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BO30Y)KIEHUSI COACPIKUT MHOKECTBO BUTKOB M YACTHYHO M30JIUPYIOUINI CIIOH. YIOMSIHYTOE€ MHOKECTBO
ButkoB comepkut BTCII-mMatepran u MeTamnueckuil ctabmim3arop. YacTHYHO W3OMUPYIOIIUHN CIIOH
paszmensieT BUTKH, TaK YTO TOK MOXET IepepaclpeneisiTbcs MEXIAY BUTKAMHM dYepe3 YacTUYHO
M30JIMPYIOIUH 0. YaCTMYHO H30IMPYIOIIUN CIIOM CONEPIKUT JIEKTPONPOBOIAHBINA CIIOHM, a TaKxke
MEPBBIM U BTOPOW M30JIUPYIOLIUE CIOU. DIEKTPOIPOBOAHBIN IO MOKPHIT HA OIHOM CTOPOHE MEPBHIM
U30JIUPYIOLIUM CJIOEM U Ha JPYTOi CTOPOHE BTOPBIM H30IMPYIOIMM cinoeM. Kaxaplii n3onupyromuii con
UMEEeT OJHO Win 0oJee OKOH, uepe3 KOTOPBIE MOXKET OCYIIECTBIATHCS 3IEKTPUIECKUI KOHTAKT MEXIY
BUTKaMHU U 3JIEKTPOIPOBOIHBIM ciioeM. OKHa B NEPBOM H3OJIMPYIOUIEM CJI0€ CMEUIEHBI B IUIOCKOCTH
3JIEKTPOIPOBOAHOM MOJIOCH! OT OKOH BO BTOPOM M30JIMPYIOIIEM CIIOE.

IV  LyTteld0l
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YACTHYHO U30JIMPOBAHHBIE BTCII-OBMOTKH

OBJIACTb U30OBPETEHHA

Hannoe mobperenue ornocurcst K BTCII-marauram.

IMPEAITOCBIJIKHY U30PETEHU A

[Tpobnema nMpou3BOACTBA TEPMOSAEPHON SHEPTUH YPE3BBIYAMHO CloXKHA. [IpenoskeHsbl
MHOTU€ aJIbTEPHATUBHbBIE YCTAHOBKM MOMHMO TOKaMAaKOB, OHAKO K€ HU OJJHA U3 HUX €lle He
Jalld HUKAKUX Pe3yJIbTaTOB, CPABHUMBIX C IMOKAa3bIBAEMbIMU HAMIYUYLIUMH 3KCIUTyaTHPYEMbIMU
B HacTosllee BpeMs TokaMakaMu, Takumu, kak JET.

ITocne nauana crpoutenbcrBa ITER - camoro kpymHoro M camoro AOpPOTroCTOSIIErO
(Oonee 15 wmuMapmoB €BpO) M3 BCeX Koraa JMOO CTPOMBINUXCS TOKAMAKOB, MHPOBBIE
UCCIIEIOBAHNSI TEPMOSIIEPHOTO CHHTE3a BOILIM B HOBYKW (asy. VYcememHsli mnyTe K
NPOMBIIIJICHHOMY TEPMOSIIEPHOMY pPEakTopy TpeOyeT MIUTENbHOTO MMIYJbCa M CTaOMIBbHON
paboThl B COUYETAaHUH C BBICOKOW 3(h(HEKTUBHOCTBIO, HEOOXOMUMON NJisi TOrO, 4TOOBI CIeNaTh
NPOM3BOJCTBO 3JIEKTPOIHEPTHH SKOHOMHYHBIM. JTHU YCJIOBHUS OCOOEHHO TPYIHO JOCTHXKHMBI
OJHOBPEMEHHO, a 3aIUIJAHUPOBaHHAs Mporpamma MoTpeOyeT MHOTUX JIET 3KCIePHUMEHTAIbHBIX
uccienosannii Ha ITER 1 Apyrux ycTaHOBKaxX TEPMOAIEPHOTO CUHTE3A, & TAKKE TEOPETUIECKUX
U TEXHOJIOTMYECKUX uccaenoBanuil. IIIMpoko pacmpoCTpaHeH MPOTrHO3, YTO MPOMBIIIJIEHHBIN
TEPMOSIIEPHBII PEakTop, pa3padaThiBaeMbIil STUM IyTeM, He OyneTr noctpoeH 1o 2050 r.

UroObl MONMYYUTh PEAKLUU TEPMOSIIEPHOrO CHHTE3a, HEOOXOAUMBIE JIsi SKOHOMUYHOM
BBIPAOOTKH 3JIEKTPOSHEPruu (T.€. MOJYUYeHHs] OTAAaBa€MOM MOIIHOCTH, ropas3zno Oojbluel, uem
NOABOMMAsT MOILITHOCTh), TPAAULIMOHHBIM TOKaMaK AOJDKEH OBITh TMTAHTCKUM (IIPUMEPOM Yero
apiasiercst ITER), Tak uro Bpems ynepxkanust OSHepruu (kotopoe, rpydbo roBops,
MPOMOPLIMOHATIBHO 00bEMy TUIA3MbI) MOXKET OKa3aThCsl JOCTATOYHO OOJBIINM, YTOOBI Mjazma
CTaJla JOCTaTOYHO TOpsAUeH AJis MPOXOXKACHUS TEPMOSAEPHOIO CUHTE3A.

B WO 2013/030554 onucaH ajbTepHATUBHBIM MOAXOA, MNPenyCMaTPUBAOLIHIA
NPUMEHEHHE KOMIIAKTHOTO C(epruuecKkoro TOKamaka, 4YTOObI HCIOJb30BATh €ro B KAauecTBe
UCTOYHMKA HEUTPOHOB WMJIM HUCTOYHHMKA BSHepruu. Popma mminasMbl C HHU3KUM aCHEKTHBIM
OTHOILIEHHEM B KOMIIAKTHOM C(HEepHYECKOM TOKaMaKe YBEJIHMYMBAET BPEeMsl VAP KaHUS YaCTHUI] U
obecrnieuyrBaeT BBIPAOOTKY TOJIE3HOH JJIEKTPUYECKOW MOIIHOCTH B 3HAYUTENIBHO MEHBIIEH
ycTaHOBKe. Bmecre ¢ TeM, HEOOXOIUM LIEHTPAJIbHBIA CTOJO Majoro JUaMeTpa, YTO BBI3bIBAET
TPYAHOCTU MPOEKTUPOBAHMS YAEPXKUBAIOLIEro IiasMy marHuta. IlepcriekTuBHasi TEXHOIOTHS
IUIl TAaKUX MAarHUTOB TIPENCTaBlIeHa BbICOKOTeMIepaTypHbIMH cBepxnposomsmumu (BTCIT)
00OMOTKaMU.

Eme onaum norennuanbabiM npuMeHeHneM BT CII-MarauToB sIBISIFOTCS yCTPOMCTBA JJIst
NPOTOHHO-NTyueBol Tepanuu. IIporonHo-mydeBast Ttepammst (IIJIT, Takke w3BecTHas Kak
NPOTOHHAs Tepamusi) sBISETCS BHIAOM JIYYEBOH Tepamuy 3apsDKEHHBIMH — YaCTHIIAMHU,
UCTIONBb3YEMOH IPHU JICUEHHH PAKOBBIX 3a00JIeBaHUM (M APYTUX COCTOSIHUM, KOTOPBIE pearupyrT
Ha paauoreparuro). Ilpu IJIT, x mecty neueHust (HampuMep, OMYXOJIM) HAMPABISAIOT My4OK

IPOTOHOB.



Eme onnoit mogoOHOI Tepanueli siBnsieTcs: npoToH-0op-3axBarHas Tepanus (I1B3T), mpu
KOTOpOil Oop-11 BBOAAT Ha MECTO HAXOXKAEHUS IIEJIEBOIO OOBEKTa, a ISl WHUIIMMPOBAHUS
peakimn p''B — 30 HCMONB3YIOT My4OK NPOTOHOB. TeM K€ ammapaToM MOYKHO
BOCITOJIb30BAaThCA € LIEIIBIO BbIAAYH My4KoM npoToHoB nubo ais IUIT, mibo nos [TIB3T.

ITyuxku nporonos ains IUIT u IIB3T renepupyroTcs yCKOPUTENSAMU YaCTHL], TAKUMH, KaK
LUKJOTPOHBbI WU JUHEHHbIE YCKOPUTENU. Y CKOPUTEIH, B TUIWYHBIX CJIy4dasx NPUMEHsEMbIe
aust TUIT m ITB3T, 0ObIMHO MOPOXKAAIOT MPOTOHBI € SHEPTHSIMU B AuamnazoHe ot 60 1o 250 M»aB,
Ipyu 3TOM HamOojiee MOINHAS JKCIUTyaTUpyeMmas B HACTOsLIee BpPEMs YCTAHOBKA HMMeEET
MakCUMaJIbHYI0 dHepruro 400 MsB.

Boo01me roBopsi, CymiecTByrOT nBa THNa KOHCTPyKIuu ycraHoBok aisi [LJIT, xoropeie
MO3BOJISIFOT M3MEHSATh yroJl My4yka. B KOHCTPYKLMU MEPBOro THIMA, KaK M300paxeHo Ha ¢wur.7,
yckopurenb 3001 ycranosnen Ha rentpu 3002, koTOpas MO3BOJISIET MOBOPAYUBATL €r0 BOKPYT
nauyenTa 3003 (0OBMHO - BOKPYr TOpH3OHTaNbHOW ocH). [lanmeHTa KianyT Ha TOABIHIKHYIO
kymerky 3004, dro ofecredynBaeT JOMOJHUTEIbHBIE CTENeHH CBOOOABI (Hampumep,
NOCTYNaTeIbHOE IBUKEHHUE U TIOBOPOT BOKPYT BEPTHKAIBHON OCH).

Konctpykuust Broporo tumna m3odpaxkeHa Ha ¢ur.8. Yckopurenb 4001 HemonBrkeH, a
NYYOK HANPaBJLSIIOT HA MAIMEHTA MIOCPEACTBOM YIIPaBISIFOINX MarHuToB 4002 (B o0meM ciydae
BKJIFOUAIOIINX B C€0s1 U KBaAPYTIOJIbHbIE, U TUIIOJIbHBIE MATHUTBI), [0 MEHBIIEH Mepe HEKOTOPbIE
U3 KOTOPBIX HaxoAasTcst Ha reHTpu 4003, Tak 4TO My4OK MOKHO MOBOPA4YMBATh BOKPYT MAaLMEHTa
4004 (HanmpuMep, BOKPYT TOpU3OHTaNbHON ocu). IlanmeHTa kiaayT Ha MOABMXKHYIO KYLIETKY
4005.

JIroOast U3 3TUX KOHCTPYKUMH TpeOyeT, YTOObI MeHTPH MOAAEPKUBAJA 3JIEKTPOMATHHUTSI,
BBITNIOJIHEHHbBIE C BO3MOXKHOCTBIO YIIPABJICHHUsI IPOTOHAMU IIPU 3HEPTUU Iy4YKa, KOTOpas MOXKET
nocturath 400 MbB. D10 TpeOyeT OYeHb CHIIbHBIX MAarHHTHBIX TIOJIeH, M, KaK TaKOBOE,
npumeHeHue BTCII-MarHUTOB MOXET NPUBECTH K 3HAYUTEIbHOMY CHIKEHMIO MAacChl U
rabapuToB 3JIEKTPOMArHUTOB WM TeHTPU, HeoOXomumou mnsi ux aBwkeHus. BTCII-marHUTHI
MO>KHO MCHOJIb30BaTh B MPEAENax YCKOPUTEs], KBAAPYIOIbHBIX MATHUTOB, BXOJSIINX B COCTAB

YHOPAaBJAOIINX MArHuTOB, WKW OUIIOJIBHBIX MArHuTOB, BXOAAIIHWX B COCTaB YIPaBJIAROIINX

MarHuTOB.
CeepxmnpoBozsiiee MaTepHuabl B TUIUYHBIX clyqasix JeNATCS Ha
«BBICOKOTEMIIEPATYPHBIE CBEPXIIPOBOJHUKI (BTCII) 151 «HU3KOTEMIIEPATYPHBIE

ceepxnpoopgaukn» (HTCII). HTCII-marepuansl, Takue, kak Nb u NbTi, npencrasmsitor coboit
METaJlJIbl WM CIUIABbl METAJJIOB, CBEPXIPOBOAUMOCTh KOTOPBIX MOXHO OMHCATh IOCPEACTBOM
teopun bapauna-Kynepa-llpupdepa (BKII). Bce nHu3koTeMmnepaTypHbIE CBEPXIPOBOAHUKU
UMEIOT KPUTUYECKYIO TEMIEepaTypy (TeMmeparypy, BbIlle KOTOPOH MaTepHuaj HE MOXKET OBITh
CBEPXIIPOBOMASIIINUM Ja’ke€ B HYJEBOM MarHUTHOM mosie) Hibke npumepHo 30 K. IToBenenue
BTCII-marepuana He ommcbiBaercsi nocpeacrsoM Teopur BKII, u Takme matepuaipl MOTYT
UMETh KPUTHYECKHE TeMmIrepaTypsl Beiie npuMepHo 30 K (XoTs m crienyer OTMETUTh, YTO
UMEHHO (HU3HUECKHE pas3In4us B cOcTaBe M paboTe B peXHUME CBEPXIPOBOAUMOCTH, a He

kputndeckass temneparypa, onpenensitor BTCII u HTCII marepuansr). Hambonee mmpoko



npumenseMbiMi BTCII sBAsitoTCA «KynpaTHblEe CBEPXIPOBOAHUKNY» - KEepaMHKa Ha OCHOBE
KynpaTtoB (COeAMHEHUH, BKIIOUAIOLIMX TPYMIy OKcuaa Mmeau), - Takue, kak BSCCO, wmm
ReBCO (rne Re - penkoszemenbublil 31emeHT, 00baHO Y miu Gd). Jdpyrue BTCII-marepuanst
BKJIIOYAIOT B ce0s1 MHUKTUABI Jkene3a (Hanpumep, FeAs u FeSe) u nubopar maruus (MgB»).

ReBCO B TUNHMUHBIX Clly4asix U3rOTABJIUBAKOT B BUJE JEHT CO CTPYKTYpPOM, MOKa3aHHON
Ha ¢ur.l. Takas nenra 100 B oOmem ciydae umeer TomuuHy npubiamsuresnsHo 100 MUKPOH u
BKIIO4YaeT B ce0st momiaoxkky 101 (0ObIMHO M3 MOABEPTHYTOTO 3JIEKTPONOIUPOBKE XaCTEIION
TOJIIIMHONW MPUOIM3UTEIbHO SO MHUKPOH), HA KOTOPYIO MOHHO-JIy4eBbIM ocaxknaeHnem (IBAD),
MarHeTPOHHBIM PACIBIJICHUEM MU OPYTUM MOAXOISIIINM METOIOM HAaHOCST psin OydepHbIX
CJIOEB, U3BECTHYIO Kak OydepHbiii maker 102, TommuHoN npubnusutenbHo 0,2 Mukpona. [ToBepx
OydepHoro makera ynoskeH osnutrakcuanbHblii ReBCO-BTCIT cnoit 103 (ocakneHHBI
MOCPEICTBOM XMMHUYECKOTO OCAXKIEHHs U3 MapoBOH (ha3bl METAJUIOOPTAHHMYECKHX COSTUHEHUHN
(XOIM®MOC) wu qpyrum NOIXOISIINM METOJIOM), B THITHYHBIX CIYYasiX UMEFOIIHHA TOJIIUHY
1 muxpon. Ha BTCII-cnoe mocpencTBoM pachbUIEHHs WIH APYTUM MHOAXOISIIUM METOJIOM
ocaxxaeH cyoit 104 cepebpa TonmuHOM 1-2 MUKpPOHA, MOCIIE YEro MOCPEICTBOM raJIbBaHU3ALMH
WIN APYTHM TOIXOSIIIAM METOIOM Ha JICHTY OCaXIeH cTaOwimmsupyroummi cioi 105 menn,
KOTOPBIN 3a4aCTyHO NMOJHOCTHIO UHKATICYJIUPYET JIEHTY.

ITomnoxka 101 obecrieunBaeT MEXaHHYECKYIO OCHOBY, KOTOPYIO MOXKHO IIOJaBaTh
MOCPEACTBOM TEXHOJIOTUYECKOW JIMHUM M TO3BOJIAET BbIPALIMBATh IOCJEAYIOIIHUE CJIOU.
bydepuriii maker 102 HeoOxommm Juisi oOecreueHHs JBYXOCHO TEKCTYPHPOBAHHOU
KPUCTAJUTMUECKON MaTpuipl, Ha koropoil Oynmer pactu BTCII-cnol, u mnpemoTBpammaer
xumudeckyro nuddysuro  snemenToB u3  nomnoxku B BTCIL, Hapymaromyro — ero
ceepxmnpoBoasimue cBoiictea. Cnoit 104 cepeOpa Heobxonum s obecredeHHsi TTOBEPXHOCTH
pasmena ¢ HuskuM conporuBieHneM or ReBCO x crabwmmsupyromeMy CJoo, a
crabunusupyromuii cior 105 obecrneyrBaeT aJbTepHATUBHBIN MyTh TOKA B Cliy4yae, €CJIH KakKasi-
mbo yacte ReBCO mepecraer ObIThb CBepXmpoBOAsIIeH (MEPEXOOUT B «KHOPMAJbHOE»
COCTOSIHHE).

B nomonHeHne Kk 3TOMY, MOXKHO M3roTaBiuBaTh «oTcioeHHyr» BTCII-nenty, koTopas
HE HMMeeT MOMJIOXKKU M OypepHOro makera, a BMECTO HHUX HMeeT CJIoM cepedpa Ha obenx
cropoHax BTCII-cnost. JlenTa, koTopasi umeer momioxky, Oyner umeHoBatbcst BTCII-nenroit
«Ha MOJJIOKKEY.

BTCII-nenter MokHo komnoHoBaTh B BTCII-xabemn. BTCII-kabenb comep:kuT OnHY
wu 6onee BTCII-neHT, KOTOpBbIE COEAMHEHBI BAOIb CBOEH JJIMHBI MOCPEICTBOM MPOBOMISILETO
matepuana (o0braHO - Memu). BTCII-nmeHThl MOXXKHO pacmonaraTh OIHY Haa Jpyrou (T.e.
pacrionarate Tak, yto BTCII-ciou cTtaHyT napajuiebHBIME), UM BO3MOXKHA HEKOTOpas Apyras
KOMITOHOBKA JIEHT, KOTOpasi MOKET H3MEHSThCA BIOJIb JUIMHBI Kabens. IlpumeuarenbHbIMU
ocoObivu ciydasmu BTCII-xabeneit sBnstorcss onuHouHble BTCII-nentst ' BTCII-mapsl.
BTCII-napel conepsxat napy BTCII-nenrt, pacnonoxenssix Tak, uro BTCII-ciou craHoBsTcs
napaienbHeIMU. Eciii ucnonb3yroT JeHTy Ha noasoxkke, To Bo3MoskHbel BTCII-naper Tuma O (c

BTCII-cnosimu, oOpameHHbiMH Apyr K apyry), tuma 1 (¢ BTCII-cmoem opHOI JneHTHI,



oOpaleHHbIM K MOAJIOKKE APYroi) win Tuma 2 (¢ MOAI0KKaMU, 0OpaIleHHBIMU APYT K IPYTY).
Kabenu, conepskamue Gonee 2-X JIEHT, MOTYT IPEeNyCMaTpUBATh HAJIMYNE HEKOTOPBIX MM BCEX
nent, uMmeromuxcsi B BTCII-napax. YnoskeHHble Ipyr Ha Apyra JIEHTbl MOTYT IpEAyCMaTpUBaTh
paznmuunbie komnoHoBKH BTCII-nap, yame Bcero - audo cromy u3 mapsl Tauna 1, iudo crony u3
napsl Tvna O u (uaM, 4To SKkBHBaJeHTHO) mapel Tuna 2. BTCII-kabGemun moryt comepkatb
KOMOWMHAIMIO U3 JIEHTHI Ha MOJIOKKE W OTCIIOEHHOH JICHTBI.

IIpu omucanuu OOMOTOK B 3TOM JAOKYMEHTE OYyAyT yHOTPeONSAThCS CIEAYIOLIHe
TEPMUHBIL

o «BTCII-kabenb» - kabenb, comepxkamuii omHy wiu Oonee BTCII-neHT, B 3TOM
onpenenenun, onuHouHast BTCII-nenra npencrasinsier codoii BTCII-kabens;

o «BuTOK» - ceknusi BTCII-kabens B mpenenax oOMOTKH, OXBAThIBAIOIIAsl BHYTPEHHOCTD
O0OMOTKH (T.€. BUTOK MOYKHO CMOJIEIUPOBAThH KAK HEKOTOPBIN 3aMKHYTBIA KOHTYD),

® «Iyra» - HENpPEepBIBHBIA OTPE30K OOMOTKH, KOTOPBIH MEHbINE, 4eM BCS OOMOTKA
BO30Y KICHHUS,

® (BHYTPEHHHMI WM BHEIIHUH paguyc» - pPAacCTOSHHE OT LeHTpa OOMOTKH IO
BHyTpeHHel nin BHeHed nosepxHocTH BTCII-kabeneii;

® «BHYTPEHHHUH WM BHEIIHUI MEPUMETPY» - PACCTOSIHUE, MU3MEPsieMOe 0 BHYTPEHHEH
WIN BHEIITHEH MOBEPXHOCTH OOMOTKH,

® (TONIIMHA» - paauajibHas riIyOMHAa BCEX BHUTKOB OOMOTKH, T.€. Pa3HOCTb MEXAY
BHYTPEHHHUM U BHEIIHUM PainyCaMH,

® (KPUTHYECKUH TOK» - TOK, npu kotopoM BTCII nomxkeH CTaHOBUTBCS HOPMalIbHBIM
NPOBOAHMKOM IPU 3aJJaHHBIX TeMIepaType U BHemHeM MarHuTHoM nodie (rae BTCII cunraercs
«CTaBLIMM HOpPMAJbHBIM» B HEKOTOPOH XapaKTePUCTHUECKON TOYKE Mepexoja B COCTOSHHE
CBEPXIPOBOAMMOCTH, Inie JieHTa renepupyer Eo BombT Ha merp. Breibop Eo mpousBonen, HO
00BIYHO ero mpuHUMAKT cocTaBisitomuM 10 unu 100 MUKPOBOJIBT HA METP);

® «KpUTHUECKas TemIieparypa» - Temreparypa, npu koropom BTCII pomken
CTaHOBHTbHCS HOPMAIBbHBIM MPOBOAHUKOM, MPH 33JAHHBIX MATHUTHOM I10JIE M TOKE;

® (IIMKOBasi KpUTHUYECKas TeMmIeparypa» - temmeparypa, npu koropom BTCII nomxen
CTaHOBHUTHCS HOPMAJIBHBIM MPOBOAHUKOM O€3 3aJaHHOTO BHEIIHErO0 MAarHUTHOTO TOJI U TIPH
npeHeOpeKUMO MaJIOM TOKE.

Boo01me roBopsi, CyImecTBYOT 1Ba TUIA KOHCTPYKIMHA OOMOTOK MAarHUTOB, TIOJy4aeMble
NyTeéM HAMOTKH WJIH MyTeM COOpKH HECKONbKHX cekuui. HamareiBaemble OOMOTKH, Kak
nokasaHo Ha ¢ur.2, msroraBnuBaroT, HamatbiBas BTCII-xkabenp 201 Bokpyr mabmona 202
HerpepblBHON crmpanbro. [llabnmony mnpumaroT ¢Gopmy, oOeCmeunBarInyrd TpeOyeMblit
BHYTPEHHUI TepUMeTp OOMOTKH, M 3TOT MIA0JIOH MOXKET OBITh KOHCTPYKTHBHOH YacTbIO
rOTOBOM HAaMOTaHHOH OOMOTKM WJIM MOXET OBITh H3BJIIEKAEMBIM TIOCIE€ HAMOTKH.
CexumoHnpOBaHHBIE OOMOTKH, KaK CXEMAaTUYECKU MOKa3aHO Ha (Ur.3, COCTOAT M3 HECKOIBKHX
cexmii 301, kaXknas U3 KOTOPBIX MOXKET COAEpPKAaTh HECKOJBKO Kalenel WM MpenBapuTeIbHO
copmupoBaHHBIX cOOpHBIX WHH 311 U koTopele OyayT 0Opa3oBbIBaTH AYry BCeil OOMOTKH B

nenoM. Cekiuy coeMHEeHbl coeanHeHussMu 302, o0pasysi KOMIUIEKTHYIO OOMOTKY. XOTsl BUTKHU



oOMoTOoK Ha ¢ur.2 m 3 A SCHOCTH IOKa3aHbl PA3HECEHHbIMH, B 0OmeM ciydae Oyner
NPUCYTCTBOBATh MaTepuals, COCOUHSIOMUI BUTKH OOMOTKH, HAlpuMep, OHH MOTYT OBITh
O00BEIMHEHBI ITyTEM 3aJIUBKU STIOKCUAHON CMOJIOMN.

OOMOTKHM MOTYT OBITh «M30JHPOBAHHBIMIY - UMEIOLINMHU 3JIEKTPUIECKH U30JIUPYIOIUT
MaTepuas MeXIy BUTKaMH OOMOTKH, WIN «HEH3OJMPOBAHHBIMU», M B 3TOM CJIy4ae BHUTKHU
OOMOTKH 3JIEKTPHYECKH COEAMHEHbI PaJMaIbHO, a TaKKe BAONb Kabenel (Hampumep, myTeMm
COENMHEHUs] CTAOWIM3UPYIOIMX CJIOEB MEAM IIOCPEACTBOM IMAaHKM MM 32 CYeT
HEMOCPEeACTBEHHOTO KOHTakTa). [To mpudrHam, koTopble OyayT monpoOHee pacCMOTPEHbI HIKE,
HEHU30JIMPOBAHHBIE OOMOTKH HETPUTOHBI JJISl CO3aHHSI CHITBHOTIONBHBIX OOMOTOK.

Ha ¢ur.4 nokazaHo cedeHHe HAMOTAHHOH OOMOTKM OCOOOrO THIA, M3BECTHOW Kak
«miockass obmotka», B koropoi BTCII-kabGenu 401 obepHyThl, 00pa3ys IUIOCKYEO OOMOTKY,
aHAJIOTHYHO OOMOTKE Kpacsmeid JieHTl. [lmockue OOMOTKHM MOXKHO M3TOTABIMBATH C
BHYTPEHHUM MEPUMETPOM JIt0OOH naBymepHO# ¢opmel.  Ilmockre OOMOTKH —3a4acTyro
NPeayCMaTPUBAOT B BUIE «CIBOSHHOU IIOCKON OOMOTKMY», KaK MOKA3aHO B CEUEHUU HA Qur.S,
KOTOpasi COAEPKUT ABe uiockue oOMotku 501, 502 ¢ HaMOTKOI B MPOTHUBOIOJIOKHBIE CTOPOHBI
NPy HATUYUK M30Jsiuu 503 MeXay TUIOCKUMH OOMOTKaMH M C BHYTPEHHMMH KOHTaKTHBIMHU
BbIBoZamMu 504, cOeAMHEHHBIMHU JIPYr IPYroM. JTO O3HA4aeT, 4TO JUJIsl MPOMyCKaHHWE TOKa II0
BUTKaM OOMOTKH U T'€HEPUPOBAHUS MArHUTHOTO TMOJISl HANPSDKEHHE HA/lO TMOJaBaTh TOJNBKO Ha
BHEIIHUE KOHTAKTHBIEC BIBOABI 521, 522, KOTOpBIE OOBIYHO JOCTYITHEE.

CYINHOCTD U30OBPETEHUA

B cootBeTcTBUH € MEPBBIM ACMEKTOM H300PETEHHs MPEAJIOKEHA BBICOKOTEMIIEpATypHas
ceepxmnpoopsimasi (BTCII) obmotka B0o30y:knenusi. BTCII-oOMoTka BO30YXIEHUS CONEPIKHUT
MHOKECTBO BHUTKOB U 4YaCTHUYHO M3OJUPYIOLIUN CJIOH. YIOMSHYTO€ MHOXECTBO BHTKOB
copepxkut BTCII-marepuan u meraummdeckuii crabunmsatop. YacTHYHO M30JUPYIOLIMHA CIIOH
pasfenser BUTKHU, TaK YTO TOK MOXKET MEpepacHpenesaTbCs MEXAy BUTKAMHU 4Yepe3 YaCTUYHO
M30JIMPYIOLIUNA cjiol. YaCTUYHO HM3OJUPYIOUIUN CJOW COAEPIKUT 3JIEKTPONPOBOIHBIN CJION, a
TaK)K€ TMEePBbI U BTOPOM H3OJUPYIOLIUE CJIOU. DJIEKTPONPOBOAHBIN CIIOW MOKPBHIT HAa OJHOU
CTOPOHE MEPBBIM H30JUPYIOIIMM CJIOEM M Ha APYroil CTOPOHE BTOPBIM H3OJIUPYIOLIUM CIIOEM.
Kaxppiii m30aupyromuii  cioli uMmeeT OAHO wid Oojiee OKOH, uepe3 KOTOpPble MOXKET
OCYILECTBIISITECS SJEKTPUUECKUH KOHTAKT MEXKIy BUTKAMU U 3JIEKTPONPOBOAHBIM cioeM. OkHa
B [IEPBOM HM30JMPYIOLIEM CJIO€ CMEILIEHBI B INIOCKOCTH 3JIEKTPONPOBOAHON MOJIOCHI OT OKOH BO
BTOPOM H30JIUPYIOILEM CJIOE.

B cooTBeTcTBUM CO BTOPBIM aCIEKTOM H300PETEHUS MPEJIOKEH CIOCO0 M3TOTOBICHHUS
BTCII-oomotku B0o30yxknenus. ObecneunBaror BTCII-xabens, conep:xamuii BTCII-matepuan
U Merajuimdeckuii crabwnmsarop. OOecneunBaOT YaCTHYHO H3OJUPYHOMMA ciaod. YacTuduHO
W30JIUPYIOLIUN CJIOH COAEPKUT 3JIEKTPONPOBOAHBIN CJIOH M MEPBBIA U BTOPON H30JUPYIOLINE
CJION. DJEKTPONPOBOHBIN CJION MOKPHIT HA OAHON CTOPOHE MEPBbIM U30JUPYIOIINM CJIOEM U Ha
IPYrof CTOPOHE BTOPBIM U30JUPYIOLIUM Cl0oeM. KaxkapIil H30IMPYIOIIHNI CJIONH UMEET OHO WIH
Ooee OKOH, Yepe3 KOTOPbIE MOKET OCYLIECTBIISTHCS IEKTPUUECKUI KOHTAKT MEXY BUTKAMU U

QJICKTPONPOBOAHBIM CJIOEM. OkHa B NEPBOM M3O0JUPYHOLIEM CJIO€ CMCIICHbBI B ILJIOCKOCTU



3JIEKTPOIPOBOIHOIO CJIOSI OT OKOH BO BTOpoM m3onmpyromem cioe. BTCII-kabenb u 4vacTUaHO
M30JIUPYIOLUI cloi coOpaHbl Tak, 4ToObl oOpaszoBars BTCII-00MoTKy BO30YXI€HHs, TaK YTO
TOK MOXeT mnepepacnpenensiteesi Mexkay Butkamu BTCII-xabenss depe3  4acTUYHO
U30JIMPYIOLIUN CIION.

B cooTBeTcTBUM C TPETHUM aCIEKTOM U300PETEHHUs MPENJIOKEHA BBICOKOTEMIIEPATYPHASI
ceepxnposopsimas (BTCIT) odmorka Bo3Oy»kneHus, umeromas paguyc oonpire S0 cM, npuyem
BTCII-o6MoTKa BO30YKIEHHS UMEET MHOKECTBO BUTKOB, copepskamux BTCII-marepuan, npu
STOM BUTKH PAaCIIOJIOKEHbI TaK, YTO TOK MOXKET IMepepacrpenessiTbCs MEXKAY BUTKAMU 4epes3
PE3UCTUBHBIA MaTepHUal.

B cooTBercTBMM € YeTBEPTBIM  aClEeKTOM  M300pETeHHsT  TPEeaIOKeHa
BeICOKOTeMMeparypHasi ceepxmpoonsmias (BTCIT) odmoTka BO30yXaAeHuUs, UMEIOIIas paanyc
6ombme 50 cm, mpudem BTCII-oOmoTka BO30OykneHust mmeer BUTKH, copepkamme BTCII-
MaTepuaj, TMPU 5TOM BUTKH Pa3/eJCHbl MaTepHaOM, OOECIEeUYMBAIOIINM MEPEXOa MeTajll-
U30JIATOp, MUMEIINUM MEPBOE YAENbHOE COMNPOTHBIIEHHE MpU MEepBOil TeMmeparype, KOTopas
MeHbIIIe, YeM NMuKoBas kputuueckas temneparypa BTCIL, u Bropoe, Oosee HuU3KOE yneabHOE
COTIPOTHUBJIEHHUE TPU BTOPON TeMIlepaType, KOTopasl Bblllle, YeM NepBas TeMIepaTypa.

B coOTBETCTBHM C MATHIM aCIEKTOM H300pETEHHs MPEMAJIOKEH TEPMOSAEPHBIA PEaKTop
TUna «ToKamak», copepxammii BTCII-oOMOTKy BO30yXKIE€HHS B COOTBETCTBHU C JIFOOBIM W3
MePBOTO, TPETHETO WK 4eTBepTOro acmnekros, npudeM BTCII-oO0MoTka BO3OYKIEHUS SBISIETCS
OmHOW ™3 OOMOTKM BO30YKACHHsS TOPOUIAIBHOTO TMONSI MJIM OOMOTKH  BO3OYKACHHS
NOJIOUATIBHOIO MOJIS.

B cooTrBercTBMM C IIECTBIM aCHEKTOM H300peTEeHUs] NPEeNioKeHa YCTAaHOBKA IUis
nporoHHo-ny4deBori  Teparmmu  (IJIT), comepxamas BTCII-oOMoTKy BO30ysKHeHHsT B
COOTBETCTBHM C JIFOOBIM M3 IEPBOrO, TPETbEro WM 4YeTBepTOoro acmnektos, npuuem BTCII-
00MOTKa BO30OYKICHUS SBJISIETCS] OMHOMN H3:

oOMOTKHM BO30OY KAeHuUs1 yekopuTeist yecraHoBku 1uist TTJIT;

IOUMOJBHOTO WJIM KBaJpPyMOJBHOTO MAarHUTa CUCTEMbl YIPABJIEHUS IYYKOM IMPOTOHOB
ycranoBku nist [TJIT.

JIONOJTHUTENIbHbIE BAapUAHTBI OCYLIECTBIEHHS HW300PETEHHs W3JIOKEHbl B KOHILE
OINMMCaHMS U B ocienyromei Gpopmyse usodpereHus.

KPATKOE OITHCAHUE YEPTEXKEN

Ha ¢wur. 1 npencrasneno cxematuueckoe n3obpaxenue BTCII-nenHTsr,

Ha (ur.2 npencraBieHo cxemaruyeckoe n3oopakenne HamoranHoi BTCII-o6moTky;

Ha ¢ur.3 npeacTaBiIeHO cxeMarmueckoe wu3oOpaxkenue cexkunonuposanHo BTCII-
0OMOTKH;

Ha (pur.4 nmpencTaBIeHO CXeMaTHYeCKOe U300paKeHNe CEUSHHS TUTOCKOW OOMOTKHY;

Ha (Ur.5S TpeacTaBICHO CXEMaTHYeCKOe H300pakeHHWE CEYeHHs CABOEHHOH IUTOCKOHN
0OMOTKH,

Ha (ur.6 mokas3aHbl TOK, HANPSDKEHHE M MOLTHOCTh B YACTMYHO W30JIMPOBAHHON OOMOTKE

BO BpEMA JINTHENHOTO HapaCTaHUA TOKa U NEPEXO/a B YCTaHOBHBMHﬁCH PEXUM,



Ha ¢ur.7 NpencTaBleHO CXeMAaTHYeCKoe H300paKeHne YCTAHOBKU JMJIsl MPOTOHHO-
Jy4€BOH Tepanuy,

Ha ur.8 mpeacTaBIeHO CXxeMaTH4ecKoe N300pakeHNe NONOTHUTENbHON YCTAHOBKU AJIS
IIPOTOHHO-JIy4€BO TepaIuu,

Ha ¢ur.9A npencTaBieHO CXeMaTUYECKoe N300pakeHNe YaCTHYHO H30JIUPYIOINEro CIIOS,

Ha ¢ur.9B npencrasieH BUI COOKY YaCTUYHO U3OJHPYIOIIEro CJI0s COrIacHO (Gur.9A;

Ha ¢ur.10A mpencraBiIeHO CXeMaTHYeCKoe H300pakKeHHE YaCTUYHO H3OJIHPYIOIIEro
CJIOs1 B COOTBETCTBUU C JIbTEPHATUBHON KOHCTPYKIIUEN,

Ha ur.10B npencTaBieHO ceueHrUe YaCTUIHO U30IMPYIOLIEro CJiosi corjacHo ¢ur. 10A;

Ha ¢ur.l1l mnpencraBaeHO cxeMarHuecKkoe H300pakeHHE MPUMEPHOTO YACTUYHO
U30JIUPYIOLIETO CJIOS,

Ha ¢ur. 12 nokasaHa ajbTepHATHBHAS KOHCTPYKLIUS YACTHYHO U30JIUPYIOIIETO CJIOS,

Ha ¢ur. 13 nokazaH cxeMaTHYECKH I YepTeK MPUMEPHOHN CUCTEMbI HAMOTKH,

Ha ¢ur.14 npencraBieHO MONEPEYHOE CeueHe COOPKH YaCTHYHO M30JIHPYIOLIETO CIIOS U
BTCII-nenTsr,

Ha ¢ur. 15 nokasana npuMepHas 3aJIUTast IPUIoeM 0OMOTKa; U

Ha ¢ur.16 A-E mokazaHa JONOJHHUTENbHAs AJbTEPHATHUBHAS KOHCTPYKIMS YaCTUIHO
U30JIUPYIOLIETO CIIOS.

INOAPOBHOE OIIUCAHHUE

Kak ormeuanocy Bbime, BTCII-oOMOTKH MOryT OBITH H30JMPOBAHHBIMH  WJIH
HEU30JMPOBAaHHBIMU. BooOIme, Hen30aupoBaHHbIE OOMOTKH HE CHHTAIOTCS MOIXOMSIIUMH IS
OONBLUINX  MAarHUTOB, OKCIUIyaTHPYEMbIX B  YCJIOBUAX, TJ€ BO3MOXKHBI  HapyIIEHHS
CBEPXIPOBOAMMOCTH, TaKHX, Kak OOMOTKM BO30OyKaeHHs Tokamaka. OTCYTCTBHE M3OJISALHH
NPEIHAMEPEHHO JOIYCKAeT NepepacnpeneaeHue TOKka He TOJbKO CPEAU JIEHT B Ka’KOM BHUTKE
kalenss, HO W MeXOy BHUTKaMH KaOens. BO3MOXHBI TakkKe «4YaCTHYHO H30JUPOBAHHBIEY
OOMOTKH, TAe MaTepual MeXIy BHTKAMH HMEET COMNPOTUBJICHHE, MPOMEKYTOYHOE MEXKITY
COTIPOTUBIIEHHEM HEKOTOPOTO TPAAMLIMOHHOTO IPOBOJAHHKA, HAlpUMep - MeTauia, W
COTIPOTUBIIEHHEM HEKOTOPOrO TPAaIULMOHHOIO H30JIATOPA, TAKOro, KaK KepaMHUUeCKUd WU
OpraHUYEeCKUN H30JIATOp, HApUMep - HUMEIOIINN yAeIbHOE COINPOTUBIIEHUE, MPEBbIIIAIOLIee
yaenbHoe conpoTupienue Menu B 100-10'° pas unu Haxonsimeecs mexay 10° u 10° Om-metp.
OTtcyTcTBHE NOJMHOW WM YacTHUYHON H30JLUU MEXIY BHUTKAaMH YMEHBIIAeT CKOPOCTb, C
KOTOpPOH pacTeT TeMmmeparypa JIOKAJIbHOTO «ropsiuero msTHa» (HOopMajibHOH 30HBI). CKOpPOCTH
pocta (IIPOCTPAHCTBEHHOTO pacmpocTpaHeHusi) HopmanbHOU (pesuctuBHON BTCII) 30HBI B
BTCII-marauTe 3aBHCHUT OT MHOTHX IapamMeTpoB, a B THIUYHBIX Ciydasx MeHbine 100 mm/c B
aKCHAJIbHOM HampaBiieHUU (T.e. BOOJb Kabens) m nmpudbmmkeHHO B 2-100 HIKe B MOMEPEYHOM
HampaBJieHUH (T.€. MEXKAY COCeIHUMH BHTKaMHu). ToOdYHas CKOpPOCTb pacHpOCTPaHEHUs
HOpPMaJIbHON 30HBI B Ka)X[IOM HAIIPaBJIEHUU 3aBUCUT OT TEIUIOBBIX U 3JIEKTPUYECKUX CBOMCTB
MaTepHajoB U KOHCTPYKLHH HCIIONb3yeMOro kadens. B 4acTHOCTH, HA CKOPOCTh MOIMEPEYHOTO

pacnpOCTpaHCHUA HETATUBHO BJIUAIOT TCIIJIOBLIC CBOMCTBa MaTepHrajia MCXAYy BUTKaAMU.



B Oonpmom maraure (rae JMHEWHBIE pa3Mephbl BBIPAKAIOTCS METPAMH, a PaaHyc,
Harpumep, Oospine 50 cM, U rae pa3Mepsl MOMEPEYHOro CeueHHst OOMOTKH MaJibl (T.€. IPUMEPHO
B 10 pa3 wmeHbme, uyeM HauOOJbIIMA Ta0apUTHBI pasMep OOMOTKH)), TOMEPEUHOE
pacrpocTpaHeHHe MOXKeT OOyCNaBIMBAaTh CHUTYallUI0, B KOTOPOW BCE IONEPEYHOE CEUYEeHHE
OOMOTKH B LIEJIOM OKa)XE€TCSl HOPMAJbHBIM B HEKOTOPOH 30HE, MOKPBIBAIOIIEH MAaJyl AOJIO
nepudepun 0OOMOTKH, IPUBOASL K TOMY, UYTO CYMMAapHBIH TOK BCEX BHTKOB IMOTEUYET TOJBKO B
METAUIMYECKOM CTabMiIn3aTope B Ipesenax HOPMaibHOW ceKuuu. BHe HOpMajbHOH 30HBI
MPOBOIHUKH OCTAOTCS CBEPXMPOBOAAIIMMHE. CONMPOTUBIIEHHE 3TOH HOPMAJIbHON 30HBI SIBJISIETCS
HE TOCTATOYHBIM JIJISl TOTO, YTOOBI BBI3BATH OBICTPOE MAZC€HUE TOKA B MATHUTE, HO MPUBOSIIUM
K cOpOCYy akKyMyJHMPOBAHHOW MATHUTHON SHEPTHHM BCEr0 MAarHWTa B LIEJOM B 3TOT MaJIbId
HOPMaJIbHBIH (PE3UCTUBHBIN) O0BEM, KOTOPBIH pacreT BOKPYr mnepudepuu OOMOTKH JIUIIb
MeuieHHO. Ecnu 3Ty cuTyanuio He 0OHapyKHUBAKOT OBICTPO € T€M, YTOOBI AKKYMYJIHPOBAHHYIO
SHEPrHI0 MAarHUTa MOXKHO OBLIO COPOCHUTH B CONPOTHBIEHHE, BHELIHEE IO OTHOLICHHIO K
00MOTKe, TeMIiepaTypa HOPMAJIbHON 30HbI OyIIET PacTH OYeHb OBICTPO, YTO, BEPOSITHO, BBI3OBET
NpUYHMHEHHE 3HAUNTENbHOTO IOBPEXKIeHUs IPOBOAHUKAM B MpeJesaX HOPMaJIbHOM 30HBL.

Jdnsg  wmameix  OOMOTOK (rme JHMHEHHble pasMepbl  BBIPAKAIOTCS  HECKOJIBbKHUMHU
CaHTUMETpaMH, a pajuyc, HampuMmep, MeHblie 10 cm, U rae nonepevHoe ceueHne UMeeT pasMep,
nofoOHbIN  HambonblIeMy pasMepy OOMOTKH), aKKyMyJHpPOBAHHbIE MAarHUTHbIE SHEPIHH,
BOBJICUEHHBIE B MIPOLIECC, SIBJISIOTCS OTHOCUTENIBHO ropas3io 0osiee HU3KUMH, a HOpMajibHast 30Ha
Oyner paBHOMEpHeE pacHpenessiThbCs M0 BCeMy 00BeMy OOMOTKM 3a KOPOTKOe Bpems. MHbIMU
CJIOBaMH, HApYLIEHHE CBEPXIIPOBOIUMOCTH PACIPOCTPAHSETCS, OXBAaThIBAasi BCIO OOMOTKY [0
TOro, KaK TeMIlepaTypa HOPMAaJbHOW 30HBI INPEBBICUT HEKOTOPOE 3HAUYEHHE MOBPEXKICHUs (B
TUIHNYHBIX CIyYasX MPUHUMAEMOE COCTABIIOIINM 0koJio 200 K).

ITo »Toil mnpuyMHE, HEW3OJUPOBAHHbIE WIM YACTUYHO H30JIUPOBAHHBIE OOMOTKH
CUNTAJINCh XOPOIIMMHU BapHaHTaMH s naccuBHOl 3ammrbl Manbix BTCII-marHutoB ot
HAPYLICHUS CBEPXIMPOBOAMMOCTH, HO HEAJEKBATHBIMHU JUI MACCHBHOHM 3aIuThl OOJBLIMX
MarHuTOB OT HapyIIE€HUsI CBEPXIIPOBOAUMOCTH.

[ToMuMO 3TOrO0  HEHM3OJMPOBAHHAS WM  YaCTUYHO HW30JMPOBAaHHAast  OOMOTKa
JIEMOHCTPHPYET 3a7ePKKy CTaOMIM3AIMM MArHUTHOTO TOJII BO BPeMsl JIMHEHHOTO HapacTaHUs
TOKAa. JTO MPOHCXOTUT MOTOMY, YTO HAMPSDKEHHE, PAa3BUBAEMOE HA MHIYKTHBHOCTH OOMOTKH
BO30y’KHaeT TOK yepe3 MeTtayul Mexny Butkamu. HewmsomuposanHyro BTCII-0OMOTKY MOXXHO
CMOJIEIUPOBATh KaK MMEIOLIYI0 TPU MyTH TOKA - ABA CIMPAJIbHBIX MyTH, KOTOpPbIE CIEAYIOT IO
BTCII-nentam (omuu - B BTCII u oguH - B METaJUIMYECKOM CTAOMIIM3aTOPE), U PagUaIbHBINA
nyTe depe3 Metan (M moOOH  Npyroil  pPe3sUCTUBHBIA  MaTepuan), COSOUHSFOLIUIMA
HEU30JIMPOBAHHBIC WM 4acTUYHO n3onupoBaHHble BUTKH BTCII-kabenss Mexny KOHTaAaKTHBIMU
BBIBOZIAMH OOMOTKH (XOTSI 3TO MOXXKHO CMOZENUPOBAaTh KaK OJAMHOYHBIA MyTh, OH (PAKTHUECKU
NpeCTaBIsieT COOOH CYMMY BCEX PaHalibHBIX PE3UCTHUBHBIX MyTel uepe3 MarHuT). TOJIBKO TOK,
NPOTEKAOLINI 10 CIHUPAJbHBIM IMyTsIM, T€HEPUPYET 3HAUYUTEIbHOE OCEBOE MArHUTHOE IOJIE B
nentpe oomorku. Crnmpanbhbiii nyTh uepe3 BTCII moxHO cMmomenupoBaTh Kak HHAYKTOP,

UMEIOLIUI HHAYKTUBHOCTD L M HyJIeBO€ MIIH ITPEHEOPEKUMO MaJloe CONPOTHBIIEHHE, KOT/a BCS



JIEHTa OKa3bIBaeTcsl cBepxmnpoBozsmed. CrnupanpHbBIH MyTh Yepe3 MeNHbIH cTadunmuzatrop
npoxoautr mnapamienbHo nytu uepes BTCII u umeer Takyr k€ MHAYKTHUBHOCTb, HO
3HauuTeNIbHOE conpoTusieHue. 1o 3Toil npuunHe, NMpeHeOpPeKUMO Malblii TOK T€YET B HEM [0
T€X TMOp, MOoKa B 4acTAx coupanbHoro nytu uepes BTCII He HauHeTcs HapylieHue
cBepxnpoBoauMocTu. Ecimm 310 ciydaercs, n30bITOUHBINH TOK OoJblie KpUTHHEeCKoro Toka Ic
crimpanpHoro mytu uepe3 BTCII mepepacnpenensercs MeXAy CHHPAJIbHBIM IIyTEM uepes3
CTabUIIM3aTOP U PAAHAIbHBIM IIyTEM B COOTBETCTBUU C UX OTHOCHTEIbHBIMU COMPOTHBIICHHUSMU.
PanuanpHbli MyTh TOKA MOMKHO CMOIENHUPOBATH KaK HMMEIOIIUI TpPEeHeOpPEe:KUMO Majyro
UHIYKTHUBHOCTh U TOpasno OoJjbluee COMpoTuBIeHHE R, uem crnmpanbHblii myTh, X0Tsi BTCII
SIBJIIETCS] CBEPXITPOBOSIIUM Ha BCEM €rO MPOTSIKEHUU.

Ha ¢ur.6 mnoka3anbl TOK, HalpsDKeHHE W MOLIHOCTb B YAaCTUYHO H3OJUPOBAHHOM
00OMOTKE BO BpeMs JIMHEHHOrO HAapacTaHUS TOKa U padOThl B YCTAHOBHUBIIEMCS pexume. Bo
BpeMsl TMHEHHOTO HApaCTaHHUs TOKA HEM3OJHPOBAHHON OOMOTKH TOK CHa4aJsla OTEUET TJIaBHBIM
obpazom mno paauanbHOMy myTu (niepwion A Ha ¢ur.6), a morom crabunusupyercs. Benumanna
TOKA, MPOTEKAIOIIETO MO PaAHaIbHOMY IYTH, BBILIE Il OOJiee BHICOKUX CKOPOCTEH JTMHEWHOTrO
HapacTaHus TOKa (TIOCKOJIbKY BBILIE HANpPsDKEHUE, pa3BHBaeMOE 1O criupajbHOMy myTH, L-dl/dt,
- aT0 mepuox B). B xoHue nmueliHOro Hapacranus Toka, dl/dt ymager no Hyns u mpousoiner
nepeHoc Toka Ha crupaibHbii nyTh yepe3 BTCII ¢ nekoropoit mocrosiHHO#H Bpemenu, L/R
(nepuon C). Ilepenoc Toka Oynmer NPOMCXOOUTH B OCHOBHOM Ha CHHUPAJbHBIA MyTh C
HECKOJBKUMH  (TPUONU3UTENBHO TIISITBIO) TIOCTOSHHBIMU BpeMeHH, L/R, mo okxoH4aHuu
JUHEWHOro HapacTaHusi Toka. Kak TakoByIO, IOCTOSIHHYIO BpPEMEHH CIeNyeT BbIOUpaTh,
JOCTUrass B pPE3yJIbTaTe€ OINpPaBJaHHOIO BPEMEHMU JIMHEMHOrO HapacTaHUs TOKA, HaIpUMep,
NOCTOsIHHAsI BpeMeHH 5-10 wacoB Oblia Obl mpuemieMoil Uit OOMOTKH TOPOWAAIBHOTO OIS
(TIT) Tokamaka (naBasi BpeMsi JMHEWHOTO HAPACTAHUS TOKA IPUMEPHO 1-2 CYyTOK).

Ecnu B BTCII-kabene, UCHOIB3yeMOM IJIsi HAMOTKH OOMOTKH, €CTh COEIMHEHHUs, TO
Majiasi 10JIsl TOKa UCTOYHMKA MUTAHUS MPOJOJIKUT TeUb MO paJuaibHOMY MYTH HA MPOTSHKEHUH
nepuoga C. Dta oy MPOCTO MPENCTaBsET COOOM OTHOLIEHWE COMPOTUBJICHUS CIIUPATBHOTO
NyTH K CYMM€ PaJIHaJIbHOTO COMPOTUBJICHHUS (T.€. CYMME BCEX CONMPOTHBJICHHI OT BUTKA K BUTKY
WJIH MEXBUTKOBBIX COMPOTHUBJIEHHUIT) U COMPOTUBJICHUS] CIUPAJILHOTO MYTH.

Beinep:xuBaHue KOPOTKOW IOCTOSHHOM BPEMEHU 3aJ€pPXKKU 3apsAKU B MarHure ¢
Oonbirol L TpeOyeT OTHOCHUTENbHO BBICOKOTO MEKBUTKOBOT'O COMPOTHUBIICHHUS], & BBIACPKUBAHUE
HHU3KOH TeMIlepaTypbl HOPMAJbHOH 30HBI TPeOYEeT OTHOCHUTENbBHO HH3KOTO MEKBHUTKOBOTO
comporuByieHus. [lo3TOMy JKenaTreapbHO HAWTH HEKOTOPBIM CHOCO0 MPOCTOro YIPaBISHHS
CONPOTHUBJIEHUEM OT BUTKA K BUTKY JJIs1 JOCTH>KEHUST HAWJIYYLIEr0O KOMIIPOMHUCCA.

JIONOTHUTENBHBIM ~ COOOpa’k€HHEM TpPH  BbIOOPE  HMIEANBHOIO  MEKBUTKOBOTO
COIPOTHBIIEHHE SIBJSIETCS] TEIUIOBAasl HArpyska, oOyclaBinBaemas BO3OYKIEHHEM TOKa depes
paguanbHOE COMPOTHUBIIEHHE BO BpeMs (pa3bl JMHEHHOrO HApaCTaHMs TOKA MarHuTa (mepuoasl A
u B). Ota gononHUTENBHAS TETUIOBAsI HATPY3Ka, KOTOpasi MOKET ObITh CYIIECTBEHHOU (TOpsiaka
HECKOJIbKUX KBT), He moTpe0yeT IOMOJHUTENBPHOrO OXJIAKACHUS, €CIM OHAa He IPEBBIIIAeT

TEIUIOBYIO HArpy3Ky, KOTOpas BO3HUKAET BO BpeMsl padOThl YCTAHOBKH, COAepsKaineldl 0OMOTKY
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BO30Y)KIEHHs, HANpUMep, HEHTPOHHOW TEIUIOBOW HAarpys3ke ajisi OOMOTOK B TEPMOSIEPHOM
peakrope. DTO BO3MOXKHO MOTOMY, YTO palouas TeIIoBas HAarpy3ka M TEIUIOBas Harpyska
JUHENWHOr0 HAapacTaHUs TOKAa HE MOTYT BO3HHMKHYTh OJHOBPEMEHHO (HarpuMep, MOTOMY, YTO
TEPMOsIIEpPHAsl peakiusi He WHULUUPYETCS, MOKa MArHUT TOPOUAAJIBHOIO IOJII HAXOAMTCS B
nose). KoHeuHo, BO3MOKHO Tak)ke MOCTEINIEHHOE HapacTaHUe TOKa ¢ 0oJiee BBICOKOM TEIIOBOM
Harpy3kod (T.e. Oojiee BBICOKMM CONPOTUBJIEHHMEM OT BHTKAa K BHTKY) U oOecredeHueMm
JOMOJIHUTEIBHOTO OXJIXIEHHUs - 3TO, BooOIIe roBopsi, oOOHmeTcs Hopoke, HO obecreuut
MEeHbLIIee BpeMsl IMHEHHOTO HAPACTaHUS TOKA.

Bo wusbexxaHume TOBpEXKIEHUS W3-3a HApPYLIEHHs CBepXmpoBoauMocTd (ubo B
W30JIUPOBAHHOM, JHUOO B HEW3OJHMPOBAHHONW OOMOTKE) B OOJBIIOM MAarHUTE MOMKHO TaKXKe
BOIJIOTUTh QJTOPUTM AKTUBHOW 3alUThl OT HAPYIICHUS CBEPXIpOoBOOUMOCTH. I[lpu 3>TOM
AITOPUTME AKKyMYJIUPOBAHHYKO SHEPrHI0 MarHuTa MOXHO CcOpacblBaTb B HEKOTOPBIH
KOMITOHEHT, OTJIMYHBIN OT O0JIACTH MAarHuTa, TA€ MPOUCXOIUT HAPYLICHHE CBEPXIPOBOAMMOCTH,
Npekae YeM MOXET MPOU30HTH POCT TEMIIEpaTypbl B OONACTH, IZie MPOUCXOAUT HAPYLICHHE
CBEPXIPOBOAMMOCTH, BBI3BIBAIOIIMNA MOBPEXKACHHE. ODTUM OTJIMYAKOLINMCS KOMIIOHEHTOM
MOXeT OBbITh BHEIIHEE CONMPOTHBIIEHHE MIIM HEKOTOPBIM OTAENbHBINA yH4aCTOK MarHUTa, KOTOPBIH
NOABEPrcss HAPYIIEHHIO CBEPXIIPOBOJUMOCTH, B Tpeaenax OONblLIed AONMH XOJOIHOW MAacChl
MarHuTa (TeM CaMbIM pacrpenensis aKkKyMyJHPOBAHHYIO 3HEPIHI0 MarHura 1o OOJbIIOMY
o0beMy U CHIKas oOllnee NOBBbILEHHE Temreparypbl). Bmecte ¢ TeMm, akTHUBHBIH MOAXOX
TpeOyer, 4ToOBI BpeMs MEXAY WHULUHPOBAHUEM HOPMAJbHOW 30HBI (TakKe HMEHyeMOH
«TOPSTYUM TATHOM») M 3aIyCKOM IIOCTETICHHOTO CHIDKEHHsI TOKa MarHurta («cOpoca») ObUIO
JIOCTaTOYHO KOPOTKUM, YTOOBI TeMIlepaTypa KOHTAKTHBIX BBIBOJIOB TOpSYEro MsATHa ObLia
MEHbBIIIE TEMIIEPaTypbl, NPU KOTOPOHW BO3MOMKHO MpPHYMHEHHE TMOBPEXKACHUS OOMOTKE,
Harpumep, coctasiisia Ol okoso 200 K.

ITosTOoMy kenaresnpbHO pa3paboTaTh CPEACTBA YNPABICHUS MOCTOSHHOM BpEMEHH
OOMOTKM TakuM 00pa3oM, YTO OKaKETCs BO3MOXKHBIM IIOCTENEHHOE HapacTaHWEe TOKa MO0
HEKOTOPOTO YCTOHYHUBOIO MATHUTHOTO TOJISI B IPUEMIJIEMBIX BPEMEHHBIX PaMKax U oOecrevYeHre
IPU 3TOM HEKOTOPOH CTENeHHU MepepaclpenesieHus] TOKa MeKAY BUTKAMU OKOJIO HOPMAaJIbHON
30HBI C HApPYUIEHHEM CBEPXMPOBOAMMOCTU JUJISI OrPAHHYEHHUs] CKOPOCTH YBEJIUYCHUS
TEMIIEPATyPbl TOPSIYETO TSITHA.

Bo3MokHBIMEH MapameTpaMu OOMOTKH, KOTOPbIE MOXKHO H3MEHSTb, YTOOBI BBIOpAThH
NIOCTOSIHHYIO BpeMeHH, L/R, sBistrores:

® MHAYKTUBHOCTB L, KOTOpasi MpornopruoHaibHa KBaapary dnucia N BUTKOB B OOMOTKE;
CJIEZIOBATENIbHO, TIOCTOSIHHYIO BPEMEHU MOYKHO YMEHbBINATh MYTEM YMEHBLICHUS YHCJIa BUTKOB,
BMECTE C TEM, MAarHUTHOE IOJie NMPONMOPLOHANBHO aMIep-BHTKAaM, TaK YTO T'€HEPHPOBAHUE
CHJIBHOTO TIOJISI C TMOMOIIBI0 MAJIOTO YHCJIa BUTKOB MOTpeOyeT Oosiee BHICOKOTO TOKA MEPEHOCa,
9YeM I'€HEepPUPOBAHNE MArHUTOM TaKOT'O K€ IMOJISi C MOMOIIBIO OOJIBINEro YHCia BUTKOB U Oonee
HHU3KOTO TOKA MEPEHOCa,;

® pasiuajJbHOE COMPOTUBJIEHHE OT BUTKA K BUTKY, Rt (rme R=NRr).
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B cootsercTBuu ¢ sTuMu napamerpamu, R npubnmsurensHo nponopipioHansHO NRT, a L
NpUOIM3UTENBLHO TIPONOpIUOHanbHa N% Tak 4to L/R NpUOIM3HMTENHHO MPOMOPLHOHAJIBHO
N/Rr. MunumansHoe 3HaueHue N Oyner 3agaHo TpeOyeMblM MarHUTHbIM noneMm (B) u
MaKCHMaJbHbIM TOKOM Ha kabenb, (I), mockonbky B mnpomnopruonansHa NI IlocTosiHHYIO
BPEMEHH M TEIUIOBYIO HArpy3ky BO BpeMs JIMHEHHOIO HAapacTaHUs TOKa MOKHO YMEHBIIUTH,
UCIIONIB3YSl MEHbIIE BUTKOB, HO 3TO MOTPeOyeT MOBBIIIEHHOrO TOKA, YTOOBI MAarHUT CMOT
CO371aTh 3aJJaHHOE I0JIE.

[TocTosiHHYIO BpEMEHHM U TEIUIOBYIO HArpy3Ky JHMHEHHOTO HApacTaHHs TOKAa TaKXkKe
MOKHO YMEHBIIUTh IMyTEM YBEIHMYEHHs Ka’KIOr0 MEXBHTKOBOTO CONMpOTUBJIeHUST RT. Bmecre ¢
TeM, CIIMIIKOM OoJblioe yBeiamueHne Rt OyIer mpensTCTBOBATH MepepactpeeeHUu0 MEKIy
BUTKAMH, TIOHW)Kasl «MACCUBHYIO 3aIIUTY OT HAPYLICHUS CBEPXIPOBOAMMOCTHY» OOMOTKH, T.€.
CIIOCOOHOCTH  OOMOTKM  BOCCTAHABJIHMBATBCS OT TOpsiMero MsATHA Oe3  HapyIleHHus
CBEPXIPOBOAMMOCTU U 0e3 cOpoca sHepruu u3 oOMOTKU. CHIbHOTOUHBIE Kabenu TpeOyroT
HECKOJIBKHUX JICHT, HECYLIHNX TOK, U JKEJIATEJIbHO MOIAEPKIBATH COMPOTHBIEHHE MEXY JICHTAaMH
B BHTKE OYE€Hb HU3KHM, B YaCTHOCTH, YTOOBI OOECIEUHTh MPHEMIIEMOE IepepacnpeneieHue 1
BBICOKYIO TEIUIONPOBOAHOCTb MEKAY JIGHTAMH; 3TO JeJaeT JIEHTY CTOMKOH K OOpa3oBaHHIO
nedextoB B ceepxnpoBozsiieM ciioe ReBCO. Eciu kakblii BUTOK COAEPKUT MHOKECTBO JICHT,
Tpebyemoe Rt Moxker ObITh ropa3no OOJbIle, YeM COMPOTHUBIECHUE MEXKAY JICHTAMH KaXJIOro
BUTKA, TAaK YTO MepepacrpereNieHle TOKa NPEANOYTUTENbHO OyZeT MPOUCXOAUTh CKOpee B
npenenax BHUTKA, 4TOObI OOONTH AedeKThl, a He MeXIy BUTKAMH, BMeCTe C TeM, Rt mo-
NpekKHEMY JOJDKHO JOIMYCKaTh IepepacrlpenesieHne MeKAy BHTKaMH, 4YTOOBl OrpaHHYHUTh
CKOPOCTb TEIUIOBOTO MPOOOsi ropsivYero MsATHa MU MaKCUMH3UPOBATh BpeMs Al OOHApY KEHHS
npolyiembl 1 cOpoca MarHuTa.

OOGHapy:k€eHO, YTO MPUMEHEHHEe YaCTUYHO N30JIMPOBAHHON OOMOTKH MOXKET 3HAUUTEIIbHO
pacUIMpUTh BPEMEHHOE OKHO MEXIy HWHHUIMHPOBAHHEM TIOpSYero ISITHA M JOCTHXXEHUEM
TeMIIepaTypbl HOpMasibHOM 30HbI Bbllle 200 K 1o cpaBHEHUIO ¢ 5KBUBAJIEHTHON M30JMPOBAHHON
00MOTKO#, oOecnieunBasi AOMOJHUTEIBHOE BpeMs JJIsl MHHULUUPOBAHHUA COpOCa MarHurta. JTO
HEO)KMIAHHO [1€la€T YaCTUYHO H3O0JHMPOBAHHbIE OOMOTKM C TPaBWIBHBIM BbIOOPOM Rt
NOAX OIS LIIMMH JIJISI HCTIONIb30BAHUS B KA4eCTBE OOJIbIINX OOMOTOK BO30OYKIEHHS B TOKAMAKE.

B mpenenax 3TOro BpEeMEHHOrO OKHA, ropsiueée ISITHO IOJDKHO OBITh OOHApY:KEHO,
cucTeMa OOHApY’KEHHsI HAPYLICHHUS] CBEPXIPOBOAUMOCTH JOJDKHA ONMPEAEITUTh, YTO, BEPOSITHO,
OyzeTr BbI3BAHO HAPYILIEHHE CBEPXITPOBOIUMOCTH (2 HE AUCCHUIMALMUS MOCPEICTBOM MACCHBHOTO
nepepacrnpeneneHnsi) TOpsUero MmiaTHa, 1 0€30MacHbIM MyTeM COPOCHTh SHEPTHI0 MArHWTa, T.€.
BBIHYJIUTh YIIPABIISIEMBIH TMOAOTPEB OONBINON XONOMHOW Macchl (OonbInas XOJOOHAsT Macca
MOXeT OBITh HEKOTOPOH YacThl0 MAarHWTa, HAMEPEHHO TMOJBEPTrHYTOH HAPYIIEHHIO
CBEPXIPOBOAMMOCTH, HANPUMEP, 3TO MOTYT ObITh CETMEHTHI BUTKOB OOMOTKH BO30YKIEHHUS
TOPOUIAIBHOTO TIOJIST).

ITponOmKUTENPHOCTD BPEMEHHOTO OKHA 3aBHUCHUT OT KOJIMYECTBA NMPOBOASALIETO METaJlIa,
HalpuMep MeIH, B KaXXOM BUTKE: IPU OOJNIbIIEM KOJIMYECTBE METAIUTMYECKOr0 CTa0MIN3aTopa

BPEMCHHOEC OKHO PACHIUPACTCH. Bwmecre ¢ TEM, YBCJIIMUCHUC KOJIUYICCTBA CTa6I/IJ'II/ISaTOpa CHU3UT
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IUIOTHOCTh TOKa OOMOTOK, YTO HEXKEJATENIbHO B NPHJIOKEHHSX, CBSI3AHHBIX C OrPAaHHYEHHBIM
NPOCTPAHCTBOM, TAKHUX, KaK LIEHTPAJIbHbIA CTOIO OOMOTKH BO30Y)KIEHHS TOPOUIAIBHOTO IMOJIS
(rme Oonee BbICOKas IUIOTHOCTb TOKa oOecreunBaeT Oojiee TOJICTBIH HEUTPOHHBIN 3aIIUTHBIN
5KpaH B TEPMOSIIEPHOM DPEAKTOpE, a, CIEAOBATEIbHO, U MEHBILIYIO TEIJIOBYIO HArpy3Ky WU
Oonee OnaronpusiTHOE aCHEKTHOE OTHOIIEHWE WM MEHbLIMe radapuThl UIs Cc(hHepudecKkoro
TOKaMaKa).

CoBpeMeHHblE MOIXOABI K 3alUTe OT HAPYLIEHUs CBEPXIPOBOJUMOCTH C IOMOLIBIO
U30JIUPOBAHHBIX OOMOTOK Uit C(pepuuecKuX TOKAMAKOB MPHUBOAAT K OOJbLIEMY KOJUYECTBY
METaJUTHYEeCKOTO CTaOMIM3aTOpa B BUTKAX, YTO, B CBOIO OYEpelb, MPUBOAMUT K OOJiee KPYITHBIM,
Oosiee TOPOruMM yCTAaHOBKAM, YTOOBI YBEJIMYUTh BPEMEHHOE OKHO JI0 YIIPABIISIEeMbIX YPOBHEH, HO
BPEMEHHOE OKHO BCe ke octaercss KopoTkuM (mopsinka 0,5-1 cekynasl). IlpumeneHue
HEU30JIMPOBAHHOW HJIM YaCTHYHO M30JHPOBAHHONW OOMOTKHU BO3OYKIEHHS TOPOUAAIBHOTO MOJIS
NO3BOJMJIO OBl PACIIUPUTh BPEMEHHOE OKHO M YBEJHWYUTh IUIOTHOCTh TOKA, TIOCKOJIbKY
HEU30JIMPOBAHHBIC HJIM YaCTHYHO M30JIMPOBAHHBIE OOMOTKU TPEOYIOT MEHBIIE METAJUTHIECKOTO
CTa0MIIN3aTOpa, YeM M30JHPOBAaHHBIE OOMOTKH. PaKTUYECKH, OrPaHUYEHHE MO TUIOTHOCTH TOKa
111 HEM30JMPOBAHHON 0OMOTKH BO30Y KAEHUS TOPOUAAIBHOTO TOJIS SIBJISIETCS] MEXAHUYECKOH, a
HE 3JIEKTPUYECKOW MpOOIEeMOH, TaK KaKk MEXaHHMYECKOe HAINpsDKEHHE HA LEHTPAJIbHOM CTOJOe
CTaHOBHTCS OTPAHMYMBANOIINM (DAKTOPOM IO Mepe YBEIH4YeHHs IUIOTHOCTH TOKa. B KOHEYHOM
cdere, pe3yJbTUpyromas nedopMaius B MaTepuajax JIeHT nepeHocutcsi Ha ciioir ReBCO,
o0yciaBnuBas yXyALIEHHE KPUTUIECKOTO TOKA.

PaccmoTpum npumepHbIit MarHuT TopounaisHoro nouns (TII), nmerommii paguyc mia3Mel
1,4 M u marautHOe nose 5 T ¢ 18-t0 cermenTtamu. CymMMapHbIil TOK LEHTpaabHOro crepxkHs T11
nojukeH coctaBiisiTh 35 MA. Ilonaras, uro Tok mepeHoca cocrasisier 10 kA, momyudaem, uTo
KaXAbI CErMEHT JOJDKeH MMeTb 196 BUTKOB, a cymMmapHas MHAYKTHBHOCTH TII pmomxHa
COCTaBIIATh PUOIU3UTENBHO 46 ['H. JloCTIIKEHHE MOCTOSTHHON BpeMeHH 1,4 yaca (4ToObI MMETh
CyMMapHO€ BpeMs JIMHEWHOrO HapacTaHWs TOKa NMPUMEPHO 6 YacoB) MOJDKHO MOTPeOOBATH
panuaIbHOrO CONMPOTHUBIIEHUS, cocTaBisAomero npumepHo 0,5 MOM, [ Kakaoro OTAENbHOIO
cermenta. CrnenoBareinbHO, 4YTOObI JOCTHYbL KEJAEMOH TOCTOSHHOW BpPEMEHH, CpeaHee
COTIPOTHUBJIEHNE OT BUTKA K BUTKY, R, 7OMKHO cocTaBmaTh 2,54 MkOM.

ITocpencTBoM MonmenMpOBaHUS OOHAPYIKEHO, YTO 3TOrO MOXKHO AOCTHYDB C TMOMOIIBIO
YAaCTUYHO W3OJMPYIOIIEro CJIOA MEXKAYy BUTKaMH, uMerowero tonmudy 0,05 Mm u yaenpHOe
conpotupienue 0,02 OmM, koTopoe B 2x10° Gonbiue, uem y HopmanbHol menu npu 20 K.
Crienanuct NoWMET, 4TO JUI YaCTUYHOW M30JISILUHU ObLUTH OBl BO3MOYKHBI M IPYTHE MapaMETPhI.

Rt MOXHO KOppEeKTHpOBaTh MyTeM BHIOOpAa METAJUIOB JJIs TUIAKUPOBAHHS B Ipenesax
BTCII-xabenst w/unun Mexay utkamu oOMoTku. B tummuneix BTCII-xabemsx 310 ObLta OBI
MeIb, HO JUIs oOecnieueHus OOJbIIEro CONPOTUBIICHUS MOKHO HCIIOJIb30BaTh IPYTUe METaUIb,
Takue, Kak HepskaBerollasl CcTalb. B anpTepHaTUBHOM MM JOMOJIHUTEIbHOM BapUaHTE MOXKHO
YBEJINYMBATh TPOMEXKYTOK MEXKAY BHUTKAMH OOMOTKH, YTO NpHUBENET K Oonee TosicTomy (M,
CJIEZIOBATENbHO, OoJiee PE3UCTUBHOMY) CJIOK MeTajula Mexny BUTKamu oOMoTku. [loaxonsmue

MaTe€pUualibl, KOTOPBIC TAaKXKEC YAOBJIICTBOPAIN 3 APYIruM HHXCHCPHBIM OTI'paHUYCHUAM
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(HampuMep, MO TUIOTHOCTH TOKA M CTPYKTYPHOH YCTOHUMBOCTH), BKIIFOYAIOT B ce0st repMaHuil U
Apyrye NoJynpOBOJHUKH.

JIONOJTHUTENBHON  aNbTEePHATUBON SIBJSIETCS HCIIONBb30BAaHME HOPMAJIbHBIX (T.€. HE
CBEPXIPOBOASIINX) METAJUIOB JUIsI U30JISALUH, HO C KOPPEKIMeH reOMeTpUH MyTel TOKa 3a CUeT
UCIIOJIb30BAHMSI OOBIMHON M30MALUH. MIHBIMU CI0BaMu, pedub UAET 00 YBENNUEHHH PACCTOSHUS,
yepe3 KOTOPOe BbIHYK/IEH MPOTEKaTh TOK MEXKAY BUTKaMU. MaTtepuas MeK1y BUTKaMHU OOMOTKH
MOKET BKJIIOUaTh B c€0s1 YaCTUYHO U3OJUPYIOIIUN CIIOH, COAep KAl METAJUTHYECKYIO MOJIOCY
(M IPYTYIO 3JIEKTPONPOBOAHYIO MOJIOCY), MMEIOIIYIO «IPOIMYCKAINYI0 H3OJSLHIOY», Kak
nokazano Ha ¢ur9A um B. Merammnueckas nonoca 901 cHaOkeHa TOHKHUM H30JUPYIOLINM
nokpeiTieM 902 Ha TO MeHblIel Mepe cropoHax, obOpamenHbix kK BTCII-kabensim, rae
U30JIUPYIOIee TIOKPBITHE YAAJNEHO WJIM HE HAHECEHO HaJ OKHaMU (WM «CKBO3HBIMH
oTBepcTusiMU») 903 yepe3 HHTEPBAIbI ¢ KAKAOH CTOPOHBI METAJUINYECKOH NoJochl. OKHA MOTYT
UMETh JIFOOYI0 (OPMY U MOTYT MPOCTUPATHCS A0 Kpaes JeHThl. OxHa Ha F0OOH U3 ABYX CTOPOH
METAJUTHIECKOH TOJIOCH PACMIONOKEHBI B [IAXMATHOM IOPSIKE, KaK Moka3aHo Ha ¢ur.9B, uro
YBEJINYUBAET CONMPOTHBJIEHHE (IO CPABHEHHUIO C HEM3OJIMPOBAHHON MOJIOCOH MUJTH C MTOJIOCOMH, I
OKHa Ha KaXAOH CTOpOHE ObuIM ObI PACMONIOKEHBI HETOCPEACTBEHHO APYT NMPOTUB JIPyra),
MOCKOJIBKY TOK JTOJDKEH MPOKJIaAbIBaTh MyTh 910 BAOJB YaCTH AJIMHBI METAJUNINYECKOHN MOJIOCHL.

ConpoTHuBjieHHe YaCTUYHO H3OJHMPYIOIIEro Cjos, nmokazaHHoro Ha ¢ur.9A u B (T.e.
COIPOTHBIIEHHE OT BUTKA K BUTKY) OYJET 3aBHCETH OT:

® DPACCTOSIHUSI MEXIY COCEJHHMMH OKHAMH Ha OJHOW M TOW ke CTOpoHe (Oosbluee
PacCTOsIHUE MPUBOAUT OOJIBLIEMY CONMPOTHBIIEHHIO); 3TOT 3(P(EKT SBISIETCS TOMUHUPYIOILINM,;

® CMEIIEHUs MEXJy COCENHMMHM OKHaMHU Ha MPOTHBOINOJIOXKHBIX CTOPOHAX, T.€.
pacCcTOSIHUST MEXIy HEKOTOPbIM OKHOM Ha OJHOH CTOPOHE U COCEJHHMM OKHOM Ha
IPOTUBOIIOJIOXKHON CTOpOoHE (Oosblee CMeIeHne IPUBOANT K OOJIBLIEMY COMPOTUBIICHHIO);

° CONpOTHBJIEHHE TaKXe OydeT H3MEHAThCS C W3MEHEHHEM OTHOCHTEIBbHOIO
CMEIeHUsI OJHOM M3 JIByX CTOPOH OKHAa, U MAaKCUMH3UPYeTCs sl HEKOTOPOro
3aJaHHOTO PAacCTOSHUS MEXAYy OKHaMH Ha OJHOW M TOH K€ CTOpOHE, KOrja OKHa Ha
ONHOW CTOpPOHE HAXOIITCS HA TMOJIYTH MEKAy ONmwKalllMMU OKHAMH Ha
NPOTHBOMNOJIOKHOH CTOPOHE, 3Ta KOMIIOHOBKA TakKe O0ECreunBaeT pPaBHOMEPHBIN
PE3UCTUBHBIN HArPEB YaCTUYHO H30JIHMPYIOLIETro CIIOs,

® TOJILIMHBI METAJUTMUECKOH IMOJIOCHI (€C/IN CMEIeHHe 3HAYUTEIbHO OOJbIIe TOJNIIHHEL,
OObLIast TOMIIMHA TPUBOAUT K MEHBIIEMY COMPOTHBIICHHIO);

® I[MHUPUHBl METAUTMYECKOW TOJOoChl (OObInasi IIMPHUHA MPUBOAUT K MEHBIIEMY
COTIPOTHBJIEHUIO ),

® VYIeNbHOTO CONPOTHBJICHHS METAJUIMYeCKOH mosockl  (Oonbluee  yaenmpHOE
COIPOTHBJIEHUE NIPUBOAUT K OONBIIIEMY CONPOTHUBIICHHIO);

e IJIOIa U OKOH (OONbIIas TIIOMAAb IPUBOIUT K MEHBIIEMY CONPOTUBIIEHHIO);, BMECTE
C TeM, IUIOLIA/lb OKHA 3HaYMMa TOJIbKO B CJIy4dae, €CJIU PaCCTOSIHUE MEXIY OKHAMU COIOCTABUMO

C pa3MepaMu OKOH.
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TouHyr0 3aBUCUMOCTH MOXKHO MOAEIHPOBATH OOBIMHBIMH HMEIOIIUMUCS METOIaMH,
W3BECTHBIMH B JJAHHOM 00JIACTH TEXHUKH, HIIH TIOCPEACTBOM IIPOCTOTO SKCTIIEPUMEHTA.

IIpu 5TOM HEBaXKHO, SABJIAETCS JU MEKOKOHHBIA IPOMEKYTOK BCErJa OJUHAKOBBIM.
BaxHbpIM (pakTOpOM SBJISIETCS TO, YTO TOK JOJDKEH IMPOXOAMTH OT OIHOIO BUTKA HAa OJIHOM
CTOPOHE MOJIOCHI K IPYTrOMY; OH JOJIKEH IIPOXOAUTh Yepe3 OKHO B MOJIOCY, 3aTEM BIOJIb MOJIOCHI,
Y BBIXOAUTD Y€pe3 elle OJHO OKHO Ha MPOTHUBOIMNOJIOKHOW CTOPOHE MOJIOCHL. TOK BIIOJHE MOXKET
BXOIUTb B ONHO OKHO, Pa3feisisiCh IO HECKOJBKUM IIyTSIM U BBIXOASl Y€PE3 HECKOJIBKO OKOH.
JloJ1st TOKa, CIEAYIOIIEro MO KaKAOMY MyTH, OyJeT MPOCTO 3aBHCETh OT MMIIEAHCA TOTO MyTH (B
uMmrenance OyneT AOMHUHHUPOBATh AaKTHBHOE COMPOTUBJICHHWE TMyTeH, 4YTOOBI 3aMeIJIUTh
U3MEHEHHE TOKOB, & HHAYKTUBHOCTHU CBI'PAIOT CBOKO POJIb AJIst OBICTPOrO U3MEHEHHS TOKOB).

Iloka paccTossHue MeXIy OKHAMH Ha IPOTHUBOMOJOXHBIX CTOPOHAxX MOJIOCHI
COTMOCTAaBUMO C pa3MepaMy OKHA, AaKTHBHOE CONPOTHBICHHE MYyTH MEXIy OKHaMH Oyner
IOMUHHPYIOIIMM M TPONOPLUOHAJBHBIM  PACCTOSTHUIO MEXIy OKHaMH U oOpaTHO
NPONOPLMOHAIBHBIM TOJIIMHE TOJOCHL JTO >KejlaTejbHasi KOMIIOHOBKA [UIsl YacTHYHO
W30JIMPYIOLI €N MOJIOCHI.

Ecnu B 0OMOTKE JkenaTepHO N3MEHEHHE CONPOTHUBIICHHS B Pa3HBIX TOUKaX, TO JI0OOE U3
5THUX CBOMCTB MOXXHO U3MEHSTh BJIOJIb JJIMHBI YACTUYHO M30JIUPYIOLIETO CIIOS.

H3onupyromee MOKpbITHE MOKET OBITh, HAPUMED, TOJIHAMUAOM, IPUMEHIEMBbIM B BUJIE
aentbl Kapton™ unu B BUAE KUAKOCTH, MAIapOBOW IUICHKOH, W3O0JUPYIOLIUM JIAKOM WJIH
MOOBIM APYTUM MOIXOASIINAM H30JSTOPOM.

MertamioMm MOXeT ObITh Menb, JIAaTyHb, HEPIKaBEIOLIasl CTajb, XacTEJUION Win 000
APYrodl NOAXONALIMHA MeTaul (MM HEeMeTaJUIMYeCKUH TPOBOAHMK) IO TOTPEOHOCTH.
IIpumeneHne TakuxX MaTepuasoB, KaK HEPXKaBerollasl CTallb WU XaCTEJUION, O3BOJIAET NPUAATh
YACTUYHO H3OJIMPYIOIIEMY CJIOK) IMOBBIIIEHHYIO CTPYKTYPHYIO CTaOMIIBHOCTBH IO CPABHEHHIO C
OOBIYHBIM, MOJHOCTBIO MEOHBIM MAarHUTOM, U 3TO TIO3BOJISIET CIPABUTHCS C OOJBIIUMHU
MEXAHUYECKUMH HAIPSDKEHUSMH, BO3AEHCTBUIO KOTOPBIX IOJBEPraercsi CHUJIbHOMOJbBHBIN
TOKaMaK.

BTCII-00MOTKY MOKHO HaMaThiBaTh KaK OOBIYHO C YACTHYHO HM3OJIUPYIOLIUM CJIOEM,
pa3MelnaeMbiM  Mexny BuTKamMu 10 Mepe ux Hamotku. BTCII-oOmoTka Moxker ObITh
WHKAIMCYJIUPOBAHA B CMOJIE WIM 3alasHa - B MOCJIEAHEM Cllydae Ha YACTUYHO HU3OJIMPYIOLIUI
CJIOM MOXXHO (IO BBIOOPY) HAHECTH MasieMOe MOKPBITHE, YTOOBI YIIYHUIINTh AATE3UI0 TPHIIOS
MeXxay BUTKamMu. YacTUYHO M30MPYIOLIUI CJIOH HamaTbiBatOT HempepbiBHO ¢ BUuTkamu BTCII,
9TOOBI OH OTHEJISUT KaJKIbI BUTOK OOMOTKH.

OxHa MOryT OBITh M3TOTOBJICHBI IOCPEACTBOM TPABJICHUS, PE3aHUs H30JUPYIOIIEH
MOJIOCHI MEpes HAJNOKEHUEM Ha METAJUINYECKYIO0 IMOJIOCY, MOCPEACTBOM HAHECEHUs MOKPBITHUS
HalbUICHHEM 4Yepe3 MAacCKy, IMOCPEACTBOM CTPYWHOW MeYaTH WIA APYTMMH NOAXOASIIMMH
crioco0aMy, W3BECTHBIMH B JAHHOW O0OJACTH TEXHUKU (HANpUMep, C IMOMOIUBI0 HM3BECTHBIX

METOOOB U3IOTOBJICHUA FHOKHUX ITeYaTHBIX H.]'IaT).
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Ecnu paccrosHme Mexny OKHaMH 3HAYUTENIbHO OONblIe, 4eM pa3Mep OKOH, a OKHa
CMEILEHB] TaK, YTO OKHA HAa OJHON CTOPOHE HAXOAATCSA HA MOJIYTHU MEXKIY OKHAMU Ha APYrou
CTOPOHE, COTIPOTHBJIEHUE KBUTOK-BUTOK», RTT, MOXKHO NMPUOIIKEHHO OXapaKTepHU30BaTh Kak:

d*p

RTr = Gwet

rae d - paccTosiHIe MeXIy OKHAMH (T.€. MeXIy HEKOTOPBIM OKHOM U CIIEAYIOLIMM OKHOM
Ha TOH JX€ CTOPOHE), P - YAEJIbHOE CONPOTHBJIEHHE (C y4eTOM TOro, 4To OOMOTKM OymyT
SKCILTyaTUPOBAThCS MPU HU3KOH TemrepaType U B CHJIBHOM MarHUTHOM IOJie), W - HIMPUHA
JICHTBI, t - TOJIIHMHA METAJUTMUECKOH MOJoChl, a L - cpeaHss AMHA KaXX10ro BUTKA.

Hanpumep, cOnpoTHBIIEHUsS] «BUTOK-BUTOK», cOCTaBisitomero 2,54 MkOM, MOXHO ObLIO
Obl IOCTHYL C TMOMOIIBIO JIATYHHOUW mojockl (p = 45 HOM'M npu temmnepatype [120 K),
uMmeromeil mupuny 20 MM, TommuHy S0 MUKpOH, AMHY BUTKa 16,2 M u paccrosiaue d Mexmay
okHamu 60,5 Mm.

AnbTepHATUBHAS CTPYKTYpPa «IPOIMyCKaromeil n3oasmmuny nokasana Ha ¢ur.10A (Bun B
wiane) u 10B (momepeuHoe ceuenne B-B cormacHo ¢wur.10A). Kak onmcaHo pasee,
merajunaeckass mojoca 1001 cHabkeHa TOHKHMM HM3OJUPYROIUM TOKpbiTHEM 1002 Ha mo
menblIeil Mmepe obpamenHbx kK BTCII croponax. B aTom ciydae, BMecTo mpenycMaTpruBaeMbIX
NPOAOJBHO PAa3HECEHHbIX OKOH B MpeIbIAyIleM MpHUMepe, KakI0e H30JUpYIollee MOKPbITHE
1002 umeer oguHouHOE OKHO 1003 (WM «y3KUH TPOXOI»), KOTOpoe (KOTOPBIH) MPOCTHUPASTCS
MO JJIMHE METAJTMYECKOHN MOJIOCHI, MPUYEM OKHO Ha KaXAOH CTOPOHE METAJIMYECKOH MOJIOCHI
HAXOIUTCS Ha NPOTHBOMNOJIOXHOM Kparo (Hampumep, IOJIOCAa MOXKET HMMETh OKHO CJieBa Ha
BEPXHEN MOBEPXHOCTU M CIpPaBa HAa HUKHEH MOBEPXHOCTH, €CJIM CMOTPETb C OJHOTO KOHLA
TIOJIOCHI).

OxHa mokaszaHbl Kak MPOCTUPAIOLIUECS A0 Kpas MEeTaJNIMYECKOW IOJOChl, HO 3TO HE
00s13aTeNbHO TaK, T.€. Ha 00eNX CTOPOHAX OKOH BO3MOXKEH M30JMPYIOLINI MaTepuat.

OxkHa pacmoyio’KeHbl TaK, YTO OHU HE MEePEKPBIBAIOTCS, NOMyCKas nmporekanue Toka 1010
gepes MOJIOCY TOJBKO 32 CUET MPOXOXKACHUS BOJb IIHUPUHBI MTOJIOCHL.

B 37011 cTpyKTYype CONpPOTHUBIEHNE OT BUTKA K BUTKY ONpeAeNseTcs:

® pacCTOSHHEM MeXJy OKHOM Ha OJHOW CTOPOHE€ U OKHOM Ha JpYyroil CTOpoHe
(M3MepsieMbIM MeXIy BHYTPEHHMMHU WX KpPasMH BIOJIb IIUPHUHBI TOJOCHI, MpHYEM OOJblIee
pacCTOsIHUE MPUBOIUT K OOJIBIIEMY CONPOTHBIIEHHIO ),

® TONUIMHONH METAJUIMUECKOW MOoNoChl (OONbIIasi TONIIMHA MPUBOAUT K MEHbBIIEMY
COTIPOTHBJIEHUIO ),

® VyIENbHBIM CONPOTHBJIIEHHEM METAUIMYECKOH rmosiockl  (Oosblee  yaenbHOE
COIPOTHBJIEHUE NMPUBOAUT K OOJIbIIIEMY CONPOTHUBIICHHIO);

® IMPHHOHN KaXkI0ro okHa (OONbIIast ITUpHUHA MPUBOAUT K MEHBIIEMY CONPOTUBIICHHIO);
Kak U B Ciydae C IUIOMAJbI0 OKOH B paHee ONHMCAHHOW KOHCTPYKLHUH, 3TOT 3(PPexT
HE3HAYUTEJIEH, XOTs U CJIeyeT OTMETUTb, YTO B 3TOM Cllyuyae PAacCTOSTHUE MEXAY OKHaMHU U

IIMPHUHA KAXKJIOT0 OKHA OyAyT OrpaHUYeHbl IUPUHON METAJUINYECKOHN TOJIOCHI.
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Eciu paccTOsiHME MEXIy OKHAMM 3HAUYMTENLHO OONbIIE, 4YeM TOJNIIHHA MOJOCHL,
COl‘IpOTI/IBJ'IeHI/Ie OT BUTKA K BI/ITKy MOJKHO OXZ],pa,KTepH?:OBaTb KaK:
sp
Rrr=1

2

I7ie S - PACCTOSIHUE MEXy OKHaMH, p - yJEeJbHOE CONPOTUBJIEHUE (C YIETOM TOrO, YTO
0OMOTKH OyAyT SKCIUTyaTHPOBATHCS MPU HU3KOI TEMIepaType U B CHJIBHOM MarHUTHOM HoJe), t
- TOJILIMHA METAJUINYECKON MONOCkL, a L - annHa KaXkgoro BUTKa.

Hamnpumep, CONpOTHBIIEHUSI KBUTOK-BUTOKY», COCTaBJISIIOIEro 2,54 MkOM, MOKHO ObLIO
ObI TOCTUYB C TIOMOLIBIO TIOJIOCHI U3 HepskaBerowen ctanu (p = 486 HOM M), UMeroIIel UPUHY
20 mM, TommuHy 50 MHKPOH M HEW3OJMPOBAHHBIMHU MOJOCY 7,9 MM Ha NPOTHUBOIOJIOXKHBIX
Kpasix Ha KaKAOWU CTOPOHE.

B ofmem ciydae, 4aCTHBIMH NMPUMEPAMH KOTOPOTO SIBJISIIOTCS 00€ BBILIEYOMSIHYTHIC
KOHCTPYKLMHU, YaCTUYHO H3OJUPYIOLIUNA CIOW COAEPKUT METAIMYECKYH IOJIOCY, UMEHOLIYIO
TOHKUN W30JIMPYIOLIUNA CJIOW Ha KaxAou ctopoHe. Kakablii M30JUPYHOIIUI CJIOW UMEET OJHO
Wi 0oyiee OKOH, KOTOPBIE CMEIIEHbI B TUIOCKOCTH METAJUIMYECKOH IMOJIOCHI OT OKOH JIPYyroro
cosi (B IOTMOJIHEHUE K CMEIIeHUIO OJlarofapsi TONIINHE TOJI0Ck). PacCTossHUE CMEIeHHsT MOXKET
ObITh OoOJblIe, YeM TOJIIWHA METAJUINYECKOH IMOJIOCHI, M 3HAYUTENbHO MEHbIIE, YeM JJINHA
BUTKA OOMOTKHU (Hampumep, MO MEHbIIEH Mepe B IATh pa3 MEHbIIE, IO MEHbIIEH Mepe B IECSTh
pa3 MeHblne win 1o MeHbinell mepe B 100 pa3 menbine). OkHa 00€CIEUMBAIOT 3JIEKTPHUUECKUIN
KOHTakT Mexxay BTCII-neHTol 1 MeTaqindeckoi MOJIOCON, YTO MPUBOAUT K MYyTH TOKA MEXIY
cocennumu BTCII-neHramMy B HAMOTAHHOM OOMOTKE, MPOXOSAIIEMy [0 METAJUINYECKOH mojoce
(ubo BONMP [UIMHBL, JUOO BAONB INHUPUHBI). DTO JaeT BO3MOXKHOCTb JIETKO YIIPABJSATH
CONPOTHUBJIEHUEM YaCTUYHO U3OJIUPYIOILETO CJI0s IyTEM U3MEHEHUs TTO3ULUMOHUPOBAHNS OKOH U
MEXOKOHHOTO TMPOMEXYTKa M MPUBOAUT K OOJbIIEMY CONPOTHUBIICHHUIO, YeM MOJy4aloch Obl
MOCPEACTBOM OJJHOM TOJIBKO METAJIINYECKOMN MOJOCHI AaHAJIOTUYHBIX Pa3MEPOB.

OxHa MOryT OBITH PABHOMEPHO PACHPENENIeHbl BAOJIb JJIMHBI YACTUYHO U30JIUPYIOLIETO
CJI0s, TIPUUYEM TaKOe pachpelesieHue NPOCTUPAETCS MO BCEHW JJIMHE YACTUYHO HU30JUPYIOLIETO
ciosi. B anbTepHATHBHOM BapHaHTE PACCTOSHUE MEXKIY OKHAMH (MM APYTHe CBOWCTBA OKOH)
MOTYT OBbITh HM3MEHSIOIUMHUCS BIOJIb YaCTUYHO HM3OJUPYIOLIETO CJIOS TaKHM 00pa3oM, 4TO
CYMMAapHO€ CONPOTHUBJIEHUE KAKIOTO BUTKA OOMOTKH OKa)KETCSI IIOCTOSTHHBIM.

B cnydae, rae B KaxqOM 4aCTUYHO M3OJUPYIOLIEM CJIOE NMPEAYCMOTPEHO TOJBKO OAHO
OKHO, KaX/10€ OKHO MOKET MIPOCTUPATHCA M0 BCEH JUIMHE YaCTUYHO U30JIMPYIOLIETO CIIOS.

UroObl rapaHTUPOBATh SJEKTPUUYECKUN KOHTAKT 4Yepe3 OKHA, YACTUYHO HM3OJHPYHOLIHHA
cioit MokHO HamamBath Ha BTCII-xaOenu BO Bpemsi HAMOTKH. B anbTepHaTHBHOM BapHaHTE
KOHTaKTa MOKHO JTOCTHYb MPOCTO Oylarofapsi JaBJICHUIO B TOJBKO YTO HAMOTAaHHOH oOMoTke. B
KaueCTBE JOINOJHUTEIbHON aJbTEPHATUBBI B OKHA MOJKHO BBOAUTH JOINOJIHUTENILHbBIE
3JIEKTPONPOBOAHBIE BKJIAABIIIN, WIM METAJUIMYECKasl MOJIOCA MOXKET UMEThb BBICTYIBI, KOTOPBIE
NPOCTUPAIOTCS B OKHA. Bkiaaplld WM BBICTYNBI MOTYT 3alOJHATbH BCE OKHO WJIH MOTIYT
3aIOJIHATH JIMIIb HEKOTOPYIO 4acTh OKHAa. Hampumep, ecnu OKHO mpencTaBisieT coO0i «y3Kuit

NPOXO», BKJIAABIIINA MOTYT OBITH MPEIYCMOTPEHbI Yepe3 WHTEepPBaIbl BIOJb 3TOrO Y3KOTO
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npoxona. JTo NpUBOIUT K 3(PPeKTHBHOMY BO3AEHCTBHIO BKJIAIBILIEH HAa CHIDKEHHE pa3Mepa
OKHa M MOXET OBITh UCIOJIB30BAHO JJIS AOMIOIHUTEIBHON HACTPOHKN COMPOTUBIICHUS] YaCTUYHO
U30JIUPYIOLIETO CIIOS.

Bce pasnnuHble KOMIIOHOBKM OKOH, MPEAJIOKEHHBIE BBILIE, MOTYT OBITH JOCTHTHYTBI
HOCPE/ICTBOM HEKOTOPOW KOMOMHAIIMM OKOH M METAJUTMYECKHX BKJIAJbINIEH WM BBICTYIIOB,
KOTOpPbIE YaCTUYHO 3alOJHSAIOT OKHA, HAlpUMEpP, IPOMEXKYTOK MEXAY METaUIMYECKUMU
BKJIAZIBIIIAMA MOXKET OBbITh M3MEHSIOLIMMCS BIOJb YAaCTUYHO HM3OJUPYIOIIErO CJIOS, YTOOBI
rapaHTUPOBATh MMOCTOSIHCTBO COMPOTUBJICHUSI HA BUTOK OOMOTKH.

duznyeckoe CoeqUHEHHE YaCTUYHO u3oupyromero ¢jios u BTCII-oOMOTKH BO3MOKHO
NOCPEJCTBOM JIMIIb JaBJeHUsl (T.e. TPOCTO TMyTeM KOMIIAKTHOW HAMOTKH OOMOTKH),
MIOCPEIICTBOM KJIEEBOTO (HampuUMep, SMOKCHIHOTO) COSAMHEHUS] M30JUPYIOLIErO TOKPBITUS U
BHeInHe mnoBepxHocTH BTCII-xabens, wW/wiM TNOCPENCTBOM TNAsiHBIX COCOHMHEHUH MEXIy
BHEIIHEW MOBEPXHOCTHIO MeTajlia YaCTUYHO u3oupyroiero ciost 1 BTCII-kabenem.

Ha ¢ur.11 moxa3aHbl HEKOTOpBIE IOIMOJHHUTENbHBIE YCOBEPLICHCTBOBAHHSA, KOTOpBIE
MOTYT OBITh BHECEHBI B YAaCTUYHO H3OJIMPYIOIIHMH CJOH, 4TOOBI rapaHTHPOBATh HaJJIeKallue
dusnueckne u >eKTpUUecKre coeanHeHus. Kak orMedanoch paHee, YaCTUYHO H3OJUPYIOLIUI
CJIOM COAEPKUT METATMYECKYI0 (MM HHYI 3JEKTPonpoBoaHyro) moiocy 1101 u ToHkoe
nzoyupyroee nokpeitve 1102, B okHax MOKHO pasMecTuTh MeTajundeckue Bkiaabimy 1103,
WIM METAJUIMYeCKasl IMOJIOCA MOXKET HMMETh BBICTYIBI, KOTOPBIE MPOCTUPAKOTCA 4Yepe3 OKHa,
obneruas koHtakT ¢ BTCII-kabensmu.

B anbrepHaTUBHOM MM JOMOJHUTENBHOM BapuaHTe, 4TOOBl OOecrneduTh OOJIBLIYIO
NOBEPXHOCTh MNaMkH (a, CIEeNOBATENbHO, YIPOIIEHHOE H3rOTOBJIEHHE OOMOTKM U IpOYHEe
CKPEIUICHHYI0 OOMOTKY), YaCTHYHO M3OJUPYIOLIMHA CJIOW TaKKe MOXET COAepIKaTh
JOTMOJIHUTENbHBIE MeTauinueckue nosochkl 1104, uMmeHyemble panee «COEIMHUTEIbHBIMU
NepeMblUKaMU», COEAUHEHHbBIMU C BHEUIHMMU TpaHsIMM H30JIUPYIOIEro cjos. OTH
COEMHUTEJIbHBbIE MEPEMBIYKH OKa3bIBAIOT MPEHEOPEKUMO Majioe BJIMSHUE HA SJIEKTPUUECKUE
CBOWCTBA CJIOsI, HO OOECNEeYMBAIOT MPUIAMBAHUE HYAaCTHYHO u3onupyromero ciosi k BTCII-
KabeJro MPAKTUYECKH TI0 BCEH OBEPXHOCTH.

YacTU4HO M30IUPYIOLIUN CJIOH TakXke MOXKET MUMeTb u3onupyromuil matepuan 1105,
COEIMHEHHBIM C KpasMH YaCTUYHO HU3OJMPYIOLIEro CJIOs, MOKPBIBAIOIIMI MO MEHbIIEH Mepe
Kpast MeTaJudeckoi mojyiocel 1101, Bo nzbexanue co3gaHusi MOCTHKOB MIPUIIOS Yepe3 YaCTUIHO
W30JIUPYIOIIUH CJION W/IITH Yepe3 H30JIMPYIOIee OKPHITHE B MPOLIECCE U3TOTOBIEHHSI OOMOTKH.

YacTHYHO HW3OJMPYIOIIUH CJIOH MOJKHO H3TOTOBHTh KakK T'HOKYIO IEYaTHYK IUIATY,
NpUYeM H30JIUPYIOIIUE MOKPBITHA OYAYT CLEIUIEHBI ¢ METAJUTMYECKON MOJIOCOH MOCPEACTBOM
KJes, a 3aTeM NpPOTPaBJICHBbI 11 OOpa30BaHUS OKOH, NPU 3TOM JIFOOBIE IOMOJHUTEIbHBIE
METaJUTNYECKNE 3JIEMEHThI HaJUIeXKATUM 00pa30M CLEIUIEHBI C N30JIUPYIOIIUM TOKPBITHEM WITH
METAJUIMYECKOU TMOJIOCOM, Tak 4YTO OHU OKAa3blBAKOTCA B OJIGKTPUYECKOM KOHTaKTe C
METAJUIMYECKON MOJIOCON. B anpTepHaTUBHOM BapHUaHTE U30JUPYIOLIEE MOKPBITHE MOXKET UMETh
OKHa, UMEIOIINE MPEIBAPUTENBHO CIIEJaHHBIE BBIPE3bl (MJIM UMEIOIHe TaKHe Pa3Mephl, YTO MpU

HAaHCCCHUU Ha MOJIOCY 00ecIeunBarTCs «Y3KHE HpOXOI[bI»), n TOTrJa OHO MOXET OBITh CLCIIICHO
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C METAJUTMYECKON TOJIOCON MOCPEACTBOM KJiesl BO BpeMsi OOMOTKH. MOKHO BOCIIONIb30BaThCs U
APYTUMH CIIOCOOAMH U3TOTOBJICHUS.

Ha ¢ur.12 nokaszana ansTepHaTHBHAS KOHCTPYKLUS YaCTUYHO M30JHpyrowiero cios. Kak
U IPEeXAe, YaCTUYHO M3OJUPYIOLIUNA CJIOH COAEPKUT MeTaluyeckyro nosnocy 1201 wu
usosupyromee nokpeitue 1202, CKOMIIOHOBAHHbIE TaK, 4YTO OOpas3yeTcs: «y3KHUH MpOXOoa» Ha
OZTHOM Kparo Ka)kKAOH CTOPOHBI METAJUTMUECKOI MOJIOCHI (KaK OMHUCAHO BBIIIE CO CCBUIKAMH HA
¢ur. 10A u B). B 3TOM ciydae, Meramnmueckas mojoca CHa0)KeHa «IIITyHTOM» WIIN «3yOrom»
1203, T.€. OHa U30THYTa TAK, YTO Y4aCTOK METAJUINYECKON MOJIOCHI, PACKPBITBIN OKHOM, JIEXKUT B
IUIOCKOCTH H30JIUPYIOINErO TMOKPBITHs. M3omupyromee MOKPBITHE MOXET ObITh CHA0XKEeHO
cBecoM 1204, 4TOOBI MPENOTBPATUTH HEXKENATENbHOE INYHTHPOBAHHE MEKIY METaJUTHYECKOM
nojiocoit 1 BTCII-nenToii Ha 1pyroi CTOpOHE U30JUPYIOLIETrO MOKPBITHS B IIPOLIECCE MaKu.

XOTs BBIIEU3JIOXKEHHOE HANMCAHO B IEPBYK) Oyepenb C TOYKU 3PEHHUs YaCTHUYHO
M30JIUPYIOLIEro CJos, (OpMHUPYEMOro MyTeM HAHECEHHs W3O0JISLUN HA METAJUTHYECKYHO MOJIOCY
u nocnenyroueit oomorku nocnenHeir BTCII-kabenem ans popmupoBaHusi OOMOTKH, TOJLKHO
OBITH SICHO, YTO KOHCTPYKIHMH rne, m3oysinus HaHeceHa Ha BTCII-xkabenb, KOTOpbIA 3aTemM
HaMaTbIBAIOT HA HEW3OJUPOBAHHYK) METAIMYECKYH) IIOJIOCY, OSKBUBAJIEHTHBL, IOCKOJIBbKY
sBIsTtOTCs KOHCTpyKumsimu, rre BTCII-kabenb, M300sust U MeTaJuTMdecKasl 1mojioca CoOpaHbl
Ipyr C IPyroM BO BpeMsl HAMOTKM. B CyIIHOCTH, «4aCTHUYHO HW3OJUPYIOLIUN CIOH» MOKHO
(bopMHPOBATh HA MECTE UCTIOIB30BAHUS B MPOLIECCE HAMOTKH OOMOTKH.

B kxaudecTBe AOMONHUTENBHONW AJBTEPHATUBBI CJIOK MPOMYCKAMOMIEH HU30JALUA BOKPYT
NOJIOCHI MeTajyla MOKHO ObUIO OBl HaMaThIBaTh CIHPAJIBHYIO OOEPTKY W3 H3OJUPYIOLIEro

MaTepuasia, Takoro, kak JieHta Kapton™, HaMepeHHO OCTaBisisl 3a30pbl MEXIY BUTKAMHU

>
M30JILMH, 4TOObI CHOPMHUPOBATH «OKHAa». B anbTepHaTHBHOM BapuaHTe MOXHO ObUIO OBI
CIMPAJbHO HAMATHIBATH KAXIbIi BUTOK M3OJUPYIOIIMM CJOEM, OCTaBIISIST 3a30pbl, YTOOBI
copmupoBaTe «OKHa». Bmecte ¢ Tem, IpM NOCJIEAHEM IOAXOAE YIPaBIECHHE YAEIbHBIM
COMPOTHBIIEHHEM (T.€. TUIOIIAASMHU KOHTaKTa OKOH M CMEIIeHHeM MeXJIy OKHaMH Ha
NPOTHUBOMOJIOKHBIX CTOPOHAX ) MEXKIY COCETHUMHU BUTKAMH ObLJIO ObI 3aTPyAHEHO.

Ha ¢ur.16A-E moxkasaH eme OOUH JOMNOJHUTENbHBIA AJbTEPHATUBHBIA  CJIOM
nponyckaromei nzonauuu. Kak v B nmpeapinyux npuMepax, TEXHUUECKHe MMPU3HAKU COTJIACHO
STOMY MpUMEPY He O0S3aTeNIbHO MPHMEHSATh BMECTE U MOXKHO OOBEIUHSTH C MPH3HAKAMHU
COIJIaCHO APYTMM IpuMepaMm, rae 3To ymectHo. Cnoil mponyckaroiield H30JisLUN COAEPKUT S
CJIOEB, KOTOPbIMH B YKa3bIBAEMOM HIDKE MOPSAIKE SBISIOTCA:

® NIePBBIN COEAUHUTENbHBIN c1oi 1611 MeTamnna;

® NIePBBI U30IUPYIOIIMN cJIok 1621,

® 3JIEKTPONPOBOAHBIN cioi 1630,

® BTOPOM M30JUPYIOIIUN ciioi 1622,

® BTOPOM COENUHUTENbHBIN Ci1ok 1612 MeTanna.

Ha ¢ur.16A-C nokaszaHa niaHMpOBKa MEPBOTO COCOUHUTENBHOrO ciost 1611 meranna,

3JIEKTPONPOBOAHOrO c¢jaosg 1630 M BTOPOro COENMHUTENBHOro cnos 1622  wmeramna,



19

coorBercTBeHHO. Ha ¢ur.16D u E npexncrasnensl nonepeunsie cedenus Brosb quauidl D u E,
nokasaHHbIx Ha ¢ur.16A-C.

Kak u B mpenpinymux npumepax, nisi obnerdenuss noacoenuHeHus k BTCII-xabensam
MOCPEACTBOM MaNKU MPUCYTCTBYET COCUHUTEIIbHBIN CJION.

B ornnume OT mpeablAyIIMX IPUMEPOB, TAE€ 3JEKTPONPOBOAHBIN CJIOH INPEACTaBISIET
co0O0il HENMpPEephIBHYID METAIMYECKYI0 IOJNOCY, B 3TOM IPHMEpEe 3JIEKTPONPOBOIHBIN CJIOH
AETUTCSl HAa HECKOJbKO NPOBOAAIIMX oOOnacTeil. DT OONacTH OTHOCATCS K JBYM THIIAM.
KBanparueie obnactu 1631 (x0T Ha MPAaKTUKE OHH MOTYT MMETh JIIOOYI0 (OpMy) COECAMHEHBI
MOCPEACTBOM MEPEXONHBIX OTBepCcTHH 1600 TONBKO C ONHUM M3 COEIMHUTENBHBIX CIIOEB
MeTajuia. DTH OOJIACTH HE BIUSIIOT HA SJIEKTPUYECKUE CBOMCTBA YACTUYHO U3OJIUPYIOIIEro CJIOs,
a 00ecreyuBarOT TEIUIOBOH MyTh Yepe3 COOTBETCTBYIOIIMN HW30JUPYROIUi cioi. M3meHss
pa3Mepsl 3TUX 0OJacTel 1 YHCIO COEAMHEHUI MEXIYy HUMHU U COSIMHUTENIbHBIM CJIOEM METaJLIa,
MO>XHO M3MEHATH TEIUIOBbIE CBONCTBA YAaCTHUYHO H3OJUPYIOLIErO CJOS HE3aBUCHUMO OT
3JIEKTPUYECKUX CBOMCTB.

Kaxxnas w3 npyrux obnacreit 1632 coenunsier okHO 1601 mepBOro M30JHUPYIOMIETO CIIOS
1621 ¢ oxHom 1602 BTOpOoro mzonupyromero ciuos 1622. ConpoTHBIEHHEM MEXIY OKHaMH
MOYKHO YIIPABISITh MyT€M HU3MEHEHUs1 reoMeTpun obiacreil 1632, Hampumep, Tam, rae o0nacTsb
1632 conepxxut mopoxky 1633, koTropas mposieraer, Kak Ioka3aHo Ha ¢wur.16B, mpuuem
yBEJIMYEHNE LTUPUHBI JOPOKKH YMEHBLIMIIO OBl COMPOTUBJICHNE MEXIY OKHAMH, & YBEJIUYCHNE
IUIMHBl TTOPOKKK (HampuMep, 3a c4eT oOecreueHus HeNMHEHHONW HOpPOXKKH WM 3a CUeT
nepeMeLeHNs] OKOH) YBEIUYIIIO Obl CONTPOTHBIIEHHE MEXIY OKHAMU.

Oxna 1601 B mepBOM H30IMPYIOIIEM clioe 0Opa3oBaHbl NEPEXOAHBIMH OTBEPCTHIMHY,
MIPOCBEPJICHHBIMU 4Y€pe3 NEPBbIM COCAUHUTEIbHBIA CJIOH W MNEPBbIA H30JUPYIOIUMNA CIIOH, a
3aTeéM OTBEPCTUs] METAUIM3UPYIOT MeTauioM 1603 (M  ApyruM  3JIeKTPONPOBOIHBIM
MaTepuasoM), 4TOObl COCAMHUTDH MEPBBI COEIMHUTENbHBIN CJIOH M 3JEKTPONPOBOAHBIN CIIOMH.
Oxna 1602 BO BTOPOM H3OJHUPYIOIIEM CJIoe OOpa3OBaHbI MyTEM CBEPJIEHUS TEPEXOIHOTO
otBepcTusi 1602 dyepe3 Bce CJIOM, KOTOPOE MeETAUTU3HPYIOT MeTayioM 1604, UtoOsl
NPENOTBPATUTh (POPMHUPOBAHUE COCAUHEHUS C TEPBbIM COEIMHUTEIBHBIM CJIOEM 4Yepe3 OKHa
1602 BTOPOro H30JUPYIOLIETO CJIOS, MEPBbIH COCIUHUTENBHBIN CIIOH CTPaBIMBAIOT BOKPYD
nepexonHoro orsepctus 1602, 4TOOBI MEKTPUUECKH U30JIHPOBATH €T0, a Ha KOHIIE EPEXOTHOT0
otBepcTusi 1602 pasMemaroT HU30JUPYIOIIYIO KpbIIKY 1605, uToOBl rapaHTUpOBaTh, YTO HE
NPOM3OUAET IIYHTHPOBAHKE U3-3a Naiku WK KOoHTakT ¢ BTCII-kabenem.

B xauectBe anbrTepHaTuBBl, OKHa 1602 BMECTO 3TOr0 MOXKHO CBEPJIHUTH C APYrou
CTOPOHBI YACTUYHO M3OJIPYIOILETO CJIOsA, TaK YTO OHM OKAXYTCsl MPOXOASIIMMU 4epe3 BTOPOH
COEAMHUTENIbHBIN CJIOH, BTOPOM M3OJUPYIOLIMNA CJIOM W 3JEKTPONPOBOAHBIN CJIOM WU HE
MPOXOASIIIUMH Yepe3 (WIH He MPOXOISUINMHE MMOJTHOCTHIO Yepe3) MEepBbId U30JIUPYIOMUN CIIOH.
B kauecTBe HOMOTHUTENBHON albTEPHATHBLI, BCE OKHA MOTYT ObITh 00pa30BaHbI U3 MEPEXOTHBIX
OTBEPCTHI, KOTOPBIE MMPOXOIAT YEPE3 BCE CJIOU, TPABIEHUEM BTOPOrO COEIMHUTENBHOIO CIIOS U
M30JIUPYIOLIEN KPBIIIKKM Ha BTOPOM COEAWHUTENIBHOM CJIO€, HUCHOJIb3yeMOH s OkoH 1601

NEPBOT0 U30JIUPYIOLIETO CIOSI.
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B kauectBe mpumepa, 4aCTHYHO H3OJIUPYIOIIMHA CIIOM B COOTBETCTBUU C (ur.16A-E
MOXET OBITh TMOJy4eH TIOCPEACTBOM TNPOLECCa H3rOTOBJIEHHS THUOKHX I€YaTHBIX IUIAT
CIIEYIOIUM 00pa3oM:

® [IPE1yCMAaTPUBAOT NEPBBIA U30JUPYIOIIUMA CIoN 1621 1 METAIITU3UPYIOT €ro BEPXHIOI0
Y HIJKHIOKO MTOBEPXHOCTBIO MeNbI0 (UTOOBI CPOPMHUPOBATE MEPBBIN COENUHHUTENbHBIN ciiol 1611
Y HJIEKTPONIPOBOIHBIH ci1o 1630, COOTBETCTBEHHO),

® [IPOCBEPJIMBAIOT MEPBBIA U30NUPYIOLINI ciaoi 1621, MeTanIu3upoBaHHbIN Meabio (T.€.
cion 1621, 1611, 1630), utoOs! chopMupoBaTh niepexonnbie orBepctust 1601, U MeTaITU3UPYIOT
otBepctus (1603);

® TPaBSIT 3JEKTPONPOBOAHBIH cioit 1630, urodbr copmupoBats obmactu 1632 (m,
HeoOs13aTebHO, 00acTu 1631, XOTS UIX MOKHO M CTPABHUTh, €CITH 3TO HEOOXOIUMO);

® HAHOCST BTOPOW M3OJUpPYROIIUN ciod 1622 Ha siaekTponpoBoaHbid cion 1630; 310
MOTYT OBITh TAKOM 7K€ U30JISITOP, KaK MEPBBIH U30IUPYIOIIHNN CIIOH, WIIH APYTOH H30JISITOD;

° B OIHOM IMpUMEpPe BTOPOU HM3OJUPYIOMIHMIA CIOW MOKET MPENCTaBIsiTh COOOH
KJIEH, KOTOPBII UCHOJIB3YIOT Il COEANHEHHUS] BTOPOrO COEAMHUTENIBHOIO CJIOS,

® HAHOCST BTOPOM COeIMHUTEINBHBIN cioi 1612 Ha BTOpON H3onupyomuil cion 1622;

® CBEPJIAIT MEPEXOIHbIE OTBEPCTHS, KaK OMUCAHO BBIIIE, 4TOOBI chopMupoBaTh OkHa 1602
B [IEPBOM U BTOPOM H3OJIHUPYIOLIEM CIIOSX;

® NIOKPBIBAIOT NEPEXOAHBIE OTBEPCTHS MeAbIO 1604,

® TPABSIT MEPBBIA COSAMHUTENBHBIN CJIOH, 4TOOBI M30HPOBaTh OKHA 1602 OT 3TOrO Clos
(1611);

® HAKJIAJBIBAIOT M3OJHUPYIOLIYIO KpbILKY 1605 Ha KOHEL MNEepeXOAHBIX OTBEPCTHUH,
oOpaszyromux okHa 1602 B mepBoM coequHUTEIBHOM cyioe 1611.

KoHe4HO, ecnyu B 4aCTUYHO H3OJUPYIOIIEM CJIO€ HCIOJIb3YIOTCS JIULIb HEKOTOpBIE U3
NPHU3HAKOB IpuMepa coryacHo ¢ur. 16A-E, stamnel criocoba, COOTBETCTBYIOIINE OTCYTCTBYIOIIUM
MPU3HAKaM, HE POBOJIT.

Crnenyer oTMETHTD, YTO OOIIME NMPU3HAKU U3 MPUMEPOB YACTUYHO HU3OJUPYIOIIUX CIIOEB,
NPE/JIOKEHHBIE BBILIE, MOXXHO OOBEOUHSTH MHOXKECTBOM CIIOCOOOB M MOJKHO HCIOJB30BATH
OTAENBbHO OT JAPYIHMX IPU3HAKOB B COOTBETCTBYIOIIMX npumepax. Hampumep, oOxHa B
M30JUPYIOLUX CJIOSIX MOXKHO IHPEAyCMOTPETh KaK AJid IMpUMEpAa CO «Y3KMMH MPOXOJaMU»
(¢ur.10A), mpu 5TOM Ha Kpar Ka)IAOT0 U30JUPYIOIIEro CJI0sT HAXOIUTCS OJUHOYHOE OKHO, WIIN
OOBENMHEHHBIMH CO CTPYKTYPHUPOBAHHBIM 3JIEKTPOIPOBOIHBIM cjioeM coracHo ¢ur.16B, a
3JIEKTPOIIPOBOIHBIN CJIOH MOKET OBITh CHAOKEH «IIIMYHTOMY», YTOOBI MPUBECTH JIEKTPUIECKHE
KOHTAKThI CTPYKTYPHPOBAHHOTO B Y3KHI MPOXOA U30JIUPYIOIIETO CJosI, Kak Ha Gur.12.

OTtmeTu™M, YTO, XOTsI B BBILIEU3JIOKEHHOM OIUCAHUM MHOTO BHUMAHHS yJEJIeHO
Oonbuiv BTCIT-00MOTKaM, «IPOIMYCKAOMIYI0 H30JSLUI0Y», NPEAIOKEHHYIO BBIIIE, MOXKHO
ObL10 OBl MpuMeHUTHh Takke K MeHbInM BTCII-oOMoTkaM, 4ToObI 0OECIeunuTh YIpaBisieMoe
MEKBUTKOBOE COEIMHEHHE B TEX OOMOTKAX.

Tenmepp  OyoyT  ommcaHbl  pasid4dHble  CHOCOOBI  W3TOTOBJCHHS ~ OOMOTKH,

MpeNyCMaTPUBAIOIINE TaKYH «IPOMYCKAKLIYI0 H30JsALM0». OHU MpeACTaBjeHbl JIUIIb B
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Ka4eCTBE NMPUMEPOB, U CIIELHAIUCT JIETKO MOHMET, YTO BO3MOXKHBI APYTHe CIOCOOBI HAMOTKH U
YTO OBJIEMEHTHl U3 KaXKAOro IpuUMepa MOryT ObITb OOBEAMHEHBI MHOXKECTBOM HE
NPE/ICTaBJIEHHBIX 3/1€Ch CIIOCOOOB.

YacTHUHO H30NMPYIOIIMHA €O  MOXHO  chopMupoBarh 3apaHee (Harpumep,
TIOCPEZICTBOM IPOLIeCcCa U3TOTOBJICHHUS THOKMX MEYaTHBIX IUIAT, KAK OMUCAHO BBILIE), WJIK MOJKHO
copMupoBaTh Ha MeCTe HCIIOJNB30BAHUS BO BpeMsi HAMOTKH. HaHeceHme H30IUpYIOLIEro
MOKPBITUS] Ha METAJUIMYECKYIO IIOJIOCY MOXKET IOJpasyMeBaTb HaHECeHUE Kiiesl (Hampumep,
SMOKCHIAHOTO) HAa HW3OJHUPYIOIEe TMOKPbITHE W/WIM METAJUIMYEeCKYI IMOJIOCY Tepen Hx
COEIUHEHHUEM.

Ecnmu wactmyHO w3onmupyromuii  cnod  (OPMHUPYIOT Tepen  HAMOTKOH OOMOTKH
(bopmupyroT b0 3apaHee, TMOO MOCPEACTBOM paHee MPOBOIAMMON CTaIUU MPOLIECCa HAMOTKH,
KaK OMHUCBIBAETCS HUXKe), ciIod MoxkHO cHaOkate BTCII-neHTol Ha KaXmoil CTOpOHE, YTOOBI
OBLIO MPOIIIE OCYLIECTBIISATh COENUHEHHSI BO BPEMSI IPOLIECCa HAMOTKH.

Ha ¢wur.13 nokasan cxemaTuyeckuii 4epTe’Xk MPUMEpHOH cucteMbl HAaMOTKH. OOMOTKY
1300 mamatbiBaroT ¢ Tpex 000uH BTCII-nentsl 1301 1 HAHOCAT YACTUYHO M3OJUPYIOIIHIA CIIOH
1302. YacTUYHO H3OJIHMPYIOMMNA CIOW (OPMHPYIOT Ha MECTe HCIOJNb30BAaHUS C OBYX OOOWMH
BTCII-nenter 1311, nByx 600uH n3onmpyroiei jeHTsl 1312, MOKpBITOH Ha KaKIOW CTOPOHE
CYXHM OJTOKCHAHBIM KjeeM, W omHoi Oobunbl ¢Qombru 1313 u3 HepikaBeroled CcrTaiu.
Cocrapmsiromue cOopky dactuyHo wm3onupyromuii cimoi u BTCII-neHTy cuemnsitor Apyr c
APYroM, TMpPOIyCKas uepe3 HarpeBaTelbHble NPHXKUMHbIE poiuku 1303 (kKOoTOpble MOXKHO
UCKJIFOYUTh WM 3aMEHUTb DPOJMKaMH, HE MPUKJIAJbIBAIOIIUMU 3HAYUTENbHbII HarpeB WIH
JaBJICHUE, €CJIU aBJIEHHEe HAMOTKH OKa3bIBAE€TCs TOCTATOUHBIM JI1 OTBEPKIAEHUS STIOKCUIHOTO
kies). Kaxnapii koMmoHeHT w3 yacTuuHo wusosupyromero cios 1302 u BTCII-nent 1301
nponyckaroT dYepe3 (urocoByro kopoOky 1304, uToObl HaHecTH (UIIOC HAa OMBIBaeMbIe
MOBEPXHOCTH.

Xorsi oOmoTka Ha ¢wur.13 mokasaHa KpyIJOH, aHAJOTUYHYI) CHCTEMY JUII HAMOTKH
MO3KHO MCTIOJIB30BaTh JJII HAMOTKH OOMOTKH JIE000M (hopMbI (HampuMep, ¢ IOMOIIBIO 11a0JIoHa,
BBITIOJTHEHHOTO TIO-APYTOMY ).

Ha ¢wur.14 nokazano ceueHne cOOpPKU 4acTHUHO m3osupyromero cinosi 1 BTCII-neHTsl.
Cbopka comepxut JeHTy 1401 U3 HepkaBeroIIeH CTal, 3aKIF0UEHHYI0 MEXY HU30JUPYIOIUMH
cnosimu 1402, xoTOphIE, B CBOKO ouepenp, 3akmtoueHsl Mexkay BTCII-nenramu 1403, Kaxmbrii
CJION MpUKJIEEH SMOKCUAHBIM KJIEEM, XOTsI Ha HEMOCPEACTBEHHBIX COEIUHEHUSIX MEXAY JIEHTOM
u3 Hepxkaseromer cranmu u BTCII-neHTol »MOKCHAHBIA KieH He HCHOdb3yercs: (YToObI
rapaHTUPOBATh NPUEMJIEMBbIE JJIEKTPUUECKHE COCOUHEHHUS). ODTOT CMocod W3TOTOBJICHHUS
OOMOTKH TPEANOYTHTENECH JIsi OOJBINNX KATYLIEK, MOCKOJIBbKY MUHHUMAJBHBIA painyc U3ruda
cbopkn wactmuHo wm3onupyromero ciaos u BTCII Oymer Oojnee OrpaHWYEHHBIM, YeM
MUHUMAaIIbHBIN paguyc usruda oguHouHoU BTCII-nenTs (u3-3a Tonuuabl cOopkn). Bmecre ¢
TEM, 5TO MOXKHO TPEOAOJETh MOCPENCTBOM YaCTUYHOIrO M3ruba cOOpKM 3apaHee B Ipolecce
U3TOTOBJIEHUS, T.€. MOCPENCTBOM (HPOPMHUPOBAHHS COOPKM B YAaCTMYHO HM30THYTOM COCTOSIHUU

(Tak 4YTO TOJIOKEHME «HYJeBOH nedopMalMu» AOCTUraeTcss NpU Paauyce KpPUBHU3HBI,
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NPOMEXYTOUYHOM MEXKAY PpAacHpsIMICHHON JIEHTOM W MUHUMAJbHBIM PpaAUyCOM KpPUBHU3HBI
00MOTKH).

B nokazaHHOM mpuMepe H30JUPYIOIIAs JIGHTa BBINOJHEHa OOeCIeunBaroIell BapUaHT
OCYLIECTBIIEHUs, TPEAYCMATPUBAIOIINI «y3KHE MPOXOIbl» C OAMHOYHBIM OOJNBIIMM OKHOM Ha
OTHOM Kparw KaXJIOW CTOPOHBI JIEHTBl. JTO JOCTUrAaeTCs TOCPEACTBOM CMELICHMUs
usosupyroueit jeHTel 0T BTCII-neHThl U JIeHTHI U3 HepiKaBerollel CTalu BO BpPeMs HAMOTKH,
4yT0o0OBI chopmupoBath cBec 1410. DTOT cBec croOCcOOCTBYET MPENOTBPAIIEHUIO HEXKEIaTeIbHOrO
snekTpudeckoro myHTtuposanus Mexxny BTCII u HepskaBerolned CTajbi0 B MPOLIECCe MANKU
cOOpKM WM KOT/Ia OOMOTKY «3aJIUBAIOT MPUIMIOEM», KaK OMUCHIBAETCS HIDKE. B anpTepHATHBHOM
BapUAHTE MOXKHO NPEAyCMOTPETh H3OJUPYIOIIYIO JICHTY, Oojiee Y3KYI0 4HeM HepiKaBeroas
CTallb, U BBIPOBHEHHYIO C OJIHUM KpaeM HepKaBerolled ctanu (YTodbl 00ecrednTh «y3KUH
MPOXOA» Ha IPYTOM KParo).

Ecnu 4acTHYHO M30NMMPYIOIIMN CJIOM MMEeT Ipyrue KOMIIOHOBKH OKOH, OOECTeYHTb
NPUNIOH MOXXKHO BO BpeMsl COOpPKH YacTUYHO H3OJHPYIOLIEro CJOsi, YTOObI TapaHTUPOBATH
snexkTpudeckue coequHeHus: Mexxay BTCII-neHToll 1 cTanbHON JIEHTOH, HampuMep, €clii OKHa
HE JTOMyCKAaOT COOOIIEHHE MO TEeKydeH cpele ¢ BHEIIHUMH KPasMH YaCTUYHO H30JHPYOLIETO
cinos. B anpTepHaTUBHOM WJIM  JOMOJHUTEIBHOM BapHaHTE MOXHO  MCIOJNb30BaTh
JIOTIOJIHUTENbHbIE METAJUIMYECKHE BKIABILIIN B MpPEAeNax OKOH WM BBICTYIIBI B CJIO€ METaa,
KaK OIMCAaHO paHee.

UroObl M KOHCOMUIUPOBATH OOMOTKY, M OOECNEYMTh YJIYYIIEHHBbIE 3JIEKTPHYECKUE
COEMHEHUs, OOMOTKY MOXKHO «3aJIUBAaTh MPUIIOEM» WIH «KOHCOJUAMPOBATH INPUIIOEM», T.€.
HOJTHOCTBIO MOKPBIBATH MPUIIOEM, KOTOPOMY ITO3BOJIAETCS IPOHUKATH B OOMOTKY (110 aHAJIOTHHU €
«3aJIMBKOH 3MOKCUAHBIM KJIEeM», KOTOpasi XOpOIIO U3BECTHA B JaHHOH objacty TexHuku). Ha
¢ur.15 nokasana mnpumepHas 3amuras npurnoeM oOmorka. OOMOTKa COREPKUT YaCTUYHO
momupyromuii ciori 1510 u BTCII-xabens 1520, Yactuuno wuzonmpyromuii cmoit 1510
COZIEPKUT MeTaIn4decKyto noJiocy 1511 u nzonupyromue nokpbitus 1512 B Tex cnydasix, koraa
U30JIUPYIOLIUE MTOKPBITHS UMEIOT cBeC 1513, KOTOPBII BBICTYMAET 3a Mpenesbl KpaeB OOMOTKH.
Korga obmotky 3anuBaroT mpumnoeM, mpurnoi 1530 mokpoer moBepxXHOCTH OOMOTKH U CTaHET
npoctupatecss Mexnay JeHtamu BTCII-xabens, TeM camMbiM TapaHTHPYs 3JIEKTPUYECKHE
coenunenust mexxay Jienramu BTCII-kaGens, a taxke mexxny BTCII-kabenem u cioem merasia.
ITosepxnoctu Meranna BTCII-neHT U packpeiTble NOBEPXHOCTH MeTajula YaCTUYHO
W30JIUPYIOLIETrO CJIOST MOKHO 00pabaThiBaTh (hIIFOCOM Tepe]] MaKoii.

IToroM OOMOTKY MOKHO MOJBEPTHYTh MEXaHUUECKOH 00paboTKe BIOJIb Y3KUX MPOXOOB
1514 (myHKTHpHBIE JIUHUH), YTOOBI CpPe3aTh CBECHI U CIIAIUTh NMPHUIOH, H 3TO AOMOIHUTEIHHO
rapaHTHpYeT, UTO OT Kpasi 1O Kpasi CBECOB HE OCTAHETCSI MOCTHKOB MPUIIOSL.

B Tex cnywasx, Korma 4YacTUYHO H3OJUPYIOIIHMNA CJIOW CHAOXeH H30JUPYIOIIIM
MOKPBITHEM Ha KpasiX BMECTO CBECOB (HampuMmep, Kak Mmoka3zaHo Ha ¢wur.l]l u omucaHo BbIe),
OOMOTKY MOXXHO TOIBEPrHYTh MEXaHM4YECKOW 00paloTKe BIUIOTH AO 3TOTO H30JUPYIOLIETO

MOKPBITUA TIOCJIE 3aJIMBKHU IIPUIIOCM. B Tex ClIyvasax, Koraa I/ICHOJ'IIJSYGMBII\/'I l'[pPIl'[Oﬁ HE
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CMa4yMBaeT UCIIOIb3yEMOE M30JHMPYIOLIee MOKPHITHE, TAKHE MOCTUKH 00pPa30BBIBATHCS HE MOTYT,
€CJIN U30JIMPYIOLee MOKPLITHE HA KParo SIBJISIETCS] TOCTATOUHO IIHPOKUM.

B kauecTtBe anbTepHATUBBI OOECIEUEHHMIO CBECOB HA OJHOW CTOpPOHE OOMOTKH, Ty
CTOPOHY OOMOTKM MOXKHO TIOKPBITh YAaNsieMOH Mackoil (Hampumep, ABYXKOMIIOHEHTHBIM
KPEMHUHOPraHNYeCKUM MOKPBITHEM), KOTOpasi He JaeT MPUIOK LIYHTHPOBATh COCAUHEHHUS Ha
TOW CTOpOHE. DTa KOMIIOHOBKA YIpOINAeT BbIpaBHHBaHHE OOMOTKH, mockoybky Bce BTCII-
JIEHTHl U YaCTHYHO M3OJHUPYIOIIMH CJIOH MOXHO pAaCIOJIOKHTh TaK, YTO OAMH KOHel Oyner
NPOJIETaTh 10 O0LEMY Y3KOMY MPOXOAY.

Xo0T4 3a1MBKa MPUIIOEM MTOKa3aHa JJIsl BAPUAHTa OCYILECTBIEHHS, IPeayCMaTPHUBAOIIEro
«y3KH€ TPOXOAbl», OHA MPUMEHMMa U K APYTUM KOHCTPYKLMAM, NpeACTaBlIeHHbIM paHee. B
HEKOTOPBIX CIIy4asix MOXKHO MpeaycMoTperb cBechl 1513 Ha o0emx CTOpOHaX Kaskaoro
W30JIUPYIOLIEro MOKPBITHS, WU TOJBKO BIOJb YAaCTU JJIMHBI YACTUYHO U30JUPYIOLIEro CIosl, T.€.
TaM, I7le COEAUHEHUsl OT Kpas N0 Kpasl U30JMPYIOINEro ClOsl He)KeJaTeJbHbI U MPU 3TOM CBEC
OTCYTCTBYET TaM, I'7Ie TAKHE COCTUHEHUS IPUeMIIeMBbI (KaK B CIy4ae, I7ie OKHO MPOCTUPAETCS 10
Kpast ciost Meraia). Eciii OkHa B M30JMPYIOMINX MOKPBITUAX PACIIONOKEHBI TaK, YTO OHU HE
coo0ImarTes MO TeKy4el cpene ¢ MPOCTPAHCTBOM CHAPYXKHM OOMOTKH, TO MOXKHO IPOBOJAWTH
OTAENbHYIO CTaIUI0 MaiKH BO BPEMSI HAMOTKH, YTOOBI MPONAsITh COEIUHEHUS Yepe3 3TH OKHa,
WIK BMECTO 3TOrO MOXKHO BOCIOJB30BATHCS JIIOOBIMH JPYTMMH CIIOCOOAMH COEOMHEHUS
(HampuMep, mpeaycMaTpPUBasi JOTIOJHUTEIbHbIE METAIIIMUECKUE BKIIAABIIIN B TIPEAENIax OKOH).

Ecnn 4acTM4HO M30JUPYIOIIMM CJIOH BBINOJIHEH C BO3MOXKHOCTBEO 3JIEKTPUYECKOIO
coenuHeHust ¢ BTCII-neHTroil nuImb MOCPENCTBOM NpWXKUMa (HampuUMep, B BapUaHTax
ocyuecTieHus coryacHo ¢ur.11 u 12 u 1pyrux BapuaHTax OCyLIECTBJIEHHs, B KOTOPBIX YaCTh
WIA KOMIIOHEHTBI CJIOsl MeTaljia, 3JeKTPUIECKU COCUHEHHbIE CO CIOEM MeTajlla, HaXOASTCS B
IUIOCKOCTH H30JIMPYIOINEro TOKPBITHS), SJIEKTPUYIECKOE COCAMHEHHEe MOXHO (OPMHPOBATH
mexny BTCII m yacTMYHO M30JMUPYIOMMM ciioeM 0Oe3 3aJMBKU INPUIOEM WM NMaiKH HHBIM
00pa3om, XOTs1 MOJKHO MCIIOJIB30BATh M MPHIIOH, €CIIN 3TO KeJlaTeJabHO. B 3TOM ciiyuae oOMOTKY
MOYKHO 3aJIMTh 3TIOKCHUAHBIM KjieeM, YTOOBI MOBBICUTh MEXaHHYECKYI0 CTa0WIBHOCTb, XOTS U
CJielyeT MPUHITh MEpbl BO M30exkaHue OJOKMPOBKH JIFOOOTO W3 3JIEKTPHUECKUX COCTUHEHHH
snokcuaHbM kieem (iubo B mpenenax BTCII-kabens, nmubo mexny kabeneM M HaCTHYHO
U30JIUPYIOLIUM CJIOEM).

BTCII-xabenp MOXXHO MpOTNAMBaTh OTAEIBHO, JUOO mepen HaMOTKOH, JIMOO BO BpeMms
npouecca HamMOoTKU. Ilaliku BO BpeMss HaMOTKHM MOXKHO JOCTH4b, MOKpeiBas kaxayro BTCII-
JIGHTY B MIPUIIOE TIO MEpe €€ pa3MaThIBaHUS ¢ OOOMHBI M MPOITYyCKast UX BMECTE Yepe3 HarpeThlid
posuK, 4ToOBI chopMHUpPOBaTh Kabelb, KOTOPBIA 3aT€M HAMATHIBAIOT C YACTUYHO HU30JUPYIOIUM
CJIOEM.

bnaromapss manomy pasmepy 3azopoB Mmexay BTCII-kabenem u cioem meraia B
HEKOTOPBIX BapUaHTax OCYLIECTBJICHUS, NPUIION HE MOXET CMaduBaTb 3TU 3a30pbl BO BpeMs
3aJIMBKH, 3TO OyA€T 3aBHCETh OT COCTaBa MPUIIOS, CJIOS METaJUld, U BHEIIHEH IMMOBEPXHOCTU
BTCII-kabensi. OObrgHO 3TO OymeT MNPOUCXOAUTH TaM, [INe CJIOW MeTalla W BHELIHsS

nosepxHOcTh BTCII-kabenst HeOnMHAKOBBIL. A €CIM TakK, TO B BapUaHTAaX OCYLICCTBJICHUS, TeE
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3IEKTPUUECKOE COeNMHEHNE HE BOIUIOIIEHO IyTeM HEMOCPEICTBEHHOIO KOHTAKTa CJIOSl METalja
u BTCII-kabens, cnoii meramna u BHewHsst noBepxHocTh BTCII-kabenss moryt ObITh 13
OJIMHAKOBBIX METAJUIOB, WM 3TH 3a30Pbl MOKHO IPOMAaNBATh MO OTAEIBHOCTH a HE TIOCPEACTBOM
3aJIMBKH.

AHanornyHbIM 00pa3oM, NpHUNOH OOBMHO He OyIer VYBIAXKHATh 3a30p MEXIy
momupyromum cioeM u BTCII-nentoii. Ilocne 3amuBku mpumnoeM, 0OMOTKY MOXKHO 3aJIUTh
STIOKCUIIHBIM KJIeeM, YTOObI KOHCOJIMINPOBATH TU 3a30pbl (10 MEHbIIEH Mepe TaM, IZie OHH
COOOIIAOTCS MO TEKY4Yel Cpeie C MPOCTPAHCTBOM CHAPYKH OOMOTKH).

B HEekoTOpBIX ciiy4asix (Hampumep, KOraa YaCTHYHO M30JIMPYIOLIHH CJIOW AENar0T B BUME
rUOKOM MEeYaTHOW TUIAThI) MOXKET OKa3aThCs JKEJATEJIbHBIMU CO3JJaHUE YKOPOUYEHHBIX OTPE3KOB
YaCTUYHO M3OJIUPYIOLIETO CJIosi (Hampumep, 2-5 M) U COeIMHEHNE UX TTOCPEICTBOM COEIMHEHUH
BIPUTBIK B Tpenenax OOMOTKH. JTO CJEOyeT pacCMaTpUBATh KAaK OAMHOYHBIA «YaCTUYHO
W30JIUPYIOLIU CJIOH» B JTIFOOOM U3 BBIIEYNOMSHYTHIX IPUMEPOB.

XOTs BBILIEU3JIOKEHHOE OMMCAHUE B PABHOMN CTENEHU OTHOCUJIOCH B PABHOM CTENEHU KO
MHOTHM U3 MEPEMEHHBIX, JOJDKHO OBITh SICHO, YTO I HEKOTOPOT'O 33JaHHOTO MAarHUTa MPOLece
NPOCKTHPOBAHUS MOXKET TMPEeNyCMaTPUBATh OTrPAaHHYEHHE HEKOTOPBIX IEPEMEHHBIX U
obecrieunBaTh CBOOOHBINA BbIOOp npyrux. Hampumep, B ciyuasx, rae Tpebyemast reoMeTpusi
MarHUTHOTO TOJSI M MarHUTa HM3BECTHA, NMPOLECC NMPOEKTHPOBAHUS MOXKET BKIIOYATH B CeOs
CJIEAYIOIIHE 3TAIIbL:

e ornperesieHne TpedyeMOoro 4rcia «aMIep-BUTKOBY (T.€. 4nciao N BUTKOB, YMHOKEHHOE
Ha TOk | mepeHoca) st mosy4deHus: TpedyeMoro MarHUTHOTO TOJIS,

e BrIOOp 3HaueHui I u N Tak, uToOb! 00ecnieunTbh UHAYKTUBHOCTD L (3aBucsmyro ot N) u
panuanpHOe comportuBieHue R (3aBucsiee or N M CONPOTHBIIEHHS «BHUTOK-BHTOK», Rrr),
KOTOpbIe  TMOCTMOCOOCTBYIOT — JOCTHMKEHHIO  JONMYCTUMOW  TMOCTOSIHHOW  BpemeHu  (Tne
«IOIMYCTHUMOCTBY OyJeT 3aBUCETh OT CIIydasi IPHUMEHEHHS);

® BbIOOP CBOMCTB YaCTHYHOMN M30JISILIMH, YTOOBI 00ecreduTh Tpedyemoe Rrr.

BepositHO, uto BeIOOp I M1 RTT Oyzmer orpanuden apyrumu ¢gakTopamu, HampuMmep, TOK
nepeHoca He MokeT mpeBbimath kpurudeckuii Tok BTCII-kabeneli, a Rtr Oyner 3aBuceth OT
JOMYCTUMOH TOJIIUHBI YACTHYHO U3O0JHMPYIOLIETO CJIOS U IIUPHHBI JIEHT (a 00a 5TUX mapameTpa,
BEPOSITHO, 33JJAF0TCSI U3 APYTUX COOOpakeHHH, HAIpUMep, TOCTYITHOTO MPOCTPAHCTBA U pabodnx
xapakrepuctiuk BTCII-neHr).

XOTs BBILIEH3JIOKEHHOE OMUCAHKNE MPHUBENEHO CO CChUIKAMH HA HAMOTAHHYIO TUIOCKYIO
OOMOTKY, aHaJOTHYHBIE COOOpaKeHHs MPUMEHHMBI K CEKLHOHMPOBAaHHBIM oOMoOTKam. Jlis
Takux OOMOTOK, 3aBUcHMMOCTH L u R oT mapamerpoB 0OMOTOK MOTYT OBbITH APYTHMH, HO WX
CMOXKET YCTAHOBUTb CIIELIHAIUCT, NONB3YSACh MeTonaMu npoektupoBanusi BTCII-marauTos.

JlanHoe m300peTeHne oOecreunBaeT MPUMEHEHHE HEH30JMPOBAHHBIX W/WIH YaCTHYHO
M30JIMPOBAHHBIX KaTYIIEK 32 CYET TOTO, YTO OOECIEUNBAIOT KOPPEKIIMIO MMOCTOSTHHON BPEMEHH,
L/R, nmast DOCTMXKEHHS TPUEMIIEMOTO KOMIIPOMHCCA MEXIy IOMYyCTUMO MAaJlbIM BpEMEHEM
NOCTETIEHHOTO  HapacTaHWss TOKa OOMOTKM M OONBIIMM BPEMEHHBIM OKHOM  MEXIy

(dbopMUpOBaHHEM TOpPSUETrO ISITHA B OAHOM BHUTKE M npuuuHeHueM noBpeskaeHus: BTCII-nenre.
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Oto obecrneunBaeT OOHApY)KEHHE TOPSUEro IMATHA MOCPEICTBOM ONEPATHBHOIO KOHTPOJIS
Temreparyp OOMOTKHM M, HPU HEOOXOJUMOCTH, MOCPENCTBOM CHCTEM AKTUBHOW 3aIUTHI OT
HapYLIEHUs] CBEPXIIPOBOJUMOCTH, KOTOPbIE OyAyT 3a7eiCTBOBAHbI AJIsi CHIDKEHHSI TOKA MAarHUTA
BO BPEMEHHBIX pAaMKax, PAaCUIMPEHHBIX IO CPABHEHMIO C SKBUBAJIEHTHOM W30JMPOBAHHON
OOMOTKOH.

B nomonHeHne K 3TOMy, HEM3OJMPOBAHHbIE OOMOTKM TPEeOYIOT MEHbIIE MEOH HJIH
APYroro MeTaJUIMYeCKOr0 CTabuin3aTopa, 4YeM OSKBHUBAJICHTHbIE H30JMPOBAHHBIE OOMOTKH,
TIOCKOJIbKY MeZlb MOKHO «mepepacnpeneisitby mMexny BTCII-kabensimu (T.e. 0OMOTKa B LIEJIOM
TpeOyeT TOCTaTOYHO MEH [T MEePEePacpeieNeHUs] TOKa TOJBKO M3 HEKOTOPOrO MOJMHOXKECTBA
kabeneii, a He kaxapiii BTCII-kabenpb TpeOyeT 10CTaTOYHO MeIu JUIsl MepepacipeneeHus: TOKa
u3 toro kabems). CnenoBarenbHO, C TMOMOLIBK) YAaCTUYHO HM3O0JHPOBAHHBIX OOMOTOK MOJKHO
IOCTHYb Oojiee BBICOKMX IUIOTHOCTEH TOKAa, YTO HCHOJNB3YETCs KOHKPETHO B TaKHX
NPUIIOKEHUSIX, KaK OOMOTKa BO30YKIEHHUSI TOPOUAAIBHOTO NOJs C(PepruuecKoro Tokamaka, rie
TOJIIIMHA OOMOTOK SIBIISIETCS BA)KHBIM KOHCTPYKTOPCKHUM cooOpakeHHeM (4ToOBl B Ciydae
cepuueckoro TokamMaka MHHMMH3MPOBATH PaIUyC LEHTPAJIbHOrO cTojda WinM 00ecrednThb
JYYLITYIO0 HEUTPOHHYIO 3aIIUTY JUISI HEKOTOPOTO 3a/IaHHOTO PAfyca LEHTPAJIbHOTO CTOJ0A).

Ecnmu nns HOpMmanpHOW paloThI JKEJIATENbHO TOBEACHHE HW30JUPOBAHHON OOMOTKH,
BBITOZIbI HEU3OJIMPOBAHHOH OOMOTKH MO-TPEKHEMY MOKHO TOJYYHUTh BO BPEMsI HapyIIEHHS
CBEPXIIPOBOAMMOCTH TOCPEICTBOM IPUMEHEHHsI Marepuaja, OOeCHeuMBAIOINEro IePEXOn
METaJUI-M30JIITOP, TAaKOro, KaK OKCHJ BaHAaAWsA, KOTOpbIH oO0Nazaer oO4yeHb BBICOKUM
COIPOTHBIJIEHUEM, KOIZa OH XOJIOAHBI, M OTHOCHUTENbHO HHU3KHM CONPOTUBJIEHHEM (TIO
MeHbIel Mepe B 10 pa3 Oojiee HM3KHMM), KOTAA OH MOJOTPET BhIMIE TEMIEPATyphbl Mepexoaa
(mpubnmsurensHo 110 K B ciyuae okcupa BaHanus). A €ClIM Tak, TO «IOJYHU30JUPOBAHHAS»
o0MOTKa C MPUCYTCTBYIOIIUM MEXAY BUTKAMH MaTepUasioM, OOECIeYHMBAIOIINM IEPEXO
METaJUT-U30JISITOP, MOJDKHA BeCTH ceOsi Kak M30JIMPOBaHHAs OOMOTKAa BO BpeMsSl HOPMAaJIbHOW
paboThI ¥ BO BpeMsl JINHEHHOTO HapacCTaHUsl TOKA (MMesi OYeHb HU3KYIO TIOCTOSIHHYIO BPEMEHH),
U KaK HEU3OJMPOBaHHbIE OOMOTKa BO BpEMsl HAPYLICHUs CBEPXIPOBOIUMOCTH (KOTOpOE
BBI3OBET HArPEB MaTepuaia, 00ECIIEYNBAIOIIETO MEPEXO]] METAJII-U30JISITOpP, U MIPEBPAILEHHE €ro
B MPOBOJALINI). ITO MO3BOJISIET UMETh Rt, KOraa MeTaiui, 00ecreunBaroIuil Mepexoa MeTauI-
U30JISITOP, UMEET HU3KOE COMPOTUBIICHHE, KAK MOJKHO OOJiee HU3KUM, HE OKa3bIBasi HETAaTHBHOE
BIIMSIHAE Ha TMOCTOSIHHYIO BPEMEHH JIMHEWHOrO HapacTaHWs TOKa (IpH yCJoBHH, 4TO RT mpm
HHU3KUX TeMIlepaTypax 00ecreunBaeT JOCTATOYHO HU3KYIO TOCTOSHHYIO BPEMEHH, HO 3TO JIETKO
TIOCTIDKAMO, TIOCKOJIBKY MaTepuaibl, OOECNeunBaIOIINe MEPEXOd METaUI-U30JATOp, HMEKOT
OYEHb pE3KHH CMax YAEJNbHOIO CONPOTUBJIEHUS OKOJIO CBOEH TeMIepaTypbl Nepexona,
HaIpuMmep, Crnajx yAEeJbHOTO CONPOTHUBJICHHs MO MeHbuied Mepe B 10 pa3 mpu Temmeparype,
npesbimaromeli 10 KelbBUHOB, MM nake CHaj yAedbHOro compoTusieHus B 10° pas npu
Temneparype, npesbimaromeii 10 KenpBuHOB).

Brrmensnoxennoe usoOpereHne NMpUMEHUMO K MHOecTBy cucteM BTCII-marHuToB.
IToMuMO TEpMOSIAEPHOTO peakTopa THUIA «TOKAMAaK», YIIOMSHYTOIO BBILIE B KaueCTBE NPUMEPA,

n3oOpereHne MOXHO wucnoib3oBath st BTCII-0OMOTOK B yCTaHOBKax i BH3yaJlH3alluu
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MOCPEACTBOM  SIZIEPHOTO MarHMTHOIO pe3oHaHca (YU/AMP-ycTaHOBKax), npu
MaHHUIYJIMPOBAHUM MAarHUTHBIMHU YCTPONWCTBAMHU B Ipenesiax HEMArHUTHON Cpefbl MOCPENCTBOM
MarHUTHBIX NOJeH (HarmpuMmep, B POOOTH3MPOBAHHBIX MATrHUTHBIX CHCTEM HABUTALWUU JJIS
MaHUITYJUPOBAHUS MEOUIMHCKMMU yCTPOWCTBAMM BHYTPHM TMaLMEHTa), U B MarHUTax
3JIEKTPOABUraTeNel, HapuMep - IJIsl CaMOJIETOB PaJuO3JIeKTPOHHOrO nojaasieHus. B xadectse
JOMOJIHUTEIBHOTO TpHMepa, N300peTeHne NMPUMEHUMO K YCTAHOBKaM JUIsl MPOTOHHO-JIY4E€BOH
Tepanuy, copepxamum cucreMsl BTCII-MarauToB, BKtoUaromue B ce0st paCKpbIThIe IPU3HAKH,
rae cucrembl BTCII-MarHuToB npumeHstoTCsl B mnpenenax yckopurenst ycraHoBku ans ITJIT,
KBaJPYTOJbHBIX WJIN JAWIOJBHBIX YIPABISIOIIMX MarHUTOB ycraHoBkH st [UJIT, wnm mroGoro
Ipyroro Marauta yctaHoBku ajist [TJIT.

Takum oOpaszoMm, Hacrosmiee U300pEeTeHHE BKIIOYAET CJICAYIOLUINE BapUAHTHI
OCYLIECTBJICHHUS

1. BreicokoremneparypHast cBepxmposomsmas (BTCII) obmorka Bo30OyXIOeHHs,
cozeprKaIas:

MHOKECTBO BUTKOB, conepskamux BTCII-marepuan u MeTauimueckuii CTabmiin3aTop;

YAaCTUYHO H3OJUPYIOLIUA  CJIOW, pasmeNsiolluii BUTKH, TaK YTO TOK MOXET
pacnpenensaTbCs MEXAY BUTKaAMU Yepe3 YaCTUUHO U30JIHUPYIOLIUI CIIOH,

NPUYEM YaCTUYHO U30JIUPYIOIIUH CIOH CONEPKUT:

3JIEKTPONPOBOAHBIN CJION, MOKPBITHIM HA OJHON CTOPOHE MEPBBIM U30JUPYHOLIUM
CJIOEM U Ha APYTrOW CTOPOHE BTOPBIM U30JUPYIOLIUM CJIOEM,

OpU 5TOM KaXKIbIH HM3OJUPYIOLIUI CJIOH MMeeT OnHO Win Oojiee OKOH, uepe3
KOTOpBbIE MOXKET OCYLIECTBJATbCS OJEKTPUUECKUM KOHTAKT MEXAYy BHUTKAMU U
3JIEKTPONPOBOIAHBIM CJIOEM,

Ipy 53TOM OKHA B IE€PBOM H3OJUPYIOILEM CJIO€ CMEIUEHbl B IUIOCKOCTHU
3J€KTPONPOBOAHOM MOJOCHI OT OKOH BO BTOPOM H30JIUPYIOLIEM CJIOE.

2.  BTCII-obmoTka  BO30Y»KAEHHST MO  MPEeNbIAymeMy  NyHKTY,  OpUYeM
3JIEKTPOIPOBOIHBIN CJIOH MpencTaBisieT coO0H HEMPEPBIBHYIO 3JIEKTPONPOBOIHYIO MOJIOCY.

3. BTCII-obmoTka BO30yKIeHUsT TO JHOOOMY TpPEABIAYINEMY MYHKTY, TMpPHYEM
3JIEKTPOTPOBOAHBIN  CJIOW COINEPKUT MHOXKECTBO oOiacted, mnpudeM Kakaas o0JacTh
3JIEKTPUYECKH COEAMHSET COOTBETCTBYIOLEE NEPBOE OKHO B MEPBOM H3OJUPYIOLIEM CJIOE C
COOTBETCTBYIOLIUM BTOPbIM OKHOM BO BTOPOM H3OJMPYIOIIEM CJIO€, U IMpPU 3TOM Kaxkaas
00JNacCTh 3JEKTPUYECKH H30JUPOBAHA B IUIOCKOCTH 3JIEKTPOIPOBOMHOTO CJIOSI OT JPYIUX
obnacreii.

4. BTCII-obmMoTka BO3OYXKACHHS IO NMYHKTY 3, MpHYEM Kakaas 00JacTb CONEPIKHUT
JOPOKKY MEXy MEPBBIM U BTOPHIM OKHOM, MTPUYEM AJIMHA JOPOKKH MEXIY MEPBbIM U BTOPbIM
OKHOM II0 MEHbIIEH Mepe BABOE OOJbIIE IMUPUHBI AOPOXKKH, U3MEPSEMON NMEePHEHIUKYISIPHO
IUTVHE.

5. BTCII-obmoTka BO30yXIEHHUS MO MYHKTY 4, NpUYeM Kaxxaas JOPOXKKA SIBISETCS
HEJIMHEHHOM.

6. BTCII-o6moTKa BO30Y KASHHS 110 JTI0OOMY MPEeABIAYIIEMY MyHKTY, IPUYEM KaxKa0e 13
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OKOH BO BTOPOM CJIO€ SIBJISIETCS YAacCThlO COOTBETCTBYIOIIETO MEPEXOJHOrO OTBEPCTHS,
MIPOCTUPAIOILETOCS 4Ye€pe3 MEepPBbId HM30JUPYIOLIMN CJIOW, BTOPOW HW3OJUPYIOLIUM CIOH U
3JIEKTPONPOBOAHBINA CJIOM, MPUYEM YaCTHYHO U3OJUPYIOIIMM CJION AOMOJHUTEIbHO COAEPIKUT
M30JIUPYIOLIYIO KPBIIIKY Ha KOHIIE KaXIOr0 MEPEXOAHOTO OTBEPCTHS, HAXOSAIIEMCS Y IEPBOTO
U30JIMPYIOLIErO CIIOSL.

7. BTCII-obmoTka BO30yXaeHHs N0 JOOOMY MpeaplAyIieMy IyHKTY, HOpU4eM
3JIEKTPONPOBOAHBIN CIION COAEPIKUT METAJLIL.

8. BTCII-0o0MoTKa BO30YKIEHHs 110 MyHKTY 7, IPUYEM METaJLI SIBJISIETCS] OMHUM U3

Meqy,

JATYHU,

CTaJm;

HEP>KaBEIOLIEN CTallu;

XacTeJuIos U

HUKEJS.

9. BTCII-00mMoTKa BO30YKIE€HUS T10 JIFOOOMY MPEbIAyIIeMYy MYHKTY, IPUYEM YaCTUIHO
W30JUPYOLUN CJIOW U BUTKH HAMOTAaHbI HENIPEPBIBHO.

10. BTCII-oOmorka BO30yKAeHHS IO JIFOOOMY TpEeAbIAyINEMY IMYHKTY, HNpUYEeM
PaCCTOSIHUE CMEINEHUsI MEXAY KaXKIbIM OKHOM B OJHOM CJIO€ U ONMKaWIINM OKHOM B JIPYTOM
cyoe OoJIbIle, YeM TOJIIHUHA JIEKTPOIIPOBOJHOTO CJIOSL.

11. BTCII-oOmorka BO30yKAeHHS 110 JIIOOOMY TMpeAbIAyIIeMYy MYHKTY, HpUYeM
PaCCTOSIHUE CMEINEHHUsI MEXAY KaXXIbIM OKHOM B OJHOM CJIO€ U ONMKalIINM OKHOM B JIPYTOM
cinoe mMenblue, yeM 1/5 naunbl Butka BTCII-00MoTKH BO30y»xneHus1, Oojee MpennoYTHTENbHO -
meHnblie, yueM 1/10, Gonee mpeanouTUTENHHO - MeHbIne, 4eM 1/50.

12. BTCII-o6MoTka BO30y:XKaeHUs 1O JII0OOMY MpeAbIAyIeMy MYHKTY, IPUYeM KaXIbIid
U30JIUPYIOLIUI CJIOM CONEP>KUT MHOXKECTBO OKOH, CMEIIEHHBIX BAOJNb JUJIMHBI YaCTUYHO
M30JIMPYIOIIErO CIIOSL.

13. BTCII-o6moTKa BO30YKACHHUS IO JIIOOOMY NPEABIAYINEMY MYHKTY, IPUYEM OKHA B
KaKJIOM U30JIMPYIOIIEM CJIO€ PA3HECEHbI HA OJJUHAKOBBIE PACCTOSIHUS C IPOMEXKYTKOM, KOTOPBIH
SIBJISIETCS. OAMHAKOBBIM IS OOOUX M30JIUPYIOIIUX CJIOEB, U TIPH 3TOM KKA0€ OKHO UMEET OIHY
U Ty K€ IJIOIAb.

14. BTCII-o6MoTKa BO30YKACHHUS IO JIFOOOMY NPEABIAYINEMY MYyHKTY, IPUYEM OKHA B
OJTHOM H30JIUPYIOIIEM CJIO€ CMEIEHbl OT OKOH B MPOTHBOIOJIOKHOM H30JHUPYIOIEM CJIOE TakK,
YTO KaXKAOE OKHO B OIHOM H3OJUPYIOIIEM CJIO€ PaBHOYOAJIEHO OT JBYX OJIDKAHIINX OKOH
MPOTHUBOMOJIOKHOTO H30JIUPYIOIIETO CJIOSL.

15. BTCII-oOmorka BO30yKA€HHS IO JIFOOOMY MpeAbIAyIeMYy MYHKTY, HNpUYeM
M30JIUPYIOLIUE CJION ChOPMHUPOBAHBI TOCPEACTBOM:

CIMPAJIbHOTO HAMATBHIBAHUS U30JUPYIOIIEH JIEHTHI BOKPYT 3JEKTPOIPOBOIHOTO CJIOS HITH

CIUPAJIbHOTO HAMATBIBAHUS U30JUPYIOLIEll IEHThI BOKPYT BUTKOB,

TaK YTO 3a30Pbl B CIUPAIBHON HAMOTKE 00pa3yoT OKHA.

16. BTCII-obmoTka BO30ykneHuss mo moOoMy M3 NyHKTOB 1-11, mpuuem Kaxmbli
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M30JIUPYIOIIUI CIIOH COAEPIKUT OHO OKHO, MPOCTHPAIOIIEECs MO JJIMHE N30JIUPYIOIIEro CJIos, a
OKHO B OJTHOM H3OJIUPYIOIIEM CJIO€ CMELIEHO MO IIHUPHUHE YaCTUYHO HM3OJHPYIOLIETO CJIOS OT
OKHa B IPYTOM H30JHPYIOLIEM CIIOE.

17. BTCII-o0MoTka BO30OYXKIO€HHMs IO NMYHKTY 16, mpudeM 3JIEeKTPOIPOBOAHBINA CIION
U30THYT TaK, YTO YYaCTOK 3JIEKTPOIIPOBOJIHOIO CJIOS, OTKPBITBIA KaXXIbIM OKHOM, JIEKUT B
TUIOCKOCTH COOTBETCTBYIOINEr0 U30JUPYIOLIETO CIIOS.

18. BTCII-o6moTka BO30y:kKaeHUs 1O JII0OOMY MPEAbIAyIeMy MYHKTY, IPUYeM KaXIbIi
W30JIUPYIOLIUI CJIOH MPOCTUPAETCS 32 MPENEIbl JIEKTPOIPOBOJHOTO CJIOS HAa TI0 MEHbIIEH Mepe
OJIHOM CTOpPOHE.

19. BTCIT-00MoTKa BO30ysKI€HUS O JJIOOOMY MPEAbIAYLIEMY MTYHKTY, IPUYEM:

YACTHYHO M3OJHUPYIOLINHA CJIOH COAEPIKHUT 3JIEKTPOIPOBOIHBIE BKJIAIBIIIN B OJHOM WU
KaXXJIOM OKHE;

Ka)XJ10€ OKHO METAJTU3UPOBAHO 3JIEKTPONPOBOAHBIM MATEPHAIIOM; U/ UJTH

SJIEKTPOTIPOBOMHBIA  CJIOM  COAEPIKUT  BJIEKTPONPOBOAHBIE  BBICTYIIBI, KOTOpBIE
NPOCTUPAIOTCS B OJHO FITH Ka)KI0€ OKHO.

20. BTCII-oOmoTka BO30YXOEHHs MO MNYHKTY 19, mpudeM 3JIeKTPONpPOBOIHBIC
BKJIQIBIIIH UJTH BBICTYIIBI 3ATIOJHAIOT COOTBETCTBYIOIIEE OKHO.

21. BTCII-oOmoTka BO30YXOEHHs MO MYHKTY 19, mnpudeM 3JIeKTPONpPOBOJIHBIE
BKJIQJBIIIN WM BBICTYNBl 3aIOJHSIOT TOJIBKO YYacTOK COOTBETCTBYIOINEIO OKHA, a
3NEKTPUUECKUI KOHTAKT MEXKIY 3JIEKTPOIIPOBOIHBIM CJIOEM U BUTKAMH Yepe3 OKHO MPOHCXOIUT
TOJIBKO ITOCPEICTBOM 3JIEKTPOIIPOBOIHBIX BKJIAABIIIEH.

22. BTCII-obmorka BO30yXKIEHHS MO JIOOOMY TMpeAbIAyIIeMy MyHKTY, MpPUYeM
YaCTUYHO H3OJUPYIOIUN CJIOH CONEPXKUT 3JIEKTPONPOBOJHBIE COCIUHUTENbHBIE ITOJIOCH,
HAXOJAIIMECS CHApPYXKU  HM3OJUPYIOLUX CJIOEB U JJIEKTPUYECKH  COEAMHEHHBIE C
3JIEKTPOIPOBOIHON COEIMHUTENBHOMN MOJIOCOI MOCPENCTBOM OKOH, MPUYEM 3JIEKTPOIIPOBOHBIE
COEAMHUTEJIbHBIE TIOJIOCHI SJIEKTPUIECKH COSTUHEHbI C COCETHUMHU BUTKAMU.

23. BTCII-obmoTrka BO30y:kaeHust MO JIOOOMY TMPEAbIAYIIEMY TMYyHKTY, 3aJUTasi
NPUTIOEM.

24. BTCII-obmorka BO30OyXKIEHUS MO JHOOOMY MpenblaylieMy MyHKTY, MpUYeM
YaCTUYHO W3OJUPYIOLIUN CJIOH COAEP>KUT MHOXKECTBO CEKLUH, COEAUHEHHBIX IOCPENCTBOM
COEIMHEHUI BIPUTBIK.

25. Cnocob msrortoyienust BTCIT-00MOTKY BO3OYKASHHS, COMEPIKALIIHIL:

obecneuenne BTCII-kabens, comepxkamero BTCII-matepuan u MeTaUTHUECKUN
crabunmsaTop;

o0ecriedeHre YaCTHYHO U30JIUPYIOIIEro CIIOs, COAEePIKAIIEroO:

3JIEKTPONPOBOAHBIN CJION, MOKPBITHIM HA OJHON CTOPOHE MEPBBIM U30JUPYHOLIUM

CJIOEM U Ha APYTOH CTOPOHE BTOPHIM H3OJIMPYIOILINM CJIOEM,

NpyUYeM KaXkIbli H30JUPYIOIMUN CIOH HMeeT OAHO WM 0ojiee OKOH, depe3

KOTOPbIE MOXET OCYILIECTBISITbCSA JJEKTPUYECKUH KOHTAKT MEXKAY BHTKAMU U

3JIEKTPONPOBOAHBIM CIIOEM,
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IpU 53TOM OKHA B IMEPBOM H3OJUPYIOILEM CJIO€ CMELIEHbl B IUIOCKOCTHU
3JIEKTPONPOBOAHOTO CJIOSI OT OKOH BO BTOPOM HU30JUPYIOLIEM CJIOE,

cobopky BTCII-kabest 1 HaCTUYHO HU3OJIMPYIOIIEro CJIOs APYT € APYroM ¢ oOpa3oBaHUEM
BTCII-o0mMoTkH BO30Y>KAE€HMS, TaK YTO TOK MOXET pacrpenensaTbess Mexny surtkamu BTCII-
kabess yepe3 4aCTUYHO M30JUPYIOIIHH CIIOHM.

26. Crmoco6 mo mnyHkTy 25, mpudeM obecreueHne HYacCTUYHO H3OJHUPYIOIIEro CJos
COIEPKUT oO0ecredyeHne IO OTAEIbHOCTH KAXKAOTO W3  BJIEKTPONPOBOAHOIO CJIOSI H
U30JIUPYIOIUX CJIOEB U (OPMHPOBAHHE HYACTUYHO HM3OJHUPYIOLIETO CJIOS BO BpEeMsi HAMOTKH
BTCII-06M0OTKM BO30YKIEHUS.

27. Cnocob mo myHKTY 26, npudeM (OPMHPOBAHHE YACTHYHO H3OJHPYIOLIETO CIIOS BO
BpeMsl HAMOTKH  OOMOTKM  CONEPKUT  MPHCOSOUHEHHE  H3OJHPYIOLIMX  CJIOEB K
3JIEKTPONPOBOAHOMY CJIOKO C MOMOIIBIO 3MOKCUAHOIO KJesl U OTBEPKAEHUE SMOKCUAHOIO Kiles
MyT€M MCIOJb30BaHUSl HAIPETBIX MPWKUMHBIX POJUKOB HEMOCPEICTBEHHO Iepen HaMOTKON
YaCTHYHO U30JIMPYIOLIETO CJI0sI B OOMOTKY.

28. Cnoco0 mo myHKTY 25, mpudeM oOecrnedeHHe YacTHYHO H3OJHPYIOLIEro CIos
COZIEPKHUT:

CLEIUIEHUE U30JUPYIOLIUX CJIOEB C 3JIEKTPOIPOBOAHBIM CJIOEM NOCPEACTBOM Kiles,

TPaBJICHHE U30JUPYIOIUX CIOEB 1JIs1 JOPMHUPOBAHUS OKOH.

29. Cnoco0 mo myHkTy 25 nnu 28, nmpudeM odecreueHne YaCTUIHO U30JIUPYIOINEro CIIos
COIEPIKUT OOeCTieYeHre MHOXKECTBA CEKLINH YaCTUYHO M30JHUPYIOLIETO CIIOS U COETUHEHNE 3THX
CEKLIMH MOCPEACTBOM COEUHEHUN BIPUTBHIK.

30. Cnoco6 mo mobomy wu3 mnyHKTOB 25-29, mpudyeMm oOecredeHHe YaCTUIHO
U30JIMPYIOLIETrO CJI0sI CONEPIKUT:

obecnieyeHre epBOro U30JIUPYIOLIEro CIIOS;

MOKPBITUE ITOBEPXHOCTHU MEPBOT0 U3OJUPYIOLLETO CJIOS SJIEKTPOIPOBOIHBIM CJIOEM,

MPUCOEINHEHNE BTOPOTO U30JMPYIOLIErO CJIOS K 3JIEKTPOIIPOBOJHOMY CJIOH);

CBEPJICHHE OKOH B MIEPBOM U BTOPOM HU30JIUPYIOIIUX CIOSIX.

31. Cnocob mo nmyskty 30, mpuueM CBepJieHHE OKOH BO BTOPOM H3OJHPYIOLIEM CJIOE
COIEPKUT CBEPJICHHE INEPEXOAHBIX OTBEPCTUM 4epe3 MEepBbI  M30JUPYIOIIMN  CIIOH,
3JIEKTPONPOBOHBIN CJIOW U BTOPOW U30JUPYIOLIUI CJION U HAJOKEHUE NU3O0JUPYIOLIENH KPBILIKU
Ha KOHELl Ka)K0r0 NePEXOAHOr0 OTBEPCTHS, HAXOASALIUICS Y IEPBOr0 U30JIHUPYIOIIETO CIOS.

32. Cnocob no nyskry 30 wiu 31, npudem odecnieueHne YaCTUIHO U30JIHUPYIOIIETrO CIIOs
JOTIOJTHUTENBHO CONEPIKHUT:

JUIsL KaXKJAOTO W3 NEPBOr0 M BTOPOrO M3OJUPYIOLIUX CJIOEB IMOKPBITHE MOBEPXHOCTU
W30JIMPYIOLIErO CJIOsl, NMPOTHUBOMOJIOXKHOW JSJIEKTPONPOBOJHOMY CJIOK), 3JIEKTPONPOBOIHBIM
COEIMHUTEINIBHBIM CJIOEM, U MPU 3TOM JJIEKTPONPOBOAHBIN COCUHUTENIBHBIN CJIOM HAXOAUTCS B
koHTakTe ¢ BTCII-xabenem nim criastH ¢ HIM MOCJIe HAMOTKH OOMOTKH.

33. Cmocod mo mnyHkTy 32 W coiepkammii  OOJHMLOBKY KaKIOrO0  OKHA
3JIEKTPOIIPOBOIHBIM MAaTEPUAJIOM, YTOOBI 3JIEKTPUIECKH COEAMHUTD 3JIEKTPOIIPOBOIHBIN CIIOH U

COOTBETCTBYIOLIMH CJION METaJlIa.
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34, Cnoco®6 mo mobomy wu3 mnyHkroB 30-33 uw comepamuii TpaBleHUE
3JIEKTPOIPOBOAHOIO CJIOSl st (POPMHUPOBAHHUSI MHOXKECTBAa OOJIaCTe# Tak, YTO, KOoraa coOpaH
YaCTUYHO H3OJMPYIOIIMH CJIOH, Kaxkaast 00JacTh 3JIEKTPUYECKH COEAMHSET COOTBETCTBYIOINEE
NepBO€ OKHO B MEPBOM H3OJUPYIOLIEM CJIO€ C COOTBETCTBYHOLIMM BTOPBIM OKHOM BO BTOPOM
M30JIMPYIOIIEM CJI0€ U Kakaash 00NacTh SBISIETCS DJIEKTPUYECKH H30JIMPOBAHHOM B IJIOCKOCTH
HJIEKTPONPOBOHOTO CJIOS OT APYTHUX 00JIacTeM.

35. Cnocob no mobGomy u3 myHKTOB 25-34 u comepykamuii 3anuBky BTCII-oOMoTKH
BO30OY KACHHUS IPUTTOEM.

36. Ciocob mo myHKTY 35, mpuyueM Mo MeHbIIeH Mepe OJUH U3 YaCTHUHO M30JIHPYIOLINX
CJIOEB HMMEET CBEC, KOTOPBIM MPOCTUpPAeTCs 3a IMpenesbl 3JIEKTPONPOBONHOTO CJIOSI Ha IO
MEHBIIEH Mepe OJHON CTOPOHE, U COAEP KALIUI MOCHE JTana 3aJUBKU NPUIIOEM MEXAHUYECKYIO
obpabotky 3Toit ctoporsl BTCIT-00MoTKH BO30YKIE€HHUSI 1O TAKOTO YPOBHS, YTO MO MEHbIIEH
Mepe 4acTh CBeca yJajsieTcs.

37. Cnocob mo mnyskty 35 wmimm 36 um coxmepxkamuii 3aymuBky BTCII-oOmoTku
BO30YKIEHUS STIOKCUAHBIM KIIEEM IOCIIE HTara 3aJUBKH TPUTIOEM.

38. Crocob mo nmoboMy u3 MyHKTOB 35-37 M conmepiKamuil mepes 3ajJiuBKOM MPUIIOEM
HaHEeCEeHUe ynaasieMol Macku Ha onHy ctopoHy BTCIT-00MOTKM BO30YKICHHS U yIaJICHUE STOU
MAacCKH IOCJIe 3Tara 3aJUBKU MIPUITOEM.

39. Cmocob6 mo mobomy m3 myHkToB 25-38, mpuuem obecnieuenue BTCII-xabens
cogepxxut obecnieueHne MHoxkectBa BTCII-nent, kaxnmas u3 koropeix copepxkutr BTCII-
marepuan u coequHenne BTCII-nent nns popmuposanus kabdesi.

40. Cnoco0 no nyHkTy 39, npudem stan coeaunenust BTCII-nent npyr ¢ npyrom ans
dopmupoBanus kabens ocymecTBIsIOT BO Bpems: HamoTku BTCIT-o6MoTkH BO30Y KeHus!.

41. Cnoco6 mno nynkry 40, nmpuuem stan coeauHenuss BTCII-neHT npyr ¢ apyrom
COIEPIKUT:

MOKPBITHE Ka)KIOU JIEHTHI B IPUIIOE;

nponyckanne BTCII-neHT BMecTe uepe3 HarpeTblii POJMK HEMOCPENCTBEHHO Iepen
HamoTkO# BTCII-00MOTKH BO3OYKACHUS.

42. BeicokoremneparypHasi cepxnposopsimast (BTCII) obmorka Bo30ykneHwHs,
umeromasi paguyc oonbine 50 cm, npudem BTCII-o6MoTka BO30YKIEHUS MUMEET MHOKECTBO
BUTKOB, copepskamux BTCII-marepuan, mpu 5TOM BUTKH PacIOJIOKEHbI TaK, YTO TOK MOXKET
pacrpenensaTbCs MEXAY BUTKaMU 4epe3 pe3UCTHUBHBIN MaTepHuall.

43. BTCII-o6moTka BO30OYXKAEHHS TO NyHKTY 42, NpUYeM PEe3UCTHBHBINH MaTepual
SIBJIIETCS TIOJIYTIPOBOJTHUKOM.

44. BTCII-obmoTka BO30yXA€HUS MO NyHKTY 43, NpuUYeM Pe3UCTHBHBINH MaTepual
SIBIIIETCS] TEPMaHUEM.

45. BTCII-obmoTka BO30YXKAeHHss MO JHOOOMYy 3 NyHKTOB 1-24 u 42-44, npudem
Kaxablll BUTOK conepkuT MHOkecTBO BTCII-nent, u npu stom conporusnenue mexny BTCII-
JICHTAMHU B Ka)KZIOM BUTKE MEHbIIIE, YeM COMPOTUBJICHUE MEXy BUTKAMU.

46. Breicokoremneparypras ceepxmnposomsmas (BTCII) oOmorka BO30ykaeHwUs,
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uMmeromasi paguyc Oompimme 50 cm, mpuuem BTCII-oOMoTka BO30YyXIOeHHS HMEET BHTKH,
conepkamme BTCII-maTtepuan, mpu 3TOM BHTKH pa3aeeHbl MaTEpUaioM, 00€CIeYHBAIOIIIM
NEePexXol METaJUI-M30JITOP, HMMEIOLIUM IE€PBO€ YIEIbHOE CONPOTUBIEHHWE TIPU IEpPBOH
TEMIIEpaType, KOTOpas MeHblle, 4yeM NMuKoBas kpurtuueckas Temnepatypa BTCII, u BTOpOE,
Oosee HU3KOE YIENbHOE CONMPOTUBIIEHUE NPH BTOPOI TeMIiepaType, KOTOpas BbIIIE, YeM IepBast
TeMIIeparypa.

47. BTCII-obmoTka BO30YXKAEHUs 1O MNYHKTY 46, NpU4YeM BTOPOE YAEIbHOE
COTPOTHBJIEHHE MEHbBINE OHOMN ECSTON MEePBOroO YASIbHOTO COMPOTHBIICHUS.

48. TepmosinepHblii peakTop Tokamak, conepkaiquii BTCII-0O0MOTKYy BO30YKIEeHUS MO
mobomy u3 nmyHKTOB 1-24 u 42-47, npuuem BTCII-o0MoTKa BO30OYKACHUS SIBISIETCS OJHOU U3
00MOTKH BO30YKACHUST TOPOUAATBHOTO OIS WJIH OOMOTKH BO30Y KIASHHS MOJIOUAAIBHOTO TOJISL.

49. YcranoBka mis nporoHHo-ny4deBoi Teparmuu (ITJIT), comepkamas BTCII-ooMoTky
BO30YKHeHHs 1O JE0OOMy n3 myHKTOB 1-24 u 42-47, npu s3tom BTCII-00MoTKa BO30YKIeHHs
SIBJISIETCS] OHOM U3!

oOMoTKH BO30YKaeHus1 yckopurest yeraHosku st TTUIT;

JWIIOJIBHOTO WJIM KBaJIPYNOJbHOIO MAarHWTa CHUCTEMBl YIPABIEHHS MYYKOM IPOTOHOB

ycranoBku st [UIT.
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POPMYJIA U3OBPETEHUSA

1. BeicokotemneparypHast cepxmnpoBopsmas (BTCII) oOmorka B030yxkneHus,
UMerolIas MHOXKECTBO  BUTKOB, cozepxkamux BTCII-matepuan, u  NOJyNpOBOJHUK,
pacroNIO’KEHHBIE TaK, YTO TOK MOJXKET MepepaclpenesaTbCsl MEXAy BUTKaAMH dYepes
MIOJIy TPOBOTHUK.

2. BTCII-obmoTtka B030yxneHus no nyHkTy 1, mpuaem BTCII-o6moTka BO30OYKIEHHS
umeer paauyc oonpie SO cm.

3. BTCII-obMmoTka BO30y»XAeHUs MO MYHKTY 1 MM 2, mpuUYeM MOJyIPOBOJHHUKOM
SIBJISIETCS] TePMaHMIA.

4. BTCII-obmoTka BO30Y>KAE€HHUS IO JIFOOOMY U3 MYHKTOB 1-3, mpuYeM KaKablii BUTOK
comgepxxut MHoxkecTBo BTCII-nent, u npu stom comporusienue mexay BTCII-nentamu B
KaXXJIOM BUTKE MEHBbIIIE, YeM CONPOTHBIIEHUE MEXY BUTKAMU.

5. BTCII-o0moTka BO30ykIeHus 1o Jr000My U3 MyHKTOB 1-4, mpu4eM MOJyIpOBOIHUK
IPEAyCMOTPEH B BUJIE CJIOS ITOJYTIPOBOAHUKA MEXAY BUTKAMH.

6. BTCII-o6motka Bo30y»aeHus 1o JF0OOMY U3 MyHKTOB 1-5, mpu4eM mosynpoBOJHUK
MMeeT yebHOe conpoTuBienue mexay 106 u 108 Ommerp.

7. TepmosinepHblii peakTop Tokamak, coxepskammii BTCII-o0MOTKy BO30y»KIeHusi 1o
aobomy u3 nyHkToB 1-6, mpudem BTCII-00MoTKa BO30Y KIEHUS SIBISETCS] OJHOW U3 OOMOTKHU
BO30Y KAE€HHS TOPOUIAIBHOTO TTOJISL HITH OOMOTKH BO30Y KAESHUS MOJOUAATBHOTO TOJIS.

8. YcranoBka mnsi mpotonHo-iydeBoi Tepanuu (ITJIT), comepskamas BTCII-oOmoTky
BO30Y KAeHUS IO JIIOOOMY U3 MyHKTOB 1-6, mpu 3Tom BTCII-00MoTKa BO30OYKIEHUS SBIISETCS
OZIHOM U3:

00MOTKHM BO30OYKIeHHs yckopuTens ycTanoBku aist [TJIT;

JUIMOJIBHOTO WJIM KBAJIPYIOJBHOIO MAarHWTa CHUCTEMbI YIPABJICHUS MYyYKOM MPOTOHOB
ycradoBku st [T,

ITo noBepeHHOCTH
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