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CyiecTByIoT ABa Bua (hu3nyUeckoro Bakyyma — ToppuueineBa mycrota u JekaproBa
abCoJIOTHASI MYCTOTA, I/ie HET aOCONIOTHO HUYEro — HU MaTepuH, HU MPOCTPAHCTBA-
BpemeHu. [lo ompenenenuro, mycrora (BakyyM) MONyd4aercss MpU yJaleHWH U3 cOoCcyJia
BCEX MAaTCpUATIbHBIX YaCTUL], BUJVMBIX U HCBUJIUMBIX. HOKaSaHO, YTO B 3aBUCHUMOCTHU OT
CKOpOCTH yJaleHHs MaTepuu U3 COCyNa, MOXKHO MOMYy4YUTh TOppHUEIINEBY WIH
JlekapToBy aOCONIOTHYIO IYCTOTY. [IpHBOAMTCS OMUCAHWE JKCIEPUMEHTOB, KOTOpBIC
MOTYT TOJATBEPAUTH HIHM ONPOBEPTHYTH BO3MOXKHOCTH CYIECTBOBAHMS aOCOTIOTHOM
MyCTOTHI (BaKYyMHBIX ABIPOK), XapaKTepHbIe MPHU3HAKH KOTOPOI — 3aXJIOMBIBAHNE CTEHOK
cocyla M W3MEHEHHE T'€OMETPHH OKPY)KaIOIIEro MpOoCTPaHCTBAa-BpEMEHH, 3aMelIeHHe
BpPEMEHHU U COKpaIlleHHe paccTosHuii. OTHCHIBAIOTCS CBOWCTBA, METOIBI MONYICHHS U
oOHapyxeHus JlekapToBOW MyCTOTHI.

1. BBeaenue

B 1999 onyOnukoBaH HOBBIII METOJ TEJNEHNOPTALlMM C HKCIOJIb30BAHUEM BaKyyMHBIX
nsipok [1]. B pabore [2] naplpouHas TenenopTanus aHAJIU3UPYETCS, U IOJYEPKUBAETCS
OTCYTCTBHE KaKMX-JIMOO TEXHUYECKUX JAaHHBIX O BaKyyMHBIX JBIPKaX, KaK UX MOYKHO IOJy4aTb
u MaHunynupoBaTh. [losToMy B maHHO# paboTe MpeanpUHUMAETCS MOMbITKA YCTPAHUTH ITOT
npo0es, MPUBOIUTCS OINUCAaHUE, CBOMCTBA ABIPOK, METOJbl UX IMOJYYEHUS U OOHAPYNKEHUS.
Crnenyetr OTMETUTh, UTO HEOOXOAUMOCTh CYIIECTBOBAHUE BAKYYMHBIX JIBIPOK HE IOCTYJIUPYETCH,
a BBIBOJUTCS  JIOTUYECKHU-JIEAYKTUBHO U3 TPEX HE3aBUCHMBIX HANpaBlI€HUN — U3 TEOpUU
JlexapTta, TEOpUU KBAaHTOBAHHOI'O BaKyyma U KOHe4HOcTu Bcenennoit mo oowemy. Ilpuuem Bce
TpH croco0a MpeACKa3bIBAIOT OJJHU U T€ XKe CBOMCTBA JBIPOK, YTO HE CIIydailHo.

[Tox ¢u3nueckuM BakyyMOM B COBPEMEHHOM (hH3HKE MOHWMAIOT MOJHOCTHIO JUIIEHHOE
BelecTBa NpocTpancTBO. Ho naxe ecinu Obl yAanoCh MOJIYYUTh 3TO COCTOSIHUE HA IPAKTUKE, OHO
He ObL10 Obl abcotoTHON mycTtoToi. KBaHTOBast TeOpHs MOJS YTBEPXKAAET, YTO, B COIJIACUU C
MPUHIIUIIOM HEOIpeneIEHHOCTH, B (PM3MYECKOM BAaKyyMe MOCTOSIHHO POKIAIOTCS M HCYE3aI0T
BUPTYaJIbHbIE YACTULbI: IPOUCXOAIT TaK Ha3blBaeMble HyseBble Kojebanus nonei [3]. Takum
00pa3oMm, COrIacCHO COBPEMEHHBIM MPECTABICHUSAM, A0COJIIOTHYIO ITYCTOTY, /i€ HET HE TOJIBKO
BEIIECTBA, HO JIaXKe pagualii ¥ BUPTyaJIbHbIX YacTHI], aDCOJIOTHO HEBO3MOKHO HOJy4YuTh. B
JAHHOW CTaThe JI0Ka3bIBAETCS 0OPATHOE — MOXHO AKCHEPHUMEHTAIbHO MOIYYUTh aOCOIOTHYIO
JlexkapToBy IYCTOTY, IJie¢ HET HE TOJIbKO ra3oB, pagualliy, BUPTYaJbHBIX U APYTUX YaCTHUL], HO
HEeT BOOOIlle HUYEro, HET JlaXKe HEUTPHUHO, PyHIaMEHTAJIbHBIX MOJIEH U caMOoro MpoCTpaHCTBa-
BpeMeHH. DTO abCONIOTHAsI IyCTOTA, JAbIpa B MPOCTPAHCTBE-BPEMEHHU, U €€ MOXHO IMOJIyYUTh
AKCIEPUMEHTAIbHO, IPUBOIATCS TEOPETUUECKUE U SIKCIIEPUMEHTANIbHBIE 10KA3aTEIbCTBA.

OueBHUIHO, 1S TOTO YTOOBI J0Ka3aTh meopemuiecky CyliecCTBOBaHUE BakyyMa [lekapra,
HY)KHO JI0Ka3aTh, YTO C €ro IOMOIIbI0 MOKHO ONHCaTh peajibHble (DEHOMEHBI, HaIpUMep
rpaBuTanuio. B cratbe [4] moOkazaHO, YTO BaKyyMHbBIC JBIPKH TPEKPACHO OIMHUCHIBAIOT
IpaBUTALIMIO, 00JIE€ TOTO, 3TO €JUHCTBEHHbIE «YACTULBD) CIOCOOHBIE OOBSICHUTH 3aMEJICHHE
BPEMEHHU U COKpAILIEHUE PACCTOSIHUM BOJU3M MACCUBHBIX TEJI UCKIIOYUTENIBHO TOJIBKO CBOMMU
cBoiictBamu. (CrenoBaTeNbHO, ABIPKM B IPOCTPAHCTBE-BPEMEHM — HEOOXOJUMBIN 3JIEMEHT
peasibHOCTH. A 3KCIIEpUMEHTAIBHBIM METOJIOM HYKHO JI0Ka3aTh, YTO B MIPE/ICKAa3aHHbIX TEOPHUEH
rporLeccax NOSBISIOTCS UMEHHO ABIPKH, C MIPeICKa3aHHbIMU TEOPUEH CBOWCTBAMHU.
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2. Teopus /lekapTa u AbIPKH B IPOCTPAHCTBE-BPEMEHHU

AOCOIOTHYIO IYCTOTY, aOCOJIFOTHBI BakyyM WM JbIpy B INPOCTPAHCTBE BPEMEHHU
(BakyyMHYIO JBIPKY) KOCBEHHO omnucai eue Jlekapt B cBoux counHeHusix [5]. HecmoTps Ha TO,
yTo /lexkapT noka3biBall OTCYTCTBHE IIyCTOTHI B IPUPOJIE, HA CAMOM JIeJie OH ONKMCHIBAET UMEHHO
OCHOBHbBIE CBOMCTBAa BaKyYyMHBIX JIBIPOK — CBOWCTBO JBIPOK 3aXJIONBIBATHCS M OTCYTCTBUE Y HUX
CBOMCTBA NPOMAINCEHHOCMU.

Pasmbiisass Hax pesyapTaTamMu dkcnepumeHTta Toppuuemnu, [lexapt nwumer [5]:
[ToaToMy ecnu cmpocsaT: 4TO CiIydusoch Obl, eciu Obl bor ymamun Teno, coaepraiieecs B
JAHHOM COCYZe, M He JOIMYCTHJI, YTOOBI JPYroe Tejao 3aHsUI0 MOKUHYTOE€ MECTO, TO Ha 3TOT
BOIIPOC HY)XHO OTBETUTh: B TAaKOM CJIy4ae CTOPOHBI cocyna COJIM3ATCS HACTOJbKO, YTO
COMKHYTCSl, MO0 KOIJla MEXAy JIBYMS TeJlaMHU HE HAaxXOJUTCS HUYEro, TO OHM HEOOXOAUMO
JOJDKHBI KacaTbCs JIPYr JIpyra, Tak Kak sIBHO HeEJEeNo, YyToObl Tejaa ObUIM OTAAJEHBI IPYr OT
Apyra, T.e. 4TOObl MEX1y HUMHU HMEJIOCh PAacCTOSIHUE U YTOOBI B TO K€ BPEMsI 3TO PacCTOSHUE
Obut0 "HHMueM", MOTOMY 4YTO pAacCTOSHUE €CThb MOJYC IMPOTSDKEHHS, KOTOPOE€ HE MOXKET
CYIIIECTBOBAThH 0€3 KaKOW-Tn00 MPOTSHKEHHOM BEIn .

Crnenyet noJuepKHYThH CIEAYIOIINE MMOJI0XKEHUs Teopun [lexapra:

I. Ecnu ynanute Teno, coaepkaiieecs B JAHHOM COCYAE, U HE JOMYCTUTh, YTOOBI

Apyroe TeJlO 3aHsUI0 MOKWHYTOE MECTO, B TaKOM CJIy4ae CTOPOHBI COCyaa
CONMU3ATCA HACTOJIBKO, YTO COMKHYTCSl, MOO KOTJla MEXIy JIBYMsS TElIaMH He
HAXOJUTCSI HUYEro, TO OHU HE0OXO0JMMO JOJIKHBI KacaThCsl IPYT Ipyra;

2. "HUYTO" HE MOXKET UMETh NMPOTsHKEHUs. J|pyrumu ciioBamu, coriacHo Jlekapry,

HCTUHHAS [TyCTOTa HE MOXKET UMETh CBOMCTBA MPOTS)KEHHOCTH, ITOCKOJIbKY 3TO
CBOMCTBO UMEIOT UCKIIIOYUTEIBHO TOJILKO MaTepUaIbHbIE YACTULIBI.

PaccmoTpuM omucaHHBIA BbIIIE SKCIEpUMEHT JlekapTa moapoOHee — Kak IMOJIY4UTh
abconromuwiti BakyyM. COrjacHO OIpPENENIEHUI0, TyCTOTa (BaKyyM) IMOJIydaeTcsl IpH yJaJeHuU
U3 coCyJia BCEX MaTepUalIbHbIX YACTHI], BUAUMBIX U HEBUAUMBIX. [lycThb MBI NbITaeMcsl yAAIUTh
M3 3aMKHYTOTO COCyJa COJep)Kallytocss BHYTpU Mareputo (atmocdepHbiii Bo3ayx). CHauana
OTKauMBaeM BO3JyX TIpU IIOMOIIM HACOCOB, 3aTeéM IpU MOMOUIM JPYIHMX CpEJICTB,
abcopOupyIOUIUX OT/AEIbHbIE MOJIEKYJIbl U aTOMBI, U NMPEAOTBPAILAIOIINX UCIIAPEHHUE YaCTHUIl CO
CTEHOK caMoro cocyna. [Ipeanosnoxxum, BHYTpU cocyZa MOIY4YEeH OY€Hb INIyOOKui (uznyeckuit
BAaKyyM, TJi€ KOHIEHTparus (KJIaCCMYECKUX) YacTUIl paBHAa Hymo. Torma, cormacHo [lekapry,
CTEHKH COCYJIa JIOJDKHBI COMKHYTBCS, TaK KaK MEXJly HUMHU IMYCTOTa, KOTOpas He MOXKET UMETh
CBOWCTBA MPOTSKEHHOCTH — "HUYTO HE MOXET UMeTh mnpoTsbkeHusa" [5]. Tem ne menee, B
peaIbHOCTH MbI HAOJI0JJaeéM COCYJ] HEMOBPEKACHHBIM M 0€3 KaKUX-TM00 U3MEHEHHH, HECMOTPS
Ha TO, YTO BHYTPHU COCYZA, MO HAIIEeMy MHEHHUIO, — TaK Ha3bIBAEMbIM «(PU3UUECKHUI BaKyym».
UYro 651 ckazas 06 3Tom JlekapT — 4TO CBOMCTBO MPOTSHKEHHOCTU IMPUCYIIE TOJIBKO PEaJIbHbIM
YyacTULlaM, CJIeZ0BAaTEIbHO, BHYTPU COCYJAa «C BaKyyMOM» CYILECTBYIOT KaKHWe-TO HEBUIUMbIE
SKCHEPUMEHTATOPYy 4YacTHULIbl, M BaKyyM BHYTPU cCOCyJa HeE SBISIETCA aOCOIIOTHBIM.
CnenoBarenbHO, B OJKCIEpUMEHTE ObUIO HapylieHO YycioBue Jlekapra — «ynanuTh Telo,
coJiepkalieecsi B JJaHHOM COCYZA€, U HE€ JOMYCTUTh, YTOOBI JPYroe TEJNO 3aHsUI0 MOKUHYTOE
Mmecto» [5]. Iloka Mbl ynansuin oJ1HO Teno (ra3) U3 cocyza, B COCyJ MPOHUKIN APYTrUe YacCTHUIIbI
WIM TOJIS — TOJBKO 3TUM MOXHO OOBSICHUTH TO, UTO CTEHKH COCY/la HE CMBIKAIOTCS, XOTSI Mbl
yAATWIM M3 HEro BCE 4YacTHLbl raza M nbpUM. TakuM oOpa3oM, Hajlu4Me CBOMCTBa
MPOTSHKEHHOCTH BHYTPH COCY/la OJTHO3HAYHO YKa3bIBAeT, corjaacHo Jlekapry, Ha TO, YTO BHYTPHU
coCy/la UMEIOTCSl KaKue-TO HEBUIUMbIE YACTHIIbl, MIOCKOJbKY TOJBKO MaTepUaIbHbIE YACTHIIbI
MOTYT HMEThb CBONCTBO MpPOTSHKEHHOCTH. TakuM 00pa3oM, HCMOIb3ys OOBIYHBIE METO[bI
MOJIyYEHHUSI BaKyymMa HEBO3MOXHO IOJIY4YUTh AOCOJIIOTHYIO IMYCTOTY, XapaKTEpHBIM NpHU3HAK
KOTOPOl — CMBIKaHHE, 3aXJIONBIBAHUE CTEHOK COCY/1a.
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Uto xe OTO 3a 4YacTULbI, 3alOJHSIOIMINE «IIYCTOW» Ha NEPBbIA B3IJSAI COCYI,
oOnanaroue CBOWCTBOM MPOTSDKEHHOCTH, CIIOCOOHBIE MPOHUKATh Yepe3 JitoOble MaTepHalbl,
HEBUMMBIC, HEOCsA3aeMble, U KOTOPhIE HE MOTYT OBITh yHaJeHbl HU HACOCAMH, HU APYTHMHU
aHAJIOTMYHBIMU npubopamMu? OTO MOXKET ObITb HEUTPUHO, (yHIAMEHTaIbHbIE MOJI,
NPOHUKAIOIIAs  pajAMalus WIM  BUPTyalbHblE Mapbl  YacTHUIIa-aHTUYaCTUIA  BCErja
MPUCYTCTBYIOIIME B Bakyyme. B mo0om ciydae, umeercs OOJIbIIOE KOJIMYECTBO YaCTUI[ U
(GyHIaMEHTAJIbHBIX T0JIeH, KOTOpble MOTEHLHAIbHO MOTYT «IIPOJIETaTh» Yepe3 COCYJ, WU
cyuiecTBoBaTh B HeM. Kpome Toro, coriacHo MHOTHUM TEOpHSIM, CaMO MPOCTPAHCTBO-BpeMs
MOXXET ObITh KBAHTOBAaHHBIM M MOXET COCTOSTh M3 HEIEIMMBIX «aTOMOB» IPOCTpPaHCTBa-
BPEMEHHU WJIM 3JIEMEHTapHbIX S4YeeK MpocTpaHCTBa BpeMeHu (oOvemoB dV), KoTopble Takke
MOT'YT 3aHUMaTh 00beM cocyaa. Tem Oosee 4TO MX IJIaBHBIM CBOMCTBOM KaK pa3 sBIISETCA
CBOMCTBO MPOTSHKEHHOCTH, M 3TH «YaCTHULIBD» HE MOTYT ObITh YAAJE€Hbl U3 COCYJa HU HacocaMu,
HU JIPYTUMU TIOX0KHMH aIlapaTaMu.

@daxtuuecku ToppuuensineBa MycToTa HE SBISETCS AOCONOMHOU NYCmMOmou B MOJTHOM
CMBICIIE 3TOTO CJIOBA, 3TO Hpocmpancmeo (BO3MOKHO COCTOSIIIEE W3 aTOMOB (KBaHTOB)
MPOCTPAHCTBA-BPEMEHH ), B KOTOPOM TaKXKe CYIIECTBYIOT MHOYKECTBO PEAIbHBIX M BUPTYAIbHBIX
YacTULl U MOJIEH, YTO OOBSACHSET, IOUYEMY BHYTPU COCYyJa €CThb CBOWCTBO NMPOTSKEHHOCTU (U
BpPEMEHH), U IOYEMY CTEHKH TaKOTO «IIyCTOT0» Ha MEPBBIN B3I COCYAa HE CMBIKAIOTCS.

Kak xe monyuuTs BHYTpHU cocyda /lekapmogy aOconomuyro nycmomy, XapaKTepHBIH
MIPU3HAK KOTOPOM — CMbIKaHUE (3aXJIOMbIBAHNE) CTEHOK COCYJIa, UTO O3HA4yaso Obl, YTO BHYTPHU
cocyla HE OCTajoch 0Oojiee HU OJHOM peaTbHOW 4YacTUIbI O00JaJarolIel CBOWCTBOM
MPOTSHKEHHOCTH, BKJIIOYasi aTOMOB MPOCTpaHCTBa-BpeMeHn? HykHO co3naTh BakyyM B cocCy/le,
BBINIOJIHUB yclloBUE JlekapTa — yJanuth Teno (Bce MaTepUalibHOE) U3 COCYa, U «HE JOIMYCTUTh,
4yTOOBl JPyroe TEJIOo 3aHsUI0 MOKHHYTOoe MecTo» [S5]. EcTh mpemyioskeHue MCHOb30BaTh IS
nostyueHus: JlekapToBoil mycToThl ()aKT CYIIECTBOBAHMS IpPENEIbHOW CKOPOCTH IBUKEHUS B
KOHTUHYYME HIpPOCTPAHCTBA-BPEMEHU — CKOpPOCTU cBeTa. Ecium odeHb ObICTPO (MIHOBEHHO)
YAATUTh U3 COCyJa BCe MaTepuajibHble 0OBEKThI, TOTAAa CTEHKH COCYJa JOJIKHBI COMKHYTHCS,
ITOCKOJIbKY YacCTHIIbl U TOJISl OKpYXKaIoLIel cpefibl HE MOTYT M2HOBEHHO TIEPEMECTUTLCS BHYTPh
cocyzia 4YToObl 3aHATh OCBOOOUBIINICS 00bEM, TaK KaK UX CKOPOCTh IEpEMEIICHHS OTpaHUYEHA
CKOPOCTBIO CBE€Ta, OTYEr0 Ha HEKOTOpOE KOPOTKOE BpeMsi BHYTPU COCyJa IMOSBISETCS
abcountoTHast JlekapToBa 1ycToTa, rJie HET HU MPOCTPAHCTBA-BPEMEHHU, HU MATEPHUHU.

Kak xe ymanute matepuio ouenv Ovicmpo (MrHOBeHHO) u3 cocyaa? Ecte nBa merona
OBICTPOrO yAaJeHHs] MaTEPUU — MOXHO YAApUTh MOKOSIIYIOCS YacTHUIy JIpYyrol yactuuen c
TakoW >ke WM OOJBIIEH Maccol, JBUTAIOMICHCS C OKOJIOCBETOBOM CKOPOCTBIO, WJIH
HCII0JIb30BATh IMPOLIECCHI TJI€ YaCTULbI MTHOBEHHO Hcue3aloT. Eciu yaapuTh nepBOHAYaIbHYIO
yacTully, oHa OyJeT BbIOpOIIeHa H3 3aHUMaeMoro oObema (cocyzna) € OKOJIOCBETOBOM
CKOPOCTBIO, OTYEr0 Ha KOPOTKOE BpeMs JOJDKEH oOpa3zoBarhesi JlekapToB BakyyM, Tak Kak
OKpYyXarolas cpefa HE MOXXET MTHOBEHHO 3aHiITh CBOOOIHBIM 00Bbem. Takum oOpazowm,
corjacHo Teopud, JlekapToB BaKyyM MO’KHO IOJIyYUTb IIPU HEYIPYrOM CTOJIKHOBEHHUH YACTHULI.
Jlpyro#t cnoco6 — MOKHO HCHOJIB30BaTh (PU3HUECKUE MPOLIECCHI, I/I€ MaTepHaIbHbIE YaCTHIIbI
MTHOBEHHO HCYE€3al0T, HAlpUMep MpH AHHUTWIALMM Map M pachajax 4YacTHUl], OTYEero Ha
KOPOTKOE BpeMs, IOKa OKpY»Karollasi cpejia He 3aHsjia 3TO MECTO, TaM cyilecTByeT JlekapToB
BaKyyM, UTO MOXHO IPOBEpUTh OSKClIepuMeHTanbHO. Hipke mpennaraercs mnpocToi
AKCHEPUMEHT, CLIOCOOHBIN MOATBEPIAUThH WM OMPOBEPrHYTh BO3MOKHOCTh 0Opa30oBaHUs JIbIPOK
B YKa3aHHBIX IIpolieccax, MpU MOMOIIM aTOMHBIX YacOB.

Hyxno pasnuuare 1Ba Buaa (U3HUECKOM MYCTOThI, loppuuennuesy mnycmomy
(busuueckuit BakyyM) u [exapmosy abconomuyio nycmomy (BaKyyMHYIO JIBIPKY), KOTOpPBIE
MOJIYYaIOTCSl B 32aBUCHMOCTH OT TOT0, C KaKOM CKOPOCTBIO U3 COCy/Ja yIaslOTCs MaTepuaIbHbIe
oObekThl. Ecnnm mexanumuecku (T.e. MEIJIEHHO) YHAISATh U3 3aKpbITOrO cCoCyla  BCe
MaTepuagbHble YaCTHIBI, TOrJa oOpa3oBaBIlIeecs BaKaHTHOE MECTO YCIIEBAaeT 3aHATh
OKpyXarolas cpeia (KBaHThl MPOCTPAHCTBA-BPEMEHHU, (DyHIaMEHTalbHbIE MOJIS, HEUTPUHO
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MIPOJIETAIOT, paauallisl, BUPTyalbHbIE Mapbl YacTHla-aHTu4yactuua). [loatomy, xotda u3 cocyna
yajJeHbl BCE «BUAMMBIC» MaTepUalIbHbIE YACTHIIbl, CTEHKHU COCyJa HE CMBIKAIOTCA, TaK Kak
COCy/l 3arOoJIHEH MHOYKECTBOM BHUPTYaJbHBIX YacTUIl U TMOJIEH, a Takke  HEBUIUMBIMU
anieMeHTapHbIMU oO0beMamu dV, obnagaromuMyu CBOWCTBOM MPOTSHKEHHOCTH, KOTOPBIX HACOCHI
HE MOTyT yJanutb. Takum oOpas3oM, ToppuuemiumeBa MmycroTa — 3TO 00bEM IMPOCTPAHCTBA C
HU3KHUM JIaBJIEHUEM ra3a, 3TO IPOCTPAHCTBO-BPEMS U3 KOTOPOTO YaCTUYHO YyJajleHa MaTepusl.

[IpotuBononoxHo, JlekapToBa aOCONIOTHAsE MYCTOTa MM BaKyyMHas [JbIpKa — 3TO
NOJHOe OMCYymcmeue MamepualbHblX Yacmuy u HPOCMPAaHCmea-epemenu, KOTOPYI0 MOXHO
MOJIYYUTh BO BCEX CIIy4asX, KOrJa MaTepHUajbHbIe YAaCTHUI[bl IIOUYTH MTHOBEHHO HCUE€3aI0T WU
ynanstores. [Ipu 3TOM posb cTeHOK cocyna JlekapTa UrparoT OKpyXaroulue AbIPKY YaCTHUIIBI.
Takum oOpasom, u3 teopuu Jlekapra cIeAylOT OCHOBHBIE CBOICTBAa BAKyyMHBIX IBIPOK —
CBOMCTBO JIBIPOK 3aXJIOINBIBAThCSl, OTCYTCTBUE CBOMCTB MPOTSKEHHOCTU (M BPEMEHHU) BHYTPH
nblpkd, U T.7. Cleqyer Moa4epKHYTb, YTO XOTs JlekapT cuuTan 4yTo IMycToTa He 00jaaaer
CBOMCTBOM MPOTSKEHHOCTH, HA CAMOM JIeJIe OHA He 00JIaZjaeT TaKkKe U CBOMCTBOM BpeMeHu. Bo
BpemeHa JlekapTa Bpemsi cuMTanoch aOCOJIOTHBIM, IMPOTEKAIOIIMM OJMHAKOBO BO BCeH
Bcenennoii, oiHako DUHIITEHH OKa3ai, YTO IPOCTPAHCTBO U BPEMs B3aUMOCBSI3aHbI.

CyumecTBoBaHHe BAaKYYMHBIX /[BIPOK cJjelyeT H3 KOHe4yHOcTH BceieHHoill mno
o0bemy. Eciiu BeenenHas koHeuHa 1o 00beMy, TOria OHA JA0JDKHA UMETh I'PaHUIly, TOCKOJIbKY
BCE KOHEYHbIE 10 00beMy OOBEKThl UMEIOT IpaHully. I'panunia BeceneHHOM — 3T0 nuHUS Win
TOYKa, 32 KOTOPOM HET HUKAaKUX COCTaBisoluX BceneHHyro 0O0BEKTOB — MPOCTPaHCTBa-
BpPEMEHH, (PU3MYECKHX IOJIEH WM JJIEMEHTApHbIX 4acTull (Marepuu). Takum oOpasom, 3a
npenenamMu BeeneHHO# — Jiblpa B IPOCTPAHCTBE-BPEMEHHU, 1€ HET HU IPOCTPAHCTBA-BPEMEHH,
HU MaTepuM, uHade, ecau Obl 3a 3TOM JMHHEW Obulo Obl XOTh YTO-HUOYIb, HaNpUMEp
IIPOCTPAHCTBO-BPEMsI, TOTJja Mbl HE CMOTJIM Obl Ha3BaTh 3Ty JMHMIO rpaHuiiedl BceneHHO,
IIOCKOJIbKY MBI MOIJIM Obl Tmepecedyb €€ M JBUraTrbCsi Jajblie. A IepeMeliaTbcsi uepes
BAKYyMHYIO JIBIPKY aOCOJIIOTHO HEBO3MOXKHO, TaK KaK TaM HET CBOICTBa JJUHBI U BPEMEHU
(mpoctpancTBa-BpeMenn). Takoe xe Muenue mmeer M. HosukoB [6] "Bue Bcenennoii Her
HUYEro, HET TaJIaKTUK, HET MaTepuH, TaM HET BOOOIIe HUYEro, HU MPOCTPAHCTBA, HU BpEMEHHU".

CornacHO  KOCMOJIOTMUYECKOMY  MNpHHIMIY, BceneHHas He  MOXeT  HUMETh
MIPUBUJIETUPOBAHHBIE MECTA, KaK LIEHTP WIM TPaHMIly, IO3TOMY BAaKyyMHBIE ABIPKU JOJIKHbBI
CyLIECTBOBaTh B KaXJOW TOYKE IMPOCTPAHCTBA KaK BHUPTYyaJbHbI€ 4YacTHULIBI, KOTOpPbIE
HETIPEPHIBHO TOSIBJISIOTCS W MCUYe3aroT. Takum 00pa3om, rpanuiia BcenmeHHO# cymiecTByeT B
KOKJIOM TOUYKE IPOCTPAHCTBA-BPEMEHU B BHUJE MHUKPOCKONHUYECKUX [JBIPOK, KOTOpHIE
HENPEPBIBHO MOSIBIISIFOTCS U UCYE3AI0T.

CymecTBoBaHHe BAKYYMHBIX JIBIPOK cJieAyeT U3 TeOPHH KBAHTOBAHHOI0 BaKyyMa.
[IycTh MpOCTPAaHCTBO COCTOUT U3 GUPMYANbHLIX SUY€eK (KBAHTOB) IPOCTPAHCTBA WU
aJIeMEHTapHbIX 00beMOB dV, KOTOphI€ HENpEephIBHO MOSBISAIOTCA W ucyesaroT.  Ecnm
anieMeHTapHblil 00beM dV mpocTpaHCTBa KMCYE3aeT, TO Ha €ro MECTE€ BO3HUKAET, €CTECTBEHHO,
BAKaHTHOE MECTO — JbIPKa, IJIe HET MPOCTPaHCTBa-BpeMeHH. [IpyruMu cioBaMH, 3TO JAbIpa B
[IPOCTPAHCTBE-BPEMEHH, TJIe CBOMCTBO MPOTSHDKEHHOCTH CTPEMMTCS K HYIIO, U BpeMs TedeT
O6eckoHeyHO MeuIeHHO. Cpa3y Iocie MOsIBICHUS JbIPKU, OKPY)KAIOLIUE €€ YaCTUIbl HAUMHAIOT
3aMoJIHATH MYCTOTY COOOM, OTYEro BO3HHUKAET 3axiomnbiBatomuiicsa cocyn ekapra. Kak Bunure,
u3 Tteopun Jlexkapra, SKCIEPUMEHTa C BAaKyyMOM U TEOpHMM KBAHTOBAHHOIO Bakyyma C
HE0OXO0IMMOCTBIO CJIEIyeT CYLIECTBOBAHHUE JBIPOK B MPOCTPAHCTBE-BPEMEHHU, C OJHUMU U TEMU
K€ CBOMCTBAMHM.

Kak Opl10 MOJUEpPKHYTO BBILIE, HEMOCPEICTBEHHO BAKYYMHYIO IBIPKY HEBO3MOXKHO
HaOIIOAaTh TIO0 OMPEEICHHUIO, TOCKOIBKY 3TO “HUYTO” — aOCOJIOTHAS MyCTOTA, 3TO BaKaHTHOE
MECTO OTKyJAa yAaJleHa W MaTepusi, ¥ IpocTpaHCTBO-BpeMs. OIHAKO MBI MOKEM HaOII0/1aTh
3axJyionbIBaronuiicss JlekapToB cocysl — CTEHKHM M3 peajbHbIX YacTUIl, KOTOPbIE OKPYKAOT
TBIPKY.
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Puc.1. Ha pucynke n3o0pakeHa BakyyMHas JbIpKa «OJleTashy B My0y M3 YacTHUI] OKPYXKAIOIIEH CPeIbl —
310 [lekapToB cocya, CTEHKH KOTOPOTO COCTOST M3 peallbHbIX YacTHIl OKpPY>KaIoLIeH Cpeabl, BHYTPU
KOTOPOTO M HaxXOJMTHCS caMa BaKyyMHas JAbIpka — aOCOJIOTHAas MycToTa. MBI HE MOXeM HaOJro/laTh
«TOJYI0» MYCTOTY IO OMpPEENIEHHUIO, TIOCKOIBKY 3TO «HUYTO», IBIPKA BCETAa SKpaHUPYETCs YacTULIAMHU
OKpYy’Karolel cpepl oT Habmoaarens. YToObl HEOCPEACTBEHHO KOHTAKTUPOBATh C BAKYYMHOM JBIPKOH,
HaOJIoIaTeNh caM JIOJDKEH OBITh OIHOM M3 yacTull JlekaproBa cocya.

Ecnu BakyymHas JpIpka CyLIECTBYET, TOTJa 3axJjomblBarouiuiics JlekapToB cocyn
JIOJIKEH MPOSIBUTH ce0s1 B KaKUX-JIMOO Ipolieccax.

HACTIOTA

Puc.2. BzaumopeiicTBue BaKyyMHBIX IBIPOK C BemlectBoM. Yactuma P, BMecTe ¢ KBaHTaMu
npocTpancTBa-BpeMern dV oOpasyer JlekapToB COCY/ BOKPYT ABIPKH.

Kak BuAHO W3 pHCyHKa, TpU TIOSBJICHWU IBIPOK B CIyJaHBIX TOYKAaX BO3HUKAIOT
3axJIonbIBatomuecs: JlekapToBbl COCY/AbI, CTEHKH KOTOPBIX COCTOSIT W3 YaCTHI[ OKpYXKaromien
cpenbl. IloaToMy wMarepuanbpHas YacTHIA JOJDKHA HCIBITHIBATh XAaOTHYECKUE TPBDKKA B
cllydaiiHble HalpaBJCHHS, YacTULA JOJDKHA «IpoxKaTh». TakuM o0pazoM, 3¢hGeKT IpokaHus
aNIeKTpoHa WM JISMOOBCKHIT CABUT MOXXHO OOBSICHUTH TIOSIBICHHEM JIBIPOK. PaccMoTpum apyrue
3¢ dexTh — Kak BHIHO M3 PUCYHKA, YacTHIla BemecTBa P BMecTe ¢ kBanTamMu npoctpancTBa dV
3amnoJiHsAeT cobo aeipky. [Ipu sTtom dV «mpuasuratorcs» K yactuie P, 94To 0coOeHHO XOPOIIIOo
3aMeTHO Ha puc. 2b, rae vactumna P HemoJBrkHA, MOCKOJBKY OHA HE MOXKET 3allOJHSTH IBE
IOBIPKH  OJHOBPEMEHHO. Tak Kak JBIpKM BO3HUKAIOT B MPOCTPAHCTBE HEMPEPBIBHO,
AIIEMEHTapHBIE 00BEMBI MPUIBUTAIOTCSA K YACTHIE, @ B OOPATHYIO CTOPOHY JIBUTAIOTCS JBIPKH,
KaKk B DJIEKTPHYECKOM TOKE, TJIe 3JEKTPOHBI [BUTAIOTCS B OJHY CTOPOHY, a IBIPKA — B
MIPOTHBOIIOJIOKHYIO. [109TOMY MaTepusi HEPEPHIBHO MCITYCKAeT MOTOKH JbIpOK. Ecii coOpaTh
BCE JBIPKM HCITyCKaeMble TEJIOM 3a OJHY CEKYHHYy, MOJYy4uM OJHY IBIpKy o0beMoM V
pamuycom r. Cuia B3aMMOJCHCTBUS MEXKIY IBYMSI TOYKAMH HCITYCKAIOIIUMH €XKECEKYHIIHO
MOTOK JIBIPOK ¢ 00beMOM V| U V3, U, COOTBETCTBEHHO, C PAJNYCOM I| U I, paBHA:

3 3
l”] *

F:GmR—Zrz;R>>r, (1)

rae R —paccrosaue mexnay aumu; Gp = 1,665 * 10° H/m* (Kr/M3c2);
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Takum o0OpaszoM, mpeamnoJiaraloTcs MO KpaHed Mepe aBa mpolecca, TAe MPOSBISICTCS
CYLIECTBOBaHME BAKYyMHBIX JBIPOK — 3TO HYJIEBbIE KOJEOaHUs YaCTHUL, KOTOPbIE HE JOJKHbI
MIPEeKpaLAlOTCs Aake MpH Hyje TpaaycoB KenbBHHA, NMOCKOJIBKY BBI3BIBAIOTCS IOSIBICHHUEM
IBIPOK, U peHoMeH rpaButanuu [4]. IlockoiabKy BakyyMHBIE JbIPKA MOT'YT OOBSICHUTh peajbHbIe
(eHOMEeHbI, CIIeI0BaTeNbHO, BAKYyMHbIE JIBIPKM — peajibHble 00bekThl. Himke mpemmararorcs
METO/Ibl 3KCIIEPUMEHTAIILHOTO OOHApyXEHUS M CO3JaHus JbIpoK. B 1pipouHoil Teopuu
MIPOCTPAHCTBO-BpEMs MepecTaéT OBbITh MPOCTO MACCUBHOW apeHOW NEUCTBUS IS (PU3HUECKHUX
00BEKTOB, CaMO MPOCTPAHCTBO-BPEMS yHaCTBYET MPAKTUUYECKU BO BCeX (PM3MUYECKUX MpolLeccax,
MIOCPEJCTBOM KBAaHTOB IPOCTpaHCTBAa-BpeMeHH dV U IbIpoK.

3. MeToabl mOJy4eHHUS ABIPOK B POCTPAHCTBE-BPeMEeHH

[lo npuHnuUIy AeHCTBUS, CYIIECTBYIOT JBA JIOTHYECKU OYEBHIHBIX METOJOB CO3JAHMUS
IBIPOK — METOJ] MTHOBEHHOI'O YJAJE€HHUsS MaTepuHM W3 COCyAa, U METOJl PACTSKEHHUS JIBIPOK
(momydyenue OOJBIIMX JBIPOK 33 CUET PaCTATMBaHMs HEOOJBIIMX, €CTECTBEHHBIX IbIpoK). Kax
ObUIO MOKa3aHO IpH aHalu3e Teopuu JlekapTa, NbIpKM B IPOCTPAHCTBE-BPEMEHU MOKHO
cO3/aBaTh, €CJIM MTHOBEHHO YAAJIUTh MaTepUaibHOE TENO (YacTHUIly) U3 3aHMMAeMOro oobema.
[TockonbKy OKpysKarolasi MaTepualbHas Cpella He MOKET MTHOBEHHO 3aHSATh OCBOOOAMBILNNCS
00BbeM, TaKk KaK CKOPOCTb IEpEMELICHHUs] OrPaHMYE€Ha CKOPOCTbIO CBETA, BHYTPU CYILECTBYET
HEKOTOpOE KOpPOTKOE BpeMs JbIpa B IPOCTPAHCTBE-BPEMEHH, IOKA CTEHKHU COCyAa He
3axyonHyThes (kKak cocyn Hekapra). CymecTByeT MHOTO (PM3HYECKUX MPOIIECCOB, TI€ YaCTHIIBI
MTHOBEHHO HCYE3al0T, 3TO aHHUTHWIALMA Iap 4acTULa-aHTHYacTHIa, pachaj sjiep M YacTHLl.
Ecnu uactuna MrHOBEHHO HcCuYe3aeT, NpPU ATOM pOJb CTEHOK cocyaa J[lekapra wurpaior
OKpPY)KaIOILIME €€ YaCTHUIbl — aTOMbI IIPOCTPaHCTBa-BpeMeHH dV WM 31eMEeHTapHble YaCTHIIbL.
[Togo6HO cocyny [lexkapTa, 4acTHIbl COCTaBJISIOIINE «CTEHKW» COCY/a CMBIKAIOTCS, U BHEIIHE
3TO BBINIAIUT KaK YCKOPEHHOE IBM)KEHHE OJIM3KO pACIOJIOKEHHBIX YacTUIl JIPYr K JpPYTy,
CJIUIIaHUE YaCTULL.

CyllecTBYIOT CIEIYIOIIME METOJbl HCKYCCTBEHHOTO IOJYYEHHsS IBbIPOK B IPOCTPAHCTBE-
BpEMEHU:

1. AHHUTUISALUS Tap YaCTULA-aHTUYACTHIA, TJI€ UCXO/IHbIE YaCTULIbI B HEKOTOPHI MOMEHT
BPEMEHHU HCUE3AI0T, 803MONCHO MZHOB€HHO, C OOpa30BaHUEM JbIPKH, KOTOpas 3aTeM
3axJIoNbIBaeTcs Kak cocyn Jlekapra.

2. YacTuipl TakKe MCUE3al0T MPU pacnagax 4yacTHl], HaIpUMep pacraj HeUTpoHa: n — p +
e +y
B nporecce pacnaga HEUTPOH uepe3 HEKOTOPOE BpEMSI MCYE3AET, BO3MOXKHO MTHOBEHHO,
OTYEro Ha €ro MecTe KpaTKOBPEMEHHO oOpasyercst [lekapToBa IycToTa, MOKa JbIpKa He
3aXJIOMHETCS YaCTUILIAMU OKpY»Karouieil cpesipl. ' MmoTe3y MOKHO IPOBEPUTH IIPU MTOMOILU
IBYX UJCHTUYHBIX aTOMHBIX YAaCOB — 4YacChl PacCHOJIOKEHHbIE BOJU3M MCTOYHHUKA JIBIPOK
JOJIKHBI UATH MEJJIEHHEE.

3. Meron pactspkeHus Ablpok. Cieayromuil MeTo1 MOJydeHHs! JbIPOK JIOTUYECKU OYEBUJICH
— mpocto OepeM JIbIpKy 3a Kpas, W pacTsiruBaeM. Takum oOpa3oM, Mbl 3aTpauMBaeM
SHEPTUIO Ha pacIIMpeHHe rpaHuIlpl BeeneHHo, co3naBas O0JbIINe IO pa3MepaM JIbIPKH.
PeanbHO IpKHM MOYKHO pacTAHYTh, MOJIB3YSACH TEM, UTO, COIJIACHO TEOPUHU, DIIEMEHTapHBIE
BAaKyyMHbI€ JIbIPKU HEMPEPHIBHO MOSABISAIOTCSA B K&XKI0M TOUKE IPOCTPAHCTBA, B TOM YHUCIIE
u Bozne yactul Martepud. [Ipm 3ToM dYacTuibl B3aUMOJAEWUCTBYIOT C BaKyyMHBIMHU
IBIPKaMH, KaK OMHUCAHO B [4], HCIYCKast «CBOW» JBIPKH. A UTO CIIy4UTCSs, €CJIIM BO BpPEeMs
B3aUMOJICHCTBUSL 4YaCTUIBl C JBIPKOM, yckopuTh uactuiy? Ilockosnbky dacTuua
B3aUMO/JICHCTBYET C JBIPKOW, T.€. HEMOCPEIACTBEHHO KOHTAKTHPYET C JABIPKOM, B TakOM
cllyyae INpH YCKOPEHUHU dYacTulla OyJeT «pacTAruBaTh» [IbIPKY, C KOTOpPOW CBs3aHa,
3arpauuBas sHeprutro (puc. 4). IlosToMy npu YCKOPEHMHM YacTHIbl BO3HHKAET CHIIA
MPEMSTCTBYIONIAsi K3MEHEHUIO CKOPOCTH YaCTHIIbl — CHJIa UHEPIUH.
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YCKOREHHE

HacTHIIa YACTHIIA
Puc.3. Puc.4.

[Ipu mosiBI€HUM NOBIPKH, YACTHIIA CTPEMUTCS 3alOJHHUTH €€ caMuMm coboit. Eciam yckoputhb
YaCTHUILy, OHA «PACTATUBAET» JIBIPKY C KOTOPOH B3aUMOJICUCTBYET B JAHHBI MOMEHT.

4. CBoiicTBa /lekapToBOii MyCTOTHI (BAKYYMHBIX JAbIPOK)

I. I'maBHOe CBOWCTBO JBIPOK ONMCaHO emie JlekapToM: HEMEUIEHHO IOCJe IOSBIICHUS,
BaKyyMHasl JpIpKa HAuMHAeT 3axJOMbIBaThci MOJ0OHO cocyny Jlekapra, HMOCKOJBKY «eciu
YAAJIUTh TEJIO0, COJEpIKalleecs B JaHHOM COCYyJle, U HE JOMYCTUTh, YTOOBI JPYroe TEJO 3aHAJIO0
MIOKUHYTOE MECTO, B TAKOM CJIy4ae CTOPOHBI cOCy/ia COMU3STCS HACTOIBKO, YTO COMKHYTCS, 10O
KOI'/Ia MEXIy ABYMS TelaMH HE HaXOJUTCsl HUYEro, TO OHU HEOOXOAMMO JIOJIKHBI KacaThCs APYT
Apyra»,

2. BakyymHas ApIpKa 3TO HEMaTepUAIbHBIM OOBEKT; 3TO MYCTOTa «BHYTPH» KOTOPOW CBOMCTBO
MPOTSHKEHHOCTU CTPEMUTCS K HYJIIO M BpeMs TedeT OECKOHEYHO MEJUIEHHO, MOCKOJBbKY 3a
npenenamMu BceneHHOW HeE MOMKET 4TO-IMOO CylecTBOBAaTh, TaM HET HU MAaTE€pUM, HU
IIPOCTpaHCTBa-BpeMeHU. [103TOMy yBenM4YeHNE KOHLEHTPALUU JBIPOK B MPOCTPAHCTBE JOJDKHO
MPUBECTH K COKPAIICHUIO PACCTOSHUM MEXJIy JIOOBIMU JBYMSI TOUYKAMHU M K 3aMEIJICHUIO
BPEMEHH, ITOCKOJIBKY B IIPEAEIIBHOM Ciy4ae, KOrja IMPOCTPAaHCTBO COCTOUT TOJIBKO M3 JIBIPOK,
paccTosiHUE MEXJy JIIOOBIMU JIByMS TOYKaMU paBHO HYJII0 U BpeMs TedyeT OEeCKOHEYHO
MEJUIEHHO.

3. BakyymHas nplpka HeHaOrogaemasi MO OIpPEAETICHHUI0, MOCKOJIBKY 3TO «HHUYTO», HO Mbl
MOkeM HaOnroaath cocyn JlekapTa, KOTOPbIM 3aXJIONBIBAETCA W3-3a HAIWYUHU ABIPKU BHYTPHU
cocyaa. Iloatomy cosopsi o pasmepax eakyymmou Ovlpku, umeiom 6 udy pasmepvl cocyod
[lexapma, CTEHKH KOTOPOTO MAaTEPHUAIBHBI U COCTOSIT U3 OKPYKAIOIIMX JABIPKY MaTEpUAaJIbHBIX
YacTHLI.

4. BakyymHas nplpka UMeeT KOHE4YHoe Bpemsi ku3Hu Tp > 0 mu3-3a TOro, 4ro CKOpOCThb
IIepeMeNIEHUs] MaTepUaIbHBIX CTEHOK cocyaa /lekapra orpaHnyeHa CKOPOCTBIO CBETA, II0ITOMY
JBIPKA HE MOXKET 3aXJIOMHYThCsl MTHOBeHHO. [loatromy Ty > Ry/c, tme Ry/ - pamauyc apipku, ¢ —
CKOPOCTb CBETA.

5. lnameTp 37€MEHTapHbIX BaKyyMHBIX JBIPOK HE BBITEKAKOT HEMOCPEICTBEHHO U3 TEOPUH, 3TO
IIPOU3BOJIBHBIN IMapaMeTp. EcTh mnpemiokeHrne BPEMEHHO CUMTATh JIWAMETP JJIEMEHTAPHBIX
BAKYyMHBIX JBIPOK IPHMEPHO PaBHBIM ~ 107> M MOTOMy, 9TO B TaKOM Ciy4ae ABIPOUHAS
TEOpHUsI UMEET CaMblil MPOCTOM BUJL.

6. Bakyymnas apipka oOnajnaet snepruein. O6patute BHUMaHUE, YTO JJIs OJIYYEHUs BAKYYMHOMN
JBIPKM HY’KHO 3aTPaTUTh SHEPIHI0, KOTOpas pacxoayeTcs Ha pacCIIMPEHUE IPAHULIbI BCEICHHOM.
W HaobopoT, MpH 3axJIONBIBAHUU JIBIPKH, Kak cocyna JlekapTta, BBIIAENSETCS SHEPrus, KoTopas
pacxoyeTcsi Ha YCKOPEHHE OKPYKAIIMX JbIPKY 4YacTHI] WJIM CHHTE3 HOBBIX YaCTHII.
CrnenoBarenbHO, KaXJI0M JABIPKE MOKHO MPUIUCATh HEKOTOPYIO HEPTUI0, U BOOOIIE, BETUYUHY
JBIPOK MOXHO M3MEPSATh B €IUHUIAX HEpruu, Hanpumep MsB. Hanpumep npu anHUrmisuuu
napbl 3JEKTPOH-IIO3UTPOHHON Mapbl BO3HHMKAaeT Jblpka c¢ sHepruedt 1.022 M»hB. Kak Obuio
MOJAYEPKHYTO B CTaThe [7], 3HEprus JbIpKU KBAHTOBaHA U BCErJa KpaTHa nocrtosiHHOU [lnanka.
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[Ip 710060BBIM CTOJIKHOBEHHM 3JIEKTPOHA M TMO3UTPOHA pa3Mepbl (PHEprus) IbIpKU OydayT
00JIbIlIe OTOMY, YTO YACTHI[bl €Ill€ U «PACTATUBAIOT» ABIPKY, KaK ObUIO OMUCAHO BHILIE. DTO
MO03BOJISIET OOBACHUTH, MIOYEMY P YBEIMUYEHUU KUHETUYECKOM SHEPruu YacTull, POXKAAETCS
OosbIIe BTOPUYHBIX 4YacTull. EcTh mnpeanoxkeHue paccMarpuBaTh BCE IPOLIECCHI
B3aMMOIIPEBPALLEHUS YaCTHUI] YePe3 CTa/IMI0 00pa30BaHusl AbIPOK B IPOCTPAHCTBE-BPEMEHH.

7. BakyymHbI€ JBIPKH UMEIOT (yHIaMEHTAIbHYI0 OCOOEHHOCTh, KOTOpask OTIMYAET UX OT BCEX
JPYTUX 3JIEMEHTAPHBIX YaCTULl MATEPUH — ABIPKU HEJb3s YCKOPSTH, AbIPKA BCErAa HEMOBMKHA
OTHOCHUTEJIbHO MHEPIUAILHOM CUCTEMBI OTCUETa, B KOTOPOM OHA CO3/aHa.

8. JlopeHU-MHBapUAHTHOCTh IBIPOK — BAKyyMHBIE JABIPKH JIEHCTBYIOT OJMHAKOBO Ha JIHOObIE
Tena, IBUTAIOIINECS PAaBHOMEPHO U MPSIMOJIMHEHHO.

9. CkopocTh pacnpOCTpaHEHHUsI BaKyyMHBIX JbIPOK B IPOCTPAHCTBE JIOJDKHA PaBHATHCA
CKOPOCTH CBETa. JTO CJIEACTBHE TOrO, YTO CKOPOCTH 3aXJIONBbIBAHHS BAKyyMHBIX JIBIPOK HeE
IIPEBBILIAET CKOPOCTh cBeTa. Eciu Obl cKOpoCTh rpaBUTalMU ObLTa OOJIBLIE CKOPOCTH CBETA,
BAaKyyMHBIE€ JBIPKA HE CYIIECTBOBAIM OB, TOCKOJBKY B 3TOM ciydae cocya [lekapra
3axJIoNbIBasICS Obl MTHOBEHHO, OTUET0 BpeMsl )KM3HU JIBIPKU PaBHsUIACh Obl HYIIO.

10. HempepbiBHas 3aMKHYTasi MOBEPXHOCTh COCTaBJIEHHAs M3 BaKyyMHBIX JBIPOK OOIaxaeT
a0COIIOTHBIMU U30JISIIMOHHBIMU CBOMCTBAMH — HE CYILIECTBYET U3JIy4€HUE UM MOJIE, CIOCOOHOE
IIPOHUKHYTh CKBO3b JIBIPOYHYIO MOBEPXHOCTb, IOCKOJBKY (yHJIaMEHTaJIbHbIE IOJII HE MOTYT
pacnpoCTpaHATbCA TaMm, TJ€ OTCYTCTBYET IPOCTPAHCTBO-BPEMS, TIJ€ PACCTOSHUE MEXIY
JOOBIMU IBYMSI TOYKaMU CTPEMMTCS K HYJIIO U BpeMs TedeT OeCKOHEYHO MeiuieHHOo. Eciu ke
JBIPOYHAsi IOBEPXHOCTh HE 3aMKHYTa, U3JIy4E€HUE MOKET 000OMTHU 3Ty MOBEPXHOCTD, MOJIB3YSICh
BOJIHOBBIMH CBOMcCTBaMH (mudpakiiust). M30as1noHHBIE CBOMCTBA JIBIPOK OOBIYHO HE3aMETHBI
IIOTOMY 4YTO OHHM OBICTPO 3aXJIONBIBAIOTCSI M paccestHbl B IPOCTPAHCTBE, HE 00pasys
HEINPEPBIBHOM ITOBEPXHOCTH.

11. CornacHo Teopuu [7], BakyyMHbIE IOBIPKH MOTYT YyBEJIM4YUBaTh jAe-bpoilneBckyro MHY
BOJIHBI MUKPOYACTHI], YBEJIMYUBAsA UX KBAHTOBbIE (BOJIHOBBIE) CBOMCTBA. DTO BBIMVISIAUT TaK, YTO
C YBEJIMYEHUEM pa3Mepa IbIPOK, pacTeT 00JacTh MPOCTPAHCTBA, B KOTOPOM pa3Ma3aHa 4acTHUILIA.

5. MeToabl 00HAPYKEHHSA IBIPOK B POCTPAHCTBE-BPeMEeHH

[TpucyrcTBUE(MCTOYHUK) BAaKyYMHBIX JBIPOK MOXHO OOHApYKHTh NPH MOMOIIU JIBYX

aTOMHBIX (1[e3ueBBIX) YacoB. OT/aeNbHBIE BaKyyMHBIC IBIPKH, YHEPTUs KOTOPBHIX TOCTATOYHO
BEJIMKA, MOXXHO OOHApYXHTHb OOBIYHBIMH JETEKTOpaMH dYacThll. [IpHCyTCTBHE BaKyyMHBIX
TBIPOK MOYKHO TaKke OOHAPYXHUTh MPH MOMOIIH T'PaBUTAIIMOHHO-BOJIHOBBIX HHTEP(HEPOMETPOB
[8], tmakux kak LIGO wu VIRGO, wusmepss «JIpokaHue» IpPOCTPAHCTBA-BPEMEHHU, WIH
UCKPHUBJICHHE NMPOCTPAHCTBA-BPEMEHH U3-32 MOSBIICHUS JABIPOK.
1. Kak ObuTO MOKa3aHO BBIIIE, BaKyyMHBIE JBIPKU JIOJDKHBI CO3/IaBaThCs MPU pacmaaX YacTHII,
AHHUTWIIIUN T1ap W JIBW)KCHUU TEJ C YCKOPEHHEM, HalpuMep IpU HEYNPYroM paccesHuu
4yacTUll, KOIJa YCKOPEHHE YacTUll OCOOEHHO Benuko. Ecimum B 3Tux mpoueccax Oyayr
oOHapyXeHbl [IBIPKH, C TIPEACKA3aHHBIMH TEOPHEH CBOWCTBAMH, 3TO MOYXHO CYHTATh
J0Ka3aTeIbCTBOM CYIIECTBOBAHUS BAKYyMHBIX JIBIPOK.

[TockoNbKY TeMI TeueHHs] BPEMEHH «BHYTPH JABIPKH» PaBEH HYJIO, NPU YBEIUYCHUHU
KOHIICHTPAIIUH JBIPOK B OKPECTHOCTH YacOB A, TEMI TE€UCHHS BPEMEHH JIOJDKCH 3aMEITUTHCS 10
CPaBHEHMIO C JIPYTMMH KOHTPOJIbHBIMM 4YacaMU B TOUKe B, B03j1€ KOTOpBIX HE CO3JA0TCS
npipku. [lOCKONBKY B TIpeNeNbHOM cllydae, KOTJa KOHIIGHTPAlHs ABIPOK MaKCHMalbHAa W
MPOCTPAHCTBO COCTOMT TOJIKO W3 JIBIPOK, TEMIT TEYCHHUSI BPEMEHH JIOJDKCH OBITH paBHBIM PaBEH
HYJTIO. YK€ CO3JIaHbl OYeHb TOYHBIC aTOMHBIC Yachl, U TIOCKOJIbKY BPEMS M3MEPEHUS MOXKET
OBITh CKOJIb YrOAHO OOJBIIMM, 3THM METOJOM MOXKHO OOHApyKHBaTh Ja)xe OYeHb ciaboe
U3ITy4YEHUE JIBIPOK.
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Puc.5. Cxema oOHapykeHHsI BaKyyMHBIX IBIPOK (JlekapToBOW MyCTOTHI) NPU MOMOIIM MPEIU3UOHHBIX
ATOMHBIX YacCOB.

Caauaina CUHXPOHU3HUPYEM YacCbl M pacrnojara€éM HNX B OAWHAKOBBIX YCIOBHAX, Ha
paccTOSsHWM HE MEHee 5 METpPOB JApPYr OT Jpyra. BakHo 49ToOBI Yachkl pacroJiarajiich Ha
OHHH&KOBOI\/’I BBICOTC OT 3C€MIJIH, yTOOBI HA X0 4YaCOB HEC BJiMAJIa HU 3€MHAs I'paBUTaldA, HU
BpalicHUe 3emMin. HOCKOJIBKy MAaCCHUBHBIE 00BEKTHI TAKKE SIBJIIAIOTCS UCTOYHUKAMU ABIPOK, UX
HY)KHO JHOO yJaluTh, JIMOO PACIOJIOKUTH TaK, 4TOO OHM OJMHAKOBO BIIMSJIM Ha BCE YacChl
YT100B5I Y6CI[I/ITC$I, 4TO Ha4YaJIbHBIC YCJIOBHSA HC BJIIMAOT Ha XOJ YaCOB, IIPOBOJUM CHadalia
KOHTPOJBbHOE M3MEPEHHE XOJa 4acOB BXOJIOCTYIO. BHawane craBHM dYachl pSJOM, €CJIH 4Yachl
UAYT HCOAWMHAKOBO, 3TO 00BACHSIETCS TOJIBKO KOHCTPYKTHBHBIMU 0COOEHHOCTSIMH CaMHUX 4acOB.
Ecnmu ke bacel UAyT B pasHOOOW Ha YHAJICHHH JIPYr OT JPYyra, CKOpee BCEro CKa3bIBacTCS
HECUMMETPHYHOE PACIIOJIOKCHHE OTHOCHUTEIIHHO IOBEPXHOCTH 3€MJIM JIMOO OTHOCHTEIHHO
IPYruX MacCUBHBIX IIPEIMETOB.

3atem pa3MmemaeM BOJMWM3M 4YacoB A HMCTOYHUK [BIPOK, a BOMM3M 4YacoB B, s
CUMMETpHUH, pa3MeEllaeM 53KBHBAJICHTHYKD MAacCy, PaBHYIO Macce HCTOYHMKA JbIpOK. Ecim
HCTOYHUK A MMPOU3BOAUT UCKYCCTBCHHO ABIPKH, TOrAa YaCbl A JOJDKHBI UATU MEAJICHHEC YEM B.
HpCI/IMYHI€CTBO MECTOAa B TOM, YTO MOXXKHO BBIIIOJHATL HU3MCPCHUA TIIHNTCIBHOC BpEMA,
HarpuMep OOJIBIIE MECSIIA, YTO TO3BOJISIET OOHAPYKUTH JJAXKE OUYEHBb CI1a00€ U3ITYyYeHHE JIBIPOK.

HyXHO noa4epKHyTh, YTO €CJIM MPH CO3AAHUU JBIPOK UCIOJIBb3YIOTCS (PU3NYECKUe OIS
H IMPOLECCHI, OIMTACHBIC JIsI AaTOMHBIX 4aCOB, TOrAa 4aCbl MOKHO 3alllUTUTL OKpPAaHOM CACIIAHHBIM
U3 JHOOBIX MaTCpruajioB, HAlpUMEP HU3 MCTAJlIa, IIOCKOJIBKY IS BAKYYMHBIX JBIPOK JIFO0BIE
MaTepuaibl Mpo3payHbl. BaxHO nuimb yToOBl M3MepuTenbHas TpyOKa, HampuUMep LE3UEBbIX
9acoB, OblJIa pacIoOJIOKEeHA KaK MOKHO OJIM)KE K HCTOYHUKY JIBIPOK.

B kadecTtBe HCTOYHHKA ABIPOK JIydlI€ BCEro HMCIOJIb30BATh ﬂ)lepHBIfI p€aKkTop, rac
MPOIIECChI pacmlaja YacTHI] WAYT OYeHb WHTEHCHBHO. ECIM dYachkl, pacmojio’KeHHbIC BOIU3U
SJIEPHOTO peakTopa OyAyT UATH MEJJICHHEe KOHTPOJIBHBIX YacOB, PACIOJIOKEHHBIX BIAJIH, 3TO
OyZeT /0Ka3aTelbCTBOM CYILECTBOBAHUS BAaKyyMHBIX JbIpoK. HyXHO Takke HpoBEpUTS,
CO3IAFOTCS JIU JBIPKU TIPU TIIyOOKO-HEYIPYrOM pPAcCesHUW YacTHIl, KOTJIa, COTJIACHO TEOPHH,
TAKXKXC JOJDKHBI CO34aBaTbCAd IMPOTSHKCHHBIC bIPKH B IIPOCTPAaHCTBC-BPEMCHU, BCICACTBUC
OTPOMHOr0 YyCKOpPE€HHA 4YacThull B MOMCHT CTOJIKHOBCHUSA, PpacCTArMBarOmMC IIPHUPOIHBIC
BAaKYYMHBIC [IbIPKH. Eciu aromHble 4acCbl, PacIIOJOXCHHBIC BOMM3M MHUIIEHW WIA MeECTa
CTOJIKHOBEHUI qacTUIl B KOJ'IJ'I&fI}ICpC 6}’}1}’T UATH MCIAJICHHCC KOHTPOJIBHBIX YaCOB
PacCTOJIOKEHHBIX BAANH, 3TO OyJeT eme OJHUM JI0Ka3aTelIbCTBOM CYIIECTBOBAHHUS IBIPOK B
MIPOCTPAHCTBE-BPEMEHHU.

2. Bonpiyie BakyyMHBIE JIBIPKH (110 CPABHEHHUIO C €CTECTBEHHBIMH 3JIEMEHTAPHBIMH JbIPKaMH )
MOYKHO PErMCTPUpOBATh SAEPHBIMA METOJAMU, IPU NOMOIIU JETEKTOPOB 4acTull. Ilockosbky
JUISL CO3JAHUS JBIPKH HY)KHO 3aTPaTUTh DHEPTUI0 HAa pacIIMpeHHe IpaHullbl BceeneHHo#, npu
3aXJIONBIBAaHUM JIBIPOK 3Ta SHEPIUs BBIAEIACTCS — CUHTE3UPYIOTCA ITapbl YaCTULA-aHTUYACTHLIA.
[losToMy BUpTyanbHbBIE JABIPKH, KOTOPBIE HENPEPHIBHO MOSBILIIOTCA B IPOCTPAHCTBE
€CTECTBEHHBIM 00pa30M, U SHEPIHsl KOTOPHIX MPEBBIIIAET MACCy MOKOS 3JIEKTPOH-TIO3UTPOHHOMN
napbl, MOTYT CUHTE3UPOBATh BUPTYyaJbHbIE MMAphl YaCTHULA-aHTHYACTUIA (3JIEKTPOH-IIO3UTPOH).
CnenoBarenbHO, perucTpanusi BHUPTyaJbHBIX Iap YacTUIA-aHTUYACTHIIA BO3HMKAIOIIMX B
IIyCTOM IIPOCTPAHCTBE SIBJISIETCS JOKA3aTEIbCTBOM CYILECTBOBAHUSA JBIPOK, IMOCKOJBKY 3TO
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MPOJYKTHI pacliajia BUPTYaIbHBIX ABIPOK. A «0OJIbLINE» JBIPKU, CO3JaHHbIE HCKYCCTBEHHO,
MOTYT CHUHTE3UpOBaTh pealbHbIC Mapbl YacTHIa-aHTHYacTula. [lo3TOMy, BakyymHbBIE ABIPKU
00JBIIMX pa3MepoB (SHEPruil) MOXKHO JETEKTUPOBATh, PETUCTPUPYS MPOAYKTHI UX pacnaaa —
napbl YacTULAa-aHTUYACTHIIA UM BTOPUYHBIE MPOTYKThl aHHUTUIISLIUH.

3. CormnacHo cBOMCTBY AbIpOK Ne 2, OSIBIEHHE JBIPOK MPUBOJUT K MCKPUBJICHHUIO IIPOCTPAHCTBA
— COKpAIlleHHIO pacCTOSsHUM U 3aMejuieHuto BpemeHH. [IpocTpaHcTBO-Bpemsi OyKBajibHO
«IPOXKHUT» H3-32 HEMPEPHIBHOIO TOSBJIECHUS BaKyyMHBIX AbIpok. K kakuM HaOnromaeMbiM
spdeKkTaM MOKET MPUBECTU TAKOE APOKaHUE U HCKPHUBJIEHHE MHpPOCTpaHCTBa-BpeMeHu? OHO
MOJXKET MOBJIMATh, HAIPUMEDP, Ha BPEMs paCIpOCTPAHEHUsI CBETOBOIO Jyda MEX]IYy 3aJaHHbIMU
Toukamu [9]. B camom Jiene, B MCKPUBJIIEHHOM MPOCTPAHCTBE CBET MPOXOJIUT MHOE PACCTOSIHUE
MEXAY ABYMsI TOUKAMH, HEKEIH B IUIOCKOM. [IOCKOJIBKY MCKPHUBIEHHOCTh HPOCTPAaHCTBA Ha
NyTd Jdy4da (QIyKTyHpyeT BO BPEMEHH, TO U PACCTOSHUE, U BpeMsl PACIPOCTPaHEHMsI CBETa
MEXAY ABYMs TOUKaMH OyJeT Cly4yailHO KoJjiebaThCcsi OKOJIO HEKOETO CpeAHEro 3HaueHus. Bpems
pacnpocTpaHeHus Jiyda CBeTa U3MEPUTh HEIPOCTO, 3aTO BMECTO ATOI0 MOXKHO HU3MeEpATh a3y
CBETOBOM BOJIHBI B KOHEUHOI TOUKe: BeJlb OHA TOXKe OyAeT paykTynpoBaTh. Takum 06pazom, Mbl
MPUXOJUM K CIEIYIOLIEH HJee: MOKHO MOMBITaThCs HaOmonaTh (IyKTyalluu MpOCTpaHCTBA-
BPEMEHH C TIOMOIIBI0 UHTEphepoMeTpa — mpubdopa, u3yqaroniero (HakTudecku ¢aszy CBETOBOM
BOJIHBI. B TakoM mpubope JBa KOr€peHTHBIX CBETOBBIX Jyda MONAJal0T B OJAHY TOYKY IO JABYM
pazHbiM myTsM. [lockonbKy (IyKTyallun HpPOCTPAHCTBA, YYBCTBYEMblE ATHUMM JIydaMH, HE
CKOPPEJIMPOBAHBI IPYT C APYrOM, UX OTHOCUTENbHAs (Da3a B KOHEUHOM Touke Oyzaer "ckakaTp'"
BO BpPEMEHH, YTO NpUBEIET K (PIYKTyalHUsM HUHTEHCHUBHOCTHM CyMMapHOM CBETOBON BOJIHBI B
9TOM TOuke. Perucrpamuss 3Tux KojeOaHUN HHTEHCUBHOCTH U OyIeT 3KCHEPUMEHTATbHBIM
HaOIOJIECHNEM BaKyyMHBIX IbIPOK — (UIYKTyalluil MpOCTpaHCTBAa-BpeMEeHH. [ paBUTAIIIOHHO-
BoNHOBBIE mHTepdepomerpoB Tuma LIGO u VIRGO nocturuyr pydexa 10™** T'' 3a mepssie
rojibl CBO€d paboOThl, YTO MO3BOJIAET HAJEATHCSA, YTO C UX IMOMOUIBIO YIAcCTCsl OOHApyKUTh
WCKPUBJIICHUE M «JIpOKaHHUE» IPOCTPAHCTBA-BpeMEHU. B crenyromei cBOEW CTaauH, 3TH
UHTEP(PEPOMETPBI CMOTYT YIYUIIUTh YyBCTBUTEIBHOCTD €I11€ Ha HECKOJIBKO MOPAIKOB U HAYHYT
OTCIIEXUBATh (PIYKTyalluu HA YPOBHE 10% T

6. Ipyrue MeToAbl 10KA3aTEJAbCTBA CYyLIECTBOBAHMS AbIPOK

1. Jlns pokaszaTenbcTBa CYLIECTBOBAHUS JBIPOK MOKHO HMCIIOJB30BaTh CBOMCTBO IBIPOK Ne 7:
«IBIPKU HEJb3s YCKOPSTH, JbIpPKa BCErJa HEMOJBUKHA OTHOCUTEIbHO MHEPIHAIbHON CHUCTEMBbI
oTcueTa, B KOTOpOil OHa co3aaHay. llpenmnosioxum HecTaOmibHas 3apsHKeHHas yacTuua (Wid
AJIEKTPOH-TIO3UTPOHHAS 1apa) YCKOPSAETCS B AJIEKTPUUECKOM WM B MarHUTHOM I0JI€, WU IpU
MOMOIIIM Jla3epa, IBHUTrasch MO KPUBOW (WJIM TIO TPsIMOM, HO ¢ yckopeHuem). Eciu mpornecc
AaHHUTWIISAUY (paclajia) 4YacTUll AEMCTBUTEIBHO MIPOXOJUT Yepe3 CTaui0 00pa30oBaHUs JbIPKU,
TOrJa Ha KOPOTKOE BpPEMs, PAaBHOE BPEMEHH 3aXJIONBIBAHMS JBIPKH, «4acTHL@» JOJLKHA
JBATATbCS PAaBHOMEPHO M IPSAMOJIMHEMHO, a HE II0 KPHUBOW, HECMOTpS Ha JEHCTBYIOIIHE
YCKOPSAIOIINE AJIEKTPUYECKUE M MArHUTHBIE MMOJIA. ODTO ObLIO OBl TOYHOE JI0Ka3aTEIbCTBO
CYLIECTBOBaHMS BaKyyMHBbIX JbIpOK. [Ipyrumu cioBamu, HY)XKHO HalTu Ha Qororpapuu
TPAeKTOPUU JIBUKEHUS YACTULIbI OUE€Hb KOPOTKHUM Yy4acTOK, IJIe YacTULa IBUXKETCS paBHOMEPHO
U NPSIMOJIMHEMHO, HECMOTPS Ha IPUJIOKEHHBIE CUIIOBBIE 2JIEKTPOMArHUTHBIE ITOJISL.

2. TlockonbKy BaKkyyMHBIE JIBIPKH HENPEPHIBHO MOSBIAIOTCS B KaXJI0W TOYKE MPOCTpPaHCTBa-
BPEMEHH, TI'€OMETpHsl IPOCTPAHCTBA-BPEMEHM HA MaJbIX (AJIE€PHBIX) PACCTOSIHUIX JIOJDKHA
¢nykryupoBathk. [loaTOMy, NOJKEH CyHIECTBOBaTh IPENEN TOYHOCTU HM3MEPEHUS PacCTOSHUS
MEXAY JBYMS MaT€pHaJbHBIMU TOYKAaMH, TaK KaK pAcCTOSHHUE MEXAY HHUMU HENpPEephIBHO
GaykTyupyeT, u3-3a TOsBIEHUS AbIpoK. Jljig noka3aTenbcTBa cyliecTBOBaHHUS JlekapToBoit
MyCTOThl MpEeJIaraeTcsi JOoKa3aTh CYIIECTBOBaHHWE OTUX (IyKTyauud TIpu HU3MEPEHUU
paccTosiHUA MEXIYy JIByMs TOYKaMu. Teopusi mpeacKasblBaeT, uyTo (DIyKTyallud HENpephIBHO
TOSBIISIOTCS. HA OYEHb KOPOTKOe BpeMst ~ 107! ¢, 970 BpeMs 3aXJIONBIBAHMS €CTECTBEHHBIX
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IeIpoK. HyXeH SKCIepUMEHTAbHBIA METOJ, CIOCOOHBIN 3aperucTpUpoBaTh OYEHB OBICTPOE
YBEIMYECHUE WIM COKpAIICHUE PACCTOSHUS MEXAY ABYMS TOYKAMH, NPOJOJDKUTEIBHOCTD
KOTOPOTO MPUMEPHO PABHO BPEMEHM 3aXJIOTIBIBAHUSA ABIPKA <~ 10 c. TeopeTnyeckn BO3MOXKHBI
u Oojee JIUTENbHBIE (DIYKTyallMu, €CIU OJHOBPEMEHHO MOSBISIOTCS HECKOJBKO JIBIPOK, UTO
SKBHUBAJIEHTHO OJJHOM OOJIBILION ABIPKE, OTYETO BEMUYMHA (PIYKTyalluii HEMHOTO YBEIMYHUBAETCA.
Mo3kHO TaK)Xe HCKYCCTBEHHO CO3JaBaTh 3TU (MIYKTyallUH PACCTOSHUS MEXAY JIBYMS TOUKaMU,
eciii 00JlyyaTb MECTO HM3MEPEHHUs 3JIEKTPOH-NO3UTPOHHBIMU MapaMU WM HECTaOMIbHBIMU
YacTULIAMHU, C TEM YTOObI OHU AHHUTUIIMPOBAIH (paclaJajiich) B MOMEHT MPOXO0KIEHUS IPSIMOMI
COEIMHSIONIEN ITH JIBE TOUYKH.

3. CymecTBoBaHME BaKyyMHBIX JIBIPOK MOYHO JI0Ka3aTh, MOJIb3YsACh UX cBodcTBOM Ne 10 —
M30JISIIMOHHBIE CBOMCTBa AbIpok. Hampumep ecnu OyneTr goka3zaHo, 4TO MPHU CO3IAAHUU JIBIPOK
MOSIBJIAFOTCS.  M30JIMPOBAHHBIE, IYCThIE MHKPOIIOJIOCTH B KAKUX-TO TOJSAX, HaIpUMeEp
MEKTPUYECKUX WIM MarHUTHBIX. Harpumep, eMKOCTh KOHAEHCATOpa U3MEHSETCA IIPU CO3/1aHUH
IBIPOK MEXAY €ero IJIacTUHaMU TaK, Kak eciau Obl ero o0beM ymeHbuwicsa. Mmum mycTe Mbl
MMEEM JBE IPOCTPAHCTBEHHO pA3JCIICHHbIE TOYKH, CBSA3aHHBIE KAaKMMHU-TO NOJAMH. Ecnm
CO3JaTh JIBIPKU MEXAY 3THUMH TOYKAMH, TOTJA CTEIEHb M30JIALMHU 3THUX TOYEK JAPYr OT Apyra
JOJKHA KPaTKOBPEMEHHO YBEIMYHUTHCS, HA BPEMS CYLIECTBOBAHMS JIBIPOK.

4. CymecTBOBaHUE BAKYyMHBIX JBIPOK MOJKHO JI0Ka3aTb, MOJb3ysich MX cBoiicTBoM Ne 11 —
YBEJIMYEHUE BOJIHOBBIX CBOWCTB MMKPOYACTHI] IIPU MOSIBICHUHU IAbIPOK. [IycTh BBINOJIHAETCS
SKCHEPUMEHT, I'/I€ YaCTULIbI C HEKOTOPOIl BEPOSATHOCTHIO TYHHEIUPYIOT CKBO3b Oapnep. Eciu
CO3[1aBaTh HCKYCCTBEHHBIE BAKYYMHBIE JBIPDKA HENOCPEACTBEHHO BO3JIE YacCTHUIbl, TOTJa
BEPOSITHOCTH (U JJIMHA) TYHHEIMPOBAHUS YACTHUIIbI JOKHA YBEIUUYUTHCA. DTO MOXKHO CIIENaTh,
yTeM 00JIy4yeHHUs! TYHHEIUPYIOIKX YaCTHUI] JIEKTPOH-IIO3UTPOHHBIMU [TapaMH, HECTAOUIbHBIMU
yacTULlaM{, JMOO TMoMelias TYHHENIMPYIOIIME YacTUIBl B 00JIaCTh MPOCTPAHCTBA, IJiE
OCYIIECTBJISIETCS HEYNPYTO€ CTOJIKHOBEHHUE IPYTMX YACTHLL.

5. CornacHO JbIPOYHOM TEOpUM, MPU YCKOPEHUHU, BCE YACTHULIBI COCTABIISAIOLIUE TEJIO
«paCTATUBAIOTY AJIEMEHTApPHBIE JBIPKH, KOTOPBIE HENPEPBIBHO IMOSBISIOTCS B IPOCTPAHCTBE.
CnenoBarenbHO, pa3Mepbl JbIPOK BHYTPU YCKOPSIOIIErocs Teja OOJIbIlIe, YeM B OKPYXKaIOLIEM
npocTtpancTtBe. Ilo3TOMy BHYTPM M 103aau YCKOPSIOIIErOoCs Tejaa IPOCTPAHCTBO-BPEMS
UCKPUBJISIETCSI CHJIbHEE YEM CHApyKH, M PErucTpauus 53TOro (axkra MOXKET CIYKUTh
JIOKa3aTeJIbCTBOM CYLIECTBOBAHUS BAKYyMHBIX JBIPOK. BO3MOXHO, 3aXJI0NBIBAHUE ITUX JBIPOK
SBJISIETCS. NIPUYMHOM BO3HMKHOBEHMS IIJJAHKOBCKOTO M3IIyYEHHsI B YCKOPSIOLIEHCS CHCTEME
O0TCU€Ta, IPU OTCYTCTBUU ATOTO M3IYyYEHUS B HHEPLUHUATBLHON cucteMe oTcuéra (3 ekt YHpy).

7. 3akiaoueHmne

B craThe npuBOIATCS TEOPETUYECKUE M 3KCIIEPUMEHTANIbHBIE JI0BOJBI CYILIECTBOBAHUS
abcontoTHON JlekapToBOIl MyCTOTHI, WJIM BaKyyMHBIX JIBIPOK, I'Ji€¢ HET aOCOJIFOTHO HUYEro — HU
MaTepUH, HU MMPOCTPAHCTBA-BPEMEHH, HU BUPTYaJIbHBIX YacCTHUIl. DTO HOBBIM TUIl (PU3UUECKOTO
BaKyyMma, KOTOPOMY CY)KJEHO ChIFpaTh BEJIMKYI0 OOBEIUHSIONIYIO POJIb B (U3UKE — C €ro
MIOMOIIBI0O MOXHO OOBEJUHHUTH KBAHTOBYIO MEXaHUKY U OOIIYI0 TEOPHUIO OTHOCHUTEIBbHOCTU
(rpaBuTanmio). MoxHO 00BEAMHUTH TPU (YHAAMEHTAIBHBIX B3aummojaencTBuil [10]. Onucansl
JBAa METOJa, C IOMOUIIbI0 KOTOPBIX MOYXHO TIOJy4yaThb aOCOJIIOTHYIO IIyCTOTY, METOJ
MTHOBEHHOTO YAAJEHUS MAaTepuH, W METOJA pacTskeHus Jplpok. [IpuBoautcs cmocoO
OOHapy)XeHHsI BaKyyMHBIX JbIDOK IIpU IOMOILIM AaTOMHBIX 4YacOB M HHTEPHEPOMETPOB,
MOJIb3YSICh TEM, YTO BaKyyMHBIE JBIPKH JIOKQJIbHO HUCKPHUBIISIIOT MPOCTPAHCTBO-BPEMSL.
[Ipennaraercs u3MepsATh SHEPTHUIO IBIPpoK B MaB. OmnuckiBatoTcsi CBOMCTBA BAKYYMHBIX JIBIPOK.

HekoTtopeie ¢u3nku crnpamuBaroT, €ciau B JbIpKE MNPOTSHKEHHOCTh CTPEMHUTCS K HYIIIO,
KaK MOKHO T'OBOPUTH O pa3Mepax IbIpKU — MOJ AUAMETPOM JbIPKH UMEIOTCSI B BUIY Pa3Mepbl
peasibHOrO JlekapToBa coCyAa, COCTOSIIETO0 W3 PEaJbHBIX YACTHIl, BHYTPH KOTOPOIO IbIPKa.
Cama «rojas» MycToTa, KOHEYHO, HE UMEET (PU3MUYECKUX Pa3MepoB, 3TO MPOCTPAHCTBO-TOUKA,
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HO OHa HUKOTJIa He ObIBACT «T0JIOM» U HE MOXKET HaOII0AaThCs, IbIpKa BCEr/la OJieTa B «1y0y»
U3 4acTUL[ OKpyXkaromed cpeisl. JIpIpka CyIIECTBYeT OYEHb Majloe, HO KOHEYHOE BpeMs,
IMOCKOJIBKY HeKapTOB COCyd HE MOXKCT 3aXJIONMHYTbCAd MI'HOBCHHO, TaK KaK IIpHW 3TOM 4YaCTHULHI,
COCTaBJISIFOLIME €r0 CTEHKHU, JIBUTAIUCH Obl OBICTPEE CKOPOCTH CBETA.
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