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ANEKTPUYECKUIN TOK
" B PASJIMYHbLIX CPEOAX

m KJ'IACCI/I‘-IECKAFI SNEKTPOHHAA TEOPUA
ANEKTPOMNMPOBOAOHOCTU METAJIJTIOB

B 1916 rogy amepukaHckue yyeHble Puyapg Tonmad n Tomac CTioapa NpoBenu UHTepe-
CHbIN OnbIT. [Py MOMOLLUM CKONB3ALLNX KOHTAKTOB KOHLibI KaTYLLKW, COCTOSILLEN N3 MHOrO-
YNCMNEHHBIX MEAHbIX BUTKOB, ObINM NPUCOEANHEHbI K rarnbBaHOMETPY.

[Mpu pe3kon ocTaHOBKE KaTyLUKM,
BpaLlarLLencs ¢ 60nbLIO CKOpo-
CTbiO, CMELLEHNE CTPENKN ranb-
BaHOMeTpa MoKa3bIBaET, YTO B
Lienu ¢ KaTyLLKOW BO3HWKaeT
ANEKTPUYECKNI TOK.

* Kakum BLIBOAAM npuwiny ” Y Bpawyenue =g U Peskas ocmanoeka
yuYeHble nocre 3Toro onbITa? me— xamyuk ma— o———

'vnoTesy “aneKkTponpoBOAHOCTL METANSOB CTb YNOPSAOYEHHOE ABMKEHNE CBODOAHbIX
ANEeKTPOHOB” BNEpBble Npeanoxun Hemeuknin puaunk Kapn Pukke. CnpaBeaniMBoCcTb 3TON ru-
notesbl OH noaTeepann B 1901 rody, NpoBeast KNacCUYECKUN IKCNEPUMEHT.

PesynbTtaT akcnepumeHnTa K.Pukke.

Xopa uccnepoBaHuA: BHMMaTenbHO npouyvTanite npuBefeHHOe

HIDKe KpaTkoe onuncaHue akcnepumenTa Pukke n cchopmynupynte

CBOIO MMMNOTE3Y MO pe3ynbTaTtam dKCnepuMeHTa. :}

K uenn mocTosiHHOrO TOKa MocrnefoBaTeNbHO MOAKIYAOTCA MIOTHO MpwXaTble APYr K

Apyry TPy MeTanmuyeckvx LmnmHapa ogmHakosoro pasmepa. KpaliHve meaHble, a cpeqHui

— anoMuHMeBbIv (a). Yepes roa HenpepbIBHOMO NPOTEKaHWS 3MEKTPUYECKOro Toka Yepes

3TV UMNMHAPBLI BbINM NccneaoBaHbl X NOBEPXHOCTU COMPUKOCHOBEHWSI. Bbiio 8bIs8r1eHo,

4mo, HecMompsi Ha OrumMesibHoe fPomeKaHuUe 3MIeKMPUYECKo20 MokKa, He rpoucxooum

nepeHoca amomog Medu 8 almoMUHUU, @ amomMo8 artoMUHUSI 8 MeOkb.

O6cyauTte pe3ynbrar:

o K kakomy pesynbTaTy MOXHO NPUITW NO pesynbTataM UCCNEAOBaHUS: U3 OBUKEHU
Kakmx HOCUTENen 3MNeKTPUYECKMX 3apsaoB COCTOMT 3JMEKTPUYECKUin TOK B ME&ga
nuyecknx nposoaHukax? MNoyemy?

Kitaccuueckast 371eKTpOHHAs TEOpHsl AJIEKTPOIIPOBOIHOCTH BEIIe
kera B 1900-1904 romax HemelkuM ydeHsM [laye
ckuM yuenbM Jxo3zepom JIrxonom Tomconom 8561
HeIM XenapukoM Jlopenuem (1853-1928). P
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CoracHO KJIacCHYECKOW 3JEKTPOHHON TEOpHUH, MO COCOOHOCTH 3JEKTPONPO-
BOJHOCTH BEIICCTBA JEJSATCS HA TPH TPYIIIBL: NPOBOOHUKY, OUIEKMPUKU U NOTTY-
nPOBOOHUKU.

o Ilposoonux — seuyecmeo, Komopoe Xopouto npogooum snexkmpudeckuti mox. K
MPOBO/IHUKAM OTHOCSITCS: METAJUIBI, JIEKTPOIUTHI, IIa3Ma U Ap. BraxHblil BO3MyX,
Tena )KUBOTHBIX M YEJIOBEKA MOTYT TAK)KE MPOBOJIUTH 3JICKTPHUYCSCKHI TOK.

o /luanekmpux — 5mo eeuyecmeo, He obradarousee c60000HbIMU HOCUMETSMU 3aPSi-
0a u cocmosiuyee MOIbLKO U3 CEA3AHHLIX 3aps1008. DTU 3apsiabl 00pa3yIOT CHUIIBHBIC
MOHHO-3JIEKTPOHHBIE CBSI3U M MOTYT COBEpIIATH OYCHb HE3HAYUTEILHBIC TePeMEILICHUST
OKOJIO TMOJIOKeHHs paBHOBecHsl. [103TOMy IMANEKTPUKH HE MPOBOIST AIIEKTPUUECKUH
TOK. K TH3IekTprKaM OTHOCATCS: T'a3bl PH OOBIYHBIX YCIOBHSX, HEKOTOPBIC XKHUIKOCTH
(IMCTUILIMPOBaHHAs BOAA, MacllO | JIp.), CTEKIIO, KaydyK, KepaMHKa U Jp.

o IToaynpo6ooHuK — smo 8ewiecmeo, y KOmopo2o 4ucio c60000HbIX Hocumenell 3a-
PA0a 3a8UCUM O BHEWHE20 B030eliCMEUsL (MeMNepamypbl, 0C6eujeHsl, BHeCeHUst NPU-
Meceti 8 ux cocmas u 0p.). K monynpoBoJHAUKAM OTHOCSTCS: TEpMaHHM, KpEMHHUH, cepoe
0JIOBO, HEKOTOPBIC OKCUJIBI M CYIb(OUIIBL, TEJLTYPHIIBI U T.JI.

B uem 3akmiouaercs ¢puznvecknii MeXaHN3M IJIeKTPONPOBOTHOCTH MeTaJ-
JIMYeCKHX MPOBOTHUKORB?

DusnUeCKU MEXaHNU3M 3JICKTPONPOBOHOCTH METATUTMYECKUX MPOBOTHUKOB OII-
PEIEIIETCS] OCHOBHBIMU NOJOJCEHUAMU KAACCUYECKOU IAEKMPOHHOU MEOPUU:

o Memanavt — 5mo Qusuueckue cucmemvl, umeiowue KPUCIALIUYECKYIO CIPYK-
mypy. B 00b1unoM cocmosuu Kaxcowlii amom Memaiid, mepsisi a1eHMHbI J1eKMpPOH,
npespawaemcs 8 NOL0JHCUMENbHbI UOH. DM UOHbL, PACNONALAACH 8 Y311AX KDUCALIU-
YECKOU peuiemKu, COBEPUUAIOM KONeOAMENbHbIE OBUNCEHUST BOKPYS ONPeOeleHHbIX
nonodxcenutl pagrnogecust. I109momy uonbl He Mo2ym y4acmeogamy 8 npoyecce co30a-
HUsL DIEKMPUYECKO20 TMOKA 8 MeMAJLIAX.

® Bienmmuvie 31eKmpoHbl MEMALIA, NOMEPSGUIUE C8513b C AMOMHBIM 0POM, C8O-
000HO nepemewjaromces 8 MeICUOHHOM npocmpancmee. Tlosmomy maxue s1eKkmpo-
Hbl HA3bIBAIOMCSL C80H00HBIMU INeKmponamu. Onpeodeneno, 4mo KOHYEeHMpayusl

1
C60600HBIX /1eKMPOHOB ONsl HeKOMopbix Memanios cocmaensem 1026 — 1028 =.
M

o Hpu omcymcmeuu dj1eKmpuieckozo noJii c60b00HbIE JJIEKNIPOHbL 6 Memaliie,
6 pe3yibmame MHOCOYUCIIEHHbLX CmO]lKHOGeHMZZ, coeepwiaiom xaomudeckoe

dguoiceHue. Imo ogudiceHue cxodice ¢ 6ecnopa0oUHbIM (b)
Menio8biM OBUNCEHUEM MOEKYIL 2a3d, NOIMOMY C80-
000Hble 2IeKMPOHbL 8 MEeMmailax paccMampuearomcs

Kak Mmoodenb 3J1eKmpoHHo2o 2a3a. Ha pucyuke npepoi-
8UCMOU JUHUEU HNOKA3aHA MPAeKmopus O8UdCEeHUs =
001020 d7eKkmpona 8 dnexkmponnom 2aze (b).

o Dniekmpuueckoe noie, 803HuKuiee npu NOOCoeOUHeHuu npoeor
HUKY MOKd4, npespawjaem Xaomuyeckoe O0gujiceHue c80000HHIX
YnopsaooueHHoe HanpasiienHoe osudicenue. lpu smom cxgpochiy yno,
O0BUIICEHUS KAXHCO020 DNEKMPOHA 3A8UCUM OM 08YX QAKMO,

a) om Koauuecmea CMoJKHOBEHULL C UOHAMU,

b) om anexmpuyeckozo nos.

° rmaea 1 * OneKkTpu4eGRUN T

cpepax °



CKOpOCTh YIOPSIOYEHHOTO JBUKEHUSI CBOOOIHBIX AJIEKTPOHOB B ITPOBOJIHUKE
ouenb Mana (= 0,1+ 10 M—:).

DTO MPOUCXOAMT MO TOH MPUYMHE, YTO CBOOOTHBIC SJIEKTPOHBI TIPH JIBHKEHHUH
HCIIBITHIBAIOT OECUMCICHHOE KOJMYECTBO COYIaPEHUH C HOHAMH KPHUCTAITMYECKOi
E pemeTkd. OTH COyJapeHusi TOPMO3AT
YIOpSAOYEHHOE JIBM)KEHHE CBOOOI-
HBIX 3JIEKTPOHOB ().

Hmak, anekmpuueckuii mox 6 me-
MANTUHECKUX NPOBOOHUKAX — IMO pe-
3YA6Mam YRopsa0O4eHHO20 OBUNCEHUS
CB80000HBIX INEKMPOHO8, KOMOPbIll He
npUBOOUM K U3MEHEHUI0 XUMUYECKO20
cocmasa memania.

Ho ecsii 371eKTPOHBI B IPOBOAHUKAX IBUIAIOTCH C TAKOH MAJIOH CKOPOCTHIO,
1oyYeMy ke MPH HA’KATUU HA BKJIIOYATEb JIAMIIA CBETUTCS MTHOBEHHO?

CKOpOCTh pacpoCTpaHEHHsI TOKa B IPOBOAHUKE BOBCE HE SABISIETCS] CKOPOCTHIO
YHOPSIOYEHHOTO JBMKEHUS CBOOOIHBIX 3JIe KTPOHOB.

Ckopocmb 21eKmpuiecko2o0 moKa 6 NPo8OOHUKe PABHA CKOPOCMU pACnpoCmpa-
HeHUs DJIeKMPUYECKo20 NOoJisl 8 HeM. DleKmpuyecKoe nojie 8 nposooOHUKe pacnpo-
CMpansiemcs ¢ 04eHb OOIbLULOU CKOPOCIbIO — CPABHUMOIL CO CKOPOCMbIO PACHPO-
cmpanenus ceema 6 eaxyyme ~ 3 « 10° m/cex.

(c)

TBOpUYeckoe NnpumMeHeHue

(o

3apada. 3a kakoe BpeMsi anekTpudeckuin Tok 3 baky gocturHet ropoga banakeH no
nposogam obuien gnuvHon 450 km? CKOpOCTb 3MEeKTPUYEeCKOro Toka B MPOBOAHUKE
2,5.10% km/c.

YTO Bbl Y3HAMU * NMepenuwuTe B pabo4ymMin NMCTOK He3aBepLUeHHbIe Npeasio-
XXEHUS U 3aKOHYMUTE UX.

1. Mo anekTponpoBOAHOCTM BELLECTBA AENSATCS Ha TpW rpynnsbl ...

2. Mogenb aneKTpOHHOro rasa ...

3. CKOpOCTb 3NEKTPUYECKOro TOKa B MPOBOAHWKE ...

4. OCHOBHbIE MOMOXEHMUS KIACCUYECKOW SNEKTPOHHOW TEOPUN Me-
Tannos ...

.

1. Kakow BbIBOg MOXHO caenatb n3 akcnepumeHTta Pukke? OTBeT 060cC
2. Moyemy meTannbl B 06bIYHOM COCTOSIHUW 3MEKTPOHENTPANbHbI?
3. YT0 HeobxoauMo caoenaTth 4S8 pacnpoCTPaHEHUS ANEKT
4. Kak MOXXHO 0600LLMTL OCHOBHbIE MOMOXEHWUS Kaccu Ol 3N

Tannax?
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m 3ABI/ICI/IMOCTb COMNPOTUBIEHUA METAINOB
OT TEMINEPATYPbI

BnepBrbie B Mupe B OxHOM Kopee CTpoAT HEOObIYHYIO NIMHUIO 3rieKkTpornepeaay, co-
eavHsoLWwy LeHTp ctonuubl Ceyna ¢ ero npuropogamu. MeTannvyeckuin npoBOf,
anvHon 20 KM, UCnonb3yeMbl B 3TOW NUHUM SNeKTponepenadn, COCTOUT U3 SNEKTpuU-
yeckoro kabens, B KOTOPOM NMPOBOA MOMELLEH B Xnakui asot (a). OxupgaeTcs, YTo ¢
3TOW NMHUEN 3MeKTponepeaayn, ¢ NOMOLLLID a30THOrO KaHana, KOfM4ecTBO 3NEKTPO-
3Hepruun, noctaensemoe noTpebuTensm, ysennuutca B 800 pa3 no cpaBHEHWO C

06bIYHBIMM FIMHUSIMU 3IEKTPONEPEAAYN TOTO KEe CEeYEHNS.
BHewHss 3awum+as obosoyka

(a) ObpamHbil KaHan
OIS KUOKO20 Tennousonsayus

Huanekmpuk
Kapkac ¢ kaHanom

0r1s1 XKuOKo2o azoma

Ceepxnposodsuas neHma (3 ¢hasbl) MedHasi obonouka Onsi mepmocmabunusayuu

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

:
(b)

MpoBepka 3aBUCUMOCTU

COMNPOTUBIIEHUSI NPOBOAHUKOB OT

Temnepartypbl.

O6opyaoBaHue: UCTOYHMK

MOCTOSIHHOIO TOKa, CTanbHas cnvparb,

amnepmeTp, CNMpToBKa (Mnn ceeva),

CMWYKM, LUTATMB, KIHOY, CO-

eOVHUTENbHbIN NPOBOA,.

Xop uccnepoBaHus:

1. Cobepute nocnenoBaTernbHYH 3MNEKTPUYECKYHO Lienb, NPeacTaBneHHyIo Ha pucyHke (b).

2. 3aMKHYB K104, OTMETLTE CUITy TOKa B LIEMW MO MoKasaHuaM amnepmMeTpa. [pu nomoLum
3aX0KEHHON CMMPTOBKM HarpenTe B TeyeHne 1—2 MUHYT crnvpanb C TOKOM W npocre-
AvTe, Kak U3MEeHSIeTCs cuna aneKTPUYECcKoro Toka.

3. MoTywmB cnMpTOBKY, NpoHabntoganTe 3a NnokasaHWsMK amnepMeTpa Npu oxnaxaeHum
cnupanu ¢ TOKOM.

O6cyauTte pe3ynbTarhl:

e Kak nsmeHsietca cuna Toka B Lieny Npu HarpeBaHUM U OXNaXOEeHUN MeTanm4yeckom
cnvpanu ¢ TOKkom?

¢ K kakomy BbIBOAY Bbl MPULLAN B XOAE UCCNEeAoBaHUS? '

[

Pe3yJ'H>TaTI>I HCCJICA0BAHM MOKAa3aJin, 4YTO MMPU U3MCHCHUU TCMIIC bl CQEIPO-
THUBJICHUC MCTAJUIMYCCKOTIO IIPOBOJHUKA TOKEC MCHACTCA: GeIU1YEeHU emMnéepa-

mypsl conpomuejieHue memaiiudecKkoco npoeoduu yeeil emcs, VMEHb-
weHuu memnepamypvl — YMEeHbULAENICA.
° maea 1 * OneKkTpu4eGRUN T asnu cpepax ° 11




Iouemy npu HArpeBaHHN METAJJIMYECKOT0 MPOBOTHHKA €ro CONMPOTHBIIE-
HHe yBeJnuuBaerca? CoriacHO KJIACCHYECKOU IIIEKTPOHHOM TEOpPHUH, MPHU HATpe-
BaHUU METAJUTMYECKOTO MPOBOHUKA C TOKOM aMIUIHTY/1a KOJIeOATEIIbHOTO JBYKE-
HUS TIOJIOKUTEIBLHBIX HOHOB, HAXOSIIUXCS B y3JIaX €ro KPUCTAITMYSCKON perier-
KH, YBEIINIHBACTCS.

(c) B pesyisbrare 4uCiO CTOJIKHOBEHUH YHOPALOYEHHO ABUXKYILUXCS

o

CBOOOJHBIX 3JIEKTPOHOB C MOHAMHU PE3KO YBEIMYUBACTCA, CIIEI0-
BaTENbHO MPH HarpeBaHWW CONPOTHBIIEHUE MTPOBOJIHUKA YBEIHUH-
BaeTcs. B uTore cuia Toka B METAIMUECKOM MPOBOJHUKE YMEHbB-
mraetcs. B unTepBasne HeOOIBIINX TEMIIEPAaTyp CONPOTHBICHHUE Me-
TaJNTMYECKUX MPOBOJHUKOB JIMHEHHO 3aBHCUT OT TEMIIEPATyphl, U
3Ta 3aBUCHUMOCTh OIpeaelssercs cieayroiieit dpopmymnoit (b):

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

3neck Ry — conpotusnenue nposoanuka npu temneparype 0°C (273 K), R — co-
MPOTHUBIICHKE NTPoBoAHKKA pu Temiieparype t (T), o — remnepatypHbiii Ko3hduiu-
CHT CONIPOTUBJICHUS.

o Temnepamyphviil KOIpghuyuenm conpomueneHus YUcieHHO PadeH OMHOCUMETb-
HOMY UZMEHEHUIO CONPOMUBIEHUs NPOBOOHUKA npu Hacpesanuu e2o Ha 1°C (1K):
R—Ry R—-Ry 12)

Rot  RAT .

Omuocumenvroe uMeHenue CONPOMUBIeHUs NPOBOOHUKA NPIAMO NPONOPYUO-
HANbHO USMEHEHUI0 MeMNEPAmypbi.

R —R,
— = aAT. (1.3)
Ro
I[J'I}I YUCTBIX METAJIJIOB TeMHepaTypHBIﬁ KOE)q)(i)I/IIII/IeHT COITPOTHUBJICHUSA ((X,) BCeraa

6onbuie 0 1 paBeH HIKENPUBEICHHOMY 3HAUCHHIO:
1 1 11
AR = == ==5 =
273 °C 273 K
AmHanorunyHo BeipaxkeHuto (1.1) MOXkHO 3anucarh GOpMyILy JJisi TEMIIEPaTypPHOH
3aBHCUMOCTH U YAEIBHOTO CONMPOTHUBIICHNS METAITIMYECKOTO MMPOBOIHHUKA:
p = po(1+ at) = po(1 + aAT). (1.4)
3aBUCUMOCTb COIPOTHUBIICHUSI METAIJIOB OT TEMIIEPATypPbl UCIIOIL3YETCS B CIIe-
LUaBHBIX MpHOOpax, HaIpUMep, B TepMOMeETpax conpotusienus (d). Itu Tepmo-
METPBI, U3TOTOBJICHHBIE U3 YUCTHIX METAJIOB, JAIOT BO3MOXXHOCTh U3MEPSITh OUCHb
BBICOKHME WJIM OY€Hb HU3KHE TemIieparypsl. Hampumep, MmiaTuHOBBIH TepMOMETD
MOXKET M3MepATh TeMieparypy B uHTepBaie —264°C+1064°C, a MenHbId Tep-
MomeTp — B uHTepBaie — 50°C+180°C.

o>0

~

a =

(d) s

#

P
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Bo3M0:kHO JIM TOJTYYHTH MeTAJUNIMYeCKU I MPOBOAHUK € TAKOH BBICOKOH JJ1eK-
TPONPOBOIHOCTHIO, YTOOBI CONMPOTHBJIEHHE MOKHO OBLIO CYHMTATH PABHBIM
HyJ110? [Ipy oueHb HU3KUX TEMIIEPATypax Y HEKOTOPBIX METAIIIMUYECKUX MPOBOJHU-
KOB CONPOTHBJICHHE CKaYKOOOpasHO HajgaeT A0 Hyss. DTOT 3((eKT B MeTauax B
1911 roxy BriepBbIe 0OHAPYKMII TOJUTAaHACKNHN yaeHbIi Kavepnune-Onnec. OH 3KcTie-
PUMEHTAIIBHO OIPEEIIHII, YTO CONPOTHUBIIEHUE PTYTH Npu Temmneparype 4,15K ckau-
K00Opa3HO majzaeT A0 Hyls. B nanpHeiineM B pe3yjibTaTe MHOTOYHMCICHHBIX HC-
CJIEZIOBAaHMIA 3TO CBOMCTBO OBLTO 00OHAPYKEHO Y MHOTHX IIPOBOJIHUKOB.
 Temnepamypa, npu KOmopou 1eKmpuiecKoe Conpomue-  (e) R
Jlenue npoeoOHUKA nadaem 00 HYJisl, Ha3bl8Aemcs Kpumuue-
CKOUl memnepamypou, a 31eKmponposooOHOCHb HPU IMOU
memnepamype Ha3bl8aemcsi C6epXnPo8oouUmMocmuio ().

Ecnu co3ath aneKTpuyecKuil TOK B TAKOM CBEPXITPOBOISI-
IeM MpPOBOJHHKE, TO TOK B HEM MOJXET CYyIIeCTBOBATh
JIONITOE BpeMs AaKe MOcCIIe yIaleHns] UCTOYHHUKA TOKa.

* MccnenoBair cBOMCTBA BEIIECTB P CBEPXHU3KIX
TeMIepaTypax, pa3padoTan TEXHOJIOTUIO MOTyde-
HUSL KHJIKOTO Tefusl. 3a paboThI B 3TOi 001acTH B
1913 rony 6511 ynocroeH HoGeneBckoii mpemun.

TBOpueckoe npumeHeHue
|

UccnepnosaHue vl

PewwuTe 3agady B COOTBeTCTBUU C NpuBeaeHHbIM HUNXe 06pasu,0M.
O6pazeu. ConpoTUBIieHWE MegHOro NpoBoAHUKa Npu Temnepatype 0°C paBHo 4 Owm.

Onpegenute conpoTueneHme nposoaHuka npu Temnepatype 80°C (ag, = 4,3 - 10‘3% .

[aHo PeweHune

to = 0°C, R =Ry(1+ at).

Ry = 4 Owm, At =t —t,.

t = 80°C, B

gy = 431073 lc blqmcnelee

R—? R=40m- (1 +43-107 ;- 80°c) = 5,376 Om.
OtBeT: 5,376 Om

3apaya. ConpoTuBEHNEe antoMMHMEBOrO NpoBoAHUKA Npu Temnepatype 0°C paeHo 4,8 Om.

Onpegenute conpoTyBneHue nposogHuka npu temnepatype -110°C (ay; = 3,8 10‘3% .

el SREL T NepenuwmnTe B paGounii IMCTOK HesaBepmer
KEeHUs1 U 3aKOHYMUTE UX.

1. TemnepaTtypHbIn KOS DULMEHT CONPOTUB

2. OTHOCUTENBHOE M3MEHEHME COMPO

3. Temnepatypa, Npy KOTOPOW SF@RKTPUYE
NPOBOAHWNKOB NagaeT A0 Hyn

4. CBepxnpoBOAMMOCTb ...

13
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MNpoBepbTe CBOU 3HaHUA

1. I'quemy, COrNacHoO KNaccn4eckomn aNeKTPOHHOW TEOPUN, ANEKTPUYECKOE CONPOTUBIIEHNE
nNpoOBOAHUKA NMPW ero HarpeesaHun yBerII/I‘-IVIBaeTCﬂ?

2. Yemy paBeH TeMnepaTypHbI KO3PHULMEHT COMPOTUBIIEHNS?
3. Kak BbluncnsieTcst OTHOCUTENBbHOE U3MEHEHUE CONPOTUBIEHNS NPOBOAHUKA?
4. Y10 Takoe CBEpPXNpOBOAUMOCTbL?

0 CEmED

cM
1. D1eKTpoH ABHKeTCs 0 MPOBOAHUKY €0 ckopocTbio U = 0,006 —. Ha ckoJibko
C

YAQJIMTCSH OH OT HCTOYHHKA TOKA B TeueHue 24 yacop?

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

CONpPOTHUBJIEHHE NPOBOJAHUKA Npu TemnepaType — 180°C (ag, = 4,3 - 1073 <)

3. DieKkTpUUYecKoe MoJie B BAKyyMe pacnpocTpaHsercs co ckopoctsio 300000 %

3a kakoe BpeMsi OHO PAaCIPOCTPAHSETCS] HA PACCTOSIHUE, PABHOE paanycy 3emMiin
(B cpennemM Ry, = 6,4 - 10°M), n Ha paccrosinne ot 3emun 10 CostHua (cpeanee
paccrosinue 10 Cosnua R;_c = 1,5 - 1011m)?

4. Kak M0:kHO 00bSICHHTB 3aK0H Jlxo0yJis-/IeHIIa HA OCHOBAHUH J1eKTPOHHOI
Teopuu?

5. Kakum BbIpazkeHHeM olpeeseTcs TeMnepaTypHblii koG @uuueHT conpoTus-
Jienusi mposoaHnka (Ro — conporuBienne npoognuka npu 0°C, At — u3meHeHune

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

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

A)

RO

14




m 3]1EKTPVI‘-IECKI/II7I TOK B QJIEKTPOJIUTAX
MueHue Omap, AnHyp n Ha3spuH Bo Bpemsi o6CcyxaeHUa B rpynne.

AWHYp: — HeT, Hao6opoT, «Bbagamribi» NPOBOAUT 3MEKTPUYECKMIA

HaspuH: — 51 dymaro, 4mo
TOK OTHOCUTEMBLHO fydlle, YeM crajkas Boja.

manas eoda u caxapHasi
¥ 8o0a He npoeodsim
anekmpu4yecmeo.

Owmap: — soda ¢ pacmeo-
PeHHbIM caxapom nposooum
ar1ekmpuYeckuli mok
OmMHOCUMesbHO flyqwe, Yyem
«badamnbly.

o MHeHue Koro u3 yueHMKoB BepHo? Mouemy?

Uccneposanuve [k

Mouyemy pacTBOp, NOMYYEHHbIN NPU CMELUMBAHUN ABYX OUITIEKTPUKOB,

NPOBOAUT 3NIEKTPUYECKUIN TOK?

O6GopyaoBaHMe: WCTOYHMK MOCTOSIHHOrO TOKa, COCYA C (@)

YronbHbIMW  3NEKTPOSAMU  (3NEKTPONUTMYECKas BaHHa),

namnoyka, amnepmeTp, cyxasa nosapeHHas conb (NaCl, 200-

300 r), auctunnuposaHHas Boga (1 nuTp), Noxka, Ko, co-

eavHUTENbHbIE NPOBOAA.

Xop nccnepoBaHus:

1. CobepuTe nocnegoBaTenbHYK 3MEKTPUYECKYIO Lemnb M3
WCTOYHMKA TOKa, Namnbl, aMnepMeTpa, Krn4ya u cocyaa ¢
anekTpoaamu 1 NOBapeHHON Conbio (a).

2. OnyctuTe anekTpoabl B COCYA 40 CONMPUKOCHOBEHUS X KOHLIOB C MOBAPEHHOM COSbIO.
3aMKHYB KkItod, MpoHabniofanTe 3a MokasaHWEM aMnepMeTpa, a Takke 3a Tewm,
cBeTuTCA namna unum Het (b).

3. Ypanute u3 cocyaa noBapeHHy CoMb, MOBTOPUTE OMbIT, HAaNMB B COCY
AVNCTUNNUPOBAHHOW BOAbI, Y ONPeAENnUTe, MPOXOAUT Yepes Lenb 3NEKTPUYECKUIA
TOK UK HerT.

4. [lo6aBnB 1 pa3mMelLaB OOHY CTOJOBYH FIOXKY MOBapeHHOM CONv B AUCTUNNN-
pOBaHHOW BoAe, 3aMKHUTE Lienb 1 NpoHabnoaanTe npousowealuee senexHue (c).

O6cyauTe pe3ynbTaThbl:

¢ Y10 ObINO OnpeaeneHo B Xo4e UccnegoBaHus: ABMASOTCA N1 NPOB
ON3NEeKTPMKOM NoBapeHHasi conb U AUCTUINNMPOBaHHasi BO
oTaenbHoOCTU?

¢ YTO yAMBUTENBHOIO NPOU30LLNO B 3NEKTPUYECKON Lie
BewecTtB? Moyemy?

° maea 1 * OneKkTpu4eGRUN T cpepax ° 15



DJIEKTPOIUTHYECKAS AUccOnranust. MOJIEKyIbI psiia BEMECTB — 3TO YCTOWYH-
BO CBSI3aHHBIE CUCTEMBI, COCTOAIINE U3 TOJIOKHUTEIbHBIX U OTPUIIATEIBHBIX HOHOB.
Takylo cucTeMy CO34al0T CHIIBHBIC 3JICKTPUUECKUE CHIIBI B3AUMHOTO MPUTSKEHUS
Mesky noHamu. Hanpumep, nonoxutensubiii non Hatpus (Nat) u orpunarensubiii
noH xyopa (Cl™1) B monexyne nmoapennoii conmu (NaCl), monoxuTenbHbli HOH
memu (Cut?) u orpunarenshbiii non xinopa (2C1™1) B monekyne xnmopuma meau
(CuCl,) npencraBisitoT coOO0# CUIILHBIC CBsI3aHHBIE CUCTEMEI. [[oaTOMY, KOT/Ia 3TH
BEIIIECTBA MOAKIIOYEHBI K BHEITHEH AIIEKTPHUECKON IeTH, OHU HE MPOBOJAT JJIeK-
TPUYECKUH TOK, TOTOMY YTO OHH HE COZEPKaT CBOOOJHBIX HOCHTENEH 3apsiia — TO
€CTb OHHU SIBIISIIOTCS AUAICKTPUKAMHU.

OpHaKo Mpu pacCTBOPEHUH 3TUX BEIIECTB B BOZE, MOJIEKYJIBI BEIIECTBA paciiajia-
IOTCA Ha TOJIOKHUTENbHBIE W OTpPHUIATEIbHBIE HOHBL. B pacTBOpe BO3HHKAIOT
CBOOO/IHBIC HOCUTEIH 3apsi/ia, a UMEHHO UOHBI, U OH TPEBpAIIaeTCs B IPOBOJIHUK:

e Pacmeopbl (uiu pacniagul) eeujecms (couetl, KUCIOM U weaoyell), nposoosujue
NEKMPUUECKULL MOK, HA3bI8AIOMCSL INEKMPOTUMAMU.

e [Ipoyecc pacnada HelimpaibHblX MOIEKYI 8 800€ HA NONONCUMENbHbIE U OM-
puyamenvHvle UOHbL HA3bIBAEMCS IIEKMPONUMUYECKOU duccoyuayuei.

Ilpupoaa MoHHOW MPOBOAMMOCTH. DKCIIEPUMEHTAIBHO OBUIO yCTaHOBIEHO,
YTO IMPU MPOTEKAET TOKa 4epe3 AIEKTPOJIUT, B pe3yibTaTe MepeHoca BellecTBa U
3apsza, MPOMCXOOUT HUX BBIIENEHHE Ha 3JeKTpofax. Ha pucyHke mpeacraBieHa
CXeMa OJIHOTO W3 TakuxX OmbITOB (d): ABa YrOJBHBIX 3JEKTPOAA MOACOSANHEHBI K

IIOJIFOCaM HMCTOYHHKA ToKa. [loacoemHeHHbIN K

-=|_ -4 + MOJIOKHUTEIEHOMY TOJIIOCY 3JIEKTPOJ] Ha3bIBa-

eTCsl aH00OM, a K OTPUIIATEIEHOMY — KAmMOOOM.

ONEeKTpoAbl TMOMEMIAIOTCS B 3JEKTPOJIMTHYE-

CKYIO BaHHY, HallpuMmep, ¢ BOJHBIM pacTBOPOM

XJIOpHIa MEIM, U LIeTIb 3aMblkaeTcs. Bo3Hukiee

JJIEKTPUYECKOE II0JIe CO3JAaeT HaIlpaBlIEHHOE

JBIDKEHHE TOJIOKHUTENBHBIX HOHOB MeEIu K

KaToly, a OTPULATEIbHBIX JBYX MOHOB XJIOpa K
aHOTy.

o Dnekmpuueckuii MoK 6 2NeKMpoIUmax —

Duexrpomut 9MO YHOPAOOYEHHOE OBUICEHUE HOTONCUMENb-

HbIX U OMPUYATNENbHBIX UOHOS.
JocTurmme karona MOHBI, MOJYYHB OT HETO 3JEKTPOH, MPEBpaIlaroTCs B HEl-
TpaJIbHbIE aTOMBI U, OCEB Ha MMOBEPXHOCTH KaToO/Aa, CO3/Ial0T Ha HEl CIION Meu:
Cu?+ 2" — Cu’.
OTpunartenbHbIe K€ HOHBI, OTIAB JIMIIHUE IEKTPOHBI aHOAY, HEHTpau3
¥ Ha IOBEPXHOCTH aHOJIA BBIENISAETCS XJIOP B BHE IMy3bIphkoB gi8a (cMQd):
2CI" —2e™ — Cl..
3Ha4YHT, XapaKTEPHOH OCOOCHHOCTHIO HOHHOH MPOBOIU

(d)

Katon AHon

o Hpouecc 6bLOeIeHs. seuecnea HA S71€KNnl
YeCKO2co0 mokKa 4epes 371eKmpojium HaA3bleaemcs
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Amnrnuiickuit yuensiii Maiikn ®apaneit (1791-1867) onpenenit, OT Kakux Gpu3u-
YeCKHX BEIMYUH 3aBHUCHT Macca BEI[ECTBA, BbIIECIUBIIErOCs Ha MOBEPXHOCTH JJICK-
TPOJIOB IIPH IEKTPOIIU3E.

OTa 3aBUCUMOCTb, Ha3bIBAEMasl 3aKOHOM 9AEKMPOIU3A, BBIPAKACTCA TaK:

® Macca éewjecmea, 8vi0enusuie20cs Ha NOBEPXHOCMU I1eKMpPoOa npu 2NeKmpo-
Ju3e, NPSIMO NPONOPYUOHATLHA KOIUYECTNEY DNIEKMPUYECK020 3apsaod, NPOXooaue2o
uepes deKMpONUm.:

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

3nech m — Macca BEIIEeCTBa, BBICIUBILET0cs Ha TOBEPXHOCTH AJEKTPOAA, ( — KO-
JIMYECTBO 3JIEKTPUUECKOTO 3apsijia, MPOLIEIIETO Yepe3 31eKTpoaut, I — cuia Toka B
ueny, K — ko3¢ uireHT nponoproHaIbHOCTH, HA3bIBAEMBIN 91eKMPOXUMUYECKUM
9KeusaieHmoMm geujecmsea. EIUHALIA SIIEKTPOXUMIYecKoro skBuBasieHTa B CU:

L L
[q]  Kn

Yucnennoe sHauenue 3NEKMPOXUMULECKO20 IKEUBANEHMA PABHO MACCe Geujecmea,
6bI0ENIUBULE20CS. HA ITIEKMPOOe NpU Npoxodxicoenuu uepes snekmpoaum 3apsaoa 1 K.
Dnexmpoxumuseckutl IKGUBAIEHI UMEE PA3Hble SHAUEHUSL 8 3ABUCUMOCTU OTH 8ATIEHM-
Hocmu u muna eewjecmaa (mabauya 1.1).

Taoauuna 1.1. D1eKTPOXUMHUUECKUN YKBUBAICHT HEKOTOPHIX HOHOB

BemiectBo BanentHocTh DIEKTPOXUMHUYECKII SKBUBAJICHT K, (%)
PryTh 1 2,0736
Cepebpo 1 1,1179
CsuHeI| 2 1,0736
Bpom 1 0,8282
30110TO 3 0,6812
Menp 1 0,6588
Menb 2 0,3294
OrnoBo 2 0,6150
[TnaTuna 4 0,5058
Xnop 1 0,3674
[uak 2 0,3388
Huxkenp 2 0,3041
Hukens 3 0,2027
Hatpnii 1 0,2383
Keneso 3 0,1929
I'pyrma OH 1 0,1763 P
Cepa 2 0,1661
AnmoMuHUI 3

Kucnopon 2

Bonopon 1

° maea 1 * OneKkTpu4eGRUN T cpepax ° 17



TBOpUYeckoe npumMmeHeHue

UccnepgoBaHue .

OnpepenuTe maccy BbiAeNnuBLLErocs Xpoma.

3apava. MNpouecc MOKPbITUA croem xpoma (NpoLecc XpOMMPOBaHWUS) MOBEPXHOCTU
CTanbHOW NNacTUHbI B 3MEKTPONMTUYECKOW BaHHE npoTekan npu cune Toka | = 2A.
OnpepennTte maccy cros Xpoma, BblAENUBLLErocs Ha NOBEPXHOCTH CTanbHOM NnacTu-

Hbl B TeueHne t =3 4acoB (kypon = 181078 ;_127)‘

YTO Bbl Y3HA/U * NepenuwnTe B pabo4nii TMCTOK He3aBepLUeHHbIe
NpeAnoXeHUsl U 3aKOHYUTE UX.

1. OnekTponut — ...

2. DnekTponuTMyeckas auccoumnaums — ...
3. DnekTpuyecknii ToK B aneKkTponuTax — ...
4. OnekTponus — ...

5. 3akoH anekTponusa — ...

MNpoBepbTe CBOU 3HaHUA

1. KakoB MexaH13M 3nekTponuTUYECKon auccoumaumm?

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

3. O6BbsCHMTE NpoLEece aNeKTpPonn3a.

4. Kak Bblpa)kaeTcs 3aKOH anekrponunsa?

MoaroToBbTE 3MEKTPOHHYO Mpe3eHTaumio no Teme “lMpakTUyeckoe NpUMeHeHUe anek-
Tponusa” ¢ MCNOMNb30BaHNEM SMEKTPOHHbBIX PECYPCOB.

RO
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1. IIpu 3yekTpoaM3e pacTBOpa HUTpaTta cepedpa Bbiaeanaoch 7,84 r cepedpa. Omnpenenure
KOJIHYECTBO YJIEKTPUYECKOr0 3apsi/ia, MPOLIeIIero Yepe3 pacTBop

(Keepespa = 1,12 10—6%).

2. Ha sJiekTpojie B JIeKTPOJIMTHYeCKOoi BaHHe 32 10 MUH. pu cuiie Toka 6A Bbigeauioch 1,224 r
nuHKa. Onpeaenure 31eKTPOXUMHYECKHI IKBUBAJIEHT IUHKA.

3. Tlpu 3J1eKTpo/IM3e PACTBOPA MEIHOr0 Kymopoca B TeueHue 50 MUH. HA KaTo/Je BBIIEIHIOCH
v —6 KI
1,98 r menu. Ilpu kaKoii cuite Toka MpoTeKa 31eKTpoan3 (Kye,, = 0,33 - 10 6 G)?

4. Ha pucyHKe NMpeaCcTaBJIeHa CXeMa JIEKTPOoJIU3a pacTBopa HUTpara cepedpa. Ha ocHoBanuu
NMPeI0CTABJIEHHbBIX JAHHBIX ONpeIeINTe BPeMsl, 32 KOTOPOe Ha KaToae Bbiaeaures 2,52 r ce-
pedpa (cm: tabmumma 1.1).

X \\ \2|I 1 3
\ /
\\\\\\ i, v
Q %

-

5. Ilpu npoTexaHnn 4Yepe3 pacTBOpP HUTpaTa cepedpa 3jaeKTpHuyeckoro 3apsiga 1 Ki Ha xatone
Bbyiesiioch 1,11 mr cepedpa. Cko/1bK0 Ha KaToAe BbLICIUTCS cepedpa NPH NPOXO0KICHUU
yepes pactop 1500 Ki aekTpuyeckoro 3apsiga?

ermaBal ¢ Snel('rp& asnu cpepax ° 19




° MpakTuyeckas paborta °

UccnepoBaHune siBneHus ANeKTponuaa.

O6opynoBaHMe: UCTOYHMK MOCTOSIHHOrO
TOKa, 3MEeKTPONUTUYeckas BaHHa, BOAHbIN
pactBop cynbdata mean(CuS0,), anek-
TpOAbl, CEeKyHOOMEp, amnepmeTp, peo-
cTar, KIkoY, BECbl, Pa3HOBECHI, GyMaXHble
candeTkn, coeanHuTenNbHbIE NpoBoAaa (a).

BHumaHue!

a) He 3abyabTe, YTO ANEKTPOA, MaccCy KOTo-
poro onpegensieM, ABNSETCA KaTo4oM U
NPUCOEAMHSIETCH K OTpULATENBHOMY
MOMCY UCTOYHMKA TOKA;

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

c) nepeHecuTe Tabnuuy 1.2 B pabounii nuc-
TOK M OTMETbTE B HEW pe3yrnbTaThl 3Me-
peHui.

Xon nccnenoBaHuA:
1. B3BecuB kaToa Ha Becax, onpeaenvre ero

maccy m,.

2. MNepeHecuTte Ha pabo4mnin NMMCTOK NpeacTaB-

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

|
o [ A

C o &
. MomecTnTe 3nekTpoabl B BaHHy C pacTso-

pom. 3aMKHUTE KoY U OQHOBPEMEHHO
BKMOUUTE cekyHaomep. NopaepxmBanite
cuny Toka B Lenun B 2 A.

. Uepe3 8 MUHYT uenb pasoMkHUTE. Bbicy-
LUMB candeTKon kaTof, U3MepbTe Ha Becax
ero maccy ms,.

. OnbIT NoBTOpUTE elle ABa pasa: kaxagble 8
MWHYT NOAKMoYanTe KaTtod, Macca KoTopo-
ro onpegensieTcs, K oTpyuaTensHOMy no-
TNOCY NCTOYHMKA.

. Beluncnute no chopmyne m = mz— ms mac-
Cy BblJenvBLUENCS MeAau Ha katoge 3a
BpeMsi 8 MUHYT, 16 MUHYT N 24 MUHYTBI.

7. BbluncnuTe KonuM4ecTso 3apana, npolles-

LUEro Yepes 3MeKTPONUT 3a COOTBETCTBY!O-
LWKMIA NPOMEXYTOK BpemeHu no copmyne
q=lt.

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

O6cyauTte pesynbTaThl:

o Kak 3aBMCUT Macca BblAENUBLLENCS Ha 3NEKTPOAE MEAMN OT KONUYecT psig
Lero yepes anekrponut? MNpeacraButb 3aBUCUMOCTb rpad)vmect

OLLUEH-



m GHEKTPVIHECKVIVI TOK B BAKYYME

CKOpOCTb YNOPAA04EHHOrO ABMKEHUS CBOBOAHBIX * Kak moxeT obpasosatbcs
: ny4oK cBOGOAHBIX

MM
anektpoHoB B meTanne ~0,5 —» @B Bakyyme 3IEKTPOHOB B BaKyyMe?

KM .
~10*—. Takum 06pa3om, ecnu B Bakyyme eCTb MoxHo nm ncnons3osatb
c NPOBOASALLMIA BaKyyM Kak
CBOBOHbIE MNEKTPOHbI, TO BaKyyM MOXET BbITb NDOBOIHMK?

cpeaoyr NpOBOAALLMIA 3MEKTPUYECKUI TOK.

crszonanee JE

Bakyym AU3aneKTpUK Unuv npoBoAHUK?

O6GopyaoBaHMe: MCTOYHMK MOCTOSTHHOIO TOKa, 3NIEKTPOMETP, CTEKNAHHAA nanoyka, ae-

MOHCTpaLMOHHasA ABYX3MeKTpoAHas BakyyMHas namna, coeanHuTenbHbIE NpoBoaa.

Xopa nccnenoBaHus:

1. CoeanHnTe MeTannnM4ecknii CTEpXKEHb anek-
TpomeTpa C O4HUM U3 3NEeKTPOLOB Namnbl, a
€10 OCHOBaHWe ¢ Apyrum anekTpoaom (b).

2. BapsgnTe anekTpoMeTp 1 NpoHabnoaanTe,
pa3pspKaeTCca OH UMK HeT.

3. MpucoeanHnTe 3aXnMbl BaKyyMHOM famnbl K
MCTOYHMKY TOKa 1 NpoHabnopante
npovcxoasiiee nNpu HarpeBaHU cnvpanu B
namne cobbiTure.

Yempoiicmeo demoncmpayuonnoi
08YX2J1eKMPOOHOTL 6AKYYMHOIL 1AM-
HbL: OHA COCMOUM U3 BAKYYMHO20
cmeraanHoeo 6annona (1). B namny eéna-
SIHbL 084 NPOBOOHUKA, HA3bIBACMbLE IIEK-
mpodamu, kamoo (2) u anoo (3). Kamoo
6 8Ude Cnupa Hazpeeaemcs Ul
HenocpeocmeeHHo, Ui Npu NOMoujU 00-
NOTHUMENLHOU HACPeBamenbHOU CRUPAIU
noo num. Jlamna nooxkmoyaemces K uc-
mounuxy moxa (2) ogyms sadicumamu (4).  O6cyauTe peaynbTaThbl:
o [Toyemy 3apsKeHHbIN aneKTpoMeTp, COeANHEH-
HbI C BAKYYMHOW flamrnon, He pa3pskaeTtca?
¢ Y10 nponcxoauT nNpu HarpeBaHum cnupanu B
namne? MNMovemy?

(b)

TepmodsieKTpOHHASI IMHCCHS. DIIEKTPOHBI, HAXOISAIIUECS Y TOBEPXHOCTH ME-
TaJjia, MOTYT €ro MOKHHYTh, TO €CTh “UCHAPATHCS” KaK MOJICKYJIbI YKUKOCTH.

o lcnapenue 91eKmMpoOHO8 ¢ NOBEPXHOCU MEMANIA HA3bIBACMCSL INEKMPOHHOU
amuccueil (namunckoe cio6o dsmuccusi — “‘nokudams”’ unu “‘uznyyams ). llpu uc
PEHUH 3JIEKTPOHBI, COOMPAsCh BOKPYT METAJLIA, 00pa3yIoT anexmpoghto

€ 0 KO
OI[HI/IM 13 IPOCTBIX U BAXHBIX BUJO0B 3MUCCHUU ABJIACTCA mep. Kn A
OMUCCUA.
o Aenenue UCNnYCKAaHUs 31€KmpoHO6 C noeepxHocmu a, Ha 020

BbICOKOI memnepanitypbl, HA3bl6AEMCA MePMOoIIeK HHOU ccueil.
° maea 1 * OneKkTpu4eGRUN T asnu cpepax ° 21




[Tpu HarpeBaHMM METalla KWHETHYECKAas: DHEPTUsi CBOOOHBIX 3JICKTPOHOB YBeE-
JIUYMBACTCS, B PE3YJIbTATE, JICKTPOHBI, 00JIAZAl0IIUE TOpa3no OOJIbIIeH KUHETH-
YECKOM IHEeprucH, MOKUAa0T METAILI.

Kak MOXKHO HCHOJIb30BaTh SIBJ€HHE TEPMOIJIEKTPOHHOH SMUCCHH [IJIsl
NPaKTHYECKUX Hesiei?

Ecnu nookmouums k 3aMKHYMOU 31eKMpU4ecKoll yenu yCmpoucmeo, 8 KOmopom
BO3HUKAEM S18IEHIUe MEPMOILEKMPOHHOU IMUCCUU, U CO30AMb HANPABIEHHOE O8U-
Jicenue UCRAPSIOWUXCS DIIeKMPOHO8, MO MO YCMPOUCmME0 obecneuunm 00HOCHO-
POHHIOI NPOBOOUMOCHb 8 IMOU Yenu.

Bakyymubiii nuoa. Cocyo (6anion), 6 Komopom co30aH 8bICOKUL 6AKYYM U PA3-
MeueHbl 08a 3NeKmpodd — Kamoo U anod, paboma KOMOpO2o OCHOBbIBACCS HA
SAGNEHUU TMEePMOINEKMPOHHOU IMUCCUU, HAZbIBAEMCS OBYXINEKMPOOHOU IleK-
MPOHHOU TAMROIL UTU 6AKYYMHBIM OUOOOM.

OCHOBHOE CBOWCTBO BaKyyMHOTO JIHO/Ia COCTOMT B TOM, YTO B HEM DJIEKTPOHBI
MOT'YT JIBUTAThCSl TOJILKO B OJIHOM HAIpPAaBICHUH — OT KaTojla K aHony. Tak, iek-
TPOHBI, BEUICTEBIINE C TTOBEPXHOCTH HATPETOrO KAaTO/1a, CO3/Ial0T BOKPYT HETO AJICK-

TpoHHOE 00J1aK0. Eciu kaTos 1moIcoeIuHUTh K OT-

,  DHUATEILHOMY MOJOCY MCTOYHHKA TOKA, & AHOM K

:E MOJIOKUTEIILHOMY TOJIFOCY, TO TOJ JCHCTBUEM

AHOI —— ‘ ANEKTPUYECKOTO IOJISA, CO3JJAHHOTO MEXIY 3TUMHU

3JIEKTPOJIAMH, DJICKTPOHBI, MOKHHYBIIHE KAaTO/,

OyIyT IOBWUTATHCS B HampaBieHHH aHoma. Kozoa

OHU QOCMU2AIOM AHOOA, YEeNb 3AMbIKAeMcsl, U de-

pe3 Hee MPoXoauT ToK. Ha prcyHke mpescraBieHa

JIBYX3JICKTPO/IHASI BaKyyMHas JIaMIla B pa3pe3e U €€ yCIOBHOEe 0003HAYCHUE Ha CXe-
Max (c).

Ecnu ke kaToJ1 T0ICOSAMHAUTS K TIOJIOKUTEIEHOMY, a aHO K OTPHIIATEIEHOMY TTOJTFO-
CYy MCTOYHHKA TOKA, TO UCTAPHBIIHECS JICKTPOHBI, BEPHYBIIMUCH OOPATHO HA TIOBEPX-
HOCTh KaToJla, HE 3aMBIKAIOT IICNh — He O0OCCIICUMBAIOT MPOTEKAHHUE Yepe3 Hee TOKa.
CrnenoBarenbHO, B 00paTHOM HaPaBJICHUH 3JIEKTPUIECKII TOK HE BO3HHUKAeT. B HacTos-
1iee BpeMsl JIAMIIOBBIC JTUOIbI 3aMEHEHBI TIOJTYTIPOBOIHUKOBBIMU JTHOJIAMH.

DJIeKTPOHHO-TIyYeBasi TPyOka. DIEKTPOHHO-Ty4YeBas TpyOKa IATEIHHOE
BpeMsi ObllIa BaYKHOW 4aCThIO KOMITBIOTEPA, PAJMOJIOKATOPa, SIEKTPOHHOTO MUKPO-
CKOTIa, TEJIEBU30Pa U APYTUX MPUOOPOB.

Baxkyymnuiii npubop, npeobpasyrowuti s1ekmpuieckuli CUeHal 8 uoUMoe U300-
pasicerue nymem YCKOpeHusi y3Ko20 2NeKMPOHHO20 NOMOKA (MYUKA), HA3bI6AEMCS]
I71eKmMpOoHHO-1yueeoii mpyokoi (d).

(d) 2 3 4

(c) @

HaKaJIMBaHHUA

J
-

22




DJeKTpOHHO-TTy4YeBas TpyOKa, MpeacTaBisieT co00i KOHycOOOpa3HbI BaKyyMHBbIH
Oasuton (1), mMpoKas cTeHKa, KOTOPOW UIpaeT PoJib 3KpaHa. B y3koii yactu TpyOKu
PAacIIoNOkKeH UCTOYHUK IMTOTOKA OBICTPBIX 3JIEKTPOHOB — “3NIeKTpOHHAas mymika”. OHa
COCTOUT U3 HarpeBaeMoro karosa (2), ynpasisioIero 31eKTpoAa IUINHIPUIECKOHN
dopmel (3) m amoma (4). HcmyckaeMble C HarpeTroro Karoja 3JICKTPOHBI, IO
JEHCTBUEM DIIEKTPUUECKOTO MOl CO3IaHHOTO MEXKITy KaTOJJOM H aHOAOM, CO3JIAI0T
YCKOPEHHBIH MOTOK (IIy4OK) 3JIEKTPOHOB, HampaBlIeHHBIH K aHoxy. Hampspkenue
MEXIy KaTOJIOM M aHOJI0M m3MeHseTcs B uaTepBaie ot 500 B mo 20 kB. ITpuobpe-
Tasi B TaKOM CHJIBHOM 3JICKTPHUYECKOM I0Jie OOJBIIYI0 KHHETHYECKYI0 SHEPTHIO,
MOTOK AJIEKTPOHOB, MIPOJIETast CKBO3b aHOJ] C OYEHB OOJIBIION CKOPOCTHIO, TOMa1aeT
Ha 9KpaH M CO3JaeT Ha HeM cBeueHHe. llepneHanKyIsapHO pacioloXeHHbIe OTHO-
CHUTEJBHO JIPYT JIpyra CHCTEMbI KOHJICHCATOPOB (5) OTKIOHSIOT TOTOK 3JIEKTPOHOB
B BEPTHUKAJIbHOM M TOPH30HTAJILHOM HampaBieHusX. [Ipu M3MeHeHHMH MO ompe-
JIEJICHHOMY 3aKOHY IT0/IaBaeéMOT0 Ha OTKJIOHSIOIIME OOKIAaIKU HAIPSOKEHUS] IOTOK
AIIEKTPOHOB CO3/1a€T COOTBETCTBYIOMINE H300paKCHISI. DTH U300paXKeHUsT HaOITt0-
JAIOT Ha 9KPaHaX MOHUTOPOB, OCHUIIIOrPad)OB M TEIEBU30POB.

TBOpueckoe npumeHeHue

2

B kakux uensax ucnonb3yeTcs BaKyyMHbIW anon?

O6GopypoBaHue: cxema NoaKIoYeHNs: BaKyyMHOTO AVMOAA B LieMb NMOCTOSAHHOIO ToKa.

Xopa uccnenoBaHWA: Ha OCHOBaHWUN NPUBEAEHHBLIX CXEM OMPeaenuTe, NPOXoanT Uin HeT

TOK B Lieny MOCTOSAHHOTO TOKa, K KOTOPOW MOAKMIOYEH BaKyyMHbIN ANOA;

a) KaTon HarpeBaeTCs Cnuparbio, MOAKITHOYEHHOW K UCTOYHUKY ToKa B 6 B, HO KOHUBI y
uenun csobogHble (e).

b) aHoA nogkntoyaeTcs K NONOXUTENBHOMY NOMIOCY UCTOYHUKA TOKa, a KaTtog K oTpuua-
TensHomy (f);

C) aHo MOAKIIIYaeTCsa K OTpULATENbHOMY MOSIOCY UCTOYHUKA TOKa, @ Katop K NOMnoXu-
TensHomy (g).

(e)

O6cyauTe pe3ynbTaTthbl:

o [1na 4yero Hy)xHa cnupanb HakanueaHus B guoae?

o [Mp1 NOAKITIOYEHUN K KAKUM MOMCaM UCTOYHMKA TOKa KaToAa v aH@oa co TCTB
HO Yepe3 aneKTpuyeckyto uenb Byaet npoxoauTb TOK, a n ofKnoYeH KaKu

nomntcam Tok npoxoautb He ByneT? MNoyemy? Bbicka € CBO [MONOX .
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YTO Bbl Y3HAJIU * MepenuwmnTe B pabounin NMCTOK He3aBepPLUEHHbIE
npepnoXeHWUsi U 3aKOHYUTE UX.

1. TepmMo3neKkTpoHHas aMUCCUs ...

2. BakyyMHbIV gvog ...

3. OnekTpoHHO-Nny4YeBas Tpybka ...

lMpoBepbTe CBOM 3HAHUSA

1. Kak MOXHO nony4mTb cBOGOAHbIE 3MEKTPOHLI B Bakyyme?
2. 3a4em B NaMnoBoM avofe co3gaeTcs Bakyym?
3. KakoB npuHUmn paboTkl BakyyMHOro anoaa? [ns Kakux uenew oH ucnonbdyerca?

4. K obknagke Kakoro 3apsiia OTKIMOHSIETCSI NOTOK SMEKTPOHOB MPY MPOXOXAEHWMN B Fy4EBOW
Tpybke Mexay obknagkaMu koHaeHcaTopa?

,
0 CEmEm S -

1. Ha pucyHke nmpejacTaBijieHa cXxeMa MOJK/IIOYEHHs BaKy-
YMHOT0 HOJA B YJIeKTPHYECKYIO enb. B kakom ciaydae
B AHOIHON Henu OyaeT TOK: eciu NOMeHAeM MeCmamu 1
nontoca 6amapeu 1 unu nonwca oamapeu 2?

2. Bynet i padoTaTh BAKYYMHBIi U0/ €O CJIOMAHHBIM CTeKJI0OM B Kocmoce? Tlouemy?

3. Ha 3kpaHe 3JIeKTPOHHO-JIy4eBOii TPYOKHU pasnvie uzoopa)ceHus co30arwmcsa nomoKom jiiek-
mponos. B pe3yibTare, KAKOro siBJIeHUs BOSHHKAET MOTOK 3J1eKTPOHOB?

A) Bruterast ¢ HOBEpXHOCTH KaToJia B Pe3yJIbTATe SBICHUS JICKTPOIIN3a

B) Bruierast ¢ moBEpXHOCTH KaTofa B pe3yJIbTaTe TePMOIIEKTPOHHOH SIMUCCHH

C) Bbuieras ¢ HOBEpXHOCTH aHOJIA B PE3YJIbTATE TEPMOIISKTPOHHON IMHUCCUU

D) Brutetas ¢ moBepXHOCTH KaTo/a MO/ ASHCTBUEM dJIEKTPUUESCKOTO TTOJISI MEXK/Ty KaTOJJOM U aHO/IOM

E) Bourerast ¢ HOBEpXHOC/MU KamoOa TP MOMOIIH yIapOB IEKTPOHOB

4. KakoBo COOTHOLIEHHE MEKIY MOKA3aHHSIMH aMIIePMETPOB B LEMsIX ¢ MOIKII0YeHHBIMH IBYMSI
onnHakoBbiMH quoaamu (U = const) ?

A) L<hL<l

B) L>L>1

C) >0, =1 =+ —
Dok (=) (& %

E) I < Iz; =0 @D

®)

5. B kakoii cpeje B3auMojielicTBHe MeKAY 3apPSsKeHHBIMH YACTHIAMM, HAXOOAWUMUCA HA OAMHA-
KOBOM PAaCCTOSTHUM, GoibIe?
A)Brase B)Bxuakoctn C) B mMeramie D)BBakyyme E)Bcrexie

6. OnpenesnTe CONPOTUBJIEHHE IO/, HCIOIBL3YS HH(OPMALHIO, JAHHYIO HA PHCYHKe.

\

3
%@
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m 3]1EKTPVI‘-IECKVII7I TOK B FA3AX.
HECAMOCTOATENIbHbLIUA F'A30BbIUA PA3PA

¢ O KaKoM 3NMeKTPONPOBOAHOCTU
rasoB MOXHO roBOpUTb B AaH-
HOM cny4ae?

¢ Mpwn Kaknx ycnoBusx rasbli MOryT
NPOBOAUTL 3JIEKTPUYECKUN TOK?

Ha3BaHune ypoka MOXeT BbI3BaTb YAMBMEHWE:
Be[b rasbl ABMSOTCA AUSNEKTpUKamun. A an-
ANEKTPUKM HE MPOBOAAT ANEKTPUHECKUN TOK ®
BBUY OTCYTCTBUS Y HUX CBOBOAHbIX HOCK-

Tenemn anekTpn4eckux 3apsaos (cm.: cTp.9).

[
:

a3bl — agnaneKkTpuku!

O6opynoBaHue: 3NeKkTpodopHas MalumHa, MIOCKUN AEMOHCTPALMOHHBIA KOHOEHCa-

TOp, 31EKTPOMETP, COEANHUTENbHbIE NPOBOAA.

Xop uccnepoBaHus:

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

2. HaanekTpunaynte nnacTuHbl 3neKTpodOpHOM MaLLNMHON SNEKTPUYECKMMMN 3apsaamm ¢
NPOTVBOMNOSIOXHBLIMM 3HaKamu. [1py 3TOM 3NEKTPOMETP NOKa3biBaeT BO3SHUKHOBEHMWE
ANEKTPUYECKOro Nons Mexay nnacTuHamu.

3. ConwkanTe nnacTuHbl OO UX COMPUKOCHOBEHMSA M MpocreauTe 3a NPOUCXOAALLMMMA
ABMEHNSAMM.

4. OToABWMHYB NNacTWHbl ApYr OT Apyra, co3ganTe Mexay HUMU BO3AYLLHYIO NPOCIIONKY
(BO3YLUHBIN KOHAEHCATOP) M BHOBb 3apsanTe UX 3apsaamMu NPOTUBOMOMNOXHBIX 3Ha-
koB. Mpn 3TOM 3NEKTPOMETP ONsATb MOKa3biBAET BO3HWKHOBEHWE 3NEKTPUYECKOrO
nons mexay nnactmHamu. He npukacasch k npubopam, noHabnioganTe HECKONbKO
MUWHYT 3a NoBeAEHUEeM CTPENKU anekTpomeTpa.

(a)

O6cyauTe pesynbTaThbl:
e [To4eMy nNpu CONPUKOCHOBEHUM HA3MEKTPU3OBAHHBIX NAACTUH APYr C APYrOM CTperka

aMeKTpoMeTpa nagaeT [0 HyNeBoro AeneHun?
e [ToyeMy NnacTuHbI BO3AYLLUHOMO KOHAEHcaTopa, OCTaBasiChb p,nmeano?)eMﬂ anek
TPM30BaHHBLIMU, HE PaspsXKanucb, TO €CTb CTPEesKa 3MEeKTPOMETPa He oe

ana
nonoXxeHus?
I'a3z npu OOBIYHBIX YCJIOBUAX SIBIIICTCS OHDJIEK OM: 1 1 MO 1B,
0OBOJI,

KOTOPBIX OH COCTOMT, HEUTpabHbI. ['a3 npeBparaer JJIEKTPH ro

TOKa, €CJIM1 B HCM BO3HHKAIOT CBO60)1HI)I€ CUTCIIN 34
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CymecTByeT ABa crioco0a Co3[aHusl B ra3e CBOOOTHBIX HOCUTENIEH 3apsia:

1. Honuzauyus monekyn 2aza noo eHewHuUM eozoelicmeuem. Buewnue 6o30eli-
CMBUsL, UOHUSUPYIOUjUE HEUMPATbHbIE AMOMbL U MOAEK)IIbL 2434, HA3LIBAIOMCS UOHU3A-
mopamu. Honuszamopamu HeuHe20 8030eticmausl AGNAI0MC; 8blCOKAs memMnepamypd,
uznyyerue, “0ombapouposra’’ bICOKOCKOPOCMHbIMU YACMUYAMU U Op.

2. Obecneuenue 2az080it cpedvl 3apAHCEHHBIMU YACIUUAMU CO CHIOPOHDbL (DJ1€K-
mponamu u uonamu). Hanpumep, nnamsa copsugeii ceeuu obecneuugaem 030yx maxu-
MU C8000OHBIMU HOCUMENAMU 3aPA0a, KAK NOJIOJMCUMENbHbLE U OMPUYATNETbHbIE UOHDI.

Kak nonuszupyercs ra3 noja BHeIIHUM Bo3JelicTBHeM?

ATOMBI (MM MOJIEKYJIbl) HATPETOTO 10 BHICOKOW TEMIIEpaTyphl raza 00aaiaioT
TaKo# OOJBIION CKOPOCTHIO, UTO MPH CTOJIKHOBEHUH JIPYT C JPYTOM paciagaroTcs
Ha 3JIEKTPOHBI U NOJIOXKUTENbHbIE HOHBI (b).

@
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IIpu 3TOoM mporecce B raze BO3HUKAIOT TAKXKE OTPUIATEIbHbIE MOHBI: IIPUCO-
€IMHUB K cebe CBOOOAHBIE AIIEKTPOHbI, ATOMBI HEUTPAJILHOTO ra3a IPEeBPaIaloTCs
B OTpuUATeNbHbIe HOHBI (¢). Tak NpoucxomuT uonuzayus 2asza. Ilpyn nomemeHun
HOHU3UPOBAHHOI'O I'a3a BO BHEILIHEE 3JIEKTPUUECKOE I10JIe CBOOOTHBIC IEKTPOHBI,
MOJIOKUTENILHBIE U OTPULATENFHBIC HOHBI IPHOOPETAIOT YIOPSJOYCHHOE IBUKEHHE
1 00ecneunBaloT AMEKTPOIPOBOAHOCTE rasa.

(©) Qe
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o DnexmpudecKkuti MoK 8 2a3ax HA3bl8Aemcsl 2a306bIM DPA3PAOOM. DieKmpu-
YyecKull MoK 6 2azax 3mo YnopsdoueHHoe (HanpasieHHoe) OBUNCEHUE IIIeKIMPOHOE,
NOAONCUMETHHBIX U OMPUYAMETHHBIX UOHOB.

IIpu mpekpaieHny ASHCTBUS MOHU3ATOPA JCKTPOHBI U TMOJIOKUTEIBHBIC HWO
CONMBUBIIMCE JPYT C APYTOM, OILSITH NPEBPALIAIOTCSA B HEHTpaMbic
npoLecC Ha3bIBACTCS pekombuHayuell. B pe3ynbraTe pekoMOMHAIM
MPEBpAIIaeTCs B JUAICKTPUK M, HECMOTPS HA HAIMYMC BHOHTHETY BHCKTPUEICCKO
TOJISI, TA30BBII paspsi1 MpeKparaeTcs.

o [a306blil paspsio, NPOUCXo0suuil 00 OetugrEuemM 3amMop 3616
HecamocmosmenbHoIM 2a308bIM PA3PAOOM.




TBOpYeckoe NnpumMmeHeHue

(e -

[a3oBbIN pa3psan ¢ NOMOLbLIO NaMeHN.

O6opyaoBaHue: anekTpodopHas MaluMHa, NOCKMN AEeMOHCTPaLMOHHBIN KOHAEHCa-

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

Xop nccnepoBaHus:

1. MoacoeanHMB NNACTUHBLI KOHAEHCATOPA K 3MEeKTPOMETPY, 3apsanTe MX Npyu NOMOLLM
3NEeKTPOOPHOM MaLUMHbI.

2. MomecTuTe Nnams 3axOKEHHOW CMMPTOBKW B BO3AYLUHYIO MPOCMOWKY MexAay nnac-
TUHaMW 1 Yepe3 HeCKONbKO MUHYT ee oTTyAa yaanuTe. lNpocneanTe, Kak UIsSMeHUTCA
3MNeKTPONPOBOAHOCTb BO3AYLLHOMW nNpocroviku (d).

O6cyauTe pe3ynbTaThbli:

e UYto HabniogaeTca npu NOMELLEHWW MiamMeHV CNYMPTOBKWA B BO3AYLUHYIO MPOCIONKY
MeXAy HaaneKTpU3oBaHHbIMK NNacTMHaMKU KoHAeHcaTopa?

¢ YTO NponcxoauT Npy yaaneHun nnameHn 13 Bo3ayLuHoW npocnonkun? Moyemy?

YTO Bbl Y3HA/IU * MepenuwinTte B pabo4uni NMMCTOK He3aBepPLUEHHbIE NPearioXxe-
HUS N 3aKOHYUTE UX.
1. ['a3bl Npy 0BbIYHBIX YCIOBUAX SBMSIOTCA AUSNEKTPUKAMM, MOTOMY
yTO0...
2. B noHnsnpoBaHHoM rade cBobogHble HocuTenu 3apsiaa ...
3. MasoBbIN 3apsag — ...
4. HecamocToaTeNbHbINA ra3oBbli paspsas, ...

MpoBepbTe CBOM 3HAHUA
1. MNMoyemy rasbl Npy 06bIYHBIX YCITOBUAX AUSNEKTPUKN? ’
2. Y10 03HavyaeT noHusauma rasa?
3. YT0 Takoe rasoBblii paspan?
4. Kak nnams cnmpToBKKU CNOCODCTBYET 3NEKTPONPOBOAHOCTM raga?

5. YT0 Takoe HecaMOCTOSITENbHbIN ra3oBbI paspsia?
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m CAMOCTOFITEJ'IbeIVI FA30BbIV PA3PAO N EFrO BUAbI

HasepHoe, HekoTopble 13
Bac Habnoganu B HOUYHOEe
BpeMs crieaytoLlee yam-
BUTENbHOE aTMocdepHoe
SIBNEHNE: CaMOMpPOUn3-
BOJIbHOE CBEYEHME BOKPYT
OCTPOKOHEYHbIX KOHLI0B
NMPOBOAOB BbICOKOBOSbT-
HbIX NIUHUIA B KOPOHOOG-

O’ pasHoi dopme.
®

B 2011 roay B Napwxe
Habntoganocb MHTEpPecHoe
sBnexHve. B Sndenesyto
6alwH0 yaapuna MosHUs.
Mpu aTtom “camonpous-
BOJIbHOE CBEYeHNe” onop
6aLuHKW BbI3Baso yauB-
neHve Habnogartenen.

» KakoBa npuuymHa pacnpocrpa- 9- Mpu KakMx ycrnoBusix NpoucxoauTt
HEHUs1 MOJTHUM B Bo3ayxe? ¢ cBeuYeHue OCTPbIX KOHLOB?

FasoBbIN pa3psn 6e3 nnameHu.
O6opynoBaHue: npeobpasoBaTtesib BbICOKO-
BOJTbTHOrO NMOCTOSIHHOTO TOKa, ABYX3NEKTPOA-
Has cTeknsiHHas Tpybka, Hacoc KamoBsckoro,
LITaTMB, COEAVHUTENBHBIE MPOBOAA.

Xop uccnepoBaHusA:

1. 3akpenuTte cTeknsiHHyto konby (2) B wra-
TBE U CoeanHNTE ero aneKkTpoabl C Nnosto-
camu npeobpasosaTens (1), a wTyLlep B ee
cepeauHe — ¢ Hacocowm (3) (a).

2. BKnOYMB MCTOYHMK TOKA, CO34aNTe MeXay anekTpogamm
CUIbHOE 3MeKTpuYecKoe none u NpocrneauTe siBNeHve, BO3HUKLLEE B BO3AYLUHON Npo-
CrOWKe MeXay aneKTpoaamu.

3. BkntoumnB Hacoc, oTkavaTe BO3ayx M3 TpyOKM 1 NnpoHabnoaanTe Bo3HMKLIEE SIBMEHME.

O6cyauTe pe3ynbTaTthbl:

e [loyemy B TpyGKe C BO3OyXOM Aaxe Npu CO3AaHUN MEXAY ANEKTPOAAMM CUITBHOIO 3rekK-
TPUYECKOrO NOMs ra3oBoro paspsiaa He NpousoLuno?

¢ UTO HabnogaeTcsa B cpeae Mexay anekTpoaamuy npy oTkauyvMBaHum BO3gyxa u3 Tpyokmn?

e KakoBa npuymHa BO3HMKHOBEHUSA ra3oBOro paspsifa B TpyOKke npu OTCYTCTBUM BO3LEN-
CTBMS BHELUHEro noHmaaropa?

IIpu ompeneneHHBIX YCIOBUAX Tra3bl MOTYT IPOIYCKaTb 3JICKTPUYECKUN TOK
Jlake IPHU OTCYTCTBUU BHEIIHEr0 HOHU3ATOpa.

o [Ipoxooicoenue 21eKmpuiecko2o0 moKa uepes 2a3 npu Omcymcmeuu eHe
6030eliCMEUs. HA3bIEACCS CAMOCHIOAMENbHBIM 2A306bIM PA3PPIOM.

Kaxk 310 npoucxoaut? IIpy HOpMAIBHBIX YCIOBHSIX Ta3 SB 3\ TRK-
KOM, OAHAKO JaXX€ INpH TaKUX YCJIOBUAX B ra3c¢ B HUYTO 0O M KOMNMYCCT:
HUMEIOTCSI CBOOOZHBIE AIICKTPOHBI.

[lon aelicTBUEM CHIIBHOIO 3JIEKTPUUYECKOTO
npuoOpeTaeT OYeHb OOJBIIYIO CKOPOCTH, U, CTall
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WIM MOJIEKyJIaMH, HOHM3UPYET HEKOTOPYI0 MX 4acTb. OOpa3zo-
BaBILIMECS B pe3yJIbTaTe HOHU3AIMU 3JICKTPOHBI HOBOTO MTOKOJIE-
HUS, YCKOPSISCh, HOHU3UPYIOT APYTHE aTOMBI U MOJICKYJbL Ta-
KM 00pa3om, B raze BO3HUKAET MOTOK 3JIEKTPOHHO-UOHHOTO Pa3-
psizia: TIOTOK 3JIEKTPOHOB YCKOPSIETCSI K aHOJLY, & MOJI0KUTEIbHBIE
noHel — K karoay (b). OmHako pa3psan raza 3TUM HE OTpaHH-
yuBaetcs. [looxkuTeNnbHbBIC HOHBI, IBIKYIITUECS K KATOTY, TAKXKE
UTPAIOT OOJIBIIYIO POJIb B 3TOM Iporiecce. Tak, moJ eicTBHeM
AIIEKTPAYECKOTO TIOJSI MOHBI MPHOOPETaloT OOMNBIIYI0 KHHET-
WYECKYIO SHEPTHIO U, YAAPsISICh O KaTo/l, BRIOWBAIOT C €ro MOBepX-
HOCTH DIIEKTPOHBI, KOTOPBIE MOAKITIOYAIOTCS K JIABHHOOOPa3HOMY
ra30BOMY paspsiy.

Omom npoyecc nHazvisaemcs yOApHoU uoHu3ayuell (Ui uoHu-
3auueil yoapom).

Hmax, camocmosmenvhulil 2a3086blil paspsao APOUCXoO0Um npu
nOMOWU YOApHOU UOHU3AYUU U IMUCCUU DNIEKMPOHO8 C NOBepX-
HOCmuU Kamooa.

CymiecTByIOT dYeTBhIpe BHJA CAMOCTOSATEIBHOTO Ta30BOTO
paspsna: maeowuil pazpao, UcKpoeoii pa3pao, I1eKmpuiecKan
o0yza, KOpOHHBLIL Pa3pA0.

o Tnerowuit paspao nabar00aemcst npu Maiom 0aeieHuu 6
sude CBeMAWUXCS NOJLOC GHYMPU CMEKISIHHOU mMpYOKU Medlcoy

(b)
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anodom u xamooom. B TIpOBEICHHOM HCCIICJOBAaHHU Bbl HAOIIOJANN TICHOIIUI
paspsii. DTOT paspsii MUPOKO MPUMEHSETCS KaK MCTOYHUK CBETa B PEKIIAMHBIX
TpyOKkax. Ecnu B TpyOKy 3akadaTh HEOHOBBIN ra3, OH OyJET CBETUTHCS KPACHBIM
[BETOM, a €CJIH 3aKa4amb ap2oH, TO OH OyJIET CBETUTHCS CUPEHEBATHIM IIBETOM ().

o UcKpoeoii pa3psao — 603HUKAem 8 8030YXe MeHCOY INeKMPOOAMU NPU BbICOKOM
HAanpsiceHuy U Haboodaemcs 8 8Ude CEeMsIUUXCsL Y3KUX KAHAL08 3U23a2000paztoll
¢opmel. B kauecTBe mpumepa TaKOro paspsijia MOXKHO NMPUBECTH HCKPEHHUE NPHU
CHSTHUH 00edcObl U3 CUHTETHYECKOT0 MaTepualia, MEXAy HadJIeKTPU30BaAaHHBIMU
KOHJIYKTOPaMH 3JICKTPOPOPHOH MAIIUHBI MPH COJIMKEHUH UX JIPYT C JAPYroM, a

TaKXC 603HUKHO6EHUEe MOJIHUU TIPU T'PO3EC.

Kak Bo3HuKaeT Takoe HHTepecHOe aTMOCc(epHOe ABJIeHNEe, KAK MOJIHUS?

® Monnusa — 5mo camocmosmenbHblil 2a308bill pa3pso, O3HUKAIOWUL MENHCOY
0071aKOM U NOBEPXHOCBIO 3eMAu Ul MeNCOY 08YMs NPOMUBONOTIONHCHO 3APAIICEH-

HbIMU 00aKaAMU.

Korma momHuMarommiicss BBEpX BO3MYIIHBINA IMOTOK MPOXOIUT C OONBIION

CKOPOCTBIO uepe3 00J1aKk0, 00JIaK0 IEKTPU3YETCS B pe3yJIbTaTe TPCHUSI.
[10J10KUTENbHBIE HOHBI BO3IyXa COOMPAIOTCS B BEPXHEH yacTn oGgiftka, a

HaTCJIbHBIM (I/IJ'II/I HOJ'IO)KI/ITGIIBHLIM) IOJIIOCOM  Ipy
TCJIa Ha TIOBEPXHOCTU 3emiu OIPCACIICHHOTO 3HAUCH

° maea 1 * OneKkTpu4eGRUN T
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[Ipu aTOM OTpHIIaTENBEHBIC 3apsiIbl U3 00JIaKa IMEePEeTEKAr0T K MOBEPXHOCTH 3eMITH, a
TMIOJI0KUTENIbHBIE 3aps/Ibl C MOBEPXHOCTH 3eMJIM MEPETEKA0T K 00JIaKy — IPOUCXOIUT
ra3oBblil pa3psa. [Ipu BEICOKOW CKOPOCTH MOTOKA 3THX 3apsii0B HAOJIIOIACTCS CHIIb-
HOE CBEYEHHUE M 3BYK TpoMa. [ poM BO3HHKAET B pe3ysIbTaTe Pe3KOTO PACIIMPEHUs U
B3phbIBa Bo3ayxa (d). Temneparypa B kaHaine paspsiga gocruraet g0 20 000°C, cuna
Toka 1o 500 000 A, a HampspDKEHHE MOXET OBITh JI0 10° V. Ceersiiuecs JJoMaHble
JIMHUM PACTSATUBAIOTCS HA HECKOJBKO KWJIOMETPOB M HMEIOT MHOTOYHMCIICHHBIC
Pa3BETBIICHHUS, 37110 HA3bIBAECHICSL MOJIHUCIL.
o Diekmpuueckasn 0y2a — eciiu 08 Y20JbHbIX I1eKMPoOd, NOOKIOYEHHBIX K UC-
MOYHUKY MOKA, CONPUKOCHYMb U YOaIums opye om opyed,
(e) MedHcOy HUMU Habnodaemcs ovensb apkoe 0y2000paszHoe
ceeuenue (e). Ilpu 3TOM paspsne cuina BO3HUKIIETO TOKA
UMeeT OuYeHb OOJbILIOE YHMCIOBOE 3HaydeHue. [IpuumHoit
ANEKTPUYECKON yTH SBIISIETCS TEPMOAIIEKTPOHHAS SMHUC-
cusl, TMPOUCXOAAIIAs C TIOBEPXHOCTH CHIIBHO HArperoro
katofa. JlyroBoii pa3psia UCIIONB3yeTCs MIPH 3IIEKTPOCBa-
POUYHBIX paboTax M B KHHOMPOEKTOpaXx.

o Koponnwlit paspao — npu KOpOHHOM paspsioe Ceemsawascs 0onacmy HanOMuHaem
KOpOHY, OH 00pasyemcs: npu ammocepHom Oasnenuu 60Iu3u OCMpbIX yacmetl npo-
B00HUKA ¢ OOMbUUM dTIeKmpudeckum 3apsadom. VloHmsanms Bo3ayXa Ha KOHI[AX 3THX
IPOBOHMKOB HaOJO1aeTcst B popMe cBeTsILIeiics: kopoHsl. Hanbornee yacto KOpOHHBIN
Pa3ps BOZHUKAET OKOJIO BRICOKOBOJIBTHBIX JIMHHUH TTepe/iay.

o Ilnazma — yacmuyHo uiu NOTHOCHbIO UOHUSUPOBAHHBII 2A3.

[1na3ma B LeIOM SIBISETCS HEUTPATbHBIM I'a30M, IOTOMY YTO KOJIMYECTBO I10-
JIOXKUTEIBHBIX ¥ OTPUIATEILHBIX 3apsa0B B HEl mpakTtudecku comnanaet. [lnazma
MOXET OBITh HU3KOTEMIICPAaTypPHOU W BBICOKOTeMIepaTypHoi. OHa obiagaceT BbI-
COKOU 3JICKTPOIIPOBOAHOCTHIO. [10 3TOMY CBOMCTBY I1a3Ma O4YeHb OJIM3Ka K CBEPX-
mpoBogHuKaM. [lnma3sma mumpoko pacmpocTpaHeHa Bo BceneHHOI: 3Be3lnbl M UX
atMocepa COCTOST U3 BRICOKOTEMIIEPATYPHOH TUIa3MBI.

TBOpUYeckoe NnpumeHeHue

e -

Kakown ato paspsaa?

O6opyapoBaHue: anekTpodopHas MalumnHa.
MpaBuna 6e3onacHocTu: npu paboTe ¢
3NEeKTPOOpPHOM MaLIMHON YyNpaBnaTb
KOHAOYKTOPaMM HYXHO TOMbKO AepXach 3a ee
NnacTMaccoBbIE PYYKW.

Xoa uccnegoBaHus: 1. Pacnonoxure
KOHOYKTOPbI 3NEKTPOdOPHON MaLLUMHLI Ha pac-
crosHun 3-5 cm gpyr ot gpyra (f). 2. MNMpueeante
3NEKTPOOPHYHO MALLMHY B AEACTBUE,
HaanekTpuaynte B TeyeHne 10 cekyHA
KOHOYKTOPbI 1 NpocreanTe BO3HUKLLEE SBIEHME.

[
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ccrenona JB

O6cyauTte pesynbTarhi:
o Kakoli pa3psig Habniogancs B akcnepumeHTe?
e Ha3oBWTEe OCHOBHbIE HOCUTENW 3apsifa B 3TOM paspsije.

YTO Bbl Y3HAIN ~* Nepenuwmnte B pabounim NUCTOK He3aBepLUEHHbIe
( npepnoXeHUsi U 3aKOHYUTE UX.
1. CaMoCTOSITENbHBIV Fa30BbIN PaspsaA ... ; 2. YAapHas MoHM3aums ... ;
3. CyuyecTByeT YeTbipe BMAa CAaMOCTOATENbHOIO ra3oBoro
paspsaga: ... ; 4. lNnaswma ...

MpoBepbTe CBON 3HaHUA

1. Kakve rasoBble paspsiabl Ha3blBalOTCH CAMOCTOATENbHLIMU?

2. Kak npovcxoauT yaapHas noHmsaumsa?

3. Kakoii rasoBeblf paspsig NPOMCXOAUT Npu aTMocepHOM AaBrneHnmn?
4. Yem oTnnyaeTca Tneowmi paspsag oT NeKTpudeckon ayrm?

5. Kak nponcxoamnT nckposom paspsa?

1. lo:xab Bo BpeMs rpo3bl 3acTajl Bac Ha OTKPBLITON MecTHOCTH. Ilo0.11M30cTH HAX0AMTCH BBICO-
KHii 1y0. MoKkHO JIM cIpATaThes OT J0:kA4 nog HumM? Iouemy?

2. Hocutenn 3/1eKTPUYECKHX 3apPS/I0B B ra3ax...
A) 3JIEKTPOHBI, IOJOKUTEIBHBIC U OTPUIIATEIILHBIC HOHBI
B) TONbKO MONOKUTENBHBIE HOHBI
C) TONBKO 31E€KTPOHBI
D) TONBKO OTpPHIATEbHBIE HOHBI
E) TONBKO MOJIOKHUTENbHbBIE H OTPUIIATEIbHBIC HOHBI

3. DaekTpoa 3710 ....
A) KHUIKOCTB, IIPOIYCKAIOIIast AEKTPUUECKUI TOK
B) HOCHTENHM 37EKTPHUYECKOTO 3apsaa
C) MeTaTHYeCcKuil MPOBOTHUK
D) ras, mporycKkarommii SIeKTpUIeCKHit TOK
E) yctpoiicTBo ocBemenus

4. Ilpn moMelIeHNN TIAMEHH KEPOCHHKH B 3JIEKTPHYeECKOe IMoJie OHO cpa3y pa3BeTBJIsieTcs.
IHouemy?
5. Kakoii ra3oBblii pa3psa npuMeHsieTcs IIPH 3J1eKTPoCcBapke?
A) Tneromuii pa3psan
B) Uckposoii pazpsin

C) KoponHslii paspsin

D) Dnexrpuueckas nyra ’

E) HecamocTosiTenmbHBII pa3psi \
ermaBal ¢ Snel('rp& asnu cpepax ° 31




nOJ'IYI'IPOBO,U,HI/IKI/I. COBCTBEHHASA NMPOBOAUMOCTDb
nonynpPoBOAHUKOB ——

WHxeHepbl YHuBepcuTeTa Wwitata KOTa (CLUA)
pa3paboTanu HOBbIM TWM NIOCKOrO NOMYyNPOBOAHM-
KOBOro MaTepuana. QNeKTPOHb! U NOSIOXUTESbHbIE
3apsaabl (AbIPKW) NPOXOAST Yepes Takom nonynpo-

BOAHWKOBbIV MaTepuarn, KOTOpbI COCTOUT U3 o

oKCuAa onosa TOSLLMHON BCEro OAWNH aTOMHbIN * MoyeMy yyeHble 1 UHXEHEpPbI
anameTp, 6bICTpee, YeM KpeMHuneBble (I/IJ'IM uccneanyroT HOBbIe TUMLI
repmMaHuneBble) NONynpoBOAHNKA. OTO NMO3BONSeT NonynpoBOAHUKOB?

€03AaBaTb BbICOKOCKOPOCTHbIE 3MEKTPOHHbIE

YCTPOWCTBa HOBOrO MOKONEHUS (KOMMbIOTEPSI, * Kak anekTponpoBOoAHOCTb
MOGUMbHbIE TENEedOHbI, BI):ICOKOCKOpOCTHbIe NonynpoBOAHMKOB OTNMYaeTcs
VHTEPHET-CUCTEMBI U T. A.). OT 3NeKTPONPOBOAHOCTH APYrUX
Hcmoynuk: http://rdd.me/aguWg5lz BewecTs?

ccranonas I8

Onpe,qeneHme XNUMUYECKUX JNTIeMeHTOB, OTHOCALLUXCA K NoNynpoBOAHUKOBbLIM

BellecTBaM.

O6opynoBaHue: Tabnuua “fNeprvoanyeckon CUCTEMbI XUMUYECKUX 3NIEMEHTOB”.

Xopa nccnepnoBaHuaA:

1. OnpegenvTe XuMmM4eckme anemeHTbl 13 “Ilepnognyeckorn CUCTEMbI XUMUYECKMX
3M1EMEHTOB”, KOTOPbIE MOXXHO OTHECTY K MOMYNPOBOAHUKOBBLIM BELLECTBAM W 3anuLinTe
WX YCINOBHble 0603HaYeHNs B paboyem N1CTKe No Nopsiaky.

2. OCHOBBIBasICb Ha 3HAHWSAX, MOMYYEHHBIX U3 Kypca XUMUKU, OTMETLTE Ars KaXJ0ro or-
peneneHHoro Bamu 3rieMeHTa BaxkHbIe, Ha Balll B3rMsi, €ro XMMUYECKUe CBOMCTBA.

O6cyauTte pe3ynbTaThl:

¢ Kakune xummyeckme anemeHTbl Bbl OTHECIU K MOMYNPOBOAHUKOBLIM BeLlecTBam? [Novemy?

e Ha oCcHOBaHMM KaKUX XMMUYECKUX CBSI3el Obinn chopMynupoBaHbl OCHOBHbIE CBOW-
CTBa onpefeneHHbIX BaMn XMMUYECKUX 3IEMEHTOB?

Yem BHYTpPE€HHEEC CTPOCHUEC MOJYNIPOBOAHUKOB OTIHYACTCHA OT METAJIOB U

AMIeKTpUKoB? K noiaynpoBogHukaMm OT- R i
a
. 4 5 6 7 8
HocsTed: 12 SHCI\‘/I‘CHTOB CPEZIHMX TPy v, B (S [
V u VI rpynn) “Ileproandeckoil CHCTEMBI 13 [14 [15 |16 |17
Al Si B S Cl
XUMHUYECKUX 3ieMeHToB” ((a), 6 mabiuye a1 (32 (33 (31 35
Ga Ge As Se Br
KlemKU, 6 KOMOPbIX PACNOJIONHCEHbl IMU gaGe A % B
9/leMeHmbl, OKPAUIEHbl 8 DO308bIU YBEM); In_sn |sb |Te |I_ |Xe
¥4 bl
coeguHeHUs daeMeHToB M3 [l u IV, [l u V, Pb  |Bi |Po

IIT u VI rpynm; MOXXHO cka3aTh, BCE HEOP-
TaHUYECKUE BEUIECTBA. Y

CBsI3b C SAPOM BaJIEHTHBIX AJIEKTPOHOB Y MOYIPOBOHUKOB —
TPYIBI — Kpemye, YeM y BICHTHBIX JIEKTPOHOB METAIIIOB, OffHAKO
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JICHTHBIX 3JICKTPOHOB C A/IpaMH aTOMOB IUIJICKTPHUKOB OHNETBa IT

BBIX BEIIECTB (DOPMHUPYIOTCS HA OCHOBAHUH KOBAJICHTHO W TIapH
XUMHUUYECKOU CBI3U.



Kak Bo3Hukaer 31a cBsi3b? B KkayecTBe npumepa pac-  (b)
CMOTpUM KpHcTa1 KpeMHMs. Kpemuuit anement [V rpynmsr \ # « #
Ha ero BHewIHEH 9IEKTPOHHON 000JIOUKE UMEIOTCS 4 BaleHT- ™ ); R ™ );(. <
HBIX SIIEKTPOHA. B TBEPIOM COCTOSHMM KaK/IbIN ATOM KPEMHHS <& @« <& &4
CO3/1aeT KPUCTAIUTIYECKYFO PEIIETKY C 4eThIpbMs “cocemaumu” -~ (Q;Q *w,
aromMamu. [Ipu STOM BaJIeHTHBIE BJIEKTPOHBI KaXJOrO aTtoma \ 7 Qﬁ \ 7
KPUCTAJITHYECKO PELICTKH CO3AI0T ODIIME OPOUTH! (HA Kak- g y s;%'
Jtoit opOuTe TI0 JIBA JIEKTPOHA) C BAJICHTHBIMHU DJICKTPOHAMH CO-  « S0 éﬁl{ N

CEIHHUX aTOMOB. “O000IIEHHBIE” NEKTPOHBI, COSIUHSISI ATOMBI
KPUCTAIUTMYECKON PEIIESTKU JAPYT C JPYTOM, CO3MA0T MEXIYy HUMH KOBAJICHTHYIO, TaK
Ha3bIBAEMYTO HAPHOINEKMPOHHYIO 6536 (D).

IIpupoaa codCcTBEHHOM 3JIEKTPONPOBOAUMOCTH IOJIYIIPOBOAHUKOB.

Tonynpoeoonux — gewjecmao, ceoUCMEa KOMOPO2o Yy8CMEUMENbHbL K GHEUHUM
6030eticmeusim. ECiy OTyTIpOBOTHUK YHUCTHIN (He umeem 6 cocmage nOCMOPOHHUX
npumeceti), TO €ro MPOBOUMOCTE HA3bIBAIOT COOCIMBEHHOIL.

DNeKTPONPOBOAHOCTh OBIBACT JIBYX BHJIOB:

1. Dnekmponnas unu n-Mmuna RPOEOOUMOCHIL — IIEKMPONPOBOOHOCHIb, BO3HU-
Karwas npu 08UNCeHUU c80000HBIX IIEKMPOHOE 8 YUCMBIX NOIYNPOBOOHUKAX. B —
HauanbHas OyKea 1amuHcKo2o cio8a neqativ (“ompuyamenvroiii”).

[Ipu 0OBIYHBIX yCIOBHSIX (HAPUMED, P KOMHATHOHN TEMIIEpaType) EKTpUYe-
CKOE COIPOTHBIICHHE TIOTYTIPOBOAHUKOB OOJIBIIIE COTPOTHUBIICHHSI METAJIIOB, IOTO-
MY YTO KOJIMYECTBO CBOOOJHBIX 3JCKTPOHOB B IOJYNPOBOAHHKAX MEHBIIE, YEM B
MeTaymiax. [Ipy MOJKIIOUEHHH TaKOTO IMONYIMPOBOJHHKA B DJIEKTPUUECKYIO LETb
CBOOO/IHBIE 2IIEKTPOHBI B HEM, YIIOPSIOUYEHHO JIBUTASACH B KPUCTAJUINIECKON pelIeT-
Ke, CO3JIAI0T JIEKTPOHHYO MPOBOJIUMOCTD — OH IIPOBOJIUT JIIEKTPUIECKUH TOK, XOTSI
u ciadbiii. CamMoi XOpolieH 3JIeKTPOHHON POBOIUMOCTBIO 00J1aJal0T METAJLIBI.

2. Teipounas unu p-muna npo6oOUMOCHLb —OMO IJIeKMPONPOBOOHOCINb, B03HU-
Karwas npu 08UNCEHUU ObIPOK 8 YUCBIX NOYNPOBOOHUKAX. P — HAYAbHASL OYKEd
JAMUHCKO20 c108a pozitiv (“noaoscumenvroiii”).

[NoaBeprasick BHEITHEMY BO3/ICHCTBHUIO, HATIPUMED, MPU HarPEBaHUH, YacTh BaJICHT-
HBIX JIEKTPOHOB Y MOTYTIPOBOTHUKOB IMPUOOPETAET OOJBIITYI0 KHHETUYECKYFO SHEPTHIO.
B pe3ysbTate B KpucTasiie MOIYPOBOTHAKA IIPOUCXOJIAT OJJHOBPEMEHHO JIBA SIBJICHUSI:

1) sanenmmubie 21eKMPOHYBL 3 CUem NOLYYEHHOU OONOTHUMENLHOU IHepeUU paz-
PbIBaiom KOBANEHMHYIO C653b U NOKUOAIOm amombl. B pesyrvmame xoauuecmeo
CB0000HBIX INEKMPOHOB 8 KPUCMATLIE PEe3KO YBeIUdUBAemcsl, d CONPOMusieHue
NOLYNPOBOOHUKOB PE3KO YMEHbULACTNCS,

2) Koeda 8aneHMHbLIL ANeKMPOH NOKUOAEm amOM, 8 KOBAIECHMHOU C653U 603HUKAEM
“nycmoe” mecmo, nazvisaemoe OvipKoil. B pe3ynbraTe aToM NpeBpalacTcs B MO0
TenbHBIA HOH. OJIHAKO pa30pBaBIIKE KOBAJICHTHYIO CBS3b BAICHTHBIGgICK
CEJTHUX aTOMOB NIEPENPHITUBAIOT B ATY JABIPKY U 3aTlOJTHSET €€ — CBSI3b BO|
Cs1, TIOJIO’KUTENHHBIN MOH BHOBB TIPEBPAIACTCS B HEUTPATBHBINA aTO
TIWIA SIIEKTPOH HAa CBOEM TIPEKHEM MECTE CO3/IACT HOBYIO JIbI

Takum 00pa3oM, GosHuxawue ObIPKU, KOMOR
3amewyaiowux opye opyea nocied08amenbHbiX npol
npusoosam 6 “osudicenue’”’ u NoOsoHCUMe

° rmaea 1 * OnekTpuyeGRui 33



(c) Mepememenne Ilepevemenye [Ipy COCAMHEHHH MOTYIPOBOTHUKOBOIO
BaJICHTHBIX JABIPOK

3JIEKTPOHOB \ KpuUCTaJljla B JICKTPUYCCKYIO LICNb NOCTOSAH-
b el e HOTO TOKa CBOOOTHBIE BaJ‘ICHTHLIE‘:‘ Z-)J'IGKTpOHI:I’
+ Si Si si “si i COBEpIIAIOT  YIMOPSAAOYCHHOE ‘‘NIBIKEHHE
, > > S _

‘_' A AL [ | e MIPOTUB HAIpPAaBIEHUS BEKTOpa HAIPSKEHHO-
SiL__Sh__(Si__ St~ St CTH TOJIs, @ TOJIOKUTEIIBHO 3aPSKSHHBIC JTBIP-
‘_. =l bl By KU COBEpUIAIOT YIOPSAOYCHHOE “‘IBUXKEHUE”
Sh__iSha iSo Sh=(SI B HaNpaBJe€HHU BEKTOpA HAMPSKEHHOCTH

7 - MOJII — BO3HHUKAET JJIEKTPUUYECKUU TOK (C).
<_|I|I|' Tak Bo3HHMKaeT COOCTBEHHasl IMPOBOJAUMOCTH
NNk MOJIYIIPOBOIHUKOB.

o Coocmeennas SJZEKmpOl’lpOSOC)HOCWlb yucmolx nwzynpoeoOHuKoe cozdaemcs 3a
c4yent paéHoco Koinuecmea Cc60O00HBIX OJIEKMPOHO6 U ()blpOK.

TBOpUYeckoe NnpumeHeHue

UccnepoBsatue [P

3apaya. CpaBHUTE NpUpPOAY 3NEKTPONPOBOAHOCTM NOMYNPOBOAHUKOB C MeTannamm u
3aBepLUNTE AaHHY Tabnuuy.
Mpyvpoaa anekTponpoBOgHOCTH MeTtannsl MonynpoBogHWKM
BHyTpeHHee cTpoeHve
HocuTenu anekTpuyeckoro 3apsaa

Mpu yBEnuueHun Temnepa-
Typbl 3NEKTPONPOBOAHOCTb
yMeHbLUaeTcst

3aBMCKMOCTb 3MEKTPONPOBOAHOCTY
OT TemnepaTypsbl

OneKTponpoBOAHOCTL NpK
TemnepaType abCconTHOro Hyns
MpoucxoamnT nu nepeHoc BellecTsa
npwv 31eKTPONPOBOAHOCTU?

O6cyauTte pesynbTaThbl:
* B 4yem cxo4CcTBO U OTNNYME 3NEKTPONPOBOAHOCTU NOMYNPOBOAHMKOB Y METANMoB?

* MepenuwuTte B pabo4unmn NMCTOK He3aBepLUEHHbIe
npeanoXeHnUsi U 3aKOHYUTE UX.
1. K nonynpoBogHUKOBbIM BELLECTBAM OTHOCSTCS — ...
2. CobCcTBEHHAs 9MEKTPONPOBOAHOCTE MOSYNPOBOAHMKOB — ...
3. OnekTpoHHas NPoBOAMMOCTb B NOMYNPOBOAHMKaX — ...
4. [lblpo4Has NpoBOAMMOCTb B MOYMPOBOAHUKAX — ...

MNpoBepbTe CBOU 3HAHUA

1. Kakne BelyecTBa Ha3blBalOTCS NOMYNPOBOAHUKAMN?

2. K kakow rpynne 3nemMeHTOB OTHOCATCHA NONyNpOBOOHNKN U3 “I'Iepmo;:f KoM GUCT!
XUMUYECKNX ANIEMEHTOB”? YeM OTNnYarTCa 3TW SNIEMEHTLI OT 351ieMe apy pyn

3. Y10 Takoe KoBaneHTHas 1N NapHo 3NEKTPOHHAsA CBA3b?

4. YnopsgoyeHHOe ABMKEHME KaKnX HOCMTenen 3apsifoB ceggaeT B nonyn [HU

3NeKTPUYECKUii TOK?

Y

YTO Bbl Y3HAIU




m nPI/IMECHAFI nPOBOAMMOCTb NONYNPOBOAHUKOB

Mpn M3y4eHUM CBOWCTB MOMYMNPOBOAHWMKOB GbINO OMNPEAENeHo, YT UX e Uto Heo6bI4HOrO
3IEeKTPONPOBOAHOCTb MOMHOCTLIO OTNIMYAETCS OT 3NEKTPONPOBOAHOCTM npouncxoauT C anekK-
ApYrvx cpef, TakuX Kak MeTannbl, XWOKOCTW, rasbl U BakyyMm. Bbino TPONPOBOAHOCTLIO
ONMPEAEneHo, YTO SNEKTPONPOBOAHOCTL MOSyYNPOBOAHMKOB Mo cpaBHe- & yucToro nonynpo-
HUIO C ApYyr¥Mu cpepaamu Gonee YyBCTBUTENbHA K BHELUHEMY BO3OEl- BOAHWKaA Npy Ao-

CTBUIO: B peayrnbTaTe 9TUX BO3AENCTBUI MPOBOAVMOCTb PE3KO MEHSIETCS.
OOHO U3 TakuX BHELWIHWX BO3OeicTBuii — [nobaBneHne B cocTas
NonynpoOBOAHWKOB NMOCTOPOHHUX BELLECTB — MPUMECEN.

- UccnepoBaHue -

Kak nameHsieTcsi KOnmM4ecTBO
HocuTeneu 3apsfaa B YNCTbIX
nonynpoBoAHUKax Npwu
pobGaBneHUu npumecu?

6aBneHun B ero
cocTtaB npumecu?

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

Xop nccnepoBaHus:

1. Onpegenute n3aMeHeHus1, NPoOn3o-
LweALlwune B YACTOM Kpuctanne
nonynpoBoAHuka (Si — anemeHT IV
rpynnel) npu gobaeneHun B
KayecTBe npumecu anemeHTa VvV
rpynnel gpocgpopa (P) (a).

2. OnpegenuTe N3MeHeHns, Npoun3o-
wepawwue B kpuctanne (Si) npu
AobaBneHnn B ka4ecTse NpMmecu
anemenTa lll rpynnel 6opa (B) (b).

O6cyauTe pe3ynbTaTthbl:

o CKOMNbKO BaneHTHbIX 3NEKTPOHOB Y
anemeHTa V rpynnsl dpoccopa (P)?

o KonmnyecTBo Kakunx cBOBOHbIX
HocuTenen 3apsaa yBenuumTcst npu
no6asneHnn npumecu cocgopa (P)
B Kpuctann kpemuus (Si)? MNovemy?

o CKOIbKO BarneHTHbIX 9MTEKTPOHOB Y
anemeHTa lll rpynnel — 6opa (B)?

¢ Kak u3aMeHMTCA KONM4ecTBo
cBOGOOHBIX HOCUTENEN 3apsaa npu
fobaBneHun B kKayecTse NpuMecH
6opa (B) B kpuctann kpemMHus (Si)?

[Ipu noGaBIEHUY TPUMECH B YUCTBINA MTOTYTIPOBO
€ro IMPOBOJUMOCTh PE3KO BO3pacTaerT.
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IHpuyuna smoeo 3axirouaemcs 6 mom, 4mo Hapsoy ¢ cCoOOCMEEHHOU NPOBOOUMO-
CMbIO 8 NOYNPOBOOHUKE BO3HUKAEM U NPUMECHA nposodumocms. Ecau yucno ea-
JIEHMHBIX JIEKMPOHO8 000ABIEHHO20 amoma npumecu Oyoem 0Ooavuue uucia
BANICHMHBIX INEKMPOHOE AMOMA NOJYAPOBOOHUKA, MO SMA NPUMECh HA3bIEAEHICS
00HOPHOIUL npumecwlo (namunckoe cnoso donor oswawaem ‘“‘omoaio”). Ecnu orce
YUCNIO BANIEHMHBIX IAEKMPOHO8 000A8IEHHO20 amoma npumecu 6yoem MeHbule
YUCNa BANEHMHBIX INEKMPOHOE AMOMA HOLYHAPOSOOHUKA, MO dMA NPUMECH HA3bl-
8aemcs akyenmopHol NPUMecvio (1amuHcKoe cioso akseptor — “‘npunumaio”).

Jlonopnas npumecs obecneuusaem noaynpo8oOOHUKO8ble KPUCALLbI OONOIHU-
MenbHbIMU 2NEKMPOHAMU: C 1e2KOCHbIO 0MOA8aAsl C80U BAleHMHbLE DIEKMPOHDbL, OHA
VEeAUUUBAem KOIUYECHBO C80D0OHBIX I/IEKMPOHO8 8 NOYNPOBOOHUKE.

Hanpumep, npu mobGaBieHHH B KPUCTAIUT KPEMHHS TMPUMECH TSATHBAICHTHOTO
aneMenTa — ochopa, YeThIpe BaJICHTHBIX DIIEKTPOHA CO3J]AI0T KOBAICHTHYIO CBS3b
C COCETHUMHU aToMaMH KpeMmHus. [IaThIif jxe 31eKTpoH dochopa Bparaercs 0KoJo
atoma. OlHaKO OH, UMes CIaldyI0 CBSI3b C ATOMOM, C JIETKOCTBIO MOKHIAET €ro U
CTAHOBUTCS CBOOOIHBIM (CM.: a).

Ecnu B xpucramie 4-BaJIeHTHOTO KPEMHUSI HEKOTOPBIE aTOMBI OYYT 3aMECHEHBI
aToMaMu S5-BaJIeHTHOTO (ocopa, To OT Kaxkoro aroma npumecu (pocdopa) B pe-
3yJbTAaTe TEIUIOBOTO IBMXKEHUS OCBOOOJWTCS OAWH AeKTpoH. lloj meficTBuem
BHEIIHUX ()aKTOPOB AJICKTPOHBI aTOMOB KPEMHHMsI MOTYT IMOKHHYTh KOBaJICHTHBIC
CBsI3H, TOT/Ia HA UX MECTe 00pa3yloTCs IbIpKU. Torjaa mpu Co3JaHuH SJIEKTPHYICSC-
KOTO TI0JISL BCE ATH 3apsbl MPUAYT B ABMKEHUE U BOSHUKHET 3JIEKTPHUECKUH TOK. B
TaKOM IT0JIyPOBOIHUKE OCHOBHBIMU HOCHTE/ISIMH 3apsiia OyayT 3JIEKTPOHBI, a JAbIP-
K1 OYJIyT HE OCHOBHBIMH.

o ITonynpogoOdHuk ¢ 00OHOPHOI npuMecyio 0d1aoaem 6 OCHOBHOM 3JIeKMPOHHO-
NPUMECHOU NPOBOOUMOCHBIO (NPOBOOUMOCHb N-MUNA).

® Akuenmopnas npumecy obecneuugaem NOIYNPOBOOHUKOBbLE KPUCTIATIbL 00-
HOJHUMENbHbIMU ObIPKAMU: NPUCOEOUHSIS K cebe OONOTHUmMebHble BANEeHMHble J/IeK-
MPOHDBL, YEeTUUUBAEN KOUYECBO ObIPOK 8 NOYAPOBOOHUKE.

Hanpumep, npu 1006aBIeHnH B KPUCTAIUT KPEMHHsI IPUMECH TPEXBAJIICHTHOTO
0Opa BaJICHTHBIC AJIEKTPOHBI MPUMECH CO3JAI0T TOJBKO TPH IMapbl 3JIEKTPOHHBIX
CBsI3€H C COCEHMMH aToMaMu KpeMHHA. J[1si co3manus ke 4eTBepTON Mmaphl dJeK-
TPOHHOM CBSI3U HE XBaTa€T OAHOTO AJIEKTPOHA, U HA €r0 MecTe o0pa3yercs JIbIpKa.
Croga MOeT MepeiTH OMH BAJICHTHBIN 3JEKTPOH C COCEIHET0 aroMa KpeMHus. B
9TOM CIy4yae 3a CYeT BaJICHTHOTO DJIEKTPOHA, MOJYYEHHOTO OT COCEIHEro aToMa,
TPEXBAJICHTHBII aTOM MNPEBPALIACTCS B OTPULATEIbHBIIA MOH, CBSI3b 3aBEPLIACTC
Ho B cocemnem atome, OTAaBIIEM 3JIEKTPOH, BOZHUKACT JIbIpKa (cM: b).

Wrak, TpexBajieHTHAs IPUMECh, 3a0Mpasi AICKTPOH y aTOMa KPEMHUsh, CO3
KpUCTaJUIe JOTOJMHUTENbHBIE IBIPKU. B pe3ynbrare KOnuuecTBO ABIPOK
IUT YHUCIIO AJIEKTPOHOB. [lOATOMY JBIPKH SIBIISIOTCS OC
3aps/ia B OJTYTIPOBOJTHHUKAX C aKIENITOPHOMN MPUMECH
MU 3apsiaa SBISIOTCS AIEKTPOHBI.

o [1onynpo8oOHUK ¢ aKyenmopHoU NPUMeECbK %
NPUMECHOU HPOBOOUMOCBIO (NPOBOGUMOCTL DT
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TBOpYeckoe NnpumMmeHeHue

ocresoname [

PewwuTe 3apayy, ucnonb3ys NnpMBeAeHHYH HUXKe MHdopMaLuio:

N3BecTHO, uTo B 06bemMe 1M3 kpucTanna repmaHus umeetcs npubnuantensHo 1028
atomoB. [Mpn KOMHATHO TemnepaType KOHLEeHTpaLmMs cBOBOAHbLIX 3MEKTPOHOB B HNC-
TOM repMaHuu coctasnsieT n = 1017m~3. B kpucTann repmaHus gobasnsercs npuMech
NSTUBANEHTHOro aToMa Mbllbska B konuyectse 4o 1% (ao 0,01 yactn).

370 03HauaeT, YTO B Kaxabii 1M3 MeXaTOMHOro NPOCTPaHCTBA KpUCTanna repMaHums
BHeceHo 10%° aTomoB npumecu. Ecnn yyecTb, UTO KaX[blil aTOM MblllbsKa co3aaeT
OAUH cBOBOAHBIN 3MEKTPOH, TO KOHLIEHTPALMS TaKMX 3MNEKTPOHOB B KpucTanne byaet
n = 10%°m~3. 31oT nokasatens B 10° pas, To ecTb B MUNNMap pas 6orblue, Yem 3Hade-
HWE KOHLIEHTPaLUW 3MEKTPOHOB B YNCTbIX KPUCTANTIaX repMaHms.

3apava. Kakom Tvn npumecHOro monynpoBoAHvka obpasyetca npu gobasneHun B
YUCTBIN YeTbipexBaneHTHbI kpucTann repmanus 0,8% nprvmMecy aToMoB TpexBaneHT-
Horo nHAams (In)? Hackonbko oTnmM4aeTcs KONMYECTBO OCHOBHBIX HOCUTENen 3apsaa B
3TOM NONYNPOBOAHMKE OT KONMYECTBA COOTBETCTBYIOLLMX HOCUTENEN 3apsaa B YUCTOM
repmMaHmmn?

el S Ay c NepenuwuTe B paGoumit NMCTOK He3aBepLUeHHbIe
‘ npeAnoXeHNs U 3aKOHYUTE UX.

1. [loHOpHbIE NpUMecH — ...

2. AKLENTOpHbIE MPUMECH — ...

3. MNonynpoBOAHWKM C AOHOPHOW MPUMECHIO — ...

4. MonynpoBOOHWKN C aKLLENTOPHOW NPUMECHIO — ...

MNpoBepbTe CBON 3HAHUA

1. Kak cozgaeTcs anekTpoHHas NpoBoAMMOCTb B NPMMECHOM NOMynpOBOAHMKE?

2. Kak cosgaetca Ablpo4HaA NnpoBOANMMOCTb B NPUMECHOM I'IOJ'IyI'IpOBO/:l,HMKe?

3. Kak npuMecChb BNnUAET Ha 3fiekKTpu4eckoe conpoTueneHne I'IOJ'IyI'IpOBO,EI,HI/IKa?

4. Kakas npumecHasi NpoBOAUMOCTb BO3HUKHET, €Cnin B repMaHuin JobaBuTb, COOT-
BETCTBEHHO, MbILbsK, 60p nnu dpocdop?
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[ 1.9 ] P-N nePExoa. nonynPOBOAHUKOBLIV Ano.a
(JononHuTenbHbIN MaTepuan ansg YTeHus)

OCHOBHbLIMW 3rIiEMEHTaMM MHTErparbHbIX 3NIEKTPUYECKUX e Mouemy nonynpoeoga-
CXEM B CITOXHbIX 3MeKTpuyeckmx npubopax (MoGUNbHbIN HUKOBbIe NPUGOPHI
TenedoH, HoyTOYK, MUKPOBOHOBAas Neyb, CTMpanbHas v obnapatot TakKuMm
nocynoMoeYHasi MalluHbI, CKOpoBapKa, TENEBU30p U Apy- ¢ o6WHPHBLIMUK cdhepamu
rve) sIBNsOTCS NOMynpoBOAHUKOBEIE NPUOOPHI. npuMeHeHnAa?
MonynpoBoAHUKOBbIE . ¢ B uem npenmy-

LWecTBO nonynpo-
BOOHMKOB Hag
ApYrMMu NnpoBoA-
HUKamn?

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

y4yacTkoB, poboTocTpo-
€HWUW, PaaMO3NEKTPOHU-
Ke 1 apyrux cdpepax.

WUccneposanue S

Moyemy He NpoxXoaAUT INEKTPUYECKUN

TOK?

O6opynoBaHMe: WCTOYHWK MOCTOSIHHOrO

Toka (4 B), amnepmeTp, NonynpoBOOHMKO-

BbI aAvopn (u3 Habopa npnbopoB “OnekTpu-

YeCKMI TOK B MOMNynpoBoAHUKax"), KMoY, co-

eQuHUTENbHbIE NPOoBOAA.

Xoa uccnepoBaHus:

1. CoeauHuB 3a>K1Mbl NONYNPOBOAHNKOBOIO
OMOAa C 3NEKTPUYECKON LeNbio, 3aMKHNUTE
KMOY U BbISCHUTE, NMpOTEKaeT unu Het
yepes 3Ty Lenb MeKTPUYECKnii Tok (a).

2. He nsmeHsasa uenb, noMeHsTe MecTamum
coeaVHUTENbHbIE MPOBOAA Ha 3aXmmax
auoda v npocneavTte BO3HMKLIEE siBRe-
Hue.

Ob6cyauTte pe3ynbTaTthbli:
* B kakom cry4ae nonynpoBOAHWKOBbINA A0S, NPOBOAUT SMEKTPUYECKU TOK?
* K kakomy BblBOAY NPUBOANT UCCHefoBaHNE?
o Kakylo MpoBOAMMOCTb MMEET MOMyNPOBOAHMKOBbIN ANOA: COBCTREMHYIO npw
Hyt0?
DnekmpoHHo-0bIpouHbLL nEpPexod (WU p-n nepe. . Hpu co OCHOBEH,
MIOJIyIIPOBOJHHUKA P-TUIA C MOJIyIPOBOJHUKOM H-@iIIa Ha €pPXHOCTH H
KOCHOBEHHSI BO3HMKHET 3JIEKTPOHHO-IBIPOYHBII h;, on (i p-n
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3TOM DIIEKTPOHBI M3 KPUCTAILIA N-TUIA ¥ JBIPKU U3 KPUCTAJIA P-THUIA MPUXOMST B
JIBUKCHHUE U COBEPIIAOT AU(P(PY3UI0 B MPOTUBOIMOJIOKHBIC CTOPOHBI OT TPaHMIIBI
COIPUKOCHOBEHUSI.

B pe3ynbraTe B n-4acTH rpaHUIbl CONPUKOCHOBEHHSI YBEIMYUBACTCS KOJIUYECTBO
TMIOJIOKUTENBHOTO 3apsiJia, & B P-4acTH — OTPUIIATENILHOTO 3apsiia, Mo ecib 6 p-n nepe-
X00e NoAYnpoBOoOHUKOB020 KPUCMALLA 603HUKAEM OBOUHOU CIOU PA3ZHOUMEHHLIX
3apsoos (b).

(b) d
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DIEKTPHUYECKOE TOJIE (En_p), BO3HMKAIOLIEEe MEXAY 3apsAaMu IBOMHOIO CIlos,
MPEMATCTBYET JalbHEHIIEMY MEPEXOJy 3JEKTPOHOB YEpe3 TPAHMILy CONPHUKOCHO-
BEHMsI KPUCTAIJIOB ab M3 n-4acTu B p-4acTb, a JBIPOK U3 P-4acTH B n-4acTb. Ilpu
HNOJK/IIOUCHUN KPUCTAIUIA, UMEIOIIEr0 P-N IEPEeXoll, B Lielb IOCTOSIHHOTO TOKAa, OH
OyZeT XOpolIO MPOBOAUTH TOK TOJBKO B OJHOM HAaIlpaBJICHWH. DTO HaIlpaBJICHUE
YCTaHOBUTH HE TPYIHO.

Ipsamoinr nepexod. TIpeanonaoKuM, 4TO KPUCTAUI N-TUIA TOJCOCANHEH K OT-
pHULIATEIBHOMY IOJIOCY UCTOUYHUKA TOKA, @ KPUCTAIUI P-TUIMA — K HOJOXKUTEITBHOMY.
ITpu 3TOM MOJ AECTBUEM 3JIEKTPHUUECKOIO IOJIS, CO3JaBAEMOr0 HCTOYHUKOM TOKa,
3JIEKTPOHBI KPHUCTA/UIa N-TUNA U ABIPKM KpHUCTaia p-Tuna OyIyT ABUraThbCs Ha-
BCTpeuy Jpyr JIpyry K rpanuie ab. DiekTpoHsl, npoijas depe3 rpanuiy ab, 3a-
HOJHSIOT JBIPKH, YMEHBIIIAS €ro TOJNIIMHY, a 3HAYUT, U 00I11ee JIEKTPUIECKOE COIPO-
TUBJEHUE Kpuctawia (c). Takoi p-n nepexod 6 NOAYNPOGOOHUKOBBIX KPUCMALAAX
HA3b16AEMCS RPAMBIM HEPEXOOOM.

(c) n '%" p
E™ =
N A= I 6
e® - @ T
o - -0° \
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Oopammubwtii nepexod. l1pennonoxum, 4To KPUCTAIUT N-THUIA MOACOCTUHEH K TT0-
JIOKUTEILHOMY TIOJIOCY HCTOYHUKA TOKA, a KPUCTAILT P-THUIIA — K OTPULIATEILHOMY

(D).

(d)
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B 3TOM ciyyae BEKTOp HANpsDKEHHOCTH DIIEKTPUYECKOTO IOJISl, CO31aBaeMOro
HCTOYHUKOM TOKa, COBMAAAET C HANPSIKEHHOCTBIO 3JIEKTPUUYECKOTO MOJIsI JBOWHOTO
ciosi. [Tox BIustHUEM 3TOTO BHEIIHETO AJIEKTPHUYECKOTO TTOJISI AIEKTPOHBI KpUCTaJlIa
N-TUMAa W JBIPKH KPUCTAJUIA P-THIIA JBMXKYTCS BO B3aWMHO TPOTHBOIOJIOMXKHBIX
HaMpaBJICHUAX — OT IPaHMIBI ab K IPOTHBOMONOKHBIM KOHEYHOCTSIM KpUcTaia. B
pe3ynbTaTe MIMPUHA IBOWHOTO cJos Ha rpaHulle ab, a 3Ha4MT, U 0OIIee DIEKTPH-
YECKOE€ COMPOTHUBIIEHNE KPUCTAIIa yBeTNIUBaeTCsA. MOXKHO CKa3aTh, dJEKTPUIECCKIHA
TOK uepe3 Lenb He mpoxoauT (cM.:. cxema d). Takou p-n nepexod 6 noaynposoo-
HUKOBbIX KDUCMANIAX HA3bI8ACHICS 0OPAMHBIM NePexo0oM.

o IlonynpoeooHuKoewlii 0uod — 3mo npudop, coCmMosmuil U3 00HO20 p-n nepe-
X00a u 08yX KOHMAKMO8 0/ NOOKIIOUEHUs. €20 8 JIeKmpuyecKyto yens (e).

() | n [TonynpoBOIHUKOBBIN THOJT U3TOTaBIMBAECTCS U3
KPUCTAUIOB TEPMaHUSl WM KPEMHUS, HMEIOIINX
p MPOBOAMMOCT N-THMa. Ha moBepxHOCTH KpHcTaia
_ ), npunanBaeTcst Karist uHaus. biaromaps auddysun
aTOMOB HWH/WS B OCHOBHOHM KpHUCTalll Ha JaHHOM
p-n mepexoj  y4acTKe KpHCTaaa CO3JaeTcst o0lacTb IPOBOIH-
g MocTH p-Tuma. Ha rpanuie obnacTeil KprCTamwioB n-
W p-TUNa BO3HHKAeT p-n mepexoxa. Konrakr, mpuma-
SIHHBIW K KPUCTAJUTY HHAMS, SIBIISACTCS aHOJIOM, 8 KOHTAKT, PUIMAsSHHBIN K KPHCTAILTY
KpeMHUS (MM TepMaHus), SIBISAETCS KaToAOM. TakuMm 00pa3oM, MOIYIIPOBOIHHU-
KOBBIH JTM0J1, UMEIOIIHI p-n NMepexo/1, NPOBOJUT MOCTOSHHBIA TOK TOJILKO B OJIH
HanpasiieHud. OIHOCTOPOHHSIS TPOBOANMOCTS MOTYTIPOBOIHHKOBOTO JIHO/IA B
TPUYECKOH LIEMH CXEMaTUYECKH MOKa3bIBACTCS YCIOBHBIM 0603Hé; ue

f AHOZ Karon
() (p-THm) (n-Tumm)

40



st npegoxpaHeHust OT BHEUTHUX MEXAHUYECKUX BO3JICHCTBUM U BIaXKHOCTH IO-
J'IyrIpOBOI[HI/IKOBI)Ie AUOAbI ITOMCUIAKOT B FepMeTHqHLIﬁ KOpHyC N3 METajlyla WJIn
rtacTMacchl. [1omynmpoOBOTHUKOBBINA JHMOJ 10 CPaBHEHHIO C BaKyyMHBIM JIHOJIOM
MUMeeT PsiJl IPEUMYIIIECTB: MIHHAATIOPHBIE Pa3Mepbl, SKOHOMHBIN pacxol AJIeKTprude-
CKOI1 SHepruu, OOJBIION CPOK TOTHOCTH TP IKCILTyaTaInu ().

oL 2

TBOpYeckoe NnpumMmeHeHue

— +
UccnepoBaHue B

Kakas 13 namn cBetutcsa ap4ye?
Ha pucyHke n3obpaxeHa 4acTb Lienu, cocTosias 3
NnonynpoBOAHMKOBOrO AnoAa 1 AByX famn. 1 2

O6cyanTe pe3ynbTaThl: A
¢ Kakasa n3 namn ceetutcs apye? MNovemy?

YTO Bbl Y3HA/IU * MepenuwunTe B pabo4unii IMCTOK He3aBepLUEHHbIe
nNpeanoXeHUs U 3aKOHYUTE UX.

1. ONeKTPOHHO-ABIPOYHBIN Nepexon (Mnn p-n Nepexoa) — ...
2. MpsAmon nepexop, — ...

3. O6paTHbIN nepexon — ...

4. NonynpoBOAHVKOBbIA ANOA — ...

MpoBepbTe CBOM 3HAHUA

1. YUTo Takoe aneKkTpoOHHO-AbIPOYHbI Nepexoa?

2. Kak BO3HUKaeT ABOWHOW CrOW Ha rpaHuLie CONPUKOCHOBEHMWS ABYX NOMYyNpPOBOAHUKOBBIX
KpUCTannoB pasHbIX TUMNOB?

3. Kakyto pornb urpaeT ABOWNHOW CfOW B p-n NepexoAe Ha rpaHuue COnpuKOCHOBEHUS ABYX
NonynpoBOAHUKOBBIX KPUCTaNNoB?

4. KakoBO OCHOBHOE CBOWCTBO p-n nepexoga?
5. Ha yem ocHoBbIBaeTCs npuHUMMI paboTbl NONYyNpoBOAHWKOBOroO Anoaa? ’
ermaBal ¢ 3ne|('rpl& asnu cpepax ° 41




m nOJ'IYI'IPOBO,D,HI/IKOBbIE NMPUBOPDLI

e 3HaeTe nu Bbl, YTO ANneKTpudeckaa aHeprna B KOCMUYECKUX

annapaTax, COBepLIaloLLMX ANUTENbHOE ABWKEHNE no opbute o * Bnaropaps
@&

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

BOKPYr 3eMnun 1 B MEXMMaHeTHOM NPOCTPaHCTBE, MofyyaeTcs
C MOMOLLIbO MONYNPOBOAHMKOBBIX NpMbopoB?

o 3HaeTe nu Bbl, YTO NOcnegHMe Moaenu
MOBUIbHBIX TenedoHOB 060pPYyAOBaHbI
TakUM1 NONyNnPOBOAHWKOBLIMU MPU-
6opamu, koTopble obecneymsaroT 4o-
NOSTHUTENbHOW 3NEKTPUYECKON 3HEP-
rmen TenedoHbl Npy paspsaake ux
aKKyMynsTopoB?

Uccneposanue [N

MonynpoBoAHUK, NU3MEHSIIOLLMIA CUITY TOKa B 3NIEKTPUYECKOM LIeNu.
O6opyaoBaHUe: UCTOYHMK MOCTOSIHHOIO TOKa
(4 B), amnepmeTp, coTopesmncTop (M3 Habopa @
npubopoB “OnekTpuyeckuii ToK B MOMymnpo-
BoAHMKax”), KN4, coeanHUTENbHbIE NPOBOAA.
Xopa nccnepoBaHus:
1. CoeamHute npubopsl NocnenoBaTenbHO, Kak
NoKa3aHo Ha puUcyHke (a).
2. 3akpoliTe NOBEPXHOCTb hoTOope3ncTopa
KHUroM, 4TOObI HE Nagan CBET, 3aMKHUTE
KoY 1 onpeaenute, NpoxXoauT Unu HeT
ANEKTPUYECKNIA TOK Yepes Lenb.
3. YpanuTe kHUry ¢ noBepxHocTn hoTope3ncTopa npu 3aMKHyTON Lienu, NpoHabnto-
[anTe BO3HUKLLEE sIBNEHME.

O6cyauTe pe3ynbTaTthbli:

e Kakon BbIBO4 MOXHO caenaTtb O 3aBMCUMMOCTU COMPOTMBIIEHUA NMONYynpoBOAHNKOBOIO
doTopesncTopa oT MHTEHCUBHOCTU OCBELLIEHUA?

e Kak 06bsicHMTe npuHUmn paboTtsl hoTopesmcTopa?

Tepmope3ucTop 1 (GoTOPE3UCTOP — ITO MPOCTHIE MOITYIPOBOJTHUKOBBIE TPU-
OOpBbI, MOTOMY YTO COCTOSIT TOJIbKO M3 OJHOIO MOJYNPOBOIHHMKA, 00JaJaolIero
CcOOCTBEHHOMU MPOBOIUMOCTBIO.

Tepmucmopuvl MO2ym Y@eaUUUEaAMd UIU YMEHbUIAMb MOK 8 DIeKMPUYECKO
nymem usMeHeHUs ux COnpomueneHusi noo eosoeticmeuem megha, a
CMOpbL Nymem U3MeHeHUs: UX COnPOMuUBIeHUsi 00 8030eliCmaue. ma.

BOJIHMKOBOI'0 KPHCTaJlIa BBIPBIBAIOTCS U3 KOBAJICHTH
CBOOOJIHBIX 3JIEKTPOHOB M JABIPOK B KpPHUCTA
COTPOTUBJIEHHE MOJYIPOBOJHUKOB yMEHBIIIAe
MOCTb.
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o Tepmopesucmop — smo pesucmop, Komo- ()

Pblil ¢ UBMEHEeHUeM MeMNepanmypbl MOJNCEm 6 Wil-
POKOM UHmMEPBAe MEHAMb C80E CONPOMUBTIEHUE. %
Ha pucynke noxaszanvl éHewHuii 6uo mepmope- ’ ' t

3UCmMopa u e2o ycio8Hoe 0O03HaAUeHUe 8 DNeKMPU-

yeckux cxemax (b). (c)
e Domope3ucmop — 3mo pe3ucmop, Komopwiii .
C USMEHEeHUeM UHMEHCUBHOCIU OCEeUWeHUsl MO- N \}‘
JHCem 6 WUPOKOM UHMEPBANe MEHAMb CB0e CO- = @
npomuenenue. Ha pucynke nokasanvl GHewHul

6u0 omopesucmopa u e2o yciognoe 0003Ha-
yenue 8 nekmpuieckux cxemax (c).

Bricokasi 4yBCTBHTENBHOCTh TEPMOPE3UCTOPOB M (POTOPE3UCTOPOB IIHUPOKO
WCTIOJIB3YeTCS B COBPEMEHHOM PaiioOdIEKTPOHUKE, POOOTOTEXHHKE, TEJIeMEXaHUKE
U APYruXx 00J1aCTAX HAYKHA U TEXHHUKH.

TepmodieMeHT U (POTO3TEMEHT — 3TO MOIYIPOBOJIHUKOBBIC MPUOOPHI, H3TO-
TOBJICHHBIE W3 HECKOJBKUX MPHMECHBIX TMOJYIPOBOJHUKOB. Tepmo- u ghomosne-
MeHMbL MO2YM OblMb UCMOYHUKAMU INeKMPULECKO20 MOKA.

Ilonynpoeoonukoewiii mepmornemenm co-
CTOMT W3 OTICJIBHBIX MMOJYIPOBOJAHUKOBBIX () ‘%
KPHUCTAJIOB p- u n-muna (d).

BepxHue KOHIIbI ATHX KPUCTAJJIOB MPHUKPETI-
JISTFOTCSL K TETUIONPOBOJIAIICH MaacTuHe (TIoKa-
3aHHOM JKEJITHIM IIBETOM), 4 HIDKHUE KOHIIBI — K «
pa3sHBIM METAJUIMYECKUM KOHTaKTaM. DTH KOH- gjzﬁzz:ﬁt ;l;i‘iizoﬁos :
TaKThl (IMOKa3aHHBIC 3CJICHBIM IIBETOM) OXJIaXK-

naroTcs BozayxoM. I[lon BozaelicTBueM mepe- ©) 1+

JAaHHOTO METAIMYECKON IIACTHHE KOJIMYECTBA \_j_ / / / / /
TEIUIOTHI YBEJIMYUBACTCS YUCIIO JBIPOK B TIOJY- — e —]
MPOBOJIHUKE P-TUMA U 3JIEKTPOHOB B MOIYTIPO- / p/Mq{eVéa/{
BOJHHUKE N-THUIA. DTH YaCTHIIbI, OTTAJIKHBASIChH
OT OJIHOMMEHHBIX YAaCTHI[ B KPHCTaJJIC, HAYH-
HAIOT JIBUTAThCSI B HIDKHIOIO 4acTh KPUCTAJLIA.
B pesynpTare Ha COCAMHSIONIMX HHMXKHHE KOHIIBI KPHCTAIUIOB KOHTaKTaX COOH-
paroTCs 3apsbl MPOTHBOMOIOXKHBIX 3HAKOB — BOSHUKAET KOJOTHMUECKU YUCTHIN HC-
TOYHHK TOKa.

HonynpoeooHukogslii homosiemenm — cocmoum u3 KPUCMaiia Kpemuus n-
MUNAa ¢ NPUMEChI0 8 COCMAse, Ha NOBEPXHOCMU KOMOPO20 CO30AH YHACMOK N,
xo0a p-muna (e).

Kak BbI 3HaeTE, HA KOHTAKTaX P-n Mepexoa B pe3yabrare quddy3udeie
U IBIPOK BO3HUKAIOT MPOTHBOIOIOXKHBIC 10 3HAKY 3apsabl. [losgomy
MOJKHO PacCMaTpHBaTh KaK KPATKOBPEMEHHBIC NCTOYHUKIpIOKa Eciu
HENPEPHIBHO OCBEIATh, TO B HEM HEMPEPHLIBHO T B aTh H
AIIEKTPOH-BIPKA — TOJy4aeTCs HeMPEepPBHIBHO pado 1 3KOJOTHIECKH
HMCTOYHMK TOKA, HAIIPUMEP, COJIHEUHAs Oamapes..

n-Marepuai
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Tepmo- 1 HOTOPIEMEHTHI — OCHOBHBIE HCTOYHHKH TOKA, UCIIOIb3YyEeMbIEe BO MHO-
rux npubopax Ha 3emie U B KOCMOCE.

TBopqecxoe npuMmeHeHue

1) )

MpoBepum paboTy hoTo3anemeHTa.
O6opypoBaHue: ranbBaHoMeTp, hoTo3-
nemeHT (13 Habopa npnbopos “BnekTpu-
YeCKUi TOK B NOMNYNpOBOAHMKaX”), KoY,
KapMaHHbI hoHapb, COeAUHUTENbHbIE
npoeoaa.

Xop uccnepoBaHus:

1. CobGepuTe uenb, COCTOSALLYIO U3
doToanemeHTa, Krnoya un
ranseaHomeTpa (f).

2. BbisicHUTe, BO3HMKAET TOK B Lienv npu
3aMblKaHWK KNoYa Unu HeT.

3. OcBeTnTe hoHapem NOBEPXHOCTb (POTOINEMEHTA NPY 3aMKHYTOM KIoye 1 Npo-
HabnoaanTe BO3HUKLLIEE ABMNEHNE.

?

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

YTO Bbl Y3HAU * NMepenuwuTe B pabo4ni NMCTOK He3aBepLUeHHbIe Npeaso-
XXEHUS U 3aKOHYMUTE UX.
1. Tepmopesuctop — ...
2. TepMoanemeHT — ...
3. ®doTopesncTop — ...
4. POTOINEMEHT — ...

1. Yem otnunyaroTca Apyr oT gpyra pe3uctop n TepMopesucTop?

2. Ha kakom cBOWMCTBE NMONynpoBOAHMKA OCHOBLIBAETCS NPUHLMN paboTbl TepMmopesuncTopa?
3. Yem oTnnyatotcs Apyr oT Apyra TePMOINIEMEHT U TEPMOpPE3NCTOp?

4. Yem oTnnyatoTcs Apyr ot gpyra potopesmctop u oTosNeMeHT?

5. Ha kakom cBOWCTBE NONynpoBOAHMKA OCHOBbBIBAETCS NPpMHLMN paboTel hoTopeancTopa?
6. Moyemy POTO3NEMEHT CUMTAETCS SKOMOrMYECKM YNCTBIM UCTOYHMKOM Toka?

RO
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1. Yem oTim4aloTcs Apyr oT APYyra MoJiynpoBOJHUKOBAsH IbIPKA U NMOJIOKUTEIbHbINH HOH? OTBeT
obocHyiiTe.

2. KakuM THIIOM MPOBOAMMOCTH 00/1a1aeT MOJTYNPOBOIHUK, €CJTH YHCII0 FJIeKTPOHOB U IbIPOK B
HEeM OJMHAKOBO?

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

3. Kakast u3 yka3aHHBIX HA PHCYHKe JIaMII CBeTUTCH (Kakasl He cBeTuTcs1)? Ilouemy?

- +

4. Ha pucyHKax cxeMaTH4ecKH MOKAa3aHO B3aMMHOe PAaCIOJIO/KeHHe BAJIEHTHBIX 3J1eKTPOHOB
atomoB (2 u b). Kakue THIIBI MPOBOANMOCTH COOTBETCTBYIOT ITHM IOJIYNPOBOIHAKAM?

(a) e © o ©
© ©

e & o _®

© © o

o @ 6 e
© ©

(b) o e e e
© ©
e & e @
©
o e & e
© (+]

’\%
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m 3]1EKTPI/I‘-IECKI/II7I TOK B PA3JIMYHbIX CPEOAX
(YPOK-NPE3EHTALIUSA)
[ToaroroBrTe Mpe3eHTALMIO HA TEMY “OJNEKTPUYECKUH TOK B PAa3IMYHBIX cpefax’”.
[Ipu noaroroBke mpe3eHTaunyu MO>XHO BOCIIONIB30BATHCS JAaHHBIM IUIAHOM.

MnaH noAroToBKKU Npe3eHTauum.
ObecneyeHne: ogHa u3 nporpamm Microsoft Office PowerPoint, Activinspire anekTpoHHoN
nockn Promethean nnun “MimioStudio”.
B npeseHTauum ncnonb3yiTe HKENPUBEAEHHbIE KITOYEBbIE CII0BA U KIHOYEBbIE MPEANOXEeHMS.

KnroueBble crnoBa v knto4veBble npeanoXxeHus.

1.

2.

3.

9.

NOH

cBoboHble
3NEKTPOHbI
npumech
ObIPKM

. C yBenn4yeHmem

Temneparypsl
yBenuunsaeTcs
COMpOTHBIEHWE

. pekombuHauus

. KOBaneHTHaa CBA3b

. YM€éHblUeHne

conpoTuBeeHna npu
HarpesaHun
NPOBOAHMK

10. NpoBOAUMOCTb

p-Tvna

11. kpucTannunyeckas

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

6-1 cnang

peweTka

1 cnang

46

20.

21

22.

12. anekTpuyeckas
ayra

13. HecamocTos-
TenbHbIV pas3psg

14. onanekTpuk

15. nonynpoBOAHWUK

16. NPOBOAHUK

17. poHopHas
npumMech
caMocCToATENb-

HbIV paspsg

18.

19. amuccumsa

3MeKTpOnUT
. KOPOHHBIV pas3psg

TEPMO3MEKTPOH-
Has aMuccus

23

24.

25.
26.

27

28.

29.

30.

31.

32.

33.

. aKuenTopHas
npumech

aHon

anekTpoabl
MCKPOBOW pa3psig
. cobcTBEHHAs
NpoBOAMMOCTb
[yrosou paspsg
BarneHTHbIe
3N1EKTPOHBI

MOJMHUA

BaKyyMHbIi A1Mo4
kaTtoa

anekTponuTtunye-
Ckasa auccoumnauva

AneKTpU4YecKUi TOK B pasnnyiHbIX cpepax
MoaroTtoBun (Mvis, hamunus, Knacc)

o dneKTpUYECKU TOK B MeTannax
o DNEeKTPUYECKUIA TOK B INEeKTponuTax

o ANEeKTpPUYECKU TOK B BaKyyme

o DneKTpUYeCKM TOK B rasax

o DNeKTpUYeCKM TOK B NOJNTyNPOBOAHUKAX

N

34. anekTpoHHOEe 06nako

35. CBEPXNPOBOANMOCTb
36.
37.
38.

ynapHasi MoHu3auus
3neKTponu3
BaKyyMm

39. aneKkTpoHHO-nyYeBas
Tpyb6Ka

40. pe3koe N3MeHeHne
COMPOTUBIEHUS B
pe3ynbTaTe BHELUHEro
BO3JeNCcTBuA

41. 0QHOCTOPOHHASA
NpoBOAMMOCTb

42. npoBOAUMOCTb
n-tuna

43. NONOXWTENbHBIN U OT-
pyuaTenbHbIR MOH

44. OCHOBHbIE U
HEe OCHOBHbIE
HocuTenu 3apsiga
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0 ST

1. Ha pucyHke npeacTaBJieHbI CXeMbl ABYX JI€KTPHYECKUX
nenei ¢ NOAKJIIYeHHbIMA BAKYYMHBIMH AnoAamMu. Yepe3 o
KaKy0 JJaMIly NPOM/ieT 31eKTPUYECKUI TOK?

3
-

A) tomsko 2 B)tompko4 C)3u4 D)1lu4 E)rtombko 3

2. Ha pucyHke npeacTaBjieHa cXeMa JIEKTpHYecKoii nemnu, co-
CTOSIASA M3 YeThIpeX JIeKTPOJIHTHYCCKHX BaHH C BOAHBIM
pactBopom CuS0O,. B kakoii BaHHe M Ha NMOBEPXHOCTH
KaKOr0 3JIeKTPOJa MPOMCXOIUT BblIeJIeHHE Mean?

A) TOJNBKO Ha IIOBEPXHOCTH KaTo/a B BaHHE 2;
B) Ha moBepxHOCTH KaTo#a B BaHHax 2 U 3;

C) Ha NOBEPXHOCTHU KaTO/IOB BO BCEX BaHHAX;
D) Ha moBepXHOCTH KaTOJIOB B BaHHAxX 1, 3 u 4;
E) Ha moBepXHOCTH KaToO/OB B BaHHaX 1 u 4.

3. Hanumure, B HU:Ke NPUBEICHHBIX BhIPaskeHUAX, B cKoOKax OykBYy «II», eciu oHO
NpaBMIbLHOE, U OYKBY «JI», eciiu OHO JIOKHOe.

() OcHOBHO MPUYUHON BO3HIKHOBEHHUS JyTOBOTO pa3psijia sSBISIETCS BEICOKOE HAMPSDKCHUE
MEXLy 3IEKTPOJAMH.

() Bee xuaxocTi mpoBOIAT 3IEKTPUIECKUH TOK.

() ITpy IpoX0XKAEHNH JIEKTPUIECKOTO TOKA Yepe3 PaCTBOP AMIEKTPOIIUTA IIPOUCXOIUT TIEPEHOC
BEILECTBA.

() B npuMecHBIX TOJTyIPOBOTHHKAX OCHOBHBIMH HOCHUTEIISIMH 3apsijia MOTYT OBITh MIIH
3MEKTPOHBI, UM JBIPKU.

() B momynpoBomHUKax ¢ TOHOPHOH MPUMECHIO MPeo0IaaeT MeKTPOHHAS TPOBOJUMOCTb.

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

() UckpoBoii Ta30BBIH pa3psa MPOUCXOAUT MPH HU3KHUX JaBICHHAX.

() Yncrast Boja SBISETCS AUDICKTPUKOM.

() JImmoHHAs BoJja MPOBOJMT NEKTPHIESCKHH TOK.

() B nomynpoBomHuKax ¢ aKIENTOPHONW MPUMECHIO MPeo0IIaiaeT IEKTPOHHAS TPOBOJIUMOCTD.

4. DIIeKTPUYECKHIl TOK BOZHHKAET:
A) B pe3yJsibTaTe YHOPSIOYEHHOTO IBH)KEHHS HOHOB —2 U 4;
B pe3yJIbTaTe YHOPSAOYEHHOTO IBMKEHHS JIEKTPOHOB — 1, 3 1 4

1 — B MeTaiax; B) B pesynbTaTe ynopspoueHHOTo ABHKECHUS HOHOB — 2 1 3;

2 — B DIIEKTPO- B pe3yJIbTaTe YHOPSIOYEHHOTO IBIKEHHS IIEKTPOHOB — 1 1 4
JTUTAX; C) B pe3yJbTare YnopsI04eHHOTO IBHKCHUS HOHOB — 4;

3 — B BaKyyMHBIX B pe3yJIbTaTe yInopsJ0UeHHOTO ABIXKEHHS 2JIeKTpoHOB — 1,2, 3 u 4
npubopax; D) B pe3ynibTate ynopsiio4eHHOTO IBMKEHHS HOHOB — 1, 2, 3 1 4;

4 — B razax B Pe3yJIbTaTe YHOPAIOYEHHOTO JBIKECHUS SJIEKTPOHOB — 4:

E) B pesynbTare ynopsio4eHHOIO ABHKEHUS HOHOB — 1, 3 1 4;
B pe3yJIbTaTe YIOPSJOUSHHOTO IBUKECHHS 3HCKT¢OB -

N
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MAITHATHOE MNOIJIE

m MAFHI/ITHbIE ABJIEHUA. NOCTOAHHBLIE MATHUTDI

* Yto Takoe mMarHuT, rae

elue Bbl Habnaganu
4] ero npumeHeHue?

* Kakne Tena marHuT npm-
TArMBaer K cebe, a Ka-
Kne HeT?

* Kak nony4aeTtcs marHur
M KaKMMu CBOMCTBaMM
OH obnapaeTt?

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

It 8

Eme npeBHume rpeku 3HaIM O CyNIECTBOBAHWN 0COOOTO0 MHUHEpaja, ClIOCOOHOTO
NPUTATUBATD K ce0e JKeIe3HbIe Tena. JTOT MUHEPaJl, MU3BECTHBIN HaM KaK MacHum,
JOOBIBAJICS HA JKEJIE3HBIX PyIHUKAX, PACIIOJIOKEHHBIX Ha TEPPUTOPUHI COBPEMEHHOM
Typuuu okoso ropoga Maraesust B 600-x royiax /10 H.3. (IIO-TPEYECKH CIIOBO “‘Mae-
Hum” o3HadaeT “‘xamensv uz Maenesuu’). B mociaemyromeM IO Ha3BaIA MarHHUT-
HBIC SIBIICHUS MACHEMUIMOM, & MATHUTHBIE MUHEPAJIBI — NPUPOOHBIMU MASHUMAMIU.
Jns ynoBieTBopeHUs: OBITOBBIX HYXKI JIOJAH HAYYIIUCh W3TOTOBJIMBATH HCKYC-
CTBEHHBIC TIOCTOSTHHBIC MarHUThI Pa3HON (OPMBI.

® Bewecmasa, OnumenvHoe 8pemsi COXPAHAIOUWUe CEOU MACHUMHbIE C8OUCMEd,
HA3bI8AOMCSI HOCHOAHHBIMU MAZHUMAMU LY NPOCMO MAHUMAMU.

B ¢wusnueckux nabopatopusx HauboJiee 4YacTO HCIOJB3YIOTCS IOJIOCOBEIE,
IyrooOpasHble ¥ KOJIbLEOOpa3HbIe MOCTOSIHHBIC MArHUTHI ().

(a)

[Monocosoii JlyrooOpa3Hblii MArHUT
MArHUT
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Teno ¢ MarHUTHLIMU CBOMCTBaMM

O6opyaoBaHue: NOCTOSHHBIN MarHWT, pa3Hble Tena: Wwypyn, e
CTEKINSIHHBIN WapwK, rBO3ib, MOHETA, Kycodek bymaru, nactuk,

crnuyka u ap.

Xona uccrnegoBaHuUA:

Mpnbnn3bTe MarHWUT K pacchbinaHHbIM Ha MOBEPXHOCTU CTomNa

pasHbiM Tenam (b). OnpenenuTte, Kakue Tena NPUTAMMBaKOTCS K

MarHuTy, a Kakue He NpUTArMBaTCs. ®,, -

O6cyauTe pesynbrar: 4 @'
o Kakue Tena npuTsiHynnce K MarHUTy Npu ero NpuGnmkeHun K
HUM, @ KaKvMe Tena ocTanucb Ha NoBepxHOCTU ctona? Moyemy?

Tena, H3TrOTOBJICHHBIC U3 KEJIC3a, CTAJIN, HUKECIIS, YyI'YHa U UX CIIJIaBOB, IIPUTSI-
TUBAKOTCA K MarHury. Tena, H3rOTOBJICHHBIC U3 MEIU U aJIIOMUHUA MarHuToOM IIpU-
TATUBACTCA cna60, a CTCKJIO, ACPCBO U IJIACTMACChl MAarHUTOM HE MPUTATUBAIOTCH.

Kakumu cBoiicTBaMH 00/1a1a10T NOCTOSTHHBIE MATHUTHI?

| _
z 2

B kakow 4yacTn marHuTa cusnibHee

MarHMTHOe gencrteue?

O6opyaoBaHuMe: NoN0COBONM U Ayro-

00pa3sHbI MarHWTbI, FBO3AN UMK LLUYPYMbI.

Xopa nccnenoBaHuA:

PaccbinbTe rBo3am Ha NOBEPXHOCTM CcToNa.

Moo4vepenHo NpubnuxkamTe MarHUTbI 40

COMPUKOCHOBEHMS C rBO3AAMW, 3aTeM NOAHMMaNTe

MX BBEPX U NpocrneauTe, K Kako YacTh marHuTa

6onbLuUe NpUTAHynock reosaei (c).

O6cyaute pesynbrart:

e K kakol Yyacti marHuta nputsiHynock 6onblue reosgen,
a K KaKou 4acTu OHM BOOGLLE He NPUTSIHYNUCL?

o K kakomy BbIBOY MOXHO NPUATU U3 IBNEHUS
NPUTSKEHNST TBO3AEN APYT K APYry BO BPEMS OMbITa?

(c)

e Yacmu macnuma, obraoaiowue HAUOOILUWUM MACHUMHBIM B030€lCMEUeM,
HA3b16AIOMCS HOIOCAMU.

[lpu ynaneHun OT MOJIOCOB MarHWTa €ro Bo3JeicTBHE ocnabeBaeT W_IPHT
JKEHHE TBO3Jed yMeHbInaeTcs. B 1eHTpanbHON ke 4acTu MaFHI/Ié puTHKE
OTCYTCTBY€T. MarHuTHOe IoJie B CEpPEeIUHE IUIOCKOTO MAarHuTa, O M
C1a0BIM MarHATHBIM BO37IEHICTBHEM.

B xogxe mccnenoBaHust yCTaHOBIEHO, YTO MAarHUTHI C
HEKOTOPBIE TENa, HAIPUMED, JKeTIe3HbIe rBo3au. Ha YEHH
TATHBAIOT K ce0e IpyTHe TBO3/IH.

rnaea



CKOJIbKO MOJIIOCOB HMeEeT MATHUT M KAK OHH ONPeNeasoTcsa? /&’

|

or

&

OnpepeneHuve NosOCOB MarHuTa.

O6opyaoBaHue: N30NNPYIOLLMIA LWUTATUB, LLENKOBas

HUTb, MOMOCOBOW MarHuT. (d)

Xopa nccnepoBaHus:

1. NogBecbTe MarHUT Ha HUTK B TOPM3OHTAIIbHOM MOJSIOXKEHMM TaK, YTOObI OH
Mor cBoOOAHO BpalLlaTbCs BOKPYr HUTK (06patuTte BHUMaHWe, YTOObI pSgom C
MarHuToM He 6bIno XenesHbix n3genuii). ObpaTuTe BHUMaHWE, B KaKOM ;!

HanpaBneHNN YCTaHOBSATCS KOHLbI MarH1MTa B MOSIOXKEHUW PaBHOBECUSI.
2. Mpuagas marHnTy Hebonbluoe BpalleHne, BbIBEOETE €70 U3 COCTOSIHUSA paBHOBEC
npocrneauTe 3a ero HOBbIM YCTaHOBMBLLMMCS MONoXeHneM paBHoBecust (d).
O6cyauTe pesynbrar:
o Kakoe nonoxeHve npmobpeTtaeT NOABELUEHHbIN HA HUTU MarHUT B COCTOSIHAM MOKOS: K
Kakum nosocam 3emnu HanpaefeHbl ero KoHUbI?

HccnenoBanne mokasano, YTO HE3aBUCHMO OT HAlPaBJICHUS BPAIEHUS MarHuTa,
MOJIBELIICHHOT'O HA HUTH, BO BCEX CITydasix, OCTAHABJIMBASICh, OH MPUHUMAECT OJHO U TO
JKE TOJIOKEHHUE — B HAMPABJICHUH CEBEP-IOT. DTO CBA3aHO C TEM, 4TO 3eMIIsi HMEET JIBa
MarHUTHBIX mojtoca (cM.: §2.4). [ToaToMy MarHUTHBIN TIOJTFOC, HaNpaBIeHHBIH kK CeBep-
HOMY reorpauieckoMy Momocy 3emiu, ObLT Ha3BaH ceBepHBIM (N — OT aHTIIMIICKOTO
cioBa North), a HanpaBieHHbIH K FO>xHOMY TeorpadudecKkoMy MOocy 3eMIId — I0XK-
HBIM (S — OT aHTIHICKOTO croBa South). OOBIMHO AJIS TOTO, YTOOBI BBIACINUTH ITOJFOCHI
71ab0paTOPHBIX MATHUTOB, UCIIONB3YIOTCS KPAcKW JBYX IIBETOB: CHHsIS (WM Oemas)
Kpacka jy1s ceBepHoro nomoca (N), KpacHast Kpacka Jyist FoxHOTo ronroca (S). ['panwia
I[BETOB COOTBETCTBYET CpEeTHEN JITHUN MarHuTa.

CyuiecTByeT JIM MATHUT TOJbKO € OAHUM MoJi1ocoM? Eci pa3fgenuTs MarHuT
Ha HECKOJBKO YacTel B MPOM3BOJIHHOM HAMPABICHUH, TO KKIAs U3 dTUX dacTel
npespamumcst 8 MANEHbKUll MA2HUm, umelowul 08a
noaoca — cegepublil U 10cHblil (€). ITO 3HAUUT, YTO Kax-
JIBIA TIPOU3BOJIBHBI MarHUT COCTOMUT W3 OOJIBIIOTO KO-
JTUYECTBA MAJICHPKUX MAarHUTOB ¢ IBYMsI rosrtocamu (1).

YV xaoscooco macnuma obszamenvruo umeromces 0ea
noatoca: cesepuvitl (N) u tooxcusiti (S). Pasnoumennvie
NONI0CA MAZHUMOB NPUMSI2UBAIOMCSL OpYe K OpyeY, d 00-
HOUMEHHbIe NOI0CA OMMANKUBAIOMCA Opy2 Om Opyed.

Maenumnas cmpenxa 3TO MaJEHBKUU IOCTOSHHBIN
MarHuT, UMEKIINA JBa nostoca. MarHuTHas CTpe
M3rOTaBIIUBACTCS U3 TOHKOH JIMCTOBOM gmu.
JIUHE CTPEJIKK UMEETCs YIIOp U3 CTEeKJIa.
MeIIaeTcsi Ha OCTPOKOHEYHBIH CTep
MarHUTHOM CTPEIIKE C JIETKOC
PU30HTAIBHONU TUIOCKOCTMAB JIIO
BEPHBIN MOJIIOC CTPEIKU
reorpaduyeck@ii MO0
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ctpenku — Ha FOxHBINA Teorpaduueckuii momoc 3eMiun. MarHuTHas CTpenka siB-
JIIETCS OCHOBHOM YacThIo komnaca (g).

Kak 3aBHCAT MarHuTHBIEC CBOICTBa BellecTBa OT Temmepartypbi? Ilpu
HarpeBaHUH TIOCTOSHHOTO MarHuTa J0 ONpeAeNIeHHOW TeMIepaTyphl, OH TepseT
CBOHM MarHWTHBIE CBOICTBA.

Temnepamypa, npu KOmMopou HOCMOAHHbLE MACHUMbBL MEPSAION CE0U MASHUMHbLE
ceolicmea, Hasvigaemcs moukou Kwopu. Hanpumep, ons sceneza mouxoti Kropu
saensemcs memnepamypa 8 769 °C.

OTMETHM, 4YTO TPUBEACHHBIC BHIIIE CBOWCTBA TOCTOSHHBIX MarHUTOB OBLIH
OTKPBITHI B PE3yJIbTaTeé MHOTOYMCIIEHHBIX MCCIIEOBAaHUH, TPOBEACHHBIX Pa3HBIMHU
yuenbiMu. OIMH U3 HUX — aHeautickull pusux u epay Bunvam [unvbepm.

TBopquKoe npuMeHeHue

| UccnepoBaHue ( )
ccrezonanee [ PN P‘)

Kak gencTByroT Apyr Ha gpyra nontca mariuta?
O6opynoBaHue: N30NUPYIOLLMIA LWITATUB, ABa

NMOIOCOBbLIX MarH1Ta, LenKkoBas HUTb.

Xoa uccnepoBaHus:

OAVH M3 MarHNTOB NOABECLTE Ha HUTK K LITaTMBY. [ipyroi xxe MarHuT
nNpubnmnsbTe K HEMY CHayana NPOTUBOMOJIOXKHBIM MOMKCOM, @ 3aTeMm
O HOMMeHHbIM nostocoM. MNMpoHabniogante NnponcxoasLie SBNEHUS.

O6cyauTe pe3ynbTaT: e Kakoe B3aMMOOENCTBUE BOZHUKITO MEXLY
OAHOUMEHHbIMU N Pa3HOMMEHHbIMUN NONKCaMun MarHuToB?

* B cBoeit kaure “O MarHute, MarHUTHBIX TeaX U
OonbloM Maruute — 3emie”’, uganHon B 1600
TOIy, OH H3JIOXKHMI CBOWCTBA MOCTOSHHBIX Mar-
HHTOB.

YTO Bbl Y3HA/U - Ucnonb3ys AaHHbIe KNioYeBbie CNoBa, 3anuwmnTe B paboyem
NIMCTKe MH(pOPMALIMIO O CBOMCTBAX NOCTOAHHOIO MarHuTa.
KnroueBble c/10Ba * NOCTOAHHbIM MarHUT*MarHUTHbLIXA NOJIIOC ©
CeBepPHbIA MarHUTHbIN NOJIIOC ° KOXXHbIW MarHUTHbLIA NOJOC
* OOHOMOJIOCHbLIA MarHUT * Touka Kropu * cpegHsas nuHusa
MarHuTa °

MpoBepbTe cBOM 3HAHUA

1. Yem oTnnyaoTCa MCKYCCTBEHHBIE MarHWTbl OT eCTECTBEHHbIX? MpuBeanTe npumep.
2. KakoB xapaktep B3auMOAENCTBUSA MeXay MarHutamun? ’
3. Bo3aMOXHO nv nonyyYnTb 04HOMOMKOCHBIA MarHuT?

4. Kak MOXHO onpefenutb Nontca MarHuta, eCnv OHU HEU3BECTHbI?
5. MNepeuncnnte OCHOBHbIE CBONCTBA NOCTOSIHHOrO MarHUTa. *
vi MarH
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m MAI'HI/ITHOE MNOJIE. UICTOYHUK MATHUTHOIO NOJA

WcTopuueckue ncenegoBanus nokasanum, yto snepsble B VII-VIII
BeKax KuTamnckue CBALWEHHUKN 3aMeTunu, Yto HamMmarHm4eHHasa
XenesHas urna, cBuUcalllas Ha LIEeNKoOBOW HWUTW, Bcerga
NnoBOpayMBaeTCs B HanpaBneHuu [NonspHon 3Be3apl, TO eCTb K
CeBepo-BOCTOKY 3emnu. 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 HanpaereHuu Gbina noBepHyTa foXxka, ee onopa Bcerga
6bina HanpaeneHa k KOxxHomy nontocy 3emnu. B EBpone komnac
Havanu ucnonb3oBatb B XV Beke.

* Kak >xe BO3HUKaeT MarHMTHoe nosne Mexay MmarHutTamm u HamarHM4eHHbIMn Tenamu?
e CywecTBYOT N1 B NpUpoAe MarHUTHble 3apsiabl, ABNAOLWMNECH UCTOYHUKaAMM
MarHuTHoOro nona?

OT1kpbITME JpcTeaa.

O6opyaoBaHMe: NCTOYHMK TOKA, MarHUTHasa

CTperka Ha OCTPOKOHEYHON NoAcTaBke, AepeBsiH-

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

coeauHuTeNbHbIE NPOBOAA.

Xopa uccnepoBaHus: 1. Cobepute aneKkTpuyeckyro

uenb, NpeAcTaBneHHyo Ha pucyHke. Obpatute

BHMMaHWE Ha NonoXXeHne MarHUTHON CTpEesikKn npu

pPa3oMKHYTOM KrltoYe.

2. 3aMKHWTE KMIOY M NpocreavTe 3a NPOUCXOASALMM MPY MPOXOXAEHWUWN SMEKTPUYECKOTO

Toka Mo uenu (a). 3. Pa3omkHUTE KoY U obpaTtuTe BHUMAHWE Ha MOSMOXKEHUE, KOTopoe

NPUHUMAET MarHUTHas CTpenka.

Obcyaute pesynbrar:

o B Kakylo CTOPOHY HanpaBneHbl CEBEPHBIN U FOXXHBIN MOMKCHI MAarHUTHOW CTPENKN Mpu
pPa3oMKHYTOM Kro4e?

o Kakoe nameHeHve HabnogaeTcs B NOMOXEHUN MarHUTHOW CTPENKU NMPU NPOXOXAEHUN
3MEeKTPUYECKOro Toka Yepes uernb? Movemy?

BeinonHeHHOe BaMM MCCIIEIOBAHUE BIIEPBBIC OBUIO MPOBEICHO JATCKUM YUEHBIM
I'ancom Opcrenom B 1820 romy: mpu OTCYTCTBHMHM TOKA B LEMM KOHIIBI MarHUTHOH
CTpenku HanpasieHbl K CeBepHoMy U HOxxHOMY nomrocaM 3emiu. Eciau pacrosioxutsb
IPOBOJ] MAPAUIENPHO MAarHUTHOM CTPENKE M 3aMKHYTh LI€Ib, MarHUTHas CTpeE
pa3BopaunBaetcst Ha 90° 1 3aHUMAET MEPIICHANKYJISIPHOE K TIPOBOTY hoxe
OTKJIFOUEHHH K€ LIeMM MarHUTHasl CTPENKa BO3BPAILAECTCS B MEPBOH

Onwupasick Ha HccieIoBaHus DpcTena, (PpaHIy3CKuil yIeHb
THIIOTE3Y O “KPYTOBBIX MOJEKYJSpHBIX Tokax . 1o 8§ rumo
HIECTBYET “MarHUTHOrO 3apsijia’, CO3MAIOIIETO Mar
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MOJIEKYJI CYLLECTBYIOT KPYroBble TOKH. B mocnenyromem
OBUIO OITPEIEIICHO, YTO JJICMEHTAPHBIC TOKH BOSHUKAIOT B
pe3yJbTaTe IBIKEHUS AIEKTPOHOB B aroMax. [pu ymopsi-
JIOYEHHOM PaCIIOJIOKEHUH OTHOCUTENBHO JIPYT IpyTa ILI0-
CKOCTEH BpaIllcHUs DJIEMEHTAPHBIX TOKOB CO37aBacMbIe
MU DJIEMEHTApHBIC MarHUTHBIC OISl CyMMHUPYIOTCS. B
pe3yJbTare BelecTBa MPHOOPETAr0T MATHUTHBIE CBOMCTBA
(b), HanpuMep, HaMarHUYEHHBIE TOJT BO3JIECUCTBUEM IIO-
CTOSTHHOI'O MarHWTa WX MarHUTHOTO TIOJIS JKeie30, cTab u aAp. [Ipu OGecriopspouHomM
PACTIONIOKEHUU TUIOCKOCTEH 3JIEMEHTAPHBIX TOKOB CO37aBa€Mble UMH 3JIEMEHTAPHbBIC
MarHUTHBIE MOJII KOMIIEHCUPYIOT U HEUTpaIu3yroT AeUCTBUS OpyT Apyra (c). Takue
BeITeCTBA He 00J1a/1at0T MAarHUTHBIME CBOMCTBaMH, HAITPUMED, CTEKJIO, PE3UHA, IEPEBO,
riactMacca ¥ zip. Takum o0pa3om, HaXOSIIUECss B COCTOSHUU TIOKOS AJIEKTPHUYECKUE
3apsibl CO3/IAIOT BOKPYT CEO0sI AIIEKTPHUYECKOE TIOJe, HO, €CTIM 3TH 3aps/bl TBIKYTCS,
BO3HHUKACT KaK JIEKTPHUUECKOE, TAK H MAarHUTHOE TIOJIE.

OTMeTUM, 9TO HaXOJSAIIUECS B COCTOSHUHM TIOKOS DJIEKTPUUCCKUE 3apsJlbl CO3-
JTAIOT BOKPYT ce0sl DIIEKTPHUECKOE TTOJIE, HO €CIIHM OTH 3aps/bl OYAYT YIOPSAIOYCHHO
JIBUTaThCS, TO BOKPYT HUX BO3HHUKHET KaK 3JIEKTPUUECKOE, TAK U MarHUTHOE IOJIE.

* Maznummnoe none — 3mo U0 Mamepuu, 03HUKAIOWUL NPU OBUNCEHUU DNeK-
MpU4ecKo2o 3apsod.

MarautHOe TIoJTe, KaK U AIIEKTPUYECcKOe Imojie, HeBUIMMO. ETo MOXHO 0OHApyKUTh
TOJILKO TIO ACWCTBHIO Ha Teja, 00JIAaroIIie MAarHUTHBIMA CBOMCTBAaMH. OTMETHM, YTO
JEKTPUIECKOE TIOJIE CO3ACTCs JTFOOBIM 3ICKTPHUYCSCKUM 3apsiioM, U ATO TOJIe 0OHApY-
JKUBAETCS JEUCTBUEM Ha APYroi 3apsia. MarHur e UMeeT JBa MOJII0ca, U OH OTHOBpE-
MEHHO B3aFIMOJICHCTBYET C IBYMS ITOJTFOCAMH JPYTOTO MarHUTA.

TBopquKoe npuMeHeHue

 ecngoname I

OelicTBMe MarHUTHOro Nons.

O6opyaoBaHue: MONOCOBOM MarHUT, MarHETUT, CTEKISH-

Has nanouyka, Kycok LueskKa.

Xop nccnepoBaHus:

1. HasanekTpn3oBaB CTEKISAHHYIO Nano4ky TpeHWeM O KyCok
wernka, npubnuabTe ee K MarHeTUTY, BUCALLLEMY Ha HUT-
ke. Mogymawite o npuymHe Habnogaemoro sieneHust (d). |

2. MNpubnusbTe 0aNH 13 NOMOCOB NOMIOCOBOIO MarHNTa, Ha- (e) |
npvMep, CEBEPHBIN MONIOC C ONpeaeneHHoro paccTos- ‘
HWUSI K 9TOMY MarHeTuTy 1 BHMUMaTemNbHO npocreanTe 3a
NPOUCXOASLLMM SBrEeHVEM (e).

O6cyauTe pesynbrar:

¢ Bo3HuvkaeT nu B3aMMogencTeme Mexay MarHeTuToM 1 Ha-
3MEeKTPMU30BaHHOW CTEKMSAHHOW Nanoykon npu nx npuénu-
xeHun? Movemy?

¢ MarHuTHOe nore Kakoro MarHuTa A4ecTByeT Ha Apyr arHuT:
unu marHeTuTa?

rnaea MarH



<
e RESV L © OB bACHUTE CMbICH AaHHbIX KIMHOYEBbIX CJIOB HA pabo4yeM nucTke.
KnroueBblie C/10Ba * MarHUTHOE MoJie * KPyroBbie MONeKyIsip-
Hble TOKM ° oNnbIT ApcTeAa ®* UICTOYHMK MarHUTHOIO Nons ©

NMpoBepbTe CBOM 3HAHUA

1. Kakoe dunsmyeckoe none Bo3HMKAET NpY NPOXOXOEHMUMN TOKA MO NPOBOOHUKY?

2. B 4yem cMmbicn rvnoTtessl AMnepa? Yem oTnnyatoTcs MarHUTbl OT HEMarHWTOB MO 3TOW runoTese?

3. YTto ABnsSieTCS UCTOYHMKOM MarHUTHOro Mossi? Yem OH OoTnMyaeTcsi OT UCTOYHMKA 3ek-
TpU4eckoro nons?

o T

1. OnpeaennTe NoJ0Ca HEU3BECTHOTO 5. Kak noka3aHo Ha pHCYHKe, HA HUTH
MArduTa B “Mal“HI/ITHOI?'l ue““”, NMOABEIIECHBI IB€ UT'0JIKH. HpI/I le/l-
HgoﬁpameHHoﬁ Ha pHCYHKe. OJIMKEeHNH HJIH YAaJIeHUH OT HUX

MArHuTa OHHU OTTAJJKUBAKTCH APYI OT

N 2 apyra. [louemy?

N S

2. YemM MOKHO ONpeJeTUTh HAMATHUYCH-
HOCTB 7KeJIe3HOT0 CTep:KHs: menkopoii 0. Kak B3aumoseiicteyior apyr ¢ Apyrom
HUTBIO, KOMIIACOM, CTeKJISIHHOMN Pa3HOMMEHHbIC 1 OIHOUMEHHbIE
MAJ0YKOH HJIH JKeJIe3HBIMH ONMUJIKaAMu ? MAarHuThI?
A) OnHOMEHHBIE MTOJIF0CA TPUTATHBAIOTCS
JIpYT K IpYyTy, pa3HOMMEHHBIE ITOIF0Ca
OTTAJIKHBAKOTCH.

3. IIpn npudIMKEHUH MATHUTHOH CTPEJIKH
K [0J10COBOMY MAarHUTy OHa puodpeTaer
M0JI0KEeHHe, MOKa3aHoe HA PUCYHKe.
OnpeneuTe M0JIK0CA N0JI0COBOT0
MarHuTa.

B) U onHonMeHHBIE, U pa3HOUMEHHBIE
TIOJIFOCA OTTAIKUBAIOTCSL.

C) U ongHOMMEHHBIE, U pa3HOMMEHHBIE
S N MOJII0CA IPUTATUBAIOTCS.

D) OnHOMEHHBIE MOJII0CA OTTAIKMBAIOTCS

— )‘ JPYT OT Apyra, pa3HOMMEHHBIE TIOJII0Ca
£ TIPUTATHBAIOTCSL.
E) OnHoumeHHBIe otoca ApyT ¢ APYIoM He
B3aMMOJICHCTBYIOT, @ Pa3HOUMEHHBIE

4. Onpeaenute MATHUTHBIE NOJTI0CA HAMAT - TOJIF0CA MPUTATUBAIOTCS.
HHUYEHHBIX I'BO3Jeiil B Toukax 1,2, 3 u 4.

B \}\\(\

wWN
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m MH,EI,YKLI,I/IFI MATHUTHOIO NOJNA

N3BecTHO, YTO AeNCTBME INEKTPUYECKOrOo MoJiA Ha
3NEeKTPUYECKUin 3apsaa, NOMeLleHHbIM B 3TO norne,
onpeaenseTcs HanpPsHKeHHOCTbI 3NIeKTPUYECKOro
nons. Hanps»keHHOCTb 3NEKTPUYECKOro Noss — BEK-
TOpPHasaA BelndnHa, asndrowanca CUNOBOW Xapaktepwu-
CTMKOW 3NEKTPMYECKOro Mons, paBHa cune, AeNCTBYiO-
eV Ha eQNHUYHBIN NONOXUTENbHbIM 3apsd. MarHuT-
HOE nosne TaKkke AEeNCTBYET HAa MarHUT, MOMELLEHHbIN
B 3TO MOJie, 3HAYUT, Y HEro TOXKE UMEETCH CMIoBas
XapaKTepucTuka.

Onpeaenum HanpasBneHue Cunbl AelcTBUS ~—
MarHUTHOro nons I ~ -
O6opyaoBaHue: NONOCOBOW MarHUT, ManeHbkue i e T

e YeMm oTnmuyaercs cunosas
XapaKTepucTuka MarHuT-
HOro NMONA OT HaNpPsXXeH-
HOCTU 3NeKTPUYECKOro
nona?

e Kak HanpaBneHa cunoBas
XapaTtepuctmka MarHUTHOro
nona? Kak moxHo onpe-
AeNnUTb 3TO HanpaBneHue?

AR}

MarHuTHbIEe CcTpernku (6-8 WTyK), AepeBsSHHbIE OMOopbI.

Xoa uccnepnoBaHus:

1. MomecTnTe NONOCOBOM MarHUT Ha AepeBsHHbIE OMNopbl (0bpaTtuTe BHUMaHWe, YTobbI
pPA8oM He BbIno xenesHblx nsgenuit). NMomecTnte MarHUTHbIE CTPENKU B Pa3HbIX TOY-
Kax MarHMTHOro Nnorss NofI0COBOro MarHuTa.

2. N306pa3nTe Ha paboyvem nuUcTke NpepbiBUCTON NMHUEN NONOXEHUS MArHUTHbIX CTpe-
NOK, MOMNyYeHHbIX NoA AeNCTBUEM MarHUTHOro nons (a).

O6cyaute pesynbrar:

o Kakasi 3akOHOMEpPHOCTb HabntogaeTcsi B NONOXEHUM MarHUTHbIX CTpenok, nony4yeH-
HbIX B MarHUTHOM MOMe NofiIoCoBOro MarHuta?
o Kakme nmeroTcs NpeanonoXeHns O HamnpaBfeHun Cunbl 4ENCTBUSA MarHUTHOroO Nona?

CuiioBasi XapaKTepUCTUKA MATHUTHOTO NOJSL. Yci06Ho 3a cunosyro xapaxkme-
PUCMUKY MASHUMHO20 NOAS ObLIA NPUHAMA UHOYKYUSL MASHUMHO20 NOJIL (Ui Mae-
numuas undykyus). Ona 06o3HadaeTCst GyKBOH B 1 XapaKTepu3yeT BO3CHCTBHE Ha
MarHuT (WJIH TEJIO ¢ MATHUTHBIMHU CBOMCTBAMH ), IIOMEIICHHBINA B TAHHOE MArHUTHOE
moyie. MarauTHast HHIyKIUS SIBIIICTCS BEKTOPHON (PU3NUIECKON BETHMINHOM.

® Hanpaeﬂeﬁue eexmopa quykuuu MACHUNTHOZO NOJIA — HanpaesjleHue Ce6epHoco
NONOCA MACHUMHOLL cmpeliku, nomemeHHoﬁ 6 OAHHOU MOYKe MACHUMHO20 NOJIAL.

JIMHIY MAarHUTHOM HUHAYKIHWH. Kaxk BBl 3HACTC, MAarHuTHOC I110JIC HCBUJIUMO, O~
HaKO €ro KapTUHY MOXHO CMOJACINPOBATH IIPU ITOMOIIN JIMHAHA MarHATHOM HWHIYKIHWHU
(I/IJII/I CHUJIOBBIMH JIMHUSAMH MarHUTHOI'O HOJI?I):

oJluruu macHumHou quym;uu — 9mo maxkue JUuHuu MaZHZ/{I’}’ZH? noJg, Kac
mefbHble K KANCOOU MOUKe Komopbwlx cosnaoaiom c Hanpaeiernue. mo,

HUMHOU uHc)yKuuuT?) 6 oannou mouxe (b).

[lernouky W3 MarHUTHBIX CTPEJIOK BOKPYT MarHura
oroOpaxarT (OpMy IUHHHA MArHUTHONW WHIYKIKH.
JluHMKM MarHUTHOM WHIYKIUM BBIXOJST M3 BHEII
CEBEPHOTO ITOJIF0CAa MATHUTA U BXOJIAT B IQKHBIH I1OJT

rnaea MarH
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BHyTpu e MarHuTa JMHAY MarHUTHON MHIYKIHHU HNPOJODKAIOTCA U 3aMBIKAIOTCSL.
Ha PUCYHKE NPEACTABIICHBI CXCMbI JIMHUYM MarHUTHOM WHAYKIOHWU IJIS TTOJIOCOBOTO U
IyrooOpa3HOro marHura (c).

M% §§§§
B B

* Maenummnoe none sA613emMcs GUXPEBbIM MAK KAK JUHUU MASHUMHOU UHOYKYUU
9M020 NoJA 6ce20a 3aMKHYMbL (Y HUX Hem HU HAYand, HU KOHYQ).

O4eBUIHO, YTO B MPOU3BOJIBHON TOUKE MArHUTHOTO MOJS MOKHO IPOBECTH
TOJIBKO OJIHY JIMHUIO MArHUTHON MHIYKLWH, TaK KaK BEKTOP MAarHUTHON MHIYKLUH
B JI00OH TOYKE MPOCTPAHCTBA UMEET ONpPEe]ICHHOE HallpaBIeHHe. JDTO O3HA4aeT,
YTO JIMHUU MarHUTHON MHIYKIIUH HE NIEPECEKaroTCs.

KapTtuHy MaranTHOW MHIYKIMU MOXKHO SICHEE YBUAETH MPH ITOMOIIH JKEJIE3HBIX

BHEM MAarHUTHOTO II0JIS1 BEICTPAUBAETCs BIIOJIb JIMHUN Mar-
HUTHON uHAyKIH. Co3laBaeMasl >KeJIe3HBIMH OIMIKAMU
KapTHHA HarJIAHO TOKa3bIBaeT JMHWUM MarHUTHOW WH-
OyKUuu MarautHoro nons (d). Ota xapThHa Ha3bIBaeTCs
MAZHUMHBIM CHeKmpoM. B HEKOTOPBIX CIIydyasx MOXHO
(d) MaruutHoe TI0]IE CcOo37aTh TaKO€ MAarHUTHOE TOJIE, T'I¢ JIMHUM MarHUTHOM

MHIYKUUH OyIyT MapajuieNbHbl PYT K APYTY, MIOTHOCTD
WX pacrpenieneHus OyIeT ofuHaKkoBa. Takoe ToJie Ha3bIBAETCS OOHOPOOHbIM Mdae-
HumHbIM noiem. B KadecTBe mpumepa OJHOPOJHOTO MAarHUTHOIO IIOJII MOXHO
MOKa3aTh T0JIe MEXIY MOJ0CaMK AyTo00pa3HOTo MarHuTa (CM.: ¢).

VAl
AT

TBOpUyeckoe npumeHeHue

Crccranonann B

MonyyeHune kapTUHbI TMHUA MarHUTHOW MHAYKLUW.
O6opypoBaHMe: MONOCOBOW MarHnT (2 WT.), AyroobpasHbIA MarHUT, CTEKNSHHaA nnac-
TUHKA, Xene3Hble ONUIKW.

Xopa uccnegoBaHuA:

1. Pacnonoxwurte CTEKMNsAHHY0 NAAacTUHKY Ha ABYX KHWUrax, a mosioCoBOV M
TUHKON. HacbinbTe enesHble OMUIKM Ha NOBEPXHOCTb MIaCTUHKK &4
nocTyunTe KapaHgawom no ee kpato. lNpoHabniogavite 3a “marHuTt
CO3[aHHbIM XenesHbIMy onunkamm (cm.: d).

2. TlomectTuB nog nNNacTUHKY OAHOWMEHHbIE  KOHLbI [ noflocoBb
Hanpumep, ABa ceBepHbIx (N) nontoca, NOBTOPUTE OMNbIT U CP nony4
HUTHBIV CNeKTP” ¢ npeablaywmnm nsobpaxeHuem (f).

.\




|

3. MomecTtnB nop nnacTuHy AyroobpasHbii MarHUT, NMOBTOPUTE OMbIT elle pa3 W npo-
HabnopanTe KapTUHY, CO3AaHHyo noa AecTBueM marHuTHoro nons (h).
4. 3apuvcyiiTe “MarHuTHbIEe CNeKTpbl”, MONyYeHHbIE BO BCEX TPEX OMnbITax.

(e) () %

p 4 "’ﬁ.b’\§

O6cyauTe pesynbrar:
» Kakoe pasnuuve HabntogaeTca mexay nonyvyeHHbIMMU “MarHUTHeIMKU cnekTpammn™?
o Kakve 3akoHOMepHOCTU Bbl yCTaHOBMUIM MO hopMe “MarHUTHbIX CNEeKTpoB”™?

(h) |

YTO Bbl Y3HANU © O6BbACHUTE CMbICI AaHHbIX KMIOYEBbIX CIIOB Ha pa6oyemM
NUCTKE: ®* MarHUTHas UHAYKUMsieHanpaBreHue MarHUTHOM
MHAOYKLUWUM * IMHUA MarHUTHOW MHAYKLMUW * MarHUTHbIN
CMeKTp * OAHOPOAHOE MarHMTHOE fore *

MpoBepbTe cBOM 3HaAHUSA

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

2. CpaBHVITe CUNoBble XapaKTepUCTUKU 3NEeKTpu4eCckoro n mMarHMTHoro nonew: NO Kakum
NPpnU3HakKam OHM CXOXKU, a NO KakKnum oTnuyaroTca?

3. OnpepgenuTe nosntoca NOCTOAHHOMO MarHuTa No YOpMe NMHUIA MarHUTHOW UHOYKLMM.

>
-
>
n U |"
. ene - . eoe
>
>

T |

» 4
a -
B e 1 sk o]
» «
4/\»
v w
9 2 2 2
4./,

(A

rnaea MarH none ° 57




m MAFHI/ITHOE NOJIE 3EMIN

Kak Bbl 3HaeTe, Npu OTCYTCTBUM NOGNM30CTN TEN C e MNoyemy cTpenka komnaca
MarHUTHbIMW CBOMCTBaMM MOMOCOBON MarHuT, HanpaBneHa k CeBepHOMY U
NoABELLEHHbIN HA LLIEMNKOBOW HUTWU, UMW MarHUT- o HOxHOMy nontocam 3eMHOro
Has cTpenka Kommnaca OpUEHTUPYIOTCH Tak, YTO UX wapa?

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

B HanpasneHu CesepHOro reorpaguyeckoro BEpPXHOCTM 3emnu cTpenka
nomntoca 3emnu, a KHbI NOC — B Hanpaerne- KoMnaca HanpagrneHa

HuM KOxxHOro reorpadhmyeckoro nosmtca 3emnu. abconTHO 0ANHAKOBO?

|

Uccneposavue ! () / =
MoxxeTe nu Bbl U3roToBUTb KoMnac? |
O6opynoBaHMe: NOCTOSIHHbIA MarHuT, urna, .
CTeknsiHHas nocyaa ¢ BOAown, npobka. E-S

Xop nccnepoBaHus:

1. MNomecTnTe NpobKy Ha MOBEPXHOCTU BOAbI.

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

3. Viccnepyiite, Kak NpuBOAUT B ABMXEHME NPOOKY “cTpenka” komnaca, a Takke
HanpaBnEHHOCTb €ro KOHLOB (a).

4. 3akpyTtuTe “cTpenky” komnaca Bmecte ¢ npobkon. O6paTute BHUMaHNe Ha
HanpaBsneHne KOHLOB “CTperkn” nocrne OCTaHOBKM NPOGKM CO CTPENKON.

O6cyagute pesynbrar:

o Kak MOXHO onpeaenuTb CEBEPHbIN W KXHBIA MOMOChI CTPENKY M3rOTOBIIEHHOTO KoMnaca?

o Kakoe HanpaBneHue NpuHANM KOoHLbl “CTpernkn”’ nocne 0CTaHOBKU BpallatoLlerocs

komnaca? Mo4vemy ?

MarsuTHas cTpeiika B Jito00¥ TOUKe Ha MOBEPXHOCTH 3eMiid (KpOME MOJIHOCOB
3eMiM 1 MecT, OOTraThIX KeJIe3HOH Py0ii) BCeria yCTaHABINBACTCS B HANIPABICHUH
ceBep-tor. JTO MOKa3bIBAET, YTO Hallla TUTaHeTa NMEET MarHUTHBIE CBOICTBA U CO3-
JTAeT BOKPYT ce0sl B MPOCTPAHCTBE CHIIBHOE MarHUTHOE rosie. CeBepHBI MarHuT-
HBIH TIoroc 3eMiu pacrionaraercs psiioM ¢ KOxHBIM reorpaguuecKiM MoocoM (Ha
AHTapKTH]E), a FOKHBIA MarHUTHBIN NOJTI0C — psAoM ¢ CeBEepHBIM reorpaduuecKum
nosrrocoM (Ha ceBepe Kanazawr) (b).

MarnuTocdepa. MaruutHoe mosne 3eMiIl COCTaBISAET CEAbMOM CIIOH ee aTMo-
cepbl, Ha3bIBaeMBIN MmacHumocgepoi (¢). DTOT clioil Ha3biBaeTcs “mosicoM Ban
Annena” B yecth actpousnka u3 CLUA /xemca Anbdpena Ban Annena, Bnepsble

OTpeIeMBIIETO ero cymectBoBanue. “Ilosc Ban Amnena”, mpocTUpsCh Ha IECST
TBICSY KWJIOMETPOB OT MOBEPXHOCTH 3E€MIIH, BBIMIOJHSET POJIb 6ap@a o Sarmu
BCETO JKUBOI'O Ha 3eMiie OT cMepTenbHOU sHeprun CoHIa, BPEIHbL MU X
u3nyueHui (d).
OtmeTtuM, uto KpoMe 3emin B CoJHEUHOH cucteme oe In OHapy-
o

skeHo y madeT FOnuTep u Catyps. JlyHa He umeeT MAEHUTHOTQUTONS.

0\




(b) (c) (d)

1OxHbIit CesepHbiit
MarHHTHBIH reorpayeckuii

. i
nomoc 3emin | nomoc 3eMH

Maruuro- <70 000 km
chepa

Dk3ochepa  >1000 km

S Tepmocdepa  150-600 km

Honochepa —

" Mesochepa 80 km

Crparocdepa 30 km Iosic Ban

FOnubIi

= Annena
Cenepuiit Tponocdepa 15 kM 4
reorpaduyeckmii MarHUTHbI 3
nomoc 3emmm nomoc 3emiu

MarauTHbIi mosic. YacTe BBICOKOCKOPOCTHBIX 3apsDKEHHBIX YacTHIl, BHIOPO-
LIEHHBIX B KOCMHMYECKOE IIPOCTPAHCTBO IIPHM MOIIHBIX B3pbIBaX B arMmocdepe
ComaIta, IpoXoiT Yepes “nosc Ban Asutena” u monmagaroT B atMocdepy 3emin. B
pe3yibTaTe MAarHUTHBIC IOJISL, CO3/aBacMble 3TUMM 4YacTUYKAMHU, ACUCTBYIOT Ha
MarHuTHOE IMOJie 3eMJIM, YCUJIUBAIOT €ro, BO3HUKAeT MarHUTHas Oyps. Bo Bpems
MarHUTHOW OypH HapylIaeTcsi paAHOCBsI3b, CAMOYYBCTBHE JIIOJICH YXyALIAETCsI, a Ha
TeppuTopusx BOIM3u CeBepHOTro MoJtoca HaOMI0IaeTCsi CEBEPHOE CUSTHHE U T.JI.

TBOpUYeckoe NnpumeHeHue

Tt r Y 2 3anava. B kakom HanpasreHum opueHTU- N
pyeTcs noaBelleHHast Ha HUTW MarHuTHas
ctpenka Ha CesepHom unun HOxHOM marg
HUTHOM nontoce 3emnn?
e R ¢ MepenuwmMTe NpeanoXeHNs B paGoyumii IMCTOK U AONOMNHUTE UX.

1. CTpenka koMmnaca opueHTupyetcs Ha CeBepHbIn reorpaduye-
CKMI NoMtoc 3emMnun NoTomy, YTo ...
2. Ctpenka komnaca opueHTUpyeTcsi Ha KOxxHbI reorpadmyeckuin nomioc 3eMnm NoTomy, YTo

. “Mosic BaH AnneHa” ... 3eMHOM LWwap
. “MarnHuTHas byps” ...

MpoBepbTe CBOM 3HaHUA

1. Kak 6ygyT HanpaBneHbl KOHLbl MarHUTHOW
CTPEenkun Komnaca, HaxoAsLLEerocs mexay no-
ntocamu gyroobpasHoro MarHmTa?
2. Yto Obl NpOM30OLINO NMPU UCYE3HOBEHUWN Mar-
HWUTHOro nons 3emnu?
3. KakoBa npuynHa BO3HMKHOBEHWS MarHUTHoum 6ypn?
4. Kak 6ygyT HanpaBreHbl Montoca MarHUTHOWM CTPESKU K

rnaea




m MAFHI/ITHAFI MHAOYKUUA NPAMOIo NPOBOAHUKA C TOKOM

Ha pucyHke npefcTtaBrneH npsiMoi NPOBOAHMK U BGrIN3KO pacrnonoXeHHbIe ABa koMnaca ¢
pasnMyHO PacmnosioXXeHHbIMU cTpernkamm (cMm: a u b).

o Kak MOXHO 06bACHUTbL NPUYNHY Pa3fIMYHOrO PacnonoXeHUsl CTPeriok KomnacoB?

1
(a)

JIHUM MarHUTHOM MHAYKLUMHK NpsIMOro NPOBOAHMKA C TOKOM. —_t+
O6opyanoBaHue: nabopaTopHbI Habop “MarHuTHoe none”,

WCTOYHMK NOCTOSHHOIO TOKA, ranbBaHOMETP, PeOCTaT, KoY,
)XenesHble ONUIKU, MarHUTHbIE CTPEenkn (4-5 WwTyk),
N30MUPYIOLLNIA WITATUB, COEAVHUTENBHbBIE NMPOBOAA.

Xoa nccnepoBaHua: 1. Cobepute Lenb, NPeACTaBNEHHYO Ha
pucyHke (a). 2. 3akpenute Ha wWTaTUBE YCTaHOBKY U3 nabo-
paTopHOro Habopa, COCTOSILLYI U3 COEAMHEHHOro nepneHau-
KyNsIpHO K MPSIMOM YacTu NpoBOAHMKA Nockon nnactuHbl (b).
3. NopcoeanHmne knemmbl npucnocobneHms Kk cBOOOAHBLIM KO-
HUaM uenu, 3amMKHUTe KoY. Haceinae kernesHble OMuIku Ha
NOBEPXHOCTb NNACTUHbI, MpoHabntoaarTe 3a OPMON CUMOBbLIX
TNVHUIA MarHUTHOTO NOMNS NMPAMOro NPOBOAHUKA C TOKOM.

4. Pa3soMKHWUTE KIMHOY 1 BMECTO XXENe3HbIX OMUITOK MOMECTUTE BOKPYr NMPOBOAHUKA Mar-
HUTHblE CTpenkui. 3amMKHUTE Lenb W OnpefenuTe HanpaBfeHue BeKTopa WHAYKUUW B
pasHbIX TOYKax MarHUTHOrO MONs AaHHOro Toka. 5. [ToMeHsiB HanpaBneHue Toka B Mpo-
BOAHWUKE (MOMEHSIB MEeCTaMu COeAVHUTENbHbIE MNPOBOAA Ha Kremmax YCTaHOBKW),
NOBTOPUTE OMbIT C MarHUTHBIMKU cTpernkamu. ObpaTuTe NpM STOM BHUMaHWE Ha Hanpas-
neHve BEKTOpa MarHUTHOW UHAYKLMN.

O6cyauTte pesynbrar:
L] KaKyro cbopMy MMEKT NMNHUN MarHUTHOWN WHAOYKUUN NPpAMOro npoBOgHMKa C TOKOM?
e Kak nameHsieTcs HanpasneHne MHOyKUMm MarHUTHOro nonga npu npoWeHM rek-

TPUYECKOro ToOKa B NpoBOAHMKE — BEPTUKaNbHO BHU3 U BEPTUKal1bHO BB ?
JIMHMY MATHUTHOM HHIYKLIMH NPSIMOT0O IPOBOIHU ToKOM. U oBague
MOKAa3aJI0, YTO JIMHUM MAarHUTHOM MHIYKLIUH NPSIMQRQ IIPOB Ka CT npe
YT I

CTaBJIAIOT COOO 3aMKHYTbIE KOHLICHTPUYECKHE KPYy
PacHOJIOKEHHBIE B TEPICHINKYISIPHBIX FROBOIHUK cTsx. [p
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HarpasJIeHHs TOKa B IPOBOTHUKE HAOIOAAIICS IOBOPOT MArHUTHBIX CTpeliok Ha 180°.
3HaYMT, HaNpaBJICHHE BEKTOPAa MarHUTHOH MHIYKIUH, CO3/IaBaeMON TOKOM, 3aBUCHUT
OT HalpaBJICHUs TOKA B MPOBOIHUKe. He mpuberast K MArHUTHBIM CTpPEJIKaM, HaIlpas-
JICHUE MarHUTHOW WHIYKUIUH MOYKHO OIPEACIUTH ABYMsI CIOCOOAMH: Npaguiom
npagoeo eunma (0ypasuuxa) unu PagUIOM npagoli pyKu.

IIpasuno npasozo éunma (c)
(6ypasuuxa) ons npamozo =
HNPOGOOHUKA C MOKOM: eCill
Hanpasiexue nocmynameno-
HO20 08udicenus Oypaguuxa
cosnadaem c HanpasneHuem
MoKa 8 NPoBOOHUKeE, MO
HanpaeneHue 6pauyensl -~
PYKOAMKU OYPaABUUKA NOKA3bl- B
6aem Hanpasienue 6eKmopa

MASHUMHOU UHOYKYUU, CO30AH-

HO20 9Mum moxkom (c). 2

Ecau npsimoii mpoBOAHUK € TOKOM NEPIICHIUKYJIISIPEH IUIOCKOCTU PUCYHKA, TO OH
Ha cxeMmax 0003Ha4aeTCsl B BUJE TOYKH UM KPECTHKA B KPYIKOUKE:

— €clIM TOK OT Hac MEepHeHINKYISIpeH MIOCKOCTH PUCYHKA, OH MOKa3bIBaeTCs B
BUJI€ KPECTHKA BHYTPH Kpyxkouka (d);

— @ eCJIM TOK MEPIEHANKYJIAPEH OT INIOCKOCTH PUCYHKA K HaM, TO B BUJE TOYKU
BHYTpPH KpyXouKa (e).

Ipu nprmMeHeHny paBuIIa MPaBoro BUHTA (OypaBYMKa) K STUM TOKAM JIETKO MOKHO
OIIPENENUTh, YTO JUIS TOKA, HAIIPABJICHHOTO MIEPIEHINKYIIIPHO OT HAC K IIIOCKOCTH PH-
CYHKa, BEKTOpP MarHUTHOM MHIYKIINH HAIIPABJICH TI0 HAIPABJICHUIO BPAIIIEHHS YaCOBOM
crpenku (cM.: d); 11 ToKa, HallpaBJIeHHOT'O IIEPIEHAUKYIISIPHO OT IFIOCKOCTH PUCYHKA

K HaM, BEKTOpP MAarHUTHOW WHIYKIIMHM HAMPABJICH MPOTUB HAIMPABICHUS BPAICHUSL
YaCOBOM CTPEIKH (CM.: €).

Ilpaeuno npaeoii pyku ons )
NPAMO20 NPOGOOHUKA C

MOKOM: eCii MbICTIeHHO 835Mb

NPAMOU NPOBOOHUK C MOKOM 6

npasyio pyky max, ymoowi

6onvuiou naney 6vli HaNPas-

JleH 800b MOKA, MO 0OCMATlb-

Hble yemvipe nauvya 6yoym

CoHCampl 8 HaNPABIEHUU UH-

oykyuu maznumrno2o nois ().




BHumaHwme! ¢ JTiHin WHIyKIUH MATHATHOTO (9)
TIOJIsA, IEPIICHAUKYJIIPHBIE K TNIOCKOCTH PUCYHKA, B BeKTop HHIYKIHHA
Ha CXeMaX M300pakaroTcs B BUJIEC CHCTEMBI U3

TOYEK U KPecTHKOB. Eciu mpecTaBuTh BEKTOP

MArHHTHOH MHIYKIMH B popme cTpenk (J), TO * B TlepuenmKyIspHO MIOCKOCTH PHCYH-

JIMHAY MarHATHOM MH/YKIMH, HATIPaBJICHHbIC Ka K HaM
MEPICHANKYJISIPHO OT TIIOCKOCTH PUCYHKA K HaM, xB TlepneHIuKyISIPHO MIOCKOCTH PUCYHKA
IPEICTABIIIIOT CO00M CHCTEMY TOUYEK (MBI BHAUM OT Hac

OyATO KOHYHK CTPENEI). A €CIIM JIMHAN MarHUTHOH

(h)

WHAYKIWW HAIIPaBJICHBI NIEPIICHAUKYIAPHO K
IJIOCKOCTH PUCYHKA OT HAC, TO OHU MPEACTABIIAIOT

co0oii crcTeMy KpecTHKOB (OYATO MBI BUIHM LA X X X X LA
KOHeIl yaJstolelicst oT Hac ctpedsl) (em.: g). Ha- L X X X X e o
TIpUMeEp, JIMHAK MHIyKIHH MATHUTHOTO MOJIS Ha . X X _ X X Spe B
IUIOCKOCTH PUCYHKA CIIPaBa U CJIeBa OT MPO- : : § § B § § I ’ : :
BOJIHUKA C TOKOM 0003HAYAIOTCS TOYKAMH H g “I X X X X e
KPECTHKAaMHU B 3aBUCHMOCTH OT HAaIPaBICHHUS TOKa o’e X X _X% X e
B
(h). Ot 0003HaYEHNUS ONPEETISIOTCS 110 TIPABHITY PP X X X X O
OypaBuMKa MM TIPABUITY PABOH PYKH. PP X X X X PPY

TBOpUyeckoe NnpumeHeHue

3apava. MNepenuwmnte B pabo4nit NTMCTOK AaHHbIe CXe-

Mbl U onpeaenure: 2°

a) HanpasneHne NMHUA MarHMTHOM MHAYKUMK Toka I1; ®

b) HanpaBneHne BekTOpa MHAYKLMM MarHMTHOro Nons 1° I
Toka I2 B Toukax 1,2 u 3. 3¢

‘\
YTO Bbl Y3HANIN MepenuwmnTe NpeanoXxeHUsi B pabounin TIMCTOK U OOMOSTHUTE UX:

1. MNpaBuno npasoy pyku AN NPSAMOro NPOBOAHMKA C TOKOM: ... ; 2. Mpa-
BWIIO MPaBOro BUHTA ANS1 MPSMOro MPOBOAHMKA C TOKOM: ...; 3. JluHum
MarHUTHON WHAOYKLWK, HanpaBneHHbIe NePneHanKynspHO OT NIIOCKOCTH
pyCyHKa K HaM ...; 4. JIHMM MarHUTHON MHAYKLMMW, HanpaBneHHble nep-
NEeHAVKYNSPHO K MIIOCKOCTU PUCYHKa OT Hac ...

MpoBepbTe CBOM 3HaHUA

1. OT 4ero 3aBUCUT HanpaBneHne NMHUN UHAYKLMN MarHUTHOrO Nons, cospﬁH ro TQkom?

2. Kak BbipaxxaeTcs npaBuio NpaBoi pyku Ans NPSMOro NPOBOAHUKA C TOKO

3. Kak nsobpaxaeTcsa Ha cxeMax NpsiMoK NPOBOAHMK C TOKOM, €CIU OH f§acno
OVKYNAPHO K MIOCKOCTU PUCYHKA?

4. Kak HanpaBneH BEKTOp UHAYKLMMW B NPOM3BOSIbHOM TOY
NPOBOOHMK C TOKOM PacrnosioxeH NepneHaukynspHo K KOCTH

H NEepieH-

npsmomn
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1. Ha pucyHke npeacTaBjieHbl CXeMbl TUHUIH MATHUTHON UHAYKINHU YeThIpex
NMPOBOJHUKOB ¢ TOKOM. OnpeiesinTe HaANpaBJieHUe TOKOB B IPOBOJHMKAX.

(1) (2) /. ) (4)

]

2. Ha pucyHke npeacTaBjieHbl JMHUN HHAYKIUH NOCTOSIHHBIX MarHuToB. Onpeneure
HanpapJeHHe JUHUI HHAYKIMH U HeU3BeCTHbIE M0JII0Ca MATHUTA.
I, : Ny

3. Ha pucyHke npeacTaB/jieH BEKTOP HHIYKIIMH OJHOPOIHOI0 MATHUTHOIO moJis. B ka-
KOI YaCTH IUIOCKOCTH PHUCYHKA NMOMEIEH CeBEePHBIH MOJI0C MATHUTHOTO MOJIsI: BIle-
peau uiu mo3aau Hero?

X X X X=X
X X X X X
X X X X X

X X X X X

4. DJIEKTPOHHBII MYYOK ABUraeTcs, KAK MOKa3aHO HA pucyHke. OnpenennTe HaNpaB-
JIeHHe JIMHUH WHIYKIHH MATHUTHOI0 0JIf, CO3JaBAEMOr0 3JICKTPOHHBIM IIy4YKOM.

(= (= = =

\

5. IIpoBoa ¢ TOKOM NepPNEHIUKYJSIPeH K II0CKOcTH pucyHka. Ha kakoii cxeme nmpa-
BUJIbHO MPeACTABJIEHBI JMHUN HHAYKIUH MAarHUTHOTO MOJISI 3TOT0 TOKa?

(1) (2) ©)

(4)
e K (2)(9)
I N

A)lu2 B)romeko3 C)3u4 D)2u3 E)lu4d
’\%
v Marx none * 63




m MAFHI/ITHOE NOJIE KPYITOBOI'O TOKA U KATYLLKKA C TOKOM

’ * Yem OyaeT oTnMyaTbCcs MarHMTHoe nore NpoBOoAHWKa C TOKOM Kpyriomn
® ¢opMbl OT MarHMTHOro NONSA NPSIMOro NPOBOAHMKA C TOKOM?
* Yto Takoe KaTtywka? Kak Bbl npeacTaBnsieTe KAPTUHY NMUHMIA MarHMTHOWN
MHAYKLMW KaTYLIKN C TOKOM?
* Kak MOXxXHO onpeaennTb HanpaBrieHne NIMHUA UHAYKLUMN KPYroBOro
NPOBOAHMKA M KaTyLUKN C TOKOM?

ccrenosanne [

MarHuTHbIN CNEeKTP KPYroBOro Toka.
O6opyanoBaHue: nabopatopHbii Habop “MarHuT-
Hoe none”, NCTOYHMK NOCTOSAHHOIO TOKa, ranbBaHo-
METp, PeocTarT, KoY, Xene3Hble Onumkn, coean-
HUTEnNbHbIE NpoBOAA.

Xopa uccnepoBaHus:

1. Cobepute nocrnenoBaTenbHyO 3MNEKTPUYECKYIO Lienb
(cm.: cTp. 60) n npucoegnHUTE CBOGOAHBIE KOHLb
3TOW LIenU K KNneMMam KpyroBoro npoBOAHMKA.

2. HacbinaB xenesHble ONWIKM Ha MOBEPXHOCTb MNACTUHbI, 3aKPENIeHHOW neprneHan-
KYNSIPHO K KPYroBOMY MPOBOAHMKY, NMPOXOASALEMY Yepes ero LEeHTp, 3aMKHUTE Lenb.
OCTOpPOXHO NOCTYYUTE NO NMACTUHKE KapaH4aLloM 1 UccrnenynTe KapTUHY MarHUTHOrO
CreKTpa KpyroBoro Toka (a).

3. iameHeHuUTe HanpaBneHue KpyroBoro Toka v NpocrneauTe 3a NPoM3oLLEALLNM SBNEHUEM.

O6cyaute pesynbrart:

o Kakyto (hoopMy MMEET MarHUTHbI CNEKTP KPYroBoro Toka?

¢ Y10 Bbl HAGNOAANM NPYU U3MEHEHUW HanpaBeHNsl KPYroBoro Toka?

e Kak MOXHO onpeenuts HanpasneHne JIMHUA UHAYKLMN MarHUTHOTO MOMs KPYroBoro Toka?

MarsuTHoe noJjie KpyroBoro Toka. Kapmuna MarnHuTHOTO CIIEKTPa KPYyroBOro
TOKA CX00iCA € AUHUAMY WHIYKIINH ITOCTOSTHHOTO KOJblleoOpasHoro mMarauTta (b).

1
(b)  MarnutHoe - *  KpyroBoi1 npoBog
none npoeoaa

\))&

Fopu3soHTanbHas ﬂ1 =
N0CKOCTb + - ’
HampaBnenue MarHuTHONM MHIYKLIIMA KPYTOBOTO TOKa onpez[e s H

JICHUEM TOKa, M €T0 JIETKO MOYKHO OTIPEACIUTh ITPU TIOMOIIY MarffiuiTH
MPU OTCYTCTBUYM MATHUTHOMW CTPEJIKH JUTS 3TOU LIETH MOKHQUCIIOIH30B
MIPaBO¥ PyKU WM MPABUIIO0 OypaBunKa (BHHTA).
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Ipasuno eunma ona Kpyzo60z0 moxa: npu Ilpasuno npasoit pyku onsa Kpy206020 moka: ec-
6pawjenuu. pyKosmxu Oypasuuxa 6 Hanpasie-  my ybicneHHo 83imob KpY20601i NPOBOOHUK C MOKOM 8
HUU Kpy206020 moKa Hanpaeienue noCmynd-  ppagyio pyky 6 npousgoibHOM Mecme mak, unoowl
MebHO20 O8UDICEHUs OYPAGUUKA NOKAJICEM HA~  Gonbuioli naney Gblll HANPAGTEH B0 MOKA, MO 0C-
npasnenue UHOyKYuu MACHUMHOZ0 NONA 6HY-  manbhble uemvipe nanvya OyOoym cocHymul 8 Ha-
mpu Kkpye06ozo moka (d). npaenenuy UHOYKYuU MazHumHozo nois (c).

Ta cmopoHa nrockocmu Kpy208020 moKa, OmKYOd 8bIX00SM JUHUYU MASHUMHOU UHOYKYUU, A6sAem-
€51 CeBEPHBIM NOTIOCOM MASHUMHO20 NOJIS, 4 MA CMOPOHA, KYOd 8X005M JUHUU UHOYKYUU, AGISAEmCsL
1021CHbIM noocom (€).

R

P/
"=

VYWY

MarHuTHOe moJie KATYIIKH C TOKOM.

UYrto Takoe karymka? Karyiika mojgy4aeTcs MHOTOKPATHBIM HaMaThIBAHUEM
M30JIMPOBAHHOTO MPOBOJHUKA HA IWIMHAPUIECKYI0 OOOMHY M3 TOJICTOrO KapToHA
wiH miacTMacchl. CBOOOTHBIC KOHITBI POBOIHHUKA TOJICOSTUHSIFOTCS K KiieMMa (1).
3HAYHT, KATYIIKY MOXKHO paCCMaTPUBAaTh KaK NIUPOKUN KPYyTOBOM MPOBOJTHUK.

KapTuHy JuHMI MAarHUTHOW MHIYKIMM KAaTYIIKA C TOKOM TaK)K€ JIETKO MOYKHO
HAOJI0aTh TPU MOMOIIM JKEJIE3HBIX OMWIOK. JJis 3Toro yJno0HO HCIOJB30BaTh
VIPOILICHHYIO MOJIeNh KaTYIIKH — MPOBOJHUK, TPOMYIICHHBIA Yepe3 JBa psja OT-
BEPCTHUH B IJIACTUHKE OprcTekia. JKene3Hble OIMUIIKH, PACChITaHHBIC MO MOBEPX-
HOCTH TUIACTHHBI M3 OPICTEKJIA, MOCJIE MOJCOSAMHCHUS KATYIIKH K HCTOYHUKY
MOCTOSTHHOTO TOKA CO3/Ial0T KAPTHHY JIMHUHM UHIAYKIIMA MAarHUTHOTO TIOJISL KATYIIKU
C TOKOM. JTa KapTHHA HAMOMUHACT JIMHUU MHAYKIHUH TOCTOSHHOTO MOJIOCOBOTO
MarauTa (g).

(f) (9)
Karymka ——0uo




MarHauTHOE TIoJie KaTyIIKH ¢ TOKOM, KaK U B CITydae C ITOJIOCOBBIM MarHHTOM,
HMMEET JIBa MOJIFOCA: CEBEPHBIN U 10KHBIN. [loJtoca KaTylIKy pacrnoJiaratorcsi Ha €€
koHtax. [lodroca MarHMUTHOTO MOJIA KATYUIKA C TOKOM TakKXK€ JIETKO MOKHO OII-
PEeNeNUTh O MPABIITY MPABOW PYKH WIIH IO MTPABHITY MTPABOTO BUHTA.

Ilpaguno éunma ons KAMyw Ky ¢ MOKOM: ec-
U 8paujams pyKosmKy 6ypasuuxa no Hanpas-
JIeHUl0 MoKa 6 Kamyuike, mo HAnpasieHue
npoosudicenuss OypasyuKa noKazviedem Ha-
npasienue JAUHUL UHOYKYUU MACHUMHO20
nonsa enympu kamywiku (i).

Ilpasuno npaeoii pyku 0na Kamywiku ¢ moKkom:
Kamywxa bepemcsi 6 npasylo pyky max, 4moovl
coeHymble Yemvipe nabya COsNAOAmL ¢ HaNpag-
JIeHUeM MoKa 6 0OMOMKAX, 6 IMOM Clyuae Omo-
2Hymblil 601buiol naney 6yoen noKavleams Ha-
npasienue IUHUNL UHOYKYUU MASHUMHO20 NOJL
enympu xamywiu (h).

(i) (h)

\\@L‘ A .‘.4// \k,
T I

TBOpYeckoe NnpuMeHeHune

O ccrenonenee JE3

3apaya. NepeHecuTe B pabounit IUCTOK AaHHbIE CXEMbI.
1. Hapucynte nHUM MarHUTHOWM MHOYKUMW KaTyLLKN

C TOKOM, MOKaXuTe X HanpasneHue 1 onpeae- I.UUIHUULJ E

nuTe nontoca marHutHoro nons (1).

2. Hap kaTyLuKon Ha ynpyrow nNpy>vHe noaseLueH MarHuT (2).
Kak cebst noBegeT marHuT npu 3ambikanum uenu? Moyemy?

YTO Bbl Y3HANU > - uipenumme npeAnoXeHus B pabo4ynin NUCTOK U JOMNOJTHUTE

1. MarHuTHO€e norme Kpyrooro Toka ...
2. MpaBuno BYHTa A4S KaTYLUKW C TOKOM: ...
3. MNpasuno npaBon pykn Ans KaTyLIKW C TOKOM: ...

MpoBepbTe cBOM 3HAHUSA

1. YUem oTnnyaeTcs MarHUTHBIA CNEKTP KaTYLLUKN C TOKOM OT MarHUTHOTO CnekTpa npsMor
NPOBOAHMKA C TOKOM? ’

2. Kak BblpaxkaeTcs NpaBnno BUHTa NS KaTYLUKN C TOKOM?

3. Kak MOXXHO M3MEHUTb NOMCHI MarHUTHOrO NOMS KPYroBoro
NPOBOAHMKA U KaTYLLKN C TOKOM?

4. OnpepgenuTe NOMOCHI MAarHWTHOTO MOJIS KPYrOBOrO TOKA Ha
OCHOBaHWW JAHHOIO PUCYHKa.
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GHEKTPOMAFHMT 1N Ero NPUMEHEHUE

BeposiTHO, Balle BHMMaHMe NpyBrieKanu Takme
Kagapbl U3 GUNbMOB: NOABEMHbIV KpaH Npy MOMO-
LUK cnewLmanbHOro MarHUTHOro YCTPOWCTBa NOAHU-
MaEeT TSDKENbIN XKene3Hbi NpegmMeT, Hanpumep,
aBTOMOOMIb, @ B HY)KHOM MeCTe pa3marHMinBaeTcs
1 pasrpyxaet ero. 3HauuT, yCTPOMCTBO, MOAHM-
MatoLLee XernesHble Tena, npyu HeobxoanMocTu
MOXeT CO3[laBaTb MOLLHOE MarHUTHOE AENCTBUE N 4
pasMarHM4MBaTbCs, KOr4a 3TO HE HY>KHO.

e Y10 co3pgaeT MoLHoOe mar-
HUTHOe BO3eNcTBue B
3TUX YCTPOMCTBAX U KakK
MOXHO X MFHOBEHHO pa3-

ocrazonas I8

OT 4yero 3aBMCUT MarHUTHoOe AeNCTBUE KaTyLUKN C

TOKOM?

O6opynoBaHue: ABe KaTyLIKW C pa3HbiM KONTIMYECTBOM BUTKOB,
MCTOYHUK TOKa, PeoCTaT, KoY, XenesHble ONUIKY, XXerne3HbIn
CepAeyHuK, coeanHUTENbHbIE NPOBOAA.

Xopa uccnepoBanus: 1. Cobepute nocrneaoBaTernbHYO Srek-
TPUYECKYHO LieMb, COCTOSILLYIO M3 UCTOYHMKA TOKa, peocTaTa, Ka-
TYLLKU 1 KMtova. 2. 3aMKHUTE KITHoY U MPUKOCHUTECH KOHLIOM Ka-
TYLLKWN C TOKOM K >XeNne3HblM onuiikam (nepes aTuMm oTBepcTue
KaTyLKu 3akneunBaeTcsa bymarow). NMogHMMUTE KaTyLLKy BBEPX U
npocreanTe 3a BO3HVKLWINM siBeHneMm (a). 3. YBenuuuante u
yMeHbLUaNTe CUny Toka B KaTyLLKe ABUXKXEHNEM NON3yHKa peoc-
TaTa. [poHabnioganTe, kKak U3AMEHAETCA NPU 3TOM MarHUTHoe
OelcTBMe KaTyLwKK ¢ TOKoM. 4. [ToBTOpUTE OMbIT C KaTyLLKOW C
OONbLUMM YMCIIOM BUTKOB M NPOCIeanTe, Kak M3MeHsieTcs mar-
HUTHOE [EeNCTBME KaTyLLKK C TOkoM. 5. lNMoBTopuTE ONbIT, BCTaB-
NSIA XKenesHbI CepAeyHUK B KaTyLUKY, U UCcneaymnTe ero mar-
HUTHOe aewctaue (b).

O6cyauTe pesynbrat:

¢ Kak 3aBUCUT MarHnTHOE [efCTBUE KaTyLUKU C TOKOM OT CUJ1bl TOKa, YMCIa BUTKOB U
Hanuuns xenesHoro cepaeyHuKa BHYTPU KaTyLLKN?

B 1820 romy ¢paniy3ckuii yuensrii A.AMiiep, uccienyst MAarHUTHOE TI0JIe Ka-
TYIIKA C TOKOM, OTPEIEIIHII, YTO MAarHUTHOE NEHCTBHUE KATYIIKH 3aBUCHT OT CHJIBI
TOKa B HEM: C POCTOM CHJIbl TOKa PacTET MAarHUTHOE NEHCTBUE KaTyIIKH, a IpU
OTKJIFOYEHHUH CHJIBI TOKA KaTylIKa TepsieT CBOM MarHUTHbIE cBoicTBa. B 1825 rony
aHTmickuii m3o6perarens B.CrepmkeH, BBes BHYTPh KAaTYIIKH C TOKOM JKETIQ8-
HBI CepICYHUK, BBISCHUJI, YTO MATHUTHOE JICUCTBHUE KATYIIKH YBEIGggHIIO

* M300peTazennb mepBoro 31 Mar:
Ta W QIEKTP 0 JIBHTa

rnaea MarH




B 1828 rony amepukanckuii pusuk Jx.I'eHpu onpeaenw, 4To, yBeTunInBast 4uC-
JIO BUTKOB J3JICKTPOMArHnuTa, MOXXHO CYIIECTBCHHO YBCIMYNUTL €0 MAaruiuTHOEC I[eﬁ-
ctBue. Mcmonb3yst 3TO CBOMCTBO 3J€KTPOMAarHuTa, OH BIIEPBBIC pa3padoTai 3JeK-
TPOMAarHUTHBIN KpaH, COCOOHBIH MOJHUMATh TSKEJIbIC JKEeJIE3HBIE TPY3B.

» V300peTaTtens nepBoro 2IeKTPOMAarHUTHOTO
kpana. B 1831 roay o nmpoaemMoHCTpupoBa
3JIEKTPOMArHUTHBII KPaH, CIIOCOOHBIH MOJHATh
rpy3 B 1000 kr. DTOT KpaH XpaHHUTCS B My3ee
uHcTuTyTa CMHTCOHA B BammHrroHe.

o Kamywika ¢ dHcene3HbiM CepOeuHUKOM GHYMPU HA3bIEACMCSL INEKIMPOMAZHUMOM.

ITpu MPOXOXKAECHUH 3JIEKTPUYECKOTO TOKA 4Yepe3 BUTKU KATYIIKH, BO3HHKAET
MarHUTHOE TOJIC U JKEJIE3HbIH CepICYHUK MPHOOPETAeT MarHUTHBIC CBONCTBA, TPH
MPEKPaIICHUN e 3JIEKTPUUSCKOr0 TOKa MArHUTHOE TIOJIe MCYE3aeT U CepACYHUK
pasMarHUYMBaeTCsl.

MarauTHoOE JIefiCTBHE 3JICKTPOMArHUTA CHIIBHO 3aBHCUT OT YHCJIa BUTKOB B HEM
U CHJIbI TOKa, IPOTEKAIOIIEro uepe3 BUTKU. MccinenoBaHue MokKasano, 4To ¢ yBe-
JIMYCHUEM YHUCIIAa BUTKOB U CHJIBI TOKA B HUX MACHUTHOC JICHCTBHE DIICKTPOMATHUTA
YCUJIMBAETCSI, a MPU OTKJIFOYECHUH TOKA 3JICKTPOMATHUT Cpa3y pa3MarHHYMBacTCs.
JleficTByromue Ha OCHOBE STOTO CBOWCTBA AJIEKTPOMAarHuTa MPUOOPHI U YCTPOUCTBA
[IMPOKO TPUMEHSIOTCS B OBITY, TEXHUKE, IPOU3BOCTBE, MeIUIMHE U T.1. Hampu-
Mep, Ui TMOTPY3KH W PasTpy3KH TSDHKENBIX IKEJIE3HBIX H3JICIUN HCIOJIB3YIOTCS
ANIEKTPOMArHUTHBIC KpaHsl (¢). Ha pyaHUKax Ui OTACICHHS JKEIE3HBIX YaCTHUYCK
OT pyrux Ten (TMOYBbl, KAMHEW H JIp.) UCHOIB3YIOTCS 21eKMpPOMACHUMHblE Cend-
pamopul (epawjarowasics dnekmpomacHumuasi 6oouna) (d).

(d)

A Aila s LY W -EF BJ]eKTpOMaI‘HMTHaﬂ
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OCHOBHYIO 4acTb IEKTPUYECKOTO 3BOHKA B BAllCH IIKOJE TAKXKE COCTABIACT
3neKTpoMarauT. O3HaKOMUMCS C €r0 YCTPOWCTBOM U
MIPUHIIATIOM PaboTHI.

YcerpoiicTBO M NPpUHIMI PadoThbl 3JIEKTPHU
CKOro 3BOHKAa. OCHOBHBIE YacTU 23
3BOHKA CIIEIYIOIIUE: 3JIEKTPOMAarHH
CTaNbHAs TpyXwHa (2), TMOJCOCHMH
JKeJIe3HbIH sKopb (3), 3aKperieHHBlil Ha




KHOTIKY JIEKTPHUYECKOTO 3BOHKA (6) 1enb 3aMbIKaeTCs, Yepe3 JIEKTPOMArHuT Mpo-
XOJUT TOK U OH HAMarHu4nuBacTCA. MoinoTouek Ha AKOPEC NPUTATUBACTCA K 3JICKTPO-
MarHuty u ObeTcs 00 yaliky, uzgasas 3ByK. OIHaKO, IPUTATUBAACH K JICKTpOMar-
HUTY, SIKOPb OTXOIUT OT KOHTaKTa (7) W Lenb pa3MBIKAeTCs B TOUKE A: DJIEKTpH-
YECKHHA TOK OTKIJIFOYAETCS M DJICKTPOMArHWT pa3MarHumuuBaercs (e). B 3To Bpems
SIKOpb TOCPEACTBOM YIPYIOM IPYXKHHBI OTTATMBAECTCS HA3aJl, CHOBA 3AMbBIKAECT
ANEKTPUYECKYIO IIEeTIh B TOUYKE A U TIPOIECC BO30OHOBISETCS. DTOT MPOIECC MOB-
TOpSIETCS B TEUEHHUE BCETO BPEMEHH, I0Ka KHOTIKA HaXKaTa.

TBopquKoe npuMeHeHune

Pa6oTa c mopgento anekTpo-

MarHMTHOro KpaHa.

O6opynoBaHue: Moaernb afekTpomar-

HUTHOIO KpaHa (3MNeKTPOMarHuTbl — 2 Wr.,

XKene3HbIl SIKOpb C KPHOYKOM), Habop

rpy3oB (f), MCTOYHMK ToKa (BbINPAMUTEND),

coegnHuTenNbHbIE NPoBOAA.

Xop nccnepoBaHus:

1. MNoaBecbTe aNeKTpOMarHUTHLIN KpaH Ha wraTtmee. BepxHue
KNeMMbl afieKTpoMarHuTa CoeiMHnTe Apyr ¢ Apyrom, a
HXKHUE KNEMMbI NOACOEANHUTE K BbINpAMUTENHO (g).

2. BkntouvB BbINpsAIMUTENb, NOAAATE HA KOHLbI Lieny Hanps-
XeHue B 2 B. Mpubnunsue >xenesHblil SKopb K anekTpomar-
HUTY, NOABECbTE Ha €ro KPHYOK rpy3bl 4O OTAENEHUS SKOpA
OT anekTpomarHuTa.

3. Mopas Ha KoHLbI Lienu HanpshkeHne 4 B, noBTopute ONbIT U
uccrneayvTe, B KaKoM criydae sikopb yaepxkvsaeT 6onbLuni
rpys.

O6cyaute pesynbrart:

e OT Yero 3aBMCUT rPy30NOABLEMHOCTb 3NEKTPOMArHMTHOTO KpaHa?

S

YTO Bbl Y3HAU MNMepenuwwmTe NpeanoxeHnsi B pabo4nin IMCTOK U AOMOSTHUTE UX.
‘ 1. SnekTpomarHut — ...
2. MarH1THOe AencTBmne aneKTpoMarHiTa 3aBucuT oT: a) ... b) ...

3. OnekTpoMarHuTbl NPUMEHSIOTCS ...

none °© 69

1. Kak MoxHO YBENMNYNTb MarHMTHoe aencreune KaTyLlKku C TOKOM?

2. YTto TaKkoe aneKkTpoMarHuT 1 B KakuX Liensx ero Ncnosnb3yoT?
3. O6BbACHMTE NpMHUMN paboThl SNEKTPUYECKOTO 3BOHKA.

4. HamoTanTe Ha xernesHbln rBo3ab NPoBOoJ C M3oNAumen n
NnoAcoeanHUTE ero KOHLUbI kK 6aTtapee, Nony4mMTcs NpocTomn

anekTpomarHut. OnpegenvTe NOMKChl 3TOrO INEKTPO nTa.
rnaea MarH
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1. Ha pucyHke moKa3aHbl MOJIOCHI MATHUTHOTO NOJISl KATYLIKH ¢ TOKoM. Onpeneanre
HaNpaBJieHUEe TOKA B KaTyllIKe.
FAVAVAVAVAVAVAVAVAY
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2. UHaAyKOust MATHUTHOTO TOJISI KPYTOBOT0 MPOBOHHUKA ¢ TOKOM HANpaBJieHA BBEPX.
OnpenesnTe HanpaBJeHne TOKA B IPOBOAHUKE.

-—

B

3.Ha PUCYHKE NMpeaACTaBJCHbI IMHUH MATHUTHOM HHAYKIHHA KATYHIKH C TOKOM.
HpaBI/lJ'leO JIK MOKAa3aHO HAIPpaBJI€HNE BEKTOPa HHAYKIIMHU B TOYKe K?
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4. Ha pucyHke npejcraBjieHa cxeMa aToMa Bojgopoaa. Onpenenure moJochbl
MATHHTHOTO MOJISI aTOMA.

5. KakuM cnoco0oM MOKHO U3MEHUTh MATHUTHBIE MOJIIOCHI KaTyluIKH € TOKOM?

6. Kak M0:KHO yBe/IHYNTh MAarHUTHOE AeiiCTBHE KaTYIIKH C TOKOM?
1. VBennuuB cuity TOKa.

2. YMEHBIINB YHCIIO BUTKOB.

3. Beens BHYTpH aIFOMUHHUEBEIH CEPICUHUK.

4. Bens BHYTPH CTaJIFHON CEpICUHHUK.

5. YBeIMuYuB YMCIIO BUTKOB.

A)l,4u5 B)2u3 C)1,2u3 D)tomeko5 E)lu$

RO
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m MAFHI/ITHOE B3AUMOOEUCTBMUE TOKOB

Ha pucyHke npepcTasnen onpeae- '/ e Kakue MarHuTHbIE Nosiioca pacrnonoXeHb! Ha
NEHHbIN y4acTOK NPOBOAHMKA C TOKOM = «gepxHeii» U «HUKHEI» CTOPOHAX MPOBOAHMKA
W HanpasJieHne NHUA MaranTHon C TOKOM B MIIOCKOCTU N306paKeHns?
UL 5 o Kakoe B3aumoaeincTBue BO3HUKHET MeXAy
e o o o_»o oBo ° npoBogHUKamMu, ecnu pagom ¢ ogHUM U3
AN T HUX napanneribHO pa3sMeCcTUTb BTOpoOu
XE’X X X X X X X TaKoW e NPoBOAHUK ¢ TOKOM? Moyemy?

(e

MarHuTHoe B3aumopaencTBue Mexay NpPoBOAHUKAMU C TOKOM.

O6GopynoBaHue: ABa NPOBOAHMKA (M3rOTOBMEHHbIE U3 antOMUHUEBOWN (POmMbri), NCTOHHMK
MOCTOSIHHOrO TOKa, peocTar, flamna, aMnepmeTp, Koy, ANANEKTPUYECKUI LITATUB (2 LUTYKK),
coeauHUTENbHbIE NPOBOAA.

Xoa uccnepoBanuna: 1. Cobepute nocnegoBaTenbHyHO LieMb, COCTOALLYIO U3 UCTOYHMKA
TOKa, peocTtara, amnepmeTpa, namnbl ¥ knoya. 3axkum 1 namnbl 1 3aXUM 2 UCTOYHMKA ToKa
ocTaBbTe cBOGOAHbIMU (a). 2. MNMoacoeavHWTE BbIpe3aHHble U3 antoMWHUEBON honbrn
NPOBOAHUKU B 3aXMMaxX U30NMPYIOLLMX LUTAaTUBOB NaparnmnensHO 1 NOAKMYUTE K 3TUM 3a-
XMMaM coeguHUTErNbHbIE NPOBOAA, Kak Moka3aHo Ha pucyHke (b). 3. 3amkHuTe uens,
noAcoeauHUB BbIXodbl Liemu 1 1 2 K cBo6OAHBIM KOHLLaM NpoBoAHNKoB. OnpegenunTe xapak-
Tep B3aMMOAENCTBUS, BOZHUKAIOLLMIA NPU 9TOM MexXay napanfensHbIMU NPOBOAHUKaMU C
ToKoM. 4. ViccnepyiiTe, Kak M3MeHsIeTCA B3aMMOAENCTBME Mexay napaniensHbIM1 NPoBOa-
HMKaMK1 NpY YBEMUYEHUN N YMEHBLUEHWUW CUMbI TOKa B LIEMW 1 PaCCTOSIHWS MeXy NPOBOA-
Hukamu. 5. PasomkHWTE Lenb 1 coeauHuTe napannernbHble NPOBOAHUKN TaK, Y4TOObl TOK
Yyepes HWX NPOXoAmnN B OANHAKOBOM HanpaeneHun (c). 3amkHWTe uenb 1 onpegenvre xa-
pakTep B3aMMOAENCTBUSA MeXay napannenbHbIMU MPOBOAHMKaMN C TOKOM.

@ 1

>

] +“— 2

O6cyaute pesynbrart:

e MNoyemy, Korga TOk B napasnsesnibHbiX NPOBOAHUKAX MMEET NMPOTMBOMOMOXHbIE HanpaBs-
NEeHUsI, OHW OTTamNKMBaOTCA APYr OT ApYra, a Koraa ToK HanpasrneH B 0O4HY CTOPOHY, TO
OHU NPUTAMMBAKOTCS OPYT K ApYry?

e Kak 3aBucut B3aVIMOp,eI7ICTBVIe Mexay napannenbHbIM NPOBOAHNKaAMUMN C TOKOM OT CUIbI
TOKa B HUX U PACCTOSIHUS MeXay 3TUMU NPOBOAAMMU? A
B 1820 romy A.Ammep B pe3yibTaTe MHOTOYHCICHHBIX OIBITOB Be%
HaJ MapajjieqbHbIMU ITPOBOJAHUKAMHU C TOKOM, OTIPEAEITUIL, YTO [Miex, MU WpO-
BOJHHKAMH, KaK MEXIY HOCTOSHHBIMA MarHUTaMu, TaK TByE HUTROE
B3aHMOJCHCTBUE:
Ha

[ J Hpoeodﬂuku C MOKOM oKasvlearom 603061101716 2 ca nocpe
BO3HUKAIOWUX BOKPY2 HUX MACHUMHbBIX N el.
rnaea MarH




B 3aBucuMoOCTH OT HampaBJIeHHsl TOKAa MAarHUTHOE B3aHMMOJCHCTBHE B TIPOBOIHH-
Kax MOXeT MpHoOpeTaTh KaKk XapakTep OTTAIKUBAHUsI, TaK U NpUTshKeHus. Ha ocHo-
(d) (e) BAaHMM TIpaBWiIa OypaBuuka (WU

ge | x ge | x Ex e Be | x TIPaBO PyKH) JIETKO MOXHO OTIpe/ie-
o I X o || X Xl e o | X JIUTh, YTO TP OJWHAKOBOM HaIlpaB-
g B °3 X ol I °l X jeHMM TOKA B MApaUICIBHBIX MPO-
N® X s ol X s S X .N ol X
olll % Nolll x X l. Ne |l xS BoaHMKax (B mIOCKOCTH pHCYHKa)
e i X e I X X e oI X MEXIYy HHMH CO3Jar0TCS IPOTHUBO-
[ ] G E [ ] XE X [ ] E [ ] X E
o I % ol x x 1o o | x MOJIOKHBIE  TOJKOCA MAarHUTHOIO
nossi. B aToM ciaywyae mpoBOIHUKU

* y HNPUTATHBAIOTCSA APYT K OpPYTy, Kak

\ ' NOJABEIICHHbIE HAa HUTAX IIOCTO-

\ stHHbIe MarHuThl (d). A npu npoTu-

BOIIOJIOXKHOM HAIPaBJICHUH TOKa B

HapaJuleNIbHbIX IPOBOJHUKAX (B INIOCKOCTH PHCYHKA) MEX/Y HUMH CO3JAt0TCs OJlUHA-
KOBBIE TT0JIF0CA MAarHUTHOT'O T0JISI, TPOBOTHHUKY OTTAJIKUBAIOTCS JPYT OT ApyTa (€).

B3anmoneiictBue Mexay NapajuleNbHBIMUA HPOBOAHMKAMH C TOKOM KOJIHYe-

CTBEHHO XapaKTEPU3YETCS CUNOU MASHUMHO20 83AUMOOEUCMEUS.
® 3Hauenue cuibl MaHUMHO20 63AUMOOUCMBUS 3A6UCUM OM CUbL MOKA 6 Ha-

xod;m;uxcg 80 83AUMOOCUCMEUU napaiiejlbHblx npO@O()HUK(lX C MOKOM, ONUHbL npo-
B0OHUKOB u paccmosinus Me.')fC()y HUMU.
11 * 12 ) l

E,~ "

3nech F,, — MoAyib CHUIIBI MarHUTHOTO B3aMMOJACUCTBUS MEXIy Mapajieib-
HBIMH TTPOBOJIHUKAMU C TOKOM, [ U [; — crujia TOKa B MapajuledbHBIX TPOBOAHHUKAX,
| — nvHa TPOBOIHUKOB, ' — PACCTOSIHHE MKy HUMHU.

MarauTHOe B3aUMOJICHCTBHE IMPOBOJHUKOB HCIIONB3YETCS IS OMPEICICHUS
€IMHHIIEI CHIIBI TOKa B cucteme CU:

1 Amnep — cuna nOcmosHHOZ0 MOKA, KOMOPbIL NPU APOXOHCOEHUU HO O08YM
MOHKUM OECKOHEUHO ONUHHBIM NAPAIETbHBIM NPOBOOHUKAM, PACHOJIONCCHHBIM &

eakyyme na paccmoanuu 1 m opyz om opyaa, 6bi36a1 6bl HA KAHCOOM YUacmKe npo-
600HUKa Onunoti 1 m cuny ézaumoodeticmeus, pasuyio 2:10 'H.

TBopyeckoe npumeHeHue

e 2

3apaya. U3obpa3ute Ha paboyeM nUCTKe OAHHYH

cxemy u onpegenuTe:

a) nornca MarHUTHbIX MOMen Ha KOHLax napannernbHbiX
KaTyLleK C TOKOM;

b) xapakTep MarHUTHOro B3aMMOAENCTBUS MEXAY 3TUMMU
KaTylkamu;

C) KakK U3AMEHUTCA MarHUTHoe BSaVIMO,EI,eVICTBI/Ie mMexa nMn
NeHNst ToKa B NIEBOM KaTyLLKe.
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LIl RE LS - [TepenulunMTe NpensioXXeHus B paboymii NIUCTOK U AONOJTHATE UX.
1 1. NpoBOAHMKM C TOKOM OKa3biBalOT ApYr Ha gpyra — ...

2. Cuna mMarHMTHOro B3ammoemncTems MexXxay napannenbHbIMn
NnpoBOAHUKAMU C TOKOM — ...

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

MpoBepbTe cBOM 3HAHUA

1. Bo3HukaeT MM MarHMTHOe B3aMMOAENCTBUE MEXAY napanfenbHbIMyY NMPOBOAHNKaMM,
ecnv B O4HOM M3 HWUX OTCYTCTBYeT Tok? [Movemy?

2. BosHuKkaeT nu cuna anekTpu4ecKoro B3ammoaencTBms Mexay napannernbHbIMy
nposogamu ¢ Tokom? OTBeT 060CHYMTE.

3. B kakom cryyae cvuna MarHUTHOrO B3aMMOAENCTBMSA MEXAY KaTyLlKaMu ¢ TOKOM GornbLue:
npu NoMeLLeHun KaTywek Apyr NpoTuB gpyra unu psgom? MNoyemy?

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

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

e MoOXHO N1, OCHOBbLIBasACb Ha npeanonoxeHun Amnepa, BbIABUHYTb Apyroe
npeanonoxeHue: “B ocHOBe BCeX MarHUTHbIX B3aUMOAEWCTBUWN JNEXUT Oen-
CTBME MarHUTHOrO NoJsi Ha anekTpuveckunn Tok”’? Moyemy?

BrnepBrie A.AMInep ONBITHBIM ITyTEM OIPEIEINI, YTO NMPH MOMEIIEHUH TTPOBO/I-
HUKA C TOKOM B OJIHOPOJIHOE MArHUTHOE MOJ€  yreuno nesoii pyxu dnn cunst Am-
NEPHEHIMKYIIAPHO JIMHUAM MHAYKUMU WIH TIOX  nepa. Jlegyio pyKy Hado nomecmums 6
HEKOTOPBIM yIJIOM K HUM, MarHUTHOE I0JIE JIeii-  Maenumioe none max, umoobl auHuu
CTBYET Ha MPOBOJHUK C ONPEAEICHHON CHIION. MAZHUMHOL UHOYKIjUY 6X00UTI  nep-

Hamnpagnenue 3Tol cuiibl, Ha3pIBAEMOH cuiou MEHOUKYIAPHO & MGOOHY, @ embipe

o naisya OvLIU 6bINSIHYMbl NO Hanpaejie-
Amnepa, 3aBUCUT OT HAIPABICHUS JIMHUE UHAYK- 100 moka. Tpu smom omoenymoiii Ha
U MOCTOSIHHOI'O MarHuTa U CUJbl TOKA B IPO-  90° 6orvuioli naney yxkadicem Hanpas-
BojHHKe. Hanpasiienne cuitel AMIiepa onpejens- — 2eHue cunwt Avnepa, oelicmeyioueii na
€TCsI COTTIACHO NPABUILY €60l PYKUL. 1p0800 C IMOKOM.

Yemy paBeH Moayiab cuibl Ammnepa? Ilpu
nomewjeHuy nPoBOOHUKA ¢ MOKOM 8 0OHOPOOHOe
MazHumHoe noje Mooyis Oeticmeyiowel Ha npo-
BOOHUK CUNbL AMNEpa paseHn npou3eeoeHuio CUibl
moKa, MoOYJis MACHUMHOU UHOYKYUU, OTUHbL NPO-
B00HUKA U CUHYCA Yelld MedcOy HanpaeileHuem
MOKA U BEKMOPOM MACHUMHOU UHOYKYUU:

F = IBlsina.

I'ne F —monynb cunel AMiiepa, I — cuia Toka,

IPOTEKAIOUIEr0 Yepe3 IPOBOAHUK, B — Monmyins

rnaea



MarHUTHOW MHAYKUMH, / — JUIMHA YaCTH IPOBOAHUKA, HAXOASIIETOCS B MAarHUTHOM
0JIe, 0L — YTOJI MEX/1y HAalPaBJICHUEM TOKAa M BEKTOPOM MarHUTHOW MHIYKLUH.

Kak BumHO 13 (hOpMyIIBI, €CIIM TIPOBOHUK C TOKOM OYJIET PACIIONOMKEH MapayuieIbHO
BEKTOPY MHYKIIMH MarHuTHOTO 1ostst (o= 0° v oo = 180°), Ha MpOBOHKK C TOKOM CHIa
Awmriepa He pietictByeT (Tak kak sin 0° =0 u sin 180°=0): F=0.

Ecnu e NpoBOAHUK ¢ TOKOM PacIloyIOKUTh IEPIEHAUKYIIPHO K JIMHUSIM Mar-
HUTHOW MHIYKIIUH, TO CHiia AMIIepa MPUMET MaKCUMaJIbHOE 3HAUCHHE, TaK KaK MpH
o =90° sin90° = 1:

F,=1Bl

Yemy paBeH MOAYJb MATHUTHOH MHAYKUUU? MoOynb mazHumuo uHOYKyuu
PABeH OMHOUWIEHUIO MOOYIA MAKCUMATIbHOU cuibl Amnepa, Oeticmeyrowell Ha npo-
BOOHUK C MOKOM, NOMEWEeHHbI NEPNEHOUKYIAPHO TUHUIM UHOYKYUU 8 0OHOPOOHOM
MACHUMHOM NOJe, K NPOU3BEOCHUIO CUTbI MOKA 8 NPOBOOHUKE HA €20 ONUHY I:

F

——m
11
Enuaunna marautao#t naayknnu B CU HasBana mecna (1 Ti) B gecTh cepbeckoro
yueHoro Huxoubsl Tecibl.
1 mecna — amo mazHumMHASA UHOYKYUS THAKO2O OOHOPOOHO20 MACHUMHO20 NOJIS, KO-
MOopoe HA YYacmoK NPOBOOHUKA ONUHOU 1 M, pACNONONCEHHO20 NEPREHOUKVIAPHO K iU~
HUsM Machumnou unoykyuu, npu cuie moxa 1 A oeticmsyem c cunoil, pasuoti 1 H:

(8] H —1 KT

A-M A-c?
BHMMaHMe! © I/IHJ_'[yKHI/ISI MArHUTHOI'O ITOJII HE 3aBHUCUT OT MJIMHBI ITIOMEIICHHOI'O B 3TO IIOJIE

NOPOBOJAHUKA U CUJIBI TOKa B HEM, @ 3aBUCHUT OT CaMOI'0 MarHUTHOI'O IOJid, €ro Ipupoabl. 9710

Fu
03HA4Ya€T, YTO MarHuTHasg WHAYKIUS TAKKEC HE 3aBUCUT OT OTHOIICHUS n , IIOTOMY 4YTO CHJIa

= 1Tn.

Awmrepa, IeHCTBYIOMIAs Ha TOMEIIEHHBIN B 3TO MOJIE IPOBOIHUK C TOKOM, OyIeT IPsIMO IIPOTIOPIIHU-
OHAJIbHA CHJIE TOKA B HEM.

TBOpUYeckoe NnpumeHeHue

(e

[dencTBMEe MarHUTHOroO NOJISA Ha NPOBOAHMUK C TOKOM.

O6GopyaoBaHue: yroobpasHbii MarHUT Manoro pasmepa (2 Wrykun), AyroodpasHblii mar-

HUT BonbLUIoro paamepa (2 WTyKn), ICTOYHMK NMOCTOSIHHOIO TOKa, PEOCTAaT, KItoY, TONCTbI

HebonbLION ANUHBLI NPSMON NPOBOAHMK (ab), TOHKME coeaMHUTENBHBIE NPOBOAA, U30MK-

pytoLnii LITaTKB.

MpaBuno 6e3onacHOCTU: NPV MOATOTOBKE K KaXAoOMy aTany paboTbl aneKkTpuyecka

Lenb A0IMKHa ObITb Pa3oOMKHYyTa.

Xop nccnepoBaHus:

1. lyroobpasHblii MarHWT 3akpenute B LUTATMBE B BEPTUKANbHON N
NVHUA VHOYKUMWM MarHWTHOTO MONSA MEXAy ero nomwcamu p
TuKanbHo. oaBecKB TONCTBIM MPOBOAHMK HA TOHKUX N
Mexay nontcaMm MarHuTa Tak, 4tobbl oH 6bin nep MKyns
nHAaykuuu (a).
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2. 3aMKHUTE KNoY 1 MpocneanTe 3a BO3HUKLLMM SBIIEHNEM.
3. MNpoBepbTe, Kak 3aBUCUT HanpasneHne cunsl Amnepa:
a) OT CMeHbl MEeCT ero MNostocoB NyTeM NepeBopaynBaHna MarHuTa;
b) oT cMeHbl MecT coeanHUTENbHBLIX NPOBOAOB Ha KIEMMax UCTOYHMKA TOKa.
4. MpoBepbTe OT KakuX BENUYNH U KaK 3aBUCUT MOAyrb curbl AMnepa:
a) OT cuMbl TOKa B NPOBOAHUKE, YBENNYMBASA UM YMEHbLUAS CUMY TOKa C MOMOLLIbIO
peoctara;
b) oT nHAYKUMM MarHMTHOro Nons, 3aMeHss OAWH MarHUT Ha Apyron ¢ 6onee MOLHbLIM
MarHWTHbIM nonem;
C) OT ANUHbI NPOBOAHMKA, UCMOMb3YS ABa MarHWTa BMECTO OAHOrO (C yBenuyeHnem B
ABa pasa AnWHbI 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 v Kak 3aBUCUT MOAYMb cunbl AMnepa?

YTO Bbl V3HANIM MepenuwuTe NpeanoxeHns B pabo4unm JIMCTOK U
[OMNOSTHUTE MUX.

1. HanpasneHue cunel AMnepa 3aBucuT — ...
2. MNpaBuno npaBon pykn ans cunel Amnepa — ...
3. Mogynb cunbl AMnepa paBeH — ...

MpoBepbTe cBOM 3HAHUA

1. AnekTpnyeckas Lenb, COCToSALAs U3 YeTbipeX rOPU3oHTaNbHO pacnoso-
XKEHHbIX NpsiMbIX NpoBoAos. (1-2, 2-3, 3-4, 4-1) N UICTOYHUKA NOCTOSAHHOTO
TOKa, NnomelleHa B OAHOPOAHOE MarHWTHoe none. Bektop marHWTHOM
WHOYKUMM HanpasreH neprneHauKynspHo K MNMOCKOCTUM pucyHka. Kak
HanpaeneHa cuna Amnepa, gencTByowasa Ha nposoga uenu 1-2 n 2-3?

2. Bblpa3ute npaBuno nNesomn pyku ans cunsl Amnepa.

3. Kakas BenuunHa npuHaTa B KAYeCTBE CUIOBON XapakTePUCTUKN MarfTHO s —
BEKTOpa MarHUTHON MHAYKUMN?

rnaea MarH




1. [IpoBOAHMK ¢ TOKOM HAXOAMUTCS B OAHOPOJAHOM MATHHTHOM I10JIe, KAK MOKA3aHO Ha
pucyHnke. Kak HanpasieHna cuia Amnepa, 1eficTBYIOIasi Ha NPOBOAHUK ¢ TOKOM?

3 3
J+—

I

|

2. IIpsiMoii NPOBOJHUK C TOKOM JJIMHOMH 2 M NOMeLleH B 0JHOPOHOEe MArHUTHOE I0JIe ¢
unayknueit 60 MTJ1 nepneH Ky IAPHO JIMHUAM HHAYKIUU. Beruncimure cny Amme-
Ppa, 1eiiCTBYIOIIYI0 HA POBOJHMK, €CJIM CHJIA TOKA B HeM paBHa 2 A.

¥ vnN Yy

3. OnpenejauTe HANPABJIEHHE TOKA B MPOBOAHUKE, CMEUIAKINUMCS MO AeiiCTBHEM
MarHUTHOIO MOJIs1.

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

peJibcaM IIpU 3aMbIKaHUH 3J'leKTpl/I‘leCKOI7[ nenu. B kakom HanpaBJ/JICHUU OH 6yz[eT
ABUI'aThCHd U no'{eMy?

5. Ha pucyHke npeacraBJjieH IPOBOJHHMK ¢ TOKOM, IOMeIleHHbIH B OJJHOPOHOE MAar-
HUTHOe noJie. OnpeaenuTe HanpaBjieHHe BEKTOPA MATHUTHON WHIYKLIMHU.

< 8)1
F

6. /linHA NPOBOAHUKA € TOKOM, IOMEIIEHHOI'0 B OJHOPOJHOE MATHUTHOE I0JIe C HHAYK-
nueii S T, cocraBisier 3 M, Yepe3 Hero NPOXOAMT TOK B 2 A. Onpeneanrte MOAyJIb U
HAINPaBJIeHHE CHIIBI AMIIepa, AeiiCTBYI0NIeil Ha MPOBOHUK C TOKOM.
A) F=30 H, neprnieHAuKyJIsip OT HAaC Ha IUIOCKOCTh PUCYHKA
B) F=30 H, nepnenaukynsip Ha HaCc OT IJIOCKOCTH PHUCYHKa '
C) BBenst BHYTpb JIepEBSIHHBIN CEPJICYHHUK.

D) F =0, ne neiictyer
E) F=30H, B HampaBieHHH, MPOTHBOIOJIOKHOM JIHHUSIM
WHITYKIUH
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m HEVICTBVIE MArHATHOIO NOoJsA HA PAMKY C TOKOM

Bbi Mayunnu * Kak onpefiensietcs HanpaeneHue cunkl AMnepa, AeicTBYOLLei Ha
nevicTene CMHH" NpAMOV NPOBOAHMK C TOKOM, NOMELLEHHbLIN B MarHuTHoe none?

Awnepa Ha npsi- ¢ B kakom cny4yae npsiMoil NPOBOAHUK C TOKOM, NOMELLEHHbI B
MO NPOBOAHMK MarHuTHoe nore, He NoaBepraeTcsi AeMCTBUIO 3TOro nona?

C TOKOM B Mar- ¢ [lericTBYeT nn cuna Amnepa Ha NPOBOASILLYIO PaMKy, MOMeLLeH-
HUTHOM norne. Hyl0 B MarHuTHoe nosne? Kakoe ABmxeHue npugaet pamke ata

cuna? Mouemy?

o

,U,eﬁCTBVIe MarHUTHOro nons Ha pamMKy C TOKOM.

OGopyaoBaHMe: NCTOYHMK MOCTOSIHHOIO TOKa (BbIMPAMUTENb), MONTOCOBON MarHuT (2 LWr.),

NPOBOASALLAA paMKa, COCTOSALAasi U3 HECKONbKUX BWUTKOB MPOBOAHMWKA, OEPEBSHHbIN

OpyCcoK (2 LWT.), KN4, TOHKME COeaUHUTENbHbIE NPOBOAA, U30NMPYIOLLUIA LUTATHB.

Xop uccnepgoBaHus:

1. MogknoumTe KOHLbI MPOBOASLLEN PaMKN COeANHUTENBHBIMY NPOBOAAMMW K UCTOYHUKY
TOKa 1 NOMECTUTE pamMKy BEPTUKANBHO MEXAY NOMcamMu NOCTOSHHBIX MarHMTOB (a).

2. 3amMKHWUTE KITloY 1 MpocneauTe, Kak ABUXKETCH pamka C TOKOM B MarHUTHoMm none (b).

3. MoBTOpPUTE ONbLIT, UAMEHMB HaNpaBfeHNe ToKa B paMKe.

e YT0 HabnogaeTcs Npu NPOXOXAEHUN TOKa Yepes pamKy, i
none? MNouemy?
e YTO npoucxoauT npu N3MeHeHU HanpaeneHnst Toka

rnaea



[IpsaMoyrosipHast pamMKa, cOCTOSLIasi U3 HECKOJIbKUX BUTKOB M CIOCOOHAasi Bpa-
IaThCs BOKPYT BEPTUKAIBLHON OCH, ITIOMEIleHa B MarHuTHoe rose. [Ipu oTcyTcTBUM
B paMKE TOKa OHa HaXOJIUTCS B COCTOSHUM MOKOs. Eciy moMecTuTh MpOBOISIIYIO
paMKy HapajuleibHO JIMHUSAM WHAYKIMHM MarHUTHOTO TOJISL M IPOITyCKaTh IO HEH
3JEKTPUYECKUI TOK, OHA HAUuHET BPalaThCsl. ITO IPOUCXOAUT IIOTOMY, UTO Ha 0o-
KoBbIe CTOpPOHBI paMku AB u CD neiicTByIO0T ciiibl Amniepa B HalpaBJIeHHUH, Tep-
NEHIUKYJSIPHOM JIMHUSIM MarHUTHOM WHAYKUMH. HanpaBnenue AefdCTBUS 3THX CUIT
3aBUCUT OT HallpaBJICHUs TOKa. OTa MapHas CHia IPUAAeT PaMKe BpalaTeIbHOE
JIBUKEHHE BOKPYT BEPTHKAJIBHOM ocH ().

[Ipu u3MeHeHUn HampaBlICHUS TOKA B paMKe CUJIBI AMIlepa MOBEPHYT PaMKy B
MIPOTHUBOITIOJIOKHOM HAIpaBICHUH.

Korna K€ IIJIIOCKOCTH paMKI/I HepHeHJII/IKy.]BIpHa K FOpI/I3OHTaJH)HI)IM JIMHUAM Mar-
HUTHOW MHJIYKIIUU, CUJIBI AMITEpa, IEHCTBYIONUE HA e¢ OOKOBBIE CTOPOHEI, HAIPaB-
JISTFOTCS. B IPOTUBOTIOJIOXKHBIE CTOPOHBI BIOJIb NMPSMOH JIMHUU U PaMKa OCTaHABIIH-
Baercs (d).

I[JIH HpI/I[IaHI/IH paMKe BpaIlIaTeJILHOI‘O JABHXKCHHUSA B OJHOM HaHpaBHeHI/II/I HeO6-
XOIUMO MEPUOIUYECKH MEHSTh HANpPABIECHUE TOKa B HEH. J{J1s1 3TOM LieIu ucronb-
3YIOTCSI CKPETUICHHBIE C PAMKOW METaJUIMYECKUE MTOIYKOIbIIA — KoJLiekmopul (€).

w

(e) KonTakTHas
IJIACTHHA
(meTka)

Komnekrop m
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ITo MOBEpXHOCTH MOMYKOJIEI CKOJb3AT KOHTAKTHBIC TJIACTHUHBI, HAa3bIBACMBbIC
wemramu. 11leTkn MoJCOSANHAIOTCS K Pa3HBIM IOJIFOCAM UCTOYHHMKA TOKa U obec-
MEYNBAIOT MPOXOXKICHUE TOKa depe3 pamky. [Ipm moBopore pamku Ha 180° mo-
JIYKOJIbIIa MEHSFOTCS MeCTaMu. B pe3ynbraTe MEHsETCS HaNpaBICHUE TOKA B paMKe,
Y OHA TPOJIOJDKACT BpAIllaTEIbHOE JIBUKCHHE B TOM K€ HAINPABICHUH JIO0 MPEKpa-
HICHUSI TOKA B IICTIH.

TBOpUYeckoe NnpumeHeHue

(e (2

3anaqa. U3o6pa3uTe AaHHbIN PUCYHOK B

pabouyem nucTkKe U ...

a) onpegenvTe HanpaBsreHVe ToKa B paMKe;

b) nokaxuTe, 4TO HYXHO caenaTtb Ans
W3MEHEHUS HanpaBeHUs BpaLLeHNs
pamMku;

C) packaxuTe, YTo HeobxoaunMo caenatb Ans F
HEMpepbLIBHOrO BpalLeHUs paMKu.

YTO Bbl Y3HAJIU MepenuwmnTe NpeanoxeHus B pabo4nii IMCTOK M AOMOJHUTE UX.
. 1. Mpw pacnonoXxeHnnm paMmku ¢ TOKOM napansnenbHO K FrOPU3oH-
TanbHbIM JIMHUSAM MarHUTHOW UHAYKLWN ...
2. MNpw pacnonoXeHnMm paMkun ¢ TOKOM NeprneHanKynspHO K ropu-
30HTanNbHBLIM JIMHUAM MarHUTHOW UHAYKLWN ...

3. [Ina obecneyeHns HENPEPBLIBHOMO BpaLLEHUSA paMKu C TOKOM B
MarHMTHOM More ...

1. Mexay nontcamy NoAKoBoOGpa3HOro MarHuTa noaBeLleHa nerkas
npoBoAsLLas pamka neprneHAnKynsapHO NMHUAM MarHUTHON MHOYKLWN.
Mpy NPOXOXAEHUN 3MEKTPUYECKOro TOKa Yepes paMKy, Kak MokasaHo 1 T
Ha pUCyHKe, pamka:
A) 6ypeT HaxoauTbCH B YCTOMYMBOM paBHOBECUW, TO €CTb OCTaHeTCs
B CBOEM NepBOHaYaribHOM NOMOXEHNM
B) 6yoeTt HaxoouTbCsi B HEYCTONYMBOM PaBHOBECUU, TO ECTb
B pesynbTaTe HeGOMbLIOro NepemMeLleHns CoBepLUNT
BpallaTenbHOe ABMXeHNE, NoBepHETCA Ha 180°
C) nepeaHsis yacTb pambl byaeT ocTaBaTbCs B YCTONYMBOM
paBHOBecuu nocne nosopota Ha 90 ° cnesa Hanpaso
D) nepenHsis yactb pambl ByaeT ocTaBaTbCsi B YCTONYMBOM PaBHOBECUM NOCHE NOBOP!

Ha 90 ° cnpaBa Haneeo.
E) nepeaHsisi yactb pambl OyaeT octaBaTbCs B YCTONYMBOM paBHOBeCMm e nQBOPO
Ha 45 ° cneBa HanpaBo
2. Kakne npeobpa3oBaHus SHEPrUM NPOMCXOONAT BO BPEMS BpaLLeHUM PamMku oM Bavar-
HUTHOM none?
3. Kak nameHsietca HanpaBreHve Toka B paMke C TOKOM, Liato B MarH
i MarH
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m I-IPI/IMEHEHI/Iﬂ CuUIbl AMMNEPA: NIEKTPOOABUIATEIb
N SANNIEKTPOU3MEPUTEJIbHbLIE NMPUBOPDLI

TpyaHo cebe NpeacTaBuThb Hally NMOBCEAHEBHYIO * Kakne npeo6pasosaHus
XN3Hb 0€3 aneKTpUYECKMX NPUBGOPOB N YCTPONCTB. ’ 3dHepruu npoucxoasT B
Hanpumep, BEHTUNATOP, 3MEKTPUYECKMii Hacoc, ¢  STMX3MEKTpU1eckux

ycTpoucTteax?

e Ha kakom chusnyeckom
SAIBNIEHUN OCHOBbIBaeTCs
Takoe npeobpasoBaHue
3Heprum?

MbINECcoC, MUKCEP, COKOBBDKUMArKa, Apenb,
MOABEMHBIV KpaH, aMekTponoess v gpyrue
“cronb3yemMble areKTpuyeckue NpuGopsI.

Y @

JuaexkTpoaBurareb. OCHOBHOE MECTO CPEId MHOTHX 3JEKTPHUECKHX HpUOO-
POB B 000pyAOBaHUS, IUPOKO HCIIOJIB3YEMBIX B OBITY, TEXHUKE M ITPOM3BOICTBE,
3aHUMAIOT DJIIEKTPOJIBUTATEIH.

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

[Ipuranun ero paboThl OCHOBBIBAETCS Ha 3(QeKTe BpalleHUs paMKH C TOKOM B
MarHMTHOM TIOJIE TOJT IeHCTBHEM cuibl Amnepa. CyIecTBYIOT 3JI€KTPOIBUTATEIH
pasHbIX KOHCTPYKLUH, HO HauboJiee pacpoOCTPAaHEHHBIM U3 HUX SIBJISIETCS KOJUICK-
TOPHBII ABUraTelb. DTOT ABUraTeIb COCTOUT U3 TPEX OCHOBHBIX YacTel. cmamopa,
pomopa u KoJieKkmopd.

Cmamop (om 1amunckoz2o coéa sto — “cmoro”’) — HeTIOIBMKHAS YaCTh MJIEKTpHUIe-
CKOT'0 IBUTaTeIsl, COCTOAIIAS U3 3aKPETUIEHHOTO K KOPITyCY OCTOSHHOT'O MarHuTa MiIH

KaTYIIKA C JKEJIe3HBIM CepACYHUKOM (DIEKTPOMArHHTA).
WNHuorma cratop Ha3weBalOT urdykmopom. B crartope co3-
JTaeTCsl MOIIIHOE MarHUTHOE TIoJIE (2).
Pomop (om namunckoeo crosa roto — “epawaro”’) — siB-
JISIETCS TTO/TBFKHOM YacThIO IBUTATENS, yCTAaHOBJIEHHO BHY-
TpH ctaropa. Potop cocTout u3 snekrpomarnura B gpopme
LWIMHAPHYECKOTO ceplaeuHuka. Ero mHoraa Has3bIBaloT
Porop saxopem. C IETBIO OAaYH B POTOP AIEKTPUIECKOTO TOKA U
o0ecrniedeHus ero HeMPEePHIBHOTO BPALICHHUS UCTIOIB3YIOT
Cs1 KOJUIEKTOPBI U ILETKH.

Kak koJu1eKTOopbI M IIeTKH 00ec
pbiBHOe Bpaulenue poropa? Ilpu
TPUYECKOTO TOKa Yepe3 PoTop O

-

P 2"

Cratop

Komnexrop

[letxa BuTku potopa

1D ORC
(c) ‘@7 OT YHMCJia BUTKOB B pOT b»,

80



DNEeKTpUYECKUi IBUTATEh Ha CXeMax u300paxkaeTcs B (popMe Kpykouka ¢ OyKBOi
M BHYTpPH (€).

Io cpaBHEHHIO C TEMJIOBBIMH JIBUTATEISAMH SJIEKTPUUECKUE IBUTATENN SKOJIOTHYE-
cku Oosee ddexTruBHbL. OHU HE 3arpPS3HSIOT OKPYIKAIOIIYIO Cpey, paboTaroT, MOYKHO
cKa3atp, bectrymMHo 1 3koHOMIYHBL. KI1/] anmexTpuueckoro auratens Boiie 90%.

|
:

Yactun ANeKTpn4yeckoro aogsurarensa v

NpUHLKMN ero paboThbl.

O6opyaoBaHMe: WCTOYHMK MOCTOSIHHOIO TOKa,

mMoernb ABuraTena noCToAHHOIro afiekTpn4eckoro

TOKa, peocTarT, KoY, CoeAUHUTENbHbIE NPOBOAA.

Xop uccnepoBaHusA:

1. PaccmoTpeB Mofenb 3MeKTpuyeckoro ABura-
Tens, onpegenuTe ero OCHOBHbIe YacTu (d).

2. Cobepute nocnenoBaTenbHYyHO Lienb, COCTOS-
LLYIO U3 UCTOYHMKA TOKA, MOLENN 3NEKTPU-
YeCKOoro asuratensd, peocrarta U Krnroda.

3. 3amkHuTe yenb. OnpegenuTe, Kak 3aBUCUT
CKOPOCTb BpaLLeHMs poTopa OT Curbl ToKa, KO-
TOpasi yBENMYMBAETCS Y YMEHbLLAETCS C Mo-
MOLLbIO peocTarTa.

O6cyauTe pe3ynbrar:

e Ha kakoM h13n4eckom SBNIEHUN OCHOBbLIBAETCS
npuHUMN paboTbl 3NEKTpUYECcKoro AsuraTens?

o Kak 3aBucut CKOPOCTb BpaLleHUa poTopa 3N1eKTpU4eCKoro aAsmratend ot Cusbl TOKa,
npoxoasLero yepes Hero?

DJIeKTpON3MepHuTeabHbIe MPUOOpHI. CyIeCTBYIOT pa3HblE CUCTEMBI 3JIEKTPO-
MU3MEPUTEIBHBIX IPUOOPOB: MACHUMOIIEKMPUYECKUE, INEKIMPOMASHUMHbLE U IEK-
mpoounamuyeckue. ITpuanun paboTsl BceX ITUX NPUOOPOB OCHOBBIBACTCS Ha JIEH-
CTBMM MarHUTHOTO ITOJIS1 HA TPOBOJHMK ¢ TOKOM. Hanbonee mMpoKo HCHONb3yIOTCS
3JIEKTPOU3MEPHUTENbHBIE IPUOOPEI MArHUTORJIEKTPHUECKONH CHCTEMBI.

H3mepuresibHbIe IPUOOPBI MATHUTOYIEKTPHYECKOH CHCTeMBbI. X0pouio u3-
6eCImHbvle 8aM AMNEPMEMP, 2ANb8AHOMEMP T
U 80IbMMEmMP — UsMepumenbHovie NPUOOPbL
MazHumosnexkmpuueckou cucmemsi (€).

Meskay noJrocaMu Jyrooopa3zHoro Mar-
Huta (1) momemraercst pamka, cocTosALIas
u3 BUTKOB (2). BHyTpm paMku umeercs
HETIOJIBVXKHBIM [IMJIMHJIPUYECKUH Cceped-
HuK (3) u3 cranu. [Ipu oTcyTcTBHHU TOKA 3a-
KpeIUIeHHbIe K OCH paMku (4) crupale-
obOpasuple TPYXHUHBI (5) YIACPKUBAIOT €e
Tak, 4ToObl cTpenka (6), mpumasHHAs K
9TOH OCH, CTOsJIa Ha HYJIEBOM JEICHHH
mrkaisr (7).




[Ipu moaxroueHnn mMpudopa B IElb, Yepe3 PaMKy MPOXOIUT DIEKTPUICCKHMA
TOK, ¥ Ha HEE CO CTOPOHBI MAarHUTHOTO TIOJISI IeUCTBYeT cuiia Ammepa. B pesynbrare
paMKa BMECTE CO CTPEJIKOH MOBOPAYMBACTCS BOKPYT CTAJIBHOIO cepaeuHuka. [lpu
9TOM crupaneoOpa3Hble TPYKUHBI 3aKPYyYHBAIOTCS M CO3IAIOT JOMOIHUTEIHHYIO
cuty ynpyrocTa. [Ipu paBeHCTBe BpamaTelbHOr0O MOMEHTa, COO0IaeMoro 3TO CH-
JOW paMKe, BpallaTeIbHOMy MOMEHTY CHIIBI AMIEpa MOBOPOT PaMKHU IIpeKpa-
IIACTCsl, CTPEIKa OCTAHABIMBACTCS Ha ONPEACICHHOM JAelieHuu mKaibl. [Ipu yBe-
JMYMHEHNH CHIIBI TOKA B IIETIH YBEIMYMBAETCS M crjla AMIlepa, AEUCTBYIOIas Ha
paMky. OHa eme OoJbliIe MOBOPAaYUBAETC, Il OOJbIIE CMEIasi CTPEJIKY.

AHaNOrMYHO YCTPOEH U M3MEPUTENbHBI MeXaHu3M BoJabTMeTpa. Ho anektpu-
YECKOE COIPOTUBJICHHE BOJBTMETpPA Topa3fo OOJbIIe 3JIEKTPUYECKOTO COIPO-
TUBJICHHUSA aMIIEpMeTpa.

Ilouemy 3jieKTpHYeCcKOe CONMPOTHBJIEHHE BOJbTMeTpPa 00JblIe 3JIeKTPH-
YeCKOro CONMpoTHBJIeHUs] ammepmerpa? I u3MepeHus: CHITBI TOKa B DIIEKTPH-
YECKOW 1IeNH aMIepMETp MOAKIIIOUAETCs B LIEMb MociieaoBaTenbHo. [1o aToit npuinHe
COIPOTHUBJICHUE aMIIEPMETPa JOJKHO OBITh OUE€Hb MAJICHBKHM, YTOOBI OHO HE BIIHSIIO
Ha OOIIYIO CHITy TOKa B LIETU: €CIIM Y Hero Oyner OoJbIIoe COMPOTHBIIEHHUE, TO OHO
PE3KO YMEHBIIUT OOIIYIO CHITy TOKA B IICTTH.

BonbTMeTp MOKIIOYAETCS K LEMH WM TMOTPEOUTENAM MapajUIesibHO, TaK Kak
M3MepseT HaNpsDKeHMe Ha UX KoHIax. CONMpOTHBIIGHHE BOJBTMETPA JIOJDKHO OBITh
OYeHB OOINBIINM, 9TOOBI HE MEHSATH CHITYy TOKA B IIETIH, TIOATOMY MTPOXOISAIINN uepe3
HETO 3JIEKTPUYECKUI TOK JOJKEH ObITh HUYTOKHO Mall.

[Mpuniun paboThl MPUOOPOB AJICKTPOMATHUTHOW CHUCTEMbI OCHOBBIBACTCS Ha
MIPUTSHKEHUH TIO/ IEHCTBHEM MarHUTHOTO TIOJISl CTATFHOTO CepACYHHKA, 3aKPETIeH-
HOTO Ha BPAIIAIOIICHCS OCH, K KaTymke ¢ TokoM (f).

TBOpueckoe NpMmeHeHue

MpuHUMn pa6oThbl npubopa Crperka

3N1eKTPOMarHUTHOM CUCTEMBI.

O6opynoBaHue: pYCYHOK N3MEPUTENTBHOIO

MexaHn3ma npubopa 3nekTPOMarHUTHON CUCTEM.

Xopa uccnenoBaHus. Karyuka

Ha pucyHke npenctaBneH MamepuTenbHbI Mexa-

HM3M Nprbopa 3NeKTPOMarHUTHOM cucTembl (cMm: f).

BHumaTtensHo nccnepyvite pyCyHOK M moctapantech

06BACHUTL NPUHUMN paboTbl Npubopa.

O6cyauTte pesynbTtar:

e B yem cxofCTBO ¥ pasnuyne B NpuHUMME
paboTbl U3MEPUTENBHBLIX NPUBOPOB 3MEKTPO-
MarHUTHbIX U MarHUTO3MEKTPUYECKUX CUCTEM?

Bpama-
Io11ascs
oChb
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MepenuwmTe NnpeanoxeHns B paboymm IMCTOK U AONOSTHUTE UX.

. dnekTpoaBurartens...

. OCHOBHbIE YacTu aneKkTpoaBUraTens...

. MpyHUMN paboTkl 3NEKTPON3MEPUTENBHBIX NPUOOPOB...

. MpuHUMN paboTel M3MepUTENBLHOTO NPMGOPa MarHNTOINEKTPUYE-
CKOW CUCTEMBI...

. MpuHumN paboTkl M3MepUTENBLHOTO NPMGoPa 3MEKTPOMArHUTHOM
CUCTEMBI...

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

2. Kakont asuratens 6onee adhpeKT1BEH C IKONOrMYECKOM TOUKW 3pEeHMST: TennoBon Uinm
anekTpuyeckni? OTBeT obocHywTE.

3.Y kakoro gsuratens KM 6onbLue: TennoBoro unm anekrpuyeckoro? MNoyemy?

4. Ha xakoM (h13n4ecKoM SIBITEHUN OCHOBBIBAETCS MPUHLMMN PAbOThbl SM1EKTPOU3MEPUTENBHOIO
npubopa?

5. UeMm oTnmyaeTtcsa usmepuTernbHbIi MexaHn3m nprbopoB MarHUTO3MNEKTPULECKOW 1 ANEKTPO-
MarHWTHOM cuctem?

6. MoyeMy anekTpuyeckoe CONpPOTUBMNEHNE BONbTMETPA BO MHOMO pa3 GonbLUe 3MeKTpUYEeCcKoro
COMPOTMBIEHNS amnepmeTpa?

1. Ha pucyHke npexacras-
JieHa yNpoIleHHast

YTO Bbl Y3HA/IU

BAON =

()}

Ha ocHOBaHHH CXEMBI...
a) oIpeAenuTe KaKue YacTH

cXxeMa ycTpoiicTBa 2 - AIIEKTPOJIBUIATEISI TOKa3aHBI
3J1eKTPOABHIATES. VN COOTBECTBYIOIMMU
. \[). 3 uudpamu.
5 b) 00bsicHUTE IPUHIKT PabOTHI
1 JIBUTATEIs.

2. Ha pucyHke noka3aHo nomnepeyHoe
ceyeHHUe YJIeKTPOABUTaTe s, Yepe3
BUTKH KOTOPOI'0 MpPOTeKaeT TOK. B
KaKOM HalpaBJIeHHH Bpalaercsi
POTOP: MO YaCOBOM CTPeJIKe U B
00paTHOM HanpaBJIeHUH?

5. Ha pucyHKe I0Ka3aHO MONePEeYHOe CeYCHH e JJIeK-
TpoaBHrareJis. Onpegenure MOJIIOCH 31eKTPOMATHATA
(cTtaTopa) U HampaBJICHHe BPallleHUusl POTopa.

3. YUrto mpou3oiigeT, ecjin BOIbTMETP
MOJKJIIOYHTH B LleNb MOC/e10BaTeJIbHO?
Yro npousoiige, ecim amnepamMeTp
NMOJKJIIOYUTH B IleNb NapaiieabHo?
IHouemy?

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

MOJKJII0YATH K KJIeMMe “—” HCTOYHH
TOKA?




m .E"EVICTBI/IE MAIHUTHOIO NonsA HA ABUXYLUMECA 3APAObI.
CUNA JNNOPEHLUA

¢ MloyemMy MarHuTHoe norse geMcTByeT Ha NPOBOAHMK C TOKOM, HO He AeACTBYeT,
e Korga yepes Hero Tok He NpoxoauT?
¢ MarHuTtHoe none AeﬁCTByeT Ha NPpOBOAHUK UNN Ha ABMXyLimecd B NpoBOOAHU-
Ke 3apsiXKeHHble YaCcTU4Kn?

ccresonaun IR

[dencTBMe MarHUTHOroO NMOJIsi Ha ABWXKYLUMINCA NOTOK 3apPsKEHHbIX YacTuLl.
O6opynoBaHue: OBYX3ANEKTpOaHas CTeKNsHHasa Tpybka ¢
paspsKeHHbIM BO3yXOM, BbICOKOBOSIbTHbIV BbINPAMUTEND,
NOCTOSIHHBIN MOMIOCOBON MAarHUT, COEANHUTENbHbIE MPO-
BOAA, 3KpaH YEPHOro LBeTa, 30N PYOLLUA LITaTUB.

Xoa nccnepoBaHuA:

1. 3akpenute CTeKnsAHHYO TPyOKy K M3onupyloliemy LuTa-
TMBY, YCTAHOBWTE 32 HMM YEPHbIN 3KPaH.

2. NopacoeamnHuB anekTpodbl TPYOKM K BbIMPAMUTENIO, 3am-
KHUTE Lenb, MeAIeHHO NOBbLILWANTE HanpsXKeHne Ha KOH-
Lax aneKkTpogoB [0 nosiBreHus B Tpybke npsimon cse-
TAWeNcs nonockl (a) NoToka 3apsKeHHbIX YacTul,.

3. CHavana npubnuabTe Kk Tpybke oavH NOMC MarHuTa, a
3aTeM Apyrov MOnic W npocneavTe 3a HanpasneHuem
NnoToKa 3apshkeHHbIX yactuy, (b u c).

O6cyauTte pesynbTaT:

e [TOTOK Kakux YacTMYeK BO3HMKaeT Npu nogaye BblCOKOro
HanpshKeHUs: Ha aneKkTpoAbl TPYOKM C pa3psikeHHbIM BO3-
ayxom?

o [oyemy npu NpubIMXKeHUN Nonkoca MarHnTa K NOTOKY ABUXYLLMXCS 3apsifoB MeHseTcst
TPaeKTopusi ero ABMXKXEHNS?

e Kakoi nontoc marHuTa AencTByeT Ha NMOTOK ABWXKYLLMXCS 3apsgoB C CUMOW MPUTSXe-
HUS, @ KaKoW C cMIon oTTankuBanunsa? CyLlecTByeT NI CBS3b 3TOro AENCTBUS C CUMON
Awmnepa?

Tak Kak 3JEKTPUUECKHHA TOK MPEACTaBisieT co0ol yHOpsIIOYEHHOE IBUKEHUE
3apsUKEHHBIX YaCTUYEK, TO MarHUTHOE T10J1e, ICHCTBYS Ha TOK, JEMCTBYET U Ha KaX-
IO IBIDKYIITYFOCS 3apsDKEHHYIO YacTHUKy. Takum oOpazom, cuiry AMIiepa MOXKHO
paccMaTpuBaTh Kak CyMMY CHJI, JCHCTBYIONIMX HA KOKIYIO YACTUUKY.

* Cuna, Oelicmsyrouas Ha OBUIICYUVIOCS 3APINCEHHYIO YACMUYY CO CHOPOHDbL
MAZHUMHO20 NOAs, Hazvleaemcs cuioil Jlopenya. Jta crna Ha3BaHa TaK B YECTh TO.
nanzackoro ¢msuka XeHnapuka AnToHa JlopeHna.

* H3BecreH cBOUM pa




Cuaa Jlopenna. Monyne cunbl JlopeHIIa MOXXKHO ONpeAeNuTh U3 (HOPMYIIBI

poofa

1=y
3nech F 4 —cuna Ammepa, N — o0111ee KOIM4ecTBO CBOOOTHBIX 3apsKEHHBIX YaCTHIL B
YacTH MPSIMOTO MPOBOJHHUKA JUIMHOHN I/, TOMEIIeHHOro B MarHuTHOe moje. Eciu

MOJIYJIb 3apsifia OJTHOM YaCTHIIHI ¢, @ MOAYJb 3apsaa Bcex yacTull Oyaer N.¢, To cuia
N N
TOKa B MPOBOJIHUKE OyJIeT paBHa [ = Tq. 3nech t — BpeMs, 3aTpayeHHOe 3apsKEHHON

YJacTUIIEH Ha IPOXOKICHUE YacTH MpoBoaa anuHoi / (d). B TakoM cirydae momydmnm:
F, IBlsine NgBlsina qBlsina

T=N 7 N Nt t
IIpuHsB BO BHUMaHHUE, 4TO 7 = U, NOTYYMM HYK- (g /B.
HyI0 (GOpMyIy UIS ONPEACIICHUS MOMIYJS CHIIBI = w
. U, &> 0 o>
Jlopenna: ' S o B
Fy = qBusina. o> o , o>
[ o o

31eck U — cpeaHss CKOPOCTh YIOPAI0YEHHOTO
JIBIDKCHUS 3apsHKEHHOW YacTHIBI B MarHUTHOM

l

noje, o — yrojq MexAy BCKTOPOM HHAYKIMU MArHuTHOI'O IIOJISA E U BCKTOPOM
CKOpOCTHU B IMMOJIOXXUTCIBHOI'O 3apsaa. HpI/I BXOXIACHHUN 3ap5{>1<eHHOI>'I HqaCTulbl B
MAarHvuTHOC I10JIC B HaANpPaBJICHUHU, NMECPHNCHAUKYJIAPHOM JIMHHUAM WHIAYKOWHU, CUJIA
Jlopenua OyeT IMETh MAKCUMAIIbHOE 3HAYEHUE:

Fiimax = qBuv.

|

MaxkcumanbHas cuna JIopeHIa mneprneHaMKylIspHa BeKTopam B m U u ee
HaIpaBJIeHUE ONPEACTACTCS NPABUNOM NEBOL PYKU.

Ilpasuno nesoit pyku onsa cunsl Jlopenya: negyio pyKy Ha0o nomecmums 6 mae-
HUMHOe noje max, Ymoodvl 6eKMop MASHUMHOU UHOYKYUL 6XOOUTL NePREHOUK)-
JISPHO 8 IA0O0Hb, A Yemblpe NAlbyd GbIMAHYIUCH NO HANPAGIEHUIO OBUIICEHUS.
NOJIOACUMENLHO20 3aps0a (NPOMUE HANPAGIEHUS. OBUINCEHUSL OMPUYANETIbHO20
3apsoa). [lpu smom omozrymulii Ha 90° bonbwLOL naey NOKANCem HanpasieHue
Oeticmeus Ha 3apA0 cunvl Jlopenya (¢).

[pu BXOKIEHNH K€ 3apsHKEHHOM YaCTUITBI B MATHUTHOE TIOJIE B HATIPABJICHUH, [IApaJi-
JIeTIbHOM JInHUAM UHAYKIMH (0=0° mim o=180°), cuna JlopeHiia Oy/eT paBHa HYJIIO:
F = 0.

TBOpquKoe npuMmeHeHue

3apava. Onpegenute Ha OCHOBaAHMWU NpPUBeOEHHOro B

n306paKeHuUs: XA g

a) HanpaBreHne CKOPOCTU MONOXUTENBHOrO 3apsiaa, Bre- X X
Tawllero B OAHOPOAHOE MArHUTHOE Mose;

b) HanpaBneHue cunbl JlopeHua, AeNcTByOLLEN HA OTpULATERbLHbINA[8apsAA,

W B OAHOpPOAHOE MarHMTHOe none.




Bbl Y3HANM | uzgzrllv;(mwTe npennoxeHus B paéoynn NMCTOK U Jonorn-

1. Ha gBmXyLLYOCA B MarHUTHOM MONE 3apsPKEHHYIO YACTUYKY ...
2. Mogynb cunbl JNlopeHua...
3. Mpasuno neson pyku Ansa cunbl JlopeHua ...

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

2. 3apshkeHHas YacTuLa BrneTaeT B MarHUTHOE Mose B HanpaeneHuy, NepneHavKynspHoM
NUHUAM MHAYKUMK. o Kakon TpaekTopum oHa ByaeT asuratbca?

3. HesapsibkeHHasi YacTMua BrneTaeT B MarHUTHOE Mosie B HanpaBieHun, NepneHanKynsipHOM
NMHUAM MHAYKUMK. [0 Kakow TpaeKTopum oHa OyaeT ABUraTbesi?

4. 3apshkeHHas YacTula BrneTaeT B MarHUTHOE MOJie B HaNpaBreHuW, naparnsieribHOM JIMHUSIM
nHaykumn. Mo kakomn TpaekTopum oHa ByaeT aBuratbca?

1. DJIeKTPOH JBMKETCSl B MATHUTHOM 10Jie ¢ MHaAyKuueii B = 10 w71 B nanpapJjienuu,
NepIenIMKYJISIPHOM JMHUSAM MHAYKIHH, CO cKopocThio v = 4 - 103 M/c. Bolunciu-
Te MOJ1yJIb AeiicTBylomeii Ha Hero cuibl Jopenua (e = 1,6 - 107 1°Kn).

2. Ha pucyHke npenacrasienbl yacTunbl, | 3. Ha pucyHke mpeacraBiieHbI Tpaek-
ABMZKYIIMECS B MATHUTHOM I10J1€ IIpsi- TOPUH JABHM:KEHHS JICKTPOHA H IPO-
MOI'o NMpPoBOJHMKA ¢ TokoM. Ompene- TOHA B MarHuTHoM moJje. Kakas
JINTe HANPABJICHUE JCHCTBUA HA 3TH TPaeKTOpUS NPHHAMIECKUT MPOTO-
yacTulbl cuibl Jlopenua. HY, a KaKas 3JIeKTPOHY?

==t —
v Uy
I 0]
r —= 1 -
: B
6 —
Uz

4. ITo kakoii TPAaCKTOPUM NMPOAOIKAT CBOC IBUKCHUE B OTHOPOJAHOM MAHTHUTHOM I10J1€
HeE3aps’KEeHHad YacTuua 1u OTPULATEJIbHO 3apsi’KeHHasl YacTHUlla 2?

5. DnexTpoH BiieTaeT B MarHuTHOE ToJie ¢ HHAYKnueid B = 1,6 T nox yraom 30° k
JMHHSIM MHAYKIHH €O CKOPOCThIoO U = 5,6 - 103 M/c. BbluncauTe Moay.ib JeiicTBy-
jomeii Ha Hero cuiabi Jlopenna (e = 1,6 - 107 1°Kn).
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m HBJ'IEHVIE ANEKTPOMAIHUTHOW UHOYKLUU

e B yem 3aknroyaeTcsa cyTb onbiTa Apcrepa?
e Y10 ABNsieTCA, N0 NpeAnosioxeHMo AMnepa, MCTOYHUKOM MarHUTHOro nonsa?
e MoxeT nu MarHUTHOe nose co3aaTb ANEKTPUYECKUM TOK?

(e

YTo co3gaeTt 3]19KTpVNeCKVIl7| TOK B KaTyLIJKe?

OGopyaoBaHue: kaTyLlKa, MONOCOBOW MarHuT, ranbBaHOMETP, COeAMHUTENbHbIE NPOBOAA.
Xopa uccnenoBaHua:

1. MNoacoegnHUTE 3aXXMMbI KaTYLLKW K ranbBaHOMETPY.

2. BctaBnsiite 1 BbIHUMaWTE NONOCOBOW MarHUT U3 KaTyLLK/ 1 obpalyaiTe Nnpu 3TOM BHU-
MaHue Ha CTperKy ranbsaHomeTpa (a u b).

3. NomecTuB NOMOCOBON MarHUT BHYTPb KaTyLUKW, OCTaBbTe €ro B MNOKOE, a 3aTeM, He
OTpbIBas MarHUT OT MOBEPXHOCTU CTOMa, BpallalTe ero, He BbIHUMAs U3 KaTyLUKu U
npocrneanTe 3a CTPenkon ransBaHomeTpa (c).

O6cyauTe pe3ynbTar:

. CTpenKa ranbBaHOMeTpa CMellaeTcAa TO BnpaBo, TO BJieBO Npu BBeEAEHUN MarH1uTta B
KaTyLwKy unmn BbiBe€HUN N3 Hee. Kakow BbIBOg MOXHO M3 3TOro caenatb?

o Korga MarHuT nokouTCst BHYTPYW KaTyLLUKU UMM COBEPLUAET B HEN BpallaTernbHoe
ABWXEHWe, CTpernka rafibBaHoMeTpa yCTaHaBn1BaeTcs Ha Hyne. Yto 3To o3Hayaet?

« Kakne npegnonoxeHnst MoXHO cpopmynunposaTb No pesynbTataM uccneaoBaHus?

[IpoBenennie IpcTenom onbITH (1820 rom) moKa3amu, 4TO IEKTPUICCKUN TOK
CO3JIaeT BOKPYT ce0st MarHUTHOE Tosie. Ha OCHOBaHHMHM 3THX OIMBITOB AMIIEp BbIJBU-
HYJI TUIIOTE3Y O “MOJIEKYJIAPHBIX TOKax .

MookeT i1 MATHUTHOE TI0JIe CO31aTh 3JIeKTPHYECKHIl TOK, eCJIM JIeKTPH
CKHMi TOK C0371aeT MATHUTHOE MoJie? AHTITUHCKHA yICHBIH Ma&r Dafaneit
1831 roxy BHepBbIe ai OTBET Ha 3TOT Borpoc. [lyTrem MHOrouuCH IX O

OH ONpEAEINI, YTO M3MEHEHHE MArHUTHOIO IOJIS CO3/AaeT NEKTpU i B
3aMKHYTOM TIPOBOSIINM BUTKE (KOHTYpE).

rnas MarH




* OTKpBLI SIBICHUE IEKTPOMATHUTHON HHAYKIIMH, 1Al
MEePBYI0 KOHCTPYKIMIO TeHEPaTOPa NMEKTPHIECKOrO
TOKa, OTKPBLI 3aKOHBI AJEKTpoIu3a. OMBITHBIM ITy-
TEM JI0Ka3aJl 3aKOH COXPAHEHUS JJIEKTPUIECKUX 3a-
PAIOB, BEIIBUHYII IO 00 3JIEKTPOMArHUTHOW TIPH-
pone ceeta. OH BBEeN B HayKy TaKHe MOHATHS, KaK
“katon”, “aHon”, “MOH”, “ANEKTPONIU3”, “ANEKTPO-

2

JIAT .

B mpoBemeHHOM HCCIIENOBAaHWN BHI TOXKE BBITOJHIIN HEKOTOPHIE W3 OIBITOB
®Dapanes. bplI0 yCTaHOBJIEHO, YTO NPYU BBEJEHHUU MOCTOSHHOIO MAarHUTa B KaTyLIKY
WIIM BBIBEJICHUH €r0 M3 KaTyIIKH B BUTKaX KaTYIIKHA BO3HHKAET AJIEKTPHYECKUI TOK.
CwMmerteHre B IMTPOTHBOIIOIOKHEIC HATIPABJICHHS CTPEJIKY TalTbBAHOMETPA TIPU JIBHKE-
HUHW Mariuta B TOM HUJIN I[pyTOM HaHpaBJ'ICHI/II/I ITOKA3bIBACT U3MCHCHUC HaITpaBHeHI/I}I
AJIEKTPUYECKOTO TOKA, BO3HHUKAIOIIETO B BHUTKaX. EcCiM e MarHUT B KaTyIIKe
HaXOJUTCSI B COCTOSIHUM TIOKOS MJIH BpAI[A€TCS Ha OJTHOM MECTE, TO B BUTKAX TOK HE
BO3HMKaeT. OTCIO/Ia MOYKHO MTPUHATH K TAKOMY BBIBOJTY, UTO TIPH MPOU3BOJILHOM ITOCTY-
MaTeBHOM JBWYKCHHUHM MarHWTa BJIOJb KATYIIKH B €€ 3aMKHYTBHIX BHTKaX BO3HUKACT
ANEKTPUUECKHUI TOK. DTO SIBJICHUE HA3BIBACTCS AGICHUEM INEKMPOMACHUMHOU UHOYK-
yuu, a TOK, BOSHUKAIOITHNA B 3aMKHYTBIX BUTKAX, — UHOVKYUOHHLIM MOKOM.

® BO3HUKHOBEHUE INIeKMPULECK020 MOKA 8 3AMKHYMbIX GUMKAX, HAXOOSWUXCS 8
nepemMeHHoM MACHUMHOM NOJde, HA3bleAemcs sA6lAeHUeM INEeKMPOMAZHUMHOU
UHOYKYUU, d BOZHUKATOWULL MOK HA3b18AeMC sl UHOYKUUOHHBIM HLOKOM.

Y10 03HAUYaET H3MEHEHHEe MArHUTHOro nmoJsi? M3meHeHne dncna JTHHUA WH-
JyKITAW IIOCTOSTHHOT'O MarHuTa (yBEIMUEHNE WITN YMEHBIIICHHE ), TPOXOIAIINX Yepe3
CeUYCHHE 3aMKHYTOTO BUTKA, 03HAYAET U3MEHEHHE MarHuTHOTO moJs (d).

(d)

W3MeHeHus MarHUTHOTO TOJIsI MOXHO JIOOMTHCS HE TOJIBKO MOCTYIMATEIbHBIM
JBIDKEHHEM MOCTOSIHHOIO MarHUTa BHYTPH KaTyIIKH, HO M JPYTHMMH CIIOCOOaM
Hanpumep, ecny NOCTOSHHBIM MarHUT 3aMEHUTH IEKTPOMAarHUTOM, TO U3MEOEEH
MarHUTHOTO IOJIS KaTYIIKH MOXHO JOOUTBHCSI N3MEHEHUEM CHUJUsh TOK
Maraute. Wi, eciam 3aMKHYTBIM KOHTYp (34€Ch M jJajnee UMe
BOJUIIIIMI KOHTYP), IEPEMELIAsACh, IEpeCceKaeT TMHUU HHIYKHUH
MarHuTa, TO B 3TOM KOHTYPE BO3HUKACT MHIYKIHO
TEJTBHOM JIBKEHUH KaTyIIKHA B OJJHOPOJHOM MQRHUTHO
B HEll HE BO3HUKAET, IOTOMY UYTO YMCIIO JIUHUN
MarHuTa, MPOXOAAIINX Yepe3 CEUCHU  KaTyIIKH,
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TBOpYeckoe NnpumMeHeHue

g [

I'IonyquMe MHAOYKUMOHHOIO TOKa

B NIeKTpoMarHuTe.

O6opyaoBaHue: UCTOYHUK MOCTOSIHHOTO

TOKa, peocTarT, KaTyLuka (2 WTyKn),

ONVHHBINA XKene3Hbl CEPAEYHUK, KoY,

ranbBaHOMETpP, COEANHUTENbHbIE

nposoga.

Xoa nccnegoBaHuA:

1. Co3ganTe anekTpomarHuT, MOMECTMB BHYTPb KaTyLUKK 1 xenesHbii cepaedHunk. CoeguHute
nocnefoBaTenbHO KNEMMbl SfEKTpOMarHuTa C PeocTaToM, KMHYOM U UCTOYHWMKOM
MOCTOSIHHOIO TOKa.

2. CoeguHuTe BTOPYHO KaTyLKy (2) C ranbBaHOMETPOM, Ha[leB €e Ha BbICTynatolmii u3s
3MEKTPOMArH1Ta XenesHbln cepaeyHuK (e).

3. CHavana 3aMKHWUTE 1 pa3oMKHUTE KIoY, a 3aTeM, ABurasi MoN3yHOK peoctaTta Bnpaeo U
B1EBO MPU 3aMKHYTOM MOJ10XKEHUW KIto4a, MeHsnTe CUny TOKa B aneKTpomMarHure 1.

Bo Bcex cnydaax npocrnegute 3a noka3aHnAMM NOAKMIOYEeHHOro K KaTyLUKe 2 ranbBaHoOMeTpa.

O6cyauTte pe3ynbTar:

o [Toyemy NpPoOun3BOIbHbIE U3MEHEHWS CUMbl TOKA B dNIeKTpoOMarHnTe 1 NpMBOASIT K BO3HWK-
HOBEHUIO MHOYKLMOHHOIO TOKa B KaTyLuke 27

o Kak BnusieT yBenuyeHne 1 yMeHbLLIEHNE CUIbl TOKa B 3MNeKTpoMarHuTe 1 Ha HanpasrneHue
VHAYKUMOHHOIO TOKa, BO3HMKAIOLLIETO B KaTyLLKe 27

YTO Bbl Y3HA/IU | MepenuwunTte NpeanoXxeHUsa B paboymMn NMNCTOK U [ONOJTHUTE
nx.

1. fBNeHne aneKTpoMarHUTHON UHAYKLWMN. .

2. 'HOYKUMOHHBIN TOK...

3. IameHeHue MarHMTHOro nons...

MpoBepbTe cBOM 3HAHUA

1. B yem 3akntovaeTcs ABNEHUE AEKTPOMArHUTHOM UHAYKUUN?

2. Bo3HMKaeT N UHOYKUMOHHBIN TOK NMPU NOCTYNaTeNbHOM ABWXEHUM KaTyLLUKW C HEMOABWXXHBLIM
MarHuTom BHyTpu? Moyemy?

3. BosHMKaeT N1 MHAYKUMOHHBIA TOK B 3aMKHYTOM KOHTYPe Npu OBWKEHUM ero B rnore
MOCTOSIHHOrO MarHUTa, Kak nokasaHo Ha pucyHke? OTBeT 0b60oCHyWTE.

A <) o
'\‘?\
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m HAI'IPABJ'IEHI/IE MHOYKLUMOHHOIO TOKA

M3BecTHO, YTO AN BO3HVKHOBEHWS 3IIEKTPUYECKOro Toka 9 e Kakoe none cosaaet
B MPOBOAHWKE HEOBGXOAMMO Hanuune B HeM CBOGOAHBIX ¢ VHAYKUVOHHBIl TOK B

HocuTenen 3apana 1 anekTpnyeckoro nond, npueoadLlero 3aMKHYTOM KOHType:

MX B ynopAano4vYeHHoe OBWXeHUe. HanpaBJ‘IeHme XXe anek- nepemMeHHoe MarHMTHoe
TPUYECKOro ToKa onpeaendeTr HanpsaXeHHOCTb 3JeKTpu- norne UnNu anekTpuyeckoe
Yyeckoro nons. Tak, CBO60,D,Hb|e ONEKTPOHblI B MeTannum- none?

YEeCKOM NpoBOAHMKE OBUrardTCA B HanpaBleHUn, npoTu- o Kak MmoxHo onpepenuTb
BOMOJNIOXKHOM JTMHUAM HaNpPAXeHHOCTU 3NeKTpU4ecKkoro HanpaBneHue MHOYK-
nond, HO 3a HanpaBJieHUe TOKa NPUHATO HanpaBleHune rnn- LMOHHOrOo ToKa?

HUIN HANPSHKEHHOCTW.

ecrozonans IR

OnbIT JleHua.

O6opynoBaHue: yCTpoWCTBO JleHua, MOCTOSIHHBIN

MarHuT (NONOCOBOW NN AyrooOpasHbIi).

Onucanue ycTponctea JleHua: ocHOBHbIe YacTh, u3 ()

KOTOpPbIX COCTOUT YCTPOWCTBO, 3TO CTEPXKEHb, Ha KO-

TOPOM 3aKkpensieHbl ABa arntoMUHWEBLIX KofbLa —

OAVH 3aMKHYTbIW, @ Apyron ¢ paspe3oM. CTepxeHb

NoMeLLLaeTCst Ha OCTPbIA HAKOHEYHUK (a).

Xopa uccnegoBaHus:

1. MeaneHHo BBeAMTE OAMH M3 MOMIOCOB MarHuta B
3aMKHYTOE KOMbLO W MpocrneanTe 3a BO3HWKLIMM
siBneHvem (b).

2. OcTaBbTe HEMOABWXHO MarHUT BHYTPWU Komnbua, a
3aTeM ero MeasieHHo BbiBeauTe M3 konbua. Mpo-
crneguTe 3a BO3HVKLUUM SIBMIEHUEM.

3. MoBTOpPUTE OMLIT C APYIMM MOSKOCOM MarHuTa.

4. MoBTOpUTE OMBLIT C KOMbLLIOM C pa3pe3oM: MocreaoBaTenbHO BBEAWTE U BbiBeAUTE
MorChbl MarHMTa B KofbLO ¢ pa3pe3oM. CpaBHuTe Habnwoaaemble SBNEHUS.

O6cyauTte pe3ynbTart:

¢ YTto HabniogaeTcst Npu BBEAEHWUM MOMHOCOB MarHnTa B 3aMKHYTOE KOnbLo?

¢ YTO Mpon30LLNo Npy HENOABWXHOM COCTOSIHUM MarHuTa BHyTpu konbua?

¢ UTo HabniogaeTcs Npu yaaneHun MarHuTa u3 3amkHyToro konbua?

¢ YTo HabntogaeTcst Npu NOBTOPEHUM OMbITa C KOMbLIOM C pa3pe3om?

¢ Kakow BbIBOJ MOXHO caenaTb U3 onbIToB?

IIpuunHa BO3HMKHOBEHUS] HHAYKIHOHHOTO TOKA. VIHIYKIIMOHHBIN TOK, KaK
JpyTHUE IEKTPUIECKUE TOKH, CO3JIAETCS HIEKTPUUECKUM TOJIEM.

Kak nosiBasieTcst 3JIeKTpHY€ECKOE 110J1€, Co3/1ao1ee HHAygion @I TOR?

KoneuHno, 310 moje co3gaercss mepeMeHHBIM MarHUTHBIM TOféM. B
cmee 80Kpy2 nepemMeHH020 MASHUMHO20 NoJs 8ce20a HAO.II0
BUXPEBO20 INEKMPULECKO20 NOIA.

[IpuunHON yNopsiA0YEHHOr0 JBUXKEHUSI CBO
KOHType (KaTyIIKe), BRI3BIBAIOIICH WHIYKITHO
T0JIe, @ BUXPEBOE ANEKTPUIECKOE T10
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BuxpeBoe anekTprdeckoe 1mojie pe3Ko OTINYaeTCs OT MIIEKTPOCTATHIECKOTO OIS

a) snexmpocmamudeckoe noje co30aemcst HenoOBUNCHbIM INEKMPUUECKUM 3d-
PAOOM, A BUXPEBOE DNEKMPULECKOE NOJIe — NEPEMEHHBIM MASHUMHBIM NOJEM,

b) nunuu HanpsadICeHHOCMU IEKMPOCMAMUYECK020 NOJISL HAYUHAIOMCSL HAd NOJIO-
HCUMENbHBIX 3apA0ax U 3aKAHYUBAIOMCA HA OMpuyamenvuvix 3apsaoax. Jluwuu
HANPSNCEHHOCMU BUXPEBO20 INEKMPUYECKO20 HOISL He UMEIOM HU HAYaad, HU KOHYA.
OHu, KaK u IUHUU MASHUMHOU UHOYKYUU, 3AMKHYMbL.

Kak mMo:kHO onpeeiuTh HANpaBjieHNne MHIYKIIMOHHOT0 Toka? B mposeneHHOM
WICCIICIOBAaHUM BBI OTIPEMICIIMIIN, YTO TIPH BBEJICHUY MarHUTa B 3aMKHYTOE KOJIBILIO OHO
OTTAJIKUBACTCS OT MAarHWTa, a NpU YJAJICHAW MarHura W3 KoJjblla, Hao0OopoT,
MIPUTSITHBAETCS K MAarHUTY. DTOT 3PQeKT MOBTOpsIETCS 11 00OUX TMOJTFOCOB MarHUTA.
OnHako MpHU HEMOJBMKHOM COCTOSITHUM MAarHuTa BHYTPH KOJIBIIA HUKAKOTO B3aMMO-
JICHCTBUSL MEXKITy MarHUTOM U KOJBLIOM HE BO3HHUKaeT. [Ipu BBeieHUM U yAaleHUU
MarHuTa U3 He3aMKHYTOTO KOJIbI[a TaK jk€ He HAOMOJaeTcss HHUKAKOTrO SIBICHUS. JTO
OOBSCHACTCSI TEM, YTO B PE3YJIETATE TPOU3BOIBHOTO W3MEHEHUSI MAarHUTHOTO TIOJS B
CEUYEHUM 3aMKHYTOTO0 KOHTypa B 3TOM KOHTYPE CO3/IAeTCs MHIYKIIMOHHBIA TOK, a B
KOJIBIIE C pa3pe3oM ( pa30MKHYTHIH KOHTYP) UHYKIIMOHHBIH TOK HE BO3HHKAET. 3HAYUT,
NPUYUHA BO3HUKHOBEHUS UHOYKYUOHHO20 MOKA 6 3AMKHYMOM KOHMYpe SAGNSemcs
UBMEHeHUe YUCAA TUHUL UHOYKYUL 8 IMOM KOHmYpe.

[Ipu BBeneHHMH MarHuTa B KOJBIO BO3HUKAIOIMINNA MHIYKIUOHHBIM TOK MPUHU-
MaeT TaKoe HallpaBJIeHHUE, YTO CO3AaBAEMOE STUM TOKOM MarHUTHOE TI0JIE IPOTHBO-
JIEHCTBYET YCHJICHUIO MAaTHUTHOTO TIOJIS IIOCTOSIHHOTO MarHuTa. [Ipu ynaneHmn sxe
MarHuTa U3 KOJIbIla BOSHUKAIOMIUNA UHTyKIIMOHHBIA TOK IPUHUMAET TaKOe HaMpaB-
JIEHWE, YTO MarHUTHOE TOJIe, CO3/IaBAEMOE STHM TOKOM, MTPOTHUBOIEHCTBYET Ociad-
JICHHIO MarHUTHOTO I1OJISI IIOCTOSSHHOTO MarHuTa.

B 1833 rony pycckuii ¢puzuk Imuine JIeHN, UCCIEYIOMUA 3TH SABJICHNUS, yCTa-
HOBHJI 00IIIee MPABHIIO, OTIPEACIISAIONICe HATPABICHIE HHIYKIIMOHHOTO TOKA — npa-
suno Jlenya:

o UnoyKkyuonHwlilt moK npuHuMaem maxkoe HAnNpagieHue, Ymo co30aHHoe uUm
MAzZHUMHOe nojle 0KA3blédem RPOMUEOOCIiCImEUe NPOU3EOIbHOMY U3MEHEHUIO
GHEUIHE20 MAZHUMHO20 N0, CO30aAl0ULe20 IMOM MOK.

JTO 03HAYAET, YTO €CJIM BHEUTHEE MATHUTHOE I0JIe OYAET yCHIUBATHCS, TO Mar-
HUTHOE TI0JIe WHIYKIIMOHHOTO TOKa TOIbITaeTcs ero “ociadbuts”’. Ilpu aTom mar-
HUTHASI MHIYKIUS WHIYKIIMOHHOTO TOKA HAIlpaBjieHa MPOTUB WHIYKIIUU BHEITHETO
MarautHoro mous (c). Ecnu ke BHeniHee MarHUTHOE 1oJie OyJeT ociabeBaTh, TO
MarHUTHOE I0JI€ MHAYKIMOHHOIO TOKA MOMbITaeTcs ero “‘ycunuts”. Ilpu 3Tom mar-
HUTHAs WHIYKITUS WHAYKIIMOHHOTO TOKAa HampaBlieHa BIOJb WHIYKIIUHA BHEITHETO
MarHuTHOro noJjs (d).




TBOpYeckoe NnpumMmeHeHue

O corezonanne JEB o A B s
DNNNNNNNN, -
3apaya. Kakne nontocbl BO3HUKHYT Ha KOH- HHHH\ _
uax A v B kaTywku npu BBegeHun n yaane- bl >
HMW KOXXHOIO MOICa MOCTOAHHOIO MarHuTa v,
13 KaTywku (e)?
YTO Bbl Y3HA/M '« MNepenuwmnTe NpeanoxeHns B paboynii NIMCTOK U [OMOSTHUTE UX.
1. NepeMeHHOe MarHMTHOE MOore B OKpYy>KatoLLeM NpoCTPaHCTBE

Bceraa ...

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

3. Mpasuno JleHua ansa HanpaBneHUs MHAYKLUMOHHOTO TOKA ...

MpoBepbTe CBOM 3HAHUA

1. MoyeMy Npu BBEAEHMN NOCTOSIHHOrO MarHUTa B 3aMKHYTbIA KOHTYP OH OTTankMBaeTcs OT
marHuTa?

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

3. OT yero 3aBUCUT HanpaBneHue NHAYKLUMOHHOIO Toka?

4. CchopmynumpyiTe npasuno JleHua.

° NpakTuueckas pa6ora °

MN3yyeHune siBNeHUs1 3NeKTPOMarHUTHON UHAYKLMMN.

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

1. CoeMHUTE KOHTYp K KneMmaM rasibBaHomeTpa.
2. MNepenuLunTe B paGouuii NCTOK NPUBEAEHHYIO TabnuLy Anst perucTpaLym pesynbTaTos ofbiTa:

CMeLLeH1e CTpenku
Ne Cnoco6 nonyyeHunst UHAYKLMOHHOTO ToKa
ranbBaHomMeTpa (BnpaBo, BNEBO)

Mpy BBEAEHUM B KOHTYP CEBEPHOrO Mosica MarHuTa
Mpv yaaneHuy 13 KOHTYpa CeBepHOTo Nomnca MarHuTa
Mpy BBEAEHUM B KOHTYP FOXKHOrO Mositoca MarHura

Mpv yAaneHuy 13 KOHTYpa KXKHOTO Mosikca MarHuTa
Mpy BBEAEHUM MarHWTa B KaTyLLKy

Mpy yaaneHuy MarHnTa u3 KaTyLku

DA |WIN|=

3. MomecTuTe KOHTYp BEPTMKaNbHO Ha MOBEPXHOCTU cTorna. Beeaute
CeBepHbI Nomnoc MarHunTa. 3anuwnTte pesyneTaTel HabnogeHns B T

4. BBeguTe 1 yganuTe n3 KOHTYpa IXKHbIV NOMOC MarHnTa. 3anvwuge pe
HWS B Tabnuuy.

5. MNomecTuTe MarHuT BepTUKanbHO Ha MOBEPXHOCTH CTOMa: auTe u yn,

MarHuTa. 3anvwmuTe pesynbTaTbl HabnaeHUs B Tﬁmuy.




1. /IBe HemOABM:KHBIE KATYIIKH PACNOJIOKEeHBI TaK, KaK MoKa3aHo Ha pucyHke. Iloa-
KJIOYEHHBIH K OAHOW M3 KaTylleK rajbBaHOMETP MOKa3bIBaeT BO3HHKHOBEHHE
HHAYKIMOHHOIO TOKa. B KakoMm ciy4ae 3T0 BO3MOKHO?

[

3. YeThlpexyroJbHblii 3aMKHYTBIii KOHTYP JBUKETCSI MEKIY MOJIOCAMH 3JIEKTPO-
MArHHTA, KaK NPeICTABJIEHO HA prcyHKe. BO3HHKHET JiH B ’TOM KOHTYpe HHIYK-
unoHHbIH TOK? [louemy?

S

N

4. Bo3HuKaeT 1M HHAYKIHMOHHBIH TOK NMPH NOCTYNATEIbHOM ABM:KEHHH KATYIIKU B
OHOPOAHOM MAarHuTHOM mnoJie? [ouemy?

5. ITonocoBoii MArHUT NPUOINAKAETCHA K 3aMKHYTOMY KOHTYPY, KaK IOKa3aHO HA pH-
cynke. OnpegennTe HanpaBjieHHe HHIYKIMOHHOTO TOKA, BOBHHKAIONIET0 B KOH-

Type.




m MAFHI/ITHAFI NMPOHMLUAEMOCTb BELLECTBA

Kak BbI y3Hanu, npu 9 ¢ Kak nameHsieTcsi MarHMuTHOE Nosie KaTyLKN C TOKOM
BBE/JIGHNM XENe3Horo - npu BBe4eHUU B Hee NooYepeaHO cepAeYHUKOB U3

cepaeyHvKa B KaTyLLKy C cTanwu, cTekna, Cyxoro gepeBa, nrnactMmacchbl, Meau 1

TOKOM €ro MarHMTHoe anoMuHUA?

[evicTBre ycunmsaeTcs. e 3aBMCHUT N MarHUTHoe noJie NPoBOAHMKA C TOKOM OT
CBOWCTB OKpYy»KatoLuero ero npoctpaHcrtea? OTBeT
obocHywuTe.

ccrenonane I8

3aBUCUT N MarHUTHOE MoJie OT CBOMCTB OKpYXKatoLlen cpeabl?

O6opyaoBaHue: NCTOYHUK MOCTOAHHOIO TOKa, KaTyLuKa (2 LWTYKW), M30nMpyoLwnii

LUTaTMB, LIENKOBAsA HUTb, XXENe3HbIN CepaeYvHNK, MeAHbIN U CTEKMAHHBIN CepAEYHMKM,

coefnHWTenNbHblEe NpoBoaa.

Xoa uccnepoBaHus:

1. MopcoeanHNTE K UCTOYHUKY NOCTOSIHHOIO TOKa ABE KaTyLUKWU: OAHY B HEMOABWKHOM
COCTOSIHUW, @ APYryl0 — NOABELLEHHYIO Ha LUENKOBOW HUTH.

2. 3aMKHyB uenb, NpMONM3bTe KaTyLLKY Ha LIENKOBOW HUTK (Ha PUCYHKE NokasaHo
cxeMaTuyecku) K HenoaBmKHONM kaTyLuke (a). ObpaTute BHUMaHme, ¢ Kakoro
pacCTosHMSA BO3HUKAET MarHMTHOE B3aMMOAENCTBME.

3. MNoBTOpUTE ONBIT, MOMECTUB BHYTPb HEMOABWMXHON KaTYLLKMW XeNe3Hbli CEpASYHMK, 1
npocneanTe, Kak U3MeHUNOCb MarHMTHoe B3ammogenctaue (b).

4. lMoBTOpPUTE OMbIT, 3aMEHUB XENE3HbIN CEPAEYHNK MOOYEPEAHO HA MEAHBIN U
CTEKMAHHbIA CepAEeYHUKN, N CPaBHUTE BO3HUKLLME SABNIEHUS C pe3ynbTaTaMu
npeabiayLwmnx onbIToB.

(a)

Ob6cyauTte pe3ynbTart:

e B kakOM cry4ae MarHMTHoe B3anuMoAEeNCTBNE MeXAY KaTyLuKaMu C TOKOM YCUUIIOCH,
a B KakoMm cny4ae ocrnabno?

e Kakoi1 BbIBOA MOXHO caenaTh U3 UCCNeAoBaHUs O 3aBUCMMOCTU MarHUTHOTO Mons oT
CBOIiCTBa BellecTBa?

B xoze uccnenoBanus Bel ONIPEEINIIN, YTO IOMEIIEHHOE B MarHUTHOE I10JI€ K
TYIIKH C TOKOM BEIIECTBO (CEpPACYHHK) U3MEHSET 3TO IOJe: )KeJIe3HbIN cep
CYLIECTBCHHO yCUJIMBACT MAarHUTHOE II0JIE, @ ME/HBIN 1 CTCKIIgEHbINA
0C1a0JIAI0T MarHUTHOE T10JIE.

e Bewjecmea, cnocobHbie UsMEHUNb MAZHUMHOE NOJE, HA3bIG

IloueMy MarHeTHKH NMO-pa3HOMY U3MEHEHIOT
CTBUM CEpJICYHHMKA BHYTPH KATYIIKH C TOKOM B

~
HaynM B (MOAy/1h MarHUTHON WHIYKIMH B BO
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MarHUTHOW MHIYKIMHU B BakyyMme). [Ipu BBeieHUH B KaTyILIKy C TOKOM CEpACYHHKA

B HEW BO3HUKAET JIONIOJIHUTEIBHOE MATHUTHOE T10JI€ C UHAYKIUEH §uH. Takum obpa-
30M, CyMMapHO€ MarHUTHOE MOJI€ KATYIIKU C TOKOM:
By +B,, = B.

Pa3npie BemecTBa co3/Mal0T pa3HbIe MArHUTHBIE HHIIYKIIUW, 3TO 3HAYUT, YTO UX
MarHUTHbIE CBOMCTBA pa3iv4aroTCa. MarHuTHbIE CBOWCTBA BEILECTB XapakKTe-
pu3yroTCs (U3NYECKOW BEIMYMHOMN, HA3bIBAEMOUN MACHUMHOU NPOHUYAEMOCBIO
seujecmaea.

Maenumnas npoHuyaemMocmes 8ewecmea NOKA3bieaem, 60 CKOJIbKO pa3 MOOYlb
MASHUMHOU UHOYKYUU OOHOPOOHO20 MACHUMHO20 NOJISL 8 Gelecmee OMmauiaemcs
OmM MOOY/A MAZHUMHOU UHOYKYUU NOJISL 8 8aKyyme By:

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

3nech 4 (MI0) —MarHuTHas MPOHUIIAEMOCTh BEIECTBA. DTO Oe3pazmepHas 6eu-
YUHa.

BemiecTBa 1o cBOMM MarHUTHBIM CBOMCTBAM JIEJISTCS HA TPU BUJA!

1. Ilapamacnemuxu — BEUIECTBA, MAarHUTHAsl MPOHULAEMOCTh KOTOPBIX HE3Ha-
yUTeIbHO OoJibiie eauuuipl (4 > 1). Ilapamarueruxu (Al Li, 0,, Na u apyrue)
CJ1a00 MPUTATUBAIOTCS MOCTOSIHHBIMUA MarHUTaMH.

2. duamaenemuxy — BEIIECTBA, MAarHUTHAs MPOHUIAEMOCTh KOTOPBIX HE3HA-
YUTENHHO MeHbIIe equaunbl (4 < 1). [lnamarneruku (Cu, Ag, Au v Bce HHEPTHBIE
raspl) c1a00 OTTAIKMBAIOTCS TOCTOSTHHBIMA MarHUTaMH.

3. Deppomacnemuxy — BEUIECTBA, MArHUTHAs MPOHULAEMOCTh KOTOPBIX BO
MHOTO pa3 Oomnbine enuHUNb! (U > 1). @eppomarneruku (Gd, Fe, Ni,Co u HeKo-
TOpPBIC X CIUIABHI) CHIILHO MPUTATHUBAIOTCS ITOCTOSSHHBIMA MarauTamu. Bee deppo-
MAarHeTUKU — KPUCTAJUTMYECKIE BEIIECTBRA.

MarHuTHas MPOHUIIAEMOCTh HEKOTOPHIX BEIIECTB NOKa3aHa B Tadmuie 2.1

Tabauna 2.1. MarautHasi IpOHUIIAEMOCTh HEKOTOPHIX BEIIECTB

JlnamMarHuTHBIE [NapamarauTHbIE ®deppoMarHUTHEIC
BEIECTBA T} BEIECTBA 18 BEIECTBA 1}
BucmyTt 0,999834 | Bozayx 1,000038 | XKeneszo 8000
Menn 0,999990 | AmromMuHuUiH 1,000023 | Hukens 1100
30110TO 0,999964 | Kucnopon 1,0000019 | CmnaB HUKeIs u 250000
JKeesa

Jns kaxxaoro ¢eppoMaraeTika CymecTByeT npeAebHas TeMIep
emas mouxoti Kropu. Ilpy HarpeBaHuU BBILIE 3TOM TeMIEpaTyphl 01?
MarHUTHBIE CBOICTBa M MpeBpalnaeTcs B napamardeTuk. Hanpumep)
Kropu miis xenes3a pasHa 769°C. IloatoMy *kene3Hble TBO3AN, HATPETH!
patyps! 800°C, pazMarHUYMBaIOTCS.

SACT



TBopquKoe npumMmeHeHue

B, TnA
- @

3apgaua

* OnpeagenuTe No AaHHOMY rpaduKky || T [ [ ]
MarHuTHy'0 NPOHNLIAEMOCTb ANA CTann nvy- _ L Yy
ryHa, COOTBETCTBYHLLYH 3HAYE€HUIO UHAYKLMU
HamarHunuymBaemoro nons By = 2,2 mTx (c). 04

O6cyauTte pesynbTar: [ 1 | |

¢ Y Kakoro 13 BeLLecTB MarHuTHas >
NPOHULL@EMOCTb Bonblue? 0 1 2 B,wmTn

lMepenuwunTe NpepnoXxeHns B pabounin NUCTOK U AONONHUTE
nx: 1. MarHeTukn — ... 2. MarHUTHasa NPOHMLIAEMOCTb BeLLleCcTBa —
... 3. ManpamarHeTnkn — ... 4. OnamarHetvkn — ... 5. ®eppo-
MarHeTuku — ...

1. KakoB hn3nyeckmini CMbICIT MarHMTHOWM NMPOHULIAEMOCTM BeLecTBa?
2. Ha kakne Buabl ensTcs BeLecTBa No MarHUTHbIM CBOWCTBaM?
3. Yem oTtnuyatotcs peppomarHeTvkm OT napa- u guaMmarHeTMKoB?

Cmans
1,2

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

[ToaroToBETE ANEKTPOHHYIO MPE3EHTALMIO 10 0000IIAI0IIEMy CpaBHEHHUIO Ipa-
BUTALIMOHHOI'O, 3JIEKTPUYECKOr0 U MarHuTHoro nojuei. [lpu noaroroske x npesex-
TallUX Bbl MOKETE BOCIIOJIb30BATHCS JAHHBIMU KJIFOUEBBIMH CIOBaMH (WX IPeAso-
KEHUSIMH ), CPABHUTEIILHBIMU TabIuuamMu 2.2 v 2.3 1 IIaHOM.

Knrouesvie cnosa u npeonoscenusn

DeKTpUIeCKUi 3apsi; Cuua, meficTBylomas Ha 3akon Kynona;

Macca; Maccy B IPaBUTALIMIOHHOM Cuna Amriepa;

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

CKOTO TOJIS; B 2JIEKTPHUUYECKOM TI0JIE; CHTa BCEMHPHOTO TATOTCHHS,
CunoBast XapaKkTepHCTHKA; HampaBnenue cuI0BBIX

Pabora, cosepiﬂaeMaﬂ pu

HanpskeHHOCTh JMHMIT MAarHUTHOTO HOJIS; nepememerni#PTea B
IPaBUTALMOHHOTO IOJIS; HarmpaBiieHne CHIIOBBIX IpABHTALHOH one:
WHIyKIHMsS MarHUTHOTO TIOJIS; | JIMHUH 3JIEKTPUYECKOTO TIOJIS;

3akoH AMmmepa; Pabora, coBepmaemas pu TIpoGnily saps
Hanpasnenue cunoBsix MepeMEIeHUY 3apsijia B H BEEMHPHO

JIMHUI TPaBUTAIIMOHHOTO DIIEKTPUIECKOM IIOJIE;
OJIST; [Tpo6Hoe Teno;



Ta6auna 2.2. CpaBHeHNE XapaKTEPUCTUK I'PABUTALIMOHHOTO U AIEKTPUUECKOT0 Moei

XAPAKTEPUCTUKH TPABUTAIITUOHHOE SJIEKTPUYECKOE
II0JIsI IIOJIE IIOJIE
NCTOYHUEK I'paBuranuonnsiii 3apsan, M | HemoABUIKHBIN 3JIEKTPUYECKUHI

3apdarn, q

HA YTO JEWCTBVYET

Ha npo6uymo maccy, m

Ha ssexkrpuueckuii 3apsm,

3aK0OH BCEMUPHOTO

.| OCHOBHASA 3akon Kyimona
@OPMYJIA, TATOTEeHNUA ‘ ” ’
OITPEOEJIAIOIIAS mimsy qa,|a
uX ) F=G—~ F=x—12
B3AVMOIEVCTBUE Ty

.| CMJIOBASA HanpskeHHOCTH HanpsxenHOCTH
XAPARTEPUCTUKA | rpaBuTanuoHHOro mois 9JIEKTPHUYECKOTO IIOJIA
TI0JIA . = =

g ‘\ET / E
Hanpasienue % 4—@—» @
F F
M - - =
OnyJib g=1 D) q
H H
Enunuma [g] =1 = [E] =1 T

I MOLAYJIb Co31aHHOI0 TOUEUHBIM Co31aHHOT'0 TOUEUHBIM BJIEKTPU-
HAIIPAXEHHOCTH | TPAaBUTAIINOHHBIM 3aPAAOM | yeCKUM 3apsaJOM B BaKyyMe
I10JIA M |q0|

g=G— E = k—
r rz
F = mg
.| CUJIA, IEHCTBY- -
IOIIASI B IIOJIE F,
HA 3ApdAn |\ *7)

.| PABOTA IIOJISA

A=mgh




Ta6auna 2.3. CpaBHeHHE XapaKTEPUCTUK 3JIEKTPHUECKOr0 U MArHUTHOT'O MOJIeH

CPABHUBAEMBIE| 3JEKTPUYECKOE MATHUTHOE
SJIEMEHTBI IIOJIE IIOJIE
1 2 3

YTO COSIAET
IIOJIE

OIeKTPUYeCKU 3aps,

ITocTosiHHBIE MATHUTBL
WU IIPOBOAJHUK C TOKOM

C IIOMOIIIBIO ToueuHBI#l TPOOHBIH DJIeMeHT TOKa,
YEI'O USVYA- 3apan MarHUTHAas CTPeJIKa
ETCHA IIOJIE
CUJIOBAY HanpsaskerHOoCTh MBnyKknua MarHEuTHOTO IIOJIS B
XAPAKTE- 9JIEKTPUUIECKOTO
PUCTUKA P
mosnss E
Hanpasienue
Mogysis
Ennaumna
CUJIOBBIE
JINHUN
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Ipoooncenue mabauyor 2.3

1 2 3
Ha sapsan Ha npsamoii Tox
F _ F 110 NIPaBUILY
9—’ E ] JIEBOM PYKH:
- [F,| =Bl + sina
5.| IEAICTBUE o B
II0JIsA F=qE Ha gBumoxymyocs 3apsaKeHHYIO0 YaCTHILY
F
q
o— ' -
B
E 110 NIPaBUJIY JIEBOM PYKU:
F,=qlv| [B| « sina
IIpoBogHUKMI B
— * B,
- +
- +
_ ¥ ITapamarseTuku: p > 1, moJse ycuau-
6.| BEILLECTBO paered.
B IIOJIE BHYTpH HeT mous. Ouamarseruku: | <1 , moJe ociabeBaer.

JaIeKTPUKU:

Eo

€=

ocJabuieHust Touist B € pas.

deppomMarseTuku: | >> 1, moje 3HAYU-
TEJIBLHO YCUJIUBAETCS.

7.| BBAMOCBSI3b
TMIOJIEM

DJIEKTPUYECKOe I10JIe
CO3/IaeT TOK.

Tok ke cosmaer
MarHUTHOE TIOJIE.

W3mMeHeHe MArHUTHOTIO I10JISI BHI3BIBAET
B 3AMKHYTOM IIPOBOAAIIEM KOHTYype TOK.




MoaroTtoBka npe3eHTauumn

1 =i cnaupg

* HasBaHve npeseHTauum
e MNogroToBun (kNacc, nMs 1 pammnnsa y4eHunka)

2-i cnang

o /ICTOYHNMK rpaBnTaumMoOHHOro nons
o /ICTOYHKK ANEKTPU4eCcKoro nons
® /ICTOYHWK MarHUTHOro nosns

3-17| cnampg

e C nomolLLbto 4Yero n3y4vyaeTcd rpaBuTaunoHHOe none?
e C nomolLLbio 4Yero n3y4vyaeTcd neKTpuyeckoe none?
e C nomolLLbto Yero n3yvyaeTcd MarHmtHoe none?

4-; cnang

o CurnoBasi xapaKkTepucTVKa rpaBUTALMOHHOTO MOJIA: HanpaeneHue,
moaynb

o CunoBasi XxapaKTepuCTMKa aNEKTPUYECKOro Mosis: HanpaeneHne, Mogynb

o CunoBasi xapakTepucTKa MarHUTHOrO MoJisi: HanpaeneHue, Moaynb

5-17| cnanpg

e CynoBble NMHUM rpaBnUTalMOHHOrO Nonsa
o CyrnoBble NMHUN ANEeKTpUYeCcKoro nond
o CnnoBble NIMHUM MarHUTHOIO Monst

6-l7| cnang

o Cuna rpaBMTaLMOHHOIO Nons, AeicTByoLas Ha NpobHoe Terno
o Cuvna aneKkTpM4YecKkoro nossl, AencTeytollas Ha Npo6HbIn 3apsg
e Cvna mMarHuTHOro nossi, AencTBytoLLas Ha NPOBOAHUK C TOKOM

7-17| cnanpg

e Tena B rpaBUTaLMOHHOM MoJie
o [PBOAHVKM 1 OVSNEKTPUKMN B SNEKTPUYECKOM Mone
o MarHeTvkv B MarHUTHOM rosie

8-17| cnampg

o B3anmocBA3b pasHbIX hrsnyeckux nonem

nO,U, KAKUM BO3QEACTBMEM NPABUTALIMOHHOI O,

ANEKTPUYECKOIO U MArHUTHOIO NONEW 3EMIIN Mbl
HAXOOMMCA? (YPOK-OEBATDI)

Hcmounurxom epasumayuoOHHO20 noJjisil ABJIACTCA maccda. Cunooit XapaKTepu-
CTHUKOH rpaBUTAMOHHOI'0 TOJIA SABJISCTCA HANPANCEHHOCMb T'PABUTAIUOHHOIO

: 3aBUCUT OT Macchl Tena (M), co3maromiero 3To TOjIe,
paccTostHuS (T) OT IIEHTpa TeJa 10 ATON TOYKH:
G M
9o 7'2.
I'paBuTanimoHHOE B3aMMOJEICTBHE MEXAY TEIaMH ONpeHerisie aKOH@M Bce-

MHPHOT'O TATOTCHHA, OTKPBITOT'O HsroTonoM:

100

noJist. Hanpsi>keHHOCTh TPaBUTAIIMOHHOTO TIOJISL — GeKMOPHASL
senuuuna (Jp). OHa HanpaBiieHa U3 MPOM3BOJILHON TOUKH
IOJIsI B CTOPOHY MCTOYHMKA ATOTO oA (). Morynp Hanpsi-
JKEHHOCTH B TPOM3BOJILHOW TOYKE TPaBUTALMOHHOTO TOJ

Mm
N GZ'P\
T



I'paBuTanimoHHOE B3aMMOJECTBHE BCETAa HOCUT XapakTep npuTsbkeHus. Ha tero,
MMOMENICHOE B TPABUTAIMOHHOE TIOJIE, ICUCTBYET CHIIAa TSHKECTH, KOTOpas MPHUIaeT
TeJly YCKOpeHHe CBOOOIHOTO najienus (§):
F =mj.
Cuiia BCEMHPHOTO TSTOTCHHS PETYIHPYET ABMKEHUE pPa3HBIX CHCTEM BO Bce-
JICHHOM, B TOM YHCJIE IBI)KCHHE IIAHET U ciyTHUKOB B Conmueunoi cucteme (b).
e Kakas pasuuma mMexnay (pU3UdecKOW CYITHOCTHIO HANPSHKEHHOCTH T'PaBUTA-
IIMOHHOTO TOJI U YCKOPEHHUEM CBOOOTHOTO MaJACHUs?

e YeMmy paBHBI HaNps>KEHHOCTh TPABUTAIMOHHOTO TIOJS U YCKOPEHHE CBOOOI-
HOT'O IaICHUSI Ha MOBEPXHOCTHU 3eMJiin?

o Kakas pasHuIa MeXJIy Maccoi Tesa U BecoM?

e Yro Takoe CBOOOIHOE MaJICHUE U B KAKOM CIIy4ae TEJIO0 MOXET HaXOJUThCS B
COCTOSIHMH CBOOOIHOTO TaJdeHHs?

Ucrounukom anexmpuueckoeo nons ABIAETCS dAEKTpUUeckuil 3apsa. CuinoBoit
XapPaKTEPUCTHKOM JIEKTPUICCKOTO TTOJIS SABJISACTCS HAIPSKECHHOCTD 3JIEKTPUICCKO-
ro nojsi. HanmpspkeHHOCTh 3JIEKTPUYECKOTO OIS — BEKTOPAsk BEIMYMHA (E ). Hampag-
JICHUE HAMPSHKEHHOCTH AJIEKTPUYECKOrO TOJS B €ro MPOU3BOJIBHOM TOYKE COB-
MajiaeT C HallpaBlIEHUEM JISHCTBHSI CHITBI Ha TTOJIOKUTENbHBIN TPOOHBIH 3apsy ().

IlomoxuTenbHBIN
MIPOOHEIH 3apsiy

———HWcTtounuk

0
4 QJIEKTPUYECKOI'O ITOJIA

Moty b HaIPsSKEHHOCTH IEKTPUUECKOT0 MO TOUEYHOT0 3apsiia, CO3JaHHOTO
B JJAHHOM TOYKE, MPSIMO NPOMOPLHOHAJICH BETMUMHE 3TOTO 3apsiaa (qg) U 00paTHO
MPOMOPIIMOHANEH KBaApaTy pPaccTOAHUA (I) MEXITy AAaHHOM TOYKOM M LEHTPOM
TOJIS:
T
OJeKTpUYecKoe B3aMMOACHCTBUE MEXy 3apsJaMH OIpeneisieTcs M0 3aKOHY
Kynona:
Fek Iqoiql_
r
DJEeKTpUUYEecKoe B3aUMOACHUCTBHE MEXIY 3apsiiaMH B 3aBHCUMOCTH OT 3HA

OTHX 3aPAJI0B MOKET HOCHTH KaK XapakTep MPUTKEHHUS, TaK U OTT BaHMY.
Ha momereHHbIN B 3JICKTPUYUECKOE TI0JIe TPOOHBIN 3apsiy q Acic 311 u-
yecKas Chja;
- =3
F =|q|E.
o Kak 3aBHCHT HAIPSHKEHHOCTD JIEKTPHYECKOTO OT PQOHOTO 3aps

MEIIEHHOI0 B JAHHOE I10JIe?
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¢ YT0 Takoe aneKTpocTaTHuecKas HHIyKIus?
e CymiecTByeT JM T'paBUTALIMOHHOE B3aUMOJIEHCTBHE MEXKIY MMEIOIIUMH JJIEK-
Tpudeckui 3apsaa yactuuamu? OTBeT 000CHYHTE.

Yro 001I€ro U YeM pa3jMvarTcs MeKIy Co00i IeKTPUIECKHe U I'PaBUTA-
IMOHHLIE MOJs?
(d)

Maenumuoe none cO3MalOT JBIKYIIUECH JIIEKTPUYECKHE
3apsaabl. CHIIOBOH XapaKTEPUCTUKONW MarHUTHOTO TIOJIS SIB-

JIIeTCS MHAYKIIHSI MATHUTHOTO TIOJI1. MarHuTHasT HHIYKIIHS (E)
— BEKTOpHas BeNWYMHA. JIMHUM WHAYKIMW MAarHUTHOTO ITOJIS
3aMKHYTBI, CHJIOBBIC JIMHUH TIOJISI ICXOST C BHEITHEH CTOPOHBI
CEBEPHOTO0 TOJII0CA, a BXOAT B I0XKHBIN MOJIOC U BHYTPH €ro
3aMBIKAIOTCS. MarHuTHOE MOj€ C 3aMKHYTBIMA — CHJIOBBIMH
JIMHUSIMU, siBisieTcsi BuXpeBbIM noJieM (d). Hanpasnenue nunuit
WHAYKIIAYA MOXXHO ONPEENIUTH 110 MPABIITy IPaBOTo BHHTA (0Y-
paBYMKa) WIH IO MTPABIITY IIPABOU PYKHU.

Moayns WHAYKIIMA MarHUTHOTO TIOJS paBeH OTHOIICHWIO MOZIYJS MAaKCH-
ManbHO# crithl (Fr), MeHcTBYIOMEH CO CTOPOHBI MATHUTHOTO TTOJISI HAa TIPOBOTHUK C
TOKOM, K IIpou3BeaeHuIo ciibl Toka (1) Ha munay mpoBogHuKa B moite (£):

Fm
B=—.
I-¢
B3aumopeiicTBue Mexay napanieabHbIMU IPOBOAHUKAMU C TOKOM OMPEAeseTCs
CUJIOM MarHUTHOI'O B3aUMOJICHCTBHUSL:

L1
et
MarsuTHoe B3aUMOJEHCTBHE MOKET HOCUThH XapaKTep KakK MPUTSHKCHHS, TaK U
OTTAJIKUBAHUSL.

[Ipu nomenieHny TPOBOJHUKA C TOKOM B OJJHOPOJHOE MATHUTHOE I0JIE IEUCTBRY-
foIas Ha Hero cuiia AMriepa paBHa MPOU3BEICHHUIO CHITBI TOKA, MOIYJISI MarHUTHOM
WHIYKIIUY, aKTUBHOM JIJIMHBI MIPOBOJHUKA (YACTh JIMHBI HAXOJSIINXCSA B IOJIE) U
CHUHyCa yrja MEXAy HallpaBJICHUEM TOKa M HaIpaBICHHEM BEKTOpa MarHUTHOM
WHIyKLHN:

m

F, = IBlsina.

1. Yto sBNfETCSd MCTOYHHMKOM MArHHUTHOI'O ITIOJIS: CYHICCTBYIOT JIU MArHUTHBI

3apsbl?
TN C
OJICYBX 0I5~

2. UTo TaKoe IIEKTPOMAarHuT?

3. B yem 3axirouaeTcs SBICHUE AIEKTPOMArHUTHOM HHz[yKuM eM
WHIYKIIUOHHBIA TOK OT OOBIYHOTO DIIEKTPUIECKOTO TOKA?

4. C Kako# cHJIoi IEUCTBYeT HA 3apPsSHKCHHYIO YaCTHITY MATHUT
miee B 370 nosie? OT 4ero 3aBUCUT MOJIYJIb STOM CTlELI?

I




Ae6aThbl * [IpounTaB TEKCT, pa3aeuTeCh Ha Be rpynmbl. [IpoBeaute 00-
CYKJICHHUE I10 TeMaM, JOIOIHUTE JaHHBIC B yYCOHUKE JI0Ka3a-

TCIBCTBA.

1. Iloa kakuM Bo3JeiicTBHEM rPABUTALMOHHOIO 1O0Jis1 3eMJIM MbI HAXOAUMCS ?

— I'paButanmonHoe mose 3emMiu He TO3BOJISIET ee CIyTHHUKY JIyHe yxa-
JSITBCS OT ce0s1. JIyHa oTpakaeT magaroiinii Ha Hee COJHCYHBIN CBET U
OCBEIIAeT TEMHYIO CTOPOHY ITOBEPXHOCTH 3EMIIH.

— Boznukaromee Mexnay JlyHoit u 3emiell rpaBUTaliMOHHOE B3aUMO-
JICHCTBHE BBI3bIBACT Ha MOOEPEKbEe MOPEH M OKEaHOB MHOTHX CTpaH
(Kanana, Anrmust, ®@pannus, CIIA, Poccus u npyrue) npuiussl. Ha
JTAaHHBIX TEPPUTOPHUSAX aKTUBHO HCHOJB3YIOT IPWIMBHBIE 3JIEKTPO-
ctannuu. OHU JaIOT BO3MOXHOCTb MTOJTyYEHHS YKOJIOTUUECKU YUCTON
SHEPIUH.

*3a

— B pailoHax ¢ BICOKOH IUNIOTHOCTBIO 3aJIETAEMBIX IIOPOJI 3HAUEHUE yC-
KOpeHHus1 cBOOOIHOTO TajeHus ObIBaeT OOoIbIIe. DTO JaeT BO3MOXK-
HOCTB T€0JIOTaM OTKPBIBATH 3QJICKH ITOJIE3HBIX MCKOMAeMbBIX. 3HAYHT,
MBI HAaXO0JUMCI 1101 IT0JIC3HBIM BOSHeﬁCTBHeM FpaBI/ITaHI/IOHHOFO T10JIs1
3emin.

— Jlyna n 3emiis IpUTATUBAIOT APYT Apyra. JTa Cuiia MPHUTSHKEHUS SB-
JISIETCS] NPUYMHOM IPUIIMBOB M OTIMBOB B MupoBoM okeaHe. Bo Bpemst
TIPAJIMBA YPOBEHB BOJIBI B OKEaHE OAHUMAETCS M 3aTOILISET IIPHOPEX-
HBle TeppHTOpUH. [IpH 3TOM CIIydaroTCS YENOBEYECKHE JKEPTBHI H
HAHOCHUTCS OOJNBIION MaTepHAIbHBINA yIepo.

— 3emHo# miap Bpamiaercsi Bokpyr ConHia 6e3 moaBeca U 0e3 OIOpHI
3HauuT, OHA BCErla HaXOMUTCS B COCTOSIHUM CBOOOAHOrO IaIeHHS.
MBI TOXeE MPOKUBAaeM Ha TOBEPXHOCTH 3eMIIH, I03TOMY BMECTE C Hel
WCIIBITBIBAEM COCTOSIHME CBOOOJHOTO majeHus. [locrosHHOE TpeObI-
BaHUE B COCTOSIHUM CBOOOJHOIO MAJICHUs OKa3bIBAE€T OTPULATENBHOE
BO3/ICHCTBUE Ha BHYTPEHHHE OPraHbl M KPOBOOOpAIEHUE YEIIOBEKa,
YBEIMUUBAET CEPJCYHOE U KPOBSHOE JIaBJICHHE.

* [lpoTuB

— Mur HaxoauMmcs 1o Bp€aAHBIM BO3Z[€ﬁCTBH€M T'pPaBUTAIMOHHOT'O IOJIA

Q)
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2. ITox kakuM BO3/1eiiCTBHEM IJIEKTPUYECKOro M0/ 3eMJIH Mbl HAXOAHMCH?

*3a

— CunoBble JTUHUN JJICKTPHUYCCKOI'O IMOJII HAYMHAKOTCA Ha MOJIOKUTCIIb-

HOM 3apsie 1 3aKaHIMBAIOTCS HA OTPULATEIIEHOM 3apsie. 3€MHOM IIap
3apspKeH OTPHUIATENIbHO. BepxHue xe cion aTMoc(epbl HMEIOT MOJI0-
JKUTEINIbHBIN aneKkTpudeckui 3apa. [1o aToil npuumHeE CUIOBBIE TUHUU
JIEKTPUUECKOTr0 MO 3eMJIN HaIpaBJIeHbI BEPTUKAJILHO BHU3.

Bo3Hukaromee 37eKTpUYecKoe Mojie MEXAy 00JaKaMHu U 00bEeKTaMH
Ha MMOBEPXHOCTU 3eMJIH (34aHus, AEPEBbs, BOJOEMBI U IPyTUE) SBIA-
eTcsl IPUYUHOM 00pa3oBaHusl MOJIHUH. [Ipr BO3MOXKHOCTH yIIPaBIIsTh
MOJIHHEH MOXHO ObUTO ObI, 3)PEKTUBHO HCIIOJIL30BATH €€ JHEPTHUIO.
HckyccTBEHHYIO MOJHUIO MOYKHO MOJIYYUTh B Kilacce 3IEKTpO(OpHOi
MaIIUHOH.

DJIeKTpUIeCcKOe MOJIEe UTPACT BAYKHYIO pOJIh B Harlel sxu3Hu. Hampumep,
BCE OpraHbl YyBCTB YEJOBEKA OIIYIIAIOT, MOXKHO CKa3aTb, DJICKTPH-
YeCKOe MOJIE: TJ1a3 BUAUT CBET. A CBET SBJISETCS PE3yJIbTATOM [EPHUOIH-
YEeCKH HM3MEHSIONIMXCS JIEKTPUYECKUX W MArHUTHBIX IMOJEH B Tpo-
crpaHctBe. UyBCTBO OCSI3aHHS — 3TO MPOLECC TPEHHUS TN O HANLY PYKY
u ux aepopmanuu. M 310 MPOUCXOJUT MOCPEICTBOM 3JIEKTPOMArHUT-
Horo noJst. CityX — 3TO BO3ZIeHiCTBHE M3MEHEHHMS JIaBJICHHUS BO3/IyXa Ha
CITyXOBble MeMOpaHbl. I3MeHeHne naBlieHus sIBJISETCsl IPUYMHOM ya-
PEHUSI MOJIEKYJI BO3/yXa 00 CIlyXOBble MeMOpaHbl. A B3anMoeicTBre
MOJIEKYJI MIMEET DIIEKTPUUECKYIO TIPUPOLY. 3amax M OCsi3aHHE — XUMU-
YecKui mporiece. A F000M XUMUYECKUH MPOIECC — ATO IPEBPAILCHHE U
B3aUMOJCHCTBAE MOJEKYI. B KakIoM W3 3THX JABYX MPOIECCOB
YYaCTBYIOT JJICKTPHUYCCKUAC CUITBL.

¢ [lpoTuB

ONEeKTpUIECKOE MOJe 3EMIIM MOXKET OKa3bIBaTh OTPHIATEIHLHOE BO3-
JICHCTBHE Ha )KUBBIE OPTAaHU3MBI, B TOM YHCJIE Ha YeTIOBEKa. TeIo 9emo-
BEKa, OZICBIIEro 00yBb HA PE3WHOBOM MOAOLIBE, MO ACHCTBHEM DIICK-
TPUYIECKOTO TOJIs1 3EMJIN 3apsKACTCSI, U OH, HAKOIMB 3IEKTPUUECKUH
3apsil, MpeBpallaeTcs B XHUBOW KOHIEHcaTop. HempepblBHBIE 3IIeK-
TpH3aLMs U Pa3psLKEHNE YEIIOBEUECKOr0 OpraHi3Ma OKa3bIBalOT OTPHU-
LaTeIbHOE BO3AEHCTBHE Ha HOPMaIbHOE (DYHKIMOHHUPOBAaHHE HEKO-
TOPBIX BHYTPEHHUX OPraHOB, HAIIPHUMED, Cep/lia, KPOBEHOCHO! CHUCTe-
MBI H JIp.

CBepKHYBIIIast MOJIHUS BBI3BIBAET Y KaXK/I0TO M3 HAC YyBCTBO TPEBOTH.
310 omacHoe sBIEHUE. MOJHIA MOPKUTAIOT JOMa, Pa3pyIIaoT JJIEK;
TPUYECKHE CTOJIOBI U 3aBOACKUE TPYOBI.

MbI HOABEP)KEHBI BPEIHOMY BO3JIEHCTBHUIO 3 HNUECROI0
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3. Ilox kakuM BO3aeHCTBMEM MATHUTHOIO IOJIsI 3€MJIH Mbl HAX0AUMCS1 ?

— HanpasnenHoe Bo3A€HCTBE MarHUTHOIO I0JISI, OKA3bIBAEMOE Ha Ka-
TYIIKY C TOKOM, HCIIOJIb3YETCS B IJIEKTPOM3MEPUTENBHBIX MPUOOpax
MAarHUTORJIEKTPUUYECKON CUCTEMBI, B AJIEKTpoABUrareisx. Bo3aeiicteue
MAarHuTHOTO TIOJISI Ha JABIXKYIIYIOCS 3apsOKEHHYIO YaCTHIY HCIIONb-
3yeTCsl B IIMKJIOTPOHAX (111 YCKOPEHHUS 3apsDKCHHBIX YaCTHIT) U B Macc-
crnekrporpadax (IUis OIPeICIICHAS MACChI 3aPsDKCHHOW YaCTHIIBI).

— MaruaurtHoe nose 3eMiIu 3alUIIAET T OT KOCMUYECKON paaraluu

— CMEpTEIbHOM OMACHOCTH BO3JEHCTBUS COJHEYHOM paavaluu Ha
«3a JOJICH, YKa3bIBaeT IyTh ITyTCHICCTBEHHUKAM, OPHCHTHUPYET PHIO U
ntun. MarHuTHas TOMOTrpadusi OKa3bIBaeT OOJBIIYIO IOMOIIs BpadyaM
B IIOCTAHOBKE TOYHOI'O JHArH03a 00JbHBIM.

— MgaI HaxoauMcs IOJ IOJE3HBIM BO3IEHCTBHEM MAarHUTHOIO ITOJIS
3emin.

— MarautHoe II0JI€ OKa3bIBaeT HETaTUBHOE BO3Z[CI7[CTBPIC Ha HEPBHYIO
CHUCTEMY, ocnabiIgeT ee aKTUBHOCTD.

— B pesynbrare KpaTKOBpEMEHHBIX H3MEHEHHI MATHUTHOTO MOJIST 3eMIIH
BO3HHMKAIOT MAarHUTHBIE Oypy. MarHuTHbIe OypH CBS3aHBI C JIESTENb-
HOCTBIO (aKTUBHOCTHIO) CONHIIA. DTO OKA3hIBACT HETATUBHOE BO3ICH-
CTBHE Ha 3/I0pPOBbE YEJIOBEKA.

— Jlroau, KUBYIIME HAa BEPXHUX dTa)KaxX BHICOTHBIX 3/IaHHH, OoJiee moi-

BEPKEHBI HEOJAroNpUsATHOMY BO3[EHCTBUIO MATHUTHOTO ITOJISt 3eMIIH.
* Mpotue IToaTomy JTrO/IH, )KUBYIIIUE B YACTHBIX IOMaX, UMCIOT MEHBIIEC MPOO-
JIEM CO 3I0POBbEM, YEM JIFOJIH, )KUBYIIIUE B BEICOTHBIX 31aHusX. C 1py-
O CTOPOHBI, )KU3Hb MPU MOCTOSSHHOM MOIIHOM BO3JIEWCTBUM Mar-
HUTHOTO TOJISI 3eMJIM OKa3bIBaeT HETATUBHOE ICHCTBUEC HA HOPMAJb-
HOE (DYHKIIMOHMPOBAHUE YEIOBEUYECCKOTO MO3Ta.

— Mmu1 HaxoAuMcs oA BpEIHbIM BO3ﬂeﬁCTBHeM MAarHUTHOTO TOJISI 3€MJIH.

. \3\6
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1. MarHuTHY10 CTpEIKY,
CIOCOOHYIO BPAIIAThCH
BOKPYTI NepHeHANKYPAPHOii
K IJIOCKOCTH PUCYHKA OCH,
NPUOIM3UIN K TOCTOSTHHOMY
MAarHuTy.

co— |

2. Ha kakoii cxeMe NpaBUJIbHO MOKA3aHbI JMHUM MATHUTHOM
HHIYKIHWH MOCTOSTHHOT0 TOKA, HATIPABJIEHHOT 0
NMePNeHIUKYJISAPHO K HAM OT MJI0CKOCTH PUCYHKA?

) @ @) @

3. Ha pucyHke npeacraBjieHa cxeMa
JIMHUA MarHUTHOM WHIYKIMHU
NPpsIMOTro MPOBOJAHUKA ¢ TOKOM. B
KAKO# TOYKe MAarHUTHOE 1MoJjie cjadee?

IIpu 3TOM cTpeka...
B) mosepuetcs Ha 180°

C) noeprercst Ha 90° o
4acOBOU CTPEJIKHU

HUS YaCOBOM CTpEJKHU

4. UcTOYHHUK TOKA M JIEKTPUYECKasi Henmb, X X X X X
COCTOSIIIASI U3 YeThIpeX
TOPU30HTAILHBIX MPSIMOJIUHEHHBIX
NPOBOHUKOB, HAXOJSATCSI B OTHOPOTHOM
MarHuTHOM rnoJje. CHjioBble JIMHUT
MAarHMTHOTO TOJISI IEPIEHUKYIAPHBI
IJIOCKOCTH pucyHKa. Onpenennre X X X X X

HanpaBJieHUe eiicTBUA CUJIbl AMIIepa HA NPOBOAHMK 4-3.

5. ITocTOsIHHBIN MATHUT B Tedenue nepBbix 3 cekyna A) Tonb
BBOJUTCS B 3AMKHYTBIi KOHTYp, B TeYCHHE
cIeyIomuxX 3 ceKyH/ HaX0UTCSl B KOHType
HeMoJABHKHO, a B Te4eHHe nocjaeayommx 3
CeKYH/ BbIBOAUTCH M3 KOHTYpa. B kakoii
NMPOMEKYTOK BPEeMEHH B KOHTYpe BO3HMKAeT

MHIYKIHOHHbII TOK? P
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ko 0-3 cex
B) Tonbko 3¢ cex
C)0-3 cex u CeK
D) Tonsgo 6
0-9 ¢ex

0 GRS

A) HE U3MEHUT CBOE TIOJIOKEHNE

HaIpaBJICHUIO BPAILCHNS

D) Oy et HenpepbIBHO BpalliaThCsi BOKPYT CBOEH ocH
E) noBepuercs Ha 90° mpoTHB HampaBJICHUS BpaIle-

A)1l

B)2

03

D)4

E) mocTostHHBII TOK
MarHuTHOE IoJie He
cozjaer

A)1l

B)2

03

D) 4

E) Bo Bcex Toukax
OJTMHAKOBO

X A)—>

B) «

ot

D)V

E) Cuna Amnepa
HE IEHCTBYET

X




CBETOBbIE
ABINEHUA

m MCTOHHVIKI/I CBETA

filBneHuns, Habnio-
AaeMble B ACHbIN
COJIHEeYHbIN AeHb

¢ Ha kakunx siBneHumsx
OCHOBbLIBAalOTCH Balux
HabnoaeHua?

e [loyemy npeameThbl
AHEeM MOXHO BUAeTb,
a B TEMHOTE UX YBU-
AeTb HEBO3MOXHO?

ccreonne JE

Kakue npeagmeTbl nanyyaroT cBeT?

CocTaBbTe CNUCOK Haxo4sLLMXCS B Knacce NpeaMeToB U ONpeaennTe: Kakue N3 HUX us-
ny4aroT CBET, a Kakune HeT?

O6cyauTe pesynbrar:

e Kakme UCTOYHWKM CBETA Bbl 3HaeTe?

e BcTpeyanuck nv Bam npegmeThl, n3nyyatowime cBeT B TemHoTe? MpuBeaute npymMepsi.

Paznen dhu3ukn, n3ydaromniuii CBETOBBIC SIBIICHUS, Ha3bIBACTCA onmukoil (OT Tpe-
YeCKOT0 CIIoBa optos — “‘eudumuiii”’). CBET B Halllel KU3HHU UTPAET OUYC€Hb BAKHYIO
posb. Tak, npu momormu cBera Mbl noaydaeMm okono 90% uHdopmanuu o6 OKpy-
KAIOLIUM MUpE.

Yto Takoe cer? [lo mpencraBieHIo APEBHUX TPEKOB, C8em — MO 0coboe
wecmeso, gvixoosiwee u3 2nas. 11as nanpaensiem 3mo 6eujecmeo Ha
npeomem u OH, CONPUKACAACL C MENOM, C030aem OwyweHue euoeH
YeJIOBEK HUYEro He BUIHUT HOUbI0? [lnTenbHOE BpeMs He MOTIIH

KYJISIPHBIM TIPEICTABIICHUSAM, WCXOSIINE OT TIPEIIM
BBI3BIBAIOT OIIYIIICHUE BUIACHUSI.



[Toutu ofHOBpEMEHHO royaHAcKui yueHblid X.['FoireHe mpeaoKui BOJIHOBYIO
Teoputo cBera. COrnacHoO 3TOH TEOpuu, ceem — MO 60HbIL, BO3HUKAIOWUE U3
UCMOYHUKA c8ema U pacnpocmpausaowuecs 8 0cobol cpede, Ha3bIBaAeMou Iphup
(3T0 Oyner u3yuaThcst OoJiee MoAPOOHO B CTAPIINX KITAcCaX).

Hcrounuku ceera. [Ipenmersl, UCIyCKaloIlUEe CBET, HA3bIBAIOTCS UCHIOYHU-
kamu céema. CylIeCTBYIOT pa3Hble BUJ(bl HCTOUHUKOB CBETA!

e Tennogvie ucmounuku céema. IloBepxnocts ConHIa U 3BE31, I1aMs1 CBEUH, ra-
3a M KOCTpa, HUTD JIaMITbl HaKaJMBaHMUs, JaBa, BEIXOIAIIAS U3 KpaTepa ByJIKaHa, U
Ip. SIBISIOTCS TEIJIOBBIMU MCTOYHUKAMU CBETA.

c

O | » TemnepaTypa rasa, BbIXOASLLEro U3 Kpatepa usBepraroLlerocs BysikaHa,
3,4”1-9_ 1100-1200°C, TemnepaTypa B rasoBom nnameHun 1600-1850°C, temne-
pecHo... patypa HuUTU namnbl HakanueaHusa 2500-2700°C, a Temnepatypa Ha

( nosepxHocTu 38e3g 3000—30 000°C.

o Xonoownwvle ucmounuxu céema. CBeTsNIHECs PHIObI, HACCKOMBIE, Pa3IUYHbIC
pacTeHwsl SIBISIFOTCS XOJIOJHBIMA UCTOYHUKAMH CBETA.

XonoaHble UCTOYHUKU cBeTa CYIIIGCTBYIOT W TaKUC NpEIMEThI, KO-
TOpBIC TIPEBPAIAIOTCS B HCTOYHUKH CBe-
Ta TPU OCBEIICHHH CBETOM HX MOBEPX-
HOCTH. OTH TeNa Ha3bIBAIOTCI (homo-
momuHogopamu (OT JTATHHCKOTO CJIOBA
lumen — “ceem”), a ux cBedeHHe — Pho-
monomutnecyernyueti. DotomoMuHOPO-
PBI IUPOKO UCIOIB3YIOTCS B PEKIAMHBIX
orasx. JlromMuHOGOpPHOE BENIECTBO HA
JIOPOKHBIX ~3HAKaX ¥  CIEUAITbHON
OJIeXK]Ie TIPU TaJICHUM HAa HHUX CBETa OT
aBTOMOOWIBHBIX (pap co3maer /Ui BOJAU-
TeNsl MPEeKpacHyr BUIUMOCTh, obecre-
YHBaET OE30MACHOCTh JIBHKCHUS.
OnHUM W3 COBPEMEHHBIX HCTOYHUKOB
cBeTa sIBIseTCA 1azep. Jlaszep — He3aMme-
HUMBI HCTOYHUK CBETA B TCICBUJICHHN U METUIIMHE, MAITMHOCTPOSHHUHU U IPUOOPO-
CTPOCHHH, BOCHHOU TEXHHKE, METPOJIOTUU U acTPOPU3UKE.

o Toueynvle ucmounurxu ceema. VICTOYHMKH CBETa MOTYT OBITh pa3HBIX pas-
MepoB. Hanpumep, 11Ha HUTH HaKaTUBaHYSI B JJAMITE KAPMaHHOTO ()OHAPSI MEHBIIIE
OJIHOTO CAHTUMET]A, a PAJHYC COTHEYHOro aucka ~ 6, 960 .10% M. OtHAKO BUANMEL]
pa3Mep UCTOYHHKA CBETA 3aBHCHUT HE TOJBKO OT €ro JIMHEHHBIX Pa3MEpoB, HQ U
paccTosiHUSL MEXJy HaONIojaTelleM M 3THM HCTOYHHMKOM. Ha
pa3Mepbl HEKOTOPBIX 3BE3J1 BO MHOTO pa3 0oJibllie pa3MepoB
HeOECHBIE TeJla MbI BUIUM B ()OpME TOUYEK, TaK KAK OHH PACTIQIIOK
OT 3eMJIu.

Jliis Hac yiammna, MoJBEIICHHAss Ha BBHICOKOM
3BE3/Ibl SBJSFOTCS TOYCYHBIMH UCTOUYHUKAMH CB
JAMIOYKHA TIPU M3YYCHHUU CBETOBBIX SBJICHHUIA
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MPUHSTH 32 TOUCYHBII HCTOYHHK CBETA, HO €€ HENb3s CUUTATH TOUYCYHBIM HCTOUHHKOM
CBE€TAa OTHOCHUTCIIBHO ITIJIACTUHBI 1 (OTHOCI/ITCJH:HO paCCTOSIHI/Iﬁ OT HUTH JO IIJIaCTHUH,
CM.: Q).

(@ g1 2

o Ucmounux ceema, pasmepamu Komopoco npu OQHHDIX YCI0BUAX MOIHCHO
npeHe6pe%, HA3bIBAEMCS MOUEUHBIM UCMOUHUKOM ceéema. Ceéem om mMoOYeuH020
UCMOYHUKA pacnpoCmpaHiemcs 60 6Cex Hanpaejleruslx.

TBOPYECKOE NPUMEHEHUE

Crccrozoname JB

Kakow 3To uCTOUYHMK cBeTa?

O6opynoBaHue: npobupka, KapMaHHbIA PoHapb, POTONMOMMHO(OPHOE BELLECTBO, BOAA

(100 mn), wraTm..

Xopn uccnepoBaHus:

1. Hanme B npobupky BoAbl Bbille cepe- (b)
OvHbI, fo6aBbTe B HEE HeMHoro ¢oTo-
MIOMUHOOPHOro BELLECTBA, 3aXMuUTe E}
0TBEpCTME NPOBUPKM Nanbuem u B30Or- >
TanTe ee. 3aTem 3akpenuTe Npobupky B

[

wraTmee (b).
2. BknounB ¢oHapb, OCBETUTE CMECb U
npoHabnioganTe 3a BO3HMKLINM SIBre-
HUeM. I o = =

O6cyauTe pesynbrar:

e Kakoro LBeTa CMeCb nony4mnacb npu ,D,OGaBJ'IEHVIVI (bOTOJ'IPOMI/IHO(bOpHOFO BellecTtBa B
Boay?

o Kaknum LBETOM CBETUTCA CMeCb Npn ocBeLleHNnn ee 6ernbiM cBeTOM?

e Kakne MCTOYHUKKN CBETa UCMOSb30Banuch B VICCJ'Ie,D,OBaHI/II/I?

YTO Bbl Y3HANU OO6BACHUTE CMbICH KINIOYEBbIX CJIOB Ha paboyeM nucTke.
KnroueBble crioBa: ¢ UICTOYHUK cBeTa ®© TOYEUYHbIN UCTOYHUK

cBeTa o Jlazep e ®oTontomMmuHocop e OnTuka e

MpoBepbTe cBOM 3HAHUSA

1. Knaccndumumpynte MCTOYHMKN CBETA. ’

2. MNokaxuTe Npumepbl TENMOBbIX UCTOYHMKOB CBETA.

3. Mpw kaknx ycrnoBmsaX NCTOYHUK CBETA MOXHO NPUHATL 38 TOYEYHBIN?

4. MNoyemy no Hoyam Genble NOMoChl, HAPMCOBAaHHbIE Ha LLOCCe, U AOopP
OT AOPOrM CBETATCS NOA BO3AENCTBMEM fyyvei, nagatoLwmx o

5. MoxHo nu cuntaTtb JlyHy nctoyHukom ceeta?

npYMepbI.
CK



m nPFIMOJ'II/IHEVIHOE PACMNPOCTPAHEHUE CBETA

PaHHIM yTPOM MOXHO B KakoM HanpaBneHUn u
ACHO HabnoaaTh nyun 0 B Kakon chopme
CONHEYHOro cBeTa, Mpoxo- ©  PacnpocTpaHseTca ceeT

OSILLME CKBO3b EPEBbS B OT OAaHHOro UCTOYHMUKA?
necy. CBeT pacnpocTtpaH- ¢ Moyemy Mbl He BUAUM
sileTCsi My4ykamu BO BCe MUCTOYHMK CBeTa,
HanpaBnexus Tak, byato pacnonoXeHHbIN 3a

3a epeBbsiMU MOMECTUIU Henpo3payvHbIM
TOYEYHbIN UCTOYHUK CBEeTa. npenﬂTCTBMeM?

:

KakoBa npuyvnHa TO0ro, 4To BUAHA TOJIbKO

ogHa bynaBka? ,
O6opyaoBaHue: Kycok kapToHa, 6ynaBku

(5-6 WTYK), NMHelka, KapaHaaLw.

Xopa uccnegoBaHuA:

1. MNomecTnTe KapTOH Ha NOBEPXHOCTb CTOMA M BOTKHUTE B HEro ABe BynaBku Ha paccTos-
HUWN HECKOIbKNX CAHTUMETPOB ApYr OT Apyra.

2. OcTanbHble BynaBku BOTKHUTE MeXay STUMK ABYMsi BynaBkaMmu Tak, 4Tobbl npu
B3INsie Ha OAHY M3 ABYX KpalHux GynaBok MOXHO BbIno BUAETL TOSLKO ee.

3. BoiTawmTte GynaBku 1, NOMECTMB JIMHENKY Ha OCTaBMEHHbIE Creabl ABYX KPanHNX
OynaBok, NpoBeanTe KapaHAaLOM MPSAMYH JIMHUIO .

O6cyauTe pesynbrart:

e Kak pacnonaratoTcsi criefjbl, OCTaBfIeHHblE ApYrumMn GynaBkamu, OTHOCUTENBHO 3TOM
npsiMon NuHMK? Moyemy?

JIy4 cBera. JIyu cBera 1aeT BO3MOXKHOCTb IIOKA3aTh PacHpOCTPAaHEHUE ITydKa
CBETa B Pa3HBIX HANPABJICHHUSX MPH MOMOLIY HANPABICHHOHN MPSIMOl TMHUU (OCH).

e JIyu ceema — >mo aunuA NOKA3bIBAIOWAS HANPAGLEHUe, 8001b KOMOPOI pa-
cnpocmpansiemcs ceemogas duepeus. Jlydau ObIBalOT napasuienbHble (2), JTUBEPTeHT-
Hble (pacxomsmiuecs) (b) 1 KOHBEpTeHTHBIE (cxofsmuecs) (¢).

(a) (b) (c) (d)
\\ A
: S,
//"’/’ 5 B

3aTh JydamMu SA u SC Wiu IEHTPATBHBIM JIYIOM
CBETOBBIX SIBJICHUH HEOOXOIUMO TI0Ka3aTh Harl
MPEJICTAaBUTh €r0 B BUJE LIEHTPAIBHOIO Jy4Ya.
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CBETa CJIOXKHAS, TO B 3TOM CJIy4ae ITy4OK CBETa MPEICTABISETCS IBYMS OrpaHHYH-
BAIOLIIUMH €ro Jy4damu. [Ipu n3y4eHnHn MHOTHX CBETOBBIX SIBICHUHN HCIOIB3YIOTCS
napajjienbHble Tydd cBeTa. CBET, HCIyCKaeMbld HICTOYHUKAMU, PACION0KEHHBIMU
Ha OY€Hb OOJIBIIOM yJaneHnu, Hanpumep, COHIIEM U 3Be3[1aMH, MOYKHO TPUHSTh
3a MapaJuIebHbIE JTyYd CBETA.

Kak pacnpoctpansiercs sy4 cBera? HaOmronas 3a myyamu ComHIla, Ipoxos-
LIMMU CKBO3b JIEPEBbsI, Iy4aMH CBETA, BEIXOASIINMHU U3 OTBEPCTUN Ha aTFOMUHEBON
¢osere, JeTKO MOXHO OTIPEAEIIHTD, UTO JIyY C8ema pacnpoCmpaHaemcs 8001b Npsi-
Mot iuHuy. PactipocTpaHeHue JTyda cBeTa BAOJb MPSIMON JINHUM U3BECTHO JIIOISIM C
JIpeBHUX BpeMeH. Tak, 3TO CBOWCTBO CBETa MCHOJIb30BasIoch B [IpeBHelt Mecomo-
tamuu (5000 €T 10 Hamrel 3psl) MPU CTPOUTETLCTBE OareH U B peBHeMm Ermmre
(3000 net no Hamiei 3psl) IPU CTPOUTEITHCTBE TUPAMUI.

B xakoii cpeae cBet pacnpocTpansieTcs npsimosanHeiino? CoxpaHsiercs: U
CBeT CBOWCTBO NMPSMOJHMHEHHOr0 PACHpPOCTPAaHEHUs] NMPH TNPOXOXKIACHUS ero
yepe3 HECKOJIBLKO cpen?

e

Bo Bcex nu cpegax cBeT pacnpocTpaHAeTCA NPsIMONIMHENHO?

O6GopyaoBaHue: nNasepHbii hOHapPb, CTEKIMSHHbIA akBapuym ¢ BOAOMW, Mosoko (50 mn).

Xopa uccnepoBaHun:

1. Jo6aBnB MOOKO B akBapuyM, NOMy4MTe HECKOSbKO 3aMyTHEHHYI0 Body. Bkniouns na-
3epHbIv hoHapb, NpMBNN3LTE ero k CTEHKe akBapuyma u npocneauTe 3a TpaekTopuen
pacnpocTpaHeHusi na3epHoro fnyya B Boge (e).

2. MomecTnTe NasepHbin poHapb Haj akBapuvyMOM Tak, YToObl Ny4 cBeTa MpPOXOAuWI B
BepTUKanbHOM HanpaBneHuu vepes ABe cpeabl — Bo3ayx v Boay (f). Npocneante 3a
TpaeKTopuen pacnpocTpaHeHns cBeTa B 9TUX cpeaax.

3. HanpaBsbTe nyy nasepa v3 Bosgyxa B BOAY NOA YrfiOM NOBEPXHOCTW BOAbI U NpO-
crnegvTe 3a TpaekTopuen ero pacnpocTtpaHenus (g).

(e) (f) (9)

-

O6cyauTe pesynbrar:
¢ B kakon cpene Ha6nro,uaeT09| CBOWCTBO ny4a cBeTa paCﬂpOCTpaHﬂTbCﬂwMOJ'IVI ENHO"

Kak cramo u3BecTHO B pe3ysbTaTe UCCICIOBAHUS, YT CBET
B BOJIC BJIOJIb TIPSIMO#T IMHUU. MOXHO CKa3aTh, 4TO BOJa
00BEMY MMEET OJMHAKOBBIE (hPHU3UUECKUE CBONCTB
00HOPOOHOU cpedoti. 3HAYUT, CBET B OJTHOPOJIHOM ¢
JTUHEHHO.



B pesysbraTe MHOTOYMCICHHBIX OIIBITOB OBLIT OIPEAEIIEH 3aKOH NPAMOIUHEUHO20
PacnpocmpaneHus ceema.

e Ceéem 6 6axyyme u 0OHOPOOHOTL cpede pAcCnpoCmMPAHAEMCca NPAMOJIUHERHO.

BobinoJinsiercst JiM 3aKOH NPSIMOJIMHEHHOI0 PACIPOCTPAHEHHs CBETA B He-
OJHOPOIHOM cpene? 3aKOH NMPSMOJMHENHOIO pacIpOCTPAHEHMs CBETA B HEOJHO-
POAHOM cpene (Korza cpeaa COCTOMT W3 HECKOJBKUX OJHOPOAHBIX CPEA) BHINOJI-
HSETCS B TOM CITy4yae, KOTJia JIyd CBET [1aJjaeT Ha MOBEPXHOCTh HEOTHOPOIHOM CpeIbl
B MEPIEHANKYJISIPHOM HarpaBieHUH (cM.: f), BO BCEX OCTAJIBHBIX CIIy4asx HaIpaB-
JICHUE JIy4a CBeTa MEHseTcs (cM: J).

TBOPYECKOE NPUMEHEHUE

| Cm

MpoBepyM NPSIMONMHENHOCTL pacnpoCTPaHeHUs Nyva cBeTa B BO3ayXe.
O6opyaoBaHue: cBeYa, KapTOHHbIe NNacTUHbI Ha NOACTaBKe (3 LWTYKW),
MeTannu4eckunii CTepxeHb (AuameTp ~4 MMm).

Xop uccneposanusa: 1. Caenaite Ha NNacTUHax OLMHAKOBbLIE N0 MECTY U pa3Mepy OT-
BEPCTUS (QuaMeTpoM = 5 Mm). 2. 3axruTe cBeYy U NOMeCTUTE ee 3a NocreaoBaTeribHO
pacnonoXeHHbIMK nnactuHamu. 3. OTperynupyiTe NNacTuHbl Tak, YTOObl MOXHO 6bINo
BUAETb Nydy cBeTa, npoxoaswmii yepe3 otsepctus (h). 4. He meHsia nonoxexus
MnacTuH, NPoBepbTEe, NPOXOAWUT Yepes BCe TPU OTBEPCTUS METANNMYECKUin CTepXeHb
unu HeT. 5. MoBTOpUTE OMbIT, CMECTVB B CTOPOHY OZHY U3 NIACTH.

7
(h)

Ob6cyauTte pesynbrar:

¢ YTO 03HauYaeT NpoxoxaeHne MeTannmyeckoro CTEPXKHS Yepes BCe TPy OTBEPCTHUS,
CKBO3b KOTOpble Obln BUAEH Nnyy cBeTa?

e [loyeMmy Npu CMEeLLEHUM B CTOPOHY OAHOW M3 NAacTWH CBET NNaMeHu ctan He BUAUM?

e K kakomy BbIBOAY Bbl MPULLAM B pe3ynbTaTe UCCNeAoBaHUS MO pacnpoCTPaHEHNIO
cBeTa B Bo3gyxe?

YTO Bbl Y3HA/IU * HanuwmTe KOpOTKOE 3cce Ha paboyeM NUCTKe, UCNONb3ys
AaHHbIe KIo4YeBble crnoBa.

KnrouyeBble crnoBa: e ”y‘l cBeTa e O.CI,HOpO.EI,Haﬂ cpenae 3akoH npsAMOor e
HOro pacnpocTpaHeHusi cBeTa e Bakyym o ’

1. Yem oTnuyaeTcs nyyok ceeTa OT ny4va ceeta?
2. B yeM cyTb 3aKkoHa NPSIMONIMHENHOrO pacnpoCTpaHeHNs CBERa?
3. Kak MOXXHO pacnonoxuTb Tpy NOACTaBKM BAOMb O npsiMo HWK, UCHONb3

NPSIMONHENHOIO PacnpocTpaHeHust ceeta?
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m HBJ'IEHI/IFI, OBbACHAIOLUE 3AKOH NPAMONIMHEMHOIO
PACNMPOCTPAHEHUA CBETA

Yuutenb 3agaeT Kknaccy Takyro 3agavy: Bam ganv tonbko nuHenky anuHon 1 m. Kto ¢
NMOMOLLLbIO 3TOW FIMHENKM CMOXET M3MEPUTb BbICOTY COCHbI BO ABOpPE LLKOSIbI, HE 3abuvpa-
ACb Ha Hee?

— A, — otBeTUN Arunb 1 cpasy pasbACHWI NPOCTON CNocob U3MepeHUs BbICOThI AepeBa
Mo AfIMHE ee TeHMW...

... YUnTenb 1 OQHOKNACCHUKN OCTanuchb AOBOSbHbLI €r0 OTBETOM. Bbias Ha nepemeHe BO
OBOp, y4eHUKM onpeaennnn BblICOTY COCHbI CI'IOCOﬁOM, npeanoXxeHHbIM Arvnewm.

e Kak Bbl onpegenunu 6bl BbICOTY
@ COCHBbI NO ANIMHe ee TeHU?

e Ha kakomM cBOoMCTBE CBeTa OCHO-
BbiBaeTCs BO3HUKHOBEHMWE TEHU Y
npenmeToB? Kakue npeameThl
OAIOT Pe3Kylo TeHb, a Kakue
cna6oe?

Onpepenute BbicoTy choHapHoOro cron6a.

3apgauva. [inuHa TeHn doHapHoro ctonba paeHa 6,5 M, a
ONVHa TeHW LeBOYKM 2 M. 3Had, YTO POCT AEBOYKN paBeH
1,5 m, onpegenuTe BbICOTY poHapHOro crtonba.

O6cypuTe pesynbrar:

e [loyemy y NpeamMeTOB BO3HUKAET TEHb?
e [10 KaKOMy CBONCTBY TPEYronbHMNKOB
MOXHO onpeAenuTb BbICOTY (POHaApPHOro
cton6a?




OCBEIICHHUH Tejla TOYCUYHBIM UCTOYHUKOM CBETA JIYYH HE MPOXOJSAT CKBO3b TEIO, U 3a
TEJIOM BO3HHMKAET TeMHast 00,1acTh (a u b).

(b)

Henpo3zpaunoe

Hcrounnk
cBeTa

DkpaH

o Ilonnan menv — maxas uacmv NPOCMPAHCMEA 34 NPEOMemoM, Kyod ceem om
MOYeYHO20 UCTNOYHUKA He NONAOdem.

IIpu ocBeleHnn mpeaMeTa OJHOBPEMEHHO HECKOIBKUMU TOYEYHBIMHM HUCTOYHH-
KaMH WM OJIHUM He TOYECYHBIM UCTOYHUKOM (pa3Mep UCTOYHUKA COM3MEPHM C pa3me-
POM IIperpa/ipl) Ha SKpaHe HapsiLy ¢ MOJHOW TEHBIO 00pasyeTcsl U noIymeHsb ¢ Pa3Mbl-
ThIMU TpaHuliamu. [1oyTeHs BOZHMKAET B TAKOW YacTH SKpaHa, U3 KOTOPOW UCTOYHUK
CBeTa BHJICH YacTUYHO. Ha pHCyHKe MpescTaBiieHa cXxeMa MOJHON TeHH U MONyTCHH,
CO3JIaHHBIC JIBYMS TOUCUYHBIMH HCTOYHUKAMH cBeTa (Tutamst cBeun) (¢ u d).

Kaxnmast Touka MCTOYHMKA CBETa OONBIIOrO pa3Mepa, UMEoIas OIpe/esieHHbIE
pasmepsl S1S,, ABJIsIETCA TOYEYHBIM UCTOYHUKOM. [Ipy HakIagpIBaHUM APYT HA Apyra
TEHEW, CO3JaHHBIX MaJArOlIMMHU Ha TEJO JydyaMH CBETAa OT KaXKAOH Takoil TOUKW, HA
YJacTH dKpaHa Bo3HUKaeT nosiHas TeHs (BC), a Ha yacTy 9kpaHa, Tie UX TCHA HE HaKJIa-
JIBIBAIOTCS, BOSHUKAIOT YaCTUYHO OCBEIICHHBIC NOTyTeHeBbIe yuacTku (AB u CD) (e).

(e)

A

E %
e ITonymens — maxas o61acmes npocmpanc pac. enHa
mopaﬂ chemaemcﬂ HECKOJbKUMU MOYECUYHbIMU YHUK ceema

JIEHHOU YACMbIO UCMOYHUKA c8ema O bULOcO P



TBOp'—IeCKOG npuMeHeHune

. UccnepoBaHune .

OGBbACHUTE NPUYMHY CONTHEYHOrO 3aTMEHMUS.

Xoa uccnegoBaHus.

Ha pucyHke npusegeHa cxema (f)

conHeyHoro 3atmenus (f). BHu-

MaTenbHO U3y4nTe CXEMY U Bbl-

SICHATE MNPUYMHY BO3HWKHOBE-

HUSI 3aTMEHMS.

Ob6cyauTte pe3ynbTart:

e Kakoe HebecHoe Teno co3faeT Ha NOBEPXHOCTM 3eMU NOSHYHO TEHb U NONYTEHb NpU
COMHEYHOM 3aTMEHUMN?

o Kakumu undpamm 0603HaveHbl y4acTKM NOMHOMO Y YaCTUYHOIO CONTHEYHOMO 3aTMEHMST
Ha noBepxHocTn 3emnn?

e JKutenu kakux pavioHOB Ha MoBEepxHOCTM 3emnu HabngalT MnonHoe 3aTMeHue
ConHua? Moyemy?

e Uto HabnogaT Mnoaun, XMBYIOLLME HA ydYacTke NMOBEPXHOCTU 3emnu, rge BO3HUKNa
nonyTeHb (YacTuyHoe 3atmeHne ConHua)?

e A 4TO O3Ha4YaeT NyHHOe 3aTMeHne? Hapucynte cxemy 3TOro 3aTMeHus n obbsACHUTE,
noyemy JlyHa AnMTenbHOe BpeMs BUOHa B BUAe nonymMmecsua.

YTO Bbl Y3HANN * HanuwwuTe KopoTKoe acce B pabo4yem nucTke, UCNONb3yA
AaHHble “KnoYeBble crnoBa”.

Knio4yeBble cnoBa: e [MonyTeHb ¢ ConiHe4YHOe 3aTMEHMNEe
MonHas TeHb e JlyHHOE 3aTMeHue o

NMpoBepbTe CBOM 3HAHUA

1. MoXHO N1 NonNy4MTb Ha dKpaHe:
a) TONbKO MOSHYIO TEHb;
b) Tonbko nonyTeHs;
C) 1 NMOMHYI0 TeHb, U NonyTeHb Henpo3payHoro npeameta? OTBET 0BOCHYWTE.
2. Moyemy BO BpeMsi onepaLmmn pyku xmpypra He oTbpacbkiBaloT TEHb Ha ONepupyembIi

y4acTok?
Y

S 6
ULz b-
4. CpaBHUTE NyHHbIE 1 CONHEYHbIe 3aTMEHUS: Kakve Y HUX obL oTnkumTEND! YepTh#?

3. CpaBHUTE NorHoe u YacTuyHoe 3aTmeHue ConHua, nepeuncnunte nx ooLym
Hble CBOWCTBA.

J Ba 3 ¢



p
. YnpaxHeHue -

1. Cer u3jay4vaercs paciiaBJeHHbIM MeTa/J1JIOM, MOHUTOPOM KOMIIbIOTEpa, JamMmnoii
HaKa/JIuBaHUus, CBETIAYKOM, cneqoﬁ, peK.]laMl-lOﬁ prﬁKOﬁ. Kakue u3 HUX TemJio-
BbI¢ HCTOYHUKH CB€TA, A4 KaAKHE X0JI0/IHbIE?

2. JIBa To4YeyHbIX HCTOYHUKA cBeTa M | 3. KakoBo cooTHomIeHue 1)
OAVH MAY IMOMEIICHBI NMepea IKPaHoOM, MEXKAY JIMHAMHA ¢ e .3
KaK NO0Ka3aHo Ha pucyHke. I'me Ha TeHel, MoJIyYeHHbIX A
JKpaHe MOJY4YHUTCH IIOJJHaAst TEHb H OT OCBCILIIEHUSA TOUYECU-

MOJIYTEHb OT MfIiYa Ha 3KpaHe? HBIMH HCTOYHUKAMHU
cBera 1,2,3 u 4 Bep-
S, s Msiu BKpaH\ THKAJIbHO MOCTAB- Cisim
JIEHHOT0 mpeaMeTa?
Sy sk

4. B kaKkoii ToYKe JI0J’KHA HAX0AUThCs1 JIyHa, 4TObI 06pa30BajI0Ch NMOJIHOE COJTHEYHOE
3aTMeHue?

1
: Q.
L0 40 @ o2
-~ /' O(

3
5. B sicHblii cOTHeYHBI 1eHb cocHA BbIcoTOl 10 M oTOpachiBaeT Ha 3eMJII0 TeHb

AJUHOM 25 M, a IJIMHA TeHH 37aHuA paBHa 150 M. KakoBa BbicoTa 31anus?
6. Ko3bipek HaJl BXOHOJ 1BepPbI0 31aHMA OCBelIaeTcs ABYMs YIUYHBIMH GoOHAPSAMM.
Crosimuii noja KO3bIpbKOM MaJIb4HK...
A) HaxOOWTCS B TIOJTHOW TEHH KO3BIPHKA.
B) HaxomuTcs B OJTYTeHH, TaK KaK OCBEIIACTCS TOJIBKO JIaMmoi B.
C) HaxouTCs B MOJYTEHH, TAK KaK OCBEIAETCS TOJIBKO JaMIION A.
D) ocremmaeTcst 00CUMH JTAMITAMH.
E) HaxoauTCs B TIOJIyTEHH O0EUX JIaMIL.




m CKOPOCTb PACMPOCTPAHEHUA CBETA U METO[bI EE
OMPEQOENEHUA

Bbl HeogHOKpaTHO HabnoAany cBepkaHue & e [loyemy npu BCnbIWKe MOMHUK CHava-

MOJSIHWM 1 KOrAa-To 3agyMblBanucb Hag ¢ 1@ Mbl BUAUM CBET, a Yepe3 Heckonb-
TaKUM BOMPOCOM... - KO CEeKYHA CrnbIlUUM 3BYK rpoma?

¢ IHTepeCcHO, MOXHO N1 U3MepUTb
CKOPOCTb pacnpoCTpaHeHUs CBeTa,
uaywero ot MonHunM? Kak aTo MoxHo
cpenatb?

Tak Kak CBET MPOXOIUT PACCTOSIHUSI MEKILy OOBEKTaMU Ha TIOBEPXHOCTH 3eMJIH 32
JIOJIA CEKYH/IBI, TO CKOPOCTh €0 PAaCIPOCTPAHEHHUS IOJITHE TO/Ibl CUUTaNIach OECKOHEY-
HO Oombmioi. 1o 3TO¥ MpHYMHE CYUTATIOCh, YTO CBET PACcIPOCTPAHIETCS MTHOBEHHO.
BriepBbie ckOpocTh pacipocTpaHeHus cBeTa ObLia H3MepeHa BO BTOpoii mosoBruHe X VII
Beka. [Ipu sTOM OBUIO TOJyYeHO O4YeHb Ooiblioe, HO KOoHeuHoe umcio. [lozxke B
pe3ynbTaTte HEOTHOKPATHO IPOBENEHHBIX PA3HBIMH CIIOCOOAMHU M3MEPEHHH BBISICHH-

KM
JIOCh, YTO CKOPOCTH PacIpOoCTpaHEHUs cBeTa B Bakyyme pasHa 300 000 - OsHa-

KOMHMCSI C HEKOTOPBIMHU U3 3TUX METOOB.
OnpenesieHne CKOPOCTH PACIPOCTPAHEHMs] CBeTA aCTPOHOMHYECKHMM MeTO-
aom. CKOpOCTh pacmpocTpaHeHusi cBeta B 1676 roay BHEpBBIE M3MEPHUI JATCKUM
yuenblii Onag Pémep (1644—1710). OH 31O cenan B pe3ysibTaTe aCTPOHOMHYESCKUX
HaOmoeHuit 3a cnyTaukoM Mo tumanetst FOnmrep. beuto BeisiBneHo, uto cyTHUK Mo
ruta”eTs! FOmuTep coBepIaeT mogHbI 000pOT BOKPYT TUIAHETHI 3a 42 yaca 28 MUHYT.
Bexons u3 tenu lOmurepa, ciytHuk Mo, ocserennsIif iyyamu CoJHIIa, BCIBIXUBAT
Kak Jlamra. 3aTeM OH MPOXOAUT Mepet MIITaHETON U BHOBB MOTpYXkKaeTcs B ee TeHb. [Ipu
3TOM MPOMCXOUT 3aTMEHNE CITyTHHKA. [ lepBoe mccinenoBanms ObUIO MPOBEAEHO, KOTIa
3eMI1s HaxoquiIachk B ToUke 1 cBoel opOUTBI, a depes3 MATh MeCsIIEB CIyTHUK Mo BbIiesn
u3 Tenu FOnurepa Ha 22 MUHYTHI [TO3KE. B 3TOT MOMEHT 3emJisi HaXOIUIach B TOUKE 2
cBoeil opOuTHI (2). 3HAYHT, CBETY, YTOOBI N
Jort! oT ciyTHHKa Mo 10 3emiti B Touke 2, (a) CriyTavi "\
HYHO TpPOMTH JIONOJIHUTENBHOE paccTo- g
SHUE, PaBHOE IUaMeTpy OpOUTHI 3eMIIH.
Huamerp opOuTsl 3eMiM TI0 HETOYHBIM pa-
cueraM, nposesieHHbIM B X VII Beke, cocTas-
15 depnn = 2,84 - 108kM. Takum o6pa-
30M, HAa OCHOBaHHMHU pacueToB Pémep momy-
YHJT 11T CKOPOCTH CBETa B BaKyyMe O4YEHBb

00JIBIII0C KOHEYHOE YHCIIO:
_ d3ewmn __ 2,8410%kmM _ 2,84-10%km

c= ~ 215000 = =
t 22 MUH 1320c C
KM M
c = 2150007 =2,15-108 =

311ech ¢ — CKOPOCTh PACIPOCTPAHEHUS CBETA B B




OmnpenesieHne CKOPOCTH PACHPOCTPAHEHHs CBeTa Ja00PATOPHBIM METOIOM.
CkopocTh cBeTa 1abopaTopHBIM METOAOM BIEpBBIE Obula M3MepeHa B 1849 rony
¢pannysckum ¢uszukom Apmanaom Jlyn ®uzo (1819-1896). [ns onpeneneHus
CKOPOCTH paclpOCTPaHEHHs CBETA OH MCIOJIB30BaJl YCTAHOBKY, COCTOSIIIYIO M3 HC-
TOYHHUKA CBETA, BPAIIAIOIIETOCs 3y0UaToro Koieca, JIMH3bI U cucTeMsl 3epkai (b).

B ombite PH30 CKOPOCTH pacipocTpaHeHns cBeTa cocTapmia c~3,13-108 m/c.

B HacTosiee BpeMsi CKOpOCTh CBETa B BaKyyMe, U3MEPEHHas C TIOMOIIBIO dJIEK-
TPOHHOTO 000PYJOBaHMsI, BBIYMCICHA C OOJNBLIONH TOYHOCTHIO:

c=2,99792458-108 m/c~3-108 m/c.

e CKopocmb pacnpocmpaneHus c6ema é 6aKyyme — 3mo camas 60avuas cKo-
pocmu, 603MOICHAS 6 NPUpoOe. Ima CKOPOCMb He 3a8UCUm Om 8b100Pa UHEPYUATL-
HOUl cucmembl omcyema.

CKOpOCTB PacIpOCTPAHCHHUS CBETA B BO3yXE HE3HAUUTEIBHO OTJIMYACTCS OT €€
cKopocTH B BakyyMme. OJTHaKO B IpYTHX CpelaX CKOPOCTb paclpoOCTPaHEHUs CBETa
OTJIMYAETCS OT €€ CKOPOCTH B BaKyyMe, HallpuMep:

Vsonm = 2,25+ 108 M/c;
Uemerra = 2,0 - 108 M/C;
Uanvaza = 1,25 108 M/c;
Uxanasickoro 6anbzama =~ 1,95- 108 M/C-

Cmpoenue u npunyun padomst ycmpoiicmea Duzo. Jyu ceema, ucxoosawuil u3 UCOYHUKA, OMPA3UE-
WUCL 0m NOAYNPO3pauHo2o 3epkana 1, npoxooum mesncoy 3y0bamu pagGHOMEPHO 6pauarowecocst Koneca
2 ¢ nOCMOSIHHOU CKOPOCMbIO U nadaem Ha 3epkano 3, pacnonooicennoe Ha paccmosnuu L (b). Ompa-
SUBUILLICS O 3ePKANA Y BHOBb 80368paujaemcs Ha syouamoe koneco. Koneco useomoeneno mak, 4mo
WIUPURA KaXCO020 3Y0UA PAGHAEMCA PACCHOANUIO MeXCcOy 08yMs 3yoyamu. 3a mo epems, noka iy
c8ema npoxooum 0o 3epkana 3 u 8036pawaemcs 0Opamuo, Koaeco, NOBEPHYBUUCL HA 00UH 3ybely,
3aKpbleaen NePEOHAYANILHO NPOUOEHHbII Npoceem Mexcdy 3ybyamu. B pesynsmame eosepawarowyuiics
cgem He Modicem Npolmu uepe3 Koaeco u 8 OKynsApe Habnooamens co30aemcs memHoma (He 6UOHO
ceema). Dmo 3HAUUM, YMO NPOMEICYMOK 6peMeHU ty 3ampaueHHbIll HA NPOXOJICOCHUE C6enOM pac-
cmosnus L k 3eprany u o6pamuo, pageH npomMedcymKy epemMenu t, 3ampaieHHOMy Ha Ho6opom 3y0-
4amozo Koeca 00 NOLYUWUPUHBL MeNCOY 3YOYamu:

tl = tz.
2L T 1
Ecnu npuname 6o enumanue, yumoty = — u t, = — =—mo
c 2N 2Nn
2L 1 ALN HcTtounnk
—=——Cc= n.
c oNn cBeTa

30ecv L — paccmosnue 3
om 3y64yamozo koneca 0o
sepxana 3, T — nepuoo
spauenus 3y04amozo
KoJeca, n — yacmoma
spaujenus 3youamozo
rxoneca, N — yucino
3y0Y06 Ha KoJece.

| —
v

(b)
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TBOp'-IECKOG nMpUuMeHeHue

e -

Bbluncnum ckopocTb pacnpocTpaHeHus cBeTa.

3apgayva. B yctaHoBke ®u130 pacctosiHe mexay 3yb4aTbiM KONecom C Ymcriom 3ybbes

N=720 un 3epkanom paBHo L = 8633 m. [pn nepBoM crny4yae, korga nyd cBeTa cran HeBu-

OMMbIM, YacToTa BpalleHus 3yb4yaTtoro koneca coctaenana n = 12,67 % BbluncnmTe cko-

POCTb pacnpoCcTpaHeHNs CBETA B BO3AyXe.

O6cyauTe pe3ynbrar:

o Kakol pe3ynbTaT Asi CKOPOCTM pacnpoCTpaHeHNs CBeTa B BO3[yXe A4anu pacyeThbl?

o Kak ByaoeT MeHSITbCS CKOPOCTb pacrnpoCTpaHeHUst CBETA, ecnu 3epkaro byaet
yAansiTbCs OT 3y64aToro Koneca co CKOPOCTbIO © UMK NPUBNMKATLCS C TOW ke
ckopocTbto? OTBET 0BOCHYWTE.

YTO Bbl Y3HA/IU HanuwuTe KOpoTKOe acce Ha paboyeM NUCTKe, UCNOSb3Ys
AaHHble KIoYeBble CroBa.

KniouyeBble cnoBa: eCKOPOCTb CBeTaeonbIT PéMepaeonbiT Pusoe

MpoBepbTe CBOM 3HaHUSA

1. Mo4yemy gonroe BpeMsi N3MepUTb CKOPOCTb PacnpoCcTpaHeHusl ceeTa Oblno HEBO3MOXHO?

2. O6bAcHUTE NepBOE UCCNeaoBaHWe, BbINOMHEHHOE ANsi ONpeaeneHnss CKOpoCTy cBeTa.

3. KakoBo mMakcvmManbHOe 3Ha4YeHne CKOPOCTU pacnpoCcTpaHeHnsi ceeta?

4. MbicneHHbIl 3KkcriepumMeHm: HabnoaaTenb NocbiNaeT CBETOBOW CUrHanM C NnasepHoi ycTa-
HOBKM, YCTAHOBINEHHON Ha Kpbille “MnameHHbIx 6aweHn” B Baky, Ha 3epkano, ycTaHOBMNEH-
Hoe Ha BeplmHe ropbl babapar. PacctoaHne mexay Habnogatenem v 3epkanom paBHO
234 xm. Yepes Kakon NpoOMEXyTOK BpeMeHu Habnogatens YBUAMT 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. CBet oT camoii 0.1u3Ko0l a-3Be31blI co3Be3nus LlenTaBpa noxoaur a0 3emu 3a 4,3
roaa. KakoBo paccrosinue 10 a-3Be3/1bI?

3. Ha pucyHke mpeacTaBjieHa cXeMa H3MeEpPeHHS] CKOPOCTH S\
cera MetoaoM Pémepa. B kakoii Touke HaxoauTcs 3emuis, —(®
KOrjaa 3aTMenue cnyTHuka Mo npoucxoaur ¢ ono3nannem? .

4. IToyueMy acTPOHOMBI, H3y4alolIye 3Be3/bl, TOBOPAT: “MbI O — .
u3ydyaem npoiioe 3se3n”? '

5. CostHe4HbIe JIy4YH NPOXOIAT paccTosinue 10 3emuin 3a 8
MHHYT. Morim Jin MbI yBHAeTh Bocxoa CostHIa Ha 8 MUHYT pam;mﬂc.lm CBET
pacnpocTpaHsJicsi MTHOBEHHO?

6. CpaBHHUTE CKOPOCTH pacnipocTpaHeHus cBeTa B Toukax 1,2 u 3. 0311
Avs>v >0, B>, >0 QOuvy=u0v3>0
) 3 1 2 ) 3 2 1 ) 1 3 2 CreKio
Dvy=03<0, Eyvy=u03=1,
Boszayx

J Ba 3 ¢ eToB nieHus ©




m 3AKOH OTPAXEHWUA CBETA

BceM 1M3BECTHO, YTO B SICHBIV CONTHEYHbIV AEHb MpU
MOMOLLM 3epKaria MOXHO 3amyCTUTb Ha CTEHbI, MO
WIN NMOTOJOK “CONMHEYHbIN 3an4mK’.

’ ¢ Y10 siBNAieTcs NpUYNHON BO3HUKHOBEHUA
“coNIHeYHOro 3amumka”?

Mpy co3epLuaHnm NPou3BeAEeHN XYA0XKHUKA Hac
0YapOBbLIBAIOT N306pPaXKEHME U LIBETA KPACOK.

’ e Bceraa nu nsobpaxeHHoe Ha XyA0XeCTBEHHOM Mo-
NOTHE KaXeTCsl HaM ICHO BUOUMbIM?
e PaccmaTpuBasi NonoTHO NoA pasHbIMU yrinamu, Mbl
BOCMpPMHMMaEM LiBeTa KPacoK TO SIPKUMU U
CBepKalLWMMU, TO TYCKNbIMU U MyTHbIMU. Moyemy?

e

Kak oTpaxaeTtcs cBeT oT 3epkana?

O6opynoBaHue: NpsIMOYrofbHbIA KYCOK KapToHa, Mapkep, nu-

Helnka, nasepHbI PoHapb, NNOCKOe 3epkaro.

Xopa nccnegoBaHus:

1. B cpegHen yacTu kapToHa nNpoBeauTe NepneHauKynsapHy npe-
PbIBUCTYHO NIMHUIO K OLHOW M3 €ro CTOPOH.

2. CorHyB kpasi kapToHa NoA NpsMbIM YIIoM, Kak nokasaHo Ha pUCyHKe, Mo-

MEeCTWUTE ero Ha MOBEpPXHOCTb 3epkana Tak, YTobbl MpepbIBUCTas NUHUSA
6bina HanpaeneHa NnepneHanKyNspHO K MOBEPXHOCTM 3epkana (a).

3. HanpaBbTe nyy nasepa B TOUKY KacaHusi NeprneHanKynsipa ¢ 3epkanom BOOSb NOBEPX-
HOCTW kapToHa. O6paTuTe BHUMaHMe, Kak fyy oTpaxkaeTcsa OT 3epkana.

4. MpocneauTe, Kak U3MEHAETCSA Yron Mexay OTPaXXeHHbIM OT 3epKarna Ny4yoMm v nepnex-
OVIKYNApOM (Yron oTpaXeHusi) C U3MeHeHUeM yrna Mexay nagarLiyM Ha NoBEPXHOCTb
3epKana fny4yom 1 nepneHamKynsapom (yron nageHus).

O6cyauTte pesynbrar:

e MOXHO nn ckasaTb, YTO NagatoLWMi Ny4d, OTPAXKEHHbIA NyY U NepPneHAMKynsap, npose-
OEHHBIN OT TOYKU NaJeHUs fyya K MOBEPXHOCTH, nexar B O4HON MrocKocTu?

¢ Kakasi cBsi3b HabntogaeTca Mexay nagarLiyM Yriom o, U OTPaXKeHHbIM yriiom B?

o K kakomy obobLyatoliemy BbiBOAY NPUBOAUT HAbMNogeHMe SBNEHUS OTPaXKeHNst cBeTa
OT MocKoro 3epkana?

C. baxnynsage. “OblHK”

IMouemy MbI BUAMM Te10? MBI BUIHM TENO OJaroaaps oTpa
Ha HEero cBeTa. PasHbie Teaa OTPaXKaKOT CBET TOXKE MO-Pa3HOMY.
BEPXHOCTD IIOCKOT0 3epKasia MapauieibHbIC TyUYH CBETA OTP@KA

B rjia3, 1 Mbl BUIUM B 3€pKaJIC 1/1306pa>1<eH1/1e HNCTQUYHHK

JIUTCS B TOUKax 2 U 3, n300paskeHre UCTOUHHKA
YTO OTPA’KECHHBIE JIy4Hd B I11a3 He nonanaiot (b).
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Takoe oTpaxeHne Ha3bIBAETCS 3ePKATbHbIM  (b) 9
ompadicenuem. OTpaxkeHHe JIydel cBeTa OT He- é 4
TIOJIBFYKHOM TIOBEPXHOCTH BOJIBI TAKKE SBIISIET- 3
sl 3epKaIbHBIM OTPAKEHHUEM ().

[Ipu magerny nmapasieNsHBIX JTydeil cBeTa
Ha IMIEpOXOBAaTyI0 IOBEPXHOCTh Tella OTpa-
JKEHHBIE OT Hee JIyYHl PacCeMBaroTCs B pa3HbIX
HarnpaBlieHUsX. Takoe OTpakeHHe JIyueil OT
TIOBEPXHOCTH Teja Ha3bIBaeTCs Oupysnvim
ompaoiceHuem WA pacceusanuem ayyei (d).
Habmogaemas Ha MOBEpXHOCTH MOPS “ITyHHASI
nopoxka”  sBisiercs  auddy3HBIM pacceu-
BaHHEM CBeTa (€).

Kakomy 3axkoHy moguMHsieTCsl OTpaske-
Hue cBeta? [lo uToram MpoOBENEHHOIO HC-
CIIE/IOBAHU /10 ONPEICICHHUIO 3aKOHA OMPa- ()

HCeHUsl ceema BBl BBIABUIIN. HepHeHm(yngps HpOBe;[eI-H-H,ﬁ/'I

o [ladarowuii y4, OmMpadceHHvld Y4 U \ K TPaHUIIE pasjeNa IBYX cpejl
NEPREHOUKYIISP, NPOBEOEHHDIIL K MOoUKe naoe-

HUSL 1yua, 1excam 6 0OHOU NAOCKOCmU. Y2on Vron i

naoenus pasen yeny ompagicenus: f = a (f). najenus | Vrox otpa-
Tadarowuti iyu — 9510 7y, TAJAIONIAN B oI~ [Tanaionuit ' KEHHS )

PEACIIEHHYI0 TOYKY IOBEPXHOCTH 3epKajia or V4 = OrtpaxeHHbIH

WCTOYHHKA CBETA, & OMPAIICEHHbIN Y4 — 3TO ;B. vy

JIy4, OTPAXKEHHBIN OT 3TOM TOUKH.

Yron Mexay MmajaroliuM JIy4oM U Tep-
MIEHIUKYJISIPOM Ha3bIBACTCS V2loM NAOeHUs.
(yeon o), a yroi MeXIy OTPaKEHHBIM JIy9OM W 3THUM K€ IMEPIEeHIUKYISIPOM Ha-
3BIBACTCS V2ioM ompaxcenust (V2o f3).

[Inockoe 3epkano

TBOp'-IECKOG nMpUuMeHeHue ‘

2 Onucanue npubopa. Onmu-

. ueckuil OUCK — 9MO Kpyenas
O6opyaoBaHue: ONTUYECKUI ONUCK,
niacmuHa ¢ HAHEeCeHHbIMU HA
nnockoe 3epkaro.

Hee beﬂeyumu. ﬂeﬂenuﬂ npo-
Xoa uccnegoBaHuA:

2Padyupos8amsvl no coomeem-
1. 3akpenuTe nnockoe 3epkano B
cmeyrowum yeram. Ha kpaio (h)
LlEHTPe ONTUYECKOro AMcKa U Ha- 0
- UucKa 3aKkpenjien UCmMmo4HuK
npaBbTe UCXOASILLNIA U3 UCTOYHMKA .
ceema, KOmopbvlu MOMCHO ne-
cBeTa Ny4 B LIEHTp 3epkana Tak,
pemeujams. Mcmounux ucnyc-
4TOGbI Yron nagaHus 6bin paBeH .
o xaem y3xkuti nyuox ceéema (h).
30°. OnpepenuTe yron oTpaxeHus
nyva.
2. [iBuras ICTOYHUK CBETA BOOJIb ONTUYECKOIO AUCKa onpeaenvTe yribl
cooTBeTcTBYHOWME 45°, 50°, 60° 1 gpyrMm 3Ha4YeHusaM yrna nageHus

O6cyauTe pesynbTarT:
e K kakum BbIBOAAM NpUBENY NPOBEEHHbIE OMNbIThI?

GPhaxe




YTO Bbl Y3HA/U © 3anuwuTe B paboyem nMCTKe onpegeneHve “3akoHa oTpa-
)XeHusi cBeTa” U BMECTO TOYEK Ha cxeme OoTMeTbTe npuBe-
OEeHHble HWXe KIYyeBble CrioBa.

KnioyeBble crnoBa: ¢ Magatowmm nyy ¢ OTpakeHHbIN Ny4 e Yron nageHus e
Yron otpaxeHus ¢ MepneHAuKyNsAp, NPoBeAeHHbIN K TOYKe NageHus o

i

MpoBepbTe CBOU 3HaHUA

1. Yem oTnnyaeTcs 3epkarnbHoe oTpaxeHne cBeTa OT Andy3HOro OTpaxeHmsa?
2. ConHeyYHbIN Ny4, NagatrLLmin Ha MOBEPXHOCTL 3epkana, obpasyeT ¢ Heto yron §=46° (k).
OnpepenuTe yron oTpaxXKeHus ny4a ot 3epkana.

(k)

3. Yron mexay naatoLLmm fy4oM U OTpakeHHbIM Jiydom paseH 80°. OnpeaenuTe yron nageHus.
4. MepeyepTute OaHHblE PUCYHKM HA paboymnii NIMCTOK 1 Ha KaXA0M PUCYHKE MOCTPOiiTe,
COOTBETCTBEHHO, NafaroLLMe UK OTPaXKEHHBIE JTyYn.

- L

WW‘WWL,

LN

RO
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m nOCTPOEHVIE M3OBPAXEHUA B NMNJIIOCKOM 3EPKAIJE

BepoATHo, Kaxablii AeHb nepeq BbIXOA0M U3 AoMa Bbl paccMmaTpu-
BaeTe B 3epKasie CBOe OTpaXkKeHue, NPUBOAUTE B MOPSAOK oAexay U

BOJ10OCbI.

Y ¢

Bawe usobpaxeHue?

e KakoBO COOTHOLUEHME MeXAy BallMMKn pasMepamMu 1
pasmepamu Baluero 3o6paxeHus B sepkane?

e Kakne pasnuuus HabnoaarTcAa Mexay BaMu U Baluum
oTpaxeHuem (M306paxeHnem) B 3epkane?
© e Tne v Ha kakoMm paccTosiHUM OT 3epKarna nosyyaeTcs

e

I'ae nonyyaeTtcs nsobpaxeHue Tena?
O6opynoBaHue: cBeya (2 wrT.), BepTU-
KanbHO 3aKpenneHHas B LUTaTUBe CTEKMSAH-
Has nnacTuvHa, 3axwuranka, NMHeRnka, Ka-
paHpaw, 6ymara (dopmat A3).

Xon uccnepoBaHus: 1. Nomectute 3ax-

XEHHYI0 cBevy Ha Gymare nepepn CTeKnsH-

HOW nNnacTuHon. B cTekne, kak 1 B 3epkarne,

HabntogaeTcsa nsobpaxeHve ceeun (a).

2. HesaxokeHHyl0 cBeuy nepemellante ¢

APYrovi CTOPOHbI NACTUHKN BAOMb MUHENKM

[0 Tex nop, noka oHa He COBMECTUTCSH C

nsobpaxennem (b). 3. 3apucyiite cxemy

onbiTa B paboyem nuctke W, nsMepus

pacCTOsHMA OT CTeKna A0 HE3aXOKEHHOMN M

3a)NOKEHHOW CBeY, 3anuwinTe UX Ha cxeme

(c).

O6cyauTe pe3ynbTar:

e B kakom nonoxeHun 3a CTEKNSHHON
NnacTMHON He3axokeHHast cBeva Gyder
BMOHA KaK 3a)okeHHan?

e Kakoe COOTHOLLEHWNE YCTaHOBUMN MeXay
PacCTOAHNSAMM OT CTEKISIHHOW NNacTWHbI
[10 HE3a)OKEHHOW U 3axokeHHoW cBeYy?

o K kakoMy BbIBOZly MOXXHO NPUIATM NO UTOram
nccnegoBaHnusa Mo MomnyyeHuo  13obpa-
)KEHWS Tena B CTEKIMAHHOW NracTuHe?

Kak mosryyaercs n3o0pa:keHue B IUI0CKOM 3epkaJjie?
* 3epkano ¢ n10CKOU HOGEPXHOCMbIO HA3bIGACMCS NIIOCKUM

(c)

STHEE OT TIpeAMeTa II0 3epKaia o0o3HadaeTcss OyKBoH d,

sKeHust 10 3epkana Oyksoit f(d). [TlocTtpoenue n3odpaxeHu
HOBBIBACTCS HA 3aKOHE OTpaXkeHHs cBeTa. Tak, mpu




KOTO 3€pKajia mn JUBEPTEeHTHBIX (pacxojs-
mmxcst) aydeir 1, 2 m 3 OT TOYEUHOro HC-
TOYHHKA CBETa S OHH OTPAXKAKOTCS OT TOUEK
TMa/IeHNsI, COOTBETCTBEHHO, B HAIpPaBICHUH
myqeit 1', 2" u 3'. HabmogaTens BUIUT 1300-
paKEHHE MCTOYHUKA S, €CIU OTPaKCHHBIN
JIy4 TOTaJaeT B €ro IJias.

Ortpaxennsie qyun 1’, 2" u 3’ ot 3epkana

TIOTAJIAI0T B TJIa3a HaOIII0IaTeNsl, OJTHAKO EMY

S’ KaXETCSI, YTO ITU JIy4d BBIXOJIAT HE W3 Ha-

CTOSILIEr0 UCTOYHMKA, a U3 TOUKH S', HaX01s1-

HIHCS 32 3epKaIoM. ITa TOYKa MPECTABISIET COO0M TOUKY MepeceveHust POIOIDKEHUS

OTpaXEHHBIX JIydel 3a 3epkasioM. [1oaToMy Touka S', M3 KOTOpO#i JIy4r CBETa B JICHCTBU-
TENBHOCTHU HE BBIXOJISIT, HA3bIBACTCS MHUMbIM U300padiceHuem TOUKU S (cM.: d).

* Muumoe uzobpascenue — smo u3oopadicenue, noayuaemoe nepecedeHuem npo-
Oosicenuti ompaoicennvix aydeti. B “VccnemoBannu-1" BB ONpeneuim CBONCTBA
TUIOCKOTO 3epKajia, IPUBeIeHHbIE HIDKE:

— B TNIOCKOM 3€pKaJie MOJy4aeTcsi MHUMOE N300paKeHUE TIPEAMETa;

— MHAMOE H300pakeHHe MpeIMETa B IIIOCKOM 3epKaJjie PSIMOe i IMEET pa3Mephl

caMoro MpeaMeTa;

— TpeAMET M ero HM300paKCHHE PACIOJIOKEHBI CHMMETPHUYHO OTHOCUTEIHHO
TUTOCKOTO 3epkaina. PaccTostHue oT mpeaMmeTa 70 3epKaia paBHO PAacCTOSHUIO
oT m3o0pakeHus 1o 3epkana (f=d).

Kak onpenessiercst o0/1acTh BUIeHHs W300paskeHUs NMpeAMeTa B MJIOCKOM
3epkaje? Obracmov HPOCMPAHCIEA, 8 KOMOPOU MOICHO BUOemb U300padceHue
npeomema 6 NIOCKUM 3epKaie, Hazvieaemcs obnacmoio udenus. [lomHoe MEIMOE
n300paXkeHue MpeIMeTa BUAHO [JIa30M U3 MPOU3BOIBHOM TOYKH 00JIaCTH BUACHHUSL.
Ha pucynke npencrasnena cxema npeamera AB u miockoro 3epkana (). s onpe-
JIEJTICHYSI BUTUMOM 00JIaCTH 3TOTO IIpeIMeTa CHavala U3 TOYKH A K KpaitHUM TOYKaM
3epkaia N u M nposoasatcs iyun AN u AM. OTH JIydd JUBEPreHTHO OTPAXKAIOTCS
OT KpailHMX TOYEK 3epKajia M CO3/1alT BuauMyto o0acte ONM n300paxkeHus To4-
ku A. Ilpu pacronoxeHuu ria3a B MPOU3BOJIBLHONW TOYKE 3TON 001acTH OH OyneT
BUJIETh MHUMOE n300paxenune A’ Touku A (). [anee Tem ke crmocoOOM CTpOUTCS
BUAMMast 00sacTh Touku B (9). O6macte ZNMK, co3manHasi STHMHA IBYyMS TOUKAMH,
€CTh B LIEJIOM BUAMMAs TUIOIIA b MHUMOTO n300paxeHust A'B’ npenmera AB (h).

(e) (f) (9) (h)

P NS ]
WilLLLIDLL1]

V'
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Kak moxHO ompeneanTes 00JIaCTh BHACHHA (i)
rjia3a, CMOTPSIIIIEro HA MI0CcKoe 3epkano? C 3Toit
LEJBIO TJ1a3 MPUHUMAETCS 38 TOYSUHBIH MCTOYHHK
CBETa, U3 3TOM TOUKU IIPOBOSTCS /1Ba Jy4a K Kpail-
HUM TOuYKaM 3epkaia. [Iiomans, oxBareiBaemas otT-
PaXXEHHBIMHM OT 3THX TOYEK Jy4yaMH, CO3/1aeT BH-
JUMYIO TJ1a30M 00acTh (Ha cxeme MOoKa3aHa Kell-
TBIM 11BeToM) (i). IIponsBonbHas ToUka (Wi TIpe-
MET), MOMEIIeHHasi B 3TOH 00JacTH, OyAeT BUAU-
MOH, a IMOMEIIeHHas 3a NpeAeiIaMu BHIMMOM 00-
JIACTH TOYKa OyJeT HEBUANMOM.

Budumas o6racmov

TBOp‘leCKOG nMpUuMeHeHue

Kakas Touka BugHa?
Kakas n3 Touek 1, 2, 3 n 4 6yaet BuaHa B MIOCKOM
3epkane M, ecrniu cmoTtpeTb 13 Touku K (n)? Ke

2e M

(

OTBeT 06OCHYITE CXEMaTUYECKMU.

e

YTO Bbl Y3HANU . » NMocTponTe Ha pabovem NUCTKe M3obpaxkeHne NPOU3BOSILHOWN
CTpenku B NSIOCKOM 3epKare U OTMeTbTe flaHHbIe KIloYeBble
CIIOBa Ha HeM.
Knro4yeBble cnoBa: ®* MHUMOE M306pa)KEHVIe ®* NJQIOCKOEe 3epKarno * Bugnmasn
nnowaanb M306pa)l(eHVISI * BUuagnmMmasa nnowaab rrnasa ®

MpoBepbTe cBOM 3HAHUA

1. MNoyemy B NNOCKOM 3epkarne nonyvyaeTcs MHMMOe nsobpaxeHue Tena?
2. Ha pucyHke npeacraBneHa nomeLleHHas

nepen NrockuM 3epkanom Basa u V
UCXOLALLME OT €€ KpaHMX TOYEK NyYMm.

HauepTtute npogomkenne nyyen. MoxHo nm

Oynet yBugeTb MHUMOe n3obpaxeHue Basbl?

3. CKOMbKO MUHMMArbHO fTy4e AOMKHO
MCXOAMUTb OT TOYEYHOrO UCTOYHMKA CBETAa,
4yTOObI MONY4UTL €ro M306paxeHue B
nnockom 3epkane? MNMoyemy?

4. PaccTosiHne mexagy npeaMeToM 1 MIoCKnM
3epkanom paBHo 2 M. KakoBo paccTosiHue
Mexay 3TMM TenoM U ero n3obpaxeHnem?
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M3rotoBnM 3epKanbHbIA Nepuckon.

lMnockoe 3epkano ncnonb3yeTcs B yc-
TponcTBe nepckona — npucnocobne-
HUKM Ans HabnogeHnsa 3a npegMeTamm
n3 ykpbiTus (Npu HabnwogeHusax us
TpaHwewn, m3-nog Tonwm Bogbl) (a).
MsrotoBum 31O NpmucnocobrneHune.

O6opyaoBaHue: NIOTHbIA NNCT
KapToHa pasmepamu 32x50 cm, aBa
NIOCKMX 3epkana pasmepamu 6x10 cm, TETpagHbIN NUCT B KNETKY, HOXHULLbI,
KapaHaall, NIMHenKa, CKOTu.

Xop nccnepoBaHuA:

1. HauepTuTe Ha NOBEPXHOCTU KapTOHa C NMOMOLLbIO JIMHEWKN YeTbipe napannernb-
Hble NPEepPbIBMUCTbIE NIMHUN HA PacCTosiHMM 8 CM Opyr OT Apyra. 3aTtem caenanTe
B KApTOHEe, KaK NoKa3aHO Ha PUCYHKe, ABa CKBO3HbIX NMPSIMOYrOfIbHbIX OTBEPCTUS
(b).

2. BblpexbTe 13 nucta B KNeTKy NpsiMOYroSibHbI paBHOOEAPEHHbIV TPEYronbHUK

(anvHa kateta 6 cm). [NonoXxuTe TPeyronbHMK Ha MOBEPXHOCTb KapTOHa, U B
yeTblpex MecTax nposeaunTe nu-
HUX NO AmaroHanu. 3aTem npo- (b)
JenanTte B KapTOHe y3Kkue Lenu
no aTum guaroHanamun. CnoxumTe
KapTOH MO MpepbIBUCTbIM fNHK-
AM U MOnyYeHHy  “waxty”
CKNenTe CKOTYEM.

3. NomecTuTe 3epkana B COOTBET-
cTBylowwme wenu. MNMepuckon ro-
ToB. Pacnonoxute nepuckon 3a
Kakum-nmbo npensitctBueM (Ha-
npvmMep, 3a cagoBbiM 3abopom,
NOAOKOHHMKOM 1 ap.). MNpoBeau-
Te HabntogeHve 4epes oKynsip
(Mpnbnnsme rnas K OTBEPCTUIO B
HWXKHEWN YacTu), BbICTaBMB O0b-
eKTMB (BEPXHIO YacTb) nepu-
cKkoMna Bblle MpensTcTBus, WU
npoBepbTe, paboTaeT nu oH (c).
[MpuHecnTe M3roTOBMNEHHLIN ne-
pucKon B Knacc.




1. Kakum go1:6€H ObITH yIoJ
najgeHusi, 4YTo0bI YroJ
MEKAY OTpPaKeHHbIM JIy-
YOM U MAJAI0LIHM Jy40M
coctaBu 50°?

2. Kakue TOYKH YBUAUT B
IJIOCKOM 3epKaJie rJjia3
u3 Touku N?
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3. BoiGepuTe BepHbIe
CY3K/IEHMSI 0 TIOJTy4eHHBIX
B IJIOCKOM 3epKaJie
H300paskeHUSIX NpeaMeTa.

1 — nelficTBUTENBHOE;

2 — MHHMMOE;

3 —paBHBIM pa3Mepy
peaMeTa;

4 — npsmoe;

5 — obparHoe;

6 — m300pakeHNE U TPEAMET
CUMMETPHYHBI OTHOCH-
TEJBHO 3epKaa.

4. Ilocrpoiite u3odpaxenue npeamer AB cHayana B
TUIOCKOM 3epKkaie 1, a 3aTeM OT MOJIy4eHHOT 0 H300-
pajkeHHMs] MPOCTPoiiTe H300pakeHHe B IJIOCKOM
3epkaJie 2. Kakoii Bua 0yaeT uMeTh MpeAMeT mocjae
oTpa:keHus ot 3epkana 2? Hapucyiite cxemy mo-
JIy4eHHOT'0 H300pasKeHMsl.

1

45°

2
5. Ha xakoM u3 NMPUBEACHHLIX HUKE PUCYHKOB IJi1a3

u3 Touku O YBUANT B IUVIOCKOM 3epKaJje mpeaMer
AB noaHocthi0? OTBeT 000CHYiiTe cxeMaTH-
YeCKH.

3eprano 3epkano 3eprano
i O i O Do O ;
A 1 A 2 B A 3 B

6. B xakoM HampaB/JeHUM U HA CKOJBKO I'PaayCcoB
HEe00XO0MMO NMOBEPHYTH ILJIOCKOE 3ePKAaJI0 BOKPYT
ToYkH O TaK, YTOObI NAJAIOLINI JIYY OTPA3UIICH B
TOM e HANPABJICHUH?

A) B HanpaBienuu 2 Ha 30°
B) B nHanpaBnenun 2 Ha 60°
C) B HampaBieHny 2 Ha 45°
D) B nanpasnenun 1 na 30°
E) B nHanpasnennu 1 Ha 60°

J Ba 3 ¢
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CaeT hap aBTOMOOUNSA HA BCTPEYHOWN NOSoce ocrennseT
Hac Ha pacctosHun 70—-100 m. OagHako, ecnv usBneYvb
NlamMnoYKy M3 3ToN chapbl Nammbl U BKIOYUTL BHE (hapsl,
CBET OT HEE pas3nMyaeTcs Ha paccTosiHUK 2—3 METPOB.

e YTo ycunueaet 1 npugaeT onpeaeneHHoe
’ HanpaeBrieHne CBETOBbIM Jly4yaM UCNOJIb3yeMbIX
no Beyepam UCTOYHUKOB CBeTa, B TOM Yucne B
@ aBTOMOGMNBHBIX (hapax, KapMaHHbIX hOHaPSX,

CCDEPVI‘-IECKOE 3EPKAIIO

NpoXeKTopax U Masikax?

Hapsny ¢ mnocknmu 3epkajiaMu CyIIECTBYIOT U cepruiecKne 3epKajia. 3epKaib-
HASl NOBEPXHOCTND, UMEIOWASL BUO CeeMeHma cghepul, HA3bIBAEMCs CheputecKum 3ep-

Kajiom.

Cdepurueckue 3epkana ObIBaIOT ABYX BUOB: 60CHYMbIE U GbINYKIIbIE.
Boenymoe cepuuecroe 3eprano — amo 3epkano, ompasicaiowee ayuu ceema ¢

(a)

T
(0]
(b) :
T
2 O
(c)
Onmuyeckas
och
T hasnasn
onmuye-
CKast OCb
0"~
Onmuqecmlj\

0oCb

kana v obo3Hauvaercs OykBoit F (d). I'maBHbI# ¢
TEJIbHBINA, TOTOMY YTO B 3TOH TOYKE Mepecexa

TyYH.
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BHYMpeHHell NOBEPXHOCTU Cheputeckoeo ceemenma (a).

Buinyknoe cghepuueckoe 3epkanro — 3mo 3epraio,
pacceugarowee yuU c8ema C BHEUHel HOBEPXHOCMU
cehepuueckoeo ceemenma (b).

Cdepuueckoe 3epkano XapaKTepU3yeTCs HIDKEIPH-
BEJICHHBIMH SJIEMEHTaMHU:

o [Jenmp cghepol, u3 KOMopozo gvipe3an cecmenm, Ha-
3b186AEeMCs ONMUYECKUM UEHMPOM CPepuieckozo 3epra-
na. Ha pucyHke onTHYECKHil HEHTp Moka3aH Toukoi O (¢).

* Bepwuna ceemenma (mouxa T) nazvieaemcs nonro-
com cghepuneckozo 3eprana.

* Paccmosinue medxncoy onmuiecKkum yenmpom u eep-
WUHOU 3ePKAa A8IAeMCA paouycom KpUsU3Hsl cghepute-
CK020 3epkana u oboznauaemcs 6yxeou R.

* [Ipouseonvras npsamas tunus, npoxooswas uepes on-
MUYecKull YyeHmp, Ha3vleaemcsi ORMUYECKoll ocvlo cghe-
puneckozo 3epkana. Y CQEpHUECcKOro 3epKajia ONTHYe-
CKUX OCEH MHOTO, OJTHAKO, TOJILKO OJIHY U3 ONTHUYECKUX
OCey IPUHATO HA3BIBATh 2IABHOU ONMUYECKOU OCHIO.

« Ilpamas nunus, npoxooswas uepe3 ONMUYECK
yenmp cghepuneckozo 3epKana u e2o nouc, Hazvl
21A6HOT ORMUYECKOIL OCbIO. Y

» Touka nepeceuenus ompagxceH
IOWUX NApaiiebHo 2lasHOU on
4ecKko20 3epKana, Ha3vlea




IIpu nanenuu ayyelt cBera napajyuiebHO
IJIaBHOM OINTHYECKOM OCHM Ha MOBEPXHOCTH (d)
BBIIIYKJIOTO 3€pKajia OTPaKEHHbBIE JIy4U pac- F A\
ceuBaroTcs. [IpoaomKkeHns OTPasKEHHBIX JIy- y |
yell MepeceKaroTCsl B ONPEACIEHHON TOUKe, 1

1O

PacIooKeHHOI 3a 3epKaJIoM. >
DTa TOYKAa Ha3bIBACTCS 2NABHBIM (DOKY- 3

com evinyknoeo sepxana (¢). [ maBHbIH hokyc

BBITTYKJIOTO 3€pKajia MHUMBIN, TIOTOMY YTO B "

3TOM TOYKE MEpPECceKaroTCsi HE CaMH OTpa- R —.1‘

JKEHHBIE OT 3epKalia JIyYH, a UX MpOJoJIKe-
HHAL (e) _.5

* [Inockocms, npoxooswas yepe3 mouxy
2NA6HO20 (hOKYCa NEPREeHOUKVIAPHO 2NABHOT
onmuyeckutl ocu, HA3bl6aemcs QOoKaIbHO | F o
niaockocmuio 3epkana. Touka NepecedyeHus 7
BCEX ONTHYECKUX Oced C (OKaIbHOM ILIOC-

KOCTBIO SIBIIsIETCS] (POKYCOM 3epKaja OTHOCH-
TEJIBHO 3TOH OCH.

* Paccmosinue om enagnozo ¢hoxyca 0o
sepuunbl 3eprana (paccmosinue FT) naszvi-
eaemcs POKYCHbIM paccmosaHuem 3epkaia  Cdepuueckoe ep-
u obosnavaemcs kax F. Omo paccmosanue xano — pedmekrop
PABHO NONOGUHE PAOUYCca KPUBU3Hbl chepu-

(f) Cxema cBeyveHus
aBTOMOOUNbHOMN

capbl

=

yecKkoeo 3epkana: E‘
R 3

F=— - =

2 5

IIpakTnyeckoe ucnoab3oBanue cepu- Z
YyecKUX 3epkaj. Ha mnpakTtuke Hamboiee §
4acTO MCIOJIb3YIOTCS BOTHYTHIE Chepudec- — %
KHC 3C€pKajia. 3TI/I 3CpKajia UCIIOJIb3YIOTCS B E
OCHOBHOM [JI1 IOJYYCHHA IapajlsICIbHbIX 5
Jydel WIH C TeNbI0 CPOKYCHPOBATH Mapai- _S. §

JIeNbHBIC JTy4d. J[j1st mosyueHus napamieib-
HBIX Jy4el JlaMIy moMeniaroT B OoKyc BOTHyTOro 3epkaia. CBeT, UCXOSIIUIA OT
HATHA HaKaJMBaHUS JIAMITBI, Ha3bIBaeMOW peghiekmopom (CiIoBo “pegrexmop”
O3HAYaeT “‘ompadnxcaowuii’), OTPaXKAETCsI OT BOTHYTOTO 3epKajia MapalieabHO €ro
TJIABHOW ONTHYECKOH OCH. DTO CBOMCTBO 3epKaa HCIOIb3yeTCs] B aBTOMOOMIIBH
¢apax, kapMaHHBIX (poHAPAX, Maskax u nmpoekropax (f).

Wuorna Bo3HHKAaeT HEOOXOIUMOCTh C(HOKYCHPOBaTh (COOPaTh) ATOTIHC
payensHbie Jiyud. Kak BBl 3HaeTe, MapajulelIbHO MalalollrcgHa
cobuparoTes B ero okyce. IT0 CBOHCTBO BOTHYTOT'O
meneckone-peghiexmope.

Teneckon — 310 PUOOP, UCMIOTIB3YEMBIN ISl HA
JKCHHBIMU HEOCCHBIMU TeJIaMH (3BE3/1aMUg MIIaHETa




Ha pucynke npencrasnen Teneckon LllamaxuHcko# acTpoduzmueckoit odcepsa-
TOPHH C TUaMeTpOM pediekTopa B 2 M U cxeMa IPOXOXKISHHS JIydeH B HeM (9).

‘ (9)

1JIlyuu cBeta

TBOp‘IeCKOE npumMeHeHune

i UccnepoBaHue .

MpocneauTe 3a ABNEHNEM OTpaXeHuUs

cBeTa B cchepmyecKoM 3epkane.

O6opyaoBaHue: ONTUYECKUIA OUCK

Xopa uccnenoBaHUsA: : =

1. NomMecTnTe BOrHyTOE 3€pKarno B LEeHTp onTudeckoro 7. 9 . 5
AWCKa M HanpaBbTe Ha Hero HeCKOMNbKO
napannernbHblX Ny4yen OT UCTOYHUKA CBeTa.
[iBurasi MICTOYHMK CBETa NO Kpato AMCKa, OTPerynupynte ero Tak, 4yTobbl cpegHuin 13
OTPaXEHHbIX fy4yei OTPasuncs B HaMpaBreHWU NMPOTVBOMOMOXHO Majatoliemy nydy
(180°). OBbpaTnTe BHUMAHWNE Ha TOUKY NepeceveHns KpaHux napannenbHbix nyye (h).

2. NoBTOpUTE OMBIT C BbIMYKIbIM 3€PKanom: MOMECTMB 3epKaro B LIEHTpe AMCKa, HanpaBbTe
Ha Hero HecKonbKO napannenbHbiX nyden. ObpaTute BHMMaHWe Ha HanpasreHne pac-
MPOCTPaHEHWSA Ny4el, OTPaXKEHHbIX BAOIb MIaBHON onTuyeckon ocu 3epkana (k).

O6cyauTte pesynbTar:

¢ B kakom HanpaBneHun oTpaxaeTcs Nyy, NagaroLwmin BAOSb rMaBHOW ONTUYECKOW OCh
BOMHYTOrO 1 BbINYKIOro 3epkan?

e Kakas 3akoHOMepHOCTb HabniogaeTcs B HanpaBiieHWM AanbHelLero pacnpocTpa-
HEeHUs nNapannensHO NagalLMX Ha NOBEPXHOCTL CHEPUYECKOro 3epkano ny4en noc-
ne nx oTpaxeHuns?

YTO Bbl Y3HAU * Ucnonb3ys AaHHbIe KNOYeBbie CIIOBa, HaNULWKUTe Ha
pabouyem nucTke KpaTkue 06 bLACHEHUS.

KnioueBble croBa: e chepuyeckoe 3epKarno e BOrHyToe 3epKano e Bbl-
nyknoe 3epkKarioerfniaBHas onTMYecKasa OCb e rnmaBHbIN (POKYC 3epKana e
dhoKkanbHas NIOCKOCTL e paguyc KPpUBU3HLI © (hOKYCHOE pacCTOsAHUE e
pedhnekTop e Teneckon e

.

1. Kakas Touka B BOrHyTOM 3epkane Ha3blBaeTcs ero gokycom?
2. Kakas To4ka B BbIMYKIIOM 3epKane Ha3biBaeTcs ero gokycom?
3. F'oe ncnonb3yeTcs BOrHyToe 3epkano? Mpueeante npum
4. Ckonbko hOKYCHBIX TOYEK MMEET cchepuyeckoe 3epkano?
5. MoaroToBbTe KpaTkoe CoobLLeHME O Teneckone-p&RsiekTope

Yyeckoin 06cepBaToOpMK, UCMOSb3YS MHTEPHET-PECY]]
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m I-IOCTPOEHVIE M3OBPAXEHUA B COEPUYECKOM 3EPKAIJE

e EcTb N1 pasHuua Mexay M306paxeHUsiMU, NoNy4YeHHble B NJIOCKOM U
cchepuyeckom 3epkanax?

o MHUMBIe Unu aencTBUTENbHbIE N300paXeHUA NpeameTa Nony4yarTcs B
BOrHYTOM 1 BbINyKNoM 3epkanax? Kak 3To MoXxHo onpeaenntb?

e Kak cTtpontca nsobpaxeHue npegmera B cpepmyeckom 3epkane?

3Hasi HampaBlieHHE MTPOM3BOJILHOTO OTPAKEHHOTO JIyda OT CHEpUIECKOro 3ep-
Kaja, MOXHO MOCTPOUTH n300paxeHue nodoro npeamera. C 3ToH HENbI0 CTPOSTCS
M300pakeHUsT KpaitHUX TOYeK mpeaMeTa. Berxoasmme u3 KpaitHUX TOYEK JIy4YH BbI-
OuMparoTCs Tak, 4TOOBI JIETKO OBLIO MPOBECTU MX OTPAaXKCHHBIE OT 3epkaa Jiyun. C
5TOH TOYKH 3pEHHs 171 HOCTPO-  (a)
eHus Mu300pakeHus KpaitHen
Touku Tena B ymoOHO BEIOpaTh
MIpUBeJIEHHBIE HIDKE TyuH (a): 1.
Jlyu 1, npoxoosawuii yepe3 on-
muyecKuli yenmp 3epkaia. IToT
Jyd, TPOXOAsS Uepe3 ONTHYe-
CKUW TIEHTp, BO3BpaIlaeTCsi B
TOM JK€ HAIlPaBJICHWH, B KAKOM
MajiaeT Ha TIOBEPXHOCTH 3epKa-
ma (myu 1'). 2. Jlyu 2, npoxo-
osiyuil wepes poxyc. DTOT Iyd
BO3BpAIAETCsl TMapauIeIbHO TIaBHOW omrmueckod ocu (ryu 2'). 3. Jlyu 3, na-
0arwull Ha MOYKY NOAIOCA 3ePKALA, OMPANCAEMCI 0T IMOU MOUKU CUMMEMPUYHO
(mya 3'). 4. Jlyu 4, napannenvuviii 21a6HOLU ORMUYECKOU OCU 3epKad. DTOT JIy4
MOCJIe OTPaXKEHUS TPOXOIUT uepe3 Pokyc 3epkana (Jryd 4').

Takum 06pa3om, Bce 3TH OTpaXEHHBIE JIYYH MPOXOIAT yepe3 TouKky B, sBisro-
uryrocst uzobpaxkeneM Touku B nmanHoro mpeamerta. [osToMy aist mpocTOTH MO-
CTPOCHHSI CXEMBI M300pa)KCHHsI JIOCTATOYHO HCIIONIB30BATh JIIOOBIC JBa JIy4a W3
MIPHUBEJICHHBIX BHIIIIE.

OTMmeTuM, 4TO M300paKEHUE KpaiHeW TOYKM A JaHHOTO MpeJMeTa, Haxo7s-
IIMecs Ha TJIABHOW ONTHYECKOW OCH, MOJyYaeTCsl TaKKe Ha TIIABHOM ONTHUYECKOH
ocu (Touka A') (cm.: a).

IHocTpoenne n300pakeHusi B BOTHYTOM 3epKaJjie. Bo Bcex ciyuasx, korna oTHO-
IIeHNE MEX/Iy PacCTOSHHUEM OT TpeAMeTa 10 3epKajia U (POKYyCHBIM PACCTOSHHEM CO-

craBiseT d > F, BorHyTOE 3epKaio Jaer NeliCTBUTENhHOE N300pakeHHne Tema, TI0TO

YTO M300paKeHHE TIONy4YaeTcss OT TEepecedeHrs] OTPaKEHHBIX nym’ eci p

CTOSTHHE OT TpeaMeTa JI0 3epKayia MeHbIe OKycHOro pacctosHus (d BO oe
qAGTCSI

3epKaJIo 1aeT MHUMOE M300paXkeHne, IIOTOMY 4TO H300paXkeHue Mpeame Ty
HE MePECEUCHUEM CAMHX OTPKECHHBIX JIyUeH, a HX TPOJIOJT 3a 3epRalioM
B msati ciydasx m3o0paxkeHue npeaMera B BOTH 3epKaNE AeHCTBATEILHOE,

B OJTHOM CJiy4dac Mmoj1y4acTCs MHUMBIM.



1. Ilpu pacnonoscenuu npedmema 6 beckoneurnocmu: d — oo. Jlyuu cBera, naja-
e u3 0eCKOHEYHOCTH, TPUHUMAIOTCS 33 TapalljiellbHble W OTPaKEHHBIE JTyYd
cobuparorcs B pokyce 3epkana: f=F.

2. Ilpu pacnonoocernuu npedmema 0aieKo 3a YeHMpPoOM Kpusu3sHol 3epraia; d>R.
JeiicTBUTENBHOE, IEPEBEPHYTOE U YMECHBIICHHOE U300paKeHUE TIOTy4aeTCs MEXKITY
LIEHTPOM KpUBH3HKI 3epkaiia u pokycom (R > f>F) (cm.: a).

3. Ilpu pacnonosicenuu npenmMera 6 yenmpe kpususivl sepxaia: d = R. JleficTBu-
TEJIbHOE, TIEPEBEPHYTOE W PABHOE IO BEJIMYMHE NpEAMETY H300pakeHue Moiy-
yaeTcs B IIEHTpe KpUBHU3HBI 3epKana (f=R).

4. Ilpu pacnonoscenuu ipeIMeTa mMexic-
0y YEHMPOM KPUBU3HbL 3ePKANA U POKYCOM:
R > d > F. HU3o0paxeHue moirydaeTcs
JEHCTBUTEIbHBIM, MEPEBEPHYTHIM, YBEIU-
YEHHBIM U PACIOJIOKEHO 3a IEHTPOM KpH-
Bu3HHI 3epkana (f > R) (b). 3necs ucmons-
30BaJIMCh J1Ba JTy4a, BHIXOJSAIINE M3 TOYKH
B: nepBbiil dy4, napauieabHbIA TJIaBHOU
ONTUYECKOU OCH, U BTOPOU Ty, MaJaroLui
Ha TOYKY ITOJIFOCA 3epKaa.

5. Ilpu pacnonoocenuu npeomema 6 go-
kyce: d = F. VI3o0paxeHne nonydyaercs B
oeckoneuHocTH: f —>o0.

6. Illpu pacnonosicenuu mena medxncoy
goxycom u moukou noaroca zepkana: d<F.
NzobpakeHne momyyaeTcs MHUMBIM, TpS-
MBIM, YBEIMYEHHBIM W PAaCIOIOXKEHO 32
3€pKaJIOM.

IocTpoenne u3odpaxeHusi B BBIIYKJIOM 3epkaje. Tak Kak BBITYKIOE 3€pKajio
MeeT MHUMBIE (DOKYC M IIEHTP KPUBHU3HBI, BO BCEX CITy4YasX HE3aBUCUMO OT PACCTOSHUS
MEXITy IPEIMETOM U 3€PKAJIOM W300paKeHHE MOTy4YaeTcst MPSMOE U YMEHBILICHHOE 32
3epKaioM (MHMMOE) U PacIoioKeHO MEXK Ty BEPIIMHOM 3epkaia u okycoM (c). 3aech
JUTSL TIOCTPOCHUS H300pakeHws IpenMera AB Takke HCIOIh30BAIKCH /IBA JIyda.

(b)

TBOP'-IECKOE npmMeHeHune

UccnepoBaHue

MNocTponTe n3obpaxeHue Tena B chepuyecKom 3epkarne.
Ha pucyHke npeacTaBneHbl CXeMbl YETbIPEX MPEAMETOB U cq)epmqec‘( 3epKax.

Mepepucyiite cxembl Ha paboyumin NMNCTOK U NOCTPONTE U306PaKeHN X 11p
THN WY BT
0 F / 0 F } F F

132




UccnepoBaHune

O6cyauTe pe3ynbTar:

¢ N306paxeHne kakoro npeameTa nonyynnocb AeNCTBUTENbHBIM, @ KAKOro — MHUMbIM?
Moyemy?

¢ ["Oe nony4yaetcs nsobpaxkeHne npeameTa B BbIMyKITOM 3epkane?

YTO Bbl Y3HA/IM MepenuwunTe AaHHbIe HA pabo4nii NUCTOK U 3aBepLUnTe UX
ANnA BorHyToro 3epkana: “Ecnmd -« ...”, “‘Ecnud >R .7,

‘Ecrmd =R ..”, “Ecrm R>d>F..", “Ecrmd = F.....”, “Ecrm d < F....”

MpoBepbTe cBOM 3HAHUA

1. Yem oTnuyaeTcsa nonydeHHOe B BOrHYTOM 3epkane AeWCTBUTENbHOE n3obpaxeHue oOT
MHUMOro?

2. MNoyemy BO Bcex cryyasix B BbIMyKIIOM 3epKare, HE3aBMCUMO OT PaCCTOSHUS MEXAY TENOM
1 3epkarnom, nonyyaeTcs MHUMoe n3obpaxeHme?

3. Kakue nyum ynobHo ncnonb3oBaTh A51s NOCTPOEHUS 300paxeHns B chepnyeckom 3epka-
ne? MNoyemy?

m nPEJ'IOMJ'IEHI/IE CBETA. 3AKOH NPENOMJIEHUAA CBETA

[Mpy HaknoHHOM MnomeLLe- . /
HUW KapaHAalla B CTakaH ¢ e [loyemy Teno Ha rpaHuuUe ABYX -l
BOZIOMN KaXeTcs, YTo Ha ® npo3spayHbIX cpea BManTCsA 4
rpaHuLie Bo3gyxa 1 BoAbl npenoMmneHHbIM?

OH CIIOMaH.

|

YTo npoucxomuT Npu nageHUn ceBeTa Ha
rpaHuuy ABYyX Npo3payHbIix cpea?
O6opyaoBaHue: Nnockasa nnacTMmaccoBasi
6enas nnacTuHa, akBapuym ¢ BOOOW, NMHENKa,
nasepHbiii poHapb, Monoko (50 rp), kapaHaaly.
Xopa uccnegoBaHuA:

1. Hanme monoko B akBapuyMm, fobeintech He-
KOTOPOro NOMYTHEHMWS1 BOAbI.

2. MpoBeguTe OT cepeanHe NNacTUHbI MPEPbLIBUCTYHO NIUHUIO, nepneH,qMKMHo 4
CTOpoHaMm. 3aTeM onycTuTe NnacTuHy B akBapuym Tak, 4TOObl NpepbIBu TNVH
Obina nepneHavKynsapHa NoBEpPXHOCTM Boabl (a).

3. HanpaBbTe nasepHblili nyd BOOMb NACTUHbI B TOYKY COMPUKOCHOBEHUS NEp Kyn

eé

4. MNpocneguTe, Kak U3MEHSAETCS yron mexay Hanpas.
BoAe U nepneHanKynapom (yFOJ'I I'IpeJ'IOMJ'IeHVIF!) cuns3

nyd




UccnepoBaHue

O6cyauTte pe3ynbTart:

o MOXHO N1 ckasaTtb, Y4TO NafaroLmnii Ha rpaHnLy BO3ayX-BoAa nyd, MPEnOMIIEHHbIN 1yYy
N nepneHaukynap U3 ToYKM nageHua riyda K noBepxHOCTU BOAblI HAXOOATCA Ha OD,HOI7I
MnocKocTn?

e Kakoe cooTHoLeHne HabnogaeTcsa mexay yrnamum o 1y, 06pa3oBaHHbIMU NagaoLLmnm
W MPENOMIIEHHbIM NyYyaMu 1 NepneHanKynsSpoM K NOBEPXHOCTN BOAbI?

o K kakomy obLiemy BbIBOAY MOXHO NPUITK N3 HAabNoAeHNs ABNeHNs NPenoMIeHns ceBe-
Ta Ha rpaHuLe AByX Npo3payHbIx cpen?

Ilouemy Jiy4 cBeTa MeHsieT HaNIpaBJieHHe NPH Nepexojie Yepe3 rPaHUuIbI IBYX
npo3pavHbIX cpen? [Ipu magenuu ryya cBeTa Ha TpaHUIly pasziena ABYX MPO3paYHbIX
CpeJl ¢ pa3HbIMHU TIOTHOCTSIMH (HAIpUMeEp, BO3AyX-BO/Ia, BO3IYX-CTEKIIO, CTEKIIO-BOJIa
M JIp.) 9acTbh €ro OTPakaeTcsi OT MOBEPXHOCTH, a JAPYTasi 9acTh, PO Yepe3 TPaHUILy
paszerna 3TUX cpell, MEeHseT HallpaBJIeHHEe pacipOCTPaHEHHSL.

o /{3MeHeHue HanpagneHusi pacnpoCmpanerus 1yuad céema npu nepexooe u3 00HOuU
Cpeobl 8 OpyeyIo Ha epanuye smux cped Hazvisaemcs nperomaeruem ceema (b).

(b)

3nece AO — maparomuii 1y, OB — npenomiienssiil ay4y, CD —
MEPIICHANKYJISP, MPOBEACHHBIN K TPaHUIIC pa3zeiia ABYX CPell U3
TOUKM NajfeHus (touka O), o — yroia najgeHus, y (raMma) — yroia
npenomieHus. Tak Kak MIOTHOCTh BOJIBI OOJIBINIE TUIOTHOCTH BO3-
JyXa, TO JIy4 CBETa, MEePEXoasl U3 BO3AyXa B BOAY, MCHSET CBOE
HaIpaBJICHHE U OTKJIOHAETCA K neprneHaukyispy CD (cm.: b).
Ecnu ke Boty 3aMeHUTH cpeioi O0IbIIe MII0THOCTH, HAIIPUMED,
CTEKJIOM, TO TIPEIIOMJICHHBIH JIyd CMECTUTCA K TEePIEHANKYISIPY
eme OorpIIe.

Ilpu nepexode nyya ceema u3 npo3paunoll cpedvl ¢ MeHblel
NIOMHOCMbIO 8 NPO3PAYHYIO Cpedy ¢ DOoabULeli NIOMHOCTHBIO Y20l
npenomienus 6yoem menvule yena nadeHus.

Jhyu ceema, naoarowuii nepneHOUKYIAPHO HA cpanuyy pazoeina 08X NPO3PAYHbLIX
cpeo ¢ pasHvIMU NIOMHOCMAMUY, HPOXOOUTN 80 6MOPYIO cpedy 0e3 NPeroMIeHUsL.

IMTo uToram MpoBEJICHHOTO MCCIICIOBAHKS BBl YCTAHOBHIIM J[BA BBIBOJIA: NEPEbIll —
naoarouull Ha NOBEPXHOCHb SPAHUYbL 8030YX-800d JIYY, NPENOMIACHHBIU VY U NePNneH-
OUKYIAP, NPOBEOEHHbIL OM MOUKU NAdeHus ayda K epanuye pazoeia 08yx cpeo,
Jexcam 8 00HOU NIOCKOCMU, 6MOPOUl — C Y8eluyeHuem yaia nadeHus Yeeauiiuedemcs

Uu y2ojl npejiomMierus, ¢ yMeHbulenuem yeid naoemust YMeHbuiaemcs u y2ojl npeiom-

nenus. Eciu usmepsmaos ye2ivl naoeuuss u NpeIoOMIEeRUSl npU NOMOWU MPAaAHCNOpmMupe,

TakumM 00pa3oMm, 3aKOH MPEITOMIICHHS CBETa BhIpaXKace
o laoarowuii 1yy, npenomiaeHHbLIL Yy U HEp
08yx cped, nPosedeHHblIl U3 MOUKU RAOCHUA J1

cmanem scHO, YMo OMHOULEHUE CUHYCOB IMUX Y2ll08 OCIACCS NOCTOSHHBIM:
sina >
—=n.
siny
3/1eCh MOCTOSIHHASI BEIUUMHA 0 — OMHOCUMEIbHbIL NOKA3ame enoWIeHUAL.
)
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e OmHnouwienue cuHyca yz2ina NAOCHUA K CUHYCY Y21a RPETOMIACHUA eCHib
GeIUYUHA NOCMOARNHAA 011 08YX OAHHBIX CPeo.

Ommemum, ymo 3sHaueHue NOKA3amMes NPenOMICHUs He 3a6UCUM HU OM Yela naoe-
HUS, HU OM Y21l NPeIOMIEHUs C6ema, a 3A8UCUM OM CBOUICIE 08YX OAHHBIX CPeO:

n="_2
ny
rae, n; U n aOCONIOTHBIE TOKA3aTeNd HpPEJOMIICHHS IMEpPBOM M BTOPOH cpen
COOTBETCTBEHHO.

o [loxkazamenv nperomieHus OAHHOU cpedbl OMHOCUMENLHO 6aKYYMA HA3bl6d-
emcs apconOmMHBIM NOKA3Amenem RpeioMaAeHus OanHol cpedvl. Abcontommbiil
noKazamenv NPeroMIAeHUsI NOKA3bIBAeN, 60 CKOIbKO pd3 CKOPOCHb céema 8 OaHHOU
cpede MeHbule CKOPOCU CEemda 6 aKyyme:

n=-—.
1%

B Tabmure 3.1 npuBeeHb 3HaUSHHS a0COTFOTHBIX TOKA3aTeIeH MPEIOMICHHS JJ1s
Pa3HBIX Cpel.

Taoauna 3.1.
BeuectBo n BemectBo n
Anmmaz 2,42 Ckunuaap 1,47
Crekio 1,57 I'munepun 1,47
Kamennas counp 1,54 OTUIIOBBIA CITUPT 1,36
Ksapu 1,54 Bona 1,33
PacturenbsHOE Maciao 1,52 Jlen 1,31
[Tnexcurnac 1,50 Bosnyx 1,00029

Takum 00pa3oM, 3aKOH TPEJIOMJICHUSI CBETa Ha TpaHUIe pa3jiesia AByX Cpel B
o0I1eM BHJIe MOXKHO 3aIUCaTh U TaK:
sina n, Uy

siny ny v,

Kax BumHO 13 BBIpa)KEHUs, OTHOIIICHUE MTOKA3aTeNIeH TPETOMIICHHUS CPEJ] PaBHO

00paTHOMY OTHOLIEHHUIO CKOPOCTEH pacpoCTpaHEeHHUs CBETa B 3THX Ccpeax.
Omo o3nauaem, Umo nperomienue ceema Ha epanuye 08yx npOZRE bl peo
pe3yrbmam pacnpocmpaneHuss céema C pAasHou CKOPOCMbIO 6 D X .
ON1BYUUM
cpedy c

I
Cpeda ¢ meHvuel CKOpoCmblo PACNPOCMPAHEHUS. C8eMa — 3M@|cpe 9]
noxazamenem npeloOMIeHUs, UTU ORMUUecKu Oonee niQHasz cpeoa
boabuLell CKOPOCMbIO PACAPOCTIPAHECHUS CEemd — CREOA C
NPeroMAeHUSl, UTU ORMUYECKU MeHee NIIOMHAA CP




TBOopuyeckoe NnpMMeHeHue

- UccnepoBaHue .

MNMpoBepka 3akoHa NpenomMreHus cBeTa.
O6opyaoBaHue: ONTUYECKUI ONCK, CTEKNAHHAA
nnactuHa B popme NonyumnuHapa, TpaH-
CnopTup, YeTbipexaHayHasi MmateMaTmyeckasi
Tabnuua (B.A.Bpaguca).

Xop nccnepoBaHus:

1. 3akpennTe CTEKNSAHHYO NIIACTUHY B LEHTPE Or-
TUYECKOro Aucka 1 HanpasbTe Nyd cBeTa Ha ee
NMOBEPXHOCTb MNOA  OMpeAeNnieHHbIM  Yrrom,
Hanpumep, 42° (c).

2. OnpegenuTe yrmnbl NPENOMIIEHUS, COOTBETCTBYHOLLME 3HAYEHNAM
30°, 45°, 60° n gpyrum yrnam nageHus, nonyyeHHble nepeMellie-

HMeM UCTOYHKKa CBeTa NOo Kparo OnTUYEeCKOro Ancka.

3. BbluMCNUTE OTHOLLEHWE 3HAYEHUI CUHYCa yrnoB nageHusa n oTpaxeHusa, NCNonb3ya 4e-
ThIPEX3HAYHYIO MaTeMaTUYECKyto Tabnuuy.

O6cyauTte pe3ynbrar:

. KaKyro 3aKOHOMEPHOCTb Bbl onpeaenunn B Xxoae nccrnegosaHna o npefnioMneHnn ceeTa?

YTO Bbl Y3HA/IU * HannwmTte Ha paboyem nucTke KpaTKyto MHOpMaLmio Ha oc-
HOBaHWM JAHHbIX KITOYEBbIX CIOB.

KniouyeBble crioBa: e npenomrieHue CBeTa e 3aKOH NperioMrieHust
cBeTa e aGCOJIIOTHbIN NOKa3aTeslb NPesioMIIeHUSA © ONTUYECKN
Oornee NNOTHasi cpefa eONTUYECKU MeHee NIoTHas cpefa e

1. MonoxwuTe Ha AHO YallK1n MOHETY U MOCMOTPUTE Ha Hee C Takoro MecTa, YToObl Kpaw
YaLlKy 3aKpblBan MOHeTY (MOHeTa He JofkHa ObiTb BUAHa). Ecnu xe B YaluKky HanuTb
BOAbl, TO MOHeTa cTaHeT BuaHa. Moyemy? OTBeT 060CHYINTE, HAPUCOBAB CXEMY.

2. KakoB ¢hmanyeckuii cMbIcn abCconoTHOro nokasaTens npenomneHns cpeabl?

3. B kakom crniyyae yron npenomneHus MoxeT ObiTb GonbLue yrna nageHns?

4. CpaBH/TE ONTUYECKYIO MITOTHOCTb M NOKasaTenv NpenoMreHnst NpeacTaBeHHbIX Ha
pucyHKax cpeg.

\ \
1 2 ‘
\e a
1
‘7.
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1. JIy4 cBeTa nepexoamT U3 BO31yXa B
cTekJ10. Onpeneure yroJ npe-
JIOMJICHHS H CKOPOCTh PacnpocT-
PaHeHHsI CBeTa B CTeKJIe, ecIu
yroJi najeHusi pasex 60°.

2. B kakoM HanpaBJieHHH He00XO0-
AMMO HANPAaBHUTD JIyY CBETa B aJI-
Ma3se, BOJie U CTeKJIe, YTOObI BbI-
XOasIlfe U3 HUX B BO3AYX JIy4H
OBLIN MapaJIeTbHBIMHU, KaK
NMOKAa32aHO HA pUCYHKe?

Anmasz Bona Crekno

=

A NN

3. JIy4 cBeTa pacnpocTpaHsieTcsi B
cpeaax ¢ moKa3aTeJsiMHU Tpe-
JIOMJIEHHsI 4, Ny U N3 TAK, KaK
noxa3aHo Ha pucyHnke. Kakoso
COOTHOILLEHUE MEKAY MOKAa-
3aTeJIIMU NpeIoMJieHus1?

ny

ns

4. Ha pucyHke npeacraBjeHa cxeMa MocT-

poeHns n3o0pakeHus npeaMera B ce-
pu4eckoM 3epkajie. Onpenesnre ero

(oxycHoe paccTosiHue, paccTOsIHME OT
npeaMeTa 0 3ePKaJjia U paccTosiHUe OT
H300paskeHHus 10 3epKajia.

v 52)

Bs

5. IlokaskuTe cCXeMaTHYeCKH JaJdbHeH i

NnyTh JIy4eil, ajaluux Ha
NMOBEPXHOCTH BHINMYKJIOT0 3epKaJa.

S —
> \ F

—»—

6. JIy4 cBeTa mepexoAuT U3 CPeabI ¢ MoKa-
3aTesieM MPeJOMIIEHHS N4 B CPeay ¢ Io-

Ka3zaTeJieM npeJioMmjieHus n,. Kakoso
COOTHOLIIEHHE MEKIY CKOPOCTSIMH pac-
NMpPOCTPaAHEHUS CBETA U MMOKa3aTeJIAMU
NpeJIOMJIEHHs B 3THX cpeaax?
A)nyv; =Ny,

B)yn,v, = nyu;

C)niny, = L1 L,y

D)ni+n, = v1t+o,

Eyni-n, = v1-0,

Ba 3 ¢



m nPOXO)K,D,EHVIE CBETA YEPES3 MNNOCKOMNAPANJENBbHYIO

CTEKNAHHYIO MIACTUHY U TPEXITPAHHYIO CTEKINAHHYIO
NnPU3IMY

[MocmoTpuMm Ha KapaHgal Yepes
TONCTYO CTEKMAHHYIO NNacTUHy.
YacTtb npenomumBLIerocs nog
CTEKITOM KapaHgalla KaxeTcs
HEeCKOINbKO NPUMNOAHATON BBepx.

9 e CKONbKO NpenomrneHun ucnbli-
o ThbIBaeT Nly4Y cBeTa Npu Npoxox-
[eHUU Yepe3 CTEKNAHHYIO nnac-
TuHy? lMponcxoouT nNu Nnpu 3TOM
M3MeHeHue HanpaBrieHus pac-
npocTpaHeHus ceBeTa?

' A
:

MpoxoxxaeHue cBeTa Yepes nrnockonapanmnenbHyH

CTeKNAHHYIO NNacTUHy.

O6opyaoBaHue: CTekNsiHHas nnacTMHa Tpanewueob-

pasHoi cdopmbl, BynaBku (4 LWTyKK), TONCTLIA NUCT BY-

maru, kapaHgatl, TpaHCnopTup, NIMHENKa.

Xop nccnegoBaHus: i

1. ObBeaguTe KapaHaaLloM Ha nucte Bymarn KOHTYp CTEeKNsHHOKM nnac- ' Vs
TWHBbI, @ 3aTem ybepuTe ee.

2. V13 Touku, 6nnskon k cepeguHe Tpaneummn, NpoBeanTe HaKIMOHHO BEK-
Top AO Ha manoe napannenbHoe OCHOBaHWe Tpaneumm. ATOT BEKTOP
OyneT cxemon nagatowiero nyya (a).

3. BepHuTe CTeKnsiHHYO NacTUHY Ha MeCTO Y BOTKHWTE BynaBku 1 1 2 Ha BEKTOP NaJatoLLEero
fly4a Ha HEKOTOPOM PacCTOsIHUM Apyr OT Apyra (Cm.: a).

4. PacnonoxwuTe rna3 Ha ypoBHe NMOBEPXHOCTM CTomna Tak, YTobbl Habnoaas Yyepes Gornbluoe
napannensHoe OCHOBaHWe NIacTyHbl MPOTMBOMOMOXHYK CTOPOHY, GynaBka 2 NOHOCTLIO
3akpbiBana 6ynasky 1.

5. BoTkHuTe BynaBku 3 1 4 cO CTOPOHbI BOMBLLIOrO OCHOBAHWS CTEKMSAHHOW MIacTuHbI Tak,
yToObI BynaBka 4 “cnpsTana”’ 3a cobow ocTanbHble Tpy OynaBku — CNIOBHO BCce GynaBku
BbICTPOVIUCL B OAUH Psifl.

6. Ybepute ¢ nucra CTekmnsHHyo nnacTuHy u 6ynasku. MNpoeeaute nydy BC, Bbixoaswumii ¢
NOBEPXHOCTM GONbLIOrO OCHOBaHWS CTEKIISIHHOW MNACTMHBI M MPOXOASLLIMIA Yepes3 OTBep-
ctus ot 6ynaBok 3 n 4.

7. CoeguHute npsimon nuHuen OB, TOuKy MageHust fnyda Ha MOBEPXHOCTb CTEKISIHHOM
NNacTUHbI M TOYKY BbIXxoAa. OTa NIMHNSA NOKasbiBAET HaMpaBrieHye X0Aa fny4va B CTEKIAHHOW
nnactuHe. Bce nyyun nsobpasmte B BUAE CTPESIOK.

8. 3aBepLunTe cxemMy, NpoBeas NeprneHavKynsapbl K NoOBEPXHOCTU. Mpy NOMOLLM TpaHcnop-
TMPa U3MepbTE YITbl NAAEHUS (a4 U a,) U YIIbl Npenomnenns (y 4 y, ). PesynbtaTbl nsme-
peHwi 3aHecuTe B Tabnuuy 3.2 1 CpaBHUTE 3HAYEHWSA ITUX TyYHen.

(a)

Tabnuua 3.2.
IpaHuua pasgena Yron nageHus (a) Yron npenomnexus (y)
Bosgyx-ctekno a, = Y1 = ¢
CTekno-Bo3ayx a, =

Y2 =
O6cyauTe pesynbTart:
¢ K Kakomy BbIBOAY MOXHO MPUNTW U3 CPaBHEHWS YrnoB eHVE 1 npe. eHn
Ha rpaHuLe pasgena cpef BO3[yX-CTEKIO N CTEKIQ-BO3A,
¢ YTO MOXHO Ccka3aTb O BXOASLLEM U BbIXOOSILLEM 1T Ans nnogkonapaniensH
NAHHOW NNacTUHbI?
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Xox Jyveil cBeTa B INIOCKONAPAJICIBHOH CTEKJISTHHOMN
IUIACTHHE. [lnacmuna, 0epaHuyennas naAoCKUMU NapanieabHblMu
NOBEPXHOCAMY, HA3BIBAECMCS NAOCKONAPATIETbHOU NAACHUHOU.
CBeTOBOH JTy4, MaJAroIUi Ha TaKyl0 CTEKIITHHYIO IUIACTUHY MO
OIIpeNieNIeHHBIM YIJIOM, Ha TPaHHLE BO3MYX-CTEKIIO W CTEKIO-
BO3IyX U oTpaxaercs, u mpenomisiercs (b). Ilpu aTom npu nepe-
XOJIe JTyda W3 BO3/yXa B CTEKJIO MPETOMIICHHBIM YTOJ Y1 MEHbIIe
TIaJalOIIero yriia O, a IPH Mepexo/ie U3 CTEKNIa B BO3IYX IMPEIOMIICHHBIN YTOI U Y2
OoJbl1Ie MAAIOLIETO YITa U Ola.

370 00BSICHAETCS TEM, UTO B 3THX CPE/IaxX pazHbIe TIOKa3aTesr MPesIOMIICHHS (TaKKe
pasHble CKOPOCTH DPAacIpOCTpaHUs CBETa): €M Jyd CBETa NEPEXOIUT W3 Cpelpl C
MEHBLINM [OKa3aTesieM MPESIOMIIEHUS B Cpelly ¢ OOJIBIINM IOKa3aTeIeM MPEIOMIICHUS,
TO YTOJI TIPEIOMJICHHS OyIeT MEHBIIe yTiia najaeHust. HaobopoT, ecnm myd cBeTa mepe-
XOJIUT W3 Cpenibl ¢ OONBIIMM TTOKa3aTesieM TMPEJOMIICHUS] B Cpely ¢ MEHBIIMM ITOKa-
3aTesieM MPeJIOMIICHHs, TO YIoJl mpesiomyieHus: Oyner Oonbiue yria majgenus. Ilo pe-
3yJbTaTaM MPOBEJEHHOTO MCCIEAOBAHMS TS IIOCKOMApaUIeTIbHON CTEKISTHHON ITac-
THUHBI BBI OIPENIENIMIN U JIPYTHE €€ CBONUCTRA:

— JIyu c6ema 8bIX0OUM U3 NI0OCKONAPANIeNbHOU NPO3PAYHOU NIACMUHbL NOO MAKUM

JHce Y2i10M, o0 KaKum naodaem Ha ee HOBEPXHOCIY;

— BLIXOOAWUIL U3 CIEKIA JYY PACHPOCMPAHACHICA NAPATIENIBHO NA0arouemy, Ho

cMeweH OMHOCUMENbHO He2o.

Xoa cBeTOBOIO Jiy4a B TPeXI'PAHHOM CTEKJSIHHOW mpu3sMme. B TpexrpanHoi
CTEKJISTHHOH MpU3Me HalpaBJeHHe paclipoCTpaHeHHs cBeTa MeHsietrcs. [Ipu paccmo-
TPEHUH KaKOTO-THOO0 Tela yepe3 TaKylo MPU3MY Ka)KeTcsl, YTO TeJIO IIOMEHSIO CBOE
MecTo. Mexonsamue ot Tena gyuu cBeta 1 v 2, majas Ha npu3My B Todkax A u B,
MPETOMIISIOTCS ¥ PaCIIPOCTPAHSIOTCS BHYTpH Npu3Mbl B Hampasiennd AC u BD.
JlocTurHyB BTOpOi1 IpaHy, JIy4d CBETa MNPEJIOMIISIIOTCS BO BTOpOi pas. B pesynbrare
HaOII0AaTeNb BUIUT UCTOYHHUK CBETA B TOUKE IEepecedeHIs MpoIoinKeHus gyueit 1’ u
2', IpyrUMHU CJI0BAMU: mejio Oyoem HaOmo0amocs
CMEWJeHHbIM K GePULUHE YeNd MeNCOY NPeNoMsAIo-
WUMU SDAHAMU MPEXSPAHHOU CINEKIIAHHOU NPUSMbL.
Hanpasnenue nyueii om mena, naoaowue Ha npu3-
MYy, MEHAIOm c60e Hanpasienue, OMKIOHAACL K
ocHosanuio npuzmsl ().

TBOopueckoe npMMeHeHue

Xopa ny4yen cBeTa B CTEKNAHHON Npusme.
HauepTuTe ganbHenwnii xoq nyda ceeTta, NagaroLlero Ha
NOBEPXHOCTb CTEKMNSAHHON Npuambl (d).

O6cyauTe pe3ynbTar:

o B kakom HanpaBneHun pacnpoCcTpaHAETCA BbIXOASILL,
e 3anuLumnTe 3aKoH NPenoMIeHus fyva B CTEKNSHHOWN

npuamblny4? MNoYemy?




YTO Bbl Y3HA/N MepenuwmTe NpeanoxeHUsi B pabo4Yni NIMCTOK N 3aKOHYMUTE UX.
OCHOBHbIE CBOWCTBA NIockonaparinenbHOM CTEKMAHHOM MNacTUHbI: ...
Mpy nageHun nyya cBeTa Ha CTEKIAHHYIO TPEXTPaHHYIO NPU3My ...

MpoBepbTe CBOU 3HaHUA

1. HauepTnTe ganbHenwmnii Xoa NpenoMreHHbIX NyYen B AaHHbIX cpefax (npubnmnsutensHo).
2. B kakoMm criy4ae yron npenomneHns 6onblue yrna

nageHna? Ammas \\Bo;:[a
3. MoxeT n1 nagarLwmii Ha NOBEPXHOCTb Bona
nnockonapannenbHOW CTEKNAHHOW MNacTUHbI Nyy . Ksapu

cBeTa NPoONTN Yepes Hee He I'IpeJ'IOMVIBUJI/ICb?

p
° MpakTuyeckas pa6oTa 3.1

OnpepeneHve nokasartens NpPerioMreHUs cTekna.

O6opyaoBaHue: NuHelika, TpeyronbHasa nm-

HeliKa, CTeKNsAHHas nrnacTnHa B popme

Tpaneuwmu, Kycok kapToHa, 6enasa 6ymara,

BynaBsku ¢ ronoBKon (4 LWT.), kKapaHaaLl.

Xopn uccnepnoBaHus:

1. MNomecTuTe CTEKNsIHHYO NnacTuHy Ha Ge-
nyto 6ymary, noanoxve NoJ Hee KapToH.

2. BoTkHuTe Oynaeky B Touke A Tak, YTOObI
OHa Kacanacb OAHOW 13 napannernbHbIX
rpaHer nnacTuHbl. PacnonoxwuTe rnas Ha
YpOBHe cTona Takum obpasom, 4Tobbl
CMOTpPS Ha NNacTUHy C APYro CTOPOHbI,
Bbl BUAENMN CKBO3b HEE OCHOBaHWe
6ynasku (a).

3. He meHss nonoxeHus rnasa, 4yTb NOBeEp- \
HWTE NNacTuHy Tak, YTobbl BUANMas Ye-
pes3 nnacTuHy YacTb Gynasku coBnana c D
TopyaLLen ronoskon Gynasku.

4. 3atem ocTanbHble bynaBku BOTKHUTE B Touku B, C 1 D Tak, ytobebl 6ynaeka D “crnipsitana” 3a
cobon Tpu Apyrne BGynaBku — CITIOBHO BCE OHW BbICTPOEHbI BAOSb OAHOM MuHMK (b).

5. BolTawye 6ynaBku, 0OTMeTbTE KapaHAaLIOM WX criedbl. 3atem yaanvTe CTekMsiHHyto nnac-
TUHY, NpeaBapuTenbHO 06Beas KapaHOaLloM ee Mo KOHTYPY.

6. MNpoBeguTe cooTBeTCTBYIOLWME NMHUK Yepe3 Toukn A 1 B, a 3atem n yepes C n D go ne-
peceyeHns nx ¢ NOBEepPXHOCTbIO Tpaneuun. OTMeTbTe TOYKM MepeceyeHuss n nNposeauTe
yepes HUX ABe paBHble nuMHMM AM n AP Tak, 4TOObl NOMYYMNUCb ABa NPSIMOYrOfbHbIX
TpeyronbHuka: AAMN 1 AAPQ (cm.: b).

7. MNposeanTe COOTBETCTBYIOLLME N3MEPEHUS U BbIMNCIIMTE NOKa3aTernb NperioMneHns cTe
na, ncnonb3ys 3aKoH NperioMneHns ceeta:

sina |
n= iy sina = R
OTciloga nonyyaem: n = ane MV ﬂ, Tak kak AM=AP, Ton =
siny AM PQ
3HauuT, ANa onpeaeneHus nokasatens NpenoMneHns ceeTa B |[OnbiTe
puTb pacctosiHus MN 1 PQ (cm.: b).
8. HauepTtute cxemy oneita Ha paboyem nucTke u cp

onblTa NoKasaTena nperomMmneHna ceeta Cc ero Tab
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m nOJ'IHOE BHYTPEHHEE OTPAXXEHUE

lMpw BHMMATENLHOM paccMoTpe- __ e Moyemy B OBENMPHBIX 1: ‘ RN ‘
HuM anmasa (bpunnuaHTta) B " uapgenusix anmas usro- 3 i 27
KOrbLie MOXHO YBMOETb, YTO OH ©  TaBnuBaeTcs B BUAE OT- N 7 4
NMOCTPOEH M3 OTNOMMPOBAHHbIX NONMPOBaHHOrO MHO- Al
MHOrOrpaHHUKOB. rorpaHHuKa? 4

B cospemeHHOM MeanuuHe ans * Kakoe cBeTOBOE€ fiBfIeHMe BO3HUKaeT B
ncerneaoBaHud BHyTpeHHI/IX Opra- y, o CBeTOBOﬂe?

HoOB 6e3 X1pyprmyeckoro BmMeLla- :

TenbCTBa, HaNnpMMep nuwesoaa, SkpaH ‘

MCMOnb3yeTcst TOHKas anacTtuyHasi m

TpyOka, HasbiBaemass CBeTOBO-

AoM (aHgockon). Mpu HanpaB.- L*\

NeHun NnyYa cBeTa Ha OMH KOHEL|

TaKoM TPYOKM CBET BbIXOAMUT C ApY-
roro ee KoHuUa v ocBeLlaeT uccne-
Ayemoe MecTo.

e

Moyemy Teno BbIrMAAUT He UenbiM?
O6opyaoBaHMe: TOHKWUIA CTEKISIHHBIA CTakaH, BoAa
(200 mn), kapaHgaLy.

Xoa uccnepoBaHus:

1. Hanue B cTakaH 4o NONOBMHbI BOAbI, MOCTaBbTe
ero Ha cton. OnycTtute KapaHzall HakMOHHO B
BOAY W NpoHabnioganTe ero nperioMneHve Ha
rpaHuLe pasgena Bo3gyx-soaa.

2. lNopHAB CcTakaH A0 ypOBHSA BaluMX rnas, pacnonoxute ero Ha pacctosHun 25-30 cwm.
MpoHabniogarniTe 3a NpenoMneHneM Ha rpaHuue BO34yX-BOAa YacTu kapaHaalwa B
BOJE M 4YacTu KapaHalua Haa Bogow (a).

3. He n3MeHsist BbICOTbI panofioXXeHus1 cTakaHa, NOCTENeHHo yaansnuTe ero ot cebs um
obpaTtute BHUMaHue, kak byaet BeirmageTsb kapaHgaw (b).

O6cyauTe pe3ynbTar:

e B kakom crniyyae onyLeHHbI B BOAY kapaHAall Bbirnsiaen 6onee npenoMneHHbIM: Ha
rpaHule BO3ayx-BoAa Unu Ha rpaHuue Boga-so3ayx? Movemy?

o Kakoe nsmeHeHne B NpenomneHny KkapaHgaila Habnoganocb npyM NocTeneHHoM yaa-
NeHun cTakaHa ot cebna?

o [Mpu NnpoomKeHUN yaaneHus ctakaHa oT cebs BO3HMKHET Takas cuTyauums, korga
BUAMTE TOMbKO MOTPYXEHHYI BHYTPb BOAbI YacTb kapaHaalla. I'quew? Kakee cB
TOBOE sIBNIEHME BO3HUKAET Npu 3TOM?

Br1 yxe 3HaeTe,4To MpH MaIeHNH JTyda CBEeTa U3 Cpe/Ibige, O0IBIINM
MIPEJIOMJIEHUS] B CPEy C MEHBUIMM I0Ka3aTeleM glpeno g (Ha
TPaHUIIC BOJA-BO3AYX) MPEITOMIICHHBIN JIyd yIams T TEPNEHIUKYJISA

MMpCJIOMIICHUA OoJlblIe yriia naagcHusl.

3aTeeM
€p,

. Ba3 ¢ eTOBb|




Kak meHsieTcsl yroJi mpeJIoMJIEHHS, IPH YBeJIWYEHHH YIJIa MajJeHus CBETO-
Boro Jy4a? B pesynbrarte nccneoBaHusl Bbl YCTAaHOBHIIM, YTO C YBEJIMUCHHUEM yTJIa
MaJIeHMs] YBETMYMBACTCS YTOJI IPEIOMIICHHUS CBETOBOTO JIyya: PH yIAJICHUH OT ceOst

CTaKaHa, PaCIIOJIOKEHHOTO BBIIIE YPOB-
(c) HS TJasa, KapaHgam OyJeT BBHITIIANCTh
Oosee npeIoMIIEHHBIM (¢, citydan 2—4).
[Tpu onpeneneHHOM 3HAYESHUH yTJIa T1a-
JICHASI CBETOBOW JIyd HE MEPEXOIUT BO
BTOPYIO cpemy (BO3MyX), Yrox mpe-
nomiieHus: cocrtaBut 90° (ay4 pacmpo-
CTpaHseTcsi BAOJb TPAHMIIBI BOJA-BO3-
myx) (eMm.: ¢, ciydaii 5). [Ipu manpHeHIeM yBETMISHIH YTIIa TaCHISI TIaIatoTITri JTyd
HE IPEJIOMIISIETCS], a TOJTHOCTBIO OTPaXKaeTCsl OT BHYTPEHHEH ITOBEPXHOCTH BOBI (CM.
¢, cllyyau 6—7) — BO3HHUKAET SIBIICHUE NOJIHO20 HYMPEHHE20 OMpPadiceHus céema. Yo
MasieHus1 Olp, COOTBETCTBYIOIIMIA yrity npenomieHus 90°, Ha3bIBaeTCs npeodenvbHulMm
yeioMm TIOTHOTO BHYTPEHHETO OTpaKeHHS. 3aKOH MPEIIOMIICHHS IS CITydasi, KoTja
MPEIOMJICHHBIN JTy4 cocTaBisieT 90°, 3anuchiBaeTCs Tak:

S

sinag 1
sin90°  n’
Tak kak sin 90° = 1, To umMeeM:
] 1
sinayg = — .
07 n

i kaxno# mapsl cpel; (HampuMep, CTEKII0-BO34yX, aJIMa3-CTEKIIO U JIp.) UMe-
eTcs OTpe/IeNIEHHBII MpeIeNIbHBIN YToJ MOJTHOTO BHYTPEHHETO OTpaxeHus. OIbIT-
HBIM ITyTEM YCTAHOBIICHO, YTO MPEAEIbHBIN Yroi JIyda CBeTa Ha FPaHHLE CTEKII0-BO3-
oyx o = 42°. 3HauuT, eciy YroJl MajeHus JIyya CBETa Ha IPaHMIly CTEKIO-BO3LyX Oy-
Jet Ooutble ~42°, TO B CTEKJIE BOZHUKAET SIBJICHUE ITOJTHOTO BHY TPEHHETO OTPAKEHHSI.

SIBNEeHNE ONMHOrO BHYTPEHHETO OTPa)KEHHsI CBETA MIMPOKO HMCIOIBb3YETCs B pas-
HBIX ONTHYECKHX NPHOOpax, CBETOBOAAX M IOBEIUPHOM jeie. Hampumep, cser, na-
JIAIOLIMKA HAa MOBEPXHOCTb CTEKJISIHHOW MPU3MBI, ABJIAIOLICHCS OJTHOM M3 OCHOBHBIX
yacTeld OMHOKIIS, B pe3yJIbTaTe MOJHOT0 BHYTPEHHETO OTPa)KEHHUS, MOXKHO CKa3arh,
MOJIHOCTBIO OTPAXKAaeTCsl U MEHsIET cBoe HamnpasieHue (d).

(d) ‘ ﬂ| i — Kak npoucxoauT moiHoe BHYTpeHHee
oTpazkenne B npusMme? CTEKJIIHHAs NpU3Ma
‘ U| [ [IOMELIACTCSl B ONTUYECKOM NPHOOpE TaK, YTO

-1 ‘_\
—{98‘@]—‘»§ Jyd CBETa MajaeT Ha €€ MOBEPXHOCTh IIEpIIcH-

u JUKyJsapHO (e). OcHOBaHME TPU3MBI — PaBH
) B B (f) OeApeHHBIH MPSMOYTOJIBHBIN TPEYTOIBHIK:

(AB=AC; BA@= 9
A Jlya cBera, HE TIperoM b, I
o] Ipyu3My (TIOTOMY 4TO YOI T
E ¥ M TIaJacT Ha ee C BO
Al C  CTEKJIO-BO ) o oM o=43% Ot1o
DR JUTSL Cpeft TTBHOTO

F J1a ITOJIH



MOATOMY JIyd CBETa HE MPOXOAUT B BO3IYX, OH TMOJHOCTBIO OTPAXKAETCS W BBIXOAUT
yepe3 rpanb ACDF mon yriom y = 45° (em.: e u f).

Jna mepenaun cBeta Ha pa3HblE pacCTOAHUSA, B
TPYAHOMIOCTYITHBIE MECTA UCTIONB3YETCS ONTHYECKUI
prdop, Ha3bIBaEMBIN c8emosodom. CBETOBOJ Tpe/I-
CTaBJIAeT cOOOM MPO3pavyHOe BOJIOKHO WM 3JIaCTHY-
HYIO TpyOKy OY€Hb MaJEHHKOTO AMAMETpa, HOKpPbI-
TYIO CHApYH 000JIOUKOH ¢ MaJIOH ONTHIECKOH TIJIO0T-
HOCTBIO. B Takux BOJIOKHAaX CBET UCIBITHIBAET MHO- D
TOKpaTHOE TIOJTHOE BHYTPEHHEE OTpakeHue ().

Bekamu roBeNHMpHI UCTIONB3YIOT SIBIICHHE
TIOJTHOTO BHYTPEHHETO OTPAyKEHHUS CBETA IS
TIOBBIILIEHUS] CTOUMOCTH MIPUPOJIHBIX Jparo-
IEHHBIX KaMHEH W WX TMPUBIIEKATEIFHOCTH.
OOBIYHO JIFOIM PACCMAPHBAOT APArOICHHBIC
KaMHHM 101 sIpKUM cBeToM. [Ipu 3TomMm, Hesa-
BUCHMO OT TOT'0, C KaKOH CTOPOHBI HAXOIUT-
Csl ICTOYHHK CBETa, HEKOTOPhIe BHYTPEHHUE
TIOBEPXHOCTH TpaHel KaMHs OTpakaloT Majarollye JIydd Kak 3epkajia, co3laBas B
kamHe 3¢ ekt ceepkanus. [Ipu moBopoTe KaMHS PoJb “BHYTPEHHUX 3epKail” UTPAIOT
ero npyrue rpanu (h).

[To aTo¥ MpUUYMHE OTpaHEHHBIN anMa3, Ha3bIBAEMBIA OPULIUAHIOM, SIPKO CBEP-
KaeT, He3aBUCHMO OT HallpaBJIeHHUs MaIeHUsI CBETOBOTO Jiyya (i).

i

<y

TBopuyeckoe npumeHeHue

lNpoBepuM NonHoe BHYTPeHHee oTpaXKeHue cBeTa.
O6opynoBaHue: ONTUYECKUIA ANCK, CTEKINSAHHAs nnac-
TMHa B chopme nonyumnmHapa, TpaHCnopTup, YeTbipex-
3Ha4yHasa MaTemaTtuyeckasa Tabnuua (bpaguca).
Xop nccnepoBanumA: 1. 3akpenute CTEKMNSAHHYIO nnac-
TUHY B LIeHTpe ONTUYEeCKOoro avcka. HanpaebTe nyy cee-
Ta BOOMb paguyca nonyuwnuHapa v npoHabniogante . ? ee i
3a ero NpPenoMIIeHVEM Ha rpaHnLe CTekno-Bo3ayx (j).
2. MNepemecTTe UCTOYHMK CBETa MO Kpak OMTMYECKOrO AMCKa Tak, YToObl obecneymntsb na-
[O€EHVE Nyya Ha rpaHuLy CTeKNo-Bo3ayx nog YrioMm, paBHbIM MpeaernbsHOMY Yrily, Npy 3TOM
NPenoMMEeHHbIV My4 pacnpocTpaHseTcs BAOMb rpaHvubl pasdena AByx cpen. Mawepbte
TPaHCNOPTUPOM NpeaernbHbIn yron. 3. CMecTUB UCTOYHUK CBETA eLLe Mo Kpato OnTUYeck
aucka, obecneybTe, YTOOLI Yron nageHus CBeTa Ha MOBEPXHOCTb MONYUMITUH
fornblue npeaenbHOro yrna. 3apucynTe CXeMy onbiTa Ha pabouni HMCT*
O6cyauTe pe3ynbTar:
¢ UemMy paBeH npefenbHbIl yror NorTHOro BHYTPEHHEro OTpaXKeHUs
ctekna?
e [1py kakom yrne nageHuss CBETOBOrO fyya Ha NMoBEPXHOCTb
SIBMEHWNE MNOSTHOrO BHYTPEHHETO OTPaXKeHWsA?

(0] a

eTl yud
-BO34Y. NKaet

° €TOBb!|
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YT1o BbI y3Hanu

* HanuwwuTe Ha paboyem NUCTKe 06 BLACHEHUA K AAHHbIM
KNoYeBbIM CrioBam.

KnioueBble cnoBa: “lpeaenbHbin yron...”; “llonHoe BHyTpeHHee oTpa-

XeHue...”; “CBetoBoj ...”

1. Yto Takoe npeaenbHblii yromn NofHOro BHyTPeHHero otpaxeHusi? OT Yero 3aBCUT 3HaYeHue
aToro yrna?

2. MoxeT nn BO3HWKHYTb MOMHOE BHYTPEHHee OTpaXkeHue Mpu nepexoge fyva cBeTa u3
Bo3ayxa B anmas? Movemy?

3. MpuBeanTe NpyMepbl NPUMEHEHUS SIBNEHUS NMOMHOTO BHYTPEHHETO OTPaXEHUSI.

o CEm S

1. HauepTHuTe Npoao/LKeHUE JIy4a CBETA B CTEKJISIHHOI

(a) /I\\

npusme (2). Ilokaszarejb NHpeJOMJIeHHS] HPU3MBbI ;NI
MeHblIe TMOKA3aTeIsl NpPeJOMJIEHUs] OKpY:Kalolweii /,/ \\\
cpeasl (nq<n,). y N\

2. CkopocTh pacnpocTpaHeHHsI CBeTa B ajiMa3e y fi A
1,22.10® m/c. Onpenenure npeaeabHbIIH YroJ mMoJ- A S h

HOI'0 BHYTPEHHEr0 OTpaK€HMs IPHU BBIX0JA€ CBE€Ta
u3 ajiMa3a B BO31yX.

3. Ha pucyHke nokasaH IyTh CBETOBOIO Jiy4a B TPex  (b)
IUIOCKONAPAJLIEIBHBIX cpeax ¢ MoKa3aTeJsIMH Tpe-

n, I
JIOMJIeHUs1 n1, n2 u n3. OnpenejnTe COOTHOLIEHUE >
MesKIy nokasaTe/siMu npesiomienust (b). n, / .
4. IIpegenbHBIA yroJ MOJIHOTO BHYTPEHHEr0 OTPaKe-
HMS JJ8 KpucTta/uia paBeH 34°. Onpenesnre ero V 1
NMOKa3aTeJib MPeJOMJICHHUS.

5. JIyu cBeTa nmajiaeT Ha NOBEPXHOCTH IUIOCKONMAPAJI-
JeJbHOW MmiIacTuHbI B Bo3ayxe. HauepTure npo-
JoJKeHue jgy4a (c).

6. IToxa3zaTesib NpeIOMIIeHUS BOJbI, CTEKJIA U aaMa- (©)
32 OTHOCUTEJBHHO BO31yXa COOTBETCTBEHHO PaB-

Hbl n1= 1,33, n2 = 1,5 u n3=2,42. JIns Kakoro Be-
IeCTBA NMpeeabHbIA YroJl H0JIHOT0 BHYTPEHHEr 0
0TpPa’KeHUs] HAUMEHbIIN?

A) nns Boabl

B) nns anmasa ’
C) s crekna

D) onunakoB 15 Bcex BEIIECTB

E) onuHakoBBI 7151 CTEKIIA U BO/IBI, HO MEHBIIIE YeM JUIs aliMa3
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mnMHBbI

MHorga B cOnHeYHble AHU OCTaBreH-
Hble Typuctamm 06bIYHbIE CTEKISH-
Hble 6yTbIJ'IKI/I NI X OCKOJIKMN CTaHO- ]
BATCA I'IPVILIVIHOVI BO3HNKHOBEHUA
O0MbLUNX FTIECHbIX noXxapos..

e Kak cTeknsiHHas
" OyTbInKa MoxeT
noaxeub nec?

WHoraa TpyaHO pasrnsaaeTh OTAerbHble . YTo “npubnuxaet” u “ysenuunsaer” Te-

YyacTu npeamMeTa, aaxe npubnuame ero K Bl na & 3THX onNTHUECKX NPUBOPAX (MUK-

rnasy, Hanpumep, nbifbUy y LUBETKa. B ® pocKon, Teneckon u .qpyme)?

TaKuX Cryyasix ¢ MOMOLLbI MUKpOCKona
¢ Kakue elle ontTuyeckue npuéopbl yBenu-
(1) Mbl MOXeM Kak NpUBNN3NTbL YaCTUYKY K P
YyuTenu Bbl 3HaeTe?

rnasy, Tak u yBenuuuTb ee. MiHoraa xe
Tena HaxoAaTcsa OT Hac Tak Aaneko,4To
ANS X PaCCMOTPEHNUS HEBO3MOXHO

npubnunsunTb K rnasy, Hanpumep, HebecHble

Tena. B Takvx cnyqasx Mbl MOXeM
“npubnnantb”’ HebecHoe Terno 1 yBenuynUTb \
€ro C nomolLLbto Teneckona (2). (1) (2) ,/L

/\\

OnHa M3 OCHOBHBIX YacTel ONTHYECKUX MPUOOPOB — jaun3a. JIMH3a OT JaTHH-
CKOTO lens o3HavaeT — “yeueBHNa’.

o [Ipospaunoe meno, ocparuderHoe cheputeckumMu NOBepPXHOCMAMU (UHO20a
00HA U3 NOBEPXHOCMEN MOdCcem OblMb NAOCKOLL), HA3bl6aem s AUH3O0H. JINH3BI 110
(hopMe nensITcs Ha IBE TPYIIIIBL: 8bINYKAble U BOCHYMbIE.

o Jlunzwl, Komopule 6 cepedune moaue, yem y Kpaes, Ha3vlearomcsl blNYKAbIMU
aun3amu. Takue TUH3BI MOTYT OBITh 080SKOGbINYKIAbIMU, NIOCKOGLINYKIbIMU UIU
6ocHymo-goinykavimu (2). Jlyun cBeTa, MajaroniMe Ha CTEKIISIHHYIO BBIMYKITYHO
JIMH3Y B BO3/yX€, MPEJIOMIISIOTCS B HEH U COOMPAIOTCS B OJHON TOYKE, MOITOMY
Takas JIMH3a Ha3bIBACTCS coOuparowjell aunH3ou. B xadecTBe mpuMepa TaKuX JHH3
MOJKHO TIPHBECTH ygenuyumensroe cmexio (ayiy) (b).

(a) 1. JIBOSIKOBBITTYKJTast JIMH3A. (b)
2. IImocKo-BhITyKIast JIMH3A.
3. BorayTo- BbIyKJIas JIMH3A.
4. YcnoBHOE 0003HaUCHHE
TOHKOI! BBIITYKJIOH JINH3BI

® Jlun3zwi, komopbwie 8 cepedure mouvie, 4uem y Kpaes, nazvieaion@® 6oz
JIUH3AMU.

Takue THH3BI MOTYT OBITH 0BOAKOBOCHYMbIMU, NAOCKOBOCH)
svinykavimu (¢). Jlyan ceta, majgaroniue Ha CTCKISTHHY
Iiyxe, NpeJOMIISIOTCS B HEH U PAacCeuBAIOTCs, IMOD)
pacceusarowjeti 1un30u. Takue TUH3bI TOKA3bIBAIOT



(c) / 1. JIBOSIKOBOTHYTas JINH3A. (d)

2. [Inocko-BorHyTas JIMH3A.

A

4. YcnoBHOe 0003HaYEHNE TOHKOHW BOTHYTOH JIMH3BL \
1 2 3 4 —

I 3. Beimmykiio-BorayTas IuH3a.

N\
.
3

OcHoBHBIE 3J1eMeHTHI cepruyeckoil JUH3bI (JINH3a, OTPAHMYEHHAS JIBYMSI
cepuyeckuMy NOBEPXHOCTIMHU).

— Jlunza, monyuna KOmopol HAMHO20 MeHblULe PaouyCco8 KpUueUsHvl JUH3 R u
R, nazvisaemcs monkou nun3oi.

PaccMmoTpum TOHKHE TUH3HI (CM.: 2 U €).

I'maBHas onTHYeCcKas OCh

e) 'Z ' T

0,v0, 0, A0,

I'naBHbIif pokyc  Omnrrdeckast

OCb

® y

441\

Y
1
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— Ipamas nunus, npoxooawas yepe3 yeu-
mput O1 u Q2 02panHuyUBaAIOWUX TUH3Y cepu-
yecKux nogepxHocmetl, HA3vbl8AEMCs 2/1IA8HON
OnRMUYECKoll 0CbI0 JIUH3DI.

— Touka O, Haxooawascs 8 yeupe AuH3bl
Ha 21a6HOU ONMUYecKou OCU, HA3bl8AENICsl
onmuyeckum uenmpom aunsel (¢). Jlyum
CBETa, NPOXOJIINE Yepe3 ONTHYECKHUH
LIEHTp, HE MTPETOMIISIOTCSI.

— Jlobas nunus, npoxodswas uepes onmu-
YecKull Yenmp IUH3bL, HA3bIBAEMCs Onmuye-
cxoit ocwvio (f).

— llaoarowue Ha cobuparowyio auUH3Y
NapaineibHo 21asHOU ONMU4ecKol ocu ydu
cgema, nperoMIsAACy, NEPeceKarmces @ OOHOU
mouKe, HA3bIBAEMOU 2NAGHBIM (OKYCcOM U
oboszuauaemoti oyxeou F. Touxa enagrozo ¢o-
Kyca cobuparoujeli TUH3bl OelUCmEUmenbHas,
NOMOMY YMO 8 MOl MOYKEe NepeceKalomcs
camu npenomaennvle 8 aunze ayyu (g). YToOsI
MIOHSTH, TIOYEMY BBITYKJIasi CTEKJISTHHAS JIMH3a
B BO3Ayxe 00JagaeT COOMpAIOIIMMH CBOM-
CTBaMH, JIOCTATOYHO CPAaBHUTH XOJ| IIydeu
CBeTa B JTHX JIMH3aX C XOJIOM JIy4yel cBeTa B
JIBYX CTEKJIAHHBIX Ipu3Max (h).

— Touka, 8 KOMOpoU nepecekarOMcs NPo-
00dICeHUss NAOAIOWUX HA PACCEeU8aUY
JUH3Y JIyuell, Komopule 00 _1peo.
AU napanienvibl ee 2Ad6HQU O




BOTHYTas CTEKJISIHHAs JIMH3a B BO3JyXe O0JIaZlaeT pacCEeMBAIONIMMH CBOWCTBAMH,
JIOCTaTOYHO CPABHUTH XO/I JIyuel CBETA B 3TUX JIMH3aX C XOJIOM JIy4eHl CBETa B JIBYX
CTEKJISIHHBIX Mpu3Max ().

Takum 00pazom, dIEMEHTHI COOMPAIOIIEH W PacCEeUBAIONICH JTMH3BI B TOHKOM
JIUH3€ COOTBETCTBYIONTNM 00pa3oM CXeMaTHIECKH MoKa3aHbl Ha pucyHke (k). B ¢o-
KyC€ PpacCeUBAOIIECH JIMH3BI IEPECEKAIOTCS MPOJOJDKEHUS JIydeil, KOTOphIE A0
MPEIOMIICHHSI OBbLITH MapaUIeNIbHbI €€ TIIABHON ONTHYECKOM OCH.

w__ 1. N

T T T T T T T T
2F  F Ol F  2F 2F  F OI F 2F

— Paccmositue medrcoy onmuueckum yeHmpom TUH3bl U MoYKoll hokyca Hazvleaemcs

dhoxycrvim paccmosanuem aun3zbl. oKycHOE paccTosiHre 0003HadaeTcst OyKBoit F.
Kaxmas nmuH3a MMeeT JiBe Ti1aBHbIE ()OKYCHBbIE TOUKH. B ogHOpOIHOMN cpene oHn
HaXOJISITCS TI0 00€ CTOPOHBI OT JIMH3HI Ha OJTMHAKOBOM PACCTOSHHH OT Hee (cM.: k).

— Ilnockocmu, npoxoosawas uepes 21asHyI0 (POKYCHYIO MOUKY JTUH3bL NepNeH-
OUKYNISIPDHO 2NIABHOU ONIMUYECKOl ocu, Hazvleaemcs ¢ho- 1)
KanbHOoU naockocmoro. Touka niepeceyeHus BCeX ONTHYE-
CKHX OCell ¢ (hOKAIIbHOU TIOCKOCTHIO SBISETCS (POKYCOM .
JIMH3BI 11t 3TOM ocH (eM.: ). N

[Nagaromue ny4yn cBera, mapajuieibHbBIC JIFOOOW ONTH-
YECKOW OCH, TOCIIe TPEIIOMIICHUS B COOMpAIOIIEH JHH3e
CcOOMparoTCs B TOYKE MEPECEUCHUS dTOW ONTHIECCKOU OCH
¢ QokanpHOMI TIIOCKOCTIO, B ee pokyce (1).

4
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TBopueckoe npumeHeHue

UccnepoBaHune

Onpeaenum rnaBHy TOUYKY (pOKyca JIUH3bI. -

O6opyaoBaHmMe: ONTUHECKWIT AUCK, cobupatoLme 1 U_J-ﬁ{ .

paccevBaroLLme CTEKMNSHHbIE JTUH3bI. -

Xop uccnepgoBaHus:

1. 3akpenuTte cobupatoLLyo NUH3Y B LIEHTPE ONTUYECKOro
ancka. HanpaBbTe Ha NOBEPXHOCTb JIMH3bl BbIXOAsLINE
M3 UCTOYHWKA CBETa MaparnnesnbHble Ny4u BOOMb rna.-
HOW ONTUYECKOM OCU 1 NpoHabnoganTe 3a XoaoM nyyen

(m)

nocne npenomrneHns B NuHse (m). ® ? Y
2. MNoBTOpPUTE OMBIT, 3aMEHMB COOMPAIOLLLYIO NTMH3Y Ha

paccevBaroLLyto.
3. Haueptute Ha paboyem nucTke cxemy xoda Inyyen B '

cobupatoLLein 1 paccenBaloLLeit NNH3ax.
O6cyauTte pesynbrar:
o Kak onpegenunu rnaeHyto hOKYCHYH0 TOUKY cobupatoLueit NIMH3bI?
e CMOrnun nn onpefenuTb rMmaeBHy (OKYyCHYI TOYKY pacce M nuH KaKom
CTOPOHbI NNH3bI OHA Nony4Ynnace?

o Ba3 ¢




Y10 Bbl y3Hanm  ° I'IepeqepTMTe AaHHble CXeMbl Ha paﬁoquﬁ JINCTOK U BMeCTO TO-
YeK HanuwuTe cnoBa, COOTBeTCTBYHOLUME KInio4YeBbIM CliOBaM.

KntoyeBble cnoBa: e Cobuparolas nuH3a e PaccenBarowan nuH3a e Mna.e-
HasA onTuyeckas ochb e [MaBHas choKycHas Touka e PoKanbHas NIIOCKOCTb o
®doKycHoe paccTosiHue e OnTnyeckum LeHTp e Pagnyc KpuBn3HbIe

MpoBepbTe CBON 3HAHUA

1. YkaxnTe ofMHaKoBble 1 OTnnyaLmecst YepTbl y cobrpatoLlel U paccensatoLleit NUH3?

2. CKOnbKO OMTUYECKUX 0cen 1 POKyCoB MMEEeTCH y NUH3?

3. Mouemy cokyc y cobupatoLLet NMH3bl AeACTBUTENbHbIN, a y paccenBatoLlen — MHUMbINA?

4.Y kaKow BbIMyKIOM NMMH3bl (POKYCHOE paccTosiHue GonbLue: Y NMH3bI ¢ 00MbLUNMM pagnycom
KPVBWU3HbI UMW Y NIMH3bI C MEHBLUUM pagnycoM KpyBU3HbI? MNovemy?

m nOCTPOEHI/IE N3OBPAXEHUA TEJNTA B TOHKUX JIMH3AX

INpv B3rNsine Yepes yBENMUMTESbHOE CTek- o MNouyemy Tena yepes OQHO U TO Xe yBENUYM-
110 Ha Tero, pacrosiokeHHOe Aarneko, o TeNnbHOEe CTEKI10 BbIrMAAAT No-pa3HoMy?
HanpumMep, CTposillieeca 3aaHne, oHoO ¢ o N3o6paxeHue Kakux us aTux Ten B

Byner BbirmsAeTb NePeBepHYTHIM U yMEHb- yBenuuuTenLHOM cTekne AenlcTBUenbHoe,
weHHbIM. OHaKo Npu B3rnsae Yepes a KakKux — MHUmMmoe? |'|ot.|e|v|y?
YBENMUYNTENBHOE CTEKMO Ha MareHbKoe : c
TErno, Hanp1Mmep, Ha MapKy B6M3u, OHO
OyZeT BbIrmsAeTb NPAMO U YBENUYEHHO.

N .coo. Y

Kakoe nsobpaxeHue nonyymnochb B NIMH3e?

O6opynoBaHue: cobuparoLias nMH3a ¢ N3BeCTHbIM HOKYCHbIM

paccTosiHMeM, CBeYa, 3aXurasnka, akpaH.

Xopa nccnegoBaHus:

1. NomecTnTe Ha NOBEPXHOCTU CTONa BAOSb OAHOW NPSAMOW NNHUK
3KpaH, cobMparoLLyto NUH3Y 1 3aX0KeHHYto cBedy. MNomecTuTe ceevy
32 ABOWHBbIM (DOKYCHBIM PacCTOSIHUEM NUH3bI (a).

2. MpugsuranTe n yaansinTe oOT NMH3bl 3aXOKEHHYI0 CBEYY 40 NOJNy4YEeHUs Ha SKpaH
KOr0 U300paxeHnst NIameHu.

3. MomecTuTte cBevy Mexagy POKYyCOM 1 OBOMHBIM (POKYCOM nlesfy an
NMH3bI 40 NOMYYEHMS Ha 3KpaHe YEeTKOro N306pakeHre nrnameHu.

O6cyauTe pe3ynbTar:

e Kakve pasnuuus Bbl Habnoganu npy cpaBHeHUM n306RaxkeHUl nnam BeY
3KpaHe C caMuM nnameHem?

¢ KakoBo Balle MHEHME O BO3MOXHOCTY Nosy4eH aKpaHe@encTBmesbHor!
MHMMOrO M306paxeHnn? VP

|




3Hast X0/1 IPOU3BOJIBHOTO JTy4a ITOCIIE IPETOMIIEHHS B INH3€ —MOYKHO TIOCTPOUTH
n3obpaxenue modoro tena. C 3TOH HENbI0 CTPOUTCS H300paKeHHE KpaiHUX TOYEK
tena. Jlyuu, BeIXOASIIME ¢ KPaHUX TOYEK, BHIOMPAIOTCS Tak, YTOOBI MOCHE Mpe-
JIOMJICHHSI B JINH3€ OBLITO JIETKO MMOCTPOUTH UX JallbHEHIIIee HallpaBIeHUE PacIpoCT-
panennsa. C 3Toi TOYKH 3pEHUS, JUII IOCTPOEHHS N300pakeHNs KpaHel Touku B
ya00Hee UCToJb30BaTh cienyroinue Jiyau (b):

1. JIyu 1, nadarowuil Ha aun3y napaiieivHo 21aeHou onmuyeckou ocu. Ilocne
MIPEJIOMIICHHSI B COOMPArOINEH JIMH3E ATOT JIyd MPOXOAUT uepe3 ee pokyc (ayu 1').

2. Jlyu 2, npoxooswuti uepe3 ¢hokyc auH3bl. ITOT Iy TIOCIE TPEIIOMIICHHS B COOHU-
paroIIeii JIMH3e PacIpOCTPAHSSTCs NapaJIENIFHO TIaBHOM onNTHYecKol ocH (Jiy4 2').

3. JIyu 3, npoxooswuti wepesz onmuueckuil YyeHmp auH3bl. ITOT Iy, TIPOXOISIITHIA
4yepe3 ONTUYECKHUN IEHTP, paCIpOCTpaHsIeTcs, He MoABeprasch npenomieHuto (3').
Taxum o6pa3oM, n300paxeHne TOUKH B moiryyaercs nepeceueHueM aydei 1’, 2’ u
3’ B Touke B

B ] C
(b) = o
SA A

S . Wl S A_
A ’F 0 T: . :
| A :
i 3 by 5
! " N ! B'
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BHumaHue! [ns ynpoiieHust cXeMbl IIOCTPOCHHST H300paXeHHs T0OCTaTOYHO HCIONIB30BATh JIBa
TMO0BIX JIy4a, OTMEYEHHBIX BhIIIe. OTMETHM, 4TO H300paKeHHE KpaitHeH TOUKH A, HaXOMsIIeHCs
Ha TJIaBHOM ONTHYECKOH OCH, MOJNydaeTcsl Takke Ha TJIaBHOW omrtuueckoi ocu (A’). 3mech d —
paccTosiHMe OT Tesa A0 JMH3I, f — paccTosiHEe 0T H300paskeHNsI 10 JUH3BI (CM.: b).

IHocTpoenne nzodpaxkeHusi B TOHKOI coduparomeil 1uH3e. Bo Bcex ciyuasx,
KOTJla pacCcTOSsIHUE OT Tena JI0 JIMH3BI Oosblie ¢pokycHoro paccrosuus d > F, B co-
Omparormieil TUH3e TOoJdy4yaeTcs AeHCTBUTEIbHOE M300pakeHne, IIOTOMY 4TO H300-
pa’K€HHE MOJIYyYaeTCs] IEPECEUECHUEM CaMMX MPEIOMIICHHBIX Jyuel. JleiicTBUTEb-
HOE U300pakeHue Bcera ObIBaeT MepeBepHyTHIM. B ciyyae ke, Koraa paccTosiHue
OT Teja JI0 JIMH3bI MeHbIe (okycHoro pacctosuus d < F, B coOuparorieii auH3e
MoJTydaeTcst MHUMOe H300pakeHue Terna. M3o0pakeHue momydaercs nepecedeHneM
HE CaMHX MPEJOMIIEHHBIX JTydeH, a X MpoAosDKeHuil. MHUMOe n300paskeHue BCer-
Jia ObIBaeT mpsIMOE.

CoOwuparomas JMH3a B MATH CIy4asx JaeT IeHCTBUTENbHOE, B OJHOM ciydae
MHUMOE U300pakeHue:

1. Ilpu pacnonodicenuu mena na 6eckoneuHo 6onvuiom paccmosgihu o
d—o0. JleticTBUTENbHOE N300paKEHUE TEJIA MOJTyYaeTCs B BUIE TOUKI@EIROKY
361 (TIPEIOMJICHHBIC B JIMH3E JIy4H COOMparoTcs B ero dokyce):

2. Ilpu pacnonooicenuu mena 3a OB0UHbIM OKYCHBIM PAC
W3o0pakeHne Tena Moy4yaeTcsl NCHCTBUTENBHBIM,
N300pakeHre HaXoMuTCsl MEXKIy (POKYCOM M TBOMHBIM

o Ba3 ¢



3. Ilpu pacnonoscenuu mena va 0gotinom ¢okyce aunzvl: d = 2F. U3obpaxenune
TeJa MoJTyvaeTcs ISHCTBUTENBHBIM, PABHBIM 110 pazMepam camomy teiy (f = 2F) u
MIEPEBEPHYTHIM.

4. Ilpu pacnonoosicenuu mena mexcoy (oxkycom u O0B0UHbIM (HOKYCOM TUH3bL:
2F >d> F. V300paxkenue Tena noyryyaercs AeHCTBUTENbHBIM, YBEIUYESHHBIM H T1e-
peBepHyThIM. M300parkeHe HAXOAUTCS 3a ABOWHBIM (DoKycoM JinH3bL: > 2F,

5. Ilpu pacnonoosicenuu mena 6 ¢poxyce nunzvl: d = F. 300paxkenue nmomyvaercs
B OECKOHEYHOCTH, IIOTOMY YTO IPEJIOMJICHHBIC B JIMH3E JIy4d PacCIpPOCTPaHSIOTCS
napaijenbHo, epecekasich B 0eckoneuHocTu: f —oo.

6. Ilpu pacnonoscenuu mena medxcoy aun3ou u ee poxkycom: d < F. U3obpaxeHnne
3TOrO Tejla MHHMMOE, NPsIMOE, YBEIMUCHHOE W HAaXOAWUTCS IO Ty K€ CTOPOHY OT
JMH3BI, 4TO W Teno. [Ipu paccMOTpeHHMH TOA YBETUYUTEIbHBIM CTEKIOM MapKH
HabJronaeTcs ee MHUMOE H300paKeHHE.

Ha mpuBeneHHOM HUXKE PUCYHKE IPEICTaBIE€HA CXeMa IIOCTPOEHUsS B TOHKOI

coOuparollei IMH3e 0JJHOr0 U3 CIIy4aeB n300paxkeHus Tena ().
4

()

B' 2!
N 1

31ech UCTIONIb30BaHBI JBa JIy4a, BEIXOAAIINE U3 TOUKH B: 1 — i1y4, magaromumii Ha
JIMH3Y NapajuleNbHO IJIaBHON ONTHYECKOW OCH, MOCIIE MPENTOMIIEHUS OH MPOXOIUT
Yepe3 M1aBHbINA (oKyc TUH3EI (J1y4 1'). 2 — Ty4 NPOXOAUT Yepe3 ONTHYECKHIA [EHTP
JIMH3BI, HE UCHBITHIBas mpenomieHus (yd 2'). Ilepeceduenue 3TUX ABYX IMpPEIOM-
JICHHBIX JIydel naet nzoopaxenue A’B’ tema AB (cm.: ¢).

(d) I

> -2
N~ —
4

3]
2]
e 5 ]
>
A
©
T
3]
5

IlocTpoenue u3o0paxenns B pacceuBaroineii aunze. Tak
JIMH3a MMEET MHUMBIH (DOKYC, TO BO BCEX CIyd4asX, HEC3aB#CH
MEXIYy TEJIOM U JIMH30H, MOIYy4aeTcss MHUMOE, Y
paxenue. M300pakeHrne HaXOIUTCS 10 TY K€ CEOPOH
PHUCYHKe IpeJICTaBlIeHa cXeMa IIOCTPOSHHS H30 CHUS
CEUBAIOILICH JIMH3E IIPU MOMOIIU YAOQHBIX JIyde
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TBOpUYeckoe NnpumeHeHue

e 2

MocTponTe n3obpaxxeHMe B TOHKOM NINH3e.
Ha puUCyHKe npencrtaBiieHbl CXeMbl YeTblpex TeJ1 U TOHKUX JIUHS. I'IepeqepTMTe CXeMbl
Ha pabounii NMIMCTOK 1 NOCTPONTE U30OPAKEHNS ITUX TEN, UCMONb3Ys YAOOHbIE Nyyun.

1 1

Ob6cyauTe pe3ynbTart:

e Y Kakux Ten nony4yunnmcb ﬂeVICTBMTeﬂbeIe, a Yy KakKnx MHUMble I/I306pa)KeHVI$|?
Mouemy?

e e nonyunnucb n3obpaxeHusi Ten B paccemBatolein nuHae?

YT1o BbI y3Hanu MepenuwnTe AaHHbIe B pabo4ynit IMCTOK U 3aKOHYUTE UX
Ans cobuparLen NMH3bI:
“Korpa d - ...”;
“Korpa d > ...”;
“Korpad =2F ...”;
“Korpa 2F > d> F...”;
“Korpad =F ...”;
“Korpad<F ..

MpoBepbTe cBOM 3HAHUSA

1. Kakumun nyyamm ynobHee BOCMONb30BaTbCs AN NOCTPOEHNUS M306paxeHusl Tena B NMH3e?
Mouemy?

2. ['ne HeobxoOMMO PacnonoXuTb TeNo, YTOObI NONYyYNTL N306paKeHNe Takoro xe pasmepa
B cobupatoLert nuH3e?

3. Mpu kakom pacnonoxeHun Tena ero n3obpaxeHue B cobupatoLLein nvmseﬁ6mo,q bCS H
Oynet? Moyemy?

4. CpaBHUTE NOMyYeHHbIE B NINH3AX AENCTBUTENbHbIE U MHUMbIE M300PRXEH akne YWHMX
obLme 1 oTNMYMTENbHBbIE YepTbl?

5. Moyemy gencTeuTENBHOE N300paXkeHMe B paccemBato NH onyyae
. Ba3J o eTOBb




1. Ha pucyHke nmpeacTaBjieHo
MOJI0KEHHE NMPeAMEeTa OTHOCUTEILHO
pacceuBarouieii JuH3b1. B kakoi
YacTH NOJYYHUTCH ero n3odpaxenue?

1 2 3 .4 .5
B T
al .
AF,

2F| AF (1 F{ 2F

2. JIBe 0OIMHAKOBBIEC TOHKHE JTHH3bI pa3-
MEeCTHJIH, KaK IOKA3aHO HA PUCYHKe.
BobicoTa n3o00paxenus tesna N, nmome-

IEHHOT0 B (poKyce ITOi cUcTEMBI,
paBHa h, a paccrosiHue OT
u3odpaxenus 10 Tena pasHo d. Kak
H3MEHHUTCH BBICOTA H300PaKCHHSA U

4. B doxyce TOHKOH JTHMH3BI PACIIOJI0Ke-

HO IUI0cKOe 3epkaJio. Kakoii undgpoii
0003Ha4YeH KOHEYHBbIH X0/ JIyua cBeTa
OT MCTOYHHKA CBeTa S, Majaiero
HA MOBEPXHOCTH JUH3bI MAPA/LIeJILHO
IJIaBHON ONTHYeCKoi ocu?

1

-
[

3
5

5. B kaKoii JIuH3e IPABHJILHO NIOKA32H JAJIb-

HeflMil X0 NAaJaIuX Napa/lie/IbHO
IJIABHOI ONTHYECKOH OCH CBETOBBIX

JIy4eii ocJie npesIoMJIeHusl NX B JIMH3e?
&

paccrosinue d, ecin yopats aun3y 1?
OTBeT 000CHYyiiTe cCXeMaTHYeCKH.

T TIne ]

d

3. Ha pucynke npejacraBjieHbl Jy4H,

6. Ilpenvet noMeneH B Touke T Ha ryiaB-

HOI1 ONITHYECKOil 0CH JIMH3BI ¢ (POKYCOM
F. Kakne BbIpaskeHUsl CIPaBeLJIUBbI?

—— =

F F

napajieJibHO NaJaloIHe Ha OBEPX-
HOCTB JIMH3BI. OnpeenTe TOUKY
doxyca, pokycHoe paccTosiHue U
ONITHYIECCKYI0 OCh JIMH3bI.
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1 — mpu nepeMenieHu  mpeaMeTa U3 TOUKH
T B Touky F BbicoTa H300paxeHus
YMEHBIIIAeTCS;

2 — npu npuOIIMKEHNH Tena U3 Touku F
Touke 2F BrIcOTa M300paXKCHHUS YBEIH-
YHBAETCS;

3 — npu ynaneHuu rnpeamera or TOuKHp2F
BBICOTA H306pa>xe}wyMeH aeTc
A)lu2
B) Toimko




m q)OPMYJ'IA TOHKOW NUH3bI

MMpu M3MEHEHMM PAcCTOsHNS OT NpeameTa @n, * Kakas 3akoHOMepHOCTbL UmeeTcs B
[0 JIMH3bl U3MEHSIETCA U PacCTosiHWUE OT 3TOM MaMmeHeHUU? Kak 3T0 MOXHO
TIMH3bI 4O M306paXeHust. ' onpepenutb?

e
B ANC

a
OnpepnenuTte paccTtosiHue (@)
OT NpeaMeTa A0 NIUH3bI. h A
3apava. /laobpaxeHune npegmeTaHa T A T 0 N
aKpaHe, pacronoXeHHOM Ha paccto- 2F F A 2F iy
AHuKM f = 52 cm oT cobupatoLuen nnH- H
3bl, NonyyaeTcsa B 4 pasa bonblue ca- VB,
moro Tena (a). OnpegenuTe paccTo- L d B f J
AHMe OT Tena Jo NUH3bI. v
[aHo Pelienne
f=52cm=0,52 m | M3 nogobus TpeyronbHukos ABO n A1B10O nmeem:
H = 4h H_f fh
—==-o>d=—
h d H
d-? Bbluncnenve
OrTBeT:

O6cyauTte pesynbrar:

e Yemy paBHO paccTosiHMe OT nNpeaMeTa A0 JINH3bI?

o Kak MOXXHO onpegenutb hOKyCHOEe pacCTOsiHUE MO NPUBEAEHHBIM AAHHbLIM?

e EcTb N1 o6Las 3akOHOMEPHOCTb, CBA3bIBaOLLAs APYr C APYroM paccTosHMSA OT npea-
MeTa [0 MWH3bI, PACCTOSIHNE OT NMH3bI [0 N306paxeHns n poKycHOe paccTositHne?

OOmias 3aKOHOMEPHOCTb, CBA3BIBAIOILAS PACCTOSHUE OT Tejla A0 JIMH3bI, pac-
CTOSIHHE OT JIMH3BI 10 N300pakeHus M POKYCHOE PacCTOSHHE APYT C APYTOM BhIpa-
KaeTcsl hopmyaoll 1uH3bl. PEIIUB 3aJa4u B HCCIICAOBAHNY, BBl YK€ MPUCTYIIMIN K
BEIBOJTY 3TOH (hopmyisl. Tak, n3 momodus tpeyronbHukoB ABO u A;1B;O umeem:

H_f

hd W
a u3 nmonooust tpeyroabuukoB COF u A B/ F nmeem:

H f-F

RS F @
ConocraBuB Beipaxenus (1) u (2), momydaum:

f_f—F
d F

> 4
Otcrona
fF=df —dF unudf = fF + dF.

PasnenuB 00e yacTu mocieHero paBeHCTBA Ha TPOU3BE e fdF, o M:

1 1 1

===+~

F d'f

v eTOBb eHusA ° 153




Buipaoicenue (3) siensiemes ghopmynoti mownxoii cobuparoweti aun3vl. Ecimm m3o0pa-
. 1
JKEHHE B COOMpAIOIIEH JIMH3e MHUMOE, TO TIepel BRIpaKEHHEM 7 CTABUTCA 3HAK MUHYC.

B dopmye ToHKO JIMH3BI

L_p @
F
HaA3bIBACTCA onmu4eckKkou Cujiou JiluH3bl1.

® Beauuuna, 00pamuas 2ia8HOMy (OKYCHOMY PACCMOSHUIO JIUH3bL, HA3bIBACTCS
onmuueckoit cunou nunzel. Equnnneit ontuueckoi cuiel B CU sBrisercst ouon-
mpus (1 oaTp).

1 ouonmpus — >mo onmuueckas cuia auH3sbl, OKYCHOE PACCMOSHUE KOMOPOU
pasno 1 m:

D] == =1
ST om AITP.
C yuerom Beipaxkenus (4) B (3) GopMyiTy TOHKO JIMH3BI MOYKHO 3aIlCaTh U TaK:
1 1
D==+-. 5
7*7 5)

BHumaHume! Onrtuueckas cuna U (OKyCHOE PacCTOSHHE JIMH3bI HE 3aBHCST OT PACCTOSHHS OT
TpeAMeTa J0 JTMH3BI U OT JIMH3bI 10 U300paXKEHHS, a 3aBUCST OT PaJiiyca KPUBH3HBI CHEPHIECKUX
TIOBEPXHOCTEH JIMH3BL, OT MaTepHalIa JINH3bI M OT OKa3aTels IIPEIOMIIEHHS CPeJIbl, B KOTOPYIO OHA
nomenieHa. J{is cobuparomieii TMH3bI (POKYCHOE PACCTOSHHE M ONTHYECKAs CHIIA TTOJIOKUTETbHBI
(F >0, D > 0), a mia paccenBaroliei JMH3bI (OKYCHOE PACCTOSHHE W ONTHYECKAs CHIIA OTPH-
narensssl (F <0, D < 0).

Tak Kak T1aBHBINA QOKYC ¥ N300paKEHHUE B pACCEUBAIOINEH JTMH3E€ MHUMBIE, TO B

. 1 1
(dopMyIie TOHKOW JIMH3BI BBIPOKCHUS TEpe BEIMUUHAMU 5 M 7 CTABUTCA 3HaK

muHyC. Takum 00pazoM, hopmyaa moukou pacceusaioujeli 1uH3bl TPUOOPETACT BU;
11 6)
FoaTi
s cpaBHEHUs JIMHEHHBIX Pa3MEpOB MPEAMETa M ero M300paKeHUs B JIMH3E
HCTIONB3YeTCs BEIMUMHA, HAa3bIBAEMas JUHEUHbIM YEeauteHuemM IUH3bL:
o Jlunetinoe ysenuyenue TUH3bL — MO PUIUYECKAS BEIUYUNA, PABHASL OMHOWE-
HUIO JIUHEUH020 pasmepa u3o0pajdceHuss K TUHEUHOMY pazmepy npeomema. Jlu-

HeHHOE YBEITWUICHIE TNH3BI 0003HadaeTcs OykBoi I (ramma):

H
r=-—. 7)

h
W3 Bepaxkenus (1) BuaHO, 4TO:
= g. (8) . o
o4

e Jluneiinoe ysenuueHue AuH3bl PAGHO OMHOUIEHUIO PAc, om JyH3bl
U300padceHusi K paccmosiHuio om meaa 00 JUH3bL.
JluneitHoe yBennueHne — Oe3pa3MepHast BETHBIHA.
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TBopquKoe npuMmeHeHue

UccnepnosaHue v

N3o6paxeHne MHUMOe unu aencTenTenbHoe?

3apava. [pu paccMoTpeHnn npegmeTa Nnyrnomn ¢ oONTUYECKOW curnon +4,5 anTp Ha paccTos-
HMSA 2 cM HabnopaeTcs ero yBenuueHHoe usobpaxeHue. Onpegenute paccTosiHWe OT Nynbl
00 n3obpaxeHus. MsobpaxeHne MHUMOE Unu oencTBuTENbHOE?

O6cyauTte pe3ynbrar:

o [0 kakon hopMyne HyXXHO onpeaenuTb pacCcToAHME OT Mynbl 40 N306paxeHna?

o Kak onpenenuTts, siBnsieTcst N n3obpaxkeHne MHUMbIM U eNCTBUTENBHBIM?

OTmeTbTe B paboyeM nucTke o6 bsICHEHUs1 U MaTemaTuyeckme
BbIpaXeHWsl AaHHbIX KNYeBbIX CIOB.
KniouyeBble cnoBa: e ®opmyna nuH3bl ¢ OnTuYeckasa cuna nuH3bl e JinHen-
HOe yBenunyeHue nuH3bl e [luontpus e

MpoBepbTe cBOM 3HAHUSA

1. Kak MOXHO onpefenuTtb POKYCHOE pacCTOAHME JINH3bI?

2. OT yero 3aBNCUT ONTUYECKAs Cuna NMNH3bI?

3. Hanuwute dopmyny ToHKoM cobupatoLuei NnH3bl, CO34aloLLen MHUMOe n3obpaxeHue.
4. Kak MOXXHO onpefenutb yBenuyeHne nmH3abl?

MpakTuuyeckas pa6ota [civ]

OnpeaeneHune hoKyCHOro pacCTOSIHUA U
ONTUYECKOM CUNbl cOOMpaloLLen NMUH3bI.
O6opynoBaHue: cobuparollasi NMH3a Ha NopaCTaBke,
WCTOYHUK CBETa (flamna wnu ceeva), 3KpaH, u3Mepu-
TenbHas neHTa.

Xopa uccnegoBaHus:

1. MomecTnTe Ha OOHOM Kpato cTona namny, Ha apy-
rOM Kpakw CTorna 3KpaH, a Mexay HUMK JIMH3Y
BOOJSIb OOHOWN NPSIMON NIUHUN.

. Bkntounte namny v nepeasurate NuH3y BOOMNb MNpsi-
MOW NUHUM [0 Tex Mop, Nnoka Ha 3KpaHe MosIBUTCS
YyeTKoe M30bpaXeHne HTKU HakanBaHWs Namribl.

. N3amepbTe paccTosiHua oT namnbl 40 NINMH3bI U OT NINH3bI 40 3KpaHa.

. Onpegenute hOKyCHOE pacCTOsIHME U ONTUYECKYO CUy cobrpatoLent NMH3bl Ha OCHOBa-
HUM POPMYITbI NINH3bI:

N

AW

1 1 1 ) 1 1
F—E-l-l;, D _E+?
5. MNoBTOpPUTE OMNbIT HECKOMNBLKO pas, MeHsst PacCTosiHWe OT Nnamnbl 40 J'IVIH’
6. Mepenuwute cxemy onbiTa 1 Tabnuuy Ha pabounii NUCTok. 3anuwuTte p Tar

N3MepeHUin B Tabnuuy:
Ne onbiTa d, (m) f, (m)
1
2
3
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1. Ha 3kpaHe noJy4eHo n3o0paskeHHe IUVIAMEHH CBe4H OT coOmparomieil auH3bl. On-
peaeanTe (POKyCHOE PACCTOSIHME H ONTHYECKYI0 CHJIY JIMH3bI, €CJIH PACCTOSIHUE OT
CBeYH /10 JIMH3bI 4 M, 2 paccTOsIHME OT JIMH3bI 10 3KpaHa 1 m.

2. Ha hkpaHe moJiy4eHo M300pakeHHe TOYEYHOI'0 HCTOYHHKA CBETa OT coOMpalomei
JuH3bl. KakoBo JIMHeliHOEe yBeJIHYeHne JHH3BI, €CJIH PACCTOSTHIE 0T HCTOYHHUKA 10
aun3bl 1,5 M, a paccTosinne OT JIMH3BI 10 U300paxenus 3 m?

3. JluHeiliHbIli pa3Mep CO3JAHHOI0 PacCeMBAKOLIEH JUH30 MHUMOIO HM300pa)keHHs
npeaMera paBeH 45 cm. OnpenesuTe yBeJmyeHue JUH3bI, €U JUHEHHbIH pa3mep
9TOro npeaMeTa paseH 15 cm.

4. Y4eHHK YMTAeT TeKCT ¢ MeJIKMM IIPH(TOM NPH MOMOLIH JIYIIbI ¢ ONTHYECKOW CHJION +5
ANTP, PACIIOJIOKHMB €ro Ha PACCTOSIHHH 2 ¢M 0T JiucTa. Ha kakoM paccTosiHUM OT JIMH3BI
BHIUT Y4YeHHK H300pakeHne TexcTa? Buaumoe m3o0pakeHue aeiicTBHTeIbLHOE HJIH
MHHMOE?

5. PaccTosinue OT Tejia 10 JUH3BI B 5 pa3 oJblie GOKyCHOro paccTosinus. Bo ckobko
pa3 u300pakeHue NpeaMeTa MeHbIIe ero camoro?

6. PaccrosiHue oT coduparomeil TUH3bI 10 peaMeTa B 2 pa3a 6oJibiie (OKyCHOro pac-
CTOSIHUSA JTUH3BL. PaccTosinMe Mexkay NpeAMeToM U ero n3odpa:kennem pasuo 20 cm.
Omnpeneaure ONTHYECKYIO CHITY JMH3BI.

A) 20 goTp B)25 morp  C) 22 gorp D) 10 autp  E) 15 anrp

RO

156



m rJ'IA3 U 3PEHUE

B 1896 rogy ncuxonor n3 CLUA [IxoH CTpeTToH nocTaBui Ha
cebe Takomn akcnepumeHT. OH Hagen Ha rnasa o4ku, nepe-
BOpauuBatoLme Bce u3obpaxeHns npeaMeTos. B pesynbTa- ¢
T€ Mup B co3HaHumM CTpeTToHa NepeBEPHYIICS: OH cTan Bu-
AeTb BCe MpeameTbl “BBEPX HOramw’, Hapylmnacb CBsSi3b
rnas ¢ Apyrumy opraHamu YyBCTB U Y HEro BO3HMKNA “Mop-
ckas 6onesHb”. Yepes yeTBepo CyTOK, B TEYEHME KOTOPbIX
NpOJOIHKanncb 3T HapPyLUEHUS OpraHn3ma, yYeHbli Hadan
cebs YyBCTBOBaTb HOPMarnbHO, KaK 4O 3KCMEPUMEHTA: cTarn
npaBuIbHO BMAETb Bce npeameTbl. OJHAKO, CHSB OYKW, OH
onATb yBMAENn MUp MepeBepHYTbiM U TOMbKO 4Yepe3 He-
CKOJTbKO 4aCOB BOCCTaHOBMUIOCb HOPMarbHOE 3peHue.

% ¢ [Noyemy y4yeHbIN, Ha-
AeB OYKU, NnepeBopa-
YyMBarlLlme BCe U3006-
paxeHusl, HECKOJbKO
OHen BMaen Bce
npegmeTbl nepeBep-
HYTbIMWU?

e YenoBek BUAUT rna-
3amMu unu pasymom?

(ccnsponanmo IR

3putenbHbie UNNI3nn
Xop nccnepoBaHus:

» Ckonbko obpasoB
nogew nsobpa-
XEHbl Ha PUCYHKEe

(17

ABTOD:
Oxkmasuo Oxkamno




” UccnepoBaHue .

(2) « Kakas U3 KpacHbIX NIMHUIA
ONHHee?

« Ha pu1CyHKe NpeacTaBfieHb! Bpallam- She m:ﬁ‘ﬁ;
P )

ecs kpyru (3). Ha camom nu gene atu 5
Kpyrv BpaiatTca? {

&
£
Aemop: Axuowu Kumaoka

Ob6cyauTte pe3ynbTar:

¢ Y10 Habnopganock Npun nccrnefoBaHUy NpeacTaBieHHOro PUCYHKa C NepBoro B3rnsaa?

e [MNoyeMy Ha NepBOM PUCYHKe CHavana BUAHbI n3o0bpaxeHust 0bpa3oB 2 yenosek, a 3aTeM
npyu BHUMATENbHOM PACCMOTPEHUM PUCYHKA NO YacTsm — 06pasbl 9 yenosek?

o [1pn n3mepeHn NMMHENKON ANNHBI KPACHbLIX MTMHWUIA HA BTOPOM PUCYHKE BbISCHUIOCH, YTO
OHW oguHakoBble. [loyemy ¢ NepBOro B3rnsAa OHWM KaXKyTCs pasHbiMK No AnvHe?

e Moyemy ANCKM Ha TpeTbeM PUCYHKE Ha MepBbli B3rnsag BpaLlalTcH, a npu paccMoT-
PEHNN KaXaoro N3 HUX B OTAENbHOCTU BUAHO, YTO OHWN HEMOABWKHbI?

e lccnepyvite aTn MHOpPMaLUK, NONYYEHHbIE Ma3oM, U OLeHUTe nx pasHoobpasue.

Kak oI 3Haete, 90% unpopmaiuu 00 OKpyKaroIeM MUPE YEJIOBEK MOIydYaeT Mo-
CPEICTBOM OpraHoB 3peHus. ['11a3, Kak 3pUTENbHBIN OpraH, sSBISAETCS OUCHb COBEPILICH-
HOM U CJI0KHOM [0 CTPOEHUIO, HO B TO € BPEMs IPOCTOM ONTHUUECKON CUCTEMOI.

W3 kakux yacreii cOCTOUT YestoBeyeckuii ria3? [a3 demoBeka — OUEHb HEX-
HBI OpraH, OCHOBHOHM YaCThIO0 KOTOPOTO SIBISICTCA 21asHoe s1010Kko (a). Ero nmamerp
MPUOIIM3UTETBHO 2,5 CM.

(a) CtpoeHne ye0Be4ecKOro riasa
. Ckriepa (6eKoBO€E MOKPBITHE)

. PoroBast o6onouka

. PagyxxHas obomouka

. 3pauok

. Cetyaras o6onouka (ceT4yaTka)
. XpycTranuk

. Ilepenuss kamepa

. BayTpennss kamepa

. 3puTenbHbIE HEPBHBIC BOJIOKHA

O 001N WL A W~
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I'mazHoe s67M0KO OKpyX)eHO 000J0uYKOil, HazpiBaeMon ckiaepou (1). Ckiepa,
COCTOSIIIAsT U3 TUIOTHBIX COCAMHUTENBHBIX TKaHEH, 3aliIacT Ija3 OT BHEHIHUX
BO3/ICHCTBHH U 3alIMIIAET €ro MPOYHOCTh. CKilepa Hepo3payHa, Mpo3payHa TOILKO
€¢ HECKOJIbKO BBINMYKJIAas TMEpeHss YacTh. OJTa 4YacTh, HA3bIBAEMas poO2060ll
obonoykou (2), IpeTOMIIIET M TPOITyCKaeT BHYTPh rimaza 50+70% mamatomux Ha
ryia3 Jiyded cBera. 3a poroBoi 000J04YKOM pacnoiokeHa padyicuas obonouka (3).
Pany>xHbie 0007104YKH Y pa3HbIX JI0ACH OBIBAIOT pa3HBIX LIBETOB — FOIy0OT0, CEpPOro,
3€JICHOBATOTO, KOPHYHEBOTO U JIPYTHX.

B cpenneii yacTu pamykHON 000JIOUKH UMEETCSl OTBEPCTHE, HA3BIBAEMOE 3Pay-
xom (4). Pazmep 3pauka MeHseTCS HE3aBUCHMO OT BOJHM YeJOBEKa: IPHU SIPKOM
OCBEIICHUM OH CYXKAaeTCsl, MPEMATCTBYS MOJTHOMY MPOHUKHOBEHHIO JTy4Yei BHYTPb
ryiasza, a nmpu caaboM OCBEICHHH PacUIMPSIETCs, CO3JaBasi YCIOBHI JJISl TIOJTHOTO
MPOHUKHOBEHHS CIIAOBIX JIydel cBeTa B TJia3. BHYTpEHHIOI YacTh IIa3HOTO JTHA
MOKPBIBAET YYBCTBUTENBHAS K CBETY cemuamast obonouxa (5) (koTopas HHOTAA Ha-
3BIBACTCS cemuamkotl), TOKPBIBAIOIIAs JTHO TJla3a U COCTOSIIAs U3 Y3JI0B U OKOH-
YaHU 3pumenvhuix Hepsos (9). 3a paay)Hoi 000JI0UKON PACIIONIOKEH XPYCMAIUK,
SIBIISFOLIUICS €CTECTBEHHOM JTBOSIKOBBIMTYKIJION JTMH30M. XPYCTAaUK JCTUT Tia3 Ha
JIBE YaCTH: TEPEIHIOI YacTh (nepedusasn xamepa) (7), 3aNIOTHEHHYIO MPO3PAYHOI
JKUJKOCTBIO U BHYTPEHHIOKO YacTh (6HympenHssa kamepa) (8), 3a0THEHHYO CTEKIIO0-
BUJTHBIM TEJIOM.

Ipospaunvie snemenmol, nPerOMASIOWUE TYHU C6eMa 8 2la3e, — Po208asi 000-
JIOUKA, NEPeOHsisl Kamepa, XpyCmanux U 6HYMpeHHsIs Kamepa — 00pasyion e2o onmiu-
YeCKyIo cucmemy.

B tabmuie 3.2 naHbl 3HAUYCHUSI TIOKA3aTeNeH MPEIOMIICHHUS SIEMEHTOB OITHYE-
CKOI CUCTEMBI IJ1a3a.

Tadauna 3.2.
DneMeHTbI Porosas [lepennss xkamepa XpycTaauk BHyTpenHss1 kamepa
riiasa obonmouka | (mpo3padHas KHUIKOCTH) (CTEeKIOBHIHOE TETO)
IToxa3aTens 1,376 1,336 1,386 1,337
MPEIOMIICHUS

Kax Buant raas? Jlyun cBera, najaromue B ri1a3 oT IpeaMeTa, IPOXOAST depes
€ro ONTHYECKYIO CUCTEMY ITPEJIOMUBILKUCH. B pe3ynbTare Ha ceTdyaToil 000I04Ke 110-
Jy4aeTcs JeMCTBUTENbHOE, YMEHBIIEHHOE U NepeBepHyToe n3obpaxenue tena (b).

N3o0paxenue mpeamera Ha ceTdyaToll 000104YKe OyAET YETKO BHIHO JaXKe MPH
W3MEHEHUH PAcCTOSHHUS OT Mpea-
Mera g0 rnasa. IIpuumna storo (b)
KpOeTcs B CBOMCTBE XPYyCTaIMKa IJ1a3a
MEHSTb CBOIO BBIITYKIJIOCTb.

V3meHeHne BBIMTYKIOCTH O3Ha- I
YaeT M3MEHEHHE €ero pajuyca KpH-
BU3HBI U (DOKYCHOTO PACCTOSIHHS —
W3MEHEHHUE ONTUYECKOU CHIIBI.




o CB0LICMBo XpyCmanuKa 2naza MeHsInb Ce0l0 ONMUYECKYIO CUTY HA3bIGAeNC s AKKO-
Mooauueil.

B pesynbraTe akkOMOJIallUK TJ1a3a MIHOBEHHO MPUCTIOCA0IMBAIOTCS K YETKOMY
BUJICHHIO TIPEJIMETOB, PACIIONIOKEHHBIX KaK JAJIEKO, TaK W PSAOM (OT JIaT. accomo-
datio — “npucnoco6iienue”). Hanpumep, npu B3ris/ie Ha IpeAMEThI, PACIIOI0KESHHBIC
OTHOCHUTECIIBHO 6J'II/13KO, BBIITYKJIOCTh XPYCTaJIMKa YBCJIMYMBACTCA W MNPOXOAAIINC
yepe3 Hero JIyuH CBeTa IpeioMIIstoTest Oosblie (c). B pesynbrate nzoOpaxeHue tena
Ha CeT4YaToi 000JI0UKe TaKke yBenuunBaetcs. C yBEIMUCHUEM PacCTOSIHUS TIpeiMeTa
OT TJ1a3a BhIMYKJIOCTh XPYCTAJIMKA YMEHBIIIAETCS, HA CETYaTON 000JI0UKE TJ1a3a MoJIy-
YaeTcs JICHCTBUTENIbHOE YMEHBIIICHHOE 300pakenue Tena (d).

(c)

(d)

3Ha4YNT, M300paKEHHSI TEJI HA CeTYaTKE IJ1a3a MOIYyYaloTCsl IIePeBEPHYTHIMH, HO
Mbl WX BHIUM TPSMBIMH. DTO MPOUCXOJUT IOTOMY, YTO B TIPOIIECCE BHJICHUS
YYacTBYIOT M JIDYTHE OpraHbl 4yBCTB. Tak, MOJ BO3JICHCTBHEM IOJNyYSCHHOTO Ha
ceTyaToil 000JI0YKe M300paKEHUSI OKOHYAHVSI HEPBHBIX BOJIOKOH BO30YKIAIOTCS.
310 BO30YXK/IEHHE Mepe/lacTCsi Ha YYacTOK TOJOBHOT'O MO3Ta, OTBETCTBEHHBIN 3a
3peHHe, TJe TpUHsITas BH3yallbHas WH(OpMAalMs MIHOBEHHO aHAJIH3HPYETCS:
OIICHMBAIOTCS pa3Mephl IIpeIMeTa, IIBET, OCBEICHHOCTh, PACCTOsIHUE JI0 Hero. B pe-
3yJibTaTe MO3T (OPMHUpPYET pealbHYI0 BHIAMMYIO KapTUHY OKpYKAIOIIEro MUpa.
CHeZ{OBaTeHBHO, rjia3 ABJA€TCA OAHUM U3 MHCTPYMCHTOB JJIsI BUACHHUA MO3TOM.

TBOpUYeckoe NnpumeHeHue

e -

OnpepeneHne akkomogaumu XpycTanuka. ’

O6opypoBaHue: nuct 6enor Gymaru ( pasmepbl 7x7 CM), Mapkep, p

Xoa uccnepoBaHus:

1. B cepeauHe nucta caenante oTBEPCTUE M BOKPYT HEF
KON HECKOMNbKO NMPOM3BOSbHBIX YMCEN, HAaNnpum ‘24
MapKepoM OA4HO MPOM3BOIbLHOE CIOBO, HANpUM
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\
UccnepoBaHue

2. MomectnTe nucT nepep coboli Tak (Hanpumep, Ha paccTtosiHum 25 cm), YTobbl Yucna,
HanucaHHble Mo nepumeTpy, ObiNM YeTKo BWAHLI. B aTOM nonoxeHun 3akponte oguH
rnas, Apyrmm e rnasom nocMoTpuTe Yepes OTBEPCTUE Ha CNOBO, HAaNMCaHHOE Ha [OCKeE.

ObpaTtuTe BHUMaHWe, Kak Npy 3TOM BUAHbI YMCNa B IUCTE U CMOBO Ha JOCKE.
3. HanpaBbTe B3rnsg oTKpbITOro rnasa yepes 0TBepCTME Ha Yncna B NINCTE, NPU 3TOM
obpaTuTe BHMMaHWe, HAaCKOMbKO YETKO BUAHbI YMCNa B NINCTE U HAAMUCh Ha JOCKe.
O6cyauTe pesynbTar:
¢ UT0 BMOHO YeT4ye 1 AcHee Npw B3rfsge Yepes oTBepCTME B NMUCTE HAa HaNnUCaHHoe Ha
[0CKe CIOoBO — Yucna Uiy camo CrioBo?
o Kakast Hagnuce BMOHa YeTye U sicHee Npu nepeBode B3rnsaa ¢ AOCKW Ha NMUCT?
¢ Kak nameHun dopmy xpycranuk npv B3rnsge saans 1 B6nnsp?

YTo BbI y3HANN ¢ - MepepucyiiTe N306paxeHne CTPOESHUA YENOBEYECKOro rnasa
B pabo4ni NUCTOK U HaNULIMTEe BMECTO TOYeK CrioBa, COOoT-

BeTCTByHOLlMe Krno4veBbiM crioBaMm.

Knio4yeBble cnoBa: e cknepaecetT4yaTas 0605104Ka ® 3payok e
poroBosi 060sI04Ka ® XPYCTalnuK e 3puTeNbHble HEPBLI © pa-
OYXHas 060roYKa e CTEKIIOBUAHOE Teroe

MpoBepbTe CBOM 3HaHUA

1. Moyemy nonagaroLLme B rnas fyumn cBeTa JOIMKHbI POKYCUPOBATLCS Ha ee ceTyaTon 0bonouke?
2. Kakoe n3obpaxkeHve Tena nonyyaeTcsi Ha ceTyartoi 06onoyke: MHUMOE U AecTBUTENBbHOE?
3. KakoBa “065s13aHHOCTL” 3payka?

4. Kakue aneMeHTbl 06pa3yroT ONTUYECKYO CUCTEMY rMa3a?

5. EcTb Takoe BblpaXxeHue: “Yenosek BUOUT He rnasom, rnas aBnsieTcs WHCTPYMEHTOM AONA

BuaeHuns”. BepHa nu ata mbicnb? %

eTOBb eHus ° 161
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HEQJEKTbI 3PEHUA. O4YKU

Bbl, HaBepHoe, Habnoaany, YTo HeKoTopble
MIOAY NPY YTEHUW AepKaT NIUCT AaneKko oT
rnas.

’ o Kakon nedbekt 3peHus
nMeeTCA y 3TUX nraen?

A HekoTopble MoaK, HA0BoPOT, NP YTEHUMN
NOAHOCAT NIUCT O4YeHb B6IN3KO K rmasam.

’ e Kakon HegocTaToK 3peHusi
® MMeeTCA y 3TUX nogen?

®Dokyc ONTHYECKOW CHCTEMBI TJa3a 0e3

(a) ®oxyc HAXOAUTCs HA IOBEPXHO- nedexra HaXOIUTCS Ha CeTYaToN 000IOUKe

CTH ceTyaToi 0bomoTKH (2). Takoii ra3 BUIUT Tejia YETKO M O3

Hanpsbkenusi. OH He ycTaeT npu HalIojie-

HUM 33 JaJieKO PACIONIOKECHHBIMU TIpe/-

Meramu. Ho MHorue moau cTpajgatoT ot

JeeKTOB 3pEeHHUs, Cpelu KOTOpPBIX JiBa

A HEJIOCTaTKa MMEIOT HauOOoJbIlee Pacipo-

CTpaHeHUE. JTO OAUZ0PYKOCHb T OAIbHO-
30PKOCb.

brnuzopyxocms. ®Dokyc onTHUECKOU

(b) CHUCTEMBI OJIM30PYKOTO TIJla3a pacroo-

BansopykocTh raercsi He Ha ceTyaToil obosouke, a mepen

Hell. [loaTomy moau, uMeromue nedext

OMU30PYKOCTH, HE MOTYT YETKO BHUJETh

pacIoNOXKEeHHBIE JTAJIIEKO TpeaAMeThI. YTo-

OBl pasrsaAeTh OTACIbHBIC JCTATN Tpe-

MeTa, OHU BBIHYKJICHBI TIPHOIMKATE UX K

Ouk ¢ pacceu- rnasy. IIpoBeeHHBIE HCCIIENOBAHUS I

BaIOIIUMH
JUH3aMU Kasajii, 4TO OITHUYCCKas CHJia 6.]1
Koro rmasa 6Goubue Whrnackoit

MIUTH ONTH
pykoc
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Tak, TUH3BI OUKOB C OTPULATENBHOMN ONTHYECKOU CHIION (Hampumep, — 2 AITp,
—2,5 A0Tp ¥ T.J.) yMEHBIIAIOT ONITHYECKYIO CHITY TJ1a3a U N300pakeHue mpeaMera
noJlyyaeTcs Kak B HOPMaJIbHOM TJla3e — Ha ceTyaroil obonouke riasa (b).

BHumaHue! PaccrosiHie HawTydInero 3peHus s HOPMAIbHOTO Iiia3a = 25 ¢cM. JTO paccTOsHHE
Ha3bIBACTCS pACCMOsAHUEM Haulydwme2o eudenus. HopMabHBIA TIIa3, IIUTENBHOE BPEMs CMOTPSILLIUN
Ha O4YeHb ONIM3KO PACIIOJIOKEHHBIE MPEIMEThI, MOXKET 3apaboTaTh OIM30pyKOCTh. UWTaTh, MUCATh,
pHCOBaTh M YEePTUTh, CMOTPETh TEIEBU30P M HAa KOMIIBIOTEP C OYeHb OJIM3KOTrO PAcCTOSHHSA B CIIabo
OCBEIICHHOM MECTE OYEHb BPEIHO, OCOOSHHO B HIKOJbHBIE rofpl. [Iporcxoaut nedopmariys rira3zHoro
SI0JTOKa ¥ BCEH ONTHYECKOH CHCTEMBI IJ1a3a, U IJ1a3 C JIETKOCTHI0 IPHOOpPETaeT OIM30pyKOCTh, TaK Kak B
9TH TOABI CKJIEpa €Il He IpHoOperta JOCTaTOYHOH IPOYHOCTH.

B kwuraiickux MIKOJaX HA MAapTax 3aKpErvIstoT
METATMYECKUE OTPAHUIUTENH, HE TIO3BOJISIOLINE
JIETSIM O4YeHb HHU3KO OITyCKaTh TOJIOBBIL, U (hop-
MHUpOBaHMs HABBIKA YUTATh W IUCATh HA OITH-
MaJIbHOM PACCTOSIHUM BUZICHUA ().
lanvnozoprkocms. GoKyc onTHUECKOU CHUC-
TEMBI JAIbHO30PKOTO TJla3a pacrojiaraercs He
Ha ceryaTod o0OoOJIOuke, a 3a Hed. [losTomy
JATBHO30pPKWH T7a3 0e3 HampshkeHus (He H3-
MEHSS BBIMYKIIOCTh XPYCTAJIMKA) HE MOXKET
’ BUJCTh OJIM3KOPACIIONOKEHHBIE MPEIMETHI.
OnTtuyeckas cuila Takoro rjia3a MEHBIIEC OIl-
TUYECKON CHJIBI HOpMaJbHOTO Tha3a. s ycr-
Ouku ¢ cofuparo-  PAHEHHUS 3TOTO HEJOCTaTKa HEOOXOIUMO YBe-
TI(MIMHL ITHESAMY JIUYUTH ONITHYECKYIO CUIly riasa. [Ipu nomomu
A OYKOB C COOHMPAIONINMH JIMH3aMH MOYXHO YCT-
“ paHUTh JATBHO30PKOCTH Tia3. Tak, JTUH3EI 04-
KOB C ONTHYECKOW cuioit “+” (Hampumep, +2
anTp, + 2,5 A0Tp U T.J.) YBEIUYUBAIOT OITHU-
YECKYIO CIJTy IJ1a3a, U N300paKeHHne mpeaMeTa

(d) JansHo30pKOCTh

.

(e) 1o i 00 d
JydaeTcs Ha ceTdaroil obosouke riaza (d).
oee OjHa U3 IPUYHH JaTbHO30PKOCTH — yTpaTa dJia-
P 2.650 CTUYHOCTU XpycTanuka. [Ipu 3TOoM, HecMOTps
TOZ 3.621 Ha YCWIMS TJIa3HBIX MBIIIL, TOJIIUHA XPYyC-
LPED 4.615
et b TaJuKa HE MEHSETCS.
A DEOR 2 6.612 B MeaMIMHCKHX YUYpEXIEHHUSAX OCTpOTa
7.69 o
plmsinrin 8.6/75 3peHus JIIoJIel MPOBePSAETCS MPU TIOMOIIU M
ceresrer 9.6/6 _
uperee Lo auywvt Cuennena. Ona coctout uapll1-14 ctp
""""" e MIPOU3BOJILHO HAMCAHHBIX OYKB

mue OyKBbI HAaIMCaHBl BgIep
pasMepsl OyKB OT CTPOUYKHU K CTPOUKE MIOCTEIICHHO YMEHb
ria3 0e3 HalpsDKEHUS BUAUT OYKBBI B TIEPBOW CTPOKE, C
9-i1 cTtpoku ¢ pacctosgHuss 6 M. CylIeCcTBYIOT Tal
pacmonoxeHns OyKB B CTPOKax.

o Ba3 ¢



Yro noka3pIiBalOT HUPPHI ¢ NPaBoii cTopoHb! Tadauubl CHesieHa? udpor
B IIEPBOM CTOJIOIE MOKAa3bIBAIOT MOPSAKOBBIA HOMep cTpok. Lludpsl Bo BTOpom
CTOJIOIIE MOKA3bIBAIOT PACCTOSIHUE OT MECTa PACIOI0KEHHUS TaOIHUIIBI 10 TECTUpPYE-
MoTo T71a3a (6 M), a UG Pl B TPETHEM CTOJIOIE, ITOCIIe HAKJIOHHOW JIMHUHU, TIOKa3bI-
BAaIOT PacCTOSIHUE, C KOTOPOr0 HOPMAaJIbHBIH IJ1a3 MOXKET BUAETh OYKBBI COOTBETCT-
BYIOILIEH CTPOKH.

TBopquKoe npumMmeHeHue

|

MpoBeanTe OHNaNH-NPOBEPKY CBOEro 3peHus.
O6opynoBaHue: KoMMNboTEP, NHTEpHeT-canT EyeExamOnline.com
(nnn http://www.eyeexamonline.com/ru/exam-right-eye_what-letters-are-clear.html).
Xoa uccnegoBaHuA:
1. BolauTe B ykasaHHblii cainT n cagete  (f)
nepea MOHUTOPOM Ha PaccTosiHAM 1 M. _
2. CHavana npoBepbTe npasblii ras. Ans oo ) Je—
3TOrO 3aKPOIATE NEBbLIN a3 1 WeNKHUTE R e T B
CTPOKY Ha aKpaHe, KoTopyto cBo60oAHO
MOXeTe BUaeTb 6e3 HanpsHKeHWs NpPaBoro

28 0 (2] e o coonne 3 () P cocms e 8] "sns wome w3 @

rnasa, aTa CTpoKa BbIOENUTCA BHU3Y e T e

Tabnuvub! (). By B sy e il
3. A Tenepb NpoBepbTe NeBbIii rnas. Ans e o L

3TOr0 3aKpOIiTE NPaBbIA [Ma3 Y MOBTOPUTE s i Touor

onbIT. R
O6cyauTte pe3ynbrar: ( R— )

o Kakon 13 Bawmx rnas BuguT ny4dwe?

¢ BykBbl kakow cTpokn Tabnuubl 6yayT
BMOHbI YeTye, ecnu rnas 6nmsopyknn?

o BykBbl kakoW CTpoku Tabnuubl 6yayT BUAHBLI YeTHe, ecnuv rnas AanbHO30pKUA?

[KISSSS - »)

YT1o BbI y3Hanu
« 3anuwmnTe B paboyeM NMcTKe KpaTkoe 06 bsICHEHME 3HaYeHUs

AaHHbIX KITHOYeBbIX CIOB.

KniouyeBble crioBa: e HOpMarbHbIN F1a3 e paccTosiHUE Haunyu-
Lero BUAEHUA ¢ AaNIbHO30PKOCTb ® BNIN30PYKOCTb ¢ Tabnuua
CHenneHa ¢

1. B yem cyTb GnMsopykocTn?
2. B kakon 4acTu rnasa nonyyarTcs U30bpakeHns NpegmeToB, PAacnONoXeHHbIX Aa

OnM3Ko npw AanbHO30pPKOCTU? ’
3. Ha peuente HanucaHo: “Ouku: neBbll rmas + 24n0Tp, Npasbii rnas

—dl.5an
03Ha4aeT, Kakvue aedekTbl metoT rnasa? Kakne dokycHble pacc HHV
B o4kax?




q)OTOAI'I NMAPAT

Bce BbI ntobuTe poTorpacdmnpoBath nensaxm B
MecTax OTAbIXa U HabnogaeMble UHTEPECHble "
aBneHns. HekoTtopble aTo genatoT hotoanna- &
patom, a gpyrme oTokaMepow MOOUbHBLIX
TenedoHoB.

e Y10 0OOLLEero B onTu4yeckomn
cucTeme 3TUX annaparToB?

¢ YTO BaM HanoMuHaeT NpuHLMN
paboTbl choToannapara?

[

:

Cobepem ‘“dpoToannapar”.
O6opypoBaHue: kKBagpaTHas

Kopobka TeMHOro LBeTa ¢ oa-

HOW OTKPBLITOM CTOPOHOM (KO- (a)
pobKy MoXeTe M3roTOBUTb U3

KopoOku n3-nofg coka), kap-

TOHHas Tpyba, nyna, HOXHULbI,

Knen, Kanbka, nunkas nexHTa.

Xoa uccnegoBaHuaA:
1. CoenanTe HOXHULAMWN OT-
BepcTue Ha AHe KOPoBKU. (b)
Pasmepbl oTBEpCTUS OTpe-
rynupyimTe Tak, 4tobbl kap-
ToHHas Tpyba B HeWt Morna
cBobopHo BpallaTbes (a).

2. 3aknewnTe OTKPbITYI0 CTOPOHY (©)
KOpoGkM kanbkon (b).
3. 3rotoBbTE 0OBLEKTUB, 3a-
KpenuBs nyny NUMKon NeHTon
Ha OTKPbITOM KOHLe TpyObl
(c).
4. HanpaBbTe 06beKTVB anna-

paTta Ha XOpOLLO OCBELLEH-
HbI NpeaMeT, NPUCMOTPU-
TECb K CTOPOHE C KarnbKow
(okynsap) (d).

O6cyauTte pesynbrar:

e [Moyemy B Ballem ¢poToanna-
pate nsobpaxeHue npegmeTa
nonyyYnnocb NepeBepHyTLIM?

¢ Hapucyiite Ha paboyem nucTke
CXemy nonyyeHust
1300paxeHnst 3Toro npeamMeTa.

[Tocne BcecTOpOHHErO M3y4EHUS Ija3a JIOAW WU3rOT v Ha oc
CTPOCHHSI U TPHUHIMIA PpaboOThl NpUOOp, MoiTyda W u AHSI0
paxkeHue Tena — pomoannapam.

o Ba3 ¢




domoannapam — 3T0 ONTHYECKOE YCTPOUCTBO, JOKYMEHTHPYIOIEe CHUMOK (3a-
NOMUHAIoIIee) IeHCTBUTENFHOTO H300pasKeHHS TIPeAMETa.

Hwxe npuBoauTcst ynpolieHHasi CpaBHUTENbHAS CXeMa CTPOCHUS M NPUHLIUI
paboTsl T1a3a u poToanmapara (e).

— =
e =
/ ‘\j‘\\ -
a S T~/
S
e 5
- o %
e B
—— e
_S e

JIun3zaess Xpycranuk

OTBepcTHE 1S CBETas**3payoK

Jlnacdparmaee«Paxyxnas o6onouka

Caertonenponuiaemas kamepas+«lnazxoe 1610K0

dororieHka Win CBCTOYYBCTBHTCIIbHAS Mll'l]’)llllﬂ"'CGT‘laTaﬂ o0osouka

®doToanmaparsl B OCHOBHOM JIEIISITCS HA JIBE TPYIIIBL: 00bIUHbIE (DOMONIEHOUHbLE
U yugposvie pomoannapamui. Y CTpPOUCTBO UX, MOXKHO CKa3aTb, OJUHAKOBOE: CBE-
TOHENPOHHUIaeMas kKamepa, OObEKTHB, Jruadparma, CBETOUYBCTBUTEIILHBIN JIEMEHT.
OOBuHBIN 1 U(PPOBOI ammapaThl OTIMYAIOTCS (OTOTYBCTBUTEILHBEIMHU JJIEMEH-
TaMu: B 00bIYHOM (poToamnmapare 3To (POTOIUICHKA, a B IM(POBOM (oToarnmapare —
CBETOUYBCTBUTENIbHAS MaTpHLa. MaTpulla COCTOMT U3 MHUJUIMOHOB CBETOYYBCTBH-
TENILHBIX fYeeK. B 3THX sueiikax moMeriarTcs (HOTOIIEMEHThI, Ha3bIBAEMbIC NUK-
censamu.

CaeTtoHenpoHuIaeMasi KaMepa QoToanmnapara 3aluuiaet GOTOIUICHKY (M1 CBe-
TOYYBCTBUTEJIBHYIO MATPHILY) OT JIyuei CBeTa, KOT/ia He MPOU3BOAATCS CheMKH. Ha
MepeaHe CTeHKEe KaMephbl MoMemaeTcs 00heKTUB. OOBEKTUB TpeIHa3HAUCH IS
NOJYYeHUs] JIEHCTBUTENBFHOTO HM300pakeHUs QoTorpagupyeMoro mnpeaMera Ha
(doTomIIeHKE MM CBETOYYBCTBUTENbHONW MaTpule. Tak Kak 0OBIYHO MpeaMeT pac-
nojaraercsi 3a JABOMHBIM (okycoM oOwvekTHBa (d > 2F), TO ero neiicTBUTENBHOE
M300pakeHrEe TIOy4YaeTcs YMEHbBIIEHHBIM MeXTy (poKycoM M JABOHHBIM (hOKycOM
(F < f < 2F) oObexTuBa nepex 3agHeid creHkoi kamepsl. [loatomy doTornieHka uim
CBETOYYBCTBUTENIbHAS MAaTpHIla IMOMEIIAIOTCS B TOM MeECTe, TAC TOIydaeTcs
n3obpaxenue (cM.: e). Jlo Hauana ceeMOK (oToanmapaT “peryaupyroT MO YeTKO
CTH”, TO €CThb OOBEKTHB IUIABHO NepeMelIaeTcsl BIepe] Wik Ha3aja A0 MOJyYeH
YETKOTO N300pakeHus Tena Ha (POTOoIUIeHKe (MM CBETOYYBCTBUTEIHHO
YTO COOTBETCTBYET aKKOMO/IAIIHH TJ1a3a.

B o0biuHOM (hoTOanmapare moj ASHCTBHEM UIYIUX OT
B XHMHYECKOM COCTaBe (OTOTUICHKH MPOMCXOAST HEBUIU
ITocnie 00paboTKH (HOTOIUICHKH CIIEIUATBHBIMH XUMHU
SIBUTENIEM ™ | “‘3aKpernuTesieM’’) Ha €€ IIOBEPXHO
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3areM 3T0 M300pakeHHE TMEpPEeHOCHTCS Ha ¢Gorodymary W Iedaraercsl peajbHas
¢dororpadus tena.

B ungpoBoM xe GoToanmnapare MpoOUCXOAMUT IIEKTPUIECKOE BO3JICHCTBUE CBETA.
Tak, oy nefcTBUEM MaJaroluX Ha MOBEPXHOCTh CBETOYYBCTBUTEIILHOM MaTPHUIIbI
Jly4eil cBeTa B KaXJA0U sUeiKe 3 MUJUIMOHOB MUKCENIEH BOSHUKAET 3JIEKTPUUECKUN
CHUTHAJI. DTH CHUTHAJBI 3aBUCIT OT WHTCHCHUBHOCTH TAJAIOIIECTO CBETA. DIIEKTPU-
YeCKHe CHUTHAJIBI MEepearoTcsl Ha MpOoLeccop, U TaM IMocjie 00paboTKH CHOBa Ipe-
BpaImarTcs B n300pakeHNe, U COXpaHAIoTCs B KapTe namstH (f).

()

Hcrounuk cBera Kapra namsatu

IIpoueccop

Jlyu cBeta,

npeamera
CBeTOUyBCTBUTENbHAS
MaTpuLa

TBopuyeckoe npumeHeHue

e -

3apayva. PaccTosiHue ot o6bekTuBa potoannapata o goTtorpadmpyeMoro npegmeTa 6 m,
a pacctosHue oT 06bekTMBa Ao n3obpaxeHns 6 cm. OnpegenvTe OKYCHOE pacCcToAHUe
M ONTMYECKYHO CUMy OOBbEKTUBA.

Ob6cyauTe pe3ynbTar:

o o kakon hopmyne BblYNCNAETCA POKYCHOE pacCTosiHME COBMpaloLLen NMH3bI?

o KakoBa eavHuLa n3amepeHnst oNnTUYECKOM Curbl NINH3bI?

e YUemy paBHbl OOKYCHOE pacCTosiHME U ONTUYeckas cuna obbekTuea potoannapara?

MepeHecute Tabnuuy B pabouunn nuctok. CpaBHute coto-
annapar c rnasom, 3anucaB B KfeTKax AaHHble KrYeBble
CNnoBa, COOTBETCTBYHOLLME IfIeMeHTaM rnasa.

Knio4yeBble cnoBa: e 06beKTUB e ¢hoTOMNMEHKa UM CBETOYYBCTBUTENbHAaA
MaTpuLa e CBEeTONMpomnycKalllee oTBepcTve e anacparma o

Yrto Bbl y3Hanu e

a3 ®doToannapar
poroBas o6onouka, nepeaHss kKamepa, XpycTanuk 1 CTEKNoBUA-
Hoe Teno
3paqyok
pagyxHas obonoyka
cetyartas obonoyka '

MpoBepbTe CBOM 3HaHUA

1. ['oe v kak nony4daeTcsa nsobpaxeHne ot 00beKTUBa hoToannapata?)
2. Kak ocyuiectBnsaetcsa B potoannapaTe siBNieHNe, COOTBETCT
XpycTanuka rnasa?
3. Kakow Bua, dooTokamepbl NPUMEHSIETCA B MOOMIbHBIX TEN ax: obbl
OTBeT obocHynTe.
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0 CEmED G

1. Kakue U3 npeacTaBJIeHHBIX PUCYHKOB COOTBETCTBYIOT TAJTbHO30PKHUM IJ1a3aM B
ouKax u 0e3 Hux?

1 A 3
_\ ]
——— G B
S 5
_’_
2 4 ’

2. Kakue u3 mpeacTaB/ieHHBIX B IpeIbLIylIei 3a1a4e PUCYHKOB COOTBETCTBYIOT
0JIM30PYKHM IJIa3aM B OUKaX U 0e3 Hux?

3. B kakoMm ciy4ae GpoKycHOe paccTosiHHE 3payKa rJja3a 6ojblie: NpH YTeHUH BaMu
KHUTH WJIM IpocMoTpe TeseBu3opa? Ilouemy?

4. lexymika ucnosib3yeT B 04KaX JHUH3bI ¢ ONTHYECKOi cuiioi + 6 antp. KakoBo
(doxycHoe paccrosinue 3Tux Jun3? Kakoii He1ocTaToK 3peHus y AeymKku?

5. Ilpu B3rJIsi/Ie Yepe3 OKHO HA YJIHUIY HEBO3MOKHO OJHOBPEMEHHO YeTKO BUIETh
MpeMEThI, PACHOJI0KeHHbIE AJIEK0 H 0JIH3KO0: KOI/Ia OJIM3K0 PACII0JIOKEeHHbIe
npeaMeTbl BUAHBI Y€TKO, TO JAJI€K0 PACHOJI0KEHHBbIC NPeAMEThI BUIHBI MYTHO B
Haooopot. [Touemy?

6. Onpenenure yBeJnyeHue 00beKTHBA oTOANNApaTa, /M NMPH BbICOTE TeJa 2 M,
ero u300paskeHue NoJay4aeTcs BbLICOTOI B 2 M.

A)1 B)0,l ()00l D)10 E)0,001

RO
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0 GRS

1. Ko3bIpek Haj BXOAHOI 1BePBIO 31aHUSA
ocBelaercs ABYMsl YJINYHBIMHU
¢onapsimu. Majabumk, cCTOAIMIA B
CTOpPOHE OT KO3bIPbKA ...

A) Haxonurcs B TIOTHOM TEHH KO3BIPHKA.

B) Haxonurtes B monyTeHH, Tak Kak
OCBEIIAaeTCs TOJILKO JaMIou B.

C) Haxoautes B ONyTCHH, TaK Kak
OCBEIIAETCS TOJBKO JIAMITON A.

D) Ocgemnraercst 06enMu JTaMITaMU.

E) HaxoauTcs B mosryTeHH 00€nX J1amIl.

2. ACTPOHOMBI H3Y4aIOT JIYYH CBETA, HAYIIHE A) ~ 8- 108kM

(l)T 31;e3)11>1, Haxm;ﬂmencs;, HA PacCTOSIHUU B) ~ 16 - 10%km
= 8 napcek oT 3emMuIn. YUHTBIBas, YTO
b M C)~ 7,5-10%3km

1 mapcek = 3, 26 cBeT.roj (CBeTOBOI rojg — 13
PACCTOsIHAE, KOTOPOE MPOXOAUT CBET B D)~ 15- 10" km
BaKyyMe 32 O/IMH I'0]1), OIlpeJeJauTe E) = 25-10"3km
paccrosinie oT 3eMJIH 10 3Be3/Ibl, KOTOPYIO
HCCJeAYIOT acTpoHoMbl (¢ =~ 3 - 108km/c).

3. Kakas u3 Touek 1, 2 u 3 He Oyaer BuHa,

T T i T 1
| 1 | | |
| 1 | | |
+ i e

€CJIM CMOTPETH HA IJIOCKOE 3€PKAJIO U3 ! 4 ! H ! !

Toukn K?

T S N A
20T CoaTTTTT
| | 1 1 | |
K R et
\ | 1 1 1 | |
4 SRR RUR S N S
\ | 1 1 1 I |
\ | ! 1 ! | |

4. OnpenenauTte a0COTIOTHBIN NMOKa3aTeJb MPeJIOMJIeHUs] TaHHOI cpebl, 3HAs1, YTO
M
CKOpOCTh PacnpocTPaHeHNs cBeTa B HeM papHa 1,5 - 108 =
c

(ckopocms pacnpocmpanenus céema 6 eaxyyme: c=3-10°m/c).
A)2 B)1,5 )45 D)05 E)3
5. CK0JIbK0 pa3 noaBepryaeTcs MpeJOMJIEHHIO JIyY CBeTAa NPH Na/IeHUH Yepe3 BO3IyX Ha
TOBEPXHOCTH BOJIbI B CTEKISIHHOM CTaKaHe 1mojl onpexeaennbiv yriaom (02900 )?
A)2 B)l C)5 D)3 E)4

6. ®okycHoe paccTosiHUE cOOUpalolIeii JUH3BI  A) I[eI‘JICTBHTenLHoﬂ a3MePaMu
paBHo F, a paccrosiHue oT mpeaMeTa /10 JIMH- €aMoro IpeaMera
3b1 d. KakuMm nostyunres nzodpakenue
TpeIMeTa, eCJIM BBINOJIHSIETCS YCI0BHe
F<d<2F?



7. Onpenenurte paccrossHue 0T n300paskenus npeamera MN, yka3aHHOro Ha pHCYHKe,
0 JIMH3bI.

A) F < f < 2F, AelicTBUTENBHOE, IIEPEBEPHYTOE U YMEHBILIEHHOE

B) f < F, nmelicTBUTENBHOE, IEPEBEPHYTOE H YBEITHICHHOS

C) f = F , MHUMOg, IPSIMOE 1 YMEHBILEHHOE

D) f =2F , nelicTBuTENBHOE, IEPEBEPHYTOE C Pa3MEPAMH CAMOI'0 IIPEIMETA
E) f > 2F , nelicTBUTeNbHOE, IEPEBEPHYTOE U YBEIIMUEHHOE

8. .JIy‘ll/l CBeTa, napaJjjejbHbIe IJ1aBHOM oNTHYECKOH OCH, IT0CJI€ MPEJIOMJICHUS B JINH3€E
nepecexkaroTcs Ha PaAaCCTOSTHUN 40 cM OT JIMH3bI. OHPEHeﬂHTe ONTUYECKYI0 CUJTY JIMH-
3bl.

A)4aurp B) 0,4 aurp C)0,5 smrp D) 0,25 anrp  E) 2,5 norp

9. Toue4yHbIli HCTOYHHMK cBeTa S, ABA MSYAa PAJUYCAMH I' M 2 I IOMeELIeHbI Iepej K-
PaHOM, KaKk IOKa3aHOo Ha pucyHke. Kakne TeHu oT Ma4eii Ha0J1101a10TCS HA JKpaHe
(oTBeT 00OCHYNiTE CXeMATHYECKH)?

Oxpan_|
2r
Msuy
ST ]
oo oeop BECEEO
PY . i d d i d
A B C D

E

10. Onpenesnte cOOTBETCTBUSI.
I — PaccrosHre oT cobuparomiei TMH3HI 10 JeHCTBUTENFHOTO H300paXKeHUS
II — YBennuenne cobuparomeii TMH3BI
II1 — dokycHoe paccTosiHUE COOUPAIOIIEH JTMH3bI
IV — Paccrosinue oT coGuparoiieii JIMH3bI J10 Tejla

PR T A ()
d-F d—F f-F f+d

A2, 11-1,111-4,1V -3 Y 4 6
B)I-1,11-3,11I-2,1V—4
C)1-3,11-2,11-4,1V -
D)Il,IIZ,III4,IV*
4

E)I-3,11-1,11-2, IV -
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ATOM U ATOMHOE
AOPO

m PA,D,I/IOAKTI/IBHOCTb

e Yem oTnunyaercs panﬂoaKTMBHblﬁ Xunu-

Bo3moxHO, Bbl CiblLany Takoe BblCKa- .
MUYECKUU INTeMEeHT OT APYIrux 3nemMeH-

3blBaHWE — “KypeHne — aTo MeaneHHas

cvmepTb’. Ho, HaBepHoe, He cnbiwanm, TOB?

4yTO B cocTaBe Tabaka MMeeTcsi cMep- ¢ Moyemy paanoOaKTUBHbLIA XMMUYECKNIA
TenbHO ONacHbIN Af1S OpraHn3ma Yesno- 3MeMeHT onaceH Ans Yenoseka?

BeKa pagnoaKTUBHbBIA XMMUYECKU ane- e Uro 3HauuT paguaumsa?

MeHT nonoHun-210. MNpwu KypeHnn yac-
TUYKM STOTO SNEMEHTa OCealoT B Op- -
raHuame — Ha nerkue u roptaHb. B pe- © DTNOXEHNA
paAnoaKkTUBHOro
3ynbTaTe paavaLn HaKONMBLLMXCS TaM D ONOHMs210
YacTMYeK, YenoBeka nopaxaeT cMep-
TenbHas 60nesHb — pak Nerkux u rop-
TaHw.

e

PesynbTaTt U3 akcnepumeHTa Pesepdopaa.

Xopa uccnegoBaHus:

Huwxe npueodumcsi Kpamkoe U3oXeHUEe 3KCrepUMEH-
ma, npoeedeHHO20 aHauUlCKUM ghu3ukoMm Pesepgbop-
Oom. Npoyumalime e20 6HUMamMeribHO U o pe3yrib-
mamy akcriepuMeHma cghopmyrnupyltime ceou rnpeod-
10/10)KEeHUSI.

B CBWMHLOBbLIV KOHTEWHED (2), UMEIOLLMI  Y3KUIA Bbl-
X0A4HOM kaHan (1), nomeLLaeTca paguoakTUBHOE Be-
wectBo pagun (3). Ha Bbixoge kaHana cosgaeTcs
MOLLHO€ MarHUTHOE nose, MMHUN MarHUTHOM UHAYK-
LN KOTOPOro NepneHanKynspHbl K KaHany.

Mpu ncnegoBaHMM NOBEPXHOCTH POTOMMACTUHKM (4), MTOMELLEHHOW Ha NyTW CreaoBaHus
nyyew, 66IM0 o6HapPYKEHO TPY TEMHbIX NATHA (a).

OpHo 13 3TUX NATEH NOMNYYMIIOCE HAaNpPOTMB BbIxo4a kaHana, a Apyrue asa nsiTtHa nony-
YUMCb B AnamMeTpanibHO NPOTUBOSIOXHBIX TOYKaX OT KaHana.

3HaunT, pagnoakTMBHOE BELLECTBO MOABEPIIIOCh CaMONPOU3BONbHOMY U3IYYEHMHO,
3TO M3MyYeHVe UMEET CIOXHYIO CTPYKTYPY.

O6cyauTe pe3ynbTar:

> 2
o Kakue ellie pesynbTaThl BbITEKAIOT M3 OMbITa:
a) novemy BbIXOASALLMIA U3 KaHarna Ny4oK PaavoakTMBHOIO M3MyyYeHVst pasae. BM
HUTHOM Mone Ha Tpu cocTaenstoLme?
b) 4To MOXHO cka3aTb 06 aneKTpU4eckom 3apsae YacT! cocTa X COCT to-
LLMX Ny4Ka U3ITy4eHns, MPYMEHUB NPaBsio eBom p}P
* rM\@ad o u ato aa[po ° 171




Opannys3ckuii ¢puzuk AHpu bekkepenb OTKpBUT SBJICHHE PaAHMOAKTUBHOCTH
B 1986 rony. IIpoBojs ucciaenoBaHusl ¢ COMSIMU ypaHa, OH OOHAPYKHJI, YTO COJIU
ypaHa UCITyCKaroT HEBUAUMBIE TIa30M JIy4H, BBI3bIBAIOLIME TIOYEpHEHHE (oToIIac-
TUHKH U HOHU3HUPYIOLINE BO3IYX.

B 1898 roxy cynpyru Ilsep u Mapus Kropu oOHapyXuiw, 9TO0 KpoMe ypaHa
CHJILHOH M3JTy4aronieli CnocOOHOCTBIO 00JIalacT LeTbIi PsJ] APYTHX JIEMEHTOB (Ha-
npuMmep, NOJIOHUN, paauii, Topuii). Takoe H3IIyueHHE OHM HA3BaIH PAoUOAKmMus-
HbLM.

o fenenue camonpouzeonbHo2o, Oe3 GHeulHe20 6030eliCEUs U3NYYeHUs amoM-
HO20 A0pA HA3bIGACNCS €CHECHEEHHON PAduOaKmMUGHOCMbIO, 4 GO3HUKAIOUjee
U3NyUeHue Ha3vleaemcs pAOUOAKMUGHBIM UITYUEHUEM.

[IpoBeneHHbIE MHOTOUHCIICHHBIE OIBITHI [TOKA3aJIH, YTO CEOUCMBO pAOUOAKMUE-
HOCMU C85A3AH0 MOILKO C COCIMABOM U CIMPOeHUeM amomnozo Aopa. Baentnne ¢dax-
TOpHI (MEXaHMUECKOE JaBJIEHUE, TEMIIEPATypa, JEKTPUIECKOE K MarHUTHOE MO U
JpyTue) He OKa3bIBAIOT BO3ACHUCTBHS Ha 3TO CBOMCTBO.

AHpu AHTyaH Bekkepein

* OTKpBUI paIHOaKTHBHOCTE. 32 pPaOOTHI B 3TOM
obmactu B 1903 roay 6vu1 ymocroen Hobe-
JIEBCKOM NMPEMMH.

(1852-1908)
DpaHiy3ckuil HU3nK

IIsep Kropn
(1859-1906)
Dpaniy3ckuit Hu3nK

* OANH U3 OCHOBOIIOTIOXKHHKOB TEOPHH Pa-
JIMOAKTHBHOCTH. 32 YCIEXH B 3TOH 001acTH
B 1903 romy 6611 ymocroen HobemeBckoit
IPEMUH.

Mapus Ckionosckas-Kiopu

> O,Z[I/IH M3 OCHOBOIIOJIO’JKHUKOB TeOpI/II/I
(18671934)

pamroakTHBHOCTH. Y nocToeHa Hobenes-
ckux mpemuit B 1903 roxy no dusmke 3a
OTKPBITUE paJHOaKTUBHOCTH, B 1911 ro-
Iy 110 XMMHPH 32 OTKPBITHE XUMHIECKIX
3JIEMEHTOB TIOJIOHUSI ¥ PaJIvsl.

OpaHIy3cKuil PU3NK MOTBCKOTO
MIPOUCXOMKICHHS

B 1899 roay moa pykoBOJICTBOM aHIMIMHCKOro yueHoro JpHecta Pesepdopaa Obuia
uccienoBana (puznudecKas MpUpoia PAJHOAKTHBHOTO M3IYUIEHUS (CO cxeMol u Xo00m
9MO20 ONbIMA bl ObLIU O3HAKOMAEHL 8 ucciedoganuu, cM.: Viccnenosanue-1). by
BEISIBJICHO, YTO PAIMOAKTUBHOE M3IyUCHHUE (Pactiam) paaus UMEET CII
pY: U3IIy4eHHUe MpeCTaBIseT cO00M MOTOK pa3HbIX yacTuil. [Ipu mpox
MIOTOKA 3apsDKEHHBIX YaCTUL] CKBO3b MATHUTHOE 110JI€ OHH OTKJIOH
paBiieHUsIX oA AevictBueM cuiibl JlopeHna. Yacts styuei,
3apsHKEHHBIX YacTHL, HE MEHSIOT HaIlpaBJICHUS CBOE
UX Ha3Balu y-uziyueHuem. HacTp Jydei, cOCTOALY
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YaCTHII, OTKJIOHSFOTCS OT CBOETO TEPBOHAYAIBHOTO HAIPABIIEHHS, B COOTBETCTBUH C
MPABUJIOM JICBOM PYKH, B HAIPABJICHUH OOJIBIIOTO MaJIbIIa JICBOM PYKU. DTO U3ITyUCHUE
Ha3BaMu a-uzayuenuem. COCTOSILIAS K€ U3 MOTOKA OTPULIATEIIBHBIX YACTHIl TPEThS
4YacTh JIydel, Ha3BaHHBIX f-u3jiyueHuem, OTKIOHSIOTCS B HAINpPaBICHWH, TPOTHBO-
TIOJIO)KHOM HAIPaBJICHUIO OTKJIOHEHUS O-U3JTy4eHUs (CM.: a).

Bbu10 yCTaHOBIICHO, UTO a-U3ayUeHue cocmoum u3 nomoka sioep 2eaus. VIx mpo-
HUKAOIIask CIOCOOHOCTh OYEHBb MaJIa U JJXKe JIUCT OyMaru ToiamuHoi 0,1 MM Ju1st HUX
yKe HETIPOHUIIAEM. f-U3JlyueHue — 3mo NOMoK 2JIeKMPOHO8, UMEIOWUX 04eHb DOlb-
wyro ckopocms. TIpoHUKaIONIAs CIIOCOOHOCTh 3THUX YAaCTHUI[ OOJbIIE — I[MHKOBAs
TUTACTHHA TOJIIIUHON BCETO B HECKOJIBKO MAJLTUMETPOB CITOCOOHA MOTHOCTBIO TIOTJIO-
TUTH [-U3NyUYCHUE. p-U3jilyueHue — 3TO DIEKTPOMAarHUTHOE M3ITydeHHne. DIeKTprude-
CKOE ¥ MAarHUTHOE TI0JIS Ha HeTO He ICUCTBYIOT, TaK KaK OHO DJICKTPUUECKH HEHTpaTh-
Ho. [IpoHuKaromas CroCOOHOCTh 3TOr0 HM3IyYCHHsS OYCHb BEJIMKA: CJIOW CBHHIA
TOJILIMHOMN B 1 CM MOKET JIMIIb YMEHBIIUTD €r0 BO3ICHCTBHE.

[Iponnkaromas CioCOOHOCTh ATOTO M3IIYUYCHHS OYCHBH BEJIMKA: CIIOM CBHUHIIA
TOJIIMHOM B 1 cM, OeToHA B 5 cM U cTekia B 10 M MOXKET, YMEHBIIIAET ero BO3CH-
CTBHE B 2 pa3a, OAHAKO MOJTHOCTHIO €T0 MOTJIOTUTH HE MOXKET.

TBOp‘-IeCKOE npuMeHeHue

[
3apava. Ha pucyHke npaacTaBneH npoLecc X X X X
pacnaga anemeHta pagus (b). Onpegenu- X _X X X X X
T€ NO HanpaeleHU OTKIOHEeHUA B Mar- XBX X X X X
HUTHOM Mone a-, B- 1 y- U3Ny4YeHus. < X X X X X
YTO Bbl Y3HAIN nepenul.ume npeanoXxeHusa B paﬁoquﬁ JINCTOK U AonoJsfiHu-

Te ux.

1. EcTecTBeHHAs paiOaKTHBHOCTS...
2. PainoakTUBHOE U3ITyYEHHUE...

3. 0-U3TyYEHHE. ..

4. B-uznydeHue...

5. y-M31Iy4EHHUe ...

MpoBepbTe CBOM 3HAHUA ’

1. NccnepoBaHns kakux yYeHbIX MPUBENN K OTKPbITUIO pagnoakTusHocTh?
2. Yem oTnnyaeTcs paamMoakTUBHBIN XMMUYECKUI ANEeMEHT OT
3. /13 noToKa Kaknx 3apsiKeHHbIX 4acTuL, COCTOUT paanoagiiBHoe
4. B yem otnuuue a-, B- 1 y-n3nydeHns gpyr ot apyra?




m ATOM — CNNOXHAA CBA3AHHAA CUCTEMA

VlHd)OpMaLWIPO O cocTaBe aToOM- o Kakune YyacTuubl COCTAaBNAIOT CBA3AaHHYHO

HOro siApa U CTPOEHWUU atoma Bbl cuctemy atoma?

MONyYMnu B COOTBETCTBYIOWLMX & ® U3 KaKmx YyacTuL COCTOUT aTOMHOEe AApO?
pasgenax y4yebHuka no cusmke e [loyemy aTom O6bIYHO HerMTpaneH?

ans 6-ro knacca v y4ebHvka no e Y10 O3HauvaeT “nnaHeTtapHaa mogenb atoma”’?
XMMUM Ans 7-ro Knacca. Kak ata mogenb 6bina onpeaeneHa?

(a) © 2
O ccroncone IS ,

Kakasa ato mogenb atoma? =
3apaya. Ha pucyHke npeacrtaBneHa cxema ogHoOu 13 moae- e/4
neu cTpoeHus atoma (a). MepeyepTute cxemy Ha paboumi o

JIMCTOK U onpefenuTe, kakve Yactuubl 0003HAYEHbI /
COOTBETCTBYHOLLUMMU LMdpaMu. 1
O6cyauTte pesynbTaT:

e Cxema kakor Mogenu atoMma npeacrtaBrieHa Ha pUCYHKe? e
¢ /13 KaKknx 4acTuL, COCTOUT CBA3aHHas huanyeckasi cuctema atoma no cxeme?

Jxo3ed d:xxon Tomcon

(1856—1940) * OcHOBHBIE paGOTLI: HOHU3alus ra3oB Ioa

JISHCTBHEM PEHTI€HOBCKOTO OOJIy4eHus, 00-
Hapy’K€HHe KAaTOAHOTO M aHOJHOTO H3IIyde-
uust. B 1906 romy 661 ynocroen HobGenes-
CKOM IIPEeMHHU.

AHrImiickuii Gu3nK

ATtomuast moaesb Tomcona. Yuennle ¢ koHna XIX Beka 3HaJIM, 4TO aTOM UMEET
AIIEKTPOHEUTPATBHYIO CTPYKTYPY, COCTOSIIYIO 3 PAaBHOTO YHUCIIA MTOJIOKUTEIBHBIX 1
OTPHILIATENILHBIX YacTUIl. AHruiickuid yuensiii Jxozed xon Tomcon B 1897 romy
OTKPBLT 3JICKTPOH U OBLIO ONpeieieHo, YTo Macca 3jekTpona B 2000 pa3 MeHbIie
Macchl aroMa Bosiopoa. OCHOBBIBAsICh, C OJTHON CTOPOHBI, Ha 3TOT (aKT, a C IPyroi

CTOPOHBI, Ha (haKT IEKTPOHEUTpaIbHOCTH aroma, Tomcon B 1903

(b) g +‘-‘? *g TOJy TPEIIOKWI TEPBYI0 MOAENTs cTpoeHus atoma. CoernacHo

w»y 3 \ 9mou MoOenu, amom npedcmasisien cooou wap paouycom npu-

4 mepro 107w, IMonoscumenvuuvie 3apadvt pacnpedenenst no eceli

T macce 3mozo wapa ¢ NOCMOAHHOU NIOMHOCIbIO, A OMPUUATNETbHO

‘ 3apsANCeHHbIe INIEKMPOHLL PAcCnpedenetvl GHYmpu no00OHO ‘“U3io-

munxam 6 nyounze” (b). AromHas MoJienb TOMCOHA Jlaia BO3MOXKHOCTh OOBSICHUTH

HEKOTOpHIE SBJICHUS, HAPUMEpP, HOHU3AIMIO aToMa, 3JIEKTPOJIN3, MTEPHOANIECKYIO
CUCTEMY XMMHUUECKHUX 3JIEMEHTOB H japyrue. O HaKO 3Ta MOJIENIb He CMOTJIa 00b

HUTHb PAJUOAKTUBHOCTD, 3JICKTPOMArHUTHLIC ABJICHUSA U APYTOC. ’
:')ll;l;ﬁlbc'li;’;;ep(lmpu » Coznaresnp IIaHETApHOH MoJienaToMa. 08 r
( - ) 1y 6wt ynocroern Hobene i1 BpeMun.

AHIIUACKUIA (HU3NK

s




ATtomHast moaeJb Pesepdopaa. B 1910-1911 ropax anrnuiickuil yuensiit Oprecm
Pesepgopo onpenenin, 4To aTOM UMEET COBEpLICHHO JApyroe ctpoenue. OH MmpoBel
CEPHIO OITBITOB Memo0omM OOMOApOUPOEKY aTOMOB TSDKETIBIX XUMUYECKUX SJIEMEHTOB
o-uacmuyamu. JJorunaHo ObII0 ObI 0KHUAATH, YTO OOJIBIMMHCTBO Ol-4aCTHII, CTAIKUBASCh
C aTOMaMH, B OCHOBHOM OyJIyT TIO/IBEpraThcs paccenBanuio. [loromy uTo, o Momenu
Tomcona, Bech OOBEM aToMa COCTOMT W3 PaBHOMEPHO pacCIpeelIeHHOW MaccChl
TIOJIOXKUTEIBHOTO 3apsijia.

Cxema ostHOTO U3 OnBITOB Pe3epdopa npencrasieHa Ha pucyHke (c). Berxomsimuii
Y3 CBUHIIOBOTO KOHTEHHEepa (QQ) y3Kuii MyYOK O-4aCTHII HAIIPABJISIETCS HA TIOBEPXHOCTD
3onoroii ponbru (F). [Ipu cTonKHOBEHNH OTPaKEHHBIX U MPOXOASAIIUX CKBO3b (DOJIBIY
Ol-9aCTHI] C IMOBEPXHOCTHIO 3kpaHa (E), MOKpHITOro crenuanbHbIM BEIISCTBOM, TPO-
WCXOJISIT BCIIBIIIKA CBETA (CHHTHIUISIIAMN ). DTH BCIIBIIIKH HAOIOAAIOT U PETHCTPHPYIOT
mipu oMot Mukpockona (M) (cm.: ¢). B xozie omeita HabIF01a710CHh HEOXKUIAHHOE SIB-
JICHWe: OCHOBHAs YacTh MAJalONIMX Ha aTOMBI 30JI0Ta (-4aCTHI[ IPOXOJAT CKBO3b
(onbry, He MEHssl CBOETO HANpPABJICHHUS, a HEKOTOPBIE pacCenBalOTCs IMOJ OTpesie-
JICHHBIM YTJIOM, U TOJIKO B OYEHb pelKHX ciydasx (kaxkznas u3 2000 gactui) BO3-
BpAIIAI0TCsI 00paTHO, OTPA3UBIIKCH OT (hosibru Ha 180° (d).

(c)

ITo pe3ynbpTaTtam 3TOTO OIbITA OBLIA ONpEJIeieHa HEBEPHOCTh aTOMHOM MOJICTH
Tomcona. ITo Pesepdopay, 6osbiiias 4acTh MacChl aTOMa U IMOJIOKUTEIBHBIC 3aPsiIbl
pacIipesieNieHbl He TI0 BceMy 00beMy aToMa, a COCPEI0TOUEHBI B €T0 LIEHTpe. Mexy
AJICKTPOHAMU W MOJIOKUTEIBHBIM 3apsAaMHu CylecTByeT myctota. QueHb MaleHb-
KyI0 4acTb aToMma, TJle CKOHIICHTPUPOBAHBI MOJIOKHUTEIbHBIC 3apsasl aTroma, Pe-
3epdopa HazBan amomHuim A0pom. Takum oOpas3om, cornacHo Mozenu Pesepgopaa,
aTOM MMEET CJIE/YIOIIee CTPOCHHE:

o [loumu 6csa macca amoma, MONCHO CKA3AMb, CKOHYEHMPUPOBAHA 6 e20 s0pe, pas-
Mepbl KOMOPO2o, NO CPABHEHUIO C PAZMEPOM CAMO20 AMOMA, O4eHb Mabl. B OanbHell-
wiem 6110 onpedenero, umo ouamemp a0pa =~ 107 om.

o Amomnoe 10po umeem NOLOACUMENbHBLU 3aps0 (qy), PABHbLL NPOU3BEOEHUIO
9IEMEHMAPHO20 3apA0a € HA NOPAOKO8bill Homep Z dMO20 dIeMeHma 8 nepuoou-
yecKou cucmeme eMeHmos: qy = Ze.

® D1eKmpoHbl OBUINCYMCSL BOKPY2 10PA NO KPY208bim opoumam. Hucio

TEIBHOCTH €T0 CyIEecTBOBaHUA. COINIaCHO KIacCH
KYIIUICS TT0 KPyTOBOW OpOWTE, TOJDKEH U3ITydaTh 3



B »TOM cnydae 31eKTpOH JOIKEH MOCTETIEHHO MPHUONMKAThCS K SAPY U, HAKO-
Hell, yIIacTh Ha €T0 IIOBEPXHOCTh — aTOM IIePECTaeT CyIeCTBOBaTh. B eiicTBUTENb-
HOCTH € aTOMHas CUCTEMa CyLECTBYET INPOJOKUTEIBHOE BPEMSI.

AtomHast mozies1b Bopa. Beixon U3 3T0ro 3arpyJHUTENIBHOIO NOJIOKEHMs, KoTopoe Pe-
3epdop He MO 00BSICHHTD, ObLT IpemIokeH B 1913 1. marckum dusukom Huwcom bopom.
OH B BHJIE TTOCTYJIATOB (B BUJIE MOJIOXKSHHH U aKCHOM, HE TPEOYOIIHX JIOKA3aTebCTB) Chop-
MYJIMPOBaJI OCHOBHBIE 3aKOHBI YCOBEPILICHCTBOBAHHOM TEOPHUH CTPOCHHS aToMa.

Ilepebiii nocmynam: amomHas cucmema MONCEM HAXOOUMbCS OAUMENIbHO
MONILKO 8 0OCOObIX CMAYUOHAPHBIX — KBAHINOBLIX COCMOAHUAX, KAHNCOOMY U3 KOMO-
PbIX coomeemcmayem onpedeieHnas suepaus. B cmayuonapnom cocmoanuu amom

He U3y4aem u He no2iowaem 2NeKmpOMACHUMHbIE GOJIHbL.

Bmopoit nocmynam: uznyuenue npoucxooum npu nepexooe amoma u3 Cmayuo-
HApHO20 COCMOsHUSL ¢ OoNbuUell dHepauell 8 CIAYUOHAPHOE COCOsIHUE ¢ MeHblell
onepeuel. U naobopom, npu noenoweHuy amomom dHepeun UsiryueHus o1 nepexo-
Oum u3 CMayuoHapHO20 COCMOSHUSL C MEHbULel DHepauell 6 CMAayUOHAPHOE COCMO-
sAnue ¢ bonvuel sHepauel. Tlpu smom sekmpon nepexooum ¢ onpeoereHHou oaus-
KOU 0Opbumbvl Ha OAIbHIOHN).

Huasc Xenpnk Jasnn Bop [§ Nwmeer Gorpline 3acayrd B PasBUTHUH TEOPHU
(1885-1962) ATOMHOTO sIpa U sIepHBIX peakiwii. B 1922 ro-
Jlatckuii Gusmk Iy 6601 ynocroen HobeneBckoil mpemMu.

TBOpUYeckoe NnpuMmeHeHue

UccnepoBaHue .

3apava. Hapucyiite Ha paboyem nuctke cxemy nnaHeTapHON MoAenuu aToMoB KUCIO-
poaa (8- anemeHT) 1 xnopa (17- anemeHT). OnNpegenuTe anNeKkTpMYeCckni 3apag nx aapa
W 3NEKTPOHOB B LIENOM.

O6cyauTte pe3ynbTar:

o CKOIbKO 3MEKTPOHHBIX OPOUT MMEETCS Y aTOMOB KMCIopoaa M XJlopa, COOTBETCTBEHHO?
o CKOIbKO KyNOHOB COCTaBISAOT 3apsaabl SAep 3TUX 3NIEMEHTOB, COOTBETCTBEHHO?

YTO Bbl Y3HANU * MepenuwmnTe NpeanoxeHusi B pabounm IMCTOK U JOMOJTHUTE UX:
1. CornacHo mogenu ToMcoHa, aToM ... ;

2. CornacHo mogenu Pesepdopaa, atom ... ;
3. MNepsbin noctynat bopa — ... ;
4. Bropow noctynat bopa — ... .

.

1. Y10 ObINO rNaBHbIM HEAOCTaTKOM B aTOMHOW Moaenn ToMmcoHa?
2. B yeM 3aknoyatTCsl OCHOBHbIE MONOXEHWUS aTOMHON Mmoaenu Peseptpopaa
3. C KakvMu TpyAHOCTAMM CTONKHYynack mogens atoma Pesep

4. ianoxuTe noctynaTel aToMHOM mogenu bopa.
176 \/i




EED 1.

/13BeCTHO, YTO packarnéH- e MoxxeTe N1 NpMBeCTU NPUMepbI TAKOro U3ny4YeHusa?
Hble Tena uany4aroT CBET. : o Kak npouncxoaunT nsny4vyeHue ceetay paCKaﬂéHHle Ten?

WUccnepoeanue !

Camonpoun3BonbHOe UsnyyeHune

UNU BbIHYXXOeHHoe?

Pecypchbl: dpoTorpacumn pasHblx

WCTOYHMKOB CBETA.

Xopa uccnepgoBaHus:

1. Viccnepyiite faHHble n3obpaxe-
HWSA 1 onpegenvTe, Ha Kakux ns
HUX CBETOBOE M3Ny4eHve -
NnpoONCXoauT CamornpousBOSIbHO, Ceerorkoctpa ConmHedHoe m3MydeHHe  [opeHue GBITOBOrO raza
a Ha KaKunx BbIHY>OEHHO. c

2. DaHHyto HUXe Tabnuuy nepenu-
wunTe B pabounin NNCTOK 1 3a-
MOSTHNTE KIEeTKN COOTBETCT-
BEHHO NPOBELEHHOMY Mcche-

[OBaHUIO. JlazepHoe m3nmydenye Tlonsiproe custane  CBedeHMe SKpaHa
TeNeBU30pa

CamonpousBonbHOe 13nyyeHue ceeta | BblHykgeHHoe nsnyyeHve ceeTta

£
o]

Caeuenue snektpude- CBeT oT
CKOM JIaMIIbl CBEYH

O6cyauTe pe3ynbTart: e [0 KakoMy NpK3HaKy ornpeaernsieTcs caMonpou3BonbHOE U Bbl-
HY>XEHHOE n3nyyeHne ceeTta? Mouemy?

CnoHTaHHOE H3Ty4YeHne. SIBIcHUE H3ITyYeHHS CBETa CUIILHO HArpEeThIM TeJIOM (pa-
ckanénHoro) Teopust bopa oowsacHseT Tak. [1pu HarpeBaHUH Tela, SJIEKTPOHBI COCTAB-
JISTFOTIIAC €TO ATOMBI ITOJTYYAIOT TOTIOTHUTEIBHYIO SHEPTHIO, ¥ 3a CUET ITON SHEPTHH
JJICKTPOHBI aTOMa TEPEXOMAT Ha JIAIbHIOK opOuTy. Takoe COCTOsIHME aToMa Ha3bl-
BaeTcs “gosOyscoenHviM”. Ho aToM HEe MOXKET JUTMTENFHOE BpeMsl HaXOAUThCS B BO3-
Oy KIEHHOM COCTOSTHUH, M3JTydas IMOJTyYCHHYTO JOTIOTHUTEHHYT0 SHEPTHIO, OH BO3Bpa-
[aeTcs B CBOE YCTOiuMBOE cocTosiHue. [lepexon atoma B BO30YKIACHHOE COCTOSHUC
MIPU HarPEBaHUU U €r0 CAMOIIPOU3BOIBHOE U3TyUCHUE HA3bIBACTCS CHOHMAHHBIM U3T)-
yenuem. CIIOHTaHHOE ¥3IyYeHHE OECHOpAIOYHOE: M3Iy4YeHHE CBETa MPOUCXOAWUT B
Pa3HBIX HAMPABJICHUSX C pa3HBIMK yacToTaMu. [103TOMY Takoe n3yueHue ObIBaeT clia-
ObM. M3iydeHus SIIeKTPIYECKOM JIaMIThl, CBEYH, paayTH, kKocTpa, CoNHIIA, CEBEPHOTO
CUSTHHS 1 JIP. TIPOUCXOIAT CIIOHTAHHO.

Boinyxnennoe uziaydenue. B 1919 rony pmsux CILIA A.DWHIITEHH BEABUH
UJCH0 00 W3JIYyYCHHU BHJIUMOIO CBETa aTOMOM, BO30YKICHHBIM g/[ JICHGTBH
IMaJaIoIIeTo Ha HEro CBeTa.

o [ epexod amoma C 8blCOK0O20 dHepeemu4ecKko2co COCmosiHus 6
603061401’)’!6146]!/1, a He CNOHMAHHO, HA3bleaencs 8blHyJICO€H

B 1954 rony pycckue ¢pusuku H.Bacos u A.Ilp
yueHblid J[>k. TayHC M3rOTOBUIIM C LIENIbIO YCUIICHUS
BBII TeHepaTop, OCHOBAHHBIN Ha MPUHIINGEE PaOOTHI

v




A B 1960 rony amepukanckuil yuenolii T.MeliMaH B pe3ynbTaTre BBIHYXACHHOIO
M3ITyYCHHSI TIOTYYHIT YIIOPSATOUYCHHOE U PEryIUPYEeMOE CBETOBOE U3ITyUCHHE OUYCHb
0OJIBIIION YaCTOTHI M SHEPTUH — J1a3ep.

o Cnoso nazep 06pa308ano coyemanuem nepevlix OYKE C108 aH2IUlICKO20 8blpa-
orcenust Light Amplification by Stimulated Emission of Radiation, umo o3nauaem
“yeunenue ceema npu nomMowiu UHOYYUPOBAHHO20 U3YUeHUs”

Mpunuun paéors! Jazepa. [Ipy 0OOBIYHBIX YCIOBHSAX aTOM HAXOMUTCS B MHHH-
MaJILHOM, TO €CTh HEBO30Y>KICHHOM 3HEPreTUYECKOM COCTOSHUM. Takod arom cam
Mo ceOe PHEPTHI0 HE M3ITyYaeT: JICKTPOH HAXOAWTCS Ha CTAIIMOHAPHOW opouTe (a).
IIpn obaydyeHun aromMa MPOMCXOMUT TIOTJIOUICHHUE YHEPTUH M3IMyYeHHsS. ATOM BO3-
OyXIaeTcs v IepexoIuT B 00JIee BEICOKOE SHEPIeTUUECKOE 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) (g (c)
J1IeKIMpOH
E, E, O— E,
f\j\_, Hznyuenue QJ\_'
BUOUMO20
E, Q E, N
Onexmpon Onexmpon

HeBo30yK/ICHHbI aToM B036y K IeHHbII aTOM BosBpameHue B HEBO30Y K/ICHHOE
COCTOSTHHE

I[J'ISI YCUICHUA BUAUMOI'O CBETA, U3JIy4aeMOI0 aTOMOM, HGO6XOZII/IMO YBCIIMYUTH
YHCII0 BO30YKICHHBIX aTOMOB. C 3TOi 11eJ1bI0 CHCTEMa CHavaja IePEeBOJUTCS C HUX-
HETO 3HEPreTUYECKOro YPOBHS Ha 3-H 3HEPreTHYEeCKUuil ypoBEHb, a C ITOT0 YPOBHS
aTOM CaMOIPOM3BOJIBHO MEPEXOAUT Ha 2-il ypoBeHb. IIpu 3TOM mepexone BblAe-
JIMBILASICSI SHEPTUS TOIJIOIIAETCS] KPUCTAIIMUYECKON PEIIeTKOW, W W3Iy4YeHHE He
MIPOMCXOAUT. 3aTEM Ha CUCTEMY BO3JCHCTBYIOT

(d) 1~ 10"
E, 3 BHEIIIHUM JIy4OM cBeTa. Bo30y KIeHHbIC aTOMBI
- \ X CO 2-TO PHEPreTHYECKOTO YPOBHS, M3JTydasl BH-
2 g E u=107¢ JMMBIN CBET, BO3BPALIAIOTCS Ha |-if SHepreTH-
QoE)[ = qecKuit ypoBeHs (d).
g% NS\ — OTOT METOA TPEXYpPOBHEBOT'O BBIHYKIECHHOIO
(=g Vi ese M3JTy4eHUs Jiazepa ObLI OCYIIECTBICH B KpUcC-
B H BHJIMMOT'O CBETa manne py6uHa.
" MunnmansHoe SHepreTHYEcKoe CTpyKTypa ¥ NPUHIUI PAaG0THI pyOUHOBOI0

COCTOAHHE aTOMa J1azepa. 113 pyOMHOBOTO KpHCTasla H3rOTaBIIH-

BAETCSI CTEPIKEHb C IIOCKONAPaJICIbHBIMU OC-

HoBaHMsIMU. OJIHO M3 OCHOBAHHWH IPEJCTABISICT MOJHOCTBIO OTPaXKAIOLIee JI
3epKailo, a APyroe OTHOCUTEIBHO NPO3PAYHYIO INIOCKOCTh. CTepiKeHE, 1OM
BHYTPH CIUpaneoOpa3Hoil ra3oBoil jJaMmbl (OHa Ha3bIBACTCS U mg bCH

JIEHUSX, MEPEXoAT Ha 1-i 3HepreTHUecKuil ypone
paHsolieecs: 10 pyOMHOBOMY KPHCTaJLLy, IIOJBEP
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OTPa)KEHUIO OT €r0 BHYTPEHHUX CTEHOK, KOH- (o Jlazeproe
Tasopas ast U3Iy4CHUC

LICHTPUPYETCSI U YCUIIMBAETCs BJIOJIb HAIIPaB- PaspsH;

JIeHUsl pacripocTpaHeHus. B pesynprate u3 "

ITOJIYTIPO3PavYHOr0 OCHOBAHUS KPUCTAJIIA BBI-

XOAUT MOIIHBIA Ja3epHbIA JIyd KpPacHOIO

nuBeTa (e).

Ilomynpospaunoe
OCHOBaHHE

PyOuHOBBIIH
epKaJIbHOE ~ CTEPKEHD

OCHOBaHHE

TBOpUYeckoe NnpumeHeHue

e

Kakoro anameTpa nony4aeTcs cBeTnoe NATHO?

3apaya. C noBepxHOCTV 3eMnu Ha MOBEPXHOCTb JIyHbI HAaNpaBneH O4YeHb MOLLHbIV Y3KUIA
ny4y nasepa. Yron paccevBanus nyya a = 10~5pag, paccrtosiHue OT NOBEPXHOCTU 3emnn
Ao nosepxHocTH JlyHbl pasHo 380 000 km (d). Kakoro guameTtpa cBeTnoe nNsaTHO co3paeT
nasep Ha NoBepXHOCTU JTyHbI?

380 000 km

—

YTO Bbl Y3HANU MNMepenuwuTe NpeanoxeHus B pabo4nim NUCTOK M AONONHUTE
ux: 1. CnoHTaHHOE usny4veHune — ... ; 2. BoIHy>XaeHHoe nanyye-
Hue — ...; 3. JlazepHoe nsny4veHune — ... ; 4. [ins nony4eHus na-
3EpHOro M3ny4eHus B pybrHOBOM KpucTanne ...

MpoBepbTe cBOM 3HAHUSA

1. Yem oTnnyaeTcs nasepHoe nsnydeHune ot o6bIMHOMO cBeTa?
2. Kak nonyyaetcsi nasepHoe nsnyyeHne?
3. O6BbACHUTE CTPYKTYPY M NpuHLUMN paboTbl pybrHOBOro nasepa.

o MpoekT °
I

MoaroToBbTe KOMMNBLIOTEPHYIO NMpe3eHTauuo Ha Temy: “INpumMmeHeHue naseposB”.




1. Ha pucynke npeacTaB/eHa cxeMa pacnajia paauoaKTHBHOIO
BelIeCTBA B OJHOPOJAHOM MArHMTHOM moje. Onpexaenure
HanpaBJieHHe OTKJIOHEHHS O, 3- ¥ Y-H3JTy4eHHId.

2. Yro Takoe o, B- ¥ y- H3ayueHusn?

A) a-u3nydYeHue — IIEKTPOMarHuTHas BOJIHa
[-n3iydeHue — MOTOK AJIEKTPOHOB
Y-H3ITy4eHNe — IOTOK sJep Ienus

B) o.-n3myyenue — moTOK 3JIEKTPOHOB
B-u3mydeHue — MOTOK Aaep renus
Y-U3JTy4eHHe — JIEKTPOMarHUTHAs BOJIHA

C) o-u3my4yeHne — MeKTPOMAarHUTHAS BOJTHA
B-u3iry4eHne — NOTOK saep Teus
Y-H3ITy4eHHUE — MOTOK 3JIEKTPOHOB

D) o-u3ny4eHne — MOTOK Saep Teyus
[B-m3iy4eHre — MOTOK JIEKTPOHOB
Y-H3ITy4eHUE — SIEKTPOMArHUTHAsI BOJIHA

E) a-nzinydenue — nmoTok saep reiaus
B-n3nydeHne — 31eKTpOMarHUTHAS BOJIHA
Y-M3Iy9eHHUE — TIOTOK 3JIEKTPOHOB

3. OTKpbITHE PATHOAKTHBHOCTH MO3BOJIMJIO BEIABUHYTH TAKYIO THIIOTE3Y:
1 — aToM CcBsI3aHHAs CHCTEMa, NIMEIOIast CIIOKHYIO CTPYKTYPY;
2 — OAMH XUMHUYECKHH JICMEHT MOXET OBITh IPeo0pa3oBaH B APYroi HIEMEHT;
3 — IONOXKUTENBHbIE 3apsAAbl pacupeelIeHbl PABHOMEPHO 10 BceMY 00beMy aToMa, dJIeK-
TPOHBI JK€ PacrpeielIeHbl PABHOMEPHO 110 00beMy NOA0OHO “U3IOMHHKAM B IyAUHTE”.

A)lu2 B)rtoasko3 C)ronpko 1 D) tompko2 E)1lwu3

4. Ha yeM ocHoOBbIBaeTcsl IJIaHETAPHAS MOJeJIb aToMa?
A) Ha OTIBITE 10 OTKJIOHEHUIO Ol- U [3- M3JIyYeHUI B MArHUTHOM T10JI€;
B) Ha doTorpadupoBanun poToanmnapaToM CHUIMKOB aToMa M MOJIEKYIT;
C) Ha OmbITE 110 OTKJIOHEHHUIO Ol- U - U3ITyYESHUH B DJIEKTPHUYECKOM TIOJIE;
D) na pacuere MexaHH4eCKOTO JBMKEHHMS Ten COTHEYHOH CHCTEMBI;
E) Ha ombITe 10 paccenBaHUIO O—JaCTHII.

5. BeicTpoiiTe B psii cMMBOJIbI XuMu4ueckux 3jemenToB U, Ge, Ca, Sb, Al, Cu, Au, Si
B MOPSIIKe BO3PACTAHUS YNCJIA JIEKTPOHOB B aTOMAX.

RO
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m ATOMHOE AOPO — CBA3AHHAA CUCTEMA.
MACCOBOE U 3APAOOBOE YNCIA AOPA

XNMNYECKNIA SNIEMEHT C aTOMHLIM HOMepPOoM 37 umeeT 14 HENTPOHOB.

¢ ¢ KakoBO MaccoBoe 4n1cro u 3aps4oBOe YNCIIO 3TOro anemeHTa’?

ccresonan JB

OnpepenuTe CKpbITbIe CMOBa.

Xopa uccnepoBaHUs: Ha pUCYHKE NPeAcTaBneHa CxeMma CBA3aHHOW u3nyeckomn
cuCTeMbI, cocTosiLen u3 yactuu,. MNepenuwnTte cxemy B paboynii IMCTOK, HanMcas
BMECTO TOYEK KII0YEBbLIE CIOBA, 3aMnoNHNTE ee.

KnioueBble cnoBa: esiipo e aTOM e MPOTOH e MOJIeKyJiae HEUTPOHe

O6cyauTe pe3ynbTar:
o /13 KakMx 4acTuL, COCTOUT CBA3aHHAsA cuctema atoma?
¢ fABNsieTcst N aTOMHOE AApOo hm3nyeckon cuctemon? Movemy?

3.Pesepdopa 1 ero yueHUKH OTKPBUIN YaCTULIBI, 13 KOTOPBIX COCTOMT aTOMHOE SiJI-
PO, B pe3ysbTaTe MPOBEACHHBIX KCIIEPUMEHTOB IO B3aMMOJIEHCTBHIO O-9ACTHIIBI C
aTOMaMH Pa3HBIX XMMHUUYECKHUX AIIEMEHTOB.

Omxkpovimue npomona. B 1919 rony npu 6omOapnupoBke Pesepdopaom aromon
a30Ta O-4aCTHLAMHU IMIPOM3OILIEN PacHaj siep dTHX aToMoOB. BbUIO BBIIBIEHO, YTO B
pe3ynbTaTe B3anMOZEHCTBHUS aTOMOB SI/Ipa PAaCHaIlCh HA JJBE YaCTHIIBI — aTOM KHCIIO-
poaa u sAApo Bomopoaa. B nmampHeliieM BO BceX NMPOBEASHHBIX IKCIEPUMEHTaX 0
B3aMMO/ICHCTBHIO (I-4aCTHIl C aTOMaM{ XUMHYECKUX JIEMEHTOB 60p, ¢hmop, aumui,
Hampuii ¥ Apyrue ObLIO BBISABICHO, YTO TIPH paciiajie sApa BOZHUKAET SIPO BOJOPOAA.
Takum 00pazom, OBLTO OMpeNeNieHo, YTO YaCTHUIIA, SBISIIONIASCS SIPOM BOAOPOIA,
SIBTSIETCSI COCTaBHOM YaCTBIO BCEX SAEP XMMHUYECKHX DIIEMEHTOB. JTa YacTHIa OblLia
HasBaHa npomonom (TIO-TPEUECKU protos o3HavYaeT “nepBUuHbIi”’). OHa 0003HAYAETCSE
OyKBOIl p 1 UMEET MOJIOKUTENBHBINA 3JEKTPHUCCKUN 3apsil, PaBHBINA 0 MOJYIIIO 31
TPUYECKOMY 3apsily 3JIeKTpoHa. Macca NpoTOHa, paBHast m,, = 1,672 10
1836 pa3 Oosblie Macchl 3neKTpoHa. OIHAKO SAPO HE MOKET COCT!

— HOMEp 3JIEMEHTa B MEPHOANYECKON CHCTEME: YUCIIO TP
Macca sipa OoJbllie BO MHOI'O pa3, 3HA4YUT, B SIP
0JTHA YacTHIIa C MAacCOM, OOJbIICH MacChl MPOTOHA



(a) PamoaxmiBrOC Bepuumesas Omxkpoimue wneimpona. B 1932 rony

BEILECTBO ¢oisra .
MPU M3YYCHUM B3aUMOJICHCTBHUHU (L-YACTHI] C
/, aTOMOM DJIEMEHTa OepHyUTAs OBLIO OTKPBITO
E: - ——"_  HOBOe usny4eHue (2).
_\%\_ §: DT0 W3ITyYCHUE, HA3BAHHOE OepULIUeGbIM
|/ uznyyeHuem, obmamaer OOJBIION SHEprued u

/ / MPOHUKAIOIIEH CIIOCOOHOCTBIO, HE BCTYMAET

o-MIydeHie  BepUTCROC MyeHe B3aMMOACHCTBHE C JIEKTPUIECKUM U Mar-
HUTHBIM TIOJIAMU. [0 3TOMY CBOWCTBY Oepuniuegoeo u3nyueHus aHTIAACKANR (HU3UK
Jxeiimc YenBuK omnpeaenui, 4T0 OHO COCTOMT M3 MOTOKA AJIEKTPOHEHUTPaIbHBIX Ya-
cruil. Takum 00pa3om, OblTa OTKpBITA HOBAs YacTHIA B COCTABE siapa — HelmpoH (TO
€CTh JJIeKTPOHEHTpanbHbIi ). HelTpor o0o3HauaeTcs OyKBoii n.

Macca HeliTpoHa IpHOIHM3UTENBHO PaBHA Macce NpoToHa: m,= 1,6749-10 ke,

Maccoeoe u 3apsoosoe uucio adpa. Cpasy xe Mociie TOro, Kak ObLI OTKPBIT
HEUTPOH, pyCcCKul yueHsll Jmumpuii Heanenxo n HeMeUkuil yaeHslil Bepuep I eii-
3enbdepe B 1932 rony npeanoxRuIn ApOmoHHO-HeumpoHnyio mooens a0pa. CoriiacHo
3TON MOJENN:

® Amomunoe A0po — 5mo YCMOUHUBAs CEA3ANHAS CUCIEMA, COCIOSAWAsL U3 NPOMOHOB
u Helmponog. [Ipomonvl u Heimpoubl, odpazylowue 10po, HA3bIBAIOMCs HYKIOHAMU.
Hyxnon om namuncroeo cnoea nuclons osnauaem “‘wacmuya, npunaonesicawas sopy”.

Uro obecniednBaeT ycroiunBoch sifpa? Kak Moryt ocraBaThcs B yCTOHYHBOM
COCTOSIHUM OJTHOMMEHHBIC 3apsDKCHHBIC YaCTULBI siipa?

IefizenOepr 0OBSACHNI 3TO CYIIECTBOBAHUEM MEXY HYKJIOHAMU MOILHBIX A0ep-
HbIX CUJl HEIEKTPUYECKOM TPUPOIBI.

o Aoepuvimu cunamu Ha3vl6AOMCs CUbL, YOEPACUBAIOUUE HACMUYbL (NPOMOHBL
U HelUmpomwl) 6 sope.

SnepHble CUIIBI, HE UMEs SJIEKTPHUYECKON MPUPOABI, XapaKTEepU3yIOTCsl OJIM3KO-
neiictBueM. To ecTh paguyc AeHCTBHSA SIEPHBIX CHII COU3MEPUM C Pa3MEpaMH caMo-
ro aroma: ~10°m. SlnepHble cuIbl, AeiCTBYIOIIME MEKIy ABYMS HYKJIOHAMHU B
A1pe, B THICSYM pa3 NPEBOCXOAAT o BenuuyuHe cuiy Kynona, nefcTByromyro Ha
9TOM PacCTOSHUM MEXIY ABYMs OTHOMMEHHO 3apsDKEHHBIMU IIPOTOHAMU.

e Maccogoe uucno s0pa pasHo oowemy 4ucuy HyKioHos 6 sope. Ono obosnavaemcs
oykeoul A. Maccosoe uucio (A) = uucio npomonos (Z) + uucno neimponos (N):

A=Z+N.
C HOMOIIBIO ATOTO BHIPAXKEHHS C JIETKOCTHIO MOKHO ONPENENIUTh YUCIO HEeUT-
POHOB B Sipe IIPOU3BOIBHOTO IEMEHTA!
N=4-Z
MaccoBoe YHCIIO HUILIETCS B BEpXHEM HHACKCE XUMHYECKOTO 3JIEMEHTA.
e 3apadosoe wucio adpa pasno wuciy npomonos 6 adpe. OuddcosnBuaetc

OyKBO#l Z 1 NHIIETCS B HUKHEM MHAECKCE XUMHUYECKOI'O 3JIEMEHTA.
TaxuMm 06pa3oM, 1r060i XMMIUECKH I STIEMEHT MOKET BHIPaKATbCs BBHC 7

X — CUMBOJI XUMHUYECKOT0 3eMeHTa. Hampumep, eciu asst CJI0pO

quciio A = 16, a 3aps0Boe uucno Z = 8 , ToO MOXKHO 3 arb: gl Tak kakMacc
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4KICII0 IPOTOHA paBHO 1 aToMHoM emumune Maccesl (1 a.e.m. = 1,6605:107% kr), a 3aps-
JIOBOE YMCIIO PABHO | SIEMEHTAPHOMY 3aps/ly, TO TIPOTOH 0603HAYAETCS CHMBOJIOM
1p. Heiitpon xe 0603HauaeTCS CHMBOIOM gTt: M0 MACCOBOE YMCIIO PaBHO 1 a.e.M.,
a 3apsI0BOE YHCIIO HYJTIO.

TBopquKoe npuMmeHeHue

Uccneposanue ¥4

“YreHne” cMMBONOB XMMUYECKUX INIEMEHTOB.
3apaya. Onpepennte COOTBETCTBYIOLLME XapaKTEPUCTUKN ABYX XMMUYECKMX SIEMEHTOB
no UX CUMBOMNaM:
3¢Fe Be
* Y/1Cno NPOTOHOB — ... * Yycno NnpoToHOB — ...
* Y)iCno HENTPOHOB — ... * Yycno HENTPOHOB — ...
* Y)Ccrno anekTpoHoB — ... ® Yycrno aneKkTpoHoB — ...
e Macca fapa:qre, = Zpe * 1,66 - 1071°Kn= e Macca sgpa:qg, = Zg, * 1,66 - 10719K 1 =
e Maccosoe 4ucno — ... e MaccoBoe 4ucno — ...
MepenuwunTte NpeanoXxeHUsa B paboymMn NINCTOK U JOMNOJTHUTE
nx: 1. AToMHoe g4po — ... ; 2. HyknoH — ... ; 3. MaccoBoe 4ncrno
agpa — ... ; 4. 3apsipoBoe unicno sapa — ...

NMpoBepbTe CBOM 3HAHUA

1. Kakyto yactuuy HasbiBalOT MPOTOHOM?

2. MNoyemy BTOpas YacTuua aapa Ha3biBaeTCs HEVTPOH?

3. Kak MOXXHO onpeaenuTb B siApe YNCHO HEMTPOHOB XUMUYECKOTO dneMeHTa?

4. MNoyeMy AeNCTBYHOLLME MEXAY NOSNIOXKUTENBHO 3apsKEHHbIMWU MPOTOHAMU CUIbl  KYIOHOB-
CKOro OTTasrkMBaHusa He paspyLuatoT sapa, yaanss ux apyr ot gpyra?




[ 4.5 [V v

Korpa Bbl criblluKTe, YTO apXEONOrv HaLLnu B
OpeBHEM 3ax0opoHeHuu B Mabane KocTu YyenoBeka
Bo3pacTtom 5000 neT, nepBbI BONPOC, KOTOPbIN
BO3HUKaET:

e lHTepecHO, Kak y4eHble C TaKOM TOYHOCTbIO
CMOrnu onpeaenuTb BO3pacT APeBHUX
HaxoaoK?

H3oTonsl

o H3zomonwt — amomvl, umerowue 0OUHAKOBOE KOIUUECMEO NPOMOHOS, OOHAKO
OMAULAIOUWUECS NO MACCOBOMY HUCTY.

W3otomsl, onpenensieMple IO MacCOBOMY uuciy, B [lepuoanueckoit Tabauue Xu-
MHYECKUX 3JIEMEHTOB ITOMEIIAIOTCS B OJHY KJIETKY M 00JaAl0T OAWHAKOBBIMU XH-
MHUYECKUMHU CBOicTBamMH. B mpupoie MOKeT CyliecTBOBaTh JBa U 00Jiee H30TOIOB
OJTHOTO H TOTO K€ XUMHYECKOI'0 3JIeMEHTA.

W3oTonsl oTnH4aoTCes APYT OT APYyTra TOJIBKO YHCIOM HEHTPOHOB B sipe. Tak Kak
HEUTPOHBI HE OKA3bIBAIOT HUKAKOT'O BO3JCHCTBHSI HA XUMUYECKHE CBOCTBA 3JIEMEH-
Ta, TO BCE MU30TOMBI JAHHOTO JIEMEHTA UMEIOT OAMHAKOBBIE XMMUYECKUE CBOMCTBA.
Hanpumep, y BOZIOpO/ia CyIIecTByeT Tpu u3otona. Mzoron 1H (mporuii-H) coctout
Tombko 13 1 mpotona. B ero suape neiitpona met. Usoron 7H (neiitepmii-JI) cocrour
u3 1 nporona u 1 HelTpoHa.

Wsoton $H (tpurnii-T) coctont u3 1 nmpotona u 2 meitrponos (2). Ho u3otomsr,
HMEIOLIE PAa3HOEe YHMCIO HEHTPOHOB B sAnpe, 00JaJaroT pa3sHbIMH (U3UUECKUMHU
coiictBamu. Hanpumep, Tspkenas Bosa (coennHenue aeltepus ¢ kuciaopogom D, 0)
OTIMYAETCs OT OOBIYHOM BOJBI. Tak, TspKesias Boja MpU HOPMaIbHOM aTMoc(hepHOM
JaBJIieHUW KUTUT ripu Temmeparype 101,2 °C, a 3amep3aet npu remmneparype 3,8 °C.

@ Y= e e
’ 6
H *H(D) H(T)
L] AmOMbl C 00uHaK06blM YUCTIOM np0m0H06 4 }Zape O C U Mac

JIAMU HA3BIBAIOMCS UOMONAMU (0 2peyecKu iZ0S — KOBbIU \\OPOS —
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Bce XuMHUYecKHe dIeMeHTh HMEIOT M30Tomnbl. Hampumep, KHCI0pos B IpHpo/e
COCTOMT M3 cMecH Tpex msotomos: 150,120,180 (b). B mpupone nanbonee pac-
TnpocTpaneH u3oton 150 —99,8% .

(232

(b)

16 17 18
80 80 80
Atom ATOM TSDKENOro ATOM CBEpXTSHKEIIOr0
Kucsiopozaa KHCJIOpOJIa KHCIIopoza

OOBIYHO M30TONBI HA3bIBAIOT 10 WX MAaCCOBBIM YHCIIaM, HalPUMEpP, H30TOIIBI
ypana: ypan-235, ypan-238, ypan-239 u nap.

TBOpUYeckoe NnpumMeHeHue

C @ .

3apaua. Ha pucyHke npen- /\ /\ /_\
CTaBIeHbl CXEMbI NNaHeTapHbIX , .
Mogenemn Tpex M3oTonos (c). U U U
MepeyepTute cxembl B

pabounin NMCTOK U BMECTO
TOYEeK OTMETbTE, COOTBET-

CTBEHHO, CMBOI1 130TOMNa, zU= zU -

YMCIO NPOTOHOB, HEUTPOHOB U Z—.. Z- ..

3MEKTPOHOB B HEM. N-—.. N-..
e- e-—

YTO Bbl Y3HANU * HanuwunTe kopoTKoe 3acce B pabo4yem nucTke, NCNonb3ys
AaHHbIe KInYeBble cnoBa: e/zoton e Atom e Maccogoe unc-

no e 3apsiaoBoe uncro e Hayka u TexHuka e lMpoussoacteoe

NMpoBepbTe CBOM 3HAHUA

1. Yto Takoe nsoton? (

2. I'quemy MN30TOMbl OAHOIO U TOrO XXe dNneMeHTa He OTNn4aroTCA No XMMnN4 ‘ T

Apyr oT apyra?
185

3. B KaKkux Liensix Ucnonb3yrTcst paauoakTUBHbIE U30TOMbI?
4. Yem oTnMyaloTCs ApYr OT Apyra sapa U3oTonoB ypaHa 233U un ?
n

° T a4 e aTo




ITonrotoBeTe mpesenraruio Ha Temy “Ilpumenenue nzotomnos”. Ilpu MoOAroTOBKE Mpe3eH-

Talluu MOKHO BOCIIOJIB30BAaThCA JaHHBIM ITIJIAHOM.

lNnaH noAroToBKW Npe3eHTaLMun: Npy NOAroTOBKE Npes3eHTauum MoXxeTe UCMOorb-
30BaTb 0gHy u3 nporpamm Microsoft Office PowerPoint, Activinspire, anekTpoHHbIEe

nockn Promethean wnn MimioStudio.

VMcnonb3ynte B Npe3eHTaummn HMKenpBeLeHHbIE KMNtoYeBbIE CrioBa W KitoYeBble

npeanoXxeHua:
® n3oTon

e nepmnoanyeckasa cmctema afieMeHToB

e 0bnacTu Hayku
® YCTONYMBBIV

e 130TOMbI yrnepoaa
e apxeoriornyeckue UccrenoBaHus
® N30TOMHbIE MHAMKATOPSI

e MaccoBoe€ 4ucrio
® YNCJI0 NPOTOHOB

e 00M1acTb CENbCKOro Xo3sMCcTBa
® BO3[ENCTBYET Ha X04 XUMUYECKON

peakuum
e 130TONbI ypaHa

e MpuMeHeHne B MegnunHe

® 30TONbI Cepbl

® YNCIO HENTPOHOB

€CTeCTBEeHHblEe N30TOMblI

NPOV3BOACTBO

M30TOMbI BOAOPOAA
M30TOMbI KUCTOpoAa

npespalleHnda B XNBbIX KIeTKax
nony4vyeHue BelleCcTB C 3apaHee
onpegeneHHbIMn cBOWCTBaMM

® YNCJII0 3JTEKTPOHOB
® PAAVNOAKTUBHbIE U30TOMNbI

MeYeHbI aToM

e n3otonel 6epunnus

M30Tonbl a3oTa

e TKaHW opraHn3ama
e yrneBogHble coeMHEHUA

m nPVIMEHEHI/IE M30TOMNOB (YPOK-NMPE3EHTALUA)

1 . « MpumeHeHue nsoTonos
cnana « MoaroTtosun (knacc, UMs 1 hamunus)
2 cnang [MpumeHeHre n30ToNoB B CENbCKOM XO35MCTBE
3 cnaing MpUMEHEHe N30TOMNOB B MEAMLIMHE
4 cnanp MpUMeHeHe N30TOMOB B XMMIM
5 cnaing MpUMeHeHe N30TOMOB B B1ONOMN
6 cnaig MpUMEHeHe N30TOMOB B apXEONorm

1. OnpeneanTe YUCJI0 FJIEKTPOHOB, POTOHOB M HEITPOHOB B JAHHBIX H30TOMAX ATOMA:

209pp 23977 18
82Pb’ 92U, 80.

2. SIApo KaKOro XMMHYECKOro 3J1eMeHTa COCTOUT U3 20 MPOTOHOB U 20¢ﬁTpo
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3. UeM oTIMYAIOTCS APYT OT APYra H30TONBI INIyTOHHA “g4

4. MaccoBoe uyncio aproia paBuo 40. CkoJIbK0 NPOTOHOB U HEHTPOHOB

5. KakoB 2JIeKTpHYecKHii 3apsia siapa u3otona 2i2Pb2
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PA,EI,I/IOAKTI/IBHbIE NMPEBPALLEHUA ATOMHbIX
AOEP: a-,B - W y-U3NTYHEHUA.
NMPABUITIO PAOUOAKTUBHOIO CMELUEHUA

Mpw nccnepoBaHMM YHeHbIMY NPUPOALI Y MEXaHU3- ¢ Kakoe pagnoakTueHoe nsnyye-
Ma pagmnoaKTMBHOMO U3MYYEHUS CTano U3BECTHO, { , Hue Xummn4eckoro aremMeHTa
YTO B pesynbTare U3ny4YeHns paguoaKTUBHbIN ane- —  MPUBOAUT K M3MEHEHMIo ero
MEHT UCMbITLIBAET CEPbE3HbIE N3MEHEHMS. A nocne AAapa: o-usny4exue, 3-u3ny-
OTKPbITUS CTPOEHUS siipa CTarno U3BECTHO, YTO pa- YeHue unu y-usnyyeHue?
[IMOAKTUBHOE M3Iy4YeHNEe SIEMEHTA NPUBOAUT K 13- ¢ KakoB UTor nameHenus B
MEHEHWIo CoCcTaBa siapa. aTOMHOM siipe anemeHTa?

e

BbinonHseTcsA 3akOH COXpaHEeHUs MaccoBOro M 3apsiioBoro Yucna sigpa!

3apnava. B 1903 rogy aHrnunckmn yyeHbii Pesepdopa onpegenvn, 4To aneMeHT pa-

AVN-226, CaMOMPOM3BOIILHO (CMOHTAHHO) M3nydas a-dactuuy (3He), npespallaeTcs B

APYron XMMUYeckuii aneMeHT. [laHHan peakums 3anucbiBaeTcs B CneaylowwemM Bmae:

228Ra — %He + 4Y.

Onpepenvte MaccoBoe M 3apsA0BOe YWCHO A NOMYy4EeHHOro anemeHTa Y, Ucnonb3ys

Tabnuuy n Neprognyeckyto CUCTEMY XMMUYECKMX ANIEMEHTOB.

O6cyauTte pesynbrar:

¢ B kakoe sapo npeBpallaeTcs SAPO PaANOaKTUBHOMO pagns-226 npyu CNOHTaHHOM W3-
nyyYeHun a-yacTuupl ($He)?

¢ Uem oTnnyaeTcs MaccoBoe M 3apsiA0BOe YMCIO 3TOro SApa OT MaccoBOro U 3apsifo-
BOro yncna sgpa pagunsa-226?

¢ Kakasi 3akoHOMepHOCTb HabnogaeTcs Npyu pagnoakTUBHOW SAEPHON peakumumn?

Ha ocHoBaHuM pe3ysibTaToOB, MOJIYyYEHHBIX [0 UTOTaM OIBITOB, IPOBEACHHBIX
[Tsepom u Mapueii Kropu, Opnecrom Pezepdopnom u anrnuiickum xumukom Ppe-
nepukoM Conau, ObITM OTKPBITEI HEOOBIUHBIE CBOMCTBA PaJMOAKTUBHBIX XMMHUYE-
CKHUX DJIEMEHTOB, KOTOPBIE IIPUBEIECHBI HIKE:

1. X¥MH4YecKHe 31eMEHTHI, OABEP;KEHHBIE (- WITH B-M3Iy4eHHIO, TPEBPAILAalOTCs B
JIpyrue XMMHYECKHE 3JIEMEHTBI, IIPU 3TOM COXPAHAOTCA 3apsA0BOE U MACCOBOE YUCIIA.
Bo epems paouoaxmuenoeo npespawjenuss cymma maccoeozo U 3apao08020 YUCIA
NOTYYEHHBIX S0P PABHA CYMME MACCOBO20 U 3apa008020 YUCIA NEPBOHAUATILHBIX S0€D.

2. IIpeBparienue paaroaKkTHBHBIX XMMHUYECKHUX JIEMEHTOB COITPOBOXKIAETCS BBIIC-
JICHHWeM >HEepruu. Briaenenne sHeprui MOXKET MPOIOIDKATHCS OECIIPEPBIBHO TOJJAMH.

3. Ha xox pannoakTHBHBIX IPEBpAIICHUN HE OKa3bIBAIOT HUKAKOTO BIIMSHUS
BHEIIHNE BO3JEHCTBUS (M3MEHEHHE TeMIlepaTypbl U J1aB-

JIeHUsA, XUMUYECKUE PEAKLIMU, DJIEKTPUUYECKUE U MarHUT-  BHumaHue! B spe
HBIE TIOJIS U 1Ip.). BIIEKTPOHOB HeT. OHK

4. PaguoakTUBHBIE TPEBPALICHUS MNPOUCXOIST CAMO.  BOSHHKAIOT BO BpeMs

NpoU360JIbHO — CHOHMAHHO. PallNOZgIBHOT QYIPEE-

o Camonpousgonvtoe npegpaujenue 0oHo20 paduoak- — PAMEH el
sapa.
akmu a-npe-

MUBHO20 0pa 8 Opy2oe SI0pO HA3bIBAEHICS PAOUOAKIMUGHBIM
npeepauieHuem.

Cy1iecTBYyIOT J1Ba BH/Ia PaJIHOAKTHBHOTO TIPEBpa
epaujeHue u paduoakmugHoe [} -npespaujenue.

CHUA.
° T ad e W aTo




Ilpasuno paduoaxmusuozo cmewenus. Ilpu paouoakmusnom a-npespaujeruu
anapo X, usnnydas o-dactuiy (3He), mpespamaercst B HOBoe A1po Y, TO €CTh Impo-
UCXOIUT paouoaKmusHoe cmeujerue:

24X - 423Y + 3He.

Kaxk BuIHO, py o-NIpeBpaIlieHAH 3apsiI0BOE YMCIIO sApa yMEHbIIaeTcs Ha 2 eu-
HHMIIBI, @ MACCOBOE YHMCIIO Ha 4 eMHMIBI. B pesynbpraTe smeMeHT cMemmaercs Ha J1Be
KJICTKH K Ha4aTy NepUOINIECKOH CHCTEMBL.

[pu paduoaxmuenom B-npespawenuu saupo X, usiaydas B-yacruiy (_Je), npes-
pamraercsi B HOBOE SIpo Y — MPOUCXOIUT paouoaKmugHoe cmeujeHue:

2X > 2,4Y + Je.

Kak BuaHO, py B-IpeBpaIieHny 3apsI0BOE YHCIIO spa yBEeIUIMBaeTcs Ha 1 enu-
HHITy, @& MAaCCOBOE YHCJIO HE MEHSETCsA. B pe3ynbprare 31eMEHT cMemaeTcsl Ha OHYy
KJIETKY OJIFKE K KOHILY IIEPHOIMYECKON CHCTEMBI.

Ilpu y~uznyuenuu e mMeHsemcs HU MAcco80e YUCIO, HU 3apsi00680e — paouoaK-
mugHoe cmeujeHue He nPOUCXooum.

.,H]lﬂ 8cex ﬂ()eprlX peam;ud BblNOJIHAEMC A 3aKOH COXPAHEeHUA abconommnoco
SHAYEHUA MACCOB020 U 3ap}1006020 uucei.

TBopuyeckoe npumeHeHue
?
Uccnegosanue ) B kakoe sapo npeBpaTuTca?
3apaya. Onpegenute HEU3BECTHOE siAPO, MOMyYeHHOe npwu

PeaKLMY PLMOBKTUBHOTO NPEBPaLLeHHS:
Z3Np -2+ %; 233Pu -7 +3He.

yToBbl * MepenuwunTe He3aKOHYEHHbLIE NPeANnoXeHUsi B pabounii IMCTOK U
. pononHuTte ux: 1. PagnoaktneHbivi pacnag — ...; 2. CnoHTaHHOe n3nyve-
Y3HA/IN Hue — ...; 3. Mpu paanoakTuBHOM a-pacnage —..; 4. Mpu pagnoakTus-
HoM (- pacnage — ...; 5. [Mpu pagnoakTMBHOM Y- MpeBpaLLEeHnmn — ...

1. MNoyemy pagnoakTMBHOE MU3IyYeHWE BbI3bIBAET U3MEHEHMS B AOpe 3nemMeHTa?

2. B yem 3akntoyaeTcsi HEOOLIYHOCTb CBOWCTB PaANOaKTUBHBIX XMMUYECKMX 3NIEMEHTOB?
3. Kakoe npeBpalLieHe nponcxoamT npu Ol-M3ny4yeHnm?

4. Kakoe pafiMoaKTMBHOE CMeLLEeHMe BO3HUKAEeT npu 3-npespatlieHnn?

5. MMoyemy npu Y-nsnyy4eHnn paanoakTUBHOE CMELLEHNE He BO3HUKaeT?

1. IIpu ecTecTBeHHOM PaJMOAKTHBHOM NPEBPAILICHHH SIIPO 208Po H3JIYYHJIO O-4aCTHLLY.

B siApo kakoro 3j1eMeHTa IPH 3TOM NPEBPATHIIOCH PO NOJI0HMA? 3aNUIINTe PeaKIuIo.

2. B pesyabTare pajMOAKTHBHOIO M3JIy4YeHHs SIPO 9gTh npeBpamaercas B AApo

226 Ra. Kakyo 4acTHIY H3/Iy4aeT syipo Topusi? 3anuiInTe peakuuio.

3. Kakoii nonyancsl M30TON NPH TOCJICA0BATEILHOM H3JyHeHHH PARHOAKQBHDI
H30TONOM 515b yerTbipex P-yactun? 3anuuimTe peakuuio.

4. Kakoii moay4uTcsi H30TON NPH MOC/IeA0BATEIbHOM M3JIy4YeH

H30TONOM ZggTh Tpex o-yacTul? 3anuiuuTe peakuuo.

5. Kakne U3 map XuMH4eCKHX 3J1€MEHTOB SIBJSIIOTCH H30TONA

A)1HujHe B)Z%tPuu?s;Pu C)3HujHe D)
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m 3AKOH PAOWOAKTUBHOIO PACIMALA

Mbl BbISICHUMM, YTO paaMoaKTMB- o MoxHo nu onpegennuTb 3apaHee CKo-
Hble M30TOMbI SApa NOABEPXeHbI POCTb YMEeHbLUEeHNsA Yncna siaep, He Uc-
CMOHTaHHOMY pacnagy. NbITaBWUX paagnOaKTUBHOIO pacnana?

(e

CMogenupyem paguoakTUBHOE NpeBpalleHue agep.

O6opynoBaHue: 100 6yMaxHbIX kBaapaToB (pazamepamm 1x1cm), okpalleH-
HbIX C OOQHOWN CTOPOHbI — 3TO ByAYT “pagmoakTUBHbLIE N30TOMbI SAep”, CTakaH.
Xopn nccneposanus: 1. NomecTnB kBagpaTuky (“9apa”) B CTakaH, HECKOMbKO \ &
pa3s MHTEHCUBHO BCTPSIXHUTE €ro, a 3aTeM COAEPKUMOE BbIChINbTE Ha MOBEPX- N
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 VCMbITaBLUME PaAMOaKTMBHOIO NpeBpalleHns”. [pyrve xe kBagpaTbl OTIIOKUTE B CTOPOHY
— 370 OyayT “Anpa, ucnbiTaBlune npespalleHne”. 3. MIHTEHCUBHO BCTPSIXHYB CTakaH, Bbl-
CbinbTe KBagpaTbl HA MOBEPXHOCTb CTOMAa, CHOBa NoAcYMTaNTEe YMCIO KBagpaToB, 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.
Howmep onbita (n) 0 1 2 3 4 5
Yuncno LBETHbIX KBAApPaToOB, BbiMaBLUMX U3
cTakaHa — 41crno “agep, He UCTbITaBLUNX 100
npespalueHns” (N)

O6cyxaeHue pe3ynbTaToB:

o CKornbKo KBagpaToB 13 06LLEro KoNM4YecTBa BbiNaBLUMX U3 CTakaHa Ha KaXaoMm aTane
onbiTa OKa3anucb LIBETHbLIMM — CKONbKO “Saep He UCMbITany pagnoakTMBHOIO npespa-
WeHnsa” Ha Kaxaom aTane?

e Kak MmeHsinock uncno “agep, He UcnbiTaBLUMX PagMoaKkTMBHOIO nNpeBpalleHns” Ha
Kakgom aTane onblTa? Habniogaetcs nu onpegeneHHas 3akoHOMEPHOCTb B 3TUX
U3MEHEeHnsx?

CKopocTh PaJMOaKTHBHOTO pacriajia MPOU3BOJIBHOTO HM30TONA HE 3aBUCHT OT
Macchl BEIIECTBA, TO €CTh OT Yucia saep. s KaxkIoro painoakTHBHOTO U30TOMa
UMeeTcs OTpeelieHHOe BpeMs, 32 KOTOPOe TTOJIOBHUHA €T0 Aep paclagaeTcs.

o [Ipomedscymox epemenu, @ meueHue Komopozo nOI08UHA pAOUOAKMUBHBIX s0ep
pacnadaemcs, Ha3bl8aemcsi HEPUOOOM ROJIYPACHAOA.

[Tepunon momypacmama o6o3Hadaercs OykBoi T, emuHUIIA €ro M3MEpEeHUS B
cucteme CU — cekynoa.

[IpennonoxuM, 9T0 B HAYaIBHBIH MOMEHT (to = 0) m30TOI I/IMeeT?)
MIPOMEXYTOK BPEMEHH, paBHBIN MeproAy nomypacmana (t; = T), ancio He

N
M30TOIOB PaJJMOAKTUBHEIX siiep Oyaer N; = 70 Yepes npomexxyT@k Bp

JIBYM Tieproziam noiypacnazga (;=2T), uncino HepacnaBIIis@g, B H80TOIE

Ny Ny
N, = ~ =, @ UCpPe3 MPOMEIKYTOK BPEMCHH (tz= MCI0 HEpachaB



Ny _ Ny
B m3oTone oyner N3 = - = 5 HTaKjanee. Takum 06pazom, depe3 NPOMEKYTOK Bpe-
MeHH, paBHbIA t, = nT, yncno HepacmaBIIMXCS B W30TOINE siiep OyIET BBIPAKATHCS
3aKOHOM PaouoaKmueHo20 pacnaoa:
No _ No
N = Z_n = —£.
2T
3aKoH pagMoaKTHBHOIrO pacmaaa Obu1 OTKpHIT B 1902 rogy O.Pesephopmom u
@®.Copnu. Dmom 3akon Oaem 603MONCHOCHb ONpedeumsb YUCTO HEPACNABUIUXCSL
PAOUOAKMUBHBIX A0€P 6 NPOU3BOTIbHbIL MOMEHIM 6PEMEHU.
Jnst kaxkaoro paaMoakTUBHOIO M30TONA MMEETCsl CBOHM MEpHoA Moiypacnana,
HamnpuMep, epHoJ noaypacnaja A1 H30Tomna ypaHa-238 paseH 4,5 Muinuapaa JieT,
a i paaust-226 — 1600 ner.

TBopquKoe npuMmeHeHue

- WUccnepoBaHue .

Fpadmyeckoe onucaHue 3akoHa paguoaKTUBHOIO pacnaaa.

PelwnTte 3agavy B COOTBETCTBUM C NpUBEAEHHBIM 0Opa3LIOM.

O6pa3seu. B MomeHT BpemeHu t, = 0 Yucno saep paanoakTUBHOIO M30TOMNa COCTaBrANo
2400. Mepuog nonypacnaga nsotona T= 5 yacoB. Ckonbko HepacnaBLUUXCS siAep ocTa-
HeTcsa B m3oTone 4vepe3 20 yacos? MNocTpoiTe rpadumk 3aBUCMMOCTU YncCna Hepacnas-
LUMXCA aAep paanoaKkTMBHOrO M3oTona OT BPEMEHM.

Bpews (t) Uucio mepacnapmmxcst saep (N) 240’;‘
ty=0 N, = 2400
N, 2400
t; = T = 54acoB 1=7=T=1200
N, 2400
t, = 2T = 10 yacos P =T=T=600 12004+
. N, _ 2400
t; = 3T = 15 yacos N; = - 8§ = 300 60T
20 Ny _ 2400 001
t, = 4T = 20 4acoB W= == e e E aa:
4 16 16 S A

o
N
S+
-
3]

20 t,4ac
3apava. B momeHT BpemeHu t, = 0 yncno sagep paguoakTUBHOIO M30TOMNa PaBHAMOCH
2000. Mepuvog nonypacnaga nsotona T = 10 cyTok. CKONbKO HepacnaBLUMXCA siaep ocTa-
HeTca B nsotone yepes 50 cytok? MNMocTponte rpaduk 3aBUCUMOCTM YMCna Hepacnas-
LUMXCA SAep pagnoakTUBHOIO N30TOMNa OT BPEMEHM.

YTO Bbl Y3HA/IN - MepenuwunTe He3aKOHYEHHbIE NPeANIoXeHUA B pabouni nuc-
TOoK n gononHute ux: 1. MNMepuog nonypacnaga — ...; 2. 3akoH
pagnoakTMBHOrO pacnaga — ...

,
1. Uto BblpaxaeT nepuopg nonypacnaga?

2. B 4em coCTOUT CMbICI 3aKOHa pagMoakTUBHOMO pacnaga?

3. MoxHo nu 3apaHee onpegennTb BpemMs paavMoaKkTMBHOIO pacnaga BEex s

paavoakTneHoro n3otona? OteeT obocHynTe.
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m HEKOTOPbIE PU3NYECKUE BEITMYNHBI B ATOMHO-AOEPHbLIX
ABINEHUAX U UX EAUHULIBI UBMEPEHUA

Mpyn n3yuyeHnn MexaHnyeckux, Tenno- __ ® Kakoebl eanHuuel usmepenuns s CU pac-
BbIX M 3NIEKTPUYECKMX SIBMEHWUN Bbl 03- /' CTOsIHUSI, MAcChbl M 3HepPrun B MéxaHu-
HaKOMMIIUCb C XapakTepusyoLLMMmN UX . Ke?

OCHOBHbIMW (OU3NHECKUMWN BENNYMHA- o Kaknmu eamHmuamm nsmepeHms yano6Ho
MU 1 eanHiLamMn UsMepeHns 3Tnx se- BbIpa3nTb OCHOBHbIe chusnyeckue

nnunH B CU. UccnepgoBatenu nsyyanu
B3aUMOCBS3b 3TUX €AMHULL, NOCTaBUIN
1 peLunnun pasHble 3agayu.

BeNIMYMHbI B aTOMHO-S1A€PHbIX SIBNI€HU-
fAIX, HANpUMep, PacCcToAAHUe, Maccy U
3Hepruo?

|

WccnepoBanue 1

CKONbKO eAUHMUL, aTOMHOM Maccbl cogepXxutca B 1 kr?

3apava. MocTosHHOE uncno Asoragpo N, = 6,0221367 - 1023 Ml

onp’

3Has, yTo la.e.m = —

N4 xMosb

a) Bblpasute 1 a.e.M. B KunorpaMmmMax;

b) BbIuMCNIUTE CKONBKUM eQUHMLIAM aTOMHOW MaccChl paBeH 1 Kr.

O6cyauTte pesynbTar:

* Kak onpegenseTcsa sHeprus BHyTPUaTOMHOW CUCTEMbI YaCTULL U B KaKUX eAMHULax oHa
BblpaXxaeTca?

J1uHa B aTOMHO-s1IePHBIX ABJeHUAX. TaK Kak B aTOMHO-SJEPHBIX SIBICHUAX
peub uIeT 00 OUeHb MAIEHBKUX PACCTOSHUSX, TO 38 CAUHULYY AJUHBI IPUHAT pem-
momemp I ¢hepmu (B 9eCTh aMepUKaHCKOTO (rsnka JHpruko Depmu, UMEIOIEero
GOJIbIIKE 3aCTyTH B PA3BUTHH COBPEMeHHOM pusuku): 1M = 10 "m.

DHeprus B aTOMHO-s1IePHBIX siBJeHUusx. B 1905 rony Arwbepm Oiinwmerin
IpUIIET K BBIBOAY, YTO MACCA CUCHEMbL YACUY NPONOPYUOHANbHA ee dHepeUuu
(6rympenneli sHepeuls):

E =mc’.

31ech m — Macca CUCTeMBbI YacTHIl, £ — SHEpTHs CUCTEMBI, ¢ — CKOPOCTh CBETa B
BakyyMe. Kak BUmHO U3 GOpMYIIbL, npu usmenenuu Hympenneu sHepaul Cucmembol
Ha AE macca cucmemsl makdice usmeHumes Ha Am:

AE
Am == AE = Amc?.
B atoMHO-s1JIEpHBIX SBICHUSIX B KAYECTBE €IMHHIIBI H3MEPEHISI SHEPTHHU UCTIONB3Y-

10T 271eKmpoHeoabm (3B), kKunoanexmpongonom (k2B) n mecasnekmpounsonom (M>B).
® DleKMpOHBOIbI PABeH KUHEMUYECKOU SHeP2UlU, NOLYUEeHHOU 3IeKMPOHOM 8 NNQ-
yecce YCKOpeHUst MedHcOy 08YMsL MOUKAMU C HanpsceHuem 1B:
[3U] = 13B = 1,6022-10"°Kn - 1B = 1,6022 - 10~ 1
1 k3B = 1033B = 1,6022 - 10716 1%,
1 M3B = 10%3B = 1,6022 - 10713 k.
OTcrofa mosy4aercs:
1
- — 12
1/x = 16022 -10-13 MsB 6,24%433.
a4 e nato

mapo: 191
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/-’im’ﬁell" JinmTein  OH cBITpas B&XKHYIO POJIb B PA3BUTUH
(1879-1955) ¢busnueckoit Hayku, 1 ObUT yIOCTOCH

AMepUKaHCKHH YUEeHbIN Ho6 o
HEMEIICKOTO POMCXOKICHHS! 00eneBCKON MPEeMHH 0 (HU3HKE B
1921 rony.

A

TBOpYeckoe NnpumMeHeHue

. WUccnenoBaHune .

B kakon Mepe usMeHunacb aHeprua CUCTemMbl qacmu?
O6pa3seu. Macca cucTeMbl YacTUL, M3MeHMNach Ha 1 aTOMHY eAWHWLY Macchl:
Am = 1a.e.m.

BeluncnnTe Ha ckonbko MaB namMeHMnach BHYTPEHHSISI SHEPTUS STON CUCTEMBI (BblUMCHE-
HMs NpoBeanTe ¢ TouHocThio Ao 0,0001).

[aHo PelueHve
Am = la.e.M. = 1,6605 - 10~?7kr,
¢ =2,9979-10°® 5, AE = Amc?
AE —? ¢
Bbluncnenune

M
AE=1,6605-10"2"kr-2,99792-10%° < =14,9235-10"11 1x=4,9235-10"11-6,2414-10'2M3B=931,5 M3B.

OTBeT. [1py M3MEHEHMN MaCCbl CUCTEMbI YacTuL Ha 1 a.e.M. ee BHYTPEHHSIS SHeprusi
namensietcsa Ha 931,5 MaB.

3apnava. Ha cKomnbKo M3MeHUTCSt BHYTPEHHSISI SHEprusi CUCTEMbI YacTuL, ecrnn ee Macca U3-
MEHUTCS Ha 4 aTOMHblE €AUHULbI Macchl (BbIYMCIEHUS MpoBeamnTe ¢ To4HoCThI0 Ao 0,0001)?

YTO Bbl Y3HANU * MepenuwunTe NpeanoXxeHUs B paboyri NMMCTOK U AOMNOJSTHUTE UX:
1. PemTOomMeTp Unu cbepmut — ...; 2. CBsI3b MEXOY Maccow CUCTEMbI

YacTuL 1 ee SHeprmen — ...; 3. ONeKTPOHBOSLT — ...

NMpoBepbTe CBOM 3HAHUA

1. O Kakux eguHMLAX paccTosHUA MOET pedb B aTOMHO-A4EPHbIX SABMEHUSAX U B KaKUX eau-
HMLaX BbIpaXatTCs 3TM PacCTOAHUA?

2. B kakux eamHuLax BbipaxxaeTcsl Macca B aTOMHO-1AEPHbIX ABNEHUSAX?

3. B kakux eamHMLax BbipaXaeTcsl 3HEPrvs B aTOMHO-SI4EPHbIX ABMEHNUAX?

4. CKONbKO MEraarneKkTpoHBObT B OAHOM axoyne?

5. MoxHO nv ByAeT BbIYMCNUTL U3MEHEHWE SHeprn sapa, ecnv byaeT U3BeCTHO N3MEHeHNe
MacCOBOr0 Yncna sapa B Npouecce paanoakTMBHOrO pacnaga? OteeT o6oCHyNTE.

RO
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1. Macca >1exTpona pasna 9,11 - 10~31kr, a macca npotona 1,67 - 10~27kr. Buipa-
3UTEe ITH BEeJIMYMHBI B AaTOMHBIX €IMHUIIAX MacChl (a.e.M.).

2. PaccTosinue Mexy NpoToHaMH B siipe I ¢hm. Beruuciiure U1y KyJI0HOBCKOIO B3a-
UMOJIEeHCTBHS MEKTY IBYMSI POTOHAMH.

3. Ilepuon nosypacnajaa pagona 3,8 cyrok. YUepes ckoJibKO CyTOK Macca pajoHa
yMeHbIIUTCS B 4 pa3a?

4. llepuon nonypacnaga paaus 1600 ner. Kakasi yacth pagnoakTUBHBIX sijiep 3TOT0
BellleCTBa ocTaHeTcsl He pacnaBuueiicsa yepe3 3200 et u 4800 Jet?

5. Ha ck0JIbKO U3MEHUTCS JHEPTHUsi CUCTEMbI YACTHUII, €CJIM X Macca U3BMEHHUTCS Ha 25
aTOMHBIX eJUHMI] MacChl (BBIYHCJIEHHSA NMPOBeaUTe ¢ TOUHOCTHIO 10 0,0001)?

6. DiemenT 42X moaBepraercsi 3o.- u 2B-pacnaxy. OnpeeJuTe 3apsiioBoe H MACCOBOE
YHcsIa 4715 32HOBO CO3JAHHOIO djieMeHTa Y.

m 3HEPFVI$I CBA3U AQEP. AE®EKT MACC

Kak Bbl 3HaeTe, aToM- ¢ U3 Kakux 4yacTuL COCTOMT B3aMMOCBsA3aHHas ¢usu-
HOE $1pO — B3auUMo- Yyeckas cuctema aToMHoro sapa?

cBsizaHHas duanyec- @ HaBepHoe, macca sinpa paBHa CyMme Macc 4acTuu, us
Kasi cuctema. KOTOPbIX OHO COCTOUT, a Kak no-Bawiemy, Tak nv 3To?

ccrsonoe

Onpegenum maccy “sapa”.
O6GopyaoBaHue: LapyKn U3 KOHCTPYKTOpa
aTomHon mopenu (8 kpacHbix, 10 6enbix),
BECbI, pa3HOBECHI, NNACTUKOBLIN NaKeT.
XoAa uccnenoBaHus:

1. NepenuwnTe B pabounin NnMcTok Tabnuuy 4.2.

Tabnuua 4.2.
Macca kpacHbIx wapukoB — | Macca 6enbix wapukoB — | ObLias macca KpacHbIX 1
Macca “HelTpoHOB”, (Kr) Macca “npoToHoB”, (Kr) 6enbix LWapukoB — Macca

“anpa”, (kr)

2. B3BecbTe KpacHble LWapuKuK, pe3ynbTaTt 3aHecute B Tabnuuy — 31o byaet macca “Hel-
TPOHOB”.

3. B3BecbTe benble Wwapwiku, pesynbTaT 3aHecuTe B Tabnuuy — 1o 6yaeT Macca “npoToHO
4. BbicbiNas BCe LWapukn B NNacTUKOBLIA MELLOK, N3MepbTe Maccy U I'IOJWHHO Ha-
YeHue 3aHecuTe B Tabnuuy — ato ByaeTt macca “sgpa”.
um

O6cyxaeHue pesynbTara:

¢ Kakoe cooTHoLeHne Bbl OBHapyxunu mexagy maccon “sgpa” u ¢ocras
mMaccamu “poToHOB” U “HENTPOHOB”?
¢ Bo3amoxHO nn, 4Tobbl Macca sapa bbina meHbLle ma ro npor

Opa3sy
TpoHOoB? MNMoyemy?
° T a4 e n arto

ro
oit

MH
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B pesynbraTe MHOTOUMCIIEHHBIX OIBITOB BBISIBIIEH HEOOBIYHBIN (GaKT: Macca 20pa

6ce20a MeHblie CYMMbl MACC 00PA3VIOWUX €20 HYKIIOHO8 (NPOMOHO8 U HeliMPOHO8).
M, <Zmy, + Nm,.

DTO 03HAYAET, YTO MexHcdy CYMMOU MACC HYKIOHO8 U MACCOU s10pd, KOmopoe

COCIOUM U3 IMUX HYKIOHO8, Cyujecmsayem pazHocms — 0eghekm macc:
Am =Zm, + Nm, — M,,. )

3necy M, —Macca siapa, Z u N — COOTBETCTBEHHO, YUCIIO TPOTOHOB U HEUTPOHOB
B 1Ip€, M, — Macca MpoToHa, M, —Macca HeUTpona, Am —uedpexr macc.

[ouemy mpu 00pa3oBaHUM HYKJIOHAMH SI/IPa Macca s/ipa YMEHBIIAETCS Ha
BeJIMYMHY JedexTa Macc? YMeHbIIeHne Macchl Ipyu 00pa30BaHMM Spa U3 CHUCTe-
Mbl HYKJIOHOB 03HAYaeT YMCHBIICHHE SHEPTUU B3aUMOJICHCTBUS MEXKy ITHMU CU-
cTeMaMHu Ha BeNMIuHy sHepeuu ces3u (Ecs).

e Dnepzus ceaszu A0pa — 3mo MUHUMATbHASL IHEpeusl, HeoOxooumas 0as pac-
wennenus A0pa Ha OmoenbHbvle HYKIOHYL.

J171s1 BEIYHCIICHHSI YHEPTHH CBSI3H sIIpa MOJIB3YIOTCs popMyIroit A . DWHIITEHHA 110
CBSI3U MEXJly MacCOU U SHEPrUei:

E. = AE = Amc?
WIH
Eg = [Zm, + Nmy, — Mg]- ¢ (2)

JI1st BEIYMCIIEHUS] SHEPTHH CBSI3U PA3HBIX SJEP XUMHUECKUX DIIEMEHTOB BMECTO
MAacChl POTOHA U MACCHI sijipa yA00HEe BOCIOIb30BaThCsI, COOTBETCTBEHHO, MacCOM
sJIpa BoJiopoJia (Mmy ) ¥ 3HAYCHUEM MacChl aTOMa XUMHYECKOTo 3neMeHTa (M,,). [Ipu
3TOM BBIpa)keHHue (2) MOXKHO 3aIicaTh U TaK:

Ey = [Zmy + Nm, — M,] - c% )

[Ipunss Bo BHUMaHUe, 4yTo 1 a.e.M. COOTBETCTBYeT 3Hepruu 931,5 M»sB, Bripa-
sKeHue (3) MOXHO 3anucarhb CJIeAyIOMNUM 00pa3oM:

E., =[Zmy+ Nm, — M,]-931,5M3B. (4)

Macchl HEKOTOPBIX YacTHIl M aTOMOB XFIMHYECKHX SJIEMEHTOB IPHUBEAEHHI B Ta0-
ymre 4.3.

Taoauna 4.3.
Yactuna u Macca . Macca
XUMHYECKUHN 2JIEMEHT a.e.M. XUMHCCKIH O/1eMCHT a.eMm.
Dnextpon (_%e) 0,0005486 Jutuit (§Li) 6,941
Iporon (ip) 1,0072765 Vrnepox (12C) 12,0
Heiitpon (3n) 1,008665 Vrrepon (*3C) 13,003354
Bonopox (1H) 1,007825 Vpan (2350) 235,04418
Teitrepuit (2H) 2,014102 Vpan (238U) o 23805113
Tpurnii GH) 3,016062 Hentyn (235Np) 239,
Tenuii (3He) 4,002603 nyTonuit (233Pu) 9,05%42
Temnit (3He) 3,016042
YCTONYMBOCTE siipa XapaKTepU3UPYETCsl BEIU ii, Ha3BBaeMon y0

oHepeueli cesa3u.
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o Voenvnotui snepaueli céa3u HA38AeMCsl IHeP2Us C8513U, NPUXOOAUASAC HA OOUH

HYKJIOH.
ECB

A
3meck A — 4HUCIIO HYKIIOHOB B SiApE, € —yJeNbHas dHEpPrus cBs3u. Enunnna
YAEJIBHON PHEPTUU CBSI3U:
[ ] [ECB] MsB
g = = :
[4] HYKJIOH
VY enbHast s3Heprus CBs3M sApa BOJOPO/A PaBHA HYJIIO, TAK KaK €ro sIPO COCTOUT U3

OJHOI'0 MPOTOHA. MaKCI/IMaJ'IbHy'IO YACIBbHYIO SHECPIruto CBA3U, PABHYHO l'IpI/I6J'II/ISI/ITCJ'ILHO

MsB o
,5 p— HMEIOT 3JIEMEHTHI ¢ MaccoBbIMU urcnamu 28 < A < 138. [pu ganbHeiiem

YBEIIMYEHNH MAaCCOBOI'0 YrCJia YACIIbHasA SHEPIrHs CBA3H YMEHBIIACTCA (a)
MsB

(a)  myaon & ©

© o
' |@ —
©

) &y
Ve UBas
4 CTh
2
J,H
0 50 100 150 200 A

Maccosoe uucio amoma

TBOpUYeckoe NnpuMmeHeHue

*-
3

apgava. Bbluucnute gedekT Mace v 3Hepruio cesan Ans sapa sHe.

4TO Bbl Y3HA/UN o I'Ieeenumme AaHHble KJ1l4YeBbIe ClIoBa B pabo4ni NMUCTOK U
\ AanTte um onpeaenenus: 1. lecdekt macc —...; 2. QHeprus cea3m

— ...; 3. YaenbHasa aHeprus cBasm — ...

MNpoBepbTe cBOM 3HAHUA ’
1. MNoyemy macca sigpa MeHbLUE CYyMMbl MacC COCTaBISIIOLLMX €70 HYKITOHOB? 060 e.
2. Kak MOXXHO BblUMCNTb AedekT Macchl?
3. OHeprus ceasu aapa aeiitepua 2H , TO ecTb n3oTona BoAop agHa 1,1 , 4TO

3TO O3HavaeTt?
4. Kakasi pa3HvLa Mexay SHepruer CBAsv 1 yaernsHON H BS3U

e rngRas - Aapo © 195



CEED ArcphniE PEAKUMN

B cpeaHve Beka anxumuku (VII-XVI Beka) meutanu * Y10 03Ha4aeT 6ombap-
OTKPbITb CEKPET “Pnnocodckoro KamHsi” — HAUTU XUMMU- ' AupoBKa usotona
YecKylo peakuuio NpeBpaLleHnsl pTyTu B 3omoTo. B noc- € vactuuammn?
negywolme CTONeTUsS XUMUKU TakKe OYeHb cTapanucb e lMpwn 50M53PA}‘IP°BK9 .
npeBpaTuTb PTyTb B 3051070 (B MNepuoguyeckorn cucreme n3ortona kakou 4acrtumueun
XUMUYECKUX SNIEMEHTOB PTYTb CaMblii GNN3KO pacnono- OH MOXeT NnpeBpaTUTbLCA
YKEHHBIN K 30110TY M AELLEBbIN AMIEMEHT). B AAPO APYroro xmmu-
HakoHeu, B 1940 r. domsmkm MapBapackoro yHuBepcuteTa 4ecKoro arnemeHTa?
(BocToH, CLLUA) OTKpbINY MeToz NMPeBpaLUeHUs PTyTU B Mouemy?
30M10T0. JTOT METOA OCHOBLIBAETCs Ha GombGapanposke e Kakon xumuyeckum
B-yacTuuamm (_9e) paanoakTMBHBIX M30TOMOB PTYTH-197: dneMeHT camonpowus-
197 0 197 BO/LHO MOXeET npes-
goHg + _je = "70Au + - paTUTLCA B ApYrow

o ? ?
OpHako nonyyeHbIi n3oton 3omota vyeped 5-10 MUHYT anemenT? Mouemy

CamMonpoun3BOJiIbHO NPeBPaTUIICA ONATb B PTYThb.

ecnagomamo IR

MepBasa apgepHasn peakuyms!

3apava. Mepsyto saepHyto peakumio B 1919 rogy ocywectsun Pesepdopn. Bombapau-
poBKoil o-4acTuuen (3He) sapgpa asorta 4N oW nonyuun sapo kucrnopoga 30, u oguH
npotoH (1p):

YN + 3He > 10 + 1p.

Mpy 6omMGapaMpPOBKe HENTPOHOM sifpa anmoMuHus 2ZA1 nonyyeHo HoBoe AApo U oaHa OL-
vacTuua (3He).
Onpepennte MaccoBoe M 3apsaoBOe YMCHo anemeHTa Y, MoNyYeHHOro B pesynbrarte
A0epHoOV peakumm:
$7AL+ tn > 4Y + 3He.

O6cyauTe pesynbTar:
¢ [louemy peakuus, npoucxogsilas npy 6omoéapanpoBKe N30ToNa YacTULEN, HasbiBaeTca

SILEepHOV peakumen?

[NpeBpaienne oTHOTO si7Ipa B IPyroe MPOUCXOAUT HE TOJIILKO MyTeM paliOaKTHB-
HOTO IpeBpalieHus. V3MeHeHne cocraBa siipa MPOUCXOAUT MPU B3aUMOACHCTBUH
SJIep APYT C IPYTrOM, a TaKKe MPHU B3aMMOJICHCTBUY SIJIEp C APYTUMH YaCTHIIAMH.

o [Ipespawyeniie amomHo2o 20pa 8 opy2oe amomHoe 10po npu 63aumMooelcms
¢ Kaxou-1ubo wacmuyell Ha3vlaemcsi A0EPHOIl PeaKyueil.

JI1s1 BOSHUKHOBEHUS SIIEPHOM pEaKIi HEOOXOAUMO, YTOOBI B3anM:
MEXIy cO00H YaCTHIBI MM sIpa NPHOIM3IIINACE APYT K JpYTY Ha
neiicTBus anepHbIx e (~ 107 15Mm). Tlo sroit npuumse 5
COOOIINTH OOJBITYI0 KHHETHUYECKYTO 3HEeprHo. C 31O
Hasg YCTaHOBKA, Ha3bIBaeMasi YCKOpUmenem JleMeH
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npesicTaBleHa OJIOK-CXeMa YCTAHOBKH TOJI3EMHOTO YCKOPHUTEIS SIEMEHTAPHBIX YaCTHI
JUTMHOM B JIECATKHU KWJIOMETPOB ().

B takux yckoputensx, HampuMep, o-4acTUIle IPUIACTCS KHHETUICCKAs YJHEPT U,
B COTHHM THICSY pa3 MPEBBIIIAIONIAS YHEPTUIO O.-YaCTHUIIBI PH PATHOAKTHBHOM IIpe-

4 BpamieHuu. [lepBas sjepHas peakuust ¢ yCKo-
(b) o zHe ) PEeHHOI YacTurel (MpoToHOM) ObLTa IPOBEICHA

0 B 1932 romy. DT0 peakuus mpeBpaIicHus sapa
muTHs B Ba siapa remus (b):
‘\ / \ E

ILi+1p > 3He + 3He.

1
Ip ~. >
- ‘ B 5TOoll peakuum KUHETHYECKAsl SHEPIUs

sLi JBYX BO3HUKIIMX SiA€p Tenus OOJbIIe KUHE-
af ;’He )  THHECKOH SHEPTHH yCKOPEHHOIO IPOTOHa. Oto
03HA4aeT, YTO YaCTh BHYTPECHHEN SHEPTUH sApa
auTusl ObUla 3aTpadeHa Ha KUHETHYECKYIO
SHEPTUI0 BOZHUKILUX sIIEp TeIusl.

OTKpbITHE HEUTPOHA UTPAET OUCHD BAXKHYIO POJIb B U3YUEHHUHU AJEPHBIX PEAKII
Tak, 21eKTpOHEHTpalIbHBIH HEHUTPOH Aaxe 0e3 YCKOPEHHs MOX SCIPRILATC
BEHHO BXOJIUTh B PO aToMa, IpeBpalas ero B Ipyroe sSapo.

s ecex a0epHvix peaxyuil 8bINOIHACNCA 3AKOH COXPAHEHUIQOCO. 0208Ha-

YEeHUSl MACCOBO20 U 3ap;1006020 yucei.
. v; n aTo




TBOPYECKOE NPUMEHEHUE

UccnepoBaHune .

OononHuTe spepHble peakumu.
3apava. [JononHuTe AaHHbIE SAEpHbIE PeakLMmn, UCMONb3yst 3aKOH COXPaHEHWs1 Macco-
BOrO 1 3apPAA0BOIO YUCEN:

BN+ > 1%C + 1H; 20Hg + 5He —> -+ 4He + 2kn + _le.

YTO Bbl Y3HA/IU * HannwuTe acce Ha Temy «SlaepHbIe peakumm»

1. Yem oTnmyaeTcs saepHas peakums OT pagMoaKkTUBHOMO pacnaga?

2. C KaKom uenbio UCMNOomnb3yeTCa YCKOPEeHWEe areMeHTapHbIX Yactuu?

3. Noyemy HENTPOHbI MOTYT BbI3BaTb AAEPHYI0 peakLMio HE3aBUCUMO OT CBOEN JHEpruun, a
o- U B-4acTuLbl N NPOTOHbLI BbI3bIBAIOT SAEPHYIO0 PeaKkLmMio TOMNbKO Npu Hanu4umn 6onbLuon
KMHETUYECKOW 3HEeprun?

4. Kakne 3aKoHbl COXpaHEHUst JOMKHbI BbIMOMHATLCS MPY SAEPHbIX peakumax?

) I S

1. OnpejesuTe yIebHYI0 SHEPIHIO CBSI3H H30TONA 5Kele3a SoF e, HMeIoNIero aTOMHYI0 Maccy
55,9355 a.e.m.
2. Ucnoan3ys Ttabiuny MenaeneeBa, onpegenure gedeKkT Macchbl, JHEPrHI0 CBA3H H
YAeJbHYI0 JHePIrui0 CBsI3U TPUTHS.
3. JlonoTHMTe JaHHBIE SICPHbIC PEAKIMH:
1) Be + 4He — 12C + ---;

2) ..+ 1H - ?2Na + 3He;
3)3EMn + 1H - - + In;
4) 23U + gn > -+ 3 fn + '23Cs.

4. JlonoITHUTE aHHBbIE siAePHbIE PEAKIIUH:
D80 +1H - -+ in;

2) ...+ 4He - 39Si + 1H;
3) 3¢Fe + 2H — -+ + 3He;

4) 23U + in > ST + -+ EXe.

RO
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m uEJ'IEHVIE ANEP YPAHA

BbisicH/B CTpoeHue sapa, a Takke 3aBUCUMOCTb SHeprum ¢ oA peictBnem
CBSI31 Mexay HyKIoHaMu OT MacCOBOrO Ynchna aapa, y4eHble KaKux cun npoucxo-
npucTynunu kK 6onee rnybokomy nsyyexuto sgpa. OHu uccrie- AUT AeneHue siapa Ha
A0Banu npoLecchl, BoO3HMKatoLme npy bombapanpoBke saaep ABa ockonka: non
pa3HbIX 3MIEMEHTOB BbICOKOCKOPOCTHLIMM YacTuuamMu: Mnpo- AENCTBNEM MOLLHbIX
TOHaMK, a-4acTvuamu, HeWTpoHamu M B-yactuuamu. ITn AAAEPHbIX cUn mMexay
NCCreaoBaHys MPUBENMN K HEOXUAAHHOMY OTKPbITUIO. Bbino HYKNoHamu, unv Ky-
YCTaHOBIIEHHO, YTO NPV GOMGapPANPOBKE HEMTPOHAMM TsXKe- JIOHOBCKOM CuJlbl
NbIX S0Eep OHU AENATCA Ha ABa OCKONKa-aapa, OTHOCALUMXCS dnekTpuieckoun npu-
K CpefHeMacCOBbIM XMMUYECKUM 3fIEMEHTaM, C BO3HUKHO- poAbI?

BEHMEM HOBbIX HETDOHOB.

o

Mpu 6ombapanpoBKe siapa ypaHa HeMTPOHaAMM NMPOU3OLLIIO HEOXKMOAHHOE ABMEHMUE...

3apava. B 1938 rogy Hemeukve ydeHble OT1To NaH 1 ®puy LLITpaccmaH OTKpbINM peakumio
AeneHus TAXenbIX aaep ypaHa npy 6ombapamposke nx HentTpoHamu. B xoae aTon peakumu,
NOrMoTUBLLMIA HEATPOH M30TON ypaHa-235 npeBpalyaercs B HOBbIM usoTton. OgHako BBUAOY
HEYCTOMYMBOCTW 3TOTO M30TOMa OH Cpa3y OEenuUTCS Ha [Ba OCKOska 13 cpefHew yactu Tab-
NMUBI ANeMEHTOB. B xode peakumn BO3HWKAKOT eLle U TP HOBblE OAMHAKOBbIE YacTuLlbl (a).
OnpenennTe NoMyYeHHbIN B X0Ae SAepHON peakLyn U3oTon 4Y 1 0bpasoBaBLIMEcs HOBbIE

YacTuLbl. -
B -
3anuwuTe peakumio.

@7

(a) >--» % — Onuepaus ?
on

235 “a
22U

/ ?
Y
""Ba
O6cyauTe pesynbTart. ”

¢ U710 NponsongeT, ecnu Kaxgas M3 BHOBb 0Opa3oBaHHbIX YacTuL, BCTPETUTCS C SAPOM
ypaHa-2357?

¢ Y10 HEOBOBLIYHOrO B 3TOM peakumun: YemM OHa OTNINYaeTCs OT APYruX, paHee U3yYeHHbIX
BaMu SAEPHbIX peakumn?

Jenenne TsixeanIx aaep. 13 skcriepiMeHTOB OBLIIO yCTaHOBJICHO, YTO MPU OOM-
OapAnpoOBKaxX TSHKETBIX sJIep HEUTPOHAMHU, IPOBOANMBIX B OJJUHAKOBBIX YCIIOBHSX,
HaAOIIOAI0TCS CTPAHHBIE ABIICHHUS:

— 00pa3yroTcs AApa IEMEHTOB CpeIHEeH YacTH MePHOANYECKO TaOIuIbl;

— o0Opa3zyeTcs HOBOE IIOKOJIEHUE HEHTPOHOB;

— HOBBIC HEHTPOHBI YYaCTBYIOT B HOBBIX SJICPHBIX PEAKIIUAX z[ene%ﬂ W 3TOT 1P
1ecc OBTOPSIETCS. B PACTYIIEM PEKHME;

— BBIICISIETCS OOJIBIIOE KOJTMYECTBO SHEPTUH.

Hanpumep, npu cToiakHoBeHUU snapa ypaHa-235 ¢ HeMTpoHaMu Ta e 9%ep-
TUH TIOTYYaAI0TCS Pa3HBIC SIpa, COMPOBOXKIAEMBIC ITOSBIIC BBIX OHOB U

BBIACJICHUEM OTPOMHOI'0 KOJIMYECCTBA SHEPrunM — B OXKHa 62151 u3 eac
JICHHBIX Ha PUCYHKE AJIepHbIX peakuuii (b).
° T a4 e W aTo




(b) —_— 5 29Rb + 3Cs + 33n (Py6unmit u Lesnir)
27Zr + 37 Te + 234n (Llupkoumii u Tennyp)
n+ 23§U 95 139 1 .
> 35T + “5.Xe + 2¢n (Crponnuii u Kcenon)

— ) 3Kr+'tZBa+ 3{n (Kpunron u bapuii)

MexaHu3m aesenus siapa ypana. Mexanusm atoro nenenus Huinse bop o0bsic-
HHIJI HAa OCHOBE KaIleJabHOM Mozenu siapa. [1o ero MHEHUIO, iAPO HATOMUHAET KaILTIO
AKHUJKOCTH, COCTOSILYI0 U3 CIyCTKa 3JIEKTPHUUYECKH 3apsKCHHBIX HYKJIOHOB. OJTa
KaIruis IPH CTOJIKHOBEHUH C HEUTPOHOM Bo30y>kaaeTcs. Hapymaercs 6ananc Mexiy
SAJEPHBIMHU CHJIAMU NPUTSDKEHUS, ACHCTBYIOIINMHI MEKAY HYKJIOHAMH, U KyJOHOB-
CKHMH CHJIAMH OTTAJIKUBAHUS MEXIy NpoToHaMmu. Snpo, nehopMmupyscs, npuood-
peTaeT BBITSHYTYIO (pOpMY M HYKJIOHBI Ha €T0 KOHI[AX OTOABUTAIOTCS APYT OT JpyTa.
B pesynbrare neiicTBue KyJTOHOBCKMX CHJI MEXAY HYKJIOHaMH NpeoOnagaeT Haj
JIEUCTBUEM SAJIEPHBIX CHJI U SIAPO AEIUTCS Ha JABa OcKojka (cM.: a). Ilpu nenenun
Apa ypaHa BO3HUKAIOT s/Ipa XUMUYECKUX 3JIECMEHTOB C MaJILIMH MaccaMH, HaIllpu-
Mep, siapa Oapus U KpUNTOHA. Y MEHbIICHUE O0IIeH MacChl PH SIIEPHON peaKLny,
BBI3BIBACT BBIJEJICHNUE OOJIBIIOIO KOJIMYECTBA SHEPIHH, SKBUBAICHTHON yMEHbIIIe-
HUIO 3TOH MAacCCHI.

[Iporecc nenenus siapa CONPOBOXKIAETCS UCITYCKaHUEM JABYX-TpEX HEUTPOHOB (B
3aBHCUMOCTH OT PEAaKIHUU UX YHUCIO MOXKET OBITh U OOJblIe) HOBOTO MOKOJICHUS.
ITprunHa 3aKiIr04aeTCs B TOM, YTO B TSDKEINBIX sApaxX YMCII0 HEHTPOHOB 00JIbIIIe YnC-
Jla IPOTOHOB. B mony4eHHBIX B Mpoliecce JIeNeHus: CPeTHEMACCOBBIX pax OTHO-
[IEHUE YHCIa HEWTPOHOB K MPOTOHAM MEHBIIE, YeM HMX OTHOLICHHE B TSHKEIBIX
Apax, IOATOMY BBIOPACHIBAIOTCS JINIIIHUE HEHTPOHBI.

TBOp‘-IeCKOE npuMmeHeHue

ecrozonams

3apaua. Npn 6ombapaMpoBke HEMTPOHOM siApa ypaHa-235 BO3HMKAKOT ABa HOBbIX sapa
N UCMycKaeTCst pa3HOe YMCIIO HENTPOHOB. [JOMOMNHUTE 3TN SiAEPHbIE peakLuum:
BU+In->3B0 > 3Kr+ ..+ 28n 5 B0 +3dn-> 250 - 13BShb+ PNb+ - in ;

B0+ in->8U0 > +PBMo+3%n; *BU+in- 235U - Br+ ..+ 3}n.

* MepenuwwmTte NpeanoxeHunsi B paboyni NUCTOK U JONONHUTE UX:

1. Mpy 6ombapanpoBKe TSHKENbIX SAep HEWTPOHaMM ... ; 2. MpuyrHa ag-
JIEHUs1 Ha [iBE YacTu siapa ypaHa, MOrfoTUBLLETO HEUTPOH, ... ; 3. Mpuy
Ha BbIAENEHVS SHEPIM NMpY AeNeHnn Sapa ypaHa ... ‘

NMpoBepbTe CBOM 3HAHUA

1. Kak BbirogHo 6ombapampoBaTh S54p0 ypaHa: HEWTPOHOM Win TOHOM? 0! ?

2. MNoyemy B pesynbTaTte AeneHns sapa ypaHa BO3HUKAETgioBOE N HVe He oB?

3. KakoBa npuumHa BblgeneHus 6onbluoro Konuyectsa 9 1 B npodlecce AerieHu
ypaHa?

YTO Bbl Y3HANIU
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m L"EI'IHAFI AOEPHASA PEAKLUUA. ATOMHASA BOMBA

WccnepoBaHusa npouecca AeneHns saep e Ckonbko Bcero niogei norn6no s
TSKENbIX XUMUYECKUX 9N1IEMEHTOB B Havane pe3ynbTaTe B3pbiBa BCEro ABYX
{1 BeKa OTKPbIAM NYTb K HOBbIM OTKPbITU- & ATOMHBIX GOMG, COPOLIEHHBIX Ha
am. K coxaneHuio, nepBoe xe Takoe OTKpbI- 31 ropoaa?

TVE NPYBENO K CO3AAHMI0 OPYXWS Macco- ¢ OTKyAa BO3HMKNA Takasi “CoKpy-
BOMO YHUYTOXEHWS!, PACCHUTAHHOTO NPOTUB WKTenbLHasa cuna” B aTOMHOMN
YeroBeyecTBa — aToMHol 60mbkI. Hasep- GomGe maccoit 4 TOHHBI, koTopas
HOe€, Bbl CribllLany o6 aToMHONM Tpareguu, npespaTuna nioaen B nenen, pas-
npouvsoLlelien B SNoHCKMX ropogax Xnpo- pywuna 3gaHusa n npespartuna ro-
cuma u Haracakn. poaa B knag6uwa?

e

B TeueHue nepBbix 30 cekyHa nornéno 30% HaceneHus ropopa!
3apaya. 6 aBrycta 1945 roga BoeHHble
CLUA cbpocunu Ha sinoHCKuiA ropoa Xu-
pocrMa aTomHyo 60mby.

Ha yyacTke BOKpyr anuueHTpa B3pbiBa
60M6bI B TeueHue nepsbix 30 cekyHA
cropeno v npespaTtunuce B nenen 30%
HaceneHus ropoaa.

Cnycta Hepento nornbno ewe 28% Ha-
ceneHns ropoga — OT paguoakTUBHOIO
N3Ny4YeHust.

B neHb B3pbiBa aTOMHON 60MOBbI B ro-
poae Xvpocuma npoxusano 260 000
YernoBek.

OnpegenvTe 4ncno noaen, NnorméLmx
3a nepsble 30 ceKyHA U Yepes Heaeno
nocre B3pbIiBa.

O6cyauTe pe3ynbTar:

e OTKyaa BO3HWKIA Npy B3pbiBE aTOM-
Hol 6oMObI Takas bonbluas aHeprus,
KOTOpasi MTHOBEHHO COXrna nogen?

o CMepTenbHOMY BO3AENCTBUIO KAKOro

n3ny4vyeHna noaseprnncb noau, normo-
e 4yepea Heaen nocne BSprBa?

Hennas sinepHas peakums. [Ipy CTOITKHOBEHMH HEUTPOHOB w8Boro “Mko
HUS”, BOHUKAIOIINX NIPH PEAKLUH pacraja sSAep ypaHa ¢ HOBBIMHU

IOIICC IMOKOJICHHUEC HeﬁTpOHOB, TaKXe CII0COOHOE OC e
o6pa30M, noJ BJIMAHUEM NCPBUIHBIX HCﬁTpOHOB BO

siiep ypasa (a).



o [[ennasn peaxuus — 5mo 1a6UHOOOPA3ZHOE YEETUUECHUE YUCTA OCTSIUYUXCS I0Ep YPAaHA.
(a) 1iCs
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Heiirpons 3-ro ?IQSrQ* 3
TIOKOJICHUS Hetirponsr 4-ro
TIOKOJICHNUS

Heo0xoaumble yc/i0BHsI BOSHUKHOBEHUSI LIENHOI siiepHOi peakuuu. [ ocy-
IIECTBJICHUS LICITHOM SI/ICPHOM PeakiMi HEOOXOAMMO BBITIOIIHEHUE JBYX YCIIOBUI:
1. [Tpu nenHo# peakuuu KO3(PPUIMESHT pa3MHOXKEHUSI HEUTPOHOB JIOJIKCH OBITh
paBeH €IUHUIIC WK MIPEBHIIIATH €¢.
o Koyppunyuenmom pazmnosicenus Heltmponos nazvleaemcs OmHoulenue Yuc-
J1a HellmpoHO8 6 OAHHOM NOKOJIEHUU YEeNnHOU peaxyuu K ux 4uciy 8 npeovloyujem
NOKONeHUU:
k — NCJlBAleLLlee .
ane,ubmymee
3HAYUT, 011 NPOMEKAHUST YenHOU SI0epHOU peakyuu Kodpduyuenm pasmHo-
Jrcenust Heumponoe Oonicer bvims k = 1. Tlpu k > [ 4rcno HEWTPOHOB, BHI3bIBA-
IONIMX pacraj sipa, CO BPeMEHEM YBEIHUYUBACTCS M MPOMCXOANUT HEyIpaBlsieMast
LenHasl sJepHas peakius, MpUBOIsias K B3peBY. [Ipu ko3ddunuenre pasmHo-
JKEHUSI HEUTPOHOB k < / 9MCII0 HEHTPOHOB NIOCTENICHHO YOBIBACT U PEAKITHS 3aTy
eT. A npu Ko3QPHUIMEHTE Pa3MHOKEHHUS HEUTPOHOB k = [ YKCIIO HEH
BAaIONIMX pacmaj sjapa, He MEHSEeTCs M IenHas saepHasi peakius H?
MBI Xapakrep.
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AJIpOM ypaHa yMeHbIIaercs . OHM «IIpOoJIeTaloT» MUMO SiApa U LEMHON peakluu He
MIPOUCXOMMNT.

* Munumanvroe 3sHayeHue maccol ypana, mpebyemoe 01 NPOMeKaHusi YenHou
A0epHOll peakyul, Ha3vl8aemcs KPUmu4ecKoi Maccoil.

KpuTnueckas mMacca JIsi n30Tona ypasa 253U B cdeprueckoii hopme paBHa 48
KT, a JUIA M30TONA IIyToHus 253Pu — 10 Kr.

ATtomHasi 60m0a. B3peiB aTroMHON OOMOBI IMPOUCXOAUT OJarogaps IEMHOH
anepHoil peakuuu. [Ipy 3TOM MpOUCXOAUT ca-
MBIl IPOCTOM METOX peanu3aluuu 3Tou peak- (b)
ruu. C 3TOoi 1eNbI0 HCTIONB3YIOTCS JIBa KycKa
TSXKEJIOTO SJIEPHOTO BELECTBA, Macca KaKIo-
I'0 U3 KOTOPBIX 4yTh MEHbIIIE KpuTHYecKoH (b):
MePBBIN — U3TOTOBJIEHHAS M3 U30TOIA ypaHa-
235 Merannuyeckas KarcyJa, a BTOpoi — my-
TOHUI-239, MOMEUIEHHBIA BHYTpPh 3TOM Karl-
cyibl. B xax0#l U3 HUX B OTJEIBHOCTH LEI-
Hasl peakiys He MPOUCXOIUT, TaK Kak UX Macca
MEHbIIe KpuTHdeckoi. Ho HeOOoIbIIoN B3pHIB
BHYTpH OOMOBI COEOMHSET ATH BEIIECTBA, MPOMCXOAWT HEyIpaBisieMas LermHas
peaxius — aaepHbIi B3pbIB. [Ipu B3phIBe TeMnepaTypa MTHOBEHHO MOBBIIIAETCS 10
MUJJTMOHOB I'paJyCoB, METAJNINYECKas ypaHOBas KarcyJa 1 BCe BEIIECTBA MTHOBEH-
HO IpeBpamarTcs B nap. ['opsdas miaasma, pacmupsisick ¢ OONBLION CKOPOCTHIO,
CKMTaeT U pa3pyliaeT Bce Ha CBOEM ITyTH.

Vpan-235

IInyronmii-239

W3nyuarens OObraHas
HEUTPOHOB B3pbIBYATKA

TBOpUYeckoe npumeHeHue

(e

3akoHuMTe AaHHYIO 3ag4advy Nocrie 03HAaKOMIIEHUS C YCITOBUEM U NMPUHLUMNOM eé
pelweHus.
3apaqa. CKonbko aHeprum BelAenuT 48 kr nsotona atoMa ypaHa-235 npv LenHon peakummn?

MeV
PelweHne. YaenobHasi aHeprus CBA3W ypaHa paBHA &paua =76, @ yAenbHas
3HEprus CBA3W OCKOMKOB W3 rPymnnbl pacnaBLUMXCH CpegHeMacCoBbIX S4ep paBHa
MeV
Eocxonkos = 8,5 ——— (cm.: Tema 4.10). PazHoCTb MeXAy 9TUMWN SHEPTUAMU:

MsB MsB
e=(85-17,6) =09 .
HYKJIOH HYKJIOH
236

KonuuectBo 3Hepruu, BbiAensieMon Npu [AeneHuu ofHoro siapa ypaHa 235U, Gynet

paBHO: € = 0,9M3B - 236 = 200M3B, TaK kaK B K&XXA0M AeNeHUN y4acTBYIOT 236 HYKIMOH
. 26
B usoTone ypaHa-235 maccoii 1 kr cogepxutcst N = % =2,6-10%* ‘no afep. 06
L|ee KOMNMYECTBO 3HEePruu, BbieNeHHoe Npu AeneHun atux aaep, byaet 0:
neTare

£=200-2,6-10%>*M3B = 5,2 -10%°MsB = 8,3 - 10%3f[x.
OnpegenuTe: CKOMNbKO BblAENMIOCH 3HEPTUK NPU B3pbIBE aT: ol Bom
LernHow sgepHon peakumm 48 kr nusotona ypaHa-235?

Obl

° T a4 e W aTo




YTO Bbl Y3HA/IN * MepenuwmTe NpeanoXxeHusi B pabo4nn NMCTOK U AOMOSTHUTE UX.
1. LlenHas spepHas peakums — ...

2. KoadhdrUMEHT pasMHOXEHNUS HEATPOHOB — ...
3. Kputnyeckasa macca — ...
4. ATomHas 6omba — ...

MpoBepbTe cBOM 3HaHUSA

1. Kakasi peakums Ha3biBaeTCs LenHOM SAepHON peakumnen?

2. Kakue ycnoBus sBnsitoTcs 06s13aTenbHbIMM ANt BO3HUKHOBEHUS LIEMHOW SiAepHOM peakumm?
3. Kakas sgepHas peakums ucnosnb3dyetcs B aTOMHON 6ombe?

4. 'ne BnepBble Obina ucnonb3oBaHa atoMHasa 6omba 1 YeM 3TO 3aBEPLUMIIOCH?

C I e

1. 3a cyeT KAKUX CHJI OCKOJIKH sijiep YAAJISIOTCS IPYT OT APYra ¢ 60JIbIIOH CKOPOCTbIO?

2. B pe3yabTaTe CTOIKHOBEHHSI ¢ YACTHIIEHH SIAPO ypaHa pacnajioch Ha ABa ockoJika. [Ipu
3TOM BO3HHKJIHM 3 HOBBIX HEHTpoHA U y-n3ay4deHne. C kakoil yacTumeil CTOJIKHYJI0Ch
s7po ypana?

23U+7 - 3K + '33Ba + 35n + .
3. Kakoe npeamnoJioxkeHue BepHo?
1 — Ilpu neneHny Aapa ypaHa BOSHUKAIOT 1B HOBBIX OCKOJIKA SIApa.
2 — IIpu nenenuy sipa ypaHa BEIAEISIETCSI OTPOMHOE KOJTHIECTBO SHEPTUH.
3 — Ilpu neneHnu spa ypaHa BOSHUKAET HOBOE ITOKOJICHHE HEHTPOHOB.
4 — S apo ypaHa ¢ JIETKOCTBIO paclafaeTcs IPYU B3aUMOJICHCTBIH C IPOTOHAMH.
5 — Snpo ypaHa ¢ JErKOCThIO JEJIUTCS IPU B3aUMOJECHCTBUM C HEUTPOHAMMU.
A)1,2,3u4
B)1,2,3u5
0)1,3,5
D)1,2,3,4u5
E)L,2,5

4. Kakasi M3 peakuuii MOKeT MCIOJIL30BATLCS KAK LEMHASl PeAKIHsl eJeHust sipa?
l'[0quy ?
— 22ITh + 3n > Zin + 2INb.
2 23Pu+in—> 3¢Kr + tiCe + 4ln
3-28Cm+ in > 12Rh + 139Sb + 6}n

5. CkoJIbKO BBIIEJMTCS JHEPruH B pe3yJjbTaTe uenHoii peakuun 10 kr u3oro

TUIYTOHUSA-239 npu B3pbIBe AaTOMHOI 60MObI?
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muEVICTBI/IE PAOUOAKTUBHOI'O U3NTYYEHUA.
NOrMoOLWEHHASA OO3A U3NTYHYEHUA

6 aBrycta 2007 roga Ha rpaHUTHOM MeMopuane ¢ KakoB cocTaB pagmoakTMBHOrO
“YKepTtBbl XMpocumbl” Gbin BEIOGUT CNMCOK OC- nanyuyeHus?

TaBLUMXCS B XXMBbIX MOCEe SA4epHOro B3pbiBa 5221 e UmeeTcsa nu pagnoakTmeHoe
yenoseka n3 260 000 HaceneHus ropoga. 310 ro- uanyueHuve B Knacce, B Balen
BopuT 0 ToM, 4TO ewle 100 000 yenoBek, ocTaBs- KBapTupe, Ha 6ynbBape y mops,
LUINXCS B XUBbIX MOCNe S4epHOro B3pbiBa, NocTe- B (ppykTax u oBoax?

neHHo normbnu B TeveHve nocrnegyowmx 62 net e Bce nu pagnoakTuBHbIe U3ny-
nog AeVCTBUEM PAAMOAKTMBHOIO U3Ny4YeHUs. YeHUA onacHbI AnA YenoBeka?

PagnoaxTiBHOE M3JIyYeHHe U ero cocras. J[elicTBUE palMOAKTUBHOIO HU3ITyYEHUS
IIPY OIIPEIEIEHHBIX YCIOBUSIX MOXKET IIPEICTABIISATL OLIACHOCTD JUIS dKU3HEACATENBHOCTH
BCEX JKMBBIX OPraHU3MOB. XapakTep 3TOro JEHCTBHA 3aBUCHUT OT BU/IA M3TyUEHUsSI U €T0
MHTEHCUBHOCTH. [la)ke OTHOCUTENBHO c1aboe U3TyYeHHE MOXKET HAPYLINUTh HOPMaJIbHYIO
JCATCIIBHOCTD JKMBOH TKaHH. TaK, 1o IICI‘/'ICTBI/ICM AACPHOI'O U3ITYUCHUA B )KUBBIX TKAHAX
TMPOUCXOOUT BBIPBIBAHUE 3JICKTPOHOB M3 aTOMOB, TO €CTh UX MOHM3allWs, U TKaHb B 3TUX
YacTAX MOBPEXKAACTCS. B pesynpTraTe B )KMBOM OpraHM3Me HapylIaeTcsl NESITEbHOCT
HEPBHOW CHCTEMBI, OOMEH BEIIECTB, MPOLIECC AENCHHUs KJIETOK, CIIOCOOHOCTh TPOIOI-
skeHust pofa. OpraHusM 3a00JieBacT MaJOKPOBHEM (PE3KMM YMEHBIICHHEM T'eMOTJIO-
OuHa), pakoM U JTy4eBOi O0JI€3HBI0, KOTOPBIE MOTYT IIPUBECTH K CMEPTH.

PagnoaxkTBHOE M3ITy4YeHHE UMEET CIIOKHBIN cocTaB. OHO MOXKET COCTOSATh U3 OL.-
U [3-4acTHIl, Y- U PEHTTCHOBCKOTO W3ITyYeHUs], TPOTOHOB, HEUTPOHOB M MOHOB TSDKE-
JIBIX DJIEMEHTOB.

O-4acTHUIla He MOXET MPOUTH 4epe3 OOBIYHBIA JUCT OyMaru M KOXy 4YeIOBeKa.
Opnako ee monajgaHye B OpraHU3M 4eJI0BEKA Yepe3 OTKPBITHIE PAHBI, Iy U JbIXa-
TCJIBHBIC ITYTHU OYC€HB OIIaCHO.

[B-gacTHIBl MMEIOT OONBLIYI0 MPOHMKAIOUIYIO CIHOCOOHOCTB: OHHM CIIOCOOHBI
MIPONTH 4epe3 KoKy 4eJIoBeKa, MPOHUKHYTh BHYTPh Ha HECKOJIBKO CAHTUMETPOB U
HAHECTH CEPbE3HBIE MMOBPEKICHHS TKaHIM.

Hanbonee riry0oKky10 NpOHUKAIOIIYIO CIIOCOOHOCTh HMEIOT Y- U PEHTI€HOBCKOE
W3Iy4YeHUs, a TaK)Ke HEUTPOHBL. J[JIs1 3aIUThI OT HUX UCHOJB3YIOT TOJICTOCTEHHBIE
JKeNe300€TOHHbIE U CBUHIIOBBIE TIOKPHITHSA. [103TOMY 3TOT cocTaB U3ydyeHus mpen-
CTaBIIsIeT HAMOOJBIIYIO OTIACHOCTH JJIS )KUBBIX OPTaHU3MOB.

CaMbIif TPOCTON MyTh 3aIUUTHI OT U3IYUYEHHS — HAXOAUTHCA OT UCTOYHMKA U3-
Jy4eHUS KaK MOXKHO Aajblie, [TOTOMY YTO WHTEHCHUBHOCTb H3Iy4YEeHHUS OOpaTHO
MIPONOPLUHMOHAIIbHA KBaApaTy PacCTOSHUS OT MICTOYHHKA.

TlorsomenHast 103a u3ty4eHust. Bo3ieicTBre N3y YCHNs HA )KUBBIGMOPT:

BbI X
pakTepusyeTcs PH3UUECKON BEIITUUHOM, HA3BIBAEMOH 102710UjeHHOU 00301 e
o [loznowennasn 003a usnyuenus — 3mo gusuueckas eerudund, u emasom-

HOUuieHuem nomomelmoﬁ mejlom 9HepcUuU K eco macce:



3necs D — norsouieHHas 103a u3y4eHus, E — noriomeHHas sHeprus U3y yeHus,
m — Macca Tena, OTJI0TUBIIETO U3IIyYEHHE.
Enununeit nornomeHHoM 103e1 uznyuenus B CU spnsiercs epeii (I'p).

[D] =@=1ﬂ—m=1[‘p.
[m] KT

e [ I'p — omo maxas 0o3a uznyyeHus, npu Komopou meny maccou I ke nepeda-
emcsl IHepeUsl UOHUBUPYIOWe20 U3IyueHuss 8 1 0dcoyb.

Ha npaktuke 1032 U3y4YeHHUs 4acTO BBIpaxkaeTcs B penmeenax (P):

1P ~0,01 I'p.

ConHeuHast pajguanusi, KOCMUYECKOe H3JIy4YCHHUE, pajHalisi 3eMHOW KOpbI M
OKpYKaroIIEeH Cpe/ibl 00pa3yIoT ecnmecmeeHHbLl (hOH NO2IOUEHHOU 003bl U3TLYYEHUSL.
Ero ronoBas Hopma nist Kaxxaoro uenoBeka coctaisieT 0,002 I'p. Jlo3a u3nydyeHus
3-10 I'p, moiry4eHHAs] Y€JIOBEKOM B TCUCHHE KOPOTKOTO BPEMEHH, CIUTACTCS CMEp-
TEJIbHOM.

Jo3umetpsl. {7151 nony4ueHuss nHGOpPMaK O PaAHOAKTHBHOM paclajie UCTIOJb-
3YIOTCSI CUETYUKU — OemeKmopyl, PETUCTPUPYIOIINE YACTUIBI WM Y-H3IyUYeHHE,
BXOJISITIIHE B €T0 cocTaB. Ha mpakTike Hanboee 4acTo UCTIONB3YIOTCA cuemuyuxk 1 eti-
2epa, NO3UMETP JUI aBTOMATHYECKOTO mojcuera 4acThi. CUYeTYUK COCTOHMT W3
CTCKIITHHOM TpPYOKH, TOKPHITOM H3HYTpH MeTatuueckod (onbroi (KaTtogom).
Brone ocu TpyOKH IPOXOIUT TOHKAsE METaJUTMUECKast HUTh (aHox) (2).

(a) CrekisiHHAs —f [

- —
TpyOKa  \ E':K :’J_J

aron Anon
-

Hudposoe perucrpupyroiee ycTpoicTso | | R

Mexy aHOIOM M KaTOAOM CO3/Iat0T BBICOKOE HaNpspkeHue. TpyOka 3anonHseTcst
HEOHOM WJIM aprOHOM, 00JaJaloIMMH MajbIM JaBieHueM. [Ipu nonagaHuu BHYTPb
OasoHa 3apsHKEHHBIX YaCTHL, BXOJSIIUX B COCTAB PaJHOaKTUBHOTO U3IIyYCHUs], OHH
MOHM3HUPYIOT HaXOSILIUKCS TaM ra3: JIEKTPOHBI HAIIPABIISIOTCS K aHOMY, a ITOJI0XKU-
TeNbHBIE MOHBI K Karoay. Cuia Toka, MpOoXoAdiias depe3 CUeTUHK, PEe3KO YBEIH-
YUBACTCS U PETUCTPUPYETCS IU(POBBIM YCTPOUCTBOM (CM.: a).

TBopquKoe npuMeHeHue
\

ecnsnonamo JB

3apava. CpefiHee 3HaveHWe nornowaemMon Ao3bl U3NyYeHUst yyYeH
nabopaTtopun sigepHbIX MccrnegoBaHui, 3a 1 4ac coctaBnget 71
onacHo nony4aemoe yyYeHblM 06ny4veHve, ecnv oH pagoTtae
pabouunx gHewn B roa? MuHUmanbHbI npegen 4o3sbl O
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MepenuwmTe NnpeanoxeHnsi B paboyunm NIMCTOK U AOMNOSTHUTE UX.
1. CocTaB pagMoakTMBHOIO U3MNyYeEHUS — ... ;

2. MNornowaemas go3a UsnyyeHus — ... ;

3. EcTecTBeHHbIN hOH nornowaemMon 4o3bl U3NyYeHUs — ... ;

4. osnmeTp — ...

MpoBepbTe CBOM 3HAHUA

1. Moyemy pagmoakTMBHOE M3NyYeHMe ONacHo ANA YenoBeka U ApYrx XuBbIX OPraHN3mMoB?
2. OT KaKoro nsrny4yeHunsi o4eHb TpyaHo 3awmntuTteca? MNoyemy?

3. Kak MOXHO 3alUMTUTBECHA OT PaANOaKTUBHOIO U3NyYeHnn?

4. YTto 03HavaeT nornolieHHas 4osa UsnyvyeHus 1 kakas 4o3a Ans vyernoseka cmeprernbHa?
5. Kak MOXHO onpegenuTb KONM4ecTBO MOrMOLLEHHON A03bl U3MyYeHnn?

[

YTO Bbl Y3HAU

m ﬂﬂEPHbIVI PEAKTOP

Bbl y3Hanu, 4To Npu LEenHoW peakumu a4po ypa- ‘p e Yto nponcxoauT Npw Hepery-
Ha, NOrMOTUBLLEro HEWTPOH, CNycKaeT 2-3 Hen- nupyemo':l LuenHou sinepHon
TPOHa HOBOTO MOKOMEHMs, pacnajaeTcs Ha gsa | PeaKuumn?

HOBbIX OCKOJ1Ka sigpa 1 Bbigensiet 200 MaB sHep- e Bo3mMOXHO nu perynupoBaTtb
rn. HenTpoHbl ke HOBOro MOKOMEHWUsSI MOFMo- LernHylo iAepHylo peakuuio n
Latca ApyrMMuM BCTPEYHbIMK siapaMu ypaHa, HanpaBUTb ee 3Hepru B No-
BO3HWKHOBEHWE HEWTPOHOB HOBOMO MOKOSIEHUS, fie3HOM NAsAM HanpaBneHun?
SIAEPHbIX OCKOJKOB W BblAENEHWE 3HEPTUW Npu- Kak aTo MoxHo caenaTtb?

obpeTaeT naBMHOOOpPAa3HbIN XapakTep.

e

H T.1.
Mo>xHo nu HanpaBUTb AAEPHY SHEPrU0 Ha MUPHbIE
uenn? T

~ T
3apava. Mepenuwute B pabounii nuc- 250 + In > 155Cs + -+ 31n + 200MaB
TOK JaHHYI0 HE3aBEPLLEHHYIO LIEMHYI0 A

SOEPHY0 peakumto. Micnonbaysa Tabnuuy
Mepuoamnyeckort CUCTEMbI XUMUYECKUX e . o .
3MeMeHTOB, 3anuLLNTE BMECTO TOYeK U +on = 40Z7 + -+ 25n + 200MaB
CMMBOJ1bl COOTBETCTBYHOLLIMX OCKOSKOB
a4pa, BO3HMKaOLLMX B peakuum.
O6cyauTte pesynbrar:
e Kak MOXHO perynupoBath 3Ty LeMHyo
AOEPHYI0 peakumnio? l
e MOXHO N BbIAENSIEMYIO SHEPTUIO NPV SAEPHON peakumn npe-

obpasoBaTb B Apyromn Bua aHeprun? N3noxmte cBom runotesbl. M T
OcHoBHast npo0ieMa UCIOJIb30BAHMS SACPHOIN SHEPTIM 3aKilfodae 108xu-
YKEHUU YIIPABISIEMOCTH LIETHOM SIAEPHOM peaKLMei: 3Hepr »KHA Bb ThCS

HEOOJIBIIINX [03ax B TCUCHUEC JJIUTCIIBHOTO BPEMCH C BBIACHHTHCA B OT'P M
KOJIMYCCTBE B TCUHCHUEC KOPOTKOT'O BPEME, B BUJC

PU+ -+ 3 Xe+ 2in+ 200MaB




JIJis 5TOTO HAZO CAIENATh TAK, YTOOBI YUCIIO NSNSAIINXCS B SIIUHUILY BPEMEHH siTIep
0CTaBaJIOCh HEU3MEHHBIM. Y CTPOHCTBO, IPUMEHAEMOE JJIsl TPETBOPCHUS B KU3Hb
TAKOTO0 MpOLEcca, Ha3bIBACTCS A0EPHbIM PEAKIMOPOM.

o Sloepublii peakmop — 5mo yCmpoucmeo, no360asowee noIyyams ynpaeisie-
MYI0 I0EPHYIO YENHYIO PeaKyuio U COXpAHAmb ee 8 meyeHue HylHCHO2O BPEMEHU.

OCHOBHBIE 3JIEMEHTHI SJICPHOTO PEaKTOPa CIIEAYIOIINE:

1) aoepnoe monnuso (*33U; 238U; 237Pu u npyrue) — ezo zanonuswom 6 cne-
YUATbHbIE AMNYIbL, KOMOPble NOMeWaiom 8 AKMUGHYIO 30Hy peakmopa,

2) 3amednumenu HellMporoe (msiicenas uiu 0ObluHas 8004, epapum u opyeue) —
OHU, 3aMe0iisist ObiCmpbie HeUMPOHbl, 00eCneuUsarom ux 3aumMooelicmeue ¢ 10epHbviM
MONAUBOM;

3) mennonocumensv (xon00HAsL 800a UMU JICUOKULL HAMPUIL) — HANPAGISEM Gbl-
densiemoe npu S0epHoU peakyuu Mmenio Ha NAPosyIo MypouHy,

4) Pezynupyrowiee ycmpoiicmeo (CmepiicHu, cooepicauyue Kaomull Wi o6op) — 6
npoyecce peakyuu ynpaeisiem KoIDOUYUEHMOM PA3MHOICEHUS HEMPOHO8: NPU NOJI-
HOM NO2PYIICEHUU CMEPICHEU 6 AKMUBHYIO 30HY PeaKmopa Kodgdguyuenm pasmuo-
Jicenust Heumponos 6yoem k <1. Ecnu orce cmeporchu 8bIHYymb U3 AKmueHoU 30Hbl PeaK-
mopa, mo k > 1 (cm.: mema 4.13). [Ins npenotsparienus paouayuu (y-u3ny4eHus, 1mo-
TOKa HEUTPOHOB M JIPYTHX) PEAKTOP CHAPYKU MOKPHIBACTCS 2epMEMUUecKol 3auum-
Hotl obonouxotl (a).

(a) OCHOBHbIe I'epmernueckas
3NeMeHTbI 3amuTHAs 000I0YKa
fApepHoro OT paauaIuu
peakropa Perymupyromiee

YCTPOHCTBO

SnepHoe TOMIUBO
Tennonocurens

BamemuTenn

Hacoc Oxuraaurers napa

[eperiii ssaepHbIi peakTop ObuT co3nad B 1942 roay B CILIA nox pykoBoacTBOM
Ounpuko @epmu. B EBporne nepsebiii peaktop ObLT BBEJICH B paO0UHid PEKUM B OBIB-
mem CCCP B 1946 rony Hay4HbBIM KOJUIEKTHBOM BO riase ¢ ropem KypuaToBbim.
OpHUM U3 WIEHOB 3TOTO KOJUICKTHBA ObIJI M3BECTHBIN a3epOaliIyKaHCKUN y4eHBIN-
panuoxumuk Aobac Adbacanu ority Yaiixopckui.

* B ObIBIIIEM COBCTCK®0I03C
A@bac A66acaau oriry

Yaiixopckuii

(1917-2008)

JlelicTBUTEILHBIN YIeH ObIBIIEH

AH CCCP.




TBOpUYeckoe NnpumMeHeHue

- WUccnepoBaHue .

Ha yem ocHoBbIBaeTcA paboTa aTOMHOW 3NEKTPUYECKON CTaHLUN?
O6opyaoBaHue: NpUHLMNNanbHas cxema aToMHOW anekTpuyeckon ctaHumm (ASC).
Xopa uccnenoBaHWA: BHUMATENBHO paccMoTpuTe npuHumnuansHyto cxemy A3C (b) u

ncenegyvTe ee NpuHUMN paboThbl.
(b) fﬁ IMaposas TypbuHa ﬂ
DnexTpuye-
L ®— | ckuii TOK

I'enepatop

Kounpnencarop

t=37°C

M ' > Tenaas Boaa

Boooem: pexa,
Mmope, okean

<€ Xonognas Boga

O6cyauTte pe3ynbTar:

o Kakve nocnegoBaTenbHble npeBpaLleHns aHeprum npomexoaat B ADC?

o Kakoe ycnoswve [OMKHO BbINOMHATLCA A5 NpeAoTBpaLleHns B3pbiBa BO BPEMS LIENHOW
A0epHON peakuun?

o OBOBLACHWTE TEXHOMOINIO NONy4eHns anekTpuyeckon aHeprum B ASC.

o ['[e elle npumeHsieTCa SSAEPHbIV peakTop?

YTO Bbl Y3HA/IU .
* MepenuwnTe NpeanoXeHUs B pabounii TIMCTOK U [ONOSTHUTE UX:

1. ApepHbIn peakTop — ...; 2. FaepHoe Tonnmeo — ... ; 3. Perynupytoluye
CTEPXHN — ...; 4. TennoHocuTenb — ...; 5. 3amennuTens HENTPOHOB — ...

MpoBepbTe cBOM 3HaAHUSA

1. YTo Takoe si4epHbIN PeakTop M C KakoW LiENbIO ero UCMosnb3yT?
2. Kak perynupyeTtcs B saepHOM peaktope KoaddULMEHT PasMHOXEHNS HENTPOHOB?

3. 3a cyeT Yero B iAEPHOM peakTope NPOUCXOAUT BblaeNeHne aHeprum? ’
4. Yto obwero u B 4ém otnuune ASC oT TennoBow anekTpocTauumn? \

N
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1. B pesyabTaTe 00/1y4eHns 00JbHBIX BHYTPEHHHX OPraHOB 4YeJIOBeKa Kaxablii 1 rp
sxuBoii Tkanu norsiomaer 108 g-uacruu. Kakosa qo3a 00J1ryueHus Ha Kaxabli 1 rp
’KHBOIi TKAHH, €CJTH 0/HA O-4ACTHIA 0baanaer FHeprueii 8,3 - 10713 Ik?

2. l03a 06,1y4eHust MCTOUHMKA Y-u3JIy4enus B 1 cekynay papna 98,5 - 10*I'p. Onpe-
JAeJuTe 03y IOJYYEHHOro OOJIyYeHHs] CTOSIIUMM OKOJO0 HCTOYHHKA paauanuu
ye10BeKoM 3a 1 yac. B kakoii cTeneHnu 3Ta 1032 0acHa JJisi Hero?

3. Ha pucyHke npeicTaBjieHa cxeMa siiepHOro peakropa. Kakum yactsiM peakropa
COOTBETCTBYIOT YHCJIa HA HeM?

4. B sinepHOM peakTope rpaguT U BOJa HCNOJIbL3YIOTCHA B KauecTBe 3aMeIuTeeid,

1eJbI0 KOTOPOro siBjasieTcs ...

A) ... 3aMeUTUTD ObICTPbIe HEUTPOHBI, YTOOBI YMEHBIINTH BEPOSITHOCTD PEAKIIMN
PazuoaKTHBHOTO JICJICHHUS SIIIEP;

B) ... 3ameHTh OBICTpBIC HEUTPOHEI, YTOOBI YBEIMIUTE BEPOSITHOCTD PEaKIIH
paIroaKTUBHOIO JICNCHHUS SIIIEP;

C) ... 3aMeAHTH PEeaKuuIo PAAUOAKTUBHOTO JSNeHUs S/ep, YTOObI IPeOTBPATHTh
SIIEPHBIN B3PBIB;

D) ... 3aMeIuTh peaklyIo PagUOoaKTUBHOTO ASJICHUS AAEp UL JIETKOTO YIPaBICHUS
PEaKTopoM;

E) ... 3aMeiTh OCKOJIKH, UCTIONB3Ysl KWHETHYECKYIO SHEPTHIO CKOJIKOB MOTyUYeHHBIE
TIPH JICJICHUH.

5. 3a cyer KakMX MOCJIeI0BATEJbHBIX NMPeodpPa30BaHUii IHEPIrUH MOJIYYAETCH JJIeK-
Tpuyeckasi 3Heprusa B ADC? IIponymepyiiTe moc/ie10BaTeJIbHOCTH NpeBpaile

P\\L\
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MAﬂbTEPHATMBHbIE MCTOYHUKN SHEPI A
(YPOK-NMPE3EHTALINA)

Tloozomosvme KOMNnbmepHyio npe3eHmayuro 06 aAlbMepHAmMUBHbLX UCMOYHUKAX dHep-
cuu. Hpu noo2omoske K npezenmayuil MOMCHO 60CNOIb306AMbCA OaHHbIM mamepuajiom u
NJaaHoOM.

BO30OBHOBJISIEMBIE 1 HEBO3OBHOBJISIEMBIE HICTOYHUKU DHEPT NN
Co BpeMEH BOZHUKHOBEHHUS YEJIOBEUYECTBA 0 HALIMX JHEH IO UCIIOIb30BaJIN Pa3HbIe
WCTOYHMKH JJIsl YAOBJICTBOPEHHSI CBOUX YHEPreTHUECKUX NoTpeOHocTel. McTouHnKY SHep-
UM OBIBAIOT JIBYX BUJIOB: BO30OHOBIISIEMbIE 1 HEBO30OHOBIISIEMBIE.

HEBO3OBHOBJIAEMBIE HCTOYHUKHU DQHEPI'MA

e ['a3 — nemeBblit Bua TorumBa. [lorpebnenne raza B mpoMblIII-
JICHHOCTH U OBITY HA4aJIOCh eIl B POIIEIe cToseTns. Jltonu emie Ha
3ape BOSHUKHOBEHHMSI [IMBIIIM3ALH ObLIH CBHIETENISIMU BBIXO/a rasa
n3 Henp 3eMutn. 3a HECKOJIBKO COTEH JIET JI0 Hamleil 3pbl Ha AOIIepoH-
CKOM TIOTyOCTpOBE, CeBepo-3amafHbix Oeperax Kacmuiickoro mops
BCTPEYAINCh “‘BEYHbIE OTHH~, “TOpsAIME BOABI  OCBELIAIH MOpE,
MPEBPATUBIINCH B ECTECTBEHHbBIE MAsKH IJIs1 KOpaOIei.

o KaMeHHBIil yroib — BHUJ IPUPOIHOTO TOILIMBA, ObIBAET Yep-
HBIM, OypbeIM U OnecTsamuM (aHTpanuT). OH IHUPOKO UCIIONB3YETCs
JUIst 000TpeBa JKUIbIX, pa00YHX U 00pa30BaTEIbHBIX MOMEIICHHUH, Ha
TETUIOBBIX JICKTPOCTAHIHSIX.

e He(1h — cunraercs Hanboee BaXXHBIM SHEPTeTHIECKUM Pecyp-
com Ha 3emite. OHa SIBJISIETCSl HE3aMEHUMBIM CBIPBEM JUISI TETLIOBBIX
NIEKTPOCTAHIMI M TPAHCHOPHBIX cpencTB. McTopHueckue KOpHH
asepOailpkaHcKoi He(TH yXOIIT B O4YEHb JajieKoe mporioe. Apad-
ckue nytenrectBeHnkd B VIII Beke coobmrany o He)TIHBIX 3eMIISIX B
Baky, “Oemoii” u “uepHoit” HedTH Ha AbmepoHe. UTanbsHCKUH My Te-
mectBeHHUK Mapko [Tono (XIII-XIV BB.) coobman o nepeBo3ke OakuHckoil HedTH B Mpan, LleHt-

panbHyIo Asnto, Typrmio n MHauIO 1 €XKeroJHoM 10X0/e 0T He(TH.

e SlnepHOe TOMJIHMBO — OCHOBHOE TOIUIMBO, HCIOJB3yeMOE Ha
ADC, boratsie 3aJIeKH ypaHa, 00eCIIeYBaET MPOU3BOICTBO JICIIECBON
sHeprun. Camble KpyIHbBIC POU3BOIUTENH ypaHa B mupe — Kazax-
ctaH, ABctpanus u Kanana.

BO3OBHOBJISSEMBIE HICTOYHUKHU DHEPT'MHU

e CouHeyHasi IHePrusi — KOJMYECTBO COJHEYHOH JHEPIHH,
najaomleil Ha TOBEPXHOCTh 3eMJIM, BO MHOTO Pa3 MPEBBINIAET SHEP-
ruio HeTH, rasa, yris U Apyrux BHIOB TorutkBa. Haubonee addex-
THBHOM TEXHOJIOTHEH MOTPeOJICHUSI COJIHEYHOW YHEPTuu SIBJISIOTCS
conHeuHble Oatapen. KommuecTBo CONMHEYHBIX YacOB B HAIlIEH cTpaHe
cocrasisier 2400-3200 gacoB B roji, a KOJIUYECTBO CONTHEUHOH 3HEp-
THH, TTafatomei Ha 1 KBaJpaTHBII METp ITOBEPXHOCTH 3eMIIH, 0
1500-2000 xkBt-uac.




© DHeprusi BeTpa — 3KOJIOTMYECKH YKCTast U HeHCCcsiKaeMast SHep-
rust. B 2009 roxy psimom ¢ cenom [llypaa6an Xei3bIHCKOTO palioHa Obl-
JIM COOpYKeHbI 2 BeTpodsiekTpocTaniun (BAC). Dtu ycTaHOBKH po-
W3BENH 32 T0J] 7 MIWITMOHOB KBT-4acoB 3MeKTpO3HEPruu. JTa 3JIeK-
TPOIHEPTHsl, HAPSAAY C yIOBJIETBOPEHHEM MOTpeOHOCTEH XbI3UH-
CKOro paiioHa Ha 50 poLeHTOB, 00eceunBaeT NOTpeduTenen “3e-
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JIEHOW” 3Hepruei.

® DHeprus BoJbI — 110 TPOU3BOACTBY dHepruu 'DC 3anuMaror
BTOPOE MECTO. 3/1€Ch SHEPTHs MPOU3BOJHUTCS 3a CUET UCCIKAEMOrO,
HO BOCCTaHABIMBAEMOIO MOTOKA BOAbl. B AsepOaiimxaHe TOIBKO
Ha peke Kypa noctpoens! Tpu 6onbiue I'DC.

© JHeprusi MOpsl M OKeaHa — 3Ta SHEPTUsl MOJTyYaeTcs 3 CUET
NPUINBOB U OTJIMBOB, BOJH M TeUEHHH B OKeaHaX M MOPSAX. DTOT
HEUCUEpIaeMblil U CaMblii 1€IEBbIN BUJI SHEPTUH MO3BOJISET MOJY-
YUTH OOJBIION 00BEM SHEPTUHU ¢ HEOOIBUIOHN IIIOMAIH.

MnaH noAroToBKU npe3eHTaLuu

o HassaHve npeseHTauum

1cnavm e NogroToBun (kNacc, nMs 1 pammnnsa yvyeHunka)
2 cnang, ¢ Y10 NOHNMaeTCs noa anbTepHaTUBHOW 3Heprmen?
3 cnain o lcyepnaemble NCTOYHUKN SHEPTUMN: MOKaXKUTE NPUMEpbI
o TexHOmormsl MICNosib30BaHWsl HEBO30OOHOBMSAEMbIX MCTOYHMKOB SHEPrum
4 cnain * Hencuepnaemble NCTOYHMKM SHEPTUN: NPUBEAMTE NPUMEPHI
o TexHomormsi MICnosib3oBaHWsl BO306GHOBISIEMbIX MCTOYHMKOB 9HEPrum
5 cnana ¢ Bo306HOBNSIEMbIE UCTOYHUKN anbTepHATUBHON aHeprum B AsepbarigaHe,
BO3MOXHOCTM W NEPCMEKTUBbI X NCNOMb30BaHNS
6 cnana o HeBO306HOBMNSIEMbIE NCTOYHMKM anbTepHATUBHOW SHeprun B A3epbangxa-

He, BOSMOXHOCTUN U NepcnekTnBbl X UCNOJ1Ib30BaHUA
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TEPMOFI,D,EPHI:IE PEAKLAA

WccnepoBaHue rpadhmka 3aBUCUMOCTU yAENbHOW 3Hep- e Mouemy npu spepHoi
TN CBA3N XUMUYECKUX DNTIEMEHTOB OT MacCOBbIX YNCEN peakuumn BbiaenseTca
(cm.: Tema 4.10) nokasano, YTo A4EPHYI0 3HEPTUI0 OrpomMHoe Konun4ecTtBo
MOXHO MOSYYUTb HE TOSTbKO NYyTEM AENEHUS TSHKENbIX aHeprun?

A0ep, HO 1 NyTeM CnusiHUA (CMHTe3a) Nnerkux saep.

e«

Bbluncnute aHepruio, BbigensieMyro Npyu CUHTE3e Nerkux siaep.

3apgaua. MNpu cuHTese anep aentepus (2H) n Tputus (3H) BO3HUKAET PO renust U Uc-

nyckaeTcst OOMH HEWTPOH. Hanuwute agepHyo peakumio CUHTe3a U BblYMCIUTE KOMM-

YeCTBO BbIOEMUBLLENCA NPU peakuyn 3HEepruu, NpUXoasilieecsl Ha Kaxabld HYKMOH, —

YOENbHYIO SHEPIUIO CBA3M (a.€.M. YacTuL, BO3bMuUTE 13 Tabnumubl 4.3).

O6cyauTe pe3ynbTar:

o [py kakow peakLmn KONIMYECTBO BbIAENMUBLLENCS SHEPTUU, MPUXOASLLEECH HA OOUH HEW-
TPOH, Bonblue: Npu AeneHun sapa ypaHa unv npy peakumm CNnsHUs AByX NeKrnx saep?

SAnepHasi peakumsi cuaTe3a. J[j1s1 cinusiHUS (CHHTE3a) IBYX sIEp OHH JOJDKHBI IIpe-
OJ0JIETh KYJIOHOBCKYIO CHIIy OTTaJKMBaHHWSI MMEIOLINX OJUHAKOBBIH 3JIEKTPUUECKUM
3aps]] IPOTOHOB U CONM3UTBCA JI0 PaccTOsHUS AeiicTsus saepubix cut (1077 m). Jls
3TOTO sApa TOJLKHBI UMETh OYEHb OOJIBIIYI0 KHHETHYECKYIO SHEPruto. Jliis nmomyyeHus
AIep C TAKMUMH SHEPTUsIMH, PEaKLMIO CHHTE3a HEOOXOAUMO ITPOBOJIUTH IPH OYEHB BbI-
coxoii Temmepatype (=10% < 10° K), Tak kKaK npy TaKOM HarpeBaHHH CKOPOCTH U KIHE-
THUYECKHE SHEPTUH YaCTHUI] Oy/TyT NMETh OOJIbIast 3HAUCHHE.

o Peaxyus causanus (Cunmesa) aecskux a0ep, npomeKaowas npu 04eHb 6blCOKOU
memnepamype, Ha3vleaemcs mepmoA0EPHOIl peaKyuen.

[IpoBenenHoe uccieoBaHue MOKa3ano, YTO B pe3ysbTaTe TePMOSIEPHON peak-
UM [IPOMCXOAUT BhIAENICHHE OONBLIOro KoiauyecTBa >Hepruu. Ilpuxonsmeecs Ha
KaKIIBIF HYKIIOH KOJIMYIECTBO BBIJCIISIFOIICHCS TIPpX 3TOM dHEpTH B 3,5 pasza Oobiire,
YEeM SHEPIUH, BBIICISIEMON IIPU LIETHOM siiepHOM peakuuu. [ToaToMy TepmosiaepHas
SHEPIHsI MOXKET CTaTh IS YEIOBEYECTBA HEHCUEPIAEMBIM MCTOYHUKOM SHEPTHUHU.
OcHoBHasl mpobieMa 3aKII0YaeTcs B M3TOTOBICHUHM YCTPOMCTB Ui HPOTEKAHUS
3THX peakiuii, CHOCOOHBIX YAECPKUBATH TIa3MY, Pa30TPETYI0 10 MIIIIHAapAa Tpaay-
COB — YNpAGIAemMo20 mepmosoepHo2o peakmopa. Jta mpodiieMa B 36MHBIX YCIO-
BUSIX BCE €Ille HEe HallJla CBOEro TeXHHYEecKoro pemeHus. Ho takue ycioBus cy-
mecTByloT Ha ConHIlE M APYTUX 3Be3[ax, B LEHTPE KOTOPBIX TeMIieparypa c

MOHHU3UPOBAHBI U BEIIECTBO HAXOAUTCS B COCTOSIHUM TJIa3MBbl —
anep. Tak Kak sapa MMEIOT OOJNBIIYI0 KMHETHYECKYIO 3HEpT
TBIBAIOT HEMPEPHIBHBIE CTOJIKHOBEHHS C APYTHMU SAAPAMH.
U IPYTHX 3Be3[aX HEeMPEPHIBHO MPOUCXOIUT CaMO
1 BBIACIISIETCS OOJBIIOE KOJTMUYECTBO SHEPIHH.



Hccnenoanus nokasanu, yTo BHyTpu CONHLA U APYTHX 3BE37 BEPOSITHO IMPO-
TEKaeT CJICAYIOINas siepHas peaKlys CUHTE3a!

3He + 3He — 3He + 21H,
2H + 1H —> 3He u np.

o Connye u Opyeue 36e30bl — CAMOYNpasisaemble ecnmecneeHHble mepMosoepHble
peakmopbi.

Boaopoanas 6oméa. Heynpasnsiemas mepmosoepHas peakyus Obiia nouyuena
npu 83psiee 6000p0OHOU 60Mbbl. boeromoBka OOMOBI COCTOHUT U3 CMECH JICUTEPUS U
TpuTHs, Ha3piBaemoit LiD. B kauecTBe 3amaina (eToraTopa) UCIOIb3YyeTCsT aTOMHAS
0omMbOa. CHavaja BHYTPH BOJOPOJHOM OOMOBI B3pHIBAIOT aTOMHYHO 00MOy. B pe-
3yJbTaTe PE3KO BO3PACTAET TEMIEpaTypa U BOSHUKACT MOIIHBII MOTOK HEWTPOHOB.
[Ipoucxoaut peakuus CAUSHUS HEUTPOHOB C IuTHEM. Llpu siAepHOI peakuuu CUH-
T€3a BO3HUKAIOT Spa TeJUs U TPUTHSL:

n+8Li - 3He +3H. (1)

IIpu cnusiHuYM siaep AeUTEpUs U JIUTHSI C HEUTPOHOM IIPU BBICOKOM TeMIIEpaType
NPOMCXOAMUT HEyIpaBisieMasi TEpMOsSAepHas Peakus — BBIACISETCS OrPOMHOE KO-
JUYECTBO SHEPTHH U BOJIOPOIHAsT O0MOa B3phIBaeTcs (2).

TBopquKoe npuMeHeHue

ecraponamo I

CKOJbKO 3Heprum BbigensieTcsa npu B3pbiBe
BOAOPOAHON GOMOLI?

3apaya. Beluucnute konuuectso npuxoas-
LLIENCS Ha KaXabl HYKIMOH 3HEPruu, BbIAENNB-
LUencs Npu peakummn B pesynbtaTe B3pbiBa BO-
popogHon 6om6bl (1) (a.e.M. anst anemeHTa u
YacTuy Bo3bMuTe 13 Tabnuupl 4.3).

Ob6cyauTte pe3ynbTart:

B pe3ynbTaTte B3pbiBa kakon 60MObI KONMUYECTBO SHEPTrUM, NPUXOOALLENCA Ha Kaxabln
HYKJTOH, BOrnbLUEe: aTOMHOW U BOOAOPOAHON?

YTO Bbl Y3HANIU / MepenuwmTe NpeanoXxeHusi B pabounii IMCTOK U AONOSTHUTE UX:
1. TepmosinepHas peakums — ...; 2. ConHue v apyrue 3Besfpl — ...;

3. BogopogHas 6omba — ...

NMpoBepbTe CBOM 3HAHUA

1. Kakne peakumm oTHOCATCS K TepOMOsAepHbIM?
2. Kakve umetoTca TpyaHOCTV AN NPOBEAEHUS TePMOSIAEPHbIX peaxumﬂseMH ycn
BUSIX?

3. UTo cocTaBnseT UCTOYHMK aHeprnm ConHua u Apyrux 3sesan?
4. Kakve obwue n oTnmuntenbHble YepTbl Y BOAOPOAHbIX U aTOMHbIX 60M67?
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1. Kakas yacTMa BO3HUKAeT NPHU JaHHOI TepmosiiepHoil peakuuu? CKOJIbKO BbI-

JessieTcs SJHePruM NPy peaknuu cuHTe3a?
2H 4+ 3H - %He + ---.

2. Yem oTIM4AIOTCA APYT OT APYra TepMosiiepHas U nenHas peakuun? I'ie nmpoucxoasit
9TH peaknuu?

3. BeruncianTe KOJMYeCTBO NPUXOAAIICHCH HA KaKAbIid HEHTPOH JHEPTUH, BbIIEIAI0-
1eiics NpU JAHHOH TepMOsIIePHOI peakuuM.

3He + 3He — 3He + 21H.

4. Ha pucyHke npeacraBJjieHa YIPOIeHHAasl cXeMa BOJOPOIHOiI 60MObl. O0bsiICHUTE HA

OCHOBAHMU 3TOI cXeMbl MeXaHU3M NpHUBeAeHUsI 60MObI B AeiicTBHE.

B3pbiBuaroe BelecTBo

Bonopoanoe Tormao: Ockonku ypana-235, macca
neitrepuit u Tputuit (I+T) KOTOPBIX MEHbIIIE KPUTHUECKON

m ﬂBJ’IHETCFI NN AOEPHOE OPYXUWE TAPAHTOM
MEXOYHAPOOHOIO MUPA? (YPOK-OEBATDI)

fAnepHoe opyxwe obnaaaet ¢ Bce nu cTtpaHbl, B TOM Yucne u AsepbangxaH,
OYeHb GonbLUOW paspymTens- - Bnpaee o6naaatk AAEPHLIM OpyXuem?

HOM cunoii. B3pbIB ero npuso- ¢ EcTb N1 Heo6xoanMMoOCTL cobnoaaTb NPUHLMN
anT K KaTaCTpO(bVIHECKI/IM no- o6nagaHusn AAepHbIM OpyXunem U cpeacresamm
crneacTemsaM B Coumaanoﬁ’ ero goctaBku ansa npumeHeva?
MPON3BOACTBEHHOW 1 9KOSOMM- ¢ Mocnyxut nu obnagaHue aaepHbIM OPYXUEM
yeckomn cepax. rapaHTven Ansi NOMCKa KOMNPOMMUCCHbIX NyTen
HekoTopble cTpaHbl XXI Beka MUpa MexAay cTpaHammn?

BUOAT CaMblil HAOEXHbBIV NyTb e MoxeT nu cTpaHa, o6nagaroLas aaepHbIM opy-
3aWwuThl OT HanageHus Bpara B Xuem, BO3AeNCTBOBaTb Ha MeXAyHapoaHble
obnagaHum SAepHbIM OpyXMeM. cornawueHua?

Ae6aThbl ¢ [IpoBeuTe 00CYXKICHUS IO MPOOIIEMHBIM BOIIPOCAM U MPH-

BEAUTC NOIIOJIHCHUS K JaHHBIM B y‘[e6HI/IKe @)aKTaM.

1. Bce cTpanbl, B TOM 4yucie U A3epOaiigkaH, MMEIOT PaBO HA oﬁna;l’zle ANEPHBIM
OpysKHeM.

JULSE 33IATH] TSPPUTOPHA OT HAMTAJCHHS IIPOTH
yucine U AsepOaiipkaH, UMEeT MpaBo
«3a neHust Bpara. J{enats 3T0 0OBIYHBIM OpY




KoHeuHo, y KaX 10 CTpaHbI, B TOM YKCIIC U Y A3epOaiikaHa, eCTh IPaBo
Ha oOJjajzaHue sepHbIM opykueM. Ho sTo He o3Hauaer, yTo A3epOaii-
JOKaH 00513aTeNIbHO JOJDKEH BOCIIOIB30BATHCS STHM IpaBoM. [Ipuvenenue
SIIEPHOTO OPY>KHUsI HPOTUB KaKOH-JTMOO CTpaHbl, ECTECTBEHHO, PUBEAET K
IIPUMEHEHHIO 3TOTO OPY>KHSI JaHHOM cTpaHOM NpoTuB A3epobaiikana. He
TPYZAHO TIPEICTABUTh, KAKHE KaTaCTPOPHIECKUE MOCIEACTBHS OXHUIAIOT
B pe3yJIbTaTe HEOOIBIIYIO CTPaHY.
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2. Heo0xoauMo0 0TKa3aThCsl OT AJCPHOr0 OPYy KU U €ro IpuMEeHEeHus.

OTKa3 OT sIepHOTO OpYXKHs MPUBEIET K BO3AEPKAHUIO OT IPUMEHEHUS
NPOTHBHUKOM SJEPHOTO OpyxkHsi. UeM MeHblIe cTpaH OyxyT o0ianaTh
SIIEPHBIM OPY)KHUEM, TEM MEHBIIIE PUCK €TO IPUMEHEHHUSL.

O

3a

JlaHHBIN IPUHLIUII UMEET CEPhE3HBIE HEOCTATKU:
1) HepalMOHaJIeH, TIOTOMY YTO MPUMEHEHHUE SEPHOTO OPYIKHUS OTHOU
CTpaHbl MPOTUB JPYroy MPHUBEAET K KatacTpode Ha 3eMHOM IIape;
2) 4HCIIO CTPaH, JKENANINX 00Ia1aTh AACPHBIM OPYKEM, HEIPEPHIBHO
OyIeT pacTy;
* MpoTue 3) smepHOE OpyXKue OYIEeT pacmpOCTPaHATHCS B TEOMETPHUCCKOM MPO-
TpecCuH.

D

3. SinepHoe opy:xue CJIYKHUT rapaHTHel MOMCKA KOMIPOMHCCHBIX MyTel 1151 MUpa
MeXKAY CTPAaHAMH.

Jliist ctpa, 00J1a1af0MIHX SAEPHBIM OPYKHEM, BOCHHBIA KOHPIUKT MEXKTY

c000# He BBITOJIEH, OH MOKET MPUBECTH K TXKEIBIM HOTEpsiM. [1oaTomy

SIIEPHOE OPYIKHE SBJISIETCS CPEACTBOM COXPAHEHHS MEKTyHAPOIHON CcTa-
HIILHOCTHU.

3a 0 oc

ny

A 9TO, €Cl MPE3UICHTOM CTPaHbI, 00JIAAIONICH SICPHBIM OPYKHEM,
CTaHeT HepBHBIN 4eoBek? ECTh M B 3TOM cilydae rapaHTHs, YTO OH
OyIeT MCKaTh MHUPHBIA KOMIIPOMHCC, & HE IPHMEHHUT SIEPHOE OpYKHE?
Hert!

D

* [lpoTuB

4. Ctpana, 06Ja1a101as si/IEPHBIM OPY’KHeM, MOKeT BO3/1eiiCTBOBATh HA
MEKAYHAPOAHBIE COTJIALICHUS.

OObIYHO TyTH pemIeHus MpoOiieM Ha MEXTyHapOoJIHBIX (opymax ompe-
JEJSIOT CTPaHbl, 00NaJaloIue SAepHbIM opyxueM. Eciu sxe Bce cTpaHbl
OyxyT obnanate SACPHBIM OPYXKHEM, TO MEXIY CTpaHAMU BO3HHUKHET W
3a COXpaHUTCA OaJlaHC BO3/ICHCTBUS Ha PEIICHUE MEXIyHAapOIHbIX 3a1ad.

g

B pemennn MexTyHapOAHBIX 3a/1a4 HE BCE ONPEAESIET 5 e op

B HaCTOAIIEEC BPEMS SKOHOMHWYCCKAsI MOIIb U IMTOTCHIAMAIT C I U T
0oJiee BaxKHOE 3HAUCHHUE B JUITIIOMAaTHYCCKHUX: €rgBopax.
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5 SR

1. Onpeue.mne YHUCJIO0 NMPOTOHOB, HeﬁTpOHOB H JJICKTPOHOB B aTOME
BO.]'lL(l)paMa mo HepﬂOIlﬂ‘-leCKOﬁ CUCTEME XUMHYECCKUX IJIEMEHTOB.

W oz

Volfram

A) B)

9 D) E)

IIporonos — 110 IIpoTtonos — 74

IIpotoHos — 74

IIporoHos — 184 IIpotonos — 110

Heiitponos — 74 Heiirponos — 110

Heiirponos — 110

Heiitponos — 74 Heiitponos — 74

OnexTpoHOB — 184 OnexTpoHoB — 184

DnekTpoHoB — 74

OnexTpoHoB — 184 Onexrponos — 110

2. Ha cK0/J1IbKO N3MEHHUTCSI MACCOBOE
YHCJI0 SIApa npu B-uznydennn?

3. Kaxkoii ¢opMyJ10ii MO’KHO BBIYHCIUTH
aepeKT Macebl?

4. OnpeneauTe H30TOI JIeMEHTA, €ro
MaccoBoe (A) u 3apsigoBoe (Z) umncia,
BO3HHKIIUE IPY JAHHOM siIePHOM
peakuuu:

22ITh + {n - 23in + 4Y

5. llepuon mosiypacnajna paguoak-
THUBHOTO N30TONA PaBeH 2 MUHYTaM.
Ckouabko snep pacnagaercst u3 1500
siiep U30Tona 3a 2 MUHYTHI?

A) HE U3MEHUTCS

B) ymensmuTcs Ha 1 enuHMIy
C) yBennuures Ha 1 eqUHHAIYY
D) ymeHbIUTCS HA 2 SAMHUIIBI
E) yBenmuuuntcs Ha 2 ¢ IMHUIIBI

A)Am=§
B) Am =Zm, + Nm,, — My
C)Am=NﬁA
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




. CINIOBAPb TEPMUHOB .

A

AKKOMOJAIHUSA — CBOMCTBO XpyCTaJIMKa IIa3a MEHAThH CBOIO ONTHYECKYIO CHITY.

1 AMniep — 3TO cHiIa MOCTOSTHHOTO TOKA, KOTOPBII MPH MTPOXOXKICHUH TI0 ABYM TOHKHAM
0ECKOHEYHO UIMHHBIM MapajjIeIbHBIM IPOBOAHMUKAM, PACHOJIOKEHHBIM B BaKyyMe Ha
paccrossHEH | M OZTMH OT IPYTOTO, BBI3BAM OBl Ha KAYKAOM Y9YacTKE IPOBOJHHUKA [UIMHOW 1M
CHITY B3auMOJIEHCTBHS, paBHyIo 2+ 107H.

ATOMHOE SI/IP0 — 3TO YCTOWYMBAs B3aMOCBsI3aHHAsl CHCTEMa, COCTOSIIIAsl U3 MPOTOHOB
Y HelTpoHOB. [IpOTOHBI U HENTPOHBI, 00pa3yIOIINE AP0, HA3BIBAIOTCS HYKIOHAMU.

B

Bakyym — cpena cuiibHO paspsokennoro (101078 mm pr.cT.) Bosayxa. 3/1ech MOJEKyYIIbI
ra3a Io4THd He B3aUMOJEHUCTBYIOT APYT JIPYTOM.

BakyyMHBIi AMOA — 6aKkyymmblil OALIOH, codepocawyuii Kamoo u avod, paboma
KOMOPO20 OCHOBbIBACMCSA HA AGNEHUU MEPMOIIEKMPOHHOU IMUCCUU.

BornyTsle JIMH3BI — JIMH3BL, KOTOPBIE B CEPeAUHE TOHbIIE, YeM y KpaeB. OHU ObIBAIOT
JIBOSIKOBOTHYTBIMH, IJIOCKO-BOTHYTBIMHU MIJIN BBIITYKJIO-BOTHY THIMH.

Bornyroe cepnyeckoe 3epKajno — 3T0 3epKajo, OTPaXxarollee JIydd CBEeTa C BHYTPEH-
HEll MOBEPXHOCTH C(HEPUUECKOTO CErMEHTA.

BoinmykJible JIMH3bI — JIMH3bI, KOTOPBIC B CEpPEMHE TOJIIE, YeM y KpaeB. OHU ObIBaroT
JIBOSIKOBBIITYKJIBIMH, TUIOCKOBBIITYKJIBIMU MJIH BOTHYTO-BBIITYKIIBIMH.

Beinykiioe cepuueckoe 3epkajio — 5TO 3epKajio, pacCEUBAIOIIEE JIy4H CBETa C BHEII-
HEll MOBEPXHOCTH C(HEPUIECKOTO CErMEHTA.

r

I'a3oBbIii pa3psa — NpOTEKaHUE MIEKTPUUECKOT0 TOKA Yepes ras.

I'naBHasi onTHYecKasi OCh JIMH3bI — IIpsIMasi JIMHUS, IPOXOJsIas dyepe3 HeHTpsl O u
0, cdepuueckux MOBEPXHOCTEH, OrPaHNYNBAIONINX JIMH3Y.

I'naBHbIii dokyc coduparomeii JIMH3bI — TOUKA, B KOTOPOH MEpeceKaroTCsl Iy4H CBET.
Ma/IaloIie Ha COOMPAIOIYI0 JIMH3Y IapauIelbHO TJIAaBHOW ONTHYECKOH OCH, OHago0Q8-
Hauaercs OykBoii F. Touka riaBHOTO (hoKyca coOMparoniel JTMH3bI ISHCTBUTENRHAS, TOFO0
YTO B 3TOM TOUKE MEPECEKAIOTCS] CAMU MPEIIOMIICHHBIE B JTMH3€ JIy4H.

TI'siaBHBIH (poKyc paccenBaroLel JTUH3bI — TOUKA HA IVIABHOU OI

MIPETOMIICHUS B JIMH3€ JIyYeH, MapauienbHbIX TIaBHON O

pacceuBarouel JIMH3bl — MHUMBIM, TaK KaK B 3TOM T
MIPOIOJKCHUS.
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A

JedekT Macc — pa3HOCTb MEKAY CyMMOM 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, My, — Macca HEUTpoHa, Am —aepeKT MacchL.

JlnamMarHeTMKHM — 3TO BEUIECTBA, MarHUTHAsl MIPOHUIAEMOCTh KOTOPBIX MEHBIIE €/IU-
Hunel (U < 1). Jnamarneruku (Cu, Ag, Auu Bce MHEpTHBIC ra3bl) cJIabo OTTAIKHBAIOTCS
MOCTOSTHHBIMU MarHUTaMH.

JM3JIeKTPUKH — 3TO BelIecTBa, He oOiajarone cCBOOOIHBIME HOCUTEISIMH 3apsijia 1
COCTOSIIIIME TOJIBKO U3 CBSI3aHHBIX 3apsI0B.

3

3aKoH oTpakeHUs] cBeTa — IMATAIOIIMI Jyd, OTPAKCHHBIM Jyd M HEPIEHAUKYID,
BOCCTAQHOBJICHHBIN B TOUKE MaJICHUS JTy4a, JIexKaT B OJHON IJIOCKOCTU. YTOJ NMajJeHus paBeH
YOIy OTpaKeHus: § = a.

3aKoH MpeOMJIEHHSI CBeTa BbIpakaeTcs NBYMs nosoxenusmu: 1) [Nagarommid myd,
MPEIOMIICHHBIN J1y4 U NEPIEHANKYIIAp K TPaHUIE Pa3/iena IBYX Cpell, BOCCTAHOBIICHHBIN B
TOYKE MaJICHUs Jy4a, JIeXKaT B OAHON MIOCKOCTH. 2) OTHONIEHHE CHHYycCa yrila MaJeHus K

CUHYCY YIJIa IIPEJIOMJICHHUS €CTh BEJIMYUHA IIOCTOSHHASA U JBYX JAHHBIX CPEI:
sina.
 —=n
siny
3apsaoBoe YMCI0 Apa PAaBHO YUCIY IPOTOHOB B sIpe. 3apsJoBOe YUCIO 0003HAYAETCS
OyKBOIi Z M IUILIETCS| B HIDKHEM MHIIEKCE XMMUYECKOTO 3JIEMEHTa.

u

H3oTonbl — aTOMBI ¢ OJMHAKOBBIM YHUCJIOM IIPOTOHOB B JIP€, HO C Pa3HBIMU MAaCCOBBIMH
gucIaMy (TI0-TPEYECKH izos — 03HAYACT “OJMHAKOBBIA U 0pos — O3HAYAeT “‘MecTo”).

Mnaykumst MArHUTHOTO MO (VI MarHUTHAS! MHAYKIKS) SBIISIETCS CUIIOBOM XapaKTepH-
CTUKOW MarHWTHOTO ToJisl. MarHuTHas MHAYKIUS 0003HadaeTcs OyKBOM Bu XapakTepU3yeT
BO3/ICIICTBHE MAarHUTHOTO IIOJI1 HA MAarHWT (WJIM TEJIO C MarHWTHBIMH CBOICTBaMH), MOMe-
IICHHBIA B JAHHOC MarHUTHOE 1ojic. MarHuTHasE MHIYKIIUS SIBJSICTCS. BEKTOPHOM (pr3mueckoi
BenmurHON. HarpaBiieHne BeKTopa MHAYKIIMY MarHUTHOTO TI0JIS OIIpe/IeIsieTCs HallpaBICHUEM
CEBEPHOTO NIOJIF0CAa MArHUTHOM CTPEJIKU, IIOMELIEHHOM B IaHHOM TOYKE MarHUTHOTO TIOJIS.

NHAyKUMOHHBIA TOK — BO3HUKHOBEHHE 3JICKTPHUECKOTO TOKA B 3aMKHYTHIX BHTKAX,
HaXOAALIUXCS B IEPEMEHHOM MArHUTHOM IOJI€, HA3bIBACTCS AGAEHUEM INEKMPOMALHUMHOU

UHOYKYUU, 8 BOSHUKAIOIIIA TOK HA3BIBACTCS UHOYKYUOHHBIM MOKOM.
ﬁn‘z{a oM
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Koa¢punuenT pasMHoxKeHHs] HEHTPOHOB — OTHOILIEHHUE YUCIIA
MOKOJIEHUH LIETTHON peaklUy K UX YUCITy B IPEIbLAYIIEM TTOKOJI
Ncne/:( olee

k = A

anegbmyu.{ee




J

JluneiiHoe yBeJu4YeHHe JHMH3BI — 5TO (HU3MYECKAsl BEJIMYMHA, PaBHAs OTHOIICHHUIO
JMHEHHOTO pa3Mepa H300paKeHHS K JITHEHHOMY pa3Mepy Tena. JInHeiiHoe yBeTmdeHne JIH-

3b1 0003HavaeTcs OykBo# [' (ramma):

F—H
=1

JIuH3a — Tpo3payHOe TeNo, OTPaHMYCHHOE CPEPHUUYSCKUMH MMOBEPXHOCTSAMHU (MHOTIA
OJTHA U3 ITOBEPXHOCTEH MOXKET OBITH TIOCKOH).

JIMHMM MArHUTHOH WHAYKUMH — 3TO TaKHWe JIMHUM MarHUTHOTO IOJIsI, KacaTeJbHasl,
NpPOBEJICHHAs K KaX/I0W TOUYKE KOTOPBIX, COBMAJAET C HANPaBICHHEM BEKTOpA MarHUTHOU

g
/

M

MarHeTHKH — BEIIeCTBa, CIIOCOOHBIC H3MEHUTH MATHUTHOE TIOJIC.

MarHuTHasi IPOHHIIAEMOCTH BEIeCTBA MIOKA3bIBAET, BO CKOJIBKO pa3 MOy Ib MATHHT-
HO¥ MHIYKIHUK OJHOPOJHOTO MATHUTHOTO TIOJIS B BEIIECTBE OTIINYACTCS OT MOJIYJISI MATHUT-
HOI HHIYKIIWH OIS B Bakyyme B:

B
o= Bo + Buu = E, B = uB,.
By By

MarHuTHOe MoJie — 5TO BHJ] MATEPHH, BO3HUKAIOIINI PH ABIXCHUH 3JICKTPUIECKOTO 3apsiia.

MaccoBoe 4110 sIpa paBHO 00LIEMY YHCITY HYKJIOHOB B siipe. MaccoBoe 4ucio 0603-
Havaercs OykBoit A. MaccoBoe uuciio (A) = yncio npoToHoB (Z) + unciio HeHTpoHoB (N):
A=Z+N.

MuuMoe n306pakeHue — 3T0 U300paKeHUE, MOTyYaeMOe MIEPECEUCHUEM PO IOKESHHN
MPEIIOMJICHHBIX JIy4el MOCIIe POXOKICHUSI JIMH3bI UITH JTy4Yeil, OTPaKEHHBIX OT 3epKaa.

Y
UHIOYKUUU B B JaHHOM TOUKe.

; o)

/

H

HecamocrosiTenbHbIH pa3psil — Ta3oBbId paspsis, NPOUCXOIAIIMHA IMOJA IEHCTBUEM
HOHH3ATOpA.

o

Onruka (OT TPeYecKoro clioBa optos — “BUIAMMBIN) — pa3nes (U3MKH, W3ydarolui
CBETOBBIE SIBJICHMS.

OnTuyecknii MeHTP JUH3BI — Touka O, HAXOIAIASACS B IICHPE JIMH3BI HA T
OITHYECKOI OCH. Y
OnTHyeckasi CHjIa JJUH3BI — BEJIIMYKMHA, 00OpaTHas IIaBHOMY (ok

mua3bl. Equanteit ontrdeckoit cwiel B CU sensiercs guontpust (lgmtp

1 ,Z[I/IOHTpI/ISI 9TO OIITHYCCKasA CHuJia JIMH3bI, (I)OKYCHOC pa TOSA € KOT
1 1

Dl=—==-=1 )

[D] - p

My
a
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OnTHyecKylo cucTeMy IJa3a o0pa3yloT MPO3padHBIC 3JIEMEHTHI: POTroBas 00OJIOUKA,
HepeIHsIsl KaMepa, XPyCTalIMK U BHYTPEHHsIsl Kamepa, MPEeIOMIISIOIIIE CBETOBOM JIy4 B IJIa3e.

/4

IMapamarHeTHKH — 3TO BelllECTBa, MarHUTHAS ITPOHUIIAEMOCTh KOTOPBIX HE3HAYHTEIBHO
6ombme equauis! (U > 1). [Tapamarneruxu (Al Li, 05, Na n npyrue) cnabo nputsruBaroTcs
MOCTOSIHHBIMH MarHUTaMH.

Ioraomennass n03a M3Jy4eHHs] — 3TO (H3MYECKas BeIMYMHA, H3MepsieMas OT-
HOILICHUEM ITOTJIOIICHHOH TeJIOM PHEPTUH K €ro Macce:

E
D=—.
m
IHoynpoBOAHMKH — 3TO BEIIECTBA, Y KOTOPHIX YHCIO CBOOOAHBIX HOCHTENCH 3apsma

3aBHCUT OT BHEIIHETO BO3JCHCTBUS (TEeMIIEpaTyphl, OCBEIIECHHS, BHECCHHUS NPUMeceil B UX
COCTaB | JpyTHE).

IlocToAHHBIE MATHUTBI UM MATHATBI — BEIIECTBA, JUIMTEIBHOE BPEMsI COXPaHSIOLIUe
CBOM MarHUTHBIE CBOIICTBA.

IIpaBuJio JieBoii pyKu 1Jisl CHIIBI AMIIepa — JIEBYIO PyKy HaJl0 IOMECTUTh B MATHUTHOE
T0JIe TaK, YTOOB! JITHUM MAarHUTHOW MHIYKIIMHM BXOAWIN B JIaJIOHb, & YETHIPE BBITSIHYTHIX
nasblia ObUTM HaINlpaBJIeHBI M0 HANPABICHUIO TOKA, IIPH 3TOM OTOTHYTHIA Ha 90° Gosbioi
naJiel] ykaxxeT HalpaBJICHUE CUIIbI AMIepa, IeHCTBYIOIIEN Ha IPOBOJ C TOKOM.

IIpaBuJo JeBoii pyku s cuiibl JlopeHua — eByro pyKy HaJj0o IOMECTUTh B MarHUT-
HOE TI0JI€ TaK, YTOOBI BEKTOP MAarHUTHOW MHAYKIMN BXOAMI B JIA/IOHB, @ YETHIPE BBITIHYTHIX
nasblia ObIIM HAMPABJICHBI [0 HAMPABJICHHIO JBI)KEHHS TOJIOKHUTEIHFHOTO 3apsaaa (IpOTHB
HaTpaBJICHUS IBIDKEHUS OTPHLATENBEHOTO 3apsana). [Ipu a3tom otorHyThIi Ha 90° 60bIION
rajen MoKa)keT HalpaBJieHue JeicTBUs cuiibl JIopeHa Ha 3apsi.

IIpenomiieHne cBeTa — M3MCHEHNE HAIIPABICHUS PAaCIIPOCTPAHEHHUS Jyya CBeTa IpH Ipo-
XOXKACHUU U3 OJTHOM cpesibl B IPYTyIO Ha TPAHHUIIE 3TUX Cpe/l.

ITepuon monypacnaga — NMpoOMEXYTOK BPEMEHH, B TE€UEHHE KOTOPOTO pacmamaeTcs
MTOJIOBUHA UMEIOITUXCS PaJIMOAKTUBHBIX SIZIEP.

P

PaimoakTMBHOCTH — SIBJICHUE CaMOIIPOU3BOJIBHOTO, 0€3 BHEIIHETO BO3/ICHCTBUS, U3ITY-
YCHUA aTOMOB, a CaMO 3TO MU3JIYYCHHUE HA3bIBACTCA PAAUOAKTUBHBIM U3JTYYCHUCM.

PannoakTBHOE MpeBpaleHue — CaMOIPOU3BOJILHOE TIPEBPAIIEHNUE OZHOTO PaJH0aK-
TUBHOTO sipa B IPYToe s/po.

Potop (ot naTuHCKOTO ClloBa 70t — “Bpaiiaro ) — SBISIETCS TOABVYKHON YacThIO JIBUTaTels,
ToMelaeTcst BHyTpH cratopa. Potop B opme MUIMHAPHYECKON paMKH SIBISIETCS SJIEKTPO-

MarHuToM. OH UHOTJIa Ha3bIBAECTCSI AKOPEM.
C
CamocTosITe/ILHBIH pa3psii — MPOXOXKACHUE DIICKIPUYEC OKa 4e a3 1npu
OTCYTCTBUM BHEIIHEIO HOHU3ATOPA.
» noea PMWHOB * 221




CBepxnpoBoAMMOCTh — (HU3NIECKOE SIBICHUE, 3aKIIOYalOIIeecs B CKauKOOOpasHOM
HaJICHUU 10 HYJISl 3JEKTPUYIECKOTO CONMPOTUBIICHHS BEIECTBA IPH OMNPE/EICHHONW TeMIle-
patype, Ha3bIBAEMOM Kpumu4eckou memnepamypou.

Cuiia Ammnepa — cuiia, ¢ KOTOpOil MarHUTHOE TI0Jie AEHCBYeT Ha MPOBOJHHUK C TOKOM H
paBHas IPOU3BEJICHUIO CHUJIbI TOKA, MOIYJISl MATHUTHONW MHIYKIHH, JUIMHBI IPOBOJHUKA U
CHHYCa yIJa MEK/ly HalpaBJICHUEM TOKA U BEKTOPOM MAarHUTHOW MHIYKIIUH:

Fj = IBlsina.

Cuana JlopeHna — cuia, JeHCTBYIOIAs Ha ABHXKYILYIOCS 3apsSKEHHYIO YaCTHUILYy CO CTO-
PpOHBI MarHuTHOTO NIOJISL: Fj1 = quBsina.

Crarop (ot 1aT. sto — “cTOr0 ) — HETIOABM)KHAS YaCTh IEKTPHIECKOTO ABUTaTeNsl, COCTOUT
13 MIOCTOSIHHOTO MarHUTa, 3aKPEeTUICHHOTO K KOPITYCY, WITH KaTYILIKH C JKeJIE3HBIM CEp/ICYHUKOM
(anexTpomarnura). MHorzma cratop Has3bIBAalOT undykmopom. B cratope cosmaercss MoliHOe
MarHUTHOE IIoJe.

Cdepuueckoe 3epkajio — IOBEPXHOCTh Tela B (hopMe chepHUECcKOro CErMEHTa, 3ep-
KaJIbHO OTPa)KaIoIlasi CBET.

T

Tadnauna CHeJllleHa — NPHUMEHSAETCS B MEAWLUHCKUX YYPEXKACHHUAX IS TPOBEPKU
OCTpOTHI 3peHus y mojei. OHa coctonut u3 11-12 cTpok MPON3BONBEHO HANMMCAHHBIX OYKB.
Camble KpynHble OyKBBI HAIIMCaHBI B NIEPBOM CTPOKE, OT CTPOKU K CTPOKE pasMephl OYKB
HOCTENIEHHO YMEHbLIaloTcs. HopManbHbIi I71a3, He HaNpArasch, BUAUT OYKBBHI B IIEpPBOH
CTpoKe ¢ paccTosHus 60 M, a OyKBbI U3 9-if CTPOKHU — C pacCTOSHUS OM.

TepM03/1eKTPOHHAS IMHUCCHSI — SBJICHUE UCITyCKaHUsI SJIEKTPOHOB C IOBEPXHOCTH Me-
TaJlla, HAarPEeTOro JI0 BBICOKOH TeMIIepaTyphl.

TepmosinepHasi peakuysi — peaknus CIMSAHUS (CHHTE3a) JIETKUX sIep, MPOTEKAOIINX
IIPY OYEHb BBICOKOH TeMIIepaType.

TemnepatypHbiii K03 (HIUEHT CONPOTHBICHUSI YHCICHHO PABEH OTHOCUTEILHOMY
M3MEHEHHIO COTIPOTUBIICHUS MPOBOAHMKA IpH HarpeBanuu ero Ha 1°C (1 K):

R—-R, R-—Rj
TRt T RAT

OTHOCUTENIBHOE U3MEHEHHE COINPOTHUBICHUS TPOBOJHHMKA MPSMO MPONOPIHOHAIBHO
U3MEHEHHIO TEMIIEPATYPhI:

0

——— = at = aAT.
Ry

JInst 9MCTBIX METANIOB TEMIIEPATYPHBIH KOI((HUIMEHT CONPOTUBIECHUS o Beeraa > 0 u

PaBeH HIKEIPUBEICHHOMY 3HAUCHHIO:
11 11

a = —_——
273 °C 273K 6
1 Tecna — MarHUTHAsE HHAYKIUS TaKOTO OAHOPOJHOTO MarHUTHO
Y4acTOK IPOBOJIHUKA JUTMHON 1M, pacnoioKeHHOTO nepneH}me HUTH
WHIYKIHUH, TP cujie Toka 1A z[eI/ICTByeT C CHIIOH, paBHOPI

[B]—1——1

A-c
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ToHkas JMH3a — JIMH3a, TOJIIMHA KOTOPOM HAMHOIO MEHbBILNE PAaJUyCOB KPHUBU3HBEI
muH3bl R 1 R,.

To4yeuyHbIli HCTOYHHUK CBETA — UCTOUYHHK CBETa, pa3ME€paMu KOTOPOro MOKHO HpeHe6-
PpC€Ub IpU JaHHBIX YCJIOBHUAX.

y

YIIC.JI])Haﬂ JHEPIUus CBA3H — DOHCPTUA CBSA3HU, IPUXOIAIIas Ha OJUH HYKJIOH!
CB

6':7.

D

®eppoMarHeTHKH — 3TO BENIECTBA, MArHUTHAS IPOHUIIAEMOCTH KOTOPBIX BO MHOTO Pa3
6ompmre equaunbl (U >> 1). deppomarnernku (Gd, Fe, Ni, Co m HekoTophle HMX CIIaBbl)
CHJIBHO TNPUTATHBAIOTCS IOCTOSHHBIMH MarHutamu. Bce deppoMarHeTwkn — KpucTayui-
YeCKHe BElIeCTBa.

DokajJbHAs MI0CKOCTH JUH3BI (WIH c(HepUIHOTO 3epKaya) — IIOCKOCTh, MPOXOIIIast
Yepe3 IIaBHYI0 (POKYCHYIO TOUKY JIMH3bI HEPIICHMKYJISIPHO TIIABHOM ONTHYECKON OCH JINH3BI.

)

DJIeKTPOJIMTHI — PACTBOPHI (MITM PaCIlIaBbl) BEIIECTB (COJb, KUCIIOTA U IENI0Yb), IPO-
BOJISIIIIME DIICKTPUUECKHUN TOK.

DJIeKTPOJIMTHYECKAs IMCCONMAIMS — IIPOLIECC paciia/ia HEUTPAIBHBIX MOJICKYT B BOJIE
Ha MOJI0KUTEIbHBIC ¥ OTPULATEIbHBIC HOHBI.

DJ1eKTPOJIM3 — ITPOIIECC BBIICJICHHS BEIIECTBA Ha 3JIEKTPOIaX MIPU MPOTEKaHNH SJIEKTPH-
YECKOT0 TOKa Yepe3 IEKTPOIIHT.

DJIeKTPOABUIaTelb — 3TO YCTPOWCTBO, Mpeolpasyoliee dIEKTPHUECKYI0 IHEPTUI0
B MEXaHUUYECKYIO.

DJIeKTPOMATHUTHASI HHAYKIMS — SIBJICHHE BO3HMKHOBEHUS AJIEKTPUYECKOIO TOKA B
3aMKHYTBIX BUTKaX, HAXOJSIINXCS B IEPEMEHHOM MarHUTHOM I10JI€, & BO3HUKAIOIIUI TOK
Ha3BIBACTCS UHOVKYUOHHBIM MOKOM.

JIEKTPOHBOJIBT — PaBEH KUHETUYECKOW HHEPIUH, MOIYyYEHHOM JIEKTPOHOM B MpOLECCE
YCKOPEHHS MeX/Ty IByMs TOUKaMH ¢ HanpspkeHneM 1 B.

DHeprus CBSA3M AApPa — 3TO MUHUMAJIbHASA SHEPIHs, HEOOXOAUMAs JUIS PACIICTIIICHHUS
Spa Ha OT/ICNIbHbIC HYKIOHBI.

Ecg = AE = Amc®>  wm Ecg = [Zmp + Nmi— My] - &

A '
SInepHbie CHIBLI — CHIIBI, YAEPKUBAIOIIME YACTHUIHI (POTOHBI Hg HEH 1) BGIpe,
NEACTBYIOT Ha paccTostHUAX < 10715 .
SInepHbIii peakTop — 3TO yCTPOMCTBO, MO3BOJIAIOIIEE JIOMYY aBJsie EIHYI0
SIEPHYIO PEAKIIMIO U COXPAHSATE €€ B TEUCHHE HYKHOTO HU.
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