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3a[1alm 10 KBAHTOBOI MeXaHHUKe

1. Boanosas d)VHKllM}l u onepamopbl.

A - - 2 A
1.1.  TIpoBEpHTH 3PMUTOBOCTH OmepaTopos P =—irL T =—7’ 5o L = X Py

1.2.  Haiitu onepatopsl (AB)*,[A B]*, rae A,B - mpou3BoJIbHBIE OTIEPATOPHI.

A

1.3.  [lansl ABe MaTpUIbl & U B, yAOBIETBOPAIOIINE COOTHOLICHUSIM 4-4=0,
a-a'+a"-a4=1 n B=4a"-a.
1) ITokasats, uto B> =B.
2) Ilpenmnosnaras, 4To Marpuia B HEBBIPOKICHHAsS, HAWTH MATPHIBI 4 W
B B IIpE/ICTABJIEHUH, B KOTOPOM MaTpHia B IuaroHaibHa.
3) CymiecTByeT I IIPECTaBICHUE, B KOTOPOM MaTpHUIlla 4 TUaroHaibHa?
1.4. Jlna omepatopoB A M A" BBHINONHAIOTCA CIEAYIOIIME COOTHOLICHUS:
A-A"+A-A=1; A-A=0; A"-A"=0. [Toka3arh, yTO COOCTBEHHbBIC 3HAUCHUS
oneparopa A" -A ects 0 mim 1.
1.5.  BonnoBas GyHKIus YacTHIEL (X, Y,2) =5(x—a)5(y—b)s(z).
1) OnpeneneHbl T B 3TOM COCTOSHHM KOOPIWHATA, SHEPTUS U HMITYJIbC
YacTHULIbI?
2) Haiitu pacnpezenieHie BEpOSATHOCTEH )11 UMITYJIbCA.
3) Uemy paBHBI CpeTHHE 3HAUCHHS UMITYJIbCA U €TO JUCTICPCHS?
4) Yemy paBHO CpeIHEE 3HAUCHUE KHHETUYCCKON SHEPTruu?
1.6. Haittu B p-npeacTaBICHUH BOJHOBYIO (DYHKIIMIO, OIKMCHIBAIOIIYIO
COCTOSIHUE CBOOOJIHOM YaCTHIIBI C 33JJaHHON KMHETUYECKON DHEPTHEH.
1.7.  Ha yactuimy maccel M paeicTByer mosie TAroTeHus 3emuu. Hamummre

OIepaTop HEPTUM YacTullbl. Kakoil 3HEPreTUUECKUN CIEKTP Y 3TOU YaCTULIBI

- HEMIPEPBIBHBIN UJIU TUCKPETHBIN?



1.8. Jlma wactumpl B CBOOOZHOM MPOCTPAHCTBE HW3BECTHO, YTO B MOMEHT
BpeMeHu t=t; py=po, Y=Yo u z=0. Cnun yactuusl paBeH 1/2. Hamucatp ee

BOJTHOBYIO (DYHKITHIO B 3TOT MOMEHT BPEMEHH.

2. Jleusicenue KeaHmoeBoU YacCmMuybl 8 HOMEHUUAIbHBIX NOJIAX.

2.1.  DIeKTpOH HaxOJUTCS B OJHOMEPHON NPSIMOYTOJIbHOM MOTEHIMAIbHOM
sMe ¢ OECKOHEYHO BBICOKMMHU cTeHKamu. [llmpuHa simbl paBHa a=4-10""u.
Haiitu:
1)c TOMOUIBIO  COOTHONICHWSI  HEONPENCNEHHOCTEH  MHUHUMAJIBHO
BO3MOKHYIO DHEPTHIO;
2) SJHEPTreTUUECKUH CIIEKTP JICKTPOHA B CTAIIMOHAPHBIX COCTOSIHUSX;
3) 4MCII0 SHEPTeTUYCCKUX YpOBHEH B uHTepBaie ( E,E +dE ) U [UIMHY BOJIHBI
dboToHa, UcTTycKkaemMoro npu nepexoje E, > E, .
2.2. JIns gacTuupl B OAHOMEPHOW NPSIMOYTOJIBHOM MHOTEHIMAIBHOM SIME C
a0COJIIOTHO HEMPOHUIIAEMBIMU CTEHKaMH U LIUPUHON a
1) HaliTH HOPMUPOBAHHBIC BOJHOBBIC (PYHKIIMH CTAIMOHAPHBIX COCTOSHHIA;

2) BBIYMCIIUTh BEPOSITHOCTh €€ HAXOXKICHHWS C HaWMEHbBINEH JHeprueil B

1 3 .
obiact —a<x<>-a;
4 4

3) BeIuHCIUTh (AX)?,(Ap,)° ¥ MOJYYUTh COOTHOIICHUE HEOMPEaeIEHHOCTEH
JUTSI KOOPAMHATBI X ¥ UMITYJIbCA P, .
2.3. B oagHomepHON NpsIMOYroJIbHOM MOTEHIIMAIBHOW M€ C aOCONIOTHO

HCTIPOHNIACMBIMHN CTCHKAMHU U HJHpHHOﬁ a HAXOOUTCA OJICKTPOH, COCTOAHUC

. . ., X
KOTOPOTO OMUCHIBACTCS BOJIHOBOM (hyHKIIUEH y(X) = Asin® — . OnpenenuTh:
a

1) HOpMHUPOBOYHYIO IMOCTOSTHHYO A
2) cpeqHee 3HAaYCHUE KHHETHICCKOW YHEPTHH JICKTPOHA,;

3) BepOSITHOCTh MPEOBIBAHUS JICKTPOHA B OCHOBHOM COCTOSTHHH.



2.4.

2.5.

YacTuna maccoit m, u sHeprueit E nagaer Ha npsMoyroJibHbINA Oapbep

U U,0<x<a,
X =
9 0,x < 0:x > a.

1) Havitu ans  ciaywas E>U, xoddpdumuentsr mpospaunoctd D wu
oTpaxeHus R;
2) BBIUKCIUTH KO3 unreHT npo3paunoct D pu E —» U ;
3) onpenenuTh NEpBbIe JBa 3HA4YeHUs dHepruu E, NpU KOTOPHIX YaCTHIIA
(2J1IeKTpOH) OecHpenaTCTBEHHO MPOXOAUT uepe3 Oapbep, ecnu U, =155B u
a=10""m.

Yactuiia Maccel m JBIKETCS. B OAHOMEPHOM MOTCHIIMATBFHOM TIOJE

kx?

U(x) = S (rapmoHMueckuil ocumwATop). HailTh 5>HEprur0 yacTuubl B

OCHOBHOM COCTOSAHHUH C IIOMOIIBIO

2.6.

YaCTOTOM @ M MAacCOl m OMUCHIBAETCS BOJHOBOUM (pyHKIMEH P(X) = Ae

);

1) COOTHOIICHHS HEOTPEACIEHHOCTEH ( AX - Ap, =~

N | St

2) ypaBuenus Illpémunrepa, eciau BOJHOBas (YHKIMS YaCTHUIBI B 3TOM
2 (v
coctossHUN Y(X)=Ae™, 1iAe A — HOPMHUPOBOUYHBIA KOIPDUIIMCHT,
a=const >0;
3)B yCIOBHSX MNPEABIAYIICH 3a7a4yd OLECHUTh KHHETHYCCKYIO DJHEPTHUIO
ocIuuIsITOpa. BeIUUCINTD cpeHee 3HaUCHUE ero MOTCHIINATBHON YHEPTUH.
CranmoHapHOE COCTOSHUE JMHEHHOTO TapMOHHYECKOTO OCIHILIATOpPA C
w(Z
2

2 rne

Mo
a= o Berauciante

1) HOpMHUPOBOUHBIN KO3PPHUIIHEHT A;

2) cpefiHre 3HAYEeHUsT KOOPIUHATBI X M UMITyJbCa P, ;

3) cpenHue KBaJpaTHUHBIC OTKIOHEHHsS (AX)° u  (Ap,)°, TpOBEpUB

COOTHOIICHHEC H€OHp€,Z[CJIéHHOCTCI>i AJIs1 KOOPpAWHATEI X 1 UMITYJIbCA P, .



2.7.  JluHeiHBIH TapMOHMYECKUN OCHMJUIATOP C YacTOTOW @, MAaccod m u
3apsI0M € IIOMEIIEH B IOCTOSTHHOE OJHOPOIHOE DIIEKTPUYECKOE T0JIE E .

1) HaiiT mOTEeHIMATBHYIO SHEPTHIO 3apPsHKEHHOTO OCIMIUIATOPA U 3alncaTh
crauuoHapHoe ypasHenue llIpénnnrepa;
2) KaKyl0 HOBYIO TIEPEMEHHYIO CIIEAYeT BBECTH, YTOOBI MpPeoOpa3oBaTh
crannoHapHoe ypaBHeHue lllpénnHrepa k BuAy, U3BECTHOMY ISl CIIydast
OTCYTCTBHS DJIEKTPUUYECKOTO TOJISA?
3) Haiitu »HepreTHYecKuil CHEKTP W BOJHOBBIC (YHKIIMU CTaIMOHAPHBIX
COCTOSIHHM.

2.8. CTa]_II/IOHapHOe COCTOSIHME JIMHEHHOI'O IrapMOHHYCCKOI'O OCHUIIIIATOpaA C

YacTOTOM @ M MAaccoll m omuceiBaeTcs BonHoBoi (ynkiueit P(X) = Ae
1) Haiitr 3HaueHue mapameTpa a u 3Hepruto E ocnmuiaropa;
2) BBIYUCIIUTH HaOoJIee BEPOSITHOE 3HAUCHHE KOOPIMHATHI X;
3) u300pa3uTh  TPUMEpPHBIA  TpapuK  paclpeieicHus  IUIOTHOCTH
BEPOSITHOCTU @ (X) PA3JTUYHBIX 3HAYEHUUN X B 3TOM COCTOSTHUM.
2.9. JIuHelHBI TapMOHUYECKUM OCHUIUIATOP HAXOAUTCS B CTAllMOHAPHOM
COCTOSIHMM C HaMMEHbLIEN dHeprue. Hantu:

1) HanboJiee BEpOATHOE 3HAUCHUE KOOPAMHATHI X, Y OCHUILISATOPA;

6ep

2) 3HAUYEHUS] KOOPAUHATHI X,,, COOTBETCTBYIOIIUE TPAHUIIAM KIIACCHYCCKON

K2

0o0JlaCTU  JBWKEHUS OCHWJUIATOpa; HW300pa3uTh MNPUMEPHBIM Tpaduk
pacrpeneneHus MIOTHOCTH BEPOSITHOCTU w(X) Pa3JIMUHBIX 3HAYEHUH X B
ATOM COCTOSIHUU;
3) BepOSTHOCTh MPEOBIBAHUS OCIMILIATOPA BHE KIIACCHYECKHMX TPaHHUII.
2.10. Hcmonp3ys cramuonapHoe ypaBHeHue [llpegunrepa, paccMoOTpeTh
BOIIPOC O HEMPEPHIBHOCTA BOJHOBON (YHKIMM B TOYKE X=0, B KOTOPOWM

MNOTCHUOUAJIbHAA OJOHCEPIusaA YaCTHIIbI U (x) a) HN3MCHSCTCA Ha KOHCYHOC

3HaveHue, 0) U (x) = ad(X).



2.11. Haiitu x0o3QPUIMEHT OTpaxkeHHss U KOIPPUIUEHT MPOXOKICHHUS
YaCTHUIIBI Yepe3 MOTEHIIUAIbHBINA 0apbep V (X) = ad(X).

2.12. HaiiTu ypoBHU PHEPrUU M BOJHOBBIC (DYHKIIMM YACTHUIBI B MOTEHIMANE

V (X) = —ad(X).

3. 0p6umaJ1bubu7 MOMEHM. C¢€Du'-l€C‘Ka}l cucmema KOOpOuHam.

3.1. Cuctema HaxomUTCS B CBOOOJHOM TMPOCTPAHCTBE U  HMMEET
OpOUTANBHBIA MOMEHT wuMITyJdbca L*=2h°. H3BecTHO Takke, dYTO

BEPOSITHOCTh OOHAPYKUTh JH000€ 3HAYEHUE NPOEKIUH L, oguHaKoBa U

paBHa 1/3. 3anucarb BOJHOBYIO (PYHKIHIO 3TOro coctosinus. (CocTosiHuE
"gucroe").
3.2. [Tpu n3MepeHnr IPOSKIIMM MOMEHTA UMITyJIbca L, B HEKOTOpOM

COCTOSHMH TIOTy4YMIIU cpenHee 3Hadenue (L,)=n/2. Ilonb3ysacek
IAPOBBIMHU (DYHKIHSAMH Y, , (0, ¢) , HATKIIKTE XOTs ObI OJIHY BOJHOBYIO

(GYHKITHUIO, KOTOpas ONMHUCHIBajia OBl TAKOE COCTOSHUE.
3.3. BonHoBast hyHKIIUS HEKOTOPOM CUCTEMBI B C(HEPUIECKUX KOOPAMHATAX

onpenensieTcs BblpakeHueM (A — HOpMUPOBOYHAsI KOHCTAHTA):
¥(r,0,9) = AR(r)sin #cos ¢, IprHYEM I R*(r)-r’dr =1, Kakue 3uaueHus
0

KBaJ[paTa MOMEHTA UMITYJIbCA U €0 MPOEKIINH Ha OCh Z MOTYT OBITh
MU3MEPEHBI B TOM COCTOSIHUH?

3.4. BonHoBast hyHKIIUS HEKOTOPOU CUCTEMBI B C(HEPUIECKUX KOOPAUHATAX
onpenensieTcs BhlpaxkeHueM (4 — HOpMUPOBOYHAsI KOHCTAHTA):
¥(r,0,¢) = AR(r)sin* @sin2¢p = mipuuem [~ R*(r)r’dr = 1. Kakue 3nauenus
KBaJipaTa MOMEHTA UMITYJIbCA U €ro MPOEKIUU HA OCh Z MOTYT OBbITh

HU3MCPCHBI B 9TOM COCTOAHHH U C KaKou BepOHTHOCTBIO?



3.5. BonnoBas ¢GyHKIMS HEKOTOPOU CUCTEMBI B CHEPUUECKUX KOOPAUHATAX

ornpenensercsa BeipaxkeHueM Y(r,0,¢) = 1 R(r)Y (8)sin ¢ . Kakue 3HaueHUs

Jz
IIPOCKOMHU MOMCHTA UMITYJIBCA HA OCh Z MOI'yT OBITH HN3MCPCHLBI B 9TOM

COCTOSIHMH U C KaKOM BepOSITHOCTLI-O?

3.6. JI1s1 9acTHUIIbI, IBUKYIIECHCS B ICHTPAIbHO-CUMMETPUYHOM T10JIe

1) monyuuts BeIpaxkeHue omeparopa L, B cdepuueckux koopauHarax,

BbIOpaB ock OZ B KayecTBE MOJISPHOM OCH;

2) ompenenuTe coOCTBEHHBIE (DYHKIIMU ¥ COOCTBEHHBIC 3HAUYCHUS OllepaTopa

~

L, , HaiinenHoro B NpEeabIAYIIECH 3aa4e.

3) YacTHila HaXOAUTCS B COCTOSIHUH, OMHCHIBAEMOM BOJIHOBOW (DyHKIIHEH

1 .
¥(p)=——=sing, rae ¢-yroa BpaieHus Bokpyr ocu OZ. Ompenenure, C

r
KaKou BCPOATHOCTBIO HU3MCPCHHUC AACT PA3JIAMYHBIC 3HAUYCHHA HpOeKHI/II\/'I

MOMEHTA UMITyJibca L, .

A

3.7. Jns onepaTopa NpOEKIIMU MOMEHTA UMITYJIbCa L,
1) HerOCPEICTBEHHBIMU  BBIYMCIACHUSIMU YOCIUTHCS B OPTOrOHAIBHOCTH
COOCTBEHHBIX (DYHKIIUNA, NPUHAICKANMNX PA3TUYHBIM  COOCTBEHHBIM

SHAYCHUAM, BBIYUCIUTL MATPHUYHBIC 3JICMCHTBI M IIOKA3aTb, YTO B CBOEM

A

COGCTBEHHOM IIPE/ICTABICHHH orepartop L, muaromaren;

2) orpeeNIuTh COOCTBEHHBIC 3HAYCHUS M MX BEPOSITHOCTH JUISI CHCTEMBI,
HaAXOJSIIENCS B COCTOSIHUH () = A(L+Cosg)’;

3)B coctossHuH ‘P(r,0,p) pealM3yeTcsi €ro Ompeaei€HHOe COOCTBEHHOE
3HaueHue. [loka3are, 4To cpeaHUe 3HAUYCHHS Lx U Ly B 3TOM COCTOSHUHU

paBHbI 0.
3.8. Yactua ¢ maccoit M nBukeTcss B CBOOOJHOM TPEXMEPHOM

OPOCTPAHCTBE C MOMEHTOM KOJMYECTBAa JBMXXKEHMs, paBHbIM 0 (S-



cocrosiHue). HailTu sHepreTuueckuii CrieKTp U HOPMUPOBAHHbIE (PYHKIIUU
CTallMOHAPHBIX  COCTOSHUN.  BBMUCINTH  CpeAHMH  HUMIIyJIbC B
CTAIlMOHAPHOM COCTOSIHHH.

3.9. Yactuna ¢ Maccoit M ABMKETCS MO OKpYXXHOCTU paamyca R. Haittu
BOJIHOBYIO (DYHKIMIO 3TOr0 CTAallMOHAPHOTO COCTOSHUSL U CpeaHee
3HaYeHHUE MPOCKIIMTN MOMEHTA KOJIMYECTBA JIBUKCHHSL.

3.10. Haiinure sHepreTMdecKuili CHEeKTp M BOJHOBBIE (DYHKIIUHU >KECTKOTO
IUIOCKOTO pOoTaTopa.

3.11. Haiinure BpamaTenbHpli CIEKTP ABYXaTOMHOM MOJIEKYJIBI.

Vkazanus: Bbzpa3umb epawiamelbHy0 IHepcUr0 CUMMeEmMpPUYHO20 6014Ka 4epe3 NOAHbBIL

MOMEHM U NPOEKYUIO 0p6umaﬂbﬁoeo MOMeHmMAa Ha 0Cb 6PAULCHUAL.

3.12. Hamummre COOTHOIIEHHWE HEONPENEIECHHOCTEW Uil  Pa3JInYHbBIX

HpOCKHI/If/’I 0p6I/ITaHI>HOF O MOMCHTAa KOJINYCCTBA ABMKCHU .

4. Cnumnognlii MOMEHM K8AHM OGO YACMUUDL.

4.1. Hanumwre COOTHOLIEHWE HEONMPEAECNIEHHOCTENM Uil Pa3JIMYHBIX

HpOGKHHﬁ CIIMHOBOI'O MOMCHTaA KOJIHYCCTBA JIBHMXCHHI B COCTOJIHHU

L)

4.2. Hanummre  COOTHOIIEHME  HEONPEACIEHHOCTENM  UIA  MPOEKIUN

« «
CIITMHOBOI'O MOMCHTA KOJIMYECTBA ABUXCHUA B COCTOAHUN S (Sz) =,

3 2 2
4.3. 3anumure MaTpunbl S° u S, B S°, S, - mpeAcTaBIeHUN ISl YACTHIIBI CO

CIIMHOM, PaBHBIM €UHUIIE.
4.4. Haiitu ypoBHM 3HEpruM M CTAlMOHAPHBIE COCTOSIHUS YacTULbI CO

CIIMHOM Y2 B TMOCTOSHHOM MAarHUTHOM TIOJIe, HaIlpaBJIEHHOM IO Z.

[IpocTpaHCTBEHHOE ABUKEHUE YaCTULBI HE YUUTHIBATD.

4.5, B S;- npeacraBnenun HaTH:



1) onepaTop npoeknuu ciuHa Ha och Z2°(6,¢);

~

2) co6CTBEHHBIE (DYHKIHU M COOCTBEHHBIC 3HAUCHMUS OLIEPaTOpa O, |

3) BEpOATHOCTh TOJYYHUTh MPH HM3MEPCHHM TPOCKIMU CIUHA HAa OCh Z’

h h
3HAYCHMS +E u —3 €CJIM IICPBOHAYAJIBHO 4YacTHUIla HaxoAWJIach B

coctostHUH o (Wuth f).
4.6. Kakve w3 COMHOBBIX (YHKIUH B CHCTEME U3 JBYX 3JICKTPOHOB:

%al(OCZ +182); %(alﬂz +pa,); %(Oﬁﬂz -pay); e, af, 1 Bp,

A

ABIIIIOTCA  COOCTBEHHBIMH (YHKIMSMM omepaTtopoB S, =§,+$,, H

z

S?=(5,+5,)°. OmpenenuTh CpeAHUEC 3HAYEHHUS S, M S°B COCTOSIHUSX,

A

OMMCBHIBAEMBIX COOCTBEHHBIMH (DYHKIMSAMH OIEPaTopoB S u S2.

.7.CnuHOB TOSIHUE YACTHUIII IIMHOM Y2 OIMUCHIBAETCS HOPMHUPOBAHHOMN
4.7.C OBO€E COCTO € Jac cocC OM Y2 omuceIBaeTcs HO OBaHHO

. . a
BOJTHOBOW (DyHKIIMEW BHa (b} UeMy paBHO cpeaHee 3HAYCHUE IPOEKIUU

CIIMHA Ha OCh X B 3TOM COCTOSTHUMN?
4.8. Tlyuyox vacturl B onbiTe lITepHa-I'epiaxa pacnpocTtpansiercst BA0Ib ocu X.

CocTosiHMEe KaXJA0M OTIENbHOM YaCTUIBl OIKCHIBACTCS  CIEIYIOIUMHU

1 (i 1(1 1(1
GyHKIUSAMU: W(Sz’tzo):ﬁ(—i)’ w(sz,t:O)=$(O], W(Sz,t:0)=$(i].

OHpeI(eJ'H/ITL KOJIMYCCTBO ITYYKOB M UX MHTCHCUBHOCTDL ITOCJIC IMPOXOKIACHUA

MarduTHOIO IIOJIA, IpaAuCHT KOTOPOro HAIIPAaBJICH 110 OCH Y.

5. Amom eo0opooda. Paduanvnvie 3aeucumocmu 0151 60aAHOE60U (QYHKUUU.

5.1 Yactuma wmaccoit m, C HYJEBBIM OpOUTAIHHBIM MOMEHTOM (S-

COCTOSIHME) HAXOAHUTCS B CHEPUUICCKU-CUMMETPUYHOM TMOTCHIIUATEHOM

SAIMUKE paanyca rh ¢ a0COJIFOTHO HCTIPOHUMIAECMbIMHN  CTCHKaMMU.

Onpenenurs:

10



5.2.

5.3.

5.4.

1) BosTHOBBIC (DYHKITUU CTAIIMOHAPHBIX COCTOSHUI;

2) HauOonee BEPOATHOE 3HAYEHUE PACCTOSHUA r,, U  BEPOATHOCTD

HaXO0XJICHHUA 4aCTULIbI B 00J1acTH r < rgep;

3) PHEpreTUUeCKHA  CIEKTp  YacTHIBl.  VCImoyb3ys  COOTHOIICHHE

. . oy g W
HeompeaeéHHocTeit  (Ar)® - (Ap)? 27, IOJITBEPJANTH BBIBOA O TOM, YTO

E..=E #0.
J1)1st aTOMa BOAOpO/ia B OCHOBHOM COCTOSIHUU OTIPE/ICIUTh:
1) sHEeprUI0 HOHU3AINY;
2)KaK M3MEHATCS C Y4ETOM JBIDKCHHS SiApa  BBIPAXKCHHS JHEPIHUU
WOHM3AIINN U TIOCTOSIHHOM Punoepra;

3) HanPsLKEHHOCTh E(r) 3JIEKTPUYECKOTO TOJIS, CO3JaHHOTO 3JICKTPOHHBIM

r

a -
e ™, e a,

1
7a

00J1akoM, €CIM BOJIHOBasi (PYHKIUS 3JIeKTpoHa W, (F)=

nepBbIii OOPOBCKUH pagnycC.

B arome Bogopoa:
1)c mOMOIIBIO COOTHOIICHUS HEONPEACIEHHOCTEH Ar - Ap ~ /i OLICHHUTH
MUHHUMAJIBHO BO3MOKHYIO DJHEPrUI0 JJIEKTPOHA M COOTBETCTBYIOLIEE
3 PEeKTUBHOE PACCTOSTHUE €T0 OT SJIPa;

2) BoiHOBass (YHKIMS DJIEKTPOHA B OCHOBHOM COCTOSIHUH HMMEET BT

r

Y(r) = Ae_g, rje a, - NepBblii 0OpoBCKUM paguyc. Onpenenuts Haubosee
BEPOSATHOE PACCTOSIHUE MEXKAY IEKTPOHOM U SJIPOM;
3)B yCIOBHSAX MPEAbIAYINEH 3a7ayd  BBIYMCIUTH CpeaHEe 3HAauCHHE
MOTEHIIUAJILHON SHEPTUU AJIEKTPOHA B TOJIE Spa.
DJIEKTPOH B aTOME BOJOPOJia HAXOJIUTCS B CTAI[MOHAPHOM COCTOSIHUH,
OMHUChIBAEMOM  C(HEpUYECKH CHUMMETPUYHOM  BOJIHOBOM  (DyHKIHEH

W(r) = A(l+ar)e”, rue A a,a—HEKOTOPbIE IOCTOSHHBIE.
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1) C momomipto ypaBHeHus llIp&nunrepa HaliTH 3HaYCHHE TIOCTOSIHHBIX O ,
a u sHepruio E snekrpona.
2) Ompenennuth, B KaKOM KBaHTOBOM COCTOSIHUM HAaXOJIUTCS OSJICKTPOH.
KakoBa KpaTHOCTb BBIPOXKICHHUS YHEPIrETUUECKOTO YPOBHSI.
3) BbrauciuTh cpeqiHee pacCTOSIHUE I' JIEKTPOHA OT sIIpa.

5.5. JUJ1s1 OCHOBHOTO COCTOSIHHSI aTOMa BOAOPO/1a BBIYMCIIHUTD:

1) Hanbonee BepOATHOE PACCTOSHHE T,,, DIEKTPOHA OT A]pa M BEPOATHOCTH

Hpe6I>IBaHI/ISI QJICKTPOHA B obmactu r<r_ ;

6ep !
2) BEpOSTHOCTh HAXOXKICHHSI AJICKTPOHA BHE KIIACCHUECKUX TPAHMII MOJIS;
3) cpemHUil  NEKTPOCTATUYECKUN  TOTCHIMAI  IOJsS,  CO37aBaeMOro
AJIEKTPOHHBIM O0JaKOoM B LEHTpe aToma. ONEHUTh CPEAHIOI 3HEPIHUI0
B3aUMOJICHCTBUS JIEKTPOHHOT0O 00JIaKa ¢ SAPOM.
5.6. DJEeKTPOH B aTOME BOJOPOJ/ia HaXoaAuTcs B coctostauu [N, |, m>. Uemy
paBHBI CpeJHWE 3HAYEHUs MPOEKIMH MOMEHTa umnyibca? Hanwmcars
COOTHOUIEHHUE HEONPEACICHHOCTEN [JI1 PA3JIMYHBIX IPOEKIMA MOMEHTa

KOJIMYCCTBA ABMXKCHUA B OTOM COCTOSHHH.

5.7. DJIEKTPOH B aTOME BOJIOPOJIa HAXOJIUTCS B COCTOSIHUU W (F) =

BeruncimTh cpeHee KWHETHYECKOW YHEPTUH SJIEKTPOHA.

6. Botuucnenue cpednux 3nauenuii u oucnepcuil puzuuecKux 6eIUUUH.

6.1. BomHoBas (¢yHKIMS COCTOSIHUSI KBAaHTOBOM 4YacTHIIBI HWMEET BUJ

ipyX

¥(x)=p(x)e " ,, rae ¢(X) - neficTBUTENbHAA (QYHKIMS, HOPMUPOBAHHAS K
eauHuie. Hantu cpeHee 3HaueHne UMITYJIbCA YaCTULIBL.

6.2.  CBoOojHasi yacTHIIa ONHMCBHIBACTCS BOJHOBOH (yHKumedr ¥(x) = A Sin

(7zx/a) mpu x| < a u ¥Y(x)=0 npu |X| > a Haliaure HOpMHUPOBaHHOE

pacnpenenieHue  BEPOATHOCTEW IO  HUMITyJbcaMm. J[BM)KEHME  CUMTATh

OJTHOMEPHBIM.
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6.3.  CBoOojHast yacTHULla UMEET PAaBHOMEPHOE pacIpelelIeHue BEepOSITHOCTEN
10 UMITyJIbCaM B MHTepBaie 3Hauenwuii ( - P, -+ P,): C(p) = C, ecau |p| <po
u C(p) =0, ecnu |p| > p,. Haiinure ee HOpMHUPOBAHHYIO BOJHOBYIO (DYHKIIHIO.
JIBUKEeHHE CUUTATh OJTHOMEPHBIM.

6.4. CBoOojHas yacTHIa Macchl M HAaXOJUTCS B CTAllMOHAPHOM COCTOSIHHU.
Haiitu pacnpenenieHre BEpOATHOCTEW ISl WMITYJIbCA, CPEIHUM HMITYJIBC WU

JUCIIEPCUIO UMITYJIbCA (IBUKEHUE CUUTATh OJTHOMEPHBIM).

- i 5
6.5.  CrmHoBas BONHOBas (YHKUHS SICKTPOHA paBHA S:%KJ' Haiitn

cpellHee 3HaYeHUE NPOEKIUiA cruHa Sy, Sy, S,

6.6.  Bwruucnute cpenHee 3HaUCHUE < Sy >B COCTOSIHUM DJIEKTPOHA g(sz) —a

6.7. Jlns wacTtumpsl Maccoil m,, HaXOJAIIEHCSs HAa N-OM DHEPreTHUYECKOM
YPOBHE B OJHOMEPHOM NPSMOYTOJbHOW MOTEHUHAIBHOM sIME C
a0COJIFOTHO HEMPOHMUIIAEMbIMU CTEHKAMH BBIUYUCIUTH CPEIHUE 3HAUYCHUS
X W p,; ONPENENHTh CPEIHUE 3HAYECHUS KBaJpaTa HMIIyjlIbca p: H

KUHETHUYECKOW DHEPruu E, ; MOIy4yuTh pacIpeaesiCeHUe BEPOSITHOCTEN 110

HMITYJIbCaM

6.8.  Cocrosinue YACTHUIIBI OIMCHIBACTCS byHKIIHEH

w(X,Y, z)=ﬁexp(ip7(’xj5(y).

Haittu pacripenesieHue BEpOATHOCTEH Uil IPOEKIUMU HMILYJIbCOB U
KOOpPAMHAT 4YacTULbl. BBIUMCINTHL CpeqHue 3HAYECHUS U JUCIIEPCHUU
MMITYJIbCA U KOOPAUHAT.

6.9. BonnoBas ¢ynkiusa gactuisr F(r,0,9) = R(r)Y, (0, 9) Hatigute cpentee

3HAYCHUEC IMPOCKIWN MOMCHTA KOJIMYCCTBA JABHUXKCHHUA HA OCh X

13



6.10.

6.11.

6.12.

6.13.

6.14.

6.15.

o o 1 .
[Tmockuii KEeCTKHM poTaTop HaxXOoAUTCs B cocTossHUU W(@) = —=sin(ke)

N
rne K - memoe umcno. Haiitu cpenHee 3HadeHHE MPOCKIIMH MOMEHTA
poratopa L, (z-ock BpalieHus).
BonHoBas (yHKIIUS HEKOTOPOW CUCTEMBI B CHEPUUECKUX KOOPAUHATAX

onpeaensieTcs BblpakeHneM (A — HOpMUPOBOYHASI KOHCTAHTA):

Y(r,0,9) = AR(r)sin @-cos@, npuuem TRZ(r)mzdr =1. Yemy paBHO
0

CpeIHee 3HAUYCHHE MPOCKIIMA MOMEHTA UMITyJIbca L, B 3TOM COCTOSTHUHN?

BonnoBas (bYHKLII/IH HGKOTOpOﬁ CHCTCMEI B C(l)epI/I‘IGCKHX KOOpAHHAaTax

orpenensercs Beipaxenuem Y(r,o, ) = 1 R(r)Y (8)sin ¢ . HaiiTu cpennee

N
3HAYCHHUEC U JUCIICPCHUIO IIPOCKOHNH MOMCHTA UMITYJIbCA HA OCh Z B OTOM

COCTOSIHUU?

o - 1 (1
Haittu nucniepcuto npoeKIuu ClIMHA HA OCh Y B COCTOSIHUU S = —

V2 (-1
TBepmoe Teno Bpamaercss OTHOCUTEIBHO OCH  0Z W HAaXOJIUTCS B

. . 1 .
COCTOSSHUM C BOJIHOBOM (PyHKIMEH W(¢)=T51n¢> . Hantm cpennee
T

3HAYCHWE W JWCICPCHIO0 DHEPTUW BpAlIEHUS W TPOSKIMH MOMEHTA
ummynbca L, .

Yactuna ¢ 3apsaom € (criuH paBeH () onmuchIBaeTCsl BOJIHOBOW (PYHKITUEH

‘P(r,0,¢)=iRZl(r)[Ylyl(e,qﬁ)—YH(6?,¢)} (Y-opOutans). Haiitn cpennue

2

3HAYCHHUSA IJICKTPUICCKOTO 1 MAIrHUTHOTO MOMCHTOB ATOU HaCTHUIIbI.

Ykazanue: ucnonvzosame coomuouwienus 0ns onepamopos noebluieHus L+ U NOHUIICEHUA

L7 0p6umaﬂbH020 MoOmMeHma dYacmuyvl U yciosue opnocoOHAlIbHOCMU cgbepuuecxux
NOJTUHOMOSB.
6.16. DJeKTpoH B aTOME BOJOPOJA HAXOAUTCS B coctossHuu [N, |, m>. Haiitu

CpECIHUC 3HAUCHUSA Z U P; B OTOM COCTOSTHUH.
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6.17. DNeKkTpoH B aTOME BOJOPOJ]ia HAXOAWTCS B coctostHum [N, |, m>. Haiitu

CpCOHHMEC 3HAYCHUA X U P, B OTOM COCTOSHUU.

7. Cmauuonapuaﬂ meopus_ 603Myu{eHUIL.

7.1.  Ha cucremy ¢ 1ByMsl SJHEPre€THUECKUMU YPOBHIMU E\9 u £, nanoxeno

OJHOPOJHOC JJICKTPUYCCKOC IIOJIC, DHCPIUA B33.HMOI{CI?ICTBHH C KOTOpPBIM

V :—é -E. Onpejenuth ypOBHM SHEPrHH CHCTEMBI B TOM IIONE, €CIIH
d11=0d»,=0.

7.2. llpuMmeHss CTaIMOHAPHYIO TEOPHUIO BO3MYIICHUH, HAWTH MOMPAaBKH K

YPOBHSIM 3HEPIMM KBAaHTOBOM YacCTHIIbl B MOTEHIMAIBHOMN siME ¢ OECKOHEUHO-

BBICOKMMHU CTEHKaMH, CBS3aHHBIE C HAJIMYMEM B LIEHTPE SIMBI §—O00pa3HOro

MOTEHIIUAJIBHOTO Oapbepa:

V(X)=ad(x—a/2),0<x<a,a>0U(X)=0w,x>a,x<0.
7.3. K xBaHTOBOMY KOJbIly, pAaCIOJOXXEHHOMY B IUIOCKOCTH  (X,Y),

IIPUJIOKEHO TOCTOSHHOE JJIEKTPUYECKOE II0JIE ¢, HAIPaBIEHHOE IO OCH X,
DHEPrusi  B3aHUMOJEWUCTBHAA C  KOTOPBIM  OIIUCBIBAETCA  ONEPATOPOM
V (¢) = —esx = —eer,Cosp. 31€Ch € - 3apsi]l YaCTHUILbI, 3alIEPTOU Ha KOJbIIE pannyca
r,. B pamkax TeopuM BO3MYIIECHUW BBIYUCIUTH CABUT DJHEPrETUYECKHUX
YPOBHEM, a TaK’Ke U3MEHEHUE BOJIHOBOM (DYHKIIMH JAHHON YaCTHULIBI.

7.4. Ha ogHOMEpHBII TapMOHUYECKUN OCHWIUIATOP C €AUHUYHBIM 3apsiioM U
Maccoi M [EHCTBYET OJHOPOJHOE ITOCTOSTHHOE JJIEKTPUUYECKOE TI0JIE C
HANPSOKEHHOCTBI0 E =E X,. BBYMCIWTE NONpPaBKA K YPOBHSAM JHEPIUH B
IIEPBOM ¥ BO BTOPOM MHOPSIAKE TEOPUU BO3MYILCHUM.

7.5.  Kak u3MeHsTCS ypOBHHM SHEPIHUU OCHUIISATOpA MPU yueTe aHTapMOHHU3Ma
KoJicOaHUM, OMHMCHIBAEMOro BO3MyIleHHeM Buaa V(x)=Ax*+¢x*? Pacuer

IIPOBECTH C TOYHOCTBIO JI0 BTOPOTO MOpsAJKa IO MajioMy HapameTpy A u C
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TOYHOCTBIO JI0 IEPBOr0 MOPSAJKA 10 MajJoMy napameTrpy ¢ . OUeHUThb peaessl
MPUMEHUMOCTH MOJYUYEHHBIX PE3YyIbTaTOB.

7.6. B mnepBoM mnopsAake TEOpUHM BO3MYIIEHHI paccuuTailTe MOINpaBKy K
OCHOBHOMY  DHEPreTUYECKOMY  YypPOBHIO  3apsDKEHHOM  4YacTULBl B
NOTEHUUAJIbHOM  SILIUKE MO JIEHCTBUEM OJHOPOJHOIO CTaTHYECKOIO
3JIEKTPUYECKOTO IOJIS.

7.7.  Ha uacTtuiry B 0THOMEPHOI 0€CKOHEUHO TTTyOOKOM MOTEHIIMATBLHON SIMe

. : X
IIMPUHOM & HAJIOXKEHO BO3MYIIICHHE BUaa V (X) =V, sin’ (”—j . B nepom
a

IMOPAOKE TCOPHUHU BOSMYIIIGHI/Iﬁ HaWUTU CABHI' SHCPTHUHU OCHOBHOTI'O

cocTtostHUA W, (X) = \/g sin (”—Xj .
a a

7.8. B mnepBoM mnopsiake TEOpUHM BO3MYIICHHM pacCUMTAalTe TOMPABKY K
OCHOBHOMY YPOBHIO DHEPTHH 3JIEKTPOHA B aTOME BOJOPOJa MPU HAJOKECHUU
Ha aTOM OJHOPOJHOIO CTATUYECKOTO ANEKTPUUECKOTO MOJIS.

7.9.  Paccmotpets 3¢gdekt [ltapka (paciienieHue SHEPreTUUECKUX YpOBHEH
BO BHEIIHEM OJIHOPOJIHOM JJICKTPUYECKOM T10JIe, HAIPABJIECHHOM IO OCH Z) B
aToM€ BOJOpOJAa MJisI COCTOSHHMS C TJIaBHBIM KBAHTOBBIM YHCJIOM N=2.
[ToAHOCTBIO JIM TPU 3TOM CHUMAETCS BBIPOXKICHUE SHEPTETUUECKUX YPOBHEU
ANEKTpoHa?

7.10. Haiitu pacmienyieHre dHEPreTHYeCKUX YPOBHEH atoma Bojopoaa B 1S -
COCTOSIHUY 3a CUET B3aMMOJCHCTBUSI MAarHUTHBIX MOMEHTOB JJIEKTPOHA U SI/Ipa,
roJiaras orepaTrop Bo3MyILIeHUs paBHBIM V = A(g°-5°), TAe 5°%6°— MaTpuLbl
[Taynum 35€KTpOHA U TPOTOHA, A- MOCTOSIHHASI pa3MepHOCTH 3Hepruu. Kakosa
KPaTHOCTh BBIPOXKICHUS KaXI0T0 U3 YPOBHEH?

7.11. Hopmanbnsiii 3¢dext 3eemana. beccnmHoBas yacTuila HAaXOAUTCS B
chepruvecKku CHMMETPUIHOM TIOJie, YPOBHU sHepruu E, . B mepBom mopsiake

TEOpUH BO3MYILEHUM HAWTH CIBUI SHEPreTUYECKUX YPOBHEW YACTHUIBI U €€
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BOJIHOBYIO (I)YHKI_[I/IIO IIpxu HAJIOXKCHHWKU BHCIIHCTO MAIrHUTHOI'O  II0JIA,

HaIpaBJICHHOI'O II10 Z.

8. Hecmayuonapnaa meopus 603myuieHuill.

8.1.

8.2.

8.3.

8.4.

Yactuua ¢ 3apsaom € u Maccoil M Haxonutcs B cCBOOOIHOM OJTHOMEPHOM

IPOCTPaHCTBE, UMesl B MOMEHT BpemeHH t=0 BoIHOBYIO (yHKIIMIO BUJa 1)

w(x,0) = JZIEGXP( %) wim 2) w(x 0)=%ﬂh3m(—) Kakoe u3 3Tux cocrosiHuii

SABJSIETCA CTallMOHApHBIM? HallTu BOJHOBYIO (YHKIMIO W CPEIHIOO
TUIOTHOCTB JIEKTPUUYECKOTO TOKA JAHHOM YacTUIlbl B MOMEHT 1>0.

BonHoBasi pyHKIUs 3J€KTpOHA B aTOME BOJIOPOJA B HAYAJIbHBIA MOMEHT

BPpEMCHH t=0 wumeer BUA: ¥(r,0,p)= %[Rm (r)Yoo (6, 9) + Ry, (r)Yy, (6, (/’)] :

3anmcate BomHOBYIO ¢yHKIuio mis t>0. bymer nu m3mydars atom? Ha
Kakou yactore?

B navanbublii MOMeHT BpemeHu t=0 cucrema HaxXOJIUTCS B COCTOSHUU
\Vl(o), OTHOCSIIIEMCS K JIBYKPaTHO BBIPOXKICHHOMY JSHEPreTUYECKOMY
ypoBHIO Ej. Omnpenenutb BEPOATHOCTh TOTO, 4TO B MOMEHT >0 cucrtema
OyleT HAXOOUTBCS B COCTOSHHH o) TPH VCIOBHH, YTO IIEPEXOL

BO3MOJKEH MOJI IeWCTBUEM MTOCTOSTHHOTO Bo3MyIeHUs V1,=V;;=V,,.

Vkazanue: Pewwumbv 3a0ayy 6 pamKkax HeCmMayuoHapHo20  YPAGHEHUs

LlIpeouneepa, npedcmagus 6ONHOBYI0 PYHKYUIO CUCHEMbL 8 8UOe CYNEePRO3UYUU
© ©
i uy?

Boruncnuth BCPOATHOCTD B036Y)KJICHI/I${ 3apsAKEHHOI0 rapMOHHYCCKOIO

2
OCLIMJIIATOPA DJIEKTPUYECKHM HMMIIYIbCOM BuIa E(t)=A, \/_exp(—t—}

C‘II/ITaTB, 4qTO OCHUIIIATOP AO BKIIIOYCHUS IO HAXOJIWJICA B OCHOBHOM

COCTOSHHU.
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8.5. Ha 3apsikeHHYIO YacTHIly C Maccoil M M 3apsaoM €, ABIKYIIYIOCS B

CBOOOIHOM  IIPOCTPAHCTBE, JCHCTBYET  AJIEKTPOMArHUTHBIM  MMITYJIbC!
Ey sinet;0<t<r

E=10;t<0 . B mepBoMm mopsake TeOpuM BO3MYLICHHW HaWJINATE
Ot>7

BEPOSITHOCTh IIepexoAa K MOMEHTy BpeMeHH t > (0 JacTHIbl U3 COCTOSIHUSA C

UMITYJIbCOM Py B COCTOSHHE C HUMIIYJIbCOM P (IBW)KEHHE CUMTATh

OJTHOMEPHBIM).

8.6. 3apspkenHas yactuna  (3apsg €)  HaxoIUTCA B OJHOMEPHOM

2 . ( 7nx
MOTEHI[MAJIBHOM SIIIMKE pPa3MepoM a B COCTOSIHMM w(X)=,[—sin| —- |. Ha
a a

EJ,sinet;0<t<r
YaCTHUIly JCHCTBYET 3JIEKTPOMArHUTHBIA HMMITyIbe E=:0;t<0 B
Ot>7
NEPBOM MOPSAKE TEOPUU BO3MYLICHHMH Hailnute Kk MOMEHTY BpeMeHu t > 0

BEPOSTHOCTH MEPEXo/ia ¢ yPOBHsI N Ha ypoBeHb M (N, M - LEJIbIC YUCIIa).

8.7. Ilnmockuit »KECTKHI 3apsOKEHHBIM (3apsii €) poTaTop HaXOAUTCS B

1 .
cocrosiHnm (@) = —=sin(ke) rme kK — nenoe uncino. B MomeHT BpeMenu t Ha

x/ﬂ'
H i sinat;0<t<r
. <0
HEro HakKJIaabIBacTCd Mar"HutHoe mnojge H=:0;t<0 rue 1 -
Ot>r
eMHUYHBIN BEKTOP BJOJb OCH BpalieHus Ha (OCh Z). B nepBoMm mopsizke
TEOPUU BO3MYIIEHUM HaWauTe K MOMEHTY BpeMeHu t > 0 BeposSITHOCTh

Mepexo/ia poTaTopa ¢ ypoBHs N HA ypOBEHb M.
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9.

9.1.

9.2.

3ajaun M0 KBAHTOBOM JJIEKTPOHUKE

Ypaeuenue IHIpeounzepa 0,151 06yxXypoeHesou cucmemaol.

O060CHOBAaTh BO3MOYKHOCTH MPUMEHEHHSI TEOPHH BO3MYIIECHUS K MOJEIU
B3aMMOJICHCTBHS aTOMa BOJIOPOA ¢ BO3OYKIAIOIINM €T0 Ha JUIMHE BOJHBI
A=121 HM DIEKTPHYCCKUM MOJIEM C HHTCHCHBHOCTBIO 1 kBm/cm®

Beruucnutre vactory Pabu ocuuisiuuid mpu TOYHOM PE30HAHCE s
nepexofa ¢ 1 Ha 2 JHEPreTUYECKUN YPOBEHb HJICATLHON OJHOMEpPHOMN

KBAaHTOBOU SIMBI. H_[I/IpI/IHa siMbI 10 HM, HTHTCHCHMBHOCTb BHCHIHCT'O IIOJIA

10 Bm/cm®.

Omeem: 3-10" pao/c.

9.3.

9.4.

JIns 1BYyXypOBHEBOM CHCTEMBI NOJIYYUTh BPEMEHHYIO 3aBUCHMOCTH IS
BEPOSATHOCTH HAXOXKICHUSA OJJIEKTPOHA HA YPOBHIAX OT BPEMEHMU MOJI
JNEUCTBUEM BHEIIHETO IMEPEMEHHOTO AJIEKTPUYECKOTO MOJISI Ha 4YacTOTE
w=w12+0w, TAE W12 —Y4aCTOTa IEPEX0JIA, O — OTCTPOMKA.

JIByXypoBHEBas cuCTeEMa C 4YacCTOTOM IIepexofa i, HAXOAUTCS IOA
BO3JIEWCTBUEM 3JIEKTPOMArHUTHOTO MO C HANPS)KEHHOCThI0 E = E(-C0S
wt, TIe @ = @1, (pe30HaHCHOE NoJie). B MOMEHT BKIIIOUEHHs OIS
KBAaHTOBAsl CUCTEMA HAaXOJWJIACh HA HHUKHEM JHEPreTUYECKOM YPOBHE £.
HaiiTi BoHOBYIO (DYHKIIMIO CUCTEMBI B IPOU3BOJIBHBI MOMEHT BPEMEHH
t>0 wu omnpenenuTh BEPOATHOCTH IIEpEXOAa KBAHTOBOW CHCTEMBI K

MOMEHTY BPEMEHH 1y HA BEPXHUI YPOBEHbD.

Vkaszanue: Hcnonvzosamov ucxoouyro cucmemy ypasHenuil Onsi KOIDhuyuenmos

PA3N04CEHUSA 80IHOBO Qyuryuu (¥ =Gy +Cu), BO3HUKAIOU)TO u3

HecmayuoHaprozo ypasHnenusi I[llpeouncepa noocmanoskou y 8 6ude Ccynepno3uyuu

cocmosiHull. 3amem ceecmu cucmemy K eOUHOMy OughghepeHyuanbHoMy YpagHeHUIo

6mopozco nopﬂdm, onsa onpe()eﬂenuﬂ KOHCmMAHmM UCnojib306antb HaA4ajibHoe yCilosue.
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9.5. Ha naByXypOBHEBYIO CHCTEMY, HAXOASMIYIOCS B BEPXHEM COCTOSHHH,
JEUCTBYET TEPEMEHHOE IMOJi€ Ha YacToTe Iepexoja B TEUEHUE Tpex
yeTBepTed mnepuona ocuwuianuii Pabu. KakoBa Oyner BenwunHa u
3aBUCUMOCTh OT BpPEMEHHM JHIIOJIBHOTO MOMEHTa MEepexoaa IOcie
BBIKJIIOUEHUS TI0JI1 B 3TOM ciiydae. UYTO MU3MEHUTCS, €ClId JIMTEIbHOCTD

BHCHIHCT'O 3JICKTPUUICCKOI'0O UMITYJIbCAa UMCCT IIPOU3BOJILHOC 3HAYCHUC T ?

10. Keanmosas meopus_uziyyenus u_noziowienus. Mampuunvie 31emeHmbl

onepamopa s3aumooeiicmeus. Ilpasuna omoopa.

10.1. MoXHO 1M OJHOBPEMEHHO HM3MEPHUTh HAMPSIKEHHOCTH KBAHTOBAHHBIX

ANEKTPUYECKOr0 U MarHUTHOTO NoJieli? OTBET 000CHOBATH PACUETOM.

Vkazanue: Hcnonvzosamo pasnoosicerue HanpﬂofceHnocmeﬁ JJIEKMpuUudecKoco u
MASHUMHO20 NoJel Ho MOOaM 6EeKmMop-nomenyuaja, a maxkoaice yCiosusl OpmocoOHalIbHOCmMU

MOO.

10.2. TlokaxwuTte, 4TO B paMKax KYyJOHOBCKOW KadHOPOBKH TIOJS ONEPATOPHI

KAaHOHMYECKOI0 HMITyJIbCa 3apshKeHHOM dactulbl Pk u omeparop

BEKTOp-TOTEHIINAIA '&("k) MEePECTAaHOBOYHBI MKy COOOM.

10.3. Ha cucremy BO30YKICHHBIX JBYXYPOBHEBBIX aTOMOB C JIHUITOJBHBIM
MOMEHTOM O, HampaBjieHHbIM 1o ocu OZ, mnamaer BHelIHee
pe3oHaHCHOE (W = Wp,) JIEKTPOMArHUTHOE MOJI€, COCTOSIIEE U3 JBYX
MIJIOCKUX BOJIH. OTH  TUIOCKHUE BOJHBI HMMEIOT OJMHAKOBYIO
MHTEHCUBHOCTH |, HO pacnpocrpansiorcs mox yriaom 90° apyr k apyry
(mo ocam OZ m QY). Kak nmpoucxXoauT B3aUMOICHCTBHE ITHX BOJH C
cucremMor  gunonei? KakoBa  BEPOATHOCTh  BIEKTPOIUIIOIBHOTO
M3IIy49CHHS] TAKOW TPYMIbl BO30YKICHHBIX aTOMOB B HAMPAaBIICHUU TIOJ

yriioM 45° Mex 1y nmagaronMyi BHEITHUMU BOJIHAMU?
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10.4.

10.5.

10.6.

[TokaxwuTte, 4TO0 OJHO(DPOTOHHBIE MEPEXOABI MEXIY YPOBHSAMHU 2S U 1S
aToMa  BOJOpOAAa  3alpelieHb B ANEKTPOAMIIONBHOM,
MarHUTOAMIIONBHOM H 3JIEKTPOKBAIPYIIOJIBHOM MPUOIHKEHUSIX.

MoOXHO 1M NOJY4YUTh WHAYLHHPOBAHHOE (JA3€pHOE) U3IyUYCHUE B
JUHEMHOM TapMOHMYECKOM  OCHWUIATOpPE (aHCaMOlb OJUHAKOBBIX
YacTUIl) B BJCKTPOAUNOIBHOM mpubmmkeHuu?  OTBEeT 000CHOBAThH

pacuerom.
VICronb3ys OPTOTOHATBHOCTh MIAPOBBIX (Ceprueckux) GpyHKIm Im, |

HOKa)XWTe, YTO  MpaBwia  orbopa Uil  MarHUTOAUIOIBHOIO
(opOuTATEHOTO) M3IyYEHUs] aToMa CBOIATCS K cooTHomeHusM: Al= 0

Am =021, 4S=0, Am;=0, n,=ny.

Vkazanue: Hcnonvzosams npedcmasnenue 801HO80U DYHKYUU INEKMPOHA 8 ChepuyecKoll

cucmeme KoopduHam u yciosus opmocoHavlbHoCmu cqbepuquKux U CNUHOBbIX cﬁym@;uﬁ

10.7.

10.8.

Hcnonb3yst OpTOTOHAIEHOCTh CIMHOBBIX (DYHKIUH Ysms, MOKAKHUTE, YTO
npaBwjia o0TOOpa MJii MarHUTOJUIIONBHOTO (CHMHOBOTO) W3ITy4YEeHUS
CBOJSITCSI K COOTHOIICHUSIM:

AS=0, Am =0, 4=0, Ams=0,#1 , ny=n,.

CdopmynupoBath npaBuiia 0TOOpA AJIs JICKTPOAUNOIbHBIX MEPEXO0B B

KBAaHTOBOM I'apMOHHNYCCKOM OCHHUILIATOPC.

Vkazanue: Hcnonvzosams ceoiicmeo nonunomos Yebvluesa-Ipmuma Ph(X)

n n+1
¢-Yn(d) = ‘/; () + ‘/T “Wnia(8), 20e E=x/xo — 6Gespasmepnas roopoumnama,

Xo

10.9.

, h
= May (m U wo —macca u sacmoma ocyuiimopa coomeemcmeeHHo).

Jns  uaeasbHOW OJHOMEPHOW KBAHTOBOM SIMBI  (TOTEHUMAIbHBIN
JIBYCTOPOHHUI Oaphep ¢ OECKOHEUHO BBICOKMMH CTEHKaMHU) YKa3aTh
HE3amNpeIIeHHbIE B  JJICKTPOIAUIOIBHOM  TPHUOIMKEHUU  TEPEXOBI.

Berauciauth MAaTpHUYHBIC JJICMCHT  oOIeparopa JJCKTPOAUIIOJIBbHOIO
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B3aMMOJICUCTBUSA JUIs IIEpexo]a ¢ 1-oro Ha 2-0M SHEPreTUYECKUEe ypPOBHU
JUISL SIMBI € THUpUHOM 50 Hm.

10.10. [Ins smekTpoHa B aTOME€ BOJIOpOAa, HaxoAsmerocss B 3P Bo30ykaEHHOM
COCTOSTHMH YKa3aTh MEPeXo/ MpH 3JICKTPOAUIOILHOM B3aUMOACHCTBUH C
MaKCHMaJbHBIM 3HAYE€HHUEM 4YacTOThl. HailTh MaTpuuUHBIN DSJIEMEHT

orcparopa B3aUMOJCHCTBUS JJISI 3TOTO nepexoaa.

Vkazanue: Yuecms npasuna ombopa 01 31eKkmpoounoibHo2o nepexooa. Beipascenue ona
PAOUANBHOU YACU BOTHOBOU (YHKYUU HAYATLHO20 COCOAHUSL UMEEn GUO:
r

4 r r
Ra1(r) = exp(——) —-1-—
31( ) 27\/6 p( 3rB) g ( 6rB)

10.11. Atom HaXOOUTCA B IIOJIC TCINNIOBOTO JJICKTPOMATIHHUTHOI'O H3JIYUCHHUA.
Hanumure BBIPAKCHUS OJII BEPOATHOCTH MHAYLIMPOBAHHOI'O U3JIIYUYCHUA U
ITOIJIOMICHM IJISI TAKOI'O aTOMaA.

10.12. /lns ABYXypOBHEBOTO IMapaMarHeTHKa cO CIHUHOM 1/2, TOMEIIEHHOTo B

CUCTEMY H3 IMOCTOSIHHOI'O Ho H PC30HAHCHOI'O MEPEMCHHOTO MAaIrHUTHBIX

nojerd H., HAWTH MaTpUYHBIA JIEMEHT NEpexoda M MOKa3aTh, 4YTO €r0

3Hauenue pasHo 0 mpu H_ || H,.

11. Ymupelme CHEeKMPAbHbIX TUHUIL. ll[upuna JIURUU U3JTVUCHUA.

11.1. V3BecTHO, YTO BpeMs >KU3HU DJIEKTPOHA B BO30YKIEHHOM COCTOSIHHUH
JBYXYPOBHEBOM CHCTEMBI PpPaBHO Tg. [lodyduTh BBIpaXeHUE IS
HaOII0aeMO Ha JaHHOM TIepeXoJie CIEeKTpaabHONH (OPMBI JTUHUU

JJFOMHMHCCIOCHIINHN.

11.2. Paccuurath mupuHy JuHWUU g 2P-1S mnepexoma (ciywaih o=o0 -

Mepexo/ia), B aTOMe BOJAOPO/a.
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Omeem: Ap = Ao = (2/3)8 ’

q8

r-c3h% 20e ( —3aps0 s1ekmpona, g —00poscKull paouyc.
B

Aw ~ 8-10% pao/c

11.3.

11.4.

11.5.

11.6.

11.7.

Jlns BbIOpaHHOTO KOHKPETHOTO (PU3NYECKOTO0 MEXaHW3Ma IOJYYHUTh
CIIEKTPAJIBHOE BBIPAXEHHUE [JI1 HEOAHOPOJAHO YIIMPEHHOI'O KOHTYypa
CHEKTpaabHOW JUHUHU. OUEHUTh €€ MMPUHY JUIsl TUIIMYHBIX NapaMeTpoB

OI[HOﬁ N3 BO3MOJKHBIX HCOIHOPOAHBIX JIA3CPHBIX CPCI.

TunuyHoe BpeMs KU3HU [JI1 Pa3pPEHIEHHOTO AJIEKTPOIUNOIBHOTO
Mepexo/ia B BUIMMOM YaCTH ONTHUYECKOTO cnekTpa cocrasiusier /0 ne. Uto
MOXHO CKa3aTh 00 OIlEHKE 3HAYCHHS JJI1 €CTECTBEHHOW IIMPHHBI JIUHUU
aKTUBHOM cpeabl s yabTpadUOJETOBOIO Ja3epa, HU3JIy4alollero Ha

mumiHe BoJHBL 100 mm.

JlomuiepoBcKkas LIMPUHA JIMHUM B JABYXYpPOBHEBOM rasze - 500 MIy.
OlieHKa BpEMEHH KU3HU BEPXHETO YPOBHS ~ 10 . [IpennoxuTh METO
(BO3MOXKHYFO ONTUYECKYIO cXeMy) VU3MEpEHUS LIAPUHBI

BHYTPUIOIJIEPOBCKOTO OJJHOPOAHOTO JIOPEHIIEBCKOTO KOHTYpA.

Ouenuth mUPUHY JIMOOBCKOro mnpoBaita maiasa He-Ne nazepa u
CpPaBHUTH TMOJYYEHHOE 3HAYEHWE C JIOTUIEPOBCKOW IUPUHON JIMHHUH
ycuineHus. Vcmonp30BaTh I OLICGHKH THIHWYHBIE KOJMYECTBCHHBIC

ImapaMCTpbl TAKOTO U3JTYy4aTCIIA.

OmnpenenuTh €CTECTBEHHYIO, JOIUIEPOBCKYI0 W  CTOJKHOBHUTEIHHYIO
IIMPHUHY JIMHUY JUJIs Tiepexoaa Heona 3S; — 2P, (A=632,8 um) B He-Ne
paspsine npu naBneHusx Py = 1 mop, Pne = 0,2 mop u temmepatype
cmecu T = 400°K. OcranpHbIe MapaMeTphl: BpeMeHa XHu3HH - 7(3S;) = 60
ne, ©(2P4) = 20 ne, 3 dexTrBHOE ceueHNEe MOIEKYIIBI HEOHA S,y = 6-10°

18 2
CM .
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11.8. UYrto sBnsieTcs AOMHUHHUPYIONIUM MEXAHHU3MOM YITUPEHUS JIMHUHA B
noryontaromen sueitke Skg, oomyuaemoro CO,-nazepom (A= 10,6 mxm,
MomHOCTh 50 Bm), ecnu na3epHbIid my4ok B (okyce nmeer nuametp 0,5
Mm, cederne Monekyisl SFg ~ 5:10™ ean?, Temmeparypa stueitkn T=300°K,
nasneane P = 100 mop, >phekTHBHOE CEUCHHE B3aUMOJICHCTBUS 0 =
310" en?

Omeem: CpasHenue OONIEPOBCKOU, CMOIKHOBUMENbHOU, eCMEeCmMBeHHOU JUHUL U

nouiesoco yuwupernus nokasvleaem, umo domuHupyiowuﬁ 6K1A0 6HOCUM

CMOJIKHOBUMENbHBIU dhheKrm.

11.9. Halith mupuHY JHHUM CIOHTAHHOTO  M3JIY4YEHHUS  KBAHTOBOTO
rFapMOHHYCCKOI'0 OCHWIIATOPpA IIpU IICPEXOAC E]_'Eo. MoxHo m1u
3apeTUCTPUPOBATh ITO 3HAYCHHUE OKCIEPUMEHTAIBHO MPH OOIyUYeCHUH
Takou CpCAbl BHCHIIHUM IIOJICM Ha 4YaCTOTC HepeXOI[a?

2.2
2w
- q3 . Hcnonvzosamo a]lﬂ pacdyemos npsamble 6blYUCTICHUSL MAaAmpPUUHbLX

Omeem: Aw=
3 mc

2/leMenmos O caApMOHUYEeCKo20 ocyuiamopa uiu CBOliCmMBa  BOIHOBLIX ¢yHKL]u12

ocyuiimopa, cesAsvlearouiue ux Me:)fcdy cobotl.

11.10. JIunns momuuecnenuuu nona Nd** B crexie ms paGouero mepexona Nd-
nazepa umeetr mmpuny ~I(0 xwm. Huxuuit ypoBeHb pabodero mepexoja

-1
nesaxtuBHpyercs co ckopoctsio 10° ¢ . UTo MOXKHO CKa3aTh O IIMpHHE

BEPXHETO YPOBHS U XapaKTepe YIIUPEHUS JIMHUH JIIOMUHECLICHIIUN ?

12. Bzaumooeiicmeaue 08yxXypoeHeeoi cpeobl C Pe30HAHCHbIM NOJIEM.

12.1. HUcxoas u3 ypaBHEHMI AJi1 MATPHUILIbl IJIOTHOCTU 2-X YPOBHEBOW CpPEIbl U
npeanoiaras cpeay d3JEKTPOAMIONIBHOM, BBIBEIUTE YpPaBHEHUS JUIS
MOJISIpU3alMi M Pa3sHOCTH HACEJIEHHOCTEW 3TON Cpellbl B YCIIOBHUSX €€
B3aUMOJEUCTBUSI C BHEIIHMM KBa3MMOHOXPOMAaTHUECKUM PE30HAHCHBIM

QJICKTPOMArHUTHBIM ITOJICM.
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12.2.

12.3.

12.4.

12.5.

12.6.

Ncxons w3 ypaBHenud bnoxa, [ HM30TPONHOIO MapaMarHeTHKA,

IMOMCUICHHOI'O B BBICOKOYACTOTHOC PC30OHAHCHOC MAI'HUTHOC IIOJIC, HaWTU
BBIpAXKCHUC [JIs1 BCKTOpPaA HaMarHW4eHHoCTd M H I[HHaMH‘IeCKOfI

MarHATHOW BOCHIPUUMYHUBOCTH Y.

Jis 2-x ypoBHeBO# cpenbl 0Oe3 auccumanuu (T;=T,=c0) Haiiaute
BBIpAQXXEHUE JJI MOJISIPU3alMU NPYU HAIOXKEHUM Ha CpPeAy PE30HAHCHOTO

BHerHero mos E = E,-cos (wpit) .

Hcnonb3yss crauvoHapHbIE pEHIEHUS MAaTepUalbHbIX YpPaBHEHUW I
JIBYXYPOBHEBOM JJEKTPOAUIOIBHON CpENbl, B3aWMOJCHUCTBYIOIIEH C
PE30HAHCHBIM AJIEKTPOMAarHUTHBIM IIOJIEM, IIOJIYYUTE BBIPAXKECHHUE IS

SHEPruM, MEPEAABAEMOM ITOU CPEION TEPMOCTATY.

Ha 2-x ypoBHeBbIif aTOMHBIN Ta3 B siueiike BosaeiicTByer mose E ()=
E,cos  (wot), @Wo - 4YacToTa aTOMHOIO Iepexoja. B  ycloBusax
CTAlIMOHAPHOTO  PEXKHUMaA TOJIYYUTE BBIPAKEHUE UISI  MOIIHOCTHU
HA0JIF0IAEMOT0 TPU STOM CITOHTAHHOTO M3Ty4YeHHUs (COyIapeHUus MU B Ta3e
npeHeOpeys). UTO M3MEHUTCS TMPU Yy4deTe€ CTOJKHOBEHHM MEKITY

MOJICKYJIaMH Ta3a ¥ CTCHKAMH STYCHKHU?

Hcxonst u3 CTauMOHApHBIX PEIIEHUNA YPaBHEHUM Uil JBYXYPOBHEBOU
Cpelbl BO BHEIIHEM I10JI€, MOJYYUTE BBIPAXKEHUE I TUDJICKTPUUECKON
MIPOHMUITAEMOCTH € Ha YacTOTaxX  BOJW3M PE30HAHCA (17, @ TAKKE CBSI3b
MOIIIHOCTH, MOTJIONIAEMOM 2-X YPOBHEBOW CpPENOW MPU B3aUMOJICHCTBUU

C PC30HAHCHLIM II0JIEM, U MHHMMOM 4aCTHU BOCIIPUUMYNBOCTHU 3TOM CpEAanbl.

13. Koagppuuuenm ycunenusn oeyxyposunesou cpeool. Hneepcus

Hacenennocmelil.

13.1.

OTHOIlIEHWE  HACEJICHHOCTEH  JBYX  ypOBHEW JUId  BEIIECTBA,
HaXOJIAIIEroCs B COCTOSHUM paBHOBecHs pu temreparype 300°K, paBHO
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10. BpUUCANTH YACTOTY W3IY4YEHHUS, COOTBETCTBYIOIIYIO TIEPEXOMY
MEXAY 3TUMU YPOBHSIMU. UTO MOXKHO CKa3aTh O PaBHOBECHON pa3HOCTHU

HACEJIEHHOCTE! JIJIsl IEPEX0/1a B BUAMMON YaCTH ONTHYECKOTO CIIEKTpa?
Omeem: 1,4-10" I'y

13.2. OueHuTh MHUHUMAIBHYIO MOIIHOCTh ONTHYECKOW HAKauyKU C IOJHBIM
HOTJIOIIEHUEM CBETOBOM HHEPrUM B KpUCTAIe, HEOOXOAUMYIO IS
IIOJIyYEHHs] WHBEPTUPOBAHHOW CpelAbl B TBEPAOTEIBHOM  Jla3epe ¢

o 1 .
KoHIeHTpauueil akTueHpx wactur N =2-10™° e

, 00bEMOM KpHuCTaJlIa

V = 10 cm®. YacToTa cepeiMHbI TIOTOCH! ONTHYECKON HAKAYKM PABHA V =
14

5,4510" [y, Bpems KU3HU YaCTHIl Ha BEpXHEM pabodyeM ypoBHE 7., =

3.10°2 cex.
Omeem. 12 kBm.

13.3. [ns cocemHux MpoaoJibHBIX MOJ pe3oHaTopa Pabpu-Ilepo mmuuoit L,
3all0JIHEHHOTO  AKTMBHOM CpENOM C IIWPUHOM JIOPEHLEBOM JIMHUHU
_ 12 .
U3IIydeHus Ha paboueM mepexoae Aw = 2- 107 pan/cek, caenaiTe OleHKY
OTHOCHUTEJILHOM pa3HuUllbl KOA(PHUIIMEHTOB (MOKa3aTeNei) yCUIeHHUS.
Omeem: OmHocumenvHas pAa3HOCMb YCUNEHUs Ol YEHMPAIbHOU U COCeOHell MOObl
cocmasnsem ~ (&op/zla))2 ~10°°.

13.4. Jlunus nepexojaa B ABYXyPOBHEBOM cpesie Ha JTMHE BOJHBI A = 0,5 MKM
uMeet Gopmy JlopeHiia ¢ MUPUHOM, onIpeesieMOl CIIOHTaHHBIM
u3nydenreM. OnpenenuTs JMHEHHBINH KO OUITMEHT YCUICHHS CJ1adoTo

- 109 .3
CUTHaJIa, eciu KoHIeHTpauus uusepcun AN = 10" cm™ , a BEpOATHOCTH
7 -1
cnoHTanHoro u3nydeHust 10° cex . 3aBucuT 11 KodHPHUIHEHT YCUITCHUS

OT AUIIOJIBLHOTO MOMEHTA Tepexoa?

1
Omeem: ~ 1 cm

13.5. Hcnons3ys ypaBHEHHE MEpeHOCA U3IYUYEHHUs] B CTAI[MOHAPHON aKTHUBHOU

di |
cpele KBAaHTOBOTO  ycwiurtens: ——=-al+ %

- — rac Z —OCb
dz 1+u?+1” A
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pacupoCTpaHCHUs BOJIHBI, HaﬁHHTC BBIpAXXCHUC [JIs1 MAaKCHMAJIbHO

BO3MO>KHOM BEJIMYHUHbI IM(ZKC Ha BbIXOAC YCHIIUTCIIA.
Obosnauenus: | — be3pazmepnas unmeHcUBHOCMb, NOIYYEHHAS HOPMUPOBKOLL HA

HACLIYAOW)10 UHMEHCUBHOCIb paboyde2o nepexodd l ., o — koagpuyuenm

@ - Nypg
2T, |

Hac

Hepe30HAHCHbIX nomeps 6 cpede, 90 = - Koaghuyuenm HeHacvlUeHHO20

yeunenust, U= (w—ay)-T, - bespazmepnas paccmpoura 4acmomol.

@—1—u2)
(04

Omeem: IMaKc = IHac (
13.6. Bo30yx/JeHHBbIII ypOBEHb MOJIEKYJbI FE4 CBSi3aH C TpeMsi HIDKE
PaCIIONOKEHHBIMU YPOBHAMU £y E, W E3 palriallMOHHBIMU IIEPEXOAAMU C
BEPOSITHOCTAMU Ay3 = 510°¢?, A4 =310"c" u Ay =2:10°¢ . Boruncuts
BpeMs JKU3HH, 00YCIIOBJICHHOE CIIOHTAHHBIM PACITaJIoM BEPXHETO YPOBHS
U oTHOcHUTeNbHble HaceneHHOCTH Nipgz) /Ns 1 ciydas HEmpepbIBHOTO
BO30YKJIeHUSI YpOBHS E, MpU yCIOBUHU, YTO BPEMEHA JKU3HU OCTAIBHBIX
YPOBHEH COCTABIISIIOT T = 10%¢, 1, =510" ¢, 73 = 5:10° ¢. Ha kakom-TO
U3 TIEPEXOJ0B MOXKHO B paMKax JaHHOW CXEMbl CO3JaTh WHBEPCUIO?
Kakas TpeOyercss Hakauka HW3 OCHOBHOTO COCTOSHUSI FEp, 4TOOBI
o0ecIieunTh NHBEPCHIO HACcEIIEHHOCTEH Ha nepexoje Fy — E;?

13.7. Cuwmras ans pyoumHoBoro mazepa, 4to Wi, > Pg, Az U UCHONB3YS
ypaBHEHHUs OajgaHca HACEICHHOCTEH, TIOKaXHUTE, YTO Pa3HOCTh
HaceJeHHOCTeW Ha paboueld mape ypoBHel E, u E; ymomnerBopsier

d_N _ N - NOoqbqs

T, Logpgdp

yYpaBHEHHUIO: Opy  OTCYTCTBHM JIa3€pHOM T'eHEpaluH.

Haiigure Boipaxkenust i N, .5 U T1 .44 . Kak oTH BeIpakeHHs 3aBUCST

OT MOIIIHOCTH MOJISI HAKAYKH ?
Obosnauenus: P13 = P31 - 6eposmHocmb Nno2loweHuss GOmoHa HAKAYKU U
quyuupoeannoeo U3lyyeHusl Ha 3mou yacmome W32 - 6EPOAMHOCMb
be3bi3nyuamenbHo20 nepexooa mexncoy yposuamu 3 u 2, Az — 6eposmuHocms CHOHMAHHO20

u3nyuenus Ha pabouem nepexooe
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14. Onmuueckue nazepHwvie pe3oHaAmopbl.

14.1.

14.2.

Hcnionw3ys ompeneneHue MOOpPOTHOCTH  pe3oHaropa (koHTypa ) Q

dw a)peaw
dat Q (rme W - 3amaceHHasi B pe30HATOpPE SHEPTUs MOJbI) U

KOHIIETIIIMIO TUIOCKUX BOJIH B omnThueckoMm pe3oHarope dabpu-Ilepo c
KO3 GULIMEHTOM OTpaKeHHS 3epkaji Mo MomHocTH R; u R,, mokaxwre,

2La)p63

“IRR,) rae L - qionHa

YTO TOOPOTHOCTH TAKOT'O pe30HATOpa paBHA Q =-

pe3oHaTopa.
Paccuntare no6porHocTs Q, M BpeMs XKu3HM (OTOHA T, B PE30OHATOPE
®abpu-Ilepo ¢ mmockumu 3epkanamu. PacctosHue Mexy 3epkainamu L =
0,2 m, ko3 durments orpaxkeHus zepkan Ry= R, = 0,95, pabouas niuHa
BOJHBEI A = 0,6 mxm. KoappuueHT MOTIoNeHUsl Cpe/ibl, 3amoIHSIONIeH

-1
pe3onatop, a = 0,01 cm ™. JIndpakiimOHHBIMHU TTOTEPSIMU TIPpEHEOPEYb.

Omeem: r@z3-10'9 ¢, Q ~8-10°.

14.3.

14.4.

14 5.

B pamkax oIHOMEpHOW MOJEIM PACHPOCTPAHEHHS JIA3EPHOTO IydyKa B
pesonatope ®adpu-Ilepo, wucxons wu3 omnpeaeseHuss JOOPOTHOCTH,
MOKa3aTh, 4YTO a0COJIIOTHAS WIMPHUHA JIMHUM OTKPBITOTO OMNTHYECKOTO
pe30HaTOpa C IJIOCKMMH 3€pKajaMy HE 3aBUCHT OT 4acTOThl. OLEHHUTHh
YaCTOTHBIM WHTEPBA MEXAY MPOAOJbHBIMM MOJAMU W IIUPUHY JUHUU
Takoro pezonaropa jyist R=0,99 u L=/ m.

Jlns renuii-HeoHoBoro Jjazepa (4 = 632,8 wm) C TUIMHYHBIMU IS 3TOTO
TUIA Ja3epOB MapaMeTpaMu CIEJIaiTe OLIEHKY IJis 4ucia MPOAOJbHBIX
MO/I, TIOTAIAIONTUX B KOHTYP CHEKTPAIbHON JTUHUM YCUIICHHUS.

[TokazaTp, uTo aOCONIOTHAS IIMPUHA JTUHUU ONTHYECKOTO PE30HATOpA C
IUIOCKUMU 3€pKaJlaMU TPU YCIOBUH OTCYTCTBUS TU(PAKIIMOHHBIX MOTEPh

1
HE 3aBUCUT OT 4yacToTbl. OueHutb (B CM ) HHTEPBAT MEXIY
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MPOAOIBHBIMUA MOJAMH U IIMPUHY JTUHUHM Takoro pe3oHaropa it R=0,99

ulL=1m.

15. Ilopozosoe yciiosue nazepHoil 2eHepayuu.

15.1. Jlazep paboTaeT Ha OJTHOPOJAHO-YIITUPEHHOM II€pEX0/ie Ha JJIMHE BOJIHBI A
= | mxm, mmpuHa JUHUU yeuineHus 500 M1 y. BeposiTHOCTb CIOHTAHHOTO
M3ITydeHIs Ha paGodeM mepexome coctaBimsier A, = 107 ¢ . Tlapamerpsr
pezonaropa ®adpu-Ilepo: amuua L = (0,5 m, monHbIe OTEpU HA TIPOXO]T
0,02. OmpenenuTh MOPOTOBYIO KOHIIEHTPAINIO HHBEP CHH.

Omeem: 8-10" cu™

15.2. HaiiTu 3Ha4YeHHWE HEHACHIMCHHOTO KOXG(OUIMEHTa YCWICHUS IS
paboTaroliero moJynpoBOAHUKOBOrO Jjlazepa Ha GaAS ¢ MHUHMMAaJIbHBIM
YpPOBHEM BHYTPEHHHX IMOTEPh, JJIMHON akTHBHOUW obnactu 300 mxm mpu
HCTIOJIb30BAaHUU CKOJIOB MO KPUCTAJUIMYECKUM TMOBEPXHOCTSIM B KaueCTBE
3epKail.

Omeem : ~ 40 cm™®

15.3. PaccunraiiTe BeIWUMHY MHUHHUMAJIBHOM KOHIICHTpAIlMW aKTUBHBIX HOHOB
Cr¥ B paboratomem pyGuzoBom OKI. HeobxomuMble s pacdera
napameTphl B3sTh U3 CIIPABOYHOM JIUTEPATYPhI

Omeem: ~ 5-10™ cn™

15.4. PaccuuraiiTe MUHUMaJIbHO HEOOXOIMMYIO MOITHOCTh UCTOYHHKA HAKAUKH
UIs  HeoauMoBoro jasepa Ha kpucramie YAG, ecnu 3Q@exkTHBHOCTH
npeoOpa3oBaHus YHEPTUu Hakauku (A ~ 800 um) B Bo30yx)aeHUE pabodyero
nepexona cocrabisier 20%. Kak u3MeHHTCS OlleHKa MOPOTOBOTO YPOBHS
HaKa4yK{, €CIIM HWCIOJB30BaTh I BO30YKIEHUS MPOJOJIBHYIO HAKAUKY

JIA3CPHBIM ITYYKOM.

Vkazanue: Hcnonvzoeams 015 ucxo0Ho2o paciema ciedyouutl Habop napamempos 3moco

— 3 -1
OKT': 6eposimrHocmb CHOHMAHHO20 U3YHeHUs Ha paboyem nepexode Az = 5107 ¢,
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. — 1016 -3 .
nopozosas pasnocmu Hacenennocmei No,gg = 107 cm™ , 06vem paboueii cpeowr,

. . 3
s3aumooeticmsyrouuti ¢ norem V=10 cm” .

Omeem: 450 Bm.

15.5.

PaccuntaTth HEOOXOIMMYIO MOPOTOBYI0 HHBEPCHIO TEpexoia Tra3oBOro
nazepa (A=500 nm), eciu CIIOHTAaHHOE BpeMs JKH3HM Ha padouem
nepexoue t = 2:10° ¢, MpuHa JuHuKM ycwienus Av = [ [Ty, nnuna
pezoHatopa L = 25 cm, a motepu B pe3oHATOpE MpH JIBOMHOM MPOXOJIe

cocTaBIAIOT 5%.

Omeem: ~1,5'1 0% en®.

15.6.

JlazepHasi cpega MMeeT JOIUIEPOBCKUM NMPO(HIIb YCUJIEHUS C IIHPUHON
Av = 2 I['Ty. OpgHoponHas mupuHa paBHa Avy = 50 MIy, a BepOsITHOCTb
_ g8 .l .
croHtaHHoro mnepexona A = 10" ¢ . Ilyctb yactota OAHOM M3 MOA
pe3zonaropa (L = 30 cm) coBnagaeT ¢ LEHTPaJIbHOW 4acTOTOM Mpoduis
ycunenus. KakoBa nmoporoBasi UHBepcusl JUIsl LEHTPAJIbHOW MOJBI U MPU
KAaKO MHBEPCUM I'eHepalysi HAYHETCS Ha COCETHUX MOJIaX, €CJIU MOTEPH B

pe3onarope coctanisor 10% ?

16. Jlazepnaa zenepauus. Ilapamempsl cmayuoHapHozo pexcuma_ia3epHoil

ceHepauuu.

16.1.

16.2.

[Tokaxkurte, UCXO U3 YPABHEHH Jia3epa, YTO B CTALMOHAPHOM PEXKUME
OJIHOMOJIOBOM TE€HEpaluu Pa3HOCTh HACEJIEHHOCTEW paBHAa IMOPOTOBOMY
3HAYEHUIO.

Pe3oHaTop WHXEKIIMOHHOTO TMOJYIPOBOJHUKOBOTO Jiazepa oOpa3oBaH
€CTECTBEHHBIMU TpaHsIMU KpHUCTaia C Kod(DPUIIMEHTaMU OTpaKeHHSI
R;=R,=0,37. Omnpenenute NOPOTOBbIA ypPOBEHb YCUJIEHHUS I
pe3onatopoB aiuuHON L = 400 mxm v L = 100 mxm, ecniu BHyTpEHHUE
HOTEPU COCTABISAIOT Olgyyy = J ev™t. Yo IIPOU30MJIET, €CIIM HA TPaHU

pe3oHaTopa HAHCCTH AOIIOJHUTCIBHBIC OTPAXAIOIMIUC ITIOKPBITHA C R]_ =
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0,98 u R, = 1? HapucyiiTe Ka4eCTBEHHO M CPAaBHHUTE BHJ 3aBUCHMOCTH
MOIITHOCTH TeHEPAIH OT TOKA IS TAKHUX JIa3ePOB.

16.3. Cuwmras omHo 3epkaino B pezonarope ®abdpu-Ilepo "rmyxum" (R;=1), a
npyroe noaynpo3paddbiM (R, = R ), HaliiuTre 3aBUCUMOCTb MOIIHOCTH
na3epa ot R. CymiecTByeT ju onTUMalibHas BeinnurnHa R ?

16.4. Ouenuts kBantoBbii KIIJ[ He-Ne mazepoB, paborarommx Ha pa3HBIX
nepexojax ¢ MOIIHOCThIO mopsinka /(0 mBm. UTo MOXHO cKa3ath 00
anektponHoM KIIJl wHakauku B paspsane, €CiId HU3BECTHO, YTO
notpediisieMasi OT CETH MOITHOCTh COCTaBIsAeT /5 Bm.

16.5. Cpenaiite 4HCIEHHbIE OILEHKM HACBHIMIAIONICH WHTEHCUBHOCTU JJIA
pabounx mepexoI0B B pyOMHOBOM M HEOJUMOBOM Ja3epax. Kak cBsizana ¢
ATUM TapaMeTpOM MOIIHOCTh, TeHepupyemas jazepom? Kakoit u3 >tux

Ja3epoB o01agaeT O0JbIIeH MOITHOCTHIO?

Yrkazanue : Hcnonvzosams 8blpadiCeHuUe HaCbm;a;ou;eﬁ UHMeEHCUSHOCMU 6  6Uoe

| B ch?
Hac ~—
87[ . d122 . T1T2 U munuyHsle napaMempbl 0/1}1 yKClS’aHHblx mGepdomeﬂbelx Cpe().

16.6. MomHOCTB HEIpepbIBHON reHepaluu MO0JIOCKOBOTO
MOJIYTPOBOTHUKOBOTO Jiazepa paBHa /() mBm, NivuHA BOJHBI U3TyUYCHUS A
= (0,8 mKkm, IUPUHA CHEKTpaJbHOW JTWHUU reHeparuu Av = 100 My,
pasmepbl OJIMKHETO TOoJisl  COCTaBISAOT Imrkm X 10 mxm. Jlo kakoit
TEMIIEpaTypbl HAJI0 HArpeTh TEIUIOBOM HMCTOYHUK CBETa, YTOOBI €ro
CHEKTpaJibHasl SIPKOCTh B 3a/JIaHHOM JIMana30HE JOCTHUIJIA SIPKOCTU Ha

3epkajie Jiazepa’?
Vkazanue: Hepecqumamb MOUWHOCNTb JIA3EPHOCO USTYUEHUN 6 CNEKMPATIbHYIO APKOCMb
3 .
(Lorc/cm”™ T y), ucnonvzosams 0151 CPABHUMENBHOU OYEHKU Gblpadcenue OJisi PABHOBECHO20

menjio6020 cCneKkmpa u3ny4erus.

Omeem: ~2:10" zpao.
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16.7.

16.8.

Hapucyiite xadecTBeHHO TpaduK W OOBSICHUTE 3aBHCHUMOCTH BBIXOJIHOMN
MOIIHOCTH Jla3epa OT BEJIUYUHBI OTPAXEHUS BBIXOJHOIO 3€pKaia
pe3oHaropa.

OueHnTe MaKCUMaJIbHO BO3MOXHYIO BEIMYUHY 3aTSTHUBAHUSI YacCTOTHI
reHepupyromnieii MoJipl B Jlazepe Ha pyoune. [Ipu mpoBeneHUU OLIEHOK
PYKOBOJACTBOBATbCSl ~ TUIMYHBIMUA I JAHHOTO  BHJA  JIA3€pOB

KOJIMYCCTBCHHBIMU IIapaMCTpaAMU.

Omeem: Oyenku 015 cO8U2a Yacmomsl u3-3a d¢hgexma 3amsacudanust OJisi MUNUYHBIX

3+
napamempos Cr ~" - nazepa nexcam 6 kl y-ouanasone

16.9.

YacTtota MOABI MAacCUBHOTO IUIOCKomapasiensHoro  ®adpu-Ilepo
pesonaropa (L = /5 cm) caBunyta Ha 0,5 Avpepp OT LEHTPA T'ayCCOBCKOM
JUHUU YCWJIEHMS Tra3oBoro jaszepa ¢ A=633 wm. OueHuth 3(]dext

3aTATruBaHuA MOJbI I'CHCPALIKMU, CCJIN IMHUPHUHA MOIBI PC30HATOPA AVp: 20

Omeem. ~ 10 MI'y

16.10. Onpenenuty onTUMaibHBIE KOIPPHUIMEHTH OTPAKCHHUS 3epKai

pe3oHaTopa ja3epa, MO3BOJISIONINE MOTYIYUTh MAKCUMAJIbHYIO BBIXOTHYIO
MONIIHOCTh. [lnmuHa pe3oHatopa L = 50 cm, xosddumment
HEHACBIIICHHOTO YCWICHWS HAa TPOXOA Jo = 0,2 ¢, kodbdumment
motepp Ha mpoxog o = 0,05 oM. JIu(pPAKIMOHHBIMH MOTEPIMH

npeHeOpeyb.
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CBOPHHUK 3AJAY 1O KBAHTOBOM MEXAHUKE U KBAHTOBOI
JJIEKTPOHUKE

ABTOpBI:

Aunekceli BanentunoBunuy Mapyrun
Anekcangp I1aBnosnu CaBuKHH
Banepuii Banepresuu lllapkos

Onsbra BuranbeBHa lllapkoBa
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