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ceOsl LEHTPAIbHYI0 €MKOCTb ISl yAEPXKaHUs, [ABE OUAMETPAIbHO MPOTHUBOMOJIOKHBIE (OPMHUPYIOIIUE
CeKIIMM TeTa-NMHYEH C OOpalleHHBIM MOJIEM, CBS3aHHBIE C YIMOMSIHYTOW €MKOCTBIO, W JIBE KaMephl
JIMBEPTOPOB, CBSI3aHHBIE C (POPMHUPYIOIIUMHU CEKIMAMH. MarHuTHas cUCTeMa BKITIOYAeT B Ce0sl KaTyIIKH
KBa3UIIOCTOSHHOIO TOKA, PAcIIOIOKEHHbIE aKCHAIIBbHO BAOIb KOMIOHEHTOB FRC-crcTeMsl, 3epkaibHbIe
KaTyIIK{ KBAa3HWIIOCTOSHHOTO TOKAa MEXAY KaMepoW ynepXaHus M (OPMHUPYIOUIMMH CEKLMSIMH |
3epKajJibHbIe MPOOKH MeXIy (OPMHUPYIOIIMMH CEKUIMSIMH M JuBepropaMu. DopMupylomye CEeKIuH
BKJIIOYAlOT B ce0sl MOAmyibHbIE (DOPMHUPYIOIINE CHCTEMBl HMITYIbCHOTO IHMTaHMS, ITO3BOJIIOIIUE
OCYIIECTBIIATh CTaTHYECKOE M AWHaMuueckoe (hopmuposanue, a Takxke yckopenne FRC. FRC-cucrema
JIOTIOJTHUTENBEHO BKJIIOYAET B Ce0s1 HHKEKTOPHI IIyYKOB HEHTPAIbHBIX aTOMOB, HHXXEKTOPHI TaOJIETOK HIIH
KT, cucremsl reTTepupoBaHus, OCEBbIE IUIA3MEHHBIC MYIIKH U 3JIEKTPOBI, CMEIIAIONINE TTOBEPXHOCTH
1oToKa. VH)XeKTOpHI IyYKOB MPEANOYTHTEIFHO HAKJIOHEHBI K CpeaHel MmI0cKocTr Kamepbl. B mponecce
pabots napameTpsl FRC-mia3Mel, BKITI0o4ast TEpMHYECKYFO SHEPTHIO TU1a3MBbl, 00IIHE KOJINYECTBa YaCTHII,
paguyc M 3aXBaTblBa€MbIi MAarHUTHBIM MOTOK, MOIAEPKHUBAIOTCA HAa WIM HMPUMEPHO HA IOCTOSHHOM
3Ha4YEeHUH O3 CIaza BO BPEMs MHXKEKIUH ITyYKOB HEUTPAIbHBIX YaCTHLI.
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OoJacTb u300peTeHust

OnwuceiBaeMble 37IeCh BapHUaHTHl OCYIIECTBICHUS OTHOCSATCS B OCHOBHOM K CHCTEMaM JUIsi MarHUTHOTO
yAepKaHus TUTa3Mbl, a 60Jiee KOHKPETHO - K CHCTEMaM U crmoco0aM, KOTOphIe CTIOCOOCTBYIOT (POPMHUPOBAHUIO U
MOJIep’KaHUIO KOH(GUTYpaIuii ¢ 0OpaleHHBIM TI0JIEM C MPEBOCXOAHON YCTONUMBOCTRIO, a TaKXKe YICpPIKaHUIO
YaCTHUII, SHEPTHX U ITOTOKA.

Hudopmanus 06 ypoBHe TEXHUKHU

Kongwurypammus ¢ oopamenasiM mosieM (FRC) mprHamiexuT K KJaccy TOTOJIOTHI MAarHUTHOTO YAepKaHUS
TUTa3Mbl, M3BECTHBIX Kak KommakTHble Topouiasl (KT). Ona memoHCTpupyeT Tpeobiafarolie MOJOHUIATbHBIE
MarHUTHEIC TIOJIS U O0JIAaeT HYJIECBBIMU WU MAJBIMH CAMOTCHEPUPYEMBIMHI TOPOUIATBHBIMEU MOJAME (cM. M.
Tuszewski, Nucl. Fusion 28, 2033 (1988)). [IpeumymiectBamMu Takoi KOHQUTypauy SBISIOTCS €€ mpocTast IS
MIOCTPOCHHMS M TIOAJICP)KaHHsI TEOMETPHS, €CTECTBEHHBII HEOTPaHUYEHHBIH TUBEPTOP AJIsl OCYIIECTBIICHUS SHEp-
TOBBIZICIICHUS U 30JI0yJaJICHU, a TaKke O9eHb BBICOKOE 3 ([3 -OTHOIIEHNE CpeTHEro NaBJICHUS IIa3MBI K Cpea-
HEMY JIaBJICHUIO MarHUTHOTO 1ot BHyTpu FRC), T.e. BEICOKas TIOTHOCTH MOIIIHOCTH.

CBOHCTBO BBICOKOTO [3 BBITOJHO U 3KOHOMHUYHOHM pabOTHl W I MPUMEHEHHS yCOBEPIICHCTBOBAHHBIX
aHEHTPOHHBIX TOILINB, TaKuX, kak D-He® u p-B''.

Tpagnmonnsiiit ciocod gopmuposanus FRC ucnons3yer TexHomornn 9-muHYa ¢ OOpaIeHHBIM IOJIEM,
JAroIei ropsiare BBRICOKOIUIOTHBIC Ma3Mbl (cM. A. L. Hoffman u J. T. Slough, Nucl. Fusion 33, 27 (1993)).
Pa3HOBUIHOCTBIO ATOTO SBJISIETCS CIIOCO0 IMepeHoca U 3aXBaTa, B KOTOPOM IuTa3Ma, co3laBaeMas B "UCTOUHHKE"
TeTa-MHYA, B OOJBIICH MM MEHBIIEH CTETIEHH HEMEIUIEHHO BRIOpACchIBAeTCS M3 OJHOTO TOpIa B KaMepy yAep-
JKaHWA. 3aTeM ITePEHOCHMBIN TUIA3MOMT 3aXBaTHIBACTCS] MEXKAY IBYMsI IPOYHBIMH 3€pKalaMy Ha TOPIax KaMephl
(cm., manmpumep, H. Himura, S. Okada, S. Sugimoto, u S. Goto, Phys. Plasmas 2, 191 (1995)). Kak Tomapko 3TOT
TUTa3MOMJT OKa3bIBACTCS B KaMepe yIAep KaHUs, MOKHO MPUMEHSTh pa3IMdHbIC CIIOCOOBI HArpeBaHUS B BO30OYXK-
JICHHS TOKa, TaKHe, KaK MHKEKINS MydYKa JacTUIl (HEHTPAIbHBIX WM HEHTPAIN30BaHHBIX ), BPAIIAIONIHECs Mar-
HUTHBIC TIOJIS, BRICOKOYACTOTHBIN WM OMUYECKHN HArpeB U T.A. DTO pas3jeicHue QYHKIMA UCTOYHUKA U YACp-
JKaHHS AT KIIOYCBBIC HHXCHEPHBIC TPCUMYIIECTBA TS TOTCHIMANBHBIX OYIYIIUX TEPMOSICPHBIX PEaKTOPOB.
FRC nokazanu CBOIO MCKITIOYHMTENIFHYIO YCTOHYMBOCTH K BHELIHUM BO3ACHCTBUSM, MPUCIIOCOOIIEMOCTD K JH-
HaMU4YeCKOMY (pOpMHpOBaHHIO, IEPEHOCY M MHTCHCUBHBIM COOBITHSM 3axBara. bojee Toro, oHM 1eMOHCTPHPY-
FOT TCHJICHIUIO JOMYCKATh MPEIIOYTHTEIIFHOE COCTOSTHHE Ma3Mbl (cM., Hanpumep, H. Y. Guo, A. L. Hoffman,
K. E. Miller, u L. C. Steinhauer, Phys. Rev. Lett. 92, 245001 (2004)). 3a nocienHee ACCITHIETHE TOCTUTHYT
3HAYMTENBHBIN MPOrpecc B Pa3BUTHH APYTUX criocoboB GopmupoBanus FRC: mocpenctBom oObenuaeHus cde-
POMAKOB C MMPOTHUBOTIONOKHO HAMPABICHHBIMHU CIIUPATBHOCTAMU (cM., HanpuMmep, Y. Ono, M. Inomoto, Y. Ueda,
T. Matsuyama, u T. Okazaki, Nucl. Fusion 39, 2001 (1999)) u mocpencTBoM BO30YXICHHsI TOKA BpaIAOIIHMH-
cs1 MarHUTHRIME TIoJsiMu (BMIT) (cm., Hanmpumep, 1. R. Jones, Phys. Plasmas 6, 1950 (1999)), koTopsie Takxke
00eCTIeYnBarOT JOMOTHUTENBHYIO YCTONYNBOCTS.

HenaBHo ObLT cyliecTBEHHO 10pabOTaH METO CTOJIKHOBEHUS U 00bEANHEHUS, IPEAI0KEHHBIH yKe TaBHO
(cMm., Hanpumep, D. R. Wells, Phys. Fluids 9, 1010 (1966)): n1Ba oTAeiIbHBIX TE€Ta-IIMHYA HA MPOTHBOIOIOXKHBIX
TOpIAaX KaMepsl YACp:KaHUS OJHOBPEMECHHO TCHEPHPYIOT M YCKOPSIOT JIBa IIa3MOUIA 0 HAMPABICHHUIO APYT K
JpYTy Ha BBICOKOH CKOPOCTH, KOTOpBIE 3aT€M CTAJKHMBAIOTCS B IICHTPE KaMepbl yAepXKaHus B 00beqUHSIOTCS,
o6pa3ys cocraBHyto FRC. [Ipu pa3paboTke U ycriemHOM IpOBEICHUN OJHOTO M3 Hanbojee KpyImHOMacIITaOHBIX
K HacTosIIEMY BpeMeHH dKcriepuMeHToB ¢ FRC, 0ObIUHBII c110c00 CTOIKHOBEHHSI M 00BEIMHEHUS [T0Ka3ajl, YTO
JTaeT yCTOWIUBBIe BhIcOKoTemmeparypHbie FRC ¢ GonbIiM BpeMeHeM JKU3HH U OOJIBIION TUIOTHOCTHIO TTOTOKA
gacTuIl (cM., Harrpumep, M. Binderbauer, H.Y. Guo, M. Tuszewski et al., Phys. Rev. Lett. 105, 045003 (2010)).

FRC cocTosT U3 Topa CHJIOBBIX JTMHHNA 3aMKHYTOTO TIOJISI BHYTPH CEMapaTpPUCH U KOJIBIIEBOTO TPAHUIHOTO
CJIOSl Ha JIMHUSX OTKPBITOTO MOJSI TOJBKO CHapy)XH OT CEmapaTpuchl. [ paHMYHBIA CIOH CXOAWTCS B CTPYH 3a
npenenamu aauHBl FRC, obecrieunBas ecrtecTBeHHBI muBepTop. Tomomoruss FRC coBmagaer ¢ tomosorueit
TUTa3MBI 3epKaJl ¢ 00pameHHbIM nosieM. OIHaKo CYIIECTBEHHOE pa3jinuue 3aKitodaercs: B ToM, 4ro FRC-mmasma
umeert 3 okomno 10, CobctBenHOE crtaboe BHYTpeHHEE MarHUTHOE IT0JIe 00eCTIeYNBaeT ONPEACIICHHYI0 MECTHYIO
MOMYJISIUIO YacTHUIl, 00JIagalomuX ONpeIesICHHOH KMHETHYECKOH DHEPrHeH, T.e. YacTHIl ¢ OOJIBIINMH JIapMO-
POBCKHMH PaJINyCaMH IO CPABHEHUIO ¢ MaibIM paguycoM FRC. O4eBUIHO, YTO MIMEHHO 3TU CHIIbHBIC KHHETH-
yeckue 3 exTs BHOCAT 110 MEHBIIEH Mepe YaCTUUHBIM BKJIAA B OOIIYI0 YCTOWYMBOCTh Pa3pabOTaHHBIX B IIPO-
mIoM 1 coBpeMeHHbIX FRC, Takux, kak mosryqaeMble B 9KCIIEPUMEHTE MO CTOJIKHOBEHHIO M 00bEANHEHUIO.

B skcnepumenTax ¢ TunmdabiME FRC, pa3paboTaHHBIMU B TPOILIOM, JOMHUHHAPOBAIH KOHBEKTHUBHBIC TIO-
TEpH, TIPH ATOM yIEp>KaHHWEe YHEPTUH OINPEAEISIIOCh IEPEeHOCOM YacThll. YacTHusl AudGyHAUPYIOT U3 OTPaHH-
YEHHOTO CeTapaTpucoil o0bemMa IIIaBHBIM 00pa3oM paguaibHO, a TOTOM MPOUCXOIAT WX aKCHAIBHBIE TTOTEPH B
rpaangHOM ciioe. CooTBeTCTBEeHHO, yaepxkaHue FRC 3aBUCUT OT CBOWCTB 00JIaCTei CHUIIOBBIX JIMHWH, KaK 3aMK-
HYTOTO, TaK M OTKPBHITOTO HOJA. Bpems nud¢ys3mm gacTum HapyxKy H3 00beMa, 04epueHHOTO CernapaTpHCOH,
cocraBiser T,~a”/D, (a~r/4, Iae I, - HeHTpaIbHbIl PagMyc CeHapaTpuchl), a D, - XapaKTepuCTHUECKHUil K0od(-
¢unuent nuddysun, Takoi, kak D;~12,5 pj, npuuem p;. IpencTaBiIseT coOOH TUpOpaglyc NOHOB, OIICHUBAC-
MBI B MPUKJIaIbIBAEMOM H3BHE MarHUTHOM Toje. B skcmepumentax ¢ FRC, pa3paboTaHHBEIMH B MPOILIOM,
BpeMS Ty YZEpKaHUs YaCTHIl TPAHMYHOTO CIIOS IO CYLIECTBY IPENCTaBIsIET co00i BpeMsi oceBoro npobdera. B
YCTaHOBHBIIEMCS COCTOSHHH OaJIaHC MEKAY pagualbHBIMU M OCEBBIMH MOTEPSIMHU YaCTHUI] AAaeT AIUHY TpajncH-
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Ta IJIOTHOCTH y CENapaTpychl, cocTapsomyo 8~ (D, 1 H)m. Bpemennsie macmTadbl yaepskanus gactui B FRC
COCTABJIAIIOT (T, 7 H)m s FRC, pa3zpaboTaHHBIX B MPOIIIOM, KOTOPEIE UMEIOT CYIIECTBEHHYIO IIOTHOCTD Y Ce-
napatpucsl (cM., Hanpumep, M. TUSZEWSKI, "Field Reversed Configurations," Nucl. Fusion 28, 2033 (1988)).

Jpyrum HemocTaTKOM M3BECTHBIX KOHCTpYKIHi FRC-cuctem Obia MOTPEOHOCTH B MCIOJIH30BAHUH BHEIII-
HUX MYJBTHIONCH JUI KOHTPOJS HEYCTOWYMBOCTEH BPALICHHUS, TAKHUX, KaK JKCIOOKOBBIC HEYCTOHYHUBOCTH TPHU
n=2. TakuM oOpa3oM, THIIMYIHBIE TPHUKJIAJABIBAEMbIC M3BHE KBaJPYIOJbHBIC TOJIS oOecreunBanu Tpedyemoe
MarHUTHOE BOCCTAHABIIMBAIOIIEE JABJICHHE U OCTAHOBKM HApAaCTaHHUS ITHX HEYCTOWYHMBBIX PEXHUMOB. XOTS
STOT METOJ MOAXOIUT JUISI KOHTPOJIS YCTOHYMBOCTH TEPMHUUECKOW OCHOBHOW IIIa3MBI, OH CO3/IaeT CEphEe3HYIO
npobiiemy st FRC ¢ Gonbieli KHHETHUECKON SHEpPTHEH WM yCOBEPIICHCTBOBAaHHBIX ruOpuaHbix FRC, e
3aceJIeHNe BHICOKOKMHETHIECKUMH YacTUIIAMH C OpOMTAaMH OOJBIINX PaANyCOB COYETACTCS ¢ OOBIYHOM TepMU-
YyecKol 1masMod. B 3Tmx cucremax MCKa)keHHS OCECHMMETPHYHOTO MArHUTHOTO TOJI M3-3a TAKUX MYIJBTH-
TIOJIBHBIX MOJICH MPUBOIUT K MCKIFOYUTEIBHO OOJBIINM ITOTEPSM OBICTPBIX YACTHIL 32 CYET OCCCTOIKHOBHUTEIb-
HOW CTOXaCTHYCCKOH MU (Y3HH, SBISIOMICHCS CISICTBHEM YTPAThl COXPAaHCHUS KAHOHUYCCKOTO KHHETHYECKO-
ro MoMeHTa. TakiuM 00pa3oM, HOBOE pelIeHHUE, 3aKII0YAIOIIEecs] B TOM, YTOOBI 00ECIIeYUTh KOHTPOJb YCTOHIH-
BocTH 0Oe3 mHTeHCUuKaun 1ud y3un JTF0OBIX YaCTHUII, SBISCTCS BaXKHBIM JUIS IMOJyYSHUs IPEUMYIecTBa 00-
Jiee BBICOKOTO TEXHHUYECKOTO MOTCHIIMANA 3THUX KOHICMIUH ycOoBepIIeHCTBOBaHHBIX FRC, He MCClieIOBaHHBIX
paHee.

[TosToMy, B CBETE BBINIEH3IIOKEHHOTO JKEIATENbHO YIYUIINTh yACpKAHWE W ITOBBICUTH yCTOWYHBOCTH
FRC, uto0s1 ucnonms3zoBath FRC, paGoTatomye B yCTaHOBUBIIIEMCS] COCTOSTHUH, KaK MyTh K IIEIOMY MHOXECTBY
MPWIOKEHUH, BKIIIOYasi KOMIIAKTHBIC MCTOYHMKH HEUTPOHOB (7SI IPOM3BOACTBA M30TOIIOB MEAUIIMHCKOTO Ha-
3HA4YCHHS, BOCCTAHOBIICHIE OTPaOOTAaHHOTO SIEPHOTO TOILIMBA, MCCIEJOBAHMN MaTepHAJIOB, HEUTPOHHOH pa-
nmuorpadguu U ToMorpadun), KOMIAKTHRIE HCTOYHUKH (POTOHOB (TSI XUMHUYECKOTO MTPOU3BOJICTBA M XUMUIECKOM
00paboTKM), CUCTEMBI JUIS pa3ieieHus ¥ 00OTaIlIeHHs, a TAK)KEe aKTHBHBIC 30HBI PEaKTOPOB JIJISl CHHTE3a JIETKUX
S7Ep C LENbI0 BBIPaOOTKH YHEPTHU B OYAyIIEM.

PackpsiTHe H300peTeHus

BapuaHTBI OCYIIIECTBIICHUS TaHHOTO N300pETEHUs, MPEIUIOKEHHBIC 3]IcCh, HATIPABJICHBI HA Pa3padOTKy CH-
CTEM M CIIOCOOOB, KOTOPBIE 00JIer4aloT (JOPMUPOBAHKE U TIOAJCPIKAHUE HOBBIX BEICOKOA((EKTUBHBIX KOHPHTY-
paunii ¢ oopamennsM noseM (FRC). B cooTBercTBhu 310 HOBOI Mapagurmoii BeicokodddexruBHoit FRC Ha-
CTOAIIAsE CHCTEMa COYETaeT OIPOMHOE KOJMYECTBO HOBBIX HMICH M CPEACTB I pe3koro ymyumeHus FRC-
yAepKaHUs YaCTHUIl, SHEPTHH U MTOTOKA, a TaKkXKe oOecredeHne KOHTPOI YCTOHINBOCTH Oe3 HETaTUBHBIX T000Y-
HBIX 3P PEKTOB.

[Ipenmaraemas 3nece FRC-cuctema BkirouaeT B ce0sl HEHTPAIBHYIO €MKOCTh U YACPKAHHS, OKPY)KEH-
HYIO IByMSI THaMETPaIbHO MPOTHBOMOJIOXKHBIME (POPMHUPYIONIIMH CEKIIMSIMHU TETa-MMMHYEH ¢ 00paIieHHBIM I10-
JIeM | JIBe KaMepHsl JHBEPTOPOB BHE (POPMHUPYIOMNX CEKIIHMA, TPUYEM KaMephl TUBEPTOPOB MPETHA3HAUYCHBI IS
KOHTPOJISI TUIOTHOCTH HEUTPATBbHBIX YACTHUI[ U 3aTPSA3HCHHS NpUMecsMUA. MarHUTHAsE CHCTEMa BKJIFOYAEeT B ceOs
PSAA 3epKaNBHBIX KAaTYIIEK KBAa3UIOCTOSHHOTO TOKA, KOTOPBIC HAXOISTCS B OCEBBIX MOJOXKCHUAX BIOJb KOMIIO-
HeHTOB FRC-cucTeMbl, mpuieM 3epKalbHBIC KaTYITKH KBa3UIIOCTOSHHOTO TOKA HAXOMATCS MEXIY JFOOBIM TOP-
[IOM KaMmepsl YAep KaHUS U COCCTHUMH (OPMHUPYIONIMMHU CEKIUAMH, U 3epPKAIbHBIC MPOOKHU, COJCPKAIIIEC KOM-
MAKTHBIC 3epPKAbHBIC KATYIIKUA KBa3HUIIOCTOSHHOTO TOKA MEKAY KaXKABIMU U3 (YOPMUPYIOMINX CEKIMNA U TUBEP-
TOPOB, KOTOPBIE CO3JAIOT TOTOJIHUTEIbHEIC HAIPABIISIONIME MO JIJIS HALlCIMBAHUS TOBEPXHOCTEH MarHUTHOTO
MOTOKA K AuBepTOpy. DopMupyromue CeKIIu BKIIOYAIOT B ¢e0s MOAYIBFHBIC UMITYJIbCHBIE (POPMHUPYIOIINE CHC-
TEMBI, KOTOpBIE AETaloT BO3MOXHBIM (popmupoBanne FRC Ha MecTe, a 3aTeM ee YCKOpPEHHE W WHXXEKIHIO (=
cTaTrdeckoe GopMUpOBaHHUE), MO0 GOPMUPOBAHNE M YCKOPEHHE OJHOBPEMEHHO (= TWHAMHUYECKoe (OPMHUPO-
BaHUE).

FRC-cucrema BkirodaeT B ce0sl HH)KEKTOPHI ITYYKOB HEUTPAILHBIX aTOMOB W MHXKEKTOP TalyeToK. B on-
HOM BapHaHTE OCYIICCTBICHUS HHKCKTOPHI yYKOB HAKIIOHCHBI JJIs1 HHXKCKI[UH HEHTPAILHBIX YACTHI] K CpeIHEH
IUIOCKOCTH. Hannmyme WHKEKTOPOB IyYKOB, HAKJIOHEHHBIX K CPEIHEH IUIOCKOCTH, MPH OCEBBIX IOJIOKEHHSIX
MYYKOB BOJIM3U cpeqHEd IIOCKOCTH YJIydIlaeT CBsi3b "MydoK-muta3ma' paxe toraa, korga FRC-mna3ma cokpa-
IIAeTCs WK UHBIM 00pa3oM aKCHAJFHO CXKHMAETCSI BO BpeMs TIEPHOIa HHKCKIMH. B cOCTaB BXOAT €IIle U CHC-
TEMBI TCTTCPUPOBAHUS, a TAK)KE OCCBBIC IUTAa3MEHHBIC MyIIKU. [IpeIyCMOTPEHBI TaAK)KE CMEIIAOIIHNE SJICKTPOIBI
JUISL DJIEKTPUYECKOTO CMEIIEHHST OTKPBITHIX MTOBEPXHOCTEH MOTOKA.

B mpomecce paboTsl TI00anmbHBIE MapaMeTphl IUIa3MBI, BKIIOYAIONINE B CeOS TEPMHUUECKYIO SHEPTHIO
TUTAa3MBI, O0IIHMe KOJMYeCTBA YaCTHII, PAINyC U JUINHY [UIa3MBbl, a TAK)KE MAarHUTHBIN ITOTOK SBJISTIOTCS MPaKTHYe-
CKH{ TIOCTOSIHHBIMH 0e3 craza, B TO BpeMs KakK ITyYKH HeUTPaJbHBIX YaCTHUIl HEKEKTHPYIOT B TIa3My, a TaOJIeTKH
00eCTIeYnBAaOT MOTIOTHEHNE HAUIeKAITUX JaCTHII.

B ampTepHaTHBHOM BapuaHTE OCYIIECTBICHUS BMECTO MHXKEKTOpa TabJIeTOK obecredeH WHXKEKTOp KOM-
naktHOTO Topomnaa (KT) mis obecriedeHns MOMOTHSHNS HA/IEKAMUX JACTUIT TTyTEM HHXKEKIIMHA CPHEpOMaKoIo-
JIOOHOM TIIa3MBl.

CucTeMBl, crocoObl, MPU3HAKK U MPEHMYIIECTBa N300peTeHU OyIyT WM CTaHYT OYCBHIHBIMU JUTS CIIC-
[IaJIMCTa B O0JACTH TEXHHUKH IOCIE M3YUEHHs HIKECIEIYIOINX YepTeked u moapoOHoro onucanus. [loapa-
3yMEBaeTcsl, YTO ITO ONMCAHHE PacIpOCTPaHIETCs] Ha BCE TAKWe JOMOJIHUTENBHBIE CIOCOOBI, NPU3HAKK U TIpe-
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MMYILECTBA, KOTOPbIE HAXOIATCA B paMKax oObeMa NPUTA3aHUH M300peTeHus M MOANANAloT o] 3aIlUTy HOo-

CpPEACTBOM IpmiiaraeMoil popmyisl m3o0perenus. Taxke moapasymeBaeTcs, 4To H300peTeHNE HE OTpaHUYHBa-

eTcsi TpeboBaHNEM 0053aTEIBHOTO HATMYIHSA BCEX MOAPOOHOCTEH BO3MOXKHBIX BAPHAHTOB OCYIIECTBICHUSL.
Kparkoe onucanue ¢puryp

[Tpunaraemele 4epTexu, KOTOPBIE BKIIOUEHBI B IaHHYIO 3aiBKY KaK €€ 4acTh, WITIOCTPUPYIOT MPEATIOYTH-
TENBHBIA B HACTOAIIEE BPEMsS BAPHAHT OCYILECTBICHUS M HapsiAy ¢ OOIIMM ONMCAaHUEM, H3JI0KECHHBIM BBIIIE, U
HOAPOOHBIM OIMCAHUEM TNPEAIIOYTHTEIFHOTO BaApHAHTa OCYILIECTBICHNUS, IPUBOJUMBIM HIDKE, CIYXaT Ul THO-
SCHEHUsSI IPUHINIIOB IaHHOTO U300peTeHNs ¥ 00YICHUS TUM MPHUHIUIIAM.

®ur. 1 wumrocTpupyeT yaepkanue 4acTull B npepiaraemoil FRC-crucreme B BEICOKOI((EKTUBHOM PEXHU-
me FRC) o cpaBHenmro ¢ 00byHbIM peskumMoM FRC 1 1o cpaBHEHHIO ¢ APYTMMH 3KCIIEPUMEHTAMH C OOBIYHBI-
mu FRC.

@ur. 2 umnocTpupyeT KoMnoHeHTsl npegnaraeMoit FRC-cuctemsl u marautnoit Tononoruun FRC, nony-
yaeMoii B mpeqiaraemoit FRC-cucteme.

@ur. 3A mmnocTpupyeT 6a30Byl0 cxemy pacroioxkenus npempiaraemoii FRC-cucrembr Ha Buzie cBepxy,
BKJIIOYAsl MIPEATIOYTHTENILHOE PACIION0KEHHE MYYKOB HEHTPAIbHBIX YACTHUII, JIEKTPOJOB, TIa3MEHHBIX IyIIeEK,
3epKATbHBIX TIPOOOK M MHKEKTOpa TabJIETOK.

@ur. 3B wimrocTpupyeT LEHTPATbHYIO €MKOCTh JUISl YAEPXKaHUS Ha BUJE CBEPXY M IIOKA3bIBACT IMYYKH
HEWTPaJIIbHBIX YacTH, PACIOJIOKEHHbBIC O] MEHBIINM YIJIOM, YeM IpPAMON K TJIaBHOM OCH CHMMETPHH IICH-
TpalbHON EMKOCTH ISl yAEPKaHUSL.

@ur. 3C nnmrocTpupyeT LEHTPATbHYI0 €MKOCTh JUISl YAEP)KaHUS Ha BUJE CBEPXY M IIOKA3bIBACT IMyYKH
HEUTpaJbHBIX YaCTHILI, PACION0KEHHBIE MOJ MEHBIINM YIJIOM, YeM MpPSIMOM K I'TaBHOM OCH CHUMMETPHUH LEH-
TpaIbHON €MKOCTH ISl yAepKaHUs U HAIIPAaBICHHbIE C BO3MOXHOCTBIO MHXKEKIIUU YaCTHI[ K CpeqHEN IIOCKOCTH
LHEHTPaAIbHON €MKOCTH JUIS yJIepKaHHUS.

®ur. 4 uamOCTpUpYET CXeMaTHYECKOEe N300pakeHHE KOMIIOHEHTOB CUCTEMBl MMITYJIECHOTO MHUTaHMS JUIS
(hOPMHPYIOLTNX CEKIHH.

@ur. 5 WUTIOCTPUPYET N30METPUUECKOE N300pakeHHE OTACIBHOTO (POPMHUPYIOIIEro MOyl UMITYJILCHOTO
MHUTaHHUS.

Owur. 6 WUTIOCTPUPYET H30METPUUECKOe N300pakeHne y3ina GopMHUPYIOMHUX TPYO.

@ur. 7 WITIOCTPUPYET U30METPUUECKOE N300paKCHNE B YACTUIHOM CEUEHHU CHCTEMBbI IIy4YKOB HEHTpallb-
HBIX YaCTHUI] U KJIFOYEBBIX KOMIIOHEHTOB.

@ur. § WLTIOCTPUPYET U3OMETPUIECKOE H300paXKEHUE CPEJICTB TCHEPUPOBAHNUS ITyYKOB HEHUTPATIbHBIX Ua-
CTHII Ha KaMepe yIepKaHHUs.

®ur. 9 WUTIOCTPUPYET U30METPUIECKOE N300paKEHHE B YACTUYHOM CEYEHUH TPEAIOYTHTEIEHOTO PacIo-
noxenus cucteM Ti- u Li-rerrepupoBanust.

@ur. 10 wuOCTPUPYET U30METPHIECKOE N300pakeHHE B YACTUYHOM CEUEHHUH IIJIa3MEHHOM ITyIIKH, ycTa-
HOBJICHHOH B Kamepe JuBepTopa. Tarke MOKa3zaHbl COOTBETCTBYIOIIAs MarHWTHAS 3€pKajbHas Mpoda W dIeK-
TPOAHBIN y3€ll AUBEPTOPA.

@ur. 11 WuTIOCTPUPYET NPEANOUTUTEIBHYIO CXEMY PACHOIOKEHHUS KONBLEBOTO MIEKTPOJa CMELICHHS Ha
0CEBOM TOpIIE KaMEPHI YAEPKAHUSL.

®Owur. 12 WITIOCTPUPYET IBOJIONHUIO pajryca HCKIodaeMoro motoka B FRC-cucteme, momydeHHOTO UCXO-
IS U3 psAfa Hapy>KHBIX JHaMarHUTHBIX KOHTYPOB B IBYX (DOPMUPYIOLINX CEKIMAX TeTa-MHUHYEH ¢ 00paleHHbIM
MOJIEM M MarHWUTHBIX 30HZOB, 3a[CNAHHBIX BHYTPH HEHTPAIbHON METAJUIMYECKOW KaMepsl yIepskaHus. Bpems
M3MEpSIETCS] C MOMEHTA CHHXPOHH3HPYEMOT0 00paIeH s T10JIs1 B UCTOYHHKAX U1l JOPMUPOBAHMS, & PACCTOSIHUC
Z 3a71aeTCsl OTHOCUTEIBHO OCEBOM CpeHEH MIOCKOCTU MAIIUHBI.

@ur. 13(a)-(d) WUTIOCTPUPYIOT AaHHbIE, MOJIYYEHHBIE B pe3yNbTaTe HEMOIEPKMBAEMOTo paspsija B Xa-
pakTepHOM He BbIcOKOd(GdekTnBHOM pexnme FRC Ha mpemmaraemoit FRC-cucteme. Kak ¢yHkumm Bpemenn
MOKa3aHbl: (a) paguyc HCKII0YaeMoro MoToKa B cpenHelt miockocty; (b) 6 Xopn IMHEHHO-MHTETpaIbHOM MIOT-
HOCTH M3 HaXOMAIIErocs B cpeqHel IIocKocTH nHTepdepomerpa aist onpenenenus conepxkanus COy; (c) paau-
aJbHbIe MPOQIIN paclpeelIeHUs INIOTHOCTH, MHBEPTUPOBAaHHbIE 10 AGeto, Mo JaHHBIM HHTEpdepomeTpa st
onpenenenus conepxkanus CO, u (d) monHas Temneparypa mia3Mbl HCXOI 13 OamaHca TaBICHISL.

®ur. 14 wmrocTpupyeT oceBbie MPOGIIH HCKITI0YaeMOT0 TOTOKa B BRIOPAHHBIE MOMEHTHI BPEMEHH IS
OJTHOTO | TOTO ke pa3psaa u3 npemiaaraemoit FRC-cuctemsl, mokazaHHoM Ha ¢wur. 13.

Our. 15 WUTIOCTPUPYET U30METPHUIECKOE N300paKCHNE OTKIIOHSIONINX KaTYIIEK, YCTAHOBJIECHHBIX CHApY-
KM KaMepBbl YACPKAHUSL.

@ur. 16 unmocTpupyeT Koppenauuu BpeMeHu xku3Hd FRC 1 1uTensHOCTH UMIYIbCOB HHXKEKTUPYEMBIX
MYYKOB HEWTpabHBIX YacTHI. Kak rmokaszaHo, OoJiee [UIMTEIbHbBIE UMITYJIbCHI IyYKa JaloT OOJIbIee BpeMsl sKU3-
uu FRC.

®ur. 17 unmocTpupyeT HHAUBHAYyaJdbHbIE M COBOKYIIHBIE BO3JEHCTBUS pa3HbIX KoMmoHeHTOB FRC-
cucTeMbl Ha paboune xapakrepuctuku FRC n noctiskenne BEICOKOI(Q)EKTHBHOTO pexXHUMa.

Our. 18(a)-(d) mwumrocTpupyrOT AaHHbBIE, TOIYyYSHHBIE B pe3yJIbTaTe HEe HETOIAEePKUBAEMOr0 pa3psa B Xa-
paktepHOoM BbicokodpdexTuBHOM pexkume FRC na npennmaraemoii FRC-cucteme. Kak ¢pyHKIum BpeMeHH moKa-
3aHbl: (a) pagnyc UCKII0YaeMOro TIOTOKa B cpeaHer TiockocTH; (b) 6 Xopa IMHEHHO-HHTETPabHOH TIJIOTHOCTH
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U3 HaxXOMAAIIErocst B cpeqHel IIockocTH nHTepdepomerpa it onpenesenus coaepxkanns CO,; (¢) paauansHble
npodum pacnpeneneHus IOTHOCTH, HHBEPTHPOBaHHBIE TTI0 AGeIto, 10 TaHHBIM HHTephepoMeTpa JUIsl onpeie-
nenus cogepxanus CO, u (d) mosmHas TemepaTypa IIa3Mbl HICXOIS U3 PAaBEHCTBA NaBIICHUH.

®wur. 19 WUTIOCTPUPYIOT yAepKaHUEe MTOTOKa Kak GyHKIHIo TemrepaTypsl (T,) 2JeKTpOHOB. DTO JaeT rpa-
(hmueckoe mpencTaBIeHHE O BHOBb YCTAHABIMBAEMOM PEXHMME MacIITaOMPOBAHUS, KOTOPBIH MPEBOCXOIHUT U3-
BECTHBIC, IS Pa3psiioB B BhICOKOd(hhekTrnBHOM peknme FRC.

Our. 20 wimroctpupyeT Bpems xku3Hu FRC, cooTBeTCTBYyIOIIE [UIMHE UMITYJIbCA HE HAKIOHHBIX U HAKJIOH-
HBIX HHXEKTUPYEMBIX IIyYKOB HEHTPAIbHBIX YACTHII.

Ha ¢ur. 21A u 21B wutioctpupyetcs: 6a30Bast cXeMa pacIoJIOKEHUSI HHKEKTOpa KOMITAKTHOTO TOpOHIa
(KT).

Ha ¢wur. 22A u 22B wumoctpupyeTcsi IeHTpaibHast eMKOCTb IS yAEp)KaHMs U T0Ka3aH YCTaHOBJIECHHBIH
Ha Hee unxekTop KT.

Ha ¢ur. 23A n 23B wmmroctpupyercst 6a30Basi cxeMa pacIioyIoKEeHHUs! COTJIACHO aJbTepHATHBHOMY BapHaH-
Ty ocymiecTBieHnst nHxekropa KT, uMeroriero cBs3aHHYIO ¢ HUM IIPOJIETHYIO TPYOKY.

CrienyeT OTMETHTb, YTO YEPTEKH HEOOS3aTENbHO BHIMOIHEHB! B MacIITabe M 4TO JIEMEHTHl aHATOTUYHBIX
KOHCTPYKLMH Wiau QYHKIMHA B 00IIeM cirydae 0003HaUCHBI OJMHAKOBBIMH MO3UIMAMHI Ha BCEX YEPTEXKax B Lie-
Is1X muttocTpanun. CienyeT TakkKe OTMETUTb, ITO YEPTEXH NMPEIHA3HAUCHBI TOJIBKO ISl OOJICTYEHHS OIMCAHUS
pa3ITMYHBIX BAPHAHTOB OCYIIECTBICHNUS, O KOTOPBIX 3/IeCh UAET peub. Ha yepTexax He 00s3aTEIBHO ONUCHIBACT-
Csl KaXKIBIH aCHEKT MpeAIaraeMbIX 37eCh HIACH, W 4epPTE)KH HE OrPaHHYMBAIOT OOBEM IPHUTI3aHHUI COTJIACHO
(hopmyie n3obpeTeHus.

Moapo6Hoe onucanue

Hacrosimue BapuaHThI OCYILECTBICHUS, IPEUIOKEHHBIE 3/ICh, HATPABJICHbI HA pa3paboTKy CHCTEM H CHO-
co00B, KOTOpBIE 00JeryaroT GopMUpOBaHKUE U NOAJECP)KaHHE BEICOKOA(P(EKTHBHBIX KOHPUTypanuii ¢ oOparieH-
HeM noneM (FRC), npunaBas uM mpeBOCXOJHYIO YCTONUMBOCTB, a TaKXKe NMPEBOCXOAHOE YAEp KaHUE YaCTHIL,
9HEPTUH U MOTOKa, 1o cpaBHeHHIO ¢ 00bryHBIMU FRC. Takune BricokoapdexrnBHble FRC 00ecneunBaroT myTh K
[[EJIOMY MHOXECTBY NPHUIOKEHHUH, BKITIOYasi KOMIAKTHBIC HCTOYHUKH HEHTPOHOB (A71s1 IPONU3BOJCTBA N30TOIOB
MEIUIMHCKOTO Ha3HAYCHHUS, BOCCTAHOBJICHHE OTPaOOTaHHOTO SIEPHOTO TOIUIMBA, MCCIEAOBAHUI MaTepHaJoB,
HEHUTpOHHOU paguorpaduu U ToMorpadun), KOMIAKTHbIE HCTOYHUKHA (OTOHOB (M1 XUMUIECKOTO TIPOU3BOICT-
Ba M XMMHYECKON 00pabOTKM), CUCTEMBI ISl pa3jielIeHHsT M30TOIOB M O0OTAIlleHHUs, a TAKKEe aKTUBHBIC 30HBI
PEaKTOPOB JUIs CHHTE3a JIETKUX SIAEP C LIENbI0 BEIPAOOTKH 3HEPTHHU B OYAyIIEM.

UTOoOBI OIEHUTH, CYIIECTBYET JIU pekuM yaepkanus B FRC, mpeBocXoasmmii W3BECTHBIC, HCCICIOBAHBI
pa3nuyHbIe BCIIOMOTATEIbHBIE CUCTEMBI M pabodne peXXUMBbl. DTH YCHIIHS MPUBEIH K BaYKHBIM HAYIHBIM OTKpBI-
THUSIM U pa3paboTke mapaaurMel Beicokoddexrusaoit FRC, onuceiBaeMoii 31eck. B cooTBeTcTBUM € 3TOH HOBOM
napagurmMoi TaHHBIE CHCTEMBI U CIIOCOOBI COUETAIOT OTPOMHOE KOJIMYECTBO HOBBIX MJCH M CPEICTB I PE3KOTO
yanyqamenus yaepxkanus FRC, kak mumoctpupyetcs Ha ¢ur. 1, a Taxke o0ecrieunBaoT KOHTPOJIb YCTOHYHBOCTH
0e3 HeraTHBHBIX MOOOYHBIX 3¢ dekToB. Kak nmonpodHee paccmarpuBaeTcst HIXKe,GUr. 1 WILTIOCTPUpPYET yaepka-
Hue yactun B FRC-cucreme 10, omiceiBaemoit Hixke (cM. ¢ur. 2 u 3), padoTaromieil B COOTBETCTBHH € BBICOKO-
b dexTuBHBIM peskumoM FRC npu dopmuposanus u nmomnepxkannu FRC, mo cpaBHeHHIO ¢ paboOTOH B COOTBET-
CTBHU C OOBIYHBIM PEXUMOM IIpU GOpPMHUPOBAaHUHK U moaepxkanun FRC 1 o cpaBHEHUIO ¢ yaep)KaHUEM YacTHIL
B COOTBETCTBHH € OOBIYHBIMH pexnMamMu (opmupoBanus u nogaepxanus FRC, ncrnons3yeMbIMH B IpYrUX 3KC-
nepuMeHTax. B HacTosmeM pacKpbeITHH OyAyT NpHBENEHBI OOIIee U MOAPOOHOE ONMCAHUE HOBBIX OTAEIBHBIX
koMmoHeHTOB FRC-cructembr 10 1 crioco0oB, a Takke WX COBOKYIHBIE dPPEKTHI.

Onucanne FRC-cucremst.

BakyymHas cucrema.

@ur. 2 n 3 nokaspIBalOT cxeMaTHyeckoe n3oobpaxenue npemnaraemoit FRC-cucremst 10. FRC-cucrema 10
BKJIIOYAET B ce0s LeHTpaIbHyI0 eMKocTh 100 st ynepskaHus, OKpYKEHHYIO ABYMs JTHaMETPaIbHO IPOTHBOIIO-
JOXXHBIME (opMupytomumu cekuusiMu 200 TeTa-mMHYeH ¢ 00paleHHbIM T0JIEM, W BHE (POPMUPYIOLINX CEKINI
200 nBe xameps! 300 TUBEPTOPOB I KOHTPOJIS INIOTHOCTU HEUTPAIBHBIX YaCTUI[ U 3aTPSA3HEHUS MPUMECIMHU.
IIpennaraemas FRC-cuctema 10 Oputa MocTpoeHa Tak, 4TO OHA MPUCIOCOOJIEHA K CBEPXBBICOKOMY BaKyyMy H
paGoTaeT IpH THIHYHBIX HAuaTbHBIX HaBieHmuax 10 Topp. Takue BakyymMMeTpHuecKue NaBIeHHs TPEOYIOT HC-
MOJIb30BaTh CTHIKOBOYHBIE (DIIAHIIBI CIIAPEHHOM OTKAYKH MEXIY CTBIKYEeMBIMH KOMIIOHEHTAMH, METAIIIMICCKUE
KOJIbIIEBBIC YIUIOTHEHMSI, BBICOKOUHCTBIE BHYTPECHHUE CTCHKH, a TAKXKE TIIATEIHbHOE HA4albHOE KOHAUIMOHHUPO-
BaHME MOBEPXHOCTEH Bcex Aeranieil mepen cOOpKoH, Takoe Kak (pu3MuecKas M XMMHYECKas OYHUCTKA C IOCIe-
JYIOIIMMHA BaKyyMHOMW CYIIKOH B TeueHue 24-x yacoB nipu 250°C 1 OYUCTKOH TICIONTUM Pa3psIoM B BOJOPOIE.

®opmupyromue cexnuu 200 Teta-mUHYEH ¢ OOpAIICHHBIM TOJIEM TIPEICTABISIOT COOOH CTaHAApPTHBIC Te-
Ta-mMHYH ¢ obpameHHbM rosieM (FRTP), xoTs u ¢ ycoBepIeHCTBOBaHHOH (OpMUpYIOIIEH CHCTEMON UMITYJIbC-
HOTO MHUTaHMs, HOAPOOHO paccMarpuBaeMoil Hmke (cM. dur. 4-6). Kaxnas ¢popmupyromas cexuus 200 BbIIOIN-
HEHa U3 CTaHJApTHHIX HETPO3PayHbIX KBApIEBHIX TPYO MPOMBIIUICHHOIO KadyecTBa, 00JalaroNIiX Takoil oco-
OEHHOCTBIO, KaK HaJW4YWe BHYTPEHHEH (yTepoBKM M3 CBEpPXUMCTOro KBapua ToumuHON 2 mMMm. Kamepa 100
yllepKaHUs BBIIIOJHEHAa W3 HEpiKaBelollel craiy, oOecreunBas MHOXKECTBO PAJHAIbHBIX M TaHTCHIMAJIbHBIX
OTBEPCTHH; OHA TAK)KE CIYXKUT B KAYECTBE CPEJCTBA COXPAHEHHUS TIOTOKA BO BPEMEHHBIX paMKax 3KCHEPHMEHTa,
OIIMCHIBAEMOT0 HIDKE, U OTPaHUYIMBACT OBICTPBIC MAarHUTHBIE IEPEXOAHBIC MPOLECcCh. BakyyMbl co3matoTcs u
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noanepxuBatorcst B npenenax FRC-cuctemsr 10 ¢ momomisio Habopa 0e3MacisiHBIX CIUPAIBHBIX (POPBAKYyM-
HBIX HACOCOB, TYpPOOMOJICKYJISIPHBIX HACOCOB 1 KPHOHACOCOB.

MarHuTHas cucTema.

Ha ¢wur. 2 u 3 wimoctpupyetcs marautHas cuctema 400. Ha ¢ur. 2 cpeau mpodnx KOHCTPYKTHBHBIX OCO-
OCHHOCTEH WILTIOCTPUPYIOTCS TPOGUIN MarHUTHOTO ToToKa U MioTHOocTH FRC (kak (GyHKIWMU paananbHBIX U
OCEBBIX KoopawHaT), cBoiicTBeHHbIe FRC 450, co3zmaBaemoii mocpenctBoM FRC-cuctemsr 10. Dt mpodmmu
MOTy4YaroTCsl METOJIOM IBYMEPHOTO UHCIEHHOTO MOJEIMPOBAHUS MTOCPEICTBOM MarHHUTOTHIPOIANHAMHUYECKOTO
(MI"I) reneparopa XoJuta ¢ HCMOIL30BaHUEM KOJa, Pa3paboTaHHOTO JJISl MOJCITUPOBAHHUS CHCTEM H CTIOCOOOB,
cootBercTByomux FRC-cucteme 10, u X0poIo cormacyroTcsl ¢ 3KCIIEPUMEHTAIbHBIMY JaHHBIMH H3MEPEHUH.
Kak Bugno Ha ¢dur. 2, FRC 450 cocTout n3 Topa CHIIOBBIX JIMHUH 3aMKHYTOTO HOJISI BO BHYTPEHHEM IPOCTPaH-
ctBe 453 FRC 450 B npenenax cenapaTpuchl 451 U KOIBbLIEBOTO TPAaHUYHOTO c10d 456 Ha MTHMHUAX 452 OTKPBITO-
TO TONSA CHapyXH OT cemapaTpucsl 451. I'pannunselil cioit 456 cxogurcs B cTpyu 454 3a mpeaenaaMu JUIMHBI
FRC, obecnieunBasi €CTCCTBEHHBIN TUBEPTOP.

I'maBHas marauTHas cucteMa 410 BrutodaeT B ceOs psan karymek 412, 414 u 416 KBa3UIOCTOSHHOTO TOKA,
KOTOpBIE HaXOJATCS B OCEBBIX IOJIOKECHHSIX BIOJb KoMIoHeHTOB FRC-cucremsr 10, T.e. Bmomb kamepsl 100
yaepxanus, popmupyromux cexiuii 200 u quBepropos 300. Karymku 412, 414 u 416 kBa3UMOCTOSIHHOTO TOKa
3aMUTaHbl TOCPEJCTBOM MMITYJIbCHBIX HCTOYHHKOB MHUTaHUS KBA3UIIOCTOSHHOTO TOKA M CO3MAIOT 0a30BBIC Mar-
HUTHBIE TIOJIA cMeleHus ¢ naaykmuen npumepro 0,1 Tiu B xamepe 100 yaeprxanusi, GOPMUPYIOMINX CEKITHIX
200 u nuseptopax 300. I[Tomumo karymek 412, 414 u 416 KBa3UTIOCTOSTHHOTO TOKA TJIaBHAss MAarHUTHASI CHCTEMA
410 BrirouaeT B ce0s 3epKalbHbIe KaTymKu 420 KBa3UIIOCTOSTHHOTO TOKa (ITUTaeMbIe IMOCPEICTBOM HMITYJIbC-
HBIX MCTOYHHUKOB NMUTAHUS) MEXIy J0ObIM TopuoM Kamepbl 100 ynepskaHus M coceHUMH (pOPMHUPYIOIINMHU
cexuusivu 200. 3epkanbHble KaTymKN 420 KBa3UIIOCTOSHHOTO TOKa o0ecrednBaroT KOG QUIIMEHTHl OTpaKeHHs
MarHMTHOTO 3epKajia 0 5 U 00ecrneYrBaloT BO3MOXKHOCTh HE3aBHCUMOTO BO30YKACHHS UISl KOHTPOJIS MpHUaa-
HUS paBHOBecHOH (opmbl. Kpome Toro, Mexay kaxasiMu n3 Gopmupytomux cekuuit 200 u nusepropos 300
pacrosioxkeHsl 3epkanbHble Mpooku 440. 3epkanbHble MpoOku 440 comepkaT KOMIIAKTHBIE 3epKAIbHBIE KaTYIIKA
430 KBa3WIIOCTOSTHHOTO TOKa W 3epKaJIbHbIe MPOOOUYHbIe KaTymku 444. 3epkaibHble KaTymku 430 KBa3HUIIOCTO-
STHHOTO TOKa BKJIIOYAIOT B ce0s TpH Katymku 432, 434 u 436 (muTaeMble MOCPEICTBOM UMITYJIbCHBIX UCTOYHH-
KOB IIMTaHMUS), KOTOPBIE CO3JAIOT JOMOTHUTEIbHBIC HAPABISIONINE OIS AJIsl HALICIMBAHUS IOBEPXHOCTEH 455
MarHMTHOTO ITOTOKA 110 HANpaBICHUIO K KaHATY 442 Manoro 1uaMeTpa, MpoXOoAsIIeMy CKBO3b 3€pKaJIbHBIE ITPO-
Oounble KaTymku 444. 3epkabHbIe MPOOOYHBIC KaTymKu 444, KOTOpBhIe 0OBUBAIOT KaHaT 442 Majoro quameTpa
Y TINTAIOTCS TIOCPEICTBOM MMITYJIBCHBIX CHIIOBBIX LC-cXeM, CO3/1at0T CHIIbHBIC MOJISI MArHUTHOTO 3€pKalia ¢ MH-
nykiued 1o 4 Tn. HasnadueHue Bcel 3TOM KOHCTPYKIMHU M3 KaTyIIeK 3aKIIF0YaeTCsl B TOM, YTOOBI IFIOTHO YBSI3bI-
BaTh ¥ HAIpPAaBIATh HOBEPXHOCTH 455 MarHUTHOTO MOTOKA M TEKYILUE K TOPIY CTPYH 454 mua3mbl B OTAaJICHHBIE
kameps! 310 nuBeptopos 300. U, nakoHew, cHapysxu kamepsl 100 ynep>kaHus pacrosiosken Habop "anteHH" 460
Ha OCHOBE OTKJIOHSIOMIMX Karymek (cM. ¢ur. 15), mpudem Ho JBe ¢ KaKI0H CTOPOHBI CpeaHEeH IIOCKOCTH, KO-
TOpBIE ITUTAIOTCS TIOCPEICTBOM HCTOUYHHKOB IIMUTaHUS MOCTOSIHHOTO Toka. Kondurypanus anreHs 460 Ha ocHOBe
OTKJIOHSIIOIIMX KATYIIEK MOXET OBITh BBIIOJIHEHA TaK, YTOOBI 00ECIEUNTh KBa3HCTATUIECKOTO MAarHUTHOE JIH-
TOJILHOE WJIM KBaJpyIoJibHOE ToJie ¢ mHAYKIHer mpuMepHo 0,01 T mist KOHTPOIISI HEYCTOWYNBOCTEH BpameHus
W/WIIM KOHTPOJIS DJIGKTPOHHOTO TOKa. AHTeHHBI 460 Ha OCHOBE OTKJIOHSIONINX KaTyIIEeK MOTYT THOKO o0ecreun-
BaTb MAarHUTHBIE IIOJIS, SBJIAIOIINECS MO0 CUMMETPUYHBIMH, THOO aCHMMETPHUYHBIMHE OTHOCHTENBHO CPEIHEH
IUIOCKOCTH MAIlIMHBI, B 3aBUCHMOCTH OT HAIIPaBJICHHS NPUKIIAIbIBAEMBIX TOKOB.

DOpMUPYIOMINE CUCTEMBI HMITYJILCHOTO MUTaHMS.

®opmupyromue cuctemsl 210 UMITyIBCHOTO TMUTaHUS pabOTAIOT MO NPUHLUITY MOIM(HUIIMPOBAHHOTO TETa-
nuHYa. MIMeroTcst 1Be cHcTeMbl, Ka1asi U3 KOTOPBIX NMUTAET oHy U3 ¢opmupyronux cexuuit 200. Ha dur. 4-6
WUTIOCTPUPYIOTCS TIIaBHBIE COCTABJIAIONINE OJIOKM M pacroioxeHue popmupytomux cuctem 210. Cucrema 210
(hopMHpOBaHUS COCTOUT M3 MOIYJIEHONH KOHCTPYKIIMU MMITYJILCHOTO IMTaHMUS, KOTOpast COCTOUT U3 OTAEIBHBIX
610Kk0B (=Moxyeit) 220, KaXkablii U3 KOTOPBIX BO30yxaaeT noaHadop katymek 232 (=noasecok) ysia 230 mox-
BECKH, KOTOPbIE OOBHUTHI BOKPYT ()OPMHUPYIONIMX KBapueBbIX TpyO 240. Kaxnpiit Moxyns 220 cOCTOUT U3 KOH-
JeHcatopoB 221, HHAYKTOpOB 223, OBICTPOACHCTBYIONIMX CHILHOTOYHBIX TIepeKIrtouaTeseid 225 u CBSI3aHHBIX C
HUMU cxeM 222 3amycka u 224 copoca 3apsanga. Kaxnmas hopmupyromas cuctema 210 3amacaeT eMKOCTHYIO SHEp-
ruto B auanazone 350-400 x/Ix, kotopast odecrieunBaet g0 35 ['BT MontHOCTH 1151 hOPMHUPOBAHUS B YCKOPECHHUS
FRC. KoopnuaupoBaHHast paboTa 3THX KOMIOHEHTOB JTOCTHTAeTCsl TIOCPEACTBOM H3BECTHOW CHCTEMBI 3aITycKa
222 w ynpasnenus 224, koTopas 00ecledrMBaeT CHHXPOHU3AINI0 MEXTy GopMupyronmmu cucremamu 210 Ha
Kaxaon hopmupyromel cekiun 200 1 MUHUMH3UPYET HEYCTOWUHUBYIO CHHXPOHHM3AIMIO TIEPEKIIOUEHUs, Orpa-
HUYHBAs €€ JeCATKAaMU HaHOCEKYH/I. [IpernMyIecTBOM 3TOi MOy IbHOW KOHCTPYKIMH SIBJIAETCS THOKast paboTa:
FRC moxer ObITh hopMHpOBaHa Ha MECTe, a 3aTEM YCKOpPEHA M MHXKEKTHPOBaHA (= cTaTHyeckoe (OopMHUpPOBa-
HHE), WK c(hOPMUPOBaHA M YCKOPEHA OJHOBPEMEHHO (= TMHAMHYECKOE (POPMHUPOBAHUE).

VHKeKTOpBI TyYKOB HEHTPAIBHBIX YaCTHII.

[Tyuxu 600 HelTpanbHBIX aTOMOB pa3BepThiBatoT B FRC-cucteme 10, uToObI 0O0ecniednTs HarpeB U BO30y-
JKJICHHE TOKa, a TaK)Ke Pa3BUTH JaBlIeHWE ObICTpbIX wyacTll. Kak mokaszaHo Ha ¢wur. 3A, 3B u 8, ornensHble
TPaKTHI MYIKOB, conepkaniiue cuctemMbl 610 u 640 MHKEKIIMN ITyIKOB HEHTPATbHBIX ATOMOB, PACIOIOKEHBI BO-
KpYT HeHTpanbHOU Kamepsl 100 ynepikaHus U MHXKEKTHPYIOT OBICTphIe YacTHIIHI B T1azMy FRC TaHreHInanbHO
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(M mepneHaUKYyISPHO WIH MOA MPSAMBIM YITIOM K OCHOBHOW OCH CUMMETPHUH LIEHTpaibHOH emkoctu 100 mis
ylepKaHus1) C HEKOTOPBIM ITapaMeTpoM NPHLETUBAHU, TaK YTO IeJIeBasi 30HA 3aXBaTa JIGKHUT B Ipe/iesiax cera-
patpucel 451 (cm. ¢wur. 2). Kaxxnas cuctema 610 u 640 WHXEKITUN CITOCOOHA WHYKEKTUPOBATH MTydKH HEHUTpaib-
HBIX 9acTHIl MOIIHOCTHIO 10 1 MBT B utazmy FRC ¢ sHeprusmu wactui B muana3zone mexay 20 u 40 k3B. Cuc-
Tembl 610 11 640 OCHOBaHBI HA MHOTOJIBIPOYHBIX HCTOYHHUKAX BBIICIICHHS ITOJIOKUTEIFHBIX HOHOB U MIPeayCcMaT-
PHUBAIOT HCIOJIH30BaHNE TEOMETPHICCKO (POKYCHPOBKH, HHEPLIMOHHOTO OXJIaXKACHUS MOHOBBLICIIIOIINX pellie-
TOK U auddepeHnnansHON oTKadku. [ToMrIMO MCTIONB30BaHMS PA3IMYHBIX HCTOYHUKOB IIa3MBI CHCTEMBI 610 u
640 paznu4garoTcs TJIAaBHBIM 00pa3oM 10 COOTBETCTBHIO MX (PH3UYECKONW KOHCTPYKIIUH COOTBETCTBYIOIIUM MeC-
TaM MX YCT@HOBKH, IIPEIOCTABIISISI BO3MOXKHOCTH MHXXEKIIUH COOKY M CBepXy. THUIHMYHBIE KOMIIOHEHTHI 3THX MH-
JKEKTOPOB ITyYKOB HEHTPaIbHBIX YacTHUIl WILTIOCTPUPYIOTCS, B YACTHOCTH, Ha Qur. 7 aist cucreM 610 MHKEeKInu
cOoky. Kak mokaszano Ha ¢ur. 7, kKaxaas oTAenbHas cucteMa 610 WHKEKIUU MyYKOB HEHTPAITBHBIX YaCcTHIl COO-
Ky BKJIIOYaeT B ceOst NCTOUHHK 612 BhIcOkoyacToTHOM (BY) m1a3Mel Ha BXOJHOM TOpIie (3aMEHSIEMBIN TyTOBBIM
UCTOYHUKOM B cucTeMax 640) ¢ MarHUTHBIM 3kpaHoM 614, HakpbsIBaromuM 3T0T Topen. C ucrtouHukoM 612
TUIa3MBI CBsI3aH OJI0K 616, BKIIIOYarOmuil B ce0s ONTHYECKUH NCTOYHUK HOHOB M YCKOPSIOIIME CETKH, a 3aIrop-
HBIHA Ki1armaH 620 pacnoyokeH Mexay 0JIOKOM 616, BKITIOYArOIIUM B ce0sI ONMTHIECKUI UCTOYHIK HOHOB M YCKO-
pSIOIINE CETKU,  HelTpanmu3aTopoM 622. OTKIOHSIOMUN MarHUT 624 u cpeacTBo 628 cOpoca HOHOB PacIoio-
JKEHBI MEXIy HelTpanmm3aTopoM 622 U HareauBaronuM ycTpoiictBoM 630 Ha BeIxomHOM TopIie. Crucrema oxa-
JKICHHS COEPIKHT JBE KPUOTEHHBIX XOJIOAMILHBIX MAIIUHEI, JBE KPHUOTEHHBIX MaHenn 634 u koxyx 638 ¢ ox-
JKICHUEM JXUAKIM a30TOM. DTa yHHBEpCalbHas KOHCTPYKIHUS oOecreunBaeT paboTy B IIMPOKOM JHAIa30He
napametrpoB FRC.

AJbTepHaTUBHOM KOH(pUTypauuei 1 nHkekTopoB 600 MydKkoB HEHTpaJIbHBIX aTOMOB SIBISIETCS KOHDH-
rypanus, o0OecreunBaromas TaHTeHIHaIbHYI0 HHXEKIUIo ObIcTpbix yactun B FRC-muasmy, HO mox yriom
MeHble 90° OTHOCHTENIBHO TTIaBHOM OCH CUMMETPUH LeHTpanbHON emkocTu 100 ans yaepxaHus. OTU THUIIBI
OpHMEHTALNH WHKEKTOpOoB 615 my4koB nokazansl Ha ¢ur. 3C. Kpome Toro, HHXeKTOpHI 615 mMy4KkoB MOTYT OBITH
OPHEHTHPOBAHBI TAK, YTO HHXXEKTOPHI 615 My4KoB Ha J1t000i1 cTOpoHE cpeqHel TUIOCKOCTH [EHTPAILHON eMKO-
cta 100 mans ynepkanus OyAyT WH)XEKTHPOBATh CBOM YACTHIBI K CpeIHEH MI0CKOocTH. M, HaKOHEIl, 0CeBOe Io-
noxeHue dTux cucteM 600 MydKoB MOKHO BBIOpaTh ONFDKE K CPEHEH TUIOCKOCTH. DTH ajlbTepHATHBHBIC BapH-
aHTBI OCYIIECTBICHHUS MHXKCKIMH BOTLIOMIAIOT "00Jee IIEHTPUPOBAHHBIN" BapUaHT MOTIOTHEHHS, KOTOPHIH obec-
MIEYNBACT JYUIIYIO CBS3b IMYYKOB M 00Jiee BBHICOKYIO A((PEKTHBHOCTD 3aXBaTa WHXEKTHPYEMBIX OBICTPHIX Hac-
tu1. [lToMrMo 3TOTO, B 3aBHCHMOCTH OT YyIJIa H OCEBOTO TOJOKEHHUS 3TO PaCHOI0KEHHE WH)XEKTOpOB 615 myd-
KOB obecrieunBaeT 0ojiee HeIOCPEICTBEHHBIN W HE3aBUCUMBIH KOHTPOJIb OCEBOTO YIJIMHEHUS W APYTHX Xapak-
tepuctuk FRC 450. Hanpumep, nHXeKIUs MyYKOB MO MalbIM yIJIOM A OTHOCHUTEIbHO INTaBHOM OCHU CUMMET-
pUH YIOMSIHYTOH €MKOCTH IpHUBEJET K cozaannio FRC-mma3smbl ¢ yBeIW4eHHBIM OCEBBIM YJIMHEHHEM U MOHH-
JKEHHOHM TeMITepaTypoi, Toraa Kak mojoop "Oosiee NeprneHANKYISIpHOTO" yria A mpuBeneT K Iuia3Me, KoTopas
KOpOY€e B OCEBOM HalpaBJIeHUH, HO ropsiuee. TakuM o0pa3oM, yroi A MHXEKIUU M MECTOIOJIOKEHHE HHKEKTO-
poB 615 myykoB MOXeT OBITH ONTUMHM3MPOBAHO IUISl Pa3jIMYHBIX IeJield. B nonosiHeHue, Takoe peryarupoBaHue
yIJIa YCTaHOBKH M MECTOIIOJIOKEHUSI HH)KEKTOPOB 615 ITy4KOB MOXKET 00ECTICUNTDh ITyYKH MMOBBIIICHHON SHEPTUU
(dro B 00mmIEM citydae OnarompusiTHEE I BO3ASHCTBHUS OOJbIIeH MOIIHOCTHIO C MEHBIIIMM PACX0XICHUEM ITyd-
KOB), KOTOPBIE TOJDKHBI OBITh HH)KEKTUPOBAHBI B O0Jiee ciabble MarHUTHBIC TTOJIS, YeM ObLTH OBl HEOOXOIUMEI B
MIPOTHBHOM CITy4ae JJIS 3aXBaTa TaKWX ITydKoB. [Ipudmna 3TOrO0 CBsS3aHa ¢ a3MMYyTaJBHOM COCTABIIIONICH SHEP-
TUH, KOTOpas OMNpeaelsieT MacmTad opOUT OBICTPHIX MOHOB (KOTOPBIM OKa3bIBA€TCS IMOCTEIICHHO YMEHBIIIA0-
IIAMCS TI0O Mepe YMEHBIICHUS YIila MHKEKIIMA OTHOCHTENBHO TJIIAaBHOW OCH CHMMETPHH YIIOMSHYTOH €MKOCTH
NP TIOCTOSIHHOM 3HEPTrHy Myd4koB). Kpome Toro, HakJIOHHAs! MHXXEKIHUS K CpeHeH INIOCKOCTH M C OCEBBIMU TIO-
JIO)KEHUSIMH ITyYKOB, OJIM3KUMH K CpPEJHEH IUIOCKOCTH, yJIydllaeT CBs3b "MydoK-IulazMa' jake Torna, Korjaa
FRC-nna3ma coxpamaercst Wi HHIM 00pa3oM CXKMMAeTCsl B OCEBOM HallpaBJIEHHH B TEUYEHHE NEPUOIA HHXKEK-
AU,

WmxexTop TabneToK.

YroObl 06€CIeYnTh CPEACTBO [UISl MHKEKIMK HOBBIX YaCTHII U JIy4IIETr0 KOHTPOJIS OOIIEro KOJIN4ecTBa ya-
ctury B FRC, ma FRC-cucreme 10 ucnomns3yercs 12-cTBosibHBIN nHkekTop 700 TabmeTok (cM., Hampumep, .
Vinyar et al., "Pellet Injectors Developed at PELIN for JET, TAE, u HL-2A", Proceedings of the 26™ Fusion
Science u Technology Symposium, 09/27 to 10/01 (2010)). ®ur. 3 WITIOCTPUPYET CXEMY PACIIONOKEHUS WH-
skekropa 700 tabierok B FRC-cucteme 10. Humuaapraeckue tadmetku (D~1 mm, L~1-2 MM) HHXEKTHPYIOTCS
B FRC co ckopocTsio B amamasone 150-250 km/c. Kakmas oTaenbHas TaGneTka COAEPXKUT mpumepHo 5x10"
aTOMOB BOJIOPO/Ia, YTO CPaBHUMO C 0OmiM KosmaecTBoM yacTuil B FRC.

CuCcTeMBI TeTTepUPOBAHHMSI.

XopoIo U3BECTHO, YTO HEWTPATBHBIN Ta3000pa3HBIA TalOTeH SIBISICTCS CEPhE3HOU MPOOJIEMON BO BCEX
yIepKUBAIOIUX cucTeMax. [Iporeccsl oOMeHa 3apsiiaMy B PELUPKYISIUH (BEICBOOOXKICHUS XOJIOTHOTO Mate-
pHaia npuMecei n3 CTEHKH) MOTYT OKa3bIBaTh IaryOHOE BO3/EHCTBIE Ha ylepKaHue SHepruu U yactuu. Kpome
TOrO0, Jr00ast 3HaUNTEbHAs IUIOTHOCTh HEWTPAIBLHOTO ra3a Ha I'paHMIE WM OKOJIO Hee NMPHUBEAET K HEMEIJICH-
HBIM TIOTEPSIM 110 MEHbBIIEH Mepe 3HAYUTEILHO COKPALIAONINM BpeMsl )KU3HH HHKEKTHPYEMBIX (BBICOKOIHEpTe-
THUYECKHX) YacTHUIl Ha opOuTax OoJbmIMX opOUT (TepMHUH "opOuTa OOJBIIOrO paauyca’ OTHOCHTCS K YacTHIIaM,
MMEIONTIM OpOUTHI B pamkax Torosiornu FRC mnm 1o MeHbIelt Mepe paanychl OpOUT, KOTOpPbIE TOpa3ao 00Jib-
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1Ie, YeM JIMHEHHBII MaciTad rpaJeHTa XapaKTepUCTHIECKOT0 MarHUTHOTO TOJIsT), U 3TOT (akT siBIseTCs ma-
TYOHBIM JUIS BCEX DHEPreTHYECKUX TNPHIOKEHHH IJIa3Mbl, BKIIOYAs TEPMOSICPHBIH CHHTE3, U3-32 pa3orpena
myJKa.

KonnumnmonnpoBanrue MOBEPXHOCTEN SBISETCS CPEACTBOM, C IIOMOIIBIO KOTOPOTO MOXKHO OOPOTHCS C Ta-
TyOHBIMH BO3JCHCTBHSIMH HEHUTPATBHOTO Ta3a M MPUMECEH WM YMEHBIIATh 3TH BO3ACUCTBYSI B YACPKUBAIOIICH
cucteme. C 3T0ii menpio B mpemaraemoit 31ech FRC-cucteme 10 ucmonb3yroTes cucteMbl 810 1 822 ocaxneHus
THATaHa U JINTHS, KOTOPBIE MIOKPBIBAIOT OOpaIIeHHbIe K M1a3Me MmoBepxHOCTH kKaMepsl 100 ymepskanus (Wi eM-
KOCTH JiIs1 yaepkanus) u quBeptopoB 300 mienkamu Ti w/wmun Li (ToMIKUHA KOTOPHIX COCTABISET ACCITKH MUK-
POMETPOB). DTH MOKPBITHS HAHOCSITCS METOJIAaMH OCaXIICHUS 13 napoBoit ¢a3sl. Tepustit Li w/nnm Ti ncnaps-
FOTCSI W/WITH CyOJTMMUPYIOTCS! M HAITBUISIIOTCS Ha OJIM3JIeKaline MOBEPXHOCTH, 00pa3ys NOKphIThs. VicTouHKaMu
SIBJISIIOTCSI sICPHBIE TI€YN C HANPaBIIOIMMHU cotutamu 822 (B cimydae Li) uimu Harpetsie cdepbl TBEpAOTO Belie-
CTBa ¢ HampasJsitoInMu Oannaxamu 812 (B ciyyae Ti). Cucremst uist ucnapenus Li, kak npaBuiio, paboTaioT B
HETIPEPHIBHOM PEXHME, B TO BpeMsl Kak cyosmmaropsl Ti B OOJNBIIMHCTBE ciIydae padOTaloT B IEPEPhIBaX MEKIY
paboroii ¢ mazmoii. Paboune temmepaTypsl 3THX cucteM npesbimaroT 600°C st morydeHns: OoNbIINX CKOpPO-
cTel ocaxkaeHus. YToOBI JOCTHYB MPHUEMIIEMOTO TTOKPBITHA CTEHOK, HEOOXOANMBI MHOKECTBCHHBIE CTpAaTErnie-
CKH JIOKaJIM30BaHHBIE CUCTEMBI HCIIapeHus W/wim cyosmManuu. Ha ¢wur. 9 moapoOHO HiuTIOCTpUpYETCS Tpen-
nmouTuTeNbHOe pacmonoxenne cucteM 810 m 820 rerrepupoBanus B FRC-cucteme 10. TIokpbITHS NEHCTBYIOT
KaK TeTTePUPYIOIINE MTOBEPXHOCTH U 3()(PEKTHBHO OTKAYMBAIOT HEUTPAJIbHBIC aTOMBI I aTOMapHBIE HOHEI B IIe-
JIOM, a TaKke MOJICKYJISIPHBIE HOHBI M HeWTpaimbHbIe MoJeKyiIsl (H u D) B mexom. DT MOKPHITHS TakKe CHIKA-
0T COZiep KaHue IPYTUX TUITHIHBIX IPUMECE, TaKue, Kak yIIIepoa U KUCIOPO, 0 He3HAUYNTEIHHBIX YPOBHEH.

3epKaybHbIE TIPOOKH.

Kaxk yxazano Beinie, B FRC-cucteme 10 npumensitoTcs Habopsl 3epKanbHbIX Katymiek 420, 430, u 444, no-
Ka3aHHBIX Ha ¢ur. 2 u 3. [lepBrIii HAOOP 3epKabHBIX KaTymek 420 HaXOIUTCS Ha JIBYX OCEBBIX TOPIAX KaMepsbl
100 ynepskaHust M HE3aBHCUMO BO30YXIaeTcsi OT yAepKuBatomux katymek 412, 414 u 416 riaaBHON MarHUTHOH
cucreMsl 410. ITepBblit HaOOp 3epkanbHBIX Kartymek 420 criocoOCTBYeT IMIaBHBIM 00pa3oM yNpaBiIeHHIO U oce-
Bomy pacnonoxkenuto FRC 450 Bo BpeMss oObequHEHHsI M 00eCIieYnBaeT KOHTPOJIb NMPHUIAHUS PAaBHOBECHOMN
dhopmbl Bo BpeMs nomaepxkanvs. [lepsoiid Ha0op 420 3epKajdbHBIX KATYIIEK CO3/1a€T MarHUTHBIC TOJISI C HOMH-
HaJIbHO OombInel nHAykIuen (mpumepro 0,4-0,5 To), 4em y HEHTpaIbHOTO YACPKUBAIOMIETO TIOJs, CO3/1aBae-
MOTO LIEHTPAIbHON yJepKuBaromei katymkoi 412. Bropoit Habop 3epkaiabHBIX KaTymiek 430, KOTOPBIA BKITIO-
gaeT B ce0sl TpH KOMIIAKTHBIC 3epKaJIbHbIC KaTymku 432, 434 u 436 KBa3UMIOCTOSTHHOTO TOKA, HAXOAUTCS MEKITY
dhopmupyromumu cekiusamu 200 u quBepropamu 300 U BO30YKIAeTCs MOCPEICTBOM OOIIETO UMITYJILCHOTO HC-
TOYHMKA NMHUTaHMA. 3epKanbHble KaTymku 432, 434 u 436 Bmecte ¢ Oojiee KOMIIAKTHBIMHA HMITYJILCHBIMH 3€p-
KaJIbHBIMH IIPOOOYHBIMU KaTyInkamu 444 (IMTaeMbIMH MOCPEACTBOM €MKOCTHOTO HCTOYHHKA IMUTAaHKA) ¥ (QU3HU-
yeckuM cyxeHueM 442 oOpasyror 3epkaiibHble IpoOku 440, KOTOpble 00ECIeYnBaIOT y3KHH TPAaKT ¢ HHU3KOH
JJIEKTPOIIPOBOAHOCTHIO T'a3a ¥ MArHUTHBIMU TOJISIMU C OY€Hb BBICOKOH MHIYKTMBHOCTBIO (B nuarnasone 2-4 Tn
npu BpeMeHax Hapacranusi npumepHo 10-20 mc). Hanbonee KOMIakTHbIE MMITYJIbCHBIE 3€pKAIBHBIC KATYIIKH
444 yMeroT KOMIIAaKTHBIE PaJHabHBIE pa3Mephl - PaCTOYEHHOE OTBepcTHE AuameTpoM 20 ¢M M aHAJOTHYHYIO
JUTMHY - TI0 CPAaBHEHHUIO C TUIOCKOH KOHCTPYKIMEH, IperyCMaTPHUBAIOICH BHICBEPIICHHBIC OTBEPCTHS C IUTIOCO-
BBIMH METPHUIECKUMH JIOTTYCKaMH OTpaHUIHBAIONINX Katymek 412, 414 n 416. HaznaueHue 3epKajbHBIX MPOOOK
440 muorosHadHo. (1) Karymku 432, 434, 436 u 444 mi0THO YBS3BIBAIOT M HATIPABIISAIOT MOBEPXHOCTH 455 Mmar-
HUTHOTO TIOTOKA M TEKYIIHE K TOPIY CTPYH 454 Tu1a3mMel B OTHaJICHHBIE KaMepbl 310 auBepTopoB. DTO TOapa3y-
MEBaET, UTO BBIYCKAaeMbIe YaCTHIIBI TOCTHTAIOT MUBepTOpoB 300 HammexamuM oOpa3oM, M 9TO UMEIOTCS T0-
BEPXHOCTH 455 HENmpephIBHOTO TOTOKA, KOTOPHIC CICAYIOT U3 001acTh 452 JUHUA OTKPHITOTO IOJIS IIEHTPAb-
Hoit FRC 450 Ha BceM myTH k auBepTopaM. (2) dusndeckue cyxenus 442 B FRC-cucreme 10, uepes koTopsle
ynoMsiHyThle KaTymiku 432, 434, 436 u 444 paroT BO3MOXHOCTb MPOXOJUTH MOBEPXHOCTSIM 452 MarHUTHOTO
MOTOKa U CTPYsAM 454 1uia3mbl, 3aTPpyAHSIOT TeUeHHE HENTpanbHOIO rasa u3 Ia3MeHHbIX mymek 350, KoTopbie
cumat B queepropax 300. [TonoOHBIM ke 0Opa3omM, cyxkeHus 442 mpenoTBpalnaroT o0paTHOE TEYCHHE rasa OT
dbopmupyromux cekrmii 200 x quBepTopam 300, TeM caMbIM YMEHbIIAs KOJIAYSCTBO HEHTPAIBHBIX YAaCTHII, KO-
TOpBIe IPUXOAUTCS BBOIUTH BO BCio FRC-cucremy 10 B Hauwane 3amycka FRC. (3) Ctporo oceBbie 3epkaina, 00-
pasyemble KaTymkamu 432, 434, 436 u 444, yMEeHBIIAIOT OCEBBIC TIOTEPH YACTHII M, TEM CaMBIM, CHHXKAIOT CITO-
COOHOCTPH YacTHI] K MapajuIeTbHON TUQQYy3UH IO CHIIOBBIM JHHUSAM OTKPHITOTO ITOJIS.

OceBpble IIa3MEHHBIC TYTITKH.

IMotoku mma3mel u3 mymek 350, ycraHoBIeHHBIX B kKamepax 310 muBepropoB 300 mpemHasHaYeHbI IS yoTydlire-
HUS pab0YHX XapaKTePUCTUK YCTOHYMBOCTH U ITyYKOB HEUTpaITHHBIX dacThil. [Tymku 350 ycTaHOBIIEHBI TIO OCH BHYTPH
kamep 310 muBepropoB 300, Kak MPOWILTIOCTPHPOBaHO Ha ¢ur. 3 u 10, U cO3AIOT IJIa3MYy, TEKYILYIO BAOJIb OTKPBITHIX
Ui 452 notoka B auBeptope 300 1 o HarpasieHHo K HeHTpy kamepsl 100 ynepxkanwst. [Tymku 350 paborarot npu
BBICOKOIIOTHOM Ta30BOM pa3psijie B KaHaJle M3 MaKeTa a0 1 npeHa3HaueHbI U1 TeHEPUPOBAHNS HECKOJIBKUX THICSY
aMIIep MOHOCTBIO HOHU3HPOBAHHOH IIa3Mbl B TeueHue 5-10 mc. [Tymku 350 Bkimoyaror B ce0sl MMITYJIbCHYIO MarHHT-
HYIO KaTyIIKy, KOTOpasi COryIacyeT BEIXOAHOM IOTOK IUIa3MBbI C JKENaeMbIMU pa3Mepamu 1iasMbl B kamepe 100 yneprka-
Husl. TexHuueckue napamerpsl mymek 350 xapakTepu3yroTcsl KaHAJIOM, MMEIOIIUM BHEIHUI quaMeTp 5-13 cM 1 BHyT-
peHHMi auaMeTp 1o mpuMepHo 10 oM, 1 obecrieurnBaroT paspsiaubiid Tok 10-15 kA mpu 400-600 B mocpencTBoM BHYT-
PEHHET0 MarHUTHOTO TIOJIS ITYIIIKH, UMEIOIIET0 HHIYKITHIO B muanazone ot 0,5 mo 2,3 T,
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[MToToku ru1a3Mpl U3 MyIIEK MOTYT IPOHU3BIBATH MAarHUTHBIE MOJIS 3epKalIbHEIX IpoOok 440 u Teus B dop-
mupytomyo cekiuio 200 u kamepy 100 ymepkanus. D(h(HeKTHBHOCT NepeHoca IUIa3Mbl Yepe3 3epKallbHbIE
npoOku 440 yBeTMYMBAaETCS C YMEHBIIEHUEM PACCTOSHUS MEXAy mymkamu 350 u nmpobkamm 440, a Takxke ¢
pacImpeHreM U yKopodeHueM npoOok 440. B nmpuemMieMbIX yCIIOBUAX, Kaxaas u3 myniek 350 MoxeT mocTaB-
J9Th puGIM3HTEIbHO 107 IPOTOHOB B CEKYHIY Uepes 3epKalbHbIe PoOKH 440 ¢ HHIYKTHBHOCTBIO 2-4 Tit mpu
BBICOKHMX TEMITEpaTypax MOHOB WM 3JIEKTPOHOB, cocTaBiistomux nmpuMepHo 150-300 3B u mpumepno 40-50 3B,
cootBercTBeHHO. [Iymku 350 obecneunBarOT 3HAYUTENHLHOE TIOMOJHEHHE TpaHudHOro ciiost 456 FRC u ymyd-
MIeHHOE o0IIee yaep)kanne qactull nocpeactsom FRC.

YToOB!I TOTIOIHUTENBHO MOBBICHTH INIOTHOCTD TIa3MBl, MO’KHO OBIIIO OB HCTIOJIB30BATh ra30CcenapaTop s
OTroHa JIOTIOJHUTEIBHOTO Ta3a B MOTOK IUIa3Mbl n3 mymkd 350. DToT MeTon obecrieunBaeT yBeJIMUCHUE TUIOT-
HOCTH MHXXEKTUPYEMOH IJIa3Mbl B HECKOJbKO pa3. ['azocenaparop, ycranosnennsiii B FRC-cucreme 10 Ha 00-
pamenHo# k nuBepropam 300 cropoHe 3epKanbHBIX MPoOoK 440, yimydIaeT MoroJHeHHe TpaHHYHOTOo ciost 456
FRC, dopmuposanue 450 u TUHEHHOE CBSI3BIBAHUC IITIA3MBI.

3agaBasich BCEMH PETYIMPYEMbIMH NapaMeTpaMH, pAaCCMOTPEHHBIMHU BBIIIE, a TAK)KE YYUTHIBAs BO3MOX-
HOCTb PabOTHI JINIIb C OXHOW WIIM ABYMs IYIIKaMH, JIETKO MOHSTH, YTO JOCTYIEH IMHUPOKHI CIIEKTp pabodnx
PEKIMOB.

CMmermaroniue 3JaeKTPOIbI.

DNeKTpUIECKOe CMEIIEHNE OTKPBITHIX MOBEPXHOCTEH MOTOKA MOXKET 00ECHEUNTh paguaibHbIC TOTEHIINA-
JIBI, KOTOPBIE TIPUBOAT K a3MMYTalIbHOMY JBIOKeHHI0, EXB, obecnieunBaromemMy MeXaHU3M yIIpaBiIeHUs, aHaJIO-
THYHBIH TIOBOPOTY PYKOSITKH, IJIsl YIIPABICHUS BPAILICHUEM JIMHEHHOM IUIa3MBbl OTKPBITOTO IIOJSL, a TaKkke (ak-
THIecKoi akTuBHOU 30HOU 450 FRC mocpencTBoM paspbiBa CKOpOCTH. UTOOBI TOCTHYB 3TOTO YIpaBIEHUS, B
FRC-cucteme 10 mpuMeHSIOTCS pa3iW4HBIC 3JEKTPOJBI, CTPATETHYECKH Pa3MEIICHHBIC B Pa3MYHBIX YacTAX
MamuHbl. Our. 3 WUTIOCTPUPYET 3IEKTPOABI CMEIIEHHS, PACTIOJIOKECHHBIE B MIPEANIOYTUTEIBHBIX MECTOIOI0XKE-
Husx B npenenax FRC-cucrems! 10.

B npunnnne, cymectByror 4 kiacca 3:1ektpooB: (1) Toueunsie anexTpoast 905 B kamepe 100 ynepskanus,
KOTOPBIE BCTYMAIOT B KOHTAKT ¢ KOHKPETHBIMU CUJIOBBIMU JHHUAME 452 oTKphITOro nojs Ha rpanunie FRC 450,
obecrieunBas JIOKaJbHYIO 3apsaKy; (2) KoipueBble tekTpoasl 900 mexxny kamepoit 100 ynepskanus u popmu-
pytomumu cexsamu 200, npenHa3HaYeHHbIE U a3UMYTalbHO-CUMMETPHYHOM 3apsAAKH yAAJICHHBIX OT I'PaHHU-
BT ci10eB 456 1moToKa; (3) MakeThl KOHIIEHTPHUYECKHUX deKTPoa0B 910 B muBepTopax 300 ams 3apsaku MHOXKE-
CTBEHHBIX KOHIIEHTPHUYECKHX CJIOEB 455 MOTOKA (BCIEACTBHE Y€T0 BRIOOPOM CIIOEB MOKHO YIPABISITH ITOCPEN-
CTBOM DPETYJMPOBaHHS KaTymiek 416 ¢ menpio peryaupoBaHUs MarHUTHOTO TIOJS TUBEPTOPOB TaK, YTOOBI 3a-
BepIIATh JKeJaeMble clion 456 TOTOKa Ha JOJKHBIX AyekTpoaax 910); u, HakoHer, (4) anomasr 920 (cm. ¢wur. 10)
caMuX TUTa3MeHHBIX Mymek 350 (KOoTopble MepexXBaThIBAIOT BHYTPEHHHE OTKPBITHIE MOBEpXHOCTH 455 moToka
oxono cenaparpucsl FRC 450). Ha ¢ur. 10 n 11 nmokazaHsl HEKOTOpbIE THINYHBIC KOHCTPYKIUH HEKOTOPBIX
3IEKTPOJIOB.

Bo Bcex ciryuasix, 9TH 3JI€KTPOBI BO30YKIAIOTCS MOCPEACTBOM MMITYJIBCHBIX UCTOYHHWKOB NMUTAHUS WM
MCTOYHHMKOB NHUTaHMS MMOCTOSHHOTO TOKa IPH HampsbkeHUsx npuMepro 1o 800 B. B 3aBucumocTty oT pazMepos
JNIEKTPOJIOB U MECT, T/ T€ NEePECceKaloT OBEPXHOCTH MTOTOKA, OKa3bIBAETCSI BOSMOXKHBIM MTOTPEOJICHNE TOKOB B
KIWJIOAMIIEPHOM JHAIa30HeE.

HemonnepxxuBaemast pabora FRC-cucteMbl - oObruHBIN pekuM CTaHmapTHOe (GOPMHUPOBAHHE TUIa3Mbl B
FRC-cucteme 10 cnemyeT Xopormio pa3pabOTaHHOMY METOIy TeTa-TIMHYA C OOpameHHBIM ToJjieM. THIHIHBINH
npornecc 3amycka FRC HaunmHaetcs Bo30yxnenneM karymiek 412, 414, 416, 420, 432, 434 u 436 KBa3HITOCTOSH-
HOTO TOKa IJIsi pabOThl B yCTAHOBMBIIEMCSI COCTOSHUM. 3aTEM LEMH MMITYJIbCHOH MOIIHOCTH (POPMHUPYIOMINX
cucteM 210 UMIyJIBCHOTO MUTAHUSI, PEAHA3HAYCHHBIC TSI CO3/1aHHS BEICOKOYACTOTHONW TEPMHUUIECKON ILIA3MBl,
BO30YXKIaroT KaTymku 232 BO30YXICHHUSI MMIYJIBCHOTO OBICTPO 00pamiaeMoro MarHWTHOTO IOJIs, CO3JaBast
BpeMeHHOe oOparnmoe cMelenne npumepHo -0,05 Tin B ¢popmupyronmx cekuusix 200. B aToT MOMeHT B 1Ba
(dopmupyronx odbeMa, orpaHMYeHHBIX kKamepamu 240 B (hopme KBapleBbIX TpyO (ceBepHOH M 10kHOH) dop-
Mupyromux cekuuit 200, HHXEKTUPYIOT 3apaHee 3alaHHOe KOJIMYECTBO HEHTpajbHOro rasa mpu 9-20 psi uepes
MHOXKECTBO a3MMYTaJIbHO-OPUEHTUPOBAHHBIX POJYBOYHBIX KJIAllaHOB BO (hiIaHIaX, HAXOAAIIMXCS Ha BHELITHUX
Topuax ¢opmupyronmx cexiuid 200. 3atem n3 Habopa aHTEHH Ha MOBEPXHOCTH KBapleBbIX TpyO 240 renepu-
PYIOT TOJIC Ha MaJIbIX BBICOKHX YacTOTax (~ COTHH KHJIOTEpII), CO37aBasi IpeIBapUTEIbHYIO HOHN3AINIO B (hop-
Me obnacTel JOKaJbHOM HadadbHOW HMOHM3AIMKM B TpEesiax CTOJI00B HEHTpajdbHOrO rasa. 3a 3TUM CIIEoyeT
MIPUMEHECHHE TETa-KOJIBIICBOW MOIYIIALNN K TOKY, BO30YXIAOIMEMy KaTymku 232 BO30YKIACHHS UMITYJIbCHOTO
OBICTPO 0OpaIIaeMoro MarHUTHOTO TTOJISA, YTO MPUBOAUT K OoJjiee oOIIel nMpeaBapuTEIbHONR HOHM3AINH CTOI00B
ra3a. B 3aximoueHne 3amuTHIBAIOT OCHOBHBIE MMITYJIBCHBIE MCTOYHUKM NMUTaHUs (popMupyromux cuctem 210
UMITYJIbCHOTO ITUTaHWS Ul BO30Y)KAEHHs Karymiek 232 B030yXKICHHS HMITYJBCHOTO OBICTPO 00pariaemMoro
MarHMTHOTO TIOJISI, CO3/aBas II0JIe C MPSAMBIM CMELIEHHEM W MHAYKTUBHOCTBIO 10 0,4 Ti. DTOT 3Tam MOXHO
MPOBOJIUTH B TaKOH IMOCJIEIOBATENEHOCTH BO BPEMEHHM, UTO IO BCEH JUIMHE KBapueBHIX TpyO 240 paBHOMEpHO
TEHEPUPYETCS T0JIE C MPSIMBIM CMEICHHEM (CTaTHYeCcKoe ()OPMHUPOBAHKE) MIIH TOCTUIAETCSl TTOCIIeI0BAaTEIbHAS
HepHCTaIbTHYECKasi MO OIS BAOJIB OCH (opMupyromux tpyook 240 (muHamudeckoe GOpMHUPOBaHUE).

Bo Bcem aTom mpouecce popmupoBanus GakTHueckoe oOpaleHne Mo B I1a3Me IPOUCXOJHUT OBICTPO B
npezenax MpuMepHO 5 MKc. MHOroruraBatHas MMITYJIbCHAsI MOIIHOCTb, ITOJBOAMMAs K (JOPMUPYEMOH IIIa3Me,
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nerko cozzaer ropsare FRC, KoTophle 3aTeM MHKEKTHPYIOTCs M3 popmupyronmx cekuuii 200 mocpecTBOM MpHMeHe-
HUS TMOO TOCIIENI0BATEILHO OCYIIECTBIISIEMOH BO BpEMEHN MOIY/IILIMM MarHUTHOTO TIOJIS B TIEPEIHEM HOJTYIIPOCTpaH-
cTBe (MarHuTHasI MEPUCTATBTHKA), JTNO0 BPEMEHHO YBEITMUEHHBIX TOKOB B TIOCIICIHEH KaTyIke u3 HabopoB 232 KaTy-
IIEK OKOJIO OCEBBIX BHEIIHUX TOPIIOB (hopMupyromux Tpyd 210 (popmMupoBaHe OCEBOTO rpaieHTa MAarHUTHOTO TIOJIS,
KOTOPBIA oOparieH B oceBoM HamnpasiieHnd K kamepe 100 ynepxanwst). O6e hopmupytromnme FRC (ceBepras u 10xHast),
cOpMHUPOBAHHBIC TaKMM O0pa30M M YCKOPHBIIHECS, MOTOM pacimpsiioTcss B kamepy 100 yneprkaHusi, UMEIOIILYI0
OOJIBIIINIA TaMETp, Tie KaTyliKu 412 KBa3HUTIOCTOSHHOTO TOKA CO3MAI0T TIOJIE C MPSMBIM CMEIIIEHUEM TS YIPaBIICHUS
paaraIbHBIM PaCIIMPEHHEM U 00SCTICYeHIS PABHOBECHOTO BHEIITHETO MATHUTHOTO TIOTOKA.

Kak Tomnbko ceBepHast u 1oxHas (popmupyrompe FRC nprObIBalOT B OKPECTHOCTH CPEHEH MIOCKOCTH KamMephl
100 ynepxanust, 311 FRC crankuBarorcs. OceBble KUHETUUECKUE SHEPTUH BO BPEMs CTOJIKHOBEHUSI CEBEPHOI 1 F00KHOM
tdopmupyrormx FRC Gorbieit 9acTbio TepManm3yroTes, MockoibKy FRC, B KOHEUHOM cueTe, 00BEIUHSIOTCS B SAUHYIO
FRC 450. B xamepe 100 ynepskanusi BO3MOXKEH 0O0JIBILOH HAOOp METOAOB AMArHOCTUKY IUIA3MBI JUTS U3y4eHHUsI PaBHO-
Becuit FRC 450. Tunmunsie padoune ycnousi B FRC-cucreme 10 naror cocraBHyro FRC ¢ pammycamu cenapatpHchl
npuMepHO 0,4 M 1 0CEBOH MPOTSHKEHHOCTBIO MPUMEPHO 3 M. JIONMOTHUTENBHBIMU XapaKTePUCTUKAMH SIBIISFOTCS BHEIL-
HHE MAarHUTHBIE TIOJIS C MHyKTUBHOCTBIO puMepHo 0,1 Ti1, MIOTHOCTH miasMbl mpuMepHo 5x10 M™ u nomsoit Tem-
niepaTypoii miasmel 10 1 k3B. be3 kakoi-mbo moaiep KKy, T.€., IPH OTCYTCTBHM HAarpeBa WK BO30YKICHHUS TOKA C
TIOMOIITHI0 MEKEKITNH IyYKOB HEHTPATBHBIX YaCTHUII WM APYTHX BCIIOMOTATENBHBIX CPEACTB, BpeMs ku3Hu 3TuX FRC,
T.€. COOCTBEHHOE BpeMSI BBIICPKIBAHHUS XapaKTEPUCTHYECKON KOH(PHUTYPAIHH, OrPaHUIMBACTCS BEJNIHNHON IPUMEPHO
1 mc.

DKCTIepUMEHTAIBHBIEC TaHHBIC HEMOIICPIKUBAEMON PaOOTHI - OOBITHBIN PEKUM.

Ha ¢wur. 12 mokazana THTTUYHAsI BOJIONHS BO BPEMEHH panuyca T¢ HCKII0YaeMOTo MOTOKa, KOTOPHIH
aNMpOKCUMHUPYET PaANYC Iy CENapaTpUCHl, Ul WILTIOCTPAIMN ANHAMUKY TIPOUCXOISIIET0 B TeTa-MMHYE IPOLiec-
ca oopeannennst FRC 450. O6a nHAnBUya bHBIX TUIa3MOMA (CEBEPHBIH M I0XKHBII) CO3AAI0TCS OHOBPEMEH-
HO, 2 IOTOM YCKOPSIFOTCSI, BEIXOJI U3 COOTBETCTBYIOMUX (hopMupyromux ceknuii 200 co cBepX3BYKOBOH CKOPO-
CTBIO V,~250 KM/C, M CTAJKUBAIOTCS OKOJIO CpeIHEH mmockocTr npu z=0. Bo BpeMs CTONKHOBEHHUS ILIA3MOUIBI
MPETEPIICBAIOT 0CEBOE C)KATHE, 32 KOTOPBIM CIIeAyeT OBICTPOE PaanalIbHOE H OCEBOE PacCIIUpEHHe, TIPEKAE YeM,
B KOHIIE KOHIIOB, 00beIMHNTHCA, 00pa3ys onny FRC 450. O Hanmuuy Kak paguabHOM, TaK U OCEBOH AMHAMUKH,
CBUIETEILCTBYIOT MOAPOOHBIE U3MEPEHHS MPOQIIIS TUIOTHOCTH U TOMOTpadus Ha OCHOBE O0JIOMETpa.

JlanHble, MOJIydeHHBIE B pe3ylbTaTe HemojaepxkuBaeMoro paspsga, FRC-cuctemsr 10 moka3aHbl Kak
(yHK1IMY Bpemenu Ha ¢wur. 13.

FRC unumumpyetcs B MoMeHT t=0. Paguyc BCKIIF04aeMOTo MOTOKAa B CPEAHEH BIOJL OCH TUIOCKOCTH Ma-
MWHBI TIoKa3aH Ha ¢ur. 13(a). DTH maHHBIC MOJIYYSHBI M3 MATPHUIII MATHUTHBIX 30HIO0B, KOTOPBIC Pa3MeEICHbI
YyTh-4yTh M3HYTPH BBINIOTHEHHOW W3 HEPI)KABEIOIIEH CTalM CTCHKH KaMepbl yIepKaHHS M U3MEpPSIOT OCEBOE
MarHuTHoe nosie. CTanbHasi CTEHKA SIBISICTCS XOPOIIMM CPEJCTBOM COXPAaHEHUs IIOTOKa BO BPEMEHHBIX paMKax
paspsna.

Ha ¢ur. 13(b) nokazaHbl TMHEHHO-UHTETPaIbHBIE ITIOTHOCTH, MTOJTYYEHHbIE N3 pabOTaloIIero 1no 6 xopaam
uHTephepomeTpa Juis onpeaenenus cogepxxanus CO2/He-Ne, pacnonoxkenHoro B z=0. C yueToM BepTHKaJIBHO-
ro nepemernienus (y) FRC, usmepsiemoro mocpeactsoM 0OJIOMETpUYECKO# ToMorpaduu, WHBEpcus mo AOeito
JaeT npoduau pacnpenenenus ioTHocT coryacHo ¢wur. 13(c). [Tocie HEKOTOPOTO OCEBOTO M PaIUATHHOTO
kosnebanus B TedeHue nepoit 0,1 mc, ycranaBmuBaercs FRC ¢ HexoTOpsM "monbiM" TipodHiIeM MIOTHOCTH.
OTOT IpOodHITE ABIAETCS TOCTATOYHO IUIOCKHM, C CYIIECTBEHHOH IMJIOTHOCTBIO HAa OCH, KaK TPEOYIOT paBHOBECHS
B THNMYHBIX TuTockux FRC.

Ha ¢wur. 13(d) mokazana momHas TeMIiepaTypa TUIa3Mbl, BBIBEJIEHHAS WCXOJs M3 PAaBEHCTBA NABICHUA U
TIOJTHOCTHIO COOTBETCTBYIOIAS PACCESTHUIO TI0 TOMIICOHY M CIIEKTPOCKOTIMIECKAM H3MEPEHHSIM.

AHanu3 Bcero MaccuBa JaHHBIX MCKIIOYaeMOTO IOTOKa yKa3bIBaeT Ha To, 4To (opma cenaparpucsl FRC
(mpubnkaeMasi OCEBBIMH NMPOQMIISIMU) TTOCTETIEHHO ABOJIIOIHOHUPYET OT KPYroBOH K IIUIMITHYECKOH. DTa
9BOJIIOLIMS, TTOKa3aHHasl Ha ¢ur. 14, coriacyercsi ¢ MOCTEIICHHBIM MAarHUTHBIM HEpe3aMbIKaHHEM C MEPeX0 oM
ot 1Byx FRC k oxnoii. B camom nerne, rpyOble OLEHKH MO3BOJISIIOT MPEAIONIOKHUTE, YTO B 9TOM KOHKPETHOM
cilydae BO BpeMsI CTOJIKHOBEHHS IIepe3aMbIKaloTcs mpuMepHO 10% MarHUTHBIX TIOTOKOB JIBYX IT€PBOHAYaIbHBIX
FRC.

Jlmiaa FRC moHOTOHHO cokpamaercs ¢ 3 M g0 npuMepHo 1 M B Tedenne Bpemenn xu3Hu FRC. Oto co-
Kparienue, BugHoe Ha ¢ur. 14, npeamonaraeT, 9o npu yaepxxadnuu FRC noMuHUPYIOT IJIaBHBIM 00pa3oM KOH-
BEKTHUBHBIE TTOTEPH dHEpruH. [I0CKOIBKY JaBlIeHHE TUIa3MBl BHYTPH CEMapaTpUCHl YMEHBIIAETCS OBICTpee, 4eM
MarHUTHOE JIaBJICHUE CHAPYXKH, HATSDKEHHE CHIIOBBIX JIMHUI MarHUTHOTO ITOJIST B TOPIIEBBIX 00IACTSAX MPUBOAUT
Kk oceBoMy cxxaruto FRC, BoccranaBnmuBasi oceBoe W panuanbHoe paBHOBecHe. s pa3psaga, paccMaTpuBaeMoro
B cBs3u ¢ ur. 13 u 14, oTMETHM, YTO MarHUTHBINA MOTOK, 00IIee KOJIUIECTBO YACTHII U TeruioBas dHeprus FRC
(mpumepro 10 MB6, 7x10" wactui, u 7 k[, COOTBETCTBEHHO) YMEHBIIAKOTCS, IPYOO TOBOPSI, HA MOPSIOK BE-
JIMYMHBI 32 TIEPBYI0 MIJUIMCEKYHITY, KOT/Ia BBISBISIETCS ncue3HOBeHue paBHoBecust FRC.

[MonnepxuBaemas padora - BIcOK03(dexTnBHbII pexxum FRC.

Ha ¢wur. 12-14 npuBeneHs! npuMepsl, Xapakrepusytomue paspymenue FRC 6e3 kakol-mu6o moaaepkKy.
Bwmecte ¢ Tem B FRC-cucteme 10 npuMeHsIIOTCS HECKOJIBKO METO0B JUIS NajdbHEHILEro yiIyqleHus yaep KaHus
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FRC (BHyTpeHHeH aKTHBHOW 30HBI M TPAHUYHOTO CJIOA) JUIS AOCTHO)KEHHS BBICOKOd(dexTuBHOTO pexkuma FRC n
MOJICPKKU KOH(HUTypanuu.

ITy4yku HeUTpaTbHBIX YACTHIL.

Crauana ObICcTpble HewTpanpHble YacTuibl (H) B BHIE MyYKOB MHKEKTUPYIOTCS M3 BOCBMH HHKEKTOPOB
600 myukoB HEUTPATBHBIX YaCTUIl NEpHNEHAUKYIAPHO B,. ITyuku OBICTPBIX HEHTpPANBHBIX YAaCTHI HHXCKTHPY-
FOTCS ¢ MOMEHTa 00heTMHEHHUST CeBepHOM U 10kHOM Gopmupytonux FRC B kamepe 100 yaepxanus B oqay FRC
450. beicTpble HOHBI, CO3J]aBaeMbIe TIaBHBIM 00pa30M TOCPEICTBOM OOMEHa 3apsiaMu, HMEIOT OeTaTpOHHBIC
opOUTHI (C MEPBUYHBIME paanycaMu B pamkax Tomonoruu FRC mmm mo MeHbIelt Mepe 3HaYHTEIbHO IPEBBI-
MIAIOIUMH XapaKTePUCTUYECKUH JMHEHHBIH MacmTad rpaJreHTa MarHUTHOTO TI0JIs1), KOTOpPBIE CIIOCOOCTBYIOT
asumytansHoMy ToKy FRC 450. TTocne npoxoxxaeHust HeKoTopoit nonum paspsina (depes 0,5-0,8 Mc Ha CHUMOK),
JIOCTaTOYHO OOJIbIIIasi TOMYJISIHS OBICTPHIX MOHOB 3HAYHUTENHHO YJy4IlIaeT CBOMCTBA BHYTPEHHEH yCTOHYMBO-
ctu u ynepxxkanus FRC (cm., Hanmpumep, M. W. Binderbauer u N. Rostoker, Plasma Phys. 56, part 3, 451 (1996)).
Kpome Toro, U3 nepcreKkTHBHI MOJIEPKKH BEITEKAET, YTO MYYKH U3 HHXKEKTOpOoB 600 IMyuKkoB HEHTpaJIbHBIX Yac-
THII TOXKE SIBJISTIOTCS TIEPBUYHBIMU CPEJICTBAMH BO30YKIeHNs ToKa U HarpesatoT FRC-mmasmy.

B pexmme mmazmel FRC-cuctembr 10 ObIcTpBle MOHBI 3aMEIUISIIOTCS B MEPBYIO OYepelh Ha AJIEKTPOHAX
TU1a3Mel. B TedeHmne paHHel dacTH paspsia TUIHYHBIE YCPETHEHHBIE IO OpOWTaM BpEeMEHa 3aMeIJICHHS OBICT-
pBeIX HOHOB cocTaBisioT 0,3-0,5 Mc, 9To MPUBOAMT K 3HaunTeNbHOMY HarpeBy FRC, B mepByto ouepenp, dyek-
TpOHaMH. BBRICTpBIC HOHBI COBEPIIAIOT OONBIINE pagHalIbHBIE SKCKYPCHI HAPYXKY OT CEmapaTpPHUCHl, IOTOMY YTO
BHyTpeHHee MarauTHoe nojie FRC o cBoeli nmpupoae uMeeT Manyro HHAyKIUio (B cpeaHem, mpumepro 0,03 T
JUTSI BHETITHETO 0ceBoTo 1ot ¢ uaaykuuen 0,1 Ti). BeicTpble HOHBI ObLTH OBI TIOABEPIKEHBI TIOTEPSIM TIPU 0OMe-
HE 3apsiaMH, €cIH Obl INIOTHOCTD HEMTPAIBHOTO Ta3a CHAPYKHU OT CerapaTpyuchl ObuIa CIUIIKOM Ooubioi. I1o-
9TOMY TETTEPUPOBAHUE CTEHKOM M Jpyrue MeTob! (Takue, Kak MpeayCcMaTpUBAIOLIe UCTIOIb30BaHHE TIa3MEH-
HOW mymiku 350 u 3epkanbHBIX PoOoK 440, KOTOPBIE, IOMUMO BCETO MPOYETo, BHOCAT BKIIAJ B KOHTPOJIb Ta3a),
ucnonszyemsle B FRC-cucreme 10, 7eMOHCTpUPYIOT TEHACHLUUIO K MHUHMMU3AIUM TPAaHUYHBIX HEHUTpPaNbHBIX
YacTHI ¥ 00ecIieunBaroT TpedyeMoe HapacTaHue TOKa, 00YCIIOBIEHHOTO OBICTPHIMH HOHAMH.

Umxkekmus tabIeToK.

Korma B nmpeaenax FRC 450 BeipacTaeT 3HaYNTENbHAS TIOMYJISIMS OBICTPBHIX HOHOB U MPH 3TOM TEMIIEpa-
TYPHI 2JIEKTPOHOB SBISIOTCS MOBBIMIEHHBIMH, a BpeMeHa xu3an FRC yBenmmaennsiMu, B FRC 450 umkekTupyrot
3amMoposkeHHbIe TabseTkn H wim D u3 umkekTopa 700 TabneTok, 9To00B OIACpkKaTh 00IIee KOJIHMYSCTBO Yac-
tun B FRC, tpedyemoe mns FRC 450. [Ipenmonaraemple BpeMEeHHBIC HHTEPBAJIBI a0SIUH SBISIOTCS JTOCTATOY-
HO KOPOTKHMH, YTOOBI 00ECTICUNTh HCTOYHUK 3HAYUTEIHLHOTO KommdecTBa dacTuil 4t FRC. DTa ckopocTh Tak-
JKE€ MOJKET OBITh YBEJIMUCHA 33 CUET yBEIMYEHHS IIIOIIAAN HOBEPXHOCTH HHKEKTHPYEMOTO KycO4Ka ITyTeM pas-
JIAMBIBaHHS OTJCIHHON TAOJICTKU HA MCHBIIHE (PParMEHTHI, KOT/Ia OHU HAXOMAATCS B CTBOJIAX WIIM MHKCKIHOH-
HBIX TpyOax uHxekTopa 700 TabIeToK U 10 TOro, Kak OHM NomnajnaroT B kamepy 100 yzxepxaHus - aTar, KOTOPBIH
MOXXHO BOIUIOTHTH ITyT€M YBEJIWYEHHs TPEHHS MEXIY TaOJICTKOH M CTEHKaMH MH)KEKIHOHHOW TPyOBI 3a cuer
YMEHBIICHUS Paanyca U3rnbda Mocie HeT0 CErMEeHTa HHKEKIIMOHHOH TPYObl HEITOCPEACTBEHHO Mepe/l BXOAOM B
kamepy 100 ynmepxanus. [IyreM M3MeHEHHS MOCIEIOBATENLHOCTH U CKOPOCTH CTPenbObl M3 12 cTBONOB (MH-
JKEKIIMOHHBIX TPYOOK), a Takke GPparMeHTaIny, MOXHO HAaCTpOUTh cuctemy 700 MHKeKIMu TabJIeTOK Ha obec-
TIeYeHNe KaK pa3 KelaeMOoro YPOBHS IOAJICPKKH OOIIEero KOJM4YecTBa YacTHIl. B cBoI0 odepens, 3TO COoco0CT-
BYEeT COXpaHEHHWIO BHYTpPEHHero kuHeTtndeckoro mamienus B FRC 450, a Taxxke mommepkuBaeMoi paOdOTHI U
Bpemenu xu3an FRC 450.

Kak Topko mogBeprayThie adiIsamuu aTOMBI BCTPEYAIOTCS CO 3HAYUTEIHHBIM KOJMYECTBOM Iu1a3Mbl B FRC
450, oHM CTaHOBSTCS MOJHOCTHIO MOHM3MPOBaHHBIMH. [IoTOM mony4aromiascst B pe3yjbTaTe 4acTh XOJIOIHOMN
TUTa3MBI HATPEBaETCs MPH CTOJIKHOBEHUM ¢ cobctBeHHON FRC-mma3moii. DHeprus, HeoOXoauMasl Uit COXpaHe-
Hus kenaemoit remmneparypsl FRC, B koHeuHOM cuete, moaBoauTcs nHxkekropamu 600 myukoB. B aTom cmbicie,
ukekTops! 700 TabieTok BMecTe ¢ HHkekropamu 600 MydKoB HEHTPaJIBbHBIX YacTUIl 00pa3yIoT CUCTEMY, KOTO-
pas coxpanseT ycTaHoBusIueecs cocrosinue FRC 450 u nognepkuBaer ee.

Hmxexrop KT.

B kauecTBe abTepHATHBEI HEDKEKTOPY TaOIETOK MPEJIOKeH HEDKEKTOp KoMrakTHoro Topouna KT, rmaBHEIM 06-
pazoM, IUTsl TIOTIOJTHEHMS T1a3M B KoHpuTyparwsx ¢ oopamieHabM mosieM (FRC). Umxkekrop 720 KT comepskut 1mas-
MEHHYIO ITYIIKY JUIs KOaKCHATbHOW HamarandenHo# mia3mMel ([TTTKHIT), kotopast, kak rmoka3aHo Ha (ur. 21 BKITIOYAET B
ce0s KoaKCHaTbHBIE IWIMHIPUYECKHE BHYTPSHHHUI W BHEIITHUH 3JIEKTPOAbI 722 1 724, KaTymiky 726 CMEIeHus], pacto-
JIO’)KEHHYIO BHYTPH BHYTPEHHETO SIIEKTPOJIA, M ANEKTPHYECKHI pa3phiB 728 Ha KOHIIE, IPOTHUBOIIOIOXKHOM pa3psity UH-
skekropa 720 KT. I'a3 umkekTupyeTes yepes Ta30MHKeKITHOHHOE 0TBepcTHe 730 B MPOCTPAHCTBO MEXTy BHYTPEHHUM 1
BHEIITHUM 3JIeKTposiaMu 722 1 724, a cdepomaroroioOHast ia3Ma TeHeprupyeTcsl OTTy/Ia TIOCPEACTBOM paspsizia U BbI-
TecHsieTcst U3 mymku cunoit Jlopenra. Kak nokasano Ha dur. 22A u 22B, napa umkekropoB 720 KT cBsi3aHbI ¢ eMKo-
ctbio 100 11t yaepskaHusi OKOJIO U ¢ TIPOTHUBOIIOJIOKHBIX CTOPOH cpeAHe TockocTi eMkocTd 100 mis yaepxkaHus s
umxekimu KT B masmy nentpansHoit FRC BHyTpu emxoctu 100 mist yaepaxanust. PaspsiiHble KOHIIBI MHXKEKTOpoB 720
KT nampasnens! k cpeHeit miockoctd eMkocty 100 yist yaepKaHus 0 HEKOTOPBIM YIJIOM K MPOJIOJIEHOM OCH €MKO-
cru 100 s yaepkaHus aHAIOTMYHO UHXKEKTOpaM 615 MydKoB HeMTpanbHbIX YaCTHII,

B anpTepHaTHMBHBIX BapuaHTaX OCYIIECTBICHUS, Kak moka3aHo Ha ¢ur. 23A u 23B, umkektop 720 KT
BKITIOYaeT B ce0s MpoJieTHyI0 TpyOKy 740, MpeacTaBisIoNIy0 coO0W YUTMHEHHYIO IUJIHHAPHUIECKYIO TPYOKY,
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CBSI3aHHYIO C pa3psiAHbIM KoHIOM mmkekropa 720 KT. Kak m3o0paxeHo, nposnerHas TpyOka 740 BKmo4aeT B
ce0s1 karymku 742 mposieTHOH TpyOKH, paclooKeHHbIE BOKPYT TPYOKH M pa3HECEHHBIE BJIOJb HEE B OCEBOM
HamnpaBJIeHUW. BA0Ib THMHBI 3TOH TPpyOKH H300paKeHO MHOXKECTBO JUATHOCTUICCKUX OTBEPCTUH 744.

[IpenmymectBamu nrxekropa 720 KT senstorest: (1) ynpaBieHHe U peryIupoBKa 00IIETo KOJTHMIecTBa Ya-
CTHII, MPUXOAAMNXCS Ha MHkekTupyeMbiit KT; (2) Teruias mia3ma ocaxxaaercs (BMECTO KPHOTCHHBIX Ta0JIeTOK);
(3) cucTteMy MOXHO JKCILTyaTHPOBATh B PEKUME C HEKOTOPOH 9acTOTOH MOBTOPEHMSI, YTOOBI 00ECTIeUnTh He-
TIPEepBIBHOE MOMONTHEHKE; (4) cHcTeMa TaKkke MOYKET BOCCTaHABIMBATh HEKOTOPHI MarHUTHBIHM TOTOK, TOCKOJIb-
Ky mmkekTupyembeie KT HecyT Bio’keHHOE MAarHUTHOE Iojie. B oqHOM BapmaHTe OCyIIECTBICHHS, MpeaHa3HA-
YEHHOM ISl SKCIIEPUMEHTAJIBHOTO HCIIOJIb30BAaHUs, BHYTPEHHWH AMAMETP BHEIIHETO 3JIEKTPOJia COCTaBIISICT
83,1 MM, a BHELIHUH AMAMETP BHYTPEHHETO 31eKkTpoja cocraBiseT 54,0 MM. [loBepXHOCTh BHYTPEHHETO BJIEK-
Tpoza 722 NpeanouTHTENILHO TOKPHITa BOJIb(YPaMoM, 4TOOBI COKPATHTh ITOCTYIUICHHE 3arps3HSAIONINX ITpUMecei
c anektpona 722. Kak n3o0paxxeHo, BHYTpU BHYTPEHHETO 3JeKTposa 722 ycTaHOBIIEHA KaTylIKa 726 CMEIIeHHS.

B mocnennux skcriepuMeHTax Oblila JOCTUTHYTa CBEPX3BYKOBas ckopocTh repexona KT mo ~100 km/c.
JIpyrue THITHYHBIE TapaMeTphl IUIA3MBI SBISIOTCS CIIETyIOMMAMHE: IIOTHOCTh 3MeKTPoHoB ~5x 107! M, Temmepa-
Typa 3JeKTpoHoB ~30-50 3B u obmiee komudectBo gactuil ~0, 5-1, 0x10". Boicokoe KuHETHUECKOE JaBJIEHUE,
okaspiBaeMoe KT, obecrieunBaeT NpOHNKHOBEHHE MHXXEKTHPYeMOil tuta3mel riry6oko B FRC u ocaxnenune vac-
THUIl M3HYTPU OT cemaparpuchl. [locienHnue sKcIepuMeHTsl Mokasanu: nononHeHue yactull B FRC mpuseno x
Tomy, 4T0 ~10-20 % obmero kommaectBa yacturl B FRC, obecnieunBaembix umkekropamu KT, ycnemHo 1eMoH-
CTPUPYIOIINMH TIOTIOTHEHHE, JIETKO MOKHO TIEpeHOCHUTD Oe3 pa3psiBa mia3msl FRC.

OTKJIOHSIOMINE KaTYIIKH.

Uto0bI TOCTHYb BO30YXKICHHUS TOKA B yCTAHOBUBIIEMCS! COCTOSIHUHM M COXPAHUTH TpeOyeMblil HOHHBIH TOK,
JKeNaTeNFHO MPENOTBPAIATh WM 3HAYHTEIFHO YMEHBIIATh HAIIPABICHHBIE BBEPX CIHMHBI 3JIEKTPOHOB, 00YCIIOB-
JICHHBIE CHJIOW TPEHHS MEXAY SJCKTPOHAMH M MOHAMU (SBILIOIIEHCS pe3yIbTaTOM MEepeHOCca KOJMIECTBA JBU-
JKCHHS, BO3HUKAIOIICTO NPU CTOJKHOBCHHUU HOHOB ¥ 3IeKTpoHOB). B FRC-cucreme 10 ucmonbs3yercs HOBBIHA
MeToJl o0ecleyeHns pa3phiBa B paclpeaeIeHUH JIEKTPOHOB IMOCPEICTBOM IPUKIAIBIBAEMOTO U3BHE CTaTHYe-
CKOT'O MarHUTHOTO JTUIIOJIFHOTO WJIM KBaJPYIOJIBHOTO MOJSL. DTO JOCTHUTaeTCsl MOCPEACTBOM BHEHIHUX OTKJIIO-
HAOLMX KaTynek 460, n3o0pakeHHbIX Ha ¢ur. 15. PaguanbHoe MarHUTHOE 110Jie, HOIEPEYHO MPHUKJIIAIbIBAEMOC
U3 OTKJIOHSIOMUX KaTymek 460, MHAyIHpYyeT 0ceBOe EKTpUUeckoe moje Bo Bpamaromeiics FRC-mna3me. Pe-
3yJbTUPYIOLIUNA OCEBOM AJIEKTPOHHBIM TOK B3aMMOJECUCTBYET C palajbHbIM MarHUTHBIM IIOJIEM, CO3/1aBasi a3u-
MyTalbHYIO Pa3phIBHYIO CHily F=-Gy.0<|B,/*>, BO3aeiiCTBYIONYIO HA 2IeKTPOHEL. UTOObI 06ECIIEUNTh aJIeKBaT-
HBIA pa3pbIB B paclpeleIcHIH dJIEKTPOHOB ISl TUMMYHBIX yeinoBuid B FRC-cucteme 10, TpeOyeMoe mpHKIIaabi-
BaeMO€ MarHHUTHOE TUMOJNBbHOE (WIM KBAagPYIOJBHOE) MOJie BHYTPH IUIA3MBI JOJDKHO MMETh HMHIYKTHBHOCTBH
yumb opsinka 0,001 Ta. CooTBeTCTBYIOIIEE BHEITHEE MAarHUTHOE TT0JIE ¢ MHAYKTUBHOCTHIO ipuMepHO 0,015 T
SBIISICTCS TOCTATOYHO cIaOBIM, YTOOBI HE BBI3BIBATH OILIYTHMBIC MOTEpU OBICTPHIX YACTHIl MM OKa3bIBaTh MHOE
HETaTHUBHOE BIMAHUE Ha ynepkanne. OakTHIeCcKH, MPUKIAIpIBACMOE MarHUTHOE AHUITOJIFHOE (MIIM KBaIPYIOIb-
HOE) TT0JIe BHOCUT BKJIQJI B TIOJIaBJICHHE HEYCTOWIMBOCTEH. B codeTaHny ¢ TaHTeHITMATBHON WHYKEKITUEH TyIKOB
HEUTpaIBHBIX YaCTHUI] U OCCBOW WHXKEKIIUCH IUIA3MBI, OTKIOHSIOMINE KaTyIKu 460 00ecreynBarOT JOMOIHH-
TENILHBIA YPOBEHb KOHTPOJISI B CBSI3M C COXPAaHEHHEM TOKa U YCTOHYHBOCTBIO.

3epKaybHbBIE IPOOKH.

KoHcTpykums MMITynbCHBIX KaTyliek 444 BHYTpH 3epKaibHBIX IPoOok 440 nomyckaer JIOKaJbHOE TeHepH-
pOBaHHE CWIBHBIX MAarHUTHBIX moiieit (2-4 Ti) ¢ moMoIpo HeOOBIIOW eMKOCTHOH 3Hepruu (mpumepHo 100
kJ[x). s popmMupoBaHuss MarHUTHBIX TTOJIEH, THTTHIHBIX MPU paccMmarpuBaemoii padore FRC-cucremsr 10, Bce
CHJIOBBIC JIMHUM TIOJISI B Mpejeniax oobeMa (OpMHUPOBAHUS MPOXOJSAT CKBO3b CyKeHUs 442 y 3epKalbHBIX MPO-
00k 440, xak TpeanoJiaraeTcs Mpy HAJMYUK CUJIOBBIX JIMHUNA MarHUTHOTO TIOJIS, TOKa3aHHBIX Ha (ur. 2, ¥ KOH-
TaKT IUIa3MBI CO CTEHKOW He MpoucxonuT. [lommmo 3Toro, 3epKaiibHbie PoOKu 440 COBMECTHO C MarHHUTaMH
416 mUBEepTOPOB KBA3HIIOCTOSIHHOTO TOKAa MOYKHO OTPETYJIHPOBATH TaK, YTOOBI HANPABISATH CHIIOBBIC JIMHHUH T10-
st Ha 37eKTpoasl 910 TUBEPTOPOB, WIIM BRIPABHUBATH CHIIOBBIC JIMHUU TOJIA B (HE MOKA3aHHOM) KOHPUTYpaIUN
OCTPBIX TOPIEBBIX BHICTYIOB. [locieHss MOBBINIAET YCTOHYMBOCTD U MOJABISIET MapajuICIbHYIO TETIONPOBOI-
HOCTB JIEKTPOHOB.

Camu 3epkanbHble TpoOKH 440 Toke BHOCST BKJIQJ B KOHTPOJIb HEWTPAIBHOTO rasza. 3epKajbHbIE IPOOKH
440 oOecrieunBaroT JIydIlIee MCHOIb30BaHNE ra3000pa3HOro AeHTepHs, IIPOAYBAaEMOr0 B KBapIlEeBbIe TPYOBI BO
Bpems popmupoBanusi FRC, mockonbKy oOpaTHbIil TOTOK ra3a B auBepTopsl 300 3HaYMTENIFHO YMEHbBIICH Oa-
rojaps Majoi crocoOHOCTH MPOOOK MPOITyCKaTh ra3 (CToiab Mu3epHoii, kak 500 1/c). Bonbimas JacTh octaToy-
HOTO IMPOyBaeMoro raza BHYTpH Gopmupyrommx Tpyd 210 OsicTpo norm3upyetcs. Kpome Toro, BEICOKOIIIOT-
Has IJIa3Ma, TeKyIas CKBO3b 3epkaibHbIe TpoOku 440, obecrieunBaeT 3P PEKTUBHYIO HOHU3AIUIO HEHTPATBHBIX
YacTHII, a 3HAYUT 1 2 (HEeKTUBHBIN Ta30BbIN Oapbep. B pe3ynbrare, O0IBIIMHCTBO HEUTPATBHBIX YaCTHII, PEIIUP-
Kynmupyembix B quBeptopax 300 u3 rpanudnoro cios 456 FRC, He Bo3Bpamiarorcs B kamepy 100 ymepskaHus.
Kpowme Toro, HeliTpanbHbIC YaCTHIIBI, CBA3aHHBIE ¢ pa0OTOW MIa3MeHHBIX mytmek 350 (paccMaTpuBacMoOn HUXKE),
OynyT B OOJBIIMHCTBE CBOEM 3aKII0YaThCs B AuBepTOphl 300.

U, nakonen, 3epkanbHble poOku 440 CKIOHHBI yiny4niate yaepskanue rpannasoro cios FRC. Ipu xoag-
¢unnenTax orpaxkeHHus 3epkaia (IpoOKa/yaep>KUBaIOIIMe MarHUTHBIE Touisl) B quanasone 20-40 u npu JumHe
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15 M MexIy ceBepHOM M I0KHOM 3epKalbHbIMU NpoOkaMu 440 Bpems T ydep:KaHHS 4aCTHL IPAHHYHOTO CIIOS
YBEJIMYMBAETCS HA MOPAJOK BEIUYMHEL YBEIUYEHHE T) JIETKO YIydIlaeT yaepsxanue yactul B FRC.

[penmnonaras, uTo oOycnaBnuBaeMble panuaibHOi anddysueit (D) morepn yacTul U3 OrPaHUIMBACMOTO
cenaparpucoil oobema 453 OanaHCUPYIOTCA OCEBBIMHM IIOTEPAMM (T) M3 TPAaHUYHOrO cios 456, momydaem
(2mr,Ls)(Dngy/8)=(Dmr,L8)(Ds/t)), oTKyna cneayer, 4TO AJMHY TPaJMEHTa IJIOTHOCTH y CENapaTpPUCHl MOXHO
nepenucars B Buae 6=(Dr H)” 2 31ech 1y, Lg 1 1 - 3T0 paguyc cenapaTprchl, JUIHHA CENapaTPUCHI H ITOTHOCTD Yy
cernapaTpHCHI, COOTBETCTBEHHO. Bpems yIepKaHUs YacTHIl B FRC COCTaBIISIET
t=[nr Ls<n>]/[(27r,L)(Dny8)=(<n>/ny)(t 1T H)m, rze 1,=a>/D " npu 5ToM a=ry/4. OU3MUECKH, yBEIHICHHE T
BEJIET K YBEeIMUYCHHOMY O (YMEHBIIEHHOMY TPaJUCeHTY IUIOTHOCTH M TTapaMeTpy npetida y cemaparpucsl), a 3Ha-
YHT - U K YMEHbIIEHHBIM noTepsMm dactull B FRC. O6mee yBennuenue napamerpa ynepxanus gactun B FRC
OOBIYHO HECKOJILKO MEHBLIE, YEM KBaJPaTUYHOE, IOCKOJIBKY Ny YBEJINYUBAETCA BMECTE C T |-

3HAYMTENBLHOE YBEIMYEHHUE T)| || TaKXkKe TpeOyeT, 4ToObl IPaHUYHbIH CJI0k 456 ocTaBalcs Mo OOJNBIIOMY CHe-
Ty YCTOWYMBBIM (T.€. YTOOBI ITpH n=1 He OBUIO >KENOOKOBOW, PyKaBHOW WMIJIM MHOW MarHUTOTHIPOJAMHAMHUYECKOM
HEYCTOWYHMBOCTH, THIIMYHOW JJIsI OTKPBITBIX CHCTeM). Mcnonb3oBaHue Mi1a3MeHHBIX mymek 350 obecrneunBaet
NPEANOYTUTEIBHYIO YCTOHYMBOCT Ha rpaHuLe. B aToM cMmblcie, 3epkanbHblie poOku 440 1 ruia3MeHHbIe MyI-
k1 350 o0Opazyror 3 (heKTHBHYIO CHCTEMY KOHTPOJISI TPAHHIIBL.

[na3mMeHHbIE TYIIKH.

[Tnazmennbie myniky 350 MOBBIMIAIOT YCTOWYUBOCTD CTpYH 454, BeimyckaeMbix u3 FRC, mocpencTBom Jim-
HEWHOTO CBsI3bIBaHM. [1a3Mbl, HCITyCKaeMble M3 TUIa3MEeHHBIX Iymrek 350, obpa3yroTcst 63 mpUBICYCHHS KO-
JIMYECTBA a3UMYTaIBFHOTO YTIOBOTO ABIKCHHSA, YTO MOKA3aJI0 ceOs MOJIE3HBIM MPH KOHTPOJIE HEYCTOMIMBOCTEH
Bpamienus B FRC. A ecnm Tak, To mymku 350 sSBistiroTcst 3G ()EKTHBHBIM CPEICTBOM KOHTPOJSI YCTOHIHBOCTH
FRC 6e3 HEoOXOAMMOCTH YCTapeBIIETO METOJa KBaJApYIOJIbHOW cTabwim3aiuu. B pesynbrare miaa3MeHHBIC
nymwky 350 1ar0T BO3MOKHOCTH MOJYYEHUsI IPEUMYIIECTBA BEITOIHBIX 3 (PEKTOB OBICTPHIX YaCTHUI] WIIN JTOCTYIA
K peXHMY YCOBEPIICHCTBOBAHHOW ruOpumHoi kuHetnueckoii FRC, kak momguepkuBaeTCsl B 3TOM PACKPHITHH.
CrnenoBarenbHO, Ia3MeHHble nymky 350 mo3BoussitoT akcmnyatupoBaTth FRC-cuctemy 10 mpu Tokax OTKIIO-
HSIOIIMX KaTyIeK, MOAXOISIINX KaK pa3 Ul pa3pblBa B pacHpeesIeHUN 3JICKTPOHOB, HO SIBISIOLIMXCS MEHB-
IIMMH, Y€M Te, KOTOpPhIC BBI3BIBAIN OBl HeycToWdnBOCTh FRC W/1mu mpuBonmimu Obl K HHTCHCUBHON TU(Qy3un
OBICTPBIX YaCTHII.

Kaxk ymoMuHaiocs B pacCMOTPEHHOM BBIIIIE pasjene "3epKalbHble MPOOKH", €Cii ObI MOXHO OBLIIO 3HAYH-
TEJBHO YBEJIUYUTH T |, TO MOJaBaeMas U3 IylleK IIa3Ma Oblaa Obl COMOCTABUMOMN CO CKOPOCTBIO (~10%/c) no-
Teph YaCTHUI[ B TPAHUYHOM clioe. Bpemst sxu3um momydaemoit u3 mymiek mia3mel B FRC-cucreme 10 HaxomuTcs B
MIJIIHCEKYHIHOM JHana3oHe. B caMoM Jelte, pacCMOTPHM IUIa3My 3 MyIIeK, HMEIOIIyO IIOTHOCTh Ne~10" em™
3 1 TemmepaTypy HOHOB mpuMepHO 200 5B, 3aKIIOYCHHYIO MEKIY TOPLOBEIMH 3¢PKalbHBIME mpobKamu 440.
Jmuaa L 3axBaTta u ko dummeHT R oTpaxkeHus 3epKaia COCTaBISIOT MpUMEpHO 15 M 1 20, COOTBETCTBEHHO.
CpenHsist JUTMHA CBOGOIHOTO TIPOGera HOHOB GIarojaps KyJOHOBCKMM CTOJKHOBEHHAM COCTaBIseT Ai~6x10° cm,
a mockosbKy A;InR/R<L, noHBI HaxonsTCsl B ra30JJMHAMUYECKOM pexnuMme. Bpems yzaepskaHus miaa3Mbl B 3TOM
PEXUME COCTABIIAET Toq~RL/2V~2 Mc, riie V - cKopocTh HOHHOTO 3BYyKa. /Il cpaBHEHMS, KIaCCHYECKOE BPEMsI
yIepiKaHHs MOHOB JUISL 9THX MapaMeTPoB IUIa3MbI COCTABINO 651 T~0,5T; (InR+(InR)**)~0,7 mc. B npunmume,
aHoMaJbHas monepevnas Auddy3us MOKET COKpAaTHTh BpeMsl yAEpKaHH IJIa3Mbl. Bmecte ¢ TeM, ecii mpearo-
T0xkuTh, 9T0 B FRC-cucteme 10 nmeet mecto 6oMoBcKast mupQy3un, TO OIICHOYHOE BpeMs TIOTIEPEIHOTO yIIep-
JKaHUs JUIS TIIa3sMBbl U3 MyIIeK cocTaBiseT T,>Ty~2 Mc. CenoBaTenbHo, MyIIKH MOTJIM Obl 00€CIIEYUTh 3HAYH-
TeJIhHOE TOMOTHeHNE TpaHudHOTOo ciios 456 FRC u ynyumennoe obmiee ynepskanue yactuil B FRC.

[TomMuMoO 3TOrO, MOTOKHU IJIa3Mbl U3 MYyIIEK MOKHO BKJIIOYaTh mpuMepHo Ha 150-200 MUKpOCEKYH[, 4TO
TMI03BOJISIET UCTIONB30BATh UX MPHU 3aIyCKe, MOCTYNaTeIbHOM nepeMenieHun n oobeanHenn FRC ¢ nonanannem
B kamepy 100 yaepkanus. Eciu BKIIIOYeHHE NPOUCXOIUT MIPUMEPHO B MOMEHT t~0 (MHHLIMAIUS OCHOBHBIX HC-
tounnkoB nmuTanus FRC), To mna3mel u3 mymiek crnocoOcTByroT noaaepxanuio FRC 450, monyueHHo# Temepb
MOCJIe AMHAMUYECKOTOo (POpMUPOBaHUS M 00benuHeHuss. OObeTMHEHHbIE 00IIHe KOJMYeCTBa YacTHI] U3 (HOpMH-
pyrouux FRC u u3 mymiex sSBisroTCs yIOBICTBOPUTEILHBIMHE TS 3aXBaTa MYYKOB HEHTPAIBHBIX YACTHII, Harpe-
BaHU TUTa3MbI U [UTMTENBHOW moaiepKku. Eciin BKIIOUeHNE TPOUCXOANT B MOMEHT t B nuamaszoHe -1-0 mc, To
TUTa3MBI U3 MYIIEK MOTYT MPUBECTH K 3aMOJHEHUIO KBapIeBBIX TPyO 210 mia3mMol Wi K HOHU3AIUHU ra3a, IMpo-
JlyBa€MOT'0 B KBapIleBbIe TPYObI, TeM caMmbIM nomyckas (popmupoBanue FRC npu yMeHBIIIEHHOM WM BOOOIIE
HyJIeBOM 00BeMe MpoayBaeMoro rasa. [lociennee ycaoBre MOKET OTPeOOBATh JOCTATOYHO XOJIOAHOW opMH-
pyIoIel Tia3Mbl, YTO0BI 00ecTIednTh OBICTPYIO MU (PY3UI0 MAarHUTHOTO TMOJISI ¢ 0OpaTHBIM cMenieHreM. Ecim
BKJTIOUCHHE TIPOMCXOINT B MOMEHT t<-2 MC, TO TMOTOKH IIA3MBI MOTYT 3aIIOJTHHTH IPUMEPHO 1-3 M’ JTHHEHHOTO
o0bema mouist obactel popmupoBaHus 1 yaepxanus popmupyroniux cexuuii 200 u kamepy 100 ynepxanust c
LeTIeBOiT IIOTHOCTBIO B HECKONBKO eXuHMI Ha 107 ¢M™, 10CTaTOUHO#M 1 06ECIeUeH s CO3IaHMs My YKOB Heil-
TpanbHbIX dactull 10 npubdsitus B FRC. [ocne storo, ¢popmupyronie FRC mormu 661 chopmupoBartsest U 1o-
CTYNaTeIbHO MEePEMEINAThCsl B PE3YJIbTHPYIOILYIO IJIa3My €MKOCTH ISl yaepkaHus. Takum oOpa3oM, mia3mMeH-
Hble mymku 350 obecnieynBaloT OoIbIIOE pazHOo0Opaszne pabourX yCIOBHH M PEXUMOB HACTPOWKHU ITapaMeTPOB.

DNEeKTpUIECKOe CMEILEHHE.

KoHTpons paguambHOTo MpohuiIs AIEKTPUISCKOTO MOJISI B TPAHUYHOM ciioe 456 pa3InIHbBIMU CIIOCO0aMu
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BeITozieH it ycroiunBoct FRC m ynepkannst B Heil. [locpencTBOM HOBBIX, 00ECHEUMBAIOIIMX CMEILICHUE
KOMITOHEHTOB, pa3BepHyThIX B FRC-cucteme 10, MOXXHO IpHUKIIaJBIBaTh MHOXECTBO 3a0J1aroBpeMEHHO OATO-
TOBJICHHBIX PAacIpEeICHUI MNIEKTPUUECKUX MOTEHINATIOB K IPYIINE OTKPBITHIX MOBEPXHOCTEH MOTOKA IO Beei
MaIlHe U3 00JIacTell JaJleko CHApYXKU OT IEHTpadbHOU obiacTy yaepxkanus B kamepe 100 ynepkanus. Takum
00pa3zoM, MOKHO TCHEPUPOBATh paJalbHbIEC HICKTPHUECKHE OIS Yepe3 TPaHUIHbIN clioi 456 B HEMOCPECT-
BeHHOU Omm3oct kK FRC 450. [ToToM 3TH paguanbHbBIE dJICKTPHUYECKUE MO MOAUPHUIMPYIOT a3UMYyTalbHOE
BpallleHHE IPAaHUYHOTO c10s 456 U OCYLIECTBIAIOT €0 yAepKaHUue MOCPEACTBOM pa3phiBa ckopocTu, ExB. Jlro-
6oe muddepeHnnanb-HOe BpalleHne MEXTy TPaHHYHBIM cioeM 456 u aktuBHOUN 30HOU 453 FRC MOXHO 3aTeM
nepenath BOBHYTph Iuta3Mbl FRC 3a cdeT paspeiBa. B pesynbpTare KOHTPOJIh TPAaHUYHOTO Ciosl 456 oka3bIBaeT
HETIOCPEACTBEHHOE BJIMsAHME Ha akTuBHYIO 30HY 453 FRC. Kpome TOro, moCKoNbKy CBOOOIHASI SHEPTHUS MPH
BPAIlCHUN TIJIa3Mbl TaK)KE MOXET SIBJISTHCS HMPUYMHOM HEYCTOWYMBOCTEH, STOT METOJl 0OECIeunBaeT IpsMOe
CpencTBO OOpBOBI C 3apOKIACHUEM M pocToM HeycToiumBoctei. [Tomxomsmiee rpannmynoe cmerienue B FRC-
cucreme 10 obecrieunBaeT 3pPeKTUBHBINH KOHTPOJIb IEPEHOCA U BPAILCHHS CHIIOBBIX JIMHUH OTKPBITOTO IO, a
Taoke BpamieHus aktuBHOI 30HBI FRC. Mecronaxoxnenne u ¢popMa pa3iHyHbIX MPEAyCMaTPHUBAEMBIX JJIEK-
tponoB 900, 905, 910 u 920 obecneynBalOT KOHTPOJIb PAa3HBIX TPYII MOBEpXHOCTEH 455 MoTOKa, a TakKe KOH-
TPOJIb IPH PA3HBIX M HE3aBUCHMBIX IMOTEHIMaNaxX. TakuM 00pa3oM, MOKHO pealn30BaTh MNUPOKUHA CHEKTP pas-
HBIX KOHQUTYpanuil 3JEKTPUIECKUX MOJIEH W HANPSKEHHOCTEH, KaKIBIH pa3 ¢ OTIUIAIOIINMCS XapaKTEePHCTH-
YECKHUM BO3/EHCTBHEM Ha pabodne mapamMeTpsl IIa3MBbl.

KiroueBoe nmpenMyInecTBo BCEX 3TUX HOBBIX METOAOB CMEIIEHHS COCTOUT B TOM, YTO Ha MOBEICHHE IUIa3-
MBI B aKTHBHOH 30HE M Ha TPAaHHIIE MOXKHO MOBIHMATh U3 MECT, HAXOIALINXCA AajeKko cHapyku oT FRC-ma3msl,
T.€. HET HEOOXOANMOCTH BBEJCHUS KAKHX-TNO0 (PU3NUECKUX KOMIIOHEHTOB B KOHTAKT C IIGHTPAJIbHOI ropsaeit
T1a3MoH (4TO MMeno OBl Cepbe3HBIE MOCIEACTBHS sl HOTEPh YHEPTHH, MOTOKA M YacTHUIl). DTO OKa3bIBaeT OC-
HOBOIIOJIarafoniee BBHITOJHOE BO3JEHCTBHE HA pabouyre XapaKTepUCTHUKH U BCE MOTCHIMAIBHBIC IPHIIOKEHHS
uneu Beicokoaddexrunoro pexnma FRC.

DKcneprMeHTaNbHbIe JaHHBIE - paboTa B BeIcokodddexTrBHOM pexxume FRC.

Wmkexuust OBICTPBIX YaCTHIl HIOCPEICTBOM ITyYKOB U3 mymek 600, NCITyCKaIoIUX ITy9KH HEeHTpalIbHbIX Ya-
CTHII, UTPAET BAKHYIO POJIb B 0OecreueHNH BhIcOKod(ppekTuBHOTO pexknuma FRC. dur. 16 nnnroctpupyer 3ToT
(axr. N300paxkeH HAOOp KPUBBIX, MOKA3BIBAIOIINX, Kak BpeMs ku3Hu FRC koppenmupyeTcs ¢ IIUTEIBHOCTHIO
UMITyJIbCOB Iy4KOB. Bce apyrue paboune yciaoBus MOANCPKUBAIOTCS HEM3MEHHBIMU JJIsI BCEX Pa3psioB, OXBa-
TBIBAEMBIX 3TUM HCCIEI0BaHNEM. [laHHBIC YCPEOHAIOTCS 110 MHOTUM CHUMKAM M ITO3TOMY OTOOPaKaroT THITHY-
Hoe moBeaeHHe. COBEPIIEHHO OYEBHIIHO, YTO YBEIWYCHHAS JUIUTEIHHOCTh IMYYKOB JaeT "MOJIbIIe >KUBYyIIHE"
FRC. U3yuenne storo ¢akTa, a TaKXKe APYTUX Pe3yIbTaTOB AUATHOCTUKH B TEUEHUE 3TOTO UCCIICJOBAHMS BBISB-
JSIET, YTO MYYKH YBEJINYUBAIOT YCTOWYHBOCTh M YMEHBINAIOT OTepH. Koppensaus Mexay IIUTEIbHOCTBIO UM-
MyJIbCOB MY4YKOB U BpeMeHeM ku3Hu FRC He sBaseTcs COBEpIIEHHOH, MOCKOIBKY 3aXBaT IIyYKOB CTAHOBUTCS
Hea((EeKTUBHBIM, KOT/Ia pa3Mephl IUTa3Mbl MEHBILE ONPEIEIeHHBIX, T.e. Korna ¢usndeckue pasmepsl FRC 450
COKpAILAIOTCSl ¥ HE BCE MHKEKTHPYEMble IIyUYKHU IEepeXBaThIBAIOTCS U 3axBaTbiBatoTca. CokpalleHue pa3MepoB
FRC npoucxonur B nepByo o4epeab U3-3a TOro, YTO YUCThIE MoTepu 3Hepruu (~4 MBT npuMmepHO Ha noAmyTH
yepe3 paspsn) u3 FRC-mua3mbl Bo BpeMs pa3psiga HECKOJIBKO Ooublile, yeM 0O0Iasi MOITHOCTB, ITOBOJUMAs B
FRC nocpenctBoM mydkoB HEHTpadbHBIX YacTHil (~2,5 MBT) uIs KOHKPETHOTO 3KCIIEPUMEHTAILHOTO 3aIycKa.
PacnionoxeHue mydKkoB B MECTe, HAXOZSIIEMCs OIIKe K cpeHel IockocTd eMkocTr 100, MOKeT mpuBecTH K
TCHICHINH YMECHBIICHHS 3TUX MOTEPh U MPOATICHUs BpeMeHH xu3Hu FRC.

®Our. 17 WUTIOCTPUPYET BO3ACHCTBHS Pa3HBIX KOMIIOHEHTOB Ha JOCTH)KEHHE BBICOKOI((EKTUBHOTO pe-
skuma FRC. 3meck mokazaHo ceMeHCTBO TUITMIHBIX KPUBBIX, 0ToOpakaromux Bpems xu3Hu FRC 450 xak QyHk-
M0 BpeMeHH. Bo Bcex cirydasx mpeaycMaTpHBaeTCs MOCTOSHHAS, HEOObIIast 10 BEIMYMHE MOIIHOCTD ITyYKOB
(mpumepHOo 2,5 MBT) HHXEKTUpYeTCA Ha NMPOTSHKEHUU BCEH AMUTEIBHOCTH KaxJaoro paspsana. Kaxnmas xpuas
SBJISIETCS XapaKTEpHOHN JUIs OTIMYaronielcst KoMOMHanuy KomioneHtoB. Hanpumep, padora FRC-cuctemsr 10
0e3 KaKux-I100 3epKalIbHBIX MPoOok 440, murazMeHHbIX mymeKk 350 uiam reTTepupoBaHus O6aarogaps cUCTeMaM
800 reTTepupoBaHMs NPUBOIMUT K OBICTPOMY HOSIBICHHIO HEYCTOMYMBOCTH BpalieHus U yrpate tonoiorun FRC.
BBenenue TonbKo 3epKajbHBIX NpoOOK 440 3anmepKuBacT MOSBICHHE HEYCTOMYMBOCTEH M yIydllaeT ynaepixka-
HHe. lcrnonb30BaHMEe COBOKYNMHOCTH 3€pKalbHBIX NMPoOoK 440 m mna3meHHoil mymku 350 [OMOTHHTEIHHO
yMEHbIIIaeT HEYCTOMYMBOCTH W yBenumunuBaeT Bpems xu3Hu FRC. U1, HakoHen, BBenenue rerrepupoBanus (Ti B
3TOM ciydae) Bno6aBok k mymke 350 u nmpobkam 440 maeT HammydIwe pe3ysbTaThl - B moidydaemoir FRC ner
HEYCTOMYMBOCTEM, M OHA JEMOHCTPHUPYET CaMO€ MPOAOJKUTEIbHOE BpeMs ku3HU. M3 3TOM sKCcIiepUMeHTaIb-
HOHM JIEMOHCTpAIMH SICHO, YTO BCSI COBOKYITHOCTh KOMIIOHEHTOB Ja€T HAMIYqIINH 3QQeKT n obecreynBaeT myd-
KU C HAWTyYIIUMH PACUETHBIMHU YCIOBUSIMU.

Kaxk nmokazano Ha ¢ur. 1, HOBBII 00HapykeHHBIH BbIcoK0d(ddexTrBHBIN pexkum FRC nemoncTpupyer pes-
KO yIydYllIEHHOE MOBEAEHUE Mpu mepeHoce. Our. 1 WTOCTpUpyeT U3MEHEHHE BPEMEHHU yJepaKAHUSA JacTUll B
FRC-cucreme npu nepexoze u3 0OBIMHOTO peKUMa B BhICOKOd(GGekTuBHbIH peskuM FRC. Kak MoxxHO yBHIETS,
yIIOMSIHYTOE BpeMs B BeICOK0d(dexTnBHOM pexkume FRC yBenmumnocs 6onee yeM B 5 pa3. Kpome Toro, ¢wur. 1
KOHKpEeTU3upyeT BpeMs yaep:xkanus dactul B FRC-cucreme 10 mo oTHOIIEHHIO K BpEMEHH yAEpKaHUs YacTUI B
skcriepuMenTax ¢ u3BectHeIMH FRC. UTo Kacaercst 3TUX APYTHX MallWH, TO BHICOKOI(pPeKkTUBHBIH peskum FRC
y FRC-cuctembr 10 umeeT yaepxanue, K03QQHUIMEHT YBETMUSHUS KOTOPOTO HAXOIUTCS MEXKIY S5 ¥ 3HAUCHHUEM,
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6mm3kuM k 20. HakoHen - 1 3To BajkHEe BCETo - MPHUpOJa MacuITaOHON WHBapHaHTHOCTH yaepkanus st FRC-
cucreMbl 10 B BeicokoaddextuBHoM peknMe FRC pe3ko omimyaeTcs oT BceX M3BECTHBIX m3Mepenuil. [lepen
ycTaHoBleHHeM BbicokodhdektuBHOTO peskrma FRC B FRC-cucteme 10, BEIBOIUIIN pa3IMIHbIC SMITUPHICCKHEC
3aKOHBI MacIITaOMPOBaHUA M3 JAHHBIX, YTOOBI CIIPOTHO3MPOBATH BPEMEHA yIEPKAHUSA B DKCIIEPHMEHTaX C H3-
BectHbIME FRC. Bce 5TH IpaBuiIa 3aBHCAT IJIaBHBIM 00pa3oM oT oTHomenus R*/p;, rae R - paauyc Hyns mar-
HHUTHOTO NOJIs (HecTporast Mepa (PM3M4ecKoro MaciTaba MalluHbl), a P; - JapPMOPOBCKUI paanyc NOHA, OIICHHU-
BaeMBIil B TPUKJIAIBIBAEMOM HM3BHE MOJie (HECTporas Mepa HPHKIaIbIBaéMOro MarHHUTHOro moist). U3 ¢wur. 1
SICHO, UTO JITUTENIbHOE yaepkanue B 00braHOM FRC BO3MOXKHO JHITL TpH OOJIBITUX TabapuTax MAIluHBI W/ WIH
CHIIbHOM MarHUTHOM moJie. Pabora FRC-cuctemsl 10 B 06braHOM pesknme FRC oTpaxkaeT TEHIEHITUIO clieoBa-
HUsl OOBIYHBIM TIpaBHJIaM, Kak yka3zaHo Ha ¢ur. 1. Bmecte ¢ TeM Bricok0dQdekTuBHBIN pexum FRC 3HaunTenh-
HO TIPEBOCXOAUT YIIOMSHYTBIH PEXUM M ITOKa3bIBAET, YTO TOPA3I0 JTydIlee yaepKaHue JOCTIKUMO U 0e3 00IIb-
MmUX rabapuToOB MaIIMHBI WM CHIBHBIX MarHUTHBIX nojel. M3 ¢wur. 1 Takxke sicHO: BasKHEE TO, YTO BBICOKOI(-
¢exTuBHBIN pexxuM FRC 1o cpaBHEHHIO ¢ OOBIYHBIM PEKUMOM TPHBOIUT K OOJIBIIEMY BPEMEHH yIEpKaHUS
IPU COKPAIIEHHBIX pa3Mepax IUIa3Mbl. AHAJIOTHYHBIE TEHICHIMH 3aMETHBI TAaKXKe /I BPEMEH yJepKaHHs T10-
TOKa Y SHEPTrHH, KaK OoNuchIBaeTcs HUxke, koTopsle B FRC-cucreme 10 Toxxe yBemmumnucs - B 3-8 pas. Cnenosa-
TENIbHO, KPYIHBIM JOCTH)KEHHEM BBICOKO3(p(deKkTuBHOTO peknMa FRC siBisieTcsi BO3MOXHOCTh MCIOJIB30BAHUS
HeOOJIBIION MOLTHOCTH ITyYKOB, MEHEE CHIIBHBIX MAarHUTHBIX IOJIEH M MEHBLIMX rabapuToB JUIs HOAJCPKKU H
coxpanenus paBHoBecuii FRC B FRC-cucteme 10 u Oymymmx 6ojiee MOIIHBIX MalllMHAX. DTHM YCOBEPIICHCT-
BOBAHMSM COITyTCTBYIOT MEHBIIHE 3aTPaThl Ha HKCIUTYyaTaIlHIO M COOPY)KEHHUE, a Takke MOHIKEHHAs] TeXHUYe-
CKasl CIIOKHOCTbD.

JInst manpHEWIero CpaBHEHHS, JAHHBIE XapaKTEPHOTO paspsna B BeICOKOd(PdekTnBHOM pexnme FRC B
FRC-cucteme 10 moka3ansl Ha ¢ur. 18 xak Gynkuus Bpemenn. Ha ¢ur. 18 (a) m3o0pakeH paguyc UCKIodae-
MOTO TIOTOKA B cpemHeil IockocT. s STHX pa3aBHHYTHIX BPEMEHHBIX PaMOK IPOBOISAIIAS CTaJbHAsS CTCHKA
OoJibllle HE SIBISETCS XOPOLIMM CPEACTBOM COXPAHEHHUS MOTOKA, & MarHUTHBIE 30HIBI U3HYTPH OT CTEHKH JI0-
TIOJTHEHBI 30HJaMU CHapy>XH OT CTCHKH JJIsI HaJUIE)XKaIlIero yuyera MarHUTHOW An(Qy3uH MOTOKA CKBO3b CTallb.
[To cpaBHEHHMIO ¢ TUMMYHBIMU PA0OUYNMH MapaMeTpaMH B OOBIYHOM pEXHMME, TIOKa3aHHBIMHU Ha ¢ur. 13, pexum
paboThI, COOTBETCTBYIOIINIT BEICOKOAGGekTnBHOMY pexknmy FRC, neMoHCTpUpyeT BpeMs KH3HH, YBEIHUCHHOE
6ouiee yem Ha 400%.

Ha ¢ur 18(b) mokazan xapakTepHblii rpaduk ciena THHEHHO-UHTETPATLHOW TUIOTHOCTH C €T0 HHBEPTHPO-
BaHHBIM 10 AGenio gomoiHeHneM, a Ha ¢ur. 18(c) - npodumu motHOCTH. [T0 cpaBHEHUIO ¢ OOBIYHBIM PEKUMOM
FRC, nmokazannom Ha ¢ur. 13, mna3zma sBisieTcs: 60Jiee CTAaTUYHON Ha BCEM NPOTSHKCHUH MMITYJIbCA, YTO CBHUJIE-
TENBCTBYET O BeChMa YCTOIUMBOW pabote. [IMKoBas TIIOTHOCTH Ha CHUMKaX BBICOKO3((EKTHBHOTO pexuma
FRC taxxe HEMHOTO HIXKE, UTO SBISETCS CIEICTBHAEM OoJbiel (¢ kodppunmenTomM yBemdeHus 10 2) TOTHOM
TEMITEpaTyphl TIa3MBbl, Kak Mmokazano Ha ¢ur. 18(d).

JIJ1s1 COOTBETCTBYIOILETO pa3psizia, MPOMUIIOCTPUPOBAHHOTO Ha Qur. 18, BpeMeHa yepKaHus SHEPTUH, a-
CTHI ¥ TIoTOKa coctapisitoT 0,5 mc, 1 Mc u 1 Mc, cooTBeTcTBEHHO. B MOMEHT Hauana orcueTa 1 Mc mpu BXOXx/e-
HHUH B pa3psisl, akKyMyJIMPOBaHHAsl SHEPTHs IUIa3Mbl COCTaBisgeT 2 KK B TO BpeMs, KaKk MOTEPH COCTaBIISIOT
npumepHo 4 MBT, 4To nenaer 3TOT 1eneBoi Habop MapamMeTpoB BecbMa NOAXOASIIMM JUIS ITOJICPKKH ITyYKOB
HEUTpaTbHBIX YaCTHII.

Ha ¢wur. 19 Bce npenmymectsa BeicokoddpexruBHoro pexknma FRC noapiToskeHsl B popme BHOBB ycTa-
HaBJIMBAeMOH MacIITaOHOW MHBAPHAHTHOCTH SKCIIEPHUMEHTAIBFHOTO yASPKaHHUS ITOTOKA B BEICOKOI()(HEeKTHBHOM
pexxnme FRC. Kak MoxxHO yBUAETh Ha (ur. 19, Ha OCHOBaHUM U3MEPEHH, IPOBEACHHBIX J0 M TIOCTIe MOMEHTA
t=0,5 Mmc, T.e. xorma t<0,5 mc u t>0,5 Mc, MacmTabbl yaep>kaHus MOTOKa (1, aHAJOTHYHO, YACPKaHUS YacTHI] U
yAepKaHUs YHEPTHH), TPyOO TOBOPS, 3aBUCAT OT KBajpara TeMIepaTypbl eKTpoHoB (T.) IS 3aHaHHOTO pa-
nmuyca (1) cenmaparpuchl. ITO CTPOroe MacIITaOUpOBaHUE TIOJIOKUTEIBHON MOITHOCTHIO coryacHo T, (a He oT-
pHULATEIBHON MOIIHOCTBIO) TIOJHOCTBIO MPOTHUBOIOIOXHO TOMY, KOTOPOE JEMOHCTPUPYETCS OOBIYHBIMH TOKa-
MakaMu, T1e yAep>KaHue, KaK MpaBuiIo, 00paTHO MPONOPIMOHAIEHO HEKOTOPOH MOIIHOCTH COTJIACHO TeMIlepa-
Type 3JeKTpoHOB. [IposiBienue 3ol MacmTaOHON MHBAPHAHTHOCTH SIBJISICTCS NPSIMBIM CIICICTBUEM COCTOSIHUS
BeIcOK0d(exTrBHOTO pexknma FRC m nonmynsinuyu HOHOB Ha opOUTax OONBINNX PaaUycoB (T.e. opOUTax B Mac-
mrabe tormonornu FRC w/winu no MeHblel Mepe TMHEHHOM MaciuTade rpaJieHTa XapaKTepHCTHUECKOro Mar-
HUTHOTO ToJ1s1). [lo OonbmIoMy cueTy, 3Ta HOBasi MaciiTabOHass HHBAPHAHTHOCTh CYIECTBEHHO OJaronpHsITCTBY-
€T BBICOKHMM pabovnM TeMIIepaTypaM M MO3BOJIAET MOIYIUTh PEaKTOPHl OTHOCUTEIHHO HEOOIBIINX Pa3MEPOB.

[Ipu HAIMYIMKM TPEUMYINECTB, KOTOpPhIe NaeT Bhicokod(hdexkTuBHbIN pesxkuM FRC, moctuxkumo moamepsxa-
HHe Wiu cratudeckoe coctossHre FRC, Bo3OykmaeMoe mydkaMH HEHTpaIbHBIX YaCTHIl, KOTOPOE MOXET OBITh
MOJIEP’KaHO C TIOMOIIBIO WHYKEKIIMY HaJISKAIINX TaOJIETOK, a 3TO 3HAYUT, YTO TII00ANBHBIE MapaMeTphl IUIa3-
MBI, TaKHe, KaK TepMUYECKas YHEPTHs IIa3Mbl, paJuyC W JJIMHA ITUIa3MBl, a TAK)Ke MATHUTHBIA TOTOK, TOAJEP-
JKUBAIOTCA Ha 000OCHOBAaHHBIX YPOBHAX 0e3 CymecTBeHHOro cnaaa. /s cpaBHeHus, Ha ¢ur. 20 moKa3aHbl JaH-
Hble Ha rpaduke A, MOJIyYEHHBIE B pe3yJbTaTe paspsaa B XapakTepHOM BbIcOKod(ppexkruBHOM pexxume FRC Ha
FRC-cucreme 10 xak ¢yHKIUS BpeMeHH, U Ha rpaduke B U1 mpoeKkTHpyeMoro xapakTepHOro BeIcokoaddex-
tuBHOro pexxuma FRC na FRC-cucreme 10 xak gyHnkims Bpemenu, npu stoM FRC 450 noanepxuBaercst 6e3
crajia Ha BCEM MPOTSDKCHUM MMITYNbCa ITyYKa HEHTpanbHBIX wyacTull. i monmydeHus rpaduka A MydKd HEw-
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TpaJbHBIX YaCTUI C CyMMapHON MOIHOCTBIO B quanazoHe npumepHo 2,5-2,9 MBT unxextuposanu B FRC 460
NP UINTEIBHOCTH aKTHUBHBIX MMITYJIBCOB ITyYKOB ITPUMEpPHO 6 Mc. Bpemst *M3HU IU1a3Mbl KaK TuaMarHeTHKa,
oToOpakeHHOE Ha rpaduke A, cocTaBsuIO MpUMeEpHO 5,2 Mc. boilee HOBBIE TaHHBIC MMOKA3BIBAIOT, YTO MPH JTH-
TENBHOCTH aKTHBHBIX UMITYJILCOB ITy9KOB IIPUMEPHO 7 MC HOCTHKUMO BPEMS KHM3HU IUIa3Mbl KaK AUaMarHeTH-
Ka, COCTABIISIONIEE IPUMEPHO 7,2 MC.

Kak ormeuanocs Bl B CBSI3H € GUr. 16, KOppessius MEKAY JIHTEIbHOCTHIO HMITYJIbCOB ITyYKOB U Bpe-
meHeM xu3Hu FRC He siBsieTca cOBEpIICHHOH, TOCKOJIBKY 3aXBaT MYYKOB CTAHOBUTCS HEI(D(DEKTUBHBIM, KOTJa
pasMepsl MIa3Mbl MEHBIIIE OTPEJICNICHHBIX, T.€. kKoraa pmsudeckue pasmepsl FRC 450 cokpamatorcss 1 He Bce
UH)XEKTUpPyeMBbIe IIy4YKH IepeXBaThIBAIOTCS U 3axBaThiBatoTca. Cokpamienue pasmepoB FRC npoucxoaut B nep-
BYIO OUYepe/ib U3-3a TOro, YTO YHCThIE TTOTepH dHeprun (~4 MBT nmpumepHo Ha monmyTn 4yepes paspsin) u3z FRC-
TUIa3MBI BO BpeMsI paspsiia HECKOJILKO OoJiblle, YeM o0mias MOIIHOCTh, noasoanMas B FRC mocpencrsom myu-
KOB HEUTpanmbHBIX yacTull (~2,5 MBT) 17151 KOHKPETHOro 3KCIIEpUMEHTAIbHOr 0 3amycka. Kak oTmeuanocs Bblle
B cBs13U ¢ ¢ur. 3C, HaKIOHHAS MHXKEKIus U3 mymek 600, CTpeIsIonMX MyYKaMi HeHTpaJbHBIX YacTHUll, K Cpell-
Hel IUIOCKOCTH yJy4IIaeT CBs3b "Mydok-Iuasma" gaxe tornaa, korna FRC-ma3ma cokparaercst Mk HHbIM 00-
pa3oM CKHMAeTCsl B OCEBOM HAlpaBICHUH B TEUEHHE NEpHOa HHXEKIMH. Kpome Toro, Hajekamas MmoJIuTKa
TaOJIeTKaMH TIO3BOJIHT MOLAEPKATh TPEOYEMYIO MIOTHOCTD IIa3MBl.

Ha rpa¢duxe B mpencraBiaeH pe3ysbTaT 3TaloB MOJICIMPOBAHHUS, MPOBEACHHBIX C HCIOIb30BAaHUEM JUIH-
TEJIHHOCTH aKTHBHBIX UMITYJIHCOB MyYKOB MPUMEPHO 6 MC M OOIEeH MOIITHOCTH IMy4KoB W3 mymiek 600, crpe-
JISIONTUX TTyYKaMW HEUTPaTbHBIX YacTHIl, HECKOJIBKO TIpeBbIaBmiel nmpumepro 10 MBT, npu 3ToMm mydku Hei-
TPAJIbHBIX YACTHUI] IPUBEAYT K WHkKeKIuU ObIcTphIX (H) mmm muddysmonnsix (D) HEHTpaTbHBIX YaCTHIl C dHEP-
THel 4acTull npuMepHO 15 k3B. DKBUBaIEHTHBIM TOK, HHXKEKTUPYEMBIIl KaXKABIM U3 MYYKOB, COCTaBJIAET MPU-
mepHO 110 A. JIng rpaduka B yronm MHXEKIHUM IMydyKOB OTHOCHUTEIBHO OCH YCTPOMCTBA COCTAaBIISUI MPUMEPHO
20°, a neneBoit paguyc - 0,19 M. Yroa HHXEKIMH MOXKHO U3MEHATH B Ipejenax auanasoHa 15-25°. Ilyuku cie-
JyeT HalpaBJsiTh B a3UMYTaJIbHOM HAIpPaBJICHUH TaK, YTOOBI TOKH OBIIM MapajuieIbHBIMU. PaBHOIEHCTBYIOMAS
OOKOBBIX CHJI, a TaKKe PaBHOJCHCTBYIOIIAsl OCEBBIX CHJI, BO3HHMKAIOIINX B PE3YJIbTaTe MYYKOB HEHTPalbHBIX
YaCTHIl C HEKOTOPBIM KOJIMYECTBOM ABMKEHUS, OyqyT MHHAMH3HpOBaThecs. Kak u npu momydyenuu rpaduka A,
osicTpeie (H) HeliTpanbHBIE YaCTHIBI HHXKEKTUPYIOTCS M3 HHXKEKTOpOoB 600 ImydKoB HEHUTPaIbHBIX YACTHUIL C MO-
MEHTa, KoT/1a ceBepHas 1 1okHas hopmupyromue FRC cimuBarotes B kamepe 100 yaepxanus B oy FRC 450.

OTarsl MOJETHPOBaHHUS, TIOCTYXHUBIINE OCHOBOH I IOCTpOoeHHMs rpaduka B, nmpexycmarpusanu ucrosns-
30BaHUE MHOTOMEPHBIX aJTOPUTMOB PEIICHUS MOCPEACTBOM MarHuroruaponuHamuyeckoro (MI'l) rerepaTopa
Xomma [Uis HOy4YSHHUS TIa3Mbl ¥ PAaBHOBECHS B COOTBETCTBHHU C U3BECTHBIMHU METOAAMH, TIOJHOCTBIO KHHETHYE-
CKUX aJITOPUTMOB peleHust MeToaoM MoHnTe-Kapio [t cocTaBIsSIOMMX UHTEHCUBHBIX ITYYKOB M BCEX IpOIEC-
COB PACCesHMS, a TAK)KE UCHOIb30BAHUE CUCTEMBI YPaBHEHUH I BCEX CEMEICTB IIa3MBbl C LENbI0 MOAETHPO-
BaHMsl MHTEPAKTHBHBIX IIPOLIECCOB MOTEPh. TPaHCIOPTHBIE KOMIOHEHTH! SMITUPHUYECKH KaJIMOpOBaHBI M OTMe-
YeHBI periepaMu 10 OTHOIICHHIO K 3KCIIEpUMEHTaIbHON 0a3e TaHHBIX.

Kak moxazano nocpezactBoMm rpaduka B, cpok ciryObl 1namMarHeTHKOB B YCTaHOBHBIIEMCS COCTOSIHUH
FRC 450 6yner paBeH ANMTEIFHOCTH UMITYJIbCa ITydKa. BMecTe ¢ TeM, Ba)KHO OTMETUTb, YTO KIIIOYEBOH KOppe-
JSIIIMOHHEIN rpaduk B mokas3siBaer, 9To KOTr/Aa MydKH OTKIIOUaroT, tasma win FRC HaunHaeT cragaTh B 3TOT
MOMEHT, HO HE paHbllle. DTOT Claj aHAJOTHYECH HaOJII0AaeMOMy IPH pa3psAnax, KOTOpble HE CTUMYIHPYIOTCS
My4KaMH, - BEPOSATHO, 110 UCTEUYEHHUH IMOpPsiIKa | Mc 1mocie MOMEHTa OTKJIIOYEHHS, - U IPOCTO OTPAKAeT Xapak-
TEPUCTUYECKOE BpeMsl yAepKaHUs MIa3Mbl, BO30YKJaeMoH mporieccaMu cOOCTBEHHBIX ITOTEPb.

XoTs n300peTeHne IOMyCKaeT passinuHble MOAU(UKAMK U albTepHATUBHBIC (DOPMBI, JTHIIb KOHKPETHBIC
€ro IpUMepHI II0Ka3aHbl Ha YepTeXax 1 MOoApOOHO ONUCaHBbI BhIlIe. BMecTe ¢ TeM, clieyeT MOoHsTh, 4TO n300pe-
TEHHE HE OTPAaHMYMBACTCSl PACKPHITHIME KOHKPETHBIMHU (popMaMM WIH criocobaMu; Hao00poT, n3o0peTeHue cie-
JyeT CUMTATh OXBATBHIBAIOIIMM BCE MOJM(UKAINK, SKBUBAICHTHl U aIbTCPHATHBBI, HAXOASAIINECS B paMKax Cy-
IIeCTBa ¥ 00beMa MPUTI3aHUH NpuiIaraeMoi GopMyJIbl H300peTeHNsI.

B BBIIEH3/105K€HHOM ONMCAaHUU KOHKPETHAsl COBOKYIMHOCTh MPU3HAKOB NMPUBOAUTCS JIUIIb B LIEAX MOSC-
HEHUsI, 00ECTIeYNBAIOIIETO MTOJTHOE TOHNMAHUE JTAHHOTO M300peTeHus. BMecte ¢ TeM crienuannct B TaHHOW 00-
JACTH TEXHUKU MOWMET, YTO 3T KOHKPETHBIE MOJAPOOHOCTH HE SIBIAIOTCS OOS3aTENbHBIMH IS BOIUIOLICHUS
JAHHOTO M300pETEHNUS Ha NIPAKTHUKE.

PaznuuHble MPU3HAKU U3 XapaKTEPHBIX MPUMEPOB U 3aBUCHUMBIX ITyHKTOB ()OPMYIIBI H300PETCHUSI MOXKHO
00BEANHATE CIIOCO0AMH, HE MEPEUNCISIEMBIMH KOHKPETHO U B SIBHOM BHJE, C IIENbI0 00ECTIedeHHs JIOTOIHHU-
TENBHBIX TOJIE3HBIX BAPUAHTOB OCYIIECTBJICHHS MPUHIUIIOB JaHHOTO N300peTeHus. Taxke SBHO BUAHO, Y9TO BCE
JMana30Hbl 3HAYCHNH MM YKa3aHMSA TPYHII 00BEKTOB PACKPBIBAIOT KaX/[0€ BO3MOXKHOE IIPOMEKYTOTHOE 3HAYE-
HHE WJIN KOKIBIA TPOMEKYTOUHBIH OOBEKT C LEJIBI0 OOBIYHOTO OITMCAHMS, a TAKXKE C I[ENIbI0 OTPaHNYCHHS 3asB-
JSIEMOT0 00BEKTa M300pETEHHUS.

[TpennoxkeHb! cUCTEMBI U CHIOCOOBI TeHeprpoBanus 1 noanepxxanns FRC, padoratomux B BeICOK03(hek-
TuBHOM pexkuMme FRC. MOHSATHO, 4TO BapHaHTHI OCYILECTBIICHUS, ONUCAHHBIE 3/1€Ch, IPUBEJCHBI C LENbIO MOsC-
HEHUS ¥ HE JIOJDKHBI CUMTATHCS OTPaHUYMBAIONIMMHU 00BEKT H300peTeHus. s crenuaiucTa B 00J1acTH TEXHHU-
K1 OyIyT OYEBHIHBI pasiiMuHble MOIU(UKAIMK, NMPUIOKEHHS, 3aMEHbI, KOMOMHAIINHY, YCOBEPIICHCTBOBAHMS,
CIOCOOBI MOTyYEHHs, HaXOAsAIIMECS B paMKaxX 00beMa NPUTA3aHUH WM CyIIecTBa JaHHOTO m300pereHus. Ha-
IpUMEp, YUTATENb JOJDKEH MOHATH, YTO KOHKPETHBIM MOPSAAOK M COBOKYIHOCTh TEXHOJOTMYECKUX OIEpalIvi,
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OIIMCaHHBIE 3/1€Ch, SBIISIOTCS JIMIIb MJUTIOCTPaTUBHBIMH, €CIIM HE YKa3aHO MHOE, a M300peTeHne MOXKHO OCyIIle-
CTBHUTb C HCIIOJB30BaHUEM OTIMYAIOLIMXCS MM JOMOJHUTEIBHBIX TEXHOJIOTHYECKHX OTEpallii, WM APYroi
COBOKYITHOCTH JHOO TOpPSIKa TEXHOJIOTHUECKUX Olepaluii. B kadecTBe eme ogHOTO mpuMepa, OTMETHM, YTO
KaXIIpIi MIPU3HAK OJHOT'O BapHaHTa OCYIIECTBICHHS MOXXHO COUYETAaTh M COTJIACOBBIBATH C APYTHUMH MPHU3HAKA-
MU, IPUBEICHHBIMHU B IPYTHX BapHaHTaX OCyIIecTBICHUS. IIpn KemaHnH, MOKHO TaKkKe MPEeIyCMOTPETh HaJIH-
YHe MPU3HAKOB U MPOIIECCOB, M3BECTHBIX OOBIYHBIM CIIEIHaIIicTaM. [[OMIMO 3TOTO, OYEBHIHO, UTO - TIPH XKeJa-
HUH TPU3HAKW MOXXHO BHOCHUTH WJIM HCKITIO9aTh. COOTBETCTBEHHO, M300pEeTEHNE HE OTPAHWIMBACTCS HUYEM,
KpPOMe TOTO, YTO H3JIO’KEHO B IIpHiIaraeMoi ¢popmyie n300peTeHus 1 ee YKBUBaJICHTaX.

B onHOM acriexTe HacTOAIIEro N300peTeHHs MPEATIoKEH criocod TeHepHPOBaHHS U TIOAEP)KAaHHUST MarHHT-
HOTO TOJIs C OMOMIBIO0 KOH(Uryparuu ¢ oopamieHHsM noieM (FRC), Bkmovaromuii B ce0st aTansl: GopMHUpO-
Banue FRC Bokpyr mina3smel B kamepe ynaepxanus U noanep:xanue FRC Ha uiay npuMepHO Ha MOCTOSHHOM 3Ha-
yeHUM 0e3 crajia MyTeM MHKEKIMH ITyYKOB OBICTPBIX HEHTPaJbHBIX aTOMOB U3 WH)KEKTOPOB ITyYKOB HEUTpallb-
HbIX yactull B FRC-nia3my moj HEKOTOPHIM YIJIOM K CpelHEW IJIOCKOCTH KaMepbl YAEp)KaHWS W WHXKEKIHS
1a3Mbl KOMIAKTHOTO Topouaa B FRC.

CornacHO 0JHOMY BapHaHTy OCYIIECTBICHHUS CIIOCO0 JOMOIHUTENHFHO BKIIIOYAET B ce0sl 3Tal reHepupoBa-
HHUSI MarHUTHOTO TOJS BHYTPH YIOMSHYTOM KaMephl C TIOMOIIBIO KAaTyIIeK KBAa3HIIOCTOSHHOTO TOKA, IMPOCTH-
paroImuXxcst BOKPYT 3TOH KaMepEhI.

CornacHO OZJHOMY BapHaHTy OCYIIECTBICHHUS CIIOCO0 JOTOIHUTENFHO BKIIIOYAET B ce0sl 3Tal reHepupoBa-
HUS 3epKaJIbHOTO MarHUTHOTO TOJIS B TMpeesiaX MPOTHBOIIOIOKHBIX TOPIIOB YIIOMSHYTOH KaMephl ¢ TIOMOIIBIO
3epKaIbHBIX KAaTYIIEK KBAa3UTIOCTOSHHOTO TOKA, MPOCTUPAIOIINXCS BOKPYT MPOTHUBOIIOJIOKHBIX TOPIIOB 3TON Ka-
MEpBL.

CoracHo elie 0JJHOMY BapHaHTy ocyiectBieHus stan Gopmuposanus FRC Bkimogaer B cedst popmupo-
Banue (opmupytomeii FRC B ¢popmupyromel cekiyu, CBI3aHHON ¢ TOPIIOM KaMephl yAEpXKaHUs, H YCKOPEHHUE
¢dopmupyroniert FRC k cpenneit miockocTn ynoMsiHyToi kKameps! uist popmupoBanus FRC.

CoracHo elie 0JJHOMY BapHaHTy ocyiectBieHus stan Gopmuposanus FRC Bkmodaer B cebst popmupo-
BaHue BTopoi Gopmupytomieir FRC Bo BTopo#t hopMupyroIiei CeKIum, CBA3aHHON CO BTOPBIM TOPIIOM KaMephl
yaepkaHus, U yCKopeHue Bropoi gopmupyiomnieit FRC k cpemHell MIIOCKOCTH YITOMSHYTON KaMmephl, TIe JIBe
dbopmupyromue FRC cimBarorest st popmuposanus FRC.

CoriacHO enie OJHOMY BapHaHTy ocyliecTBieHus dtan GopmupoBanus FRC Bkimodaer B cebs oqHO W3
dhopmupoBanust hopmupyromei FRC ¢ ogHOBpeMeHHBIM yckopeHueM (opmupyromeir FRC k cpemne#t miocko-
CTH yTIOMSHYTOH KaMepsl U popmuposanus popmupytomeii FRC ¢ mocneayrommm yckopeHueM GopMupyromei
FRC k cpenHeil m10CKOCTH 3TOM KaMephl.

CoriacHO 0IHOMY BapHaHTY OCYIIECTBIICHHUS CIOCO0 JOMOIHUTENBEHO BKIIIOYAET B ce0s1 ITar HaIrpaBIeHHs
NoBepXHOCTel MarHuTHOro noroka FRC B 1uBepTOpHI, CBSI3aHHBIE C TOPLAMU (OPMHUPYIOIIUX CEKIHH.

CornacHO 0IHOMY BapHaHTY OCYIIECTBIICHUS CIIOCO0 JOMOIHUTENBEHO BKIIIOYAET B ce0s1 dTar HarpaBiIeHHs
MOBEpPXHOCTEH MarHuTHOTO MoTOKa FRC B IMBEpTOp, CBA3aHHEIH ¢ TOPIIOM (POPMHUPYIOIICH CEKIIHUH.

CoracHo elie 0JHOMY BapHaHTY OCYLIECTBIICHHUS CIIOCOO JOMOIHUTEIBFHO BKIIOYAET B ce0sl 9Tall HAIpaB-
JIEHUS TTOBEpXHOCTEeH MarHuTHOTO MoToka FRC Bo BTOpOI AUBEPTOpP, CBSA3aHHBIN C TOPIIOM YIIOMSHYTOH Kame-
PBI HATIPOTHUB (POPMHUPYIOIIEH CEKITHH.

CornacHO OJHOMY BapHaHTy OCYIIECTBICHHUS CIIOCO0 JOTOIHUTENFHO BKIIIOYAET B ce0sl 3Tal reHepupoBa-
HUSI MAarHUTHOTO TIOJIS B Tpezenax (GopMUPYIOMINX CEKIIMHA U TUBEPTOPOB C IOMOIIBIO KAaTYIIEK KBAa3UIIOCTOSH-
HOTO TOKa, IIPOCTUPAIOIIHUXCSI BOKPYT (POPMHUPYIOIINX CEKITNH U TUBEPTOPOB.

CornacHO OTHOMY BapHaHTy OCYIIECTBIIEHUSI CIIOCOO JOMOJHUTENBHO BKJIIOYACT B ceOsl ATall TeHEpHPOBa-
HUS 3€pKaJIbHOTO MarHUTHOTO TOJISI MEXAY (POPMHUPYIOIIUMH CEKIUSIMU W TUBEPTOPAMH C MOMOIIBIO 3€pKaJlb-
HBIX KaTYIIEeK KBa3HIIOCTOSHHOTO TOKA.

CoracHo elie 0JHOMY BapHaHTy OCYLIECTBIICHHS CIIOCOO JJOMOJHUTEIBHO BKIIIOUAeT B ce0sl 3Tal reHepu-
pOBaHMsI MarHUTHOTO IIOJIS1 3€PKAJBHBIX MPOOOK B Ipeesax CYXEHHUS MeXAy (GOPMUPYIOUIMMHU CEKIHIMH U
JUBEPTOPaMHU C TOMOIIBIO 3€PKaJbHBIX MPOOOYHBIX KAaTyIIEK KBAa3WUIIOCTOSHHOTO TOKa, MPOCTUPAIOIIUXCS BO-
KPYT CY>KEHHS MEeXITy (HOPMUPYIOIINMH CEKIUSMHI U AUBEPTOPAMHU.

CormnacHo ere 0OJHOMY BapHaHTy OCYIIECTBICHHUS CIIOCO0 JOTOIHUTENHFHO BKIIIOYAET B ce0sI 3Tal reHepH-
POBaHUS OJHOTO W3 AMIIOIHFHOTO MArHUTHOTO TOJS W KBAAPYIOJEHOTO MarHUTHOTO IOJIS BHYTPH YHOMSHYTOH
KaMepbl ¢ TOMOIIBIO OTKIOHSIOMNX KaTyIIeK, CBA3aHHBIX C 9TOH KaMepo.

CornacHO OZHOMY BapHaHTy OCYIIECTBICHHUS CIIOCOO JOMOJHHUTEIHHO BKIIOYACT B ceOs 3Tam KOHIUIIHO-
HUPOBAHMS BHYTPCHHUX TOBEPXHOCTEH YIMOMSIHYTOH KaMepbl, ((OPMUPYIOMNX CEKIUH U AUBEPTOPOB C ITIOMO-
MIBIO CUCTEMBI T€TTEPUPOBAHMUSL.

CoracHo ele 0JJHOMY BapHaHTY OCYIIECTBIICHHUS CUCTEMa reTTEPUPOBAHMS BKIIIOYAET B ceOs OJHY U3 CHU-
CTEMBI OCaK/ICHHS TUTaHa M CHCTEMBI OCAXKICHUS JIUTHSL.

CornacHO 0OTHOMY BapHaHTy OCYIIECTBIICHHS CIIOCOO TOMOJIHUTEIBHO BKJIIOYAET B ceOs ITanm 0ceBOW HMH-
sxekund 1rasMel B FRC 13 ycTaHOBIEHHBIX B OCEBOM HAlpaBICHUH TUIA3MEHHBIX MyIIEK.

CornacHO OJJHOMY BapHaHTy OCYILECTBJIEHHS CIIOCOO IOTOJHHUTENBHO BKIIOYAET B CE0Sl 3TAl KOHTPOJIS
pannuaibHOTO IPOQIIIS SIEKTPUIESCKOTO 1Mo B rpanudHoM citoe FRC.

CormnacHo erie 0JHOMY BapHaHTy OCYIIECTBICHHUS 3Tall KOHTPOJIS paJAHAILHOTO MPOMUIS SJICKTPHIECKOTO
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nons B rpaHnyHoM cioe FRC BkirouaeT B ce0s HAIOKEHHE PACIpeeNIeHUs] DIIEKTPHUYECKOro MOTEeHIHala Ha
TPYIIy OTKPBITHIX NOBepxHOCTeH moToka FRC ¢ MOMOIIBIO OTKIOHSIOMMX 3JIEKTPOIOB.

Bo BTOpOM acrekTe HaCTOSIIET0 H300pPETEHHUS PEIUIOKEHA CUCTEMA [Tl TEHEPUPOBAHUS U MOICP KAHUSA
MarHiTHOTO TOJISA ¢ TIOMOIIBIO KoHpuUTypamuu ¢ oopameHHsM mosieM (FRC), coneprkamas kamepy ynep>kaHus,
MEPBYI0 U BTOPYIO AWAMETPAIIbHO MPOTHUBOMONOXKHBIE (Gopmupyromue FRC ceknuu, cBs3aHHBIE C KaMepou
yIepKaHUs, TpudeM (HOpMHUpPYIOIIasi CEKIUS COAEPKUT MOAYJIbHbIE (POPMUPYIOIINE CUCTEMBI IJIsl TeHEpHUpPOBa-
aust FRC n nmoctynatensaoro nepememenuss FRC k cpemqHeit TiockocTH KaMepsl yep KaHus, IEPBBIA U BTOPOU
JVBEPTOPHI, CBSI3aHHBIC C MEPBON M BTOPOH (YOPMHUPYIOIIMMHU CEKLUSIMHU, NIEPBYIO U BTOPYIO OCEBBIE ILUIA3MEH-
HbIE TYIIKH, (YHKIMOHAIBLHO CBS3aHHBIE C IIEPBBIM W BTOPHIM JUBEPTOPaMH, NEPBOM U BTOPOH (GopMHUpYIOIIN-
MU CEKLUSAMH U KaMepoH yIepKaHUs, MHOXKECTBO HMHXKEKTOPOB IYYKOB HEHTpalbHBIX aTOMOB, CBS3aHHBIX C
KaMepoil ynep>kaHus U OPUEHTHPOBAHHBIX C BO3MOXKHOCTBIO MHXKEKI[UH ITyYKOB HEHTpPANbHBIX aTOMOB K Cpel-
HEH MIOCKOCTU KaMephl YAEP>KaHUs MOJA MEHBIIUM YIJIOM, YeM MPSIMOIi, K MPOJONBHOM OCH KaMephl yAepiKa-
HUSI, MATHUTHYIO CUCTEMY, COJEPIKAIIYI0 MHOXKECTBO KaTyILIEK KBa3HIIOCTOSIHHOTO TOKA, PACHOJIOXEHHBIX BO-
KpYT KaMephl yIepsKaHus, IEpBOH U BTOPOH (POPMUPYIOLIMX CEKLUH 1 TIEPBOTO M BTOPOTO TUBEPTOPOB, TIEPBHIH
¥ BTOPOH HaOOPBI 3epKaIbHBIX KaTyIIEK KBa3HIIOCTOSHHOTO TOKA, PACIIONOKEHHbIE MEXIY KaMEPOH yIep KaHHs
¥ TIEpBOH M BTOPOIl ()OPMHUPYIOUIMMHU CEKIMAMH, W TEPBBIE M BTOPBIC 3€pKalbHbIC MPOOKH, PACIIOIOKECHHBIE
MEKAy IEepBOil U BTOPOH (POPMHUPYIOIMNUMH CEKLUSIMU U NIEPBBIM U BTOPBIM AUBEPTOPAMH, CUCTEMY I'€TTEPHPO-
BaHMs, CBSI3aHHYIO C KaMEPOH yJIEep:KaHHs M MEPBBIM M BTOPBIM JUBEPTOPaMHM, OIWH HIIM Oojee CMEMIAIomuX
3JIEKTPOAOB JUISA DJIEKTPUIECKOTO CMEMICHHs] OTKPBITOW IMOBEPXHOCTH TOTOKa TeHepupyemon FRC, mpudem
YIOMSHYTBIN OfMH nmin 0oJiee CMEIAOIINX 3JIEKTPOIOB PACHONIOKEHBI BHYTPU OJHOTO MM Oosiee U3 KaMepbl
ylepKaHus, IEepBOH U BTOPOH (GOPMHUPYIOMINX CEKIMH M MEPBOTO W BTOPOTO AWBEPTOPOB, JBE MM Ooiiee OT-
KJIOHSIOIIMX KaTyIleK, CBSI3aHHBIX C KaMepo# yaep:kanus, u urxkektop KT, cBs3aHHBIM ¢ kamepoil ynepxaHus.

CornacHO 0OJHOMY BapHaHTy OCYIIECTBJICHUS CUCTEMA BBINOJIHEHA C BO3MOXKHOCTBIO TeHepupoBanus FRC
u nopaepkannst FRC Ha mim npuMepHO Ha MOCTOSIHHOM 3HaueHHH 0e3 craja, B TO BpeMs Kak ITyYKd HeHTpalib-
HBIX aTOMOB HHXekTupyrorcs B FRC.

CornacHo ele 0JHOMY BapHaHTY OCYIIECTBICHHUS 3€pKalbHas IPOOKa COAEPKUT TPETHI M YETBEPTHII Ha-
6OpBI 3epKaTbHBIX KaTyIIEK MEXy KaXIbIMH U3 IEPBOH U BTOPOH (pOPMHUPYIOIINX CEKIMIt U TIEPBOTO U BTOPO-
TO IUBEPTOPOB.

CornacHoO elle 0OJHOMY BapHaHTY OCYIIECTBICHUS 3epKalbHAs MPOOKA TOMOIHHUTENBHO COIEPKUT HabOp
3epKaJIbHBIX MPOOOYHBIX KATYIIEK, OOBUTHIX BOKPYT CYKCHHS B KaHaJe MEXIy KaKIbIMU M3 HEPBOM U BTOPOI
(hOopMHPYIOLINX CEKIMH 1 MEPBOTO M BTOPOTO AUBEPTOPOB.

CornacHo eme oJHOMY BapHaHTY OCYIIECTBICHHS YIJIMHEHHAs TpyDa IpeacTaBisieT coOoil KBapIEBYIO
TpyOy ¢ KBapueBoi GpyTepoBKOH.

CornacHO OZIHOMY BapHaHTy OCYLIECTBJICHHS (POPMUPYIOLINE CHCTEMBI SBISIOTCS (DOPMHUPYIOIIUMHU CHC-
TeMaMH UMITYJIbCHOTO TUTaHUS.

CoracHo ele 0JJHOMY BapHaHTy OCYIIECTBICHUs (POPMHUPYIOIINE CUCTEMBI COJIEpKaT MHOXKECTBO OJIOKOB
MUTaHKS ¥ YIIPABJICHUsS, CBSI3aHHBIX C OTIEIbHBIMU Y3J1aMHU U3 MHOXKECTBA Y3JIOB IOJBECKH JJISI BO30YKACHHA
Ha0Opa KaTyIIEK OTAENBHBIX y3JIOB U3 YHOMSHYTOTO MHOXECTBA y3JIOB MOJBECKU, OOBUTHIX BOKPYT yIUIMHCH-
HOU TPpYOBI TIEPBOM U BTOPOH (POPMHUPYIOMIMX CEKITHH.

CornacHO OJHOMY BapUaHTy OCYILECTBIICHUS OTAENbHBIC OJOKU N3 YIOMSHYTOIO MHOXECTBA OJOKOB MH-
TaHMSA U YIPABICHHs COAEPKAT CHCTEMY 3aITyCKa M yIPaBICHHUS.

CornacHO OJJHOMY BapHaHTy OCYIIECTBJICHUSI CHCTEMBI 3allyCKa M YIPaBJICHHUS OTICIbHBIX OJOKOB M3
YIIOMSIHYTOTO MHO>KECTBa OJIOKOB ITUTAaHHS W YIPABJICHHS BBITOJHEHB! C BOBMOXXHOCTBIO CHHXPOHM3AIMH IS
obecrieuennst cratuueckoro ¢popmupoBanus FRC, npuuem FRC ¢dopmupyercs, a 3aTeM HHKXEKTHPYETCS, WIIH
nuHamudeckoro ¢popmuposanus FRC, npuuem FRC onHOBpeMeHHO (hopMUpYETCsl M IOCTYNATENbHO MepeMenia-
eTcsL.

CornacHO OJJHOMY BapHaHTY OCYILECTBIICHHUs YIOMSHYTOE MHOXKECTBO MH)KEKTOPOB IyYKOB HEHTpaIbHBIX
aTOMOB COJEPKUT OJMH WIN OoJiee MHKEKTOPOB IIYYKOB HEHTPAJIBbHBIX aTOMOB ¢ nCTOYHMKaMu BU rurasmsl u
OJIMH HITH O0Jiee NHXXEKTOPOB ITyIKOB HEUTPATBHBIX aTOMOB C lyTOBBIMH MCTOUYHHKAMH.

CornacHO ele OJHOMY BapHaHTy OCYIIECTBICHHS YIOMSHYTOE MHO)KECTBO HHXXEKTOPOB IYy4YKOB HEM-
TPalbHBIX aTOMOB OPHEHTHPOBAHO TaK, YTO TPAaKThl MH)KEKIMH HampasyieHbl TaHreHuanbHo K FRC ¢ nenesoit
30HOH 3axBarta B mpeneax cenaparpuckl FRC.

CornacHO OZJTHOMY BapHaHTY OCYIIECTBICHUS CHCTEMa FeTTEPHPOBAHUS COACPKUT ONHY Win OoJiee U3 cu-
CTEMBI OCA)XKICHUS TUTAHA U CHCTEMBI OCXKJCHUS JINTHS, KOTOPBIC IIOKPBIBAIOT OOpAIICHHBIE K IIa3Me MTOBEPX-
HOCTH KaMepsl yAep>KaHUsS U EPBOTO U BTOPOTO AUBEPTOPOB.

CornacHO OJJTHOMY BapHaHTY OCYIIECTBJICHHUS CMEIIAIOIINE 3JIEKTPOIbI BKIIOYAIOT B ceOsl OJIMH Win Oostee
U3 OJTHOTO MJIM 0OJIee TOUEUHBIX 3JIEKTPOJIOB, PACIIONIOKEHHBIX BHYTPH KaMephl YAEPKaHUs I KOHTaKTa C CH-
JIOBBIMH JIMHUSIMH OTKPBITOTO TMOJIS, HA0Opa KOJBLEBBIX AJIEKTPOJOB MEXTy KaMepol yIepikaHUs M NEepBOH U
BTOPOH (POPMHUPYIONIMMH CEKIMSIMH 11 a3UMYTaJIbHO-CUMMETPHYHON 3apsAAKH YAAJCHHBIX OT I'PaHHUIIBI CIIOCB
MOTOKA, MHOXKE€CTBA KOHIIEHTPUUYECKUX YJIOXKEHHBIX B MAKeT 3JIEKTPOJOB, PACHON0KEHHBIX B IIEPBOM M BTOPOM
JUBEPTOpax IJIsl 3apAJKH MHOKCCTBCHHBIX KOHIIEHTPUYECKHUX CIIOEB ITOTOKA, & TAKXKE aHOJOB IJIa3MEHHBIX ITy-
IIEK JUTs IIepexBaTa OTKPBITOTO MOTOKA.
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B TpeTheM acriekTe HACTOSINETO M300PETEHUS MPEUIOKEHA CUCTEMA Il TCHEPUPOBAHUS U O ICPIKAHHS
MarHUTHOTO TIOJISI ¢ TIOMOIIbI0 KoH(purypanuu ¢ ooparieHasiM mosieM (FRC), comepixkarias kamepy ynepKaHus,
MEPBYI0 W BTOPYIO JAWAMETPAIBFHO NMPOTHBOIMONOXKHBIE (opmupyromue FRC cexmmm, cBs3aHHBIE ¢ KaMmepoi
yAepKaHWsl, IEPBBI U BTOPOH TUBEPTOPHI, CBA3aHHBIE C IMEPBOM M BTOPOH (DOPMHUPYIOIIMMH CEKIIVSIMH, OIHO
i 6oee U3 MHOXKECTBA TUIa3MEHHBIX MYIIEK, OJHOTO WK 00Jee CMEIAIOMNX SJIEKTPOOB U IEPBOH U BTOPOH
3epKaIbHBIX IPOOOK, MIPUIEM YIOMSHYTOE€ MHOXKECTBO IIJIa3MEHHBIX ITyIIEK BKIIFOYAaeT B ce0s IEPBYIO U BTOPYIO
OCeBbIC IJIA3MEHHBIC MTYIITKH, (PYHKIMOHAJIBHO CBSI3aHHBIE C IIEPBBIM U BTOPBHIM AMBEPTOPAMH, IIEPBOK U BTOPOH
(hOpPMHUPYIOIIUMH CEKIMAMH W KaMepou yAep)KaHUs, IPH 3TOM YHOMSHYTHIE OAWH WIH 0OJiee CMEIIAOIIIX
3JIEKTPOJIOB PACIOIOKECHEI BHYTPHU OJHOTO HIIH O0Jice U3 KaMephl yAep KaHuUs, IEPBOH U BTOPOH (HOPMHUPYIOIINX
CEKIUIf ¥ TIEPBOTO W BTOPOTO IMBEPTOPOB, U MPHU STOM IIEPBas M BTOpPas 3¢pKaIbHBIC MPOOKU PACIIONOKCHEI
MEXKIy MEPBOH M BTOPOI POPMUPYIOIIMMHU CEKIUSIM U IIEPBBIM U BTOPBIM JIUBEPTOPAMH, CUCTEMY TeTTePHPOBa-
HUSl, CBA3aHHYIO C KaMepoll yJiep)KaHusl U MEPBBIM U BTOPBIM JUBEPTOPAMH, MHOXKECTBO MHKEKTOPOB ITYYKOB
HEHTpaJbHBIX aTOMOB, CBSI3aHHBIX C KAMEPOU ylep>KaHUs U OPUEHTUPOBAHHBIX MEPHEHANKYISPHO OCH KaMepbl
yAepkKaHUsl, MAaTHUTHYIO CUCTEMY, COJAEPKaIyl0 MHOKECTBO KaTyIIEeK KBa3HUIOCTOSIHHOTO TOKa, PaclOiOXKeH-
HBIX BOKPYT KaMephl yAEp:KaHH, TIePBOU B BTOPOI (POPMUPYIOMINX CEKIIMK W IIEPBOTO M BTOPOTO JHBEPTOPOB,
MIepBBIA ¥ BTOPOH HAOOPHI 3epKaJBbHBIX KATYIIEK KBA3HIIOCTOSHHOTO TOKA, PACIHOJIOXEHHBIE MEXKIY Kamepou
yAepKaHus U TIEPBOH M BTOPOH (GOPMHUPYIOMIUMHU CeKIUsAIMU, u umxkekTop KT, cBA3aHHBIN ¢ Kamepoit yaepka-
HUS, IPU OTOM CHCTEMa BBITIONHEHA ¢ BO3MOXKHOCTBIO reHepupoBanus FRC u mognepxxanus FRC 6e3 cnana, B
TO BpeMs KaK ITyYKH HEUTPaJIbHBIX YaCTHUI] HHXKEKTUPYIOTCS B IIa3My.

CornacHO 0JHOMY BapHaHTy OCYIIECTBJICHHS CHCTEMa BBIIIOJIHEHA C BOZMOXKHOCTBIO TeHepupoBanust FRC
u nojepxkanus FRC Ha wiu mpuMepHO Ha MMOCTOSTHHOM 3HaYCHHUHM 0€3 Craja, B TO BpeMs KaK ITyYKH HEHTpPab-
HBIX aTOMOB HHXekTupyrorcs B FRC.

CornacHo ele 0JJHOMY BapHaHTy OCYIIECCTBIICHUS 3epKabHAast IPOOKA COACPIKUT TPETHI U YETBEPTHINA Ha-
OOpBI 3epPKATBHBIX KATYIICK MEXITY KaXKIBIMU U3 MEPBOI M BTOPOH (hOPMHUPYIOMINX CEKIUH U MEPBOrO U BTOPO-
TO AUBEPTOPOB.

CormnacHo emie OZHOMY BapHaHTY OCYIIECTBICHHS 3epKalbHas MPoOKa JOMOIHHUTEIBEHO COACPKUT HAOOP
3epKaIbHBIX MPOOOYHBIX KaTYIIEK, OOBUTHIX BOKPYT CY)KEHHUS B KaHAJIE MEKIY KaKIBIMHU W3 TIEPBOM M BTOPOM
(hopMUPYIOIINX CEKINH U TIEPBOTO U BTOPOTO TUBEPTOPOB.

CornacHO OTHOMY BapHaHTy OCYIIECTBIICHHS CHCTEMA JOIOIHUTENBFHO COACPKUT IEPBYIO U BTOPYIO OCe-
BBIC IUTA3MEHHBIEC IYIIKH, (PYHKIIMOHAIBHO CBSI3aHHBIC C MEPBBEIM M BTOPHIM IMBEPTOPAMH, MEPBOM M BTOPOU
(hOpMUPYIOIINMHE CEKIIUSIMH U KaMepOH yIepKaHHS.

CornacHo OJHOMY BapUaHTy OCYIICCTBJICHHUS CHCTEMa JIOTOJHUTEIBHO COACPIKUT JIBE WK OOJiee OTKIO-
HSIIOLUX KaTyIIEK, CBSI3aHHBIX C KAMEPOH yJep>KaHusl.

CornacHo elie 0OJHOMY BapHaHTy OCYIICCTBICHHS (OPMHUPYIOIIAs CEKIHs COACPIKUT MOIYIbHBIC (hOpMU-
pytomue cucteMsl it renepupoBanusi FRC 1 ee mocTynaTesbHOTO NepeMeIleHust K CpeHel MITOCKOCTH Kame-
pbl yaepxaHusl.

CornacHO OJJTHOMY BapHaHTy OCYIIECTBIJICHHUS CMEIIAIOIINE 3JIEKTPOIbI BKIFOYAIOT B ceOsl OIMH WK Oostee
W3 OJTHOTO WJIN 00Jiee TOYEUHBIX 3JIEKTPOJIOB, PACTIONOKEHHBIX BHYTPU KaMephl yAepKaHUs Ui KOHTaKTa C CH-
JIOBBIMH JIMHHASMH OTKPBITOTO TOJISI, HA0Opa KONBLEBBIX JIEKTPOIOB MEXKAY KaMepou yaepkKaHWs W MepBOil
BTOPOX (POPMHPYIOUIMMHU CEKIMSIMH ISl a3UMYyTaJIbHO-CHMMETPUYHON 3apsSIKN YAAJCHHBIX OT TPAaHUIIBI CJIOEB
MOTOKA, MHOYKECTBA KOHIICHTPHYECKHUX YIOKEHHBIX B ITAKET 3JEKTPOJOB, PACIIONIOKEHHBIX B IIEPBOM M BTOPOM
TUBEPTOPAxX IUISA 3apSIKH MHOKECTBEHHBIX KOHIIGHTPUYIECKHX CIOEB ITOTOKA, & TAKXKE aHOZIOB IJIA3MEHHBIX ITy-
LIeK JAJIsl IepexBaTa OTKPBITOTO TOTOKA.

OOPMVIIA U30BPETEHUA

1. Cuctema nj1s TEHEPUPOBaHUS W TOAJEP)KAHUS MAarHUTHOTO TIOJISL ¢ MMOMOIIBIO0 KOH(GHUTYpaIuu ¢ o0pa-
mennbM iofieM (FRC), conepxarmast

KaMepy yAepKaHUs,

MIEPBYIO M BTOPYIO THAMETPAIHHO MPOTHUBOTIONOXHEIE (hopmupyrontie FRC cekunu, cBsi3aHHBIE ¢ KaMepOi
yaepKaHUs,

TIEPBBIA U BTOPOU TUBEPTOPHI, CBA3aHHBIEC C TIEPBON U BTOPOH (DOPMHUPYIOIIUMH CEKITUSIMH,

MIEPBYIO U BTOPYIO OCEBBIC IUIA3MEHHBIC MYIIKH, QYHKIIMOHAIBHO CBSI3aHHBIC C TICPBBIM M BTOPBIM JIHBEP-
TOpaMHU, ICPBOI U BTOPOH (POPMUPYIOMIMMHU CEKIUIMHU B KaMEPOH YAep KaHUs,

MHO>XECTBO MHXKEKTOPOB IMYYKOB HEUTPATBLHBIX aTOMOB, CBA3aHHBIX C KaMepol yaep:KaHus U OPUEHTUPO-
BaHHBIX K CpelHEN TUIOCKOCTH KaMephl yAepKaHusl,

MarHUTHYIO CUCTEMY, CBSI3aHHYIO C KAMEPOU yIepKaHHUs, ICPBOI M BTOPOI (POPMUPYIOLINMU CCKITUIMH H
MEPBBIM ¥ BTOPBIM TUBEPTOPAMH, IPHYEM MArHUTHAS CHCTEMa BKIIFOYACT IEPBBIC U BTOPHIC 3¢PKaJBHEBIC MPOO-
KM, PAcIIONIOKEHHBIE MEKIY MEPBO U BTOPOH (POPMHUPYIOMINMH CEKIMSMH U MIEPBEIM U BTOPBIM ITHBEPTOPAMH,
"

TIEPBBIA M BTOPOM MHKEKTOPHI KOMIAkTHBIX TopounoB (KT), cBsA3aHHBIE ¢ KaMepol yAep aHHs TOJ yT-
JIOM, HampaBJICHHBIM K CpPEJIHEW IJIOCKOCTH KaMephbl yAep:KaHHs, MpuyYeM MepBblii U BTOpoi uHKEKTOphl KT
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PACTIOIOKEHBI TUAMETPATIBHO MPOTHBOMOJIOKHO, Ha MPOTHUBOIIOIOKHBIX CTOPOHAX OT CPEJHEU IUIOCKOCTH Ka-
MEpHI YICPKAHUSL.

2. Cucrema 1o 1.1, mprdeM MarHUTHAs CHCTEMa BKJIIOYAeT B ceOS MHOKECTBO KaTyIIEK KBa3HUIIOCTOSHHO-
TO TOKa, PAaCHOJIOKEHHBIX aKCHAIFHO B MOJIOKCHUAX BIOJIb KaMephl yAep KaHUs, IEpBOH M BTOPOi hopMupyro-
IIUX CEKLIUH U IepBOTO U BTOPOTO AUBEPTOPOB.

3. Cuctema 1o 1.2, MpUYeM MarHUTHasi CUCTeMa JOTIOJHUTEIHLHO COJEP)KUT MEPBBIH HA0OP 3epKaIbHBIX
KaTyIIeK, PaCHOJI0KEHHBIX MEKIY TOPIIAMH KaMephl yASp>KaHUI M IEPBOA U BTOPOI (POPMUPYIONTUMH CEKIIHS-
MH.

4. Cucrema 1o 1.3, mpudeM 3epKaiibHas IpoOKa COCPIKUT BTOPOI HA0OP 3epKaJbHBIX KATYIICK, PACIONO-
JKCHHBIX MEKIY KaKIBIMHU H3 IIEPBO U BTOPOU (POPMUPYIONINX CEKIIHIA U MIEPBOTO M BTOPOTO JTUBEPTOPOB.

5. Cuctema 1o m.4, mpudeM 3epKaibHas MPoOKa TOMOTHUTEIBHO COJACPKHUT HAOOp 3epKaNBHBIX MPOOOY-
HBIX KaTYIICK, OOBUTHIX BOKPYT CY)KCHHUS B KaHAJC MEKAY KaXKIBIMH U3 TICPBOH M BTOPOH (JOPMHUPYIOMIUX CEK-
[IUH ¥ TIEPBOTO U BTOPOTO TUBEPTOPOB.

6. CucteMa 1o 1.5, IpU4eM 3epKajbHBIC MPOOOYHBIC KATYIIKU MPEICTABISAIOT COO0H KOMIIAKTHBIC WM-
MyJIGCHBIE 3ePKATbHBIC KATYIIKH.

7. Cucrema mo 1. 1, ZOTONHHTENBHO COZIEp)KAIIasi CUCTEMY TE€TTCPHUPOBAHMSA, CBSI3aHHYIO C KaMepou
yAepKaHUS U TIEPBBIM M BTOPHIM JHBEPTOPAMHU.

8. Cuctema 1o 11.1, JOMOTHUTENFHO COMIepIKaIIasi OJIH WIH 00Jiee CMEIAIOINX 3IEKTPOIOB U SIEKTPH-
YECKOTO CMEIIECHHUST OTKPHITON MOBEPXHOCTH TIOTOKa TeHepupyemoii FRC, mpuyem yrmoMsHyTBIH OJ1H wiiu Ooee
CMEIIAIOMKX AJIEKTPOIOB PACIOIOKECHBI BHYTPH OZHOTO I 0ojiee W3 KaMepbl yAep:KaHHs, MepBOil U BTOPOH
(hOpMUPYIOIIUX CEKIHI U TIEPBOTO U BTOPOTO TUBEPTOPOB.

9. Cuctema 1o 1.1, JOMOTHHUTENBEHO COAEpIKAIIasl ABC MM OoJice OTKIOHSIOMNX KATYIICK, CBI3aHHBIX C
KaMepoil yIep:KaHusl.

10. Cucrema 1o 1.1, JOTOJTHUTEIHLHO COJEpPIKAIIAs UOHHBIH MHKCKTOP TAOJIETOK, CBA3aHHBIA C KaMEepOi
yACpKaHUSL.

11. Cucrema 1o 1.1, mpudem GopMUpYIOIas CEKIUS COACPKUT MOIYJIbHBIE (POPMHUPYIOIINE CUCTEMBI JIJIS
reHepupoBanus FRC u moctymarensHoro nepememenust FRC k cpemHeit mockocTH KaMephl yaep KaHUs.

12. Cucrema [yt TEHEPUPOBAHUS M TTOJEPKaHUsI MAaTHUTHOTO TTOJIS C IMIOMOIIBI0 KOHPUTYpaIuu ¢ o0pa-
mennbM nofieMm (FRC), conepxamas

KaMepy yAep>KaHus,

MIEPBYIO M BTOPYIO THAMETPAIHHO MPOTHUBOIIONOXKHBIE (hopmupyromtie FRC cekunu, cBsi3aHHBIE ¢ KaMepoi
yACpKaHUS,

TIEPBEIA U BTOPOI TUBEPTOPHI, CBSI3AHHKIC C TIEPBOX M BTOPOH (DOPMUPYIOIIUMHU CEKITUSIMH,

MHOXKECTBO WH)KEKTOPOB MTyYKOB HEHTPaJIbHBIX aTOMOB, CBSI3aHHBIX C KAMEPOW YACp KaHUs U OPUCHTUPO-
BaHHBIX K CPEIHEH TUIOCKOCTH KaMephl YAep KaHus,

MarHUTHYIO CUCTEMY, CBSI3aHHYIO C KAMEPOU yIepKaHHUs, IEPBOI ¥ BTOPOI (POPMHUPYIOMINMU CEKITUIMH H
TICPBBIM U BTOPBIM TUBCPTOPAMH,

ouH WK OoJiee CMEIAIOINX MEKTPOJOB ISl AIEKTPUIECKOTO CMEIICHUS OTKPHITHIX MMOBEPXHOCTEH I10-
Toka reHepupyemorr FRC, mpudueM ymoMsHYTHI OAWH WK 0ojiee CMENIAIOIINX 3JIEKTPOJIOB PACIOIOKEHBI
BHYTPH OITHOTO WJIK OoJiee M3 KaMepbl yIAep KaHUs, IEPBOH M BTOPOil (OPMHUPYIONNX CEKINI U MEPBOTO U BTO-
pOro ANBEPTOPOB, U

TIEPBBIA M BTOPOM MHXKEKTOPHI KOMIAkTHBIX TopounoB (KT), cBsA3aHHBIE ¢ KaMepoW yAep aHHs TOJ yT-
JIOM, HANpPaBJICHHBIM K CPEIHEH IUIOCKOCTH KaMmepsl YACp)KaHUs, MPUYEeM NEPBBIA M BTOpoi MHKEKTOphl KT
PACTIONIOKEHBI TUAMETPATBHO MPOTHBOMOJIOKHO, Ha MPOTUBOIIOIOKHBIX CTOPOHAX OT CPEIHEW IUIOCKOCTH Ka-
MEpHI YACPKAHHUSL.

13. Cucrema 1o 1.12, mpudyeM CMEIIAOMIHE AIEKTPO Bl BKIIOYAIOT B ¢eOs OJMH WK 00Jiee U3 OJHOTO WIIH
0oJiee TOUCUHBIX JIEKTPOIOB, PACIIONIOKEHHBIX BHYTPH KaMEphl yICpKAHUS ISl KOHTAKTa C CHJIOBBIMU JTUHHS-
MU OTKPBITOTO MO, Ha0opa KOJBIEBBIX JICKTPOJAOB MEKIY KaMEpOl yaepKaHHs U MEPBOI U BTOPOH hopMHu-
PYIOLIMMHA CEKITMSAMH UIS a3UMYTaTbHO-CHMMETPHYHON 3apsiIKA yIAIEHHBIX OT TPAHUIIBI CIIOCB ITOTOKA, MHO-
JKeCTBa KOHIICHTPHUUECKUX YIOKCHHBIX B TIAKET JICKTPOIOB, PACIOJIOKECHHBIX B TIEPBOM M BTOPOM AWBEPTOPaX
JUTS 3apsiIKA MHOYKECTBEHHBIX KOHIICHTPHUECKUX CIOEB IOTOKA, a TAKKE aHOAOB IUIA3MEHHBIX ITyIIeK JJIS Iepe-
XBaTa OTKPBITOTO MOTOKA.

14. Cuctema 1o .12, mpudeM MarHuTHAs CUCTEMa BKITIOYAET B ce0si MHOXKECTBO KaTYIIEK KBAa3UITOCTOSH-
HOTO TOKa, PACIIONIOKEHHBIX aKCHAFHO B IMOJIOKCHUAX BIONb KaMepbl yIep)KaHUs, IIEpBOH U BTOPOH GopmHu-
PYIOIIUX CEKIIHA U IIEPBOTO U BTOPOTO TUBEPTOPOB.

15. Cucrema 1o 11.14, mpryeM MarHUTHAs CHCTEMa OTIOTHUTEILHO COJICPKHT MIEPBEIH HA0OP 3epKaIbHBIX
KaTyIICeK, PACIOJI0KESHHBIX MEKIY TOPIIAMH KaMephl YACP KaHUs U TIEPBOA U BTOPOI (OPMUPYIOIUMHE CEKIIHSI-
MHU.

16. Cuctema 1o .15, mpuvyeM MarHUTHAsE CHCTEMa JIOMIOJHUTEIBHO COJCPIKUT MEPBBIC M BTOPHIC 3¢PKallb-
HBIC MTPOOKH, MPUYEM MIEPBHIC M BTOPBIC HA0OPHI 3¢pKAIBHBIX MPOOOK COMEPKAT BTOPO HAOOp 3epKalTbHBIX Ka-
TYIIEK, PAcIIOIOKEHHBIX MEXIY KaXKIIBIMU 3 MEPBOH M BTOPOH (POPMHUPYIONTNX CEKIHH M MEPBOTO M BTOPOTO
JTUBEPTOPOB.
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17. Cuctema no 1.16, mpuieM HepBble U BTOPHIE 3epKajbHbIE MPOOKM JOMOIHHUTENBHO CoAepkaT Habop
3epKaJIbHBIX MPOOOYHBIX KaTyIIEK, OOBUTHIX BOKPYT CY>KCHHS B KaHaJe MEXIy KaKIBIMHA M3 IEPBOH W BTOPOH
(hopMUPYIOIINX CEKINHA 1 TIEPBOTO U BTOPOTO TUBEPTOPOB.

18. Cucrema mo 1.17, mpuueM 3epKajbHbIe TPOOOYHBIE KATYIIKHA MPEACTABIAIOT COO0W KOMITAKTHBIE HM-
MyJIECHBIE 3ePKaIbHBIC KATYIIKH.

19. Cucrema mo 1.12, mpuueM niepBast 1 BTopasi GOpMHUPYIONINE CEKITUU COACPkAT YIITHHEHHYIO KBapIie-
BYIO TPYyOYy.

20. Cucrema mo 1.19, mpuueM GopMupyIOmas CEKIUS COAEPKUT GOPMUPYIONTHE CHCTEMbBI UMITYJILCHOTO
MUTAHUS, CBSI3aHHBIC C KBApIIEBOU TPYOOI.

21. Cucrema no 1m.20, nprdeM (GOpMHUPYIOIINE CUCTEMBI COJIEPKAaT MHOXKECTBO OJIOKOB IUTAHUS U YIPaB-
JICHUSI, CBSI3aHHBIX C OTJEJIbHBIMH Y3J1aMHU U3 MHOXKECTBA Y3JIOB ITOJIBECKH ISl BO30YKAEHHS HaOOpa KaTymeK
OTZAEJBHBIX Y3JI0B U3 YIOMSIHYTOTO MHOXKECTBA Y3JI0B ITOJIBECKH, OOBHTBIX BOKPYT YIUIMHEHHOH TpyOBI IEPBOM U
BTOPO# (POPMUPYIOLINX CEKIHH.

22. Cucrema 1o m.21, mpu4eM OTAEIbHBIC OJIOKH M3 YIOMSHYTOTO MHOXKECTBA OJIOKOB ITUTAHHS M YIPaB-
JICHUS COJEPIKAT CHCTEMY 3aIlyCKa M YIpPaBICHUS.

23. Cucrema 1o 1.22, mpuYeM CHCTEMBI 3aITycKa U yIPaBIeHUS OTIEIbHBIX OJIOKOB U3 YIIOMSHYTOTO MHO-
JKecTBa OJIOKOB MTUTAHUS M YIPABJICHUS BBITOJHEHBI C BO3MOKHOCTHIO CHHXPOHHU3AIUH U 00eCTieueHHs CTa-
trdeckoro ¢opmuposanus FRC, npu kotopom FRC dopmupyercs, a 3aTeM WHXKEKTHPYETCS, WU TUHAMAYECKO-
ro ¢popmuposanus FRC, mpu kotropom FRC ogHOBpeMeHHO (hOPMHPYETCS U TIOCTYMATEIHHO MTEPeMEIaeTcCsl.

24, Cucrema 1o 1.12, mpudeM yIOMSIHYTO€ MHOYKECTBO MH)KEKTOPOB ITYyYKOB HEHTPAIBHBIX aTOMOB OpH-
SHTUPOBAHO TaK, YTO TPAKTHl MHXKEKIMH HampaBlieHbl TaHreHMansHo K FRC ¢ nieneBoit 30H0# 3axBaTa B Ipe-
Jenax cenaparpucsl FRC.

25. Cucrema 110 1.12, JOTOJHUTENBHO CcOJEpIKallias HOHHBIN HHXEKTOp TalJeTOK, CBA3aHHBIA ¢ KaMepoi
yIepKaHusL.

26. Cucrema 10 11.12, TOMOIHATEIBHO coJlepiKallias ABE WM 00Jiee OTKIIOHSIONINX KaTyIIeK, CBI3aHHBIX C
KamMepou yaepsKaHusl.

27. CucteMa 1o 1.12, TOMOJHUTEILHO COJNEpIKaIias CUCTEMY T€TTEPUPOBaHUs, CBA3AHHYIO C KaMepoi
yAep>KaHUs U TIEPBBIM M BTOPHIM JUBEPTOPAMHU.

28. Cuctema mo 1.12, JOMOJHUTENBHO coAepkaimas MEepBYI0 M BTOPYIO OCEBbIE IIa3MEHHBIC IYIIKH,
(hyHKIMOHATIFHO CBA3aHHBIC C TIEPBBIM M BTOPHIM JUBEPTOPAMH, MIEPBOIT M BTOPOH (OPMHUPYIOMIIMH CEKIIHIMHU
Y KaMepou y/ep KaHus.

29. Cucrema Ut TEHEPUPOBAHUS U OJJIEPXKAHUSI MArHUTHOTO OIS C TIOMOIIBI0 KOH(Urypanuu ¢ odpa-
meHHbM nosteM (FRC), coxeprkamias

Kamepy yIep KaHus,

MIEPBYIO U BTOPYIO TMaMEeTpalibHO MPOTHBOIOJNOXKHBIE popmupyromue FRC cexiym, cBs3aHHbBIE ¢ KaMepoi
yIepKaHus,

NIEpBBIN W BTOPOW INBEPTOPEIL, CBSI3aHHBIE C IEPBOH U BTOPOI (POPMHUPYIOIIUMH CEKIUSIMH,

MIEPBYIO W BTOPYIO OCEBBIE IIa3MEHHBIC MYIIKH, QYHKIIMOHAIBHO CBSI3aHHBIE C TIEPBBIM M BTOPHIM IHBEp-
TOpaMH, IEPBOI ¥ BTOPOH (POPMHUPYIOIUMHU CEKIIUSAMA U KaMepOu yepiKaHus,

MHOKECTBO WH)KEKTOPOB ITyYKOB HEUTPAIBHBIX aTOMOB, CBS3aHHBIX C KaMEPOU yAep>KaHUs U OPUEHTUPO-
BaHHBIX K CPEeIHEH IUIOCKOCTH KaMephl yIep KaHus,

MarHuTHYIO CHCTEMY, CBS3aHHYIO C KaMEepOH yIepKaHHs, IEPBOil  BTOPOil (OPMHUPYIOMIMMHU CEKITUAMH H
MIEPBBIM U BTOPBIM TUBEPTOPAMH, U

TIepBBIH ¥ BTOPOH MHKEKTOPHI KOMIAKTHBIX TopounoB (KT), cBs3aHHBIe ¢ Kamepol yaepskaHHs HOX yr-
JIOM, HalpaBJICHHBIM K CPEIHEH IUIOCKOCTH KaMephl yAepXKaHUs, MPHYEeM IEpBHIH M BTOpoi HHXeKTopbl KT
PpacroyioKeHbl AUaMETPAILHO MPOTUBOIOJI0XKHO, Ha ITPOTHBOIOJIOXKHBIX CTOPOHAX OT CpelHel IUIOCKOCTH Ka-
MepHI yAepKaHUsL.

30. Cucrema o 11.29, npudeM OTIENbHBIE (POPMHUPYIOIIUE CEKIMH M3 TIEPBOH M BTOPOI (OpMHUPYIOIINX
CEeKIMI coNepKaT yIIMHEHHYIO TpyOy W ¢ YIUIMHEHHOW CBA3aHA (OPMHPYIOMIAsi CHCTEMa UMITYJIbCHOTO MTUTa-
HUSL.

31. Cucrema o 11.30, mpuaem GopMHUpYOIIHE CUCTEMBI COIeP>KaT MHOMXKECTBO OJIOKOB MUTAHUS U YIIPaB-
JICHWS, CBSI3aHHBIX C OT/ACIBHBIMH y3JIaMH M3 MHOKECTBA y3JIOB IOABECKH Ui BO3OYKIeHHA Habopa KaTyIIek
OTIENBHBIX y3JIOB U3 YIIOMSHYTOTO MHOXKECTBA Y3JIOB MOIBECKH, OOBUTHIX BOKPYT YAJHHEHHON TPYOBI U3 mep-
BOH ¥ BTOPOH (hOPMHUPYIOIINX CEKITHIH.

32. Cucrema no .31, npuuem oTAeNbHBIE OJIOKH U3 YHOMSHYTOTO MHOXKECTBa OJIOKOB NMHUTaHUS U YIpaB-
JICHUSI COJIEPIKaT CUCTEMY 3aITyCKa M YIPaBICHHUS.

33. Cuctema 110 11.32, mpuveM CHCTEMBI 3aITyCcKa U YIPaBJICHHs OTJCIBHBIX OJIOKOB M3 YIIOMSHYTOTO MHO-
JKecTBa OJIOKOB NMUTAHUS W YNPABICHHS BBINOJIHEHBI C BO3MOKHOCTHIO CHHXPOHM3AIMHK sl 0OecrieueHus cTa-
traeckoro Gopmuposanust FRC, npu xotopom FRC dopmupyetcs, a 3aTeM HHXEKTHPYETCsl, WA ANHAMHUYECKO-
ro ¢popmuposanus FRC, npu xotopom FRC ogHoBpemMeHHO GopMuUpyeTcs 1 HOCTYNATENBHO IEpeMenIaeTcs.

34. Cucrema 1o 1.29, TOMOJHUTEILHO COAepKaIas OIUH WM 00Jee CMEIIAIOIMINX JJIEKTPOIOB IS JICK-
TPUYECKOTO CMEIICHHS OTKPBITBIX TIOBEPXHOCTEH moToka reHepupyemoit FRC.
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35. Cucrema 1o 11.34, mpudeM OJMH WK 00Jiee CMEIIAIONINX IEKTPOIOB BKIIOYAIOT B ce0s1 OJTUH WU 00-
Jiee W3 OJJHOTO WM 00JIee TOUCUHBIX JIICKTPOIOB, PACIIOIOKCHHBIX BHYTPH KaMephl yIIepKaHUS I KOHTAKTa C
CHJIOBBIMH JIMHISIMHA OTKPBITOTO TIOJISL, HA00pa KOJBLEBBIX SJIEKTPOIOB MEKAY KaMepoil yaep kaHus U IIEPBOU 1
BTOPOX (POPMHPYIOUIMHU CEKIMSIMHU ISl a3UMYyTaJIbHO-CHMMETPHUYHON 3apsSaKH YAAJCHHBIX OT TPAaHUIIBI CJIOEB
MOTOKA, MHOYKECTBA KOHIICHTPHYECKHUX YIOKEHHBIX B ITAaKET 3JEKTPOJOB, PACIIONIOKEHHBIX B IIEPBOM M BTOPOM
TUBEPTOpAx I 3apAIKH MHOKECTBEHHBIX KOHIIGHTPUYIECKHX CIOEB ITOTOKA, a TAKXKE aHOZOB IIA3MEHHBIX ITy-
IIEK JUIS TIepexBaTa OTKPHITOTO TIOTOKA.

36. Cucrema mo 1.29, mpryeM MarHUTHAs CUCTEMa BKITIOYAET MHOXKECTBO KaTyIIEK KBa3UITOCTOSIHHOTO TO-
Ka, PACMOJOXKCHHBIX aKCHAJLHO B IMOJIOKCHUAX BJOJIb KAMEPHI YICPIKAHUS, IIEPBOUA U BTOPOU (HOPMUPYIOIITUX
CEKIUI U MEPBOTO M BTOPOTO TUBEPTOPOB, M MEPBBIA HAOOp 3¢pKATBHBIX KATYIICK, PACIIONIOKCHHBIX MEKIY
TOpIAMH KaMephl YACP:KaHUs U TIEPBOH U BTOPOIl (POPMHUPYIOIIUMU CEKIIUIMHU.

37. Cucrema 1o .36, IpuYeM MarHUTHAsI CUCTEMa JOMOIHUTEIBHO COICPIKUT MEPBBIC M BTOPHIC 3¢PKallb-
HBIC MPOOKH, MPUYEM COACPIKUT BTOPOH HAOOP 3ePKANBHBIX KATYIICK, PACIIONOKCHHBIX MEXAY KaXKIBIMH U3
MEPBO U BTOPOI (POPMHUPYIOIIUX CEKIUI U MIEPBOTO U BTOPOTO AUBEPTOPOB.

38. Cuctema mo .37, mpudeM 3epKalibHas MPoOKa TOTIOJHUTEIHHO COAEPKUT HAaOOp KOMITAKTHBIX WM-
MyJIBCHBIX 3ePKATBbHBIX MPOOOYHBIX KaTyIIeK, OOBUTHIX BOKPYT CYKCHHS B KaHAJIC MEXy KaKIBIMU U3 TIEPBOH
1 BTOPOH (POPMHUPYIOMIMX CEKITUH ¥ IIEPBOTO W BTOPOTO AMUBEPTOPOB.

39. Cucrema mo 11.29, nmpudeM yIOMSHYTO€ MHOKECTBO HH)KEKTOPOB ITy4YKOB HEHTPaIBHBIX aTOMOB OpH-
E€HTHUPOBAHO TaK, YTO TPAKThI MHXEKIIUU HAMpaBiIeHb! TaHTeHITHaIsHO K FRC ¢ meneBoit 30HOI 3axBara B Tipe-
nenax cemapatpuckl FRC.

40. Cucrema 110 11.29, JOIOJHUTENBHO COJEpIKallas HOHHBIN HHXEKTOp TalJIeTOK, CBA3aHHBIA ¢ KaMepoi
yACpKaHUSL.

41. Cuctema 1o 1m.29, TOMOIHUTEIHFHO CoNepIKaIias ABe Wi 0oJjice OTKIOHSIIOMIUX KATYIICK, CBI3aHHBIX C
KaMepoil yaepKaHusl.

42. Cucrema 1o 11.29, TOMOTHUTENBHO COJEpXKAIIasi CUCTEMY TeTTCPUPOBAHHUS, BRITIOTHEHHYIO C BO3MOXK-
HOCTBIO TIOKPBIBATh OOpAIleHHBIE K IJIa3Me MIOBEPXHOCTH KaMephl YACpKaHU U IEPBOTO M BTOPOTO JHBEPTOPOB
CJI0EM TeTTepUPYIOIIEro MaTepHaa.

43. Cucrema mio . 1, 12 m 29, mpudeM niepBbIii 1 BTOpOoit HHKeKTOpbl KT OpreHTHpOBaHBI MO YTIIOM, KO-
TOPBIN MEHBIIIE Ha MPUMEPHO OT 15° mo 25°, yem 90°, K MPOIOIBHON OCH KaMephl yIep>KaHus, U 110 HaIrpaBiie-
HUIO K CpeIHe MI0CKOCTH KaMephl yAepKaHHs.

44. Cucrema 1o . 1, 12 u 29, nmpuyem mepBbiid U BTOPOi WHXEKTOPHI KT BBIMOITHEHBI ¢ BO3MOKHOCTHIO
umxektupoBanus miasM KT B FRC nnazmy B pexume ¢ HEKOTOPOH 4aCcTOTON MOBTOPEHUSI.
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