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Box 1 C. u gp. P1-2008-29
IIporp MM MONApU3 LIUOHHBIX UCCIEJOB HUH M BO3MOXHOCTH

YCKOPEHHS! MOJISIPH30B HHBIX MYYKOB IPOTOHOB M JIETKUX SAEP

H Hykjiotpone OMAN

IIpenct BaeH mnporp MM MOJSPU3 LIMOHHBIX UCCIENOB HUM, KOTOP S MOXET 3H -
YUTENIbHO MPOABUHYTh H 1€ IOHUM HHUE O TOM, K K M3 COCT BIISIOIUX CTPOUTCS CIIMH
JIPOHOB U Jierd immx siaep. s pe JiM3 UMM [POrp MMbl HEOOXOAMMBI ITYYKH IO-
JISIPU30B HHBIX JIerd HMINMX siiep, YCKOpPeHHble H HyKJoTpoHe. [IpuBomiarces p cyerst
MOIIHOCTE! JIMHEHHBIX PE30H HCOB B HYKJIOTPOHE, KOTOPBIE MOTYT NPHUBOAUTH K 3(p-
thext M penomsapu3 nuH. OO6CYXI eTcd MCIOJb30B HHE HOBOTO METOH COXpP HEHHUd
MOJISIPU3 LMM MYYK Y CTHUI] IIPU IIEPECEYEHUH YK 3 HHBIX PE30H HCOB B HYKJIOTPOHE.

P 6or Bemonnen B JI 60p TOpum BbICOKMX dHepruii um. B.U.Bekcrnep u
A.M.b nmun OHUAN.
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The Program of Polarization Studies and Methods to Accelerate
the Polarized Beams of Protons and Light Nuclei at JINR Nuclotron

The program of polarization studies is represented. This program can consider-
ably move our knowledge how spin of hadrons and most light nuclei is constructed
from spins of constituents. The polarized beams of light nuclei at Nuclotron are
necessary for realization of the program. The linear spin resonance strengths at Nu-
clotron which can lead to the effects of depolarization are calculated. The application
of the new method to preserve the beam polarization at spin resonance crossing at
JINR Nuclotron is discussed.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energies, JINR.
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BBEIEHUE

Lenbio o HHOW p GOTHI ABIAETCSA MpEACT BICHUE (PU3MIECKOr0 OOOCHOB HUA
B XKHOCTU M TEXHHUYECKOH pe JIM3yeMOCTH NPOBEACHHUS YHUK JIbHBIX HOIAPU3 LH-
OHHBIX MCCJIENOB HUU H YCKOPUTEIbHOM Komiuiekce JIBD. B H crodiuee Bpems
o0cyxn ercs BO3MOXHOCTh co31 Hus B JIBD OUAUN komn iinep . [lpewt r em 4
¢usnyeck 9 mporp MM UM P 3BUTHIA NMOAXOH PELIEHUS 3 J YU COXP HEHHUs Io-
JISIpU3 LUH TIPU YCKOPEHUH MOTYT SIBISITBCS O 300 mid p 3p OOTKM NPOTp MMBI
MOJIAPU3 LUOHHBIX MCCIIENOB HUM H KOJUI HIepe.

B JI 60op Topuu BeicoKuxX dHepruii uM. B. . Bekcnep u A.M.B naun p -
6OT eT U IPOIOIIX €T COBEPIIEHCTBOB ThCsl YCKOPUTEINb PENISITUBUCTCKUX Sep Hy-
kiotpoH [1]. TTocne BoiBoag B 2003 r. U3 9KCIUTy T MU CUHXPO( 30TPOH HYKJIO-
TPOH SIBIISIETCS] OCHOBHBIM YCKODPHUTEJIEM ISl IPOBEAEHHS UCCIIEIOB HUH B 00 CTH
PETATHBUCTCKON simepHOi ¢u3nku U pm3ukn 4 ctun B OUAN. Ycxkoputens uc-
noJsp3yeT p 3p 60T HHble B JIBD M THUTBHI CO CBEPXIPOBOAAILMMH OOMOTK MH U
MOXEeT YCKOpSTb IY4KM MPOTOHOB 10 sHepruu 12 I'sB u dpep no 6 I'sB/nykinon
(B H cTosilIee BpeMd H HYyKJIOTPOHE ycKopsioTcs ap BILIoTh A0 Kr). K yHuk nb-
HBIM X P KTEpUCTUK M ycKopuTenbHoro komiuiekc JIBD OUSM moxHO oTHeCTH:

— BO3MOXHOCTb p 60T Tb B OBICTPOLIMKINYECKOM pEeKHUME YCKOPEHHS C U CTO-
Toi moBTOpeHus no 1 I

— BO3MOXHOCTb p OOT Th H BHYTPEHHHX MyYK X YCKOPHUTEIS HYKJIOTPOH, WIS
Yero H TEIUIOM Y4 CTKE CO31 H CIIELM JIbH S MHUIIEHH 5 CT HIUS;

— BO3MOXHOCTb p 60T Th C BBIBEIEHHBIMHM IIyYK MM C JUIMUTEBHOCTBIO D -
CTEKKH IMydK 10 10 ¢ ¥ BBICOKOI CTENEHbI0 OOHOPOAHOCTH;

— BO3MOXHOCTb p OOT Th C IYYKOM IOJISIPH30B HHBIX JEHTPOHOB [2] U BTO-
PUYHBIMHU ITy4K MH IOJIIPU30B HHBIX HEUTPOHOB U IIPOTOHOB;

— BO3MOXHOCTb HCIIOJIB30B Th IUIS1 P OOTHI C BHIBEACHHBIMHU ITyYK MM IOJISIPH-
30B HHYIO BOJOPOAHYI0 MHIUEHB [3];

— BO3MOXHOCTh HCIONB30B Th B OKCIIEPUMEHT X C BBIBEJEHHBIMU IIyUYK MU
P 3MYHBIE THIBI YHUK JIbHBIX KPHOTEHHBIX MHUIIEHEH, CO3[ HHBIX IPYNIOI
JI.B.TonoB HOB [4], p 604UM BELIECTBOM B KOTOPBIX MOTYT OBITH KHIKHE
BOLOPOJ, ACUTEPUN U TEJIUU.



Oco0OeHHOCTBIO YCKOPHUTENIbHOTO KoMIuteKe JIBD siBsiercs BO3MOXHOCTS ITpo-
BOIWUTH HCCIIENOB HMA CIMHOBBIX X P KTEPUCTUK B3 UMOJCWUCTBUH M CIMHOBOI
CTPYKTYpbl JPOHHOH M TE€PUHM — IMONAPU3 LIMOHHBIE HCCIeNoB HUA. OrpoMH 4
B XKHOCTb ®THX UCCJIENOB HMI CBA3 H C TEM, YTO JO CHUX IOp HE pEIleH ONH
W3 OCHOBHBIX IpOOIEM COBPEMEHHOH (DH3MKHM BBICOKHUX DHEPIHH — MOJIy4eHHe
CHMHOBBIX X P KTEPUCTUK [POHOB (JEPHON M TE€pPHM) U3 CIIMHOBBIX X P KTepH-
CTHK KB PKOB M IM0OHOB. [Tondpu3s nuonnele uccnenos Hud B JIBD OUSU 1 ot
YHHK JIbHBIE [ HHbIE, 6€3 KOTOPBIX HEBO3MOXHO IOCTPOEHHE IOCIIENOB TeIbHOI
TEOPHH.

P cmmpenue nepeuHs ycKOpsieMbIX U CTHUI] [T HUPYETCd MOCHe CO3 HUS yHU-
BEPC JIBHOTO BHICOKOMHTEHCHBHOTO MCTOYHHK IIOJIIPU30B HHBIX JEUTPOHOB (IIpO-
TOHOB) C 3 PANOOOMEHHBIM IT 3MEHHBIM HOHU3 TOPOM H O 3¢ 000pyHIoB Hu, Ie-
pea mHoro u3 IUCF (Bloomington, USA) B p Mk x Corn menus mexay OWSN
u IUCF, u B corpyauuuectse ¢ USIM PAH (r. Tpouik) [S]. [IpoekTHbIN TOK H
BBIXOZle MCTOYHMK — 10 10 MA mna T DT (mma T HT ceeuue 10 MA). P 3-
p O THIB eMblii UCTOYHUK IPU HEOOXOIMMOCTH CMOXET p OOT Th K K UCTOYHHK
MOJISIPU30B HHBIX OTpHIl TenbHbIX noHOB | D~ (T H™ ). CymecTByloT T KXe
pe NbHbIE BO3MOXHOCTH CO3l HUSl MCTOYHHMK TTydKOB TOJApu30B HHbIX “He '™,

B 2002 r. H HyYKJIOTpOHE ObLT IPOIEMOHCTPUPOB H BO3MOXKHOCTbH YCKO-
peHHs My4yK IOJSPU30B HHBIX OEUTPOHOB 63 CKOJb-HUOYOb 3H YMMOH MOTepu
[OJIIPU3 LM C KMHETUYECKOM sHeprueil BiuoTsh 10 4,5 I'sB. Teoperuueckue p c-
YeTbl MOK 3bIB 10T BO3MOXKHOCTb YCKOPEHHUS IEHTPOHOB H HYKJIOTpOHe 6e3 cylue-
CTBEHHOM MOTEpU MOJAPU3 LUHU BILIOTH 10 3Hepruu 11 I'sB (unu 5,5 I'eB/uykion)
6e3 BBeleHUs! JOTIOJTHUTEIIBHBIX DJIEMEHTOB B CTPYKTYPY HYKJIOTPOH MWIIM BBIOOD
CHELHU JIbHBIX PEXHMOB YCKOPEHHS.

H nnuue 1mmpokoro BeIOOp IMOJISPH30B HHBIX MYYKOB U MUILNEHEH CHEN eT
yCKOpUTEbHbIA KoMIuleke JIBD MecToM juid npoBefeHHd YHUK JIBHBIX HCCIIEO-
B HUI CIIMHOBOU U KB PK-IJIIOOHHOI CTPYKTYpPbl HYKJIOHOB U Jlerd Hmux suep. B
H CTosiliee BpeMsl B MHpE HET NMPOEKT , KOTOPbId ObI IJT HUPOB JI T KHE IIUPO-
KHe BO3MOXHOCTHU JUId IPOBEIEHUS IOJSAPU3 LUOHHBIX HUCCIENOB HUHA H MYy4YK X
HPOTOHOB M JIerd HIUX sfep ¢ oHeprueit 10 /syny ~ 10 I'sB.

1. ®YHIAMEHTAJIBHBIE IIPOBJIEMbI ®U3UKU BBICOKUX
DHEPIUI

OcCHOBHBIM H Ip BiieHueM ucciienoB Huil JIBD OUSIN sBnsgercs uccienos -
HHE JPOHHOH (SIepHOI) M Tepuu MpH OOJIBIIUX IUIOTHOCTIX M P 3IMYHBIX TEM-
ep Typ X, KOrJl OCHOBHYIO POJIb H YUH 10T UIP Th HE HYKJIOHHBIE, KB PKOBBIE
U [TIOOHHBIE cTeneHu cBobonpl. 3  mocnegaue 20 €T NpOU3OLUUIH K PAWH JIbHbBIE
W3MEHEeHUd H IIEero IOHWUM HUd, K KHMH MOTYT OBITh COCTOSIHUS SlepHOM ( ApOH-
HOW) M TepuH NpH p 3JIUYHBIX TeMiep Typ X U 1 BneHusx [6]. IlpoiineH myts



OT NPEICT BJIEHUs, YTO HEB KHO, IMOBBI €M JIM IUIOTHOCTh SAEPHOM M Tepuu
WM ee TeMIep Typy, Mbl IPHAEM K OJHOMY M TOMY XK€ COCTOSIHUIO, H 3B H-
HOMY KB PK-IJIIOOHHOH IUT 3MOM (COCTOSIHHIO 6€3 IpOHOB, KOII B M KpooObeme
KB DKM U INIIOOHBI CJ1 00 B3 UMOJEHCTBYIOT Mexay co0oii). COBpeMeHH S TOUK
3peHUsl P CCM TPUB €T CYLUECTBEHHO P 3HbIE COCTOSHHUS, KOTOPbIE Pe JIU3YHTCS
IIPY BBICOKMX W HU3KHX TeMIlep Typ X (M Gonblnux miotHoctsix). Hcronb3oB Hue
TSKENbIX HOHOB I103BOJISET H JeAThCd M0/Iyd Th COCTOSIHMS AAE€PHOI M Tepuu Ipu
BBICOKHX TemIlep Typ X. MccienoB Hue mpoueccoB ¢ GONBIIMMH Iepel 4 MU C
My4YK MU JIETKHX SAEp U IPOTOHOB MTO3BOJISIET MOMYY Th COCTOSIHUS SAEPHON M Te-
pHU TIIpH HU3KUX TeMIep Typ X U OoJbLIMX IUIOTHOCTSX. K rociesHum otTHocsTcs
WCCIIEIOB HUSI NIPOLIECCOB C IPENeIbHO OOJBIIMMHU MONEPEYHbIMU MMITYJIBC MH U
KYMYJITUBHBIX IIPOLIECCOB, KOTOPbIE SBJISUINCH OCHOBHBIM H IIP BIIEHHEM MCCIle-
JIOB HUIl H ycKopuTeslpHOM Komiuiekce JIBD H uuH g ¢ 70-X rogos npouioro
CTONETHSI.

B cepenune 80-X romoB mpomnuioro BeK H CHHXpod 30Tpone JIBD H 4 TH
9KCIIEPUMEHTBHI C My4K MU IOJSPU30B HHBIX AEUTPOHOB [7]. YKe mepBbie aKcIie-
PUMEHT JIbHBIE J HHBIE O MOJISIPU3 IIMOHHBIX X P KTEPUCTHK X (B KyMYJISTHBHOM
00JI CTH, YTO COOTBETCTBYeT 001 CTH = > 1, x* — ObEPKEHOBCK 51 NEPEMEHH 1)
IOK 3 JIM CHJIBHOE P CXOXJAEHHE C MPEeACK 3 HUSIMM P 3BUTBIX K ®TOMY BpPEMEHU
TeopeTHYecKux Mmojesei. KyMynsTuBHbBIE IpoLecchl CB3 HbI ¢ 00 CThIO M JIBIX
MEXHYKJIOHHBIX P CCTOSIHHH (T K H 3bIB €M s 007 CTh KOp HYKJIOH-HYKJIOHHOTO
B3 MMOJIEHCTBUS) U, CJEHOB TEIBHO, C OONBIINMHU IUIOTHOCTSIMU SIIEPHOM M Te-
pHH, IJie OCHOBHYIO POJIb MOTYT UIP Thb MHOTOKB PKOBBbIE KOH(UIYp LMW WIU HY-
KJIOHHbIEe Koppensiuuu. IMEeHHO 3T 0071 CTh HyKJIOH-HYKJIOHHOTO B3 UMOJEHUCTBHS
onpefesnseT yp BHEHHE COCTOSHUS SJepHON M TepUH B LIEHTPE 3Be3[ U, CIENOB -
TEJIbHO, 3 KOHBI BONIIOLIUH 3BE3.

K cepenune 80-x B omnuc HMM ce4yeHMH KYMYJSITHBHBIX MPOLIECCOB OBLT JIO-
CTUTHYT OOJIBLION Mporpecc K K B CO30 HUU TEOPETHYECKHX MOJENei, T K U B
p 3p 60TKe (PeHOMEHOJIOrHYEeCKHX MOAXOI0B OIUC HUs dTUX mpoueccos [8]. Bee
TeopeTHYeCKHe MOJIeTIH 0053 TEeJIbHO BKJIIOY 0T KB PKOBBIE M IVIIOOHHBIE CTEIIEHU
cBoGonpl. Ilonmsipu3 LMOHHBIE HCCIIENOB HUS IMOTPEeOOB JIM CEpPbhe3HO IEepPecMo-
TPeTh TEOPETUYECKHEe MOJEIN KYMYIATUBHBIX IpoLeccoB [9], ofH KO cyllecTBeH-
HBIE P CXOXJIEHHUS 9KCIEPHUMEHT JIBHBIX JI HHBIX C MPEICK 3 HUSIMH MOJENeH s
MONAPHU3 LHUOHHBIX X P KTEPUCTHK OCT IOTCS O H CTOSILIETO BPEMEHH.

«Kpusuc» B MOHMM HHUU MOJSPU3 LUOHHBIX X P KTEPUCTHK KyMYJISATHBHBIX
MPOLIECCOB TOBTOPHII CUTY LMK C HCCIIENOB HUSIMH HYKJIOH-HYKJIOHHBIX B3 H-
Igoz[eﬁcmnﬁ B 00 CTM mpejesbHO OOJNBIIUX IMONEPEeYHbIX UMIYIbCOB (T =

‘Pr

~ 1), NIHTEHCHBHO MPOBOAMBIIMXCS B AW II 30HE ®HEPIHil HYKIOTPOH B

s
70-x u 80-x rr. mpornwtoro Bek H yckoputenaix ANL m BNL B CIIIA. 3xecs
T KXX€ MOXHO TOBOPHUTH O CEphE3HOM «KPH3HCE» H IIETO IIOHUM HHS B3 UMOIEH-
CTBUS, T K K K MMEETCsl XOpolllee TEOPEeTHYECKOe OINC HUE CeYeHWid H 6 3e



KB PK-II PTOHHBIX IPEJCT BIEHUIl U, B TO XK€ BpeMs, HEBO3MOXHO ONUC Tb H -
60 FOIMeCs CHIIbHBIE MOJSIPU3 IOHHBIE 3((EeKTHI.

CyMMUpYy4 «KPHU3UCBI» B UCCIEJOB HHUAX KyMYJISTUBHBIX IIPOLIECCOB U MPOLIEC-
COB B 00J1 CTH IpeleNbHO OOJIBIINX MOIEPEYHbIX HMITYJIbCOB, IPOOIEMy MOXHO
chopMyIMpOB Th T K. B mccienoB Husx 0e3 NpHBIIEYEHHUsS CIHHOBBIX X P KTe-
PUCTHK $BHO H OJIIOA IOTCS NMpPOSBICHUS KB PK-IJIIOOHHBIX CTereHeil cBOOOIbI B

JPOH X M Jierd HIIuX ap X, IpUYeM B ¢ MOM IIPOCTOM BHjie (H IpuUMep, MOBejie-
HUE CeYeHUH MPEeKp CHO OMHUCHIB €TCS H OCHOBE IIp BUJI KB pKosoro cuer [10]).
OnH Ko npuUMeHeHHe KB pK-II pPTOHHBIX mpefct BieHuil (t.e. KXJI) mig onmc -
HUS NOJISIPU3 IIMOHHBIX X P KTEPUCTHK Y CTO I €T OCOJIIOTHO ITPOTHBOIOJIOXHbIE
MPEeICK 3 HUsl TOMY, YTO H OJI0[ eTcs B KCIIEPUMEHT X.

ITosTOMY IOUCK HOBBIX IOAXOLOB M HCCIENOB HUE IONOJNHHUTENBHBIX X P K-
TEPHUCTHK [ AyT BO3MOXXHOCTb PEIIUTh BOIIPOCH! O IpUpoze H Oiox eMbix addek-
TOB.

Ionsgpu3 UMOHHBIE HCCIIENOB HHUA C MPOTOH MM M JIETY HIIUMU AP MU H
HYKJIOTPOHE ITO3BOJISIT PEIIUTD LEJIBIA Psifl «3 T JIOK», ICHO 0003H YUBLIMXCS IPU
UCCIIeIOB HUSIX B 007 cTH mpepelibHO Oonbimux mepen 4 (z > 1 u zp > 1).
DTH 3 T' AKU HEMNOCPEICTBEHHO CBA3 HBbl C BOIPOC MU OINHUC HUS CTPYKTYpBl HY-
KJIOHOB M JIeTd WIIMX sigep B 001 CTH JOMHUHHMPOB HUS B JICHTHBIX KB PKOB, BUJ
kKop NN N-B3 UMOIEHCTBHS M CBOMCTB MH XOIOTHOH SIIEPHOM M TEPHH TPH IUIOT-
HOCTSX, B HECKOJIBKO P 3 IPEBOCXOAIIINX OObIYHYyI. Bce T BOmpocsl nMmeroT
peul olee 3H YeHHe JUIsl HOCTPOEHHS! HerepTypO THBHOH U CTH TEOPHU CHIIBHBIX
B3 UMOJAEUCTBUI — KB HTOBOM xpomoauH Muku (KXII), T KXe A NOCTpOeHuUs
MOCJIEN0B TENbHOW TEOPHH 9BOJIOLUM 3BE3[ M MPEICK 3 HHSA CBOMCTB M TEPUU B
uentpe 3Be3n [11]. T x Kk K cedyeHus MpoueccoB B atoil obm ctu (x > 1 u
7 > 1) CHABHO I JI IOT C POCTOM B®HEPIUH, OOJ CTh SHEPIHid, IPH KOTOPBIX
BO3MOXHO MPOBE/IEeHHEe 3TUX HCCIEN0B HUIl, Orp HUYEH HUMIIYIbC MU IEPBUYHBIX
y4KOB PLab < 50 IeB/c (y/syn =~ 10 I'sB).

H nuyue monspu30B HHBIX IIyYKOB Jlerd MINMX gAep H HYKJIOTPOHE IMO3BO-
JIeT MPEIOXKUTh (PU3UUYECKYI0 IIPOrP MMy, H IIP BIEHHYI0O H peLleHHe LIeJI0ro
psn H ubonee yHI MEHT JIBHBIX NPOOJIEM CTPOEHHs siepHOM ( APOHHOI) M Te-
puH, OMUp ACh H ONBIT p OOTHI U pe3ysbT ThI, MOMydYeHHbIe K K B JIBD OWSIU,
T K U B IpPyrUX UEHTP X:

— HCChenoB HUA pp-, pd-, dd-, p?’He-, d*He-, 3He 3He-CTOMKHOBEHHIA C MO~
JIIPU30B HHBIMH IIy4K MM IO3BOJIAT PELINTb 3 T JKU CIMHOBOH CTPYKTYPBHI
HYKJIOHOB W Jlerd MIIMX sjiep, T KXe BBIICHUTh OCOOEHHOCTH CIMHO-
BOW CTPYKTYphI B3 MMOJEHCTBUIl B HenepTyp® TuBHOI 061 ctu KXII; oco-
OGEHHO B XHO, YTO BIIEpBbIe Oy/leT BO3MOXHOCTb HMCCIENOB Th B3 HMOJIEH-
CTBHA MOJISAPU30B HHOM SANEPHON M TEPHUM, CBOMCTB KOTOPOU MOTYT OIpe-
IENATh CTPYKTYPY KOPp M CCUBHBIX 3B€3Jl, HIMEIOLIUNX OTPOMHBIE M T'HUTHBIE
10JIS;



—  BBISICHHUTH NPUPOLY HEOOBSICHUMBIX 0 CHX IOP CHJIBHBIX MOJISIPU3 LIMOHHBIX
atdexkros B [N N-B3 UMOAEHCTBUAX NPH Prap > 6 [3B B 001 ct mpe-
HEeNbHO OONBIIMX P M K K 9TH OCOOEHHOCTH CBSI3 HBI C M3MEHEHHEM I10Be-
JeHUS B JICHTHBIX KB PKOB B 9TOH KMHEM THYECKOW 00 CTH; YHHK JIbHOM
0COOEHHOCTBIO OYAET TO, UTO H JIMYME P 3JIMYHBIX MOJISIPU30B HHBIX SIep H
KOJUI iiiepe TO3BOJIUT BIIEPBblE IIPOBOAUTDH MCCJIEIO0B HHE C IOJHBIM H30TO-
MYECKMM H GOpOM COCTOSIHUIA HYKJIOH-HYKJIOHHOM CUCTeMBI (nn, pn U pp);

— JeT JIBHO HCCJeNOB Th BOMNpOCH H pymenus P- u T-yetHoctu B NIN-
B3 MMOJECUCTBUSIX;

— PpElUTH BOIIPOC O NPUPOAC KYMYIATUBHBIX (HOZ[HOPOFOBI)IX) IpOUECCOB;

— BBIACHUTH HpHpOI[y H pyHICHI/ISI Hp BUJI KB pKOBOl"O C4eT U OHPCHCHI/ITL
06.]'[ CTh UX HpI/IMeHI/IMOCTI/I (B TOM YHUCJIC HpI/I B3 HMOHCﬁCTBHH JIerd HIIuX
anep);

— p 300p ThCS C 3 T IKOW PE30H HCHOTO MOBEJCHUS LIBETOBOM MPO3P YHOCTH
pH prab ~ 9,5 [9B/c (pr ~ 2 I'3B/c).

1 moydeHHusT My4yKOB IOJIIPU30B HHBIX JIeTd WIIHMX SAep C BBICOKOH cTe-
MEeHBI0 MOJIAPH3 MU HEOOXOOMMO MPOBECTU JET JIbHOE UCCIICHOB HHE JUH MHUKH
CIIMH BO BCEX BJIEMEHT X YCKOPUTEIbHOIO KoMiuieke JIBD — uccnenos Hue Bo3-
MOXHBIX CX€M [JIsl YIp BJIEHHS H Ip BJICHUEM MOJSIPU3 LUK H MUILEHSIX (WA B
MECTE CTOJIKHOBEHHUS, B c/iyd € KoJu1 ifgep ). C MocTosTeNnbHOU 3 1 4el sBigercs
€031 HHE CHCTEM TOJIIPAMETPHUH TSI KOHTPOJIS CTETIEHH MOJIIPH3 LU IYYKOB B
mporiecce YCKOPEHHS M MPH BBIBOJE H (PU3UYECKHE YCT HOBKH.

2. YCKOPEHHE IOJISAPHU30BAHHBIX ITYYKOB [IPOTOHOB U
JETYAMIIIUX SANEP

H nuuue Y4 CTUI M THATHOI'O MOMEHT , KOTOpLIﬁ B3 HMO)ICfICTByeT C BHCII-
HUMHU M THUTHBIMU MOJIAMHU, HNPUBOAUT K TOMY, YTO B IPOLECCE YCKOPEHUA WIN
Tp HCIOPTHUPOBKHU IIYUYK HOJLAPHU30B HHBIX Y CTULl BO3MOXH IIOTEPA HOJIAPU3 -
Oun (;[enonﬂpm I_II/Iﬂ). M THHUTHBIA MOMEHT CBSI3 H C H JIAYHEM y 49 CTul CIIMH S
(COGCTBGHHOFO MOMCEHT ), KOTOprﬁ CBA3 H C M THUTHBIM MOMCHTOM Y CTHOBI [
COOTHOILICHUEM

K’ ~g-s,
rme g — TrUupoM THUTHOEC OTHOUICHUE. AHOM JIbH 9 Y CTh T'MpOM THUTHOI'O OT-
HOIICHUA g — 2 1 eT BO3MOXHOCTH yap BJIATH ABUKEHHUEM M THUTHOI'O MOMEHT

(CHI/IH ) HE3 BHCHMO OT 0p6I/IT JIBHOTO OBUKEHU U MO3BOJIAET CO3A B Th YCKOPH-
TEJIbHBIC KOMIUIEKCHI C IMOJIAPU30B HHBIMU ITYYK MHU.



B H crosuiee BpeMsi ycKopHTeNbHbIN KoMIuieke JIBD Bkimou er B cebs: uc-
TOYHMK TIIOJIIPU30B HHBIX Y CTUL], JIMHEWHBIA YCKOpUTENb, K H J TP HCIOPTH-
POBKM IIy4K B KOJIBLO HYKJIOTPOH , KOJIBIIO HYKJIOTPOH W K H JI TP HCHOPTH-
POBKHM IIy4K [0 MUIIEHH (10 3KCHEPUMEHT JIbHOH yCT HOBKH). Ilydok momgpuso-
B HHBIX U CTHUI[ M3 UCTOYHHUK IION J| €T B JIMHelHbIH yckoputens JIYV-20. Crenens
nenossipus 1mu B JIV-20 onpenenseTcs YIJIOBBIM p 30pOCOM Iy4K U COCT BJISIET
Benn4uHy Menee 1 %.

B p 6ot x [12-15] BrepBbie ObUIO BBEIEHO MOHATHE MEPHOAUYECKOTO MOJIs
H 0p BiaeHuil (mepuommueckoil ocu npeteccuu n(6)), nBuxenune (Ipeneccus) Bo-
KPYI' KOTOPBIX IIOJIHOCTBIO OIIPEAETIAET [IOBEJCHUE CIIUH B YCKOPUTEJIE:

n(f) =n(0 + 27),

rie 0 — 00OOUIeHHbI 3UMYT 4 CTULbBI (IJIMH P BHOBECHOH OpOUTBHI B €IUHH-
1 x nepuMmerp 27 R). CyliecTBOB HHe IMEPUOIMYECKON OCH MpeLeccHd o013 HO
NEepHOANYECKOM KOH(UIYp LMK M THUTHOTO IOJIS BAOJNb P BHOBECHOW OpPOUTHI.

Ecnu cniviH 4 CTHUIIBI, IBUXKYLIEHCS H P BHOBECHOW OpOWTE, U3H Y JIbHO H -
0p BUTH BIOJIb OCH M, TOTA IOCIE COBEPIUEHHs OYepeHOro 00OPOT Y CTHIBI B
YCKOpHTENe CIUH HOCciefHed OyaeT NPUXOIUTh B H 4 JIbHOE MojoxeHue. T Kum
00p 30M, OBUXXEHHUE CIIMH Y CTHLbI H P BHOBECHOW opOuTe OymeT MpeiacT BISATH
NpEeLecCHio BOKPYT OCH N: NpOoeKUHs CMH J = sSn H 0ocb h OyIeT CoOXp HATHCH,
HOMepeyH s MPoeKlus K n Oyaer moBop 4uB Thesd H yron W = 27v. CHOuHOB 5
Y CTOT V HOK 3bIB €T KOJHMYECTBO 0GOPOTOB, COBEPIICHHBIX CIIMHOM Y CTHIIBI 3
ofuH 000pOT B YCKOPUTEIIE.

B Tp AMLMOHHBIX YCKOPHUTENIAX C BEPTHK JIbHBIM BEIYLIUM IIOJIeM, K KOTO-
PBIM OTHOCHTCSI U HYKJIOTPOH, OCh IPELIECCHH N H TP BJE€H BIOJb BEPTHK JIH,
CIIMHOB I 4 CTOT V U3MEHSETCs MPOMOPLHUOH JIbHO DHEPrHu:

n=e,, v=G_Gy,

rae v — pemsituBucTckuit ¢ xtop, G = (g — 2)/2 — HOM IIbH 51 9 CThb THPO-
M THHTHOTO COOTHOLIEHHS.

OCHOBHBIMU X P KTEPUCTUK MU IPH OMUC HUU KOJUIEKTHBHOTO CIHHOBOTO
JBHXEHHS [Ty4K 9 CTHI[ SIBISIIOTCS BeKTOp mosisipu3 wun IT u crenenp nenonspu-
3 uud D, KOTOpbIE ONpEENsoTcs K K

II=(s)=(Jn), D=1-[II].

3mech yrioBble CKOOKH 0GO3H 4 10T YCPEAHEHHE [0 P CHPEHCICHUIO U CTHII
B Iy4Ke.

Ipy OTKJIOHEHHH OT P BHOBECHOW OPOMTHI MPOUCXOMUT MU3MEHEHHE M THHUT-
HBIX [OJI€H BIOJIb TP €KTOPHHU Y CTHUIIBI, B PE3YJbT TE Yero MPOUCXOMHUT H3MEHe-
HHE yIJIOBOW CKOPOCTH Bp ILIEHMS CIIMH W (CIIHHOBOE Bo3Mmyiuenue). CriuH coBep-
I €T JOIOJHHUTENbHBIC Bp IICHHSI, YTO MPUBOAUT K OTKJIOHCHHIO OCH IIPELECCHU
An ¥ CABUIY CIIMHOBOM 4 CTOTHI Av.



Eciu MHXEKTUPOB Th B HYKJIOTPOH MOJISIPM30B HHbIN My4OK 4 CTHII, Y KOTO-
PBIX BEKTOp IOJSAPU3 LM H IP BJICH IEPHECHANKYSIPHO OCH IPELECCHH N, TO 3
«Bpemsi» 6 ~ 1/Av, 94r0 [ HyKJIOTPOH COCT BISIET HECKOJIBKO COTEH 0GOpo-
TOB, IPOU30MAET IOJIHOE MEPEMEIIKMB HUE H P BICHHI CIIMH OTHOCHTENIBHO OCH
n ¥ noNsipu3 1yt OyaeT MonHOCThio yTepsH . T kuM oOp 30M, H Ip BJIE€HHE OCH
npenecciy N (PU3MYECKH BBIIEIECHO TeM, YTO BEKTOP MOJSPU3 LHH, UHXEKTHPO-
B HHBIN BIOJb N, OyOeT COBEpII Th YCTOMYMBOE IBHKEHHE.

HIMeHHO 109TOMY NPH MHXEKIHWH HeOOXOIUMO COIT COBBIB Th H 4 JIBHOE H -
Op BICHHE BEKTOP [OJBIPU3 LIUHM C H P BICHHEM OCH IpeleccHd n (BEKTOp
HOJISIPU3 LMK JOJXKeH OBbITh H Hp BICH BOOJb OCH M). B cymectsyiomuem K H jie
TP HCHOPTHUPOBKH HE MPOUCXOIUT BBILIEYK 3 HHOrO COII COB HHUs. Bekrop moss-
pU3 LUK MPU BBIXOJIE U3 UCTOYHHMK H IpP BJCH IO BepTHK Jid. [locie yckopeHus
Ny4K B JIMHEHHOM YCKOpHUTENle H NP BJCHHE BEeKTOp TMOJSIPU3 LIUKM HE M3MEHs-
ercs. Bo BpeMsi Tp HCHOPTHPOBKH MyYyK B HYKJIOTPOH IPOMCXOAUT Bp ILIEHHE
BEKTOp IMOJISIPH3 LUK K K B BEPTUK JIbHOW, T K M TOPU30HT JIBHOHM IUIOCKOCTSX,
B PE3y/IbT TE Y€ro H Ip BJICHHE IIOCICAHEro COCT BILIET YOl (v, C BEPTHK JIBIO
(eM. T O, 1). CremneHp Oenonsipu3 LUK U3-3 HENp BHJIBHOTO COII COB HHS Bek-
TOp TMONSPU3 LHU P BH

pNe'
Dy = 2 sin? Tz

JIng yctp HeHud 3T0ro apekT AOCT TOYHO, H NPHUMEP, B H U JIe U B KOHIIE
K H J1 TP HCHOPTUPOBKU YCT HOBUTH II Py COJIEHOMIOB, KOTOpPbIE HE BIUSIOT H
TP €KTOPHUIO U CTHUIIbI U B TO XK€ BpeMsl TpeOyeMbIM 00p 30M JOBOP YUB IOT BEKTOP
MOMSPHU3 LMW A0 BEPTUK M. MOXHO MOCTYNUTh MH 4e: 3 P HEE «IOATOTOBUTH»
H TP BJIEHWE BEKTOp IMOJIApH3 MM H BXOAE B K H JI TP HCHOPTHUPOBKH T KUM
00p 30M, YTOOBI NIOCJIE IIOBOPOTOB B M T'HUT X K H J TP HCIIOPTUPOBKU BEKTOP
MOJISIPU3 LMM 3 HUM JI BEPTHUK JIbHOE H P BIICHHE.

T 6mmy 1. CreneHb aenojsipu3 UM My4K U3-3 P CCOLJI COB HHUA BEKTOpP MOJSPH-
3 UM OPH HHKEKIMH B HYKJIOTPOH

Hygox w crom | *H | 2H | *H | *He

Qz, Tp I 67 | 98 | 116 | 79
Dy, % 62 | 1,5 55 81

Bo Bpems BbIBOJI IyYK BEKTOp MOJSIPH3 MU H NP BJEH BIOJIb WIM MPO-
TUB OcU N. BO3MOXHO ynp BJISTh H NP BJIEHHUEM BEKTOp HOJSIPU3 LUK BO BpeMs
TP HCHOPTUPOBKU IYYK OO MHUIIEHU (IKCIEPUMEHT JIbHOW YCT HOBKHM) 3 CYET
BCT BKH JOIOJHHUTEIBHBIX M THUTOB B K H JI TP HCHOPTHPOBKH (POT TOpOB). HApy-
I 51 BO3MOXHOCTD YIIP BII€HHSI BEKTOPOM IOJISIPU3 LIMM CBS3 H C IEPECTPONKOM
CIIMHOBOT'O JIBUXEHUSI HETIOCPEICTBEHHO Iepel p 60Toil H BHYTpEHHEH MUILEHU



WU Tiepe]] BBIBOIOM Iy4K W3 ycKoputelis. B p 6ore [16] mpuBenen npumep ymp -
BJICHUSI BEKTOPOM MOJISIPH3 LUK 3 CYET WHAYUHPOB HHOTO CIIMHOBOIO PE30H HC .
[ToBOpOT BEKTOp MOJISIPU3 IIUU B DTOM CJIy4 € HPOUCXOAUT 3 HECKOJIIbKO 000po-
TOB U TpeOyeT 3H YMTESbHO MEHBIIUX UHTErP JIOB M THUTHBIX IOJIeH B OTIIMYUE
OT «OJIHOIPOJIETHOTO» POT TOP . DTOT CcHOCOO sBNIseTcs H nbosiee MOAXOMIIIUM
IUIS TIYYKOB IOJISIPU30B HHBIX JEUTPOHOB M3-3 M JIOCTH HOM JIBHOHM 4 CTH THPO-
M THHUTHOTO OTHOMIeHMs Jeiitpon G = —0,143.

CrereHb MONISIPU3 1IUU B IPOLIECCE YCKOPEHHST MOXET U3MEHUTHCS, KOTH  CITH-
HOB s 4 CTOT CT HET P BHOU LIEJIOYMCIIEHHOW KOMOWH LU M3 4 CTOT GET TPOH-
HOTO M CUHXPOTPOHHOTO JBUXEHUS — B 00J CTH CIIMHOBOTO PE30H HC :

v=uv, UVpr=k+kv,+kyvy+Ekyv,.

JIyis HyKJIOTPOH 3H 4yeHus OeT TPOHHBIX Y CTOT p BHHI vy, = 6,8, v, = 6, 85.

H wubonee cuipHOe BiAMSHME H JIUH MUKY CIIMH OK 3bIB IOT PE30H HCBHI JIU-
HEHHOro npubmKeHus, wist Kotopsix |k;| + |k.| < 1. B uume nbHOI cTpykType
C CymeprnepuonoM p (14 HYKJIOTPOH p = 8) B JIMHEHHOM NPHOIMXEHHH MO
OTKJIOHEHHUSIM OT P BHOBECHOH OpOMTHI BO3MOXKH CEpHUsl Pe30H HCOB C HOMEp MU

vy =kpEuv,, k=0,£1,£2...,

KOTOpbIE H 3bIB 10T BHYTPEHHUMHU. BHyTpeHHHE pe30H HChl BO3HUK IOT IIPU B3 U-
MOIEHCTBUM CIIMH ¢ GeT TPOHHBIM ABIKeHHeM. OCT JIbHblE PE30H HChI CBS3 HBI
C UCK XEHHEM M T'HHUTHON CTPYKTYpbI KOJbI] , KOTOPBIE BbI3B HbI HETOUHOCTSIMHU
W3TOTOBIICHHS! ¥ IOCTUPOBKH 3JIEMEHTOB CTPYKTYPBI, C HEIMHEHHBIMH 3(PQeKT Mu
CIIMHOBOTO M OpOUT JILHOTO [BMXEHMH U C BKJIIOYEHHEM KOPPEKTHUPYIOLIMX U
(byHKLIMOH JIBHBIX 21E€MEHTOB (IUIIOJIed, KB ApYyIojel, ceKcTynoned u T.1.). B
JIMHEHHOM TNPHOJIVIKEHUH K PEe30H HC M, CBS3 HHBIM C HUCK XEHHEM CTPYKTYpBI,
OTHOCSTCS 1IeNble, HECYNEpIepHOIHbIE U PE30H HCBI CBA3U X- M 2-KojeO Huil. B
T 0. 2 YK 3 HO KOJIMYECTBO JIMHEHHBIX PE30H HCOB P YCKOPEHUH IyYK Y CTHLl
'H, 2H, 3H, 3He B Hyk10TpOHE (3eCh k U M — Leble YUCT ).

T Omun 2. JIuHeiiHbIe Pe30H HCBI B KOJIbIIE HYKJIOTPOH

KonunuectBo pe3oH HCoB

Tun pe3on Hc Ycnosue pe3on He
'H|?H | °H | °He
BHyTpeHHue pe3oH HCbI v=kptv, 6 — 8 9
Lemnble pe3oH HCbI v==~k 25 1 32 37

Hecynepniepuonsbie peson ueol | v =k+tv.(k#mp) | 44 | 2 | 55 64

Pe3oH HCHI CBSI31 v=ktuv, 49 2 63 73




ITpu yckopeHuH Iy4K CIMHOB 51 4 CTOT P CTET IPOIOPLHOH JIbHO DHEPTUH,
U NepecedeHne CIMHOBBIX PE30H HCOB CT HOBHUTCS HeHM30eXHbIM. OCHOBHBIMH I -
p METp MU IIpPU NEPECEYeHUH CIMHOBOTO PE30H HC SIBIISIIOTCS MOIIHOCTD CIH-
HOBOTO PE30H HC Wy, OTCTPOMK OT PEe30H HC € = V — Uy U CKOPOCTh H3Me-
HeHus oTcTpoiiku &' = de/df (ckopoctb nepecedenus). MOLIHOCT CIIMHOBOTO
PE30H HC wj, SIBIISIETCS] COOTBETCTBYIOLIEH (hypbe-I' PMOHUKOIA MTONIEPEYHOrO CIIH-
HOBOTO BO3MYILEHUS W U OIIpelessieT IUPUHY Ol CHOTO MHTEPB JI B 00J CTH
CIMHOBOTO PE30H HC .

JI7st BBIYMCIIEHUS CTENEHM IONSIpPHU3 LM MIPU MEPEceYeHnH CIIMHOBOTO Pe30-
H HC JOCT TOYHO IIPOCJEAUTh 3 HpoeKuuei J = sn cuuH H och N. [IBuXeHue
CIMH BOJIM3M YEMHEHHOTO CIIMHOBOIO PE30H HC H MOOJee IMPOCTO BHIIVISAUT B
«PE30H HCHOI» cucTeMe KOOPIMH T, Yy KOTOPOW OCh 2 COBII JI €T C H NP BJIEHUEM
ocHl N, TIONEpedHble K OCH z OPTHl BP II IOTCS C PE30H HCHOM Y CTOTOH Vj
BOKpyr ocH n [13]. B «pe3oH HCHOI» cucTeMe Mpu (PUKCUPOB HHOU OTCTpOiiKe
€ CNHH Bp I €TCS B «IIOCTOSHHOM» mone h, mpu aToM nepuopmyeck s och Ipe-
LIECCUH COBII JI €T C H NP BJICHUEM IOJI:

h
h=ce, +twre;,, n=—.
h
IMocne nepecevyenus pe3oH HC mosie h MeHsieT 3H K OTHOCHTENIBHO OCH 2.
Ipu au 6 TUYECKOM HM3MEHEHHMH MOJs, KO 3 OAUH 00OpOT CIHH I0-
cienHee ¢ 00 W3MEHseTcd,

dh
2
—| < h
‘ do ’
WK B CJIIy4 €, KOl wWg — const U BBIITOJIHIETCSA ycioBue

de

de‘ < &2+ |wgl*, (1)

W z\

npoekuns J sensercs am 6 TmueckuM muB pu mrom. Ipn |¢/| < |wg|® yeno-
Bue (1) BbImoOnHSETCS B JI000H MOMEHT BpEeMEHM W CIHMH COBepIl er Jju O -
THYECKOE IIePECEUeHUE Pe30H HC , I0CIe KOTOPOro MepeBop YMB €TCd BMECTe C
nosieM. OCHOBHOE M3MEHEHHe IIPOeKLUU J IPOUCXOMUT B d(heKTUBHOI 00 CTU
BOJIU3M PE30H HC , KOIJ ycjoBMe au O Tuyeckoro IepecedyeHus (1) H pym ercd
(Bopp ~ 1/VE").

T kum 06p 30M, IS BHIYHMCICHUS CTENICHH MOJISIPU3 LUH AOCT TOYHO CBA3 Th
MPOEKUWH CiuH 10 nepecedenus (J_) u mocne nepeceuennus (Jy) adexruBHom
00J1 cti pe3oH He . IIpu 3TOM yclioBHs COXp HEHMS HOJApU3 LMY OYZyT BBIIVII-
JeTb cllefyomuM obp 30M:

Jy=J_ W Jp=—-J_. 2



Ilpu mepeceveHur Pe3oH HC C MOCTOSHHOM CKOPOCTBIO 3H YeHHs Iu 6 Tu-
YEeCKOr0 MHB PU HT JIO U MOC/IE TIePEeCeYeH sl ONPEAEIISIOTCS IPUBEIEHHON MOLL-
HOCTBIO W = |wg|/Ve' [17]:

2
Ji = (1—2exp (—%))J 3)

Tlpu nepeceueHn Pe3oH HC , KOrA  Bbiosnsiercst yenosue (w?) ~ 1 (mpome-
XyTOUHOE TlepeceyenHte), ydoK Mp KTHYECKHU TOJTHOCTHIO JeMOIApU3yeTcs. 31ech
¥ 11 Jlee YIJIoBble CKOOKM 0GO3H 4 0T YCPEIHEHME IO P CHpENeeHHI0 Y CTHIL B
TyuKe.

Brictpoe nepecedenue o3H 4 er, uto (w?) < 1 u BekTop nomsipus uuu IT
HE YCIIeB €T 3H UMTEJIbHO M3MEHHThCS, CTeleHb Jenonspu3 uud D p BH

m (Jwnl?)

D ~ =

= 7r<w2> < 1.

Ipu MenmenroM ( 11 6 THYECKOM) MEpeceUeHHH, KOIa <w2> > 1, BekTop
MOJISIPU3 LIMU «IIEPEeBOP YMB €Tcd» BMecTe ¢ mojeM h OTHOCHTeNbHO BEepTUK JIH.
[Tpu »TOM CllenyeT p 374 Thb CIIYY il «KOT€PEHTHOIO» U «HEKOT€PEHTHOTO» Iepe-
ceueHns. «KorepeHTHOe» mepeceyeHne 03H 49 €T, YTO MOIIHOCTh PE30H HC OfH-
H KOB [UIf BCEX 4 CTHII (LENIbIe PE30H HCBI) M CIMHBI 4 CTHL BP I IOTCH BOKPYT
OIHOTO H TP BJIEHMS C OINMH KOBOH U CTOTOi. B 3TOM cryu e yciosue w? > 1
BBINIOJTHAETCS IS BCeX 4 CTHI IIyYK , CTeNeHb NONIpU3 LUU I0Cie epecedeHns
COXp HSeTCS ¢ DKCIOHEHIM JIbHOW TouHOCThI0. [Ipu «HeKorepeHTHOM» mepecede-
HUM MOIIHOCTb PE30H HC P 3/IUYH JUI P 3HBIX TP €KTOPUH IBMXKEHMS Y CTHUIL
B Iy4yke. B 4 CTHOCTH, ®T CHUTy LM pe JM3YeTCsd IPU NEPECEUYEHUN BHYTPEHHHUX
PE30H HCOB, KOTJ MOIIHOCTh PE30H HC IPONOPLHOH JIbH MIUTUTYyAe OeT TPOH-
HbIX Kosie6 Huil. CIIMHBI 4 CTMILH P 3HBIX TP €KTOPHUSX OYIyT Bp LI ThCsl BOKPYT
P 3JIMUHBIX H P BIEHUIl U C P 3HBIMU U CTOT MHU. B 2TOM cilyd e B Iydke Kpome
Y CTHUL], MEJUIEHHO IepeceK IOLUX PEe30H HC, €CTh U CTULBI C MPOMEXYTOUYHOH U
OBICTPOI CKOPOCTSIMH TEPECEYEHHs], YTO MPHUBOAUT K 4 CTUYHON AETIOISIPU3 LU
nydk . [Ipy HOpM JIBHOM p CIIpeleseHUd IO KOOPAUH T M M MMIIYJIbC M Y CTHIL
B IIy4Ke CTEeleHb AeMOJIpu3 Luu OyaeT p BH :

g 1

D= 7 {Jwg|?) B m(w?)

< 1.

IIpu ju 6 THYECKOM IepecedyeHUH HEOOXOIUMO YYUTBIB Th CHHXPOTPOHHbIE
KOyieO HHS U CTHII, KOTOPBIE MPUBOIAIT K «P CUICIVICHUI0» OCHOBHOIO PE30H HC ¢
MOIIHOCTBIO W) H CEPHI0 MOOY/ISLHOHHBIX (C TEIIUTHBIX) PE30H HCOB C MOIIHO-
CTAMM Wi, [13,18]. IlepecedyeHue MOAyISILMOHHBIX PE30H HCOB C IPOMEXKYTOU-
HOW CKOPOCTBIO NPUBEIET T KXK€ K U CTUYHOM WIM JI XK€ IOJTHON AENOIpU3 LHH.

10



Jnst p cueToB ynoOHO BBECTH X P KTE€PHYIO MOIIHOCTh PE30H HC wWq, IPH
Nepece4eHNH KOTOPOTo MPOMCXOOUT P KTUYECKH IOJH S JEMOoIIpu3 Lus MydK :

6’
Wq = >
T
TOIJ MOILHOCTh PE30H HC , COOTBETCTBYIOUI g MoTepu 1 % monsapu3 UUM IpU
ObicTpoM mepeceyenuu, p BH 0,1 wgy, MOIIHOCTb PE30H HC , COOTBETCTBYIO-
m g norepu 1% mongpu3 MM IpU AU O THYECKOM HepecedeHHd, p BH 10 wy
(«HEKOTepeHTHBIE» PE30H HCBI) WIH 3, 26 wq («KOTEPEHTHBIE» PE30H HCHI).

T 6muy 3. X p KTepUCTHKM MepecedeHHsi CIIUHOBBIX Pe30H HCOB B HYKJIOTPOHE

Y cruusl myyk 'H ’H 5H 3He
G 1,793 —0,143 7,92 —4.184
ED™ [[sB/H] 12,84 6,00 3,74 8,28
Vinin — Vmax 1,8 — 26,3 | 1,05 —-0,144 | 7,92 — 395 | —41,1 — -4,19
¢/, (yex = 0,5¢) | 7,0-107° 2,8-1077 1,0-107° 1,1-107°
wa, (Tyex = 0,5¢) | 1,5-1073 3,0-107* 1,8-1073 1,9-1073
Ig(wi/wg)  H, v=kp*xv. lg(wy /wy) 3H, v=kp*v,
| 1,5
1
0,5
0,5
T Ey | g
k
s 2 4 6 8 10 12 s 1 2 3
Lo ___@mTLs10? b wg= 18107

1,5
1
0,5
|
[ 2 4 6 g L
-0,5
| w,=1,91073

Puc. 1. BuyrpenHue pe3oH HCbl

P cuersl mepeceueHns] CIMHOBBIX PE30H HCOB MPU YCKOPEHHUH ITy4K MPOTO-
HOB U JeiTpoHOoB ObuM BbiosHeHsl p Hee [18,19]. H 6 3e p 3p Gor HHOrO
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KOMITBIOTEPHOIO OOECIIEUeHUsI P CCYMT Hbl X P KTEPUCTHKH CIIMHOBOTO JIBHIKE-
HUS HE TOJBKO JUIS MYYKOB NPOTOHOB M JEHTPOHOB, HO U JUIS ITyYKOB TPUTHUI H
remusa-3. B 1 61. 3 mpuBeneHsl pe3ydabT Tl p CYET OCHOBHBIX X P KTEPHCTHK
repecedeHys! CIIMHOBBIX PE30H HCOB.

H puc. 1-4 npusenens: jor pudMudeckne rp (UKH MOITHOCTEH Pe30H HCOB
JIMHEHHOTO NPUOJIKEHNUS B €IMHUILl X X P KTEPHOH MOIIHOCTH Wq B p Oo4eM o1 -
I 30HE M3MEHEHMS! KHHEeTUYEeCKO dHepruu nmyuk Fj. K xnpiii rp ¢uk p 36ur 1
TPU OOJI CTH, KOTOPbIe COOTBETCTBYIOT IIPOMEXYTOYHOMY IepecedeHuo (00 cTb
MEXIy CIUIOIIHOH W NMyHKTHPHOW JIMHUSAMH), ObICTpOMY (HUXE IyHKTHPHOW JIU-

lg(w/wg)  H, v=k lg(wwy)  2H, v=k
0,5
1,5
! E
.
0,5 L 1 2 3 4 5 |6
T ——
05 H 2 4 6 8 10 12
] S 0g=15103 71,,,,,1041,:,3’,0;194,‘,,,,
lg(wpwg)  3H, v=k lgwywy)  3He, v=k
2
1,5 1.5
b : | o
0,5 NRRETREY L 0,5 [ e
\m\Hl Imin £ AR E,

wz=1,9-1073

Puc. 3. HecynepriepuomHsie pe30H HChI
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lg(wi/w ) IH v=k=*v, lg(wi/w ) 2H, v=k * v,
1 1

Tt Jp

|
LN

- -2
wy=1,51073 0;=3,010
-3 -3
lg(oy/w,) H, v=kzxv, lg(wi/w ) 3He, v=k=*v,
1

0,5 2 4 6 8

wy= 1,8'1073

Puc. 4. Pe30oH HCHI CBSI3U

HUM) U U O THueckoMmy (Bbllle ciuiomHoW Jimuuu). Ilpu p cuere MouHOCTEMH
PE30H HCOB MPUHUM JIOCh, YTO HOPM JIN30B HHBIE ®MUTT HCBHI B TOPU3OHT JIBHOM
U BEPTHK JIBHOM H TP BJIEHUSX P BHBI 4, 57 - MM - Mp [, OIINOKH IOCTUPOBKH KB -
apymnosneir — 0,1 MM 1 OIHMOKK IOCTHPOBKH YITIOB ITOBOPOT BEOYLIMX M THUTOB
— 0,001 p &

Pe3oH HCBI, p CHOJOXEHHBIE B 30HE NPOMEXYTOUYHOIO MepeceueHus, MpUBO-
AT K Aenonspu3 Uuu mydk . M3 cp BHeHus rp (DUKOB CIIEQyeT, YTO IOYTH BO
BCEM [ 1 30HE M3MEHEHMS] DHEPTHHU ACIOJS PU3YIOIINMH SBIISIOTCS BHYTPEHHHE U
Lenble pe30oH Hewl (puc. 1, 2). Pe30H HCBI CBSA3U U HeCyNEpIIEpUOAHbIE PE30H HCBI
T KX MOTYT IPUBOIUTH K JEMOJISIPU3 LM Iy4K B TeX Xe 00l CTIX DHEepruu, rie
H XOIITCS BHYTPEHHME Pe30H HChI (puc. 3, 4).

3. METOIbI IEPECEYEHNS JENOJAPU3YIOIIINX PE3OHAHCOB

CylIecTBYIOT p 3/IMYHBIE METOAB! Ul COXP HEHUsS IMOJIIpU3 LUHU My4K IpH
MepeceyeHnn CIIMHOBBIX PE30H HCOB. MeTompl, MpU KOTOPBIX 3(h(eKTHBH g 30H
PE30H HC MepeceKk €Tcs C MOCTOSHHOW CKOPOCTBIO, OCHOB HBI H YBEJIMYECHHUU HIIH
YMEHBILEHUH MPUBEIEHHONU MOIIHOCTH PE30H HC w = |wg]|/ Ve’ ¢ Tem, aToGHI
obecrieuuts U 6 THYeckoe, wiu ObicTpoe nepecedeHue. ClieayeT OTMETUTD, YTO
1 xe npu norepe g0 1% creneHu MONApU3 LUU IPU HEepPecedeHUU OJHOIO Obl-
CTPOTO, WIN Ji1 6 TUYECKOTo (HEKOTEpPEHTHOIO) PE30H HC MOXKHO IOTEpATh 3H -
YHUTEIIBHYIO JOJII0 MOMSPHU3 LMW NPU MepeceyeHnt OOBIIOro YUCI PE30H HCOB.

P ccmoTpuM MeTonpl mepecedeHus CIIMHOBBIX PE30H HCOB, H MOoiee Moaxo-
Adinye JUid HyKJIOTPOH .
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) Ilpu nepeceueHMu LENBIX PE30H HCOB C IPOMEXYTOYHOH MOIIHOCTBIO
(w ~ 1) nenecooOp 3HO UCIIOJIB30B Th METOA IPEAH MEPEHHOIO YBETHMYEHHS MOIL-
HocTH pe3oH HC [13]. g TOro HOCT TOYHO BBECTH B CBOOOIHBINA MPOMEXKYTOK
HYKJIOTPOH IIPOJOJIbHOE M THUTHOE I0jie. MOIIHOCTh PE30H HC TIPH BBEICHUU
IIPOJOJIBHOIO TOJI ONpPEAessIeTCs BBIp XKEeHUEM
_oy U+ GHL,

2m 2rHR

U JOJXH COOTBETCTBOB Th YCIIOBHIO AW O Trdeckoro mepecedeHus (1)

Wi

wi > €.
Kpome Toro, 4ro6sl n3bex Tb 9(peKTOB ACNOMSIPU3 LUH H3-3 CHHXPOTPOHHOU
MOJY/ISILIMKM DHEPIUU, HEOOXOOMMO T K3K€ BBINOJIHUTH ycioBue [18]
2
Wi, > O Vy.

Ile 0 — CPEeIHEKB Jp THYHOE M3MEHEHHE CIIMHOBOM 4 CTOTHI, CBSI3 HHOE C ®HEp-
TETHYECKHM P 30pPOCOM B MyYKe, V., — 4 CTOT CHHXPOTPOHHBIX KOTe0 HHMI.

B T 611. 4 nmpuBeseHbl M KCUM JIbHBIE 3H YEHMS! UHTETP J1 MPOLOJIHOTO MOJIs
(H oHepruM BbIBOX ) i obecriedeHus [ O THYECKOIO IEpeceyeHus LesbIX
PE30H HCOB BO BCEM 1M I 30HE M3MeHeHus sHepruu (wy, ~ 1072).

T Oomnn 4. 3H YeHHs UHTerp J1 HPOIOJIbLHOIO MOJA MPU AU O THYECKOM mepecedyeHHH

Y cruusl mydk 'H| ?H | 3H | ®He
HyL,, Tn-m 1 134]031|0,9

6) IIpu nepeceyeHnn pe30H HCOB C OET TPOHHBIMH 4 CTOT MU II€JIECO00p 3HO
UCTIONIb30B Th METOJ IIEPECEUeHUs] 3 CUeT Opr HM3 MU CK YK CIHHOBOH Y -
crotel [20], He 3 cuyeT cKk 4K OeT TPOHHOW U CcTOTHI. HJIsl Opr HU3 LHU CK YK
CIIMHOBOW 4 CTOTHI A HEOOXOAUMO BBECTH B KOJIBIO HYKIIOTPOH «BCT BKY» U3
JOIIOJTHUTEIIBHBIX M THUTHBIX I10JI€H, YTO TO3BOJISIET IOJIy4UTh TPEOYEMYIO 3 BHCH-
MOCTb CLIMHOBOU 4 CTOTBI OT M rHuTHOTO 10yist v = v(H). «BeTr BK » JIONKH  CO-
OTBETCTBOB Th YCJIOBHSIM BOCCT HOBJIEHHS P BHOBECHOW OpPOHTHI, [UIsl CHHHOBOTO
JBUXEHHUSI COOTBETCTBOB Th IOBOPOTY BOKPYr ocH N H yroi 2wrAv (v = vg+ Av).

B k uectBe p 604eil cXxeMbl MOXKHO HCIOJIB30B Th CTPYKTYPY C HPOIOJIbHBIMU
U P I JTBHBIMU TOJISMH, U300p KEHHYI0O H DUC. 5, TIE @y, ¢y — YIIIbI HOBOPOT
CIMH BOKDYT P AW JIbHBIX M HPOJOJIBHBIX TOJIEH.

B npuOmikeHuu M JIbIX YIJIOB IOBOPOT CIHUH (@z,y << 1) H IIp BjeHue
P BHOBECHOH MONSPU3 UM OCT €TCS BEPTUK JIBHBIM, CK YOK Y CTOTHI Iperec-

CUU CIIMH P BEH
Pz Py
Ay = —=,
v 2
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Px /2 QD.V —Px 4(p," Px /2

[—Ixr LA/ 2 1-1."’ L}’ 71‘1,() Lx 71-1."’ L)’ Hx’ Lx/ 2

Puc. 5. CTpykTyp Opr HuU3 LMHU CK YK CIHHOBOH 4 CTOTBHI

M KcuM JIbHOE OTKJIOHEHHUE P BHOBECHOM Op6I/ITI)I BIOJIb OCKU 2 H Y4 CTKE
«BCT BKW», BbI3B HHOM P AW JIbHBIMU IOJIAMU Hm, COCT BHUT

1H.Ly P
8 HR 8v

M KcuM JIbH S JUIMH «BCT BKHM» OTp HUYEH [UIMHOH CBOOOOHOrO MpOMe-
XKYTK B YCKOpHUTEJE, YTO B HYKIOTpoHe cocT BiadeT 350 cm. OTmeruM, 4TO
CYMM DHbIE€ UHTEIp JIbl M THUTHBIX I0Jeil (KOTOpblE ONPENESIOT ¥y, y) MOXKHO
H Op Thb 3 CYET YCT HOBKHM HECKOJIbBKHMX «BCT BOK» B CBOOOIHBIX IIPOMEXYTK X
KOJIBI] YCKOPHTEJNS, IPX DTOM M KCHM JIbHOE OTKJIOHEHHE P BHOBECHOI OpOUTHI
YMEHBILIHTCS.

OtMmeTnM, 4TO METOI CK YK CIHHOBOH 4 CTOTBI, P CCMOTPEHHBIH B 3TOM
MYHKTE, MOXET OBbITh KCIOJB30B H IIPHU NEpeceYeHUH PE30H HCOB HE TOJIBKO C
6eT TPOHHBIMU Y CTOT MH, HO U IIEJbIX PE30H HCOB BMECTO METOH IIpeIH Me-
PEHHOIO YBEJIMUEHHUS! MOIIHOCTH PE30H HC , P CCMOTPEHHOIO B IyHKTE ).

B) B p ccMoTpeHHBIX Bbiie MeTOA X 3(eKTHUBH S OO CTh pe30H HC Iie-
peceKk ercsl ¢ MOCTOIHHOM CKOPOCTBIO U YCIIOBUE COXP HEHUs NOoidpu3 uuu (2)
BbinonHsgeTcs npubmkenHo (3). B p 6or x [16,21,22] Gbul npemioxkeH Me-
TOZl, B KOTOPOM YCJIOBHE COXpP HEHUs IOJISIpU3 LUK (2) BBIMOIHSIETCS TOYHO JUIs
BCEX THUIIOB CIIMHOBBIX pe30H HcoB. CIIMHOBOE JIBHKEHUE B 3h(heKTHBHOW 00 CTH
KOHTPOJIUPYETCS 3 CYET N3MEHEHHUs CKOPOCTH IepeceueHus!.

Yip BASATH OTCTPOMKON € BO BpeMs IepecedyeHHs BO3MOXHO, K K U B CIIy-
Y € Opr HU3 MM CK YK CIHMHOBOM Y CTOTHI (CMOTPHM HyHKT 0), 3 CueT u3Me-
HeHus cruHOBOM 4 ctoThl v(H ). st 3TOro BO BpeMs MepecevyeHus CIIMHOBOIO
PE30H HC HEOOXOMMMO M3MEHSTh OTCTPOIKY H BemudauHy Av ~ 4v/e/ 3 Bpems
At = Af/wy ~ 1/(Ve'wy), Te wy — yIIoB g4 cToT 06p IIEHHS B HYKIOTPOHE
(eM. T 61 5). T K K K ycjioBHe COXp HEHHS HOIApU3 HUH (2) BHIOMHSIETCS HE
WIS BCeX 4 CTUL My4K (M3-3 p 30poC MO BHEPrHu), TO CYyIIECTBYeT Orp HUYe-
HHE H JIOMYCTHUMOE 3H YEHHE CPEIHEKB P TUYHOIO M3MEHEHHs OTCTPOHKH O.
OCHOBHO¥ BKJI I B 3H Y€HHE O JI €T 3 BUCUMOCTb CIIMHOBOW 4 CTOThHI OT DHEPrHU

Ay

Oc ~ l/(—) T K, B CIIyd € T yCCOBCKOIO p CHpEIeeHHd Y CTHIl [0 3HEPIUH
v

AZmzauc = (4Ly + 5Lg;) = (4Ly + 5Lz)

[IpU BEJIUYUHE O, ~ 0,5\/3 CTeleHb MOJApU3 MU yMeHbuTcd H 3%,  11d
o ~ 0,2Ve’ crenens NOJIApU3 UMK yMeHsInuTca MeHee yeM H 0,1 %.

B 1 Gn. 5 npuBe[eHbl M KCUM JIbHbIC 3H YEHHS M THUTHBIX moneit H,, H,,
COOTBETCTBYIOILME TPEOYEMBIM YIIT M @y, (0 H 9HEPIMH BBIBOJA U M KCUM JIbHOE
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T 6mmy 5. X p KTepHCTHKHU CTPYKTYPBI YNIP BJIEHUA OTCTPOMKON IPH KOMIIEHC LHH

CTEIICHHU JEINO0JIAPU3 LUU

Y cruusl myyk H ’H SH 3He
Av 1,1-1072 [ 2,1-107% | 1,2-1072 | 1,3-107?
At, Mxc (8 =1) 50 250 40 40
H,, Tn 0,7 3,5 0,55 0,55
H,, Tn 4,3 14 1,35 3,8
AZmax, CM 4 10 1,1 2,1

OTKJIOHEHHE P BHOBECHOM OPOUTHI Az H BDHEpruu uxekuuu. [Ipu p cuere
HPEANoN T JOCh, YTO OTCTPOUK YIp BJSETCS YETHIPhMS M THUTHBIMH «BCT BK -
MH», CTPYKTYp KOTOpBIX M300p xkeH H puc. 3. Hmm L, = L, = 24, e
A — mnepryp M rHHT , p BH 1 20 cM. OOl 4 JUIMH CTPYKTYpbl yOp BIICHHUS
orcTpoiikoii coct Bisier 2(2 - 160) cm.

IIpy MemneHHOM BBIBOZE MyYK U3 HYKJIOTPOH C 9HEpruei Mmydk , OJIM3KOii
K ®HEPriUd OJHOTO U3 CIIMHOBBIX PE30H HCOB, BO3MOXH JEMOJISIpU3 LU MyYK .
OCHOBHBIM () KTOPOM, OIPEIENSIONINM CTeleHb AEMOSIpH3 UK My4K [pPU Mej-
JICHHOM BBIBOJE, SIBIIIETCS D 30poc ocell mpeueccun An, KOTOpslii H nboiee
CWIBHO NPOSBISeTCS BOJIM3M HEKOIEPEHTHOIO PEe30H HC , KOTH MOIIHOCTb pe-
30H HC IPONOPLMOH JIbH  MIUIUTYde OeT TpoHHOro napuxenud. CremeHp ne-
HOJIIPU3 MU B ®TOM CIIy4 € 3 BHUCUT OT MOLIHOCTH CIIMHOBOIO PE30H HC wWj U
OTCTPOMKHU OT PE30H HC € W VIS H Y JIbHO IMOJHOCTBIO MOJISIPU30B HHOTO MydykK
coct But BermauuHy (£2 > (w;?))

(wi)

2e2

1

_ 1 2
D =1- ()| = 5((an.))
Yr006b! u36E€X Th B 9TOM CIIyd € AEMOJSIPU3 LMK, TOCT TOYHO OTOMTH OT pe-
30H He H Benmmuuny Ae ~ 10w (Ay = Ae/G), uro, H npuMmep, I Iy4K
npotoHoB coct BUT AFE) ~ 50 MaB npu oTcTpoiiKe OT pe30H HC C MOIIHOCTBIO

wy, = 1072 ( qu 6 Tuyeckoe nepeceuenne) u AEy ~ 5 MaB npu oTcTpoiiku oT
PE30H HC C MOLIHOCTBIO wy, = 103 (MpOMeXyTOuHOE IepecedeHue).

3AKJIIOYEHHUE

HpOBCZ[eHHLIﬁ H JIK3 MO3BOJEET CACT Th CJICAYIOLIUE BbIBOIbI.
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1. B 0611 cTtu »Hepruil HyKJIOTPOH U, B MEPCHEKTUBE P 3BUTHUS YCKOPHUTEIb-
Horo kommekc JIBD OUSIU, B o6n ctu sHepruii 10 /sy < 10 9B skcme-
PUMEHTBI C [Iy4K MU IOJIIPU30B HHBIX JIErd MIOUX SOEP I 0T BO3MOXHOCTh OTBE-
TUTh H OOWH W3 C MBIX (PYHI MEHT JIbHBIX BOIIPOCOB CTPOEHHS JIeTd WIHX saep
U HYKJIOHOB B OOJI CTH JOMHHUPOB HUSI B JICHTHBIX KB PKOB B T K H 3bIB €MOU
HenepTyp6 TuBHOM 0051 ¢t KX]I. B 4 CTHOCTH, ecTh pe JIbH S BO3MOXHOCTb
— P 3T A Th 3 T IKY OIPOMHBIX MOJSPU3 LMOHHBIX D(PGPEKTOB B YIIPYroM pp-
p ccesunu mon yrmoM 90° B cuUCTeMe IEHTP M CC, HE HMEIIIed A0 CHX Mop
TEOPETUYECKOIO OIUC HHUH;

— p 300p ThCS B IPUPOAE PE30H HCHOTO BHUJI ODHEPreTHYECKOH 3 BHCUMOCTH
slepHOU (LIBETOBOM) MPO3pP YHOCTH, KTY JIbHOCTH ®TOW NMPOOJIEMbI CBSI3 H C H -
OJII0fileHUeM TIPH BBICOKHMX DHEPIUSX B SUIPO-SJIEPHBIX CTOJKHOBEHMSIX 2(peKT
[I0J BJIEHUS CTPYH, UMEIILEr0 H JIOTMYHYIO ®HEPIeTUYECKYIO 3 BUCHUMOCTb;

— ONpemeNuTh OCHOBHOW MeX HH3M O0p 30B HHUS KyMYJISTHBHBIX 4 CTUI (M Of-
HOBPEMEHHO — M€X HM3M IIOAIIOPOTOBOIO POXIEHMS U CTHLL), YTO OTBETUT H BO-
IIPOC O BO3MOXXHOCTH CYILLECTBOB HHs MHOTOKB PKOBBIX COCTOSIHHU ITPU OOJIBIINX
IUIOTHOCTSIX SIEpPHON M Tepuu (T KUE COCTOSHHS SAEpHOH M TEpUU ONpelessaioT
CLEH PUU 3BOJIIOLMU M CCHUBHBIX 3BE3[).

2. BBugy M 10CTH HOM JIBHOH Y CTH TMPOM THHUTHOTO OTHOLIEHHS BO3-
MOXHO YCKOPATb Iy4OK HOJISIPH30B HHBIX JEHTPOHOB Oe3 M3MEHEHHS M THUTHOMN
CTPYKTYpPbI HYKJIOTPOH BIUIOTh 1O KMHEeTH4YecKoi sHepruu 11 I'sB.

3. 3 I 4u N0 YCKOPEHUIO MOJIIPU30B HHBIX MYYKOB IIPOTOHOB U Siiep TPUTHUS
U renusd-3 ¢ TEXHUYECKOW TOYKHM 3pEHMS] DKBUB JIEHTHBI U el I0TCA EeJUHBIM
METOJIOM.

4. JIng coxp HeHUWd NOJIPU3 LIMHM MyYK MPH UHXEKLUHUH B HyKJIOTPOH HE0O-
XOIMMO, YTOOBI BEKTOP MOJSPU3 LMU OBLT H NP BIEH I P JUIETBHO OCH N.

5. IlpennoxeHbl METOIBI EPECEUeHNs] CIMHOBBIX PE30H HCOB, OOECIIEUNB I0-
1Me COXp HEHMe CTENeHM TOJIAPU3 LM VIS TyuKoB p, d, t, *He Bo BceM o 1 -
30HE PHEPruil HyKJIOTPOH C IOMOINBIO BBEJEHUS M THUTHBIX BCT BOK B KOJIBIIO
HYKJIOTpoH . Ilpu 3TOM JONOJIHUTENbHbIE 2IEMEHTHl HE OK 3bIB I0T CYyLIECTBEH-
HOTO BIUSIHUSI H JIMH MHKY My4K .

6. P ccMoTpensl 1B croco® MOMy4eHHs p 37MYHBIX H NP BIGHHH BEKTOP
NOMApU3 UMW H MHuLIeHH. [lepB s BO3MOXHOCTP — 3 CYET MHAYLHUPOB HHOTO
CIHMHOBOTO PE30H HC , KOTOPHIH BO3HHUK €T IPH MCIOIB30B HUH AOMOTHUTEIBHBIX
M THUTHBIX IOJIed B KOJIbIE HYKJIOTPOH . [Ipu TOM MOXHO p 6OT Th K K H
BHEUIHEH, T K U H BHYTPEHHEH MHIIEHH. DTOT crnocod ocobeHHO aheKTHBEH
W14 MydK JEeHTPOHOB. BTOp S BO3MOXHOCTP — YNp BI€HHME MNOMISpHU3 IMEl 3
CYET BBEIICHUSI POT TOPOB B K H JI TP HCHOPTHPOBKHU IMyYK [O MHILIECHH.

Agropsl 611 rox par B. B. ®umylikun 3 JieT JIbHYIO HH(OPM LHIO O IJT H X
€03l HUS HOBOIO MCTOYHMK IOJISIPU30B HHBbIX szaep B JIBD OUSN.
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