3anstue 22

Tema: BonHoBas npupo1a MUKPOYACTHII.

Hean: Bonna ne bpoiinsa. CooTHolieHus: HeompeaeleHHocTed. Moenb
bopa atoma Bozopoza.

Kparkas Teopus

* Boana ne bpoiiasa. Konuenuus KopmyCKyIsspHO-BOJHOBOTO Ayalid3Ma,
TO €CTh JIBOWCTBEHHOCTH MPUPOABI MUKPOUACTHUII, YACTHULIE, 00JIa1atomIeH
UMIIYJIbCOM p, COIMOCTABJISICT TUIOCKYIO BOJHY C JUTMHON BOJHBI A = A/p
(h = 6,6200>* Ix[d — mocrosuuas [L1anka).

* CooTHollleHHe HeompenejeHHocTell. HexoTopsle mapel ¢GuznuecKux
BEJIMYMH, OTHOCSIIMECS K OMHMCAHUIO CBOMCTB YAacCTHI], HE MOTYT OBbITh
OJIHOBPEMEHHO ONpeJIeTIEHbI (M3MEPEHBI) TOUHO, YTO SIBJSIETCS CIEACTBUEM
BOJIHOBOM MpUPOABI yacThll. HeonpeneneHHOCTH 3HaUeHUN TaKUX BETUYUH
CBSI3aHbI IPOU3BEICHUEM, KOTOPOE UMEET MOPAAOK noctossHHoM [Inanka. K
YKAa3aHHBIM BBIIIE€ [1apaM OTHOCATCS: HEONPEAEICHHOCTH IPOEKIINU
UMITyJIbca W KoopauHatbl dYacTuiel: Ax[Ap, [Jh, HeompeaeneHHOCTH
BPEMEHU IIPOTEKaHUs HEKOTOPOro IIpolecca U COOTBETCTBYIOUICH €My
snepruu: AEA: Lh.

* Teopuss bopa OTHOCUTCS K ONMCAHWUIO CBOMCTB aTOMOB BOJOpPOJAA M
BOJIOPOJOTIOAO0HBIX, OOBEAUHSISI B cebe KIAaCCHUUECKUe U KBAaHTOBBIC
NPEACTABJICHUS, II0YEMY HOCUT Ha3BaHWE IMOJyKi1accudecko. OHa
MO3BOJISIET PAaCCUUTATh PAAUYChl CTAlMOHAPHBIX OPOUT M YACTOTHI (WU
JUIMHBI BOJIH) CHEKTPAJIbHBIX JIMHUM, MCIYCKAeMbIX HIIMA MOTJIONIAEMBIX
TaKMMHU aTOMaMH.

B ocHOBe TeopuM JEKUT NpPaBHIO0 KBaHTOBaHusi bopa, kortopoe
YTBEPKIAET, YTO MOMEHT HMMITYJIbCA AJNEKTPOHA HAa CTAllMOHAPHOU opOuTe

KpaTeH noctosinHou [lmanka: L=mvr, =nh rne h=h/2m - nocTosHHAs

[lnanka, n=1, 2, 3, ... - IIJaBHOE€ KBAaHTOBOE YMCJIO, XapAKTEPU3YIOIIEE
HOMEDP OPOUTHI AIEKTPOHA.

Kpowme atoro, bopom chopmynupoBaHnsl 1Ba ciaeayONMX MOCTyaTa.

1. DneKTpOH aTOMa MOKET HaXOAUTHCS JIMILb Ha CTALIMOHAPHBIX KPYTOBBIX
opOHTax, XapaKTepU3yeMbIX JUCKPETHBIMHU paJNyCaMu ry, 1y, I3, ... W
sueprusmu  Ey, E,, FE;, .. Pamuyc n-oifi OpOUTHI 3JIEKTpOHA



ame,h’n’

BOJIOPOJIONOOOHOTO aToMa ¢ 3apsjaoM siapa Z: 1, = S5 dHeprus
me
£ = Z’me*
DJICKTPOHA. - 5, 5 .
P "7 3me, nn’

2. TloryonieHne WM H3JIyYEHUE DHEPIUM aTOMOM MOXET HPOUCXOJIUTH
TOJIbKO TIPH TEPEX0Jie IJIEKTPOHA C OJHOM CTAI[MOHAPHOW OpOWTHI m Ha
Ipyryto n. ueprus kBaura: £, - E,, = hV,,, Tie V,, - 4acToTa KBaHTa. 3Has
DHEPTrUI0 AJIEKTPOHA HAa CTAIlMOHAPHBIX OPOHMTAX, MOXKHO TOJIYYUTh, YTO
JUIi  aroMa  BOAOpOJAa  JUIMHA  BOJHBI ~ KBAaHTA  COCTABIISIET

1 1
1//\””1 = R(W - ;) , T1e moctosinHas Puibepra R = 1,097[1]07 M.

IIpumeps! peleHus 3aaa4

22-1. B HEKOTOpBIII MOMEHT BpEMEHHU 00JaCTh JIOKAIU3ALMU CBOOOJIHOIO
AJIEKTpOHA 3ajaHa xapakTepHbiM pazmepoM Ax = 0,1 M. OneHuTh €e
crycTs Bpems £ = 1 c.

» CornacHo COOTHOIIEHUIO HeonpenenenHnoctei ['eitzendepra AxAp, Uh,
Opy  3TOM HEONPEJEICHHOCTh UMITylibca cocTtaBiseT: Ap, Uh/Ax.
CooTBeTCcTBYIOIIA HEOMPEAEICHHOCTh CKOpOCTH dJekTpoHa: Av Lh/mAx.
[lonaras ee comocraBUMOW 1O TOPAJKY C CaMOM  CKOpPOCTBIO
(HeompeleICHHOCT, HE TPEBBINIAET CaMOT0 3HAYEHUS CKOPOCTH),
HAXoAuM, 4To cmycTss Af=1c 3JIEKTpOH MOXET MPOHTH pPacCTOSHUE
As = AvAt 010° kM. DTO paccTosHHE XapakTepH3yeT HEOIPENeIeHHOCTD
KOOPJMHATHI 3JIEKTPOHA.

[lepBoHayanbHO ANEKTPOH ObUI PACHOJIOKEH B 00JIACTH MOpSAJKA pazMepa
atoma (107" M), oHAKO CITyCTS MIHOBEHHE (UTO TaKOE OHA CeKyHAa?) OH
pacmpenielieH Ha ThICSUaX KHUJIOMETPOB TMpOCTpaHcTBa. [lomyueHHBIH
pe3ynbTaT 03HAYaeT, YTO TOYHAS JIOKAIHU3AIMS CBOOOTHOM MUKPOUYACTHUIIHI
B IIPUHIIUIIE HEBO3MOXHA.

Otser: As 010° km.

22-2. OueHuTh XapakTepHblid pazmep aroMa. (Mcnonb30BaTh COOTHOILIEHUE
HEOIPEAEIIEHHOCTEN. )

* Bocrnonp3yeMcsi COOTHOIIEHUEM HEOIpeNeIeHHOCTEN il KOOPAUHATHI
AJIEKTpOHA B aToMe U ero ummyibca: ArAp U h. Bbyaem cuutarh, 4TO 3TH
HEOMPECIIEHHOCTH COTMOCTAaBUMBI CO 3HAYCHHSIMH KOOPJIWHATBI U
umiyneca: Ar U r, Ap U p. [logcTaBuM 3TH BETWYMHBI B COOTHOIIICHHE



HeomnpeneneHHocTed u nonyuuM rp U h, otkyna p Uh/r. Tlonnas sHeprus
AJIEKTPOHA B aTOME CKJIAIBIBACTCS U3 JIBYX YACTEH: KWHETUYECKOU SHEPTUU
JBIDKCHHS p*/2m W HOTEHIMAIBHON SHEPrHH SIEKTPOHA B HIEKTPHUCCKOM
rose siapa — e°/4 1T v (s IpuMepa BHIOpaH aToM Bogopoaa). [ToacTasiss
MOJIyY€HHOE BBILLIE BBIPAKEHUE AJI UMITYJIbCA, MOKEM 3alUCaTh MOJHYIO
sHepruio B Bupe E =h’/2mi” —e*/4TEyr. PasMepsl atoMa OLCHHM U3
YCIIOBUSI MUHHUMYyMa DHEPTHH CHCTEMBI SAPO-JEKTPOH — aTOM SIBIISIETCS
YCTOWYMBOW CUCTEMOM, & 3HAUYNUT, K HEMY MOXKHO NMPUMEHUTH U3BECTHOE U3
MEXaHHWKHU YCJIOBHE YCTOWYMBOCTH cucTeMbl. [locne auddepenunpoBanms
U TOpUPAaBHUBAHHUS  HYJI0  Opou3BogHOW  OFE/Or=0 wuMeeMm —
WR2mr + &/Amep” =0, otkyma r =21 h*/me* 0 1007 m. Io mopsiaxy
BEJIMYMHBI  TOJNYYEHHBIH  pa3Mep  COOTBETCTBYET  H3BECTHOMY
ra30KMHETUYECKOMY pa3Mepy aTOMOB.

Otser: r 01007 m.

22-3. B TeneBu3NOHHON TpyOKe AJIWHON OJUH METP AJICKTPOHHBINA JTyd Ha
skpaHe umeer TonmmHy 0,1 mMm. K TpyOke mnpmiioxkeHo yckopsroiiee
HanpsbkeHue U= 10 kB. Omnpenenuts HeonpeneneHHOCTb KOOPAUHATHI
AJIEKTPOHA, CBSI3aHHYIO C €r0 BOJIHOBBIMU CBOMCTBAMH.

 Koneunass TONImIMHA Jyya O3HA4yaeT, 4YTO HApALy C HMIIYJIbCOM

Py =V2meU | wanpaBneHHBIM BOIb OCU TPYOKH, Y 2I€KTPOHA UMEETCS

NEePIEHAUKYISpHAs COCTaBJIAIomas umiyisca Ap,. Mcxons n3 reomerpun

Ap, 0,0001 _ _,
Jdyda, MO YCIOBUIO 3aJa4¥ MOYKHO MOJIyYHTh = =10,

X

_10-%
orkyna Apy, =10 " p, . Jlns nomepeqHOro 1mo OTHOIICHHIO K OCH TPYOKH

HaIIpaBJICHUA COOTHOLICHUEC HCOHpCI{@HCHHOCTCﬁ JacT
h_10%h
A y=——=
Ap,  p,
IPUPOJOM  DIIEKTPOHA, CBHIETEIBCTBYET O TOM, UYTO TPACKTOPHIO
QJICKTPOHA B JAHHOM CJIy4aC MOKHO CUMTATh BIIOJTHC KJIaCCUUYECKOM.

Otser: Ay 0107 .

-17 )
U107 "'m. Manoe 3HadeHue Ay, CBSI3aHHOE C BOJIHOBOM

22-4. TInockuii TOTOK YaCTHUIl MaJaeT HOPMAJIbHO Ha IuadparMy ¢ IByMs
Y3KUMH IIEISIMHU, 00pa3ys Ha dKpaHe KapTuHy uHTepdepenuuu. Cuutas
YIJIbI HAOJIIOACHUST MaJIbIMU, TI0Ka3aTh, YTO MOMBITKA OMPEACIINUTh, B KAKYIO
1IeJIb MPOIIa KOHKPETHAs 4acTulla, He UMeeT (PU3UUYECKOT0 CMbICTA.



e IlycTts wdacTHIla JBWKETCS B HANpaBICHUHM X, IIENH W JKPaH
pPACIONIOKEHbl B TEPIEHIAUKYJISIpHOM HampasieHun Y. CoriiacHo e
Bpoiito, yacTuiie ¢ UMIYJIbCOM p COOTBETCTBYET JJIMHA BOJHBI A = A/p.
JlnmHA BOJHBI, KaK U3BECTHO, OTMPENeNsieT BUJ KapTUHBI WHTEPHEPEHITNH.
Ecnum paccrosHue mexmy mmienasMu d, TepBbld WHTEpPEpPEHIIMOHHBIN
MaKCHMyM BHWJICH MMoJx MajbiM yriioM 6= A/d — 31eck HCIoOnb30BaH
pesynbrar onucanus omnbitTa FOHra. C TOYKM 3peHHs] KOPIYCKYJISPHOTO
NPEICTaBIICHUS] O YACTHIIE, KaK MOYTH MaTepUAIBHON TOYKE, MOSBICHHE
UHTEP(PEPEHIIMOHHOTO MaKCUMyMa BBI3BAHO OTKJIOHEHHEM YaCTHUIIBI OT
PSIMOJTUHEHHOTO JIBMJKEHUSI BJIOJIb OCU X - TIOSIBIISIETCS BEPTUKAIbHAsS
cocTasistolas umiyibca Ap, " = p@= hA/Ad = h/d.

[Tpu MOMBITKE OMPENeNnTh, B KaKyIO IIENb MPOIa YacTUIa, HEOOXOIUMO
OTPaHUYHUTH HEOMPEISIICHHOCT, B KOOpAWHATE, 3aJalolield TOJOKCHHE
YaCTUIIBI BJIOJIb OCH ). PazfenuB 1menu Ha BEPXHIO U HIDKHIOK, TIOTYYUM
npeneiabHoe 3HaueHne HeoOxoauMoi TouHocTH Ay = d/2. V3-3a BOTHOBBIX
CBOJICTB YaCTHIIbI HEONIPEIEICHHOCTb B UMITyJIbce cocTaBut Ap, " L2A4/d.
Orta  HEONpeAeNeHHOCTh  OKa3blBaeTCs  OOJbIE  BEPTUKAIBHOU
cocTaBisifolell  uMmmyiabca Ap/ ", Koropas ompenenser KapTHHY
uHTephEPEHIINN, 3HAYHUT, TOCIEAHSIS OyaeT WCKaXXeHa, YTO JIMIIAeT
CMBICITa TIPEANOJIaraeMy0 TMOMBITKY ONpEACNeHUs IIeNH, B KOTOPYIO
MpOIIIa KOHKPETHAs YacTHIla.

Otser: Ap,™™ > Ap P .

22-5.CpenHee BpeMmsi JKH3HM aroMa B BO30YXKIEHHOM COCTOSHUU
cocraBmser Ar=10"c. Ilpn mepexome B OCHOBHOE COCTOSHHE AaTOM
UCITyCKaeT BHIAMMOE u3iIydeHue uinHoN BomHbl A [1500 mM. OnueHuth
CHEKTPAIbHYIO0 IIUPUHY JUHUH (B CIEKTPOCKONHMHM OHAa HOCUT Ha3BaHHE
«ECTECTBEHHOE YIIHPEHUEY), COOTBETCTBYIOIICH ITOMY TIEPEXOTY.

* PaccmoTpuMm oTaenbHbIN (OTOH, KOTOPBIA UCITyCKAETCs TIPU MIEPEXOJIE U3
BEPXHETO BO30Y)KIEHHOTO COCTOSIHHS C HW)KHEE OCHOBHOE, €ro DHEpTus
coctaBisieT E = hV, rae V - yacTtoTa nepexojia. JHeprus Bo30YyKJICHHOTO
COCTOSIHUSI, COTJIACHO COOTHOIIICHUIO HEOTPEEIICHHOCTEH, HE OorpeneneHa
abconroTHO TouHO. Ee HeonmpeieIeHHOCTh CBsI3aHa CO CPEIHUM BpPEMEHEM
KW3HH,  OMNpPENeNSIONeM  XapakTepHOEe BpEeMs  PacCMaTpUBAaEMOTO
npornecca: AEAt Lh, To ecte A(hV)At Uh v Av U 1/At. Bocnionszyemcs
CBA3BIO0 YACTOTHI M JUIMHBI BOTHBI V= 1/T= ¢/\, otkyna dv=-c(d\)/A\>.
Iepexomst K abCoMOTHOMY npHpaiiennio dA, naxoaum AA OdA OA%/clt —
3TO M €CTh OL[GHKA IHPHHBI TMHKK. s BrmMoro ceera AA (810 .
Otser: AA =80 m.



22-6. DNEKTPOH HAXOAWTCS B OCHOBHOM COCTOSIHUM B OECKOHEYHO
NIyOOKOW MOTEHIUATBHON siMe mUpUHON /. C MOMOIIBI0 COOTHOIICHUS
HEOTPECIICHHOCTEH OIICHUTh CUJTY JABJICHHUS SJIEKTPOHA HA CTEHKH.

* [Ipu u3MeHEHNH MIUPHUHBI SIMBbI Ha d/ HEOOXOAUMO COBEPIIUTH PabOTY
dA = Fdl, xoropas mpuBeneT K HM3MEHEHHIO SHEpPruu dactuilbl Ha dF.
[Ipumem  juisi  OIGHKM  HAaWMEHBIIETO  3HAYCHUS  UMITYyJIbCa
HeomnpeAelieHHOCTh ummyibca p LJAp. HeompeneneHHOCTh KOOpAMHATHI
AJIEKTPOHA TOJIOXKUM paBHOM mmupuHe smbl Ax [/, U3 cooTHOIEHus
Heomnpeaenennocreit ApAx Uh, to ects p UAp LA/ . DHeprus snexTpoHa
E=p*2m=h/2Pm. TIpn W3MCHEHNW IIMPUHBI SIMBI Ha dl aGCOTIOTHOE
u3MeHeHne sHeprun coctaBut dE = (h*/ Pm)dl. OueHKoil UCKOMOI CHIIBI
naBnenus Oynet otHomenue F dA/dl = dE/d] = W ml.

Otser: F Ok /mP.

22-7. Yactuma Maccoil m HAXoAUTCA B OECKOHEYHO TIIyOOKOM
MOTEHITUATBHON siMe TMpHUHOM [. OIIEHUTHh BO3MOIKHBIE 3HAYCHHS SHEPTHH
YJaCTHIIbI, pACCMATPUBas €€ KaK CTOSIYIO BOJIHY J¢ bpois.

* BeposTHOCTDh peanm3aliid COCTOSHHM YacCTHIIbI Ha CTEHKAX sIMbl paBHA
HYJTIO, TaK KaK PHEPTHS YacTUIIbI orpaHndeHa. Ciie1oBaTeNIbHO, Ha CTEHKAX
JIOKaJIM30BaHbI Y3JIbI CTOSYEH BOJHBI. JIpyrue y3iabl MOTYT HaXOJHWTHCS B
caMoO# siMe, HO TP yCIIOBHH, YTO Ha PACCTOSIHHM [ YKIIaJIbIBaCTCS IIEJI0C

4UCII0 MONYBONH: [ = HE ,tne n =1, 2, 3, ... BeIpa3uMm UMITyJIbC YaCTHUIIBI
_hn
yepes ee UIMHY BOJIHBI, BOCIIOJIB30BABIIUCH A = /i/p, oTKyna P = DR 3Has
UMITyJIbC YaCTHIIBl, MOJXKHO HaWTH €€ KHHETUYECKYI0 DHEPIHIO
B p2 B h2n2

. OcHoBHOI BBIBOJ M3 IMOJYUYCHHOI'O PC3yJIbTaTa COCTOUT B

TOM, YTO OHCPIUA YaCTUObI HC MOXCT IIPUHUMATL IIPOU3BOJIBHLBIC

3HAUYCHUS, OHA — «KKBAHTYCTC).
2 2

8ml*”’

22-8. Yactuma Maccoit m JABUXKETCS MO KPYTroBOW OpOMTE B IEHTPAIbHO-
CUMMETpUYHOM T0oj1e. [loTeHnmanbHass SHEpPrusi YacTHIBl 3aBUCUT OT

Otset: £ = n=1,2,3,....



2
kr
paccTosHMs ¥ 10 LeHTpa mons kak U = —2 . Hcmonb3ys npuHImII
KBaHTOBaHMs bopa, HaiiTH pagnychl OPOUT ¥ MOJHYIO SHEPTHIO YaCTHUIIBL.
e Cuma, cooOmiaromias 4YacTHIE HOPMAaIbHOE YCKOPEHHE, SBJISETCS

KOHCEpPBAaTHUBHOM, €€ a0COTIOTHOE 3HAuCHHE MOKET OBITh HAaWACHO Yepes

. _dU _
I'pagueHT NOTECHIIUAJIBHOM DHEPTHUH: F = o kr . CormacHo
r
2
~ — V — —
KJIaCCHYECKOU MEXaHukKe Ma, —m——Fn —kl’, rpe v — CKOpPOCTb
r
yactuipl. [IpaBuino KBaHTOBaHMA MOMEHTA HUMIyJdbca 10 bopy:
rmv =hn, tne n = 1, 2, 3, ... COBMECTHOE PEIICHHE YPABHCHHUI AT
_ | nh
paauycel opouT dactumpbl 7 = M MM coOTBETCTBYIOT 3HAYECHUSA

MMOJTHOM OHCPIUH, HaXOI[HMOﬁ KaK CymMMa KUHETUUYECKOU U HOTCHHHaHLHOﬁ

m? k
cocTapjsomux: £, =——+—=nh,|—.

2 2 m
_ | nh k
OtBeT: 7 = m , E, =nh pt

33I[a‘ll/l AJIA CAMOCTOATEC/IBHOI'O PECIICHUA

22-9. Onpenenuts HHepruro AFE, KOTOpyl0O HE0OXOAWMMO COOOIIUTH
AIIEKTPOHY, 4YTOOBI COOTBETCTBYIOIIAs €My JUIMHA BOJIHBI Jie¢ bpoiins
YMEHBIIMIIACH OT A; 110 A, .

0

A

22-10. Ha ocHOBE COOTHOIIECHHS HEONPEIAEICHHOCTEH OLICHUTh MIUPUHY
OJTHOMEpPHON OECKOHEUHO TIyOOKOW MOTEHIMAIbHOU SIMBI, B KOTOpPOM

HanMCHbIIAA SHCPIUA 3JICKTPOHA COCTABIIACT E.
h

OTBGT:AX Dm.

22-11. Yactuma Maccod m  JBWXKETCS B OJHOMEPHOM  IOJie

KOHCCPBATHUBHLIX CHJI, T'AC ¢€C IOTCHHOUAJIbHAA OHCPIUA 3aBHUCHUT OT
2

KOOpAHWHATBI KakK U(x) = T OI_ICHI/ITL MHUHHUMAJIbHO BO3MOXHYIO

sHepruto yactullbl. (Mcrnonb30BaTh COOTHOIIEHNE HEOTIPEAEIEHHOCTEN. )

h 1
ANE=—(— -
OtBerT: 2m()\§



Otser: E = hyJk/m .

22-12. Heomnpei€IeHHOCTh KOOPAMHATHI JABUXKYILEWCS YacTUIbl paBHA

JUTAHE BOJIHBI e Bpoiis. OnpenenuTh OTHOCHUTEIIbHYIO
HEOMPEACIICHHOCTh UMITYJIbCA.
Otser: 1/27T.

22-13. BuyTtpu cdepudecKkoil MOJOCTH paguycoM R HaXOIUTCS YacTUIA
Maccoi m. CoCTOSHHE YaCTHIBI XApPAKTEPU3YETCSI MHUHHMAIBHO
BO3MOKHOM »JHepruer. HMcmonb3yss COOTHOLIEHME HEONMPENEICHHOCTEN,
HalTU cpeaHee IaBJICHUE p, KOTOPOE YacTHIla OKa3blBae€T HA CTEHKU
MOJIOCTH.
h2

A4TmR>

22-14. HanpaBneHHbIA TOTOK 3JEKTPOHOB, HWMEIONIUX OAMHAKOBYIO
CKOPOCTb, HOPMAJILHO MaJaeT Ha AuadparMy C y3KOU MIEIbI0 IMIHUPUHOH b.
HaiiTin CKOpOCTB 3JEKTPOHOB V, €CIIM HA 3KpaHe, OTCTOSALIEM OT ILEJU Ha
paccTosiHue /, HUpUHA [EHTPAIbHOro JU(PaKIIMOHHOIO MAaKCUMyMa paBHa

Ax.

Otser: p U

2hl

-y -
OTtBerT: b

KonTpoJuabHbie 3a1aun

22-15. Anwpda-yactumna (sSapo aroMa Telus) HAXOJUTCA B OECKOHEYHO
rIyOOKOW OJHOMEpPHOM TMOTEHIUaNbHON sMme. HanMenblmas sHeprus
YACTHUIIbI COCTABISET E,yyy =8 MaB. Onienuts pazmepsl simbl. (CokpalieHue
«3B» 4MTaIOT KakK «3JEKTPOHBOJIBT», €r0 MCHONB3YIOT A 0003HAYCHHUS
BHECHCTEMHOIT eMHUIBI m3Meperns sueprum: 1 5B = 1,607 ix.)

22-16. HUcnons3ys  COOTHOLIEHHWE  HEONPENEICHHOCTEH,  OLIEHUTH
HAaUMEHBIIINE OMMOKU B ONIPEIETICHUH CKOPOCTEN AIIEKTPOHA (m.
= 0,900 kr) u npotona (m, = 1,607 kr), eci1i UX KOOPAMHATH MOIYT
OBITh U3MEPEHBI C TOYHOCTHIO /10 1 MKM.

22-17. OueHuTh TpeAeIbHOE JIMHEHHOE pa3pelieHHe JJICKTPOHHOTO
MHUKPOCKOIIa, B KOTOPOM BMECTO CBETa HCIOJb30BaH MOTOK 3JEKTPOHOB,
MPOUIEAIINX YCKOPSIOIIYIO Pa3HOCTh MOTeHIHanoB 1 kB.

22-18. Halitu niuHy BOJIHBI A€ Bpoins mpoToHa, €cilii B OAHOPOJHOM
MarHMTHOM TIOJI€ C MHAYKIMEH B OH JBUKETCS 1O TPACKTOPHUH C PAIyCOM
KpUBU3HBL R. BeKTOp CKOpOCTH MPOTOHA NEPHEHANKYISIPEH BEKTOPY
WHIYKIIHH.



