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1. METOJIUYECKHUE YKA3AHUSA K PABOTE C YYEBHO-
METOJYEKUM IIOCOBUEM

OcHOBOI 00y4eHUs CTYJeHTA SIBISICTCA CAaMOCTOsITeNIbHAs paboTa
¢ yueOHUKaMHU ¥ YIeOHBIMHU TIOCOOUSIMHU.

JU1 ycnemHoro ocBoeHus Kypca (Gpu3uki HeoOXOANMO BBITIOJHATE
CIIE/YIOIHEe PEKOMEHIALIN:

1. 3ansaTHs MO Kypcy oOmiel (U3MKH MPOBOAWTH 1O padoueli mpo-
rpamMMe ITOCIIE0BATEIbHO, A TIIABHOE — CHCTEMAaTHIECKH.

2. VI3y4uB ofMH pa3aen Kypca, BBITOIHATE CAMOCTOSITETEHYIO pado-
Ty HO 3TOMY pa3fielny.

3. CocTaBIiTh KpaTKHii KOHCIIEKT Pa3/eIoB Kypca, B KOTOPOM 3aITi-
ChIBaTh OCHOBHBIC 3aKOHBI, OTIPEICTIeHUs] (PU3MIECKUX BEJINYMH U €IHMHHIIEI
WX U3MEPEHUSL.

2. TPEBOBAHUSA K O®OPMJIEHUIO CAMOCTOSATEJIBHBIX
PABOT

1. CtyneHT MODKEH TIPEeNCTAaBHTH IIPENOJIaBATENI0 BBIIOIHEHHYIO
CaMOCTOSATEIIBHYIO PadOTy B YCTAHOBJICHHBIH KAJICHIAPHBIM IUIAHOM CPOK.

2. CamocTosiTebHbIe PaOOTHI BBITIOIHSIOTCS HA CKPEIUIEHHBIX JIUC-
Tax (popmara A4.

3. YciioBue 3a/a4uml MepemnrchiBaeTCS MOMHOCTHI0 0e3 cokpalie-
HHUI.

4. B xoHIIe caMOCTOSITENBHON PaboThl HEOOXOAUMO TPUBECTU CITH-
COK Y4eOHMKOB M YY€OHBIX TIOCOOMIA, KOTOPHIMH TOJIE30BANICS CTYJICHT MPU
pelleHnH 3a/1a4.

5. Ecin camocrositenbHas paboTa He 3a4TeHa, TO CTYICHT JIOJDKEH
3aHOBO PEILINTH T€ 3aJa4H, 0 KOTOPHIM OBLIM TOTy4YeHBI OMIMOOYHBIE pe-
3yJBTaThl, U TIPECTABUTH CAMOCTOSATENILHYIO PabOTy Ha HOBTOPHOE pELeH-
3UpPOBAHHE.

3. METOAUYECKHUE YKA3AHUS 11O PEHIEHUIO 3AJTAY

J1J1s1 BBITIOJTHEHUS CAMOCTOSTEIILHOM PaOOThI CTYACHT JIOJDKCH:



1. YcBoHTh COOTBETCTBYIOIIMI pa3ien Kypca, MONB3YyACh yueOHU-
KaMH ¥ y4eOHBIMH 1TocoOusiME. [ J1aBHOE BHUMaHUE 0OpaTUTh Ha OCHOBHEIC
(bu3ryecKue 3aKOHBI ¥ COOTHOIIICHHSI.

2. BeimonHuTh pereHue 3amad B OOMIeM BHUJE, T.. B OYKBCHHBIX
obozHaueHwsix. [Ipu BbIBOmE (OPMYIBI U ICKOMOW BENIMUYHMHBI HE MPOBO-
JIATH TIPOMEKYTOYHBIX YUCIIEHHBIX PACYETOB.

3. [Ipu HEOOXOAMMOCTH BBITIOITHUTh YEPTEK.

4. PerieHrie 3a/1a4d  COMPOBOXK/ATH KPATKUMH TIOSICHCHHUSMH U
CCBUTKaMH Ha OCHOBHBIE (DI3UIECKIIE 3aKOHBL

5. Ilepen mpoBeeHNEM YUCIEHHOTO pacdeTa BBITOIHUTH TPOBEPKY
Pa3MepHOCTH pe3yibTara. YOeAuThCs B TOM, YTO Pa3MEPHOCTH JICBOM U TIpa-
BOIi YacTel OKOHYATeNThHOU (POPMYITBI OMMHAKOBHL ECTH Takoro cooTBETCT-
BUS HET, TO 9TO O3HAYAET, YTO (popMyIia BhIBEIEHA HEBEPHO.

6. UncnoBble 3HAYCHUSI BEJIMYWH TPH MOJICTAHOBKE UX B PACUCTHYIO
(hopmyity, a TaK:Ke OTBET, ClienyeT BbIpakath B enunauiiax CH. OxoHuaTesnb-
HBIN OTBET, I7ie 3TO TpeOyeTcs, MPEACTaBIAETCS B eIUHNIIAX, KOTOPbIE SBIIS-
I0TCSL O0ILEYTIOTPEOUTENFHEIME B COOTBETCTBYIOIIEM pazeie QU3KKu.

7. [IpoBecTr BBIUMCIICHHE MCKOMOM BelMuuHBL [Ipyn HeoOXxomumo-
CTH — UCIIONIb30BaTh CHOPABOYHbIC JaHHbIC. OKOHYATENbHBINA YHCIICHHBIA pe-
3yIbTAT TPEJICTABUTH B HOPMAJIM30BAaHHOM BHJIE, T.€. B BHIE TPOU3BEICHUS
JeCSITHYHON ApOoOH ¢ OHOM 3Havamei udpoi nepes 3amsiToil Ha COOTBET-
CTBYIOIIYIO CTETIeHb JIeCATH (HanpumMep, BMecTo 5261 HeoOxoauMo 3ammcaTh
5,261 - 10°). OTBeT HOIDKEH COZepIKaTh HANMEHOBAHKCE (PH3HUECKON BeHHH-
HBI, €€ YUCIJICHHOE 3HaYeHUE U pa3MEPHOCTb.

4. YYEBHBIE MATEPHAJIbBI
4.1. BOJIHOBAS OIITUKA

JnHa BOSHBI A, CKOPOCTB 3JIEKTPOMAarHUTHOM BOJIHBI B BAKyyMe C 1
4acToTa V, CBA3aHbl COOTHOLLICHHEM:

A=—. (1)
Ecnu sanekrpoMarauTHas BojiHa (B YaCTHOM CJIydae — CBETOBAs)

pacnpocTpaHseTcs B HEKOTOPOii cpelie ¢ IoKa3aresieM MpeoMIICHHs N TO
CKOPOCTh BOJIHBI



c
U:H. (2)

Onrtryeckas [UIMHA TyTH JIyJa:
L=nt, (3)

rae £ — TreOMETPUYCCKA IJIMHA ITyTH.
Onruueckas Pa3HOCTh X0/J1a IBYX CBETOBLIX J'Iy‘leﬁ:

A=L —-L,=nt,—ny,. 4)

Ipu cnoxkennn koneOaHUi IBYX JIyded C ONTHYECKOH pPasHOCTBIO
XO/1a KpaTHOM IIENOH JJIMHE BOJHBI MPOHCXOIUT UX B3aMMHOE YCWICHHE.
YcnoBue B3anMHOTO YCHIEHHS (YCIIOBAE MAKCUMyMa):

A=+kn  (k=0,1,2..). (5)

[Ipu cnoxkennn kojeOaHUM ABYX Jy4eld C ONTHYECKOH pa3HO-
CTBIO X0/1a KPaTHOW HEYETHOMY KOJIMYECTBY HOJIOBHH JJIHH BOJH IIPOUC-
XOJUT MX B3aUMHOE OCJIa0JieHue. Y CJIOBHE B3aMMHOI0 ociabieHus (yc-
JIOBHE MUHUMYMA):

A:i(2k+1)% k=0,1,2...). (6)

Hab6nmronaemast Bu3yanbHO MHTEpEpEHLIMOHHAs! KAPTHHA COCTOUT U3
YEPEMYIOIUXCS CBETIBIX M TEMHBIX I10JI0C, IPUYEM CBETIIBIM I10JIOCAM COOT-
BETCTBYIOT YCJIOBHSI B3aHMHOTO YCHJICHHS JTy4del, TEMHBIM YCJIOBHS B3aHM-
Horo ocnabnenusi. Eciii B ycTaHOBKE MPOUCXOIAT Kakue-Tu00 M3MEHEHHS,
IIPUBOJSIIME K IJIABHOMY YBEIMYECHUIO WIM YMEHBIIEHHIO PAa3HOCTH XOJa
Jy4eil, To HabmoaeMasi MHTep(epeHIIMOHHAs KapTHHA IUIABHO CMEILAETCSL.
CMeleHnio Ha M ToJIOC COOTBETCTBYET M3MEHEHHE PAa3HOCTH XO4a Ha M
JUIVH BOJIH.

ITpu oTpaxkeHUH JTy4a OT ONTUUECKH OoJiee IUIOTHOH cpefpl (T.e. OT
cpenpl ¢ Oosee BBICOKHMM IOKa3aTeneM NpeoMIIeHHs N) MPOUCXOAUT H3Me-
HeHue (asbl KoJebaHui Ha T, YTO COOTBETCTBYET U3MEHEHHIO B ONITHYECKOH

A .
JUIMHE IyTH 3TOro JIyya Ha =+ 7 IIpu oTpaskeHUH OT MEHEE MIIOTHOM CpEIbI

n3MeHeHHs (ha3bl KoJIeOaHNH He POUCKOIHT.
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OnTtryeckast pa3HOCTh X0/ JTy4Yeid, MOTyYSHHBIX 3a CUET OTPaKCHUS
OT TOHKOM MPO3pavyHO ITaCTUHKU:

A:Zb\/nz—sinzii%, (7

rac b, N — COOTBETCTBCHHO TOJIIIMHA INIACTUHKHW M MOKa3aTeJib MPEJIOM-
JICHU MaTCpuajia mIaCTUHKU, i— yroJ naAcHus Jiyda Ha MJIIACTUHKY.

Pazmycm CBETJIBIX Kojen HeioToHa IIpU OTPAXKCHUHN U TEMHBIX
KOJIeL IpX NPOXO0XKICHNH CBETA.

re /%’“(m—n (m=2,3), ®)

rae R — paguyc kpuBu3HBI TUH3BL. Paguycsl TéMHBIX Konen] HpioToHa
MIpH OTPAKEHUU WIIH CBETJIBIX KOJIEL IPU IPOXO0KJICHUN CBETA:

r=JRAMm (m=1,2,3), (8)

Ecan mexny nuH30M M IJIOCKOHM IJIACTUHKOM HAaXOAMTCS MPO3pavyHOE
BEIIECTBO C [IOKA3aTeNleM MPEIOMIIEHUs N, TO AJMHA BOJHBL, IO CpaBHE-
HUIO C JJIMHOI BOJIHBI B BAKyyMe€ YMEHbIIAeTCs B N pas.

OcHoBHast popMyrIa TUPPAKITHOHHON PETIIETKH:

d-sinp=kh, (k=0; £L +2...), 9)

rae d — mepuos pemmeTky; ¢ — yroyt qudpakime; K — mopsiox audpaxim;
A — JTMHA BOJIHBIL.

Pasperaromasi criocoOHOCTh TU(PPAKIIMOHHOMN PEIISTKH OINPeIeIis-
etcs (hopMyJIoN:

A

= KN, 10
o (10)

rae — A ¥ A+ A A — IJIMHBI BOJIH pa3peliacMbIX (T.e. BUIUMBIX Pa3/eiibHO)
CIIEKTPATBHBIX JIHHUIA; K — Tiopsiok audpaxium; N — ob1iiee 9nciio miernei B
T PaKIIMOHHOM peleTKe.

Pazpemaromast crrocoOHOCTH 00beKTHBA (KpUTEpHiA Paes):



R :i:i, (11)
o 1,22)

rae D — nuameTrp 00BEKTHBA; O — MUHUMAJIBHBIA YTOJd MEXIY ITydKaMH
CBETa; A — JUIMHA CBETOBOM BOJIHEI.

Paspemraromasi  crmocoOHOCTh MUKPOCKOIA, OINPEACSICTCS Kak
MUHHMMAJIHOE PACCTOSHME (, pa3IMYMMOe C IIOMOIIBI0 MHUKPOCKOIIA:

0,61,

d ~ . ’
nsin ¢

(12)

rJie ¢ — TOJOBHHA YIJIa MEXK/Y JIy4aMH, UIYIIUMU OT TOYKU HA TOBEPX-
HOCTH pacCMaTPHUBAEMOI'0 IIpeaMeTa K KpasiM 00beKTHBA; N — MOKa3aTelb
MIPEIOMIICHHS. IPO3PAaYHOrO BEIIECTBA, 3AIOJIHSIOMIEIO IIPOCTPAHCTBO
MEXTy PEAMETOM U OOBEKTHBOM.

3axoH Maioca:

| = Iocos’a, (13)

rre | — cBeTOBOI MOTOK, MPOIIEAIINI Yepe3 MOSPHU3aHOHHBINA aHAIN3aTOoP;
lo— maaronuii Ha aHANM3aToOp, MPUYEM MAJAOIIUN MOTOK CBETa JIMHEHHO
MOJISIPU30BaH; Ol — YroJ MEXIy HalpaBiICHHSMU IUIOCKOCTH MOJSIPU3aLUN
MaJAr0IIEro CBETOBOIO My4Ka, U HAIIPABJICHHEM [JIABHOM IJIOCKOCTH aHANIHU-
3aTopa.

3axon bproctepa:

; n
tglg =Ny, = n_z ) (13)

1

rae ig— yron bproctepa (MUHUMAJIBHBIN YTOJ MAJCHUs] CBETOBOTO JIy4a, TIpU
KOTOPOM OTpPa)KE€HHBIM JIyd MOJHOCTBIO MOJISIPU30BaH, T.€. UMEET JINHENHYIO
MOJISIPU3AIMIO); N1, — OTHOCUTENBHBIA MOKa3aTellb IMPEIOMIICHUsT BTOPOM
Cpellbl, OTHOCUTENIBHO MEPBOM; Ny Ny — MOKAa3aTeNy NMPEIOMIICHHUs TIEPBOM U
BTOPOM CpeJl COOTBETCTBEHHO. Jlyd cBeTa majaeT U3 IepBOM Cpebl Ha Ipa-
HUILY CO BTOPOH.

VYroJ MoBopoTa MIOCKOCTH IMOISPHU3ALUN MOHOXPOMATHYECKOIO
CBETa NPH NMPOXOKIACHUN Yepe3 ONTUIECKH aKTHUBHOE BELIECTBO:



¢ = o-d (B TBepIBIX TeMaAX), (14)

IJIe O — MOCTOSIHHAS BpallleHus; 0 — [IMHA IyTH CBETa B ONTHYECKH aKTHB-
HOM BEILECTBE.

¢ =[a] p-d (B pacTBOpax), (15)

rae [o] —y#enpHOE — BpalieHME ONTHUYECKM AKTHBHOTO — BEILECTBA,
p — MaccoBast KOHIIEHTPALMs ONTUYECKH aKTUBHOTO BEILIECTBA B PacTBOPE.

[lonHOE BHYTpEHHEE OTpaKeHHE HAOII0AAeTCs IPU HaJeHUH JIy-
Yya CBETa U3 ONTHYECKH IUIOTHOW Cpelbl Ha TPAHUILy C ONTUYECKH MEHEe
IUIOTHOM cpenoi. Ilpu yrmax GONBIIMX WIIM PaBHBIX MPENEIbHOMY OCY-
LIECTBIISETCS MOJTHOE OTpakeHue (0e3 mpenomieHHoro sy4a). Ilpenens-
HBIH YTOJI ONIpeNesieTCs CIEAYOINM 00pa3oM:

sini. = , (16)

npex o
n2

rae N, —IoKasaTelb IperaoMiIeHUs Oolsiee IUIOTHOM cpedbl, N, — MEHee

IUIOTHOM Cpeibl.
3aKkoH MOTJIONIeHUs CBeTa (3aKkoH byrepa):

=1, 17)

rae | — MHTEeHCHBHOCTB CBETA, MPOIIEAIIEro CION MOTJIOIMIAOIIETO CBET
BemiecTBa ToMMHOW (; |, — MHTeHCHBHOCTb CBeTa MAJAIOLIEro Ha

CIIOi; |\ — TMHEHHBIH K03 PUIUEHT TOTTIOMIeHUS.

4.2. 3JIEMEHTBI ATOMHOI ®U3UKH U KBAHTOBOM
MEXAHUKHA
Oueprust potoHa (hopmy:na [Tnanka):
E=ho, (18)

rae /i —npuBenéHHas noctosiHHas 1lnanka; o — nukimmdyeckas gactora (oTo-
Ha. Yactota ®, BeIpakeHHas B (pan/c) u yactora v, BhipaxkeHHas B (i)
CBSI3aHBI MKy COOOH COOTHOIICHUEM:
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®=2m . (19)

dopmyna DifHIITeliHA (3aKOH MPOMOPIMOHATILHOCTHA MaCcChl U
SHEPTUH):

E =mc?. (20)
Macca dotona:
E 7o
Nmmynec doToHa:
p=mc= o . (22)
C
®opmyna ge-bpois:
p=rk, (23)

rae P — MMITYJbC YacTHIIbI (B YACTHOM CIIyYae 3TO HMITYJIbC (DOTOHA);

K — BOHOBOIi BEKTOp, HANPABJIECHUE KOTOPOIO COBMAJIAET C HaIpaBie-
HUEM JIBIDKEHUS JYacTHIBI (WiH (POTOHA), a MOYJIh PaBeH:

p=nk, (23)

rae P — MMIIYJIbC 9acTHUIbI (B YACTHOM CIIyYae 5TO MMITYJIbC (DOTOHA);

K — BONHOBOI BEKTOp, HANpPaBJIEHUE KOTOPOrO COBMAIAET C HaIpaBie-
HUEM JIBI)KEHUS YacTHIIbI (MK (POTOHA), a MOJIYJIb PaBEH:



\E\:%, (24)

IJIc A — JUIMHA BOJIHBI (€CJIM aHAIM3MPYETCS IBWKCHUE YaCTHUIBI, TO A
Ha3bIBAIOT JUIMHOW BOJHBI JIe-Bpoiiiis, ecau M3y4aroTCsi CBETOBHIC SIBIIC-
HUS, TO A — JIJTUHA CBETOBOM BOJIHBI).

Jnuna BonHbl ne-bpoinsg s yacTuilsl Macchl M cBsizaHa C €€
SHeprueu £ creayonmm oopazom:

1
A=h—. 25
2mE ()
3akon Credana — boipiMana:
R=oT*, (26)

rne R —oHeprermdeckass CBETUMOCTh WCTOYHHKA TEIDIOBOIO —H3IIyde-
st [Br/v?]; T— aGeomroTHast TeMITepaTypa TeIIOBOTO N3ITydaTels.
[NocrosiHnas 3akoHa Credana — bosplMaHa:

o =5,6687 -10°° % 27)
3akoH cMelteHrs Buna:
Ay = ? , (28)

rne A, —AIMHA BOJHBI, Ha KOTOPYIO IPUXOANUTCS MaKCUMYM CIEKTpalIbHOM
IUIOTHOCTH MOIIHOCTH TETIIOBOTO M3ITydeHust; 7 — abCONIFOTHAs TeMITepaTypa
u3nydarenst; b — mocrostnast (b = 2,89782-10° M-K).

YpaBHeHue DifHITelHa [UTs1 BHEITHETO (PoTod(deKTa:

mu2

ho= A+, (29)

rie A—pabora BbIXOAA ONEKTPOHA; M —macca  (OTOIIEKTPOHa;
Urmax— MaKCUMAJTbHAsI CKOPOCTH (POTOJIEKTPOHA.
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3(1)(1)6KT KoMnrona 3akirouaercss B HU3MECHCHUN JJIMHBI BOJIHBI U
HaIrpaBJICHUA ABUIKCHUA PCHTICHOBCKOTO WJIM Y-KBAHTOB IPH YIPYTOM
CTOJIKHOBCHHUHU CO CBO6OI[HI)IM HCIIOABMIKHBIM J3JICKTPOHOM. H3meneHue
JJIMHBI BOJIHBI:

A =20 coso), (30)
mc

rie 0 — yron paccesHusl KBaHTa; M —Macca YacTUIlbl HA KOTOPOH MPOUCXO-
JIAT paccesiHie PEHTTeHOBCKOTO (VJTH Y-KBaHTa); C — CKOPOCTh CBETA.
OHeprust peHTTEHOBCKOTO (WITH Y-KBAHTA) MOCIIE CTOJIKHOBECHHUS:
EYO
E, = , (31)

Y E
1+—"2(1-cosO
+ mCZ( cos0)

rae E, —5HEeprus KBaHTA JI0 CTOIKHOBCHHSL.
Crarmmonapnoe ypasuenue [lIpenuurepa

2

—h—AJrU y=Ey, (32)
2m

rae m—macca vacTuupl; U — moTeHIManbHas 3HEPrUs 3TOM YacTHLbI,
A — oneparop Jlamnaca; E —3Heprusi 4acTHLbL; \|/(x, Y, z,t) — BOJIHOBAst
(hYHKITHISI YaCTHIIBI.

B ypaBuenun llpenunrepa Qusnyeckuie ycIOBUS OIpPENEIOTCS
3a7laHieM MOTEHIMAIBLHOM 3Heprun. PeleHne ypaBHEHUs MIIETCS C YIETOM
IPaHUYHBIX [IAPAMETPOB VISl BOJIHOBOM (DYHKLIMH U OrPaHUYUCHHUM, HAKIIa bl
BaeMbIX Ha ee cBoiicTBa. Pemenue ypaBHenus penunrepa st oqHOMEp-
HOH, OECKOHEYHO TTyOOKOH, MPSIMOYTOJIBHOM MOTEHIUATLHOW SIMBI (COOT-
BETCTBYET JBIKEHUIO YaCTHLIBI MEXAY YIIPYro OTPaKaroLMMHU HenedopMu-
PYEMBIMH NapauIeIbHBIMUA CTEHKAMH):

2 . (mn
Y= \/g sin (F x) (33)

11



rae d— paccTosiHue MEXIy CTEHKamu; N —kBaHTOoBOe umcio (N=1,2,3...);
X — KOOpJIMHATA, OTCYHUTAHHAs OT oqHoH M3 creHoK 0<x <d . Bo3MoxHBIe
3HAUCHUS SHEPIUHU YaCTHUIIBI OYIyT:

n°h%n?

n= W’ n= 1,2,3 (34)

re M — Macca YacTHIIbL.
[T10THOCTD BEPOSTHOCTH OOHAPYKEHHUS YaCTUIIbI BHYTPH MOTCHIIU-
AJILHOTO SIMKA OyJIeT:

|\V|2:§sin2(%nx] 0<x<d n=123... (39

I[J'II/IHI)I BOJIH U3JTy4a€MbIX aTOMOM BOAOPOJa OIIPEACIIAIOTCS 110

thopmyme:
1 1 1
FRle) 9

rne R= 1,097-107 M — mocTosHuas Punbepra; N u K—raBHbIe KBaHTOBBIC
YKCiia, COOTBETCTBYIOIINE SHEPreTHUYECKUM YPOBHSIM, MEKIY KOTOPBIMH
COBEPIIIACTCSI ANICKTPOHHBIN rIepexo1 B atome K > n.

JInvHa BOJIH U3IyYaeMbIX BOJOPOIONOA00OHBIMI HOHAMH C 3apsijIo-
BBIM YKCIIOM siipa Z (YMCII0 Z ONPEAESSTCs 0 HOMEPY XMMHUECKOTO 3JIe-
MeHTa B Tabnuie MeHieneera), MOTyT ObITh pacCUMTaHbI 0 (popMyiie:

1 1 1
Z:RZZ(F—k—Zj. (37)

4.3. KBAHTOBAS CTATUCTUKA U ®U3BUKA TBEPJOI'O TEJIA

VYposers @epmu B cOOCTBEHHOM (OecpIMECHOM) TMOIYIPOBOIHH-
Ke:
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E. —E, + S AE +SkTen| T (38)
PV 27 g m. )

e

rae Ey—»sHeprus motoska BaleHTHOH 30HBI, M,—3(pdEKTUBHAA Macca JIbl-
POK, Me—3ddekTrBHAs Macca ANEKTPOHOB, AE — mmpuHa 3anpeméHHOM
30HBI; K — octostHHas bosbiMana; 77— TepMOTHHAMUYEeCKast TeMITepaTypa.

Y nenbHast MPOBOJJUMOCTH TIOTYTIPOBOTHUKOB:

y=en(y, +1,), (39)

Il € —BeIMYMHA DJIEMEHTAPHOTO 3apsia (DNIEKTpOHA WU  JIBIPKH);
N — KOHIICHTpAITMsI ~HOCHUTENeH 3apsma  (DJIEKTPOHOB WM JIBIPOK);
W, — TMOABIKHOCTB JIEKTPOHOB, |, — IOJBIKHOCTD JIBIPOK.

TemmeparypHasi 3aBHCHMOCTb YACJIBHOW MPOBOAUMOCTH COOCTBEH-
HBIX (OeCPIMECHBIX) TTOTYIIPOBOIHUKOB:

Y =7v, eXp(—AE / 2kT), (40)

rae K-—mocrosanas bonbivana, AE — mmpuHa 3anperiéHHON 30HBI IS
COOCTBeHHBIX  (OeCIpUMECHBIX) MOJYNPOBOJHHUKOB, 1 — TeMIeparypa;
Yo — yZenbHas mpoBoauMocTs ipu AE / 2KT << 1.

Hanpspxenue Xomna:
U, =R, 1B (41)

rae R, — xoHcranta Xomna, | — cuna Toka, B — MarHUTHast HHITYKIHSI.

KoncranTa Xomia A7 MOIyHIpOBOJHUKOB THIIA KPEMHUS, TepMaHUs
H JIp., 00JIaIAr0IINX HOCUTEIIIMU OJIHOTO BUzia (N WITH P):

Ry =—, 42
HE o (42)

rae N — KOHLEHTpaLys HOCUTENe! 3apsiia; e — 3apsi JIEKTPoHa (WK ABIPKN).
Yposens @epmu B Metaiwte npu 7= 0 K:

Er :%(311%% 43)

rac N — KOHICHTPaLus 3JICKTPOHOB, M — Macca dJICKTPOHa.
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Pacnipenenerre depMu 1Mo SHEPTHSIM [UTsT CBOOOTHBIX JICKTPOHOB B
metawie mpu 7' =0 K:

3
dn(E) =2—11tz(il—Tj2\/EdE (mpu E< Ef) (44)

rae dn(E) — koHIIeHTpal st SIEKTPOHOB, SHEPIUs KOTOPHIX 3aK/IFOUeHA B MH-
tepBasie ot E mo E + dE. CootBercTBEHHO, M M E — Macca M SHEPTHS dJIEK-
TpOHa.

4.4. ®DU3UKA ATOMHOI'O AAPA U QJIEMEHTAPHBIX YACTHUIL

SIIPo XUMUHECKOTO IeMeHTa B 0b1eM ciTyuae o6o3Hauaetcs: 5 X

rme X —CHMBOJI XMMHYECKOTO JJIeMeHTa (Hampumep, il remus — He);
Z —3apsiIOBOE YHCIIO S7Ipa, KOTOPOE PABHO YHCIY MPOTOHOB B SIApE aToMa
WIM HOMEPY XMMHUUECKOTO IeMeHTa B Tabimiie MeHneneesa; A — MacCoBOe
YHCIIO SNpa, PABHOE CyMMAapHOMY YKCITy TPOTOHOB U HEHTPOHOB B sApe
aToMa; O-4acTHIA SBISIETCS SIPOM aToMa Telusl, HO 0 TPAJUIIMKI 0003HAYa-
€TCsl TpeUecKoli OYKBOI O €€ TIOJTHOE 0003HAYCHE ‘Z‘oc . B-yactuna siBiseTcs
SNIEKTPOHOM, HCIYIICHHBIM SZIPOM aTOMa MPU PAJMOAKTHBHOM pacrajie, ee

0
nosHoOe o0o3HayeHue 3. JIisi 3JIeKTPOHA HHOTO MPOMCXOXKACHHS UCTIONb-
0 .
3yercsi cuMBON _ € . [IpOTOH M HEMTPOH COOTBETCTBEHHO MMEIOT 0003HAYE-
1 1
HUA ;P U 4N.
Paguyc simpa MoxxeT ObITh IPUOIIIKEHHO OLIeHEeH 110 (hopmyie:

R,=1,4-10"4 % [m], (45)

rae A — MaccoBOE YUCIIO SIIPA.
JedexT Maccrl siapa onpesensiercs 1mo hopMye:

Am = Zm, + (A—2) my— M, (46)

rne Z u A-—3apsagoBoe M MAaccoBOE YMCIa sapa; M, M, u
M, — COOTBETCTBEHHO MacChl IIPOTOHA, HEITPOHA U sjpa aToMa.

Hedekt Macchl siapa MO3BOJSIET PacCUUTAaTh SHEPIHIO CBSI3U HYKIIO-
HOB B sijIpe (HYKJIOH — TEPMHH, 0003HAYAIOIINIA KaK HEWTPOH, TaK M IPOTOH):
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E..= Am e (47)

yI[eJ'II)HaH SHEPrus CBA3U sA[pa OIPEACIIACT SHCPIrut0 CBA3U, IIPUXO-
JAIYHOCA Ha OAWH HYKJIOH B A1PC:

Eyen= —2. (48)

3aKoH paIMOaKTHBHOTO paciiajia:
— At
N = N,e™, (49)
rne N — 4rcio He pacmaBImxcs saep K MoMeHTy Bpemenn t; N, — gucio aro-
MOB paJIMOAKTHBHOTO D3JICMEHTA B HAYAIBHBIA MOMEHT BpPEMCHU;

A —TOCTOSIHHAs pacrafga (BEpOATHOCTH pacraza OHOTO aToMa B TEUEHHE
OJTHOM CEKyH/IbI).

1
s HeGONBIIMX TPOMEXYTKOB BPEMEHH (At<<x) YHUCIIO pacliaB-

IIUXCST aTOMOB 3a BpeMs At, Oyzer:
AN =% -N -At. (50)

Pacnan sinep MOXeT XapakTepH30BaThesi, KpOME IIOCTOSHHOM pacria-
71a, TAKOKe TEPHOIOM ToJypachana Ty (T.6. BpeMEHEM pacliafa MOJIOBUHBI

aTOMOB PaJH0aKTUBHOIO Mpernapara) ¥ CPeIHUM BPEMEHEM >KU3HHU T PaJHo-
aKTHBHOTO TIperapara:

_m2. 1

r% o sz. (51)

AKTHUBHOCTD PaJMOAKTUBHOIO TIpernapara A* onpezensercs YucioM
SIIEp, PAaCcTaBLINXCS B OAHY CEKYHIY:

A*=2N . (52)

Bemanna A* B cucteme CU u3mepsiercs B Oexkepersix [bk]. bekke-
penb COOTBETCTBYET OJHOMY pacmagy B ceKyHIy. VmeeTcss BHecuCTeMHas
enuHuia aktuBHocTH Kropu [Ku], koTopast cooTBETCTBYET 3,7-10% pacma-
nos/cek. (T.e. 3,7-10" Bx).

[Ipu paanoakTHBHOM paBHOBECHH BHITIOJIHIETCS COOTHOIICHHUE:
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AN =A,N,, (53)

r/1e MHACKC «1» OTHOCHUTCS K MAaTEPUHCKOMY BEIIECTBY, a MHACKC «2» — K
JOYEpHEMY.

[Ipu o-pacmazie MPOUCXOANT PATUOAKTHBHOE IpPEBpAIICHHE, KOTO-
POE 3anKCHIBACTCS CIACAYIOIINM 00Pa3oM:

AX—075Y +H5aL. (54)
[pu B-pacmane:

P X, Y+ 1BV, (55)

rIe 8\7 — 3JIEKTPOHHOE aHTHHEUTPHHO, BEIOPACHIBAEMOE SIIPOM OTHOBpE-

MEHHO C [3-4acTurieit.
Ipu B*-pacmane:

IX—,AY+ 1B+ov, (56)

e Jv — 2IeKTPOHHOE HeTPHHO, BHIGPACKIBAEMOE AIPOM OTHOBPEMEHHO C

[-yacturieii.
Ipu 27IEeKTPOHHOM 3aXBaTe PaJUOAKTHBHOE MPEBPAIICHUE 3aIHChHI-
BAaCTCS B CIICAYIOIIEM BHIC:

X+ Je—, Y v, (57)

[pu pagnoakTHBHOM pacmajie BIICISACTCS SHEPTUs, KOTOPask MOXKET
OBITh OmpezieNieHa o 0ajaHCy Macc YacTHL, UMEIOLIMXCS 0 U TIOCIIE Pagyo-
aKTUBHOI'O pacnaza.

Ipu o-pacniane BbIOEIACTCS SHEPIUA

AE =c*(M,—(M, +m,)), (58)

e macesl siaep M, 1o pacnaga m M, — obpasyrommxcst nocie pacna-

aa, m, —macca o-4aCTHULBI.

3aMeyaHHe: B MOCJICIHEM COOTHOIICHHMH MOKHO BMECTO Macc
AACP UCIIOJIBb30BaTh MACChl aTOMOB: UCXO/IHOTO, 06pa3y101uerocsl Hn aToMa
TCIns.
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BrigenuBiasicst mpu o-pacrajie SHeprusl paclpeesieTcss MEXIY
O-4aCTHIIEH W SAPOM OTIa4M B COOTBETCTBHM C 3aKOHOM COXPaHEHUS
HMITYJIbCa U SHEPTUH.

[Ipu B-pacmage BeIAENSIETCS SHEPTHS:

AE =c2(M, — (M, +m,)) (59)

rae M, M, —Macchl HCXO/IHOTO 1 00Pa3yIoWIErocs Py Pacmaje suep;
M, — Macca B-4acTuupL.

Juia pacy€ToB B TOCTENHEM COOTHOIIEHHH yMOOHO HMCIONB30-
BaTh MacChl aTOMOB, a He sifiep. BriaenuBiasicss SHEPTHs B 3TOM CITydae
OTIpEeIESACTCS] COOTHOILICHUEM:

AE =c*(M, —M, ). (60)

3ameTnM, YTO Macca 3 —4acTHIbl (3JEKTPOHA) B 3TOM Cllydae
aBTOMATHYECKH YYUTHIBAETCA B M, T.K. 4HMCIO IEKTPOHOB B 9TOM aTo-

M€ Ha OJMH 60.HI>HIC Y€M B HCXOJHOM.
Bo3spact ropHoii mopoJisl MOXKeT OBbITh pacCUUTaH 10 GopMyIie:
1 N
t=—/n L +1], (61)
A N

HUCX

rJe A —TOCTOsIHHAS pacrajia MCXOMHOTO PaJHOAKTUBHOTO ANEeMEHTa; Ny
Nyox— COOTBETCTBEHHO YHCJIO SIACP IONTOXKHMBYIIETO PaJHOaKTHBHOIO 3JIe-
MEHTa B aHUIM3UPYEMOM 00pa3Lie TOPHOM MOPOIbI U YHCIIO SIAEp CTaOHIbHO-
T'0 KOHEYHOTO 3JIEMEHTA, HAKOITMBIIIETOCsI B 3TOM 00pasiie TOPHOM MOPOJIBI K
MOMEHTY ONpEEIEHNUsI BO3pacTa.

JnHa npoOera oi-4acTHIl B BEIECTBE:

R,=4-10"" = E¥?, (62)
p

rae R,— mmHa npoOera B CaHTMMETpax; P — IVIOTHOCTh BEILECTBA B r/CMS;
E,— HauanpHas sHeprus o-9actui] B MaB.
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JIrobast pamuoakTUBHAS 3apsDKCHHAsI YaCTHIIA TIPU JIBWDKEHUU B Be-
IIECTBE MOHM3HUPYET aTOMBI U MOJIEKYJIBI, PUYEM Ha CO3JaHUE OIHOI Tapbl
AIIEMEHTAPHBIX 3aPSIOB MOH-AJIEKTPOH B CPETHEM IMPUOIIHKEHHO TPATHUTCS
34 3B sHeprum.

YpoBeHb PaOaKTHBHOCTH MOXKET OBITH OTIPEIENeH JIH00 10 HOHHU-
3aIFIOHHOMY 3(h(eKTy, T.e. TI0 BETMIHWHE DIEKTPUIECKOro 3apsijia, KOTOPHIH
CO3/IaeT PaIOAKTUBHOC U3ITyUYCHNE B ONPECICHHOM Macce BEIIeCTBa, 0O
[0 TIOTJIOIICHHOM SHEPruM B OMNpENeNIeHHOM Macce BemiecTBa. B mepBom
Cllydae BENWYMHA, XapaKTepU3yIollas YPOBEHb PaJMOAaKTHBHOCTH, HA3bIBa-
€TCsI SKCMO3UIIMOHHOM /10301, BO BTOPOM — MOTJIOIIEHHOMN JTO30M.

B cucreme CU epunuiieit 3KCIO3UITMOHHON JIO3BI SBJSIETCST 3UBEPT
[38] (Ki/kr); enyamIIe# ormoreHHon 10361 seistercs ['pei [['p] (JDx/xr).
OueHb 9acTo WCHOJIB3YETCs] BHECHCTEMHAS STMHMUIIA SKCTIO3UIIMOHHOM JT03bI:
Pentren (mo3a peHTreHOBCKOTO WM Y-W3ITy4YeHUsI, COOTBETCTBYIOIIAs 00pa-
30BaHMIO B 1 CM® CYXOro BO3MyXa, HAXO/AIICIOCS TIPH HOPMAIBHBIX YCIOBH-
s1x, 2,08-10° map srexTpon-noH).

5. MPUMEPBI O®OPMJUIEHUSA PELIEHUSA 3AJIAY

Mpumep 1.

CKopocTh cBeTa B anMase coctasisier 1,25-10°m/c. TTox xakum yr-
JIOM JOJDKEH HafaTh JIyd CBETAa U3 ajMa3a Ha IPaHUIly C BO3LYXOM, YTOOBI
MPOUCXOAMWIIO MOJIHOE BHYTPEHHEE oTpaxeHue Jdyda? KakoBa BenuyuHa 1mo-
Kazaress MpeJoMIICHHs anmaza?
Jano
V=125 10%w.
(ckopocTh cBeTa B anMase)
Haiitn
Inpen -7

n-—=? Pemnenue:

INokazarenp mpenomMileHUs ajaMasza TOJMYYdM, UCIIONB3ys (GopMyiry
JUTSl CKOPOCTH CBETA B IPO3PAvHOM BEIIECTBE:



IJIe ¢ — CKOPOCTH CBETa B BakyyMe (C = 3-10° M/c 110 CIIpaBOYHBIM JaHHBIM).
Menee mnoTHOH cpenoil B 3a1aue sBisieTcst Bo3ayx. 1lokazatens npenomie-
HUS BO3ayxa Np=N. bornee 1uoTHOM cpenor sBiserca anMas. [Iokasarens
npenoMieHus 47t Hero N;= 1. BenmnunHa mpenensHOro yriia mojHoro BHYT-
PEHHETO OTPAXKEHUS ONPENEIIAETCS CIAESIYIOIUM COOTHOLICHUEM:
sini_. ==
npen n
[loncrapmnsst 3HaYeHUE MOKa3aTeNs MPENOMIIEHHS B IOCIETHEE CO-
OTHOILICHHE, TTOTy4HM:
sni =Y
mpen
Pt c
[IpoBepka pa3MepHOCTH: TIpaBasi 1 JIeBast YaCTH BBIpayKeHHs Oe3pas-

MepHbI. OKOHYATeNbHBIE POPMYITBI TS pacyeTa MPeeIbHOTO YIIIa TIOTHOTO
BHYTPEHHETO OTPAKEHUSI U IMOKA3ATEIIS IPETIOMIICHUSL:

— Y B
lipey = arcsin — =y
YucneHHbIH pacyeT Mpee’bHOTo yIila OIHOTO BHYTPEHHETO OTpa-
KEHUS:

8
iypey = ArCSin % =arcsin 0,41 =24,5°

ITokazarenn IMPCIIOMJICHUA aJIMa3a:

_3.10°
1,25-10°

Otser: i =245% n=24

npen

Mpumep 2.

Onpenenuts ypoBenb @epmu nipu Temmneparype (227°C), B cobct-
BEHHOM (OeCTIpUMECHOM) TIOTYTIPOBOTHUKE, €CIIM SHEPrusl aKTUBAIWU (IIH-
pHHa 3anpenéHHON 3HepreTieckoi 30H61) AE pasna 0,56 3B. 3a HyneBoit
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YPOBEHb OTCYETA SHEPIHU HICKTPOHOB MPHHSTH YPOBCHB TMOTOJIKA BAJICHT-
HoM 30HBL. DddexTrBHas Macca AbIPoK B 10 pa3 Gosbiie 3¢ GeKTHBHOM Mac-
CBI DIICKTPOHOB.

JaHo: E A
AE =0,565B= 5B
=0,56-1,6:10"=
=0,89-10" Jix ! V4
m 30Ha MPOBOAUMOCTH / AIHO 30HBI POBOZHMO-
P _ ctH
o o 0sel LN L LSS S LS S
T:e 273 15+227 - i Yposens epmu
=500,15°C 0.35p____| Sampemiénmas soma . / TTOTOJIOK BaJIeHTHOM
Ey=0 30HBI
y "
. 0 ) N NI N N N IR AN
Haiiru: \ BanenTHas 3082 \\
Er=? v \

Pemenue:
Yposens Gepmu B COOCTBEHHOM TOTYIIPOBOJHUKE:

m
E. =E, FEN- DS T
2 4 m

e
ITo ycnoBuro Ey = 0, Torna:
1 3 m
Er ==AE+—KkT/n —£
2 4 m,
IIposepka pasmepHOCTH:

[,H)K]=I[>K+Z[—IZKK=Z[)K+,H)K=H)K

Pa3mepHOCTh TIpaBOii M JICBOW YacTeil OKOHYATETBHOH (OPMYIIBI
COBIIAJAIOT.
YucneHHbId pacyér:

20



Eq = %0,89 107 + %1,38 -107%%.500,15- /n(10)= 0,57 -10*° JIx = 0,3565B

Ortgert: ypoens @epmu 0,356 3B.

Hcnone3oBanHas nureparypa:
1. Casenves U. .B. Kypc obuielt pusukn.-M.: Hayka, -2009.- T. 2, 3.
2.  Enuganos I'. U., Moma IO. A. TeepnotenbHas JIeKTPOHUKA. - M.
Bricmas mkoia, 1986.

6. 3BAJJAUU

BAPUAHT Ne 1

1. KakoBa nomkHa OBITh MUHHMajbHas TOJIIMHA MBUIBHON
IUIEHKH, €CJIU IpU HAOJII0AEHUH €€ B OTPAKCHHOM CBETE IPH yIJIE Maje-
Hus 30 TpaxycoB OHA MpeAcTaBiIAeTCs 3eJIeHoi (mmHa BomHBL 550 HM)?
[Toxazarens mpenoMieHus! MbUIbHOM IeHkH 1,33.

2. Haiitn paguyc KpUBH3HBI JIMH3BI, €CJIM NPH HAOJIOICHUH KOJIEL
HeroToHa, paccTosiHEe MEXIy BTOPHIM U TPETBMM CBETJIBIMH KOJbLIAMHU B
OTpa’keHHOM cBeTe paBHO (0,5 MM, OCBelleHHE ITPOU3BOIUTCSI CBETOM C JUTH-
HOM BOJHBI 550 HM.

3. B mHTepdhepomerpe JKameHa Ha myTH HHTEP(EPUPYIOMINX JTyqei
TIOMEIIICHBI JIBE OJIMHAKOBBIC TPYOKH, 3aKPBIThIC MPO3PavYHbIMU TIACTUHKAMHU.
OpHa 3amosIHeHa BO3TyXOM MY HOPMAIBHBIX YCJIOBUSIX, @ U3 JIPYTOM OH BBIKa-
yaH. Halimire mokazarens mpesioMiIeHHs BO3MyXa, eClH UTMHA TPYOOK 5 cM U
NP BBIKAUMBAHWK BO3/yXa MHTEpQEpEeHIMOHHAs KapTHHa cMecTiiach Ha 20
nonoc. st HaONroIeHust UCTIONBE30BaH MOHOXPOMATHUUYECKUN CBET C JUTMHOW
BoHEL A = 0,73 MKM.

4. OrpenenuTh [UTMHY BOJHBI CIIEKTPAJIFHON JIMHUH B CHEKTpPE 3-TO
Nopsi/IKa TUPPAKIUOHHOHN PEIIETKH, €CJI OHA COBMAAACT C JIMHKEH C ITMHON
BOJHBI 481 HM B crieKTpe 4 mops/Ka 3TN PEIEeTKH.

5. Onpenenuts HaUMEHBILEE PACCTOSHUE MEXTY ABYMsI TOUKaMH
00pa3iia TOpHOH MOPOIBL, HAOMIOAAEMOTO B MUKPOCKOIL. YTOJ, 0] KOTOPBIM
JyYd U3 PacCMaTpHBACMOro y4acTka oOpasiia MoMaiafoT Ha Kpast 00beKTHBA
MHKPOCKOTIa, paBeH 7t/2 (amepTypHblit yroi). OcBenieHne cpe3a MpOr3BOIHT-
cs 3enéupM cBetoM (A = 550 um). Kak M3MeHHTCS BEIMYMHA HAUMEHBILIETO
pacCTOSIHUS, €CK MPOCTPAHCTBO MEXKYy PaccMaTpUBaeMbIM INPEAMETOM U
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OOBEKTUBOM 3aIlOJIHUTh MMMEPCHOHHOM XHMAKOCTBIO C TIOKazaTesieM Ipe-
Jomienus 1,5.

6. [Tydok cBeTa majgaeT HOPMATLHO Ha IUIACTHHY KBaplia, BhIPE3aH-
HYIO TapajuIeIbHO ONTHYecKOoi ocu. OmpenenuTh pa3HOCTh X043 OOBIKHO-
BEHHOTO ¥ HEOOBIKHOBEHHOTO JTy4Yel, MPOIIE/IINX Yepe3 IIACTUHKY TOIIIIH-
Hort 0,4 MM, eclii WX TIOKa3aTelnyd TPEJOMIICHHS PaBHBI COOTBETCTBEHHO
1,54426 u 1,55337.

7. Onpesenmith B JKOYISIX M BJEKTPOH-BOJIBTaX pabOTy BbIXOIA
SNIEKTPOHA 3 TE3Us U cepeldpa, ecr P OOMyIeHHH SIIEKTPOMAarHUTHEIMU
BOJIHAMH C mHAMH BOJH 660 HM m 260 HM COOTBETCTBEHHO, DJICKTPOHBI
MOKUJIAIOT 3TH METAIIbI IPAKTUYECKHU C HYJIEBOM CKOPOCTHIO.

8. [ToTok 3HEpryy, U3My4acMblii U3 CMOTPOBOTO OKOIIIKA IIIABHIIb-
HOH mieun, paeH 34 Bt. Onpenenuts TemMriepaTrypy Iedd, el IIOoMaab OT-
BepcTHs paBHA 8 cM’. CMOTPOBOE OKOIIKO TeUH M3TydaeT KaK upHOE TeJo.

9. VnenpHast mpoBOAUMOCTH OECIIPUMECHOTO MOTYIIPOBOIHUKA PaB-
Ha 112 (Om-m) 1 OnpenenuTh MOJBMKHOCTD JBIPOK U UX KOHIIEHTPALIUIO,
eciu moctosiHHas Xomma Ry = 3,66-10 “M¥/Kot. TIpuHsTh, 9TO HOTYIPOBOJ-
HHK 00J1a/1a€T TOJIBKO ABIPOYHON ITPOBOMMOCTBIO.

10. OnpenenuTs KOHIIEHTPAIHEO N CBOOOTHBIX 3JIEKTPOHOB B METa-
ne nipu Temneparype T = 0 K. Dnepruto @epmu npuHATH paBHO# 4 3B.

11. CkoJbKO aTOMOB pajiisl pachajieTcs 3a MUHYTY B 1 T npenapara
panus? Ilepuon nmonypacnajga pagus T y = 1660 net, aromHast Macca 226.

12. Onpenenuth 3HEPTHIO CBSI3M HYKJIOHOB B SIPE W30TOINA TEIUS
‘Z'He. Macca weitrpona 1,008665 a.e.m.; macca mporona 1,007825 a.e.m.;

Macca o-gactanpl 4,00149 a.e.m.

13. BeraucianTh SHEPIUIO (-4aCTHLBI, HCIIyCKaeMOI H30TOIIOM ypa-

Ha 232 U, ecim mpemapar ypana aktuHOCThIO 0,02 Ku, moMemieHHbIi B Ka-

JIOPUMETP, BBI3BIBACT MOBBIIICHHE TeMrepaTypsl Ha 0,46 °C B yac. Teruioem-
KOCTh KajiopuMeTpa 1 kas/rpa.
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14. OnpenenuTh MOCTOSIHHYIO pacmaja, MepuoJ| moxypacnanga u
CpeliHee BpeMs JKU3HM HEKOTOPOTO BEIECTBA, €CJIM W3BECTHO, YTO 32
CYTKH WHTCHCHBHOCTH HCITyCKaeMOTO MM Y-H3JIyuYeHUs] YMEHBIINUIACh HA
30%. IlponykT pacniaza He paiHOAKTHBEH.

15. B HEKOTOphIX TOPHEBBIX pyAax 2géTh COZICPYKUTCSI  TIPUMECH

TOJILKO OJHOT'0 M30TOIIA CBHMHIIA 2528 Pb . Ipeamnonaras, 4ro BeCh CBUHELL 00-

pasoBaiics B pe3yJbTare pacnana TOpHsl, ONpeNeTIUTh BO3PACT TOPUEBOU Py-
JbI, €CITM Ha KKABIA TpaMM TOPHUS, COAEPXKAIIErocs B pyAe, NPUXOJUTCS
0,022 r cBunra. [Teproxn monypacrazna Topust coctasisier 1,99-10%er.

16. Ha xakyro T1yOMHY B TUIACTHHKY ATIOMHHHSI TPOHHKAET Ol -
yacTuiia uMeroras suepruto 6,2 MsB? [InotHocTs amomunust 2,7 /e,

BAPUAHT Ne 2

1. Vron npenomieHus Jyda >KUAKOCTBIO MPU TIaJICHUM U3 BO3IyXa
Ha TPaHUILY pa3/ielia paBeH 36°. OnpeenuTh MoKa3aTelb PEIOMICHHS STOM
XKHUIKOCTH, €CIU OTPa’KCHHBIN OT €€ MOBEPXHOCTH JIyY HOJHOCTHIO MOJISAPU-
30BaH.

2. Ha TOHKWI CTEKJISTHHBINA KJIMH T3JaeT 10 HOPMAJTd MOHOXpPOMa-
THYecKuit cBet. [IpenoMisiommii yron kiiHa papen 2 . [TokasaTens mpenoM-
JieHus cTekina paBeH 1,55. OnpenenuTs UIMHY BOJIHBL, €CIIA PACCTOSIHUE Me-
XKy COCEIHHMH CBETJIbIMH HHTEPPEPEHLUHOHHBIMU IIOJIOCAMH, PAaBHO
0,3 MMm.

3. 1Ipu zamonHeHNHM HAXOIAIICHCS HA IYTH ONHOTO M3 HHTEephepu-
pyrormx Jydeil B uHTepdepomeTpe XKameHa mycToil TpyOKH IIMHON 5 CM KH-
cioponioM (N = 1,000272) npoucxoaut cMeleHre HHTepdepeHIIMOHHBIX MOJIOC.
Kakyto TtommHy [0IDKEH WMETh KOMIICHCUPYIONIUN CTCKIISIHHBIM —KITMH
(ne:=1,5) Ha myTH BTOPOTO Jiy4a, YTOOBI BOCCTAHOBUJIACH TIEPBOHAYAILHAS Kap-
THHA?

4. TocrosiHHast TU(PaKIMOHHON PEIIETKH B 5 pa3 OoJblIe JJTMHBI
CBETOBOM BOJIHBI MOHOXPOMATHYECKOTO CBETA, MA/IAl0IIEr0 HOPMaILHO Ha ee
MOBEPXHOCTh. ONpeaenuTh Yroin MeXx1y ABYMsI EPBbIMU JU()PAKINOHHBIMU
MakcumMyMamu. CKOJIBKO MaKCHMYMOB HaOMIO1aeTcs B ClieKTpe?

5. JIBe 3Be311bl PacCMaTPUBAIOTCS B 3PUTENBHYIO TPYOy. YTOn Mex-
Ny JIydaMH, UIYIIIMH OT 3BE3/ K MecTy HaOmo/ieHus — o.. Habmonenue Be-
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nETcsl depe3 CBETOQMIBTP TPOIYCKAONMIMKA CBET C JUIMHOM BOJHBI
A =550 aM. OmpenenuTh IpH KaKOM MUHHMAJIBHOM YIJIe O 3BE3BI MOXKHO
Oyner HaOMIOAATh B 3PUTEINBHYIO TPYOY pPa3AeNbHO, €CIU TUaMETp OOBEKTH-
Ba 3pUTENHLHOM TPYyOBI 70 MM.

6. EcTecTBeHHBIIi CBET MafaeT HA CUCTEMY JIBYX CKpEIIEHHBIX HUKO-
Jiel, MEeXIy KOTOPBIMH PAcCIONIOXKEeHa KBaplieBas IUIACTWHKA, BbIpE3aHHAs
HNEPIEHIUKYISIPHO ONTUYECKOW ocu. HallTh MUHMMAaIbHYIO TOJIUMHY IJ1a-
CTUHKH, IIPU KOTOPOH cuctema mpoiryckaer 0,3 CBETOBOTO MOTOKA, €CIIH I10-
CTOSIHHAsI BpaleHus1 kBapua 17 rpag/mm.

7. Mydensras nieds otpedisier MoutHocTh P = 1 kBt. Temmepary-
pa T ee BHYTPEHHEH MOBEPXHOCTH MPH OTKPHITOM OTBEPCTHH ILIOLIAIBIO
25 cM® pasua 1,2 kK. CunTasi, 4T0 OTBEpCTHE TIeUM H3/TydYaeT KaK YepHOE Te-
JI0, ONPEZICITUT, KaKasl 4acTh €€ MOIIIHOCTH PacCEMBACTCS CTEHKAMIL.

8. Haiitn mmHy BonHBI Jie Bpoiins mpoToHa, MpOIMIeNiero ycko-
psIfoLIyI0 pasHocTh noTeHuuanos: 1) 1 kB; 2) 1 MB.

9. Onpenenuth MWMPHHY 3alpeliéHHON 30HBI cOOCTBEHHOro (Oec-
MPUMECHOT0) TIOTYNIPOBOJHUKA, €Cli Mpu Temmepatype 7;= 25°C comnpo-
tusnerue 5000 Owm, a ipu 7, = 80°C ero conpoTusnenue Bcero 700 Om.

10. OnpenenuTh KOHIICHTPAIHIO N CBOOOIHBIX 3JICKTPOHOB B META-
nie ipu Temneparype T = 0 K. Drepruto @epmu nmpuHsTH paBHOH 1 3B.

11. Kakoe KOMMYEeCTBO PaMOAKTHBHOIO 3JIEMEHTa OCTAaHETCS He
pacmnaBmMcs 1o ucteueHuu 2, 5, 10 nepuogos nomypacnana?

12. Tleprox momypacmana pamust “°Ra cocrapimsier 1660 ner. Ber-
YUCIIUTh CPEIHIO MPOAODKUTEIBHOCTh KM3HH AaTOMOB Paiusl U BEPOST-
HOCTB JJIsl OTHOTO aTOMa PacracThesl B TeueHue 1 roza.

13. OnpenennuTh 3HEPTUIO CBS3M HYKJIOHOB B SIpe W30TOMa Oopa

lg B. Macca nefitpona 1,008665 a.e.m.; macca iporona 1,007825 a.e.m.; mac-

cy simpa Oopa OmpeenTh MO CIIPAaBOYHBIM JTAHHBIM.
14. BelUuCIUTh DHEPTUIO O-YaCTHIIBI, UCITyCKAeMOW HM30TOIIOM pa-

Jst Zgg Ra, ecnu npenapar panust aktuBHocThio 0,02 Ku, momerneHHsIii B
KaJIOPMMETP, BbI3BIBACT MOBbIIIeHHE Temiepatypsl Ha 0,49 °C B yac. Terwio-

emKocTh Kanopumerpa 1 ka/°C .
15. AHaim3 M30TOIHOTO COCTaBa CBHMHIIA HEKOTOPOW TOPHOW IOpO-

JIBI TTOKa3aj, uyTo Ha Kaxkaple 10,2 T u3oToma ypana 232 U, conmepxarerocst B
niopone, npuxoxutcs 0,8 T pagroreHHOro (T.e. 0Opa3oBaBIIErocs 3a CYET
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pacmiaja ypaHa) W30TOIa CBMHIIA Zgg Pb. Onpenemuts Bo3pacT 3ToH TOpHON

nopogpl. Ilepuon nomypacnaga 232 U cocrapser 4,5-10° ner.

16. Ha xakyro DIyOMHYy B MEJHYIO IUIACTHHKY TMPOHHKACT O
yacThia, uMmeromias sHepruro 4,2 MaB? [lnotHocTe Memu cocTaBiseT
8,9 r/eM’,

BAPUAHT Ne 3

1. JIyd cBera, uaymmid B CTEKJISIHHOM COCYJeE, HallOJHEHHOM
CEpPHOU KUCIIOTOM, OTPa)KaeTcsl OT NOBEPXHOCTH cTekna. [Ipu kakom yrie
MajeHus] OTPaKEHHBIA CBET MakCHUMaibHO monsipu3oBaH? Ilokazartens
npenoMieHust KUcnoThl 1,43; mokaszaTens npenomieHus crexia 1,52.

2. Onpeienute NPETIOMITTIONINN YTON CTEKISIHHOTO KJIMHA, €T Ha
HEro 10 HOpPMAlM TafaeT MOHOXPOMATUYECKHH CBET C JJTMHON BOJHBI
522 HM, ¥ YHCIIO CBETJIBIX MHTEP(PEPEHIIMOHHBIX TIOJIOC, MPUXOJSIIEecs Ha
1cMm, paBao nBym. Ilokaszarenp mpenoMiIeHHS CTEKa KIIFHA IS JTAHHON
JUIMHBI BOJIHBI paBeH 1,49.

3. Ha nytu omHoro w3 myuelt untepdepomerpa JKameHa moMecTuu
TpyOKy uHOH 12 cM, U3 KOTOpOii BbIKauaH Bo3ayX. [Ipu 3amonHenny TpyoKu
XJIOpOM FHTep(EpEHIIMOHHAS KapTHHA cMecTrvIachk Ha 154 momock!. [lymHa Boi-
HBI MOHOXPOMAaTHYECKOro cBeTa B 3ToM onbite 600 HM. Haiitu nokasarens npe-
JiomiteHus xyopa. Kakoit TommumHel KBapleBYIO IUIACTUHKY C MOKa3aTesieM IIpe-
JIOMITeHUS N, = 1,54 HeoOX0MO BBECTH Ha TYTH BTOPOTO JTy4a, YTOOBI paz-
HOCTb XOJIa JTy4eld CHOBA CTaJla paBHOM HyJr0?

4. JlnpakiimoHHas pelieTka, OCBEIICHHAS 10 HOPMAJIH T1aIAF0IIUM
MOHOXPOMAaTHYECKHM CBETOM, BBI3BIBACT OTKIOHCHHE HEKOTOPOH CIIeK-
TpasibHOW JHUK HA yron 30° B TperbeM mopsiake maudpakiuu. [log kakum
yriioM audpakiuy OymeT HaOIoAaThCs OTa CIIeKTpaibHAs JIMHAS B YEeTBEP-
TOM TTOPSIKE AUPPAKITAN?

5. Halitn nuHelHbId KO3(QUIMEHT TMOTJIOMIEHHsT CBETa, €CI TpH
MIPOXOXKJICHUH KIOBETHI UTMHOW 3 CM MHTEHCHBHOCTH CBETa OCJa0IseTcs B
4,8 paza.

6. KakoB yrom MexIy IJIaBHBIMU IUIOCKOCTSMH TOJSIpH3aTOpa M
AHAIIN3aTopa, €CIIM CBETOBOM MOTOK, BBIXO/ISIIMN U3 aHAITM3aTOPa, COCTABIIS-
eT 50% OT CBETOBOT'0 MOTOKA, MIPOIIIEAIIETO Yepe3 MoJIsIpru3aTop?
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7. OnpenenuTh yroil paccessHus Y-KBaHTa TPU CTOJIKHOBEHUH CO
CBOOOJIHBIM HETIOIBYKHBIM 3JICKTPOHOM, €CJIM U3MEHEHUE JUTUHBI BOJTHBI
IIpH paccesHuu cocTaBisieT 2,1 mM.

8. Halimute JMHBI BOJNH, M3TyYaeMbIX JABYKPATHBIM HOHOM JIUTHSI
7Li™" mpu mepexoax ¢ SHEPreTHUECKUX YPOBHei, /Il KOTOPHIX TJIaBHBIE
KBaHTOBBIC umcna 4, 5, 6 Ha ypoBeHb, I/Ie TIIAaBHOE KBAHTOBOE YHCIIO 3.

9. VnenpHast mpoBOAUMOCT OECIIPUMECHOTO MOTYIIPOBOJHUKA PaB-
Ha 89,3 (Om:M) . OnpeneuTh MOBIKHOCTD JBIPOK H HX KOHICHTPAIIHIO,
eciu moctosiHHas Xomma Ry = 3,89-10 “m¥/Kot. TTpumsits, 9T0 HOTYIPOBO-
HHK 00J1a/1a€T TOJIBKO ABIPOYHON ITPOBOUMOCTBIO.

10. Borunciute, kKakasi 4acTh 3JIEKTPOHOB IMPOBOJIMMOCTH B METaJlie
npu T =~ 0 K MMeeT KHHETHYECKYTO SHEPTHIO, Ooubiiyto Ef/2.

11. CkoJIBKO aTOMOB pacmazercs 3a rof B 1 T ypana 22U? (Ileprox
nonypacmaza >°U cocrasmser 4,5-10° ner.)

12. Tlepron momypacrana pagust “°Ra cocrasimsier 1660 ner. Bbi-
YHCITUTh CPEIHIOI MPOJODKUTEIFHOCTh KH3HH ATOMOB DAl U BEPOSIT-
HOCTB JJIsl OTHOTO aTOMa PacracThesl B TeueHue 1 roza.

13. BBIUUCIIUTG DHEPIUIO CBA3M MPOTOHOB M HEUTPOHOB YIS SIICP

H30TONOB KUCIIOPOJa 120, 1;0 . BBIUMCIIUTE TaKke yJIeNIbHYIO SJHEPIHIO CBS-
3M, T.€. PHEPTHIO B PacueTe Ha OIMH HYKJIOH (TIPOTOH HMJIM HEHTPOH) IS STHX
XKe szgep. Macchl siiep yKa3aHHBIX M30TOINOB COOTBETCTBEHHO PaBHBI
15,995 a.e.m.; 16,999 a.e.m..

14. DHeprus a-yacTULBI IPH O-pacliaje aapa Zgg Ra cocraBiser
4,78 MaB. Kakyro 3HEpPTrui0 M CKOPOCTH MPHOOpETacT B pe3yJbTare
pacnana nodepHee siapo? HanucaTs peakiuro pacmnana.

15. SAnapo nzotona pyouams g?Rb MpeBpaIacTca B AP0 CTPOHIWA
3a cuer B-pacmana. AHaIM3 COCTaBa HEKOTOPOM TOPHOW MOPOIBI MOKa3all,
410 Ha Kaxpie 114,2 T 3TOro n3oTomna pyouus, COASPKAIIErocs B MOPOJIE,
npuxoautcst 0,2 T pagnOreHHoro, T.€. 00pa30BaBLIErocs 3a CYET pacmana
pyOunus, mzortona cTpoHiwms. OnpeneanTh BO3pacT 3TOH TOPHOW MOPOIBI.
Iepuon nonypacnana pyouaus coctapisier 6-10™ ner. Hammcats peakipo
pacraza.
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16.Ha kakylo Tm1yOMHYy B 30JI0TYIO IUIACTUHKY IIPOHHKAET

o-yactuila, uMmeromas sHepruto 4,2 MaB? IInotHOCTh 30710Ta COCTaBISIET
3
19,3 r/em’.

BAPUAHT Ne 4

1. Cer mporren 20 cMm B cepoyriepoae. Kakoit myts mpoiiner cBer
3a To e Bpems B Boze? llokazaTenb mpernomieHHs cepoyriepola paBeH
1,63; Boawr 1,33.

2. Mexty CTEKJITHHOW IUIACTUHOW M JIS)KAIed Ha HEeW TUIOCKOBBI-
IMYKJIOW JIMH30M HaXOAWTCs KUAKOCTh. HaliTh mokaszarenp IMpenoMIICHUS
XKHUIKOCTH, €CIM PAiyc BOCBMOI0 TEMHOTO Kosiblia HberoToHa mpu HaGimo-
JICHUM B OTPAKEHHOM CBETe C JIMHOW BonHBI 0,7 MKM paBeH 2 MM. Panuyc
KPHBH3HBI JIUH3bI | M.

3. Ha cKoBKO M3MEHHTCS! ONITHYECKasi pa3sHOCTh XO/1a, €CITH J1Ba TO-
YEYHBIX KOTEPEHTHBIX MCTOYHHKA CBETA, HAXOAAIIMXCS B BO3IyXe Ha pac-
CTOSIHUM 1,5 cM JIpyT OT Jipyra, IOMECTUTH B CEPOYIIIEpO] (TTOKa3aTeNnb mpe-
nomiteHnst 1,63)? 3agady permmTh A1 TOUKH, JIeKalei Ha paccTostaun 30 cM
OT OJIHOTO M3 HMCTOYHMKOB IO HAIpaBJICHUIO MEPHEHAMKYISIpa K MpAMOil,
COEIMHSAIOIIECH HCTOYHUKY.

4. Onpenenuts JUIMHY BOJHBI MOHOXPOMATHYECKOTO CBETa, MaJaro-
IIET0 HOPMATFHO Ha AU(PAKIIMOHHYIO PEIIeTKY C IePHOaoM 2,2 MKM, CITH
YTOJI MEXTy MAKCUMYMAMH TIEPBOTO M BTOPOTO MOpsi/ika paBeH 15°.

5. OueHnTh, KaKue MUHUMAIBHBIC [0 pa3MepaM JeTalll MpeaMeTa
MOKHO PA3JIMYUTh B MUKPOCKOIIE, €CIIU JUISl OCBEILICHUSI NCTIONb3YETCs 3e1e-
el cBeT (A =550 HM)? DokycHOe paccTosiHHE OOBEKTHBA MHKPOCKOIIA
2,5 MM, rametp 3 mm. (IIpeamver pacmonoskeH mpUMepHO Ha (POKYCHOM pac-
CTOSIHUM OT OOBEKTHBA).

6. PacTBOp TJIFOKO3BI C KOHIIGHTpAITUEH 2,8-10? kr/M°, HaUTHI B
CTEKJIIHHYIO TPYOKY, TOBOpaYMBaET IJIOCKOCTh MOJISIPU3ALMK CBETa, IPOXO-
JIILIETO 4epe3 pacTBOp, Ha yroi 64°. Hpyroii pacTBOp, HAIUTHIIA B 3Ty XK€
TpyOKY, TIOBOPaYMBAET TUIOCKOCTH TIONISIPU3AINHA HA yTOJ 48°. Haiiti KoH-
LIEHTPAIIUIO BTOPOTO pacTBOpA.

7. Kakasi MOILIIHOCTb COJIHEYHOTO M3JIy4eHUs! MOMaAaeT Ha KBaJpat-
HBII1 METp 3eMHOM MOBEPXHOCTH BOJIM3M 3KBaTOpa, Koraa CoHLe HaXOauTcs
B 3eHuTe? [loBepxHOCTH CONHITA M3TYYaeT KaK YePHOE TEJ0, UMEIOITEe TEM-
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neparypy 5500 K. Paguyc Commra 6,96-10% M. PaccrosHie or 3emimm 10
Connna 1,49-10° xm.

8. B pesynbTate ympyroro CTOJKHOBEHUS Y-KBaHTa CO CBOOOIHBIM
HETO/IBIKHBIM 3JICKTPOHOM Y-KBaHT ObLT paccesiH Ha yron 30° K mepBoHa-
YaJbHOMY HANpaBJICHUIO JBWKCHHS. OHEPrusi PACCeSHHOTO Y-KBaHTA
1,5 M»B. Haiitu HauanbHY 0 SHEPTUIO Y-KBAHTA.

9. VienbHas IPOBOAMMOCTE TOMYTPOBOHNKA paBHa 212 (Om-m) ™.
Onpenenuth NMOABWKHOCTh JBIPOK M UX KOHIICHTPAIMIO, €CIIM MOCTOSHHAS
Xomrma Ry=5,66-10 MK [TpuHATE, 9TO MOMYIPOBOJIHUK OOIAIACT TOJb-
KO JIBIPOYHOM MTPOBOAUMOCTBIO.

10. KonrieHTparys CBOOOIHBIX 3JIEKTPOHOB B METAJUIC MPH TEMIIC-
parype T=0K pasna n=1,7-10% cm®. Onpenenuts suepruio yposust dep-
M.

11. OnpenenuTsh 3HEPTUIO CBSI3U HYKJIIOHOB B SIIPE TSXKEIIOTO U30TO-

ma BOIOpOJA le Macca weittpona 1,008665 a.em.; macca mnpoToHa

1,007825 a.e.m.; mMaccy simpa TSDKEIOTO HM30TOIA BOJOPOJA OMPEACTUTH TI0
CIIPaBOYHBIM JTAHHBIM.

12. CkobKO aToMOB pacrazercs 3a rox B 0,1  ypana “°U? (Ieprox
nomypacrana “°U cocrasmsier 4,5-10° ner)

13. 3MepeHne MoKa3aio, 4TO HEKOTOpOe KOJHYECTBO pajoHa

25(25 RN (paioH OfMH U3 MHEPTHBIX Ta30B) gaeT 10° o-pacmamoB B CexyHAy.

32 y
Ilepuon nomypacnana ;s Rn cocraenser 3,8 cyrok. Haiitu 00bem, 3aHuMae-

MBIHN pagoHOM IIpHU HOPMAJIBHBIX YCJIIOBUAX, U BBIICHUTHL AKTUBHOCTL paloHa
Yepe3 MeCII MOCIIe TIEPBOro H3MEpPEHYS.

14. OnpenenuTh MOCTOSIHHYIO paciiaja, MepHo| mojypacnana u
CpeaHee BpeMs JKHU3HH HEKOTOPOTO BEIECTBA, €CIIM W3BECTHO, YTO 3a
IIATh CYTOK HUHTCHCUBHOCTbH HCITyCKacMOoro UM Y-U3JIy4CHUSA
ymenbimiack Ha 40%. [IpoaykT pacnaaa He paJuoaKTHBEH.

15. AHanw3 M30TOITHOTO COCTaBa CBUHIIA, COJEPIKAIIETOCS B TOPHOM

TIOpOJIe, TIOKA3all, 4To Ha Kakaple 22,4 T M30Tona ypaHa “esU HpHXOauTCs

1,17 r paguorenHoro (T.e. 00pa30BaBIIEroCs 3a CUET pacmajga ypaHa) H30To-

I1a CBUHIIA 2gg Pb . Onpenemurs Bo3pact 31oit ropHoii nopossl. [leprox mo-

mypacnana 53U cocrasmser 4,5-10° rer.
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16.Ha xakyo TyOMHY B IUIACTMHKY AQTIOMHHHS IIPOHUKAET
o-yacTuiia, umerornas suepruto 4,2 MsB? [TnotHocts amomunus 2,7 r/eM’.

BAPHAHT Ne 5

1. Ha MBUTBHBIN My3BIph € TONMMIMHOM cTeHOK 0,15 MKM mapasiiens-
HBIM ITy4YKOM MaJaeT CBET OT JIaMIbl HakanuBaHusl. ONpeaeNuTh, KaKas 1Id-
Ha BOJHBI cBeTa OyneT 3P(EeKTHBHO OTpaXKaThCSd OT CTEHOK ITy3BIPS, €CIIH
HaOMmoJIeHNe BEAETCS TIO/ YTIIOM 45° x ero noBepxHocTU. Ilokazarens mpe-
JIOMJICHHSI MBUTBHOH TEHKH paBeH 1,33. ToNmuHy CTEHOK MMy3bIpsi CUUTATh
OJIMHAKOBOU.

2. OnpenenTh pajiiyc 4eTBEPTOro TEMHOro Konbia HeloToHa B OT-
paXEeHHOM CBETe, €CJIM MEXIy JIMH30M U IIACTUHOW HalMTa Boja (I0Ka3a-
Tens npenomiiernst 1,33). [lnunaa BonHBI paBHa 589 HM. Pagmyc KpuBH3HBEI
JIUH3HI 2 MeTpa.

3. B maTepdhepomerpe JKameHa Ha mytr MHTEP(EPUPYIOIINX JTyJei
TIOMEIIICHBI JIBS OJIMHAKOBBIC TPYOKHU ¢ BozmyxoM (Ny= 1,000252). [Tpu 3amere
OITHOM M3 HUX TaKOH ke TPyOKoit ¢ xiopom (N, = 1,000773), naTepdepeHmon-
Hasl KapThHa cMecTiwiachk Ha 190 mosnoc. Jmmna tpyoku 20 cM. Hadfimure nymmy
BOJIHBI MOHOXPOMATHYECKOTO HCTOYHHKA.

4. CKOJNBKO MTPHUXOB Ha 1 MM CONEpKUT MU(PPAKIIMOHHAS PEIIeTKa,
€CIIH TIPH HAOITIOICHUH B MOHOXPOMATHYECKOM cBeTe (AmHa BOJHbI 600 HM)
MaKCHMyM IIITOTO TIOPsiKa HaGmoxaeTcst mox yriom 18%2

5. B 3purensHyro TpyOy paccMaTpuBaeTCs JyHHAsh MOBEPXHOCTB.
Huametp oobektrBa TpyOsl d = 4,0 cM. TIpr KakOM MHHHMATLHOM PaccTOs-
HHUY MEXIY AByMS KpaTepamMu X MOJKHO YBUJIIETh pazzensHo? J{minHa cBeto-
BOii BOJIHBI A = 600 HM.

6. Bo ckombko pa3 ocmabeBaeT eCTeCTBEHHBIN (HEMOMSIPHU30BAHHBIN)
CBET, MPOXOJs CKBO3b J[Ba HHUKOJIS, INIOCKOCTH TMOJAPU3ALMU KOTOPBIX CO-
craBisioT yron 45%? TTotepy B KaXI0M HUKONE COCTABISIOT 5%.

7. DNEKTPOH ABWKETCS TI0 OKPYXHOCTH paauycoM I =0,5 cMm B ox-
HOPOJHOM MarHWTHOM Tioyie ¢ mHayknuen B =8 mTn. Onpenenurs UHY
BOJIHBI Jie Bpoist 17151 3TOro 3JeKTpoHa.

8. Yactuma, nmeromas mMaccy 9,1-10°" kr, nBimkercs Mexy ynpyro
OTPAXKAIOIIMMHU €€ TapajuleIbHBIMU CTEHKaMHu. JIBWKEHHE MPOUCXOAUT
TOJIKO TEPHEHIUKYIIPHO CTEHKaM, pPAacCTOSHHE MEXAYy KOTOPBIMU
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1,84 - 10 ° M. OnpeneiuTs BO3MOXKHBIC 3HAYCHHSI DHEPIHH JTOH YaCTHIIBI
JUTS TIEPBBIX TIATH SHEPTETUIECKUX YPOBHEH.

9. HaiiTh MUHMMAJIBHYIO 3HEPTHI0 O0pa30BaHUS Mapbl AJICKTPOH-
IpIpKa (IMPUHY 3alperieHHo 30HbI) B OECIPUMECHOM IIOYTIPOBOTHHKE,
MIPOBOIMMOCTH KOTOPOT'O BO3PACTACT B 5 pa3 NMPH YBEIMUCHUU TEMIICPATYPhI
or 77=300 K mo 7,=400 K.

10. Onpenenvth MaKCUMAITBHYIO CKOPOCTh M KOHIICHTPAIIUIO JJIEK-
TpoHoB B Metaiute ipu 7 = 0 K, ecitut yposens @epmu paseH 3,5 3B.

11. OnpenenuTh SHEPTUIO CBSI3M HYKIIOHOB B SIPE CBEPXTSHKEIIONO

n30TOMa BoaoponaiH (Tputmii). Macca Heiitpona 1,008665 a.e.m.; macca

mporoHa 1,007825 a.e.M.; Maccy sipa CBEPXTSDKEIOTO HM30TOIA BOAOPOIIA
OTPEICIUTD IO CTIPABOYHBIM JIAHHBIM.

12. Iepuox momypacnana nzotona docdopa 2P cocrasmier 14,3
nueit. Haifti aktuBHOCTH Ipenapata yepe3 20 AHEH IMociie ero M3roToBle-
HMS, €CJIM HadyajbHast akTUBHOCTE 100 MKw.

13. CKONBKO PaIHOaKTHBHEIX acTwiy, ucmyckaer 1 2°U 3a 1 rox n

YeMy paBHA €ro aKTUBHOCTH? (T y =7,1-10° ner).
2

14. Tlepuon moypacrmaga Ty TOHUS 232 Pu pasen 24100 net. Ompe-

JeNTh, Kakas 20Js (B MPOLIEHTaX) aTOMOB IUIyTOHMS pacnanaercs 3a 10 ner
1 Ha CKOJIBKO YMCHBIIUTCA aKTUBHOCTD IUTYTOHHUSA 3a 1 Tox.

15. UtoOs! ompenemuTs BO3pacT t ipeBHel TKaHH, OblIa Olpe/ielicHa
KOHIICHTPAIIHS B Hell aToMOB pajmoyrieposa “*C. OHa okasanack COOTBETCT-
ByromieH 9,2 pacnagam B MUHYTY Ha OJIMH TpamM yriepoaa. KonmenTparws
“C B KMBBIX PACTEHHSX COOTBETCTBYET 14 pacmazaM B MUHYTY Ha OJIMH
rpamm yrieposa. Iepron momypacnaza “*C pasen 5730 ner. Micxos U3 5THX
JIaHHBIX, OLICHUTH {.

16. CxonbKo CJ0eB TOJIOBUHHOTO OcnallieHust TpedyeTcsi, 4ToObI
YMEHBIINTh MHTEHCUBHOCTH | y3K0TO0 mMy4Ka y-m3my4eHus B 100 paz?

BAPUAHT Ne 6

1. B cocraB mMunepana (1abpasopura) BXOAUT aHOPTHT C TIOKa3aTe-
nieM nipeniomiierns 1,59 u anpOuT ¢ mokasateneM npenomiieHus 1,53, AnpouT
W aHOPTHT B JlabpasopuTe 00pa3yroT TOHKUE YepeTyIOIIHEcs CIIOH, YTO MPH-
BOJIUT K MHTEP(EPEHIIMOHHOMY YCHIICHHIO OTPaXKEHWUSI ISl HEKOTOPBIX IIBe-
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TOBBIX OTTEHKOB CBETa (SIBJICHWE Has3blBaeTca mpu3auen). OUeHUTh MUHU-
MaJIbHYI0 TOJILMHY CJIOEB, KOTOpbIE MOI'YT BbI3BaThb WPU3ALMIO, €CIH OHA
HabJrotaeTcsl OJ IPSIMBIM YIJIOM K IOBEPXHOCTH 0o0pasua. Liser npuszamun
obpasiia puoserossiii (A = 450 um).

2. Haiigute paccrosHue Mexny 3-M u 16-M TEMHBIMH KOJbLIAMH
Herotona, ecmu paccrosHue Mexay 2-M U 20-M KonblaMu paBHO 4,8 MM.
Habnronenne npoBoauTes B OTpakEHHOM CBETE.

3. [l m3MepeHus TOKas3aTens IpeIOMIICHHSI aMMHaKa B OJTHO TUIEY0
uHTepdhepoMeTpa MaliKeTbCoHa TIOMECTHIH TPYOKY JUTMHOH € = 14 cM, U3 KOTOo-
POif BbIKa4aH BO3MyX. KOHIIBI TPYOKH 3aKpBITHI IUTOCKOMAPAILUIETbHBIMI CTEK-
siavu. [pw 3amomsennn TpyOKky aMMEiakoM MHTephEpEHITMOHHAs KapTHHA CMe-
crinack Ha 180 momoc. Haiimure mokazarens mpeioMicHUsI aMMHaKa, €CId
A =0,59 MKMm.

4. Ha moBepXHOCTh MU(PPAKIIMOHHOW PEMIETKH HOPMAIBHO IaIacT
MOHOXpoMatryeckuii cBeT. [loctosiHHas pemetku B 3,5 pasa OoJblie THHBI
BoJHBL. Kakoe ofmiee 4mcino MakCMMyMOB MOXKHO HaOJIOJaTh B JaHHOM
ciryyae?

5. Bo cKombKO pa3 MOXHO TOBBICHTH Pa3penIatollyi0 CIOCOOHOCTh
MHKpOCKoIa, eciii (hotorpaduposats B ynsrpaduonetoBbix (A= 0,27 Mxm), a
He B 3eneHbIx (A = 0,55 Mkm) mydax?

6. [Tyqok ecTecTBEHHOI'O CBETa IOCIEIOBATENHFHO HNPOXOIUT Yepes3
TPH HUKOJIS, YIIIBI MEXCTy TVIABHBIMH CEUCHHSMHU KOTOPHIX paHbl 60° 1 45°.
Kakas momst mepBoHauaIbHOTO TIOTOKA CBETa BRIMIET U3 3TOM cuctembl? [lo-
TepsIMU TTPEHEOpeUb.

7. Kakasi MOIIHOCTb COJIHEYHOTO M3JIy4eHUs! MOMaAaeT Ha KBaJpat-
HBII CAHTUMETpP 3eMHOM TTOBEPXHOCTH BOMM3M 3KBaTopa, Koraa CorHie Ha-
xogutcst B 3eHute? IloBepxHocTh CoONHLA HM3Ty4aeT KaK YEpHOE TENo,
uMeroliee Temreparypy 5500 K. Pamuyc Conrua 6,96-10% M. Paccrosizue ot
3emmu 0 Comnna 1,49-10° k.

8. Onpenenuts U3MEHEHNE AJIMHBI BOJIHBI FAMMa-KBaHTa IPH KOM-
NITOHOBCKOM PAacCESIHUM: HAa CBOOOIHOM HEIOABIKHOM 3JIEKTPOHE, €CIH
paccesiHrEe pou3onnIo Ha yroa 60°. KakoBa sHeprust pacCessHHOrO y-KBaHTa,
€CITH JIO paccesTHUsI SHepIHs cocTapisiia 3,2 MaB.

9. OnpenreniTh MIMPUHY 3aNpeIlEHHON 30HBI COOCTBEHHOTO MOITY-
MpoBOIHUKA, eciii pu Temreparype 71= 70 °C u 7,= 100 °C ero conpoTus-
JieHre cooTBeTcTBeHHO paBHO R; = 3000 Om u R, = 600 Om.
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10. Konuentpauusi CBOOOAHBIX 3JEKTPOHOB B METALIE TIPH TEMIIE-
parype 7= 0 K pasna n = 2:10% cm™. Onpezenuts SHepruro yposHs DepMu.
11. llepuon momypacmama pamoHa zgé Rn pasen 3,8 cyrok. Ha

CKOJIBKO YMCHBIIIUTCA aKTUBHOCTDL pa/IoHa 3a 1 MUHYTY U 3a 2 CYTOK?

235

238
12. Ieproasl monmypacrnaga u3oronoB ypana ~— U u “°U paBHBI

COOTBETCTBEHHO T y =45110°ner u 1 y =7,13-10° ner. Ompenenuts
2 2

CpenHre BpeMeHa KI3HH U MTOCTOSIHHBIE PACTIA/Ia TUX H30TOIIOB.
13. Onpenenuth 3HEPTHIO CBSI3M HYKJIIOHOB B SIIPE W30TOMA TEIHs

3 He. Macca mefitpona 1,008665 a.e.m.; macca mporona 1,007825 a.e.m.;
Maccy SJipa U30ToIa TeJUS ONPEICITUTD 110 CIIPABOYHBIM JIAHHBIM,

14. Onpenenuth paauyc sjapa yriepoja 1;1 C. Bo ckonpko pas
paauyc siipa U30Toma ypaHa 233 U 6obire pagmyca sapa yraepoaa 5 C ?
15. AHanm3 M30TOIHOTO COCTaBa CBHHIIA HEKOTOPOM TOPHOM ITOpO-
JIBI TTOKA3aJ, 4yTo Ha Kaxkzaple 14,2 T u30Toma ypaHa 233 U, conmepxarrerocst B

nopoze, npuxonurcsi 1,2 T pagroreHHoro (T.e. 0oOpa3oBaBIIErocs 3a CYET

pacrnaza ypaHa) U30TOIa CBUHIIA Zgg Pb. Onpenemts Bo3pact 3TOi ropHOI

niopoasl. [lepron nomypacnana 232 U cocrasiser 4,5-10° ner.

16. CKOIIBKO AIEKTPOH — HOHHBIX Tap CO3MAET O-9acTHIlA 3a CYET
CBOEH MOHM3UPYIOLIEH CIOCOOHOCTH B BO3yX€, €CIIM €€ HayalbHasl SHEPIUsl
4,2 M>B.

BAPHUAHT Ne 7

1. Tlon KakuM MHUHHUMAJIBHBIM YTJIOM HaJI0 OTPa3UTh JIyd OT MOBEPX-
HOCTH KOPYHZA, YTOOBI TOTYyYHUTh TOJHYIO TOJSPH3ALUIO OTPAXKEHHOTO JTy-
qa? Ckopocts ceta B kopyHze 1,7-108m/c. Kakoii aBComoTHBII MOKa3aTeb
MPEJIOMIICHUSI UMEET KOPYHI?

2. Paguyc BTOpOro TeMHOro Kojbiia HeroTOHa B OTPa)KEHHOM CBETE
0,4 Mm. OnpesienuTh paguyc KpUBH3HBI TTIOCKOBBIITYKIION JIMH3BI, €CITU CHUC-
TeMa OCBEIIaIach MOHOXPOMATHUECKIM CBETOM C JUTUHOM BOJTHEI 640 HM.

3. B maxtHoM uHTepdepomerpe mmHa kamepsl 110 mm. C momo-
IO TIOBOPOTHOTO YCTPOWCTBA KXl U3 UHTEP(EPUPYIOIINX JIydei mpo-
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XOJUT Kamepy 1IecTh pa3. [Ipu 3amomHeHrH KaMephl MIaXTHBIM BO3IYXOM
uHTepEpEHIMIOHHAsT KapTHHA cJBUHYNach Ha 18 mosoc. Haiiaure mokasa-
TeJTb MPETOMIIEHHS IIIAXTHOTO BO3AyXa. Ecim nmoka3arens mperoMIIeHHs duc-
Toro Bo3ayxa N, = 1,000292. /Inuna BomHbI cBeTa 590 HM.

4. Ha mudpakmmoHHyI0 pemerky, comepxkamnryro 500 mrTpuxoB Ha
MUJUTAMETp, TafaeT 1mo HopMaind Oenbrii cBeT. CHEeKTp MpOeKTUpyeTcs Mo-
MEIIEHHON BOJM3U PEIICTKY JIMH30M Ha 3KpaH. ONpeaeuTh JUIMHY CIIeKTpa
MIEPBOTO MOPSIAKA Ha SKPaHe, €CIIM PacCTOSHUE OT JIMH3BI JI0 9KpaHa 3 MeTpa.
I'panrwmta BuguMoro criektpa ot 400 aM 10 780 HM.

5. PaccunraiiTe TONIWHY CIOSI BEIIECTBA, OCIAOJISIOMIETO WHTEH-
CHBHOCTH MOHOXPOMAaTHYECKOTO CBETa B 3 pasa, iy TOJIIUHA CJIOS MOJI0-
BHHHOTO OCJIA0JICHHSI COCTABIISIET 2 M.

6. OnpeeiTh TONIIMHY KBapIICBOM TUIACTUHKH, BBIPE3aHHOW TIep-
NEHANUKYISPHO ONTHYECKOH OCH, ISl KOTOPOW YroJ MOBOPOTA IUIOCKOCTH
MOJISIPU3AIMY CBETA C JUTUHOM BoiHBI 509 HM paBeH 180°. IMocrosmHas Bpa-
LICHHUS B KBapIIE [T 3TOU JUTMHBI BOJIHBI paBHA 29,7 rpajl-MM'l.

7. Temmeparypa «romy06oit» 38e3mp1 30000 K. Ompenemuts: 1) aHep-
TETHYECKYI0 CBETUMOCH 3BE3JIbI, 2) JJIMHY BOJHBI Ay, COOTBETCTBYIOIIYIO
MaKCHUMYMY H3JTyYeHHSI.

8. y-xBaHT, MMetomit SHepruro 3 MaB, crankmBaercst co cBOOOI-
HbIM HCIOABMXHBIM 3JICKTPOHOM. Ilocne cTonkHOBEHUS Y-KBaHT ABWIKCTCA
oz yritoM 60° K HalpaBJICHHIO CBOETO MIEPBOHAYAIBLHOTO JIBHKeHHS. Kakyro
SHEPTUI0 TPUOOPETET MEKTPOH B PE3yNbTaTe CTOJIKHOBEHUS W MO KaKUM
YIJIOM TI0 OTHOIICHHIO K Ha9albHOMY IBIDKCHHIO y-KBaHTa OH OyHEeT IBH-
rarecs?

9. YienvHass mpoBOAMMOCTH OECTIPUMECHOTO TIOIYIIPBOJHUKOBOTO

obpasua npu HarpeBaHuu oT Temmeparypel t, =0°C 10 Temmeparypsl
, =18"C ysenmmumnace B 4,25 pasa. Onpenenuts MUPHUHY 3alpeléHHOM
30HBI 3TOTO MONYMPOBOJAHHUKOBOTO MaTepraa.
10. Onpenenith MaKCUMAIBHYIO CKOPOCTh M KOHIICHTPAIIUIO 3JICK-
TponoB B MeTaiie npu 1= 0 K, eciiu yporens @epmu paseH 6,2 3B.
11. Onpenenuth 3HEPIHIO CBS3M HYKJIOHOB B SIAPE M30TOIA JIMTHS

gLi. Macca nelitpona 1,008665 a.e.m.; macca porona 1,007825 a.e.m.; Mac-
Cy si/ipa M30TOIa JIUTHUS OTIPEIEITUTD 110 CIIPABOYHBIM JaHHBIM.
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12. Vi3mepeHue Mokasano, 4To TpenapaT paaloaKTUBHOIO M30TOMA
4 32

(dochopa ng naet 10" B-pacnanos B cexyHay. Ilepuon nomypacnana jc P
cocraBnsieT 14,3 cyrok. Halitu mMaccy mpemnapara ¥ BBIICHUTh aKTUBHOCTb,
KOTOpasi OyIeT yepe3 MeCsIL] OCIIe IEPBOro U3MEPEHHSL.

13. Topuas nopoza conepxut 0,001% ypana 2**U no macce. On-

226
penenuTh, B KaKoM 00BeMe TOpoJbl OyzmeT comeprkarbest 1T pamust ~ Ra.
3

[TnotHOCTH MOpOMEI 2,7 T/cM”. [lepuos monmypacmana ypaHa 4,5 Muuaapia
net, pamust — 1660 jer.

14. Tlpu neneHuu sapa ypaHa ZSZ’U 00pa3oBaioch 1Ba OCKOJIKA C
MaccoBeIMH urciiamu 140 1 95. Haiiti SHEpruo U CKOPOCTh OCKOJIKOB JeTIe-
HUSL, €CJIM X CyMMapHasi s3Heprus coctapisieT 160 MaB.

15. 3a cu€T 31eKTPOHHOro 3axBarta SIPOM TSDKENOrO M30TOMA KaJIHs
19K obpasyetcs apron 75 Ar.Takum 06pa3oM, B TOPHOI MOPOJie COMEpKa-
e KaJluii TPOWCXOMUT TIOCTENICHHOS HAKOIUICHHE aprona. Yem OoIbIme
BpPEMEHH TPOXOAUT C MOMEHTa 00pa30BaHMsl TOPHOM MOPOJbI, TeM OoMbIIe
cozeprkanue aprona Oyner B Held. [Ipu ompemenieHHH Teolornueckoro Bo3-
pacra cuiabBunuTa (KCl) U3 6,1 KT 6e31e(eKTHBIX KPHCTA/LUIOB OBLIO H3BJIE-
9eHo 5,5 M aprosa (Ipy HOPMAJBHBIX YCIOBUSX). ONpenenuTs reojJorude-
CKwif BO3pACT CHJIBBHHMTA, €CITH M3BECTHO, YTO TMEPHOJ MOJypacrana jqK
coctapmsier 1,26:10°7eT 1 B €CTECTBEHHOH CMECH M30TOINOB KAl COZEp-
swurest 0,012% 10K .

16. CKOIIBKO AIIEKTPOH — HOHHBIX Tap CO3MAET O-9acTHIlA 3a CYET
CBOCH MOHM3UPYIOLIEH CIIOCOOHOCTH B BO3IyX€, €CIIM €€ HadaIbHast SHEPI U
5,8 MaB.

BAPHAHT Ne 8

1. JIBa KOTepeHTHBIX UCTOYHMKA, HAXOJAIIMXCS B BOJIC Ha PaccTos-
Hur 20 MM, HCITYCKAalOT CBETOBBIC Jy4H B OJMHAKOBOW (ha3e C YacTOTOH
5.10" I'ty. YeMy paBHSIETCS ONTHHUECKAS PA3HOCTH X0 Jydeid, MPUXOIAIIIX
B TOUKY, yJaJeHHyr0 Ha 50 CM OT OJHOTO W3 MCTOYHWKOB B HaIPaBIICHUH
HOpMaJIU K MpsIMOH, coeauHstomer uctounuku? Ilokasarens mpenomiieHus
BojibI 1,33.
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2. Haiitn mokasaTens IpeoMIICHHUS KUIKOCTH, 3alOHSIOIEN mpo-
CTPaHCTBO MEXIy CTEKJITHHOM TUIACTUHKOW W JieXkallle Ha HeW IMJIOCKOBBI-
MyKJIOH JIMH30M, eCIH TIpH HAOMIOJIEHNH B OTPAYKEHHOM CBETE C JJTHHOHN BOJI-
HBl 600 HM paxuyc AecsTOro TeMHOTO Konbla HploToHa okasaicsi paBHbIM
2,1 Mm. Pamnyc KprBU3HBI THH3BI 1 MeTp.

3. Uuarepdepomerp Poarnes wucnonb3yercs i ONpenelicHHS
MaJbIX KOHLIEHTpAaIU{ PyAHUYHOTO ra3a B BO3JyXe IIaXTHOro 3abos. B
HHTEpPEepOMETpe HCMOIB3YIOTCS Ba KOT€PEHTHBIX CBETOBBIX My4Ka, U
JIBE WICHTUYHBIE TIO IJIFHE KIOBETHI, Yepe3 KOTOPhIE IPOXOIAT CBETOBBIE
mydkn. OfHa W3 KIOBET 3aIOIHIETCS YUCTHIM BO3AYXOM, Hepe3 APYTyIo
MPOKAYMBAIOT BO3AYyX 3a00s1. Tak kak mokaszareib NPETOMIICHUS BO3AyXa
W PyIHUYHOTO Ta3a (B OCHOBHOM MeETaHa) pa3lUYHBI, TO MEXIY
CBETOBBIMH IJTydaMHU BO3HHKAET ONTHYECKAas Pa3HOCTh XOJla, KOTOpas U
MPUBOIUT K CMEIIEHHIO HabIofaeMol MHTep(EpEeHIIMOHHOW KapTHHBI.
HaiiTu KOHIEHTpauu0 pyAHUYHOTO ra3a B BO3Ayxe 3a00s, eclau AJMHA
kroBeT 20 cM ¥ IpH TPOKAYNBAHUH OJHOM M3 KIOBET BO3AYXOM B3SITOM H3
320051 MHTEep(EepeHIMOHHas KapTHHA CMECTHJach Ha 5 monoc (miuHa
BonHbI 580 HM). IlokazaTtens mpenomieHHs BO3AyXa MPU HOPMAaIbHBIX
yenoBusix 1,000292; merana — 1,000441.

4. ITocrosiHHAs MUQPaAKIMOHHON perneTkn 5 MkM. Ha pemerky ma-
JIaeT HOPMAJIBHO CBET € JUTMHOM BOMHBI 560 HM. J{n(paKIOHHbIH MAKCUMYM
KaKOro HanOOJBIIETO TOPS/IKa MOKHO HAOIFOAATh C TIOMOIIIBIO 3TOM peméT-
Kku?

5. B Tak Ha3pIBAEMOM MMMEPCHOHHOM MHKPOCKOIIE, JUIsl yBeJIMde-
HUsI pa3pellarollei CIoCOOHOCTH, IPOCTPAHCTBO MEXKITY MPEIAMETOM U 00b-
EKTHBOM 3aIlOJHAETCS] TPO3PAYHON KHUIKOCTHIO C IMOKa3aTeleM MpesioMIle-
Hust N =14. ®okycHoe paccrosHue oObekThBa 2,0 MM, auameTp 2,0 MM.
[Ipenmer pacrmonaraercsi MpUMEpPHO Ha (POKYCHOM PACCTOSHUM OT OOBEKTH-
Ba. OIEHUTh MUHUMANBHBIE TI0 pa3MepaM JACTald MpenMeTa, KOTOphIe elle
MOYKHO Pa3IN4UTh B MUKPOCKOII, €CJIH MCIOJIb3yeTcsl OCBELICHHE MpeIMETa
CBETOM C JUTHHOM BOJHBI A = 450 HM ((pHONIETOBEII CBET).

6. [Tydok ecTecTBEHHOTrO CBETa TaJacT HA CUCTEMY M3 HYeThIpeX
npusM Hukors, T1aBHOE CedeHHe KakIoil M3 KOTOPBIX MoBepHyTo Ha 30°
OTHOCHTEJIHHO TJIABHOTO CEYeHHs Ipepiayiei mpu3mel. Kakas dacth cBe-
TOBOTO ITOTOKA MPOXOUT Yepe3 BCIO CUCTEMY?
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7. B pe3ynbTarte ynpyroro CTOJKHOBEHUS Y-KBaHTa CO CBOOOIHBIM
HETIOIBIYKHBIM DJIEKTPOHOM Y-KBaHT OBUT paccesH Ha yroi 90° K mepBoHa-
YalbHOMY HATPABICHUIO JIBIDKCHUS. OHEPrUs PACCESHHOTO Y-KBaHTa
0,5 M»aB. Haiiti HauabHyt0 SHEPTUIO Y-KBaHTA.

8. Ha noBepXHOCTh JIMTHS IaacT MOHOXPOMATHUCCKUI CBET C [UIH-
HOH BosHBI 310 HM. UTOOBI MPEKPaTUTh SMUCCHIO AIIEKTPOHOB, HYKHO IMpPH-
JIOKUTH 33[ICPYKUBAIOLIYIO Pa3HOCTh TIOTEHIMANIOB He MeHee 1,7 B. Onpene-
TIATH pabOTy BBIXOZA DIICKTPOHOB

9. Bo CKOJIBKO pa3 U3MEHHUTCS NP IOBBIIICHUM TEMIIEPaTyphl OT
300K no 380 K 31ekTpornpoBOHOCTL MOMYIPOBOAHMKA, ITUPHHA 3aripe-
mEHHO# 30HBI KOTOporo AE =0,2 3B?

10. CoGcTBeHHbII  (OecipUMeCHBIH) MOMYMPOBOAHUK (TepPMaHHA)
UMeeT TP  HEKOTOPOH  TeMmIeparype yAeIbHOE  CONPOTHBICHUES
p =048 Om:M. Onpenenuts KOHLEHTPALMIO N HOCUTENEH 3apsiia, eciu
TIOBIKHOCTB MEKTPOHOB B repmannn 0,28 M%/(B-c), a IOIBIKHOCTD IBIPOK
pasa 0,13 M%/(B-c).

11. OnpenenuTs SHEPTHUIO CBS3M HYKJIOHOB B SIIPE M30TOMA JIUTHSL

;Li. Macca neititpona 1,008665 a.e.m.; macca mpotona 1,007825 a.e.m.;

Maccy spa H30TOIa JIUTHUS ONPEICITUTD 110 CIIPABOYHBIM JaHHBIM.

12. Bo CKOJIBKO pa3 SHeprus, BblaenseMas MpHU TOTHOM JCNICHUN

1xr *5U, 6ombie sHeprum, noydaemoii npu cropanuu 1 T medtu? Tlpu

JIETICHUN OJTHOTO SiApa 232 U Beigensiercst 160 MaB sHeprum, a ynenbHas Te-

mota croparus zHeru Q = 4,6-107 Jhx/kr.
13. Haiitu mepuion mosypacmiazna u3otona ¢ocdopa ié P, ecu ax-

THBHOCTH ero uepe3 20 cyTok cocrasiser 38% IepBOHAYaIbHON aKTHBHO-
CTH.

238
14. B rpanuTe (pamnakuBy) COAEPIKUTCS TpuMepHo 3 T ypara ~ U B

226 . .
pacuere Ha 1 M>. CKOJBKO pamus “~° Ra comepxutcs B 1 M 9TOH TOPHOM 1o-

ponsl. [lepros momypacmanga ypaHa 28 cocrasmsier 4,5-10° ner; pamus —
1660 ner.
15. BoIYuCIUTh TONIMHY CIIOS TOJIOBUHHOTO TIOTJIOMIEHUS
CBUHIIA JUIsI TaMMa-JIydeil, IJTNHA BOJHBI KOTOPBIX paBHa 0,775 HM.
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16. [lox nelicTBUeM KOCMHYECKHX JIyd4eii B BO3IAyXe 00BEMOM
V =1cm® Ha ypoBHe Mopst obpasyercst B cpeareM N = 120 map HoHOB 3a
MPOMEXKYTOK BpeMeHu At = 1 muH. OmnpenenuTh 3KCIO3UIMOHHYIO JI03Y U3-
Jy4eHUs], OTyIEHHYIO YeloBeKoM 3a Bpems t = 1 cyTku.

BAPUAHT Ne 9

1. 3umoit Ha cTeKIIax TpaMBaeB 0OPA3YIOTCS TOHKHUE TICHKH HAJIe T,
KOTOpbIE B OTPKEHHBIX JIy4axX OKpAIICHBI B 3€JICHBIN LIBET (IUTMHA BOJHBI
550 HM). OueHNTB, KaKoBa JIOMKHA OBITh MUHUMAJIbHASL TOJIIMHA STHX TIIe-
HOK. [TokazaTens mpeoMIIeHus HaJleny TIPHHATEL paBHBIM 1,33, Habmromenve
BEIETCS MPAKTUYECKH [0 HOPMAJIA K TUIEHKE.

2. Ha ToHKHMII CTEKJISTHHBIN KJIMH TIaJaeT HOPMAJIBHO ITYYOK JIydei ¢
mmHOM BonHBI 600 HM. PaccrosiHEe Mexmy cocemHUMH WHTEpGhEepeHINOH-
HBIMH TIOJIOCAMH B OTpa)keHHOM cBete paBHO 0,4 MM. OmpenenuTs yron me-
Iy MOBepXHOCTSIMH KiHa. [Tokazarens npenomienus crekna 1,52.

3. B unTepdepomerpe KameHna HCHONB3YIOTCS ABAa KOTEPEHTHBIX
CBETOBBIX ITy4Ka U JBE MICHTHYHBIE 110 AJIMHE KIOBETHI, Yepe3 KOTOPBIE MPo-
XOJIAT CBEeTOBBIE IMyykH. OJIHA N3 KIOBET 3aIl0JIHEHA UCCIIEAYEMbIM ra3oM IpH
HOPMAJIbHBIX YCJIOBUSIX, U3 APYrOM ra3 OTKauMBaroT. Tak Kak IOKasarenb
NPENIOMJICHHS Ta3a OTJIMYACTCS OT I0KAa3aTess NPEJOMIICHUS BaKyyMma, TO
MEKIy CBETOBBIMH ITy9YKaMHU, HPOXOAAIIMMYI YEPE3 KIOBEThI, BOSHUKACET OIl-
THYECKast pa3HOCTh XO07a, KOTOpasi IPUBOJUT K CMEIICHHIO MHTep(depeHII-
OHHOM KapTHHBI 10 Mepe OTKauku. HaliTh mokasaTens NpesioMIIeHUs rasa,
3aTOHSAIOIMKA OJJHY W3 KIOBET (HOPMAJIBHBIC YCIIOBHS), €CIM NP IOJHON
OTKa4Ke APYroid KrOBEThl MHTEP(EPEHIOHHAs KapTUHA CMECTHNIAch Ha 75
noJioc (AyrHa BOIHEI 589 HM) /umnHA KioBeT 10 cM.

4. Ha mudpakimoHHYIO PEIIeTKY MaJaeT Mo HOPMAaW Iapalieib-
HbIA My4oK Jydeil. CHeKTpbl BTOPOr0 U TPETHEro MOPSIKOB YACTUYHO Ha-
KJIaJbIBAlOTCS ApYT Ha Apyra. Ha Kakyro JUTMHY BOJIHBI CIIEKTpa BTOPOTo MO-
psnKa HakmagpBaeTcs (hruoseToBas rpanuia (aauHa BoiHBI 400 HM) B criek-
Tpe TPETHEro nopsaaxa?

5. Ha xakoM MakCHMaJbHOM pPacCTOSIHUM OT MECTa PacIoiIOKEHHs
TEO0JIUTAa MOXKHO Pa3JeTIbHO YBUAETH JENEHHUS IIKAbl, PACCTOSHUS MEXKITY
kotopeiMu | cM? [lmamerp oOwbekTHBa Teomoimrta S50 MM (Tia3 yenmoBeka
HMMeEeT MAKCUMAITLHYIO YYBCTBUTEIHLHOCTB K 3eJIeHBIM JIydam A = 550 Hm).
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6. [TnacTrHKY KBapla, BEIPE3aHHYIO MEPICHANKYISPHO ONTHYECKOH
0CH, IOMECTHIM MEXIy JBYMs IapaulebHbIMU HUKOSIMU. [Ipn kakoi Mu-
HUMAaJIbHOM TOJILMHE IUIACTMHKHM CBET COBCEM HE IPOHIET uepe3 cucTteMy
(mocrosiHHAsI BpanieHus1 kBapua 17 rpag/mm)?

7. Temnepatypa 4epHOro Teja yBeJIM4WIach B JBa pasa, B pe3yJibTa-
T€ Yero IJMHA BOJHBI, Ha KOTOPYIO INPUXOAUTCS MAaKCUMYM H3ITy4EeHHs
yMmeHnbmIack Ha 600 HM. OnpeenuTs HaqanbHYI0 M KOHEYHYIO TeMIIepaTy-
PpBI Tena.

8. DNEeKTPOH ABIDKETCS MEXIY ABYMS HapajUICIbHBIMU HICATHHO
OTPaKAIOIIUMH TUIOCKOCTSAMU. J[BIKEHHE 3JIEKTPOHA COBEPLIACTCS MO HOP-
MaJii K 3TUM IUIOCKOCTSIM (OJJHOMEPHOE JBIDKEHHE BIOMb och X). Paccros-
Hue Mexry mockocTsamu d = 3-10° . Kakue BO3MOXKHBIC 3HAUCHHS SHEPIHit
MOKET MMeTh 3TOT »MekTpoH? (IIpuBecTr 3HaUeHUS SHEPrUM AJIS TEPBBIX
YeThIPEX KBAHTOBBIX YHCE).

9. Onpenenmuts ypoBeHs depmu B cOOCTBEHHOM (OeCIpPUMECHOM)
MONYNPOBOAHMUKE, HAXOSIIEMCS IPU KOMHATHOW TeMIlepaType, eClii dHep-
rus akthBarmu AE (ImmprHa 3anpeméHHON SHepreTHIecKOi 30HbI) paBHA
0,7 5B. 3a HyneBo# ypoBeHb OTCUETA SHEPTUH AIIEKTPOHOB TIPUHATH YPOBEHB
MOTOJIKA BaJICHTHOW 30HBI. D QEKTUBHAS Macca JBIPOK B TPU pa3a OoJbIIe
3 PEKTUBHON MACCHI 3JIEKTPOHOB.

10. CobcTBeHHBIN  (OeCTIpEMECHBII) TIOMYIPOBOJHUK (TepMaHMiA)
UMeeT TIPU  HEKOTOpOH  TeMmIeparype yIelnbHOe  CONPOTHUBIICHHUE
p=0,48 Om-M. OnpenenuTh KOHIEHTPALMIO N HOCHTENEH 3apsiia, eciu
TIO/IBHKHOCTh YIEKTPOHOB B repmanny 0,36 M%(B-c), a MOBIDKHOCTb IIPOK
pasHa 0,16 MY/(B-c).

11. Onpenenuth SHEPTHIO CBS3M HYKIIOHOB B SIpE M30TOMA a30Ta

1? N. Macca neritpona 1,008665 a.e.m.; macca nportona 1,007825 a.e.m.;
Maccy sIpa N30ToMa a30Ta OIPEIETHUTh 110 CIIPAaBOYHBIM JaHHBIM.

12. Tleprox monypacnaza usoroma pocdopa > P cocrasmser 14,3
nHer. Haiitu akThBHOCTH mpenapata uepe3 50 qHel mocie ero U3rotobie-
HUS, €CJIM HadanbHas akTUBHOCTH 200 MKw.

13. Onpesienuth, BO CKOIMBKO pa3 aktuHOCTH 11 “*U Menbine ak-
tuBHocTH | T “Ra. [lepuon nonypacnana ypasa 4,5 MIWUTHAPAOB JIET, IEPU-
o]l noitypacnana paaus 1660 ser.
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14. Tlpu sineproM (otorddexre MpOUCXOaUT IMUCCHS (BBIPHIBAHHUE)
HEWTpOHa M3 sipa MO IeHCTBUEM Y-KBaHTa. Peakims saepHoro ¢potosddex-
Ta 3aMMCHIBAETCS CIIELYIOIMM 00pa3oM:

A 0 A-l 1

7 X+oy—=>"7Y +gn
HaiiTi MUHHMAaJIBHYIO SHEPTHIO TaMMa KBAHTA, BBI3BIBAIOLIYIO 3Ty PEAKIIHIO,
ecm syipom 5 X siBrsietcs sapo 7 C .

15. Onpenenuts Bo3pacT APEBHUX ACPEBSIHHBIX MPEIMETOB, €CIIH
yJe/bHAs aKTHBHOCTb H30Toma 'C y HEX COCTABISCT 1 = 3/5 yae/bHOM
AKTUBHOCTH 3TOTO K€ M30TOMA B TOJIBKO YTO CpyOJIeHHBIX IepeBbsx. [le-
puon monypacnana “C pasen 5730 ner.

16. MHTeHCHBHOCTH Y3KOTO Ty4Ka Y-ITy4el MMoclie MPOXOXKICHUs Ye-
pe3 CIoi CBHUHIIA TOMIIMHON 4 CM YMEHBIIIUIIAch B BoceMb pa3. Onpenenursb
SHEPIUIO Y-KBAHTOB U TONIINHY CJIOS IOJIOBUHHOTO OCTIA0JICHUS.

BAPUAHT Ne 10

1. ITyuok nmapamienbHbIX Jy4el ¢ JmuHol BoiHbl 600 HM majaer
oA yIJIOM 30° Ha MBUIBHYIO IUICHKY, MIOKA3aTeNb IPEIOMIICHUS] KOTOPOU
1,3. IIpu kakoif HAMMEHBIIEH BO3MOXKHOU TONILUHE [VIEHKU OTPaKEHHBIE
Ty4yu OyAyT MaKCUMaJIbHO OCJIabJIeHbl HHTeppepeHIneit?

2. YcraHoBKa i HAOMNIOZIeHHsT Konell HploToHa ocBelaercss MOHO-
XPOMATHYECKIM CBETOM (JUTMHA BOJNHEI A = 0,5 MKM), TIaIafOIIM HOPMAITHHO.
Haiitu paccrostare Mexmy 5-M u 20-M CBET/IbIMU KoJblilaMu Hpr0TOHA B IpoXo0-
JUIIIEM CBETE, €CITH PaIyC KPUBH3HBI JIUH3HI 10 M.

3. [l m3MepeHust TMHEHHOTo KoA(UIFIeHTa TETUIOBOTO PacIIvpe-
HUSI TOPHBIX TIOPOJ] UCTIONB3YIOT TIPOCTEHIINIA MHTEPEPEHIIMOHHBIN TIPHOOP
— nunatomeTp. JlUnaToMeTp COCTOMT M3 KBaplEBOTO CTaKaHa, B KOTOPOM
pa3MelalT Ccpe3 TOpHOW MOponbl. BepxHss 4YacTe cpe3a MHONUPYETCs.
Crakan 3akpbIBacTCi IUIOCKOINApPAJUICTIBHOM  KBApLEBOM  IUIACTHHOM.
TommuHa cpe3a TOpHOW MOPOABI BBIOMPACTCS TAaKOM, YTOOBI MEXKIY
MOJIMPOBAHHOM CTOPOHOM 00Opaslia TOpOJAbl M KBAPLEBOH IUIACTHHOM,
o0pazoBaiicst TOHKUI 3a30p. VHTepdepeHIMOHHas KapTUHA, BO3HHUKAET 3a
CUeT OTpaXeHWs OT IUIOCKOCTeH TOHKOro 3a3opa. Bce ycrpoiicTBo
HarpeBaroT. Tak Kak KBapll, IPaKTUUECKH HE pacIIMpsieTcs] IpU Harpese, a
Cpe3 TOpHOW MOpOABI M3MEHSET CBOIO TOJIIMHY, TO BEJIMYMHA 3a30pa
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W3MEHSIeTCSl M, KaK CIeJCTBUE, MHTEP(EPEHIMOHHA KAapTUHA CMEIAeTCsL.
OnpenenuTh TMHSHHBIA KO3(D(PHUITHEHT pacmpeHusi TOPHOW TIOPOJIBI, CITH
TommmHa cpe3a 11,2 cm Habmonenre Bemerest o HOpMaltd K TIOJTMPOBAHHOM
moBepxHocTH oOpasia. JimuHa Boibel cBeta A = 550 uM. [Ipu Harpese Bcero
ycrpoiictBa Ha 10 °C nHTEphepeHIonHas KapTHHA CMECTIIach Ha 24 1mo-
JIOCBL

4. lluprHa audpakIMOHHON PemeTKH 15 MM, TOCTOSIHHASI PEIIECTKH
4 MxM. B criekTpe Kakoro HaMMEHBLIEro MOpsIIKa TOIy4aroTCs paszenbHble
N300paKEHNS ABYX CIIEKTpaNIbHBIX TMHUN A = 710 aM u A = 710,2 HM?

5. Ige TomyObIx mo 1BeTy 3Be3abl (A =430 HM) HaOmomaroT B OH-
HOKIIb. [Ipyn KakoM MHMHHMMAalIbHOM YIJIOBOM PAcCTOSIHMHM (YroJl MEXIy Ha-
MpaBJICHUSMH HA 3BE3/IBI C MECTa HAOMIOJCHHS) MOXKHO OyIIeT YBUAETh 3TH
JTBE 3BE3/IBI, ECITH JqUaMETP OOBEKTHBA OMHOKII 45 MM?

6. EcTecTBeHHBIN CBET MajaeT Ha CHCTEMY M3 JIByX CKpPEIICHHBIX
HHKOJIEH, M&KIY KOTOPBIMH PACIOIO)KeHa KBapleBas IIACTHHKA, BbIPE3aH-
Hasg TEpIeHANKYISIPHO ONTHYECKOW ocH. HaiT MUHUMAaNbHYIO TOJNIIMHY
IUIACTHHKY, [IPU KOTOPOH cuctema mporyckaeT 0,3 ¢BETOBOro MoToKa, eciu
MOCTOSTHHASI BpaIlleHXs! KBapiia cocTapiseT 17 rpam/mm.

7. Temmeparypa BepxHux cioeB Connna paHa 5,5 kK. Cunras
CornHIle YepHBIM TEJIOM, ONPEICTUTh AJHHY BOJHBI Apy, KOTOPOH COOTBETCT-
BYeT MaKCHMallbHasi CIIEKTPaJIbHAS TUIOTHOCTh SHEPTETHYECKON CBETUMOCTH
Conxua.

8. OnpenenuTs, Kakyro 3HEPIrui0 OyAeT MMETh y-KBaHT IIOCIE pac-
cestaust ogt yriioM 180° (T.e. B HampaBJIeHHH, 0OPaTHOM IEPBOHAYAIBLHOMY),
Ha cBOOOJHOM HETIOIBIYKHOM JJICKTPOHE, €CITH €r0 SHEPrusl 10 CTOJIKHOBE-
ausg 1,5 MbaB.

9. OnpenenuTs MMPUHY 3aMPEIEHHON 30HBI PH KOMHATHON TEeM-
neparype, B COOCTBEHHOM (OecIpMECHOM) MOTYIIPOBOIHUKE, €CIIH YPOBEHb
®epmu pacrionokeH Ha 0,12 5B BbllIe MOTONKA BaIEHTHON 30HBI. D(hek-
THBHAsS Macca JIBIPOK B JBEHAIATH pa3 Oomblie 3(GeKTHBHOW MacChI dJIEK-
TPOHOB.

10. Onpenenuth MaKCUMAITBHYIO CKOPOCTh M KOHIIEHTPAIIUIO JJIEK-
TpoHoB B Metaiute ripu 7' = 0 K, ecrm ypoBenr depmu paseH 5 3B.

11. Onpenenuth 3HEPIUIO CBA3M HYKJIOHOB B SIAPE M30TONA YIIIEpo-

Ja 1g C. Macca nemitpona 1,008665 a.e.m.; macca npotona 1,007825 a.e.m.;
MAacCy sJpa U30TOMa YIIepoa ONPEACHUTh IO CIPABOYHBIM JaHHBIM.
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12. Onpenenutsb, Kakoi 00BEM pagoHa (MPH HOPMAIBHON TeMIepa-
Type W JaBIICHUH) HAXOAWUTCS B PAJUOAKTHBHOM pPaBHOBECHH C 1 T pajmsi.
(Pagon wim, mo Apyroi#l TEPMHHOJIOTHN — SMaHAIWS PaJis, 3TO Ta3000pa3-
HBII IpOAYKT pactianga pagus). [leprox momypacnana paaus cocrasiser 1660
JIeT, pamoHa — 3,8 JHs.

13. BBIYMCIUTD 3HEPTUI0 O-4aCTHIIbI, UCITyCKAEMOU MOJOHUEM,
ecM Tpernapar mojoHus aktuBHOCTHIO 0,02 Ku, moMmerneHHbI B Kajlo-
pHMETp, BBI3BIBAET TOBbIIEHHE TeMmepaTypsl Ha 0,54 °C B yac. Termo-

eMKocTh Kanopumerpa 1 kan/°C .
14. HaiiTn 5Hepruio, BbIICIMBIIYIOCS IPH CTOJKHOBEHMH siziep ~H u
®Li, u obpasoBaHmn 1ByX anb()a-4acTHI], €CTH M3BECTHO, YTO Y/CITBbHBIC

SHEpTUH CBSA3M Ha OJIMH HykJIoH B sapax “H, *He u ®Li pasmer cootsetct-
BenHo 1,11 M»sB, 7,08 MsB u 5,33 MaB.

15. B HEKOTOpBIX TOPUEBBIX PyJaX COAEPKUTCSA MPUMECH TOJIBKO
ofIHOTO M30TONA CBHUHIA gy Ph . TTpemonaras, uTo Bech CBUHEIT 06pa3oBacs
B pe3yJNbTaTe pacnaja TOpHs, ONPENEeINTh BO3PACT TOPUEBON Py/Ibl, ECIIH Ha
KQOXKIBI I'paMM TOpUS 239%Th npuxoaurest 0,062 r cunua. Ilepuon momy-
pacrmazna Topusi coctasisier 1,99-10"er.

16. M3otom Kamisi 3 K paiMOaKTHBEH U UMeeT TIepHOT TOJTypactia-

na 1,26-10° net. Ha mosmo kanwust npuxoautcs 0,35% Beca uenobeka. Beruric-
JIUTH aKTHBHOCTb KalWsl, HAXOSIIErocs B TeJe YesoBeKa, eciy u3oton K
cocraBisier 0,012% B ecTecTBEHHOI cMecH M30TONOB Kaius. Bec uemoBeka
cuuTaTh 75 KT.
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7. CIIPABOYHBIE TABJINIIbI

Tabnuya 1
OcHoBHbIE (pU3HYECKHE MOCTOSTHHbIE
Dusnueckast IoCTOSTHHAS O0603HauCHIE 3HaueHue
TlocrosaHas (4rcio) ABoraapo Na 6,02-10 ® xmons ™
TTocrostnHas BonblvMana k 1,38-10% /K
DJeMeHTapHBIH 3apsi e 1,60-10° K
CKOpOCTh CBETa B BAKyyMe c 3,00-10 m/c
Tlocrosinnas Ilnanka h 6,63-10% Jik-c
h=hi2n 1,05-10% e
Macca >exTpona m, 9, 1110
Macca npotona m o 1,672-10'27Kr
Tabruya 2

MHOKHUTEIH U NMPUCTABKHU AJIA 06pa30BaHIrlﬂ ACCATUIHBIX KPAaTHBIX
AO0JIbHBIX ¢IHHUI U UX HAMMCHOBAHUA

[IpucraBka Msuoxutens
Hanmenosanve 0O0603HaueHHE
T'ura r 10°
Mera M 10°
KHJIO K 10°
JIeTr i 107
CaHTH c 107
MWJITA M 1078
MHKPO MK 10°
HaHO H 107
TTHKO Il 1072
Tabruya 3
Macchbl aTOMOB JIETKHX H30TOIIOB
W3zoTon CuMBOII Macca, a.e.M. Wzoton CuMBOI Macca, a.e.M.
Heiitpon 1 n 1,00867 Bop 10 B 10,01294
0 5
Bonopon 14 1,00783 i1 11,00930
1 5
l2 H 2,01410 VYrnepon %32 C 12,00000
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Hzorom CumMBoOI Macca, a.e.M. Usoron CuMBon Macca, a.e.M.
34 3,01605 13 13,00335
1 6
Tenmii 3 3,01603 14 14,00324
>He e C
g He 4,00260 Aszor %4 N 14,00307
JIntuit 6 Li 6,01513 Kucnopon 16 0 15,99491
3 8
70 7,01601 17 16,99913
gL s O
Beprmmit 7 7,01693
P .Be
9 9,01219
.Be
Tabnuya 4
Macca 1 YHeprusi MOKosi HEKOTOPBIX YACTHIL
Yacruna mo Eq
(3Heprus, 3aracéHHas B Macce MOKOsT)
KT a.e.M. Jhx M»sB
DNeKTpoH 9,11.10°% 0,00055 8,16-10% 0,511
Ipoton 1,672-10% 1,00728 1,50-10%° 938
Heiitpon 1,675-10% 1,00867 1,51.101° 939
Heitrpon 3,35.10% 2,01355 3,00-.10%° 1876
o-dacTHIA 6,64-107 4,00149 5,96-10"° 3733
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