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BBEJAEHUNE

KontponbHas pabota mo ¢usmke mjs CTYISHTOB TEPBOTO Kypca 3a0YHOM
dbopMbl  00yUe€HHS — OTO BHJ CaMOCTOATCIBHOW padOTHI, MPEamoIararonui
CaMOCTOATEILHOE  perieHue (PU3ndecKnx 3a7ad 1O TeMaM  JICKIIMOHHOTO
Marepuana.

Jlist oOy4garoruxcst 3a04HOM (popMBI 00YUSHUS MO JUCHHILINHE «DU3HKa» B
1 cemecTtpe mpemycMoTpeHa OJHA KOHTpoJibHas padota Nel, cooTBeTcTByIOIIas
pasznmenam: «Mexanukay, «MonekynapHas ¢uU3HKa W TEPMOJMHAMHKA» W OJIHA
KOHTpoJibHass pabdota No2 Bo 2 ceMmecTpe, COOTBETCTBYIOIIAS pazjeiaM
«DNEKTPUUECTBO U MarHeTu3m», « BoTHOBas 1 KBAaHTOBAs OTITHKAY.

VYcnoBus 3a1a4 AJid BBIMNOJHEHUS KOHTPOJIbHOM paboThl Nel comepikarcs B
yaeOHO-MeToaudecKkoM  mocobunm  «Ddusmka Ha  3a0uHOM  (paKyIbTeTe.
KontponeHbie 3amanus u jabopatopHblii mpakTukyMm. Yacte [. Mexanuka.
MonekynapHas (u3uka W TEPMOJAMHAMHKA», a JUIS BBHITIOJHEHUS KOHTPOJIbHOW
padotei Ne 2 — B yueOHO-MeToAMYECKOM TocoOmn «Duzmka Ha 3a0YHOM
¢dakynsreTe. KoHTponbHbie 3amanmst W jaboparopHbiii mpaktukym. Yacte 1.
DNEKTPUIECTBO M MAarHeTH3M. BoJTHOBas W KBAHTOBAS OTITHKAY.

IpaBuia ogpopmiieHUs KOHTPOJIBLHOH PadoThHI

Homep eapuanma KoHmpoabHOU padompl onpeoensiemca no HocleoHell
uugpe Homepa 3auemnoit KHudxcku. KoHTponpHas padoTa J0KHA OBITH
opopmieHa B TETpaaW, HAMUCaHA OT PYKH pa3OOPUMBBIM TIOUECPKOM, HMETh
HYMEpAaIllMiO CTPAHHWI] W CIHCOK HCIOJb30BAHHBIX HMCTOYHUKOB. K 005m0oxkKe
TETPAAN TPHUKICHBACTCA TUTYJbHBIH JINCT yCTAaHOBJICHHOTO oOpasma (cm. aiin
TuTyabHBIN TUCT) C 3aMOTHCHHBIMA JTAHHBIMU CTY/ICHTA.

3amaun KOHTPOIBHOW PabOTH JOJKHBI UMETh T€ HOMEpA, MOJ KOTOPHIMHU
OHH CTOST B y4e€OHO-METOTUYECKOM TOCOOWH. PermeHus KOHTPONBHBIX 337134
pacmoJylararoTcs B TOPSAKE HOMEPOB, YKA3aHHBIX B 3amaHuu. llepem kaxmoi
3a/aueii HeOOXOMMO 3amucaTh €€ YCJIOBHE. YCIIOBHS 3aJay MNEPENUCHIBAIOTCS

MMOJHOCTBIO, 3aTCM ACJIACTCA KpaTKad 3alucChb YCIIOBHA 3aJadd, I'J€ UYHCJIIOBEIC
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JTAHHBIE BBIMHUCHIBAIOTCS CcTONOMKOM. Kaxayro 3amady »KelaTeabHO HAuMHAThH C
HOBOM CTPAHULIBI.
Pemenne 3amaun 10MKHO COaEpKaTh:

e HEOOXOAMMBIN PUCYHOK WM CXEMY, MOACHSIOIINMA PEIlICHUE 3a/1a4u;

o Ha3zBaHUA (POPMYII, UCTIOIB3YEMBIX TIPH PEIICHUH,

e CJIOBECHBIC TIOSCHCHWA (PU3MUecknx BeaWMUMH (KaK 3aJaHHBIX, TaK W

BBCJICHHBIX BO BPEMsI PEIICHUA);

e HCUEPNBIBAIOIIME MOACHEHUA X0 PEIIECHUSA 3a/1a4H;

o BBIBOJ (DOPMYIT IJIs1 UICKOMBIX (PM3NUECKUX BEJIUUHUH B «OYKBEHHOM» BHUJIE,

e TIPOBEPKY Pa3MEPHOCTH;

e TIOJYYCHHC YHCJIOBBIX 3HAUYCHUMN NCKOMBIX (I)I/ISI/ILIGCKI/IX BCJIMYHH.

3agaHue ClenyeT BHIMOJHATH aKKypaTHO, 0Oe3 mpomycka 3anad. Ecim
coAepKaHue KOHTPOJBbHOM pabOThl OTBEUACT MPEAbIBIAEMBIM TPeOOBAHUIM, TO
OHa JomyckaeTca K 3amure. [Ipr  HEYHOBIETBOPUTEIHHOM  BBIMOJIHEHUH

KOHTPOJIbHOM paboThl OHA BO3BpaAIlaeTCs Ha J0PadOTKY.
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KonTposabHas padora Ne 2
Bapuanrt 0.

3adaua N 0.1 Paccrosiave d mexay AByMs TOUSUHBIMHA 3apsgamu () = 2 K u
O, = 48Kn paBHo 60 cm. OmpenenuTh TOUKY, B KOTOPYHO HYKHO MOMECTHUTh
TpeTwii 3apan (J; Tak, 4TOOBI CHCTEMa 3apsAN0B HAXOJWJIAaCh B PABHOBECHH.
Onpenenuth 3apsiaq (J; W €ro 3HaK. YCTOHYHMBOE WM HEYCTOMUMBOE OyAeT
paBHOBecHe?

Jaoaua Ne 0.2 ToHkas KBaJapaTHas paMKa PaBHOMEPHO 3apsiKeHa C JIMHCHHOM
mioTHOCTRIO 3apsaa 7 = 200 nKi/m. Onpeaenuts MOTCHOHWAT ¢ OIS B TOYKE
MEPECEUCHUA JUarOHAJIEN.

Jaoaua Noe 0.3 DnekTpoH HABUXKETCA BAOJAb CHJIOBOW JIMHUM OJHOPOJHOTO
3JeKTpUYecKoro moJisi. B HekoTopoit Touke mons ¢ moTreHmuaaom ¢; =100 B
AJIEKTPOH WIMENT CKOPOCTh Vi = 6 Mm/c. Onpenenuts MOTSHIMAT ¢, TOUKH TOJI,
JOUJIA 10 KOTOPOM AJEKTPOH IMOTEPAET MOJIOBUHY CBOEH CKOPOCTH.

3adaua N 0.4 TInockuit KOHIEHCATOD C IUIOWAABI0 wiacTuH S = 200 M’ Kaxmas
3apsKeH 70 pa3HocTd moTeHrmanoB U = 2 kB. Paccrosanue mexay miacTUHaAMHU
d =2 cMm. Jlusnextpuk — crekiio. OnpenenuTs 3HEPTUIO W Mo KOHAEHCATOpa U
MJIOTHOCTH PHEPTHUU W TIOJIA.

3aoaua Ne 0.5 DJIC Oarapen ¢ = 12 B. Ilpu cune toka [ = 4 A. KIIJI 6atapeu
n = 0.6. Onpenenutbh BHYTPEHHEE CONPOTUBIICHNE R; OaTapew.
3aoaua Ne 0.6 beckOHEUHO JUIMHHBIN MPOBOJ ¢ TOKOM !
I =350 A u30THYT Tak, KaK 3TO MOKa3aHO Ha PHUCYHKE.
OnpenenuTs MarHUTHYHO WHAYKIUIO B B Touke A,
Jexamed Ha OMCCEeKTpUCE MpsAMOro yrjia Ha
pacctostHn d = 10 ¢cM OT €ro BEpIIMHBI.

3aoaua _Ne 0.7 Konpio u3 MeaHoro mposoda maccoit m = 10 r momerieHo B
oHOpOoHOE MarHuTHOE Tojie (B = 0.5 Tin) Tak, 4To TUIOCKOCTh KOJThIIa COCTABISAET
yron f = 60° ¢ NMHUAMU MarHUTHON WHAYKIMH. OnpeaenuTs 3apsaa () KOTOPbIH
MIPOUJIET TIO KOJIBITY, €CJIM CHATh MAarHATHOE TIOJIE.

3adaua _Ne 0.8 Paccrosame wmexay mmMTpUxaMu IA(PPAKIMOHHONH PEIIECTKH
d = 4mxm. Ha penreTky mamaet HOpMaJIbHO CBET ¢ JUTMHOW BOJTHBI A= 0.58 MKMm.
MakcumyM Kakoro HanOOJBIIETO MOPSIAKA JACT 3Ta perieTKa?

3aoaua Ne 0.9 Cpennsas >HEPreTUUECKas CBETUMOCTh R MOBEPXHOCTU 3€MJIM PaBHA
0,54 I[)K/(CMZ‘MI/IH). KakoBa momkHa ObITh TeMmepaTypa I MOBEPXHOCTH 3EMIIH,
€CJIM YCJIOBHO CUWTATh, UYTO OHA M3/Iy4aeT KakK Cepoe Teo ¢ kodpduimeHTom
yepHOTHI a, = 0.25 ?
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KonTposabHas padora Ne 2
Bapuanrt 1.

3aoaua Ne 1.1 Toueunbie 3apsaapl O = 20 mxKn, O, = -10 mxKn HaxoasTcs Ha
pacctostHun d = 5 cM apyr oT apyra. OnpenenuTs HAMPSKEHHOCTH TMOJIS B TOUKE,

YAQJICHHOW Ha #; = 3 C¢M OT NEPBOro M Ha 7, = 4 CM OT BTOpPOro 3apsna.
Onpenenuth Takxke cuiay I, NeHCTBYIOIIYIO B 3TOM TOUYKE HA TOUCUHBIA 3apsj
O =1 mxKi.

Jaoaua Ne 1.2 ]JIBa toueunsbix 3apsaaa () = 6 uKn u O, = 3 uKn Haxondarcs Ha
paccrostaam d = 60 cMm npyr ot apyra. Kakyio paboty HE0OXOIUMO COBEPIITHTH
BHEIIIHUM CHUJIaM, YTOObI YMEHBIIUTh PACCTOAHUE MEKIY 3apsaMu BABOE?
Jaoaua Ne 1.3  lleuinHka maccoid m = 200 Mmkr, Hecymas Ha cebe 3apsn
O = 40uKn, Bnerena B SJEKTPHUUECKOE IOJIE€ B HAMPAaBICHHUE CHIIOBBIX JIMHUH.
ITocne mpoxoxaenuss pasHocTh mnoteHnmanos U = 200 B meummHKa wMena
ckopocTh v = 10m/c. OnpenenuTs CKOPOCTh Dy MBUTMHKA IO TOTO, KaK OHA BIIeTENA
B MOJIE.

3aoaua Ne 1.4 Konaencatopbl eMKOCTbiO C} = 5 MK® n (; = 10 MxD 3apskeHbI
no Hampsbkeanit [} = 60 B u U, = 100 B coorBeTcTBeHHO. OnpenenvThb
HaMps>KeHWE Ha OOKIIaIKax KOHAEHCATOPOB MOCJE MX COSAMHEHUA OOKIIaaKamu,
UMEIOIUMU OJTHOMMEHHBIE 3apsibl.

Jaoaua Ne 1.5 Karymika v amMnepMerp COEAMHEHBI TOCJIECAOBATEIBHO U
MOJKIIOUEHBI K UCTOYHUKY ToKa. K KjleMMaM KaTyllIKU MPUCOEIUHEH BOJIBTMETP C
conpotuBiicHremM r = 4 kOMm. Amnepmerp mokasesiBaeT cuily Toka [ = 0.3 A,
BOIbTMETp — HanpsikeHue U = 120 B. Onpenenuts conpoTuiicHre K KaTYIIKH.
OnpenenuTs OTHOCHTENIBHYIO TOTPENTHOCTh ¢, KOTOpas OyAeT AOMyIIeHa MpH
W3MEPEHUN COMPOTHUBIICHUS, €CJIM MPEeHEeOpeUb CUJION TOKa, TEKYILIEro 4Yepes
BOJIbTMETP.

Jaoaua Ve 1.6 beCKOHEUHO UIMHHBIN MPOBOJ C TOKOM
I =100 A u30rHyT Tak, KaK 3TO MOKa3aHO Ha PHUCYHKE.
OnpenenuTs MarHUTHYHO HHAYKIMIO B B Touke O.
Pagunyc ayru R = 10 cwm.

3aoaua Ne 1.7 B omnoponnom marautHoMm mofie (B = 0.1 Tm) paBHOMepHO ¢
4acTOTOM 1 = 5 ¢! BpalmaeTcst cTep)KeHb LTHHOM / = 50 ¢M TaK, YTO MIOCKOCTh €ro
BpalicHUs TEPICHAWKY/ISIPHA JIMHASIM HANpPsDKCHHOCTH, a OCh BpaIeHUs
MPOXOJIAT Yepe3 OJHWH W3 €r0 KOHIOB. OmpeaennTs WHAYIMHPYEMYIO Ha KOHIIAX
CTEP>KHA PA3HOCTh MOTCHIHAIIOB U/,

3aoaua Ne 1.8 Kakoe nHammenpinee uucio N ,,;, IITPUXOB JOJKHA COJEPKATH
mupakiiMOHHAsT pPEIIeTka, YTOOBI B CHEKTPE BTOPOTO TOPAIKA MOXHO OBLIO
BHJICTh PA3JICIBHO JIBE JKCNITHIC JIMHUH HATPUA C JUIMHAMH BOJH A; = 589.0 HM 1
/2 = 589.6am? KakoBa mymmHa / Tako# pemieTKH, €CM MOCTOSTHHAS PEemeTkn d = 5
MKM?

Jaoaua Ne 1.9 AGcomoTHO uepHoe Teno umeet temneparypy 17 =500 K. Kakosa
Oyaer Temmeparypa 7, Tema, €Clii B PE3yJIbTaTe HArpEeBaHUA TOTOK HW3TyUCHUS
yBeIUUuTCA B 1 = 5 paz?
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KonTposabHas padora Ne 2
Bapuanr 2.
Jaoaua No 2.1 'Tpu onuvHaKOBbIX ToueuHbIX 3apsana O; = O, = O; = 2 vKn
HaXOJSTCS B BEPIIMHAX PABHOCTOPOHHETO TPEYrojibHUKA CO cropoHamu a = 10
cMm. OnpenenuTh MOAYJIb M HampaBlieHHWE cwiibl F, NEWCTBYIOIIEH HA OJWH M3
3apsiZIOB CO CTOPOHBI IBYX APYTHUX.
3aoaua No 2.2 DnIeKTpUUECKOE MOJIE CO3JaHO

3apsHKEHHBIM ITPOBOISAIIMM IIAPOM, OTCHIIAAT (0 i 2
xotoporo 300 B. Onpenenuts paGoTy cUil MO EE T i
no mnepemenieHuto 3apana O = 0.2 mxKn u3
TOYKH | B TOUKY 2 (PHCYHOK).

y 2 (PHCYHOK) 2 lr |

Jaoaua Ne 2.3 DOnexTpoH, oOnafgaBiivii kuHeThueckoil sHepruei 1 = 10 »B,
BJIETENT B OJTHOPOHOE JICKTPUUCCKOE TI0JIC B HAMPABJICHUE CHIJIOBBIX JIMHHUHA TIOJIS.
Kaxkoit ckopocteio Oymer obnagaTh 3JIEKTPOH, TMPOWIS B 3TOM TOJIE PAa3HOCTH
noteHuuanos U = 8 B?

Jaoaua Ne 2.4 Konaencarop emkoctbio C; = 10 Mk® 3apskeH 10 HANPSKECHUS
U =10 B. Onpenenuts 3apsaa Ha oOKIaaKaxX 3TOr0 KOHAEHCATOPa MOCHE TOro, Kak
napayieibHO €My OBbIUT TOJKITIOUCH JAPYTOW, HE3apsKeHHBINH, KOHIACHCATOP
emkocThio C; =20 Mk®D.

Jaoaua No 2.5 D]IC Garapeu ¢ = 80 B, BHyTpeHHee comnpoTuieHue R; = 5 Owm.
Buemnssa nens notpednser MmomuocTs P = 100 kBt. Onpenenuts cuimy Toka / B
neny, HampsokeHue (/, ToA KOTOPBIM HAXOAWTCS  BHEIIHAA T1eTh, W €€
CONPOTHUBJICHUE R.

Jaoaua Ne 2.6 MaruuTHbIi MOMEHT p,, TOHKOTO A
MPOBOAAIIECTO KOJbIA P, = 5 A-M Onpenenursb
MarHuTHYIO  WHIYKITHIO B B TOouke A,
HaXOJAIIEHCA Ha OCH KONbIla W YAAJICHHOW OT
TOYEK KOJIbIIA Ha paccTosiHue ¥ = 20 ¢cM (PUCYHOK).

Jaoaua Ne 2.7 B oAHOPOAHOM MarHUTHOM mnojie ¢ uHaykuued B = 0.5 Tn
BpaiaeTca ¢ yactorord n = 10 ¢! crepkersb mmHOM [ = 20 cMm. Och BpamieHus
napajiebHa JTUHUAM WHAYKIIUH W TPOXOJHUT Yepe3 OJWH U3 KOHIIOB CTECPIKHS
NEPICHANKYIAPHO ero ocu. Omnpeaenuts pa3HOCTh MOTEHIHMATOB {/ HA KOHIAX
CTEPKHHA.

3adaua Ne 2.8 Ha moBepxHOCTh MUDPAKIMOHHONH PEIICTKH HOPMAJIbHO K €€
MOBEPXHOCTH TAaJaeT MOHOXpoMmaruueckuii cBeT. [locrosHHas mudpakmuoHHON
pemietku B 1 = 4.6 pa3a OoJibliie JJIMHBI CBETOBON BOJIHBI. Halitu oOiee uncno M
TU(PaKIIMOHHBIX MaKCUMyMOB, KOTOpPHIE TEOPETUYCCKH MOXKHO HAOMIOAaTh B
JAHHOM ClTy4ae.

Jaoaua Ne 2.9 Uepnoe teno umeer temmneparypy 7; = 500K. Kakosa Oynet
Temriepatypa 1, Tema, €clid B PE3yNbTaTe HArPEBaHWS TOTOK W3IIyUCHUS
yBeIUUuTCA B 1 = 5 paz?
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KonTposabHas padora Ne 2
Bapuanrt 3.

Jaoaua Ne 3.1. ]IBa MOJIOKUTEIbHBIX TOUCUHBIX 3apaaa () u 90 3aKkpervieHbl Ha
paccrostann d = 100 cm apyr ot apyra. OnpenenanTs, B KaKOW TOYKE Ha TPSIMOMH,
MPOXOJAIIEH Yepe3 3apAnbl, CIeAyeT MOMECTUTh TPETUH 3apsa TakK, 4TOObl OH
HaXOJIWJICS B PABHOBECHU.

3aoaua Ne 3.2 DnexTpuuecKoe Mojie CO3/aHO 3apsaaMu 2o
O; =2 vMxKn u O, = -2 mxKn, Haxoasmmmuca Ha !
paccrosiuun a = 10 cm apyr ot apyra. Onpeaenurhb 4
paboTy CHJ TOJIS, COBEPIIACMYIO TPH MNEPEMEIICHUH :
sapsana Q = 0.5 MxKi u3 Touku | B TOUKy 2 (PHCYHOK). O,
Q0
i Ori 4
L LR LR i)
| 2 |

3aoaua Ne 3.3 Haiitm otHomeHne ckopocteii moHoB Cu'' m K, mpomremmmx
OJIMHAKOBYIO PAa3HOCThH MOTEHITAAJIOB.

3aoaua Ne 3.4 Konaencaropsl eMkocTaMu C; =2 Mk®, C,=35 MKk® u C;= 10Mx®D
COCMHEHBI TOCJEAOBATEIBHO W Haxonarcs mnoj Hampsskenuem U = 850 B.
OnpenenuTs HAPSHKCHUE W 3apsij HA KAXJIOM U3 KOHJIEHCATOPOB.

Jaoaua Ne 3.5 Ot Garapeu, JIC xoropoii ¢ = 600 B, TpeOyercs nepenarsb
sHepruro Ha paccrosHue [ = 1 kM. Ilorpebmsiemas momrHOCTh P = 5 kBT. Haiitn
MUHHUMAJIBHBIC TIOTEPH MOIIHOCTH B CETH, €CITH JAMAMETP MEIHBIX MOJBOISIIAX
mpoBooB d = 0.5 cMm.

3a0aua_Ne 3.6 1lo nAByM CKpPEIIEHHBIM MO X
NPSIMBIM  YTJIOM OECKOHEYHO JUTMHHBIM TTPOBOJIAM
TekyT Toku [ u 2/ (I = 100 A). Omnpeaenutsb
MarHuTHYI0 WHAYKIHIO B B Touke A (PUCYHOK).
Paccrosiane d = 10 cwm.

27

3aoaua Ne 3.7 B mpoBOJIOYHOE KOJBIIO, MPUCOCAMHEHHOES K OAINTMCTHYECCKOMY
raJlbBAHOMETPY, BCTABHAJIN TIPsAMOM MarauT. [Ipu sToM o menw mporien 3apsia O =
50 mxKn. Onpeaenutb M3BMEHEHUE MArHUTHOTO Motoka A@ yepe3 KOJbIo, €CIIu
COMPOTHUBIICHUE 1IeNU rajbBaHoMeTpa R = 10 Om.

3aoaua Ne 3.8 Ha nudpaximmoHHYIO pemeTKy majaacT HOPMAaJbHO IMapajuie/IbHBIHA
nydok Oenoro cpeTa. CHEKTPbl TPETHEr0 W UETBEPTOrO TMOPSAAKA YaCTHUHO
HaAKJIQJBIBAIOTCA APYT HA Apyra. Ha kakyio MIUHY BOJHBI B CIIEKTPE YETBEPTOTO
nopsKa HakaabpiBaeTca rpanuna (A= 780 HM) criekTpa TpeThero mopsiaka?
3aoaua Ne 3.9 Temmneparypa abcomoTHo depHoro Tenaa 7' = 2 kK. Onpenenutsb
JUTMHY BOJHBI A, , Ha KOTOPYIO TIPUXOAWTCS MaKCUMYyM JHEPTHU W3IIYUYCHUS, W
CIEKTPATbHYIO TJIOTHOCTh DJHEPIETHUCCKOW CBETUMOCTH (M3IIy4aTeTbHOCTH)
(1.7 )max JUIA STOW AJIMHBI BOJIHBI.
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KonTposabHas padora Ne 2
Bapuanr 4.

Jaoaua No 4.1 ]IBa 0IMHAKOBO 3apsKEHHBIX IIAPUKA MOJBEIICHBI B OJJHON TOUKE
HA HUTAX OJWHAKOBOW JWHBL. [Ipy 3TOM HUTH pazonuiuch Ha yroj « . [llapukn
MOTPY KarOT B Macio. KakoBa IMIIOTHOCTE p MAaciia, €CIA yroJl PACXO0KIACHAS HUTEN

P MIOTPYKEHUH B MACJIO OCTaeTCA HeM3MEHHbIM? [TIOTHOCTH MaTepuaia mapuka
po=1.5410" kr/M’, mEdMEKTpHUECKas IPOHUIAEMOCTD Macya & = 2.2.

3aoaua Ne 4.2 ]IBe mapajuieiabHbIe 3apSKEHHBIE IIOCKOCTH, MOBEPXHOCTHBIE
MJIOTHOCTH 3apsaa KOTOPHIX ¢ ;= 2 MrKi/m® w1 o ;= -0,8 MxKir/m? , Haxomsirest Ha
paccrossaan d = 0.6 cM apyr oT apyra. OnpeaenauTs pasHOCTh NMOTEHIMAIOB [/
MEK]Ty TUIOCKOCTSIMH.

3aoaua Ne 4.3 Onextpon c¢ sHeprueit 7= 400 3B (B O€CKOHEUHOCTH) ABUKETCA
B/IOJIb CWJIOBOW JIMHUU TIO HAMpABJICHUIO K TMOBEPXHOCTH METAUIMUECKON
sanpsbkeHHON  cdepel paguycom R = 10 cm. Onpeaenuth MHHUMAJIBHOC
PAcCTOSIHUE d, HA KOTOPOE MPHUOIUZUTCS SJCKTPOH K TMOBEPXHOCTH CHEPHI, €CIN
zapsan ee Q = -108K.

3aoaua Ne 4.4 JIa xonuaeHcatopa emkoctsamMu C; = 2 Mk® u C, = 5 mMx®D
3apsikeHbl 10 HanpsbkeHuid U; =100 B u U, =150 B cooTBeTcTBEeHHO. ONIPEACTUTD
HaMps>KeHWE Ha OOKIIaIKax KOHAEHCATOPOB MOCJE MX COSAMHEHUA OOKIIaaKamu,
UMEIOIUMU PA3HOUMEHHBIE 3aPAJIbI.

3aoaua Ne 4.5 1lpu BHemHeM compoTuBIeHHMH R; = 8§ OM cuia TOKa B ILeNH
I; = 0.8 A, npu conpotuieHuu R, = 15 Om cuna toka /, = 0.5 A. Onpeaenutsb
CUJTY TOKa /,; KOPOTKOTro 3aMbikanus uctounnka IJIC.

Jaoaua Noe 4.6 Tlo OeCKOHEUHO JJIMHHOMY
MPOBOMY, M30THYTOMY TaK, KaK 3TO MOKAa3aHO HA
pucyHnke, Teuetr Tok / = 200 A. Onpeaenutsb
MarHUTHYIO WUHAyKOUO B B Touke (). Pammyc
ayra R =10 cm. Yron « pasen 2 /3.

Jaoaua Ne 4.7 ToHkuil MeTHBIN MPOBOJ MAcCOM m = 5 T COTHYT B BUJIEC KBAJpara,
W KOHIIBI €r0 3aMKHYThl. KBaapar mOMEIIeH B OJHOPOAHOEC MArHUTHOE TIOJIE
(B = 0.2 Ta) Ttak, 9TO €ro TUIOCKOCTh MEPNEHAVKYJAPHA JIMHUAM TIOJIS.
Onpenenuts 3apsaa (), KOTOPHIHM MOTEUET MO MPOBOJAHKUKY, €CIM KBAIPAT, MOTSHYB
32 MPOTHBOTIOJIOKHBIE BEPIIHHBI, BRITIHYTH B JIMHHUIO.

3adaua Ne 4.8 Ha nmudpakmmonnyro pemeTky, coaepxantyio 7 = 600 mTpuxos Ha
MUJUTAMETP, TaIaeT HOPMATBHO Oeibiid cBeT. CHEKTP MPOSUPYyeTCs TOMEICHHON
BONM3W pEIIeTKH JUH30M Ha dSkpaH. Onpenenuth MIUHY [ CHEKTpa TMEPBOTO
MOpsJIKa Ha PKpaHe, €CJIM PACCTOAHUE OT JIMH3BI A0 3KpaHa [ = 1.2 M. I'panuirsl
BUAMMOTO CIIEKTPA: A, = 780 HM, 44 =400 HM.

Jaoaua Ne 4.9 Onpenenuth Temneparypy I U SHEPreTUUECKYH) CBETUMOCTD
(M3My4aTeNbHOCTh) R, aOCOMIOTHO YEPHOTO Teja, €CIM MaKCHMYM DSHEPTHH
W3ITYUCHUS PUXOJAMTCS HA JUTHHY BOJIHBI A, = 600 HM.
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KonTposabHas padora Ne 2
Bapuanr 3.

Jaoaua Ne 5.1 Uetbipe onuHakoBbiX 3apsga O; = O, = O3 = Oy = 2 vHKn
3aKpeIvieHbl B BEpIIMHAX KBajapata co ctopoHod a = 10 cm. Halitu cuny F,
JEHCTBYIONIYIO Ha OJTUH W3 STHX 3apPsII0B CO CTOPOHBI TPEX OCTAJIbHBIX.

Jaoaua Ne 5.2 [lunonb ¢ snektpudyeckum MoMmeHToM p = 100 nKn-m cBoOoaHO
YCTAHOBHJICS B CBOOOTHOM 3JICKTPHUSCKOM I10JI¢ HaNpspkeHHOCThIO [ = 200 kB/M.
Onpenenuts paboOTy BHEIIHUX CWI, KOTOPYK HEOOXOJWMO COBEPIIUThH IS
MOBOPOTA AUMOJIA HA yroil a = 180°.

Jaoaua No 5.3 DOnexTpoH, MpoHas B IUIOCKOM KOHACHCATOPE MyTh OT OJHOM
MJACTUHBI 0 JPYTroM, MpuodOpen CKOpoCTh vV = 10° m/c. Paccrosinme MEXKTY
miactuHamMu d = 8§ mMm. Haiitu: 1) pasHocTh moTeHIManoB U Mexay TUTACTHHAMM,
2) MOBEPXHOCTHYIO TJIOTHOCTH 3apsA/ia G Ha TUTACTHHAX.

Jaoaua Ne 5.4 ]IBa 0NMHAKOBBIX TUIOCKMX BO3AYIIHBIX KOHJEHCATOPA €MKOCThIO
C = 100 n® kaxxaplii coeMHEHBI B OaTapero nocienoBareyibHo. OnpeaenTb, Ha
CKOJIBKO M3MEHHUTCS eMKOCTh ( 6arapeu, eciii MPOCTPAHCTBO MEXAY TUTACTHHAMH
OJTHOTO W3 KOHJICHCATOPOB 3aMOTHUTH TTapaduHOM.

Jaoaua Ne 5.5 D]JIC Gatapeu ¢ = 24 B. Hanbonbinasa cuia Toka, KOTOPYIO MOXKET
natb 6arapes, 1, = 10 A. OnpeaeanTs MaKCUMaJIbHYIO MOIITHOCTD P4, KOTOpas
MOXET BBIJICIATHCSA BO BHEITHEH TICTIH.

3aoaua_Ne 5.6 1lo TOHKOMY KOJIbIly PaadycoM A

R = 20 cm Tewer Tok [/ = 100 A. Onpenemurs g
MarHuTHYIO WHAYKIUIO B Ha OCH KOJbIla B TOUKe A
(pucynok). Yron S = /3.

Jaoaua Ne 5.7 Pamka u3 npooaa conpotusiiecnnemM R = 0.04 Om paBHOMEPHO
BpalaeTcs B OAHOPOAHOM MarHUTHOM mnosie (B = 0.6 To). Ock BpareHus JIeKUT B
MJIOCKOCTA PaMKH W TEPICHAWKYJSApPHA JHHWAM WHAYKIWU. [lmomans paMkwn
S = 200cm’. Ompenenuts 3apsa O, KOTOPHIHA MOTEUET MO PAMKE TIPH H3MCHCHHH
yria MEXIy HOPMAJbI0 K pamMke W JuHUAMH WHAyKuu: 1) ot 0 mo 457
2) ot 45 10 90°,

3aoaua Ne 5.8 Ha rpanp kpucTtajuia KAMEHHOHN COJIM MAJAET MapalyIebHbIA My40oK
PEHTTEHOBCKOTO W3NyueHusa. PacctosaHue d MeXIy aTOMHBIMH IJIOCKOCTAMU
pasHo 280 mm. IToxm yriom @ = 65° K aTOMHOM IUIOCKOCTH HaOMOAaeTCs
IM(PaKIMOHHBIA MAaKCUMyM TeEpBOro mopsaka. OnpenenuTs [JIMHY BOJHBI A
PEHTI€HOBCKOrO U31yUYEHUA.

Jaoaua _Ne 5.9 N3 cMOTpOBOro OKOIIEYKA ME€YM H3JIY4YaeTCs TMOTOK
D, = 4K2I[)K/MI/IH. Onpenenute Temnepatypy 1 Meud, €cyid IUIoaAb OKOIIEYKa
S=8cMm".
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KonTposabHas padora Ne 2
BapuaHnr 6.

Jaoaua Ne 6.1 Toueunbie 3apsaapl O; = 30 mxKn u O, = -20 mxKn HaxoasTcs Ha
pacctossam d = 20 cm gpyr ot apyra. OnpeaenuTs HAMPsHKEHHOCTH
anekTpuueckoro nonis E B TOuke, yJaJ€HHONW OT MEPBOro 3apsja Ha PacCTOSHUE
r;=30 cM, a oT BTOpOro —Ha »; = 15 cm.

Jaoaua Ne 6.2 Yetbipe OAMHAKOBBIX KaIlJIM PTYTH, 3apSAKEHHBIX 10 MOTEHIMANA
¢ = 10 B, cnuBarorca B onHy. KakoB noteHuman ¢; 00pa3oBaBIleiics Kariu?
Jaoaua Ne 6.3 Tlbinunka Maccoit m = 5 Hr, Hecyias Ha cede N = 10 351eKTpOHOB,
MpoIUia B BaKyyMe€ YCKOPSAIOIIYIO pasHocTh moteHimanoB U = 1 MB. Kakosa
KuHeTn4eckas sHeprus 1 neuinHkru? Kakyro ckopocTh v puoOpesia nbUTnHKA?
3aoaua Ne 6.4 JIa xonjaeHcatopa emkocTsamMu C; = 5 Mk® u C, = 8§ MDD
COEJIMHEHBI TMOCIIEeA0OBAaTEIbHO M mpucoeanHeHsl K Oatapee ¢ D/IC ¢ = 80 B.
Onpenenuts 3apsiasl O; U O, KOHASHCATOPOB M Pa3HOCTH moTeHmanoB U; u U,
MEKTy UX OOKJIaIKaMHU.

3aoaua Ne 6.5 Axxymynsatop ¢ DJIC ¢ = 12 B 3apskaeTca OT CETH MOCTOSHHOTO
Toka ¢ HanpsbkeHueM U = 15 B. Onpenenuth HanmpsKEHWE HaA KIEMMax
AKKyMYJISITOpA, €CJIA €ro BHyTpeHHee conpotusyieHue R;= 10 Owm.
3aoaua Ne 6.6 1o nBymM OECKOHEYHO JJIMHHBIM ITPOBOJAM, ¥

A

CKPEILEHHBIM IO/ IPSAMBIM YTJIOM, TEKYT TOKU [; u [, = 21; :

({; = 100 A). Onpenenuth MarHATHYIO WHAYKOWIO B B E
TOUKE A, PaBHOYJAJECHHONW OT MPOBOJAOB HA PACCTOAHHE Ed
d =10 cm (puCyHOK). IIT J Lo—

Jaoaua Ne 6.7 1IpoBojouHbBIA BUTOK AUAMETPOM D) = 5 CM U COMPOTHUBJICHUEM
R = 0.002 Om nHaxomuTcs B OMHOPOAHOM MarHuTHOM mone (B = 0.3 Tm).
[TnockocTh BUTKA cocTaBisieT yroi ¢ = 40° ¢ nuanavu naAykmmu. Kakos 3apsan O
MPOTEYET IO BUTKY MPH BHIKITIOUYEHUH MAarHUTHOTO TOJIs?

Jaoaua Ne 6.8 Ha Henpo3pauHyro JIACTHHY C Y3KOH IIENBIO NAAAET HOPMAJIBHO
TUIOCKasgs MOHOXpPOMAaTH4eckas cBeToBass BojHa (A = 600 HM). Yrom OTKIOHEHUsA
Jlyded, COOTBETCTBYIOLIMX BTOPOMY IH(PPAKIIMOHHOMY MakcUMymy, ¢ = 20°.

Onpenenuts MHPUHY d TIEIH.

Jaoaua Ne 6.9 Tlotoxk usnydyeHus aOCONOTHO uepHoro tena @, = 10 kBT,
MakcumMyM SHEPTUM HM3IYUYEHHUS TPUXOAUTCA HA JJIMHY BOJHBI A, = 0.8 MKM.
OnpenenuTts IOMAAL S U3TYUarOIIEH MOBEPXHOCTH.
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KonTposabHas padora Ne 2
Bapuanr 7.

3aoaua Ne 7.1 B BepliMHaxX MpaBUJIbHOTO TPEYTOJbHUKA CO cTOpoHOM a = 10 cm
HaxoasTcs 3apsaasl O; = 10 mxKn, O, = 20 mxKn u O; = 30 mxKn. Onpenenutsb
cuny F, neictBytontyto Ha 3apsia (J; €O CTOPOHBI ABYX JAPYTHX 3apsia0B.
Jaoaua No 7.2 ToHkul cTEpXKEHb COTHYT B Kojblo paauycom R = 10 cm. On
PaBHOMEPHO 3apsiKEeH C JIMHEHHOMN II0THOCTRIO 3apsaa T = 80 HKi/m. Onpenenutsb
MOTCHIMAJT () B TOYKE, PACIOJIOKEHHOW HAa OCH KOJIbIIa Ha paccTosanu 7 = 10 cm
OT €ro LEHTpa.
3aoaua Ne 7.3 Kakoit MUHUMAaIbHONH CKOPOCTHIO @
Vin JOJDKEH 00JaAaTh MPOTOH, YTOOBI OH MOT
JOCTUTHYTh  TIOBEPXHOCTH  3aPSIKCHHOTO [0 O
noteHuuana ¢ = 400 B Merammuueckoro iapa

(PUCYHOK). R 3R
I

Jaoaua No 7.4 Tlnockuil KOHAEHCATOP COCTOUT M3 ABYX KPYIJbIX ILJIACTUH
pamuycom R = 10 cm kaxpas. PaccrosHme MexXAy IDIacTHHAMM d = 2 MM.
Konaencarop npucoenvHed k vuctouHuky Hampsbkenus U = 80 B. Onpenenutb
3apsan O ¥ HAMPSKEHHOCTH £ IOl KOHACHCATOPA B ABYX CIIyYasX: a) JUAICKTPHUK
— BO3/YyX; 0) IUANEKTPUK — CTEKJIO.

Jaoaua Ne 7.5 Ot ucrounuka ¢ Hanpsskenuem U = 800 B HeoOxoaumo nepenarsb
notpedutento momHOocTh P =10 kBT Ha HekoTopoe paccrosHue. Kakoe
HauOOJbIIIEE COMPOTUBJIICHUE MOXKET HMMETh JIMHHUS Tepeaayu, 4ToObl MOTEpHU
SHepruu B Hel He npesbimanu 10 % ot nepeaaBaeMoil MOIIHOCTH ?

Jaoaua Ne 7.6 1lo OECKOHEYHO IMHHOMY
MPOBOJY, U30THYTOMY TaK, KaK 3TO MOKA3aHO Ha
pucynke, teuer Tok [ = 200 A. Onpenenutb
MarHuTHYIO WHAyKiuio B B Touke (). Pamumyc
ayra R =10 cm.

Jaoaua Ne 7.7 Pamka, coaepxaias N = 200 BUTKOB TOHKOTO MPOBOJA, MOXKET
CBOOOTHO BPAIAETCsA OTHOCUTEIHLHO OCH, JICXKAIIEH B MJIOCKOCTH paMkH. [Lmomans
pamkd S = 50 cm?. Och paMKH MEPIICHNKYIISPHA THHUAM HHIYKIHA OJHOPOJHOTO
marauTHoro nojist (B = 0.05 Tn). Onpenenuts makcuManbayto S/C ¢ 4y, KOTOpas
MHAYLHAPYETCS B PAMKE IPH €€ BPAILCHHH ¢ 9acToToi 71 = 40 ¢ .

3adaua Ne 7.8 Ha nmudpaxkmmonnyro pemeTky, coaepxantyio 7 = 100 mTpuxos Ha
1 MM, mamaer HOPMaJbHO MOHOXPOMATHYECKHW CBeT. 3puUTelbHas Tpyda
CIIEKTPOMETPA HaBEeACHA HA MaKCUMyM BTOporo mopsaka. UtoOsr HaBecTn TpyOy
Ha JPYrod MakCUMyM TOTO JKe MOPSAAKa, €€ Hy>KHO HMOBEPHYTh Ha yroy A ¢ = 16°.
Onpenennuts AJIMHY BOJIHBI A CBETA, MAJAIOIIETO HA PEIIETKY.

Jaoaua Ne 7.9 Kak u BO CKOJBKO pa3 U3MEHUTCS MOTOK U3JIYyYEHUA aOCOJIFOTHO
YEPHOTO TEJIa, €CIM MAKCHMYM SHEPTHH HM3IYUYCHHUS TMEPEMECTUTCS C KPacHOU
T'PaHUIBl BUAUMOTO CIIEKTPa (4, = 780 HM) Ha PrOAETOBYIO (A2 = 390 HM)?
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KonTposabHas padora Ne 2
Bapuanrt 8.

Jaoaua Ne 8.1 B BepumHax KBajapara HaXOIATCS OJIMHAKOBBLIE 3aps/ibl
O =0,=0; = Q4= 8 107" Kn. Kakoit OTpUIATENIbHBIN 3apaa () HYXHO
MOMECTUTh B IICHTPE KBajapara, 4YTOOBl CHJa B3aWMMHOTO OTTAJKHBAHUS
MOJIOXKHUTENIBHBIX ~ 3apsaf0B  ObUTa  YpPaBHOBEIIEHA  CHWJIOH  MPUTSIKCHUS
OTPULIATENIBHOTO 3apAaa’?

Jaoaua Ne 8.2 Tlone oO0Opa3oBaHO TOUEUHBIM JUMNOJEM C SJICKTPUYECKUM
MoMeHToM p = 200 nKn-m. Onpenenuts pa3HOCTh MOTEHLMANOB [/ IBYX TOYEK
MOJIA, PACIIOIOKEHHBIX CHMMETPUYHO OTHOCHTENBHO JWTIONSI HA €ro OCH Ha
paccrosinuu ¥ = 40 cM OT LIEeHTpa AUMOJIA.

3aoaua No 8.3 B omHOPOIHOE 3IESKTPHUSCKOS TIOJIe HAPsKeHHOCTRIO £ = 200B/M
BjeTaeT (BIOJIb CHJIOBOW JIMHHWH) 5JIEKTPOH CO CKOPOCTBIO Vv, = 2 Mwm/c.
OnpenenuTs paccTosHUE /, KOTOPOE TPOUIET AJICKTPOH JO TOUKH, B KOTOPOH €ro
CKOPOCTH Oy/IeT paBHa MOJIOBUHE HAYAIBHOM.

Jaoaua Ne 8.4 ]Ipa MeTaIMyecKUX IIapuka paauycamu R; =5 cm u Ry = 10 cm
umeroT 3apsaasl O; = 40 uKn u O, = -20 uKn cootBercTBenHo. Haiitu sHepruto W,
KOTOpAs BBIJACIHUTCS TIPH Pa3ps/E, €CIIH MaPbl COSTUHUATH TTPOBOTHUKOM.

Jaoaua Ne 8.5 1lpu BKITIOUCHUM AJIEKTPOMOTOPA B C€Th ¢ HanpsikeHueM U =220 B
OH nmoTpebiseT Tok / = 5 A. Onpeaenuts MOIIHOCTb, MOTPEOISIEMYIO MOTOPOM, U
ero KII/I, ecnu conpotusiienne R 0OMOTKM MOTOpa paBHO 6 OM.

3aoaua Ne 8.6 1o Tonkomy Koubity TeueT Tok / = 80 aA

A. Onpenenutb MarHUTHYIO UHAYKIHIO B B TOouke A, i
pPaBHOYJAJICHHOW OT TOYEK KOJbIIa HA PACCTOSHUH
r =10 cM (pucyHok). Yron o = n/6.

3aoaua Ne 8.7 Tlpsimoit nmpoBoasdmuii crepkeHb MHOM [ = 40 ¢cM HaXOaWUTCS B
onHopoaHOM MarHuTHOM mofie (B = 0.1 Tux). KoHIbl cTep>KHS 3aMKHYTHl THOKUM
npoBoAOM, Haxoasummcs BHe mnojia. Conpotuiienune Bceit nenu R = 0.5 Owm.
Kakas wmoiHocTh P moTpedyercs Ajii PAaBHOMEPHOTO MEPEMEIIEHUA CTEPKHA
MEPICHANKYJIAPHO JIMHASM MAarHUTHON WHYKITHH CO CKOpPOCThiO v = 10 M/c?
3aoaua __Ne 8.8 Ha mudpaknpoHHYIO peImIETKY MagacT HOPMAJIBHO
MoHOXpoMaTtuuecknii ¢cBeT (A = 410 HM). YTOT A ¢ MEXIy HampaBjICHUAMH Ha
MaKCHUMyMbI MEPBOrO M BTOPOro mopsaka paseH 2°217. Onpenenurs 4ucio A
MTPUXOB Ha 1 MM THU(PaKIIMOHHON PEIIETKH.

3aoaua Ne 8.9 Onpenenvth NMOTIOMIATEIbHYIO CIIOCOOHOCTh @, CEpOro Tena, JJis
KOTOPOT0 TEMIIEPATypa, U3MEPEHHAA PAAHAUOHHBIM TUPOMETPOM, 1,,= 1.4 KK,
TOT/1a KaK UCTUHHaA Temneparypa 7 tena pasHa 3.2 kK.
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KonTposabHas padora Ne 2
Bapuanrt 9.

3aoaua Ne 9.1 Ha paccrosann d = 20 cM HaxomdTcs ABa TOUCYHBIX 3apsja:
O; = -50 sKn u O, = 100 uKn. Onpenenuts cuny F, nelcTBYIONIYIO Ha 3apsn
Q; = -10uKn, ynanmeHHbli OT 000MX 3apsA0B Ha OJWHAKOBOE PACCTOSHUE,
paBHOE d.
3a0aua__Ne 9.2 DOnexktpuueckoe Tmoyie 00pa3oBaHO OECKOHEYHO JJIMHHOMN
3apsOKEHHON HHTHIO, JIMHEWHAs IUIOTHOCTH 3apsga kotopoir 7 = 20 mKoa/m.
OnpenenuTs pa3HOCTh MOTEHIMAIOB [J IBYX TOYEK MOJISA, OTCTOAIIMX OT HUTH Ha
paccTostHuU ¥} =8 cM | ;= 12 cM.
3a0aua___Ne 9.3 DnexkTpuueckoe ToJie  CO37aHO :

OCCKOHEUHON  3apsKCHHOW  MpAMOM  JIMHHEH  C -

paBHOMEPHO pacnpeneneHanM 3apsaaom (1 = 10 uKi/m).

OnpenenuTe KUHETHYECKYIO 3HEPrut0 7, SHAEKTPOHA B | | ...... 02 ............. j
TOUKE 2, €CJM B TOUke | ero KkuHeTnueckas sHeprus 1; = 9 24

200 B (pucyHOK).

3aoaua_Ne 9.4 TlpocTtpaHCTBO MEXAYy IUIACTHHAMH IIIOCKOTO KOHJEHCATopa
3aMOTHEHO ABYMS CJIOSIMH JUAJICKTPHKA: CTEKJIA TOJIuHOW d;= 0.2 cM U clioem
napacduna TommuHo# d, =0.3 cm. PazHocTh moTeHmanos Mexay obknaakamu [J =
300 B. Onpenenvth HAMPSAKEHHOCTh F MOJA U MaJICHUE MOTEHIHAJIA B KAXKJIOM U3
CJIOEB.

Jaoaua Ne 9.5 B cetb ¢ nHanpsikennem U = 100 B moakmoumin KaTylmiky C
conpotuBiicHueM R; = 2 kOM U BOJBTMETP, COEAUHEHHBIEC MOCIEI0BATEIBHO.
[Tokazanue BonpTMeTpa U; = 80 B. Korma karymiky 3aMeHWIN Ipyroi, BOJLTMETP
nokazan U, = 60 B. Onpenenuts conpoTusjieHne R, Apyroi KaTyIKy.

Jaoaua Ne 9.6 1lo nByM OECKOHEUHO AJMHHBIM MPSAMbBIM A
napajuiesibHbIM TPOBOJIAM TEKYT OJMHAKOBBIC TOKU [ = 60 Es

A. OnpenenuTh MarHuTHYIO WHAYKOUIO B B Touke A d‘__ﬁ_,, d
(pYCYHOK), PaBHOYJAJICHHOW OT TIPOBOJIOB HA PACCTOSHHC 5 ‘~,o
d=10 cm. Yroa f =n/3. I I

3adaua Ne 9.7 TIpoBomouHblii KOHTYp miom@gsio 500 cM> H COMPOTHBICHHEM
0.1 Om paBHOMEpHO BparaeTcs B OJHOPOJHOM MarHATHOM mone (B = 0.5 Tm).
Ocp BpaieHus JIEKHAT B IUIOCKOCTA KOJNbIlAa W TEPNCHAUKYJAPHA JIMHUAAM
MarHuTHOW WHAYKIWW. OnpeaenuTh MaKCUMaJbHYIO MOIMHOCTH, HEOOXOIUMYIO
JUTSI BPAIIEHU KOHTYpa ¢ yTII0BOM CKOpocThio @ = 50 pan/c.

3adaua Ne 9.8 Tlocrosnnas audpakiimoOHHOW pemnieTku B © = 4 pasa Oonbiie
JUTHHBI CBETOBOM BOJHBI MOHOXPOMATHYECKOTO CBETA, HOPMAIBHO TAJAIOIIETO Ha
€€ MOBEPXHOCTh. ONPEACUTh YTOJl o MEXAY IBYMS TEPBHIMA CHMMETPUYHBIMH
Tu(PaKIIMOHHBIMU MAKCHUMYMaMH.

3aoaua Ne 9.9 MydenpHas neus, notpedisomnas MomHocTh P = 1 kBT, umeer
otBepcTie miomamslo S = 100 cm’. OmpeaenuTs [OMIO 4 MOLIHOCTH,
paccenBaeMOl CTCHKaMHW TICUM, €CJIM TeMIlepaTrypa €¢ BHYTPCHHEHW MOBEPXHOCTH
paBHa 1 kK.
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JABOPATOPHBINA IPAKTUKYM
(nmadopatopubie padoTbi Ne30, Ne48, No68)

IIpaBuwia 0€30MACHOCTH NPH BHINMOJIHEHUH JIA00OPATOPHBIX padoT

1. Coopka u pazdopka IESKTPUISCKON CXEeMbI, a TaK)Ke JIIOObIE UCITPABJICHUS B
HEH, HU B KOEM CJTydae He JOJKHBI IPOU3BOAUTHCS MO HATIPSHKCHUEM.,

2. Meraumueckne Kopmyca mprudOopoB, MATAIOMAXCS OT JIEKTPUICCKON CETH,
JIOJKHBI OBITH 323¢MJICHBI B COOTBETCTBHH ¢ HHCTPYKITUEH TI0 SKCTUTyaTaIlHH.

3. Hu B xoem ciyuae Hemb3si IPOBEPATH HATWUINE HANIPSDKCHUS TTATBIIAMH, TS
ATOM IENTM HEOOXOAMMO MPUMEHSTH BOJIBTMETP WJIM WHOHN TIPUOOP TS N3MEPEHUS
VTV WHIAKAITIN HATPSOKCHMS.

4, Ecnu npu BKIIIOYEHHMH NPUOOPOB WM BO BpeMs WX PadOThl HAOIOMAeTCs
pa3orpeB, CHILHOE WCKPEHHWE, 3aJbIMIICHUE WJIW JPYTHE OMACHBIC SBJICHUS, TO
CIeMyeT B TEPBYIO OYEpEnb OTKIIOUNUTH TPUOOPH OT CETH MW 00s3aTeIbHO
0o0paTUTHCS K MPENOIaBaATEIIO WK JTaOOPaHTY.

5. Ecnu kTo-mub0 U3 OKpyKAMIMX OYIeT MOPAXKEH AJNEKTPUUECKUM TOKOM -
HEME/IJICHHO BBHIKITIOUATE HYKHBIH PYOWIPHUK HA IUTKE WK MTPU HEOOXOIUMOCTH
o0OpBUTE MPOBOJA, UAYIIHUE K YCTAHOBKE, MCIIONB3YS MPH TOM MOAPYYHBIC, HE
MTPOBOJIATITE TOK CPEICTBA, HO MPH STOM M30ETaiiTe MPUKAcaThCs K MOCTPAABIIIEMY
1 ICHCTBYITE OCTOPOYKHO, UTOOBI CAMOMY HE OKa3aThCs MO ISHCTBAEM HATTPSKCHUS.

6. B cnydae BocmimamMeHeHHss NPUOOPOB MM KaKOro-TuOO 000pyHOBaHUS
CHAUaJla BBHIKITIOUNTE OJJICKTPUUECKOE  HAMPSUKCHHWE, W TOJIBKO TIOCTE ATOTO
MPUCTYNAWTe K TYNICHHIO TIAMEHH, HEMEIJICHHO COOOITUTE O TPOHUCIICCTBUA
MIPETIOIaBATEITIO WK JIAaOOPaHTY.

IHEPBAS IIOMOIIb ITPU TTOPAKEHUU SJIEKTPUUYECKUM TOKOM

ONEKTPOTPaBMBl  YEJIOBEK MOKET TIOJYYATh B MOMEHT HEOCTOPOKHOTO
KOHTaKTa C UCTOYHMKAMHW W TPOBOJHUKAMH 3JIEKTpHuecTBa. Peakius opranmsma
YeJIOBEKA 3aBUCUT OT MOITHOCTH TOKA, MPOIIEANIETo depe3 Teao. CHuMIToMaMu
MOPAKEHUS DJICKTPUUCCKAM TOKOM SIBJIACTCS PACCTPOMCTBO JIBIXaHUS, TTAJICHHUC
MyJibCa, CYTOPOKHBIE COKPAIEHUS MBIIII, MOTEPsI CO3HAHUSA, OCTAHOBKA CEPJIIA,
O’KOTH Ha y4aCTKaX HETOCPEJACTBEHHOTO KOHTAKTA C AJICKTPOCETHIO.

ITepas noBpaucOHast MOMOIIL JOJKHA ObITh HAuaTa C HEMEAJICHHOTO
MPEKPAIICHAUS] BO3JACHCTBUA 3JICKTPUUCCKOTO TOKA HA TMOCTPAAABIIETO, JJIT UYETO
HEOOXOMUMO BBIKIIOYUTh PYOWIBHUK, BBIKIIOYATENIb, OTOPBATh TOKOHECYIHE
npoBoja. Ecam 95T0  cmenaTh HEBO3MOXHO, TO HYKHO HE3aMEIUTEIIHHO
o0e30macuTh cedst M TOCTPAIABIIEr0 HAMEKHON U30JIAIIMEH (TPUMEHUTD PE3VHOBBIC
TICPYATKY, BCTATh HA PE3WHOBBIN KOBPHK M T.IL). HU B KoeM cliydae Hess3st Oparbest TObIMA
PYKaMH 32 OTOJICHHBIH MPOBO M 32 UENIOBEKA, HAXOMAITIETOCS TIO TOKOM.

3areM MoCcTpaaaBIIeMy HYXHO CO3/1aTh TOJHBIN MTOKOH, YIIOXKHB B CYX0€ TEIIOE
MECTO, OCBOOOMWUTH OT CTECHSIOIIEH omexasl. [Ipu oTcyrcTBHHM (MM pe3KOM
HapyIICHWN) JbIXaHWs W CEPACYHON MESITebHOCTH HAdaTh MPOBOJIUTH
HCKYCCTBEHHOE JIBIXaHHE 30 PTa B POT», «H3 PTa B HOC» U HAPYKHBIA MACCAXK CEPIIIA.




15

1. I3SYUEHUE I'PAONYECKOI'O CITOCOBA
OIMNUCAHUA DJIEKTPOCTATUUYECKOI'O ITOJISA
(madopaTopnasa padora Ne30)

IHeab padoThI: SKCIEPUMEHTATIBPHOE U3YUECHHUE AJIEKTPOCTATHUYSCKOTO TOJSA U €0
rpaUyecKoe OMHCAHHME C ITOMOINBIO SKBHIIOTCHIMAIBHBIX ITOBEPXHOCTEH U
CHUJIOBBIX JIMHUH.

I[IpuGopsl M NPUHAAJIEKHOCTH: YCTAHOBKA [T M3YUeHHs Tpaduueckoro cnocoda
OMUCAHUSA JICKTPOCTATHYECKOTO MOJISI, COCTOAIIAA U3 SJIEKTPOJMTHYECCKON BAHHBI
C DJEKTPOJAMM, HWCTOYHMKA TWTAHWS, ABYX 30HJAOB MW HYJb—HMHAWAKATOpA
(octmmutorpada).

TeopeTnueckoe BBeaeHNE
OCHOBHBIMH  XapPaKTEPUCTUKAMHM  3JIEKTPOCTATHUECKOTO TIOJSA  SIBJIAIOTCS

HANPSLKEHHOCTh £ M motenman ¢,

Hanpsokernocts E B maHHOW TOYKE TIONA paBHA IO BEIIMUMHE CHIIE,

JNEUCTBYIOIIEH CO CTOPOHBI TMOJiI HAa MPOOHBIM TOUCUHBIM EAWHWUYHBIN

MOJIOKATENBHBIN  3apAX (g, TOMEIIEHHBIA B JAHHYKO TOYKY IMOJd, a Mo
HATIPABJICHUIO COBIIAJACT C STOU CHJIOH:
F=E
o

[lonatne noTeHmMana (@ A DJIEKTPOCTATHUYECKOrO TMOJA CHEAYET W3

onpeneneHus paboTel A CHI 2JIEKTPOCTATHYECKOrO IO MO MEPEMEIIEHUIO
POGHOTO TOYEUHOTO €MHUYHOTO MOIOKHTEIFHOTO 3apaaa (o U3 OJHON TOUKU B
JPYTYIO, a IMEHHO Pa3HOCTh MOTEHIHAIIOB (1 — (P5) msa Touexk (1) u (2) paeHa

o BeymmuuHe padote Ay _,, moTmepeMenIeHnto 3apsiaa ¢y U3 Touku (1) B Touky (2):
(91 — 9) = 222
$1— P2) = :
o
Ecnv mpuHATH, 4TO TOTEHIMAT (¢ B KAKOW-TMOO TOUKE TOJS PaBEH HYJIIO

(Haan/IMep, AJIA IIOJIA TOUYCYHOT'O 3apAad IIOJararOT IMOTCHIHAI PaBHBIM HYJIIO Ha

OCCKOHEUHOCTH, T.C. ¥y, — (), TO MOXHO ONpeACTUTh aOCONMOTHOS 3HAUYCHHE
MOTEHIHMAJIA B 110001 Touke (1) cnemyromum 06pazoM:

1—=00
P, =
o

N3 npuseneHHOro onpeneneHus — MOTEHUMANA JJIEKTPOCTATHYECKOrO MOJIA
cleyeT, 4YTo  paboTa mojid MO AJIEMEHTAPHOMY MEPEMEILEHUI0 €IUHUYHOTO
MOJIOKUTENILHOTO 3apsJia paBHA MO BEJIMUKMHE YObUIM MOTEHIMANA TOJIA MPU STOM
MEPEMEIIEHUN OT OJHOW TOUKHA K JAPYIrOH, T.€.

dA = —qde.
DOroii pabore dA MOxkeT OBITH COMOCTAaBIE€HA YObLUIb MOTEHUMAILHON DJHEPIHU
—dW 3apsina @ B 9IEKTPOCTATHYECKOM TIOJIE:

dA = —dW.
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dw
Orcrona dp = —.
q

N3 »sToro BBIPpAKCHHA CJICAYCT CIIC OJHO OIIPCACIICHUC IHoTCHOua1Ia
SJICKTPOCTATHUICCKOI'O I1OJIA:

Pa3HOCTh MOTCHHUAJIOB AJIAA ABYX TOUYCK JSJCKTPOCTATHUYCCKOIO II0JIA YHMCICHHO
paBHa PAa3HOCTH MOTCHIOUAJIBHBIX 3Hepr1/n71 CAVMHHUYHOIO 3apiaaa B DTHX ABYX
TOYKAX JJICKTPOCTATHYCCKOT'O IT0JIA.

—

B ommuue or HanpsikeHHocTH E, Kak CHIIOBOW  XapaKTEpHCTHKH,
MOTCHITNAJT (0 SABIIACTCA SHEPTCTHUECKON XapPaKTEPUCTHKOW TTOJIS.
Hanpsokensnocts £ ¢ moTeHIMan (¢ 3J€KTPOCTATUUECKOrO IOJIS  CBSA3AHBI
MEXAy co00M. DTa CBA3b BHIPAXKAETCS CIECAYIONUM 00pa3oM:
—
E = —grade, rae
— - - —
E =El +Ey] +E,k,

dp dep. de 7
radg = —1+—] +— k .
g ¢ dx ﬂy} dz
Orcroaa creayer, uTo
d d d
E. = __ip; E, = __‘P; E, = _ % ‘
dx dy dz
de —*
Bripaxxenne E, = — 3, O3HAYACT, YTO NPOCKIIs BEKTOPa E na ocy Ox pasna
X
CKOpPOCTH yOBIBAHUS TOTEHIMANA 9 BAOJNL 3ToM ocd (JX. AHAIOrMYHBIA CMBICT
de dg
uMeroT Beipaxenus By, = —— u E, = — —
) 3y az
U3 cootromenus E = —grad@ cnemyer, 4to BEKTOp HANPSKEHHOCTH

E nanpasnien B cTopoHy HamOOJbIIENH CKOPOCTH yOBIBAHKS TOTEHIMAA () .
DNEKTPOCTATUUECKOE TIOJIE MOXKET OBbITh W300pakeHO Tpaduuecku ¢
MOMOIIBIO CWJIOBBIX JIMHWAN (JTMHUN HANPSKECHHOCTH TIOJS) WIA C TOMOIIBIO
SKBHUIOTECHIIMAJIFHBIX TOBEepXHOCTEH. CwiioBas  JIUHWAA — OTO Takas JIUHUS,
KacarejbHas K KOTOPOW B KaKIO0W TOYKE COBIAAACT C HAMpaBJICHHUEM BEKTOpa
-

HaOpsHKEHHOCTH  nons B DKBUNOTEHIMANbHONW HA3bIBAETCA  MOBEPXHOCTE,
ABJIAIONIASCA TEOMETPHUUYCCKHM MECTOM TOYEK TIOJIA, WMEIOMWX PaBHBIN
noteHnma. CHIOBBIC JIMHAM W SKBUTIOTCHITHAIBHBIC MTOBEPXHOCTH B TOYKAX MX
MIEPECEUCHNS] B3aUMHO TIEPIIEHIUKYIISIPHBI. OTO CBOWCTBO JA€T BO3MOXHOCTH IO
SKBHUIOTECHIIUAJILHBIM  TTOBEPXHOCTSM  AJIEKTPUUECCKOTO TIOJIA TOCTPOHUTHh  €TO
CHJIOBBIC JIMHHH.

B nannHoit nabGopatopHoi pabote u3yueHue rpaduueckoro cmocobda
OMHKCAHUSA AIIEKTPOCTATUYECKOTO TOJISI OCHOBAHO HA AHAJIOTUYHOW BO3MOXKHOCTH
JUTSL ANIEKTPHYECKOTO TIOJIA TI0 AKCIICPUMEHTAILHON HaWIEHHBIM KOH(HUTYparmsam
SKBHUIOTECHIIUAJILHBIX TMOBEPXHOCTEH TPOBOIUTH TOCTPOCHUE CHJIOBBIX JIUHUN
3TOTO MOJIA.
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IHopsimok BeIMOTHEHUST PA0OTHI

JIiis co3manust IEKTPUIECKOTO TOJIA, B KOTOPOM MOYHO SKCTICPUMEHTAJIBHO
OTIPENENATh KOH(PHUTYypaIMio SKBUMIOTCHITHAIBHBIX TMOBEPXHOCTEH KaK OCHOBBHI
MOCTPOCHUS CHJIOBBIX JIMHWM, B JaHHOH JjabopaToOpHOM paboTe HMCIOIB3yeTCA
ycTaHoBka (pwuc.l), BKTOUAROMAs 3NEKTPOTIMTAYCCKYIO BaHHY. JICKTPOIUTHUCCKAS
BaHHa (puc.l) mpencrapiseT coOOW TIACTUHY AUAJICKTPUKA (TUaTy), HA KOTOPYIO
HAaHECEHbl MemHble diekTpoabl (D1, 32) paznuunoit koHburyparmu. s
BHITIOJTHEHWS ~ pabOThl  HA TUTACTHHY TOMEMIAIOT JIUCT BJICKTPOMPOBOIAIIEH
OyMaru, KOTOpbIA MOYXHO MOJYyYUTh, CMOYUB BOJONPOBOJAHON BOJOMN UK CaObIM
pacTBOpoM Jt000TO AekTposuTa (Hampumep, coiu NaCl) muct oObaHON Oymary.
Mexny snektpoaamu D1 u D2 nojgaercd nepeMeHHOE Hamnpsikenue 9 B.

L 1 Ib"ll
9% i K
Puc. 1

[lepemeHHOE HanNpsKEHWE JJI1 MUTAHUS YCTAHOBKM MPUMEHSETCS C TOH
LB, UYTOObl MCKIIFOUUThH MOJSPU3ALMIO - MOSBJACHHUE HMCKAXKAIOIIUX KAPTUHY
noyis  noyisipu3auuoHHbix OJ[C y 3MEeKTpPO/IOB, a Takke Ui YCTPAaHCHUs
ANIEKTPOJin3a. B M3MEpUTENbHYIO YacTh CXEMbl BXOAAT 30HABI A U b, U HyJb-
WHIUKATOP MEPEMEHHOTO TOKA, B KAUECTBE KOTOPOTO UCIIONB3YETCs ocrLiorpad.

HN3zmeputenbHyto 4acTh padoThl MPOBOAAT MO CASAYIONIEMY MPUHLIUMY. 30H]
A, W3rOTOBJICHHBINA B BUJIE METALINYECKOrO 33KUMa, 3aKPETUISIOT B Touke 1. 30HA
b, npeacrasastonyii co00i METAUTMUYSCKUH CTEPIKEHb, MOYKET MEPEMEIIAThC KaK
BJIOJIb, TAK W MOMEPEK MIaThl. 30HAb A U b mpeaBapuTenbHO NMPUCOCTUHSIOT K
COOTBETCTBYIOIIMM  BXOJHBIM  KJIeMMaM  ocimwuiorpada, Ha  KOTOPOM
MPEIBAPUTEIBHO OTKIIFOYEH  TEHEPATOp TOPU3OHTAIBHON pa3BepTku. Ecmim
MOTEHIMAJIbI ToOUueK | U 2 HEe paBHbI, TO HA SKPAaHE BUACH OTPE30K BEPTUKAJIbHOU
CBETALICHCS JIMHUHU, JIMHA KOTOPOTO MPOMOPUMOHAIBHA PA3HOCTH MOTEHIIMAJIOB
AP mexny stimu Toukamu. [lepemenias 3001 b BIONb IaThl, PUKCUPYIOT TOUKH
(oTMeuas ux nonoxenue Ha Oymare), s koropsix A@ = 0. TIpu 5T0M Ha SKpaHe
ocimyuiorpada BEpTUKANbHAS JIMHUS mpeBpamaeTcs B Touky. CoeauHsis

SKBUMOTEHIUAIbHBIE TOUKH, TMOJAYYAlOT HSKBUMOTCHIMUAIBHYIO JIMHUIO TIpU
nosioskeHuu 1 3oH1a A. 3akpemiss 30H1 A B TOUke 1, MOBTOPAIOT UBMEPEHUS.
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[TocnenoBaTeabHOCTh IEHCTBUMN MPU BBITOJTHEHUU PAOOTHI:

1. Tlomyuuth y JnabopaHTa WHAWBUAYAIbHYIO IIJIATy C ONPEACICHHOM
koH(urypanuei 3mnexTpoaos 21 u 32,

2. CoOpatb yCTaHOBKY MO CXeMme, n300pakxeHHOM Ha puc. 1.

3. Bxmounts ociimiorpad B cets 220 B (Genas po3etka).

4. BRIKITIOUATH HA OCIUIUTIOTPade rOpu30HTATBHYIO PAa3BEPTKY.

5. HayioxuTh TUCT CMOYCHHOH BO/ION Oymaru Ha IJjiaTy Tak, 9TOOBl OH MOKPBIBA
ANEKTPOJIBI.

6. [lonates HanpsxeHune Ha snnekrpoasl 31 u 32 (9 B).

7. 3oHa A 3akpenuthb y asnektpoaa 21. IlepemerienneM BTOPOro IMOABHKHOTO
30HJ1a TOOUTHCA TOrO, 4TOOBI BEPTUKAIbHAA JIMHHMSA Ha SKpaHe ociuuiorpada
npeBpatuiach B Touky. OTMeTHTh Ha OyMare 5TO TOJOXEHHE  30HAa b
KapaHJaImoM Wik pyukoi. Haltu u 3admkcupoBarh eie He MEHEe BOCEMH TOUCK
JIAHHOW SKBUITOTEHIIMAJILHOW JINHUMU.

8. llepememmas 30HM A B Apyrue TOJIOXKEHUS (B CTOPOHY AJEKTpojaa D2) Tak,
9TOOBI OXBATUTh BCE MPOCTPAHCTBO MEXKAY AJICKTPOJAMH, TIOBTOPUTH U3MEPEHUA,
yVKa3aHHbIE B M. 7, Ui TMOCAEAYIOIIEr0 TNOCTPOEHUS  HE MEHEE IIEeCTH
SKBHUIMOTECHIIHAILHBIX JTUHUH.

9. CoenuHuTh TJIABHBIMH KPUBBIMH MOJIYYCHHBIC TOUKH KaXKIOH W3
SKBHUIMOTECHIIHAILHBIX JTUHUH.

10. 1onoaHUTh MOJIYUYEHHYIO KApTHHY 3JEKTPOCTATUUECKOTO MOJiA MOCTPOCHUEM
CUJIOBBIX JIMHWUM, PABHOMEPHO PACOPEACIICHHBIX [0 MPOCTPAHCTBY MEXKIY
AJIEKTPOAAMU.

KoHTpoJsibHbBIE BONIPOCHI

1. 3ammummute 3akon KynoHa B BEeKTOpHO# hopme.

2. Jla¥iTe onmpeaeneHus OCHOBHBIX MApPaMETPOB 3JICKTPOCTATUUECKOTO MO,

3. KakoBa cB3b MeXIy HampPKEHHOCTBIO M TOTEHIMATIOM 37EKTPOCTATHHECKOTO

noma? [oscaute cMBICTT (hOPMYIIBI E = —gradg .

4. JaiiTe onpemeneHus ~ CHIOBOM JIMHMM M OKBUIOTEHLMAIBHOM ITOBEPXHOCTH
3IIEKTPOCTATUYECKOrO MO, JIOKaMKHTE, YTO JIMHHU HANPSKEHHOCTH SIEKTPHUYECKOTO
1O/ NEPHEH UKy IAPHBI SKBUIIOTEHLAATEHBIM TOBEPXHOCTSM.



19

2. OITPEJAEJIEHUE T'OPU30OHTAJIbLHOI COCTABJISIIOIIEN
NHAYKINU MATHUTHOTI'O ITOJISI BEMJIN
(madopaTtopHas padora Ne48)

Iles» paGoThl: M3yUCHHE MAarHATHOTO ITOJISI IIPOBOJHUKOB ¢ TOKOM M MarHUTHOTO
OJII 3EMIJTH.

I[IpuGopsl M NPHHAMAJIEKHOCTH: KOMIIAC, KaTyllKa IPOBOJA C KPYTOBBIMHU
BUTKAMH, MCTOYHHK MOCTOSSHHOIO  TOKa, PeoCTar, ABOMHOW  KIIIOY
(mepekroYareas), aMIepMETpP, COSAMHUTENbHbBIE MPOBO/IA.

Kpatkaa teopusi

OCHOBHOM XapaKTEPUCTUKOW MarHUTHOTO TOJISA SBJIAETCS WHAYKIUA B
BennuwHa W HampaBi€HHE BEKTOPA HMHAYKIMA MArHATHOTO MOJIS, CO3JAaHHOTO

ANIEMEHTOM TPOBOJMHWKA d/ ¢ TOKOM [, ONPENENsfOTCA C TOMOIIBI0 3aKOHA
buo-Cagapa-Jlamnaca:

~ 1) 7]
ap=Hot I T]
4z 7
dB — WHAYKIAS MarHUTHOTO MOJII B TOUKE, 3aJaHHOM paguyC-BEKTOPOM 7,
MPOBEACHHBIM OT 3JIEMEHTA MMPOBOJHUKA d/ /10 STOH TOUKH,

[dl r] — BEKTOPHOE MPOU3BEACHUE BEKTOPOB dl U F
Mo — MarHuTHas MOCTOsHHAsA, 4 — MarHUTHas NPOHHULAEMOCTb CPEBL.

B ckanapuom Buae 3akon buo-Casapa-Jlamnaca:

_ pou ldlsma

dB 5 ,

rac
4z 7

&/ — Yroi MeXy BekTopamu dl u 7 .

MaruuTtHOE TOjie MOXKET OBITh M300pakeHO TPaPUUeCKH C MOMONIBIO CHIIOBBIX
JUHUHN (TUHAA WHIYKITAA MAarHUTHOTO TIOJIS).

CunoBast MUHUA — 3TO TaKasd JIMHWS, KacaTeabHAs K KOTOPOW B KaKAOW TOUKE
COBTAQACT 1O HAMPABJCHUIO ¢ BEKTOPOM WHAYKIIMM MArHATHOTO mojsi. CHITOBBIC
JUHUW MArHUTHOTO TIOJIA, B OTJIMYHME OT CHJIOBBIX JIMHHH AJIEKTPOCTATHYECKOTO
TOJISA, SIBJISIOTCSI 3aMKHYTHIMHU.

Ecnm nMeeTcss HeCKOIbKO UCTOYHUKOB MAarHWTHOTO TIOJISA, TO, COTJIACHO TIPUHITAITY
CYTICPIIO3UIIMA MAaTHUTHBIX TIOJICH, WHAYKIUS PE3YIbTUPYIOMET0 MarHUTHOTO
MOJIA paBHA BEKTOPHOM CyMMe WHIYKIIMA BCEX OTACIIbHBIX MATHUTHBIX MOJIEH, T.€.

— N —
B:ZBi
i=1
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Puc. 1 Puc. la Puc. 16

Kpartkas Teopusi JxcriepuMeHTa

MarautHOEe TOJie€ JSHWCTBYeT Ha MAarHUTHYIO CTPENIKy, CTPEMSCh
OPHUEHTUPOBATh €€ BIOJIb CHJIOBBIX JInHWN. Ha 3TOM ocHOBana pabora xommaca,
OPHCHTAITNSI MAarHUTHOM CTPEIKH KOTOPOTO IMO3BOJISICT ONMPEACIUTh HANPaBJICHUE
HAa CCBCPHBIA HW IOKHBIM MArHUTHBIC TIONIOCKI W CBSI3aHHBIC C HHMU
reorpadudeckre monrockl 3emur. Eciii MarHWTHas CTpelika MOXKET BPAIIaThCs
TOJIBKO B TOPU3OHTAJIBHOM TIOCKOCTH BOKPYT BEPTHKAIBHOW OCH (HampuMep, Kak
B OOBIYHOM KOMIIAC€), TO OPHUCHTAIMS MATrHUTHOW CTPEJNKH COOTBETCTBYET
HaIPaBIICHUIO TOPH30HTAJIGHOM COCTAaBJISAIOIICH BEKTOpPa MHAYKIIMA MarHUTHOTO
monss 3emad. Jlas ompeneneHus BEIMYHUHBI TOPHU30HTAIBHOM COCTaBIIIOMICH
WHIYKIIMF MardHATHOTO TMOJIA 3€MJIM MarHUTHYIO CTPEIKY KOMIlaca IOMEIIAloT B
OJIe €IIe OJTHOTO MCTOYHMKA MAarHUTHOT'O ITOJIS — B II0JIC MMPOBOJHUKA ¢ TOKOM. B
ATOM cjydae MarHWTHAs CTPEIKa OKa3bIBACTCS B CYMMAapHOM MAarHUTHOM IIOJIC
3eMiIM W NPOBOJHHMKA C TOKOM, M TI0 €¢ OPHUCHTAIMH MOXKHO OIPEACIUTH
COOTHOIIICHWE WHAYKIIMHA MarHMTHBIX TOJIeH 3eMJIM M MPOBOJHHKA ¢ TOKOM. B
KaueCTBE MPOBOHUKA B TAHHOH jJabopaTOpHOH paboTe HWCMOIb30BaHA KATYIKa C
KPYTOBBIMH BHTKAaMHM, 2 MarHUTHAs CTPEIKa MOMEIICHA B IIEHTP KPYroBOrO TOKa,
KaK MOKa3aHo Ha puc. 1.
[TepBoHauagbHO, TIPH OTCYTCTBHH TOKA B BUTKAX KATYIIKH IIOCKOCTh KaTYIIKH
pacrmoJylararoT Tak, uToObl B 3TOW IUIOCKOCTH OKa3ajgach MAarHWTHAs CTPeENiKa H,
COOTBETCTBEHHO, IIJIOCKOCTh MarHMTHOTO MepHuauaHa 3emid. [lociie BKIOUCHMS

Toka /* B KaTymke (puc.la) MarHmMTHas cTpelka KOMIIaca MOBOPadMBACTCH
Ha yron o' , OPHEHTHPYACH 1O HAMPABIEHHUIO CYMMAapHOTO (Pe3ybTHPYIOIIETO)

MArHUTHOTO Tons  Bh By =B+ B COCTOSIIETO W3 TOPU3OHTAIIBHOU
R R 1 />



21

COCTaBHHIOH_[eﬁ HHAYKIIUA MArHUTHOI'O ITOJIA 3emmu B u HHAYKIIUX MAIrHUTHOT'O

TOMNs KPYTOBOTO TOKA B LIEHTPE BUTKOB KaTyIIKH Bj .

Benuuuna HHAYKIHUHA MAlrHUTHOI'O IIOJIA B HCHTPC KATYIIKH ¢ TOKOM ! * .

+
B;r =N- # ; , rae N — 4YHCI0 BUTKOB KaTYIIKH,
r

J’_

Hol =

5 HHAYKIOHUA MArHUTHOI'O IIOJIA, CO34aBacMOI0 OJHHMM BHUTKOM KaTYIIKH C
r

TokoM [ (¥ — pamMyc BUTKOB KaTYIIKH).

HampaBnenue BekTOpa WHIYKIIMA MArHUTHOTO TIOJISI B IIEHTPE KPYTrOBOTO TOKA
COBTAAET C OChIO BUTKA M COOTBETCTBYET MPaBMITy TTpaBoro BuHTA (puc. la, 10).
W3 puc. la BUAHO, YTO BENMWUYWMHY TOPH3OHTAIBHOW COCTABJISIONICH WHIYKITUW

MArHUTHOTO MOJIA 3eMId B MOYHO HalTH, 3Has (PAaCCUMTaB NpeABAPHTENLHO) B

(MHIyKIMIO MArHATHOTO TIONS B IIEHTPE KATYIIKK ¢ TOKOM /') M W3MEpHB yron

o NOBOPOTa MArHUTHOM CTPEJIKY TP BKIIOYEHHU TOKa | "
Bi
1ga

B =

J’_

JIis TOBBIMICHWS] TOYHOCTH HW3MEPEHWUH HSKCIEPUMEHT TMOBTOPSIOT, MPOIyCKas
uepe3 KaTyIIKy TaKkoil ke Kak /' 1O BENMYMHE, HO MPOTHBOTONOKHBINA IO
Hanpasnennto Tok [~ (/T =/ =1). BHOBb W3MEpAIOT Yron OTKIOHCHHUS

MarHuTHOW CTPEJKM TIPW BKIIOYEHWH Toka [ , T.e. yron o« (puc. 10) m
BBIUHCIIAIOT YIOJl ¢¢ , KaK CPEIHEE 3HAYEHUE ABYX U3MEPEHUM:

_aT+a
2

[lo wHaliieHHOMY 3HAYEHHWIO Yrja « Uil BEJIWYUHBI TOKa [ OOPEAEISAIOT
TOPU3OHTAJIBHYIO COCTABJIAIONLYIO UHYKIIMM MAarHUTHOTO Mo 3eMian B

N pg [
p=YHol
2riga
[Tponenas mATh TAKUX JBOMHBIX U3MEPECHHUH yIila OTKIIOHSHHSI MAarHUTHOH CTPEIIKH
(", @ ) nang natm pasTMYHBIX 3HauYeHmi cunbl Toka (I, [y, I3, 14, Is) B

BUTKAX KaTyIIKH, HEOOXOAMMO pacCUuTaTh MATh 3HAUYEHWHA BEIUUYMHBL B
(By,By, B3, B4y, Bs) W B HWTOre ONPENEIUTb CPEIHEE  3HAUYCHUE

TOPU3OHTAJIBHOUN COCTABJIAIONICH MHAYKIIMA MAarHUTHOTO TOJISI 3€MJIH <B> :

<B>:Bl+Bz+B3+B4+Bs
5
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AOCOJIIOTHAs TTOTPEITHOCTD MPH ONPEICICHUN BEIUUMHBI B MOXET ObITh HalieHa

5
caeayIoImM obpasom: AB =% > ‘Bn —~ <B>‘ .
n=l1

AB
(B)

OKOHUaTeNbHBIA pe3ybTar: B = <B> + AB . OTHOCHTEIBHASA TTOTPEITHOCTD: O =

IHopsinok BeinoJIHeHUsI padoThI
1. TloarotoBbTe TAOAUILY IS PE3YJIBTATOB U3MEPEHUN U BHIUYUCICHUM

Tabnuna

n I, a” a (04 B,

A 2pao epao epao 1
1
2
3
4
5

2. O3HakoMbTECh C pabOTON YCTAaHOBKH,

M300paXeHHOM Ha pHC. 2 : BKIIOUCHHUE U |
BBIKJIIOUEHHE ¢ MHoMoLIpl0 kimoua K @N
W3MEHEHHUE CHJIB TOKA B IIETIH C TTOMOIIIBIO S
peocrata R ; u3MEHEHME HampaBJICHUA '
TOKa B BHTKaxX KaTyIMKH C TOMOIIBIO

nepexmouatens [l (monoxenuro 1

TIepeKITIouaTeNsl COOTBETCTBYET TOK [

a TIOJIOMKEHUIO 2 COOTBETCTBYET TOK [ ); I1 1( >< )1
MPOBEICHUE M3MEPEHUNA CUJIbl TOKa [ ¢ 2
K
Oy

MOMOIIBIO aMIiepMeTpa A ; H3MEpPEHHE

yrila ¢ OTKJIOHCHUSI MArHUTHON CTpPEJIKU
KOMMaca Mpy BKJIKOYEHUM TOKA B BHTKAxX
KATYIIKH.
3. BirounTe yCTAaHOBKY W MPOBEIUTE @
BCE HEOOXOIUMbIE U3MEPEHUA
MOCHENOBATENBHO  JJIA  CWJIBI  TOKa :|I|I| Iil—
Iy, 1,, 15, 14, I5 . Pesynbrarsl | R

U3MEPEHHM 3aHECUTE B TAOJIHUILY.
Puc. 2

4. Jlna xkaXzaoro 3HaYeHWa cwibl TokKa [, [, I3, [4, 5 mpoBeaure pacder
TOPH30HTAJIBPHOM  COCTAB/LIONICH  MHAYKIMHM  MarHWUTHOIO MO 3eMIIH
By, By, By, By, Bs u nonyuure cpenHee 3HaYCHHUE <B>
(Paguyc r 1 umcio BUTKOB N KaTyHIKH NPHUBEICHBI HA YCTAHOBKE.)
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5. PaccuuraiitTe = aOCOMIOTHYIO  TOTPEIIHOCTh  ONPEACNICHUS  WHIYKIHUH

MarHUTHOTO MO 3EMJIH M 3aITHIITATE OKOHYATEITbLHBIN PE3YIIbTAT:

B=(B)+AB

6. OHGHI/ITG OTHOCHUTCJIBHYIO MMOTPCIIHOCTDL OIIpPCACICHUA HUHAYKIONHA

MAarHUTHOTO OIS 3EMITH

N —

5=§-100%

(B)

KoHTpoJsibHbBIE BONIPOCHI

. HazoBuTe kKakne NCTOYHWKHA MarHATHOTO 1o Bel 3HaeTe?

3anuInTe 3aKOH buo-Cagapa-Jlannaca B BEKTOPHOH dbopme.
JIns caydast IMHEHHOTO TOKa M300pa3uTe Ha PUCYHKE BCE BEKTOPA, BXOISIINE B
3Ty GOpMYITy.

3anuInTe 3aKOH buo-Casapa-Jlannaca B CKaJIApHOU dbopme.
[TosicauTe (pU3UYECKHIT CMBICH BCEX BEIMYWH, BXOISIIHNX B 3TY (popmyny.
JlaiiTe omnpeneneHue CWIOBOM JIMHUA MAarHWTHOroO nojsA. B dem oTinuwme
CUJIOBBIX JIMHWHM MAarHUTHOTO TIOJISI OT CHJIOBBIX JIMHUH AJEKTPOCTATHUYECKOTO
noJist?
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3. OITIPEAEJEHUE NJIMHBI CBETO]}OFI BOJIHBI
C IOMOIbIO TUOPPAKIITMOHHOU PELLHETKU
(JIaGopaTopHasi paGota Ne 68)

Lean pa6orei: Mzyuenus spnenns nudpakivu CBETa | OMPEACTICHAES JUTHHDBI
CBETOBOU BOJTHBI C TIOMOIIBIO AU(PAKITMOHHOMN PEIIETKH.

IIpubopbl ¥ NPUHAAIEKHOCTH: ONTHYCCKAs CKaMbs, MPOCKIMOHHBIA (PoHAPH,
mudpaknoHHas peméTka, Habop CBETOPHIIETPOB.

1. KpaTtkas Teopusi U ONUCAHUE IKCTIEPUMEHTAIbHOI YCTAHOBKH

JndpakimorHas pemeéTka — 3TO ONTHUSCKAN CIIEKTPaIbHbIN IprOOop, NeHCTBHE
KOTOPOTO OCHOBAHO Ha SIBJICHWW AW(PaKiuy CBETOBBIX BOJH. [lom mamdpaxiueit
OOBIYHO TIOHUMAIOT JIIOOBIE OTKJIOHEHHWS OT 3aKOHOB PACIpOCTPAHEHHSA CBETA,
OTMCHIBACMBIX  TeOMETpWdeckod  onTukod.  J(udpakumonnele — sABICHHUS
HAOIIOIAt0TCS TIPU MPOXOXKJECHUM CBETA 4epe3 HEOOJbIINE OTBEPCTUA, BOJIM3U
IPaHUI] HEMPO3PAYHBIX TEJ, U T.11.

Onucanue mudpakMOHHBIX SIBJICHWH OCHOBAaHO Ha TpwWHIMUNE [TolireHca —
®peHensi, COTJIaCHO KOTOPOMY KAXKIYK0 TOYKY Cpelbl, B KOTOPYHO MpHUlLIa
CBETOBasi BOJIHA B MOMEHT BPEMEHH {, MOXHO CUMTATh UCTOUHHKOM BTOPHYHBIX
BOJIH, PACIPOCTPAHSIONINXCS OT HEE BO BCE CTOPOHBI, W JECHCTBUE CBETA B KAKOM-
b0 apyrod TOUKe B MOMEHT BpeMeHH { + /it ompeaensercs uHTEpdEpeHIInEH
BOJTH, KOTOPbIE MOMAIAt0T B ATY TOUKY OT BCEX BTOPUUHBIX HCTOUHUKOB.

IIpocteiimas audpakiMoHHAsS PemETKa NPEACTABIAET cO00H COBOKYIMHOCTH
OOJIBIIOTO YKCJIa MAPAUICNIbHBIX PABHOOTCTOSIIMX APYr OT APYyra OJMHAKOBBIX
meNne B IIOCKOM 3kpafe. JludpakimoHHYIO PEmETKy MOXKHO HM3TOTOBHUTH C
MOMOIIbI0 HAHECEHWS HEMPO3pauyHbIX [JIi CBETAa MApaUIC/IbHBIX IapanuH
(ITPUXOB) HA CTCKIIAHHYIO TUTACTHHY. [ JTajkue MecTa MOBEPXHOCTH TUTACTHHBI —
e — OyayT MPOMYyCKaTh CBET, a LAPaNuHbl — MPOMEXKYTKH MEXAY IICISIMU —
OyayT ero paccewBarh. CeueHre Takoh AUGPAKIIMOHHOW PEMIETKH U €€ YCIOBHOE
o0o3HaueHue mokazaHsl Ha puc. 1, a, 6. Paccrosame d Mexmy OmMHOMMEHHBIMHU
KpasiMU JIByX COCEAHUX IIEJIEH HA3bIBACTCS MEPUOJIOM WM MOCTOSHHOW PEIIETKH.
Kak Bumno w3 puc. 1, a d = a+bh, tne a — mmpuHa menu, b — MmMpPUHA
MIPOMEKYTKA MEKTY IICIISIMU.

[lyctp Ha pemérky P mamaeT HOPMAIbHO NYYOK MAPAUICITBHBIX Jy4eH
MOHOXpPOMATHUECKOTO cBeTa. Kaxknas Touka 1eyid U BCeX 1ieed 0JJHOBPEMEHHO
OyayT wucmyckarb (B COOTBETCTBMH C mpuHIUMNoM [toiirenca — ®Openens)
KOTE€PEHTHBIE CBETOBBIC BOJIHBI, PACHPOCTPAHAIOIIUECA BO BCEX BO3MOMXKHBIX
HarpasJjicHUsX. BeiOepeM HEKOTOpOe HANPaBJICHUE BTOPUUHBIX BOJIH, UAYIIMX MO
YTJIOM (¢ OTHOCUTEIFHO HOPMAaJTH K peméTke (¢ — yron audpaknmn). Kak BugHO
U3 TIOCTPOEHUS, MPEACTABICHHOTO HA PUC. 2, JIyUd CBETA, UAYIIUE OT KpaWHHUX
Touek (A u A’") coceTHUX TIeNiel, UMEIOT Pa3HOCTh Xoa /.

A=A'B" =d sing (1)
(0Tpe30k AB, epNeHANKYIAPEH K BRIOPAHHOMY HANPAaBJICHUIO PACTIPOCTPAHCHUS
BTOPWYHBIX BOJIH).
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Puc.1 Puc. 2

Takas e pa3HOCTh X0Ja OyAeT Y BTOPUUHBIX BOJH, UAYIIMX OT JIIOOBIX JAPYTHUX,
COOTBETCTBEHHO PACIOJIOKEHHBIX (HA PACCTOSHWHM ¢ JPYyT OT Apyra) map TOUCK
COCEIHMX IIeJIeH, a 3HAuMT, W OT JIIOOBIX JBYX CMEXHBIX Inenei. Eciau 3a
TU(PPaKITIOHHON PEIETKON MOMECTUTh COOMPAFOITYIO TUH3Y J//, a B €€ (hoKaTbHOH
MJIOCKOCTH — 3KpaH J, TO JIyUd CBETA, UAYIIUE MO YIJIOM (¢ K MEPBOHAYATIBHOMY
HAIPaBJICHUIO PAaCIPOCTPaHEHUs CBeTa, coOepyTcs Ha skpaHe B Touke M ( CM —
y4acCTOK MOOOYHOM ONTHUYECKOW OCH JIMH3bI, PACMOJIOKECHHOW MOA YIJIOM ¢ K
TJIAaBHOW OMTHYECKOHN OcH), Tre u OyaeTr Habmomarbes ux uatepdepennma. Ecnn
pa3HocTh xonaa (1) mis kKakmo# mapel aydue, uaymux u3 Touek 4 m A, U T.1, u B
o0IlleM JJI1 KaXJ0W mapbl COCEMHUX Iesied OyJeT KpaTHA LEJIOMY YHUCIY JJIMH
BoH: A = mA (m = 1.2,...), To B pe3ynprare uHTepdEepeHInu B TOuke M
BO3HUKHET IJIaBHbIA MaKCUMYM B BHUJE CBETJIOW MOJIOCHI, MAPAUICTIBHON HIEAM.
Takue xe MaKCUMyMbl 00OPa3yIOTCS U IS APYTUX YIJIOB ¢, JUISl KOTOPBIX

d sing,, = £ mi , (2)
rnie m=0,1, 2, .... — MOPSIAOK TJITABHBIX MAKCUMYMOB ( 3HAKH + YKa3bIBAIOT, UTO
MaKCUMYMBI ~ PacHoJIOKCHBl  CHMMETPHYHO  OTHOCHUTEIBHO  TICHTPAIBHOTO
MakcumymMma, st kotoporo m =0, u ¢ =0). PaBenctBo (2) Ha3bIBaeTcs
OCHOBHOH (hopmynoi audpakiimonHou peméTku. Kak BumHo u3 (2), HampaBieHUe
HA M-W MAaKCUMYM OIPENENIAETCA YITIOM (0, KOTOPBIN 3aBUCUT OT JJIMHBI CBETOBOM
BOJTHBI. [103TOMY mpH MaieH HEMOHOXPOMATHUECKOTO CBETa KaXAbIH
TJIaBHBIH MaKCUMyM (KpOMe TIEHTPAJILHOTO) OyAeT MPEeACTaBIATh COO0H CHCTEMY
CBETJIBIX TOJIOC, OTBEYAIOITUX KaXIOH JUTMHE BOJTHBI — TH(PAKITHOHHBINA CITEKTP.

JlndpakimoHHas pemieTka SABASCTCA CIEKTPATbHBIM MPUOOPOM, C TTOMOIIBIO
KOTOPOTO MOHO OTIPEICIIATH JJIMHY BOJIHBI CBETA, UCXOS U3 COOTHOIIEHUS (2):

Ja
4 _dsing, 3)
m



()
}—{—
]
X3 i
X 6 ]
2 L'_p 1 2
1II'~!1|I|II‘_||1IIII IlIII;IIIIlIIIIII

\

/

Puc. 3
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CnenoBarenbHO, A ONPEAEIEHUS JJIMHBL BOJHBI CBETa HEOOXOAMMO 3HATh
MOCTOSHHYIO PEMETKH  d, TOPSAOK AUPPAKIIMOHHOTO MaKCUMyMa m W
COOTBETCTBYIOIIWN €My yTOJI TUDPAKITHH (0,

Ha puc.3 mnpencraBneHa onTHYecKas CXeMa HW3MEPUTEIBHON YCTAHOBKH,
WCIIOJIb3yeMOU B maHHOH pabore. CBeT OT mpoeKmuoHHOTO (hoHaps @ madaer
napayiebHBIM MyYkoM Ha cBetoduasTp (¢ W yepe3 mmenb B 3KpaHe O
nmomaaaeT Ha peméTky P u audparupyer Ha Hel ¢ 0Opa30BaHHEM MAKCHMyMOB
Ha ceTyaTke rjaza Habmoparens. Ha skpaHe ¢ HM3MepUTEIbHOH JIMHEHMKOM
CO3AI0TCSI MHAMBIE N300pakeHNs TU(PPAKIIMOHHBIX MAKCUMYMOB.

Ilycths X, - paccTosiHME MEXKAY ABYMA U300pPAXKCHUSAMH MAKCUMYMOB /M-TO

. X
nopsaka. Tak kak x,<</[,T0 SInQ,K ~IgQ = 2—'; U, caeaoBareIbHo, hopMyna

AJIA OIIPCACIICHUA AJIMHBI BOJIHBI CBCTA 6YI[GT HUMCTDb BHU.

A — tmem=1,2,... 4)

d x

[ 2m

2. Ilopsaaok BbIMOJTHEHHUS PadOTHI
IHocienoBaTeIbHO AJIS1 KAXKAOT0 U3 TPeX CBEeTOPUIbTPOB (BBIOPAHHBIX MO
YKa3aHUI0 NpenoaaBaTesisi) NpoBeauTe CJAeAyIIHe IeiiCTBUS U U3MepPeHHs:

1. VYcranoButre cBeTOPMIBTP B KACCETY, PACHOJOKCHHYIO TEpE] JIMH30M
MPOCKIIMOHHOTO (hOHAPSL.

2. BxmouwnTe gammy mpoeKInoHHOTo hoHaps B ceTh HanpsbkeHuem 220 B.

3. Ilepemeras 3kpaH 2 10 HAMPABJIAIONIAM ONTHUYECKON CKaMbH, YCTAHOBUTE
OJTHO M3 TPEX 3a/IaHHBIX MPETMOoaBaTeNIeM 3HAUCHHMIH / .

4. Habmonmas mudpakmmoHHBIE MaKCHMyMbl |-T0 W 2-TO TIOPSAJKOB,
OTIPENICNIATE WX TOJIOKEHUE HA dKPaHE, W3MEPSAd BEIUUMHBI X; U X; (X; —
PacCTOSIHUE MEKIY MakCUMyMaMu 1-ro mopsijka, a X; — pacCTOSIHUE MEKITY
MaKCUMYMaMH 2-TO TIOPSIKA).

5. 3aHecute naHHble U3MepeHui B Tabnuuy. lIponenaiite Te ke U3MEPEHUA U
JUISL APYTUX 3HAUCHUH /.

[TocTostHHAs peméTkn d = L{BeT cBeTOoMIBTpPA -
Paccrostame | [lopsamok Paccrostamne JnuHa PesynbTar
[ (MMm) CHeKTpa MEKITY BOJIHBI /4 (HM) <A> £ 47 (HM)
m MaKCUMYMaMH
Xm (MM)

D= N =D |—
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6. Paccumraiite IIMHY BOJHBI CBETA B KAXK/JIOM M3 OMBITOB 1O hopmyse (4)
( mocTostHHAs d aupaKIMOHHOM PEMIETKH yKa3aHa Ha €€ OTpaBe WIn
coobOmraetcs npenoaasatenem). [ ynoOcTea pacuera BEMAYUHBL d, [, X ;
BEIPA3UTE B MM, @ KOHEUHBIH PE3yJbTaT (AJIMHY BOJIHBI A) — B HM
1079 _ 106
(1am=10" ™M =107 Mm).
7. Omnpenenute cpeaHee 3HAUCHUE JUTHHBI BOJTHBI

A+ A+ + A
6

M CTAaHJAaPTHYIO IIOIPCIIHOCTE U3MCPCHHUA MJIMHBI BOJIHBI

< A>=

6
AL = é Z(< A=A ) (am).
i=1

ITH pe3yJabTaThl TAKIKE 3aHECUTE B TA0/IUILY.
8. BoluucianTe OTHOCUTENBHYIO MOTPEIIHOCTh U3MEPECHHUS

5 =21 100 (%)
<A >

M 3ANHUIINTE OKOHYATEIbHbIH pe3yjbTart paﬁoTLI B BHJE.

A=<A>£ AL (uM) ¢ OA= ... (%).
KoHTpoJsibHbBIE BONIPOCHI

1. Chopmynupyiite mpuniun [ oiirenca — Openens.

2. Kakue UCTOYHUKH CBETOBBIX BOJIH HA3bIBAKOTCA KOTCPEHTHBIMHU ?
3. B uém 3akmouaetcs sprnenve qudpaxmmun?

4. Onummute yCTPOHCTBO AUGPAKITMOHHON PEITETKH.



