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cnuHa 1 (3MEeKTPOMArHUTHOM BOJHBI) U €ro CyleprapTHEpa
otrHO crmHA Y2 (3ay3/€eHHOW  SJEKTPOMATHUTHOW  BOJIHBI).
3ay3neHHOe 3NEKTPOMATHUTHOE TOJie WHIYIMPYIOT CO3JaHHbIe
3ay3JieHHblE paJvOaHTeHHBI. [l SKCIEPUMEHTOB CO3[aHbl U
WCCNIeJOBAHbl IJIA3MOW/IHBIE TeHepaTopbl SHeprud w3  3dupa,
KOaKcHasbHble TeHepatopsl SHeprum ¢ KIIJ OGonbime, uem
100%, 4Tto HEOoOXOmMMO JJsl CO3JaHHUS TEePMOIIEKTPHUECKUX
HarpeBaTelieil B aJbTEpPHATHBHBIX O€3 TOIUIMBHBIX T'€HEpPaTOpOB
sHepruu (BTT), co3man npooOpa3 takoro BTT™ mist nepcrnekTHBHBIX
KajopudepoB U TMapoOBBIX TypOOTEHEpaTOpPOB  3JIEKTPUYECKON



SHEPruy, NMpeoOpas3yoIMX SHEpruio 3¢upa B MOJIE3HYIO TEILUIOBYIO
WY JIEKTPUUYECKYIO SHEPTHUIO.
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BBEJIEHUE

B KHUTre ONMUCHIBAIOTCS IKCTIEPUMEHTAJIbHbIE PE3YJIbTATHI, M0-
JIyYEHHbIE MY UCIIOIb30BAHUE 3aY3JIEHHBIX IEKTPOMArHUTHBIX
BOJIH M 3ay3JICHHBIX PaJMOAHTEHH UX TEHEPUPYIOIIUX U TpPU-
HUMaIKX. KpaTko paccMOTpeHsl pa3inyHbIe aCMIEKThl TEOPUI
3upa 1 0OBSACHSIETCS CXeMa IPUMEHEHUSI TIOHATUH 3¢hupa B HO-
BOI €ro MHTEpIpETALIUN.

1. UcTopnueckue npeanochbUIKA Teopuil 3cgupa.

Kparkoe onicanue (0630p) Teopuii a¢pupa.

Teopum 3¢pupa — teopuu B pusuke [1], npeanonarawonime
cyllecTBOBaHME 3(pupa Kak BEILECTBA WIM MOJs, KOTOPOe 3a-
MOJIHSET MPOCTPAHCTBO U CIIYXKUT CPeIor ISl NEpeauu U pac-
MPOCTPAHEHUsI IEKTPOMATHUTHBIX (M, BOZMOKHO, IPABUTAIIN-
OHHBIX) B3aMMOJAEUCTBUI. PazinuHble Teopun 3¢rpa BOIIIONIA-
10T pa3IMYHble KOHLIENIMH 3TOW cpefbl Wi BeniecTBa. C MOMEH-
Ta YTBEPKACHUS CIIELIMAIbHON TEOPUM OTHOCUTEILHOCTH , TIOHSI-
THie 3pupa OOJbIIe He UCTIONB3YeTCS] B COBPEMEHHOM (pU3HKe.

B nanHo# kHure 115 onucanus Hadmonaembix 3(h¢eKToB rc-
NOJIb3YyeTCsl MOHATHE 3(Upa, HO HE B CTAHIAPTHOU ero ¢op-
Me: KaK CBETOHOCHOM Cpe/ibl, IEPEHOCSIIEN JIEKTPOMArHUTHBIE
BOJIHBI.

1.1. HecrangapTHble TOJIKOBaHUS B COBPeMeHHOM (u-
3UKe

1.1.1. O6mas Teopusi OTHOCHTEJIbHOCTH

AsbOept DUHINTENH [2] TMpeaoXuiI UCob30BaTh TEPMUH
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«a¢up» 11 0003HaUeHU T (PUBUUECKOTO IMTPOCTPAHCTBA B OOIIIEH
TEOPUU OTHOCUTEJILHOCTH, HO 9T TEPMUHOJIOT ST HUKOTIA He T10-
Jy4ajia HIMPOKYIO MOJIEPKKY.

MbI MOkeM cKazaTh, YTO, COIIACHO OOINel TEOpUU OTHOCHU-
TEJILBHOCTH, TPOCTPAHCTBO 00Ja1aeT (PU3NIeCKMMH CBONCTBAMMU;
B 9TOM CMBICTIE, TAKUM 00pa3oMm, 3¢up cymectByeT. CorjiacHo
001e TeOPHMH OTHOCHTEJIHLHOCTH

«.. TPOCTPaHCTBO 0e3 3dupa HeMbICIUMO» (DiiH-
mreiiH, 1924 r.); B TaKOM MPOCTPAHCTBE HE TOJIBKO Obl HE ObI-
JI0 HUKAKOTO PacrpoCTpaHEeHM s CBETa, HO ¥l He MOIJIU OBl CyIIle-
CTBOBATh HUKaKMe CTAHIAPTHI IPOCTPAHCTBA U BpEMEHU (HU3Me-
pUTENbHBIX MacITaboB M 4acoB), W, ClIEIOBATEIbHO, HUKAKKE
MIPOCTPAHCTBEHHO-BPEMEHHBIE MHTEPBAJIBI B (PU3MUECKOM MTOHH-
MaHuu. Ho 10T 3hup HEe MOKET paccMaTpuBaThCs Kak HaJleJIeH-
Hasl KAKMMU-JTUOO0 KAYeCTBEHHBIMU XapaKTEPUCTUKAMU BecoMast
cpena, CoCTosIINast U3 YyacTel, KOTOpble MOTYT ObITh IPOCIIEKEHBI
C TeyeHreM BpeMeHH. Viest ABMKeHUsI K HeMy HelTPUMEHUMA.

1.1.2. KBaHTOBBII BaKyyM

KBaHTOBasi MexaHMKa MOKET OMUCHIBATh MPOCTPAHCTBO KaK
HemycToe B Ype3BblUaiiHO Masibix Macmradax. [lons [Iupak [3]
MIPEATONIOKIIL, YTO ITOT «KBAHTOBBIN BAKYYM» MOXET OBITh K-
BUBAJICHTOM B COBPEMEHHOM (pU3MKE MOHATHIO 3pupa. OgHako
runote3a Jypaka MOTMBUPOBAHA €ro HeyJOBJIETBOPEHHOCTHIO
10 MOBO/1y KBAHTOBOU 9JIEKTPOAMHAMUKY , 1 OHA HUKOT/Ia HE TO0-
Jydaja IMUPOKOW MOAJIEPKKH CO CTOPOHBI HAyYHOTo cOOOIIe-
CTBa.
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Jlaypear HoOeneBckoit mpemun mo ¢usuke PoOepr b.
Jladpnmn [4] Tak cka3zais o pos 3prpa B COBpEMEHHON TEOPETH-
YecKou (pUBHKeE:

Kak 3T0 HM mapafoKkcanbHO, HO B CaMOUM KpeaTHBHOM pado-
Te DiHITerHa (00IIel TeOpUM OTHOCHTEILHOCTH) CYIIIECTBY-
€T HeOOXOAUMOCTD B TMIPOCTPAHCTBE KaK Cpefie, TOraa Kak B €ero
WCXOJIHOM TMPEINOChIIKE (CHEeMaTbHON TEOPUM OTHOCUTEIBHO-
CTH) HEOOXOIMMOCTH B Takou cpefie HeT. .. CoBo «acup» nme-
€T Ype3BbIUYaiiHO HEraTUBHBIA OTTEHOK B TEOPETUUYECKOU (pu3u-
K€ M3-3a €ro MpoLUIOW acCoUMalliy C OINIO3ULIMEN TEOpPUH OT-
HOCHUTEJIBHOCTHU. DTO MeYalbHO, IOTOMY YTO OHO JJOBOJILHO TOY-
HO OTpaXaer, Kak OOJBITMHCTBO (PU3KMKOB HA CAaMOM JieJie Ayma-
10T O BakyyMe... Teopusi OTHOCUTENILHOCTH Ha CaMOM JIejie HU-
Yero He FOBOPUT O CYIIECTBOBAHUU WJIA HECYIIECTBOBAaHUU Ma-
TepuH, MPOHU3BIBAIOIIEH BCeNeHHYy0... Ho Mbl He roBopuM 00
9TOM, TIOTOMY 4TO 3TO Tady.

1.1.3. Teopus BoansI-nnaora JIlyn ne bpois.

B HenpuHATOW HayYHBIM COOOIIECTBOM TEOPHUH, KOTOpast
JOJDKHA ObLTa 3aMEHUTh KBAaHTOBYIO MeXaHUKY, JIyn ne Bpoiiib
[5,6] 3aaBnsn:

Jliobas vacTria, naxe W30JIMPOBAHHAS, JOJDKHA OBIThH TPEI-
CTaBjieHa B HEMPEPHIBHOM «IHEPreTHUECKOM KOHTAKTe» CO
CKPBITOM CpPEJION.

1.1.4. Témnana maTepusi U TEMHasi SHeprusi Kak 3¢up
B Hacrosiiiee Bpemsi HEKOTOpbIE yueHble HAYMHAIOT BUJIETD B
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TEMHOW MaTepUM M TEMHOW SHEPruy HOBBIW B3IVIsI]T HA KOHIIETI-
uuio 3¢upa. Kpome toro, apupom MHOTAA HA3bIBAIOT TUIIOTETH-
YeCKHe OTKJIOHEHUs OT

JlopeHII-MHBApMAHTHOCTU onpeaenéHHoro tuna. Heo6xonu-
MO MOAYEPKHYTh, OHAKO, YTO C UICTOPUUECKUM MOHSTHEM I(PU-
pa Kak CBETOHOCHOH cpe[ibl 3TH TOJIKOBAaHUS HE UMEIOT MPaKTH-
YEeCKU HUYEro OOLIIETO.

2. Tomosiornueckasi CymHoOCTh 3chupa

B nannoit padote Ha000pOT pr3MUYecKHii BakyyM-3(pup (Kak
HOBasi CyIIHOCTb) CO3IaETCSI MHOroOOpa3ueM KBaHTOBBIX (DITyK-
TyaluusIMU BCEX YaCTOT U JUIMH JIEKTPOMArHUTHBIX BOJIH B (pOp-
Me (ppaKkTaJIbHO 3ay3JIEHHBIX BUPTYAJIbHbIX KBAHTOB IOJIS, pac-
MpeJeSIEHHBIX M0 BCEMY IIPOCTPAHCTBY U BPEMEHU B COCTOSIHUE
JETEPMUHUPOBAHHOI'O Xa0ca. ITO (PpaKTaIbHO 3ay3JIEHHOE MHO-
roodpasue, Hanmpumep, JJsl HarISAHOCTA B (popMe 3allerJieH-
HBIX (CaMO3alleIJIEHHBbIX T.€. 3ay3JIeHHbIX) M BJIOKEHHBIX JIPYTr
B JIpyra TOpPOB «OXepejibe AHTyaHa pa3MEPHOCTH HOJb, - TOY-
KA», onceiBaeTcst 0eCKOHEUHOM CyMMOH psijia BeBIeT-(PyHK-
uuii BerieckoB [loGeny, 310 MHOrooOpasue (MpoCTpaHCTBO)
MMEET HEeapXMMEeJOBY F€OMETPUI0 Ha MHOKECTBE P-aJUUYECKUX
(pyHKI1IMIT ¢ yIBTPaMETPUKOH, IJie OECKOHEYHOE MHOKECTBO II1a-
POB pa3HbIX KOHEYHbIX Pa3MEpOB BJIOKEHO B OJIMH LIAp KOHEY-
Horo pa3mepa! B cBoio ouepeapb Kaxas Takas runepcgepa pas-
MEPHOCTH 3 (COCTOUT U3 [IBYX 3ALEIVIEHHBIX MIOJIHOTOPHUIL) ABJISI-
eTcst paccioenue Xorga 0OYHON 2-X MEPHOU cephl, Ha Kak-
noit runepcdepe orpeneneHbl OMKBaTEPHUOHBI PA3TIMYHON HOP-



https://ru.ruwiki.ru/wiki/%D0%9B%D0%BE%D1%80%D0%B5%D0%BD%D1%86-%D0%BA%D0%BE%D0%B2%D0%B0%D1%80%D0%B8%D0%B0%D0%BD%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C

MBI, 3T OMKBAaTEPHUOHBI U €CTh KBATEPHUOHHbIE HANPSKEHHO-
CTH 3JIEKTPOMArHUTHOTO MOJI1 B ypaBHEHUAX MakcBemia, a CH-
JIOBbIE JIMHUM KOMILIEKCHBIX MArHUTHBIX U IEKTPUUYECKUX KOM-
HOHEHT NoJs (usryuecku (a He Ha Oymare B Buae (opmya) 3a-
JIAI0T €CTECTBEHHbIE KOOPIMHATHI HA 3-XMEpHOI1 runepcdepe, B
KOTOPBIX U3MEpSIOTCs (PU3NYECKHE IEKTPOANHAMUYECKHE Ta-
paMeTpbl BCex MOJIEH, HO B cTepeorpadpuyeckor MpoeKuH (Kak
BTOpas koromosorus je-Pama) Ha Haiie TpEXMEpPHOE NPOCTpaH-
CTBO-BpEMsl, B 9TOM IPOCTPAHCTBE PEaJM30BaHbl M PadOTAIOT
BCE M3BECTHBIC U3MEPHUTEbHBIE TPUOOPHI.

JIOKaJIbHO TIYYKH STUX CUJIOBBIE JIMHUM TIPE/ICTABIISIOT COOOM
3ay3JIEHHBIE TOPbI, KOTOPBIE IIPY KAYEHUH 110 TPEXMEPHOMY IPO-
CTPaHCTBY OMNMCHIBAIOT KOCY CUJIOBBIX JIMHUI (C HEKOMMYTaTHUB-
HOH anreOpoit CMMMeTpur APTHHH),

PacIpOCTPaHSIOIIEHCS B BUAE 3ay3JIEHHOM JIEKTPOMAarHUT-
HOI BOJIHBL. DTU MYYKH, COOCTBEHHO, U 33/1a10T KOH(UTYPaLHIO
3ay3JIEHHOW aHTEHHBI (C JEKTPUYECKUM TOKOM U MarHUTHBIM
II0JIEM B HEW), KOTOpasi B CUJIy CBOEM CUMMETPUN T'€HEPUPYET
VMMEHHO 3ay3JIEHHYIO 3JIEKTPOMarHuTHy10 BoiHy (39MB), npu-
HUMAaeMyI0 TaKou k€ aHTEHHOM.

B mpuHimne npu paccMOTpeHMH OOHapYKEHHbBIX SKCIIEpH-
MEHTAJIBHBIX 3(P(EKTOB HET HEOOXOTUMOCTH BCE BpeMsi 00-
pamarbcsi K MEepBOHAYAIBHOMY TMOHATHIO 3(Hpa, Kak Oaszucy
39MB, Tak Kak Bce CBOWCTBA IepeJaBacMbIX M IPUHUMAEMBIX
359MB onuchIBaIOTCS C TTOMOIIBIO U3BECTHBIX MIPUHITUIIOB Pado-
Thl JIEKTPOHHBIX CUCTEM C OFOBOPKOW Ha 3ay3JICHHOCTH IOJIEU



Y QHTEHH.

B yactHOCTH, NpU ONMMCaHWU SIBJIEHUS T€HEPAaUUK TEIJIOBOM
SHEpPruu u3 3(upa MOXKHO UCIIOIb30BaTh IKBUBAIEHT 3pupa B
BUJIE BHELIHEW aKTUBHOU Cpe/ibl C OTPULATEIbHBIM COIPOTHB-
JIEHUEeM U TIOJIOKUTEIbHBIMU OOpPATHBIMU CBSI3SIMH (aHAJIOT Jia-
3epa, Ma3epa) C BHEIIHMMHU NPUEMHBIMU U 3aJAI0IIMMU T'eHe-
PUPYIOIIMMHU YCTPOMCTBAMM BCEW CUCTEMBI MOJIyYEHHUsI JIOTO-
HUTENBHON CBOOOTHON SHepruu. B HukecnenyomeM onvcaHue
9TOT (haKT OyJeT MOCTOSTHHO MCIOJIb30BaThCs, YTOOBI HEe Mproe-
raTb K CJI0KHBIM TOMOJIOTMYECKUM IPEACTABICHUSIM PACCIIOEH-
HBIX MPOCTPAHCTB U HEAPXUMEJOBOW p-aIMyecKor reoMeTpun
(T.€. ONMCHIBAEMOU HEYNOPSAJOYEHHBIMUA YUCIaMU U (PYHKIIMSA-
MU OT HUX).

2.1. 3ay3yieHHbIE 3J1eKTPOMArHNTHbIE BOJIHBI, PACCJIO-
€HHOe nmpocTpancTBo Xomndga.

KopoTKo cyTb 3ay3/IEeHHbIX 2JIEKTPOMArHUTHBIX BOJIH U MOJIEN
coctouT B cienytorieM. OOIIen3BeCTHbIE MONEPEYHbIe EKTPO-
MarHuTHble BoJIHbI (OMB) MakcBesia B Bakyyme, 3arcaHbl UM
B Bujie 20 ypaBHEeHUH 1151 OMKBaTEpHUOHOB (KOMITJIEKCHBIX KBa-
TEepHUOHOB ['aMuUIIbTOHA), OHM YIIPOIIEHBI 10 BUJa 6 ypaBHEHUI
XapucagoM u [m606com B BeKTOpHON opme ISl IeKTpruyie-
CKOHM ¥ MarHMTHOW HANpsDKEHHOCTEW 9THX BOJH (anredpa cum-
METPHUM STUX BOJH KOMMYTaTuBHa). OfHako, anrebpa cuMMeT-
pur OMKBAaTEPHUOHOB HE KOMMYTATHBHA (aHTMKOMMYTATHUBHA)
Y 3TO CO3JAET NPUHIMINAIBHO HOBOE KA4eCTBO CBOWCTB BOJIH.
ITo cBOMCTBY HOPMUPOBAHHBIX KBATEPHUOHOB OHU OIpPEJEJICHbI



Ha 3-X MepHou runepcdepe S? (cocrour u3 JBYX 3aLIETIJICHHBIX
MOJTHOTOPUI) €AVMHUYHOIO «paauyca»-HOpMbl. Kak maremaru-

Jyecku oOHapyxui1 Xord 3ta runepcdepa S°s pacipeHHoM 4-

X MEPHOM €BKJIUJJIOBOM ITPOCTPAHCTBE R* snstercs HETPUBUAIIb-
. o o2

HBIM paccioeHreM OOBIYHOM 2-X MepHOH S~ (6a3bl paccioeHusl)

B HallleM 3-X MEpPHOM €BKJIMJOBOM IIPOCTPAHCTBE R co croem
B BUJe 31eMeHToB rpymmsl U(1)- ¢ sanementoM exp(igp), rue ¢
— BEILECTBEHHBIM YroJl Ha OJIHOMEPHOM OKPYKHOCTH WJIU OfI-
HOMEPHOW KOMIIAKTHOW CBSI3HOM rpytinbl JIu. Micnonb3ys mnoHs-
THE BTOPOro BHelHero auddepeHuumana B 4-x MEpHOM €BKJIU-
JOBOM IPOCTPAHCTBE, OH OTOXKIECTBIJ KOOPAMHATHI Ha 3-X Mep-

HOM runepcdepe S® ¢ CHIOBBIMEL JIMHUAMY JIEKTPOMArHUTHO-
ro nosnsg MakcBesuia, MOTEHUMAIBI U HAIPSKEHHOCTH KOTOPOTO
(B Ge3pa3MepHOM BUJE BO BHEIIHUX A dpepeHInanbHbIx Ghop-
Max — OeCKOOpIMHATHBIX) OIpE/IesIeHbl TaKKe Ha runepcdepe

S*. Ha sroit rurniepcgepe S® 511 BHelHKe (popmBI 3aMKHYTHI,
T.€. BTOPOU BHEIIHUM ud depeHirall paBeH HyJII0 (aHajor po-
TOpa MOJis OT €ro rpagueHTa), HO ypaBHEeHUs MakcBeiia B my-
crote (6e3 TOKOB) 3amMCcaHHbIC Yepe3 BHEIIHKe aAudgepeHiu-
asibHble (hOPMBI UMEIOT BUJI YCIIOBHS UX 3aMbIKaHHS, T.€. BTOPOU
BHEIIHUH AU pepeHal paBeH HyJIo, YTO MO3BOJIWIIO CAEATh
JIOTUYECKOE 3aKJIIOYEHHE, YTO JIEKTPOMArHutHoe noje Makc-
BeJUIa (Onpenei€HHble B OMKBAaTEpPHUOHAX) SIBJISIETCSI MaTepua-

JM3aIeld yKa3aHHOW aOCTpakTHOM runepcdepbt S? Xornda, 1o-



TOMY 3Ta ruriepcdepa sapiseTcs (PU3NIECKUM MPEICTABICHIEM
a¢pupa Makcgesia, HO 3upa HE HOCUTENS EKTPOMArHUTHO-
ro MoJsi, a HAOOOPOT MEKTPOMATHUTHOE T0JIe SIBJSETCS HOCH-
TeJieM HOBOTO MpejcTaBienus a¢upa. [lapannenu u mepuaua-

HBI Ha 9TOI rumepedepe S SBISIOTCS CHITOBBIMY JTMHISAMHE JIeK -
TPOMarHUTHOIO MOJIfl, 3alIMCaHHBIMU B Oe3pa3MepHOM Buje. B
MpoIiecce pa3BUTHS KOHIEMIIMU «3JIEKTPOMArHUTHOE TOJIe-TH-
nepcdepa-acpup» mMaremaruku Xond v Panana nmokazanu, 4ro

oObIvHas crepeorpaduyeckasi MpoeKIus ¢ runepcgepsl s? (13
4-X MEPHOTrO €BKJIMJOBOIO IMPOCTPAHCTBA) HA Hallle IUIOCKOE 3-

X MEpHOE eBKJIMIOBO TIPOCTPAHCTBO R>, ecTb 2-51 KOroMonorus
ne Pama nim paktop-Tonosnorus (Kak paccioeHue S 3§ paB-

Hoe S%/ U(l)= S?. BaxkHo TO, YTO MPOEKILINU U3 S? CUTOBBIX JTH-
HUI WK CI0€B-opouT oKk pykHOcTer U(1)- ¢ anementom exp(iep)

B Haile 3-X MEPHOE €BKJIMAO0BO IIPOCTPAHCTBO R? Ha6monator-
Cs B HEM KaK JIMHUM, COCTOSIIME U3 3aLEIUVIEHHBIX U caMo3a-
LETUIEHHBIX (3ay3JIEHHBIX) TOPOB, B (POpPME CEYEHUN TOPOB WA
OKpyXkHOCTeU Buiiapco, T.e. 9T 3ay3/IeHHbBIE TOPBI ITyYKOB CH-
JIOBBIX JIMHUM U €CTb II0 CYTH 3ay3JIEHHOE 3JIEKTPOMArHUTHOE
noJie B HallleM HaOMI0IaeMOM IPOCTPAHCTBE, a HETOCPEACTBEH-

HO HaOJmoieHue ruriepcdepst s? (puznuecku, a, cnenoBaTeIbHO,
TEXHUYECKH HEBO3MOKHO, - TOJIbKO B IMPOEKIIMU Ha Hallle TI0C-
KO€ 3-X MEpHOE€ MPOCTPAHCTBO R®. Vkasaunsiii IpolLIecC Mpo-
EKTUPOBAHUsI MaTepUaIU3yeTcsl CO3JAHHON 3ay3/IEHHOU pajino-



AQHTEHHOMH, KOTOpasi sIBJISIETCS] YacCThI0 MyYKa 3ay3JIEeHHBIX CHJIO-
BBIX JIMHUM, U3JIy4aeMOM 3ay3JIEHHON 3JIEKTPOMArHUTHOU BOJI-
HbI, HO CaMa aHTeHHa HAXOAUTCS He TOJIbKO B HAILIEM MPOCTPaH-

crBe R?, Ho OIHOBPEMEHHO - B PacC/IOEHHOH runepcdepe S? pac-

IIMPEHHOTO POCTPAHCTBA OOJIBbIIEN Pa3MEPHOCTU R* HEJOCTYII-
Horo [yt HaOmopeHuo. OnucanHas reoMetpusi 3gupa, omnpe-
JeJISieT SHEepPreTUUecKoe coepkaHre 3(pupa, Tak Kak BHEIIHUE
(popmbI B (priznuecKoOr MHTEPIPETALIAY €CTh IOTOK JIMHUMA KOOP-
JMHAT (WM CUJIOBBIX JIMHUM 107151 B Oe3pa3MepHOM BUJIE) Yepe3
9JIEMEHT 2-X MEPHOW MOBEPXHOCTH, U B KOHEYHOM BUJE OIpe-
JeNsieT 3TOT MOTOK SHEprum (CIOCOOHOCTH COBEpIIAaTh padoTy
10 U3MEHEHNH CUMMETPUH JI000H (PM3MYECKOIN CUCTEMbl Haxo-

JSIIerics B 3TOM MOTOKe). MHOKeCTBO BCeX 3alleIIEHHBIX S?
(MX TOJTHOTOPHUI) 0Opa3yeT MHOKECTBO B (hOpMe «KOJTbUYTH»
MYJIbTUBCEJIEHHOU XbI0 DBEPETTA, 3TO MHOKECTBO MHOKECTB
oOnajaeT napajgokcom Paccesns, Tak Kak KaxJ0e MHOXKECTBO ca-
Mo aBigercss TOUKON (cM. ompefesnieHye TOUKH BBIIIE) 3TOTO
MHOECTBA.

2.2. MoaeJnb ynpyroro Bakyyma-3sdupa.

B onucaHHBIX 9KCIEPUMEHTAIBHBIX pa00Tax MUCIIONIb30BaAIACH
W3BECTHASA MOJEJIb YIIPYTOr'O U CBEPXKECTKOrO BaKyyma-a(pupa,
npegioxkeHHaa JnpakoM, CaxapoBbIM U [Ip. Ha IUIAHKOBCKMX

pasmepax (nopsaka 10%%em) n pasMsAryeHue ero (Mepa pasmsr-
YeHHUs - Macca TeJla) B MOJIENH «IIeHoU Yuiepa» B hopme hiyK-
Tyalliy TOIOJIOTMA Ha MAaKPOCKOIIMYECKUX PACCTOSIHUSAX, OIpe-



JEJISIONIEN TPaBUTALIMIO. DTa CBEPXKECTKOCTh BaKyyma-3pupa

4 o
Ha IUIAaHKOBCKMX pa3mepax paBHa 1/y =10 79pr/cM (JinHenHaA
TJIOTHOCTY SHEPTMM BaKyyMa) OOpaTHOU BEIMUMHE OT SUHIITEH-

HOBCKOW I'PAaBUTALIMOHHOM MOCTOSIHHOM y=8n-K/C4, rae K-rpa-
BUTAIIMOHHAS MOcTOsIHHAsE HBI0TOHA, C-CKOPOCTD CBETa B BaKyy-
Me B ypaBHeHue DuiHiTenHa Riy= y+Tj, rae Rix-kpuBu3Ha DiiH-
HITefiHA MPOCTPAHCTBA-BpeMeHH, Tix- TeH30p SHEPrUU-UMITYJIb-
ca marepuu (BemiectBa U nonst). IMEeHHO O4YeHb Majasi 4acTh
9TOM 3Heprun 1/y mpeoOpasyercss U u3MepsieTcsl B HIKEOMCaH-
HBIX SKCIEPUMEHTAX C MOMOIIBIO 3ay3JIeHHbIX PAJOAHTEHH Ha
MaKPOCKOIIMYECKUX pacCTOsAHUAX B 39MB.

2.3. CynepcuMmmMeTpuuyHO€e cocTosiHue 3gupa B 3ay3-
JIEHHOH JIEKTPOMArHUTHOI BOJIHE.

OmnucaHHOe HMKE AHOMAJIbHO BBICOKOE BbIJIEIEHHE 3SHep-
TUU B 9KCIIEPUMEHTAIBHBIX YCTAHOBKAX MOXKET ObITh OObsICHE-
HO HOBBIM COCTOSIHUEM IMHAMHYECKOUN CUCTEMBI OIHICHIBAEMBIM
CYNEPCUMMETPUYHBIM COCTOSTHHEM COCTABJISIOIINUX MOJCUCTEM,
KOTOpble MHIYIUPYIOTCSl 3ay3ieHHol DMB B kBaHTOBOM (pu-
3UYECKOM BaKyyMe Ha BCEX MPOCTPAHCTBEHHO-BPEMEHHBIX pac-
CTOSIHUSIX, HA3bIBAEMOM J1ajiee B OMUCaHKe AJIsI KPaTKOCTU (Pu-
poM. Kak ycTaHOBWIO MpeABapUTEIbHOE TEOPETUIECKOE U IKC-
NepuMeHTalIbHOe ucciefoBanue Torosiorun 39MB B paccio-
€HHOM TpOCTpaHCTBe Xorda B MPOEKIMK Ha Hallle MPOCTPaH-
CTBO B KaxJ0M nonyneprone 39MB opOutaibHblil MOMEHT (o-
TOHa clyHA | MeHseT CBOI OpHeHTaluio (y3ja MpaBoOd CIH-



PaJILHOCTH) Ha MPOTUBOIOJIOXKHYIO (y3J1a JIEBOW CIIUPAILHOCTH).
ComracHO COBPEMEHHOU TEOPUM CYNEPCUMMETPUHU, Y KaKAOU
M3BECTHOW YaCTUIIbl €CTh HEJIOKAJIbHbI BUPTYaJIbHbIA «CyTep-
NapTHEP», U CIMH 3TOro napTHEépa omimyaercs Ha 1/2. ®oToH
(xBaHT cBeta) umeer cnuH 1. [Tostomy ero cyneprnapraép —
(oTrHO — 0O6MamaeT momynensM cuHOM, paBHbIM 1/2. To ecThb
B KaX/IOM NIeprojie BOJIHbI KBAaHT 3Heprun 39MB B dopme po-
TUHO 00/1a/1aeT KBAHTOBBIM CPETHUM OpPOUTAIBHBIM MOMEHTOM
C TIOJIYLIENIBIM CIIMHOM 1/2, criefoBaTenbHO B BOJIHE 00OpasyeT-
Csl CBSI3aHHOE COCTOsIHME (DEPMUOHHOIO OISl OTPHULIATEIbHOM
SHepruu noj (pu3nYeckuM BakyymoM Jlupaka u 6030HHOTO Io-
Js ¢orona DMB ¢ 1eabIM COIMHOM C TOJOXUTEIbHON SHEp-
TUell Hajl «HYJIEBO» 3Hepruer (pU3MUecKoro BaKyymMa B Ha-
OMoIaeMbIX JTaOOPATOPHBIX MaKpPOCKOMMYECKUX pa3mepax. Ta-
KO€ COCTOSIHUE OMNMCBHIBAECTCSl CYyNEPCUMMETPUYHBIM COCTOSTHU-
eM (SUSY-cocrosiHuem) KBaHTOBOTO Bakyyma-3¢upa, orpeje-
JsieMoro cynepairedpoit (anredpoii cynepcummerpuu Jin). [pu
paspymieHnu cBsa3u SUSY-COCTOsIHMSA C €ro OrPOMHOM SHEPIu-
ey (aHaJIor pa3pyllEHUs SJEPHOM CBSI3M B aTOME WJIM HEUTPO-
Ha B fipe aToma) B pe3oHarope (poToHOB DMB BbiENSI€TCA U3-
OBITOYHASI OTPUIIATENIbHAS SHEPTUS, TIepeaaascs (PoTOHHOMY
noJtio pe3oraropa YMB i Ha060poT - OT poToHHOTO (6O30H-
HOro) nojist Makcgesia Kk pepMUOHHOMY (CIMHOBOMY) TIOJIIO C
MIOMOIIIBIO CO3/JaHHBIX 3ay3JIEHHBbIX PaIMOAHTEHH, OHU (paKkTHye-
CKU SIBJISIIOTCS] TEHEPATOPaMU BUPTYaJIbHBIX HEJIOKAIbHBIX (DOTH-
HO 3(prpa, KOTOpblE OJJHAKO MTHOBEHHO JIOKAIM3YIOTCS B TOUKE



MX B3aUMOJICVCTBUS C JIEKTPOHAMM JIEKTPUUYECKOTO TOKa MPH
UX U3Jy4YeHUe WK MPHEME, UYTO U HAOTONAIOCh SKCIIEPUMEH-
TaJIbHO. BeinuuHa 310 oTpuUliaTesIbHOM SHEPTUN TPAKTUUECKU
HE OrpaHUyeHa.

Mzeectapiii aHasior SUSY-cocrosinust [7], 3TO 37€KTPOH
(cimra 1/2) Ha opOuTe atoMa B €ro COOCTBEHHOM MAarHHUTHOM
nojie ¢ OpOUTAILHBIM MOMEHTOM | mam 0o3e KOHAEHcAT Kyre-
POBCKHX Map 3JEKTPOHOB ((PEpMUOHOB) B CBEPXIPOBOJHUKE U
zp.

3. Onucanue pa3juYHbIX BAPHAHTOB SKCIIEPUMEHTAJb-
HBIX CTEH/0B, CO3/JaHHbIX B Pa3HOe BpeMsl H ONMCAHHBIX
B CTAaTbAX U KHHUTax [8+26].

3.1. MeToauka u3MepeHUus1 SHEPrul U1 MOIHOCTH Ha-
rpesa B 39MB.

[Tpex e yem nepexoanTh K ONMMCAHUIO SKCIIEPUMEHTOB He0O-
XOJIUMO CKa3aTh O METOJIMKE U3MEPEHUsI SHEPTUU UM MOIITHO-
CTH HarpeBa C MOMOIIBIO 3ay3/IEHHBIX JIEKTPOMArHUTHBIX BOJIH
(39MB). Tak Kak OTCYTCTBOBAJM B IMOCTOSIHHOM MOJIb30BaHUE
KaJIMOPOBaHHBIC BBICOKOUYBCTBHUTEIIbHbBIE KAJIOPUMETPBI, TO W3-
MepeH’e MPOBOIMIUCH METOJIOM CPABHEHHS HarpeBa CTaHIapT-
HOTO KOAaKCHIBbHOTO Kabenst oObryHbiMu DMB 1 HarpeBa To-
ro xe kabens 3ay3neHHoil DMB npu ogHON M TOM ke Magaio-
et CBY-MOIIHOCTH OT BHEIIHETO PaJuOYaCTOTHOIO FeHepaTo-
pa. s KamOpOBKM MCIIOB30BAJICS CTAHJAPTHBIA THOKMIA KO-
akcraapHbIA Ka0eap PK50-7-11 ¢ monmaTHIEHOBOI U30IIALIAEN,
- €r0 XapaKTepUCTUKA MO 3aTyXaHUIO U JIOMYCTUMON MOIIHOCTH



HarpeBa IpuBeJeHa Ha puc. 1.
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Puc. 1 3aBucumocts nepegaBaemoin MommHoctu P u koapdu-
[IEHTA 3aTyXaHUs O KoakcuasibHoro kabens PK50-7-11 ¢ uzo-



JsMeit n3 cTabMIM3MPOBaHHOTO

MOJIMATUIIEHA OT YacTOThl; 1 — noryckaemas MOIHOCTb P Ha
Bxoze npu t— 40°C u KCBH~1. 2 — ko3¢ dunmeHT 3aTyxaHus
o npu <-20°C

CornacHo rpacuky Ha puc. 1 Ha yactote ~2,45 I'T11 (pabouast
4yacToTa Ha BCeX IKCIIEPUMEHTa) AOIyCTUMAasl MOILIHOCTb BHYTPU

kadens ~100 Bt npu okpyxkaroreii remmneparype 40 °c MIpU STOM
nonycrumasi o 'OCT temneparypa HarpeBa kabens 84 °C, 1ee.

nieperpeBy KaOeJs Ha 44°¢C coorBercTByeT 1o ['OCT momHoCTh
B kaOese 100 Br. [Ipu Takoi BHelIHel TeMIiepaType HarpeBa Ka-
OeJst BHYTPEHH:A MIPEAeIbHO JOIyCTUMAas TeMIleparypa Harpe-

Ba [IEHTPAJILHOM KUJIBl KOAKCUAIBHOTO Kabesist paBHa 124 OC (co-
IJ1acHO (popMyJie Terionepeaayr NoJU3TUIEHa), YTO C 3ar1acoM

HVKE TEMIIEPATyphl IUIABJICHUSA (135°C) UICTIO/IB3YEMOTO TTOJIU-
STUJIEHA. DTU pe3y/IbTaThl OIVH pa3 ObUIM MPOBEPEHBI IKCIIEPH-
MEHTAJIBHO C KaJIMOpPOBaHHBIM KaJIOPUMETPOM I10 HarpeBy Kale-
JIs1 paAMON3TyYeHUEM 3aJaHHOTO 00BhEMa Bobl. Takum oOpazom
NPy U3MEpPEeHnH Harpesa Kadens 3ay3neHHor DMB ncnonb3oBa-
nacek npoctas nponopiws: 100 Bt mMorHocTH B Kabene cooTBeT-

CTBYeT IeperpeBy kaOens Ha 44 Oc, HaIllpuMep HarpeBy KaOeJst
10 66°C MIPY HAPYKHOW TEMIIEpaType 220C COOTBETCTBYET Iepe-
I'PEB PaBHBIN 44°C w mommocts B kaGerne 100 B, a IIpU HarpeBe

no 44°C MIPY TOW K€ Hapy>KHOU TeMIlepaType MOIITHOCTb B KaOe-
ne 50 Bt u 1.1. Temnieparypa HarpeBa kabGensi u3Mepsiiach WH-



(ppakpacHbIM TEMIOBU30POM C MOTPEITHOCTHIO +20C 8 pexumMe
YCTaHOBHMBIIIEHCS TEMIIepaTypbl HarpeBa Kadelst, Mpy 3TOM (pUK-
CUpPOBAJIaCh HavyajbHAasl TeMIiepaTypa OKpYKalollel cpejibl, OT-
HOCHUTEJIbHO KOTOPOM BBIYMCIISITIACH TEMIIEpATypa Meperpepa Ka-
Oens1. YKa3zaHHBIA METOJ M3MEPEHUs ObUT JIOCTATOYEH TSI TIPe/i-
BapUTEIbHBIX SKCIIEPUMEHTOB IO OOHAPYKEHUIO MPUHIIUITAATb-
HOU BO3MOKHOCTH UCHOJIb30BaHUsI SHEPTUU pupa.

3.2. OnucaHue CTEHJ0B M DKCIEPHMEHTAJbHBIX pe-
3yJbTATOB C PA3JUYHBIME BAPUAHTAMH CTEH/IO0B.

3.2.1. Ctenj aJist NI3MepPEHHs HarpeBa rHtOKoro Koakcu-
aJIbHOTO Ka0eJs

B nepBbIX paHHUX IKCHEPUMEHTAX MO U3BJIEUEHUIO SHEPTUU
u3 3¢pupa UCIOIb30BAIACH MPOCTENIIAs U3MEPUTESIbHAS CXeMa,
nokazaHHas Ha OJ0K cxeme puc. 2. [lis skcnepumenTa ObLT Co-
3[IaH CTEH/I, COCTOSIIUI U TPEX OJIOKOB: TIEPBBIA 3TO COCTAaBHON
CBY-reneparop Ha yacrtoty 2,45 I'T'y (auHa BosHbI A~ 120 Mm)
MOIHOCTBIO 1 00 BT, BTOpOM - NATHAAIATUIIMCTHUKOBAsI aHTEH-
Ha, TPETUH - KOAKCUAJILHBIN BOJIHOBO/I.

W == N
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Puc. 2 Brok-cxema creHna

Ha puc. 2 nokazan CBY-reHepaTtop, KOTOpPBIN MPENCTABISET
coboii cocTaBHO 0ok 13 5 3agatoriero CBY-reneparopa tumna
SMD100A na mommHocTts 10 10 MBT 1 CBY-ycunutens MOITHO-
ctu 2 tTuna BBA150 Ha BhixogHyto moiHocts 100 BT (Bce npu-
6opsl prpmbl Rohde&Schwarz), koakcnanbHbiil kKabesnb 3 MapKu
PK50-7-11 pe3onancuHoit jyiunel 960 MM (mipumepHo 24 moso-
BUH A11H DMB A/ (2\/ €)= 40 MM B MOJIMSTWIEHE C TUIIEKTpUYE-
CKOM MPOHUIIAEMOCTHIO £€=2,3), B KOTOPOM HAOTIONAETCs TEIIO-
Basi SHEPrusl BhIJCJICHHAS M3 «KUIISIIETro» 3upa u chopMuUpo-
BaHHAas 3ay3JICHHOM JIEKTPOMArHUTHOW BOJIHOM, IIPOTUBOBEC 4
Ha 50 OM, LIEHTpaJIbHBIM MPOBOJHUK S 3ay3/IEHHOU MSATHAAIATU-
JIMCTHUKOBOM aHTeHHBI 6. LIeHTpasibHbIN MPOBOJHUK S5 3ay3/1eH-
HOW aHTEHHbI 6 COEJMHEH C LIEHTPAJIbHBIM POBOJAHUKOM KOAK-
CHAJIPHOTO Kabes 4, a BHEIIHsIsI Me/IHAst 000JI0UKa Kadesst co-
e/IMHeHa ¢ MPOTUBOBECOM. POTO KOHCTPYKIIMU UCTIBITATEILHOTO
KaOeJsisl ¢ MPOTUBOBECOM M 3ay3JIeHHOW aHTEHHOU JJisl U3MepH-
TEJILHOTO CTeH/ja MOKa3aHo Ha puc. 3.



Puc. 3 ®oTo KOHCTpYKIMHK Kadessi ¢ MPOTUBOBECOM U 3ay3-
JICHHOM aHTeHHOUN

WcnibitaTesnbHbIN Kabesb ¢ aHTeHHO! coryiacoBaH ¢ 50-OMHBIM
BeIxonoM CBY-ycunurensa momnoctu ¢ KCB=1,2 no yposHio 3
1B MpOXOAHOM MOIIHOCTH.

V3MepeHus1 MOIITHOCTH U3JTy4YeHHs1 6a3upyIOTCsT Ha HaOITojIe-
HUM HarpeBa UCIBITATeIbHOTO KOAKCUAIBHOTO Kabess. TOT Ka-
0eJib, COIJIACOBAHHBIN C HATPY3KOM, HArpeBaeTCsl U3-3a MPOXOXK-
JIeHUsT TIPSIMOU BOJIHBI B BHJIE OOBIYHOH IMTOIEPEYHOU JIEKTPO-



MarHuTHO# BoJHbI 0T CBY-ycumurens ¢ JOImyCTUMBIM Meperpe-
BOM (IpUpALICHUEM ) HA 44°C (mo TY nipu HapykHOM Temrnepa-
Type 40°C u mowmoctu B KaGese 100 Br), cenoBaresbHO npu

HapyXXKHOU TeMIieparype 20°C HarpeB KaoOeJis OyzeT paBeH 60 oc,
4TO ¥ HAOMONAIOCh B 3KcneprMeHTe ¢ MomHocTh 100 Bt pu
coracoBaHHoi 50-0MHOI Harpy3ke Ha kabesie, TaKO Harpy3Kou
Obl1a OOBIYHAS HITHIPEBasl YETBEPTbBOJHOBAsI aHTEHHA C IPO-
TUBOBECOM COIJIacOBaHHas ¢ Kabesnem. OQHAKO, IPU HOIKJIO-
YEHUU 3ay3/IEHHON MATHAUATUIMCTHUKOBOM aHTEHHbI Ha pUC.

3 HaOmogacs meperpeB Ha 132°C BroTs IO TUIABJIEHUA MO-
JIMATUIICHOBOTO JUAJIEKTPUKA KaOessl ¢ TeMIlepaTypoi TUiaBlie-

mns 140°C (c y4€TOM TEIJIONPOBOAHOCTH ITOTO AUIIEKTPUKA
BHYTpH KabeJis1) Tocye yero kadesb paspymiaics. Temmeparypa
HENOCPEACTBEHHO U3MEPSIACH KUJKOCTHBIM (HE PTYTHBIM) TEP-

MOMETPOM CO IIKaJION A0 150°C, KOTOpBIN Kacajcs kadens. To
ecTb gocturaics ekt npeodpazoBaHusi SHEPrur 3pupa ¢ KO-
s dunmenTom npeodpazoBanus ueprun dcpupa (KI13) KI19=

132°C/44°C=3 = 300%, no nockomsky KITJ CBY-ycumrens
morHoctH paBHo KIT;=0,3=30%, To cymmapubii KITJI crenna
KITI=KIId-K119=0,9=90%, uT0, 011HaKO, HEAOCTATOUHO /IS
CO3JIaHUSI CBepXeTUHUYHOTo OectormmBHOro reaeparopa (BTT),
- OUEBUAHO, 4yTO HeoOxoaumo moBbimark KIJL ycunuresns morir-
Hoctu cBbiiie 30% (310 peasibHO) WM noBbiarh KI13, uto n
OBLIIO CIIEJIAHO.



3.2.2 KomOnmHIPOBaHHBII BOJHOBOJHO-KOAKCHAJIbHBIH
CTeH]] /UISI MArHeTPOHHOr0 MpeoOpa3oBaHUsI dHEPrUH
3c¢upa B miIa3MousI.

C 1estpio NosTyYeHusi BO3MOKHO OOJIbIIEN TEMIOBOM MOIITHO-
crTHy,

KOTOpasi FTeHepUpyeTCs U3 3(prpa B METAUTMYECKOM (METHOM)
BOJIHOBOJIE CO3/1aH CTE€H, KOHCTPYKTUBHAS 1 U3MEPUTEJIbHASI CXe-
Ma KOTOpOro MoKa3zaHa Ha puc. 14.

O 0 1 O\ N A~ W=

—t =t OO0 = e e
D AN A~ W = O



Puc. 4 3meputenbHas cxema CTeHaa

Ha puc. 4 nokazan 1 maruerpon 2M214-39f momHoCTh U3-
nyuyenus 1 kBt Ha yactote 2,46 I'T1i ¢ ero KITJL =70 %, mitei-
peBasi aHTEHHa 2 MarHeTPOHa, MEAHBIN MPSIMOYTOJIbHBIN BOJTHO-
Bo 3 ceueHuem 80x40 MM, MEIHbIM LIEHTPAJIbHBIN CTepKEHD 4
JMaMETPOM 5 MM KOAKCUaJIbHOTO BosTHOBoAA Ha 50 Om, MeqHast
BHEIIHSA 000JI09Ka 5 AruaMeTpoM 14 MM KOAKCHAJILHOTO BOJTHO-
Boja yHOM 310 MM, OH 3achIliaH KBapIEBBIM TIECKOM 15 ¢ 1u-
EKTPUUECKON MPOHULIAEMOCTBIO 4, IIEHTPAJIBHBINA CTEPKEHD 6
13 BoJibppama IuameTpoM 2 MM JjimHou 120 MM /1715 3ay3JIeH-
HOU 5-TH JINCTHUKOBOUM aHTEHHBI 7, aHTEHHA Ha KOHIIE YIUIOIIIe-
Ha M €€ KpOMKa 3aKpyIJIeHa, JBE OMOPHbIE KOPYHIOBbIE BTYJIKH
8 BHEIIHUM JuaMeTpoM 14 MM BHYTPEHHHM JUAMETPOM S5 MM
HIMPUHOM 7 MM, YeTBEPTh BOJIHOBAS IIThIpeBas aHTeHHa 10 mu-
TaHWs 3ay3JIeHHON aHTEHHbI, HACTPOEUYHBIN MopiieHb 11, mTok
nopiHs 12, ynop mroka 13, uH(ppakpacHblii J1a3epHbIA MHAPO-

Metrp MESTEK IR02C ¢ nuana3oHOM U3MepeHust 10 800°C ¢

IOT' PELLIHOCTBIO +2°¢, KBapLEBBIM NIECOK 15, 3ay3/IeHHBbIN TUIa3-
moup, 16. Kepamuueckue BTYIKU 9 U3 OKUCH OepuLlTUsl B KOJH-
4ecTBe 23 IIT. BHEIIHUM JUaMeTpoM 14 MM BHYTPEHHUM Aua-
METPOM 5 MM IIUPUHON 2 MM 00pa3yloT KOAKCHAIbHBIN JIJIEK-
TPAYECKUI PE30HATOP 3ay3JIEHHOM 3JIEKTPOMATHUTHOW BOJIHBI
JUIMHOW 46 MM PaBHOU NOJIOBUHE BOJIHBI C YYETOM TUIIEKTPU-
YeCKOM NMPOHULIAEMOCTH KEPaMUKH U3 OKUCH OepriuInsl paBHOM
6,8. HanpsixeHue nmpoOost 6epusuimeBol KepaMHUKH He MeHee 25



kB/MMm, T.e. Ipy IMPUHE CJI0 BTYJIKHA 4 MM HalpsKEHUE TTPO-
6051 koakcuana e meree 100 kB, KO3 PUIMEHT TETIOMPOBO/-

HOCTH OepUUTHEBOU KepaMuku 250 BT/(M-K0



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npegocraBieH OO0 «Jlurpec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha Jlurpec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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