHUS.
JIBukeHue,  coBepUIaeMO€  MAasSTHUKOM,  Ha3bIBa€TCi  T'apMOHMYECKUMU
KOJIeOaHUSIMU.

IHopsinok BbINOIHEHHS PAadOTHI

1. YcranoBuTh Ha Kparo CTOJNA IITATHB. Y €r0 BEPXHEro KOHIA YKPENUTH C
MOMOILBIO MY(PTHI KOJBLO U MOJABECUTh K HEMY MIapuK Ha HUTH. [Ilapuk gomxeH
BHCETh Ha PacCTOsiHUU 1—2 cM OT noJna.

2. U3MepuTh J1eHTON AuHy | MasTHHKA.

3. Bo30ynuth koneOaHusi MasTHUKA, OTKIOHUB LIAPUK B CTOPOHY Ha 5—-8 cM u
OTILYCTHUB €rO.

4. VI3MepuTh B HECKOJBKUX JKCIEepUMeHTax BpeMs ¢ 50 koyiebaHu MasiTHUKA U

BBIYHCIHUT L ep:
t _ t1+t2+t3+”'
C - ’
P n
IJIe 7 — YKCIIO OIBITOB IO U3MEPEHHUIO BPEMCHHU.
BeruuciuTh a0CONMIOTHBIEC MTOIPEITHOCTH H3MEPCHHUS BPEMEHHU B Ka)KJIOM OIIBITE.

At:l: |t1_t

cpl

Atz = |I:2_ tcp |
Atg = |t3_ tcp |
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At,;l, - |t4_ tcp |
Ats = |t5— tcp |

5. BeraucnuTh cpeaHioo abCOIIOTHYIO MOTPEIIHOCTh U3MEPEHHS BpEMEHU

At., -

U pe3yJIbTaThl 3aHeCTU B Ta0. 1.

Tabnuua 1
I(_)Ilfl)i/ll”is t,c th’ ¢ At = |t o thl’C ﬂltI'-c;t:-’ C [,M gcp, M/c2
1
2
3
4
5

6. Berunciuth yckopeHue CBOOOHOTO NajeHus 1o hopmyie

42 N2
9o =177
P 1 tcpz

7. OnpenenuTb OTHOCUTENBbHYIO MOTPEIIHOCTh U3MEPEHUS.

KoHTpoJibHBIE BONIPOCHI
1. Ilpn Kakux yCIOBHUSX HUTSIHOW MAasgTHUK MOKHO CUMTATh MAaTEMaTHYECKUM?
2. B xakux eqununax B cucteMe CU uzmepstores:
a) IEpUO/I;
0) yacrora;
B) IMKJIMYECKASI YACTOTA;
r) paza konedaHuii.
3. 3anumuTe penieHrue ypaBHEeHHsI K0JIeOaTeIbHOTO IBHXKEHHUSL.
4. Iluknuyeckass yacToTra KojieOaHMW MasTHMKAa paBHa 2,5t pan/c. Haiinure
NEPHUOJI U YACTOTY KOJIeOaHUMN MasiTHUKA.
5. YpaBHenue nBuxkeHus maatHuka umeer Buj x=0,08 sin 0,4xnt. Onpenenute
aMIUTUTYJy, IEPUOJI U YACTOTY KOJIEOaHUH.

JlabopaTtopHuoe 3ansatue Ne 19
[Tomy4yenue n300pakeHus MPU TTOMOIIU COOUPAIOIIEH JIMH3BI
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Ieab padoThl: HAYYUTHCS TOJIYYaTh PA3IMYHbIC H300pAKEHUS TIPHU TOMOIIH
coOuparoiei JTUH3bI.

OO6opynoBanme: cobuparomias JMH3a, YKpaH, JJaMIia, U3MEepUTEIbHas JICHTa,
MOJICTaBKa C MPOPE3bIO.

Kpartkas Teopusi: JIuH3bI — mpo3paddbie, 0OBIYHO CTEKIISTHHBIC TEJA,
OTpaHUYCHHBIC ABYMS C(HEPUICCKUMHU TOBEPXHOCTAMH. JIMH3BI OBIBAIOT:
coOHMparoIre U pacCenBaronue X0/ Jydeid B COOMPAFOIIeH JTNH3E:

1) JIyuu, npoxosiuue 4yepe3 ONTUYECKUN HEHTP JIMH3bI, HE TPETOMIISIIOTCS.

A

JIy4, npoxoasmHuii depes
ONTHYEeCKHH HNeHTp He
MeHsIeT CBOero HANpaB-
JIeHHS

2) Jlyun mnapanienbHble TJIaBHOM onTudyecko ocu. Ilocine mnpenomiieHus B

coOuparomiel JMH3€e MPOoXoasT uepe3 PoKyc.

A
3 \

i: OF\

JIy4, nagaromui Ha JHH-
3y napasiaensno I'OO,
MOCJIE IMH3LI HIET Yepes
doryc

I'OO — rmaBHas onTUuyeckas oCh

3) Jlyun, mpoxozsmue depe3 (Hokyc, mocie MpeTOMICHHUS TOUIYT MapauiebHO

TJTABHOW ONITHYECKOM OCH.
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g o F

JIy4, nagarmui HA JIHH-
3y 4epe3 pokryc, mocie
noc/ie THH3BI HAET
napaiensHo I'OO

4) Jlyun mapajuiesibHbIe TTOOOYHOM ONTHYCCKON OCH, IMepeceKaroTcs B MOOOYHOM
dokyce.

A dokanbHasa
NNOCKOCTb 3
1 il
5
[V 4 ’{\ia
g F 0 A S
2
[OevicTBuTenbHoe
nodoyHas nsobpaxeHue
onTnyeckasl ocb

4-noGouHbI HOKYC

dopmysia TOHKOM JIMH3bI:

+1_1
f

1
d F

d-paccTosiHuE OT mpeaMeTa 10 JTUH3bI

f- paccTostHME OT JIMH3BI 10 U300pAKEHUS

F- dpoxycHoe paccTosiHue

D- ontnueckas cviia TUH3EI
Xoxa paboThI:

1. IIpu momomu JUH3BI TOJYYMM H300paKeHHWE OKHA Ha dJKpaHe. Yewm
Janbllle HAaXOIWUTCA OKpaH OT OKHA, TeM Oojee TOYHBIM OyneT 3HauYeHUe
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dboxycHoro paccrostHus. Jlyun uaymye u3 OKHa MOXKHO CUUTATh MapajuiebHBIMH,
nod3ToMy u3oOpakeHue Oyner HaxoauTbesa B ¢okyce nuH3bL DokycHoe
paccTOsTHUE — pacCTOSIHUE OT JIMH3BI 10 M300paxkeHus. M3mepwpTe (okycHoe
paccTosiHue JaHHOW JIMH3BI U 3aHecuTe B Tabmuiry Nel

2. Pacrionoxure j1laMIly, JUH3Y U 3KpaH BJIOJb OJHOW JIMHMM Ha CTOJE. 3.
[ToryunTe n300pakeHUe JaMIbl Ha SKpaHe B 3aBUCHMOCTH OT PACCTOSIHUS MEXIY
aamnoil u muH30M. [TorydeHHble JaHHbIe BHECHTE B TaOmuIy Nel.

Tabm.Nel
No dokycHOE Paccrostnue ot namnbl | Bua nzodpakeHus
oneITa | paccrosiHue F, cm 110 JINH3bI d, cM
1
2
3

3. Ilo dbopMyne TOHKOW JHMH3BI paccuuTaiTe (HOKYCHOE pacCTOSIHUE B
KaKJIOM W3 TPEX OMBITOB. M cpaBHHUTE 3TH 3HAYEHUS C OIMBITOM IPOBEIACHHBIM B
lmyHKTe.

4. CnenaiiTe BBIBOJI.
KoHTpoJsbHBIE BONIPOCHI.

1. Onpenenure yBeIuueHUe, 1aBaeMoe JIMH30M, (POKYCHOE pacCTOSTHUE KOTOPOU
paBHo 0,13 M, eciii mpeaAMET OTCTOUT OT HEE HA 15 cM.

2. Haiinure onTHYecKyro crily OOBEKTHBA, €CIIM OH JIaeT 25 KpaTHOE yBEIINYEHUE,
KOTJIa CJIaiil HAaXOAUTCS OT HETO Ha pacCTOSTHUM 21¢cMm.

3. CBeya HaxoAMTCs Ha paccTosiHUU 12,5¢M 0T cobuparoiiei JUH3bI, ¢
onTu4eckom cuioit 10cm.

JlaGopartopnoe 3anstue Ne 20

N3mepenue nokazaresns npesioMJIeHUs BEIIeCTBa
eab padoThl: HAYYUTHCS ONPENEATh KOAPOUITUEHT PETOMIICHUS CTEKIIA.
YyeOHble 3aga4n:
1. HaGmronaTh npeoMyIeHUE CBETA C MOMOIIBIO CTEKJISIHHOW IJIACTUHBI C JABYMS
napajuieIbHbIMU ~ TPAaHSIMU, UCTIOJIb30BaTh  3aKOHBI MPEJIOMJICHUS [T pacuera
MOKa3aTess MPeIOMIICHUS.
2. Onpenenuth TMOKa3aTellb NPEJIOMIICHHUS CTE€KJIa OTHOCUTEIBLHO BO3/yXa,
CPaBHUTH C TAOJUYHBIM 3HAYCHHUEM, OI[EHUTH TTOTPEITHOCTH.
OO0opynoBaHMe: WCTOYHUK AJIEKTPONUTAHUS, JIaMIa, KIIOY, 3KpPaH CO IIEJIbIO,
po3pavHas MIaCTUHA CO CKOIIEHHBIMU TPAHSIMHU, TIJIACTUKOBBIN KOBPHK, TUTAHIIIET.
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Kparkan TEeopus. IIpenomnenue — 310 U3MEHEHUE HaIpaBJICHU
pacIpoCcTpaHEeHusl CBETA, BO3HUKAIOLIEE HA I'PAHMIE pas3zesia IBYX IPO3PayHBIX
CpeIl WM B TOJIIE CPEBI C HEMPEPHIBHO U3MEHSIOIMMUCS CBOMCTBAMM.

3aKOH IIPEJIOMJICHUS CBETA IJIACUT, YTO JIyd NAAAarOlUi, Jy4 IHPEIOMIICHHBIM U
NEPIEHANKYJIAP, BOCCTABJICHHBIN B TOUKE NAJEHUSA JIyda K IPaHULE pa3lieiia IBYX
Cpel, JieXaT B OJHOM IUIOCKOCTH. OTHOLIEHHUE K€ CHHYCa yIja MaJeHus K CUHYCY
yria IpeJOMIICHUS €CTh BEJIIMYMHA ITOCTOSIHHAs I JaHHBIX JIBYX Cpel, He
3aBUCsALIas OT yrila NaJcHUs.

sina n,

= — = Ny,.
sinf ny 21

IHopsinok BbINOJIHEHHSsI PA0OTHI:

1. CobepuTe yCTAaHOBKY, KaK TIIOKa3aHO Ha
puc. 1. Jlammy, KJIF09 ¥ 3KpaH yCTaHOBUTE Ha
mianmer.  JlamMmy W K09 COSAMHUTE
IIOCJICAOBAaTEILHO M MOAKIIOYUTE K

HUCTOYHUKY AJIEKTPOIUTAHMUS. DKpaH s
pa3MECTUTE B 34 CM - "

OoT namimbl. Jlyd cBeTa, MpoWId 4Yepe3 IIEIb

JKpaHa JOJIKEH pacrpoCTpaHsIThCS

MEPIEHINKYJIIPHO €ro INIOCKOCTH.

2. BimoTHyr0 K  3KpaHy CO  CTOpOHBI,
IPOTHUBOIIOJIOKHOM — JlamIe, IIOJOXKUTE Ha
TUTAHIIET TUIACTHUKOBBIM KOBPHK, HAKPBITHIM JTUCTOM Oenoil Oymaru, a Ha HETro
IIPO3PAYHYI0 [UIACTHHY CO CKOLIEHHBIMHU IUIacTHHaMu. llmactuHy pacronoxure
TaK, 4TOOBI ay4 CBETa nazaai Ha cepeauny
e€ MaJoil mapajuieIbHOW rpaHu MoJ yriioM okoJio 50°.

3. OuepTuTe OCTPO OTTOYEHHBIM KapaHJallOM Ha JHUcTe Oymara KOHTYp
OCHOBAHUS IUIACTUHBI.

4. JIns mocTpoeHus Xoja Jiyda BHYTPH IUIACTHHBI CII€JaiiTe Ha JUCTE OyMaru 1o
JIB€ OTMETKM Ha IMAJAIONIEM Ha IUIACTHHY JIyd€ M JIy4e, BBIIICAIIEM W3
racTulbl (Touku A, B, C u D) Ha (cM. puc. 1).

5. OTKJIIOYUTE UCTOYHUK 3JIEKTPONUTAHUS pa30epUTE YCTAHOBKY.

6. Ucrionb3yst MeTKH, cJeJaHHble Ha JUCTe OyMaru, BOCCTAaHOBHUTE XOJ
MaJAoINIETOo JIyya U JIy4a, BBILIEAIIETO U3 IJIACTUHBI, U ONPEACIIUTE MOCTPOCHUEM
TOYKHM Ha KOHTYpE €€ OCHOBAHHUSI, B KOTOPBIX JIy4 BOLLIEJ U BBILIET U3 IUIACTHHBI.

7. IlocTpouiTe Xon jiy4a B IUIACTUHE.

8. B Touke, rae syuy Bolien B IUIACTHHY (Touka £ Ha puc. 2), BOCCTAaHOBUTE
NEPIEHIUKYJIAP K KOHTYpY €€ MaJlol napaienbHoi rpanu (npsimas MN).

9. O603HaubTe YroJ NajieHus U Yroi NpeIoMIICHHUS.

Puc. 1. YcraHoBka

60



10. Ot Touku E OTIOXKHWTE JBAa OTPE3Ka PABHOM JUIMHBI: OJUH BIOJIb JUHUU XOJa
najaromero Jyda (orpe3ok EP), npyroit — BIOJIb JMHUM XOJa Jyda BHYTPH
IJIACTUHBI U €ro MpoioJbKeHus (oTpe3ok EK).

11. U3 konmoB »Tux otTpe3koB (Touek P u K) Ha mnpsmyro MN onycture
MEPIICHIUKYJISPBI.

12. IlpoBenute HE0OXO0 UMbl U3MEPEHUS CTOPOH IPSAMOYTOJIBHBIX
TPEYTOJIBHUKOB U ONPEACIIUTE CUHYCHI YTJIOB NAJEHUs U npesiomieHud. [Ipu stom
YYTUTE, YTO B IPSAMOYIOJBHOM TPEYIOJIBHUKE CHUHYC YyIilda PaBEH OTHOIICHUIO
IIPOTUBOJIEKAILETO KATETa K THIIOTEHY3E.

13. Beruucnure 3HA4YCHUE [OKa3aTes MPEIOMIICHUSA BELIECTBA,
13 KOTOPOTO ClIeJIaHa NMpO3payHas IUIACTHHA.
a
n=-—
b Puc. 2. Xon cBeTOBBIX JTy4deil uepes
14. Beiunciiure 3HAaYEHUE CKOPOCTU CBETA B CTEKJISIHHYIO IUTACTHHKY

MJIACTUHE 1o dbopmyie abCOIIOTHOTO
NOKa3aTelisd MPEeIOMIICHHUS BEIIeCTBa

C C
n=—-v=-—
v n
rmec =3 - 108 M/C — CKOpOCTb CBETA.
Tabnuya 1
Ne a=PM, cMm b =KN, cm n v, M/c

DN | =—

KoHTpoJsbHBIE BONIPOCHI:

1.B uéMm cCylmHOCTh SIBJICHUSI TPEJIOMJICHHMS CBETa M KakoOBa NPUYMHA STOTO
SIBJICHUS !

2. ChopmynupyiTe U 3alUIINTE 3aKOH MPETOMIICHUS CBETA.

3. KakoB ¢wu3nueckuii CMBICT OTHOCHTEIBHOTO TIOKA3aTemsl TMPETOMIICHHS?
AOGCOIFOTHOTO MOKa3aTeNs IPEIOMIICHUS ?

4. Hanmmmre (Gopmyiy, BBIPKAIOMIETO CBSI3h OTHOCHTEIIBHOTO TIOKA3aTess
MpEJIOMJICHUST JABYX TpPaHMYANIUX CpeJl C KX aOCONIOTHBIMU TOKA3aTEISIMU
MPEJIOMIICHHUS.

5.B kakux cnydasx CBET Ha TpaHUIE pasjienia JBYX IMpO3pauyHbIX Cpea He
peIoOMIISIETCSA ?

JlaGoparopnoe 3ansTue Ne 21
OmnpeneneHue JIMHBI CBETOBOM BOJHBI C IIOMOIIBIO AU(PAKITMOHHON PEIIeTKH
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Henb padoTbl: HAYYUTHCA OMNPEIEIATH JUJIMHY CBETOBOW BOJIHBI C ITOMOILBIO
TU(PPAKIUOHHOMN PEIIETKH.

YyeOHunle 3aga4n:

1. [Tonyants AUGPAKITUOHHBIN CIIEKTP.

2. BpIUMCIUTB IJIMHY CBETOBOW BOJIHBI.

OOopynoBanme: aAUQpPaKIMOHHAS pelIeTKa, NpUOOp ISl ONPEAENICHUS JUTMHbI
CBETOBOM BOJIHBI, ICTOYHUK CBETA.

Kpartkas Teopusi: Orubanue CBETOM KpaeB OTBEPCTHI MJIM MajbIX IPEMSTCTBUI
HasbIBaeTcs aAudpakuuen csera. [udpakius cBera HAOMIOJACTCS C MOMOIIBIO
TUGPAKIIMOHHON  PELIETKH. JHuppakiiMOHHOM  pemIeTKoW  Ha3bIBaeTCs
COBOKYITHOCTb OYEHb OOJBIIOTO KOJUYECTBA Y3KHX, TECHO PACIOIO0XKEHHBIX
IapajuleNIbHBIX Iesiel. PaccrosHne Mexay LEeHTpaMHu JBYX COCEIHHUX ILIEIEH B
MUJUIMMETPAX Ha3bIBAETCS MOCTOSHHOM pemerku d. Hampumep, Ui pelIETKH,

umeromeii 100 meneii ma 1 MM, nocrosunas d pasaa 1/100 mm. Vcnosue
MaKkCcUMyMa TU(PPaKIMOHHONU PEHIETKH UMEET BUI:

Ad = kA,
rnek=20,1,2, ..
kA = dsing.

Tax xak k =1 (mabmopmaerca cmexktp 1-ro

nopsijika) B paboTe OmpenensioT JJIWHBI CBETOBOU
BOJIHBI (DMOJIETOBBIX M KPACHBIX JIydei 1o ¢hopmyIie:
A =d Sin ¢,
rjae d — noctosinHas pemeTku. M3 puc. 1 BugHO, 4TO

a
t = -

8P =7 v
Tak kak yrom (P Man, TO 0e3 CyLIECTBEHHOH AUPpOKUUOMEn peuEmKa
MOTPEIIHOCTA MOXKHO JOMYCTUTh, UTO Puc. 1. Xox nyueit
B IU(PAKIIMOHHOMN pelleTKe
tg @ = sin .
Torna st onpenesieHus JJIMHBI CBETOBOM BOJIHBI MOJydyaeM Gopmyy:
a

Iopsinok BbINOJIHEHUSI PAa0OThHI

1. I'msinst wepes AudpakiMOHHYIO PEIIETKY, HAIPABJISIOT MIEb MUTKA HA
HMCTOYHHUK CBETA TaK, YTOOBI HUTh HAaKaJIa JJAMITOYKH HAaXOIUJIACh IMOCEPEIUHE U
napasuiesIbHO IIETH.

2. U3mepsroT paccTosIHUE a OT LEHTPA IIECNIH 10 KPACHOU

1 (DUOJIETOBOM YaCTH PACIOJIOKEHHBIX TI0 00€ CTOPOHBI OKHA CIIEKTPOB.

3. Haxonst paccrosinue b ot nudpakiinoOHHON PEIIESTKH JI0 IIEIH.

4. U3MeHSIOT paccTosinue b 1 CHOBa HAXOISAT a.

5. JlaHHBIE€ TPEX OMBITOB C PA3HBIMU PACCTOSTHUAMU b 3aHOCAT B TaOJI. 1.
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Tabnuya 1

JIAHA
. Ne Paccrosaue | Pacctosgaue A
Bun nydeit BOJIHEI A,
OIIbITa a, MM b, MM
MM

Kpachbie 1

Kpachsie 2

Kpachsie 3
duonetoBbIe 1
duoneroBbie 2
duoneroBbie 3

6. Beraucnsior 3 pasa JIrHY BOJHBI OTAEIBHO JJIs1 KPACHBIX M (PUOJICTOBBIX JIy4eH
o ¢opmyie:
a
E:
1

rie d = — MM.
100

A=d

7. HaifTu mOTrpemiHOCTh M3MEPEHUU JTMHBI BOJHBI, CpaBHHUBAas pe3yJbTaT
U3MEPEHUs C TAOJIMYHBIM 3HAYCHUEM.

Tabnuya 2
JITMHBI BOJIH M COOTBETCTBYIOIINME UM I[BETA BUAMMOTO CIIEKTpa
Jlumsa I[Ber cniextpa
BOJIHBI, HM
760 — 620 KpacHb1it
620 — 590 OpaHxeBblii
590 — 560 Kentorit
560 — 500 3eneHbli
500 — 480 ["onmyGoit
480 — 450 Cunnii
450 — 380 DHOoIETOBBIN

KonTposbHbIE BONIPOCHI

1. Yem oObsicHsIETCS pay’KHasi OKpacKa MATEH KepocHHa Ha Bojie?

2. Ecoum B Tearpe BcTaTh 3a KOJOHHOW, TO apTHCTOB HE BUIHO, a rojioca WX
CJIBILITHO, TTOYEMY ?

3. [loueMy MakcUMyMbl B AU(PPAKIMOHHON pPELIETKE paclojaralTcs Kak CIeBa,
TaK M CIIpaBa OT HYJIEBOI'O MaKCUMyMa?

4. B uém pazauia B AuPpakiimoHHBIX KapTuHax pemérok ¢ 50 u 300 mrpuxamu
Ha OJTHOM MUJUITUMETpE?

JlaGopatopHoe 3anstue Ne 22
Hab6nronenue CrutoniHoro u JHHERYATOro CIIEKTPOB PA3IUYHBIX BEIICCTB
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Heasb padorbi: M3yueHue ¢ MOMOUIBI0 CHEKTPOCKONA CHEKTPOB UCIYCKAHHS U
MOTJIONIEHUS Ta30B U MAPOB HEKOTOPHIX BELIECTB.

YyeOHsnie 3aga4un:

1. C momoIpl0 HEOOXOJUMOTro O0O0PYIOBaHUS SKCHEPUMEHTAIBHO HaOII0aTh
CIUIOUTHOM U JIMHENYAThI CIIEKTPhI pa3JIMYHBIX BEIIECTB.

2. O6001IUTh U CUCTEMATU3UPOBATH 3HAHUS YUalIUXcs 10 TeMe «Bupl CieKTpoB»
OO0opynoBaHMe: CIEKTPOCKOII, CIIEKTpaJIbHbIE TPYOKH, MPUOOp sl 3aKUTaHMS
cnektpanbHbix  TpyOok (II3CT), cBerodunsTpsl, mTaTHB, IU(pPAKIIMOHHAS
pelieTKa.

Kparkas Teopusi: I3ydas sBiI€HME [HUCIEPCUU CBETA, Mbl [OJIy4YaeM
JIOTIOJTHUTEbHBIE CBEJIEHUS O BOMpPOCAaM O CJIOXKHOM COCTaBe Oeloro cBera.
OnpIT MOKA3bIBAET, YTO JY4YM PA3IMYHOM IBETHOCTH MPU MPOXOKIECHUU 4Yepes3
CTEKJIIHHYIO WJIHA KBapLEBYIO NPU3MY IPEIOMIISIIOTCS NO-Pa3sHOMY: KPacHBIE JIy4u
ciabee, ¢uoseroBsle cuiibHee. [IpuunHa HAOMIOJAEMOrO SIBIEHUSI COCTOUT B TOM,
YTO M3YYEHHs] PA3JIMYHBIX YACTOT UMEIOT OJUHAKOBYIO CKOPOCTh C B BaKyyMe, a B
Ipyroil cpene (HampuMmep, B CTEKJIE) MX CKOPOCTb HEOJMHAKOBA M 3aBHCHUT OT

C
4acTOThl KojiebaHuil. Tak kak kodduimeHt npenomiienuss 1 (N = =) 3aBUCUT OT
v

CKOPOCTH PaCHpOCTPAaHEHUS CBETOBBIX BOJH, TO JIY9d pa3HBIX YacTOT
PETOMIISIOTCS MTO-PAa3HOMY.

DTO sBJICHWE HOCHWT Ha3BaHHWE AUCHEpCHH. ECIM HA TyTH TPOMISAMNX dYepe3
OpU3MYy JIydeil MOCTaBUTh J3KpaH, TO JY4Yd Pa3IM4YHON IBETHOCTH MOMAAyT Ha
paznuYHbIE YYaCTKM DOKpaHa W Ha HEM TMOSBHUTCS IIBETHas TMojoca —
JENCTBUTETLHOE N300paKeHUE AUCTIEPCUOHHOTO (MPU3MATHYECKOTO) CIIEKTpA.

§) 4 32 1

il

Puc. 1. Criekrpockon

Ecaim npusmy mNOCTaBUTh MEXAY HWCTOYHUKOM CBE€Ta W OKYJISIPOM, MOKHO

paccMaTpuBaTh yepes OKYJISIp MHHUMOE U300paKeHUE CIIEKTpa.

B nocnexanem ciiydae moaydyuM Tak Ha3bIBaeMbIN criekTpockor. HaGmomare ciekTp

MO>KHO C TTOMOIIBIO CIIEKTPOCKOMa mpsiMoro 3penus (puc. 1, a). [Ipubop coctout us

TpyOBI 1 (puc. 1, 6), CIOXHOW MPU3MBI 2, COOMpAOIIEH JMH3BI 3, 3aKPETICHHOM

BUHTOM 4, IOCTOSIHHOM 111eJ71 5, OKyJispa 6.

Omnoit M3  OCOOEHHOCTEW  JAMCHEPCHOHHOTO  CIEKTpa  SIBJIAETCS  €ro

HEPAaBHOMEPHOCTh: KpacHasl 4acTh CIIEKTpa ckarta, PuosieToBast pacTsHyTa.

CnoBo «cnektp» B ¢uzuky BBEN WM. HblOTOH, MCIONB30BaBIIUN €ro B CBOMX

HAay4YHbIX TpyJax. B mepeBoje € JaThIHU CJIOBO «CHEKTP» O3HAYAET «IyX»,

IPUBEIAEHUE», YTO JOBOJIBHO TOYHO OTPAXXa€T CYTh SIBJIECHUS — BO3HUKHOBEHUE
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Npa3AHUYHON PaTyrd MPHU MPOXOXKIACHUH OECIIBETHOTO COJHEYHOTO CBETa 4epes3
IIPO3PAYHYIO CTEKIISTHHYIO IIPU3MY.

COBOKYNTHOCTh 4acTOT (WM JJIMH BOJH), KOTOpBIE COIEpPXkAaTcs B HU3IYyYCHUH
KaKoro-au0o BEIIECTBA, HA3bIBAIOT CIEKTPOM HcmycKaHus. OHu ObIBalOT TPEX
BH/JIOB.

CIUIOIIHOM — 3TO CHEKTp, COACpKAUIMM BCE JUIMHBI BOJIH ONIPEAEIEHHOTO
Juarna3oHa OT KpacHOro M 10 (uoneroBoro. CIUIOMIHOM CHEKTp H3Iy4aroT
HarpeThbie TBEPABIE U JKUJIKUE TeJla MO OOJIBIIUM JaBJICHUEM.

JImHenyaTsli — 3TO CIIEKTpP, UCIYCKAEMbI I'a3aMu, MapamMy Majou IUIOTHOCTH B
aTOMapHOM cOCTOSSHUU. COCTOUT W3 OTHAENBHBIX JUHUN Pa3HOrO0 WM OIHOTO
1[BETa, WMEWOIIMUX pa3Hble pacnoioxkeHud. Kaxnplii atom wH3dy4daeTr HaO0p
AIIEKTPOMArHUTHBIX BOJIH ONPEAEHEHHBIX YacTOT. [103TOMy XMMUYECKUI 3JIEMEHT
MMEET CBOM CIEKTP.

[lonocaTtelii — 3TO CIHEKTP, KOTOPBIM MCIYCKAeTCs Ta3oM B MOJEKYIIPHOM
COCTOSIHUU.

JIuHelyatble M I10J0CATBIE CHEKTPBl MOXHO IIOJIYYUTh IIyTEM HarpeBaHUs
BelIeCTBa (UTO UCHOIb3YETCA B JaHHOU J1TaOOpaTOpHOM paboTe) WM MPOIYyCKaHUU
AIIEKTPUYECKOTO TOKA.

ITopsaoK BeINOJTHEHUsSI padOThI

1. 3akpenuTh B BEPTUKAJIBLHOM TIOJIO)KEHUH CHEKTPAIbHYIO TpPYOKYy WIH B
Jepkarene 1abopaTOpHOro INTaTHBA, WIM BHYTpU Koxyxa mnpubopa II3CT.
CoeauHUTh KOHTaKThl 3aKPEIUIEHHOW B IITAaTUBE CIEKTPAIBHOM TPYOKH C
BBIBOJIaMH BTOPUYHOM OOMOTKM MHAYKIIMOHHOW KATYIIKH.

2. YcTaHOBUTH JAeprKaTeib CHEKTPOCKONA WM CHEKTPaJIbHOW TPyOKH B IITATHUBE
TaK, 4YTOOBl CpEIHSsi 4YacTh CIEKTPAJIbHOM TPYOKM NPHUXOAWIACH THPOTUB
KOJUIMMATOopa.

3. [IpuBectu B AeiicTBUE MHAYKIHOHHYIO Karymky wid npubdop [I3CT, monyuauts
CBEUEHHUE Ta3a B CIEKTPaJIbHOU TpyOKe.

4. [IpoBeputh, NapajuiesibHa JU IIENb KOJUIUMATOpa MperoMIIsIomeMy peopy
npu3Mbl. [IpoBepUTh TOYHOCTh YCTAHOBKH 3PUTEIHLHON M KOJUIMMATOPHOU TpPyO
(cieKTpaJIbHbIE JIMHUH JIOJKHBI OBITH YETKUMHU ).

5. PaccMoTpeTh TONydeHHBIM JUHEHYATHI CIEKTP W OOpaTUTh BHUMAaHHE Ha
XapaKTepHbIE ISl TAaHHOTO BEIECTBA CIIEKTPAJIbHbIE JINHUU.

6. CpaBHUTH MOJYYEHHBIN JIMHEWUYATHIN CHEKTP ¢ M300pakeHUueM ero B Tabiule.
3apucoBath (CXeMaTHUYECKH) CIEKTP B TETPAIH.

KounTposabHbIe BONPOCHI

1. [Toyemy nMHeW4YaTble CHEKTPbl HCIYCKAIOTCS  BEIIECTBOM  TOJBKO B
ra3zo000pa3HOM COCTOSHUH ?

2. Ilouemy y pa3HbIX XUMHUYECKUX 3JIEMEHTOB JIMHENYATHIE CIEKTPBI PA3INYHBI?
3.Yem oTIMYarOTCAd JIMHEWYaTble CIEKTPbI, IMOJYYEHHbBIE C IOMOIIBIO
CHEKTPAJILHONW MPU3MBI OT CHEKTPOB, MOJYYEHHBIX C HOMOIIbIO AUPPAKIIMOHHOM
peueTku?
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4. BynyT nM M3MEHSTHCS 4acTOTa, JUIMHA BOJIHBI, LBET NPHU IMEPEXOJEe 3E€JIEHOr0o
CBETa U3 BO3/yXa B BOAY?
5. YeM OTIM4aroOTCs CIEKTPBI UCITYCKAHUS U TOTJIOIEHUS ?

JlabopaTtopHoe 3ansatue Ne 23
N3yuyenue TpekoB 3apsKEHHBIX YaCTHI]

Heab padorbi: [lo dororpadum TpexkoB ABYX 3apsDKEHHBIX YacTHUIl B Kamepe
Bunbscona, uaeHTUGUIMPOBATh HEU3BECTHYIO YACTHILy M OIPEACITUTh OCHOBHBIC
XapaKTePUCTUKHU 3TOM YaCTHUIIBL.

Y4eOnble 3a1aun:

1. ChopmupoBath >1eMEHTapHbIE HABBIKM M YMEHHsSI aHAIU3UPOBaTh GoTorpaduu
TPEKOB 3apSHKEHHBIX YaCTHUI]

2. [loayuuTs DJIeMEHTapHbIE HaBBIKK B 4YTeHUU ¢oTorpaduil  JABUKCHUS
3apsOKEHHBIX YacTull, choTorpadupoBaHHbIX B Kamepe BunbcoHa.

Kpatkas Teopusi: BaxkHpIM »TanoM B METOAMKE HAOJIOACHHS CIIEJOB YaCTHUIL
SBWJIOCH co3/lanne kamepsl Bunbcona (1912 r.). 3a aTo u3zobperenue Y. Bunbcony
B 1927 r. npucyxnena HobGeneBckas npemus (puc. 1).

B xamepe BuinbcoHa Tpeku 3apsKeHHBIX
YaCTHI] CTaHOBSITCS BUJIUMBIMU
Osarogaps KOHIIEHCAIIUHA
NEPEHACHIILIEHHOTO Mapa Ha MOHAax rasa,
00pa3oBaHHBIX 3apsSKEHHOM YaCTHUIIEH.
Ha noHax 00pa3yroTcsi Karuiu XKUIKOCTH,
KOTOpbIE  BBIPAc-TalOT JI0 pPa3MepoB
JOCTaTOYHBIX IS HaAOIIOICHU S
(1073 —10"* cm) n
dboTorpadupoBaHus MPU XOPOIIIEM OCBEIICHHH.

[TpocTpaHcTBEHHOE pa3peleHrue KaMephl

Bunncona o6erano & (0.3 MM. Paboueii Puc. 1. Kamepa BuiibcoHna
Cpelloil dyallle BCEro SsBIAETCS CMECh

napoB BoJbl M crnupra noxa pgasiaeHueM 0.1-2 armocdepsl (BoAsHON map
KOHICHCHUPYETCS TIIaBHBIM 00pa3oM Ha OTPHUIATENIbHBIX HOHAX, Maphl CIIHPTA — HA
MOJIOKUTENBbHBIX). [lepeHackilienue IOCTHraeTcsi OBICTPHIM  YMEHBIIICHUEM
JIABJICHUS 32 CUET pacIIupeHus pabouero oobéma.

Bpemsi 4yBCTBUTENBHOCTH Kamepbl, B TEUYEHHE KOTOPOrO MEPEHACHIIIEHUE
ocTaéTcsl JOCTATOYHBIM ISl KOHACHCAllMM Ha MOHAaX, a caM O0BEM MPUEMIIEMO
MPO3pavHbIM (HE TEPEeTrpy’KCHHBIM KarelbKaMu, B TOM 4HCIe U (POHOBBIMH),
MEHSIETCSI OT COTBIX JOJeH CEeKyHIbl 1O HECKOJIbKMX cekyHI. [locie 3toro
HEOOXOJMMO OYHMCTUTH pabounii 00bEM KamMephl W  BOCCTAHOBUTH €€
YyBCTBUTEIBHOCTh. TakuM 00pa3om, kamepa BuiabcoHa paboTaeT B MUKIMYECKOM
pexume. [loHoe Bpems 1ukia 0ObI4HO OoJbiIe 1 MUH.

IHopsinok BbIMOJIHEHHSI PadOTHI:
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1. Ha doTtorpaduu TpexoB 3apsHKEHHBIX YaCTHII, IBUTABIIMXCS B MATHUTHOM TIOJIE,
BBIJICJIUTH JIBa HauOoJiee TOJICTBIX UCKPUBIICHHBIX TpeKa (puc. 3).

YacTuibl JBHTAIMNCh B MarHuTHoM mnone ¢ wuwHayknumeir B = 2,2 T,
HAIIPaBJICHHOW NMEPIIEHAUKYISPHO K PUCYHKY.

1. U3meputs pannycbl KpUBHU3HBI TPEKOB. st 3TOrO I
HAaWJUTE LEHTP KpuBH3HbL. Ha HayanpHOM y4acTke

TpEKa NPOBEIUTE JIBE XOPAbl U B CEPEAMHE K HUM
BOCCTAHOBUTE NEPHEHAUKYIAPBL. TOYKa IEepecedeHus
NEPHEHANKYIAPOB OyAeT IIEHTPOM KPUBU3HBI TpEKa. R
Takum oOpa3om, u3MepbTe 00a paguyca KPUBU3HBI C
MIOMOIIBI0  U3MEPUTEIIBHOW  JIMHEWKH,  YYUThIBad

Macitad puc. 3. 0
2. BeiBenute pacuetHyto (hopmyiy IS ONpeAeIICHUS

MOJYJSl CKOPOCTM Ul HEHU3BECTHOM  YACTHULBL.
YpaBHeHHe JBHKCHUS TUTSt IIPOTOHA

B MaroHmTHOM II0JICE UMECT BU: Puc. 2 OHpCI[eHCHI/IC

F.HOPE‘HU;H — FHEHTPOCTPEM paIII/cha KpI/IBI/IgHBI TpeKa
5 muv?
vg = .

q r
OTcro/1a ClIeyer:
v = q:1R.B

1 — ’
my

rae A 9,6-107 Kn /KT — yjieTbHbIN 3apsil POTOHa,
my

R, — paanyc KpUBHU3HBI TPEKa MPOTOHA.

3. 3Has CKOPOCTh U3BECTHOM YaCTHUIIbI, ONPEICIIUTE yICIbHBINA 3apsi]l HEU3BECTHOMN
YaCTHULbI, TAK KAK CKOPOCTH YAaCTHIL PaBHBI Uy = U, = U.

G _ v

m, R,B
4. CpaBHMB IOJYYEHHBIA PE3YILTAT C TAOIUYHBIMU JAHHBIMH, OIPEAEIUTH SIPOM
KaKOT0 2JIEMEHTA SBJISIETCS 3TA YACTULIA:
— st rermust 4,3x107 Ku/kr
— nns gedirepus 4,85x107 Ki/kr
— quist Tputas 3,2x107 Kii/xr
5. CnenaTh BBIBOJI.
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LY

Puc. 3. ®otorpadust TpeKoB 3apsSKEHHBIX YACTHII

KonTposbHbIE BONIPOCHI

1. KakoBbI NpUHIUITBI IEVCTBUS KaMepbl BUIIBCOHA U IMy3bIPbKOBOM KaMEPHI?
2. Kak onpenenuTp HalpaBJIeHUE BEKTOPA MATHUTHOW MHAYKIIMU HA PUCYHKE?
3. Hanmcarp Henocrarolee 0003HauEHUE B CAEAYIOLUX SIEPHBIX PEaKLIUAX:

83Zn+ in -?+3He
?+1H - 22Mg + tHe
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41 44 1
%9K+?—> ZECQ + 1H
iH+y—gnt?
- 235
4.Crkompko O u [}~ pacmagoB wuCmbITBIBAaeT ypaH —o,U B mpomecce

NOCJIEI0BATEIBHOIO IPEBPALLIEHHS B CBUHELL ngPb?
5.3anucaTh peakUHMIO HEMOCPEICTBEHHOIO MpPEBpAIlEHUs aKTUHUA 227 BO
dpanmuit 223. Kakoit pacnan 31ech IMEET MECTO?
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3. YCJI0BuUs PEAJIM3ALIUN PABOYEM ITPOI'PAMMBbI
YYEBHOU JUCIIUIIJIMHbI

3.1. TpeGoBanusi K MHHUMAJIBHOMY  MATEPHAJbHO-TEXHUYECKOMY
o0ecrne4eHn 10

Peanuzanus nporpamMmbsl TpeOyeT Hanuuusg ydeOHOro kabuHeTa U jJabopaTopuu
1076370978

O6opynoBanue yueOHOTO KabnHETa U pabOYMX MEeCT KaOWHETa:
MapThl YYCHHUUCCKHE,
pabouuii CTOJ U CTYJ IPEToaBaTers,
J€MOHCTPAlMOHHBIN CTOJI,
ayJUTOpHAs JIOCKa,
mKadbl JUTSI XpaHEHUsT 000pyT0BaHUSI.
TexHU4Yeckue cpeacTBa O0yUCHUS:
KOMIIBIOTEP, TPOCKTOP, SKPaH.

O6opynoBanue 1abopaTopuu U pabovnx MecT JabopaTopuu:
CTOJIbI YYEHUYECKHE,
J€MOHCTPAlMOHHBIN CTOJI,
CTYJ MpemnoiaBaTes,
mKadbl U1t XpaHeHUs1 000pyAOBaHUS,
ayIUTOpHAs TOCKa.

[lepeuenb 1a0OPaTOPHOTO OOOPYAOBAHUS:

1.060pynoBanue oOIIEero Ha3HAYEHUS: UCTOYHHK TOCTOSHHOTO M IEPEMEHHOTO
TOKa, KOMIUIEKT MPOBOJIOB COCIMHUTEIBHBIX, aMIIEPMETPhI, BOJIBTMETPHI, BECHI C
pa3HOBeCaMH, IIITaTUBBI, JUHAMOMETpP, OapoMeTp-aHEepOH],  CTEKJISTHHBIC
UJIUHAPHI, CTEKIISTHHBIC TPYOKH.

2.060opynoBanue g (PpOHTANBHBIX  JIAOOPATOPHBIX  pabOT,  BKIHOYAs
JEMOHCTPAIIMOHHOE 000pYy/I0BaHUE: HAOOpHI ISl BBITOJHEHHS J1A0OPATOPHBIX
paboT MO AJIEKTPUUYECTBY, DJIEKTPOJMHAMUKE, ONTUKE, KOMIUICKT JIa0OpaTOPHBIN
M0 JJIEKTPOJAMHAMHUKE, MAIIMHA AJIEKTPOPOpHasi, KOMIUIEKT Ja0OpaTOpHBIA IO
MOJICKYJIIpHON (HU3WKe W TEPMOJMHAMHKE, TpaHC(hOpMaTOphbl, THTPOMETP
IICUXPOMETPUYECKUN, 3BOHOK OJJIEKTPUYECKUN JEMOHCTPALMOHHBIA, MaHOMETD,
MallliHa SJEKTpUUecKas oOpaTuMas, MOJAENTb IS JEeMOHCTpanuii B o0beme
MarHUTHOTO TIOJIA, HA0Op KaJOPHUMETPUYECKHX T, PEOCTaThl, TEPMOMETP,
OropeTka, J03UMETp, MNpuOOp s ompeaesieHus KoddduiueHta JIUHEHHOTO
pacIIMpeHUuss C WHIUKATOPOM, MArHUTHI, CIEKTPOCKOI, CIEKTpalbHbIE TPYOKH,
npuodoOp ISl 3AKUTAHUSL CTIEKTPAIBHBIX TPYOOK, CBETODUIBTPHI, HU(PpaKIIHOHHAS
pernieTka.

[TeuaTHbIe TOCOOMS: TeMaTHYECKHUE TAOIUIIBI IO (hH3UKE (CTCHIBI).
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I/IH(I)OpMaHI/IOHHO-KOMMYHI/IKaTI/IBHBIC cpeacTBa: KOMIIJICKT HarJsiaHo-
MCTOANYCCKUX MATCPHUAJIOB II0 pa3aciiaM (bI/IBI/IKI/I.

3.2. UudopmanmnonHoe odecnevyenne o0yueHust
Ilepeyenbr pexkoMeHayeMbIX Y4eOHbIX wu3AaHuil, WHTepHeT - pecypcos,
JAOTOJIHUTEJIbHOM JIUTePaTypPbl

OCHOBHBIE UCTOUYHHUKH

1. Jloreunenko O.B. ®wusuka (musg CIIO). VYueOuuk : yueOHUK /
O.B. JlorBunenko. — Mocksa : KuoPyc, 2019. — 341 c. — ISBN 978-5-
406-06464-1 - https://www.book.ru/book/929950

2. Tpodumona T.1., dupcoB A.B. Kypc dhusuku ¢ npuMepamu peiieHus 3aaad
B 2-x ToMax. ToMm 1 : yue6Hoe mocodue / T.W. Tpodumona, A.B. dupcos. —
MockBa : KuoPyc, 2017. — 575c¢. — ISBN 978-5-406-05363-8 -
https://www.book.ru/book/919561

3. Tpodumona T.U., ®upcor A.B. Kypc busuku ¢ npumepamu pelieHus 3aaaq
B 2-x ToMax. Tom 1 : yue6nuk / T.U. Tpopumona, A.B. ®upco. — MockBa
: KnoPyc, 2017. — 577 c. — Hua CIIO. — ISBN 978-5-406-05612-7-
https://www.book.ru/book/921510

4. Tpopumona T.U., @upcoB A.B. Kypc ¢usuku ¢ npumepamu penieHus
3amay B 2-x ToMax. Tom 2 : yueOnuk / T.W. Tpopumona, A.B. ®upcos. —
MockBa : KuoPyc, 2017. — 378 c. — ISBN 978-5-406-05816-9 —
https://www.book.ru/book/924048

HOHOHHHTGHLHBIG HCTOYHHNKH

1. Tpodumosa T.N. duszuka or A go A : cnpaBounuk / T.W. TpopumoBa. —
Mocksa : KnoPyc, 2017. — 300 ¢c. — Jlins ccy3oB. — ISBN 978-5-406-
04671-5- https://www.book.ru/book/918094

2. Tpodumona T.U. duszuka: Teopus, pelieHue 3a1a4, JEKCUKOH : CIIPABOYHUK
/ T.. Tpopumona. — Mocksa : KaoPyc, 2017. — 315 ¢. — CIIO. — ISBN
978-5-406-00993-2 - https://www.book.ru/book/918094

3. Tpodumona T.N. KpaTkuii kypc QU3MKH ¢ IprUMepaMH PEIICHUs 3a/1ad :
yaeonoe nocodue / T.. Tpopumoa. — Mocksa : KnoPyc, 2017. — 280 c.
— CIIO. — ISBN 978-5-85971-880-1 - https://www.book.ru/book/927680
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4. KOHTPOJIb W OIEHKA PE3YJIBTATOB OCBOEHUA

JACHUTILIAHBI

Pe3yabTaThl 00y4yeHus

DopMBbI U METObI
KOHTPOJISI
pe3yJabTAaTOB 00y4eHUs

B pesynbrare uzydeHuss y4ueOHOro

npeamera  «Puszuka»  oOydaromIuiics
HAYUYUTCS:

— JEMOHCTPUPOBATHh HA MPUMEPAX POJIb U
Mecto  ¢u3uku B (OpPMHUPOBAHUU
COBPEMEHHOW HAy4YHOM KapTUHBI MHUpa, B
pa3BUTUHA  COBPEMEHHOM TEXHHUKH U
TEXHOJIOT MU, B IIPAKTUYECKON

JEATEIIbHOCTH JIIOIEH;

—  JEMOHCTpPUpOBaTh Ha  IpUMEpax
B3aMMOCBSI3b MEXAY (PU3UKOU U JPYTUMHU
€CTECTBEHHBIMU HAYKAMU;

— yCTaHaBJIUBATh B3aMMOCBSI3b
€CTECTBEHHO-HAYYHBIX SBJICHUI U
NPUMEHSTH OCHOBHBIE busnueckue
MOJIEJIN JUISl UX OTMCAHUS U OOBSICHEHUS;

— HCIIOJIb30BaTh uH(popmanuio

bu3MYEeCcKOro coAepKaHus MPH PEHICHUH
y4eOHBIX, MPAKTUYCCKHUX, IMPOSKTHBIX U
HCCIICIOBATENIbCKUX  3a/a4, HHTETPUPYS
“H(pOpMaIUIO U3 Pa3IMYHBIX UCTOYHHUKOB
U KPUTHUYECKHU €€ OIICHUBAS;

— pasnuyaTh W yMETh HCIIOJb30BaTh B
y4eOHO-HCCIIeI0BATEIHCKOM
NEATeIIbHOCTH METOJIbI HAay4YHOTO
no3HaHusi  (HaOJIOJIEHWE,  OMHCaHUE,
WU3MEpPCHUE, JKCIIEPUMEHT, BBIABHKCHUC
TUIIOTE3bl, MOJEIUPOBAaHUE U Jp.) U
dbopMbl HaydyHOro TMO3HAHMUS ((pakThl,
3aKOHBI, TEOPHH), JECMOHCTPHUPYS Ha
mpuMepax UX poJib U MECTO B HAYYHOM
MTO3HAHWH;

— TMPOBOJUTH TIPSIMBIE U KOCBEHHBIC
U3MCHECHUS bu3nUecKux BEIIUYHH,
BBIOWpAss M3MEpPUTEIbHBIE MPUOOPHI C
y4EeTOM HE0OX0IMMOM TOYHOCTH

V3MEpPEHUH, INIAHUPOBATh X0J1 U3BMEPEHU,

OcHOBHBIC MCTOJIbI KOHTPOJIA

3HAHUU: TEKYILHH,
MEPUOJIMYECKUI U UTOTOBBIN
KOHTPOJIb.

Texkymuit KOHTPOJIb

POBOAMTCS B popMme:

- YCTHOTO OIpOCa;
-MIUCHbMEHHOTO orpoca
(caMocTOSITEILHOU u
KOHTPOJILHOM paboThI);
-POBEPKHU BBITIOJIHCHUS
TUCHMEHHBIX JTOMAIITHAX
3aJaHuM;

- TECTUPOBAHUS TI0 TEMaM;

- TabopaTopHBIX paboT;
-TIIOJITOTOBKH COOOIICHMI;
-COCTaBJICHUS KOHCITEKTa
-HamucaHusi pedepatoB U
TBOPUYECKHUX padoT;

- CO3JaHMS NPE3EHTALUN I10
BBIOpAaHHOM TEMaTHKE.
Tekymas IpoBEpKa
MIPOBOJUTCS CUCTEMATUYECKH
u3 ypoka B ypok. Ilo uuciy
IIPOBEPSEMBIX M XapaKTepy
BOIIPOCOB TIPOBEpKA MOXKET

OBITH WHIMBUYaJIbHOM,
(dbpoHTaNBEHON 1
KOMOMHHUPOBAHHOM.
[lepuoanueckuii KOHTPOJIb B
dbopwme:

- THUCBMEHHOW pPaboOThI TIO
KOKIOMY pazueny
JUCITUTUTUHBI.
Ilepuonuueckass  mpoBepka

MIPOBOJUTCS TIO 3aBEPIICHUH
TeMbl (pazzena).
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MOJIy4yaTh 3HAYEHUE U3MeEpSEMOn
BEJINYMHBI U OLICHUBATh OTHOCHUTEJIBHYIO
MOTPENTHOCTD M0 33JJaHHBIM (hopMyIaMm;

— IPOBOJINTh UCCIIEIOBAHUS
3aBUCUMOCTEN  Mexay  (U3UYECKUMU
BEJIMYMHAMU: MPOBOAUTH H3MEPEHUS U
ONpENENsATh HAa OCHOBE HCCIEAOBAHUS
3HAYEHHUE MMAPAMETPOB, XapaKTEPU3YIOLINX
JAHHYIO 3aBUCUMOCTh MEXKITY
BEJIMUMHAMU, U JENaTh BBIBOJ C yYETOM
IIOTPEIIHOCTH U3MEPEHNN;

— HCIIOJIB30BAaTh ISl OMMCAHUS XapaKTepa
OpoTeKaHuss  (U3NYECKUX  IPOLIECCOB
¢duznueckue BEJINYMHBI u
JNEMOHCTPHUPOBATh B3aUMOCBS3b MEXIY
HUMU;

— HCMOJIb30BaTh MJI ONKCAHUS XapakKTepa
OpoTeKaHuss  (U3NYECKUX  IPOLIECCOB
(¢u3nyecKue 3aKOHbI C YYETOM IpaHUll UX
MPUMEHUMOCTH;

— pemaTh KauecTBEHHbIE 3a/1ayu (B TOM
YUCIIE U MEXIPEAMETHOIO XapakTepa):
WCIIOJIB3YS MOJIENH, dusznueckue
BEJIMUMHBl U  3aKOHBI, BBICTPAUBATH
JIOTUYECKHA BEPHYIO LEMOYKY OOBSICHEHUS
(okazaTenbCcTBA)  MPEJIOKEHHOTO B
3aj1aue mporecca (SBIeHuUs);

— pellaTh pacueTHbIC 3aJaud C SBHO
3aJlaHHON  (PU3WYECKOW MOJIETBI0: Ha
OCHOBE  aHaJIM3a  yCIOBHMS  33Jla4u
BBIICISATH (DU3UYECKYIO MOJIENb, HAXOIUTh
dbu3nueckue  BEMUYMHBI U 3aKOHBI,
HEOOXOAMMbIE U JOCTaTOYHBIE ISl €€

pelIeHus,  MPOBOAUTH  PAcCyeTbl WU
MIPOBEPATh TMOJYYECHHBIA pE3yJbTar; —
YUYUTHIBATh rpaHuULbI MIPUMEHEHUS

W3YUYEHHBIX (PUBMYECKUX MOJCNICH TMpu
peleHnn PU3NUECKUX U MEKITPEAMETHBIX
3a7ad4;

—  WUCTOJIb30BaTh  HMHPOPMALUIO |
MPUMEHSTh 3HAHUS O MPHUHIIUAIIAX PAOOTHI
Y OCHOBHBIX XapaKTEPUCTUKAX U3YUYCHHBIX
MaITiH, TPUOOPOB U NPYTUX TEXHUIECKUX
YCTPOMCTB JUIsl PEHIEHUS] NPAKTUYECKUX,

dopma IIPOMEKYTOUHOU
aTTeCTallNM, YCTAaHOBJICHHAS
y4eOHBIM IJIAHOM B KOHIIE 2
CeMecTpa — 3allluTa IPOEKTa
U DK3aMEH.
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y4e0HO-UCCIIeTOBATELCKUX U TIPOSKTHBIX
3azad;

—  WUCIONB30BaTh  3HAHHUS O
duznyeckux 0O0BEKTax W TpoIeccax B
TIOBCETHEBHOM JKM3HH ISl OOeCTeueHUs
0e30macHOCTH  HpW  OOpallleHHuH  C
npudbopamMu u TEXHUYCCKUMU
YCTPONCTBAMH, TSI COXPAHECHHUSI 30POBBS
U COONIOACHHUS HOPM HKOJIOTHYECKOTO
MOBEACHUS B OKpYXalILIEeW cpene, s
NPUHATUS PEIICHUA B  ITOBCETHEBHOMN

KHU3HU.

dopma Kpurepuu onenku pe3yiabTaroB
KOHTPOJISt o0yueHust
pe3yJbTaTOB
00y4eHus
[IpoBepounas — «OTJIMYHOY» BBICTABJISAETCS O0y4aromeMycs, €cliu
pabora, paboTa BBINOJIHEHA TOJHOCTHIO, WM B HEH
KOHTPOJIbHAs UMEIOTCS HECYIIIECTBEHHbIE  OMIMOKH; Ha
pabora KAUECTBEHHbIE U TEOPETHYECKUE BOIPOCHI J1aH

NIOJIHBIA, UCYEPTIBIBAIOIINM OTBET JIUTEPATYPHBIM
SI3BIKOM c coOJIIOIeHHEM TEXHUYECKOM
TEPMUHOJIOTUM B ONPEAECICHHOW JIOTUYECKOU
MOCJIEJ0BATEIHLHOCTH, MPUBOJAUT HOBBIC
MPUMEPBI,  YCTAHABIMBACT  CBS3b  MEXKIY
M3y4aeMbIM U PaHEE U3YUYECHHBIM MaTEpUAIOM I10
KYypCy, YMEET MNPUMEHUTb 3HAHUS B HOBOH
CUTYallNH;

«XOPOIIIO» BBICTABJISCTCS OO0YyYarOIIEMyCs, €CIIH
paboTa BBIMOJHEHA TOJHOCTHIO WM HE MEHEe
gyem Ha 80 % oT oObeMa 3amaHus, HO B HEH
UMEIOTCSI ~ HENOYETbl W HECYIIECTBEHHBIC
OIIINOKMU; OTBET Ha KaueCTBCHHBIC u
TEOPETUUYECKHUE BOIIPOCHI YAOBJIETBOPSIET
BBILLICTIEPEYUCTICHHBIM TpeOOBaHUSIM, HO
COJICP’)KUT HETOYHOCTH B U3JIOKEHUU (DAKTOB,
OITPEICIIEHUM, MOHSATUMH, 00BICHEHUNU
B3aMMOCBS3€M, BBIBOJAX M PEUICHUW 3a7ay;
y4auumncs HCIIBITHIBACT TPYAHOCTH B
IIPUMEHECHUU 3HAHUM B HOBOM CHUTYallUW, HE B
JOCTaTOYHOW MEpE MCIOJIb3YET CBSI3HM C paHee
W3yYEHHBIM MAaTEPUAIOM.
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«YJOBJIETBOPUTEIHHO BBICTaBJISIETCS
oOydJaroiemMycsi, €ciii BbIIIOJIHEHa B OCHOBHOM
BepHO (0OBEM BBIMOIHEHHOM YacTH COCTABIISIET
He MeHee 2/3 oT obmiero o6bema), HO TOMYIICHBI
CYLIECTBEHHBIE =~ HETOYHOCTH;,  OOydJaromuncs
oOHapyXHBaeT MOHUMaHHE y4eOHOTro MaTepuana
IIPY HEAOCTATOYHOM MOJIHOTE YCBOEHUS ITOHATHN
M 3aKOHOMEPHOCTEH;  yMeeT  IpPHUMEHATH
MOJIyY€HHBbIE 3HAHUS TPHU PEIIEHUU MPOCTHIX
3a/a4 C HCMOJIb30BAaHUEM TOTOBBIX (POpPMYJ, HO
3aTpyAHSIETCS TPU PEIICHUHM KaueCTBEHHBIX
3alay M CIIOKHBIX KOJIMYECTBEHHBIX 3ajiad,
TpeOyromux npeodpazoBanus Gopmy.
«HEYI0BJIETBOPUTEIBHO BBICTABJISIETCS
oOyuyaromemycsi, eci paboTa B OCHOBHOM HE
BBITIOJTHEHA (0OBEM BBINOJHEHHONW YacTH MEHEE
2/3 ot obuero oobeMa 3afaHus); 00ydaronuncs
MOKA3bIBACT HE3HAHWE OCHOBHBIX MOHSITHIA,
HEMOHMMAaHNE HW3YYEHHBIX 3aKOHOMEPHOCTEH u
B3aMMOCBSI3EH, HE yMeeT pelarb
KOJIMYECTBEHHbIEC U KAUECTBEHHBIE 33/1a4U.

TectupoBanue

OnenuBaercs audhepeHuPOBaHHO B COOTBETCTBUU
C KPUTEPUSIMH OLICHOK (CM. TabIuUILy U3 1.5)

YcTHBIN onpoc

«OTIHNYHO» BBICTABJIACTCSA o6yan0meMycsl, CCJIn
OH IIOJIHO PACKpbLI COACPIKAHHWC MaTcphajla B

o0BeME, npeayCMOTPEHHOM MPOTPaMMOi;
U3JIOKUJ MaTepuanl TpPaMOTHBIM SI3bIKOM B
ONPEAECICHHOU JIOTUYECKOU
ITOCJICIOBATEIBHOCTH, TOYHO UCTIONb3YS

MaTEMaTUYECKyl0 M CHEIHAIM3UPOBAHHYIO
TEPMUHOJIOTUIO W  CHUMBOJIMKY; TPaBHIBHO
BBITIOJIHUT Tpaduueckoe n300pakKeHUE U HWHBIC
YepTeKU U TpauKu, COMYyTCTBYIOIIHE OTBETY;
oKasa yMEHUE WJUTIOCTPUPOBATh
TEOPETUYECKHE  TIOJNOXKEHHUS] ~ KOHKPETHBIMHU
IpUMEpPaMH, TIPUMEHATh MX B HOBOW CHUTyaIluu
IpY  BBITOJIHCHWM  TPAKTHYECKOTO  3aJIaHWS;

IPOJIEMOHCTPUPOBAII YCBOCHHE paHee
U3YYEHHBIX COMYTCTBYIOLIUX BOITPOCOB,
c(hOpMHUPOBAHHOCTH 17§ YCTOMYUBOCTH

UCIIOJIB3YEMBIX TPU OTBETC YMCHUN M HAaBBIKOB;
OTBEUAJl CaMOCTOSTEIILHO 0€3  HaBOMSIIUX
BOIIPOCOB.

«XOPOIIOY» BBICTABISIETCS] 00YyYarOMEeMycCsi, €CIu
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OTBET UMEET OJIUH U3 HEJOCTATKOB: B U3JIOXKEHUU
JOTTYIICHBI HEOOJbIINE npoOebl, HE
MCKA3UBIIKE JOTUYECKOTO U HMH(DOPMAIMOHHOTO
colepKaHUsi ~ OTBETa; HET  ONpeNeJICHHOM
JIOTUYECKON  TOCIIEOBATEIbHOCTH,  HETOYHO
UCIIOJIb3YETCS MaTeMaTh4yecKast u
CHeIHaTM3UPOBAHHAS TEPMUHOJIOTHSI u
CHUMBOJIMKA; JOMYILIECHBl OANH-IBa HEJ0UYeTa TpU
OCBECILIEHUU OCHOBHOTO COJEP)KaHUSA OTBETAa,
WCIIPABJICHHBIE TIO0 3aMEYaHMIO MPEroaBaTelis;
JOTYIIEHbI OIMOKa Wiu Oojiee BYX HEIOYETOB
MIPU OCBEIICHUH BTOPOCTETIEHHBIX BOMPOCOB WU
B BBIKJIAJIKaX, JIETKO  HCIPABJICHHBIE  TIO
3aMEYaHMIO WJIM BOIIPOCY MIPETNO/1aBaTelIs.
«YZIOBJIETBOPUTEIHHO BBICTaBJISICTCS
oOyuarolemycs, eciu HETOJIHO WIH
HEMOCINEOBATEIbHO  PACKPBITO  COJACPIKAHHE
MaTepuana, HO TIOKa3aHO o0Illee MOHNMAaHHE
BOMPOCa, UMEIUCH 3aTPYTHEHUS VI JTOMYIICHBI
OIIMOKHU B oTIpeIeTICHUN TIOHATHUH,
MCIIOJIb30BaHNN TEPMUHOJIOTHH, YEPTEXKAX, OJIOK-
CXeM U BBIKJIIAJKaX, WCIPABICHHBIE TMOCIE
HECKOJIBKUX HABOJSAIINX BOTIPOCOB
npernojaaBaress; 00y4aroImuics He CHpaBHIICS C
NPUMEHEHUEM TEOPUM B HOBOM CHUTyallMd TPH
BBITIOJIHEHUN  TPAKTUYECKOTO  3aJlaHus, HO
BBITIOJIHUAJT ~ 3a7jaHusi  00S3aTEIBLHOTO  YPOBHS
CIIOKHOCTH TIO JAaHHOW TeMme, TpH 3HAHHUH
TEOPETUUECKOTO Marepuana BBISIBJICHA
HeJoCcTaToYHasi CPOPMUPOBAHHOCTH OCHOBHBIX
YMEHHN 1 HABBIKOB.

«HEYIOBIETBOPUTEIHHOY BBICTABIISACTCS
oOyuaromemMycsi, €cil He PacKpbITO OCHOBHOE
colepkaHue y4eOHOro Marepuaina; oOHapy>KEeHO
HE3HAHWE WU HEMOHMMAaHUE OO0yJYaromUMCs
OonpInielt wim Hanbosee BaKHOM 4acTh y4eOHOTo
MaTepHaia; JOMYIICHbI OMMUOKH B OMPECICHUH
MOHSTHH, TIPU UCTIOJIB30BAHUHN TEPMHUHOJIOTHH, B
yepTekax, OJIOK-CXeMax W WHBIX BBIKJIAJKAX,
KOTOpbIE€ HE HCIIPABJICHbI IOCJIE HECKOJIbKHX
HABOJSIIMX BOITPOCOB MPENO/1aBaTENsl.

JlaGoparopHoe
3aHSTHE

«3a4TC€HO» BBICTABJISICTCA O6Y‘I&IOHICMYC$I, HE
HMCIOLIEMY HCYAOBJICTBOPUTCIIbHBIX
PE3YJIbTATOB 11O BCCM BUJIAM TCKYIICTO KOHTPOJIA
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yCIEeBAaEMOCTH, Ipe1yCMOTPEHHBIM
YTBEPKICHHOU paboueii IpOrpaMmMoun
JUCIUIUIMHBL, W (WJIM) TOKa3aBIIeMy 3HAHUE
OCHOBHOT'O Y4Y€OHO-IIPOTpaMMHOTO MaTepuaia B
o0beMe, HEOOXOIUMOM IS  JajdbHEHIIero
oOydeHus 1 npodeccuoHaIbHOU eATEeIbHOCTH;
«HE 3a4TCHO» BBICTABJISETCA OOydJaromemMycs,
MMEIOIIEMY HEYIOBIICTBOPUTEIBHBIA PE3yIbTaT
10 OJHOMY WJIM HECKOJBKHM BHIAM TEKYIIETO
KOHTPOJII  YCIIEBAEMOCTH, TIPEIyCMOTPEHHBIM
paboueil mporpaMMHOM JMCIUILIIMHBIL, W (WJIH)
MOKa3aBIIeMy MpoOesibl B 3HAHUU OCHOBHOTO
y4eOHO-IIPOrPaMMHOI0 MaTepurara.
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5. ®OHJAbI OHEHOYHbLIX CPEACTB

2 ceMecTp o0yueHHUH.
1. ®opma npome:xxyTouHnoii arrecrauum — «IIpoexkm»

[TpumepHBIE TEMBI TPOEKTOB MO (PU3UKE:

e AJbpTEepHAaTHBHAS YHEPreTHKA.

e AKyCTHYECKHE CBOMCTBA ITOJYIIPOBOIHUKOB.

o ®dusnueckrue NPUHLIHUIBI PYHKIIMOHUPOBAHUS WH(POPMAIIMOHHBIX U
TEJIEKOMMYHUKAIIUOHHBIX CUCTEM

e AtomHas ¢pusuka. M3otomnsl. [IpumeHenne pagnoakTMBHBIX H30TOIOB.

e bBECKOHTAaKTHBIE METO/bI KOHTPOJISA TEMIIEPATYPHI.

e DBHUNOJIAPHBIE TPAaH3UCTOPHI.

e Benuuaiiime OTKpHITUS PUUKH.

e DJEKTpUYECKHUE pa3psiabl HA CIIYXKO€ YeIoBeKa.

e BrusHue nedekToB Ha (pU3NYECKHE CBOMCTBA KPUCTAIIOB.

e BceiieHHasA U TEMHAst MaTEpUs.

e [onorpadus u ee MpUMEHEHNE.

e becnpoBoHas nepenayda dJIeKTpUIecTBa

o Jludpakuus B HalIeH >KU3HU.

o JKunkue KpuCTaIbI.

e 3HaueHUE OTKPbITUH | annies.

e lcnonp30BaHuE IIEKTPOIHEPTUH B TPAHCIIOPTE.

o Kiaccuukanus u XapakTepUCTHKHU 3JIEMEHTAPHBIX YaCTHUL.

e BO03M0XHOCTH COBPEMEHHBIX JIA3€POB.

e MukpoBoJIHOBOE u3iyueHue. [lonb3a u Bpen.

e MeToa MEUYCHBIX aTOMOB.

e Merobl HAOMIOACHUS U PETUCTPALIMU PATUOAKTUBHBIX U3IIyYEHUN U
YaCTHII.

e HanoTtexHonorus — MexauCUUIUIMHApHAs 007acTh pyHAaAMEHTaIbHON U
NPUKJIATHON HAYKH U TEXHUKU.

e Huxkouma Tecna: )xu3Hb 1 HEOOBIYAMHBIC OTKPHITHS.

e Onruueckue ABICHUS B IPUPOJE.

e OTKpbITHE U IPUMEHEHUE CBEPXIIPOBOIUMOCTH.

e [lonynpOBOAHUKOBBIE NTATUUKU TEMIIEPATYPHI.

e [IpuMeHEHHE KUAKAX KPUCTAILUIOB B POMBIIIEHHOCTH.

e [IpuMeHeHHE ANEPHBIX PEAKTOPOB.

e [lpupona peppomarueruszma.
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[TpoOneMbl 3KOJIOTHH, CBA3aHHBIE C UCIIOIb30BAHUEM TEIJIOBBIX MAIIUH.
[Tpe30nnexTpudeckuii 3pPeKxT ero npuMeHeHHe.

PenukToBoe uznyueHue.

CeHcopHbIe SKpaHbl U GU3NYECKUE TPOIIECCHI

CoBpemeHHas CHyTHUKOBAS CBA3b.

CoBpeMeHHBIE CPEJICTBA CBSI3U.

VY ckoputenu 3apsiKEHHBIX YaCTHII.

@®u3nKa B COBPEMEHHBIX TEXHOJIOTHAX

duznyueckre CBOMCTBA aTMOC(EPHI.

DOTORIIEMEHTBHI.

DKOJIOTHYECKHE MPOOIEMbI U BO3MOXKHBIE ITyTH UX PEILICHHUS.
Berporeneparopsl.

Bnugnaue atmocdepbl Ha paclipocTpaHEHUE IIEKTPOMArHUTHBIX BOJIH.
BiisiHME MarHUTHOTO NOJISL HA 3/10POBbE YEIOBEKA.

I'mpponnnamuka. YpaBHenue bepuyim.

N3rorosnenue Oatapen TepMonap U U3MEpeHUE TEMIEPATYPBHI.
N3rotoBneHne caMoA€IbHBIX IPUOOPOB JIJIsl IEMOHCTPALIUH IEHCTBUS
MarHUTHOTO MOJISl HA IPOBOJHUK C TOKOM.

I/I3M€pCHI/I€ BPCMCHH PCAKIIUHU YCIOBCKA HA 3BYKOBBIC H CBCTOBBIC CUI'HAJIBI.

Metoabl U3MEpEHNS apTEPUAIBHOTO AABICHHUS

BripamuBanue Kpuctaiios

HccnenoBanue 351eKTPUYECKOTO CONPOTUBIICHUS TEPMOPE3UCTOPA OT
TEMIIEPATYPbI

N3mepenne HHAYKIIMM MAarHATHOTO TOJISL IOCTOSIHHBIX MarHUTOB
[TpunIun paboThI MbE30JIEKTPUIECKON 3a)KUTAIIKH.

Ornpenenenue CreKTpalbHbIX TPAHUL YyBCTBUTEIBHOCTH YEJIOBEUYECKOTO
rj1a3a ¢ HTOMOIIbIO NU(PAKLIMOHHON PEIIETKH.

N3roToBiieHre U UCTIBITAHUE MOJEIH TEIECKOIIA

Hcnonb3oBaHre HHTEPHETA 7151 TOMCKA U300paKEHUI KOCMUYECKHUX
00BEKTOB U MH(OPMAIIUHU O HUX.

N3yuenune Termnopu3ndeckux CBOMNCTB HAHOKPUCTAILIOB.

N3mMepenre KOHLIEHTpaluy 3apsKEHHBIX YACTHULL B JIA3EPHOU IUIa3MeE.
N3mepenne pazMepoB MUKPOOOBEKTOB JIA3€PHBIM JTYYOM.

N3ydeHue 3neKTpOMarHuTHBIX MOJIei OBITOBBIX TPUOOPOB.
N3ydeHne 3J1eKTPOXUMUYECKUX CBOMCTB HAHOKPUCTAIIIIOB
ApXUTEKTypa MOCTOB.

[IpoekT HryMOM30JIALMOHHBIE IIATHI

[Ipoekt "YMHbIl 10M"

N3yuenune moromux cpeacts. Pu3nka Mblia.
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e [loBEpXHOCTHOE HATSKEHNE MBUIBHOTO ITy3bIpsl. ManeHbKoe 4y0 y Bac
JloMa.

e lccnenoBaHne CONPOTUBIICHUS TENA YEIOBEKA.

e lccnenoBaHne CEKTpa U3IIyYEHNsI HCKYCCTBEHHBIX HCTOYHUKOB CBETA.

e lccnenoranue a¢dexra Jlomnnepa B ”BMEHEHUU CKOPOCTH.

e MeTtoasl acTpoduznueckux ucciaeaoBanuii. Pagnoreneckonsl. OnTuyeckue
TEJIECKOIBL. YTJIOBOE Pa3peIIeHUe TEIECKOIIA.

e MoOuUIBHBIN TeIePOH C TOUKU 3PCHUS PUUKU.

e MoaenupoBaHue U UCCIIEA0BAHKE MpoIlecca 00pa30BaHus IJIaHETaAPHbIX
CUCTEM U YEPHBIX JIBIP.

e Mojens caMOJIBHXKYIIETOCSl yCTPOHUCTBA CTOCOOHOTO ABUTATHCS 110
3aJlaHHOM TPaeKTOPUH, OOHAPYKUBATh U OTUOATH MPETSATCTBUSL.

e Hayka Ha cTpae 310poBbsl. BiusiHME yabTpa3ByKa Ha OpraHu3M YEJI0OBEKA
U yIIbTPa3BYKOBAasl JUAarHOCTHUKA.

e HeGnaronpusTHbIE SKOJIOTMUYECKUE OCTIEACTBHSL paOOThI TEIIOBBIX
JIBUTATENCH.

e OOBEKTHOE JeMOHCTpUpoBaHue 3pdexTa Jlomiepa 1715 3ByKOBBIX BOJIH.

e TepMOUYyBCTBUTEIBHBIE MATEPUAIIBI.

e lICTOYHMKM SHEPIUH 3BE3I.

e DHeprus BeETpa.

e DHeprus U3 OPraHuYecKuX ya100peHui.

[IpoayKTOM MPOEKTHON JESATEIBHOCTH MOXET OBbITh JH00ast U3 CIEeIYIOIIMNX
pabor:
- MaTepUaJIbHBIN 00BEKT, MAKET, UHOE KOHCTPYKTOPCKOE U3/EIINE;
- IPE3EHTalMs], UHOW MYJIbTUMEIUNHBIN IPOIYKT;
- IMUChbMEHHasg paborta (3cce, pedepaT, aHAIUTUYECKHE MaTepHualibl, 0030pHbBIE
MaTepuaibl, OTYETHI O MPOBEAEHHBIX UCCIIEI0BAHUAX, CTEHA0BBIN JOKIAL U JIp.);
- XyZ0KE€CTBEHHAsI TBOpueckas padora (CBA3b (PU3MKHU C JIUTEPATypOr, MY3bIKOH,
M300pa3UTEIbHBIM UCKYCCTBOM, SKPAHHBIM MCKYCCTBOM), IIPE/ICTABIICHHAS] B BUJIE
PO3aM4YEeCKOr0  WMJIM  CTUXOTBOPHOIO  IPOM3BEIAEHUS,  HMHCLEHUPOBKH,
XYJI0O)KECTBEHHOM  JeKJIaMalii, WCIHOJHEHUs MY3bIKAJIbHOTO MPOU3BEICHUS,
KOMITBIOTEPHOW aHUMALUX U Jp.;

OT4éTHBII MaTepHas MO NMPOEKTY 00si3aTe/ieH U MpeAcTaBJIAseT co00i
TEKCT.

Odhopmnenue omuemnozo mamepuana:

Kpurepuu | OueHnBaeMoe MON0KEHUE | bann
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1. Crpykrypa | 1. TUTYABHBIN TUCT eHanuuue BCEX
paboThI 2. OrnaBneHue 37eMEeHTOB — | Gain
3. Benenue . OtcyrcTBUE
4. OcHoBHas 4acCTh HEKOTOPBIX DJIEMEHTOB
5. 3akmroueHue — 0 6aJU10B
6. CIIMCOK UCIOJIb3yEMbIX PECYPCOB
7. Ilpunosxxenus (1Mo He0OXOAUMOCTH)
2. 1. PabGora BBIIONHSAETCS HA  CTAH/IAPTHHIX | e Hanuuue BCEX
Odopmnenne | ctpanunax (pasmep A4) 2. Tekct meuaTaeTcs | 3meMeHTOB — | Oamn
mpudrom Times New Roman (pasmep mpudra 14 | o OrtcyTcTBUE
kerenb, 1,5 uaTepBan). 3aromoBku Caps Lock, HO HEKOTOPHIX DJIEMEHTOB
HE JKUPHBIM W HE KypcuBoM. OTCTYIBI CleBa- | — () GauioB
3cm,cipaBa-2 cMm, cBepxy-2 cM, cHU3y-1,5 cm 3.
Hywmepaiuss crpaHul] NpPOW3BOAUTCS B HIDKHEM
paBOM yriy. TUTYIbHBIN JTUCT CUATACTCS TEPBHIM,
HO He Hymepyercd. 4. O0bem Tekcta He Oosee 15
cTpanull. 5. Pabora pomkHa OBITH B Mamke coO
ckopocmuBareneM 6.  Cm.  TpeboBaHMS K
0(OPMIICHHUIO MYHKT 5.6
3. Beenenue 1. OOocHOBaHWE TEMBI, €€ aKTyaJbHOCTh Ha | e Hamuune BCEX

ceroaHAmHNN aeHb 2. [Ipobnema, npotuBopeune 3.
Ilens 4. 3amaun (He MeHee Tpex) 5. Meronbl u
MeTomukd 6. HoBU3Ha WM mpakTHYecKas
3HAYUMOCTDb (HOBI/I3Ha H IMPAKTUYCCKAsA 3HAYUMOCTDb
JIMYHO YIS YYaIIerocs)

9JIEMEHTOB — 1 Oanr

° OtcyrcTBHE
HEKOTOPBIX JJIEMEHTOB
— 0 OamoB

4. OcHoBHaA
4acTh

1. Teopetnueckast yactb 2.IIpakTrueckas yacTb

° Hanmaue BCEX
9JIEMEHTOB — 1 Oayur

o OtcyrcTBUE
HEKOTOPBIX DJIEMEHTOB
— 0 OamIoB

5. 3axiroueHue

BoiBoIBI - 3epKanibHOE OTpaXKeHUE BBEACHUS !
JIOCTUTHYTBI M TIOCTAaBJICHHBIE LIE€TH, PEIICHbI JIU
3aJa4u.

Hanuune  CTpyKTYpHpOBAaHHBIX  BBIBOJOB B
COOTBETCTBUU C MOCTaBJICHHBIMHU B Haydaje paboThI
3amadyamu. llenp w®  3agauMm 3aHOBO  HeE
HEPEUUCTISIOTCA.

° BrmBoasl
COOTBETCTBYIOT
COJICPIKAHUTO
MTOCTABIICHHON 1IN M
chopMyTUpOBaHHBIM
3agadyaM — 1 Oan

L OTCyTCTBYIOT
BBIBOJLI - 0 Oa/lIoB

6. Cnoucox
HCIIOJIE3YEMBIX

pecypcoB

Jr1o TEMaTU4YECKU
CHCTEMaTH3MPOBAHHBIH nepevyeHb
6ubnuorpaduyueckux CBEICHMM 00
UCTIOIB30BaHHOW JIMTEpaType, MMEeT Ha3BaHHE U
pacriosaraeTcsi B KOHIIE OCHOBHOTO  TEKCTa.
Bxurouaet B cebst 0053aTe€IbHO TOJBKO T€ padoTHhl,
KOTOpbIE aBTOp NPUBOAUT B TEKCTE, HAYMHAS OT
«BBEIIEHUS» O «BBIBOAOB». He momyctumo
BKJIIOYAaTh B CIIMCOK Pa0OTy, €clIM OHAa HHUTAE He
yIIOMHHANAch  YKa3bIBAlOTCS B al(aBUTHOM
nopsijike 1o (paMuiIny aBTopa, CHayasla Ha pycCKoM,
MIOTOM Ha WHOCTPAaHHOM si3bIKe. PaboThI OHOTO H
TOTO K€ aBTOpAa BKIIIOYAIOTCS B XPOHOJIOTHYECKOM

0TOOpaHHBIH u

eB paboTe ecTh CCHUIKH
Ha BCE YyKa3zaHHBIC
VCTOYHHKH.
KomnuecTtBo
UCTIONTB3yEMbIX
peCypcoB HE MeHee
TpeX— 1 6amn
O06s13aTenbHO
UCIIOJIb30BAHUE
JUTEPATYPHBIX
VCTOYHHKOB, a
TOJILKO
HuTepHeTpecypcsl.

HC
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MOpAIKE Hy6JII/IKaI_[I/II/I. HpI/IMep uepapxuu | eB pa60Te CCBIJIKH
HCTOYHHKOB CIHCKA JuTeparypbl: 1. HOpMaTuBHO- | TOMBKO Ha HEKOTOpHIE
IIPaBOBBIC AKTHI; 2. MaTepI/IaHBI IIPAKTHUKH, 3. YKa3aHHbIC UCTOYHUKU,
Jlutepatypa U mnepuoauMyeckue U3gaHUs; 4. | UCIOJIB30BAHBI TOJIBKO
JIutepatypa Ha HHOCTPaHHBIX s13bIKaX; 5. IHTepHET | HTEpHETpECYDPCHI,

uctounuku. - Ilompobunee na Referatwork.ru: | ucrounukon MeHee
http://referatwork.ru/spisok_literaturi/oformlenie_s | tpex — 0 GamioB
piska_lit eraturi_gost_7-1-2003_7-0-5-

2008_2014.html e ®HNO aBTopa (aBTOpPOB /
penaktopa); e HaumeHoBaHue mpPOU3BENCHUS
(ma3Banue kHUTH); HauMeHOBaHUE U31aTEILCTBA; ®
l'on u3nanus; e KonnuecTBO CTpaHULl B U3IAHUMU.
IIpumep: HexaeB, [I. A. Merammyeckue
KOHCTPYKIIMM B TMpUMepax U 3agadax: yueo.
nocobue / I'. A. Hexaes, 1. A. 3axapoBa.— M.:

N3p-B0  Accoumanuu — CTPOMUTENBHBIX  BY3OB,
2010.— 144 c.

Uroro:

1. Odopmienre Npou3BOAUTCA B CIEAYIOMIEM MOPSAIKE; TUTYJIbHBIA JIUCT,
OTJIABJICHHE, BBEJCHUE, OCHOBHAS YaCTh, 3aKJIFOUEHUE, CITUCOK JINTEPATYPHI,
npwioxkeHusi. Kaxxaas yacTb HaYMHAETCS C HOBOM CTpaHMIlbl. PaccrosiHue
MEXIY TJIaBOW M CIHEAYIOIIEH 3a HEW TEKCTOM, a TaKXKE MEXK]y TJIaBOW U
naparpadoM CoCTaBISIET 2 UHTEpBaa.

2. CokpamieHuss He JOMyCKalTcs (32 HCKIIOUYEHHEM  OOIICHPUHSTHIX
ab0OpeBuaryp).

3. Cxemsl, Tabnuia, 4epTeKH JOJKHBI UMETh CCHUIKA Ha MCTOYHMK JAHHBIX,
€CJIM OHU 3aUMCTBOBAHBI.

4. Tlonst cTpaHulibl: JIEBOE - 3 CM., IIpaBoe - 1,5 cM., HI>KHEe 2 CM., BEpXHee - 2
CM. 10 HOMepa CTpaHulbl. TeKCT neuvaraercs yepes 1,5 - 2 narepBana. Ecin
TEKCT HabupaeTcs B TEKCTOBOM peaakTope Microsoft Word, pekomeniyeTcs
ucnosib3oBaTh mpudpT Times New Roman, paszmep mpudta - 14 nr. [Tocne
3aroJioBKa, pacrojaraéMoro IMoCpeiuHe CTPOKH, He CTaBUTCA Touka. He
JIOITyCKAaeTCsl MOIYEPKUBAHKE 3ar0JIOBKA U TIEPEHOCHI B CJIOBAaX 3aroJjioBKa.

5. TUTyABHBIA JIUCT W OIVIABJICHUE BKJIIOYAIOTCS B OOIIYI0 HyMEpaluio, HO
HOMEp CTpaHUIIBI Ha HHUX HE TMPOCTaBIsSIETCs (PTO HE OTHOCUTCS K
comepxxanuto pedepara). Hymeparuss HaumHaercs ¢ 3-€il CTpaHUIBI U
noMmeliaercss BHU3y JucTa crpaBa. CrTpaHuibl pedepata HyMepyroTcs B
HapacTarIeM TOPSIIKE.

Oo0vem omuemnozo mamepuana:

OO0mmii 00BEM OTUETHOTO Marepuasa He MoOXeT ObiTh MeHee 10
MaITUHOTMCHBIX JINCTOB.

OneHuBaHue NPE3CHTALMA M 3alIUTHl  MPOEKTa TMPOUCXOIUT IO
pa3pabOTaHHBIM KPUTEPHUSIM.
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Kputepuu o1ieHKH coepKaHUs U 3alIUTHI MPOEKTA:

1. Kpurepuu opopmieHus: IpOEKTHOU pabOThI

2. Kpurepuu comepkanusi IpOEKTHONU pabOTHI

Kputepun

O1eHnBaeMoe€ IOJ0KEHNUE

bann

1.®opmynupoBka
TEMBbI

1. B Ha3Banuum 3aJOXKEH BOMPOC WM MpodiieMa,
BBIp@Xarolye 1enb Mpoekta. DOopMyIHpOBKAa  TEMbl
KOpOTKasi, €MKas [0 COJEP)KaHWIO, IpPHUBJIEKATEIIbHAS W
MaKCUMaJIbHO UHIUBUAYaAIbHAS.

2. Ha3Banue CIOuIIKOM JJIMHHOE,
OTpakarollee 11eib MPOeKTa

dbopManpHOE, HE

2. AKTyalbHOCTh U
OpPUTHHAJIBHOCTh
TEMBI

1. Tema wManou3ydeHHasi, TPAKTUYECKH HE HUMEIOIIas
OIIHCAHMUS, JUIS ~ PacKpbITUSL ~ KOTOpol  Tpedyercs
CaMOCTOSITENIBHO JIeJlaTh MHOTHE BBIBOJIBI, COIIOCTABIISS
TOYKH 3PEHUS U3 COCETHUX 00JIaCTeH MCCIIeIOBAHUS.

2. Tema ¢ J0OCTaTOYHBIM KOJHUYECTBOM «OCHBIX IISTCHY,
6o mpobiema IOCTaBieHA JOCTAaTOYHO OPHTHHAJIIBHO,
BCJICJICTBUE YEr0 TeMa OTKPBIBACTCS C HEOXHIAHHOU
ctopoHsbl. 3. Tema BceM H3BeCTHas, U3y4eHa MOAPOOHO, HO B
HEH MOSIBUIINCH «OeIbIe MSITHA» BCIICACTBUE HOBBIX JaHHBIX.
[Ipu 5TOM aBTOp HE CyMen IMOKa3aTh, YeM OOYCIIOBJIEH €ro
BBIOOp, KpOME€ CYOBEKTHMBHOIO MHTEpEca, CBSI3aHHOIO C
pElIeHreM JIMYHBIX TPOoOIIEM HIIN JTFOOOMBITCTBOM.

3. I'myOuna
UCCIIEIOBaHMS

1. PaccMmoTrpenue mnpoOIeMbl CTPOUTCS Ha JOCTATOYHO
IITyOOKOM COZIep KaTeIbHOM YPOBHE

2. PaccmoTpenue mpobsieMbl CTPOUTCST Ha COJIEPKaTeIbHOM
YPOBHE, ITyOMHA pPaCCMOTPEHUSI OTHOCUTENbHA

3. Pabora cTpouTCSI Ha OCHOBE OJIHOTO CEPHE3HOTO
WUCTOYHUKA, OCTalbHbIE — TMOMNYyJspHas JIUTeparypa,
UCTIOJb3yeMasl KaK MIUTFOCTPALUS

4. PaboTta MOBEpXHOCTHA, WJIJIIOCTPAaTHBHA, UCTOUYHUKU B
OCHOBHOM HMMEIOT NOMYJISIPHBIN XapakTep

4.
ITocaenoBaTeIbHOCTE
, CTPYKTYpHOCTh U
IIEJIOCTHOCTD
H3JIOKEHHUS
Marepuana

1. Henp peasn3zoBaHa TMOCJEIOBATENBHO,  CIENIAHBI
HEOOXO/JMMBIC BBIKIQJIKH, HET <JIMITHEH» WH(HOpMAIIHH,
neperpyaroleil TeKCT HeHY>KHbIMU TOJJPOOHOCTAMU

2. B pabore n100 ynyiieHbl HEKOTOpPbIE BaKHbIE APIYMEHTHI,
00 ecTh «IUIIHAS» UH(POpMAIUs, eperpyKaromas TeKCT
HEHYXHBIMH MTOJIPOOHOCTSIMH, HO B II€JIOM JIOTHKA €CTh

3. B paGore MOXHO 3aMeTUTh HEKOTOPYIO JIOTMYHOCTH B
BBICTpaWBaHWUU HH()OPMAINH, HO IIEIOCTHOCTH HET

4. Pabora mpezacraBiser co0oi OecCUCTEMHOE M3JI0KEHHE
TOTO, YTO U3BECTHO aBTOPY I10 TaHHOW TeMe

(O8]
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5. OreHka mpoayKTa
MPOEKTHOMN
NEeATeILHOCTH

1. TIpoaykT TMOJTHOCTBIO COOTBETCTBYET TPEOOBAHUSIM
KauecTBa  (d9CTETHYEH, yao0EH B  HCIOJIb30BAHHU,
COOTBETCTBYET 3asBIIEHHbIM 1emsM). [IponykT moseseH.
Ha3zBanbl noTeHIMaIbHBIE TOTPEOUTENN TPOILYKTA IPOESKTA.
2. IIpogyKT TmOJHOCTBIO COOTBETCTBYET TpeOOBaHUSAM
KauecTBa  (d9CTeTHYeH, yao0eH B  HCIOJIb30BAHHU,
COOTBETCTBYET 3asBIIEHHbIM 1emsM). [IponykT momneseH.
Kpyr nuii, KoTOpeIMH OH MOET OBITh BOCTPEOOBAH, yKa3aH
HEsIBHO.

3. MHWmertcs HebOombme
BBITIOJTHEHUS MPOTYKTA.

4. Pabota He COOTBETCTBYET TpEOOBaHMSIM KayecTBa
(3CTeTUYHOCTh, yI00CTBO B HMCMOJIb30BAaHUU, COOTBETCTBUE
3asIBJICHHBIM IIEJISIM).

3aMCUYaHus Io KauCCTBY

6. CoO0TBETCTBHE
JOCTUTHYTBIX
pe3yJIbTaTOB
[TOCTaBJIEHHOM IE€IH

1. Pe3ynbTaThl COOTBETCTBYIOT LIENH

2. Pe3ynbpTaThl HE B MOJHOW CTENEHU COOTBETCTBYIOT LIEIH,
HO UMEIOT IIPAKTUYECKOE 3HAYECHHUE

3. Pe3ynbpTaThl HE B IIOJHOM CTENIEHH COOTBETCTBYIOT LIEIU U
HE UMEIOT MPAKTUYECKOTO 3HAYEHUS

4. Her onncaHHBIX pe3ybTaTOB

7. KoppekTHOCTh B
MCIOJIb30BaHUU
JTUTEPaTypPHBIX
HMCTOYHHKOB

1. TexcT conepXuT Bce HEOOXOIUMbIE CCHUIKH Ha aBTOPOB B
TeX ciydasx, Korjaa aaercs nHbopMaius IpuHIUITHAIEHOTO
coJiepkaHusi (ONpesesieHusl, OIMCAHMS, XapaKTEpUCTHUKA,
MHEHHME, OIIeHKa U T.J.), IPU 3TOM aBTOpP YMEJIO UCHOJb3YEeT
4y)KO€ MHEHHME MpU apryMEeHTallMl CBOEM TOYKU 3pEHUs,
oOpariasch K aBTOPUTETHOMY UCTOYHUKY

2. Tekct comepxkuT Hambojiee HEOOXOIMMBIE CCHUIKA Ha
aBTOPOB B TeX Clydasx, Korja jgaercs HH(opMaius
MPUHIMIIMATIBHOTO COJEp)KaHus (OIpeneseH s, OMHCAHUS,
XapaKTepUCTHKa, MHEHHE, OLIeHKa U T.JI.)

3. [IpoTuBOpeunii HET, HO CCBUIOK JUOO MPAKTUYECKHU HET,
au00 OHHM Je’alTcs peaKo, Jaleko He BO  BceX
HEOOXOIMMBIX CITydasx

4. B paboTre mpakTUYECKU HET CCbUIOK Ha aBTOPOB TEX WIIU
MHBIX  TOYEK  3peHusi, KOTOphle  MECTaMH  MOTYT
IIPOTUBOPEUYUTH IPYT IPYTy U UCIOJIb30BaThCS HE K MECTY

8. CreneHnp
CaMOCTOSITEIILHOCTHA
aBTOpa

1. PaboTa oTiiMuaeTcss TBOPYECKUM MOIXO0I0M, COOCTBEHHBIM
OpPUTHHAJILHBIM OTHOIIICHHEM aBTOpa K Uee MPOeKTa.

2. Pa6ora CaMOCTOSITENIbHAS, JIEMOHCTPUPYIOILIAs
CEePbE3HYI0 3aMHTEPECOBAHHOCTh aBTOpa, MPEANPUHSATA
MTOTIBITKA TIPEJICTABUTH JIMYHBIN B3TJIS1 HA TEMY TIPOSKTa

3. ABTOp TpOSBHUI HE3HAYUTENbHBI HWHTEpEC K TeMe
MPOEKTa, HO HE MPOJIEMOHCTPUPOBATI CAMOCTOSITEILHOCTH B
pabote

4. Pabora mrabmoHHas,
OTHOILIEHHE aBTOpa

MmoKa3eIBaromas  (opmMalbHOE
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Hroro:

3. Kputepuu 3aiuThl IPOEKTHOM pabOTHI

Kpurepuu OrneHuBaeMoe M0JIKEHNE bann
1. KauectBo BeICTyIJIeHHs | 1. 3amuTa HCClieAoBaTeNbCKOM  paboThl | 3
(KOoMIIO3HULIMS, IIOJIHOTA | BBICTPOEHA YETKO
IPEJICTaBICHUsT  MJIeM, TMOAXOMAOB, | 2. JIOKIaguuK paccKa3blBae€T, HO He | 2
pe3yiIbTaTOB; APTYMEHTUPOBAHHOCTb, | OOBACHSET CYyTh pabOThI
yOeaUTeNbHOCTD U YOXKIEHHOCTB ) 3. Jowiamguuk pacckasplBaeT, LUTUPYS | 2
OCHOBHBIE€ MOMEHTBI
4. CozneprxaHue 3alUThl 3aYUTHIBACTCS 0
2. Ucnonb3oBanue | 1. ABTOp npeaocTaBuil IEMOHCTPAIIMOHHBIN | 3
JIEMOHCTPALIMOHHOT0 MaTepuaa MaTepual M TPEKpacHO B HEM
OpPUEHTUPOBAJICSA
2. JIeMOHCTpallMOHHBIN Matepuai | 2
UCIOJIb30BaJICA B JOKJIa/1e
3. IlpencraBiieHHBIM JEMOHCTPALMOHHBIN | 1
MaTepHall He UCIOJIb30BAJICS JOKIAAYUKOM
4. Her 1eMOHCTpallMOHHOTO MaTepuaia 0
3. KauectBo oTBeTOB Ha Bompochl | 1. OTBeyaeT Ha BCe BOIPOCHI 3
(momHOTA, apryMEHTHPOBAHHOCTh, | 2. He MoxkeT oTBeTuTh Ha OAMH U3 3 | 2
yOeauTenbHOCTh U yOEXJIEHHOCTb, | 3aJaHHBIX BOIIPOCOB
TIpyxKenooue, ctpemiienne | 3. He w™oxer ortBetuth Ha 1Ba u3 3 |1
MCII0JIb30BaTh OTBETHI JIUISl YCIEIIHOTO | 3alaHHBIX BOIIPOCOB
PacKpbITUSL TEMBI U CWIIbHBIX CTOpOH | 4. He MoxeT oTBeTUTH Ha Bce 3 Bompoca 0
paboTtsl). He Gonee Tpex BOpocoB.
4. Yposenb npencrasienus 3amuTel | 1. IIpousBoaut Xxopoiuee BreuyaTieHue 2. | 2
paboTel (KynbTypa peud, MaHepa | YyBCTByeT cebsi CKOBAHHO, HEYBEPEHHO 1
JIepHKATHCS nepen aynuropueit, | 3. He BmageeT cutyanueit
qyBCTBO  BpeMeHu  (3-7  MuH), 0
UMIIPOBU3ALIMOHHOE Hayaro,
yJiep>KaHle BHUMaHMsI ay IMTOPHH)
5. [lpe3enTanus 5
5.1. HIpudr Kenarenbno | TexcT nomxeH ObITh Xopomo BuaeH. Pazmep | 1
ycranasmuBath EJIMHBIA CTUJIb | mpudTa mOMWKEH OBITH  MAKCHMAIBHO
mpudTa 11 BCeH Mpe3eHTauu KpynHbIM Ha ciaije! CaMblil «MEIKui» 1
npeseHTauuu — mpudt 24 nr (Ui TekcTa) u
40 nr (mas  3aroioBkoB).  Jlyudme
ucnonp3oBath wmpudTH Arial, Verdana,
Tahoma, Comic Sans MS UnTepBan mexay
CTPOK — ITOJYTOPHBIN.
5.2. Coneprxanue nHpopmManuu IIpy mnoAaroTroBke TekcTa Mpe3eHTauuu B | 1

B MPE3CHTAMAX TOYKA B 3aroJIOBKax
HC CTaBUTCA

00s13aTeILHOM TOPSIIKE JOJIKHEI
coOmrofatbest  OOLIENPUHATHIE — MpaBHIIA
opdorpaduu, TyHKTyalluu, CTHJIMCTUKU M
npaBuia OpOpMICHHSI TEKCTa (OTCYTCTBHUE
TOYKH B 3aroJIOBKax Hu T.}I.), a TakKxXe MOFYT
HNCITIOJIBb30BaATHLCA O6H_[€HpI/IHSITBIe
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COKpaIIeHHUS. dopma  mpencTaBiIeHUs
uHpOpMALIUK  JIOJDKHA  COOTBETCTBOBATH
YPOBHIO 3HAaHUWA ayJIWTOPUM CIyLIaTeNeH,
JUISL KOTOPBIX JEMOHCTpUpYETCA
MIPE3CHTALNS

5.3. O6bem urpopMmanuu Paszmemarh
MHOTO MEJIKOTO TEKCTa Ha Cliaije
Heponyctumo! CylecTByeT MHEHME,
YTO Ha Claije JIOJDKHO  OBITh
pasmereno He Oonee 290 3HaKOB
(BKITROUAsT TPOOEITBI)

HenomycTumMo  3amonHATh OAMH  ClAiA
CITMIIKOM OOJIBIITUM 00bEeMOM MH(POPMAIIHH:
€IMHOBPEMEHHO YEJIOBEKY TPYIHO
3allOMHUTH OoJiee TpeX (DaKTOB, BBIBOJOB
WIH olpeeneHui. Haunbonbas
3pPEKTUBHOCTh  IEpeIadd  COJCPKAHUS
JOCTUTACTCS, KOrJa KIIOYEBBIC ITYHKTHI
OTOOpaKAIOTCSI O OJHOMY Ha KaXIOM
OTJICJIBHOM CIaize.

5.4

. Jln3aiin

Crioco0sb!1 BbIIeTICHHS HHPOPMALIUU

BaxxHO He Hapymatb 4yBCTBAa MeEpBI: HE
neperpyxarb ciaiipl, HO B TO e BpeMs U
HE pa3MelaTh CIUIOIIHOMN TEKCT..

Hcnonp30BaHue CIIMCKOB

Bonbime crivcku M TabaUIBl pa30oMBaTh HA
2 ciainaa.

Bo3zneiicTBue 1iBeta

Ha  omHom  crnaiine  pekomeHayeTcs
UCII0JIB30BaTh HE 00Jiee TpeX IBETOB: OIUH
Ju1s (hoHA, OJIMH VISl 3ar0JIOBKOB, OJIMH JIJIS
TEKCTa.

L{BeT dona TekcT momkeH OBITH XOPOIIO BHJEH Ha
T000M dKpaHe!

Pa3zmemenue HU300paKEeHHI u | Mnmroctpauuu pacnonararorcesl Ha clanjaax

dororpaduit Tak, 4TOOBI ClIeBa, CIpaBa, CBEpPXY, CHU3Y OT

Kpas Claila OCTaBaINCh  HEIIUPOKHUE
CBOOOJIHBIE TOJISL.

5.5. HarassaHocrhb
AHuMaImoHHbIe YPPEKTHI AHuManUsa He NOJDKHA OBITh HABI3YMBOWM!
He JOTTyCKaeTCst HCIIOIb30BaHNE

noOyKBEHHOH aHMMalUd W BpallleHus, a
TaKKe HCIIOJIL30BaHUE Ooiee 3-x
AHUMAIIMOHHBIX  3(QexkToB HA  OJHOM
clanne.

3ByK

My3bika 10KHA ObITh HEHaBA3uMBas, a €€
BbIOOD onpaBiaH!

EaunncTBO cTung

HenonmyctumMo wucnosibp3oBaHue B OJHOU
MpE3eHTalUN pa3HBIX 1abJIOHOB
odopmienus!

NTOTI'O
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[Tpunoxenue 1

MuHHCTEPCTBO HAYKU U BhICIIEro oOpazoBanus Poccuiickoit denepannu
®denepanbHOE rOCYIaPCTBEHHOE OIOKETHOE 00pa30BaTENBHOE YUPEKICHUE
BBICIIIET0 00Opa30BaHUs
«Y pumcKkHii TOCYTapCTBEHHBIN aBUAITMOHHBIA TEXHUYECKUN YHUBEPCUTET)
Y duMcknii aBUallMOHHBINA TEXHUKYM

IIpoexTHas padora
Tema: « »

Bemonnun: ©.1.0., rpynna
[Iposepwuur:

Vipa, 2022 1.
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TpeboBanus k npe3entanuu B Power Point

[Ipunoxenue 2

Ne TpeboBanust [Ipumeuanus

1. | OcHOBHBIE CtpyKTypa npe3eHTaluu: Ha 1-om crnailine pa3meniaercs
ClIau bl e J[iis mro0oro THNa nHpopmanus 06 aBrope. Knomnku
IIpe3eHTaluNu npe3eHTauuu: 1-biid craiia — HABUTAIlUU HY)KHBI JJIS1 OBICTPOTHI

TUTYJIBHBINA JIUCT — TEMA, aBTOD,
CBeZIeHUs 00 aBTOpE; 2-Mil CIIai/I
— coJiepKaHue MPE3EHTAIUU C
KHOIIKAMH HABUTALIMU; B KOHIIE —
CIIUCOK HCIOJIb3YEeMbIX
HMCTOYHUKOB 3aBEPIIAIOIIHIA
CJIai/1 — TIOBTOPEHHUE
nHpopmanuu o0 aBTope.

IIEpEMEILCHUS BHYTPU IPE3ECHTALUU
— K TI000MYy Cllaiiy MOXHO
nobpartbes B 2 menuka. CoOuonante
OCHOBHBIC NIPaBUJIA IIUTUPOBAHUS U
aBTOpckue mpasa!!! (0bs3arenbHO
yKa3aHue MePBOUCTOYHUKOB
MaTCpUAJIOB: OTKYyJa B35JI1
WUTIOCTPAIMH, 3BYKH, TEKCTHI,
CCBUIKH; KPOME MHTCPHCT-CCHIJIOK,
YKa3bIBAIOTCS M IEYaTHBIC M3/1aHHsI)

2. | Bumasl cnaitnos

Jlns obecnieyeHrs HATJISITHOCTH
ClIeTyeT UCIIONIb30BaTh Pa3HbIe
CIIOCOOBI pa3MeIeHUS
MH(pOpMAaIIUK U Pa3HBIC BUIBI
CJIalJI0B:

® C TEKCTOM

® C WJUTFOCTPAIUSIMU;

® C Ta0IMIIAMU;

® C TUarpamMmamy;

® C aHHUManuei

3. | Coxpanenue
Mpe3eHTalnN

CoxpaHsTh MPE3EHTAIUIO JTyUIIIe
Kak «JlemMoHcTparus
PowerPointy». C pacuupenuem

.pps

Torna B omHOM (haiisie oKaxyTcst
BCE npunoxenus (My3bIKa, CChUIKH,
TEKCTOBBIC JJOKYMEHTHI U.T.]I.)

OO01as oreHKa

36-44 0amIoB — «OTIUYHOY,

28-35 6aioB — «XOpOLIOY;

13-27 6ansioB — «yAOBJIETBOPUTEIHHOY;
MeHee 12 0ansioB - «HEYJOBIETBOPUTEIBHO
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2. ®opMa NPOMEKYTOUHOI aTTecTaAlUU — «IK3aMeH»
Bonpocs! 111 NOArOTOBKHU K DK3aMEHY

1. Mexanuueckoe BmxkeHue. Cucrema orcueta. OCHOBHBIE XapPAKTEPUCTUKH

MEXaHUYECKOTO ABMKEHUS (TPaeKTOpHs, IyTh, IEPEMELIEHUE, CKOPOCTD,

YCKOpPEHHUE). YpaBHCHUE JIBUKCHUS.

Cuia. Macca. 3akonbsl HproTOHa.

Buapl cuit: cuiia ynpyrocTtu, cujiia TpEHUs, CUjla TSKECTH, BEC.

Nmnynbce Tena. 3aKkOH COXpaHEHUsI UMITYJIbca. PeakTHBHOE ABUKEHHE

Mexanuueckass padota. MourHocTh. MexaHnyeckasi SHEpIusi U €€ BUJIbI.

3aKOH COXPAaHEHUS YHEPIUU.

JHaBnenue. /lapnenue raza. Eqununel qasnenus. [Ipubopsi.

7. YpaBHEHUE COCTOSIHHMsI HJEaTbHOIO rasa Jyulsl JaHHOW Macchl rasa.

[TpuBenenne o0beMa TaHHOM Macchl ra3a K HOpMajibHBIM YCIOBHSIM.

YpaBuenne Menneneena - Knaneiipona. MonsipHas ra3oBasi IOCTOSHHAS.

N3omporieccsl B razax u ux rpapuku.

9. AOGcoitoTHas M1 OTHOCUTENbHAS BIAXKHOCTH BO3yXa. CiocoObl
OIpPEENICHHS U YUeTa BIaXKHOCTU Bo3ayxa. [Ipubopsl. Touka pocsl.

10.OnekTpu3anms ten. B3anmonencTBre dNEKTPUUECKUX 3apAIOB. 3aKOH
Kynona.

11.Onexrpuueckoe nosie. HanpsskeHHOCTB JIEKTPUYECKOTO MOJIS.
['paduueckoe nzobOpakenue mosieut 3apsaoB. [IpuHIUIT CyTepIO3UIINH.

12.DOHepreruueckasi XxapaKTepUCTHKA MOJIS - HOTeHIMal. Pa3HOCTh
NOTEHIUAJIOB.

13.21eKTpOeMKOCTh MPOBOAHUKA. DIEKTPUUYECKAsT EMKOCTh I1apa.
Konpaencaropsbl, X coeiuHEHUs B OaTapero. JHEPrus AJIEKTPUUECKOTO MOJIs
KOHJIEHCATOopa

14.1ToCTOSITHHBIN ~ DNEKTPUYECKUH TOK, €ro XapaKTEPUCTUKHU. Y CIOBUSA
BO3HMKHOBEHUS AJIEKTPUUECKOTO TOKA.

15.ConpoTuBiieHHe  Kak  DJIGKTpUYECKass  XapaKTEPUCTUKA  PE3UCTOpA.
3aBUCUMOCTh COINPOTHUBJIEHUSI PE3UCTOpa OT Temmeparypbl. OmnpeneneHue
yAEIbHOTO CONPOTUBIIEHUS MTPOBOJIHMKA B JJAOOpaToOpHOU padoTe.

16.CoenvHeHne pe3ucTopoB.

17.PaboTta 1 MOIIIHOCTh TOCTOSTHHOTO TOKa. 3akoH J[>koymsi-Jlenna.

18.MccrenoBanne 3aBUCMMOCTH MOIIHOCTH  JIaMIIBI OT HAINpSDKEHUS Ha €e
3a)KUMaXx.

19.9/1C ucrounuka. 3akon Oma nis yyacTka U moJiHoW nenu. OnpenelieHue
O/1C ucToyHmKa U €ro CONpOTUBIIEHUS B TaOOPATOPHOI padoTe.

20.0neKkTpuuecKuid TOK B AJIEKTpoHUTax. JnekTtponu3. 3akoH Dapanes s
AIIEKTPOJIN3A.

21. IlomynpOoBOAHUKH. DNEKTPUYECKUI TOK B MOJyIpoBOoAHUKAX. [IpruMeHeHue.
DNEKTPOHHO-IBIPOYHBIA TEPEXO.

Al

o

o
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22. MarnutHOe Tosie. MarHutHas WHAYKOUSA. B3anMoaeicTBHE  TOKOB.
['padrueckoe n300paskeHre MAarHUTHBIX MOJIEH.

23. JlelicTBME MAarHUTHOIO TOJISI HA MPOBOJHUK C TOKOM. 3aKoH Amriepa. Pamka
C TOKOM B MarHUTHOM moJie. JlefiCTBHUE MarHUTHOTO MOJIs Ha ABMKYIIUICA
3apsa. Cuna JlopeHna.

24. Maruutssiii notok. ®opmyna. Enuauia usmMepeHus.

25. DnextpomarauTHag MHAYKIUA. OnbiTel @apanes. Bennunna J1C nHayKIuu.
3akoH JleHua a1 3NeKTPOMarHuTHOM MHAYKUIWU. DJIEKTPOMarHuTHasi TEOPUs
Makcseinna. BuxpeBoe 3neKTprudecKkoe moie.

26. SBnenue camonHaykuuu. MaayktuBHOCTh. DJ{C cCaMOMHIYKIIMH.

27. YpaBHeHHE TapMOHHUYECKOT0 KojeOaHusi, ero rpaduk. OCHOBHBIC
XapaKTepUCTUKU KOJICOaHUI.

28. DnexktpoMaruutHbeie  kosniebanusi. KomebarenbHbli  koHTYp. Dopmyna
MepHOo/JIa MIEKTPOMATHUTHBIX KOJICOaHHI B KOHTYpE.

29. Ilepemennblii TOK. [lonydeHne MEpeMEHHOIO CHHYCOMIAJIBHOIO TOKA IpHU
PaBHOMEPHOM BpAIICHUU BUTKA B OJHOPOJHOM MarHUTHOM mnoje. Ilepuoxa u
4acToTa MEPEMEHHOr0 TOKa. MTrHOBEHHOE, aMIUIUTYIHOE W JCHCTBYIOIIEE
3HAUEHMS HAIPSHKEHUS U CUIIBI TOKA. ['paduk n3MeHeHUs TOKa.

30. YcrpoiictBo 1 paboTa TpaHncpopmMaropa.

31. DneKTpOMarHuTHOE ToJe. [Toctynatsl Makcseinna. CkopocThb
pacnpoCTpaHEHUs! ANEKTPOMATrHUTHBIX BOJH. JlivHa BonHBL. M3nyueHue u
IIPUEM JIEKTPOMArHUTHBIX BOJIH. DJIEKTPUYECKHUI PE30HAHC.

32. Pagnocsasb. Paguo A.C.ITonoBa. OCHOBBI paIuOCBS3H.

33. 3akoHbBI OTpaXKeHUsI U npeaomyieHus: cBeTta. OTHOCUTENBHBIN U a0COTIOTHBIN
nokazarenu npeinomieHus. l[lomHoe orpaxkenne cBeta. [IpenmenbHblil yron
BHYTPEHHETO OTPaKCHHUS.

34. Unrepdepentus ceeta. MuTepdepenus ceera B TOHKUX IiieHkax. Kombia
Hprorona.

35. Mudpakuus cera. JudpaxmumonHas pemerka.  OnpeneneHus IIUHBI
CBETOBOI BOJIHBI C IIOMOIIBIO AUGPAKIIMOHHON PEIIETKH.

36. Mucnepus cBeta. Paznoxkenue 6enoro ceera npu3mMoid. CIUTONTHOM CIIEKTP.

37. YabTpaduoneroBsie U nHbakpacHobie 1yun. PentrenoBckue ayuu. CBoicTBa
Y IPUMEHEHHUE.

38. Buabl cnektpoB.Cnektp Connua. CnexktpaibHblii aHanu3. [lpubopsl amns
MOJIYYEHUS ¥ UCCIIEIOBAHUS CIIEKTPOB.BUIbI CIEKTPOB.

39. Illkana »neKTpoMarHUTHBIX BOJH. OXapakTepu30BaTh pPa3IUYHBIC BUJIbI
AIIEKTPOMArHUTHBIX U3TyUYCHUM.

40. ITpupona cBeta. B 4yeM COCTOMT DJJIEKTpOMAarHuTHas Mpupoaa cBera?
3aBUCUMOCTh ~ MEXJYy JJIMHOM  BOJIHBL,YACTOTOW  3JIEKTPOMArHUTHOTO
U3JIy4eHUus U cKopocThlo. KBaHTOBasi Teopusi cBeTa. 3aBUCHMOCTb MEKIY
DHEPrUeW KBaHTAa W YACTOTOW 3JIEKTPOMArHUTHOrO u3inydeHus. llocrosHHas
[Imanka.

41. dortosnekrpuueckuii 3¢ dext. 3akonsl CtoneroBa. YpaBHeHHE DWHIITEHHA
st pororddexra.
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42. JlaBnenue cBeta. PaGoter H.II. JlebenmeBa mo oOHapyKEHUIO U MU3MEPEHUIO
JIABJICHUS CBETA.

43. IIpupona cBera. ETMHCTBO KBaHTOBOM M BOJIHOBOW TEOPHUM CBETA. Y CIOBUSI,
IIPU KOTOPBIX MPOSIBIISIFOTCS. BOJTHOBBIE M KBAHTOBBIE CBOMCTBA CBETA.

44. Ctpoenus aroma. OnbiThl Pezepdopaa no uzydeHuro cTpoeHrue aroma.

45. Uznyyenue wu mnorjomeHue sHeprun aromMamu. Iloctynatel  bopa.
[IpoucxoxIeHHE JIMHENYAThIX CIIEKTPOB.

46. CocTaB aTOMHOTO sj1pa. M30TOImBI.

47. CoctaB atoMHbIX snep. AnepHbie cumbl. JledeKT Macchl aTOMHBIX SAEP.
DOHeprus CBA3U. DHEPrHsl CBSI3M aTOMHBIX SAEp, MNPUXOIANIASACS HA OJUH

KYJIOH.

48. PannoakTHBHOCT. Buael  paanoakTUBHOIO U3JIy4YEHUS. 3akoH
PaIMOAKTUBHOIO pacrnajga. bHOJOrHYecKkoe JEWCTBUE PaJUOAKTUBHBIX
V3JIyYCHUH.

49. S nepHble peakiyu.

OHGHKa WHANBUAYAJIbHbIX O6pa3OBaTCJ'IBHBIX IIOCTI/I)KCHI/Iﬁ 10 pe3ylibTaTaM
TCKYLICTIO KOHTPOJIA ITPOU3BOAUTCA B COOTBCTCTBUHU C yHI/IBepcaJIBHOﬁ IIKAJI0H.

IIpouent KavecTBeHHas1 OLleHKA HHANBHIYAJIbHBIX
pe3yJIbTATUBHOCTH 0o0pa3oBaTeIbHBIX JOCTHKEHH I
(mMpaBUJIBHBIX OTBETOB) 0aJ1J1 (0TMETKA) BepO0aIbHBII aHAJIOT
81+100 5 OTJIMYHO
61+80 4 XOPOIIIO
51+60 3 YAOBJIETBOPUTEIBLHO
menee 50 2 HEY/IOBJIETBOPUTEIIHHO

Kpurepun onenku:

— 81+100% (5 6a1oB) MpuUcBauBaeTCsl OOYJAIOIIEMYCS, €CJIU MPUBEACHO MOJTHOE
MpaBUIILHOE PEIICHUE, BKIIOYAIOIIEEe CISAYIONINEe AIEMEHTHI:
1) mnpencraBieH (B ciaydae HEOOXOJUMOCTH) HE COJIEpKalui  OIMIMOOK
CXeMaTHUYECKUH PUCYHOK, CXeMa W TpaduK, OTpaxarouui yCIoBUs 3a/1a4u;
2) BepHO 3amucaHbl (OPMYJIbI, BRIpaKaOMNe HU3NICCKUE 3aKOHBI, TPUMEHEHUE
KOTOPBIX HEOOXOIUMO JIJIsl PEIICHUS 3a7a91 BHIOPAHHBIM CITOCOOOM;
3) mpoBeneHBI HEOOXOAMMBIC MAaTEeMAaTHUYECKHE MPEoOpa3oBaHUsS W PACUETHI,
IPUBOISIINE K MPAaBIJILHOMY YHCIIOBOMY OTBETY, U MPEACTABJICH OTBET.

— 61+80% (4 Ganna) mpucBauBaeTCsA OO0y4YarOUIEMYCs, €CIIM MPUBEACHO PEIICHHUE,
coJieprKaIlee OJMH U3 CICAYIONINX HETOCTATKOB:
— B HEOOXOAMMBIX MaTEMaTHYCCKUX TMPeoOpa30oBaHUSAX W BBIYMCIICHHSX
JOMYIIEHBI OITUOKH;
— TIPEJICTABJICHO MPABWIBHOE PEIICHNE TOJIBKO B O0IEM BHUjIE, 0€3 KaKuX-Tu00
YHUCJIOBBIX PACUYETOB;
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— TPaBWIBHO 3amucaHbl HEOOXoauMble (OPMYIBI, TPEICTABICH MPABUIHHBINA
pUCYHOK (B ciydae ero HeOoOXOAWMOCTH), rpadUK WIM CXeMma, 3alucaH
NPaBWIBHBIA OTBET, HO HE MPEACTABIICHBI MPEOOPa30BaHMsI, MPHUBOJSIIINE K
OTBETY.

—51+60% (3 Oanna) nmpucBanBaeTcss 00y4arolmEeMycsi, €CIM MPUBEACHO PEIICHHE,
COOTBETCTBYIOIIEE OJTHOMY U3 CIIECIYIOIINX CIIy9acB:
— B PCIICHUU COACPKHUTCSI OMMOKA B HEOOXOJUMBIX MaTeMaTUYECKUX
peoOpa30BaHUSIX U OTCYTCTBYIOT KaKHe-TMO0 YHCIIOBBIE PACUETHI,
—  JomyuieHa oOIMOKa B OINpENeJCHHH HWCXOAHBIX MaHHBIX IO TpaduKy,
PHUCYHKY, TaOJHIIe, HO OCTAIbHOE PEIICHNE BHIMIOJIHEHO MOJTHO U 6€3 OUINOO0K;
— 3alMcaHbl ¥ MCIIOJIB30BaHbl HE BCE MCXOAHBIE (OPMYIIbI, HEOOXOUMBIE AJIs
pEIIeHNs 3a]a4M, WA B OJTHOM M3 HUX JOMYIIEeHa OIINOKa;
— TmpeAcTaBieH (B ciaydae HEO0OXOJMMOCTH) TOJBKO MPABHIBHBIA PHUCYHOK,
rpaduk, cxemMa WM TOJBKO MPAaBHIBHOE pellieHne 0e3 pUCYHKa.

— Menee 50% (2 Oamma) mpucBauMBaeTcs OOydarIIEMyCs, €CId  MPaBUIBHO
BBITIOJTHEHO MeHee 1/2 Bceld paOdoThl.
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6. ATAIITAIINA PABOYEW TIPOTPAMMBI JJISI JIHAIl C
OI'PAHUYEHHBIMHU BO3MOXHOCTAMMU 3/10POBbBA (OB3)

AjnanTtupoBaHHasi IporpaMMa pa3padaTbIBacTCsl IPU HAJIMYMM 3asBJICHUS CO
CTOPOHBI  oOydaromierocs  (poauTenel, 3aKOHHBIX  IPEACTABUTEIEH) U
MEAMIMHCKUX MOKa3aHUH (PEKOMEHAALNUAMHU IICUXO0JIOT0-MEAUKO-TIEAArOTNYECKON
Komuccuu). [lnsi MHBaNIMOOB aJanTHpPOBAaHHAs OOpa3oBaTeibHas Iporpamma
pa3pabaTeiBaeTcsi B COOTBETCTBMHM C  HWHAMBUAYAJIbHOH  MpOrpamMmon
peaduInTaIUu.
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