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CUCTEMBI 1 CTTIOCOBBI CJIMAHUA U C)KATHUS KOMIIAKTHBIX TOPOUJOB

OBJIACTb U30BPETEHHMA

[0001] OnucanHble BapuUaHThl OCYLIECTBIEHUS B OCHOBHOM OTHOCATCS K HUMITYJIbCHBIM
IUTA3MEHHBIM CHCTeMaM MU, Oojiee KOHKPETHO, K CHCTeMaM M CIocobaM, KOTOpble 00JerdaroT
CIIUSHUE M C)KaTHEe KOMIIAKTHBIX TOPOUAOB C INPEBOCXOAHON YCTOMYMBOCTBIO, & TaKXke CO
3HAYUTEJPHO YMEHBIIEHHBIMU MOTEPSIMHU U TIOBBILIEHHOH 3(h(hEeKTUBHOCTHIO.

IMMPEATITIOCBIJIKM U3OBPETEHHA

[0002] ITone ¢ obpamnenHol MmarauTHOlH koHpuryparuei (FRC) npuHaanexut k kiaccy
TOTOJIOTMHA MAarHUTHOTO YIEPKaHWs IUIa3Mbl, HM3BECTHBIX KaK KOMIIAaKTHbIe TOopounbl. OHa
XapaKTePU3yeTCs TMPEHMYIIECTBEHHO MOJOUJAIBHBIMA MArHUTHBIMH TOJSIMH M oOJajgaer
HYJICBBIMH WJIM MajIbIMH CaMOTE€HEpHUPYEMbIMU TOopouAaibHbIMU mosisiMu (cMm M. Tuszewski,
Nucl. Fusion 28, 2033 (1988)). IlpeumyinecTBaMu Takod KOH(PHUIypauuu 3aKIFOYAIOTCS B €€
NPOCTOH T€OMETPUH JUIsl TOCTPOSHHS U MOANEPKAHMSA, IPUCYIEM HEOTPAHUIEHHOM IUBEPTOPE,
o0Jerdaromuii U3BJIeUEHNE SHEPTHH U YAAJIEHHE 30J1bl, 4 TAKXKE B OY€Hb BBICOKOM CpeHeM (Hn
BHelmHeM) [ ([ mpencrapnsieT coOOW OTHOIIEHHE CPEOHEro JABJICHUS IUIA3Mbl K CpeIHEMY
naBneHn0 MarauTHOro mnojisi BHyTpu FRC), TO ecTh BBICOKOH IIOTHOCTH MOINHOCTH. [-
KPUTEPHUH SIBISIETCS TaKKe O4YEHb XOpOLIed Mepoil MarHuTHOW 3(QekTHBHOCTH. Bbicokas
cpenHsAs BenuuuHa f, Hampumep, Onuskas k 1, mpencrasnser 3QQPeKTHBHOE HCHOIb30BAHUE
BBIZEJSIEMON MarHUTHOW SHEPTHHU U, CJIEOBATENBHO, SIBJISIETCS CYIIECTBEHHOM [is o0eceueHus
HanOojee >KOHOMUYHOH paboThl cuctembl. Kpome TOro, BbiCOKas cpenHsisi [ MO CYyLIECTBY
00y CNaBIMBaET UCMONb30BAHNE HEHTPOHHOrO TomIMBa, Takoro kak D-He® u p-B!'!.

[0003] B TtpamuumonHoM crnocobe ¢opmupoanus FRC wucmonp3yercss TEXHOJOTHsI
oOpaineHus moJjisi B O-nuHYe, Jaromiasi ropsiaue BbICOKOMIOTHbIE miasMbl (cM. A. L. Hoffman and
J. T. Slough, Nucl. Fusion 33, 27 (1993)). Pa3HOBHIHOCTBIO 3TOTO SIBJIIETCSI CMIOCOO MepeHoca-
3axBaTa, B KOTOPOM IUIa3Ma, CO3JaHHAS B «HCTOYHHKE» TeTa-TIHMHYA, MPAKTHYECKH Cpas3y
KEKTHPYyeTCst u3 obnacth (OpMHUpPOBAHHMS B KaMepy yIep)KaHHsA. 3aTeM IepEeHOCHMBI
TUTA3MOU]] 3aXBATBIBAETCSI MEXKAY ABYMsI IIPOYHBIMHU 3€pKajlaMU 10 KOHIIAM KaMephl yAep KaHUs
(cm., Hampumep, H. Himura, S. Okada, S. Sugimoto, and S. Goto, Phys. Plasmas 2, 191 (1995)).
IIpu ero HAXOXKAEHUH B KaMepe yAepKaHUsI MOTYT NPUMEHSTHCS PA3IMUHbIE METOBI HATPEBA U
BO3OY)KIEHHS TOKA, HANpHUMEp, WHXKEKIUs Nydka (HEHTPaJbHOrO WM HEWTPaIM30BaHOTO),
BpALIAOIUECs] MAarHUTHBIE oA, PY miin oMudeckui HarpeB u T.4. JTO pas3zneneHne QpyHKUUH
UCTOYHUKA M YAEepXKaHHs OOECIeYHBAET KIIIOUEBble KOHCTPYKTHBHBIE IPEHMYINECTBA MJIS
NOTEHIMANBHBIX OyAyIMX TepMosiiepHbIXx peaktopoB. Oxasanoce, uro FRC sBrsrorcs

Ype3BbIYATHO HANEKHBIMHU, IMOAATIMBBIMH K IUHAMUYECKOMY (HOPMHPOBAHHIO, MEPEHOCY H



COOBITHSIM  CHUJIBHOTO 3axBara. bojee TOro, OHH NPOAEMOHCTPUPOBAIM TEHIEHLHIO
o0yciaBnuBaTh NPEANOYTHTENIbHOE COCTOsSHUE Iasmbl (cMm., Hampumep, H. Y. Guo, A. L.
Hoffman, K. E. Miller, and L. C. Steinhauer, Phys. Rev. Lett. 92, 245001 (2004)).
3HaYNTeNbHBIN Tporpecc ObUI JOCTUTHYT B IOCHIEAHEE AeCATUIETHE B pa3paboTKe APYrHx
crocoboB (opmuposanusi FRC: mocpenctBoM cnusius chepoMakoB € MPOTHBOIOJIOMKHO
HANpaBJICHHBIMH CHHUPAJbHOCTAMHU (cM., Hampumep, Y. Ono, M. Inomoto, Y. Ueda, T.
Matsuyama, u T. Okazaki, Nucl. Fusion 39, 2001 (1999)) u nocpeacTtsom Toka BO30YKIEHHS C
Bpamaomumucs MarHuTHbIMA nosisimu (RMF) (cm., mampumep, 1. R. Jones, Phys. Plasmas 6,
1950 (1999)), uro Takke odecrneYrBaeT JOMOJHUTEIbHYIO YCTOWYHUBOCTD.

[0004] FRC cocTosT U3 TOpOUAA 3aMKHYTBIX CHUJIOBBIX JIMHHI BHYTpU CeNapaTpUChI U
KOJIBLIEBOTO KPAEBOTO CJIOSI OTKPBITHIX CHJIOBBIX JIMHUH Cpa3y 3a MpenesiaMH CenapaTpUCHL
Kpaesoti cioii cniuBaercst B cTpyu 3a npenenamu aiuuHbsl FRC, o0pasyst ecTecTBeHHBINH AHBEPTOP.
Tononorust FRC coBmanaer ¢ Tomonorueit FRM-masmbl (ruta3ma oOparineHHOW MarHUTHOR
koH(purypammu ynepxkuBaemas 3epkanom - Field-Reversed-Mirror plasma). Tem He Mmewee,
CYLLECTBEHHOE OTJIMYHE COCTOUT B TOM, 4TO FRC-nnazMa MoOXeT UMeTh BEIUYUHY BHYTpPEHHEMH
S npumepro 10. [Ipucyiee HU3KOe BHYTPEHHEE MarHUTHOE T10JIe 00ECIeUnBaET ONPEIEeIEHHYIO
JIOKaJIbHYK0 KMHETHYECKYIO IUIOTHOCTh YaCTHL, TO €CTh YacCTULl ¢ OOJIBIIMMHU JIAPMOPOBCKUMHU
pamuycamu, cpaBHUMbIMH ¢ MajbiM paguycoM FRC. MIMeHHO 3T cuibHBIE KHHETHYECKUE
3¢ deKThl, MO-BUANMOMY, IO MEHbIIEH Mepe YaCTHYHO CIOCOOCTBYIOT OOWIeH yCTOHYMBOCTH
npouwtbix ¥ HacToAmux FRC, Takux kak Te, KOTOpbIe CO3/1aBajlCh B HEIABHUX SKCIIEPUMEHTAxX
IO CTOJIKHOBEHUIO-CIIUSTHHIO.

[0005] TexHomorusi CMOIKHOGEHUA-CAUAHUA, TIPEAJIOKEHHAss MHOTO JieT Hazan (cMm.,
Hanpumep, D. R. Wells, Phys. Fluids 9, 1010 (1966)), no3nHee Oblia 3HAYUTEIBHO PAa3BUTA. JBA
OTHENbHBIX TETa-MMHYa Ha TMPOTHUBOIMOJIOKHBIX KOHIAX KaMepbl YAEepKaHUS OJHOBPEMEHHO
TeHEPUPYIOT 06a IUIa3Mouaa (HampuMmep, IBa KOMIIAKTHBIX TOPOHOA) M YCKOPSIOT 3TH
IUTA3MOUIbI HABCTPEYY APYr APYTy NPU BBICOKOW CKOPOCTH; TIOCJE CTAJKHUBAIOT B LIEHTPE
KaMepbl yAepKaHus M CIMBAlOT ¢ oOpasoBaHmeM coenuHeHHoro FRC. Ilpu paspabortke u
YCHEIIHOM OCYINEeCTBIEHMH OJHOTO U3 KpynHeWmux Ha cerogHawHuil aenb FRC-
SKCIIEPUMEHTOB OOBIUHBIA CIOCOO CHIONKHOBEHUA-CIUANNS, TIOKA3all, YTO OH JaeT YCTOMYUBBIC
JONTOKUBYIIHE BbIcOKoTeMIiepaTtypHble FRC ¢ BBICOKOH IUIOTHOCTBIO MOTOKA (CM., HApUMeD,
crateto M. Binderbauer, H'Y. Guo, M. Tuszewski ef al., Phys. Rev. Lett. 105, 045003 (2010),
KOTOpasi BKJIFOUEHA B HACTOSIIEE ONMMCAHME IO CChUTKE). B CX0keM 3KCrepuMeHTe Ta ke camast
rpyIna uccienonareiel 0OObeAMHNIA TEXHOJOTHIO CTOJKHOBEHUS-CIUSHNS C OAHOBPEMEHHBIM
aKCHAJIbHBIM YCKOPEHHEM M paaualbHbIM CKATHEM MAJI TOJYyYEHHUs B LIEHTPAJIbHOM Kamepe

C)KaTHsI HECTALIMOHAPHON BBICOKOIUIOTHOM Iia3Mbl (cM. 1okyMeHT V. Bystritskii, M. Anderson,



M. Binderbauer er al., Paper P1-1, IEEE PPPS 2013, San Francisco, CA. (3mecp u nanee
«oKyan BeIcTpULIKOro», BKIIIOUEHHBIH B HACTOSIIEE ONMUCAHHE MO CChUIKE). DTOT MOCIETHUN
SKCIIEPUMEHT, O KOTOPOM coobianoch B pokiane brictpuiikoro, nepen GpuUHANIBHBIM CIUSTHHEM
IPU CTOJKHOBEHHHM HCIOJb3YET MHOXKECTBO CTYNEHEH YCKOPEHHMs] U CKaTUsl U SBISIETCS
NPEeNIIeCTBEHHNKOM KOHLETILIMK CHUCTEMBI, COCTaBJISIIOIIEH MpenMeT N300peTeHusl MO TaHHOM
NAaTEeHTHOM 3as1BKeE.

[0006] B ornuvue OT BapUaHTOB OCYILIECTBJICHUS], OMMMCAHHBIX B HACTOSIIIIEM JOKYMEHTE,
NpEeIIIeCTBYIOIIAs CHCTeMa, OIUCaHHAas B JOKJaae bBBICTPUIIKOro, XapakTepu3oBajach
OJTHOBPEMEHHBIM CXXaTHEM U YCKOPEHHEM KOMIIAaKTHBIX TOPOMIOB B MpefaesiaXx OIHON U TOH xke
CTYNEHU TOCPEACTBOM HCIIOJIb30BAHMS OBICTPBIX AKTHBHBIX MAarHUTHBIX KaTymnek. [IsSTh Takux
CTyneHeld ObUIM pa3BEPHYTHl MO KaXKIYH CTOPOHY OT IIEHTPAJbHOW KaMepbl CXKaTUS a0
MarHUTHOTO CXaTHsl CJMBIIMXCS KOMIAKTHbIX TopouzaoB. He cmorps Ha TO, dUTO
NPEIIECTBYIOIINIT SKCIIEPUMEHT [0Ka3ajl MPWINYHbIE Ppe3yJbTaTbl, OH HMeN CleayIolIne
HenoctaTku: (1) ODHOBpEMEHHOE C)KaTHe M YCKOpEHHe TMpuBeno K HedhdekTuBHOMY
WCIOJb30BAaHUIO SHEPTrUM ApaiBepa, 3aJeiCTBOBAHHOMN [JIi MarHUTHOTO CKaTHsl, BCJIEICTBHUE
BPEMEHHOI'O PacCcOrNiacoBaHus;, (2) TemMreparypa U IJIOTHOCTD IUIA3Mbl IIPU €€ PACIIMPEHUH BO
BpeMsl Iepexofa MEeXIy CEKIHMsIMH YMEHbIIAnach, (3) pe3kue nepexoibl MEXIy COCEIHUMH
CEeKLIMSIMH TIPUBOAMIIHN K OOJBIIUM MOTEPSIM HM3-3a KOHTAKTa IUIa3Ma-CTeHKA U U3-3a FeHepaluu
yZIapHBIX BOJIH.

[0007] TIlomumo QyHmaMeHTaIbHOH MpPOOJIEMbl YCTOMYMBOCTH, B  KOHLEMLHUAX
HUMIYJIbCHOIO CHHTE3a B PEXXHMME CPeAHEN IUIOTHOCTH MPUIAETCS PellaTb 3aadyH, CBSI3AHHBIE C
aleKBaTHBIMU MacIuTabamMy BpeMeHH IepeHoca, d(Q(EeKTHBHBIMU qpaiiBepaMy, BO3SMOXKHOCTSIMU
IO YaCTOTE CJIEIOBAHMS M COOTBETCTBYIOIIUMU (PHHATBHBIMH LIEJEBBIME yCIIOBUsAMU. He cMoTpst
Ha TO, YTO MPEIIECTBYIOIAsi CUCTEMA YCIEIIHO JOCTUTaNa YCTOMUNBBIX OJUHOUYHBIX Pa3psaoB
npyu ONarompusITHBIX LEJEBBIX YCJIOBHUSX, COBOKYIIHBIC IOTEPH B MPOMEKYTKE MEXKIY
napamerpamMu (pOpMHPOBaHUS U (PUHAIBHBIMU LEJNEBbIMH YCJIOBUSMH (B HACTOSLIEE BpEMs
npumMepHo 90% 3Hepruu, MOTOKa M YacTHUL), a TakKe 3(P(PEKTUBHOCTb B3AUMOACHCTBHUS MEKAY
npaliBepoM W IUia3Mol (B Hacrosimee Bpemsi npumepHo 10-15% sHeprum) HOJDKHBI OBITH
CYLLECTBEHHO yJyUIlIEeHbI.

[0008] ITosTOoMy, B CBETE BBIIICHU3JIOKEHHOIO, KEJATEIbHO 00ECIeYnTh YIy4YLICHHbBIE
CHCTEMBl M CIOCOOBI ISl KOHIENUUH HMIYJIbCHOTO TEPMOSIEPHOrO CHHTE3a, KOTOphIE
crocoOCTBOBaIM OBl 3HAUMTENPHOMY COKpPALICHHIO IMOTEPh Ha NEepeMElIeHHe U CXKaTHe U
NOBBIIEHHIO 3()(EKTUBHOCTH JipaiiBepa.

CYINHOCTDb U30BPETEHMA

[0009] IlpuBeneHHble 37€Ch BapUAHTbl OCYILECTBJIEHHUS OTHOCATCS K CHUCTEMaM U



crioco0am, KOTOpbIE OOJIEr4aroT CIUSHHE M CXKaTHE KOMITAKTHBIX TOPOHIOB C MPEBOCXOTHOMN
YCTONYMBOCTBIO, & TaK)K€ 3HAYUTENbHOE COKpAalllEHHE MOTeph Ha IepeMelleHue U CKaTue U
yBenudeHne 3(pQGEeKTUBHOCTH B3aUMOJIEHCTBHS MEXAY ApaiiBepaMu U Iia3Moi. Takue CUCTEMBI
U CIOCOOBI MPOKJIAIBIBAIOT AOPOTY K LEJNOMY psIy TNPHJIOKEHHH, BKIOYas KOMITAKTHBIE
UCTOYHUKU HEUTPOHOB (Il MPOM3BOJCTBA M30TOMOB MEIUIIMHCKOrO HAa3HAYEHUs, YTUIM3ALUN
ANEPHBIX OTXOMOB, MAaTE€pPHAJOBENEHMs, HEWTPOHHOW paguorpaguu u  TOMOrpadum),
KOMITIAaKTHbIE HCTOYHUKH (OTOHOB (I XMMHUYECKOTO TPOM3BOACTBA U mepepaboTKu),
pa3neseHne HM30TOMOB W CHCTEMbl OOOTalleHUs, a TaKKe AKTHBHBIE 30HBI PEAKTOPOB JJIsi
TEPMOSIIEPHOTO CHHTE3a JJIsi OyOyLIero MOKOJEHHs] MUCTOYHHKOB SHEPTMH U TEPMOSIEPHBIX
SHEPreTUYECKUX YCTAHOBOK.

[0010] OmnucaHHble 34eCh CHUCTEMBI W CIOCOOBI OCHOBaHbI HAa MNPUMEHEHUU
NOCJIEIOBATENILHOTO  aKCUATBHO-CUMMETPHYHOTO YCKOPEHHsT W CTyIeHeH annabaTudeckoro
C)KaTusl JJIsl HarpeBa U YCKOPEHHUs JIBYX KOMIIAKTHBIX TOPOMIOB APYT K APYTY U, B KOHEUHOM
cueTe, JUIsl CTOJIKHOBEHUS M OBICTPOTrO MArHUTHOTO CXKATHUS 3TUX KOMITAKTHBIX TOPOHIOB BHYTPH
LIEHTPaJIbHOW KaMephl CXKaTHUs.

[0011] B HexOoTOpBIX BapuaHTax OCYILECTBIEHHUS CHCTEMa JJIsl CIUSHUS U CXKaTUs
KOMIIAKTHBIX TOPOWUAOB COAEPKUT CTYNEHYATyI0 CHMMETPUUYHYIO IIOCJIE€I0BATENbHOCTD
(bopMHpOBaHMS KOMIIAKTHBIX TOPOWIOB, AKCHAJIBHOE YCKOPEHHE OBICTPBIMH aKTHUBHBIMHU
MarHUTHBIMH KaTYLIKaMH, IACCHUBHOE aanadaTU4YecKoe CXKaThe IOCPEACTBOM KOHHYECKU
CY’KarOLIerocsi KOHCepBepa MOTOKA, U, B KOHEYHOM HTOTe, CIMSHHE KOMIIAKTHBIX TOPOUAOB U
¢uHaTbHOE OBICTPOE MAarHUTHOE CXKaTHE B LEHTPAJIbHOW Kamepe ckatus. [IpomeskyTodHbIe
3TaIbl JOCTATOYHOTO aKCHAJIBHOTO YCKOPEHHMS, 32 KOTOPBIM ClieAyeT aanabaTHYecKoe CiKaTue,
MOTYT MHOTOKPAaTHO MOBTOPATHCS JIs JOCTHKEHHsS] aJeKBAaTHBIX LIEJIEBBbIX YCJIOBUH Tmepen
cnussHueM W (UHANBHBIM CkaTheM. TakuM 00pa3oM, peakTop MOXKeT ObITh peaju30BaH
NOCPEICTBOM TOOABJICHUS K CUCTEME JTOTIOTHUTENbHBIX CEKLIUH.

[0012] CrynensiM wiu cekuusiM (GOPMHUPOBAHHSI M YCKOPEHHs, & TaKXKe LEeHTPaJbHON
KaMepe CXKaTHus TPENNOuTUTENbHO TpHIaHa IUIMHApUYecKas ¢opMa €O  CTEHKaMH,
c(OPMHPOBAHHBIMU M3 HETIPOBOJSLIETO WIH H30JIUPYIOIIETO MaTepHralia, TAKOro KakK, HalpuMep,
kepamuka. CTymeHsM WM CEKLUUSM CXKAaTHUs MPEANOUTHUTENbHO NpuaaHa (GopMa yCedyeHHOTo
KOHYyCa CO CTeHKaMH, C(OOPMUPOBAHHBIMH U3 MPOBOALIETO MaTe€pHaja, TAKOrO Kak, HAIpUMep,
MeTaJll.

[0013] ITomuMoO MO MOAMArHMUUBAHUS (HATPABJIAIOIEE MATHUTHOE T0JI€ TOCTOSIHHOTO
TOKa), CO3AaHHOTO MEIUICHHBIMU KaTyIIKaMH, CEKIUH (POPMHUPOBAHMS, CEKLUU YCKOPEHHUS U
KaMepa CXaTusl BKJIIOYAIOT B ceOsl MOAYJbHBIE CHUCTEMbl HMMITYJILCHOTO IUTAHUS, KOTOPBIE

B036Y)KI[aIOT 6bICprIe AKTHUBHbBIC MAarHUTHBIC KATYyIIKH. OTH CHUCTEMBI HUMITYJIBCHOT'O IMUTAHUA



MO3BOJISIIOT, YTOOBI KOMITAKTHBIE TOPOUABI OBLIM OOpa30OBaHbl HEMOCPEACTBEHHO HAa MECTe,
BHYTPU CeKUUH (OPMUPOBAaHMS U YCKOPEHbl M  HHXEKTUPOBAaHBI (=CTaTHYECKOMY
(OopMHPOBaHHUIO) B IIEPBbIE CEKLIUH CXKATUSI, YCKOPEHBI B CEKIUAX YCKOPEHUS U MHKEKTUPOBAHbI
B CJIEAYIOIIME CEKI[MU CXKAaTHs, U TaK Jajnee, a 3areM ObUIM C)KaThl MarHUTHBIM CIIOCOOOM B
kamepe cxartud. CHCTEMBbl MEMJIEHHBIX WJIM MarHUTHBIX KaTyIIeK IIOCTOSHHOTO TOKa,
PaCHOJIOKEHHBIX MOBCIOAY M BIOJb OCH CHCTEMbI, 00ECIIeUNBAIOT aKCHAIbHOE HATPABIISIOIIEE
MarHUTHOE TOJIe JJIsl LIEHTPUPOBAHH KOMIIAKTHOTO TOPOMIA TOJIKHBIM 00pa3oM BO BpeMsl €ro
NepeMeIIeH sl Yepe3 CeKIHI0 K CpeHel TUIOCKOCTH LEHTPaIbHON KaMephl CXKAaTHUS.

[0014] AunbTepHaTUBHO, MOIYJIbHbIE CHUCTEMBbl HMIYJIbCHOIO THTAHUA CEKLUHN
(bopMHUpOBaHUS TaK)KE€ MOTYT BO30YKIaTh OBICTPbIC aKTHBHBIE MATHUTHBIE KATYIIKH, TaK YTO
KOMITAKTHbIE TOPOHMABI OOPa3yIOTCS M YCKOPSIOTCS OOHOBPEMEHHO (=AMHAMHYECKOMY
(bopMHUPOBAHHUIO).

[0015] Onucannble 31eCh CUCTEMBI U CrTOCOOBI UCTONB3YVIOT FRC B miiasmax ¢ cambIMu
BBICOKUMH O€Ta, CpeAyd H3BECTHBIX B MArHUTHOM YIEpXKaHHH, OOecreuuBasi TEM CaMbIM
CTapTOBYI0 KOHburypauuro. Jlamee mnmacCMBHOE H aKTUBHOE C)KaTHE AOCTPAUBAET 3Ty
BBICOKO3((EKTUBHYIO MAarHUTHYIO TOMOJIOTHIO. lIpomecc WCMOMB30BaHUS —AKCHAJIBHOTO
YCKOPEHUSI TIOCPEICTBOM HCIIOIB30BAHUS ObICTPBIX AKTHBHBIX MArHUTHBIX CEKLUH, 32 KOTOPBIM
crenyeT aanabaTHdeckoe CXKaThe B IPOCTBIX KOHMYECKUX CEKIMAX COXPAHEHUs II0TOKa,
obecrnieunBaeT Haubosee >(Q(PEKTUBHBIN MEPEHOC HEPrHUH TP HAUMEHee CJIOKHOU CXeme
UMITyJIbCHOrO nuTaHusa. Kpome TOro, 3TH OCHOBHBIE CTPOUTENbHbIE OJIOKH MOXHO
NOCJIEIOBATENIbHO  MOBTOPSITb, W3BJI€Kas JOMNOJHUTENBbHOE IPEUMYILIECTBO M3 3aBEAOMO
6MaronpUsTHOTO MPOOILHOTO MACIITAOUPOBAHUS, TO €cThb, Apa, R,

[0016] B npyrom BapuaHTe OCYILECTBIEHHsS CHUCTEMa BBIMOJHEHAa C BO3MOXKHOCTBIO
UCTIOJIb30BaHUS C(hEPOMAKOB BMECTO HavabHbIX T1a3m FRC.

[0017] B npyrom BapuaHTe OCYIIECTBJICHHs] CHCTEMa BKJIOUAeT B ceOsl CTYNMEHYATYIO
ACUMMETPUYHYIO IIOCJIEOBATEIbHOCTh C OAHOW CTOPOHBI LIEHTPAJbHONW Kamephbl CKaTus,
comepkamiei (popMHpPOBaHHE KOMIAKTHBIX TOPOHUIOB, AaKCHAIBHOE YCKOPEHHE OBICTPBIMHU
AKTUBHBIMH MAarHUTHBIMH KaTyIOKAMH, IACCUBHOE aanadaTHYeCKOe CXKaTHe MOCPEICTBOM
KOHCEepBepa ¢ KOHUYECKUM OIPaHUYEHHEM MOTOKA U, B KOHEUHOM UTOre, CIUSHUE KOMIAKTHBIX
TOPOHIOB U (UHAIBPHOE ObICTpOE MAarHUTHOE CXKAaThe B IIEHTPAIbHON Kamepe cxkatus. Takas
aCMMMETpPUYHAsI CHCTeMa Morjia Obl BKJIIOYATh B ceOs 3€pKajio WM OTPaKaTeNIbHBbIH KOHYC,
KOTOPBIN PACMHOJIOKEH NPUJIETAIOIINM K APYTOH CTOPOHE LEHTPAIBbHON KaMepbl CXKAaTHSI.

[0018] B eme omHOM BapuaHTE OCYIIECTBJIEHHS CHUCTEMa BKIIOYAeT B Ce0sl TOHKYIO
LIIHNHAPUYECKYIO0 O0OJIOUKY WJIH JJAWHED, COCTOSILINI U3 MPOBOSIIEro MaTepuaa, TaKoro Kak,

HarpuMep, MeTaJlI, A1 ObICTPOrO CKaTHsI JlaliHepa BHYTPH LIEHTPAIbHOMN KaMephbl CXKaTHS.



[0019] [pyrue cucCTeMBbl, CIOCOOBI, OTJIUYHUTEJbHBIC TNPU3HAKH W TMPEUMYILIECTBA
NPUBEICHHbIX B KayeCTBE IIPUMEPOB BapPUAHTOB OCYLIECTBIEHUS OyAyT WJIM CTaHYT
OYEBHIHBIMHU JJIS CIIELIMAIMCTOB B O0JIACTH TEXHHUKH NP U3YYEHUH HIDKECIENYIOIUX YepTeskei
¥ NTOIPOOHOTO OMUCAHUS.

KPATKOE OIIMCAHUE YEPTEXEM

[0020] CompoBonuTeNnbHbIE YEpTEXKH, KOTOpPBbIE BKJIOYEHbI B BUJE YaCTH HACTOSILIETO
ONMCAHUs, UUTOCTPUPYIOT NPEANOUTUTENbHBIN B HACTOSALIEE BPEMsl BAPUAHT OCYILECTBICHUS U,
BMECT€ C  BBILICIPUBENCHHBIM  OOIIMM  OMUCAHHMEM ©  NOAPOOHBIM  OMHCAHHUEM
INPEANOYTUTEIBHOTO BApUAHTAa OCYLIECTBIEHUS, NPEACTABIECHHBIM HMIXKE, CIyXaT IJsd
OOBSICHEHUsI MPUHLIUIIOB HACTOSIIIETr0 H300peTeHH U O0YYEHUS UM.

[0021] urypa 1 mnoka3biBae€T OCHOBHYIO CXE€My pAaCIOJIOXEHHS CHCTEMBbI
(bopMHUpOBaHUS, YCKOpEHHUs, anuabaTUUeCKOro CKaTHs, CIMSHUS W, HAKOHEl, MarHUTHOTO
CKaTUsl KOMITAKTHBIX TOPOUJIOB.

[0022] ®urypa 2 nokas3blBaeT CXeMy KOMIIOHEHTOB CHCTE€MbI UMIYJbCHOIO MUTAHUS IS
CeKIHi (POPMUPOBAHHS U YCKOPEHHSI.

[0023] ®urypa 3 moka3biBaeT U30METPUUECKUM BUJ OTAEIBHOTO arperara UMITyJIbCHOTO
MUTaHUS CEKIMH (POPMHUPOBAHUS U YCKOPEHMUSI.

[0024] durypa 4 mokasbplBaeT H3OMETPHYECKUH BUI y3i1a TPyObl (HOpPMUPOBAHUS U
YCKOPEHHUSI.

[0025] durypa 5 mnoka3bIBaeT OCHOBHYIO CX€MYy pACHOJIOXKEHHUsS! aJbTEPHATUBHOTO
BapUAaHTA  OCYIIECTBJICHUS]  AaCHMMETPHUYHOH  CcUCTeMbl  (OPMHUPOBAHHsS,  YCKOPEHHS,
annabaTHYeCcKOro CHKaTHs, CIMSHUS U, HAKOHEL], MArHUTHOTO CXKaTHSl KOMIIAKTHBIX TOPOUJIOB.

[0026] ®urypa 6 moka3biBaeT AETaJbHBI BHUI CHCTEMbI, MMOKa3aHHOW Ha ¢ur. 1,
MOIU(HUIIMPOBAHHONW TakuM 00pa3oM, 4YTO BKJIO4YaeT B cedsd 000JOYKy Wi JalHep,
PACIIONIOKEHHBII BHYTPU LIEHTPATBHON KaMepbl CKATHUs Uil OBICTPOTO CKATHUS JIalHEpa BHYTPH
LIEHTPaJIbHONU KaMephl CXKaTHU.

[0027] CnenyeT OTMETHTD, YTO 3TH YEPTEIKU HE 00S3aTENIbHO BBINOJHEHBI B MacIITade u
YTO B WUIFOCTPATHBHBIX LEJSIX HAa BCEX (PUTYypax OJUHAKOBBIE KOHCTPYKTHUBHBIEC 3JIEMEHTBI WU
(yHKIMH, KaK TpaBWIO, 0OO3HAYEHbI OMHUMH M TEMH K€ CChUIOYHBIMH no3uuusiMu. Crenyer
TAKXX€ OTMETHTb, YTO 3TH YEPTEKU MPEeIHA3HAUYEHB! TOJBKO JIMIIb I OOJIErYeHHs] ONUCAHUS
NPEACTABICHHBIX 37€Ch PA3JUYHBIX BAPUAHTOB OCYLIECTBICHHS. JTH YEPTEXKH HE 00sI3aTEIBHO
OTUCBIBAIOT KaKIbIH aCTEKT PACKPBITBIX 3[€Ch UAEH, 1 OHM HE OTPAHUYHBAIOT OOBEM IMYHKTOB
(bopMyJIbI H300pETEeHUSI.

OITMCAHHE

[0028] IlpencraBieHHbIE 37€Chb HACTOSIIME BAPUAHTHI OCYIIECTBJICHHS] OTHOCATCA K



cucTeMaM M crocobaM, KOTOpble OOJIEr4ar0T CIUSHHE M CXKAaTHE KOMIIAKTHBIX TOPOWIOB C
MPEBOCXOAHON YCTOMYUBOCTBIO, & TAKXKE CO 3HAYUTEIbHBIM YMEHBIICHUEM ITOTEPD HA NEPEHOC U
CKaTHe M yBelndeHueM 3(PQPEeKTHBHOCTH B3aMMOACWCTBUS MEXAy ApaiiBepaMu M IUIA3MOM.
Taxune cucremsl U cnocoObl MPOKJIAABIBAIOT AOPOTY K LEJIOMY PAAY NPUIOKEHHUH, BKIOYas
KOMITaKTHbIE€ UCTOUYHUKH HEUTPOHOB (U1 IMPOU3BOJCTBA U30TONOB MEIUIIMHCKOIO HAa3HAYEHUS,
YTWIN3ALUK SIIEPHBIX OTXOJOB, JMJII MAaTepUasiOBEICHHUs, HEWTPOHHOW pamuorpadpum u
ToMorpaduu), KOMIAKTHbIE HWCTOYHUKH (OTOHOB (NI XMMHYECKOrO TMPOM3BOACTBA U
nepepaboTKH), pasfeNieHHe H30TONOB M CHCTEMbl OOOTaIleHUs, a TaKKe AaKTHUBHBIE 30HbI
PEaKTOPOB TEPMOSIIEPHOTO CHHTE3a Ui CHCTEM OYAyIIUX HUCTOYHUKOB SHEPTHU M SIIEPHBIX
SHEPreTUYECKUX YCTAHOBOK.

[0029] OmnucaHHble 34€Ch CHUCTEMBI W CIOCOOBI OCHOBaHbI HAa MNPUMEHEHUU
NOCJIEIOBATENILHOTO  aKCUATBHO-CUMMETPHYHOTO YCKOPEHHsT W CTyIeHeH annabaTudeckoro
CKaTHs JJIs1 HarpeBa M YCKOPEHMs JBYX KOMMAKTHBIX TOPOWUAOB HaBCTpedy APYr K APYLY U, B
KOHEYHOM HTOT€, CTOJKHOBEHUS U OBICTPOrO MarHUTHOTO CHKATHS STHX KOMITAKTHBIX TOPOUIOB
BHYTPU LIEHTPAJbHOM KaMepel cxkatuss. Purypa 1 WUIFOCTPUPYET OCHOBHYK) CXEMy
pacrionoxkeHust cuctembl 10 s GOpMHUPOBaHUS, YCKOPEHHs, aanaOaTHYECKOro CXKaTws,
CIIMSIHUSA U, HAKOHEL, MArHUTHOT'O C3KaTHUsl KOMIIAKTHBIX TOPOUIOB.

[0030] Kak 3T0 n300pa’keHO, CHCTEMa BKJIIOUAET B CeOsl CTYNMEHYATYI0 CHUMMETPUYHYIO
MOCJIEIOBATENIBHOCT  (DOPMUPOBAHUS KOMIIAKTHBIX TOpOMIOB B cekumsx 12N um 128
dbopMupoBaHUs, aKCHAIBHOTO yCKOpeHus uepe3 cekuuu 12N, 125, 16N u 16S mocpencTsom
OBICTPBIX aKTUBHBIX MarHUTHBIX Katymek 32N, 32S, 36N u 36S, naccuBHOro anquadaTu4eckoro
COKaTHsI TTOCPEICTBOM KOHHUYECKH CYXKAIOLIErocsi KOHcepBepa notoka B cekuusax 14N, 14S, 18N
u 18S, U, B KOHEYHOM HUTOre, CIUSHHUS KOMITAKTHBIX TOPOHMIOB W (PUHAIBHOTO OBICTPOrO
MarHUTHOTO CXKATUSl B LEHTpPaIbHOU Kamepe 20 cikatusi ObICTPHIMH AKTUBHBIMH MAarHHTHBIMH
katymkamu 40. Kak 3T0 m300paske€HO, MPOMEKYTOYHBIE 3TaIbl JOCTATOYHOTO AKCHAJIBHOI'O
YCKOPEHHUsI, 32 KOTOPBIM CJIENYeT aanadaTuieckoe CKaTHe, MOTYT MOBTOPSITHCSI HECKOJIBKO pa3
IUIl TOCTHIKEHUSI aNIeKBATHBIX LEJIEBBIX YCIOBHHA Tepea CIUSHUEM U (DUHAIBHBIM CIKATHEM.
Takum oOpaszoMm, peakTop MOXKeT ObITh pealu30BaH MOCPEICTBOM N00aBICHHs K H300paskeHHOM
CUCTEME AOTOJHUTEIBHBIX CEKLIUH.

[0031] Kak 310 n300pakeHo, cTyneHsaM (OpMUPOBAHHS M YCKOPEHHS HIIH ceKumsiM 12N,
125, 16S u 16N wu uneHrpanbHOoll kamepe 20 cxxarus MNPEANOYTUTENBPHO NpUiaHa
LUIMHAPUYEcKast popMa co CTeHKaMM, 00pa30BaHHBIMH M3 HEMPOBOSIIETO I H30JUPYOLIETO
MaTepuasa, Takoro, Hanpumep, kak kepamuka. Crynenu cxatust wian cekunu 14N, 14S, 18N u
18S mpeamodTUTENPHO UMEIOT YCEUEHHYI0 KOHMYECKYI0 (POpMY CO CTEHKaMH, 00pa30BaHHBIMU

U3 NPOBOAALICTIO MATEpUaAJia, TAKOIr0, HAMPUMED, KaK METAJLJI.



[0032] [TomuMoO MOt MOAMArHMUUBAHUS (HATPABJIAIOIIEE MATHUTHOE TOJI€ TOCTOSIHHOTO
TOKa), CO3MAHHOTO MeIJIeHHbIMU KaTyiikamu 30, ceximu 12N u 12S popmupoBanus, cexuuu
16N u 16S yckopenuss u kamepa 20 cCxaTusi BKIIOYAIOT B Ce0sl MOAYJbHBIE CHUCTEMBbI
UMITYJIbCHOTO NMUTAHUSA, KOTOPbIE BO30YKIAIOT ObICTPbIE aKTHBHBIE MarHUTHbIE KaTyIIKA 32N,
32S, 36N, 36S u 40. OTu cHCTEMBbI UMIYJIbCHOTO MUTAHHS MO3BOJISIOT, YTOOBI KOMITAKTHBIX
Topouabl ObLTH OOpa3OBaHbl HETMOCPEACTBEHHO Ha MecTe, BHYTpH cekuuii 12N u 128
(opMHUpPOBaHUST M YCKOPEHbI U WH)KEKTUPOBAHBI (= CTATHUECKOMY (DOPMHPOBAHUIO) B MEPBBIE
cekuuu 14N u 14S cxarus, yckopeHsl B cekiusix 16N u 16S yckopeHus U MHKEKTUPOBAHBI B
cnenyromue cexuuu 18N u 18S cxarus, U Tak fajiee, U 3aTeM CKAaTbl MATHUTHBIM CIIOCOOOM B
kamepe cxkatus 20. Cuctemsl 30 MeANEHHBIX MArHUTHBIX KaTYILIEK, PACIOJIOKEHHBIX MOBCIOAY U
BIOJb OCH CHUCTEMbI, OOECIEeUMBAIOT AaKCHAJIbHOE HAMPABISIONIEE MArHUTHOE TOJie ISt
LEHTPUPOBAHUS KOMITAKTHBIX TOPOHIOB JOJLKHBIM 00pa3oM.

[0033] AunbTepHaTUBHO, MOIYJIbHbIE CHUCTEMBbl HMIYJIbCHOIO TMHUTAHUA CEKLUH
(dbopMHupOBaHUS TaK)k€ MOTYT BO30YKIATh OBICTPbIE AKTUBHBIE MATHUTHBIE KATYIIKH, TaK YTO
KOMITAaKTHbIE TOPOHIBI OOpa3ylOTCs M YCKOPSIOTCA OJHOBPEMEHHO (= IHHAMHYECKOMY
¢dbopMHupOBaHHUIO).

[0034] Onucansble 370eCh CUCTEMBI U CrTOcoOb! UCToNb3yioT FRC B miiasmax ¢ cambIMu
BBICOKUMH 0O€Ta CpeaM HW3BECTHBIX B MArHUTHOM YJIep)KaHUM, OOecrednBas TeM CaMbIM
HaualbHYI0 KOHpurypamuioo. Jlanee naccMBHOE M AaKTHUBHOE CXKaTUE IOCTPAUBAET 3Ty
BbICOKOO((EKTUBHYIO MarHUTHYIO Tomosioruto. Ilpomecc MCMOMB30BaHUS — aKCHAJIBHOTO
YCKOPEHHsI TOCPEACTBOM OBICTPBIX AKTHBHBIX MArHUTHBIX CEKLIHH, 3a KOTOPBIM CIIENyeT
anuabaTH4ecKkoe CXKaTHEe B MPOCTBIX KOHUYECKHX CEKIMAX COXPAHEHMs MOTOKA, 00ecredYnBaeT
Haubojee >(p(EeKTUBHBIA MEPEHOC SHEPTUU C HAUMEHee CJOKHOW CXEMOW HMITYJIbCHOTO
nutanusi. Kpome TOro, 3TH OCHOBHBIE CTPOUTEJbHBIE OJIOKM MOXKHO MOCIENIOBATEIbHO
MIOBTOPSATh, H3BJIEKAS JIOMOJHHUTEIBHOE MPEHMYLIECTBO M3 3aBEAOMO OJIATOMPUSTHOTO
TPOJIOIBHOTO MacIITabMpoBaHus, TO ecTh, Apol R,

[0035] Ha ocHOBaHMM HW3BECTHBIX Ha CETONHSIIHUA J€Hb SKCIEPUMEHTAIbHBIX H
TEOPETUYECKUX HCCIEAOBAHUN B MPEALIESCTBYIOLIEM 3KCIEPUMEHTE, KaK ONHCAHO B JOKIAne
BricTpuikoro, mpu HMCMoib30BaHUM CTapToBOH MiuazMbl FRC ObLIM MOCTHTHYTHI TUIOTHOCTH
npumepro 10'7 cm™ Ha 1 k3B. B npeaoxeHHbIX 31€Ch BAPUAHTAX OCYLIECTBIEHHs 110 OLIEHKaM
OyAyT HOCTUTHYTHI TIOTHOCTH okoio 10'™ cm™ ma 1 k3B, B TO Bpems kak noOaBleHUE
JOTIOJIHUTEIIBHBIX CTYTIEHEH U COOTBETCTBYIOIINE TOPAOOTKH LIEHTPAIBHON KaMepbl U OBICTPBIX
MarHMTHBIX KaTylleK MOTYT JaTh KOHEYHbIe MIOTHOCTH okono 10 cm™ Ha 1 k3B npu nonHom
COOTBETCTBUU KpuUTepusim Jloycona.

[0036] B npyrom BapuaHTe OCYILECTBIEHHs] CHUCTEMA BBINOJIHEHA C BO3MOXKHOCTBIO



pa3BepThIBaHUS c(hepoMakoB BMECTO CTapTOBOI miasmel FRC.

[0037] B npyrom BapuaHTe OCYIIECTBJIEHHs CHCTEMa BKIJIIOUAeT B ceOsl CTYNEHYATYIO
ACUMMETPUYHYIO IOCJIE€IOBATEIbHOCTD € OAHOM CTOPOHBI LEHTPAJIBHOM Kamepbl CXKaTus,
cozepkalyro (pOPpMHUPOBAHHE KOMIIAKTHBIX TOPOMIOB, AaKCHAJIbHOE YCKOpPEHHE OBbICTPBIMU
AKTMBHBIMH MArHUTHBIMHU KaTYIIKaMH, IACCUBHOE aauadaTHYecKoe CXKaTHe IOCPEACTBOM
KOHCEpBEpa ¢ KOHUYECKUM OTPaHUYEHUEM IIOTOKA U, B KOHEUHOM UTOre, CIUSHUE KOMITAKTHBIX
TOPOUOB U (HHAIbHOE OBICTPOE MAarHUTHOE CXKaTHe B LIEHTPAJbHOW Kamepe ckaTws. Takas
ACHMMETPUYHAsI CUCTEMa OOBIYHO BKIIFOUaa Obl B ce0st 3epKaJjio MITH OTPaKaTeIbHbII KOHYC.

[0038] B eme omHOM BapuaHTe OCYIIECTBJIEHHS CHUCTEMa BKIIOYAeT B Ce0sl TOHKYIO
LIUTHHAPUYECKYIO O0OJIOUKY WJIH JIAWHED, COCTOSILITNI U3 MPOBOISIIEr0o MaTepraa, TaKoro Kak,
HampuMep, METaJUL, JJisi ObICTPOrO CIKaTHs JJaiHepa BHYTPH LIEHTPAIbHON KaMephl CXKATHUS.

[0039] CeropnsitiHMe KOHIEMIMH TEPMOSAEPHOTO CHHTE3a C(HOKYCHpPOBAHBI JHOO HA
CTaLIMOHAPHOM COCTOSIHHH, JIMOO Ha PeXUMax ¢ yIbTPAKOPOTKUMHU mmiysibcamu. Oba moxxona
TpeOyroT OonmpIKX (PMHAHCOBBIX 3aTPAT: MPH CTALMOHAPHOM MAarHUTHO-TEPMOSIIEPHOM CHHTE3E
BBICOKHE 3aTpaThl 00YCIOBIEHB! OONBITUMH CBEPXIIPOBOIALIMMHA MAarHUTAMH M TEXHOJOTHUSMHU
JOTOJIHUTEIBHOTO HArpeBa/TOKa BO30YIKIEHHS, WHEPLUHOHHBIE PEKUMBI XapaKTEPH3YIOTCS
BBICOKON CTOMMOCTBIO JpanBepa H3-3a MOJa4d OrPOMHOM SHEPIUH B TEYEHHE HAHOCEKYHIHBIX
MacmTaboB BpeMeHH. BbIABHHYTBIE 37€Chb BAapUAHTBI OCYLIECTBIEHHS XapaKTEPH3YIOTCS
KOMITAKTHBIMH Pa3MepaMy M CYOMIIIIMCEKYHIHBIMU MaclTabaMu BPEMEHH. JTO MPUBOAUT K
pPEeKUMY, KOTOpBIH HMEET NOHWKEHHbIE TPeOOBaHUS K MUKOBOW MOILIHOCTH U IpUEMIIEMbIe
IPOMEKYTOYHbIE MACIITA0bl BPEMEHH.

[0040] ObGpatumcst Gonee mMoApOOHO K depTekaMm, Kak 3TO M300pakeHO Ha ¢urype 1,
cucremMa 10 1y CIOUSIHUST W COKATHsSl TUIa3Mbl KOMIIAKTHBIX TOPOHMIOB BKJIOYAET B ceOs
LEHTPaIbHYI0 KaMepy 20 cokaThsi U apy CEBEPHOU U F0XKHOM TUAaMETPaIbHO MPOTHUBOIOIOKHBIX
cexuit 12N u 12S popMupoBaHUs KOMIIAKTHBIX TOPOUIOB. JTH mepBasi U BTopas cexuuu 12N u
12S ¢opmupoBaHus BKIIOUAKOT B ce0sl MOAYIJIbHBIE ccTeMbl 120 (OpMUPOBAHHS U YCKOPEHHSI
(monpoOHO omuMcaHbl jAajee CO CChUIKAMHU Ha ¢ur. 2-4) ans reHepanyuy MEepBOrO M BTOPOTO
KOMITAKTHBIX TOPOUJOB U AKCHAJBHOIO YCKOPEHHMs U MEPEHOCA 3THUX KOMIAKTHBIX TOPOUIOB B
HaIpaBJICHUU CPEAHEN MIIOCKOCTH Kamepbl 20 CokaTusl.

[0041] Kak 310 m300paskeHo, cucteMa 10 MOTMONHHUTENBHO BKJHOYAET B CeOsl MEPBYIO
napy CEBEPHOM U IOKHOM AUAMETPaJbHO MPOTUBOMONOXKHBIX cekuuii 14N u 14S cxarus,
MPUCOECIMHEHHBIX HA MEPBOM KOHLE K BBIXOAHOMY KOHIYy CEBEPHOM U FOXHOU cekuuil 12N u
12S  ¢opmupoBanust. CesepHast u rokHas cexkuuu 14N u 14S cxaTus BBITOJNHEHBI C
BO3MOXKHOCTBIO  aJHa0aTHYECKOrO C)KAaTHUsl KOMIIAKTHBIX TOPOUIOB, B TO BpeMsl KakK 35THU

KOMIIaKTHbIE TOPOMbI IEPECEKAIOT CEBEPHYH U rokHble cexkuuu 14N u 14S cxarus no



10

HAIPaBJICHUIO K CPEAHEN IIOCKOCTH KamMepsl 20 CxkaTusl.

[0042] Kak sT0o m3o0paxkeHo, cucremMa 10 IDOMONHUTENHPHO BKIIOUAeT B ceds mapy
CEBEPHON M I0KHOM [HMaMEeTPajibHO MPOTHUBOMNOJOXKHBIX cekuuii 16N u 16S yckopenus,
IPUCOEANHEHHBIX Ha NIEPBOM KOHILE KO BTOPOMY KOHLy CEBEPHOI U r0xkHOU cekumid 14N u 14S
ckartus. CesepHas M tokHas cekuuu 16N u 16S yckopeHus: BKIIOYAIOT B ce0s MOXYJIbHbIE
YCKOPHUTEJbHBIE CHCTEMBbI (MOAPOOHO OMKCAaHBI Jajnee CO CCbUlKaMu Ha ¢ur. 2-4) mns
aKCHAJIbHOTO YCKOPEHHsI U MEePEHOCa KOMITAKTHBIX TOPOUAOB K CPEeAHEN MIIOCKOCTU KaMepbl 20
CoKaTHSL.

[0043] Kak 310 u3oOpaxkeHO najee, cuctema 10 IOMONHUTEIBHO BKJIIOYAET B CeOs
BTOPYIO TApy CEBEPHOM M FKOKHOW AMAMETPAIbHO NPOTUBOMONOXKHBIX cekiuid 18N u 18S
CKaTHsi, MPUCOEAVHEHHBIX HAa MEPBOM KOHLE KO BTOPOMY KOHLY CEBEPHOM U FOXKHOM CEKLUHI
I6N u 16S yckopeHws, a Ha BTOPOM KOHLE - K IEPBOMY W BTOPOMY JHaMETPAIBbHO
MIPOTUBOIOJIOKHBIM KOHIIAM KaMepbl CoKaTHsl, MPUYEM BTOPasi Mapa CEBEPHOM U HOXKHOM CEKLUHI
I8N u 18S cxaTtusi BBINOJHEHA C BO3MOXKHOCTBIO aqMa0aTHMYECKOrO CIKaTHs KOMITAKTHBIX
TOPOUJOB, B TO BPEMsl KaK 5TH KOMITAKTHbIE TOPOUABI NEPECEKAIOT BTOPYIO Mapy CEBEPHOHN U
105kHOM ceximii 18N u 18S coxaTus o HanpaBIeHUIO K CpeHel MI0CKOCTH KaMepbl 20 cokaTusl.

[0044] Kamepa cxxaThsi BKIIIOYAET B ¢e0s1 MOIYJIbHBIE CUCTEMbI CXKATHsI, BBITIOJTHEHHBIE C
BO3MOJKHOCTBK) MAarHUTHOIO CKaTUs KOMIIAKTHBIX TOPOMAOB IOCIE€ HUX CTOJKHOBEHHUS U
CIIMSTHUS.

[0045] Kax sT0 n3o0pakeHO, ceBepHOI M 10xkHOH cekuusaM 12N u 125 dpopmuposanus,
ceBepHONH U rOkHOH cekumsaM 16N u 16S yckopenuss u kxamepe 20 cxaTHs NpUAaHA
MHApuUeckast popma. Juamerp ceBepHO H roskHON cekiuit 16N u 16S yckopeHus: MeHble
araMeTpa ceBepHOM u r0xkHOW cekumid 12N u 12S ¢opmupoBanus, B TO BpeMs Kak AHAMETP
kamepbl 20 cokaTusl MEHbIIIe, YeM JHaMeTPbl CeBEpHOI U 10kHOM cekumii 16N u 16S yckopenus.

[0046] IlepBoii 1 BTOpPOI Mape CeBEPHOM U FOKHOM cexumii cokatust 14N, 14S, 18N u 18S
NpUaHa YCeUeHHAass KOHW4YecKast opMa, MPU 3TOM X AHAMETP Ha MEPBOM KOHIE OOJIbLIE, YeM
Ha BTOPOM KOHIIE, JieJiasi BO3MOXKHBIM IEepPexos Mo odmemMy auaMeTpy cucteMel 10 oT cekumit
12N u 12S ¢opmupoBanus k cekumsiMm 16N u 16S yckopenust u k kamepe 20 cxatus. Kak 310
n300pakeHo, ceBepHas U rokHas cekunu 12N u 12S dpopmupoBanus, nepsasi mapa CEBEpHOU U
105kHOM cexiuit 14N u 14S cxxatus, ceBepHas U roxkHasi cekiuu 16N u 16S yckopeHust u BTopast
napa cepepHoi u r0xHOM cexkunit 18N u 18S cxxaTust ABIAIOTCS aKCHAJIBHO CUMMETPUYHBIMH.

[0047] Kak 3T0 mM300paskeHO, MEpPBBI M BTOPOH HAOOpPHI M3 MHOXKECTBA AKTUBHBIX
MAarHuTHBIX KaTywmek 32N u 32 pacnoyioxKeHbl BOKPYT U B aKCHAJIBHO BOJb CEBEPHOM U FOKHOU
cekuuii 12N u 12S ¢opmupoBanus, TpeTHi U 4eTBEPTHII HAOOPBHI U3 MHOMKECTBA AKTHBHBIX

MarHuTHbIX katyuiek 36N u 36S pacnoyio;keHbl BOKPYT M aKCHAJIbHO BJIOJIb CEBEPHOM U F03KHOM
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cexuii 16N u 16S yckopeHusi, a msTblil HAOOP U3 MHOXKECTBA AKTHBHBIX MarHUTHBIX KaTYILIEK
40 pacrnoyioxkeH BOKPYT U aKCHAJIBHO BJOJIb KaMepbl 20 cxkaTusl.

[0048] Cexuuu cxarusi 14N, 14S, 18N u 18S mnpeanouTUTENBHO BBINOJHEHbI U3
MPOBOJALIErO MaTepualla, TAKOro Kak, HallpuMep, METalI, B TO BPeMsl Kak LICHTpalibHasl KaMepa
20 cxarust u cekuuu popmuposanus u yckoperus 12N, 125, 16N u 16S mpennodTuTensHo
copMupOBaHBl U3 HEMPOBOISINErO MM HU30JMPYIOLIEr0 MaTepHaia, TAKOrO Kak, Hampumep,
KepaMHKa.

[0049] Kak 3T0 M300pask€HO, MHOKECTBO MAarHUTHBIX KaTymek 30 MOCTOSHHOTO TOKa
PacmoyIOKEeHO BOKPYT U aKCHAJIBHO BAOJb LIEHTPaIbHOM KaMepbl 20 cxkatust u cekuui 12N, 1285,
14N, 14S, 16N, 16S, 18N u 18S ¢opmMupoBaHus, CKaTUsi U YCKOPEHUs, YTOOBI CO3/1aBaTh
CMELIaLIee WIM HaNpapjsiOllee [O0JIe TOCTOSHHOIO TOKA, HAaxXOAsuleecss BHYTPU U
NPOCTUPAOLIEECs aKCHAIBHO Yepe3 LEHTPATbHYI KaMepy CXKaThsi U CeKUUU (POPMHPOBAHUS,
CKaTHUsl U YCKOPEHHs.

[0050] Ilokasannble Ha ¢urypax 2-4 TtpurrepsHeie cuctemsl 120 ympaBieHHs W
MEPEKIYEHUs] BBITOJHEHbl C NMPEAOCTABJICHUEM BO3MOXKHOCTH CTYNEHYATOM CUMMETPUYHON
NOCJIEIOBATENIbHOCTH  (POPMHUPOBAHNSI KOMIIAKTHBIX ~ TOPOHIOB TIOCPEACTBOM  AKTHUBHBIX
MarHuTHBIX Karymek 32N u 32S B ceBepHOH U 10kHOH cekuusx 12N wu 12S dopmmpoBanus,
AKCHUAJIbHOTO YCKOPEHUs MOCPEACTBOM aKTHBHBIX MArHUTHBIX KaTyiiek 36N u 36S B ceBepHOI U
105KHOM cekuusax 16N u 16S yckopeHus u cxxaTus IOCPEICTBOM aKTUBHBIX MATHUTHBIX KaTyLIEK
40 B xamepe 20 cxxatust. Tpurrepusie cuctemsl 120 ynpasieHus U NEPEKIFOYEHUS BBITOJIHEHBI C
BO3MOJKHOCTBIO CHHXPOHHM3aLUH (POPMUPOBAHUS KOMIIAKTHBIX TOPOHMIOB U YCKOPEHUS B
CeBEepHON U 10kHOH cekiusix 12N u 12S ¢popmupoBaHus, YCKOPEHUs] KOMIIAKTHBIX TOPOHIOB B
ceBepHONl M I0KHOM cekumsax 16N u 16S yckopeHHs U CIMSHUA U CHKATUS KOMITAKTHBIX
TOpOUIOB B kamepe 20ckaTusl.

[0051] Obpatumcs k ¢ur. 2-4, rne nmpeacTapieHa OTAeabHAs cucTtemMa 120 UMIyJIBCHOTO
MIUTAHUS, COOTBETCTBYIOIIAsI IEPBOMY, BTOPOMY, TPETbEMY, YETBEPTOMY H MSATOMY Habopam u3
MHO>KeCTBa akTUBHBIX MarHUTOB 32N, 32S, 36N, 36S u 40 cexuuit 12N u 12S dopmuposaHnus,
cekuuii 16N u 16S yckopenust u kamepnl 20 cxkaTusl, W MOAArOIIasl MUTaHUE OTHAEIbHO Ha
KXy n3 HUX. B cekumsax ¢gopmupoBanus cucrema 120 UMIyJIbCHOTO MUTAaHUS paboOTaeT Ha
MOIU(PHUIMPOBAHHOM TeTa-NUHY-TIPUHLIUIE Ui (POPMHUPOBAHUS KOMIIAKTHBIX TOPOUIOB.
@urypsl co 2 1o 4 WUTFOCTPUPYIOT OCHOBHBIE CTPOUTENIbHBIE OJIOKH U KOH(PUTYPALUIO CUCTEMBI
120 wmmnynecHoro muranus. Cucrema 120 uMmynbCHOrO muTaHUs OOpa3oBaHA MOIYJIBHBIM
arperaToM UMITYJIbCHOTO MUTAHUS, COCTOSIIIUM U3 OTIENBHBIX OJOKOB (= MOAYJIb Ha Caja3Kkax)
122, xaxxaplii M3 KOTOPBIX 3aluThIBaeT nogHadop karyimek 132 mentouHoit cOopku 130 (=

JIEHTa), KOTOpasi HAMOTaHa BOKPYT cekIMOHHbIX TpyO 140. Kaxnpii moayns 122 cocraieH u3
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KoHIeHcaTopoB 121, karymek 123 MHOYKTUBHOCTH, OBICTPBIX mepekirouareneii 125 cuiapHOTrO
TOKa W TPUCOENUHEHHBbIX Tpurrepa 124 u cxemel cOpoca 126. CormacoBanHasi paboTa 3THX
KOMITIOHEHTOB JOCTUTAEeTCsl MMOCPEACTBOM HAaXOAALIMXCS HA COBPEMEHHOM ypoBHE 124 Tpurrepa
U cucrteMbl 126 ympaBieHHs, YTO OOECHEeYMBAET CHUHXPOHHU3ALMWIO IO BPEMEHH MEXIY
cucteMamu 120 UMIyJIbCHOTO MUTAHUS Kaxaon u3 cekumit 12N u 12S popmuposanmst, cexuuit
16N u 16S yckopenuss u kamepsbl 20 cxKaTUA U MUHUMH3UPYET MOTPELUIHOCTh CUHXPOHU3ALUN
NEPEKJIIOUEHUsT A0 JECATKOB HaHOCEKyHA. IIpenmyinecTBoM 5TOH MOAYJIBHOH KOHCTPYKLIMHU
sBsieTcst ee rudkast padora. B cekumsax 12N u 12S ¢popmupoBaHusi KOMIAKTHBIE TOPOUIBI MOTYT
ObITh C(hOPMUPOBAHBI HETIOCPEACTBEHHO HA MECTE, a 3aT€M YCKOPEHbI U WHKEKTUPOBAHBI (=
CTaTu4eckoMy (OopMHpPOBaHUIO) WM CHOPMHPOBAHBI W YCKOPEHbI OIHOBPEMEHHO (=
JUHAMHYECKOMY (DOPMHPOBAHUIO).

[0052] Bo Bpemsi paboTel maccHBHBIMH KaTymkamMu 30 CO3JaHO HAmpaBIOLIee
MAarHUTHOE IOJIE MOCTOSTHHOIO TOKA, HAaXOAAILIEeecss BHYTPU M MPOCTHPAOLIEECs aKCHAJIBHO
gyepe3 kamepy 20 cxatus, cekimu 12N u 12S dopmuposanus, cexuuu 16N u 16S yckopenus u
cekamu 14N, 14S, 18N u 18S cxarusa. 3areM KOMIIAKTHBIE TOPOWUABI (POPMHUPYIOTCS U
YCKOPAIOTCSI B CTYNEHYAaTONH CUMMETPUYHON MOCIeN0BaTeNbHOCTH BHYTpHU cekuuil 12N u 128
¢dopmupoBanus u cexuuii 16N u 16S yckopeHHs K CpeaHel MIOCKOCTH LEHTPAIbHOW KaMepbl
20, maccuBHO amuabaThuecku CxumaroTcst BHyTpu cekumii 14N, 14S; 18N u 18S cxarus u
CJIMBAIOTCS] U CKUMAIOTCS MarHUTHBIM CIIOCOOOM BHYTPU LIEHTpasIbHON Kamepsl 20. DT sTansl
(bopMHUpPOBaHUs, YCKOPEHHSI U CXKATHUS KOMITAKTHBIX TOPOUIOB MPHUBOIAT K UX CTOJIKHOBEHUIO U
CIIUSHUIO BHYTPU LIEHTPAJIbHOM Kamepsl 20.

[0053] KommakTHble TOpOHIBI (OPMHUPYIOTCA U YCKOPSIFOTCS MOIIHBIMH aKTHBHBIMHU
MarHuTHbIMH KaTymkaMu 32N u 32S, npocTHuparoIiMMUCA BOKPYT U aKCHAJIbHO BAOJb CEKLUH
12N u 12S dopmupoBaHusi, JOMOJHUTEIHHO YCKOPSIOTCS MOIIHBIMHA aKTUBHBIMH MAarHUTHBIMU
katymwkamu 35N u 35S, nmpocTuparomuMucs BOKPYr U akcuajdbHO BAosb cekuuit 16N u 16S
YCKOPEHHUs, M CXKUMAIOTCS MOULIHBIMH aKTUBHBIMM MarHMTHbIMM  KaTymkamu 40,
NPOCTUPAIOLIUMHICS BOKPYT U AKCHAJIBHO BIOJIb KaMepbl 20 cxatus. DTamnbl GOPMHPOBAHUS,
YCKOPEHUsI M CXaThsi KOMIIAKTHBIX TOPOHUAOB [OINOJHHUTENBHO COAEPKAT CHHXPOHHOE
BKJIFOUEHHE AUaMETPabHO MPOTUBOMOJIOKHBIX Map aKTUBHBIX MAarHUTHBIX KaTyuiek 32N, 32S u
36N, 36S, pacrnonokeHHbIX BOKpYT U BIosb cexuuit 12N u 12S ¢opmuposanus u 16N u 16S
YCKOPEeHHs, a Takke Habopa aKTUBHBIX MAarHUTHBIX Karymek 40, pacnoJOXEHHBIX BOKPYT U
BIIOJIb KaMepbl 20 cxxaTus.

[0054] Bo Bpemsi yCKOpeHMs] KOMIAKTHBIX TOPOUIOB K CpeaHElN IIOCKOCTH Kamepbl 20
CXKaTUsl KOMIIAKTHBIE TOPOUIBI CXKHUMAIOTCS, B TO BPEMsl KaK 5TH KOMIIAKTHBIE TOPOHUIbI

MEPEHOCATCS Yepe3 KOHUYECKU Cy’Karoluecs KoHcepBepbl noTtoka cekuui 14N, 14S, 18N u 18S
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CoKaTHsI.
[0055] ObGparumcst x ¢urype S, rae NPOUJUTIOCTPUPOBAH AJbTEPHATUBHBIA BapUAHT
ocyuecTBieHust cucteMbl 100 1i1st CIUSHYA U COKATHsT KOMITAKTHBIX Toponnos. Kak nzo0paskeHo,
cucrema 100 comepKuT CTyneH4YaTyr0 aCUMMETPUYHYIO NOCJIEA0BATENbHOCTb C OJHOU CTOPOHBI
neHTpanbHOW kamepbl 20 cxkarusi. Cuctema 100 Bkirouaer B cebst omHy cekuuio 128
(dopMupOBaHUS KOMIIAKTHOI'O TOPOWAA, NMEPBYIO CeKumioo 14S coxkaTus, MOACOENMHEHHYIO Ha
MEPBOM KOHIIE K BBIXOIHOMY KOHIY cekiuu 12S ¢dopmupoBanus, cekiur 16N ycKopeHwus,
MOJICOEIMHEHHYI0 Ha MEePBOM KOHIIE KO BTOPOMY KOHILY CeKUHHU 14S cxxaTHsi, BTOPYIO CEKIUIO
18S cxaTusi, MOACOENMHEHHYIO Ha MEPBOM KOHILIE KO BTOPOMY KOHIy cekuuu 16S yckopenws, a
Ha BTOPOM KOHILy - K IepBOMY KOHLYy kamepbl 20 cxxatus. Ilpunexamum k ApyroMy KOHLYY
LIEHTpaIbHON Kamepbl 20 CKaTUs PACIIONOKEHO 3€PKAJIO WIHM OTPaKaTeJIbHbIN KOHYC.

[0056] Bo Bpemsi paOOTHI NEpPBbIi KOMITAKTHBIA TOPOH (HOPMHUPYETCS U YCKOPSIETCS B
CTYNEHYATOH MOCNENOBATEIbHOCTH BHYTPU cekunu 12S gopmupoBaHus, a 3aTeM YCKOPSIETCS B
onHOW win Oonee cekuusix 16S yCKOpeHHsI B HANpPAaBISHUH CPEeOHEH IUIOCKOCTH LEHTPaTbHON
kamepbl 20, 4TOOBI CTONKHYTBCS U CIUTHCS CO BTOPBIM KOMIAKTHBIM TOpouaoMm. Ilepsrrit
KOMITaKTHBIM TOPOH]I MACCHBHO aIMabdaTHYEeCKH C)KUMAETCsl BHYTPH OOHON MM Ooiee CTyrneHel
14S u 18S cxatus, a 3aTeM COKMUMAaeTCs MAarHUTHBIM IyTeM B BUJAE CIUTOrO KOMIIAKTHOTO
TOPOUJA CO BTOPBIM KOMIIAaKTHBIM TOPOUAOM BHYTPH LIEHTPAIbHON Kamepsl 20.

[0057] Bropoli KOMODAakTHBI TOpouA (QOPMHPYETCS U YCKOPAETCS B CTYIEHYATOH
TIOCJIEIOBATEILHOCTH BHYTpH ceKuuu 12S ¢opmupoBanus U B ogHoN win Oojee cryneHeit 16S
YCKOpPEHHsT K CpelHeH IIJIOCKOCTH IIeHTpaibHONW kamepbl 20, MAacCUBHO aauabaTu4ecKu
C)KUMaeTcss BHYTPH ONHOW wmim Oojiee CTymeHeW CkaThs, a 3aTeM CMeLIaeTcsl Has3ajg B
HAIIPaBJIEHUHU CPEIHEN IJIOCKOCTH LIEHTPAJIBbHON Kamepbl 20, mpoxons 4epe3 3Ty LIEHTPAIbHYIO
kamepy 20 € 3€pKajoM WM OTpa’kaTelbHbIM KOHYCOM S50, pacmnoiOKE€HHBIM IMPUIIEXKAINUM K
KOHILYy LIEHTPaJIbHON Kamepsl 20.

[0058] Obpatumcs k purype 6, Tae aJbTepHATHBHBIN BApUAHT OCYIIECTBICHUS CUCTEMBI
200 nns cnusHUS U CKATHUS KOMIIAKTHBIX TOPOUJOB IJIa3Mbl IPOMUJUIIOCTPUPOBAH HA YACTUYHOM
nogpoOHOM  BHZIE, KOTOpPBIA TOKasblBaeT kKamepy 20 cCxaTusi C  JUAMETPAIbHO
NpOTUBONOJNIOXKHBIMU cekiusiMu 18N u 18S cokaTus, COeAMHEHHBIMU C MPOTHUBOIOJIOKHBIMU
cropoHamu kamepbl 20. Cucrema 200 HOMOJHUTEIBHO BKIIOUYAET B CeOs ILMIIMHAPHUYECKYIO
oOonouky wiam saiiHep 60, HAXOAMIIMHCS BHYTPH LIEHTPAJbHOH Kamepsl 20 ckaTust A
ObICTpPOro CXKaTHs aitHepa.

[0059] Xots wu3o0pereHHe IOMyCKAaeT pa3IudHble W3MEHEHUS U aJbTEePHATHBHBIE
(opMBI, €ro KOHKpPETHbIE MPHUMEPbl OBLIM IMOKAa3aHbl HAa YepTeXkax M MOAPOOHO OMHCaHBI B

HactosmeM naokymeHte. OIHAKO clenyer MOHMMaTh, 4TO H300peTeHHe He JOJDKHO ObITh
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OrPaHUYEHO KAaKUMHU-TO PACKPBITBIMH KOHKPETHBIMH (opMamMH HIH criocobamu, HaoOOpoT,
n300peTeHne TPEeArnosaraeT OxBaT BCeX MOAM(UKALMKN, 5SKBUBAJIEHTOB U aJbTEPHATUB,
HAXOJSAIIMXCS B PAMKaX CYIHOCTH M 00beMa MPHJIOKEHHBIX MYHKTOB (pOpMyJIbI H300peTeHus.

[0060] B BblmmenpuBeNeHHOM ONMUCAHUM B TOSCHUTENBHBIX LEJSIX Uil O0ecreyeHus
HOJIHOTO TIOHMMAHUSI HACTOSIIIEr0 HM300pEeTeHHs HCIONb30BaHbl HEKOTOPBIE CIIELHAIbHbIC
sneMeHThl. OHAKO, JUIA CNEIMAINCTa B AAHHOH OONACTH TEXHUKU OyAeT OYeBHIHO, YTO I
IIPAKTUYECKOrO OCYIUECTBICHHUs WUAEH HACTOSILErO OMUCAHUS 5TU CIELMAJIbHBbIE 3JIEMEHTBI HE
TpeOyroTCs.

[0061] PasnuuHble NpU3HAKKM TOKA3aTENbHBIX IPUMEPOB U 3aBUCUMBIX ITyHKTOB
(dbopMyJibl U300peTeHusT MOTYT ObITh OOBEIUHEHBI CIOCOOAMH, KOTOPBIE 31€Ch CIEIHATBHO HITH
SIBHBIM 00pa30M HE OIMHUCAHBI, C LEJIbI0 00ECHeueHHs! NOMOJHUTEIbHBIX MOJE3HbIX BAPHAHTOB
OCYIIECTBJIEHUs] HACTOAIIMX HAEH. 3aMeTUM TakKe, 4YTO BCE [MaNa3OHbl BEJIMYUH WU
napamerpbl Tpynn OOBEKTOB MPEACTABISIOT COOOM KaXKAYI0O BO3MOXKHYKO MPOMEKYTOUHYIO
BEJIMYMHY WJTU POMEKYTOYHBIN OOBEKT C LIENBI0 MEPBOHAYAIBHOTO OMHCAHUS, & TAKXKE C EIIbIO
OrpaHUYEHHS 3asIBJICHHOTO NPEAMETa H300peTeHMS.

[0062] B HacrosimeM JOKyMeHTE€ OBUIM PACKPBITBI CHCTEMBI U  CIIOCOOBI IS
OOBEMHEHNSI M CIIHUSHUS KOMIIAKTHBIX TOPOUAOB IUIa3Mbl. [IOHATHO, YTO OMMCaHHBIE 3/1€CH
BAPUAHTBI OCYILECTBJIEHHs NPUBEIEHBI C LIENbI0 PA3bsCHEHUS, U HE JOJDKHBI PACCMATPUBATHCS
KaK OrpaHHuMBarOIIMe npenMer uzodpereHus. s cneumanucra B OONACTH TEXHHKH OyayT
OUYEBUHBI pas3IuyHbIE MOAU(pUKALIH, MPUMEHEHUs, 3aMEHBI, KOMOMHAINY,
YCOBEpIIEHCTBOBAHUS, CIIOCOOBI HM3TOTOBJICHHs, HE BBIXOISINME 3a paMKu oObemMa MM
CYIIHOCTH HacToswero nobperenus. Hanpumep, unrarenb 1OKEH MOHUMATh, YTO ONHCAHHAS
37eCb KOHKpPETHasl IOCJeNOBaTeIbHOCTh U COueTaHue AEHCTBHM Ipolecca SIBISIFOTCS JIHIIb
WUTIOCTPATUBHBIMK, €CJIH HE YKa3aHO WHOE, a H300peTeHHe MOXKeT ObITh pPeajH30BaHO C
UCTIOJIb30BAHUEM HHBIX WU JOMOJHUTENbHBIX OMNEepaluii, WiIN Ipyroil KOMOMHALMH WK
MOCJIEIOBATENIbHOCTH Omepanuil npouecca. B kauecTse npyroro mpumepa, KakAbli MpPU3HAK
OJHOTO BapHaHTa OCYLIECTBJICHHS MOXET OBbITb CKOMOMHHMPOBaH W TMOAOOpaH C IPYyTUMH
NPU3HAKAMH, TIOKA3aHHBIMU B IPYTUX BAPHAHTAX OCYIIECTBJICHUS. AHAJIOTHYHBIM 00pa3oM, pu
HEOOXOIMMOCTH CHOJIa MOTYT OBITh BKJIIOUEHBI MPU3HAKU WM TPOLIECCHI, H3BECTHBIE OOBIYHBIM
CHEeLMAINCTaM B IaHHOW obmactu. Kpome Toro, 04eBHIHO, YTO NPU HEOOXOAMMOCTH MPU3HAKU
MOTYT Kak OOaBIATHCA, TaK M UCKII0UaThes. COOTBETCTBEHHO, H300peTEeHNe He NOJDKHO OBITh
OrPaHUYEHO HU YeM MHBIM, KaK TOJbKO MPHJIOKEHHBIMHI MYHKTAMU (HOPMYJIBI H300pETeHUS U UX
5KBUBAJIEHTAMU.

[0063] Bapuantsel ocymecTBieHHs H300peTeHHsT MOTryT ObITh, B YaCTHOCTH,

CENYIOIUMU:
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1. Cucrema anis CIUAHUS U CXKAaTHUs KOMITAKTHBIX TOPOUIOB IIa3Mbl, COAEp KaIlas:

Kamepy CoKaTus,

NEPBYI0O M BTOPYIO JAMAMETPAIbHO NPOTHUBOMOJIOXKHBIE CEKUUH (POPMHPOBAHUS
KOMITAKTHOTO TOPOMIA, COAEp Kalie MOAYJbHbIE CUCTeMbl (DOPMUPOBAHMS M YCKOPEHHUS AJIs
reHepaliyd MEePBOro M BTOPOrO0 KOMIIAKTHBIX TOPOHMIOB IUIa3Mbl U AKCHUAJIBHOIO YCKOPEHMS
KOMIIAKTHBIX TOPOMJOB M INEPEHOCA KOMIAKTHBIX TOPOMJAOB K CPEAHEH IUIOCKOCTH KaMephbl
CKaTus,

NEPBYIO U BTOPYIO AMAMETPAJIBHO MPOTUBOMOJIOKHBIE CEKLIUU CXKATHUS, TOACOECIUHEHHbIE
Ha TEPBOM KOHLIE K BBIXOJHOMY KOHIIy NEPBOH M BTOPOH CeKUUil (HOPMHUPOBAHUS, MPHUEM
mepBasi U BTOpasi CEKIMM CXKATUS BBIMOJIHEHBI C BO3MOJKHOCTBIO aAMA0AaTUYECKOTO CHKATHS
KOMITAaKTHBIX TOPOUAOB, B TO BPE€Msl KaK KOMIIAKTHBIE TOPOUJIbI MEPECEKAT NEPBYIO U BTOPYIO
CEKLIMU CXKATUsA K CPEeIHEN MJIOCKOCTH KaMephbl CxKaTus,

NEePBYIO M  BTOPYHD  JUAMETPAJIbHO MNPOTHUBOMNOJOXKHBIE CEKLUU  YCKOPEHUs,
MOACOEUHEHHbIE HAa NIEPBOM KOHILIE KO BTOPOMY KOHIly IIEPBOM M BTOPOW CEKLUH CXKaTHsl, PU
5TOM IepBasi U BTOPAasi CEKLUHH YCKOPEHHsI COIEpKAaT MOIYJbHBIE CHCTEMbl YCKOPEHHs IS
AKCHAJIBHOTO YCKOPEHHsI KOMITAKTHBIX TOPOUIOB U MEPEHOCA KOMITAKTHBIX TOPOUIIOB K CpeaHEN
IJIOCKOCTH KaMepbl CxKaTHsl, U

TPETBIO W YETBEPTYK)  AUAMETPAIBHO  IPOTHUBOINOJIOKHBIE  CEKLMH  CXKATHUs,
MOACOEUHEHHbIE HA NIEPBOM KOHILIE KO BTOPOMY KOHILY NEPBOH U BTOPOU CEKLIMM YCKOPEHHUs], a
Ha BTOPOM KOHLIE - K NIEPBOMY U BTOPOMY AUAMETPAIBHO NMPOTUBOINOJIOXKHBIM KOHLIAM KaMepbl
CKaTWsi, TNpPUYEM TPETb U 4YETBEpPTasl CEKLUMH CXKATUS BBIIOJHEHbI € BO3MOXHOCTBIO
annabaTH4ecKOro CXKaThus KOMIIAKTHBIX TOPOUJOB, B TO BpeMsl KaK KOMIIAKTHBIE TOPOUJIBI
MEPECEKAIOT TPETHIO U YETBEPTYIO CEKLIMU CHKATUSI K CPEeHEN MIOCKOCTH KaMephbl CXKATHSI.

2. Cucrema no 1. 1, mpuueM KaMepa CxKaTHsl BBITOJHEHA C BO3MOKHOCTBEO MarHUTHOTO
CKaTHs1 KOMITAKTHBIX TOPOUAOB MOCJE UX CTOJIKHOBEHUS U CIUSHUS.

3. Cuctema no 1. 1, nmpudem KaMepa CKaTusl COIEPKUT MOIYJIBHYIO CUCTEMY YCKOPEHUs
JUTsl MATHUTHOTO C3KaTUsl KOMIIAKTHBIX TOPOUAOB MOCJIE UX CTOJKHOBEHUS U CIUSHUSA.

4. Cuctema 1o myHKTam 1-3, mpudeM nepBoil U BTOPOH ceKIHsiM (OPMHUPOBAHHMS, IEPBOI
U BTOPOH CEKUMsAM YCKOPEHHS U KaMmepe CKaTHs NMpHAaHa LUWINHApPUYecKas (opma, mpuuem
AUaMeTpbl NMEePBOM M BTOPOM CEKLMM YCKOPEHHUs MEHbIe, 4YeM OUaMeTp NepBOH U BTOPOU
CeKIMi (pOPMHUPOBAHUS, a AUAMETP KaMepbl CXKATUSl MEHbINE, YeM THaMeTp MEePBOH M BTOPOH
CEeKLIMH YCKOPEHHUSI.

5. Cuctema no nyHKTaM 1-4, mpuueM nepBOi, BTOPOH, TPETbel U YETBEPTOM CEKLUSAM
COKaTHsI TIPUJIaHA yCeueHHast KOHuUeckas ¢opma, MpuyeM JUaMeTp NMEepBOH, BTOPOH, TpeTbel u

quBepTOfI CEKIIMU CXKaTHA Ooubille HA NEPBOM KOHIIEC, UEM Ha BTOPOM KOHIIE.
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6. Cuctema no nmyHktaMm 1-5, npuuem nepsasi 1 BTopasi CeKIMH (GOpMUPOBaHHUSL, NepBasi U
BTOpasl CEKLMU CXKaTWsl, MepBas U BTOpPas CEKLUM YCKOPEHUsS U TPETbsl U UETBEPTasl CEKLUU
C)KaTus SABJIIOTCSA AKCUAJIbHO CUMMETPUYHBIMH.

7. Cuctema mo mnyHKTaM 1-6, mpu4eM MHOKECTBO AKTUBHBIX MArHUTHBIX KaTyILIEK
PacoJIOKEeHO BOKPYT M aKCHAJIBHO BJIOJb MEPBOH M BTOPOH CEKLHi (OPMHUPOBAHUS, NIEPBOH U
BTOPOM CEKLINI yCKOPEHUsS U KAMEpPbI CoKaTHUs.

8. Cucrema mo myHKTaM 1-7, AOMOJHUTENIBHO COHAEpIKAIlasi TPUTTEPHBIE CHUCTEMBbI
yIpaBJICHUS] U TEPEKJIIOYEHUs, BBIMOJHEHHbIE ¢ OOECMEYeHHeM BO3MOXKHOCTH CTYNEHYATOU
CUMMETPUYHON MOCJIEeOBATENBHOCTH (HOPMUPOBAHKS KOMITAKTHBIX TOPOHIOB B TEPBOH U BO
BTOPOH CeKUMsAX (POPMHPOBAHUS M AKCHAIBHOIO YCKOPEHHsS TOCPEACTBOM AKTHUBHBIX
MarHUTHBIX KaTyIleK B [IEPBOM U BO BTOPON CEKLUAX YCKOPEHUSI.

9. Cuctrema mno mnyHKTaM 1-8, mpuueM TpUITEpHblE CHUCTEMBbl YyIOpPAaBIEHUS U
NEPEKITIOUEHUST BBITIOJHEHBI C BO3MOXKHOCTBIO CHHXPOHH3aLMH (OPMHUPOBAHHUA U YCKOPEHUS
KOMITAaKTHBIX TOPOHIOB B MEPBOH M BO BTOPOH CEKUMSX (POPMUPOBAHHSA U CHHXPOHHM3ALUHU
YCKOpPEHHUs1 KOMITAaKTHBIX TOPOUIOB B IIEPBOI U BO BTOPOH CEKLIMSAX YCKOPEHHUSI.

10. Cuctema no myHKTY 9, puueM TPUTTEPHbIE CUCTEMBI YIIPABJICHUsSI U MEPEKITIOYSHMUS
JIOTIOJTHUTEIbHO BBINOJIHEHBI € BO3MOXHOCTBKO CHUHXPOHM3ALIMM MAarHUTHOTO C)KaTHUs C
¢dopMHUpOBaHUEM M YCKOPEHHEM KOMIIAKTHBIX TOPOHAOB B IEPBOH M BO BTOPOHM CEKIIMSIX
(bopMHUpOBaHUS M YCKOPEHHEM KOMIIAKTHBIX TOPOUAOB B TIEPBOM M BO BTOPOH CEKIMAX
YCKOpEHHUS.

11. Cucrema no nmyHkram 1-10, nonojgHUTENBHO cofepsKallas MHOKECTBO MarHHUTHBIX
KaTyILIEK MOCTOSHHOIO TOKA, PACIONIOKEHHBIX BOKPYT U aKCHAJIBHO BOJIb LICHTPAJIBbHON KaMepbl
CKaTHsl M CeKUMH (OPMUPOBAHMS, CXKATUS W YCKOPEHUS JJISi CO3MAHHsI CMEIIAIOLIEro MU
HaNpaBJSIOLIEr0 IMOJIA IOCTOSHHOTO TOKAa, HAXONALIErocss BHYTPU U aKCHAJIBHO
MPOCTHUPAIOLIETOCS Yepe3 LEHTPATbHYIO KaMepy CKaTusl U CeKUUH (OPMHUPOBAHMS, CIKATHI U
YCKOpPEHUsl.

12. Cucrema mno nyHktam 1-11, nomojHUTENBHO coAepikallas LUIUHAPUUECKYIO
00OJIOUKY HMJIH JIaHEp, PACIOJIOXKEHHbIH BHYTPH LIEHTPAJIBHONW KaMepbl CXKaTHsI sl OBICTPOrO
CKaTuUs JIaliHepa.

13. Cucrema 1151 CIUSIHUS U CKaTHsI KOMIIAKTHBIX TOPOWAOB IJIa3Mbl, COJIEPIKaLIast:

KaMepy CxKaTus,

CeKMi0 (OPMHUPOBAHHUA KOMIIAKTHOTO TOPOWAA, CONEPIKAINYI0 MOIYJbHbIE CEKIIUU
(bopMHUpPOBaHUS M YCKOPEHHUS U T€HEPALUH KOMIAKTHOIO TOPOUA U aKCHAIBHOTO YCKOPEHUS
KOMIIaKTHOTO TOPOMJIa U MEPEHOCA 3TOr0 KOMIIAKTHOTO TOPOUAA K CpefHEN MIIOCKOCTU KaMephl

CXKaTHs,
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NEPBYIO CEKLMIO CoKATHsl, MOACOCIMHEHHYI0 Ha MEPBOM KOHLE K BBIXOAHOMY KOHLYY
CeKIMil (OPMHUPOBAHUSA, TPUYEM TEepBasi CEKLUUS CKATHA BBIIOJHEHA C BO3MOXHOCTBIO
annabaTu4eckoro CXKaTus KOMIIAKTHOIO TOPOHMIA, B TO BpeMsl KaK KOMIAKTHBIA TOPOHT
NEPECEKAET NEPBYIO CEKLMIO CXKATHUs K CPEAHEN MIIOCKOCTH KaMephl CoKaTHsl,

CEKLUI0 YCKOPEHHUs, MOACOECANHEHHYI) HA NMEPBOM KOHLE KO BTOPOMY KOHIy NEPBOH
CEKLIMU COKATHsl, TIPU 5TOM CEKLUSI YCKOPEHUSI CONEPKUT MOAYJIbHBIE CUCTEMBI YCKOPEHUs IS
AKCHAJIbHOTO YCKOPEHMs KOMIIAaKTHOTO TOPOMAA M MEPEHOCa 3TOr0 KOMIAKTHOIO TOPOMAA K
CpeIHe! MIIOCKOCTH KaMephl CKaTus,

BTOPYIO CEKLUIO CKaTHsA, MOACOCAMHEHHYK) HA IEPBOM KOHLE KO BTOPOMY KOHILY
CEeKLIMU YCKOPEHMsI, & Ha BTOPOM KOHILE - K IEPBOMY KOHIy KaMephl CKaTHsi, IPUYEM BTOpast
CEeKIIMH C’KaTHsI BBIOJHEHA ¢ BO3MOXKHOCTBIO aAnabaTHYeCcKOro CKaTHsl KOMITAKTHOTO TOPOUNIA,
B TO BPE€Ms KAK KOMITAKTHBIN TOPOU] NIEPECEKAET BTOPYIO CEKLUIO CKATUSA K CPEIHEN IIIOCKOCTH
KaMephl CoKaTHsL.

14. Cucrema mo n. 13, npuueM Kamepa CKaTHsl BbINIOJHEHA C BO3MOXHOCTBIO
MAarHUTHOTO CKaTHsl KOMIAKTHOIO TOPOUJA.

15. Cuctema no n. 13-14, npudem cekuuu GOPMUPOBAHMS, CEKLIUN YCKOPEHUS U KaMepe
CKaTHsl TPUAAHA LWIMHApPUYEcKas (opma, NMpUYEM AMAMETP CEKLUU YCKOPEHHUS MeEHbINe
anaMeTpa CeKUMu (OPMUPOBAHMSA, a JUAMETP KaMepbl CXKATUSl MEHbINE IHaMeTpa CEKIUU
YCKOPEHHUSI.

16. Cucrema no nynkram 13-15, mpuueM nepBoil U BTOPOH CEKLMAM CoKATUS MPUAAHA
yCcedeHHast KOHH4YecKas (opMa, MpHUeM JHaMeTpbl ePBOI 1 BTOPOH CEKLUI CxxaTus OOJbIe Ha
IEPBOM KOHLE, YeM Ha BTOPOM KOHLIE.

17. Cucrema nmo nynktaM 13-16, mpuuem cekuusi (pOPMHPOBAHUS, MEPBas U BTOpPas
CEKLIMU C)KATHUsl, CEKL[UsI YCKOPEHUsI U KaMepa C)KaTHsl BbICTABJICHbI aKCHAJIBHO.

18. Cucrema nmo nyHktaM 13-17, mpuueM MHOXECTBO AKTHBHBIX MAarHUTHBIX KaTyIIEK
PACIIONIOKEHO BOKPYT U aKCHAJBHO BAOJb CEKLUU (POPMHUPOBAHUS, CEKIIMUA YCKOPEHUS] U KaMepPbl
CoKaTHsl.

19. Cucrema no nyHkram 13-18, NOMOJNHUTENBHO cOAepsKallasi TPUITEPHbIE CHCTEMBI
YIPaBJICHUS] U TEPEKIIOYEHHUS, BBIMOJHEHHbIE C OOECMEUYeHHEM BO3MOXKHOCTH CTYIEHYATOU
NOCJIEIOBATENbHOCTH  (OPMHUPOBAHHUS M AaKCHAJBHOTO YCKOPEHHUs] KOMIIAKTHOTO TOPOHIA
AKTUBHBIMU MarHUTHBIMU KAaTYLIKAMH.

20. Cucrema no n. 19, mpudem TpUITEpHBbIE CUCTEMbl YNPABIEHHUS U MEPEKIFOUCHMUS
JOTIOJIHUTEIBHO BBITIOJIHEHBI ¢ 00ECIIeYeHHEM BO3MOKHOCTH MAarHUTHOTO CXKATHsI KOMITAKTHOTO
TOPOUJA MOCPEACTBOM AKTUBHBIX MArHUTHBIX KAaTyLIEK B CTYNEHYaTOM IMOCJIENOBATEIbHOCTH,

ClIeyIOLIeH 3a CTyNeHYaTO! MOCIeA0BaTeIbHOCTEIO (POPMUPOBAHUS U AKCUAJIBHOTO YCKOPEHUs
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KOMITAKTHOT'O TOPOM1A aKTUBHBIMU MAarHUTHBIMU KaTyLIKAMHU.

21. Cucrema no n. 19, mpudem TpUITEpHBbIE CUCTEMbl YNPABIEHHUS U MEPEKIFOUCHUS
BBIITOJIHEHBI C BO3MOXXHOCTBIO CHHXPOHHM3AIMU (POPMHPOBAHUS M YCKOPEHHUs] KOMIAKTHOTO
TOpoMJa B CEKUUH (POPMUPOBAHHUS U CHHXPOHMU3ALUU YCKOPEHHUS KOMIIAKTHOTO TOPOHIA B
CEeKLUHU YCKOPEHUs C MNO3ULUOHHPOBAHUEM KOMIIAKTHOTO TOPOMJA B CpEeAHEHl IIOCKOCTH
KaMephl CoKaTHsL.

22. Cucrema mo 1. 20, mpudeM TPUITEPHBbIE CHUCTEMbI YIPABICHHUS W TEPEKIFOYEHUS
JOTIOJIHUTEIbHO BBIMOJHEHBI ¢ BO3MOXKHOCTBIO CHMHXPOHU3ALMH CKATHs KOMIIAKTHOTO TOPOMJA
U BTOPOTO KOMITAKTHOTO TOpoHJa ¢ (GOPMHPOBAHHEM M YCKOPEHHEM KOMIIAKTHOT'O TOPOUAA B
CeKMH (OPMHUPOBAHHS, YCKOPEHHEM KOMIIAaKTHOTO TOPOWAA B CEKIUH YCKOPEHUsS U
MO3ULIUOHUPOBAHUEM KOMIIAKTHOIO TOPOUJIA B CPEAHEN TIOCKOCTU KaMePbI CHKATHSL.

23. Cucrema no nyHkTaMm 13-22, NONOJIHUTENBHO COZEp Kallasi MHOXECTBO MAarHUTHBIX
KaTylLIeK MOCTOSIHHOTO TOKA, PACTIOJIOKEHHBIX BOKPYT U AKCUAJIBHO BIOJb LEHTPAIbHONW KaMepbl
CKaTHsl M CeKUuil (OopMUpOBaHUS, CXKATHUS M YCKOPEHUS, ISl CO3MAHUS CMELIAIOIIEero MIIN
HAIpPaBJSIFOLIEr0 MOJs MOCTOSHHOIO TOKA, HAXOASALIErocs BHYTPH W MPOCTHPAROINErOCs
aKCHAJIbHO depe3 LEHTPAIbHYI0 KaMepy CXKaThsi M CeKUuH (OPMHUPOBAHMS, CXKATHI U
YCKOPEHHUSI.

24. CucremMa mno nyHkTam 13-23, AOMNONHUTENBHO COAEpKallas LMJINHAPUYECKYIO
000JIOUKY MM JTaliHep, PACIOJIOXKEHHbIH BHYTPH LIEHTPAJIBHONW KaMepbl COKaTHsI JIsi OBICTPOTo
CKaTus JIalHEpA.

25. Cucrema mo myHKTam 13-24, MONOJHUTENBHO COZEpiKallas OJHO W3 3epKaja U
OTpa)kaTeJIbHOIO KOHYCA, MOJCOEIUHEHHOIO KO BTOPOMY KOHIYy LIEHTPAJIbHON KaMephl CXKaTHsI.

26. Cucrema IJ1s1 CIIUSTHUS U COKATUSI KOMIIAKTHBIX TOPOUAOB IJIA3MBbI, CONlEpIKalLiasi:

LEHTPAJIBbHYIO KaMepy,

napy AHaMeTPaIbHO MPOTUBOMOJIOKHBIX CEKIUN (POPMHUPOBAHUS,

OIHY WK OoJiee TUaMeTPasIbHO MPOTHBOIOJIOXKHBIX Map CEKIMH YCKOPEHUS U

omHy wiHm Oojee IUAMETPAIBHO TPOTUBOMOJIOKHBIX Tap  CeKLHH  CXKaTHA,
PACIIONIOKEHHBIX MEXKAY CEeKUMAMU (POPMHPOBAHHUS W CEKUUSIMU YCKOPEHMsSI, COCEITHUMH C
CeKIMsIMH (POPMHUPOBAHUS, W PACIIOJNIOKEHHBIX MEKAY LEHTPAJbHONH KaMepoll M CEeKUUSIMHU
YCKOPEHMS, COCEHUMHU C LEHTPAJIbHON KaMepoii,

OpU 3TOM CHCTEMa BBINOJHEHA C O0ecredeHneM BO3MOXKHOCTU —CTyNEHYaTON
CUMMETPUYHON TMOCJIENOBATENbHOCTH (POPMHUPOBAHUS KOMIIAKTHBIX TOPOHUZOB, aKCHAJIBHOIO
YCKOPEHHsI MOCPENCTBOM AKTHBHBIX MArHUTHBIX KaTYIIEK BOKPYI CEKUMUH (OPMHPOBAHUS H
YCKOPEHHUsI, TACCUBHOTO aANabdaTUYECKOro CXKATHUS KOMIIAKTHBIX TOPOHMIOB BHYTPU KOHUYECKU

CY>KaIOIIErocsi KOHCEpBEpa MOTOKA CEKLMM CXKATUsl U MATHUTHOIO CXKaTHUsl BHYTPU LIEHTPAJIBHOU
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KaMephbl.

27. Cucrema mo mn. 26, mpuYeM Kamepa CKaTUsl BbINIOJHEHA C BO3MOXHOCTBIO
MAarHUTHOTO C>KaTHsl KOMIIAKTHBIX TOPOUOB MTOCJIE UX CTOJIKHOBEHUS U CIUSHHUS.

28. Cucrema mo m. 26 u 27, npudeM CeKUMsIM (POPMHPOBAHUS, CEKIUSAM YCKOPEHUS U
LIEHTPAJIbHON KaMepe NpUAaHa WWIMHAPUYecKas Gpopma, MpUueM AUaMeTphbl CEKIUI YCKOPEeHUs
MEHbIIIE, YeM IHaAMETPbl CeKIMH (OPMHUPOBAHMS M MEHbINE, YeM NPEeNLIeCTBYIOINAs CEeKIIHs
YCKOPEHHsI B HANpaBJIeHUH OT CeKUuH (OPMHPOBAHUS K LIEHTPAIbHOW Kamepe, a JUaMeTp
KaMephl C:KaTHsI MEHBLIE, YeM AUaMETPbl CEKLINH YCKOPEHUs.

29. CucremMa mo myHKTaM 26-28, mpuueM CeKUMsIM CKaTus MpUaHa YyCedeHHas
KOHHMYecKasi (popma, mpudeM AMaMeTp CEKLUHU CKaThs OOJibIle HAa MEPBOM KOHIE, YeM Ha
BTOPOM KOHII€, TNpPH S3TOM BTOPOH KOHEI[ KaXIOW CEeKUHUM CXKATUs SIBISIETCS ONKe K
LEHTPAJIbHON Kamepe, 4eM MePBbIi KOHELl

30. Cucrema no myHKTam 26-29, mpu4eM ceKuuu (pOpMHUPOBAHUS, OHA WK Oojee map
CeKIMI CKXaThsg H OAHA WM Ooyiee Tap CEeKUUH YCKOPEHUs SBISIIOTCS aKCHAIBbHO
CUMMETPUYHBIMHU.

31. Cucrema no nyHkrtaMm 26-30, mpuyeM MHOXECTBO AKTHBHBIX MArHUTHBIX KaTyIIEK
pAcIONO’KEHO BOKPYT M AKCHAJIbHO BJAOJb CEKIUH (OPMHPOBaHUS, CEKUMH YCKOPEHUS U
LEHTPaJIbHOU KaMePBHI.

32. CucremMa nmo myHKTam 26-31, MOMOJHUTENBHO COAEp’Kallas TPUITEPHbIE CHUCTEMBI
yIpaBJIEHUs] U TEPEKIIOYEHHUs, BBINOJHEHHbIE C OOECNeUYeHHeM BO3MOXHOCTH CTYIEHYATON
CUMMETPHYHOH IOCIEeNOBATEIbHOCTH (HOPMHUPOBAHHUS KOMIIAKTHBIX TOPOHAOB B CEKLIMSIX
(dbopMUpOBaHUS 1 AKCHATIBHOTO YCKOPEHUS B CEKLIUSIX YCKOPEHUS.

33. Cucrema no m. 32, mpu4yeM TPUTTEPHBbIE CUCTEMbI YIIPABICHUS U TMEPEKITIOUEHHUS
JOTOJIHUTEIBHO BBINOJIHEHbI ¢ 00€CIIeYeHnEM BO3MOKHOCTH MarHUTHOTO CXKAaTHSI KOMITAKTHBIX
TOPOUJIOB AKTUBHBIMM MAarHUTHBIMM KaTyIIKaMU B CTYNEHYaTOM IOCJIENOBATEIbHOCTH,
CJIEAYIOIIEH 3a CTYNEeHYaTOH MOCIEeA0BATEIbHOCTEIO (POPMUPOBAHUS KOMITAKTHBIX TOPOHJIOB, U
AKCHAJIBHOTO YCKOPE€HUS] aKTUBHBIMU MATHUTHBIMU KaTYLIKAMH.

34. Cucrema no mn. 32, mpu4yeM TPUITEPHBbIE CUCTEMBbI YIIPaBICHUs U MEPEKIIOUEHUs
BBIITOJIHEHBl C BO3MOYKHOCTBIO CHHXPOHHU3ALMH (POPMUPOBAHUS M YCKOPEHUS KOMITAKTHBIX
TOPOHIIOB B Mape CeKUUU (POPMUPOBAHUS U CHHXPOHHU3ALMH YCKOPEHHS] KOMITAKTHBIX TOPOHUIOB
B OJTHOU Wik OoJiee map CeKLHA YCKOPEHUSI.

35. Cucrema nmo mn. 33, mpu4yeM TPUITEPHBIE CUCTEMBbI YIIPaBICHUsS U MEPEKIIOUEHUs
JOTOJIHUTEIBHO BBITOJHEHBI C BO3MOKHOCTBIO CUHXPOHU3ALUHU CKATUS KOMIIAKTHBIX TOPOUIOB
¢ (opmupoBaHHEM U YCKOPEHHEM KOMIIAKTHBIX TOPOHIOB B CEKIUMH (HOPMUPOBAHUS MU C

YCKOPE€HHUEM KOMIIAKTHBIX TOPOUAOB B CCKIIMH YCKOPCHMUS.
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36. Cucrema mo mnyHKTaM 26-35, NpUYeM CEKLUU C)KaTUA PAaCMONOXEHbl MEXIY
LEHTPAJIbHOU KaMEPOU U COCEHUMH CEKLUSMU YCKOPEHUS.

37. Cucrema no nyHkTaMm 26-36, TOMOJHUTENBHO COAEprKallas MHOKECTBO MarHUTHBIX
KaTylLIeK [MOCTOSIHHOIO TOKA, PACIOJIOKEHHBIX BOKPYT U aKCUAJIBHO BAOJb LEHTPAJIbHONU KaMepbI
CKaTUs U CeKUui (POpPMHUPOBAHMSL, CXKATHSA M YCKOPEHMS MJISI CO3MAHUSI CMEINAIOIIEero WM
HAIpPaBJSIOLIEro IOJsl IMOCTOSHHOIO TOKA, HAXOAALIErocs BHYTPH U IPOCTUPAOILErOCs
aKCHAJbHO 4Yepe3 ILEHTPAJbHYI0 KaMepy CXKaTHs W CeKUMM (OpPMHUpPOBAHUS, CXKAaTUA H
YCKOPEHHUS.

38. Cucrema no mnyHkTam 26-37, IONOJNHUTENBbHO COAepiKaas LUIHHIAPHIECKYIO
00OJIOUKY WM JTAHHED, PACTIOJOKEHHBII BHYTPH LIEHTPAJIbHON KaMepbl CIKaTHs, JJisi ObICTPOro
CKaTuUs JIaliHepa.

39. Croco® cnusHUS M CKaTHA KOMIIAKTHBIX TOPOHMIOB IUIA3Mbl BHYTPH CHCTEMBI,
coziepKaliel HEHTPAIbHYIO KaMepy, THaMeTPaIbHO MPOTHBOIOIOKHBIE CEKIIMU (POPMHUPOBAHHS,
OIHY WM OoJiee CTyreHel YCKOPEHUs] U MHOXKECTBO CTYTeHEeH CHKaTHsl, PACIOIOKEHHBIX MEKAY
CeKIMsIMA (POPMHUPOBAHUS M COCEAHMMHU CTYNEHSMH YCKOPEHMsS U LEHTPAJIbHOW KaMepou u
COCEIHUMH CTYTICHSIMHU YCKOPEHHSI, TIPU 3TOM 3Tallbl BKJIIOYAIOT B CEOsT:

¢dopMHpOBaHHE M YCKOPEHHE KOMIIAKTHBIX TOPOWAOB B CTYNEHYATOW CHMMETPUYHON
NOCJIEIOBATENIbHOCTH BHYTPH CEeKLUH (OPMUPOBAHMUA M CTYNEHEH YCKOpEHHs K cpenHei
IJIOCKOCTH LIEHTPAJIbHON KaMepHhl,

NACCUBHOE a1MabaTHYEeCKOe CKaTHe KOMIIAKTHBIX TOPOUIOB BHYTPHU CEKLIMH CHKATH, U

MarHUTHOE CKaTHe CAMBLIETOCs KOMINAKTHOIO TOPOUA BHYTPH LIEHTPAJIBbHON KaMephl.

40. Cniocob o 1. 39, nmpudem 3tarsl GOPMHUPOBAHUS, YCKOPEHUS U CKATHSI KOMITAKTHBIX
TOPOUJZIOB MPUBOAAT K CTAJKUBAHUIO U CIUSHUIO KOMIIAKTHBIX TOPOUAOB BHYTPHU LIEHTPAJIbHOU
Kamephbl.

41. Cnocod6 mo mynkram 39 u 40, mpuuem 3tanbl (OPMHUPOBAHUS U YCKOPEHUS
KOMITAKTHBIX TOPOHJOB BKJIIOYAIOT B Ce0s 3amMUTKy AaKTHUBHBIX MArHUTHBIX KAaTyIIEK,
PACIIONIOKEHHBIX BOKPYT M aKCHAJIBHO BAOJIb CEKIHH (POPMUPOBAHMS U CTYTIEHEH YCKOPEHHS.

42. Cniocob mo nyHkTam 39-41, mpudeM 3Tan CKaTHUS KOMITAKTHBIX TOPOUIOB BKJIFOYAET
B ce0sl epeHOC KOMITAKTHBIX TOPOHMIOB 4Yepe3 KOHMYECKH CYKAIOLINeCs KOHCEPBEPBI MOTOKA
CTYIIEHEH CHKaTHS.

43. Criocob no nmyHkTam 39-42, mpudeM >Tan GOPMUPOBAHUS U YCKOPEHUS KOMITAaKTHBIX
TOPOHMIOB JIOTMOJHUTENBPHO BKJIIOUAeT B Cce0fd CHHXPOHHOE BKJIIOUEHHE JIHAMETPAJBHO
MIPOTHUBOIOJIOXKHBIX Map AKTUBHBIX MArHUTHBIX KaTyLIEK, PACIOJIOKEHHBIX BOKPYI U BAOJb
CeKIHil GOPMUPOBAHMS U YCKOPEHHUSI.

44. Cnocob mo m. 43, mpudeM 3Talm MarHUTHOTO C)KATHS CIIMBINETOCS KOMITAKTHOTO
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TOpOMIA BKIKOYAaeT B ce0sf CHHXPOHHOE BKJIKOYEHHE AKTUBHBIX MATrHUTHBIX KaTYIIEK,
PacHoJIOXKEHHBIX BOKPYI M BIOJb KaMepbl CXKaTUsl, C BKJIOYEHHEM AaKTHUBHBIX MAarHHUTHBIX
KaTYLIEK, PACIIOIOKEHHBIX BOKPYT U BIIOJIb CEKINH (POPMUPOBAHMS U YCKOPEHUSI.

45. Cnoco® mo mnyHkTam 39-44, mpudeM CEKLHUH CXKATUS PACIOJOXKEHbl MEXKAY
LIEHTPaJIbHONU KaMEPOH U COCEHUMHU CTYNEHAMH YCKOPEHHUsI.

46. Ciocod® mo myHKTaM 39-45, MOMOSHHUTENBPHO BKIIOYAIOLIMH B ceOsl STan reHepanyu
HANPAaBJSIOLIEr0 IOJs MOCTOSHHOIO TOKA, HAXOMALIErocss BHYTPU M NPOCTUPAIOLIETOCs
aKCHAJIbHO 4Yepe3 KaMmepy CxKaTus, CeKUnud (POPMHUPOBAHMSA, CTYNEHH YCKOPEHUS U CTYNEHHU
CoKaTHsl.

47. Cnoco0 ciauMsHUS W CXKATHS KOMIIAKTHBIX TOPOUIOB ILJIa3Mbl BHYTPHU CHUCTEMBI,
cofepKalledl LEeHTPAJIbHYI0 KaMepy, CEeKUHI0 (OpPMHPOBAHHUS, OAHY WM Oojiee CTyNeHei
YCKOpPeHHss W OfHy WM Oojee CTymeHeH CXKaThs, PACIOJOKEHHBIX MEXIy CeKIHe
(bopMHUpOBaHUS U COCENHEH CTYNMEHBI YCKOPEHHS M COCEOHHMH CTYIMEHSIMH YCKOPEHHMS, MPHU
3TOM 3TaIlbl BKIFOYAIOT B CEOS:

dopMHupoBaHNE H YCKOPEHHE IIE€PBOrO KOMIIAKTHOTO TOPOHMIA B CTYHNEHYaTOH
NIOCJIEIOBATEIbHOCTH BHYTPHU CEKLUHU (OPMUPOBAHMS U OJHON MM OoJIee CTyneHel YCKOpeHus
K CpelHEeHW IIJIOCKOCTH LEHTPAJIbHOM KaMmepbl IJisl CTOJKHOBEHMsI U CIHUSHHUS CO BTOPBIM
KOMITAaKTHBIM TOPOUJIOM,

NACCUBHOE aAMabdaTHYeCKOe CXKaTHe KOMIIAKTHOrO TOPOHMJA BHYTPU ONHOW mim Oonee
CEKITUI CXKaTUs, U

MarHUTHOE CXKaTHE CJIMBLIETOCS KOMIIAKTHOIO TOPOUJA M3 IMEPBOIO U BTOPOro
KOMIIAKTHBIX TOPOUJOB BHYTPU LIEHTPAJIbHON KaMephL.

48. Cnocob mo m. 47, mpuuem 3Tanbl GOPMUPOBAHMS, YCKOPEHUS U CKATHSI MEPBOTO
KOMITAKTHOTO TOPOMJ1a MIPUBOASAT K CTOJKHOBEHMIO U CJIUSHUIO NMEPBOrO KOMIAKTHOIO TOPOUAA
CO BTOPBIM KOMIAKTHBIM TOPOUAOM BHYTPH LEHTPAIBHON KaMepsbl.

49. Crocod mo m. 47 u 48, mpuyeMm >Tanbl (HOPMHUPOBAHHS M YCKOPEHHS TEPBOTO
KOMITAKTHOTO TOPOMIA BKJIFOYAIOT B ceOsl 3aIUTKy AKTUBHBIX MAHUTHBIX KAaTYIIE€K BOKPYT U
aKCHAJIbHO BIOJb CEKUUH (POPMUPOBAHUS U OJHON MK OoJiee CTyMeHel yCKOPEHHUSI.

50. Cnocob mo mynkram 47-55, mpuuem 3Tam CKaTHsl MEPBOTO KOMITAKTHOT'O TOPOHIA
BKJIFOYAET B ceOsl MEPEeHOC KOMMAKTHOIO TOPOMIA Yepe3 KOHHYECKU CY)KAIOLIUICS KOHCEPBEp
IIOTOKA OAHOM miu OoJiee CEeKLUT CxKATHSL.

51. Cnoco0 mo myHkTam 47-56, mpuuem 3tan (OPMHUPOBAHUS U YCKOPEHHUS INEPBOTO
KOMITAKTHOTO TOPOH/Ia JOTIOJIHUTENBHO BKJIOUAIOT B C€0s1 CHHXPOHHOE BKIIFOYEHHE AKTHUBHBIX
MarHUTHBIX KaTYIIEK, PACIOJIOXKEHHBIX BOKPYT U BIOJIb CEKUMH (OPMHUPOBAHUS U YCKOPEHHS C

NMO3ULMOHHUPOBAHUEM BTOPOI'0 KOMIIAKTHOT'O TOPpOUAA BHYTPU LIGHTp&J'IbHOfI KaMEphbL.
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52. Cnocob mo myskTam 47-51, npudem oxHa win Oosee CTyneHel CKaTHs pacIiooKeHa
MEKIy LEHTPAJIbHON KaMepOH U COCEHEN CTYNMEHBI0 YCKOPEHUS.

53. Cnocob no myHKTam 47-52, NOMOJMHUTENBHO BKJIIOYAKOIINN B ceOs 3Tan reHepaunuu
HAaNpAaBJSAIOLIEr0 IMOJs IOCTOSIHHOTO TOKA, HAaxXOMALIErocss BHYTPU M INPOCTHUPAIOLIETOCs
aKCHAJIbHO dYepe3 Kamepy CxkaTus, CeKUMd (OpMHUPOBAHMA, CTYNEHM YCKOPEHUS U CTYNEHHU
CoKaTuUsl.

54. Cnoco0b mo nmyHkTam 47-53, NONOTHUTEIbHO BKJIFOUYAIOLIUI B ceOs ATarbl

dopMHpOBaHHE H YCKOPEHHE BTOPOrO KOMIAKTHOTO TOpPOHMIA B CTYNEHYATOH
NOCJIEIOBATEIbHOCTH BHYTPU CEKLUHU (HOPMUPOBAHHS U OJHOW MJIH OOJiee CTymeHel YCKOpeHus
K CpelHel MIOCKOCTU LIEHTPaJIbHONW KaMephl,

NacCUBHOE annabaTHYeCKOe CKAaTHe BTOPOTO KOMIIAKTHOI'O TOPOUIA BHYTPH OIHOM WU
OoJiee CTymeHel CxKaTus, U

CMeELIeHHEe BTOPOro KOMMIAKTHOIO TOPOWJA HAa3ad K CPEAHEH IMJIOCKOCTH LEHTPAJIbHOU
KaMepbl, B TO Bpe€Msl KaK OH INPOXOAUT 4Yepe3 LEHTPAJIbHYK) KaMepy C 3€pKajJoM, KOTOpOe
PacnoIOKEeHO NMPUJIETAIOIINM K KOHIlY LIEHTPAJIbHON KaMephl.

55. Cnocob mo myHkTam 47-54, NOMOTHATETFHO BKITIOYAOIIUHN B ceOs STarbl

dopmMHupOBaHHE M YCKOPEHHE BTOPOrO KOMMAKTHOTO TOPOMIA B CTYNEHYATOH
NOCJIEIOBATENIbHOCTH BHYTPHU CEKLUHU (OPMUPOBAHMSA U OJHON MM OoJiee CTyneHell yCKOpeHus
K CpeJHel MJIOCKOCTU LEHTPAJIbHONW KaMephl,

NACCHUBHOE ainabaTHYeCcKoe CKaTHe BTOPOrO KOMIIAKTHOI'O TOPOUZA BHYTPH OIHOM WIN
Oonee cryneHel CkaTHsl, U

CMeIleHHEe BTOPOr0 KOMIIAKTHOTO TOPOMJA Ha3aj K CPEAHEH IUIOCKOCTH LEHTPAJIbHOU
KaMepbl, B TO BpeMsl KaKk OH IPOXOAUT 4Uepe3 LEHTPAIbHYI0 KaMepy C OTPa’KaTeIbHbIM KOHYCOM,
KOTOPBIN PacMONOKeH MPUJIETa0INM K KOHLY LIEHTPaJIbHON KaMephbl.

56. Cucrema nmo myHkTam 1-38, mpudyeM KOMIAKTHBIE TOPOHUbI MPEICTABISIOT COOOH
OHO W3 CTApPTOBOM IUIa3Mbl MOJsi ¢ oOpameHHOH MarHuTHOH KoH(purypauuedn (FRC) u
cepomaxa.

57. Cucrema no nyHktam 1-38, mpuueM ceKIHMM CxKaTus 00pa30BaHbl M3 MPOBOISIIETO
MarepHaia, a IeHTpajJbHast Kamepa C)KaTHsl U CeKUUH (POPMHUPOBAHUS U YCKOPEHHsT 0Opa30OBaHbI
13 HEMPOBOASILETO MaTepHaa.

58. Cnoco6 mo mynkTtam 39-55, mpu4yeM KOMIAKTHBIE TOPOHUbI MPENCTABISIOT COOOH
onHo u3 craptoBoi asmel FRC u chepomaka.

59. Cnocob no myHkram 39-55, mpuuem cekumMu cxxatus 0O0pa30BaHbl M3 MPOBOISINETO
MarepHaia, a eHTpajJbHas Kamepa C)KaThsl U CeKUUN (POPMHUPOBAHUS U YCKOPEHHsT 0Opa30BaHbI

U3 HEIIPOBOIALICTIO MaTEpuala.
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D®OPMVYJIA H3OBPETEHUA

1. Crmoco® cnusAHMSA W CKaTHg KOMIIAKTHBIX TOPOMAOB IUIa3Mbl BHYTPU CHCTEMBI,
cozeprKaliei HeHTpaibHy0 kamepy (20), nnaMeTpalibHO IPOTHBOMOJIOXKHBIE cekuun (12N, 125)
(bopMHpOBaHUs, MHOKECTBO AaKTHBHBIX MAarHUTHbIX KaTymek (32N, 32S), pacrnojokeHHBIX
BOKPYI U AKCHAJIbHO BIOJIb CeKLil (opmupoBanusi, ogHy wiu Oonee cexuuii (16N, 16S)
ycKOopeHHst, MHOXecTBO cekiuit (14N, 14S) cxxaTus, BBIIOJIHEHHBIX ¢ KOHUYECKH CY KAIOIUMCS
KOHBEPTEPOM U PACIOJIOKEHHBIX MEKAY CEKLHMAMHU (POPMHPOBAHMUS M COCEAHUMH CEKLUSIMH
YCKOPEHHUs] U pACIOJNIOKEHHBIX MeEXIy LIEHTPAIbHON KaMepoll M COCeIHUMHU CEeKLHUSIMU
YCKOPEHHUsI, U MHOXKECTBO AKTHBHBIX MAarHMTHBIX Katymek (36N u 36S), pacnoyiosKeHHbIX
BOKPYT M aKCHAJIBHO BIIOJIb cekimu (16N, 16S) yckopeHus, Ipu 5TOM 3TaIlbl COAEPIKAT:

¢opMHpOBaHHE M YCKOPEHHE KOMIIAKTHBIX TOPOUAOB B CTYNEHYATOH CHUMMETPHYHON
NOCJIEIOBATEIbBHOCTH BHYTPH CEKUHMH (POPMHUPOBAHUS M CEKLUH YCKOPEHHUs K CpemHei
IUIOCKOCTH LIEHTPAJIbHOM KaMepkl,

NACCUBHOE aInabaTHIECKOe CXKATHE KOMITAKTHBIX TOPOMIOB BHYTPH CEKLIUN COKATHSI, U

MarHUTHOE CXKaTHe CIUBLIEr0oCsl KOMIIAKTHOIO TOPOUa BHYTPU LIEHTPAJIbHOM KaMephl.

2. Cnocob mo m. 1, MOMOJHUTENBHO COACPIKALIMHA STambl CTAJIKUBAHHUS M CIHSHUSA
KOMIIaKTHBIX TOPOUAOB BHYTPHU LIEHTPAJIbHON KaMephl.

3. Crmocob mo mobomMy u3 myHKTOB | M 2, mpuueMm stan (pOPMHPOBAHUS U YCKOPEHUS
KOMIIAKTHBIX TOPOUAOB COAEPKUT 3aNMUTKY YMOMSHYTOIO MHOKECTBA AKTHUBHBIX MAarHUTHBIX
KaTyIIEK, PACIOJOKEHHbIX BOKPYI M aKCHAJIbHO BAONb CEKLUH (HOPMUPOBAHHMS U CEKLUH
YCKOPEHHUSI.

4. Cnocob mo mobomy u3 myHKTOB | u 2, mpudeM stan (OPMHUPOBAHUS U YCKOPEHHS
KOMIAKTHBIX TOPOUIOB IOIMOJHUTEIBHO COMEPKUT CHHXPOHHOE BKJIIOUEHHE JMAMETPAJIbHO
MPOTHBOIOJIOKHBIX Tap AKTUBHBIX MAarHUTHBIX KaTyIIEK, PacCIOJOXEHHBIX BOKPYr M BJAOJb
CEeKIHi (POPMUPOBAHUS U CEKLIUN YCKOPEHHUSI.

5. Cnoco® mo myHKTY 3, mpuueM 3Tan (HOPMHUPOBAHUS U YCKOPEHHUsS] KOMITAKTHBIX
TOPOMZIOB  JOMOJHUTENBHO  COAEPKUT  CHHXPOHHOE  BKJIIOUEHHE  JUaMeTPajbHO
NPOTUBOMOJIOXKHBIX Map aKTUBHBIX MAarHUTHBIX KaTyIIEK, PAaCIOJOXXEHHBIX BOKPYI U BAOJb
CeKIH (POPMUPOBAHUS U CEKLIUN YCKOPEHHUSI.

6. Croco® mo myHKTY 4, MpUYeM 3Tal MAarHUTHOTO CXKATHS CJIMBLIETOCS KOMIIAKTHOTO
TOPOMJIa CONEPIKUT CUHXPOHHOE BKJIFOUEHHE aKTUBHBIX MAarHUTHBIX KaTyLIEK, PACIOJOKEHHBIX
BOKPYI W BJOJIb LIEHTPaJbHONH KaMepbl, C BKJIOUEHHEM AaKTUBHBIX MAarHUTHBIX KaTyLIekK,
PACIIONIOKEHHBIX BOKPYT U BJIOJIb CEKIIMH (POPMUPOBAHUS U CEKIIUN YCKOPEHUSI.

7. Crioco® 1o MyHKTY S5, MpUYeM 3Tal MAarHUTHOTO CXKATHSl CJIMBLIETOCS KOMIIAKTHOT'O

TOpOHUAa COACPKUT CUHXPOHHOEC BKJIFOUCHUEC AKTUBHBIX MArHUTHBIX KAaTYLICK, PACIIOJOKCHHBIX
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BOKPYI W BIOJb LEHTPAJBbHOW KaMmepbl, C BKIIOYEHHEM AaKTHUBHBIX MArHUTHBIX KaTyIIeK,
PACIIONIOKEHHBIX BOKPYT U BIIOJIb CEKIHMI (POPMUPOBAHUS U CEKIIUN YCKOPEHUSI.

8. Cnocob mo mobomy U3 MyHKTOB 1-7, MOMOJHUTENBHO CONEpPIKAINUI 3Tal IeHepaLuu
HAIpaBJISIOLIEr0 TOJs MOCTOSHHOTO TOKAa BHYTPH U IPOCTUPAIOIIMMCS aKCHAJIBHO uepes
LIEHTPAJIbHYIO KaMepy, CeKIHH GOPMUPOBAHNS, CEKLIH YCKOPEHUS M CEKIIMU CIKATHUS.

9. Cnoco® mo moboMy U3 MyHKTOB 1-8, mpu4eM KOMIAKTHBIE TOPOMABI MPEACTABISIOT
co0OH OFHO W3 CTApPTOBBIX IUIA3M MOJsI ¢ oOpameHHONW MarHuTHOM KoH(purypauueii (FRC) u
cepomaxa.

10. Cnocob6 mo mrobomy U3 TyHKTOB 1-9, mpuyeM CeKUuu CKaThsg OOpasoBaHbl W3
NPOBOSIIEr0 MaTephajia, a LeHTpajbHAs Kamepa W CeKUUH (POPMHPOBAHUS U CEKLUH
YCKOpEHHUsI 00pa30BaHbl U3 HEMTPOBOASIIETO MaTepHAaIa.

ITo noBepeHHocTH
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