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1. INIEPEYEHb IINTIAHUPYEMbBIX  PE3YJBTATOB OBYYEHHUA 11O
AACHUIIJIMHE, COOTHECEHHBIX C IIJIAHAUPYEMBIMH PE3YJIbTATAMH
OCBOEHMHSA OBPA3OBATEJIbBHOH ITPOI'PAMMBbI

Buj 1esiTeJIbHOCTH BbITYCKHUKA

JluciunianHa ~— OXBAaThIBae€T  KPYr  BONPOCOB,  OTHOCAIIMXCA K  IPOU3BOJICTBEHHO-
TEXHOJIOTHYECKOMY M  3IKCIEPUMEHTAIbHO-UCCIICAOBATEILCKOMY BHJIAM  MPO(eCcCHOHATBbHON
JICATEIIFHOCTH BBITYCKHUKA B COOTBETCTBUM C KOMIIETCHIUSMH UM BHIAMH JIESTEIBHOCTH,
yKa3aHHBIMH B YU€OHOM ILJIaHE.

eab AMCHUIIHHBI

N3ydyenne QyHIaMEHTANbHBIX (U3MUECKUX 3aKOHOB, TEOPHiA, METOJIOB KJIACCHUYECKOH U
coBpeMeHHOU (u3nku. PopMUPOBaHNE HABHIKOB BJAJICHUS OCHOBHBIMHM MpUEMaMU U METOJaMHU
pelIeHus: NMpUKIaIHbIX npoodsieM. opmupoBaHre HABHIKOB IPOBEICHUS HAYYHBIX MCCIEAOBAHUM,
03HAKOMJICHHE C COBPEMCHHOW Hay4YHOW ammaparypoi. O3HaKOMJICHUE C UCTOpHUEH (PU3BHKHU U €e
pa3BUTHEM, a TaK >X€ C OCHOBHBIMU HAMPABJICHUSIMH U TCHACHIMSAMHU PA3BUTHUS COBPEMEHHOMN

(07370478

3agauyu IUCHUILIHHBI
3amaya QUCHMIUIUHBL (DU3UKU COCTOUT B (DOPMHUPOBAHUU Yy OOYyYarOMIMXCA CHOCOOHOCTEM

HCIIOJB30BaTh OCHOBHBIC 3aKOHBI

U (QyHIaMEHTaJIbHBIE TOHATHS B NPOPECCHOHATHHOM

ACATCIIbHOCTH, YMCThH INPUMCHATH IOJYUYCHHBIC 3HAHUA IIPU HU3YUYCHUU APYIUX AJUCHHUILIIMH U B

NPUKIAIHBIX 3a7adax Npo(ecCHOHANBbHON JesTeIbHOCTH,

BIAJCTh COBPEMEHHOM Hay4yHOU

annapaTypoﬁ W HaBbIKaMH BCACHHA (l)I/ISI/ILICCKOFO OKCIICpUMCHTA.

Kon Conep:xanue IIepeyenb nIaHMpPyeMbIX Pe3yJbTATOB
KOMIIeTEeHIIUH KOMIIeTeHIUii 00yueHusl MO TUCIHILJIMHE
1 2 3

OIlK-1 CIIOCOOHOCTh MCIONIb30BATh | 3HATH:
OCHOBHBIE 3aKOHBI | ~-OCHOBHBIE buznueckue SIBJICHHS,
€CTECTBEHHOHAYYHbIX byHIaMeHTalbHbIE TOHSATHS, 3aKOHBl M TEOPHH
JTUCLUIUINH B | KJIaCCUYECKOW U COBPEMEHHOU (PU3MKH;
npodeccuoHaTbHON yMeThb:
ACATCIIBHOCTH, HNPUMCHATH | — MOPUMEHATH METOAbl MAaTEMAaTHYCCKOTO aHaIN3a,
METOJIbl MaTeMaTHYECKOI'0 | TEOPETUYECKOTO U AKCIIEPUMEHTAIBHOIO
aHajausa U | UCCNENOBaHUs MIPU U3YYEHHUH JAPYTUX AUCIUIUIMH U
MaTeMaTUu4eCcKoro B MPUKJIAIHBIX 3a/1a4ax MpodhecCuoHaIbHOM
(KOMIIBIOTEPHOTO) JESATENBHOCTH;
MOJEIIUPOBAHUS, BJIAJIETh:
TCOPETUUCCKOTO U | - COBPEMEHHOW HAYYHOH aIaparypoil, HaBbIKaMU
AKCIEPUMEHTAIBHOTO BeJIeHUS (PU3NUECKOTO IKCTICPUMEHTA.
HCCIICIOBAHUS.

OIlK-2 CrocoOHOCTh BBHISIBUTH 3HATh:
€CTECTBEHHOHAYYHYIO -OCHOBHBIE 3aKOHBI U TIOHATHUS (PU3UKH
CYIIHOCTb IIpo0JeMm, yMeTh:
BO3HUKAIOIIHNX B XOJI€ — BBISIBUTH €CTECTBEHHOHAYYHYIO CYIIIHOCTh
npodeccnoHanbHOM poOIeMbI B X0I€ MpodhecCHOHATBHOM
ACATECIbHOCTH IIPUBJICYb JEATEIbHOCTH U IIPUMEHATh COOTBETCTBYIOIIUN
JUTSL X PELIeHUS (bU3UKO-MaTEMATHISCKUN aIllapaT JJI UX PEIICHUS
COOTBETCTBYIOLINN BJIAJCTD:
(bu3MKO-MaTEMaTUYECKHUH - COBPEMEHHBIM (DU3UKO- MATEMATHIECKUM
anmapar anmaparoM IS pelieHust Mpo0IeM BOSHUKAIOIINX B

xoJ1e MpoheCcCHOHATBHON AESITETbHOCTH.




2. MECTO [JUCHMILUIMHBI B CTPYKTYPE OBPA3OBATEJBHOM
ITPOI'PAMMbI

Jucnuniauna b1.510 ®dusnka oTHOCHTCS K 0a30BOM YacTH.

Juctumimaa @us3uka Oa3upyeTcss Ha 3HAHUSAX, MOJYYEHHBIX NPU H3YYCHHH YYE€OHBIX
JUCIUILINH OCHOBHBIX 00II€00pa30BaTEIbHBIX MIPOTPAMM.

OCHOBBIBasICh HAa U3YYCHUU AUCIUILINH, (PH3UKA IPEICTABISICT OCHOBY JIJISl H3y4CHUS
JUCIUILIAH. 3JIEKTPOCHA0KEHHE C OCHOBAMH AJIEKTPOTEXHUKHU, BOJOCHAOKEHUE U BOJOOTBEACHHE
C OCHOBAMH THJIPABJIMKH, OCHOBBI apXUTEKTYphl U CTPOUTEIHCTBA KOHCTPYKIHUU, 0€30MacHOCTh
KU3ZHEJEATEIIbHOCTH.

Takoe cHuCTeMHOE MEXAUCIUIUIMHAPHOE M3yYEHHWE HANpaBICHO Ha JOCTHXKEHHE
tpedyemoro ®I'OC ypoBHS MOATOTOBKH IO KBATU(UKAIIMK OaKaiaBp.

3. PACIIPEJEJIEHUE OFBEMA JTUCHUIIJIMHBI

3.1. Pacnpesesnenune o6beMa JMCHUMILIMHBI 10 dopMaM 00yUeHHs

Tpyooemkocmob Oucyuniunsl 8 uacax
E § § Buo
o S 2 = Konmpons npoMedicy
Dopma J = 2 S s mounou
o0yuenusn S 3 & E ammecma
S 2 S S paboma
= S = g o uuu
g s ) 3 s 3 g 3
S s g 3 IS S
Q N S = X RS S 3
S 8| 3| 2 g SS | S€
<O ! = S NS © ]
1 2 3 4 5 6 7 9 10 11
Ounas 1 |12 216 85 51 34 77 1k 3auér
OK3aMeH
3aounas 1 - | 216 20 12 8 187 1k DK3aMeH




3.2. PacnipenesieHue 00beMa TUCHMILUIMHBI 10 BUIaM Y4eOHbIX 3aHATHII U TPYI0€MKOCTH

¢ m.u. ¢ Pacnpeodenenue
unmepakmue no cemecmpam, uac
Tpyoo- | noii, akmug-
Buo yueonuvix 3anamuii eMKoCmb | HOll, UHHO6a-
(uac.) UUOHHOIL 1 2
dopmax,
(uac.)
1 2 3 4 5
|. KonTtakTHasi paboTa 00y4yaromuxcs ¢
npemnojaaBaresieM (Bcero) 85 18 34 51
Jlexumn (JIk) 51 14 17 34
JlabopaTopusie paboTsI (JIP) 34 4 17 17
KonTponbhas pabora + - + -
I'pynroBbie (MHANBHIYaIbHBIE) KOHCYIBTAIIHN + - + +
I1.CamocTosiTeIbHAS PaboTa 00yUAIOIIMXCS
(CP) 77 38 39
[Moarororka Kk 1abopaTOpPHBEIM paboTam 30 - 18 12
[ToaroroBka K PK3aMEHY B TEUCHHE CEMeCTpa 17 - - 17
IToaroroska k 3a4eTy 10 - 10 -
BrimonHeHe KOHTPOJIBHON paboThI 20 - 20 -
I11. TIpomMeskyTOYHAS ATTECTANUSA dK3aAMEH 54 - - 54
3a4er + - + _
OO0mas TpyI0eMKOCTh JUCITUTLINHBI 4ac. 216 - 72 144
3au. el 6 - 2 4

4. COAEP) KAHUE JUCHUIIJINHbI

4.1. Pacnpenenenue pa3aesioB JTMCHUIJIMHBI 10 BUIAM YUeOHbIX 3aHATHI

- 1J1sl 04HOi (hopMBI 00YUEHMS:

Buowl yueonvix 3anamuil, 6Kouan
camocmoamenvHyio paoony
e odyuarowuxca u mpyooemKocmey;
pas- Haumenosanue Tpyooem- (uac.)
dena u pazdena u kocntb, yuebHble 3aHAMUA camocmosn
memul mema OucCyUnIUHb (uac.) menvhan
nexuyuu aadopamophsle paboma
pabomol ooyuaro-
wuxcs
1 2 3 4 5 6
1. Mexanuka 20 6 4 10
1.1. | KunemaTHka nocTynareibHOTO 4 1 1 2
JIBVKCHHUSI.
1.2. | Kunemaruka BpamareibHOTo 4 1 1 2
JIBIDKCHUST
1.3. | JluHaMHKa MOCTYMATEILHOTO 5 2 1 2
JIBUKCHUS
1.4. | JlunaMuKa BpaIATEILHOTO 7 2 1 4
JIBUKCHUSI.




2. I'napomexannka 20 6 4 10
2.1. | JIBmKeHHE XKUOAKOCTEN 10 3 2 5
2.2. | BsskocTh 10 3 2 5

3. MoutekysipHast 17 6 4 7

(¢u3NKa ¥ TEPMOTMHAMHUKA
3.1. | MonekyIsspHO-KMHETHYECKAs 5 2 1 2
TEOPHSI
3.2. | SIBnenus nmepeHoca 6 2 1 3
3.3. | 3aKOHBI TEPMOJAMHAMUKHU 6 2 2 2

4. Kosie6anus u BOJIHBI 20 6 4 10

4.1 | MexaHn4eckue KOJIeOaHusI: 35 1 0.5 2
OCHOBHBIC XapaKTEPUCTHKH.

4.2 | MasSsTHUKU: TPYXKHUHHBIH, 35 1 0.5 2
dusnueckuii u
MaTEeMaTUYECKHU.

4.3 | 3aryxaromue KoeOaHus. 4 1 1 2

4.4 BoiHyX1eHHBIE KOJICOaHMSI. 4 1 1 2
Pe3onanc.

45 Bonnsel. IpononsHbie 1 5 2 1 2
MIOTIEPEYHBIC BOJTHBI.
YpaBHeHUe Oeryiieil BOJHEI.

S. DJIEKTPHYECTBO H 25 9 6 10
MAarHeTH3M

5.1. | OCHOBHBIC 3aKOHBI 9 3 2 4
3JIEKTPOCTATUKU

5.2. | DeKTpUYECKUIl TOK. 8 3 2 3

5.3. | MarauTHOe 1oJje 8 3 2 3
6. OnTuka 20 6 4 10
6.1 | 'eomerprueckas onTuka 4 1 1 2
6.2 | UnaTepdepennus ceera 7 2 1 4
6.3 | dudpakius ceera 4 1 1 2
6.4 | [lonspuszanus ceera 5 2 1 2
7. KBantoBas ¢pusuka 20 6 4 10
7.1 TennoBoe u3iydeHue 3.5 1 0.5 2
7.2 | ®orodp ekt 35 1 0.5 2
7.3 Teopust aromMa Boopoja no 4 1 1 2
bopy

7.4 | 'mmote3a ne bpoiins. 4 1 1 2
KopmyckysisipHO-BOTHOBO#
JIyaITu3M.

7.5 | CooTHomeHHE 5 2 1 2
HEOIPEICICHHOCTEH
['eitzenOepra.

8 ®u3uKa aTOMHOIO fpa 20 6 4 10

8.1 Pa3mep, coctaB u 3apsia 3.5 1 0.5 2
aTOMHOTO sijIpa

8.2 Jledext macchl i SHEPTHS 35 1 0.5 2
CBSI3U

8.3 SAnepHsle CUIIBI 4 1 1 2

8.4 3aK0oH paJroaKTHBHOTO 4 1 1 2
pacriazia

8.5 a-, B- pacman. y- u3aydeHue 5 2 1 2

HUTOro 162 51 34 77




- 17151 32049HOM (pOPpMBI 00yUeHMS:

Buowl yueonwvix 3anamuil, 6xkniouan
N camocmoamenvHyio padony
B odyuarowuxca u mpyooemKocmey;
pasz- Haumenosanue Tpyooem- (uac.)
denau paszoena u Kocmb, VueBRbIE FARAMUA canocmon
memol mema OUCUUNIUHbL (uac.) menvnas
Jo— nadopamopuvie padoma
pabomot ooyuaio-
wuxcsa
1 2 3 4 5 6
1. Mexanunka 18 1 1 16
1.1. | KunemaTHka noctynareiabHOTro 9 0.5 0.5 8
Y BpalllaTeJIbHOTO JIBHKEHUS.
1.2. | IuraMuka noCTynaTeaIbHOTO U 9 0.5 0.5 8
BpAIllaTEIbHOTO ABM)KECHUS
2. I'mapomexanuka 18 1 1 16
2.1. JIBIOKEHHE KUIKOCTEH. 9 0.5 0.5 8
2.2 BsiskocTsb. 9 0.5 0.5 8
3. Mounekysipuasi 27 15 15 24
¢usnka u TepMogUHAMHUKA
3.1. | MonexkynsipHO-KHHETUYECKast 9 0.5 0.5 8
Teopus
3.2. | SIBnenus nmepeHoca 9 0.5 0.5 8
3.3. 3aKOHbI TEPMOJUHAMUKHI 9 0.5 0.5 8
4. KoJiebanust ¥ BOJIHBI 44 35 15 40
4.1 | MexaHu4yeckue KoIeOaHus: 8.5 0.5 - 8
OCHOBHBIE XapaKTEPUCTHKHU.
4.2 | MasSTHUKY: IPY>KHHHBIH, 9 0.5 0.5 8
buznueckuit u
MaTeMaTUYECKUH.
4.3 | 3aryxaronue KoueOaHusl. 9 0.5 0.5 8
4.4 | BeiHyX/IeHHBIC KOJIEOaHUSI. 8.5 0.5 - 8
Pe3onanc.
4.5 | Bonusl. IlpomonbHbie 1 9 0.5 0.5 8
MIOTIEPEYHBIE BOJIHBI.
YpaBHeHue Oeryiiel BOJIHBI.
d. DJIEKTPHYECTBO 27 15 15 24
MAarHeTU3M
5.1. | OcHOBHBIE 3aKOHBI 9 0.5 0.5 8
JJIEKTPOCTATUKHU
5.2. | DneKkTpu4ecKuil TOK. 9 0.5 0.5 8
5.3. | MaraurtHoe noje 9 0.5 0.5 8
6. OnTuka 18 1 1 16
6.1 | I'eomerpuyeckas OnTHKA 9 0.5 0.5 8
6.2 | UnTepdepenmus, nudpakius, 9 0.5 0.5 8
MOJISIpU3aIlUs CBETA.
7. KBanroBas ¢pusuka 25 15 0.5 23
7.1 | TenyoBoe H3ITyYeHHE. 8.5 0.5 - 8
7.2 | ®oto3heKT. 9 0.5 05 8
7.3 ['unioresa ae bpoiis. 7.5 0.5 - 7
KopnyckynsipHo-BoTHOBOIM
JTyaTn3M.




8. ®u3uKa aTOMHOIO fpa 30 2 - 28

8.1 | Pasmep, cocTaB u 3apsia 7.5 05 - 7
ATOMHOTO SApa.

8.2 JledexT Macchl ¥ 3Heprus 7.5 0.5 - 7
CBS3U

8.3 3aKOH paJIMOAKTUBHOTO 7.5 0.5 - 7
pacnaja

8.4 o-, B- pacman. y- U3IydeHue 7.5 0.5 - 7

NUTOro 207 12 8 187

4.2. Cogepxxanme TUCUMILIMHBI, CTPYKTYPUPOBAaHHOE 110 pa3jejiaM U TeMaM

Pa3zgen 1. MEXAHUKA
Tema 1.1. KuneMaTnka mocTynarejbHOro ABHKEHHS
Jleknus (1 gac)

MexaHnueckoe JBUKEHUE COCTOUT B U3MEHEHUH B3aUMHOTI'O PACIIOJI0KEHUS TNl WM UX
4acTEN OTHOCUTEIIBHO JPYT Apyra B IPOCTPAHCTBE C TEYEHUEM BPEMEHU. JIBHKEHUE W IIOKOU
OTHOCUTENIbHBI. COBOKYITHOCTb CUCTEMBI KOOPAMHAT U YaCOB, CBSI3aHHBIX C TE€JIOM OTCUETA,
Ha3bIBAIOT IIPOCTPAHCTBEHHO-BPEMEHHO CUCTEMOM orcuéra (CO).

MarepuanbHOM TOUKOM Ha3bIBAIOT TEJO, 00JIa1arolIee Maccoil, pasmepamu U (opMoOi KOTOPOTo
MOXHO ITpeHeOpedb. MaTepuanbHas TOUKa — a0CTpaKIKs, HCIOIb30BaHUE KOTOPOH YIIPOIIAeT
pelleHne psjla IPaKTUYECKUX 3a1ad.

HemnpepsiBHass JMHMS, KOTOPYIO OIHKCHIBA€T JBIKYIIAACS MaTepHallbHAas TOYKa B
IIPOCTPAHCTBE HA3BIBACTCS TPACKTOPUEH.

ITo Buy TpaeKkTOpHUU AEIATCS HA NPSIMOJIMHENHBIE U KPUBOJIMHEWHBIE.

B nexaprosoii cucteme orcuéra OXYZ mnoJsI0K€HNE MAaTepUAIBHOM TOUKM M B HEKOTOpPBIN
MOMEHT BpPEMEHH ONpeleNsieTcs TpeMsl KOOpJIMHAaTaMH X, Y, Z WIH PaJuycOM-BEKTOpOM I,
IIPOBEICHHBIM U3 Hayajla CUCTEMBI OTCYETA K MOJIOKEHUIO MAaTEpUAIbHON TOYKH B IIPOCTPAHCTBE.

Kunemarnyeckue ypaBHEHUS [ABW)KEHHS MaTepHallbHOM TOYKM B CKaJsipHOH (opme
COOTBETCTBEHHO UMEIOT BUJI:

X =X(t),
r=r(t) wm y=y(t),
z=12(t).

BexTop Ar, mpoBeneHHBIM U3 HAYAIBHOTO MOJOXKEHHS IBUXKYIICHCS MaTepUaTIbHOW TOYKU B
KOHEYHOE MOJIOKEHNUE, HA3bIBACTCS MepeMeleHr eM.

CkopocTh — BEKTOpHas BETMYMHA, paBHAS MEPEMENICHUI0 MaTepUaJbHON TOYKHU 33 €IUHHUILY
AF
At
Hanpasnenue BekTopa CKOpOCTH COBNAAAET C HANIPABICHUEM MTEPEMEIICHUS.

BpeMeHU. CpeHss 3a IPOMEXYTOK BpeMeHH At CKOpOCTh paBHa <6> =

dr

MrHoBeHHasi CKOPOCTh, paBHA MEPBOI IIPOU3BOIHON pajinyca BEKTOpa MO BPEMEHH U = prt

. . dsS
Motynib BEKTOpa CKOPOCTH PaBEH MEPBOM MPOU3BOIHOM MTYyTH MO BPEMEHU UL = — .

dt

BeKTOp CKOPOCTH TOYKH KU MOYJIb CKOPOCTHU paBHbI COOTBETCTBCHHO!
L= - - _[2 2 2
U=uyl +uyj+uk L =,/Uy +Vy +V7

YckopeHne — BeKTOpHas (hu3uyecKas BEIMYMHA, paBHAs M3MEHEHHUIO BEKTOpAa CKOPOCTH 3a
€IMHUILY BPEMCHHU.



HopManbHoe, TAHr€HIIMAIBHOE U MTOJIHOE YCKOPEHHE IIPU KPUBOJIMHEHHOM JIBHYKEHUH.

Tak Kak Npu HEPaBHOMEPHOM KPUBOJIMHEHMHOM [BUKEHUU CKOPOCTb MAaTEPHUAIBHOM TOYKH
M3MEHMJIACh U IO MOYJIIO U 110 HAIPaBICHUIO, TO YCKOPEHHE DPA3JIOKHUM Ha JBE COCTAaBIISIOIINE:

1) TaHTeHLIMAIBHOE YCKOPEHUE, XapaKTEePU3yeT OBICTPOTY U3MEHEHUSI CKOPOCTH IO MOYJIIO.

2) LEHTPOCTPEMUTENIbHOE (HOPMaJbHOE) YCKOpPEHHE- XapaKTepu3yeT OBICTPOTY H3MEHEHHUs
CKOPOCTH 110 HAIIPaBJICHUIO.

YucneHHass BeNMYMHA KAacaTENbHOIO YCKOPEHHUs paBHAa W3MEHEHHIO MOJYJS CKOPOCTH 32

€JIMHULlY BPEMEHHU

2
Moysib HOpMaIbHOTO YCKOPEHUS ap = v

R
TaHFGHLII/IaJILHOC YCKOPCHUC HAIPaBJICHO, KaK U CKOPOCTb, IO KacaTelIbHOM K TPACKTOPHUH. B
clIydya€ YCKOPEHHOI'O ABHIXKCHHUSA BCKTOPBI W HAIIPaBJICHBI B OAHY CTOPOHY, IpPHU 3aMECIAJICHHOM
ABVIKCHUHU OHU IIPOTUBOIIOJIOKHBI.

[TonHoe yckopeHue: a=4, +4,

QD

Tema 1.2. KunemaTnka BpamartejbHOro ABHKEHH
Jleknus (1 gac)

Vrnosas CKOPOCTB U YI'JIOBOC YCKOPCHHE: IIPU BPpAIATCIIbHOM ABUKCHUH BCC TOUKHU TCJIa

OIUCBIBAKOT OKPYKHOCTH, BBICTpOTy BpaIICHUS XapaKTCPUIYECT YIJIOBAsA CKOPOCTb W

.YriaoBou CKOpPOCTHIO Ha3bIBACTCA IIpou3BoaHass OT yIjla IIOBOpOTa IIO BpPCMCHH.
BCKTOp er'IOBOﬁ CKOPOCTH HAIIPABJICH BAOJIb OCH BpallICHUS 110 IIPABUITY IPABOI'O BUHTA BLICTpOTa

U3MCHCHHUSI yIIIOBOM CKOPOCTH XapakTepPU3yeTCs YIJIOBBIM YCKOPeHHEM & .  VYIJIOBbIM
YCKOpeHHMeM Ha3bIBaeTCsl IPOU3BO/IHAS OT YIJIOBOM CKOPOCTH 10 BPEMEHHU.

IIpp yCKOpEHHOM JBWKEHHHM OTH BEKTOpa COHAIPABJICHBI (STT“’), IpU 3aMEUICHHOM -

IIPOTUBOMOJIOKHBI &N @), VYroBoe ycKopeHne u3MepsieTcs B pajy/c?.

YPaBHeHI/IH UL PAaBHOIICPEMEHHOI'O BpallIATCIIbHOT'O JABUKCHUA:

o=opt £

4?2
=wpt+ 7
=0y 2

e gy — HavdaJIbHas yrijioBas CKOpPOCTb, (¥ — CKOPOCTH B KOHEYHBI MOMEHT BpPEMCHU, «ty - npu
PaBHOYCKOPCHHOM BpallICHUNU U «-» IIPHU paABHO3aMCIJICHHOM.

CBs3b MEXK/1y JTHHEHHBIMU M YTIIOBBIMH BETMYNHAMHU.
CBs13b TUHEWHOM U yrioBoit ckopoct: V =w-R.

YckopeHue TaHreHIIMaIbHOE: a, =¢R.

YcKopeHue HopMalbHOE:  a, = wR.

Tema 1.3. /IuHaMHKa MOCTYNATEJIbHOI0 ABHKEHUS
Jlekuus (2 yac)

3akousl HprotoHa:
1-11 3axon Hvlomona: BCSIKOE TENO, HA KOTOPOE HE ACUCTBYIOT APYTUE TEJa, TOKOUTCS WIH
JIBIKETCSI PABHOMEPHO U MPSMOTMHEHHO.



2-11 3akoH Hvtomona: CKOpOCTh W3MEHEHUSI UMITYJIbCa YaCTUIIBI paBHA ICUCTBYIOIICH  Ha

YJacTUIly CUJIe. F — dp
dt
3-1i 3axon Hviomona: Tena IEUCTBYIOT APYT Ha APYTa C CUJIAMH PaBHBIMM 110 MOJYJIIO U

IIPOTHBOIIOIOKHBIMY 110 HANpaBJIeHHI0. F = ma

Macca m —3T0 Mepa MHEPTHOCTH Tena. Macca Takke OonpezeiseT rpaBUTallMOHHBIE CBOMCTBA U
OIpesieNsIeTCsl KOJIMYECTBOM BEILECTBA, 3aKIIOUEHHOrO B Tene. Mwnyarbe mena p — BEKTOpHas
BCJIMYMHA PaBHAsA NPOU3BEACHHIO MACChI TE€JIA HA €r0 CKOPOCThb. P = MV

3axon coxpamnenuss mexanuyeckou SHepeuu: TOTHAS MEXaHUYECKash SHEPrusi 3aMKHYTOM CHUCTEMBI
MAaTepUAIbHBIX TOYEK, MEXAY KOTOPBIMU JEUCTBYIOT TOJBKO KOHCEPBATHBHBIC CHJIIbI, OCTAETCS
HOCTOSIHHOM.

Cucrema, Ha KOTOpYHO HE€ JCHCTBYIOT BHEIIHHE CHJIbI, Ha3bIBaeTCs 3aMKHYTOM WK
U30IUPOBAHHOU.

Koncepsamuenvie cunvl — cumbl, paboTa KOTOPBIX HE 3aBUCUT OT (DOPMBI MMyTH, a 3aBUCHUT TOJIBKO OT
HAYaJIbHOTO U KOHEYHOI'O MOJIOKEHUS Tesa (CUIIbl YIPYTOCTH, CHUJIbI TATOTEHUS).

HuccunamusHnvle cunvl — cuibl, paboTa KOTOPBIX 3aBUCUT OT (OpMBI NyTU (CUJIBI TPEHHS,
COINPOTHUBIICHUS).

3axon coxpanenus umnyavbca: CyMMapHBI UMITYJIbC 3aMKHYTOW CUCTEMbI MAaTEPUAIbHBIX TOYEK HE

U3MEHSETCA C TCUEHUEM BPEMEHU. p=const

3axon COXPAHEHUA MOMeHma umnyivca.: MOMCHT HUMITYJIbCa 3aMKHYTOfI CHUCTCMbl MAaTCpUaAJIbHBIX
TOYCK HC U3MCHACTCA C TCUHCHUEM BPCMCHU. |: =const

Paboma cuipl paBHO CKaJISIPHOMY MTPOU3BEICHUIO BEKTOPA CHIIBI HA BEKTOP NIEPEMECIIICHHSL.
Pabora nocrostauoi cunel: A=F -Scosa
Pabora mepemMeHHO# cuiibI Ha MyTH S: A= chos a-ds I'paduuecku paboTa paBHa MIIOMAAH

S
reoMerpuueckoil ¢urypel. Pabora Moxer ObITH NOJOXWTENbHA M oTpuuarenabHa. Cuna He
coBepIIaeT paboThI €CIIM TEJIO MOKOUTCS UJI CHUJIa MEPIIEHAUKYIIIPHA EpEeMEILEHUIO.

Mownocme — paBHa paboTy COBEPIIAEMOI 32 €IMHUIY BDEMEHU  p _ dA,
dt

EnvHUIIBI H3MEpEeHHS: [F]: H, [p]: éa- %, [A]z Az , [D]z Ao .

Tema 1.4. [lunaMmuka BpamiaTeJbHOI0 IBHKEHUSA
Jleknus (2 yac)

Momenmom cunvt F OTHOCHTENBPHO HEMOABWXHOW Toukn O  HaswiBaeTcs (usmueckas
BEJIMYMHA, OINpenenseMas BEKTOPHBIM MPOHM3BEICHHEM paJHyca- BEKTOpa I, MPOBEISHHOTO U3
Touku O B TOUYKY A MPUIIOKEHUS CUJIBI, HA criTy F: M=[r,F].

Mooyne momenma cunvi: M =F-rsina=F-d

—

Ecnu Touka BpallaeTcsi Mo OKPYXKHOCTH paauyca R, mon neiicteueM cumbl F , To MomenT cun
M=F-R, [M]=1i

MoMEeHTOM uHepyuu MamepuaibHoOU MmoyKy OTHOCUTEIIEHO OCH BPALLEHHs HAa3bIBACTCS
MPOM3BEJICHHE MacChl OTOM TOYKM HA KBaJpaT PACCTOSHMS OT OcH: J =mR?, [J]=64-1 2
Momenmom unepyuu cucmemvi (T€1a) OMHOCUMENLHO OCU PAlUYeHUs HA3bIBACTCS (PU3HUECKas
BEJIMYMHA, paBHAsA CyMME IIPOU3BEACHUNA Macc N MaTepUaIbHBIX TOYEK CUCTEMBI Ha KBAaIPAaThl NX
PacCTOSIHUM 0 pacCMaTPUBAEMOM OCH.

B ciydae HeENpephIBHOTO paclpeicieHuss Macc d3Ta CymMMa CBOAMTCA K
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uHTerpany J=J; ridm,

MoMEeHTbI HHEPIIMHN OJHOPOIHBIX TEJl MAacCcol m, UMEIOIIUX MPaBUIBHYI0 T€OMETPUUECKYIO (hopMy
U paBHOMEPHOE pacIipe/ielIeHUe MacChl 10 00bEMY:

__Tero [ Monoxenve ocu spawerits | MomeHT uHepyyn
| Tlonblit TOHKOCTEHHBIN | OCb CMMETPIM s
| tnwnap paguyca R |
CnnowHon uunuHap unn | Ock cuMmmeTpum

1 N
nRk”*

Avck paguyca R ’;’

| MpsAMOn TOHKUIA ' Ocb ﬂepHEHAMKyﬂﬂpHa CTépMHb | 77:
cTepX)eHb AnvHon [ nNpoOXoAuT Yepes ero cepeguHy '1 5 ml

| Wap paguycom R | Ocb npoxoauT Yepes LeHTp Wapa | 2 . B

“mR*
S

Teopema llImeiinepa:

MoMeHT uHepIHH Tesla J OTHOCHUTEIHHO MPOU3BOJIBLHON OCH Z paBEH CyMME MOMEHTA €ro
WHEPLUUU Jc OTHOCUTENBHO NapauIeIbHOM OcH, Tpoxojsmie uvepe3 meHtp macc C  Tena,
M IPOM3BE/ICHUSI MACCHI T Tejla HAa KBaJApaT PACCTOAHHUS & MEKIY OCAMH: ] =] +md 2,

OCHOBHOE 3aKOH IWHAMUKH BpalaTeIbHOTO JABWXKEHHS TBEPJAOrO0 TeJa OTHOCUTEIBHO
HETIOABUKHOU OCH Z.

viodt, mm M, =1, -¢,
dt
rae Mz — pe3ynbTUPYIOIHUA MOMEHT BHEIIHUX CUJI OTHOCUTENBHO OCH Z, IEMCTBYIOLIUX HA TEJIO; &
— YIJIOBOE YCKOpEHUe; J; — MOMEHT MHEPLMHU Tella OTHOCUTENBHO OCH BPALICHHUS.

2
KuneTnueckas yHEprus Te/1a, BPAIIAoIErocs BOKPYT HEMOABIKHOM OCH:  \W, = J-o”

2
Paborta mocTosHHOr0 MOMEHTA CHUJIBL, }leﬁCTBYIOHleFO Ha Bpamaronieecsa teino: A=M - A(p,
MoOMEHT UMITyJIbca MaTePUaIbHON TOUYKH OTHOCUTENBHO MPON3BOJIbHON TOukH O: L =m-r-V sin o .
Ecnu Touka A BparaeTcst o OKpyXKHOCTH paguyca R, To MOMEHT uMItyInbca:

ax 2
L=m-V-R, [ ]=%'_.
fi
MoMeHT uMITyJIbCca TBEPIOTO Teja BPAIAIOIIETOCs OTHOCUTEIBHO HENMOABHKHON OCH:
L,=J,-»
z z

Paznea 2. 'mapomexanuka

Tema 2.1. /IBukeHne KUIAKOCTEH
Jlekuus (1 gac)

CranuoHapHasi XKUAKOCTb. MpaeanbHas XKUAKOCTh. JlaBmeHue >kuakocTth. 3akoH I[lackans.
JlaBneHue Ha T1yOMHE )KUIKOCTH. 3aKoH Apxumena. [ uapaBnuyeckuit mpecc. TeueHne sKUIKOCTH.
[Ipu MemIeHHOM TEYEHHH CKOPOCTh >KHIKOCTH H3MEHSIETCS OT HYJS OKOJIO CTEHOK TPYOKH, IO
MaKCHMyMa B IIEHTpe TPYOKH U] <2 <U3.

Kunkocth Oka3bIBaeTCsl Pa3JeICHHOW Ha CJIOHM, KOTOPbIE CKOJB3SIT OTHOCUTEIBHO APYT Apyra.
Takoe TeyeHHe Ha3bIBACTCS JAMHHAPHBIM HJIU CJIOMCTHIM.
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B 1840 r ¢p yuensrnit Ilyaseinp mokaszan, 4To Mpy JJaMHHAPHOM TE€YEHUU O0BEM V KHUIKOCTH,
BBITEKAeMBbIN 4epe3 TpyOy pamuycoMm R, mnuuoit |, 3a Bpems t, npu pasHocTH TaBlieHHH Ha

KOHIaX TpyObl (1 — P2), paBeH:
2
7-R%-(pp—p2)-t

= . - popmymna Ilyazeitns
8-/-n

JlamunapHoe TeueHue HaOII01aeTCs MPU HEOONbIINX CKOPOCTIX. Eciu ckopocTh yBeTUUMBATD,
TO XapakTep TEYCHUS MEHSETCA: MPOUCXOAUT HMHTEHCHBHOE TEPEMEIINBAHUE IKHUIKOCTH,
BO3HUKAIOT 3aBUXpEHHUs. Takoe TeueHue Ha3bIBaeTCcsl TYpPOYJeHTHbIM Wi BHUXpeBbIM. [lpu
TypOYJIEHTHOM JIBUKEHHU CKOPOCTh B KKJOU TOUYKE KUAKOCTH HEMIPEPHIBHO MEHSIETCS IO MOTYJITIO
Y HaNpaBJICHUIO HO CPEIHSSA CKOPOCTh KUJIKOCTH OyJIeT MOCTOSIHHOM.

XapakTep TeueHHs ONpeesaeTcss BEIMYMHON HazbiBaeMol unciaoM PeitHonbaca Re. Ecnu Re
— mano (Re <1000) — teuenme namuHapHoe. IIpu GobInuX Ymciaax PeHOIbACA MPOMCXOIUT
nepexo OT JAMUHAPHOTO TEUEHHSI K TYpOYJIEHTHOMY.

Tema 2.2. Ba3kocTh
Jlekuus (1 gac)

Bszkocmb — CBOWCTBO KUAKOCTH MIIM Fa3a OKa3blBaTh COIPOTHUBIICHUE MEPEMEILICHUIO OTHOM €€
YaCTHU OTHOCHUTEIIBHO IPYTOM.

IIpu nepemerieHun cio€B rasa (GKUAKOCTH) MEXAY HUMM BO3HMKAIOT CHUJIbl BHYTPEHHETO
TPEHMsI, HallpaBJIEHHBIE 110 KacaTEeJIbHON K NOBEPXHOCTH CJIOEB. J[eHCTBUE 3TUX CHJI IPOSBIISAETCS B
TOM, YTO CO CTOPOHBI OBICTPOrO CJI0S HAa MEJICHHBIN JIeHCTBYET YCKOPSIOLIasi CHila, a CO CTOPOHBI
MEJICHHOTO CJI0s1 Ha OBICTPBIN CIIOH IeHCTBYeT TopMo3sias cuia. Ha pucyHke mpeacTaBieHbl 1Ba
CJI0Sl )KUJKOCTH, IUIOIIAJbI0 AS OTCTOSIIIME APYT OT JIpyra Ha pacCTOSHUM AX U JABHXKYILIHECS CO
CKOPOCTSIMH U1 U Uy .

s

H3menenue ckopocTu Av = Uy — Uy

Av
Bennunna A—— MOKA3bIBAET, KaK OBICTPO MEHSIETCS CKOPOCTh MPH MEPEX0/Ie OT CIIOS K CIOI0 B
X

HanpasyieHuu ocu 0xX, MepneHAUKYISIPHON ABM)KEHUIO CJI0EB U HA3bIBACTCSI IPAIMEHTOM CKOPOCTH.
Cuna TpeHMsI MEXIy CIOSMHU JKUIKOCTH IMPONOPLUOHAIBHO T'PAJUEHTY CKOPOCTH M IIOLIAAN
MOBEPXHOCTH CJIOS:

Av

Fos =n- A -AS  -dopmyia HeroTona

['ne 1 -k03)QHUIMEHT JMHAMUYECKON BA3KOCTH. 3aBUCHT OT POJIa KUIKOCTH M TEMIIEPATYPBI.
[n]=1a - (MMackane ymuOX. Ha cexynmy)

®usnyeckuii  cMmbica  kodpPuuuenta auHamMuueckoii  Bsaskoctu:  KoapduumeHt
JUHAMHAYECKOW BA3KOCTH YHCJIEHHO PaBEH CWJIE BHYTPEHHErO TPEHMS BO3HHUKAIOMIEH MEXIY

CITOSIMH JKUJIKOCTH TUIOMIAb0 1i 21 IIPU TPAJUEHTE CKOPOCTH KUJAKOCTH PAaBHOM 17t

Bs13kocTh 3aBUCHT OT TEMIIEPATYPHI.

C yBenuueHueM TeMIEpPaTyphl BSI3KOCTh JKUAKOCTEH YMEHbBIAETCS, a BA3KOCTh Ta30B
YBEJIMYUBAETCS.

VY razoB Bs3KOCTh 00OyCJIOBJIEHA NEPENETOM MOJIEKYJ M3 €O B CIOW M3 33 UX XaOTUYHOIO
nBwkeHus. [Ipu 3ToM MeasieHHass MOJIeKyJa Tonaaas B ObICTPBIM CIOH TOPMO3UT €ro, a ObIcTpast
MOJIEKyJIa — YCKOpsieT ABMKeHue cios. [Ipu yBennueHun temmnepaTypbl HHTEHCUBHOCTh TEIJIOBOTO
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JBUKEHHS] MOJIEKYJI YBEJTMUUBAETCS, YHUCIIO MEPENETOB YBEIMUYUBACTCS U BSI3KOCTh CJIEOBATEIBHO
TOXC YBCIIMUUBACTCA.

YV xuaKocTedl — TJIaBHOM NPUYMHOM BSI3KOCTH SIBJISIIOTCS CHJIBI MPUTSKEHUS MEXKIY
MoJiekynaMu. C yBETUUEHUEM TEMIIEPATYPHI )KUJIKOCTH PACHIUPSIOTCS U CUIIBI MEKMOJIEKYIISIPHOTO
MPUTSHKEHUS. YMEHBIIAIOTCS U CIIEA0BATEIbHO BA3KOCTh YMEHBILIAETCSI.

Pa3nes 3. MoJiekyasipHasi pM3MKa M TEPMOAUHAMHUKA

Tema 3.1. MoJieKy/JAPHO-KMHETHYECKASI TeOPUs
Jleknus (1 yac)

CratucTuueckuii 1 TepMOJMHAMUYECKUI METOJbl. TepMoAMHAMHUUECKas cUcTeMa. Y paBHEHUE
COCTOSIHUS UACANBHOrO raza. MsydeHue mpoueccoB IPOTEKAOIMUX B MUKPOCKOIIMYECKUX Telax,
OCHOBaHO HAa JIBYX KaueCTBEHHO pPa3JIMYHBIX M B3aUMHO JOINOJHSAIOIUX APYr Ipyra METOAAxX:
CTaTUCTHUYECKOM (MOJIEKYJISPHO-KMHETUYECKOM) M TEpMOJMHAMUYECKOM. B craTucTuyeckom
METO/Ie, JIeKAIleM B OCHOBE MOJEKYJISIPHOW (M3MKH, MaKpOCKONMYECKHE SIBICHHUS H3y4aTbCs
UCXO/d U3 TOro (akTa, 4TO BELIECTBO COCTOMT U3 MOJIEKYJ, HaXOISIIUXCS B HENPEPHIBHOM
TEIIJIOBOM JIBU)KCHHH.

Ha ocHOBe aHanu3a CBOMCTB M JBUKCHMS OTAEIbHBIX MOJIEKYJI BEIIECTBA HAXOIATCS CPEIHUE
3HaueHUs psaAa (QU3NYECKUX BEJIIMYMH, XapaKTEpU3YIOLIUX COCTOSIHME BCEHl COBOKYIHOCTU
MoJiekyil. ITpu 3ToM OKa3bIBaeTCs, YTO HEKOTOpBIE CBOMCTBA, MPUCYLINE BCEH MAaKpOCKOIMYECKON
CHUCTEME B LIEJIOM, OTCYTCTBYIOT y OTACIIBHBIX MOJIEKYJI.

B ocHOBe TEepMOAMHAMHMYECKOIO METOAA JICKUT aHaJIU3 3aKOHOMEPHOCTEH B3aMMHOIO
IIPUPALLECHHS TEIUIOBOM HEPTUU U IPYrUX BUIOB DHEPIUH, U3YUCHHUE HAIIPABICHHOCTH TEILIOBBIX
IOpOLECCOB U T JA. B OTIMYME OT MOJICKYJISPHOW (QU3UKH, TEPMOIAMHAMHUKA, U3y4yas CBOWCTBa
MaKpOCKOITMYECKHX TEJl, HE BHUKAET B UX aTOMHO-MOJIEKYJIIPHYIO IPUPOLLY.

COBOKYITHOCTh MaKpOCKONHUYECKHX TeJl, OOMEHMBAIOLINXCS SHEPTUN APYr € APYrOM WM C
BHEIIIHEH CpEIOW, HAa3bIBACTCS TEPMOAUHAMMYECKON cucTteMoil. IIpumepoM €€ MOXKeT ABIAThCA
BOJIa U IJIaBalOIIUM B HEH HE.

CocTosiHME TEpMOJMHAMUYECKOW CHCTEMbI XapaKTEpU3YETCS] COBOKYIHOCTHbIO (PU3MUYECKHUX
BEIIMYUH, Ha3bIBACMBIX IIapaMeTpaMu COCTOSIHUSA WM TEPMOAVMHAMUYECKUMH IapaMeTpaMHU
cuctembl. IMu Moryt ObITh O0BEM CHUCTEMBI, JIaBIIEHUE, TEMIEpaTypa, Macca, MIIOTHOCTh U T .
TEPMOJIMHAMMUYECKUE MapaMeTphbl CBA3BIBAET MEXIY COOOH YpPaBHEHHE COCTOSIHUS CHCTEMBI.
IIpocreiimiel TEpMOTMHAMUYECKON CUCTEMOM SIBIISIETCSI COBOKYITHOCTD MOJIEKYJ MJI€aJIbHOTO Trasa.

I'a3 cuurTaercs uaeaNbHbIM, €CIIM MEXIY MOJEKYJIAMH OTCYTCTBYIOT CUJIBI MOJEKYJISPHOIO
B3aMMOJICHCTBUS; MPHU CTOJIKHOBEHUHM APYr C JAPYroM MOJEKYNIbl BeIyT ceOs Kak aOCOJIIOTHO
yIpyTrHe MapuKH UCUe3alolle MajblX Pa3MepoB, T € COOCTBEHHBIN 00BEM MOJIEKYN MpeHeOPEeKUMO
MaJ MO0 CPaBHEHHMIO C 00BEMOM cOCyja, B KOTOPOM HAaXOAMTCS WJealbHBIA Ta3. MaeanbHblil ras
abcTpakius

Ypasuenue cocmosinus udeanvbrozo raza M3BECTHO U3 DJIEMEHTAPHOTO Kypca (PU3UKHU:

oV =R
1)
Ocnognoe ypasrnenue MKT. MonekynsipHo-Kunemuyueckuti CMulCll memMnepantypul
C MONEKyIsIpHO-KHHETHYECKONW TOUKH 3pPEHUS JaBJICHHE ra3a Ha CTCHKH COCyAa 00YCIOBIEHO
ylapaMi MOJIEKYJ, HaxOoJsAUIMXCS B TEIJIOBOM JBMKEHHH, O CTEHKHU cocynaa. JlaBieHue paBHO
MMITYJIbCY, TEpEJaHHOMY MOJIEKYJaMHU ra3a €IMHUIE IUIOAIU MTOBEPXHOCTH CTEHKHU 3a €IMHUILY
BpeMeHu. [Ipu BbIBoAEe GopMyIbl naBiaeHUs OyleM CUMTATh, YTO B COCYAEC HAXOIUTCS WICATbHBIN

ras, Macca OJHOI MOJEKyJIbl KOTOPOro My. Yaap MOJEKyJbl O CTEHKH HOCUT aOCONIOTHO YIPYTHi
xapaktep. MOXKHO JOMYCTUTh, YTO MPHU 00IIeM Yrciie MoyieKyd raza N BCIIeICTBHE XaOTUYHOTO
JIBIDKCHUST B KaXIOM U3 TPEX B3aMMHO TEPICHANKYISPHBIX HampaBieHuid Oyner apuratbest N/3
MOJICKYIIL. Ecmu OAHO U3 3JTUx HaHpaBJ’IeHHﬁ NCpONCHAUKYIIAPHO CTCHKE cCoCyaa, TO II0
HalpaBJeHUI0O K cTeHKe Oyner nuratbess N/6 monekyn. BHawame mnpeamonoxkum, 4TO Bce
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MOJIEKYJIbI Ta3a ABMXKYTCSI C OJUHAKOBBIMHM CKOPOCTSIMH VL. IPU KaXXJIOM COYAApEHUU MOJEKyJa
nepenaéT CTeHKE CoCyAa UMITYJIbC
m05 —Mp (-0) = 2m06.

-

.

—_—

mgL

- mOU
™~
) v-df i
dK 1 2
HaBnenuerazsa pPp=—=———=—N-My-V
AS dt-AS 3
IToBeneHue Bcelt COBOKYITHOCTH MOJIEKYJI XapaKTEPH3YETCs CpeIHEN KBaJPaTHYHON CKOPOCTHIO
vf +08 +V3 ..+ 0f
(vea) = N

OcHoBHoe ypaBaenne MKT :

1
rac <g> = E mO . <Ué" >2 -CpCaHAA KUHCTUYCCKAs SHECPIrUs IMOCTYHATCIIBbHOI'O ABUKCHHS MOJICKYJIBI.

CorinacHO OCHOBHOMY YPAaBHEHHUIO MOJIEKYJIIPHO-KMHETHUUYECKONH TEOpUM HUACANBHOIO ras3a
JIaBJIEHUE WUJEaJbHOI0 ra3a YHUCIEHHO paBHO 2/3 KUHETUYECKOH SHEepruy MOCTYHaTeIbHOI'o
JIBUKEHUS BCEX MOJIEKYJI, HAXO/SIIMUXCS B €IMHULIE 00BbEMA.

_3RT _3RT _3,1  nokasbBaer, uro TepMOJMHaAMHUUecKas Temmeparypa T
2nV, 2N, 2

ABJIIETCS MEpON cpelHeld KMHETUYECKOW SHEpPruu TEIUIOBOTO JABM)KEHHS MOJIEKYJIbl HWEaIbHOTO

raza. [Ipu aGcomoTHOM Hyne Temrepatrypbl 7=0K mpekpaiiaercst TenaoBOe JBUKEHUE MOJIEKYI

dopmyia (e)

<8> =0 u naBieHue ra3a paBHO HymO. EnuHnna TepMoanHamMudeckoi Temmnepatypbl: kenbBuH (K)

B CU saBisteTcss OCHOBHOM.

Ce53b 0OCHOBHO020 YPAa6HEHRUA MKT 2a3za C YpaeHeHUuem COCMOoAHUA uoeanbHo20 2asa
HOI[CTaBI/IB B OCHOBHOC YPAaBHCHUC MOHCKYJIHpHO-KHHeTI/I‘{eCKOfI TCOpHUU Ta3a BbIPAKCHUC,
MOTYYHNM 3aBHCUMOCTHE JIaBIICHUS ra3a OT TeMIIEpaTyphl
p=n-k-T.

VpaBuenne MenneneeBa —Knaneiipona (1.1): pV = m RT .
1)

N3onponecc — paBHOBECHBIM MpOLECC, NMPU KOTOPOM OJUH W3 IapaMEeTPOB COCTOSHHUSA HE
u3MeHsercsa. Pasnuyaror wm3orepmuueckuit (T =const), wu3o0apHbIil (P =CONSt), W30XOpHBIH
(V =const ) u3omporieccol.

H3omepmuueckuu npoyecc onmuceiBaeTcsl 3akoHOM bolns-Mapuorra. [Ipyn m3zorepmudeckom
npouecce T =CONSt, ¢ HEM3MEHHBIM KoJM4yecTBOM raza m=const u N =const, p-V =const.

Ecin B Xxome mpolecca Macca W TeMilepaTypa HAEAIbHOTO Ta3a HE HW3MEHSIOTCS, TO
NPOM3BEICHUE JIABJICHUS ra3a Ha €ro 00bEM €CTh BeIMYMHA TOCTOSIHHAS.

['padmyeckoe n300pakeHUE YpaBHEHMSI COCTOSHMS Ha3bIBalOT quarpamMmon coctosiHus. B
CJlyyae M30IMpPOLIECCOB JUArpaMMbl COCTOSIHUSI M300pakatoTCsl ABYMEPHBIMHU (IUIOCKUMM) JTUHUAMHU
M Ha3bIBAIOTCS COOTBETCTBEHHO M30TepMaMH, H300apamu U u3oxopamu. HM3oTepmsl,
COOTBETCTBYIOIIME IBYM Pa3HbIM TeMnepaTypam 11 u To
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b o T

| o] T o] T
H3oTepmbl.

H3zo00apnuiti npoyecc omnmcwiBaeTcst 3akoHoM [eii-Jltoccaka. Ilpm wm3o0apHOM mporecce

\Y
p =const, ¢ HeM3MeHHBIM KoMuecTBOM raza m=const u N =const — =const

Ecin B Xozxe mpolecca JaBiI€HHE W Macca UACAIBHOIO ra3a HE W3MEHSIOTCS, TO OTHOLIEHHE
00BEMa rasa K ero TepMOJAMHAMHYECKON TeMIiepaType ecTh BeIHMUrnHa OCTOsTHHASL.
N306apsl, COOTBETCTBYIOILUE ABYM Pa3HbIM JABICHUAM [ U Po

P p ' 2

2 >
— — E>E
2P
} I
) p ’ /
[i] Vo ‘ T “l 7
N306apsr.

H3oxopHwiii npoyecc onuckiBaercs 3akoHoM Illapis. [Tpu uzoxopHom mporecce V =const, ¢

HEU3MEHHBIM KOJIMYECTBOM raza m=const u N =const, P_ const .

Ecau B Xoac Ipormecca O6’beM, N MacCa HMACAJIBHOI'O ra3da HEC HU3MCHAIOTCA, TO OTHOLICHHC
JaBJICHHA Ira3a K €10 TCpMOI[HH&MHHGCKOfI TEMIICPATYPEC €CTh BCIIMUMHA ITOCTOSSHHAA.

M30X0pbl COOTBETCTBYIOIIUE IBYM pa3HbIM 00béMaM V; u V) mpuseneHsl

p v & i

H3oxopsl.

JlaBneHue ra3oBor cMecu P = P+ Po + P3+...+ PN

[To 3akony JlanmpTOHAa  JaBJI€HHE CMECH HJEaJbHBIX Ta30B PaBHO CyMMeE MaplUaIbHBIX
JaBJIEHUH Ta30B, 00Pa3yIOIMIUX CMECH.

[TapunanbHBIM Ha3bIBAETCS JABJICHHE, KOTOPOE CO3/1aBail Obl JaHHBIA Ta3, €ciu Obl OH OJWH
3aHUMAaJI BECh COCY/l, B KOTOPOM HaXOIMTCS Ta30Basi CMECh IPH TOH ke TeMIepaType.

Tema 3.2. SIBeHust nepenoca.
Jleknus (1 yac)

Aenenus nepenoca — MpoOLECCHI, KOTOPHIE BOSHUKAIOT IIPY HAPYILIEHUN PABHOBECHUS B CUCTEME.

B raze siBeHus nepeHoca HaOIIOJAIOTCA B TOM CIIydae, €CIIU CYLIECTBYIOT IPOCTPAHCTBEHHBIE
HEOJIHOPOJHOCTH IIJIOTHOCTH, TEMIIEPATYPhl UM CKOPOCTH HAIPABIEHHOIO JBHUKEHHS CIIOEB rasa.
BcenmencTtBue  XaOTMYHOrO — TEIJIOBOTO  JBMKEHUS MOJIEKYJI OTH HEOJHOPOAHOCTH HA4YHYT
BBIPABHUBATHCS U M3 OJJHOM yacTu 00bEMa ra3a B Ipyryro OyIeT MepeHOCUThCs Macca, TeIIoTa Uil

UMIyJabC. B 3aBUCHMOCTH OT pojAa MEPEeHOCMMOW BEIUMYMHBI Pa3MYaloT TPU BUAA SBICHUI
nepeHoca:

o uddy3uro (MepeHoc Macchl),
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® TEIUIONPOBOJHOCTH (TIEPEHOC PHEPTUH),
e BHYTPEHHEE TPEHUE WM BA3KOCTb (IIEPEHOC UMITYJIbCA).

Hugpgy3usi cOCTONT B CaMOIPOM3BOJIBLHOM IIEPEHOCE MAacChl raza M3 00JIacTH C OOJbIICH
IIJIOTHOCTBIO BEIIECTBA B 00J1aCTh C MEHBIIIEH IIJIOTHOCTBIO.

HYCTB KOHILCHTpausd MOJICKYIJI N MU IIJIOTHOCTH ra3a o BO3paCTalOT B IIOJIOKUTCIBHOM
HaIlpaBJICHUU OCH X . Beanunna

Ap _p2—p1

AX  Xg—X
Ha3bIBACTCA I'paIUCHTOM IIJIOTHOCTH.

OmbIT IIOKa3bIBACT, YTO YEM 6I)ICTpee MCEHJACTCH IIJIOTHOCTH ra3a BJ0OJIb OCH X U OoJbIle
TpaauCHT IJIOTHOCTHU, TEM MHTCHCUBHEC 6YZ[CT OCYHICCTBIATHCA IMEPCHOC MACChI BCIICCTBA.

, paBHasg U3MCHCHMHIO IINIOTHOCTHU ra3a Ha CAMHULY JJIMHBI BAOJb OCH X,

Cornacno 3akony @uka: wMacca raza AmM, mepeHocuMas udepes Iuiomanky AS, Koropas
pacmojiokeHa epIeHANKYIIPHO OCH X, 3a BpeMs At :
Am:—D-A—’O-AS-At,
AX
i 2
rae D - xoapdunuent muddysun. [D] =

~

3Hak MHHYC IMOKa3bIBACT, YTO MaccCa MNEPCHOCUTCA B CTOPOHY Y6BIBaHI/I$[ TIJIOTHOCTH.

SBnenue mennonposoOnocmu 3aKIOYACTCSl B NMEPEHOCE TEIUIOTHI OT CJIOEB Ta3a C¢ Oousbliei
TEMIEPaTypoil, K CIOsIM C MEHbIIeH Temmneparypoil. Momnekynsl 6ojee HarpeToro Closi UMEIOT
OOJIBIITYI0 DHEPruio, ABWKYTCS B Oo0jiee XOJIOJHBIM CIOM M OTAAIOT 4YacTh CBOEW HHEPTrUU
MeJIEHHBIM MOJIEKYJIaM (C MEHbIIIeH YHEprHei ).

AT Tr-Ty

Ecin m3meneHue temmeparypel HNPOMCXOJUT BIOJIb OCH X , TO OTHOUIEHHME — =—5—=

AX  Xo—X
OyZeT ABIATHCA TPAJUEHTOM TeMIIepaTyphl.
[To 3akony @ypbe: KkoauuecTBO TEIIOTH AQ, mepeHocumoe 3a BpeMs At depe3 MmIomaaKy

AS , pacnoyioKeHHYIO NEePIEeHANKYISIPHO TEIUIOBOMY IIOTOKY:

AT
AQ=-k-—-AS-At.
AX
Koadunment mponopiroHanbHOCTH K HOCHT Ha3zBaHHe KOI((HUIMEHTa TEIIOMPOBOJIHOCTH.

Ad
[k]= — . 3HaK MUHYC B (OpMyJie O3HAyaeT, YTO TEIUIOTa MEPEHOCUTHCS B CTOPOHY YOBIBaHHUS
i-E ’

TEMIEPATYPHI.
SIBneHWe BHYTPEHHETO TPEHHUs COCTOUT B TIEPEHOCE HMMITyJbca OT Ooyiee OBICTPOTO CIIOS
(IBIDKYIIETOCSI CO CKOPOCTBIO Uy ) K 00Jiee MEINICHHOMY (IBHKYIIEMYCSI CO CKOPOCTBIO U1 ).

Av

AX

Cwta BHYTpeHHETO TpeHwus, coriacHo popmyne HproToHa TOpMO3UT GoJiee OBICTPBIA CIION U
YCKOPSIET MENJICHHBIN CIION.

F=n- -AS .

Jnuna c60600H020 npobeza MoaeKyi.
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Hanmenbmiee paccTosiHue, Ha KOTOpOE CONMKAIOTCS LEHTPHl  CTAJIKHBAIOLIMXCS MOJICKYI,
Ha3bIBaeTCs () (HEKTUBHBIM JUAMETPOM MOJIEKYT G

d

OH 3aBUCHT OT pOja ra3a U OT CKOPOCTH CTaJKUBAIOIINXCS MOJICKYJ, T € OT TeMIIepaTyphl rasa.
C noBsbllLIEeHUEM TeMIlepaTypbl 3PGEKTUBHBIN TUaMETP MOJIEKYJT YMEHBIIIAETCS.
Cpenusisi iMHa CBOOOAHOTO IMpoOera MOJIEKYJ- pacCTOSIHME, KOTOPOE MPOXOTUT MOJEKyJa
MEXy IBYMS IIOCIIEI0BATEIbHBIMU COYAAPEHUSIMU:
1

</1>:x/§-7zd2-n

Konnentpanus Monekyn u3 Gopmyisl N = % U CpeIHss ATMHA CBOOOIHOTO mpobera

B 1
<7L>_\/§-nd2~n

BO3paCTarOT ¢ YMCHBIIICHHUEM J1aBJICHU.

Tema 3.4. 3aK0HBI TEPMOAMHAMHKH.
Jlekuus (2 yac)

Tlepébiii 3aKk0H MEPMOOUHAMUKIL:
Terutora, cOOOIICHHAST CHCTEME, PACXOIYETCS HAa H3MEHEHUE BHYTPEHHEH SHEPTHH CHCTEMBI
Y Ha COBEpILICHHE CUCTEMOM paboThI mpoTuB BHemHuX cwit.  dQ =dA+dU .

HeBo3moxkeH geunwiii 0sucamens nepsoco pooa. To ecTb Takoil JBUTATENb, KOTOPBIM MPOU3BOIUII
ObI paboTy B KOJIMUECTBE OOJIBIIEM, YEM TOTJI0IIaeMasi UM U3 BHE TEIUIOTa.

Bmopou 3axon mepmoounamuxu: 1) HEBO3MOXKEH BEYHBIN JBUTATEIh BTOPOTO pOJa, TO €CTh
JIBUTATENh, KOTOPBIN Moay4as Obl TETUIOTY M MOJHOCTHIO TIpeBpaliai Obl €€ B paboTy.

2) o Knaysmycy (1850): HEeBO3MOXeEH MpOIECC, MPU KOTOPOM TEIJIOTa TEepeXoauia Obl
CaMOIPOM3BOJILHO OT TeJ 0ojiee XOJIOAHBIX K TenaM Ooyiee HarpeTbiM. Takol mepexo]] BO3MOKEH
P COBEPILLIEHUH padOThl BHEIIHUMU CHJIAMHU.

3) V. ToMCOH: HEBO3MOXHO MOCTPOUTHh IEPHUOAMYECKH JEHCTBYIOUIYIO MAIIWHY, BCA
JeSTeIbHOCTh ~ KOTOPOM  CBOAMJIaCH OBl K  COBEPIIEHHIO MEXaHW4YecKoW paboTel U
COOTBETCTBYIOILIEMY OXJIAXJAECHUIO TEIJIOBOIO Pe3epBYyapa.

4) OcTBanbJa: HEBO3MOXKHO OCYIIECTBUTh BEYHBIH JBUraTelb BTOPOrO poia, T € TaKou
NEepUOIMYECKH JECHCTBYIOUIMI JABUraTeib, KOTOPbIM Moiydan Obl TEIJIO OT OJHOTO pe3epByapa
SHEPTUH U TTOJTHOCTHIO MpeBpaIai Obl 3TO TEIUIO B paboTy.

Bropoe Havaso TepMOAMHAMMKH ONPEAEIAET HAIlpaBJICHUE NMPOTEKAHUSI TEPMOJANHAMUYECKUX
IIPOLECCOB (TEIJIOTa CaMOIPOU3BOJILHO MEPEXOJUT OT TOpAYMX TeNl K XOJIOAHBIM), M HajaraeT
OrpaHUYEHHE HAa BO3MOXKHOCTh MPEBPALICHUE TEIUIOTHI B paboTy (Bca TeIuioTa B padoTy mepenTu
He MokeT). B yacTHOCTH, OHO 3amperiaeT caMoNpOU3BOJIbHBIN NIEpexo]] Teria oT 0oJiee XOJ0THBIX
TeJ K OoJiee HarpeThIM.

OHTpomnus - (QYHKIMS COCTOSIHUS, SHTPOIIUS ONPEENIeTCs MapaMeTpaMu COCTOSIHUS CUCTEMBI.
W3meHeHne SHTPOINHY MIPU IEPEXOAE CHCTEMBI U3 COCTOSIHUSA | B cOcTOsIHME 2 paBHO

2
AS=32—32=jd—Q.
1 T

D:[e 82 y 52— OHTPOIINA CUCTEMBI B HAYaJIbHOM U KOHCYHOM COCTOSHHAX.
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[Ipy npoTekaHuu B M30JIMPOBAHHOM CHUCTEME OOpPAaTHMBIX IPOLECCOB SHTPOMMS CUCTEMBI
ocTaéTcs MOCTOSIHHOM, MPH HEOOpaTUMBIX MpoLleccax YHTPOIHUS 3aMKHYTOH CHCTEMBI BO3pPAacCTaerT,
T.€. B 00IIeM cirydae

AS > 0. — "epaBeHcTBO Knay3uyca

Hepasencrso Kitaysuyca CIIy)KMT MAaT€MaTH4YECKUM BBIPDAKEHUEM BTOPOrO Hayaia
TEPMOJUHAMUKHU.

PeanbHbple mpoueccsl SABIAIOTCA HEOOPAaTMMBIMM W B COOTBETCTBUM C BTOPBIM HayalloM
TEPMOJMHAMMKH MPOTEKAIOT TAKUM 00Pa30M, UTO SHTPOINS 3aMKHYTOM CHCTEMBI BO3pacTaeT.

OHTponus SABISETCS Mepoil Oecropsaka, Xxaoca B TepMoAMHaMudeckoil cucrteme. CoctosiHue
CHCTEMBI C OOJIbIICH SHTPONUEH SBIISETCS O0JIee BEPOSITHBIM.

Cmamucmuyeckutl CMbICl 8MOPO20 HAYANA MEPMOOUHAMUKU.

UeMm MeHbIIE YUCIO MOJIEKYJ B Ta30BOM CHCTEME, TEM C OOJIbLIEH  BEPOSTHOCTBIO MOXKET

HaOJI0aThCsl CaMOIIPOM3BOJIBHOE CkaThe rasza, B koropoMm W u S Moryr yObIBaTh. XOTd

BEPOSTHOCTH MOJOOHBIX MPOLECCOB B TEPMOAMHAMUYECKUX CHUCTEMAaX, COCTOSIIIUX U3 OOJIBIIOrO

4HCJla YaCTHL, MaJla, B IPUHLMIIE OHU HE 3ampemarorcsa. He uckirodas MaJoBepOsATHBIE IPOLECCHI

B 3aMKHYTOH TE€PMOJMHAMHUYECKON CUCTEME, NMPOTEKAIOIINE B CTOPOHY YObUIM 3HTPOIIMHU, BTOPOE

Hayajo TEPMOAMHAMUKU HE UMEET CTOJIb a0COIFOTHOTO XapakTepa, Kak IepBOe Hayao.
AnnabaTHBIN mporiecc.

AnunabaTHBIM Ha3bIBaeTCs MPOLECC, IPOTEKaroIuil 63 TemI000MeHa CUCTEMBI ¢ OKpYKarolen
cpenoit. Jlnst ocymiecTBieHHs aauabaTHOTO Ipolecca ra3 JOJDKEH OBITh TOMEIIEH B COCYH C
abCOJIIOTHO HETEIIONPOBOIHBIMU CTEHKaMM. Tak Kak cO34aTh COBEPIIEHHO HETENJIONpPOBOJHBIE
CTEHKH HEBO3MOXHO, TO peajibHble MPOLIECCH MOT'YT POTEKATh JIUIIIb Kak 00ojiee WIN MEHee TOUHOe
npubimkenne k anuadbatHomy. IlpakTndyeckm Onm3ku K agumabaTHOMY OBICTPO TPOTEKAFOIINE
IPOIIECCHl, B KOTOPBIX 3@ BPeMs IPOTEKaHMs IpoLiecca 0OMEH TEIJIOM CUCTEMBbI C BHELIHEW cpeon
B 3aMETHBIX KOJMYECTBAX HE YCIEBAaET OCYIIECTBUTbCA. Tak, M3MEHEHUE COCTOSHUS Tra3a B
HEKOTOpPOM 00BEME, NpU NPOXOXKICHUHM 4Yepe3 HEro 3BYKOBOW BOJIHBI, SBIAETCS OJIM3KUM K
a7nabaTHOMY MPOLIECCY BCIICACTBHE MAJIOTO BPEMEHH IMPOXO0XKACHUS BOJHBI 4epe3 00bEM rasa.

B orcyrctBum TeruiooOMeHa ¢ okpykaromieidr cpemoindQ=0. Ilo mnepBomy Hauamy

TEPMOJIMHAMMKH JUIs aauadbarHoro mporecca dA=—dU .

Vpasnenue [Tyaccona ayis anuabathoro nponecca  Pp-Vy” = py-Vo/

P 7

A
A

\ aquadata
Pao

‘!)

[E}

N

5

15 I

Kpyzosvie npoyeccoi- mpouiecchbl IpU MPOTEKAHUU KOTOPBIX CUCTEMA PO PbLI COCTOSHUN
BO3BPAIIAETCS B UCXOJHOE.
[Tporecc mpoTekaroyii B TEpMOIMHAMUYECKON CHCTEME, Ha3bIBAETCsl 0OPaTUMBIM, €CITH OH
CIOCOOEH MPOTEKaTh KaK B MPSMOM, TaK U B 00OpaTHOM HaIlpaBJIEHUH, IPUUEM, BO3BPAILIAsCh B
HCXOJHOE COCTOSIHUE, CUCTEMA JTOJIKHA IMPOWUTHU Ty K€ MOCIIE0BATEILHOCTh COCTOSIHUM, UTO U B

IPsIMOM MPOLECCE, HO MPOXOAUMBIX B 0OpaTHOM MOPSIKE
}J

c

105,17, 1)

a

|
|
b nm)
I
|
I
|

I I 1

[Tpomiecc cumTaeTcst paBHOBECHBIM, €CIM €r0 MOXKHO IPEICTaBUTh KaK HENpPEpbIBHBIM psif
PABHOBECHBIX COCTOSIHH. PaBHOBECHBIMH SIBISIFOTCS OECKOHEYHO MEIUICHHO TPOTEKAIOIIHe
IPOIIECCHI, B KOTOPHIX B TEYEHUE KOHEYHOTO MPOMEKYTKA BPEMEHH ITapaMeTpbl CHCTEMbI OCTAIOTCS
HEM3MEHHBIMH. BCSKMII paBHOBECHBIM IpOIECC SIBISETCA OOpAaTHMBIM IPOLECCOM, M, HA00OPOT,
1000i1 0OpaTHMBI Tpolece SBISETCS pPaBHOBECHBIM. OOpaTHMOCTh PaBHOBECHOTO Ipoliecca
CIIEyeT M3 TOTO, YTO JII000E ero MpoMeXyTOYHOE COCTOSHHE SIBIISICTCS PAaBHOBECHBIM M JUIS HETO
18



BCJIC/ICTBHE TIIOCTOSIHCTBA MapaMeTpoB Oe3pa3jiuyHO HAmpaBJICHHUE MPOTCKAHUs Mpollecca.
PeanbHbIe TpoOIleCCHI MPOTEKAIOT C KOHEYHON CKOPOCTBIO U SIBJISIFOTCS HEPABHOBECHBIMH U
HEOOpaTUMBIMU.

B nmpupoae o6patuMbix mpolieccoB He cymecTByeT. Heobpatumsl quddys3us, nepenada Tera
OT HarpeThIX TeJ K XOJOAHBIM, PACHIMPEHHUE ra3a B MyCTOTY, MIPEBPAIICHUE MEXaHHUECKON SHEPTUU
B TCIUIOBYIO, HANpUMEp, MPH COYAAPCHUU TEJ WM Ka4yaHUM MasTHUKA W T 1. Bce 3Tu siBICHUS
IPOTEKAIOT CAMOIIPOU3BOJILHO, CAMH T10 ce0e, TOIBKO B OJTHOM HAIPABJICHHH.

TennoBoil  aBuratenb.  ODKOHOMHYHOCTb  TEIUIOBOIO  JIBUTATENs  XapaKTepU3yeTcs
KO3(QULHUEHTOM MOJE3HOI0 JEHCTBUSA 77, PaBHBIM OTHOLICHHWIO IPOMU3BEIEHHON  JBUIaTelIeM
paboThI K TEIUIOTE, B3ITOM OT HarpeBaTes: A Q-Qp-

A Q

Luxn Kapno- npencrasisier co00i 00paTUMBIN KpyrOBOH MPOLIECC, COCTOSIHUMA U3 JIBYX
U30TEPM U ABYX aauadar
Py P

Kospduuuent mnone3Horo nAeHCTBHsS  TEIUIOBOTO  JIBUTaTels,
paboraromiero no uukiny Kapho:

p _Q-
: S 7 Ql

: Koadduument moneznoro aewcTBus wuaeanpbHOro mukma Kapao
nononn V' ompenenseTcs TOJIBKO TEMIEPAaTypol HarpeBaTells [1 U TeMIeparypon

T, =const

xonoxwibHUKa To . Knp muxina KapHo Tem Oosbine, 4eM HMKE TeMIepaTypa XOJIOAWIBHUKA U YeM
BBILIIEC TEMIIEpATypa HAarpeBaTells.

Pa3nen 4. Kosiebanust u BOJTHBI
Tema 4.1. Mexanuueckue koJie6anusi. OCHOBHbIE XapaKTePUCTHKH KOJIe0aH Ui
Jlekuus (1 gac)

Konebanus. Buner koneOaHmii: MeXaHHYECKHUE, AIEKTPOMarHUTHEIE. ['apMOHNYecKre U He TApMOHHYECKHE.
Mexanndeckue kosiebanusi. OCHOBHBIC XapaKTePUCTUKH KOJICOaHHI: aMIUIMTY/1a, 4acToTa, (a3a u nepuo

KosieOaHuil. YpaBHEHNE TapMOHHUYECKUX KOJeOaHUH'
x=Acosp = Acos(at+g, ), y = Asing = Asin (ot +¢, ),

CKOpOCTL " YCKOpPCHHUC MaTepI/IaHLHOﬁ TOYKH, cosepmafomeﬁ TrapMOHHNYCCKHUC KoJieOaHus. KI/IHCTI/I‘{GCKaﬂ,
MOTCHUHAJIbHAA W TIOJIHASA SHCPIrus MaTepHaﬂBHOﬁ TOYKH, COBCpIHaIOH_ICf/i TrapMOHUYCCKUC KoJieOaHus.

Crnoxxenne ABYX OJHOHAIIPABJIICHHBIX T'APMOHUYCCKUX KOJIeOaHHH OZ[HHaKOBOﬁ YaCTOTHI.
T

T2, 2
Ap = A+ A+ A A, cns(;ﬂm —%1)
Hazansman data pesyis THPTIOLIET 0 KOs GaHKT pasHa

_htE | Asing+Asin g
5 +x, Acosgy+ A msgg,
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CrnoxeHue JNBYX B3aWMHOICPIICHIUKYISPHBIX TAPMOHUYECKUX KOJeOaHHWN OJUHAKOBOW 4acTOThL. (DUTYypHI
Juccaxy.

20" 180"

l:’l_|
w1

1o

OV

DIRNIN[Z )
DIMINL

RALANIO

AN

Tema 4.2. MasiTHUKH: NPYKUHHBIH, PU3NUYECKUI, MATEeMATHYECKUIT
Jleknus (1 yac)
Ipystcunnolit maamuuk

A A

—=
a
—

E-up

o7
BriBon nuddepennmanbHoro ypaBHeHUS IPY>KUHHOTO MasiTHUKA:
8+ @ 65=0 -

BriBox popmybl nepuoaa kosnebanuii NPyKMHHOTO MasTHUKA:  (Y_ 2, \ﬁ
k

Mamemamuueckuii MaamHuk
MaremaTu4ecKuil MAATHUK — MaTepUaJIbHAs TOYKA [MOJBEIICHHAS HA JJIMHHOW, HEBECOMOM,
HEPACTSHKUMON HUTH JUTHHHOM |

MaremaTn4ecKuil MasITHUK KOJIEOIETCS IO AEHCTBUEM CHJIIBI TSHKECTH mq . BeiBog

TG depeHIIMATBHOTO0 YpaBHEHHSI MAaTEMaTHUYECKOI0 MasiTHUKA X + w?-x=0 -
BoiBoa hopmysisl a1 neproja KojedaHui MaTeMaTHUeCKOro MasiTHUKA!

T=27t\F
g

Du3uyeckuil MaAmMHUK
Du3nvecKuil MAATHUK 3TO TBEPAOE TENO, MOABEIIEHHOE Ha TOPU30HTAIILHON OCH, HE
MPOXOSAIICH uepe3 EeHTp Macc. MasTHUK COBEpIIaeT KOJIeOaHUs MO/ ICUCTBHEM
CUJIBI TSYKECTH.

BriBo muddepenimanbHOro ypaBHeHUs: GU3NYECKOT0 MasgsTHUKA

gb+a)2(p:0,

BeiBozt popMye 1t mepuona Konebanuit ¢ _ o | J_ (usnuecKkoro MasTHUKA.
mgl
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Tema 4.3. 3aTyxamwuue Koiedanusi
Jleknus (1 yac)

JtoGbie peanbHBIE CBOOONMHBIE KONEOAHHWS CO BpEMEHEM 3aTyXalT. JTO CBS3aHO C TeM, YTO Ha
KOJIEOJIIOIYIOCST CHUCTEMY BCErza JAEHCTBYIOT IMCCUIATHBHBIC CHJIBI (CHJBI CONPOTHUBIICHMS, TPEHHMSA),
KOTOpbIE HENb3sl MCKIIOUNTh. [l03TOMYy SHeprus KoieONmomeldcss CHCTEMBl TpaTHThCS Ha paboTy
JUCCUIIATUBHBIX CHJI, T.€. CUCTEMA TEPSIET SHEPTHIO.

[lyctb Ha TpyXWHHBIH MasATHUK (CHCTeMy) KpoOMe€ YIPYrod CHIIBI  JeHCTByeT cuiia

COTIPOTHBIICHHUS: FConp =—rv, tae I — ko3 HUIHEHT CONPOTUBIECHUS (3ABUCHT HE TOJIBKO OT CBOHCTB CpeEIbl,

HO W OT (GOpPMBI W pa3MepoB KoyeOmromerocs Tena). Torma ypaBHEHHE IBWKEHHS Tpy3a MPYKHHHOTO
MasTHUKA Ha ocHOBaHUM || 3akona HeloToHa numeet Buj mX = —kX—rx,

BeiBon muddepeHnnanbHoe ypaBHEHHE 3aTYXAOIIUX KOTCOaHHIA: X+ 20X+ a)§ x =0,

Pemienue ypaBHEHHUSI MOXKET OBITh HAUICHO X = Aoe_'gt cos(at +¢p),

[ 2 2 Ny
rIe @ =+ @y — [ — YacToTa 3aTyXaroIuX KoIeOaHui

aMILTMTY/Ia 3aTyXaromux koneGanuit. A= Ag ",

Tpaduk satyxarmix konedaduii  paduk aMITHTYABL 3aTYXAIOMUK KOTeGaHMil:
A

X
An
/‘.<1(f1) Aafta)
T ¢

Bpemsa penaxcayuu t. , K03 PUIHEHT 3aTyXaHUS B= 1,

Y

i~

T
JorapuPMHUIECKHI IEKPEMEHT 3aTyXaHHUs A(t) Ae” r 2 .
= =1In = = ﬁT -
A+T)  Ae’tD 2m [k r?
m  4m?
3aryxaHue KoyieOaHu 10 IKCIIOHEHIIMATEHOMY 3aKOHY MPOMCXOJIUT B TOM Ciydae, KOTa Chiia TPEeHUsI
NPONOpLUMOHAIbHA CKOpocTH. IIpn 3TOM OTHOLIEHHE [BYX IOCIEA0OBATENbHBIX aMIUINTYZA (AEKPEMEHT
3aTyXaHHWs) OCTaeTcsl MOCTOSHHBIM. [IpM Ipyrux TUmax CWJI TPEeHUs 3aKOH 3arTyxaHus OyaerT WHbIM. Bo
MHOTHX KOJIeOATEeNIbHBIX CHCTEMAax Hapsiy ¢ TPEHUEM, MPONOPIHOHANBHBIM CKOPOCTH, MPUCYTCTBYET H
cyxoe TpeHue. [ToaToMy Ha OIBITE YacTO MOIYYaeTCs, YTO OTHOIIEHUE JBYX MOCJIEJOBATEIbHBIX aMILUIUTY]]
HE SBJIETCS IOCTOSITHHOM BETMYHHOM.

Tema 4.4. Boiny:k1eHHbIe Kos1e0aHus. Pezonanc
Jleknus (1 gac)

Cucrema, BBIBEJICHHAS U3 MOJIOKEHUS PaBHOBECHSI M MPEIOCTABICHHAs caMoil cebe, coBepIIaeT CBOOOIHbIE
3aryxarolue kojebanus. J{ist Toro, 4ToObI cUcTEMa coBeplliaia KoineOaHus JIUTENbHOE BpeMs HE00X0IMMO
BOCTIOJTHHUTD yOBUTH 3HEPTUH (TIOTEPH) B HEH 3a cueT pabOThI TEX WIIM WHBIX BHEITHUX CHIL.

Ecnu Ha cucremy IefCTBYIOT MEPHOAMYECKA M3MEHSIOMIMECS BO BPEMEHH BHEIIHHME CHIIBI, TO OHa OyneT
COBEpIIATh BHIHYKACHHBIE KOJIEOaHNUsI.

IlycTp cucreMa B HayaJbHbII MOMEHT BPEMEHM HAXOJIUTCS B COCTOSIHUM IOKOs. IIpu neiicTBuM Ha Hee
MEPEeMEHHON TEPUOANYECKOW BHEIIHEH CHIIBI OHAa NPUOOPETeT JHEPTUI0 W TOCTENEHHO HAYMHAET
packaumMBaTbcsa. YacTe nepegaBaeMoil SHEPTMH pacxoayeTcsa Ha MPEoJOJIEHUE CONPOTUBIEHUS cpenbl. Tak
KaK YyOBIIb 3HEPTUM CHUCTEMBI PAaCTET C POCTOM CKOPOCTH KOJIEONIOIIEHCS CHCTEMBI, KOTOpas B CBOIO
ouepe]lb BO3pacTaeT ¢ yBeINYCHNEM aMIUTUTY bl KOJIeOaHWH, TO B KOHEYHOM MTOTE MTOTEPH IHEPTUN CTAHYT
paBHbBIMH ee mocTymuieHuto. C 3TOro MOMEHTa Koje0aHWsl CUYHUTAlOTCS YCTaHOBHUBLIMMHCS. Torza
YCTAHOBUBIIKECS BBIHY)KJICHHBIE KOJIEOAHUS MPOMCXOAAT IO 3aKOHY, MO KOTOPOMY KOJEOIETCsl BHEIIHSS
CHJIa, ¥ 4aCTOTA PAaBHA YacTOTE KOJeOAaHUM BBIHYKAAIOLIECH CUJIBL.

YpaBHEeHNE BBIHYKIEHHBIX KOJIEOaHHA:
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mX = —kx —rx+ F, cos ot - X+2ﬁ)’(+a)gX:%COSa)t.

Pe3oHaHC MMPOKO pacpoCTpaHEH B IPUPOJE, YaCTO HCIOIB3YeTCS B TEXHUKE, DPAJAMOTEXHHKE.
Hampumep, genoBedeckoe yxo BOCHPHHAMAET 3BYKH BCIIEICTBUE pPe30HAHCA KOJeOaHU B YIITHOW paKOBHHE.
B paanorexHHKe pEe30HAHC MO3BOJSET OTHACHATH CHUTHAIBI JAHHOW PaJMOCTAHLUHM OT JPYTHX CHTHAJIOB
OJTHOBPEMEHHO paboTaromMx cTaHuuil. s 3TOro MpHUHUMAIOIIAS CHTHABI PaJHOCTAHLIUS HACTPAUBACTCS
Ha 9aCTOTYy CHTHAJIOB IIEPEeAIONIeH paJnoCTaHIUN.

SIBneHne MEXaHUYECKOTO PE30HaHCa MCIIOIb3YETCs B aKyCTUKE JUIsl aHAJIN3a 3BYKOB M UX YCHJICHUSI, TIPH
YIUIOTHEHUH KHJKOTO OSTOHA, 3aIMTOTO B QYHIAMEHT 3/1aHHM, COOpyX)eHuit. OHAKO, B Pa3IMYHbIX
COOPY)KEHHSX M MAIIMHAX, ITOIBEPTAIOIINXCS IEPHOINIECKIM Harpy3KaM, pe30HAHC BEChMa OMACeH.
Hamnpumep, poTops! MammmH, TypOHUH 1 IPYyTrUX BPAIAONINXCS MEXaHH3MOB MIPAKTHIECKH HEBO3MOXKHO
LCHTPUPOBATh a0COTIOTHO TOYHO. [IpH BpalieHny poTopa cuiia, JSHCTBYOIIas Ha Bajl pOTOPA, SBIISICTCS
nepuoanueckoii. [loaTtomy oHa Bo30yxaaeT konebanus Bana (potopa). Ecnu yactota n3mMeHeHus
HaIpaBJIEHHUs CHUJIBI COBITATAeT C COOCTBEHHOH 4acTOTON KOJIeOaHmid Baja, TO HACTYIAeT PE30HAHC
KoJieOaHuil, 4TO MPUBOIUT K pa3pyuieHur0. CKOPOCTh BpaICHHUs Bajla, COOTBETCTBYIOILAs PE30HAHCY,
Ha3bIBACTCS KpUTHYCCKOU. [1J1s MpeoTBpaleH s pe30HaHca HEOOX0AUMO CO3/1aBaTh TAKOW PEKUM, TIPH
KOTOPOM YacTOTa BBIHY)KJAIOIIEH CHIIBI 1 COOCTBEHHASI YaCTOTA CHCTEMBI CHIIBHO Pa3INyaich ObI IO
BEJIMYMHE; WJIH, YBEIMUHUTH 3aTyXaHHe K0JIeOaTeIbHON CHCTEMBI

Tema 4.5. Bosinbl. IIponoJibHbIe U MoNepevYHble BOJHBI. Y paBHeHHe Oerylieil BOJTHbI
Jleknus (2 yac)

Kak m3BecTHO, Komebmomieecs Teno (KaMepToH, CTpyHa, MEMOpaHa), HaXosIIeecss B YyIIPyroi cpene,
NPUBOJUT B KoJeOaTeNbHOE ABIKCHHE COMPUKACAIOIIUECS ¢ HUM YaCTHIBI CPEIbl: aTOMbBI, MOJIEKYJBl U
JIpyrue MexaHH4ecKHe BO3MYILIEHHUS, BOZHUKAIOIIME B YIIPYroi cpesae. BeneacTsue uero B mpuileraomumx K
3TOMY Tely JIEMEHTaX Cpellbl BO3ZHHMKAIOT IEpHOAUUYecKHe nedopMmauui (HampuUMeEp, PacTSHKEHUS HIN
CKaTHUsl Cpelibl) U BeOYT K BOZHUKHOBEHHIO YNIPYIHX CHJI, KOTOPBIE CTPEMSTCS BEPHYTh JIEMEHTHI CPElbl B
MepBOHAYATILHOE COCTOSIHUE PABHOBECHS, TO €CTh BO3HHUKAIOT YIIPYTHE KOJIeOaHHSs CPEIbI.

Tak Kak coceHHE 3JIEMEHTHI Cpelbl B3aUMOJIEHCTBYIOT IPYT C APYIOM, TO 3TH yIpyrue aedopManiu
OyoyT TmepemaBaThCcss OT OJHHX Y4acTKOB cpeapl K apyruMm.  Konebanus — (6ozmywenusi),
PAcCnpoCMpanaowuecs 8 ynpyeou cpeoe 60 6peMeny Ha3vl8aiomcs Mexanuyeckumu 60aHamy. BoHel MoryT
OBITH NPOOOLHLIMU, KOTAA YACTHUIIBI CPEAbl KOJEOIIOTCS BAONb JIMHUH, COBMAJAONIEH C HampaBiIeHHEM
pacrpocTpaHeHus] KONeOaHus; M HonepeunviMu, KOTZA YaCTHULBl KOJEONIOTCA IMEPHEeHAMKYISIPHO K
HAIpPaBJIECHUIO PAaCIPOCTPAHEHMs BONHBI. B JKMIKOCTAX M razax BO3HHMKAIOT TOJIBKO IMPOAOJIBHBIE BOJIHBI,
pacrpoCTPaHAIOUINECS B BUAE YEPEYIOMINXCS CKATUI U PACTSIKEHUN CPEIbI.

Ilogepxnocms, 00 KOmMOpOU 00x00um Korebanue 8 HeKOMOpblll MOMEHm 6PeMEeHU, HA3bIBAemCs
@poumom eoanvi. 110BEpXHOCTH BOJHBI, B KOTOPOH BCE 4YaCTHIBI KOJIEONIOTCS B OJIMHAKOBOM (ase,
Ha3bIBaETCS BOJHOBOW MOBEPXHOCTHIO. JIJIsi M30TPOITHOM cpe/ibl BOHOBOM (DPOHT M BOJHOBAs MOBEPXHOCTh
coBnaaatoT. Ecim wactuna ynpyro# cpensl B Touke O coBeplIaeT KouedaTenbHOe ABHKEHUE 110 3aKOHY

E(x,t) = Acos(at + ¢@,),

rae & (x,t) - CMeIICHUE YaCTHIIBI cpenbl oT TTOJIOXKEHUS paBHOBECHS,
A — avromtyna (HauOoJbIliee CMEIEHUE YacTUIBI CPellbl OT IMOJIOKEHUs paBHOBecusi); t — Bpems; T —
nepuon; @ = 271 T — NUKIINYECcKast WM KPyroBasi 4acToTa; ¢p — HadajbHas (pasza KojgeOaHusi; TO B COCEIHION0
TOYKY B cpelbl puIeT KojiebaTenbHOE IBUKEHIE C HEKOTOPHIM 3ara3/IbIBaHIEeM Ha BpeMs

T=—,
v
I7Ie X — pacCcTosHWE, Ha KOTOPOE paclpoCTpaHWIoCh Kosiebanue oT Touku O a0 B. v — cKopocTh
pacnpocTpaHeHHs BOJHBHI ((ha30Basi CKOPOCTH BOJIHBI).
VYpaBHeHHE CMEIICHUH YaCcTHIIBI CPebl B TOUKE B 3anuiercs

X
A E(x,t) = Acos o(t —7) = Acos(at ——),
v
o B
J \/ »  1pH ycioBuH ¢p = 0.
X Oro of0mee ypaBHEHHE Oerymieil clieBa HampaBO IIIOCKOH
£ CHUHYCOUATBHOM BOTHBL. OHO OmpeeNnsaeT i Jr000ro MOMEHTa BpeMeHH t
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OTKJIOHCHHE OT TOJIOKCHHUSI PaBHOBECHS KOJICOIFOIIUXCS YaCTUIl, HAXOUBIIUXCS B TIOKOE HA PACCTOSIHUU X
oT Hayaja orcueTa. Paccmosnue A, npotidennoe sonnotl (onpedenennoil ¢paszol konebanus) 3a 00uH nepuoo
KOIeOaHUsl, HA3b18AEMCS ONUHOU BOHbL, T.€. OIUHA 8OJHbL — Kpamualuiee pacCmoanue mMexcoy coCeOHuMU
yacmuyamu cpeowvl, KOIeOIOUWUMUCS 8 00UHAKOBOMU (ha3e.

A=uT =2, L=V,
\Y
IJIe V— 4acTOTa KOJIcOaHUs YaCTHI] CPEJIbI.

YactoThl KoeOaHMid V YaCTHI[ CPEAbl UMEIOT Ty XK€ YacTOTY, YTO M 4acTOTa KOJeOaHWH MCTOYHHMKA
BOJIH. BOJIHBI, 4acTOTHI KOJICOAHUH YaCTHUI] KOTOPBIX Jiexar B npezenax ot 16 mo 20000 I'u, Ha3piBaroTCs
3BYKOBBIMH.

3BYKOBBIE BOJHBI B Ta3aX U KHUAKOCTSIX SBISIOTCS MPOAOIHHBIMU M MOTYT PaCIpOCTPaHSATHCS TOIBKO B
YIIPYTOH Cpele.

3BYKOBbIE BOJIHBL, KaK W JJEKTPOMArHWUTHBIE, OONAMAIOT PSJAOM CBOWCTB: HHTEpQEpeHIne,
Irdpakmuen, OTpakeHueM | T.]I.

Humepghepenyueii mexanuueckux 60JH HA3LIBACTNCS AGICHUE VYCULEHUS UMW OClabNeHus Koaebanutl,
KOMOopble RPOUCX00Sim 8 Pe3yIbMame HALONCEHUst 08YX UU HECKONbKUX KO2epeHMHbIX 80H. Kocepenmuvimu
HA3bIBAIOMCS BOJIHbL, PACIPOCMPAHAIOWUECS 8 CPede C OOUHAKOBOU YACMOMOU U ¢ NOCMOSHHOU NO 8peMeHU
pasHocmu ¢has.

Yacmuoim ciywaem unmepepeHyuu 0H SGIAIOMCA CMOSHUE BOJIHblL, KOMOpPble 00pA3yIomcs npu
HANOMNCEHUU 08YX BCIMPEUHbIX 8OJIH C OOUHAKOBOU AMNAUMYOoU U yacmomot. [IpakTHIeCcKH CTOSYHEe BOITHBI
BO3HHUKAIOT TIPYA OTPAKEHUH BOJH OT IPETPaIbI.

Pa3nen 5. DjeKTpUYecTBO H MATrHETHU3M

Tema 5.1. OCHOBHBIE 3aKOHBI 3JIEKTPOCTATUKH
Jleknus (2 yac)

Onexrpudeckuii 3apsan Q, . Bunel 3apsna. BzanMopaeiictBue 3apsaoB.
JuckpeTHOCTh 3apsna. 3aKOH COXpaHEHUs SJEKTPUYECKOTo 3apsana. ToueuyHbl 3apsa. 3akoH
Kynona.

F-_ 49
411:201‘2
E, By By By
&— -—0 -—O O—
9 qQ2 q 9z
E, B

[TonsaTne snexrpudeckoro mnois. I'paduueckoe mpexncraBieHue 3aeKTpudeckoro nois. CuioBble
JMHUU.

. TN JEVE pasHOMM BHHELR 22pan0B

TIOME FEVE 0 THOMMEHHELL 380 A70E

[Tone TO4euHOro 3apsAna. XapaKTEPUCTUKU DIIEKTPOCTATUYECKOTO IIOJSA: HANPSKEHHOCTh U
noTeHuuan (omnpeaeneHNe HANPSKEHHOCTH U MOTEHIIMANIA U UX €IMHUIBI U3MEPEHUS).
[TpyHIMI CynIepIIO3ULIUH TTOJIEH.
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HanpspkeHHOCTE IOt TodeHOro 3apsaa. Ilotox BekrTopa nHampsbkeHHocTH. Teopema ['aycca.
[Tpumenenne Tteopemsl [aycca. HampsbkeHHOCTP OECKOHEYHO — 3apsDKEHHOM — MJIOCKOCTH.
HanpspxkeHHOCTD O€CKOHEUHO 3apspkeHHOW HHUTH. JIMHeWHas MmioTHOCTh 3apsaa. HampspkeHHOCTh
JIBYX Pa3HOMMEHHO 3apsKEHHBIX OECKOHEUYHbIX IUIOCKocTel. IloBepXHOCTHAs MIOTHOCTH 3apsia.
HanpspxkeHHOCTD 3apsiKeHHOU Cgephl.

PaboTta »snexTpuyeckoro moisisi Mo mepeMelleHuro 3apsaa. Pabora anekTpuyeckoro mouss 1o
yIAIEeHUIO0 (CONMMKEHHIO) IBYX TOYEUHBIX 3apsAa0B. LIMpKyIsAIus BEKTOpa HANps»KEHHOCTH.
[Torennuan: onpeneneHue, exuHUNbl u3MepeHus. IloreHnuan moss ToyeuHoro 3apsina. Pabora
JIEKTPUYECKOIO  I10JIA. Hampsoxkenne. Enmaunsl  usMmepenud. llpunnun cynepnosuuuu

. N
AJIICKTPHUUYCCKHUX ITOJICH.
p P=2. P
a

OKBUINIOTEHLUAIbHbBIE TTOBEPXHOCTH.

CBsI3b HaIPSDKEHHOCTH M MOTEHIMaa: 1) CBA3b HANpsHKEHHOCTU M MOTEHIUAa JUIsl OJIHOPOTHOIO
AIIEKTPUYECKOTO 1OJIs (11011 OECKOHEUHOM 3apsKEHHOM MIIOCKOCTH), 2) CBA3b HANPSKEHHOCTH U
HOTEHIMAaJa Ui N0 00J1a/1al0Iero HEHTPAIbHOW CUMMETpUeEH (110J1e TOYEYHOT 0 3aps/ia).
OnexkTpudeckuil qunoisb. [lnedo nunosns. DIeKTpUuecKuii MOMEHT JIEKTPUUYECKOTO IUTIOISL.
JIMdIIeKTpUKN B 2JIEKTPUYECKOM 10Ji€. THUIBI IUANEKTPUKOB: NOJSAPHBIN, HE IOJISIPHBIM, MOHHBIN.
Bunpel nonspuzanuu: 3I€KTPOHHAs, OPUEHTALMOHHAs, HOHHasA. [lone BHYTpU JUAJIEKTpPUKA.
Ceszannble  3apsaabl.  [lomspuszoBaHHOCTB.  JIMdnEeKTpUuecKas  IPOHULAEMOCTb  CpEABI.
Cerneroanektpuku. [Ibe3odddekr. Dnekrpuueckoe cmemenue. Teopema Taycca s
IIEKTPUYECKOTO TOJISI B JUIIEKTPHUKE.

[TpoBogHMKkM B 3iekTpuueckoM mnone. MuaynupoBanHble 3apsibpl. HanpsokeHHOCTh BHYTpH
IIPOBOJAHMKA. JEKTPOEMKOCTh NPOBOAHMKA. EIUHUIBI M3MEPEHHs. DNEKTPOEMKOCTH IIapa,
cepsl. Konpencaropel. Buabl KOHAEHCATOPOB: IUIOCKUN, UWIMHIAPUYECKUH, CHEpUUECKUM.
3apsaka, paspsaka KoHaeHcaTopoB. (CoequHEHHE KOHJEHCATOPOB: IOCIEAOBATENbHOE U
napajuleJIbHOE COeIMHEHUE.

G € Cy
: , 1 1 11
- — =+
“|| || ||° Co O Cb O
I Cs
I 2 .
— ¢,-AC
O+ 02

8"

[ 2

OO=CI +02 +03

(Ii
OHeprus  3apsOKEHHOIO  KOHJAEHCAaTopa. OHEPrusl  3apspKEHHOTO  NPOBOJHUKA.  DJHEPIHUd
ANEKTPUYECKOrO MoJsA.  JIMANeKTpUKH B AJEKTpUYecKoM Tose. [IpOBOTHHMKM B 3JIEKTPHUYECKOM
noJe.

Tema 5.2. DiiekTprueckuii TOK
Jleknus (2 yac)

OnekTpuueckuii Tok. HampaBineHue 3JIEKTPUYECKOrO TOKa. [TocTosiHHBIN W TIEpEMEHHBIN
anekTpudeckuii Tok. Cuna Toka. Enunuiel usmepenud. [lnotHocts TOoka. HampaBienuwe Toka B

npoBoAHMKE. 3akoH OMma Juisl OHOPOAHOIO y4acTKa LEHU. | _U. CornpoTHBieHHE MPOBOIHUKA.
Enununel u3mepeHus. 3aBHCUMOCTh COINPOTUBJICHHUS TMPOBOJHUKA OT €ro TI'e€OMETPUUYECKUX
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pa3MepoB M BUAA MaTepuana MpPOBOJHUKA. YJENbHas MPOBOJWMOCTb, YAEIbHOE 3JIEKTPUUYECKOE
CONPOTHUBIIEHHE. 3aBUCUMOCTb CONPOTUBIICHHUS MPOBOAHUKA OT TEMIEPATYphI. I'paduk
3aBHCUMOCTH YJI€JIbHOTO COIMPOTUBIEHUS IMPOBOAHHKA OT TemmepaTypbl. CBepXIpPOBOIUMOCTb.
Kepmetsl. 3akon Oma B nuddepenmmansaoit popme. Dnexrpoasmkymas cuwia. 9JC. McTtounuku
toka. CtopoHHUE cuibl. OIHOPOIHBIM M HEOJHOPOIHBIN ydacTOK Iernu. PaboTa CTOpOHHUX CHIL.
Hanpspxenne. Pabora cun Ha yyactke nenu. Pabota ayeKkTpuyeckoro Toka. 3akoH jkoyis Jlenma.
MomHOCTh 2yeKTprueckoro Toka. 3akoH [[xoynsa-Jlennma B auddepenuuansuoit ¢popme. 3akoH
OMa 11 HEOJHOPOAHOTO YyuacTka Ienu. 3akoH Owma nans 3amMkHyToM uenu. CoeluHEHHE
COIPOTUBIICHUI: TIOCIE0BATEIBHOE U MapaIlIeIbHOE.

R, R, R,

I B 2
— T3 L]
i 1Ly R FRRNE N SRR BN
| S|
R=R+R+R B R R K
R
3
L
fd.
RO=R1'R2
R+R

Tema 5.3. MarautHoe moJjie
Jleknus (2 yac)

MaruutHoe 1nosie B BaKyyMe€ M €ro XapakTepucTuku. MctouHuku marHutHoro mnosisi. CuioBble
JUHUM MarHutHoro mnois. Hampasinenuwe cuinoBbIX JavHMHA. Bo3zxelicTBue MarHMTHOrO IoJisd Ha
IPOBOJAHMKYU C TOKOM U MarHUTHYIO CTPEJIKY. XapaKTepUCTUKA MAarHUTHOT'O IOJIS: HANPSKEHHOCTh
MarHUTHOTO TIOJII M BEKTOP MAarHUTHOW MHAYKUUHW. Enununel n3 usmepenusa. HampasieHue
BEKTOpAa MarHUTHOM MHAYKIUU. [IpuHIMN Cyneprno3uiiuy MarHUTHBIX TOJIeH.

3axoH buo-Casapa-Jlannaca.

dhe ot -I-[di_.FJ

Azer?
5o MM Todl-sme
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NPOBOTHITE
€ TOKOM
- ———
’ N
£ A
. S/ AN
JOCHILR MArHIITHOE i \ -
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- I
db [ i . A
{ | r
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{smentent nporommma) ¢/ N -

BILT CBEPXY

e Mo =—1ﬂ"10_7 TH.-".M—ManmmaznocTom-ma&

A~ MATHMTHAT P OIEIIAEMOCTE CRefEL

[Ipumenenue 3akona buo- CaBapa- Jlamnaca nis pacyeta MarHMTHBIX TMOJIEH: MarHUTHOE TOJIE B
IIEHTPE KPYroBOTO TOKA, MAarHUTHOE TIOJIE TPSMOTO OECKOHEYHO JUTHHHOTO MPOBOJHHUKA C TOKOM,
MarHuTHOE II0JIE OECKOHEYHO IMHHOTO CcoJieHOMaa. PaMkKa ¢ TOKOM B MAarHMTHOM IIOJIE.
OnpeneneHre MarHUTHOM HWHIYKIIMU OJHOPOAHOTO MarHuTHoro noss. Cunma Ammepa — cuiia
JICUCTBYIOIAass HAa MPOBOAHUK C TOKOM CO CTOPOHBI MarHMTHOro noisisi. IlpaBuiio neBod pyku.
OrnpenenieHre MarHUTHOW MHIYKIIUK. B3anMoaeicTBre IBYX MapalyIeIbHBIX OCCKOHEYHO JTTUHHBIX
MIPOBOJIHUKOB C TOKOM: TOKM OJHOTO HAIpPaBJIE€HUS MPUTATUBAIOTCSA, TOKH MPOTHUBOIOIOKHBIX
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HaIlpaBJICHUM OTTAJKHUBAKOTCA. BEKTOp HanmpsHpKEHHOCTHM MAarHUTHOTO — IIOJIA. MarnuTHas
MPOHUIIAEMOCTh Cpeibl. HampsbkeHHOCTh B IIEHTPE KPYroBOTO TOKa. HampsikeHHOCTh O@CKOHEYHO
JUIMHHOTO TPOBOJHUKA C TOKOM. HampspkeHHOCTh B IeHTpe OECKOHEYHO IJIMHHOTO COJICHOMJA.
Cuia JlopeHiia — cuia JACUCTBYIOIIas Ha JIBIXKYIIYIOCS 3apsDKCHHYIO YacTHIy CO CTOPOHBI
MarHutHoro mnois. Cmywau: 1) yactuma JBUIKETCS BIOJb CHJIOBBIX JIMHHM, 4YacTHIlA BJIETAaeT B
MAarHUTHOE I0JI€ NEPHNEHINKYJIAPHO CUJIOBBIM JIMHUAM, YaCTHLA BJIETAET B MAarHUTHOE IOJIE IOJ
yriom < 90°. nBuKeHME YAaCTHIBI B 3IEKTPOMATHUTHBIX TOMs. Y CKOPHTEIHN 3apsHKEHHbBIX YaCTHII.
MarauTHbIi TTOTOK. MarHuTHBIA NOTOK OT HEOJHOPOJHOIO MATHUTHOTO MOJI 4YEpe3 HE IUIOCKYIO
noBepxHocTh. Teopema ["aycca s maruutHoro noiss. OTCyTCTBHE MAarHMTHBIX 3apsnoB. Pabora
MarHUTHOTO MOJISI MO MNEPEMEUIEHHUIO NPOBOJHMKA C TOKOM. MarHuTHOe MoJie B BEIIECTBE.
Marsetuku- BeniecTBa CriocoOOHbIe HAMAarHUYMBATHCS M CO3/1aBaTh COOCTBEHHOE MAarHUTHOE TOJI€.
Ot xapakTepa HAMarHMYMBAHUS MAarHETHKU JEJISITCS:

o J[maMarHeTUKH

e [lapamarueruxku

e  DeppOMaArHeTHUKHU.

I T |
. HamaramueHHOCTD J=—"==3 ij ,
AV i1
J
rJie jJ-KOJIMYECTBO aTOMOB B 00Bbeme AV.

JlnamMarHeTuku-
HaMarHUYMBAIOTCSl IPOTHUB HAINpaBJIEHUs] MarHUTHOrO mojs, ociabnsas ero. (Crekio, Boja,
MHEPTHBIE ra3bl, MeJb, CEPEOPO, 30J10TO, IUHK, PTYTH )

I'padix HAMATHITIFBAHIIT

H - (HampskeHHOCTE BHEIIHETo
MAarHmTHOTO HOTDI)

ITapamarnetuku
— HAMarHWYMBAIOTCS 10 HAIpPAaBJIEHUIO MarHUTHOIO MoJist, ycuiuBas ero. (Bo3myx, kucnopon,
IIOMUHUM, IUIaTHHA, II€J0YHbIE METAJLIbI).

I'padTm HAMATHITIEAHILT

J

J HaCbIIEHIA

H - (HarpaskeHHOCTE BHEIIHETO
| MATHIITHOTO TI0TLE)

deppoMarHeTUKu
— o0nanatoT 6osee CUIBbHONM HaMarHMYEHHOCThIO, YeM MapaMarHeTUKU U COXPAHSAIOT COCTOSTHHE
HaMarHWYeHHOCTH JJIMTENBHOE BPEMsI B OTCYTCTBUM MarHUTHOrO noiis. (JKeneso, HUKeNb, KOOAJBT,
CTaJlb, YyT'YH).

3akon Awmriepa. [[BukeHHe 3apsHKEHHBIX YaCTHUI] B DJIEKTPUYECKUX U MAarHUTHBIX TOJsX. SIBieHue
AJICKTPOMArHUTHOW WHTYKIIUH.
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OnektpomarautHas uHAykmusa. 1831 r M ®@apageii. OnweiTr  Dapanes. OJIC wuHAYKIMH,
WHIYKUUMOHHBIM TOK. IlpaBmiio neHua. I'eHepaTop ¥ 3JEKTpOABHUrareib. OAC HHIYKLUUUA B
JIBUKYILIEMCSI TIPOBOJHUKE. DJIC MHAYKIIMM B HEMOABMYKHOM MPOBOAHUKE. TOK cMeleHus. JJc
caMouHAyKIuu. MaaykTuBHOCTH coneHonaa. Eaunuiel usmepenus. [lotokocuennenue. DHeprus

MarHuTHOrOo mojs. Bzaumuas wunaykuus. Tpancopmarop. VYpaBHeHuss Makcsena.
DIIEKTPOMArHUTHBIE BOJIHBI.

Paznea 6. OIITUKA

Tema 6.1. 'eomeTpuyeckasi ONTHUKA
Jleknus (1 yac)

Abconomuviil nokazamens nperomieHus N TOKa3bIBAET BO CKOJBKO pa3 CKOPOCTh CBETa B BaKyyMe OOJblIe
($ha30BOIl CKOPOCTH CBETA B Cpee:

3axomnsl ceomempuueckol OnmuKu
1. 3akoH NpAMOIWHENHOTO PaCIPOCTPAHEHHSI CBETA!
2. 3aKOH HE3aBHCHUMOCTH CBETOBBIX ITyYKOB:
3. 3aKoH OoTpakeHUS:

! n
T n,
4. 3akoH npenomiieHUs cBeTa (3akoH CHeunyca):
|

|
]
\“QI n SINOL My

B n, . -
L Cosinp o omy

Aenenue noanozo GHYNMPEHHE2O0 OMPANCEHUSA == Ha6JIIOI[aeTC5[ IIpru NPOXOKACHHUU CBECTAa M3 ONTHYCCKHU Goitee
IUIOTHOM B OIITHYECKH MCHEE IJIOTHYIO Cpeay.

a<f

Q
/
£

A =9p°
B P
|
IIpeodenvrviii yeon nadenus oy - yroi NajeHUs IPU KOTOPOM IIPEIOMIICHHBIA JIyd CKOJIB3UT BJIOJIb IPAHHUIIBI
pasznena AByX cpen.
3aKkoH MMPEIIOMJICHUS CBCTA AJId NPCACIIbHOIO yTjia 3alluIICTCs: sin oy = niz .

M

[Ipu nanbHeiem yBeandenun yria nafgenus (o > oy ), JIyd CBETa BO BTOPYIO CpeJly IIPOXOJUTH He OysIeT, OH

OyZIeT OJIHOCTBIO OTPAKATHCS OT BTOPOH Cpelbl.

Tema 6.2. UnTepdepeHnms cBeTa
Jlekuust ( 2 gac)

Humepghepenyueii Ha3pIBaeTCS CII0KEHUE KOTEPEHTHBIX BOJIH, NMPH KOTOPOM B Pa3HBIX TOYKax
MPOCTPAHCTBA TIONYYaeTCsl YCHIEHHE WM OCNa0JIeHue AaMIUTUTYABl pe3yNbTUPYIONIeH BOJHBI, HE
M3MEHSIOIIEeeCs C TeueHNeM BpeMeHH. MHTepdepenis HabmogaeTcs TOIbKO OT KOTEPEHTHBIX MCTOYHHUKOB.
KorepeHTHOCT, - 3HAYUT COTIACOBAHHOCTh. Kocepenmubimu ucmounuxamu Ha3bIBAIOTCA TaKHe
WCTOYHHKH, KOTOPBIE JalOT BOJHBI OJIMHAKOBOW YaCTOTHI, W IJIsl (PUKCHUPOBAHHON TOYKH IMPOCTPAHCTBA
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pazHocTh (a3 KoyeOaHMI OCTaeTCs TOCTOSHHOW. HeszaBHCHMBbIE HMCTOYHUKM CBETa HE MOTYT OBITh
KOTepeHTHBIMH. KOrepeHTHOCTh MOXKHO 00€CIICUHTh, pa3/IeIuB BOJIHY OT OJHOTO UCTOYHHKA HA JIBE YaCTH U
3aTeM cBes uX BMecTe. CyIIeCTBYIOT pa3IMdHbIC METOBI MOIYICHUS KOTEPEHTHBIX CBETOBBIX HCTOYHUKOB.
Camprii ipocToit M3 HUX - MeTox FOHra, B KOTOPOM CBETOBAs BOJIHA JCTUTCS HA JBE YAaCTH C ITOMOIIBIO
9KpaHa ¢ ABYMsI Y3KUMU MapaJlICIbHBIMU IICTISMH.

Yenosue maxcumyma u munumyma npu unmepgepenyuu

ITycts S1 m S» - IBa KOTEpEHTHBIX MCTOYHMKA, COBEpIIAIONIMX KojeOaHus B oauHakoBod daze. o
TOYKH HAOJOAEHUSI M BOJHBI IPOXOAAT pa3HOE PACCTOSIHUE .

IKpaH HAAMOMEHKA =

YCIIOBHE MAKCHMyMa HMHTEHCHBHOCTH TIPH HHTEPOEPEHIMH Ay _ 4m7—+omZ: TAE M - TOPSAIOK
B 2

UHTEPPEPEHIIMOHHOTO MAKCHUMYMa.

Ecnau pa3sHOCTh XO0fa paBHA LENIOMY 4YMCIYy JUIMH BOJH WJIM YETHOMY YMCIy IOJYBOJIH, TO Oyaer
HaOJII01aThCSI MAKCUMYM MHTEHCHUBHOCTH TIPU HHTEPQEPEHIIHH.

YcnoBue MUHAMYMA: o _ +(2m +1)j . Ecnu pa3HOCTh X0/1a paBHa HEYETHOMY UYHUCIY IIOJYBOJIH, TO B
- 2

JTAHHOW TOYKe 3KpaHa OyaeT HaOI0AaThCsl MUHUMYM MHTEHCUBHOCTH MPU HHTEP(PEPEHITUHU.
Pacuem unmepgepenyuonnoii kapmunvi om 08yx KO2epeHMHbIX UCTIOYHUKOB

JIBa KOTrepeHTHBIX HCTOYHHKA MOXKHO TOJYy4YHTh, Hampumep, wmeTtogoM FOnra. Paccumrath
MHTEPPEPEHLIMOHHYI0 KapTHHY - 3TO 3HA4YMT NPEACKa3aTh, B KAaKOM TOUYKE SKpaHa HaOMOAeHUs Oyner
MaKCHMYyM, a B KaKOl MUHUMYM UHT€HCUBHOCTH

Ay-d
,2, = y—
BriBo hopMyIib JI71s ONpeieieH st JUTMHBI BOJTHBI CBETA: L
Humepgepenyus
B npoxonsmem B OTPa>KEHHOM

CBCTC CBCTC

68 MOHKUX NIeHKAX: 2d /n2 _sin? p=tmi max min
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2d4/n? —sinzgo:i(Zm—l)g min max

re =VmRA max min

/! 2 min max
3 .// k= (2m+1)RE

Tema 6.3. Audpakuus cBera

Jlekuus ( 1 gac)

Judpaknus 3JeKTPOMArHUTHBIX BOJIH.

K audpaxumu (4T0 yCIIOBHO 03HAYAET «OTKJIOHEHUE») IPUHITO OTHOCUTH BCE SIBJICHUS, CBS3aHHBIC C
pacpoCTpaHEHHEM DIIEKTPOMArHATHBIX BOJIH OT KOTEPEHTHBIX HCTOYHUKOB IPU HAJTMYUU NPENATCTBUN
HE3aBHCHUMO OT BEJTMYMHBI HX Pa3MepOB.

['pymna sienenuii (A ~ d) Ha3pIBaeTCs dugdhparyueli U XapakTepU3yeTcsi OTHOAHUEM TPETISTCTBUI
3NIEKTPOMAarHUTHOW BOJIHON. B Gornee mupoKoM cMbICiie 3TO JII000€ OTKIOHEHHE PAacTIpOCTPAHEHUSI BOJIH
BOJIM3H MPETISTCTBUIA OT 3aKOHOB T€OMETPHUYECKOM ONTHKHU, KOTIa OHA YaCTUYHO 3aXOJIUT B 00JIACTh
TeOMETpPUYECKOI «TeH». B 3TOM ciydae npensTcTBHe OKa3bIBaeT BO3/IEHCTBHE Ha XapaKTEPUCTUKH BOJHBI,
NPUYEM COXPAHSIOT CHIIY TaKUe MOHSITHU, KaK BOJHOBasi HOBEPXHOCTh M BOJTHOBOH (PPOHT.

SBnenne qudpakiun (A ~ d), Tak ke KaK U SBJICHHE HHTEPPEPEHINHU, TOTBEPXKIAET BOIHOBYIO
npupoay cBera. Judpakuus Bcerna conpoBoxkaeTess HHTepdepeHimen tnpparupoBaHHbIx Jiydeit. [Ipu
JUQPaKIUK, TaK Ke Kak U IpH HHTepepeHIint, Habmo1aeTcs mepepacpe/ieliecHue HHTEHCHBHOCTH
K0J1e0aTeJIbHOTO TIpoLiecca B MPOCTPAHCTBE B PE3yJIbTaTe CYNEPIIO3UINN KOTEPEHTHBIX BOJIH.

Hpunnun I'voiirenca—®dpenens.
Amnanu3 sBieHus qudpaKkiy CBeTa OCYIIeCTBIsIETCS Ha OCHOBe npuHIuNa [ tolirenca—OpeHens

IlepBonawansHO 0oH 0BT chopmynmpoBan I roitreHcom B XV I Beke, a B Hauane XIX Beka ero

ycoBepuieHcTBoBan O. @peHens Ha OCHOBE MPeICTaBIeHUH 00 HHTEpPEePeHLINH.

Oeubaroman Memoo 301 @penens

AMEMEHINAPHBIN st oueHKH pesynbTaTta I/IHTep(bepeHuI/II/I BTOPHUYHBIX BOJIH

6OTH U T =Ty ®peHenb NPUMEHWI NIPUEM, MTOTYYUBUINN HA3BaHUE METOAA 30H
Openens. CorinacHo 3TOMY METOY BUIUMbBIN (PPOHT BOJHEL S,

‘ KOTOPBIN 3aMEHAET ICHCTBHE TOUCYHOI'0 UCTOUYHUKA S, pa30uBaeTcs Ha

IHogepxHocnm ¢

PUKIIIEHBM YUYaCTKH: JJ1s1 CheprUEeCcKUX BOJIH 3TO KOJIBLEBBIC 30HBI, ISl INIOCKUX —

uLVHamenam npt I=fp [IpsIMOYTOJIBHBIE MOJIOCKHU. Pa3Mephl 3THX 30H TaKOBBI, UTO PACCTOSTHUS
OT KpaeB COCEJIHUX 30H JI0 Habmoaarenss M oTim4aoTest Ha A/2 .

IIpu yeTHOM dmcIie 30H @peHenss —B T M OyIeT MUHUMYM, TTPH HEYETHOM — MaKCHUMYM.

Jugbpaxyus om 00noti wenu
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[TycTh TuIOCKass MOHOXpOMATHYECKast BOJIHA TaIaeT HOPMaIbHO Ha IIeNb MUPUHOH a. KorepeHTHBIC
BTOPUYHBIE BOJHBI PACIIPOCTPAHSIOTCS OT HEe MO0 BCeM HamlpaBlIeHUsIM. Pe3ynbraT ux nHTephepeHIInu
MO>KHO HaOJIIOIaTh Ha DKpaHe I, pacIONIOKEHHOM B (POKATHHOM IIIOCKOCTH JIMH3BI JI

CBCT

ZARZAR
a

B ek mupisoii O

> Jhimza

Kpan

alw

a
P R E s += 12 me
? a A *3 #

[Tocne mpoxosxaeHus yepes JuH3Y JI 0HE cOOMparoTCs Ha 3KpaHe B Touke P u uaTrepdepupyror. st
BBISICHEHHA BUJa HHTEP(EepEeHIIMOHHON KapTHHBI pa300beM OTKPBITYIO IIOBEPXHOCTh BOJIHOBOTO (hpoHTa AB
Ha 30HbI OpeHens, napauieIbHbIE KpasM IIeIH.

Ecnu Ha mupuHe 1meny yKiIaapBacTCs YeTHOE YMCiio 30H DpeHens, To aMILTUTyAa Pe3yaIbTHPYIOIIEro
Kose6aHus B Touke P paBHa O U HAONFO1aeTCsI MUHUMYM WHTEHCUBHOCTH CBETA.

asing = iZk% =tkly, (k=12..)

JudpakMoHHBIH MAKCUMyM BO3HHKAET IPH HEYETHOM uKciie 30H DpeHets, yKiIa pIBalonuXcs Ha
LIVPUHE MIENH

asinp =+(2k +1) % , k=12, rae K onpenensier mopsok qudpakitim.

B nenom audpakuronHas KapTHHA, BOZHUKAIOIIAS TIPH MPOXO0KACHUN MOHOXPOMATHIECKOTO CBETa
qepe3 y3KYI0 HICJIb, MMECT BHU/ YCPCAYIOINXCA CBETJIBIX U TCMHBIX I10JIOC, CAMMETPHUYHO PACIIOJIOKCHHBIX
10 00€ CTOPOHBI OT IEHTPAIHHON CBETIION MOJIOCHI.

[Tpu nudpakunu OT ONHOMN 1SN HHTEHCUBHOCTH CBETa B MAKCUMYMAaX HEBEJIMKA U AU(paKMoOHHAS
KapThuHa HEAOCTATOYHO YETKO BBIPpAXKCHA. I[JISI IMMOJIYUYCHUA KapTUHBI C YCTKUMHU MaKCUMYyMaMH1
HMHTCHCHUBHOCTHU CBETA IIPUMCHACTCA ):[I/I(bpaKHI/IOHHaH pelIcTKa.

Hugppaxyuonnas pewemxa
[Ipo3pauynas oqHOMepHast AU(PaKIIMOHHAS PEIIeTKa JUIsi CBETOBBIX BOJH — 3TO TUIACTHHA M3
MIPO3pavHOTo MaTepuana (00bIYHO U3 CTEKJIA), Ha MOBEPXHOCTH KOTOPO KaKOM-JIHOO IyTeM (MeXaHUIEeCKUM
i (HOoTOCIocoO60M) HaHECEHO OOJBIIIOE YHCIIO0 apaUIeIbHBIX PABHOOTCTOSIINX HEMPO3PAYHBIX IITPUXOB.
O003Ha4YMM HIMPUHY LIETH @, IMUPHHY HEMIPO3pavyHOro mpoMexytka b. OCHOBHBIM MapaMeTpOM PeIieTKA
siByisieTcst ee riepro d (MOCTOSIHHAS PEIIETKHN ),

JubpakioHHas KapTHHA Ha PEIIETKE ONPeIeIsieTCsl KaK pe3yiibTaT B3auMHOMN
A7 . UHTEep(EpeHIINN CBETOBBIX BOJH, Haynmx oT N meneit B obuiem cinydae npu
paccmotpenun audpaximu ot N menelt umeem:

¥ < ® [pPSKHHE MUHUMYMBI a SiN 9= 4, 24...

/y I e TiaBHBIC MakcUMyMbI O Sin =0, A, 24...
iﬁ ' e 100aBOYHBIC MUHUMYMBbI
/! dsing=2 22 (MDA (N+D2

! j,/ N N N N

1
i T.€. MEX/y IBYMsI ITaBHBIMU MakcuMyMamu pacrionaraercst (N-1) mo6aBouHbIx
! MUHUMYMOB, pa3ieIEHHBIX BTOPUYHBIMU MaKCUMyMaMH.

Hudpaxnuonnas pemerka co3naeT 3pGeKT pe3Koro pazaeeHus U YCUIICHUS
WHTEHCHBHOCTH CBETa B 00JIACTH MaKCHUMYMOB, YTO JIEIAeT €€ He3aMEHUMBIM ONTUYECKUM MTPHOOPOM.
Yem OoJibliie MOCTOSIHHAS perieTKy d, TeM OOoJIbIIe YKCIIO CIIEKTPOB MOXKHO HaOJII01aTh, HO TEM MeHee
SPKAMH U Y3KMMH CTaHOBATCS OTJEJIbHBIE CIIEKTPAJIbHBIE JINHUY.

F, F. E
: P
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Tema 6.4. Iloasipu3zanus cBeTa
Jleknust (2 uac)

[Inockomonsipr30BaHHBINA CBET- CBET, B KOTOPOM BEKTOP E (BEKTOp HAMPSHKEHHOCTH AIIEKTPUIECKOTO TIOJIS)
KOJIe0JIeTCS B OJTHOM TUIOCKOCTH.

MIOCKOTIOMAPHEOBAHHEDT CBET

E Ty

(Konebanus BekTopa E noxasans na PHUCYHKaxX CTpEIKaMH WM TOYKAMHU — T K BEKTOP E MEPIICHIUKYJIISIPHO
IJIOCKOCTH YEPTEXkKa).

B ecrecTBeHHOM CBETE BEKTOD E «one6rercs MIPOU3BOJIEHBIM 00pa3oM, He YITOPSI0OYSHHO.

@CTeCTEeHHEINT CBeT

i .

eekTop E B moGoil Touke Ha Myte KoMeGneTes XaoTIIHO

[1nockonoss130BaHHbIN CBET MOJIYYalOT U3 €CTECTBEHHOT0, IPOITyCKas €CTECTBEHHBIN CBET yepe3 MOJspru3aTop.

[MonsipuzaTop mpomyckaet KoaeOaHust BEKTOpa E tomsko B oxmoit mockocty.

IomapiraTop

Fz[e S — UCTOYHHUK CB€Ta, Iéﬁ() HMHTCHCHUBHOCTH €CCTCCTBCHHOI'O CBCTA,

I ~ HWHTCHCUBHOCTH CBETa npomeauero noJsipu3aTop.

hY hY

! o o —
d—ad -mwiockoCTh KojiebaHuii (IPOIyCKaHust): Yepe3 MOJSIPU30TOP MPONIYT TOJBKO Te Kosebanus Bekropa E,
KOTOpbIE NapaJljIeIbHbI TIOCKOCTH KOJICOaHU.

3axkon Mauioca

Teem

[T — L

I'me S - ucrounuk cBera, [1 — monspusaTop, A- aHaIM3aTOP.

Iéﬁo - MHTCHCHUBHOCTb €CTCCTBCHHOI'O CBECTa, I'|' ~ MHTCHCHUBHOCTH CBCTa MNPOIICAIICTO IMOJIAPU3ATOP. 14—

WHTCHCUBHOCTD CBETA IMMPOMICAIICTO YE€PE3 aHAIN3ATOP.

Ip=1;cos?a,

rae Ol - yrom Mexay MIOCKOCTSME MPOITYyCKaHUS MOJISPU3aTOpa U aHATTH3aToPa.
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0 r.
Ecm A :0 ,IA = |'|' -MHTCHCUBHOCTL CBETA BLIXOJAIICTO YCPC3 aHAIMU3aTOP 6y)1€T MakcuMalibHa. Ecim

a=90°,14 =0 - CBET IPOXOIUTh Yepe3 aHAIN3ATOP He OyAeT (MOIAPOHIBI CKPEIICHBI).

JBoiiHOe JryuenpesioMiIeHTe

[Ipu mpoxokeHHM cBeTa 4epe3 IMPO3payHble AHM30TPONHBIE KPHUCTAJUIBI Jy4 paslenseTcs Ha [Ba Jyda
PacIpOCTPaHSIOMINECS C PA3INIHON CKOpOCcThio. (1669 T 3. bapronuu). OnuH 1y4 Ha3bBaeTCI OOBIKHOBEHHBIM 0O
(Tak Kak momumHseTCH 3aKoHBI CHeITyca), APYrou JIyd — HeOOBIKHOBEHHBIH € (TaK Kak He MOJYMHSACTCS 3aKOHY
npejgoMiIeHus cBeTa. st HeOOBIKHOBEHHOTO Jy4a MOKa3aTeslb MPEIOMJICHHS 3aBHCUT OT HANpaBiICHUs Jyda B

KPHCTAJIIE).

Onrtryeckas och KpUCTajia — 3TO HAalpaBJCHUE B KPUCTAJJIE BJIOJIb KOTOPOTO JIyd CBETa MAET HE Pa3IBanBasiCh
U C OIMHAKOBOW CKOpocThio. Ecnu myd cBeTa mazaeT NepHEHIUKYISIPHO ONTUYECKOH OCH TO Jyd CBETa MAET HE

pa3aBanBasiCh, HO OOBIKHOBEHHBIH M HEOOBIKHOBEHHBIH T4 UMEIOT Pa3HYyI0 CKOPOCTb.

OnTtHeeckad ock

KpHcTat

I

WccnenoBanus IIoKasajiu, 4YTO OOBIKHOBEHHBI W HEOOBIKHOBECHHBIE Jyddu HOJIApU30BaHbl BO B3aWMHO-

—

NEPIEHINKYSIPHBIX ~ HaNpaBJICHMUSAX: IUIOCKOCTh  KojJeOaHWi  BeKTopa Eo O0OBIKHOBEHHOT'O

Ty4da

NEePHIEHIUKYJIISIPHA ONTHYECKOH ocH (n300paxkaeM TouKamu), B HEOOBIKHOBEHHOM JIyde BEKTOP Ee KoJsiebercs B

IUIOCKOCTH MPOXOJIIIEH Yepe3 ONTHYECKYIO OCh KpUCTalIa (M300paXkaeM CTPEeIIKaMH).

Omrireckas och

Tonapusayusa ceema npu ompadicenuu u NPeIoMIeHUU Ha 2panuye pazoeida 2-x OUdIeKmpukos.
3axou bprocmepa
Ecnu HanpaBuTh My4OK €CTECTBEHHOTO CBETA Ha IPAaHUILy pa3jielia IByX AUAJIEKTPUKOB (Harmpumep,

BO3/yX — CTEKJIO), TO YaCTh CBETa OTPAXKALTCS, & YACTh, IPEIIOMIISISICH, PACIIPOCTPAHSIETCS BO BTOPOI cpere.

Pacnionarast amanuzarop (HampuMmep, KpUCTaUT TypMajalnHa) Ha IyTH JTyda, MOKHO HUCCIIEIOBATh
MOJIIPHU3AIMH OTPAKEHHOTO U MPEJIOMIICHHOTO Jiyuel. Takoe uccnenoBanue Ob110 mpoBeaeHo B 1810r.
MamtocoM. Okazanocs, 4TO OTPAKEHHBIN U NPEIOMIIEHHBIN Ty4r MOJIAPU30BaHbl YACTUYHO, IPUYEM, B

OTpaXEHHOM JIy4e IpeodIagaroT KoiaeOaHus, epIeHUKYIIIPHbIC K INIOCKOCTH MaIeHNUS, a B IPEIIOMIEHHOM
Jyde — KoyiebaHusl, napajieNbHble INOCKOCTH najeHust. CTeneHp MoJIIpu3aliy 3aBUCUT OT yIJia TaJCHHUS.

IIpu HEKOTOPOM CTPOTO ONPEACIEHHOM AJIA JaHHBIX CPe]l 3HAUYCHUU YIJIa MAJEeHUsI OTPAKCHHBINA OT
TpaHUILIbl pa3jiesia CBET OKa3bIBAE€TCS MOJIHOCThIO JJUHENHO — MOJIIPU30BaHHBIM. Takol yroJi najeHus

HazbpIBaeTcs yrioM bproctepa ( {sp ) MM YIIIOM MTOJTHOM MOJISIPU3AINH U OTIPENIENSIETCS COTIIACHO 3aKOHY,

ycTaHoBieHHOMY B 1815 r Bproctepom:
tgig, =12
re N21—MOoKa3aTenb MPEJIOMIIEHUS BTOPOH Cpezbl IO OTHOLIEHUIO K IIEPBOI.
st crexia ¢ mokazaTenem npenomienus N=1,53 yron Bprocrepa coctaBnser okono 57°.
Uro kacaeTcs IpeJIOMIIEHHOTO JIy4a, TO IIPY BBIIIOJIHEHUHU 3aKOHA bprocrepa, OH MoJsipu3yercst
MaKCHUMaJlbHO, HO HE IIOJIHOCTBIO
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TTagarcmi
ECTECTEEHHEIH
L

1
1 OTpaKeHHEIR

i II0CKO 0D HA0EaH HELH
i Ty

[TpenonMneHHEL 4acTHYHO
T10 L3P 12 0B SHHEIH Ty

[Ipu BEIMONHEHUY 3aK0HA BprocTepa yroi Mexy OTpakeHHBIM U TPEIOMIICHHBIM JTy4aMH
cocrasisgeT 90°,

Pa3znen 7. KBanroBas ¢pusuka

KBanToBass ¢u3uka 3aHMMAeTCs HM3YYCHHEM 3aKOHOB JBIDKCHHUS MHKPOYACTHIl, KOTOPHIC
SBJISIIOTCS HOCUTEISIMH KaK KOPHYCKYJSPHBIX, TaK M BOJIHOBBIX CBOMCTB. JlHEM pOXICHUS
KBaHTOBOW (u3uku cumraercs 14 mekadbps 1900 r., korma Hemenkuii pusuk Maxkc Ilnank Ha
3aceann  bepauHCKOro (U3MYECKOro OOIIeCTBa W3JIOKWI TEOPUIO HW3JIYYCHUS DHEPrUU
HarpeTbiMU TelamMu. B OCHOBE TeOopuHU TEIIOBOrO M3JIyYEHHUs Jiexkalla TUIOTe3a O AUCKPETHOM
xapakrepe uznydeHusi. CorjaacHO 3TOM THIOTE3€, aTOMbI HAIPEThIX TEJ U3JIYYarOT SHEPTHIO B BUJIC
nopuuii WM KBaHTOB. JlanmpHellnee pa3BUTHE KBAHTOBBIE TMPEACTABICHUS MOMYYUIU TIpU
00BsICHEHNH 3aKOHOB (POTOd(P(EeKTa U CTPOCHHUS aTOMa.

Tema 7.1. TensioBoe u3iryueHue
Jleknus (1 gac)

TennoBbIM WM TEMIIEPATYPHBIM U3TYYCHHUEM Ha3bIBACTCS DJIEKTPOMArHUTHOE H3IIydeHHUE
HarpeThIX TeJl, A1l KOTOPOTO UCTOYHMKOM SHEPTUH SBISETCS BO30YKICHUE aTOMOB ¥ MOJICKYJI ITPH
UX Xa0THYECKOM TETJIOBOM JIBUKEHUHU. DTO H3ITydSCHHE UMEETCS TIPU BCEX TeMIleparypax,
OTJIMYHBIX OT a0COIIOTHOTO HYJs. IHTEeHCUBHOCTD TETUIOBOTO M3JTyYEHUS U €T0 CIIeKTPaTbHBIN
COCTaB 3aBHUCST OT TEMIIEPATYPhl, XHMUYECKON MIPUPOJIBI U arperaTHOTO COCTOSTHHSI HAarPETOTO
Tena. TeruioBoe u3IydeHne XapakTepH3yeTcsl CIUIOIIHBIM CIIEKTPOM, ITOJIOKEHUE MaKCUMyMa
KOTOPOTO 3aBUCHT OT TeMITEpaTypsl. [Ipu BRICOKHX TeMIlepaTypax U3IydaroTcs KOPOTKHE
(BUAMMBIE U yIbTPa(HOIETOBBIE) STIEKTPOMArHUTHBIE BOJIHBL, TIPH HU3KUX — MPEUMYILECTBEHHO
JUIMHHBIE (MH(paKpacHbIE).

TennoBoe U3TyyeHHe OTHOCUTCS K paBHOBeCHOMY. Eciii Ha Tenno majaeT moToK Jy4HCTOM
DHEPTHUH, TO YaCTh ITOTO IMOTOKA MOTJIOIIAETCS TEJIOM. B paBHOBECHOM COCTOSIHMM DHEPTHS,
HOTJIOIIAeMast TEJIOM, TEPSAETCS UM IyTeM U3ITyYeHHs, IOITOMY TeMIlepaTypa Teja He U3MEHsIeTCS.

OCHOBHBIMHU XapaKTEPUCTUKAMH TEIJIOBOTO U3ITyUCHHUS SBISIFOTCS YHEPTeTUIECKast CBETUMOCTb
Rz, TyueucmyckaTenbHasi ClIoCOOHOCTS Iy, 7

OCHOBHBIMHU XapaKTEPUCTUKAMH TEIIOBOTO U3ITyUCHHUS SBISIFOTCS YHEPreTUIeCKast CBETUMOCTb
R:, mydencmyckarenbHas ciocoOHOCTb Iy, 7 (I, 7), TydenorionareibHasi CHOCOOHOCTD ay,T (@, 7).

DHepreTryeckasi CBETUMOCTbH Tena Ry — 3TO mosHas SHeprus, ucrmyckaemas eIuHHIICH TUTOIaan
MOBEPXHOCTH HArPEeTOro TeJia B €IMHUITY BPEMEHU B MHTEpBaJIe ATUH BOJH (4acToT) oT 0 10 oo mpu
temneparype T (B mpeaenax TeIeCHOro yria 2m):

W
SSet

JlyuencnyckarenbHas (M3IydaTelibHas) CIIOCOOHOCTD (CMEKTpaabHasl TNIOTHOCTh
IHEPreTUYeCKON CBETUMOCTH) Iy, 7 (I,7) — ATO OIS PHEPTrETUIECKOW CBETUMOCTH, IPHXOISIIASICS
Ha eIMHUYHBIA MHTEepPBaJ JUIMH BOJH (4acTOT) MpH Temiieparype 71

dR d
T :d—j:—r ur,r =%.

Rr
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Orta BenuunHa sBiseTcs PyHKIMEH AITUHBI BOJHBI (YACTOTHI) U TEMIIEPATYphl U OIPEAEIIseT
HEPreTHUECKYI0 CBETUMOCTD Ry

o0 o0
RT = J‘r/ﬂ- dA = erT dv.
0 0
JlydernorsorareibHas ClIoCOOHOCTh TeNna av,7 (@1,7) MOKA3bIBACT, KaKas 4aCTh SHEPIHH,
Haarolei Ha eAUHUILY IUTOIIAN TIOBEPXHOCTH Tella B AMHUYHOM MHTEpBAJIC JUTUH BOJH A
(uactot dv), morJomaeTcs UM mpu temmeparype 7:
dWHOFH

dw,

ma

a,r

rie dWiors — 9HEPrusi, MOTJIOLICHHAS SAMHUIICH IIJIOIIA/IN TIOBEPXHOCTH TEJa B SAMHUYHOM
unTepBaie aauH BoyH 0A (dactot dv); dWia, — 9HEprus, najaromas Ha eIMHUILY [UIONIa
NIOBEPXHOCTH TeJa B €JMHUYHOM UHTEpBaie JIuH BoiH dA (dactot dv).

JlyyencnyckaresbHas I, 7 1 JIydenoryiomaTeabHast ay,r CHOCOOHOCTH 3aBUCAT HE TOJIBKO OT
JUIMHBI BOJIHBI (YACTOTHI) M3ITyYSHHS U TEMIIEPATYPHI Tella, HO U OT XUMUYECKOTO cOCTaBa, (PopMbI
U COCTOSIHUS IIOBEPXHOCTH TeJa.

Teno, nornouaromiee BCIO Maal0lyl0 Ha HEr0 YHEPTUI0, HA3bIBAETCS
a0COJIIOTHO YepHBIM (a.4.T). B nmpupose He cyiiecTByeT abCoIOTHO YEPHOTO
tena. Ho teno, 6113koe K HEMY 110 CBOMM CBOMCTBAaM, MOKHO CO3/1aTh
HCKYCCTBEHHO.

Monenbio a.4.T., 1o B.A. MuxenbcoHy, MOXET CITy>KUTh MaJIECHbKOE OTBEPCTHE
B CTEHKE I10JIOCTH, C/eTaHHOM U3 Jr060ro marepuana. Jlyu, nagaromuii u3BHe
Ha OTBEPCTHE, IIOMAJaeT BHYTPb MOJOCTH U MPEXK/IE YeM BBIUTH 0OpaTHO
HapyXy UCIBITHIBAET MHOTOKPATHOE OTPAXKEHUE OT CTEHOK, TEPSIsl IHEPIHIO 3a CUET MOIJIOIICHHUS.
[To3TOMY HHTEHCHBHOCTb BBIXOJIAIIET0 OOPATHO JIyda Oy/AeT MPaKTUYECKU paBHA HYJO. JTO
OTBEPCTHE TOJHOCTHIO MOTJIOIIAET BCE TaJAI0IINe Ha HETO JIYUH | sBJseTcs a.4.T. [Ipubimxenno
a.4.T. MOXKHO CUUTATh Caxy, IUIATUHOBYIO YepHb. JlyuenoriomarenbHas ClioCOOHOCTb aOCOJIFOTHO
YEepPHOTO Tella paBHa enquHuIe (o vt = 1)

81,1

|

1
M1 Agy A

JInis pa3HbIX Te BETUYMHBI JTy4EeUCIyCKAaTEIbHOM U JIy4enoromaTeaIbHOU ClIOCOOHOCTEH MpH

OJINHAKOBBIX YCIIOBUSX PE3KO OTIMYAIOTCS, HO OTHOUIEHHE JTyYEHCITYyCKATEeIbHOU CIOCOOHOCTH K

MOTJIOIATENLHON JIJIS JIIOOBIX TEJ IPU OJMHAKOBOM Temneparype T He 3aBUCHUT OT UX IPUPOIBI U

ABJISIETCS. YHUBEPCAIbHON (YHKIIMEH UTMHBI BOJHBI (4aCTOTHI) M TeMIiepaTypsl (3akoH Kupxroda):

(mj :(fﬂj :[ﬂ = T)
ayr A ayt B ayt N

rae f (v, T) — dynkuus Kupxroda; 4, B, C — pa3nu4Hble Tena.
[Tpumennm 3axon Kupxroda k nznydeHuro abCOIIOTHO YEPHOTO TeNa:

""VT'Tz f(v,7),

TIe €y,7 — IydeHCIyCKaTeIbHas ciocoOHOCTh a.4.T. CrieroBarensHo, pyHKIws Kupxroda f (v,
T) paBHa Ty4yeUCIyCKAaTEIbHON CIOCOOHOCTH €y, T AOCOIIOTHO YEPHOTO Tena ((pU3nIecKuii CMbICIT

¢bynkunu Kupxroga):

f (V, T) = &v,T.
Y CcTaHOBIIEHBI CIICAYIONINE 3aKOHBI U3Ty4eHUs a0COIIOTHO YEPHOTO Tena (a.4.T.).
3akon Credana—boabumaHna: sHEpreTHYecKasi CBETUMOCTh a0COTIOTHO YEPHOTO Tena
MPOIMOPILIMOHANIEHA Y€TBEPTON CTENICHH €Tr0 a0COTIOTHOM TeMIIEPaTypHI, T.€.
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R =oT*,
e o =5,67-10"° Ix/c-M>K* — nocrosunas Creana—bonpumana.
3akoH cMemenus Buna (nepBbIif 3aK0H): UIMHA BOJHBI Ag, HA KOTOPYIO IPUXOAUTCS
MaKCHUMYM CIIEKTPAJIbHON TUIOTHOCTH YHEPTETHUECKOH CBETUMOCTH (MIJIM MAKCUMYM
U3ITy4aTeNIbHON CIIOCOOHOCTH) aOCOFOTHO YEPHOTO Teja, 00paTHO MPOIMOPIIMOHATIEHA a0COIIOTHON
TeMIiepaType Teia, T.e.
68
ﬂo=?,

e 6=2,897810" m-K — nocrosiHHas 3akoHa Buma.

Bripaxxenue (9) moToMy Ha3bIBalOT 3aKOHOM cMelleHus BuHa, 4To OHO MOKa3bIBa€T CMEIICHHE
MOJIOKEHUS MaKCUMyMa (QYHKIIHH €),7 10 MEPE BO3PACTaHUS TEMIIEPATYPHI B 00JIACTh KOPOTKUX
JUTMH BOJIH. 3akoH BuHa 00bsCHSET, MOYeMy MpU MOHMKEHUU TeMIIEpaTyphl HArPEThIX Tell B UX
CIIEKTPE BCE CHIIbHEE MPeo0IIaacT JUTMHHOBOTHOBOE H3IYYCHHE (HApuMep, epexo 1 6eoro
KaJICHUS B KPaCHOE MPU OCThIBAHUH METaJlIa).

Ha puc. n300pakeHbI KpUBBIC paCIpeIeTICHUS SJHEPTUN U3ITyUSHUS 110 JJTMHAM BOJIH B CIIEKTPE
a0COIOTHO YEPHOTO TeJia MPHU Pa3IUnYHBIX TemrepaTypax. [lnomanu, orpaHndeHHbIe KPUBBIMU U
OCBI0 a0CIUCC, OMPEIEISIIOT YHEPTETUUECKYI0 CBETUMOCTh Ry abcomoTHO yepHoro Tena (npu 71 >
T> o1 <Ao2).

Bropoii 3akon Buna: MakcumanbHast U3aydaTelibHas CIOCOOHOCTh a0COIFOTHO YEPHOTO Tela
IPsIMO MIPOTOPIIMOHANIFHA MSATON CTETNEHH ero aOCOIIOTHON TEMIEPaTyphl, T.€.

(‘S‘VT)rmx :6/ 'T57

rne 6 =1,29-10° Br/(m® - KO).

Jlyist 00bsicHeHUs 3aKOHOB TeroBoro u3nmydenuss M. [Tnank B 1900 r. BeICKa3ai TAIIOTE3yY, 4TO
MCITYCKaHHUE SHEPIHH 3JIEKTPOMArHUTHOTO U3JyYEHHUsI aTOMaMU U MOJIEKYJIAMU BO3MOKHO TOJIBKO
OTAEJIBHBIMU «IIOPLIMSMHY», KOTOPBIE CTAJIX HA3bIBAThCS KBAHTAMM dHEPIruM €. BennmuuHa kBaHTa
DHEpPIruu paBHa

s=hv,

[ImaHk Ha OCHOBE KBAHTOBBIX MPE/ICTABICHUN BHIBEJ AHATUTUYECKOE BBIPAKEHUE IS
yHuBepcanbHOU pyHKIMK Kupxroda. Ota dhyHKIMs, nomyyuBinas Ha3BaHue Gynkuun [Inanka,
HMMEET CJICAYIOUIUN BU:

. :2ﬁV2‘ hv
v,T 2 JSIVIKT _g°

Wuterpupys ¢pynkiuto [nanka mo Bcemy CIEKTpy H3ITydeHHs], MonyduM 3akoH Credana-

bonprmana:

o0 2
27v hv o4
RT:I . dv=0oT%, rneo-:ﬂ.
0 15i“h
Ecnu B35 npon3BoaHyt0 10 A OT pyHkimu [1naHka u mpUpaBHITH €€ K HYIIO, TO TOTAa
MO>XHO HaWTH JTMHY BOJHBI Ao, IPU KOTOPOH (DYHKIIHUS &), 7 HIMEET MAKCUMYM, T.€. TIOTYyYUM 3aKOH
cMenlenus Buna.
PaccMoTpeHHBIE 3aKOHOMEPHOCTH U3TYYCHHST AOCOIOTHO YEPHOTO TeJla KAYECTBEHHO
CIIPaBEIIMBBI U JJIS TEJI, HE SIBISIOMUXCS a0COMOTHO YepHbIMU. Hampumep, sHepreTHdecKast

CBETHMOCTB Ceporo tena Ry = aoT*, rme o — K03 (ULMEHT, KOTOPbII MEHbIIIE eIMHULIBI U
KOTOPBII 3aBUCUT OT COCTOSTHUS MTOBEPXHOCTH, (POPMBI 1 XUMUUYECKOT'O COCTaBa TeJa.

Tema 7.2. ®otordpdext
Jleknus (1 yac)

D010 heKT — Ha3BIBACTCS BHIPHIBAHKE JIEKTPOHOB U3 BEIIECTBA MO/ ICHCTBUEM CBETA.
Bunbr hotosddekra: BHENIHMI, BHYyTPEHHUN, BEHTUIILHBIH.
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W3 ananu3a BOJbTAMIIEPHBIX XapaKTEPUCTHK MMOTYICHBI 3aKOHBI (hoTodhdekTa.

1. Cser nHe nr000i 4acToThl BEI3BIBACT (poToddpdert. s Kakaoro BeuiecTBa CYIIECTBYET KpacHas
rpanuna GotodpdexTa, T. €. MUHUMAIbHAS YacToTa Vo, IPU KOTOPOil BO3MOXKEH POTOIPPEKT.

2. BenmumHa Vo 3aBUCHT OT XUMHYECKOW IPHPOABI BEIIECTBA U COCTOSHHS €T0 TIOBEPXHOCTH.

3. MaxkcumanbHas SHeprust (pOTOAEKTPOHOB HE 3aBUCHT OT CBETOBOTO TOTOKA, & JIMHEHHO 3aBUCHT OT
YacTOTHI CBETA.

4. BenmnmunHa (OTOTOKA HACBIMICHWS, BOSHUKAIONIETO IPH OCBEIICHHH MOHOXPOMATHYECKHM CBETOM,
HPOIIOPIHOHANIBFHA TTaAI0IIEMy CBETOBOMY ITOTOKY.

OTH 3aKOHBI HEBO3MOXXHO OBUIO OOBSICHHTH C KIACCHYECKOW TOYKH 3PEHHs, COTJIACHO KOTOPOM
QJICKTPHUYCCKAasA KOMIIOHCHTaA SHCKTpOMaFHHTHOﬁ BOJIHBI BBI3BIBACT BBIHYKIACHHBIC KOoJIeOaHUs CBO6OILHI)IX
3JIEKTPOHOB B MeTajlle, COOOIasi MM DHEPrui0, IOCTaTOYHYIO Uil BbUIeTa. Torga MakcuMaibHas
KHHETHYecKasl 3Heprusi (POTOIIEKTPOHOB JAOJDKHA OBITH NPONOPLHOHAIBEHA KBaJpaTy aMIUIUTYAbI CBETOBOM
BOJTHBI, T. €. I0JDKHA 3aBUCETh OT CBETOBOT'O MOTOKA, YTO MPOTUBOPEUUT ONBITHBIM (aKTaM.

O0bsicHeHue 3aKoHOB Gotodddekra nam B 1905 1. HemMenkuil yueHslid AibOepT DHUHINTEHH Ha OCHOBE
THITOTE3bI CBETOBBIX KBaHTOB. Bcemex 3a IIMaHKOM OH TPEAMONIONKHII, YTO, €CIH WM3IyYCHHE DHEPTUH
aTOMaMH MTPOUCXOJUT JUCKPETHO B BUJIC TIOPIIMH WIIM KBAHTOB, TO €€ PACIPOCTPAHCHUE B MPOCTPAHCTBE U
MOTJIOIICHHE BCIIECTBOM  MPOUCXOMUT  TOpHUAMH  (KBaHTaMHu). OHEprus KBaHTa  paBHA:
e=hw,

[1pu morsomneHny cBeTa BEIECTBOM KaX bl (POTOH OTIAET CBOIO SHEPTHIO OJJHOMY JJIEKTPOHY
(omHODOTOHHBIH (HOTOADGDEKT), KOTOPHIH B 3aBUCUMOCTH OT COOTHOIIIEHUSI MEXKIY SHEPTHEH MOTIIOIEHHOTO
($oTOHA ¥ BETMYMHON MOTEHIIMAILHOTO Oapbepa Ha IpaHMIIe BEIECTBO-BAKyyM (PabOoTOl BBIX0O/1a) MOKET

NOKUHYTH BemiecTBo. [Tog paboToit Beixoga A, clieyeT MOHUMATh HAMMEHBIIYIO SHEPIUI0, KOTOpast

HE00X0MMa, YTOOBI 3JIEKTPOH MMOKMHYJI BEIIeCTBO. DOTOANEKTPOHBI MOTYT HAKAIJIMBATLCS B BaKyyMe,
BOJIN3M MOBEPXHOCTH BEILECTBA TAK, YTO UX COBOKYIIHBII 3IEKTPUUYECKUI OTpULATEIbHBIN
MIPOCTPAHCTBEHHBIHN 3aps/] OKa3bIBAETCS CIIOCOOHBIM MPEMATCTBOBATH AAbHEHIIIEMY BBIXOLY 3IEKTPOHOB.
JJis ycTpaHeHHUs TAKOTO BIHSIHUSL (POTOAIEKTPOHBI HEOOXOAUMO YJAISATH OT TOBEPXHOCTH BEIIECTBA.
OueBUAHO, YTO B YCIOBUIX OTCYTCTBHUS IIPOCTPAHCTBEHHOT'O 3apsAaa KOJMYECTBO (POTORIIEKTPOHOB,
MOKHUJAIOIIMX BELIECTBO B €IMHUILY BPEMEHH, T € (POTOTOK, PSIMO MPONOPLHUOHAIBHBI YUCITY (POTOHOB,
MaJal0IINX Ha TIOBEPXHOCTD BEUIECTBA B €AMHUILY BPEMEHH, a 3HAUUT, ¥ CBETOBOMY MOTOKY. [Ipu aToM
SHeprusi POTOHA HE OKA3bIBAET BIUSHHS Ha KOIUYECTBO (0T031eKTpoHOB. IlomyuuB snepruto ot ¢poToHa,
3IIEKTPOH TEPSET YacTh €€ BCIESACTBUE CITyUalHBIX CTOJIKHOBEHUH B BEIIeCTBE. DHEPrus, paBHas paboTte
BBIX0/1a, TPATUTHCS ANEKTPOHOM Ha MIPEOI0JIEHNE TOTEHIINAIBHOTO Oaphepa Ha TPaHUIE METAJUI-BAKyyM.
OcraBmascs 9acTh 3HEPTUN 00pa3yeT KHHETHYECKYIO SHEPTHIO AJIEKTPOHA, BBIIIEAIIETO B BAKYYyM.
MaxkcuMaabHOM KHHETUYECKO# SHeprueil 001aJat0T JIEKTPOHBI, BBIJIETEBIINE B BAKYYM HEIIOCPEICTBEHHO C
MTOBEPXHOCTH BEIECTBA.
JI1g TakuX 3IEKTPOHOB TOTEPH HA CTOJIKHOBEHHE PaBHBI HYJIIO M MX KWHETHYECKAs SHEPTUS
T'\rax CBAA3aHa ¢ SHepruei Gorona u padboToii BbIxoa GopMyoi DHHIITENHA:
ho= Az + Tax
2

_my
max —
2

rac O - MaKCUMaJIbHasl KWHCTUYCCKAasA OHEPTUsd BBIOMTBIX OJICKTPOHOB IIpH HaHHOfI

9HEPrHH MOIIoIeHHOro hoToHa /i@ u pabote Beixoaa A, . Jta GopMyrna SBISETCS 3aKOHOM COXPAHCHHS
SHEPIUu NPUMEHUTEIBHO K (hoTod(pdekTy 1 Ha3pIBaeTcs ypaBHeHHEM DWHIITEHHA 111 POTOd EKTa.
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Tema 7.3. Teopusi aToma Bogopoaa no bopy
Jleknus (1 gac)

Omnsitamu Pesepdopna (1911 1.) 66u10 yCTaHOBIEHO, 9TO ATOM COCTOUT M3 MOJIOKUTENHHO 3apSKEHHOTO
Spa, BOKPYT KOTOPOTO JBIKYTCS IO OPOHUTE OTPHUIIATEIILHO 3aPSDKCHHBIC DIIEKTPOHBI, TAK YTO B IIEIOM aTOM
3NEKTPUICCKH HEUTPAJICH.

nNy4oK a-4acTuy
HWCTOYHHK

DNEKTPOHBI BPAIIAIOTCS BOKPYT SApa B IIEPBOM MPHUOIIKEHUH 110 KPYTOBBIM OpOuTaM. COBOKYITHOCTD
3JIEKTPOHOB COCTABIISIET AIIEKTPOHHYIO0 0007104Ky. PaccMoTprM atoM BosiopoJa, T.€. aTOMHYIO CHCTEMY,
COCTOSIIIIYIO U3 Si/Ipa € 3apsiioM +Z€p ¥ OJHOTO AJIEKTPOHA C 3apSIOM — €0 .

Kymnonosckas cuna Fiy, B3anMoaeiicTBHS MeX Ty SIpOM H IEKTPOHOM UTPAET POJIb IEHTPOCTPEMHUTEIHHON
CHJIBI, PABHOH JUTSL KPYTOBOW OPOUTHI

2
€ 2
— =M,V
4dngyr '
IlonHast 3HEPrUsl 2IEKTPOHA PaBHA CyMME ITOTEHIMAIBHON U KUHETUYECKON S3HEPrUil:
2 2
e m,ov — ez
E:EHOT+EK:_ : +— Wi E = 0 .
4me,r 2 8neyr

CornacHo 3EKTPOMarHUTHON TEOPHH BPAIIAIOLIUICS 110 OpOHTE 3JIEKTPOH BO30YXKAaeT BOKPYT ceOs
MIEPEMEHHOE MEKTPOMAarHUTHOE I0JIe, paCIpOCTPaHSIIOIIEECcs B IPOCTPAHCTBE CO CKOPOCTHIO CBETA. JTO
03HAYaET, YTO BpallleHHe IEKTPOHA JOJDKHO BHI3BATH HEMPEPHIBHOE U3ITyUeHHE, HAa KOTOPOE JIEKTPOH
3aTpadyMBaeT 4acTh CBOCH SHepruu. Takum 00pa3oM, COTJIaCHO KIIACCHYECKON TEOPUU SHEPTHSI AJIEKTPOHA
BCE BPEMs YMEHbIIIAETCA. B pe3ynbTare 3JIEKTPOH JOJKEH YIIAacTh Ha SApo. B n1elcTBUTENbHOCTH, aTOM
SIBJISIETCS] YCTOMYMBON CUCTEMOM.

U3 dhopmyiel cnemyer, 4TO ¢ yMEHBIIIEHUEM painyca OPOUTHI CKOPOCTH JIBIDKEHUS 3JIEKTPOHA BO3PACTAET,
T.€. IepHOJ] 00paIIeHUsI YMEHBIIIAeTCs. DTO JOJDKHO MPUBECTH K HEMPEPHIBHOMY YBEIHUEHHUIO YaCTOTHI
U3IIy4aeMbIX 3JIEKTPOMATHUTHBIX BOJIH, U @TOM JIOJKEH U3Ty4yaTh CIUIOMIHOM criekTp. OgHaKo B
JIEHCTBUTEIHLHOCTH aTOM MOXKET M3JIy4aTh JIUIIb THHEHYATBIA CIIEKTP.
Brixon u3 coznmasmerocs moyioxkeHus 0su1 npeaioxer bopom (1913 r.).
OcHoBbIBasch Ha runotese [lnanka o KBaHTOBOM XapakTepe W3y4eHHsI U OTJIOMIEHus cBeTa, bop
chopMyIMpoBai 3aKOHBI IBUKEHHS JJIEKTPOHA B aTOME B BHJIE TIOCTYJIATOB, KOTOPBIE A O0BsSICHEHHE
IKCIEPUMEHTAILHBIM (PaKTaM.
IlepBoIiii moctyaar bopa (mocTynat cCTallMOHAPHBIX COCTOSHUIN) 3aKITI0YAETCs B CIEAYIOIIEM: CYIECTBYIOT
HEKOTOPBIE COCTOSIHUS aTOMa, HaXO/ISICh B KOTOPHIX OH HE M3ITy4aeT SHEPTHIO.
Bropoii moctynar bopa (paBuito KBaHTOBaHUS OPOUT) YTBEPHKAAET, UTO B CTAIIMOHAPHOM COCTOSTHUH
aToma dJIEKTPOH, JBUTasIiCh IO KPYTOBOH OpOuUTE, T0JKEH HMETh KBAHTOBAHHbBIC 3HAYCHHSI MOMEHTA
WUMITYJIbCa, yIOBIETBOPSIONINE YCIOBUIO

L, =myur =nh ,rmen=1,2,3...
Tperunii mocrynar bopa (mpaBuiio 4acToT) yCTaHABIMBAET, YTO MIPU IIEPEX0/Ie aTOMa U3 OJHOTO
CTaIIOHAPHOTO COCTOSHUS B JIPYTO€ MCITYyCKAETCs MIIH MOTJIONIaeTCa OJIMH KBAaHT 3Hepruu. M3myuenue
MPOUCXOJIMT TIPH MEPEX0JIe aTOMa U3 COCTOSTHHS ¢ OOIbINei dYHeprueil B COCTOSIHUE ¢ MEHbIIEH (Ipu
MEPexo/Ie IEKTPOHA ¢ OPOUTEHI, OoJiee yIaJeHHOH OT siyipa, Ha OpOuTy OoJiee OIIMKHIO K SpY).
[ornomeHnne 3HEPruy COMPOBOKAAETCA IEPEXOJIOM aTOMa B COCTOSIHUE C OOJIbILIEH SHEPrueii. ITomy
COOTBETCTBYET IEPEXO0/I ANEKTPOHA Ha 0oJiee yAaTeHHYIO OT spa OpouTy.
IIpaBuio wacrot bopa:

hV = E1, Ez,

OHeprus B aTOM€ BOJIOPO/Ia MOYKET NPUHUMATh TOJIBKO JUCKPETHBIE 3HAUYEHUS, T.€. DHEPTHA aToMa
KBAaHTYETCA. T.€. OHEPreTHYECKHMEe COCTOSIHUSI aroMa BOJOpPOAa O0Opa3ylioT MOCJIEeI0BaTENbHOCTh
SHEPTEeTHYECKUX YPOBHEH, H3MEHSIOMUXCS B 3aBUCUMOCTH OT N. COCTOSIHNE ¢ MUHUMAaJIFHOW SHEPTHEH, WITH
OCHOBHOE€ COCTOSIHHE, COOTBETCTBYeT N = 1, a ero sHeprus Ei = —13,6 3B. Cocrosaue ¢ n > 1 sBusercs
BO30YKICHHBIM.
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1 v 1 1
dopmyna bamsmepa Y = - =R: ? - F

Bce nuaNMM cniektpa MOryT OBITh 00beIHEHBI B cepun. Ceprel Ha3bIBaeTCs COBOKYITHOCTH JIMHUM,
OTIHMCHIBAEMBIX 3TOU (hOPMYJIOW, €Clii N = CONSt, T.e. Cepusl BO3HUKACT MPH MEPEXO/IC ICKTPOHA C
BBIIIICIICKAIIMX YPOBHEH Ha YPOBEHB C JAHHBIM KBAHTOBBIM YKCIIOM N. [[11s1 BOJOPOa OCHOBHBIMY CEPHSIMH
SIBIISTFOTCS:

B yJIbTpaduoeToBol 001acTu crekTpa — cepus JlalimaHna
(n=1,m=2,3,4,...);
B BUIMMOMI 00J1acTu criekTpa — cepus banemepa (N=2, m=3,4,5 ...);
B HH(ppaKkpacHOI 00IacTH CIIeKTpa —
cepus [lamena (N =3, m=4,5,6...); cepusi bpskera(n=4,m=5,6,7 ...);

Oneitel ®panka- ['epua.

4,86

4.86

=iIapo

G G

0 H 10 5.8

Teopus bopa, caenaB 3HaUUTENBHBIN 1IAr BIEPE] s OMMCAHUA aTOMa BOJIOPO/IA U €T0 CIIEKTPOB, HE
CMOIJ1a OTBETUTH Ha PAJl BaKHBIX BOIIPOCOB, HAIIPUMEP: TTOUEMY OCYIIECTBIISIOTCS MEPEXOAbI MEKTY
OJIHMMHU SHEPIeTHYECKUMHU YPOBHAMU U HE OCYLIECTBIISIIOTCA MEXKAY APYTUMH; IOYEMY 3JIEKTPOHBI Ha
CTaIIOHAPHBIX OPOUTAX HE M3IYYAIOT AIEKTPOMATrHUTHYIO SHEPTHIO; KaKOBa MIPHUPOJIa UIIyIeHUs Ooiee
CJIOKHBIX aTOMOB, HarpuMep renust v auTus. Claeayonuil 1 3aBepIIaroIfi ar B CO31aHUH TEOPUU aToMa
— 3TO KBaHTOBO-MEXaHMUYECKask TEOPHs aToMa BOAOpOAa.

Tema 7.4. I'unoresa [le bpoiias. KopnyckyasspHo-BOJIHOBOM Ayaiu3M
Jlekuus (2 yac)
KBanToBasi MeXaHUKa - U3y4aeT IBUKCHUE Y-1] C YYETOM UX BOJIHOBBIX CB-B.

Op. yu. JIyn ne Bpoitnes B 1923 r BBLIBUHYI THIIOTE3Y: THOOBIE MKI-UBI (€, P, N, Y) 00iaaaoT
OJIHOBPEMEHHO CB-MH M Y-I[ ¥ BOJIH, T.€. JIIO00H MKOOBEKT C OJHOM CTOPOHBI BEAET ceOsl KaKk 4-lla H
obmanaer E u p, a ¢ JIp CTOPOHBI KaK BOJIHA U 00J1aaeT A, v. DTO YTBEpKICHUE Ha3 KOPILYCKYJSIPHO-
BOJIHOBBIM Iy aJIN3MOM.

JIro60it MK4Y-TIe, yTBEep KT e bpoiins 001agaro0mIei IMITY IbCOM COOTBETCTBYET JJIMHA BOJTHBI:

h
A=— - -na ge bpoitns

CoOTHOIICHHS CBSI3BIBAIOIINE KOPITYCKYJISIPHBIC ¥ BOJTHOBBIC CB-Ba 4-1:  E=hv ~ p=h/A
Bckope runoresa Oblia MOATBEpXKACHA dKCIepUMeHTanbHO. B 1927 1 amep y4 [»Buccon u Jlxepmep
MCCIIEIOBAIN OTPasKEeHHE € OT MOHOKpHUCTaiia HUKena. OHU OOHapY>KMJIH, YTO IIYHYOK € PacCEeUBAIOLIUICS OT
KpHcTaUia JaéT Ha 3KpaHe Audpakauonnyo kaptuny. B 1927 r Tomcon (iopa KenbBun) 1 He3aBUCHMO
ot Hero TapTakoBCKuil momyuniy JU(PaKIHOHHYIO0 KapTHHY NP MPOXOKIACHUH € —TO ITyYKa 4epe3
METAJUTNIECKYIO (QOJIBTY.

domra

Ha ¢oromnactinke monyd audpaxii KapTUHA: YepPeIyrOIInecs TEMHbBIC 1
CBETJIBIC KOJIBITA. B TTOCIIEICTBIN BOJTHOBEIE CBOMCTBA OOHAPYX M N, P,
ATOMHBIX ITy4YKOB. Bce 3TO prBesio K BEIBOLY YTO BCE MK OOBEKTHI O0JIAIAI0T U
BOJIHOBBIMU U KOPIYCKYJISIPHBIMU CBOMCTBaMH.

BoJsiHOBBIE CBOMCTBA MPOSIBIAIOTCSA B MPOILIECCaX pacipeaesieHus y-11, a
KOPIYCKYJISIPHBIE — IIPU  B3aUMOJEHUCTBUAX Y-1I.

porortiacnusa

Tema 7.5. CooTHoIeHUe HeonpeaeeHHocTeii I'eiizendepra
Jleknus (1 gac)

Heobviunvie ceoticmea uacmuy
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O,I[HO W3 OCHOBHEIX OTJIMYUN KBaHTOBBIX Y-1II OT KJIIACCUYCCKUX — OTCYTCTBUC Y HUX TpaeKTOpHﬁ. T.e. u-
a HC UMECT OAHOBPEMEHHO OIMMPEACJICHHBIX KOOPAUHAT U CKOPOCTH — 3TO YTBCPKACHHUC HAa3 NMPHUHIUIIOM
HEONPEaACJICHHOCTH .

T doTonmenEga

— ‘ \\ ‘L
3

MoK €

pica pric

Ecm 051 € mBHTaCs IO TPAGKTOPUH OH MPOXOAFII OBI Uepe3 olpeaesieHHoe oTBepcTre 1 mmm 2.
SIBnenne nudpaknny JOKa3bIBAET, UYTO B MPOXOXKICHUN € y9-T 00a orBepcTHs : u 1 u 2.

[IpuHImn HeonpeaeIeHHOCTH UMEET KOJMUYECTBEHHOE BEIPAKCHUE B BUJIC HEPABESHCTB, KOTOPHIE HA3
COOTHOLIeHNEeM HeomnpeaeaenHoctei I'eiizendepra (momyunn B 1927 r) Hemen Gu3MK.:

ApsAx >h

ApyAy >h
I'me Ax, Ay, AZ — HeonpenenéHHOCTh KOOPAUHATEL. Apx ,Apy, AP; HEONPEAeIEHHOCTh TPOEKIIUN UMITYJIbCA.

U3 HepaBeHCTB cieyeT, YTO YeM TOYHEE OIpeiesieHa OJJHA U3 BeJIMYUH, TEM MEHEE TOYHO

orpezesieHa ap.

CooTHoleHre HeonpeAeaEHHOCTeH st SHeprun U Bpemenu: AE At >h

CooTHoLIEHHE HEONPEACTICHHOCTEH SIBISIETCS] 0000IIEHUEM OTBITHBIX (PAKTOB, BHITEKAET U3 BOJTHOBOU

IPUPOABI MK Y-1I, OHO HE CBSI3aHO C HETOUHOCTBIO U3MEPUTENIbHBIX NpHO0poB. COOTHOILIEHHE
HEONpECTICHHOCTEH MOKA3bIBACT, YTO KIIACCHUECKUE OHSITHS: KOP, P, TPAGKTOPUH K MK Y-M MTPUMEHHUMEI
C HEKOTOPBIM MPUOIIKEHHEM.

Pa3nen 8. ®uznka aTOMHOIO si/ApPa

Tema 8.1. Pazmep, cocTaB 1 3apsii aTOMHOIO sipa
Jleknus (1 gac)
CocTtaB aTOMHOTO Siipa: MPOTOHBI, HEUTPOHBI — HYKJIOHBI.
Pasmep aroMHOro siapa. XapakTepHCTHKH.

OnHoii u3 BaXHEUTIIHX XapaKTEPUCTHK aTOMHOTO sapa SIBIISICTCS
3apspoBoe  yMmciao  Z ,  KOTOpOe  OmpeAeNnseT  KOJUYeCTBO  MPOTOHOB  (P)
B s/Ipe, TIOPSIIKOBBI HOMEp XMMHYECKOTO dJJeMeHTa B Tabnuie MeHpeneeBa W 3apsj spa B
YCIIOBHBIX €IMHHIIAX (, =Z&, T/ie € — 3aps/l MO3UTPOHA (3IeMEHTAPHBIH 3apsn).

MaccoBoe uucio A onpeaenseT YuciIo MPOTOHOB (P) U HEWTPOHOB (N) B Sape U Maccy siapa B
aTOMHBIX €JJMHUIIAX.

Yucno HedtpoHoB N=A-Z.

IIporomn.

Macca mporona (p) mp=1836,2m. = 1,672 - 10%kr = 938,3 M»3B =1,00728 a.e.m., rme
mMe~9,1-103 kr = 0,511 MsB = 0,00055 a.e.M. — Macca sIekTpoHa. 1 a.e.M. = mc'?/12 =1,66-10"
2Tgr = 931,44M>dB, e Mc'? — macca atoma yrnepoga C2.

3apsi1 IPOTOHA PHOIM3HTENBHO ¢, =1,6-10 °E€

I[IpoToH — cTabUIbHAS YaCTHIIA, BpeMs ee sku3HK Oomee 10°2 mer.

1 1 h 66210% A%,
CnvH npoToHa S = 3 ; IPOEKIIMS MOMEHTA UMITyJIbca L = Eh yh=—= .

271 21

HeiiTpoHn.
Macca meiitpona (n) My = 939,55 MaB = 1,675-10%" kr = 1,00866 a.e.M.; 3apsn HeHTpoHa
g, =0; cIMH HEUTpOHA S = 5 MarHUTHBI MOMEHT p =—1,91p,; BpeMsi )KU3HH T~151 €i .
Helitpon — HectaOuipHas dYacTHIlAa, pacmag KOTOPOM MPOUCXOIUT TO  CXeMe
n— p+ _e+%(anmuneimpuno).
H3oTonsl. U300apsl.
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Slapa ¢ OJMHAKOBBIMH MAcCOBBIMH umciamu A HasbiBatoTcst uzobapamu (,Ar®,, Co®, rue
A = 40).

Snpa ¢ OMMHAKOBBIM 3apSIOBBIM YUCIIOM Z, HO Pa3HBIMH MAaCCOBBIMH YHCIIaMU A Ha3bIBAIOTCS
uzomonamu. Slnpa ¢ OJMHAKOBBIM YKCIOM HEUTPOHOB HasbiBaloTCst uzomonamu (,C°, [N*, rue

' 20

YKHCII0 HEHTPOHOB A —Z = 7).
Anpa C OJIMHAKOBBIMU MacCOBBIMHU u 3aps10BBIMU YyHClIaMu
(A u Z), HO pa3HBIMH TEpPUOJAMH IIOJypaclaja Ha3blBAIOTCA uzomepamu (Hanpumep, , Br—
CYIIECTBYIOT PaJJOaKTHBHBIC siipa Opoma ¢ meproaamu noiypacmnaia T, =181 ei , T, =4,4+).
Moienn aTOMHBIX si7iep: KanelbHas MO/esb, 000JI09Hast MOJIeNb, 0000IIeHHAs MOIETb SIpa.
MarHuTHbIA MOMEHT, CIMH U Paauyc sapa

[IpoToH 1 HENTPOH (HYKJIOHBI) 00JIAAIOT CIIMHAMH, PAaBHBIMH S = % (B equHunax h), u
o I
MATHUTHBIM MOMEHTOM. ITONHBII MOMEHT MMITy/bca HYKJIOHA COCTOMT M3 CIIMHOBOIO (S) H

I [ I r
0p6I/ITaJIBHOFO (l) MOMCECHTOB: JZI +S . TOFI[a ATOMHOC AdIpOo O6Hal[aeT IHOJJHBIM MOMEHTOM

— I r
I/IMHy.]H)CEi J . KOTOpI)II/I CKJIaAbIBACTCs U3 CyMMapHOFO CIIMHOBOI'O MOMCHTAa HYKJ'IOHOB S = Zsi u

I

I 1 I 1 \V
U3 OpOUTATEHOTO MOMEHTA | — Z|i , 00YCIIOBJICHHOTO ABMXEHUEM SIIpa Kak 1eyoro: J =S +L.
i

o 1
MarauTHeli MOMEHT H ATOMHOr'o sAApa CKJIAaAbIBACTCA W3 MArouTHbBIX MOMCHTOB HYKJIIOHOB H
onpenensercst HopMysIon (1= giigy/J (J+1),

o eh o
rzae g — (hakrop, KOTOpBIH 3aBUCHT OT J U S; 1, = om SIAEPHBIA MAarHETOH.
m

Tema 8.2. lepexkT Macchl M IHeprus CBA3M
Jlekuus (1 yac)

DKCNepUMEHTAbHBIE UCCIIE0BAHUS OKA3BIBAIOT, YTO Macca aTOMHOIO sjpa M BCErjia MeHbIe
CYMMBI MAacC BXOMSIIUX B SIAPO YacTHI[ (IPOTOHOB M HEUTPOHOB). DTO OOYCIOBIEHO TEM, YTO MPH
00BbEANHEHNH HYKJIOHOB B SIIPO BBIICISCTCSI OONIbINAst SHEPTUsl, KOTOPast Ha3bIBACTCS IHEP2Uell CEA3U.

Inepeusa ceazsu (Wes ) — 510 dHeprus, B Az, paBHas paboTe, KOTOPYIO HYXHO COBEPIIMTB, YTOObI

PAa3JIOKUTH AP0 HA HYKIIOHBI M YAAIUTh MX APYr OT ApPYra Ha TakKHe PAcCTOSHHUS, IIPU KOTOPBIX OHHU HE
OyIIyT B3aUMOJICHCTBOBATH JIPYT C APYTOM:

W, =*[Zm, +(A-Z)m, —m, |,

I7Ie ¢ — CKOpOCTh CBETa B BaKyyMe, M/C; M — Macca, Kr.

B SIIEPHOU (buznke JHeprus 51 macca YaCTHIL paccMaTpuBarOTCA
B DHEPreTHMYECKUX €IUHUIAX U3MepeHuil — MerasnekrpoHsoibTax (M»sB). C ywyeroM mnepeBogHOro
K03 (GHULUEHTa SHEPIHIO CBA3U MOKHO Takxke IpeodpazoBats B MaB:
W, =931,44] Zm, +(A-Z)m, —m, ].

. YienabHas 3Heprus cBsA3u. 3aBUCUMOCTD y/AeJIbHON IHEPIruH CBSAA3M OT MacCOBOI0 YUCJIA.
HOBTOMy BMECTO JSHEPruM CBA3U PACCMOTPCHUIO MOMJICKHUT YACJIbHAA OHEPrusd CBA3U, T.C. DHEPrud

1yA, Ws (Z,A)
CBA3U, IPpUXOAAIIAACA HAa OAUH HYKJIOH, ———. E=—-7T—"".
i 0é A
HpI/IBeIIeHHaH Ha prC. 3aBUCUMOCTE € OT MaCCOBOI'O YHCJIa A
: _ YKa3bIBAC€T HA IBa crrocoba TIOJIYUCHUA SIJIepHOﬁ OHEPTUH: ACJIICHUC
180, o 'r"

T sty TSAKCIIBIX AACP; CIIUAHUC (CI/IHTCS) JICTKUX A0€p.

10

115
Ca tatp,

1287,

& MaB
|
o

100 200
MaccoBoe Yueno A 40



Tema 8.3. SInepHblie cHIbI
Jleknus (1 gac)

Snepubie cuibl. CbLHOE B3anMo/1eiicTBHE.

ATOMHBIE sIIpa SBISIFOTCS YCTOHYMBBIMU M 00JagaroT OOJBIIOW YIeNbHOM SHEprueil cBsizu Baumy
3TOTO BO3HHUKAET BOIIPOC, ACHCTBHEM KaKHX CHJI 00YCIIOBIICHA IIPOYHAs! CBSA3b HYKJIOHOB BHYTPH SIIIpa.

M3BecTHO, YTO MEXKAYy HYKIOHAMH JEHCTBYeT TI'paBUTAMOHHAS CHIAa TNPHUTSHKEHHA Fr, , a Mexmy
ANEKTPUYECKH 3apsSHKCHHBIMH NPOTOHAMH, KpPOME TpaBUTALMOHHON CHIIBI, — KYJIOHOBCKas cHJa
oTTasikuBaHus F, KoTopas HamMHOro Oosblie rpaBUTaluOHHON (F»i>> Frp). Eciu kxpome HHX HET Apyrux
CHJI, TO @TOMHOE SIPO TI0J AeHCTBHEM KYJIOHOBCKON CHIIBI OTTAJIKUBAHUS JTOJDKHO pacracTeest. OHaKo, KakK
BBIIIIE YIIOMSIHYTO, SIAPO — ycToiunBoe obpasoBanue. CieoBaTeIbHO, MOKHO TMPEANONOKHUTh, YTO BHYTPH
A1pa, KpOME BBIIICYKa3aHHBIX CHJI, MEKAY HYKJIOHAMH JEHCTBYIOT CHIIBI HHOW MPHUPOJBI, KOTOPBIE HAa3BaHbBI
SIEPHBIMHU U KOTOPBIE 00YCIOBIICHBI CHIIBHBIM B3aHMOJICHCTBHEM MEKIY HYKIOHAMHU.

Buanl B3anmMoaencTBui

B npupone cymectByer 4 Tuma B3aMMOJEWCTBHI: TpaBUTALMOHHOE, 3JEKTPOMArHUTHOE,
cHIIBbHOE, cl1aboe

CBOICTBO 1/1EPHBIX CHJI.

SAnepHbie cribl 007a1aI0T HEKOTOPHIMH OCOOCHHOCTSIMH:

1. OHy ABIAIOTCA KOPOTKOACHCTBYIONMMH cUilaMu. Pannyc MX JNEHCTBUS MMEET MOPSIOK I, ~107™7
TO ecTh ecly paauyc aeiictBus cun (r) Gonpure 107 (r > ro), TO SIIEPHBIE CHIIBI MIPUTSDKEHUSI OBICTPO
CNaJAoT, a €ClU I << I}, TO MPUTHKEHHE HYKIOHOB CMEHAETCS OTTAJIKUBAHHEM.

2. SlmepHble cUITbI 3apsiIOBO-HE3aBUCHMBIL, T.€. OHH JCHCTBYIOT MEXIY MPOTOHAMH (p— p) , MEXIy

HEUTPOHAMMU (n - n) , @ TAK)KE€ MEXAY IIPOTOHOM U HEUTPOHOM ( p-— n) Y UMEIOT OAVUHAKOBYIO BEIUYLHY.

3. SlmepHble CHIIBI 3aBUCAT OT B3aUMHOW OPUEHTAIINY CIIMHOB HYKJIOHOB. Harpumep, HEWTPOH U IPOTOH
yIEpKUBAIOTCS BMECTe, 00pasys sapo Tsbkenoro Bogopona (D — neiToH), Tonpko B TOM cilydae, €Ciiu MX

CIHHBI NapaJJIeIbHbI IPYT APYTY (TT) .

4. SlnepHble CWIIBI HE SBJSIIOTCS LEHTPANbHBIMU, T.€. OHHM HE HAaNpaBJIE€HBl BAOJb NPSMOH,
COEJIMHAIONIEN IEHTPBI B3aMMOIEUCTBYIOIINX HYKJIOHOB.

5. SnepHble cuibl 00NMANAlOT CBOMCTBOM HACHINIEHHA. JTO 3HAYUT, YTO KAXKIBIH HYKJIOH B spe
B3aUMOJICHCTBYET C OrPaHWYCHHBIM YHMCJIOM HYKJIOHOB. HachblmieHue mposiBisercss B TOM, YTO yJelbHas
SHEPTHUsl CBA3M HYKJIOHOB B SIpe NMpPHU YBEIMYEHUM MX KOJUYECTBA CHAadaja pe3KO BO3pacTaeT, a 3aTeM
MPaKTHYECKH HE U3MEHSETCS.

Teopust simepHBIX CWJI OYEHBb CIOXHA M HE MMEET 3aKOHYEHHOrO BHJA, KOTOPBIH OOBSCHHI OBl H
npezcKas3al Bce MHOrooOpasue ux CBOWCTB.

[lepBriMu nanHyt0 Teopuio B Bujae rumnoressl npemioxmin J.JI. Msanenko u WU.E. Tamm B 1934 1. Ux
TUIIOTE3a, OCHOBAaHHasg Ha Teopuu [ -pacnaga depmu, cocTosia B TOM, YTO SJEPHOE B3aHUMOJEHCTBHE
OCYILECTBIISIETCSL Yepe3 IoJie, KBaHTAMU KOTOPOT'O SIBJISIFOTCS 3JEKTPOHHO-HEHTPUHHBIE Mapbl, U HYKJIOHbI
00OMEHHBAIOTCS THMH TIapaMu Mex 1y coboil. Teopust He UMena ycrexa.

Kak ocymecTB/sIIOTCA si/IepHbIE CHIIbI.

B 1935 r. smonckwuii ¢puzuk FOkaBa, HCHONB3YS U3BECTHBIE B TO BPEMsI XapaKTEPUCTUKHU SIACPHBIX CHII U
COOTHOIIICHHE HEONpeAeaeHHOCTeH oHeprus-epems AWAt>h, mnpeackasan, 4YTO sACpHbIC  CHIIBI
00yCJIOBJIIEHBl TEM, YTO HYKJIOHBI OOMEHHBAIOTCS MEXIy COOOH BUPTYaJbHBIMH THIOTETUYECKUMH
YaCTUIIAMM, MAacChl KOTOpPBIX cocraBisstoT mopsaka 200—300m, (m,— wmacca ojekTpoHa). ITH
TUIOTETUYECKUE YaCTUIBI Ha3BalM Me30HamMH (cpenHue). B KBaHTOBON MeXaHUKE BHPTYaJbHBIMHU
CUMTAIOTCS YaCTHILIBI, KOTOPBIE HE MOT'YT OBITH OOHApY>KEHBI 32 BpeMs UX CYIIECTBOBAHHSL.

[Ipu 5TOM BO3MOKHBI YETHIPE THUIA OOMEHa:!

pop+n’, non+n’, peon+n, neoprn.

Tlo3xe W3 CBOMCTB AACPHBIX CHJI BBIBCJIM, 4YTO [JOJDKHO CYHICCTBOBATH TpU COpPTa MC30HOB —
IMMOJIOXKUTCIIbHBIC, OTPUIATCIIbHBIC U HefITpaJ'[LHI:IC, u Ha6J’IIO,Z[aTBC$I OHU OOJIKHBI HE TOJIBKO B BUPTYaJIbHOM,
HOHUB CBO60,IIHOM cocTostHMH. Havanmce MONCKH 3THX HaCTHUII.

IIu- me30HbI (3apsia, Macca, CIIMH)
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B 1937 r. K. Aanepcon u C. Henepmaiiep 0OHapyXWiu B KOCMHUYECKUX JIydax YacTHIy C Maccou
npumepHo 200 m,, KOTOpYIO HasBalu [L-ME30HOM (MIOOHOM). MIOOH He MMEN OTHOUIEHMS K SJEPHBIM
CHJIaM.

B 1947 r. C. Ilaysnn u JI. OKKHadrHU B KOCMHUYECKUX JIydyaX OOHApYKHJIM HOBBIE ME30HBI, MacChl
KOTOPBIX COCTaB/sUIM npuMmepHo 270m,. Onu ObuiM Ha3BaHbl 7 -Me30HaMH (muoHamu). IInoHBI

CYLICCTBYIOT B BHUJIC TE+,TE_,TEO. OHHU SABIAIOTCS MNEPECHOCUNKAMU ANCPHBIX CHIIL. To ectb nBa HYKJIOHA,

HaXoIsCh HA MAJIOM PACCTOSAHUU APYT OT Apyra r < h 0OMEHHBAIOTCS BUPTYaJIbHBIMU ITMOHAMU.

mc,
Macca 3apsKEHHBIX MHME30HOB nt — 273 m, (140] )’/A), BpeMsl JKHU3HH — 2,6-10%A. Macca

nuMesona nn° — 246 m,, Bpems sxkuzau — 8-107 1.

Tema 8.4. 3aK0oH pagHOaKTHBHOIO pacnajaa
Jlekuus (0.5 gac)

Paouoaxkmuenocmpio Ha3bIBAIOT CAMONPOU3BOJILHOE MPEBPAICHHE HEYCTOMYMBBIX M30TONOB OJHOTO
XMMHYECKOTO 3JIEMEHTAa B M30TOIBI JAPYTUX XMMHYECKHX AJIEMEHTOB, COIPOBOXKIAIOIIEECS HCITyCKaHHEM
HEKOTOPBIX YacTHIl. Slipa, moJBep>KeHHBbIE pacmaiy, Ha3bIBAIOT PAOUOAKMUEHBIMU, HE TIOIBEPKCHHBIC —
cCmaouIbHbIMU.

B mporiecce pacniana y siipa MOTYT H3MEHHUTBCST MaccoBoe (A4) u 3apsiaoBoe (Z) uncia:

ZXA—>Z,YA" +a,+a, +..+a,

rac ai — 4YaCTHUIBI, BRIJICTAIONIUEC B IMTPOLICCCE paciaia.

HeO6XOILI/IMLIM, HO HE BCE€riga AJOCTATOYHBIM YCJIIOBUEM PpaaAWOaKTHUBHOTO pacmnazaa SABJICTCA €Iro
SHEPTE€THYCCKasA BBII'OJAHOCTb, TO €CTh MacCa PaIuOaKTUBHOI'O MAaTCpPHUHCKOI'O AApa OOJDKHA OBITH OOJIBIIIE
CYMMBI MacCC OOYCPHETO sAApa W YaCTHL, BbBUICTAIOUIUX IIpU pacnaac, To CCTb pachaj BO3MOXKCH IpHU

m, >m, + Z m, . DHeprosoeiaeneHre Q xapakTepusyercs SHepruei pacnana B Jx:

Q= mx—my—Z:mi ¢ wmeMdB Q=931 mx—my—Zmi ,

IJle Macca 4acTHIl OEpeTcs B a.€.M.

Besikuii paJMoakTHBHBINA mpoliecc, npoTekaromuil mpu Q>0, Ha3bIBAETCH IK3OMEPMUHECKUM, A TIPH
Q< 0 — 3ndomepmuueckum.

CylIECTBYIOT €CTECTBEHHAS M MCKYCCTBEHHAS PaMOAKTHBHOCTH. MexX Iy HUMU HeT pasiuumii. He Bce
HecTaOMIIbHEIE SIpa SABJISIOTCA PaJMOAKTUBHBIMU. Ha IpakTuke K paJHOAKTUBHBIM OTHOCATCS Spa, BPeMs
JKU3HH KOTOPBIX MOYET ObITh M3MEPEHO COBPEMEHHBIMH PaMOTEXHUYeCKUMH cpeicTBamu (oT 102%c 1o
10 srer).

Paln0aKTUBHOCTE — HPOLIECC CTATUCTHYECKMIL; OTMHAKOBHIE S/Ipa PACIaJaloTCs 32 PA3IMYHOE BPEMs, T.
€. IPOTEKAET H30MEPHBIH Mpolecc.

Ecmecmeennaa paouoakmuenocmb — PajdoaKTUBHOCTh, HAOIIONAIOMIAACA y CYyMIECTBYIOUIUX B
IpUpOJIE HEYCTONUMBBIX U30TONoB( Hanpumep, U?),

Hckycemeennas paduoakmuenocms — PaldoOaKTHBHOCTh, KOTOpask HaOIIOJAeTcs y H30TOIOB,
ABIAIONINXCS PE3y/IbTaTOM SEPHBIX peakiuil. VCKyCcCTBEHHOE pPaJMOAKTHBHOE SIPO MOMKET ObITh
TI0JTy4€HO ITyTeM 60MOapIMPOBKH CTAOWILHBIX A/IEp YACTULIAMH.

CaMOIpOM3BOIIBLHBIH pachaj saep HOJUMHAETCS 3aKOHY PAaAHOAKTHBHOIO pacnaja:

—At
N =N, ",
rae No — uncio HepacnaBIIEXCs sep B MOMEHT Bpemenn t = 0; A — mocrosiHHas pacmana , [A]=c™, Toraa

yucno pacnaBmuxcs aaep coctaBuT Ny —N =N, (1—6'“) :

N
[TocrosiHHas pacmaga A =——— 3TO JOJS OT OOILIEro YHcia saep, paclaJaloMXcs 3a CIHHHUILY

Ndt

BPEMEHH.
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BpCMH, 3a KOTOpOC pacmagacTcda IIO0JIOBMHA U3 O6I.LI€FO qucia sAnaep, Ha3bIBAIOT nepuodom

. In2 0,693
noaypacnaoa T, ,. OH CBsI3aH ¢ TIOCTOSIHHOM pacmaga: T, =— =——.
% oa
Bpewmsi, 3a KOTOpOe YHCIIO PaMoaKTHBHBIX saaep YMEHBIIIACTCSI

B € pa3, Ha3bIBaCTCAd 6pemMeHem pelakcayuu. OHO CBS3aHO C IIOCTOSHHOM pacnaga CICOYIOINUM

1
COOTHOLICHUEM: T = e

Tema 8.5. -, B - pacnan, y - uziryyeHue
Jlekuus (0.5 gac)

Auabda- 9acTuIlbl —3To MOTOK siaep renus. CBONCTBA anb(a u3IydeHus. ajbda-pacnai:

‘}X - ‘}‘_‘izY + %He
Annda-pacnian — 3TO BHYTPUsIAEPHBIHA Nponecc. B cocraBe TsHKENIOro sapa 3a CUET CIOKHOW KapTHUHBI
COUCTAHMS SINEPHBIX M DIEKTPOCTATUYECKHX CHJI O00pa3yeTcsi CaMOCTOATENbHAs O-9acTHIA, KOTOpas

BBITAJIKUBACTCA KYJIOHOBCKUMHU CHJIaMH TOpa3a0o aKTHBHEC OCTaJIbHBIX HYKJIOHOB. HpI/I OIPECACTICHHBIX
YCIIOBUAX OHA MOKET MMPEOA0JICTh CUJIbI AACPHOT'O B3aI/IMO[IeI\/'ICTBI/I$[ 1 BBUICTCTH U3 d4pa.

B TkaHsx Tena yenoBeka npoder yacTuiibl - MeHee 0,7 MMm. Anbda-u3nydeHue, BO3ACHCTBYIONICE Ha
HE3alUIIEHHYIO YacTh TeJa, HE MOXKET IPOHUKHYTh J1aXe Yepe3 BHEUTHU CIIOH KIETOK KOXU U HE
NPUYHHAET BPeJla OPraHu3My.

bera yacTuua — 5T0 NMOTOK SJICKTPOHOB WIIM TO3UTPOHOB siaep renus. Cpoiictea. CymiectByer g-, g*-

pacmazbl U 3JIEKTPOHHBIN 3aXBaT
IIpu 6era-pacnaae uziyuaercs 31eKTpoH (B- yactuna). B pesynabTare pacnaga oaHOTO HEUTPOHA HA
MIPOTOH, 3JIEKTPOH ¥ aHTHUHEUTPHUHO, COCTAB Spa YBEIIMIUBAETCS HAa OJHMH MIPOTOH, a AIEKTPOH U
AHTUHENUTPUHO U3JTy4arOTCsl BOBHE:

’Z’X - Zf1Y+ j‘Ie + v,
[IpoHukaromasi crtocOOHOCTh OeTa-JyacTHIIBI 3HAYUTENEHO OOIIBIIE, YeM anb(a-4acTUIbI, TOTOMY YTO
AIIEKTPUYECKHI 3apsiji OeTa-4acTHUIlBI - BIBOE MEHBIIIE 3apsa anbga-yactuibl. [IpoHukatomas crrocoOHOCTh
OeTa-yacTuIlsl B Bo3ayxe uamensercs ot 0,1 1o 20 MeTpoB B 3aBUCUMOCTH OT HaYaJIbHOW YHEPTUN YACTHIIHI.
Bonbiioii puck o6myueHus 0eTa-yacTHIIaMH CBSI3aH C MONalaHueM UX BHYTPb OpraHu3Ma IpH prueMe
TTHIIA.

I'amma- uznydyenue
["amMMa-u3mydeHue 3TO0 - ANEKTPOMArHuTHOE (OTOHHOE) U3TyUYEHHE, COCTOSIIEE U3 raMMa-KBaHTOB
Y UCITyCKaeMOoe TIPH MePexo/Ie s/iep U3 BO30YKICHHOTO COCTOSHUS B OCHOBHOE TIPH SIJICPHBIX
peakUMsIX UM aHHUTWIISILIMY YaCTULL. DTO U3JIyYEHHE UMEET BBICOKYIO MPOHUKAOUIYIO
CIIOCOOHOCTH BCJICJCTBHE TOTO, YTO OHO 00/1aJ]aeT 3HAUNTEIIFHO MEHBIIICH TJIMHOIN BOJIHBI, Y€EM CBET
U PaMOBOJIHBL. DHEPTUs TaMMa-U3ITydeHUSI MOXKET JIOCTHTaTh OOMBIINX BETUYHH, & CKOPOCTh
pacrpocTpaHEeHHs] TaMMa-KBaHTOB paBHA CKOPOCTH cBeTa. Kak nmpaBuio, raMmma-u3irydyeHue
comyTCTBYeT anbda u OeTa-u3nydeHusM. I 'aMMa-u3nydyeHrue CX0IHO C PEHTTEHOBCKUM
M3JIy4€HHEM, HO OTJINYAETCS OT HETO IMPHUPOAOH MTPOUCXOKACHHMS, IITUHOMN JIEKTPOMAarHUTHOU
BOJIHBI M YaCTOTOM.
HNonuszauus BemecTBa raMmMa-u3jayuyeHueM ['amMma-u3iydeHue, mpoxosiiee Yepe3 BemecTBO, HMeeT
BO3MOYXHOCTHh HOHHU3HPOBATE TO BEIIECTBO, MEPEAaBasi CBOI0 YHEPTHIO DJICKTPOHAM aTOMOB, COCTABJISIONTIX
€ro. DHeprus U3Iy4eHHUs! MOCTETIEHHO YMeHbIaeTcs. [locKoNbKy raMmma-u3inydyeHue He UMeeT HUKAKOTO
3JIEKTPUYECKOIO 3apsijia, €ro ClocOOHOCTh HOHU3UPOBATh AaTOMBI BEIIECTBA HAMHOTO MEHBIIIE, YeM Y ajibda-
1 0eTa-M3ITy4eHMsI. 3alTUTUTHCS OT BO3IEUCTBHS raMMa-M3IydeHHUs CI0XKHEe, 9eM OT BO3ACHCTBHS abda-u
Oera-uactull. [IpoHnKaromas criocOOHOCTH €ro OYEHb BHICOKA, ¥ TaMMa-U3Iy4eHHe CIIOCOOHO HACKBO3b
MIPOHU3BIBATH JKUBYIO YEJIOBEUECKYIO TKaHb. Y MEHBIIUTh MOIIHOCTh FaMMa-u3inydeHus Ha 50% Mmoryr,
Hampumep, 1 cMm cBuHIA, 5 cM O6eToHa, miu 10 cM BOIEIL.
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4.3. JIabopaTopHbie padoThI

Buo
Ne | Homep Oovem 3anamus 6
n/n | pazoena Haumenoganue naéopamophuvix paoom (uac.) UHmMEPAKMugHo,
OuCUUNTUHD] aKmueHol,
UHHOBAYUOHHOU
gopmax,
(uac.)
1 1. Omnpenenenue yckopeHusi CBOOOIHOTO 1 -
naJieHusl.
2 1. W3yueHne 3aKOHOB COXPaHEHUS HMITYJIbCA 1 -
U SHEPTUH.

3 1. OrmpeziesieHne CKOPOCTH ITYJIH MPU 1 Pazbop
MOMOIIY OAJUTUCTHYECKOTO KPYTUIIBHOTO KOHKPETHBIX
MasATHHKA CUTYyalHi

(1 gac.)

4 1. [IpoBepka OCHOBHOT'O YpaBHEHUS 1 -
JIMHAMUKH BPaIaTeJIbHOTO JIBUKCHUSI.

3) 1. [IpoBepka 3aKoHa COXpaHEHUS 1 -
MEXaHUYECKOW YHEPTHH.

6 1. MasitHuk MakcBeia. 1 -

7 1. Omnpenenenre MOy KPyU4eHUS. U MO 1 -
C/IBHTA C TIOMOIIBIO KPYTHIILHOTO
MasITHUKA.

8 1. 1 TpenuHr B Mmanoin
Omnpenenenne CKOPOCTH TIOJIETA ITYIH C
MOMOIIBIO OAJUTMCTHYECKOTO MasiTHUKA Tpymme

(1 gac.)

9 1. Onpenenenne MOMEHTA HHEPLMH 1 -
KPYTHJILHOTO MasiTHUKA METOJIOM
KOJIeOaHUH.

10 2. Omnpenenenne AMHAMHUYECKON BA3KOCTH 1 TpeHuHr B Mamnoii
KHUJIKOCTH TIPH CIIONCTOM TE€UEHHUH T10 rpyrre
y3KO# TpyOKe. (1 gac.)

11 2. Omnpenenenne BI3KOCTH KUAKOCTU 1 -
meTooM CTokca.

12 2. Omnpenenenne BI3KOCTH BO3/1yXa 1 -

13 2. Omnpenenenue koddpuimeHTa 1 -
MTOBEPXHOCTHOTO HATSDKEHHSI KUIKOCTH

14 2. Onpenenenue ko3 Puunenta 1 -
TIOBEPXHOCTHOTO HATSKEHHSI IO BBICOTE
MOJIHATHS KUJKOCTH B KaTMJUISIPHBIX
TpyOKax

15 3. N3ydyeHne razoBbIX 3aKOHOB. 1 -

16 3. Onpenenenne cpeaHeit JTMHBI CBOOOTHOTO 1 -
npobera u 3pPpeKTUBHOTO JUaMeTpa
MOJIEKYJT BO3TyXa.

17 3. Ormnpenenenre OTHOMEHNUN TETIOEMKOCTEN 1 -
ra3a metojoM Kinemana-Jlezopma

18 3. Ornpenenenre U3MEHEHUs SHTPOITUHU 1 -
peabHBIX CUCTEM

19 4, MarteMaTnyecKknii MasiTHUK. 1 -

20 4. OU3NYECKUl MasITHHK. 1 -
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21 4. I'panynpoBKa 3ByKOBOI'0O reHepaTopa 1 -
22 4, OrnpeneneHne CKOPOCTH 3ByKa B BO3yXe 1 -
METO/IOM PE30HAHCA.
23 4, Omnpenenenne korhduMeHTa ynpyroctu 1 -
24 5. H3mepenue BenM4YUHBI AIEKTPUIECKOTO 1 -
COITPOTHUBJICHUS C MOMOIIBI0 R MocTa
YurcroHa
25 5. OnpeneneHre €MKOCTH KOHJIEHcCaTopa C 1 -
nomouibio C-mocta YUTCTOHA.
26 5. W3yuyeHune aneKTpocTaTuyecKoro mnoss 1 -
27 5. Ornpezenienre ropu30HTAILHON 1 -
COCTABJISAIONICH HAIPSHKEHHOCTH
MarHuTHOTO TOJIs 3eMJIH.
28 S. CHsTHE KpUBOIl HAMarHMYMBaHUA U NETIN 0.5 -
THECTEPE3Hca C MOMOIIBIO AJIEKTPOHHOTO
ocmuiorpaga
29 5. W3mepenne yaenbHOro ConpoTUBICHUS 0.5 --
30 5. OnpeneneHne WHIYKTUBHOCTH COJICHOU A 0.5 -
31 6. W3y4eHne 3aBUCUMOCTH [10Ka3aTels 0.5 -
IPEJIOMIICHUS pacTBOPa OT €ro
KOHIICHTPAIUH
32 6. OmnpeneneHne MoKazareyis MPETOMIICHHS 0.5 -
CTEKJIa TIPH IMOMOIIM MUKPOCKOIIA
33 6. Hccnenosanue nudpakuuu Opaynrodepa 0.5 -
34 6. Ornpezenienne JJIMHBI CBETOBOM BOJHBI MPU 0.5 -
MOMOITN TU(GPAKITMOHHON pEIIeTKH
35 6. Wzydenue sBneHUs MOJSAPU3ALNUU CBETA 0.5 -
36 6. [Monsipuzanus pu OTpaKCHUH U 0.5 -
MIPEIOMIIEHUH CBETa Ha TPaHUIIe ABYX
JTMDJICKTPUKOB
37 7. Onpenenenue noctosiHHON Ctedana- 0.5 -
bonpiMana m mocrosiHHOM Ilmanka mpwu
MOMOIIM ONTHYECKOTO MHUPOMETpa
38 7. UccnenoBanue ceneKTUBHOIO 1 Pazbop
dboTorddexra KOHKPETHBIX
CUTYyalHit
(1 gac.)
39 7. UccnenoBanue BHELIHETO 0.5 -
doroaddexra
40 8. OmnpeeneHre MOTEHIMAIA BO30YKICHUS 0.5 -
ATOMOB Ta3a
NUTOIrO 34 4

4.4. lIpakTuyecKkue 3aHATHS

Y4eOHBIM IIIaHOM HE MPEAYCMOTPEHO
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4.5. KonTpoabHasi pabora

L]enw: 3aKpenuTh TEOPETUYECKUI MaTepHall Kypca (PU3HKH.

Cmpykmypa: B KOHTpOJIbHOM paboTe HEOOX0IMMO yKa3aTh HOMEp BapuaHTa, 3aIUCATh yCIOBUE
3a/1auy, pelIeHne, B TeX CIIy4asiX, KOrJa 3TO BO3MOXKHO C/I€JIaTh YEPTEkK, BBIINOJHUTH BHIYMCIICHMUS,
IIPOBEPKY €AUHUL U3MEPEHUH U 3aIIUCaTh OTBET.

Ocnosnas memamuka: BKIIIOUACT CIICAYIOIUC pa3acibl (I)I/ISI/IKI/IZ «MEXaHUKa», «<ruApOMCXaHHKa»,
«MOJICKYJISApHAsA (1)1/131/11(3 U TCPMOAMHAMUKA.

Pexomenoyemvuii 06vem:. 2- 3 pyKomMCHBIX JHCTa. BeimonHsercs Ha Oymare popmarta A4 ¢
TUTYJIbHBIM JICTOM.

Ouenka Kpurtepun onieHKH KOHTPOJIbHOH padoThl

OTJINYHO - KOHTPOJIbHAsI pab0Ta BBHIMIOJIHEHA IOJTHOCTHIO;

- B JIOTUYECKUX PaCCYKJEHHUAX U OOOCHOBAHUHU PEIIeHUs 3aaUu
HET IPO0EJIOB U OIIHOOK;

- B pellleHUH HET MaTeMaTHYeCKHX OIMHOOK (BO3MOKHA OJHA
HETOYHOCTD, OITMCKa, He SBJIAIONIASACS CJIEACTBHEM HE3HAHUSA
WIN HENOHWMaHHUs yuyeOHOrO MaTepHasa).

XOpOLIO - KOHTpOJIbHas paboTa BBIMIOJHEHA MOJIHOCTHIO, HO
000CHOBaHUS IIArOB PEIIeHUs HEeJOCTATOYHBI;

- JIOIyIeHa OJiHa OIIMOKa WU JIBa-TPHU HEAOUYETA IIPU BBIBOJE
(GopMyJsibl, B pUCYHKAX.

yJIOBJIETBOPUTEIHHO -BBITIOJIHEHO He MeHee 2/3 Bcell paboThI;

- IOTyIIeHbI OoJlee OIHOW omuOKu Wian 6ojee ABYX — TPEX
HEJIOUYETOB B IIPU BbIBOZE (JOPMYJI B pEIlIeHUH 33/1a4, TIPU
39NOsICHEHHUSIX B PEIIEHUH 33/]a4YH, B PUCYHKAX..

HEYJOBJIETBOPUTENIBHO | ~4UCII0 OUIMOOK M HEJ0UETOB MPEBBICUIIO HOPMY JJISl OLEHKH «3»
-IpaBUJILHO BBHIMIOJHEHO MeHee 2/3 Bcell paboThl;
-paboTa BBINOJIHEHA HE CAMOCTOSITENILHO
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5. MATPAIIA COOTHECEHUSA PA3JIEJIOB YYEFHOM JUCIAIIIMHBI K ®OPMUPYEMbBIM B HUX

KOMIIETEHHUAM U OEHKE PE3YJbBTATOB OCBOEHUSA JUCIIUIIJINHBI

Komnemenuyuu Komnemenuyuu
Kon-¢60 OIIK -1 OIIK -2 X t Buo Ouyenka
MNe, naumenosanue yacoe Komn. cpy Hac yuebHou pabomut pe3yabmamos
pazoenoe OuCHYUNnIUHb
1 2 3 4 5 6 7 8
1. Mexaduka 20 + + 2 10 JIk, JIP, CP le, 3a4eT
2. FI/I[[pOMexaHI/IKa 20 + + 2 10 .HK, .HP, CP le, 3a4eT
3. MounekynspHas hu3uKa u 17 + + 2 8.5 JIk, JIP, CP lxp, 3auér
TEPMOIUHAMHKA
4. KonebGaHUS U BOJHBI 20 + + 2 10 JIk, JIP, CP JK3aMEH
5. DJIEKTPUYECTBO M MATHETU3M 25 + + 2 12,5 JIk, JIP, CP 9K3aMEeH
6. Onruka 20 + + 2 10 JIk, JIP, CP JK3aMeH
7. KsauToBag (1)I/I3I/IKa 20 + + 2 10 JIx, JIP CP DK3aMCH
8. Du3nKa aTOMHOTO sIIpa 20 + + 2 10 JIx, CP 5K3aMeH
6Ce20 4acoe 162 81 81 2 81 - -
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6.

IHEPEYEHDb VYYEBHO-METOAUMYECKOI'O OBECIHEYEHHUA JJIA

CAMOCTOSATEJBHOM PABOTHI OBYUAIOIIUXCS IO JUCHUITJINHE

1. Kuwm, JI.b. Mexanunka. Kypc neknuii: yuebnoe nocodue. Y.1//0.b. Kum, .M. JleBwur,
N.I". Maxpo. — bparck: bpI'VY, 2017. — 246 c.

2. Kum, JI.b. Mexanuka. Kypc neknuit: yuebnoe nocodue. U.2//1.b. Kum, .M. JleBwur,
N.I". Maxpo. — bparck: bpI'Y, 2017. - 193 c.

3. Kum, /. b. Mexanuka: naboparopusiii npaktukym / Kum JI.b., Kponotos A.A., Maxpo
N.T". — 5-oe u3x., nepepad. u gon. — bparck: bpl'Y, 2016. — 142 c.

4, Owusuka. MonekymspHas GU3MKa U TEPMOJUHAMHUKA: JabopaTopHbIH mpakTukym//1.b.
Kum u ap. — bparck: bpl'Y, 2014. 112 c.

5. Kum, /I.b. Dnekrpomarnerusm: kypc nekiuii / J1.b. Kum, H.I1. Konosanos, JI.W. JleBut
— Bbparck: bpl'V, 2016. — 412 c.

6. Kum, /I.b. ®usnka. DJIEKTPUUECTBO M DIEKTPOMArHETH3M: J1a00pATOPHBIA MPaKTUKyM/
I.b. Kum, A.A. Kporniotos, N.I'. Maxpo. — 2-¢ uza. — bparck: bpl'Y, 2016. — 130 c.

7. ®usuka. Ontuka: Meronunyeckue ykazaHus mo sabopatopHsiM pabotam/ C.C. Pyns,
E.T. Areesa, N.I'. Maxpo.- bparck: U3a-Bo: «bpIl'V», 2016.- 164 c.

8. Kuwm /I., Kponotos H.II., Jlesut .. DnexTpomarneTusm: Kypc jexkuuii.- bparck: 13z-
Bo bpI'VY, 2016.-412 c.

9. ®wusuka (cOopHMK TeCTOBBIX 3amanuii). I'epamienko JI.A., AreeBa E.T. ®usuka:
cOOpHUK TeCcTOBbIX 3a1aHuil.- bpatck: U3n-Bo «bpl'Y», 2015.-64 c.

10. dusuka. MonekynspHas busuka u TepMOJMHAMUKA: n1abopaTOPHBIN
npaktukym/J.b.Kum, N.I'. Maxpo, A.A. Kpomotos, E.T. AreeBa. - Bparck: 13a-Bo
«bpl'Y», 2014. -112c.

11. ®usuka TBEPAOTO TENNA, AaTOMA U ATOMHOTO sijipa: JabopaTopHbIid mpakTuKym/ A.C.
Sckun, N.I'. Maxpo, E.T. Areesa.- bparck: U3a-Bo «bpl'¥Y», 2014.-160 c.

12. ®uzuka. Mertoauyeckne yka3zaHHs W KOHTPOJBbHBIE 3amaHus aiusi OakanaBpoB 3P0
texHnueckux mnpoduner/ J[.b. Kum, A.A.Kpomnoros, N.I'. Maxpo, HA.WU. JleBur.-
bparck: U3n-8o bpl'Y, 2013.-140 c.

13. Kum [I.b., Jleut [I.1. ®usmka aTOMHOTO siApa W DJIEMEHTAPHBIX YacTHIL: y4el.
nocobue.- bparck: ®BI'OY BIIO «bpl'V», 2012.-145 c.

14. ®uzuka. Meroaudeckue YyKa3zaHUS K BBINOJIHEHUIO KOHTPOJBHON paboThl s
CTYJIEHTOB OOYy4YalomIUXCsl IO COKpAIIeHHBIM 00pa3oBaTeNbHBIM MporpaMmam /
I.b. Kum, A.A. Kponoros, N.I'. Maxpo, JI.W. JleBur.- bparck: Uzn-so bpl'VY, 2012.-
125 c.

7. NEPEYEHb OCHOBHOW W JONOJIHUTEJBHOW JIMTEPATYPBHI,

HEOBXO/JUMOM JIJIS1 OCBOEHUSI TUCHUATIINHBI

Konuuecmeo
Buo Ikzemnaapoe | Obecneuen-
Ne Haumenosanue uzoanus 3aHs- ¢ Hocmb,
(asmop, 3a2cnasue, 8bIXx00Hble OAHHbBIE) mun | Gugiuomexe, | (K3 uei.)
T.
1 2 3 4 5
OcHoBHas iuTEpaTypa
1 Tpodumora T.U. Kypc ¢usuku: yuedHOE mocobue | JIK, 150 1
IS WHXEHEPHO-TEXHUUECKUX creunanbHocTen | JIP,
By30B/T.U. Tpodumona. -22-¢ uzn., crepeoruntoe. | CP,
M.: Akagemus, 2016.- 560 c. Kp
2. Hertnad A.A. Kypc ¢dusuku: yuebnoe mocodue mis | JIk, 100 1
cryneHtoB By30B/A.A. [lernad, b.M. SBopckwuii. -7-¢ | JIP,
u3n., crep.- M.: Uznarenbckuil ueHtp «Akaaemusi», | CP,
2008.- 720 c. Kp
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JlonoJIHMTeIbHAS JIMTepaTypa

3. Tpodpumona T.M. ®uszuka 500 ocHOBHBIX 3aKOHOB U | JIK, 5 0,25

dopmyn. CnopaBounuk jaias  cryn. Bysos [T.A. | JIP,
Tpodumona.- 6-¢ wu3a., crepeorun..- M.: Beicmas | CP,

mkona, 2007.-63 c. Kp

4. Hponos N.E. Dnekrpomarnetusm. OcHOBHBIE 3aKOHBIL: | JIK, 10
yue0. [Tocobue mis By3os/ U.E. Uponos. -6-¢ uza.-M.: | JIP,
BUHOM. Jla6opatopus 3Hanui, 2007.-319 c. CP

3. Bonbkenmreitn B.C. COopHuk 3amad mo oOmemy 99

kypcy ¢usuku/B.C. BonbkeHmreiin - 3-¢ u3gaHue, | Kp
ucnp. u gon.- CI16.: Kumwxueiii Mup, 2006.-328 c.

6. CasenbeB U.B. Kypc o6mieii ¢pusuku. B 3 1.: yueObnuk | JIK, 208
s BTy308/ 11.B. CaBenneB.- M.: Hayka, 1989 .- T. 1. | JIP,
Mexanuka. MonekynspHas pusuka. - 350 c. CP

7. CagenbeB U.B. Kypc o6mieit ¢pusuku. B 3-x . T.1- Tk, 97
3:yuebnuk 11 BTy308/ M.B. CaBenbeB.- M.: Hayka, JIP,
1988 — T.2: DnexTpuyecTBO U MarHeTusM. BoHEL. CP
Onruka. - 3-e u3j., ucrp.- 496 c.

8. CagenbeB U.B. Kypc o6mieit ¢pusuku. B 3-x 1. T.1-3.: | JIK, 101

yuebnoe nocodue/ 1.B. Casenber/- M.: Hayka, 1987- | JIP,
T.3.: KBanTtoBas ontuka. AromHast pusuka. ®uszuka | CP
TBEPAOTO TEJIa ATOMHOT'O SIpa M AJIEMEHTapHBIX
gactull. — 317 c.

8. NMEPEYEHD PECYPCOB WH®OPMALIMOHHO -
TEJEKOMMYHUKAIIMOHHOMN CETU «AHTEPHET» HEOBXOJANMBIX
11 OCBOEHMS JUCIUTIIVHBI

1.OnexTpoHHbIH Katanor 6ubnuoreku bpl'y
http://irbis.brstu.ru/CGl/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I121DBN=BOOK&
P21DBN=BOOK&S21CNR=&721|D=.

2. DnextpoHHas 6ubauoreka bpl'yY

http://ecat.brstu.ru/catalog .

3. DnexTpoHHO-0MbIMOoTEYHAas cucTeMa «Y HUBepcuTeTcKas Onbnuoreka online»
http://biblioclub.ru .

4. DnexTpoHHO-O0MOmMoTeYHas cuctema «M3aatenscTBo «JlaHb)»

http://e.lanbook.com .

5. Uudopmanmonnas cucrema "EanHoe okHO JocTyIa K 00pa3oBaTelIbHBIM pecypcam”
http://window.edu.ru .

6. Hayunas snextponnas 6ubnmuoreka eLIBRARY.RU http://elibrary.ru .

7. YauBepcurerckas nnpopmanuonsnas cucrema POCCUSA (YUC POCCHA)
https://uisrussia.msu.ru/ .

8. HartmonanbHas snextpoHHas 6ubiamnorexka HOb
http://xn--90ax2c.xn--plai/how-to-search /.
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http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID
http://ecat.brstu.ru/catalog
http://biblioclub.ru/
http://e.lanbook.com/
http://window.edu.ru/
http://elibrary.ru/
https://uisrussia.msu.ru/
http://нэб.рф/how-to-search%20/

9. METOAUYECKHUE YKA3AHUA JJI OBYYAIOINUXCA 11O OCBOEHUIO
JUCIHUIIVIMHBI

9.1. Meroan4yeckue yka3aHus Uil 00YYAKOIIHUXCS MO BBHITOJHEHUIO JA0OPATOPHBIX
padot

B xome moaroroBku k JiabopaTOpHbIM paboTaM HEOOXOIUMO H3YUUTh METOJUYECKYIO
JUTEpaTypy, PEKOMEHJOBAaHHYIO JJsi TOATOTOBKM K BBIMOJIHEHUIO pPabOThl, COCTaBHUTH
MIPOTOKOJ HeoOX0oAuMbIN A1 BhinoaHeHus JIP. [IpoTokoin nomkeH BKiIoYaTh B ceOsl: Ha3BaHUE
JIP, uenb, mpuOOpbl U TMPUHAMICKHOCTH, MPUHIUIHAIBHYIO CXeMy pabodeil yCTaHOBKH W
Tabnuiyy pe3ynbTaToB. O3HakOMHUTHCS ¢ mopsakoM BeimosHeHus JIP. Ilocne toro kak JIP
Oyner BeImoiHEHa HeoOxoaumo odopmuth oTu€T 1mo JIP w moaroroButhes k 3ammre JIP.
JlabopaTopHbIil TPAKTUKYM COAEPKUT BOMPOCHI Il 3auiuThl JIP Ha KOTOpbIe CTYACHT NOJKEH
orBetuth. [l moaroroBku K 3ammre JIP  cTymeHTy HEOOXOAMMO O3HAKOMHTHCS C
TEOPETUUYECKHUM BBEJCHHEM B JIaDOpaTOPHOM TNPAKTHKyMe, a TaKXe HCIOJIb30BaTh
PEKOMEHIyEMYIO JIa0OPATOPHBIM MPAKTUKYMOM JIUTEPATypy M CBOW KOHCIEKT Jekuuid. Jlis
0OJIBIIET0 OCBOCHHUS MaTepuaja OTBEThI Ha BOMPOCHl pEKOMEHAyeTcs oQOopMIIATH B BUIE
KOHCIIEKTA.
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O6pa3zerr opopmiteHns 0TYETA 1O TaOOPATOPHOU paboTe

Jluem 1

MUHUCTEPCTBO OBPA3OBAHUA Y HAYKU POCCUCKOM ®EIEPALIVMI

OEAEPAJIBHOE 'OCY AAPCTBEHHOE BIO/DKETHOE
OBPA30OBATEJIBHOE YUPEX/IEHUE
BBICILIET'O OBPA3OBAHUA

«BPATCKHH I'OCYJJAPCTBEHHBIA YHUBEPCHUTET»
Kadenpa pusuku

JlaGopaTtopHnast pabora Ne 104

Onpenenenne MOAyJIsI KPyUYEHUS U MOAYJIS CIBUTA
C IOMOIIBIO KPYTHIIBHOTO MAasiTHUKA

OTYET
Brimosamt:
crynent rp. CT -16 AnecoBa [lapps
PykoBonurens:
CT.IIPETOIaBaTeIhb E.T. AreeBa
Bpatck 2016
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Jluem 2

OnpeneneHue MOAYJIS KPYUYCHUS U MOAYJISL CIIBUTA
C IIOMOIIBIO KPYTWIBHOI'O MassTHUKA

Lenb paGoThl: SKCHEPUMEHTATIBHOE OINPEACIICHIEe MOAYIISL KPYUSHHS U MOJYJISl CIIBUTA
CTaJIbHOM MPOBOJIOKU METOJIOM KPYTHIIbHBIX KOJICOAHUH.

[TpuGops! ¥ MPUHAUICKHOCTH: KPYTUIHHBINA MAATHUK,
cekyngomep (1.a. = 0,01 ¢),

WTaHTeHIUPKYIb (1.1. = 0,05 Mm),
W3MepUTEIbHAs JuHerKa (1.1, = 1 MMm).

[IpuHnunuaneHas cxema pabouell yCTaHOBKU

Puc. 1.

1 — cranbHast MPOBOJIOKA; 2 — TOPU3OHTAIBHBINA CTEPKEHB CO CPEAHUM Tpy30oM 3; 4 —
MOJABUKHBIE TPY3bl MACCOM M.

o 8zmliz—1?)
TZ_T?2
2 1
_20L
aR*
rac D- MOAYJIb KPpYUYCHU ITPOBOJIOKH, M — Macca NOABUKHOTO Tpys3a;
l1 u |2 — paccTostHMSI OT OCH BpAIEHHS JO IIEHTPa MOIBHKHOTO I'py3a B IEPBOM U BO
BTOPOM IIOJIOKCHHUAX G- MOAYJIb CABUTIA; L - JIJINHA ITPOBOJIOKH, R—ee paanyc;
T1u T> — nmepuoas! KoeOaHUI MasiTHUKA, OTIpeIeNiieMble 10 popMyiam:

n

Paboune Gpopmybr:

G

(tg)
=L g
17

2

3nech <t1> u <ty> — cpeHue 3HaUYeHUsI BPEMEHHU; N — YUCII0 KoJeOaHUH.
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Jlucm 3

Tabnuua pe3ynbraToB

n| om Il 4! <f1> | 7 & i Tl == | r | =0G= | AD | A
T 2 C C C 2 C C Hwum | m HIME Hm HJ’ME
61,92 103,05
61,34 102,91 - -
7018 |01 6190 B |8 (024102735 | 5 |2 | 2 |9 2
Dﬁ " [ — — o I.'\"‘L L] I
61,82 102,85 = =
61,78 102 96
BriBoz; MeTo10M KpYTHIIBHBIX KOJICOAHHU ONPEIeNIeH MOJYJIb KPYYCHHUS

n MOI[y.HB caBuUra CTaHLHOﬁ HpOBOHOKI/I
D = (1,01 % 0,02) H-m
G = (7,3 0,5)10% H/M?
OTHOCI/ITGHLHaH NOrpeIHOCTb UBMCPCHUA MOAYIISL KPYUCHUA COCTaBUJIa

npumepHo 2 %, a moayns ciura — 7 %.




JlabopaTopnasi padora Ne 1
Onpedenenue yckopeHus c60000H020 NA0eHUs.
Llenv pabomul: dKCTIEPUMEHTAIBHOE OTpE/IeTICHHe YCKOPEHUsI CBOOOIHOTO TaleHUs C MOMOIIBIO
npubopa ATByna.

Ipubopvl u npunaonexcrocmu. IpudOp ATByIa C CEKYHAOMEPOM, A00aBOYHBIE TPY3HI.

Tlopsidoxk svinonnenus pabomol u 06PaAdOMKA Pe3yTbMAMO8 UMEPEHULL

1. Brumtounts npubop ATBya B CETb.

2. [lepemecTuTs TMpaBBIi TPy3 B BEpXHEE IIOJIOKEHHE, IIOJIOKUTH HAa HETO0 OJUH U3
JIOIIOJTHUTENBHBIX IPY3HKOB,

3. M3Meputs myTH paBHOYCKOPEHHOTO S1 U PABHOMEPHOTO S IBM)KEHUH OOJIBILIETO rpy3an Bpems
najeHus rpysa.

4, N3mepenwne MoBTOpUTH 5-10 pas

5. [loxcraBuB cpeaHee 3HaueHHE BpeMeHH <tr> B pacuéTHylo (HOpMyIy, ONpPEAEIUTh YCKOPEHUE
CBOOOJHOTO MageHus <g>.

10. MeromoM pacdeTa MOTPEHIHOCTEH KOCBEHHBIX WM3MEPEHWI HAWTH OTHOCUTENbHYIO E U
a0COIIOTHYIO AQ MOTPENIHOCTH BETUYMHBI <Q>

11. /lanHbIe pe3yNbTaTOB U3MEPEHUN U BBIYUCIECHUH 3aHOCST B TAOIHITY.

Bomnpocs! aj1s1 jonmycka k padbote

1. Kakoga 11e51b paboThi?
2. OnumuTe yCTpOHUCTBO paboUeil YCTaHOBKH U X0 SKCIIEPUMEHTA.
3. 3amumuTe pabouyio GopMyiy, MOSICHUTE ee.

Bonpocs! aj1s1 3auThl paboThI

1. Chopmynupyiite 3akoHbI HpI0OTOHA ¥ paCKpPONTE MX CMBICIL.

2. Ilouemy BTOpO¥ 3aKk0H HhIOTOHA OTHOCHUTBCS K MaTepHAILHOM TOUYKE, a HE K Telry?
3. [Jaiire onpesieneHrne UMITYJIbCa Tela U UMITYJIbCa CHIIBL.

4. Yro Ha3BIBaETCS MACCOM Tena.

@dopma OTYETHOCTH:  OTYET MO JTabopaTOpHOU paboTe, BHIMOIHEHHBIN MO 00pas3ily, B
COOTBETCTBHUU C 3aJaHUEM.
OcHOBHas uTepaTypa
Nel, Ne 2
JlonoTHUTE IbHAS JIUTEPATYPa
Ne 3, Ne 6, Ne 8.

JlaGopaTopnasi pa6ora Ne 2
H3yuenue 3axono6 coxpaneHus UMnY16ca U SHEP2UU.
Ueﬂb pa607’l’lbl.' OKCIICPUMCHTAJIBHOC HCCICAOBAHUC TMIPOLECCa COyAapCHUsA YIPYIrux TCI H
IIPOBEPKA BLINIOJHEHUA B CUCTEME COYyAapAOIINXCA TEJI 3aKOHOB COXPAaHCHUA
HUMITyJIbCa U MEXaHWYECKOH SHEPruu.

Ipubopwr u npunaonexcnocmu. nadopatopHas ycranoka FPM-08.

Topsidok evinonnenus pabomsl u 00pabomxa pe3yibmamos usmepeHul

1. IlpoBecTn KOPpPEKTHUPOBKY OCEBOl YCTAHOBKH IIIapOB, OCIAa0MB (DUKCHUPYIOLIHNE TalKH,
YCTaHOBUTH IIKAIGI 3, 4 TaKUM 00pa3oM, 4TOOBI yKa3aTelH IMOABECOB 3aHMMAIHM Ha IIKajdax HYJIEBOE
MOJIOKEHHE.

2. Haxats xinaBuiny «CETby.

3. IlpaBelii map OTOABHHYTH B CTOPOHY AJIEKTPOMArHUTA W OJOKHPOBATH €r0 B 3TOM IOJIOXKCHHH,
3amcaTh 3HAUYCHUE yIJia OTKJIOHCHHS MojiBeca mpaBoro miapa (1) ot BepTukaiu a.

4. Haxare xknaBumry «ITY CK».

5. Tlocne cTONKHOBEHHS IIAPOB U3MEPUTBH IO LIKAJE YIJIbI OTKJIOHEHMS MIApoB ¢, (pasblii map 1)

u aé (;eBbrit map 2).
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6. WM3mepenue moBToputh 8§ — 10 pas.
7. Tlo ¢opmyne (103.9) BEIUMCINTE CKOPOCTH L MPaBOTO mapa Ao coyaapenus. [lonctaBus B 3Ty

/ / o
ke (GopMyny BMECTO 3HAUCHHS yIia @ CpelHUE 3HAYCHUS <q,> n <Q,>, paccudTauTe CpeaHue
ckopoctu <U; >, <U, > MIapOB IIOCJIC COyAapCHHUS.

8. Pe3yJ’II)TaTI)I BBIYMCIICHUI 3aHECTH B Ta6m/1uy.
9. CI[CJ'I&TB BBIBO/] O BBIITOJITHEHHUH 3aKOHOB COXPaHCHUA SHEPIUU U UMITYJIbCA.

Bompocsr mis gomycka k padote

1. V3n0xuTh 11eab paboThlI.
2. Onumure pabovyro YCTAaHOBKY U XOJI 3KCIIEPUMEHTA.
3. IlosicHUTE CMBICI I METO]] OTIPEICTICHISI BCEX BEIMYHH, BHOCHMBIX B TaOJIHITY.

BOHpOCI)I JJIs1 3allIUThI pa60TI)I

. UTo Ha3bIBaeTCsA UMITYJILCOM Teja, JHEPrhuen?

. JaiiTe onpenenenne 3aMKHYTONH CUCTEMBI.

. KaKHe BeTMUMHBI Ha3bIBAIOTCSI MHTETPaJlaMH ABMKCHUS? IPUBEIUTE TIPUMEPBHI.

. C yeM cBs13aHBI 3aKOHEI COXpaHCHHA UMITYJIbCa, SOHCPIUu, MOMCHTA I/IMHYIH:C&?

. ChopmynupyiiTe 3aKOHBI COXPAHEHUS UMILYJIbCA K MEXaHUUECKON SHEPTHH CHCTEMBI.

. [IpuBeanTe onpeneneHnss KNHETHYECKON U NOTEHIMAIBHON SHEPTHH, UMITYJIbCa CHCTEMBI.
. Kakue cuiiel Ha3eIBaroTCs KOHCCPBATHBHBIMHU U ILI/ICCI/IHaTI/IBHbIMI/I?

. Kakue ymapsr Ha3bIBaroTCSt a0COTFOTHO YIIPYTHUMH U a0COIFOTHO HEYTIPYTUMHE?

ONO O WDN P

@dopma OTYETHOCTH:  OTYET MO JIabopaTOpHOU paboTe, BHIMOIHEHHBIN MO 00pas3ily, B
COOTBETCTBUU C 33JJaHUEM.

OcHoBHas nuTeparypa
Ne 1, Ne 2
JlononHuTenpHas IUTEPATypa
Ne 3, Ne 6, Ne 8.

JlabopaTopnasi pa6ora Ne 3
Onpedenenue ckopocmu nyau npu NOMOWU O6ANTUCIUYECKO20 KPYMULbHO2O
MAsAMHUKA.
HNuTepakTBHAsA popMa 3aHATHS — Pa300pP KOHKPETHHIX CUTYaIUi.
Llenv pabomwl:  pa3d0p KOHKPETHBIX CUTyallUi COYIapeHUi Tell; BUIBI COYIapeHUi ABYX Tell,
Onpeze/icHUe CKOPOCTH IyJH TPU TMOMOIM OaJUTMCTUYECKOrO KPYTHIBLHOTO
MasTHHKA.

Ilpubopwr u npunaonexcnocmu. OAJUTUCTUUCCKUNA KPYTHIIbHBIN MasTHUK FPM-09,
myJis, W3MEpUTEIbHAas JIMHEHKa.

Tlopsiooxk evinonnenusi pabomol u 06pabOMKA pe3yIbmamos uzmepeHull

1. Brxumounts npubop, Haxas knasuiry «CETb» Ilyinio 3akpenuTs B CTpensionieM yCcTpoicTBe.

2. Pacronoxuth moaBWXHBIE Tpy3bl (11) Ha MHHUMAaJIbHOM PACCTOSHHM OT OCH BpAalLICHUS
KpYTWIBHOTO MasiTHUKA. MI3MepuTh paccrostare R1 OT ocu BpaleHus 10 eHTpa MOABMKHOTO TPpy3a.

3. KpyTuibHBIH MasTHUK yCTaHOBUTH Ha yepTe (0 yIIoBOM IIKABL.

4. Tlpom3BecTH BBICTpEN, M3MEPSsI MAKCUMAaJbHBIM Yroil « MOBOPOTa MasTHHKA IO YTIJIOBOH
mKane (B paguaHax) M pacCTOSHWE I OT OCH BpALICHWS MAasTHUKA JO TOYKH 3aCTPEBAHUS ITyJIH B
TUTACTUIIMHE.

5. OTKJIOHUTH PYKOW MasATHUK Ha MaKCUMalbHBIH yron (), Haxatpe kinaBuiry «CBPOCy,
OJTHOBPEMEHHO MNYCTHB MAasTHHK, M3MEPHTh BpeMs AECATH MOJIHBIX KOJeOaHWH, HaXaTb KIIABHILY
«CTOII» B xonre m3meperus. OTBIT TOBTOPSIOT 5 pa3 ¢ OJHUM U TEM XKe YHCIIOM KOJICOaHUH.
rze N — YUCIIO MOJHBIX KOJICOaHUM MasiTHUKA.

6. Pa3nBHHYTH MOJBMXKHBIC TPY3bl HA MAaKCHMAJILHOE PACCTOSIHUE OT OCH BPALICHUS U U3MEPHUTh
paccrostHue Rz OoT ocu BpaileHHs 0 LEHTpa MOABMXKHOTO rpy3a. COrjacHO IMyHKTY 6 ONpeneinuTh
nepuon koiebanuii 1> depes cpeaHee 3HaUCHUE BpeMeHn <{r>.

7. BBIYMCIUTH CKOPOCTD MYJH 0 1O GopMyIIe.
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8. JlaHHBIE pe3ynbTaTOB U3MEPEHUI U BEIYUCICHUN 3aHECTH B TaOIHILy.

3adanus ona camocmosmenvHol pabomoi.

[ToAroTOBUTHCSI K pa300py KOHKPETHBIX CHTYAITHIA.

Pexomenoayuu no evinonnenuro 3a0anuil u NOO2OMOGKe AAOOPAMOPHOMY 3AHIMUIO:
npopabOTKa JIEKIIHOHHOTO MaTepuana, OCHOBHOH H  JOMOJHUTEIBHOW JINTEPATyphl.
[ToaroToBka K ydacTHIO B TPECHUHIC, HAMPABJICHHOTO Ha pPa300p KOHKPETHBIX CHTYallHi:
a0COJIFOTHO YIIPYToe M HE YIPYTroe COyAapeHue ABYX TeJl.

Bompocsr g gommycka k pabote

1. Kakoga 1ienb paboThI?

2. Onumute pabouyro yCTAaHOBKY U XOJI 3KCIIEPUMEHTA.

3. 3anumuTe padouyro GOpMyITy ISl OTPEICICHUS] CKOPOCTH TIOJIETA MTYJTH.
4. Ha ocHOBe KaKuX 3aKOHOB MOJIy4eHa padouas hopmymna?

5. OueHuTe NOrpemHOCTh METOAA U3MEPEHHSI CKOPOCTH ITYJIH.

Borpocsr mis 3ammTsl paboThI

1. Kakoit ynap Ha3eiBaeTcss aOCOIIOTHO YIPYTUM, HEYIPYTUM?

2. Uto Ha3bIBaETCI MOMEHTOM CHJibl, MOMCHTOM HMITYJIbCA, MOMCHTOM HHCPIHNU MaTCpHaJILHOﬁ
TOYKH, TBEPIOro Tena?

3. CdopmynupyiiTe OCHOBHOW 3aKOH ITMHAMHUKH BPAIATEIbHOTO ABMKCHHUS, 3aKOH COXPAHEHHUS
MOMEHTa UMITYJIbCA.

4. Coopmynupyiite Teopemy LlTeiinepa.

5. HazoBute Bunbl Mexanmdeckoil snepruu. ChopMymupyiTe 3aKOH COXPAHEHUS MEXaHUIeCKOU
SHEPIHH.

dopmMa OTYETHOCTH:  OTYET MO JIAOOPATOPHOU paboTe, BHIMOJIHEHHBIN 110 00pasily, B
COOTBETCTBUHU C 3a/laHUEM.
OcHoBHast TuTeparypa
Ne 1, Ne 2
JlononHuTeNpHAS IUTEpATYypa
Ne 3, Ne 6, Ne 8.

JlaGopaTopHnas paGora Ne 4
IIposepka ocHo8HO20 ypasHeHUss OUHAMUKYU 8PAUAMENLHO20 OBUNCEHUL.
HNuTtepakTuBHas opma 3aHATHS — Pa300pP KOHKPETHBIX CUTYAIUI:

Llenv pabompei: SKCIIEPUMEHTANbHAsT MMPOBEPKA OCHOBHOI'O 3aKOHA JWHAMHUKH BPaNIaTeIbHOTO
JBIDKEHHS C TMOMOINBI0 MasiTHHKa O0epOeka B pasHBIX CUTYAIMSX: JUIS CITydast
korma J =const, mis cirydast mpu M= const.

IIpuboput u npunaonexcnocmu.: MasTHUK ObepOeka ¢ Muuncekynaomepom FPM-15,
IITaHTCHIUPKYJTb

Topsidok evinonnenus pabomsl u 00pabOmMKa pe3yrbmamos usmMepeHul

1. M3MepuTh IITaHTEHIUPKYJIEM paanyc OOIBLIOr0 U Majloro WIKKUBOB 1 U I2.

2. OmnpenenuTh Maccy rpy3a B3BELIMBAHMEM Ha TEXHUYECKUX Becax ¢ TOUYHOCTHIO 20,1 T.

3. IIpoBeputs cooTHOMIEHHE . {7151 3TOTO!

® 3aKpEeNHTh HWIMHIPUYECKHE MOABIKHBIE TPY3bl HA CTEPXKHIX Ha ONIDKANIIEeM pacCTOSHUHM OT
OCH BpallleHus TaK, YTOOBI KPECTOBMHA ObLIa B IMOJIOKEHUN 0€3pazIMIHOr0 PaBHOBECHS;

e HaMOTaTh HUThb Ha OOJBIION IIKUB paanyca 1 1 U3MEPHUTH BpeMs IBIKEHHS rpy3a t1 ¢ BEICOTHI
h MumcexyHIOMEpOM;

® OIIBIT MOBTOPHTH 5 pa3. BricoTy h He peKOMeH 1yeTCsi MEHSTh B T€UE€HHE BCel paboThI;

e 10 opMynaM BEIYMCIUTD 3HAUCHHA a1, &1, M1;

e HE MEHSS pPacHoJOXKEHMs MOJABMKHBIX I'PY30B U OCTaBIIAA TEM CaMblM HEM3MEHHBIM MOMEHT
WHEPLIUU CUCTEMBI, OTIBIT MOBTOPUTH, HAMATHIBAsA HUTH C TPY30M Ha MaJjbli IIKUB PagUyCcoM [2;

e 110 popMynaM BBIYMCINTH 3HAYCHUS 82, &, M>;
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® IIPOBEPUTH CIPABEIUBOCTh CIEACTBHSA OCHOBHOTO 3aKOHA [MHAMUKH BpPAIIATENLHOTO
JBIKCHUSL: M, IM,=¢l¢,, upu J =const
e JIaHHbIE PE3YJILTATOB U3MEPEHHIT U BHIYMCIICHHI 3aHECTH B TAOIUIIB .

Bonpocul ons donycka k pabome

1. KakoBa mens paboTsI?

2. ChopMmynupyiiTe OCHOBHOW 3aKOH JMHAMHKH BpallaTeIbHOTO JBIXKCHUs. [losicHHTE
(U3NYECKUIT CMBICI BEJIMYWH, BXOSIINX B TAHHBIA 3aKOH, YKaKUTE €IMHHUIIBI X n3MepeHus B «CH».

3. OnummuTe ycTpoicTBO paboye yCTaHOBKH.

4. OnennTte NOTPENTHOCTh METO/1a U3MEPEHNN BEIIMYMHBI YTIIOBOTO YCKOPEHWSL.

Bonpocul ons sawumor pabomut

1. Jlalite ompeneneHusi MOMEHTa CHJI, MOMEHTa UMITYJIbCa MaTepUATbHONH TOYKH OTHOCHTEIHHO
HenmoABIKHOM Touku O.

2. ChopmynupyiiTe OCHOBHOM 3aKOH JMHAMHKHM BpalllaTEJIBHOTO JIBHXKEHHUS TBEPIOTO Teja
OTHOCHUTEIFHO HETIOABIKHOM Touku O M HETIOJABIKHON ocH Z.

3. JlaiiTe ompenenenne MOMEHTa HHEPIIUK MaTePHAIEHOW TOYKH U TBEPAOTO Tela.

4. BeiBenute pabouune Gpopmybl.

5. BeiBeauTe COOTHOIICHHE & = [ (J ) opu M =const u ¢ = f (M ) npu J = const.

3aoanus ona camocmosamenvHou pabomul:

[TonroToBUTHCS K pa300py KOHKPETHBIX CHUTYaIIH.

Pexomenoayuu no evinonnenuio 3adanuii U nNOO20MoKe 1AOOPAMOPHOMY 3AHAMUIO.
npopaboTKa JIEKIIMOHHOTO MaTepualia, OCHOBHOW M JOIOJHUTEIBHOW JIUTEPATYypPHI.
[ToAroToBKa K y4acTHIO B TPEHHHIE, HAPABICHHOTO Ha pa300p KOHKPETHBIX CUTYAIIUA:
IIPOBEPKU OCHOBHOTO 3aKOHA JUHAMUKH BPAILATEIbHOTO JBUKCHUS.

dopmMa OTYETHOCTH:  OTYET MO JIAOOPATOpHOU paboTe, BHINMOJIHEHHBIN 10 00pasily, B
COOTBETCTBHUH C 3a/laHUEM.

OcHoOBHas nuTeparypa
Ne 1, Ne 2
JlononHuTENbHAS IUTEpATypa
Ne 3, Ne 6, Ne 8.

JlaGopaTopnas pa6ora Ne 5
IIposepka 3aK0HA COXPAHEHU MEXAHUYECKOU IHEPSULL.

L]env pabompl: TIpOBEpKa 3aKOHA COXPaHEHHUS MEXaHWYCCKOW JSHEPTrUW MPU CKATHIBAHHWH TEa C
HaKJIOHHOH INIOCKOCTH.

Ipubopwt u npunadnesxcnocmis:
HAKJIOHHBIN keN00 ¢ MuutucekyHaomepoM FPM-15; mapuk.

TpeHuHr B Majoi rpymnme

Ilopsadok evinonnenus pabomel u 00padboOmKa pe3yrbmamos IKCnepuUMeHma
VYcTaHOBHTH 33/JaHHBIH YTOJ1 HAKJIOHA JKeltoba « ¢ ropu3oHToM (30°< o < 40°).
Haxarp knaBumry CETb.
C nomouipio 3MeKTpOMarHuTa mapuK 3aMKCUPOBaTh B BEPXHEM KOHIIE jkesio0a.
Haxats xmaBumty [TYCK.
3anucarh OKa3aHUsI MAJLTHCEKYHIOMEPA B TAOJUILY pe3yIbTaToB.
OmnbIT oBTOPUTH 5-10 pa3 u onpenenuTs cpeJHee 3HaUeHHE BpeMEHH ABIKEHUs <t>.
ITo dopmye, 3Hast yroji HAKJIOHA jKeslo0a ¢ TOPU3OHTOM & ¥ MyTh |, MPOWACHHbIH HIAPUKOM
MEXIY ABYMsI (POTORTCKTPUUECKUMH AaTYNKaMH, HATH CKOPOCTH I1apa V B KOHIIE MyTH.

8. IloxncraBuB cpepHee 3HaueHHE BpeMEHH <> B mpoBepouHYyIO (hopMyIry, pacCUHTaTh CKOPOCTb
Vl'lpOB-

NogakrwhE
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9. OueHUTh OTHOCHTEIbHYIO E M a0COMIOTHYI0 AV MOrpemHoCTH H3MEPEeHUi 1Mo ¢opmysiam,
TOJYYEeHHBIM U PepeHIUATEHBIM METOJIOM
AV 1({Ag Al A« _ AV, .. Al At

E —|—+—+—| E,=—"—=—+
V. 2lg | wQ«a \Y It

npoe

I[aHHI)Ie PE3YyJIbTAaTOB I/ISMCpeHI/IP'I U BBIYMCJICHUN 3aHECTH B Ta6m/1uy.

Bonpocwl 0ns donycka k pabome

1. KakoBa mens paboTsI?
2. OnummTe yCTpOCTBO paboveil yCTaHOBKH U X0 SKCIICPUMEHTA.
3. 3anummre pabouyro U MPOBEPOUHYIO (HOPMYITBI, MOSICHUTE HX.

Bonpocwt ons 3awumol pabomeot

1. Kakue cuibl MPHBOAAT K OTCYTCTBHIO CKOJIBKEHHS TPU CKaThIBAHHMM Tela C HAKIOHHOM
TUIOCKOCTH? YKaKUTE UX Ha YEPTEXKeE.

2. ChopmynupyiiTe 3aKOH COXpPaHEHHUSI MEXaHUIECKON SHEPTUI

3. Kakwue cuitsl Ha3bIBaIOTCS KOHCEPBATUBHBIME?

4. Kakue cuibl Ha3bIBalOTCsl KOHcepBaTHUBHBIMU? JluccunaruBHbiMu? [IpuBeauTe mpuMepsl 3THX
CHIL

5. Tosicaute Qu3nyeckuid CMBICT CHIIBI TpeHHs cClemieHust F., U moueMy mOpu OTCYTCTBUHU
CKOJIBKEHUSI BBIIOJIHACTCSA 3aKOH COXPAHEHUSI MEXaHUYECKOH SHEPTUH.

@dopma OTYETHOCTH:  OTYET MO J1abopaTOpHOU paboTe, BHIMOIHEHHBIN MO 00pas3ily, B
COOTBETCTBHUU C 33JJaHUEM.

OcHoBHas nuTeparypa
Ne 1, Ne 2
JlononHuTENbHAS IUTEpATYypa
No 3, Ne 6, Ne 8.

JlaGopaTopnas padora Ne 6
Masmuux Maxcsenna.
Lenv pabomul: omnpenercHNe MOMEHTA HHEPIINH MasiTHIUKAa MakcBera.

TIpuboput u npunaonexcnocmu.: MasTHUK MakcBeria FPM—03, KOMIUIEKT CMEHHBIX KOJIEI.

Tlopsook evinonnenus pabomel u 06PaAdOMKA pe3yIbmamos usmepeHutl
1. Bxmounts knaBuiry «CETby,
2. Ha ponuk MasiTHHKA HaJeTh KOJIBIIO, IPMKUMAsi €T0 JI0 YIopa.
3. Ha ocp masTHHKAa HAMOTaTh HUTH MOJIBECKU U 3adukcupoBaTh ee. Haxars knaumry «[TY CK»
MuuHcekyHaomepa FPM-03.
4. Haxarp xknaBumry «CbPOCy. Haxatp xnaBumry «I1Y CK».
5. Omnpeznenuth 3HaUYCHHE BPEMEHH NaJieHUs MasTHUKA. OnbIT MOBTOpUTH 5 — 10 pas.

1 n
6. OmnpenenuTh cpeHee 3HAUCHNUE BPEMEHH MaIcHUS] MasSTHUKA 110 QOpMYIIe <t >= — Zti , TIe
n.
i=1

N — KOJIMYECTBO BHITIOJIHEHHBIX 3aMepoB; ti — 3HAUEHHe BPEMEHH, MOJIYIEHHOE B i-OM 3aMepe.

7. Co mkansl Ha BCpTHKaHBHOﬁ KOJIOHKEC an60pa OMpeACJIUTb JJINHY MAasATHUKA.

8. Ilo dopmyie, ucrons3ys cpepHee 3HaUeHHE BpeMeHH <1, > ompenenuTs MOMEHT MHEpIUH Ji
MasTHHKA.

9. CHaTh MEpPBOE CHEMHOE KOJIBLIO M HACAAMTh Ha POJIMK BTOPOE KOJIBIIO MACChI M2, 3aTEM TPEThE
KOJIBIIO MAcCChI Mk3. OnbIT MNOBTOPHUTD.

10. OnieHUTh OTHOCHUTENBHYIO E u abcomoTHyo AJ TOTrpemHoCcTh Pe3yJbTaToB
W3MEPEHU.

11. JlaHHBIE pe3yIbTaTOB U3MEPEHHUI U BEIYMCICHHUI 3aHECTH B TaOJIHIIBI.
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Bonpocwt ona oonycka k pabome

1. KakoBa 1ieib paboTsi?

2. JlaTb ompeieieHNe MOMEHTA HHEPIHH.

3. 3anucatps (opMyITy MOMEHTAa WHEPLUUU MasTHHUKa MaKcBeUla U MOSCHHUTH BEIUYHHBI,
BXO/IAIINE B HEE.

4. Onucarp pabouyro yCTaHOBKY M XOJ paOOTHI.

Bonpocut ona 3awumer pabomot

1. 3anucath OCHOBHOM 3aKOH JMHAaMUKM JUld IOCTYNATEIbHOTO M BpaIlATEIbHOTO
JBYDKEHUS TBEPAOTO TeJa.

2. BeiBectu opmyity A5l MOMEHTA HHEPIIMH MasiTHUKa MakcBea.

3. 3anucaTh 3aKOH COXpaHEHUs1 MEXaHUUYECKOW SHEPruu sl MasiTHUKa MakcBesia.

4. Tlomyunts nuddepeHIraIbHbIM METOA0M (GOpMyINly JUIS pacueTa OTHOCHTEIbHOMH
MOTPEIIHOCTH E.

5. [late ompeneneHre MOMEHTa HWHEPLMM MaTepUaJbHOM TOYKM U TBEPAOTO Teja
OTHOCHUTEJIBHO HEMOBM)KHOM OCH.

@dopmMa OTYETHOCTH:  OTYET MO JIAOOPATOPHOU paboTe, BHIMOJIHEHHBIN 110 00pasily, B

COOTBETCTBUU C 33JJaHUEM.

OcHoOBHas uTepaTypa
Nel, Ne 2
JlonoHUTEIbHAS JTUTEPATYpa
Ne 3, Ne 6, Ne 8.

Jladoparopnasi padora Ne 7/
Onpedenenue MoOyns Kpyuerus u MoOyJsl CO8U2A C NOMOWBIO KPYMUTbHO20 MAAMHUKA
Uejlb pa601’}1bl.' OKCIICPUMCHTAJIIBHOC ONPCACIICHUC MOAYJIA KPYUCHHUA U MOAYJISL CABUTA CTaJbHOMI
MPOBOJIOKU METOJIOM KPYTHIIBHBIX KOJICOAHHIH.

IIpubopul u npunadnexcnocmu. KPyTHIBHBIM MasiTHUK, CEKyHIOMED,
ITAaHTeHIMPKYJIb, H3MEPUTENbHAS JIMHEHKA.

Tlopsook evinoanenus pabomst u 00pabomxa pe3yibmamos usmepenul

1. PaconouTh TOJBMKHBIE TPy3bl Ha MUHUMAIBHOM pAcCTOSSHUM OT OCH BpalleHHUs
KPYTWIBHOTO MasiTHUKA. VI3MepuTh paccrosiHue |1 0T ocu MasTHUKA JI0 IIEHTPA TOABHKHOTO IPy3a.
3aKpyuMBarOT MaSTHUK HA MaJIbIi yroi (He 6osee 6°) OTHOCUTENEHO OCH IIPOBOJIOKH.

Cekynnomepom n3meputs Bpemst t1 30—50 monHbIx konebanuii. ONbBIT MOBTOPSIOT HE MEHee 5 pa3
C OJJHUM H TEM e BbIOpaHHBIM 4uciIoM Konebanuil. Haxonar cpennee 3nauenune < {, > u

OTIPEIEIIAIOT MEPHO/L KOoNeOaHi

2. Pa3aBuHYTH NOJBIIKHBIE TPY3bl HA MAaKCUMAaJbHOE PAcCTOSHUE OT OCH MasTHUKA. M3MepuTh
paccrosiaue |2 0T ocH MasTHHKA J10 [IEHTPa MMOBIKHOTO TPy3a.

3. Onpenenuts mepuos kKonebaHU MasTHUKA T2 MPU Pa3IBUHYTHIX Tpy3ax, U3Mepsis Bpems t» He
MeHee 5 pa3 AJIsl TOro ke Yrciia KojeOaHuid N, 4To U npHu nu3MepeHuu 71.

4. To dhopmyne HaWTH cpeHee 3HAUCHHE MOIYJIS KpydeHust <D>.

5. ITo hopmyre onpenenuTs MOIYNIb CIBUTa MaTeprasa MpOBOJIOKH.

6. MerooMm pacuera MOrpelIHOCTEH KOCBEHHBIX M3MEPEHUH HalTH aOCONIOTHBIE MOIPEIIHOCTH
pe3ynbraToB AD u AG. JlaHHBIE pe3ynbTaToOB U3MEPEHHIA U BEIYMCIICHHU 3aHECTH B TAOJIHILY.

Bonpocwt ons 0oonycka k pabome

1. Kakosa mens paboTsI?

2. Onuiute pado4dyro YCTAaHOBKY M XOJ1 SKCIIEPUMEHTA.

3. 3amummre padouyro GopMyITy ISt OTpeesieHUsT MOy KpydeHus. [Ipu kakux yCIIoBUsX
cripaBeInBa 3Ta Gopmymna?
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Bonpocul 0ns 3awumul pabomul

Kakwue Bunbt qedopmanmu CymecTByoT?

Uro Ha3bIBaeTCs a0COIOTHOM U OTHOCHUTEIBHOM IehopMarueii?

SanummTe 3akoH ['yka s neopMaiiu CABUTa U KpydeHHS.

KaxkoB u3mueckuii CMBIC MOJTYJISI CABUTA M MOAYJISI KpyUEHUS?

BriBeute paboure GopMyIIbI JJIs ONIPEACTICHUS MOIYIISl KPYUSHHS U MOJTYJISI CIIBUTA.

agrwbdE

dopma OTYETHOCTH:  OTYET IO JIAOOpaTOPHOU paboTe, BHIMOIHCHHBIN 10 00pas3ily, B
COOTBETCTBHUU C 3aJaHUEM.
OcHoBHasl TuTepaTypa
Ne 1, Ne 2
JlomonHATEIbHAS TUTEpATypa
Ne 3, Ne 6, Ne 8.

JlaGopaTopnasi pa6ora Ne 8
TpenuHr B masoi rpymnme
Onpeznenenne CKOPOCTH TOJIETE ITYJIU C MOMOIIBIO OATMCTUYECKOTO MassTHUKA

Llenv pabomwi: ompenerieHHEe CKOPOCTH MYJNH C TIOMOIIbIO OaJUIMCTHYSCKOTO MAasTHUKA C
HCTIOJIb30BaHUEM 3aKOHOB COXPaHCHHS MUMITYJIbCA U DHEPTUU C LENbI0 Pa3BUTHUS Y
oOyJaronmxcs Mpo(eCcCUOHAIBHBIX KOMIICTEHIMM, NPUOOPETEHUS HABBIKOB
paboTHI C TUTEPATYPON U HABBIKOB Pa0OTHI B KOMaH IE.

Ipubopuvr u npunaonexcnocmu: OATTUCTUUECKUH MasTHUK, NPY>KUHHBIA MUCTOJIET,
3epKasibHasl [IKana, U3MEpPHUTENbHAsS JIMHEHKa, ITyJIs.

Tlopsook evinonnenus pabomol u 06pabomra pe3yibmamos uzmepeHuil
1. TIpuBECTH MasATHHK B COCTOSIHME PABHOBECHSI
2. TlpousBect 5 — 6 BBICTPENOB, KXl pa3 OTMEYas CMEHICHUS S yKaszareqs 10 IIKaje.
Pesynbratel u3MepeHuil 3anmcath B Tabmuiyy. OmpeneiuTh cpeiHee apu(METHUECKOe 3HAYCHHE

CMEIEHUS <S> .

3. Bprumcnauth cKopocTh mynau 1o (opmyie. Berauciants aOCONIOTHYIO MOTPEIIHOCTH MPSIMBIX
MHOTOKPATHBIX U3MepeHHit S 1o (hopmysie:

rae tpn) — koaddurpment CThI0eHTa I JOBEPUTEIBHON BeposiTHOCTH P = 0,95 u uncna
MU3MEPEHUH N.
4. BBYUCTUTH OTHOCUTENHHYIO IMOTPEITHOCTD U3MEPEHHS CKOPOCTH ITYIIN
Av AM+Am Am AS 1(Ag Al
E=—=—""—"—+—+—+-| —+—|
() M+m m s 2(g |
5. HafiTi abCOMOTHYIO MOTPENTHOCTh AU = <U> E.

6. OkoHYaTEeIBHBIN PE3yJIbTaT 3aMCATh B BUMC 1 = <1)>i Av.

Bonpocul onsa oonycka k pabome

1. UznoxwuTte 11enb paboThl, HA3HAYEHUE TPHOOPOB M MPUHAIICKHOCTEH.

2. Onumure pabouyro yCTAaHOBKY U XOJI IKCIIEPUMEHTA.

3. Kakue pmomyiieHuss BO3MOXHBI, €CITH PacCMaTPUBaTh CHCTEMY «MasTHUK-TIYJIS» Kak
3aMKHYTYI0?

4. Hanummwute pabouyto Gpopmyiy, MIPUMEHEHHYIO B JaHHOU padoTe.

Bonpocul 0na 3auumer pabomuol

1. Yto Ha3wIBacTCs HUMITYJIbCOM TCJIda U B KAKUX CANMHULIAX OH U3MCPSCTCA B CUCTCME cn?
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2. Ilpu KaKoM YCIOBHH CUCTEMY «MasTHUK-ITYJIS» MOKHO PacCMaTpPHUBATh KaK H30JIMPOBAHHYIO?

3. B uwem cocTouT 3aKk0H coxpaHeHus ummynsca? K kakum cucremam oH npumeHuMm? [laiite
BBIBOJI 9TOT'0 3aKOHA U IPUBEIUTE IPUMEPHI €0 MPOsBICHUS (€ero AeHCTBUA).

4. Kax HailTy U3MEHEeHNEe UMITYJIhCa HEN30JIMPOBAHHON CHCTEMBI?

5. Kakwue cymecTByrOT BUABI MEXaHUUECKOW 3Heprun. Jlaiite nx onpeaencHusl.

6. Jlns KakMX CHCTEM CIIPaBeIIMB 3aKOH COXPAHCHHS MEXaHWYeCKOW HHEpPruM M KaK OH
dbopmymupyercs?

7. Kakoii ynap Ha3bIBarOT aOCOMIOTHO YIPYTHM U Kakoi abCOIIOTHO HEYIPyTrum?

3adanus ons camocmosmenvHol pabomoi:

1. Hpopa60TaTL PECKOMCHAYCMBIC NCTOYHUKH, OCHOBHYIO U JOIMNOJHUTCIBHYIO JIMTEPATYPY IIO
H3y4aeMOMY BOTIPOCY € IENbIO YIITyOJICHHsI, CHCTEMATU3aIMY U PACIIUPESHUS TIOTyUYSHHBIX 3HAHUH.

2. OTBETUTH HA KOHTPOJIbHBIC BOIIPOCHI JJII CAMOIIPOBECPKHU.

3. IloArOTOBHUTHCS K TPEHUHTY B MaJIbIX IpyMIax.

PexoMeHaanum 1o BBITIONHEHHIO 33JJAHUH U MOJITOTOBKE MPAKTHUECKOMY 3aHSATHIO: MPOPabOTKa
JEKIIMOHHOTO ~ MaTepuaia, OCHOBHOM W  JIONOJHUTENBHOW JuTepaTypbl. KOHCHEKTHpOBaHHE
MPOYUTAHHBIX JINTEPATYPHBIX MUCTOUYHHUKOB. [IoAroToBKa K y4acTHIO B TpeHHHIe B (opMmare Maylon
TPYMITbI, HATIPABJICHHOTO Ha 00CYX/ICHHE 3aKOHOB COXPAHCHHUS BO3HHKAIOUIMX TIPU COYJIAPEHUH MU C
OAJUTMCTHYECKUM MasITHUKOM.

@dopma OTYETHOCTH:  OTYET MO JIabopaTOpHOU paboTe, BHIMOIHEHHBIN MO 00pas3ily, B
COOTBETCTBHUU C 33JJaHUEM.

OcHoBHas nuTeparypa
Ne 1, Ne 2
JlononHuTenpHAs IUTEPATYpa
Ne 3, Ne 6, Ne 8.

JlaGopaTopnas padora Ne 9
Onpeoenenue Momenma uHepyuu KPYmuibHO20 MASIMHUKA MEMOOOM KONeOaHUI.

Llenb pabomvi: 3KCIIEPUMEHTAIILHOE OIPEAeNIeHHE MepHoia KPYTUIBHBIX KOJeOaHUN U MOMEHTa
WHEPLUH KPYTHIBHOI'O MasTHUKA.

Ipubopvl u npunadonexcHocmu. KPYTWIBHBIN MagTHUK ¢ MIIUTHCEKyHIOMepoM FPM-05,
MHUKPOMETD.
Tlopsiook evinoanenus pabomol u 06pabomka pe3y1bmamos usmepeHull

1. BxitouuTth mpuboOp B CETH .

2. moBOpauyuBas paMKy NpHOOpa € 3aKpEIUIEHHBIM B HEW Ipy30M, HNPUONU3UTH €€ CTPEIKYy K
ANIEKTPOMArHUTY TaKUM 00pa3oM, YTOOBI AMEKTPOMATrHAT (PUKCHPOBA MOJIOKECHUE PAMKH;

3. Haxarp kHOMKY «IIYCK», mpu 3TOM 3JIEKTpOMAarHUT OOECTOYMBACTCS, M pPaMKa HaYWHAET
coBepIIaTh KoyebaHus;

4. mocne TOro, Kak paMKa COBEPIIUT HE MeHee 9 KPYTWIbHBIX KOJIeOaHWH, HaKaTb KHOIKY
«CTOIl»;

5. 3anmcaTh B TaONUIy pe3yabTaToOB IMOKa3aHUs MUJUIMCEKYHIOMEPA;
MOBTOPUTH U3MEPEHHS 5 pa3 ¢ OJHUM M TEM e YHCIOM KoJleOaHui;
Io dhopmyne BBIYHCIHTH MOMEHT HHEPIIUH KPYTHIILHOTO MAsTHHKA.
JlaHHbBIE pe3ynbTaTOB N3MEPEHHI 1 BRIYUCIIEHUH 3aHECTH B TaOJIHILY.

0 N o

Bonpocul 015 donycka k pabome

Uro Ha3pIBae€TCS MOMEHTOM MHEPIIUN MaTepHaIbHONH TOUKH? MOMEHTOM MHEPINH Tesa?
OnumuTe pabovyr0 yCTAaHOBKY M XOJI OKCIIEPUMEHTA.
3anumute padouyio GopMylly MOMEHTa HHEPLIHH.

4. OueHUTe TMOTPEUIHOCTh METOJa HW3MEpPEHHMH Mepuoja KoyieOaHWi W MOMEHTa WHEPLUH
KPYTHJIBHOTO MasiTHHKA.

wnh e
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Bonpocut 0ns 3auwgumer pabomut

1. BeiBenute hopMyy Tiepruosia KpyTHIBHBIX KOJeOaHUi 1 (OpMYITy JIsl OIPE/ISIICHUs] MOMEHTA
WHEPLUU KPYTHIBHOTO MasgTHHKA.

2. BoBeaure ¢dopmyny Mmonyns kpydenus D um momyns ciasura G TBepmoro Tema Kakos
(U3UYECKUI CMBICT MOJIYJIS CIIBUTA U MOJYJISl KpYUCHHUS?

3. Maiite onpeneieHre MOMEHTA HHEPIIMA MaTEPUAIbHON TOUKH.

4. Chopmymupyiite Teopemy Lllteiinepa.

dopma OTYETHOCTH:  OTYET MO JIaOOpaTOPHOU paboTe, BHIMOIHEHHBIN 10 00pas3ily, B
COOTBETCTBHUH C 3a/IaHUEM.

OcHoBHasl TuTepaTypa
Ne 1, Ne 2
JlomonHATEIbHAS TUTEpATypa
Ne 3, Ne 6, Ne 8.

JladopaTopnasi pa6ora Ne 10
Onpeoenerue OUHaAMUYECKOU 8A3KOCMU HCUOKOCTNU NPU CIOUCOM MeYeHUU No Y3KOL mpyoKe.
TpeHUHT B MaJIOH rpymnie
Lenv pabomvl: SKCTIEPUMEHTAIBHOE OlpeJeeHre KodGUIMeHTa JHHAMUYECKONH BS3KOCTH BOJIBI
IpU JIAMHHApPHOM TEYCHUH JKHIKOCTH depe3 KalWUIAPHYI0 TPYOKy C IEJbo
pa3BuTHsl y OOy4arommxcs MpodecCHOHaIbHBIX KOMIETEHINH, MPHOOpETEHUS
HaBBIKOB TEOPETHYECKOr0 M AKCIIECPUMEHTAJIBHOIO HCCICIOBaHUs, pabOTHI ¢
JUTEPaTypOl 1 HABBIKOB pabOTHI B KOMaH Ie.

Ilpubopol u npunaonesxcHocmu. COCYH C BOJOW, KamWUIIpHAs TpyOKa,
MEpHBIH CTaKaH, CEKYyHJOMEp, W3MEepUTeIbHAs JIMHEHKA.

Tlopsook evinonnenus pabomel u 06pabomra pe3yibmamos usmepeHutl

1. JIuHe#Koii H3MEPSIFOT BBICOTY YPOBHS KHIKOCTH N1 B cOCy/ie OT IOBEPXHOCTH

2. OmyckaloT TpyOKy cBOOOJIHBIM KOHIIOM B MEPHBI CTakaH, OJHOBPEMEHHO BKJIIOYAIOT
CEKYHJIOMEp U M3MEpsIOT Bpems t, B TeueHHe KOTOporo uepe3 TpyOKy B CTaKaH MEpeTeKaeT JKUIKOCTh
obvemom 0,1- 0,2 mutpa

3. M3MepsioT BBICOTY YPOBHS XHUAKOCTH B cocye h, mocie BeITekaHUs M BBICOTY KOHIIA TpyOKH h
HaJl HOBEPXHOCTBIO CTOMKH.

4. OmubIT MOBTOPSIOT 5 pa3 Juisi OJHOTO W TOTO XK€ 00beMa KUAKOCTH. Pe3ynbTaThl W3MEpPEHHI
3anecute B Tabmuiyy. Ilo ¢opmyne paccuuraiite 3HadeHHe KOd(dUIIMEHTa TUHAMUYECKON BS3KOCTH

<77> , TOJICTABUB CpejiHee apu(pMeTHIecKoe 3HaYeHHE BPEMEHN <t> .

6. Haiigure abconmoTHYyI0 A7 W OTHOCHUTENBHYIO FE TOTpEelIHOCTb pe3ysibTaTa, HCXOAs W3

TaOJIUYHOIO 3HAYCHUS NCKOMOM BEIUUHHEI A?] = |77 1,61

Bonpocul 015 donycka k pabome

1. Chopmymupyiite 11eas padoTHL.

2. Uto HazpIBaeTcs KOAQPHUIMEHTOM JHHAMHYECKON BSIZKOCTH?

3. Onummre pabouyro yCTaHOBKY U XOJI SKCIIEPUMEHTA.

4. 3arumuTe pabouyro GopMyIy U MOSCHUTE GU3NIECKUI CMBICI, BXOJISIINX B HEE BEJTHUYHH.

Bonpocut 0ns 3auwgumor pabomut

1. OObsicHUTE BO3SHUKHOBEHHUE BSI3KOCTH B XKHUIKOCTAX U 3anuimute Gpopmyny Hprotona.

2. llosicaute Qusnyeckuid cCMbICT KOG PHUINMEHTa BI3KOCTH 77 U OT YETO OH 3aBUCHT?

3. HazoBure Buabl TeueHHs Bs3KOH >xuakoctd. Hammmure dopmyny PeliHonbiaca mis TeueHHS
XKHUIKOCTH B KPYTJIOH Tpyoe.

4. Beienute ¢popmyiy [lyaseiins u uccnenyiite ee.
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3aoanus ona camocmosamenbHo pabomai:

1. IlpopaboTaTh peKOMEHIyEMbIC UCTOUYHUKH, OCHOBHYIO M JIOMOJIHUTCILHYIO JTUTEPATYPY IO
M3y9aecMOMY BOTIPOCY C IEIBI0 YIITyOJIeHNS, CUCTEMATH3aIlN U PACIIUPEHUS TOTyUCHHBIX 3SHAHHM.

2. OTBETHUTH HA KOHTPOJIBHBIE BOITPOCHI JUIS JA0IyCKa K 1JabopaTopHOii paboTe.

3. I[loaAroToBUTHCA K TPEHUHTY B MaJIbIX TPYIIax.
PexoMeHmanmy 1o BHITOTHEHUIO 3aJaHAH W TIOATOTOBKE MPAKTHYECKOMY 3aHSATHIO: TIPOpaboTKa
JICKOHUOHHOI'O MaTepuala, OCHOBHOH U I[OHOHHHTCHBHOﬁ JINTEPATypPhI. KOHCHCKTI/IpOBaHI/IC
MPOYUTAHHBIX JIMTCPATYPHBIX HCTOYHUKOB. HOI[FOTOBKa K Yy4aCTUIO B TPCHUHI'C B (bopMaTe MaJioi
TpynIibl, HAIIPaBJICHHOTI'O Ha 06CY)KI[CHI/IC IIOBCACHUA BSI3KOH KHUIKOCTH, BOBHUKHOBCHHUS BA3KOCTH B
KHUOKOCTAX, BUOABI TCUCHUA BSI3KOM KHOKOCTH.

dopma OTYETHOCTH:  OTYET MO JIAOOPATOPHOU paboTe, BHIMOJIHEHHBIN 10 00pasily, B
COOTBETCTBHUHU C 3a/laHUEM.
OcHoBHast TuTeparypa
Nel, Ne2
JlononHuTenpHas JIMTEpaTypa
Ne 3, Ne 6, Ne 8.

JlaGopaTopHas padora Ne 11
Onpedenenue sa3xocmu Hcuokocmu memooom Cmoxca.
Llenv pabomwi:  u3yunth Meton CTOKca, ONPEACTUTh KOIPQPHUIMEHT ITUHAMHYECKON BS3KOCTH
TJIAIEPHHA.

Ipubopwvr u npunaoaesxcHocmu: CTEKISHHBIN LWIMHAPUYECKHHA COCY]] C TIULEPUHOM;
WU3MEPUTENbHBI MUKPOCKOIT, M3MEpHUTEIbHas TUHeMKa; CeKyHIoMep; IIapHUKH.

Topsooxk svinonnenus pabomul u 00padOMKa pe3yrbmamos usmepeHull
1. Wsmeputs nuametp mapuka D ¢ momomibro MUKpocKoma.
2. C MOMOIIbIO JTMHEHKN H3MEPUTh paccTosiHue | MEX Ty KOJIbIIaMHU.
3. Omyctuth mapuk. B MOMEHT MpPOXOXKICHWS IMAPUKOM BEPXHETO KOJbIA BKIIOYUThH
CEKYHIIOMEP M U3MEPUTH BpeMs t IPOXOKICHHS IAPUKOM PacCTOSHUS | MEX 1y KOJIbIIaMH.
4. OmbIT HOBTOPHUTS C MATHIO MIAPUKAMH.

5. Tlo popmye onpenenuTs 3HaAUSHHUE <77> .

6. MeronoM pacyera HOIPENIHOCTEH KOCBEHHBIX M3MEPCHMH HAaXOIST OTHOCUTEIbHYIO E U
abCOoIOTHYIO A7 MOrpeIIHOCTh pesynbrata: A7 = E <77> ,

7. JlaHHBIE pe3yabTaTOB U3MEPEHHUH U BHIYMCICHUH 3aHECHUTE B TaOJIMILy.

Bonpocwt ons oonycka k pabome

1. Cdhopmynupyiite 1enb padboTHI.

2. 3anummre ¢opmyny HbproToHa 111 cuMiBI BHYTPEHHETO TPEHUS M TOSCHHUTE BEIWYHHBI,
BXOZSIIHE B 3Ty HopMyIy.

3. Omnummre pabouyro yCTAaHOBKY U MOPSJIOK BHITOTHEHUST paOOTHI.

4. Kaxue cuibl JEHCTBYIOT Ha IIAPHK, NaJAIOMINN B )KHIKOCTH?

5. 3anummure padouyro GopMyiy U MOSICHUTE €e.

Bonpocut 0ns 3awiumul pabomul

1. OObsicHUTE MOJIEKYIAPHO-KHHETHUECKUH MEXaHW3M BHYTPEHHEro TpeHHs (BA3KOCTH)
JKUAKOCTH.
[aiiTe nmoHsTHE SHEPTUN aKTUBALUH.
Kax 3aBUCHUT BSI3KOCTH XKHUAKOCTH OT TEMIIEPATYPHI?
[Ipu KakKX yCcIOBUAX ABMKEHUE KUAKOCTH OyAET TaMUHAPHBIM?
3anuiuTe ypaBHEHUE JBIKEHUS [IIapHKa B TIMLEPUHE U BhIBEAUTE pabouyro Gopmyiy.
MoHO 11 BepXHee KOJIBLIO pacIojaratb Ha ypoOBHE IOBEPXHOCTHU JKUAKOCTH B cocyne?
ITonyuute Gpopmyiay s pacyeTa OTHOCUTEILHON IOIPEITHOCTH £.

Noogakown
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dopMa OTYETHOCTH:  OTUYET MO JTAOOpaTOpPHOU paboTe, BHIMOJHEHHBIN TT0 00pa3ily, B
COOTBETCTBUMH C 3aJaHUCM.
OcHOBHas uTeparypa
Ne 1, Ne 2
JlononuurenpHas IuTeparypa
Ne 3, Ne 6, Ne 8.

JladopaTopHasi paGota Ne 12
Onpedenenue sa3xocmu 8030yxXa
Lenv pabomer: onpenaenuTh KOdGUINEHT BA3KOCTH BO3/AyXa MO0 UCTEUYCHHUIO Yepe3 KaImuIsp.

Ipubopwl u npunaonexchocmy: KamwIsp, MaHOMETP, TPpyIIa, 6aJuIoH,
32)KUM, COCIMHUTEIILHBIC IIJIAHTH, CEKYHIOMEP

Topsook evinonnenus pabomsi u 00pabomxa pe3yibmamos usmepeHuil

1. OzHakoMUThCS ¢ pabOTOH ceKyHAOMEpa

2. TlepekpbITh KAWL 32KUMOM M ¢ IOMOIIBIO TPYIIM HaKadyaTh B OAJUIOH BO3IYyX JI0 Pa3HOCTH
nmasineanit AP =200 + 220 mm.pT.CT.

3. TomoxxaaTe HECKOIBKO CEKYH/, TIOKa CTPENIKa MAHOMETPa HE OCTAHOBHTCSI.

OTKpBITh KaIWUIAP, OCIa0UB 3aKUM, CHAThH 3aBUCHMOCTh JIaBJICHUS B 0aJUIOHE OT BPEMEHHU.

4. OMmbITHl TI0O MyHKTaM 2 — 4 TIOBTOPHUTH HE MEHEEe IISITH pas, Pe3yNbTaThl M3MEPEHUH BpEMEHH
3aHECTH B TAOJIHILY.

5. Paccuurats norapudmel otHomennii AP xk AP, ¥ 3aHecTH uX 3HA4YeHHUS B TaOHILy.

Hayd

6. CpenHee 3Ha4YeHUE AABICHUS <P> B COCYZA€ 3a BpeMs NPOBEACHUS IKCIEPUMEHTa MOXKHO

P + AP )+(P,, +AP, )

amm Ha4 amm KOH

)
rae armocdepHoe aaBieHue P, OnpejenseTcs Mo 0apoMeTpy, HaXoIAIIeMycs B JabopaTopuH, a

amm

paccuurarh 1o popmyJie: <P> = (

AP ., wu AP — pasHOCTH M30BITOYHBIX JABJICHUM Ha KOHIAX Kalu/uiipa B Hadajle ¥ B KOHIE

Hay K

IKCIICPpUMCHTA

8.IlocTpoiite, nconb3ysl JaHHbBIE TpaQUK 3aBUCUMOCTH

AP
In( PH{(‘{)i

4= tgar = ——~ i

8. Paccunraiite koaQpurpent 4: a
{t)

11. ITo popmyne paccunTaiiTe BI3KOCTH BO3IyXa 7).

Bonpocul 0ns donycka k pabome

1. Cdhopmynupyiite 1enb padboTHI.
2. TlosicHUTE MPUHIIMIT SKCIIEPUMEHTA U XO] pabOTHI.

Bonpocwr ons 3awumur pabomsi

1. OOBsAcHUTE MONIEKYIAPHO-KHHETHUECKUI MEXaHNU3M BHYTPEHHETO TPEHUSI.

2. O6bsicauTe dopmyiry (205.1), BeIpakarolly0 BEIHIHHY CHIIBI BHYTpEHHEro TpeHus. YTo Takoe
TPagUEHT CKOPOCTH?

3. Kakue cyiiecTByIoT BUIbI TEUCHUS MOJICKYIT raza (>KMIKOCTEH) 10 KanmuuIsIpHeIM TpyOkam? Ilpu
KaKoOM T€UeHHUH cripaBeminBa popmyna Ilyaszeitns?

4. Yto nokaspiBaeT uucio Peitnonpaca? Kakos ero ¢usnveckuit cMbici?
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dopMa OTYETHOCTH:  OTUYET MO JTAOOpaTOpPHOU paboTe, BHIMOJHEHHBIN TT0 00pa3ily, B
COOTBETCTBUMH C 3aJaHUCM.

OcHoBHas nuTeparypa
Nel, Ne2
JlononHuTenpHas JIMTEPATYpa
Ne 3, Ne 6, Ne 8.

JladopaTopHas pa6ora Ne 13
Onpeodenenue K03 huyueHma no8epxXHOCMHO20 HAMIANCEHUSL HCUOKOCTU
Llenv pabomei:  onpeAenuTbh KOIPGUIIMECHT MOBEPXHOCTHOTO HATSHKEHHUS BOIBI MPU KOMHATHOU
TeMmIieparype.

IIpubopul u npunadnexicocmu. COCyJ ¢ BOJOW, MEPHBIN CTaKaH.

Topsook evinonnenus pabomsi u 00pabomxa pe3yibmamos usmepeHuil

1. Hamuts Bogy B COCY/I.

2. OTKpBITH KJIaMaH, TaKk 4TO0BI BOJa U3 KaTMIUISIPHON TPYOKH BBITEKAJIA 110 OHOM Karuie.

3. TlocumTath, CKOJNBKO Karenb BBITEUET M3 TPYOKH, YTOOBI MEpHBIA cTakaH ObUI 3allOJHEH JI0
obobema V = 5+20 mn

4. 3anectu B Tabnuiry uncio karnedb N u 06beM V KUIKOCTH B MEPHOM CTaKaHe.

5. OmnsiT moBTOPHUTH 3 — 4 paza.

6. PaccuurtaTh KO3((UIIUEHT MOBEPXHOCTHOI'O HATSDKECHUS

7. CpaBHHUTH paccyMTaHHOE 3HauYeHHE KOA(P(PUIMEHTA TIOBEPXHOCTHOTO HATSHKEHUSI C TAOIWYHBIM
Paccuutatp aGCONMOTHYI0 AC ¥ OTHOCUTEIBHYIO £ TIOrPEIIHOCTH UCKOMOM BEJINYHHBIL:

Bonpocwt ons oonycka k pabome

1. Kaxkoga nenb paboThI?

2. Uro HazpiBaeTcst KOOPPHUIMEHTOM TOBEPXHOCTHOTO HATSIKEHHS?

3. HamummuTe pabouyio GopMyIly U MOSICHUTE BXOJISIIUE B HEE BETHYMHEI.

4. Onumure pabouyto yCTaHOBKY U IMOPSIOK BHIIIOJHEHUS paOOTHI.
Bonpocbi ona 3awumul pabomoi

1. Pacckaxute O SIBICHUH NOBEPXHOCTHOTO HATSDKEHUS JKHIKOCTEH.

2. Or yero 3aBHCUT KOA(Q(PHUINEHT HOBEPXHOCTHOTO HATSHKEHUS KUAKOCTEH?

3. Tlomyuute pabouyto Gpopmyiy.

@dopma OTYETHOCTH:  OTYET M0 JIabopaTOpHOW paboTe, BHIMOIHEHHBIN MO o0pa3ily, B
COOTBETCTBUH C 33JJaHUEM.
OcHoBHast TuTepatypa
Ne 1, Ne 2
JlononHuTENpHAS IUTEpATypa
Ne 3, Ne 6, Ne 8.

JlaGopaTopunas padora Ne 14
Onpedenenue ko3gpuyuenma no8epxHOCMHO20 HAMANCEHUS NO BbLCOME NOOHAMUS
AHCUOKOCTU 8 KANULIAPHBIX MPYOKAX
Llenv pabomol: 9KCIEPUMEHTAIILHO ONPEACIUTh KOAI(PPUINEHT TOBEPXHOCTHOTO HATSIKEHHS
UCCIIeyeMOM )KUIKOCTH 0 BBICOTE MOAHATHS €€ B KAITMJUIIPHBIX TPYOKax
IIpuboput u npunadnexcnocmu: xateromerp KM-8, Habop KanmsipHBIX TPYOOK pa3inuyHOrO

JIuamMeTpa, JepKaTelb KanUIIPHBIX TPYOOK, CTakaH s )KUAKOCTH.

Tlopsook evinoanenus pabomol u 00pabOmMKa pe3yrbmamos usmepeHul
1. Yepes TpaHchopMaTop BKIIOYAIOT B CETh OCBETHTEIBHYIO YaCTh OTCYETHOI'O MHKPOCKOTA
KaTeTOMETpA.
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2. HucTtele, BEIMBITHIC B TUCTWUIMPOBAHHON BOE, KAMMLISPHBIC TPYOKH, 3aKPEIUICHHBIC B 00IIEM
JiepKaTelle, YCTaHABIUBAIOT TOPU3OHTAILHO W U3MEPSIOT WX BHYTpeHHUI nuametp (3 pasza s
KaKIOTO KaIlUIsIpa)

3. Kanuisipable TpyOKH YCTaHABIMBAIOT BEPTHKAIBHO U OIMYCKAIOT B COCY/I C BOJOH

4. HABOJIAT 3pUTENIbHYIO TPYOy KaTeToMeTpa Ha OJWH M3 KaMWJUIIPOB, MPH MOMOIIMA KaTETOMETpPa
CHHMAIOT OTCUET TOJBKO TIOJIOKEHHI BEPIIIMH MEHUCKOB. Pe3ybTaThl H3MEPEHUH 3aHECUTE B TAOIUILY.

5. o popmyne paccumraiite KO3 HUITUEHTH TOBEPXHOCTHOTO HATSHKEHHUS BOJIBI
6. Haxomsat abOconioTHyr0 AC W OTHOCHUTENbHYI FE TIOIPEITHOCTH pe3yjbTaTa, HCXOAS W3

TaOJIMYHOTO 3HAYEHUS NCKOMOM BeNWUnHE: Ao = ‘<O'> — O,

mabn | *

Bonpocul ons donycka k pabome

1. Kakoga nenb paboTsi?

2. Yro Ha3pBaeTcs KO03()(OUIHMEHTOM MOBEPXHOCTHOTO HATsHKEHUs? B Kaknx eawHHIAX OH
uzMepsiercs?

3. YcrpoiictBo kateTomeTpa KM-8 1 ero 3HaueHue B nanHou padore. C KaKoW TOYHOCTHIO MOYKHO
MPOU3BOAUTE U3MEPEHHUS C IOMOILBIO KaTeToMeTpa?

Bonpocul ons sauwgumel pabomeol

1. Pacckaxure O SIBJICHUU TOBEPXHOCTHOTO HATSKCHUS KHUJIKOCTEH.

2. JlaiiTe ompe/eneHne MEHICKA, KPaeBoOro yria.

3. B uem 3akioyaercs SBICHHWE CMadyMBaHUs (HE CMauyUBaHUS) S>KUAKOCTHIO MOBEPXHOCTH
TBepaoro rena. Ilpusenure npumepsl.

4. Ot 4ero 3aBUCUT BBICOTA MOJHATHUS KUAKOCTH B Kanuyuisipe?

5. Kakwue (hakTopbl MOTYT MOBIHATH Ha PE3yJIbTAT SKCIIEPHMEHTa Ha pabodell ycTaHOBKe?

dopmMa OTYETHOCTH:  OTYET MO JIAOOPATOPHOU paboTe, BHIMOJIHEHHBIN 110 00pasily, B
COOTBETCTBHH C 3a/laHUEM.

OcHOBHas IuTepaTypa
Nel, Ne 2
JlonoTHUTEIbHAS JIUTEPATYPa
Ne 3, Ne 6, Ne 8.

JlaGopaTopnas padora Ne 15
H3yuenue 2azo06blx 3aK0H08
Llenv pabomvi:  W3ydeHUE ra30BbIX 3aKOHOB;
npoBepka ypaBHeHus Kianelipona.
Ipubopst u npunaonexncHocmu: Kombda ¢ TEPMOMETPOM, BOISTHOW MaHOMETD,
CTaKaH C BOJIOM, 3JIEKTPHUYECKas IUINTKA CO IITATHBOM.

Topsiook evinonnenus pabomsi u 00pabomxa pe3yrbmamos usmepeHuil
1. Bo3zayx B 3aKkpbITOW KOj0Oe HarpeBalOT OT KOMHaTHOW TemrepaTypsl 10 40 — 50 °C  u uepes
kaxnaele 4 — 6 °C, B 3aBUCUMOCTH OT LIEHBI J€JICHHUS TEPMOMETpa, (PUKCUPYIOT IO LIKale MaHOMETpa

3nauenus hi, hy, hs, ..., hn coorBeTcTBytomme temneparypam 71, T2, T3, ..., Tn . JaHHBIC M3MepeHHit
3aHECTH B TAOJHILY .
2. Ilo ¢opmynam BEIMHCISIOT 3HAUCHHS AABJICHUU p1, p2, P3, ..., Po U 00beMOB V1, V2, V3, ..., Vy,

COOTBETCTBYIOIIME Temneparypam 11, 12, Ts ..., Tn.
3. Hcnonb3ys BeIpakeHHsS OCYIISCTBISIIOT TPOBepKy 3akoHa Kiamelipona. Pesynbrarhl
BBIYHICIICHUN 3aHECTH B TAOJIHAITY

Bonpocul 015 donycka k pabome

Chopmymupyiite 11eias paboTHI.

JlaiiTe MOHATHE WACATLHOTO Ta3a.

Onuimre YyCTaHOBKY U IMOPSIOK BBITIOJTHEHUS pa0OTHI.

SanummTe pabodyro GhopMyIty ajs IpOBepKH ypaBHeHUs KitanelipoHa v mosicHUTE ee.

NS
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Bonpocul 0ns 3awumul pabomul

1. TosicHute, mMo4YeMy W3y4as TOBEICHHE PEATbHBIX Ta30B, Mbl YacTO MOJIb3yeMCS MOJIENBIO
U7eaTbpHOro ra3a?

2. 3amuinmuTe OCHOBHOE YpPaBHEHHE MOJICKYJISAPHO-KMHETHUECKOW TEOPUU HJICalbHOTO rasa |
MIOSICHUTE €TO0.

3. JlaliTe MOHATHE MOJIS BEINECTBA, KaK PACCUMTHIBACTCS KOJMYECTBO MOJICH HICalbHOIO rasa,
YHUCIIO MOJIEKYJ ra3a’?

4. ChopmynupyiiTe 3aKOHBI HaeanbHOTO rasa. [IlpuBeaure rpaduku u3oTepM, u300ap, H30X0p.

5. Ucnonw3ys ypaBHenue KnanelipoHa, BRIBEIUTE U MIOSCHUTE ypaBHEHUE.

6. IlosicHuTe pU3HMUECKUI CMBICI Ira30BOM IOCTOSHHOM R.

7. Urto Ha3pIBaETCS TEPMOAMHAMHYECKIM MPOIECCOM?

dopma OTYETHOCTH:  OTYET MO JIaDOpaTOPHOU paboTe, BHIMOIHEHHBIN 10 00pas3ily, B
COOTBETCTBUH C 3a/IaHUEM.

OcHoOBHas uTepaTypa
Nel, Ne 2
JlonomHUTEIbHAS JIUTEPATYpa
Ne 3, Ne 6, Ne 8.

JlabopaTopHas padora Ne 16
Onpeodenenue cpedneti Onunbl c60000H020 npobde2a u Ihghekmusrnozo ouamempa MoIeKy
8030yxa.
Llenv pabomwsi:  DKCHEPUMEHTAIFHOE OMpEIENIEHHe CpemHed UIMHBI CBOOOAHOTO Ipodera
MOJICKYJT BO3/1yXa;
omnpeneneHne 3QPEeKTUBHOTO AUaMETpa MOJIEKYJT BO3IyXa.

Ilpubopol u npunaonesxicnocmu.
CTEKJISTHHBII 0aJUIOH ¢ KpaHOM, MEPHBIN CTaKaH, KalmwmuIIpHas TpyOKa,
TMUHEHKa, CEKYHIOMED, TePMOMETp, OapoMeTp.
Topsook evinonnenus pabomsi u 00pabomxa pe3yibmamos usmepeHul
1. Hanonusior 0ajuloH Ha TPU YETBEPTH BOJOM W IUIOTHO 3aKPHIBAIOT MPOOKOH, B KOTOPYIO
BCTaBJICH KaITWILISIP.
2. JluHeiikoil 3aMepsItOT HIepBOHAYAIBHBIN YpoBeHb BOJBI N1. OTKPBHIBAIOT KPaH U OJHOBPEMEHHO
BKJIIOYAIOT CEKYHIOMED.
3. Korma B mepnoM crakane Oymer 100 + 200 mn Bomsel (1 ma= 107° M%), 3akpeiBaror kpan u
OJTHOBPEMEHHO OCTaHABJIHMBAIOT CEKYHIIOMEP.
4. 3amepsioT ypoBeHs KUAKOCTH hy B cocyme. OObeM BBITECHEHHOW M3 OalTOHA BOJABI B MEPHOM
crakaHe OyneT paBeH o0beMy Bo3ayxa V, Bolleiero B 0ajuioH uepes TpyoKy .
5. Ilo ¢opmyne paccuMTBHIBAIOT CPEAHIO JJIMHY CBOOOAHOTO mpobera MoJIEKyJl BO3AyXa H
Pa3HOCTh JIaBJIEHUH.
6. OmnbIT MOBTOPSIOT TPH Pa3a ¢ OJJHUMH U TeMH e 3HaueHueM V u hy.
7. Tlo ¢opmyne paccuuTbiBaloT 3((GEKTUBHBIA TuaMeTp MoJekysbsl Bo3nyxa 0. [aBienwe P u
Temneparypy I Bo3ayxa B 1aboparopuu OepyT U3 MOKa3aHUK OapoMeTpa v TepMOMETpa.
8. MerogoM pacueTa MOTPEHIHOCTEH KOCBEHHBIX W3MEPEHHH HAaXOJSIT OTHOCHTENBHYIO FE |
a0CcoMOTHYI0 A4 TOrPeIHOCTh CPEeaHEl UTMHBI CBOOOIHOTO Ipodera MOJIeKyT BO3ayXa.

Bonpocut 0ns oonycka k pabome

1. Cdopmynupyiite nemb pabOTHI.
3anuiuTe paboune GopMyIIbl Ui pacueTa </1> 1 0, HOSICHUTE CMBICI BCEX BEIMYNH

Onwumyre pabovyro YCTaHOBKY M HOPSIIOK BBIIOJHEHHS PaOOTHI.

Bonpocut 0ns 3auwgumor pabomut

Lo

Uro HazbiBaeTCsA 3PPEKTUBHBIM AMAMETPOM MOJICKYIbI? D HeKTHBHBIM ceucHHEM?
JaiiTe onpeneneHue JIMHBI CBOOOTHOTO Tpobera MOJIEKYJ rasa.

N

3. BeiBeaute hopmyny s pacueTa </1> bopmyy
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dopMa OTYETHOCTH:  OTUYET MO JTAOOpaTOpPHOU paboTe, BHIMOJHEHHBIN TTO0 00pa3ily, B
COOTBETCTBUMH C 3aJaHUCM.

OcHoBHas nuTeparypa
Nel, Ne2
JlononHuTenpHas JIMTEPATYpa
Ne 3, Ne 6, Ne 8.

JlabopaTopnasi pabora Ne 17
Onpedenenue omHoweHuti menioémxkocmet 2aza memooom Knemana-/lezopma
Lenv pabomwi: onpenenuth MetogoM KiemaHna-/le3opmMa OTHOIIEHHE TEIIOEMKOCTEH BO3AyXa MpH
MOCTOSIHHOM JIaBJICHHHU U TOCTOSIHHOM O00BbeMe.

Ipubopwl u npuradnexcHocmu: CTSKISIHHBIN OaJioH, Hacoc KamoBckoro,
U—o0pa3Hblii BOASHOW MaHOMETP, COCTUHUTEbHBIC MUTAHTH

Ilopsook evinonnenus pabomol u 00pabomKa pe3yIbmamos usmepeHuil

1. TIpoOko# mepekpbITh OTBEPCTHE B KPBIIIKE OATIOHA U OTKPBITH KPaH, COCTUHSIONINNA OaJllIOH C
HAaCcOCOM.

2. Bpamas pykoaTKy Hacoca, HaKayMBalOT BO3AyX B OaJUIOH TakK, YTOOBI Pa3HOCTh YPOBHEH
KHUIKOCTU B TpyOKkax U-oOpasHoro manomerpa coctaBuia 25 — 30 cm.

3. TlomoxxkmaTh 2-3 MHH. TTOKa )XHJIKOCTh HE TIEPECTAHET MEePeTeKaTh U3 OTHON TPYOKH MaHOMETpa
B Ipyrym. Ilo mkane MaHoMeTpa U3MepbTe YCTAHOBUBILYIOCS B KOHLIE H30XOPHOT'O Pa3HOCTh YPOBHEH
KHJKOCTH B 000MX KOJICHaX MaHoMmeTpa hj.

4. Ha 2-3 cekyHIBI BBIHUMAIOT MPOOKY B KPBIIIKE OayIOHa ¥ BBITYCKAIOT M3 HETO YacTh BO3/AyXa.
BepkmaB 1-2 MuH. mMOKa ra3, OXJAXIEHHBIA TMPH aana0aTHUECKOM pPACHIMPEHUH, HArpeeTcs [0
KOMHATHOW TeMIIepaTyphl, U3MEPSIIOT Pa3HOCTh YPOBHEH JKUAKOCTH B KOJIEHaX MaHomeTpa h; B KOHIE
W30XOPHOTO HArpEBaHMUs

5. Tlo ¢opmyne BbruucistoT 3HadeHue y. OmbiT oBTOPSIOT 8§ — 10 pas,

6. Boruncnsror abcoMOTHYIO Ay ¥ OTHOCHUTENBHYIO £ TOTpEeIHOCTH
7. JlaHHBIE pe3yJIbTATOB M3MEPEHUI U BBIYUCICHUH 3aHECUTE B TaOIUILY.
Bonpocul 0ns donycka k pabome

1. Kaxkoga nenb paboThi?

2. OmnumuTe ycTpoicTBO paboyei yCTAaHOBKU M X0 SKCIIEPHUMEHTA.

3. Kakoit mpomecc Ha3pBaeTcs — agmabatmdeckuMm?  Kakme — ycioBHS — COOTBETCTBYIOT
OCYIIECTBIICHUIO aIMa0aTHIECKOT0 MPOoIlecca Ha TaHHOW YCTaHOBKE?

Bonpocwl ons 3auumut pabomol

1. Yro Ha3BIBAIOT YAETHHOW TEIUIOEMKOCTHIO BemiecTBa? MonspHo#l TemmoeMkocThio? Kakast
CBA3b MEXAY HUMH?
2. Cdopmynupyiite mepBbIi 3aKOH TEPMOJINHAMHKH.
Uemy paBHBI MOJISIPHBIE TEINIOEMKOCTH UACATBHBIX Fa30B IPH U3omporeccax?
Hoxaxwure, uto Cp > Cy.
[Tomyunte ypaBaenue Ilyaccona s agnadaTHaecKoro mporecca.
UTo Ha3bIBAETCS YKMCIIOM CTEIEHEH CBOOOIbI?
3anummTe BRIpaKCHUE JUTsI BHYTPEHHEH SHEPTHH HICaThHOTO ra3a U MOSICHUTE €To.

No ok~ w

dopma OTYETHOCTH:  OTYET MO JTabopaTOpHOU paboTe, BHIMOIHEHHBIN MO 00pas3ily, B
COOTBETCTBHUU C 3aJaHUECM.
OcHoOBHas nuTeparypa
Ne 1, Ne 2
JononHuTtenpHas IUTEpaTypa
Ne 3, No 6, Ne 8.

68



JlaGopaTopHas padora Ne 18
Onpedenenue usmeHenus IHMPONUU PEATbHBIX CUCEM
Ueﬂb p(l60mbl.' OMnpeACIUTb UBMCHCHUC SHTPOITUU PCAJIBHBIX TCJI

dlpuboper u npunadnexcHocmu: KaTOpUMETPUUECKUN CTaKaH, TEPMOMETp, HarpeBaTesb,
Ha0OP pa3IMYHBIX TEJ, MEPHBIA CTaKaH

Tlopsidok evinonnenus pabomol u 06pabOMKA pe3yibmamos usmepeHull
1. BKIHOYHUTE SIIEKTPOIUIUTKY M [OCTaBLTE HA HEE CTAKAH C BOJIOM.
2. Omycrure 3a HUTKY B CTaKaH ¢ BOJOW METAILTHIECKOE TENIO
3. Boay B cTakase J0BECTH [0 KUTICHUS ¥ U3MEPUTD TeMIIeparypy 71 KUIAIIEH BOIbI
4. Hareiite BOLY B KaIOPUMETPUYECKHI CTAKAH U MIOCTABBTE €T0 NOJAIbLUE 0N NIUMKL.
5. H3mepsre Temmeparypy 7> X0JI0JHON BOJBI B KAJIOPUMETPHIECKOM CTaKaHe
6. 3a HUTKY BBITAIMTE TEJNO U3 KHUISIIEH BOJBI, OBICTPO OMYCTUTE €r0 B KAJTOPUMETP C XOJIOIHOM
BOJIOW U 3aKPOWTE KPBIIIKON
7. 3anummre B TAOJIMIy MAKCHMAIBHOE 3HAYCHHE TeMIepaTypbl To BCEH CHCTEMBI «TENO — BOJA —
KaJIOPUMETPHIECKHI CTAKAHY.
8. MeHsis BOAy B KaJOpUMETpE, MPOBEAMTE H3MEPEHHSI MO ILI. 2—8 IS TpeX pa3iIudHbIX
METAJINYECKHX Tell
9. ITo popMyiie paccuuTaiiTe U3MEHEHHE SHTPOIIMHM CUCTEMBI JUISL BCEX TPEX CIIYYaeB M PE3yJIbTAThI
BBIYKCIICHUH 3aHECUTE B TaOJIHILY.

Bonpocwl 015 donycka k pabome

1. Chopmynupyiite 1ienb paboTHL.
2. OnumuTe pabovylo YCTaHOBKY M XOJ] SKCIIEpUMEHTA.
3. Kakue nmomymienusi nenaere, paccMaTpUBas CHUCTEMY «TeJIO — BOAAa — KaJOPUMETPHUYECKUI

CTaKaH» KaK U30JIMPOBAHHYIO?
4. Kaxue 3aKOHBI HCTIONB3YIOTCS IS TIOYYEeHUS PACUETHON (POPMYITHI?
Bonpocul 015 3awumul pabomul

1. Cdopmynupyiite nepBblif 3aKOH TEPMOTUHAMUKH.
2. /laiite onpeneneHue oOpaTUMBIX U HEOOPAaTHUMBIX MpoLeccoB. [Ipy KakuxX yCIOBHSX MPOLECCHI

OynyT oOpatuMbiMu?
3. Cdhopmynupyiite BTOpPOii 3aKOH TEPMOJAMHAMUKU M MOSICHUTE €ro Gu3ndeckuil cMpIci. Uem oH

JTOTIONTHSIET TIEPBBIA 3aKOH TEPMOJTUHAMUKH ?
4. OnumuTte SHTPOIHIO CUCTEMBI U €€ (U3NIECKUIT CMBICTT.
5. Kak BeraucisieTcst '3MEHEHUE SHTPOIIHH MPHU TIEPEXOJIC €€ U3 OJHOT0 COCTOSIHUS B Ipyroe?

@dopma OTYETHOCTH:  OTYET M0 JIabopaTOpHOW paboTe, BHIMOIHEHHBIN MO o0pa3ily, B
COOTBETCTBUH C 33JJaHUEM.

OcHoOBHas nuTeparypa
Ne 1, Ne 2
JononHuTtenpHas IUTEpaTypa
Ne 3, No 6, Ne 8.

JladopaTopHasi pa6ota Ne 19
Mamemamuueckuii MASAMHUK.
HEJZb pa607’l’lbl.' SKCIICPUMCHTAJILHOC OIMPEACIICHUC YCKOPCHUSA CHUJIbI TSZKECTHU METOAOM KoJIe0aHH
MAaTEMATUYCCKOI'O MasgTHHUKA.
Hpu60pbl u npul-tadfle:)fcuocmu: MaTeMaTHYeCKHUI MAasATHUK, CEKYHIOMCEpP, 3€pKajibHas IIKaJia.

Topsidox evinoanenus pabomol 4 00padbomra  pe3yibmamos usmepenul
1. To cexynmomepy ompeznessitoT Bpems t1 50-70 monueix konedanuii. OMBIT TOBTOPSIIOT HE MEHEE 5

pa3 1 HaXxomAT cpefiHee 3HaueHue < f, >. OnpenenstoT nepuo KoaeOaHuii:
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rze N — 4ucio KoineOaHui MasTHUKA.
2. YKopaumBas HHTb, [EPEMEIIAIOT I'Py3 B BEPXHIOI YacTh INKaJIbl M OTCUHUTHIBAIOT TOJIOKEHHE
HIDKHEH rpanu rpysa |, (Ha puc. monoxxenue 2). PazHocts orcuetoB li—l; paBHa n3MeHeHHIO ATHHBI

MasTHUKA.
3. MHsmepsioT He MeHee 5 pa3 Bpemst 2 TOro ske ymciia KojaeOaHui N. BeIYUCIIAIOT EpHUO.T KOJIeOaHHMIA:
<t, >
_ 2
T, =——.
n
4. Tlo popmyne BBUUCISAIOT 3HaUCHHE <(>.
5. JlaHHBIC pe3yabTaTOB U3MEPCHUI U BBIYUCICHUHN 3aHOCAT B TaOJIUILY.
Bonpocwl 0ns donycka k pabome

1. Kakoga menb paboTsI?
2. Uto Ha3bIBacTCI MATEMATHYCCKUM MASTHUKOM?

3. 3amummute (opMyny nepuoaa KoJeOaHHUH MaTeMaTHYSCKOrO0 MasTHHKA M TOSICHUTE BEJIUYMHBI,
Bxojsmme B Hee. [Ipu Kakux yciaoBHAX cripaBeainBa 3ta popmymna?

Bonpocul ons sauwumel pabomut

1. Tlon meficTBHEM KaKHMX CHJI COBEPIIACT TAPMOHUYECCKHE KOJIeOaHUSI MaTeMaTHYCCKUN MasSTHUK?

2. Hcxops v3 3aKOHa COXpaHEHHs MEXaHUUECKOW SHEPruu, noiayunre auddepeHnnaibHoe ypaBHEHHE
TrapMOHHYECKUX KOJIeOaHMH MaTeMaTHIeCKOT0 MasiTHUKA, IPUBEJUTE €0 PELICHHUE.

[Tpu xakuX yclnoBUsAX MasTHUK OyJeT coBepIIaTh TapMOHHYECKHE KoeOaHus?

Brisenute hopmynny nepuona xoaeOaHUA MaTeMaTHIECKOTO MasTHHKA.

~w

dopma OTYETHOCTH:  OTYET O JIAOOPATOPHOU pabOTe, BHIMOJIHEHHBIN 110 00pasily, B
COOTBETCTBHUU C 3aJJaHUEM.
OcHoOBHas uTepaTypa
No 1, Ne 2
JlonoTHUTEbHAS JIUTEPATYPa
Ne 3, Ne 6, Ne 8.

JlaGopatopHas padora Ne 20
Dusuyeckuli MasmHuK

Lenv pabompi: SKCTIEPUMEHTANBHOE OTIPE/IeIEHUE YCKOPEHUS CHIIBI TSDKECTH METOJIOM KOJIeOaHMit
(U3UYIECKOro MassTHUKA.

Ipubopwl u npunaonexcnocmu: yHUBepcanbHbId MasTHUK DII-1, cekyHmomep, muHEHKa.

Topsodoxk svinonnenus pabomul u 00pabOmMKa pe3yrbmamos usmepeHutl
1) TloaBecuTh MasTHHK Ha OMOPHYIO MPU3MY 7, OTKIIOHSIOT Ha HEOOJNBIION Yyroll W M3MEPSIOT
cexyHnomepom Bpems 11 30-50 monHbIx Konebanuii. ONBIT MOBTOPSIOT HE MEHEe 5 pas.
2) OnpenensroT nepuo] KojaeOaHui:
<t > y
T = ,  IJe N — 4uciao KojeOaHui.
n

3) Haiit nonoxeHue eHTpa Macc MasiTHUKA.

4) TlepeBepHyB MasTHHK, NMOJIBEUIMBAIOT €ro Ha OMOpHYI mnpusMmy 9. BeiOpath TO ke 4mcIO
KoJie0aHMil N ¥, TOBTOPHB OIBIT HE MEHee 5 pa3, HaXxoIAT nepuof Konebanuil. [lpu atom uzmepeHHsle
3Ha4YeHUs nepuoaoB 71 u T2 AOIKHBI OTJIMYATHCS HE Oosee ueM Ha 5%.

5) Beraucisitor cpenee 3HadeHue <g> .

6) OueHnBaOT a0COJIOTHYIO MOTPEITHOCTE AQ pes3ylbTara, MCXOJAs M3 TAaOIMYHOTO 3HAYCHHS
VCKOMOM BEJMYMHBI (res JUI IIMPOTHI T. bBparcka: Qrae:= 9,816 m/c?. Haiitm oTHOCHTENBHYIO
MOTPEITHOCTS E.

7) PesynbTaThl N3MEPEHHUM U BRIYHUCIIEHHM 3aHECHTE B TAOJIHITY .

Bonpocwt ons oonycka k pabome

1. Kaxkoga mnenb paboThi?

70



N

Lo

~w

Uro HaszbiBaeTcs pusnveckuM MasTHHKOM? Kakol MasTHUK Ha3bIBaeTCS 00OPOTHBHIM?

3anumute GpopMyiy rmepuoaa KoedaHuii PU3NIECKOro MasSTHUKA M TOSCHUTE (DU3NUCCKHUIA CMBICI
BEJIMYHKH, BXOAAIIUX B Hee. [Ipy Kakux yCIOBHSIX ClpaBeanBa 3ta ¢popmyaa?

Onumure pabo4yio yCTaHOBKY U XOJ SKCIIEPHMEHTA.

Bonpocwt ons 3awumol pabomot

BriBequte hopmyiry mist meproa KojaeOaHui PH3NIECKOTO MasTHUKA.

[Monyunte auddepeHnraIbHOE YpaBHEHHE TApMOHHUUYECKUX KOJNIEOaHWH (PU3MUECKOrO MasiTHUKA,
MPUBEANTE €T0 pelIeHHE.

Uto Ha3BIBaCTCS MPUBEICHHON IITMHOW (PH3NIECKOTO MasTHIKA?

Cdopmynupyiite Teopemy Ll Teitnepa.

dopma OTYETHOCTH:  OTYET MO JIaDOpaTOPHOU paboTe, BHIMOIHEHHBIN 10 00pas3ily, B

COOTBCTCTBHUH C 3aJaHUCM.

Lo

~w

OcHoOBHas uTepaTypa
Nel, Ne 2
JlonomHUTEIbHAS JIUTEPATYpa
Ne 3, Ne 6, Ne 8.

JlaGopaTopHas padora Ne 21
I'padyupoeka 38yk08020 cenepamopa

Lenv pabompi: TpagyupoBKa 3BYKOBOTO reHepaTopa MeTooM uryp Jluccaxy.
Ipubopul u npunadnexcuocmu. SIEKTPOHHBIN ocIuIOrpad, 3BYKOBOI reHepaTop

Tlopsook evinonnenusa pabomel u 06pabomxa pe3yibmanmos usmepeHutl
CobOpatb cxemy.
BkimiounTs B ceTh 3ByKOBO# reHeparop, ociiuiorpad. ChoKycHupoBaTh U BBIBECTH CBETOBOE ISTHO
B IICHTP KOOPJMHATHOW CETKU ocIuiorpada.
Bpamas pydky 4YacTOTBl 3BYKOBOI'O TIE€HEpaTopa OT Hayajla IIKajdbl, JOOWTHCS MOSBICHUS
ycroiunBoi  ¢urypel. [lonmyuuTs GUrypsl NpH CIIOKEHHHM KOJIEOAHWH pa3IMYHBIX YacTOTOT.
durypsl nepepucoBaTb U ONpPENENUTh YacTOTy KojeOaHWi reHepatopa V. IllpoBepurs,
COOTBETCTBYET JIM 3HAUECHHUE V; IOKa3aHHIO JTUMOA 3BYKOBOTO F€HEPATOPA Viuwsa-
OneHNTh a0CONIOTHBIE M OTHOCHUTENIbHBIE OHIMOKM B OTCYETAX YacTOTHI MO JIUMOY 3BYKOBOTO
reHeparopa.
Pesynbprarhl H3MEpeHU U BBIYMCICHUM 3aHECTH B TAOJIHILY.

Bonpocul 015 donycka k pabome

Kaxosa mienb paboTh1?

Onummre pabodyl0 YCTaHOBKY, yKa3aB Ha3HAaue€HHE 3BYKOBOI'O TE€HEpaTopa M JIIEKTPOHHOTO
ocuwiorpada.

3ammmmte pabouyro GopMyITy C MOSICHEHHEM BEIMYHH, BXOISIINX B HEE.

UYro HazbiBaroT durypamu Jluccaxy? Kak omnpenenstor 4yactory KojeOaHHid 3ByKOBOTO TeHepaTopa
no ¢popme ¢uryp Jluccaxy?

Bonpocut 0ns 3auwgumol pabomut

3anummTe ypaBHEHHE TaApMOHHYECKOTO KOJIeOaH!Us U MOSICHUTE CMBICI BXOJIAIINX B HETO BEIHYNH.
IlonyunTte ypaBHEHHE TPAcKTOPUM PE3YIBTUPYIOIIErO JIBHXKEHHS, MOJYyYaeMOIo NpHU CIOXKEHUH
B3aUMHO MEPIEHANKYISAPHBIX KoJeOaHU C OIMHAKOBBIMU YaCTOTAMHU.

Hccnenyiite nojaydeHHOE YpaBHEHUE B 3aBUCUMOCTH OT Pa3HOCTH (Da3 CKIIaJAbIBAEMBIX KOJICOaHUH U
aMIUTATYI.

Yem onpenensiercst popma puryp Jluccaxy?

dopMa OTYETHOCTH:  OTUYET MO JTAOOpaTOpPHOU paboTe, BHIMOJHEHHBIN TT0 00pas3ily, B

COOTBCTCTBHH C 3aJaHHUECM.
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OcHOBHas uTeparypa
Ne 1, Ne 2
JlononuurtenpHas IuTeparypa
Ne 3, Ne 6, Ne 8.

JlaGopaTopHasi padora Ne 22
Onpedenenue ckopocmu 36yKa 8 6030yxe MemoooM pe3oHanca.

Ll eb pa60mbl.' O3HAKOMJICHUC C PE30HAHCHBIM METOAOM OIIPEACICHUS CKOPOCTHU 3BYKaA.

Ipubopst u npunadnesxcnocmis:
MeTaJTMYECKast TpyOKa ¢ TIOJIBUIKHBIM TOPIITHEM, AJIEKTPOHHBINA ocuuiuiorpad,
3BYKOBOH reHepaTop, W3MEpHUTeIbHas TnHeiKa, MUKPO(OH.

Ilopaook gvinonnenus pabomsl u 00pabomKa pe3yrbmamos SKCnepuMeHma

1. Brmounth reHeparop ['3-102 B cetb, [IpeBapuTenibHO ClieyeT yCTAHOBUTH PYyYKH Ha TAHEITH
reHeparopa: «MHOXHTEIb 4YacToT» — B MHookeHue 10, «peryimpoBKa HaNpsDKEHHS» — B
KpaliHee jieBoe nonoxenue 50.

Bxirouarot B ceTh ocumiiorpad..

3. MeuleHHO U PaBHOMEPHO OTOABUIaeTCs MOpIIEHb OT TenedoHa IO IIKane, HAHeCEHHOW Ha
IITOKE, MOCJIEIOBATEIbHO OTMEUYAIOT U 3alUCHIBAIOT MOJOKEHUs li, MPU KOTOPBIX CHTHAN Ha
9KpaHe OCIMIIIOrpad)a MaKCUMalIbHO YCHIINBACTCSL.

Beruucinsiercs paccrosinue O | = livy — |i. Crienyer HaliTu He MeHee nsATH 3Ha4YeHHH O |.

ITo dopmysie BBIYHCISAIOT JJIMHY 3BYKOBOM BOJHBI JJISI KaXKJIOTO W3 OIBITOB, BBIYUCIISIOT
(ha30ByI0 CKOPOCTh PACIPOCTPAHEHHS 3BYKa

6. Haxomar cpemHIOl CKOpOCTh 3ByKa M MOICYHTHIBAIOT aOCONIOTHYIO W OTHOCHTEIBHYIO
HOTPEUTHOCTH Pe3ybTaTa, HCXOIS U3 CPETHETO 3HAYCHHSI NICKOMO BEJINYNHEI.

Nzmepenust noBTopstoT npu yactote 2000 [,

8. PesynpraThl H3MEpeHHIA U BBIYUCICHUN 3aHOCAT B TAOIHILY.

N

o~

~

Bonpocul 0n5 donycka k pabome

=

. Kakoga 1iens paboTsi?
. OnummTe MEeTO ] HAXOXKIEHUS JUTMHBI 3BYKOBOH BOJIHEI B paboTe.
3. Banummre GopMyny A ONpeaeTIeHUs] CKOPOCTH 3ByKa B paboTe.

N

Bonpocut onsa 3awumer pabomot

Uto Ha3pIBaeTCA MeXaHUYEeCKOM BosHOM? Kakas BoiHa siBisieTcst mpoaoabHoi? [Tonepeunoit?
[Nonyunre ypaBHEHHE TIIOCKOH OeTyIiei BOTHBI.

Uro Ha3wiBaeTcst HHTEpQEpeHIel BOIH?

BriBenuTe ypaBHEHHUE CTOSIUEH BOIHBI.

Uro Takoe mMy4YHOCTh, Y3€JI CTOSTYei BOTHBI?

Kakumu cBoiicTBamu 00:1aJa10T MEXaHUYECKHE BOJTHBI?

Uro Ha3bIBaeTCs 3ByKOM?

BriBeauTe sHEPTHIO 1 MHTEHCUBHOCTD O€TryIiieil BOJTHBI.

Uro Ha3piBaeTcs BRICOTOM 3ByKa? OT 4ero 3aBUCHT T'POMKOCTH 3ByKa?

10 Uro HazpiBaeTCst UHPPA3BYKOM, YIbTpa3BykoMm? Pacckaxure 00 X MpUMEHEHUH.

©CoNOR~wWNE

@dopma OTYETHOCTH:  OTYET MO JIabopaTOpHOU paboTe, BHIMOIHEHHBIN MO 00pas3ily, B
COOTBETCTBUH C 33JJaHUEM.

OcHoOBHas nuTeparypa
Ne 1, Ne 2
JononHuTtenpHas IUTepaTypa

Ne 3, Ne 6, Ne 8.
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JlaGopaTopHasi padora Ne 12
Onpeoenenue ko3¢ uyuenma ynpysocmu

Lenv pabompi: SKCTICPUMEHTATBHOE OTpeseicHre KO3 UIMeHTa CTATRHON MPYKHUHBI METOIOM
KOJ€eOaHuii.

IIpubopul u npunadnexcnocmu. NPYKUHHBIA MasTHUK, CEKYHIOMED,
TPy3bl, TEXHUYECKHE BECHI.

THopsiook evinonnenus pabomsi u 00pabOMKa pe3yIbmamos usmMepeHuil
OmnpenenauTts Maccy Tpy3a M; B3BEIIMBAHUEM HAa TEXHHUYCCKHX Becax.
2. Hcxons u3 30-50 moyHBIX KOJIEOaHUH, ONPENeUTh MEPUo]] KoJeOaHui rpy3a

=

Tl=<tl>,
n

rae <t;> — cpeanee Bpems N MOJHBIX KoneOaHMid. Bpems t; m3meputs cekynmomepom. C 1aHHBIM

rpy30oM BpeMs t1 ©3MepUTh HEe MEHee S5 pa3 [yl OJHOTO U TOTO e Yuciia KojJeOaHUH U ONpeAeIuTh

cpeHee 3HaueHUE BpeMEHH <t1>,

I[To popmyre HaiiTu 3HaYeHHE KOAhPHIIMeHTA ynpyrocTH K.

4. Tlo CMCIICHUIO JHMHEWKH OTHOCHTENIFHO yKa3aTels, ONpENeSUTh yIUIMHEHUE MpyKuHbl Al mox
JIeICTBUEM BECa Ipy3a.

w

5. Tlo dopmyse HaiiTu cpeaHee 3HAUCHHE Kypos.
6. OmbIT NOBTOPUTH TIPH APYTOH Macce rpy3a My.
7. JlaHHBIe BBIYMCIICHUN W U3MEPEHHI 3aHECTH B TaOJIHILY.
Bonpocuwl 015 donycka k pabome
1. Kaxkoga menb paboThi?
2. 3ammmute padouyro (popMyIry U TOSCHUTE BEIIMIHHEI, BXOJIAIINE B HEe.

3. Onummure pabo4yio yCTaHOBKY U XOJ SKCIIEPHMEHTA.
Bonpocul ons sauwgumel pabomol

1. Onwummure KoneOaHMs MPYKUHHOTO MasTHHUKA.

2. BeBemure auddepeHanTbHOe ypaBHEHHWE TapMOHHYECKOTO KONEOAaHWsS [UIA TPYXKHUHHOTO
MasTHHUKA.

3. Hanmmurte ypaBHEHHE TapMOHUYECKOrO KOJI€OaHHS TNPYKUHHOTO MasTHHKA M TIOSCHUTE

(hM3MYECKUIT CMBICIT BCEX BEIMYMH.

JaiiTe onpeaeneHre MUKINYECKON YaCTOTHI U TIEpUOJIa KOJIeOaHNSI.

OT 4ero 3aBUCAT NUKJIMYECKAs YaCTOTA U MEPHOJ] KOJIeOaHUs IPYKUHHOTO MasiTHUKA?

Briseaute padouyro Gopmyy.

KakoB ¢usmueckuit cMpicnt ko3 ummenTa ynpyroctu?

Kakwue kose0anus Ha3bpIBatOTCs CBOOOIHBIMK? BhIHY X IeHHBIMU?

© ~No ok

@dopma OTYETHOCTH:  OTYET M0 JIabopaTOpHOU paboTe, BHINOIHEHHBIN MO 00pa3ily, B
COOTBETCTBHUH C 33JJaHUEM.

OcHoBHast TuTepaTypa
Noe 1, Ne 2
JlomonHUTEBHAS TUTEPATYPA
Ne 3, Ne 6, Ne 8.

JlabopaTopHas paGora Ne 24
H3mepenue genununbl 31eKmMpuiecko20 COnpomusienus ¢ nomowwpto R mocma Yumcemona

Lenv pabomeutr.

1. H3yuenwe npuHOUIA pabOThl U3MEPUTETHEHON MOCTOBOW CXEMBI.

2. OrmpeneneHne BEJINYNHBI CONPOTUBIICHUS IBYX MMPOBOJIHUKOB U BETMYUHBI COMPOTHBICHHS

IIpU UX MOCJIEJOBATENBHOM U NapaAJIEIbHOM COCIUHEHUU.
IIpubopul u npunadnexicHocmu: PEOXop, Habop PE3UCTOPOB C HEU3BECTHBIMU CONPOTUBIICHUSIMU,
MarasuH CONPOTHUBICHUM, MUIIITUBOIBTMETP, HICTOUHUK ITOCTOSTHHOT'O TOKA.
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Topsidok evinonnenus pabomsi u 00pabOmMKa pe3yIbmamos usmMepeHuil
H3MepeHue BeTMYHHBI COMPOTUBIICHUS ABYX MPOBOAHUKOB, & TAKXKE OOIIETO COMPOTUBIICHUS MPH UX
MOCJICIOBATEILHOM U MApaUICIbHOM COCANHECHUSIX.

1. CoOparb cxemy .
2. H3MepuTs BenmUUMHY CONPOTUBIECHUS RX1, a TaKkKe MOCIEAYIOMINX COMPOTUBICHNUH (TpH paza)
3. TIOBTOPHTH U3MEPEHMS TIPH | <|, H |, >,
4. V3mepsiemasl BEIMUKMHA COMPOTHUBIICHHS OTIPeieisieTCs o popMyIie R, = Rl
2
5. BxurounTts B enb Ry, BMecTo Ry1 1 I3MEpUTH €T0 BETHIHHY.
6. H3MmepuTh BeNTUUMHBI CONPOTUBICHUH MOCIEOBATENHFHOIO H MApAIIETHLHOTO COSTMHEHUH Ry

1 Ry2, BKIIFOYUaeMBIX BMeCTO Ry
7. Tlo popmynam R =R +R, H R _ Ra'R, paccuMTATh 3HAYCHHUS BEIIMIHH

X-
" Rxl + sz

X-noci

COINPOTHUBJIEHUN
8. PesynbraT U3MepeHuil 3aHeCTH B TAOIUILY

Bonpocwt 05 donycka k pabome
1. HazoBure nens paboTHI.
2. KaxoB npuHIHMI 1eHCTBUS MOCTa YHTCTOHA?
3. M3MeHuTCS M yCIOBUE PAaBHOBECHS] MOCTA, €CIIM TalbBAHOMETP W UCTOYHUK TOKA TIOMEHSTH
MecTamu?
4. Ilouemy raipBaHOMETpP, IPUMEHSAEMBI B MOCTE YHUTCTOHA, MMEET ABYXCTOPOHHIOIO ILIKATY C
HyJIeM rocepenHe?
5.
Bonpocut 0ns 3auwyumol pabomut
1. Ucnonb3ys 3akonsl Kupxroda, BeIBeAUTE YCIOBHS PABHOBECHSI MOCTa Y HTCTOHA.
2. HapucyliTe »IEKTpUYECKYIO IIeTb TOCIEN0BATENFHOTO W IapajuIeNbHOTO COCTUHEHUS
MPOBOJHHUKOB M PACCUUTANTE UX COMPOTHUBIICHHUSL.
3. OT KaKux BEJIMYMH 3aBHCUT COMPOTUBIICHHE N30TPOITHOTO ITPOBOTHUKA?
4. KakoBo0 MpakTH4ECKOE HCIIOJIb30BaHNE MOCTa Y UTCTOHA?
5. [laiire onpexneseHue aneKTpudeckoro noreHuuaia, IJC, HanpspKeHus.
6. Chopmynupyiite 3akoH OMa AJ1s1 OTHOPOJHOTO YYacTKa LETH.

dopMa OTYETHOCTH: ot4éT 1o naboparopHoil paboTe, BBHINOJHEHHBIH O 00pasly, B
COOTBETCTBHH C 3a/IaHHEM.

OcHoBHas IuTEpaTypa
Ne 1, Ne 2
JlonoHUTEBHAS TUTEpATypa
Ne 4, No7, NeS§.

JlaGopaTopHas padora Ne 25
Onpedenenue emkocmu Konoencamopa ¢ nomowwro C-mocma Yumcemona.
Llenv pabomul - nzyuenme padbotel C-MocTa YUTCTOHA U ONpEIeTICHUE EMKOCTH
KOHJICHCATOPOB; ONpEIeIICHIE EMKOCTH KOHJICHCATOPOB MPH UX
MOCJIEI0BATEILHOM U apaJljIeIbHOM COEAMHEHUSX.
Ipubopwl u npunadnexcnocmu: HaOOP KOHACHCATOPOB HEU3BECTHON €MKOCTH,
MarasuH €eMKOCTH, PEOCTaT, MUCTOYHUK MUTAHUS, OCIHILIorpad

Tlopsioox évinoanenus pabomol U 00padOMKa pe3yIbmamos usmepeHull
CobpaTth cxemy
2. V3Meputb BeNMYUHY HEM3BECTHOW €MKOCTHU. J{JIs1 3TOTO JBMYKOK MOTEHITMOMETPA YCTAHOBHUTH
BOJIM3M CePEIUHBI MIKATBI X IOJJO0POM BEJIMYMHBI €MKOCTH Mara3uHa U KOPPEKTUPOBKON
TIOJIOXCHUS JIBUKKA TTOTEHIIMOMETPa YPAaBHOBECUTH MOCT, T.€. IOOUTHLCS Ha dKpaHe
ocwiorpada oOparieHus: BEpTHKAIbLHON JTMHAU B TOUKY.
BenuunHy HEM3BECTHOM €MKOCTH paccuuTaTh Mo opmyiie.
4. Bwmecto Cy nomkmounth Cy; U U3MEPUTD €TI0 BETHINHY

=

w
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5. B xauectBe Cx MOAKIIIOYUTL MOOYCPEAHO COCAMHCHHBIC MOCICAOBATCIIBHO U TApaJUICIIbHO Cx u Cx
1 IPOBECTU U3MCPCHUS 110 ITYHKTY .

6. TIlo popmynam Crap=Cx1 + Cx2, Crocn. =
7. PesymbTaT H3MepeHUI 3aHECTH B TaOJIHILY.

Bonpocwr ons oonycka k pabome
. KakoBa 1ienib paboTs1?
. OOBsCHUTE IPUHITUT ICHCTBUS U3MEPUTEITHEHOM MOCTOBOM IICTIH.
. Ilouemy B nanHOl paboTe cXema MUTAETCS IEPEMEHHBIM TOKOM?
. OnieHuTE MOrPeIIHOCTh U3MEPEHUS IIEKTPOESMKOCTEH.

A OWOWN -

Bonpocut ons 3awumet pabomot
1. Yro Ha3bIBaeTCSA 3JIEKTPOEMKOCTBIO KOHJIeHCaTOpa?
2. BeiBenute ycnoBue paBHoBecHs: C-mocTa YUTCTOHA.
3. BeiBeauTe hopMyITBI 3JIEKTPOSMKOCTEH TUIOCKOTO, C(hepruiIecKoro U IUIHHIPHISCKOTO
KOHJICHCATOPOB.
4. HapucyiiTe 31eKTpHUECKYIO LIENb IOCIE10BaTENbHOIO U MapajuIeIbHOTO COEIMHEHUS
KOHJCHCATOPOB U MOJIYYUTE (POPMYIIBI DIEKTPOEMKOCTEN ITHX COCTUHEHHI.

dopma OTYETHOCTH:  OTYET IO JIAOOPaTOPHOU paboTe, BHIMOIHCHHBIN 0 00pas3ily, B
COOTBETCTBUH C 3a/IaHUEM.

OcHoBHast TuTepaTypa
Nel, Ne 2
JlononaurenpHas IuTeparypa
Ne 4, No 7, Ne 8.

JlaGopaTopHas padora Ne 26
N3yuyeHne 31eKTpocTaTHYECKOro MOJIs

Lleny pabompi: MOMYUYNUTH paclpeiesieHne NOTEHINANIA 171 Pa3JINYHBIX KOHQUTypauui 3JeKTPUUECKIX
N0JIeH, MOZIEIMPYEMBIX C TOMOILBIO 3JIEKTPOIUTHIECKON BaHHBI.
TIpubopul u npunadaexicrocmu: UICTOUYHUK MUATAHUS, OCIHILIOrpad,
BaHHA C JIEKTPOIUTOM, HaOOp 3IEKTPOIOB.

Topsook evinonnenus pabomsi u 00pabomxa pe3yrbmamos usmepeHuil

1. CobGpatb cxemy

2. Ha nucre MumMeTpoBoit OyMaru BeIOpaTh Maciitab M 3aroTOBUTH CETKH JJISl KXKJIOW Iaphbl
3NIeKTpo10B A 1 B B cooTBeTCTBY!IOIIEM MaciuTale.

3. YcTaHOBHTH ABMXOK NOTeHIMoMeTpa R Ha 1-e genenue.

4. Tlepememiath 30HAO0BBIN anekTpon C( cMm. puc.3) B BaHHE A0 TE€X NOp, MOKAa BepTHUKaJIbHAS
JUHUS Ha dKpaHe ocuwiorpada He cokMeTcs B TOUYKy Ha 3aroTOBIEHHYIO KOOPAMHATHYIO CETKY
HaHECTH KOOPAMHATHI NoJI0keHus 30Haa C.

5. He Mensis monoxeHus JABMKKAa MoTeHimoMerpa R, Haiith eme 9-10 Touek ¢ TakuM ke
noteHuanoM ¢. CoOeMHATE HalIEHHbIE TOYKHU JIMHUEH, 3TO U OyeT SKBUIIOTSHIINATIbHAS JTMHHSL.

6. OnpenenuTh NOTEHLUMAl M HANPsDKEHHOCTh NOJs B 4-5 TPOM3BOIIBHO BBIOPAHHBIX HIIU
3a/laHHBIX MPETNOoJaBaTeNIeM TOUKax JJIsl OJHOTO U3 CMOJEIUPOBAHHBIX TOJEH.

7. IlonydyeHHble pe3ysibTaThl 3aHeCTH B Tabmuily. Haj tabnuuedi cienyer ykasaTh, JUIS Kakoro
T0JIS1 IPOBOJIMIIMCH U3MEPEHNS.

Bonpocul 015 donycka k pabome

1. Kakosa mens paboTsI?

2. Uto B ce0s BKIIIOYACT MOHATUE 3JICKTPOCTATHYCSCKOTO MOJIsA?

3. I'padmueckn M300pa3uTe AIEKTPOCTATHUECKOE MOJE€ B Clydae OJWHOYHOTO 3apsifa, OJHON
3apsKEHHOMN MJIOCKOCTH.
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Bonpocut 0ns 3auwgumer pabomut

1. [laliTe onpeneneHe AIMEKTPOCTATHICCKOTO TTOJIS.

2. HazoBuTe OCHOBHBIC XapaKTEPUCTHKH JIIEKTPOCTATHYECKOTO OISt M UX SIUHHIIBI H3MEPEHUSI.

3. Uto Ha3bIBACTCS CHUIIOBOM JIMHUEH 3JCKTPOCTATHYCCKOrO MOJIsA?

4. JlaiiTe onpeneieHe HAPSHKCHHOCTH E 1 MOTeHInana ¢ 3JIeKTpOCTaTHIECKOTO TIOJISL.

5. IlpuBeaute mpuMepsl pacuera E u ¢ a1 TogeyHOoro 3apsjia.

6. Uro HaspIBaeTcs pa3HOCThIO TOTeHHUaoB? [IpuBeauTe npuUMepsl pacyera pPa3sHOCTH
MOTECHIMAJIOB MEXIY ABYMS 3apsDKCHHBIMU TIaCTHHAMH.

7. Haiinute cBsizb Mexay E u ¢.

8. [laiite aHANMM3 pe3yNIbTATOB HCCIICAOBAHUN IIEKTPOCTATUIECKOTO OIS,

9. KakoBsl Bamm kputnieckre 3aMe4aHus 1Mo JaHHOH paboTe?

10. Cdopmynupyiite Teopemy ["aycca ans BekTopa A,

@dopma OTYETHOCTH:  OTYET MO JIabopaTOpHOU paboTe, BHIMOIHEHHBIN MO 00pa3ily, B
COOTBETCTBUU C 33JJaHUEM.

OcHoBHas nuTeparypa
Ne 1, Ne 2
JlononHuTenpHas IUTEPATYypa
No 4, No 7, Ne 8.

JlaGopaTopnas padora Ne 27
Omnpenenenre TOPU30HTAIBLHOM COCTABIISAIONIEH HAMPSKEHHOCTH MAarHUTHOTO TOJIS 3EMIIH.

Llenv pabomwi: onpeneneHre TOPU30HTAIBHON COCTABISIONICH HAMPSHKEHHOCTH MATHUTHOTO TTOJIS
3eMITi C TIOMOIIBIO TAHT€HC-TaTbBAHOMETPA.
IIpubopul u npunadnexicHocmu: TAaHTCHC-TATbBAHOMETP, aMIIEPMETP, PEOCTaT, HCTOYHHK [TOCTOSTHHOT'O
TOKa, KIJII0Y, MIePEKITI0YaTeNb MOISIPHOCTH.

Tlopsook evinonnenusi pabomol u 06PaAbOMKA pe3yIbmamos usmepeHull

1. CoOpaTh 3MeKTpUYECKYIO [Ielb U3 TaHTeHC-TalTbBaHOMETpa, peocTtara R, kimroda K, amnepmeTpa A u
ncrouynrnka E

@ ’Fii_l—/K m

2. COBMECTHUTH TTIOCKOCTH KOJIBIIA KAaTYIIKH C IUIOCKOCThIO MAarHUTHOTO MEpPHIHaHa.
3. BKJIIOYNTB NOCTOSTHHBINA TOK, ABM)KKOM PEOCTaTa YCTAHOBUTH IO KPYroBOil IIKae KOMIIaca yroJl
OTKJIOHEHHMSI CTPETIKHU 01=45°. BeIMYMHY TOKa U3MEpSTh MO0 aMIIEPMETPY, YO Oz— IO IIKaJle TAHTeHC-
rajgbBaHOMETpA.
4. IloMeHATh HanpaBJIEHUE TOKA, TOAJEPHKUBAs €TO M0 BETUYNHE HEU3MEHHBIM U IPOJENATh TE e
M3MEPEeHHS
5. Beraucnuts tg <o> u o Gpopmyiie BeraucinTh Hi. Bce namepeHHble 3HAYEHUS U pe3yIbTaThl
BBIYMCIICHUH 3aMucaTh B TaOJHILy.
Bonpocwt ons oonycka k pabome

1. Kakora 1esb paboThI?

2. JlaiiTe MOHATHE MAarHUTHOTO OIS 3EMJIH.

3. OnuiuTe METo[ ONpeiesieHHs TOPU30HTAIILHON COCTaBIsIoIeld MarHuTHOTrO moiist 3emiu Hi ¢
MTOMOIIIBIO TAHT€HC-TaJIbBAHOMETPA.

o 0
4, Hoquy HU3MCPCHU BbII'OAHCC IPOBOAUTD IIPU YIJIC OTKIIOHCHUS MAarHUTHOU CTPCJIKU O = 4577

Bonpocul 0na 3auumer pabomuol
1. JlaiiTe MOHATHE MAarHUTHOT'O TIOJIS.
2. JlaiiTe XapaKTepUCTUKX MAarHUTHOTO 1MoJist. KakoBbI MX €AUHMIIBI H3MepeHus B cucteme CI?
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3. Chopmynupyiite u 3anumure 3akoH bruo- Casapa — Jlamaca.

4. BriBeaute popMyiy HanpsKEHHOCTH B LIEHTPE KPYroBOro Toka U pabouyio hopmyy.

5. BeiBenute QopMyny HampsHKEHHOCTHM MArHUTHOTO IIOJIS, CO3[aBa€MOro IPSMbIM TOKOM
(KOHEYHOM MTMHBI M 0€CKOHCYHOM JTHHBI).

6. [laiite onpeneneHne CUIIOBON JIMHUKA MarHUTHOTO TIOJIA.

@dopma OTYETHOCTH:  OTYET MO JIabopaTOpHOU paboTe, BHIMOIHEHHBIN MO 00pa3ily, B
COOTBETCTBHUU C 33JJaHUEM.

OcHoBHas nuTeparypa
Nel, Ne2
JlononHuTenpHas JIMTEPATYpa
Ne 4, Ne 7, Ne 8.

JlaGopaTopHas padora Ne 28
CHamue Kpueol HAMACHUYUBAHUS U NEMIU 2UCTNEPE3UCA C NOMOUWBIO INIEKMPOHHO20
ocyunnozpaga
Llenv pabomul: HAOMIOJCHUE U U3YUCHHUE 3aTYXAMOIINUX JIEKTPUICCKUX KOJICOaHMI ¢
MOMOIIIBIO ocuuuTorpada: onpeaesieH|e epruoia KojieOaHui, BIUsHIES
napameTpoB kojiebarenpHOro koutypa L, C, R Ha xapakTep 3aTyXarmmux
KOJIeOaHUH sHeprun
Ipubopvl u npunaonexcrnocmu: ocumiuiorpad, Habop KoaedaTeTbHBIX KOHTYPOB
¢ u3MeHseMbIMH napamerpamu L, C, R;
TeHEepaTOpP MPSIMOYTOJIbHBIX UMITYIBCOB.

Ilopsiook evinonnenus pabomel u 06pabOMKa pe3yibmamos usmepeHul

OCI_II/IHHOrpaMMLI 3aTyXaromux KoJieOaHUH MOJIY4YUTH C IIOMOIIBIO CXEMBI

.,*—ﬁi—
-5
— 4 R Deyunaor
—
Nwsparop s b
AT X
et
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1. 3apucoBaTh Ha KAJIbKY OCIUIIIOIPAMMBI 3aTyXarONUX KOJIeOAHMH IS TeX e 3HAUCHUH
mapametpos L,C,R komedaTemsHOr0 KOHTYpPA, 3aTeM TIEPEHECTH WX Ha MUITMMETPOBYIO
Oymary.

2. V3mepuTh B MHILUTUMETpaAX BeruuHbl cocenunx ammmryn UluU !, orcrosmux apyr ot

Jpyra Ha BpeMs paBHOE OJIHOMY NEpUOy KOJeOaHHH.
3. Ilo popmyne Ui » PACCUNTATH H3MEPEHHOE 3HAYCHUE JIOrapuQpMUIECKOTo
u?
JeKpPEMEHTa 3aTyXaHHSL.
4. PaccuurtaTh 3HaYCHUE JOTapU(PMUIECKOr0 JEKPEMEHTA 3aTyXaHHs, HCXOsl U3 apaMeTpoB
K0J1e0aTeIbHOTO KOHTYpa
5. Ha ocHOBaHMM MOJYYEHHBIX JAHHBIX CAETATh BBIBOJ O TOM, KaK BIMAIOT U3MECHEHHS
napametpos L, C, R konebarenbHOro KOHTypa Ha Ipolece 3aTyXaHus KoJeOaHui.

A=

Bonpocwt ons oonycka k pabome
1. KakoBa nesb paboTsl?
2. Uto mpencraBisgeT coboit konedaTeapHbI KOHTYp?
3. Yto Ha3bIBACTCS ICKPEMEHTOM 3aTyXaHHUs, JIOTApUPMHICCKIM JICKPEMEHTOM 3aTyXaHHs?
4. Onummte NpeagokeHHbIE METOIbl H3MEPEHHUS TIEPHOIa 3aTyXalOUINX KOIeOaHu.
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Bonpocut 0ns 3auwgumer pabomut
1. OnumnTe 3JeKTPUYECKUE KoJIeOaHs, BOSHUKAIOIINE B KOJICOATEITLHOM KOHTYDE.
2. 3anuImTe ypaBHEHUS U HAUEPTUTE IPpadUKH:
a) COOCTBEHHBIX HE3aTYXAIOMINX ANEKTPUIECKUX KOJIeOaHUH B KOHTYpE;
0) 3aTyXaloUIHX 3JIEKTPHUUECKUX KOJIeOaHUH B KOHTYpE.
3. BeiBeaute dopMyiy meproaa 3aTyXaronux KoIeOaHni.
4. Kak cBsi3aH sorapudMudecKuii IeKpeMeHT 3aTyXaHHsI C IEPUOI0M KoliebaHus?
5. BeiBeaute GopMyiy eproaa He3aTyXaromuX KoJeOaHui.

dopma OTYETHOCTH:  OTYET MO JIAOOPAaTOpHOU paboTe, BHIMOJIHEHHBIN 10 00pasiy, B
COOTBETCTBHUH C 3a/laHUEM.
OcHoBHast TuTeparypa
Nel, Ne2
JlononHuTenpHas JIMTEPATYpa
Ned, Ne7

JladopaTopHasi paGota Ne 29
Hzmepenue yoenvrnozo conpomugnenus
Lenv pabomyi: M3y4eHHE 3aKOHOB ITOCTOSHHOTO TOKA U MIPOCTEHIINX IPUEMOB pacueTa
Pa3BETBICHHBIX IEKTPHUCCKUX IIEICH; ONpeesieHHe YASIbHOTO COMPOTHUBIICHUS
MaTtepuasa IMpOBOJHUKA.
Ilpubopul u npunadnescnocmu: ycranoBka FPM-01.

Tlopsiook evinonnenus pabomsl u 00padbOmMKa pe3yibmamos usmMepeHull

1. Bxuouuts npubop Ha «TouHOEe H3MepEeHUe TOKay. Y CTAHOBUTH Pa3jIMuHbIC 3HAYCHUS JJTUHBI
peocrata W CHSTh MoKa3anue BoibTMerpa U .

2. Ilo popmyne paccuurtaTh yIeIbHOE CONPOTUBICHUE O .

3. H3MmepeHus v BRIYUCICHHS TIOBTOPHUTH st 3HadeHnit 1=0,36 m; 0,40 m; 0,44 m; 0,48 m
[TomyueHHbIE TaHHBIE 3aHECTH B TaOJIMILY, IPEJCTABUB PE3YJILTAThI B BUIE p =(p)+Ap.

4. BxirounTs NpudOp Ha «TOYHOE M3MEpPEHHe HanpspKeHus». [Iponenars onepanyn, ykazaHHbIE B
. 1-4. JlanHble, MOTY4YEeHHBIC TPU BRIYMCICHHUSX ¥ U3MEPEHUSIX B TaOJIMILYy, TPEICTABUB
pe3yIbTaThl U3MEPEHHHN B BUIE p=(p)+Ap.

Bonpocul 0ns donycka k pabome
KakoBa 1iesib paboThI?
Kakue criocoObl 13MepeHHst akTHBHOTO COITPOTUBIICHHS HCIIOJIB3YIOTCS B IaHHOM padoTte?
Ommure pabovyro YCTAaHOBKY M XOJI SKCIIEPHMEHTA.
3anummte pabourie GopMyIbl U OSICHUTE (PU3HYECKHI CMBICT BXOJSIINX B HUX BEJTHYHH.

roNMPE

Bonpocul 0na 3awumel pabomoi

1. Cdopmynupyiite npaBuna Kupxroda uis pacuera pa3BeTBICHHBIX dJIEKTPHUYECKHX IIETIEH.

2. BrBeaure paboune Gpopmybl.

3. Ilpm xakux cootHomeHusix R, Ry u Ry mone3yrorcs nepBoii cxemoil usmepenusi? Bropoii?
OO0pbscHuTe.

4. CpaBHuUTE pe3ynbTaThbl, MOJyYeHHbIE B JaHHOW paboTe MepBBIM M BTOPBIM criocobom. Kakue
BBIBOJIBI MOJKHO CJIEJIaTh OTHOCHTEJIEHO TOYHOCTH U3MEPEHUH 3TUMHU criocobamu? [Touemy?

5. Tlouemy B 1.4 peryisTop yCTaHAaBIMBAIOT B TaKOE IOJIOKEHHE, YTOOBI CTpEKa BOJIHTMETpA
OTKJIOHSUTACH HE MEHEe UeM Ha 2/3 1miKaib?

6. Cdopmynupyiite 3axkon Oma AJ11 OJHOPOJHOTO Y4acTKa LIEIH.

7. Cohopmynupyiite GU3NUECKHA CMBICIT YIEITBHOTO CONPOTHBIICHUS O .

8. Or kakux (QakTopoB 3aBUCHT CONPOTUBIICEHUE R 0JJHOPOJHOTO M30TPOITHOTO METATMYECKOTO
MIPOBOJIHUKA?

dopmMa OTYETHOCTH:  OTYET MO JIAOOPATOPHOU paboTe, BHINMOJIHEHHBIN 10 00pasily, B
COOTBETCTBHUH C 3a/IJaHHEM.
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OcHOBHas uTeparypa
Ne 1, Ne 2
JlononHurenpHas IuTeparypa
Ne 4, No 7, Ne 8.

JlaGopaTopHas padora Ne 30
Onpeodenenue UHOYKMUBHOCMU COJIEHOUOA
Llenv pabomul; onpeneneHre UHAYKTHBHOCTH COJICHOM/IA TI0 €r0 COMPOTUBIICHUIO
MIEPEMEHHOMY TOKY.
Ilpubopwi u npunadnesircHocmu: UCCIETYyEMbIA COJICHOMT, 3ByKOBOI reHepaTop,
AIIEKTPOHHBIN OcIIuIorpad,
MUJLTHAMIIEPMETP, COSAMHUTEIILHBIC TIPOBO/IA.

Topsook svinonnenus pabomel u 06PAOOMKA pe3yTbMamo8 usmepeHull
Jlnst BRIMOSTHEHKS PabOThI COOpaTh LIETIh IO CXeMe

rs-113 CT-68

@IE

1. YcTaHOBUTH Ha 3BYKOBOM T€HEPATOPE YaCTOTY KOJIeOaHU
2. M3meputh ¢ moMolneko ocuuiuiorpada ammintyny HanpsbkeHust Um 1 yactoty V.
3. C noMouib0 MIIIMaMIIEPMETPA ONPEEIIUTh JEHCTBYIONIEE 3HAUE€HNE CUIIbI TOKA B LIEIIH; [OJIb3YACh

COOTHOLICHHUEM | / /2 u pemtast ero otHocutensHo | =+/2 le, onpenenuts aMInTy Ry ToKa.

e~ Im
4. JlaHHbIe 3aHECTH B TaOJMILY.
5. Tlo dpopmyse paccuuTaTh HHIYKTHBHOCTH COJICHOM/IA.

Bonpocwt ons oonycka k pabome
1. Cdopmynupyiite uenb pabOTHI.
2. JlaiiTe ompeneneHrne NHIYKTHUBHOCTHU?
3. KakoBa equHuIia U3MEPEHUST HHYKTUBHOCTH?
4. 3anumute padouyro GopMyy JUIst OTpeieIeHUs] HHAYKTHBHOCTH COJICHOU/IA.
Bonpocut 0ns 3auwgumol pabomot
1. [Tomyuute dhopMyity I OTIpeiesIeHIS MHIYKTHBHOCTHU COJIEHOWIA, HCXO/S U3 €r0 TeOMETPHUICCKUX
pa3MepoB U YMCIIa BUTKOB.
2. UTto Ha3bIBacTCsI UMIIEIAHCOM?
3. Kak cBsi3anbl MeXKIy COO0H MaKCHMAIIBHOE U ACHCTBYIOIIECE 3HAYCHUS CHIIBI TOKA W HATIPSDKEHUS B
IeNH TIEPEeMEHHOT0 TOKa?
4. BeiBemute pabouyto GopMyny HHIYKTUBHOCTH COJICHOUIA.
5. OnuuuTe sIBJICHUE CAMOUHIYKIIUH.
6. KakoB (u3nveckuii CMBICIT UHIYKTHBHOCTH?

@dopma OTYETHOCTH:  OTYET M0 JIabopaTOpHOU paboTe, BHIMOIHEHHBIN MO 00pa3ily, B
COOTBETCTBUH C 33JJaHUEM.

OcHoOBHas nuTeparypa
Ne 1, Ne 2
JononHuTtenpHas IUTEpaTypa
No 4, No 7
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JladopaTopHasi pa6ora Ne 31
Onpedenenue 3a8UcCUMOCHU NOKA3aMeNsi NPETOMACHUSL PACMEOPA CaXaApa Om €20 KOHYeHmpayuu

Lenv pabomwi: V3ydenne pedpakToMeTpa U H3MEPEHHUE C €r0 OMOIIBIO MOKA3aTeNsl MPEIOMIICHHS
psiAa KUIKOCTEH OTHOCUTENHHO BO3/yXa; HAXOXKICHNE 3aBUCHUMOCTH ITOKA3aTEIs
MIPEIOMJIEHHSI pacTBOpa caxapa OT €ro KOHIIEHTpalHH.

Ipubopol u npunaonexcnocmu: pedppakToMeTp, HAOOP UCCIETYEMBIX KHUIKOCTEH,
pacTBOPHI caxapa ¢ Pa3HbIMU KOHIICHTPAIASIMHU.

Topsiook evinonnenus pabomsl u 00pabomxa pe3yibmamos usmepeHul

1. OTKpBIBAIOT 3€pKaJIO MMOICBETKH MIKATBI U YCTAHABIMBAIOT €T0 TaK, YTOOBI N300pakKeHNE IIKAJTBL,
HabIr01aeMoe B OKYJISIp, ObLIIO pABHOMEPHO OCBEILIEHO.

2. OTKUBIBAIOT BEPXHIOK MPU3MY M Ha MOBEPXHOCTh N3MEPUTEIBHON MPU3MbI HAHOCAT 2-3 Kariu
UCCIIEyeMOr0 PacTBOPA .

3. OITyCKAaIOT BEPXHIOIO MIPU3MY.

4. BpamfaroT MaxOBHUK 10 TE€X I10P, I[IOKA B IOJIC 3pCHUA OKYJIApa HC MMOABUTCA I'paHUIla CBETA U
TeHH ( yCTPaHSIOT OKPAcKy CBETOTEHH, Bpallasi PyKOSITKY KOMIICHCATOPA).

5. Beero mpousBoadT 3 u3MepeHus ¢ KaXIbIM pacTBOPOM. Pe3ynbTaThl H3MepeHuil 3aiChIBAIOT B
Ta0JIUILy

6. BeruepunBaioT quarpaMmy 3aBUCUMOCTH [TOKa3aTeNsl MPEIOMIICHHS N OT KOHLIEHTpauu

pacTBopa

7. VI3 muarpammer h= f (C) HaXOJIAT 3HaYeHHE K — HHKpEMEHTa MOKa3aTe s TPETOMITCHUS:

k=tgy=j—g.

1. 3anuceIBarOT aHAIUTHYECKYIO 3aBUCUMOCTh N = f(C )

Bonpocul 015 donycka k pabome
Kakue npubops! Ha3bIBatoTCst pedpakromerpamu? ['1e oHH IPUMEHSIOTCS?
Uto Ha3bIBAETCS OTHOCUTEIILHBIM MTOKa3aTeJIeM NpeioMIIeHUs? AOCOIIOTHRIM?
KakoB ¢gu3nueckuii cMbICT aOCOMIOTHOTO TOKA3aTelsl IPETOMIICHUS ?
Kak 3aBucHT nOKa3aTelb NPeIOMIICHNST OT KOHIICHTPAI[K pacTBopa?
OOBsicCHHTE PUHLIUT JeHCTBHS pedpakTomeTpa.

SRR A o

Bonpocut 0ns 3auwgumor pabomut
1. TTosicauTe onTHYecKyro cxemy pedpakTomerpa.

2. B uem 3akmnroyaeTcs sIBICHUE MMOJHOTO BHYTPEHHETO OTPAKEHU?
3. [Ipoananu3upyiite Mo AMarpaMMe TMOIYICHHbIC PE3yIbTaThl U CACIIANTE BHIBOJIBI.
4. Kputndeckue 3aMe4aHus K METOTy N3MEPEHH.

@dopMa OTYETHOCTH: oryér mo naboparopHoll paboTe, BBHINOJHEHHBIH TO 00pa3ily, B
COOTBETCTBHH C 33JJaHHEM.
OcHOBHas uTeparypa
Ne 1, Ne 2
JlononHuTenpHas auTepaTypa
No 7
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JlaGopaTopHasi padora Ne 32
Onpedenenue noxazamens npeloMieHuss CMmeK1a npu NOMoOuU MUKPOCKONA
L]env pabompl: 03HAKOMIICHHE C TEXHUYSCKUMU JICTAISIMUA YCTPOHCTBA MUKPOCKOTIA;
HU3MCPEHUE ITOKA3aTCIIA MPEIIOMIICHUSA CTEKIITHHBIX IINIAaCTUHOK.
Ilpubopst u npunadnesicnocmu. U3MEPUTETHLHBIA MHUKPOCKOIT ¢ MUKPOMETPUUIECKAM
BUHTOM, MUKPOMCTP, UBMEPACMBIC CTCKIIAHHBIC INIACTUHKH, OCBCTUTCIIb.

Topsook evinonnenus pabomel u 06PAOOMKA pe3yIbmMamo8 usmepeHul

1. MUKpOMETPOM M3MEPSIOT UCTUHHYIO TOJIIMHY CTEKISHHON TNIACTUHKY H B TOM MeCTe, TIe
HAHECCHBI ITPUXH, U OEPYT €€ 3HAUCHUE B MUJLTUMETPAX.

2. OnpenensroT KaKyIyrocs TOJIIMHY CTeKISIHHOM IACTHHKH N, I7Is 9ero IIacTHHKY KIagyT Ha
TIPEIMETHBIN CTOJIMK MHKPOCKOIIA IT07] OOBEKTHB  TaK, 9TOOBI 00a IITpHXa MePeceKI ONTHIECKYIO OCh
nproopa.

3. Habmoaas B OKyJIsip pe3Koro H300paXKeHUsI PUCKH Ha HIDKHEH MMOBEPXHOCTH TUIACTHHKH

Y 3aTeM, Bpamas Oapariek MexXxaHn3Ma TOUHON (POKYCHPOBKH CUHTAIOT HYHCIO 00OPOTOB
MHUKPOMETPHYECKOTO BHHTA, KOoMMuecTBO 000pOTOB MUKPOMETPHUYECKOT'O BUHTA C YYETOM LIEHBI
JIENIEHMs JaCT BeJTHUnHy h, MM:

h=(NZ + 0,002 m),

rae N — uucio moyiHeIx 000poTOB OapabaHa BuHTA; Z — 11ar BUHTA, paBHbIid Z = 0,002x50 = 0,1
(MMm); 50 — ymucio neNieHui B OHOM MOJIHOM o0opote O0apadana; 0,002 — eHa 0 JHOTO JACICHUS
Oapabana BUHTa B MM; M — YHCIIO JieNIEHUI B HEMTOTHOM 000poTe Oapabana.

6. [1o dhopMyne BBIYUCIISAIOT TIOKA3aTEIh MPETIOMIICHHS CTEKIIA.

7. I3aMepeHne UCTUHHOW U Ka)XKyILIEeWCs TOMIMHBI KaKI0M MJIACTUHKU TPOU3BOISAT HE MEHEE TPEX
pas; onpeiessIIoT CpeIHee U HICTUHHOE 3HAYCHUE MTOKA3aTeNs MpeoMIieHus cTekia. [onydeHHbie
pe3yIbTaThl K3MEPCHHUS 3aHOCST B TAONHITY.

Bonpocwt 051 donycka k pabome
1. Chopmynupyiite 11emb pabOTHI.

2. losicHuTe U3MUYECKHIA CMBICIT TIOKa3aTesl TPEeTOMIICHHSL.

3. Onumure NOpsI0K BHIMOJIHEHUS pabOTHI.
4. OOBICHATE MPUHITUI JIEHCTBUS MUKPOCKOIIA.

Bonpocut 05 3auwumut padbomul
1. ChopmynupyiTe OCHOBHBIE 3aKOHBI T€OMETPHUUECKOMN OIITHKH.

2. Kaxk cBsi3aHbI IOKa3aTesb NPEIOMIICHHS CPEAbl U CKOPOCTh PACIIPOCTPAHEHHSI CBETA B HEW?
3. [louemy mpu paccCMOTpPEHHUH NPeIMETa Yepe3 MIOCKYIO CTEKISTHHYIO TUIACTHHKY OH Ka)KeTCst
PacrosI0KeHHBIM OrKe?

4. HauepTtute X0A qy4el B MUKPOCKOIIE.

dopMa OTUETHOCTH: oryér mo mnaboparopHoll paboTe, BBHIMOJHEHHBIH TO 00pa3ily, B
COOTBETCTBHH C 33/IaHHEM.
OcHOBHas uTeparypa
Ne 1, Ne 2
JlononHuTenpHAS IUTEpATypa
Ne 7

JlaGopaTopHas padora Ne 33
Hccneoosanue ougppaxyuu @payneopepa
Lenv pabomer: uiccnenoBanue qudpakiuy CBETa Ha MPO3PAYHON  OJHOMEPHOH U
NPO3paYHOi IByMEpHON AM(PAKIMOHHBIX PEIIETKAX; ONPEeAeICHHE
napaMeTpoB TU(PPAKIIMOHHBIX PEIIETOK.
Ipubopel u npunaonescrnocmu.; MORYNbHBIN yueOHbIN KoMIuieke MVYK — 0.

Tlopsiooxk svinonnenuss pabomol u 06pabOMKA pe3yIbmamos uzmepeHull
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3aganue A. OnpenesieHne IIMPHHBI IIEJIH

Bkirounre na3epHblii MOHOXpOMATHYECKUI UCTOYHUK cBeTa (A= 0.65 MKkM)

[TonoxwuTe UCT OENION WM MUJUTMMETPOBOM OyMarn Ha OCHOBAaHHE ONTHYECKOTro OJIoKa.
[loBepHUTE M yCcTAaHOBHUTE HYXHBIH HCCIEITyeMbIil OOBEKT - OJAWHOYHYIO IIEINb;

Ha Gymare gomxHa nosSBUTHCSA AU(PAKIIMOHHAS KAPTHHA.

3apucyiite U paKIMOHAYIO KapTHUHY;

. Ilo pucyHKy u3MepbpTe MOJOKCHHE MHUHMMYyMa IIEpBOrO IMOpsiAKa. Pe3ynprar 3amuiuuTe B
TaoIuUILy;

S UAwN R

7. Ilo popmyne a= - = paccuunTaiite mMuUpUHY eI a .
X

8. TOBEpHUTE W YCTAHOBUTE IPYTrOM MCCIEAYEMbI OOBEKT - JIBE IICIH;

- ———-

HudpaknronHas KapTUHa OT ABYX Ieieit mpu yrie 0°
9. IOBTOPUTC AHAJIOTUYHBIC OIIBITHI JJId ‘-IeTpréX meﬂeﬁ.

3ananune B. Onpeaesnenne NoCTOSAHHON TH(PPAaKUMOHHOH pelIeTKU

1. moBepHHTE U YCTaHOBHTE OOBEKT HCCIEIOBAHUS — OAHOMEPHYIO TU(PPAKINOHHYIO PEIIETKY;

2. Tlonoxwute nuct OO MM MIIJTMMETPOBOH OyMarn Ha OCHOBaHUE ONTUYECKOTO OJIOKA .

3. Ha Oymare momkHa mosBUThCS TU(PaAKIIUOHHAS KapTHHA, 3apUCYHTE e€;

4. 10 CBOEMY PHCYHKY HM3MEpbTE MOJIOKEHHE MAaKCUMyMa IIEpBOIO MOpsAaKa. Pe3yiabpTaTs
3aMUIINTE B TaONHILY;

m-A-L

5. no ¢popmyne O =———  omnpenenure MOCTOAHHYIO AU(PPAKIMOHHOM perueTku d .
X

6. mOBEpHHUTE U YCTAaHOBUTE APYIOM MCCIEAYEMbIil 00BEKT - ABYMEPHYIO AU(PPaKIHMOHHYIO
pEeLIETKY;

7. Ha cBOEM pHUCYHKE HaHecuTe KoopAuHaTHbIe ocu X , Y. M3meprTte pacctostHua AX,
AY — i TIaBHBIX JUQPAKIUOHHBIX MAKCUMYMOB.

8. Ilo ¢opmynam HaiiguTe nepHoOAbl TUPPAKIIMOHHBIX PELIETOK:

_g.Mg mo.»
d=F —% =F.—<4
1 AX d2 F AY

9. PesynbraThl 3aHeCHTE B TAOIUILY.

Bonpocwt ons oonycka k pabome
OOBsicHUTE CYIIHOCTH OU(paKIuy CBeTa.
Onummre yCTpONCTBO M Ha3HAYSHHE OJTHOMEPHOU U IBYMEPHOU MU(PPAKIIMOHHBIX PEIIETOK.
3.  OnuumTe MOPSIOK BHITIOIHEHHS PaOOTHI.

.

Bonpocw ons sauwumur pabomut
1. Cdopmymupyiite npunmun [roiireHca — ®penensi. OOBSICHUTE C €ro MOMOIIBIO SIBICHHE
nudpakiy cBeTa.
2. OObsicHUTE KapTUHY AU(PAKLUU HA OJHOM LIEIH.
3. TlomyuuTte ycinoBUs MUHUIMYMOB 1 MaKCUMYMOB TIpH TU(PAKIUU HA OZHOMEPHOH pelIeTKe.

dopma OTUETHOCTH: or4éT mo naboparopHoll paboTe, BBHINOJHEHHBIH TO 00pasly, B
COOTBETCTBUH C 3aJlaHUEM.

OcHOBHas uTeparypa
Ne 1, Ne 2
JlononHuTENBHAS IUTEPATYypa
Ne 7
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JlaGopaTopHas padora Ne 34
OnpeodeneHnue OuHbL C8eMOBOU BOIHbL NPU NOMOWU OUPDPAKYUOHHOU peulemKu
Lenv pabomer: nzydenue MUGPaKIIUOHHOTO CIIEKTPA; OTpeAeTICHIe
CIICKTPAJIBHOT'O COCTaBa U3TYyYCHU.
IIpubopul u npunadnexicnocmu: AICTOYHHUK CBETA, TU(PPaKIUOHHAS PEIIETKA,
mieiib, HIKajla ¢ ACJICHUAMU

Topsook evinonnenus pabomel u 06PAOOMKA pe3yIbmamo8 usmepeHul

1. BKIIOYAKOT JIaMITy HaKAJIMBAHHUSL;

2. IepeIBUTaroT MOI3YLIKY ¢ IPOPE3aHHON B HEH IIENbI0, yCTaHABIMBas paccTosHue R- ot 1menu
710 PEIIETKH, 3a[[aHHOE MPEIIO/[aBaTeNEM;

3. U3MEPSIIOT PACCTOSHUS S — OT IEHTPA IEJIH, JI0 KPACHO! JIMHUK CIIEKTPa IIEPBOTO MOPS/IKA, OT
IIEHTpA IIEJH JI0 3€IEHOM JIMHUU CIIEKTPa TIEPBOTO MOPSIIKA U OT LEHTPA LIENH 10 (PUOIECTOBOM JIUHUN
CIIEKTpa MEPBOTO TMOPSIKA;

4. U3MEHSIOT paccTosiHue R, mepemerias moyisymiky Ha CIeIyoIee 3a1aHHOE PACCTOSHUE U
U3MEPSIOT CICAYIONINE 3HAYCHUS S — OT IEHTpa IIENHU 0 KPacHOH, 3enEHON, PHOICTOBOM JTUHUU
CIIEKTpa MEPBOTO TOPSIKA;

5. IaHHBIE 3aHOCAT B TaOJIHMILY.

S.
6. BEIYUCIIAIOT JJIMHY BOJIH TI0 (hopmynie A = R
m-

7. pacCUUTHIBAIOT A0COMIOTHYIO M OTHOCUTEIIBHYIO TOIPEITHOCTH.

Bonpocwt 05 donycka k pabome
. Chopmynupyiite 11e71b pabOTHI.

. OOBsicHHTE, B UEM 3aK/IIOYACTCS sIBICHUE AU(DPAKLIUHU CBETA.
. OnummTe MOpsAI0K BEIITOJHEHUS paOOThI.
. Onumure ycTpolCTBO M Ha3HauUeHHE AU(PAKIMOHHON PElIeTKH B JaHHOU paboTe.

AW =

Bonpocul 0ns 3awumoer pabomer
1. Chopmynupyiite npunnun [ roiirenca—Dpenens.

. Uro takoe 30ub1 @penens? Kak onu crposirea?
. [Ipu kaxux ycnoBusax HaOmromaercs nudpakmus Opaynarodpepa? Hudpakius Openens?
. [losicanTe mupaknio OT OTHOM MIETH U MMOCTPOUTE XOT JIyUeH.
. aiite onpenenenyie nuQpPaKIIMOHHONW PEIIETKH.
. [loctpotiite xon nmydeit nmpu qudpakmuu ot N meneit. KakoBsl ycinoBus ycuieHus u ociaabiaeHus
CBETa B 3TOM ciry4ae?
7. lloyeMy mpu MCTIONB30BAHUU OEJIOTO CBETa OOKOBBIE MAKCUMYMBI PA/Iy’KHO OKpAIIICHBI, a
HEHTPAJBLHBIN MAaKCUMYM OCIIbIiA?

AN AW

dopMa OTYETHOCTH: oryér mo naboparopHoll paboTe, BBHINOJHEHHBIH TO 00pa3ily, B
COOTBETCTBHH C 3a/IlaHHEM.
OcHOBHas uTeparypa
Ne 1, Ne 2
JlonmonHuTeNpHAS IUTEpATypa
Ne 7

JlaGopaTopnas padora Ne 35
H3yuenue sgnenuss nonapuzayuu ceema
Lenv pabomul. IONydeHNE W HAOTIONCHUE KAPTHUHBI PACTIPEICIICHIS MEXaHUIECKUX
HaHpSDKCHI/Iﬁ B IMMPO3pavYHbIX MOZACIIAX; IPOBCPKA 3aKOHA Mamnoca.
Tlpubopul u npunadnescnocmu: TONSIPUCKOI, HAOOP MPO3PAYHBIX MOJICIICH,
MHKPOMETP, (DOTOIIEMEHT, TATHBAHOMETP
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Tlopsiook svinonnenusi pabomol u 06pabOMKA pe3yibmamos uzmepeHull
3ananue A. HaGumonenue KapTHHBI pacupeae/ieHus MEXaHHUeCKNX HANPSIKeHU il

1. BKIIIOYAIOT JJaMITy OCBETHTEIIS B CETh IIEPEMEHHOTO TOKA.
3. Uccnenyemblii 0Opasel ycTaHABIMBAIOT B TIpECC AJISl CKATHS, HE 3KMMasl €ro M OMEINAI0T ero

MEX]Ty MOJIIPU3aTOPOM U aHATH3aTOPOM. 3aTeM JTAIOT HArpy3KYy (nedopMaius CkaTus), s 4ero

3aBMHYNBAIOT BUHT.
4.PaCCManI/IBaIOT KapTUHy I/IHTep(bCpCHIII/II/I 1 3apHCOBBIBAIOT U30XPOMATUUCCKUC JIMHUU.

5. Takue xe JIehcTBUA MMPOU3BOIAAT C APYTUMU MOJCIIAMU.

3ananne B. IIposepka 3akona Masioca
[TpoBepka 3axoHa Matoca MPOBOAUTCS HA YCTaHOBKE, ONTHYECKAs CXeMa KOTOPOH n300pakeHa Ha

puc
7 7 .A,,Oz D D3 |

$ xir - M T 1] @

/’J\ Whh‘ w l/[ |

S — ucrounuk cBeta; [/ — momspusarop; 4 — aHanmmzarop; (102 — OCh BpallleHHsI aHAIH3aTOPa;
D — maroBoe ctekno; @O — dporoanement; G — rarbBaHOMETP.

1. BkiroyaroT yCTaHOBKY B CETh IIEPEMEHHOTO TOKa.

2. CHUMAIOT KPBIKY ¢ (GOTOIIEMEHTA U IOMEIIAIOT €r0 BIUIOTHYIO K OKYIISAPY.

. V4
4. YcranaBnuBaroT Ha TuMOe aHanuzaTopa yroi o = 90°, 4To COOTBETCTBYET YTy @ = — 5" 0° u

MaKCHUMaJIbHOMY 3HaYCHUIO (POTOTOKA.
5. IToBopauuBas aHaIM3aTOP, Yepe3 Kakaple 30° CHUMAIOT 3aBUCHUMOCTh CHJIBI TOKA OT yIJia

moBopoTa aranu3atopa. Orcaerst mpousBoAiT oT 0° no 360°. Pe3ynpTaThl H3MeEpeHuit 3aHOCAT
Ta0IHITy.
2
7. BBINONHSIOT AXArpaMMy 3aBUCHMOCTH CHJIBI GOTOTOKA OT COS” .

Bonpocul 0ns donycka k pabome
1. Chopmynupyiite neiab pabOTHI
2. B 4em 3axmoyaeTcs siBICHHE TOJISIPU3AINN cBeTa?
3. B yem paznuuune ecTeCTBEHHOI'O CBETA OT MOJIIPU30BAHHOTO?
4. B uem 3akmrovaercs sBieHUE GOTOYIPYTOCTH?
5. Chopmynupyiite 3akoH Masroca.
6. OnumuTe NOpsAI0K MPOBEIEHUS paOOTHI.

Bonpocul 015 3awumusl pabomoi
1. Buas! nonspuzanuu. OnpeneneHue MIOCKOMOISIPU30BaHHON BOJIHBI?

2. SIBnenue ABoOIHOTO Jydyenpenomiienus. Ero cyTs.
3. CoiicTBa OOBIKHOBEHHOTO U HEOOBIKHOBEHHOTO JTY4eH.
4. BoiHOBas IOBEPXHOCTH B KpHcTaslie. ONTHYECKU MOJIOKUTEIbHBIC H ONITHYECKH OTPHULATEIILHBIC

OJIHOOCHBIE KPUCTAJLIBI.
5. UuTepdepeHns noasapu30BaHHbIX JTyde.
6. [Ipu3ma Hukooms.
7. llpakTHueckoe UCIob30BaHue MeToAa (POTOYIPYTOCTH.

@dopMa OTYETHOCTH: oryér 1o naboparopHoll paboTe, BBHINOJHEHHBIH TO 00pa3ily, B
COOTBETCTBHH C 3aJJaHHEM.

OcHoBHasl TuTepaTypa
Ne 1, Ne 2
JlomomHUTEIBHAS TUTEPATYPA
No 7
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JlabopaTopnas padora Ne 36
Tonapuzayua npu ompasisceHuu u npeloMIeHUL C8ema Ha cPanuye
08YX OUIIEKMPUKOB
Llenv pabomei: onpenenenne yria bprocrepa amns crekina;
BBIYHMCIICHUE TTOKA3aTeN sl IPEIOMIICHHS CTEKIITHHON IUIACTHHKH.
IIpubopul u npunadnexicnocmu: MOIYIbHBIN yueOHbIl KoMiuieke MVYK — O.

Topsook evinonnenus pabomol u 06PAOOMKA pe3yTbmamo8 usmepeHul

1. Bxuirounte Ja3epHbIi MOHOXPOMATHYECKHI HCTOYHUK CBETA - TYMOJIEp CETb.

2. TIOBEpHHTE TYpeNb TakK, YTO Obl He OBUIO OOBEKTOB HCCIIeJOBaHUs (PEIICTOK U IIeNeil).

3. ns mpeBpalieHus UM THYECKH ITOJSIPH30BAaHHOTO CBETA B IIOCKO- TOJIIPU30BAHHBIA CBET
YCTaHOBHTE CTPEJIKyY nosspusaropa 5 Ha 0°).

4. MeieHHO TOBOPAYMBANTe CTSKIISTHHYIO TUIACTUHKY U TIPOHAOIIIOAANTe 32 M3MEHCHUEM
MHTCHCUBHOCTH JIyda Jla3epa Ha IIKaJe.

5. 3aduxcupyiire yroa mo mkosie, mpu KOTOPOM HHTEHCHBHOCTH Jy4a OyJeT MUHUMAJIbHA. DTO
yroxa bprocrepa i, .
6. 3aHecuTe B TAOJUILY ¥ IIOBTOPUTE OIBIT HECKOJIBKO Pas.

7. Tlo 3nHaueHwuto yria bproctepa BBIUMCIHTE TOKa3aTeNb MPEIOMIICHHUS CTEKIIA, U3 KOTOPOTO

crenana miactunka N = tQi Bp

8. OreHuTe MOrpenHOCTh MOKa3aTelsl MPEJIOMIICHHUs CTEKIA MeTo1oM CThIOJICHTA:

(M=n)?+(M—n)°+(M-n,)%+...
N(N -1)

AN=r1

. AN
9. PaccumraiiTe OTHOCHTENBHYIO MOrpeliHocTs: E =—100%
n

s p=0,95 ko3 dunment CThioACHTa UIMEET 3HAUCHHUS
N |3 4 5 6 7 8 9 10

t |43 |32 |28 |26 |24 |24 |23 |23

Bonpocul 0n5 donycka k pabome
1. Ha3oBuTE OCHOBHBIC YaCTH YCTAHOBKU M OOBSICHUTE UX HAa3HAUCHHE.
2. OnmmrTe METOI U3MepeHus yria bpiocrepa.
3. I[losicHuTe cxemy XoJa Jiydel MpH BBINOJIHEHUH 3aKoHa bprocrepa.

Bonpocwt ons 3auumer pabomot
1. EcrecTBeHHBIN U NOJISPU30BAHHBINA CBET. BUIIBI MOISPU30BAaHHOTO CBETA.
2. CriocoOBbI TIOTyYeHHS TTOJISIPU30BAHHOTO CBETA.
3. [onspusanus npu oTpaXeHUH CBETa OT IMAIeKTpHKa. 3akoH bprocTepa.

@dopMa OTYETHOCTH: otyér mo mnaboparopHoll paboTe, BBHINOJHEHHBIH TO 00pasily, B
COOTBETCTBUH C 3aJlaHUEM.

OcHoOBHas nuTeparypa
Ne 1, Ne 2
JononHuTtenpHas IUTEpaTypa
No 7

JlaGopaTopHas padora Ne 37
Onpeodenenue nocmosinnou Cmegana-borvymana u nocmosunou Ilnanka npu nomowu
ONMU4ECKo20 NUPoMempa
Llenb pabomvi: u3ydyeHne padOThI ONITHYECKOIO MUPOMETPA U U3MEPEHUE C €0 OMOIIBI0
TEeMIIepaTypsl HAarpeToro Tena; OlpeesieHne IIOCTOSHHOM, B 3akoHe Credana-
bonpuMana u pacuér nocrosinHoi [lnanka.
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Ipubopuvr u npunaoaesxcHocmu. TUPOMETP C UCUE3AIOUICH HUTHIO, JaMIla ¢ BOJIL(PPaMOBOM
HUTBIO, BATTMETP, TpaHCPOPMATOP.

Topsook evinonnenus pabomel u 06PAOOMKA pe3yIbmamo8 usmepeHul

1. CoOuparoT AMEKTPUICCKYIO 1ICTIb.

o
220B
o

L Y'Y
—UAANY
— YN

2. [lepemeriiast OKyJISIp MUPOMETPA, YCTAHABIMBAIOT €r0 TaK, YTOOBI CTAIa OTYECTIIMBO BUHA HUTh
MUPOMETPUYECCKOM JIAMITHI.
3. MeuteHHO Bpalas KoJjbIlo MHPOMETPA, U3MEHSIOT SIPKOCTh HUTH IMTUPOMETPA JI0 TeX Mop, ToKa
CpeIHUI YIaCTOK HUTH ITaJOHHOW JIAMITBI HE CPABHSAETCS C SIPKOCTHIO HATH

CIIIpaty KakaTa HCIBITYEMOM JIJaMIIbI (X SIPKOCTH CTAHYT OJIMHAKOBBIMHU M ITO3TOMY HUTH CTaHYT
I s wa TPYAHOOTIMYUMBIMHU). B 3TOT MOMEHT IPOU3BOAAT OTCUET MO HUKHEH IIKaJe
THPOMETpa o
o MUPOMETpPA 3HAYEHUS SIPKOCTHOM TEMITEpPAaTypbl HUTH JIAMIIBL.

4. Tak KaK BOJIOCOK JIAMIIOYKH HAaKaJIMBaHMS HE SIBISIETCS] ADCOIIOTHO YEPHBIM
TEJIOM, TO JUIS OTIpeeNieHHs JeUCTBUTENbHON TEMIIEPaTyphl BBOAT MOMPaBKy Af,
KOTOPYIO ONPENENAIOT TI0 THarpaMMe
5. OmbIT MOBTOPSIOT TPH pa3a Ui pa3INdHBIX 3HaYeHUH MOIMHOCTH P. [lomydeHHBIe MaHHBIE 3aHOCST
B TaOJIUILY PE3y/IbTaTOB

Bonpocuwl 015 donycka k pabome
1. OnumuTre SKCIEPUMEHTAIBHYIO YCTAHOBKY M TIOPSIIOK BBITIOJHEHUSI PaOOTHI.
2. Cdopmymupytite 3akoH Ctedana-bonbiMana i MOSICHATE PUINIESCKHIA CMBICT BETHYHH,
BXOZSIIIUX B HETO.
3. 3anumure paboune GopMyIIbl s ONpeieNieHus nocrosauoi Credana-bosbliMana u
noctosiHHOM ITnanka

Bonpocwi ona 3awumul pabomei
1. JlaiiTe ompeneneHne OCHOBHBIM CIIEKTPAIbHBIM XapaKTePUCTUKAM TETUIOBOTO M3TYUYESHHMS.

2. Cdopmymupytite 3akoH Kupxroda u mosicauTe GU3NIECKHiA CMBICI BETUYHH, BXO/ISIINX B
HETO.

3. OObsicHuTE GU3NIECKUI CMBICI TIOCTOSTHHOM G.

4. 3anummute pyHkuto [lnanka. Beisenute 3axon Credana-bonbimana.

dopmMa OTYETHOCTH:  OTYET MO JIAOOPATOpHOU paboTe, BHIMOIHEHHBIN 10 00pasily, B
COOTBETCTBHUH C 3a/laHUEM.

OcHOBHas uTeparypa
Ne 1, Ne 2
JlononHuTeNpHAS IUTEpATypa
Ne 8

JlabopaTopHasi paGora Ne 38
Hccneoosanue cenexmusnoeo gopomosppexma
HNuTtepakTuBHasa ¢gopma 3aHATHS — pa300p KOHKPETHBIX CUTyanui

Lenv pabompl. CHATHE CIICKTPAILHON XapaKTEPUCTUKH CEJICHOBOIrO (hoTodieMeHTa. Pa3oop
BO3MOJKHBIX BHI0B (OTO3((EeKTa: BHYTPEHHUH, BHEIITHHMA, BEHTHIbHBIM.

Ipubopst u npunadnexrcnocmu. MOHOXpoMaTop YM-2, J1aMIiouka HaKaJUBaHUS, CEICHOBHIN
($oT03JIeMEHT, TallbBAHOMETp, JUCIICPCHOHHASI KPHBasi MOHOXpoMaTopa YM-2.
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Tlopsiook svinonnenusi pabomol u 06pabOMKA pe3yibmamos uzmepeHull

1. B kauecTBe HCTOYHHKA CBETA BKJIIOYAIOT JIaMIIOYKY HaKaJIuBaHUA.
2. YcraHaBnuBaoT (1)OT03J'ICM€HT BIUIOTHYIO K OKYJIAPY BBIXOIHOM 1IN MOHOXpOMATOpa

3. YcraHaBIUBaOT HEOOXOAUMYIO IIMPHUHY 1enieii MoHoxpomaropa. [IpumepHas mupuna
BBEIXOHOM 1 BXoaHOHU mmerneii (0,2...0,3) mm.

4. Bpamias 6apaban MOHOXpoMaTopa 3, 0OTMEUAIOT IMOKa3aHUs MUKPOAMIIEpMETPa,
COOTBETCTBYIOIINE TEM HJIM WHBIM 3HAYCHUSIM IIKaNbl OapabaHa. B paiilone makcumyma
YyBCTBUTENHHOCTH (DOTOIIEMEHTA ITOBOPAYNBAIOT OapabaH Ha MEHBIIUH YO, YTOOBI TIOIYIHTh
0OJTBIIIOE KOJTMIECTBO IKCIIEPUMEHTATIBHBIX TOUEK (3aMEpOB).

5. Pe3ynbTaTsl ©3MEPEHUH 3aHOCAT B TaOJIUILY

Bonpocwvt ons oonycka k pabome
[Nosicante siBnenne dporoaddexra. Kakoit Tim portosddexra nzydaercs B padbote?
Jaiite onpenenenne CeKTpaaIbHONW TyBCTBUTEIFHOCTH (POTOIIEMEHTA.
3. OmummuTe MOPSIOK BBITTOIHEHHS PAOOTHI.

rn =

Bonpocut 0ns 3auwyumol pabomut
1. Cdopmynupyiite 3aKoHbI BHenTHETo (HoTo3hdeKTa.

2. TlosicHuTe yCTpOHCTBO M MPUHIIMIT IEHCTBUSI BEHTUIIHHOTO CEJICHOBOTO (POTOIIEMEHTA.
3. IlpoBeaure aHanM3 NOJTYYEHHBIX PE3YJIHTATOB U CACTANTE BBHIBOIBI.

3aoanus ona camocmosamenvHou pabomul:

[TonroToBUTHCS K pa3zdopy KOHKPETHBIX CHUTYaIIH.

Pexomenoayuu no evinonnenuio 3adanuil u n0020mMosKe 1aOOPAMOPHOMY 3AHAMUIO.
npopaboTKa JIEKIIMOHHOTO MaTepualia, OCHOBHOM H  JOMOJHUTEIBHOW JIUTEPATYpPHI.
[ToaroToBka K y4yacTHIO B TPEHUHIE€, HANpPaBICHHOTO Ha pPa300p KOHKPETHBIX CHUTYallMi:
BO3MOJKHBIX BUIOB (hOTOd((eKTa: BHYTPEHHUH, BHEIITHUN, BEHTHIHHBIN.

dopma OTYETHOCTH:  OTYET MO JIAOOPATOpHOU paboTe, BHINMOJIHEHHBIN 10 00pasily, B
COOTBETCTBHUH C 3a/IaHUEM.

OcHoOBHas nuTeparypa
Ne 1, Ne 2
JlononHuTenbHAS IUTEpATYypa
Ne 8

JlabopaTopnasi padora Ne 39
HUccneoosanue snewnezo pomoagpgpexma
Lenv pabomwpi: CHsATUE BONBT-aMIIEPHON U CIIEKTPAIBHON XapaKTEepUCTHK (OTOIIEMEHTA.
Onpenenenue KpacHo rpaHuiibl porodddexra, padoTel BBIXOIA IS
(doTokaTona M MaTepuaia, U3 KOTOPOTro clelaH (pOTOKaToI.

Ipubopst u npunaonexcrnocmu: 6JI0K amrniepMeTpa-BosibT™MeTpa AB, cTeHnm ¢ oObekTamMu
ucciaegoBanus C3-OKO01, ucrounuk nuranus UIIC 1

Tlopsiooxk evinonnenusi pabomol u 06pabOMKA pe3yibmamos usmepeHull
JUTSL CHAITHS XapaKTEPUCTHK (POTORIEMEHTa COOEPUTE INMEKTPUIECKYIO CXEMY,
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Vuacrox crenga C3-0OK01
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1. CuumuTe BOJIbT — amnepuyto xapakrepuctuky | =f(U) mpu A =const u @ = J/J,= const:

2. CHUMHTE CIIEKTpaIbHYIO XapakTepuctuky portopesucropa | = f(1) mpu @ = J/J, = const u

U = const:

3. Pe3ynbTaThl 3aHeCHTE B TaOJIHILY

4. To pe3ynbTaTaM U3MEpPEHUH MOCTpoiTe rpaduKu BOIBT- amriepHoi xapaktepuctuku | = f(U)

U criekTpaigbHo# xapakrepuctuku | = f(4) doropesucropa.

5. Ompeaenure AMANa30H HAMPSHKEHUM, COOTBETCTBYIOIIUX TOKY HACBIILICHHUS.
6. OnpenenuTe, IO CIIEKTPATBHOW XapaKTEPUCTHKE JUIMHY BOJHBI, COOTBETCTBYIOIIYIO KpacHOM
rpanuie Gorordpdekra

Bonpocuwl 015 donycka k pabome

=

Kaxoga 1ienb paboTh1?
Uro takoe BHemHUH GoTodaddext?
OO0BsSCHUTE METOIUKY OTIPEIeIICHNs BEJINUNH B JAaHHOI TabopaTopHOii padoTe.

wn

Bonpocul ons sauwumel pabomut
MoskHO 11 0OBSICHUTH BCe 0COOEHHOCTH (poTo3( (hekTa, Monb3ysach BOJHOBOW TEOpHEH cBeTa?
MoskHO 11 OOBSICHUTE BCe 0COOEHHOCTH (poTodd(dhekTa, monb3ysack GOTOHHON TeopHei cBeTa?
Kakoe ypaBHEeHHE MpeII0KeHO JIJIsl KBAHTOBOTO OMHCaHMs BHemHero ¢potodddexra?
[Touemy nipu GpoTodddexTe APKo MPOSIBISIIOTCH KOPITYCKYISIPHBIE CBOMCTBA cBETa?
OO0BpsicHUTE Bce 0OCOOCHHOCTH BOJIBT-AMIIEPHON XapaKTEPUCTHKH IIpU GoTo3hheKTe.
Y10 TaKkoe KBAHTOBBIA BHIXOI?

ok~ wpnhE

@dopma OTYETHOCTH:  OTYET M0 JIabopaTOpHOW paboTe, BHIMOIHEHHBIN MO o0pas3ily, B
COOTBETCTBUH C 33JJaHUEM.

OcHoBHast TuTepaTypa
Nel, Ne 2
JlomonHUTEBHAS TUTEPATYPA
Ne 8

JladopaTopuasi pa6ora Ne 40
Onpeoenerue nomeHyuaia 8030YHCOeHUsL AMOMA 2a3a
Llenv pabomwi: 1) nzydyenue onsita Opanka u I'epua;
2) onpezesieHUE MTOTEHIMA a BO30YKICHUSI aTOMOB rasa.
Ipubopwt u npunaonexncrnocmu: wuctounuk nuranus UIICI,
050k ammnepmerpa-BoibT™MeTpa AB1,
crednt ¢ oobekTamu ucciiegosanus C3-OK01.

Topsook evinonenus pabomel u 06PaAdOMKA pe3yibmamos usmepeHuil
CobpaTth cxemy puc.
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parmeHT cTeHa
C3-0OK01

|

2.BKiIIOYHTh B CETh M3MEPUTEIBHBIN OJOK amrepMerpa-BobTMeTpa AB1 u ucrounuk muranus UIICI.
Bpems nporpeBa ycTaHOBKH ~ 3 MUH.

3. VcraHoBUTE AMana3oH M3MEPEHUH aHOJHOTO Toka A0 20 MKA, yCTaHOBUTE JMANa30H HM3MEpPEHUH
HanpspkeHus Uke 1o 200 B;

4. V3MepbTe 3aBUCHUMOCTh TOKAa aHOAA OT HAMpPSHKCHUS! MEXKIY KaTOAOM M CETKOW C HIaroM MPHUMEPHO
0,5 B. TToctpoiite rpaduk 3toii 3aBucumMoctH la = f (Ukc).

5. Onpenenure moTeHMaN BO30YKACHHS M0 MakcuMyMy Tpaduka, yautbiBas Ukour (cM. popmymy (5)).

6. 3Has moTEeHIAN BO30YKIECHUS, ONPEEIIUTE, UCIIONB3Ys Ta0IUIly 1, KakuM ra3oM 3aloJHEH THPATPOH.
7. o dopmyne (4) paccunTaiiTe JUIMHY BOJIHBI (B HM), M3JIy4yacMO#l JaHHBIM ra30M IIPH MEPEXOe €ro
aTOMOB U3 TIEPBOT0 BO30YK/IEHHOTO COCTOSIHHSI B OCHOBHOE.

Bonpocwt ons donycka k pabome

1. Cdopmynupyiite 1ienp paboThI.
2. JlaiiTe onpeneneHne «IepBoro KpUTHIECKOTro MOTSHIIHATIAY.
3.  OnummuTe MOPSIIOK BHIITOJIHEHUS pAOOTHI.

Bonpocut 0ns 3auwyumol pabomut
1. Pacckaxwure o monmenu atroma Pesepdopaa u o ee HerocTaTKax.
2. Coopmynupyiite noctynatsl bopa.
3. C xaKoil Hemnbio MeXly CETKOH M aHOJIOM II0JIaeTCsl 3alMparoliee HanpsbkeHue?
4. OObsicHUTE, HAa KAaKUX YYacCTKaX BOJBTAMIIEPHON XapaKTEPHUCTUKHM HMEET MECTO YNPYroe M Ha
KaKUX HEYIpPYyroe CTOJIKHOBEHHE 3JIEKTPOHA C AaTOMOM.
5. Kak nposiBisercss KOHTaKTHas pa3HOCTh MOTEHIMANOB B ombiTe Opanka u ['epua?

@dopma OTYETHOCTH:  OTYET M0 JIabopaTOpHOW paboTe, BHIMOIHEHHBIN MO o0pas3ily, B
COOTBETCTBUH C 33JJaHUEM.

OcHoBHast TuTepaTypa
Nel, Ne 2
JlononHuTeNbHAS TUTEPATYpa
Ne 8
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9.2. MeToanueckue yKa3aHusl 10 BHITNIOJHEHHI0 KOHTPOJbHOI padoThl

B mporecce n3ydeHust GU3NKM CTYACHT JODKEH BBHIOJHHUTH KOHTPOJBHYIO padoty. Pemenne
3aJa4 B KOHTPOJBHOM paboTe sBIAETCS TPOBEPKOM CTENEHH YCBOCHHUS CTYICHTOM
TEOpeTHYECKOro Kypca. Ilepen BBIMOIHEHHEM KOHTPOJIBHOM PabOTHI CTYIEHTY HEOOXOIUMO
BHUMATEJIbHO O3HAKOMHUTHCS C MpHMEpPaMU pPELICHUSAMHU 33Jad 1O JaHHOH KOHTPOJIBHOM
paboTe, ypaBHEHUSMH M (OpPMYJIaMH, a TAKXKE CO CIIPABOYHBIM MaTE€PHAIOM, PUBEJICHHBIM B
KOHIIE METOJMYECKMX yKa3zaHuil. BpiOop 3amad mpou3BoauTcs MO TalnMile BapUaHTOB,
NPUBEICHHON B METOAMYECKUX yKa3aHUSIX (HOMEpOM BapHaHTa SBJSIETCS mocieaHss mudpa B
HoMepe 3a4éTkn). [IpaBuiia ohopMiteHHsT KOHTPOIBHOM paboThl W MPUMEPHI PELICHNUS 3a1ay:

1. YcnoBus 3a1a4 CTYACHTHI IEPEHUCHIBAIOT MOMHOCTHIO 0€3 COKpaIeHUH.

2. Bce 3naueHus BCJIMYMUH, 3aJlaHHBIX B YCJIOBHUAX U IPHUBJICKACMBIX W3 CIPABOYHBLIX T36J'II/III,
3aIUCHIBAIOT IS HATJIITHOCTH COKPAICHHO (CTOJOMKOM) B TEX €IWHHWIIAX, KOTOPHIE 3aJaHbl, U B
cAuHUuIax TOM CHCTEMEI, B KOTOpOfI BBITTIOJIHAIOT PCHICHUC (B CAnHNIax CI/I)

IIpumep Taxoii 3anucu.
B 3agaue ykazaHo: «3a Bpems t = 0,5 muH Baros mpomen myTh S = 11 kM, Macca Barona m = 16 .
3anuchIBaioT:

t= 0,5 muna =30 c;
s=11xm=11.10% m;
m =16t = 16-10° kr.

@parmeHT 3a7auu U3 pasjena «JIeKTPOMarHeTU3M.

«Pamka mmomaneio S = 50 cm?, comepxamas N = 100 BUTKOB, paBHOMEPHO BpAINAETCS B
OJIHOPOAHOM MarHuTHOM mouie (B = 40 mTn). Yacrora BpamieHus pamku # = 960 00/Mumn.

3anuceIBaIoT:

S =50 cm? =50-10"* m*;

N = 100 BHUTKOB;

B =40 MTn=40-10" Tux;
n =960 06/mMun = 16 06/c.

Eme onun npumep 3amaun u3 pazaena «OnTukay.

«Ha nmudpaknuonnyro pemietky, cogepxamtyro N =500 mTpuxoB Ha 1 MM, majaeT HOPMAaIbHO
MOHOXPOMATHYECKHI CBET C [UTHHOM BOJHBI A = 0,5 MKkM».

3anuceIBaIoT:

C g0 .
n=500?=5-102 = =5.10°1 *
1 107°]
31€Ch CJIOBO «HITpI/IXI/I» MOXHO OHyCTI/ITB, TOraa .

2=0,5mkm = 0,5-10° m.

3. Bce 3amaun cienyeT pemaTh B MeXIyHapoaHo# cucteme equuuil (CH).

4. K OGounbleld yactu 3aj1a4 HEOOXOAUMBI TMOSICHSIIONINE YEPTEXKH WM rpaduKu ¢ 0003HAYEHUEM
BCEX BENMYUH. YepTekH CIeAyeT BHIMONHATH aKKypaTHO IPH TOMOIIW YEePTEKHBIX HHCTPYMEHTOB;
O0OBSICHEHHE PEIICHHSI TIOJDKHO OBITH COTVIACOBAHO C 0003HAYCHMSIMH HA YEPTEKaX.

5. HeoOxomumo yka3aTh (U3MYECKUE 3aKOHBI, KOTOPHIC JOJDKHBI OBITh HCIOJIL30BaHBI, H
apryMeHTUPOBATh BO3MOXHOCTh MX MPUMEHEHHUS JUISl PEIICHUS TaHHOW 3a]1ayH.

6. C moMOIIbI0 3TUX 3aKOHOB, YUUTHIBAs YCIOBHS 33J[a4H, MOIYYHTH HEOOXOJMMEIC pacueTHHIE
(bopMyIbI.

7. BeiBon opMys M pelieHue 3ajaad CIeAyeT COMPOBOXKAATh KPATKUMHU, HO HCYEPITBIBAIOIIUMHU
MOSICHEHUSIMU.

8. Hcmonp3oBanHble B (QopMyliax OyKBEHHBIC O0O03HAYCHHS [OJDKHBI OBITH COTJIACOBAHBI C
0003HaYEHNSMH, TIPHUBEICHHBIMH B YCIOBHHU 3aJa4 M Ha NPHUBEICHHOM pHCYHKE. [lomoiHWTENbHBIC
OYKBEHHBIC 0003HAYCHHS CIIETyET COMPOBOXKIATh COOTBETCTBYIOIIUMHU O0BSICHCHUSIMHU.

9. Iloxyuus pacueTHyI0 HOpMyiTy, HCOOXOIUMO TIPOBEPUTH €€ Pa3MEPHOCTb.
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Hanpumep, mis onpenenieHuss pacCcTOsSiHUSL S, KOTOPOE MPOUJET TEJIO0 Macco M 10 OCTaHOBKH,
JIBUTAsICh paBHO3aME]ICHHO T10/T ICWCTBHEM CHIIBI TpeHus Fr,, ObLTa TIoTydeHa Gopmyoa:
2
Vy, -m
S=—2—,
2F,;

rae Vo — CKOpoCTb ABMKEHUS T€JIa B HAYaJIbHBIII MOMEHT BPEMEHHU.
Ocy1iecTBIUM NPOBEPKY Pa3MEPHOCTHU TOIyUYEeHHOH (opMyJIbL:

(5] VZ-m (iZ/ﬁZ)-éa: i2.83 i
F,, i A2 -8a.1 /i

3nmech, WCXOAs W3 BTOpOTOo 3akoHa HproToHa, emummMIy m3MmepeHus cuibl 1H pacmuceiBaioT Kak
1(65-1 /).

10. IMocne mpoBepkH pa3MEPHOCTH IOJIYUYCHHBIX PACUYCTHHIX (HOPMYJ MPUBOIUTCS YUCICHHOC
pereHue 3a1a49m.

11. Bpiuucnenus cienyeT MPOU3BOAUTH C TOYHOCTBIO, COOTBETCTBYIOIIEH TOYHOCTH HCXOAHBIX
YUCJIOBBIX JAaHHBIX yCJ'IOBI/ISI 3aJa4vu. ECJ'[I/I HNCXOOHBIC YHUCJIICHHBIC 3HAUYCHUA JaHbl C TOYHOCTBIO 0
OJIHOTO 3HAKa, TO M PacyeT BBIMOJIHICTCS C TOYHOCTBIO JIO OJTHOTO 3HaKa. ECIIM OHU JaHbl ¢ TOYHOCTHIO
JI0 IBYX (TpeX) 3HAKOB, TO U PACUET BBITIONHACTCS C TOYHOCTHIO JIO IBYX (Tpex) 3HaKkoB. Yncia cnemyer
3aIMCHIBATh, HCIIONB3ysl MHOKHUTEND 10, Hanpumep He 0,000347, a 3,47-107,
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10. IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT U, UCOJIb3YEMBIX IIPH
OCYHECTBJEHUA OBPA30BATEJIBHOI'O ITPOIECCA 110 JUCHUITIMHE

HNudopmannonno-koMmyHukanmonnsie Texnonoruu (MKT) ucnons3yrorest mist
1. nonydeHus uHPOpPMALUU JUISI TOATOTOBKH K 3aHATHUSAM;
2. CO3/1aHus MPE3EHTALMOHHOTO COMPOBOXKICHHS TPAKTUYECKHUX 3aHATHIA;
3. paboThI B 3JIEKTPOHHON MH(GOPMAIIMOHHON Cpejie.

CTaHI[apTHOC JIUMIECH3WMOHHOC IIPpOIrpaMMHOC 066CH€‘ICHI/ICZ
1. OC Windows 7 Professional
2. Microsoft Office 2007 Russian Academic OPEN No Level
3. AmnTtHBHpYycHOE mporpammHoe obecnieucHue Kaspersky Security.

11. OMMCAHUE MATEPUAJILHO-TEXHUUYECKOM BA3bI, HEOBXOIUMOIi
JUUIS1 OCYIIECTBJIEHMS OBPA3OBATEJBLHOI'O MTPOLIECCA IO
JUCHUTIIMHE

Buo Haumenosanue

Ilepeuens ocnoenozo Ne JIP
3anamusn ayoumopuu P

0bopyoosanusn

1 3 4 5

JIP Jlaboparopus mexanuku u | FPM —07- ms n3mepenus 1

MOJICKYJISIpHOUM Qu3uku | YCKOpCHHs CBOOOHOTO
nmagcHus

FPM —08- mnst m3smepenust 2
UMITYJIbCA U MEXaHUYECKON
SHEPTUH

FPM —09- myist onpenenenust 3
CKOPOCTH TOJIETA MyJIN

FPM —15 — masTHUK 4
O6epbOeka

FPM —07- HakIOHHBII 5
MasITHUK

FPM —03- masTHHK 3]
Maxkcsemna

FPM —05- kpyTuibHBIH 7,9
MasiTHHK C
MHJUTUCEKYHIOMEPOM

FPM —06- yauBepcanbHbIiA 8
MasiITHUK

YcTaHoOBKY UIA 10, 11
OIIpEAEIECHUS
JTUHAMHUYECKON BSA3KOCTH
BOJIBI

YceTaHoOBKY IA 12
ONIpEAEIIECHUS
JTUHAMHUYECKOHN BA3KOCTH
BO3/yXa

VYcera"HoBka I 13
ompezeneHus Kodd.
MTOBEPXHOCTHOTO
HaTsXKXECHUA KUIKOCTU

Kareromerp MK-8 14

YcranoBka 15 U3yYCHUS 15
ra3oBBIX 3aKOHOB
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Ycranoska mia
OTIpe/IeNICHUs] JITUHBI
cBOOOTHOTO TIpobera u
3¢ PEKTUBHOTO AUaMETpa
MOJICKYJI BO3/TyXa.

16

VYcTaHoBKa Uis
onpeeeHus
TEMI0EMKOCTEN Tra3a
MmeTroaom Kiemana-
Je3opma

17

YcraHoBka s
OTpeIeTICHUS U3MEHEHUS
3HTpOHPIH peaJIBHBIX
CHCTEM

18

FPM - 10

19, 20

3ByKOBOI1 renepatop 13-
109, ocumtorpad H3013

21

I'eneparop curnajios
HU3KOYaCTOTHBIN
I'3-102, ocummnorpad
H3013

22

YcraHoBKa JUIs ONpEACIICHUs
Kod(pUIUEeHTa YIIPYTOCTH
IPY>KUHBI

23

JIP

Jlaboparopust
AIIEKTPUYECTBA
¥ DJICKTPOMarHeTu3Ma

Mara3uH COnpOTUBICHUI
MCP-60, ranpBaHOMETP
M45MOM3, peoctat PCII

24

Ocuumnorpag C1-73,
peoctat PCII 500, marazun
émkocreit P5025

25

Peocrat PCII 1280,
BosibT™METp B7-35, a1
ocumutorpad YIIM

26

VcTouHUK MUTaHus
AT'AT, amnepmerp 2514,
TaHT€HCTAIbBAHOMETD,
peoctar PCII33

27

Bonsrmerp B7-35,
BOJIBTMETD D 58

28

VYcranoska FPM-01

29

Ocuumnorpad C1-75,
reneparopJI31 BosbT™MeTp
B7-35

30

JIP

JlaGoparopus oNTUKU

Pedpakromerp A0Ge RL-2,
pedpakromerp YPJI-1

31

Mukpockon MBY-2

32

MoynbHBIN yueOHBII
koMmuiekc MYK-0

33

JudpaknuonHas perierka,
MCTOYHHUK CBETA

34

[onspuckomna ITKC-56

35

MonynsHbIN yIeOHBIH
komruiekc MYK-0

36

ITupomeTp c ucuesaromieit
auteio OIIUP, BaTT™METD

37
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Monoxpomarop YM-2,
BOJILTMET], CEJICHOBBIN
(hOTORIIEMEHT

38

byiok amnepmerpa-
BoJIbTMETpa AB, crenn c
00BbEKTaMH UCCIIEI0BAHUS
C3-OKO01, mncroynuk
mutanus UIIC- 1

39

Hcrounuk nuranus UIIC1,
0JIOK aMIIepMeTpa-BOIBTMETPA
ABI1, cTenn ¢ o0beKTaMu
uccnegoBanus C3-OKO01.

40

113

JlexmoHHbBIE ayTUTOPHH

YyebOHas nocka

1-9

Kp

131

O6opynosanue 10 ITK i5-
2500/H67/4Gb(MouuTOp
TFT19 Samsung);
npunrep HP LaserJet
P2055D

CP

43l

O6opynosanue 10 IIK i5-
2500/H67/4Gb(monuTOp
TFT19 Samsung);
npuntep HP LaserJet
P2055D-
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IMpunoxenne 1

®OHJ OHEHOYHBIX CPEACTB AJIs1 MPOBEJEHUS
IMNPOME/XKYTOYHOU ATTECTAIIUHU OBYUAIOIIUXCHA IO JUCIHUIIJIIMHE

1. Onucanue oHaa OLIEHOYHBIX CPEACTB (MACIOPT)

Ne
DJIeMeHT ®OC
KOMIIETEeH Pazgen Tema
KOMIICTCHIIMU
1107041
OIIK-1, Cnooco0OHOCTD 1. MexaHuka 1.1. Kunemaruka Bomnpocs! ans
HCIIONBE30BATH MOCTYNATENHHOTO JBHKECHUS 3a4éra
1.2. KunemaTHKa BpalareiabHOro
OCHOBHBIC
JIBIOKCHUS
3aKOHBI 1.3. JluHamuKa mocTynaTeIbHOro
€CTCCTBECHHOHAYY JBUCKHUA
HBIX JUCLMIUIAH B 1.4. JlunaMuKa BpallaTeabHOIO
poeCCUOHATIBH ABKCHYA _
o 2. T'mppomexa- 2.1 JIBwxeHue KuaKocTen Bomnpocs! ans
OH ACATCIIBHOCTH, ..
HUKA 2.2. BszkocTh 3auéra
HIPUMEHATD 3. 3.1. MonexkysipHo- Bonpocer st
MCTO/IbI MonexynsapHas | kuHeTHUECKas TEOpHs 3aura
MaTeMaTH4YECKOro | dusuka u 3.2. SIBnenus nepeHoca
aHam3a y | TCPMOIMHAMUKA | 3 3 34x0Hpl TEPMOAMHAMUKH
MaTeMaTu4eckoro | 4. Konebanms u | 4.1. Mexanuueckue konedanus. | Bonpocs mis
(KOMIIBIOTEPHOT0) | BOJHEI XapakTepuCTUKH Koj1eOaHuil. 3aulra
MOZEIUPOBAHMS, 4.2. MadATHUKY: OPY>KUHHBIA,
TEOPETUYECKOTO bu3ndeckuii, MaTeMaTUIECKH.
" 4.3. 3aryxaronue KoueOaHus
SKCTIEPUMEHTAD 4.4. BBIHYXJEHHBIE KOJIeOaHusI.
HOLO Pe3onanc.
4.5. Bonusl. [IpononbHble n
HCCIICAOBAHML. MOIIEPEYHBIC BOJIHEI.
VYpaBHeHue Oeryieii BOJHBL.
S. 5.1. OcHOBHEBIE 3aKOHBI
DNEKTPUUYECTBO SIIEKTPOCTATHKH DK3aMeHaIMOHHBIH
OIIK-2 Cnoco0HoCTh H MATHETH3M 5.2. DNEKTPUYECKHUIi TOK Guner
BBIIBUTH 5.3. MaruutHoe nosue
€CTECTBEHHOHAYY 6. Onrrka 6,1. 'eomeTpruyeckas ONTHKA. DK3aMeHAITHOHHBIN
HYIO CYIIHOCTb 6.2. nTepdepenius cera. Ouner
Tho6TeM 6.3. Judpaxums ceTa.
p > 6.4. Tlonspu3aiust cBeTa.
BO3HHKAIOIINX B 7. KBantoBas 7.1. TemnoBoe w3Iy4YeHUE
Xxone ¢u3nka 7.2. ®oTorddext OK3aMeHaIMOHHBII
npodeccuoHaIbH 7.3. Teopust aToMa BOIOPO/IA 110 ouser
il JIeATeNbHOCTH bopy 3
7.4. T'unoresa ne Bpoitns.
IMMPUBJICYD IJIA UX .
7.5. KoprryckysipHO-BOJIHOBOM
pelieHust JIyaIm3M.
COOTBETCTBYIOIIIU 7.6. CooTHoOIICHHE
i ¢puzuKo- HeonpenenenHocTel I'eifzenbepra.
MareMatuueckuii | 8- Pusuka 8.1. Pa3mep, cocras u 3apsa
armapar. aTOMHOTO $/Ipa ATOMHOTO S1/1pa DK3aMeHAI[MOHHBIN
8.2. ledext mMacchl U SHEPTHs ouer
CBSI3H
8.3. SlmepHbie CHIIBI
8.4. PagroakTHBHOE U3IyYCHUE
8.5. 3aKOH paaroaKTHBHOTO
pacnana
8.6. a-, B- pacnan. y- u3nmydcHHE
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2. Bompocsl k 3a4éTy

Ne Komnerennuu Ne u
n/n BOITPOCHI K 3AYETY HAMMEHOBAa
Kon Omnpenesnenune HHE
pasaeja
1 2 3 4 5
1 OIIK- | CnocobHOCTD 1. Kunemaruka noctynaTesbHOro 1.
1, HCIIOJB30BaTh OCHOBHBIE |  ABWKCHIA. MAaT. TOUKA, TPACKTOPHA, MyTh, Mexanuka
BEKTOp MEePEMEIICHUS, CKOPOCTh, YCKOPCHHE.
3aKOHEBL 2.  KunemaTuka BpamaTeabHOTO JIBUKCHUS:
C€CTCCTBCHHOHAYYHBIX YIJIOBas CKOPOCTh, YCKOPEHHUE
TUCHUILIINH B 3. Macca Tena. Cana. 3akonsl HeroToHa
HpO(l)eCCI/IOHaJIBHOI?'I 4. PaboTa mocTosIHHOWM U TIepeMEHHOMN CHIIBI
JEATENBHOCTH, 5. Owneprus. Kunerndeckas sHeprust
6. 3aKoH COXpaHEHHs MEXaHUUECKON
IMPUMCHATDb METOAbI
JHEPTHUH.
MaTCMAaTU9CCKOro 7.  KoHcepBaTUBHBIE M UCCUNATUBHbIE
aHaJIn3a 151 CHUJIBL.
MaTeEMaTHYECKOrO 8. Ympyrwuii u Heynpyruit yaap
(KOMITBIOTEPHOTO) 9.  Hmmynsc Tena. 3aK0H COXpaHEHHS
umnynbcea. LeHTp Macc cucTeMbl
MOZICUPOBAHM, 10. MowmeHT cubl. MOMEHT HHEPIIUH.
TEOPETUICCKOrO n 11. MoMeHT UMIyNILCa. 3aKOH COXPAHEHUS
SKCIICPUMCHTAJIILHOI'O MOMEHTa UMITYyJIbCa
HUCCIIEIOBAHUS. 12. Kuneruueckas 3HEprHs U paboTa CHII
IpPU BPAIIATeIHbHOM JIBHXKCHUU
OIIK- | ClocoOHOCTBIO BBISIBUTH 13.  OcHoBHOR 32KOH AMHAMAKY
BPAIIATEIHHOTO JIBUKEHHS
2 CCTCCTBCHHOHAYTHYIO 14. JIBrwxeHue HaeanbHON KHIKOCTH. 2.
CYIIIHOCTh npobueM, VpaBHEHHE HEpa3pLIBHOCTH CTPYH. Tuapomexan
BO3HUKAIOIIUX B XOIE 15. Bsskocts. ®opmyna HeroToHa yis HKa
npodecCHOHATBHOM BHYTPEHHETO TPEHMUA. Koappunuenr
JMUHAMUYECKON BS3KOCTH
ACATCIILHOCTH  HIPUBJICYD 16.Teuenue xunxoctu B TpyOax. JlamuHapHoe
Py p
AT nux PCIICHHA u TypOynenTHoe TeueHus. Popmyina
COOTBETCTBYIOLLUN IMyaseiins
busuKo- 17. Mopens uieaabHOTo ra3a. YpaBHEHUE 3.
MaTeMaTHYeCKUil COCTOSIHUS HJICAIbHOTO Ta3a. Mouekyusp
ammapar. 18. OCHOBHOGU ypaBHEHHE MOJIEKYJISIPHO Hast usmKa
KUHETHYECKON TEOpHUU
19. I'a30BBIC 3aKOHBI U UX TPAPHUKH. H
20.Cpennss qmmHa cBoOOIHOTO TIpodera TepMOANHAM
MOJICKYITBL. HKa
KOH TEPMOJIMHAMHUKH.
21.TIpumenenue 1 3aKoHa TEPMOANHAMUKH K
H30IpoIeccaM
22 Pabora rasa . Pabora rasa B H30mporeccax.
23.AnmunabatHblii mporecce. Ypaeaenue [lyaccona.
24 1Muxn Kapuo. KITJT iukna Kapao
25.1 | u I1I Hayana TepMOAMHAMUKH.
26. DHTpOonMs. M3MeHeHue SHTPONNH.
Hepasencto Knaysuyca.
27. MexaHUYECKHE KOJICOaHNUS. 4,
XapaKkTepuCTUKHU KoJieOaHUH. Kosnebauus
28. MasTHUKA: TIPYXKUHHBIN, PU3HYECKHH, ¥ BOJIHBI

MaTeMaTHYECKHH.

29. 3aryxarorniye KoixeOaHus

30. BeinyxaeHHbIe KoieOanus. Pe3oHaHc.
31. Bonasl. [IpogonbHEIE U TOTIEPEYHBIE
BOJIHBL. YpaBHEHHE OeryIiel BOJTHBI.

96




JK3aMeHANMOHHbIE BONPOCHI

Ne KoMnerennun Nen
n/n IK3AMEHAIIMOHHBIE HaMMEHOBA
Kon Onpenenenue BOITPOCHI HHe
pa3ae’ia
1 2 3 4 5
1 OIIK- | CriocoOHOCTE HMCIOJB30BATE | 1. Dnekrpudeckuii 3apsa. B3aumoneiictBue 4,
1 OCHOBHBIE 3aKOHBI | 33PAMOB. 3aKoH coxpaHeHHUs 3apsjia. 3aKOH DneKTpUyecT-
Kynona. BO U
CCTECTBCHHOHAYIHBIX 2. HanpshkeHHOCTB 3JI€KTPOCTaTHIECKOTO MarHeTH3M
AUCIUIUINH B | nons. JIMHMM HANPS>KEHHOCTH.
npodeCCHOHAIBHON HanpshkeHHOCTb TOYEYHOTO 3aps/a.
eI TEIILHOCTH, PUMECHSTh [Ipunuun cynepnosunuu noieu. [lotok
METObl  MATEMaTHUeCKOro | BEKTOPA HATIPSIKEHHOCTH HIEKTPUIECKOro
aHajan3a U MaTeMaTUYECKOI'0 ngm. .
. Teopema ["aycca u e€ npuMeHeHuUe AJid
(KOMITBFOTEPHOTO) 10J1s1 GECKOHEUHO 3apsKEHHOM TIOCKOCTH.
MOJICIINPOBAHUS, 4.PaboTa 3/1eKTPHUUECKOr0 MOJIs O
TEOPETUUYECKOTO U | TIEpEMEIICHHIO 3apsaa
SKCIIEPHMEHTAIILHOTO 5.Ilorennuan. PazHocTts noteHiuanos. CBs3b
HaINpsDKEHHOCTH M [TOTEHIUANIA.
HCCIICOO0BaHUA.
DKBHUIIOTCHIIHAILHBIC TOBEPXHOCTH.
6. DJIeKTPOEMKOCTh NPOBOIHHKA.
KoHnpeHcaTopbl. DNeKTpOEMKOCTE IIOCKOTO
KOHZICHCATOpA.
OIIK- | CocoGHoCTS BLISIBUTE | (- COCAMHEHNS KOHACHCATOPOB. DHEPrust
2 3apsDKSHHOTO NPOBOJIHUKA, KOHICHCATOPA.
CCTCCTBCHHOHAYTHYIO 8. DnexTpuyeckuii Tok. Cuiia U MIOTHOCTb
CYIITHOCTBH HpOGJ’ICM, TOKA.
BO3HHUKAIOMIIUX B Xo4e | 9.3akon Oma i OJHOPOIHOTO yYacTKa
HpO(I)CCCI/IOHaJIbHOP'I neny. COnpoTHBIICHHE TPOBOJHUKA.
JESITEIHOCTH TIPUBIICYD UL CoeanHeHNEe COMPOTUBIIEHUH.
10. Pabora 1 MOIIHOCTE DJI. TOKA. 3aKOH
ux 5 peuicHu-d Jixoyns —Jlenna
COOTBETCTBYIOIMH (QU3HKO- | 11, Marnurnoe nose: XapaKTepUCTUKH B u
MaTeMaTUYECKUH armnapar H. Cunossle nuann. PaMka ¢ TokoM B
MarHuTHOM MoJie. MarHUTHBIH MOMEHT.
12. Cuna Ammepa.
13. Cuna Jlopenua. [IBrmxeHue 3apsHyKeHHON
Y-IIbl B MAIrHUTHOM I10JI€
14. 3akon buo-Casapa-Jlanmaca u ero
NPpUMCHEHUE JIsI MAIrHUTHOTI'O IIOJIA B
LEHTpPE KPYroBOro TOKa.
15. MarnuTHsll IoToK. Teopema ["aycca.
16. marneruxu. [lapa- nua- deppo-
MAarHeTHKH.
17. SlBneHue MEKTPOMATHUTHOH MHAYKLUH.
OmnsiT ®@apagea. C nnaykuuu. [Ipasuno
Jlenua.
18, SABnenune camonuaykmun. I/1C
caMOMHIYKIMHU. HIYKTUBHOCTb COJIEHOUA.
18. 3aKOHBI TEOMETPHUYCCKON OIITHKH. 6. Onruka

19.  SlBienue
OTPaKEHHUS.

20. Unrepdepenuus cBera. YCIoBHE MaxX U
Min npu ueTEpYEPEHITNN B TOHKHUX TUICHKAX.
21. Audpaxms. IMpunnun Iolirenca-

TIOJIHOTO BHYTPEHHETO

Openens. 3oubl Openens. YciaoBue Max U
min.

22. Judpaxkumst OPpeHenss Ha  KpyriioMm
OTBEPCTUHU.

23. NIndpakius Opaynrodepa Ha nieau
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24, Mudpaxiust Opayrrodepa Ha pemieTKe.
25. Ilonsspu30oBaHHBII W €CTECTBEHHBIH CBET.
3axoH Mamoca.

26. JIBoiiHOE JTy4enpeioMIICHHE.

27. 3axon bprocrepa

28. ®oToahdexr. 7. KBanToBas
29. TeruoBoe n3IydYeHUeE. ¢dusnka

30. SnepHas momens atoma Pesepdopra.
Iloctynarsl bopa. bopoBckas Mozaens aroma
BOJIOPOAA.

31. Bomeer me bpoitna. KopmyckymsapHo
BOJIHOBOH [lyaJlu3M CBOMCTB BEILECTBA.

32.CooTHOLIEHNE HEOIIpeIeIIEHHOCTEH

[eiizenbepra.

33, Tlpupoa u cocTaB aTOMHOTO sIpa 8. dusuka

34. Tlpupoaa paqMoaKTUBHBIX M3Ty4EeHHUH ATOMHOTO S1/Ipa

35. SIBneHue paJiMOaKTHBHOCTH

3. OnucaHue MoKa3artelieil 1 KpUTepHeB OLleHUBAHUS KOMIIeTeHIUIi

IToka3arenu Ouenka Kpurtepun
3HaTh oOyuarouiics
OIlIK -1: 3HaeT OCHOBHBIE (DU3MUECKUE SBICHUS,
-OCHOBHBIC (1)I/I3I/I‘-ICCKI/IG (bYHIIaMeHTaJH)HI)IC IIOHATHA, 3aKOHBI U
SBIICHUS, TEOPUU KIJIACCUUYECKOI 1 COBPEMEHHOMN
(byHI1aMeHTaJIbHbIE OTJINYHO ¢bu3uKy.
MOHATHUSA, 3aKOHBI U TEOPHUH YMeer NpuMEHATh MOJTyYEHHbIE 3HAHUS
KJIACCUYECKOU u TSt pemenus gusnyeckux 3anad. Biageer

COBpPEMEHHOM (pu3uKH;
OIIK -2:

-OCHOBHBIC 3aKOHBI U ITOHATUA
bU3NKH

Ymern

OIIK -1:

— MPUMEHATh METOBI
MaTEMATHYECKOr0 aHAJIN3A,
TEOPETUYECKOTO U
AKCIEPUMEHTAITHHOTO
HCCIIEIOBAHUS [IPU
W3YYECHUU APYTUX
JUCIUIIIMH U B
MPUKIaAHBIX 3a7a4ax
npodeccCuoHaANBHOM
JIeSITeIIbHOCTH;

OIIK -2:

- BBISIBUTh
€CTECTBEHHOHAYYHYIO
CYIITHOCTH TIPOOJIEMBI B X0OJIe
npohecCHOHANBHON
JIESITETIBHOCTH ¥ IPUMCHSTE
COOTBETCTBYIOIINN (DU3UKO-
MaTeMaTHUYCCKUI ammapart st
UX PEIICHUS

COBPEMEHHOM HAYYHOW anmaparypou u
HaBbIKaMU BeACHUSI (PU3NUECKOTO
JKCIIEPUMEHTA.

oOyuaroruiics

3HA€T OCHOBHBIE (PU3HUECKUE SBICHUS,
(yH1laMEHTaJIbHbIE TMOHATHS, 3aKOHBI U
TEOPUU KIIACCUUECKON Y COBPEMEHHOMN
(bu3uKu.

YMeeT NpuMeHATh NOJyYEHHbIE 3HAHUS
XOpo1Io Ut pemenus pu3nyeckux 3anad. Biaageer
COBPEMEHHOM HAYYHOM anmaparypou u
HaBbIKaMU BeJCHUS (PU3UUECKOTO
JKCIIEPUMEHTA,

HO JIOMYCTHII HE OoJiee IBYX-Tpex
HEJOYETOB U MOKET UCIIPABUTh UX
CaMOCTOSITENILHO MU C HEOOJBIION
MTOMOUIBIO IPETIOAABATEIS.

B OTBETE UMEIOTCS OT/EIbHBIE TPOOEIHI B
YCBOEHUHU BOIPOCOB Kypca (PU3UKH, HE
MPEMSITCTBYIOLINE YCBOCHHUIO
MIPOrpaMMHOT'0 MaTepuaa.

- YMEET IPUMEHSATH NOJTYyYEHHbIE 3HAHUS
1o (hu3MKe MpU PEUICHUN MPOCTHIX
(bu3nYecKux 3a1ad ¢ UCIOJIb30BaHUEM

bopmyst.

Y/10BJIETBOPH-
TeJbHO
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Baagern

OIIK -1:

- COBPEMEHHOI Hay4YHOU
arnmapaTypoi, HaBbIKaMHu
BEJICHUS (PU3NIECKOTO
JKCTIEPUMEHTA

OIIK -2.

- COBPEMEHHBIM (hPU3UKO-
MaTeMaTU4YCCKUM
armapaToM ISl PEIICHHS
po0JIeM BO3HUKAIOIIUX B
x0j1¢ MpodhecCHOHATBHON
JIeATEIIbHOCTH

HEYAOBJIETBOPHU-
TEJIBbHO

oOyuaroruiics

HE 3HaeT OCHOBHBIC (PM3NYECKUE
ABJICHUA, QYHIAMEHTAJIbHBIE TOHATHS,
3aKOHBI U TEOPUH KIIACCHUECKON U
COBPEMEHHOW (PU3UKH.

He ymeer npumeHATh OJIy4eHHBIE
3HaHUSA U peleHus pU3nuecKux 3aaau.
He Biageer coBpeMeHHONM Hay4HOU
anmnaparypoi u HaBbIKaMU BEICHUS
(U3NYECKOTO SKCIIEPUMEHTA.

3a4TeHo

oOyuatroruics

1) 3HaeT OCHOBHbIE (PU3UUYECKHE SBICHHUS,
(GyHIaMEHTaIbHBIE TOHSATHS, 3aKOHBI U
TEOPHH KJIACCUYECKON M COBPEMEHHOMN
bus3uKy.

YMeeT NpUMEHSTh [OJyYeHHbIE 3HaHUS
JUIs peteHus GU3nYecKux 3a1ad. Bianeer
COBPEMEHHOI HAyYHOU anmaparypoi u
HaBBIKAMU BeJIeHUs (PU3HMUECKOro
JKCIIEPUMEHTA.

2) B OTBETE UMEIOTCSl OT/IEIbHbIE TPOOEIIBI
B YCBOCHHUH BOIIPOCOB Kypca (PU3UKHU, HE
HPENSATCTBYIOIINE YCBOCHUIO
IPOrpaMMHOr0 MaTepHaia.

- yM€eT NPUMEHSTh NOJyYEeHHbIE 3HAHUS
10 (pU3MKe IpU PelIeHUH MPOCTHIX
(bu3nyeckux 3a/1a4 ¢ UCIOJIb30BaHUEM

hopmyi.

He 3auTeHno

oOyygaromuics

HE 3HaeT OCHOBHBIE (PM3NYECKHE
SABJICHUA, q)YH)IaMeHTaHI)HI)IG IIOHATHA,
3aKOHBI U TEOPUH KJIACCHUECKON U
COBPEMEHHOM (PU3UKH.

He ymeer npuMeHATH OTy4eHHbIE
3HAHUS JUISl pelieHns PU3NUecKux 3aau.
He Brageer coBpeMeHHON HayqHOU
anmnaparypoi u HaBbIKaMU BEICHUS
(hU3MYECKOT0 SKCIEPUMEHTA.

4. MeToauyecKkue MaTepHAaJIbl, ONpeaesiolie NPoueAyphbl OLEHUBAHUS 3HAHWI,
YMeHHUii, HABBIKOB H ONBITA J1eSITeJILHOCTH

JucuunnuHa gu3uka HampaslieHa Ha O3HaKOMJIEHHE ¢ (yHIaMEHTAIbHBIMU (PU3NUECKUMHU
3aKOHAMH, TEOPHUSAMH, METOJaMH KJIACCHYECKOM UM COBpEeMEHHOW (M3MKH, Ha MOJy4eHHE
TEOPETUYECKUX 3HAHUW W MPaKTUYECKHMX HAaBBIKOB HCIIOJIb30BAHUS (PU3UYECKHX 3aKOHOB H

SIBIICHUI,

MMPOBCACHUA OSKCIICPUMCHTAJIBHBIX HCCHCHOB&HHﬁ, O3HAKOMJICHUE C COBpCMCHHOfI

HAay4YHOU amnmapaTtypoil U OUEHKH MOTPEIIHOCTH U3MEPEHHS IS UX JaTbHEWUIIEro UCIOIb30BaHUA

B HpaKTI/I‘IeCKOﬁ JACATCIIbHOCTH.

N3ydenue qucuuminHel GU3NKU MpeaycMaTpUBAET:

— JIeKIHH,

— nabopaTopHbIC 3aHATHS;
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— KOHTPOJBHYIO PaboTYy;

— CaMOCTOATENIbHYIO paboTy 00yJaromuxcs;

— 3auéT;

— DK3aMEH.

B xone ocBoenus pasnena 1 «Mexanuka» CTYACHTHI JOJIKHBI YSICHUTH MPEACTaBICHUsI 00
WHEPLHAJIBLHON cHUCTEME OTCUeTa, O MaTepHalIbHOM TOYKE, O Macce, CUiie, MeXaHH4ecKoi paboTe u
MeXaHW4YecKoM »dHepruu, O3HAKOMHUTHCS C TMOHATUAMH: MEXaHUYECKOE JBUKEHUE, MYTh,
[epEMEIICHUE, PAaBHOMEPHOE M HEPABHOMEPHOE [BHKEHHE, MTHOBEHHAas CKOpPOCThb, CpPEIHS
CKOpPOCTb, YCKOPEHHE, UMITYJIbC Tea, MOIHOCTh, KII/[ mpocToro Mexanusma, amIuimTyaa, Nepuol
U 4acToTa KojieOaHu#, MonepedHble U MPOJOJIbHbIe BOJIHBL. M3y4nTh 3aKOHBI: MEPBBIA, BTOPOH U
TpeTuil 3aKkoHbl HbI0TOHA, BCEMUPHOTO TATOTEHHUS, [ 'yKa, COXpaHEHUsI UMITYJIbCA TEJIA, COXPAHEHUS
MEeXaHUYeCKOH sHepruu. 3HaTh (QOpPMYJbl pacuéra CHIIbl TSKECTHU, CHUIIBI TPEHUS, PaObOThl CHIIBI,
MMOTEHIIMATLHON U KHHETHYECKOM sHeprum Tena, MomHuoctu, KIIJ], mnepuoma xonebanwmii
MaTeMaTHUYeCKOro, (U3NYECKOTO M TMPYKUHHOTO MAasTHUKOB, JJIUHHBI BOJHBL [lomyuuTh
NPEJCTaBICHUST 00 YCJIOBUM PABHOBECHS TEI W PABHOBECHS pbIYara, MPHHIMIIOM JCHCTBUS
TUAPABIMYECKUX YCTPOUCTB. M3yunTh XapakTepuCTUKU KojeOaHuid W BOJH. Ha KOHKpETHBIX
npuMepax OOCYIUTh JKOJOTHYECKHE TMPOOJIEMBI  CBSI3aHHBIE C W3YYCHHEM MEXAaHHKH:
CTPOUTENBCTBO BBICOTHBIX COOPY)KEHMH M CEHCMHUYECKas HEYCTOMYMBOCTh; MEXAaHUYECKUE
KoJieOaHUsl COOPY)KEHUH, KOHCTPYKIIMH W WX BIHUSHUE Ha OKPYKAMOIIYIO Cpeay; BOJHBI Ha
MIOBEPXHOCTHU U B TBEPIOM TEJIE U JIP.

B xome ocBoenust pasmena 2 «['wapoamHaMuKa» CTYIAEHTHI JIOJDKHBI  IOJYYUTH
MIPE/ICTABJICHUE O 3aKOHAX ABMKEHUS MJICAJbHOM JKUIKOCTH, B3aUMOJEUCTBUE €€ C TBEPABIMU
TeJIaMH, a TaK K€ 3HaTh O XapaKTepe IABHKECHUS PEATbHOW MKUJIKOCTH.

B xozne ocBoenus paznena 3 MonekymsipHas ¢usznKa U TEPMOJUHAMUKA CTYACHTHI TOJIKHBI
YSICHUTBH TIPEJICTAaBIIEHHE O O MI€abHOM rase, 3aKOHHBIX KOTOPBIM IMOAYUHSIETCS WICATbHBIN Ta3,
MOJIYYUTh MPEACTABICHUS O TEPMOJMHAMHUYECKOM M CTATUCTUYECKOM METOJaX HCCIEIOBaHUH,
3HaTh OCHOBHBIE TTOJIOKEHUSI MOJICKYJIIPHO KHHETUYECKON TEOPUH, 3aKOHBI TEPMOIMHAMUKH.

B xone ocBoenus paznena 4 «KonebaHus U BOIHBI» CTYIEHTHI IOJDKHBI YICHUTH OCHOBHBIE
XapaKTePUCTUKHU KOJIEOATEIBLHOTO JBMIKEHUS: aMIUIMTyda KosieOanwii, Qasa, HavanbpHas (dasa,
nepuoj KolebaHWi, 4YacToTa, CKOPOCTh, [UIMHA BOJHBI. BUAB MEXaHUYECKUX KONEOaHUIA,
3aTyXalolllie ¥ BBIHY)KJICHHbIE KOJIEOAHWs, PE30HAaHC. A TaK € XapaKTepUCTUKH BOJH,
MPOJONBHBIE W TIONEPEYHbIE BOJIHBI, ypaBHeHHE Oerymield BOJIHBL. OCHOBHBIE CBOWMCTBAa BOIIH.
NmeTh npecTaBiaeHue 0 MaITHUKAX: MaTEMAaTHYECKOM, (PU3UIECKOM, TIPYKUHHOM.

B xone ocBoeHus pazgena 5 «IJIEKTPUUECTBO U MAarHETU3M» CTYIEHTHI JOJKHBI YSICHUTD
OCHOBHBI€ XapaKTEPUCTUKHU DJIEKTPOCTATUYECKOTO MOJS: JIEKTPUUECKUN 3apsll, HANPSHKEHHOCTb,
MOTEHIMaJ, B3aMMOCBS3b HANPSHKEHHOCTM W MOTEHHIMana, 3akoH KynoHa B3aumojeincTBue
TOYEUHBIX  3apsaoB, TeopeMy laycca. 3akOHBI TOCTOSIHHOTO — DJIGKTPUUECKOTO  TOKa.
XapakTepUCTUKU MArHUTHOTO TMOJs, B3aUMOACHCTBME  NPOBOJHUKOB C TOKOM, JIEHCTBHE
MAarHUTHOTO IOJIsl HAa TPOBOJAHUKH C TOKOM M AJIEKTPUUECKHE 3apsibl. SABIECHHE AIEKTPOMAarHUTHOU
WHIYKIUH, IBJICHUE CAMOUHIYKIIUY.

IIpu ocBoenuu paszmena 6 «OnTHKa» CTYACHTHI JOJDKHBI MOJYYUTH TMPEACTABICHHE 00
BOJIHOBOI MpUpPOJIE CBETA: SBICHUHN MHTephEepeHInH, TUGPAKIUH, TOJIIPU3AINHA CBETA, IBOWHOE
JTyderpesioMICHHe; YSICHUTh TOHSITHS MOHOXPOMAaTHYECKHH CBET, KOT€PEHTHOCTb, ONTHYECKHI
MyTh, IOKA3aTeJb MPEJOMIICHHS CBETA, MOJSPU30BAHHBIA U €CTECTBEHHBIN CBET, a TAKXKE 3aKOHBI
T€OMETPUYECKON ONTUKH.

IIpu ocBoenuu pasznena 7 «KBaHToBast (pu3MKa» CTYAEHTHI MONYYUTH MPEACTABICHUS O
KBAaHTOBBIX CBOMCTBAaX W3JydeHHs, TumoTese I[lmaHka O KBAaHTOBAaHWHM SHEPIHH, SBICHHUH
dororddekra, GoTOHAX BOIHOBBIX CBOMCTBAX MUKPOUYACTHII, KOPITYCKYJISIPHO BOJTHOBOM AYyaTU3Me
MUKpodacTull. BonHax ne bpoins. 3akOHOMEPHOCTSX B CIIEKTpe aToma Bojopoja. PaccMoTperhb
Teoputo aroma Boxopoxa H. bopa, mocrynarel bopa. 3nauenue teopum bopa. Ilomyunts
npecTaBieHne 00 HeoObIUHBIX CBOMCTBAX MUKPOUYACTHI] B KBAHTOBOW MEXaHHUKE.

B xonme ocBoenust pazmena 8 «®Duszmka aTOMHOTO sipa» CTYACHTHI JOJDKHBI MOJYYUTh
3HaHUA 00 pa3Mepax aTOMHOTO s/ipa, €ro CTPOCHHUH, COCTaBe, O XapaKTEPUCTUKAX aTOMHOTO sapa,
SJIEPHBIX CHUIIaX, Ae(ekTe mMacc M PHEpruu CBs3H sapa. [lomyuuTs mpeacraBieHue o0 SBICHUU
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pPaZIMOaKTUBHOCTH, €CTECTBEHHOM M HMCKYCCTBEHHOW PaJUOAKTHBHOCTH, 3aKOHE PagMOaKTHBHOIO
pacmiazaa, a- , -, y- H3JIIy4EeHUH.

Heo6xoauMo oBnaieTh HaBbIKAMU M YMEHUSMM NPUMEHEHUS NOJYYEHHBIX 3HAHUM A7
(GOpMHpPOBaHUN COBPEMEHHOTO (U3NYECKOTO MBIIUICHUS y OOydYaloUIMXcs; CO3JaHHs OCHOB
TEOPETUYECKON MOATOTOBKU B 00JIaCTH (DPU3MKH, MO3BOJISIOMIEH B OyIylIeM OpUEHTHPOBATHCS B
NOTOKE HAyYyHOH HM TEXHUYECKOM uHpopMmanuu, o00ecrneynBaomel UM  BO3MOXXHOCTh
UCMOJIb30BaHUsl (U3MYECKUX 3aKOHOB B IIpolecce UX paboThl; (OPMHPOBAHME MPABUIBHOIO
NOHMMAaHHS TPAHUI] TPUMEHUMOCTH (PU3MUYECKUX MOHATHH, 3aKOHOB TEOPUU U YMEHHS OIICHUBAThH
CTENEHb JTOCTOBEPHOCTU PE3YJIbTATOB, MOJIYYEHHBIX C TOMOLIBIO HKCIEPUMEHTA U TEOPETUYECKUX
METO/I0B MCCIICIOBAHUS.

IlonroToBka K 3auéTy 3aKJIIOYAETCS B M3YYEHUM M TILIATEIBHOM NpopaboTke ydeOHOro
MaTepuaia JIUCUUIUIMHBI C YYETOM KOHCIIEKTOB JIEKIUI, YU€OHUKOB CTpYNIIMPOBAHHOM B BUJE
KOHTPOJIBHBIX BOIIPOCOB Ul 3aué€ra. Bompochl 3a4€ra, KOTOpBIE OCTalOTCA HEYCBOECHHBIMH,
HEOO0XO/IMMO BBISICHUTH HAa KOHCYJAbTauuu. OCHOBHBIE (POPMYJIBI M 3aKOHBI HEOOXOIMMO 3ay4UTh
Hau3yCTh.

IIpn moaroroBke K 3K3aMEHY PEKOMEHAYETCS BHHMMATENIBHO IPOYUTaThb U YSICHUTH CYTh
TpeOOBaHMI KOHKPETHOTO SK3aMEHAI[MOHHOI'O BOMpoca. B oTaenbHOM TeTpagu Ha KaxJblid
DK3aMEHALlMOHHBIM  BOIIPOC  CIIEAYyEeT COCTABUTh KpPATKUM IIJJaH OTBETAa B  JIOTMYECKOU
IOCJIEI0BATEIBHOCTH M € (puKcanuell HeoOXOAMMOro WUIIOCTPATUBHOIO MaTrepuana (IpUMepsHl,
PUCYHKH, cXeMbl, nu(pbI). Bompockl mporpaMMel, KOTOPBIE OCTAIOTCS HESICHBIMH, HEOOXOIMMO
HalnMcaTh Ha IMOJIAX KOHCIIEKTa, YTOObI BHIICHUTh Ha KOHCY/IbTauu OCHOBHBIE MOJIOKEHUS TEMBI
(mpaBuia, 3aKOHBI, ONPEAEICHUS U Ap.) MOCe IIyOOKOr0 OCO3HAHHWE MX CYTH CIEAYEeT 3ay4HTb,
IIOBTOPSISL HECKOJIBKO Pas.

Boinonnenue nabopaTopHbIX pabOT MOMOTraeT JIydllle HOHSITh CYyTh U3y4aeMbIX TEOPETUUECKUX
SBJICHUH W NPOLIECCOB, a TaKXKe Ha IPAKTUKE MO3HAKOMUTbCA ¢ (DU3MYECKMMHU Ipubopamu U
METOAMKONH (U3NYECKUX HM3MEpPEHHH, YTO OO0ECleYnBaeT OCO3HAHHOE M IPOYHOE YCBOCHHUE
M3Y4aE€MbIX OCHOB JUCLIUILIHBL.

[Ipy moAroToBKE K KOHTPOJIBHOW paboTe MPOUCXOMUT 3aKpEIUIeHHE HaBBIKOB
CaMOCTOSITEIbHONW paOOThl, CIOCOOHOCTH HKCITOJIb30BATh MOJYYEHHBIE TEOPETHUYECKUE 3HAHUS TPU
pEIIeHUH PA3IUYHBIX PU3NIECKUX 3a]1a4.

CamocrosiTenbHyl0 paboTy HEOOXOIMMO HAYMHATh C TPOPAOOTKH KOHCIEKTa JIEKIIUH,
JIEKLMI Jeniasgs B HEM COOTBETCTBYIOIIME 3alIMCU U3 OCHOBHOM M JOTOJHUTEIBHOM JHUTEpPaTyphl, a
TaK)Ke€ PEKOMEHIYEMBIX PECYpCcOB U HH(MOPMAIMOHHO-TEIIEKOMMYHUKAIIMOHHON ceTH «HTepHeT».
CamocTtosTenbpHas pabota co3gaétT ycioBus sl GOPMUPOBAHUS Y OOYUAIOIIUXCSI TOTOBHOCTH U
YMEHUS UCTIOIB30BATh Pa3InYHbIC CPEACTBA HH(MOPMAIIUH C TEJTHI0 TTOMCKAa HEOOXOAMMOTO 3HAHUS .

B mnpomecce koHCydbTalMu C MpemnojaBaTelieM HEOOXOAMMO BBICHSATH BOIPOCHI,
BBI3BABIINE TPYAHOCTH TMPHU CAMOCTOSITEIIBHOW padoTe WM HEJOCTaTOYHO YCBOEHHBIE Ha
JIEKIIMOHHBIX, TPAKTHYECKUX U TAaOOPATOPHBIX 3aHITHSIX.

PaGora ¢ nuTepaTypoil SBISETCS BaXXHEWUIIUM OJJIIEMEHTOM B TIOJYyYE€HWHU 3HAHUHM 10
mucruruinae. [Ipexae Bcero, HEOOXOAMMO BOCIIONB30BAThCS CIIMCKOM PEKOMEHIYyeMO Mo JaHHOH
JUCIHUIUIMHE JIATEpaTypoil. J[OMOJHUTENbHBIE CBEACHUS MO HW3y4aeMbIM T€MaM MOXKHO HAWTH B
nepuoanyeckoi neyatu u Marepuere.

[IpenycMoTpeHo TpoBeACHUE AayAUTOPHBIX 3aHATHNA (B BUIE JICKIUH, MPAKTHYECKUX W
71ab0paTOPHBIX 3aHATUI) B COYETAHUU C BHEAYTUTOPHON PabOTOI.
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IIpunoxenue 2

AHHOTAIUA
padoueil nporpaMMbl JUCHUNIMHBI
OU3UKA

1. Hexap n 3axa4M IMCHUILTHHBI

Ilenplo M3ydeHUs] NUCLMIUIMHBI SBISETCS: U3ydeHHe (DyHIaMEHTalIbHbIX (DPU3MYECKHX 3aKOHOB,
TEOPHi, METOZOB KJIACCHYECKOH M COBpeMeHHOU (u3nku. @OopMUpOBaHNE HABBIKOB BIIA/ICHUS
OCHOBHBIMH NPUEMAMHU U METOJIaMH PELICHUS IPUKIaJHBIX polieM. DopMUpOBaHNE HABBIKOB
MPOBEJICHUSI HAYYHBIX MCCIEAOBAHUM, O3HAKOMIICHUE C COBPEMEHHOM HAy4HOW ammapaTypomu.
O3HakoMIIeHHE ¢ UCTOpUEN (PU3KMKU U €€ Pa3BUTUEM, a TaK e C OCHOBHBIMU HAIIPABICHUSIMU U
TEHICHIMSIMUA Pa3BUTHS COBPEMEHHOW (DU3HKH.

3amava JAUCIUIUIMHBL (U3UKKA COCTOMT B (OPMHUPOBAHMU Yy OOYYAIOMIMXCS CIIOCOOHOCTEH
UCIOJIb30BaTh OCHOBHBIE 3aKOHBl U (yHIaMEHTaJIbHbIE MOHATHA B NPO(PECCHOHATBHOM
JESTEIbHOCTH, YMETh NPUMEHSATh MOJIYYEHHbIE 3HAHUS IPU U3YYEHUU JPYTUX JAUCLUUIUIMH U B
IOPUKIAJHBIX 3a7ayaX Hpo(pEecCHOHAIbHON MAEATENbHOCTH, BJIAJETh COBPEMEHHOW Hay4dHOMH
anmaparypoi 1 HaBbIKaMU BeIeHUS (PU3HUUECKOTO IKCIIEPUMEHTA.

2. CTpyKTypa IMCHUILIUHBI

2.1 PacmpeneneHne TpPYyIOEMKOCTH TIO OTHENBHBIM BHIAM Yy4eOHOW paboOThI, BKIIOYAs
CaMOCTOSITENIbHYI0 paboTy: Jnekuuu —51 dac., nmabopatopHble 3aHsTHsS - 34 wdac.,
caMocCTosTelIbHas paboTa — /7 yac.

OO01mast TpyA0eMKOCTh JUCIUTIINHBI cocTaBsieT 216 dacoB, 6 3a4eTHBIX CIUHUIIBI

2.2 OcHOBHBIE pa3/ieibl TUCIUILIUHBIL:

1. Mexanuka

2. l'uppomexaHuka

3. MonekymnsipHas pu3rKa 1 TepMOTUHAMHKA
4. KonebGaHus 1 BOJTHBI

5. DIIEKTpUUECTBO U MAarHETHU3M

6. KBantoBas ontuka

7. ®u3nuKa aTOMHOTO SApa

3. Illlanupyemble pe3ybTaTbl 00y4eHUs! (IepeyeHb KOMIeTeHMii)
[Tpouecc u3yueHus: AMCUUIIIMHBI HANIpaBieH Ha pOpMHUpPOBAHHUE CIEAYIOUIUX KOMITETEHITHI:
OIIK-1 crnocoOHOCTh HCMONB30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX AMCLUUIUIMH B
HpO(i)eCCHOHaHBHOﬁ JACATCIIBbHOCTH, IIPUMCHATH METOAbI MaTEMATHUYECKOT'O aHaJIu3a u
MaTEMaTUYECKOTO (KOMIBIOTEPHOI0) MOJEIMPOBAHUS, TEOPETHUYECKOIO U IKCIEPUMEHTAIBHOTO
UCCIICIOBaHMUS.
OIIK-2 crocoOHOCTh BBISIBUTH €CTECTBEHHOHAYUHYIO CYIIHOCTB MP00seM, BOSHUKAIOIIUX B XOI€
npodeccuoHaNbHOM NeATeIbHOCTH MPUBJIEYD JJIS UX PEIICHUS COOTBETCTBYIOMUN (PU3HUKO-
MaTeMaTUYECKUI anmnapar

4. Bua npoMesKyTOYHOM aTTecTallu: 3a4€T, DK3aMEH
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Ipunoxenue 3

IIpomoxon 0 0ononnenusX u usMeHeHuAX 6 padoueil npozpamme
na 20 __ -20__ yuebuwtit 200

1. B paGouyto nporpammy o AUCHUIUIMHE BHOCSATCS CIEAYIOUIUE TOTOTHEHHUS:

2. B pabGouyto nmporpaMmy o AUCUUIIIMHE BHOCATCS CIEAYIOIUE U3MEHEHUS:

[Tporoxon 3aceqanust kageapnl Ne OT «__ » 20 r.,

(paspabomuux)

3aBenyromnuii kageapoit

(noonucs) (®.1.0.)
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Ipunoxenne 4

OOHJA OMEHOYHbLIX CPEACTB AJIA TEKYIIEI'O
KOHTPOJIA YCIEBAEMOCTH 11O JIUCHUIIJIMHE

1. Onucanue GpoHIa OLEHOYHBIX CPEACTB (MACHOPT)

Ne
DJIeMeHT ®OC
KOMIIETEH Pazgen Tema
KOMIIeTeHUUH
10008
OIlK-1 CrocoOHOCTh 1. Mexanuka 1.1. Kunemaruka 3amwura JIP,
HUCIIONB30BATh MOCTYNATEIBHOTO IBIKCHHUS or4ersl 1o JIP,
Kp, TECTHI
OCHOBHEBIC 1.2. Kunematuka BpamaTeabHOTO p
JIBUKCHHS
3aKOHBI
1.3. JIlnHamMuKa MOCTYMATEILHOTO
€CTECTBEHHOHAYY A yi
JIBUKCHHS
HBIX JUCLUIUINH B
Auch 1.4. lunamuka BpamaTeabHOro
npoQeCCHOHAIIBH D —
O ACATCILHOCTH, | 2 Tynpomexa- | 2.1 JIBrKeHHe KHIKOCTEH auwra JIP,
IIPUMCHATH HHKA 2.2. BA3KOCTh otuetsl 110 JIP,
METO/IbI Kp, TECTbI
MaTEMATUYECKOro | 3- 3.1. MonekynspHO-KHHETHYeCKast 3amura JIP,
AHAI34A K MounexynspHas TeopHus oryetsl 1o JIP,
MATEMATHYECKOTO busnka n 3.2. SIBneHus mepeHoca Kp, TECThI
TCpMOAMHAMUKA
3.3. 3aKOHBI TEPMOANUHAMHUKHU
(KOMIIBIOTEPHOT0)
4. Konebanns u | 4.1. MexaHuueckue KojeOaHusl. 3amura JIP,
MOZCIHPOBARHA, | g gy, XapaKkTepuCTUKHU KOJIeOaHHH. otyetsl ro JIP,
TCOpCTHHICCKOro 4.2. MasTHUKU: TPYKUHHBIH, TECTRI
1 ¢dusnuecKkuii, MaTeMaTHIECKUH.
OKCICPUMEHTAJIb 4.3. 3aryxaronue KoueOaHus
HOT'O 4.4. BeiHyXIeHHBIE KOJeOaHusl.
HCCIIEJOBAaHUS Pe3onanc.
4.5. Bonusl. [IpononbHble n
MOTIEPEYHBIE BOJHEI. Y paBHEHUE
Oeryieil BOJTHBI.
OITK-2 CIOCOOHOCTE S. 5.1. OcHOBHBIE 3aKOHBI 3J1. cTaTUKK | 3amwura JIP,
BEISBHTE 3HCKTPI/I‘-IGCTBO 5.2. QHGKTpI/IlIeCKI/Iﬁ TOK OTYETHI 110 HP,
Y MarHeThsm 5.3. MarautHoe 1oJjie TECTDI
€CTECTBEHHOHA
YT 6. O 6.1. FeomeTpryeckast ONTHKA 3amura JIP,
HyIO6Cj HOCTR 6.2. Uutepdepennus ceera oryetsl 1o JIP,
TIpobJIeM, 6.3. Iudpakuus cera TECTRI
BO3HHKAIOIIHX B 6.4. Ilonsipuzanus cBeta
xone 7. KBantoBast 7.1. TemioBoe U3JIyYeHUE 3amura JIP,
MpoECCUOHANIBH | (pusuka 7.2. ®oroaddext ortuetsl 1o JIP,
OH JIEATEIBHOCTH 7.3. Teopus aroma BOJOpoOAa 110 TECTDI
IIPUBJIEYD JUIA UX Bbopy
peeHus 7.4. I'umrotesa ae bpotins.
COOTBETCTBYIOIIH 7.5. KopIryCKysipHO-BOJTHOBOM
i pusuko- AYaJT3M.
MATEMATHYECKH 7.6. CooTHOIIICHHE o
anmapar HeomnpeaeneHHocTei [ 'eiizenbepra.
' 8. dusuka 8.1. Pa3zmep, cocraB u 3apsg 3amura JIP,
aTOMHOTO siIpa aTOMHOTO si/[pa otueTsl 1o JIP,
8.2. JledexT Macchl v SHEpTHsI cesizu | TCCTHI
8.3. SnepHble CHIIBI
8.4. PamnoakTHBHOE H3ITydYeHUE
8.5. 3aKoH paInOaKTHBHOIO
pacmana
8.6. a-, B- pacman. Y- u3mydeHUE
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2. Onucanue nokasarteJieii M KpuTepUeB OLleHUBAHUS KOMIIeTEHIU A

IlokazaTenu Onenka Kpurepuu
3Hath oOyuaroiuiics
OIlIK -1: 1) BBINOTHKI J1TaOOpaTOPHbBIE paOOThHI, HATKUCAH
-OCHOBHbIE  (DU3MUYECKUE  SBICHMS, OTY€T 110 J1abopaTopHOM paboTe, OTBEUaeT Ha
¢dyHaaMeHTalbHbIE TIOHSATHS, 3aKOHBI BOTIPOCHI 3aIIUTHI JIAOOPATOPHON PaOOTHI.
u TEOPHHU KJIaCCUYECKOH u
COBpPEMEHHOU (pr3HKH; 2) BBINOJHII JTA0OpaTOpHBIC PadOTHI, HATIMCAH
OIIK -2: OTYET ¢ HEOOJIBITUMHU HEOUETAMU, KOTOPHIC
-~OCHOBHBIE 3aKOHBI U OHATHS HU3UKH 3a4TeHo | CTYJAEHT MOXKET UCIIPABUTH C MOJICKA3KOMN
IpernojaBaTessi, OTBEYaeT Ha BOIIPOCHI
Ymern 3alIUTHI JJAOOpATOPHOH paboThI, HO B OTBETE
OIK -1 UMEIOTCS OT/eNIbHbIE TPO0eIIbl B YCBOCHUU
— HPUMEHATE METOABI BOIIPOCOB Kypca (pU3UKH, HE
MaTEMaTHICCKOro aHalusa, HNPENSATCTBYIOLIME YCBOCHUIO TPOrPAMMHOTO
TEOPETUUECKOI0 U MaTepHaa.
9KCHEPUMEHTAIBHOIO UCCIIEIOBAHUS
IPY U3yYSHUH APYTUX AUCHUIUINH U B
HPUKIIAJHBIX 331a4ax
poeCCUOHAIBHON JEATEIHHOCTH;
OIIK -2:
- BBIIBUTb €CTCCTBCHHOHAYUHYIO
CYIITHOCTH TIPOOIIEMBI B XO/IE
po(heCCUOHATBHOM IEATEILHOCTH U
MPUMEHSTh COOTBETCTBYIOIIUH (HHU3HKO-
MaTeMaTHYeCKUIH armapar ajs ux
peueHust
oOyuaroruiics
Baagern He 1) He BBIMOTHII JJaOOpaTOpHBIE PAOOTHI.
OIIK -1: 3a4TeHo | 2) HeT oT4€Ta Mo J1abopaTopHoii paboTe

- COBPEMEHHON Hay4YHOU
anmnaparypoil, HaBbIKaMU BEICHUS
($u3NYECKOro dKCIIEpUMEHTA

OIIK -2:

- COBPEMEHHBIM (PU3UKO-
MaTeMaTHYECKUM aIllapaToM JJis
petieHus mpo0jeM BOZHUKAIOIINX B
xo/Jie Mpo(hecCHOHAIbHON
JeSITEIIbBHOCTH

3) CTyZIEHT HE TOTOB OTBEYATh HA BOIIPOCHI
JUIS  3aIIUTHI Ta0OpaTOPHON pabOThHI
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[lporpamma coctaBieHa B~ COOTBETCTBHM C  (peepaIbHBIM  TOCYJapCTBEHHBIM
o0pa3oBaTeNbHBIM CTaHJAPTOM BhICHIero oOpa3oBaHusi 1O HampasieHuto nonarotosku 08.03.01
CrpourenbctBo 0T «12» mapta 2015 1. Ne 201

st Haoopa 2018 roaa n yue6HbM TianoM ®I'BOY BO «bpl'Y» mis ouHOM hopMbl 00yUIEHUS OT
«12 » mapra 2018 r. Ne 130, 3aounoii opmbl 00ydenus ot « 12 » mapra 2018 r. Ne 130.

IIporpammy cocraBui:

Areesa E.T. ct. npenoa. kabeapsr Mud

Pabouas nporpamma paccMOTpeHa U yTBEpkKAeHa Ha 3aceqanuu kadeapsr Mud

0T « » 201 r., nporokon Ne
H.o. 3aBenyromero kadenpoit Mud Mengsenesa O.1.
COT'JIACOBAHO:
3aBenytomiuii Beimyckatonieit kadenpst  CKuTC Koganenko I'. B.
Jupextop Oubnuorexu Cotnuk T.®.

Pabouas nporpamma oj00peHa METOIUYECKOM KOMHUCCHEN €CTECTBEHHOHAYYHOTO (haKkyIbTeTa

OT « » 201 r., mpotokox Ne

[Tpencenarens meroanueckoi komuccuu EH ¢dakynbrera Bapnansu B.A.
COT'JIACOBAHO:

Hauvanbauk

y4e0HO-METOINYECKOTO YIIPABIICHUS Hexesen I'.I1.

Peructpanmonssiii Ne
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