CTpyKkTypa BakyyMa U €JUHCTBO B3aUMOJACUCTBUI

Anartomii PBIKOB

Ecth pasiiniusa MCXIay (1)I/I3I/I"IGCKI/IMI/I 3aKOHaMHM U HAYYHBIMHU HCCIICA0BATCIIb-
CKHMMHU TCXHOJIOTHAMMH. HaHpHMep, 3aKOH TAToTeHus HpIOTOHA MOXHO CUH-
TaTb MMCHHO 3aKOHOM, a 3aKOHBI Kennepa M TaKKe OCTaJbHEIC 3aKOHBI HbIo-
TOHA MOKHO OTHCCTH K TCXHOJIOTHYCCKUM IMpPUCMaM HCCICOOBAHUA Conneu-
HO# CHUCTEMBI U JABVXXCHUA TCII. B crarbe 1310KeHBI HECKOJIBKO TUIIOTE3, ITPH-
HATBIX HA YPOBHC aKCUOM.

Akcuoma nepBasi. B Makpo U B MUKpO MHpax 3akoH TsSrotreHus HpioroHa u
3akoH KyroHa B3auMozaeicTBys 3aps10B IPAaBOMEPHBI.

AkcuoMma BTopas. B Makpo M B MHUKpO MHpax 3J€KTpUYECKas U MarHUTHas
KOHCTaHTBHI BaKyyMa HEU3MEHHBI, a IPABUTALMOHHAS [IOCTOSHHAS 3aBUCHUT OT
cpeabl KOCMOCa, SApa U HyKJIOHA.

AKCHOMBI COBEpPIIEHHO HE OYEBUAHBI AJS TPAAWIMOHHOW (u3uku. 3amaya
CTaThbU, B YaCTHOCTH, COCTOUT B TOM, YTOOBI BBISICHUTH WX NMPABOMOYHOCTb.
[Tpu permennu 3a1a4u OyAyT MOTy4EHBI HEOPIUHAPHBIE U BO3MOXKHO CIIOPHBIE
pe3yIbTAThI, KOTOPBIE MPEIararoTCs AJIsl Herpey0eKIEHHOTO YNTaTeIsl.

I[J'IH yI[O6CTBa JAUDJICKTPUYICCKAA U MAaTrHUTHAAd NPOHUIAEMOCTU BaKyyMa IIpU-
BOOATCA K HOPMAJIbHOMY BUAY, T.C. IPUHATHI UX O6paTHLI€ BCJIIMYHHBI:

1 _ _
=~ =8,98755100° [Kn*kr (r'°c*] — snmekTpuyecKas IOCTOSIHHAS BAKyyMa,
€

paBHas 00paTHON BEIMYMHE JUIICKTPUIECKOM MOCTOSHHOM.

V= 1. 1,00000031 00" [Kn’kr 'M™'] — MarHuTHas IOCTOSHHAs BaKyyMa,

paBHas 00paTHOW BEIMYMHE MAarHUTHOM MPOHUIIAEMOCTH.

IIpu 3ToM 3axoHbl HproTOHA M KynoHa momy4aror oguHakoBbIM BUA. s uc-
CJIEOBAHMA CTPYKTYPBI BAKyyMa HCIIOJIb30BAHBI XOPOILIO HU3BECTHBIE JKCIIE-
pPUMEHTAJIbHBIE JaHHBIE TI0 B3aUMOJICHCTBHUIO BaKyyMa ¢ (POTOHOM.



Kocmuueckuii Bakyym

[Ton KOCMUYECKUM BaKyyMOM OyJieM MOHHMMATh MPHUHITOE B (pH3MKE HEKOE
«(pOTOHHOE TO0JIe» KaK UCTOYHHK BUPTYaJbHBIX (POTOHOB B KauecTBE OOMEH-
HBIX YaCTHULl HPH JIEKTPOMAarHUTHBIX B3aUMOACUCTBHAX. POTOH, UMEIOLIUN
4acToTy v, aedopMupyeT ero cTpykrypy. Haxonsce B Bakyyme ¢ pazmepom
MEXIy €ro 3JeMeHTaMH 7, (OTOH MpOu3BOAUT nedopmanmio dr. Ilpu stom
sHeprus aegopmanuu OyaeT egEdr, Tae ey — 3aps JIEKTPOHA WU TTO3UTPOHA,
E — HanpspKeHHOCTD 3JIEKTPUYECKOTO MOJISI CTPYKTYPBI.

DHeprus (OTOHA paBHA SHEPTUH JAePOopMaIIin:
hv = eoEdr (1)

Hedopmarnius 3aBUCHT OT BpeMeHU. DOTOH — 3TO 3JEKTPOMATHUTHOE SBJICHUEC
C aMIUTUTYI0H 7 sin(27tve):

dr = d[rsin(2Tvt)] = 2Tvrdt cos(2Tvr) 2)

OmnpenenuM HaIPSHKEHHOCTb JIEKTPHUUECKOro Mo, rae N — HeKuil Koaddu-
IIUEHT MPONOPIHOHATBHOCTH!

e
E=NESL 3)
r
[TocTaBuM TMOTYYCHHBIC BRIPAKCHHS (aMIUTATYTy M3 2 U HANPSHKCHHOCTD U3 3
B 1):

1

h =2TiNe>
°Er/dz

“4)

MO>XHO TIPeAnoNOXKuTh 7/ dt = ¢ = 4/VvE — CKOPOCTh CBETA.

OTmeTuM, 4TO 3TO MPENNOTIOKEHNE KaKeTCsl €CTECTBEHHBIM, HO HE OYEBU]I-
HbIM. OnpeieM HEU3BECTHOE YHUCTIO:

N:L22137,0360 =a’, (5)
2Ty,

e rq=\/E/_v.



B pesynbpTate umeem 4uciio 0OpaTHON BEIMIMHBI IIOCTOSTHHON TOHKOW CTPYK-
Typbl. [Honyuunu u3 (5) u3zBectHyo Gpopmymy s noctossiHHas [Inanka:

h=2me;ra” (6)

B (2) u (4) MaTemMaTHueCcKu HEKOPPEKTHO MCIOJIb30BaHO MOHATHE nuddepen-
ruana. OCHOBaHHE — MaTEMaTHKa HE eCTh PU3MKa, (PU3MKa HE €CTh MAaTEeMAaTHU-
Ka. B 1aHHOM ciydae 3TO MPOCTEUIINNA TPUMEP MPABUILHOIO COOTHOIICHUS
MaTeMaTUKU U (PU3HUKH.

[Iponenannas onepauus U ee pe3ysbTaT — IEPBOE CBUIETENLCTBO O HE Oe3Ha-
JEKHOCTH TIOCTaBIEHHOM 3a1auu. Ynciao N KakuM TO 00pa3oM CBSI3aHO C dJie-
MEHTapHBIM 3apsiioM 1o Gopmysie (3) 1 HaMeKaeT Ha BO3MOXKHYIO MHTEpIIpe-
TAIMI0 KaK TMOJHOE YHCIO SJIEMEHTAapHBIX 3apsAl0B B HEKOTOPOM KiacTepe
BaKyyMa, CXOXEM C 3apsI0BbIM MU-ME30HOM U C KOTOPHIM B3aWMOJIEHCTBYET
¢doron. Crnenyroumm starnom Oyzaer obpamienue K «potorpdexty» s Baky-
yma. M3BecTHO, uTO (HOTOH ¢ 3HEeprueit w > 1 MaB = 1,6:107" IIx npeBparla-
eTcs B Mapy IEKTPOH U NO3UTPOH. C KIacCHYEeCKUX MO3UILINH, BEPOSITHO, Clie-
IyeT cKa3aTh, 4yTO (OTOH «BHIOMBAaET» U3 CTPYKTYphl BaKyyma yKa3aHHYIO
napy 4actur ($hoTodpQeKT B 4MCTOM BUAE). DTO HE JAIEKO OT U3BECTHOIO B
¢usmke (akTa peamuzalMM IOJ BO3ACHCTBHEM (OTOHA HYKHOH YaCTOTHI
(oHepruM) maphl U3 BUPTYAIbHBIX YaCTHII JIEKTPOHA M MO3UTPOHA. Bribepem

. w
BEJINYMHY KPACHOM I'paHHLBI JJI 4acTOTHl (JOTOHA V,, = N =2,489100°°T1x .

Ee Tounoe 3nauenue omnpeneneHo u3 Gopmynsl (10), korna npu BeIBOIaX BO3-
HUKHET 3HAYCHUE MOCTOSHHOW TOHKOW CTPYKTYphl. J[yId ompeneseHus » Boc-
MOJIb3yeMCsl ypaBHEHUEM dHepruu 1o 3akoHy Kyrnona u suepruu ¢otoHa hv:

2
w=E2 = omarlelr v, =1,64930107 Ml . 7)
r

U3 (7) nHaxoaum pa3Mep CTPYKTYPHOTO dJIeMEHTa:

-1
r=—98 130882600y (8)
2y,

HmeeMm paccTosiHUE MEX]y BUPTYalIbHBIMU 3apsaMH 3JIEKTPOHA U MO3UTPO-
Ha, 00pa3yIOIMMU HEKUI CBSA3aHHBIN 3apsi/i WM U0, KOTOpHIN B 2,014504



pasza MEHbIIIe KJIACCHYECKOTO pajuyca 3eKTpoHa. [IpenensHas nedopmanust
JIMTIOJNS, KOTOPasi SIBJISETCS «KPACHOW» TPaHUIECH ero «pas3pyueHus» npu ¢o-
To3(ekre onpenensercs u3:

2
_hv,ra
2
e

o

dr, =1,020772007""m. 9)

Jedopmariust AUI0IsT MEHbIIE JAHHOW BETHMUYUHBI JOJDKHA HOCUTH JICKTPOYII-
pYTHii XapakTep U Mpu OOJbIEH BeIWYHHE JeQOpMalii BO3HUKAET pa3pyIie-
HUE JUIONS, K POXKIACHUIO Mapbl M3 CBOOOIHBIX AJIEKTPOHA M TO3UTPOHA C
HYJIEBOII CKOPOCTBIO pasjieTa IpU TOYHOM BbINIOJIHEHUHU paBeHcTBa (7). Tpe-
OyeTcss HECKOJIBKO Oouibilast 3Heprus (OTOHA (€ro 4acToTa) IJIsl MPUIAHUS
HEHYJIEBOI CKOPOCTH paslieTa mapbl 4acTull. I[IpumeuarenbHOe CIEACTBHE U3

dbopmyisr (9) —
dr, =1,020772007"" =a [7. (10)

Bot oTkyna ciemyeT upe3BbluaiiHas MPOYHOCTh BaKyyMa, KOTOpas MoaoOHa
npouHoctu 3¢upa! Pazpymenne aunons HactynaeT Tosibko npu 1/137 wactu
nedopmanuu ot ee menoil BenmunHbI! B mpupone HEM3BECTHO CTOJIB Maioe
oTanuue nedopMaly OT LEIO0ro YMcia Ui JOCTHXKEHUs Mpejena MpoYHoC-
.  Dorordpdexkr ang  MIATHHBI  JAaeT  BEIUYMHY  JedopManuu

dr, =6,2[107 M. UHbIMH CIIOBaMH, BaKyyM IIPOYHEE» IUIATHHBI TOYTH HA 6
Pt >
MOPSIIKOB.

Tounast BenmnunHa "0 TOMOTJIa BEPHYTHCS (CM. BBINIE) M YTOUHUTH 3HAUYCHHE
gacToThl Kak 2,4891-10% ', ITo maHHoi dbopMyIie OCyIIECTBISETCS CBS3b
npenena IpOYHOCTH Yepe3 MOCTOSIHHYI0 TOHKOM CTPYKTYPbl U PacCTOSIHHE B
JIUTIONE. Y CTAHOBUM €I1I€ Psi/i MOJIE3HBIX AJIA BBISIBIICHUS CTPYKTYPhI BaKyyMa
cootHomieHu. OmnpenenuMm nedopMaIiio OT HAXOJAIIETOCS B €ro Cpeje
AIIEKTPOHA Yepe3 YpaBHEHHE DHEPTHH TOJS AJIEKTPOHA W dSHEpruu naedopma-
uu (akcuoma 1):

£% =g2a Y ar=a’ =506711600 ™. (11)
2 r e

Jedopmariust oT 35eKTpoHa TaKKe KaK U COOTHOILEHHE KIACCHYECKOTo pajiu-
yca u pasmepa aunois Messiue B 2,0145 pa3a npenena npounoctu. B pesyinsb-

4



taTe nedopMali B MPUCYTCTBUH DJICKTPOHA MM JAPYTOW YACTHIBI SHEPTHS
(dboTOHA MOXKET CHU3UTHCS, YTO U HAOIIOJaeTCs pu BakyyMHOM (oTodddexte
— pasJieT, HarpuMep, JIBYX 3JIEKTPOHOB U OJJHOTO MTO3UTPOHA.

Tak kak B BaKyyMe €CTh HEKUI JAUIIOJIb, TO €CTECTBEHHO OYEeT TOBOPUTH O €TI0
HOJISAPU3ALUY.

g, =a” 4%(&)2 = S(dr)?, te (12)

$=6,253387-10" [Krm ).

HTak, ycTaHOBJICHBI OCHOBHBIC JJIEMEHTHI CTPYKTYPBI KOCMHUYECKOT0 BaKyyMa.
Yto oHH maroT?

1. BzaumopelictBue (poToHa U Bakyyma B Haubosee oOIIeM BHE MPUBOIUT K
MEXaHU3MY PACIPOCTPAHECHUS JJICKTPOMArHUTHBIX BO3MYIIEHHUH B CTPYK-
Type MOCJIEOHET0. DIEKTPOMAarHuTHas BOJIHA HAYMHACTCA C IONEPEYHOTO
JBIDKECHHUS CBSI3aHHOIO 3apsija Bakyyma IO JEHCTBHEM «HUCTOYHHKA» U
IIPOUCXOJUT BOBJICUYEHUE B ATO IBWKEHHUE CIECAYIOLIETO CBS3aHHOTO 3apsaa
110 HAINPABIICHUIO PACIIPOCTPAHEHUS, HO OOPALICHHOTO K MHUIIMATOPY 3apsi-
JIOM IIPOTHBOIIOJIOKHOTO 3HaKa cornacHo 3akoHy Kymnona. OOpasyrorcs To-
KM CMEIICHUS, HAIIPaBJICHHBIE 110 JBUKEHUIO 3apsI0B B OJHY CTOPOHY, HO C
IIPOTUBOIOJIOKHBIMU 3HaKaMu. 13 aToro cienyer, 4To MeXy TOKAMHU B TIE-
PIEHIUKYJIIPHOM HAIIPABICHUU IOSBISECTCS MAarHUTHAs HaIPSKEHHOCThb
KaK cyMMa JBYX M 0ojiee MarHUTHBIX HamnpsbkeHHocTed. BosHukiiee mar-
HUTHOE TI0JI€ BBITOJIHAET TTOMHUMO 0Opa30BaHUS MarHUTHON KOMITOHEHTHI
3JIEKTPOMArHUTHOM BOJIHBI POJIb JieMIdepa, OrpaHUYUBAIOIIET0 CKOPOCTh
pacripocTpaHeHus cBeTa. TakuM oOpas3om, CBSI3aHHBIC 3apsAbl — JIUITONH —
ABJIIIOTCS. PETPAHCIATOPAMHU 3JIEKTPOMATHUTHOM BOJIHBL. DTO UYPE3BBIYANHO
Ba)XHOE IMOHMMAaHHUE, TaK KaK CBET, JOXOIIUI 10 HAOIIOAATENs HE eCTh Tie-
PBOPOJIHOE SIBICHUE MJIM MCITYLIEHHBIH B UCTOUHHMKE (POTOH, & MHOTOKPATHO
PETPaHCIMPOBAHHBIA CUTHAIL.

2. EcTeCTBEHHO NPEANON0XKHUTh, YTO MPOJOIbHAS MOJSAPU3ALUA TUIOIEH KOC-
MHYECKOTO BaKyyMa OTHOCHUTCS K SIBICHHUSIM TpaBUTaluu. ['paBUTanus o0bs-
CHSETCS MIEKTPOCTATUYECKUM «IIOJIEM», KOTOPOE IEPENACTC B BAKyyME Kak
MpOoJOoJbHBIN curHai. llpm mponmonbHOM neiicTBuuM 3akoHa Kynona mexnay
CBSI3aHHBIMU 3apsAAaMH MPOUCXOUT MPOIOJIbHOE BMKEHHE (PPOHTA TONIAPH-
3alMH, KOTOPOE HE COIPOBOXKAAETCS MOSBICHUEM MATHUTHOTO MOJS MEXIY



MapajuieIbHO JBUTAIONIMMHECS B OJJHOM HAIIPABIICHUH 3apsIaMU OIMHAKOBO-
ro 3Haka. MarHuTHas HaMpsHKEHHOCTH JOJDKHA B 3TOM CIIydae OXBaThIBATh
JIBUTAIONIMECS 3apsabl KaK TOK B MPOBOAHUKE. [I0CKOIBKY 3IeKTpOCTaTHYEC-
KOE «II0JIe» WM TPABUTALMOHHOE «IIOJIE» BBICTYIAIOT B BUJE LEHTPAILHOTO
¥ 9acTo BooOIIe CeprHuecKoro, T0 CyMMapHasi MarHUTHAs HaNpsHKEHHOCTh
TOKOB CMEIICHUS OKa3bIBAeTCs /Ul 00BEKTa TPAaBUTHPYIOLIETO WIN 3apsHKeH-
HOTO CTAaTUYECKUM 3JICKTPUYECTBOM TOJTHOCTHIO CKOMIICHCHPOBAHHBIM, TO
MOJTHOCTBIO OTCYTCTBYET €ro Jemidupyroiiee AeWcTBUE. ITO O3HAYAET MOU-
CTHUHE OIPOMHYIO CKOPOCTb (€CJIM HE MTHOBEHHYIO!) pacnpocTpaHeHus mpo-
JOJbHOM BOJHBI B BakyyMme. B ciydyae mouT MrHOBEHHOW CKOpPOCTH JIEHCT-
BHs TpaBUTalMK Hamla BceneHHas OKa3bIBAECTCS €JUHOM CUCTEMOM, B KOTO-
poii mobast ee 4acTh «OCO3HAeT» ce0sl B MOJIHOM €IMHCTBE C IIeNbIM. TOJIBKO
TaK OHa CIOCOOHA CYIIECTBOBATh M pa3BUBATHCSA. KOCMOIOTHSI HE MOXKET 00-
XOOUTHCS 0€3 «MTHOBEHHOI» Mepelaul TPaBUTALIUH.

OOpatumcs K TPaBUTAIIMOHHOW MOJISPU3AIMN JUIOJNIEH BakyyMa. YTo OB MOX-
HO OBUIO TMPOCIETUTh HUTH BHIBOJA, BBICKAKEM THIOTE3y SKBHUBAJICHTHOCTH
3akoHoB HrrotoHa u Kynona, To ectb nepeiiaem k Equnomy 3akony Bcenen-
HOU uepe3 (hopMyy 3aBUCUMOCTH TpaBUTaLMOHHOTO KylioHOBCKOro 3apsiia ot
Macchl Jirodoro Tena (popmyiel Hetotona u Kynona). I'paBUTaIlMOHHBIN AJIEKT-
pHUECKHU 3aps T000H MacChl PACCUUTHIBACTCS IO (POpMyIIe:

O=pM,tne p = % = 8,61640-107" [K/xr] (13)

Pacuer koaddunrenTa MOKHO BBITOJIHUTh HA OCHOBE MHUKPOIIAPAMETPOB IO
dbopmye:

o=, 21Y _ g 61640-10™" [K/krl, (14)
ch a

e e = 1,60217733-107" [Ki] — 3apsi onekTpoHa,
Y =6,67259 007" [M’kr'¢*] — rpaBUTAIMOHHAS TOCTOSHHAS,

c=2,99792458- 108 — CKOpOCTb CBETA,
h = 6,6260755-10* — nocrosuuas Ilnanka.



IIponomxkas KIIaCCHYECKHM MOAXO K CTPYKTYpeE, 3aMETUM, YTO CUJIa yIPYrou
ANIEKTPUUYECKON AeopMaIiy ONpeeIuTCs U3

2 2
f=bdr, =80, h=E—2_=115506500" [xr [em™]. (15)
r dr,r
[Tonspuzanus
_ 0 o
Oy = KNG, (16)
BbIpaKCHHAA 94€pPC3 MUKPOIApaMETPBhI:
G, =02 —2_(dr)’ = S(dr), rae (17)
41

§=6253387-10° [Knm 1.

U B utore numeem ¢ yueToMm GopMy1, MOTYUYEHHBIX BBIIIE:
g =41 yE Sdr? [mc]. (18)

[TpomonbHas negopmanus JUNoneld Bakyyma OT TATOTEIOIEro oObeKTa ornpe-
JeNIieT YCKOPEHUE CUITBI TSKECTH U Ha000pOT, YCKOPEHHUE CHUJIBI TSXKECTU OIl-
penenser aedopManuio CTPyKTypsl BakyyMa. OJHaKO MEXaHU3M IPaBUTALUH
ocTaeTcs MOKa HeBBISICHEHHBIM. MMeeM mpenenbhyio aedopmaruio (10). Pac-
CUMTAEM JUI HEe MAaKCUMAJIbHOE YCKOPEHUE:!

Zmax = 6,3409-10"° M- . (19

Cwita snektpoymnpyroi aedopmanuu u3 (16) ompemenuTcss MaKCUMaTbHBIM
YCKOPEHUEM U HEU3BECTHOU MACCOU 71,

_ 8Ema _
bd}:b - b = - gmaxmx . (20)
4n\/ﬁ S
W3 ypaBHEHHs HaXOAMM HEU3BECTHYIO Maccy M OOHapyKHMBaeM, YTO
m,=~0m,, TAC my — Macca IImanka. HewusBectHass wmacca paBHaA

1,8594446-10" kr. OxassiBaetcs, uto ey = pm, = 1,602172:10"° K1 — rze
JIOCTaTOYHO TOYHO BEJIMYMHA 3apsa dJeKTpoHa. Macca m, 1aeT moBoJ ompe-



JIENIUTh MEXaHU3M I'PaBUTALUU Yepe3 HaJM4Ke rpaBUTallMOHHOrO 3apsaa. Pac-
CUHUTAEM CKOJIbKO Map 3JIEKTPOHOB M MO3UTPOHOB, 00pa3yroIUX IUIOIH Ba-

M =1,02062050810% wr. Orcrona

KyyMa, HaXOUTCA B 3TO# Macce n_, = 5
m

e

oJiydya€M BCIMYHHY 3apsaa, Ha KOTOPYIO 3aps/J 3JICKTPpOHA MPEBOCXOAUT 3a-

psan nosutpoHa Ae, = S - 1,5698071100™* K. IlpakTHuecku 3Ta BeIHYH-
n

—+
Ha Pa3HOCTH MPUXOAUTCS Ha 21 3HAK BENMUYMHBI 3apsja dJeKTpoHa. Haxomum
STOT 3HAK n,, =9,797961064 107 . KocMudeckuii Bakyym obnajact 3aps-

JIOM, KOTOPBI SBISETCS UCTOYHUKOM TPABUTAIMHM NPU HATUYUHU MaTepHAllb-
HBIX T€JI, U UCTOYHUKOM aHTUTPABUTALIMOHHOTO paciiupenus BcemeHHON B
ciyyae, KOr/la Macc MaTepUalibHbIX TeJl HE J0cTaTo4yHO. [[puMUTHBHYIO CXeMy
JIEUCTBHSI 3aPsHKEHHOTO KOCMUYECKOTO BaKyyMa MOXHO M300pa3HuTh TaK:

(-tenol+)(— + — + —Bakyym— + — + —)(+1eno2-)

— KynoHoBcKkO€ MpUTSKEHNE (TpaBUTALIMS).

(- ———Bakyym ———-)

— KynoHoBCcKO€ caMOOTTaNKUBaHUE (aHTUTPABUTALMS)

HarnsiHo moka3aHo He paBeHCTBO HYJIIO CYMMBI 3apsiioB: (—) 6osbiie (+).

3aBepinas TeMy KOCMHYECKOT0 BaKyyMma, rpuBeaeM (GopMysIy pacdera CKOpo-
CTH PAaCIpOCTPAaHCHHUS CBETA B 3aBUCHMOCTH OT €ro J1e(h)OpMaInOHHOTO COCTO-
drg

1
aHus ¢, =c,|1— %— . Hammpumep, yron npenomiieHusi cBeTa, MpoOXois-
r

Iero kacaTenbHO nosepxHocTu ComnHia, OyaeT paBeH

O
d
¢ =arcsinld —_[1- %i [=1,743755",

YTO MPAKTUYECKH MMOATBEPXKACHO Ha ombiTe. [Ipu 3TOM ciieyeT MOMHUTb, YTO
JTyd TPOXOAMT HaJa MoBepxXHOCThI0 CONIHIIA M KacaeTcs €€ TEOPETHYECKH, B
pPEAIbHOCTH CUTYallMsl MHAas: HEU3BECTHO, YTO TaKOE «IOBEPXHOCTH» ConHIIa.
Jlns npeznenbHOM nedopManuu, Koraa drg = 0-7, CKOPOCTh CBETA PaBHA HYJIIO.



DTHUM CBOMCTBOM 00JIaJJaeT «Macca YepHOM IBIpI», a mpeaenbHas aedopma-
st OyZIeT COOTBETCTBOBATh €€ «TOPU3OHTY COOBITHIN». IIpeBbilmieHHe mpe-
JeNbHOM AepopMaliy NPUBEAET K MUHTEHCUBHOMY POXJICHHUIO Map AJIEKTPOH —
MIO3UTPOH, 110 MPUHATON TEPMUHOJIOTHH — K UCTIAPEHUIO YEPHOU JIbIpbl. Kpome
Toro, OyzeT HabMOaThCd KpacHOEe CMEIEHUE MPHU U3ITYYCHUH OT UCTOYHHKA
Ha TSOKEIOM OOBEKTE, W3BECTHOE KaK «3aMEJICHHE» BPEMEHH B TCOPHHU
A. Ditnmireiina. KpacHoe cmenieHrne BO3HUKAeT OT Mepexoja jyda CBETa U3
BaKyyMa C HHU3KOH CKOPOCTBIO B KOCMHYECKOE MPOCTPAHCTBO C OOBIYHBIM

1
3HAYEHUEM CKopocTH mo (popmyne AN =A -A —;(c—cg), TIE Cg = Capr
[Tonspuzanus Ha «oBepXxHOCTH» BcenenHoit ¢ 3apsaom ot BemiectBa Q, =

-5,8040-10” Kn Gyzmer O, :4% =4,618700""n cpenansa nedopmarus

2
u

(0) _ o
COOTBETCBEHHO dr, = 1/?‘ =8,5941007* m. CooTBeTrcTBYIOIIAs AAHHOU Jie-

e &dr,

2

=2,095600"Tu u
hroa

(dopmanuu yactoTa (8) U JUIMHA BOJHBI PaBHBI V, =
A = 1,43 cm. M3BecTHO, YTO CHEKTP PETUKTOBOTO M3IyUYEHMs 3aKIIOUYEH B
pamku aiauH BoiH 0,1...8 cM. IlomyuenHas [uiMHA BOJIHBI IPUXOAMUTCS IIPUME-
PHO Ha cepelMHy yKa3aHHOTO Juarna3oHa, a 4acToTa v, MPUMEPHO TOJIBKO B 4
pa3a MeHbIIIe 4acToThI 1o ¢hopmyiie bonbimana mist remmnepatypst 2,7 K. T1os-
TOMY CJHEAYEeT Y4eCTb W BaKyyMHBbIM 3apsa BceneHHOW, ompeaensieMblid U3
3HAQYEHUS  4YacTOTbl  PEIUKTOBOIO  M3IY4YEHUA V,, =4 - 2,096:10"° =
8,384-10'"° T'ii. Tonmsiii 3apsin Beenenroit 6yner pasen 8,45-10% Kir. Jlennm
Ha M30BITOYHBIN 3apsij Mapbl EKTPOH-TIO3UTPOH 7,8490-10 ' Ki1. u noJjryya-
eM 1,0765-10* map smextpon+mosurpon. OmpenemsieM oGbeM BceneHHOM
4Te(10%%Y° /3 = 4,1888-10" M>. TTomyuaem, uto B 1 M° Gyzmer umciio map u3
3MeKTpoHa+mo3uTpoHa 8,5665:10% wT. «PenuKTOBOEY H3IyUCHHE IEPECTaNo
CYILIECTBOBaTh OTOPBAHO OT SMOXHU €ro 3apOXKJICHHUS, a MPEBPATHIOCh B COB-
PEMEHHYIO JAEATEIbHOCTh KOCMMUYECKOIO BakyyMa BcesleHHOH, a JaHHbIE O
OCHOBHOM €ro 4acTOTe MO3BOJIWIIM ONMPEACIUTh MOJHbIN 3apsan BceenenHoil u
AJIEKTPOHHO-TIO3UTPOHHYIO €€ TUNIOTHOCTD.



SlnepHbIl U HYKJIOHHBIN BaKyyM

MeTo/10/10THsl, OTIpaBaaBiias ce6si P HCCIENOBAHMM CTPYKTYPhl KOCMUHEC-
KOTO BaKyyMma, IPUMEHUMA H K 7IEPHBIM M HYKIOHHBIM 06pazoBanbaM. Siep-
HBIA BaKyyM OyJI€T 03Ha4aTh CPELy BUPTYAIbHBIX TU-ME30HOB, YUaCTBYIONIHMX
B KauecTBE OOMEHHBIX YACTHUI| MPH SJAEPHBIX B3aumomeicTBusx. [Tomb3ysch
YK€ UCHIBITAHHBIM MIPUEMOM, OIPCACIIUM KJIaCCUYECKUI paanycC MMMOHOB. OHe-
prus w, =2m.c* =27320n,c’ =2,2367007" I u paauyc IUIOIs COracHo

2
e

akcuome (2) 7, =&—2==1,031500"" M. Kimaccudeckuii pamumyc 3apsuioBbIX

T
nuoHoB Ha 0,01 cotyro Gonblie mpeaena NPOYHOCTH KOCMUYECKOI0 BaKyyMa.

Pagnyc IOkaBbl paBeH R, :L =1,4135007"" M, pu sAAEPHBIX PACCTOS-

21Um, ¢
HUSAX MHOTO MEHBIIE 3TOTO pajuyca SAEpHbIE CHIBI INPOSIBIAIOTCS B Hau-
Oonbielt crenenu. Kimaccuueckue paanychl 3apsIOBBIX MHOHOB YIOBIIETBO-
pstoT aToMy ycioBuro. Onu B 150...300 pa3 menbiue paguyca FOkaBbl. 113 Beex
MOJIeJIel aTOMHOTO spa, Mojieb KOkaBbl B HAMOOJBIIIEH CTENICHH OTBEYAET Me-
30HHOM TeOpHH sAAEpHBIX cuil. Paccuntaem cuitsl o gopmynam Kynona u FOxka-
BBI:

2 -
€ R

e R 1)

2
&
(=r, +71)

5=t A
Pannyc mporoHa BXomuT B (OpMyJIbl, TaK KaK HAa MEHBIIUE PACCTOSHHS HYK-
JIOHBI HE MOTYT M HE JOJKHBI OIXOAUTh. J{JI5 «IIPOHUKHOBEHHSI B ME30HHYIO
Cpemy BaKyyMa BOCIIOJIb3yeMcs siBIeHHEM siepHoro gotorddexra. M3BecTHO,
9TO JJIs1 BO30OYKACHHUS siipa M MOCJIEIYIOIIEero BEIOpOCca U3 HETO ME30Ha Tpe-
6yercs sHeprust portona 140 MaB mwmm 140 - 1,610 Ix. Ecim mpeamoo-
JKUTh, KaK U B ciiy4ae (POTOHHOTO TOJIsI, YTO ME30HHOE ToJie 00pa30BaHO CBSI-
3aHHBIMH 3apAgaMu (IUIOJISMHU) U3 NMUOHOB(+) U (—), TO PHEprust GpoTroHa
JIOJKHA mpeBocxoautb 280 - 1,6-10_13 JIx. DHeprust mokosi JUisl OJTHOTO Me-
30HHOTO Kiacrepa ¢ 3apanamu (+) u (=) Oymer wy, = 2 274,072 - mec’ =
4,487716-10_11 JIx. HeoOxoqumo yudecTs AeeKkT Macchl B ME30HHOM KJIacTe-
pe, T.e. peasbHO €ro OSHEPrHs IMOKOS OymeT wy = 22732 m.’ =
4,473438-10™"" Jix. Haxomum Awpy, = Wy, — wy = 1,427800-10°" JIx.
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[To ananorum ¢ dopmymnoit (7) ompenenuM pacCTOSHHE MEXIY HEHTpaMu B
ME30HHOM JTUTIOJE:

2
ro=E-0 =5140876 00" u. 22)
w

ph

Paccrossnue B 2,0065 pa3 meHbIlIe KIacCHYECKOro paauyca nuoHa. Haitgem
anb(a ME30HHOTO dupa:

Aw ,
a,=—="==0,00318157 (23)

th

U TIpeIeNIbHYI0 (TOPOTOBYIO) nedopmalinio
dre =0y rz=1,635613:19" m. (24)
OCYHIGCTBI/IM KOHTPOJIb NOJTYYCHHBIX PE3YJIbTATOB:

2
Aw_ =w, —E—0  =142323700" Jx.
r, +dr,
PacxoxaeHue ¢ mpeaplIyluM pe3yIbTaToM TOJIBKO B YETBEPTOM 3HAKeE, T.€.
MOKHO CUHTATh, YTO PACUETHI MPOBEICHBI KOPPEKTHO. TakuM 00Opa3oM, J0c-
TAaTOYHO B SAPE MPOU3BECTH TIOOBIM CIIOCOOOM Ne(hOpMaInIO0 CBSI3aHHBIX 3a-
pAIOB OOJIBIIIE, YEM ITO OMNpeAesieHO B (24), To U3 siapa OyIeT BBIICICH Kak
MUHUMYM OJMH THOH. Halinem ko3¢ dUlMeHT yrnpyroctd ME30HHOTO U0
TEM K€ IPUEMOM, KaK U B CITydae KOCMHYECKOT0 AUMOJs (cM. popmyiy 15),
e e 26 -2
f:bndrn:Er—%a b, =&—5=521135700% kr-c (25)

m drnrr[

Ypyrocte ME30HHOTO BakyyMma Ha 7 MOPSJAKOB BbIlle KocMuueckoro. Hamo
MIPWIOKUTH SHEPTUIO Wrg = brpdr, = 4,3820-107” JIk, 4TOOBI pa3opBaTh Me-
30HHBIN JTUIIONb U MOJIYYUTh /1Ba U-Me30Ha. OHa nmoutu B 300 pa3 npesblmia-
€T DHEPTUI0 CBsI3U (OTOHHOTO TOJISA (COOTHOIICHUE SIACPHBIX U AJIEKTpOMAr-
HUTHBIX B3auMojeilicTBuii). Tak kKak HaMH HE OOHapy>K€Ha pa3HUIA MEXIY
KynonoBckumu u cnieniuuyecKUMH SIACPHBIMUA CUJIAMH, TO BO3MOXEH Clle-
oyromui gorudeckuit mar. @opmyna (25) mpenocTaBiseT BO3MOXHOCTh BBEC-
TH TIOHsATHE HBIOTOHOBCKOTO B3aMMOJEHCTBUS B snpe (akcuoma 1) u Takoit

11



BO3MOXHOCTBIO CJIEYET BOCIIOJIb30BaThCsl. COIMNIACHO 3TOMY «IIPOU3BOJIY»
AJICpHBIA BaKyyM JOJDKeH 00jaJaThb KOHCTAHTOW I'paBUTALMU, OTJIMYHOM OT
KOHCTaHTHI TPaBUTAllMM KOCMMYECKOro Bakyyma. Haiinem Me30HHYIO KOHCTa-
HTY I'PaBUTALUHU:

m,
jﬂzzbnahh =Yn rz
; (26)

2
yn=§i$§1=8;52106ﬂ0”[M%qﬂc*]

m,

Ora BeNMYMHA ME30HHON KOHCTAHTHI I'PaBUTALINN YPAaBHUBAET KYJIOHOBCKHE U
HBIOTOHOBCKHE («slepHble») cuibl B aape. Ha puc. | moka3anel auarpaMmbl
KYJIOHOBCKUX U I'DaBUTALIMOHHBIX CHJI MEXIY NpoTOHaMu. CHIIBI pacCUMTHI-
BaJIMCh IO (popMyJIaM aHAJIOTUYHO (popmynam (21):

27)

1E+12
1E+11
1E+10
1E+9
1E+8
1E+7
1E+6
1E+5
1E+4
1E+3
1E+2
1E+1
1E+0
1E-1 | ‘ | ‘
1E-2 R L LU R

\ \HHH‘
M
1E-19 1E-18 1E-17 1E-16 1E-15 1E-14

Puc. 1. / 1 2 — KyIOHOBCKHE U HBIOTOHOBCKHUE CHJIBL, 3 — yueT noteHuana KOkassl
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Hanomuaum, uto r, = 1,5347-10"* m — kmaccuueckuit paamyc mporona. Ompe-
JIeNIU eT0 KIIAaCCUYECKHH paguyc yepe3 ypaBHEHHE SHEPIUH:

2 2
m e =1,499900" =g% =g %
’ & E1,4999 007"

P

=1,538155007".

Hedopmanus dr, = 9,1431-107"°, T.e. MPEBOCXOAMT MPOYHOCTH CTPYKTYPHI
Bakyyma. M Tompko mpu r, = 1,38826:10"° M mpekpatuTcs paspyriaromee
neiictBue mpoToHa. TakuM oOpa3oM MOXKHO CUHUTATh, YTO MEXKIY MPOTOHOM U
BaKyyMOM CYIIIECTBYET 30Ha «CBOOOIHBIX» 3JEKTPOHOB U MO3UTPOHOB, KOTO-
pble Kak oOMeHHble yacTulpl nepenaor B OB geiictBue mporoHa. J{omkHO
ObITh 00J1aKO «BUPTYaJIbHBIX» (OTOHOB. KOpOTKOAEHCTBUE «SAIEPHBIX» CHII
MOJIHOCTBIO OOBSICHSIOTCS ME30HHBIM BaKyyMOM, IPOCTPAHCTBEHHO OrPaHU-
YEeHHBIM pa3Mmepamu sapa. Takum oOpa3oM, (POTOHHBIM BaKyyM M ME30HHBIN
BaKyyM OOBEAMHSIOT B MIEPBOM CiIydyae OObIUHYIO IPABUTALIUIO U AJIEKTpOMar-
HETH3M, BO BTOPOM CiIy4ac SAEPHYIO TpaBUTALMIO U SICPHBIN JIEKTpOMarHe-
TU3M. ODJEKTPOMAarHeTu3M OOBEIAUHSIET, BEPOSATHO, BCE B3aUMOJEHCTBUS B
npupoze. 3Aech He pacCMOTPEH BOINpoc O ciaboM B3aumoaencTBuu. Hano
roJjaraTb, YTO ¥ OH MOXKET OBITH PEIIeH Ha OCHOBE CTPYKTYPHI ME30HHOTO
BaKyyMa. MO>XHO MPEAION0KUTb, YTO ClIa0ble B3aUMOJICHCTBUS MPOSBISIOTCS
B CIIOHTAaHHOM pa3pyILIEHUH ME30OHHBIX KJIACTEPOB Ha MO3UTPOHBI, HEUTPHUHO,
raMMa-usiydenue 1 T.n. Ha puc. | MOXXHO OTMETUTH elie oAuH (akT, KOTo-
pBIi ClieTyeT OTHECTU K 3a0aBHOMY COBIAJIeHUIO. JIEBbIl CKIIOH rpaduka oT-
HOCHUTCS K CHJIE B3aMMOJICHCTBHSI, IPOTIOPLIMOHAIBHON KBaJpaTy pacCTOSHUS,
a He K oOpaTHol ee BennuuHe! [Ipu yBenMueHUN pacCTOSHUS MEXTY THIIOTeE-
TUYECKUMU KBapKaMM, HAXOAIIMMUCS BHYTPU HYKJIOHOB — PACCTOSTHHSI MEHEe
107" M, CHITa «HATSKEHHS» THIOTETHYECKUX TIIIOOHOB YBEINIHBACTCS C yBe-
JMYEHHEM paccTOsIHUA. UTO U JEMOHCTPUPYET JIeBbIi CKJIOH rpaduka. Cuia B
nUKe MpuoOpeTaeT OCCKOHEYHYIO BEIMYHMHY, YTO TapaHTUPYET TIIOOHHBIC
CHJIBI HA IPOYHOCTh U IO3TOMY «CBOOOHBIE» KBAPKU HEBO3MOKHHBI.

Ha ocHOBaHMM akCHMOM OIpPEAETUM KIJIACCUYECKHI paauyc 3JIEKTPOHA, BOC-
MOJIb30BABIINCH YPABHEHUEM DHEPTUU AJIEKTPOHA:

2
& -

U=¢& m,c’ =8,18711007" JIx,

r

X
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IZie eg U m, — 3apsj U Macca 2IeKTpoHa. 3 ypaBHEHUs ONpeAeisieM, uTo 7y =
2,81794092:10"° M — ecTh KIaccHUYecKHii paanyc 37eKTpoHa (TO3UTPOHA).
Bocnons3yemcst pe3ynbraTaMu HYKJIOHHOTO (poTodddekra B Bakyyme. DHep-
I'¥s raMMa KBaHTa Wy, = 4mpc2 = 6,013007-10" JIx (m, — Macca IpOTOHA),
HeoOXoauMasi s TIOTy4YeHHUsl IPOTOHA M aHTUIPOTOHA B BakyyMme. Jumoin-
HOE paccrosiHue CBSI3aHHOT'O 3apsza HYKJIOHHOTO BaKyyMa

2
€

Ty =6 =3,836819007"° M. DnexTpudeckas WIH HYKIOHHAs YIPYTOCTh

W vp

w
munons b, :# =4,08463100%" xr[8>. TIpexen NMPOYHOCTH TIPOTOHA HIH
rPP

— — -19 —
nedopMarust TUIONsS drpp =0, r, = 3,83681900 "™, rae o, = 1 — nmocrosH-

Hasi TOHKOW CTPYKTYpbI 711 HYKJIIOHHON BaKyyMHOU cpenibl. PaKTUYECKH 3TO
03HayaeT HEeBO3MOXKHOCTh Je(opMaii mpoToHa OOJbIIE €ro pajuyca, Mpu
MPEBBIIICHUH KOTOPOW MPOTOH paspymaercs. ONeHNM HYKIOHHYIO T'paBUTa-
LIMOHHYIO [TOCTOSIHHYI0, BOCII0JIb30BABILNCH YPABHEHUEM JJISl YIIPYTOM CHUJIBI U
cuibl o popmyne HerotoHa:

2

m
f:bpdrpp =ypr_2p7
pp
bdr r’ 2550 3 -1 -2 .
y, =222 =8246700% [w'xkr'c].
m

p

Uro ke 03HAYaeT HYKJIOHHAs MOCTOsHHAs rpaBuTanmu? Hu Oonee, HU MeHee
KaK yCIIOBHE CTaOUIBHOCTH NMPOTOHA — MOIIHBIE KYJTOHOBCKHE CHIIbI OTTaJIKHU-
BaHUs 3aps/la NPOTOHA ypaBHUBAKOTCS HBIOTOHOBCKOW CHIION NPUTSKEHUS,
T.€.

2 2
f=Y, 2 =1,5672010°0 = £
rPP rPP

CocrtaBuM ypaBHeHHe cTatndeckux cuil Hptorona u Kynona s anekTpoHna u
ONpEeNIeTUM PAJNYC MACCHI AJIEKTPOHA!
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2

2
=y, 5 =29,0535u=£%
rex }/'C
: (29)
ro= |y, e =1,53472200 " m.
” 29,0535

Takum 00pa3oM 3JIEKTPOH MPEACTABISIET COOOM NBYXCIOWHYIO CTPYKTYpPY —
MACCOBOE PO SIEKTPOHA uMeeT pamuyc 1,534722-10"'° M, 3apsgosas mosep-
XHOCTb UMEET KJIACCUYECKUHN paguyc 2,81794092-107"° M. Jlenst KaccH4ecKuii
paznyc Ha pazinyCc Macchl 3JEKTPOHA M0JIy4aeM: OTHOIIEHHE KJIACCHYEeCKOro
paamyca U MaccoBOro paamyca jiekTpoHa pasno 1836,125. To ectb, TOU-
HO MaccoBoOe 4YMc/I0 MpoToHa. CTPyKTypa 3/1eKTpPoHa (II03UTPOHA) coaep-
JKMT HH(OPMAIMIO 0 MACCOBOM 4MCJjle MPOTOHA.

BeImie ykazaHo, 9TO MU-ME30HBI U MPOTOH BOMIPEKH PACXOKEMY HAYIHOMY
YTBEP>KIACHUIO MOXHO MPEICTaBUTh Kak 00pa30BaHHBIX U3 €IUHCTBEHHO 3JIe-
MEHTApPHBIX YaCTHI[ — DJICKTPOHOB U MO3UTPOHOB. Takum oOpa3omM, Bakyym
UMEET CBOM €CTECTBEHHBIE KOPHHM W3 ATHX 3JIEMEHTapHbIX YaCTHULl, KOTOPbIE
O0BEAMHSIIOT BCE €r0 «Pa3HOBUAHOCTHY. JIOTHYHO cenaTh BBIBOJ O TOM, YTO
OCHOBHOM CTPYKTYPHOW €IWHHUIICH JTIOOOTO BaKyyMa SBJISICTCS NMU-Me30H. B
KOCMHUYECKOM 3(hUpe OH OCTATOUHO «PBIXJIBINY U MOANAETCS HIEMEHTAPHOMY
dboToapdexty ¢ «BrIOMBaHMEM» OJHOW Tapbl JIEKTPOHA-TIOZUTPOHA. B sape
ME30HHBIH BaKyyM «yIakKoBaH» 0ojee IIOTHO, a PoTo3(h(eKT BrIpakaeTcs B
«BBIOMBAaHUM» JINOO OJHOTO MU-ME30HA, JINOO Mapbl 3apsAJOBBIX MU-ME30HOB
pa3Horo 3Haka. B HykiiOHe ME30HHBIA BAaKyyM eIlle HECKOJIBbKO 0oJiee IIOTHO
«ynakoBaH» U TpeOyeTcsl 3HaUMTeNbHasl SHEPrusl raMma (OTOHa JIJsl «BBIOH-
BaHUS» YXKe IEJIOUUCICHHBIX ME30HHBIX YITAKOBOK — MPOTOHA U aHTUIIPOTOHA.
[TonTBepxknaercs equnasa cxema nocrpoenus [Ipuposapl, a enIMHON IEelCTBYIO-
IeH CUJION SIBISIETCS DIIEKTPUIECTBO.
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Hepeuiennas npo6iema?

Bce MOmbITKN OIEHKH 00BEMHOW TUIOTHOCTH BaKyyMa OKa3alluCh O€3yCIell-
HbIMU. VMeromuecs: OLeHOYHbIE TaHHBIE O CPeIHEH IMJIOTHOCTH BceneHHo
1,608:10 7% xr/m’ mwu 1,608:10 %" r/cM® MPHBOAAT K HEpEATbHBIM MIOTHOCTSIM
KOCMHYECKOTO0  BaKyymMa, O0Opa30BaHHOTO  JUIOJSIMH M3  BJEKTPO-
Ha+T03UTPOHA. YUUTHIBAS 3TO OOCTOSTENBCTBO, a TAK)KE OUYEBHUIHOE MPOTH-
BOpEYHE, BO3SHUKAIOUIEE IPU aHHUTWIIALIMM 3JIEKTPOHA U MO3UTPOHA C YCIOBH-
€M COXpaHeHHMeM MX Macc B AumoJie 3¢upa, BEICKa)XEM TMIOTE3Y, YTO IIPU
AHHUTWISINUU JACHUCTBUTEIBHO MCUYE3al0T MAacChl JJIEKTPOHA M IO3WTPOHA C
BBIJICJICHUEM COOTBETCTBYIOIIECH HEPTUHU, HO COXPAHSAIOTCS UX 3apsibl, 00-
pa3yroliye JAUIONH CBS3aHHOTO 3apsana 3¢upa. ITo BO3MOXKHO, TaK KaK BBIIIE
MOKa3aHa CTPYKTypa JIEMEHTapHBIX YacTHILl, KOTopas oOpa3oBaHa pa3ieib-
HBIMM JIpYT OT Jpyra 3apsA0BbIMH IMOBEPXHOCTSIMHU (IJIa3MOIi) M MaCCOBBIMU
aapamu. Kpome Toro, Bblllle NOKa3aHa 3apsA0Basi Pa3HOCTh JIEKTPOHA U IO-
3UTPOHA, KOTOpas COTJIACHO 3aKOHY COXPAaHEHWs 3apsA/la He JaeT HUKAKUX
IIIAHCOB JIJIS 3apsAI0BOM X aHHUTWIISILIMM COIVIACHO 3aKOHY COXpPAHEHMS 3apsi-
noB. [IpaBuio coxpansercs M AJig B3aUMOJACHCTBUS AJIEKTPOHOB U IOJIOXKH-
TEJIBbHO 3apsKEHHBIX sAep aTOMOB. He MOTyT 37€KTpOHBI «ynacTb» Ha sJpo.
OTO COBEpLIEHHO HOBasg A (PU3UKU MapaurMa, Kakyllascs COBEPIICHHO
HEBEPOATHOM, HO cracaroliasi IpoCTOE BELIECTBO U TEOPUIO CTPYKTYPhI BaKy-
yMa oT pa3Baia. OHa MHTEpECHA TE€M, YTO NMPUOTKPBHIBAET TalHY CYLIHOCTH
Macchl U 3JEKTpUYEcKoro 3apsjaa. [Ipu 3Tom oOHapykHMBaeTcsl corjiacue ¢
uHpIAIMOHHON Teopueit bonbmoro B3pbeiBa, B OCHOBY KOTOPOW 3aJI0KEHO
CylecTBOBaHHE (pU3MUECKOro BaKkyyma 0e3 MaTepHH, T.e. BaKyyM 0e3 Macchl.
CrnenyeT NmOTMYECKUIl BBIBOA — POXKIEHHE MaTepUH (MacChl) MPOUCXOAMIIO
yepe3 KOHBEPCHIO YacTH YpPE3BBIYAHHO IUIOTHOTO AJIEKTPUYECKOro 3apsia
BAKyyMa B TATOTEIOLIYI0 Maccy. BeposTHO, mporecchl KOHBEPCUH MPOUCXOIAT
U B COBPEMEHHYIO 310Xy B BHJIE POKJIECHUS BEILECTBA B sAJlpax rajakTuk. Bce
3TO HABOJUT HA MBICIIb, YTO 3aps/i BAKyyMa OPTaHU30BaH B MUKPO KJIACTEPHI
[0 THITy ME30HOB, KOTOpPBIE B CBOIO OYepe/ib 00pazyloT Makpo KiIacTepbl, Ha-
pyLIaONIe OJHOPOAHOCTh MH(IIALMOHHOIO BaKyyma, KOTOpbI€ IpPUBEIU B
pesyabTare BB k pa30bpocy snaep kBazapoB, K 00pa30BaHUIO sIEp TalaKTHK U
reHepaluu 3Be3/1.
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BriBoibI

1.

I'maBHBIN BBIBOA — BakyyM o0JsiaaeT cTpyKTypoi. Takoil BakyyMm aHaloOru-
4yeH 3¢dupy, kak pusmdeckoMy o0beKTy, npocyiiectBoBiiemy ¢ XVII Beka
o Havasto XX BeKa.

. Bakyy™m cymiecTByeT B Tpex MOAH(PUKAIUIK: KOCMUICCKOM, SJICPHOM, HYK-

JJOHHOM. B ocHoBe MO,[[I/I(I)I/IKB.I_[I/Iﬁ JICKAT HCACIIMMBIC 3JICMCHTAPHBIC 3apsi-
AbI BJICKTPpOHA 1 ITO3UTPOHA.

.3apsn  2NEeKTpOHa MPEBOCXOAMT  3aps] IMO3UTPOHA HA  BEIMYUHY

1,56980711-10~*° Ku.

. O0pa30oBaHHOW HM3IHUILKOM 3apsia KOCMUYECKHI BaKyyM SIBJISIETCSI UCTOY-

HUKOM I'paBUTAllUU U CUJI OTTAJIKMBAHU BO Bcenennoid.

. 3aKoH COXPAHCHUA 3apaa0B UMECT CIICACTBUECM OTCYTCTBHUC BO3MOXKXHOCTU

3ap51)10130171 AHHUTUJIAIWA 3JICKTPOHA U ITO3UTPOHA U «IIAJJCHUC) IJICKTPOHA
Ha AApO aTOMa.

. B cTpykType anexTpoHa 3anoxeHa nHGOpMAIHI O MAaCCOBOM YHCIIE TIPOTO-

Ha.

. Bce u3BecTHBIC B3aMMOICHCTBUSA €CTh PAa3HBIC ITPOABJICHUA Enunoit Cuitel B

[Ipupone — 37eKTpUUECKOr0 B3aUMOACHCTBHUS.

DJIeKTPOHHASL BepCHs:
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