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BBenenue

B mpomecce u3ydeHus TUCHUIUIMHBI «DU3MKa» CTYICHTHI BBHITIOTHSIOT TSTh
KOHTPOJIbHBIX paboT. Pemenne ¢u3nueckux 3amad  sIBISETCS HEOOXOIUMOU
NPAKTHYECKON OCHOBOW M3YUCHHSI TUCITUTUTUHBI « DU3NKaY.

OCHOBHOW II€NTbI0 BBIMOJHEHUSI KOHTPOJBHBIX Pa0OT SBISETCS BBIPAOOTKA Y
CTYJICHTOB MIPUEMOB M HABBIKOB PEIIEHUsI KOHTPOJBHBIX 33/1a4 U3 Pa3HbIX oOyacTei
(bU3HKK, TOMOTAIONUX CTYJIEHTaM PEeIlaTh B JalbHEHIIIEM HH)KCHEPHBIE 3aJa4H.

KonTtponbhbie paboTel HeCyT B ceOe (YHKIMIO 3aKpeIUICHHs, Pa3BUTUA H
yIIyOJIEHHOTO OCBOEHHUS OCHOBHBIX TIOJNIOKCHHWM Teopuu. PemeHune 3amad
CHOCOOCTBYET NPUOOIIEHUIO CTYIEHTOB K CaMOCTOSITENIbHON TBOpYECKOW paboTe.
[Ipn pemennn 3amad  CTYIASHT JOJDKEH CaMOCTOSTEIBHO OCYIIECTBUTH DS
MBICIIUTEILHBIX OIEpaIfii, ONMUPasCh Ha HMMCIOIIMECS y HEro 3HAHUS W YMCHHS.
KoHTposbHBIE pabOTHl TMO3BOJIAIOT IMPOBEPUTH CTEICHb YCBOEHUS CTYJICHTAMHU
OCHOBHBIX Pa3/IeJIOB TEOPETUIECKOTO Kypca.

1. O0umue TpedoBaHuA K 0POPMIECHUI0O KOHTPOJbHOM PadoThI

[Ipu opopmiieHnH KOHTPOJIBHBIX PabOT yCIIOBUS 3a7a4 B KOHTPOJIBHBIX
paboTax MepenuchIBAIOTCA MOJHOCThIO, 0e3 cokpamieHuil. Pemenus 3amau
JOJIKHBI COMPOBOXKAATHCS KPATKUMHU, HO MCYEPINBIBAIOIIUMHU TMOSCHEHUSIMU C
00s13aTeJIbHBIM ~ HMCIIOJIb30BAHUEM PHUCYHKOB, BBIMOJHEHHBIX YEPTEHKHBIMU
WHCTpyMEHTamMu. [l 3aMedaHuil mpenojaBaTelsi HAa CTpPaHULAX TETPaaH
OCTaBJISIFOTCS MOJIE U MHTEPBAIBI MEXTY 3aadaMu (He MeHee 5 cm). B koHIle
KOKJI0M KOHTPOJILHOM pPabOThl HEOOXOAMMO yKas3aTh, KaKUM Yy4eOHBIM
mocoOreM MOJB30BAJICS CTYJIEHT (Ha3BaHHWE Y4EeOHOTOo MOCOOHs, aBTOp, TOJ
W3JIaHUsA).

Pemenue  3agad = pEeKOMEHAYETCS  BBIMOJIHATH B CJIEAYIONIEH
MOCJIEIOBATEIbHOCTH:

1. BBectu OykBeHHbIE  O0O3HAYEHUSI BCEX HCIMOJIB3YEMBIX (PU3NUYECKHX
BEJIMYMH.

2. Ilon pyopuxoit "JlaHo" kpaTko 3amucaTh yCIOBUE 3a7a4d C MEPEBOOM
3HAYEHUW BCEX BEJIMYHUH B OJIHY cuctemy eaunui - CH.

3. Caenatb (ecny 3TO HEOOXOAMMO) YEPTEXK, MOSCHSIOUUN COAep>KaHUE
3aJlayu U XOJ| PEIICHHUS.

4. CdopmynupoBaTh (u3nyeckre 3aKOHbI, Ha KOTOpPHIX Oasupyercs
penieHue 3a1a4u, 1 000CHOBAaTh BO3MOKHOCTh UX UCIIOJIb30BaHUSI.

5. Ha ocHoBe cdhopmyHpOBaHHBIX 3aKOHOB COCTaBUTh YpPaBHEHUE WJIU
CUCTEMY YpaBHEHUH, peniasi KOTOPYIO MOKHO HANTH MCKOMbBIC BEJTUUYUHBI.



6. Pemuth ypaBHEHUE U MOJYYUTH B OOIIEM BHJIE pacyeTHYIO (GopMyiy, B
JICBOM YAaCTH KOTOPOW CTOUT HMCKOMas BEJIMYMHA, a B TPABOM - BEJIMYUHBI,
JTAHHBIE B YCIIOBUU 3aJaUU.

7. IlpoBEpUTh €AUHHULIBI U3MEPEHUS TOJIYUYEHHBIX BEJIMYUH IO PACUETHOMU
dbopmysie U TeEM caMbIM TTOATBEPIUTDH €€ MPABUWIBHOCTb.

8. IlpousBectu BbIuMCIEHUSA. JlJIsi 3TOro HEOOXOAUMO BCE 3HAYCHUS
BenuuuH B enuHunax CU moacTtaBuTh B pacyeTHYIO (OpMyiy U BBINOTHUTH
BBIYUCIIEHUS (C TOUHOCTBIO HE Oosiee 2-3 3Havammx nudp).

9. Ilpu noacraHoBKe B pacueTHYr0 (GOpMyIly, a TAaKXKe MPU 3allUCU OTBETa
YUCJIOBBIE 3HAYCHUS BEJIMYMH CIEAYET 3alliChiBaTh KakK IPOU3BEACHUE
JNECATUYHOM npoObu ¢ ofHOM 3Havamew mudpoil mepen 3amiarod Ha
COOTBETCTBYIOIIYIO CTENEHb JecsaTu. Hanpumep, BMecto 6340 Hano 3anucath
6,3410°.

BolnioniHEeHHBIE ~ KOHTPOJbHBIE  pabOThl  CHAIOTCS HA  PELIEH3UIO
MpenojaBaTellio Mo KpalHel Mepe 3a OJHY HEACNI0 JI0 dK3aMeHa Mo (U3HUKeE.
[Tocre peneH3upoBaHUsS BHOCSTCS MCIPABJICHHS B pENICHHE 3a7a4 B
COOTBETCTBHUM C 3aMEUaHUAMHU Ipenojasareis. lcrpaBieHHbIE pemIeHUs
MOMEIIAIOTCS B KOHIIE TETPAJd C KOHTPOJBbHBIMU pabOTaMH, KOTOPBIE CIAIOTCSA
Ha MOBTOPHYIO PELECH3HUIO.

3adeT Mo KaxJa0W KOHTPOJBHON paboTe MpUHHUMAETCs IMPEnojaaBaTeeM B
npoiiecce coOeceoBaHUsI MO MPaBUJIILHO PEIICHHOW M MPOPELEH3UPOBAHHOM
KOHTPOJIbHOM paboTe.

B kaxnoit KOHTpOJILHOM paboTe cieAyeT peuuTh BoceMb 3agad. Homepa
3a/1a4 OMPEACIISIIOTCS MO TabJyi. 5 B COOTBETCTBMU C HOMEPOM CBOETO BapHaHTA.
HomMmep BapuraHTa COOTBETCTBYET MOCIEAHEN uppe mudpa cTyaeHTa.

KonTponbHubie paboOThl BBIMOIHSAIOTCA B IIKOJBHOM TETpaau, Ha OOJIOXKKE
KOTOPOM MPUBOJATCSA CBEIAEHUS O CTyJAEHTE ((paMuiausi, UMs, OTYECTBO, (PaKyJIbTET,
mudp, HOMEpP CHENUATBHOCTH), a TakKe HOMEpP KOHTPOJIbHOW padoThl, HOMEP
BapHUaHTa ¥ HOMEpa BCeX 3a7a4 KOHTPOJIHHON pabOTHI.
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Apemkun A.T'., Kapramos F0.A.u ap.-CII6.: C3I1H, 1993.
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2.KonrpoJsbHasi padora 5 «KBanTtoBasi puznka»
2.1.MeToanuyeckue yKa3aHus K BbINIOJTHEHUIO
KOHTPOJIbHOW padoThI 5

B koHTponbHy0 paboTy 5 BKIIOYEHBI 3aAaud 1o TemaM: “‘KBaHtoBas
onTtuka”’, “@usnka TBepaoro tena’, “Ousznka atoma U AaTOMHOTO siapa’.
Tema “KBanTOBas onruka”’ TIpeACTaBIC€HA 3aJadaMHd Ha 3aKOHBI
TETUIOBOTO M3JTy4eHHUs1, BHeITHero poroaddekra.
B pamkax tembl “OneMEHTBHl KBAaHTOBOW MEXAaHHUKH  TMPEJCTABICHBI
3aJlauyd  Ha COOTHOIIICHWE HEOIPEeJeIeHHOCTe B KBAaHTOBOW (U3HKeE,
OmpeeIeHNE JJIMHBI BOJIHBI e bpoitns.



ITo Teme “@usnka TBEpAOro Teya” B KOHTPOJIbHYIO pad0Ty BKIIIOUEHBI
3a71a4M Ha PacyeT IEKTPOIPOBOJHOCTH MOIYIIPOBOIHUKOB.

[To Teme “@u3mka aromMa M aTOMHOIO Spa’ NAHbI 3aJa4yd IO PACUETY
DHEPIMM CBS3M spa aTOMa, 3aKOHbl PAAUMOAKTHBHOIO pacmajga M 1o
IIPUMEHECHUIO aTOMHOW SHEPTUU B HAPOJHOM XO3SIMCTBE.

Bce nononHuTEnbHbIE TaHHBIE 3a7a4 HAXOIATCS B CIPABOYHBIX TabIuIax
IIPUJIOKEHU M.

Tabauua S
Bapuant Howmepa 3anau
0 501 511 521 531 541 551 561 571
1 502 512 522 532 542 552 562 572
2 503 513 523 533 543 553 563 573
3 504 514 524 534 544 554 564 574
4 505 515 525 535 545 555 565 575
5 506 516 526 536 546 556 566 576
6 507 517 527 537 547 557 567 577
7 508 518 528 538 548 558 568 578
8 509 519 529 539 549 559 569 579
9 510 520 530 540 550 560 570 580

3agaun 501 ... 510 orHOcarca k teme ‘“TenoBoe wm3myuenue”. [lus
pelieHus: ATUX 3a7a4 HeO0OXOaUMO M3y4YuTh Temy ‘“TemnoBoe usmydeHue” Mo
yueonukam [1], c. 400...403 umu [2], c. 292...295.

3amaun 511 ... 520 otHocarcs k Tteme ‘“BHemHuit ¢otodddext”.
[Ipuctymas K pemieHuro 3TUX 3ajay, HEOOXOJMMO O3HAKOMUTHCA C JAHHOU
Temoi o yueobnukam [1], ¢. 410...411 unu [2], ¢. 301...303.

3agauum 521 ... 530 otHOocATcs k TeMe “Ctpoenue aroma. Teopust bopa ”.
Jns pemieHus S3TUX 3a7a4 HEOOXOJUMO O3HAKOMUTHCS C KOHKPETHBIMU
bU3MYECKUMU TIOHSATUSMH, 3aKOHAMU H (popMynamMu JaHHOHW TEMBI TIO
yueOoHukam [1], c. 444...452 unu [2], c. 386...389.

3agaun 531...540 otHOcaTCA K TeMme “‘@u3MKa TBEPAOro Tena’.
JInst ux pelieHus 1esiecoo0pa3Ho U3yUYUTh JAaHHYI0 TeMy o yuyeOHukam [1],
c.514...523 unu [2], c.442...452.

3agaun 541...580 oxBaThIBAalOT TE€MBI CTPOECHHUS ATOMHOTO SApa,

3aKOHBl PAJMOAKTUBHOTO pacnana. llpuctynas k pemieHuro 3TUX 3ajad,

HEO0OXOJIUMO O3HAKOMUTBHCS C JaHHOM Temou mo ydyeOHukam [1], c¢. 532...535
unu [2], c. 466...472.




2.2. OcHOBHBIE 32aKOHBI, (POPMYJIbI, IPUMEPHI PellleHUs 32124

Keanmoeas onmuka

[ToTrok @, nzny4aemsblil (OTJIONIAEMBI) TEIOM, PAaBEH:
w
D= 7 ) (1)
rae W-sHeprusi, uziaydaemas (moryoiaemasi) Tejaom, t-Bpems.

R. - sHepreTHueckas CBETUMOCTh (M3ITy4aTEIbHOCTh) PaBHA!

do
= @)
3akoH Credana-bonbpiimana
R.=cT’ (3)
rae R, - sHepreTuyeckas CBETUMOCTh (M3Iy4aTesIbHOCTh) a0COIIOTHO YEPHOTO
Tena; c =567 10° Br / (M K% - mocrosrnas Credana-Bonbumana,

T — TepmoauHamuueckas tremneparypa KenpBuHa.
ITepBsIii 3akoH Buna (3akoH cMelenns: BuHa)

Am=b/T, (4)
rae A, - JJIMHA BOJHBI, Ha KOTOPYIO MPUXOAUTCS MAKCUMyM HW3Iy4YEHUS
abcomoTHo 4epHoro tena; b= 2,90-107 MK - mOCTOSIHHAs MEPBOro 3aKOHA
Bumna.

Bropoii 3akoH Buna

(73 0)max = b' T, (5)
A€ (7o7)mar - MaKCUMaJIbHasi CHEKTpaJibHAsi TUIOTHOCTh SHEPreTUYECKOU
CBETHMOCTH abCONMIOTHO depHoro tena; b’ = 1,310 Br / (K*M’) - mocTosiHHAs
BTOPOTO 3aKOHa BuHa.

Oueprus hoToHa

e=hv wnm €=ho (6),
rae h - nocrosinHas Ilnanka; # = h/27 - npuBeneHHass noctostHHas [lnanka;

v-4acTtoTa (OTOHA; @ = 27V - UKJINYECKasi 4acToTa.
Nmnynbe ¢poToHa

p =mc = h/\. (7)
dopwmyna DiHITelHa 11 poTodrddexra
k
hv=A4+ E max > (8)

rae hv —osHeprus (OTOHA, MANAIOIIEr0 HAa MOBEPXHOCTh MeTaia; A-padora
(k)
BBIXOA  OJIEKTPOHA; L. -  MakcuManbHas  KMHETHYECKas  DHEPrus

($hOTOIIEKTPOHOB.



Kpacnas rpanuna gorosddexra
Vo=A/h  wmm A, = hc/A, 9)
rae vV, 1 A, - MUHUMaJbHas 9acTOTa CBETa M COOTBETCTBYIOIIAS JIJTMHA BOJIHEI,
IIpU KOTOPBIX €111e BO3MOXKeH PoTodrPdekT.

IIpumepsl pemieHust 3a1a4

Ilpumep 1
JlTuHa BOJIHBI, HA KOTOPYIO MPUXOJUTCS MAKCUMYM SHEPTUM B CIIEKTpE
U3JIydeHus YepHoro Tena, 0,58 mxm. OnpeenuTh SJHEPreTHYECKYH0 CBETUMOCTD
(M3Ty4aTEeIbHOCTD) TIOBEPXHOCTHU TeJIa.
JlaHo:
Am = 0,58 MxM = 5,810 M.

R.-?

Pemenue. DHepreTnueckass CBETUMOCTh R, aOCOJIOTHO YEPHOIro Teja B
COOTBETCTBUU C 3akoHOM CtedaHa-bonpliMana mponopuroHaIbHa YETBEPTOU
CTENIEHU TEPMOJIMHAMHYECKON TeEMIIEpaTyphl U BeIpaxkaeTcs popMyson

R.=oT (1)
rie o - mnocrosiHHas Credana-bonsiiMana; 7 - TepMOAMHAMHYECKAS
TeMIIEpaTypa.

Temniepatypy 7 MOXKHO BBIYMCIIUTD C IIOMOIIBIO 3aKOHA BriHa
An=b/T, (2)

rie b - nocTosiHHas 3aKOHa cMenleHus Buna.
Hcnons3ys hopmyisl (2) u (1), nomydaem
R.=0(b/\y)’".
[Ipou3sBenem BeIUNCICHUSA
290102 \*

R,= 5,67‘10‘8( 58107 ) Br/m>=3,54'10" Br/m®> = 35,4 MB1/M.



Ilpumep 2
Pabota BbIx0sa MaTepuaa ¢hoTokaToaa paBHa 3,45B. KakoBa nomkHa ObITH
MaKCUMaJbHasl JJIMHA BOJHBI W3IIy4YeHUs, MajaloImero Ha (oTokatos, eciu
(G OTOTOK MpeKkpaiaercs npy pa3HOCTH moTeHImanos 1,2B?

Jano:
A, =345B
Us=12¢
Iy —

max

Pemenue. 3anumem ypaBHeHue DWHImTeHA 11 PpoTodddexra
_ max
€= Aebzx + EKuH °

rze - €-3Heprus (POTOHOB, MAJAONIUX HA MOBEPXHOCTh (DOTOKATOAA; Ay - paboOTa

max
KUH

BbIXOd 3JICKTPOHA, E —MaKCHMAaJIbHAJd KUHCTUYCCKAA SHCPIUA (I)OTOBHCKTPOHOB.

MakcumanbHass KHHETHYecKass »SHeprus (OTOHOB paBHA MMOTEHUUAIBHOM
OHCPIuH 3aJACPKUBAIOIICTO IJICKTPHUICCKOIO I10JIA, T.C.
max __
EKuH _eU3,
TAE e-3apsa dIEeKTpoHa; U,- 3aAepKUBAIOIIAsl PA3HOCTh NOTEHIHAIOB. MUHUMAIIbHAS

. c
3Heprust (POTOHOB, MpU KOTOPOH BoO3MOkeH (oTodddexT, paBHa €=h— , TH€

max

Amax-MaKCUMaJbHasl JIMHA BOJIHBI (DOTOHOB.
[ToacTaBuM MoOJIydeHHBIE COOTHOIIICHHS B ypaBHEHHE DUHIITEHHA, TOTYyIUM

c
hk— =A . +eU, ,0TKyna HaXOOUM Ay
max

A __ he
A4, +eU,

BBIX

IToxcTaBuUM YHCIIEHHBIE 3HAYCHUS
6,6107"-310°

nar = = ———=27107wm
541077 +16-107°12

dusuka atoma
BopoBckas Teopus i aToMa BOAOPOa U BOJOPOI0NIOAO0OHBIX HOHOB.
MoMeHT umIyibca 31eKTpoHa (IMIPaBUIIO KBAHTOBAHUS OPOUT)
L,=mv,r,=nh, (1)
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TJIe m - Macca AJIEKTPOHA; U, - CKOPOCTh JIEKTPOHA Ha n-H OpOUTE; 7\~ PaINyC
n- cranmoHapHOM opOuTthl; /i=h/2n - mnpuBeAeHHas mnoctosHHas [lnaHka;
n=1,2,... - T771aBHOE KBAaHTOBOE YHCJIO.

Panuyc n-i craiimoHapHOM OpOUTHI

_a, 2
=n 2)
rie a, - paaayc mnepBoii bopoBckoii opOWUTEI B aToOMe BOJIOPOJA;

Z - IOPSIAKOBBIN HOMED dJieMeHTa B Tabnuie Menzeneesa.
[TonHas sHEprus 37IeKTpoHa Ha n-i opOUTe
EZ’
Ey=-7 12, (3)
rae E; = Rhc - sHeprus MOHU3AIMU aToMa BOJIOPO/Ia.
DHeprusi, u3aydaemMas WId MorjoiaemMas aToMoM (MOHOM)

1o
E=hv=Ep ~Ep =Z°Ej(—-—), (4)
1 2

TAC 711 U ny - KBAHTOBLIC YKUCJIA, COOTBCTCTBYIOINUC SHCPICTUICCKHUM YPOBHSAM,
MCIKAY KOTOPBIMH COBCPIIACTCA IICPCXOI SJICKTPOHA.
CHGKTpOCKOHI/I‘-IGCKOC BOJHOBOC 4YHCJIO

N UL
\ ;:RZ n ni) s (5)

r7e A - IJrHa BOJHBI (poToHA, R - mocTosiHHas Punbepra.

IIpumeps! penieHus 3a1a4

Ilpumep 1
DJIEKTPOH B aTOME€ BOJOpPOJa Mepeliesl ¢ YeTBEPTOro IHEePreTUYEeCKOro
YPOBHS Ha BTOpOoW. OnpeneuTh IHEPTUIO UCHYIIIEHHOTO MTPU 3TOM (DOTOHA.
JlaHno:
n = 4
ny = 2

& ¢ - ?
Pemienue. Jlyist onpenenenust 3HEprur GoTOHA BOCIOIB3YEMCSI CEpUATbHON
dbopmyIioi 1711 BOJIOPOIONIOJOOHBIX HOHOB

1 1 1
—=RZ'| 5-— |,
A n,n,
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rae A - nnvHa BodHBI (hoTOHA; R - mocrosiHHas Punbepra; Z - 3apsij sjpa B
OTHOCHUTENIbHBIX enuHunax (mpu Z=1 ¢opmyna nepexoIuT B CEPUAIbHYIO
dbopmyny A BOIOPOJA); ny - HOMep OpOHUTHI, HA KOTOPYIO Nepelien
QJIEKTPOH; M, - HOMEpP OpOUTHI, C KOTOPOM mepelien 3JIEKTpoH (n; U n, -
TJIaBHbIE KBAHTOBBIE YUCIIA).

OHeprus poToHa € 4 BeIpaxaercs (popMyJIoi

€4 =hc/\.
¢
[ToaTomMy ymMHOXMB 00€ yacTtu paBeHcTBa (1) Ha /c, TOTYyYUM BBIpKEHHE
JUTst D)HEpTUr (HOTOHA
1 1
Eyp=hc/i = Rth{g_n_zj.

2

Tak kak Rhc ecth 3HEpTUs MOHU3AIMHU E; aTOMa BO1I0pOa, TO
1 1

_ 2 2 2
Brluncnenusi BBIIOJHUM BO BHECHCTEMHBIX cAUHHULax. HOI[CTaBHHH

JNaHHbIe U3 ycnoBus: E;= 13,6 aB; Z=1; ny=2; n,= 4, noay4um
€y=13,6 17 (1/2°- 1/4°) 5B = 13,6 '3/16 5B = 2,25 5B.

Ilpumep 2
DnextpoH B moHe remms (He') HaxomuTcs B OCHOBHOM COCTOSIHHML.
OnpenenuTh KUHETHIECKYIO, TTOTCHITHATBHYIO M TOJHYIO DHEPTUH DJIEKTPOHA
Ha opOwuTe.
JlaHo:
He'
n=1

EKI/IH - ? EHOT' ‘?
Pemenne. CormacHo teopun bopa, kuHEeTHUECKash YHEPrUs SJIECKTPOHA Ha
CTallMOHAPHOW OpOUTE HOMEpPA /1 OTIPEICTACTCS

2
— mo

EKI/IH_ )
2

a IOTCHIOHAJIbHAasA C—)HCpTI/IH
2
ze

EHOT: o 5
4ne r,
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rjae Z - 3apsn sapa (MOopsAKOBBI HOMEp dJieMeHTa B Tabnuiie Menaeneena), v,
U ¥, - CKOPOCTB JIEKTPOHA U PAANyC OPOUTHI COOTBETCTBEHHO.

Pannyc opOuThel HOMepa n paBeH
2

rﬁ%m (1)

a CKOpPOCTb JIEKTPOHA Ha OpOUTE ONpPENEIAeTCs BEIPAKEHHEM (B COOTBETCTBUU
C IPaBUJIOM KBAaHTOBaHUS OPOUT)

nh 5
(S
" omr, (2)
WK, yauTsiBas Gopmyiy (1),
Zh
v, = . (3)
mr,n
Ze’
Ha opOute nentpoctpemutenbHas cuia F paBHa cuiie Kynona P
o n
CBSI3BIBAIONIEH DJIEKTPOH C SIAPOM,
Ze’
F= 2.
4dre r;

[TosToMy MOTEHIIMANIbHASL SHEPTHUS JIEKTPOHA MOXKET OBITh MPECTABICHA
B BUJIE

Ze*
_—47zg 2= mo’ =-2E .

o n

[Ipu 5TOM TOTHAS SHEPTHUA JIEKTPOHA HA OpOUTE paBHA

EHOT =

E = EHOT + EKI/IH =- EKI/IH'

HaxoauM KHHETHUECKYIO0 SHEPTHUIO B COOTBETCTBUHU ¢ (hopmyioi (3)

mo?  Z°H
EKI/IH:

2 2mr’n

7 .

VuautsBas, uto /i = 1,05107* Jore "¢, m =0,911107° ke, r,=0,52910"" u,
IS Tenust Z = 2 U yCIIOBUE 1 = 1, MOJly4yum

8,63-107"°
1,6-107"

4.(1,05)>-10°

= =8,6310"° JInc =
20911-107°¢0,529)* 1071 A

= 54,4 5B,

KHWH

Eipr=-2Equ=-108,823B , F = - Ey,=- 54,4 3B.
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OTMeTHM, YTO MOJIHASL DHEPTHUs IJIEKTPOHA B OCHOBHOM COCTOSIHUM (1 = 1)
MOJKET OBITH 3aITMcaHa B BUJIC
=-7°E;,
rae E; - sHeprusi MOHU3aLMU aToMa BOJ0poia, paBHas 13,6 o8.
[ToncraBisis B 3TO BbIpakeHHWe Z = 2, TOJYYHMM BBIIIE HaAWJIEHHOE
3HaYeHHe dHepruu £ = - 54,4 5B,

Dnemenmuvl K6AHM OGO MEXAHUKU

JlnmuHa BOHBI A¢ bpounis

h 2xh
A=—=—m, (1)
P P

T€E p- UMITYJIC YaCTHUIIBI.
B penstuBucTCKOM Ciydae

P Z%\/(ZEO +Ek)Ek 5 (2)

rae E,-3Heprus MOKosl 4acTHUIlbl, E, - KHHETUYECKAs SHEPTUsl YaCTHUIIbI, paBHAS

: 3)

TA€ m,- Macca 4acCTULBI, U - CKOPOCTb YaCTHUIIBL.
B HepenaTuBUCTCKOM ciiydae

p=muu=4+2m,E (4)

2
m,0
I7ie KHHeTHYEeCKasl SHEPTHs YacTullsl E,= . ®))
2

CoOTHOLICHHUS HEOIPEACITICHHOCTEM
a) U1 KOOPJIUHATHI U uMmyibca Ap Ax>h/2, (6)
rie Ap, - HEONpPEIeIeHHOCTh MPOSKINM HWMITyJhCa Ha OCh X,

A)X - HEOTIPEIETICHHOCTh KOOPAUHATHI X;
0) 11s1 PHEPTUH U BPEMEHU AEA>RH/2, (7)

rae AE - HCOIIPCACICHHOCTH JSHEPIUH, At - BpEM:A KHU3HU KBaHTOBOU
CUCTEMBI B TAHHOM SHCPICTUICCKOM COCTOSAHHMH.
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IIpumepsl pemieHus 3a1a4

Ilpumep 1

DNeKTpOH, HaYaJbHON CKOPOCTHIO KOTOPOTO MOKHO MpeHEeOpedb, MpOIIe
YCKOPSAIOIIYK pa3HOCTh noTeHumanoB U. Halitu ninvuHy BOJHBL e bpoitns s
nByx ciydaeB: 1) U;=51 B; 2) U,=510 xB.

JlaHo:
BJIEKTPOH
U1 = 51 B

U,=510kB=5,1'10"B

A=9
Pemienue. J[liimHa BOJIHBI ¢ bpouimda A I 4acTHUIBI 3aBUCUT OT €€
UMITYJIbCA p U onpeensiercs: Gopmyion

A=

2, (1)
p
rie h - nocrosinHas [1nanka.

MMmysibC 4acTULBI MOKHO OIIPEACIIMTh, €CIIA U3BECTHA €€ KUHETUYECKas
sHeprus E, . CBsI3pb UMIIyJbca C KHHETHYECKOM DHEPrUeW pasiinyHa Ui
HEPEJISITUBUCTCKOrO ciayyas ( KOrja KMHETHYeCKash DHEPrusi 4acTHUIbl MHOTO
MEHBIIIE SHEPIMM €€ TOKOS ) W JJId PEeIATUBUCTCKOIO ciy4das (Korja
KMHETHYECKasl SHEPTHs CPABHUMA C SHEPTUEH NMOKOS YaCTULIBI).

B HepenaTuBUCTCKOM ciiydae

p:\lzmoEk ) (2)

rIe m, - Macca 4YaCTHUIbI.
B penstuBucTCKOM Ciydae

1
p:;\/(2E0+Ek)Ek, (3)

2
rae E, = m,c” - DHEpTrus MOKOsl YaCTUIIBI.

®dopmyna (1) ¢ yueroM cooTHorieHui (2) u (3) 3anuiercs:
B HEPEIATUBHUCTCKOM CITydae

h

Y g (4)

B PCILITUBUCTCKOM CJIy4dac
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A= 1 h
~JQE,+E,)E,
C

(5)

CpaBHUM KHHETHYECKHE DHEPTHM DJIEKTPOHA, MPOIICAINIETO 3aJlaHHbIC B
YCIIOBHHM 3aJ1aun pasHoctu noreHuuainoB U; = 51 B u U, = 510 kB, ¢ 3Hepruei
MOKOS JIEKTPOHA U, B 3aBUCUMOCTH OT 3TOT0, PEIINM, KOTOPYIO U3 popmyi -(4)
uiu -(5) cneayeT NpUMEHUTH JJIsl BRIYUCIICHUS JITTMHBI BOJHEI e bpoiins.

Kak w#3BeCTHO, KHHETHYECKasi »SHEpPrusi dBJEKTPOHA, MPOIIEIIIETO
YCKOPSIOUIYIO Pa3HOCTh MOTEHIHANIOB U, paBHa

E.=elU.

B niepsom ciyyae
E.= eU; = 51 5B = 0,51'10" MsB , 4To MHOr0 MeHbIIE SHEPTrUM TTOKOS
JJIEKTPOHA.

CrnenoBarelbHO, B 3TOM Clly4ae MOXXHO NpUMEHUTHh (popmymny (4). s
YIIPOILEHHUS pAcueTOB 3aMeTHM, 4T0 E,= 10™ m,c’. [T0ACTaBHB 3TO BBIPaXKeHHUE
B hopmyiy (4), mepenuiiem ee B BUIE

A= h _10° &
\/27710'104'171002 V2 mye
VYurs, 4to h/m,c €CTh KOMITOHOBCKAs JUIMHA BOJIHBI A, TOJIyYUM

2
/11:£A.

V2

Tak kak A=2,43 HM, TO
2y =29 543 i = 171
1= 5o M M .

Bo BTOpOM citydyae KuHETHYECKAasi DHEPTHUS
E.=eU,=510 kB =0,51 M»B,
T.€. paBHA YHEPTUU TMOKOs 3JIEKTpoHa. B 3TOM ciiydae HEOOX0AUMO MTPUMEHUTH
pemstuBrcTeKyIo hopmyny (5). Yurs, uto E,= 0,51MdB = m,c’, no dopmyie
(5) Haiinem

P h _ h
, = =
1\/(2moc2 +m,c?)ym,c’ \3mge®
c
A
A :ﬁ.

IloncraBuB 3HaueHue A IMPOU3BCIs BBIYUCICHUA, ITOJTYUHNM
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p, =22 1,40
2 ﬁ oM = 1,40 M.

Ilpumep 2

Kunernueckass »HeEprusi HJEKTPOHA B aTOME BOJOPOAA COCTABIISET
BenuuuHy mnopsaka 10 »B. Mcnonb3yss COOTHOLIEHHWE HEONpPeneseHHOCTEH,
OLICHUTh MUHUMAJIbHBIE Pa3Mephl aTOMaA.

JlaHo:

E.=105B

Lmin - ?

Pemenue. CoOTHOLIEHHWE HEONPENEICHHOCTEW ISl KOOPAMHATBHI U
UMITyJibca uMeeT BUul Ap,Ax > h/2, tie Ap, - HEONPEAEIECHHOCTh UMITYJIbCa
qacTUIbl (JIEKTpPOHA); AX - HEONPEICTICHHOCTh KOOPAMHATHI YaCTHIIBI
(B maHHOM ciydae JIEKTpOHA); i = h/2 xr - npuBeeHHas nocrossHHas [lnanka 4.

W3 cooTHOIIEHUsT HEONPEACICHHOCTeH CIIeIyeT, YTO YeM TOJYHee
OTpeNeNseTCs  TOJIOKEHWE YacTUIbl B  TPOCTPAHCTBE, TeM Ooiee
HEOMpPEeIeTIEHHBIM CTAHOBUTCS UMITYJIBC, & CIIE0BATEIbHO, U SHEPTUS YACTHUIIHI.
[Iycth aToM wuMeeT JMHEHHBIE pa3Mepbl [/, TOrAa JJIEKTPOH aTtoMa Oyaer
HAXOJIUThCS TJe-TO B Mpejenax 00J1acTi ¢ HEOMPEACIEHHOCThIO

Ax=1/2.
CooTHOIIIEHHE HEOMPEIeICHHOCTEH MOYKHO 3amucaTh B 3TOM CiIy4ae B
BUJIE
Lpps?
2 2°
OTKyJ1a

1>

Ap

Ou3MYeCKH pa3yMHas HEOIMPEICICHHOCTh UMMYJibca Ap,, BO BCSIKOM
ClIy4ae, HE JIOJKHA MPEBBIIATh 3HAYEHHUE CaMOT0 UMITyJIbca p, T. €. Ap <p.
Nmnynec p cBS3aH ¢ KHHETUYECKOW SHEPTUEN E,, COOTHOIICHHEM

p= 2mE, .

3ameHuM Ap 3HaueHHeM 4 2mE; (Takas 3aMeHa HE YBEIHUYUT /).

[IepenneM K paBEHCTBY
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2h
lmin = omE..
ME
HOI[CTaBI/IB YUCJIOBBIC 3HAUYCHUA U IPOU3BCAA BLIYUCIICHUA, ITIOJTYYHUM

~34

2-1,05-10
=] =70 M=1,1610"" M= 116 m.
2:9,1-10 " 1,6-10 -10

I

Duzuka meepoozo mena

VY nenbHas 3IEKTPONPOBOAHOCTD MOTYTIPOBOAHUKA
Y :e(nbn +pbp) > (1)
IJIE e - 3aps/l JJIEKTPOHA, 1 U p - KOHIEHTpAIUsl HOCUTENEH 3apsiaa

(TTOABMIKHBIX 3JIEKTPOHOB U IBIPOK), b, U b, - IOABUKHOCTHU DIIEKTPOHOB U
TIBIPOK.

B ciyyae npoBOAMMOCTH OJTHOT'O THIIA OJHUM W3 CJIAra€MbIX B BBIPAKECHHUU
(1) moxHO mnpeneOpeub. Jl11 COOCTBEHHOTrO MOJYMNPOBOJHUKA CIIETYET
HOJIOXKUTD 1 = p.

3aBUCUMOCTD yAEIBHOM AIIEKTPONPOBOAHOCTH COOCTBEHHOT'O
HOJIyIPOBOIHUKA OT TEMIEPATYPHI

AE
Y =70 eXp| ———
0 T | 2)

rone AE - IMUPHUHA SaHpCMGHHOﬁ 30HBI ITOJYIPOBOAHUKA, 7, - KOHCTAHTA,

MOYTH HE 3aBUCSIIASA OT TEMIIEPATYPBI;, K - MOCTOsSIHHAA bonplmaHa.
[Ipy HE3HAYUTETLHOM HW3MEHEHUHU YJIEJIbHOTO COMPOTUBJICHUS BOJW3U
KOMHATHOUW TEMIIEPATyPhI

pZIWZpMY+%), 3)
rae po - ynaenbHoe comnpotuBieHue mpu 0 C; B - TemmeparypHbIii
k03 duIMeHT;  — Temmeparypa B "C.

X0JT0BCKast pa3HOCTh MOTEHIIMATIOB pPaBHA
U=RE1, (4)
a
rae B - MHAYKIUS MarHUTHOTO TOJISI, @ - TOJIKMHA oOpasia; [ - cuiia ToKa B

oOpasue; Ry~ noctostHHas Xosuia. J[Jig MoaynpoBOAHUKA C KPUCTAJUIMUYECKOU
pemeTkoi Tuna anmasa (Ge, Si) mocrosiHHas XoJla paBHa

2_ 12
3 nbn pbp

I N .
8e (nbn+pbp)2

)
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[Tocrosunyto Xomma s COOCTBEHHOTO MOJYINPOBOAHHKA MOXHO
NOJIYYUTh W3 ATOTO BBIPAXKEHUS, CUUTASI N = p; JUIS BJIEKTPOHHOIO — 1 >> p,
JJIs1 ABIPOYHOTIO - p >> N.

IIpumeps! penieHus 3a1a4
Ilpumep 1
Jlo kakol TemmepaTypbl HY>KHO HarpeTh 00Opas3ell U3 apCceHujJa rajius,
Haxoxserocs npu temmneparype 0 °C, 4ToObI €ro IpOBOJUMOCTE BO3POCIA B
4 paza?

Jano:
T=273K
Yiv=4

T-?
Pemienne. YaenbHass  NpOBOAUMOCTH  IMOJYNPOBOJHUKOB  CBSI3aHa €
TEMIIEPATYPOH COOTHOIICHUEM
7= o ME/KT :
rIe y —IOCTOSIHHAS;, AE —IIMPUHA 3alPEIICHHON 30HBI; K - IIOCTOsAHHAsA bonbplmMana.

—AE /| kT
Takum 06pazom, r_ eﬁ = exp{E [i —Lﬂ =4,
y e

[Iponorapudmupyem BoIpa)KeHHUE U TTOTYIUM

AE(L 1)
k\r T,

OTKyJa T, = 1 _xlnd )
2 ]11 AE .
[Tonaras nis apcenuaa rammusa AE=1,43 3B, mpousBeaem BEIYUCICHUS

_( 11,3810 *2%0,69
P

-1
=300K .
273 1,43*1,6107" ]

Ilpumep 2

HexoTopblii NpUMECHBIA NOJYIIPOBOJHUK MMEET PEUIETKY THUIIA ajiMa3a U
o0JafaeT TOJBKO JBIPOYHON MPOBOAMMOCTHIO. OmnpenenuTh KOHLEHTPALUIO
HOCHTEJIeH M HX MOABMKHOCTB, €CIIH MOCTOsHHAs Xoiua pasHa 3,810 m/Ku.
VY nenbHas IpoBOAUMOCTSG MoaynpoBoanuka 110 Cv/m.
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JlaHo:
p - IOJIYIIPOBOJHUK
R,=3,810" M’/Kn
y =110 Cm/m

n,-? b,-?
Pemenune. KoHnieHTpaus p AbIpOK CBsi3aHa ¢ MOCTOSSHHOM XO0JU1a, KOTOpas
JUTsl TIOYTIPOBOJTHUKOB C PELIETKOM THIIAa ajiMasa, 00JIalalolIuX HOCUTEISIMU
TOJIBKO OJTHOTO 3HaKa, BhIpaXkaeTcst GopMyJioit

3z 1
R="¢ o’
TJE e - DJIEMEHTAPHBIN 3apsl.
Orcroma
3z 1
P~ 8 ¢R o (1)

1019 104

Bremumem Bce BenuuuHbl B equaumax CHU: e = 1,610 Ki; Ry = 3,810
m/Ki1. TToficTaBUM YHCIIOBBIE 3HAYCHHs BeanduH B Gopmyiy (1) 1 mpousseaeM
BBIYMCIICHUS

33,14 1 3 .
b= = 119102 03,

8 161071738107

V 1enpHas MpOBOAUMOCTD Y IOJIYIIPOBOJAHUKOB BEIpakaeTcs (JopMyJIoit

Yy =e(nb,+phby, (2)
Il 1 U p - KOHIEHTPALUU 3JIEKTPOHOB U ABIPOK; b, U b, - UX MOABUKHOCTH.
[Ipy OTCYTCTBUM BJIEKTPOHHOW MPOBOAUMOCTH IIEPBOE CJAaraéMoe B
CKOOKax paBHO HYJIO U (popmyina (2) mpuMeET BUA

Y =epb,.

OTtcrona uckoMasi IIOJABUKHOCTD
4

b,= ;. (3)
[Toactasum B (3) Beipaxkenue p mo popmyie (1)
8
= — R
bp 37 H . (4)

[TonctaBuB B (4) 3HaueHuss y u Ry B eaununax CHM u mpowusBens
BBIYUCJICHUSI, TTOJTYYUM
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8

—4
bp:mno +3.8-10 M*/(Bc)=3,6 -10 ~> Mm*/(Bc).

Duzuka amomnozo aopa
O6o3HaueHUE sAIEp
X,
rae X - XuMUYeCKU CUMBOJI AJIEMEHTa, A - MacCOBOE YUCIIO (YMCII0 HYKJIOHOB
B AJIpe)
A=Z+N,

Z - 3apsI0OBOE YUCIIO (YUCIIO TPOTOHOB), N - YHCIIO HEUTPOHOB.

3aK0oH paIMOAaKTUBHOTO pacmaaa

N = N,exp(-it) , (1)

rae N - 9ucio siaep, HepaclaBIIuXcs K MOMEHTY BpeMeHH ¢; N, - 9HCIIO sep B
HayaJbHbIA MOMEHT BpeMeHH (¢ = ()), A - MOCTOSIHHAsA pacnaja.

3aBUCHMOCTSD TEPUO/IA MOTypaciaaa OT MOCTOSHHON pacmaaa

, _In2_06% ,
hooa o4 @)
Yucio siaep, pacimaBIINXCs 3a BpEMS £,

AN =Ny -N =N, (1—e*). 3)

B cnyuae, ecnu HHTEPBAI BPEMEHU Af, 32 KOTOPBIM OINPEAEISETCS YUCIIO
pacnaBIIMXCS AIEP, MHOI'O MEHBIIIE ITeproaa noxypacnana 71,, To
AN ~ ANAt . (4)
Cpe):[Hee BpEMA KU3HHU T PAIUOAKTUBHOIO A4pad, T.C. HHTCPBAJI BPCMCHU,
3a KOTOPBIM YMCIIO HEPACTIABIIUXCA SAEP YMEHBIIAETCS B € pas,

r=— 5
; (5)
Yuciao atoMoB N, COACPKAINXCA B paANOAKTUBHOM HU30TOIIC,
mN 4
N="4 (6)
Y7

rJe m - Macca U30TOIa, u - MOJISIpHas macca, N, - moCTOssHHass ABOrajpo.
AKTHUBHOCTBH A pPaMOaKTUBHOT'O U30TOIA

dN — _

A:_;zﬂ,N:/INOe /UzAOe ﬂt, (7)
rae dN - 4ucio siaep, pacnaBLIMXCs 3a UHTEPBaJl BpEMEHU df, A, - aKTUBHOCTb
M30TOIa B HAYaJIbHBIE MOMEHT BPEMEHHU.

B cucreme CU enuHuia akTUBHOCTH TIpeniapara - b6exkepens (bk)

1 bk = 1 pacnan/c .
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BnecucremHuas enuHuia akTuBHOCTH - kropu (Kn)
1 Ku=3,710" Bx.
1 Kropu - 3T0 aKTUBHOCTB IIperapara uzorona pagusa-226 maccou 1 r.
Jledekt macchl sapa
Am =Zm,+ Nm, - m,, (8)
1€ m, - Macca IpoToHa, m, - Macca HEUTPOHa, m, - Macca sapa.
DHeprus CBsI3U spa
E..= Amc’, 9)
rjae m - 1e()eKT MaCCHI siIpa, ¢ - CKOPOCTh CBETA B BaKyyMe.
Bo BHECHCTEMHBIX €IMHUIIAX SHEPIUs CBSI3U siApa paBHA
E.=931" Am M5B,
rae  gedekT wMaccel Am  BeIpakeH B a.e.M., 931 -  koadduimeHr
nponopiroHanbHOCTH (1 a.e.m. ~ 931 M»aB).
VY nenbHas sHEprus cBsizu paBHa E .,/ A [MaB/HykioH].

IIpumeps! penieHus 3a1a4
Ilpumep 1
Boraucnute medekT macc, SHEPTHIO CBSI3M W YNEIbHYIO JHEPTHIO CBSI3H,
MMPpUXOIAIYIOCSA Ha OIWH HYKJIOH B AAPC 2693C1/l .
Pemenue:

JedexT Macchl
AM=Z-m,+N-m,—M,, tne m, - Macca IpoTOHa, /m, - Macca HEHTPOHA,

/-KOJIUYECTBO ITPOTOHOB, N-KOIUYECTBO HCﬁTpOHOB B A1pC, ]\4}Z — MacCca sapa aroMma.
Tak xak my, =mMymona — ZM. , TIE M.~ MACCa BJIEKTPOHA, TO BCIEACTBUE TOTO,
qTo me << mﬂ , MACCy s1aApa MOKHO CUHUTATb paBHOﬁ MacCe€ aToMa n30TOIIA.
Z=29
N=A4-Z=63-29=34
AM=(291,00783 + 34'1,00866 — 62,92960) a.e.m.=0,59191a.e.m.
la.e.m.=1,6605655107"kr =1,66'10"kr

AM=0,59191a.e.m. 1,66107 —X5_=0.9825710kr

a.e.m.
Eepps=AM<c* = 0,98257107"kr (3 10°m/c) = 8,84314' 10" Ik
TaK Kak 13B=1,6'10‘19£[>K
E.,=5,52710%B=552 MB
DHeprus CBs3U, NPUXOAAIIascsa Ha 1 HYKJIOH

E.,  552M>5B ~876 Mb>B

A4 63nyKnona HYKJIOH
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IIpumeyanue
OtBer 552 M»3B MOXHO OBUIO MONYYUTh KOpPOYE, €CIAU YYECTb, YTO
DHEPreTUYECKU  DKBHUBAJIEHT | a.e.M. paBeH 931,5 Mn»B, Torma

E.=0,59191a.e.m.931,5 MsB = 552 Mb»B.
la.em. = 1,66107 kr
1,6605655107"kr (2,998 10°m/c) = 14,92517:10" Ik = 931,5 MaB.
Ilpumep 2
OnpenenuTh HayajdbHYI aKTUBHOCTh PAJMOAKTUBHOIO Ipernapara
Marausi-27 maccoi 0,2 MKT, a TAK)KE €ro akTUBHOCTh Yepe3 6 4acos.
JlaHo:
m=0,2 MKT = 2107 kr
t=6u=2,1610"c
T%=10 MuH = 600 ¢

A,-?7 A -?

Pemenne.  AKTHBHOCTB A4  HW30TONA  XApaKTEPU3YET  CKOPOCTh
pPaZIMOaKTUBHOTO paclajga M OMpeNeNseTcs OTHOIIeHHueM uucia dN suep,
pacnaBIIUXCS 32 HHTEPBAJI BPEMEHH df, K 9TOMY UHTEPBATY

a=-4 (1)
dt
3HaK "-" MOKa3bIBAET, YTO YUCIO N paJlOaKTUBHBIX SACP C TCUCHUEM BPEMEHU
yOBIBaET.

UtoOs! HaiiTu dN/dt, BOoCTIONBb3yeMCsl 3aKOHOM PaMOaKTUBHOTO paciaia

N=N,e"’, (2)
rne N - 9UCIIO paJMOaKTHBHBIX SJIEP, COACPIKAIIMXCS B U30TOINE, B MOMEHT
BpEMEHH f, N, - UHCJIO PAANOAKTHBHBIX SIJIEp B MOMEHT BPEMEHH, TPUHATHIN 32
HavyajabHbIN (1=0), A - MOCTOSIHHAS PaJUAllMOHHOrO pacnaja.

[Iponuddepenupyem Boipaxkenue (2) Mo BpeMeHu

dAN/dt = ). N,e ™", (3)

UckmrounB u3 dopmyn (1) u (3) dN/dt, Haxoqum aKTUBHOCTH TIpemnapara B

MOMEHT BPEMEHH

nn

A=AN,e " (4)
HavanbHyr0 akTUBHOCTH 4, IIpenapara nojy4um npu ¢ = 0
A,= AN, (5)

[TocTtosiHHAasT paaMOAaKTUBHOTO pacmaga A  CBs3aHAa C  MEPUOJAOM
nonypacmanaa 77, COOTHOIIEHUEM



AT (6)

1/2

Yucno N, panvOAKTHUBHBIX SJEP, COIAEPKAIIMXCA B HU30TOIE, PABHO
IIPOU3BEAECHUIO TOCTOSSHHOM ABoraapo N, Ha KOJIMYECTBO BEIIECTBA V
JAHHOTO U30TOIA

~

N,= vN,=2N, (7)
MU

IJie m - Macca U30ToMa, |l - MOJISIpHasl Macca.
C yuetom Beipaxenuit (6) u (7) dopmyisl (5) u (4) mpuHUMAIOT BU:

In 2
AOZ— T NA, (8)
H T1/2
m In2 ln2t
A="——N,exp| - . (9)
I 4w

[IpousBens BeIUUCICHUS U yuuThIBas, uto 11, = 600 c; In2 = 0,693; ¢ =
64=063,610"c=2,1610" ¢, momyunm

0,210 0,693 5.1310'2

" n23
A= — 6,02107" Bk =5,13 " 10 bk =—"7¢ = 138 Ku,
271073 600 1010

3

0,693
600

T

In 2
A=A, exp| ——1 |=138exp| —
1/2

- 2,16'104) =170 Bk = 4610 Ku.

Ilpumep 3

OnpenenuTts MacCOBBIN pacxo ypaHa-235 B IIEPHOM pEakTOpe aTOMHOMU
AIEKTPOCTAHIMU. TerioBas MOIIHOCTG 3JIeKTpocTanuu pasHa 10 MBt, KIITJ]
anekTpoctaHiuu cocTaBisieT 20%. Cuutars, 4TO MPU KaXJIOM aKTe JCIICHUS
sapa ypana-2335 seigensiercs sueprus 200M»aB.

Hano : Nren =10 MBt=1,0 Bt

n =20%

E=200M»B=3,2 JIx

m-?

Pemenue:
KII/I anekTpocTaHiuy Onpenensiercst u3 COOTHOLIEHHUS:

N,
n= Nﬂ -100% , OTKy1a HAXOAUM DJIIEKTPUUYECKYIO MOIIIHOCTH CTAHIIUH:

o

N 107
N,y = —2e 05 07 By
02 0.2

Boeruucnum paboTy 3J€KTPOCTAHIIUU B CYTKH:
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Y
Noy= =22 4, = N,, 1=5:107 86400 = 432-10" [k

HMcxoasa n3 2TUX JaHHBIX, HAUAEM YHMCIIO pacraBIINXCsI aTOMOB N 3a CYTKH:
A, 432-10"

E 32.-10™"
Jlist omipenienieHns MacCOBOTO pacxojia MpuMeHuM (hopmyiry:

=1,35-10%.

m
N =—N,, rae N- KOIM4eCTBO aTOMOB, |L — MOJISIpHAsl Macca ypaHa
y7i

(1= 235107 Kr/MOIB), N) — 4rci0 ABorampo (6,02-10°Moms ")
_N-4 _135-10%-235.107

I 03107 =53-10°kr =53 1.
A ) '

= m

2.3. 3agaHue HA KOHTPOJIbHYIO padoTy 5

501. AbcomtotHo yepHoe Teno umeer temrepatypy 500 K. Kakosa Oyner
TeMIlepaTypa Tejla, €CIM B PE3yJbTaTe HArpeBaHUs IOTOK W3JIyYEHUs
yBenuuutcs B S pa3? Ucxons u3 popmynsl [Inanka, n300pa3uth rpaduiecku
Ha4aJIbHbIN Y KOHEYHBIA CIICKTPBI U3JIYUYCHHUS.

502. Temneparypa abcomtoTHO yepHoro Tena paBHa 2000 K. Onpenenutb
JUIMHY BOJHBI, Ha KOTOPYHO MPHUXOJUTCS MAKCUMYM CIEKTpa DSHEPruut
U3JIyYEHUs, U CHEKTPAIbHYI IUJIOTHOCTh HSHEPreTUYECKOM CBETUMOCTH IS
DTOM JUTMHEI BOJIHEIL.

503. Omnpenenute TeMIEparypy M JHEPre€TUYECKYH) CBETUMOCTH
aOCOMIOTHO YEpPHOTro Tejla, €CIM MAKCUMYM DSHEPruu CHEKTpa H3IyYeHHUs
MPUXOJUTCS Ha JIIMHY BOJIHBI 600 HM.

504. U3 cMOTpOBOro OKOIlIEYKa Me4yu u3iaydaercsa noTok 4 k/[x/MuH.
Omnpe/eNIUTh TeMIIEPATyPy TIeUH, €CIIU IUIONMAb OKOIIeYKa PaBHA 8 CM”.

505. Tlotok wu3nydeHuss aOCONOTHO 4YepHoro Ttena paBeH 10 kBT, a
MaKCUMyM CIIEKTpa H3JIyYEHUs] TPUXOAUTCS Ha JUIMHY BOJHBI 0,8 MKM.
OnpenenuTs IIOMAlb U3JIY4aroe NTOBEPXHOCTH.

506. Kak u BO CKOJIBKO pa3 HM3MEHHUTCS TMOTOK H3JIy4eHHUS] aOCOIIOTHO
YEPHOTO TeNa, €CIM MAKCUMYM BHUAUMOTIO CIIEKTpa U3ITYyUYECHUSI IEPEMECTUTCS C
KpacHoOU rpanuiibl criektpa 780 HM Ha puoneToByro 390 Hm?

507. Beruucauth sHepruto (kBT 4), u3iaydaemyro 3a CYTKH C IUIOIIAIA
0,5M° HarpeBatels, Temieparypa kotoporo 70 °C. CunTaTh, 4TO HArpeBaTEb
U3IIy4aeT Kak cepoe Teno ¢ koddduimentom noriomenus 0,3.
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508. Ileub, noTpedsAonIas MOIHOCTh 1 KBT, uMeeT oTBepCcTHE MIIOIAAbIO
100 cm’. OnpenenuTes 00 MOIIHOCTH, PACCEMBAEMYIO CTEHKAMHU IE€YHU, €CIIU
TeMIeparypa ee BHyTpeHHen noBepxHoct paBHa 1000 K.

509. Ilpu ocThiBaHMU aOCOIIOTHO YEPHOTO Tella MAKCUMYM €ro CIEKTpa
m3nydyeHus cmectwics Ha 500 HM. Ha ckonbko IpagycoB OCTBUIO TeJO?
Hauansnas Temnepatypa tena 2000 K.

510. Ompegenutrb MOIIHOCTb, HEOOXOAMMYIO JUIsl  HaKaJIMBaHUs
BOJIL()PAMOBOIM HUTHU 3JIEKTpoiamibl JMHOM 10 cM U nuameTpoM HUTH 1 MM
no temneparypel 3000 K. IlorepsmMm Temia Ha TEIUIONPOBOAHOCT H
KOHBEKITUIO MPEHEOPEUb.

511. Kpachas rpanuima dotodddexra misi nuHka coctaBiser 310 Hwm.
OnpenenuTe MaKCUMaJIbHYI0 KHHETHUECKYIO SHEPIUIO (B 27eKMPOH—B0NbMAX)
(OTOAEKTPOHOB U 3a/ICPKUBAIOIIYI0 PAa3HOCTh MOTEHIIMANIOB, €CIM Ha IUHK
najaeT ynabTpaduoiaeToBoe U3IyUueHue ¢ JUIMHOW BOJTHBI 200 HM.

512. Ha moBepxHOCTh KajiMsl TajaeT yJbTpadrOJIETOBOE H3IIYyYEHUE C
IMHOW BOJIHBI 150 HM. Onpenenuts MakCUMaJbHYI0 KHHETUYECKYIO SHEPTHIO
(B anekmpon—6onbmax) (HOTOIAEKTPOHOB U  3aJEP)KUBAIONIYI0O PA3HOCTD
MOTEHIIMAJIOB.

513. ®oton c sueprueit 10 3B BbIOMBaeT 3MEKTPOHBI U3 CepeOPSIHOU
1acTUHbL. ONpenenuTh UMITYJIbC, TOTYUYEHHBIN TUIACTUHOM, €CIIU MPUHSTH, YTO
HampaBJjeHUsT HMIYJIbCOB (OTOHA U (OTORIEKTPOHA MEPIECHAUKYIISPHBI
MOBEPXHOCTH IJIACTHUHBI.

514. Ha ¢otosneMeHT ¢ KaToJOM W3 JIUTUS MaJaeT yiIbTpadHuoeToBOE
u3nydyeHue ¢ mHOM BoJiHBI 200 HM. HailTu HauMeHbIIEEe 3HAYCHUE
3aIep>KUBAIOIIEH PA3HOCTH MOTEHIIMAJIOB, MTPEKpalaroiiee PoToToK.

515. KakoBa A0/KHA OBITh JJIMHA BOJIHBI W3JIYYEHHUS], MAJAOLIETO Ha
IJIATUHOBYIO TUIACTHUHY, €CIIM MaKCUMAaJIbHAsi CKOPOCTh (DOTOAIEKTPOHOB paBHA
3 Mwm/c?

516. VYabTpaduoneroBoe wu3IydYeHHUE C JIMHOW BOJHBI 0,25 MKM,
HaIpaBJICHHOE HAa METAJUIMYECKYHO IJIACTUHY, BBI3bIBAET (POTOTOK, KOTOPBIM
MpPEKpaIAeTCsl NMPU MUHUMAIBHON 3a/ep>KUBAIONICH PAa3HOCTH IMOTEHIIMAJIOB
0,96 B. Onpenenuts padbOTy BbIX0/1a 3JIEKTPOHA U3 METaJLIA.

517. Ha noBepxHOCTh MeTajUla majaceT yabTpadUOJIECTOBOE HU3IYyUYEHHUE C
mmHo BosHbl 0,1 mMkM. Kpachas rpanuna ¢orosddekxra paBHa 0,3 MKM.
Kakas nons o»Heprum ¢OTOHA pacxoIyeTcsi Ha COOOIIECHUE JIICKTPOHY
KHHETUYECKOW SHEPTHUU?

518. Ha noBepXHOCTh JUTHUSA MAJAET PEHTTE€HOBCKOE M3JIYUYECHHE C JIMHOU
BOJIHBI 1 HM. OnpenenuTh MaKCUMaIbHYI0 CKOPOCTh (DOTORIEKTPOHOB. MOXKHO
1M ipeHeOpeyb paboToil BhIX0OAa 3JIEKTpoHa?
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519. KakoBa kpacHas rpanuiia Gorosddexra 1 Meau, HaTpusi, 30J0Ta U
1e3us. ( Tadis. 6 NpUIIOKEHUE).

520. Kpacnas rpanuma ¢orosddekra maisg Boabdppama paBHa 275 HM.
OnpenennTs 3aJ€pKUBAMOIIYI0 Pa3HOCTh NOTEHIMAIOB JUISl 3JEKTPOHOB,
BBIPBHIBAEMBIX M3 BOJIb(Ppama CBETOM C ITTMHOM BOJIHBI 180 HM.

521. Onpenenuts pagnyc, 4aCTOTY U CKOPOCTh OOpaIlleHUsI JIEKTPOHA s
nepBoil opOuthl mo teopuu bopa, a Takke >HEPryuI0 MOHU3ALMM JUIsI aToma
TeJusl.

522. Haiitu HauOONbIIyI0 ¥ HAUMEHBUIYIO JUIMHBI BOJH B BHIUMOMN
00JIaCTH CIEKTpa U3JIyYeHHUsl aToMa BOJOPO/a.

523. Beruucnuthk no teopun bopa paguyc BTOpo# cTalmoOHApHOM OpOUTHI
U CKOPOCTbh JIEKTPOHA Ha 3TOU OpOuUTE /sl aTOMa BOJOPO/a.

524. AtoMm BOIOpPOJAa B OCHOBHOM COCTOSIHMM IOTJIOTHJI KBAaHT CBETA C
nuHoM BosiHbL 0,1215 MM, OnpenenuTs paanyc JJIEKTPOHHON OPOUTHI
BO30YK/I€HHOTO aTOMa BOJIOPOJa.

525. B Bo10p0o10110I00HOM MOHE JIUTUS 3JIEKTPOH MEPEIES C YETBEPTOIO
HYHEPreTUYECKOro YpOBHSI Ha BTOpOW. ONpeAenuTh 3HEPrui0 KBAaHTa U JJIUHY
BOJIHBI U3JIyYEHUS, UCITYILICHHOTO HOHOM.

526. Beruucnuthk no Teopun bopa paguyc BTOpo# cTallmOHAPHOM OpOUTHI
U CKOPOCTbH JIEKTPOHA Ha 3TOW OpOUTE IJIsl OJTHO3APSAHOIO NOHA TeHsL.

527. DneKTpoH B aTOME€ BOJOPOJA JIBHXKETCA IO TepBod opbute. Haiitu
CKOPOCTbh 3JIEKTPOHA W JUIMHY BOJIHBI 1€ bpoitns. CpaBHUTH JJIMHY BOJIHBI
ne bpoiins ¢ nepumerpom opOouThl. Hy>XKHO 1M yUUTHIBaTh BOJHOBBIE CBOMCTBA
AJIEKTPOHA MPU U3YUYEHUU JBUKEHUS 3JIEKTPOHA B aTOME BOAOpoaa?

528. Omnpenenuth 5Heprut0 (OTOHA, HUCIYCKAEMOro NPU TMEPEX0Jie
JJIIEKTPOHA B aTOME BOJOpPOAA C TPEThEr0 3SHEPreTUYECKOrO YpPOBHA Ha
OCHOBHOM yPOBCHb.

529. Bpiunciuth 1o tTeopun bopa mnepuojl BpalleHus 3JIEKTPOHA B aTOME
BOJIOPO/JIa, HAXOJALIETOCS HA BTOPOM SHEPrETUYECKOM YPOBHE.

530. DyIeKTpOH B aTOM€E BOAOPOAA HAXOAUTCS HA TPETHEM DSHEPTETHUECKOM
ypoBHE. ONpeenuTh B 31€KMPOH-801bMAX TIOJHYIO SHEPTUIO JJIEKTPOHA.

531. OmnpenenuTe  HEONPEACICHHOCTh  KOOPAWHATHI  JJIEKTPOHA,
IBIKYIIErOCS B aTtoMe BOZOpoga co ckopocTeo 2,0-10° wm/c, ecim
OTHOCUTENbHAA HEONMPEAEIEHHOCTh CKOPOCTH paeaa 0,1. CpaBHUTH
MOJYYEHHYK0  HEOINpPENEIEHHOCTh C  JMaMETpoOM  aroMa  BOJAOpOJAA,
BBIYHMCIICHHBIM 10 TeOpuu bopa a1 OCHOBHOIO COCTOSIHMS, W YKa3aTh,
IPUMEHUMO JIM MIOHATHE TPAEKTOPUU B JAHHOM CIIy4ae.
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532. OnexktpoH ¢ kuHetndeckor oHHeprued 10 »B  HaxomuTca B
METAJIMYECKON ThUIMHKE auameTrpoM | mkm. Ouenuts (B npoyenmax)
OTHOCHUTEIIbHYIO HEOIPEICIICHHOCTh CKOPOCTH 3JIEKTPOHA.

533. Ecnu gonycTuTh, YTO HEOMPEAEIEHHOCTh KOOPJUHATHI IBUKYIIECHCS
YacTUIIBl paBHAa JACOpOWJIEBCKOW JUIMHE BOJIHBI, TO KakoBa OyjaeT
OTHOCHUTEbHAs HEONPEACIIEHHOCTh UMITYJIbCA 3TOW YaCTHUIbI?

534. Hcnonp3ysi COOTHOIICHUE HEOMPEICICHHOCTEW, OIEHUTh HU3IINI
HSHEPreTUYECKUN YpPOBEHBb AJIEKTPOHA B aroMe Bojopoja. IIpuHsATH auameTp
aroma paBHbIM 0,1 HM.

535. Onpenenute ANUHY BOJHBI A¢ bpoimns s mpoTOHA, ABUKYILETOCS
CO CpeIHeN KBaapaTuyHOi ckopocThio mpu T=300 K.

536. o -yacTuila IBUKETCA B OJHOPOJHOM MAarHUTHOM IIOJI€ C MHIYKIUEN
SMTn o okpyxHoctu paaunycom 0,8 M. OnpeaenuTs IJIUHY BOJIHBI 1€ bpoiins
Ol ~4aCTHIIBI.

537. lnuna BosiHbl Ae bpoitns nporoHa paBHa 2 HM. Kakyro yCKOpSIOLIyIO
Pa3HOCTh MOTEHIIUAJIOB MPOIIET TPOTOH?

538. Haiitu pnuHYy BOJHBI A€ bpoilns 3NEKTpOHA, HMEIOUIETO
KMHETH4YeCKy1o dHepruro 0,2 MaB.

539. Kunernueckasi sHeprus HEUTpoHa paBHa 2M»>B. Onpenenuts MIHHY
BOJIHBI JIe bpoiis HEUTpoHa.

540. KuHernueckass »Heprus MNPOTOHA paBHA €ro SHEPTrUU TOKOS.
OrnpenenuTps IIMHY BOJHBI A€ bpois 1uisi TAKOro NpoOTOHA.

541. Kak WuU3MEHHTCS YHAEIBHOE CONPOTHUBICHUE YHUCTOIO AaApPCEHU-
rajyineBoro oopasua Mpu HarpeBe ero oT KoMHaTHOU Temneparypsl 10 400 K?

542. OnpenenuTe MWUPUHY 3aIlPEIICHHOM 30HBI MOJYIPOBOJIHUKOBON
IJIACTUHBI, eciii nipu HarpeBanuu oT 0 mo 10 rpagycoB Llenbcus e€ ynenbHOE
CONPOTHUBJIEHWE YMEHBIIWIOCHh B 2,28 pa3. M3 kakoro marepuasna u3roToBjicHa
MJ1acTUHA?

543. IlepneHIUKYISIPHO OAHOPOJHOMY MArHUTHOMY IOJIFO, HWHIYKIUS
koroporo paBHa 0,1 Tn, nomemeHa TOHKas IUIACTUHKA W3 MOPUMECHOTO
kpemHus. [llupuna miactuHku cootrBeTcTBYET 4 cM. OmnpenenuTh MIOTHOCTh
TOKa, MPU KOTOPOM XOJIOBCKAsi Pa3HOCTh MOTEHIMAJIOB JIOCTUTHET 3HAYEHUS
0,5 B. TlocTosiHHyo X0I1a [T KPeMHUS IPUHATH paBHoi 0,3 M /K.

544. YiembHOe CONPOTUBICHHE KpeMHMS p-THma paBHo 107 Owm-M.
OnpenenuTy KOHLEHTPAUMIO JBIPOK M HMX IOABWXKHOCTb. [IpuHATH
NOCTOSHHYI0 X0IIa paBHoit 4-107™ m*/Ku.

545. TonHkass TIaCTUHKAa W3 KPEMHHUS ILIMPUHOW 2 CM PaACHOJIOKEHA
NEPHEHIUKYJISIPHO CHUJIOBBIM JIMHHUSIM OJHOPOJHOTO MArHUTHOTO TOJSL C
uaaykuueit 0,5 Tn. Ilpu mmoTHOCTH TOKa 2 MKA/MMZ, HAIPaBJIEHHOTO BIOJb
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IJJACTUHBI, XOJUIOBCKAs PAa3HOCTh IOTEHUHAIIOB OKas3ajach paBHOW 2,8 B.
OnpenenuTs KOHIEHTpalMio HocuTeneld Toka. CpaBHUTh € TaOJUYHBIMHU
JTAHHBIMH.

546. KoHIEHTpaIMs HOCHTENeH ToKa B uMCcTOM KpeMHuH paBHa 510" cv™
OnpenenuTs CONpOTUBIEHUE KPEMHHEBOTO CTEPKHS JITTMHOM 2 CM U CEUCHUEM
1 Mm”. CpaBHUTB ¢ TAGINIHBIMH JAHHBIMA.

547. BplUMCIUTh NMOCTOAHHYIO XoOJula JJisl KPEMHHUS, €CIIU €r0 YJIeJIbHOE
COMPOTHBIICHHE PaBHO 6,2'10° OMM.

548. Kpucramn u3 4YUCTOrO repMaHus, IIUPUHA 3alPEIICHHOM 30HBI
kotoporo pasHa 0,72 3B, HarpeBaroT oT Temneparypsl 0 ‘C 10 TemIeparypsl
15 °C. Bo ckoabKO pa3 BO3pacTaeT €ro yAeiabHas MPOBOIUMOCTD?

549. Ilpu HarpeBaHUMU KpHUCTaJIa U3 YUCTOTO KPEMHUSI OT TeMIEpaTypbl
0 °C no Ttemneparypel 10 °C ero yaenpHas OpOBOAMMOCTH BO3pacTaeT B 2,28
paza. Ilo 3TUM JaHHBIM ONPENEHUTh WIUPUHY 3AMPEIICHHOW 30HBI KPUCTAJUIA
KPEMHUSL.

550. Haiftu ynenpbHOE CONMPOTHBICHHUE YHMCTOIO T€pPMAHHUEBOro 0Opasiia
npu temnepatype 100 °C, ecnmu mpu 20 °C oHO coctaBisieT BenuuuHy 0,5

OM "m.
17
551. Beruucnute aedeKT Macchl U SHEPTHIO CBSI3U sAipa KUcaopoaa 8- .

552. Kakyro MUHUMaIbHYIO pabOTy HYKHO COBEPILIUTH, YTOOBI Pa3/ICIUTh

SIAPO aTOMa yIJIEpo/ia Ha TPU OJMHAKOBBIE YaCTHUILIBI?
3
553. Haiitu nedext Macchl U SHEPTUIO CBSI3U TPUTHUS H Kakoi IIPOLICHT

OT DHEPTUHU MOKOS S/Ipa COCTABIISECT €TI0 SHEPTHUs CBSI3U?
554. Kakyto MUHUMAIBHYIO pab0Ty HAJ0 COBEPIIUTh, YTOOBI pa30UTh SAPO

40
KQJIbIUS 20 Ca yq OTJEJIbHBIE IPOTOHBI U HEUTPOHBI?
27
555. Haittu DHEPIUto CBA3U U YIEIbHYIO SJHEPTUIO CBSI3U AJIFOMUHUS A

2 3
556. Hautu sHEpruto CBs3U H oy 2He Kakoe us orux sanep Oomee
YCTONYUBO?
TLi
557. BpIUMCINUTH SHEPTUI0, HEOOXOAUMYIO JUUIS pa3/ieNIieHHs siapa 3 Ha

HEUTPOHBI U ITPOTOHBI.
558. Omnpenenuts B3HEPrUIO, KOTOpas MOXKET BBIACIUTHCS IpHU

4
00pa30BaHUM U3 TPOTOHOB U HEUTPOHOB, COJAEPIKAIIUXCS B TpaMME TeJIHsI He

559. Haiaute MUHHMaQIbHYIO DJHEPIMI0O M YacTOTy TaMMa-KBaHTA,

2
CIIOCOOHOTO Pa30uTh ANPO EeUTepus H ya MPOTOH U HEHUTPOH.
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14
560. Omnpenenutb aedEeKT MacChbl U SHEPTUIO CBSA3U siApa 7 N Kakas

SHEPrHsl CBA3M IPUXOIUTCS HA OJUH HYKIOH?
561. Omnpenenuts, Kakas 0N PAJHOAKTHBHOIO H30TONA 4 Ac

pacrnajaeTcsi B TeueHue 6 CyTOK.
562. AKTUBHOCTb HEKOTOpOro u3oromna 3a 10 cyTok ymeHsbIuiaach Ha 20
%. Onpenenuts epruo/I Moypacmnaaa 3Toro U30Tora.

563. OnpenenuTs Maccy M30TOMNA 5/ MMEIOIIEr0 aKTHBHOCTh, paBHYIO 37

I'bk.
564. Haiitn CPEIHIOIO MIPOJIOJKUTEIBHOCTD JKU3HU aToMma
PaJIMOaKTUBHOIO M30TONA KoOanbTa 4+ Co .

565. Cueruunk  O-4acTWIl, YCTAHOBJICHHBIA BOJM3U PATUOAKTHBHOTO
W30TOIA, NMPU NEPBOM M3MepeHun peructpupoBasl 1400 yvactui] B MUHYTY, a
yepes 4 gyaca Tonbko 400 yactui. OnpenenuTs Nepuo norypacnaga u30Torna.

566. Bo CKOJIBKO pa3 yMEHBINHUTCS aKTHBHOCTh m3oToma P uepe3 20
CYyTOK?

567. Ha CKOJIBKO MPOIIEHTOB YMEHBIIUTCS aKTUBHOCT M30TONA |, Mg 3a 7
MUHYT?

568. OnpeaenuTh YUCIO A€p, paclaJalouXxcs B TEUCHUE BpeMeHu: 1) t
=1 mun; 2)t, =5 cyr, - B pamgdoakTuBHOM usorore dochopa ;. P Maccoi,
paBHOM | M.

569. 13 xaxa0oro MuUIMOHAa aTOMOB PaJUOAKTHBHOI'O M30TOMNA KaXIYIO
cekyHay pacrnagaerca 200 aromoB. OnpenenuTs Nepuo noaypacnaaa n30Tora.

570. Haitu mepuon monypacmnaga paguOaKTUBHOTO M30TOMA, €CIIH €ro
akTMBHOCTh 3a 10 cyrok  yMeHbmimiack Ha 24% 10 CpaBHEHHUIO C
IIEpPBOHAYAJIBHOM.

571. MomHOCTh JIBUTATENsI aTOMHOTO CyaHa cocrtarisier 15 MBT, ero
KIIJ paBen 30%. OnpenenuTe MECSYHBIM PacXol SAEPHOTO TOPIOYEro MNpH
pabote storo auraresns. CuuTarh, 4TO MNPU KaXKJAOM aKTe JEJCHUs spa
ypaHa-2335 Beizenserca sneprus 200 MaB.

572. HalTu >JIEKTPUYECKYH0) MOIIHOCTh AaTOMHOM 3JIEKTPOCTAHIIWH,
pacxoayromen 0,1 xr ypana-235 B cytku, ecnu KIIJI craniuum pasen 16%.
CuuTaTh SHEPTUIO, BHIACISIONIYIOCS IPU OJTHOM aKTe JEJICHUS spa ypaHa-235,
paBHori 200 M»B.

573. Onpenenutb MacCOBBIM pacxoj ypaHa-235 B SIIEPHOM pPEaKTOpe
aTOMHOM AJIEKTPOCTAaHIIMU. TenaoBas  MOIIHOCTh AJIEKTPOCTAHIIMM paBHA
10 MBT, KIIJ] snekrpocraniuu cocraBusier 20%. CuurtaTh, 4TO OpHU KaXKIOM
aKTe JeJeHus sAnpa ypana-235 Beiaensiercs sneprus 200 MaB.
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574. Haittu yObuib Maccel TBOJI-0B (cTep:kHEH, coaepKalux sSAepHOE
rOproYee) aTOMHOM 3JIEKTpOoCcTaHIIMU MOIHOCThIO 150 MBT, B Teuenue ropa.
KIIJI anexktpoctanumu coctapisiet 20%.

575. Onpenenuts KITJI gBurarens atomHoro cyjaHa momiHoctso 20 MBT,
€CJIM MECSYHBIM pacxoj SAEPHOTO TOPIOYEro mpu paboTe ITOro ABUTATEINS
coctaBisieT 2,23 kr ypaHa-235. Cuutarh, 4TO NPHU KAXKJIOM AaKTe JCICHUS siapa
ypaHa-235 Boizenserca sHeprus 200 MaB.

576. HaliTu TEmjgoByX0 MOIIHOCTH aTOMHOTO PEAKTOPA, PACXOAYIOLIErO
0,1 kr ypana-235 B cyTku. CUHUTATh 3HEPrUIO, BBIACISAIOUIYIOCA MPU OJHOM
aKkTe JejeHus sanapa ypana-235, pappon 200 M»sB.

577. Omnpenenutb CyTOYHBIM pPacxXoj SAESPHOTO TOPIOYEro IMpu padore
JIBUTATENIsl aTOMHOTO CcyjaHa MoiHocThio 25 MBT, ecin ero KIIJ[ cocraBnsier
28%. CuntaTh, YTO MPU KAXKIOM aKTE ACICHHUS sAapa ypaHa-235 BbIAEIAETCS
sHeprus 200 MaB.

578. HaliTu »leKTpUYECKYI0 MOIIHOCTh ATOMHOMW 3JIEKTPOCTAHUWU MPH
ycioBuu yobumu maccel TBOJI-0B (cTepkHE, coaepxKaiux siiepHOE Toproyee)
1 rpamm B cytku. KIIJ] craniuu pasen 16%.

579. Onpenenute KIIJ[ gBurarenss aTOMHOTO CyJHa MOIIHOCTBIO 20
MBT, ecnu CyTOYHBIH pacxojl SAJIEPHOTO TOpIOYEro mpu padoTe HTOro
JIBUratelisi cocTaBisieT 75 r ypaHa-235. CuuTaTh, 4TO NPU KaXIOM  aKTe
neneHus aapa ypana-235 seigensiercs sueprus 200 MaB.

580. MoiHOCTh IBUTATENsI aTOMHOTO CyaHa cocrtarisier 15 MBT, ero
KIIJ paBen 30%. OnpenenuTe MECAYHBIM PACXO] AACPHOTO TOPHOYErO IpHU
pabote »sToro napurareis. CUuTaTh, UTO MPU KAXKJIOM aKTe JCJICHUA sapa
ypaHa-2335 Beizenserca saeprus 200 MaB.
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HPUJIOKEHUA

1.Macca, 3apsii ¥ JHeprusi NOKOsi HEKOTOPBHIX YACTHIL

Yacrtuna Macca, kr 3apsn, Kn OHeprus nokosi, M>B
DNEKTPOH 9.11-107 -1,60 - 10" 0,511
0L-4acTHIA 6,64 - 10 32107

ITporon 1,67 - 107 1,60 - 1077 938

2. MHOKMTEJIU M NPUCTABKHU J1JIs1 00pa30BaHUs JAeCATUYHBIX KPAaTHBIX
U 10JIbHBIX ¢IUHUIl M1 UX HANMEHOBAHUS

[IpucraBka IIpucraBka

Haumeno- | O6o3na- | Muoxwurens | Haumeno-| O603Ha- | MHOXUTEND

BaHUE YeHUE BaHHE YEHHUE
JKCa 2 10" ey I 10"
IITA I1 10" CaHTHU C 10~
Tepa T 10" MUJLIA M 107
rura I 10° MHKPO MK 10°
Mera M 10° HaHO H 107
KHUJIO K 10° ITUKO 1 10"
TEKTO r 10 bemMTo ¢ 10"
Jleka na 10! aTTo a 10"

3. I'pevecknii andaBur

Oo6o3nauenuss | Hazanus OykB | O6o3nauenusi | Ha3Banus Oyks

OyKB OYKB

Ao anbda N,v HIO

B,B Oera ERS KCH

Iy ramMmma 0,0 OMHUKPOH

A nenbTa I, il

E,e SIICUJIOH P,p po

Z,C A3€Ta >0 curma

Hn oTa T,t Tay

0,0 TXJTa Y,v WUIICUIIOH

I1 nora (X0} bu

K,k Karma X1 XU

AN namoOza b A ncu

M, MU Qo oMera
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4. Hexotopsble pusnyecKkue nMoCTOsiHHbIE (OKPYIJIEeHHbIE 3HAYECHMS)

du3nyeckasi NOCTOSIHHAS 0O0603Ha- 3HayeHue
YyeHue
ITocTossHHass ABoraipo Na 6,02'1023 MOJIb
IToctostauas [lmanka h 6,63 107" Ik ¢
ITocrosirHas bomprmana K 1,38107% JIx/K
CKOpOCTh CBETA B BAKyyMe C 3.0 10° m/c
DnekTpuyeckas TOCTOSTHHAs €0 8,85- 107" d/m
MarsauTHast HOCTOSIHHAS Lo 4m - 107 Tu/m
[TocrosiaHas Credana-boasiimana c 5,67-10° Br/m*-K*
[TocTosiHHAS 3aKOHA CMEIICHUS b 2,90-10° m-K
Buna
DJIeMEHTapHBIN 3apsi]l € 1,6 - 107" Kn
[Tocrosinnas Punbepra R 1,1 10" ™
Panunyc bopa 3 24310 M
DHeprus HOHHU3AIUN aToma E, 2,18 107"% JIx
BOJIOPO/Ia
ATOMHAas €IUHUIIA MACCEI a.c.M. 1,66 107 kr

5. OTHOCHTEJIbHBIE ATOMHBIE MACChI HCKOTOPLIX 3JICMCHTOB

DJIeMEHT XUMHYECKUMN A
CHMBOJI
Azot N 14
Apron Ar 40
Bonopon H 1
I'enuit He 4
Kucnopon O 16
Heon Ne 20
Yraepon C 12




6. PaGoTa BbIX0/1a 3JIEKTPOHA
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Metann | Pabora Beixona | Metamn Pabora BeIxOIa
(T=293K) (T=293 K)
5B 5B
30J10TO 4,3 Harpuii 2,4
Kamnuit 2,2 IInatuna 6,3
Jlutuii 2,3 Cepebpo 4,7
Menn 4.4 [e3uit 2,0

7. DIeKTPUYECKHE XaPAKTEPUCTUKH HEKOTOPHIX MOJIYIPOBOIHUKOB

(TemMmepaTypa KOMHaTHas1)

Twun [Tupuna VY nennHoe I[HonBu»kHOCTE
MOJYIPOBOJ- | 3aMPEIICHHON | COMPOTHUBIIEC

HHUKa 30HbI HHE

AE DIIEKTPOHBI Hbipku
B OM M M*/B ¢

CoOCTBEHHBIN 0,66 0,5 0,39 0,19
repMaHuu
CoGCcTBEeHHBIIT 1,1 6,2 10° 0,15 0,05
KPEMHUI
Apcenun 1,43 0,85 0,042
rajuins

8. XapakTepucTHKH HEKOTOPBHIX PAIMOAKTHBHBIX H30TONOB

DneMeHT O6o3nauenue | [lepuon momypacmana
32
dochop sP 14,3 cyTok
Yraepon ple 5570 net
Maruui T Mg 10 MmunyT
Non ey 8 CyTOK
KobanbT ¥ Co 5,3 rona
Wpuauii I 78 muei
Panuit Ra 1590 net
AKTHUHUH > Ac 10 cytok
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9. HekoTopble COOTHOLIEHUS] MEXKAY eIHUHHULIAMH H3MepeHnsi pu3nmyecKux
BeJIMYMH

du3nyeckas CooTHoOIIIEHHEe MEXIy €IUHHUIIAMU U3MEPEHHUS
BEJINYHHA
Jmna 1A=10"m
Macca la.em =1,6610"" kr
1 Tonna = 10° kr
Bpewms 1 cyTkn = 8,64'10* cex
1 ron =3,1610 cex
Pabora, SHEprus, 1sB=1,610" JIx
TeIoTa 1 kBr.u=3,6-10° I

10. Maccbl aTOMOB HEKOTOPBHIX XMMHYECKHUX 3JIEMEHTOB

Ha3zBanue AtomHubiii Homep | CumBOn u | Macca atoma
JJIEMEHTa MaccOBOE€ YHUCIIO a.e.M.
ITporon D 1,00783
Heiitpon o7 1,00866
Bonopon 1 H 1,00783
21y 2,01410
1
X 3,01605
‘H
[enuii 2 JHe 3,011603
4 He 4,00260
2
Kucnopon 8 70 16,99913
Azor 7 N 14,00307
JIutuii 3 JLi 7,01600
AJIFOMUHUI 13 oAl 26,98145
Kanpumi 20 Ca 39,96259
Menn 29 SCu 62,92960
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COIEPKAHUE

Beenenue

1.061mmume TpedboBanus K 0hOPMICHHUIO KOHTPOJIBHON paboThI

2. KontponsHas padbora NeS «KBanToBas pusrka

2.1. Meroauueckue yka3zaHusl K BBIIOJHEHUIO KOHTPOJbHOU pabOThI
Ne5

2.2. OcHOBHBIE 3aKOHBI, (HOPMYJIBI, TPUMEPHI PEIICHHS 3a7a9

2.3. 3ajanue Ha KOHTPOJIbHYIO padboTy Ne5

[Ipunoxenus

AN LD W W
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