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IIpenmmoxkena cucrema cnwH-dIAIa, 0OECIEINBAOINIAS MHOTOKPATHBIE TIEPEBOPOTHI MOJISIPU3AIUN TIPOTO-
HOB B pexXume COUHOBOIT IIPO3PAYHOCTU B CBEPXIIPOBOAAIIEM CUHXPOTPOHE HyKJIOTpOH OpUu UMITYJIBCE IIyYIKa
3.54 5B /¢, cOOTBETCTBYIOIMEMY TETOIUCIEHHOMY CIIMHOBOMY pe3oHaHCy YG = 7. YTIpaB/ieHne CIIMHOM TaCTHIT
OCyHIECTBJIFACTCA HABUTaTOPOM Ha OCHOBE IITATHBIX KOPPEKTUDPYIOMINX ILHHOHeﬁ. HpI/IBe,ILeHI)I pe3yabTaThbl IUC-

JIEHHOT'O MOJEC/JINPOBaAHUA COUHOBOI JAUHAMHKH IIPOTOHOB B pexKUMax CHI/IH—(bJII/IHa, n a,ZLI/Ia6aTI/I‘{eCKOI‘O 3axBaTa
TMOJISIPU3aIiy TPOTOHOB HABUTATOPOM IIPH JIOCTABKE IMydYKa B 0bsacTh pesonanca yG = 7. ObcyxmaeTcs BO3-
MOXKHOCTH KCITEPUMEHTAJIFHOM MPOBEPKU CUCTEMBI crnH-(una nmporonoB B Hykmaorporne. st mpoBenenns

MUJIOTHOTO IKCIIEPUMEHTA MPEJTIOZKEHA CXeMa COXPAHEHUS TIOJISIPU3AIMN TPOTOHOB 110 nMItyibca 3.54 9B /¢ ¢
TIOMOIIIHIO TTPETHAMEPEHHOTO YBEJIUIEHISI MOITHOCTEHN MEeIOYNCIEHHBIX CIMHOBBIX PE30HAHCOB 33 CIET KOHTPO-
JINPYEMOrO OTKJIOHEHUsI 3aMKHYTON OpOUTHI KOPPEKTUPYIOIIMMHY JUIIOJSIMU B IIPOIIECCE YCKOPEHUsI 1y IKa.

DOI: 10.31857/S1234567823180027, EDN: wpjswo

BBenenne. Konrpoaupyemoe BpaleHue mossipu3a-
UM [yYKOB YACTHUI B HAKONUTENIX WM KOJUIaiigepax
SIBJISIETCSI KPUTUIECKOHW KOMIIOHEHTOW MOJISPU3AIMOH-
HBIX 9KCIIEPUMEHTOB [0 PAa3rajike CIUHOBOIO KPU3MCA
B [IyGOKOHEYIIPYrOM paccesiHuu 1], TOHKNM CIMHOBBIM
SIBJICHHSIM B KECTKHMX IIporieccax [2, 3] u mpoBepkam
dbyunamenTanbubix cummeTpuit [4] kak HA COBpeMeH-
HBIX, TAK W IUIAHAPYEMBIX HAKONUTEIAX M KOJLIaiiie-
pax, takux kak NICA (Nuclotron based Ion Collider
fAcility, O6benunenusiit Tucturyr Anepubx Uccitemo-
sauuii, r. Iy6ua) [5, 6] u EIC (Electron-Ion Collider,
Brookhaven National Laboratory, USA) [7]. Bmecre ¢
TEéM, BO3MOXKHOCTH HAKOILJIEHUsI IIyYKOB C OTJIMIHOM OT
BEPTUKAJILHON IIOJIdpU3alueil Jajieka OT peUIeHUsd, B
0CODEHHOCTH J1JTsI TTOJISTPU30BAHHBIX TEATPOHOB B TOUYKE
BCTpeYN MydYKOB B Kojutaiizepe. B c¢Bsi3au ¢ aTuMm oco-
00 mpuBIeKaTeIbHA paboTa B TaK Ha3LIBAEMOM PEXKUME
crimHoBO# pospagnoctu (ST pexkume), MpeIoXKEHHOM
B paborax (8, 9]. B qacTHOCTH, [JIs pA3ra KU CIIUHOBOIO
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KPU3UCa UMIIEPATUBHO TIyODOKOHEYIIPYTO€ PACCESTHUE HA
HOJIAPU30BAHHBIX HEHTPOHAX, U B POJIU HEATPOHOB MOK-
HO MCTONb30BaTh Wi jefirponst, wmm “He [10]. Onprr
HAKOILJICHHA T10J1gpu3oBanuoro SHe BBICOKOI sHeprun
OTCYTCTBYeT, OIHAKO JIJIsi KOHTPOJIs ToJistpu3arumn ©He
MOKHO UCIIOJIb30BATH AHAJOTUIHbBIE METOJIbI, AIIPOOUPO-
BaHHBIE HA TOJSPU30BAHHBIX mporonax [11]. s pa-
6orsl Ha EIC ¢ nossipu3oBaHHbIME JEHTPOHAMY €IMH-
CTBEHHO PEAJIUCTUIECKON IIPEICTABIIACTCS TEXHUKA CIIU-
HOBOI1 ipospaunocTH [12].

Nwnmenno ST pexxum paccMaTpuBaeTCst KaK Oa3UCHBII
ISl 9KCIIEPUMEHTOB C MOJIIPU30BAHHLIMU IIPOTOHAMU U
JlefiTpoHamMu B ycKopuTesbHOM Komiiekce NICA [13].
B sTom yHukambHOM pe:kmMe padodasi TOUKA BBIOWPA-
eTCsl B OKPECTHOCTH II€JI0UUCJIEHHOIO (IeJIOr0) CIIMHO-
BOI'O PE30HAHCA CO cTabman3anueil TpedyeMoil opueHTa-
WY TOJISIPU3AIMA B TOYKE B3AUMOIEHCTBUS U €€ yIpaB-
JIEHWEM CHUHOBBIMU HABUTATOPAMU — yCTPOWCTBAMU HA
6aze cjaabbIX MATHUTHBIX I0JIEH, KOTOPhIE IIPAKTHIECKU
HE M3MEHAIT OPOUTAJIBHBIX XAPAKTEPUCTUK IIyYKa, IPU
MAHUIYJIANUAX HanpasieHneM nossipusamun [14]. o-
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cromacTtBoM ST pexuma sBJsieTCs BO3MOXKHOCTH pea-
Jmsaiuy cucreMbl cinH-dumna (SF-cucremsr), no3soiis-
IOMIEl OCYIECTBIISTh MHOTOKPATHBIE TEPEBOPOTHI CITH-
HOB BO BpeMsl IIPOBEJIEHUsT SKCIIEPUMEHTA, YTO IPUBOIUT
K 3HAYUTEIbHOMY YMEHbBIIIEHUIO CUCTEMATHIECKUX OIIHU-
BOK IOJIyYEeHHBIX 9KCIEPUMEHTAJBHBIX JaHHbIX [15-17].

B srcnepumenTasbHo mpoBepeHHBIX SF-cncremax,
OCHOBaHHBIX HA IIEPECeYCHUN WHIYIIUPOBAHHOIO CIIMHO-
BOro pesonanca ¢ momombio RF-marnuros [18], mpun-
[UIUAJIBLHO TTPOUCXOINUT, XOTh W HE3HAYUTEJbHAs, Jie-
MOJISIPU3AIS IPU KarKJIOM II€PEBOPOTE CIUHA, 9TO B
UTOre OIPAHUYUBAET MAKCUMAJHHOE YHUCJIO IIEePEBOPO-
ToB noJsspusanuu. Tak, B kosnaitaepe RHIC mpu wmc-
nonb3oBanuu Takoi SF-cucrembr ma RF-munonsx 6bi-
JIa, SKCIEPUMEHTAJBHO ITPOJEMOHCTPUPOBAHA BBICOKAS
s deKTUBHOCTE epeBopoTa CIMHOB Ha yposHe 97 % B
Jquarasone suepruit or 24 10 255IB [19], yemy coor-
BETCTBYET MaKCUMAJIbHOE JOIIyCTUMOE YUCJIO TIEPEBOPO-
TOB CIMHA BO BpeMsl 9KCIIEPUMEHTa TOPSIIKA HECKOJIb-
Kux JecaTkoB. OCOBEHHOCTBIO CUCTEMBbI CIUH-(DJINIA B
ST pexume sIBIISIETCsT OTCY TCTBAE PE30OHAHCHOM JIEIIOJIsI-
pHUBAINN IIyYKa, KOTOPasi UCKJIIYAETCs 33 CIeT CTabu-
JIN3AIUU CIIMHOBON YACTOTHI HABUTATOPOM B IIPOIECCE
[IEPEBOPOTOB CIIMHA. B pe3ysbraTe UCKIIIOYAETCS CaMa
BO3MOXKHOCTD TIepeCedYeHns IeJI0UNCTEHHOTO CITMHOBOIO
pPEe30HAaHCA.

st mpoToHOB B nuanazone umiryabcoB 1o 3B /¢
paccMaTpUBaJach BO3MOXKHOCTH SKCIEPUMEHTAJIBHON
npoBepkun ST pexkuMa Ha MEIbIX CIIMHOBBIX DPE30HAH-
cax B HykJioTpoHe, KOTODBINl SIBISIETCSI MHXKEKTOPOM
IIOJIAPU30BAHHBIX IIPDOTOHOB U JEUTPOHOB B KOJLIAIED
NICA [20, 12]. Bsuia npe/yiosKeHa U IPOMOJIEJIMPOBAHA
[IPEJICTABJISIONIASICS ONTUMAJIBHON HA HU3KUX SHEPIUSIX
SF-cucrema mpoToHOB Ha 6a3e CHMHOBOTO HABUTATODA,
PEaIM30BAaHHOTO € IOMOIIBIO JIBYX CJIA0BIX COJIEHO-
uios [17]. HaBuraropHble COJIEHOMJBI C HMHTErPAJIOM
moJtst 710 0.3 Tur - M, moMUMO yTIpaBJIeHUS TOJISTpU3AIIAeit
IIPOTOHOB, IIO3BOJIAIOT ODECIIEYUTH A NADATUIECKOE
[epecevenne MeJIblX Pe30HAHCOB C COXPAHEHUEM I0JIs-
pU3anuu B IIPOIECCe YCKOPEHUs IMyYKa 10 UMITYJIbCA
3TsB/c [21]. OpxHaxko st BBLIIOJHEHAS TAKUX IKC-
[IEPUMEHTOB  TpebyeTcss 3aMeTHasi MOJIEPHUBAIMS
Hyxiorpona 111 BBeJIeHUST HABUTATOPHBIX COJIEHOWJIOB
B CTPYKTYPY CHHXPOTPOHA, KOTODPBIi B HACTOSIIEE
BPEMsI HCIIOJIb3YeTCsl KaK HHXKEKTOP PeJISITUBUCTCKUX
sanep B kosunaigep NICA jyist BBINOJHEHUs TEPBOOYE-
pe/iHOi TIporpaMMbl HcciienoBanuii B gerekrope MPD
(Multi-Purpose Detector) [22].

BBujy HACYNIHOCTH 3KCIEPUMEHTAJILHON TPOBEPKH
npunipna ST, B paGore [23] OblLI HpeIoKeH IPHH-
L[UNNAJIbHO HOBBIA CIUHOBLI HaBUIaTOP, KOTOPBLIA He
UCIIOJIB3YEeT JIOTOJHUTEIbHBIE MATHUTHBIE TIOJIs, & CO-

3/1aeTCs HA OCHOBE MMEOIIUXCsl B MATHUTHOM CTPYKTY-
pe Hyknorpona mrraTHbIX KOPPEKTUPYIONIUX JTUIIOJIEI.
Waea Takoro HaBuUraropa OCHOBaHa Ha WHTEPMEPEHITN-
OHHOM YCHJIEHUU JEHCTBUS KOPPEKTUPYIOMIUX TUIIOJIEM
HA CIIMH 33 CYeT BO3HUKHOBEHUs JOMOJHUTEIbHBIX I10-
Jielt Ha BO3MYIIEHHOM 3aMKHYyTOI opbuTte. [Ipu Hu3KmMx
SHEPI'USX BO3MYIIEHWE OPOUTHI M HABUTATOPHAS dac-
TOTa OI'PAHUYUBAIOTCs aneprypoii kamepsl Hykiorpo-
Ha, HO allepTypPHble OrPAHUYEHNST CHUMAIOTCS C POCTOM
sueprun. 1Ipu sTom pacrer u jeiicTBHe HaBUraTOpa HA
CIIMHOBYIO IWHAMUKY. B OoTjm4me OT MpOIOJIbHBIX IT0-
Jieit TpebyemMble UHTErpasIbl JUIOJbHBIX HABAUTATOPHBIX
moJieit He pacTyT C SHepruei nmpu PUKCUPOBAHHOM 3HA-
YE€HUU HABUTATOPHON YaCTOTHI.

OnruMabHBIM JIJTsI IPOBEJIEHUs] SKCIIEPUMEHTa 110
nposepke ST pekuma € HABUTATOPHBIME JTUTOJISIME
nupezicTaB/geTcs uMILyJabe 1yuka 3.54 B /¢, coorser-
CTBYIOIIMIT IEJIOMYy CIHMHOBOMY pe3doHancy YG = 7
(3mecb G — aHOMAJIbHAS YACTH TMPOMATHUTHOIO OTHO-
mieHus, y — penagarusucrckuit dpaxrop). [Ipu TakoM nm-
IMyJibCeé W 3HAYEHUU HOPMAJIN30BAHHON BEPTUKAJBHOM
6eTaTPOHHOI YACTOTEI Iy B JHAIla30He OT 7 JI0 8 BCe
ellle MCKJII0YAeTCs IIepeceveHne OlacHOr0 BHYTPEHHETO
cIuHOBOrO pesonamca YG = vy, [21].

s ipoBeieHNsT MMJIOTHOTO dKcIepuMenTa B Hyk-
JIOTPOHE 110 TecTupoBanuio SF-cucreMbl MpOTOHOB HEOO-
XOJIUMO PeIeHue Psifia 3321 B HEUCCJIEJOBAHHOM paHee
pexxume ST

e pazpaborars SF-cucremy mpoToHOB Ha 6aze KOp-
pekTupyromux aunoseir Hykiaorpona;

® COXPaHUTh MOJISPU3AIMIO IIPU YCKOPEHUN ITPOTO-
HOB 10 3.54T9B/¢ ¢ TOMOIIBI0 KOPPEKTUPYIOIIUX
JIMTIOJIEN;

e obecmeunTh aanabaTUIECKUil 3axBaT MOJISIpPU3aA-
UM TPOTOHOB HABUIATOPOM B 00JIACTH IIEJIOTO
CHOUHOBOTO pe3oHaHca YG = 7.

[TocsietoBaTeIbHBII aHAIN3 9TOTO KPyTa HOBBIX 3a-
JIaY COUHOBOM JTUHAMUKHY SBJISIETCS TEMOM 9TOi pabOThI.
CdopmynupoBannbie TpeOOBaHUs HA TTAPAMETPHI IITAT-
HBIX KOPPEKTHUPYIONUX JIUIOJEN i HABUTAIWMHN CITH-
HOB TPOTOHOB B HyKJioTpoHE HANIYT HPUIOXKEHUS U
JJTsl YIIPaBJIEHUsI TIOJIspU3allieil TPOTOHOB B KOJLIAliIe-
pe NICA.

SF-cucrema mpoTOHOB Ha 6a3e KOPPEKTUPYIO-
IIUX JUIIOJIEN.

Cnunoswoiti Hasuzamop das YG = 7. Meroauka pac-
YeTa CIIMHOBBIX HABUTATOPOB HA 6a3e KOPPEKTUPYIOIMINX
murnosieit Hykiorpona mpusenena B paborax (23, 24].
KoppekTupyrorue qumom nHAyIUPYIOT HABUTATOPHOE
mosie hy .y, KOTOpOe SIBJIseTCs MePUOINIECKON DyHKITHI-
eif KOOPJIMHATHI Z BJIOJIb PACIETHON 3aMKHYTOH OPOUTHI.
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Hauraropsoe moJie ompejiesisier B TOYKe HADJIOICHUS
TOBTOPSIOIIeecss 0T 000poTa K 0OOPOTY HAIIPABJICHUE
MOJIIPU3AIIH N, BOKPYT KOTOPOI'O CIIMHBI BPAIAIOTCS
C HABUT'aTOPHON Y9aCTOTOM! Vyay

hnav(z) = Vnav 1’1(2’) (1)

CHomMHbI 9acTuIl, HAIPABJICHHLIE BIOJIL OCH HABHTA-
Topa N, OyJyT COBEpmATh YCTONIMBOE IIEPUOJANIECKOE
IIBUKEHHe, B TO BpeMsl KaK CIIMHBI YaCTHIl, HallpaBJIeH-
HBIE ITONIEPEYHO K OCH HABUTATOPA, OyIyT pa3MeNInBaTh-
¢ U3-3a pa3bpoca HABUTATOPHON 9aCTOTHI X YaCTOT Op-
OUTAIHLHOTO JIBUKCHU.

B HykjoTpone ¢ BepTHKAJLHBLIM HOJEM B apOYHBIX
JUIOJAX BKJAJ B UTOrOBOE HABUTATOPHOE IOJIE OyIIyT
JaBaTh TOJILKO KOPPEKTHUPYIOIIUe IUIIOJIA C Paudallb-
HBIME TIOJIAIMHE B Koaudectse Ngip [23]:

Naip Naip

nav Z h = Z Vi ni(z)a (2)

rjie BKJAJ[ B NaplIUAJbHBIE [OJIA h; OT KaXKJIoro -oro
JIITIONS C PaJMaJIbHBIM TosieM b, ; JAnmHO# L, pacto-
JIOXKEHHOTO B MECTE€ C KOODIMHATOW Z;, OLPEIesIsieTCst
[IEPUOINIECKONl CIMHOBOI dyHKImel orkanka F, mis
peXKumMa CIIMHOBOIT Ipo3padnocTu [25, 26]:

- |Fr(zl)| br,i L

e FuiE)
2xBp ni(z)_ZﬁSJ(Z)' (3)

j=1

3aece Bp — MarHUTHAsA YKECTKOCTb, S; — €IMHITHBIE OP-
Thl CIIMHOBOI CHUCTEeMBI KOODJHMHAT, KOTOPbIE B HavaJjle
KOOP/IMHAT COBIIQJAIOT C OPTAMH yCKOPUTEJILHOU CHUCTe-
Mbl [27]. TIpu J(BYDKEHHMH YACTHIBI 110 PACUYETHON Op-
fure CIMHOBBIE OPTHI S;(Z) BOCIPOM3BOIAT AUHAMUKY
CIIMHOB, U3HAYAJbHO HAIIPABJIEHHBIX BJIOJIb PaIdaJIbHO-
ro €;, BePTUKAJBLHOIO €, U IPOJIOJILHOIO €, HalpaBb-
sernii. OyHKINS OTKJIMKA YYUTHIBAET KPOME MPIMOTO
JeficTBUSI Ha CIUH PaIuaibHOTO IOJIs KOPPEKTOpa, TaK-
K€ U JIOLOJIHUTEJIBHOE JICHICTBUE I10JIell, BOZHUKAIOIINX
HA MCKaYXEHHOH 9TUM KOPPEKTOPOM 3aMKHYTOI opouTe.
Paccvorpum 3agatdy o mosydenun TpebyeMoro Ha-
IIpaBJIeHUs IIOJIAPU3AIlAU C IIOMOIIBIO CIIMHOBOI'O Ha-
BATATOPA B JEeTEKTOPE, PACIOJOKEHHOIO, HAIIpUMep, B
HagaJie KoopauHaT. KOMIIOHEHTHI MapIHaJbHBIX OCei
HaBHUTATOPa OT 4-0r0 KOPPEKTOpa OYIyT UMETh BT

le(zz) €y + Fw?(zz) ey + Fw3(zz) e
|Fa(2i)]

n;(0) = (4)

Ha pucyske 1 npuBesieHa 3aBUCHMOCTb KOMIIOHEHT
paguabHOil GyHKIMK oTKIuKa F, MpOTOHOB OT KOOP-
nuHatel z B Hykimorpoune mist vG = 7. B Hykiorpone
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Puc. 1. (Ilsernoit onnaiin) KomnonenTsr byHKInM OTKIHA-
Ka JIJist TpOTOHOB B HykmmoTpone

BEPTHUKAJIbHAS KOMIIOHEHTa (DYHKIIMUA OTKJIUKA OTCYT-
creyer (Fp2 = 0) [23]. Cunomnasi KpacHas U IIyHK-
TUPHAsI CUHsIsI JIMHUYM COOTBETCTBYIOT pauaJibHON Fy 1 u
IPOJOIBHOI F3 KOMITOHEHTaM (PYHKITUN OTKJINKA. TaK-
ke Ha puc. 1| nokazaHa crpykrypa Hyxkiorpona: 3eme-
HBIMU TPSIMOYTOJIbHIKAMU 0D03HAYEHBI APOUHBIE JTATIO-
sim. Mecrta pacrosioyKeHnusT KOPPEKTOPOB YKA3aHbI TPe-
YTOJbHAKAME 110JT cTpyKTypoit Hykimorpona.

st peam3anyuy CIMHOBOTO HABUTATOPA IEJIECO00-
pa3Ho BBIOpaTh 1-if u 9-ii KOPPEKTOpHI, 0003HAYUEHHBIE
COOTBETCTBEHHO KPACHBIM U CHHUM TPEYrOJIbHUKAMU.
C omHO#l CTOPOHBI, B MeCTaX MX Pa3MEeNIeHHUs MOJLYJIb
dyukiym orkimka Makcumasien. C npyroii — B Me-
cTe PaCIOJIOXKeHUsI 1-ro KOPPEKTOPa OTCYTCTBYET KOM-
nonedTa Fi3, T.e. 1-it KoppekTop (0603HAYEH KPACHBIM
TPEyTrOJILHUKOM) Oy/leT MHIAYIUPOBAThH PaUalbHOE Ha-
BHUTATOPHOE TI0JIe B HAYaJ e KoopauHaT. AHajoruano, 9-it
KOPPEKTOD (CHHUIA TPEYTOJIbHUK ) MHIYIUPYET PO b=
Hoe HaBuraropuoe mose (Fyi(z9) = 0). Takum o6pasom,
BapbUPYsI [OJIsI ITUX KOPPEKTOPOB, MOYKHO OJTHOBPEMEH-
HO 3a/[aBaTh HABUIATOPHYIO YacTOTy W Tpebyemoe Ha-
[IpABJIEHUE MOJISIPU3AIIH B JIETEKTOPE:

V03 [Fa(21) 2 + b3 [Fa () L

nav — hnav = )

v Thnay| = 575y (5)

n— hnav _ ba:lel (Zl) €y + ba:QFwB (29) (S (6)
B~ V/OE [ (e1)P + 02 F (zo)

rue |Fu(z1)] = |Fa(29)| = 80.
st cTabnmn3aluy CIMHOBOIO ABUYKEHNUS HEOOXO M1~
MO, 4TOOBI JeiiCTBUE HABUIaTOPa HAa CIUH 3HAYUTEJIb-
HO IIPEBOCXO/IMJIO JeHCTBHE BO3MYIIAIOIINX MArHUTHBIX
oJieil, BHI3BAHHBIX HECOBEPIIEHCTBOM H3TOTOBJICHUS U
BBICTABKM MArHUTHBIX 3jieMeHTOB HyKjioTpoHa, a TakxKe
OeTaTPOHHBIMU KOJIEOAHUSMMY, T.€. HABUIATOPHAS JaCTO-
Ta, I0/KHA 3HAYUTEIHHO IIPEBOCXOIUTH MOIITHOCTD PE30-
nanca vG = 7 [§]
Vnay > W. (7)

JomoTHUTEIbHO, J1J15 TOAABICHNST efICTBUS Ha CITUH
CUHXPOTPOHHBIX KOJeOAHNN HEOOXOIMMO BBITOJTHUTH
ycaosue [23, 28]:

Unav > max(o, Vy), (8)
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e 0 = GAvy — aMIIUTyJa CHHXPOTPOHHON MOJTYJIs-
UM CIIMHOBOM YaCTOTEI, V., — YACTOTa CHHXPOTPOHHBIX
KOJIe0AHUI B €IMHUIIAX YaCTOTHI OOpAINeHns YaCTUIIbI
Qo, koropbie s YG = 7 UpU yCKOPSIIOIIEM HAIIPSIZKe-
mnn Vi = 10kB u xpaTHOCTH yCKOpeHUsd ¢ = 5 PaBHBI
o~1.4-103 nv, ~43-107%

MommuocTts pesonanca B HyksoTrpore B ocHOBHOM
CBfI3aHA C HETOYHOCTBHIO BBICTABKU KBAJPYIIOJEH U JJIst
G = T npu CpeHEKBaIPATHIHOM UCKAYKEHUN 3aMKHY-
TOit opOuThl M0 1 MM, JOCTUTHYTOE IIyTEeM KOPPEKIIUU
OPOUTEI PeaIbHON CTPYKTYPbI, COCTaBIAeT w ~ 4- 1073,
Takum o6pa3om, 3HaYEHNE HABUTATOPHOMN 9aCTOTHI, paB-
HOE Vpay = 0.02, qocTaTodHo 1718 yOpaBJIeHUs MTOJISIPU-
3anueil IIPOTOHOB.

Ha pucyske 2 npuBenensl rpaduKu OTKJIOHEHUS
3aMKHYTO# OpOUTHI TpK CTAOWIU3AINE PaIAAILHON
(CTLIOTTHAST JIMHYSI) U MIPOJIOJIBHON (Il HKTUPHAST JIMHYS )
[TOJIIPU3AINH IIPOTOHOB B HAYAJIE KOOPIUHAT CIIMHOBBIM
HABUTATOPOM C 9aCTOTOH Vp,, = 0.02. Tpebyembrit un-
TerpaJj paJuajbHOrO I0Jis B KOPPEKTUPYIOIIEM JTUIIOJIE
Jtsi 00ecIievYeHnsl YKa3aHHOM YaCTOThl HABUTATOPA CO-
crapyasger npumeprao 20 MTi - M. MakcuMaibHOE OTKJIO-
HeHre 3aMKHYTOH OpOUTHI OT PACUeTHON B 000MX CIIy-
Jagx He IpesblmaeT 10 M.

-10

Puc. 2. (IseTnoit ommaiin) VckazkeHne 3aMKHY TOH OpOATHI
pu CTaOUIM3AIMA PAJMAIBHON U TPOJOIBHON TOIAPH3a-
nun upu yG =17

SF-cucmema 6e3
IIpescraBieHHbIil  CIMHOBLIA HABUIATOP IO3BOJIAET
COBepIIaTh aauabaTUIECKHe II€PEeBOPOTLI CIMHOB C

PESOHAHCHOT — JCNOAAPUIAUUL.

HOMOIIBI0 HABHTATODHBIX JuIoJieil. B mponecce manu-
IyJISII HATIPABJICHIEM IOJISIPU3aIUH (N-0C1) BO BpeMsl
SKCIIEpUMEHTa, HEeOOXOIMMO, 9TODbI M3MEHEHHe IOJIei
HABUTATOPHBIX AunoJel 6b110 axunabarndeckum [17]:

on dbzl
Ob,1 dt

on dbmg
Obyo dt

< VnanOa K VnanO . (9)

Bo BpeMs HepeBOPOTOB CIHHA MOYKHO HCKIIOUHTH
JIeTIONAPU3AIIIIO ITyYKa, CBA3AHHYIO C IePecevdeHmsME
CIIMHOBBIX PE30HAHCOB, II0/JIePKUBas 3HAUCHIE HABUTa-
TOPHOMN YACTOTBI Vyay MOCTOsIHHOIM [8]. jist aTOr0 HEOO-
XOJIIMO, YTOOBI HOJIA HABUTATOPHEIX JUIIONCH JICKAIHI

Ha JJJINIICE IIPHU PAa3/IMYHBIX OPUCHTAIUAX IIOJIAPHU3a-

LU
bfc_; n bfc_g _1, B = 27rynava7 _ 2TVnav Bp
Bi ~ Bs |Fa(z1)|L

* 7 |Fa(zo)|L
(10

Ha pucynke 3 mokasama cBa3b moseit by, u byg Ha-
BUTATOPHBIX JUTOJEH IJIsT CTAOUIN3AINN HABUTATOPHOM
JaCTOTHI TP U3MEHEHUN HAIIPABJICHUS TOJISTPU3AIIIH.

v, =0.02, yG=7
0.2 : .

0.1

0.1 0 0.1 02
b, (T)

Puc. 3. (Llgernoit omnaitn) CBsi3b IOJIell HABUTATOPHBIX
JUAIIOJIel yist cTabHIN3aliy HaBUTATOPHONH YaCTOTHI

KpacHbIMH TOYKAMH OTMEYEHBI [0JIsi KOPPEKTOPOB,
JUIs KOTOPBIX MOJISIPU3AIIAA HMEET TIPOJIOILHOE HAIIPAB-
JIEHUE, & CHHUMU TOYKAMH, — KOTJIA, MOJISIPU3AIINS NMEET
pa/aIbHOE HALPABJICHNE.

VYenoBue annabaTHIecKoro 3axsara IIPU OPraHu3a-
nuu SF-cucreMmbl 4epe3 BpeMms [epeBOpoOTa CIIMHA T 38~
nuiercst B Buge [17]:

T >>T/Vnava (11)

rae T — nmepuon, obpalnenns dacTuIlbl. 1lpn v,y = 0.02
BPEMsI IIEPEBOPOTA CIIMHA JIOJIKHO OBITH T ~ 1 Mc, deMy
coorsercTByer 103 060pOTOB YACTUIIEL

Modesauposarue SF-cucmemv, dan vG = 7. Ilpu-
BeJleM Pe3YJIbTATHI YUCJIEHHOIO MOJEIMPOBAHUS CIIMHO-
BOIl IMHAMWKHY [IpU OpraHu3anuu SF-cucreMbr Ha 11eJ10M
pesonance yG = 7, BBIIOJIHEHHOTO C IIOMOIIBIO CITAH-
TpeKuHr Kojxa Zgoubi [29].

Ha pucynke 4 nokazan rpaduk 3aBUCHUMOCTH IIPO-
JOJIbHOM W pPaJuajibHOII KOMIIOHEHT CIIMHA OT YHUCJIa
000POTOB YaCTUIIBI BO BPEMs JBYX ITEPEBOPOTOB CIIUHA.
HaBuraroprasi gacTota BO BpeMsi M3MeEHEHUs] HAIIPAB-
JIEHUS CIIMHA IOJJEPKUBAJIACH IIOCTOAHHOU W PABHON

ITucema B 2KOTD
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Puc. 4. (Lpernoii onsaita) Annabarndeckue NepeBOPOTHI
cunuHa rnporona B HyKJioTpoHe ¢ HOMOIIbI0O HABUTATOPHBIX
KOPPEKTOPOB

Unay = 0.02. CmH coBepIiaeT nepeBopoT MPUMEPHO 33
10% oBoporos, 4TO ObecednBaeT anuabaTHIECKUl Xa-
pPaKTep JMHAMUKU CIIMHA B IIPOIECCE MIEPEBOPOTa.

CruH mocyIeI0BaTeIbHO CIeLyeT 3a MOJeM HaBHUra-
TOpa, HAYMHAS OT IIPOJOJILHOIO HampasJenus (S = e,)
K pajuajbHOMy (S = e,) U 3aTeM CHOBa K IIPOJIOJIbHOMY
(S = —e,) u pajmanbHOMy (S = —e,) HAIPABIECHUSIM C
OOpaTHLIMU 3HAKAMI.

B pacuerax y4reHbl OMMOKH IOCTUPOBKU KBaIPYIIO-
JIeil, KOTOpbIe IIPUBOIMIIN K UCKAXKEHUIO 3aMKHYTOM Op-
6urel (cM. puc.5). ITonepednoe oTK/IOHEHUE MCKAYKEH-
HOW OPOUTBHI 7| OT PACYETHONW B CPEIHEM COCTABJISI-
er OKOJIO 1 MM, a MakCUMaJIbHOE OTKJIOHEHHWE He IIpe-
BbimaerT 3 MM. Takzke MOJIATAIOCH, 9TO HOPMAJIN30BAH-
HbIE SMUTTAHCHI OETATPOHHBIX KOJIEOAHUN COCTABJISIN
€x,y = 47T MM - MpaJ, & napaMeTPbl CHHXPOTPOHHBIX KO-
siebanuii cooTBeTcTBYIOT 3Ha4UeHusAM Vi = 10kB, ¢ =5
(daza cuHXpOHHOIT YaCTHUILI PABHA HYJIIO).

r, (mm)
3
A

2
1
0 ICALAIAVEY = (m)

50 100 150 200 250

Puc.5. (Upernoit onmaiin) OTKIIOHEHHE NCKAYKEHHON
3aMKHYTOIl OpOUTDLI, BBI3BAHHOE OINMOKAMHU BBICTABKI

KBa/IpyII0JIei

OrmernM, B IIpOIECCce EPEBOPOTa CIIUHA TPOUCXO-
JIUT KOHTPOJIIPYEMOE H3MEHEHUE 3aMKHYTOU OPOUTHI
HaBUTATOPHBIMU KOPPEKTOPAMU, ITO TPUBOJUT K CMe-
IIEHUIO 3aMKHYTOl OPOUTHI B MeCTe PACIIOJIOKEHUS JIe-
TEKTOpa B BepTUKaJbHOH miockoctu Hykiorpona, kax
mokKa3aHo Ha, puc. 6. CaBur 3aMKHYTOIl OpOUTHI B BEpTHU-
KaJJbHOM HAIIPABJICHUU IIPU MIEPEBOPOTAX CITUHOB C ITPO-
JIOJIBHO# opueHTaIuell cocrapiseT okoso 0.5 MM U IIpu-
MEpHO 5.5 MM JIJIsI CIIMHOB C paJIMaJIbHOM OpHeHTalIle.

IIpesncraBiennble pacdersl MOKA3bIBAIOT, YTO HABU-
TaTop C YACTOTOH Vp,y = 0.02 MO3BOJIAET OCYIIECTBIIATD
II€PEBOPOTHI CIIMHOB IMPOTOHOB MPUMEPHO 3a 1 MUJLIN-
cexyHay. OIHAKO HA MPAKTUKE BPEMs IIePEBOPOTA CIIH-

ITucema B 2KQT® Tom 118 sBeIm.5-6 2023

y (mm)
3

1
-1
-3

v—

1 2 3 4 5 6

Puc. 6. (Ilpernoit ommaiin) Casur 3aMKHYTOH OpOHTHI B
BEPTHKAJBHOM HAIIPABJICHAU BO BPEMs MEPEBOPOTOB CITA-
H& IPOTOHA

HOB Oy/IeT OrPAHUYIEHO CKOPOCTHIO U3MEHEHUST PATHAIb-
HOTO TI0JIsi B CBEPXIIPOBOISIIINX KOPPEKTOPAX, KOTOPas
cocrasisger ~ 1 Ti/c [30]. B sTom cirydae Bpems mepe-
BopoTa cruia coctaBut ~ 0.1 c. Takum obpazom, B Hyk-
JIOTPOHE C CBEPXIIPOBOISIIIIUMI KOPPEKTUPYIOIIUMU U~
[OJISIMU YCJIOBUE a/11abaTHIeCKOI0 3aXBaTa CIMHOB Ha-
BHUTATOPOM BO BPEMsI CITMH-(DJIAIIOB OY/EeT 3aB€J0MO Bbi-
ITOJTHEHO.

CoxpaHeHue mojasipu3anuu OpoToHOB. [lemoss-
puzanms IIydKa OpU yCKOpeHmn nporoHoB B Hykiio-
Tpone 10 3.5419B/c B ocHOBHOM CBs3aHa ¢ mepecede-
HUEM TIeJIBIX PE30HAHCOB, MOIIHOCTH KOTOPBIX PACTyT
¢ sHeprueil myuka [21]. MomHocTu NesblX pe30HAHCOB
CBSI3aHbBI C NICKAXKEHUEM 3aMKHYTO OpOUTHI, BBI3BAHHOM
omubKaMi BBICTABKU MATHUTHBIX JIEMEHTOB, U PACTYT
[IPOIIOPIINOHAJIBLHO €€ OTKJIOHEHHIO.

Pesysnbrar nepecevenust nesoro pesonanca G = k
OIIPEJIeIAETCSI HOPMAJIM30BAHHON CKOPOCTHIO H3MEHe-
HUA OTCTPONKH OT pE30HAHCA & B MOMEHT €r0 Iepecede-
HUsI, KOTOPAsl BEITUCIISIETCS 9€Pe3 TEMII O beMa TOJIsT:

o Rda _ eGRp <@>7

— RYE _ = e=~1G—k, (12

dz me3
rie 2R — ajwHa pacdeTHOil opOouThI, p — pajauyc opou-
TBI B APOYHBIX JUIIOJISAX, € — OTCTPOIIKa OT pe3oHanca. B
Hyxmorpone R ~ 40 M, p ~ 22 M ¥ IIpu TeMITe TIOTbEMA
nosist dB/dt = 0.6 Ti/c cKOpocThb TepecedeHns: CTaHo-
BuTCH pasHoil £ &~ 1076,
I/I3MeHeHI/Ie BepTHKaHbHOﬁ KOMIIOHEHTBHI CIIMHa IIO-
cjle TepecedeHnsl PEe30HAHCa OIpenessercsa (pOpMysIoi
Dpyaccapa—Cropa [31]

alter 71—0'}2 erore
S :(—1+2exp<—26/)>5ybf S (13)

IIpu 6uicTpom Tiepeceuennn (¢ 3> w?) BepTuKaib-

Hag IIPOEKINUs CIIHA IPaKTUIeCKN He u3Mengercd. 1Ipn
MejleHHOM Tiepecedenun (¢) < w?) cnu ajuabaTutde-
cKH nepeBopaduBaercsa. ONacHBIME SBJIAIOTCH PE30HAH-
ChI C TIPOMEYKYTOUHBIM TepecedenneM (¢ ~ w?), korma
IIPOUCXOJUT CYIIECTBEHHASI ITOTEPS IOJIAPUBAIMHN.
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B rTabmmme 1 mpuBeneHnl 3HaYEHHsT MOITHOCTEN Ie-
JIBIX PE30HAHCOB U CTEIEHM JCTOJISPU3AIIHN MTyIKa I10-
cJTe TIepeceveHns KasKI0ro pe30HAHCA TP YCJIOBUH, ITO
JIO TIepEeceveHrsl PE30HAHCA IIy9YOK OBLI MOJHOCTBIO I10-
JgpusoBan: D=1— |Sy2"fter|. IIpu pacuerax mosaaraJjoch,
9TO CPeIHEKBAIPATUIHOE NCKAYKEHNE OPOUTHI, BHI3BAH-
HOE HECOBEPIIEHCTBOM CTPYKTYPhl CHHXPOTPOHA, CO-
craBjsier 1 MM, CKOPOCTD morbeMa noJig pasaa 0.6 Tur/c.

Tabsuna 1. Ilepeceuenne IesbIX CIMHOBBIX PE3OHAHCOB B
Hyxnorpone

G =k 2 3 4 5 6

pec, T'sB 0.46 1.26 1.87 2.44 3.00
w, 1074 0.24 0.59 1.32 2.96 7.51
D, % 0.2 1.1 5.2 25 85

Pacdersl mokas3eIBaroT, YTO HEpBBIE IBA PE30HAHCA
vG = 2 u vG = 3 nepecekaiorcs 6vicTpo. [lepecete-
aue pesonanca YG = 4 npusomut K 5 % Jgenongpusanun
myJka. SHAUUTEIbHAS JIEMOIAPA3AIIS [Ty IKa ITPOUCXO-
JIAT TpH Itepecevdennn pe3onancos vG =5 u yG = 6.

Tlonsgpuzamnuio myuka B HykaoTpone MOXKHO coxpa-
HUTDb, O0eCHeYNB aJnadaTHIecKoe IepecevdeHne pPe3o-
HaHcoB ¢ HOoMepamu YG = 4,5,6 3a cyer mpeaHaMe-
PEHHOTO YBEJIMYEHUsT MOIMHOCTH STUX PE30HAHCOB KOP-
peKkTupyoIuMu aunosisvmu. KorTposmpyemoe BO30y K-
JIeHEe 3aMKHYTON OPOUTHI HY?KHO OCYIIECTBJIATH IIOCTIE
OBICTPOTO TIepeceveHnusl EPBBIX JIBYX PE30HAHCOB.

IIpuBeneM pe3ysibTaThl YUCIEHHOIO MOJIETUPOBAHMS
IIPOTIeCCa YCKOPEHUsI MTPOTOHA, BBIMOJHEHHBIE C IIOMO-
mpio Zgoubi. Ha pucynke 7 moxkasaHO M3MeHEHUE Bep-
TUKAJILHON 1poekiuu crnuHa oT (G, CBsI3aHHOE C mepe-
CeYeHNeM IeJIbIX PE30HAHCOB, IIPU YCKOPEHUH ITPOTOHA
10 vG & 6.5. Hacruma 3amycKajiach BIOJIb NCKAXKEHHOH
3aMKHYTO} OpOUTBHI, BEI3BAHHONW TAKUMU Ke OINTHOKAMU
BBICTABKH KBaJIPYIIOJiell, KaK M B CJIydae MOJEINpOBa-
uust SF-cucremsl (cM. puc. 5).

1 s
0.5¢

vi Of
—-0.5¢
-1

dB/dt=0.6T/s

i i i i

vG: 2 3 4 5 6
Puc. 7. (LIgerHoii onyaiin) YCKOpeHUE BEPTUKAILHO IIOJIsI-
pusoBaHHOro nporosa B Hykiorpone

XapakTep Ie€peceveHnsi IEJIbIX PE30HAHCOB JJIsi
KOHKPETHO B3ATON BBIOOPKU CIBUTOB KBaJIPYIIOJIEi
COOTBETCTBYET JaHHBIM MOIeJin
(cMm. Tabui. 1): 1mepBble IBA PE3OHAHCA IEPECEKAIOTCS
O6bIcTpO, Ha pe3oHaHce YG = 4 TepsieTcs ITPUMEPHO

CTaTUCTUYECKOI

6 % IIOJIAPpU3allii, B TO BpEMdA KaK Ha ITOCJ/IEIHUX JIBYX

pe30HaHCaX IIPOUCXOAUT 3HAUUTEJIbHOE OTKJIOHEHUe
HallpaBJICHUd CIIMHA OT BEPTUKAJIU.

Ha pucynke 8 mokazan pe3ysibTaT MOJIEINPOBAHUS
COXPaHEHUs IOJIIPU3AINN IIPOTOHOB 3a CYET KOPPEKTHU-
PYIOIUX JTUIOJIEH. AMILIUTY/Ia YCKOPSIIOIIErO HATIPSIYKe-
HUsS, KPATHOCTb YCKOPEHUs, II0llepevYHble SMUTTAHCE, a
TaKKe OIMMNOKYU BBHICTABKU KBAJIPYIIOJieil BLIOpAHBI TAKHU-
MU Ke, KaK U IIpu MojieiupoBanuu SF-cucremsl.

1
0.5

v OF
-0.5

_1 1 1 I
vG: 2 3 4 5 6

Puc. 8. (IIsernoii onnaiin) CoxpaHeHue MOJISIPU3AINAT IPO-
TonoB B Hykmorpone

dB/dt=0.6T/s

SamKHyTast opOUTa BO30YK/IAJIACH IIJIABHBIM BKJIIO-
JeHneM KOPPEeKTOPOB ¢ HoMepamu 1, 5, 9, 20 Ha yJacTKe
“sgeprun’” YG ot 3.3 10 3.7 U jajiee MOIJIEPKUBAIACD
ITOCTOSIHHOM, YTOOBI IIPEIHAMEPEHHO YBEJUIUTH MOIII-
HOCTHU TIeJIbIX pe3oHancoB YG = 4,5,6. Makcumasib-
HOE OTKJIOHEHWE OPOUTHI COCTABJIANO 15 MM IIPU MAKCH-
MaJIbHOM 3HAYEHUU OJIeH B KOPPEKTUPYIOIIUX JTUAIOJISX
bzl = —bz5 = brg = —brgo =0.2Tx na ’)/G = 6.5.

PacueTsl OKa3bIBAIOT, 9TO KOPPEKTUPYIOIIHE JTUIO-
JIn 00ECIIeINBAIOT COXPAHEHNE TOJSPU3AIAN TPH YCKO-
penun npoToHoB 0 3.54 9B /c: nepsbie aBa pesonas-
ca mepecekaroTcst ObICTPO 6€3 N3MEHEHNsT BEPTUKAILHOMN
[IPOEKITUH CIINHA, & OCTAJIbHBIE PE30HAHCHI [T€PECEKAIOT-
CsI MeJIJIEHHO C aInabaTUIECKUM IIEPEBOPOTOM CITMHA HA
KaXKJIOM PE30HAaHCe.

AmabaTuvdeckuii 3aXBaT MOJIIPU3AIUU ITPO-
TOHOB. Kpome coxpaHeHMsT MOJSPU3AIUN [IPA YCKOPE-
HUU MIPOTOHOB JI0 HEPIUU IKCIEPUMEHTA, HEOOXOIUMO
COIJIACOBATh HAIIPABJIEHUS] TOJISIPU3AIAN [Iy9IKA U CIIH-
HOBOT'O TIOJIsI, WH/IyIIPOBAHHOTO HABUIaTOPOM. Biasm
OT IIEJIOTO CIIMHOBOI'O DPE30HAHCA N-OCh IOJISPU3AINN
OTIPEJIEIISIETCST APOIHBIMU JUIIOJISIMUA U HAIIPABJIEHA BEP-
THKAJILHO. B TOYKe pe30HAHCA 71-0Ch 3aJIaeTCsl TOJIEM
CIIMHOBOT'O HABUTATOPA W JIEXKUT B IJIOCKOCTH CHHXPO-
rpona. CoryracoBanre HAIPABJIEHUs TOJSIPU3AINNA aB-
TOMATHIECKH JIOCTUTAETCS B CIydae aJnabaTHaecKoro
BXO/1a B 00J1acTh pe3oHanca 7G = 7.

Iliist amabaTuIecKoil JOCTABKY Ty YKa B 00/IaCTh I1e-
JIOPO PE30HAHCA, KPOME BBIIIOJIHEeHHs ycjaoBus (8), Heob-
XOJIUMO BBITIOJIHATD JIOIIOJIHATETFHOE YCJIOBUE HA, TEMII
nojrbeMa cpe/neit sueprun yme? mydxa [17]:

— L = Vi (14)

B sToM ciyvae cniH, OpueHTUPOBAHHBIN BEPTUKAJIb-
HO BJAJIK OT PE30HAHCA, 8 TNabaTUIECKN HAKJIOHIETCS B
ITucema B 2KOT®
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IJIOCKOCTh CHHXPOTPOHA JI0 TEX IOP, IIOKA HEe BHICTPOUT-
Cs1 BJIOJIB TIOJIsl, WHJIYIIMPOBAHHOTO CIIMTHOBBIM HABUTATO-
pom. Ilpu memmennoM mpUOIMKEHUN K PE30OHAHCY CTe-
[IE€HBb OJIAPU3AINY Iy IKa COXPAHSETCH C BBICOKOI TOY-
HOCTBIO — HABUTATOP aInabATUIECKU 3aXBaTHIBAET I10-
JITPU3AIIO, 00eCIednBasi CTAOMILHYIO MMPEIECCUIO CITH-
HOB BOKPYT CIIMHOBOTI'O II0JIsi HABUTATOPA..

B npyrom npejiesbHOM citydae, KOTJa Pe30HAHC JI0-
cTUraercss OBICTPO, CIIMHBI YACTHUI[ HE YCIEBAIOT U3Me-
HUTH CBOIO OPHEHTAIMIO U OCTAIOTCS BEPTUKAJIBHBIMH,
T.€. OIIEPEYHBIMHU K CIIMHOBOMY IIOJII0 HABUTATOPA B Pe-
sonance YG = 7. B pesysabrare nojspusaius OyaeT yTe-
psiHa u3-3a pa3bpoca CIUHOBON 9aCTOTHI.

Ha pucynke 9 npuBesieHbl pe3y/bTaThbl YUCIEHHOTO
MOJIEJTUPOBAHUS A uabaTHIECKOr0 3aXBaTa MOJISPU3a-
U TIPOTOHOB HABUTATOPOM IIPHU JOCTABKE IIy4YKa B 00-
JlacTh pesonanca YG = 7, BBIIOJIHEHHBIE C IIOMOIIBIO
Zgoubi. HasuraTop crabunmsmpoBaj paaraabHOE Ha-
[IpaBJIEHUE MOJITPU3AIUN B JETEKTOPE C MOMOIIBI0 1-T0
koppekTopa. [lonepednbie SMUTTAHCHI, SHEPreTUIECKU
pa3bpoc, IacTOTa CHHXPOTPOHHBIX KOJIEOAHUIL, a TaKKe
omubKN BBICTABKY KBAJIPyHOJieil BBIOMPAINCH TAKUMEI
2Ke, KaK U Ipu MojempoBannn SF-cucrembr u mporec-
ca YCKOPEHUs MOJISIPU30BAHHBIX [TPOTOHOB.

1
0.5
5}
-0.5
-1 50 100 150 200 250 300
N, 10°
7
O 6.8
}_
6.6

50 100 150 200 250 300
N, 10°

Puc.9. (LIpernoii ommaiin) Anuabarudeckuii 3axBaT Ha-
BUTQTOPOM IOJIAPU3AIUH IPOTOHOB B 00JIACTH PE30HAHCA
G =7

M3nagaabHO MOJIArajioch, 9TO IEpes aaunadaThtIe-
CKHM 3aXBaTOM MOJISPU3AIUN BBITOJHEHBI CJIETYIONINe
nporenypol. [lonstpuzalust mMpOTOHOB COXPaHEHa C TO-
MOIIBI0 KOPPEKTUPYIONWX mumnojeir 10 vG ~ 6.5, u
CIIMH HAIIpaBJIeH IIPOTUB BEPTHKAJIHLHOI'O HAIIPABJIEHUSI.
IIocite yckopeHust Tpu U3 4eThHIpeX KOPPEKTOPOB C HOME-
pamu 9, 9 u 20, UCIIONB3YIONIUXCS JJIST IIPpeTHAMEDEHHO-
r'0 yBeJINUYeHHUsI MOITHOCTEl PE30HAHCOB, MEJJIEHHO BbI-
KJIIOYAIOTCs, & 1-1i HABUTATOPHBIN KOPPEKTOP OCTAETCs
BKJIIOYEHHBIM LIS TIOJIJIEPZKAHUS HABUTATOPHON YaCTO-
TBI, PABHOH Vpay = 0.02.

ITucema B 2KQT® Tom 118 BRI 5-6 2023

IMpu nauaabaOM TeMIte nogbema o 0.6 T/ c ycao-
Bue (14) BbioIHEHO, ¥ CHUH aaUabaATUIECKU BBICTDAU-
BaeTCs BJIOJIb PAJIMAJIBLHOIO HAIIPABJIEHUsI IO Mepe IIPHU-
Oommkenust K pesonancy vG = 7. [lasee, Ha uHTEpBaJe
or 80 mo 220 ThICTY 0OOPOTOB CIUH CTAOMIU3UPYETCs
HABUTATOPOM B pajuajbHoM Harpasjenun B ST pexu-
Me. YTobb! yOeuThest B auabaTuIecKoM XapaKTepe JIu-
HAMUKU CIIMHA [IPU 3aXBATE MOJIAPU3AIINI HABUTATOPOM,
Ha puc. 9 nokasan ygacrok (N > 220 Teicsa 060poToB)
€ MEJIJIEHHBIM BBIXOJIOM U3 0DJIACTU PE30HAHCA B MCXO/I-
Hy10 TOUKy YG = 6.5 ¢ BOCCTAHOBJIEHNEM HAYAJIHLHOIO
HAITPABJIEHUs] CIUHA 03 TOTEPHU MOJISIPU3AIIIN.

BriBoasbi. Ilpemioxennnbie Ha 6a3e MITATHBIX KOP-
PEKTUPYIOIIUX JIUIIOJIEN CUCTeMa, CIIUH-DJIAIIA, CHCTEMA
a/1MabaTHIeCKOIo 3aXBaTa MOJIPU3AIUN HABUTATOPOM,
a TaK)Ke CXeMa, COXPAHEHUSs MOJISIPU3AIUU TIPU YCKOPe-
HUHU IIy9YKa [IPOTOHOB IIO3BOJIST IIPOBECTH IIPU CYIIie-
cTByIOIeM ocHalennn HykioTpoHna 3KclepuMeHTas b
HYIO MPOBEPKY IPUHIAIA CIIMHOBOW MPO3PAYHOCTH HA
pesonance YG = 7. Vl3MmepeHne moJisipu3aniuu mMpoTO-
HOB MOKHO IIPOBOJIUTH Ha MMEIOIINXCS HA YCKOPUTEJIb-
nom Komiutekce Hyknorpor-OU AN mossipumerpax Kak
Ha BHyTpeHHeil murenu (32, 33|, Tak n Ha BbIBEJICHHOM
nyuke [34].

Vcremmnoe coxpaHeHWe TOJSIPU3ANUNA TPOTOHOB €
umIiysbeoM 10 3.54 I'9B /¢ nos3BosiuT 1poBoauTh Kak 9KC-
[IEPUMEHTHI C MOJIIPU30BAHHBIMY IIPOTOHAMY Ha, BHEIII-
HUX MUIIEHX, TaK U UCII0JIb30BaTh HyKiytoTpoH 6e3 BBe-
JIEHUSI B HETO JIOHNOJHUTETHHBIX MATHUTHBIX 3JIEMEHTOB
B KaveCcTBE OBICTPOIUKJIMDYIONIIErO HHXKEKTOPA IOJIs-
pusoBaHHbIX npoToHoB B Kosutaiinep NICA. Tlocren-
Hee eCTb HeoTheMmJIeMoe TpebOBaHUe B IpOrpaMMe CITd-
HOBOI (bu3ukm 11t (HPOPMUPOBAHUS BHICOKOMHTEHCUB-
HBIX TOJISPU30BAHHBIX IIyYKOB IPOTOHOB B KOMILIEKCE
NICA [35, 36].

PesynpraTel anannza COUHOBON JIWHAMWKHU BOJIM-
31 TEJIOUHUCICHHBIX PE30HAHCOB aKTYAJIbHBI TAKXKe JJIs
yIIpaBjIcHUsd [OoJIIpu3anueil NeATpoHOB B KoJLIake-
pe EIC. Ilpeacrasiennasi cucremMa CumH-QJIANIA MOXKET
OBITH MCIIOJIH30BAHA B PEZKUME CIIMHOBON IIPO3PAYHOCTH
JUIsl YIIPABJICHU [OJIsIPU3AIieil IPOTOHOB U JIEITPOHOB
Ha J1000# sueprum B Kosutaiizepe NICA ¢ nByms co-
JIEHOUJIAJIbHBIMI 3MEHKAMHU, ITO MO3BOJIUT MTPOBOUTH
BBICOKOIIPEIIM3NOHHBIE IKCIIEPUMEHTDI C IOJISIPH30BAH-
HBIMU [Iy9YKaMu B yckopuresbHoM KoMminiekce NICA.

Uccnenosanue cueT  TpaH-
ta, Poccuiickoro wnHayunoro donga # 22-42-04419,
https://rscf.ru/project/22-42-04419/.
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