ANEKTPUYECKUI TOK
B PA3JINYHbLIX CPEOAX

m KJ'IACCVI'-IECKAFI ANEKTPOHHAA TEOPUA
SANEKTPOMNPOBOOHOCTU METAIJOB

B 1916 rogy amepukaHckue yyeHble Puyapg TonmaH n Tomac CTioapa npoBenu UHTepe-
CHbIN OnbIT. [Py MOMOLLUM CKONBb3ALLUX KOHTAKTOB KOHLibI KaTYLLKW, COCTOSILLEN U3 MHOrO-
YNCMNEHHBIX MEAHbIX BUTKOB, ObIN NPUCOEANHEHbI K rarnbBaHOMETPY.

[Mpu pe3kon ocTaHOBKE KaTyLUKM,
BpaLlarLencs ¢ 60nbLIo CKOpo-
CTbiO, CMELLEHNE CTPENKN ranb-
BaHOMeTpa MoKa3bIBaET, YTO B
Lienu ¢ KaTyLLKOW BO3HWKaeT
3MEKTPUYECKNIA TOK.

Cronvzsauuti
KOHMAKM

o K kakum BbiBOoA4am npuwinu

e Pesxas ocmanosxa
Y4eHble nocrne 3Toro onbiTa?

KamywKu

'vnoTesy “aneKkTpornpoBOAHOCTL METANSOB €CTb YNOPSA0YEHHOEe ABMKEHNE CBOOOAHbIX
ANeKTpoHOB” BNepBble BblABMHYN HeMmeLukun dusnk Kapn Pukke. CnpaBeanmMBoCcTb 3TOW m-
notesbl OH noaTeepann B 1901 rody, NpoBeast KNacCUYECKUN IKCNEePUMEHT.

PesynbTtaT akcnepumeHnTa K.Pukke.

Xopn uccnepoBaHus: BHumatenbHO npouuTanTe npvBedeHHoe
HWXe KpaTKoe onucaHve aKcrneprmeHTa Pukke n cpopmynupyinTe

CBOIO rMMNoTe3y Mo pesynbTartaM SKCrnepuMeHTa. "il

K uenm nocTositHHOro Toka nocneAoBaTernbHO NOAKMHYAOTCS NMOTHO NpUXaTble APYr K ApY-

ry Tpy MEeTannmM4eckvx UmnuHapa oguHakosoro pasmepa. KpaiiHwe meaHble, a cpeqHvn —

anoMuHKeBbIN (a). Yepes rog HenpepbIBHOTO NPOTEKAHNS 3NEKTPUYECKOrO TOKa Yepes aTu

UMNUHAPLI BbINK NccnenoBaHbl UX MOBEPXHOCTU COMPUKOCHOBEHWSI. Bbi1o 8bISI8IIEHO, YMO,

HecMompsi Ha OnumMesibHoe NPOMeKaHUe 3/IEKMPUYECKO20 MOKa, He rpoucxodum re-

peHoca amomos Medu 8 artoMUHUU, a armomMo8 armoMUHUST 8 MeOb.

O6cyauTte pe3ynbrar:

o K kakum BbiIBOAAM MOXHO I'IpVIVITVI no pe3ynbTaTtamMm UccrnenoBaHnA: ABMXXEHNEM KaKnx
HOCUTENEN SNEKTPUYECKOrO 3apsiaa co30aeTcs ANEKTPUYECKMA TOK B METanNIMYeckmx
npoBogHukax? Movemy?

Knaccraeckast a51eKTpOHHasE TEOPUsI AJIEKTPOIPOBOJHOCTH BEIIECTB ObLIa PEIIo-
eHa B 1900-1904 romax memenkum yuenbiM Ilaymem [pyne (1863—1906), anrmwmii-
ckuM yueHbiM J[xo3edom Jxxonom Tomconom (1856—1940) u rosutanackum yue-
HbIM XenapukoM Jlopenuem (1853-1928).
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CornacHo KJIacCHYECKOH 3JIEKTPOHHON TEOPHH, ITI0 CBOEH AIIEKTPOITPOBOIHOCTH
BEIICCTBA JCIATCS HA TPU TPYIIIIBL: NPOSOOHUKU, OUILEKMPUKU U NOTYRPOBOOHUKU.

o IIposoonux — sewyecmso, Komopoe Xopouto npoeooum snekmpudeckuti mox. K
MIPOBOTHUKAM OTHOCSITCS: METAJUIbI, 3JEKTPOJIUTHI, TUIa3Ma U Jip. BrakHelii BO3IyX,
Tella )KUBOTHBIX U YEJIOBEKA MOTYT TaKXKe IPOBOJUTE AIEKTPUUECKHI TOK.

o lusnnekmpuk — >mo eewecmaso, He oonaoarouee c60OOOHLIMU HOCUMENAMU 3apsi-
da u cocmosujee MONbKO U3 CEA3AHHBIX 3aps008. ITU 3apsaabl 00pa3yloT CHUIIbHBIE
HMOHHO-3JICKTPOHHBIE CBSI3M M MOT'YT COBEpPIIIATh OYeHb HE3HAUNTEITLHBIC TIEPEMETIICHHS
OKOJIO TIOJIO’KEHUSI paBHOBECHS. [109TOMY JMANIEKTPUKY HE TPOBOAAT IEKTPHUCSCKHIA
ToK. K TanekTprukaM OTHOCATCS: Ta3bl PH OOBIYHBIX YCIOBHSX, HEKOTOPBIE KHUIKOCTH
(mucTHIITIPOBAaHHAS BOJA, MACJIO U JIp.), CTEKIIO, Kay4IyK, KepaMuKa o Jp.

o [1o1ynpo6ooHuK — 5mo eeuyecmeo, y KOmopozo YUcio c60O00HbIX Hocumenel 3a-
pAoa 3asucum om erewne2o 603oeticmeust (memnepamypul, 0CeeweHst, GHeCeHUsl npu-
Meceltl 8 ux cocmas u op.). K momympoBoJHHKaM OTHOCSTCS: TepMaHHiA, KpEMHHUH, cepoe
0JIOBO, HEKOTOPBIE OKCUJIBI M CYITb(U/IbI, TEITYPUIBI U T.JI.

B 4em 3akiouaercs pu3nUecKUl MeXaHU3M JIEKTPONPOBOJIHOCTH MeTaJl-
JINYECKHX MPOBOAHUKOB?

Ou3nueckuii MEXaHU3M 3JIEKTPOIIPOBOTHOCTH METAIUTMYECKUX TIPOBOIHUKOB OII-
PENENSeTCS] OCHOBHbIMU NOAOHNCEHUAMU KIACCULECKOT 31eKMPOHHOU MeopulL.

o Memannpt — o5mo Quauueckue cucmemvl, umeiowue KpUCMAawLIU4eckyio cmpyx-
mypy. B 00b14HOM COCMOSIHUU KAXHCOBLLL AMOM MEMALA, Mepsis 8ANeHMHbILL JNEeKMPOH,
npespawaemcs 8 NOJOHCUMENbHBIL UOH. DMU UOHbL, PACHONALASACH 8 Y311aX KPUCMALIU-
YeCKOU peuiemKy, CO8epuiam Kojebameinbhvle OBUINCEHUS BOKpY2 ONpeOeseHHbIX
nonooicenull pasrosecus. [losmomy uorvl He Mocym yuacmeosams 8 npoyecce co30d-
HUS 71eKMPUYecKo20 MmoKd 8 Memaiiax.

® Banenmuvle 21eKMpoHbl MEMAILIA, ROMEPABUILE CE5A3b C AMOMHBIM A0POM, C80-
0O00HO nepemewaromcs 8 MeXCUOHHOM npocmpancmee. 1103momy maxue 371eKmpoHbl
HA3bIBAIOMCSL C8OOOOHBIMU INleKmponamu. Onpedeneno, Ymo KOHYEHMpayus ce0-

1
HOOHBIX INEKMPOHOE OIS HEKOMOPBIX Memainos cocmagnsem 1026 — 1028 =,
M

o Hpu omcymcmeuu dj1eKmpuieckozo noJii c6oboonbie 2JIeKmMpOHblL 6 Memalilie,
6 pesyibmame MHOCOYUCTEHHbLX CMOJIKHOBEHUU cosepuiarom xaomuuecxkoe os8u-

Jicenue. Omo 0sudceHue cxodice ¢ becnopsoou-
HbIM MENnio8biM O08UICEHUEM MONEKYN 2a3d, No-
9MOMY C80600HbIE INEKMPOHBL 8 MEMANLNAX PAC-
CMampusaomcs Kak Mooeb IJ1eKmpoHHO020 2a3d.
Ha pucynxe npepvieucmou aunueti noxasana
MPAeKMopus. OBUNCEHUS OOHO20 DNIEKMPOHA 6

anekmpounom ease (b).

o Dnexmpuueckoe noie, 603HUKULee npu NOOCOeOUHEeHUU NPOBOOHUKA K UCHOY-
HUKY MOKa, npegpawjaem Xaomuyeckoe O08udicenue c80000HbIX INeKMPOHO8 6
ynopsdouennoe Hanpasienoe ogudicenue. IIpu 3mom cKopocms YnopsadoueHHo20
O0BUIICEHUSL KAXNCOO020 DNIEKMPOHA 3A8UCUN O 08X (PAKMOPOE.

a) om KoaUuecmaea CMoAKHOBEHULL ¢ UOHAMU;

b) om snexmpuueckozo nons.

AneKTp1MYecKkumn TOK B pa3nUyYHbIX cpeaax 9



CKOpOCTh YIOPSIOYEHHOTO JBUKEHUSI CBOOOIHBIX AJIEKTPOHOB B IPOBOJIHUKE
MM
ouenp Mana (= 0,1+ 10 T)'
DTO MPOUCXOAMT O TOH MPUYMHE, YTO CBOOOTHBIC SIIEKTPOHBI TIPH JIBHKEHHUH
HCTIBITHIBAIOT OECUMCICHHOE KOJIMYECTBO COYIAPEHHH ¢ HOHAMH KPUCTAJUINIECKOM

- 7 peIeTKr. DTH COyAApEHUs] TOPMO3ST

(c) B o & . YIOPSZ0YEHHOE BHKEHHE CBOOOI-
; =i < h ; .. -G (.\_ P HBIX 3JIEKTPOHOB (¢).

" N if”"' = . b Hmak, snexkmpuueckuti mox 8 me-

P Bl - MALIUYECKUX NPOBOOHUKAX — IMO pe-

TP @ 0 GO/ \\ : 3YA6Mam Ynopsa0O4eHHO20 OBUICEHUS

CB0000HBIX INEKMPOHOB, KOMOPDBIU He
npUGOOUM K USMEHEHUI0 XUMUYECKO20
cocmasa Memaina.

Ho, eciin 371eKTPOHBI B IPOBOIHMKAX JIBUIAIOTCS € TAKOH MaJIoil CKOPOCTHIO,
1o4eMy ke P HAKATHH HAa BKJII0OYATEJIb JIAMIIA 3aT0PAeTCsl MTHOBEHHO?

CKOpoCTh pacpOCTpaHEHMsI TOKA B IPOBOJHUKE BOBCE HE ABISAETCS CKOPOCTHIO
YHOPSIAOYEHHOTO ABMKEHUSI CBOOOIHBIX 3JIEKTPOHOB.

Ckopocmb 21eKmpuiecko2o moka 8 NPOBOOHUKE PAGHA CKOPOCMU PACHPOCMPA-
HeHusl IeKMPU4ecKo20 nois 8 Hem. Diekmpuieckoe nojie 8 nposooHuUKe pacnpo-
Cmpausemcs ¢ 0YeHb 60AbUON CKOPOCMbIO, CPAGHUMOU CO CKOPOCbIO PACHPO-
cmpanenus ceema 6 eaxyyme ~ 3+ 10° ulcex.

TBOpUYeckoe npumeHeHue

(o -

3apada. 3a kakoe BpeMsi anekTpudeckuin Tok 3 baky gocturHet ropoga Banaken no
nposogam obuwen anuHon 450 km? CKOPOCTb 9NEKTPUYECKOro TOKa B MPOBOAHUKE
2,5.10% km/c.

* » MepenuwmnTe NpeanoXxeHnsi B pabounin MUCTOK, 3aBEPLUUB UX.

1. o anekTponpoBOAHOCTM BELLECTBA AENATCA Ha TPu rpynnbl ...

2. Mogenb anekTpOHHOrOo rasa ...

3. CKOpOCTb 3MEeKTPMYECKOro ToKa B MPOBOAHMKE ...

4. OCHOBHbIE MOMNOXEHMS KIacCU4eCcKon 3NEKTPOHHON Teopun mMe-
Tanmos ...

MpoBepbTe CBOM 3HAHUA

1. Kakow BbIBOO MOXHO caenatb U3 akcnepumeHTta Pukke? OTBeT 06oCHynTE.

2. Moyemy meTannbl B 06bIMHOM COCTOSIHUW 3MEKTPOHENTPANbHbI?

3. YT0 HeobxoouMmo caenaTh A4S pacnpoCTPaHEHUs 3NEKTPUYECKOro Nons B MeTannax?

4. Kak MOXXHO 0606LLMTL OCHOBHbIE MOMOXEHNS KIAaCCUHECKOW ANEKTPOHHOWN TEopn MeTannos?

10



F

; e
[ | f \
= i X

m 3ABVICVIMOCTI:> COMNPOTUBINEHUA METAIOB
OT TEMINEPATYPbI

BnepBrbie B Mupe B OxHoOM Kopee CTpoAT HEOObIYHYIO NIMHUIO 3rieKTpornepeaay, co-
eavHsoLWwy LeHTp ctonuubl Ceyna ¢ ero npuropogamu. MeTannvyeckuin npoBOf,
anvHon 20 KM, UCnonb3yeMbl B 3TOW MUHUM SNeKTponepenadn, COCTOUT U3 SNEKTpU-
yeckoro kabens, B KOTOPOM NMPOBOA MOMELLEH B Xnakui asot (a). OxupgaeTcs, 4To ¢
NMOMOLLbIO 3TOW NIMHWUEN 3NEKTPONEpeaaYn ¢ a30THbIM KaHanoMm, KOJIMYEeCTBO 3MEKTPO-
3Hepruun, noctaensiemoe noTpebutensm, ysennuutca B 800 pa3 no cpaBHEHWO C
06bIYHBIMM FIMHUSIMU 3IEKTPONEPEAAYN TOTO Ke CEeYEHNS.
BHewHsis 3awumHasi obosiodka

(a) ObpamHbil KaHasn
OIS KUOKO20 Tennousonsayusi

Huanekmpuk
Kapkac ¢ kaHanom

0r1s1 XXuOKo2o azoma

Ceepxnposodsuasn neHma (3 ¢hasbl) MedHasi obonouka Onsi mepmocmabunusayuu

¢ [louemMy y 3Toro npoBoAa BbICOKasi 35IieKTPONPOBOAUMOCTb B OTNINYME OBbLIYHOrO
anekTponpoBoaa?

e

MpoBepka 3aBUCUMOCTU
COMNPOTUBIEHUSI NPOBOAHUKOB OT
Temneparypbl.

O6opyaoBaHMe: UCTOYHMK

MOCTOSIHHOIO TOKa, CTanbHas cnvparb,

amnepmeTp, CNMpToBKa (UK ceeva),

CMWYKM, LITATMB, KIOY, CO-

eauHUTEnNbHbLIE NPOBOAA.

Xop uccnepoBaHus:

1. CobepuTte anekTpuyeckyto Lenb, NpeacTaBneHHyo Ha pucyHke (b).

2. 3aMKHYB K1Y, OTMETLTE CUITy TOKa B LIEMW MO MokasaHnuaM amnepmMeTpa. [pu nomoLum
3aX0KEHHOWN CMMPTOBKM HarpenTe B TeyeHne 1—2 MUHYT crnvpanb C TOKOM W npocre-
AvTe, Kak M3MEeHSIeTCs cuna aneKTpPUYECcKoro Toka.

3. MoTywmB cnMpTOBKY, NpoHabntoganTe 3a nokasaHWAMK amnepMeTpa Npu oxnaxaeHun
cnupanu ¢ TOKOM.

O6cyauTte pesynbTarhi:

e Kak nameHsietca cuna Toka B Lieny Npu HarpeBaHUM U OXNaXOEeHUN MeTannm4yeckom

cnvpanu ¢ TOkom?

¢ K kakomy BbIBOAY Bbl MPULLAN B XOAE UCCNEeAoBaHUS?

[

P C3YyJIbTATHI UCCIICAOBAHUA TOKA3aJIM, YTO IPHU USMCHCHUU TECMIICPATYPhI COIIPO-
THUBJICHUE METAJUIMICCKOT'0 ITPOBOTHHUKA TOXKE MCHACTCA: C yeeiuueHuem memnepa-
mypsl conpomuejieHue memailud4ecKkoco npoeodnuka yeeaudueaemcs, npu ymernb-
weHuu memnepamypvl — yMeHbULAENICA.

e rmaea 1 * ANeKTpPUYECKU! TOK B Pa3nUYHbIX cpeaax ° 11



IMouemy npu HarpeBaHHM MeTAJJIMYECKOr0 MPOBOJHHMKA €r0 CONPOTHBJIe-
HHe yBeJnyuBaercsa? CoriacHo KilaccH4eckod 3JeKTPOHHON TEOpUH, IIpU Harpe-
BaHUM METAJUIMYECKOTO MPOBOJHUKA C TOKOM aMIUIUTYJa KOJIe0aTeIbHOTO JIBHKE-
HUS TIOJIOKUTENBHBIX HOHOB, HAXOISIIMXCS B y3JIaX €ro KPUCTAIIIMYECKON peLIeT-
KU, YBEJINIUBACTCS.

B pesyibraTe 4MCIO CTOIKHOBEHHH YIOPSJOYEHHO IBIIKYIIHXCS
CBOOOJHBIX 3JIEKTPOHOB C MOHAMH PE3KO YBEIMYHBACTCA, CIEI0-
BaTeNIbHO MPU HATPEBAHWU COINPOTHBIICHUE MPOBOJHNUKA YBEINYH-
BaeTcs. B urore cuia Toka B METANIMUECKOM MPOBOAHUKE YMEHb-
mraetcs. B unTepBane HeOOIBIINX TEMIIEpaTyp CONPOTUBICHHUE Me-
TIMYECKUX [IPOBOJHUKOB JMHEHHO 3aBUCUT OT TEMIIEPATypHl, U
9Ta 3aBUCUMOCTH OTIpeieisieTcs chaeayromen hopmymnoi (b):

R =Ry(1+ at) = Ry(1+ aAT). (1.1)

3neck Ry — conporusnenue npooanuka mnpu temneparype 0°C (273 K), R — co-
MpOTHBIIEHNE TpoBoaHKKa Tipu Temmiepartype t (T), o — remnepatypusbiit koshduiu-
€HT COIPOTHUBJICHUSI.

o Temnepamypublii KOIQhuyuenm conpomueneHus YUCieHHo pagern OMHOCUmMeNb-
HOMY USMEHEHUIO CONPOmMuGieHus npogooHuKa npu nagpesanuu e2o na 1°C (1K):
_R—-Ry, R-R 1.2)

“="pt "~ Rar &

OmHocumenvroe usmeHeHue cONpomMueIeHus NPOGOOHUKA NPAMO NPONOPYUO-
HAILHO USMEHEHUI0 THeMNepamypbl.

R — R,
— = aAT. (1.3)
Ro
JJist 9MCTBIX METAIIOB TEMIIepaTypHbBIH K0d(QGUIMEHT CONpOTUBIEHUS (0l) BCceraa

Oonbuie 0 1 paBeH HIKENPUBEICHHOMY 3HAUCHHIO:
1 1 1 1

“Ta3 T 23K

AmHanorunyHo BeipaxkeHuro (1.1) MOXkHO 3anucarh GOpMyILy JJisi TEMIIEPaTypPHOR

3aBHCUMOCTH U YAEIBHOTO CONMPOTHUBIICHNS METAITIMYECKOTO MPOBOIHHUKA:
p = po(1+ at) = po(1 + aAT). (1.4)

3aBHCUMOCTD COTIPOTUBIICHHSI METAIJIOB OT TEMIIEPaTyPhbl UCIIONIB3YETCs B Clie-
UaJIbHBIX MIPUOOpax, HalpUMep, B TepMOMeTpax conpoTtusieHus (d). tu Tepmo-
METPBI, U3TOTOBJICHHBIE U3 YUCTHIX METAIIJIOB, JAIOT BO3MOXKHOCTH U3MEPSITh OUCHb
BBICOKHE WIIM OYEHb HU3KHE TeMIleparypbl. Hampumep, MmIaTHHOBBIA TEPMOMETP
MOXKET M3MepATh TeMieparypy B uHTepBaie —264°C+1064°C, a menHblli Tep-
MomMmeTp — B uHTepBaie — 50°C+180°C.

(d)
&

~
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Bo3M0:KHO JIM TOJTYYHTH MeTAJUNIMYeCKU I MPOBOAHUK C TAKOH BBICOKOH JJ1eK-
TPONPOBOHOCTHIO, YTOOBLI COMPOTHBJIEHHE MOMKHO OBLIO CYUTATH PABHBIM
Hym0? [Ipy oueHb HU3KUX TeMIlepaTypax y HEKOTOPBIX METAJUIMUYECKUX MPOBOIHU-
KOB CONPOTHBJICHHE CKaYKOOOpa3sHO HajgaeT A0 Hyssi. DTOT 3((EeKT B MeTauiax B
1911 roxy BriepBbIe 0OHAPYKWII TOJUTAaHACKUHN yueHbIi Kavepnune-Onnec. OH 3KcTie-
PUMEHTAJIBHO OIPEIEIIHII, YTO CONPOTHUBIIEHUE PTYTH Npu Temmnepartype 4,15K ckau-
K00Opa3HO majgaeT A0 HyJs. B ganpHeiilnem B pe3yibTaTe MHOTOYHCICHHBIX HC-
CIIEZIOBAaHHI 3TO CBOMCTBO OBUTO OOHAPYKEHO Y MHOTHX BEILIECTB.

o Temnepamypa, npu KOmMopou 31eKmpuiecKoe conpomug- R

Jlenue nPoeoOHUKA nadaem 00 HYJisl, HA3bl8AeMcs Kpumuye-

CKOUl memnepamypoi, a 31eKmponposoOHOCHb HPU IMOU

memnepamype Ha3vl8aemcst C6EPXnPOoOUMOCHbIO ().
Ecnu co3naTh 351eKTpruecKrii TOK B TAKOM CBEPXIIPOBO/IS-

IleM MpPOBOJHUKE, TO TOK B HEM MOXET CyIIEeCTBOBATh

JI0JIroe BpeMsl 1ake TOocIIe YAaJeHUsl HCTOYHUKA TOKa.

HccrenoBan CBOMCTBA BEIIECTB PH CBEPXHU3KUX
TeMIIepaTypax, pa3paboTal TEXHOJIOIHIO MOIyYe-
HHS1 JKUJIKOTO Telusl. 3a paboThl B 3TOH obsiacTn B
1913 rony 6511 ynocroen HoGeneBckoii mpemun.

e -

ConpoTuBneHne megHoro nposogHuka npu Temnepatype 0°C pasHo 4 Owm.
OnpepenvTe conpoTyBrieHne nposoaHuka npu temnepatype 80°C (ag, = 4,3 1073 %).

[aHo PelwweHne
to = 0°C, R = Ry(1 + at).
Ry =4 Om,
t =80, Bbluncnenne
31
Xeou =4-,310 3%. 1
R—? R=40m- (1 +43-107 - 80°c) = 5,376 Om.
OTBeT: 5,376 Om

ConpoTuBneHve antoM1MHMEBOro NpoBoaHKKa npu Temnepatype 0°C pasHo 4,8 Om.
OnpegenuTe conpoTuBeHne NpoBoaHvka npu temnepatype -110°C (a,; = 3,8-1073 %).

r"é MepenuwuTte B paboymMn NMUCTOK He3aBepLUEeHHbIe NpeAasio-

- XKEHUA U 3aKOHYUTE UX.

1. TemnepaTypHbIN KOSMMDOULMEHT CONPOTUBAEHUSA YNCTIEHHO ...

2. OTHOCUTENBHOE N3MEHEHME CONMPOTUBIIEHUS MPOBOAHMKA ...

3. TemnepaTypa, Npu KOTOPOW 3MEKTPUYECKOE CONPOTUBIIEHME
NPOBOAHWKOB NafaeT 40 HYMS ...

4. CBepxnpoBOAUMOCTb ...

AneKTp1MYecKkumn TOK B pa3nUyYHbIX cpeaax 13



MNpoBepbTe CBOU 3HaHUA

1. |_|O‘-I9My, COrNacHoO KNaccm4eckomn aNeKTPOHHOW TEOPUN, ANEKTPUYECKOe CONPOTUBIIEHNE
nNpoBOAHMKA NMpW ero HarpeesaHun yBej'II/I‘-IVIBaeTCH?

2. Yemy paBeH TeMnepaTypHbI KO3PHULMEHT COMPOTUBIIEHNS?
3. Kak BbluncnsieTcst oTHOCUTENBbHOE U3MEHEHUE CONPOTUBIEHNS NPOBOAHUKA?
4. Yto Takoe CBEpPXNpPOBOAUMOCTL?

cM
1. DeKkTpoH ABHKeTCsl 0 MPOBOAHUKY €0 cKopocTbio U = 0,006 —. Ha ckoJbko
C

YAQJIMTCS OH OT HCTOYHHKA TOKA B TeueHue 24 yacop?

2. ConpoTHB/IeHHe MeTHOT0 NPoBOAHNKA npHu TemmnepaType 0°C 4 Om. Onpenenurte
1

CONpPOTHBJIEHHE IPOBOAHUKA Npu Temnepatype — 180°C (ac, = 4,3 - 1073 <)
3. DieKkTpUUYecKoe MoJie B BAKyyMe pacnpocTpaHsercs co ckopoctsio 300000 %

3a kakoe BpeMsi OHO PACIPOCTPAHSETCS] HA PACCTOSIHUE, PABHOE paanycy 3emiin
(B cpennem Ry, = 6,4 - 10°M), n Ha paccrosinne ot 3emun 10 CosiHua (cpeanee
paccrosinue 10 Cosnna R;_c = 1,5 - 1011m)?

4. Kak M0:kHO 00bSICHHTH 3aK0H JIxKoyJ/is-/IeHIIa HAa OCHOBAHUH JIeKTPOHHOI
Teopuu?

5. Kakum BbIpazkeHHeM olpeesseTcs TeMIepaTypHblil Ko3g(puuueHT conpoTus-
JieHusi npoBoaHnka (Ro — conporuBienne npoognuka npu 0°C, At — u3meHenune

TeMmepartypsbl, R — conporuBienne npoBogHnka npu temneparype t°C)?

R-R R—R)t R-R R-R R—Ro)t
0 B) ( 0) C) 0 D) 0 E) ( 0)
t Ry Ry Rot R

A)
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m GHEKTPMLIECKI/IVI TOK B SJIEKTPOJIUTAX
MueHue Omap, AnHyp n Ha3spuH Bo Bpemsi o6CcyxaeHUa B rpynne.

AnHyp: — HeT, HaobopoT, «bagamnbl» NpoBo-
OUT SMEeKTPUYECKUI TOK Ny4lle, NOCPaBHEHWIO
C noacnaLleHHoOn BoAoN.

Omap: — 8o0a ¢ pacmeopeHHbIM "._,
caxapom rnpoesodum anekmpu- : An
YyecKul mok nyquwe, rno - w 5
CPasHeHU!o ¢ «BaaaMﬂbl»} @/ i \
 : I.T ﬂ L 1
e MHeHue Koro u3 yueHMKoB BepHo? Mouemy?

[
WUccnepoeatue RS

MoyemMy pacTBOp, NONYy4YEeHHbIA NPU CMELUMBaHUMN ABYX ANINEKTPUKOB,
NpoBOAUT 3NEKTPUYECKUN TOK?
O6GopypoBaHMe: WCTOYHUK MOCTOSIHHOTO TOKa, COCyd C (@)
YronbHbIMW  3NEKTPOAAMW  (INEKTPONUTMYECKas BaHHa),
namnoyka, amnepMeTp, cyxas nosapeHHas conb (NaCl, 200- |
300 r), guctunnupoBaHHasi Boga (1 nuTp), NoXka, KoY, co-
eavHuUTenNbHbIe NPoBOAA.
Xopa uccnegoBaHUA:
1. CobepuTe anekTpuyeckyto Lenb U3 UCTOYHUKA ToKa, NaMnkl,
amnepmeTpa, knoya, cocyaa ¢ MoBapeHHOWN COfbio U NPOBO-
[0B C 3nekTpoaamun, CoeAUHEHHbIMW nocnegoBaTenbsHo (a).
2. HacbinbTe B cocyq NOBapeHHYHo COoMb 1 ONyCTUTE B HEro. 3amMKHYB KItod, NpoHabnto-
JanTte 3a nokasaHnem aMmnepmeTpa, a TaKke 3a TeM, CBeTUTCa namna unu Het (b).
3. Ypanute u3 cocyaa NoBapeHHy CoJb, MOBTOPUTE OMbIT, HANMMB B COCYA ANCTUI-
NMpOBaHHYI0 BOAY, U onpefenuTe, NPOXoauT Yepes Lenb 3MeKTPUYECKUA TOK Unn
HeT.
4. lo6aBvB 1 pa3melLaB OAHY CTOMOBYHO MOXKY MOBapEeHHON COMW B AUCTUMNN-
poBaHHOW BOAe, 3aMKHWTe Lienb 1 npoHabniogante npomsolledllee asnexue (c).

HazpuH: — A 0ymaro, Ymo
y manas eoda u noacna-

. LeHHas eoda He rpo-

\| e0dsm anexmpuyecmeo.

O6cyaute pe :

¢ YTto 6bIN0 ONpeaeneHo B Xoae UccneaoBaHust: ABNSTCS N MPOBOAHWUKOM UM
OV3NeKTPUMKOM NoBapeHHasi cofb 1 AUCTUNNMPOBaHHas BOAaA, B3SThIe B
oTaenbHoCcTU?

e YTO yAMBMTENBHOIO NPOU3OLLNO B 3NEKTPUYECKON LIENW NPU CMELUMBAHUN 3TUX ABYX
BellecTs? Movyemy?

e rmaea 1 * ANeKTpPUYECKU! TOK B Pa3nUYHbIX cpeaax ° 15



DJIEKTPOTUTHYECKAS AUCCONUAIUsI. MOJIEKYIBI psijia BEIIECTB — 3TO YCTOWYH-
BO CBSI3aHHBIC CUCTEMBI, COCTOSIINE U3 TOJIOXKUTEIBHBIX H OTPUIATESILHBIX HOHOB,
Takyro cHCTEMY CO3/Ial0T CHIIbHBIC JJIEKTPUUECKUE CHIIBI B3AUMHOTO MPUTSIKEHUS
Mex 1y noHamu. Hanpumep, mosioxkuTensHblil vod Hatpus (Nat) u orpuiatensHblii
non xyopa (Cl™1) B monexyne nmoBapennoii conmu (NaCl), monoxuTenbHbli HOH
memu (Cut?) m orpunarenshbiii non xinopa (2C1~1) B monekyne xnopuma meau
(CuCl,) npencraBisitoT coO0# CUIILHBIC CBsI3aHHBIE CUCTEMEBI. [[oaTOMY, KOT/Ia 3TH
BEIIIECTBA MOAKIIOYEHBI K BHEITHEH AIIEKTPHUECKON IeTTH, OHU HE MPOBOJAT dJIeK-
TPUYECKUH TOK, TIOTOMY YTO OHU HE COJIEPKAT CBOOOIHBIX HOCHUTENICH 3apsaa — TO
€CTh OHU SIBIIIIOTCS AUAJICKTPUKAMHU.

OpHaKo pU paCTBOPEHUH ITUX BEIIECTB B BOZE, MOJIEKYJIBI BEIIECTBA paciiaia-
IOTCSA Ha IIOJIOKUTENIbHBIE M OTPHIIATEIbHBIE HOHBIL. B pacTBOpe BO3HUKAIOT
CBOOOJIHBIC HOCUTEIH 3apsijia, a UMCHHO HOHBI, M OH MPEBPAIIACTCS B IPOBOTHUK:

o Pacmeopwi (unu pacniaswl) seugecms (conetl, KUCIOm u uwjenrodelr), nposoosiuyue
INEKMPULECKULl MOK, HA3bIGAIOMCSL ITNEKMPOIUMAMIU.

o [Ipoyecc pacnada HelmpaibHblX MOAEKYI 8 800€ HA NOLONCUTNETbHbIE U OM-
puyamenvHvle UOHbL HA3LIBACTNCS IJIEKIMPOSIUMUYECKOll duccoyuayuell.

IMpupona MOHHOI NMPOBOAUMOCTH. DKCIECPHUMEHTAIBHO OBLJIO YCTaHOBJICHO,
YTO MPHU MPOXOXKICHUN TOKA YePe3 FICKTPOIIUT, B pPe3yJibTaTe NMEPEHOCA BEIESCTRA
Y 3apsija, MPOUCXOANT WX BBIIEICHHUE Ha AyeKkTpojax. Ha pucyHke mpenacraBiieHa
CXeMa OJIHOTO M3 TakuX OmbITOB (d): ABa YrOJBHBIX DJEKTPOJAA MOACOEANHEHBI K

MOJII0CaM MCTOYHHMKA ToKa. IloacoeauHeHHbIN K
-:I' - + MOJIOXKHUTEILHOMY TOJIIOCY 3JICKTPOJ] HAa3bIBa-

eTCsl aHo0oM, @ K OTPULIATCILHOMY — KAmoooM.
ONEKTPOABl MOMEHIAIOTCS B 3JICKTPOJIUTHYC-
CKYIO BaHHY, HalpuMmep, C BOJHBIM PacTBOPOM
XJIOpUJIa MEJIH, U IIeTIb 3aMbIKaeTcs. Bo3HukIee
JNEKTPUYECKOE II0JIE CO3JIAaeT HaIpaBICHHOE
JIBUKCHUE TIOJOXHUTEIbHBIX MOHOB MEIU K Ka-
TONy, a OTPHIATENBHBIX JIBYX HOHOB XJoOpa K

Katon AHOJ

% ) E

+
Cle/ = a”Hony.
7 o DnekmpuuecKkuii MoK 6 21eKmponumax —
JICKTPOINT 9MO YHOPAOOYEHHOE OBUICEHUE HONONCUMENb-

HblX U ompuyamelbHblX UOHOE.
I[OCTI/II‘IHI/IG KaTtoaa HMOHBI, HOJ'Iy‘{I/IB OT HEro 3J'ICKTp0H, HpeBpaHIaIOTCfI B Heﬁ-
TpajibHbIE aTOMBI U, OCEB Ha MOBEPXHOCTH KaTo/a, CO3/1al0T Ha Hel CIION Meu:
Cu?+ 2t Cl.
OTpI/ILIaTCJ'II)HLIe JK€ HOHBI, OTJAAaB JIHUIITHHUC SHCKTPOHBI aHOHy, HeﬁTpaﬂI/IByIOTCSI,
Y Ha IOBEPXHOCTH aHO/Ia BBIZICTSICTCS XJIOp B BHJIE My3BbIPHKOB Ta3a (cM.: d):
2CIt-2e™ - Cla.
3HAYNT, XapaKTePHOH 0COOCHHOCTHIO HOHHOM MMPOBOIUMOCTH SBIISIETCS TO, YTO
Hapsmy C HepCHOCOM 3ap51L[a OcyHleCTBﬂﬂeTCﬁ n HepCHOC MaACChbI (BeH.[eCTBa):
(] Hpouecc 6blaeﬂ€HZ/l}l seuecmea HA 3JZeKmp00ax npu npomeKkaHuu 3J1eKmpu-
YecKo2o moka ltepes 9]l€Kmp0]lum Hazvleaemcs 3ﬂeKmp0Jlu30M.
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Anrnuiickuii yuaensrit Maiikia @apaneii (1791-1867) onpeaenuit, oT Kakux Hu3m-
YEeCKUX BEIMYHMH 3aBUCHT Macca BELIECTBA, BBIICIMBIIETOCS Ha TIOBEPXHOCTH JJICK-
TPOAOB MPH IEKTPOIIU3E.

JTa 3aBUCUMOCTb, Ha3bIBAEMAS 3AKOHOM 9AEKMPONU3A, BRIPAKACTCS TaK:

o Macca sewgecmaa, 8b10e1uuLe20cs Ha NOGEPXHOCTNU IEKIMPoOa Npu 3eKmpo-
Ju3e, RPSIMO NPONOPYUOHATIbHA KOIUYECTNBY JNIeKMPUUECK020 3apsaod, NPOXOOSUe20
yepes dNeKMpOUm.

m = kq
T.K. q = It, mo:
m = klt.

31eck m — Macca BEIeCTBa, BRIICIUBILETOCS Ha IOBEPXHOCTH JIEKTPOAa,  — KO-
JIMYECTBO 3JIEKTPUUYECKOT0 3apsi/ia, MPOILEIIIero yepes 37IeKTpoiuT, I — cuina Toka B
nerm, K — ko3 uIrieHT nponoproHATbHOCTH, HA3BIBAEMBIN 971eKMPOXUMUYECKUM
IKGUBANEHMOM 6eujecmed. BRI DIIEKTPOXUMHIIECKOTo SkBuBasieHTa B CU:

) = g X
[q] ~ Ku

Yucnennoe 3Hayenue MEKMpPOXUMULECKO20 IKEUBWIEHMA PABHO Macce Geuecmed,
8bI0ETUBLUE20CSL HA DNEKMPOOe Npu NPoxXod#cOeHur depes snexkmpoaum sapada 1 K.
Dnexmpoxumuseckuti IKGUBANICHIM UMeem PA3HbIe 3HAUEHUSL 8 3ABUCUMOCTIL O BATICHIN-
Hocmu u muna éeugecmaa (mabauya 1.1).

Tabauna 1.1. DIeKTpOXUMHUUECKH IKBUBAJICHT HEKOTOPHIX HOHOB

BeniectBo BaneHnTHOCTB DIEeKTPOXUMHIECKHUIA SKBUBAIICHT K, (%)
Pryts 1 2,0736
Cepebpo 1 1,1179
CauHeI| 2 1,0736
Bpom 1 0,8282
30110TO 3 0,6812
Menb 1 0,6588
Menb 2 0,3294
OsnoBo 2 0,6150
[Tnatuna 4 0,5058
Xnop 1 0,3674
uak 2 0,3388
Hukens 2 0,3041
Huxkens 3 0,2027
Hatpwii 1 0,2383
Keneso 3 0,1929
I'pynna OH 1 0,1763
Cepa 2 0,1661
ANIOMHHUH 3 0,0932
Kucnopon 2 0,0829
Bonopon 1 0,01045

AneKTp1MYecKkumn TOK B pa3nUyYHbIX cpeaax 17



TBOpUYeckoe npumMmeHeHue

UccnepgoBaHue .

OnpepenuTe maccy BbiAeNnUBLLErocsl Xpoma.

3apava. MNpouecc MOKPbITUA croem xpoma (NpoLecc XpoOMMPOBaHWUSA) MOBEPXHOCTU
CTanbHOW MNacTUHbI B 3MEKTPONUTUYECKOW BaHHE npoTekan npu cune Toka | = 2A.
OnpepgennTte maccy crnos Xpoma, BbIAENUBLLErocs Ha NOBEPXHOCTH CTanbHOM NnacTu-

Hbl B TeueHne t =3 4acoB (kypon = 181078 %)-

YTO Bbl Y3HA/U » NepenuwmnTe B pabounii TMCTOK He3aBepLUEeHHbIe
NpeAnoXeHUsl U 3aKOHYUTE UX.

1. OnekTponut — ...

2. DnekTponuTMyeckas auccounaums — ...
3. DnekTpunyecknii Tok B anekTponuTax — ...
4. OnekTponus — ...

5. 3akoH anekTponusa — ...

MpoBepbTe CBOU 3HAHUSA

1. KakoB MexaH13M 3nekTponuTUYECKon auccoumaumm?

2. Yto Takoe aneKkTponuT 1 YeM OTNMYaEeTCs ero 3NeKTPONpPOBOAHOCTb OT 3MEKTPONpoBOA-
HOCTW MeTannoB?

3. O6BbsCHMTE NpoLECC ANEKTPONnN3a.

4. Kak BblpaXxaeTcs 3aKOH anekrponunsa?

MoaroToBbTE 3MEKTPOHHYO Mpe3eHTaumio no Teme “lMpakTUyeckoe NpUMeHeHUe anek-
Tponusa” ¢ MCNOoMNb30BaHNEM SMEKTPOHHbLIX PECYPCOB.
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1. IIpu 3y1ekTpoaM3e pacTBOpa HUTpaTta cepedpa Bbiaeanaoch 7,84 r cepedpa. Omnpenenure
KOJIHYECTBO YIEKTPUYECKOr0 3apsi/ia, MPOLIEIIero Yepe3 pacTBop

(Keepespa = 1,12 10—6%).

2. Ha sJiekTpojie B JIeKTPOJIMTHYeCKOi BaHHe 32 10 MUH. pU cuiie Toka 6A Bbigeawioch 1,224 r
nuHka. Onpeaenure dIeKTPOXUMHYECKHI IKBUBAJIEHT IUHKA.

3. Ilpu 3J1eKTpoJIM3e PAcTBOPAa MeIHOI0 Kynopoca B TedyeHHe 50 MMH. HA KaTo/ie BbIIEJMIOCH
v —6 KI
1,98 r menu. Ipn kaKoii cuiie Toka npoTexas 31eKTpoan3 (Kye,, = 0,33 - 10 6 E)?
4. Ha pucyHke mpejacTaBjieHa cXeMa 3JIeKTPOJIH3a pacTBOpa HUTpaTa cepedpa. Ha ocHoBanun
NMPeIoCTABIEHHBIX TAHHBIX ONpeIeInTe BpeMs, 32 KOTOpoe Ha KaToJe BbIIeJuTes 2,52 r ce-

pedpa (cm: tabmuma 1.1).

2
LT
oy
A '
-

iF-4|

5. Ilpu npoTexkaHnn 4Yepe3 pacTBOpP HUTpPaTa cepedpa 3jaeKkTpuyeckoro 3apsiaa 1 Kiu Ha katone
Bbyiesiiioch 1,11 mr cepedpa. Cko/1bK0 Ha KaToAe BbLICIUTCS cepedpa NPH NPOXO0KICHUU
yepes pactop 1500 Kux asiekTpuyeckoro 3apsiga?

AneKTp1MYecKkumn TOK B pa3nUyYHbIX cpeaax 19



° MpakTuyeckas paborta °

UccnepoBaHue siBneHus ANeKTponusa.

O6opyaoBaHMe: UCTOYHMK MOCTOSIHHOrO
TOKa, 3MEeKTPONUTUYecKas BaHHa, BOAHbIN
pactBop cynbdata mean(CuS0,), anek-
TPOAbl, CEeKyHOOMEp, amnepmeTp, peo-
cTar, KIkoY, BECbl, Pa3HOBECHI, GyMaXHble
candeTk1, coeanHuTeNbHbIE MpoBoAa (a).

BHumaHue!

a) He 3abyabTe, YTO ANEKTPOA, MaccCy KOTO-
poro onpegensieM, ABNSETCA KaTo4oM U
NPUCOEAMHSIETCH K OTpULATENbHOMY
MOMCYy UCTOYHMKA TOKA;

b) B xoge onbiTa cuna Toka B Lenv nogaep-
XMBaETCHA NOCTOSTHHOW MPY MOMOLLN
peocrara;

c) nepeHecuTe Tabnuuy 1.2 B pabounii nuc-
TOK M OTMETbTE B HEW pe3yrnbTaThl U3Me-
peHui.

Xopa uccnenoBaHus:
1. B3BecuB kaToa Ha Becax, onpeaennre ero

maccy m,.

2. MNepeHecuTte Ha pabo4mnin NMMCTOK NpeacTaB-

TNIEHHYI0 Ha pUCyHKe cxemy 1 cobepuTte no
3TON cxeMme anekTpuyeckyto uenb (b).

| )
(b) =4 NS

- K A
. MomecTuTe anekTpoabl B BaHHY C pacTBo-

poM. 3aMKHUTE KIOY U OAHOBPEMEHHO
BKMOUNUTE cekyHaomep. Nopaepxmsarite
cuny Toka B Lenun B 2 A.

. Uepe3 8 MUHYT uenb pasoMkHUTE. Bbicy-
wMB candeTkon kaTtoa, M3aMepbTe Ha Becax
€ro maccy m,.

5. MoBTopuTe ONbIT ele ABa pasa: NoakIo-

Yyasi KaTof, Maccy KOTOporo Heob6xoaumo
onpegennTtb, K oTpuuaTensHOMY MOMCYy
MUCTOYHMKA Ha 8 MUH.

6. Beluncnute no popmyne m = mz— mi mMac-

Cy BblJeNnvBLUENCS MeAau Ha katoge 3a
BpeMsi 8 MUHYT, 16 MUHYT N 24 MUHYTBI.

7. BbluncnuTe Konv4ecTso 3apana, npolles-

LLIero Yepes aneKTPonuT 3a COOTBETCTBYIO-
LM NPOMEXYTOK BPEMEHWN No opmyne
g=It.

Ta6bnuua 1.2.
Ne Macca kaTtoga Macca BblgenuBLlencs Bpemsa Cuna | 9OnekTpuyeckuii
onbITa Ha Kkatoge megm TOKa 3apsg
my, (kr) | my, (Kr) m, (Kr) t, (MuH) t, (¢) 1, (A) q, (Kn)
1 8
2 16
3 24

O6cyauTte pesynbTaThl:

o Kak 3aBMCUT Macca BblAENUBLLENACS Ha SNeKTpoae Meau OT KOnMYecTBa 3apsiaa, npoluea-
Lero yepes anektponut? MNpeacraButb 3aBUCMMOCTb rpachruyeckm.
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CKOpOCTb YNOPAA04EHHOrO ABKEHUS CBOBOAHBIX * Kak moxeT obpasosatbes

~ MM
anekTpoHoB B MeTanne ~(0,5 —, a B Bakyyme
C

ny4oK cBOGOAHBIX
3NEKTPOHOB B BaKyyme?

KM .
~10*—. Takum 06pa3om, ecnu B Bakyyme co3aath BoswmoxHo nu caenatb
C

cBOGOOHbIE ONEKTPOHbI, TO BaKyyM MOXeET CTaTb
NPOBOAHUKOM 3J1EKTPUYECKOro TOKa.

crszonanee JE

BaKyyM NpoBOASLLUM
3MeKTPUYECKUiA TOK?

O6GopyaoBaHMe: MCTOYHMK MOCTOSIHHOIO TOKa, 3NIEKTPOMETP, CTEKIsIHHas nanoyka, ae-
MOHCTpaLMOHHas ABYX3MEeKTpoaHas BaKyyMHas rnamna, CoeaAMHUTENbHbIE NPoBOAa.

Yempoiicmeo oemoncmpayuonnoii
08YXIJ1eKMPOOHOIL 6AKYYMHOIL 1AM-
HBL: OHA COCMOUM U3 BAKYYMHO2O0
cmexnsannozo bawona (1). B iamny ena-
SIHbL 084 NPOBOOHUKA, HA3bIBACMbLE DJICK-
mpodamu, kamoo (2) u anoo (3). Kamoo
6 8Ude CNUPAIU HAZDEEACMCSL UL
HENoCcpeOCmeeH o, Wil npu NOMOuU 0o-
NOTHUMENbHOU HASPEBAMENbHOU CRUPATU
noo Hum. Jlamna nooxmovaemcs K uc-
mounuky moka (2) 0gyms sascumamu (4).

Xopa nccnenoBaHus:

1. CoegmHuTE METANNNYECKNIA CTEPXKEHb 3MEK-
TpomeTpa C O4HUM U3 3NEeKTPOLOB Namnbl, a
€0 OCHOBaHWe € ApyruM anekTpoaom (b).

2. BapsgnTe anekTpoMeTp 1 npoHabnoganTe,
paspspKaeTcsa OH UMK HeT.

3. MNMpucoeanHnTe 3aXnMbl BaKyyMHOM flamnbl K
MCTOYHMWKY TOKa 1 npoHabnogante
npovcxoasiiee nNpu HarpeBaHU cnvpanu B
namne cobbiTure.

O6cyauTte pesynbTaTthbi:

o [oyeMy 3apsKeHHbIV ANEeKTPOMETpP, CoeaNHEH-
HbI C BAKYYMHOW famnon, He pa3pskaeTtca?

¢ Y10 NnponcxoauT Npun HarpeeaHWu cnupanuv B
namne? Moyemy?

Tepmo3JjieKTpOHHAS IMUCCHS. DIIEKTPOHBI, HAXOAALINECS y TIOBEPXHOCTU Me-
Tayjia, MOTYT €ro MOKHHYTh, TO €CTh “UCHAPATHCS” KaK MOJIEKYJIbI KHIKOCTH.

o “ Hcnapenue” s1exmponoe ¢ noepxHocmu Memaiild Ha3bleaemcs INeKmpoH-
HOUl Imuccueil (Jamunckoe cio6o amuccusi — “ nokuoams” wau * uznyuyams” ). lpu
“ucnapeHun” 3JNEKTPOHBI, COOMPAsACh BOKPYT METaJlIa, 00pa3yIoT 91eKmMpPOHHOe 00-

JNAKO.

OI[HI/IM U3 IPOCThIX U BAXHBIX BUOOB OSMHCCHU ABJIACTCA mMepMOIeKmMPOHHAA

OMUCCUAL.

o feneHue ucnycKauus 371eKmpoHo8 ¢ NOBEPXHOCU MEMALIA, HAZPemo20 00 8bl-
COKOU memnepamypbl, Ha3bl8aemcs MepMoINeKmMPOHHOU IMUCCUE.
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IIpu HarpeBaHMM MeTajula KWHETUYECKasl SHEPTUsl CBOOOAHBIX 3JIEKTPOHOB yBe-
JMYMBAETCS, B pe3yJIbTATe AIEKTPOHBI, 00JIaAalonIfe ropa3ao OoJbliell KHHeTH4e-
CKOI oHepruei, MOKUAaT METaII.

Kak MoHO MCIOb30BaTh siBJeHHE TEPMOYNIEKTPOHHOW IMHCCUH IS
NPaKTHYECKUX HeJiei?

Ecnu nooknmouums Kk 3aMKHYMOT 91eKMPU4ecKoll yenu yCmpoucmeo, @ KOmopom
603HUKAEM sGlleHUe MEPMOINEKMPOHHOU IMUCCUU, U CO30AMb HANPABIEHHOe 08U-
JHCeHUEe UCNAPAIOWUXCS DNIEKIMPOHO8, MO MO YCMPOUCME0 0becneuum 0OHOCHO-
POHHIOI0 NPOBOOUMOCHIbL 8 IMOU Yenu.

Bakyymustii inoa. Cocyo (6anion), 6 Komopom co30amn 8blCOKULL 8aKyyM U pas-
Mewenvl 08a INeKmpooda — Kamoo U aHood, paboma KOmopoz2o OCHOBbIGAEMCA HA
AGNEHUU EPMOINEKMPOHHOU IMUCCUU, HAZLIBACCS OGYXINEKMPOOHON INeK-
MPOHHOU TAMROI UTU 6AKYYMHBIM OUOOOM.

OCHOBHOE CBOHCTBO BaKyyMHOI'O JMOJa COCTOMT B TOM, YTO B HEM 3JIEKTPOHBI
MOTYT JIBUTAaThCSl TOJILKO B OJIHOM HANpPaBICHUHM — OT KaToja K aHony. Tak, aiek-
TPOHBI, BEUIETEBIIKE C TIOBEPXHOCTH HArpeToro KaToja, CO3aloT BOKPYT HETO JJIeK-

TpoHHOE 001ako. Ecnu kaTo moicoeAMHUTH K OT-

,  DHIATEIBHOMY TONIOCY CTOYHHMKA TOKA, & aHO K

| MOJIOKHUTEIILHOMY TIONIIOCY, TO TOJ JeHCTBUEM

AAHAR ANIEKTPUYECKOTO TOJISI, CO3IaHHOTO MEXKIY ITUMH

1 - 3 3JIEKTPOAAMH, 3JIEKTPOHBI, MOKHHYBIIHE KaTo[,

1 Cnupans ~ Oynyr meuratbes B HampabieHuu aHona. Koeoda

/ HakanuBaHmna OHU 00CMU2AIOM AHOOA, YeNb 3aMblKaemcsi, v ue-

pe3 Hee npoxoauT Tok. Ha pucyHke mpencrasieHa

JIBYX3JICKTPOJIHASI BaKyyMHasl JIaMIla B pa3pe3e U ee YCIOBHOEe 0003HAUCHHE Ha CXe-
Max (c).

Ecnn ke kaTo/] moJcOeANHNUTD K MOJIOKUTETBHOMY, 8 aHOJ] K OTPHLIATENIbHOMY TIOJTIO-
Cy MCTOYHHKA TOKA, TO UCIAPHUBLINECS 3JIEKTPOHBI, BEPHYBIINCH OOPATHO Ha MOBEPX-
HOCTh KaToja, He 3aMbBIKaloT Lellb — He 00EecCleurBaloT MpOTEKaHHe Yepe3 Hee TOKa.
CrenoBaTenbHO, B 00paTHOM HAIIPABJICHUH HJIEKTPUUECKUI TOK He BO3HHUKaeT. B HacTos-
11ee BpeMs JIAMIIOBBIE THO/IbI 3aMEHEHBI TOJYIPOBOAHUKOBBIMHU JHOIAMH.

DJIeKTPOHHO-JIy4eBass TPYyOKa. OJIEKTPOHHO-TydeBas TpyOKa AIUTEIHHOE
BpeMsi ObUIa BaYKHOM YacThIO KOMITBLIOTEPA, PalUOI0KaTOPa, DIEKTPOHHOTO MUKPO-
CKOIIa, TEIEeBU30pa U APYTHX NPHOOPOB.

Baxyymnui npubop, npeobpazyiowuti snekmpuiecKue CUeHAIbl 8 BUOUMoe U300-
pagiceHue nymem YCKOpeHus Y3K020 1eKmpoHH020 nomoka (nyyka), Ha3vleaemcsi
91eKmMpPOoHHO-1y4eeoii mpyokoi (d).

(€) =

=]
-

(d) 2 3 " : 5
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DJEeKTPOHHO-TIy4YeBasi TpyOKa IpencTaBisieT co00i KOHYycoOOpa3HbIi BaKyyMHBIH
Oaruton (1), mMUpoKast CTEHKa KOTOPOH UTpaeT poJib 3KpaHa. B y3Kkoii yacTu TpyOKH
PAacIoNOXKeH HCTOYHUK IMOTOKA OBICTPBIX 3JIEKTPOHOB — “3NIeKTpOHHAas mymika”. OHa
COCTOUT U3 HarpeBaeMoro karosa (2), ynpasisioIiero 3J1eKTpoaa IUINHIPUIECKOHN
¢dopwmel (3) n anoma (4). Mcmyckaemple ¢ HarpeToro Karoja 3JICKTPOHBI MO IeH-
CTBHEM DJIEKTPHUYECKOTO MOJISI, CO3MaHHOTO MEXIy KaTOAOM M aHOAOM, CO3JaroT
YCKOPEHHBIH MOTOK (ITy4YOK) 3JEKTPOHOB, HANpaBIEHHBIA K aHomy. Hampsokenue
MEXIy KaTOJIOM M aHOJI0M m3MeHseTcs B mHTepBaine otr 500 B mo 20 kB. ITpuobpe-
Tasgd B TaKOM CHJIBHOM JJICKTPUYCCKOM II0JIC GOHLIHYIO KMHETUYECKYIO 3HEPIrulo,
MIOTOK 3JIEKTPOHOB, MIPOJIETast CKBO3b aHOJ C OYE€Hb OOJIBILION CKOPOCTHIO, TOMAaeT
Ha 3KpaH M CO34aeT Ha HEM CBeueHMeE. Tak Kak 3KpaH MOKPHIT OCOOBIM BELIECTBOM
— MOMUHO(]OPOM, KOTOPOE CITOCOOHO CBETUTHCS MO IEHCTBHEM OBICTPBIX JIEKTPO-
HOB. [leprneHAMKYISIpHO PACHOIOKEHHBIE OTHOCUTENBHO IPYT Ipyra CHCTEMBI
KOHJZIEHCATOPOB (5) OTKIJIOHSIOT MOTOK 3JEKTPOHOB B BEPTUKAJIBHOM M TOPH30H-
TaJILHOM HaIpaBJeHUsX. [Ipr U3MEHEHUH 110 OTPEeIeTICHHOMY 3aKOHY I10JIaBaeMOTO
Ha OTKJIOHSIOIINE OOKIJIQJAKH HANPSHKEHUS! TOTOK 3JIEKTPOHOB CO3/IaeT COOTBETCT-
BYIOILIME U300pakeHUsI. DTH H300pakeHHsI HAOIIOJal0T Ha SKpaHaX MOHUTOPOB, OC-
UTOrpadoB U TEIEBHU30POB.

e

O6GopyaoBaHMe: cxema NoaKIoYeHUst BaKyyMHOrO AMOAA B LiEMNb NOCTOSIHHOIO TOKa.

Xoa uccnepoBaHuUsA: Ha OCHOBaHUW NPVBEAEHHBIX HA PUCYHKOB ONpeaenuTe, NPOXoauT

W HET TOK B LieMny MOCTOSHHOMO TOKa, K KOTOPOW NMOAKMIOYEH BaKyyMHbIV ANOA;

a) KaToA HarpeBaeTCs Cnvparnblo, NMOAKITHOYEHHON K MCTOYHMKY TOoKa B 6 B, HO KOHUbI Yy
uenun ceoboaHbIe (e).

b) aHog nogkntoyaeTcs K NONOXUTENBHOMY MOMIOCY UCTOYHUKA TOKa, a KaTtog K oTpuua-
TenbHoMmy (f);

C) aHoA MOAKIYAETCS K OTpMUATENBHOMY MOMIOCY UCTOYHUKA TOKA, @ KaTog K NOnoXu-
TensHomy (9).

Y (f H
L3 Lz
T =
AHOO s E
Kamod ha! 3 ﬁ"
[ [---;} ] .
O 6V O= +0

Y
O6cyauTe pesynbTarhbl:
o [N Yero HyxHa cnvpank HakanuesaHus B guoge?
o [1pn NOAKMIOYEHNN K KaKuM MOMoCaM MCTOMHMKA TOKa KaToda U aHoga COOTBETCTBEH-
HO Yepes aneKTpuyeckyto Lenb OyaeT NPoXoauTb TOK, @ NPU MOAKIOYEHUUN K Kakum
nontcam TOK NpoxoauTb He ByaeT? MNoyemy? Bbickaxute CBOM NPeAnonoXeHus.

AneKTp1MYecKkumn TOK B pa3nUyYHbIX cpeaax 23



YTO Bbl Y3HAJIU " MNepenuwnTe B paboyni NUCTOK He3aBepLUEHHbIe
npepnoxXeHWUs1 U 3aKOHYUTE UX.

1. TepmMo3aneKkTpoHHas aMUCCUs ...

2. BakyymHbIn gnog, ...

3. OnekTpoHHo-Ny4YeBas Tpybka ...

MNpoBepbTe CBOU 3HAHUA

1. Kak MOXHO nony4nTb cBOGOAHbIE 3MEKTPOHLI B Bakyyme?
2. 3a4em B NaMnoBoM avoAe co3gaeTcsl Bakyym?
3. KakoB npuHUmn paboTkl BakyyMHOro anoaa? [ns Kakux uenew oH ucnonbdyerca?

4. Kakoi no 3HaKy 3apsi uMeeT obknajka KOHAeHcaTopa, K KOTOPOMY OTKMOHSIETCSl NMOTOK
3NEeKTPOHOB, B 3N1EeKTPOHHO-Ny4YeBou Tpybke?

o s o

1. Ha pucyHke npejacTaBijieHa cXxeMa NMOJKJIIOYEHHs BaKy-
YMHOT0 IHOJA B YJIeKTPHYECKYIO Ienb. B kakom ciydae
B AHOJHON Henmu OydeT TOK: eciu HOMeHAeM MeCmamu 1
nomoca 6amapeu 1, unu nontoca 6amapeu 2? 1
2. Byner Jiu paGoTaTh BaKyyMHBIii IHO/I CO CJIOMAHHBIM CTEKJIOM B Kocmoce? ITouemy?
3. Ha 3kpaHe 3JIeKTPOHHO-JIy4eBOii TPYOKHU pasnsie uzoopaceHus co30arwmcsa nomoKom ieK-
mponos. B pe3yibTaTe, KAKOro sIBJIeHUs BO3HHKAET MOTOK 3J1eKTPOHOB?
A) Bruterast ¢ HOBEpXHOCTH KaToJia B Pe3yJIbTATe SBICHUS IICKTPOIII3a
B) Bruierast ¢ mOBEpXHOCTH KaTofa B pe3yJIbTaTe TePMO3IEKTPOHHOH SMUCCHH
C) Bbuieras ¢ HOBEpXHOCTH aHOJIA B PE3YJIbTATEe TEPMOIISKTPOHHON IMHUCCUU
D) Bruteras ¢ moBepXHOCTH KaToa MO/ ASHCTBAEM dJICKTPUUECKOTO TTOJISI MEXK/Ty KaTOJJOM U aHOJIOM
E) Bourerast ¢ HOBEpXHOC/MU KamoOa TPH MOMOIIH yIapOB IEKTPOHOB
4. KakoBo COOTHOLIEHHE MEKIY MOKA3aHHSIMH aMIIePMETPOB B LEMsIX C MOIKTI0YeHHBIMH IBYMSI
onnHakoBbiMu quoaamu (U = const) ?

A) L<L<l
B) L>L>1
C) >0, =1
D) I, >1;1=0
E) I <Ip; I5=0

5. B kakoii cpeje B3auMo/ielicTBHe MeKIY 3apPSsKeHHBIMU YACTHIAMM, HAXOOAWUMUCA HA OTMHA-
KOBOM PAaCCTOSIHUH, 00JIbIIe?
A)Brase B)Bxuakoctn C)BwmMerammie D) B Bakyyme E) B crexie

6. OnpenesnTe CONPOTUBJIEHHE THO/A, HCIOIBL3YS HH(OPMALHIO, JAHHYIO Ha PHCYHKe.
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m 3]'IEKTPI/IHECKI/II7I TOK B FA3AX.
HECAMOCTOSATENbHbIA FA30BbIN PA3PAL,

¢ O KaKoM 3NMeKTPONPOBOAHOCTHU
¢, ra3oB MOXHO rOBOPUTL B AaH-
~ HoMm cnyuvae?
¢ Mpwn Kaknx ycnoBusx rasbl MoryT
NPOBOAUTL 3JIEKTPUYECKUN TOK?

HasBaHue ypoka MOXeT BbI3BaTb YAMBMEHWE:
Be[b rasbl ABMNSIOTCS OAUANEKTprKamm. A au-
9NEKTPUKM HE MPOBOAAT ANEKTPUHECKUN TOK
BBUAY OTCYTCTBUS Y HUX CBOBOAHbIX HOCK-
Tenemn anekTpn4eckux 3apsaos (cm.: cTp.9).

\
:

a3bl — gnanekTpuku!

O6opynoBaHue: 3NekTpodopHas MalunHa, MIOCKUN AEMOHCTPALUMOHHBIV KOHOEHCa-

TOp, 31EeKTPOMETP, COeAMHUTENbHbIE NPOBOAA.

Xop nccnepoBaHus:

1. OpgHa M3 NNacTWH NMOCKOro KoHAeHcaTopa MoAcoeAMHSAETCS K CTEPXKHIO SMeKTpo-
MeTpa, a Apyras K 3aXumMy Ha OCHOBaHWUM anekTpomeTpa (a).

2. HaanekTpunaynte nnacTuHbl 3neKTpodOpHOW MaLLUMHON SNEKTPUYECKMMMN 3apsaamm ¢
NPOTVBOMNOSIOXHBLIMM 3Hakamu. [1py 3TOM 3NEKTPOMETP NOKa3biBaeT BO3SHUKHOBEHMWE
ANEKTPUYECKOro Nons Mexay nnacTMHamu.

3. ConwxkanTe nnacTUHbl OO UX COMPUKOCHOBEHMS M MpocreauTe 3a NPOUCXOAALLMMU
ABMEHNSAMM.

4. OToABWMHYB NNacTWHbl APYr OT Apyra, co3ganTe Mexay HUMU BO3AYLLHYIO NPOCIIONKY
(BO34YLUHBIN KOHAEHCATOP) M BHOBb 3apsanTe UX 3apsiAamMu NPOTUBOMOMNOXHBIX 3Ha-
koB. Mpn 3TOM 3NEeKTpoMeTp OnsATb MOKa3biBAET BO3HWKHOBEHWE 3EKTPUYECKOrO
nons mexay nnactmHamu. He npukacasch k npubopam, noHabnioganTe HECKONbKO
MUWHYT 3a NoBeAEeHUeM CTPErKU anekTpomeTpa.

(a)

O6cyauTe pesynbTaThbl:

e [loyemy nNpu CONPUKOCHOBEHUW HAJNEKTPU3OBAHHBLIX NNAcTVH APYr C APYroM CTpernka
3MNeKTpoMeTpa nagaeT Ao HYNeBOro AeneHus?

e [Toyemy NNacTyHbl BO3QYLIHOMO KOHAEHCATOpa, OCTaBasiCb ANUTENbHOE BPeMsi Hadnek-
TPM30BaHHbLIMU, HE pa3pshkanucb, TO €CTb CTPENKa 3MEeKTPOMETPa He MeHsiNa CBOero
nonoxeHmsa?

I'a3 mpy OOBIYHBIX YCIIOBHUSX SIBISIETCS AWDIEKTPHUKOM: aTOMbl M MOJIEKYJIBI, U3
KOTOPBIX OH COCTOMT, HEUTpaIbHBI. |'a3 mpeBparaercs B MPOBOAHUK 3JIEKTPUIECKOTO
TOKa, €CJIU B HEM BO3HHKAIOT CBOOO/IHBIE HOCUTEIIH 3apsfa.

e rmaea 1 * ANeKTpPUYECKU! TOK B Pa3nUYHbIX cpeaax ° 25



CymecTByeT ABa crioco0a Co37[aHusl B ra3e CBOOOTHBIX HOCUTENEH 3apsia:

1. Honuzayusa monekyn zaza noo eéHewtHuM 6o03oeiicmeuem. Brewnue 8o30eli-
CMBUsL, UOHUSUPYIOUUE HEUMPANbHblE AMOMbL U MONEKYIbL 243d, HA3bIBAIOMCS WOHU3A-
mopamu. Honuzamopamu HeuiHe20 8030eticmaus AGISI0MCS: 8bICOKASl meMnepamypa,
uznyyerue, “ bombapouposra’ 8blCOKOCKOPOCHHbIMU YACMUYAMU U Op.

2. Obecneuenue 2a30601 cpedbl 3aPAHCEHHLIMU YACMUUAMU CO CMOPOHbL (I1eK-
mponamu u uonamu). Hanpumep, niams eopsuyetl ceeuu obecneuusaem 6030yx maxi-
MU c8000OHBIMU HOCUMENAMU 3aPA0A, KAK NOLOHCUMETbHbLE U OMPUYAMETbHbIE UOHDI.

Kak nonuszmnpyercs ra3 noja BHellIHUM Bo3JelicTBHeM?

ATOMBI (MJIM MOJIEKYJIbl) HArPETOrO 10 BBHICOKOW TEeMIepaTyphl raza 001aaaoT
TaKoi OOJBIOI CKOPOCTHIO, UTO MPH CTOIKHOBEHUH JIPYT C IPYTOM pacIiagaroTcs
Ha DJICKTPOHBI U TOJIOKUTENbHEBIE HOHEI (b).

©,

‘@,
%

[Ipu sTOM mporecce B ra3e BO3HHKAIOT TAKXKE OTPUIIATEIHHBIC MOHBI: IPHCO-
€JIMHUB K ce0e CBOOOJHBIC AJICKTPOHBI, aTOMbI HEUTPAJIBLHOIO ra3a MPeBPaIaloTCs
B OTpullaTesibHbie MOHBI (¢). Tak MpPoOUCXOaUT uoHuzayus easa. llpu nomemieHun
MOHM3MPOBAHHOTO Ta3a BO BHEIIHEE DJIEKTPUYECKOE TI0JIe CBOOOIHBIE 3IEKTPOHEI,
TMOJIOXKUTCIIbHBIC U OTPHUIATCIILHBIC NOHBL npn06peTa10T YHOopssA04C€HHOC IBUKCHUC
1 00ECIIeYNBAIOT IEKTPOIPOBOIHOCTH T'a3a.

qg ‘©

e Dnexkmpuueckuil MoK 6 2a3aX HA3blAemcCs 2a308bIM PA3pA0OM. DieKxmpu-
YecKkull MoK 6 2azax 9mo ynopsioouenHoe (HanpagieHHoe) 0BUNCEHUE INEKIMPOHOS,
NOAOACUMENLHBIX U OMPUYAMETbHBIX UOHOB.

IIpn npekparieHny ASHCTBUS MOHHM3ATOPa 3JIEKTPOHBI M HOJIOKUTEIbHbBIE HOHBI,
COM3MBIINCH JPYT C JIPYTOM, OIISATH MPEBPAINAIOTCS B HEWTpabHBIE aTOMBI. JTOT
THpolLecc Ha3bIBaeTCs pekombunayuel. B pe3ynpTaTe peKOMOMHALINHY 3apsI0B I'a3 CHOBA
MIPEBpPAIAeTCsl B JUAIEKTPUK WM, HECMOTPS Ha HAINYUE BHEIIHETO 3JIEKTPUYECKOTO
TI0J151, TA30BBIN Pa3psi IPEKPAILACTCS.

e [a308blil pazpao, npoucxooaujuii noo Oelicmeuem UOHU3AMopa, Ha3bl8aAemcsl
HecamocmoamenbHbIM 2a306blM PA3PAOOM.

(c)
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TBOpYeckoe NnpumMeHeHue

(e -

[a3oBbIN pa3psan ¢ NOMOLbLIO NaMeHN.

O6opynoBaHue: 3nekTpodopHas MalluHa, MIOCKUA AEMOHCTPALMOHHbIA KOHOEHCa-

TOp, CNNPTOBKa (MK CBEYa), ANEKTPOMETP, COeANHUTENBHbIE NMPOBOAA.

Xop nccnepoBaHus:

1. NoacoeanHUB NNacTVHbI KOHAEHCATOPa K 3NEeKTPOMETpPY, 3apsauTe MxX Npy NomoLm
3NEeKTPOOPHOM MaLUMHbI.

2. NomecTute nNnams 3a*°cKEHHOW CMMPTOBKM B BO3QYLUHYHO MPOCOWKY MeXay nnac-
TMHaMU 1 Yepes3 HEeCKOMNbKO MUHYT ee oTTyaa yaanute. [NpocneanTe, kak MU3BMeHNTCA
3NEKTPONPOBOAHOCTb BO3A4YLLUHOW npocnonku (d).

(d}

+ .

O6cyauTte pesynbTaThbl:

e Uto HabniogaeTca npy NOMELLEHWW MiamMeHW CMMPTOBKWA B BO3AYLUHYIO MPOCIONKY
MexXay HaaneKTpn3oBaHHbLIMY NNacTUHaMn KoHaeHcaTopa?

¢ YTO NpovcxoauT Npv yaaneHun nnameHn 13 Bo3gyLuHow npocnonkn? Moyemy?

CRIORELIRVELEVIZEEE T - [TlepenuwumnTe B paboumii NMUCTOK He3aBepLlUeHHbIe npeanoxe-
* HWA N 3aKOHYUTE UX.
1. [a3bl Npy 06bIYHBIX YCMOBUAX SBMAOTCA ANINEKTPUKAMU, MOTOMY
yTO...
2. B noHnsupoBaHHoOM rase cBoO60AHbIE HOCUTENW 3apsiaa ...
3. MasoBbIN 3apsag — ...
4. HecamocTosITENbHbIN FA30BbIN paspsa ...

MpoBepbTe CBOM 3HAHUA

1. MNMoyemy rasbl Npy 06bIYHBIX YCITOBUAX AUSNEKTPUKN?

2. Y10 03Ha4yaeT noHusauma rasa?

3. Y10 Takoe rasoBblii pa3pan?

4. Kak nnams cnmpToBKKU CNOCOBCTBYET 3NEKTPONPOBOAHOCTM rasa?
5. YT0 Takoe HecaMOCTOSITENbHbIN ras3oBbI paspsia?

e rmaea 1 * ANeKTpPUYECKU! TOK B Pa3nUYHbIX cpeaax ° 27



m CAMOCTOFITEJ'IbeIVI FA30BbIV PA3PAO N EFO BUAbI

HasepHoe, HekoTopble 13
Bac Habnoganu B HOYHOE
BpeMs crnegyoluee yau-
BUTENbHOE aTMoctepHoe
SIBNIEHNE: CaMOMPOUn3-
BOJIbHOE CBEYEHME BOKPYF
OCTPOKOHEYHbIX KOHLI0B
NMPOBOAOB BbICOKOBOSbT-
HbIX NIMHUIA B KOPOHOOG-
g’ pasHon opme.

S

B 2011 roay B Napwxe
Habnoganock MHTEpeCcHoe
sBneHve. B Sndenesyto
6alwH0 yaapuna MosHUS.
Mpu aTom “camonpouns-
BOJIbHOE CBEYeHUE” onop
6aLuHu BbI3BANO yanB-
neHuve Habnogartenen.

» KakoBa npuuyrHa pacnpocrpa- ‘p- Mpu KakMx ycrnoBusix MpoucxoauTt
HEHUs1 MOJTHUM B Bo3ayxe? ¢ cBeYeHue OCTPbIX KOHLOB?

e -

FasoBbIN pa3psn 6e3 nnameHu.
O6opynoBaHue: npeobpasoBaTtesib BbICOKO-
BOJIbTHOrO NMOCTOSIHHOTO TOKa, ABYX3MEKTpoa-
Has cTeknsiHHasi Tpybka, Hacoc Kamosckoro,
LWITaTUB, COEANHUTENbHbIE NPOBOAA.

Xopa uccnenoBaHus:

1. 3akpenuTe cTeknsHHyo konby (2) B wra-
TMBE U COeaUHUTE ero 3MeKTpoabl C Noso-
camu npeobpasosaTens (1), a wTyuep B ee
cepeauHe — ¢ Hacocowm (3) (a).

2. BKnoYMB MCTOYHMK TOKA, CO34anTe Mexay anekrpogamm
CUIbHOE 3MEeKTPUYECKOe Nore 1 NpocreanTe ABreHne, BO3HMKLLES B BO3AYLLIHON NPO-
CRoiike Mexay 3neKTpogamu.

3. BkntoumB Hacoc, oTkadanTe BO3ayx M3 TpYOKu U NpoHabnoaanTe BO3HMKLLIEE SBREHME.

O6cyauTe pe3ynbTaTthbli:

e [Mouemy B TpybKe C BO3AYXOM MPW CO34aHUN MEXAY SMEKTPOAaMU CUIbHOMO SMEKTpu-
YeCcKOro Mons gaxe npu OTCYTCTBUWM BHELUHErO MOHM3aTopa HabnpaeTcst ra3oBbiv
pa3psn?

¢ YTO HabntogaeTca B cpee Mexay arnekTpoaamu npy oTkavyvMBaHum BO3gyxa us Tpyokn?

e KakoBa npuymHa BO3HUMKHOBEHUSA ra3oBOro paspsifa B TpyOKe npu OTCYTCTBUM BO3AEN-
CTBMSI BHELLHErO MOHM3aTopa?

IIpu ompeneneHHBIX YCIOBUAX Tra3bl MOIYT IPOIYCKaTb 3JIEKTPUYECKUN TOK
Jlake IPHU OTCYTCTBUU BHEIIHEr0 HOHU3ATOpa.

e [Ipoxooicoenue 31eKmpuyecko20 moKka yepes 2a3 npy Omcymcmeuu 6HeuHe2o
8030€LiCMElUs HA3bIBACMCS CAMOCHOAMEILHBIM 2A306bIM PAIPAOOM.

Kak 310 npoucxoaur? IIpy HOpMaJIbHBIX YCJIOBUSX ra3 sIBIAETCA AUIEKTPU-
KOM, OJIHaKO Jake NMpHU TaKUX YCIOBHUAX B Ta3e B HUYTO)KHO MaJOM KOJMYECTBE
HUMEIOTCSI CBOOOAHBIE AIICKTPOHBL.

Ilon meficTBHEM CHIIHOTO 3JEKTPHUYECKOTO TIOJI KaKIBIH CBOOOTHBIN 3IEKTPOH
pUoOpeTaeT 0YeHb OOJBIIYI0 CKOPOCTh, U, CTAIKUBASICH C HEUTPAIILHBIMUA aTOMaMH
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WJIM MOJIEKYJIAMH, HOHU3UPYET HEKOTOPYIO uX dacth. OOpa3oBas- (b)

IIMECs B Pe3yJIbTaTe MOHU3AIMU JICKTPOHBI HOBOTO IOKOJICHUS, «—E
YCKOPSISICh, HOHU3UPYIOT IPYTHE aTOMBI U MOJICKYJbI. TakuMm 00- -0
pa3oM, B ra3e BO3HHKAET JABUHOOOPA3HBI MOTOK SJIEKTPOHHO- "',\-‘i-f\_ ,:3
MOHHOTO pa3psia: MOTOK AJIEKTPOHOB YCKOpAETCS K aHOMY, a = f_‘,’._{’ Bt %] b
MOJIOKUTENbHBIE HOHBI — K KaToy (b). OmHako paspsia raza 3TuM '\*ﬁ,\-{[

He orpaHuymBaeTcsA. [IOJOKUTEIbHBIC WOHBI, JBMKYIIHECT K -0, v
KaToJIy, TAKKE UTPAIOT OOJIBIITYIO POJIH B 3TOM Tiporiecce. Tak, mo s S

JICHCTBUEM 3JICKTPUYECKOTO TOJIS HOHBI TIPUOOPETAIOT OOJIBIIIYIO
KUHETHYECKYIO SHEPTUIO W, YIAPSACh O KaTo, BEIOMBAIOT C €ro
MOBEPXHOCTH JJICKTPOHBI, KOTOPbIC MOAKIIOYAIOTCS K JaBUHO-
00pa3zHOMY Ta30BOMY pa3psiy.

Dmom npoyecc Hazvieaemcs yoapHou uonuzayuen (Ui uonu-
3ayuei yoapom).

Hmaxk, camocmosmenvhulii 2a308blil pazpsio NPoucxooum npu
nOMOWU YOAPHOU UOHU3AYUU U IMUCCUU DTIEKMPOHOE C NOBEPX-
HOCMU Kamooa.

CyIecTBYIOT 4YeThipe BHAA CAMOCTOSTEIBHOTO Ta30BOTO
paspsiia: maerouwjuii pazpao, uCKpoeoil paspao, In1eKmpuiecKas
oyza, KOpOHHBLIL PaA3PA0.

o Tnerowuit paspao nabar00aemcst npu Maiom 0asieHuu 8
suUde CBeMAWUXCS NOJOC GHYMPU CMEKISHHOU MpYOKU Medlcoy
anodom u xamooom. B TIpOBEICHHOM HCCIICJIOBAaHHU BBl HAOIIOJANN TICHOIIU
paspsii. DTOT pas3psii IMUPOKO MPUMEHSETCS KaK MCTOYHUK CBETa B PEKIIAMHBIX
TpyOKkax. Ecnu B TpyOKy 3akadaTh HEOHOBBIN ra3, OH OYAET CBETUTHCS KPACHBIM
[[BETOM, & €CJIH 3aKa4ams ap2o, TO OH OyJIET CBETUTHCS CHPEHEBATHIM I[BETOM ().

o UcKpoeoii pa3psao — 603HUKAem 8 8030yXe MeHCOY INeKMPOOamMU NPU blCOKOM
HanpsiceHuu u Haboo0aemces 8 8ude CEeMsIUUXCSL Y3KUX KAHAL08 3Ue3a2000paztoll
¢opmel. B kauecTBe mpumepa TaKOro paspsja MOXKHO NMPUBECTH HCKPEHHUE MPHU
CHSTHH 00edicObl W3 CUHTETHUYECKOTO0 MaTepualia, MEXAy HadJIeKTPU30BaHHBIMU
KOHJIYKTOPaMH 3JIEKTPOPOPHON MAIIUHBI MPH COJIMKEHUH MX JPYT C JIPYroM, a
TaKXKe B03HUKHOBEHUE MOJHULU TIPU TPO3E.

Kak Bo3HHKaeT Takoe HHTepecHOe aTMOC(epHOe ABJIeHHE, KAK MOJIHUS?

® Monnusa — 5mo camocmosmenbHblil 24308blil pa3psao, 03HUKAIOWUL MeHCOY
0071aKOM U NOBEPXHOCBIO 3eMAU UM MeNCOY 08YMs NPOMUBONOTIONCHO 3APAIICEH-
HbIMU 0OAKAMU.

Korma momauMarommiicss BBEpX BO3MYIIHBINH IMOTOK MPOXOIUT ¢ OONBIIONH
CKOpOCTBIO uepe3 00J1aKk0, 00JIaK0 IEKTPU3YETCs B pe3yIbTaTe TPCHUSI.

[TonoxxuTeabHbIC HOHBI BO3AyXa COOMPAIOTCS B BEpXHEH yacTH 00JaKa, a OTpULa-
TEeJbHBIC HOHBI BOABI B HIDKHEH YacTH. MeXTy Ha’JIeKTPU30BAaHHBIMHU YacTIMHU 00-
Jlaka BO3HMKAeT CWJIBHOE 3JIeKTpHueckoe rmoje. [Ipu AOCTHKeHHH HampsKEeHUs
MEXKIy MOJIOKUTEIBHBIM TOJIIOCOM OAHOIO 00Jaka M OTPULATEIBHBIM IOJIIOCOM
JIpyroro o0jaka WM 3apsDKEHHOTO Tejla Ha MOBEPXHOCTH 3eMJIM OINPEAEICHHOIO
3HA4YEHUs BO3HUKAET Mpo0oii Bo3ayxa. IIpu 3ToM oTprmaTensHbIe 3apsaabl U3 obaka
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MIEPETEKAIOT K TIOBEPXHOCTH 3eMJTH, a ITOJIOKUTEITbHBIE 3aps bl C TOBEPXHOCTH 3EMITH
nepeTeKaroT K 00JIaKy — MPOHMCXOIUT Ta3oBblid paspsia. IIpu BBICOKOH CKOpOCTH
MOTOKA 3TUX 3apsJI0B HAOJIOJIACTCSl CUIIBHOE CBEUCHHE M 3BYK rpoma. ['poM BO3HU-
KaeT B pe3yJIbTaTe PEe3KOro pacHIMpeHus u B3pbiBa Bozayxa (d). Temmeparypa B Ka-
Hane paspsiaa gocturaet a0 20 000°C, cuna toka 10 500 000 A, a HanpsHKEHUE MOKET
66Th 10 10° B. CBeTsmuecs JoMaHble IMHUE PACTATHBAIOTCS HA HECKOJIBKO KMIIO-
METPOB U UMEIOT MHOTOYHCIICHHBIE PA3BETBIICHUSL, 210 HA3bI8AEMCS MOJIHUEI.

o Jniekmpuueckasn dyza — oyeHsb spKoe 0y2000pasHoe CeeueHue, 803HUKauee
MeNCOy 08YMS Y2ONbHbIMU INEKMPOOAMU, HOOKTIOUEHHbL-
MU K UCMOYHUKY MOKA, eClu Npueecmu ux 6 CONnpuKoc-
Hogenue u yoanumo opye om opyaa (e). [Ipu aTom paspsize
CHJIa BO3HUKIIIETO TOKA UMEET OYCHb OOJIBIIOE YHCIOBOE
3HaueHue. [IpuuuHON NEKTPUYECKON IyTH SBISETCS TEP-
MODJIEKTPOHHASI IMHUCCHS, TPOUCXOMASINAS C IIOBEPXHOCTH
CUJIBHO HarpeToro karoja. J{yropoii pa3ps ucroyib3yercs
MIPH AJIEKTPOCBAPOUYHBIX pab0OTaxX U B KHHOMPOEKTOpaXx.

o Koponnbwlii pazpad — 5mo uoHu3ayus 6030yxa NeKMpOHHbIM YOapoM, 603HUKATO-
was npu ammocghepHom dagieHuy OUU 3A0CHPEHHBIX YUACHKO8 NPOBOOHUKA, HeC)-
wezo bonvuum dnekmputeckutl 3apso. VloHn3anys Bo3ayxa Ha KOHIAX THX TPOBOA-
HHUKOB Ha0ImoaeTcst B popMe CBETSITICHCS KOpoHBL. Hanboree 9acTo KOpOHHBIN pa3psi
BO3HHUKAET OKOJIO BHICOKOBOJILTHBIX JIMHUI ITepeiay.

e Ilnazma — yacmuyHo unu NOAHOCMbIO UOHUSUPOBAHHDBIIL 243.

[17a3ma B LeOM SIBISETCS HEUTPATBHBIM T'a30M, IOTOMY YTO KOJMYECTBO I10-
JIO)KUTETBHBIX U OTPUIATENBHBIX 3apsioB B HEU MpakTUdecKu coBmagaer. [1mazma
MOXKET OBITh HU3KOTEMIIEPAaTYPHOH U BhICOKOTEeMIIeparypHoil. OHa o0nanaeT BbI-
COKO¥ 2JIEKTPOTIPOBOAHOCTEIO. [10 3TOMY CBOHCTBY IIa3Ma OUeHb OJIM3KA K CBEPX-
npoBoaHuKaM. [lmasma mupoko pacmpocTpaHeHa Bo BcenmeHHOi: 3Be3Abl U HX
aTMocepa COCTOST U3 BRICOKOTEMIIEPATYPHOM TUIa3MEI.

TBopuyeckoe npumeHeHue

ccresonane I

Kakown ato paspsaa?

O6opyaoBaHue: anekTpodopHasa MallMHa.
MpaBuna 6esonacHocTu: npu paboTe ¢
3NEKTPOOPHOM MaLUMHON YyNpaBnsaTb
KOHOYKTOPaMM HY)XXHO TONbKO [epXach 3a ee
NnacTMaccoBbIE PYYKW.

Xop uccnegoBanusn: 1. Pacnonoxunte
KOHOYKTOPbI 3NEKTPOOPHON MaLLUMHbI Ha pac-
ctosiHum 3-5 cm apyr ot gpyra (f). 2. NMpusegute
3NeKTPoopHY0 MaLLNHY B AENCTBUE,
HaanekTpuaynte B TeyeHne 10 cekyHa
KOHOYKTOPbI 1 NpocreanTe BO3HMKLIEE ABMEHME.
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ccrenonan I

O6cyauTe pesynbTaThbl:
o Kakoli pa3psig Habnioaancs B akcnepumeHTe?
e HasoBuTe OCHOBHbIE HOCUTENW 3apsiaa B 3TOM paspsae.

- NepenuiumTte B pabo4ymi NMINCTOK He3aBepLUEHHbIe

npepnoXeHUsi U 3aKOHYUTE UX.

1. CaMocCTOSITENbHbIV Fa30BbIN PaspsA ... ; 2. YAapHas MoHM3aums ... ;

3. CyuyecTByeT YeTbipe BMAa CaMOCTOSATENbHOIO ra3oBoro
paspsaga: ... ; 4. lNnasma ...

1. UT0 Ha3bIBalOT CaMOCTOSATENbHbLIM Fa30BbIM Pa3psaom?

2. Kak npoucxoguT yaapHas noHusaums?

3. Kakon ra3oBbiii pa3psg npoucxoanT npu atMocepHOM gaBneHnn?
4. Yem oTnnyaeTca Tnetownii paspsa ot Ayrosoro paspsga’?

5. Kak npovcxoamnT nckposom paspsa”?

1. lo:kab Bo BpeMsl rpo3bl 3acTajl Bac Ha OTKPBLITON MecTHOCTH. Ilo0.1M30cTH HAX0AMTCH BBICO-
KHii 1y0. MoKHO JIM cIPATaThCs OT J0:kA4 nog HuM? Iouemy?

YTO Bbl Y3HAIU

2. Hocurenu 3/1eKTpUYecKHX 3apsA10B B ra3ax...
A) BIIEKTPOHBI, MOJOKUTEIILHBIE H OTPULATEIBHBIE HOHBI
B) TOnBKO MONOKUTETbHBIE HOHBI
C) TONBKO 3MEKTPOHbI
D) TonpKO OTpHIIaTEIbHBIE HOHBI
E) TonmbKO MONOXKUTENBHBIE H OTPUIATETbHBIE HOHBI

3. DJaekrTpoa 3710 ...
A) KHUIKOCTB, IIPOITYCKAIOIIast JEKTPUIECKUI TOK
B) HOCHTENHM 371EKTPHUYECKOTO 3apsaa
C) MeTaTM4ecKuil MPOBOTHUK
D) ra3, mporryckaromuii SJIeKTpUIeCcKuii TOK
E) ycrpoiicTBo ocBemeHus

4. Ilpn noMemeHUN NJIAMEHH KEPOCHHKH B JIEKTPHYECKOe IoJie OHO Cpa3y pa3BeTBJIsieTcs.
Iouemy?

5. Kakoii ra3oBblii pa3psia npuMeHsieTcsl IIPH 3J1eKTPocBapke?
A) Tneromuii pa3psan
B) UckpoBsoii pazpsin
C) Koponsslii paspsin
D) Dnexrpuueckast nyra
E) HecamocTosiTenmbHBII pa3psiy
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- I-IOJ'IYI'IPOBO,D,HI/IKI/I COBCTBEHHAA I'IPOBO,D,I/IMOCTb

nonyrnpPoBOAHMKOB

WnxeHepbl YHuBepcuteTa wrarta KTa (CLUA)
pa3paboTanu HOBbIA TN MIIOCKOro MOMynpo-
BOOHWKOBOr0O Matepuana. OneKTpoHbl U Noso-
XuTenbHblE 3apsaabl (AbIPKU) NPOXOAAT Yepes
Takon MoNnynpoBOOHWKOBLIN Martepuan, coc-
TOALIMI U3 OKCMAA OJIOBA TOJILMHON PaBHOW @ ° MoueMy yyeHble 1 NHXeHepbl
OnameTpy OOHOro atoma, GbicTpee, yem ve- nccnenyroT HOBble TUNDI

pe3 KpeMHWeBble (MNN repmaHueBbIE) MOfy- nonynpoBoAHNKOB?
NPOBOAHUKN. DTO MO3BONSAET CO34aBaTh Bbl-
COKOCKOPOCTHbIE€ 9MEKTPOHHbIE YCTPOMCTBA
HOBOTO NOKOMEHNS (KOMMbOTEPbI, MOBUIbHbIE
TenedoHbl, BbICOKOCKOPOCTHbIE UHTEPHET-
CUCTEMBI U T. A4.).

* Yem aneKkTponpoBOAHOCTb
nonynpoBOAHUKOB OTNM4YaeTcs
OT 3NeKTPONPOBOAHOCTU APYIUX
BewecTB?

ccresorme I8

OnpeaeneHne XMMUYECKUX 3/1IEMEHTOB, OTHOCSILLMXCSA K NONYNPOBOAHMKOBbLIM

BellecTBaM.

O6opynoBaHue: Tabnuua “Nepnoanyeckon CMCTEMbI XMMUYECKUX 3NTIEMEHTOB”.

Xoa uccnegoBaHuA:

1. Onpegenute XuMM4eckye anemMeHTbl 13 “lMeprnognyeckorn CMCTEMbI XUMMYECKMX
3M1EMEHTOB”, KOTOPbIE MOXXHO OTHECTY K MOMYNPOBOAHUKOBLIM BELLECTBAM W 3anuLinTe
UX YCIOBHble 0603HaYeHNs B paboyem N1CTKe No Nopsiaky.

2. OcHOBbIBasICb Ha 3HAHMSAX, MOMYYEHHbIX U3 Kypca XMMUW, OTMETbTE AN KaXaoro on-
peLeneHHOro Bamuy 3rieMeHTa BaxkHble, Ha Ball B3rnsg, ero XMM1U4eckue CBOMCTBa.

O6cyauTte pesynbTaThl:

o Kakne xummyeckme anemeHTbl Bbl OTHECM K MOMNYNPOBOAHMKOBLIM BeLlectBam? MNouemy?

e Ha ocHOBaHMM KaknX XMMUYECKMX CBA3eln Bbinn copmMynnpoBaHbl OCHOBHbIE CBOW-
CTBa onpeaeneHHbIX BaMy XMMUYECKNX SNEMEHTOB?

YeMm BHyTpeHHee CTpPOeHHUe NMOJIYNPOBOJAHNUKOB OTJIHYAETCS OT METALIOB H

Am3J1eKTPpUKoB? K momynpoBOAHUKAM OT- T [ e e )
HocsTes: 12 anemenToB cpennux rpynm (IV, (a) - B I - I{ 'g | |

V u VI rpymn) “Tlepuonudeckoii cucteMsl [ (s e T |
XUMHUECKUX dieMeHToB” ((a), 6 mabiuye I T R T
KIemKu, 8 KOMOPbIX PACHON0ICEHbl MU = ] all B 5
9NeMeHMbl, OKpaulensvl 6 pO308blil ygem); ! B e I:r: T l1 lxe
coequHeHHS daeMeHTOB M3 [l m IV, [l u V, _ P B [Pe At

IIT u VI rpynn; MOXHO cka3aTh, BCE HEOP-
TaHWYECKUE BEILEeCTBA.

CBsI3b C SAPOM BIEHTHBIX AJIEKTPOHOB Y MOJIYIIPOBOIHUKOB — SIIEMEHTOB CpPEIHEH

TPYIIIBI — Kperde, YeM y BAJICHTHBIX 3JIEKTPOHOB METAJLIOB, OJTHAKO clladee, 4eM y Ba-
JICHTHBIX 3JIEKTPOHOB C SIAPAMK aTOMOB IUAJIEKTPUKOB. CBOHCTBA MOYIIPOBOJHUKO-
BBIX BeIIeCTB (DOPMHUPYIOTCS HA OCHOBAaHWHU KOBAJIEHTHOM (MJIH TAPHOIJIEKTPOHHOK )
XUMUYECKOH CBSI3H.
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Kak Bo3Hukaer 3Ta cBa3h? B KkauecTBe mpumepa pac- - S -
CMOTpHM KpucTaiul kpemHus. Kpemuuii snement IV rpymnsr. Ha o, .
€ro BHEILIHEH 3/IeKTPOHHON 0007104Ke MMEOTCs 4 BaJICHTHBIX s ees
3EKTpOHA. B TBEpIOM COCTOSIHMM KaK/Iblii aTOM KPEMHUSI CO3- XL
JTAeT KPUCTALTMIECKYTO PEIIETKY C YETHIPHMS “COCETHUME aTo- L si | s
Mamu. IIpu 5TOM BajeHTHBIE 37EKTPOHBI KAXKIOI'O aToMa KpHC- 2R LX)

TAJJIMYECKON PEIIeTKH CO3IA0T oO0LIre OpOHMTHI (Ha KaXKIOH

opbuTe 1O JBa AJIEKTPOHA) C BAJCHTHBIMU SJICKTPOHAMHU COCEOHHX aToMOB. “00600-
HICHHBIE” ANIEKTPOHBI, COSHMHSSI aTOMbI KPHCTAUIMYECKOW pPEelIeTKU OPYT C APYTOM,
CO3/IAI0T MEXTy HUMH KOBAJICHTHYIO, TaK Ha3bIBAEMYIO HAPHOAIEKMPOHHYIO 6536 (D).

IIpupona co6cTBeHHOM 31eKTPONPOBOAUMOCTH MOJTYNPOBOIHIKOB.

THonynposoonuk — geugecmso, Hucio c60000HbIX HOCumeeli KOmopo2o 3d8UCUM
K enewnvix 6ozoeticmeull (memnepamypa, oceewenue, dobasienue npumecei 6
cocmag u m.o.). Eciu monynpoBOIHKUK YHUCTBIN (He umeem 6 cocmaee noCmopOHHUX
npumeceti), TO €ro MPOBOIUMOCTE HA3bIBAIOT COOCIMBEHHOLL.

DNEKTPONPOBOTHOCTH OBIBACT JIBYX BUJIOB:

1. Dnexmpounas unu N-muna RPOBOOUMOCHY — 3IEKIMPONPOEOOHOCHIb, BO3HU-
Karwas npu 08UdCeHUU C80O00HbBIX INIEKMPOHOE 8 YUCMbIX NOJIYNPOGOOHUKAX. N —
HauanbHas 6ykeéa ramuncko2o crosa neqativ (“ompuyamenvuoiii’™).

[Tpu 0OBIYHBIX yCIOBHSIX (HAPUMED, MPU KOMHATHOH TeMIIepaType) IeKTpude-
CKOE COIMPOTHBIICEHHE TIOTYTIPOBOAHUKOB OOJIBINIE COMPOTHUBIEHHSI METAJIOB, TIOTO-
MY YTO KOJIMYECTBO CBOOOJHBIX 3JCKTPOHOB B IOJYNPOBOAHUKAX MEHBIIE, YEM B
MeTaymax. [Ipy MOJKIIOUYEHHH TaKOTO IMOJYIPOBOJHHKA B DJIEKTPHUUECKYIO LEMb
CBOOO/IHBIE DIIEKTPOHBI B HEM, YIIOPSIOYEHHO JBUTASACH B KPUCTAUINIECKON peIIeT-
Ke, CO3JIAI0T JIEKTPOHHYIO MPOBOIUMOCTD — OH IIPOBOJIUT dIIEKTPUIECKUH TOK, XOTSI
u cnadbiii. CamMol XOpoIiei 3JeKTPOHHON MPOBOIUMOCTBIO 00J1aJal0T METAJLIIbI.

2. lvipounasn uiu p-muna npooOUMOCHb =310 2NeKMPONPOBOOHOCHb, GO3HU-
Kawwas npu 08UINCEHUU ObIPOK 8 YUCBIX NOTYNPOBOOHUKAX. P — HAYAIbHASL OYKEd
aamurckoz2o cnoga Pozitiv (“noroscumenvrolit’).

[NoaBeprasick BHEIIHEMY BO3/ICHCTBHUIO, HAIPUMED, NPU HArPEBaHUH, YaCTh BaJICHT-
HBIX JIEKTPOHOB Y MOTYTIPOBOTHUKOB IMMPHOOPETAET OOJBIIYI0 KHHETUYECKYTO SHEPTHIO.
B pe3ysbTaTe B KprcTasiie MoIypOBOIHUKA IIPOUCXOJIAT OJJHOBPEMEHHO JIBA SIBJICHUSI:

1) 6anenmuvie 21eKMponbl 30 Cuem NOIYYEHHOU OONOIHUMENbHOU SHEeP2UU pa3-
PbIBaiom KOBANEHMHYIO C653b U NOKUOQAIOM amombl. B pesyrvmame xoauuecmeo
CB0000HBIX INEKMPOHOB 8 KPUCMATLIE PEe3KO YBeIUHUBAemcsi, d CONpOMusieHue
NOLYNPOBOOHUKOB PE3KO YMEHbULACTNCS,

2) Koeda 8aneHmHblIl ANeKMPOH NOKUOAem amoM, 8 KOBAICHMHOU C653U 603HUKAEM
“gaxanmmnoe” mecmo, Hazvisaemoe ObIPKOU. B pe3ynpTaTe aToM mpeBpariaeTcs B oJIo-
JKUTENbHBIN HoH. OTHAKO Pa30pBaBIIM KOBAICHTHYIO CBSI3b BAJICHTHBIN AJIEKTPOH CO-
CEJTHEr0 aToMa IEPECKAKMBAET B 3TY JBIPKY, 3aIlONHSSA €€ — CBA3b BOCCTAHABIIMBACTCS,
TMIOJIOXKUTEJBHBIN MOH BHOBB IIPEBpAIIA€TCs B HEUTpallbHbIM aToM. Ho mepenphirHy BIIHiA
AIIEKTPOH HA CBOEM TPEKHEM MECTE CO3/IaeT HOBYIO JBIPKY U ITOJIOKHUTENBHBIN HOH.

Takum 00pa3oM, GosHuxaiowue ObIPKU, KOMOpvle 00pA3VIOmcs 8CAe0Cmeue
3amewyaowux opye opyea nocied08amenbHblX NPLIJCKOE 6ANEHMHBIX JJIEKIMPOHOE,
npugooam & ““osusicenue’ u nOLoMNCUMenbHbie UOHbL NO 8CEMY KDUCIAILILY.
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(c) Mepememenne Ilepevemenme [Ipy COCAMHEHHH MOJTYIPOBOIHUKOBOIO

BaJICHTHBIX JABIPOK
3JIEKTPOHOB KpuCTaJljla B 3JICKTPUYCCKYIO LCIb MOCTOSAH-
r i_—lr“ﬂl sy HOTO TOKa CBOOOIHBIE BaJICHTHBIC AIICKTPOHEI
s S sl sk (sl COBEPILAIOT  YHOPSAOYEHHOE “‘ABMXKEHHUE
Ml Rl AR 4 || T TpOTHB HampaBlieHHWS BEKTOpa HAINpPsKEHHO-
RSk sl sk ek CTH IOJISL, & TTOJIOKUTENBHO 3apsKEHHBIE JIbIP-
. o A KU COBEpUIAIOT YNOPSAOYEHHOE “‘IBUXKEHUE”
Si_IS1 SL _,S_i. Rl B HAalpaBJICHUU BEKTOpAa HAaNPS)KEHHOCTH
7 3 MOJIA — BO3HHUKAET JJIEKTPUUYECKUU TOK (C).
-«— I'M‘ Takum 00pa3oM BO3HHKAET COOCTBEHHAs MPO-

BOJIMMOCTH TTOTYTIPOBOTHHKOB.
o Cobcmeennas 91eKkmponpo8ooOHOCb YUCHBIX HOJYIPOBOOHUKOS CO30aemcsl 3
cuem pagrHo20 KOau4ecmea c60000HbIX INEKMPOHOE U ObIPOK.

TBopquKoe npuMmeHeHue

UccnepoBsatue [P

3apaya. JononHuTe gaHHyo Tabnuuy, CpaBHUB NPUPOAY 3MEKTPONPOBOAHOCTH
nonynpoBOAHMKOB U MEeTarnsos.
Mpupoaa anekTponpoBOgHOCTH MeTtannbl MonynpoBogHWKK
BHyTpeHHee cTpoeHve
HocuTenu anekTpuyeckoro 3apsaa

Mpwu yBENuueHun Temnepa-
Typbl 3NEKTPONPOBOAHOCTb
yMeHbLUaeTcst

3aBMCKMOCTb 3MEKTPONPOBOAHOCTY
OT TemnepaTypbl

OneKTponpoBOAHOCTL NpK
TemnepaType abCconTHOro Hyns
MpoucxoamnT Ny nepeHoc BellecTsa
npv 31eKTPONpPOBOAHOCTU?

O6cyauTte pe3ynbTaThbl:
* B 4yem cxo4CTBO U OTNNYME 3NEKTPONPOBOAHOCTU NOMYNPOBOAHMKOB Y METAnNMoB?

YTO Bbl Y3HANU = MepenuwuTte B pabo4unmn NMCTOK He3aBepLUEHHbIe
5 npeanoXeHUs U 3aKOHYUTe UX.

1. K nonynpoBoAHVKOBbLIM BELLECTBaM OTHOCHATCS — ...

2. CobcTBEHHAs 3MEKTPONPOBOAHOCTb NOSYNPOBOAHUKOB — ...
3. OneKTpoHHas MPOBOAMMOCTb B MOJSYNPOBOAHUKAX — ...

4. [bipoyHasi NPOBOAMMOCTb B MOJYNPOBOAHUKAX — ...

MNpoBepbTe CBOU 3HAHUA

1. Kakne BelyecTBa Ha3blBalOTCS NOMYNPOBOAHUKAMN?

2. K kakow rpynne aneMeHTOB OTHOCATCS NOMyNpOBOAHNKMN 13 “Iepnoamnyeckon cuctemsl
XUMUYECKNX SNIEMEHTOB”? YeM OTNn4yatoTCsa 3TV SNIEMEHTbI OT S1IEMEHTOB APYruX rpynn?

3. Y10 Takoe KoBaneHTHas Uiy NapHOSNEKTPOHHAsA CBA3b?

4. YnopsgoyeHHOe ABWKEHME KaKnX HOCMTEeNen 3apsiioB co3aaeT B MOMynpoBOAHMKAX
3ANEKTPUYECKNI TOK?
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m nPI/IMECHAFI nPOBOAMMOCTb NONYNPOBOAHUKOB

Mpy M3yyeHU CBOVCTB MOIMYNPOBOAHUKOB GbiNo OMpeaeneHo, YTo ux
3rEeKTPONPOBOAHOCTb MOMHOCTLIO OTNIMYAETCS OT 3NEKTPONPOBOAHOCTM
ApYrvX cpeg, TakuX Kak MeTannbl, XWOKOCTW, rasbl U BakyyM. Bbino
onpeaerneHo, YTO 3MeKTPONPOBOAHOCTL MOMYNPOBOAHWKOB MO cpaBHe-
HUIO C ApYyr¥MU cpepgamu Gornee YyBCTBUTENbHA K BHELLHEMY BO3AEli-
CTBWIO: B pe3yrbTaTe 3TVX BO3AEVCTBUI MPOBOAUMOCTb PE3KO MEHSETCS.
OpHO M3 Takux BHELWHUX BO3AeicTBUMW — paobaBneHMe B COCTaB
MoIynpoBOAHUKOB MOCTOPOHHMX BELLECTB — NPUMECEN.

¢ Y10 HeobbIYHOIO
NPOUCXOAUT C 3reK-
TPONPOBOAHOCTLIO
YyucToro nonynpo-
BOAHMKA Npu Ao-
©aBneHuu B ero
cocTtaB npumecu?

bcmzomame [

Kak nsmeHsieTcsi KONM4YecTBO
HocuTeneu 3apsaaa B YACTbIX
nonynpoBoAHUKax Npu
pobaBneHun npumecu?

O6opyaoBaHue: cxema KoBaneHTHON
CBA3WN MeXay atoMaMy CoeAuHEHUN
Si-P n Si-B.

Xoa uccnegoBaHuA:

1. Onpegenute n3aMeHeHus1, NPOn3o-
LweALlwne B YACTOM Kpuctanne
nonynpoBoAHuka (Si — anemeHT IV
rpynnel) npu gobaeneHun B
KayecTBe npumecu anemeHTa VvV
rpynnel gpocgpopa (P) (a).

2. OnpegenuTe N3MeHeHns, Npoun3o-
wepawmue B kpuctanne (Si) npu
fobaBneHnn B kayecTse NpMmecun
anewmenTa lll rpynnel 6opa (B) (b).

O6cyauTte pesynbTaTbl:

o CKOIbKO BaneHTHbIX 9fIEKTPOHOB Y
anemeHTa V rpynnbl chocdopa (P)?

¢ KonnyecTBo Kaknx cBoBOAHbIX
HocuTenen 3apsaa yBenuumTcst npu
pob6asneHun npumecu dpocdopa (P)
B Kpuctann kpemuus (Si)? MNouemy?

o CKOIbKO BamneHTHbIX 9MTIEKTPOHOB Y
anemeHTa lll rpynnel — 6opa (B)?

¢ Kak nsmeHuTCs Konmy4ecTso
CcBOGOOHBIX HOCUTENEN 3apsaa npu
pobaBrneHun B kayecTse npMmecu
6opa (B) B kpucTann kpemHus (Si)?

[Ipu nobaBneHNH MPUMECH B UUCTHIN MOTYTIPOBOJHIK B HUYTO)KHOM KOJIMYIECTBE
€ro IMPOBOJUMOCTh PE3KO BO3pacTaeT.
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Ipuuuna smoeo 3axkaouaemcs 6 mom, 4mo Hapsdy ¢ COBCMEEHHOU NPOBOOUMO-
CMbIO 8 NOYNPOBOOHUKE GOZHUKAEM U NPUMECHAs nposooumocms. Ecau uucno ea-
JIEHMHBIX DJIEKMPOHO8 000A6IeHHO20 amoma npumecu Oyoem 0Ooavbule yucia
BANEHMHBIX IIIEKMPOHOE AMOMA NOTYNPOBOOHUKA, MO IMA NPUMECh HA3bIBAENICSL
oonopnou npumecwvto (namumnckoe cioso donor ozuauaem “ omoar”). Ecau e
YUCTO BAIEHMHBIX DNEKMPOHOE 000ABNIEHHO20 amoma npumecu Oyoem MeHbuie
YUCAA 8ANEHMHBIX INEKMPOHO8 AMOMA NOLYNPOBOOHUKA, MO 3MA HPUMECH HA3bl-
saemcs akyenmopHou npumecoto (namurnckoe croso akseptor —“ npunumaro” ).

Jonopuas npumecn obecneuusaem nonynpo8oOHUKOGble KPUCALLbL OONOTHU-
MENbHBIMU DINEKMPOHAMIL: € IE2KOCHbIO OMOABAsL CEOU BAIEHMHbIE DIEKMPOHbL, OHA
yeenuuusaem Koauuecmeo c60600HbIX INEKMPOHOE 8 NOJYNPOBOOHUKE.

Hanpumep, npu 100aBICHUH B KPUCTAT KPEMHHUSI MPUMECH MATUBAIECHTHOTO
aneMenTa — ochopa, YeThIpe BaJICHTHBIX DIIEKTPOHA CO3JJAI0T KOBAICHTHYIO CBS3b
C COCEIHUMH aToMaM¥ KpeMHUsl. [IAThIi ke 21eKkTpoH dochopa BpamaeTcs OKoJIo
atoma. OfHaKoO OH, UMesl clabyr CBS3b C ATOMOM, C JISTKOCTBIO MOKHUJAET €ro U
CTAHOBUTCS CBOOOIHBIM (CM.: a).

Ecnu B kpucramie 4-BaJleHTHOTO KPEMHHUSI HEKOTOPBIE aTOMBI OYIyT 3aMEHEHBI
aToMaMu S5-BaJIeHTHOTO ¢ocopa, To OT Kaxoro aroma npumecu (pocdopa) B pe-
3yJbTaTe TEMJIOBOTO JBWIKCHHS OCBOOOIUTCS OJUH AJIeKTpoH. [loj neiicTBueM
BHEIIHNX ()aKTOPOB ANEKTPOHBI aTOMOB KPEMHHSI MOTYT MOKHHYTH KOBAJICHTHBIC
CBSI3H, TOT/Ia HA UX MeCTe 00pa3yroTcs AbIpKU. Toraa mpu CO3MaHUH DIICKTPUYEC-
KOTO TIOJIsI BCE AT 3apsbl IPUAYT B JIBWKEHUE U BO3HUKHET dJIeKTpUUYeCcKuii TOK. B
TaKOM ITOJTyTIPOBOJTHIKE OCHOBHBIMU HOCUTEIISIMHE 3apsiia OyIyT 2IeKTPOHBbI, a JbIp-
KU Oy/IyT HE OCHOBHBIMH.

o [1o1iynpogoOHUK ¢ OOHOPHOI npuMechio 001a0aem 6 OCHOBHOM INeKMPOHHO-
npumectoil nposooumocmoio (nposooumocmes N-muna).

® Akuenmopnas npumecy obecneuugaem NOIYNPOBOOHUKOBbIE KPUCTIATIbL 00-
NOHUMETbHbIMU ObIPKAMU: NPUCOEOUHSS K cebe OONOTHUMEeNbHble BANEeHMHble J/IeK-
MPOHDBL, YEeTUUUBAEH KOIUYECBO ObIPOK 8 NOJYAPOBOOHUKE.

Hanpumep, npu noGaBieHHH B KPUCTAII KPEMHHUSI IPUMECH TPEXBAICHTHOTO
0opa BaJCHTHBIC AJIEKTPOHBI MPUMECH CO3JAI0T TOJIBKO TPH IMaphl 3JMEKTPOHHBIX
CBSI3€H C COCETHUMH aToMaMu KpeMHHA. J[1si co3manHus ke 4eTBepTOr maphl dJeK-
TPOHHOM CBSI3U HE XBaTae€T OAHOTO AJIEKTPOHA, U HA €ro MecTe o0pa3yercs IbIpKa.
Crofa MOeT MeperTH OMH BaJICHTHBIN 3JEKTPOH C COCEIHET0 aToMa KpeMHus. B
9TOM CJy4ae 3a CYeT BaJIEHTHOTO DJIEKTPOHA, MOJYYEHHOTO OT COCEIHEro aToMa,
TPEXBAJIEHTHBIM aTOM MPEBpAIIACTCS B OTPULATEIbHBIN HMOH, CBSI3b 3aBEPILACTCS.
Ho B cocemnem aTome, OTAaBIIeM 3JICKTPOH, BO3HUKACT JIbIpKa (cM: b).

Wrak, TpexBajeHTHAsI MPUMECh, 3a0Upast AIEKTPOH y aToMa KPEMHUS, CO37acT B
KpHUCTaJUie JOMOJHUTENIbHbIC OBIPKU. B pe3ynbrare KOIMYecTBO IBIPOK MPEBOCXO-
IUT YHUCIO AJIEKTPOHOB. [lo3TOMY HIBIPKH SBISIOTCS OCHOBHBIMH HOCHUTEISIMH
3aps/ia B MOJMYTIPOBOJTHHUKAX C aKIENITOPHOM MPUMECHI0, 8 HEOCHOBHBIMH HOCHUTEIISI-
MU 3apsiaa SIBISIOTCS AIEKTPOHBI.

o [1onynpoBoOHUK ¢ aKyenmopHol npumecvro 0baadaem 8 OCHOBHOM ObIPOYHOU
npuUMecHou npoeooumocmuio (NPo8OOUMOCMb P-MUna).
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TBOpueckoe npumeHeHue

bocresonams [

PewuTe 3apayy, ucnonb3ys npuBeaeHHYH HUXe MHOpMaLuIo:

MN3BecTHO, 4yTO B 0GbeMe 1M3 KpucTanmna repmaHus UMeeTcs npubnuautensHo 1028
atomoB. Mpn KOMHaTHO TeMnepaType KOHLEHTpaLusl CBOGOAHbIX 3MEKTPOHOB B YMC-
TOM repMaHum coctaenset n = 1017m3. B kpuctann repmanus gobasnseTcs npumech
NSTUBANEHTHOro aToMa Mbllbska B konnyectse 4o 1% (ao 0,01 yactn).

370 03HayaeT, YTO B Kaxabl 1M3 MEXaTOMHOrO MPOCTPaHCTBA KpUCTansia repMaHms
BHEceHo 10%° aTtomoB npumecu. Ecnu yyecTb, UTO Kaxablii aTOM Mbllubsika co3aaeT
OfMH CBOGOAHbIN 3MEKTPOH, TO KOHLEHTPALUS Takux 3MEKTPOHOB B KpucTanne Gyaert
n = 10%°m~3. 37107 NokasaTens B 10° pas, To ecTb B Munnuapg pas 6onbLue, 4em 3Haqe-
HUE KOHLIEHTPALMMN 3MEKTPOHOB B YMCTLIX KpUCTannax repMaHus.

3apava. Kakol TMn npumecHoro nonynpoBofHuka obpasyeTca npu gobaeneHun B
YNCTbIN YeTblpexBaneHTHbIM kpuctann repmanuns 0,8% nprvmecn aToMoOB TpexBarneHT-
Horo nHAams (In)? Hackonbko oTnmM4aeTcss KONMYECTBO OCHOBHLIX HOCUTENen 3apsaa B
3TOM NONYNPOBOAHMNKE OT KONNYECTBA COOTBETCTBYIOLLMX HOCUTENEN 3apsaa B YUCTOM
repmMaHmmn?

s MepenuwuTte B paboyumni NUCTOK He3aBepLUEHHbIe
r nNpeAnoXeHNs U 3aKOHYUTE UX.

1. [loHOpHbIE NpUMecH — ...

2. AKLENTOpHbIE MPUMECH — ...

3. MNonynpoBOAHWKM C AOHOPHOW MPUMECHIO — ...

4. MonynpoBOOHWKN C aKLLENTOPHOW NPUMECHIO0 — ...

MpoBepbTe CBOM 3HaHMSA

1. Kak cozgaeTcs aneKkTpoHHasi NpoBOAUMOCTb B MPUMECHOM MOMYyNpPOBOAHUKE?

2. Kak cosgaetca Ablpo4HaA NpoBOANMOCTb B NPpUMECHOM I'IOJ'IyI'IpOBO/J,HMKe?

3. Kak NnpuMecChb BITUAET Ha 3J1eKTpu4eckoe conpoTmnBiieHne I'IOJ'IyI'IpOBO,EI,HI/IKa?

4. Kakasi npymecHasi NpoBOAUMOCTb BO3HUKHET, €Cni B repMaHnin JobaBuTb, COOT-
BETCTBEHHO, MbILWbSK, 6op nnu goccop?

YTO Bbl Y3HAIU
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[ 1.9 ] P-N nePExoa. nonynPOBOAHUKOBLIV Ano.
(JononHuTenbHbI MaTepuan ansg YTeHus)

OCHOBHbLIMW 3rIiEMEHTaMM MHTErparbHbIX 3NIEKTPUYECKUX e Mouemy nonynpoeoga-
CXEM B CITOXHbIX 3MeKTpUyYeckmx npubopax (MoGUMNbHbIN q HUKOBbIe NPUGOPHI
TenedoH, HoyTOYK, MUKPOBOHOBAas Neyb, CTMpanbHas u obnapatot TakKuMm
nocynoMoeyHasi MalluHbI, CKOpOBapKa, TeNeBU3op U apy- ¢ 06LWHPHBbIMUK cdhepamu
rve) sIBNsOTCS NOMynpoBOAHUKOBEIE NPUBOPHI. npuMeHeHnAa?
MonynpoBoAHUKOBbIE ¢ B yemM npenmy-

LecTBO nonynpo-
BOOHWKOB Hag
ApPYrMMu NpoBoA-
HUKamun?

npubopbl UrparT Hesa-
MEHUMYIO pOflb B COB-
PEMEHHON Hayke, Tex-
HWKE M aBTOMaTM3auum
NPOU3BOACTBEHHbIX

yyacTkoB, poboTocTpo-
€HUW, PaaMO3NEKTPOHU-
Ke 1 apyrux cdpepax.

UccnepoBsatue IS

Moyemy He NpoXoAUT INEKTPUYECKUN

TOK?

O6opynoBaHue: NCTOYHUK MOCTOSAHHOrO TO-

ka (4 B), amnepmeTp, nNonynpoBOAHWNKOBbLIV

avop (M3 Habopa NpMGopPoB “ONeKTpUYECKUin

TOK B MonynpoBodHukax”), K4y, Co-

eQVHUTENbHbIE NPOBOAA.

Xoa uccnenoBaHus:

1. CoeauHuB 3a>K1Mbl NOMYNPOBOAHMKOBOIO
OMOAa C 3NEeKTPUYECKON Lienbio, 3aMKHNUTE
KMOY U BbISICHUTE, NpOTeKaeT unu HeT
yepes 3Ty Lenb SMeKTPUYECKUn ToK (a).

2. He nsmeHsasa uenb, noMeHsnTe Mectamm
coeavHUTENbHbIE MPOBOAA Ha 3aXumax
auoda v npocneavTte BO3HMKLIEE siBne-
Hue.

Ob6cyauTte pe3ynbTaTthbli:

¢ B kakom crnyyae nonynpoBOAHWKOBLIN AMOA MPOBOAUT SMEKTPUYECKUIA TOK?

¢ K kakomy BbIBOAY NPUBOAUT UccnegoBaHme?

e Kakyto npoBOAMMOCTb MMEET NOSynpOBOAHMKOBLIN AnoA: COBCTBEHHYO UMK NpUMEC-
Hyt0?

Dnexmponno-ovipounslii nepexod (i P-N nepexod). llpu CONPUKOCHOBEHHN
HOJIYIPOBOJHUKA P-TUIIA C IIOJIYIPOBOJAHUKOM N-TUIA HA IIOBEPXHOCTU UX COIPU-
KOCHOBEHHSI BO3HMKHET 3JIEKTPOHHO-ABIPOYHBII nepexos (win p-n nepexoxn). [Ipu
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3TOM DIICKTPOHBI M3 KPUCTAILIA N-TUIA ¥ JBIPKU U3 KPUCTAJIIA P-THUIA MPUXOMST B
JIBUKCHHUE U COBEPIIAIOT AU(PQPY3UI0 B MPOTUBOIMOJIOKHBIE CTOPOHBI OT TPaHMIIBI
COTPUKOCHOBEHUSI.

B pe3ynbraTe B n-4acTH rpaHUIbI CONPUKOCHOBEHHSI YBEITHMIHBACTCS KOJIUYECTBO
TIOJIOKUTENBEHOTO 3apsijia, & B P-4acTH — OTPUIIATENILHOTO 3apsiia, mo ecmv 6 P-N nepe-
X00e NoAYNpoBOOHUKOB020 KPUCMAILLA 803HUKAEM OBOUHOU COU PA3ZHOUMEHHLIX
3apsdos (b).

(b)

DJIEeKTpUUYECKOE TI0JIe (En_p), BO3HMKAIOLIEEe MEXAY 3apsAAaMu IBOMHOTO CIIOS,
MPENATCTBYET JalbHEHIIEMY MEPEXOJy 3JEKTPOHOB YEpe3 TPAHMILy CONPHUKOCHO-
BEHMsI KPUCTAIJIOB ab M3 n-4acTH B p-4acTb, a JBIPOK M3 P-4acTH B n-4acTb. Ilpu
MOJK/IIOUEHUN KPUCTAUIA, UMEIOIIEro p-N Iepexol, B Lelb IOCTOSIHHOIO TOKa, OH
OyZeT XOpolIo MPOBOAUTH TOK TOJBKO B OJHOM HAaIlpaBJICHWH. DTO HAIpaBJICHUE
YCTaHOBUTH HE TPYIHO.

Ipsamonr nepexod. TIpeanonaoKuM, 9TO KPUCTAUT N-THUIA TOJCOCAUHEH K OT-
pHULIATEIbHOMY IOJIOCY UCTOUYHUKA TOKA, @ KPUCTAIUI P-TUIA — K HOJOKUTEIBHOMY.
ITpu 3TOM MOJ AEHCTBUEM 3JIEKTPHUUECKOIO IOJIS, CO3JaBAEMOr0 HCTOYHUKOM TOKa,
UIEKTPOHbI KPUCTAJUIA N-TUNA U ABIPKU KpPHUCTaJUla pP-TUIA OyIOyT ABUIAThCS Ha-
BCTpeuy Jpyr Ipyry K rpanune ab. DiekTpoHsl, mpoias depe3 rpanuiy ab, 3a-
MOJHSIOT JBIPKH, YMEHBIIAs €ro TONIINHY, a 3HAYUT, U 00I11ee JIEKTPUIECKOE COIPO-
TUBJeHUE Kpuctawwia (c). Takoiu P-N nepexod 6 nOaynpo8OOHUKOBbIX KPUCMALIAX
HA3b16AEMCS RPAMBIM HEPEXOOOM.

(c) n

+++
1
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|
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1001 -9
o 1--0°
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Oopammnuwiit nepexod. 11pennonoxumM, 4To KpUCTAIUT N-THUIA MOJCOEIUHEH K
TOJIOKUTENIBHOMY TOJIIOCY UCTOYHHMKA TOKA, a KPUCTAIIT P-THUIA — K OTpHUIIaTeNb-
HoMmy (d).

(d) n 'T’

%
Gz I
2

B aTOM cirydae BEKTOp HaIpPsDKEHHOCTH AJIEKTPHYECKOTO MO, CO3JaBAeMOr0
HCTOYHUKOM TOKa, COBMAAAET C HAMPSIKCHHOCTBIO AJIEKTPHUYECKOTO OISl TBOWHOTO
ciost. [lon BAMAHUEM 3TOTO BHELIHETO JIEKTPUIECKOTO MOJISL JJIEKTPOHBI KPUCTAIIA
N-TAMIA W JBIPKHA KPUCTAJUIa P-THIIA JBMXKYTCS BO B3aWUMHO MPOTHBOIOJIOMKHBIX
HaNPaBJICHUSIX — OT TPAHUIIBI ab K IPOTHBOIOIOKHBIM KOHIIAM KpUCTauta. B pe3yin-
TaTe IIUpPWHA JABOMHOTO ClIosl Ha TpaHuue ab, a 3HauuT, U 00IIEe DIEKTPUUECKOE
COTIPOTHBJICHHE KPUCTAJUIA YBENHYMBAeTCI. MOXKHO CKa3aTh, DJEKTPUUECKHI TOK
yepe3 mernb He mpoxoauT (cM.: cxeMma d). Taxoii P-N nepexod 6 noiynpo8oOHUKOBbIX
KpUCmaniiax Hazul@aemcs 00pamHuovim nepexooom.

o ITonynpo6oonukoeslii 0uoo — 3mo npubop, cocmoswuii u3 00Ho2o P-N nepe-
X00a u 08yX KOHMAKMO8 0Jis. ROOKNIOUeHUs. e20 8 IeKmpuyecKyio yens ().

) . [ToTynpOBOIHUKOBBIN JTHOJ HW3TOTABIMBACTCS U3

KPUCTAJUIOB TepMaHUs WM KPEMHHUS, UMEIOLINX IMPO-

A p BOJIMMOCTB n-THMa. Ha moBepXxHOCTh KpHCTaslia BILIaB-

= '_ nsiercst Kamng uHAus. brnaronmaps muddysum atomoB

WHAWS B OCHOBHOM KpHCTaIJI Ha JAaHHOM YYacTKe

p-n mepexoa  KpHCTajIa co3JaeTcss 00JacTh MPOBOJIMMOCTU P-THUIIA.

Ha rpanune obnacreil KpucTaaioB n- U p-TUIA BO3HU-

KaeT p-n nepexoll. KoHTakT, mpunasHHbIM K KpUCTAILTY

WHIWS, ABISETCS aHOAOM, a KOHTAaKT, MPUMAsHHBIN K KPHUCTALTy KPEeMHHUS (WMIH

repManus), BIseTCs KaTooM. TakuM 0Opa3oM, MOIyIpPOBOAHUKOBEIM 11O, HMe-

IOIUI p-n Mepexo/l, MPOBOAUT MOCTOSHHBIA TOK TOJIBKO B OJHOM HAalpaBJICHHU.

YcnoBHOE 0003HaUEHUE TTOTYTIPOBOIHUKOBOTO AMO/A Ha cxeMe noka3ano Hike (f).

AHon Karon

(p-THm) (n-THI)

()

I[J'ISI MpeaoXpaHCHU OT BHCIHNHUX MCXaHNYCCKUX BOS,ZIefICTBI/Iﬁ " BJIQ&JKHOCTH IIO0-
JIYIIPOBOAHUKOBLBIC AUOABI IMOMCIIAIOT B I‘CpMeTI/I‘IHHﬁ KopnyCc M3 MCTalyla WIA
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wiactMaccsl. [1omynpoBOAHMKOBBIM AMOA MO CPAaBHEHUIO C BAaKyyMHBIM JIHOAOM
MMeEeT psiJl MPEUMYIIIECTB: MUHHUATIOPHBIE Pa3Mephl, SKOHOMHBIN pacxo]l AJIeKTpuie-
CKOH 5Hepruu, OOJBLION CPOK TOAHOCTH MPH SKCILTyaTauuu (g).

g e
H

TBOpueckoe NpMmeHeHue

[
z

Kakas 13 namn cBetutcsa ap4e?
Ha pucyHke nsobpaxeHa 4acTb Lenu, coctosias ns
nonynpoBOAHMKOBOro Anoaa 1 AByX namn.

w1

2

O6cyauTe pesynbTarhl:
o Kakasi n3 namn ceetutcs ap4ye? MNovemy?

el S e MepenuwnTe B pabounit NUCTOK He3aBepLUeHHbIe
npeAnoxeHns U 3aKOHYUTE UX.

1. ONeKTPOHHO-ABIPOYHBIN Nepexon (Mnn p-n Nepexoa) — ...
2. lNpsimon nepexof — ...

3. ObpaTHbIN Nepexog — ...

4. NonynpoBOAHWKOBLIA ANOA — ...

1. UTo Takoe aneKTpOHHO-AbIPOYHBIA Nnepexos?

2. Kak BO3HUKaeT ABOVHOM CNOW Ha rpaHuLe CONPUKOCHOBEHMS AOBYyX NONynpoBOAHUKOBbIX
KpucTtannoB pa3HbIX TMNoB?

3. Kakyto ponb urpaet ABOMHOM CrOW B p-n Nepexofe Ha rpaHuLe CONpPUKOCHOBEHMWS ABYX
NONYNPOBOAHMKOBBIX KpUCTannos?

4. KakoBO OCHOBHOE CBOWMCTBO p-n nepexopa?
5. Ha yem ocHoBbIBaeTcs NpuHUMN paboThbl NONyNpoBOAHWKOBOrO Anoaa?
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m nOJ'IYI'IPOBO,D,HI/IKOBbIE NMPUBOPLI

e 3HaeTe N1 Bbl, YTO ONIEKTPUHECKYI0 JHEPrmto B KOCMUYECKUX

annapaTax, COBepLIaloLLMX ANTENbHOE ABWKEHNe no opbute @ * Bnaropaps
]

Kakum cBOWM-
cTBam nony-
NPOBOAHUKOB
BO3HUKaIOT
Takue YyypecHble
BO3MOXHOCTU?

BOKPYr 3eMIn 1 B MEXMNJIaHETHOM MPOCTPAHCTBE, MOJlyyatoT C
MOMOLLbHO MOYNPOBOAHMKOBbLIX NPMGoOpPoB?
e 3HaeTe nu Bbl, YTO NOCNEAHNE MOLENU
MOGWIbHBIX TenegoHOB 060pYyAOBaHbI
TaKVMW MOyNPOBOAHWKOBLIMM MpW-
6opamu, koTopble obecneunBaroT oo-
NOJTHUTENBHOW 3NEKTPUYECKON SHEp-
rMen npuv paspsaake UX akkymynsaTopoB?

Uccneposanuve [k

MonynpoBOAHMK, U3MEHSIIOLMNA CUITY TOKA B 3NIEKTPUYECKOM LIenu.
O6opyaoBaHue: UCTOYHMK MOCTOSIHHOIO TOKa
(4 B), amnepmeTp, coTopesucTop (M3 Habopa
npubopoB “OnekTpuyeckuii ToK B MOMyMnpo-
BoAHMKax”), KN4, coeanHUTENbHbIE NpoBOAA.
Xoa uccnepoBaHus:

1. CoeamHute npubopbl NocnenoBaTenbHO, Kak
Nnoka3aHo Ha puUcyHKe (a).

2. 3akpoliTe NOBEPXHOCTb hoTOope3ncTopa
KHUroM, 4ToObl HEe Nagan CBET, 3aMKHUTE
KoY 1 onpeaenute, NpoxXoauT Unu HeT
ANEeKTPUYECKUI TOK Yepes Lienb.

3. YganuTte KHUry ¢ noBepxHocTy hoTope3ncTopa npu 3aMKHYTOW Lienu, NpoHabnio-
[anTe BO3HUKLLEE SIBNEHME.

O6cyauTte pe3ynbTaTthbli:

e Kakon BbIBO4 MOXHO caenaTtb O 3aBMCUMMOCTU COMPOTMBIEHUA NONynpoBOAHNUKOBOIO
doTopesncTopa OT MHTEHCUBHOCTU OCBELLEHUNA?

¢ Kak 06bsicHMTe npuHUmn paboTtsl hoTopesmctopa?

Tepmope3ucTop u (POTOPE3UCTOP — ITO MPOCTHIE MOITYIPOBOIHUKOBBIE TTPH-
OOpBbI, MOTOMY YTO COCTOSIT TOJILKO M3 OJHOIO MOJYNPOBOIHMKA, 00JaJaoIIero
CcOOCTBEHHOM MPOBOIUMOCTHIO.

Tepmucmopuvl Mo2ym yeeauuueams Uil yMeHbulams mokK 6 I1eKmpudecKol yenu
nymem uUsMeHeHUs Ux CONpomueneHus nood eoszdelicmeuem menia, a gpomopesu-
CMOpbl nymem UsMeHeHUs UX COnpomusieHus noo 8030elicmsuem ceema.

Tax, o1 BO3/IeiiCTBHEM TeIJIa U OCBEIEHHUS BaJICHTHBIE 3JIEKTPOHBI TOIYIIPO-
BOJIHMKOBOTO KPHCTAJlIa BEIPHIBAIOTCS M3 KOBAJIEHTHOU CBSI3U. B pesynpraTe umncio
CBOOOJIHBIX 3JICKTPOHOB U JIBIPOK B KPHUCTA/UIC YBEIMUMBACTCS, AJICKTPHUUCCKOE
COIPOTHUBJICHUE IOJIYIPOBOHUKOB YMEHBIIIACTCS W IOBBIIIACTCS HUX MPOBOJIU-
MOCTb.
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o Tepmopesucmop — smo pesucmop, Komo-  (p)
Pblil ¢ UBMEHEHUEeM MeMNepanmypbl MOJNCEm 6 Wil-
POKOM UHMEPBAe MEHAMb C80E CONPOMUBTIEHUE. ; %
Ha pucynke noxaszanvl éHewHuii 6uo mepmope- ' t
3UCmMopa u e2o ycio8Hoe 0O03HAYeHUe 6 JNIeKMpPU-
yeckux cxemax (b). (c)

o Domope3ucmop —3mo pe3ucmop, KOomopbiii

C UBMeHeHUeM UHMEHCUBHOCMIU OC8eUjeHUs MO-
JHcem 8 WUPOKOM UHMEPBAne MEeHAMb C80e CO-
npomusenenue. Ha pucynke nokasamvl 6HeutHuil
6u0d omopesucmopa u e2o yciognoe 0003Ha-

uenue 8 nekmpuieckux cxemax (c).

Bricokasi 4yBCTBHTENBHOCTH TEPMOPE3UCTOPOB M (POTOPE3UCTOPOB IIUPOKO
WCTIONIB3yeTCA B COBPEMEHHOM PalliOdIEKTPOHUKE, POOOTOTEXHHKE, TEJIEeMEXaHIKE
U APYruX 00J1aCTIX HAYKA U TEXHHUKH.

TepmodjieMeHT U (POTO3TEMEHT — 3TO MOIYIPOBOJIHUKOBBIC MTPUOOPHI, H3TO-
TOBJICHHBIE W3 HECKOJBKUX NMPHUMECHBIX MOJYIPOBOJHUKOB. Tepmo- u ghomosne-
MeHMbL MO2YM OblMb UCMOYHUKAMU DeKMPULECKO20 TOKA.

Ilonynposoonuxosulii mepmodnemenm co-

CTOMT W3 OTIEJbHBIX IOJYHPOBOAHUKOBBIX () L 6

KpUCTAJLIOB P- # N-muna (d). : o
BepxHue KOHIIBI 3TUX KPUCTAIIIOB MIPUKPEII- + ? g

JISFOTCSL K TETUIONPOBOJIAIICH MiuacTuHe (TIoKa- %

3aHHOW JKENTHIM [IBETOM), & HIKHHE KOHITBI — K
Ppa3HbBIM METAJINIMYCCKUM KOHTAaKTaM. DTH KOH-
TaKTbI (HOKa?)aHHI:Ie 3CJICHBIM HBCTOM) OXJIaX-
narotcs Bo3ayxoM. Ilox Bo3zjelcTBueM Tmepe-
JTAaHHOTO METAJUTMYECKON TUTACTHHE KOJTMIEeCTBA
TCIUIOTHI YBEJIMYUBACTCA YUCIIO ABIPOK B IOJTY-
MPOBOJIHUKE P-TUMA U 3JIEKTPOHOB B TMOIYTIPO-
BOJHUKE N-THUMA. DTH YaCTHIIBI, OTTAIKHUBASICh
OT OJHOMMCHHBIX 4YaCTUI] B KpUCTAJLJIIC, HAYM-
HAIOT JIBUTAThCSl B HIDKHIOIO YacTh KPUCTAJLIA.
B pesynprare Ha COeAMHAIOMNX HIDKHHE KOHI[BI KPHCTAIJIOB KOHTAKTaX COOW-
paroTcCAa 3apsAAbl IPOTUBOIIOJIOKHBIX 3HAKOB — BO3HUKACT SKOJIOTMYCCKHU YHUCTBIN HUC-
TOYHHK TOKA.

Ilonynpogoonukogwlii pomodanemenm — cocmoum u3 KpUCmaniia Kpemuus N-
MUNna ¢ NPUMechbo 8 cocmaege, Ha NOBEPXHOCMU KOMOPO20 CO30aH YUacmoK nepe-
xooa p-muna (e).

Kak BBl 3HaeTE, HA KOHTAKTaX P-N Mepexoa B pe3yabTare TUQQy3un SIEKTPOHOB
Y IBIPOK BO3HHUKAIOT MTPOTUBOIIONIOKHEIE 110 3HAKY 3apsiabl. [103TOMy 3T KOHTaKTHI
MOXXHO pacCMaTpuBaTh KaK KPATKOBPEMCHHBIC HCTOYHUKHN TOKA. Ecmn p-n nepexon
HENPEPHIBHO OCBEIaTh, TO B HEM HEMPEPHIBHO OYAYyT BO3HUKATh HOBBIE Mapbl
AIIEKTPOH-/BIPKA — TOIyYaeTCs] HETPEPhIBHO PaOOTAONINI SKOJIOTHIECKH YUCTHII
HMCTOYHHUK TOKA, HAIIPUMEp, COTHETHas Oarapes.

@ ABHKCHHE ABIPOK
@ JABHKCHHE HICKTPOHOB

n-MaTepHan
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Tepmo- 1 HOTOPIEMEHTHI — OCHOBHBIE HCTOYHHKH TOKA, UCIIOIb3yEeMbIEe BO MHO-
rux npubopax Ha 3emie U B KOCMOCE.

TBopquKoe npuMmeHeHue

L -
N 2] g

MpoBepum paboTy hoTo3aNnemeHTa.
O6opyaoBaHue: ranbBaHoMeTp, POTO3-
nemeHT (13 Habopa npubopoB “AnekTpu-
YeCKUi TOK B NOMYNpoBOAHMKaX”), KoY,
KapMaHHbIN boHapb, cCoeanHUTENbHbIE
nposoga.

Xopa uccnepoBaHus:

1. CobepuTe Lenb, COCTOALLYIO U3
doToanemeHTa, Kno4a u
ranseaHomeTpa (f).

2. BbiicHUTe, BO3HMKaeT TOK B Lienu npu
3aMblKaHUK KIoY4a Unn HeT.

3. OcBeTnTe hoHapeM NOBEPXHOCTb (POTOINEMEHTA NPU 3aMKHYTOM KITto4e 1 npo-
HabnoaanTe BO3HUKLLIEE ABMNEHNE.

O6cyauTte pe3ynbTaTthbl:
¢ YT0 HabnogaeTcst Npyu 0CBELEHNM NOBEPXHOCTUN hOTO3NEMeHTa?
¢ Kak 06BbSICHATE NPUUNHY BO3HUKLLETO SBNEHNA?

YTO Bbl Y3HAN " * MepenuwmnTe B paboumni NUCTOK He3aBepLUEeHHbIe npeano-
XKEHUS U 3aKOHYUTE UX.
1. Tepmopesuctop — ...
2. TepMoanemeHT — ...
3. ®doTopesncTop — ...
4. ®OTOANEMEHT — ...

MpoBepbTe CBOU 3HAHUA

1. Yem oTnnyatoTca Apyr oT Apyra pes3nucTop n TepMopesncTop?

2. Ha kakom cBOMCTBE NMONynpoBOAHMKA OCHOBLIBAETCS NPUHLMN paboTbl TepMopesuncTopa?
3. Yem oTnnyatoTcs Apyr oT Apyra TePMOINIEMEHT Y TEPMOPE3NCTop?

4. Yem oTnnyatoTcsa gpyr ot gpyra hoTopesnctop u oToanemMeHT?

5. Ha kakom cBOWCTBE NOMNynpoBOAHMKA OCHOBbLIBAETCS NPpMHLMN paboTel hoTopeancTopa?
6. Moyemy POTO3NEMEHT CUMTAETCS SKOMOrMYECKM YUCTBIM UCTOYHMKOM TokKa?
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1. Yem oTJm4aloTCs APYr OT APYra MoJynpoBOJHUKOBAsH IbIPKA U NOJIOKUTEIbHbINA HOH? OTBeT
obocHyiiTe.

2. KakuM THIIOM MPOBOAMMOCTH 00,1a1a€T MOJTYNPOBOIHHK, €CJIH YHCI0 FJIeKTPOHOB U IbIPOK B
HEM OJMHAKOBO?

1 — p-Tum; A) Tonbko 3
2 — n-Tum; B) Tonbko 4
3 — COOCTBEHHBII; O)1,2,3u4
4 — IpUMeECHBIHA. D)lu2
E)3u4

3. Kakas u3 yka3aHHBIX HAa PUCYHKe JaMI cBeTUTcH (kKakasi He cBeTutces)? Ilouemy?

4. Ha pucyHkax cxeMaTH4ecKH NMOKAa3aHO B3aMMHOe PAaCIOJIOKeHHe BAJIEHTHBIX 3J1eKTPOHOB
atomoB (2 u b). Kakue THIIBI MPOBOANMOCTH COOTBETCTBYIOT ITHM IOJIYNPOBOTHAKAM?
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m 3]'IEKTPI/I‘-IECKI/II7I TOK B PA3JIMYHbIX CPEOAX
(YPOK-NPE3EHTALIMA)

[ToaroroBeTe Mpe3eHTALMIO HA TEMY “ONEKTPUYECKUH TOK B PAa3INYHBIX cpefax’”.

HpI/I MOATOTOBKEC IMMPE3CHTAINN MOXKXHO BOCIIOJIB30BAThCA JAHHBIM IINIAHOM.

lMnaH noAroToBKM npeseHTauuun.

Ob6ecneyeHne: ogHa u3 nporpamm Microsoft Office PowerPoint, Activinspire anektpoHHon

nockun Promethean unu “MimioStudio”.

B npeseHTauun I/ICI'IOJ'Ib3yI7ITe HWXenpuneegeHHble KIo4YeBble CrioBa U KIko4YeBble npeanoXXeHusa.

KnroueBble crnoBa v kno4veBble npeanoXxeHus.

1. NOH

2. cBobogHble
3MEKTPOHbI

3. npumech

4. ObIpKn

5. c yBenuyeHvem
TemnepaTtypsbl
yBenuymBaeTcs
COMpoTUBNEHNE

6. pekombuHauwms

7. KOBaneHTHas cBA3b

8. yMeHbLUueHne
COMNPOTUBIEHMS MPU
HarpeBaHun

9. NPoOBOAHUK

10. NpoBOAUMOCTb

p-Tvna

11. kpucTannunyeckas
pelueTka

1-n cnang
2-1 cnang,
3-n cnang
4-n cnanpg,

5- cnang

6-1 cnang
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12. anekTpuyeckas
ayra

13. HecamocTos-
TenbHbIV pa3psg

14. oUanekTpuk

15. nonynpoBOAHWUK

16. NPOBOAHUK

17. poHopHas
npumech

18. camocTtosiTens-
HbIV paspsg

19. amuccumsa

20. anekTponut

21. KOPOHHbIV pa3psg

22. TEpMOSMEKTPOH-
Has ammceus

23. akuenTopHas
npumech

24. aHon

25. anekTpogbl

26. nckpoBoW paspsia

27. cobcTBEHHasn
NpoBOAMMOCTb

28. pyrosou paspsa

29. BaneHTHble
ANEKTPOHbI

30. MonHua

31. BaKyyMHbIV anoa
32. katoq

33. anekTponuTnye-

ckas auccoumaums

AneKTpUYeCcKUil TOK B pasnniHbIX cpepax
MoaroTtoBun (Mvis, hamunus, Knacc)

o dneKTpUYEeCKU TOK B MeTannax
o DNEeKTPUYECKUIA TOK B INEKTpOnuTax

* ANEeKTpPUYECKU TOK B BaKyyme

o DneKTpUYeCKMN TOK B rasax

o JNeKTpUYEeCKM TOK B NOJTyNpOBOAHUKAX

34. anekTpoHHOe o6nako
35. cBEepXnpoBOANMOCTb

36. yaapHas noHusaums
37. anektponus
38. Bakyym

39. aneKkTpoHHO-nyYeBas
Tpyb6Ka

40. pe3koe N3MeHeHNe
COMPOTUBIEHUS B
pe3ynbTaTe BHELUHEro
BO34eNCTBUA

41. 0QHOCTOPOHHASA
NpOBOAMMOCTb

42. npoBOAUMOCTb
n-tuna

43. NoNoXnTenbHbIA U OT-
pyuaTenbHbIN MOH

44. OCHOBHbIE U
HEe OCHOBHblE
HocuTenu 3apsiga



5 T O

1. Ha pucyHke npeacTaBJ/ieHbl CXeMbI ABYX JJIeKTPHYECKUX
nenei ¢ NOAKJIINYEeHHBIMA BAKYYMHBIMH AnoAamMu. Yepes o
KaKy0 JJaMIly NPOM/IeT 31eKTPUYECKUIi TOK?

3

A) tomsko 2 B)Ttomeko4 C)3u4 D)1lu4 E)rtomsko 3

2. Ha pucyHke npeacraBjIieHa cXeMa JIeKTpHYecKoii nemnwu, co-
CTOSIIIASL U3 YeThIpeX JIeKTPOJIUTHYECKUX BAaHH C BOJAHBIM
pactBopom CuS0O,. B kakoii BaHHe W Ha NOBEPXHOCTH
KaKOI0 3J1eKTPOAAa NPOUCXOIUT BbleJIeHre Meau?

A) TOJNBKO Ha MIOBEPXHOCTH KaTo/a B BaHHE 2;
B) Ha moBepxHOCTH KaTrona B BaHHax 2 U 3;

C) Ha NOBEPXHOCTH KaTO/IOB BO BCEX BaHHAX;
D) Ha nmoBepxHOCTH KaTo/10B B BaHHaxX 1, 3 u 4;
E) Ha nmoBepXHOCTH KaTO/OB B BaHHaX 1 u 4.

3. HanumuTe B HUKe NPHBEICHHBIX BbIPakeHUAX B ckoOkax 0ykBy «ID», eciiu oHO
NpaBMIbLHOE, U OYKBY «JI», ec/iu OHO JIOKHOe.

() OcHOBHOI MPUYMHOM BOSHIKHOBEHHMS yTOBOTO Pa3psaa sBISIETCS BRICOKOE HAIPSKEHNE
MEXKLy 3IEKTPOJAMH.

() Bee xuaxocTi mpoBOIAT 3IEKTPUIECKUH TOK.

() Ipn IpOX 0’k AEHIN NEKTPIIECKOr0 TOKA Yepe3 PacTBOP EKTPOJIATA MPOUCXOIHT IEPEHOC
BEILECTBA.

() B nprMecHBIX TOJIyIPOBOJHUKAX OCHOBHBIMH HOCHUTEISIMH 3apsijia MOTYT OBITh MIIN
OJICKTPOHBI, UJIX JAbIPKH.

() B momynpoBoaHHKax ¢ TOHOPHOH MPUMECHIO MPeo0IaaeT 3MeKTPOHHAS TPOBOJUMOCTb.

() Bakyym 3T0 cpena, XOpouIo MpOBOIAIIAs SIEKTPUIECKUH TOK.

() UckpoBoii Ta30BBIi pa3psa MPOUCXOAUT MTPH HU3KHUX JaBICHHAX.

() Yncrast Boga ABISETCS AUDIEKTPUKOM.

() JIumoHHAs BoJja IPOBOJMT MNEKTPHIESCKHH TOK.

() B nomynpoBomHuKax ¢ aKIENTOPHONW MPUMECHIO MPeo0IIaiaeT IEKTPOHHAS TPOBOIUMOCTD.

4. DnexTpUYeCKHii TOK BOZHHKAET:
A) B pe3yJsibTaTe YHOPSIOYEHHOTO IBU)KEHHSI HOHOB —2 U 4;
B pe3yJIbTaTe YHOPSIOUEHHOTO IBMKEHHS dJIEKTPOHOB — 1, 3 m 4

1 — B MeTaax; B) B pesynbTaTe ynopspoueHHOTo ABHKCHUS HOHOB — 2 1 3;

2 — B 3JICKTPO- B pe3yJIbTaTe YHOPSIOYEHHOTO IBIKCHHS dIICKTPOHOB — 1 1 4
JINTAX; C) B pe3yJbTare YnopsI04eHHOTO IBHKCHUS HOHOB — 4;

3 — B BaKyyMHBIX B pe3yJIbTaTe yInopsJ0UeHHOTO JABHXKEHHS 2JIeKTpOHOB — 1,2, 3 u 4
npubopax; D) B pe3ysibTate ynopsiio4eHHOTO IBMKEHHS HOHOB — 1, 2, 3 1 4;

4 — B razax B pe3yJIbTaTe yNOPAA0UYEHHOTO JIBIKCHHUS 3JIEKTPOHOB — 4:

E) B pe3ynbpTare ynopsao4eHHOIO JBMKEHHS HOHOB — 1, 3 u 4;
B PE3yNbTATE YNOPAIOUCHHOTO IBHKEHHS IEKTPOHOB — 2 U 3.
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MAITHATHOE MNOIJIE

m MAFHI/ITHbIE ABJNIEHUA. NOCTOAHHBLIE MATHUTDI

* YT10 Takoe MarHuT, roe
elle Bbl Habnoganu
& ero npumeHeHue?
* Kakne Tena marHuT npm-
TArMBaer K cebe, a Ka-

HasepHoe, Bbl Habnoaanu, kak npu paboTte ¢ Menkumm
Tenamu 13 xenesa (Hanpumep, BUHTaMu, Gontamu, ram-
Kamu, rBo3asMu1 1 T.4.) UCMOSb3YIOT MarHuTHble Gpacre-
Thl, KOTOPbIE YAEPXUBAKOT 3TU XernesHble Tena.

Kue HeT?
- o * Kak nony4aroT marHuT u
MarHUTHbIN KaknMum cBOMCTBaMU OH
6pacnet” o6napaet?

Eme npeBHme rpeku 3HaIM O CyIIECTBOBAHWN 0COOOT0 MUHEpaja, ClIOCOOHOTO
NPUTATUBATH K ce0e JKeIe3HbIe Tena. ITOT MUHEPaJl, U3BECTHBIN HaM KaK MazHum,
JOOBIBAJICS HA JKEJIE3HBIX PyIHUKAX, PACIIOJIOKEHHBIX HA TEPPUTOPUHN COBPEMEHHOM
Typuuu okoso ropoga Maraesust B 600-X royiax /1o H.3. (IIO-TPEYECKH CIIOBO “‘Mae-
Hum” o3HadaeT “‘xamensv uz Maenesuu’). B mociaemyroneM 01 Ha3BaIA MarHHUT-
HBIC SIBIICHUS MACHEMU3MOM, & MATHUTHBIE MUHEPAJIBI — NPUPOOHBIMU MASHUMAMU.
Hns ymoBrneTBopeHUs] OBITOBBIX HYXKI JIOAH HAYYIIUCh W3TOTOBIMBATH HCKYC-
CTBEHHBIC TIOCTOSTHHBIC MarHUTHI Pa3HON (OPMBI.

® Bewjecmasa, OnumenvHoe 8pemsl COXPAHAIOWUE C8OU MACHUMHbIE CEOUCMEd,
HA3b18AIOMCSL HOCHOAHHBIMU MAZHUMAMU WU NPOCHO MAZHUMAMU.

B ¢wusnueckux nabopaTopusx HamOoJee 4YacTO HCIOJB3YIOTCS IOJOCOBEIE,
IyrooOpasHbIe M KOJIbLEOOpa3HbIe MOCTOSIHHBIE MATHUTHI (2).

(a)

ITonocosoii JlyrooOpasHblii MATHUT Konb1ieo6pa3nsit
MarH{ur MarHuT
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Teno ¢ MarHUTHbIMU CBOMCTBaMU

O6opyaoBaHue: NOCTOSIHHBIN MarHWT, pa3Hble Tena: Wwypynn,
CTEKINSIHHBIN WapwK, rBO3Ab, MOHETA, Kycodek bymaru, nactuk,
crnuyka u ap.

Xopa uccnenoBaHUA:

Mpnbnn3bTe MarHWUT K pacchbinaHHbIM Ha MOBEPXHOCTM CTona
pasHbiM Tenam (b). OnpepenuTte, kakue Tena NPUTAMMBaKOTCS K
MarHuTy, a Kakue He NpUTArMBarTCs.

O6cyaute pesynbrar:

o Kakue Tena npuTsHynuch K MarHUTy npu ero NpubnmxkeHum
K HAM, a Kakue Tena ocTanmcb Ha NoBepxHOCTK cTtona? MNMovemy?

Tena, H3TrOTOBJICHHBIC U3 KEJIC3a, CTAJIN, HUKCIISL, UyI'YHa U UX CIIJIaBOB, IIPUTSI-
TMBAIOTCA K MarHury. Tena, H3TOTOBJICHHBIC U3 MEAW U aJTIOMHUHHA, MArHUTOM IIpU-
TATUBACTCA cnaGo, a CTCKJIO, ACPCBO U IJIACTMACChl MAarHUTOM HE MPUTATUBAIOTCH.

Kakumu cBoiicTBaMH 0071a1a10T NOCTOSTHHBIE MATHUTHI?

B kakon 4acTu MarHuTta cuiibHee e

MarHuTHoe gencrteue?

O6opyaoBaHuMe: NoONI0COBOM U Ayro-

00pasHbIf MarHWTbI, FBO3AN UMK LLYPYMbI.

Xoa uccnegoBaHuA: (c)

PaccbinbTe rBo3am Ha NOBEPXHOCTM cTona.

Moo4vepenHo NpubnuxkamTe MarHUTbI 40

COMPUKOCHOBEHMS C rBO3AAMMN, 3aTEM NOAHMMUTE

MX BBEPX U NpocneauTe, kakast 4acTb MarHuTa

npuTarmBaeT G6onblue reo3gen (c).

O6cyaute pesynbrart:

e Kakas yactb marHuTa nputsarmBaeT bonblUe reosgei, a
K KaKoW 4acTu OHWU BOOOLLE HE NPUTAHYNUEE?

o K kakomy BbIBOAY MOXHO NPUATU U3 SIBNEHKA
NPUTSKEHNST TBO3AEN APYT K APYrYy BO BpPeMA onkiTa?

o Yacmu maznuma, obraoaruwue HAUOOILUUM MASHUMHBIM 8030eUCmEUeM,
HA3bIBAIOMCSL ROTIIOCAMUL.

[Ipu ynaneHuu OT MOJIIOCOB MarHUTa €ro BO3JICHCTBUE OCIa0CBACT U MPUTSIKE-
HUE TBO3JIeH yMeHbIIaeTcs. B eHTpanbHO K€ 4acTu MarHuTa NpUTSHKEHUE OTCYT-
cTByeT. MarHuTHOE TI0JIe B cepelnHe TUIOCKOTO MarHuTa 00JIaJaeT CaMbIM CIIa0bIM
MarHuTHBIM BO3JIEHCTBUEM.

B xonme uccnemoBanus yCTaHOBIEHO, YTO MArHUTHI CIIOCOOHBI HAMArHUYeBaTh
HEKOTOPEIE Tea, HalpuMep, JKeJle3Hble TBo3 . HaMarHumaeHHbIE TBO3IH CaMU TIPH-
TATUBAIOT K cebe IpyTrHue TBO3IN.
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CKO0JIbKO ITOJII0COB HMEET MAarHUT U KaK OHH onpezlenmoTcn?
|

Crccroponm I8

OnpeaeneHve NOMKOCOB MarHuTa. lor

O6opyaoBaHue: N30NNPYIOLLMIA LUTATUB, (d)

LUeNKoBasi HUTb, MOJIOCOBOW MarHuT.

Xona uccrnegoBaHUA:

1. MNoaBecbTe MarHUT Ha HUTK B TOPU3OHTaNbHOM MOMOXEHUN TaK, YTOObI
OH Mor cBOGOHO BpaLLaTbCs BOKPYr HUTK (06paTute BHUMaHue, YTobbl
PSAOM C MarHMTOM He Obino xenesHblx n3genun). Obpatute BHUMaHue, I !

B KaKOM HanpaBreHUn yCTaHOBSATCS KOHLIbI MarHUTa B MONOXEHNM
paBHOBECHSI.

2. MNpvaaeB marHWTy HeborbLLOE BpallleHne, BbiBEOETE Ero U3 COCTOSIHWS paBHOBECUS,
M NpocrieauTe 3a ero HOBbIM YCTaHOBMBLUMMCS NOoXeHnem paBHoBecus (d).

O6cyauTe pesynbrar:

o Kakoe nonoxeHue np|/|06peTaeT noABeLUEeHHbIN HA HUTU MarHUT B COCTOAHUM MOKOS: K
Kakum nostocam 3emnu HanpaeBJieHbl ero KOHLIbI?

HccnenoBanne mokasano, 4To HE3aBHCUMO OT HAMPABICHUS BpAICHHUS MarHuTa,
MO/IBEILICHHOTO Ha HUTH, BO BCEX CITy4asiX, OCTAHABIHMBASICH, OH IIPUHUMACT OJTHO U TO
K€ TIOJIOKEHHE — B HAIIPABJICHUH CEBEP-1OT. DTO CBI3aHO C TEM, YTO 3eMJIsl UMEET ABa
MarHuTHBIX nooca (cM.: §2.4). [loaTtoMy MarHUTHBIH MoJTroC, HarpaBiIeHHbIH K CeBep-
HOMY reorpauieckoMy Momocy 3emiu, ObLT Ha3BaH ceBepHBIM (N — OT aHTIIMICKOTO
cnoBa North), a HanpaBienHbIid kK FO>kHOMY reorpaduueckoMy Momocy 3eMITH — FoxK-
HEBIM (S — OT aHrIHiicKoro ciosa South). OGBYHO I TOTO, YTOOH! BEIIEIUTE TIOIFOCHI
J1a00paTOPHBIX MAarHUTOB, MCTONB3YIOTCS KPacKd NIBYX ILBETOB: CHHsSA (Win Oeras)
Kpacka 1yis ceBepHoro nomoca (N), KpacHast Kpacka Jyist FoxHOTo ronroca (S). ['panwia
I[BETOB COOTBETCTBYET CPEeTHEN JIMTHUN MarHHTa.

CyiecTByeT JJU MATHUT TOJBKO ¢ OHUM moJirocom? Eciu pa3nenuTs Maraur
Ha HECKOJIbKO YacTeil B MPOHM3BOJIBHOM HANpaBICHHH, TO KKAas U3 ITUX YacTeH

npespamumcst 8 MANeHbKUl MazHum, umeowuli 08a

() _'n nonoca — ce6epHulli U 102icHbil (€). ITO 3HAUMT, YTO KaxkK-

JbIA TPOM3BOJILHBIN MarHUT COCTOMT M3 OOJBIIOTO KO-
s ~9 ]  muecTBa MaNCHBKHX MATHATOB ¢ ABYMs oirocami ().
YV kaoicooco macnuma obsizamenvro umeromcs 08a
nomoca: cesepuuiii (N) u rooicnwiii (S). Pasnoumennvie
NOI0OCA MAZHUMOB NPUMSLUBAIOMCSL OpYe K OpYeY, d 00-
HOUMEHHbLE NONIOCA OMMANKUBAIOMCS Opye om Opyed.
Maenumnas cmpenka 3TO0 MaJICHbKUM MOCTOSIHHBIN
MarHuT, UMEIONIMIA JIBa MOJII0ca. MarHuTHas CTpeska
HU3TOTaBIMBAETCS U3 TOHKOM nuctoBoi cramu. [locepe-
JIMHE CTPENKH UMEETCS YIOp M3 CTeKIa. DTOT yHop Mo-
MEIIaeTCsl Ha OCTPOKOHEYHBIHN CTEPIKEHbB, YTO MO3BOJISIET
m MarHUTHOW CTPEJIKE C JETKOCThIO TIOBOPAYMBATHCS B TO-
_f"'i‘ : PU30HTATBHON TUIOCKOCTH B JTF0OOM HampaBieHun. Ce-
‘_4.‘ BEPHBIH MOJIIOC CTPENKU OyneT HarnpasiieH Ha CeBepHbIii
— reorpaduyeckuii momoc 3eMiM, a IOXKHBIM TOJIOC

(9)
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(2]

ctpenku — Ha FOxHBIH Teorpaduueckuii momoc 3eMiun. MarHuTHas CTpenka siB-
JII€TCS OCHOBHOM YacThIo komnaca (g).

Kak 3aBHCAT MarHuTHBIEC CBOICTBa BellecTBa OT Temmepartypbi? Ilpu
HarpeBaHUH TOCTOSHHOTO MarHuTa /0 ONpeAeNIeHHOW TeMIepaTyphl, OH TepsieT
CBOM MarHWTHBIE CBOICTBA.

Temnepamypa, npu KOmopou HOCMOAHHbLE MACHUMbBL MEPSAIOM C80U MACHUMHbLE
ceolicmea, Hasvigaemcs moukou Kwopu. Hanpumep, ons sceneza mouxoti Kiopu
sensiemest memnepamypa ¢ 169 °C.

OTMETHM, YTO TIPUBEACHHBIE BBIIIE CBOWCTBA ITOCTOSTHHBIX MarHUTOB OBLIH OT-
KPBITHl B pe3yJbTaTe MHOTOYHCICHHBIX HCCIEIOBAHHUN, MPOBEICHHBIX Pa3HBIMU
yueHbiMu. OIMH U3 HUX — aHeaulickull usuk u epay Bunvsm [unvbepm.

TBopquKoe npuMeHeHue

\ 8
Ciccraposanes [ p_g

Kak pencTByroT Apyr Ha gpyra nontca mariuta?
O6opynoBaHue: N30NUPYIOLLMIA LITATUB, ABa

NMOIOCOBbLIX MarH1Ta, LWenkoBas HUTb.

Xoa uccnepoBaHus:

OAviH 13 MarHMTOB NOABECLTE HA HUTKM K WTaTMBY. [pyrow e MarHuT
NprMbnn3bTe K HEMY CHavarna npPOTMBOMOSIOXHBIM MOSIOCOM, & 3aTem
O HOMMeHHbIM nostocoM. MNMpoHabniogante NponcxoasLliue SENEHUA.

O6cyauTe pe3ynbTaT: e Kakoe B3aMMOOENCTBIE BOZHUKIO MEXAY ‘

OAHOUMEHHBIMU N Pa3HOUMEHHBIMW NONKOCaMN MarHUTOB?

* B cBoeit kaure “O MarHute, MarHUTHBIX TeaxX U
OombloM Maruute — 3emie”’, usganHon B 1600
TOIy, OH H3JIOXKHI CBOWCTBA MOCTOSHHBIX Mar-
HHTOB.

YTO Bbl Y3HA/U Wcnonb3ysa AaHHbIe KINoYeBble CMOBa, 3anuviumMTte B paboyem
NMCTKe MH(pOPMALIMIO O CBOMCTBAX NOCTOAHHOIO MarHuTa.
KnroueBble c/10Ba * NOCTOAHHbIM MarHUT*MarHUTHbLIXA NOJIIOC ©
CeBepPHbIA MAarHUTHbIN NOJIIOC ° KOXXHbIW MarHUTHbLIW NMOJKOC
* OOHOMOJIOCHbLIA MarHUT ° Touka Kropu ° cpegHasa nuHusa
MarHuTa °

MpoBepbTe cBOM 3HAHUA

1. Yem oTnnyaoTCa MCKYCCTBEHHBIE MarHuTbl OT eCTECTBEHHbIX? MpuBeanTe npumep.
2. KakoB xapaktep B3auMOAENCTBUSA MeXay MarHnutamun?

3. BO3MOXHO N1 NOny4MTb OAHOMOMIOCHBIN MarHUT?

4. Kak MOXHO onpeaenuTb Nonca MarHuTa, eCnmn oHM HEU3BECTHbI?

5. MNepeuncnnte OCHOBHbIE CBONCTBA NOCTOSIHHOrO MarHUTa.

* rnaga 2 « MarHuTHOe none ° 51



m MAFHI/ITHOE NOJIE. UICTOYHUK MATHUTHOIO NOJA

McTopuueckue ncenegoBanus nokasanm, yto snepsble B VII-VIII
BeKax KuTamnckue CBALWEHHUKN 3aMeTunu, Yto HamMmarHm4eHHasa
XenesHas wurna, CcBuUcawllas Ha LIEeNKOBOW HWUTW, Bcerga
NnoBOpayMBaeTCa B HanpaBneHuun [NonspHon 3Be3apl, TO eCTb K
CeBepo-BOCTOKY 3emnun. OTO CBOMCTBO HAMarHMYeHHOro MeTarn-
na npuBeno k n3obpeTteHnto kopabenbHoro komnaca B XI Beke,
cHavana B Kutae, a 3atem B ApaBuun. OH COCTOSIN M3 HaMarHu-
YEHHOW MeTannmM4eckon NoXxk1, KoTopas cBOGOAHO Bpallanach
Ha MeaHbIX NN AepeBSHHbIX AoLledkax. HesaBrucmMmo ot Toro, B
KaKoM HanpaereHuy Gbina noBepHyTa foXxka, ee onopa Bcerga
6bina HanpaeneHa k KOxxHomy nontocy 3emnu. B EBpone komnac
Havanu ucnonb3oBaTb B XV Beke.

* Kak >xe BO3HUKaeT MarHMTHoe none Mexay MmarHutTaMmm u HamarHM4eHHbIMn Tenamu?
¢ CywecTBYOT N1 B NpUpoAe MarHUTHble 3apsiabl, ABNAOLWMNECH UCTOYHUKaAMM
MarHuTHoro nona?

OT1KkpbITHE JpcTeaa.

O6opyaoBaHMe: NCTOYHUK TOKA, MarHUTHasa

CTperka Ha OCTPOKOHEYHOW NOACTaBKe, AePEEFH-

Hasi NoAcTaBka (2 WT.), namna, Ky u

coeauHuTeNbHbIE NPOBOAA.

Xop uccnepgoBaHus: 1. Cobepute anekTpuyeckyo

Lenb, NPeACcTaBneHHylo Ha pucyHke. ObpaTuTe

BHMMaHWE Ha MONOXEHNe MarHUTHOWN CTPEernKu Npu

Pa3oOMKHYTOM KIlloye.

2. 3aMKHMTE KIOY M NpocneanTe 3a NPOUCXOASALMM NPU MPOXOXAEHUN 3NEKTPUYECKOro

Toka no uenu (a). 3. PasomKkHMTE KoY U obpaTtuTe BHUMAHWE Ha MOSIOXKEHUE, KOTopoe

NPUHUMAaET MarHUTHas CTperka.

Obcyaute pesynbrar:

¢ B Kakyto CTOpOHY HarnpaBneHbl CEBEPHbLIN U FOXHBIN MOCLI MarHUTHOW CTPESKN Mpu
pa3oMKHYTOM Kroye?

¢ Kakoe nameHeHne HabnogaeTcs B NOMOXEHUN MarHUTHON CTPENKM NPU NMPOXOXAEHNM
3NeKTPUYECcKoro Toka yepes Lenb? MNoyemy?

BeinonHeHHOE BaMM MCCIIEIOBAHUE BIIEPBBIC OBUIO MPOBEICHO JATCKUM YUEHBIM
I'ancom Opcrenom B 1820 romy: mpu OTCYTCTBHMM TOKA B LEMM KOHIIBI MarHUTHOH
crpenku HanpasieHsl k CeBepHomy 1 HOxxHOMy nomocam 3emiu. Ecim pacionoxursb
MIPOBO/I TIAPAJUIEIbHO MAarHUTHOM CTpPENKEe W 3aMKHYTh II€Mb, MarHWTHAS CTpENKa
pa3BopaunBaetcst Ha 90° ¥ 3aHUMaeT NepHeHANKYIISIPHOE K MPOBOAY mojioxeHue. [Ipn
OTKJIFOUEHHH K€ LIeMM MarHUTHasi CTPENKa BO3BPAILACTCS B MEPBOHAYAIBHOE IOJIO-
JKEHHEe. DpCTell OTKPBLI, YTO MPOBOJ C TOKOM CO3AaeT BOKPYT ce0si MarHUTHOE I1OJIE.
Onwmpasick Ha rccieToBaHus DpcTena, ppaHIy3ckuil yueHblit AHIpe AMITEp BBIIBHHYI
THIIOTE3Y O “KPYTOBBIX MOJIEKYJIpHBIX Tokax . 1o 3Toif rumorese, B mpupoie HE Cy-
IIECTBYET ‘“MarHUTHOIO 3apsjaa’, CO3AOIIEr0 MarHUTHOE II0JIe, BHYTPH aTOMOB U
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MOJIEKYJI CYLECTBYIOT KPYroBble TOKH. B mocnenyromem
OBLIO OMpPEAENEHO, YTO AIIEMEHTAPHBIE TOKM BO3HUKAIOT B
pe3yJbTaTe IBMKEHUS AIEKTPOHOB B aroMax. [lpu ymopsi-
JIOYEHHOM PaCIIOJIOKEHUH OTHOCUTENBHO JIPYT IpyTa IUIo-
CKOCTEl BpaIllcHHsI DJIEMEHTAPHBIX TOKOB CO37aBacMbIe
MMU DJIEMEHTApHbIE MarHUTHBIE TIOJSI CyMMHUPYIOTCS. B
pe3yJbTate BelecTBa MPHOOPETAr0T MATHUTHBIE CBOMCTBA
(b), HanpuMmep, HAMarHWYEHHBIE MOJ BO3JACHCTBUEM IIO-
CTOSTHHOI'O MarHWTa WX MarHUTHOTO TIOJIS JKeJie30, cTaib u ap. [Ipu OGecriopspouHomM
PACTIONIOKEHUU TUIOCKOCTEH AJIEMEHTAPHBIX TOKOB CO3[aBa€Mble UMH 3JIEMEHTAPHbBIC
MarHUTHBIE MOJII KOMIIEHCUPYIOT U HEUTpaIU3yroT AeUCTBUs Ipyr Apyra (c). Takue
BEITeCTBA He 00J1a/1at0T MAarHUTHBIME CBOMCTBaMH, HAITPUMED, CTEKJIO, PE3HUHA, IEPEBO,
riactMacca ¥ zip. Takum o0pa3om, HaXOSIIUeCss B COCTOSHUAU TIOKOS AJIEKTPHUYECKUE
3apsaapl CO3MTAIOT BOKPYT CE0sI DIIEKTPHUYECKOE TIOJNE, HO, €CTIH 3TH 3apsbl TBIKYTCS,
BO3HHUKACT KaK JIEKTPUUECKOE, TAK H MArHUTHOE TIOJIE.

OTMeTuM, 4TO HaXOJSALIUECS B COCTOSIHUHM TIOKOSI DJIEKTPUUYECKUE 3apsIbl CO3-
JTAIOT BOKPYT ce0s DIIEKTPHYECKOE TTOJIE, HO €CIIH OTH 3apsbl OYAYT YIOPSAIOYSCHHO
JIBUTaThCsl, TO BOKPYT HUX BO3HHUKHET KaK 3JIEKTPUUECKOE, TAK U MarHUTHOE IOJIE.

* Maznummnoe none — 3mo 8u0 mamepuu, 03HUKAIOWUL NPU OBUIHCEHUU IJleK-
MpU4ecKo2o 3apsod.

MarautHOe TIoJte, Kak 1 AIIEKTPUYEcKoe 1mojie, HeBUIMMO. ETo MOXHO 0OHApyKUTh
TOJIBKO I10 JEMCTBHIO Ha TeJla, 00J1aJalole MarHUTHREIMHE CBoMcTBaMUA. OTMETHM, YTO
ANIEKTPHYECKOE TIOJIE CO3AeTCS JIFOOBIM AIIEKTPHIECKUM 3apsiIoM, U 3TO ToJie O0Hapy-
YKUBAETCs IEUCTBUEM Ha JIPyrou 3apsiji. MarHut e uMeeT JiBa MoJitoca, 1 OH OJTHOBpE-
MEHHO B3aMMOJICUCTBYET C IBYMsI TTOJIFOCAMH JPYTOT0 MarHUTA.

TBOp‘-IeCKOE npuMeHeHue

o I

[OeitcTBME MarHUTHOFO NONS. (d) [
O6opyaoBaHue: MONOCOBOM MarHUT, MarHETUT, CTEKISH- j ++ -fj:,«
Has narnoyka, Kycok Luenka. -.\&' +7

Xopa uccnenoBaHus: M
1

. HasnekTpusoBaB CTEKNSAHHYIO NANoYKy TPEHNMEM O KYCOK
wenka, npubnuabTe ee K MarHeTUTy, BUCSAILLIEMY Ha HUT- ‘
ke. Mogymawite o npuymHe Habnogaemoro sieneHust (d).
2. MNpnbnusbTe 0anH 13 NOMOCOB NOMOCOBOr0 MarH1Ta, Ha-
npvMep, CEBEPHBIN MOMIOC C ONpedeneHHoro paccTos-
HUS K 3TOMY MarHeTUTy U BHUMaTENbHO npocreanTe 3a
NponcxXoasaLLnM SBMEHNEM (€).
O6cyauTe pesynbrar:
¢ Bo3HuKkaeT N B3aMMoAencTBME MEXAY MarHeTUTOM U Ha-
3MeKTPM30BaHHOW CTEKMSAHHON Nanoykon npu nx npuénu-
xeHun? MNouemy?
o MarHuTHOE norne Kakoro MarHuta 4ecTByeT Ha ApYyror MarHuT: NofiocoBOro MarHuTa
nnu marHeTuTa?

* rnaga 2 ¢ MarHuTHOe none ° 53



O6BLACHUTE CMbICN AAHHLIX KITHOYEBbIX CITIOB Ha paboyem nucTke.
KnroueBblie C/10Ba * MarHUTHOE MoJie * KPyroBbie MONeKyIsip-

2
YTO Bbl Y3HANU
Hble TOKM * OMNbIT ApcTeaa ® ICTOYHUK MarHUTHOrO Mons °

MpoBepbTe CBOM 3HAHUA

1. Kakoe dunsmyeckoe none Bo3HMKAET NpY NPOXOXAEHMMN TOKA MO NPOBOOHUKY?
2. B 4yeM cmbicn rvnoTtessl AMnepa? Yem oTnnyatoTcs MarHUTbl OT HEMarHWTOB MO 3TOW runoTese?
3. YTto ABRsSieTCS UCTOYHMKOM MarHWTHOroO Mosnsi? Yem OH OoTnMyaeTcsi OT UCTOYHMKA 3rek-

TpU4eCKoro nons?

1. OnpenennTe nos0ca HEeM3BECTHOTO
MArHuTa B “MarHuTHOM Henun”,
H300paKeHHOH HA PHCYHKe.

2. YemM MOKHO ONpeJeTUTh HAMATHUYCH-
HOCTb KeJIC3HOT0 CTEeP KHS: HIeJIKOBO
HHUTBIO, KOMIIACOM, CTEKJISTHHOI
NAJ0YKOI WIH KeJIe3HBIMH ONMMJIKaAMu?

3. lIpn npudINKEeHUH MATHUTHOM CTPEJIKH
K M0J10COBOMY MAarHUTYy OHa NMpHOOpeTaeT
M0JI0’KeHHe, MOKa3aHoe HA PUCYHKe.
Omnpegesure MoJI0Ca MOJI0COBOr0
MarHuTa.

S N

4. Onpeneaure MArHUTHBIE MOJIIOCA HAMAT-
HHYEHHBIX I'BO3/eii B Toukax 1,2,3 u 4.

”,

B OWN =
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5. Kak nmoxa3aHo Ha pUCyHKe, HA HUTH

noJBemeHs! ABe nroJku. Ilpu npu-
OJIM:KeHUM WJIH yAAJeHUU OT HUX
MArHHUTa OHM OTTAJIKMBAIOTCSH APYT OT
apyra. [louemy?

— |

6. Kax B3auMoeicTBYIOT APYT ¢ APYTOM

pa3sHOMMEHHbIE U OJHOMMEHHbIE
MOJII0Ca MATHUTOB?

A) OnHOMEHHBIE MTOJIF0CA TPUTATHBAIOTCS
JpYT K APYTY, pa3HOMMEHHBIE TTOJIoca
OTTAJKHUBAIOTCSL.

B) 1 onHOMMEHHBIE, U pa3HOMMEHHbIE
TIOJTIOCA OTTATKUBAIOTCSL.

C) U ogHOMMEHHBIE, U pa3HOMMEHHBIC
TIOJTFOCA IPUTSATUBAFOTCSL.

D) OnHOMEHHBIE MMOJII0CA OTTAIKMBAIOTCS
JpYT OT ApyTa, pa3sHOMMEHHbIE TOJI0Ca
TIPUTATHBAIOTCSL.

E) OnnoumenHsle nomtoca Ipyr ¢ JpyroMm He
B3aHMO/JIEUCTBYIOT, @ Pa3HOMMEHHBIE
TIOJTIOCA MPUTATUBAIOTCSL.
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N3BecTHO, YTO AencTBME INEKTPUYECKOro Nonsa Ha
3NEeKTPUYEeCKuin 3apsa, NOMeLeHHbIM B 3TO norne,
onpeaensieTcsi HaNPsHKeHHOCTbLIO 3JIeKTPUYECKOro HOFO MO OT HaNPSKEH-
nons. Hanps»keHHOCTb 3NIEKTPUYECKOrO Mo — BEK- HOCTH 3NeKTPUYECKOro
TOpHas BENUYUHA, ABMSIOLLASCS CUITOBOW XapaKTepu- nonsa?

CTMKOW 3NEKTPUYECKOro Nons, YNCIIEHHO paBHa cune,
OEeNCTBYIOLWEN Ha eANHUYHBIN NONOXUTENBbHbIA 3apsia.
MarHuTHoe none Takke AeWCTBYeT Ha MarHuT,
NOMELLEHHbIN B 3TO NMONE, 3HAYUT, Y HEro Toxe
MMEETCSH CUNOBas XxapaKTepuUcTuKa.

e

O6opynoBaHue: NONOCOBOW MarHUT, MarneHbkue
MarHUTHble CTpenku (6-8 WTyK), AepeBsHHbIE OMopbl.
Xoa uccnepoBaHus:

1. NomecTnTe NONOCOBOM MAarHUT Ha AepeBsiHHbIE OMopbl (0bpaTuTe BHMMaHue, YTobbl
PSAOM He ObINno enesHbix n3genuin). NMomecTuTe MarHUTHbIE CTPENKM B Pa3HbIX TOY-
Kax MarHMTHOrO MOns MOSIOCOBOr0 MarHuTa.

2. N306pasnTe Ha paboyvem nNuUCTKe NpepbIBUCTON NIMHUEN NOMOXKEHNS MArHUTHbIX CTpe-
NOK, NOMyYeHHbIX NOA AENCTBMEM MarHMTHOrO nons (a).

O6cyauTte pesynbrar:

o Kakasi 3aKOHOMEPHOCTb HabntogaeTcst B MONOXEHUM MArHUTHbBIX CTpenokK, nony4yeH-
HbIX B MarHUTHOM MOJ1e NOSI0COBOro MarHuTa?
o Kakme nmeroTcs NpeanonoXeHns O HanpaBfeHun Cunbl 4ENCTBUSA MarHUTHOIO Nona?

» Yem oTnuyaeTca cunoBas
XapaKTepucTuka MarHuT-

o Kak HanpaBneHa cunoBas
XapaTepucTuka MarHUTHoro
nonAa? Kak MoxHo onpe-
AEenUTb 3TO HanpaBneHne?

CuoBasi XapaKTepHCTHKA MAaTHUTHOTI'O NOJIAA. YCI08HO 3a CUN08YI0 Xapakme-
PUCTUKY MACHUMHO20 MO ObLAA NPUHAMA UHOYKYUSL MACHUMHO20 noas (unu mae-
Humnas unoykyus). OHa o003HavaeTcsi OyKBOM Bu XapakTepusyeT BO3JEHCTBUE Ha
MarHuT (WM TE€JI0 C MarHUTHBIMU CBOMCTBaMH), TOMEIIEHHBIIN B TaHHOE MAarHUTHOE
noje. MarauTHast MHIYKIHS SBIISETCS BEKTOPHOH (PU3MUYECKON BETMYMHOM.

® Hanpaesnenue sekmopa uHOYKYUU MASHUMHOZ0 NOAS — S9MO HANpAGIeHue ce-
8EPHO20 NONIOCA MACHUMHOU CMPENKU, NOMEWEeHHOU 8 OAHHOU MOYKe MACHUMHO20
noJsi.

JIuHMu MarHMTHOM MHAYKIMU. Kak Bl 3HaeTe, MarHUTHOE 10JI€ HEBUIUMO, O/I-
HAaKO €ro KapTUHY MOKHO CMOJIEIMPOBATH ITPU IMOMOILM JIMHUH MarHMTHOW MHIYKLUH
(MUTH CHITOBBIMH JIMHUSIMH MArHUTHOT'O TTOJIS ):

® Jlunuu MazHuUmMHOU UHOVKYUU — MO JUHUU, KACAMETbHblE K KAXNCOOU MOUKe

KOMOPbIX, COBNAOAIOM C HANPABIeHUEeM 8eKIMOPA MASHUMHOU UHOYKYUU B 6 oannori
mouxe (b).

Llemoukn U3 MarHUTHBIX CTPEJIOK BOKPYT MarHHUTa B e B
oToOpaxxaroT (GopMy IUHUN MarHUTHON WHIYKIIWU. — ’
JIuHUM MarHUTHOM MHAYKIMU BBIXOAST U3 BHEUIHEIO .~
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CEBEpPHOTO MOJI0Ca MarHUTa ¥ BXOJST B IOXKHBIN MOTIOC. BHYTpH e Maraura iu-
HUY MarHUTHOM WHIYKIIMH MIPOJOKAIOTCS U 3aMBIKatoTcsa. Ha pucyHke mpeacras-
JICHBI CXEMBI JIMHUA MAarHUTHOW MHIYKIWU JUIS TIOJIOCOBOTO U JyrooOpa3HOTO
Maraura (c).

(c)

* Maznummnoe noie A61emMcsl BUXPEBbIM MAK KAK JTUHUU MACHUMHOU UHOYKYUU
9mo2o nos ece20a 3amxnymol (Y HUX Hem HU HAYALA, HU KOHYQ).

Od4eBHIHO, YTO B MPOW3BOJBHON TOYKE MAarHUTHOTO MOJSI MOXKHO IPOBECTH
TOJIBKO OJIHY JIMHUIO MAarHUTHON MHAYKIIMH, TaK KaK BEKTOP MAaTHUTHON MHIYKIIMH
B JIF000M TOYKE MPOCTPAHCTBA UMEET OTPEICICHHOE HaIlpaBlIeHuEe. JDTO 03HAYAET,
YTO JIMHUW MarHUTHON MHITyKITUH HE TIePeceKaroTCsl.

KapTuny MarHuTHON WHAYKIIMA MOKHO SICHEE YBUJICTH IPH MTOMOIIH JKEJIC3HBIX
onwiok. Tak, KEDKZLaH JKEeJIe3HAas OIMJIKA B TI0JI€ TOCTOSIHHOTO MarHUTA MPEBPAIacTCst

[ B MaJICHBKYIO MarHWTHYIO CTPEJKY, KOTOpas IOJ JeHCT-
BHEM MarHUTHOTO TIOJISI BBICTPAWBAETCS BJIOJIb JIMHUAN Mar-
HuTHOM mHAyKuu. Co3gaBaemasi KeNE3HBIMHU OTHUIKAMU
KapTWHA HArJSHO TIOKa3bIBae€T JIMHWU MarHUTHOW WH-
OYKOUKA MarHuTHOTO Tois (d). DTa KapTUHA Ha3bIBAETCS
MASHUMHBIM cnekmpom. B HEKOTOPBIX CIydasx MOXKHO
(d) MarnutHoOe TIONE €O31aTh TaKOe MAarHWTHOE IIOJIC, TN JWHWH MAarHUTHOM

WHIYKIWHA OyAyT mapauiedbHbl PYT K IPYTY, TNIOTHOCTh
UX pacrpeesieHus OyJeT ofuHaKoBa. Takoe MoJjie Ha3bIBACTCS OOHOPOOHbIM Mdae-
HUmHbIM noiem. B KauecTBe mpuMepa OJHOPOJHOTO MArHUTHOTO TOJST MOKHO
MOKAa3aTh IT0JIe MEX/TY MO0CAaMHU JyTro00pa3sHOTo MarHuTa (CM.: ¢).

TBopquKoe npuMeHeHune

= -

MonyyeHne KapTUHbI IMHUN MarHATHOW UHAYKLUUN.

O6opypoBaHue: MoNI0COBOM MarHnT (2 wWT.), AyroobpasHblii MarHUT, CTEKNSHHasA nnac-

TUHKA, Xerne3Hble OMNUMKN.

Xopa nccnepoBaHuA:

1. PacnonoxuTte CTeKNsHHY NNacTUHKY Ha ABYX KHWUrax, a NosloCOBOM MarHuT rnog nnac-
TUHKOW. HacbinbTe XenesHble ONWUMKU Ha MOBEPXHOCTb MMACTUMHKA (€) U OCTOPOXHO
NnocTyyMTe KapaHgawom no ee kpaw. [NpoHabniogante 3a “MarHUTHBIM CMEKTPOM”,
CO3[aHHbIM Xerne3HbIMU onunkamm (cm.: d).

2. TlomecTuB nop nNNacTUHKY OAHOMMEHHbIE  KOHLbl [OBYX MOJIOCOBbIX MarHuToB,
Hanpumep, ABa ceBepHbIx (N) nontoca, NOBTOPUTE ONbIT Y CPaBHUTE NMOSYYEHHbIN “mar-
HWUTHBIN cnekTp” ¢ npeapiaywmm n3obpaxeHunem (f).
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3. MomecTtnB nop nnacTuHy AyroobpasHbii MarHUT, NMOBTOPUTE OMbIT elle pa3 W npo-
Habnogavite kKapTUHY, CO3AaHHy0 noa AencTenem marHutHoro nons (h).
4. 3apucyinTe “MarHnTHble CNeKTpbl”, MOMyYeHHbIe BO BCEX Tpex OrnbiTax.

(e) “ (f)
y '#_F_ N\

O6cyauTe pesynbrar:
» Kakoe pasnunuve HabntogaeTca Mexay nonyvyeHHbIMM “MarHUTHeIMKU cnekTpammn”™?
o Kakve 3akoHOMepHOCTU Bbl yCTaHOBUIM MO hopMe “MarHUTHbIX CNEeKTpoB”™?

YTO Bbl Y3HANMU * O6bsACHUTE CMbICH AaHHbIX KITHO4YEBbIX CJIOB Ha paboyem
JINCTKE: * MarHUTHasA UHAYKUUsSi*HanpaBrieHne MarHUTHOMN

MHOYKUUA * TINHUN MarHUTHOM WHAOYKUUM ° MarHUTHbIN
CNeKTp * ogHoOpoAHOe MarHUTHoe nore °

NMpoBepbTe CBOM 3HAHUA

1. Kakoe HanpaBneHne NpMHATO 3a HanpaBfeHne MarHUTHON I/IH}J,yKLl,I/II/I?

2. CpaBHVITe CUNoOBble XapaKTepUCTUKU 3NEeKTpu4eCkoro n mMarHMTHoro nonew: NoO Kakum
NPpnU3HaKamM OHKM CXOXKU, a NO Kaknum oTnuyatoTca?

3. Onpe,qenMTe nosntoca NoCToAHHOIro MarHuTa no cbopme JIMHUIA MarHUTHOWM MHOYKUNN.

| a I
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m MAFHI/ITHOE NONE 3EMIIN

Kak Bbl 3HaeTe, Npy OTCYyTCTBMM NOGNN30CTH TEN C e MNoyemy cTpenka komnaca
MarHUTHLIMW CBOMCTBaMM MOSIOCOBOW MarHuT, HanpaeneHa k CeBepHomy u
NoABELUEHHbIV Ha LUENKOBOW HUTKU, UM MarHuT- e lOxHOoMy nontocam 3eMHoOro
Has cTpenka Kommnaca OpUEHTUPYIOTCH Tak, YTO UX wapa?

CeBepHbIN MOMC BCeraa NpUHNUMaEeT NoroXeHue e Bo Bcex nu Toukax Ha no-

B HanpasneHu CeBepHOro reorpaguyeckoro BEPXHOCTU 3emnu cTpenka
nomntoca 3emnu, a K3HbI NOC — B Hanpaene- KoMnaca HanpaerneHa

HuM KO>xxHOro reorpadhmyeckoro nosmtca 3emnu. abCconTHO 0ANHAKOBO?

Crccrogonne I

Mo>xeTe nu Bbl U3roToBUTb KOoMnac?

O6opynoBaHMe: NOCTOSIHHbIA MarHuT, urna,

CTeKNsAHHasA nocyaa ¢ Bogown, npobka.

Xop nccnenoBaHuA:

1. MomecTnTe NpobKy Ha NOBEPXHOCTM BOAPI.

2. Motpute 20-25 pas urny o marHut. HamarHm4eHHyto Takum cnocobom urny
NoMecTuTe Ha NOBEPXHOCTb Npobku. Bbl yxke cosganu “komnac”.

3. Nccnepyiite, kak nNpuBOauT B ABWXEHWE NPoOKy “cTpenka” komnaca, a Takke
HanpaBnEHHOCTb €ro KOHLOB (a).

4. 3akpyTtuTte “cTpenky” komnaca BMmecte ¢ npobkon. ObpaTtute BHUMaHNE Ha
HanpaBneHue KOHLUOB “CTpenkun” nocrne oCTaHOBKM NPOOKU CO CTPENKON.

O6cyagute pesynbrar:

o Kak MO)XHO onpeaenvTb CEBEPHbIN 1 HXKHbIN MOMOChI CTPENKN M3roTOBMEHHOro komnaca?

o Kakoe HanpaBneHne NpUHANN KOHLbI “CTpernkn” nocne OCTaHOBKM BpaLlatoLLerocs

komnaca? MNouemy ?

MarHuTHas cTpeika B JIt000¥ TOUKE Ha MOBEPXHOCTH 3eMiid (KpOME TOJFOCOB
3emiu 1 MecT, OOTaTBIX KEJIE3HOH PY/I0ii) BCEeTIa yCTAHABIMBACTCS B HAIIPABICHUU
ceBep-tor. JTO MOKa3bIBAET, YTO Hallla TUTaHeTa MMEeT MarHUTHBIE CBOICTBA U CO3-
JTAeT BOKPYT ce0si B MPOCTPAHCTBE CHIIBHOE MarHUTHOE rosie. CeBepHbI MarHuT-
HBIH TIoNroc 3eMin pacronaraercs psiioM ¢ KOxHBIM reorpaguuecKiM MoaocoM (Ha
AHTapKTHIE), 8 FO)KHBI MAaTHUTHBIH TTOJTFOC — psiaoM ¢ CeBEepHBIM reorpadnuecKumM
nosrrocoM (Ha ceBepe Kanazasr) (b).

MarnuTocdepa. MaruutHoe mnone 3eMiIl COCTaBIsAET CEAbMOM CIION ee aTMo-
cepbl, Ha3bIBaeMbIN macHumocgepoi (¢). DTOT Clioil Ha3biBaeTcs “mosicoM Ban
Annena” B yecth actpodusnka 3 CIIA JIxemca Ansdpena Ban AmreHa, BliepBbIe
OTIpeIETUBIIIETO ero cymecTBoBaHue. “Ilosc Ban Asena”, mpocTUpsCh Ha JECITKH
THICSIY KWJIIOMETPOB OT MOBEPXHOCTH 3€MITH, BHITIOIHSET POJIb Oapbepa 1Mo 3allnuTe
BCETO )KHUBOTr'0 Ha 3emiie OT cMepTelibHOM dHeprun CoJHIIA, BPEIHBIX KOCMHUYECKUX
m3myuaenni (d).

OtmetuM, uto kpome 3emiin B CONHEYHOW CHUCTEME MarHMTHOE ToJie 00Hapy-
skeHo y madeT FOmuTep u CatypH. JlyHa He UMeeT MarHUTHOTO TTOJIS.
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(b) (c) (d)

H bachmai Cenepumnaii
MarmuTrn I\\‘IF\'-':III"\'I Ly
nemos Jesn e Jesam
Y I
b 1 .I
\‘ Ty ," Marunro- <70 000 Kx
. 1 \\ cipepa
NG e

L h

Szocdepa =1 000 ks
Tepmocdepa | 50.600 kw

. Mesocdepa 80 kM

Crpatocdepa 30 gu TMosic Ban
n Annena

Tponocdepa |_{H,,'_’_’>\}

MAIHMTHRIN
oo e naoe Sesan

MarautHbli mosic. YacTh BEICOKOCKOPOCTHBIX 3apsDKEHHBIX YAaCTHII, BBEIOPO-
IMEHHBIX B KOCMHUYECKOC IMPOCTPAHCTBO IIpHW MOINHBIX B3pPbIBAX B aTMOC(i)epe
ComnHna, npoxoaar depes “mosic Ban Annena” u momagaroT B atmMocdepy 3emin. B
pPE3YIbTAaTC MAarHuTHBIC I10JIA, CO34aBacMbIC€ 3THUMU YaCTUUYKaAMU, IIGIZCTBYIOT Ha
MarHuTHOE IMoJie 3eMJIM, YCUIUBAIOT €ro, BO3HUKAeT MarHUTHas Oyps. Bo Bpems
MarHUTHOW OypH HapyLIaeTcsi paAHOCBsI3b, CAMOYYBCTBHE JIIOJCH yXyALIAETCs, a Ha
TeppuTopusx BOIH3u CeBEpHOro MOJIoca HaOMoJaeTCsi CeBEPHOE CUSTHUE U T.II.

TBopyeckoe npumeHeHue

|
2 3apava. B kakom HanpaBneHun opueHTH- "
pyeTcs noABeLleHHasa Ha HUTU MarHUTHas
ctpenka Ha CesepHom unun HOxHOM Marg
HUTHOM nontoce 3emnu?

. MepenuwmnTe NpeanoxeHnsi B paboynii IMCTOK U AONOSTHUTE UX.

“ 1. Ctperka komnaca op1eHTupyetcs Ha CeBepHbIii reorpadmye-
CKMI Nomtoc 3emnun NoTomy, YTo ...

2. Ctpenka komnaca opueHTUpyeTcsi Ha KOxxHbI reorpadmyeckuin nomoc 3eMnm NoTomy, YTo

YTO Bbl Y3HA/IU

. “Mosic BaH AnneHa” ... 3eMHOM Wwap
. “MarnuTHas byps” ...

MpoBepbTe CBOM 3HaHUSA

1. Kak 6ygyT HanpaBneHbl KOHLbI MarHUTHOM ? A) B) € D) F
CTPEenkKun Komnaca, HaxoAsLLEerocs mexay no-
nocamu ayroobpasHoro marHmrta? - ‘ ’ — \
2. Y7o Obl MPOM3OLLIIO MPU UCHE3HOBEHWM Mar-
HWUTHOro nons 3emnu?
3. KakoBa npuynHa BO3HMKHOBEHMWS MarHUTHou 6ypn?
4. Kak 6yoyT HanpaBrneHbl Montoca MarHUTHOWM CTPENKM KoMnaca Ha NoBepXHOCTM JlyHbI?
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m MAFHI/ITHAFI MHAOYKUUA NPAMOIo NPOBOAHUKA C TOKOM

Ha pucyHke npefctaBrneH NpsiMoin NPOBOAHMK U BrIM3KO pacronoXeHHble ABa
KoMMaca, CTPEsKM KOTOPbIX OPMEHTMPOBAHbI B pasHbIX HAanpaBneHusax (cm: a u b).

o Kak MOXXHO OGbACHUTbL NPUYNHY PA3NTUYHOIO PacMNoJIOXKEHUA CTPENIOK KOMMacoB?

Crccrezoname I

JINHUKM MarHMTHOM MHAYKUMWN NPSAMOro NPOBOAHMKA C TOKOM. —5F
O6opynoBaHue: nabopaTopHbIn Habop “MarHuTHOe none”,
WCTOYHMK NMOCTOSIHHOIO TOKa, ranbBaHOMETP, peocTaT, Iy, G
XenesHble ONUIKN1, MarHUTHbIe CTpenku (4-5 WwTyk),
N30MNMPYIOLLMIA LITATUB, COEAMNHUTENbHBIE NPOBOAA.

Xoa nccnepoBaHusa: 1. Cobepute Lenb, NPeACcTaBneHHYo Ha
pucyHke (a). 2. 3akpenuTe Ha LWTaTMBE YCTaHOBKY M3 nabo-
paTopHOro Habopa, COCTOSILLYI0 U3 COEAMHEHHOro nepneHam-
KyNSAPHO K NPSMOW YacTy NPOBOAHMKA NIIOCKOW nnacTuHbl (b).
3. NopcoeauHMB KNeMMbI NPUCNOcobneHns K CBOOOAHBIM KOH-
uaMm uenun, 3amMKHUTe Kniod. HackinaB xenesHble OnuIKU Ha
MOBEPXHOCTb MMacTWHbI, NpoHabntogante 3a OPMON CUOBbIX
FIMHWIA MarHUTHOTO NOMSA NPSAMOro NMPOBOAHMKA C TOKOM.

4. Pa3oMKHWTE KITIOY M BMECTO Xere3HbIX OMUIIoK NOMeCTUTE BOKPYr MPOBOAHMKa Mar-
HWTHbIe CTpenku. 3amMkHWUTE uenb W onpefdenuTe HanpasBneHue BeKTopa WHAYKUUM B
pasHbIX TOYKaxX MarHUTHOrO Mons AaHHOro Toka. 5. MomeHsAB HanpaBneHne Toka B Npo-
BOOHUKE (MOMEHSIB MeCTaMu COoeAMHWTENbHble MPOBOAA Ha KNeMMax YCTaHOBKW),
NOBTOPUTE OMbIT C MarHUTHbIMK cTpenkamu. ObpaTute Npu 3TOM BHUMaHWE Ha Hanpas-
NeHve BeKTopa MarHUTHOW UHOYKLUN.

O6cyaute pesynbrar:

. KaKle d)opMy MMEKT NIMHUN MarHUTHOM MHOYKUMN NPAMOro npoBoHMKa C TOKOM?

e Kak nameHsertcs HanpasneHne MHOyKumMm MarHUTHOro nond npu NpoxoXxaeHun arek-
TPU4EeCKOro Toka B npoBoAHNKE — BEPTUKAIIbHO BHU3 N BEPTUKaI1bHO BBer?

JIMHMU MATHMTHOM HHIYKLIMH NPSIMOT0 NPOBOJAHUKA ¢ TOKOM. VccnenoBanue

IIoKasaJjio, 4TO JIMHHUH MarHUTHOM WHAYKOWU IIPAMOIo IIPOBOAHUKA C TOKOM IIPEI-
CTaBIIAIOT COOOM 3aMKHYTbBIC KOHIICHTPUYCCKHUEC KPYTU BOKPYT NIPOBOJHHKA C TOKOM,
PACIIOJIOKEHHBIC B NEPINEHAUKYJIAPHBIX IMPOBOAHUKY IUIOCKOCTAX. HpI/I N3MCHCHUH
HalpaBJICHUSA TOKaA B [IPOBOJJHUKE Ha6moz[anc;1 IMMOBOPOT MaruuTHBIX CTPCJIIOK Ha 180°.
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(2

3Ha4MT, HAIIPABJICHUE BEKTOPA MArHUTHOW MHAYKIVH, CO3JaBAEMON TOKOM, 3aBHCUT
OT HampaBJICHUS TOKA B MPOBOAHUKe. He nmpuberas K MarHUTHBIM CTpEJIKaM, Hallpas-
JICHUE MarHWTHOM MHIYKUUHM MOKHO OIPEACTUTb ABYMs CIOCOOAMH: Mpaguiom
npasoeo sunma (0ypaguuxa) unu NPAeUIOM NPAgoll pyKu.

Ilpasuno npasozo eunma 1 o e B
(6ypasuuxa) ona npamozo E::_-. ZB _-".- ofas A
NPOBOOHUKA C MOKOM: eCliu
Hanpaeienue nocmynameib-
HO20 08UdHCeHUs OYPABUUKA
cosnadaem ¢ HanpasieHuem
MOKa 8 NPOBOOHUKE, MO
Hanpaeienue epawenus
PYKOAMKU OYPaABUUKA NOKA3bI- B
saem HanpagneHue 6eKmopa

MASHUMHOU UHOYKYUU, CO30AH- - g,
1020 amum mokom (C). ! ]

= G

Ecnu npsimoli mpOBOIHUK C TOKOM MEPIIEHINKYISPEH TUIOCKOCTH PUCYHKA, TO
OH Ha cxeMax 0003HavaeTcs B BHJIE TOUKH HIIM KPECTUKA B KPYKOUKE:

— €CJIM TOK OT Hac NEepIEeHINKYIIIPEH K IUIOCKOCTH PUCYHKA, OH IOKa3bIBAaeTCs B
BHJIE KPECTUKA BHYTPH Kpyxouka (d);

— a eCJIM TOK MepHEeHANKYIISIPEH OT IUNIOCKOCTH PUCYHKA K HaM, TO B BUJIE TOUKH
BHYTpH Kpy»KouKa (¢).

[Ipn mpuMeHeHUN TpaBwIIa MPaBOTO BUHTA (OypaBUYMKa) K 3THM TOKaM JIETKO
MOXXHO OIPEJENNTh, YTO JIsl TOKA, HANPABIEHHOTO MEPIEeHIUKYISIPHO OT Hac K
IJIOCKOCTH PUCYHKA, BEKTOP MarHUTHOM MHAYKIIMHU HAaIlpaBJeH MO HAIPABJICHUIO
BpallleH!s 4aCOBOM CTpenkH (cM.: d); 171 TOKa, HAPaBJICHHOTO MEPIeHIUKYIISP-
HO OT IUIOCKOCTHM PHCYHKa K HaM, BEKTOpP MAarHWTHOM WHAYKLIWW HaIlpaBiIeH
MIPOTHB HAIIpaBJIEHUS BpallleHHUs YAaCOBOW CTPENKH (CM.: €).

Ilpasuno npasoit pyku

/11 NPAMO20 HPOBOOHUKA C
MOKOM:. eClil MbICICHHO 635Mb
NPAMOLL NPOBOOHUK C MOKOM 8
npasyio pyky max, 4mooul
bonvuwiol naney 6vL1 HANPAg-
JIeH 800/1b MOKd, MO OCMAJlb-
Hble uemvipe namvya 6yoym
corcamul 8 HaNPAGeHUY UH-
oykyuu mazhumrozo nous (f).
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BHumaHwme! ¢ JTurin HHIYKINKA MATHATHOTO (9)

TIOJIS1, IEPIICHAUKYJIIPHBIE K TNIOCKOCTH PUCYHKA, E BeKTop MHIYKIAHA

Ha CXEMax M300paKAKOTCS B BUJIE CUCTEMBI U3

TOYEK M KPECTHKOB. ECIM TIPE/ICTABATE BEKTOP x*—

MArHHTHOH MHIYKIMH B popme cTpenk (J), TO * B TlepuenuKyIspHo MIOCKOCTH PUCYH-
JIMHAY MATHATHOM WHTyKIUH, HAMPABJIEHHBIE Ka K HaM

HEPIICHIMKYJIIPHO OT INIOCKOCTH PHCYHKA K HaM, xB TlepneHIuKyISpHO ITIOCKOCTH PUCYHKA
TPEJICTABIIAIOT COOOM CHCTEMY TOUYEK (MBI BUIUM OT Hac

OyATO KOHYHK CTPENEI). A €CIIHM JIMHUN MarHUTHON
MHAYKIWY HANPABJICHbI NIEPIEHIUKYIISPHO K
INIOCKOCTH PUCYHKA OT HAC, TO OHU HPEICTABIISIOT

(h)

c000ii cHCTEMY KPECTHKOB (OYATO MBI BUIUM L X X XX L
KOHeIl yIaJstolelics oT Hac ctpedsl) (em.: g). Ha- .o X X X X . e
TIpUMeEp, JIMHAK MHIyKIUH MATHUTHOTO MOJIS Ha ¢e X X = X X ee B
IUIOCKOCTH PUCYHKA CIIPaBa U CJIEBa OT MPO- : : : § 8 ;: : l; : :
BOJIHUKA C TOKOM 0003HAYaIOTCs TOUKAMH H '

0 ee IXX XX oo
KPECTHKAaMU B 3aBUCHMOCTH OT HAIPaBICHHUS TOKa oe % X %X A

B

(h). Ot 0003HAYEHNUS ONPEETISIOTCS 110 TIPABHILY P X X X X 8
OypaBuMKa MY TIPABUITY PABOH PYKH. P % X % % P

TBOpUyeckoe npumeHeHue

3apava. MNepenuwnte B pabo4nit NTMCTOK AaHHbIe CXe-

Mbl U onpeaenure: 2*

a) HanpasneHne NMHUA MarHUTHOM MHOYKLUMK TOKa l1; ®

b) HanpaBneHne BekTOpa MHAYKLUMM MarHMTHOro Nons 1* I
Toka |2 B Toukax 1,2 u 3. 3*

YTO Bbl Y3HANIU ~ - MepenuiunTe NpeanoxeHnsi B pabounit IUCTOK U AONONHUTE UX:
1. MNpaBuno npaBow pykx Ans NPSIMOro NPOBOAHMKA C TOKOM: ... ; 2. lpa-
BWIIO MPaBOro BUHTA AJ1s1 MPSIMOTO MPOBOAHMKA C TOKOM: ...; 3. JIuHuM

MarHUTHON WHAYKUMW, HanpaBneHHble NepreHanKynNsipHO OT MIIoCKOCTM
pUCYHKa K HaM ...; 4. [IMHAN MarHUTHOM UHAYKUWW, HanpaBneHHbIe nep-
NEHAUKYISPHO K NIOCKOCTU PUCYHKA OT Hac ...

1. OT 4ero 3aBUCUT HanpaBneHne NMHUN UHAYKLMN MarHUTHOrO Nons, CO34aHHOro TOKOM?

2. Kak BbipaxaeTcs NnpaBurio nNpaBow pyky AMnS NPSMOro NPOBOAHUKA C TOKOM?

3. Kak nsobpaxaeTcs Ha cxeMax NpsiMor NPOBOAHMK C TOKOM, ECIIN OH PACTONOXEH NeprneH-
OVKYNSAPHO K MIIOCKOCTU PUCYHKA?

4. Kak HanpaBneH BEKTOP UHAYKLWUM B MPOM3BOJSIBHOM TOYKE MarHUTHOTO NOfIsi, ECNW NPSIMOIA
NPOBOOHMK C TOKOM PacrnosioxeH NnepneHanKynspHoO K NIOCKOCTU PUCYHKa?
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1. Ha pucyHke npeacTaBjieHbl cXeMbl THHMII MATHUTHON HHAYKIUH YeThIpexX
NPOBOJAHUKOB ¢ TOKOM. OmnpeejnTe HaNpaBJaeHuE TOKOB B IIPOBOJHHUKAX.

2. Ha pucyHke npeacTaBjieHbl JMHUN HHAYKIUH NOCTOSIHHBIX MarHuToB. Onpeneure
HanpapJeHHe JUHUI HHAYKIMH U HeU3BeCTHbBIE M0JII0Ca MArHUTA.

- {s ] [ {s ]

3. Ha pucyHke npeacTaBjieH BEKTOP HHAYKIHH OJJHOPOIHOT0 MATHUTHOTO moJjs. B ka-
KO# 4acTH MJI0CKOCTH PHCYHKA NMOMeEIEeH CeBePHBII MOJTHC MATHUTHOTO TOJISI: BIle-
peau uiu no3aau Hero?

X X X X=X
B
X X X X X
X X X X X
X X X X X

4. DNIeKTPOHHBIN MYY0K JABHIaeTcs, KAK MOKa3aHO Ha pucyHke. Onpenejaute Hanpas-
JICHHe JIMHUH WHIYKIHH MATHUTHOI0 0JIf, CO3JaBAEMOr0 3JICKTPOHHBIM IIy4YKOM.

- = = =

5. IIpoBoa ¢ TOKOM NepNEeHIUKYJsIPpeH K II0cKocTH pucyHka. Ha kakoii cxeme nmpa-
BUWJILHO MPeICTABJICHBI JUHAUN HHAYKIINA MATHUTHOTO 110JIsl 3TOI0 TOKa?

> - @1}. Ry @ ¥

A)lu2 B)romeko3 C)3u4 D)2u3 E)lu4d

MarHuTHOe none 63



m MAFHVITHOE NOJIE KPYITOBOI'O TOKA U KATYLLKUA C TOKOM

‘p * Yem OyaeT oTnMyaTbCcsl MarHMTHoOeE norse NpoBOoAHWKa C TOKOM Kpyriomn
& ¢hopMbl OT MarHMTHOro NONSA NPSIMOro NPOBOAHMKA C TOKOM?
* Yto Takoe Katywka? Kak Bbl npeacTaBnsieTe KApPTUHY NMUHMIA MarHMTHOWN
MHAYKLMW KaTYLIKN C TOKOM?
* Kak MoXxHO onpeaennTb HanpaBreHWe NIMHUA UHAYKLUMN KPYroBOro
NPOBOAHMKA M KaTyLUKN C TOKOM?

ccrenosonne I

MarHuTHbIA CNEeKTP KPYroBOro Toka.
O6opynoBaHue: nabopaTopHbIn Habop “MarHuT-
HOe none”, UCTOYHMK NOCTOSAHHOIO TOKAa, ranbBaHO- ¢
METp, PeocTarT, KoY, Xene3Hble Onumkn, coean-
HUTENbHbIE NpoBOAA.

Xopa nccnepgoBaHus:

1. Cobepute nocrnenoBaTenbHyO ANEKTPUYECKYIO Lienk |
(cm.: cTp. 60) n npucoegmHuTe CcBOGOAHbLIE KOHLbI -
3TOW LIenu K KneMMam KpyroBoro npoBOAHMKA.

2. HacbinaB xenesHble ONWIKM Ha MOBEPXHOCTb MNACTUHbI, 3aKPENIeHHOW neprneHan-
KyNSIPHO K KPYroBOMY MPOBOAHMKY, NMPOXOASALLEMY Yepes3 ero LEeHTp, 3aMKHUTE Lenb.
OCTOpPOXHO MNOCTYYUTE NO NMACTUHKE KapaH4aLlloM 1 UccrnegynTe KapTUHY MarHUTHOrO
CMeKTpa KpyroBoro Toka (a).

3. 'ameHeHuTe HanpaBneHue KPyroBoro Toka v NpocneauTe 3a NpoM3oLLEALLNM SBNEHUEM.

O6cyaute pesynbrart:

o Kakyto (hoopMy MMEET MarHUTHbI CNEKTP KPYroBoro Toka?

¢ Y10 Bbl HAGNOAANM NPYU U3MEHEHUW HanpaBneHNUsl KPYroBoro Toka?

e Kak MOXHO onpeenuts HanpasneHne JIMHUA UHAYKLMW MarHUTHOTO MOMs KPYroBOro Toka?

MarsuTHoe noJjie KpyroBoro Toka. Kapmuna MarnHuTHOTO CIIEKTPa KPyroBOTO
TOKA CX02iCA € AUHUAMY WHIYKINH ITOCTOSHHOTO KoJblleoOpasHoro marauTta (b).

|
(b)  MaruuTHoe ? * Kpyrosoit npoeog

none npoeoaa

C TOKOM
\f‘:_'_:)/ @“‘ffﬁ/
Fopu3oHTansHas \ﬂl 1[r

NNQCKOCTL

HampaBneHue MarHUTHOW MHIYKIMH KPYTOBOIO TOKAa OIPEIENSETCS HaIpas-
JICHHEM TOKa, M €T0 JIETKO MOYKHO OPEACIUTH ITPH OMOIIY MAaTHUTHOM CTPElKu. A
MPU OTCYTCTBUM MATHUTHOM CTPEJIKH JUIS TOU [IEJIM MOKHO UCTIONB30BaTh MPABHIIO
MIPaBO¥ PyKH WM MPaBUIIO0 OypaBunKa (BHHTA).
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Ilpasuno eunma ona Kpyz08020 mMokKa:. npu
epawjenuy pyKoamxku bypasuuxa 8 Hanpaene-
HUU KPY208020 MOKA HANpaeieHue nocmyna-
MebHO20 08UdICeHUs OYPABUUKA NOKAJICEM Ha-
npasnenue UHOYKYUU MASHUMHO20 NONS 6HY-
mpu kpy2o6o2o moka (d).

Ilpasuno npasoit pyku onsa Kpy206020 moka: ec-
Il MBICIEHHO 8351Mb KPY20BOUL NPOBOOHUK C MOKOM 8
npasyio pyKy 8 NpousBoibHOM Mecme Mmax, 4moosl
6010l nasiely Obil HANPAeieH 600b MOKA, MO OC-
manbHble Yemvipe naivya 6yoym cocHymol 6 Ha-
npaenenuy uHOyKyuu macHumHozo nous ().

Ta CMOPOHA NJIOCKOCMU KpPy208020 MOKda, omeda BbIXOOSIM TUHUU MACHUMHOLL undykuuu, Aejsiem-

€51 CeBEPHBIM NOMOCOM MASHUMHO20 NS, 4 MA CMOPOHA, KYOd 8X005M JUHUY UHOYKYUU, BT sl
1024CHBIM nOTOCOM (€).

(d) ) —

MarHuTHOe moJie KATYIIKH ¢ TOKOM.

Yrto Takoe katymka? Karymka moixydaeTcs MHOTOKPAaTHBIM HaMaTBIBaHHEM
W30JIMPOBAHHOIO MPOBOJHKUKA Ha IMIJIMHIPUIECKYI0 O0OMHY U3 TOJICTOTO KapTOHA
wi ractMaccesl. CBOOOJHBIE KOHIBI TPOBOJHMKA MTOICOSAMHSIOTCS K KieMMa ().
3HAYUT, KaTyIIKy MOXHO PaccCMaTpUBaTh KaK MIMPOKHUI KPyTOBOH MPOBOIHUK.

Kaptuny nuHMi MarHNTHONW MHIYKIMH KaTyIIKA C TOKOM TaK)Xe€ JIETKO MOYKHO
HaOJII0aTh MPH TOMOIIU KEJIE3HBIX OMWIOK. st 3Toro ymoOHO HCHONb30BaTh
YIPOILIEHHYIO MOJEIb KAaTyIIKU — IPOBOJHUK, IPOMYLICHHBIN Yepe3 ABa psaa oT-
BEPCTHH B IJIACTUHKE OprcTekia. JKene3Hble OMWIIKHM, PAacCHITaHHBIE IO TOBEPX-
HOCTU TUTACTHHBI M3 OPICTEKJa, IOC]e MOACOSAMHEHHUS KAaTYUIKH K HCTOYHUKY
MIOCTOSTHHOTO TOKAa CO3/1al0T KapTHHY JIMHUM MHAYKIIMA MarHUTHOTO TOJIS KaTyIIKH

C TOKOM. JTa KapTUHA HAMOMUHACT JIMHUU WHAYKIHUH TOCTOSHHOTO TOJOCOBOTO
MarauTa (g).

(f) (9)
Karymka ——0uo

&
) -
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MarsauTtHoe moie KaTylIK1u ¢ TOKOM, KaK U B ClIy4dac C I10JIOCOBbIM MAarHuToM,
HUMCECT JBa II0JIr0Ca: CeBepHLIﬁ " 10HBIH. [lomroca KaTylIKX pacCliojiararoTcs Ha €¢
KOHIIax. Ilomoca MarHUTHOTO IIOJIS KaTyYHIKH C TOKOM TaKiKe€ JICTKO MOYKHO OII-

penesuTh [0 MPaBUITy NIPAaBOil PYKH WIIH 10 [IPABUITY IPABOI'O BUHTA.

Ilpaguno eunma 0N KAMywiKu ¢ mMOKOM:
ecnu  epawjamv  PYKOAMKY —Oypaguuxa no
HANPAGIEHUI0 MOKA 6 Kamywike, Mo Han-
PpasieHue nOCMynamenbHo20 O8UdCeHUs 0y-
PABUUKA  NOKA3bL6Aem HANPAGIEHUe  TUHUL
unoyryuu (i).

(i) _ Sl

TBOpUYeckoe NnpuMmeHeHue

Ilpasuno npaeoit pyku 0na KamywiKu ¢ moxKom:
Kamywxa bepemcsi 6 npasylo pyky max, 4moovl
coeHymble Yemvipe nabya COsNAOAmL ¢ HaNpag-
JIeHUueM MoKa 6 0OMOMKAX, 6 IMOM Clyuae Omo-
2Hymblil 601buiol naney 6yoem nokasvleams Ha-
npasienue IUHUNL UHOYKYUU MASHUMHO20 MO/
enympu kamywiu (h).

(h)

|
e -

nuTe nontoca marHutHoro nons (1).

3apaya. NepeHecuTe B pabounit INCTOK AaHHbIE CXEMbI.
1. Hapucynte nHUM MarHUTHOW MHOYKUMW KaTyLLKN
C TOKOM, NOKaXuTe UX HanpasfieHne v onpege-

(1 (2
_||..||_

Wi

2. Hap kaTyLukon Ha ynpyrom NpyxuHe nogBeLleH marHut (2). —
Kak cebs noseaeT MarHuT npu 3ambikaHuy uenn? Mouemy? =

(4
YTO Bbl Y3HAIU

nx.

MepenuwuTte npegnoxeHusi B paboynn MIMCTOK U JONOSTHUTE

1. MarHuTHoOe nore KpyroBoro TokKa ...
2. MpaBuno BYHTa A4S KaTYLUKN C TOKOM: ...
3. MNpasuno npaBon pykun Ans KaTyLIKW C TOKOM: ...

MpoBepbTe cBOM 3HAHUSA

1. Yem oTnuyaeTca MarHUTHbIN CNEeKTP KaTyLlKM C TOKOM OT MarHUTHOrO cnekTpa npAamMoro

NPOBOAHMKA C TOKOM?

2. Kak BblpaxkaeTcs NpaBnno BUHTa NS KaTYLLUKN C TOKOM?
3. Kak MOXXHO M3MEHUTb NOMCHI MarHUTHOrO NOMS KPYroBoro

NPOBOAHMKA W KaTYLLKU C TOKOM?

4. OnpepgenuTe Nosochbl MarHUTHOTO MOJSE KPYroOBOTO TOKa Ha

OCHOBaHMN O0AaHHOIo pUCyHKa.
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GHEKTPOMAFHI/IT U Ero NPMMEHEHUE

BeposiTHO, Balle BHUMaHWe NpuBrieKkanu Takue ' e Yr0 CO3aaeT MOWHOE
Kaapbl U3 PUNbLMOB: NOABEMHbIA KPaH Npy MOMO- . MarHUTHoe Bo3aeicTBME
LM cneumanbHoro MarHUTHOrO YCTpOCTBa NoAHM- B 3TUX YCTPONCTBAX M Kak
MaeT TShKeNbIV XXenesHbl NpeaMeT, Hanpuvep, MOKHO UX MIHOBEHHO
aBTOMOOMIb, @ B HYXKHOM MeCTe pa3marHMynBaeTcst Pa3MarHNTUTL?

1 pasrpyxaet ero. 3HauuT, yCTPOMCTBO, MOAHU-
MaltoLLiee XeneaHble Tena, NpyM Heo6xoaMMOoCTH
MOXET CO3[aBaTb MOLHOE MAarHUTHOE AENCTBUE W

pa3sMarH1YMBaThCsl, KOraa 3TO HE HYXXHO. E -
|
UccnenosaHue [

OT yero 3aBUCUT MarHUTHOE AeNCTBUE KaTyLUKu

C TOKOM?

O6GopyaoBaHue: ABE KaTyLKX C pa3HbIM KONIMYECTBOM BUTKOB,
MMeroLLMe OAMHaKOBbIe pa3Mepbl, ICTOYHMK TOKa, peocTarT, KItou,
enesHble ONUMKW, Xene3Hbli CEpAEYHUK, COeaNHUTENbHbIE
npoBsoAa.

Xoa uccneposaHus: 1. Cobepute nocnegoBaTenbHyH anek-
TPUYECKYHO LieMNb, COCTOSLLYIO M3 UCTOYHMKA TOKa, peocTaTta, Ka-
TYLLKU 1 KMtoYa. 2. 3aMKHUTE KITHoY U MPUKOCHUTECH KOHLIOM Ka-
TYLLKWN C TOKOM K >XeNne3HblM onuiikam (nepeg aTuMm oTBepcTue
KaTyLWwku 3aknemsaeTcs 6ymaron). MogHMMUTE KaTyLLKy BBEPX U
npocreanTe 3a BO3HMKWNM siBNeHnem (a). 3. YBenuuusante u
yMeHbLUanTe cury ToKa B KaTyLLKe OBUKEeHWEM Non3yHKa peoc-
Tata. [TpoHabnioganTe, kKak U3MEHSIETCA NPY 9TOM MarHUTHoe
OencTBMe KaTyLKM ¢ TOKOM. 4. [1oBTOpUTE OMbIT C KaTyLLKON C
60nbLIMM YNCNIOM BUTKOB M NpOCReanTe, kak n3aMeHseTca mar-
HUTHOE AEeNCTBME KaTyLLKN C TOKOM. 5. lNoBTOpuTE ONbIT, BCTaB-
NS XKenesHbI CepAeYHUK B KaTyLKY, U UCcnegynTe ero mar-
HUTHOe aewncTteue (b).

O6cyaute pesynbrar:

e Kak 3aBMCUT MarHMTHoOe OencTBme KaTyLKMN C TOKOM OT CUJ1bl TOKa, YNCna BUTKOB U
Hann4yuna XenesHoro cepgevyHnka BHyTpu KaTyLLIKVI?

B 1820 rony ¢dpaniy3ckuii yueHslit A.Amrep, uccienysi MarHUTHOE ToJie Ka-
TYIIKH C TOKOM, ONPEAESINI, YTO MarHUTHOE JEHCTBUE KAaTYLIKH 3aBUCHT OT CHJIBI
TOKa B HEM: C POCTOM CHJIBI TOKa pacTeT MAarHUTHOE JEMCTBHE KaTYLIKH, a MpHU
OTKITIOUEHHUH CHJIBI TOKA KaTyIIKa TePsieT CBOM MarHuTHBIE CBoMcTBa. B 1825 romy
aHrnuiickuii uzobperarens B.CtepmkeH, BBeliss BHYTPh KaTYIIKA C TOKOM KeJe3-
HBIH CEpICYHUK, BBISICHUI, YTO MATHUTHOE AEHCTBUE KAaTYIIKH YBEIHYUIOCH.

 M300perareib EPBOro 3JIEKTPOMArHu-
Ta U SJIEKTPHYECKOTO [BUIATEIISL.
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B 1828 rony amepukanckuii pusuk Jx.I'eHpu onpeaenwn, 4To, yBeITnInBast 4ucC-
JIO BUTKOB 3JIEKTPOMAarHuTa, MO>KHO CYIIIECTBEHHO YBEIMUYUTH €r0 MarHUTHOE AeH-
ctBue. Mcmonb3yst 3TO CBOMCTBO 3JEKTPOMAarHuTa, OH BIIEPBBIC pa3padoTai 3JeK-
TPOMAarHUTHBIN KpaH, COCOOHBIHM MOTHIUMATh TSIKETIbIC JKEJIE3HBIE TPY3B.

» V30o0peTaTens mepBoro 3IeKTPOMAarHUTHOTO
kpana. B 1831 roay oH npoaeMoHCTpupoBa
3JIEKTPOMArHUTHBII KpaH, CIIOCOOHBIH MOJHATh
rpy3 B 1000 kr. DTOT KpaH XpaHHUTCS B My3ee
uHcTuTyta CMHUTCOHA B BammHrroHe.

o Kamywixa c srcene3Hvim cepOedHUKoM 6HYMpU HA3bIBAEMCS I/1EKIPOMAZHUMOM.

[Ipu mpoxO0KAEHUU SIEKTPUUECKOTO0 TOKA Yepe3 BUTKH KATYIIKH, BO3HHKAET
MarHATHOE TI0JI€ ¥ JKEJIE3HBIA CepACUHNK ITPHOOpEeTaeT MarHUTHBIE CBOMCTBA, PU
MIPEKPAIICHUH K€ DIICKTPUUECKOTO TOKAa MarHUTHOE TIOJI€ MCYEe3aeT W CEPICTHUK
pa3MarHMYuBaeTCA.

MarauTHoe neicTBHUE 3IEKTPOMArHuTa CUIBHO 3aBUCHUT OT YUCJA BUTKOB, MPU-
XOJISIINXCS HA €AMHUILY €T0 IJIMHBL, U CHJIBI TOKA, MPOTEKAIOIIETO Yepe3 BUTKHU.
UccnenoBanue mokasano, 4TO ¢ YBEIMYECHUEM YKCIa BUTKOB B JAHHOW KaTYIIIKE U
CUJIBl TOKA B HEW, MarHUTHOE JCHCTBUE 3JIEKTPOMArHUTa yCUJIMBAETCS, a MPHU OT-
KITIOYSHHUH TOKa DJIEKTPOMArHuT cpa3y pasMarHuumBaercs. /leiicTBytromie Ha OCHO-
BE€ 3TOT'0 CBOMCTBA DJIEKTPOMArHUTa MPUOOPHI U YCTPOHCTBA IIMPOKO PUMEHSIOTCS
B OBITY, TEXHHKE, MPOU3BOJACTBE, MEAUIIMHE U T.J. Hampumep, [uis morpy3ku u
pasrpy3KH TSHKETIBIX JKENEe3HBIX U3/IENINH HCTIONB3YIOTCS SIIEKTPOMarHUTHBIE KPaHbI
(¢). Ha pymaukax ajist OTIeICHUS JKEeIE3HBIX YaCTUICK OT APYTHUX TN (ITOYBHI, KaM-
HEH U JIp.) UCTIOB3YIOTCS dleKmpoMazHumuble cenapamopul (8pawarouancs daiex-
mpomacnumnuas 606una) (d).

(c) B S (d)

,,;,_‘Lm_ _.j_.,._i‘___.,. ;:I.IEK'I]‘}UM;H HHTHA#A

¥ ﬂ ] ¥ Dobuna
o2 5 B =

; Kenesnan
N\ pyna

-
? Kenesusie PELy
P u3neins HKenesuple yacTHUKN .f‘d’f

OCHOBHy}O YacCTb SJICKTPUYCCKOT'O 3BOHKA B BalIICH IIIKOJIC TAK)KE COCTABIISCT DJICK-
TPOMArHuT. O3HaKOMHMCS C €ro yC’I’pOﬁCTBOM " IPUHIUIIOM pa6OTLI.

YerpoiicTBO U NpUHIMI PaldoThI dJIeKTpHYe-
CKOro 3BOHKAa. OCHOBHBIE YacTH 3JIEKTPHUYECKOTO

3BOHKa cliefyronie: anekrpomaraut (1), ympyras
CTalibHas MpyXKuHa (2), MOACOEAMHEHHBIA K Hel
JKeNEe3HBIN SKOPb (3), 3aKperIeHHbIH Ha KOHIIE IKOPS
MaJeHBKHA MOJIOTOYEK (4), SBIAIOMAsACS WC-
TOYHHKOM 3ByKa MeTajutnueckas damka (5). [Ipu Ha-
JKaTUM Ha KHOIKY DJIEKTPUYECKOro 3BOHKaA (6) 1enb
3aMBIKAETCsI, Yepe3 IEKTPOMArHuT MPOXOIUT TOK U
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OH HamMarHuyupaerca. MoNOTOUEK Ha SIKOpE MNPUTATUMBAETCA K AJIEKTPOMArHuTy U
Obercs 00 yamky, nzfaasas 3ByK. OJJHaKO, IPUTATHBASICH K JIEKTPOMATrHUTY, SIKOPb
OTXOAMT OT KOHTaKTa (7) W memb pa3MblKaeTcsa B TOYKE A: 3JEKTPHUECKHHA TOK
OTKJIIOYAETCS] U DJIEKTPOMArHuT pasMaruuumBaercs (e¢). B 3To Bpems sgkopb
MOCPEICTBOM YIIPYTOM MPYKMHBI OTTSATUBAETCS Ha3al, CHOBA 3aMBIKAeT AJIEKTPH-
YeCKYIO LIeNb B TOYKE A M TPOLECC BO30OHOBISIETCS. DTOT MPOLECC TTOBTOPSIETCS B
TE€YEHHE BCETO BPEMEHH, IT0OKa KHOTIKA HaXara.

TBopquKoe npuMeHeHue
| _
UccnepoBaHue 2

Pa6oTa c mogento anekTpo-

MarHMTHOro KpaHa.

O6opynoBaHue: Moaernb arekTpomar-

HUTHOrO KpaHa (3NeKTPOMarHuTbl — 2 Wr.,

XKenesHbI SKOpb C KPHOYKOM), Habop

rpy3oB (f), nctouHmk Toka (BeinpsiMUTENb),

coeguHUTenNbHbIE NpoBOAA.

Xopa uccnegoBaHuA:

1. MNoaBecbTe aNeKTPOMarHMTHbIN KpaH Ha wraTmee. BepxHue
KNeMMbl 3NieKTpoMarHuTa CoeiMH1Te Apyr ¢ Apyrom, a
HKHUE KNEMMbl NOACOEANHUTE K BbINPAMUTENHO (g).

2. BknounB BbiNpsAMUTENb, NO4ANTE HA KOHLbI Lienu Hanps-
XeHue B 2 B. Mpubnunsme xenesHblil SKOpb K arekTpomar- (9)
HUTY, NOABECLTE Ha €ro KPHOYOK rpy3bl 4O OTAENEHUS SAKOPS
OT anekTpomMarHuTa. L

3. Nogas Ha KoHUbI Lenu HanpsbkeHne 4 B, noBTopuTE ONLIT U
uccneaynTe, B KaKoOM criydae sikopb yaepxvsaeT 6onbLunii
rpys.

O6cyaute pesynbrart:

e OT yero 3aBUCUT rPY30MNOABLEMHOCTb SMEKTPOMArHNUTHOIO kKpaHa?

M

YTO Bbl Y3HA/IU o MepenuwwnTe NpeanoxeHnsi B pabo4ni IMCTOK U AOMOSTHUTE UX.
A 1. SnekTpomarHuT — ...

2. MarHnTHOe LEeNCTBME SNEKTPOMAarHMTa 3aBmucuT ot: a) ... b) ...

3. OneKkTpomMarHuUThl MPUMEHSIOTCS ...

MpoBepbTe CBOM 3HaHUSA

1. Kak MOXHO yBENNUNTL MarHUTHOE AEeNCTBME KaTyLUKN C TOKOM?

2. Y70 TaKkoe aneKTpoMarH1T 1 B Kakux Lensax ero UCrnosnb3yrT?

3. O6bAcHMTE NpMHUMN paboTbl ANEKTPUYECKOTO 3BOHKA.

4. HamoTanTe Ha xene3Hbi rBo34b NPoBO4 C M30MALMeEn 1
noacoeanHUTE ero KoHLbl kK 6aTapee, Nony4ynMTcs NpocTom
anekTpomarHut. OnpegenvTe NOMKCHl 3TOrO ANEKTpOMarHmTa.
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‘ | YnpaxxHeHue -

1. Ha pucyHke noka3aHbl MATHUTHBIE MOJIIOCHI KATYHIKH s N
¢ TokoM. OmnpesiesiuTe HaNpaBJieHHE TOKA B KaTylIKe. l \ \ \ l \ \ \ \ 1
"

AVAVAVAVAVAVAY LY LY

Fa¥aVaVa¥aVuVaWalalal

2. I/Il-l).'lyl(lll(lﬂ MArHudTHOIO moJisi KpyroBporo npoBoAHuKa ¢ TOKOM HalpaBJ/ieHa BBE€pPX.
Onpene.m/lTe HanpaBJ/IcHUEe TOKa B NIPOBOAHUKE.

B

3. Ha pucyHke npeacraBjieHbl JUHAHA MATHUTHOM MHAYKIMH KATYIIKH C TOKOM.
IIpaBMIILHO /1M MOKA3aHO HATIPABJIEHHE BEKTOPAa MHAYKIMH B Touke K?

A\

\ IR

4. Ha pucyHke npeacraBjieHa cxeMa aToMa Boaopoaa. OnpeesinTe MarHuTHble
MOJIIOCHI aTOMa.

5. Kakum cnoco00M MOKHO U3BMEHHTH MATHHUTHBIE MOJIIOCHI KATYIIKH ¢ TOKOM?

6. Kak M0KHO yBeIHYNTH MATHUTHOE AeiiCTBHE KATYIIKH C TOKOM?
1. YBenu4uB cuiry TOKa.

2. YMEHBIINB YHCIIO BUTKOB.

3. BBeas BHYTpb alllOMUHUEBBIN CEpACUHUK.

4. BBens BHYTPh CTAJIbHOM CEpICUHUK.

5. YBeJIMUMB YUCIIO BUTKOB.

A)1,4u5 B)2u3 C)1,2u3 D)romko5 E)lus
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m MAFHI/ITHOE B3AUMOOEUCTBMUE TOKOB

Ha pucyHke npeAcTaBneH onpefe- & 1%  Kakie MarHMTHbIE MOMIOCA PACTONOKEHbI Ha
NEHHbIN y4aCTOK MPOBOAHMKA C TOKOM & «gepxHeii» U KHWKHE» CTOPOHaX NPOBOAHKA
W HanpasJieHne NINHNA MaranTHon ' C TOKOM B MIIOCKOCTU N306paKeHns?
UARPERAEYAY: = « Kakoe B3auMogeiicTB1E BO3HUKHET MeXay
e o o o o oBs o NPOBOAHMKAMW, €CIN PSAOM C OfIHUM U3 HUX
L napannenbHo pasMecTVTb BTOPOIA TaKoM xe
XpX X X X X X X NPOBOAHUK C TokoM? Mouemy?

(e

MarHuTHoe B3aumopaencTBue Mexay NPoBOAHUKAMU C TOKOM.

O6GopynoBaHue: ABa NPOBOAHMKA (M3rOTOBMEHHbIE M3 antOMUHMEBOWN (POmMbri), NCTOHHMK
MOCTOSIHHOrO TOKa, peocTar, flamna, aMnepmeTp, Koy, ANANEKTPUHECKUI LITATUB (2 LUTYKK),
coeavHUTENbHbIE NPOBOAA.

Xoa uccnepoBanuna: 1. Cobepute nocnegosaTernibHyHO LieMb, COCTOALLYIO U3 MCTOYHMKA
TOKa, peocTtara, amnepmeTpa, namnbl 1 knoya. 3axkum 1 namnbsl 1 3aXUM 2 UCTOYHMKa TOKa
ocTaBbTe cBOGOAHbIMU (a). 2. MNMoacoeavHWUTE BbIpe3aHHble U3 antMWHUEBON hOnbrn
NPOBOAHUKU B 3aXMMaX U30NMPYIOLMX LUTAaTUBOB NaparnmnenbHO 1 NOAKMYUTE K 3TUM 3a-
XMMaM coeguHUTErNbHbIE NPOBOAA, Kak Moka3aHo Ha pucyHke (b). 3. 3amkHuTe uens,
noAcoeanHUB BbIXodbl Liemu 1 1 2 K cBoBOAHBIM KOHLIaM NpoBoAHNKoB. OnpegennTe xapak-
Tep B3aMMOAENCTBUS, BO3HMKAIOLLMIA NPU 9TOM MexXay naparnfensHbIMU NPOBOAHNKaMU C
ToKoM. 4. ViccnepyiiTe, Kak M3MeHsieTCA B3aMMOAENCTBME Mexay napansensHbIM1 NPoBOa-
HVKaMKW NpY YBEMUYEHUN N YMEHBLLEHWUW CUMbI TOKa B LIEMN 1 PaCCTOSIHWUS MeXdy NpOBOA-
HuKkamu. 5. PasomkHWTE Lenb U coeauHuTe napannernbHble NPOBOAHUKN TaK, Y4TOObl TOK
Yyepes HKX NPOXoAmnS B OANHAKOBOM HanpasneHun (c). 3amkHWTe uenb 1 onpegenvTe xa-
pakTep B3aMMOAENCTBUSA MeXay napannenbHbIM1U MPOBOAHMKaMM C TOKOM.

@ R 1

>

{ = 2

L +

2 1

O6cyaute pesynbrart:

o I'quemy, Korga ToK B napannesibHbIX NpoOBOAHUKAX MMeET NPOTUBONOSIOXKHbIE Hanpas-
JIeHUs, OHW OTTarnkMBalTCa APYr OT Apyra, a Koraa TOK HanpasfeH B O4HY CTOPOHY, TO
OHVW MpUTArMBalOTCS ApYr K Apyry?

o Kak 3aBucut Baammoneﬁcmme Mexay napannenbHbIMU NPOBOAHNKaMN C TOKOM OT CUIbI
TOKa B HUX U pacCTOAHUA Mexay 3aTUMun I'IpOBO,CI,aMVI?

B 1820 romy A.Amrep B pe3yiabTaTe MHOTOUYHCIICHHBIX OMBITOB, MMPOBEACHHBIX
HaJ| TapaJJICIbHBIMU IMPOBOTHUKAME C TOKOM, OIPEAEIUI, YTO MEXKIY STUMHU MPO-
BOJIHUKAaMH, KaK MKy MOCTOSTHHBIMH MarHUTaMH, TaKXKe CYIIECTBYET MarHUTHOE
B3aUMOJICHCTBHE:

® [Ipo6oOHUKU ¢ MOKOM OKA3bI8AIOM 8030elicmaue 0pye Ha Opyad HOCPeOCHBEOM
BO3HUKAIOWUX BOKPY2 HUX MASHUMHBIX HOJEU.
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B 3aBucuMOCTH OT HampaBJeHHsl TOKAa MAarHUTHOE B3aHMMOJCHCTBHE B TIPOBOIHH-
Kax MOXeT MpHoOpeTaTh Kak XapakTep OTTAIKUBAaHUsI, TaK U NpUTshKeHus. Ha ocHo-
(d) (e) BaHMM TIpaBWiIa OypaBuuka (WK
HpaBO PyKH) JIETKO MOXHO OTpe/ie-

Be | X BelX Bx| e Be | x
B o | X% X[ s I X JIMTH, YTO TIPH OJMHAKOBOM HAarpaB-
:I : :I : : : :IZI : JICHUM TOKa B MapajuIeNbHBIX IIPO-
N -l xS Ng[f xS Six l.N N.] xS BOJHMKAX (B IUIOCKOCTH DHCYHKA)
v s el o ol L ® | X MeXIy HHUMH CO3/IQIOTCSI TIPOTHUBO-
s | X B e | Xp X[ 5 s I X 3
ol x ol x %l e o | x MOJIOKHBIE  IOJIIOCA  MAarHUTHOIO

nois. B aTom ciyuae mpoBOIHUKH
1 —1 —t * NPUTATHBAIOTCSA APYT K OpPYTy, Kak

1 | | { | | | INOABCIICHHBIC Ha HUTIAX II0OCTO-

| [ | || L | siHHbIC MarHuThl (d). A Tpu TPOTH-
I TR ENT O oo HAaIpaBICHHU TOKA B
HapauieIbHbIX IPOBOIHUKAX (B INIOCKOCTH PUCYHKA) MEXKITY HUMHU CO3AI0TCS OJIMHA-
KOBBIE MOJIFOCA MArHUTHOTO TI0JIsI, TPOBOTHUKH OTTAIKUBAIOTCS IPYT OT Apyra ().
BzaumozeiictBre Mexay NHapajuleNbHBIMH MPOBOJIHUKAMH C TOKOM KOJIMYE-
CTBEHHO XapaKTEPHU3YETCS CUNOU MACHUMHOO 83AUMOOEUCMEUS.
® 3uauenue cunvl MAZHUMHO2O 83AUMOOELCNEUS 3ABUCUNT O CUTLL TNOKA 6 HA-
XOOAUUXCSL B0 63AUMOOCUCIBUU NAPALTETIbHBIX NPOBOOHUKAX C MOKOM, ONUHbL NPO-

B00HUKOB U PACCMOSHUS MENCOY HUMUL.
Il . I 2 " l
Fp~—".
r
3nech F,, — MoAyab CHUIIBI MarHUTHOTO B3aMMOJACUCTBUS MEXIY Mapajieib-
HBIMH IPOBOJAHUKAMU C TOKOM, [; U I, — cuia TOoKa B HapajuleNIbHbIX IPOBOIHUKAX,
| — navHa TPOBOIHUKOB, ' — PACCTOSIHHE MKy HUMHU.
MarauTHoe B3aUMOJICHCTBHE MPOBOJHUKOB HCIIONB3YETCS ISl OMPEICICHUS
e IUHUINEI CHUIIBI TOKa B cucteme CU:
1 Amnep — cuna nocmosnHo20 MOKA, KOMOPbBIU HPU HAPOXOHCOEHUU HO O8YM
MOHKUM DOECKOHEUHO OUHHLIM NAPALIETbHbIM NPOBOOHUKAM, PACHONOICEHHBIM 8

eakyyme na paccmoanuu 1 m opyz om opyea, vizean 6bl Ha KaXCOOM yyacmke npo-
6ooHuKa Onunoti 1 m cuny ézaumodeticmeus, pasuyio 2:10 H.

TBopyeckoe npumeHeHue

e 2

3apaya. U3obpa3ute Ha paboyeM nNUCTKE OAHHYH + - + -
cxemy u onpegenuTe:
a) MarHWTHble Morca Ha KoHLax napannenbHbIX KaTy-
LLEK C TOKOM;
b) xapakTep MarHUTHOro B3aMMOLENCTBUS MEXAY 3TUMM
KaTyLlkamu;
C) KaK U3MEHUTCA MarHUTHOE B3aMMOAENCTBME MEXAY HUMU NPU U3MEHEHUWN Hanpas-
NeHNst ToKa B NIEBOM KaTyLLKe.
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MepenuwunTe NpeanoXxeHus B pabo4ymMit MUCTOK U AONOJSTHATE UX.
1. MNpoBOAHMKM C TOKOM OKa3biBalOT ApYr Ha gpyra — ...

2. Cuna mMarHMTHOro B3ammoencTems Mexay napannenbHbIMn
NnpoBOAHUKAMU C TOKOM — ...

3. EanMHuua cunel Toka B cucteme CU 1 A — ...

1. BosHukaeT N MmarHMTHOE B3avMOAEWCTBIE MEXAY napannenbHbIMU NPOBOAHUKaMU,
€CInn B OOQHOM M3 HUX OTCYTCTBYET TOK? [Noyemy?

2. BosHukaeT nu cuna anekTpu4ecKoro B3ammoaencTBms Mexay napannernbHbiMy
nposogamu ¢ Tokom? OTBeT 060CHYWMTE.

3. B kakom cny4yae cuna MarHMTHOro B3avMOLEeNCTBUA MEXAY KaTyLuKkaMu ¢ TOkoM BornbLue:
npv NOMELLLEeHUN KaTyLueK Apyr NpoTuB Apyra unu psigom? MNovemy?

v
YTO Bbl Y3HA/IU

m uEVICTBVIE MAFHUTHOIO NMONA HA NMPAMON
NPOBOAHMK C TOKOM. MOAYNb MAFHUTHOU MHAYKLUN

? ¢ Y10, Nno npeanonoxeHuo AMnepa, ABNAETCA UCTOYHMKOM MarHMTHOro nons?

e MOXHO N1, OCHOBbLIBasACb Ha npeanonoxeHun Amnepa, BbIABUHYTbL Apyroe
npeanonoxeHue: “B ocHOBe BCeX MarHUTHbIX B3aUMOAEWCTBUWN JNEXUT Oen-
CTBUE MarHMTHOrO NOJSl Ha aneKTpuyeckumn Tok”? NMoyemy?

Bnepsrie A.AMIiep ONMBITHBIM ITyTEM OMPEEII, YTO MPU MOMEIICHHUN TPOBO/I-
HUKA C TOKOM B OJIHOPOJIHOE MArHUTHOE MON€  yrieuno nesoii pyxu onn cunst Am-
NEPNEHAUKYIAPHO JMHUAM MHIYKUMH WIH TOI  nepa. Jlesyio pyKky HAdo novecmums 6
HEKOTOPBIM yIJIOM K HUM, MarHUTHOE IOJIe eii-  Maenumioe none max, umoobl auHuu
CTBYET Ha MMPOBOJHUK C ONPEAEICHHON CHIION. MAZHUMHOLL UHOYKjUY 6X00UT  Nep-

Hanpapnenue 3Toi cuiibl, Ha3bIBAEMOH Cuiol MEHOUKYIADHO 6 1A0OHY, @ uembipe

o naisya OvLIU 6bINSIHYMbl NO Hanpaejie-
Amnepa, 3aBUCUT OT HANPABICHNUS IMHUA UHAYK- 0 moxa. Ipu smom omoznymoiii na
IIUY ITOCTOSIHHOI'O MarHuTa M CHJIbI TOKa B IIPO-  90° 6onvwioni naney yxasicem Hanpas-
BoaHuKe. Hanpapnenue cuiibl AMIiepa onpees- — Aenue cumi Aunepa, oelicmeyioujeri na
€TCsI COTIIACHO NPABUILY IE60T PYKUL. 1p0800 € MOKOM.

Yemy paBeH MoayJb cuiabl Amnepa? [lpu
nomewjeHuy NPOBOOHUKA C MOKOM 8 0OHOPOOHOE
MazHumHoe nojie Mooyisb oelicmsyoujell Ha npo-
B0OHUK cuibl Amnepa paser npou3eedenuro Cuibl
MOKa, MOOYJISi MACHUMHOU UHOYKYUU, OJIUHbL NPO-
B00HUKA U CUHYCA Yena Mexcoy HAnpagieHuem
MOKA U 8eKMOPOM MASHUMHOU UHOYKYUU:

F = IBlsina.

I'me F — Momynb cumer Amriepa, | — cuia Toka,

MPOTEKAIOUIETO Yepe3 MPOBOJHUK, B — MOmyJib
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MarHUTHOM WHIYKIUH, | — J1IMHA YacTH MPOBOAHUKA, HAXO/SIIErOCS B MATHUTHOM
ToJIe, oL — YTOJI MKy HallpaBIEHUEM TOKA M BEKTOPOM MAarHUTHOMN MHIYKIIHH.

Kak BumHO 13 (hopMyIIBbI, €CIIM TIPOBOHUK C TOKOM OYJIET PaCIIONOKEeH MapayuieIbHO
BEKTOPY MHIYKIMH MarHUTHOTO 1ot (o0 = 0° v oo = 180°), Ha MpOBOIHMK C TOKOM CFIIa
Awmriepa He netictByeT (Tak Kak sin 0° =0 u sin 180°=0): F=0.

Ecnu e mpoBOJHUK ¢ TOKOM PacCIiOJIOKUTh MEPICHANKYIISIPHO K JIMHUSM Mar-
HUTHOW MHIYKLWH, TO CHiIa AMIIepa MPUMET MaKCUMaJIbHOE 3HAYEHHE, TaK KaK MpH
o =90°, sin90° = 1:

Fm = 1BI.

Yemy paBeH MOAYJb MATHUTHOH MHAYKUUU? MoOynb macHumuo uHOYKyuu
PAgeH OMHOWEHUIO MO0V MAKCUMATIbHOU cuibl Amnepa, oeticmayrowel Ha npo-
BOOHUK C MOKOM, NOMEUWeHHbI NEPNEHOUKYAAPHO TUHUIM UHOYKYUU 8 OOHOPOOHOM
MASHUMHOM ROJIe, K NPOU38E0eHUI0 CUbL MOKA 68 NPOBOOHUKe Ha e20 Onuny |:

= Fm
-1

Enunnna marautHo# uanykiun B CU HasBana mecia (1 Ti) B 4ecTh cepOCKOro
yuyeHoro Huxoinel Tecnsl.

1 mecna — smo macnumuas uHOYKYUS MAKO20 OOHOPOOHO20 MACHUMHO20 NOJIA, KO-
mMopoe Ha YYacmoK NpoBoOHUKA OnuHou 1 M, pacnonosiceHno2o nepneHOUKyIsPHO K Ju-
HUAM MazHumuou undykyuu, npu cuie moxa 1 A deticmeyem ¢ cunoi, paroii 1 H.:

(B] = 1 H —1 KT
T TAM A2

BHumaHue! I/IHZ[yKLIPIH MAar"duTHOTrO I10JIsI HE 3aBUCUT OT IJIMHBI IIOMCIIEHHOTO B 3TO II0JIE
TIPOBOJHHKA U CUJIBI TOKA B HEM, @ 3aBUCHUT OT CBOMCTB CaMOT'0 MarHUTHOTO IOJISL B TAHHOU TOYKCE,

=1Tn.

Fu
€ro UCTOYHUKA. DTO O3HA4Ya€T, YTO MarHuTHAasI MHAYKIIHUA TAK)KE€ HE 3aBUCUT OT OTHOILICHUA n s
TIIOTOMY 4TO CuUjia AMnepa, ,Z[eﬁCTByIOH.[aﬂ Ha TIOMEIIEHHBIN B 3TO T0JIe IIPOBOJAHUK C TOKOM, 6yﬂeT
IpsAMO NPONOPIUOHAIIbHA CUJIE TOKA B HEM.

TBOpUYeckoe NnpumeHeHue

(e

[encTBMEe MarHUTHOrO NMONA Ha NPOBOAHUK C TOKOM.

O6opynoBaHue: yroobpasHbiii MarHMT Manoro pasmepa (2 WTykun), AyroobpasHbiv mar-

HUT GonbLUOro pasmepa (2 LWTYKK), UCTOYHUK MOCTOSIHHOMO TOKa, peocTaT, KN4, TOMNCThIN

HebonbLION ANUHBLI MPAMON NPOBOAHMK (ab), TOHKMe coeamHUTENbHBIE MPOBOAA, N30MK-

pyroLni WTaTms.

MpaBuno 6e3onacHOCTX: NpW MOArOTOBKE K KaXAoMy aTany paboTbl anekTpuyeckas

Lenb AomKHa ObITb pa3oMKHyTa.

Xop nccnepoBaHus:

1. yroobpasHblii MarHUT 3akpenuTe B LUTaTVBe B BEPTUKANbHOM NIIOCKOCTU Tak, YTOObI
NVHUA MHAYKUMW MarHMTHOTO MONSA MeXAy ero nornicamy pacrnonoXunuicb Bep-
TukanbHO. [loaBecyB TONCTBIM MPOBOAHMK HA TOHKMX NPOBOAAX, pa3MectuTe ero
Mexgy nontcaMmn MarHuTa Tak, 4tobbl OH Obin nepneHAnKyNsapeH NMMHUAM MarHUTHOW
MHAyKUmm (a).
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Uccneposanue 8 (a)

2. 3aMKHUTE KNoY 1 NpocneanTe 3a BO3HUKLLMM SBIIEHVNEM.
3. MpoBepbTe, Kak 3aBUCUT HanpasneHne cunbl Amnepa:
a) OT CMeHbl MEeCT ero MNostocoB NyTeM NepeBopaynBaHns MarHuTa;
b) oT cMeHbl MecT coeanHUTENbHBLIX NPOBOAOB HAa KIEMMax UCTOYHMKA TOKa.
4. MpoBepbTe OT KakuUX BENWYNH U KaK 3aBUCUT MOAyrb curbl AMnepa:
a) OT cunbl TOKa B NPOBOAHWKE, YBENWYMBAS UMW YMEHbLUAS CUITy TOKa C MOMOLLIbIO
peoctara;
b) oT nHAYKUMM MarHMTHOro Nons, 3aMeHss OAWMH MarHUT Ha Apyron ¢ 6onee MOLHbLIM
MarHWTHbIM Nonem;
C) OT ANWHbI NPOBOAHMKA, UCMOMNb3YS ABa MarHWTa BMECTO OOHOrO (C yBennyeHnem B
ABa pasa AnuHbI NPOBOAHUKA B MarHUTHOM Mofe).
Ob6cypute pesynbrart:
e OT yero 3aBUCWT HanpaeneHue cunbl AMNepa, C KOTOPOW MarHUTHOE nore AencTeyeT
Ha NPOBOAHUK C TOKOM?
o OT Yero n kak 3aBUCUT MOAYMb cunbl AMnepa?

YTO Bbl Y3HA/MU E MNepenuwuTe NpeanoxeHns B pa6o4mnm JIMCTOK U
[OMNOSTHUTE MUX.

1. HanpasneHue cunel AMnepa 3aBucuT — ...
2. MNMpaBuno neson pyku Ansa cunbl AMnepa — ...
3. Mogynb cunbl AMnepa paBeH — ...

MpoBepbTe cBOM 3HAHUA

1. QnekTpnyeckas Lenb, CoOCTosAas U3 YeTbipeXx ropuU3oHTanNbHO pacnoso- 3 2
XKEHHbIX NpsiMbIX NpoBoAos. (1-2, 2-3, 3-4, 4-1) N UICTOYHUKA NOCTOSHHOTO F
TOKa, NomelleHa B OJHOPOJHOE MarHuTHoe none. BekTtop MarHUTHOW - ®B
WHOYKUMM HanpaBreH NeprneHauKynsipHO K MNIOCKOCTU puUcyHka. Kak
HanpaeneHa cuna Amnepa, gencTeyowasa Ha nposoga uenu 1-2 n 2-3? 4 1

2. Yto npuHMMaeTcs B Ka4eCTBe HanpaBneHnst BEKTopa MarHMTHON
WHAYKUMM U KaKOB €ro Mogyrnb?

3. Kak MHAYKUMA MAarHUTHOIo nonga 3aBUCUT OT AJIMHbI NPOBOAHMKA C TOKOM B 3TOM none?
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1. [IpoBOAHMK ¢ TOKOM HAXOAMUTCS B OAHOPOJAHOM MATHHTHOM I10JIe, KAK MOKA3aHO Ha
pucynke. Kak HanpapieHna cuia Amnepa, 1eficTBYIOIasi HA MPOBOAHUK ¢ TOKOM?

3 3
J+—

I

I

2. IIpsiMoii NPOBOJHUK C TOKOM JJIMHOMH 2 M NOMeLeH B 0JHOPOIHOE¢ MAarHUTHOE I0JIe ¢
unayknueit 60 MTJ1 nepneH Ky IAPHO JIMHUAM HHAYKIUU. Beruncimre cnny Amme-
Ppa, 1eiiCTBYIOIIYI0 HA IPOBOJHMK, €CJIM CHJIA TOKA B HeM paBHa 2 A.

¥ vnN Yy

3. OnpenesuTe HANPABJIEHHE TOKA B MPOBOAHUKE, CMEUIAKINUMCS MO AeiicTBUEM
MarHUTHOIO MOJIs1.

4. ATIOMUHHEBBIH NMPOBOJAHMK € TOKOM 6yz[eT nepeMemaTbCa Mo AM3JEKTPUIECCKUM

peJibcaM NIpU 3aMbIKaHUH 3J'leKTpl/l‘leCKOI7[ nenu. B kakom HanpaBJ/JICHUU OH 6yz[eT
ABUI'aThCHA U noquy?

5. Ha pucyHke npeacraBJjieH IPOBOJHMK ¢ TOKOM, IOMEIIeHHbIH B OJHOPOHOE Mar-
HUTHOe noJie. OnpeaenuTe HanpaBjieHHe BEKTOPAa MATHUTHON WHIYKIMU.

— X

6. /liuHA NPOBOAHUKA ¢ TOKOM, IOMEIIEHHOI0 B OJHOPOJHOE MATHHUTHOE I0JIe C HHAYK-
nueii S T, cocraBisier 3 M, Yepe3 Hero NPOXOAMT TOK B 2 A. Onpeneanrte MOAyJIb U
HAINIPaBJIeHHE CHJIBI AMIIepa, AeiiCTBYI0lIeil Ha MPOBOHUK € TOKOM.

A) F=30 H, neprnieniuKyssip OT HaC Ha IUIOCKOCTh PUCYHKaA
B) F=30 H, nepnenaukysip Ha HaCc OT IJIOCKOCTH PUCYHKa

C) BBenst BHYTpb JIepEBsIHHBIN CEPICYHHUK. 1 >

D) F =0, ne neiictByer

E) F=30H, B HampaBieHHH, NMPOTHBOIOJIOKHOM JIMHUSIM B >
MHITYKIUH
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m ﬂEVICTBVIE MATHUTHOIO NonA HA PAMKY C TOKOM

Boiusyunnn g ° Kak onpepensietcs Hanpasnehue cunibi AMnepa, AeicTBYtoLLEN Ha

JencTeune cunbl I'IpiIMOﬁ NPoOBOAHUK C TOKOM, NMoMeLLeHHbIV B MarHUTHoe nosne?
Amnepa Ha nps- @« B kakom cny4vae I'IpiIMOVI NPOBOAHUK C TOKOM, NOMELLEHHbIV B
Mon NPOBOAHNK MarHMTHoe norse, He NogBepraeTcs AeNCTBUIO 3TOro nonsa?

C TOKOM B Mar- . neﬁCTByeT v cuna Amnepa Ha NpPoBOASALLYHO paMKy C TOKOM, No-
HUTHOM none. MeLleHHYI0 B MarHuTHoe none? Kakoe oBmxeHue npuaaeT pamMke

ata cuna? MNoyemy?

o

HencTBMe MarHUTHOro Nons Ha paMKy C TOKOM.

O6GopyaoBaHMe: NCTOYHWK MOCTOAHHOIO TOKa (BbIMPSAMMUTESb), MONOCOBOM MarHuT (2 LWT.),

npoBoAsLLAasi pamka, COCTOSLLAs W3 HECKONMbKMX BWUTKOB MPOBOAHWKA, AEpPeBSAHHbIV

OpyCoK (2 WwT.), KMoy, TOHKME COeAMHUTENbHbIE NPOBOAA, U30NUPYIOLWNIA LUTATUB.

Xopa uccnepoBaHusa:

1. MNoakniounTe KOoHLbI NPOBOAALLEN PaMK/ COEAMHUTENBHBIMU NPOBOAAMM K UCTOYHUKY
TOKa U MOMeCTUTe pamKy BepTUKanbHO MeXAy Noocamm NOCTOSHHbIX MarHUTOB (a).

2. 3aMKHWUTE KoY 1 npocneaunTe, Kak ABUXKETCA pamka C TOKOM B MarHUTHoMm none (b).

3. MNoBTOpUTE OMbIT, U3MEHNB HanpaBneHne Toka B pamKe.

ObcypuTe pesynbrar:

e Y10 HabnrogaeTcsa npy OTCYTCTBMM TOKa B pamKe, MOMELLEHHOW B MarHnTHoe none?

e YT0 HabnrogaeTcsa npy NpoXoXa4eHUN Toka Yepes pamKy, NOMELLEHHYIO0 B MarHUTHOe
none? MNouemy?

e YTO NpOUCXOAMUT NpU U3MEHEHUUN HanpaBreHns Toka B pamke? Novemy?
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[IpsimoyronbHas paMKa, COCTOSIIAs U3 HECKOJIBKAX BUTKOB U CIIOcOOHas Bpa-
IaThCsl BOKPYT BEPTHKAIHHOW OCH, TIOMEIeHa B MarHuTHoe moie. [Ipu otcyT-
CTBHHU B paMKe TOKa OHa HaXOJUTCS B COCTOSHUU MOKOs. Eciin momMecTuTs mpoBoI-
AITYI0 PaMKy TMapajulebHO JIMHUAM WHIYKIIUA MarHUTHOTO IOJISI M TIPOIYCKaTh
0 HEeH ANEKTPUIECKHUH TOK, OHa HAYHET BPAIIaThCs. DTO MPOUCXOAUT IOTOMY, UTO
Ha 00KOBbIE CTOPOHBI paMku AB u CD neiicTBYIOT crjibl AMIIepa B HalpaBCHUH,
MEePIeHANKYIIIPHOM JIMHUSIM MarHUTHON HHIyKInW. HampaBnenue qeicTBUs 3TUX
CHJI 3aBHICHUT OT HAIPABIEHUS TOKA. DTa Mapa CHJI MPUIaeT paMKe BpaliaTelIbHOe
JIBUKEHHUE BOKPYT BEPTUKAIIbLHOU ocH (c¢).

[Ipu n3MeHeHNN HampaBIeHUS TOKA B PaMKe CHJIbI AMIIEpa OBEPHYT paMKy B
MPOTHUBOIIOJIOKHOM HaINpaBICHUU.

Korna e miockocTs paMKu MepIeH UKy IIpHa K TOPH30HTAIBHBIM JIMHUSM Mar-
HUTHOW MHJYKIIUH, CUJIBI AMIiepa, IeHCcTBYOIHE Ha ee O0OKOBbIE CTOPOHBI, HATIPaB-
JIAKOTCA B IPOTHUBOIIOJIOXKHBIC CTOPOHBI BAOJIb HpHMOﬁ JIMHUHA U paMKa OCTaHaBJIM-
Baetcs (d).

Jns npugarus paMke BpamaTeasHOrO JABMKEHHUS B OJJHOM HAIllpaBIE€HUH HE00-
XOIUMO TIEPUOIUYCCKHA MEHSTH HANpaBIEHUE TOKA B HEH. J{JIs1 3TOM LeIu UCIob-
3YIOTCSl CKPEIUICHHBIE C PAMKOW METaJNIMYECKUE MOIYKOIbIa — KoJLleKmopul (€).

___#

(e) KonraxTHas
TIacTHHA

(meTka)

Konnexkrop
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ITo MOBEpXHOCTH MOMYKOJIEI CKOJb3SAT KOHTAKTHBIC TJIACTHUHBI, Ha3bIBACMBbIC
wemramu. 11leTkn MoACOEANHAIOTCS K Pa3HBIM IOJIFOCAM UCTOYHHMKA TOKa U obec-
MIEYNBAIOT MPOXOXKIEHUE TOKa depe3 pamky. [Ipm moBopore pamku Ha 180° mo-
JIYKOJIbIIa MEHSIOTCS MEeCTaMu. B pe3ynbraTe MEeHsAETCS HaNpaBICHUE TOKA B paMKe,
Y OHA TPOJIOJDKAET BpalllaTebHOE JIBUKCHHE B TOM K€ HAIPaBICHUH JI0 MPeKpa-
IICHUS TOKA B IICTIH.

TBopyeckoe npumeHeHue

ccreroenne

3ana4a. U3o6pa3uTe AaHHbLIN PUCYHOK B

pabouyem nucTKe U ...

a) onpefenvTe HanpaBsreHVe ToKa B paMKe;

b) nokaxuTe, 4TO HYXHO caenaTtb Ans
N3MEHEHUS HanpaBeHUs BpaLLeHNs
pamMku; _

C) packaxuTe, 4To HeobxoaMMo caenaTb Ans F |
HenpepbIBHOrO BpaLLEeHUs1 paMKu.

B .
o)A ¢ MepenuiumTe npeAnoXeHusi B paboumnin NMCTOK U AOMONHUTE UX.
“% 1. Tpu pacnonoxeHunn paMku ¢ TOKOM NaparnsiensHo K FOpM3oH-
TanbHbIM IMHWUSIM MarHUTHON MHOYKLUWM ...

2. Mpu pacnonoXeHUM paMK1 ¢ TOKOM NeprneHaMKYNspHO K ropu-
30HTasbHbIM NIMHUAM MarHUTHOM UHAYKLWM ...

3. [Ina obecneyeHns HENPEPLIBHOMO BPaLLEHUSA paMKu C TOKOM B
MarHUTHOM Morie ...

MpoBepbTe CBOM 3HaHUA

1. Mexay nontocamy NoAKoBooGpa3HOro MarHuTa noaBeLleHa nerkas

NpoBoOAsLLAas pamka NeprneHanKynsapHO NMHUAM MarHUTHOM MHOYKLMK.

Mpy NpoxoXaeHnn 3MNeKTPUYECKOro ToKa Yepes3 pamKy, Kak nokasaHo l Y

Ha pUCyHke, pamka:

A) 6ypeT HaxoauTbCH B YCTOMYMBOM paBHOBECUW, TO €CTb OCTaHeTCs
B CBOEM NepBOHaYanbHOM MOMOXEeHUN

B) Gyoet HaxoaMTbCA B HEYCTONYMBOM PaBHOBECUM, TO €CTb
B pe3ynbTaTe HebOMbLIOro NepemMeLLeHns CoBepLUNT
BpallaTenbHOe ABMXEHNE, NoBePHETCA Ha 180°

C) nepeaHss yacTb pambl byaeT ocTaBaTbCs B YCTONYMBOM
paBHoBecun nocne nosopota Ha 90 ° cneBa Hanpaso

D) nepefHsas yacTb pambl OyaeT octaBaTbCH B yCTOMYMBOM PaBHOBECMM MOCNE NOBOPOTa
Ha 90 ° crnpaBa Haneeo.

E) nepegHsas yactb pambl 6yaeT octaBaTbCs B YCTOMYMBOM paBHOBECKM MOCIE MOBOPOTA
Ha 45 ° cneBa HanpaBo

2. Kakne npeobpasoBaHusi SHEPrMM NPOUCXOASAT BO BPEMS BpaALLEHUM paMKU C TOKOM B Mar-
HWTHOM none?

3. Kak nameHsieTcsa HanpaeneHne Toka B pamke ¢ TOKOM, BpallalLencs B MarHUTHOM nosne?
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m nPI/IMEHEHI/Iﬂ CUIbl AMMNEPA: NIEKTPOABUIATEJb
N SANEKTPOUSMEPUTEJIbHbIE NPUBOPDI

TpyaHo cebe NpeacTaBuThb Hally NMOBCEAHEBHYIO * Kakne npeo6pasosaHus
XN3Hb 0€3 3aNeKTpUYECKMX NPUBGOPOB N YCTPOMCTB. " dHepruu npoucxoasT B
Hanpumep, BEHTUNATOP, 3MEKTPUYECKMii Hacoc, @ 2TVX3neKTpuieckux

ycTpoucTeax?

= Ha Kakom cp3nyeckom
ABMEHWH OCHOBbIBaETCSA
Takoe npeobpa3oBaHue
IHEpPrumM?

MbINeCcOC, MUKCEP, COKOBBIXUMANKa, Apenb,
MOALEMHEIA KpaH, 3MekTponoess v Apyrue
UCnonbayemble anNeKTpuHeckne NpUGop.I.

e

JuexTpoaBurareb. OCHOBHOE MECTO CPEIU MHOTHX 3JCKTPHUECKHX HpUOO-
POB B 000pyAOBaHUS, IIUPOKO HCIIOJIB3YEMBIX B OBITY, TEXHUKE M IIPOU3BOICTBE,
3aHUMAIOT HIIEKTPOIBUTATEIH.

® Dnekmpoogueamenb — 3M0 YCMPOUCMBE0, npeobpasyrouee 31eKmpuiecKyio
9HEp2UI0 8 MEXAHUUECKYIO.

[Ipuann ero paboTHl OCHOBHIBAETCS Ha 3(QeKTe BpalleHHs paMKH C TOKOM B
MarHWTHOM TIOJIe TIOJ AeficTBreM Criibl Amnepa. CyIIecTBYIOT 3JIEKTPOIBUTATEH
pa3HbIX KOHCTPYKLUH, HO HauboJiee pacpOCTPAaHEHHBIM U3 HUX SIBJISETCS KOJUIEK-
TOPHBII ABUraTeib. DTOT ABUraTelb COCTOUT U3 TPEX OCHOBHBIX YacTeil: cmamopa,
pomopa u KoJLIeKmopd.

Cmamop (om ramurcko2o cnoéa Sto — ““cmoio’) — HEMOABIKHAS YaCTh DIIEKTPHYE-
CKOT'0 IBUTATeIsl, COCTOAIIAS U3 3aKPETUIEHHOTO K KOPITyCY OCTOSHHOT'O MarHUTa M

KaTYIIKA C JKEJIe3HBIM CepACYHUKOM (DIEKTPOMArHHTa).
WHuorma cratop Ha3weBalOT uHAykmopom. B crartope cos-
JTaeTCsl MOIIIHOE MarHUTHOE TI0JIe ().
Pomop (om namunckozo cnoea roto — “‘spawaio’) — 8-
JIAACTCA HO)IBI/I)I(HOﬁ HaCTbIO IBHUT'aTCIIA, YCTaHOBHeHHOﬁ BHY-
TpH cTatopa. POTOp COCTOUT U3 3IEeKTpOMarHura ¢ cepaed-
HUKOM IMJIMHApUYecKor ¢opmbl. Ero nHorna HaspIBaroT
Porop  Axopem. C IETBIO MTOIaYH B POTOP DIEKTPHUECKOTO TOKA U
o0ecrieueHus ero HeMpepHIBHOTO BPAIICHUS HCIIOIB3YIOT-
Cs1 KOJUICKTOPBI U ILETKH.

Kak KoJ/UIeKTOpBI M IIEeTKH 00ecreYnBal0T Hempe-
pbIBHOe BpaimieHue poropa? [Ipu mpoxoKaeHUH dIieK-
TPUYECKOTO TOKa Yepe3 POTOp OH, Bpamasch MOJ Jci-
CTBHEM CHJIBI AMIIepa BHYTpPH CTAaTOPa, COBEpLIAET MeXa-
lerka Butku potopa HUYeckyo paborty (b). CkopocTh BpameHHs poTopa 3a-

BHCHUT OT CHJIBI TOKA, IPOTEKAIOIIETO Yepe3 Hero, a TAKKe

(c) —@— OT 4YHCJIa BUTKOB B pOTOPC U CTATOPC.
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DNEeKTpUYECKUi IBUTATEh Ha CXeMax u300paxkaeTcs B (popme Kpykouka ¢ OyKBOi
M BHYTpPH (€).

[o cpaBHEHUIO C TEIUIOBBIMH JBHUTATEISIMHU 3JICKTPHUYESCKUE IBUTATEITN SKOJIOTHIe-
cku Oosee adextruBHBL. OHU He 3arpsS3HSIIOT OKPYIKAIOIIYIO Cpey, paboTaroT, MOYKHO
CcKazath, becrrymMHO 1 3koHOMUYHEL. KI1JI amekTprudeckoro apurarens Boiaie 90%.

[
:

YacTtu ANeKTpu4eckKoro aosuratensa u

NpUHLKN ero paboThbl.

O6GopypoBaHMe: UCTOYHMK MOCTOSIHHOTO — TOKa,

MoAenb [ABuratenis NOCTOSIHHOMO 3MEeKTPUYECKOro

TOKa, peocTar, Kio4, CoOeaUHNTENbHbIE MPOBOAA.

Xop uccnepoBaHus:

1. PaccMoTpeB Mofernb aneKTpUYeckoro ABuraTens,
onpegenvTe ero OCHoBHble YacTu (d).

2. CobepuTe uenb, COCTOSLLYO U3 NocrnenoBa-
TeNbHO COeAMHEHHbIX MCTOYHUKA TOKa, Moaenu
3NEKTPUYECKOoro ABuraTtens, peocrata 1 Knoya.

3. 3amkHuTe uyenb. OnpegenuTe, Kak 3aBUCUT CKO-
POCTb BpaLleHWsi poTopa OT CUMbl TOKA, KOTopast
YBENUYMBAETCS U YMEHbBLIAETCS C MOMOLLbIO
peocrara.

O6cyauTe pe3ynbTar:

e Ha kakoMm 13n4eckom siBNeHnM OCHOBLIBaeTCs
npuvHUMN paboTbl 3aNeKTpu4eckoro Asuratensa?

e Kak 3aBUCUT CKOPOCTb BpaLLEHNst pOTOpa 3NEKTPUHECKOro ABUraTenNsl OT CUMbI TOKa,
npoxoasLLero yepes Hero?

JJIeKTpon3MepuTeabHble MPUOOpsI. CyIIecTBYIOT pa3Hble CUCTEMBI 3JIEKTPO-
WU3MEPUTEIBHBIX PUOOPOB: MACHUMOIIEKMPUYECKUe, JIeKMPOMACHUMHbIE U INEK-
mpoournamuyeckue. [IpuHIIMT pabOTHI BCEX ATHX MPHOOPOB OCHOBBIBAETCS Ha JICH-
CTBMH MarHUTHOTO ITOJISl HA TPOBOJHHK C TOKOM. Hanbosee mmupoko HCHONb3YIOTCS
3JIEKTPOU3MEPHUTENbHBIE TPUOOPHI MArHUTOJIEKTPHUECKONH CHCTEMBI.

HN3MepuTeabHbIE NPUOOPHI MATHUTOIIEKTPUUYECKOM cucTeMbl. Xopoulo us-
gecmHuble 8am amnepmemp, 2aib8aHOMemp
U gobMMeEmp — UzMepumenbHvle NPUbopsl
MazHumosnekmpuueckou cucmemsi (€).

Mex 1y morocaMu Iyroo0pa3HoTo Mar-
HuTa (1) momemaeTcst paMka, cOCTOsIIAs
u3 BUTKOB (2). BHyTpu pamku umeercs
HETIOJIBIXKHBIM HUJIMHIPUYECKUIN cepled-
HuK (3) u3 ctanu. [Ipu oTcyTcTBHYM TOKA 3a-
KpEeIUIeHHbIe K OCH paMku (4) crupale-
oOpasHple TPYXHUHBI (5) yIACPKHUBAIOT e
Tak, 4ToOBl cTpenka (6), mpumasHHAs K
3TOW OCH, CTOsUIa Ha HYJIEBOM JEIEHUU
mkaisl (7).

(e) AMmepmerp u ero ycTpoicTBo
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[Ipu nmoaxroueHnn mpudopa B IElb, Yepe3 PaMKy MPOXOIUT DIEKTPUUICCKHMA
TOK, U Ha Hee CO CTOPOHBI MAarHUTHOTO TT0JIs IEHCTBYeT cuiia Ammepa. B pesynbrate
pamMKa BMECTE CO CTPEIKOH IMOBOpPAYMBAETCS BOKPYT CTAIBLHOIO cepaedHuka. [lpu
3TOM crmpaneoOpa3Hble MPYKUHBI 3aKPYyYHBAIOTCS M CO3MAIOT JOMOIHUTENHHYIO
cuiy ynpyroctd. [Ipy paBeHCTBE BpalllaTeIbHOr0O MOMEHTa, COO0IIAaeMOro 3TOH CH-
JOM pamMKe, BpalaTeIbHOMy MOMEHTY CHIIBI AMIIEpa MOBOPOT PaMKH IIpeKpa-
IIaeTCsl, CTPENIKa OCTAHABIMBACTCS HA ONPEACICHHOM JAeNicHUH mIKaibl. [Ipu yBe-
JUYMHEHUM CHJIBI TOKA B IICMH YBEIMYMBACTCA M Cuja AMIIEpa, ACHCTBYIOIIas Ha
pamMky. OHa erie 6oJbIIe TOBOPAYUBAETCS, €Ille OOJBIIE CMEIast CTPEIKY.

AHaNOTMYHO YCTPOCH W M3MEPUTENBHBIN MeXaHu3M BoJbTMeTpa. Ho 3nexTpu-
YECKOE COIMPOTHBJICHHE BOIBTMETpPA Topa3fo OOJbIle 3JIEKTPUYECKOTO COIPO-
TUBJICHHS aMIIepMeTpa.

[ouemy 3JIeKTPHYECKOE CONMPOTHBJIEHHE BOJbTMETPA OO0JIBbINE 3JIEKTPH-
YeCcKOro CONmpoTHBJeHUs ammepmerpa? s u3MepeHus: CHIIBI TOKa B DIIEKTPH-
YECKOM LIETH aMIIepMETP MOAKIFYAeTCs B IIEb MOCaeA0BaTebHO. [1o 310l npuunHe
COIPOTHUBIICHUE aMIIEPMETPA JOJKHO OBITh OUE€Hb MATCHHKHM, YTOOBI OHO HE BIIHSIIO
Ha OOIIyI0 CHITy TOKa B LIEMH: €CIH y HEro OyJeT OOJNBIIOe CONMPOTHBICHUE, TO OHO
PE3KO YMEHBIIUT OOIIYIO CHITy TOKA B IIETTH.

BonbTMeTp NOJKIIOYAaeTCS K LENU WIM MOTPEOUTENsAM MapajUIesibHO, TaK Kak
U3MepseT HampsDKeHHe Ha uX KoHIax. COMpOTHBIIEHUE BOJIBTMETPA JIOJDKHO OBITh
OYeHB OONBIINM, 9TOOBI HE MEHATH CHITYy TOKA B IIETIH, TIOATOMY ITPOXOISAIINN Yepe3
HETO JICKTPUYECKUHN TOK J0JDKEH ObITh HUYTOKHO MaJl.

[Mpuniun paboThl MPUOOPOB AIIEKTPOMATHUTHOW CHUCTEMbI OCHOBBIBACTCS Ha
MIPUTSDKEHUH 10T ISCTBUEM MAarHUTHOTO TOJIST CTaJIbHOTO CEPICYHUKA, 3aKPETJIeH-
HOT'O Ha BPAIIAIOIICHCS OCH, K KaTymke ¢ TokoM (f).

TBoOpueckoe NpMmeHeHue

MpuHuMn pa6oTbl npubopa Crpeska
3M1eKTPOMArHUTHOM CUCTEMBI.

O6opynoBaHue: pyCyHOK N3MEPUTENTBHOIO
MexaHu3ma npubopa aneKTPOMarHMTHON CUCTEMBI. )
Xopa uccnegoBaHus. Karywka
Ha pucyHke npencTtaBneH namepuTenbHbI Mexa-
HM3M Nprbopa 3neKTPOMarHUTHON cuctemsl (cM: f).
BHumaTtensHo vccnepyvite pyCyHOK M moctapantech
06BACHWTL NpUHLMN paboTkl Npubopa.

O6cyauTte pesynbTaT:

Bpawa-
e Buem CXOACTBO W pasnuume B NpUHUMMNE
paboTbl M3MepUTENBHBLIX NMPUBOPOB 3NEKTPO- romancA
MarHUTHBLIX U MarHUTO3MEKTPUYECKUX CUCTEM? o
CransHoii Crupaneobpas-
CepaeYHHK Hasd NpyAHHA
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MepenuwmnTe NnpeanoxeHusi B paboyni NMUCTOK U OOMOJSTHUTE UX.

. dnekTpoaBurartens...

. OCHOBHbIE YacTu aneKkTpoaBUraTens...

. MpuHuMN paboTbl aNeKTPOM3MepuUTENbHbBIX MPUBOPOB...

. MpyHUMN paboTbl M3MePUTENBHOMO NPMBOPa MarHNTOINEKTPUYe-
CKOW CUCTEMBI...

. MpuHumn paboTbl M3MepuTensHOro Npmbopa aneKTPOMarHUTHON
CUCTEMBI...

NMpoBepbTe cBOM 3HaHUA

1. Kakue npeBpalleHns 3Heprum Npoucxoasit B TENSOBbLIX U 3NEKTPUYECKUX ABUraTensx?

2. Kakont asuratens 6onee adhpeKT1BEH C 3KONOrMYECKOM TOUKW 3pEeHMST: TeMNnoBoM Uinn
anekTpuyecknii? OTBeT obocHywTE.

3.Y kakoro gsuratens KN4 6onblue: TennoBoro unm anekrpuyeckoro? MNoyemy?

4. Ha kakoM (hp13n4ecKoM SIBITIEHUM OCHOBBIBAETCS MPUHLMMN PAbOThbl SM1EKTPOU3MEPUTENBHOIO
npubopa?

5. Uem oTnmyaeTtcsa usmepuTernbHbIi MexaHn3m nprubopoB MarHUTO3NEKTPUYECKOW 1 3NEKTPO-
MarHUTHOM cucTem?

6. MoyeMy anekTpuyeckoe CONpPOTUBMNEHNE BONbTMETPA BO MHOMO pa3 GonbLUe 3MEeKTPUYEeCKoro
COMPOTMBIEHNS amMnepmeTpa?

1. Ha pucyHke npeacras-
JieHa yNpoIleHHast
cxeMa ycTpoiicTBa

YTO Bbl Y3HA/IU

BAOWON =

[

Ha ocHOBaHHH CX€MBI...
a) ompeieNnTe, KaKue YacTh
ANIEKTPOIBUTATEINS TIOKA3aHbI

3JIEKTPOABHUIATEIs. COOTBECTBYIOIIUMHU
nudpamu.
5 b) 0OBsiCHHTE MPUHIIUTT PAOOTHI
1 JIBUTQTEIA.

2. Ha pucyHKke noka3aHo nomnepevyHoe 3. Uro npou3oiier, eciid BOJIbTMETP
cedyeHHe JIeKTPoABUraTeJIsl, Yepe3 NMOJAKJIOYHTH B LieNb MOC1e10BaTeJbHO?
BHTKH KOTOPOI0 NpoTeKaeT TOK. B Yto npou3soiigert, ecau amnepameTp
KaKOM HaIllpaBJICHHH BpallaeTcst NOJAKJIOYHTH B LieNb Napajlie]bHO?
POTOP: IO YaCOBOM CTPeJIKe MU B Iouemy?

00paTHOM HanpaBJeHUH?

4. Mouemy kiaemmy “+” amnepmerpa mar-
HHUTOJJIEKTPUYECKOI CHCTEMbI HEJIb3s

MOJKJIIYATH K KJIeMMe “—” HCTOYHHKA
TOKA?

5. Ha pucyHKe I0Ka3aHO MONePEeYHOe CeYCHH e JICK-
TpoaBHrareJis. Onpegenure MOJIIOCH 31eKTPOMATHATA
(cTtaTopa) U HampaBJICHHe BPallleHUsl POTOpa.
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m ,U,EMCTBME MAFHUTHOIO NOJSA HA ABMXYLLMECS 3APSAAbI.
CUNA NOPEHLA

:ﬁgﬁ‘? * [loyeMy MarHuTHoe nosne AencTByeT Ha NPOBOAHUK C TOKOM, HO He AeNCTBYeET,
KOra yepes3 Hero ToK He NpoxoauT?
¢ MarHuTtHoe none Il:l,ei"ICTByeT Ha NPpOBOAHUK UNN Ha ABMXyLimnecd B NpoBOOAHN-
Ke 3apsiXKeHHble YacTU4Kn?

ccresonaun IR

OeiicTBME MarHUTHOrO NOJisi HA ABUXKYLUMIACA NOTOK 3apsKeHHbIX YacTuL.
O6opynoBaHue: OBYX3NEKTPOAHASA CTEKNSAHHANA TpyOKa ¢
pas3psiKeHHbIM BO3[lyXOM, BbICOKOBOMbTHbIN BbINPAMUTENb,
NMOCTOSIHHbI NONOCOBOW MarHUT, CoeAVHUTENbHbIE NPO-
BOAA, 3KpaH YEPHOro LiBeTa, 30N PYOLLUA LITaTUB.

Xop uccnepoBaHus:

1. 3akpenute CTeKnsAHHYO TPyOKy K M3onupylollemy LuTa-
TMBY, YCTAHOBWTE 32 HMM YEPHbIN 3KPaH.

2. NopacoeanHuB anekTpodbl TPYOKM K BbIMPAMUTENIO, 3am-
KHUTE Lenb, MeAneHHO NoBbILanTe HanpsXkeHWe Ha KOH-
Lax aneKkTpogoB [0 nosiBreHus B Tpybke npsimoln cBe-
TALWeNca nonockl (a) NoToka 3apsKeHHbIX YacTul,.

3. CHavana npubnuabTe Kk Tpybke oauMH NOMKC MarHuTa, a
3aTem Apyrov nomwc M npocrneguTe 3a HanpasneHuem
NnoToKa 3apshkeHHbIX Yactuy, (b u c).

O6cyauTte pesynbTar:

e [lOTOK Kakumx 4acTuL, BO3HMKaeT Npu nogadve BbICOKOro
HanpskeHUs: Ha anekTpoAbl TPYOKM C pa3psikeHHbIM BO3-
ayxom?

o [ouemy npu NpuBIMXKEHUN Nonkoca MarH1Ta K NOTOKY ABUXYLLMXCS 3apsifoB MeHSeTCst
TpaekTopus NX ABUKEHNS?

e Kakoi nontoc marHuta AencTByeT Ha NMOTOK ABWXKYLLMXCS 3apsgoB C CUMNOW MPpUTSxXe-
HUS, a Kakown ¢ cuno oTTanknsaHna? CyLlecTByeT nn CBSA3b 3TOTO AEWCTBUS C CUMOW
Amnepa?

Tak Kak 3JEKTPHUUECKHHA TOK NMPEACTaBisieT co0ol YHOpsIIOYEHHOE IBUKEHUE
3apsKEHHBIX YaCTHILl, TO MarHUTHOE TOJIE, AEUCTBYS Ha TOK, JEMCTBYET U Ha KaX-
YO JBIDKYLIYIOCS 3apsDKEHHYIO 4acTHUKy. Takum o0pazom, cuity AMiepa MOXKHO
paccMaTpuBaTh KaK CYMMY CHJI, ICHCTBYIOIIMX HAa KXY YACTUUKY.

* Cuna, Oeticmgylowjasi Ha OGUIICYWYIOCA 3APAACEHHYIO HACMUYY CO CHIOPOHDBL
MASHUMHO20 NOAsA, Hazvlieaemcs cunoi Jlopenya. Ita crina Ha3BaHa Tak B YECTh TOJI-
nanzckoro ¢mnka Xenapruka Aarona Jlopenra.

e H3BecteH cBOMMH pa60TaMI/I B o0macTu
DJIEKTPOAUHAMUKHU U ONTHUKHU. OH ocHOBa-
TECIIb SJTeKTpOHHOﬁ TEOpHUU CTPOCHUS BE-
mecTBa.
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Cuaa Jlopenna. Monyne cunbl JlopeHIIa MOXXKHO ONpeAeNuTh U3 (HOPMYIIBI
F n= F_A
N
3nech F 4 —cuna Amrepa, N — 001iee KOIHMYeCTBO CBOOOHBIX 3apsKEHHBIX YaCTHIL B
YaCcTH TPSMOTO MPOBOJHMKA JUTHHOM |, momerieHHOro B MarHutHoe mose. Eciu

MOJTYJIb 3apsijia OJJHOM JacTHUIBI , a MOIYJIh 3apsiia Bcex gactull Oynet N.(, To cuna

N N

TOKa B MPOBOJIHUKE OyJIeT paBHa [ = Tq‘ 3n1eck t — Bpemsl, 3aTpaueHHOE 3apsHKEHHON

YaCTHICH Ha TPOXOKACHHUE YacTH mpoBoa uuHoi | (d). B Takom cirydae momyuwm:
F, IBlsina NgqBlsina qBlsina

T=N l N Nt t
IIpuHsAB BO BHUMAaHHUE, 4TO £ = U, TIONYYUM HYX- -

HyI0 (GOpPMYJly Ui ONpENeIeHHus] MOIYJS CHIIBI
Jlopenna: e SF 0 e P
Fjp = qBusina. S 0% : u o P
31ech L — CpeHss CKOPOCTh YIOPSIOYEHHOTO
JABUXXCHUS 33p51)KeHHOI7[ qacTUbl B MAarHuTHOM
[OJIe, 0L — Yol MeX/Iy BEKTOPOM MHIYKLMH MATHUTHOTO IOJS B M BEKTOPOM
CKOPOCTH D TIOJOKMTENLHOrO 3apsjaa. 1Ipy BXOXIECHHH 3apsOKEHHOM YacTHIbI B
MAaravuTHOC I10JIC B HaNpPaBJICHUHU, NECPHNCHAUKYJIAPHOM JIMHHUAM WHIAYKOWHU, CUJIA
JlopeHiia Oy1eT MMETh MAaKCUMAIILHOE 3HAYEHHE:
E Tmax = qB L.
MakcnmanbHas cuia JIOpeHIa MepreHAMKY/IIpHA BeKTOpaM B m O u ee
HAIPABJICHUE ONPENEIETCS NPAGUIOM LeBOU PYKU.

Ilpasuno nesoit pyku onsa cunvl Jlopenua: nesyio pyKy Ha0o nomecmums 6 mae- % A )
HUMHOe noje max, Ymoodvl 6eKMOp MASHUMHOU UHOYKYUL 6XOOUTL NEPREHOUKY- A

NAPHO 6 1A00Hb, G Uemblpe Nanbyd SbIMAHYIUCL 1O HANPAGNEHUIo 0sudicenus (|~
NONOAHCUMENLHO20 3aps0a (NPOMUE HANPABIEHUSL OBUNCCHUSL OMPUYAMETbHOZO . -

3apsoa). [pu smom omoenymutii ha 90° 6oabwi0l naney nokasicem HanpasieHue \\_H,-__—_;" A
deticmeyrouyeti Ha 3aps0 cunvl Jlopenya (¢). ' ‘-‘;_;_'}:} _J

[pu BXOKIEHNH K€ 3apsHKEHHOM YaCTUITBI B MATHUTHOE TIOJIE B HATIPABJICHUH, IIAPAl-
JIeTIbHOM JIMHUAM UHAYKIWH (0=0° i o=180°), cuna JlopeHiia OyeT paBHa HYJIIO:
F = 0.

X X

OnpenenuTe Ha OCHOBaHWUM NPUBEAEHHOrO B e o _o o
n306paxeHms: X4 x 17450,
a) HanpaBneHne CKOPOCTM MOMOXMUTENLHOIO 3apsiaa, Bre- X X eBe

Tawlero B OAHOPOAHOE MArHUTHOE MOsE;
b) HanpaBneHve cunbl JlopeHua, AeNcTByOLLEN HA OTpULATENbHLIV 3apsad, BneTato-
LUMIA B OAHOPOOHOE MarHUTHOE More.
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Bbl Y3HANM uzgzrllv;(mwTe npennoxeHus B paboynn NIMCTOK 1 Jonorn-

1. Ha gBmKyLLytocs B MarHUTHOM Morie 3apsKeHHYo YacTuly ...
2. Mogynb cunbl JNlopeHua...
3. Mpasuno neson pyku Ansa cunbl JlopeHua ...

MpoBepbTe CBOM 3HAHUA

1. Kak onpegensieTca Mogynb Cuilbl, AEUCTBYIOLLEN Ha ABVXKYLLYIOCS 3apSHKEHHYIO YacTuLy
B MarHWTHOM norne?

2. 3apshkeHHas YacTuLa BrneTaeT B MarHUTHOE Mofe B HanpaeneHun, NepneHamKynspHoM
NUHUAM MHAYKUMK. o Kakon TpaekTopum oHa ByaeT asuratbca?

3. HesapsbkeHHasi YacTvua BrneTaeT B MarHUTHOE Mosie B HanpaBieHun, NepneHanKynsipHOM
NMHUAM MHAYKUMK. 10 Kakow TpaeKTopum oHa OyaeT ABUratbesi?

4. 3apshkeHHas YyacTuua BrneTaeT B MarHUTHOE MOJie B HaNpaBreHuW, napansieribHOM JIMHUSIM
nHaykumn. o kakomn TpaekTopum oHa OyaeT aBuratbca?

1. DJIeKTPOH JBMKETCS B MATHUTHOM 10Jie ¢ mHaAyKuueii B = 10 » T2 B HanpapJsienuu,
NepIenIMKYJISIPHOM JMHUSM MHAYKIHH, CO cKopocThio v = 4 - 103 M/c. Belunciu-
Te MOJ1yJIb AeiicTBylomeii Ha Hero cuibl Jopenna (e = 1,6 - 107 1°Kn).

2. Ha pucyHke npenacrasienbl yacTunbl, | 3. Ha pucyHke mpeacTraBiieHbI Tpaek-
ABHZKYIIMECS B MATHUTHOM I10J1€ TIpsi- TOPUH JABH:KEHHS JICKTPOHA H IPO-
MOI'0 IPOBOJHUKA ¢ TOKOM. Onpene.u- TOHA B MAarHuTHoM moJje. Kakas
T€ HallpaBJIeHHUE CHJIbI .JIopel-ma, nemc- TPaeKTOpusi NPHUHAMJICKUT IPOTO-
TBYIOLLEH HA OTH YaCTHIbI. HY, 2 KaKas 3JIeKTPoHYy?

v Uy
I o]
[ EE—— 1 —
: B
v e
Us

4. ITo kakoii TPAaeKTOPUM NMPOAOIKAT CBOC IBUKCHHUE B OTHOPOJAHOM MAHTHUTHOM I10J1€
He3apsi’KeHHasl YacTHula 1n OTPULATEJIbHO 3apsiZKeHHasl YacTHlla 2?

v

5. DJIeKTpPOH BjeTaeT B MAarHMTHOe moJie ¢ mHaAykumeil B = 1,6 m7n nox yraom 30° k
JMHUAM HHAYKIMHA €O CKOPOCTBIO U = 5,6 - 103 M/c. Belunciinre Moyib ieiicTBy-
1omeii Ha nero cuibl Jopenna (e = 1,6 - 107 19Kn).
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m ﬂBJ’IEHVIE ANEKTPOMAIHUTHOMN MHOYKLUK

@1 e B yem 3akntovaeTcs cyTh onbiTa Apcrena?
¢ * Yro sBnseTcs, no npegnonoxexHnio AMnepa, MCTOYHMKOM MarHUTHOro nonsi?
e MoxeT nu MarHUTHoe nose co3aaTb ANEeKTPUYEeCKUM TOK?

e

Yro co3paet 3ﬂeKTpI/NeCKVII7I TOK B KaTyLIJKe?
OGOpyAOBaHMe: KaTyLlKa, NOSI0COBOWN MarHuT, ranbBaHOMeETpP, CoOeaANHNUTENbHbIE NpoBOAaA.

Xon nccnepgoBaHus:
1. MNoacoenHUTE 3aXXMMbI KaTYLLKW K ranbBaHOMETPY.

2. BcTaBnsiAte 1 BbIHUMaWTE NOMOCOBOW MarHUT U3 KaTyLLKW 1 obpalyaiTe npu 3TOM BHU-
MaHue Ha CTperKy ranbsaHomeTpa (a u b).

3. MomMecTUB NONOCOBOI MarHWT BHYTPb KaTyLUKW, OCTaBbTe €ro B MOKOE, a 3aTeM, He
OTpblBasi MarHUT OT MOBEPXHOCTW CTOSa, BpallaiTe ero, He BbiHUMasi U3 KaTyLLKW U
npocneauTe 3a CTpernkoy rarbBaHomeTpa (c).

O6cyauTe pesynbTar:

. CTpenKa ranbBaHOMeTpa CMellaeTCcd TO BnpaBo, TO BN1E€BO Npun BBeAeHNUN MarHmta B
KaTyLwKy Unn BbiBeeHUN N3 Hee. Kakow BbIBOg MOXHO M3 3TOro caenatb?

e Korga marHUT NOKOUTCA BHYTPW KaTyLLKU UK COBepLUIaeT B HEN BpallaTerbHoe
OBWXeHue, CTpenka rafibBaHOMeTpa yCTaHaBnMBaeTCs Ha Hyrne. YTto aTo Oo3HavaeTt?

o Kakune npegnonoxeHunst MoXxHoO cpopmynunpoBaTb No pesynbTataM uccrneaoBaHus?

[IpoBenennie Ipcrenom onbITH (1820 rom) moKazamu, 4TO IEKTPUICCKUN TOK
CO3JIaeT BOKPYT ce0st MarHUTHOE Tosie. Ha ocCHOBaHHMHM 3THX OMBITOB AMIIEp BbIJIBU-
HyJI THUIIOTE3Y O “MOJIEKYJIAPHBIX TOKax .

MooxkeT JIM1 MATHUTHOE T0JIEe CO3JATh JJIeKTPHYECKHI TOK, eCJIM dJIeKTpuye-
CKMii TOK co3xaeT MarHuTHoe moJje? AHTnuiickuii yuensrii Maiikn ®apaneii B
1831 roxy BmepBEIC Jaid OTBET Ha 3TOT BOmpoc. IlyTeM MHOTOYHCIEHHBIX OIBITOB
OH OIPENENIHII, 9YTO U3MEHEHUE MarHUTHOTO TOJS CO3MaeT NEKTPUYECKHH TOK B
3aMKHYTOM TIPOBOJISIINM BUTKE (KOHTYpE).
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* OTKpBLI SIBICHUE IIEKTPOMATHUTHON HHAYKIIMH, 1Al
MEePBYI0 KOHCTPYKIMIO TEHEPATOPa IEKTPHIECKOTO
TOKa, OTKPBUI 3aKOHBI AJIEKTpoIu3a. OMBITHBIM ITy-
TEM JI0Ka3aJl 3aKOH COXPAHEHUS JJIEKTPUICCKUX 3a-
PAIOB, BBIIBUHYII IO 00 3JICKTPOMArHUTHOW TIPH-
pone ceeta. OH BBEN B HayKy TaKHE MOHATHS, KaK
“xaton”, “aHon”, “MOH”, “ANEKTPONU3”, “IIEKTPO-

()

JIAT .

B HpOBeI[eHHOM HUCCJICAOBAHNU BbI TOXXC BBIITOJIHUIIN HCKOTOpLIe 13 OIILITOB (Da-
pazxesl. EI)IJIO YCTaHOBHeHO, qTo HpI/I BBCJICHUH ITIOCTOAHHOI'O MarourTa B KaTYIHKy 1501050
BBIBEZICHUH €0 M3 KaTyIIKH B BUTKaX KATYIIIKA BO3HUKAET dJIEKTpuUeckuil Tok. CMme-
IICHHUEC B HpOTI/IBOHOJ'IO)KHI)IC HaHpaBJIeHI/ISI CTpe.IIKI/I FaJII)BaHOMeTpa HpI/I JOBUXCHUN
Mardimrta B TOM WJIHN IlperM HaﬂpaBJ'IeHI/II/I IIOKA3bIBACT U3MCHCHHC HaHpaBJIeHI/DI
AJIEKTPUYECKOTO TOKA, BO3HHUKAIONIETO B BHUTKaX. EciM e MarHUT B KaTyIIKe
HaXOIWTCS B COCTOSTHHH ITOKOS T BpaIaeTcsl Ha OJHOM MECTE, TO B BUTKAaX TOK HE
BO3HKKaeT. OTCI0]a MOYKHO TIPHIATH K TAKOMY BBIBOJY, YTO TIPH TIPON3BOJIBHOM TIOCTY-
MaTeEHOM JIBWYKCHUHM MarHWTa BJIOJb KATYIIKH B €€ 3aMKHYTBHIX BHTKaX BO3HHKAET
ANEKTPUUECKHUI TOK. DTO SIBJICHUE HA3BIBACTCS AGAEHUEM INEKMPOMACHUMHOU UHOYK-
yuu, a TOK, BOSHUKAIOIIHNA B 3aMKHYTBIX BUTKAX, — UHOVKYUOHHLLM MOKOM.

L] BO3HHKH06’€HM€ INIEKMPUUECKO20 MOKA 6 3AMKHYMbIX 6UMKAX, HCDCOaﬂM/!MXC}l 6
NepemMeHHOM MASHUMHOM Nojle, HA3bl8Aemcs AGJNeHUEM INeKMmpPOMAZHUMHOU
UHOYKYUU, d BO3HUKATOWUL MOK HA3bIBAEMC sl WHOYKUUOHHBIM HOKOM.

Y10 03HAUaET H3MEHEHHe MArHUTHOro noJs? VM3MmeHeHne dncna JTWHUH WH-
YK IIOCTOSHHOI'O MarourTa (YBC.]'H/IT-IGHI/IC NN YMeHI)H_IeHI/Ie), HpOXOI[SIH_II/IX qepe3
CEUYCHHE 3aMKHYTOTO BUTKA, 03HAYAECT U3MEHEHHE MarHuTHOTO moJs (d).

(d) o Vol
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W3MeHeHUsT MarHUTHOTO TOJIE MOXHO JOOWTBCS HE TOJIBKO MOCTYIATESIIbHBIM
JIBUKCHUEM ITOCTOSHHOTO MarHWTa BHYTPU KaTYIIKH, HO U JPYTUMH CIOCOOaMHU.
Hampumep, eciii TOCTOSTHHBIH MarHUT 3aMEHHUTD 3JICKTPOMAarHUTOM, TO H3MEHEHUS
MarHUTHOTO TTOJISI KATYIIKA MOYKHO JOOUTHCS M3MEHEHHUEM CHJIBI TOKA B 3JIEKTPO-
Maraute. Wnm, ecnu 3aMKHYTHIH KOHTYp (37€Ch M Jajee MMeeTCs B BUIY IPO-
BOSIINI KOHTYP), IepEMEIasCh, TepecekaeT INHUN WHAYKIIUY TIO0JISI TOCTOSTHHOTO
MarHuTa, TO B 3TOM KOHTYPE BO3HHMKACT WHIYKIIMOHHBIA TOK. Ho mpm moctyma-
TETHFHOM JIBXKEHUHU KAaTYIIKU B OJJHOPOJHOM MarHMTHOM TOJI€ MHAYKIIMOHHBIA TOK
B HEH HEe BO3HUKAET, IOTOMY YTO YMCJIO JIUHUN UHAYKIHUU MOJISL, IPOHU3BIBAIOIINX
CEUYCHHE KATYIIKH, He U3MCHIETCS.
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TBOpYeckoe NnpuMeHeHue

s -

MonyyeHne UHAYKLMOHHOIO TOKa

B 31IeKTPOMarHure.

O6GopyaoBaHMe: NCTOYHMK NOCTOSIHHOTO

TOKa, peocTarT, KaTyLuka (2 WTyKn),

ANMWHHBIN XXene3Hbl CepAeYHUK, KIHoM,

ranbBaHOMETP, COEAMHUTENbHbIE

nposoAa.

Xop uccnepoBaHUA:

1. Co3paiTe anekTpoMarHuT, MOMECTUB BHYTPb KaTyLLUKK 1 kenesHbli cepaeyHmk. CoeauHnTe
nocnefoBaTenbHO KNEMMbl  SreKTpOMarHuTa C PeocTaToM, KMHYOM W UCTOYHWMKOM
MOCTOSIHHOIO TOKa.

2. CoeauHuTe BTOPYHO KaTyliKy (2) C ranbBaHOMETPOM, HadeB €e Ha BbICTYMaloWmin 13
3reKTpOMarHuTa >KenesHbli CepaeYHUK (€).

3. CHavara 3aMKHUTE U pPa3OMKHWTE KoY, a 3aTeM, ABUrasi Mon3yHoK peoctaTa Brpaso U
BMEBO NPY 3aMKHYTOM MOSIOXEHNM KItoua, MEHSINTE CUIy Toka B anekTpoMarHute 1.

Bo Bcex cnyyasix npocrneguTte 3a nokasaHUsiMu NOAKIOYEHHOTO K KaTyLUKe 2 ranibBaHOMeTpa.

O6cyauTte pesynbTar:

o [ToyeMy NpPoun3BONbHbIE U3MEHEHNS CUMbl TOKA B dNIeKTpoMarHnTe 1 NpMBOAST K BO3HMK-
HOBEHUIO MHOYKLMOHHOIO TOKa B KaTyLLke 27

o Kak BnuseT yBenuyeHne 1 yMeHbLLEHWE CUMbl TOKa B anekTpomarHute 1 Ha HanpasneHve
MHAYKUMOHHOIO TOKa, BO3HMKAIOLLIETO B KaTyLLKe 27

YTO Bbl Y3HANIN MNMepenuwnTe npeanoxeHnsa B paboynin NMUCTOK M [ONOSHUTE
nXx.

1. fBNeHne aneKTpoMarHUTHON HAYKLMN. .

2. 'HOYKUMOHHBIN TOK...

3. 'ameHeHne marHuTHOro nomsi...

MpoBepbTe cBOM 3HAHUA

1. B yem 3aknovaeTcs ABNEHUE INEKTPOMArHUTHOM UHAYKUNN?

2. Bo3HMKaeT N MHOYKUMOHHBIN TOK NMPU NOCTYNaTeNbHOM ABWXEHUM KaTyLLUKW C HEMOABWXXHbLIM
MarHuTom BHyTpu? Moyvemy?

3. Bo3HuKaeT N MHAYKLUMOHHBIA TOK B 3aMKHYTOM KOHTYpE Npu ABUXEHUM ero B nore
MOCTOSIHHOrO MarHUTa, Kak nokasaHo Ha pucyHke? OTBeT 060CHyWTE.

R i _\-
am <) om
‘\____,.-"
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m HAI'IPABJ'IEHVIE MHOYKUMOHHOIO TOKA

M3BecTHO, YTO AN BO3HVKHOBEHWS 3IIEKTPUYECKOro Toka ﬁ@ e Kakoe none cosaaet
B MPOBOAHWKE HEOBXOAMMO Hanmuune B HeM CBOGOAHBIX ©  VHOYKUMOHHBIN TOK B

HocuTenen 3apsiaa v ANIeKTPUYHECKOro Nosisl, IPUBOASLLETO 3aMKHYTOM KOHTYpe:

WX B ynopsigodeHHoe ABWxeHue. HanpaBreHue xe anek- nepemMeHHOE MarHUTHoe
TPUYECKOro ToKa onpeaendeTr HanpsaXeHHOCTb 3J1eKTpUu- nose UNu anekTpuyeckoe
Yyeckoro nonsi. Tak, cBO6OAHbIE 3MEKTPOHbI B MeTanmnu- none?

4YECKOM MPOBOAHWKE ABUralTCs B HANpaBMneHWW, MpoTu- e Kak MOXHO onpenenuTb
BOMOSTOXXHOM JIMHUSIM  HAMNPSBKEHHOCTU  3IEKTPUYECKOTO HanpaBneHue MHAYK-
Nons, HO 3a HanpaBieHVe ToKa MPUHATO HanpaBIieHne M- LIMOHHOFO TOKa?

HUIM HANPSHKEHHOCTW.

ecnozonans IR

OnbiT JleHua.

O6opynoBaHue: yCTpoOMCTBO JleHua, MOCTOSHHBIN

MarHuT (MOMOCOBOW UNKU AyroobpasHbIi).

Onucanue yctponcTtsa JleHua: OCHOBHbIE YacTu, 13

KOTOPbIX COCTOUT YCTPOWCTBO, 3TO CTEPXKEHb, Ha KO-

TOPOM 3aKkpenseHbl ABa antoMUHWEBBLIX KofbLa —

OOVH 3aMKHYTbIW, a ApYron ¢ paspesom. CTepxkeHb

NoMeLLaeTCst Ha OCTPbIA HAKOHEYHUK (a).

Xopa uccnegoBaHus:

1. MegneHHo BBegWTe OAWH M3 MOSIOCOB MarHWTa B
3aMKHYTOe KOfMbLO W npocrnegute 3a BO3HUKLUMM
siBneHvem (b).

2. OcTaBbTe HEMOABWKHO MarHWT BHYTPU Konbla, a
3aTeM ero MeaneHHo BbiBeguTe M3 konbua. Mpo-
crneguTe 3a BO3HWKLLUM SIBIIEHUEM.

3. MoBTOpPUTE OMLIT C APYIMM MOSKOCOM MarHuTa.

4. TloBTOpPUTE OMBIT C KOMbLIOM C pa3pe3oMm: rnocrefoBaTeNnlbHO BBeAWTE U BbiBeauTe
MONOCbl MarH1Ta B KoMbLO C paspe3oM. CpaBHuUTe HabnogaeMble SBNeHUS.

O6cyauTte pe3ynbTart:

¢ Y10 HabnopgaeTcs Npyn BBEAEHUN MarHnTa B 3aMKHYTOE KOSbLIO?

¢ YTO NpoOM30LLSIO NPY HEMOABUXHOM COCTOSIHUM MarHuTa BHYTpY Konbua?

¢ Y10 HabnopaeTcs Npun yaaneHun Mariuta U3 3aMmkHyToro konbua?

¢ Y10 HabnopaeTcs Npy NOBTOPEHWN OMbITa C KONbLOM C pa3pe3om?

o Kakov BbIBOA MOXHO caenaTtb U3 OnbITOB?

IlpuyuHa BOBHUKHOBEHHUS MHAYKIMOHHOTO TOKA. IHIYyKITMOHHBINA TOK, KaK U
JIPYTHUE IEKTPUICCKUE TOKHU, CO3/1A€TCS AICKTPHUUCCKUM TOJIEM.

Kak nosiBiisieTcst dj1eKTpUYecKoe noJie, co3aamliee HHIYKIHOHHbIA TOK?

Konedno, 3T0 mosie co3aercs mepeMeHHbBIM MarHUTHBIM TOJIEM. B npocmpat-
cmee 80Kpy2 nepemMeHH020 MASHUMHO20 NOJsl 6ce20d HAOII00aemcst 03HUKHOBEHUE
BUXPEBO2O INEKMPUUECK020 NOJIA.

[IprauHON yOPSAIOYEHHOTO TBUKEHHUS CBOOOIHBIX 3JIEKTPOHOB B 3aMKHYTOM
KOHTYpe (KaTyIKe), BHI3BIBAIONICH WHIYKIIMOHHBIA TOK, SBIISETCS HE MarHUTHOE
T0JIe, 8 BUXPEBOE IEKTPUUECKOE TOJIE.
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BuxpeBoe anekTprdeckoe 1mose pe3Ko OTINYaeTCs OT MIIEKTPOCTATHIECKOTO OIS

Q) 21eKMpoCmamuyeckoe noie co30Aemcs HeNOOBUNCHBIM INeKMPULECKUM 3d-
PAOOM, A BUXPEBOE INEKMPULECKOE NOJe — NEPEMEHHBIM MASHUMHBIM NOJEM;

b) runuu nanpsorcennocmu snexkmpocmamuuecko2o nois HAYUHAOMCs Ha NOJO-
JICUMENILHBIX 3apA0ax U 3aKAHYUBAIOMCS HA OMpuyamenvHuvlx 3apsoax. Jlunuu
HANPSNCEHHOCMU BUXPEBO20 INEKMPUYECKO20 N0 He UMelom HU HaYald, Hi KOHYd.
OHu, Kax u IUHUYU MASHUMHOU UHOYKYUU, 3AMKHYMbL.

Kak mMo:kHO onpeneiuTh HANpaBJeHNne MHIYKIIMOHHOT0 Toka? B mposeneHHOM
WICCIICIOBAaHUH BBI OTIPEICIMIIN, YTO TIPH BBEJICHUH MarHUTa B 3aMKHYTOE KOJIBLIO OHO
OTTAJIKUBACTCS OT MAarHWTa, a NpU YJAJICHAW MarHura W3 KoJjblla, Hao0OopoT,
MIPUTSTHBAETCS K MAarHUTY. DTOT 3PQEKT MOBTOpSETCS 11 00OMX TOJTFOCOB MarHUTA.
OnHako MpHU HEMOJBIKHOM COCTOSITHUM MarHuTa BHYTPH KOJIBITA HUKAKOTO B3aMMO-
JIEUCTBUSL MEXKITy MarHUTOM U KOJBLIOM HE BO3HUKaeT. [Ipu BBeaeHUM U yHaneHUU
MarHuTa U3 HE3aMKHYTOTO KOJbI[a TaK jkK€ He HaOMoaeTcs HHUKAKOTO SBICHHS. JTO
OOBSCHACTCSI TEM, YTO B PE3YJIETATE TIPOU3BOIBHOTO W3MEHEHUSI MAarHUTHOTO TIOJS B
CEUEHUM 3aMKHYTOTO0 KOHTypa B 3TOM KOHTYPE CO3/IAaeTCs MHIYKIMOHHBIA TOK, a B
KOJIBIIE C pa3pe3oM ( pa30MKHYTHIH KOHTYP) UHYKIIMOHHBIH TOK HE BO3HUKAET. 3HAYUT,
NPUYUHOU BO3HUKHOBEHUST UHOYKYUOHHO2O0 MOKA 6 3AMKHYMOM KOHMYpe AGNAemCs
UBMEHeHUe YUCAA JUHUU UHOYKYUU 8 DIOM KOHMYDpe.

[Ipu BBeneHHMH MarHuTa B KOJBLO BO3HUKAIOIIWNA MHIYKUIUOHHBIA TOK MPUHU-
MaeT TaKoe HaIlpaBJICHHE, YTO CO3AaBaEMOE STUM TOKOM MarHUTHOE IT0JIe IPOTHBO-
JIEHCTBYET YCHJICHHUIO MAaTHUTHOTO TIOJIS IIOCTOSIHHOTO MarHuTa. [Ipu ynaneHnn sxe
MarHuTa U3 KOJblla BOSHUKAIOMINKA UHTyKIMOHHBIA TOK IPUHUMAET TaKOe HaIlpaB-
JIEHUE, YTO MarHUTHOE TT0JIe, CO3/IaBaeMOe dTHM TOKOM, IIPOTHBOJCHCTBYET Ocal-
JICHHIO MarHUTHOTO IOJISI IIOCTOSIHHOT'O MarHuTa.

B 1833 rony pycckuii ¢puzuk Omuns JIeHn, UCCIAETY IO 3TH SBJICHUS, yCTa-
HOBHJI 00IIIee MPABHIIO, OTIPEACIAIONIee HAPaBlIeHNe HHAYKIIMOHHOTO TOKA — npa-
suno Jlenya:

o UHOYKUUOHHDLI MOK RPUHUMAEM MAKOe HANPAsieHUe, YO0 CO30AHHOe UM
MAZHUMHOE hoJle 0KA3bleaem RPOMuUuGooeiicmeue nPou3BoIbHOMY U3MEHEHUIO
GHEUIHE20 MAZHUMHO20 NONA, CO30AI0ULE20 IMOM MOK.

JTO0 03HAYAET, YTO €CJIM BHEUTHEE MATHUTHOE TTOJIe OYAET yCHIUBATHCS, TO Mar-
HUTHOE TI0JIe MHIYKIIMOHHOTO TOKa TOMbITaeTcs ero “ocinadbuts”’. Ilpu 3Tom mar-
HUTHAS MHIYKIUS WHIYKIIMOHHOTO TOKA HallpaBjieHa MPOTUB UHIYKIIUU BHEUTHETO
MarautHoro mons (c). Ecnm ke BHeniHee MarHUTHOE 1oJie OyJeT ociabeBaTh, TO
MarHUTHOE I0JI€ MHAYKIMOHHOIO TOKA MOMbITaeTcs ero “‘ycunuts”. Ilpu 3Tom mar-
HUTHAs WHIAYKITUS WHAYKIIMOHHOTO TOKAa HampaBlieHa BIOJb WHIYKIIUH BHEITHETO
MarHuTHOro nojs (d).
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TBOpYeckoe NnpumMmeHeHue

|
| 2 © g £
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3anayua. Kakue norochl BO3HUKHYT HA KOH- \HHH [ N |
uax Awn B kaTywwku npu BBEAEHWUM 1 yaane- SHEEHEEE

HUW KOXKHOrO MOMCa NOCTOSIHHOMO MarHuTa
13 KaTywku (e)?

Clel ey - MepenuwinTe NpeanoxeHusi B pabounii IMCTOK 1 AONONHUTE UX.

1. NepeMeHHOe MarHMTHOE MOore B OKpy>KatoLLeM NpoCTpaHCTBE
BCeraa ...

2. PasHuua Mexay BUXPEBbIM 3NEKTPUYECKUM MOJIEM U 3MEKTPO-
CTaTUYECKNM MONEM ...

3. Mpasuno JleHua aAnsa HanpaBneHUs MHAYKLMOHHOTO TOKA ...

1. MoyeMy Npu BBEAEHWUN NOCTOSIHHOrO MarHUTa B 3aMKHYTbIA KOHTYP OH OTTankMBaeTcs OT
marHuTta?

2. Mouyemy mexay OBWXKYLLMMCS MOCTOSIHHbIM MarHUTOM U HE3aMKHYTbIM KOHTYPOM HUKaKoro
B3aumopencTeusi He Bo3HMKaeT? OTBeT 0GOCHYITE.

3. OT yero 3aBUCUT HanpaBneHue NHAYKLUMOHHOIO Toka?

4. CchopmynupyiiTe npasuno JleHua.

° NpakTuueckas pa6ora °

MN3yyeHune siBNeHUs1 3NeKTPOMarHUTHON UHAYKLMMN.

O6opyaoBaHue: ranbBaHOMETP, 3aMKHYTbIA KOHTYP U3 HECKOMNbKUX BUTKOB, MarHuT (noso-
COBOW Unu fyroobpasHbIii), coeanHUTENbHbIE NPOBOAA.
Xona uccnenoBaHuA:

1. CoeMHUTE KOHTYp K KneMmaMm rasibBaHomeTpa.
2. MNepenuiunTe B paGounii NIMCTOK NPUBEAEHHYIO TabnuLy Anst percTpaLymm pesyrnbsTaTos onbiTa:

CMeLLeH1e CTPenku
Ne Cnoco6 nonyyeHunst UHAYKLMOHHOTO ToKa
ranbBaHomMeTpa (BnpaBo, BMEBO)

Mpy BBEAEHMM B KOHTYP CEBEPHOrO Mosioca MarHuta
Mpv yaaneHuu 13 KOHTYpa CeBepHOTo Nomnca MarHuTa
Mpy BBEAEHUM B KOHTYP FOXKHOIO Mosioca MarHuta

Mpv yaaneHun 13 KOHTypa IXKHOTO Noskca MarHuTa
Mpy BBEAEHUM MarHWTa B KaTyLLKy

Mpy yaaneHuy MarHnTa u3 KaTyLiku

DA |WIN|(=

3. MomecTuTe KOHTYp BEPTUKANbHO HA NOBEPXHOCTM cTona. BeeauTe v yganuTe ns koHTypa
CEeBEePHbIV NOMC MarHuTa. 3anvwmnTe pesynbTaTel HAGNAEHUS B TabnuLy.

4. BBeauTe 1 yganuTe 13 KOHTYpa HXHbI NONC MarHMTa. 3anuwnte pesynbtaTel Habnwoae-
HWS B Tabnuuy.

5. NomecTnTe MarHMT BEPTUKANBbHO Ha NOBEPXHOCTU cTona. BeegnTe u yaanute KOHTYp 13
MarHuTa. 3anuwunte pesynbTaTbl HAbNAEHNS B Tabnmuy.
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4

1. /IBe HemoABM:KHbIE KATYLIKHU PACIOJIOKEHBI TAK, KaK MOKa3aHo Ha pucyHke. [loa-
KJIIOYEHHBIH K OJHOi M3 KATYLIEK rajbBaHOMETP MOKa3bIBAeT BO3HHMKHOBEHHE
MHAYKIHOHHOIO TOKA. B kakoM ciryyae 3T0 BO3MO:KHO?

%]

2. OHpe}IeJII/lTe IMOJIIOCHI MMOJIOCOBOI'0 MATrHUTA HA OCHOBAHUH PUCYHKA.

3. YeTbIpexyroabHblil 3aMKHYTBI KOHTYP ABHM:KETCA MEKAY MOJIOCAMM 3JeKTPO-
MATHHUTA, KaK NPeICTABJIeHO HA prcyHKe. BO3HMKHeT JIM B 3TOM KOHType HHIYK-

unoHHbI TOK? [louemy?

S

T~

4. Bo3HMKAaeT I MHAYKUMOHHBIA TOK MPHU MOCTYNATEIbHOM JIBHKEHUH KATYIIKH B
OTHOPOAHOM MAarHuTHOM mnoJie? [ouemy?

5. ITonocoBoii MAarHUT NPUOINAKAETCH K 3aMKHYTOMY KOHTYPY, KaK IOKa3aHO HA pPH-
cynke. OnpenejauTe HanpapiaeHHe HHIYKIUOHHOTO TOKA, BOSHUKAIOIIEr0 B KOH-

Type.
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m MAFHI/ITHAFI NMPOHULAEMOCTb BELWWECTBA

Kak BbI y3Hanu, npu &? o Kak nsmeHsieTcA MarHMTHOE NOJie KaTyLKN C TOKOM

BBEAEHUN XENE3HOTo P npv BBeAeHUM B Hee NooYepeaHO CepAeYHUKOB U3

cepAeyHyviKa B KaTyLUKy C cTanu, cTekna, Cyxoro AepeBa, nflacTMacchbl, Meau u

TOKOM €50 MarHUTHoe anioMuHna?

[evicTB/e ycunmBaeTcs. ¢ 3aBUCUT N1 MarHUTHOE Nnorsie NPOBOAHUKA C TOKOM OT
CBOWCTB OKpYy»KatoLuero ero npoctpaHctBa? OTBeT
obocHywuTe.

ccrsnonane I8

3aBUCUT N MarHUTHOE MoJie OT CBOMCTB OKpYXKatoLen cpeabl?

O6opyAaoBaHue: NCTOYHUK MOCTOAHHOIO TOKa, KaTyLuKa (2 LWTYKW), M30nMpyoLwni

LUTaTVB, LIENKOBAs HUTb, XXeNe3HbIN CepaeYvHNK, MEAHbIN U CTEKMAHHBIN CepAEYHMKM,

coefnHuTenNbHblE NpoBoaa.

Xoa uccnepoBaHus:

1. NopcoeanHUTE K UCTOYHMKY NMOCTOSIHHOTO TOKa ABE KaTyLUKW: OAHY B HEMOABWKHOM
COCTOSIHUW, @ APYryt0 — NOABELUEHHYIO Ha LUENKOBOW HUTHU.

2. 3aMKHyB Lenb, NpMbnuabTe KaTyLLKy Ha LUENKOBOW HUTK (Ha PUCYHKE NoKa3aHo
cxeMaTuyeckun) K HenoABmKHOM kaTyLuke (a). ObpaTute BHUMaHme, ¢ Kakoro
pacCTOSAHMSA BO3HUKAET MarHUTHOE B3aUMOZENCTBME.

3. MNoBTOpUTE ONBIT, MOMECTUB BHYTPb HEMOABWMXHON KaTYLLKW Xene3Hbli CEpASYHWK, 1
npocneanTe, Kak U3MeHUNOCb MarHUTHoe B3ammogenictaue (b).

4. MNoBTOpPMTE OMbIT, 3aMEHMB >Kene3HbIN CepAevHMK NooYepeaHO Ha MedHbIN 1
CTEKNSIHHBINA CepAeYHUKN, N CPaBHUTE BO3HUKLUNE SIBNEHWS C pe3ynbTatamm
npeabiayLmx onbIToB.

(a)

O6cyauTe pesynbTart:

e B kakom cny4vyae MarHmtHoe Baammo,qeﬁcmme Mexay KaTtywkamu ¢ TOKOM yCununocsb,
a B KakoMm cny4ae ocrnabno?

e Kakon BbIBOA4 MOXXHO caenaTtb n3 nccrnegosaHmna o 3aBMCMMOCTU MarHATHOIroO nongd oT
CBOICTBa BeluecTBa?

B xoxe wmccmenoBaHuMs BBl ONMPEAETHIN, YTO BEIIECTBO (CEpIACYHHK), ITOME-
IIEHHOE B KaTYIIKy C TOKOM BIIMSET HA €T0 MAarHUTHOE TIOJIC: JKEJIE3HBIN CepICTHIK
CYIIIECTBEHHO YCHJIMBAae€T MarHUTHOE IT0JIE, 2 MEIHBIA M CTEKJISTHHBIN CepACUHUKH
0CNabIAIOT MarHUTHOE TIOJIE.

o Bewecmesa, cnOCOOHbIE UMEHUMb MACHUNMHOE NOJle, HA3bI8AMCSL MAZHEMUKAMU.

IoyeMy MarHeTMKHM MO-pa3HOMY M3MEHSIIOT MarHuTHoe moJie? [Ipu orcyT-
CTBUM CEpJIEYHNKA BHYTPH KAaTyIIKH C TOKOM BEKTOP MarHUTHOW MHIyKIIUH 0003-

—
Ha4YuM BO (MOIIYJ'II: MAarotuTHOU MHAYKIOHWU B BO3AYXC CUHUTACTCA PABHBIM MOIYJIHO
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MarHUTHOW MHIYKIMHU B Bakyyme). [Ipu BBegeHUH B KaTyLIKy ¢ TOKOM CEpACYHHKA

B HEW BO3HUKAET JIOMIOJTHUTEIBHOE MATHUTHOE T10JI€ C UHAYKIUEH §uH. Takum obpa-
30M, CyMMapHOE€ MarHUTHOE TOJI€ KaTyIIKH C TOKOM:

N -

By +B,, =B.

Pa3nbie BemecTBa co3/Mal0T pa3HbIe MATHUTHBIE HHIIYKIIUW, 3TO 3HAYUT, YTO UX
MarHUTHbIE CBOMCTBA pa3iM4aroTCa. MarHuTHblE CBONCTBA BEILECTB XapaKTe-
pu3yroTCs (U3NYECKOW BEITMYMHOM, HA3bIBAEMOUN MACHUMHOU NPOHUYAEMOCNBIO
seujecmea.

Maenumnasa nponuyaemocms geugecmea nOKa3vieéaem, 80 CKOIbKO pa3 MOOYIb
MAZHUMHOU UHOYKYUU OOHOPOOHO20 MASHUMHO20 NOJIA 8 8eujecimsee Omauddemcs
Om MOOYIA MAZHUMHOU UHOYKYUU NOJIsL 8 8akyyme By:

By+B, B
==, B = uB,.
B, By

3neck p (MI0) —MarHuTHas TPOHUIIAEMOCTh BEIIECTBA. DTO He3pasmMepHas eii-
YyyHaQ.

BemiecTBa 110 CBOMM MarHUTHBIM CBOMCTBAM JIEJISTCS Ha TPU BUJA:

1. Ilapamacnemuxu — BeUIECTBAa, MAarHUTHAs MPOHULAEMOCTh KOTOPBIX HE3HA-
YUTeIbHO OoJibiie eauuuipl (4 > 1). Ilapamarueruxu (Al Li, 0,, Na u apyrue)
CJ1a00 MPUTATUBAIOTCS MMOCTOSIHHBIMUA MarHUTaMH.

2. uamaenemuxy — BEIIECTBA, MAarHUTHAs MPOHUIAEMOCTh KOTOPBIX HE3HA-
YUTEIHHO MeHbIle eAnHnlbl (4 < 1). Jlnamarneruku (Cu, Ag, Au v Bce MHEPTHBIE
ra3bl) c1ab0 OTTATKMBAIOTCS MTOCTOSSHHBIMU MarHUTAMH.

3. ®eppomacnemuxy — BEUIECTBAa, MAarHUTHAs MPOHULAEMOCTh KOTOPBIX BO
MHOTO pa3 Oonbire enuHUIEl (U >> 1). @eppomarnetuku (Gd, Fe, Ni, Co n HEeKO-
TOpPBIE UX CIUIABhI) CHIILHO MPUTATHUBAIOTCS ITOCTOSSHHBIMUA MarauTamu. Bee deppo-
MarHeTUKU — KPUCTAJUTMUECKIE BEIIECCTBRA.

MarHuTHas MPOHUIIAEMOCTh HEKOTOPHIX BEIIECTB MOKa3aHa B Tadmuie 2.1

Ta6auna 2.1. MarautHasi IpOHUIIAEMOCTh HEKOTOPBIX BEIIECTB

JlnamMarHuTHBIE [NapamarHuTHbIE ®deppoMarHUTHEIC
BeIECTBA v} BEIECTBA 18 BEIECTBA K
Bucmyt 0,999834 | Bozayx 1,000038 | XKeneszo 8000
Menn 0,999990 | AmromuHuUi 1,000023 | Hukens 1100
30110TO 0,999964 | Kucnopon 1,0000019 | CmnaB HUKeIs u 250000
JKenmesa

g kaxmoro ¢peppoMarHeTuka CyniecTByeT NMpeaebHas TeMIepaTypa, Ha3bIBa-
emast mouxoul Kiopu. Ilpu HarpeBaHUM BBIILIE 3TOW TeMIIEPaTypsl OH TepsieT Geppo-
MarHuTHbIE CBOICTBA M MpeBpalnaeTcs B napamardetuk. Hampumep, Temmnepatypa
Kropu s xenesa pasHa 769°C. [1oatomy *kene3Hble TBO3M, HArPEThIE 1O TEMIIE-
patypsl 800°C, pa3sMarHUUKUBarOTCSI.
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TBopqecxoe npumMmeHeHue

B, T:
2 o

3apgaua

* Onpepenute No gaHHOMY rpaduky
MarHuTHYI0 NPOHNLIAEMOCTL ANA CTanu U vy- Yyt
ryHa, COOTBETCTBYHLLYH 3HAYE€HUIO MHAYKLMUK
HamarHunuymBaemoro nons By = 2,2 mTx (c). 0.4

O6cyauTte pesynbTar:

¢ Y Kakoro 13 BeLLecTB MarHuTHas
NPOHMLAEMOCTb GornbLue?

MepenuwunTte NnpepnoXxeHns B pabo4nin NUCTOK U AONONHUTE
nx: 1. MarHeTukn — ... 2. MarHMTHasa NPOHMLIAEMOCTb BeLLleCcTBa —
... 3. ManpamarHeTnkn — ... 4. OnamarHetvkn — ... 5. ®eppo-
MarHeTuku — ...

1. KakoB hn3nyeckmini CMbICIT MarHUTHOW NMPOHULIAEMOCTM BeLecTBa?
2. Ha kakne Buabl ensTcs BeLecTBa No MarHUTHbIM CBOMCTBaM?
3. Yem oTtnuyatotcs peppomarHeTvkmi OT napa- u guaMmarHeTMKoB?

Cugiin

0 1 2 B, mTn

m CPABHEHI/IE rPABUTALMOHHOIO, ANNIEKTPUYECKOIO
N MATHUTHOIO MNOJIEA (YPOK-NPE3EHTALUA)

[ToAroTOBBTE ANEKTPOHHYIO MPE3CHTAIHMIO IO 0000MIaroIIeMy CpaBHEHHIO Tpa-
BHUTAIMOHHOTO, 3JIEKTPUIECKOTO U MarHUTHOTO Tojei. [Ipu moaroroske k mpeseH-
TaIllX BBl MOYKETE BOCITOJIH30BAThLCS JAaHHBIMU KITFOUEBBIMHU CIIOBaMH (HJTH TIPEIIIO-
JKEHUSIMH ), CPAaBHUTEIbHBIMU TaOmumamu 2.2 u 2.3 ¥ IJIaHOM.

Knrouesvle cnosa u npeonoscenusn

DeKTpUIEeCKUil 3apsi; Cua, meficTBylomas Ha 3akon Kynona;

Macca; Maccy B IpaBUTALIMIOHHOM Cuna Amriepa;

MarauTHoe 10JI€; mnoJe; Cuna Jlopenna;
Hanpsoxennocts snextpuue- | Cuia, neiictByrommas Ha 3apan | Cuna Kynona;

CKOTO TOJIS; B 2JIEKTPHUYECKOM T10JIE; CHITa BCeMHPHOTO TATOTCHHS;
CunoBast XapaKkTepHCTHKa; Hanpiuanexme CHJIOBBIX PaGota, coBepiiacMas mpH
HampsoxeHHOCTD JIMHUHA MarHATHOTO TIOJIS; HepeMeIeHHH Tea B
TPaBUTAI[OHHOTO TOJIS; Hanp'leneHne CHIJIOBBIX IPABHTALIOHHOM MOJTE;
WHIyKIHsS MarHUTHOTO TIOJIS; | JIMHUH 3JIEKTPUYECKOTO TIOJIS; N

3akoH AMmmepa; Pabora, coBepmaemas mpu TIpoOuntit sapsn;
Hampasrienne cuioBbIX TepeMeIeHUH 3apsi/ia B 3aKOH BCEMHPHOTO TATOTCHHUS.
JIMHUH TPaBUTALIMOHHOTO INEKTPHIECKOM II0JIE;

TIOJIS; ITpoGHoe Teo;
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Ta6uuna 2.2. CpaBHeHNE XapaKTEPUCTUK I'PABUTALIMOHHOTO M AJIEKTPUUECKOT0 MoJei

XAPAKTEPHCTHEH TPABHTAITHOHHOE ANEETPHYECKOE
IMOJIA INOJTE NOJIE
HCTOYHUEK I'papnrannonssiil sapag, M | Henogpu:xHbIH aneKTpHYeCK il

3apan, q

HA YTO JEHCTBYET

Ha npobuyio maccy, m

Ha amexTpuueckuii sapan, q

3aK0H BCEMHPHOT'O

| OCHOBHAS 3axon Kynona
DOEMYITA. TArOTeHUsA
OHPE,U,EJIHIOHLAH P - g Mims . la, .|
B3AHMO,[[EHCTBHE 3 e

.| CHJIOBAST HanpamensocTh HanpsamxerHocThb
ﬁé}'}ﬁﬁTEPHCTHRﬂ PPAaBHTAIIMOHHONO MOJIA 2NEKTPHYECKOr0 MOJA

Hanpasnenue

—

E

]

-+ >

=)

b g l o P
Moayas E = F
q
Epunnua [E] = [E] -
| MOOvJb Co3laHHOTO TOYeUHBIM Co3laHHOr0 TOYEYHBIM JJIEKTDPH-
HATPSIKEHHOCTH | TPABHTALHOHHEBIM 3aDAJIOM | yecKHM 3apAAOM B BAKYyMe
IOJIsA M |q l
E=6G— E = gl20
) o] e
F,= mg F = gE
| cuia, nEicTBY- - = m| @ A & ¥
IOIIAS B ITOJIE 8 g a0
HA BAPSL @*—'—' o e
A @ F A E,
M %) - B
q=<0
.| PABOTA IIOJIA A=mgh A=qEd
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Ta6uuna 2.3. CpaBHEHHE XapaKTEPUCTUK SJIEKTPHUECKOr0 U MArHUTHOT'O MOJIeH

CPABHHUBAEMEBIE| BJIEKTPHYECKOE MATHHUTHOE
AJIEMEHTEI INOJIE TIOJIE
1 2 3
1.| 4TO COBJIAET |27exkTpHueckuii aapag IoCcTOAHHEIE MATHHTEI
TIOJIE HIH NPOBOAHME C TOKOM
2.| C MIOMOIIBIO Toueunblit n1pobHBLI DdneMeHT TOKAa,
YEI0 U3¥Y4A- 3apaj MATHHTHAA CTPEJIKA
ETCH ITOJIE
3.| CHJIOBAA Hanpamennocts HHayxoua MarHuTHOTO HOJA B
XAPAKTE-
PHCTHKA anewr;imecuoru
nona E
Hanpaenerue g—e_’_’
q, q,
Mozxyan E= g
Exuauna [E] =1 RHE
= e 1
A -~ B %
[ S
4.| CHJIOBBIE 7 .
JIMHHUH - 9 ¥
E
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Ipooonicenue mabauyvr 2.3

1 2 3
Ha zapap Ha npamoii Tox
F _ F 10 OpaBMIY
G—’ E NeBoil pyKH:
= |IF,| = |Bll - sina
5. IEHCTBHE _ _ B
110J14 F= qE Ha per:ymyocs 3apAMKeHHYID YACTHILY
! ! F
Ha . - q,
- _— - E
E 10 NPABKUIY JeBOH pyKH:
F,=q|v/|B| * sina
IIpoBogHHKH B
o™
IMTapamarsernku: p > 1, mome ycHau-
6.| BEILECTBO BAETCH.
B IIOJIE BHYTDH HET moJd. Huamarnerusu: g <1 , noxe ocnabenaer.

JnanexkTpHKH:
E= Eu 5
E

ocnabnenna nona B £ pas.

PeppoMarHeTHkn: p >> 1, noje sHauun-
TeNLHO VCHAHBAGTCHA.

.| BBAHUMOCBA3b
TIOJIEN

=3

DnexTpHYeCKoe NnoJue
CO3/1aeT TOK.

Tok e coaaaer
MATHHTHOR TIOJe.

HameHeHHe MATHHTHOTO IOJA BEIZBIBAET
B 3aMEHVTOM NpOBOAALIIEM KOHTYDE TOK.

e rnaea 2« MarHuTHOe none °©
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MoaroTroBka npe3eHTauUmn

* HasBaHve npeseHTauum

1-i cnava |, Moprotosun (knacc, Msa 1 dhaMunust y4eHuka)
it cnaiia o /ICTOYHMK rpaBUTaLMOHHOrO Nons

o /ICTOYHMK 3nekTpru4ecKoro nonsi

o /ICTOYHWK MarHUTHOrO Monsi

o C MOMOLLbIO YEFO U3yYaeTCsi rpaBUTALIMOHHOE nomne?
3-17| cnaupg

o C MOMOLLbIO YEFO U3yYaeTCsl ANEKTPUYECKoe nose?

o C MOMOLLbIO YEFO U3yYaeTCsi MarHUTHOE none?

o CunoBas xapakTepucTvka rpaBuTaLMoOHHONO NoJisi: HarnpaeBneHue,

4-17| cnang MOAYJ1b

o CunoBasi xapakTepucTka SMEKTPUYECKOro NOMs: HanpaBneHne, Moaysb
o CunoBas xapakTepncTuka MarHUTHOTO Monsi: HanpaeneHne, Moaysb

e CunoBble NIMHMK FPaBUTaLMOHHOIO Moss

S-it cnaina |, CuMoBble IMHWW SMEKTPUYECKOTO MOMs
o CUroBble NUHUN MardUTHOro Nons
64 crai  Cvna rpaBUTaLMOHHOrO MOMS, AeiicTBytoLLas Ha NpobHoe Terno
“MCNauA |, Cuna anekTpuyeckoro nons, AeicTBytollas Ha NPoBHbIA 3apsaa
o C/na MarHUTHOrO Nons, AECTBYIOLLAA Ha NMPOBOAHMK C TOKOM
o Tena B rpaBUTALIMOHHOM Mofe
7-17| cnampg

o [PBOAHVKM 1 OVSNEKTPUKMN B SNEKTPUYECKOM Mone
o MarHeTukv B MarHUTHOM roJie

8-;7. cnawg o B3anmocBA3b pasHbIx husnyeckux nonemn

I-IO,U, KAKUM BO3QEACTBMEM NPABUTALIMOHHOI O,

ANEKTPUYECKOIO U MArHUTHOIO NMONEW 3EMJIN Mbl
HAXOOMMCA? (YPOK-OEBATDI)

Hcmounukom epasumayuonHoz2o noas apusercs macca. CUIOBON XapakTepH-
CTHUKOW TPaBUTALIMOHHOIO IIOJI SIBIAETCA HANPANCEHHOCMb TPABUTAIMOHHOTO
noJist. Hanpsi>keHHOCTh TPaBUTAIIMOHHOTO TIOJISL — GeKMOPHASL
seauuuna (Jy). OHa HanpapiaeHa U3 MPOU3BOJILHOM TOUKH
IIOJIsI B CTOPOHY MCTOYHMKA ATOTO oA (). Morynnp Hanpsi-
’KEHHOCTH B IMPOU3BOJILHOM TOYKE TI'PABUTALMOHHOTO MOJIS
3aBUCHT OT Macchl Tena (M), co3maromero 3To Toje, U
paccTostHuS (T) OT IIEHTpaA TeJa 10 ATON TOYKH:

M
Jdo = G T'_Z
I'paBuTanImoHHOE B3aMMOACHCTBHE MEXKIY TEIaMH ONpEIeINsaeTCs 3aKOHOM BCe-

MHPHOT'O TATOTCHUA, OTKPBITOT'O Hrrororom:

Mm
F = G_Z
r
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I'paBuTanimoHHOE B3aMMOJECTBHAE BCETAa HOCUT XapakTep mpuTsbkeHus. Ha terno,
MMOMEIICHOE B TPAaBUTAIMOHHOE TIOJIE, IEUCTBYET CHIIa TSHKECTH, KOTOpas MpHUaaeT
TeNy YCKOpEeHHe CBOOOIHOTO NajieHus (§):
F =mg.
Cuiia BCEMHPHOTO TSTOTCHHS PETYIHPYET ABHKEHUE Pa3HBIX CHCTEM BO Bce-
JIEHHOM, B TOM YHCIIe ABMKCHHE IUTAHET U ciryTHUKOB B ConmueuyHoi cucteme (b).
e Kakas pasuuma mMexnay (hU3UdecKoW CYIIHOCTHIO HANPSHKEHHOCTH T'PaBUTA-
IIMOHHOTO TOJI U YCKOPEHHUEM CBOOOTHOTO MAJACHUS?
e UeMy paBHBI HANMPSHKEHHOCTh TPABUTAIIMOHHOIO TMOJISL U YCKOPEHHE CBOOOI-
HOTO IMaJIcHUs Ha TIOBEPXHOCTH 3eMin?
o Kakas pa3Huia Mexx;1y Maccoi Tena u Becom?
e Uto Takoe CBOOOIHOE MaJICHUE U B KAKOM CIIy4ae TEJIO0 MOXET HaXOJUThCS B
COCTOSTHMH CBOOOIHOTO MaJIeHUS?
HcTounnkoM snexmpuueckozo noas sIBISETCA dIIEKTpUUecKuil 3apsin. CuinoBoit
XapaKTEPUCTHKOH DIIEKTPHICCKOTO TTOJIS SBJISETCS HAMPSHKECHHOCTD JIEKTPHUICCKO-

ro noJist. HanmpsieHHOCTD 37IEKTPUUIECKOTO MOJIS — BEKTOPAast BETUUUHA (E ). Hampag-

JICHUE HANPSHKEHHOCTH AJIEKTPUYECKOrO TOJIs B €r0 MPOU3BOJIBHOM TOYKE COB-

MajaeT C HallpaBIIEHUEM JISHCTBHSI CHITBI Ha TTOJIOKUTENbHBIN TPOOHBIH 3apsy ().
Eq

TlomoxuTenbHBIN

MpoOHBIH 3apsin — .. q

L/

_—HcTouHuk

qo
QJIEKTPUYECKOT'O ITOJIA

Moty b HaPSKEHHOCTH 3JIEKTPUUECKOT0 OIS TOUEYHOTO 3apsiia, CO3JaHHOTO
B JJAHHOM TOYKE, MPSMO HPOMOPLHOHAJICH BETMUMHE 3TOTO 3apsiaa (qg) U 00paTHO
MPOMOPIIMOHANEH KBaApaTy PacCTOAHUA (I) MEXITy AAaHHOM TOYKOM M LEHTPOM
TOJIS:
T
OJeKTpudyeckoe B3aMMOACHCTBHE MEXIy 3aps/aMH OIpeneiseTcs M0 3aKOHY
Kynona:
Fek Iqoiql_
r
OneKkTpudyecKoe B3aUMOACHCTBHE MEXIY 3apslaMH B 3aBHCHMOCTH OT 3HaKa

OTHUX 3ap51)1013 MOXECT HOCUTH KaK XapaKTep HpI/ITSDKCHI/ISI, TaK U OTTAJIKUBaAHUA.
Ha noMenieHHEI# B 3JeKTpUIECKOe MoJie TPOOHBI 3apsi  AEUCTBYET IEKTPH-
yecKas CUiIa:
- =
F =|q|E.
o Kak 3aBHCHT HaIPSHKEHHOCTD DJIEKTPHUUECKOTO OIS OT MPOOHOIo 3apsia, Imo-
MEIIEHHOTI'0 B JaHHOE I10JIe?
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¢ YT0 Takoe aneKTpocTaTHuecKas HHIyKIus?
e CymiecTByeT JM I'paBUTAllMOHHOE B3aUMOJIEHCTBHE MEXIY UMEIOIIUMH JJIEK-
Tpudeckui 3apsan yactuuamMu? OTBeT 000CHYHTE.

Yro 001I€ro U 4eM pa3jM4arTCcs MeKIy Co00i IeKTPUIECKHe U I'PaBUTA-
IMOHHLIE MOJsA?
(d)

Maenumuoe none CO3MalOT JABIDKYIIUECS JIIEKTPUYECKHE
3apsaapl. CHIIOBON XapaKTEPUCTHKOW MAarHUTHOTO TOJIS SIBIISIET-

¢ MHAYKIMS MarHUTHOTO TMOJs. MarHuTHas WHIYKIIHS (§) —
BEKTOpHas BenWuyuHa. JIMHWM WHIYKIUM MAarHUTHOTO TIOJS
3aMKHYTBI, CHJIOBBIE JIMHUH TIOJISI UCXOST C BHEIIHEH CTOPOHBI
CEBEPHOTO0 TOJII0CA, a BXOJAT B I0XKHBIN MOJIIOC U BHYTPH €ro
3aMBIKAIOTCSl. MarHuTHOE MOJie ¢ 3aMKHYTHIMU CUJIOBBIMH JIU-
HUAMHU sBIgeTcs BUXpeBbIM nozieMm (d). Hanpasnenue auHMi
WHAYKIAY MOXHO ONPEENIUTH 110 MPABIITy IPAaBOTo BUHTA (0y-
paBYMKa) WIH IO MTPABIITY IIPABOU PYKHU.

Mopayns WHAYKIMA MarHUTHOTO TIOJS pPaBeH OTHOIIEHWIO MOZIYJS MAaKCH-
MaapHOU cuitel (Fr,), IEHCTBYIOIIEH CO CTOPOHBI MAarHAUTHOTO TIOJIST HA TIPOBOIHUK C
TOKOM, K IIpou3BeaeHmIo ciiibl Toka (1) Ha mmay npoBogHuka B moie (£):

B=im
I-¢
B3aumopeiicTBue Mexay napanieabHbIMU IPOBOAHUKAMU C TOKOM OIMPEAETseTCs
CUJIONM MarHUTHOI'O B3aUMOJIECHCTBHSL:

L1
et
MarsuTHoe B3aUMOJCHCTBIE MOKET HOCUTH XapaKTep Kak MPUTSHKCHHS, TaK U
OTTAJIKUBAHUSL.

[Ipu nomenieHny TPOBOJHUKA C TOKOM B OJJHOPOJAHOE MATHUTHOE T0JIE IEUCTBY-
foIIas Ha Hero cwiia AMriepa paBHa MPOU3BEICHHUIO CHITBI TOKA, MOYJISI MarHUTHOM
WHIYKITUU, aKTUBHOUW JIJTMHBI MTPOBOJHUKA (YACTh JIMHBI HAXOJSIINXCS B IOJIE) U
CHUHyCa yrja MEXAy HallpaBJICHHEM TOKa M HaIpPaBICHHEM BEKTOpa MarHUTHOMN
WHIyKLIHN:

m

F, = IBlsina.

1. Yro siByiseTCSs UCTOYHMKOM MArHUTHOTO MOJIS: CYIIECTBYIOT JIM MArHHTHBIC
3apsnbl?

2. UTo TaKoe IEKTPOMAarHuT?

3. B dem 3axirogaeTcs sIBICHHE 3JICKTPOMAarHUTHOW MHAYKIUU? UeM oTauvaercs
WHAYKIIMOHHBIN TOK OT OOBIYHOTO DIIEKTPHUYECKOTO TOKa?

4. C xako# cHJION NEUCTBYET Ha 3apsDKCHHYIO YaCTHUIY MarHUTHOE TIOJIE, BXOIS-
miee B 370 nosie? OT 4ero 3aBUCUT MOJIYJIb STON CHIIBI?
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* [IpounTaB TEKCT, pa3euTeCh Ha Be rpynibl. [IpoBeaute 00-
CYKJICHHUE IO TeMaM, JOIOIHUTE JaHHBIC B yUCOHUKE JT0Ka3a-
TEJIbCTBA.

1. Iloa kakuM Bo3JeiicTBHEM rPABUTALMOHHOIO 1O0Jis1 3eMJIM MbI HAXOAUMCS ?

*3a

* MpoTue

I'paBuTanmonHoe mosie 3eMiIM He TIO3BOJISIET ¢ CIyTHHUKY JIyHe yxa-
JAThCS OT cebs1. JIyHa oTpakaeT majaronnii Ha Hee COIHEYHBIN CBET U
OCBEIIAeT TEMHYIO CTOPOHY ITOBEPXHOCTU 3EMIIH.

Bosznukaromee mexnay JlyHoi u 3emieil rpaBUTallMOHHOE B3aUMO-
JIeHCTBHE BBI3BIBACT Ha MOOEPEKbEe MOpPEH M OKEaHOB MHOTHX CTpaH
(Kanana, Anrmust, ®@pannus, CIIA, Poccus u npyrue) npuiussl. Ha
JTAHHBIX TEPPUTOPHUSAX aKTUBHO HCHOJB3YIOT IPWIMBHBIE AJIEKTPO-
ctanuuu. OHU AalOT BO3MOXHOCTb MTOJTyYEHHS YKOJIOTUUECKU YUCTON
SHEPIUU.

B paiionax ¢ BBICOKOW IJIOTHOCTBIO 3aJIETAEMBIX NIOPOJ 3HAYEHUE yC-
KOpeHHUsI cBOOOMHOTO TajeHus ObIBaeT OoJbIIe. DTO JaeT BO3MOXK-
HOCTB T€0JIOTaM OTKPBIBATH 3AJICKH ITOJIE3HBIX UCKOMIAeMBIX. 3HAYHT,
MBI HaXOIUMCSI ITOJT TIOJIE3HBIM BO3JICHCTBHEM TPAaBUTAITMOHHOTO TTOJISI
3emin.

Jlyna u 3emiIsl IpUTATHBAIOT APYT Apyra. DTa CHUia NPUTSHKCHUS SB-
JISIeTCS] NPUYMHOM IPUIIMBOB M OTIMBOB B MupoBoM okeaHe. Bo Bpemst
TIPAJIMBA YPOBEHB BOJIBI B OKEaHE OAHUMAETCS U 3aTOILISET IPHOPEX-
HBle TeppHTOpUH. [IpH 3TOM CIIydaroTCS YENOBEYECKHE JKEPTBHI H
HAHOCHUTCS OOJNBIION MaTepHAaIbHBIA yIepo.

3emHO# map Bpamaercs Bokpyr ConHma 6e3 moaseca u 0€3 OIOpEI.
3Ha4YNT, OHA BCErJa HaXOAWTCS B COCTOSIHUM CBOOOJIHOTO IaJICHHS.
MBI TOXeE MPOoKUBAaeM Ha TOBEPXHOCTH 3eMJIH, I0O3TOMY BMECTE C Hel
WCIIBITBIBAEM COCTOSIHME CBOOOJIHOTO majeHus. [locrosHHOE TpeObI-
BaHHE B COCTOSIHMM CBOOOJHOTO Ia/IEHHsI OKa3bIBaeT OTPULATEIILHOE
BO3/ICHCTBUE Ha BHYTPEHHHE OPraHbl M KPOBOOOpAIEHUE YelIOBEKa,
YBEIMYHMBACT CEPACTHOE M KPOBSHOE JABIICHUE.

— Mur HaxoJAuMcs oA BpE€aAHbIM BOBHeﬁCTBHCM T'paBUTAIMOHHOT'O IOJIA

3eMin.
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2. [Toa kakuM BO3/1€eiicTBHEM JIEKTPUYECKOTO 1MO0JIs1 3eMJIM MbI HAXOAUMCS ?

*3a

— CuIoBBIC TUHANR JJICKTPHUYCCKOI'O MOJII HAYMHAIOTCA Ha IMOJIOKUTCIIb-

HOM 3apsie 1 3aKaHIMBAIOTCS HA OTPULIATEIIEHOM 3apsie. 36MHOM I1ap
3apspKeH OTPHUIATENIbHO. BepxHue ke cion aTMocdepbl IMEIOT MOJI0-
JKUTENBHBIN 3JIeKTpUUecKui 3apsia. I1o 3Tol mpuurHe CUIIOBBIE JINHUU
JIEKTPUUECKOT0 MOt 3eMJIN HapaBJICHbI BEPTUKAJILHO BHU3.

BosHuKaloliee 31eKTpuiecKoe moyie Mexay obJlakaMu U 00BbEKTaMU
Ha MMOBEPXHOCTU 3eMJIH (34aHUs, AEPEBbs, BOIOEMBI U IPYTUE) SBIA-
eTCsl IPUYUHOM 00pa3oBaHUsI MOJIHUH. [Ipy BO3ZMOKHOCTH YIIPaBIsTh
MOJIHHEH MOXHO ObUTO ObI, 3)PEKTHBHO HCIIONIB30BATH €€ JHEPTHUIO.
HcKyccTBEHHYIO MOJHUIO MOYKHO MOJIYYUTh B Kilacce AJeKTpO(OpPHOi
MaIIHOH.

DneKTpruYecKoe MoJie UPaeT BaXKHYIO poJib B Hatel xu3Hu. Hanpumep,
BCE OpraHbl UyBCTB 4YE€JIOBEKa OILIYIIAIOT, MOXXHO CKa3aThb, HIIEKTPU-
YeCKOe TIOJIE: TT1a3 BUAUT CBET. A CBET SBIIIETCS PE3YIHTATOM IIEPHUOIH-
YECKM W3MCHSIONINXCS AJIEKTPUYECKIX W MAarHUTHBIX TIOJICH B TIpo-
ctparcTBe. UyBCTBO OCSA3aHHS — 3TO MPOIIECC TPEHUS Tl O HATY PYKY
u ux aepopmanun. M 310 MPOUCXOUT MOCPENCTBOM INIEKTPOMArHUT-
Horo nois. CiryX — 9TO BO3/IeiiCTBIE N3MEHEHUS TaBIICHHS BO3IyXa Ha
CIIyXoBbIe MeMOpaHbl. VI3MeHeHrne qaBIeHuUs SBISETCS MPUIUHON yaa-
PEHUsI MOJIEKYJI BO3yXa 00 CIlyXOBble MeMOpaHbl. A B3auMoeicTBHE
MOJIEKYJI HIMEET 3JIEKTPUUIECKYI0 IPUPOTY. 3amax U OCsI3aHHUE — XUMH-
YeCcKui mporiece. A Mr000i XUMUYECKHUH TPOIECC — ATO IPEBPAILCHHE U
B3aUMOZENCTBUE MOJEKyl. B kaxaoM M3 3TUX [ABYX MpPOIECCOB
Y4YacTBYIOT 3JIEKTPUYECKUE CUIIBL.

¢ [lpoTuB

OIEeKTpUIECKOE MOJe 3EMIIM MOXKET OKa3bIBaTh OTPHIATEIHLHOE BO3-
JICHCTBHE Ha )KUBBIE OPTaHU3MBbI, B TOM YHCIIC Ha YeTI0OBEKa. TeIo 9emo-
BEKa, OZICBIIEro 00yBb HA PE3WHOBOM MOAOLIBE, MO ACHCTBHEM DIICK-
TPUYIECKOTO TOJIs1 3EMJIN 3apsKACTCSI, U OH, HAKOIMB 3IEKTPUUECKUH
3apsi, MpeBpallaeTcs B XHUBOW KOHIEHcaTop. HempepblBHBIE 3IIeK-
TpU3alMs U Pa3psLKEHKE YEII0BEYECKOr0 OpraHi3Ma OKa3bIBalOT OTPHU-
L[aTeIbHOE BO3AEHCTBHE Ha HOPMalbHOE (PYHKIMOHHUPOBAaHHE HEKO-
TOPBIX BHYTPEHHUX OPraHOB, HAIIPHUMED, Cep/lia, KPOBEHOCHO! CHUCTe-
MBI H JIp.

CBepKHYBIIIast MOJHUS BBI3BIBAET Y KaXK/I0TO M3 HAC YYBCTBO TPEBOTH.
3OT0 omacHoe sBIEHUE. MOJHIM MOPKUTAIOT IOMa, Pa3pyLIaloT dJIeK-
TPUYECKHUE CTOJIOBI 1 3aBOACKUE TPYOBI.

Mpbl MOJABEPKEHBI BPEJAHOMY BO3JICHCTBHIO JIIEKTPHYECKOTO MOJIS
3emin.
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3. Ilox kakuM BO3aeHCTBMEM MATHUTHOIO IOJIsI 3€MJIH MbI HAX0AUMCS1 ?

*3a

* [lpoTuB

HanpasnenHoe BO3AEHCTBUE MAarHUTHOIO IOJIS, OKa3bIBAEMOE Ha Ka-
TYIIKY C TOKOM, HCIIOJIb3YETCS B JJIEKTPOU3MEPUTENBHBIX TPHOOpax
MarHUTORJIEKTPUYECKOM CUCTEMBI, B 3JIEKTpoABUraTeisax. Bo3aelicTBue
MarHUTHOTO TOJIS Ha ABMXKYIIYIOCS 3apsDKEHHYI0 YacTUIY HCHOJb-
3yeTcsl B IMKJIOTPOHAX (111 YCKOPEHHMS 3apsDKESHHBIX YaCTHIT) U B Macc-
crekTporpadax (U1 OIPEICIICHNS MACChI 3aPSDKCHHOW YaCTHIIBI).

MarnauTtHoe noJie 3eMJId 3alllMIIaeT JI0AeH 0T KOCMUYECKOU paguauu
— CMEpTEIbHOM OMACHOCTH BO3JEHCTBUS COJIHEYHOM paaualuu Ha
JIOJICH, YKa3bIBaeT IyTh IyTCIICCTBEHHUKAM, OPHCHTUPYET PHIO U
rtun. MarHuTHas ToMOrpadusi OKa3bIBaeT OOJBIIYIO IOMOIIs BpadyaM
B IIOCTAHOBKE TOYHOI'O JUArH03a OO0JbHBIM.

MEel HaxoguMcs IIOJ, IIOJIE3HBIM BO3IEHCTBHEM MArHUTHOIO IIOJIA
3emin.

— MarautHoe I10JI€ OKa3bIBaeT HETaTUBHOE BO3,Z[€I>‘ICTBPIC Ha HCPBHYIO

CHUCTEMY, ocinabiIgeT ee aKTUBHOCTD.

B pe3ynbraTe KpaTKOBPEMEHHbBIX H3MEHEHHI MATHUTHOTO MOJISt 3eMITH
BO3HHMKAIOT MarHUTHBIE Oypu. MarHuTHBIE OypHU CBS3aHBI C JIESTENb-
HOCTBIO (aKTUBHOCTHIO) COJIHIIA. DTO OKA3bIBACT HETATUBHOE BO3ICH-
CTBHE Ha 37I0POBbE YCIIOBCKA.

Jlronm, KUBYIIME Ha BEPXHUX 3TakKaX BHICOTHBIX 3JIaHHA, O0Jiee MO-
BEP)KEHBI HEOJArOMPHUATHOMY BO3JCHCTBUIO MATHUTHOT'O OIS 3EMITH.
IToatomy JTrO/IH, )KUBYIIIUE B YACTHBIX IOMaX, UMCIOT MEHBIIEC MPOO-
JIEM CO 3I0POBbEM, UEM JIFO]IH, KUBYIIKE B BEICOTHBIX 31aHusX. C aApy-
TOM CTOPOHBI, )KM3Hb MPU MOCTOSSHHOM MOIIHOM BO3JICEWCTBUM Mar-
HUTHOTO MOJs1 3eMJIM OKa3bIBAE€T HEraTHBHOE JEWCTBHE HA HOPMAaJlb-
HOE (DYHKIIMOHHPOBAHUE YEIOBEUYECCKOTO MO3Ta.

— Mmu1 HaxoAuMcs oA BpEIHbIM BO3ﬂeﬁCTBHeM MAarHATHOTO ITOJIST 3eMIIH.
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. O6o6waruwme 3agaHmna .

1. MarHuTHY10 CTpEIKY, IIpu 3TOM cTpeka...
CNOCOOHYH0 BpaIIAThCS A) HEe U3MEHHT CBOE TOJI0KEHUE
BOKPYT HepHeHANKYPAPHOii B) moBepuetcs Ha 180°
K IUIOCKOCTH PUCYHKA OCH, C) noBeprercs Ha 90° 10 HANPaBJICHUIO BPAIICHHS
NPUOIN3UIN K OCTOSIHHOMY 9aCcOBOI CTPENKH
MarHuTy. D) Oynet HenpepbIBHO BpaInaThesi BOKPYT CBOEH ocn

E) noBeprercs Ha 90° mpoTHB HanpaBJICHUS BpaIlle-

2. Ha xakoii cxemMe NpaBWJILHO NMOKAa3aHbI JINHUM MATHUTHOH A) 1

HHIYKIMH NIOCTOSIHHOT0 TOKA, HAIPABJIEHHOT0 B)2
MePIEeHIMKYJISIPHO K HAM OT IJIOCKOCTH pUCYHKa? 03
) () @) @ D)4
E) mocTostHHBIH TOK
MarHuTHOE I10JIe He
co3maer
3. Ha pucyHke npeacraBjeHa cxeMa 4 A)l
JIMHUA MAarHUTHOM WHAYKUMHU B)2
NMpsIMOT0 MPOBOAHUKA € TOKOM. B | )3
KaKoil ToOUuKe MarHUTHOe NoJje cjadee? > D)4
e E) Bo BCex Toukax
OJITHAKOBO
4. UcTOYHUK TOKA M YJIEKTpUYecKas Lenb, K ® X X X X A) —>
COCTOSIIIAS M3 YeThIPex 1 2 B) «
TOPH30HTAJILHBIX NPAMOJIHHEAHBIX - | X X X XIX 0
NMPOBOTHUKOB, HAXOAATCS B OTHOPOIHOM B Dl
MarHuTHOM rnoJje. CHioBbIe JIMHUT E) Cuna Ammepa
MAarHMTHOTO MOJISI IePHeHIUKY ISIPHBI 3 4 He feficTByeT

IJI0CKOCTH pucyHka. Onpenennre X X X X >
HanpaBJeHHe CWJIbI AMIIepa, AelicTBYIOIIel HA MPOBOAHUK 4 3.

5. IlocTosiHHBIN MarHUT B Teyenue nepBbix 3 cekyna A) Tonpko 0-3 cex

BBOJUTCS B 3AMKHYTBIil KOHTYp, B TeYCHHE B) Tonbko 3-6 cex
cjeaywmux 3 ceKyH HAXOQUTCSI B KOHType C) 0-3 cex u 6-9 cex
HENMOABHKHO, 2 B TeUeHHUe Mmocjaeaywmnx 3 D) Tonbko 6-9 cex
CeKYH/I BIBOIMTCA U3 KOHTypa. B kakoii E) 0-9 cex

NMPOMEKYTOK BPeMeHH B KOHType BO3HMKAET
WHIYKIIMOHHBIH TOK?
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CBETOBbIE
ABINEHUA

m MCTOL{HVIKI/I CBETA

fiBneHus, Habnio-
AaeMble B ACHbIN
COJIHEeYHbIN OeHb

e Ha kakux sBneHmsax
OCHOBbIBalOTCA BalUuu
Ha6bnoaeHua?

e [loyemy npeameThbl
AHEeM MOXHO BUAeTb,
a B TeMHOTe UX YBU-
AeTb HEBO3MOXHO ?

creonne JE

Kakue npeagmeTbl nanyyaroT cBeT?

CocTaBbTe CNUCOK Haxo4sLLMXCS B Knacce NpeaMeToB M ONpeaennTe: Kakue n3 HUX us-
nyyaroT CBET, a Kakue HeT?

O6cyauTe pesynbrar:

e Kakme UCTOYHWKM CBETA Bbl 3HaeTe?

e BcTpeyanuck nv Bam npegmeThl, n3nyyatowime cBeT B TemHoTe? MpuBeaute npvmMepsi.

Paznen dhu3mku, n3ydaromniiii CBETOBBIC SIBIICHUS, HAa3bIBACTCA onmuko (OT Tpe-
YecKoro ciioBa 0ptos — “eudumeiii’’). CBeT B Halllel KU3HHU UTPAET OUYE€Hb BAXKHYIO
ponb. Tak, npu momomu cBera Mbl noaydaem oxkono 90% undopmanuu o0 OKpy-
JKAFOIIEM MUpE.

Yto Takoe cer? [lo mpencrapieHuo APEBHUX TPEKOB, c8em — MO 0coboe Ge-
wecmeo, gvixodaujee u3 2nas. 1nas nanpasnsem 3mo Gewyecmeo HA NPOU3BObHbILL
npeomem u oH, CONPUKACAACL, C MeNoM, co3oaem owywenue gudenus. Ilouemy Torna
YeJIOBEK HUYEro He BUAMT HOUbI0? [luTenbHOE BpeMs He MOTJIM HAaliTH OTBET Ha 3TOT
Borpoc. Tonbsko B XVII Beke M1.HpI0TOH IpeAnoxkui cieayronlyto THIIOTe3y: ceem —
amo nomoxk uacmuy (KOPRYCKYIL), UCXOOSUWUX 0N C8eMAUUXCsL npedmemog. 110 xopiryc-
KYJIAPHBIM NPEACTAaBICHUAM, UCXOAAIINMEC OT IMPECAMETOB 4YaCTUIIBI, Ioajas B IJias,
BBI3BIBAIOT OILYIICHHUE BUICHUSL.
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[Toutu ofHOBpEMEHHO royaHAckuil yueHblid X.['FoireHe mpeaioKui BOJIHOBYIO
Teoputo cBera. CorjgacHO 3TOM TEOpHUH, c8em — 9MO 60.IHbI, BO3HUKAIOWUE U3
UCMOYHUKA c8ema U pacnpocmpansaouuecs 8 ocobou cpede, Ha3vbIBaemMou Iphup
(370 OynmeT m3yuaThcst OoJiee MOAPOOHO B CTAPIINX KITACCaX).

Hcrounuku csera. [IpenMeTsl, MCIycKaroImue CBET, HA3BIBAIOTCS UCIMOYHU-
xamu ceema. CyIecTBYIOT pa3Hble BUIbI HCTOUHHUKOB CBETA!

o Tennosvie ucmoynuku ceema. [loBepxaocts CoJHIIA U 3BE37, TUIaMsI CBEYH, ra-
3a M KOCTpPa, HUTD JIaMITbl HaKaJMBaHMs, JaBa, BBIXOIAIIAS U3 KpaTepa ByJIKaHa, U
Ip. SIBISIOTCS TEIJIOBBIMU MCTOYHUKAMU CBETA.

(

TO * Temnepatypa rasa, BbIXOASILLEro U3 KpaTepa M3BepraloLerocs BynkaHa,
3HHTE— 1100-1200°C, TemnepaTtypa B rasoBom nnamenu 1600-1850°C, temne-
pecHo... paTypa HUTM namnbl HakanueaHua 2500-2700°C, a TemnepaTtypa Ha

( noBepxHocTu 38e3g 3000—30 000°C.

o Xonoownwvle ucmounuxu céema. CBeTsnuecs: polObl, HACCKOMbIE, Pa3IUYHbIC
pPacTCHUA ABJIAIOTCA XOJIOJHBIMU UICTOYHUKAMU CBETA.

XonoAHble UCTOUYHMKN CBeTa CymecTBYIOT M TaKHE MPEAMETEI, KO-
TOpBIC MPEBPAIIAIOTCS B UCTOUHHUKH CBE-
Ta IIPpU OCBCUHICHUN CBCTOM HX IIOBEPX-
HOCTH. OTH Tela Ha3bIBAIOTCS (homo-
omunogopamu (OT JTATUHCKOTO CJIOBA
lumen — ““céeem™), a ux cBeueHne — ¢ho-
momomunecyenyueti. DotorroMuHOPO-
PbI HIUPOKO UCTIONB3YIOTCS B PEKJIAMHBIX
orasx. JlromMrHO(GOpHOE BENIECTBO Ha
JTIOPOXHBIX 3HAKAX M CTICIIMATIBHOM O1EXK-
Jic TIPU MajeHUN Ha HUX CBETA OT aBTO-
MOOWJIBHBIX (hap co3maeT Assi BOAUTEIIS
MPEeKPacCHY BUIMMOCTb, 00ECIICUHBACT
0e30MacHOCTh JIBUKCHUSL.

OfHUM M3 COBPEMEHHBIX HCTOYHHUKOB
cBeTa sIBIsieTCA 1azep. Jlazep — Hezame-
HHUMBIA UCTOYHHK CBETA B TCJICBUACHNU U MCIUITUHE, MAITMHOCTPOCHUHU U HpI/IGOpO-
CTPOEHUH, BOCHHOHN TEXHUKE, METPOJIOTHHU M aCTPO(HU3HKE.

o Toueynvle ucmouynuxu ceema. VICTOYHMKH CBETa MOTYT OBITh pPa3HBIX pas-
MepoB. Hampumep, ATHMHA HUTH HAKATUBAHUS B JTAMIIE KAPMAHHOTO (POHAPS MEHBIIIE
OJIHOTO CAaHTUMETPA, 4 PAIUYC COTHEUHOro AUCKa ~ 6, 960 .10° M. OHAKO BUAMMBII
pa3Mep UCTOYHHKA CBETa 3aBHCHUT HE TOJBKO OT €ro JIMHEHHBIX PasMEpoB, HO U OT
pacCTOSTHUS MEXAy HaONIoAaTesieM W 3TUM HCTOYHHKOM. Hampumep, TrHeHHBIE
pa3Mepbl HEKOTOPBIX 3BE3J1 BO MHOTO pa3 0Oosbiie pazmepoB CoiHIIA, OJHAKO 3TH
HeOeCHbIE TeNla MBI BUANUM B (hOpMe TOUEK, TaK KaK OHHU PACTIONOKEHBI OUCHD TAIEKO
OT 3emuIu.

i Hac Jiamma, MOJBEIIEHHAsE Ha BBICOKOM 3JIeKTpu4YeckoM ctoibe, CoHile U
3BE3/IbI SBJSIFOTCS TOUCYHBIMH UCTOYHUKAMH CBeTa. HUTh HaKalWBaHUS MaTCHBKOM
JaMIOYKHA TIPU M3YYEHUU CBETOBBIX SIBJICHHH OTHOCHTENHHO IUIACTHHBI 2 MOYHO
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MPUHSATH 32 TOUCYHBIH HCTOYHHK CBETA, HO €€ HENb3s CUUTATH TOUYCYHBIM HCTOUHHKOM
CBETa OTHOCUTEIILHO TUIACTUHBI 1 (OTHOCUTEIBHO PACCTOSIHUN OT HUTH JI0 TIACTHH,
CM.: Q).

(@ g1 2

=

o Ucmounux ceema, pasmepamu Komopoco npu OQHHbIX YCI0BUAX MOIHCHO
I’lp€H€6pellb, HA3bI8ACMCS. MOYEUHbIM UCMOUHUKOM ceema. Ceem Oom moyeuHo2o
UCMOYHUKA pacnpocmpaHiaemcs 60 6Cex Hanpaeileruslx.

TBOPYECKOE NPUMEHEHUE

e -

Kakon aTo ncrtouHumk ceerta?
O6opynoBaHue: npobupka, KapMaHHbIA PoHapb, POTONOMMHO(OPHOE BELLECTBO, BOAA
(100 mn), wraTmB..
Xopn uccnepoBaHus:
1. Hanus B npoGupky BOAbl Bbille cepe- (b)
OvHbI, fo6aBbTe B HEE HEeMHoro ¢oTo-
NIOMUHOOPHOro BELLECTBA, 3aXMuUTe
oTBeEpCTME NPOBUPKM Nanbuem n B30or-
TanTe ee. 3aTem 3akpenuTe Npobupky B

[

wraTmee (b).

2. BknounB ¢oHapb, OCBETUTE CMECb U i
npoHabnioganTe 3a BO3HMKLINM SIBre-
HUEeM. o -

O6cyauTe pesynbrar:

e Kakoro LBeTa CMeCb nony4ymnacb npm ,D,OGaBJ'IEHVIVI (bOTOJ'IPOMI/IHO(bOpHOFO BellecTtBa B
Booy?

o Kaknum LBETOM CBETUTCA CMeCb Npn oCBeLleHNN ee 6enbiM cBeTOM?

e Kakne MCTOYHMKM CBETa UCMOSb30Banuch B VICCJ'Ie,D,OBaHI/II/I?

]
YTO Bbl Y3HANU ~ © ObbsCHUTE CMbICH KIHO4YEeBbIX CIOB Ha paboyeM nucTke.
® KnroueBble crioBa: ¢ UCTOYHUK cBeTa © TOYEUYHbIN UCTOYHUK

cBeTa o Jlazep e ®oTontomMmuHocop e OnTuka e

MpoBepbTe CBOM 3HaHUA

1. Knaccndunumpynte MCTOYHMKN CBETA.

2. MNokaxnTe Npumepbl TENMOBbIX UCTOYHMKOB CBETA.

3. Mpw kaknx ycroBmsaxX NCTOYHUK CBETA MOXHO NPUHATL 3a TO4eYHbIN? [MprBeanTe npumepsl.

4. MNoyemy no Hoyam Genble NONoCkl, HAPUCOBAaHHbIE HA LLOCCE, 1 JOPOXHbIE 3HAaKM Y Kpast
[0poru CBeTATCH Nog BO3AenNcTBMEM Nyyen, Najatowwmx oT aBTOMOOUIbHbIX dap?

5. MoxHo nu cuntaTtb JlyHy nctoyHukom ceeta?
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m nPFIMOJ'II/IHEVIHOE PACMNPOCTPAHEHUE CBETA

PaHHIUM yTPOM MOXHO e B KaKom HanpaBneHun n
SICHO HabnaaTb nyyn ‘p B KaKoii coopme
COSTHEYHOrO CBeTa, Npoxo- ' PacnpocTpaHaeTcsa ceeT
OSILLME CKBO3b EPEBbS B OT 4AaHHOro UCTOYHMUKA?
necy. CeeT pacnpocTpaH- e MouyeMy MbI He BUAUM
AeTCs MyYkaMu BO BCe MCTOYHMK CBeTa,
HanpaeneHusl Tak, 6yato pacnonoXeHHbIN 3a

3a 1epeBbAMMU NMOMECTUNMU Henpo3payHbIM
TOYEYHbIN UCTOYHMUK CBETA. HpenﬂTCTBMeM?

e

KakoBa npuyumnHa Toro, 4To BUgHa TonbLKoO

ogHa bynaBka?

O6opyaoBaHue: Kycok kapToHa, BynaBku

(5-6 WTYK), NMHelKa, KapaHaaLw.

Xopa uccnegoBaHuA:

1. MNomecTnTe KapTOH Ha NOBEPXHOCTb CTOMA M BOTKHUTE B HEro ABe BynaBku Ha paccTos-
HUWN HECKOSbKNX CAHTUMETPOB ApYr OT Apyra.

2. OcTanbHble BynaBky BOTKHUTE Mexay 3TumMun AByMs BynaBkamu Tak, 4Tobbl npu
B3rNsAAe Ha OAHY M3 ABYX KpalHux 6ynaBok MOXHO Oblno BUAETL TOMbKO ee.

3. BoiTawmTte GynaBku 1, NOMECTMB NIMHENKY Ha OCTaBMEHHbIE Creabl ABYX KPanHUX
OynaBok, NpoBeaAMTe KapaHAaLLloOM NPAMYIO MTMHNLO .

O6cyaute pesynbrart:

o Kak pacnonaratoTcsi criefjbl, OCTaBfIeHHblEe ApYyrumMn GynaBkamu, OTHOCUTENBHO 3TON
npsiMon NuHMKM? Moyemy?

Jly4 cBera. JIyd cBeTa 1aeT BO3MOKHOCTb [T0Ka3aTh paclpoCTpaHEeHHUE IMyyKa
CBETa B Pa3HBIX HaINpaBJICHHUAX MpPH MOMOIIM HANpaBJICHHOW NPSMOMN JHWHHUH
(cTpenka).

e JIyu ceema — >mo 1uHUs, NOKA3LIBAIOWAs HANPAGIeHue, 800b KOMOpol pa-
cnpocmpansiemcsi ceemogas dnepeus. JIyuu ObIBaroT napasuiesibHble (2), TUBEpreHT-
Hble (pacxoasmuecs) (b) 1 KoHBepreHTHble (cxonduiuecs) (c).

(a) (b) (c) (d)

Y
|
Fgiyt
[7]

[

L

PacnpocTpansromuiics Iy4ok cBeTa OT TOUEYHOIO UCTOYHHMKA S MOXHO IIOKa-
3athb aydamu SA u SC unu uentpanbHbM JiydoM SB (d). Ecnu npu usydenuun
CBETOBBIX SIBJICHHI HEOOXOAMMO IMOKa3aTh HalpaBlieHHE ITyYKa CBeTa, TO ynoOHee
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CBETa CJIOXKHAS, TO B 3TOM CIIy4ae ITy4OK CBETa MPEACTABISETCS IBYMS OrpaHHYH-
BAIOIIUMHU €ro Jy4amu. [Ipu M3y4eHUH MHOTUX CBETOBBIX SIBJICHUH HCIOJIB3YIOTCS
napasuieibHble Ty4Yn cBeTa. CBET, HCITyCKAaeMbIH NCTOYHUKAMHU, PACTIOI0KCHHBIMU
Ha OY€Hb OOJBIIOM yJaneHnu, Hanpumep, COHIIEM U 3Be3[aMH, MOYKHO TPUHSTh
3a MmapajuieIbHbIC JTyJd CBETA.

Kaxk pacnpocrpansiercs jy4 cBeta? HaGmromas 3a myuyamu ComHIla, IpoXos-
MU CKBO3b JIEPEBbsI, JIy4aMHU CBETa, BBIXOSIIUMU U3 OTBEPCTHIA Ha ATFOMHHEBOM
(oJbre, JIETKO MOKHO OTIPENIETHTh, UTO 1YY C8emd PACNPOCMPAHIemcst 800Jb Npsi-
Mot aunuy. PactipocTpaHeHue Tyda CBETa BAOIb IPSIMOM JTMHUH U3BECTHO JIIOJISIM C
JIpeBHUX BpeMeH. Tak, 3TO CBOWCTBO CBETa UCIOJb30BaloCch B JpeBHei Mecomo-
tamun (5000 et 10 Hamel 3psI) MPU CTPOUTETLCTBE OareH U B peBHem Ermmre
(3000 net no Hamieil 3pbl) IPU CTPOUTEIHCTBE TUPAMUTI.

B kakoii cpexe cBeT pacmpocTpaHsieTcss npsimosinHeiliHo? CoxpansieT Jd
CBET CBOWCTBO MPSMOJIMHEHHOr0 PACHPOCTPAHEHHUSI MPU MPOXOKIAECHUS €ro
yepe3 HECKOJIbKO cpen?

ccreonmn JB

O6GopyaoBaHue: NasepHbii hOHAPb, CTEKISHHbIA akBapuym ¢ BOAOMW, Mosoko (50 mn).

Xopa uccnepoBaHun:

1. Jo6aBnB MOMOKO B akBapuyM, NOMy4MTe HECKOMbKO 3aMyTHEHHYI0 Body. Bkniouns na-
3epHbIv hoHapb, NpMBNN3LTE ero k CTEHKe akBapuyma u npocrneauTe 3a TpaekTopuen
pacnpocTpaHeHusi na3epHoro fnyya B Boge (e).

2. MomecTnTe NasepHbin poHapb Haj akBapvyMOM Tak, 4ToObl Ny4 cBeTa MpPOXOAun B
BEPTMKanbHOM HanpasneHun Yyepes ABe cpeabl — Bo3ayx u sogy (f). MNMpocneauTe 3a
TpaeKTopuen pacnpocTpaHeHus cBeTa B 9TUX cpeaax.

3. HanpasbTe nyy nasepa u3 Bo3gyxa B BOAY MO4 YrfOM K NMOBEPXHOCTU BOAbI U NpO-
crnegvTe 3a TpaekTopuen ero pacnpocTpaHenus (g).

~
Fd

A
et

O6cyaute pesynbrart:
« B kakolt cpefie HabnoaaeTcs CBOWCTBO Jy4a CBeTa pacnpoCTPaHATLCS NPSMONUHERHO?

Kak crano n3BecTHO B pe3ysibTaTe MCCIe0BaHMs, Y4 CBETa PaclpoCTPaHIETCs
B BOJIC BJIOJIb IPSIMOM JIMHUHU. MOXHO CKa3aTh, YTO BOJA B JaHHOM COCY/I€ 10 BCEMY
06’56My HUMECT OJMNHAKOBBLIC (1)I/ISI/I‘IeCKI/Ie CBOﬁCTBa, IIO3TOMY €€ MOXHO CUHUTATb
00HOPOOHOIL cpedoti. 3HAYHT, CBET B OMHOPOJHOMN Cpe/ie pacpOCTPaHsIETCsl MPSIMO-
JIMHEHHO.

CBeTOBbI€e IBNIEHUA 111



B pe3yibTaTe MHOTOYHCICHHBIX OMBITOB OBLT ONPECIICH 3AKOH NPSAMOIUHEUHO20
PAcnpocmpanerust ceema.

e Ceem ¢ saKyyme u 00OHOPOOHOU cpede PACHPOCHPAHIEHCA RPAMOIUHEIIHO.

BoinosiHsieTcsi JIM 3aKOH NMPAMOJIMHEITHOT0 PacnpoCcTPaHeHUsl CBeTa B He-
OTHOPOIHOW cpeme? 3aKOH MPSMOJIUHEHHOTO PaCIPOCTPAHEHHs CBETa B HEOIHO-
ponHO# cpene (Koraa cpela COCTOMT M3 HECKONbKUX OJHOPOIHBIX CPEM) BBIMOII-
HSIETCS B TOM Cllydae, KOTJia JIy4 CBET IaJ]acT Ha IOBEPXHOCTh HEOTHOPOTHOM CPEIbI
B MEPIEHIUKYISIPHOM HarpaBieHuH (cM.: ), BO BCEX OCTANBHBIX CIIy4asx HaIpaB-
JICHUE JIy4a CBeTa MeHseTcs (CM: J).

TBOPYECKOE NPUMEHEHUE

L .
0 B

MpoBepuM NPAMONMHENHOCTbL pacnpocTpaHeHus fiyya cBeTa B Bo3ayxe.
O6opynoBaHue: CBeYa, KAPTOHHbIE MNACTUHBLI Ha NoAcTaBke (3 WTykw),
MeTannmMyeckuii CTepxeHb (anameTp =4 Mm).

Xoa nccneposanus: 1. CaenaiTe Ha NnNacTyHax O4MHaKOBbIe NO MECTY U pa3Mepy OT-
BepcTusi (gnameTpom =~ 5 mMm). 2. 3axrute cBevy 1 NomectTuTe ee 3a nocrnegoBaTteribHO
pacnonoXeHHbIM1 nnactuHamu. 3. OTperynupymnte nnacTuHbl Tak, YTo6bl MOXHO 6bIno
BMOeTb Ny4 cBeTa, npoxoaswuii yepes oteBepctus (h). 4. He meHsia nonoxenus
NnacTuH, NpoBepbTe, NPOXOAMT Yepes BCe TPU OTBEPCTUS METanMMYeckuii CTepXeHb
unu HeT. 5. lNoBTOpWTE OMbIT, CMECTUB B CTOPOHY OAHY M3 NNACTUH.

Ob6cyauTte pesynbrar:

¢ YTO 03HauYaeT NpoxoxaeHe MeTannmyeckoro CTEPXKHS Yepes BCe TPy OTBEPCTHUS,
CKBO3b KOTOpble ObIn BUAEH Nnyy cBeTa?

e [loyeMmy Npu CMELLEHUM B CTOPOHY OHOW M3 NacTWH CBET NNaMeHu ctan He BUAUM?

¢ K kakomy BbIBOAY Bbl MPULLAKW B pe3ynbTaTe UCCNeAoBaHUS MO pacnpoCTPaHEHNIO
cBeTa B Bo3gyxe?

4TO Bbl Y3HA/U * HanuwmTe KOpOTKOE 3cce Ha paboyeM NUCTKe, UCNONb3ys
AaHHbIe KIo4yeBble croBa.
KntoueBble crnoBa: e Jlyy cBeTta e OgHopoAHas cpeaa ¢ 3aKOH NPSIMOSIMHEN-
HOro pacnpocTpaHeHusi cBeTa e Bakyym o

1. Yem oTnuyaeTcs nyyok ceeTa OT ny4va ceeta?

2. B yeM cyTb 3aKkoHa NPSIMONIMHENHOrO pacnpoCcTpaHeHus cBeTa?

3. Kak MOXXHO pacnonoxuTb TPy NOACTABKN BAOMb OAHOW NPSIMOM JIMHUW, UCMOSb3Ys 3aKOH
NPSIMOSTMHENHOIO pacnpocTpaHeHns ceeTa?
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@

m HBJ'IEHI/IFI, OB bACHAEMbIE 3AKOHOM
NPAMONUHEUHOIO PACMPOCTPAHEHUA CBETA

YuuTtenb 3agaeT Knaccy Takyro 3agady: Bam ganv tonbko nuHenky anuHon 1 m. Kto ¢
NMOMOLLLbIO 3TOW NIMHENKM CMOXET M3MEPUTb BbICOTY COCHbI BO ABOpPE LLKOSbI, HE 3abuvpa-
ACb Ha Hee?

— 4, — otBeTUN Arunb 1 cpasy pa3bsACHWI NPOCTOM CNocob U3MepeHUs BbICOThI AepeBa
no AfIMHE €€ TEHMU...

... Yuntenb n ogHOKIACCHWUKN OCTanuch AOBOSIbHbLI Er0 OTBETOM. Bbiiasi Ha nepemeHe BO
ABOP, YYEHVKM ONpeaenunm BblCOTY COCHbI CNOCOBOM, NPeanoXeHHbIM Arvunem.

5‘@ e Kak Bbl onpegenunu 6bl BbICOTY
@ COCHbI NO ANMHe ee TeHU?
e Ha kakom cBoMCTBe cBeTa OCHO-
BbiBaeTCsi BOSHUKHOBEHUE TEHU
y npeameToB? Kakue npegmetsi
DAIOT Pe3Kyro TeHb, a Kakue
cnabyt?

Onpepenure BuicoTy thoHapHoro ctonba.

\ 3apava. [invHa TeHu dosapHoro ctonba pasHa 6,5 M, a
ONWHa TeHW OeBoYKKM 2 M. 3Has, YTO POCT [EeBOYKM paBeH

\ 1,5 m, onpegenuTe BeicoTy choHapHoro ctonba.

\ O6cyaute pesynbrar:
;  [oyemy y npegMeToB BO3HUKAET TEHL?
™ = [o KakoMy CBOWCTBY TPEYronbHWKOB
i MOXHO OnpegenuThb BbICOTY (hOHapPHOrO

™~
. cronba?

6,9 m

3aKoH MPAMOIMHEWHOTO pacpOCTPaHEHHs CBETa MO3BOJIII OOBSICHUTH HEKOTOPHIE
CBETOBBIC SIBJICHUS. Y CTAHOBIICHO, UTO BCE HEMIPO3pAaYHbIE NPEAMETHI, HA KOTOpBIE a-
JTAIOT JIy9H CBeTa, 00pa3yroT TeHb. [Ipy 0CBEIIEHNH ATHX MIPEAMETOB TOYCYHBIM UCTOY-
HHUKOM CBETa Ha 3KpaHe HaOIIOAAeTCs nOIHAA MeHb. DTO IPOUCXOAUT IOTOMY, UYTO IIPH
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OCBEIICHHUH Tejla TOYCYHBIM UCTOUYHUKOM CBETA JIY4H HE MPOXOJSAT CKBO3b TEIO, U 3a
TEJIOM BO3HHMKAET TeMHast 001acTh (a u b).

(b)

Henpo3zpaunoe

Hcrounnk
cBeTa

DkpaH 3B

o Ilonnan menv — maxas uacmv NPOCMPAHCMEA 34 NPeOMemoM, Kyod ceem om
MOYeYHO20 UCTNOYHUKA He NONAOdem.

[lpn oceemeHny mpeaMeTa OJHOBPEMEHHO HECKOIBKHMHU TOUCYHBIMH WCTOYHU-
KaMH WM OJIHIM HE TOYEYHBIM HCTOYHUKOM (pa3Mep UCTOYHUKA COM3MEPHM C pa3me-
POM TIperpaipl) Ha SKpaHe HapsiLy ¢ MOJTHOW TEHBIO 00pasyeTcsl U noIymeHls ¢ Pa3Mbl-
TBIMU TpaHuliaMy. [oyTeHs BOZHUKAET B TAKOH YacTH SKpaHa, U3 KOTOPOl UCTOYHUK
CBeTa BHJICH YacTUYHO. Ha pHCyHKe Mmpe/cTaBlieHa cXeMa MOJHON TeHH U MOy TEHH,
CO3/IaHHBIE JBYMS TOYCUHBIMH HCTOYHUKAMU cBeTa (Tutamst cBeun) (¢ u d).

(c) [omyTenn

TTonnaast

-

Kaxmast Touka MCTOYHHKA CBETa OOJIBIIOTO pa3Mepa, UMEHOIas ONPeIe/ICHHbIC
pasMepsl S1S;, SBISETCS TOYCYHBIM UCTOUHUKOM. [Ipy HaKIaabIBaHUU JOPYyT HA JApyra
TEHEW, CO3JaHHBIX MAJAOIIMMHU Ha TEJO JydyaMH CBETa OT KaXKAOH Takoil TOUKW, Ha
9acTH dKpaHa Bo3HUKaeT nosiHas TeHs (BC), a Ha yacTy 9kpana, Tie UX TCHA HEe HaKJIa-
JIBIBAIOTCS, BOSHUKAIOT YaCTUYHO OCBEIICHHBIC TOyTeHeBbIe yuacTku (AB u CD) (e).

(e)

HonyTeHL/ .

A
1

. Hoﬂymeub — makas obnacmo npocmpancmeda, pacnojlodiCerHHas 3a meiom, Ko-
mopas oceeujaemcst HECKOJNbKUMU MOYEYHbIMU UCMOYHUKAMU ceema UIU onpeae-
JIEHHOU 4aCMbIO UCMOYHUKA C8ema O0IbUi020 pasmepa.
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TBopuyeckKkoe NpMMeHeHue

Cecrogorane I

OGBbACHUTE NPUYMHY COSNTHEYHOrO 3aTMEHMUS.

Xoa uccnegoBaHus.

Ha pucyHke npusepeHa cxema ()

conHeyHoro 3atmenus (f). BHu-

MaTenbHO U3y4nTe CXEMY U Bbl-

SICHATE TMNPUYMHY BO3HWKHOBE-

HUSI 3aTMEHMSI.

O6cyauTte pesynbrar:

e Kakoe HeGecHoe Teno co3faeT Ha NOBEPXHOCTM 3eMIU NMOSHYO TEHb U NONYTEHb NpU
COMHEYHOM 3aTMEHUMN?

o Kakumu undpamm 0603HaveHbl y4acTKM NOMHOMO Y YaCTUYHOIO CONTHEYHOMO 3aTMEHMS!
Ha noBepxHocTn 3emnn?

o JXuTenu Kakmx pavioHOB Ha mnoBepxHOCTM 3emnu HabnpatT MofHoe 3aTMeHve
ConHua? Moyemy?

e Uto HabnogaT Mnoaun, XMBYIOLLME HA y4YacTke NMOBEPXHOCTU 3emnu, rge BO3HUKNa
nonyTeHb (4acTnyHoe 3atmeHne ConHua)?

e A 4TO O3Ha4YaeT NyHHOe 3aTMeHne? Hapucynte cxemy 3TOro 3aTMeHus n o6 bACHUTE,
noyemy JllyHa AnvTenbHoOe BpeMs BMOHA B BUAe norymMmecsua.

UTOBBIVZHANN R EL T KOpOTKOe 3cce B paboyem NUCTKe, MCNONb3yA
AaHHble “KnoYeBble croBa’”.

KniouyeBble cnoBa: e [NonyTeHb ¢ ConHe4YHOe 3aTMEHMNEe
MNMonHas TeHb e JlyHHOE 3aTMeHue o

MpoBepbTe CBOM 3HAHUA

1. MOXHO Ny NonNy4nTb Ha aKpaHe:
a) TONbKO MOMHYIO TEHb;
b) Tonbko nonyTeHs;
C) 1 MOSHYIO TEHb, K NONYTEHb Henpo3payHoro npeameta? OTBET 060OCHYWMTE.
2. Moyemy BO BpeMsi onepaLmmn pyku xmpypra He oTbpacbkiBaloT TEHb Ha ONepupyembIi
y4acTok?

[

3. CpaBHUTE NOMHoe n YacTuyHoe 3aTMeHne ConHua, nepevmcnmTe ux obme n oTnnImMTEeNb-
Hble CBOWCTBA.

4. CpaBHMTe NYHHbIE U CONMHEYHbIEe 3aTMEHUA: KaKne y HUX obLume n oTnMUUTEnbHbLIE ‘-IeprI?
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p
. YnpaxHeHue -

1. CBer u3jay4vaercs paciiaBJeHHbIM Me€TaJ1JIOM, MOHUTOPOM KOMIIbKOTEpPa, JaMmnoii
HaKa/JIUBaHUsA, CBETIAYKOM, CBe‘lOﬁ, pemaMﬂoﬁ prﬁKOﬁ. Kakue u3 HUX TemJio-
BbI¢ HCTOYHUKH CB€TA, A4 KAKHE X0J10/IHbIE?

2. JIBa To4yeyHbIX HCTOYHUKA cBeTa M | 3. KakoBo cooTHolIeHHe 1 5
OAVH MAY IOMEIICHBI MMepea IKPaHOM, MEXKIY JJIMHAMHA e .3
KaK MNO0Ka3aHo Ha pucyHke. I'le Ha TeHel, MoJIyYeHHbIX A
JKpaHe MOJY4YHUTCH IIOJHasti TEHb H OT OCBCILIEHUSA TOUYECYU-

MOJIYTEHb OT MsIi4a Ha 3KpaHe? HBIMH UCTOYHUKAMHU
cBera 1,2,3 u 4 Bep-
S & Mstg BKpaH\ THKAJILHO NOCTAB- Cisim
%) JICHHOT0 mpeaMeTa?
NES

4. B kaKkoii ToYKe J0JI’KHA HAX0AUThCs1 JIyHa, 4TObI 06pa30BaIoCh NMOJIHOE COJTHEYHOE
3aTMeHune?

3
5. B sicHblii cOTHeYHBIH 1eHb cocHA BbIcoTOl 10 M oTOpachiBaeT Ha 3eMJII0 TeHb

AJUHOM 25 M, a IJIMHA TeHH 3AaHuA paBHa 150 M. KakoBa BbicoTa 31anus?
6. Ko3bipek HaJl BXOHO¥ IBepPbI0 3AaHMUA OCBelaeTcs ABYMs YIUYHBIMH GOHAPSAMM.
Crosimuii moja Ko3bIpbKOM MaJIb4HK...
A) HaxoIUTCS B OJTHOW TEHU KO3BIPHKA.
B) HaxomuTCs B OJTYTeHH, TaK KaK OCBEIACTCS TOJIBKO JIaMTol B.
C) HaxoauTCs B MONYTEHHU, TaK KaK OCBEIIAETCS TOJIBKO JIAMIION A.
D) ocBermaeTcst 00CHMH JTAMITAMH.
E) HaxoauTCst B TIOJTyTEeHH 00EUX JIaMIL.
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Bbl HeogHOKpaTHO Habnoganm ceeT oT ; e [oyemy nNpu BCMbIWKe MOMHUK CHava-

MOJSTHWAW 1 KOFAa-To 3aAyMblBanuch Hag na Mbl BUAMM CBET, a 4epe3 HeCKonb-

Takum BOMPOCOM... — KO CEKyHJ CIbIlIMM 3BYK rpomMa?

¢ HTepecHO, MOXHO N U3MepUTbL
CKOPOCTb pacnpocTpaHeHUs cBeTa,
uaywero ot MorHuM? Kak aTo MoXxHO
caenarb?

Tak Kak CBET MPOXOIUT PACCTOSIHUSI MEKILy OOBEKTaMU Ha TIOBEPXHOCTH 3eMJIH 32
JIOJIA CEKYH[IBI, TO CKOPOCTh €T0 PaCIIPOCTPAHEHHS IOITHE TOIbl CUUTANIach OECKOHEY-
HO Oompiioi. 1o 3TOi MpHYMHE CYUTATIOCh, YTO CBET PACcIpPOCTPAHIETCS MTHOBEHHO.
BriepBbie ckopocTh pacpocTpaHeHus cBeTa Obliia u3MepeHa Bo BTopoii nososuHe X VII
Beka. [Ipu sTOM OBUIO TOTyYeHO o4YeHb OolbIoe, HO KOoHeuHoe umcio. [lozxe B
pe3ynbTaTe HEOTHOKPATHO MPOBENEHHBIX PA3HBIMH CIIOCOOAMH M3MEPEHHH BBISICHH-

KM
JIOCh, YTO CKOPOCTh PacIpoCTpaHEHUs cBeTa B Bakyyme pasHa 300 000 - OsHa-

KOMHMCSI C HEKOTOPBIMHU U3 3TUX METOOB.
OnpenesieHne CKOPOCTH PACIPOCTPAHEHMsI CBeTAa aCTPOHOMHYECKHMM MeTO-

aoM. CKOpOCTh pacmpoCTpaHeHus: cBeTa B 1676 rogy BIEpBBIE W3MEPHIT JTATCKHIA

yuensiii Onag Pémep (1644—-1710). On 310 crenan B pe3yibTaTe acCTPOHOMHYECKUX

HaOmoeHuit 3a cnytHukoM Mo tumanetst FOnwmrep. beuto BeisiBneHO, uTo ciyTHUK Mo

TaHeTsl FOmmuTep coBepIaeT MOMHbI 000pOT BOKPYT IUIAHETHI 3a 42 Jaca 28 MUHYT.

Bexons u3 tenn IOmurepa, cytHuk Mo, ocserennsif iydamu CoJHITa, BCIBIXUBAI

Kak Jlamra. 3aTeM OH MPOXOAUT Iepel IIaHETON U BHOBB MOTpYXkKaeTcs B ee TeHb. [Ipu

3TOM MPOMCXO/INT 3aTMEHNE CITyTHHUKA. [lepBoe nccienoBanme ObIIO MPOBEAEHO, KOTIa

3eMII HaxoquiIach B TOUKe 1 cBoel opOUTBI, a depes3 MATh MECSIIEB CIyTHUK Mo BbIiesn

n3 Tenu Onurepa Ha 22 MUHYTHI ITo3Ke. B 3TOT MOMEHT 3eMils HaxouIach B TOUKE 2

cBoeil opOHuTHI (2). 3HAYMT, CBETY, YTOOBI

JorT! oT ciyTHHKa Mo 10 3emimi B ToUke 2,

HYHO TIPOMTH JIOMOJIHUTENBHOE PaccTo-

SHHE, PAaBHOE IHAMETPY OpOWUTHI 3eMIIH. Come

Huamerp opOuTsl 3eMiIM IO HETOYHBIM pa- fOmyrep

cueraM, nposesieHHbIM B X VII Beke, cocTas-

a0 depnu ~ 2,84 - 108kM. Takum obpa- ¢ \ { &

30M, Ha OCHOBaHHMH pacueToB Pémep momy- e

YT JUIA CKOPOCTH CBETa B BaKyyMe OYEHb

0o0MBIIIOE KOHEYHOE YHCIIO:

_ d3emps __ 2,84-10%xkm _ 2,84-10%km

CT T T T2zwmm | 13200

KM M
c= 2150007 =2,15-108 .

371eCh ¢ — CKOPOCTh PacHpPOCTPAHEHHs CBETA B BaKyyMe.

»
CryTHHK l/l(\

A |

~ 215000% =2,15- 108%.
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OrnpeesieHHe CKOPOCTH PACHPOCTPAHEHHSI CBeTa JIADOPATOPHBIM METO/IOM.
CkopocTh cBeTa 1abopaTopHBIM METOAOM BIEpBBIE Obula M3MepeHa B 1849 romy
¢pannysckum ¢uszukom ApmanaoMm Jlyn @uzo (1819-1896). [ns omnpeneneHus
CKOPOCTH PaclpOCTPaHEHUs CBETA OH HCIIOJIb30BaJl yCTAaHOBKY, COCTOSIIYIO U3 HC-
TOYHMKA CBETa, BPAIAIOIIErocs 3y0uaToro Koseca, IMH3bI U cucTeMsl 3epkail (b).

B ombiTe PH30 CKOPOCTH pacipocTpaHeHH s cBeTa cocTapmia c~3,13-108 m/c.

B nacrosiiiee BpeMs CKOpOCTb CBETa B BaKyyMe, H3MEpPEHHas ¢ MTOMOIIBIO JJIeK-
TPOHHOTO 000PYIOBaHMsI, BEIYMCICHA C OONBLION TOYHOCTHIO:

c=2,99792458-108 m/c~3-108 m/c.

e CKopocmb pacnpocmpanenus céema 6 6aKyyme — d5mo camas 60abias cKo-
pocmb, 603MOJCHASL 8 hpupode. Ima cKOpoCMb He 3a6UCUM OM 8b100Pa UHEPYUATL-
HOU cucmembl omcyemd.

CKOpOCTb PacIpOCTPaHEHUS CBETA B BO3/yX€ HE3HAUUTEJIBHO OTIMYAETCS OT €€
cKopocTH B Bakyyme. OJIHAaKO B JIpyT'HX Cpelax CKOPOCTb pPacIpOCTPAaHEHHS CBETa
OTIIMYAETCS OT €€ CKOPOCTH B BaKyyMe, HallpuMep:

Vsomm = 2,25+ 108 M/c;
Ucmerra = 2,0 - 108 M/C;
Uanvaza = 1,25 108 M/c;
Uxanasickoro 6anbzama =~ 1,95- 108 M/C-

Cmpoenue u npunyun padomut ycmpoiicmea Duzo. Jhyu ceema, ucxooswuil u3 UCOYHUKA, OMPA3UG-
WUCL OM NOIYNPO3PAUHO20 3epkana 1, npoxodum mescdy 3y6bamu pagHOMEPHO 6paujaroweocs Koueca
2 ¢ nocmosmHol ckopocmbio U nadaem Ha sepkano 3, pacnonodicennoe na pacemosimuu L (D). Ompa-
SUBUILLICS O 3ePKANA JIyY BHOBb 8036paujaemcs Ha sybouamoe koneco. Koneco useomoeneno max, 4mo
WIUPURA KAXCO020 3Y0UA PAGHAEMCA PACCIOARUIO MeXcOy 08yMs 3yoyamu. 3a mo epems, noka iy
ceema npoxooum 00 3eprana 3 u 8036pawaemcs 06pamHoO, KOeco, NOBEPHYBUIUCh HA 0OUH 3v6ey,
3aKpbleaen NePEOHAYAILHO NPOUOEH DI Npoceem Mexcdy 3ybyamu. B pesynomame eosspawarowyuics
cgem He Modicem Npoumu uepe3 Koieco u 6 OKyspe Habmodamens cozoaemcst memnoma (He 6UOHO
ceema). Dmo 3HAUUM, YMO NPOMENCYMOK 6peMent ty 3aMmPaveHHblil HA NPOXONCOeHUe CEemOoM pac-
cmosnus L K 3eprany u o6pamuo, pagen npomMedcymKy epemenu t, 3ampaieHHOMy Ha HO6opom 3y0-
4amozo Koneca 00 NOAYVUUPUHLL MeHCOY 3y0YaMU:
tl = tz.

2L T
Ecnu npunams 6o enumanie, wmot, = — u t; =
C

E— mo
N

2Nn’

2L 1 HcTounuk
= 4LNn. cBeTa
- 3
30ecw L — paccmosnue OxkyJisip

om 3ybuamoeo Koneca 0o
sepxana 3, T — nepuoo
spauenus 3y04amozo

r
y 1 ]
Kxoneca, N — uacmoma l(] / I ]
spawenus 3y64amozo : L
rxoneca, N — yucno
3y6Y06 Ha KoJece. L=86xm .

(b)

J

| —]
==
v L]
& -

[
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eoronone JB

3apgayva. B yctaHoBke ®u130 pacctosiHie mexay 3ybyaTbiM KONecom C Yucriom 3ybbes

N=720 un 3epkanom paBHo L = 8633 m. [Npn nepeoM crny4yae, korga nyd cBeTa crasn HeBu-

OMMbIM, YacToTa BpaLleHus 3yb4yaTtoro koneca coctaenana n = 12,67 % BbluncnuTe cko-

POCTb pacnpoCcTpaHeHNs CBETA B BO3AyXe.

O6cyauTe pe3ynbrar:

e Kakol pe3ynbTaT A1 CKOPOCTM pacnpoCTpaHeHnsi cBeTa B BO3AYXe Aanu pacyeTtbl?

e Kak GyneT MeHsTbCA CKOPOCTb pacnpoCTpaHEHUsi CBETa, ecrnn 3epkarno oyget
yAansTbcs OT 3y64aToro kofieca Co CKOPOCTbIO L UMK NPUBNNXKaTLCS C TOW e
ckopocTbto? OTBET 0BOCHYWTE.

J HanuwwuTte KOpoTKOE 3cce Ha paﬁoqu JINCTKe, ucnonb3ys
; AaHHble Krn4veBble crioBa.

1. Mo4yemy gonroe BpeMsi U3MepUTb CKOPOCTb PacnpoCcTpaHeHusl ceeTa Oblno HEBO3MOXHO?

2. O6bAcHUTE NepBOE UCCNeaoBaHWe, BbINOMHEHHOE ANsi ONpeaeneHnss CKOpoCTh CBeTa.

3. KakoBo MakcMmMarnbHOe 3HauYeHne CKOPOCTM pacrnpoCTpaHeHus cBeTa?

4. MbicneHHbIl 3KkcriepumMeHm: HabnoaaTenb NocbiNaeT CBETOBOW CUrHanM C NasepHoi ycTa-
HOBKM, YCTAHOBIMNEHHON Ha Kpbille “lMnameHHbIx 6awen” B Baky, Ha 3epkano, ycTaHOBMNEH-
Hoe Ha BepluHe ropbl babapar. PacctosaHne mexay HabnogaTenem v 3epkanom paBHO
234 xm. Yepes Kakon NpoOMEXyTOK BpeMeHu Habnogatens YBUAWUT OTPaXeHHbIW OT 3ep-
Kana nyy ceeTta

=3-105)?
(c=3-10°—)

1. Paccrosinue mexay Connnem u ILtyTonom =~ 5,9 - 10°kM. 3a kakoe Bpemsi cBeT OT
Coaunna poiiger no Ilayrona?

2. Cget oT camoii 0.1u3Ko0l a-3Be31bI co3Be3nus LlenTaBpa qoxoaut A0 3emuu 3a 4,3
roga. KakoBo paccrosinue 10 a-3Be31bI?

3. Ha pucyHke mpeacTaBjieHa cXeMa H3MEpPEHHS] CKOPOCTH
ceta metogoM Pémepa. B kakoii Touke HaxoauTcs 3emuis, ¥
KOI/Ja 3aTMeHUe cnyTHUKAa Mo mpoucxoauT ¢ ono3iaHuem?

4. IToyueMy acTPpOHOMBI, H3y4alolIHe 3Be3/1bl, TOBOPAT: “MbI : . ¥
u3yyaeMm npouuioe 3pe3n”? '

5. CoJsiHe4HBIE JIy4YH NPOXOAAT paccTosinve 10 3emu 3a 8
MHHYT. Morum Jin MbI yBHIeTh Bocxo CosTHIIa HAa 8§ MUHYT paHblile, ecJIu ObI CBeT
pacnpocTpaHsiIcsi MTHOBEHHO?

6. CpaBHHUTE CKOPOCTH PACIIPOCTPaHEHNs cBeTa B TouKax 1,2 u 3. .1 Boszayx
Avz>v, >0, Blos> v, >0, C)vp=uv3>0
) 3 1 2 ) 3 2 1 ) 1 3 2 CTeKio »
Dyvy=v3<v, Boy=0v3=10, -
b N |
Bosmyx ™
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m 3AKOH OTPAXEHWUA CBETA

BceM 1M3BECTHO, YTO B SICHBIV CONTHEYHbIV AEHb MpU
MOMOLLM 3epKaria MOXHO 3amyCTUTb Ha CTEHbI, MO
WIN NMOTOJOK “CONHEYHbIN 3an4mK’.

’ ¢ Y10 siBNSAieTcs NpUYNHON BO3HUKHOBEHUA
“cCoNIHeYHOro 3amumka”?

Mpy co3epLuaHnm NPou3BeAEeHNS XyA0XKHUKA Hac
0YapOBbLIBAOT N306PaXKEHME U LIBETA KPACOK.

” ¢ Bceraa nu nsobpaxeHHoOe Ha XyA0XeCTBEHHOM Mo-
NOTHE KaXeTCsl HaM ICHO BUOUMbIM?
e PaccmaTpuBasi NonoTHO Noj pasHbIMU Yyrinamu, Mbl
BOCMpPUHMMaEM LiBeTa KpacoK TO SIPKUMU U
CBepKalLWMMU, TO TYCKNbIMU U MyTHbIMU. Moyemy?

\ .
e .

Kak oTpaxkaeTcsi cBeT oT 3epkana?

O6opynoBaHue: NPsIMOYrofibHBIA KYCOK KapToHa, Mapkep, Iu-

Helnka, nasepHbI PoHapb, NNOCKOe 3epkaro.

Xoa uccnepoBaHus:

1. B cpegHen yacTu kapToHa npoBeavTe NepPneHauKYnapHyo npe-
PbIBUCTYHO NIMHUIO K OLHOW M3 €ro CTOPOH.

2. CorHyB kpasi kapToHa NoA NpsMbIM YIIoM, Kak nokasaHo Ha pucyHKe, Mno-

MEeCTUTE ero Ha MOBEpPXHOCTb 3epkana Tak, YToObl MpepbIBUCTas NUHUSA
6bina HanpaeneHa NnepneHanKyNspHO K MOBEPXHOCTM 3epkana (a).

3. HanpaBbTe nyy nasepa B TOUKY kKacaHusi NeprneHankynsipa ¢ 3epkanom BOOsb NOBEPX-
HOCTW kapToHa. OGpaTuTe BHUMaHMe, Kak fyd oTpaXkaeTcs OT 3epkana.

4. MNMpocneauTe, Kak U3MEHAETCS Yron Mexay OTPaeHHbIM OT 3epKarna Ny4yoMm v nepnex-
OVKYNApOM (Yron oTpaXeHusi) C U3BMeHeHUeM yrna Mexay nagarLiyMM Ha NoOBEPXHOCTb
3epkana fy4oM 1 neprneHavKynsapom (yron nageHus).

O6cyauTte pe3ynbrar:

e MOXHO nn ckasaTb, YTO NagatoLWwmin Nyd, OTPAXKEHHbIA NyY U NepPneHAMKynsap, npose-
OEHHbIN OT TOYKU NaJeHUs fyya K MOBEPXHOCTH, nexar B O4HON MrocKocTu?

o Kakasi cBsi3b HabnrogaeTca Mexay nagaroLyM YoM o, U OTPaKeHHbIM yriiom B?

¢ K kakomy obobLyatoliemy BbIBOAY NPUBOAUT HAOMNoAeHMe SBNEHUS OTPaXKeHNsi cBeTa
OT MocKoro 3epkana?

C. baxnynaage. “OblHK”

Iloyemy MBI BUAMM TeJ10? Mbl BUIUM TeJIO OJ1arogaps OTpa>KeHUIO MaaroIero
Ha Hero cBeTa. Pa3zHble Tesla oTpaxaroT CBET TOXKE Mo-pa3HoMy. [lagatomue Ha 1o-
BEPXHOCTH IJIOCKOT'O 3epKajia MapajelbHbIe TyUd CBETa OTPAXKAIOTCS TaKXkKe mapai-
nenbHO. Ecnu ria3 Haxoaurces B Touke 1, oTpaskeHHbIE OT 3epKaJla JIydu IOIaJaroT
B IJ1a3, ¥ MBI BUJIUM B 3€pKajie n300pakeHne NCTOYHMKa cBeTa. Eciu ke ra3 Haxo-
IUTCS B TOUKaX 2 U 3, n300paskeHne NCTOYHHUKA CBETA B 3€pKajle He BUAHO, TOTOMY
YTO OTPaKEHHBIE JIy4Hd B I11a3 He nonagatot (b).
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Taxoe oTpaxkeHHe Ha3bIBACTCS 3ePKANbHBIM
ompadicenuem. OTpaxkeHHe JIydel cBeTa OT He-
TIOJIBFYKHOM TIOBEPXHOCTH BOJIBI TAKOKE SBIISIET-
sl 3epKabHBIM OTPAKEHHUEM ().

[Ipu magerny napauieNsHBIX JTydeil cBeTa
Ha IIEpOXOBAaTyI0 IMOBEPXHOCTh Tella OTpa-
JKEHHBIE OT Hee JIyYHl PacCeMBaloTCs B pa3HbIX
HanpaBleHUsX. Takoe OTpakeHHe JIyueil oT
TOBEPXHOCTH TeJa HAa3bIBACTCS Ou@dysuvim (d)
ompaoiceHuem WA pacceusanuem ayyeu (d).
Ha6ronaemas Ha TOBEpXHOCTH MOPS ““TTyHHAS
nopoxka” seisiercs auddy3HBIM pacceu-
BaHHEM CBeTa (€).

Kakomy 3axkoHy moguHMHsIeTCs OTpake-
Hue cBera? [lo uToraM MpOBENEHHOIO HUC-
CIIC/IOBAHUS 710 ONPEACICHHUIO 3aKOHA OMpa- ()
JiCeHUsl céema Bbl BbISIBUIIN: Tepnen ey p. [pope e HHBLIT

o [laoarowuii ay4, ompasiceHHulll ayy U \ K FPaiiie pas/iena BV cpe
NepneHOUKyIsp, NPOBeOeHHbl K mouke naoe-

HUSL JIy4a, Jexcam 8 0OHOU NIocKocmu. Yeon yron | Vron otpa
naoenus paser yeny ompagcenusi. f = a (f). et E,KeHM,, )
Taoarowuii 1y — 310 Iy, TAJAIONMHN B on-  [lanatomuit i =N y
PEICICHHYI0 TOYKY ITOBEPXHOCTH 3¢pKaga or VY -5” Opaicerreil
: y4

WCTOYHHMKA CBETA, & OMPANCEHHbIU JyY — ITO
JIy4, OTPAXKEHHBIN OT 3TOM TOUKH.

Vroa Mexay MagaloliuM JIydoM | Iep-
HECHAUKYJISIPOM Ha3bIBACTCS VeloM NAOeHUs:
(veon @), a yroa MexIy OTPaKEHHBIM JIydOM W OTHM K€ MEPIEHAUKYISPOM Ha-
3pIBaeTCs yanom ompasicerust (yeon f).

[1mockoe 3epkaiio

TBOpuYeckoe nNnpMMeHeHue

2 Onucanue npubopa. Onmu-

o uecKuti OUCK — MO Kpyenasl
O6opyaoBaHue: ONTUYECKUI ONUCK,
NAACMUHA C HAHECEHHBIMU Hil
NrioCKoe 3epkKarno.

Hee beﬂeywwu. ﬂeﬂenuﬂ npa-
Xoa uccnegoBaHuA:

2Padyupo8ansvl no coomeem-
1. 3akpenuTe nnockoe 3epkano B
cmeyowum yenam. Ha kpaio
LlEHTPe ONTUYECKOro AMcKa U Ha-
o OUCKA 3aKpenieH UCTOYHUK
npaBbTE UCXOASILLNIA U3 UCTOYHMKA .
ceema, KOmopbvlu MOMCHO ne-
cBeTa Ny4 B LIEHTp 3epkana Tak,
pemewame. HUcmounux ucnyc-
4TOGbI Yron nagaHus 6bin paBeH o
o xaem y3xkuti nyuox ceéema (h).
30°. OnpepenuTe yron oTpaxeHus
nyva.
2. [1BMrasi UICTOUHUK CBETA BAOSb ONTUYECKOro ANCKa OnpeaennTe yribl OTPaXeHus,
cooTBeTcTBYyOWME 45°, 50°, 60° 1 gpyrMm 3Ha4YeHusaM yrna nageHus ceeTa.

O6cyauTe pesynbTart:
e K kakum BbIBOAAM NPUBENW NPOBEAEHHbIE OMbIThI?
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i) Al © 3anuwuTe B pabovem nMCTKe onpepeneHue “3akoHa oTpa-
XeHus cBeTa” U BMECTO TOYEK Ha cxeMe OTMeTbTe npuBe-
AeHHble HWXe KIioYeBble CIIoBa.

KntoueBble cnoBa: ¢ MNapatowmn ny4 ¢ OTpaXKeHHbIN Ny4 ¢ Yron nageHus o
Yron otpaxeHus ¢ NepneHAnKynsap, NpoBeAeHHbIN K TOYKE NafgeHus o

MpoBepbTe CBOM 3HaHUA

1. Yem oTnnyaeTcs 3epkarnbHoe oTpaxeHne cBeTa OT Andy3HOro OTpaxeHmsa?
2. ConHeyYHbIN Ny4, NagatrLLmin Ha NOBEPXHOCTL 3epkana, obpasyeT ¢ Heto yron §=46° (k).
OnpepenuTe yron oTpaxXKeHusi fyda ot 3epkana.

(k) <
Y

&=46° ‘; A

3. Yron mexay nafatoLwmm fy4oM U1 OTpaxkeHHbIM Jydom paseH 80°. OnpeaenuTe yron nageHus.
4. MepeyepTute OaHHblE PUCYHKM HA paboymii NIMCTOK 1 Ha KaXA0M PUCYHKE NOCTPOiiTe,
COOTBETCTBEHHO, NafaroLLMe UK OTPAXKEHHBIE FTyYn.

—

.Tm.m/m-

= S
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m I-IOCTPOEHI/IE M3OBPAXEHUA B NMNITIOCKOM 3EPKAIE

BepoATHo, Kaxablii AeHb nepeq BbIXOA0M 13 AoMa Bbl paccMaTpu- j
BaeTe B 3epKasie CBOe OTpaXKeHue, NMPUBOAUTE B MOPSAOK oAexay u 4)"
BOJIOCHI.

l 1 rﬂqi

1

¢ Kakue pasnunumsa HabnogaroTca mexay BaMy U BalivMm
oTpaxeHuem (M306paxeHnem) B 3epkane?

e Ae ¥ Ha KaKOM pacCcTOAHUM OT 3epKarna nony4aeTcs
Balle usobpaxeHue?

¢ KakoBO cooTHOLIEeHMEe MeXAay BallMMu pasmepamu u
pa3mepamu Ballero u3obpaxeHus B 3epkane?

e

Foe nonyyaeTtcs nsob6paxeHue Tena?
O6opynoBaHue: cBevya (2 WT.), BepTU-
KarnbHO 3aKpenreHHasi B LUTaTUBE CTEKISAH- (a)
Hasi MnacTuHa, 3axwuranka, nuHelka, Ka-
paHpaw, 6ymara (dopmat A3).

Xon uccnepoBaHua: 1. Nomectute 3ax-

XEHHYI0 cBevy Ha Gymare nepep CTeKnsH-

HOW nNnacTuHon. B cTekne, kak v B 3epkarne,

HabntogaeTcsa nsobpaxeHue ceeun (a).

2. HesaxokeHHyl0 cBevy nepemellante ¢

OPYroi CTOPOHbI MIAaCTUHKW BOOMb JIMHEWKN

[0 Tex nop, Moka OoHa He COBMECTUTCH C

nsobpaxeHnem (b). 3. 3apucyiite cxemy

onbiTa Ha paboyem nucte u, U3Mepus (b)

pacCTosHMA OT CTeKna 40 HE3aXOKEHHOMN M

3a)NOKEHHOW CBeY, 3anuwinTe UX Ha cxeme

(c).

O6cyauTe pe3ynbTar:

e B kakom nomnoxeHun 3a CTEKNSHHON
NNacTUHON He3aXokeHHas cBeya Oyaer
BUHA KaK 3axoKkeHHas?

o Kakoe COOTHOLLUEHNE YCTaHOBUMW MeXay
pacCTOSIHUSAIMW OT CTEKIMSIHHOW NNACTUHbI
[10 HE3aOKEHHOW U 3axokeHHoW cBeYy?

o K kakoMy BbIBOZY MOXHO MPUIATK MO UTOram
nccnefoBaHUs Mo MofydeHuo  13obpa- () e T &1
XKEHWS Tena B CTEKNAHHOW NracTuHe?

—

Kak mosryyaercs n3o0pa:keHue B IUI0CKOM 3epkaJie?

* 3epKaio ¢ nIOCKOU NOBEPXHOCMbIO HA3bI8AEMCA RIOCKUM 3epKanom. Paccro-
SIHUE OT TIpeaMeTa JI0 3epKana o0o3Hadaercs OykBoii d, a paccrosiHue ot n306pa-
sKeHust 10 3epkana oyksoit T (d). TTocTpoenune n3o0bpakeHus MpeaMera B 3epKaje oc-
HOBBIBACTCSl HA 3aKOHE OTPaXKEHHS CBeTa. Tak, pH MaJIeHUH Ha MMOBEPXHOCTH TLIOC-
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KOTO 3epKajia MN JUBEpPTeHTHBIX (pacxojs-
mmxcst) aydeir 1, 2 m 3 OT TOYEUHOro HC-
TOYHHKA CBETa S OHH OTPAXKAKOTCS OT TOUEK
Ta/ICHUsI, COOTBETCTBEHHO, B HAIPaBICHUH
myqeit 1', 2’ u 3'. HabmogaTens BUIUT H300-
paKCHHE MCTOYHUKA S, €CIU OTPaKCHHBIN
JyY TIOTIaJIaeT B €ro IJIas.

Ortpaxennsie qyun 1’, 2" u 3’ ot 3epkana
TIOTaJIAI0T B TJIa3a HaOII0AaTeNs, OJTHAKO EMY
KaXETCSI, YTO ITU JIy4Hl BBIXOAAT HE W3 Ha-
CTOSILIEIO MCTOYHMKA, a U3 TOUKH S', Haxo1s-
HIHCS 32 3epKaIoM. ITa TOYKa MPECTABISIET COO0H TOUKY MepeceveHust IPOIOIDKEHUST
OTpaXKEHHBIX JIydel 3a 3epkasioM. [1osToMy Touka S', M3 KOTOpO# JIy4r CBETa B ICHCTBU-
TENTBHOCTHU HE BBIXOJISIT, HA3bIBACTCS MHUMbIM U300padiceHuem TOUKU S (cM.: d).

* Muumoe uzobpasricenue — 5mo u300pasxicerue, noayyaemoe nepecedeHuem npo-
Ooscenuti ompaoicennvix yueti. B “VccnemoBannu-1" BB ONpeneuim CBOHCTBA
IJIOCKOTO 3€pKaia, MPUBEACHHBIC HUXKE:

— B TUIOCKOM 3€pKaJie MOy4aeTcsi MHUMOE N300paKeHUE TIPEMETa;

— MHUMOE H300pakeHHE TIPEeIMETa B TUIOCKOM 3€PKaJIe TIPSIMOE B UMEET Pa3MepPhl

caMoro mpeaMeTa;

— TpeAMET W ero M300paKCHHE PACIOJIOKEHBI CHMMETPHUYHO OTHOCHUTEIHHO
TUIOCKOTO 3epkaiia. PaccTostHue oT mpeameTa o 3epKaia paBHO PAacCTOSHUIO
oT m3o0pakerus 1o 3epkana (f=d).

Kak onpenensiercsi 00/1acTh BUIeHUSI U300paKeHHs MpeIMeTa B MJIOCKOM
3epkane? Oobnacmes HPOCMPAHCMEA, 8 KOMOPOU MOJICHO 6UOemb U300padiceHue
npeomema 6 NIOCKUM 3epKaie, Hazvlieaemcs obnacmvio suderus. IlomHoe MEIMOE
n300pakeHUe TPEIMETa BUHO IIa30M M3 MPOU3BOJILHOM TOUKH 00JIACTH BHUJICHUSI.
Ha pucynke npencrasnena cxema npeamera AB u miockoro 3epkana (e). st ompe-
JIEJICHYSI BUTAMOM 00J1aCTH 3TOTO IIpeIMeTa CHavana U3 TOYKA A K KpaitHUM TOYKaM
3epkana N u M nposogarcs tyun AN u AM. OTH JIydd JUBEPreHTHO OTPAXKAIOTCs
OT KpaifHUX TOYEK 3epKajia M COo3/1alT BuauMyto o0macte ONM n300pakeHus TOU-
ku A. I[lpu pacmonoxeHnn ria3a B IPOU3BOJIBHON TOYKe 3TOW o0nacTu oH OynmeT
BHJIETh MHUMOE n300paxkeHne A’ Touku A (f). [lamee Tem ke crmocoOOM CTpOUTCS
BuauMas oonacts Touku B (g). O6macte ZNMK, co3nanHast STUMH IBYMS TOYKaMH,
€CTh B LIEJIOM BUAMMAs TUIONIA > MEHUMOTO m300paxenust A'B’ npeamera AB (h).

-~
j==

[ ——— i

(e) (f) (9) (h)
} Z ! !
: Wi AL 4H K
e
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Kak moxHO ompeneanTes 00JIaCTh BHACHHA (i)
rjia3a, CMOTPSIIIIEro HA MI0cKoe 3epkano? C 3Toit
LENbIO I71a3 MPUHUMAETCS 32 TOYEUHBIM HCTOYHHUK
CBETa, U3 3TOM TOUKU IIPOBOSTCS /1Ba Jy4a K Kpail-
HHUM TO4KaM 3epkaia. [Inomanpb, oxBaTeiBaeMas OT- el
Pa@KEHHBIMH OT 3THX TOYEK Jy4yaMH, CO3/1aeT BH- T
JUMYIO TJ1a30M 00IacTh (Ha cxeme MOoKa3aHa Kell-

-,

.

Budumas obracms -

L
TBIM 11BeTOM) (i). IIponsBonbHas Touka (WiIH TIpe- p AW a1
MET), TIOMEIIeHHasi B 3TOH 0o0JyacTH, OyAeT BUAU- A-’ .l
MOi, a MMOMEIeHHas 3a MpeaeiaMd BUAUMON 00-
JIACTH TOYKa OyJeT HEBUANMON.
TBopquKoe nMpUuMeHeHue
‘ (n)
2
3e 4e
Kakas Touka BugHa?
Kakas n3 Touek 1, 2, 3 n 4 6yget BuaHa B MIOCKOM
3epkane M, ecnu cmoTpeTb M3 Toukm K (n)? Ke
. 2e M
OTBeT 06OCHYITE CXEMATUYECKMU.
1e

YTO Bbl Y3HA/TU

cnoBa Ha HeM.

MocTpoWTe Ha pabo4yem nNucTke n3obpakeHne NPou3BOsIbLHOMN
CTpenku B NSIOCKOM 3epKare U OTMeTbTe flaHHbIe KIoYeBble

KnroueBble crnoBa: * MHUMOE M306pa)KEHVIe * NJIOCKOEe 3epKarno * Bugnmasn

obnactb M306paxxeHnsa * BUAUMas ob6nacTtb rnasa°

MpoBepbTe cBOM 3HAHUA

1. Mo4yemy B NNockom 3epkarne nonyyaeTcs MHUMOE u3obpaxeHue Tena?
2. Ha pucyHke npeacraBneHa nomeLleHHas
nepen NrockuM 3epkanom Basa u T;yﬁ'
UCXOLALLME OT €€ KpaHMX TOYEK NyYMu.
HauepTtuTe npogomkenne nyyen. MoxHo nm
Oynet yBugeTb MHUMOe nsobpaxeHue Basbl?
3. MMHYMYM CKOMbKO NyYen AOMmMKHO MCXOANTb P
OT TOYEYHOrO UCTOYHMKA CBETa, YTOObI
NONy4nTb €ro M306paKeHne B NITOCKOM
3epkane? Moyemy?
4. PacctosiHue Mexay npegMeToM 1 NIToCKUM
3epkanom paBHo 2 M. KakoBo pacctosiHue

PI

Mexagy 3aTuM TefnoMm un ero l/I306pa)KeHI/16M'.7

° rnaega 3 + CBeTOBble ABMEHUA *
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M3rotoBnM 3epKanbHbIA Nepuckon.

lMnockoe 3epkano Ncnonb3yeTcsd B yc-
TponcTBe nepckona — npucnocobne-
HUKM Ans HabnogeHnsa 3a npegMeTamMmm
n3 ykpbiTus (Npu HabnwogeHusax us
TpaHwewn, m3-nog Tonwm Bogbl) (a).
MsrotoBnm 31O NpmucnocobreHune.

O6opyaoBaHue: NIIOTHbIA NNCT
KapToHa pasmepamu 32x50 cm, oBa
Nnockux sepkana pasmepamu 6x10 cm, TeTpagHbIA NUCT B KNETKY, HOXHULBI,
KapaHaall, NIMHenKa, CKOTuY.

Xopa uccrnegoBaHuA:

1. HauepTuTe Ha NOBEPXHOCTM KapTOHa C NMOMOLLbIO JIMHENKN YeTbipe napannernb-
Hble NPepPbIBMUCTbIE NIMHUKN HA PacCTosiHMM 8 CM Opyr OT Apyra. 3aTtemM caenanTe
B KApTOHe, KaK NoKa3aHO Ha PUCYHKe, AABa CKBO3HLIX NMPSIMOYrOfIbHbIX OTBEPCTUS
(b).

2. BolpexbTe 13 nucta B KNETKY NPsiMOYTofibHbI paBHOOEAPEHHbI TPEYronbHUK

(anvHa kateta 6 cm). [NonoXxnte TPeyronbHMK Ha MOBEPXHOCTb KapTOHa, U B
YyeTblpex MecTax nposeguTe nu-
HUK no auvaroHanu. 3aTem npo-  (b)
JenanTte B KapTOHe y3Kue Lenuv
no aTum guaroHanamu. Cnoxute
KapTOH MO MPEpPbLIBUCTBIM JIMHU-
AM M NOMyYeHHy  “waxty”
CKNenTe CKOTYEM.

3. NomecTtuTe 3epkana B COOTBET-
cTBylowme wenu. Mepuckon ro-
ToB. Pacnonoxute nepuckon 3a D
Kakum-nubo npensitctBueM (Ha-
npumep, 3a cagoBbiM 3abopom,
NOAOKOHHUKOM 1 Ap.). MNpoBegu- 4
Te HabniogeHvwe 4vepes OKynsp
(MpnbnunsmB rnas K OTBEPCTUIO B
HWXKHEN YacTu), BbiCTaBuB 0bOb-
eKTMB (BEPXHIOK 4YacTb) nepu-
ckona BblWe NPensTCTBUA, W
npoBepbTe, paboTaeT nu oH (c).
MpunHecnTe M3roTOBMNEHHLIN Ne-
puckon B Knacc.

=
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1. Kakum g0/1:6€H ObITH yIoJ
yroJa

9TOOBI
nagauuM

naJeHusl,
MEKIY

OTpPaKEeHHBIM JIy4Y0M COC-

TaBua 50°?

2. Kakue TOYKH YBUAMT B
IJIOCKOM 3epKaJie IJ1a3
U3 Touku N?

] [ [ i
E a1 i
i i y | i i i
i i oy o e sy [
i [ i I I
: 1 [ 1 1 l
(NN SUENSERNE CENUENSLY TWNESSENE SRS -
] [ | 1 '
: i 1 I I i
I I 1 ! i
:' T======r "a'r\'—- ™
i [ i i 1
: 3 [ 1 = 1
=ssssdesssbssdessskhss
: 'F [ 1 ! '
1 : [ : : 1
[ 1
:"'T"T"'“’"'I"_F"
1 i I i
H 1 I 1

3. BoiGepuTe BepHbIe

CY/KAC€HUHA 0 IOJYYCHHBIX

B IIVIOCKOM 3€pKaJjie

H300paxeHUAX MpeaMeTa.

1 — DeHCTBUTENIHHOE;

2 — MHHMMOE;

3 —paBHBIM pa3Mepy
npeaMeTa;

4 — nmpsmoe;

5 — oOpatHoe;

6 — n300pakeHNe U IpeIMeT

CUMMCTPUYHBI OTHOCH-
TCJIBHO 3CpKajia.

4.

5.

pm——

6.

IMocTpoiiTe n300paxxenne npeamera AB cHavana B
IJIOCKOM 3epKaJie 1, a 3aTeM 0T HOJTy4eHHOI 0 H300-
pakeHHsl NMPOCTPOIiTe M300pakeHHe B IJIOCKOM
3epkaJie 2. Kakoii B OyaeT HMeTh NpeiMeT nocJe
oTpaskeHHs OT 3epkaja 2? Hapucyiite cxemy mno-
JIy4eHHOI'0 U300paKeHus.

Ha xakxom M3 npuBeeHHBIX HHKe PUCYHKOB I.1a3
u3 Toukd O YBHIUT B MJIOCKOM 3epKaJjie mpeaMer

AB mnoaHoctei0? OTBeT 000CHYiiTe cxeMaTH-
YeCcKH.

3eprano 3epkano 3eprano ‘

"""""""" it

1 i i 1

— | {

0 P 0 i 0
B A B A B

B xakoM HampaBJ/IeHHH M Ha CKOJIbKO IpaayCoB
He00X0IMMO MOBEPHYThH IVIOCKOE 3ePKaI0 BOKPYT
Toukd O Tak, YTOOBI MAXANUIUIA JTy4 OTpa3uJjics B
TOM K€ HanpaBJIeHuun?

A) B HanpaBieHnu 2 Ha 30°
B) B HampaBnernu 2 Ha 60°
C) B HampaBneHuu 2 Ha 45°
D) B HanpaBnenuu 1 wa 30°
E) B nanpaBnenun 1 Ha 60°

Mo

CBeTOBbI€e IBNIEHUA
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CaeT hap aBTOMOOUNSA HA BCTPEYHOWN Nosioce ocrnennseT
Hac Ha paccTosHun 70-100 m. OpHako, ecnu 3Ty
NlaMnoYKy U3BeYb U3 3TON chapbl 1 BKIIOYUTL BHE (haphl,
TO CBET OT HEE PaCMpPOCTPaHUTCS He Goree 2—3 MEeTPOB.

e YTo ycunueaet 1 npugaeT onpepeneHHoe
HanpaBrieHne CBETOBbIM Jly4yaM UCNOJIb3yeMbIX
@ no Beyepam UCTOYHUKOB CBeTa, B TOM Yucrne B
¥ aBTOMOGMNLHbLIX hapax, KapMaHHbIX POHaPSAX,

CGJEPVI‘-IECKOE 3EPKAIJIIO

NpPoXeKTopax U Masikax?

Hapsany ¢ mnockumu 3epkajiaMy CyIIECTBYIOT U ceprudecKue 3epKajia. 3epraib-
HAsl NOBEPXHOCTD, UMEIOWASL BUO CeeMeHma chepul, Ha3bIBAeMCcs cheputecKum 3ep-

Kajiom.

Cdeprueckue 3epkana ObIBAIOT ABYX BUAOB: GOCHYMbIE U GLINYKIbIE.
Boenymoe cepuuecroe 3eprano — amo 3epkano, ompasicaiowee iyuu ceema ¢

(a)

T
(0]
(b) :
_____ T
(0]
—
(c) 0
nmuyeckas
0Cb i
T hasnasn

onmude-
CKa:sl 0Cb

/ T
Onmuueckas
ock

BHYMPEHHell NOBEPXHOCTU Cheputecko2o ceemenma (a).

Buinyknoe cghepuueckoe 3epkano — smo 3epxaino,
pacceugarowee yuU c8ema ¢ BHEUHel HOBEPXHOCMU
chepuueckoco ceemenma (b).

Cdepuueckoe 3epkano XapaKTepU3yeTcs HIDKEIPH-
BEJICHHBIMH SJIEMEHTaMHU:

o LJenmp cghepol, uz Komopozo gvipe3an cesmenm, Ha-
3b180eMCsl ORMUYECKUM UEHMPOM Cheputeckoeo 3epKa-
na. Ha pucyHke onTHYeCKHil HEHTp noka3aH Toukoi O (¢).

* Bepwuna ceemenma (mouxa T) nasvieaemcs noio-
coMm cghepuneckozo 3eprana.

* Paccmosinue medxncoy onmuiecKkum yenmpom u eep-
WUHOU 3ePKaa A61AemCs paouycom KpUsU3Hsl cghepute-
cK020 3epkana u obosnauaemces o6ykeou R.

* [Ipou3ssonvbHas npsamasi TUHUsL, NPOX00AWAs Yepe3 On-
MU4ecKull YyeHmp, Ha3vleaemcsi ORMUYECKoll ocblo cghe-
puueckozo 3epkana. Y CQEpHUEcKOro 3epKajia OnTHYe-
CKUX OCEH MHOTO, OJTHAKO, TOJILKO OJHY W3 ONTHYECKUX
OCey MPUHATO HA3BIBATh 27IABHOU ONMUYECKOL OCbIO.

« Ilpamas aunus, npoxoosawas uepes ONMUYECKUL
yenmp cghepuneckozo 3epKana u e2o NoacC, Ha3vl8aemcs
21A6HO ORMUYUECKOIL OCbIO.

» Touka nepeceuenus OMPANCEHHbIX TyHel, naoa-
IOWUX NAPANLIENbHO 2AGHOU ONMUYECKol ocu cghepu-
4ecKk020 3epKand, Ha3vleaemcs 21aeHbIM (POKycom 3ep-

kana v o6o3Haugaetcs OykBoii F (d). [maBHBIH okyc y BOTHYTOTO 3epKasia JeicTBH-
TENbHBIN, IOTOMY YTO B 3TOW TOYKE IEPECEKAIOTCs CaMH OTPa’KeHHBIE OT 3epKajia

TyYH.
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IIpu napeHny sydeii cBeTa napauieIbHO
[JIABHOW ONTUYECKOM OCH Ha IOBEPXHOCThb
BBIMYKJIOTO 3€pKajla OTpakKEHHBIE JTy4H pac-
ceuBatotcs. [IpofomKkeHns OTpakeHHBIX JTy-
4eil mepeceKkaroTcs B OMpeesieHHONH TOYKe,
PacronoKeHHO 3a 3epKaJloM.

OTa TOYKa HA3BIBACTCS 21A6HbIM QOK)-
com 8vinyknoeo 3epxana (¢). I maBHbIH hokyc
BBIITYKJIOTO 3epKajia MHUMBI, TOTOMY YTO B
9TOH TOYKE IEpPECEKAIOTCsl HE CaMU OTpa-
JKEHHBIE OT 3€pKajia Jy4H, a UX MPOJOJIKeE-
HUS.

* [Inockocmsb, npoxodsawas uepe3 mouxKy
21161020 (hOKYCa nepneHOUKYIAPHO 2NAGHOU
OnMuUYecKuti ocu, Ha3vleaemcs HOoKaIbHOU
naockocmuio 3epkana. Touka nepecedeHus
BCEX ONTHUYECKUX OCed C (OKaIbHOW ILIOC-
KOCTBIO sIBJIsIeTCS (POKYCOM 3epKaja OTHOCH-
TEJBHO 3TOH OCH.

* Paccmosinue om enagnozo ¢hoxyca 00
sepuunsl 3eprana (paccmosinue FT) Haszvi-
6aemcsl QOKyCHbBIM paccmoanuem 3epxaia
u obosnavaemcs xax F. Omo paccmosanue
PasHo noaosune paouyca Kpususnvl cepu-

4eCcKo2o 3epKana:

F—R
==

IIpakTHyeckoe ucnogb3oBanue chepu-
yeckux 3epkan. Ha mpaktuke Hambonee
YaCcTO HMCIIOJIB3YIOTCS BOTHYTBIE CepHruec-
KHe 3epKana. OTH 3epKajla UCTIONb3YIOTCS B
OCHOBHOM JJIsI NOJYYEHHUS MNapajieabHbIX
Jydell Win ¢ menpio cPoKyCcHpoBaTh mapai-
nenbHbIe JTydd. s nodydeHus napaniesnb-

(d)

(f) Cxema cBeyveHus
aBTOMOOUNbLHOMN

capbl

Coepuueckoe 3ep-

K10 — peduierTop

Jlamma

TlapautesibHO OTPaKEHHBIE JTyYH

HBIX JIydell JIaMITy TTOMemaloT B OKyC BOTHYTOro 3epkana. CBeT, HCXOAALINA OT
HUATHA HaKaJMBAaHUS JIAMITBI, Ha3bIBaeMOUW peghiekmopom (CiIoBo “pegrexmop”
O3HaYaeT “‘ompadicaowuii’), OTPaXKaETCs OT BOTHYTOTO 3epKajia MapajlieabHO €ro
TJIABHOW ONTHYECKOH OCH. DTO CBOMCTBO 3epKaa HCIOIb3yeTCs] B aBBTOMOOMIIBHBIX
(apax, kapMaHHBIX QoHApsX, Masikax U npoekropax (f).

Wuoraa Bo3HHMKaeT HEOOX0IUMOCTh C(HOKYyCHpPOBaTh (COOpaTh) Majaroiue mna-
paiensHbie Jydd. Kak BBl 3HaeTe, MapajulelbHO MAaloNIfe Ha 3EpPKaNo Jy4dd
cobuparorcs B ero Qokyce. ITO CBOWCTBO BOTHYTOTO 3epKajla MCIHOJB3YeTCs B

meneckone-peghnexmope.

Teneckon — 310 PUOOP, UCTIOTB3YEMBIN [T HAONIOJCHHUS 3a AaJEKO PacIolio-
YKEHHBIMH HEOSCHBIMH TeJIaMH (3BE31aMH, IJIaHETaMH, aCTCPOUIaMH U Jp.).

° rnaega 3 + CBeTOBble ABMEHUA °

129



Ha pucynke npencrasnen Teneckon LllamaxuHcko# acTpoduzmueckoit odceppa-
TOPHH C TUaMETPOM pedIekTopa B 2 M U cxema IPOXOXKISHHS JIydeH B HeM (9).

\ ‘ (9

Jlvey cBeta

TBOp‘IeCKOG npumMeHeHune

= 5 (h) §
| [ e i

MpocneauTe 3a ABNEeHNEM OTpaXeHUs
cBeTa B cpepuyecKkom 3epkarne.
O6opyaoBaHue: ONTUYECKUIA OUCK

Xopa uccnenoBaHUA:

1. NomMecTnTe BOrHyTOE 3€pKano B LEHTP ONTUYECKOra
AWCKa 1 HanpaBbTe Ha Hero HeCKONbKO
napannernbHblX Ny4yer OT UCTOYHUKA CBeTa.

[iBurasi UICTOYHMK CBETa NO Kpato AMcKa, OTPerynupynte ero Tak, 4Tobbl cpegHuin 13
OTPaXEHHbIX fy4ei OTPasuncs B HampaBreHWU NPOTUBOMOMOXHO MajatoLiemy nydy
(180°). O6paTtuTe BHUMaHWE Ha TOYKY NepeceyeHns KpaHnx napannensHbix nyden (h).

2. [NoBTOpPUTE OMBIT C BbIMYKILIM 3€PKanom: MOMECTMB 3epKaro B LIEHTpe AWCKa, HanpaBbTe
Ha Hero HecKonbKo napannenbsHbix nyden. ObpaTute BHMMaHWe Ha HanpasreHne pac-
MPOCTPaHEHNWSA Ny4el, OTPaXKEHHbIX BAOIb MaBHON onTuyeckon ocu 3epkana (k).

O6cyauTte pe3ynbrar:

¢ B Kakom HanpaBneHun oTpaxaeTcst Nyy, Nagarowmii B4OSb MaBHOW ONTUYECKOW OCh
BOMHYTOrO 1 BbINYKIOro 3epkan?

¢ Kakas 3akoHOMepHOCTb HabniogaeTcs B HanpaBrieHWM AanbHelLero pacnpocTpa-
HeHWs napannenbHO NafatLLMX Ha NOBEPXHOCTb CHepUYECcKoro 3epKarno fnyyen noc-
ne nx oTpaxeHns?

YTO Bbl Y3HANU * Ucnonb3ys AaHHbIe KNio4YeBble CNOBa, HAaNULIUTE Ha
pabouyem nucTke KpaTkue 06 bLACHEHUS.

KnioueBble crnoBa: e ccpepuyeckoe 3epKarno e BOFHyTOe 3epKarno e Bbli-
nyKroe 3epKarioernaBHasi ONTUYeCcKas OCb e rMaBHbIN (POKYC 3epKana e
droKanbHasi NIOCKOCTL © paguyc KPUMBU3HbLI ® (hOKYCHOE pacCTosiHME o
pedbniekTop e Terieckon e

MpoBepbTe CBOM 3HaHUA

1. Kakas Touka B BOrHyTOM 3epkarne HasblBaeTcs ero (poKycom?

2. Kakasi To4ka B BbIMyKITOM 3epKarne HasblBaeTcs ero ookycom?

3. ['ae ncnonb3ayeTtcs BorHyToe 3epkano? MNpuseanTe npumepsl.

4. Ckonbko hOKyCHbIX TOHYEK MMeeT cepuyeckoe 3epkano?

5. NoparoTtoBbTe KpaTkoe cooblueHne o Teneckone-pednektope LLlamaxmHckon actpodman-
yeckoun obcepBaTopum, UCNONb3Ysl UHTEPHET-PECYPChI.
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e EcTb N1 pasHuua Mexay M306paxeHUsiMU, NoNy4YeHHble B NJIOCKOM U
cchepuyeckom 3epkanax?

o MHUMBIe UnNu aencTBUTENbHbIE N300paXeHUA npeameTa Nony4yarTcs B
BOrHYTOM 1 BbiNyKNoMm 3epkanax? Kak 3To MoXxHo onpeaenutb?

e Kak ctpoutca nsobpaxeHue npegmera B cpepmyeckom 3epkane?

3Hasi HampaBlieHHE MTPOM3BOJILHOTO OTPAKEHHOTO JIyda OT CHEpUIECKOro 3ep-
Kaja, MOXHO MOCTPOUTH n300paxeHue nodoro npeamera. C 3ToH HENbI0 CTPOSTCS
M300pakeHNsT KpailHUX TOYeK mpeaMeTa. Berxoasimue u3 KpaitHIX TOYEK JIy9H BbI-
OmparoTcst Tak, YTOOBI JIETKO OBIJIO MPOBECTH MX OTPayKEHHBIE OT 3epkaina jydu. C
3TOW TOYKH 3PSHHUS JIJIS TOCTPO-
eHUs W300pakeHUS KpahHeih :

TO4kH Tena B yno6HO BEIOpaTh I —— 4

HpHBEIEHHBIE HIDKE JTyuH (2): 1. e

JIyu 1, npoxodsuyuti uepes on- e T

muyecKuil yeHmp 3epkana. 10T A Byl N
Jyd, TIPOXOIS dYepe3 OINThYe- 0 S E —
CKAW TIEHTp, BO3BpaIlaeTcs B B
TOM JK€ HaIllPaBJICHWH, B KAKOM : —
MMaJaeT Ha MMOBEPXHOCTh 3€pKa- 4!

ma (myu 1'). 2. Jlyu 2, npoxo-

osiyuil wepes gpoxyc. DTOT Iyd

BO3BpAIAETCsl TMapauIeFHO TJIABHOW omTmueckod ocu (myd 2'). 3. Jlyu 3, na-
0arwull Ha MOYKY NOTOCA 3ePKALA, OMPANCAEMCI O IMOU MOYUKY CUMMEMPUUHO
(myu 3"). 4. Jlyu 4, napannenshulii 21a6HOU ONMUHECKOU OCU 3EPKAAd. DTOT JIyd
MOCJIe OTPaXKCHUS MPOXOAUT uepe3 Gokyc 3epkana (iyy 4').

Takum 0Opa3om, Bce 3TH OTPaKEHHBIE JIy4H IepeceKaroTcst B Touke B', sBisro-
nryrocst u3o0paxkeHeM Touku B nmanHoro mpenmerta. [1oaToMy AJist POCTOTHI TMO-
CTPOEHUS CXEMBl M300pa)keHHUsl JTOCTATOYHO HCIOJB30BAThH JIIOOBIE ABA Jyda W3
MIPUBEICHHBIX BHIIIIE.

OTMeTuM, 4TO M300paKEHUE KpaiHeHW TOYKH A JaHHOTO MpeaMeTa, HaXosd-
IFecs Ha TJIABHOW ONTHYECKOW OCH, MOJyYaeTCsl TaKKe Ha TIIABHOM ONTHUYECKOH
ocu (Touka A') (cM.: a).

IHocTpoenne u300pakeHusi B BOTHYTOM 3epKaJjie. Bo Bcex ciyyasx, korna oTHO-
IIeHNe MEX/Iy PacCTOSHHUEM OT TpeAMeTa J0 3epKajia U (POKYyCHBIM PACCTOSHHEM CO-
craisieT d > F, BoTHyTOE 3¢pKaio AaeT ACHCTBUTEIEHOE H300payKEeHHE TEla, TIOTOMY
9TO0 M300paKEHUE IONIydaeTcs OT IEPEeceyeHus] OTPaKEHHBIX Jydeil. A eciu pac-
CTOSTHHE OT TpenMeTa JI0 3epKasia MeHbIle GokycHoro paccrosaus (d < F), Bormytoe
3epKaJio JaeT MHUMOE N300pakeHHe, IIOTOMY YTO H300paskeHUE PeAMETa OMy4aeTCs
HE TiepecevueHreM CaMUX OTPaKEHHBIX JIy4Yeil, a MX IMPOIODKEHUSAMHE 32 3€PKaJIOM.

B matu ciygasx nzo0pakeHue mpeaMeTa B BOTHYTOM 3€pKalie JeCTBUTENBHOE,
B OJTHOM CJIy4ae IMOJIy4aeTcsi MHUMBIM.

L
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1. IIpu pacnonosicenuu npeomema 6 6eckoneurnocmu’ d — oo, JIyuu cera, naja-
omme n3 0eCKOHEYHOCTH, MPUHUMAIOTCS 33 TapaliellbHble W OTPAKEHHBIE JTYyYH
cobuparorcs B pokyce 3epkana: f=F.

2. Ipu pacnonoxcenuu npeomema 0aieko 3a yeHmpom Kpusustol 3epraia’ d>R.
JeiicTBUTENBHOE, IEPEBEPHYTOE M YMEHBIICHHOE N300paKeHUE TIOTyqaeTCs MK
LIECHTPOM KpUBHU3HBI 3epkajia u pokycom (R > > F) (cm.: a).

3. Ilpu pacnonoscenuu ipeaMeTa 6 yenmpe kpusustol seprana. d = R. JleficTBu-
TEJIbHOE, TIEPEBEPHYTOE W PABHOE IO BEJIMYMHE HpPEAMETY H300paKeHue Moiy-
yaeTcs B IIeHTpe KpUBHU3HBI 3epKana (f=R).

4. Ilpu pacnonoscenuu ipenMeTa mexHc-
(b) B 0y YEeHMPOM KPUBU3HDL 3ePKAILA U (POKYCOM:
R > d > F. M3obOpaxkenue moaydyaercs
JEHCTBUTEIbHBIM, NEPEBEPHYTHIM, YBEIU-
YEHHBIM U PACIOJIOKEHO 3a IEHTPOM KpH-
Bu3HHI 3epkana (f > R) (b). 3mecs ucmons-
30BaJIMCh /1Ba JIy4a, BHIXOJAIINE M3 TOYKU
B: nepBbiil dy4, napaUieabHbIA TJIaBHOU
ONTUYECKOU OCH, U BTOPOU Ty, MaJaroui
Ha TOYKY ITOJIFOCA 3epKaa.

5. Ilpu pacnonoocenuu npeomema 6 go-
kyce: d = F. M300paxeHue moiaydaercs B
OeckoneyHocTH: f —oo.

6. Ilpu pacnonooscenuu mena medxncoy
O orycom u moukoii nomoca seprana; d<F.

NzobpaxkeHne momyyaeTcs MHUMBIM, TpS-

MBIM, YBEJIMYEHHBIM W PAaCIOIOXKEHO 32

3epKaJIOM.

IHocTpoenne u3odpaxeHusi B BBIIYKJIOM 3epkaje. Tak Kak BBITYKIIOE 3€pKajio
“MeeT MHUMBIE (DOKYC M IEHTP KPUBH3HBI, BO BCEX CITy4YasX HE3aBUCUMO OT PACCTOSHUS
MEXK/Iy TIPEAMETOM U 3epPKAIOM H300pasKeHHE MOTydaeTcs MPSIMOE U YMEHBILICHHOE 32
3epKaioM (MHMMOE) U PacIoIOKEHO MEXK Iy BEPIIMHOM 3epkana u okycoM (c). 3nech
JUTSL TIOCTPOEHUS n300paskeHus IpenMera AB TakKe HCIOIh30BAIKCH JIBA JIyda.

TBOp'-IECKOe npumMeHeHune

UccnepoBaHue

MocTpoitTe nsobpaxeHune Tena B chepuyeckom 3epkarne.
Ha pucyHke npeacTaBneHbl CXeMbl YETbIPEX MpeaAMETOB U CHEPUYECKUX 3epKar.
Mepepucyite cxembl Ha paboymin NMNCTOK U NOCTPONTE U30OPaKEHNSI STUX MPEIMETOB.

THA T 2T AR
—) =)
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UccnepoBaHune

O6cyauTe pesynbTar:

¢ N306paxeHne kakoro npeameTa nonyynrnocb AeNCTBUTENbHBIM, @ KAKOro — MHUMbIM?
Mouemy?

e ["Oe nony4yaetcs nsobpaxkeHne npeameTa B BbIMyKITOM 3epkane?

=

1
YTO Bbl Y3HA/IU &
Vi

MepenuwuTe faHHble HA pabo4ni NMUCTOK U 3aBepLUNTE UX
ANA BorHyTtoro 3epkana: “Ecnmd -« ...”, “‘Ecnud >R .7,
‘Ecrmd=R..”, “Ecru R>d>F....”, “Ecrmd =F.....”, “‘Ecnrmnd < F....”

1. Yem oTnuyaeTcsa nonydeHHOe B BOTHYTOM 3epkarne AeWCTBUTENbHOE n3obpaxeHue oT
MHUMOro?

2. MNoyemy BO Bcex cryyasix B BbIMyKIIOM 3epKare, HE3aBMCUMO OT PaCCTOSHUS MEXAY TENOM
1 3epkarnom, nonyyaeTcs MHUMoe nsobpaxeHme?

3. Kakue nyum ynobHo ncnonb3oBaTh A51s NOCTPOEHUS 300paxeHns B chepnyeckom 3epka-
ne? MNouyemy?

m nPEJ'IOMJ'IEHI/IE CBETA. 3AKOH NPENOMJIEHUAA CBETA

Mpn HaKMOHHOM Momelle- /
HUW KapaHAala B CTakaH ¢ ﬁ“‘} ¢ Mo4yemy Teno Ha rpaHuLe ABYX : I‘
BO/IOW KaXXeTCs, YTO Ha - npo3payvHbIX cpefn BUaUTCS

rpaHuLe BO3ayxa v BoAbl npenoMseHHbIM?

OH CINoMaH.

1

YTo npoucxoauT Nnpu nageHun ceeTa Ha
rpaHuuy AByX Npo3payHbIX cpen?
O6opyaoBaHue: Nnockasa nnactMmaccoBasi
6ernas nnacTuHa, akBapuym ¢ BOOOW, NMHENKa,
nasepHbli poHapb, monoko (50 rp), kapaHaaly.
Xopa uccnegoBaHuA:

1. Hanue monoko B akBapuym, fobentech He-
KOTOPOro NOMyTHEHWS1 BOAbI.

2. MNpoBeauTe No cepeauHe NNAacTUHbI NPEPLIBUCTYIO NIMHWIO, NEPNEHANKYNSPHO ABYM €€
cTopoHaM. 3aTem OnycTUTe NMacTVHy B aKBapuyM Tak, YTOObI NPepbIBUCTasA NMHUSA
Obina nepneHavKynsapHa NOBEpPXHOCTM BoAbl (a).

3. HanpaBbTe nasepHbliii nyd BOOMb NAACTUHbLI B TOYKY COMPUKOCHOBEHUST NEPNEHaNKyNnsipa
C NOBepPXHOCTLIO BoAbl. OBpaTnTe BHUMaHWE Ha HanpaBreHne fnyya B BOAE.

4. MNpocneaunTe, Kak U3MEHSIETCS Yron Mexay HanpaBfieHWeM pacrnpocTpaHeHnst nyya B
BOJE W NEPNeHAMKYNApoMm (yron NpenoMneHns) ¢ U3MEHEHUEM yrra nageHus nyya.
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UccnepoBaHue

Ob6cyauTte pe3ynbTart:

o MOXHO N1 ckasaTtb, Y4TO NafaroLmnii Ha rpaHnLy BO3ayX-BoAa nyd, MPEnOMIIEHHbIN NyYy
N nepneHankynap n3 ToYknM nageHua rnydya K noBepxHOCTU BOAblI HAXOOATCA Ha 0).'1HOI7I
MnocKocTn?

e Kakoe cooTHoLeHne HabnogaeTcsa mexay yrnamum o 1y, 06pasoBaHHbIMU NagaoLLmnm
W MPENOMIIEHHbIM NyYaMu 1 NepneHanKynspoM K NOBEPXHOCTN BOObI?

o K kakomy obLiemy BbIBOAY MOXHO NPUITK N3 HAabNoAeHNs ABNeHNs NPenomMIieHns ceBe-
Ta Ha rpaHuLe AByX Npo3payHbIX cpen?

IHouemy Jiy4 cBeTa MeHsIeT HANIPpaBJIeHHE NPH NepPexojie Yepe3 rPaHuIbl IBYX
npo3pavyHbIx cpen? [Ipu nanennu yva cBeTa Ha rpaHUILy paszesia ABYyX MPO3PAYHBIX
CpeJ ¢ pa3HbIMH TIOTHOCTSIMH (HAIpHIMED, BO3AyX-BO/IA, BO3IYX-CTEKIIO, CTEKIIO-BO/Ia
U JIp.) 4acTb €ro OTPaKAETCsI OT MMOBEPXHOCTH, a JAPYyTrast 4acTh, PO Yepe3 FPaHUILY
pasena 3THX Cpell, MeHsIeT HalpaBJIeHUe PacTpOCTPaHEHUSI.

o /{3MeHeHue HanpagneHusi pacnpoCmpanerus 1yua ceema npu nepexooe u3 00HOuU
Cpeobl 8 Opyeyio Ha epaHuye mux cped Hazvieaemcs nperomieruem ceema (b).
3necy AO — nagaromumii ayd, OB — npenomienusiit nyu, CD —
MEPIICHANKYJISP, MPOBEICHHBIN K TpaHUIIC pa3zeiia ABYX CPe.l U3
TOUKM naaeHus (touka O), o — yroia nmajgeHus, y (raMma) — yroia
npenomieHus. Tak Kak MIOTHOCTh BOJIBI OOJIBINIE TUIOTHOCTH BO3-
JlyXa, TO JIyd CBETa, Mepexo/isl U3 BO3yXa B BOJIY, MEHSET CBOE
HaIpaBJICHHE U OTKJIOHAETCA K neprneHAaukyispy CD (cm.: b).
Ecnu ke Bory 3aMeHUTH cpeJioi OOIbIIeH MII0THOCTH, HAIIPUMED,
CTEKJIOM, TO TIPEJIOMJICHHBIH JIyd CMECTHTCA K TEePIEHANKYISIPY
ip 4B eme OoJbIe.

Ilpu nepexode nyya ceema u3 npo3paunoll cpedvl ¢ MeHvblel
NJIOMHOCMbIO 8 NPO3PAYHYIO cpedy ¢ bobuLeli NIOMHOCIbIO Y20l
npenomierus 6yoem menvule yena nadeHus.

Jhyu ceema, naoarowuii nepneHOUKYIAPHO HA Spanuyy pazoena 08yxX NPo3PAYHbLIX
Cpeo ¢ pasHbiMU NIOMHOCMAMU, NPOXOOUM 80 8MOPYIO CPedy 6e3 NPEeLOMACHUSL.

[To nToram npoBeeHHOTO UCCIIEIOBAHUS BBl YCTAHOBUIIHU JIBA BBIBOJIA: NepEblll —
naoarouull Ha NOBEPXHOCHb SPAHUYbL B030YX-800d TV, NPENOMIACHHBIU 1YY U NepneH-
OUKYISAP, NPOBEOCHHBIL OM TOYKU NAdeHus aydua K epanuye pasoeia 08yx cpeo,
Jedcam 6 0OHOU NAOCKOCIU, MOPOU — C YBeIUYeHUEeM Yeia NAOEHUs. YEeTUUUBAENIC
U Y20/l NPENOMIeHUS, C YMEHbUEHUEM Yeld NAOeHUs YMEHbUACMCa U Y20l NPeioM-
nenus. Ecnu usmepamo yenvl nadeHus: u npelomieHus npyu noMowy mpascnopmupa,
CmManem sICHO, YMo OMHOWEHUE CUHYCO8 IMUX Y2108 OCMAEMC sl HOCHOSHHbIM:

sina
siny -

31eck TIOCTOSIHHAS BEIIMYMHA N — OMHOCUMENbHBIN NOKA3AMeNb NPEeLOMACHUSL.
Takum 00pa3oM, 3aKOH MPEJOMJICHHSI CBETA BBIPAXKACTCS IBYMS ITOJIOKECHUSIMHU:

o Ilaoarowuil nyy, npenomaeH bl ayy U NEPREHOUKYNAP K cpanuye pazoena
08yX Cped, NPosedeHHbll U3 MOUKU NAOCHUA IYUA, JIeHCAM 6 00HOU NJIOCKOCHU.

i
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e OmHnouwienue cunyca yz2ina RAOCHUA K CUHYCY Y2ia RPETOMIACHUA eCHib
6eIUYUHA NOCMOARNAA 01 08YX OAHHBIX CPeo.

Ommemum, ymo 3Havenue noKa3ameist NPEIOMAEHUs. He 3A6UCUM HU OM Yena naoe-
HUsL, HU OM Y2lla NPeOMIEHUs. C6ema, A 3A8UCUM O CBOUICE 08YX OAHHbBIX CPEO:

n,
n=-—,
ny
rae, N1 U Ny aOCOJNIOTHBIE MOKa3aTeldd NPEIOMJICHUs IMEPBOMl M BTOPOH cpex
COOTBETCTBEHHO.

o [loxkaszamenv nperomieHus OaHHOU cpedbl OMHOCUMENbHO 6AKYYMA HA3bIEA-
emcs apconOMHBIM NOKA3Amenem RpeioMaAeHus OanHol cpedvl. Abcontommbiil
nokazamenv NPeroMIAeHUsI NOKA3bIBAE, 80 CKOIbKO PA3 CKOPOCHb c8ema 8 OaHHOU
cpede MeHbule CKOPOCU C6emd 6 6aKyyMe:.

n=-—.
1%

B Tabmune 3.1 npuBeieHbI 3HaUSHHS a0COTFOTHBIX TOKA3aTeIeH MPEIOMICHHS JJ1s
Pa3HBIX Cpel.

Taoauna 3.1.
BeuectBo n BemectBo n
Anmmaz 2,42 Ckunuaap 1,47
Crekio 1,57 'munepun 1,47
Kamennast cosp 1,54 OTUIIOBBIA CITUPT 1,36
Ksap 1,54 Bona 1,33
PacturensHOE Maciao 1,52 Jlen 1,31
[Tnexcurmac 1,50 Bosnyx 1,00029

Takum 00pa3om, 3aKOH TPEIOMJICHUSI CBETa Ha TpaHUIe pasjiesia AByX Cpel B
o0I1eM BHJIe MOXKHO 3aIUCaTh U TaK:
sina n, Uy

siny ny U,

Kak BM/IHO U3 BbIPa)KEHHs, OTHOIIEHHE MOKA3aTeNlel IIPEIOMIIEHHS Cpe]] PaBHO
00paTHOMY OTHOIIEHHUIO CKOPOCTEH PaCIPOCTPaHEHMs CBETA B ATHX CPE/Iax.

Omo o3navaem, umo nperomieHue ceema Ha 2panuye 06YX NPOPAUHbIX CPed —
pe3yibmam pacnpocmpanenus. céema ¢ PasHoll CKOPOCMbIO 6 DA3HbIX CPeodx.
Cpeda ¢ menvuieti CKoOpoCmMbI0 pACNPOCMPAHENUs C6ema — SMo Ccpedd ¢ bONLUUM
nokaszamenem npeiomieHus, a Cpe()a C 50/me611 CKOpocmbio pacnpocmpaHerus
ceema — cpeoa ¢ MeHbUUM NOKA3amenem npenomMieHs.
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TBOopueckoe NnpMMeHeHue

L —
O E]

lMpoBepka 3aKkoHa nNpesfioMnieHnA cBeTa.

O6opyaoBaHue: ONTUYECKUI ONCK, CTEKNAHHAA

nnactuHa B popme NonyumnuHapa, TpaH-

CnopTup, YeTblpexaHayHas MaTemMaTnyeckas

Tabnuua (B.A.Bpaguca).

Xoa uccnepoBaHus:

1. 3akpennTe CTEKNAHHYO NITACTUHY B LEHTPE Or-
TUYECKOro AMcKa 1 HanpaBbTe MNyy CBeTa Ha ee
NOBEPXHOCTb MOA  ONPEAENieHHbIM  YITIOM,
Hanpumep, 42° (c).

2. OnpegenuTe yrnbl NPENoMIIEHUS, COOTBETCTBYHOLUME 3HAYEHWAM
30°, 45°, 60° u gpyrum yrnam nageHus, nonyyeHHble Nepemelle-

HMEeM UCTOYHUKa CBeTa NOo Kparo OnTUYEeCKOro Ancka.

3. Bbl4MCNUTE OTHOLLEHWE 3HAYEHUI CUHYCa yrnoB nageHusa n oTpaxeHusa, UCNonb3ya 4e-
ThIPEX3HAYHYI0 MaTemMaTu4eckyto Tabnuuy.

O6cyauTte pe3ynbrar:

o Kakyto 3aKOHOMEpHOCTb Bbl ONPeAENnv B XoAe UCCNefoBaHns O NPeromneHmn ceeta’?

YTO Bbl Y3HA/U * HanuwwuTte Ha paboyeM nUcTke KpaTKyto MHchopmMaumio Ha oc-
HOBaHUW [aHHbIX KIOYEBbIX CIOB.

KniouyeBble crioBa: e npenomrieHue CBeTa e 3aKOH NperioMrieHust
cBeTa e aGCOJIIOTHbIN NOKa3aTeslb NPEesIoOMIIEHUA © ONTUYECKN
Gornee NNOTHasi cpefa eONTUYECKU MeHee NIoTHas cpefa e

MpoBepbTe CBOM 3HAHUA

1. MonoxwuTe Ha AHO YallK1n MOHETY U MOCMOTPUTE Ha Hee C Takoro MecTa, YToObl Kpav
YaLlKy 3aKpblBan MOHeTY (MOHeTa He JofkHa ObiTb BUAHa). Ecnu e B Yaluky HanuTb
BOAbl, TO MOHeTa cTaHeT BuaHa. Modyemy? OTBeT 060CHYINTE, HAPUCOBAB CXEMY.

2. KakoB hnanyeckuii cmbicn abcontoTHOro nokasartens npenomnexHns cpegpl?

3. B kakom crniyyae yron npenomneHus MoxeT ObiTb Gonblue yrna nageHns?

4. CpaBHWTE ONTUYECKYIO MITOTHOCTb M NOKasaTenv NpenoMreHns NpeacTaBeHHbIX Ha
PUCYHKax cpea.

o

i AL

I

o

—
e -
v
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1. JIy4 cBera nepexoaut u3 Bo3ayxa B | 4. Ha pucyHke nmpeacraBiieHa cxema mocT-

crexy0. Onpegesnure yroJ npe- poeHns n3o0pakeHus npeaMera B ce-
JIOMJIEHUSI M CKOPOCTH PacmpocT- puueckoM 3epkajie. Onpenesnre ero
PaHeHHsI CBeTa B CTeKJIe, ecIu (okycHoe paccTosiHue, paccTOsIHHE OT
yroJi najeHusi pasex 60°. npeaMeTa 0 3epKaJjia i paccTosiHue OT
2. B kakoM HanpaBJieHHH He00XO0- M30pKEHH 110 3ePKANA.
AVMO HANPAaBHUTH JIyY CBeTa B aJI- B 5 —\
Mase, BOJie M CTeKJIe, YTOObI Bbl- A "J_ ,:
Xoasife U3 HUX B BO3AYX Jy4H TO A—C _.
OBLIN MapaJlIeTbHBIMH, KaK o -

MOKA3aHO HAa pUCYHKe? o
rrar B

Anmasz Bona Crekno

5. IlokakuTe cXxeMaTHUYECKH JaJIbHeH i
NyTh JIy4eil, Najaluux Ha

\\ \4\ \ MOBEPXHOCTH BBIMYKJIOTO 3epKaJia.

-
3. JIy4 cBeTa pacnpocTpaHsieTcsi B —'-7;"
cpeaax ¢ noKa3aTeJsiMu 1pe- {
i
JIOMJIEHHSI 14, Ny, U N3 TAK, KaK . A F
NoKa3aHo Ha pucyHke. Kakoso \
—h—

COOTHOLICHHE MEK1Yy NMMOKa-

3aTeJISIMH NpeJioMJIeHus?
6. JIyu cBeTa mepexoaMT U3 Cpeabl ¢ MOKA-

3aTejieM MPeJOMIIEHHs Ty B Cpedy € Io-
n, KaszaTeJieM npejiomjieHus n,. Kakoso
COOTHOLIEHHE MEKIY CKOPOCTAMH pac-
NMPOCTPaAHECHUS CBETA U MMOKa3aTeJIAMU
NMpeJOMJICHUA B 3THX cpeuax?

A)n vy =Ny,

B)niv, =nyu;

C) nlnz = U]_ UZ

D)ns+n, = v1+0,

E) nl—nz = U1~y

n;

ns
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m nPOXO)K,D,EHVIE CBETA YEPES3 MNMIOCKOMNAPANJENBbHYIO

CTEKNAHHYIO MJIIACTUHY U TPEXITPAHHYIO CTEKINAHHYIO
NnPU3IMY

.&*-E

4 ﬁ? » CKONbKO NperioMrieHunin ucnbl-
& ® ThbIBaeT Jly4 cBeTa Npu Npoxox-
[eHUU Yepe3 CTEKNAHHYIO nnac-
TUHy? lMponcxoouT nNu Nnpu 3ToM
M3MeHeHue HanpaBrieHus pac-
npocTpaHeHus ceBeTa?

[MocmoTpum Ha kapaHaal Hepes
TOJICTYIO CTEKNSAHHYIO MNACTUHY.
YacTb npenomueLLeroca noj

CTEKIIOM KapaHpalla KaxeTcs
HECKOMbKO MPUNOAHSATON BEEpPX. ,

' A
MpoxoxxaeHue cBeTa Yepes nynockonapannenbHyH
CTEeKNAHHYI NNacTUuHy.

O6opynoBaHue: CTekNsiHHas nnacTvHa Tpanewueob-

pasHoi dopmbl, Bynasku (4 LWTyKK), TONCTLIA NUCT BY-

Mmaru, kapaHgatl, TpaHCNnopTup, NIMHENKa.

Xopa nccnepgoBaHus: L

1. ObBeguTe KapaHaaLloM Ha nucte Bymarn KOHTYp CTEKNsAHHOW nnac- ' 7,
TWHBbI, @ 3aTem ybepuTe ee.

2. V13 Touku, 6nnskon k cepeguHe Tpaneummn, NpoBeanTe HAKNOHHD BEK-
Top AO Ha Manoe napansnenbHoe OCHOBaHWe Tpaneuun. 3TOT BEKTOP
OyneT cxemon nagarowiero nyya (a).

3. BepHuTe CTeKnsiHHYO NacTUHY Ha MeCTO Y BOTKHUTE BynaBku 1 1 2 Ha BEKTOP NagatoLLero
nyya Ha HEKOTOPOM PaCcCTOsIHUM ApYr OT Apyra (CM.: a).

4. Pacnonoxwute rmna3 Ha ypoBHe NMOBEPXHOCTM CTona Tak, YTobbl Habnogas Yyepes Gornbluoe
napannensHoe OCHOBaHWe NIacTyHbl MPOTMBOMOMOXHYK CTOPOHY, Bynaska 2 NOHOCTLIO
3akpbiBana 6ynasky 1.

5. BoTkHuTe BynaBku 3 1 4 cO CTOPOHbI BOMBLLIOrO OCHOBAHWSA CTEKIMAHHOW MacTuHbI Tak,
yToObI BynaBka 4 “cnpsTana”’ 3a cobow ocTanbHble Tpy OGynaBku — CNIOBHO BCe GynaBku
BbICTPOWUMUCL B OAUH psf.

6. Ybepute C nucra CTekmnsHHylo nnacTuHy u 6ynasku. [Npoeeaute nyd BC, Bbixoaswwmii ¢
NMOBEPXHOCTM GOMbLIOrO OCHOBaHWS CTEKISIHHOWM MNMACTMHbI M MPOXOASLLIMIA Yepe3 OTBep-
ctus ot 6ynaBok 3 n 4.

7. CoeguHute npsimon nuHuen OB, TOuKy MageHust fnyda Ha MOBEPXHOCTb CTEKISIHHOM
NNacTUHbI M TOYKY BbIXoAa. OTa NIMHNSA NOKa3bIBAET HaMpaBrieHye X0Aa fny4va B CTEKITAHHOW
nnactuHe. Bce nyun nsobpasnte B BUAE CTPESOK.

8. 3aBepLunTe cxemy, NpoBeas NeprneHavKynsapbl K NoOBEpXHOCTU. Mpy NOMOLLM TpaHcnop-
TMPa U3MepbTE YIMbl NAAEHUS (a4 U a,) U YIIbl Npenomnenns (y,u vy, ). Pesynbtatbl nsme-
peHuii 3aHecuTe B Tabnuuy 3.2 1 CpaBHUTE 3HAYEHWS ITUX My4eN.

Tabnuua 3.2.
paHuua pasgena Yron nageHus (a) Yron npenomneHus (y)
Bosgyx-ctekno a, = Y1 =
Crtekno-Bo3ayx a, = Yy =

O6cyauTe pesynbTart:

¢ K kakomy BbIBOAY MOXHO MPUITU N3 CPaBHEHWS YINOB NaAEHNs U NPenoMIeHns cBeTa
Ha rpaHuvLe pasgena cpef BO3[yX-CTEKIO U CTeKMNo-Bo3ayX?

¢ YTO MOXHO Ccka3aTb O BXOASLLEM W BbIXOASILLEM fydax Ans niockonapanienbHon CTek-
NSAHHOW NNacTUHbI?
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Xox Jy4eil cBerTa B INIOCKONAPAJICIBHOH CTEKJISTHHOMN ,

wiacTuHe. [lnacmuna, oepanuiernas nioCKUMU NApaLieTbHbIMU : OELE ;
NOBEPXHOCMAMU, HA3bIBACMCST NIIOCKONAPALNENbHOU NAACHUHOU. oz,
CBeToBOii Ty, MaIAIONINIA Ha TaKy0 CTEKITHHYIO IDIaCTHUHY IO 7:
OTIPEICTICHHBIM yTJIOM, Ha TPaHWIE BO3MyX-CTEKIO W CTEKIIO- r
BO3IyX W oTpaxkaetcs, u npenomisiercs (b). Ilpu atom npu mepe- 1

XOJIe JIyda U3 BO3AyXa B CTEKJIO MPEJIOMJIEHHBIA yToM Y1 MEHBIIE
MAJIAkOILIET0 yIva (L1, a IPU IEPEXO/ie U3 CTEKNAa B BO3AYX MPEJIOMIICHHBINA Yrol U Y2
OOJTBIIIE TTAIATOIIETO YTIIa U Ola.

370 00BSICHAETCS TEM, UTO B 3THX CPEIax pazHbIe TIOKa3aTel Iy MPesIOMIICHHS (TaKKe
pasHble CKOPOCTH DPAacCIpOCTpaHUs CBETa): €CIM Jyd CBETa NEPEXOOUT W3 Cpelpl C
MEHBIIINM TIOKa3aTeJIeM TPEIOMIIEHHS B Cpey ¢ OONBIINM TIOKa3aTeNneM MPeIOMIICHHS,
TO YTOJ TIPENOMIIEHHS OyleT MeHbIne yria nanenus. Haoboport, ecnu jryd cBeTa mepe-
XOIIUT W3 cpenbl ¢ OONBIIMM TTOKa3aTeNieM IMPENOMIIEHHS B Cpely C MEHBIINM IOoKa-
3aTeNeM TPETOMIICHHsI, TO YToll TperomiieHust Oyaer Oombine yria manenus. [lo pe-
3yJbTaTaM MPOBEJEHHOTO MCCIEAOBAHMS TS IIOCKOMApaUIeIbHON CTEKISTHHON ITac-
THUHBI BBI OTPENIENMIN U IPYTHE €€ CBOHUCTRA:

— JY4 c8ema 8bIX0OUM U3 NAOCKONAPALENbHOU NPO3PAYHON NIACHUHBL NOO MAKUM

JHce yenom, noo Kakum nadaem Ha ee n08epXHOCMb;
— BbLIXOOAWUIL U3 CIEKNA VY PACNPOCMPAHACMC NAPAIENIbHO Na0arouemy, Ho
CcMewer OMHOCUMENbHO He20.

Xo/ cBEeTOBOIO Jiy4a B TPeXI'PAaHHOI CTEeKJAHHOW nmpu3Me. B TpexrpanHoit
CTEKJITHHOM IIpHU3Me HalpaBJIeHNEe pacpocTpaHeHns cBeta Mensercs. [Ipu paccmo-
TPEHUH KaKOTo-T100 Tena yepe3 TaKylo IpU3My Ka)XeTcsl, YTO TEJIO MIOMEHSIIO CBOe
Mecto. Ucxonsamme oT tena yuu cBeta 1 u 2, magas Ha nNpu3My B Toukax A u B,
MIPETOMIISIOTCS. ¥ paCIIPOCTPaHSIOTCS BHYTpH Npu3Mbl B Hanpasieann AC u BD.
JlocTUrHyB BTOpPOM I'paHu, JIy4d CBETA IIPEIOMIISIOTCA BO BTOPOU pas. B pesyibrare
HaOII0aTeNb BUIUT UCTOUYHUK CBETA B TOUKE ITEpEeCcEeUeHUs MPOIoDKeHus ayueit 1’ u
2', IpyrUMH CJI0BAMU: mejio Oyoem Habno0amocs
CMEWEHHbIM K BEPUIUHE Yella MENCOY NPENLoMIAI0-
WUMU SPAHAMYU MPEXSPAHHOU CIEKISIHHOU RPU3MBI.
Hanpaenenue nyueti om mena, naoarowue Ha npus-
My, MEHAIOm C80€ HanpasieHue, OMKIOHAACL K
ocHosanuio npuzmsl (c).

UccneposaHune V]

HauepTuTe ganbHenwnii xoq nyda ceBeTta, NagaroLlero Ha 4
NOBEPXHOCTb CTEKMNSAHHON Npuambl (d). '

O6cyauTe pe3ynbTar:

¢ B xakom HanpaBneHun pacnpocTpaHAeTCs BbIXOAAWMIA M3 Mpu3Mbl nyy? Modyemy?
e 3anvumnTe 3aKOH NPenomIIeHNs fyya B CTEKMSAHHON Npu3me.
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YTO Bbl Y3HAU -
OcCHOBHbIE CBOWCTBa nriockonapannenbHON CTEKNSHHOM NNACTUHLL: ...

MepenuwmTe NpeanoxeHnsi B paboyni NIMCTOK U 3aKOHYUTE UX

Mpy nageHun nyya cBeTa Ha CTEKISIHHYIO TPEXTPAHHYIO MPU3MY ...

MpoBepbTe CBOU 3HaHUA

1.
2.

3.

HauepTute ganbHemWmnin xoa NpesioMeHHbIX fyyelt B AaHHbIX cpedax (MpuGnmsuTensHo).

B kakom cnyyae yron npenomneHusi 6onblue yrna
5 Anmas Bona
nageHnn? ~a oA
MoxeT nu nagaroLmii Ha NOBEPXHOCTb Boma
nnockonapannenbHOW CTEKNAHHOW MNacTUHbI Nyy < Kpape Crekio

cBeTa NPONTN Yepes Hee He I'IpeJ'IOMVIBUJI/ICb?

w

N

¢}

]

~

oo}

2.

. He meHsis nonoxeHuns rmasa, 4yTb nosep-

p
° MpakTuyeckas pa6oTa 3.1

Onpe,qeneﬂme nokKasartensd npesniomMmrieHuUA CTeKkna.

O6opyaoBaHue: NuHerika, TpeyronbHasa nu-

Helka, CTekNsiHHas nnactuHa B oopme (a) M. {b) 4B
Tpaneuuun, Kycok kapToHa, 6enas 6ymara, Nt

OynaBku C ronoBkon (4 WT.), kKapaHaaLl. N e
Xop uccnepgoBaHus: "'-‘ N

1.

MomecTnTe CTEKNSHHYIO NnacTuHy Ha Ge- oy
nyto 6ymary, Nnoanoxve NoJ Hee KapToH. *'__;
BoTkHuTe Oynaeky B Touke A Tak, YTOObI A¥
OHa Kacanacb OAHOW 13 napanmnernbHbIX ;;-;._
rpaHe nnacTuHbl. PacnonoxuTe rnas Ha I X
YPOBHe CcToNa Takum o6pa3om, 4Tobsl 7K
CMOTPS1 Ha NNacTUHY C APYrov CTOPOHI, o7

Bbl BUAENW CKBO3b HEE OCHOBaHNE

Bynasku (a). U* = ___.._..L_|:|

/ i

HUTE NNacTUHY Tak, YTobbl BUAMMAs Ye- '
pe3 nnacTuHy YyacTb Oynaeku coBnana ¢ b :
TopyalLen ronoskon Gynasku.

. 3atem octanbHble 6ynaeku BOTkHUTE B Toukn B, C n D Tak, ytobbl 6ynaeka D “cnpsatana” 3a

coboi Tpu Apyrve BynaBku — CIIOBHO BCE OHW BbICTPOEHb! BAOMb 0AHOW nuHum (b).

. BoiTawme 6yJ'IaBKVI, OTMEeTbTe KapaHgalloM Ux cnepgbl. 3atem yoanunte CTeKnAaHHy nnac-

TUHY, NpeaBapuTenbHO 06Beas kapaHaalloM ee Mo KOHTYpY.

. Mposeante COOTBETCTBYHOLLME JNTUHNN HYepeld TOYKN A n B, a 3atem 1 yepes C n D go ne-

peceveHus nx ¢ NOBEpPXHOCTbIO Tpaneuun. OTMeTbTe TOYKW MepeceyveHns u npoeeauTe
yepes HUX ABe paBHble nuMHUM AM 1 AP Tak, 4TOObl NOMYYMNNCb ABa NPSMOYrOfbHbIX
TpeyronsbHuka: AAMN n AAPQ (cm.: b).

. npOBe,EWITe COOTBETCTBYKOLLME U3IMEPEHUA N BbIHUCTINUTE NOKa3aTeslb NpenoMieHnsa CTek-

J1a, ucnonb3dyd 3aKOH NpenomMmneHna ceeta:

sina . MN | PQ
n=-——,Ssnae =——, Slny = ——.
siny’ AM’ Y =4p
[ MN AP MN
Otciopa nonyyaem: n = ——= ==". 2= 13k kak AM=AP, Ton = —
siny AM  PQ PQ

3HauuT, AN onpeaeneHus nokasaTtens npesiomMeHnst cBeTa B OMnbiTe JOCTaTOYHO U3me-
puTb pacctosiius MN 1 PQ (cm.: b).

. HaqepTMTe CXeMy onbiTa Ha paGoqu JINCTKE U CpaBHUTE 3Ha4YeHMe Nony4eHHoro B xoge

onblTa NoKasaTena npenomMmneHna ceeta Cc ero TabnMyHbIM 3HAYEHMEM.
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r oE—

Mpn BHI/IMaTe(ngOM paccMmoTpe- o Mouemy B 10BENMPHBIX 4 'r* 1
HUWM anvasa (bpunnuanHTa) B ey, MO, o o

P ) u3genusix anmMas usro- K - B
KOnbLE MOXXHO YBMOETb, YTO OH TaBNWBAETCH B BUAE OT- N T
MOCTPOEH 13 OTMONNPOBAHHbIX NONMPOBAaHHOTO MHO- Wie
MHOrOrpaHHUKOB. rorpaHHuKa? <
B coBpemeHHOM MeavuuHe Ans « Kakoe cBeTOBOE€ siBfieHNe BO3HUKaeT B
nccrenoBaHns BHYTPEHHUX opra- cBeToBode?
HOB 6e3 XMpypruyeckoro BMeLla- -
TEenbCTBa, HanpMMep nuwesoaa, SkpaH

MCMOnb3yeTcst TOHKas anacTtuyHasi
TpyOka, HasbiBaemas CBeTOBO-
Aowm (aHpockon). Mpu Hanpas-
NeHUN fyya cBeTa Ha OAMH KOHeL,
Takomn Tpybku CBET BLIXOAUT C ApYy- b,
roro ee KOHLa 1 ocBeLlaeT nccne- )
Ayemoe MecTo.

(s

O6opyaoBaHMe: TOHKWUIA CTEKISIHHBIA CTakaH, Boaa

(200 mn), kapaHgaLy.

Xoa uccnepoBaHus:

1. Hanue [0 NOMoBWHbI CTakaHa BOAbl, NOCTaBbTE
ero Ha cton. OnycTute KapaHgall HakMOHHO B
BOAYy W nNpoHabnioganTe ero npernomMneHve Ha
rpaHuLe pasgena Bo3gyx-soaa.

2. lNopHsAB cTakaH A0 ypOBHSA BaluMX rnas, pacnonoxute ero Ha pacctosHun 25-30 cwm.
MpoHabniogarniTe 3a NpenoMneHneM Ha rpaHuue BO34yX-BOAa YacTu kapaHaalwa B
BOJE M 4YacTu KapaHgalla Hag Bogon (a).

3. He n3mMeHssi BbICOTbI panoriokeHusi cTakaHa, MOCTEerNeHHo yaansinte ero ot cebs u
obpaTnTe BHMMaHue, kak OyaeT BbirnageTb kapangaw (b).

O6cyauTe pe3ynbrar:

e B kakoM cny4yae onyLleHHbIN B BOAY KapaHgall Bbirnagen 6onee npenomneHHbIM: Ha
rpaHule BO3ayx-BoAda Unm Ha rpaHuue Boga-so3ayx? Movemy?

e Kakoe nsmeHeHve B NpenioMrneHMmn kapangaiwa Habnioganocb npu NocTeneHHoM yaa-
neHun cTakaHa ot ceba?

e Ecnu npogomxaTb yoansaTtb OoT cebsa cTakaH BO3HWKHET Takasi CUTyauus, Koraa Bbl BU-
OWTe TONbKO NOrPYXEHHYI0 BHYTPb BOAbI YacTb kapaHaawa. Movemy? Kakoe ceeToBoe
SIBNEHNe BO3HMKaEeT npu 3Tom?

Ceer
U Kamepa

Br1 yxe 3HaeTe,4To MpH MaJieHNH JTyda CBEeTa U3 CPellbl C OOJBIINM ITOKa3aTeleM
MPEJIOMJICHUST B CPely C MEHBIIMM IIOKa3aTesieM MpesioMJIeHHs (Hampumep, Ha
TpaHUIle BOJa-BO3AYyX) MPEIOMIIEHHBIA Jy4 yJanseTcs OT MEepPHeHIUKYJIIpa: yroi
MIpeIOMIICHHSI OOJIBINIE yTIIa MAACHHUS.
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Kak meHsieTcs1 yroJ1 nmpeJioMJIeHHs1, IPH YBeJIWYECHHH YIJIa MaJeHus CBETO-
BoOro jgy4a? B pesynbrare ucciae10BaHus Bbl YCTAHOBUIIM, YTO C YBEJIMYEHUEM yIja
MaJIeHMs YBEJTMUMBACTCS YTOJI IPEIOMIICHHUS CBETOBOTO JIyya: IPH yIAJICHUH OT ceOst

CTaKaHa, PacloJIOKEHHOTO BBIIIE YPOB-

(©) g HS TJasa, KapaHgam OyJeT BBHITIANETh

(d)

”

.
S0, 6 LY Oosee peIOMIIEHHBIM (¢, citydan 2—4).
: s IIpu onpeneneHHOM 3HaUYEHHUH yTJIa Ma-
S . JIeHHs CBETOBOIi Ilyd HE TIEPEXOIHT BO

BTOpPYIO cpeny (BO3MyX), yroia mpe-

nomiieHus: coctaBut 90° (dy4 pacmpo-

CTpaHseTCsl BAOJb I'PAaHMIBI BOAA-BO3-
Iyx) (cm.: ¢, cirydaii 5). Ilpu ganpHeleM yBeTndeHIH yTiia aIeHHs a0 Iy
HE MPEJIOMIISIETCS, a TOJTHOCTHIO OTPaXKaeTCs OT BHYTPEHHEH ITOBEPXHOCTH BOIBI (CM.
¢, ciiyyau 6—7) — BO3HHMKAET SIBIICHUE NOJIHO20 6HYMPEHHE20 OMpaxjcenus céema. Yo
MasieHus1 Olp, COOTBETCTBYIOIIMIA yrity npenomieHus 90°, Ha3bIBaeTCs npeodenvbHuim
YeoM TIOTHOTO BHYTPEHHETO OTpaXKeHHUs. 3aKOH IIPEIOMIICHUS AJS Ciydas, Koraa
MIpeOMJIEHHBIH JTyd cocTaBisteT 90°, 3anmucrIBaeTcs Tak:

A
i L,

sinag 1
sin90°  n’
Tak kak sin 90° = 1, To umMeeM:
) 1
sinay = — .
07 n

Jlnst xaxmoit mapsl cpen (HampuMep, CTEKJIO-BO3AYX, aliMa3-CTEKIIO U Ip.) WMe-
eTcs OTpeJIeNIEHHBII MpeIeNIbHBIN YTl MOJTHOTO BHYTPEHHETO OTpaxeHus. OIbIT-
HBIM ITyTEM YCTaHOBJICHO, YTO NPEACIbHBINA YroJl Jyya CBETa Ha TPaHULIE CTEKIJIO-BO3-
oyXx o = 42°. 3HauuT, €y YroJl MafeHHs JIyya CBeTa Ha IPaHMIly CTEKI0-BO3LyX Oy-
Jet Ooutbine ~42°, TO B CTEKJIe BO3HUKAET SIBJICHUE TTOJTHOTO BHYTPEHHETO OTPAKEHHSI.

SIBNeHHE MONHOTO BHYTPEHHETO OTPaXKEHHsI CBETA LIMPOKO MCIOJIb3YETCs B pa3-
HBIX ONTHYECKHUX MPUOOpPax, CBETOBOJAX W IOBEIMPHOM jeinie. Hampumep, cBer, ma-
JIAIOLIMKA HAa MOBEPXHOCTh CTEKJISIHHOW MPU3MBI, ABJIAIOMICHCS OHOM M3 OCHOBHBIX
yacTeld OMHOKIIS, B pe3yJIbTaTe IMOJHOTO BHYTPEHHETO OTPa)KEHHUS, MOXKHO CKa3arh,
MOJIHOCTBIO OTpayKaeTcsl U MEHSIET cBoe HarnpasieHue (d).

Kak npoucxoaurt mosiHoe BHYTpPeHHee
oTpazkenne B npusme? CTEKJIIHHAs NpU3Ma
[TOMEIIAETCS B ONTHYECKOM MPUOOpE TakK, YTO
JIyd CBETa MajJaeT Ha ee MOBEPXHOCTh MepIeH-
JTUKyJsipHO (€). OCHOBaHME MPHU3MBI — PaBHO-
OeApeHHBIH MPSMOYTOJIBHBIN TPEYTOJIIBHUK:

(AB=AC; BAC = 90°).

JIyu cBera, He MpeNOMIISISICH, MPOXOJIUT B
pyu3My (TTOTOMY YTO YToJI TajieHust paseH 90°)
Y TIAJIaeT Ha €€ TPaHUILY C BO3ILYXOM (TpaHrIa
CTEKJIO-BO3/IyX) TMOJ yriaoM o=45°. O1oT yron
IUTSL CPeji CTEKIIO-BO3LyX OOJIbIE MpeebHOTO
yIJ1a MOJIHOTO BHYTPEHHETO OTPAXECHUS CTEKIIa,




MOATOMY JIyd CBETa HE MPOXOAUT B BO3IYX, OH MOJHOCTBIO OTPAXKAETCS U BBIXOAUT
yepe3 rpanb ACDF non yriom y = 45° (em.: e u f).

TPYJIHOJOCTYIHBIE MECTa MCIOIBb3YETCS ONTHICCKUI
prudop, Ha3bIBaEMBIN c8enogodom. CBETOBO Mpe/I-
CTaBIIsieT co00H IMPO3pauHOe BOJIOKHO WIIH IACTHY-
HYIO0 TpyOKy OY€Hb MaJEHBKOTO AMAMETPa, MOKpPbI-

I[JISI nepeaayu CBCTa Ha PA3HBIC PACCTOAHUA, B (9)

TYIO CHApY>H 000JIOYKOH ¢ MaJIOH ONTHIECKOH TIIO0T- S T e W
HOCTBIO. B Takux BOJIOKHAX CBET HCIBITHIBAET MHO- ” ' '
TOKpaTHOE MOJIHOE BHYTPEHHEE OTpa)KeHue (9).

MOJIHOTO BHYTPEHHETO OTPayKSHUS CBETA ISt
TIOBBIIIICHUS. CTOUMOCTH TTPUPOIHBIX JIParo-
IEHHBIX KaMHEH M MX MPUBICKATEIHLHOCTH.
OOBIYHO JIFOIM PACCMAPHBAOT APArOICHHBIE
KaMHH T10]1 SIpKUM cBeToM. [Ipu 3ToM, Hesa-
BUCHMO OT TOT'0, C KaKOH CTOPOHBI HaXOJTUT-

Bekamm FOBCJIMPBI UCHIOJIB3YIOT SABJICHUC

A
e

Csl ICTOUHMK CBETa, HEKOTOPBIC BHYTPEHHHE
TIOBEPXHOCTH TpaHel KaMHS OTpakaloT Majarollye JIydd Kak 3epKaja, co3laBas B
kamHe 3¢ ekt ceepkanus. [Ipu moBopoTe KaMHS PoJb “BHYTPEHHUX 3€pKail” UTPAIOT
ero npyrue rpanu (h).

[To aTo¥ MpuunHE OTpaHEHHBIN anMa3, Ha3bIBAEMBIA OPULIUAHIOM, SIPKO CBEp-

KaeT, He3aBUCUMO OT HalpaBlICHUs MaJeHUs CBETOBOTO Jiy4da (i).

TBopuyeckoe npumeHeHue

el
A

]

Mposepum nonHoe BHyTPeHHee OTpaXeHue ceeTa. ["’0 O+ %0}
OGopypoBaHue: ONTUYECKUI AUCK, CTEKINSIHHAs nnac- \ 80 ﬁﬂvﬁ
TWHa B hopme nonyuunuHApa, TPaHCIopTmp, YeTbipex- bl 31/

3Ha4yHaa MmaTemaTtuyeckasa Tabnuua (bpaguca). T

Xop nccnepoBaumA: 1. 3akpenute CTEKNSAHHYIO nnac- |

TUHY B LIEHTPE ONTUYeCcKoro Ancka. HanpaebTe ny4y cBe-

Ta BAOMb paguyca nonyuunuHapa u npoHabniogante ™ 3 ss I

3a ero nNpenoMiIeEHNEM Ha rpaHuLe CTekNo-Bo3ayx (j). !

2. MNepemecTTe UCTOYHMK CBETa MO Kpak OMTMYECKOrO AMCKa Tak, YToObl obecneuuntb na-

[O€eHVEe Nnyya Ha rpaHuLy CTeKNo-Bo3ayx nog yriom, paBHbIM MpeaernsHOMY Yrily, Npy 3TOM

NpenomIeHHbIA Nyd pacnpoCcTpaHseTcsl BOOMb rpaHuubl pasgena asyx cped. Mamepbte

TpaHcnopTUpoM npegensHbin yron. 3. CMecTMB UCTOYHUK CBETA eLLe No Kpat ONTUYECKOro

ancka, obecneubTe, 4TOObLI yron nageHus cBeTa Ha MOBEPXHOCTb MOMyuMnuHapa Obin

fornbLue NpeaenbHOro yrna. 3apucynTe CXeMy onbiTa Ha pabounii NIMCTOK.

O6cyauTe pe3ynbTar:

¢ UeMy paBeH npegenbHbIi yron NofHOro BHyTPEHHEro OTpaXKeHUs CBETOBOTO Iyya Ansd
ctekna?

e [1py Kakom yrne nageHuss CBETOBOIO fy4a Ha NMOBEPXHOCTb CTEKIO-BO34YyX BO3HUKAET
SIBMEHWNE MNOSTHOr0 BHYTPEHHETO OTPaXKeHWNA?
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YT1o BbI y3Hanu

Hanuwute Ha paﬁoqu JINCTKE OGbACHEHUS K AAHHbIM
KIno4eBbIM ClioBaM.

KniouyeBble cnoBa: “lNpeaensHbin yron...”; “lMonHoe BHyTpeHHee oTpa-
XeHue...”; “CBetoBoj ...”

1. Yto Takoe npeaenbHbli Yromn NonHoro BHyTPeHHero otpaxeHusi? OT Yero 3aBCUT 3HaYeHue
aToro yrna?

2. MoxeT nn BO3HWKHYTb MOMHOE BHYTPEHHee OTpaXkeHue npu nepexoge fyda cBeTa u3
Bo3ayxa B anmas? Movemy?

3. MpuBeanTe NpyMepbl NPUMEHEHUST SBNEHUS NOMHOIO BHYTPEHHETO OTPaXEHUSI.

1. HauepTHTe NpoA0/LKeHUE JIy4a CBETA B CTEKJISIHHOI () 7
v N

npusme (2). Ilokaszarejb NHpeJOMJIeHHS] HPU3MBbI Y e
MeHblIe TOKAa3aTesIsl NpPeJOMJIEHUs] OKpY:Kaloleii
cpeasl (nq<n,). ; 4

2. CkopocTh pacnpocTpaHeHHsI CBeTa B ajiMa3e " ~
1,22.10% m/c. OnpenenuTe npeaeabHbIA Yo moJ- .t I h

HOI'0 BHYTPEHHEIr0 OTpaK€HMs IPHU BBIX0JA€E CBE€Ta
u3 ajiMa3a B BO31yX.

3. Ha pucyHKe mOKa3aH IyTh CBETOBOIO JIy4a B Tpex  (b)
IVI0CKONAPAJLIETBLHBIX cpeax ¢ MoKa3aTeJsIMH Tpe-
JIoMJIeHus1 N1, N2 u N3. OnpenejnTe COOTHOLIEHUE
MexIy nokazarejsiMu npejomiienus (b).

4. IIpegenbHBIA yroJl MOJIHOTO BHYTPEHHEI0 OTPasKe-

n!

n?
HHUAl JJIsl KpHcTaiuia pased 34°. Ompegenurte ero ry I
NMOKa3aTeJIb MPeJOMJICHHUS.

5. JIyu cBeTa nmajaeT Ha MOBEPXHOCTH IUIOCKONAPAJI-
JeJbHOW MiIacTuHbI B Bo3ayxe. HauepTure npo-
JoJKeHue jgy4a (c).

6. IToxa3zaTtesib NpeIOMIIeHUS BOJbI, CTEKJIA U aJIMa- (©)
32 OTHOCUTEJBHHO BO31yXa COOTBETCTBEHHO PaB-
Hel N1=1,33, Nn2=15u n3=2,42. Jas KaKkoro Be-
IeCTBA NMpeAeJIbHBIH YroJ MOJIHOT0 BHyTPEHHEr o
0TpPa’KeHHs HAUMEeHbIIN?
A) nns Boabl
B) nns anmasa
C) s crekna
D) onuHakoB AJ1s BceX BEIECTB
E) onuHakoBbI 1711 CTEKIIA U BO/IBL, HO MEHBLIE YeM ISl ajiMasa
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mnMHBbI

MHoraa B CONHEYHbIE HU OCTaBIEH-
Hble Typuctamm 06bIYHbIE CTEKISH-
Hble 6yTbIJ'IKI/I NI X OCKOJIKMN CTaHO-
BATCA I'Ipl/l“lVIHOI?I BO3HNKHOBEHUA
O0MbLUNX NTIECHbIX noXxapos..

o Kak cTeknsiHHas
OyTbINKa MoXeT
noagxeub nec?

WHorpa TpygHo pasrmnsaeTb OTAeNbHbIe
YyacTu npeamMeTa, aaxe npubnusme ero K
rnasy, Hanpumep, nbinbLy y LBeTka. B
TaKuX Cryyasix C MOMOLLbIO MUKpOCKoNna
(1) Mbl MOXeM Kak NpubnnanTb YacTuuy K
rnasy, Tak 1 yBenuuutb ee. MHorga xe

pockon, Teneckon u agpyrue)?

Kue npu6opbi Bbl 3HaeTe?

Tena HaxoAaTcsa OT Hac Tak Aaneko,4To ux Py
HEBO3MOXHO MpUBNN3NTL, YTOOHI _‘_‘
paccMoTpeTb, HanpumMep, HebecHble Tena. 3

B Takux cnyyasx mbl MOXeM “npubnunsnts” '3

HebecHoe Terno 1 yBenuyuTh ero ¢ rno- - A! A
MoLLbio Teneckona (2). (1) (2) /L Y

OpHa U3 OCHOBHBIX YaCTEeH ONTHYECKUX HNPUOOPOB — jaun3a. JIMH3a OT JIaTHH-
ckoro lens osnawaet — “yeueBmma’.

o [Ipospaunoe meno, ocpanuyennoe chepudeckumu nosepxrocmsmu (uHo20a
00HA U3 NOBEPXHOCMEU Modicem Oblmb NIOCKOU), HA3bl6aemcsl IUH30HU. JIMH3BI 110
dbopme AemsITCs Ha JBE TPYIIIBL: GbINYKIble H 802HYMble.

o Jlun3swl, Komopwie 8 cepedure moaue, 4em y Kpaes, Ha3vl8aiomcst by KAbIMU
aunzamu. Takue JUH3bI MOTYT OBITh OB0SIKOGLINYKIbIMU, HIOCKOGLINYKIbIMU UTU
soeHymo-svinykivimu (a). Jlyun cBeta, majgaroliMe Ha CTEKISIHHYIO BBIIYKIIYHO
JIUH3Y B BO3/yX€, MPEJIOMIISIOTCS B HEH U COOMPAIOTCSA B OJHON TOYKE, ITOITOMY
Takas JIMH3a Ha3bIBACTCs cobuparoujeli tun3ou. B kadecTBe mprMepa TaKuX JIHH3
MO>KHO TIPUBECTH ygeauuumenvroe cmekio (ymy) (b).

(a (b)

1. JIBOSIKOBBIMYKJIasi TIUH3A.

2. [Inocko-BhITyKIIas JIUH3A.

3. BoruyTo- BhINyKJIas JIMH3A.

4. YcnoBHoe 0003HaUEeHHE
TOHKOM BBIMTYKJIOH JIMH3BI

o Jlun3zel, Komopule 6 cepedune Moubule, Yem y Kpaes, Ha3bl8aromcs 60ZHYMbIMU
AUH3AMU.

Takue TUH3BI MOTYT OBITH 080AKO80SHYMbIMU, NIIOCKOBOZHYMbIMU VI 802HYMO-
svinykavimu (¢). Jlyau cBera, majaromye Ha CTEKISHHYIO BOTHYTYIO JIMH3Y B BO3-
JlyXe, IPeJOMIIIOTCS B HEH M PAacCeMBaIOTCs, MOATOMY Takasl JIMH3a Ha3bIBaeTCA
pacceusarowjeti 1un3ou. Takue TUH3bI TOKA3BIBAIOT Te€JIa yMEHbIIECHHBIMU (d).
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na B 3TUX ONTUYeCKUX npubopax (MUK-

o Kakue ewe yBenuyutenbHble onTu4yec-



(c) 1. JIBOSIKOBOTHYTas JINH3A. (d)
2. [Inocko-BorHyTast JIMH3A.
3. Beimykiio-BorayTas IuH3a.
4. YcoBHOe 0003HaYEeHNE TOHKOW BOTHYTOH JIMH3BL

1 2 3 4

&

OcHoBHBIE 3J1eMeHTHI cepruyeckoil JUH3bI (JINH3a, OTPAHMYEHHAS JIBYMSI

cepuyeckuM NOBEPXHOCTIMHU).

- JIMHI)’CZ, moawiurna Komopoﬁ HAMHO2O MEHbULE paduycoe KpUueusnvl J1uH3 Rl u

Rz, naszvieaemcs monkou 1un3oil.

PaccMmoTpuM TOHKHE TUH3HI (CM.: 4 U ¢).

I'maBHas onTHYeCcKas OCh

O 0
(e) | ]
0,70 o &
I'naBHbIif pokyc  OnrTrdeckast
: oChb
f ;
U 1.2
E]I E‘ '6 F,:. 6_—
R,
(9) ' £
- 0 F =
(h) [ EEEEEE T R S T
U

1)
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— Ipamas nunus, npoxooawas yepes yeu-
mpwt O1 u Oz 0epanunusarowux aunzy cghepu-
yecKuxX no8epxXHocmell, Ha3vl8Aemcs 2J1IA8HON
ONMUYECKOIL OCbIO TIUH3bL.

— Touka O, naxooawascs 8 yeupe aun3bl
Ha 2NA6HOU ONMUYECKOU OCU, HA3bIBACMC S
onmuueckum yeumpom aunzel (¢). Jlyuam
CBETa, TMPOXOJIAIINE Yepe3 ONTUYCCKUM
LEHTP, HE MPEITOMIISIOTCSI.

— Jlobas nunus, npoxodswas uepes onmu-
YecKull YeHmp JUH3bl, HA3bIBAEmMcs onmuye-
ckoit ocvio ().

— llaoarowue Ha cobuparowyio auUH3Y
NapainenrbHo 21asHol ONMU4ecKol ocu Iydu
cgema, npenoMasAACy, NEPeceKarmces 8 OOHOU
mouke, HAa3vLIBAEMOU 21ABHBIM  (POKYCOM
cobuparoueit TuH3blL U 0003HAUAeMOl OYKEOT
F. Touxa anasnoeo poxyca cobupaioweii un-
361 Oelicmeumenvuas, NOMomMy umo 6 Smou
MoyKe nepecekaromcs Camu nperomMiIeHHble 8
aunze ayqu (g). UtoObl MOHATH, MIOYEMY BbI-
MyKJIasi CTEKJISIHHAS JIMH3a B BO3AyXe oOJa-
JlaeT COOMpAOIMMH CBOWCTBAMH, JOCTAT-
OYHO CpPaBHUTH XOJ| JIydell CBeTa B 3THX
JIMH33X C XOJIOM JIy4el CBeTa B IByX CTEKIISH-
HbIX npusmax (h).

— Touka, 8 Komopou nepecekaomcs npo-
00JdiCeHUsl NAdAOWUX HA Pacceusaouyio
JIUH3Y Tyuell, Komopule 00 nperomaeHus: Ovl-
U Napaniesivibl ee 2Nd8HOU ONMU4ecKol
ocu, Ha3vleaemcs 2nA6HbIM (OKycom pac-
ceusaroweii aun3bl. [ naguwili okyc pac-
ceugaiowjell IUH3bl — MHUMbIL, MAK KAK 8
9MOU MOUKe Nepecekaromcs He camu 1y, d



ux npoodonxcenus (i). UToOBI MOHATH, MOYEMY BOTHyTas CTEKJISIHHAas IJMH3a B
BO3/IyXe 00J1a1aeT PacCenBalOIMMHU CBOMCTBAMH, TOCTATOYHO CPABHUTD XOJ JIyUei
CBETa B 3TUX JIMH3aX C XOJOM JIy4yell CBeTa B ABYX CTEKJISTHHBIX Ipu3Max (j).

Takum 00pa3oM, PIEMEHTH COOMpPAIOIIECH W pacCewBAIONMIEH JIMH3BI B TOHKOM
JIUH3€ COOTBETCTBYIONTNM 00pa3oM CXeMaTHIECKH MToKa3aHbl Ha pucyHKe (k). B ¢o-
KyCe pacceMBarolleil JIMH3bI NepeceKaloTcs NMPOJODKEHUS Jyuyell, KoTopble 10
MPEIOMIICHHSI OBLITH MapaUIeNbHbI €€ TIIABHON ONTHYECKOM OCH.

A

l i - [l 1
L]

T J T 1 i T
2k F O F o 2F 2F F “l I
v

B

— Paccmosmue mescoy onmuyeckum yeHmpom IUH3bL U MOYKOU (oKyca HA3blBaemcs
dhoxycrvim paccmosanuem aun3zvl. oKycHOE paccTosiHre 0003HadaeTcs: OykBoii F.

Kaxnast nmuH3a UMeeT JBe IVIaBHbBIC ()OKYCHBIC TOUKU. B OJHOpPOHOM cpene OHU
HaXOIATCS 10 00€ CTOPOHBI OT JIMH3BI HA OJJMHAKOBOM PACCTOSHHH OT Hee (cM.: k).

— [Tnockocmb, npoxooawjas wepes3 2naenyio QOKyCHYI0 MOUYKY TUH3bl NephneHt-
OUKYJISIPHO 2NIABHOU ONMUYECKOU ocu, Hazvieaemcs ¢ho-
KanbHou niockocmoio. Touka nepecedeHrsi BCeX OnTuye-
CKHX Ocel ¢ (DOKAITBLHOM ITOCKOCTBIO SABJIAETCS (HOKYCOM
JIWH3BI AJI 9TOH ocH (cM.: f).

[Maparorue ydn cBeTa, MapajuieibHbIe JIOOOW ONTH- & _""a_.,"‘_"’p—
YECKOM OCH, TMOCIe TPEJIOMJICHHS B COOMparomeit JTnH3e
COOMPAIOTCS B TOYKE MEPECCUCHUS ITOH ONTUYSCKOW OCH
¢ (oKaNIbHOM MIOCKOCTIO, B ee Gokyce (1).

UccnepoBaHune 'f--_ll'r_---xh
/ 30 30 ™\,

O6opyaoBaHue: oNTUYECKUn AUCK, cobuparoLme n -_.4 an
paccevBaroLLme CTEKMNSHHbIE NTUH3bI. e
Xopa uccnepoBaHus: \
1. 3akpenuTe cobuparioLlyo NMH3Y B LEHTPEe OMNTUYECKOro 5,0 NS
Aavcka. HanpaBbTe Ha NOBEPXHOCTb JIMH3bI BbIXOASALLME Ter
M3 UCTOYHMKA CBeTa napannesibHble fyyn BAOSMb rMaBs-
HOW ONTUYECKOM OCU 1 NpoHabnoganTe 3a XoaoM nyyen
nocne npenomneHns B NuH3e (m). ® ﬁ sell
2. MoBTOpUTE OMbIT, 3aMEHMB COBMPAIOLLYIO NIMH3Y Ha ol ] [Il‘::'{]
paccevBaroLLyto.
3. Haueptute Ha paboyem nucTke cxemy xoda nyyen B
cobuvpatoLLert u paccenBaroLLen NIMH3ax.
O6cyauTte pesynbrar:
¢ Kak onpegenunu rnaeHyto hOKYCHYIO TOUKY cobuparoLLen nMMH3bI?
e Cmornu nu onpegenvTb rNaBHY0 OKYCHYIO TOYKY paccevBatoen nnH3bl? C Kakow
CTOPOHbI NNH3bI OHa Nony4Yunacs?
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Y10 Bbl y3Hanm - I'IepeqepTMTe AaHHble CXeMbl Ha paﬁoquﬁ JINCTOK U BMeCTO TO-
YeK HanuwuTe cnoBa, COOTBeTCTBYHOLUME KInio4YeBbIM CliOBaM.

KntoyeBble cnoBa: e Cobupatrolas nuH3a e PaccenBarowasn nuH3a e nas-
HasA onTuyeckas ochb e [MaBHas chokycHas Touka e PoKanbHas NIIOCKOCTb o
®doKycHoe paccTosiHue e OnTuyeckum LeHTp e Pagnyc KpuBn3HbIe

MpoBepbTe CBOM 3HAHUA

1. YkaxnTe ofMHaKoBble 1 OTNMYaLmecst YepTbl y cobrpatoLlel U paccensatoLleit NUH3?

2. CKOnbKO OMTUYECKUX ocen 1 POKyCoB MMeEeTCH y NUH3?

3. Mouemy cokyc y cobupatoLLen NMH3bl AeACTBUTENbHbIN, a y paccenBatoLen — MHUMbINA?

4.Y kaKkow BbINyKIOM NMH3bl POKYCHOE paccTosiHue 6onbLue: Y NMH3bI ¢ O0OMbLUIUMM pagnycom
KPVIBU3HbI UMW Y NIMH3bI C MEHBLLMM pagnycoM KpyBU3HbI? MNovemy?

m nOCTPOEHI/IE N3OBPAXEHUA TEJNTA B TOHKUX JIMH3AX

INpv B3rMsiAe Yepes YBENUUMTESBHOE CTek- o MNouyemy Tena yepes OQHO U TO Xe yBENUYM-
110 Ha Tero, pacrosiokeHHOe Aarneko, TeNnbHOEe CTEKI10 BbIMMAAAT No-pa3HoMy?
Harnpumvep, cTposlleecs 3faHne, oHO ¢ ¢ N3obOpaxeHue Kakux us 3Tux Ten B

GyneT BbIMsAeTb NePEeBEPHYTHIM U yMeHb- yBeNnuMuYuTenbHOM cTekne AeACTBUernbLHoe,
LLUEHHbIM. O,D,HaKO npu B3rmsaae 4yepes a KakKux — MHUmMmoe? |'|ot.|e|v|y?

YBENMUMTESILHOE CTEKIO Ha MarieHbKoe
Terno, Hanpumep, Ha MapKy BOMNM3u, OHO
OyaeT BbIrMsAeTb NPSAMO U YBENUYEHHO.

s

Kakoe nsobpaxeHune nony4mnochb B NIMH3e?
O6opynoBaHue: cobuparoLias nMH3a ¢ N3BeCTHbIM HOKYCHbIM
paccTosiHMeM, CBeYa, 3aXurasnka, akpaH.
Xopa nccnegoBaHus:
1. NomecTnTe Ha NOBEPXHOCTU CTONa BAOSb OAHOW NPSAMOWN NNHUK
3KpaH, cobMparoLLyto NNH3Y M 3aX0KeHHYto cBedy. MNomecTuTe ceevy
3a ABOVIHbIM (HOKYCHBIM PacCTOSIHUEM NUH3bI (a).
2. Mpupsurante n yaansnTe OT NIMH3bl 3aXOKEHHYI0 CBEYY A0 NONy4YeHUs Ha SKpaHe YeT-
KOr0 U300paeHnst NrameHu.
3. MomecTuTe cBevy Mexay POKycCOM M ABONHbIM (POKYCOM fWH3bl. Yaanamte ee oT
NH3bI 40 NOMYYEHMS Ha 3KpaHe YEeTKOro N306paKkeHre nrnameHu.
O6cyauTte pe3ynbTar:
o Kakune pasnuums Bbl Habnoganu npu cpaBHEHNW N306PaXKEHWI NaMeHN CBEYM Ha
3KpaHe C caMuUM nnaMmeHem?
¢ KakoBO Balle MHEHME O BO3MOXHOCTY MOMyYEHUs] Ha aKpaHe AeNCTBUENbHOro unu
MHMMOrO M306paxeHnn?
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3Hast X0J] MPOU3BOJIBHOTO JTyda MOCIIe IPEJIOMICHHS B JINH3E, MOXKHO TIOCTPOUTH
n3o0paxenue moodoro tena. C 3TOH HETbI0 CTPOUTCS H300pakeHHE KpalHIX TOYEK
tena. Jlyuu, BRIXOASIIME C KPalHUX TOYEK, BHIOMPAIOTCS Tak, YTOOBI MOCKE Mpe-
JIOMJICHHSI B JINH3€ OBLITO JIETKO MOCTPOUTH WX JallbHEHIIIee HallpaBIeHUE PacIpoCcT-
panenusa. C 3Toi TOYKM 3peHUs, [ TOCTPOEHUS H300pakeHns KpaitHeld Touku B
ya00Hee UCTIOob30BaTh cienyroinue Jryau (b):

1. Jlyu 1, nadarowuil Ha aun3y napaiieivHo 2aaeHou onmuyeckou ocu. Ilocne
MIPEJIOMIICHHSI B COOMPAFOIIEH JIMH3E ATOT JIyd MPOXOAUT uepe3 ee pokyc (iayu 1').

2. Jlyu 2, npoxooswuil uepe3 (hokyc auH3bl. ITOT Iy MOCIE TPEIIOMIICHHS B COOU-
paroIIei JIMH3E PacIpOCTPAHAESTCs ApAJLIENIBHO T1aBHOM onTHYecKoi ocH (Jry4 2').

3. JIyu 3, npoxooswuti wepesz onmuueckull YyeHmp AuH3bl. ITOT Iy, TIPOXOISIIIHIA
gepe3 ONTHICCKUH IEHTpP, PacIpOCTpaHIeTCs, He TTOABEprasich npenoMicHuio (3').
Takum oOpa3om, n3o0pakeHne Touku B momydaercs nepeceuenuem nyueit 1', 2/ u
3’ B Touke B

BHuMmaHue! [ns ynpoiieHust cXeMbl IIOCTPOCHHST H300paXeHHs TOCTaTOYHO HCIONIB30BATh JIBa
TOOBIX JIy4a, OTMEYSHHBIX BhIIIe. OTMETHM, 4TO H300paKeHHE KpaitHeH TOUKH A, HaxXOsIIeHcs
Ha TJIAaBHOM ONTHYECKOH OCH, MOJNydaeTcsl Takke Ha TIaBHOW omruueckoi ocu (A'). 3mecr d —
paccTosiHue OT Tesa 10 JuH3bI, f — paccTosiHue 0T H300pakeHHs! 10 JUH3BI (CM.: b).

IHocTpoenne n3odpaxkeHusi B TOHKOM coduparomei 1uH3e. Bo Bcex ciyuasx,
KOTJ[a pacCTOSIHUE OT Tena J10 JUH3BI Ooblie ¢pokycHoro paccrosaus d > F, B co-
Omparoieil TUH3e MoJdy4yaeTcs AeHCTBUTEIbHOE N300pakeHne, IIOTOMY 4TO H300-
paK€HHE MOJIY4YaAETCs] NEPECEUCHUEM CaMUX MPEIOMIICHHBIX JIyuel. JleicTBUTEb-
HOE U300pakeHue Bcerza ObIBaeT NepeBepHyTHIM. B ciyyae xe, koraa paccTosHue
OT Tena 10 JUH3bI MeHblIe (GokycHoro paccrosinus d < F, B coOuparomeit nunze
HOJIy4aeTcst MHUMOE u300pakeHue Tena. M3o0paxeHue noay4aercs nepecedeHueM
HE CaMHX MPEJOMIIEHHBIX JTy4deH, a uX MpoAoDKeHuil. MHIMOe n300paskeHue BCer-
Ja OBIBaeT MpsMoe.

CoOuparommas TMH3a B IATH CIy4asx JaeT JIeHCTBUTENIbHOE, B OJHOM CIydae
MHHMOE U300paKeHue:

1. Ilpu pacnonosicenuu meia Ha 6ECKOHEUHO OONBUOM PACCMOSHUY ON TUH3DL.
d—oo. [leiicTBUTENTLHOE M300paYKEHUE Tela TIOJTyYaeTcs B BUE TOYKHU B (POKyCe JIMH-
361 (TIpeJIOMJICHHBIE B JIMH3E JIy4H coOuparoTes B ero ¢okyce): f=F.

2. Ipu pacnonosiceruu mena 3a 080LUHbIM QOKyCHbIM paccmosinuem om aunsbl: d >2F.
W300pakeHne Tena Moy4yaeTcsl NEHCTBUTENBHBIM, YMEHBIIEHHBIM H IEPEBEPHYTHIM.
N3o0pakeHre HaxouTCs MeXITy OKYCOM U IBOHHBIM (pOKycoM JMH3bL 2F > > F,
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3. Ipu pacnonoxcenuu mena na osounom gokyce aunzel’: d = 2F. N306paxenue
TeJla MoJTyvaeTcs eHCTBUTENBHBIM, PABHBIM 0 pazMepam camomy Tely (f = 2F) u
MIEPEBEPHYTHIM.

4. Ilpu pacnonoosicenuu mena mexicoy oxkycom u OB0UHbIM (POKYCOM JIUH3DL:
2F >d>F. M300paxxeHue Tena moiay4aeTcs IeHCTBUTEIbHBIM, YBEIIMUCHHBIM H TIe-
peBepHyTHIM. M300pakeHrne HaxoAUTCs 3a ABOHHBIM pokycom nmuH3bL: f > 2F.

5. Ilpu pacnonosxcenuu mena 8 gpokyce aunsvi:. d = F. M300paxeHue morydaercs
B OECKOHEYHOCTH, OTOMY YTO IPEIOMJICHHBIE B JIMH3€E JIyYd PAcHpOCTPAHSIOTCS
TapauleNIbHO, epeceKasich B 0eCKOHEUHOCTH: f —o0.

6. IIpu pacnonoscenuu mena mexcoy aunzou u ee poxkycom. d <F. M3o6paxenue
3TOTO Telda MHUMOE, MPSMOE, YBEIHMYCHHOE W HAXOJHUTCS IO Ty e CTOPOHY OT
JWH3BI, 4TO W Teno. [Ipu paccMOTpeHHMH TOA yBETUYMTEIbHBIM CTEKJIOM MapKH
HabJroaeTcs ee MHUMOE H300paKeHHE.

Ha mpuBeneHHOM HMKE PHUCYHKE IPEJCTABIEHAa CXeMa IOCTPOCHUS B TOHKOM

COOMparoILeii JIMH3E OJJHOTO U3 CITyyaeB U300pakeHus tena (c).
A

()

==

-
I

31ech UCTIOJIL30BAHBI JBa JIy4a, BEIXOSIINE U3 ToukH B: 1 — myd, magarommii Ha
JIMH3Y MapajuieNIbHO ITaBHOW ONTHYECKOH OCH, MOCJIe MPEIOMIICHUS! OH MPOXOIUT
yepe3 raBHbINA (okyc TUH3EI (J1y4 1'). 2 — Ty4 NPOXOAUT Yepe3 ONTHYECKHUIA [EHTP
JIMH3bI, HEe UCTBITHIBas mpenomieHus (yu 2'). IlepecedeHne STHX ABYX MpeoM-
JICHHBIX JTy4er gaet uzoOpaxenue A'B’ tema AB (cm.: ¢).

=

(d) I
B

I I_ A (%) LK T

(¥

IlocTpoenne u3odpaxeHus B paccenBaronleii JuH3e. Tak Kak pacceuBaroias
JIMH3a MMEeT MHHUMBIH (POKYC, TO BO BCEX CIIydasX, HE3aBUCHUMO OT PAaCCTOSHHUS
MEXIy TEJIOM W JIHMH30H, MOJlyyaeTcss MHHUMOE, YMEHBLUICHHOE M NpsMOEe H300-
paxkenue. V3o0pakeHne HaXOAUTCS MO Ty K€ CTOPOHY OT JIMH3bIL, 4TO U Teno. Ha
pHCYHKe NpEeJCTaBICHA cXxeMa MOCTPOeHUs n3o0paxkeHus tena AB B ToHkoi pac-
CEeMBAaIOLICH JINH3E P MOMOLIH YA0OHBIX Tyuei (cM.: d).
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TBOp‘-IeCKOE npuMeHeHue

e 2

MocTponTe n3obpaxxeHMe B TOHKOM NINH3e.
Ha puUCyHKe npenctaBiieHbl CXeMbl YeTblpex TeJ1 U TOHKUX JIUHS. I'IepeqepTMTe CXeMbl
Ha pabouunii MIMCTOK 1 NOCTPONTE N30OPAKEHNS ITUX TEN, UCMONb3ys YAOOHbIE Nyyn.

1 1

O6cyauTe pesynbTar:

e Y Kakux Ten nony4ynnmcb ,D,eIZCTBVITeJ'IbeIe, a Yy KakKnx MHUMble I/I3O6pa)KeHl/I$|'.7
Mouemy?

e ['Oe nonyunnmce n3obpaxeHus Ten B paccenBatoLwen nmHae?

YT1o BbI y3Hanu " - MNepenuwnTe AaHHbIE B paBouMit INCTOK U 3aKOHUYUTE UX
Ans cobuparoLwen NMH3bI:

“Korpa d - ...”;
“Korpa d > ...”;
“Korpad =2F ...”;
“Korpa 2F > d> F...”;
“Korpad =F ...”;
“Korpad<F ..

1. Kakumun nyyamm ygobHee BOCMONb30BaTbCs AN NOCTPOEHNUS M306paxeHusl Tena B NMH3e?
Movemy?

2. e HeobxoaQMMO pacnonoXuTb Teno, YTobbl NoNyYnTb M300paXKeHNe TaKoro xe pasmepa
B cobupatoLLen nuH3e?

3. Mpu kakom pacnonoXxeHun Tena ero n3obpaxeHne B cobupatoLLei NMH3e HabnaaTbes He
Oynet? Moyemy?

4. CpaBHUTE NOMyY€EHHbIE B NNH3AX AENCTBUTENbHbIE U MHUMbIE N300PaXXEHNS: KaKne y HUX
obLme 1 oTNMYMTENbHBbIE YepTbl?

5. Moyemy gencTeuTENBHOE N306paXKeHMe B paccemBatoLLen NMMH3e He nonyvaeTca?
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3.6

1. Ha pucyHke nmpeacTaBjieHo
MOJI0KEHHE NMPeAMEeTa OTHOCUTEILHO
pacceuBarouieii JuH3b1. B kakoi
YacTH NOJIYYUTCH ero n3odpaxeHue?

m-—»

(]
-

Lot

=

th

2. /IBe 0IMHAKOBBIEC TOHKHE JTHUH3bI pa3-
MeCTHJIH, KaK MOKA3aHO HA PHCYHKe.
BbicoTa uzoopaxeHus Tejaa N, nome-
LIEHHOT0 B (pOKYyCe ITOIH CHCTEMBI,
paBHa h, a paccrosiHue OT
u3o0pasxkeHus 10 Tena pasHo d. Kak
H3MEHHUTCH BBICOTA H300PaKeHHS H
paccrosinue d, eciim yoparh JimH3y 1?
OTBeT 000CHYiiTe cCXeMaTHYECKH.

d

3. Ha pucyHke npejacraBieHbI JIy4H,
napajieJibHO NaJalolue Ha OBEPX-
HOCTB JHH3bI. OnpeneauTe TOUYKY
doxyca, pokycHoe paccTosiHue U
ONITHYECCKYI0 OCh JIMH3bI.

152

4. B poxyce TOHKOI JTHH3BI PACIIOJIOKe-
HO IU10cKOe 3epkajio. Kakoii nuudpoii
0003HAaYeH KOHEYHBIH X071 JIy4a cBeTa
OT HCTOYHHKA CBETA S, Maal01Iero
Ha MOBEPXHOCTH JIMH3BI NMAPAJJIC/JIbHO
TJIABHOM ONTHYeCKOM ocu?

1
.
2
F
4
5

5. B kaKoii JiuH3e PABHJILHO NOKA3AH JAJIb-
HelilMil X0 MaJaIuX NapajljiesIbHO
IJIABHOM ONTHYECKOH OCH CBETOBBIX
JIydei mocJie npeJIoMJIeHus MX B JIMH3e?

&

T T Ao

X g
r
|

—
b

I I

6. Ilpenvet momeieH B Touke T Ha ryiaB-

HOIl ONITMYeCKOil 0CH JIMH3BI ¢ (POKYCOM
F. Kakue BbIpakeHHsI CIPABETUBBI?

—— =

1 — mpu epeMemeHu  peaMeTa U3 TOUKH
T B Touxy F BrIcOTa M300paskeHU
YMCHBIIACTCS;

2 — npu npUOIIMKeHNH Tena u3 Touku F
touke 2F BbIcOTa M300pakeHHs yBEIH-
YHBACTCS;

3 — mpu ynaneHuu npeamera ot Touku 2F
BBICOTA M300paKEHHsI yMEHbBIIAETCS;

A)lu2
B) Tombko 3
C) tonbko 1
D)2u3
E) Tonbko 2



[pw n3MeHeHM paccTosiHNS OT NpeamMeTa ¢ Kakas 3akoHOMepHOCTL UMeeTcA B
A0 INWH3bl U3MEHSIETCA U pacCTosiHWe OT 3TOM U3MeHeHUn? Kak 3To MOXHO
NUH3bI 0 N306paXeHus. onpeaenuTth?

UccnepoBanue )

3apaua. M3o6paxeHune npegMeTa Ha TA T P
aKpaHe, PacroNoXeHHOM Ha paccTo- - F

AHuKM f = 52 cm oT cobupatoLen nunH-

3bl, NoNyyaeTcs B 4 pasa Gonblue ca- s B
moro Tena (a). OnpegenuTe paccro-
SIHWE OT Tena [0 fMH3bI.

[aHo PelweHne
f=52cm=0,52 m | M3 nogobus TpeyronbHukos ABO n A1B10O nmeem:
H=4h H f fh

h d H
d-? Bbluncnenue
OrtBeT:

O6cyauTte pesynbrar:

e Yemy paBHO paccTosiHMe OT nNpeaMeTa A0 JINH3bI?

o Kak MOXXHO onpegenutb hOKyCHOEe pacCTOsiHUE Mo NPUBEAEHHBIM AAHHbLIM?

e EcTb N1 obas 3akOHOMEPHOCTb, CBA3bIBaIOLLAA APYr C APYrOM pacCTOAHMA OT Npea-
MeTa [0 NMWH3bI, PACCTOSIHWE OT NMH3bI 40 N306paxeHns n poKycHOe paccTositHNE?

OO0mas 3aKOHOMEPHOCTD, CBSI3BIBAIOIIAS PACCTOSTHWE OT TeJla N0 JIMH3BI, pac-
CTOSIHUE OT JIMH3bI 10 U300pakeHus ¥ (POKYCHOE PacCTOSIHUE APYT C APYTOM BhIpa-
JKaeTcs popmynou nuH3bl. PEIUB 3a1a4u B UCCIEIOBAHUH, BB YK€ MPUCTYIIIN K
BBEIBOAY 3ToH (hopmydel. Tak, u3 momgoous TpeyroapHukoB ABO n A B;O nmeem:

H_f

hd W
a u3 nmonooust tpeyroasuukoB COF u A B/ F nmeem:

H f-F

G @
ConocraBuB Beipaxenud (1) u (2), moxyaum:

_f=F
d F

Orcrona
fF=df —dF unudf = fF + dF.
PasnenuB 00e yacTu mocieHero paBeHCTBa Ha ipou3BeicHue fdF, momydnm:

1 1 1
(3)

F d'F
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Buipaoicenue (3) siensemest ghopmynoti momnkou cobupaioweii aunsvl. Eciin n300pa-
. 1
JKEHHE B COOMpAIOILECH JIMH3e MHUMOE, TO TIEpe BRIpaKEeHHEM 7 CTABHTCA SHAK MUHYC.

B dopmye ToHKO# JIMH3BI

L_p @
F
HaA3bIBACTCA onmu4eckKkou Cujiou JUUH3bl.

® Benuuuna, 00pamuas 21a8HOMy (OKYCHOMY PACCMOSHUIO JIUH3bL, HA3bIBACTCS
onmuueckou cunou nunzel. Equnnneit ontuueckou cuiel B CU sBiseTcst ouon-
mpus (1 goTp).

1 ouonmpus — 3mo onmuueckas cuia JuH3bl, POKYCHOE PACCMOSHUE KOMOPOU
pasno 1 u:

D] == =1
ST om JAITP.
C yuerom BeipakeHus (4) B (3) popMyiTy TOHKOM JIMH3BI MOXKHO 3alHCaTh U TaK:
1 1
D=—=+-. 5
7*7 5)

BHumaHume! Onrtuueckas cuna U (pOKyCHOE pacCTOSHHE JIMH3bI HE 3aBHCST OT PACCTOSHHS OT
TpeAMeTa JI0 JIMH3BI U OT JIMH3HI 10 U300paXKEHHS, a 3aBUCST OT PaJiiyca KPUBH3HBI CHEPHIECKUX
TOBEPXHOCTEH JIMH3BL, OT MaTepHaIIa JINH3bI M OT OKa3aTels IIPEIOMIICHHS CPeJIbl, B KOTOPYIO OHa
nomenieHa. J{is cobuparomeii TMH3bI (POKYCHOE PACCTOSHHE M ONTHYECKAs CHJIA TTOJIOKUTETbHBI
(F >0, D > 0), a mia paccenBarolieii JMH3bI (OKYCHOE PACCTOSHHE W ONTHYECKAs CHIIA OTPH-
narensssl (F <0, D < 0).

Tak Kak TIaBHBIA QOKYC M N300paKEHNE B PACCEUBAIOIEH JTMH3E€ MHUMBIE, TO B

. 1 1
(dopMyIie TOHKOW JIMH3BI BBIPKCHUS TEpe] BEIMUUHAME 5 W 7 CTABUTCA 3HaK

muHycC. Takum 00pazoM, popmyaa moukou pacceusaioujeli 1uH3bl TPHOOPETACT BU:
11 6)
Fioa i
st cpaBHEHUs JIMHEHHBIX Pa3MEpOB MPEAMETa M ero M300paKeHUs B JIMH3E
UCIIOJNIb3YETCS BETMUMHA, Ha3bIBACMAsl JIUHEUHbIM V8ENUYeHUCM JUH3DL:
o Jlunetinoe ysenuuenue UH3bl — MO PUIUYECKASA BEIUYUNA, PABHASL OMHOWE-
HUIO JIUHEUH020 pasmepa u3o0padceHuss K TUHEUHOMY pazmepy npedmema. Jlu-

HEHHOE YBEIWUICHIE TNH3BI 0003HavdaeTcs OykBoi I (ramma):

r=2 @
=5
W3 Beipaxenus (1) BUaAHO, 4TO:
f

; ®

o Jlunetinoe yeeauderue JIuH3bl pa6Ho OMHOULEHUIO PACCMOARUS ONl JIUH3bl 00
u306pa9fcenuﬂ K paccmosnuio om mejna 00 NUH3bL.

JluneitHoe yBennueHne — Oe3pa3MepHasi BEIUIHHA.
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TBopquKoe npuMeHeHue

UccnepnosaHue v

N3o06paxxeHne mMHUMOE unu aencTBuTenbHoe?

3apava. pu paccMoTpeHnn npegmeTa Nnyrnom ¢ oONTUYECKOW curnon +4,5 anTp Ha paccTos-
HMSa 2 cMm HabnrogaeTcs ero ysenvyeHHoe n3obpaxeHvne. Onpeagennte paccTosiHue OT nynbl
00 n3obpaxeHus. MsobpaxeHne MHUMOE Unn encTBUTENBHOE?

O6cyauTte pe3ynbrar:

o [0 kakon hopMyne HyXXHO onpeaenuTb paccToaHMe OT Mynbl 40 N306paxeHna?

o Kak onpenennTb, IBNAETCS N N300paKeHne MHUMbIM U AEACTBUTENbHBIM?

OTmeTbTe B paboyeM nucTke o6 bsICHeHUs1 U MaTemaTuyeckme
: BblpaXXeHNUAl AaHHbIX KIH0YeBbIX CIOB.
KnrouyeBble cnoBa: e ®opmyna nuH3bl e OnTuYeckasa cuna nuH3bl e JiuHen-
HOe yBefiM4eHUue NNH3bI ¢ [luonTpus e

MpoBepbTe CBOM 3HaHUA

1. Kak MOXHO onpefenuTtb POKYCHOE pacCTOAHME JINH3bI?

2. OT yero 3aBUCUT ONTUYECKAs Cuna NNH3bI?

3. Hanuwute dopmyny ToHKoN cobupatoLuein NnH3bl, Co34aloLLen MHUMOe n3obpaxeHue.
4. Kak MOXHO onpefenutb yBenmnyeHne nuH3abl?

NpakTuueckasn pa6ota [civl

OnpeaeneHune hoKyCHOro pacCTOSIHUA U
ONTUYECKOWN CUJlbl COGUparoLLEen NMUH3bI.
O6opynoBaHue: cobuparollasi NMH3a Ha NopaCTaBke,
WCTOYHUK CBETa (Nlamna wunu ceeva), 3KpaH, u3Mepu-
TenbHas neHTa.

Xopa nccnenoBaHus:

1. MomecTnTe Ha OAHOM Kpato cTona namny, Ha apy-
rOM Kpakw CTora 3KpaH, a Mexay HUMK JIMH3Y
BOOJSIb OOHOWN NPSIMON NINHWUNA.

. Bkntounte namny v nepeasurate NH3y BOOMNb MNpsi-
MOW NUHUM [0 Tex Mop, Nnoka Ha 3KpaHe MosIBUTCSH
YeTkoe M30BpaXeHNe HATYU HakanBaHWs Namribl.

. N3amepbTe paccTosiHusa oT namnbl 40 NIMH3bI U OT NINH3bI 40 3KpaHa.

. Onpegenute hoKyCHOE pacCTOsIHME U ONTUYECKYO CUy cobrpatoLent NMH3bI Ha OCHOBa-
HUM POPMYITbI NINH3bI:

N

AW

1 11 1 1
F—E-l-l;, D _E+?
5. MNoBTOpUTE OMbIT HECKOMNBKO Pa3, MEHsAs PacCTOAHNE OT Namnbl 40 MNH3bI.
6. Mepenuwute cxemy onbiTa 1 Tabnuuy Ha pabounit NUCToK. 3anuwnTe pesynbTaThl
n3MepeHun B Tabnuuy:
Ne onbiTa d, (m) f, (m) F, (m) D, (antp)
1

2
3
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1. Ha 3kpaHe noJiy4eHo n3o0paskeHHe IUIAMEHH CBe4H OT coOmparomieil auH3bl. On-
peaeanTe (POKyCHOE PACCTOSIHME H ONTHYECKYI0 CHJIY JIMH3bI, €CJIH PACCTOSIHUE OT
CBeYH 10 JIMH3BI 4 M, a pacCcTOSIHNE OT JUH3bI 10 IKpaHa 1 M.

2. Ha hkpaHe moJiy4eHo u300pakeHHe TOYeYHOI'0 HCTOYHHKA CBETa OT coOMpalomei
JuH3bl. KakoBo JInHeliHOEe yBeJIHYeHne JHH3BI, €CJIH PACcCTOSTHIE 0T HCTOYHHUKA 10
aun3bl 1,5 M, a paccTosinne OT JIMH3BI 10 H300paxkenus 3 m?

3. JluHeiliHbIli pa3Mep CO3JAHHOI0 PAaCCeMBAIOIIEH JUH30H MHUMOIO HM300pa)keHHs
npeaMeTra paBeH 45 cm. OnpeneuTe yBeJlnmueHUe JUH3bI, €U JUHEHHbIH pa3mep
3TOro npeaMera paseH 15 cm.

4. Y4eHHK YMTaeT TeKCT ¢ MeJIKMM IIPH(TOM NMPH MOMOLIH JIYbI ¢ ONTHYECKON CHJION +5
ANTP, PACIIOJIOKMB €ro Ha PACCTOSIHMM 2 ¢M 0T JiucTa. Ha kakoM paccTosiHUM OT JIMH3BI
BHIMT YYeHHK H300paxeHHe TekcTa? Buaumoe m3o0paxkenue AeliCTBHTEIbHOE HMJIM
MHHMOe?

5. PaccTosinue OT TeJjia 10 JUH3BI B 5 pa3 ojbiie GOKyCHOTro paccTosinus. Bo ckojbko
pa3 u3o00pakeHue NpeaMeTa MeHbIlle ero camoro?

6. PaccrosiHue oT coduparomeii TUH3bI 10 peaMeTa B 2 pa3a 6oJibiie (POKyCHOro pac-
CTOSTHUS JTUH3BL. PaccTosiHnMe Me:kay NpeAMeToM U ero n3odpa:xennem pasno 20 cMm.
OnpeneauTte ONTHYECKYIO CHITY JHH3BI.

A)20 murp B)25 amrp  C) 22 morp D) 10 norp  E) 15 omorp
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m rJ'IA3 N 3PEHUE

B 1896 rogy ncuxonor n3 CLUA IxoH CTpeTToH nocTaBu Ha
cebe Takon akcnepumeHT. OH Hagen Ha rnasa ouvku, nepe- ﬁf;;z
BOpauMBalLLMe Bce N3obpaxeHns npeameTtos. B pesynbta- .
T€ Myp B co3HaHUM CTpeTToHa NepeBEPHYIICS: OH cTan Bu-
AeTb BCe MpeameTbl “BBEPX HOramwn’, Hapylmnacb CBsi3b
rnas c Apyrumu opraHamy YyBCTB W Yy HEro BO3HUKMA “Mop-
ckas 6onesHb”. Yepes yeTBepo CyTOK, B TEYEHME KOTOPbIX
NPOAOIKAaNMUCb 3TV HapPYLUEHUS OpraHn3Ma, y4eHbl Havan
cebs1 YyBCTBOBATL HOPMaribHO, KaK [0 3KCrepuMeHTa: cTan * Yenosek BUANT rna-
npaBuNbHO BUAETb Bce npegmMeTbl. OgHaKo, CHSIB OYKWU, OH 3amu unu pasymom?
ONnsiTb yBMAEN MUP MNEPEBEPHYTLIM U TONBKO 4epe3 He-

CKOJ1bKO 4YacoB BOCCTAHOBUITOCh HOPMaIibHOE 3peHue.

¢ MNoyeMy y4yeHbIN, Ha-
AeB OYKU, NnepeBopa-
YyuBawlLume Bce U306~
paxeHusi, HECKOJbKO
OHen BMaen Bce
npegmeTbl nepeBep-
HYTbIMWU?

[

e

3putenbHbie UNNI3nn
Xopn nccnepoBaHus:

» Ckonbko obpasoB
nogewn nsobpa-
KEHbl Ha PUCYHKEe
(1)?

ABTOD:
Oxmasuo Oxkamno

e rnaea 3 ¢ CBeTOBbIe ABMEHUSA °© 157



1) = )

(2) » Kakaa W3 KpacHbIX NUHWA
ONWHHEE?

* Ha pucyHke npeacTtaBneHbl BpaLlaoLwy-
ecs kpyru (3). Ha camom nu gene atu
Kpyru BpawiatTca?

Aemop: Axuowu Kumaoka

Ob6cyauTte pe3ynbTar:

¢ Y10 Habnopganock Npu nccrnefoBaHUy NpeacTaBieHHOro PUCYHKa C NepBoro B3rnsaa?

e [MNoyeMy Ha NepBOM PUCYHKe CHavana BUAHbI n3o0bpaxeHust 0bpa3oB 2 yenosek, a 3aTeM
npv BHUMATENbHOM PACCMOTPEHUU PUCYHKa MO YacTaM — obpasbl 9 Yenosek?

o [1pn n3mepeHn NMMHENKON ANNHBI KPACHbLIX MMHWUIA HA BTOPOM PUCYHKE BbIACHUIOCH, YTO
OHW oguHakoBble. [loyemMy ¢ NepBOro B3rns4a OHWM KaXKyTCs pasHbIMK MO AnvHe?

e MNoyemy ANCKM Ha TpeTbeM PUCYHKE Ha MepBbli B3rnsag BpaLlalTcH, a npu paccMoT-
PEHNN KaXaoro N3 HUX B OTAENbHOCTN BUAHO, YTO OHWN HEMOABWKHbI?

¢ iccnepynte aTn MHOPMaLMK, NONYYEHHbIE FMa3oM, U OLEHUTE nX pasHoobpasue.

Kak oI 3HaeTe, 90% unpopManuy 00 OKpYKaroIeM MUPE YEJIOBEK MOITydYaeT Mo-
CPEICTBOM OpraHoB 3peHus. ['11a3, Kak 3pUTENbHBIN OpraH, sSIBIAETCS OUCHb COBEPILICH-
HOU U CJI0KHOM IO CTPOEHUIO, HO B TO € BPEMs IPOCTOM ONTHUECKON CUCTEMOI.

M3 xakux yacteil COCTOMT YyesioBeveckui riaa3? ['ma3 genoBeka — O4EHb HEX-
HBII OpraH, OCHOBHOM YacTbI0 KOTOPOTO SABJISIETCS 2nazHoe aonoko (a). Ero nnamerp
MPUOIM3UTETBHO 2,5 cM.

(a) CtpoeHne ye0Be4ecKOro riasa
. Ckriepa (6emKoBO€E MOKPBITHE)

. PoroBast o6onouka

. PagyxxHas obomouka

. 3pauok

. Ceryaras obonouka (ceT4yaTka)
Xpycraiauk

Iepennss xkamepa

. BayTpennss kamepa

. 3puTenbHbIC HEPBHBIC BOJIOKHA 9 5 i

© O AWN—
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I'mazHoe s67M0KO OKpyX)eHO 000J0uKOil, Ha3piBaeMoil ckiaepou (1). Ckiepa,
COCTOSINAsT U3 TUIOTHBIX COCAMHUTENILHBIX TKAHEH, 3alUINaeT rija3 OT BHEIIHUX
BO3JICHCTBUI W 3alllMIIaeT ero meilocTHocTh. Ckiepa HEMpo3pavHa, Mpo3payHa
TOJIEKO €€ HECKOJBKO BHIMYKJIas MEepeaHssl 9acTh. JTa 9acTh, Ha3bIBaEMAas PO2060li
obonoykou (2), IpeTOMIIIET M TPOITycKaeT BHYTPh rmaza 50+70% mamatomux Ha
rjia3 Jiyded cBera. 3a poroBoi 000JI0YKOM pacnofiokeHa padyoicHas obonouka (3).
Pany>xHbIC 0007I0YKH y pa3HBIX JIFOJICH OBIBAIOT Pa3HBIX I[BETOB — roiryboro, ceporo,
3€JIEHOBATOr0, KOPUYHEBOTO U JAPYTHX.

B cpenneii yacTu pamykHON 00OJIOUKM HUMEETCS] OTBEPCTHE, Ha3bIBAEMOE 3pAY-
kom (4). Pazmep 3padyka MeHseTCSs HE3aBHUCHMO OT BOJHU YEIOBEKA: MPH SIPKOM
OCBEIIEHNH OH CYXKaeTcs, MPEISATCTBYSI IMMOJHOMY MPOHUKHOBEHHIO JTydel BHYTPh
ryiaza, a npu caaboM OCBEIICHHH PAaCHIMPSIETCs, CO3JaBasi YCIOBHS JJISl TIOJTHOTO
MPOHUKHOBEHHUS CIAOBIX JIydel cBeTa B IJia3. BHYTpEHHIOI 4YacTh TNIa3HOTO JTHA
MTOKPBIBACT YyBCTBUTENBHAS K CBETY cemuamast obonouxa (5) (KoTopas HHOTIa Ha-
3BIBACTCS cemyamkotl), TOKPBIBAIOIIAS JTHO TJa3a U COCTOSINAs U3 y3JIOB H OKOH-
YaHUU 3pumenvHulx Hepsos (9). 3a paayKHOH 000JI0YKOI paCIONOKEH XPYCMAUK,
SIBJISIFOIIMICST €CTECTBEHHON JABOSIKOBBIMYKJION JTMH30U. XpYyCTaauK OENUT TJia3 Ha
JIBE YaCTH: TEPETHIO YacTh (nepeonss kamepa) (7), 3alONHEHHYIO TPO3PAYHON
JKUJIKOCTBIO U BHYTPEHHIOIO YacTh (6HympenHsisi kamepa) (8), 3aroTHEHHY0 CTEKII0-
BUJTHBIM TEJIOM.

Ilpospaunvie s1emenmol, npeloMaAIOWUE TYUU C8emd 8 2ld3e, — Po208asi 000-
JI0YKa, nepeoHss Kamepa, XpyCcmaiuk U 6HYmMpeHHAs Kamepa — 00paszyiom e2o onmu-
YecKyIo cucmemy.

B Ta6nume 3.2 maHBl 3HaYSHHUS MOKA3aTEICH IIPETOMIICHHS DJIICMEHTOB OITHYE-
CKOI CUCTEMBI IJ1a3a.

Ta6auna 3.2.
DneMeHTbI Porosas [Tepennss xkamepa XpycTranuk BHyTpeHHs1 kamepa
riaza 000JI04Ka (Ipo3payHast KHUIKOCTb) (CTEKJIOBUITHOE TEJI0)
IToxa3aTens 1,376 1,336 1,386 1,337
MIPETOMIICHHUS

Kaxk Buaut rira3? Jlyuu cBeta, najaromiye B rjia3 ot IpeaMera, IPOXOIsaT Yepes
€ro ONTHYECKYIO CUCTEMY MPEJIOMHUBIIUCH. B pe3ynbTare Ha ceTyaToi 0007I09Ke 1Mo-
Iydaercs JEHCTBUTEIBHOE, YMEHBIIICHHOE U IEpeBepHyTOE n300paxenue Tena (b).

NzobpaxkeHue npeaMera Ha ceTyaTol 000JI04YKe OyIeT YETKO BUIHO Jaxe MpH
W3MEHEHUHM PAacCTOSIHUS OT TIpe-

Meta no rminaza. [lpuumHa 3TOTO - >
KpPOETCs B CBOMCTBE XPYyCTaJIMKA IJ1a3a \
MEHSITh CBOIO BBITYKJIOCT. \
W3MmeHeHue BBIMYKIOCTH O3HA- l I
YaeT U3MEHEHHE ero pajauyca KpH- f
BU3HBI U (DOKYCHOTO PACCTOSHUS — v~
WU3MEHEHHUE ONTUYECKOM CHITBL. ; 4

CBeToOBbIe AABNeHUA 159



o Cgoticmeo Xpycmanuxa 21a3a MeHsImyb C80H0 ONMUYECKVI0 CUTY HA3bIBACMCSl AKKO-
Mooauueil.

B pesynpraTe akkoMOZauH IJ1a3a MIHOBEHHO MPHCIOCAOIMBAIOTCS K YETKOMY
BHJICHUIO TIPEIMETOB, PACIIOJIOKEHHBIX KaK JajeKo, Tak M psaoM (OT jar. accomo-
datio — “npucnocobierne’). Hanmpumep, mpu B3TUIsAIE Ha TIPEIMETHI, PACTIONOXKEHHBIE
OTHOCHUTCIIBHO 6J'II/13KO, BBIIIYKJIOCTh XPYCTaJIMKa YBCIIMYHBACTCA U MNPOXOAAIINC
yepes Hero JIyuH CBeTa IpeNioMIIsitoTest Oonbliie (¢). B pesynbrare nzoopaxeHue Tena
Ha CeTyaroi 000ouKe Takxke yBennunBaeTcs. C yBEeIMUCHUEM PACCTOSIHUS MTPeMEeTa
OT TJ1a3a BBIMYKJIOCTh XPYCTAJIMKA YMEHBIIIAETCS, HA CETYaTON 000JI0UKE Ty1a3a MoJIy-
YaeTcs ISHCTBUTEIbHOE YMEHBIIICHHOE M300pakeHue Teina (d).

ra

(d)

?
K J -
L.
3Ha4NT, M300paKEHHS TEJT HA CETYATKE IJ1a3a MOITYy4aloTCsl IIePeBEPHYTHIMH, HO
Mbl MX BHJUM TPSMBIMH. DTO MPOUCXOJUT IOTOMY, YTO B TIPOIECCE BHJICHUS
YYacTBYIOT M JIDYTHE OpraHbl YyBCTB. Tak, MOJ BO3JICHCTBHEM IIOJNyYSCHHOTO Ha
ceTyaToil 000JI0UKe M300paKECHUST OKOHYAHWS HEPBHBIX BOJIOKOH BO30YKIAIOTCS.
310 BO30YXK/IEHHE MepelacTCsi Ha yYacTOK TOJOBHOTO MO3Ta, OTBETCTBEHHBIN 3a
3peHHe, TJe NpUHsITas BH3yallbHas WH(OpMAlMs MIHOBEHHO aHAJIH3UPYETCS:
OLICHMBAOTCS pa3Mephl IIpeIMeTa, IIBET, OCBEIICHHOCTh, PACCTOsIHUE JI0 Hero. B pe-

3yJibTaTe MO3r (POPMUPYET PEaTbHYI0 BHAUMYIO KAPTHHY OKPYKArOIIEro MHpa.
CrenoBaTeNbHO, T71a3 SBISETCS OJHUM U3 HHCTPYMEHTOB ISl BUACHHS MO3TOM.

TBopquKoe npuMeHeHue

e -

OnpepeneHne akkoMmoauum Xxpycranuka.

O6opynoBaHue: nuct 6enor bymaru ( pasmepbl 7x7 cM), Mapkep, py4ka.

Xoa uccnepoBaHus:

1. B cepeauHe nucta caenavite 0OTBEPCTUE M BOKPYT HEro No NepumeTpy HanuwmTte pyd-
KON HECKONbKO NMPOM3BOMbHLIX Yucen, Hanpumep, “2 4 59 67, a Ha gocke HanvwuTe
MapKepoM OAHO NMPOW3BOSIbHOE COBO, HanpuMep, “nNMH3a’.
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2. MNMomectnte nucT nepep cobon Tak (Hanpumep, Ha pacctoaHun 25 cm), 4Tobbl Yucna,
HanucaHHble No nepumeTpy, ObINM YeTKo BWAHLI. B aTOM nonmoxeHun 3akponte oguH
rnas, ApyrMm xe rnasom nocmMoTpuTe Yepes OTBEPCTHNE Ha CNOBO, HAMMCaHHOE Ha JOCKe.
O6paTuTe BHMMaHWe, Kak Npu 3TOM BUAHbI Y1Cha B NINCTE U CMOBO Ha JOCKE.

3. HanpaBbTe B3rnaa OTKPLITOrO rfasa Yepes OTBEPCTUE Ha Yucna B NNCTe, Npu 3Tom
obpaTuTe BHMMaHWe, HAaCKOMbKO YETKO BUAHbI YMCNa B NINCTE U HAAMUCh Ha JOCKe.

O6cyauTe pesynbTar:

¢ Y10 BMOHO YeT4ye 1 AcHee NMpw B3rnsge Yepes oTBepPCTME B NMUCTE HAa HaNnUCaHHoe Ha

[OCKe CIOoBO — Yucna Uiy camo CrioBo?

¢ Kakast Hagnuce BMAHa YeTye U sicHee Npu nepeBode B3rnsaa ¢ AOCKW Ha nMUCT?

¢ Kak nameHun dopmy xpycranuk npv B3rnsge saans 1 B6nnsp?

LS kac o - MepepucyiTe nsoGpaxeHne CTPOEHMs YeNloBe4ecKoro rnasa
B pabo4ni NUCTOK U HaNULIMTEe BMECTO TOYeK CrioBa, COOT-
BETCTBYIOLLME KNIOYEBbIM CIIOBaM.

Knio4yeBble cnoBa: e cknepaecetT4yaTas 0605104Ka ® 3payok e
poroBosi 060sI04Ka ® XPyCTalnuK e 3puTeNibHble HEPBLI © pa-
AYXXHasA 060104Ka e CTEKNIOBUAHOE Teroe

MpoBepbTe CBOM 3HaHUA

1. Moyemy nonagatoLLme B rnas fyumn cBeTa JOIKHbI POKYCMPOBATLCS Ha ee ceTyaTon 0bonouke?
2. Kakoe nsobpaxkeHuve Tena nonyyaeTcsi Ha ceTyaTtoi 06onoyke: MHUMOE U AecTBUTENBHOE?
3. KakoBa “065s13aHHOCTL” 3payka?

4. Kakve anemeHTbl 06pa3ytoT onTUYeCcKyto cuctemy rnasa?

5. EcTb Takoe BblpaxeHue: “YenoBek BUANUT He rMa3oM, rna3 sABMAseTcs MHCTPYMEHTOM Ansi
BnaeHus”. BepHa nu ata mMbicnb?
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uEdJEKTbI 3PEHUA. O4YKU

Bbl, HaBepHoe, Habntoaanu, YTo HeKoTopble
NOAN NPU YTEHUW AepKaT NUCT Janeko ot

rnas.

9 o Kakon nedbekt 3peHus
MMeeTCA y 3TUX nraen?

A HekoTopble NoAK, HA0BoPOT, NP YTEHUM
NOAHOCAT NIUCT O4YeHb BIN3KO K rmasam.

" e Kakon HegocTaToK 3peHusi
® MMeeTCs y 3TUX nogen?

(a) Doxyc HaXOAMTCS HA TOBEPXHO-
CTH CeT4aToi 000I0uKH

(b)

busopykocTts

Ouku ¢ paccen-
BaIOIMU
JMH3aMH

162

®DoKyc ONTHYECKOW CHCTEMBI Tia3a 0e3
JedeKTa HaXOUTCS Ha CEeTYATOH 000JI0UKe
(2). Takoii rma3 BUIUT Tejia YETKO M O3
Hanpspbkenusi. OH He ycTaeT npu HaOuoie-
HUM 33 JaJeKO PaCIONIOKESHHBIMU TIpe/-
Meramu. Ho MHoOrWe Joau cTpajaioT OT
neeKToB 3peHHs, cpead KOTOPBIX [Ba
HEJIOCTaTKa MMEIOT HaWOOJbINee Pacipo-
CTpaHeHUE. JTO OAU30PYKOCHb T OAIbHO-
30pKOCHb.

brnuzopyrocms. Dokyc onTHUECKOU
CUCTEMBl OJIM30PYKOTO TIJla3a pacroo-
raercsi He Ha ceTyaToil obosouke, a mepen
Heil. [Toatomy nroau, UMeroIue OIU30py-
KHE TJ1a3a, He MOTYT 4YeTKO BHJIETh pac-
MOJIOKEHHBIE JTANIEKO TpeaAMeThl. UTOOBI
pasrisaeTh OTACTbHBIE ASTaIH MPEAMETa,
OHU BBIHYXJICHBI IPUOJINKATh HX K TJa3y.
[IpoBeneHHbIe HCCIIENOBAHUS TIOKA3aJH,
YTO ONTHYECKas CUJIa OJIM30PYKOro Iia3a
0OJbIlIe ONTHYECKON CHIIBI HOPMAILHOTO
rasza. Jlns  ycTpaHeHWs Takoro He-
JIOCTaTKa HEOOXOJIMMO YMEHBIIUTH OITH-
yeckylo cuiy miasza. OT Onu3opykocTu
MOKHO U30aBHUTHCSI TIPH TIOMOIIN OYKOB C
paccenBarOIUMH JINH3AMH.



TaK, JIMH3bI OYKOB C OTpHHaTeJILHOﬁ

T3]

ONTHYECKOU CHIION (Hampumep, — 2 AITp,

—2,5 AnTp ¥ T.[.) YMEHBIIAIOT ONITHYECKYIO CHITY TJIa3a M H300pakeHue mpeaMeTa
NoJlyyaeTcs Kak B HOpMaJbHOM TJla3e — Ha ceTyaroil obonouke riasa (b).

BHumaHue! PaccrosiHie HawTydInero 3peHus i HOPMaIbHOTO Iiia3a =~ 25 ¢cM. JTO paccTOsHHE
Ha3bIBACTCS pACCMOsAHUEM Haunydwezo eudenus. HopMaibHBIA TI1a3, IIUTENBHOE BPEMs CMOTPSILLIUN
Ha O4YeHb ONIM3KO PACIIOJIOKEHHBIE MPEIMEThI, MOXKET 3apaboTaTh OIM30pyKOCTh. UMTaTh, MUCATh,
pHCOBaTh M YEPTUTh, CMOTPETH TEIEBU30P M Ha KOMIIBIOTED C OYCHb OJIM3KOTrO PACcCTOSHHSA B CIIab0
OCBELICHHOM MECTE OYEHb BPEIHO, OCOOSHHO B HIKOJbHBIE rojbl. [Iporcxoaut nedopmariys riia3Horo
SI0JT0Ka ¥ BCEH ONTHYECKOM CHCTEMBI IJ1a3a, U IJ1a3 C JIETKOCTHI0 IPHOOpPETaeT OIM30pyKOCTh, TaK Kak B
9TH TOJIBI CKJIEpa eIIe He IIPHOOpeITa JOCTATOIHOH MPOYHOCTH.

PP
TOZ
LPED

PECTFD
EDTCZP

FELOFZH

PEFFOTES
e TS

NI

FasaEs

Ouk#H ¢ coduparo-
[IAMH JIHH3aMA

2.630

3621

4,615
5.612
6. 612
7.69
B.47S
0. 606

10. 64,5
11 673

B kuraiickux MLIKOJaX HAa TapTax 3aKpErvIstoT
METAJUTMYECKUE OrPAaHUINTENH, HE TTO3BOJITIOLINE
JIETSIM OYeHb HU3KO OITyCKaTh TOJIOBBIL, IS (hop-
MHpPOBaHUsS HaBBbIKA YWTATh W TMCaTh HA ONTH-
MAaJIbHOM PacCTOSIHUM BUICHU ().

lanvnozoprkocms. GoKyc onTHUECKON CHUC-
TEMBI JAIIbHO30PKOTO TJla3a pacrojiaraercs He
Ha ceryaTod oOoJlouke, a 3a Hed. [losTomy
JMATHHO30PKHUHA T1a3 0e3 HampspkeHus (He u3-
MEHSS BBIMYKJIOCTh XPYyCTajJHMKa) HE MOXKET
BUETh OJU3KO PAaCHONIOKEHHBIE MPEAMETHI.
Onrnyeckas cujla Takoro rja3a MEHbLIE OIl-
TUYECKOM CHJIbl HOpMaJILHOTO TJaza. s ycr-
paHEeHHsI 3TOTO HEJOCTaTKa HEOOXOIUMO YBe-
JUYUTH ONITHYECKYIO CHITy Tiasa. [Ipu momomu
OYKOB C COOHMPAIONINMH JIMH3aMH MOYKHO YCT-
paHUTH JaTbHO30PKOCTh Tia3. Tak, JIMH3BI 04-
KOB C ONTHYECKOW cuioil “+” (Hampumep, +2
oaTp, + 2,5 ANTp ¥ T.J.) yBEIUYUBAOT OIITH-
YeCcKyIo CHITY TJla3a, H N300paKeHre peMeTa
NoJy4aeTcss Ha ceTyaTtoi oOojouke riasza (d).
OpHa 13 TPUYMH TaJTbHO30PKOCTH — yTpaTa dJia-
CTHYHOCTH Xpycranuka. [Ipm sTom, HecMOTps
Ha YCHJIHWS TJIA3HBIX MBIIII, TOJIIUHA XpyC-
TaJnKa He MEHSETCS.

B MemumumHCKHX YUpEeKICHHAX OCTPOTa
3peHUs JII0JIeH IPOBEPSIETCS TIPU TIOMOIIHN mad-
auybl Cuennena. OHa coctouT u3 11-12 ctpok
MIPOU3BOJIEHO HANMCAaHHBIX OyKB. CaMblie 00Ib-
mue OyKBBI HAaIllMCaHBl B MEPBOH CTPOUKE,

pasMepsl OyKB OT CTPOUYKH K CTPOUYKE MOCTENIEHHO yMeHbInatoTes (¢). HopmanbHblit
rina3 6e3 HalpsHKCHUsT BUAUT OYKBBI B TIEPBOM CTPOKE ¢ paccTosHUs 60 M, a OYKBBI
9-if ctpoku ¢ paccrossHus 6 M. CyIIeCTBYIOT TAaONHIBI M C Pa3HBIM IOPSIKOM
pacrionoxeHust OyKB B CTPOKax.
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Yro noka3piBalOT HUPPHI ¢ NPaBoii cTopoHbl Tadauubl CHesieHa? Ludpor
B IICPBOM CTOJIOIE MOKAa3bIBAIOT MOPSIKOBBIA HOMep cTpokK. Lludpsl Bo BTOpom
CTOJIOIIE MOKA3BIBAIOT PACCTOSIHUE OT MECTa PACIOI0KEHUS TaOIUIIBI 10 TECTHPYe-
MoT0 T7a3a (6 M), a UG Pl B TPETHEM CTOJIOIE, ITOCIIe HAKJIOHHOW JIMHNAN, TIOKa3bI-
BAalOT PacCTOSIHUE, C KOTOPOr0 HOPMAaJIbHBIH IJ1a3 MOKET BUIETh OYKBbI COOTBETCT-
BYIOILIEH CTPOKH.

TBopquKoe npumMmeHeHue

L _
o 0

MpoBeanTe OHNaNH-NPOBEPKY CBOEro 3peHus.

O6opynoBaHue: KOMMNbIOTEP, MHTEPHET-canT EyeExamOnline.com

(nnn http://www.eyeexamonline.com/ru/exam-right-eye_what-letters-are-clear.html).

Xoa uccnegoBaHuA:

1. Boigute B yKkasaHHbIV CaliT U caabTe
nepen MOHWUTOPOM Ha paccTosiHN 1 M. _

2. CHavana npoBepbTe Npasbii rnas. Ons - —
9TOro 3aKPOWTE NEBbIN [Na3 1 LWENKHUTE pp—— e T
CTPOKY Ha aKpaHe, KOTopyt cBo6OAHO
MOXeTe B1aeTb 6e3 HanpshkeHWs NpaBoro

(f) 28 B B s e 0 e 1

rnasa, aTa CTpoKa BbIOENUTCA BHU3Y e s e ey 1

Tabnuub! (). e b g e RDFUV
3. A Tenepb NpoBepbTE NeBLIN rMas. Ons S Uﬂﬁ::‘

3TOro 3aKpOiiTe NPaBbIii [1a3 U MOBTOPUTE Lo ke, ner

OnbIT. T =
O6cyauTe pesynbTar: E e )

o Kakoii 13 Balwmx rnas BugnT nyyiie?

¢ BykBbl kakow cTpokn Tabnuubl 6yayT
BMOHbI YeTye, ecnu rnas 6nmsopyknin?

o BykBbl kakoW CTpoku Tabnuubl OyayT BUAHbLI YeTHe, ecnu rnas AanbHO30pPKUA?

e .. -

YT1o BbI y3Hanu
* 3anuwunTe B paboyem NUCTKe KpaTkoe 06 bACHeHUe 3HaYeHns

AaHHbIX KNOYeBbIX CMOB.

KnroueBble cnoBa: e HOpMarbHbIN F11a3 ¢ pacCTOAHUE Haunyu-
Lero BUAEHUA ¢ 0aNIbHO30PKOCTb ® BJIN30PYKOCTb ¢ Tabnuua
CHenneHa e

1. B yem cyTb GnmM3opykoctn?

2. B kakon YacTu rnasa nofyyarTcs U30bpaxkeHns NpegmMeToB, PAcnoNOXeHHbIX Aaneko u
OnM3Ko npw AanbHO30pPKOCTU?

3. Ha peuente HanucaHo: “Ouku: neBbin rmas + 24nTp, npasbin rmas — 1,5anTp”. Yto ato
o3HavaerT, kakue gedekTbl MMetoT rnasa? Kakue okycHble pacCTOSHUS UMELOT 3TW MUH3bI
B O4Kax?
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q)OTOAI'IFIAPAT

Bce BbI ntobuTe poTorpacdmnpoBath nensaxm B
MecTax OTAbIXa U HabntogaeMble UHTePeCHble
AaBneHns. HekoTtopeble 310 AenatoT hoToanna-
patom, a gpyrme oTokaMepow MOOUMbHbLIX
TenedoHoB.

‘P e Y10 0OOLLEero B ontuyeckomn
cucTeme 3TUX annapaTtoB?
¢ YTO BaM HanoMuHaeT NpuHLMN
paboTbl choToannapara?

[

:

CobGepem “cpoToannapar”.

O6opypoBaHue: kKBagpaTHas
Kopobka TeMHOro LBeTa ¢ oa-
HOW OTKPBITOW CTOPOHOM (KO-
pobKy MoOXeTe M3roTOBUTb U3
Kopobku n3-nog coka), kap-
TOHHas Tpyba, nyna, HOXHULbI,
KInen, kanbka, nunkas nexHTa.

Xopa uccnepoBaHus:

1. CoenanTe HOXHULAMWN OT-
BepcTue Ha AHe KOPOoBKU. (b)
Pa3mepbl oTBEpCTUS OTpeE-
rynupymTe Tak, YTobbl kap-
TOHHas Tpyba B Hel morna
cBobopHo BpallaTbes (a).

2. 3aknewnTe OTKPbITYO CTOPOHY
KOpOGKM kanbkon (b).

3. 3rotoBbTE 0OBLEKTUB, 3a-
Kpenus nyny NUMKou NeHTon
Ha OTKPbITOM KOHLe TpyObl
(c).

4. HanpaBbTe 06bekTVB anna-
paTa Ha XOpOLLO OCBELLEH-
HbIVi NpeaMeT, NPUCMOTPU-
TECb K CTOPOHE C KanbKow
(oxkynsp) (d).

O6cyauTte pesynbrar:

e [Moyemy B Ballem cpoToanna-
pate nsobpaxeHue npegmeTa
Nnony4Ynnocb NepeBepHyTLIM?

¢ Hapucyiite Ha paboyem nucTke
CXeMy nonyyeHms
n306paxeHns 3Toro npegmeTa.

[Tocne BcecTopoHHETO M3ydeHHUs Tia3a JIOAW W3TOTOBWIIM Ha OCHOBAaHUHU €ro
CTPOCHHSI W TPUHIMIA PaOOTHI MPHUOOP, MONYYAIONUH M COXPAHAIOMUN H300-
paxkeHue Tena — pomoannapam.
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domoannapam — 3T0 ONTHYECKOE YCTPOUCTBO, JOKYMEHTHPYIOIEe CHUMOK (3a-
NOMUHAIoIIee) IeHCTBUTENFHOTO H300pasKeHHS TIPeAMETa.

Hwxe mpuBoanTCsS yNpoIIEHHAs CpaBHHUTENIbHAs CXeMa CTPOCHUS W MPHHIUIL
paboTsl T1a3a u poToanmapara (e).

© o

JIun3as=s XpycTannk
OTBCpCTHE V18 CBETA=#=3pavOK
Jlnadparsas=«Pangyxian obonouka
Ceeronenponnuaemas kamepass+Inasioe abnoko
DoTonnenka WK CReTONYBCTRITEILHAA MaTpiuass=Cervuaras obonouka

®doroammmaparsl B OCHOBHOM JIETISATCS Ha ABE TPYIIIIBL: 00bluHbie hOMonjieHouHble
U yugposvie pomoannapamui. Y CTpPOUCTBO UX, MOXKHO CKa3aTb, OUHAKOBOE: CBE-
TOHENPOHHUIaeMas kKamepa, 0ObEKTHB, Jruadparma, CBETOUYBCTBUTEIILHBIN JIEMEHT.
OOBuHBIN 1 MU(PPOBOI ammapaThl OTIMYAIOTCS (OTOTYBCTBUTEIBLHBEIMHU 3JIEMEH-
TaMu: B 00bIYHOM (poToamnmapare 3To (POTOIUICHKA, a B IM(POBOM (oToarnmapare —
CBETOYYBCTBUTENIbHA MaTpHla. MaTpulla COCTOUMT U3 MHUJUIMOHOB CBETOYYBCTBH-
TENBHBIX S4YeeK. B 3TuX sueiikax rmomemaroTcs poTO3IEeMEHTHI, Ha3bIBa€MbIE NUK-
censmu.

CaeTtoHenpoHuIaeMas KaMepa QoToanmnapara 3auuimaet GOTOIUICHKY (M1 CBe-
TOYYBCTBUTEIBHYIO MaTPHILy ) OT JIy4eld CBETa, KOT]a He IPOM3BOAATCS CheMKH. Ha
MepeIHeH CTEHKE KaMephl moMeriaetcsi 00beKTHB. OOBEKTHB MpeaHa3HAYEH IS
MOJYYeHUs JIEHCTBUTENFHOTO HM300pakeHUs QoTorpagupyeMoro mnpeaMera Ha
(oTomIIeHKE MM CBETOYYBCTBUTENbHONW MaTpule. Tak Kak 0OBIYHO MpEeaMeT pac-
nojaraercsi 3a JABOMHbIM (okycoM oOwvekTHBa (d > 2F), TO ero neiicTBUTENIBHOE
n300pakeHne TMOJIyvYaeTcss YMEHBIICHHBIM MEXIy (OKyCOM U JBOWHBIM (hOKYyCOM
(F < f < 2F) obbexTuBa nepex 3aaHeii creHkor kamepsl. [loatomy doTomnienka uim
CBETOUYBCTBHUTEIbHAS MaTpWIla IOMEMIAIOTCS B TOM MECTe, TIe IMOIydaeTcs
n3obpaxenue (cM.: e). Jlo Hauana cbeMOK (oToamnmapaTt “peryaupyroT Mo 4eTKO-
CTH”, TO €CTh OOBEKTHB IUIABHO MEpEMENIaeTcs BIepe] Ml Ha3aa J0 IOTyYeHHS
YETKOTO N300pakeHus Tena Ha (POTOoIIeHKe (MJIH CBETOUYBCTBUTEIHLHON MAaTPHIIE),
YTO COOTBETCTBYET aKKOMOAIINH TJIa3a.

B o0biuHOM (poTOanmapare moj AeCTBUEM UAYIIMX OT HMpeaMeTa Jyueil cBeTa
B XUMHUYECKOM COCTaBe (POTOTUIEHKH MPOUCXOISAT HEBUAUMBIEC TTIa3y W3MEHEHHUS.
ITocnie 00paboTKH (HOTOILUICHKH CIICIIHABHBIMA XUMUYECKMMHU pacTBopamu (“mpo-
SIBUTEJIEM” U “‘3aKpenuTesneM’”) Ha ee MOBEPXHOCTH MOSBIISIETCS H300paKeHUE Tena.
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3areM 3T0 M300pakeHHE TMEpPEeHOCHTCS Ha ¢Gorodymary W Iedaraercsl peaibHas
¢dororpadus tena.

B nudpoBom ke hoToanmapare mpoOUCXOAUT IEKTPUIESCKOE BO3JICHCTBHE CBETA.
Tak, oy gelcTBUEM MaJaroluX Ha MOBEPXHOCTh CBETOYYBCTBUTEIILHOM MaTPHUIIbI
Jy4eil cBeTa B KaXJA0U sUeiKe 3 MUJUIMOHOB MUKCENEH BOSHUKAET 3JIEKTPUUECKUN
CUTHAJI. DTU CHUTHAIBI 3aBUCIT OT WHTCHCHUBHOCTH TAJAIOIIECTO CBETA. DIIEKTPU-
YeCKHE CHUTHAJIBI TIEPEJAt0TCs Ha TPOIeccop, U TaM Tocjie 00paboTKu CHOBA Tpe-
BPAIIAIOTCS B U300parkeHNe, U CoXpaHsrorces B kapte namsrtu (f).

()

HcTounuk cBeta Kapra namsatu

IIpoueccop

N \'e VTS v MO T PAYKEHHBIN OT

npeamera
CBeToUyBCTBUTENIBHAS
Marpuna

TBopuyeckoe npumeHeHue

e -

3apayva. PaccTosiHue ot o6bekTuBa potoannapata o goTtorpadmpyeMoro npegmeTa 6 m,
a pacctosHue oT o6bekTMBa Ao n3obpaxeHns 6 cm. OnpegenvTe OKYCHOE pacCcTosHue
M ONTMYECKYHO CUMy OOBbEKTUBA.

O6cyauTe pe3ynbTar:

o o kakon chopmyne BblYNCNAETCA POKYCHOE pacCTosiHME cobmparoLLen NMH3bI?

¢ KakoBa eavHuua n3amepeHnst oNnTUYECKOM Curbl NINH3bI?

e Yemy paBHbl (OOKYCHOE pacCcTosiHME U ONTUYeckas cuna obbekTnea dpotoannapara?

| - MNepeHecuTe Tabnuuy B paGounit nuctok. CpaBHuTe hoTo-
annapar c rnasom, 3anucaB B KfeTKax AaHHble KNYeBble
CNoBa, COOTBETCTBYHOLME INIeMeHTaM rnasa.

KnioyeBble crioBa: ¢ 0ObLEKTUB o CbOTOI'IHEHKa WUnun cBeTovyBCTBUTENIbHAsA
MaTpuLia e CBeToNMponyckarliee oTBepcTue o guadparma e

e
YT1o Bbl y3HaNM

a3 ®doToannapar
poroBas o6onouka, nepeaHss kKamepa, XpycTanuk 1 CTEKNOBUA-
Hoe Teno
3paqyok

pagyxHasi o6onoyka
ceTyaTas obonoyka

MpoBepbTe CBOM 3HaHUSA

1. ['oe v kak nony4daetcsa nsobpaxeHne ot 06beKTUBa hoToannapata?

2. Kak ocywectBnsaeTcd B hoTtoannapaTte sBreHne, COOTBETCTBYIOLLEE akkOMOAALNN
Xpycranuka rnasa?

3. Kakow Bna, dooTokamepbl NMPUMEHSIETCS B MOBUIbHbLIX TenedoHax: 0ObIYHbIA Ui LMGPOBOIA?
OTBeT obocCHyiTE.
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1. Kakue U3 npeacTaBjieHHBIX PUCYHKOB COOTBETCTBYIOT TATbHO30PKHUM IJIa3aM B
ouKax M 0e3 Hux?

v

2. Kakue 13 npeacTaB/ieHHBIX B IpeIbLIylIei 3a1a4ye PUCYHKOB COOTBETCTBYIOT
0IM30pPYKHM IJIa3aM B OUKaX U 0e3 Hux?

3. B kakom cay4ae GpokycHOe paccTosTHHE 3payKa rJjia3a 0oJiblie: NPy YTeHUH BaMHU
KHHUTH, U4 IpocMoTpe TejieBu3opa? Ilouemy?

4. lexymka ucnosib3yeT B 04KaX JUH3bI ¢ ONTHYECKOi cuiioi + 6 nntp. KakoBo
(doxycHoe paccrosinue 3Tux Jun3? Kakoii He1ocTaTOK 3peHus y AeymKu?

5. Ilpu B3rusige Yepe3 OKHO Ha yJIHIY HEBO3MOXKHO OJJHOBPEMEHHO 4eTKO BUETh
NpeAMeThbl, PacloJIoKeHHbIE Ja1eK0 U 0JIM3KO0: KOoraa 0J1M3K0 pacio/osKeHHbIe
NpeAMeThbl BUIHBI Y€TKO, TO JAJIEKO PACNOJI0KeHHbIE IPeIMeThl BUAHbI MYTHO U
HaoOoport. [louemy?

6. Onpenenure yBeJundyeHue 00beKTHBA oTOoANNapaTa, ecJu MpH BbICOTE TeJa 2 M,
ero u300paskeHue NOJy4aeTcsi BLICOTOI B 2 cM.

A)1l B)0,l C€)0,01 D)10 E)O0,001
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5 GRS

1. Ko3bIpek Haj BXOAHOI 1BePBIO 31aHUSA
ocBelaeTcss ABYMsl YJIUYHBIMHU
¢onapsimu. Majabumuk, cCTOAIIMIA B
CTOpPOHE OT KO3bIPbKA ...

A) Haxomurcs B IOHOM T€HH KO3BIPBKA.

B) Haxonutcs B monmyTeHH, TaK Kak
OCBeIIaeTcs TOJBKO JaMroi B.

C) Haxonautes B MONyTEeHH, Tak Kak
OCBEIIAETCs TOJIBKO JIAMITON A.

D) Ocgenraercst 00enMu JIaMIIaMU.

E) HaxoauTcs B mosryTeHH 00€nX JIamIlL.

2. ACTPOHOMBI H3Y4aIOT JIYYH CBETa, HAYIIHE A) ~ 8- 108kM
OT 3Be3/Ibl, HAXO/ISILIEICS HA PACCTOSTHHH B) ~ 16 - 10%km
l = 8 mapcek ot 3emun. Y'-II/ITLIBaﬂ: 4T0 C) ~ 7,5 - 104k
1 mapcek = 3, 26 cBeT.roj (CBeTOBOI rojg — 13
PACCTOsIHAE, KOTOPOE MPOXOAUT CBET B D)~ 15- 10" km
BaKyyMe 32 O/IUH I'0J1), OIlpeJe/auTe E) =~ 25-10"3km
paccrosinue oT 3eMJIH 10 3Be3/1bl, KOTOPYIO
HCCIETYIOT aCTPOHOMBI (€ ~ 3 - 108kM/c).

3. Kakas u3 Touek 1, 2 u 3 He Oyaer BujHa,

T T T T
H 1 1 1
F S T S .
€CJIH CMOTPETH HA INIOCKOE 3ePKaJI0 H3 P o
Toukn K? e disa oo,
[ o I P
b1 I A
S I
J?—__I__I__I__I___I T
i i i i i i
N T A -
1 i i I i 1
H ' ' ' ! '
e

4. OnpeneuTe adCOIOTHBIN NOKa3aTe/lb NPeJOMJIeHHsT JAHHOM cpelbl, 3HAs, 4YTO
M
CKOpOCTH PAcNpOCTPAHEHHs cBeTa B HeM paBHa 1,5 - 108 =
C

(cropocms pacnpocmpanenus céema 6 aKyyme: C=3'108M/C).
A)2 B)I,5 045 D)05 E)3
5. Ck0J1bK0 pa3 noaBepryaercs MpeJOMJIEHHIO JIyY CBeTa NPH Na/IeHUH Yepe3 BO3IyX Ha
TI0BEPXHOCTH BOJIbI B CTEKJISIHHOM CTaKaHe 1o onpeesiennbiv yriaom (02900 )?
A)2 B)1 C)5 D)3 E)4

6. ®oxycHoe paccTosinue coduparomeii JuH3pl  A) JlelicTBUTENBHOE, C pa3MepaMu

paBHo F, a paccTrosiHue OT npeamMeTa 10 JIMH- caMoro Ipenmera

3b1 d. KakuMm nostyunres n3odpakenue B) MunMoe, yMeHbIICHHOE
TpeMeTa, ecJIM BBINOJIHSIETCS yCI0BHe C) [eilicTBUTENBHOE, YMEHBIICHHOE
F<d<2F? D) [eiicTBuTeNnsHOE, YBEIHICHHOE

E) Muanmoe, yBenmaeHHOE
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7. Onpenenure paccTosinue oT u3o0pakeHusi npeamMera MN, yKa3aHHOT0 HA PUCYHKe,
0 JIMH3bI.
A) F < f < 2F, AelCTBUTENBHOE, IEPEBEPHYTOE U YMEHBILICHHOE

B) f < F, neiicrBurenshoe, IepeBepHyTOE U yBEINIEHHOE
C) f = F , MHUMOE, IPIMOE ¥ YMEHBIIIEHHOE
D) f = 2F , melictBuTeNbHOE, IEPEBEPHYTOE C pa3MEPaMH CaMOT0 IpeaMeTa

E) f > 2F , gelicTBuTENBbHOE, IEPEBEPHYTOE U YBEJIIMUEHHOE

8. JIyuu cBera, napaJuiesbHble IJIABHOW ONITUYECKOI O0CH, IOCJIe PeJIOMJIEHUS B JIMH3e
nepecexkaroTcs Ha paccTossHuM 40 cM oT InH3BL. OnpeeaTuTe ONTHYECKYI0 CHJTY JIHH-
3Bl

A)4d anrp B) 04 antp  C)0,5 smrp D) 0,25 antp  E) 2,5 notp

9. ToueuyHbIit HCTOYHUK CBeTa S, Ba MsiYa paguycaMu I U 2 r IOMeLIeHbI nepes K-
PaHOM, KaK MOKa3aHo Ha pucyHke. Kakne TeHH 0T MsaYeit HAGII0IAI0TCS HA IKPaHe
(oTBeT 000CHYIiTE cXeMaTH4YeCKHU)?

9KpaH\

2r
Msu

=65

= of
~ 90
G®
o
"5

.

o

o,

10. Onpeaenure cOOTBETCTBHUS.
I — PaccrosHre oT coOuparomniei THH3HI 10 JeHCTBUTEIFHOTO H300paXKeHUS
II — YBenmmuenne cobuparomeii TMH3bI
IIT — ®okycHoe paccTosHIE COOMPAIOIIEH JTHH3BI
IV — Paccrosnue oT coOuparoriei JTHMH3HI 10 Tena
1-2; 2-25, SR
d-F d—F f-F f+d

A)I-2,11-1,11-4,1V-3
B)I-1,11-3,111-2,1V — 4
C)1-3,11-2,TI-4,1V-1
D)I- 1,112, 111-4,1V-3
E)I-3,11-1,11-2,1V -4
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ATOM 1 ATOMHOE
A0PO

Bo3MOXHO, Bbl CribiLLany Takoe BblCKa- ¢ Yem oTnnyaeTcs paaMoakTUBHbIN XU~
3blBaHME — “KypPEHNE — ITO MeAreHHas MUYECKUIA 3NIEMEHT OT APYrux 3fiemMeH-
cmepTb’. Ho, HaBepHoe, He cnbiwanm, TOB?

4yTO B cocTaBe Tabaka MMeeTcsi cMep- ¢ MoyeMy pagMoaKTUBHbLIA XMMUYECKNHIA
TENbHO ONacHbIN Ans opraHu3Ma Yeno- 3neMeHT onaceH Ans Yenoseka?

BeKa paanoaKTUBHBIN XMMUYECKUIA are- ¢ Yrto 3HauuT pagnaumna?

MeHT nonoHun-210. MNpwu KypeHnn yac-
TULBI 3TOrO 3reMeHTa oceaatoT B op-

0
raHuaMe — Ha Nerkue 1 roptatb. B pe- FrernokeHmn

pPagnoaKTUBHOro
3ynbtaTte pagnaunn HakonmeLUUXCA Tam nonoHus-210
YyacTuubl, YerioBeKka rnopaaet cMmep- ;
TenbHasi 6one3Hb — pak Nerkux n rop-
TaHW. b

e

XoAa uccnegoBaHus: ;
Huxxe npueodumcsi Kpamkoe U3oKeHUe 3KCrepuMeH-
ma, npoeedeHHo20 aHanulckum ghusukom Pe3zepghbop-
dom. Npoyumalime e2o0 @HUMameribHO U Mo pe3yib-
mamy akcriepuMeHma cghopmynupytime ceou rnpeod-
10S10XKEHUS.
B CBWMHLOBbLIV KOHTEWHED (2), UMEIOLLMIA  Y3KUIA Bbl-
XOAHOM KaHan (1), nomeLLaeTca paguoakTUBHoOE Be-
wectBo pagun (3). Ha Bbixoge kaHana cosgaetcd
MOLLIHO€ MarHMTHOE norse, IMHUM MarHUTHON NHAYK-
LM KOTOPOTro NePNEeHAMKYNAPHBI K KaHany.
Mpu ncnegoBaHUM NOBEPXHOCTU DOTOMMACTMHKM (4), MOMELLIEHHOW Ha MyTK CriefoBaHus
ny4yen, 6b110 0GHaAPYXEHO TPU TEMHbIX NSATHA (a).
OpHO 13 3TUX NATEH NOMNYYMIIOCH HAaNpPOTMB BbIXxoAa kaHana, a Apyrue asa nsitHa nony-
YUMUCb B AnamMeTpanibHO NMPOTUBOSIOXHBIX TOYKaX OT KaHana.
3HaunT, paguoakTMBHOE BELLECTBO MOABEProCh CaMOMNPOM3BOSIbHOMY U3MYyYEeHUIO,
1 9TO U3Ny4YEHUE NMEET CITOXHYHO CTPYKTYPY.
O6cyauTe pe3ynbTar:
o Kakuve elue pesynbTaTtbl BbITEKAKOT M3 OMbITa:

a) NoYemy BbIXOASLLMIA U3 KaHarna My4yoK pagamvoakTUBHOIO U3NyYeHnst pasgennricsa B Mar-

HUTHOM MOJ1e Ha TPW CocTaBnsALWME?
b) 4TO MOXHO ckazaTb 06 aNEeKTPUYECKOM 3apsiae YacTuL, B COCTaBE 3TUX COCTaBMSALLMX
nyyka nsnyyeHus, NPUMEHVB NPaBUIIo NEBON PyKN?
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Opanmysckuii u3uk AHpH bekkepenab OTKpbUI SBICHHE DPaIMOAKTUBHOCTU
B 1986 rony. [IpoBojs ucciaenoBaHusl ¢ COJSIMU ypaHa, OH OOHAPYKHJI, YTO COJIU
ypaHa UCIIyCKar0T HEBUAMMBIE TIa30M JIy4H, BBI3bIBAIOLINE TIOYEpHEHHE (oToIIac-
TUHKH 1 HOHU3HUPYIOLINE BO3IYX.

B 1898 roxy cynpyru Ilsep n Mapus Kropu obHapyxmim, 94To KpoMme ypaHa
CHJILHOH M3JTy4aronieli CnocOOHOCTBIO 00JIalacT IeTbIi s APYTHX IIEMEHTOB (Ha-
npuMep, NOJIOHHUK, paauii, Topuii). Takoe M3IIyueHHE OHM HA3BaIH PAoUOAKMuUs-
HbIM.

o fenenue Camonpou3zeo1bHOcO, 0e3 eHewne20 8030elcmeus U3Iy4yerusl amom-
HO20 A0pPA HA3bIGACCS €CHECHEEHHON PAduOAKMUGHOCHMbIO, a4 GO3HUKAIOUee
U3NIyYeHUe Ha3bl8aAemcsi PAOUOAKMUGHBIM U3NYUEHUEM.

[IpoBeneHHbIE MHOTOUNCIIEHHBIE OIBITHI IOKA3AJIH, YTO COUCMBO PAOUOAKMUB-
HOCMU C8A3AHO MOAbKO C COCMABOM U CMPOEHUEM amoMHo20 a0pa. BHelHue dax-
TOpHI (MEXaHUUECKOEe JaBJIEHUE, TEMIIEPaTypa, JIEKTPUIECKOE U MarHUTHOE MOJIS U
JpyTrue) He OKa3bIBAIOT BO3ACHCTBHS Ha 3TO CBOHCTBO.

* OTKpBUI paIiOaKTHBHOCTE. 32 pabOTHI B 3TOM
obmactu B 1903 roxy 0w ymocroen HoGe-
JIEBCKOM NMPEMMH.

M
* OIMH U3 OCHOBOIIOJIO)KHUKOB TEOPHHU pa-
JMOAKTUBHOCTH. 3a yCHEXH B 3TOH obnactu
B 1903 roxy 6su1 ynoctoen HobGeneBckoit
MIPEMUH.

* OHa 13 OCHOBOIIOJIOXKHUII] TEOPHH Pa-
JIMOaKTUBHOCTH. Y 1ocToeHa Hobees-
ckux npemuit B 1903 roxy no dusmke 3a
OTKPBITUE paJHOaKTUBHOCTH, B 1911 ro-
Iy TI0 XMMHU 32 OTKPBITUE XUMHYECKUX
3JIEMEHTOB TIOJIOHUS U pajusl.

B 1899 roay noa pykoBOJICTBOM aHIMIMHCKOro yueHoro JpHecta Pesepdopaa Obuia
HCCIIeTOBaHa (r3HUYecKas IPUPOIa PaTioaKTHBHOTO M3ITYUCHUS (CO cxeMoll U X00oM
9MOo20 onvima vl ObLIU O3HAKOMIEHVL 8 ucciedosanuu; cM.: UcenenoBanue-1). beuio
BBISBJICHO, YTO PAJMOAKTUBHOE M3TydeHHeE (pachaj) pagus UMEET CIOXKHYIO CTPYKTY-
py: U3IIy4eHHUEe MPEeACTaBIseT COO0M MOTOK Pa3HBIX YacTHil. [Ipy nmpoxoxaeHnn 3Toro
MOTOKA 3apsHKEHHBIX YaCTHI] CKBO3b MAarHUTHOE ITOJIE OHH OTKJIOHSFOTCS B Pa3HBIX HAIl-
paBieHUAX NOJ AercTBUEM cuiibl JlopeHna. YacTe Jydeid, COCTOAIIMX M3 MOTOKA He-
3apsUKEHHBIX YacTHUL], HE MEHSIOT HAIIPaBJICHHUs CBOETO NMEPBOHAYAIBLHOTO ABHKEHMUS,
WX Ha3BaIH y-usnyueHuem. YacTp Jyded, COCTOSIINX W3 TMOTOKA TTOJIOXKHUTEIBHBIX
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(4]

YaCTHII, OTKJIOHSFOTCSI OT CBOETO IEPBOHAYAIEHOTO HAIPABIICHUS, B COOTBETCTBUH C
MPaBUJIOM JICBOW PYKH, B HAIPABJICHUH OOJIBIIOTO MaJIbIia JICBOM PYKU. DTO U3TyUCHUE
Ha3BaMu a-uzayuenuem. COCTOSILIAS K€ U3 MOTOKA OTPULIATEIBHBIX YaCTHIl TPEThS
YacTh JIydel, Ha3BaHHBIX f-U3jlyueHuem, OTKIOHSIOTCS B HAIpPaBICHWH, TPOTHBO-
TIOJIOKHOM HAIPaBJICHUIO OTKJIOHEHUS O-U3JTy4eHUS (CM.: a).

BBUIO yCTaHOBIICHO, UTO a-u3ayuenue cocmoum us nomoka soep 2eaus. VIx mpo-
HUKAIOIIAask CIOCOOHOCTh OYEHBb MaJIa U JJaXKe JTUCT OyMaru ToiamuHoi 0,1 MM 1t HUX
yKe HETIPOHUIIAEM. f-U3jiyuenue — 3mo nOmoK 3JIeKmpoHO8, UMEIOWUX 04eHb DOlb-
wyro ckopocms. TIpoHUKAIONIAas CIIOCOOHOCTh 3THUX YAaCTHUI[ OOJbIIE — I[MHKOBAs
TUIACTHHA TOJIIIMHON BCErO B HECKOJIEKO MUJLTUMETPOB CIIOCOOHA TTOTHOCTHIO TIOTJIO-
TUTH [(-H3TyUEeHUE. p-U3jiyueHue — 3TO DIIEKTPOMArHUTHOE M3ITydeHHne. DIIeKTpude-
CKOE ¥ MAarHUTHOE TTOJISI Ha HETO He ICUCTBYIOT, TaK KaK OHO YJICKTPUUISCKH HEUTpaTh-
Ho. [IpoHuKaromas CrocoOHOCTh 3TOrO WM3IyYeHHs OYCHb BEIIMKA: CIOH CBHHIA
TOJIIIMHOM B 1 CM MOKET JIUIIIh YMEHBILIUTh €ro BO3/ICHCTBHUE.

[Iponukaromasi ciocOOHOCTh ITOTO W3IYYCHHsI OYCHHb BEJIMKA: CIIOW CBHUHIIA
TONIIUHOM B 1 cM, 6eToHa B 5 ¢M 1 cTeksia B 10 cM MOXKET, YMEHBIIIAET €ro BO3ACH-
CTBHE B 2 pa3a, OJJHAKO MOJHOCTHIO €r0 MOTJIOTUTH HE MOXKET.

Ha pucyHke npagcrtasneH npotecc i -
pacnaga anemeHta pagus (b). Onpegenu- =
Te MO HanpaBMEeHWO0 OTKIMOHEHWS B Mar- B i
HUTHOM Mone a-, - U y- U3NydYeHuns. o wath

o MepenuwuTe NpeanoxeHusa B paboyni NMUCTOK U [OMOSHU-
Te ux.

1. EcrecTBeHHAst paiHOAKTUBHOCTb...
2. PannoakTuBHOE U3ITyUYEHHE. ..

3. Q-U3ITyYCHHE. ..

4. B-uznydeHwue...

5. y-M3JIy4eHHUe ...

1. NiccnepoBaHns kakux yYeHbIX MPUBENN K OTKPbITUIO PaAN0aKTUBHOCTN?

2. Yem oTnnyaeTcsa paamMoakTUBHBIN XMMUYECKNIA ANIEMEHT OT OObIYHbIX 3NTIEMEHTOB?
3. /13 noToKa Kaknx 3apsiKeHHbIX 4acTuUL, COCTOUT PaAnN0aKTUBHOE UsnyveHne?

4. B yem otnuuue a-, B- 1 y-n3nydeHnst gpyr ot apyra?
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m ATOM — CNNOXXHAA CBA3AHHAA CUCTEMA

ManopMaLW"o O cocTaBe aToOM- o Kakue YacTuubl COCTaBNAKT CBA3AHHYHO

HOrO S/1pa 1 CTPOEHWN aTOMa Bbl cuctemy atoma?

NoJyYMIIv B COOTBETCTBYHOLLIMX & » /3 Kaknx YacTuL COCTOMT aTOMHOE iAPOo?
pasgenax y4ebHuka no usmke e [louemy aToM OGLIYHO HEUTpPaneH?
ansi 6-ro knacca u y4ebHuka no e Y10 O03HauvaeT “nnaHeTtapHaa mogenb atoma”?
XMMUM Ans 7-ro Knacca. Kak ata mogenb 6bina onpeageneHa?

|

=]

Kakas aTto mopenb atoma? :
3apava. Ha pyucyHke npencraBneHa cxema ogHoOW U3 moge- 9/4
new cTpoeHus atoma (a). MepeyepTute cxemy Ha paboumi o ;

TNINCTOK 1 onpeaenuTe, kakve YyacTuubl 0603HayYeHbl /
COOTBETCTBYIOLMMM Lidpamu. 1
O6cyauTe pe3ynbTar:

e Cxema kakor mogenu atoMa npeacrtaBrieHa Ha PUCYHKe? e
e 13 kaknmx YacTuL, COCTOUT CBA3aHHasA hmnsmyeckas cuctema atoma no cxeme?

* OcHOBHbIe Pa0OThI: MOHU3ALMA Ta30B IIOJ
JICHCTBHEM PEHTI€HOBCKOTO OOJIy4eHHs, 00-
Hapy’>KeHHEe KaTOJHOrO ¥ aHOIHOTO H3Iyue-
Hus. B 1906 romy 6pu1 ymocroen Hobemes-
CKOM IIPEeMHH.

ATtomuast moaesb Tomcona. Yuennle ¢ koHna XIX Beka 3HaJIM, 4TO aTOM UMEET
AIIEKTPOHEUTPATBHYIO CTPYKTYPY, COCTOSIIYIO M3 PAaBHOTO YHCIIA MTOJIOKUTEIBHBIX 1
OTPUTATENHFHBIX YacTUIl. AHTIHicKui yueHsiid [xozed Jxon Tomcon B 1897 romy
OTKPBUI 3JIEKTPOH U OBLIO OIMpeneieHo, uro mMacca siekTpoHa B 2000 pa3 mMeHbIe
Macchl aroMa Bos1opoja. OCHOBBIBAsICh, C OJTHOW CTOPOHEBI, HA 3TOT (DakT, a C APYroi

CTOPOHBI, Ha (PaKT AMEKTPOHEUTpaTbHOCTH aroma, TomcoH B 1903

(b) o +9 *g TOJy TPEIIOKUI TEPBYI0 MOAENHs cTpoeHus atoma. CoernacHo

»e 2 9motl Mooenu, amom npeocmasiiem coool wap paouycom npu-

4 mepro 107%. IMonoscumenvuvie 3apadvi pacnpedenenvi no ecel

T macce 3mozo wapa ¢ NOCMOAHHOU NIOMHOCbIO, d OMPUUATNETbHO

3apsANCeHHbIe INIEKMPOHLL Pacnpedenetvl GHympu nooooHo “‘usio-

munxam 6 nyounze” (b). AromHas MoJienib ToOMCOHA Jlaia BO3MOXKHOCTh OOBSICHUTH

HEKOTOPBIE SIBIICHUS, HAIIPUMEpP, MOHU3ANNIO aTOMa, AJIEKTPOJIU3, TEPHOIUICCKYIO

CUCTEMY XMMHUECKUX 3JIEMEHTOB U Apyrue. OJHaKO 3Ta MOJIENIb HE CMOTJIa 00bsIC-
HUTh PAAUOAKTUBHOCTD, JICKTPOMArHUTHBIC SIBJICHUS U IPYTOE.

» Coznarens mIaHeTapHOM Monenu aromMa. B 1908 ro-
ny 6611 ynocroeH HobGeneBckoid mpeMun.
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ATtomHast moaeJb Pesepdopaa. B 1910-1911 ropax anrnuiickuil yuensliit Oprecm
Pesepgopo onpeneniin, 4To aTOM UMEET COBEpIICHHO Apyroe ctpoenue. OH MmpoBel
CEPHIO OTIBITOB MEMOO0OM 6OMOAPOUPOSKY ATOMOB TSDKEIBIX XUMHUYECKHX 3JIEMEHTOB
a-yacmuyamu. JJOornaHO OBIIO ObI 0KUIATH, YTO OOJBITMHCTBO OL-4ACTHII, CTAJIKHBAsICh
C aToMaMH, B OCHOBHOM OyZyT nojaBeprarscs paccenBanuio. [lotomy uto, o Mozenu
TomcoHa, Becb 00BEM aTroMa COCTOMT M3 PABHOMEPHO paclpelesieHHOH Macchl
TIOJIOXKUTEIBHOTO 3apsijia.

Cxema ozHOro 13 onbITOB Pesepdopaa npeacrasiena Ha pucyHke (c). Berxoasmmii
13 CBUHIIOBOTO KOHTEHEepa (QQ) y3Kuii MyYOK O-4aCTHII HAMIPABJISIETCS HA TIOBEPXHOCTD
3omotoid Gonbru (F). [Ipu cTonKHOBEHHN OTPaKEHHBIX M IPOXOSILINX CKBO3b (DONIBTY
0L-4acTHILl C MOBEPXHOCTHIO dKpana (E), MOKpBITOro crienuaabHBIM BEIIECTBOM, HPO-
WCXOJAT BCIIBIILIKHI CBETA (CHHTWUISLMK). DTH BCTIBIIIKN HAOIIONAIOT U PETUCTPUPYIOT
ripu oMot Mukpockorna (M) (cm.: ¢). B xose onbiTa HabIF01aI0CH HEOKUTAHHOE SIB-
JICHHE: OCHOBHASl 4acTh MAJAIOLIMX Ha aTOMbI 30JI0TA COi-4aCTHL IPOXOAAT CKBO3b
(onbery, He MEHsSl CBOETO HANpPABJICHHUS, a HEKOTOPbIE pacCenBalOTCs IMOJ OTpesie-
JIEHHBIM YTJIOM, M TOJIBKO B OY€Hb peiKuX ciydasx (kaxnaas u3 2000 yactui) Bo3-
BpalLlafOTCst 0OPAaTHO, OTPA3UBLINCH OT (osbru Ha 180° (d).

L fi o /

ITo pe3ynbpTaTtam 3TOTO OIbITA OBLIA ONpEIeieHa HEBEPHOCTh aTOMHOM MOJICTH
Tomcona. ITo Pesepdopay, 6osbiiias yacTh MacChl aTOMa U IMOJIOKUTEIBHBIC 3aPsiIbl
pacIipesieNieHbl He TI0 BceMy 00beMy aToMa, a COCPEI0TOUEHBI B €T0 LIEHTpe. Mexty
AJIEKTPOHAMH W TIOJIOXKHUTEIHHBIM 3aps/laMU CyIIEeCTBYeT mycTora. O4eHp MalleHb-
KyI0 4acTb aToMma, TJle CKOHIICHTPUPOBAHBI MOJIOKHUTEIbHBIC 3apsasl aTroma, Pe-
3epdopa HazBall amomubim s0pom. Takum o0pazom, coraacHo moaenu Pesepdopra,
aTOM MUMEET CJIeIyolllee CTPOCHHE:!

o [loumu 6csa macca amoma, MO*CHO CKA3amb, CKOHYEHMPUPOBAHA 8 €20 AI0pe, pas-
Mepbl KOMOPO20, N0 CPABHEHUIO C PAZMEPOM CAMO20 amoMd, OYeHb Maibl. B danvbhel-
wem 6110 onpedenero, umo ouamemp sA0pa ~ 10715m,

o Amommoe 50po umeem noaodcumenvHulll 3apsio (qy), PasHblll NPOU3EEOEHUIO
2NIeMEeHMAPHO20 3apsdad € Ha NOPOKOo8bll HoMep Z d9mo2o deMeHma 8 nepuoou-
YyecKou cucmeme eMeHmos. qy = Ze.

® D1eKmpoHbl OBUINCYMCSL BOKPY2 A0PA NO KPY208biM opoumam. Yucio snexmporos 6
HeumpaibHom amome paero Z. Oma mooenv oueHb noxoxca Ha mooens ConHeuHou
cucmembl, NOAMOMY €e Yacmo HA3bI8ArOM HIAHEMAPHOL MOOE/IbI0 amomd.

Ho sTa Mozens aToMa CTOJKHYIACh C TPYAHOCTBIO IPH 00BSICHEHUH TIPOOIIKHU-
TEJIBHOCTH €T0 cymiecTBoBaHus. COrlacHO KiacCH4YecKol (pU3uKe, SJIEKTPOH, JIBH-
KYIIUICS 10 KPyTOBOW OpOHTE, TOIDKEH U3ITydaTh SHEPTHUIO.
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B 3TOM ciyyae 35eKTpOH JOJDKEH MOCTEICHHO MPUOMKATECS K APy H, HAKO-
Hell, yIIacTh Ha €T0 IIOBEPXHOCTh — aTOM TIepPeCcTaeT CyIIecTBOBaTh. B neiicTBuTeNh-
HOCTH € aTOMHas CHCTEMa CYIECTBYET NPOJOKUTEIBHOE BPEMSI.

AtomHasi moziesib bopa. Beixon U3 3T0ro 3arpyJHUTENIBHOIO NOJIOXKEHs, KoTopoe Pe-
3epdopa He cMoT 00BSICHUTB, ObLT IpemToxkeH B 1913 1. narckum dusrkoM Hubcom bopom.
OH B BHJIE MOCTYJIATOB (B BUJIE TIOTIOKEHUI 1 aKCHOM, He TPeOYIOIIMX JIOKa3aTebCTB) chop-
MYJIMPOBaJI OCHOBHBIE 3aKOHBI YCOBEPILICHCTBOBAHHOM TEOPHH CTPOCSHHS aToMa.

Ilepsovtit nocmynam:. amomuas cucmema MOJNCEM HAXOOUMbCS OAUMETbHO
MOILKO 8 0COOBLIX CIAYUOHAPHBIX — KEAHMOBLIX COCMOSIHUAX, KANCOOMY U3 KOMO-
PbIX coomeemcmayem onpedeieHnas suepeus. B cmayuonapnom cocmoanuu amom
He U3y4aem u He no2owaem dNeKmpoMACHUMHbIE BOJIHbL.

Bmopoit nocmynam: uznyuenue npoucxooum npu nepexooe amoma u3 Cmayuo-
HAPHO20 COCMOAHUSL ¢ OoNbuell dHepauell 8 CIAYUOHAPHOE COCOsIHUe ¢ MeHbulell
onepeuel. U naobopom, npu no2noweHuy amomom dHepeun UsryueHus o1 nepexo-
Oum u3 CMayuoHapHO20 COCMOSIHUSL C MEHbULel DHepauell 6 CMAYUOHAPHOE COCMO-
sAuue ¢ bonvuetl snepaueil. IIpu 5mom s1eKkmpon nepexooum ¢ onpeoesenHol Oau3-
Kot opOUmsl Ha OANbHIOK.

* Mmeer GoJpluve 3acTyrd B Pa3BUTHH TEOPUN
ATOMHOTO sIIpa U sICPHBIX peakiwii. B 1922 ro-
Ity 6611 ynoctoeH HobeneBckoid mpeMur.

TBOp‘-IeCKOE npuMmeHeHue

(e -

3apava. Hapucyiite Ha paboyem nuctke cxemy nraHeTapHOW MoZenuMn aToMOB KUCHO-
poaa (8- anemeHT) 1 xnopa (17- anemeHT). OnNpegenuTe aNeKkTpUYeCcKni 3apag ux agpa
W 3NEKTPOHOB B LIENOM.

O6cyauTte pesynbTtar:

o CKOIbKO 3MEKTPOHHBIX OPOUT MMEETCS y aTOMOB KUCIopoaa M XJlopa, COOTBETCTBEHHO?
o CKOIbKO KyIOHOB COCTaBISAOT 3apsaabl SAep 3TUX 3NIEMEHTOB, COOTBETCTBEHHO?

YTOBbI Y3HANU 4 MepenvwmnTe NnpeanoXxeHus B pabo4nit MINCTOK U JOMNONHUTE UX:
~ 1. CornacHo moaenu ToMcoHa, aToMm ... ;

2. CornacHo mogenu Pesepdopaa, atom ... ;

3. MNepsbi noctynat bopa — ... ;

4. Bropow noctynat bopa — ... .

1. YT0 6bINO rnaBHbIM HEAOCTATKOM B aTOMHOM Moaenun TomcoHa?

2. B yem 3aknoyatoTCsl OCHOBHbIE MONOXEHNS aTOMHON mogenu Pesepdopaa?
3. C Kakvmu TpyAHOCTAMM CTONKHynack modens atoma Pesepdopaa?

4. N3noxuTe noctynatbl atToMHon mogenu Bopa.
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EED 1.

M3BeCTHO, YTO packanéH-
Hble Tena U3ny4yaroT CBeT.

WUccnepoeanue !

Camonpou3BonbHOe UsnyyeHue

UNU BbIHYXXOEeHHoe?

Pecypchbl: dpoTorpacumn pasHbix

WCTOYHMKOB CBETA.

Xopa uccnepoBaHus:

1. Viccnepyiite faHHble n3obpaxe-
HWUS1 1 onpefenuTe, Ha Kakux us

o MoxeTe nu npMBecTN NpUMepbl TaKoro M3nyquu;|?
o Kak npoucxoaur unsny4veHue ceetay paCKaﬂéHHbIX Ten?

N @ b

CaeueHue snektpude- CBeT oT
CKOM JIaMIIbl CBEYH

HUX CBETOBOE M3Ny4eHve -

NnponcxoanT camornpoun3BOSiIbHO, Caeror koctpa CONHEYHOE H3ITYYCHH! T'openue ObITOBOTO rasa
a Ha KaKunx BbIHY>XAEHHO. .

2. OaHHyo HWXe Tabnuuy nepenu-
LwuTe B paboyunii NINCTOK 1 3a-
MOSTHUTE KNEeTKN COOTBETCT-
BEHHO NpoBeAEeHHOMY Mcchne-
[OBaHUIO. JlazepHoe u3iydeHne [onsipHOe cusiHNe CBedeHue YKpaHa

TEJIEBU30pa

CamonpowussonbHoe manyyeHve ceeta | BblHyxaeHHoe usnyyeHue cesera

O6cyauTe pe3ynbTart: o [0 KakoMy Npr3HaKy onpeaernsieTcs caMonpou3BonbHOE U Bbl-
HY>XOEHHOe n3nyyeHune ceeTta? Mouemy?

CnoHTaHHOE H3Ty4YeHne. SIBIcHUE H3ITyYeHHS CBETa CUITLHO HArPEThIM TeJIoM (pa-
ckanénnoro) reopus bopa o0bscHsieT Tak. [Ipu HarpeBanuu Tema AIMEKTPOHBI, COCTaB-
JISTFOTIIAC €TO ATOMBI, TTOJIYYArOT JOTIOTHUTEIEHYIO SJHEPTHIO, U 3 CUET ITON SHEPTHH
AJICKTPOHBI aTOMa TEPEXOMAT Ha JIAIbHIOK opOuTy. Takoe COCTOsIHME aToMa Ha3bl-
BaeTcs “gosOyscoenHviv”. Ho aToM He MOXKET JUTUTENFHOE BpeMs HaXOAUThCS B BO3-
Oy KIEHHOM COCTOSTHUH, M3JTydas IMOJTyYSHHYTO JOTIOTHUTEHHYIO SHEPTHUIO, OH BO3Bpa-
I[aeTcs B CBOE YCTOUMBOE cocTosiHue. [lepexon atoma B BO30YKACHHOE COCTOSHUC
MIPU HarpEeBaHUU U €r0 CaMOIIPOU3BOIBHOE U3TyUCHUE HA3BIBACTCS CHOHMAHHBIM U3T)-
yenuem. CIIOHTaHHOE ¥3IYYeHHE OECHOpAIOYHOE: M3Iy4YeHHE CBETa MPOUCXOAWT B
Pa3HBIX HAMPABJICHUSX C pa3HBIMK yacToTaMu. [103TOMy Takoe n3iyueHue ObIBaeT clia-
ObM. W3imydeHns SIeKTPHYECKON JIaMIIbl, CBEYH, palyrH, KocTpa, ColHIIa, CEBEpPHOTO
CUSTHHS U JIP. TIPOUCXOIAT CIIOHTAHHO.

Boinyxnennoe uziaydenue. B 1919 rony dmsux CIIIA A.DWHIITEHH BRIABUHYT
UJCH0 00 W3JIYYCHHHM BHJIUMOTO CBETa aTOMOM, BO30YXKICHHBIM TOJ| JCUCTBUEM
IMaJaIoIIeTo Ha HEro CBeTa.

o [lepexo0 amoma ¢ 8biCOK020 YHEPLEMUHECKO20 COCMOSHUSL 8 HUZKOE 0O BHEUHUM
8030elicmauem, a He CNOHMAHHO, HA3bLBAEMCSl BLIHYHCOCHHBIM U3TIYUEHUEM.

B 1954 rony pycckue ¢usuku H.bacor u A.IlpoxopoB, a Takxe aMEepPUKaHCKHIA
yuenblit J[>k.TayHC M3rOTOBHUIIN C ENBIO YCHUIICHHUS IEKTPOMATrHUTHBIX BOJH TEp-
BBIN T€HEpATOpP, OCHOBAHHEIN HA MPUHITUTIC PAOOTH BEIHYKICHHOTO H3TyUCHUSI.
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A B 1960 rony amepukanckuil yuenolii T.MeliMaH B pe3ynbTaTe BBIHYXACHHOIO
M3ITyYCHUS] IOy YIOPSATOUYCHHOE U PEryIUPYEeMOE CBETOBOE U3ITyUCHHUE OUYCHBb
OOJIBIIION YaCTOTHI M SHEPTUH — J1a3ep.

e Cno6o 1azep 006pazo8ano couemanuem nepevix OYKe Ci08 AHeIUICKO20 8blpa-
acenus Light Amplification by Stimulated Emission of Radiation, umo osnauaem
“ycunenue ceema npu nomouwsu UHOYYUPOBAHHO2O U3LYYEHUS

Hpuaoun padoTel Jazepa. [Ipy 0OBIYHBIX YCIOBUSIX aTOM HAXOIUTCS B MUHU-
MaJILHOM, TO €CTh HEBO30Y>KICHHOM 3HEPreTUYECKOM COCTOSHUM. Takod arom cam
Mo cebe PHEPTHI0 HE M3ITyYaeT: JICKTPOH HAXOAWTCS Ha CTAIIMOHAPHOW opoOuTe (a).
[Ipu oOnyd4eHnr aToma TPOMCXOIUT TOTJIONICHUE YHEPTUN U3TydYeHHs. ATOM BO3-
OyXIaeTcs v IepexoIuT B 00JIee BEICOKOE SHEPTeTUUECKOE COCTOSHUE: JICKTPOH I1e-
pexoaut Ha BTopyro opoury (b). OgHako aToM B BO30YKICHHOM COCTOSTHHH OCTaCTCS
ouens Henonro (107°c) M HeMeTeHHO, M3Tydas BHIMMBIA CBET, BO3BDAIIACTCA B
MUHUMAJIBHOE SHEPTETHYECKOE COCTOSTHHE ().

(a) (b (c)
; : e DNEKMPOH
E E {J E
(\f\_’ Hsnyuenue (U\_b
BUOUMO20
E Cr E E, O
Onexmpon Onexmpon

HeBo30yK/ICHHBI aToM Bo36yKIeHHbIH aToM BosBpariieHue B HeBO30YKACHHOE
COCTOSIHHE

I[J'IH YCWICHUA BUAUMOI'O CBETA, U3JIy4aeMOI'0 aTOMOM, HGO6XOZH/IMO YBEIIMYUTH
YHCII0 BO30YKICHHBIX aTOMOB. C 3TOM 1IENbI0 CHCTEMa CHavasa MEePEBOAUTCS C HIK-
HET0 YHEPTeTHYECKOTO YPOBHS Ha 3-i SHEPTeTHUECKU yPOBEHB, a C 3TOTO YPOBHS
aTOM CaMOIPOM3BOJIBHO MEPEXOaUT Ha 2-il ypoBeHb. IIpu 3TOM mepexone Bblae-
JMBILIASICSI SHEPTUA TOIJIOMIAETCSl KPUCTAIIMUYECKON PEIIeTKOW, W W3Iy4YeHUE He

(d) o MIPOUCXOAUT. 3aTEM Ha CUCTEMY BO3JEHCTBYIOT

E J BHEIITHUM JTy4OM cBeTa. Bo30yxneHHbIE aTOMBI

_ CO 2-T0 PHEPreTUYEeCcKOro YpOBHS, U3yyast BU-

E L : JIMMBIN CBET, BO3BpalatoTcsa Ha 1-il sHepreTu-
yecKkuid ypoBeH»b (d).

SAVAVAVAV A OTOT METOA TPEXypPOBHEBOT'O BBIHYKIECHHOIO
M3JTy4eHusl Jaszepa OblI OCYIIECTBIIECH B KpUC-

TTornomenue
[AJIAFOILIETO CBETA

Mzmyuenve
E | BUIUMOTO CBETA  majiie pyOuHd.
MUHIMAJIBHOE SHEPTeTHYECKOE CTpyKTypa ¥ NPUHIUI PAG0THI pyOUHOBOI0
COCTOAHHE aTOMa Jasepa. M3 pyOHHOBOTO KPHCTAIIIA H3TOTABIIHU-

BaeTCs CTEPKEHb C IDIOCKONAPaILIEIEHBIMHU OC-
HoBaHUSMH. OIHO W3 OCHOBAaHHUI MPEICTABISIET MOJTHOCTHIO OTPaXKAaroIlee JIydr
3epKaJio, a APyroe OTHOCUTENBHO MPO3pPavyHyI0 MIOCKOCTh. CTepiKeHb MOMeIaeTcst
BHYTPHU CIIMPaJIcOOpa3HON ra3oBOW JIaMIbl (OHA HA3BIBACTCS W UMHYAbCHOU JIAM-
noti), UCIyCKAOIIEeH CHHEe-3eJICHBIH CBET. Uepe3 HEKOTOpOEe BPEMsl IOCIE BKIIIO-
YeHUs JIaMITbl BO30YKIIEHHbIE aTOMBI KPHCTaJlIa 3alOJHAIOT 2-i SHEpreTHUECKU
ypoBeHnb. OTCrofa aTOMBI, CHOHTAaHHO U3Iy4asl BUAUMBIA CBET B Pa3HbIX HampaB-
JIEHUSX, NEPEXOAT Ha 1-i SHepreTUUecKuil ypoBeHb. JTO U3IyYEHUE, PACOPOCT-
paHsIomeecs Mo pyOMHOBOMY KPHUCTAILTY, IMOABEPTaeTCs MOJHOMY BHYTPEHHEMY
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OTPa)KEHUIO OT €r0 BHYTPEHHUX CTEHOK, KOH- (o Jlazeproe
I U3JIy4CHUC

LICHTPUPYETCSI U YCUIIMBAETCS BJI0JIb HAIIpaB- asopaspsziHas

JIEHUsI pacripocTpaHeHus. B pesynpraTte u3

ITOJIYTIPO3PavYHOI0 OCHOBAHUS KPUCTAJIIA BBI-

XOAUT MOIIHBIA Ja3epHbIA JIyd KpacHOTO

uBeTa (e).

Ilomynpospaunoe

. OCHOBAaHHE
PyOuHOBBIIH

€PKAbHOE ~ CTEPIKEHb

OCHOBaHHE

TBopquKoe npuMmeHeHue

(e -

Kakoro aonameTtpa nony4aeTcs cBeTnoe NATHO?

3apaya. C noBepxHOCTV 3eMnu Ha MOBEPXHOCTb JIyHbI HAaNpaBneH O4YeHb MOLLHbIV Y3KUI
ny4y nasepa. Yron paccevBanus nyya a = 10~5pag, paccrtosiHue OT NOBEPXHOCTW 3emnn
Ao nosepxHocTH JlyHbl pasHo 380 000 km (d). Kakoro aguameTtpa cBeTnoe nNsaTHO co3paeT
nasep Ha NoBepxXHOCTU JTyHbI?

OO Km

YTO Bbl V3HANIU MNMepenuwwnTe NnpeanoxeHus B pabo4nin NUCTOK U AONOJNHUTE
ux: 1. CnoHTaHHOE usny4eHune — ... ; 2. BbIHy>XOeHHOe nany4e-
Hue — ...; 3. JlazepHoe n3ny4yeHue — ... ; 4. [Ins nonyyeHus na-
3EpHOro M3ny4eHus B pybrHOBOM KpucTanne ...

MpoBepbTe CBOM 3HaHUA

1. Yem oTnnyaeTcs nasepHoe usnydeHne ot ob6bI4HOrO cBeTa?
2. Kak nonyyaetcsi nasepHoe nsnyyeHne?
3. O6bACHUTE CTPYKTYPY M NpuHLUMN paboTbl pybrHOBOro nasepa.

° MpoekT °
”

MoaroToBbTe KOMMNBLIOTEPHYIO NMpe3eHTauuo Ha Temy: “lNpumMmeHeHue nasepoB”.
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1. Ha pucynke npeacTaB/jeHa cxeMa pacnajia paauoaKTHBHOIO
BelIeCTBA B OJHOPOJAHOM MArHMTHOM moje. Onpexaenure
HanpaBJieHHe OTKJIOHEHHS O, 3- ¥ Y-H3Ty4eHHId.

2. Yro Takoe o, B- ¥ y- H3ay4eHun?

A) a-u3ny4eHue — AIIEKTPOMarHuTHast BOJIHa
[B-n3iydeHue — MOTOK AJIEKTPOHOB
Y-HU3ITy4eHNe — IOTOK sep Tenus

B) o.-n3imyyenue — moToK 3J1EKTPOHOB
B-u3mydeHne — MOTOK Aaep Teyus
Y-U3ITy4eHHE — JJISKTPOMArHUTHAs BOJIHA

C) o-u3IIy4eHue — HIIEKTPOMarHuTHas BOJHA
[-n3mydeHue — MOTOK sAep reus
Y-M3Iy9eHHE — TIOTOK 3JIEKTPOHOB

D) a-n3mydeHue — OTOK saep Teiust
[B-n3mydeHne — MOTOK 3JIEKTPOHOB
Y-M3Iy9eHHEe — JIEKTPOMarHuTHAsI BOJTHA

E) a-nznydenue — moTok saep remus
[B-n3yueHue — 3eKTpOMarHUTHAs BOJIHA
Y-U3JIy4eHHe — IOTOK 3JIeKTPOHOB

3. OTKpBITHE PAAHOAKTUBHOCTH I03BOJIMJIO BBIIBHHYTh TAKYIO THIIOTE3Y:
1 — aToM CcBsI3aHHAs CUCTEMa, MMEIOIAsl CIIOKHYIO CTPYKTYPY;
2 — OAWH XUMHUYECKUH 3JIEMEHT MOKET OBITh IpeoOpa3oBaH B IPYTOH AIEMEHT;
3 — IONOXKUTENBHBIE 3apsAbl pacipeelieHbl pPaBHOMEPHO N0 BCeMy 00beMy aToMa, dJIeK-
TPOHBI JK€ PacIpe/ielieHbl PABHOMEPHO 110 00beMy NOA00HO “U3IOMHHKAM B IyAUHTE”.

A)lu2 B)tompko3 C)rtompko 1 D) Tompko2 E)1wu3

4. Ha yem ocHOBBbIBaeTcs IUIaHeTAPHAs MoJeJb aToMa?
A) Ha OmBITE 10 OTKJIOHEHHIO Ol- U 3- H3TyYeHUH B MArHUTHOM II0JIE;
B) Ha doTorpadupoBanmu poToanmnapaToM CHUIMKOB aroMa M MOJIEKYJI;
C) Ha ONbITE 110 OTKJIOHEHHUIO Q- U - U3IIyYSHHU I B DIEKTPHUYECKOM MOJIE;
D) Ha pacueTe MexaHU4eCKOro JIBMKeHHUs Tel COTHEYHOW CHCTEMBI;
E) Ha ombITe 0 paccenBaHUIO O—YaCTHIL.

5. BolcTpoiiTe B psii cCHMBOJIbI XUMH4Yeckux iemenToB U, Ge, Ca, Sb, Al, Cu, Au, Si
B MOPsIIKE BO3PACTAHUS YHCJIA JIEKTPOHOB B aTOMax.
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XNMNYECKNIA SNIEMEHT C aTOMHBIM HOMEpPOM 37 umeeT 14 HEUTPOHOB.

e KakoBO MaccoBOE YNCIO 1 3apsgoBOe YMCNO ITOro ariemeHTa?

ccrenononne JE

Xopa uccnepoBaHUs: Ha pUCYHKe NpeAcTaBneHa Cxema CBA3aHHOW u3nyeckomn
cucTeMsbl, cocTosiLwen u3 yactuy,. MNepenuwnTte cxemy B pabounii IMCTOK, HanMcas
BMECTO TOYEK KII0YEBbLIE CIOBA, 3aMnoNHNTE ee.

O6cyauTe pe3ynbTar:
o /13 KakMx 4acTuL, COCTOUT CBA3aHHAsA cuctema atoma?
e fABNsieTcst NN aTOMHOE AApOo hmanyeckon cuctemon? Movemy?

3.Pe3epdopa 1 ero yueHUKH OTKPBUIN YaCTHUIIBI, 13 KOTOPBIX COCTOUT aTOMHOE SiJI-
PO, B pe3ysbTaTe MPOBEACHHBIX KCIIEPUMEHTOB IO B3aHMOJICHCTBHIO O-9ACTHUIIBI C
aTOMaMH Pa3HBIX XUMHUUYECKHUX DIIEMEHTOB.

Omkpsimue npomona. B 1919 romy npu 6ombapaupoBke Pesepdopmom atoMoB
a30Ta O-4aCTHLAMHU IIPOM3OIIEN pacmlaj siAep dTHX aToMoB. BbUIO BBLIBIEHO, YTO B
pe3ynbTaTe B3auMOZECHCTBHUS aTOMOB SI/Ipa PaCHaIiCh Ha JJBE YaCTHIIBI — aTOM KHCIIO-
poaa u sAApo Bomopoaa. B manpHelinem Bo BCeX NMPOBEACHHBIX IKCIEPUMEHTaX 10
B3aMMOJICHCTBHIO O-YaCTHI[ C aTOMaMH XHUMHYECKHX DIIEMEHTOB Oop, hmop, aumuil,
Hamputi U Apyrue ObLIO BBISABICHO, YTO TPH paciiajie sApa BOZHUKAET SIPO BOJOPOAA.
Takum 00pa3zom, OBUIO OINpPEAENICHO, YTO YacCTHUIA, SIBJIAIOINAsICS SAPOM BOJOPOA,
SIBTSIETCSI COCTaBHOM YacThIO BCEX SAEP XMMHUYECKHUX DJIEMEHTOB. JTa 4acTHLa ObLia
HasBaHa npomoxom (TO-Tpedecku Protos o3HayaeT “nepBuuHbIi”). OHa 0003HAYAETCS
OyKBOI p M1 HIMEET NOJIOKUTENBHBINA 3JEKTPHUCCKUNA 3apsil, PaBHBIA IO MOJYJIIO 3JIEK-
TPUYECKOMY 3apsiy 3JeKkTpoHa. Macca nmporoHa, pasHas m, = 1,6726 - 10~%7kr, B
1836 pa3 Gounble Macchl 31ekTpoHa. OIHAKO SIIPO HE MOXKET COCTOSATH TOJIBKO M3
IPOTOHOB, €CIK ObI 3TO OBLIO TaK, TO Macca spa Obina Obl paBHa My = Z * My, (Z
— HOMEp 3JIEMEHTa B NMEPHOANYECKON cucTeMe: YuciIo NpoToHoB). Ha camom nene
Macca siipa OoJbIlle BO MHOTO pa3, 3HAYWT, B SApe AOJDKHA MPUCYTCTBOBATH €I
0JTHA YacTHIIa C MAacCOH, OOJbIIEH MacChl MPOTOHA U AIEKTPOHEUTpaIbHAS.
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(a) E 2&2‘;2;2”“06 qB)f)E’I':J;Z”eBa" Omkpoimue Heﬁmpo?a. B 1932 rony

IIPH U3YYEHUH B3aUMOJICHCTBHSI (L-9aCTHI] C
aTOMOM 3JIEMEHTa OepriuTus OBIIO OTKPBITO
HOBOE H3Iy4YeHue (a).

370 u3NydyeHHe, Ha3BaHHOE OepULIUesbIM
uznyyeHuem, obmamaer OOJBIION SHEprued u
MPOHMKAIOIIEH CIIOCOOHOCTBIO, HE BCTYIMAET
BO B3aMMOJCHCTBHE C IEKTPUUECKUM U Mar-
HUTHBIM TIOJIAMU. [0 3TOMY CBOWCTBY Oepuniuegoeo u3nyueHus aHTIAACKANA (DU3UK
Jxelimc YenBuk onpenenns, YT0 OHO COCTOMT M3 MOTOKA 3JIEKTPOHEUTPATIbHBIX Ya-
ctuil. Takum 00pa3oM, ObUIa OTKPBITA HOBasl YaCTHUIIA B COCTABE sifipa — HelmpoH (TO
€CTb JJIeKTPOHEHTpanbHbIi). HeltTrpor o0o3HauaeTcs OyKBoii n.

Macca HeliTpoHa IpHOIH3UTENBHO PaBHA Macce MpoToHa: My= 1,6749-10 " xe.

Maccosoe u 3apsaoosoe uucno adpa. Cpasy xe MOCIE TOTO, KaK ObLT OTKPHIT
HEUTPOH, pyCcCKul yueHsldl Juumpuii Heanenxo n HeMelUKuil yueHslil Bepuep [ eii-
3enbepe B 1932 oty IpeioxKuiIl npomoHHO-HelimpoHHYo Moodens aopa. CoriacHo
3TOU MOJEIIN:

® Amomnoe a0po — 5mo yCmouuusas CéA3aHHASL CUCHEMA, COCMOAUIASL U3 NPOMOHO8
u Hetimponos. 1Ipomonvl u Hetimpousl, obpasyowue A0po, Ha3bIBAIOMCS HYKITOHAMU.
Hyxnon om namunckozo cnosa NUCIONS o3nauaem ““uacmuya, npunaonexcawas 0py”.

Uro obecniednBaeT ycroiunBoch sifpa? Kak Moryt ocraBaThes B yCTOHYHBOM
COCTOSIHUM OJTHOMMEHHBIC 3apsDKCHHBIE YaCTULBI siipa?

IefizenOepr 0OBSACHNI 3TO CYIIECTBOBAHUEM MEXY HYKJIOHAMU MOILHBIX sA0ep-
HbIX CUl HEDJIEKTPUIECKON TPUPOJIBL.

o f0epubimu cunamu Ha3vleaiomcs Cubl, yoepacugaiowue yacmuyvl (npomomuwl
u Helmpomwl) 8 sope.

SnepHble CUIIBI, HE UMEs SJIEKTPHUYECKON MPUPOABI, XapaKTEepU3yIOTCsl OJIM3KO-
neiictBueM. To ecTh paguyc AEHCTBHS SICPHBIX CHII COU3MEPUM C Pa3MEpaMH caMo-
ro aroma: ~107'°M. SnepHble cuibl, AeHCTBYIOIIME MEXkIy AByMs HYKIOHAMH B
SJIpe, B THICSIYM pa3 MPEeBOCXOMAT IO BennyuHe crily KysoHa, melCTBYOIIyIO Ha
3TOM PacCTOSHUHM MEXY JBYMSI OJTHOMMEHHO 3apsKEHHBIMH TPOTOHAMHU.

o Maccosoe uucio s0pa pagro obwemy Yuciy HykioHos & aope. OHo obo3Hauaemcs
oykeoul A. Maccosoe uucno (A) = uucio npomonos (Z) + uucno netimponos (N):

A=Z+N.

C TOMOIIBIO0 3TOTO BHIPAXKEHHUS C JIETKOCTHIO MOYKHO OTIPEAETUTh YUCIO HEUT-

POHOB B S/Ipe MPOU3BOIBHOTO AJIEMEHTA:
N=A-Z.

MaccoBoe YHCIO IHUILIETCSl B BEpXHEM HHACKCE XUMHYECKOTO 3JIEMEHTA.

® 3apsi0oeoe uucio A0pa pagHo uuciy npomorog 8 sdpe. OHO 0003HAUYAETCS
OykBOW Z ¥ TTUIIIETCS B HIDKHEM MHJIEKCE XUMUYECKOTO 3JIEMEHTA.

TaxuM 06pa3oM, JTH060i XUMHYECKHiT YIeMEHT MOYKET BEIPAXKATHCS B BUIIE 2X, T/Ie
X — CHMBOJI XUMHYECKOTO 3JeMeHTa. Hanpumep, eciu 1715 sigpa KUCIiopoia MacCoBoe

o-mTydeHne  bepuimeBoe ninmydeHne

grcio A = 16, a 3apsimoBoe 9uciio Z = 8 , To MOKHO 3aITUCaTh; 130. Tak kak MaccoBoe
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o

4KICII0 IPOTOHA paBHO 1 aToMHOM emummne Maccesl (1 a.e.m. = 1,6605:107% kr), a 3aps-
JIOBOE YMCIIO PABHO | S7IEMEHTAPHOMY 3aps/ly, TO TIPOTOH 0603HAYAETCA CHMBOJIOM
1p. Heiitpon xe 0603HauaeTCS CHMBOIIOM g: M0 MACCOBOE YMCIIO PaBHO | a.e.M.,
a 3apsI0BOE YHCIIO HYJTIO.

TBopyeckoe npumeHeHue

Uccneposanue ¥4

“YreHmne” cMMBOJIOB XMMNUYECKUX INTEMEHTOB.
3apaya. Onpegennte COOTBETCTBYIOLLNE XapaKTEPUCTUKN ABYX XMMUYECKMX SIEMEHTOB
Nno UX CUMBOSAaM:

3¢Fe Be
* Y)Cno NpoTOHOB — ... * Yycno NnpoToHOB — ...
* Y)iCno HENTPOHOB — ... * Yycno HENTPOHOB — ...
¢ 41Cno anekTpoHoB — ... o 41Cno aneKkTpoHoB — ...
e Macca sgpa:qr, = Zp, - 1,66 - 1071°Kn= e Macca agpa:qg, = Zg, * 1,66 - 1071°Kn =
e MaccoBoe 4ncno — ... e MaccoBoe uncno — ...

YTO Bbl Y3HANN " - MepenuwnTe NpeanoxeHUs B pabounit NUCTOK U AONONHUTE
nx: 1. AToMHoe 94po — ... ; 2. HyknoH — ... ; 3. MaccoBoe 4ucro
agpa — ... ; 4. 3apsipoBoe ynicno sapa — ...

MpoBepbTe cBOM 3HAHUA

1. Kakyto yactuuy HasbiBalOT MPOTOHOM?

2. MNoyemy BTOpas YacTuua aapa Ha3biBaeTCs HEVTPOH?

3. Kak MOXXHO onpeaenuTb B siApe YNCHO HENTPOHOB XUMMUYECKOTO dneMeHTa?

4. Moyemy geiicTByOLLNE MEXAY NONOXUTENBHO 3apsPKEHHBIMU NMPOTOHAMMU CUIbl  KYNOHOB-
CKOro OTTasrkMBaHusa He pa3pyLuatoT sapa, yaanss ux apyr ot gpyra?
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| 4.5 [V v

Korpa Bbl cribllunTe, YTO apXEONoru HaLnu B
OpeBHEM 3ax0poHeHuu B Mabane KocTu yenoseka
Bo3pacTtom 5000 neT, nepBbI BONPOC, KOTOPbIN
BO3HUMKaET:

e lHTepecHO, Kak y4eHble C TaKOM TOHYHOCTbIO
CMoOrnu onpegenuTb BO3pacT APeBHUX
HaxogoK?

H3oTonsl

e H3zomonwt — amombl, umerowue 0OUHAKOB0E KOIUUECMEO NPOMOHO8, OOHAKO
OMAULAIOWUECS NO MACCOBOMY YUCTY.

W3zotomsl, onpenensieMple IO MacCOBOMY uuciy, B [lepuoanueckoit Tabauue xu-
MHUYECKUX 3JIEMEHTOB ITOMEIIAIOTCS B OAHY KIETKY M 00JaAl0T OAWHAKOBBIMH XH-
MHUYECKHUMH CBOicTBamMH. B mpupoe MOKeT CyliecTBOBaTh JBa U 00Jiee H30TOIOB
OJTHOTO M TOTO K€ XUMHYECKOT'0 3JIeMEHTA.

W3oTonbl 0TIHYal0TCS APYT OT APYyTa TOJBKO YUCIOM HEHTPOHOB B sipe. Tak Kak
HEUTPOHBI HE OKa3bIBAIOT HUKAKOTO BO3JCHCTBHSI Ha XUMUYECKHE CBOCTBA 3JI€MEH-
Ta, TO BCE U30TONBI JAHHOTO AJIEMEHTa UMEIOT OAMHAKOBBIC XHMUYECKUE CBOMCTBA.
Hanpumep, y BOZIOpOJIa CyIecTByeT Tpu u3otomna. Mzoron 1H (mporuii-H) coctout
Tosbko 13 1 mpotoHa. B ero szpe ueiitpona met. Usoron 7H (neiitepmii-JI) cocrour
u3 1 nporona u 1 HelTpoHa.

Usoron 3H (tpurnii-T) coctonT u3 1 nmpotona u 2 meitrponos (2). Ho u3otomsr,
HUMEIOIIE PAa3HOEe YHCIO HEHTPOHOB B sAnpe, 00JaJaroT pa3sHbIMH (U3UUECKUMHU
cBoiictBamu. Hanpumep, Tspkenas Boaa (coenuHenue aeltepus ¢ kuciaopogom D, 0)
OTIMYAETCS OT OOBIYHOM BOJBI. Tak, TspKesias BoAa MpU HOPMaIbHOM aTMOc(hepHOM
JaBJIieHUW KUTUT ripu Temmeparype 101,2 °C, a 3amep3aet npu remmeparype 3,8 °C.

(a)

e & e

H 1H(D) TH(T)

® Amombl ¢ OOUHAKOBLIM YUCTIOM NPOMOHOB 8 SI0Pe, HO C PAZHLIMU MACCOBbIMU YUC-
Jamu Hasvlearomes uzomonamu (no epevecku 120S — “odunaxoewiit”’, tOpos — “mecmo”).
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Bce XuMHYeCKHe dIeMEeHTH HMEIOT M30Tomnbl. Hampumep, KHCI0pos B TIpHpo/Ie
COCTOMT M3 cMecH Tpex msotomos: 150,120,180 (b). B mpupone nanGonee pac-
TpocTpaneH u3oTon 150 —99,8% .

o @ @

(b)

16 17 18
80 80 80
Atom ATOM TSDKENOro ATOM CBEPXTSDKEIIOTO
Kucsiopozaa KHCJIOpOJIa KHCIIOpozia

OOBIYHO W30TOMBI HA3BIBAIOT 10 MX MACCOBBIM YHCIAM, HAIPUMEpP, W30TOIbI
ypana: ypan-235, ypan-238, ypan-239 u nap.

TBOpUYeckoe NnpumMmeHeHue

[ .
mmm

3anava. Ha pucyHke npeg-
CTaBIeHbl CXEMbI NNaHeTapHbIX
MoZenen Tpex n3oTonos (c).
MepeyepTute Cxembl B
pabounin NMCTOK U BMECTO
TOYeK OTMeTbTe, COOTBET-
CTBEHHO, CUMBOI U30TOMNa,
YWCIO NPOTOHOB, HEMTPOHOB U
3MEeKTPOHOB B HEM.

YTO Bbl Y3HA/N * HanuwuTe KOopoTKoe 3cce B paboyeM nncTke, MCNOoNb3ys
AaHHbIe KNnYeBble cnoBa: e/zoton e Atom e Maccogoe unc-

no e 3apsiaoBoe 4ncro e Hayka u TexHuka e lMpoussoacteoe

NMpoBepbTe CBOM 3HAHUA

1. Yro Takoe nsoton?

2. MoyeMy M30TOMbl OAHOMO M TOMO Xe 3IIEMEHTa He OTNINYAIOTCA MO XMMUYECKUM CBOMCTBAM
apyr ot gpyra?

3. B KaKu1x Liesisx UCMOSb3YITCA PaavoakTUBHLIE N30TOMbI?

4. Yem oTnMyaloTcs ApYr OT Apyra sapa U3oTonoB ypaHa 233U n 23507
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m I-IPVIMEHEHI/IE N30TOMNOB (YPOK-NPE3EHTALUA)

ITonrotoBeTe mpesenraruio Ha Temy “llpumenenue nzotonos”. Ilpu MoOAroTOBKE Mpe3eH-
TaI1 MOKHO BOCIIOJIb30BaThCA JAHHBIM ILUIAHOM.

MnaH NnoAroToBKM Npe3eHTauuu: nNpu NoaroToBke Npe3eHTaumMm MoXxeTe UCNosb-
30BaTb 0A4HYy 13 nporpamm Microsoft Office PowerPoint, Activinspire, anekTpoHHble
nockn Promethean wnn MimioStudio.

Mcnonb3yiTte B NpeseHTauny HWXenpuBeaeHHbIE KIoYeBble CroBa U KItoveBble
npeanoxeHus:

e n3oTON ® YNCIO HENTPOHOB

® eproauyeckas cuctema arieMeHToB ® eCTeCTBEHHbIE N30TONbI

e ob6nactu Hayku ® NPON3BOACTBO

® YCTONYMBbLIN ® N30TOMbI BOAOPOAA

® N30TONbI yrrepoaa ® 30TOMbI KUCITOpoAa

® apxeoriornyeckme ncernegoBaHns e NpeBpaLLeHns B XMBbIX KreTKax

® N30TOMHbIE NHAMKATOPbI * MoNy4eHve BeLLeCTB C 3apaHee

® MaCcCoOBO€ 41Cro onpefeneHHbIMM CBONCTBaMun
® 4MCNO NPOTOHOB ® YMCIIO 3MNEKTPOHOB
e 0bnacTb CenbCKOro Xo3AncTea ® pagnoaKkTMBHbIE N30TOMbI
® BO3ENCTBYET Ha X04 XUMUYECKON e MeyYeHbIi aToM

peakumm e n3oTtonsl 6epunnus
® 130TOMbI ypaHa ® 30TOMbI a30Ta
® NpuMMeHeHue B MeauuvHe e TKaHW opraHuama
® 130TONbI Cepbl e YrNeBOAHblEe COEANHEHNS
1 . ¢ MpumeHeHue nsotonos

cnana e [Nogrotosun (knacc, nMsa 1 hammnus)

2 cnang [MpumeHeHre n30ToNoB B CENBbCKOM XO35IMCTBE
3 cnaig [MpumeHeHve n3oTonos B MeauLIMHe
4 cnaiig [MprMeHeHne n30TonoB B Xummnn
5 cnavg lMpymeHeHne n3oTonos B Gronoruu
6 cnavg [MpyMeHeHne N30TONoB B apXxeosorum

1. OnpenennTe YUCJI0 3JIEKTPOHOB, IIPOTOHOB M HEHITPOHOB B JAHHBIX H30TOMAX ATOMA:
*g2Pb, %330, 150.

2. SIApo KaKoro XMMHYECKOro 1eMeHTa cocTOUT U3 20 npoToHoB u 20 HeliTpoHOB?

3. Yem oT/IMUAIOTCS APYT OT APYra H30TONBI ILIyTOHUA Zg4Pu, 257 Pu?

4. MaccoBoe 4ncj10 aproua papHo 40. Cko/1bK0 IPOTOHOB U HEHTPOHOB B €ro sape?

5. KakoB 2J1eKTpHYecKHii 3apsia sapa u3otona 2i0Pb?
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4.7

Mpw nccnepoBaHUM YH4EHLIMUY NPUPOALI Y MEXaHU3- ¢ Kakoe paanoaktueHoe nsnyye-
Ma pafvoaKTUBHOIO U3MyYEHUs! CTaro U3BECTHO, HNE XUMUYECKOro anemMeHTa
YTO B pesynbTare Usny4YeHus paguoaKTUBHbIN ane- npuBOANT K U3MEHeHuIo ero
MEHT UCMbITLIBAET CEPbE3HbIE N3MEHEHMS. A Mocne AAapa: o-usny4exue, -u3ny-
OTKPbITUS CTPOEHUS siApa CTarno U3BECTHO, YTO pa- YeHue unu y-usnyyeHue?
[IVOAKTUBHOE M3Iy4YeHNEe STIEMEHTA NPUBOAUT K 13- ¢ Kakve nameHeHus B utore
MEHEHWIo CocTaBa siapa. npoucxopAT B siApe aTtoma

anemeHTa?

csraponae I

B 1903 rogy aHrnumnckmn yyeHbii Pesepcopa onpegenvn, 4to anemeHT pa-
AN-226, caMonpon3BOIILHO (CMOHTaHHO) Manydas a-vactvuy (5He), npespalaercs B
OPYron XMMUYeckuii anemeHT. [laHHas peakums 3anucbiBaeTcs B criegyioweM Buae:

Z28Ra — 3He + %Y.

Onpepenvte MaccoBoe M 3apsiioBOE YMCIO A NOSy4YeHHOro anemeHTa Y, ucnonb3ys

Tabnuuy u Neproanyeckyto CUCTEMY XMMUYECKNX SNTEMEHTOB.

O6cyauTe pesynbTar:

¢ B kakoe sa4po npespallaeTca S4p0 PpaaMoakTUBHOIO pagus-226 npu CNOHTaHHOM M3-
nydeHumn a-yacTtuupl (sHe)?

e Yem oTnnyaeTcs MaccoBoe M 3apsiA0BOe YMCIO 3TOro siApa OT MaccoBoro W 3apsifo-
BOro Yncna sgpa pagmsa-226?

o Kakasi 3akoHOMepHOCTb HabnogaeTcs Npu pagnoakTMBHOW S4epHON peakummn?

Ha ocHoBanmm pe3ysibTaToB, MONyYEHHBIX 10 MTOTAM OIBITOB, IMPOBEICHHBIX
ITsepom 1 Mapueit Kiopu, Opaectom Pesepdoprom u anrnmiickum xumMukom Ppe-
nepukoM Conau, OB OTKPBITHI HEOOBIYHBIE CBOWCTBA PAIMOAKTUBHBIX XUMHUYE-
CKHX 3JIEMEHTOB, KOTOpPBIE IPUBEICHBI HIDKE:

1. X¥MU4ecKue 3IeMEHThI, IOIBEP)KEHHBIE (- MITH B-M3TyUeHHIO, TPEBPAILAlOTCs B
JpYrUe XUMUYECKUE IEMEHTBI, IIPU 3TOM COXPAHSIOTCS 3apsA10BOE U MACCOBOE YUCIIA.
Bo epems paouoaxmuenozo npespawyenuss cymma maccosozo u 3apso08020 YUCIA
NOTYYEHHBIX S0EP PABHA CYMME MACCOBO20 U 3aPA006020 YUCIA NEPEOHAUANLHBIX A0ED.

2. IlpeBpaliieHue paaroOaKTUBHBIX XMMHUUECKHUX JIEMEHTOB CONIPOBOXKIAETCA BBIE-
JICHHEM SHEpruy. BeijeneHne sHeprur MOKeT POJO0JDKATHCS OECTIPEPHIBHO FOaMHU.

3. Ha xox paguoakTHBHBIX NPEBPAIIEHUH HE OKa3blBalOT HUKAKOTO BIIMSIHUS
BHEILIHME BO3ACHCTBUS (M3MCHEHUE TEMIEpaTyphl U AaB-
JICHUSI, XUMHUYECKHE PEaKIiy, dJIEKTPUIECKHe ¥ MarHUT-

BHumaHue! B sape
HEIC TIOJIS U JIP. ).

4 P 3JIEKTPOHOB HET. Onn
- PajIMOaKTHBHBIC NPEBPAIICHUA MPOUCXOAAT CAMO- o oncaior w0 ppems f-

NPOU3BOTILHO — CHOHMANHO. O T
o Camonpoussonvhoe npespaiuyenue O00HO20 PAOUOAK-  pamenus spa.
MUBHO20 0pa 6 Opy2oe 0pO HA3LIBAEMC Sl PAOUOAKIUGHBIM
npespawieHuem.
CyIIecTBYIOT 1B BHJIA PAJAHOAKTUBHOTO IPEBPAICHUS: pAOUOAKMUBHOE O-Npe-
spawjerue u paduoakmugHoe [3 -npespaujenue.
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Ilpasuno paduoaxmusnozo emewenusn. Ilpu paouoaxmuenom o-npespawjenuu
anpo X, usnnydas o-gactuiy (3He), mpespamaercs B HOBoe A1po Y, TO €CTh mpo-
UCXOIIUT PaouoaKmugHoe CMeujeHue:

2X > 473Y + 3He.

Kaxk BuIHO, py o-NpeBpaIlieHuH 3apsiI0BOE YMCIIO sApa yMEHbIIaeTcs Ha 2 eu-
HHILIBI, & MAacCOBOE YHCIIO Ha 4 eAnHULBL. B pe3ynbrare 35eMeHT cMelaeTcst Ha JBe
KJIETKU K Havyaly MepuoJMIecKON CUCTEMBI.

Ipu paouoaxmusnom [-npespawenuu sapo X, uziay4as B-uacruiy (_Je), npes-
pamaercsi B HOBOe€ SJipo Y — IPOHUCXOIUT PAOUOAKIMUBHOE CMeujeHUe:.

X - 2,9y + e,

Kax BuiHO, Tipy B-TipeBpanieHny 3apsIoBOE YKCIIO S/Ipa YBEINIMBaeTcs Ha 1 emu-
HUILY, @ MACCOBOE YUCJIO HE MeHseTcs. B pesynbrare aeMeHT cMenlaeTcsl Ha OJHY
KJIETKY OJIFKE K KOHILY IIEpHOIMYECCKON CHCTEMBI.

Ilpu yuznyuenuu He MeHAEMCA HU MACCOBOE HYUCTO, HU 3apsi0080e — paouoax-
MugHoe cMeujeHue He npoUcxooum.

.ﬂflﬂ 8cex ﬂ()eprlX peam;ud BbINOJIHAEMC S 3aKOH COXPAHEeHUA abconommnoco
SHAYEHUA MACCOB020 U 3ap;1006020 uucei.

TBopuyeckoe npumeHeHue
?
Uccnegosanue i) B kakoe siapo npeBpaTUTCA?
3apava. Onpepgenute HEM3BECTHOE sAPO, NOMyYeHHoe npwu

PeaKUMM PLMOBKTUBHOTO NPEBpaLLeHHs:
Z3Np -2+ %; 233Pu —>? +3He.

YTO BbI MepenuwmnTe He3aKOHYEHHbIE NPEASIOXKEHUA B pabo4uni NMNCTOK 1
pornonHute ux: 1. PagnoaktueHblvi pacnag — ...; 2. CnoHTaHHoe usnyye-

VELLUL T ype — . 3. Mpu pagvoakTyBHOM a-pacnage —..; 4. MNpu paayoakTue-
HoM (- pacnage — ...; 5. [pu pagnoakTMBHOM Y- NpeBpaLLEeHUmn — ...

1. Moyemy pagroakTVBHOE U3Ny4eHVe BbI3bIBAET U3MEHEHUS B SApe arnemMeHTa?

2. B uem 3aknoyaeTcst HEOObIYHOCTb CBONCTB PAAMOAKTUBHBIX XUMUYECKUX SIEMEHTOB?
3. Kakoe npeBpalleHne nponcxoaut npu OL-nsnyvyeHnn?

4. Kakoe pagMoakTuBHOE CMeLLeHVe BO3HVKaeT npu B-npespaiyeHumn?

5. MMoyemy npu Y-nsnyy4eHnn paanoakTUBHOE CMELLEHNE He BO3HUKaeT?

1. IIpu ecTecTBeHHOM PaIMOAKTHBHOM NPEBPAILICHUH SIIPO 8f:Po H3JIYYHJIO O-4aCTHLLY.
B siipo kaKoro 3jieMeHTa PH 3TOM NPEBPATHIIOCH SAPO NOJIOHUSA? 3aNNIINTE PeaKIMIo.

2. B pesyabTare pajMOAKTHBHOIO M3JIy4eHHs SIPO 2ggTh npeBpamaercas B AApo
226Ra. Kaky1o yactuiy usiyyaer sapo Topus? 3anumure peakuunio.

3. Kakoii n3oron mojy4yaercs NpH NMOC/IeI0BATEJIbLHOM H3JYYeHUM PAAHOAKTHBHBIM
H30TONOM '33Sb verbipex P-yacTnn? 3anuuIATe PeAKIHIO.

4. Kakoii u30Ton nosyyaercss MpU MOC/IAeA0BATEIbHOM H3Jy4YeHHH PaJIHOAKTHBHBIM
H30TOIIOM ZggTh Tpex o-4acTul? 3anuiuTe peakuuio.

5. Kakne u3 nap XuMHYeCKHX 3J1€MEHTOB SIBJSIIOTCS H30TONAMHU?

A) {HujHe B)Z*3Puu?jPu C)iHuj3He D)*iPan?Rf E)*3PoniH

188



(4
3

Mbl BbISICHUMN, YTO PaAnOaKTUB- ¢ MoxHo nu onpeaenuTkL 3apaHee CKo-
Hble 130TOMbl SApa NoABEPKEHbI POCTb YMEeHbLUeHNs Yncna siaep, He Uc-
CMOHTaHHOMY pacnagy. NbITaBLWKNX paAnoakTUBHOro pacnapa?

(e

O6opynoBaHue: 100 6yMaxHbIX kBaapaToB (pasamepamu 1x1cm), okpalleH-
HbIX C OOHOWN CTOPOHbI — 3TO ByAyYT “pagmoakTUBHbIE N30TOMbI A4ep”, CTakaH.
Xopn nccneposanusn: 1. NMomecTns kBagpatuky (“9apa”) B cTakaH, HECKOMbKO
pa3s MHTEHCUBHO BCTPSIXHWTE €ro, a 3aTeM COAEPKUMOE BbIChINbTE Ha MOBEPX-
HOCTb cTona. 2. MNogcuntante YMCno KBagpaToB, BbiNaBLUMX K BaM LIBETHOM
CTOpOHOW, 3aHecuTe ero B Tabnuuy 4.1 1 3aHOBO HackINbTe UX B CTakaH — 3To ByayT “aapa,
He VCNbITaBLUME PaAMOaKTMBHOIO NpeBpaLlleHns”. [pyrve xe kBagpaTbl OTIIOKUTE B CTOPOHY
— 370 OyayT “Aapa, ucnbiTaBlune npespalleHne”. 3. MIHTEHCUBHO BCTPSIXHYB CTakaH, Bbl-
CbinbTe KBagpaTbl HA MOBEPXHOCTb CTOMAa, CHOBa NoAcYMTaNTE YMCNO KBaAgpaToB, Bbl-
naBLUMX K BaM LiBETHOW CTOPOHOW, 1 OTMeTbTe B Tabnuue. Takum obpa3om, npogormkante
OnbIT OO TEX NOp, NOKa Y Bac He OCTaHeTCH UBEeTHbIX kKBagpaToB. 4. 3aHecuTte B Tabnuuy
BCE MOJyYeHHble pe3ynbTaThl ONbiTa U NOCTPOWTE rpacmk 3aBMCMMOCTM YMcna BbiNaga-
IOLLMX N3 CTaKaHa LBETHbIX KBaApaToB OT HOMepa 3Tana onbiTa.

Tabnuua 4.1.
Homep onbita (n) 0 1 2 3 4 5
Yuncno UBETHbIX KBAApaToOB, BbiMaBLUMX U3
CcTakaHa — 4ucro “sagep, He UCMbITaBLUNX 100
npespalueHus” (N)

O6cyxaeHue pe3ynbTaToB:

e CKONnbKO KBaApaToB M3 06LLEero KonMyecTBa BbiNaBLUMX U3 CTakaHa Ha KaXdoMm aTane
onbiTa OKasanucb LBETHbIMW — CKOMbKO “saep He MUchbiTanu pagnoakTUBHOIO npe-
BpalleHMsa” Ha Kaxxaom atane?

e Kak MeHsanock 4mcno “agep, He UCNbITaBLUMX PaANOaKTUBHOIMO NPeBpaLLEeHNs” Ha Kax-
aom aTane onbita? Habniogaetca nu onpegeneHHasl 3akOHOMEPHOCTb B 3TUX U3-
MEHEHUNAX?

CKOpOCTh PaaMOaKTHBHOTO paciaja MPOU3BOJIBHOTO M30TOINA HE 3aBUCHUT OT
MAacchl BEIIeCTBa, TO €CTh OT yHucia sjep. s KaKaoro paanoakTHBHOTO H30TOMa
UMEETCS ONpEAEIICHHOE BPEMs, 32 KOTOPOE MOJIOBHHA €r0 AP pacrnagacTcs.

o [Ipomedicymok epemenu, 6 meueHue Komopoz20 nOJI0GUHA pAOUOAKMUGHBIX A0ep
pacnaoaemcsi, Ha3vl8AEMCs REPUOOOM NOJIYPACHAOA.

[Tepunon momypacmama o6o3Hadaercss OykBoi T, emuHUIIA €ro W3MEpEeHUS B
cucreMe CH — cexynoa.

[Ipearmonoxum, 4to B HavanbHBIA MOMEHT (to = 0) u3oton mmeer Ny snep. Uepes
MIPOMEKYTOK BPEMEHH, paBHBIN Meproay noypacnaza (t; = T), aucio He pacriaBIuxcst
M30TOIOB PaJJMOAKTUBHEIX siiep Oyaer N; = % Yepes npoMeKyTOK BpEMEHH, PABHBIN
JIBYM Tieprioziam noiypacnazia (t;=27T), uucio HepacnaBIIMXCs B U30TOIIE Siiep CTaHET

Ny

0
N, = — = 7> & 'epe3 NPOMEKYTOK BpeMEHH (t:=3T) uncno HepacmaBIIUXCS AAEP
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N, Ny
B u3oTore Oyaer Ny = S = WTaKjasee. TakuMm 00pa3om, uepe3 MPOMEKYTOK Bpe-

MeHH, paBHbIA t, = nT, yncno HepacmaBIIMXCS B W30TOINE siiep OyIeT BBIPAKATHCS
3aKOHOM PaouoaKmueéHo20 pacnaoa.

No _ No
N=—=—

3aKoH pagMoaKTHBHOTrO pacmaaa Obu1 OTKpHIT B 1902 rogy O.Pesephopmom u
@®.Copnu. Dmom 3akon Oaem 603MONICHOCHb ONpedenumsb YUCTIO HEPACNABUIUXCS
PAOUOAKMUBHBIX A0€P 6 NPOU3BOTIbHBIL MOMEHIM 8PEMEHU.

Jnst kaxkaoro paaMoakTUBHOIO M30TONA MMEETCsl CBOHM MEpHoA Mojypacnasa,

HanpuMep, NepHoJ noaypacnaja A1 H30Tona ypaHa-238 paseH 4,5 Muinuapaa JieT,
a i paausa-226 — 1600 ner.

TBopquKoe npuMeHeHue

Uccneposanue ¥4

Fpacdhmyeckoe onucaHmne 3akoHa pagnoakTUBHOroO pacnapa.

PelmnTe 3agayy B COOTBETCTBMM C NpMBEAEHHBIM 0Opa3LoM.

O6pa3seu. B MomeHT BpemeHu t, = 0 Yucno saep pagnoakTUBHOIO M30TOMNa COCTaBrANno
2400. Nepwuog nonypacnaga mn3otona T= 5 yacoB. CKONbKO HepacnaBLUMXCA SAEp OocTa-
HeTcsa B m3oTone 4vepe3 20 yacos? MNocTpoinTe rpaduk 3aBUCMMOCTU YMCna Hepacnas-
LUMXCA SAep paanoakTUBHOIO N30TOMNa OT BPEMEHMW.

Bpewms (t) Uncio Hepacmasmmxcs siuep (N) Nj\
2400
t=0 N, = 2400
N, 2400
t; = T = 54acoB 1=7=T=1200
N, 2400
t, = 2T = 10 yacos Z=T=T=600 1200+
o N, _ 2400
tz3 = 3T = 15 yacoB N3 = - 8§ = 300 s00+
_No_z400 300+
ty = 4T = 20 yacoB + =16~ 16 15{};- { i :

5 10 15 ?i‘; t,-l-lac
3apayva. B MomeHT BpeMeHu t, = 0 YACNO sigep PagvoakTMBHOIO U30Tona pPaBHSNOCH
2000. Mepuvog nonypacnaga nsotona T = 10 cyTok. CKONbKO HepacnaBLUMXCA siaep ocTa-
HeTcsa B n3otone yepes 50 cytok? MocTponte rpaduk 3aBMCUMOCTM YMCna Hepacnas-
LUMXCA SAep pagnoakTUBHOIO N30TOMNa OT BPEMEHMU.

YTO Bbl Y3HANIN - MepenuiunTe He3aKOHYEHHbIE NPEANOXEeHUA B paGounii nuc-
»  TOK u gononHute ux: 1. [epuog nonypacnaga — ...; 2. 3akoH

pajMoaKkTUBHOTO pacnana — ...

MpoBepbTe CBOM 3HAHUA

1. Yto BbIpaxaeT nepuop nonypacnaga?
2. B yeM cocTouT CMbICI 3aKOHa paavoakTMBHOIO pacnaga?

3. MoxHOo nu 3apaHee onpegenuTb BpeMS PaaMoakTUBHOIO pacnaja Bcex saep
paavoakTneHoro n3otona? OteeT obocHynTe.

190



(4
4.9

Mpyn N3y4eHn MexaHn4eckmx, Tenmno- * KakoBbl eanHnubl namepennsi B CU pac-
BbIX 1 3NEKTPUYECKMX ABIIEHWNIN Bbl 03- CTOAAHUA, MacCbl U 3Heprum B MexaHu-
HaKOMUITUCb C XapaKTepU3yoLWMMM X Ke?
OCHOBHbIMU (OU3NYECKNMU BENUYMHA- e Kakumu eguHmuamm namepeHus yaooHo
MU 1 eanHiLamMn UsMepeHns aTnx se- BbIpa3nTb OCHOBHbIe husnyeckue
nnamnk B CU. Viccneposatenu nsyyanu BefIMYMHbLI B aTOMHO-AAEPHbIX ABNEeHU-
33agm3ﬁaﬂ3;3?l‘fg :a-q”::'#’ INOEUEI AL AIX, HanpWMep, PacCTosiHUE, Maccy U

P P Aadn. 3Hepruo?

1

MoctosiHHoe umcno Asoragpo N, = 6,0221367 - 1023 M1

onb’

3Has, yTo la.e.m. = —
N4 xMosb
a) Bblpa3ute 1 a.e.M. B Kunorpammax;
b) BbluMCNIUTE, CKONBKUM eauHMLAM aTOMHOM Maccbl paBeH 1 kr?
O6cyauTte pesynbTar:
o Kak onpegenseTcsa sHeprus BHyTpPUaTOMHOWM CUCTEMbI YaCTULL U B KaKUX eAMHULax oHa
BblpaxaeTca?

JITMHA B aTOMHO-SIIEPHBIX sIBJeHUNAX. Tak Kak B aTOMHO-SZICPHBIX SBJICHUSIX
peub UIeT 00 OUeHb MATEHbKUX PACCTOSHUSX, TO 32 SMHUILY JJTUHBI PUHAT pem-
momemp VI ¢hepmu (B 4eCTh aMepUKaHCKOTO (prsnka JHpruKko DepMu, UMEIOIIEero
GoJIbIIME 3aCTYTH B PA3BUTHH COBPEeMeHHOM pusukn): 1dm = 10 "m.

DHeprusi B aTOMHO-s1IePHBIX siBAeHUusIXx. B 1905 rony Arwbepm Oiinwmerin
NPUIIET K BBIBOJY, YTO MACCA CUCMEMbL YACTUY NPONOPYUOHATLHA ee IHePIUU
(ernympenneil snepeuun):

E =mc?.

31ech M — Macca CUCTEMBI YacTHIl, £ — SHEPTHs CUCTEMBI, ¢ — CKOPOCTh CBETa B
Bakyyme. Kak BUIHO U3 GOPMYIIBL, npu UsMEeHeHUY GHYMPEHHel IHePeUY CUCTHEMbl
na AE macca cucmemvl makaice usmeHumces: Ha Am:

AE
Am == AE = Amc?.

B aTOMHO-s1/IepHBIX SBICHHSX B KAYECTBE €AMHUIIBI H3MEPCHHSI SHEPTHUH UCTIONB3Y-
10T anexkmpongonvm (9B), kunosnexkmponsonom (kaB) v mezasnexkmponsonom (MoB).

® DIeKmpoHEoabn Paser KUHeMUYeCcKol dHepeuU, NOJYYeHHOU dINeKMPOHOM 8 Npo-
yecce ycKopeHus Medicdy 08yMsa mouKamu ¢ Hanpscenuem 1B:

[3U] = 13B = 1,6022 - 107°Kn - 1B = 1,6022 - 10719 /I,
1 k3B = 1033B = 1,6022 - 10716 1%,
1 M3B = 10%3B = 1,6022 - 10713 k.
OTcrofa mosy4aercs:

1/ M3B = 6,2414 - 10'2M3s.

T 1,6022-10-13
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/-’im’ﬁel;T JinmTein  OH cBITpas B&XKHYIO POJIb B PA3BUTUH
(1879-1955) ¢buznueckoit Hayku, 1 ObUT yIOCTOCH

AMepUKaHCKHH YUEeHbIH Ho6 o
HEMEIICKOTO POMCXOKIEHHST 00eneBCcKON IPEeMHH 0 (HU3HKE B
1921 rony.

TBOpYeckoe NnpumMeHeHue

‘ UccnenoBaHune -

B kakon Mepe uaMeHunacb aHeprua CUCTemMbl qacmu?
O6pa3seu. Macca cucTeMbl YacTUL, M3MeHMNach Ha 1 aTOMHY0 eAWHWLY Macchl:
Am = 1a.e.m.

BbluncnuTe, Ha ckonbko MaB uamMeHunach BHYTPEHHSIA SHeprus aTon cucTembl (BblUnC-
neHusi npoBeauTe ¢ TodHocTh Ao 0,0001)?

[aHo PelueHve
Am = la.e.M.= 1,6605 - 10~?7kr,
¢ =29979-10°%, AE = Amc?
AE =? ¢
Bbluncnenune

M
AE=1,6605-10"2"kr-2,9979%-10%° < =14,9235-10"11 1x=4,9235-10"11-6,2414-10'2M3B=931,5 M3B.

OTBeT. [1py M3MEHEHMN MaCChbl CUCTEMbI YacTuL Ha 1 a.e.M. ee BHYTPEHHSIS SHeprusi
nsamensietcsa Ha 931,5 MaB.

3apnava. Ha cKomnbKko M3MeHUTCS BHYTPEHHSISI SHEeprsi CUCTEMbI YacTuL, ecrnn ee Macca U3-
MEHUTCS Ha 4 aTOMHblE €AUHULLI Macchl (BbIYMCIEHUS MpoBeamnTe ¢ To4HoCThI0 Ao 0,0001)?

YTO Bbl Y3HAIU

* MepenuwunTe NpeanoXxeHUs B paboyri NMMCTOK U AOMNOJSTHUTE UX:
1. PemTOomMeTp UK cbepmut — ...; 2. CBSI3b MEXOY Maccow CUCTEMbI
YyacTuL 1 ee sHeprmen — ...; 3. ONeKTPOHBOSbLT — ...

NMpoBepbTe CBOM 3HAHUA

1. O Kakux eguHMLAX PaccTOSHUSA MOET pedb B aTOMHO-A4EPHbIX SABMEHUSAX U B KaKUX eau-
HMLaX BbIpaXatTCs 3TM PacCTOAHUA?

2. B kakux eamHMLax BbipaxxaeTcs Macca B aTOMHO-1AEPHbIX SBNEHUSAX?

3. B kakux eamHnLax BbipaXxaeTcsl 3HEPrvs B aTOMHO-SI4EPHbIX ABNEHNUAX?

4. CKONbKO MEraaneKkTpoHBObT B OAHOM axoyne?

5. MoxHO nv ByAeT BbIYMCNUTL U3MEHEHWE SHeprm sapa, ecnv byaeT U3BeCTHO N3MEHeHNe
MacCOBOr0 Yncna sapa B Npouecce paanoakTMBHOrO pacnaga? OteeT o6oCHyNTe.
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1. Maceca ss1extpona pasna 9,11 - 10731kr, a macca nporona 1,67 - 10~27kr. Boipa-
3UTe 3TH BeJIHYHHbBI B ATOMHBIX eJHHHIAX MACChI (2.e.M.).

2. PaccTosinue Mesk1y MPoTOHaMH B siipe 1 ¢hm. BoiuucianTe cuily KyJI0HOBCKOTO B3a-
HMOJIeIiCTBUS MEXKIY IBYMsI IPOTOHAMH.

3. Ilepnon mosrypacnaga panona 3,8 cytok. Uepes ckoIbKO CYyTOK Macca pajioHa
yMeHbLIUTCS B 4 pa3a?

4. llepuoa nonypacnaga paaus 1600 ner. Kakasi yacth painoakTUBHBIX sijiep 3TOT0
BellleCTBa OCTaHeTcsl He pacnapuueiics yepe3 3200 jer u 4800 ner?

5. Ha cko0JIbKO U3MEHUTCS JHEPTrusi CUCTEMbI YACTHUII, €CJIM HX Macca U3BMEHHUTCS Ha 25
aTOMHBIX eJUHMI] Macchl (BBIYHCJIEHHSA NMPOBeaUTe ¢ TOUHOCTHIO 10 0,0001)?

6. DiemenT 42X moasepraercs 3a- u 2B-pacnagy. OnpeaeauTe 3apsiioBoe H MACCOBOE
Yuc/a JJIsl 3aHOBO CO3JaHHOTO 3JIeMeHTa Y.

Kak Bbl 3HaeTe, aToM- e /3 KaKknx YacTuL, COCTOUT B3aUMOCBsI3aHHasA pnsu-
HOe sApO — B3auUMo- Yyeckas cuctema aTOMHoOro agpa?

cBAi3aHHas uanyec- e HaBepHoe, Macca ssigpa paBHa CyMMe Macc 4YacTtul, us
Kasi cuctema. KOTOPbIX OHO COCTOMT, a KaK No-BallemMy, TaK nim 31o?

e -

O6opyaoBaHue: LIApVKN U3 KOHCTPYKTOPa
aTtomHon mogenu (8 kpacHbix, 10 6enbix),
BECbl, Pa3HOBECHI, NNACTUKOBBIN NakKeT.
Xop nccnenoBaHuA:

1. MNepenuwmnte B pabounit nucTok Tadnuuy 4.2.

Tabnuua 4.2.
Macca kpacHbix wapukoB — | Macca 6enbix wapukoB — | ObLiaa macca KpacHbIX U
Macca “HerlTpPOHOB”, (Kr) Macca “npoToHoB”, (Kr) Genbix LWapukoB — Macca

“anpa”, (kr)

2. B3BecbTe KpacHble Lapuku, pedynbTaTt 3aHecute B Tabnuuy — ato 6yaeT macca “Hen-
TPOHOB”.

3. BasecbTe Genble Wwapuku, pesynbTaTt 3aHecuTe B Tabnuuy — a1o 6yaeTt macca “npoToHOB”.

4. BbicbiNaB BCe LWapuku B NacTUKOBbIA MELLOK, U3MepbTe Maccy U Nosly4YeHHOe 3Ha-
YyeHue 3aHecuTe B Tabnuuy — 310 Byaet macca “agpa”.

O6cyxpaeHue pesynbTaTta:

e Kakoe COOTHOLUEHUE Bbl OOHAPYXXUNMN Mexay maccol “aapa” u COCTaBnSLWUMU ero
Maccamu “npoToHOB” U “HENTPOHOB”?

¢ Bo3amoxxHO N, 4ToObI Macca sigpa Obina MmeHbLle Macc 0bpasyLLmx ero NpOTOHOB U HEN-
TpoHoB? Moyemy?
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B pesynbraTe MHOTOUMCIIEHHBIX OIBITOB BBISBIIEH HEOOBIYHBIN (QaKT: Macca A0pa

6ce20a MeHbLe CYMMbL MACC 0OPAZVIOUUX €20 HYKIOH08 (RPOmMOH08 U HelimpPOHOE).
M, <Zmy, + Nm,.

DTO 03HAYAET, YTO MexHcOy CYMMOU MACC HYKAOHO8 U MACCOU s10pd, KOmopoe

COCMOUM U3 2MUX HyKIOHO8, CYuecmayem pasHocms — 0eheKm macc:
Am =Zm, + Nm, — M,,. )

3neck M, —macca siapa, Z u N — COOTBETCTBEHHO, YHCIIO IPOTOHOB U HEUTPOHOB
B 1Ip€, M, — Macca MpoToHa, M, —Macca HeUTpona, Am —uedpexr macc.

[ouemy mpu 00pa3oBaHUM HYKJIOHAMH S/IPa Macca s/ipa YMEHBIIAETCS Ha
BeJIMYUHY JedekTa Mace? YMEHbIIEHHE MacChl IPH 00pa30BaHUH spa U3 CUCTE-
Mbl HYKJIOHOB 03HAYaeT YMCHBIICHUE SHCPTUU B3aUMOJICHCTBUS MEXKIYy ITHMU CU-
CTeMaMH Ha BeNHUUHY dHepauu cé:a3u (Ecg).

e Dnepzus ceaszu A0pa — 3mo MUHUMATbHAS IHEepeUusl, Heobxooumas 01s pac-
wenyienus 10pa Ha OmoeibHvle HyKIOHbI.

JL1st BEIMHCIIEHUST SHEPTHH CBS3H spa MOJIB3YIOTCS hopMyIion A.DUHIIITeHA 10
CBSI3U MEXJy MaCCOU U SHEPTUeH:

E. = AE = Amc?
WIH
Ep =[Zm, + Nmy, — Mg]- ¢ (2)

Ji BBIYHCTICHYS] DHEPTHUN CBSI3U PAa3HBIX SAEP XMMHUYECKUX DIIEMEHTOB BMECTO
Macchl IPOTOHA M MACCHI siJIpa YA0OHEe BOCIIONb30BATHCS, COOTBETCTBEHHO, MacCOM
s1Ipa BoJlopoJia (my ) ¥ 3HAYCHUEM MaCcChl aTOMa XUMHYECKOT0 3neMeHTa (M,,). [Tpu
3TOM BBIpa)keHHue (2) MOXKHO 3aIiCaTh U TaK:

Ey = [Zmy + Nm, — M,] - c% )

[IpunsB Bo BHUMaHUeE, 4yTo 1 a.e.M. COOTBETCTBYeT 3Hepruu 931,5 M»sB, Bripa-
skeHue (3) MOXKHO 3aImucaTh CIeIyOMHUM 00pa3oM:

E., =[Zmy + Nm, —M,]-931,5MaB. (4)

Macchl HEKOTOPBIX YaCTHI[ M aTOMOB XMMHYECKHMX SJIEMEHTOB MPHUBEACHBI B Ta0-
qmre 4.3.

Tadauna 4.3.
Yactuma u Macca . Macca
. XUMHYECKHI DIIEMEHT
XUMUYECKUH SIeMEHT a.e.M. a.e.M.

Dnextpon (_%e) 0,0005486 Jutuii (§Li) 6,941
Ipotox (1p) 1,0072765 Vrnepox (12C) 12,0
Heitrpon (3n) 1,008665 Vrrepon (*3C) 13,003354
Bomopon (1H) 1,007825 Vpan (235U) 235,04418

Hetirepuit (2H) 2,014102 Vpan (238U) 238,05113
Tpuruit (3H) 3,016062 Hentyn (233Np) 239,05320
Tenuit (3He) 4,002603 MnyTonuii (235Pu) 239,05242
Tenuit GHe) 3,016042

VYCTOHYMBOCTD Apa XapaKTEepU3UPYETCs BETUUYMHON, HA3BIBAEMOU YOenbHOU
oHepeueli cesa3u.
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o VoenvbHotl sHepeuetl c653U HA3bI8AMC sl IHEPIUSL CEA3U, NPUXOOAWASC HA OOUH
HYKJIOH.
ECB

A
3necb A — 4YUCIO HYKJIOHOB B siApe, € —yJelbHAasl 3HEprus cBA3U. EnuHuia
YAEIbHON PHEPTUU CBS3ZU:
[ECB] MsB
le] = [A] ~ ~ HykioH
VY nenbHast S3Heprus CBsI3U sipa BOJOPO/A PaBHA HYJIIO, TAK KaK €ro sIPO COCTOUT U3
OJIHOT'O MPOTOHA. MaKCUMaJIbHYIO YACIBHYIO SHEPTHIO CBSI3U, PABHYIO IPUOIU3UTENBHO

MsB o
,5 ———, IMEIOT BNIeMeHThI ¢ MaccoBbiMU uriciiamu 28 < A < 138. [pu nanbHeiimem

HYKJIOH
YBEJIMYEHHH MaCCOBOT'0 YHCIA Y/ICNIbHAs SHEPIUs CBSI3U YMEHbIIACTCS ().
MsB

(a) HYKJIOH
8
6
4
2
0 50 100 150 200 A

Maccosoe uucio amoma

TBOpUYeckoe NnpumeHeHue

UccnepoBahue P4
‘ 3apava. Belumcnute gedekT macc v 3Hepruio cesAsn Ans sapa sHe.

4TO Bbl Y3HA/UN A I'Ieeenumwre AaHHble KJl4YeBbIe ClIoBa B pabo4ui NMUCTOK U
AanTte um onpeaenenusa: 1. ledekt macc —...; 2. QHeprus cea3m

— ...; 3. YaenbHas aHeprus CBa3n — ...

MpoBepbTe CBOM 3HaHUA

1. Noyemy macca sigpa MeHbLLE CYyMMbl MAcc COCTaBSIIOLLMNX €ro HYKINoHoB? OTBET 060CHYWTE.
2. Kak MOXXHO BblUMCNTb AedekT Macchl?
Mas

y B
3. OHeprus cesan aapa aeiitepus 2H , TO ecTb nsotona sopopoaa paeHa 1,1 p— 41O

3TO O3HavaeTt?
4. Kakasi pa3HvLa Mexay SHepruer CBasv 1 yaerbHON SHeprnemn ceasm?

* rnaga4 ¢ ATOM M aTOMHOe AApPO * 195



m ﬂ,D,EPHbIE PEAKUUU

B cpeanve Beka amxumuku (VII-XVI Bexa) meutranm . °® Y7o o3HauaeT Gombap-
OTKPbITb CEKpeT “@PUnocodcKoro KamHs” — HanTU XUMn- AnpoBka usotona
YECKyI0 PeaKLWio MPEeBPaLLEHUs PTYTU B 30r0T0. B noc- & “acTuuamn?

H

negyrowne CTONMETUSA XUMWUKM TakKe OYeHb CTapanucb e lpwu 5°M56PA}’IP°BK9 .
npeBpaTuUTb pTYTb B 305070 (B Mepunoguyeckon cucteme n3otona Kakou Hactmueun
XUMUYECKUX SMNEMEHTOB PTYTb Cambli OMM3KO pacnoro- OH MOXEeT NpeBpaTUTbLCsA
YKEHHBIN K 30510TY M AELUEBbLIN AMIEMEHT). B 1APO APYroro Xmumu-
HakoHeu, B 1940 r. domanku MapBapackoro yHuBepcuteTa 4YecKoro arnemMeHTa?
(BocTtoH, CLUA) oTKkpbinu MeToA NpeBpalleHnst pTyTu B Mouemy?
30/10T0. ATOT METOA OCHOBbIBAETCA Ha GombapaupoBke » Kakoin xumunueckuin
B-yactmuamm (_%e) paamoakTvBHbLIX M30TOMOB PTYTU-197: AnemMeHT camonpous-
197 0 197 BO/LHO MOXeET npes-
goHg + _je = "70Au + - paTUTLCA B ApYrow

7 ? ?
OpHako nomnyyeHbii n3oton 3omota veped 5-10 MUHYT anemeHT? Movemy?

CamMonpoun3BOJibHO NpeBpaTUIiCA onATb B PTYTb.

ecneorane I8

MepBas spepHasn peakuusa!
3apaua. MNepeyto aaepHyto peakumio B 1919 rogy ocywectsun Pesepdopan. bombapaun-
poBKoil o-dyacTuuen (3He) sappa asorta 4N oH nonyuun sapo kucrnopoga 30, u oouH
npoToH (ip):

N + 3He - 20 + 1p.

Mpy 6oMBapaNpPOBKe HENTPOHOM sifpa amoMuHUA 2ZA1 NonyyeHo HoBoe PO U oaHa OL-
yactuua (3He).
Onpepenvte mMaccoBoe M 3apsaoBoe YMCno anemeHTa Y, MOoNy4yeHHOro B pesynbrare
SAAepHOW peakumu:
2741+ 3n - 4Y + 3He.

O6cyauTte pesynbrar:
o [Touemy peakumsi, nponcxoasLias npn 6ombapanpoBke n3oTona YacTmuen, HasblBaeTcs

SAEpHON peakumen?

[peBpaiuenne o1HOTO sipa B IPyroe MpOMCXOAUT HE TOJIBKO IyTeM palioaKTHB-
HOTO TpeBpanieHus. V3MeHeHne cocraBa siipa MPOUCXOAUT MPH B3aUMOICHCTBUH
s1ep ApYT € IPyToM, a TaKKe MPU B3aUMOJCHCTBUH siAEp C APYTHMH YaCTHIIAMHU.

o [Ipespawerue amomHozo a0pa 8 Opy2oe amomHoe 10po npu 83aumMooeticmeuu
¢ Kakou-1bo yacmuyel Ha3vieaemcs a0epHoll peaxyueil.

JI1st BOSHUKHOBEHHS SIIEPHON peakiii HeOOXOIMUMO, YTOOBI B3aUMOIEHCTBYFOIITHE
MEXy cOOOH YaCTHITBI WK sIIpa PHOJIM3IUINCK JIPYT K JPYTY Ha PacCTOSTHUE paJliyca
neiicTus snepHbIx cun (& 1071%m). Tlo 3Toit npuuMHe STUM YacTHIIAM HEOOXOIMMO
COOOIMTH OOIBIYI0 KHHETUIECKYTO SHepruio. C ATOM IENBI0 HCTIONB3YeTCs CIIeallh-
Hajd yCTaHOBKA, Ha3bIBaeMasi yYcKopumeiem dlemeHmapruix uacmuy. Ha pucyHke
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(b)

npesicTaBleHa OJIOK-CXeMa YCTAHOBKH TOJI3EMHOTO YCKOPHUTEIIS SIEMEHTAPHBIX YaCTHI
JUTMHOM B JICCATKHU KWJIOMETPOB ().

B takux yckoputensx, HampuMep, o-4acTUlle IPUIacTCa KHHETUISCKas YJHEPT U,
B COTHHM TBHICSY pa3 MPEBBIIIAIONIAS YHEPTUIO O.-YaCTHUIIBI IPH PATHOAKTHBHOM IIpe-

o ;He )

BpauieHnd. [lepBas simepHasi peakuusi ¢ ycKo-
PEHHOI YacTuriel (MpoToHOM) ObLIa IPOBEICHA
B 1932 roxy. 310 peakmms MpeBpaIieHus sapa
nuTHs B 1Ba siapa renus (b):

ILi+1p > 3He + 3He.

B 51Ol peakuum KUHETHYECKAasl SHEPIUs
JBYX BO3HUKIIMX SiA€p Tenus OOJbIIe KUHE-
TUYECKON 3HEPTUU YCKOPEHHOTO IPOTOHA. DTO
03HA4aeT, 4TO YacTh BHYTPEHHEH SHEPTUH Aapa
auTusl ObUla 3aTpayeHa Ha KUHETHYECKYIO
SHEPTHUI0 BOSHUKIIUX AJep Teusl.

OTKpbITHE HEUTPOHA UTPAET OUCHD BAXKHYIO POJIb B U3YUEHHUHU JEPHBIX PEAKIIUH.
Tak, 371eKTpOHEUTpalIbHBIH HEHUTPOH Aaxe 0e3 YCKOPEHHsI MOXKET OecnpersTCcT-
BEHHO BXOJUTH B SIPO aTOMa, IPEBpAILasi €ro B IPyroe sapo.

s ecex a0epHvix peaxyuil 6bINOIHACMCA 3AKOH COXPAHEHUs aDCONIOMHO20 3HA-
YeHUs MACCOB020 U 3aPsA008020 YUCEL.
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TBOPYECKOE NPUMEHEHUE

L R
. Cmmm e

OononHuTe spepHble peakumu.
3apava. [JononHuTe AaHHbIE SAEpHbIE PeakLmmn, UCMONb3yst 3aKOH COXPaHEHWs1 Macco-
BOrO 1 3apsif0BOrO YUCEN:

BN+ > 1%C + 1H; 20Hg + 5He —> -+ 4He + 2kn + _le.

YTO Bbl Y3HA/IU * HanuwuTe 3cce Ha Temy «SlaepHbie peakuum»

MpoBepbTe cBOM 3HAHUSA

1. Yem oTnmyaeTcs saepHas peakums OT pagMoaKkTUBHOMO pacnaga?

2. C KaKom uenbio UCMOomnb3yeTCa YCKOPEeHWEe aremMeHTapHbIX Yyactuu?

3. Noyemy HENTPOHbI MOTYT BbI3BaTb AAEPHYIO peakLuio HE3aBUCUMO OT CBOEWN JHEpruun, a
o- 1 B-4acTuLbl N NPOTOHbI BbI3bIBAKOT SAEPHYI0 PeakLmio TOMNbKO Npyu Hanu4umn 6onbLuomn
KMHETUYECKOW 3HEeprun?

4. Kakne 3aKkoHbl COXpaHEHUst JOMKHbI BbIMOMHATLCS MPY AAEPHbIX peakumax?

) I S

1. OnpejesuTe Y1 bHYI0 SHEPIHIO CBSI3H H30TONA 5Kelie3a SCF e, HMeIoNIero aTOMHYI0 Maccy
55,9355 a.e.m.
2. Ucnoan3ys Ttabiuny MenpaeneeBa, onpegenure gedeKT Macchbl, JHEPrHI0 CBA3H H
YAeJbHYI0 JHePIrul0 CBsI3U TPUTHS.
3. JlonoIHUTe JaHHBIE S/ICPHbIC PEAKIMH:
1) 3Be + 3He — 2C + --+;

2) ..+ 1H - ?2Na + 3He;
3)33Mn + 1H - - + In;
42U+ n—> -+ 3 In+ 12Cs.

4. JIonoTHUTE aHHBbIE sIIePHbIC PEAKIIUH:
D8O +1H - -+ in;

2) ...+ 4He - 39Si + 1H;
3) 3¢Fe + 2H — -+ + 3He;

4) 23U + in > ST+ -+ EXe.
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BbISICHMB CTPOEHMe siapa, a TakKe 3aBUCUMOCTb SHEprum e Mop peiictenem
CBS13M MeXay HYKITOHaMy OT MacCOBOr0 Yucna sapa, y4eHble Kakux cun npoucxo-
npucTynunu kK 6onee rny6okomy nsyyeHuto sgpa. OHum uccrie- AUT AeneHuve siapa Ha
AoBanu npoLiecchl, BO3HMKatoLme npy bombapanpoBke saep ABa ockonka: non
pa3HbIX 3NIEMEHTOB BbICOKOCKOPOCTHLIMM YacTuLamMu: Mnpo- AENCTBNEM MOLLHbIX
TOHaMW, G-4acTMLaMmu, HENTPOHaMU U B-YacTuuamMu. ITu SIAEePHbIX cun Mexay
uccnenoBaHWs NPUBENU K HEOXUAAHHOMY OTKPbITUIO.  Bbino HYKNoHamu, unv Ky-
YCTaHOBMEHHO, YTO Npy 60MBaPANPOBKE HEMTPOHAMM TSXKE- JIOHOBCKOM CuJlbl
NbIX S0ep OHU AENATCA Ha ABa OCKOMKa-sapa, OTHOCALLMXCS dnekTpuieckoun npu-
K CpefHeMacCoBbIM XMMUYECKUM 3fIEMEHTaM, C BO3HUKHO- poAbI?

BEHNEM HOBbIX HEMTDOHOB.

e

3apava. B 1938 rogy Hemeukue ydeHble OT1To aH 1 ®puy LLITpaccmaH OTKpbINM peakumio
AeneHus TAXenbIX aaep ypaHa npy 6ombapamposke nx HentpoHamu. B xoae aTton peakumu,
NOrMoTUBLLMIA HEWTPOH M30TON ypaHa-235 npeBpalyaetcs B HOBbIM usoTton. OgHako BBUAOY
HEYCTOMYMBOCTW 3TOTO M30TOMa OH Cpa3y OEenuUTCS Ha [Ba OCKOska U3 cpegHew yactu Tab-
N1UBI 3NeMEHTOB. B xode peakumn BO3HWUKAKOT eLle U TP HOBblE OAMHAKOBbIE YacTuLlbl (a).
OnpenennTe NoMyyYeHHbIN B X0Ae sAepHON peakLyn U3oTon 4Y 1 0bpasoBaBLIMEcs HOBbIE

YacTumubl.
D -

~
d-cod —_— Onuepaus a7

1y T 37

o 1 3
O6cyauTe pesynbTtar

¢ Y70 NponsongeT, ecnu Kaxgas M3 BHOBb 0Opa3oBaHHbIX YacTuL, BCTPETUTCS C SAPOM
ypaHa-2357?

¢ Y10 HEOBBLIYHOIO B 3TOM peakumun: YeM OHa OTNINYaeTCs OT APYruX, paHee U3yYeHHbIX
BaMu SAEPHbIX peakuuin?

Jenenue TsakesbIxX saep. V3 skcriepuMeHTOB ObIIIO YCTaHOBJIEHO, YTO NMPH OOM-
OapAnpoBKaxX TSHKETBIX sIep HEUTPOHAMHU, TIPOBOANMBIX B OJMHAKOBBIX YCIIOBHSX,
HaAOIIOAI0TCS CTPAHHBIE ABJICHUS:

— 00pasyloTcs aapa dJIEMEHTOB CpeIHEH YacTH MEepHOINIECKON TaOIHIIbI;

— 00pasyeTcsi HOBOE ITOKOJIEHHE HEHTPOHOB;

— HOBBIE HEITPOHBI yUaCTBYIOT B HOBBIX SIIEPHBIX PEAKLUAX ACICHUS U ATOT MPO-
IIECC TMTOBTOPSIETCS B PACTYIIEM PEKUME;

— BBIACISIETCS OOJBIIOE KOJTHMYECTBO SHEPTUH.

Hanpumep, npu cTOIKHOBEHUU siipa ypaHa-235 ¢ HEUTpoHaMU TaKOH K€ dHep-
THH TIOJYYaroTCs pa3HbIe siipa, COMPOBOXKIAEMbIE MOSBICHHEM HOBBIX HEUTPOHOB U
BBIJICIEHHEM OIPOMHOTO KOJMYECTBa SHEPTUH — BO3MOXKHA JI00as M3 MpeAcTaB-
JICHHBIX Ha PUCYHKE SJIepHBIX peakuui (b).
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(b) —_— 5 37Rb + 14 CS + 3%11 (PyOumuii u L{e3wmit)
27Zr + ¥7Te + 2n (Hupkouwuii u Tenmyp)
1n 4 235y
92 , 93Sr + 35Xe + 234n (Crpomumii u Keenom)

_— 36Kr + 1 Ba + 3(1)n (Kpunron u bapuit)

MexaHu3m aesenus siapa ypana. Mexanusm atoro neneaus Huinse bop o0bsic-
HUJI Ha OCHOBE KanenbHOU MoJend siapa. I1o ero MHeHUIO, 1IpO HAIOMUHAET KaIUI0
XKUIAKOCTH, COCTOSIIYI0 M3 CTYCTKA JJICKTPUYCCKH 3apsHKCHHBIX HYKIOHOB. JTa
KaruIs IPU CTOJIKHOBEHUH C HEHTPOHOM BO30Yxkaercs. Hapymraercs 6ananc Mexy
SIIEPHBIMU CUJIAMH MPUTSDKEHHUS, IEUCTBYIOIIMMH MEXAY HYKIOHAMH, U KYJIOHOB-
CKHMH CHJIAMH OTTaJKUBAHHS MEXIy MpoToHamMu. Snpo, medopmupyscek, mpuood-
peTaeT BHITAHYTYIO (DOPMY U HYKJIOHBI Ha €T0 KOHIIaX OTOABUTAIOTCS JPYT OT ApyTa.
B pesynbTare melicTBUE KYJIOHOBCKMX CHJI MEXIY HYKIOHaMH TpeoOianaeT Haj
JICUCTBUEM SIIEPHBIX CHJI U SIAPO JEIUTCS Ha JBa ockoiika (cM.: a). [Ipu neneHun
siipa ypaHa BO3HUKAIOT SiApa XUMUUYECKHUX DJIEMEHTOB C MaJbIMU Maccamu, HaIpH-
Mep, saapa Oapusi 1 KPpUINTOHA. Y MEHBIIIEHUE 00IIei MacChl IPU SEPHOH peakiu,
BEI3BIBACT BBIJIENICHNE OOIBIIIOTO KOMMYECTBA YHEPTUH, SKBUBAJIICHTHON YMEHbIIIE-
HHIO 3TOM MaCCHI.

[Iporuecc nenenus siapa CONPOBOXKIAETCS UCITYCKaHUEM JABYX-TPEX HEUTPOHOB (B
3aBHCUMOCTH OT PEaKIIMH MX YHUCJIO MOXET OBITh W OOJBIIIEe) HOBOTO MOKOJICHHUS.
[IpuumHa 3aKIII0YaeTCs B TOM, UTO B TSDKEIBIX SIpaxX YACI0 HEUTPOHOB OOJIBIIIE YHC-
Jla IPOTOHOB. B MONy4eHHBIX B MpoIlecce NEJICHUSI CPETHEMACCOBBIX SAPaX OTHO-
LIEHUE YKcia HEUTPOHOB K MPOTOHAM MEHbIIE, YEM HMX OTHOUICHHE B TSKEIBIX
SIIpax, MO3TOMY BEIOPACHIBAIOTCS JINIITHUE HEUTPOHEI.

TBOp‘-IeCKOE npuMmeHeHue

e

3apaya. [pn 6ombapaupoBke HEMTPOHOM siApa ypaHa-235 BO3HMKAIOT ABa HOBbIX sApa
" McnyCKaemﬂ pasHoe YMCIo HENTPOHOB. ﬂononHMTe 3TV SAEpHbIe peaKuMM:
U +8n-> 2% - 3Kr+ .. +2hn ;5 U+ in-> 25U > 133shb+ PINb+ - In ;

U+ In->20 >+ 1Mo +33n; 2350+ 3n - 2350 - 3°Br + ...+ 3}n.

~ * MepenuwunTe NpeanoXxeHnsa B pabo4Ynin NINCTOK U OOMOSTHUTE UX:

. 1.Tpu 6oMbBapavpoBKe TSKENbIX SAep HENTPOHaMU ... ; 2. MpuunHa ge-
JIEHUs1 Ha BE YacTu siapa ypaHa, MOrfoTMBLLETO HEUTPOH, ... ; 3. Mpuun-
Ha BbIOENEHNS SHEPTW NPY AeNeHUn SApa ypaHa ...

1. Kak BbirogHo 6ombBapaupoBaTh S4p0 ypaHa: HEWTPOHOM Mnu NPoToHOM? Movemy?

2. Moyemy B pesynbTaTe AeneHus s4pa ypaHa BO3HMKaAET HOBOE NMOKONEeHNe HEMTPOHOB?

3. KakoBa npuunHa BbigeneHus 60mnbLLIOro KonnyecTsa Hepruu B npouecce genexHus sagpa
ypaHa?

4YTO Bbl Y3HANM
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m L"EI'IHAFI ANEPHAA PEAKUUA. ATOMHAA BOMBA

WcecnepoBaHusa npouecca AeneHns saep e CkonbKo Bcero niogei norn6no s
TSKENbIX XMMUYECKUX 9IEMEHTOB B Havane pe3ynbTaTe B3pbiBa BCEro ABYX
XX BeKa OTKPbIMW NYTb K HOBbIM OTKPbITU- & ATOMHBIX 6OMG, COPOLIEHHBIX Ha
am. K coxaneHuio, nepeoe xe Takoe OTKpbl- 3Tn ropopa?

THe NPUBENIO K CO3AaHMI0 OPYXNS Macco- e OTKyAa BO3HWKNA Takas “Cokpy-
BOMO YHUYTOXEHWS!, HanpaBIieHHOro NpoTuB lWKUTenbLHas cuna” B aTOMHOMN
yeroBeyecTsa — aToMHoN 60mbkI. Hasep- GomGe maccoit 4 TOHHBI, kKoTopas
HOe€, Bbl Criblllany o6 aToMHON Tpareguu, npesBpaTuna nioaen B nenen, pas-
npouvsoLlefLlen B SNoHCKMX ropogax Xnpo- pywuna 3gaHusa n npespartuna ro-
cuma u Haracakw. poaa B knag6uwa?

(e

B TeuyeHume nepBbix 30 cekyHa norn6no 30% HaceneHua ropoaa!l
3apaya. 6 aBrycta 1945 roga BoeHHble
CLUA cbpocunu Ha sinoHCKKiA ropoa Xu-
pocrmMa aTomHyo 60mby.

Ha yyacTke BOKpyr anuueHTpa B3pbiBa
6om6bbI B TeveHue nepsbix 30 cekyHA,
cropeno v npespaTtunuce B nenen 30%
HaceneHus ropoaa.

Cnycta Hegento nornbno ewe 28% Ha-
cerneHns ropoga — OT paguoakTUBHOIO
N3NyYeHust.

B aeHb B3pbiBa aTOMHOM 6G0M6bI B ro-
poae Xvpocuma npoxusano 260 000
YeroBeK.

OnpegenvTe 4ncno noaen, NnorméLmx
3a nepsble 30 ceKyHA, U Yepes Heaento
nocne B3pbIiBa.

Ob6cyauTe pe3ynbTar:

e OTKyaa BO3HWKIA Npu B3pbiBE aTOM-
Ho 6oMObI Takas 6onbluas aHeprus,
KOTOpasi MTHOBEHHO COXrna nogen?

o CMepTenbHOMY BO3AENCTBUI0 KaKoro
U3fyYeHnsi MOABEPINNCH MHOAN, NOrnG-
LUMe Yepe3 HeZento nocrne B3pbiBa?

b

Hennas sinepHasi peakuusi. [Ipu cTONKHOBEHMH HEUTPOHOB HOBOTO ‘‘IOKOJIE-
HUA”, BO3HUKAIOIINX MPU PEaKLUU pacnana siAep ypaHa ¢ HOBBIMH SIAPAMU ypaHa,
MPOUCXOJIUT U peakiud ux pacnanaa. [Ipu kaxaoil Takoil peakiuu BOZHUKAET CIIeIy-
IOIIee MOKOJICHUE HEUTPOHOB, TAKXKE CIIOCOOHOE OCYIIECTBUTH JCICHUE U, TAKUM
00pa3oM, TI0J] BIUSTHUEM MIEPBUYHBIX HEUTPOHOB BO3HUKACT JUITMHHAS 1ICTIh paciaja
siiep ypasa (a).
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o IJennasn peaxuyus — 5mo 1a6uH000pAasHoe YeenuueHUe YUCia OeSIUUXCA 0ep YPanda.

(a) '1iCs
\\d o«
o @

2

-.f
o«
|I | ;
' - xr'O\ ~
- '34
@, Jis | &
CB00OOJHEBIH BQ\ ! [ : "
HEHTPOH =l "a’ | =iy \
(l'IEipBI/l‘IHHH I/ - ¥ {1 ’{.‘f’o\ Vs
HEHTPOH) ., * @ ugg ||
Heiirponst 11/ " .
2-r0 MOKO- ' |

G

iy ' Xe
JIeHHSI “.:;9‘ ‘m o \d ',?"

’ 4 g’ {|
HeiitpoHs! 3-ro "“e-;?\ s
TIOKOJICHUS Hetirponsr 4-ro

HOKOJICHHUS

Heo0xoaumble yc/i0BHsI BOSHUKHOBEHUSI LIEMHOI siiepHOi peakuuu. J[71s ocy-
IIIECTBIICHUS [IEITHOH SIEPHON PEaKIiK HEOOXO MO BEITIONTHEHHE IBYX YCIOBHIA:

1. Ilpu nenHo# peakuyuu K03QUIHESHT Pa3MHOKEHHUS HEHTPOHOB JOKEH OBITH
PaBEH eIMHUIIC WITH MPEBBINIATH €¢.

o Koyppunyuenmom pazmnodsicenus HeltmpoHos nazvleaemcs OmHoulenue Yuc-
J1a HeUmMpPOHO8 8 OAGHHOM NOKOACHUU YEHHOU peakyuu K Ux Yucity 8 npeovloyujem
NOKONEHUU:

k — N,anHoe ]
Nipeapiaymee

3HAYUT, 011 NPOMEKAHUS YEeNnHOU SIOePHOU pearkyuu Kod@ouyuenm pasmHo-
JHcenus Heumponog ooncer o6vims k > 1. Ilpu kK > 1 uncino HEHTPOHOB, BBI3BIBA-
IONIMX pachaj sapa, CO BPEMEHEM YBEIHUYUBACTCS M MPOUCXOUT HEeyIpaBseMast
LeMHas sJiepHasl peakius, NPUBOJsAIas K B3pbBY. [lpu koadduimente pazMHo-
YKEeHUsI HeUTPOHOB K < 1 4KCII0 HEWTPOHOB MOCTETIEHHO YOBIBACT U PEAKIIHs 3aTyXa-
eT. A nipu ko3 uIMeHTe pasMHOKEHHS HEUTPOHOB K = 1 yHCIIO HEUTPOHOB, BBI3I-
BAIOIIMX pacmaj sapa, He MEHSEeTCS W IeMHas sepHasi Peakiusi HOCUT yrpaBiisic-
MBI Xapakrep.

2. Macca He I0JDKHA MMETh 3HaUY€HHE MEHbIIEE ONPEACICHHOI0, Ha3bIBAEMOTO
Kpumuueckoti maccou. Kputndeckas macca co3/1aeT BO3MOXHOCTb CTOJIKHOBEHUS
HEWTPOHOB C siIpaMH ypaHa  JIaeT BO3MOXKHOCTh BO3ZHUKHOBEHHSI IITTHON PEaKIIUH.
Ecnu sxe oHa MeHbIIIE 3TOH MAacChl, TO BEPOSITHOCTh B3aUMOACHCTBHS HEHTPOHOB C
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AJIpOM ypaHa yMeHbIaeTrca . OHH «IIPOJIETAIOT» MUMO A1pa U LENHAs peakius He
MIPOUCXOMMNT.

o Munumanvroe 3sHaveHnue maccol ypana, mpebyemoe 01 NPOMmeKaHusi YyenHou
A0epHOll peakyuu, Ha3vl8aemcs KpUmu4ecKoil Maccou.

KpuTHueckas Macca JUIsi M30Toma ypaHa 253U B cdepuueckoil (popMe paBHa
48 xr, a I U30TONA IWIyToHKs 233Pu — 10 Kr.

ATtomHasi 60m0a. B3peiB aTroMHONH OOMOBI NPOUCXOAUT OJaroAapsi IEHMHON
aepHoil peakuuu. [Ipu 3TOM MpoUCXoAuT ca-
MBIl IPOCTOM METOJ peanu3aluuu 3Toi peak- (b)
ruu. C 3TOM 1eNbI0 HCTIONB3YIOTCS JIBa KycKa
TSXKEJIOTO SJIEPHOTO BELECTBA, Macca KaKIo-
I'0 U3 KOTOPBIX 4yTh MEHbIIIE KpuTHYecKoH (b):
MEePBBIN — U3TOTOBJIEHHAs M3 U30TOIA ypaHa-
235 Merannuyeckas Karcyla, a BTOpoi — my-
TOHUI-239, MOMEUIeHHBIA BHYTpPh 3TOM Karl-
cyibl. B ka0l U3 HUX B OTJEIBHOCTH LEI-
Has peakiys He MOXKET MPOUCXOANTH, TaK KaKk
X Macca MeHbIIe KpuTudeckoir. Ho HeOomb-
0¥ B3pBIB BHYTPH OOMOBI COETMHSET 3TH BEIIECTBA, IPOMCXOIUT HEYIpaBisieMas
LenHast peakuus — saepHbIi B3psIB. [Ipu B3phIBE TeMIepaTrypa MIHOBEHHO IIO-
BBIIIAETCS 10 MHUJUIMOHOB TpaJyCcoB, METaJIMUecKas ypaHOBas Kalcyjla U BcCe
BEIIIECTBa MI'HOBEHHO IPEBPALIalOTCs B nap. ['opsiuas ma3Ma, pacmmpsisicb ¢ 00J1b-
II0M CKOPOCTBIO, CKUTAET U pa3pylIaeT Bce Ha CBOEM ITyTH.

VYpan-235

IInytonmii-239

Wznyuarens OObraHast
HEUTPOHOB B3pbIBYaTKa

TBopueckoe npumeHeHue

e -

3aKoHuMTe AaHHYH0 3a4advy nocrie 03HaKOMIEHUSA C YCITIOBUEM M MPUHLUMNOM eé
pelueHus.
3apaqa. CKonbko aHeprum BelaenuT 48 Kr nsotona atoma ypaHa-235 npv LenHon peakummn?

_ MeV
PelweHne. YaenobHasi aHeprus CBA3W ypaHa paBHA &paua =76, a yAenbHas
3HEprus CBSA3W OCKOMKOB W3 rPymnnbl pacnaBLUMXCH CpegHEeMacCoBbIX f4ep paBHa
MeVv
Eocxonkos = 8,5 —lom (cm.: Tema 4.10). PazHOCTb MeXAy 9TUMWN SHEPTUAMU:
MsB MsB
£=(85-76) =09 :
HYKJIOH HYKJIOH

KonnyecTBo aHeprun, BbigensieMol npu AeneHuu OAHoro saapa ypaHa 235U, Gyoet

paBHO: € = 0,9M3B - 236 = 200M3B, Tak kaK B KaXA0M AeNeHUN y4acTBYIOT 236 HYKIMOHOB.
6,02-10%¢

B nsotone ypaHa-235 maccon 1 kr cogepxutca N = = 2,6 - 10%* uncno agep. O6-

LLiee KONIMYEeCTBO SHEPTUM, BblAENEHHOE NpU AeneHun 3Tux aaep, OyaeT paBHo:
£=200-2,6-10%*MsB = 5,2-10%°MaB = 8,3 - 1013 Ix.

OnpeaenuTe: CKOMbKO BbIAENUIIOCH 3HEPIMU NPY B3pbIBE aTOMHON 60MObI B pe3ynbTtate

LernHown sgepHor peakumm 48 kr usotona ypaHa-235?
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SR REL TV B« [TepenvwnTe NpeasioXkeHust B paboyumi NUCTOK U AOMOSNTHUTE UX.
1. LlenHas spepHas peakums — ...

2. KoadhdnuUMeHT pasMHOXEHNUS HEUTPOHOB — ...
3. Kputnyeckasa macca — ...
4. AtomHasi 6omba — ...

MpoBepbTe CBOM 3HaHUA

1. Kakasi peakums Ha3biBaeTCs LenHOM SAepHON peakumnen?

2. Kakune ycrnosusi sBnstoTca obs3aTenbHbIMU A5 BO3HUKHOBEHWS LIEMHOM SiAEepHON peakumn?
3. Kakas sgepHas peakums ucnosnb3dyetcsa B aTOMHON 6ombe?

4. 'ne BnepBble Obina Ucnonb3oBaHa atoMHasa 6omba 1 YeM 3TO 3aBEPLUMIIOCH?

1. 3a cyeT KAKUX CHJI OCKOJIKHM sijiep YAAJISIIOTCS IPYT OT APYra ¢ 60JIbIIOH CKOPOCTbIO?
2. B pe3yabTaTe CTOIKHOBEHHSI ¢ YACTHIIEH SIIPO ypaHa pacnajoch Ha ABa ockoJika. [Ipu
3TOM BO3HHKJIHM 3 HOBBIX HEHTPOHA U y-n3ay4deHne. C kakoil yacTuLeil CTOJIKHYJI10Ch
s7po ypana?
23U+7— 3K + '¥8Ba + 35n + .
3. Kakoe npeamnoJioxkeHue BepHo?
1 — Ilpu neneHny Aapa ypaHa BOSHUKAIOT 1Ba HOBBIX OCKOJIKA SIApa.
2 — IIpu nenenun sipa ypaHa BBIAEISIETCSI OTPOMHOE KOJTHYIECTBO SHEPTUH.
3 — Ilpu neneHnu sapa ypaHa BO3HUKAET HOBOE ITOKOJIEHHE HEHTPOHOB.
4 — Slnpo ypaHa c JIErKOCTBIO paciiaiaeTcs IpHU B3aUMOJICHCTBHH C TPOTOHAMH.
5 — Slapo ypaHa ¢ JeTKOCTBIO JETUTCS MIPU B3aUMOJCHCTBUU C HEHTPOHAMHU.
A)1,2,3u4
B)1,2,3u5
01,3,5
D)1,2,3,4u5
E)1,2,5

4. Kakasi M3 peakuuii Mo:KeT HCII0/JIb30BAThCS KAK IeNMHAS PeaKIus AejeHus sapa?
Mouemy ?
1- 227Th + in - 1%3in + JINb.
2 23Pu+ n > 3¢Kr + 121Ce + 5in
3-28Cm+ in > 12Rh + 139Sb + 7in

5. CkoJIbKO BBIIEJMTCS HEPruuM B pe3yJjbTaTe nenHoil peakuun 10 xr uzoroma
TUIYTOHUSA-239 npu B3pbIBe AaTOMHOI 60MObI?
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6 aBrycta 2007 roga Ha rpaHUTHOM MeMopuane ¢ KakoB cocTaB pagmoakTMBHOroO
“YKepTtBbl XMpocumbl” Gbin BEIGUT CNNCOK OC- usnyyvenun?

TaBLUMXCS B XMBbIX NOCE AA4epHOro B3pbisa 5221 ¢ UmeeTcsa nu paanoakTMBHoe
yenoseka n3 260 000 HaceneHus ropoga. 310 ro- u3ny4eHue B Knacce, B Balein
BOpPMUT O TOM, 41O ewle 100 000 4yenoBek, ocTas- KBapTUpe, Ha 6ynbBape y Mops,
LLUINXCS B XUBbIX MOCNE S4EePHOro B3pbiBa, NOCTE- B dopyKTax u oBowax?

neHHo normbnu B TeveHve nocregyowmx 62 net e Bce nu pagnoakTuBHbIe Ny4u
nog AeVCTBUEM PaAMOAKTMBHOIO U3Ny4YeHUs. onacHbl Ans yenoseka?

PaguoakTrBHOE M3/IydeHUe U ero cocTas. JlelicTBre paglOaKTUBHOTO U3ITyUEHHUS
TIPH ONPE/ICIICHHBIX YCIOBHSIX MOXKET MPECTABIISATH OMACHOCTB JIJIS JKM3HE/ICATEIbHOCTH
BCEX JKMBBIX OPraHU3MOB. XapakTep 3TOro JCHCTBUS 3aBHCHUT OT BUJIA M3TYUCHUSI U €TI0
WHTEHCHBHOCTH. J{a’ke OTHOCHTENBHO Cci1a00€ U3ITyIeHUE MOYKET HapyIINTh HOPMAITEHYIO
JCATCIIBHOCTD JKHBOI TKaHH. TaK, 101, ﬂeﬁCTBHeM AACPHOI'O U3ITYUCHUA B )KUBBIX TKAHAX
TMPOUCXOOUT BBIPBIBAHUE 3JICKTPOHOB M3 aTOMOB, TO €CTh UX MOHM3allUA, U TKaHb B 3TUX
YacTAX MOBpEXAaeTcs. B pe3ynbTraTe B )KMUBOM OpraHW3Me HapyllaeTcsl NesITeNTbHOCT
HEpBHOW CHCTEMBI, OOMEH BEIECTB, MPOIIECC JICNICHHS KIIETOK, CIIOCOOHOCTH TPOJIOI-
skeHust pora. OpraHusM 3a00JieBacT MaJOKPOBHEM (PE3KMM YMEHBIICHHEM T'eMOTJIO-
OWHa), pakoOM U JIy4eBO# 00JIe3HBI0, KOTOPBIE MOTYT IIPUBECTH K CMEPTH.

PaaunoakTHBHOE M3ITyYeHHE UMEET CIIOKHBINA cocTaB. OHO MOXKET COCTOSTh U3 Oi-
U [3-4acTHIl, Y- 1 PEHTTEHOBCKOTO W3ITyYeHUs], IPOTOHOB, HEUTPOHOB U MOHOB TSDKE-
JIBIX DIIEMEHTOB.

Ol-4aCTHIIa HE MOKET MPOWUTH uepe3 OOBIYHBIN JHCT OyMaru M KoxXy 4ejoBeKa.
Opnako ee MmomagaHre B OPraHU3M YeJI0BeKa Yepe3 OTKPBITHIE PaHbI, TUIILY U JIbIXa-
TCJIBHBIC ITYTU OYC€HDb OIIaCHO.

B-gacTuitel UMErOT OONBIIYI0O TMPOHUKAIOIIYIO CIOCOOHOCTH: OHH CIIOCOOHBI
MPOUTH Yepe3 KOXKY YeJIOBeKa, IPOHUKHYTh BHYTPh Ha HECKOJIBKO CAHTUMETPOB U
HAHECTH CEPbE3HBIE MMOBPEIKICHHUS TKAHSIM.

Haubonee riay0oKyro MPOHUKAKOIIYIO CIIOCOOHOCTh UMEIOT Y- M PEHTI'C€HOBCKOE
W3Iy4YeHUs, a TAaK)Ke HEUTPOHBL. J[JIst 3aIUTHI OT HUX UCHOJB3YIOT TOJICTOCTEHHBIE
XKelle300€TOHHbIE W CBUHIIOBEIE TTOKPHITH. [103TOMY 3TOT cocTaB M3MydeHHs Mpe-
CTaBJISICT HAaMOOJIBIIYIO OMIACHOCTD JUIS KUBBIX OPTaHU3MOB.

CaMblif TPOCTON MYTh 3aIMUTHI OT U3IYUYSHHS — HAaXOAUTHCA OT UCTOYHHKA W3-
JydeHUs] KaKk MO)KHO Jajbllle, MOTOMY YTO WHTEHCHBHOCTH H3JIy4YEHHS OOpaTHO
MPOIIOPLUHMOHAIbHA KBaJApaTy PACCTOSHUSA OT HCTOYHUKA.

[orsomennast 103a w3aydeHusi. Bo3/ieiicTBIe N3ITy4eHUs Ha KUBBIC OPraHU3MbI Xa-
pakTepusyeTcs PM3MUECKON BEITITUUHON, HA3BIBAEMOM 10210UjeHHOU 00301 U3 YEHUsL.

o HOZ]ZOW€HHCI}Z ()03(1 U3TY4Yerusl — 9mo d)MS’MHECKCl}Z eeuduUHa, usmepsiemas om-
HouleHueM NO2NOUWEHHOU MeloM SHEPLUU K e20 Macce:.
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3neck D — mornonienHas 103a u3ydeHus, E — mornomeHHas 3Heprus U3ydeHus,
m — Macca Tea, MOTJIOTHBIIETO U3ITy4YeHHE.

Enununeit mornouieHHoit 103s1 u3nyuenus B CU sBnsiercs epeti (Ip).

[D] =E=1ﬂ—m=1[‘p.
[m] KT

e 1 I'p — smo maxas 0o3a uznyyerus, npu komopou meny maccou 1 ke nepeda-
emcs dHepeus UOHU3UPYIoWe20 uziydenus 6 1 daxcoyus.

Ha npakTrke 1032 U3Iy4YeHHs 4acTo BbIpaxkaeTcs B penmeenax (P):

1P ~0,01 I'p.

ConHeuHast pajguanusi, KOCMHYECKOe H3Iy4YCHHUE, pajHalis 3eMHOW KOpbI M
OKpYy>Karolei cpesibl 00pasyloT ecmecmeentblil YOH NO2NOUEHHOU 003bL USTYUEHUSL.
Ero romoBas Hopma mns kaxmoro uenoBeka coctasisiet 0,002 /'p. Jloza nzmydeHust
3-10 I p, monmy4yeHHAas YEIOBEKOM B T€UEHHE KOPOTKOTO BPEMEHHU, CUMTAETCS CMEp-
TEIbHOMU.

Jo3umetpsl. {7151 noiay4ueHus: nHGOPMaIMK O PaAMOAKTHBHOM paclaje UCTIOIb-
3YIOTCSI CUETYUKU — OemeKmopul, PETUCTPUPYIOIINE YACTHULBI WM Y-H3IyUYeHHE,
BXOJISIIIINE B €T0 cocTaB. Ha nmpakTike Hanboee 4acTo UCIONB3YIOTCA cuemuyuxk 1 eti-
2epa, NO3UMETP JUIl aBTOMATHYECKOTrO mojcuera 4acTui. CUeTYUK COCTOHMT H3
CTEKJITHHOM TpPYOKHM, TIOKPHITON H3HYTpH MeTanueckod (onsroi (KaTtogom).
Brons ocu TpyOKH NpOXOOUT TOHKAs METaJUIM4YecKask HUTh (aHOx) (a).

(a) CrexisiHHas [r—)
TpyOKa —

Karog AHon

]
-t

[Mudposoe perncrpupyromee ycrpoictso | | R

Mex 1y aHOIOM 1 KaTOAO0M CO3/Ial0T BBICOKOE HampspKeHre. TpyOka 3anoaHseTcs
HEOHOM WJIM aprOHOM, 00JaJaloMMH MajbIM JaBieHueM. [Ipyu nonaganuu BHYTPb
OaJuToHa 3apsHKEHHBIX YaCTHIl, BXOSIIUX B COCTAaB PAIHOAKTHBHOTO U3ITyYEHUSI, OHU
WMOHU3UPYIOT HaXOMAIIHMIACS TaM Ta3: 3JEKTPOHBI HAPABIIIOTCS K aHO/Y, a TIOJ0XKH-
TeNbHBIE MOHBI K Karoay. Cuna Toka, MpOoXoAdllas 4epe3 CUETUHK, PEe3KO YBEIH-
YUBAETCS U PETUCTPUPYETCS MU(POBBIM YCTPOMCTBOM (CM.: ).

TBopquKoe npuMeHeHue
\

e 2

3apava. CpegHee 3HayYeHWe MornoLlaemMow 403bl U3MydYeHUst y4eHbIM, paboTaloLwmum B
nabopaTopun saepHbIX uccriegoBaHui, 3a 1 yac coctaBnsiet 14 mklp. Hackonbko
onacHo nornyyaemoe y4yeHbiM obnydyeHue, ecnvm oH pabotaeT no 6 yacoB B AeHb 260
pabouunx gHew B roa? MuH1manbHbI Npegen 4o3bl 00nyyeHns gnsi yenoseka 50 mlp.
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4YTO Bbl Y3HA/IU MepenuwmTe NnpeanoxeHnsi B paboymni NIMCTOK U AOMNOSTHUTE UX.
1. CocTaB pagMoakTMBHOIO U3MNyYeHUS — ... ;

2. MNornowaemas fo3a nsnyyeHus — ... ;

3. EcTecTBeHHbIN hOH nornowaemMon 4o3bl U3NyYeHus — ... ;

4. osnmeTp — ...

1. Moyemy pagmoakTMBHOE M3NyYeHMe ONacHo ANA YenoBeka 1 ApYrux XuBbIX OPraHN3mMoB?
2. OT KaKoro nsrny4yeHunsi o4eHb TpyaHo 3awmnTuTteca? MNoyemy?

3. Kak MOXHO 3alUMTUTBECHA OT PaANOaKTUBHOIO U3NyYeHna?

4. Yto 03HavaeT nornolieHHas 4osa usnyvyeHus 1 kakas 4o3a Ans vyernoseka cmeprernbHa?
5. Kak MOXHO onpegenuTb KoNM4ecTBO MOrMOoLLEHHON A03bl U3MNyYeHnn?

m HD,EPHbIVI PEAKTOP

Bbi y3Haru, YTO MpW LEMHON peakumm SApo ypa- am ® 17O MPOMCXOAUT Npu Hepery-
Ha, MOFMIOTUBLLErO HEMTPOH, UCMYCKAET 2-3 Hel- & nupyemo':l LuenHou sinepHon
TPOHa HOBOrO MOKOMEHWs, pacnafaeTca Ha apa peakumn:

HOBbIX OCKOJ1Ka sigpa 1 Bbigensiet 200 MaB sHep- o Bo3amoxHo nu perynupoBaTtb
rn. HenTpoHbl ke HOBOro MOKOMEHWUsSI MOrMo- LernHyro iAepHylo peakuuio n
LatoTCH APYrMMU BCTPEYHBIMU sapaMy ypaHa, HanpaBUTb ee 3Hepru B No-
BO3HVWKHOBEHWE HEWTPOHOB HOBOMO MOKOSIEHUS, fIe3HOM NAsM HanpaBneHun?
A0EPHbIX OCKOMKOB W BbIAENEHNE 3HEPTUMN NpU- Kak aTo MoxHo caenaTtb?

obpeTaeT naBMHOOOpPAa3HbIN XapakTep.

:
M T.J.

Mo>xHo nNu HanpaBUTb AAEPHY 3HEPruo Ha MUPHbIE
uenn? T
~ T
3apava. MNMepenuwwute B pabounii nuc- 250 + In > 155Cs + -+ 31n + 200MaB
TOK JaHHYIO HE3aBEPLLEHHYIO LIEMHYI0 A

A0epHylo peakuuto. Mcnonb3ys Tabnvuy
Meproanyeckoi cucTEMbI XMMUYECKUX e . o .
3MeMeHTOB, 3anuLLUTe BMECTO TOueK U +on = 40Zr + -+ 2on + 200MaB
CMMBOIbl COOTBETCTBYHOLLIMX OCKOJTKOB
siApa, BO3HUKAIOLWMX B peakuum.
O6cyauTte pesynbrar:

e Kak MOXHO perynupoBaTb 3Ty LENHY0

PU+ -+ 3 Xe+ 2in+ 200MaB

A0EPHYH peakuuno?
o MOXHO N1 BbIAENSIEMYIO SHEPTUIO NPY SAEPHON peakLmn npe-
obpasoBaTb B Apyron Bua aHeprun? N3noxmte cBom runotesbl. H T.1.

OcHoBHas npoGJieMa UCTIONIb30BaHMSA SIACPHOM PHEPTUM 3aKIII0YAETCA B 1OCTH-
YKEHUU YIIPABISIEMOCTH LIETHOW SIIEPHOM peaKLMEN: YHEPTUs TOJKHA BbIIEATHCS B
HEOONBIINX J033aX B T€YEHHE JJINTEIILHOTO BPEMEHH, a HE BBIIETSATHCS B OTPOMHOM
KOJIMYECTBE B TEUEHUE KOPOTKOI'O BPEMEHHU B BHJIE B3PbIBA.
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JIis 5TOTO HAZO CAIENATh TAK, YTOOBI YUCIIO SNSAIINXCS B SIUHUILY BPEMCHH siIep
0CTaBaJIOCh HEM3MEHHBIM. Y CTPONCTBO, MPUMEHIEMOE TSl TIPETBOPEHUS B YKH3Hb
TAKOTO MPOIIecca, Ha3bIBACTCS OePHbIM PeAKMOPOM.

o Sloepublii peakmop — 5mo yCmpoucmeo, no360aswee NoIyyams ynpaeisie-
MYI0 I0ePHYIO YeNHYI0 PeaKyuio U COXpAHAMb ee 8 meyenue HyJHCHO20 BpeMeHU.

OCHOBHBIE 3JIEMEHTHI SJICPHOTO PEAKTOPa CIEAYIOIINE:

1) aoepnoe monnuso (*33U; 238U; 239Pu u npyrue) — eco 3anonnsiom é cne-
YUAIbHble AMNYIbL, KOMOPble NOMeWalom 8 AKMUGHYI0 301y peakmopd,

2) 3amednumenu neitmponos (msicenas unu obvlunasn 8004, spagum u opyaue) —
OHU, 3aMe0Isis ObiCmpbie HeUMPOHbl, 00eCneuUsarom ux 3aumMooelicmeue ¢ s0epHbviM
MONAUBOM;

3) mennonocumens (xonoonas 600a wiu HCUOKUL HAMPUIL) — nepeoaem 6bi-
OeiisieMoe npu I0EepHOLL peaKyu menio Ha naposyio mypouny;

4) Pezynupyrowee ycmpoiicmeo (cmepoichu, cooepicawue Kaomuil Wi 60p) — 6
npoyecce peakyuu ynpagisiem Kod@pQUYUeHmom pazmHONCeHUs: HEUMPOHOS  HPU NOJI-
HOM NOSPYICEHUU CMEPICHEll 8 AKIMUBHYIO 30HY PeaKmopa Kodgh@uyuenm pazmHo-
arcenust Hetimponos 6yoem K <1. Eciu dice cmeporcHu 6bIHYMb U3 AKMUBHOU 30HbL PEaK-
mopa, mo K >1 (em.: mema 4.13). JIns npenotspatteHust paduayuu (y-u3TydeHus, mo-
TOKa HEHTPOHOB M JIPYTHX) PEAKTOP CHAPYKH MOKPBIBACTCS 2EPMEMUUECKOU 3auum-
Hotl obonouxotl (2).

(a) OcHOBHbIle I'epmeTnueckas
3MNEeMeHTbI 3amuTHas 000J0YKa
fanepHoro OT pajualyu
peakTopa Perynupyromiee

YCTPOHUCTBO

SnepHoe TOIIMBO
Termonocurens

BamemuTenu

Hacoc OxJtaauTess rapa

[TepBrrit ssmepHbIin peakTop ObuT co3man B 1942 romy B CLIA moa pyKOBOJICTBOM
Oupuko Gepmu. B EBporie nepBrIii peakTop ObUT BBEZICH B pab0oUnii peKUM B ObIB-
meM CCCP B 1946 rony Hay4HBIM KOJUIEKTHBOM BO ri1aBe ¢ Mropem KypuaToBbim.
OnHAM U3 YICHOB 3TOTO KOJUIEKTHBA OBLT M3BECTHBIN a3epOailKaHCKUH ydeHBIH-
panuoxumuk A6bac AdGacanu ornmy Yaiixopckuil.

* B 6s1Bmem CoserckoM Coro3e ero nmst
Jiep)Kajoch B cekpere. MHoro et
(1961-1989) 6bu1 mpeacenarenem I o-
CYJapCTBEHHOIO KOMHTeTa MO 6e30-
NacHOCTH siAepHbIX peakTopoB. Cos-
J1aJl HOBYIO NEPUOAUYECKYIO CHCTEMY
XUMHYECKHUX DIIEMEHTOB.
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TBOpUYeckoe NnpumeHeHue

- WUccnepoBaHue .

Ha yem ocHoBbIBaeTcsA paboTa aTOMHOW 3NEKTPUYECKON CTaHLUN?
O6opyaoBaHue: NpUHLMNNanbHas cxema aToMHOW anekTpuyeckon ctaHumm (ASC).
Xopa uccnenoBaHWA: BHUMATENbHO paccMoTpuTe npuHumnuansHyto cxemy A3C (b) u
ucenegyvTe ee NpuHUMN paboThbl.

(b)

DnexTpuye-
CKUil TOK

I'enepatop

Konpnencarop

ol - w0 Tenias Boaa

Boooem: pexa,
Mmope, okeaH

4m Xosoanas Boxa

-

O6cyauTte pe3ynbTar:

o Kakve nocnegoBaTenbHble NnpeBpaLleHns aHeprum npomcxoaat B AQC?

o Kakoe ycnoBwve fOmKHO BbINOMHATLCA 4151 NPeAoTBpaLleHns B3pbliBa BO BPEMS LiENHOW
A0epHON peakuun?

o OBBLACHWTE TEXHOMOIMIO NONy4eHns anekTpuyeckon aHeprum B ASC.

o [Oe elle NpuMeHsieTca agepHbIi peakTop?

YTO Bbl Y3HA/IU .
* MepenuwnTe NpeanoXeHus B pabounii TIMCTOK U AONOSTHUTE UX:

1. ApepHbIn peakTop — ...; 2. FaepHoe Tonnmeo — ... ; 3. PerynupytoLuye
CTEPXHN — ...; 4. TennoHocuTenb — ...; 5. 3ameanuTens HEMTPOHOB — ...

MpoBepbTe cBOM 3HaHUSA

1. YTo Takoe siAepHbIN PeakTop M C KakoW LiENbIO ero UCMonb3yT?

2. Kak perynupyeTcs B sAepHOM peaktope KoaddULMEHT PasMHOXEHNS HENTPOHOB?
3. 3a cyeT Yero B iAEPHOM peakTope NPOUCXOAUT BblaerneHne aHeprum?

4. Yto obero u B 4ém otnuune ASC oT TENNoBOW aneKTpocTauumn?
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1. B pesyabTaTe 00/1y4eHns 00JbHBIX BHYTPEHHHX OPraHOB 4YeJIOBeKa Kaxablil 1 rp
sxuBoii Tkanu norsiomaer 108 g-uacruu. Kakosa qo3a 00J1yueHus Ha Kaxabli 1 rp
’KHBOIi TKAHH, €CJTH 0/IHA O-4ACTHIA 00aaaaer YHeprueii 8,3 - 10713 Ik?

2. 03a 06.1y4eHHs HCTOUHMKA y-u3Jy4enns B 1 cekynay pasna 98,5 - 10~4I'p. Onpe-

JAeJMTe 03y IOJYYEHHOro OOJIyYeHHsl CTOSIIUMM OKOJO0 HCTOYHHKA paJualuu
yeJioBeKoM 3a 1 yac. B kakoii cTeneHy 3Ta 1032 onacHa 11 Hero?

3. Ha pucyHke npeicTraBjieHa cxeMa siiepHOro peakropa. Kakum yactsiMm peakropa
COOTBETCTBYIOT YHCJIa HA HeM?

ad [ %]

£ n

4. B snepHoM peakTope rpauT U BOAA MCIOJIb3YIOTCH B KauecTBe 3aMeIuTeleii,
1eJIbI0 KOTOPOro sIBJIsieTCs ...

A) ... 3aMeUTUTD ObICTPbIe HEUTPOHBI, YTOOBI YMEHBIINTH BEPOSITHOCTD PEAKIIMN
PaxuoOaKTHBHOTO JICJICHHS SIIIEp;

B) ... 3amMeUTh OBICTPBIE HEUTPOHBI, YTOOBI YBEIWIUTH BEPOSITHOCTD PEAKIHN
PaaroaKTHBHOTO JICNCHHUS SIIIEP;

C) ... 3aMeIUTH PEaKUUIo PAAHOAKTUBHOTO JSNCHUS s/1ep, YTOObI IPEOTBPATHTh
SIIEPHBIN B3PHIB;

D) ... 3aMeIUTh peakiMIo paAuOoaKTHBHOIO AENEHUS SAEp AT JETKOro yIpaBlIeHUS
peakTopoMm;

E) ... 3aMeUINTb OCKOJIKH, UCIIOJb3YsI KHHETUIECKYIO SHEPTHIO OCKOJIKOB MOTy4eHHbIE
TIpU JeTICHUN.

5. 3a cueT KaKHX MOCJEAOBATEJBHBIX NPE0OPA30BAHMIL JHEPIrUH MOJIY4YaeTcs: dJIeK-

Tpudeckas 3Heprusa B AJC? IlponymepyiiTe nmocjief0BaTeJJbHOCThL NMpeBpalleHus!
JHEpPrum.
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MAﬂbTEPHATMBHbIE MCTOYHUKN SHEPTUA
(YPOK-NPE3EHTALNA)

Tloozomosbme KOMNnbmepHyo npe3zeHmayuro 06 aAlbMmMepHaAmuU6HblX UCMOYHUKAX dHep-
cuu. Hpu noo2omoske K npezeHmayul MOIMCHO 60CNOIb306AMbCA OaHHbIM mamepuajiom u
NJa1aHoM.

BO30OBHOBJISIEMBIE 1 HEBO3OBHOBJISIEMBIE HCTOYHUKHN DOHEPTUHN
Co BpeMeH BO3HHKHOBEHHUS 4eI0BEYeCTBA 0 HAIIMX JHEH JIIOAN UCIIONb30BAIN Pa3HbIe
WCTOYHMKH JJIsl YAOBJIETBOPEHHSI CBOUX YHEPreTHUECKUX NoTpeOHocTel. VcTounmku sHep-
ruu OBIBAIOT JIBYX BUJIOB: BO30OHOBJIsIEMbIE I HEBO30OHOBJISIEMBIE.

HEBO3OBHOBJISIEMBIE HICTOYHUKHA DHEPI'UH

e ['a3 — nemeBblil Bua TorumBa. [lorpebnenne raza B mpoMBbIII-
JICHHOCTH U OBITY HAYaJIOCh eIIle B POIIIBIe cToseTus. JItonu emie Ha
3ape BOSHUKHOBEHHMSI [IMBIIIM3ALMH ObLIH CBHICTENISIMU BBIXOJa rasa
n3 Henp 3eMutd. 3a HECKOJIBKO COTEH JIET JI0 Hamleit 3pbl Ha AGIIepoH-
CKOM HOJyOCTpOBE, ceBepo-3amagHbIx Oeperax Kacmuiickoro mops
BCTPEYAINCh “‘BEYHbIE OTHH~, “TOpsAIIME BOABI” OCBELIAIH MOpeE,
MPEBPATUBIINCH B ECTECTBEHHbBIE MAsKH IJIs1 KOpaOIIeH.

o KaMeHHBIil yroib — BHUJl IPUPOJIHOTO TOILIMBA, ObIBAET Yep-
HBIM, OypeIM U OnecTsamuM (aHTpanuT). OH IUPOKO UCIIONB3YETCs
JUIst 000TpeBa JKUIbIX, pab0YHX M 00pa30BaTEIbHBIX MOMEIICHHUH, Ha
TETUIOBBIX AJICKTPOCTAHIHSIX.

e He(1h — cunraercs Hanboree BaXKHBIM SHEPTeTHIECKUM Pecyp-
com Ha 3emite. OHa SIBIISETCSl HE3aMEHUMBIM CBIPBEM JUISI TETLIOBBIX
JJIEKTPOCTAHLUHI W TPAHCIOPHBIX CpeAcTB. VcTopudeckue KOpHU
asepOailpkaHcKoi He(TH yXOIIT B OUYEHb JajieKoe mpornioe. Apad-
ckue nytenrectBeHukd B VIII Beke coodmrany o He)TIHBIX 3eMIISIX B
Baky, “Oemoii” u “uepHoii” HeTH Ha AbmepoHe. VTanbsHCKUH My Te-
mectBeHHUK Mapko [Tono (XIII-XIV BB.) coobman o nepeBo3ke OakuHckoil HedTH B MpaH, LleHT-

panpHyt0 A3uto, Typrwro u MHANIO U €KETOAHOM J0XO0JIE OT HEPTH.

e SlnepHOe TONMJIHMBO — OCHOBHOE TOIUIMBO, HCIOJNB3yeMOE Ha
ADC, GoraTbie 3aJe:KU ypaHa, 00CCIICUNBAOT MIPOU3BOICTBO JICIIIC-
Boi sHepruu. Camble KpyIHbIE POU3BOIUTENN ypaHa B mMupe — Ka-
3axcraH, ABcrpanus u Kanana.

BO3OBHOBJISIEMBIE HICTOYHUKHA DHEPT'U
o CoaHeyHasi 3Heprusi — KOJMYECTBO COJHEYHOW DHEPTHH,
MaIaroIeii Ha MOBEPXHOCTh 3EMJIH, BO MHOTO pa3 MPEBBIIIACT SHEP-
ruio HedTH, rasa, yris U Apyrux BHIOB TorutkBa. Haubonee addex-
THBHOM TEXHOJIOTHEH TOTPEOJICHUSI COJIHEYHOW DHEPTuH SIBJISIOTCS
conHevHble OaTapen. KonnyecTBO COMHEYHBIX YaCOB B HAIIEH CTpaHe
cocrasisier 2400-3200 gacoB B roji, a KOJIUYECTBO CONTHEYHOH 3HEP-
THH, TTafatoniel Ha 1 KBagpaTHBII METp IOBEPXHOCTH 3€MIIH, PaBHO
1500-2000 xBT-uac.
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© DHeprusi BeTpa — 3KOJIOTHYECKH YKCTast U HeHCCsIKaeMast SHep-
rust. B 2009 roxny psimom ¢ cenowm Illypaa6an Xbi3biHCKOTO palioHa Obl-
JIM COOpYKeHbI 2 BeTpodsiekTpocTaniun (BAC). Dtu ycTaHOBKH Ipo-
W3BENH 32 T0J] 7 MIITMOHOB KBT-4acoB 3MeKTpO3HEpPruu. JTa 3JIeK-
TPOIHEPTHsl, HAPSAAY C yIOBJIECTBOPEHHEM MOTpeOHOCTEH XbI3UH-
CKOro paiioHa Ha 50 mpoLeHTOB, 00ecneunBaeT NoTpeduTenen ““3e-
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JIEHOW” 3Hepruei.

® DHeprus BoJbI — 110 TPOU3BOACTBY dHepruu 'DC 3aHnMaroT
BTOPOE MECTO. 3/1€Ch DHEPTHs IPOU3BOJHUTCS 3a CUET UCCIKAEMOTO,
HO BOCCTaHABJIMBAEMOTO MOTOKA BOAbl. B AsepOaiimxaHe TOIbKO
Ha peke Kypa nocrpoens! Tpu 6onbiue I'DC.

© JHeprusi MOpsi M OKeaHa — 3Ta SHEPTHsl MOJTyYaeTcsl 3 CUET
NPUINBOB U OTJIMBOB, BOJH M TeUEHHH B OKeaHaX M MOpSAX. DTOT
HEUCUEpNaeMblil U CaMblii 1€HIEBbIN BUJl SHEPTUH O3BOJISET MOJY-
YUTH OOJBIION 00BEM SHEPTUH ¢ HEOOIBUIOHN IIIOMAIH.

lMnaH noAroToBKU NpeseHTauumn

o Ha3saHve npeseHTauum

1cnavm e MNogrotoBun (kNacc, nMs 1 pammnnsa yvyeHunka)
2 cnang, ¢ Y10 NOHMMaeTcs o anbTepHaTUBHOWN 3Heprmen?
3 cnaia o lcyepnaemble NCTOYHUKN SHEPTUMN: MOKaXKUTE NPUMEpbI
o TexHOmMmormsl MICnosib30BaHWsl HEBO30OHOBMSAEMbIX MCTOYHUKOB SHEPrum
4 cnain o Hencuepnaemble NCTOYHMKM SHEPTUN: NPUBEAMTE NPUMEPHI
o TexHomormsi MICnosib3oBaHWsl BO30GHOBISIEMbIX MCTOYHMKOB 9HEPrm
5 cnana ¢ Bo306HOBNSAEMbIE UCTOYHUKN anbTepHATUBHON 3Heprum B AsepbarigxaHe,
BO3MOXHOCTM W NEPCMEKTUBbI X MCNOMb30BAHNS
6 cnana o HeBO306HOBMNSIEMbIE NCTOYHMKM anbTepHATUBHOW SHeprun B A3epbangxa-

He, BO3SMOXHOCTU U NepcnekTnBbl X NCNOJ1Ib30BaHUA
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4.17

WccnepoBaHue rpachmka 3aBUCUMOCTU YAENBHOW 3HEP- e MNouemy npu sinepHoit
TN CBA3N XMMMUYECKMX 3TIEMEHTOB OT MaCCOBbIX YMCer peakuum BbiaenseTca
(cm.: Tema 4.10) nokasaro, YTo AOEPHYH SHEPrMio OrPOMHOE KONM4ecTBO
MOXHO MOSTYYMTb HE TOMNBKO NyTEM AENEHNs THKENbIX 3Heprumn?

a0ep, HO 1 MyTeM CINUSHWS (CMHTEe3a) Nerkux aaep.

s«

3apgaua. MNpu cuHTese anep aentepust (2H) n Tputus (3H) BO3HUKAET PO renust U Uc-

nyckaeTcst OOMH HEWTPOH. Hanuwute agepHy0 peakumio CMHTe3a W BblYMCIUTE KOMM-

YeCTBO BbIOEMUBLLENCA NPU peakuun 3Hepruu, NpUXoasilieecsl Ha Kaxabld HYKMOH, —

yOENbHYIO SHEPIUIO CBA3M (a.€.M. YacTuL, BO3bMuUTE 13 Tabnuubl 4.3).

O6cyauTe pesynbTar:

o [py kakow peakumm KONIMYECTBO BbIAENMUBLLENCS SHEPTUU, MPUXOASLLEECH HA OQUH HEW-
TPOH, Bonblue: Npu AeneHun sapa ypaHa unv npy peakumm CnsH1s AByX Nekrnx saep?

SAnepHas peakuusi cuaTe3a. {151 cinusiHUS (CHHTE3a) IBYX siIep OHH JOJDKHBI Ipe-
OJI0JIETh KYJIOHOBCKYIO CHIIy OTTAJIKMBaHMS MMEIOLINX OJVUHAKOBBIA DIIEKTPHUECKUI
3aps]] IPOTOHOB U CONM3UTBCA JI0 PaccTOsHUS AeiicTsus saepubix cuit (1077 m). Jls
3TOTO 5Apa TOJLKHBI UMETh OYEHb OOJIBIIYI0 KHHETHUECKYI0 SHEpruto. s noimyueHus
AAep C TAKUMH SHEPTUsIMH, PEaKLMIO CHHTE3a HEOOXOAUMO IIPOBOJIUTH IPH OYEHB BbI-
coxoii Temmepatype (=10° < 10° K), Tak kKaKk npy TaKOM HarpeBaHHH CKOPOCTH U KIHE-
THUYECKHE SHEPTUH YaCTHUI] Oy/IyT NMETh OOJbIIast 3HAUCHHE.

o Peakyus causnus (cunmesa) 1ecKux soep, npomeKaruds npu O4eHb 8blCOKOl
memnepamype, Ha3vl6aemcs MepmMoA0epHOl peaKyueil.

[IpoBenenHoe uccieqoBaHue MOKAa3ano, YTO B pe3ysbTaTe TEPMOsIEPHON peak-
LUK [IPOMCXOIUT BhIAENCHHE OONIBIIOr0o KoiauuyecTBa >Hepruu. Ilpuxonsmieecs Ha
KKIIBIM HYKJIOH KOJTMIECTBO BBIJIEIISIIOIEHCS ITPH STOM DHEPTHH B 3,5 pasa 6obIie,
4YEeM SHEPIUH, BBIIECISIEMON IIPU LIEHOM siiepHOi peakuuu. [ToaToMy TepmosiaepHas
SHEPIHsl MOXKET CTaTh I YEIOBEYECTBA HEHCUEPIAEMBIM MCTOYHUKOM SHEPTHUHU.
OcHoBHasl mpobiaeMa 3aKI04YaeTcs B M3TOTOBICHUHM YCTPOMCTB Ui IPOTEKAHUS
3THX peakiuii, CHOCOOHBIX YAEPKUBATH TIa3MY, Pa30TPETYI0 10 MIIIIHAapAa Tpaay-
COB — YNpAGIAeMO20 MePMOSOEPHO20 peakmopa. JTa mpodiieMa B 3€MHBIX YCIIO-
BHSX BCE €Ille HE Halllla CBOETO TeXHUYeCKoro pemeHus. Ho takue ycmosus cy-
mectByloT Ha CoNlHIlE M APYTUX 3Be3[ax, B LEHTPE KOTOPBIX TeMIlepaTrypa co-
craBiisieT =13 MWUIMOHOB rpaaycoB. [Ipu Takoi TeMmneparype aToMbl MOJHOCThIO
MOHHU3MPOBAHBI U BEIIECTBO HAXOAUTCS B COCTOSTHUM IJIA3MbI — COCTOUT TOJIBKO M3
anep. Tak Kak siapa MMEIOT OOJIBIIYI0 KMHETHYECKYIO 3HEPIHIO, TO OHHM HCIbI-
TBIBAIOT HETPEPBIBHBIE CTOJIKHOBEHUS C APYIUMU sapamu. B pesynbprare Ha ConHile
U JIpYTHX 3Be3[aX HEeMPEPhIBHO MPOUCXOIUT CaMOIIPOU3BOJIbHAA PEAaKIUi CHHTE3a
Y BBIAEISIETCS OOJBIIOE KOJTMYECTBO SHEPTHH.
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Hccnenoanus nokasanu, 4ro BHyTpu COJIHIIA U JPYTUX 3BE3l, BEPOSTHO, MIPO-
TEKaeT CJIEAYIOIIas sepHas peaKlys CUHTE3a!

3He + 3He — 3He + 21H,
2H + 1H —> 3He u np.

o Connye u Opyeue 36e30bl — CaMOYNpasiisemble ecmecnmeeHHble mepMosioepHble
Ppeakmopbi.

Boaoponnas 6oméa. Heynpasisiemas mepmosoepuas peakyus Obiia nouyuena
npu 83psiee 8000pOOHOL 60MObI. BoeromoBka OOMOBI COCTOHUT U3 CMECH ACUTEPUS U
TpuTHs, Ha3piBaemoit LiD. B kauecTBe 3amaina (eToraTopa) UCIOIb3yeTCs aTOMHAS
O0omba. CHavana BHYTPH BOJOPOJHOUM OOMOBI B3pHIBAIOT aTOMHYHO 00MOy. B pe-
3yJbTaTe PE3KO BO3PACTAET TEMIEpaTypa U BOSHUKAET MOLIHBII MOTOK HEUTPOHOB.
[Ipoucxoaut peakuus CAUSHUS HEUTPOHOB C IUTHEM. [Ipu siAepHOI peakuuu CHH-
Te3a BO3HUKAIOT Apa TeJnsl U TPUTHSL:

n+8Li - 3He +3H. (1)

IIpu cnusiHuM sipep AeUTepus U IUTHUSI C HEUTPOHOM IIPU BBICOKOM TeMIIEpaType
NPOMCXOAUT HEyIpaBisieMasi TepMOsAepHas Peakus — BBIACISETCS OTPOMHOE KO-
JUYECTBO SHEPTHH U BOJOPOIHAs 60MOa B3phIBaeTcs (2).

TBOp‘-IeCKOE npuMmeHeHue

(e -

CKOJbKO 3Heprumn BbigensieTca npu B3pbiBe
BOAOPOAHON 6GOMOLI?

3apaya. Beluncnute konuuectso npuxoas-
LLIENCS Ha KaXabl HYKINOH 3HEPruu, BbIAENUB-
LUencs Npu peakummn B pesynbTaTe B3pbiBa BO-
popoaHon 6om6bl (1) (a.e.M. anst anemeHTa u
YacTuy Bo3bMuTe 13 Tabnuupl 4.3).

O6cyauTte pesynbrar:

B pe3ynbTaTte B3pbiBa kakon 60MObI KONMUYECTBO SHEPTUN, NPUXOOALLENCA Ha Kaxabln
HYKJTOH, BornbLUe: aTOMHOW, UM BOAOPOLHON?

[

YTO Bbl Y3HANU ' MepenuwmTe NpeanoXxeHusi B pabounii IMCTOK U AONOSTHUTE UX:
1. TepmosinepHas peakums — ...; 2. ConHue v apyrue 3Be3fpl — ...;
3. BooopoaHas 6omba — ...

1. Kakne peakumm oTHOCATCS K TepOMOsAepPHbIM?

2. Kakve umetoTca TpyaHOCTU AN NMPOBEAEHUS TEPMOSIAEPHBIX Peakuuid B 3eMHbIX YCIo-
BUSIX?

3. YTto cocTaBnsieT MCTOYHMK aHeprmn ConHua n apyrux 3se3n?

4. Kakune o6Lime n oTnuymTenbHble YepTbl Y BOOOPOAHbLIX U aTOMHbIX 60M6?
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1. Kakas yacTMia BO3HHKAeT NPHU JaHHOI TepmosiepHoil peakuuu? CKOJIbKO BbI-
JessieTcs SJHePruy NpH peakuuu cuHTe3a’?

2H 4+ 3H - %He + ---.

2. Yem oTIM4aIOTCA APYT OT APYra TepMosiiepHas U nenHas peakuun? I'ie mpoucxoasit

9TU peakuum?

3. BeruncianTe KOJHYeCTBO NPUXOAAIICICH HA KaK/Ablii HEHTPOH YHEPIUH, BBIICJIAI0-
1eiics NpU JAHHOM TepMOsIIePHOI peakLuM.
3He + 3He — 3He + 21H.
4. Ha pucyHke npeacTaBJjieHa yIPOIeHHAasl cXeMa BOJAOPOIHOI 60MObl. O0bsICHUTE HA
OCHOBAaHWY JTOH CXeMbl MeXaHH3M NpHUBeAeHUs1 HOMOBI B JeiicTBHe.

B3pbiBuaroe BelecTBo

BonopoaHoe TommBo:
nevtepuit u Tputuit (I+T)

AnepHoe opyxune obnagaet
04eHb 60MbLUIOW paspyLUMTenb-
HOW cunon. B3pkiB ero npuBeo-
ONT K KaTacTpodU4EeCKUM Mno-
CneacTBMSAM B COLMarbHOMN,
NPOV3BOACTBEHHOM U 3KOMOru-
Yyeckow cdepax.

HekoTtopble cTpaHbl XXI Beka
BUOAT CaMbli HAOEXHbLIN NyTb
3alWuThl OT HanageHws Bpara B

obnagaHun A0EPHbIM OpyXnem.

Ockonku ypana-235, macca
KOTOPBIX MEHbIIE KPUTHUECKON

(YPOK-OEBATDI)

e Bce nu cTpaHbl, B TOM uncne un Asep6angkaH,
BnpaBe obnagaTtb AAEPHbIM OpYXUemM?

¢ EcTb N1 Heo6xoanMMoCTL cobnoaaTb NPUHLMN
obnagaHvAa aaepHbIM OPYXUEM U cpeacTBamMun
ero AoCTaBKuW ANA NPUMEHeHun?

¢ Mocnyxut nn obnagaHue aaepHbIM OPYXUEM
rapaHTuen Ans Noucka KOMNPOMMUCCHbIX NyTen
Mupa mMexay cTtpaHamu?

e MoxeT nu cTpaHa, obnapgatrollas sgepHbIM opy-
Xuem, BO3AeNCTBOBaTb Ha MeXAyHapoAHble
cornaweHua?

* [IpoBeiuTe 00CYy>KAE€HHS IO IPOOIEMHBIM BOIIPOCaM U IPH-
BEMTE JIONOJIHEHNS K TAHHBIM B y4eOHHKE (haKTam.

1. Bce cTpanbl, B TOM 4HcJie U A3epOaiiakaH, HMeIOT MPaBo HA 00J1aJaHue SAePHBIM

OpysKHeM.
SAneproe opyxue — Hanbonee 3¢pdexTnBHOE 0O0OPOHUTETHHOE CPEICTBO
UL 3aLIUTHl TEPPUTOPHH OT HallaJieH!sl NpOTHBHUKA. JIro6as cTpaHa, B TOM
yucne 1 AsepOaiifikaH, UMeeT NMpaBo 3alIUIIATh CBOIO 3eMJII0 OT Harma-
«3a JeHud Bpara. Jlenatb 3To OOBIYHBIM OpPYKHEM MHOTIa OBIBAET CIIOKHO.
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KoHeuHo, y KaX10# CTpaHbI, B TOM YKCIIC U Y A3epOaiikana, eCTh IPaBo
Ha oOJjajgaHue sepHbIM opykueM. Ho 3To He o3Hauaer, yTo A3epOaii-
JOKaH 00513aTeNIbHO JOJDKEH BOCIIOIB30BATHCS STHM IpaBoM. [Ipuvenenue
SIIEPHOTO OPY>KHUsI HPOTUB KaKOW-JTHOO CTPpaHbl, ECTECTBEHHO, PUBEAET K
IIPUMEHEHHIO 3TOTO OPY’KHsI JTaHHOM cTpaHOM NpoTuB A3epbaiikana. He
TPYZAHO TIPEICTABUTh, KAKHE KaTaCTPOPHUUIECKUE MOCIEACTBHS OXKHUIAIOT
B pe3yJIbTaTe HEOOIBIIYIO CTPaHY.

2. Heo6xoammMo 0TKa3aThCS OT SIA€PHOT0 OPY:KHS M €ro MpuMeHeHHsI.

G

3a

OTKa3 OT SIIEPHOTO OPYXKUS MPUBEIET K BO3ACPKAHHUIO OT TPUMCHCHHSI
MPOTHBHHUKOM SIIEPHOTO OpyXkHsi. UeM MeHbllle cTpaH OyayT obianarb
SZICPHBIM OPY>KHEM, TEM MEHBIIIC PUCK €0 TIPUMECHEHHSI.

.

* [lpotuB

JlaHHBIN IPUHLIUII UMEET CEPhE3HbIE HEJOCTATKU:
1) HepanMOHaleH, TOTOMY YTO IPUMEHEHHUE AJEPHOTO OPY KU OTHON
CTpaHbI IPOTHUB APYToH MPUBEIET K KaTacTpode Ha 3eMHOM IIape;
2) 4MCIIO CTPaH, XKEJIaruHX 001a1aTh SepHbIM OPY)KeM, HEITPEPHIBHO
OyzIeT pacTy;
3) simepHOE OpyXHe OyAeT pacIpOCTPaHSAThCS B TEOMETPUUYECKON IMpPO-
TPECCHUH.

3. SinepHoe opy:kMe CJOYKMT rapaHTHel MoMcKa KOMIPOMUCCHBIX MyTel 1jIs MUpa
MesKAy CTPpaHaAMM.

a

3a

Jlnst cTpan, 00J1aTal0NHX SISPHBIM OPYKHEM, BOCHHBIH KOHMIUKT MEXKTY
c000ii HE BBITOJICH, OH MOXET MPUBECTH K TSDKENBIM moTepsiM. [loaTomy
SIIEPHOE OPYXKUE ABJSICTCS CPEACTBOM COXPAHCHUS MEKIYHAPOIHOU CTa-
OMJIBHOCTH.

’

* [lpoTuB

A 9TO, €ClM MPE3UICHTOM CTPaHbBI, 00JIAIAIONICH SICPHBIM OPYKHEM,
CTaHeT HepBHBIN 4eoBek? ECTh M B 3TOM cilydae rapaHTHs, YTO OH
OyIeT MCKaTh MHPHBIA KOMIIPOMHCC, & HE IPHMEHHUT SIEPHOE OpYKHE?
Hert!

4. Ctpana, obs1afaomas siiepHbIM 0py:KHeM, MOKeT BO3/eliCTBOBAThL HA
MEKAYHAPOAHBIE COTJIALICHUS.

a

3a

OObIYHO TyTH pemIeHus MpoOiieM Ha MEXTyHapoJIHBIX (opymax ompe-
JICTSIOT CTPaHbl, 00JIaJaroNIe SAEPHBIM opykueM. Ecii ke Bce cTpaHsl
OyayT obnmazmaTh SIIEPHBIM OPYXKHEM, TO MEXTy CTPaHaMH BO3HUKHET U
COXpaHUTCs OanaHC BO3ACHCTBUS Ha PELIEHUE MEKAYHAPOIHBIX 3a/1a4.

.
=
1]
o
=
S
w

B pelieHru MeKIyHApOIHBIX 3a/1a4 HE BCE OIPEAEISIET AAEPHOE OPYyIKHE.
B Hacrosiiee BpeMsi 5KOHOMUYECKAst MOIIb U TIOTEHIHAN CTPAHbI UMEIOT
0oJiee BaXKHOE 3HAYCHHUE B JUIIOMATHIECKUX IEPETOBOPAX.
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5 ST O

1. OnpeaeanTe YUCJI0 MPOTOHOB, HEHTPOHOB U J1EKTPOHOB B aTOMeE
BoJb(ppama no Ieprnoauyeckoii cucremMe XMMMYECKHMX 3J1€MEHTOB.

W s

Volfram
A) B) 9 D) E)
ITpoTtonos — 110 ITpoTonos — 74 IIpotonos — 74 ITpoTtonos — 184 IIpotonos — 110
Heiitponos — 74 Heiitponos — 110 Heiirponos — 110 Heiirponos — 74 Heiitponos — 74
OnekrpoHos — 184 OnekTpoHoB — 184 OnekTpoHoB — 74 OnektpoHoB — 184 OnektpoHos — 110

2. Ha cK0/J1IbKO N3MEHHUTCSI MACCOBOE
YHCJI0 SIApa npu B-uznydennn?

3. Kakoii ¢opMyJ10ii MO’KHO BHIYHCIUTH
nedext Mmacco?

4. OnpeneauTe H30TOI JTeMEHTA, €ro
MaccoBoe (A) u 3apsinoBoe (Z) yucia,
BO3HHUKIIIUE IPH JAHHOM s1IePHOI
peakuuu:

227Th + bn > 12in + 4y

5. Ilepuon monypacnaga paguoak-
THBHOTO N30TONA PaBeH 2 MUHYTaM.
Ckoabko saaep pacnagaercs us 1500
sijiep U30TOMNA 32 2 MHHYThI?

A) He U3MEHUTCS

B) ymensmuTcs Ha 1 enuHMILy
C) yBenuuuTtcs Ha | enuHuUIly
D) yMeHbIHUTCS HA 2 €AMHUIBI
E) yBenmuuutcs Ha 2 ¢ IUHUIIBI

A)Am=§
B) Am =Zm, + Nm,, — My
C)AmzNﬁA
D) Am ==
E) Am = pV

A)A=98;Z=90
B) A=99; Z =40
C)A=98;Z=41
D)A=99; Z=41
E)A=51;Z=99

A) 1500
B) 375
C) 750
D) 500
E) 300

rnasa 4 ¢ ATOM M aTOMHOe A4po *
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. CINIOBAPb TEPMMWHOB .

A

AKKOMOAANMs — CBOMCTBO XpyCTajMKa IJ1a3a MEHATh CBOIO ONTHYECKYIO CUILY.

1 AmMnep — 3T0 cWJia IOCTOSIHHOTO TOKa, KOTOPBIM MPH NPOXO0XKAECHUH 10 ABYM TOHKUM
0OECKOHEYHO JUIMHHBIM MapaJIeIbHBIM IPOBOAHMKAM, PACIOJIOKEHHBIM B BaKyyMe Ha
paccTosHMM | M OMH OT APYToOro, BBI3BAM ObI HA KaXKI0M y4JacTKe MPOBOJHUKA JUTMHON 1M
CHIY B3aUMOJEHCTBHS, paBHyIo 2-107H.

ATOMHOE SI/Ip0 — 3TO YCTOWYMBAsi B3aMOCBsI3aHHAsl CHCTEMa, COCTOSIIIAs U3 MPOTOHOB
Y HelTpoHOB. [IpOTOHBI U HEINTPOHBI, 00pa3yIOIIKE AP0, HA3BIBAIOTCS HYKIOHAMU.

B

Bakyym — cpena cuiibHO paspsokenroro (10°—~1078 mm pr.cT.) Bosayxa. 3/1ech MOJEKYIIbI
ra3a Io4THd He B3aUMOJEHUCTBYIOT APYT JIPYTOM.

BakyyMHbIil AMOA — 6akyymmblil OANIOH, codepocawyuii Kamoo u avod, paboma
KOMOPO20 0OCHOBbIBACMCSA HA AGNEHUU MEPMOIIEKMPOHHOU IMUCCUU.

BornyTble JIMH3bI — JMH3bI, KOTOpPBIE B CEPEANHE TOHbIIE, YeM y KpaeB. OHU ObIBAIOT
JBOSIKOBOTHYTBHIMH, IIJIOCKO-BOTHYTBIMHU MIJIN BBIITYKJIO-BOTHYTHIMH.

Bornyroe cepnyeckoe 3epKano — 3T0 3epKajo, OTPaXKarollee JIydd CBeTa ¢ BHYTPEH-
Hell IOBEPXHOCTH CEPHUYECKOrO CETMEHTA.

BoinykJible JIMH3bI — JIMH3bI, KOTOPBIC B CEPEMHE TOJIIE, YeM y KpaeB. OHU ObIBarOT
JIBOSIKOBBIITYKJIBIMH, TUIOCKOBBIITYKJIBIMU MJIH BOTHYTO-BBIITYKIIBIMH.

Brinykiioe cpepraeckoe 3epKajio — 3TO 3€pKajo, pacCEeHBarollee JIydH CBETa C BHEMI-
HEll MOBEPXHOCTH C(EPUUECKOTr0 CErMEeHTa.

r

I'a3oBblii pa3psa — IpOTEKaHUE MIEKTPUIECKOTO TOKA Yepe3 Tas.

I'naBHasi onTHYecKasi OCh JIMH3bI — IIPsIMas JTMHUS, IPOXOAAIas dyepe3 HeHTpsl O u
0, chepuueckux MOBEPXHOCTEH, OrpaHNYHBAIONIHX JIMH3Y.

I'naBublii dokyc coduparomeii JIMH3bI — TOUKA, B KOTOPOH MepeceKaroTcsl Ty4H CBETa,
Ma/Ialolie Ha COOMPAIOIIYI0 JIMH3Y IMapaulelbHO TJIaBHOW ONTHYECKOI ocH, oHa 0003-
Hauaetcs OykBoii F. Touka riaBHOTO (hoKyca coOMparomeil JTMH3bI IeHCTBUTENbHAS, TOTOMY
YTO B 3TOM TOUKE MEPECEKAIOTCS] CAMU MPEIIOMIIEHHBIE B JIMH3€ JIy4H.

I'iaBHbIH (poKkyc paccenBaroLeil TUH3bI — TOUKA HA IIaBHOW ONTHYECKON OCH, Yepe3
KOTOPYIO TPOXOMASAT MPOJOJDKEHHUS PACXOASAIIErocs ITydka Jydei, BO3HHKAIOMIETO ITOCTe
MIPETIOMJICHUS B JIMH3E Jy4el, mapaUIebHBIX TJIaBHOW ONTHYecKoil ocu. ['maBHBIN (oKyc
pacceuBarouIel IMH3bl — MHUMBIH, TaK KaKk B 3TOM TOUKE IIEPECEKAIOTCS HE CaMU JIy4H, a UX
MIPOIOJDKEHHS.
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a

JedekT Macc — pa3HOCTb MEKAY CyMMOH Macc HyKJIOHOB M Maccoil siipa, KOTOpoe
COCTOMT U3 3TUX HYKJIOHOB!

Am = Zm, + Nm,, — M,.

3necs M, —macca siipa, Z 1 N — COOTBETCTBEHHO, YUCIIO IPOTOHOB M HEHTPOHOB B s/Ipe,
m;, — Macca MpoToHa, M, — Macca HEUTpoHa, Am —aeeKT Macchl.

JlnamMarHeTMKHM — 3TO BEIIECTBA, MarHUTHAsl MIPOHUIAEMOCTh KOTOPBIX MEHBIIE €/I1-
Hunel (U < 1). lnamarneruxu (Cu, Ag, Auu Bce MHEpPTHBIE ra3bl) ciiabo OTTaIKHBAIOTCS
MOCTOSTHHBIMU MarHUTaMH.

JM3JIeKTPUKH — 3TO BeUIeCTBa, He oOiajarone cCBOOOIHBIME HOCUTEISIMH 3apsijia 1
COCTOSIIIIME TOJIBKO U3 CBSI3aHHBIX 3apsI0B.

3

3aKkoH oTpakeHUs] cBeTa — IMATAIOIIMI Jyd, OTPAKCHHBIM Jyd M MEPIEHAUKYISD,
BOCCTAQHOBJICHHBIN B TOUKE MaJICHUS JTy4a, JexkKaT B OJHON IJIOCKOCTU. YTOJ NMajJeHUs paBeH
YOIy OTpaKeHus: f = a.

3aKoH MpeOMJIEHHSI CBeTa BbIpakaeTcs NByMs nosoxenusmu: 1) [Nagarommid myd,
MPEIOMIICHHBIN JIy4 U NEPIEeHANKYIIAp K TPaHULE Pa3/iena IBYX CPel, BOCCTAHOBICHHBIN B
TOYKE MaJIeHNs JTy4a, JIeXKaT B OAHOW IIOCKOCTH. 2) OTHONIEHHE cHHYyca yIila MaJeHus K

CUHYCY yIJIa IPEIOMIICHUS €CTh BEIMUMHA TOCTOSIHHAS ATl IBYX JaHHBIX CPEl:
sina.
2~ —n
siny
3apsaoBoe YMCI0 Apa PAaBHO YUCILY IPOTOHOB B spe. 3apsJoBOe YUCIO 0003HAUAETCS
OykBO# Z ¥ MUIIETCS B HIKHEM MHJIEKCE XUMHYECKOTO 3JIEMEHTA.

u

H30T0NBI — aTOMBI ¢ OJUHAKOBBIM YMCIIOM IIPOTOHOB B SIAP€, HO C pa3HBIMU MAaCCOBBIMU
quciaMu (TI0-TPEYECKH 1Z0S — 03HavaeT “OMMHAKOBBIN 1 tOPOS — 03HAaYaeT “MecTo”).

HNHayxnusi MArHUTHOTO 1OJIs1 (WM MarHUTHAsI MHAYKIWS) SBISIETCS CHIIOBOM XapaKTepH-
CTUKOW MarHWTHOTO TOJisl. MarHuTHas MHAYKIUS 0003HadaeTcs OyKBOM Bu XapaKkTepu3yeT
BO3JICHCTBHE MAarHUTHOTO ITOJII Ha MarHuT (WM TeJIO C MAarHUTHBIMH CBOWCTBaMH), TIOME-
IIEHHBIA B JAHHOC MAarHUTHOE 1ojic. MarHuTHasE MHIYKIUS SIBJSICTCS. BEKTOPHOM (prsrueckoit
BenuuuHOM. HampaBrienue BeKTopa MHIYKIIMKA MarHUTHOTO TIOJIS OTIPE/IEIISIeTCsl HallpaBJIeHUEM
CEBEPHOTO MMOJIF0CA MATHUTHOM CTPEJIKH, TOMEIIEHHOW B JAHHON TOUKE MAarHUTHOTO TOJIS.

I/IH}]yKlII/IOHHLIi/'I TOK — BO3HUKHOBEHHE JJICKTPUUECKOIO TOKA B 3aMKHYTBHIX BUTKAX,
HaXOJSIIMXCSl B IEPEMEHHOM MarHUTHOM I10JI€, HAa3bIBACTCS AG1eHUEM NEeKMPOMACHUMHOL
UHOYKYUU, 3 BOSHUKAOIIUIA TOK HA3BIBACTCS UHOYKYUOHHBIM MOKOM.

K

Koa¢dunuent pasMHo:keHUs] HEHTPOHOB — OTHOIIIEHUE YUCIIA HEHTPOHOB B JAaHHOM
MOKOJIEHUH 1IEMHON PEeaKIMK K UX YHUCTY B MPEIbIAYIIEM MTOKOJIECHUU:
Ncne/:( oliee
k= ==
ane,ubmyu.{ee
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J

JIuHeiiHoe yBenM4eHHe JUH3bI — 3TO (U3MUECKas] BEJIMYMHA, PABHAsl OTHOIICHHIO
JUHEHHOTO pa3Mepa H300paKeHHS K JITHEHHOMY pa3Mepy Tena. JInHeiiHoe yBeTmdeHe JIH-

361 0003HavaeTcs OykBo# [ (ramma):

F—H
=1

JIuH3a — mpo3payHOe TeNo, OTPaHMYCHHOE CPEPHUYSCKUMH MMOBEPXHOCTSAMHU (MHOTIA
OJTHA U3 ITOBEPXHOCTEH MOXKET OBITH TIOCKOIA).

JIMHMM MArHUTHOH WHAYKUMH — 3TO TaKWe JMHUM MarHUTHOTO TOJIs, KacaTeJbHas,
MPOBEJICHHAs K KaX/I0W TOYKE KOTOPBIX, COBMAJAET C HANpPABICHHEM BEKTOpA MAarHUTHOU

Y
MHIOYKUUU B B gaHHOM TOUKe.

MarHeTHKH — BEIIeCTBa, CIIOCOOHBIC H3MEHUTH MATHUTHOE TIOJIC.

MarHuTHasi IPOHHUIIAEMOCTH BEIeCTBA TIOKA3bIBAET, BO CKOJIBLKO pa3 MOy b MATHHT-
HO# MHIYKIIUK OJHOPOJHOTO MATHUTHOTO TIOJIS B BENIECTBE OTIINYACTCS OT MOJLYJISI MATHUT-
HOI HHIYKIIMH TOJIS B Bakyyme B:

B
n= Bo + Buu = E, B = uB,.
B, By

MarHuTHOe 1oJie — 5TO BUJ] MATEPHH, BO3HUKAIOIINI PH ABIKCHUH 3JICKTPUIECKOTO 3apsiia.

MaccoBoe 4HCJI0 sIpa paBHO 00LIEMY YHCITY HYKJIOHOB B siipe. MaccoBoe 4uciio 0603-
HadaeTcs OykBod A. MaccoBoe uncio (A) = 4ucio npoToHoB (Z) + uucio Heitponos (N):
A=Z+N.

MuuMoe u306pakeHue — 370 H300paKeHUE, MOTYyYaEMOe MEPECCUCHUEM PO IOKESHHN
MPEIIOMIICHHBIX JIydel MOCIe MPOXOKACHUSI JINH3bI UITH JTy4Yell, OTPaKEHHBIX OT 3epKaa.

H

HecamocrosiTenbHbIH pa3psil — TasoBbId paspsil, NPOUCXOIAIIMHA IO JEHCTBUEM
HOHM3ATOpA.

o

Onruka (oT rpedeckoro ciioBa OptoS — “BHAMMBIN) — pa3nues (U3MKH, W3yYarolui
CBETOBBIC SBJICHHUS.

Onruyeckuii HeHTP JUH3BI — Touka O, Haxojsascs B IIEHpE JMH3bI Ha TJIaBHOU
ONTHUYECKON OCH.

OnTHyeckasi CHIa JIUH3BI — BEIMYKMHA, 00paTHAs MIaBHOMY (DOKYCHOMY PacCTOSIHHIO
mua3bl. Equanteit ontrdeckoit cuibl B CU sBnsiercs auontpust (1 amrp).

1 AMONTPHUS HTO ONMTHYECKAS CHJIA JIMH3EI, (POKYCHOE PACCTOSTHHE KOTOPOH paBHO 1M:
1 1
D] =—=—=1onmp.
[D] 1 p
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OnTHyecKylo cucTeMy IJa3a o0pa3yloT MPO3pAadHBIC 3JIEMEHTHI: pOroBas 00OJIOUKA,
Mepe/IHsIsl KaMepa, XPYCTalIK U BHYTPEHHsIsl KaMmepa, MPEeIOMIISIOLIME CBETOBOM JIyd B IJ1a3e.

i

IMapaMaraeTHKH — 3TO BEUICCTBA, MATHUTHAS MPOHHUIIAEMOCTh KOTOPBIX HE3HAUUTEIBHO
Oounbrre equaunel (L > 1). [apamaraeruxu (Al, Li, 0,, Na u apyrue) cnabo nmpUTATHBAOTCS
IMOCTOSIHHBEIMH MarHUTaMHu.

IMornomenHasi /103a M3JIy4YeHUss — 3TO (HU3MYECKas BEIUYUHA, H3MEpseMas OT-
HOIICHHEM MOTJIONICHHON TEJIOM YHEPIHU K €r0 Macce:

E
D=—.
m
IHoynpoBOAHMKH — 3TO BEIIECTBA, Y KOTOPHIX YHCIO CBOOOAHBIX HOCHUTENCH 3apsma

3aBHCUT OT BHEIIHETO BO3JCHCTBUS (TEeMIIEpaTyphl, OCBEIECHHS, BHECEHUS NPUMeceil B UX
COCTaB | JpyTHE).

IlocToAAHHBIE MATHUTBI UM MATHUTBI — BEIIECTBA, JUIMTEIBHOE BPEMsI COXPaHSIOLIIe
CBOM MarHUTHEIE CBOIICTBA.

IIpaBuJio JeBoii pyKH 1/l CHIIBI AMIIepa — JIEBYIO PYKy HaJl0 IOMECTUTh B MATHUTHOE
TI0JI€ TaK, YTOOB! JITHUM MarHUTHOW MHIYKIIMHM BXOIWIN B JIaJJOHb, & YETHIPE BBITSIHYTHIX
nablia ObUIM HaIlpaBJIeHBI [0 HAIPaBJICHUIO TOKA, IIPH 3TOM OTOTHYTHIH Ha 90° Gosbinoi
nayen yKaxeT HalpaBJIeHHE CHIIbI AMIIepa, eHCTBYIOIIEH Ha IPOBOJI C TOKOM.

IIpaBuio aeBoii pyku aas cuiibl Jlopenna — 1eByro pyKy Hago IOMECTHTh B MarHNT-
HOE TT0JI€ TaK, YTOObI BEKTOP MarHUTHOW MHAYKIMN BXOAMI B JIAJIOHB, @ YETHIPE BBITIHYTHIX
nasblia ObIIM HANPABJICHBI 10 HAMPABJICHHIO JBM)KEHHS ITOJIOKHUTEIHFHOTO 3apsaaa (IpoTHB
HaTPaBJICHUS JBIDKEHUS OTPHIATENBHOTO 3apsana). [Ipu stom oTtorHyTHIH Ha 90° G0MbIION
Tasel NOKa)keT HallpaBlIeHnue JeHcTBHs critbl JIopeHna Ha 3apsi.

IIpestiomileHne cBeTa — N3MEHEHUE HAMPABICHUS PACIPOCTPAHEHNU JIyda CBETA MPHU HPO-
XO)KACHUH U3 OJTHOM Cpelibl B IPYTYIO Ha TPaHHUIIE 3THX Cpe/l.

Ilepuoa mosypacnmaga — NMpOMEXYTOK BPEMEHH, B TE€UEHHE KOTOPOTO paclamaeTcs
MIOJIOBHA MMEIOIUXCSI PaJHOAKTUBHBIX SIZIED.

4

PainoakTMBHOCTH — SIBJICHUE CAaMOTIPOU3BOJIBHOTO, O€3 BHEIIHETO BO3/ICHCTBUS, U3ITY-
YCHHS ATOMOB, & CAMO 3TO U3JTy4YCHHE HA3bIBACTCS PAJAMOAKTUBHBIM U3IIyYCHUCM.

PaninoakTMBHOE NpeBpaleHne — CaMONPOU3BOJILHOE TIPEBPAIEHUE OAHOTO PaHOaK-
TUBHOTO si[pa B IPYroe spo.

Porop (ot natuHCKOTO cioBa oto — ““Bpararo’) — siBIsIeTCS TIOABMYKHOM YaCThIO IBUTATETIS,
MOMEII[aeTCsl BHYTpH craropa. Potop B hopMe MUIMHIAPUIESCKON PaAMKH SIBIISETCS JIEKTPO-
MarauToM. OH HHOTIa Ha3bIBACTCS AKOPEM.

C

CaMocTosATeIbHbII paspsa — OPOXOXKACHUEC JICKTPUYCCKOIO TOKa 4YEpE3 ra3 mnpu
OTCYTCTBHUH BHCHIHCT'O MOHU3ATOPA.
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CBepxnpoBoAUMOCTh — (hHU3WYECKOE SBICHHE, 3aKIIOYAIOIIEeCs] B CKadKOOOpa3HOM
MaJCHUU 10 HYJISA DJICKTPUYECKOI0 CONMPOTHUBIICHUA BCIICCTBA IPU OHpe}IeJ’[eHHOﬁ TCMIIC-
patype, Ha3bIBAEMOM Kpumu4ecKkou memnepamypou.

Cuiia Ammnepa — cuiia, ¢ KOTOpOil MarHUTHOE TI0Jie AEWCBYeT Ha MPOBOJHHUK C TOKOM H
paBHasi IPOU3BEJCHUIO CHUIIbI TOKA, MOIYJISI MAaTHUTHOW MHIYKIWH, JUIMHBI IPOBOJHUKA U
CHHYcCa yIJa MEK/y HalpaBJIeHUEM TOKA U BEKTOPOM MAarHUTHOW MHIYKIIUH:

Fj = IBlsina.

Cuana Jlopenna — cuina, JelCTBYIOIIA Ha ABWKYILYIOCS 3apsHKEHHYIO YaCTHUILy CO CTO-
POHBI MarHUTHOTO TIOJISL: Fj1 = quBsina.

Crarop (ot nar. St0 — *“cT010’”) — HETIOABM)KHASI YaCTh SJIEKTPUIECKOTO IBUTATENS, COCTOUT
U3 MIOCTOSIHHOTO MarHUTa, 3aKPEeTUICHHOTO K KOPITYCY, WM KaTYILIKH C JKeJIE3HBIM CEp/ICYHUKOM
(anextpomarnuTa). MHOrAa cratop HasbIBalOT undykmopom. B cratope cosmaercst MOIIHOE
MarHUTHOE IIoJe.

Cdepnueckoe 3epKajio — OBEPXHOCTH Tela B (opme chepuieckoro cerMeHTa, 3ep-
KaJIbHO OTpPa)KaloIasi CBET.

T

Tadnauna CHeJllleHa — NPUMEHSAETCS B MEIWLMHCKNX YUPEKACHHUAX IS IPOBEPKH
OCTpOTHI 3peHus y mojeir. OHa coctonut u3 11-12 cTpok MPOU3BONBEHO HANMMCAHHBIX OYKB.
Camsble KpynHbIe OyKBBI HAIIMCaHBI B NIEPBOIM CTPOKE, OT CTPOKU K CTPOKE pasMephl OYKB
MOCTENICHHO yMEHbIIatoTca. HopManbHbIN I71a3, HE Hampsrasch, BUAUT OyKBbI B IEPBOH
CTpoKe ¢ paccTosHus 60 M, a OyKBbI U3 9-if CTPOKHU — C pacCTOSHUS OM.

TepMo3/1eKTPOHHAS IMHUCCUS — SIBIICHHE UCITYCKaHUS 3JICKTPOHOB C MTOBEPXHOCTH Me-
Tajja, HarpeToro 10 BEICOKON TeMITEpaTypHl.

TepmosiiepHasi peakuusi — peakuusi CIMSAHUS (CHHTE3a) JIETKUX sIep, MPOTEKAOIINX
TIpY OUEHb BBICOKOH TeMIepaType.

TeMmnepaTypHbIii K03 (HIHEHT CONPOTHBICHUSI YHCICHHO PABEH OTHOCUTEILHOMY
M3MEHEHHIO COTIPOTUBIICHUS MIPOBOIHUKA TIpH HarpeBaHuu ero Ha 1°C (1 K):

R—-Ry; R-—-R
TRt T RAT

OTHOCUTENPHOE H3MEHEHHE CONPOTHUBICHHS IPOBOJHHKA MPSMO IMPOIOPIIHOHAIBEHO
W3MEHEHUIO TEMIIEPATYPhI:
-0
R,
JUI 9UCTBIX METAJTIOB TeMITepaTypHBIH KO3 (GHUIIEHT CONPOTUBICHHS o Bceraa > 0 u
paBeH HIKENPUBEACHHOMY 3HAYCHHIO:

= at = aAT.

11 11

“ ¥ 273°C T 273K

1 Tecsia — MarHuTHasE UHIYKLIUS TAaKOTO OJHOPOAHOTO MAarHUTHOTO TOJIS, KOTOPOE Ha
Y4acTOK MTPOBOJIHUKA JUTHHOH 1M, pactoNOoKEHHOTO TIEPIEHIUKYIISIPHO JTMHUSIM MarHUTHOM
UHAYKIUH, TIpU cujie Toka 1A neifctByer ¢ cuioi, pasHoit 1 H:

B]=1— =1 47
A wm A O h
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ToHkas JMH3a — JIMH3a, TOJIIMHA KOTOPOM HAMHOIO MEHBINE PAaJUyCOB KPHUBU3HBI
muH3bl Ry 1 R,.

ToueuyHbIii HCTOYHHMK CBeTa — HCTOYHUK CBETA, pa3MepaMH KOTOPOTO MOXKHO NPEeHEO-
pedb NIPYU JAHHBIX YCIOBUSX.

y

Ynem)l-laﬂ JHEPIUus CBA3H — DOHCPTUA CBA3H, IPUXOIAIIas Ha OJUH HYKJIOH!

DeppoMAarHeTHKH — 3TO BEIIECCTBA, MAaTHUTHAS IIPOHUIIAEMOCTH KOTOPBIX BO MHOTO pa3
Oonpme emuaUIBL (L > 1). Deppomarneruku (Gd, Fe, Ni, Co 1 HEKOTOphIE UX CILIaBBI)
CHIIbHO MPUTITUBAIOTCS MOCTOSHHBIMU MarHuTamu. Bce (eppoMarHeTHKH — KPHUCTAIITH-
YeCKHe BEIIECTBA.

DokajabHas MIOCKOCTh JUH3bI (TN CHEpUIHOTO 3epKaia) — INIOCKOCTh, POXOIAIIAs
4epes I1aBHY0 ()OKYCHYIO TOUKY JIMH3bI IIEPIICHIUKYIIIPHO TJIABHOM ONTHYESCKOM OCH JINH3BI.
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DJIeKTPOJIMTHI — PACTBOPHI (MITM PacIlIaBbl) BEIIECTB (CONb, KUCIOTA | IENI0Yb), IPO-
BOJISIIIIME DIICKTPUUCCKUN TOK.

DJIeKTPOJIMTHYECKAs IMCCONMAIMS — IIPOLIECC paciiaia HEUTPAIBHBIX MOJICKYT B BOJIE
Ha MOJI0KUTEIbHBIE ¥ OTPULIATEIbHBIC HOHBI.

DJ1eKTPOJIM3 — ITPOIIECC BBIACICHHS BEIIECTBA Ha 3JIEKTPOIaX MIPY MPOTEKaHNH 3JIEKTPH-
YECKOT0 TOKa Yepe3 IEKTPOIIHT.

DJIeKTPOABHUIaTeIb — 3TO YCTPOWCTBO, NMPeoOpasyroliee AIEKTPHUECKYIO IHEPTUIO
B MEXaHHUYECKYIO.

DJIeKTPOMATrHUTHAsI HHAYKIMS — SIBJICHHE BO3HMKHOBEHUS HJIEKTPUYECKOIO TOKA B
3aMKHYTBIX BUTKaX, HAXOSIIMXCS B IEPEMEHHOM MarHUTHOM I10Jie, a BO3HUKAIOUIUI TOK
Ha3bIBACTCS UHOVKYUOHHBIM MOKOM.

JIEKTPOHBOJIBT — PaBEH KUHETUUECKOM SHEPIUH, MOIYyYEHHOM AJIEKTPOHOM B IpoLecce
YCKOPEHHUS MEeXJTy IBYMs TOUKaMH ¢ HanpsbkeHrneM 1 B.

DHeprus cBsA3M AAPa — 3TO MUHUMAJIbHASA SHEPIHS, HEOOXOAMMAs JUIS PACIIETIICHUS
Spa Ha OT/ICNIbHbIC HYKIOHBI.
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SInepubie CHIBLI — CHIIBI, YIEPKUBAIOIIME YACTHUIBI (POTOHBI U HEWTPOHBI) B SIPE,
NEACTBYIOT Ha paccTostHUAX < 10715 .

SInepHbIii peakTop — 3TO yCTPOUCTBO, MO3BOIISIOIIEE MOTYYaTh YIPABISAEMYIO IEMTHYIO
SIEPHYIO PEAKIIMIO U COXPAHSATE €€ B TEUCHHE HYKHOTO BPEMEHH.
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