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OIITUKA ITYYKOB 3APA’KEHHBIX YACTHUIL HA
KPUCTAVIMYECKUX 3JIEMEHTAX
Adonnn A.T'.!, Yecnoxon 0.A%, STnoBuy A.A.’
(Poccuiickas Denepanusi)

! Aporun Anexcanop I'aspunosuy — eedywuii unscenep,
2Yecnoxos FOpuit Anopeesuy — 0OKmMOp GuU3UKO-MAMEMAMUYECKUX HAYK, 2NAGHIU HAYYHbLI
compyOHUK,
3 Tnoeuu Anopetl AHMoOHOBUY - KAHOUOAM UUKO-MAMEMAMULECKUX HAYK, CINAPUIUL HAYYHDLL
COmMpPYOHUK
HUI] «Kypuamoseckuii uncmumymy - UOBOI,
2. Ilpomsuno

Annomayun: 6 OauHOlU Cmamve Mbl NPeOCmagisieM Kpamkuiti 0030p OCHOGHBIX
Pe3yIbmamos no UCNOIb308AHUIO KPUCTAIO8 8 YCKOPUMENSX, GKIIOUAS. NePCHEeKMUBbL HA
oyoyuee. A UMEHHO: KOLIUMAYUS U BbIBOO HYYKO8 NPOMOHO8, KAHAIbL YACTHUY HOB020 MUNd
0711 NONONCUMENLHO 3APANCEHHBIX GMOPULHBIX YACMUY, NPOU3BOOCMIBO NYYKO8 HEUmpPUHO
BbICOKOU 9Hepeuu U Kpucmaiiudeckui MmwoouHvil  xowiatdep. Cgopmyauposarnvle
NPEeONoCEHUsT € KPUCMANLAMU NPUMEHUMbL Ol HACMOAWUX U  0YOyuyux aopOHHbIX
KOJLIAtioepos. Hsznooicennvle  udeu  nOOMEEPHCOAIOMCS.  IKCHEPUMEHMATLHBIMU
uccaredosanusamu kax Ha yckopumensx L{EPH, mak u na omeuecmeennom yckopumene Y-70.
Kniouesvie cnosa: xananuposanue 8 KpUCmMAaiiax, YCKOpumenu, 6bl600 NYUKO8, MIOOHHDBIL
Kosnauoep.

OPTICS OF BEAMS OF CHARGED PARTICLES BASED ON
CRYSTALLINE ELEMENTS
Afonin A.G.l, Chesnokov Yu.A.z, Yanovich A.A.} (Russian Federation)

! Afonin Alexander Gavrilovich - Leading engineer,
2Chesnokov Yury Andreevich — Doctor of Physical and Mathematical Sciences, Chief research

scientist,
Yanovich Andrey Antonovich - Candidate of Physical and Mathematical Sciences, Senior research
scientist
NRC "KURCHATOV INSTITUTE" - IHEP,
PROTVINO

Abstract: in this article, we present a brief overview of the main results on the use of
crystals in accelerators, including prospects for the future. Namely: the collimation and
extraction of proton beams, a new type of particle channels for positively charged
secondary particles, the production of high-energy neutrino beams and a crystal muon
collider. The formulated proposals with crystals are applicable to present and future hadron
colliders. The ideas presented are confirmed by experimental studies both at the CERN
accelerators and at the domestic accelerator U-70.

Keywords: channeling in crystals, accelerators, beam extraction, muon collider.

VIIK 539.1.07
BBeaenne
CoBpeMeHHBIE KPYITHBIE YCKOPUTETH YXOmAT B T3BHYIO oOmacte mo »Hepruu, BAK

(bompmoit apponnsni kommaitnep, LHC) yxe paboraer Ha 7 T3B. ITmanmpyercs BKK
(Bymymmit xompreBoit komraiinep, FCC) ¢ sneprueit 1o 50 TaB. B Poccuu Takxke mmeercs
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MIPOEKT yCKopHUTens B THBHOW o00nacTH HSHEPruM - Y CKOPHUTENBHO HAKOIMTEIbHBIH
rkomiutekc (YHK) na snepruto 3 TaB.

B »stOoM jmamazone osHepruil ympaBiATh TPACKTOPHSMHM YacTHIl C [OMOIIBIO
9JIEKTPOMArHUTOB JUIS IIONyYCHHUS BBIBEACHHBIX ITyYKOB CTaHOBUTCS CIIO)KHO M OYEHBb
3arpaTHo. Iyt 3TmMX weneil pa3paboTaHBl BBICOKOTPAaJUEHTHBIE YCTPOMCTBA Ha OCHOBE
M30THYTHIX KPUCTAJUIOB. JTH KPUCTAJUIBI MOTYT paboTaTh Kak MOBOPOTHBIE YCTPOWCTBA H
CBEPXCHJIbHBIE JIMH3BI C (POKYCHBIM PACCTOSTHUEM MeHee | M, C SKBUBaJICHTHBIM MarHUTHBIM
noneM 1000 Tecna.

B 1976 romy O3.H. Ipranor wu3 Jlyousr (OWSM) Tteopermueckun 00OCHOBAT
BO3MOXKHOCTb OTKJIOHEHHMS 3apsDKEHHBIX YacTHI[ C TIOMOIIBI0 M30THYTHIX KpHCTaJUIoB [1].
Ora uaes Oblia MOATBEPIK/IECHA B MEPBBIX HKCIEPUMEHTaX, NpoBeneHHbIX B JIyone B 1979
romy coBMecTHO# rpymmoit yuenbix u3 ONUAU u Jlabopatopuun nm. @epmu CILIA [2].

Kpome Toro, 3aMeTHbIM COOBITHEM B (DM3HKE BHICOKUX SHEPTHUIl CTall BBIBOJ IIPOTOHHBIX
MTyYKOB C ITOMOIIBIO U30THYTHIX KpHCTaLIoB U3 cuuxpodazorpona OUSN B 1984 romy [3]
U U3 COBPEMEHHOro NpOoTOHHOro cuHxporpoHa U®BI B 1989 romy [4]. Yribl usruda
KPHCTAJUIOB cocTaBisuid 35 Mpajg 1 80 Mpaji, COOTBETCTBEHHO, a 3(h()eKTUBHOCTH BHIBO/IA B
000HX CITy4asX COCTABIISUIA MpuMepHo 107,

C 3TOro MOMEHTa MPOU3OIIEN CTPEMHUTENBFHBIN POCT IMYOIMKAINil 1 HOBBIX PE3YJIbTATOB,
kak B HUL K1 U®BD, tak 1 B Mupe. Ha Bcex kpymHEeHIINX yCKOPUTENAX MUpa 10 CUX ITOP
MIPOBOJATCS SKCHEPUMEHTHI IO KaHAJIMPOBAHUIO B U3O0IHYTBHIX KpHCTaJJIaX. K CEPbE3HBIM
JOCTH)KEHHSM MOXKHO OTHECTH HCIIOJb30BaHHE KOPOTKHX KPHUCTALIOB s 3dexTrBHOrO
BBIBOAIA Iyuka M3 yckoputens Y-70 [5-7]. DToT ycmex CTHUMYIUpPOBAJ HCCIIEIOBAHUS
KOJUTUMAIIMK ITyYKa C MOMOIIBI0 KOPOTKMX KPUCTAJUIOB Ha YCKOPHUTENSX W KoJUlaijgepax
RHIC [8], Tevatron [9], SPS [10] u Hakonen, LHC [11]. [Ing peanuzanuu KoJuIUMaIul Ha
LHC 6b11 npoBenen 00Jb1I0i 00beM MpeBapUTENbHBIX HCCISOBAHUN B3aHMMOJCHCTBHS
IIy4Ka ¢ KOPOTKUMM H3O0THYTBIMM KpHCTaJUIaMH B paMKaxX MEKAYHapOJHOH NpOrpaMMel
UAO. Pe3ynbTaThl 3TUX MATHAJUATHICTHUX HCCIEJOBAaHUN KPAaTKO OMKCAHBI B 0030pPHBIX
cratesix [12, 13]. B nmanHoM pabore Mbl Oojee MOAPOOHO OTPa3UIN HCCIENOBaHUS,
MIpOBECHHBIE MpH AaKTUBHOM ydactun Tpynmel HW@DPBD. Takke KpaTKO ONUCAHBI
JOCTW)KEHHS IOCIETHHUX JIET, BBIIOJHEHHBIE B 3TOM HAlpaBJICHUH HAa OTEYECTBEHHOM
yckopurene Y-70. B 3akitounTeNnbHOM TI1aBe MpeICTaBIeHbl EPCIeKTHBBI UCIONb30BaHU
KPHUCTAJUIMYECKHUX 3JIEMEHTOB Ha COBPEMEHHBIX YCKOPHUTEIAX BHICOKUX YHEPIHH.

VIMEHHO TpH BBICOKHMX 3HEPTUSIX PACKPHIBAIOTCSI B IIOMHOM Mepe BO3MOMKHOCTH
KPHCTAJUIOB 10 YIPABIGHHIO ITydKaMM 4dacTull. Jlemo B TOM, YTO MHOTOKpaTHOE
KYJIOHOBCKOE paccesiHhe yOBIBAaeT C POCTOM dHEeprum Kak O, ~ (1/E), a KorepeHTHbIe
3JIeKTPOMArHHTHbIE TMpOLecchl B mone kpucramma kak 0, ~ (1/E)”2 Tlostomy, uem Bbiure
SHEPTHA, TEM JIydlle pabOTalOT KPHCTAUIbI, M BO3PACTaeT 3HAYMMOCTh MX MPUMEHEHUS Ha
YCKOPUTEISX.

I'naBal. BeiBoa my4uka nmpoToHOB u3 Y-70

Unen mpocdeccopa D.H. LlpranoBa mu3 JlyOHBI HCIIONB30BaTh KaHAJIMPOBAHHE B
M30THYTBHIX KPUCTAJUIAX JJIS YIIPABJICHUS ITydKaMu 9acTul (cM puc.la) OputH mpoBEpeHBI U
MIPOABMHYTHl BO MHOIMX OJKCIIEPUMEHTaxX. OTOT METOJ Hallel Hauboliee IIHPOKOoe
MIPaKTHIECKOE MpUMEHeHne Ha yckoputene ¥Y-70 8 UDBD, roe kpucTamuibl HCHOIB3YIOTCS B
PETYIApHBIX ceaHcax paboThl Ui BbBOAAa W (OPMHpOBaHMSA Mydka. Teopermdeckue
BONPOCH (PM3WKU KaHATUPOBAHWSA OBUIM JETalbHO ommcaHsl B [14, 15], mambomee
opoOHBIEe SKCIIEPUMEHTAIBHBIC JaHHBIe OBLTH MMONy4YeHH! B dKcriepuMenTe UA9 (cm. [12,
13] u ccpuiKm).
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KPUCMANIUYECKULL 0eqhIeKmop ¢ MAiblM Y2iom u32uod.
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3n1eck JHIIb KPATKO OTMETHM, YTO 3()(EKTHBHOCTh OTKIOHEHHS YacTHI] M30THYTHIM
KPHCTAJUIOM ONPEAENSAETCS OTHOIICHHEM KPHUTHYECKOTO YIila KaHaJupoBaHus O, K
PacxofMMOCTH ITydka @ ¥ yObIBaeT SKCIOHEHIIHAIBHO ¢ JUIMHOH kpuctaiuia L: Eff ~ (6. / ¢)
x exp (— L / Ly), rne xapakrepHsiii mapamerp Ly, Ha3pIBaeMBIil JUIMHOM JE€KaHAIMPOBAHMS,
JIMHENHO pacTeT ¢ PHEPrueil 4acTull U Ui NpoToHoB ¢ 3Heprueil 100 I'9B cocrasmser 5 cm
B Cna0oM30rHYyTOM Kpucramie. M3rub Kpucraiuila TpPUBOANT K BO3HHUKHOBEHHUIO
LEHTPOOSKHON CHIIBL, yMeHbInatomed 3¢dexkTuBHOCT, KaHanupoBaHus. CyliecTByeT
KPUTHUYECKHH paJnyc KaHATIUpOBaHWsA R, MpPH KOTOPOM KaHAJHPOBaHWE CTAHOBUTCS
HeBO3MOXKHBIM. J[ns1 wactur ¢ sHeprueit 100 3B on paBen 20 cm mis twrockoctH (110)
KpPEMHHUS, U TaKXKe JIMHEHHO pacTeT ¢ dHeprueH, kak u napamerp Ly. C pocToM yria n3ruba
KpucTauia 3QQPeKTHBHOCTH MOBOPOTA YACTHIIBI MMAIaeT MPAKTHYECKHU J0 HYJIS IS YT 0y
~ L¢/Re = 0.25 pan. Tak ke cieayeT OTMETHThb, YTO KPUTHYECKHUH Yroj KaHaJIUpOBAHHS
(yron Jlunmxapaa) moBomsHO Man (0, ~ (1/E)” = (0.02 — 0.002) Mpazx mis IPOTOHOB C
sHeprusmu E = (100 — 10000) I'3B cootBercTBeHHO). [103TOMY 3TOT METOA ynpaBieHHs
My4KaMHU HE SIBJISETCS YHUBEPCAIbHBIM, HO MOXKET OBITh OYEHb IMOJE3HBIM B HECKOJBKHX
ciy4asix, 0COOCHHO JJIsl BBIBO/IA IIMPKYIUPYIOIIETO ITyYKa ¥ €ro AeJeHUs B KaHaJlaX YacTHII,
T'JIe U30THYTbIE KPUCTAJUIBI BHITIONHSIOT POJIb MUHHATIOPHBIX MarHUTOB.

B Hacrosimee Bpemsi B YV-70 neiictByror 10 crenuanbHBIX CTaHIUM, Ha KOTOPBIX
YCTaHOBIIEHBI 13 pa3iuyHbIX KpHCTaUINUeckux Jedaexropos [16]. Pacnonoxenue craHmii
C M3OTHYTHIMU KpucTayulaMu B Y-70 mpezacrtaBineHa Ha puc. 1b. YacTe HUPKYIHPYROIIETO
Iy4yKa HAMpaBiseTcsi K KPUCTAUy MEJICHHO HapacTalolldM MAarHUTHBIM  IIOJIeM
JIOTIOJTHUTENIFHBIX KaTylleK (Tak Ha3biBaeMbiX OammoB). Cucrema ¢ oOpaTHOM CBSI3BIO
MOXKET perylupoBaTh 3Ty 4YacTh Iy4Yka B IIMPOKOM /Mara3oHe, KaK HaBeleHHWE K
BHYTPEHHUM MullleHsiM. JlaHHast cucTeMa Mo3BOJISIET Pean30BaTh PEKUM OJHOBPEMEHHOI'O
BBIBOJIA ITy4YKa B PA3HBIX HAIPABICHUSIX HECKOIBKUMH KPHCTAIIAMH.

OnHuM U3 crocoOO0B MCHOMB30BAHUS W30THYTHIX KPUCTAJIIOB SBJIAETCS MPAMOH BBIBOA
IIPOTOHOB M3 KOJbLA YCKOPUTENs KpuUCTaLIoM. B 3TOoM cilydae HCHONB3YIOTCS
MIPOTSHKEHHbIE KPUCTAJUIBI, KOTOpPBIE JAlOT BO3MOXKHOCTh MOJNy4aTbh OOJBIINE YIJIBI
OTKJIOHEHUS, CpaBHUMBIE C O, ECTh ABe craHummm Takoro tuma B yckoputene (puc. 1b,
CD24, CD27). OHu BBIBOIAT ITy4KHd IPOTOHOB HA 3SKCICPUMEHTAIbHbIC YCTAaHOBKHU,
KOTOpBIe OOBIYHO pabOTAaIOT CO BTOPHMYHBIMH YaCTHULAMH OT BHYTPEHHHUX MHIICHEH. YTIIbI
n3ruda Juis Takux JaeduekropoB coctaBisitor (80 —90) mpax, a nmunaa — (60 —70) mm. Ha
BCTAaBKE pPHCYHKa 1b moka3zaH BHENIHMH BHJ TaKOro THIIA KPUCTAUIMYECKOTO IETEKTOpa
CD27. Ha nmoMHHECLIEHTHOM 3KpaHe BUAHO (M300pakeHHe MyvKa Ha BCTaBKe pucyHKa 1b),
YTO pa3Mep BBIBEIGHHOIO ITy4Ka HACTOIBKO Majl, 4YTo He TpedyeT (OKyCHpOBKU
KBaJpYyHOJIAMH [UIsl TPAHCTIOPTUPOBKU HA COTHH METPOB.

M3-3a GONMBINOH JUTMHBI KPUCTAIIA W M3rHOa >(¢eKTHBHOCTD BHIBOXA HH3Kas ~ 107
[NpuunHa HeBBICOKOH 3()(EKTUBHOCTH BBIBOAA B STHX SKCIIEPUMEHTAX 3aKIIOYASTCS B TOM,
YTO NpH OONBIIMX JJIMHAX M yrJlaX M3ru0a KpPHCTAUIOB 33aXBaT YAaCTHI] B KaHAJINPOBAHUE
MIPOUCXOJUT B OCHOBHOM IIPH IIEPBOM MPOXOXKIEHWH Kpuctamia. He 3axBaueHHble B
KaHAJIMPOBAHUE YACTHIBI CHIBHO PACCEUBAIOTCSI M, B KOHEYHOM HTOre, TepsroTcs. [lis
peanu3auuy 3GpHEKTHBHOr0O MHOI00OOPOTHOTO BBIBOJA, KOTJA YACTHIIBI, HE 3aXBaucHHbIE
IIPU TIEPBOM TPOXOXKAECHWHM KPHCTAJUIA, MOTYT OBITh 3aXBadeHBl B IOCIEAYIOLIHE
mpoxoxaeHns. Kak mokaszamu pacuersl [17, 18], mma 3Toro TpeOYIOTCS KpPHUCTAIUIBI
HEOONBIION [UIMHBI C MalbIMH yriaMu m3ruba. DddexkTHBHOCTP 3axBaTa YaCTHI[ B
KaHAJIMPOBAHHE B 3TOM CIIy4ae MOXHO OIIEHHUTH, HCXO/S U3 CIEAYIONMX coobpaxenuil. Kak
MIPAaBWIIO, PETyApHAs KPUCTALIMYECKAs] CTPYKTypa NMPHUIIOBEPXHOCTHOTO CIOSI KpHCTaylIa
TommuHOW ~10 MHKpPOH Hapymaercss B Tporecce ero o0paborku. YacTumbel mpu
TIPOXOXKJICHNH 3TOTO CJIosi OyAyT WCIBITHIBATH MHOTOKPAaTHOE KYJIOHOBCKOE paccesHHe, a
YacTh W3 HHUX TOTEpseTCS B PE3yabTaTe SACPHBIX B3amMojencTBuid. [Ipm mocmemyromiem
TIONaJaHNN B KPHUCTAJUI, HO y)K€ B €ro PerysipHyI0 4acTb, Iy4OK Ha BXoze OyJeT UMETh
I"ayccoBo pacnpernenenne co CpeaHeKBaipaTHIHBIM YIJIOM O, ONpenensieMbIM (hOopMyoii:
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CpeHeKBapaTHYHbli yroa paccesHust o OyJeT pacTH 10 3akoHy O, =Ko, rtae k —

YHCIIO MPOX0XAeHnH. TakuM 00pa3zoM, 3p(heKTHBHOCTD BBIBO/IA ITyYKa KPUCTAJIIOM OBICTPO

pacTeT ¢ yMEHbIICHHEM JUIMHBI KPHCTAIa U yria ero u3ruba. ITa BO3MOXKHOCTH ObLTa

peanu3oBaHa B [5—7] ¢ MOMOIIBIO MOJIOCKOBOTO KpHUCTallla, MOKa3aHHOro Ha puc.lc. Ha
puc.2a 0000IIalOTCS JaHHBIC O M3MEPEHHIO 3(PPEKTHBHOCTH KPUCTAJUIMIESCKOTO BBIBOIA
n3 ¥Y-70 xpucramiamMy, U30THYTBIMHU Ha pa3Hble yIrisl [16].
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CD19 (dhuonemoswiii niyu) u CD27 (3enenviii ayu). I'ony6oii nyy- unmencusnocmo 6 ¥Y-70, kpachulil
JIYY- BbICOKOYACTMOMHDLLL UYM OJi HA8eOeHUs HyyYKd.
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B pesynpraTe MHOrONETHEH NPAaKTHKH OBUIO YCTAHOBJIEHO, YTO KPHUCTAJUIBI MOTYT
BBIBOJUTH ITyYKU YACTHUI] C BAPPUPYEMOM MHTEHCHBHOCTH OT 10° o 10" wacrum B muKie
0e3 CIenHaNbHOTO OXJaXAas B TEYEHHE THICSIY 4YacoB 0€3 BHIMMOTO YXYIIICHUS
s¢pektuBHOCTH. PagmanoHHass CTOMKOCTh ISl KPUCTAUIOB KPEMHHS B PEXHME
KaHanupoBaHus coctaBiser 102°cM™2. Takoil MeToj BBIBOJAA IydKa SBISETCS XOPOIIMM
JIOTIONTHEHHEM K MEUICHHOMY KIACCHUECKOMY BBIBOJLY ITydKa C MHTEHCHBHOCTBIO 10 10"
yacTull B uMmiryabce. OH IMOKa3bIBaeT HAJEKHYIO, BOCIIPOM3BOANMYIO U TpeENCKa3yeMyro
pabory.

[Iydkn OT KpHUCTAIIOB O0NANAlOT MajbIM SMHTTAHCOM, HMEIOT YIUBHTEIBHYIO
MIPOCTPAHCTBEHHYIO CTaOMIIBHOCTh 110 CPaBHEHHIO C OOBIYHBIMH ITy4YKaMH W JIETKO
MIepEeCTPauBarOTCsl B IIMPOKOM JIHarla30He MO HWHTEHCUBHOCTH. OTH IOJOXUTEIbHBIC
O0COOCHHOCTH BBIBOJA ITy4YKa KpHCTAUIOM H3 Y-70 TO3BOJIMIM HENABHO MPOBECTH
HCCIIeIOBAaHUE KAJIOPUMETPOB KpymHOM MexayHapoaHou ycraHoBku ATIJIAC. Takxe
BO3MOXKHOCTb BapbHUpOBaTh MHTEHCHUBHOCTH TOJIE3HA ITPU BBIBOJE IyYKa MOHOB U3 KOIBIIA,
4To0Bl U30€XKaTh (parMeHTalyy NPH B3aHMMOJCHCTBUM HOHHOI'O Iy4Ka C MaTepHaIOM
KOJUIUMATOPOB.

1.1 BoiBox MOHOB yriiepoaa Kpuctaiiamu u3 Y-70.

B nmocnenHue rompl  peanu3yercs nporpamMMma  YCKOPEHHsI JIETKMX HOHOB B
yckoputenbHoM Komiuiekce Y-70. [lonokutenbHble OCOOEHHOCTH KPUCTALIIMYECKOTO
BBIBOJA ITy4Ka 6I>IJ'II/I MOATBCPKACHBI U IJIs1 NOHOB. Ha pI/IC.Za OKCIICPUMCHTAJILHBIC TOYKH
JUIsl YTJIeposia COTJIACYIOTCS C TeopeTHuyeckoi kpuBoit [19]. B pacuerax sddextuBHOCTH
BbIBOAa Iydyka KpuctauioM ¢ mnomomibio mnporpammsl CKPEIIEP [20] yuuThIBamuch
MPOXOXACHUE YaCTHUI] B KPUCTAJUIE C YUETOM SIACPHBIX BSaHMO}IeﬁCTBHﬁ N MHOI'OKpaTHOE€
npoxoxiaeHue B yckopurene Y-70. Cnemyer oTMeTuTh, 3(p(eKTUBHOCTH BBIBOAA HOHOB
yrilepoja B HECKOJIBKO Pa3 HMXKE COOTBETCTBYIOLIEH BEIMUYMHBI Ul IIPOTOHHOIO IMy4Ka,
XOTA KaHAJIHUPYIOIIUE CBOWCTBA KPHCTAJUIOB OJMHAKOBBI Ul TPOTOHOB M HOHOB C
OJIMHAKOBOM MarHUTHOH KECTKOCTBIO (P/z) - OTHOIIEHHE MMITYJIbCa YaCTHIBI K €€ 3apsny,
4to ObUTO ycTaHoBiieHO B [21, 22]. bonee Huzkas 3ppekTHBHOCTH BHIBOJA W KOJLTMMAIHU
LUPKYITHPYIOIIEro My4YKa HOHOB MO CPAaBHEHHIO C MPOTOHAMHU HAOI0/aNach Takke B [23—
24] u oObsicHsieTcss Oollee WHTEHCUBHBIM SIIEPHBIM  B3aUMOJICHCTBHEM HWOHOB C
KPHUCTAJUIMYECKOH MHUIIEHBI0 [0 CPaBHEHHIO C IPOTOHAaMH IPH MHOI0O0OOPOTHOM
JBIDKEHUM YaCTHI] B YCKOPHUTEIE.

Komrmiekce ¥-70 paboran ¢ nonamu B 0011el ciioxHocTH 4 ceaHca. B aToT nepuos 6putn
HCCIIEOBAaHbl DA3IMYHbIE CXEMbl BBIBOAA W THIIBl KPHCTAUIMYECKUX Je(IEKTOpOB,
H3MepeHbl pa3Mephbl BHIBEICHHOIO My4yka U ero cocraB (puc. 2b). Takke HccieqoBaUCh
PEeXHUMBI OIHOBpEMEHHOH paboThl KpucTamioB. Ha puc. 2c¢ mokaszaHa ocnuuiorpamMma
napajuieNIbHOM paboThl IBYX KPUCTAJUIOB B OJHOM LUKJIE YCKOPEHHSI.

B pesynpTare MpOBEAEHHBIX 3KCIIEPUMEHTOB IMOKA3aHO, YTO C IMOMOIIBIO HM30THYTHIX
KPHCTAJUIOB BO3MOXKEH BBIBOJ ITyYKOB HMOHOB B Da3iIMYHbIC KaHAJbl TPAHCIOPTHPOBKU
YacTUIl I (PU3MYECKHX YCTAHOBOK C NPHUEMIIEMBIMH NapaMeTpaMH — WHTEHCHBHOCTBIO,
pasMepaMu, BpEeMEHHOW CTPYKTYpOH M cocTaBoM myuka. HexernarenbHas (parMeHTarus
JIOBOJIBHO HU3Ka. ClleayeT OTMETUTh, YTO MOBPEKACHUE KPUCTAILIA BCIEACTBHE OOIMydeHHS
HMOHAMHU BBICOKMX JHEPrHH CYIIECTBEHHO OOMbIe, 4eM IpoTOHamMH. I 3Ta mpobiema
TpeOyeT NaTbHEHIINX UCCIIETOBAHNH.

I'maBa 2. HccaenoBaHue 00HEMHOr0 OTpPaKeHUSl PeJSTHBUCTCKHX YacTHI B
MYJIbTHKPHCTATINYECKHX CTPYKTYpax

HemaBro corpynamkamu HUL[ KW — M®BD coBMeCTHO C KOJUIETaMH M3 HECKOIBKHX
POCCHICKHX M 3apyO€XHBIX HAYYHBIX IIEHTPOB OBUIO OTKPHITO HOBOE (PM3MUECKOE SIBICHUE
— OTpaXkKEHHWE ITy4YKa IIPOTOHOB BBICOKOW 3HEPIMH OT M3OTHYTHIX ATOMHBIX INIOCKOCTEH
kpuctaiuia kpemuust [25-30]. OObemHOe oOTpakeHHE OOYCIOBIEHO B3aMMOJCHCTBHEM
HAJICTAIOIIEr0 MPOTOHA C ITOTEHIIMATIOM H30THYTOH aTOMHOW PEIIeTKH M MPOUCXOJWT Ha
MaJoi JUIMHE B OOJAacTH KacaTeIbHOW K HW30THYTOW aTOMHOM IIOCKOCTH, IIPUBOAS K
OTKJIOHEHHIO YaCTHIIBI B CTOPOHY, ITPOTUBOMOIOKHYIO H3THOY (cM. puc.3).
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Puc.3. a - Pacuemnas mpaexmopusi nonoscumensto 3apsiicennoti 150 I'B - yacmuywl 601u3su
KACAmenvHOu K U302HYMbIM AMOMHBIM NIOCKOCMAM 6 KpUCmainie kpemHus, b- mpaexmopus
ompuyamenvro 3apasxcennou 150 I'3B-uvacmuybr [28].

BeposiTHOCTh OTpakeHHsi BbICOKa W TpH dHeprusix okono 100 B npubnmxaercs k
eqUHULE. SIBICHHMEe OTpaKeHHMS MPOUCXONUT B IIMPOKOH oOmacTH yrIoB Hu  Oonee
spdektuBHO, uveM 00blMHOe KaHanmupoBaHue [15]. TloaTomy wumeroTcs peasibHbIC
MIEPCTIEKTUBBI Ul HCIIOIb30BAaHMUS OTPAKEHWs MPU BBIBOJEC M KOIMMAILMM IIy4YKOB Ha
OOJIBILINX YCKOPUTEIISX.

Yron OTKIOHEHHS Ul MOJOKUTENBHO 3apsDKEHHBIX YaCTUI] NPHU OTPaXKEHUH OT
KpHCTauIorpaIeckux IUIOCKOCTe OrpaHM4eH BeaumduHou 1.5 0., a Ui OTpHLATENbHO
3apspkeHHbIX 4dactur, — 0.8 0, (cMm., Hampumep, [27, 28, 30]), rme 6, = (2Uc/pv)”2 -
KpUTHYeCKUi yron kanaimpoBanusi, U, ~20 3B — BennumHa muiockocTHoro xanana (111) B
KPEMHUH, P, V - UMIYIbC U CKOPOCTh HaJIETAlOLIed YacTulpl. [ 3a71a4 yCKOPUTENBHOM
¢bu3uKN TpeOyeTcs yBeIHUYeHHE yrila OTPaKeHHUs B HECKONBKO pa3. beuto mpemsoxkeHo nBa
ITyTH JJIS 3TOTO:

e KparHoe oTpakeHue Ha 1enodke KpuctawioB [31], aTot a¢ddexr uzsecren kak MVR
(multiple volume reflection).

e KparHoe oTpakeHHE B OJHOM KpHCTaJUle, OPHEHTHPOBAHHOM BOJIM3M OCH,
CYMMapHBIM TOTEHIMATIOM HECKOIBKMX KOCHIX MIockocted [32, 33], xKoTOpHIii Ha3BaIu
MVROC (multiple volume reflection in one crystal).

OKCHepUMEHTANBHBIE HCCIEIOBAaHMUSA C TAKMMH KPHCTAJUIMYECKUMH YCTPOHCTBaMH,
paspaboranasmvMu B HULL K1 MPBD, onvicaHbl B JaHHOM pazfiene.

2.1. DkcnepuMeHTHI MO OTKJIOHEHHI) TMPOTOHOB M OTPULATEIbHBIX NMHUOHOB C
MOMOIIBIO OTPAKEHUS

Briepsrie 00beMHOe oTpaskeHue Obu10 mpenckazano B 1987 roxy A.C. BopoObeBBIM 1
A.M. TapaTuHBIM TIpH AETAIFHOM KOMIBIOTEPHOM aHalm3e oO0beMHOro 3axmaTta [29]. B
2002 romy B coBmectHOM »skcnepuMmente [IMAD® u HDBD nHa yckopureme VY-70
HCCIIEIOBAJICS TIPOIECC KaHAIMPOBAHKS ITydKa MPOTOHOB ¢ dHeprueit 70 [3B B m3oraHyToM
Kkpuctamuie kpemHusa. Ha ¢orosmynbcnn, KoTopasi ciyXuia AeTEKTOPOM YacTHUIl, TTOMHMO
MIPOTOHOB, OTKJIOHEHHBIX 3a CYET Mpolecca KaHAJIMPOBAHMS, OBUIM 3aMEUYeHBI CBETIas
JUHUSL W TEMHas JIMHHUSA C TPOTHBOIMOJIOKHBIM YIJIOM OTKJIOHEHHWsS. ABTOpPBI CHavasa
TIPEATNIONOKIIIN, 9TO 3TO Je(QeKThl B KpHCTaule WM B (oTodMmynscuu. llozmnee B
pe3ynbTaTe aHajiu3a JaHHBIX OBUIO TOKa3aHo, YTO JIOMOIHHUTEIbHBIC JTHHUHM OOBSICHIIOTCS
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sapdekrom orpaxkernus [25]. B 2006 rogy B [INAD Ha cuaXponmKIOTpOHE C 3Hepruei 1
I'>B Obu1 BHITOTHEH SKCHEPHMEHT C KOJTMYECTBEHHON OIIEHKON MPOIIECCOB KaHATHUPOBAHHS
n o0beMHOro orpaxkeHus. IlomydenHast 3)peKTHBHOCT OOBEMHOTO OTPAXKEHHUSI COCTABHIIA
70% [26]. deranbHoe HUCCIeOBaHUE MPOIECCA OTPAKEHUS MOIOKUTEIBHO U OTPULIATEIHHO
3apsDKEHHBIX YaCTHI] MPOBENEHO B [27, 28] ¢ TOMOILBbI0O MUKPOCTPUITIOBBIX JIETEKTOPOB.

Jist IpakTHYecKoro MpUMEHEHHsT 00BEMHOTO OTPa)KEHHsI IPH BBIBOJE M KOJJIMMAINN
ITy4KOB HEOOXOMMO YBEIHYHUTH YToJl OTKJIOHEHHS YacTHIl ITy9Ka B HECKOJIBKO pas.

OKCHepUMEHTHl IO OTKJIIOHEHHIO MTPOTOHHOTO Iydka ¢ umnynbcoM 400 I'3B/c u myuka
OTPHIIATENILHBIX MHOHOB ¢ uMIyiibcoM 150 ['3B/c 6pun ipoBenensl B CERN Ha yckopuTene
SPS ¢ ucnonp30BaHNEM MHOT'OIIOJIOCHOT'O KPEMHHEBOTO JIE(IIEKTOPA B PEKUME OTPAYKEHUSI
[34]. KoHCTpyKiMss BOCHBMHUITOJIOCHOTO KPUCTAJNIMYECKOrO0 YCTPOWCTBA MpHUBENCHA Ha
pucyske 4d. OTaenbHbIe KPUCTATHYECKHE TTOJIOCKM UMEIOT IUPHHY 2 MM BJIOJIb ITydka, 40
MM B JuTHHY ¥ 0,9 MM B TONIIMHY TOTIEPEK My4Ka.

OKcnepUMeHTalIbHAsl YCTaHOBKA MO3BOJISIIA U3MEPSTh TPAEKTOPUHM YACTHI[ C YTIIOBBIM
pasperieHreM 3 MKpaJl, OrpaHUYEHHBIM MHOT'OKPATHBIM PACCEsSHHEM YacTHIl B JIETEKTOpax
u Bo3ayxe. Mcnonb3oBanuch YeThIpe Mapbl MUKPOCTPHIIOBBIX KPEMHHEBBIX JETEKTOPOB,
PacCIONIOKEHHBIX ABE Mapbl 10 KpUCTaUla U JIBE Maphl 32 KPUCTAIJIOM IO My4Ky. YTJIOBas
pacxoMMOCTh B TOPH3OHTAJIBHOW M BEPTHUKAIBHOM IUIOCKOCTSX MAJAloIIero Iydka
cocraBwia okono 10 Mxpang. Mexnay BTOpo M TpeTbell MapaMM MHUKPOCTPHIIOBBIX
JICTEKTOPOB OBbLT YCTAaHOBJIEH BBICOKOTOUHBI TOHHOMETP, KOTOPBI OpPHEHTHPOBAJ
KPUCTAJUIMYECKOE YCTPOMCTBO B TOPU3OHTAIBLHOW W B BEPTUKAJIBHOM IUIOCKOCTH C
TOYHOCTBIO 70 2 MKpan [34].

JIByXMepHbIe IBETHbIE IMCTOIPAMMBI Ha PUCYHKe 4a U 4C MOKa3bIBAIOT pacnpelelieHne
uHTeHcuBHocTd mydkoB 400 IaB/c mporoHoB u 150 I'@B/c orpunartenbHbIX NHOHOB
COOTBETCTBEHHO, IPOIMIEAMNINX Yepe3 KPUCTAUI B 3aBUCHMOCTH OT YIJIOB OTKIIOHCHHUS
gacTuly O, W YIJIOBOIO IIONOXKEHUS TOHMOMETpa ¢,. Ha pucynke 4b s JaHHOTO
KpHCTaJUIMuecKoro jaeduiekTopa MpeicTaBieH pacuer merompoMm Monte-Kapmo mis 400
IB/c mporonoB mnporpammoit CKPEIIEP [20]. MakcumanbHble OTKJIOHEHHS YaCTHII,
BuauMble Tipu 6, > 0 BONM3M LEHTpaJbHOW OOJNIACTH CKaHUPOBAHUS, MPOMCXOMAT H3-32
KaHalupoBaHMsA. [IBa OTHENbHBIX MaKCMMyMa WHTCHCHUBHOCTH ITy4Ka, OTMEUEHHBIC
CUMBOJIOM (*), OOBSICHAIOTCA pa3OpHEHTAlMell KPUCTAJUIOB B MOCIENOBATEIbHOCTH. B
yriaoBoil obnactu 6, <0, OTKIOHEHHS NPOUCXOAAT H3-32 MHOTOKPaTHOTO OOBEMHOI0
orpakeHus uactun (MVR), mepecekaromux TIIONHYIO MOCIEJOBATEIBHOCTh ITOMOCOK.
CpenHuil yron OTpakeHHS MHOTONOIOCHOTO KPUCTAUIMUECKOTO YCTPOMCTBA MOXKHO
npeacTaButh Kak (6,,) = (a,,) *n, roe {(a,,) — CPEOHHA yroj OTPaKEHHs IS OIHOTO
KpHUCTaJIa, N — YHUCIIO KPHCTAJUIOB B KPUCTAJUTMYECKOM ycTpoiicTBe U n < 10. JlanpHeliee
yBEJIMYEHUE KONNYECTBA KPUCTAJUIOB MPUBOIMT K HOoTepe 3G PEeKTUBHOCTH Mpolecca u3-3a
BO3pacTaHMsI KOJUYECTBA ANEPHBIX B3aUMOJECHCTBUIM.
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Puc. 4. Omxnonenue nyyka Kpucmamuyeckum 0e@paekmopom. 30eco ¢, — yeon epaujenus Kpucmaiia
OMHOCUMENBHO HANPAGIEHUS NYYKA, O, — Y20l OMKIoHeHus Hanemalowux yacmuy. Pacnpedenenue
unmencusrocmu 400 I'>B/c nyuka npomonos, npouteduiezo yepe3 Kpucmaniuieckuii degpnexmop (a) u
pacuem gvinoanennvlil Memooom Monume-Kapio ¢ yuemom paszopuenmayuy 0moensHuix noI0COK Ha
senuyuny 50 mxpao (b). Pacnpedenenue unmencuenocmu 150 I'5B/c nyuka ompuyamensHuix nuonos,
npowteouiux yepe3 KpUCManIuiecKuil 0egpiekmop 6 3agUcUMoCu Om Y208 OMKIOHeHUst NUOHO8 O u
V208020 NONOACEHUSI 2OHUOMEMPA @, (C), KOHCMPYKYUsL Oepiekmopa, npeocmasisiowas
60COMUNONOCHOE KPUCALIUYECKOEe YCMPOUCMEO U CXeMd €20 YCMAHO8KU 8 20Huomemp (d).

Ha pucynke 5a u 5b npuBeseHsl pacnpeielieHus: IPOTOHOB M OTPULIATENBHBIX THOHOB B
TOPM30HTANBHBIX YIJaX OTKIOHEHHS O, I (PUKCHPOBAHHOTO IIOJIOXKEHHS TOHHOMETpa
(¢, ~200 MKpag), 4YTO COOTBETCTBYET IUIOCKOCTHOMY OTpa<eHHI0. OD(QeKTUBHOCTH
OTHOCTOpPOHHEro oTkIoHeHus (6, < 0) cocraBmina okoio 94% st MONOKUTENBHBIX YACTHIL
u oKono 71% 1t oTpuuaTeNnbHBIX YacTHL. J(GEKTHBHOCTD OTKIOHEHHS, 00yCIIOBIEHHAs
MVR (6,<6,) mnsg NONOXHUTENBHBIX dYacTHI cocTaBwia 92% (cM. 3aIITPHXOBAaHHYIO
obnacts pucynka 13a).
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Puc. 5. Pacnpedenenue 20pu3oHmansHo20 OMKIOHeHUs Y208 Oy 6 YCI0BUAX NOCIE008AMENbHbIX
00BEMHBIX OMPANCEHUTL 8 BOCOLMUNOIOCHOM KPUCTNATIIUYECKOM YCMPOUICMBE, OMMeYeHHbIX
cmpenkamu Ha pucyukax 4a u 4¢ ons npomoHos u OMpUYaAmenbHolX RUOHO8 COOMBENMCMBEHHO.
3uauenue yena 8, =< 0, > +3 0y, onpedensem epanuyy menscoy 06beMHO OMPANCEHHOU U
HeompastCeHHO Yacmoio nyyxa.

3HaveHus CPEHErO yIiia OTpaxenus (6,,.) u cpenHeKkBaapaTHIHOro oTKIoHeHus (RMS)
JUISL BOCBMUITOJIOCHOTO ~KPUCTAJLTMYECKOr'0 YCTPOMCTBA B IUIOCKOCTHOH OpPHEHTAIMH
cocrasunu: (6,,) = 68 mrpax, RMS = 16,5 mMxpan s nporonos 400 I'5B/c u (6,,.) = 78
MKpag, RMS = 38,4 mxpaa uist otpunatenbHeix noHoB 150 [9B/c. 3mepenHbie cpennie
YIIIBl OTPaXKEHUsI COCTAaBIAIOT OKkolno 80% OT pacueTHBIX 3HAUYCHUWH, Tak Kak Julsd
paccMaTpUBaeMOl OPUEHTAIMU KPUCTAJUIMYECKOr0 YCTPOMCTBA JBE IOJIOCKH M3 BOCHBMH
OBUTH Pa30pUECHTHPOBAHbBI (CM. pUCYHOK 4a).

Ha BTOpOM 3Tame ucciaenoBaHus UCIONb30BANICS METO YBEJIMYEHHUS YIla OTPasKeHHs 3a
cueT oceBbix 3¢ pexroB B kpuctaiuiax (3dgdexr MVROC). B atom ciyyae 3a cuer Bkiajga
KOCBIX  KPHUCTQJUIMYECKUX  IUIOCKOCTEH IpM  OpHEHTAlMu  KpUCTajia  BOJIU3M
KpHcTaJuTorpaduueckoil ocu BO3MOXKHO YBEIWYCHHUS OTKIOHEHHs TPAeKTOPHU YACTHUIBI B
Afr~ 3 — 5 paza, rue Ar — akcuanbHblit pakrop. Puc.6 nmosicaser 31ot a3 dekr.
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Puc. 6. Cxema omknonenue wacmuy 6 kpucmainie (MVR OC) 6bnusu kpucmaniozpaguueckoii ocu
<110>. K aghgpexmy ocnoenoii uzoenymoii nrockocmu (111) dobaensiomes ompasicenust 0m Kocbix
nnockocmei (010) u (101) u Opyeux menee cunbHbIx.

B panee BbIOMHEHHBIX PaboTax CHOCO0 YBEIMYEHHUS YIJIa OTPAXKEHHS 3a CUET OCEBBIX
3p(PEeKTOB B OJMHOYHBIX KpUCTAJIaxXx ObUI MOATBEPXKIEH JKCIIEPUMEHTAIbHO ISt
MIOJIOXKUTEIBHBIX U OTPULATENbHBIX YacTHI] B BBHIBEACHHOM IIydke Ha yckopurenae SPS B
CERN [35,36] 1 npoBepeH B HUPKYIUPYIOIIEM ITydKe B CHHXpoTpore Y-70 [37].

Ilocne HaxXOXIOEHUS IUIOCKOCTHOTO OTpPaKEHHS MU HAIIero KPHCTATIMYECKOro
ycrpoiictBa ¢, ~ 200 MKkpax (cM. BepTHKaJbHBIE CTpPENKM Ha pUCYHKaXx 4a u 4c),
TOPM30OHTANIBHBI yrol ¢, TOHHOMeTpa ObLT 3aUKCHpPOBaH, W Hayajcsi IpoLece
CKaHMPOBAHHUSA OTHOCHTENPHO BEPTHKANBHOrO yriaa ¢, (cM. pucyHok 4d) B obmacrt,
OnM3Koi K KpucTauorpaguyeckol ocu. Pe3ynbTaThl CKaHMPOBAHUS OTHOCHUTEIHHO
BEPTUKANBHOTO yIia ¢, A MydkoB mpoToHoB 400 I'3B/c u oTpuIaTtenbHBIX MHOHOB 150
I=B/c, a taxke pacuer merogom Monte-Kapno mporpammoii CKPEITEP mnst 400 I'hB/c

IIPOTOHOB U1 MHOTONIOJIOCHOTO KPUCTAJIIMYECKOI'0 YCTPONUCTBA MIPEACTABIICHBI HA PUCYHKE
7.
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Puc. 7. Pacnpedeneniie uHmeHcusHOCHU NyuKa, NPouteOuezo yepe3 60CbMUnoI0CHOe
KpUCIAIUYECKoe YCMPOUCMBO 8 3a6UCUMOCHIY OM Y2108 OMKILOHeHUs yacmuy 6, 0l pasHbix
NONOACEHUTL 20HUOMEMPA @, DKCnepumenm Ons nyuxa npomornoe 400 I'5B/c (a) u pacuem memodom
Mounme-Kapno (b), sxcnepumenm 011 nyyka ompuyamensHuix nuonos 150 I'5B/c (c).
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3HaueHus CPENHEro yriia oTpaxenus (6,,.) ¥ cpenHeKkBaapaTHUHOro otkioHeHus (RMS)
JUIS. BOCBMUITOJIOCHOTO KPUCTATIMYECKOTO YCTPOMCTBA B OCEBOM OpPHEHTAIIMH COCTABHIIH:
(0,,) = 102 mxpax, RMS = 79 wmkpan mis nporoHoB 400 IB/c u (6,,) = 64 mxpan,
RMS = 106 mkpaz st oTprnaTenbHbix mioHos 150 [BB/c.

B pesynbprare OBLIO MPOAEMOHCTPUPOBAHO, YTO MHOTOIIOJIOCHBIH JIepIIeKTOp B OceBOH
OPHEHTALNH 3HAYUTEIHHO YBEIWYHIT YIIIOBYIO IIMPHHY ITydKa 110 CPAaBHEHHIO C PacCEsTHUEM
B aMOpP(HOM IOJIO)KEHHUH, & [0 CPaBHEHMIO C IUIOCKOCTHOW OpWeHTanuer Ooiee yem B 4
pasa Juii TPOTOHOB M IOYTH B 3 pasza Uil OTPULATENBHBIX NMHOHOB. D{deKkTHBHOCTH
OHOCTOPOHHEro OTKJIoHeHHs1 (6, <(0) coctaBmwina mis NIPOTOHOB OKoio 88% wm s
OTPHULIATENIBHBIX NMHOHOB O0K0J0 70%. IlomyueHHbIE 3KCIIEpUMEHTAJbHBIE PE3YIbTATHI
MOKA3bIBAIOT BO3MOXKHOCTH MPUMEHEHHS] KPaTHOrO0 OOBEMHOIO OTPaKEHWS YacTHIl B
MHOTOIIOJIOCHBIX KpUCTAIIaX Ul KOJUTMMAIMU ITy4Ka B YCKOPHUTENSX BBICOKHX SHEPTH.
3Ta BO3MOXKHOCTH OCOOEHHO Ba)kKHa JUISl MyYKOB OTPUIATEIBHO 3apsDKEHHBIX YaCTHIl U3-3a
HU3KOH 3((EeKTUBHOCTH KaHAJMPOBAHHSI.

2.2. UcnpITaHMA YCTPOWCTB — OTpakaTesIel A1 CBePXBbICOKUX IHEPIruii

MHOrononocHoe KpUCTAIIIMYECKOE YCTPOMCTBO, N30THYTOE MEXaHUUECKUM JIepKaTeieM
JUIst Iy4KoB yacThl] TaB-HbIX sHepruii, Harpumep, Ha LHC, BeIXomuT 3a paMKu TpeOOBaHMiA
k cucreMe Jnokamuzanmuun LHC. HemoctaTkoM Takol KOHCTPYKIIMHM KPHUCTAJUTMYECKOTO
YCTpOICTBa SIBIIIETCA Pa30pHEHTAIMs OTAENbHBIX MOJIOCOK Ha BENMYMHY OKOJo 50 MKpan
(cM. pucynok 4a). st LHC HeoOXomuMbl KpUCTaJlIbl, pa30pUeHTHPOBAHHbIE He Oojee ueM
Ha 2-3 MHKpopaauaHa Jpyr OT Apyra, U30THYThIE Ha HECKOJBKO JECATKOB MHUKpPOpaaUaH ¢
panuycom usrnda oxono 100 merpoB. [[ns pemienust 3Tol 3aqauu OblIa MpeuioKeHa HoBast
cxema u3ruba, He mpuberas K BHEIIHeMY H3rubaromeMy ycTpoicTBy. Ha MoHomutHYIO
IUIOCKYIO TUIACTUHY KPEMHHUSI C MOMOIIBIO (pe3bl TPEYroIbHOro MpoQuis HAHOCWIIUCH
MEXaHHYEeCKHE KaHAaBKH C PAaBHOMEPHBIM IIaroM M OJUHAKOBOW TIyOMHOH (cM. pHcC.8).
W3rub nosocox NpoHCXOOUT 3a CYET BHYTPEHHHX MEXaHHYECKUX HAIPSHKCHUH, BBI3BaHHBIX
stumMu kaHaBkamu (3dekt Tpaiimana [38]), a Toncras ruiockas MOANIOXKKa oOecreunBaeT
BBICOKYIO TOYHOCTb B3aHMMHOH OPHUEHTALMH HM30THYTBIX IOJNOCOK. ['JIyOuMHA TpeyroabHBIX
KaHaBOK M PpacCTOSHHE MEXAY KaHaBKaMH ONPENeNsIoT paguyc H3ruba Kpucrauia H
BBIOMPAIOTCS] UCXOMS U3 PHEPTUU IIPOTOHHOIO ITyYKa.

YerpoiictBo Obu10 ucnbiTano B CERN Ha myuke mpotoHOB ¢ ummyibcom 400 I'B/c
[39].

(a) [ X (b)

> i s s W e TR
z =t = E
Q / —\/ = ‘./ —

1 - H30THYTRIC I('pI1C'I'E'L'I_'I()I'pﬂ(tlH‘{t‘Cl\'HC TUIOCKOCTH

2 MEPOXOBATRIC MTOBCPXHOCTH KAHABOK

3— TACTHIA, OTKIOHEHHAA H3-3d KAHATHPOBAHHA

4— HACTHLA, KPATHO OTPAKCHHAA HIOTHYTRIMH TUIOCKOCTAMH

<110>
<111>

Crystal axes

Puc. 8. Hzo6pasicenue namunonocHo2o KPUCMALIUYECKO20 YCMPOUCMEd, U cXemMd e20 YCIMAaHO8KU
OMHOCUMENbHO NYUKA (@), NPUHYUNUATLHAS CXeMAd MHO2ONOOCHO20 KPUCIAILIUYECKO20 YCMPOUCMEd,
006pA308aHHO20 NEPUOOUYECKUMU KAHABKAMU HA NOBEPXHOCHIU MOICMOU KPUCTIALIUYECKOU
naacmunku (b).

OKcneprMeHTalIbHAs yCTaHOBKa ObIIa Takas jke, Kak ornucaHo panee B [34]. Ha mepsom
9Tarle MCCIENOBAHUS TPOBOAMIOCH CKAaHHMPOBAHWE TOPHU3OHTAIBHBIX YITIOB OPHEHTALIMH
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KPHCTAJUIMYECKOTO yCTPOHCTBA ¢, (CM. PUCYHOK 9a) miIsi HaXOXACHHUS IUIOCKOCTHOM
OpHEHTALMK. 3aTeM HaWIeHHBIH yron ¢, (QUKCHPOBAIM W MPOBOAWIM CKaHWPOBAHUE
OTHOCHMTENBHO BEPTUKAJBLHOTO yrna ¢, (cM. pucyHok 9d) B obmact, Onuskod K
KpucTayulorpagudyeckoir ocu. Ha pucynke 9b  mpencraBieHbl  pacnpesneneHHe
nateHcuBHOcTH 400 I»B/c myuka mnpoToHOB, paccumtaHHble MeTogoM MoHnTe-Kapio
nporpammoii CKPEIIEP, a Ha puc. 9¢ — wu3MepeHHOE paclpeieieHue YriloB
TOPU30OHTAJILHOTO ~ OTKJIOHEHHsT B IUIOCKOCTHOH W B  amMopdHOH  OpHeHTauuu
KPHCTAJUIMYECKOTO YCTpoicTBa. DPPEKTHBHOCTH OIHOCTOpPOHHEro oTkiIoHeHus (8, < 0)
cocraBwia 90%. Ilonoxxennme macumyma MVR pano ~ 60 Mkpan, 4TO Haxomurcs B
COOTBETCTBHH C TEOPETUYECKHM IpeJCKa3aHWeM JIsl ATOrO IISITH IOJIOCHOTO jAedIieKTopa

Opmpr = 50, = 5 X 13 = 65 mxpaz [30].
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Puc. 9. Pacnpedenenue unmencusnocmu 400 I'2B/c nyuxa npomonos, npoweouieco uepes
KpUcmannuyeckoe ycmpouicmeso, 8 3agUCUMOCIU OM Y2108 OMKIOHEHUs Yacmuy 6, u yenoeo2o
nonoxcenus conuomempa ¢,. Cmpenxa nokasvigaem noiodxcenue yana ¢, ~ 140 mxpao, onsa komopozo
00veMHOE OmpadiceHe NPOMOHO8 Peanusyemcs 80 6cex NoN0cax (Kpamuoe ompasicenue) (a). Pacuem
memoodom Monme-Kapno (b). Pacnpedenenue uacmuy 6 20pu3onmanbHulX y2nax omxionenus 0, 6
Kpucmannuveckom ycmpoiicmeae. I'ucmoepamma 1 0na cayuas, nokazanHo2o cmpeikol Ha pucynke 9a.
Tucmozpamma 2 6 cyuae MHO2ZOKPAMHO20 PACCESHUA YACMUY 8 KPUCTALIUYECKOM Oedhiekmope, KaK
6 amop@Houl opuenmayuu, Ha kpasx epaguxa 4a (c) Hsmepennoe pacnpedenenue UHMeHCUSHOCHIU
400 I'>B/c nyuxka npomonos, npouieoule2o uepes3 nsamunoioCHoe KPUCMAIUYecKoe YCmpoLucmeo 6
3a6UCUMOCTIIL O Y2ll06 OMKIOHEHUA Yacmuy Oy 0118 Pa3HbIX NONONHCEHUL 20HUOMempPa ¢, (d), pacuem
memodom Monme-Kapno (e) u usmepennoe pacnpedenerue yenos OmKioHeHUs NPOMOHO8 Ol 0Ce8020
nonoxcerus kpucmania (f).

Pe3ynbTaThl CKaHMPOBAHMS OTHOCHTENBHO BEPTHKAILHOTO yIia ¢, COOTBETCTBYIOIMIA
pacuer merogoM Monre-Kapno mporpammoirit CKPEITEP u m3MepeHHOE pacmpeneicHue
YIJIOB OTKJIOHEHUSI IPOTOHOB U OCEBOT'O TIOJIOXKEHMUS KPHCTa/Ia B TOHHOMETPE ITOKAa3aHO
Ha pucynke 4 d, e, f. Jlnmg opueHTanmmm KpHCTAIUIMYECKOTO MedIieKTopa, YKa3aHHOTO
CTpenkoH, HampasieHne ocu <110> coBmamaer ¢ HampaBleHHEM ITydka (oceBas
opueHTanys). Yriosas mupuHa mydka (RMS OTKiIoHeHHs 9acTHIl) B OCEBOH OpPHEHTALNH
KpHCTaJUTNYECcKOTro Jiediexropa coctaBuio 50 MKpas, 94To MouTH B 3 pasa Oomblie, 4eM JUIs
ciTydast KpaTHOTO OTPA)KEHHS B IUIOCKOCTHOW OpMEHTAlWH, MOKa3aHHOW Ha TUcTtorpamme 1
pHCcyHKa 4c.
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Iloxa3aHo, 4TO HMMeeTcs XOopollee B3alMHOE BBIPABHUBAHUE OTAEIBHBIX H30THYTBIX
TIOJIOC KPUCTANJIa, a B OCEBOH OPHEHTAINH, OJlarofapsi KpaTHBIM 00BEMHBIM OTPaYKEHUSIM B
KaXJIOM TI0oJIoce KpHUCTala, yrioBas IIMPHHA ITydka HOYTH B 3 pasa Ooiblle, 4eM B
TUTOCKOCTHOHM OpHeHTanuy. Takoro THIIa MHOTOIIOJIOCHBIH JIE(IIEKTOp MOKHO MCIIOIb30BaTh
B KauecTBe nepuyHoro koummmaropa B LHC u FCC [13].

2.3. BO3MOXKXHOCTh KOJUIMMAIMU Iy4YKa B OOJBIIMX aJAPOHHBIX KoJulaiigepax ¢
MOMOIIBI0 OTPA’KEHHU I YACTHI B H30THYTHIX KpHCTA/JIaxX.

B LHC wucnons3yercss MHOrocTymneH4yaTasi cucreMa KOJUIMMATOPOB JUIS IMOTJIONICHHS
pacTymiero rajo IUPKYJIHUPYIOIIMX IIy4KOB, KOTOpOE€ MpPEACTaBIseT yrpo3dy Ajs
000pyI0BaHUs, B OCOOCHHOCTH uist cBepxmpoBoasnmx MarantoB LHC [40]. AHanornvHas
cuUcTeMa KOJUIMMAaTopoB IutaHupyerca i komnaiaepa FCC, u oH JomkKeH mocie
OKOHYaHUS mporpammsel 3ameHuTb AevctByroumii LHC [41]. IlepBuuHble KOMIMMaTOPHI
LHC, wusroroBieHHbIE U3 KOMIIO3UTOB Ha OCHOBE YTJIEPOAHOTO BOJOKHA, OTKJIOHSIOT
YaCTHIBI TAl0 B pe3yNbTare KYJOHOBCKOT'O PacCcesHHs, TaKUM O00pa3oM, YBEIWYMBAs HX
nmapameTpel 3a0poca BO BTOPWYHBIE KOJUIMMAaToOpbl. B3auMmozelcTBHe TPOTOHOB C
MaTepHaIoM KOJUIMMATOpa MPUBOAUT K 00pa30BaHUIO JU(PAKIIMOHHBIX TPOTOHOB, KOTOPBIE
MOTYT BBUIETaTh M3 CTEHOK KOJUIMMATOPOB M TEPSATbCA B MAarHUTax, YTO OTPAHUYHUBAET
3 PEKTUBHOCTE OYHMCTKH CYLIECTBYIOIIEH KOJJIMMAIMOHHOW cHCTeMbl. B mpennsepun
padorst LHC c¢ Oonblod CBETHMOCTBIO MPOBOMWIUCH HCCIEAOBAHUS 10 YITYYIICHHIO
CUCTEMbI KOJUIMMALUMU ITy4YKa. O}IHI/IM u3 CHOCO6OB yIyqmeHus KOJUIMMaluu ITy4Ka
ABJISICTCS UCTONB30BaHUE JUIs IEPBUYHOIO KOJIMMATOpa KOPOTKOT0 M30THYTOT0 KpHcTaia
B peXuMe KaHalupoBaHMA. YacTumbl W3 rajo Iydka, IMPOXOAs uepe3 KpPUCTall,
OTKJIOHSIIOTCSI 33 CYET KaHAJIMPOBAaHUs W 3a0pachIBAOTCS BO BTOPUUHBIM kKomutumarop [11].
CxeMa BBIBOIA YACTHUI[ M3 Taji0 My4Ka C MOMOIIBI0 KOPOTKOIO M30THYTOrO KpHCTaylia
n3obpaxkeHa Ha pucyHke 10.

Collimator

!:.:._. —— B‘eam.;ee{_e"_—;-._.___.__:_.___.__.__.__._.J

Puc. 10 Cxema xornumayuu nyuka ¢ npumeHeHuem KOpomro20 U30eHymozo kpucmania, 1 —nux
KAHAMUPOBAHHBIX YACHUY, KOMOpble IPHEKMUEHO OMKIOHUTUCH, 2 — PpaKyus OeKaHATUPOBAHHBIX
uyacmuy, 3 — nomepu Ha KOAIUMAmMope.

Hnst ToBHBIX SHEPrUil KPUTHUECKUM Yrol KaHaJIMpOBaHWsS AOBOIBbHO Man. Tak ans
potoHoB ¢ ’Heprueit 6.5 TAoB B LHC kputndeckuii yron cocrapisier 8, = 2.5 Mkpan, a s
mpotoHoB ¢ sHeprueit 50 ToB B FCC - 8, = 0,92 mxpan. Takas cucrema KOJUTHMAIHH ITy9IKa
O4YECHb YYBCTBUTEIbHA K YIJIOBOMY TIONOKEHHIO KPHCTaUla, K COBEPIICHCTBY €ro
KPHCTAJUIMYECKON CTPYKTYPHI M BUOpanusiM pa3Hoi mpupoasl. OZHUM U3 THIIOB BHOpAIH
MokeT ObITh 3(dext, m3BecTHBIA ¢ 80-X TOmOB [42], KOTOPBIA CBs3aH C Iepemadeit
YacTHLIAMH ITydKa IIOIEPEYHOr0 HMITYJbCa KpPHUCTAJUTy NPH HX 3aXBaTe B PEKUME
kaHaiupoBaHus. [lo omeHkam [43], maxxe TPW WHTEHCHBHOCTH ITy4yKa 10 wacrtun B
HUMITYJIbCE MOTYT BO3HHKATh 3aMETHBIE AMIUIUTYIBl KONeOaHWH. YUHUTHIBAas BBICOKYIO
SHEPrHI0 YacTHI, KPUCTAIy TIepeNaeTcs ONIyTUMBIM TONEpeuHbIl HMMIYIBC, H
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pPEe3YNBTHPYIOIINE aMIUIMTYAHbIE KonebaHus Oynyr BiausaTh Ha 3¢ (EeKTHBHOCT
KPHUCTAJUTNIECKON KOJUTMMAIIHH.

B cB#3uM C BbIIIECKAa3aHHBIM MOXKET OBITH pEAIN30BaH JAPYrod IMoaxon K
KPHCTAJUIMYECKOH KOJUIMMAlWK, OCHOBAHHBIM Ha OOBEMHOM OTpPaK€HWH YacTHI[ OT
KpHucTajulorpaguyeckux Iiockocted [44]. OmHUM W3 TaKUX BapuUaHTOB B KauecTBE
MIEPBUYHOTO  KOJIMMAaTopa Uit T9BHBIX OSHEPruil MOXKeT OBITh MHOTONOJIOCHOE
KPHCTAJUTMYECKOE YCTPOMCTBO, ONMMCAHHOE BHIIIE B 3TOH TJ1aBe (CM. PUCYHOK §).

Jna maHHOrO THIA KPHUCTAIIMUYECKOro YycTpoiictBa Ha KypdyaToBCKOM MCTOYHHKE
cuaxpotponHoro usnydenus (KMCH) ¢ moMompo mapayuieIbHOr0 PEeHTTEHOBCKOTO ITyYKa
OBUTH NIPOBEEHBI MCCIIENOBAHUS U3TN0a OTIENBHBIX IOJIOCOK U MX B3aUMHOW OpHUEHTAluU
[45]. TnyOnHa kKaHABOK W JUTHMHA KPUCTAUTHYCCKHX IOJIOCOK ObLIa ONMTHMHU3UPOBAHA JIIS
sHepruit LHC. M3Mepenus mokazainu, 4To B LIEHTPE MOJOCOK, TJ€ MPOUCXOAUT OTpakeHHUE,
panuyc nocrostuHbIi, okono 100 M. HccnenoBanus B KMCH, a taxxe Ha mydke 400 I'9B/c
nporoHoB B CERN SPS mnokazanum xopoliee B3aUMHOE BbIpABHUBAHUE OTAEIHHBIX
W30THYTBIX  TOJIOC  KpPUCTala, 4YTO TO3BOJSET  HCIONB30BaTh  JAHHBIM  TUI
KpPHUCTAJNIMYECKOT0 YCTPOWCTBA B PEXMME KPATHOTO OTPAXKEHUS YaCTHIl JUI KOJUTUMAaIUu
nyuka nporoHoB LHC u minanupyemoro komnaiaepa FCC.

B [46, 47] noka3zaHo, 4To 3QPEeKTHBHOCTH MPOIIECCa OTPAKEHHUSI OrpaHUYCHA BETHIHHON
QJIBTEPHATHBHOTO TIpOllecca, HAa3bIBAEMOTO OOBEMHBIM 33aXBAaTOM, BEPOSTHOCTh KOTOPOTO
paBHa:

1.394057*J,, (R Ky

27/TEy *Emaxd/2xy"* _) =1-eff M

Py (R) = R_c Tk

rae R — ato pamuyc m3ruba, E, sneprust dwactuupl, U, MIOCKOCTHON MOTEHIIMAIbHBII
Oapeep, &, MAKCUMAJIBHOE 3HAYCHHE IUIOCKOCTHOIO JJIEKTPUYECKOro momsd, d
0003HaYaeT MEXIUIOCKOCTHOE paccTOosiHue, X, paJuallMOHHas JUIMHA, R. KpUTHYECKUH
pamvyc KaHanuposanus M KoHctantel A = 11 MsB, J, = 1.49, x, = 0.186,k; = 0.13 nyx
KPEMHUSL.

Huns onpenenenus 3Hadenuid Uy, €,,,,, R, WcHonb30Banach (yHKIWS MOTEHIHANA W3
pentreHoBckux m3mepenuii [30]. B wactHocty, R, = 10.83 ™ u 83.33 m g Ey = 6.5 u 50
TsB cootsercTBenno. J{is >TuX sHEpruil yactun ypasHenue (1) cupaBemmso mis R/R,
Mmenee yeM 40-50.

[TapameTpsr oTpakeHuss dacTHlbl ¢ 3Heprued 6.5 ToB u 50 TaB, cpemnumit yron
OTpakeHUs ¢, CPEJHEKBAJpaTUYHOE 3HAUYEHHE YIJIOBOTO PACIPENeNICHUS NPHU OTPaKEeHUH
rms 1 3G PEeKTUBHOCTD Ipollecca, paccuuTaHHbie Mo Mojenu [30, 46] ¢ yueToM ypaBHEHUs
(1), mokazansr Ha Puc. 11. Ciegyer OTMETHTB, YTO pacueThl, BBHIIOJHEHHBIE IO JaHHOU
MOJIEITH, XOPOIIO COIVIACYIOTCS ¢ AKCIEPUMEHTAIBHBIMU JAHHBIMU TIPH SHEPTUSX YacTHI]
10 400 I'3B (cM. moppobHOE cpaBHEHHE B pabotax [46, 47]).
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Puc. 11. a,b - 3asucumocms napamempos ompadicenusi om paouyca uz2uba kpucmaina: kpusas I-
CPeOHULL Y20 OMPAadCeHUs a, 2-cpeOHeKeadpamuiHoe 3HaveHue yeno602o pacnpeoenenus rms, 3-
senuyuna (1-ef f). c,d - 3asucumocms yena 6, uacmuyor om Onunbl NymMu 8 KOPOMKOM U30SHYIMOM
Kpucmainie npu 006beMHoM ompadicenuu 0t snepauil npomonog 6,5 ToB u 50 TaB, coanacno [44].

Pacuernass 3(ekTHBHOCT, KpaTHOTO OTpPaKEHWS HA TMSATH HW3OTHYTHIX IIOJIOCKax
cocraBiseT okoio 92% mns suepruun 6.5 ToB B LHC u 95 % nns sneprun 50 ToB B FCC, a
COOTBETCTBYIOLIMI yroi OTKIOHEHMs paBeH 15 Mkpan u 5 Mkpan. B oceBoif opueHTanuu
KPHCTAJUIMYECKOTO YCTPOMCTBA CPEIHUI yroyl paccessHUsT M yrioBas IIMpPHHA ITydkKa
YBEIMYHBAIOTCS B HECKOJIBKO pa3, [0 CPABHEHMIO C INIOCKOCTHBIM cllydaeM. B aTom ciyuae
yiaydmaercs  3(GEeKTUBHOCTb  KPUCTA/UIMYECKOH  KOJUIMMALMM M YMEHbBLIACTCS
paZualMOHHAs HAarpy3ka Ha CTEHKH [JOPOTOCTOSILEro BTOPUYHOro KoymuMmaTtopa. Ha
pucynke 11b moka3aHel pacyeTHbIE YITIOBBIE XapaKTEPUCTUKH YaCTHIBI B KOPOTKOM
HM30THYTOM KpHCTAJJIE B PEXKUME OTpaKeHHs s ’Hepruil mpotoHoB 6.5 TaB LHC u 50
T>B FCC.

Crhenyer OTMETHTh JIONOJIHUTEIBbHBIC IIOMOXHUTEIbHBIE KadeCTBa HCIOIb30BAHUS
KpPaTHOTO OTPaXXEHUsI, B CPABHEHUH C UCIIOIb30BaHUEM KaHAJIMPOBAHMUA:

— Illupokwuii paboumii Tuama3oH MO yriaM B MpeAenax BCero yria u3ruda Kpucramiia,
okoio 30 mxpan mis LHC u oxono 6 mxpan mist FCC. A 3To 03Ha4aeT, 4YTo HET CHIBHOMN
YyBCTBHUTEIBHOCTH K BHOpanuM, Kak NpH KaHAIMPOBAaHWM W MEHbIIEe TpeGOBaHUS K
TOHMOMETPUUYECKOMY YCTpOHCTBY. HeT HEoOXoauMOoCTH MOACTpanBaTh KPHUCTAI MO YTy
JUTSL KayKAOTO IIWKJIa HaKOIUIEH!s. JloCTaTOYHO HACTPOUTH YroJI OJHH Pa3 U JaJIbIlIe IBUTaTh
KPHCTAJUI JINHEHHO, KaK OOBIYHBIE KOJIUMATOPHI.

— Messbie TpeOOBaHMS K COBEPIIEHCTBY KPHUCTAIA, TAK KaK OTPaKEHHE IPOUCXOAUT
B IICHTpE KpHUCTaJUIa HAa MaJoi aiuHe mopsaaka 1,2R X 6., nonn MuumMerpa (CM. PHCYHOK
11 B,r) a mpu KaHATUPOBAHUN YACTHIIBI COBEPIIAIOT ACCATKA KOJeOaHUH BIOMb BCEH THHBI
M30THYTOr0 Kpuctaiia. llosTomMy panuanioHHass CTOHKOCTh Oyner Bblme, W,
CJIEIOBATENILHO, BBIMIE JOJITOBPEMEHHAS CTaOMIIBHOCTb.

[IpuBeneHHBIE apTyMEHTHI MOATBEPKAAIOT BBIBOJ O MEPCIEKTUBHOCTH IAHHOIO METOAA
KOIDTMMAanuy mydka npu T3B-HbeIX sHeprmax. HeoOxommMo Takke 3aMeTHTh, YTO PEKUM
OTKJIOHEHHs ITy4Ka 3a CYET KPAaTHOI'O OTPAKCHMS B MHOTOIMOJOCHBIX KPHCTAJUIMIECKUX
YCTpOHWCTBaxX MCIOIB30BAJICS JUTS KOJUIMMAILIMK ITy9Ka B YCKOPUTEISIX C MEHBIIEH YHEprueil.
UccnenoBanus Ha yckoputene Y-70 npu sueprin 70 3B [37] u Ha yckopurene TaBaTpoH B
@epmmnad mpu sHeprum 1 TsB [48] mokazanm, 4TO0 KOUIMManusi Ha OTpPaKeHUH
MIPOUCXOUT HE XYK€, YeM IpH KAaHAJMPOBAHWM B KOPOTKHX KpucTamiax. CTOUT Takxke
OTMETUTh, YTO KPHUCTAJUIBI KPEMHHS MOTYT JJIMTENFHOE BpeMsi padoTaTh € MOTOKaMH
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gactunm = 10%2cm2¢! [16]. PammanmoHHas CTOMKOCTH IS KPHMCTAUIOB KPEMHHUS B
pexnMe Kananumposanus coctapisier 102°cm~2. TloTepu wacTHIl Ha KOJUIMMATopax B
OONBINMX KOJIaiepax B MITATHOM pexuMe paGoThl He mpeBbimaroT 108 yactun B cexyHny
[40, 41]. Torpa u3-3a ManocTu pa3MepoB MydKa INIOTHOCTh TOTOKA HAa KPOMKE KOJIUMAaTOopa
oymer = 10''cm™2c¢c™!. Takum 00pa3oM, NpH TakuX paJMAlMOHHBIX HArpy3Kax
KPHUCTAJUIMYECKUH KOJJIMMATOp MOXKeT paboTaTbh OKOJO roja B Kouahaepe, He TpeOys
3aMEHBI.

I'maBa 3. ®@oxycupoBKa Ny4YKa YaCTHI KPUCTAJIMYECKUMH NPHUOOPaMH.

3.1. ®okycupoBKa U3 NapalieJIbHOr0 NMy4YKa B JuHeiinbli ¢okyc. OnbiTel B HULL
KypuaTtoBckuii uHCTHTYT — UDBI Ha yeckopuTtene ¥Y-70 B IIpoTBHHO 1 Ha ycKopuTee
SPS B CERN.

Crioco0 (hoKyCHpOBKHU CITab0 pacxXosAIerocs mydka Obut mpetoxker A.. CMHPHOBBIM
(IUSI®) B cepemune 1980-x romoB. CyTh 3TOro MeTOJa 3aKJIIOYAETCS B TOM, YTO
MOBEPXHOCTH TOpLa HW3OTHYTOTO KpHCTajula Tpuuaercs ocobas ¢opma. Heobxoammo,
4YTOOBl JIMHHS, HAa KOTOPOH JeXKaT IEHTPhl KPHBHU3HBI HM30THYTOrO KpHCTaia, ObLia
pacriono)xeHa Ha IMOBEPXHOCTH MHJIMHAPA, MO KOTOPOMY 00paboTaH Topell KpHCTajuia.
Torma kacarenpHble K KpPHCTAJUIOrpaMUYECKUM IUIOCKOCTSM Ha 3TOHW TOBEPXHOCTH
MIPOXOAAT Yepe3 OJHY JHMHHUIO W, CIEeNOBaTeIbHO, YacCTUIBl B IUIOCKOCTH OTKIIOHEHHUS
coOMparoTCs B JIMHEHHBIN (POKYC 3a CUET Pa3HOCTH YIJIOB MOBOPOTA.

B nauane 1990-x ronoB coBMecTHO ¢ coTpyanukamu [1M51® Obutn nonydeHsl nepBbie
SKCIIEPUMEHTANIbHBIE Pe3yJIbTaThl M0 (POKYCHPOBKH Iydka MPOTOHOB ¢ 3Heprueit 70 7B
KPHUCTAJJIOM KpeMHHs Ha cuHXporpoHe Y-70 B IIporBuno [49]. ®okycupyronmii s dekr
JIOCTUTAJICS 32 CYET PA3HOCTH YIJIOB MIOBOPOTA YaCTHIl B PABHOMEPHO H30THYTOM KpHCTAILIe
CO CKOILICHHBIM 3aJHUM TOpHOM. OJIHAKO HCIMOJIb30BAaHHOE TOTJA YCTPOMCTBO OBLIO
3aTPYAHUTEIBHO IPUMEHHUTH BOJIM3U LUPKYIUPYIOIIETO ITyYKa YCKOPHUTENS, TaK KaKk M3rud
KPHCTaJUIa BBIIONIHSIICS MACCUBHBIMHU LIMIMHAPUIECKUMH 3€pKaTaMHu.

CoBpeMeHHbIE KPUCTAIIMYECKUE YCTPOCTBa AT (POKYCHPOBKH IIydKa CO CKOIICHHBIM
TOPLIOM JJOCTaTOYHO COBEPLICHHBI, UX YIOOHO YCTaHABIUBATb B YCKOPHUTENb, JOCTUTHYTHI
(oKyCHBIE pacCTOSIHUS MOPSI/IKA OJTHOrO METpa, MOryT codouparth yactuiisl [ 9B-Hbix u TaB-
HBIX DHEPTHHA, Pa3ETAIONINECs C MUIIEHH B KOHYCe HECKOJIbKO MIJuHpaguas [50].

Ha nannbrit MomenT Bce kpynnbie yckopurenu (Large Hadron Collider LHC) 1 mpoekTsl
oynymux (FCC - Future circular collider, SPPC - Super proton proton Collider)
npeqHa3Ha4deHsl U paboThl Ha BCTPEUHBIX My4Kax. B paMkax mporpamMmbl «(pu3nka 3a
npe/ieNiaMi  KOJUTAAepOBy, TMOSIBIINCH TMPEUIOKEHUS] HCCIEAO0BaHUi ¢ (DUKCHPOBAHHOMN
muinensto Ha LHC [51-53]. Jlns oToil menu MOryT moTpeOOBaThCs KPHCTAJUIMYECKHE
YCTPOMCTBA, IOCKOJBKY B 3TOM JWAIla30HE SHEPrHi KpPUCTAJUIOONTHKA OOecledrBacT
CpaBHUMYIO 3 GEKTUBHOCTh C MATHUTHOM ONTHUKOW M MPH TOM OHA HAMHOTO KOMITaKTHEH
u peuieBie. TpaJuMOHHBEINA CrIoco0 BBIBOAA W ()OPMHUPOBAHUS MyYKa BTOPHUYHBIX YAaCTHI]
it ToB-HBIX »HEpPruil SBISETCS AOPOTOCTOSIIUM ¥ TpeOyer OONBIINX IUIoIaaeit
cBobomHOoro mpocrpancta. Ha LHC Her Takux mwromaaed A pa3MEMIeHUs] MarHUTHON
ONITHKM B CYIIECTBYIOUIEM TyHHeNIe. KpHcTauioonTHka Tarke SBISETCS €IUHCTBEHHBIM
Ccroco0OM OpraHW3aIlH BBIBEACHHBIX ITYYKOB B Oymymmx mpoekTax yckopurened FCC -
CERN u SPPC - Kwuraii ¢ sneprussmu g0 100 T>B. TexHudeckas cTopoHa BOIpoOca, TIe
TpeOyIOTCS KOHKPETHBIE CXEMbI BBIBOZA M ()OPMHUPOBAHUS MYyYKOB BTOPHYHBIX YACTHII,
JeTaIbHO HE MpopaboTaHa.

B oToit oOmactm 3HEpPTUH  YHPaBIATh TPACKTOPUSAMH YacTUI] C  ITOMOIIBIO
3JIEKTPOMArHUTOB JUIS TIOJNYdCHUS BBIBEICHHBIX ITyYKOB CTaHOBHUTCSI CIOXKHO W OYCHB
3arpatHo. Hamu pa3pa®oTaHbl IUIs STHX IeTIe BRICOKOTPAINCHTHBIC YCTPOHCTBA Ha OCHOBE
M30THYTBIX KPHCTAJUIOB. JTH KPHCTAJUIBI MOTYT paboTaTh KakK CBEPXCHIbHBIC JIMH3BI C
(OKyCHBIM paccTosiHHEM MeHee 1 M, ¢ 9KBHBaJIeHTHBIM MarHUTHEIM nosiem 1000 Tecna.

Jns muccnenoBaHus (OKYCHPOBKHM IMyYKa KPHUCTAUIAMHM ObllIa W3TOTOBJIEHA CEpHUs
KPHUCTAJUIMYECKUX (DOKYCHPYIOIIMX YCTPOICTB Ha OCHOBE IUIACTHH TparenenaalbHON
(OpPMBI CO CKOUIEHHBIM 3aAHUM TOpHOM. OCOOEHHOCTH KOHCTPYKIMH (Oomblias BbICOTa
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KpHUCTaJJIa) TO3BOJIUIN CYIIECTBEHHO CHU3UTH (DOHOBHIC YCIOBHS, TaK KaK BEHICCTBO
METAJUTMYECKOTO JIepKaTedsl HE TOMNajalo B ITy4OK, OOJydayics JIMIIb caM KpPUCTAJLI,
UMEIOLMI JUIMHY JUllb 6% OT JUIMHBL SIEpHOro B3auMoneucTBus. Ilo cpaBHEHHIO ¢
MIPEXHUMU 00pa3laMi KPUCTAJUIMICCKUX JIMH3, 3TH YCTPOMCTBA OTIIMYAIOTCS eIle U Oolee
MPEIU3NOHHBIMA  METOJaMH  OOpa0OTKM TOBEPXHOCTH. BHEMIHWIA BUX CO3JaHHOTO
KpPHUCTaJNINYECKOr0 YCTPOICTBA MTOKAa3aH HA pUCYHKE 12a.

(a) (b

Focal point

Puc. 12. a— Hosoe kpucmannuueckoe ycmpoicmeo 0ns ¢poxkycuposku nyuxa. 1 — uzoenymas
KpeMHegas KpUCMauIu4eckas naiacmuHa co CKOWEHHbIM MOPYOM, 2 — MEeMaiIuieckull oepicameis
05 uzeuba niacmunbl. b - u3-3a 1uHeliHo20 cpe3a mopya KpUCmaAid 4acmuybl, 3axXeaieHHvle 8
PedcUM KaHAIUpOBanUsl, UMeIOm pasHble yaibl NOBOPOmMda (Npu pazHbiX NONEPEYHbIX KOOPOUHAMAX) U
@oKycupylomes Ha HeKOMOPOM PAcCMOHUU O KPUCIMANA.

KpemuueBass rmnactuHa —TpaneuewganbHoi  ¢Gopmbl (1), BbIpe3aHHas  BJIOJb
kpucramuiorpapuyeckoin miuockoctu (111), u3rubaercss B HPOAOIBHOM HAIpaBIICHUU C
MIOMOIIBI0  MeTaJuIMdecKoro nepxarens (2). braromaps aHH30TPOIHBIM CBOWCTBAM
KPHUCTAJUIMYECKOW pEIIEeTKH BO3HUKAET IIONEPeYHbId HM3rHd KpHCTala C paguycoM
Heckosbko MeTpoB (cM. [15] c. 85), koropblit u wmcnonbdyercss st (OKYCHPOBKH H
MOCIEYIONIero OTKIOHeHHs dacTull. [Ipm noctaTouyHo OONBIIOM YIiie OTKIOHEHWS,
KaHAJIUPOBAaHHbIE M  HEKAHAJIMPOBAHHBIE YaCTHII IPOCTPAHCTBEHHO  Pa3JICIICHBI.
CkorieHHast 9acTh KpHCTaJIa OTKJIOHSET YaCTHIBI C Pa3IMYHON TOMEPEUHON KOOPIUHATON
X B COOTBETCTBUM C JIMHEHMHON 3aBUCUMOCTBIO MEXAY YIJIOM M KoopauHaTou. Iloatomy
TPAEKTOPUU YACTHIL CXOJISTCS B HEKOTOPOH (hOKAILHOM TOUKe (CM. PUCYHOK 12D).

OKcrepruMeHT 10 (OKYCHPOBKE TAKHUM YCTPOHCTBOM BBIIIOJHEH HA MPOTOHHOM IydKe
yckopurens Y-70 UDBD c sueprueit 50 I'3B, BriBeneHHOM B 30HY ycTaHOBKH Kpucra,
pacmonoxeHHOH B KaHase dactull 4a [50]. Cxema ycTaHOBKM IpHBeAeHA Ha pucyHKe 13a.
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Puc. 13. a. - Cxema ycmanosxu Kpucmann. S;, S, S5, Sy — cyunmunasayuonnvle cuemyuru, S; —
Kpucmann 8 conuomempe, 1, 2, 3, 4 — amyavcuonnvie nienxu muna R-100. b - Hzo6pasicenue nyuxka
uacmuy Ha amynvcuu 86auzu goxyca. 1 - epanuya xourumamopa, 2 — mensb om kpucmanna 3 -
choKycuposanubill Ny4oK

IIyuox pasmepoM 0, =2 MM Cc Majoil yYIJIOBOH pacXxoguMocTbio o, = 0.1 Mpan
HaBOJAWJICS Ha KPUCTAIJI, PaclOJIOKEHHBIH B TOHHOMETpe. Pa3Mephl IIacTHHBI KpUcTailia
paBabl X XY X Z =2 %70 %X 20 MM3, rae Z meusiioch ot 20 1o 40 MM M3-3a CKOILIEHHOIO
Topua TwacTuHbl. HOCTHpPOBKAa KpHCTaljga OCYHIECTBIISIIOCH C TIOMOIIBIO OTPa)KEHHs
JIa3epHOro Jiy4a OT TpaHed KpucTamia J0 METOK, CBSI3aHHBIX C HPOTOHHBIM ITYYKOM.
HNHTEHCUBHOCTD NPpsAMOIo IMy4YKa IMPOTOHOB U3MEPsIaCh CHUHTHWIIAINOHHBIMU CHETUYNKaAMU
S1&S; B pexuMe cOBNAJCHUI, a OTKJIOHEHHOTO KPHUCTAJUIOM ITydKa CUETYHKaMH S;&S..
Cueruuk S; ObUI CMOHTUPOBAH OKOJIO TOPIIA KPUCTAILIA U MOT TIEPEMEIAThCSl BMECTE C HUM
B TOHHOMETpe Oyiarofapsi ONTOBOJIOKOHHOMY coequHeHHto ¢ @Y. Cuerynk S; HaXOIUICS
BHE 30HBI OCHOBHOTO Iydka. [Ipu ontumanbHON OpHEHTALMU KPUCTAJT OTKIOHSUI MOPsIIKa
3% uacTul NpsIMOTO Iy4dKa, 4TO COOTBETCTBYET pacueTaM, TaK KaK KPUTUYECKHH Yroi
kaHajupoBanus cocraBisier 0.03 mpan mis wactun ¢ sHeprueit 50 5B B mnockocTHOM
kanaie Si(111). Yerslpe cimos 3MyYIbCHH PACIONarajoch Ha Pa3IUYHOM PACCTOSIHUH OT
kpuctaiuia. PucyHok 13b wmmmoctpupyer 3¢dext GokycupoBkHM mydka Ha PacCTOSHHU
lp = 1,7 m ot kpucraa.

C nmoMouIpio MPOTSHKEHHOTO CBUHLIOBOI'O KOJIMMATOpa c(OpMHUPOBaHa pe3Kas IpaHUNa
MaJafolero IIy4yka 4acTUI, KOTOpas XOpOoWIo BuAHA B meHTpe (oro. OpueHTHpOBAaHHBIN
KPHCTAJUI IIOMEIIEH B MHTEHCUBHYIO YacTb ITy4Ka, M €ro TeHb OTPa)KaeTcsl CIpaBa B JTydax
MaaloIero IMy4yka KakK II0JOCKa C YeTKUMHM rpaHuiaMu. OTKIOHEHHBIH U
c(OKYCHPOBAaHHBI KPHUCTAJUIOM IYYOK BHIEH CIeBa B TEHH KOJUIMMATOpa Kak Y3Kas
BepTHKaJIbHAS JUHUA. TakuM 00pa3oM, HArJISIHO IOKa3aHO, YTO T'OPH3OHTAIBHBIN ITy4OK
pa3sMepoM 0, = 2 MM, CONOCTaBUMBIH 110 pa3Mepy ¢ TOIIIMHOW KPUCTAJIIA, OTKIOHIETCS U
CKUMaeTcs B JIMHUIO pazMepoM g, = 0.1 mm.

Bonee neranmbHOE HCCIEZOBaHME TaKOro THIA (OKYCHPYIOIIETO KPHUCTAIUTMYECKOTO
ycrpoiictBa ObL10 mpoBeaeHo coBmectHo ¢ CERN Ha nporoHHOM myuke ¢ uMmyinbcom 400
I»B/c B xaHaje TpaHCIOPTUPOBKHU 3apspkeHHBIX yacTul] HY yckoputens SPS [54]. Cxema
sKcnepuMenTanbHoi yeraHoBkH UA9 H8 mpexncrasiena Ha pucynke 14.
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Puc. 14. Cxemamuueckuii 6uo sxcnepumenmanvhoti ycemanoeku UA9 HS. XY Plane 1 - XY Plane 5 -
nAMb NAp MUKDOCHPUNOBBIX KDEMHEBbIX 0emeKmMopos. H302Hymbitl KpUCmani ycmaHoenen Ha
20HUOMeEmpPe MeHcOY MUKDOCPUNOGbIMU OemeKmopamu 2 u 3.

[IsTh Map KPEeMHHEBBIX MUKPOCTPHIIOBBIX JIETEKTOPOB HMCIIOJIB30BAIINCH I H3MEPEHHS
BXOJISIIINX U UCXOZSAIIMX YIJIOB YAaCTHUI] C YIJIOBBIM pa3pelieHHeM B KaXKOM IIede OKOJIOo 3
Mkpan [55]. Kaxxagast mapa MUKpOCTPHUIIOBBIX AETEKTOPOB M3MeEpseT ABE KOOPAMHATHI X U Y
C maroM cuMThiBaHHs 60 MKM B 00OHMX HalpaBJEHHAX, C aKTUBHOH Iutom@ansio 3.8 X 3.8
cv’. B yeTBepTOi nape miockocTd U 1 V NOBEpHYTHI OTHOCUTENBHO I1ocKocTel X U Y Ha
45° rpamycoB Ui pa3pelieHHsT HEONPENENIEHHOCTH B HECKOJIBKHX HCXOMIAIIMX TPeKax B
npolecce PeKOHCTPYKIUK. JIBa HE3aBUCHMBIX IUieya mpuMepHo 1o 10 MeTpoB kaxaoe (CM.
pucyHOK 14), MO3BONAIOT MPOBEPUTH HACTPOIKY TPEKOBOM cHUCTEMBI. [[JIst 3TOro M3MepsIoT
Pa3HUIYY MEXAY BXOIAMUMHE 0 U UCXOASIMHU Oy YTIIAMU TPEKOB, KOT/Ia HA ITYTH ITy4YKa
HE YCTAHOBJEH KpHcTal. TakuMm o00pa3oM, MpH TakUX YCIOBHMSAX OXHUAAIOTCH
HEOTKJIOHEHHBIE TPAEKTOPHH, TO €CTh Bin = Oous.

I'eomerpuueckre mapamerpsl MaJaroLIEro My4yka MU3MEPSUINCh C IOMOIIBIO TEJIECKOMa-
perekropa. IllupyHa mydka BIOJAb TOPU3OHTAIBHOM M BEPTUKAJIBHOM OCEH COCTaBisIa
HECKOJIbKO MUJIJIIMETPOB. YTJIOBask PaCXOJUMOCTb MaJaroLIEro MMy4yka B TOPU3OHTAIBHON U
B BEPTHUKAJIBHOM IUIOCKOCTAX VIS MPOTOHHOI'O ITy4Ka cocTaBisia okoio 10 mkpan. Cpennee
Bpems nukia SPS Bo Bpemst u3MepeHuit COCTaBIIAIO0 OKOMIO 45 ¢, a INTUTETHHOCTh UMITYIbCa
10 - 11 c. Kpucramimueckas IiIacTHHA WMeNla pa3Mepbl: 2 MM 1o mupuHe X, 70 MM 10
BBICOTE Y, W JIMHY BIONb Iydka mo koopamHate Z ot 30 mo 50 mmMm, Omaromaps
CKOIIEHHOMY TOpILY.

Ha pucynke 15 npuBeneHsl pacnpeneneHHe TOPU30HTAIBHOIO YIila OTKIOHEHUs 6, oT
MIONIEPEYHON TOPU3OHTAIBHOW KOOPAMHATHI X M PE3yIbTaThl PEKOHCTPYKIIUU Orudaromeit
nporonHoro my4ka 400 ['3B/c 3a kpucramiom.
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Puc. 15. Pacnpedenenue 2opu3oHmanbHoco yena omkionerus 0, om nonepeunoi 2opu3oHmanbHou
KoopOouHamul X (@) u pe3yivmamol peKoHcmpyKkyuu ocubaioweti npomontnozo nyuka 400 I'>B/c
(pasmep nyuka @ 3asucumocmu om paccmosnus) 3a kpucmauiom (b).

Oo6nactp Mexnay JuHUIMH A.B. 1 A.B. COOTBETCTBYET HEKaHAMPOBAHHBIM YaCTHIIAM,
KOTOpBIE NPOXOMAT Yepe3 KpUCTal Iocie paccesHusd. V3-3a pa3sHOCTH TpaeKTOpHil
HEKaHAJIMPOBAHHBIX YaCTUIl IIJIOTHOCTb YaCTUI] YMEHBIIACTCA CJI€Ba HAIlpaBO BAOJIb JIMHUN
A+B 3a cueT MHOTOKpPaTHOT'O KyJIOHOBCKOro paccesHus. Jlmans OO’ cOOTBETCTBYET LIEHTPY
pacIipesieNnieHss KaHaJIMPOBAaHHbBIX YaCTHLI, NMPOIIEAIINX BJIOJIb MOJHOM UIMHBI KPUCTAJIA.
Yacrumst Mmexay A_B. u 0, 0} COOTBETCTBYIOT ICKaHAIUPOBAHHON YaCTH ITyJKa.

Boccranosiennas orubaromiast my4ka rnporonoB 400 I'3B/c nokazana Ha pucynke 15b.
[Nonyuennsie QokKycHble paccTosiHHMs cocTaBisitoT 5,503 M u 5,509 M ¢ yuerom
Heornpe/eleHHOCTH u3Mepenuit. CpennekBaapatiuynbiii pazmep (RMS) doxanbHbix TOUek
cocrapisier 0,060 mm u 0,0602 MM cooTBeTcTBeHHO. PaznnuHble M3MepeHHbIe npodunu
My4yKa [IOKa3aHbl B HWKHEH dYacTH pHcyHKa 15b. B wyacTHOCTH, 3/1ech mpeicTaBlieH
ucxXoJHbli mpoduinp mydka (co cpemHekBaapaTudeckum paszmepom 0,492 mm). Dto
MOKa3bIBaeT, 4YTO pa3Mep COHOKYCHPOBAHHOIO IydKa MNpHUMEpHO B 8,2 pa3a MeEHbILe
HCXOJHOTO (Ha BBIXOJIE U3 KPUCTAJLUTHYECKOTO IeIEKTOpa).

3.2. ®dokycHpOBKAa W3 MapajljieJbHOI0 NMy4YKa B JIMHeiiHbIH (okyc Ha KOpoTKoe
paccTosinue

B Hacrosmiee BpeMs B (H3MKE BBICOKMX SHEPruid cHOpMyIHpOBaHBI IEPCIIEKTHBHEIC
3aJaud: U3MEPEHNsI MAarHUTHBIX MOMEHTOB KOpPOTKOXMBYIINX yacTui] Ha LHC u Oynymero
konbieBoro komnadaepa FCC ¢ ucmonb30BaHMEM TIPEIIECCHH CIHHA B H30THYTOM
Kkpucramwie [56 —59], a Takke yMEHBIICHHE pa3Mepa ITydKa Ha JHMHEHHOM BIIEKTPOHHOM
xomtaiinepe CLIC [60]. s BBIMOMHEHHS 3THX 3a71a4 HE0OXOIMMO (OKYCHPOBATEH ITYIKH
YaCTHI] Ha PACCTOSHHE Topsaka |1 cm.

B 3TOoM cimydae TpyAHO HCHONB30BaTh KPUCTAT CO CKOIIEHHBIM BBIXOIHBIM TOPIIOM,
MOCKOJIBKY U OOECHEYEeHUs] TAKOro KOPOTKOTO (POKYCHOTO PacCTOSTHHS YTroil HAaKJIOHA
JMOIDKeH OBITh OYeHh HEOONBINMM, OKONIO 1° rpamyca, a MpH TaKUX YCIOBUSX BOIH3H
OCTpOT0 yIia KPUCTAIUT OYJET JIOMaThCsl M3-3a XPYIKOCTH KPEMHHSI.

Jnst poKycHpOBKM Ha KOPOTKOE pacCTOSHHE NPHMEHEHa HOBas WEs, OCHOBAaHHAs Ha
WCTIONB30BaHUH M3TH0a OOBITHOHN ITUTOCKONAPAIUICTBHON KPEMHIEBOH IIIACTHHBI, B KOTOPOH
OOKOBBIE TpaHM TIOBEPHYTHl OTHOCHTENBHO KpPUCTANIOrpaUIecKux IUIOCKOCTeH Ha

. , D
HeOonmpmmoi yrom. JDtotr yrom Miscut A = o> Tae D — TonmmuHA TMIAcTHHBI, L — JUIMHA
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IUTACTUHBI BIIONb HAMpPABICHHUS IIyYKa, TaK YTO KpPUCTAILIOrpadUuecKhe IUIOCKOCTH
COBIIAJIAIOT C HAMIPABJICHUEM JHArOHAIN TUIACTUHBI (CM. pUCYHOK 16a).

® gy ;_ ®

Frrry

Puc. 16. a - Cxema gpoxycuposxu nyuxa niacmunou KpemHusl, 8 KOmopoul Kpucmaniozpaguueckue
NIOCKOCMU COBNAOAIOM € HANPABIEHUEM OUALOHATU 8 NPAMOY20NbHOM cedenuu, b — [punyun
pabomul 1uH3bL 8 NYUKe. ¢ - Yeeruuennoe uzobpagicenue Ha niexke 8 obaiacmu oKycuposKu nyuxa.

W3 reomerpuu pHCyHKa BHJHO, YTO NMPU PaBHOMEPHOM H3TMOE IUIACTHHBI Ha yroi o
YyacTHibl OyayT cpOoKycHpOBaHbl B OAHOW To4ke ¢ (hoKycHbIM pacctosiHueM F = D /a. Kak
MOKa3aHO Ha PUCYHKE 16b, NMPUHIUN JEWCTBUS JIMH3BI 3aKIIOYAETCS B TOM, YTO YIroJ
OTKJIOHEHHs Iy4yKa IMPONOPLUOHATICH MNaJarolield IOoNepeyHoi KoopauHate. B Hamem
cllydae H3-3a HAKJIOHA KPHCTAUIOrpaMYeCKHX IUIOCKOCTEH OTHOCHTEIBHO OOKOBOH
MIOBEPXHOCTH KpHUCTalIa, 4epe3 KOTOPYI0 4YacTHILbl BBIXOIST, AJIMHA IyTH 4YacTHLl B
KpHCTaJUIE M, CIIEN0BATEIBHO, Yol IOBOPOTa MPONOPLUOHAIBHBI KOOPIHHATE X HAa BXOJE
yacTul B Kpucraul. QoKycHOe paccTOSHUE B OOMH CAaHTHMETP MOXET OBITh JAOCTUTHYTO
MIPU UCIOJIB30BAHMH IIACTUHBI KpeMHHs TonumHoi 100 MxM u myrHOM 10 MM, H30THYTOM
Ha yron 10 mpaz.

[lepBoe wucHbITaHWE TAaKOrO KPUCTAJUIMYECKOIO YCTPOICTBa OBUIO IIPOBENEHO B
[IporBuHo Ha myuke npoToHOB ¢ 3Heprued 50 3B [61]. Jlns dokycupoBku mydka
HCTONb30Bajach KpeMHeBas IwiactuHa tommuuor 500 MM u mmuHo# 10 mm. I[Tmactuny
BBIpE3aJId TaK, 4TOObI €e OOKOBbIE MOBEPXHOCTH OBUIM MOBEPHYTHI Ha yron 3° rpajyca
OTHOCHUTENBHO KpHcTaiutorpaduueckux miockocreid (111). IlnactiHa Obula paBHOMEPHO
M30THYTa Ha yrom 3 Mpaa IIydoK MHTEHCHBHOCTHIO ~10° TIPOTOH/IMKT BHIBOTWICS H3
yckoputens Y-70 kpuctammuueckuM aeduextopom K127 B kaHan 4a. PacxoguMocTh my4ka
cocraBisia oy ~ 0.1 Mpaa. C moMomp0 KOIIIMMAaTOpoB (hOpMHUPOBaAICA MPOQPIIIh MydKa C
PE3KUMH TPaHUIIAMH pasMepoM S, X S, = 20 X 20 MM

Cxema HSKCIIEpUMEHTaJIbHON yCTAaHOBKHM Takas >kKe, KaK IOKAa3aHO Ha pHCyHKe 13a.
PexxuM KaHaIMPOBAHUS HAXOAMIICS C IOMOIIBIO TEIECKONa CHUHTHIUIAIIMOHHBIX CIETYHKOB.
[Ipu onTuManbHOW OpPHEHTAIIMM KPUCTAUT OTKIOHSI mopsaka 10% mamarommx dacTuil
Iy4Ka, YTO COOTBETCTBYET pacyeTaM, TaK KaK KPUTHYECKMH YTol KaHAJIMPOBAHHA
cocraBisier 0.03 mpan it wactun ¢ sHepruer 50 DB B mmockoctHoM kaname (111)
KPEMHHUSL.

O¢ddexr hoxycupoBKH OBUT 3apPETUCTPHUPOBAH C TIOMOIIHIO TIOTHUMEPHOH pagroXpOMHON
nozumerpuaeckoir mwieHku GAFCHROMIC EBT3 [62]. AKTHBHBIH KOMIIOHEHT IUTCHKH
COCTOMT W3 KPHCTAJUIOB paJMallMOHHO-UYyBCTBHTEIBHOTO MOHOMEpa CyOMHKPOHHOI'O
pasmepa. Korma 1uieHka mozaBepraercs BO3JCHCTBHIO HOHM3UPYIOUIETO HM3ITydICHHS,
HAYMHACTCS PEAKIUs MOJIMMEPH3ALNH, YTO NIPUBOAWT K WM3MEHEHHIO €€ ONTHYeCKON
TUTOTHOCTH, a TITyOMHA U3MEHEHHUS MPOTMOPIMOHANBHA TTOTJIOIEHHOH 103€ (COOTBETCTBEHHO
MOTOKY MPOIIEANINX YacTHI) B aKTHBHOM cioe. [Ipomecc monmmMepun3anyy He mepenaeTces
OT KpHCTaUla K KpPUCTALLy, W TOCIE OOJNY4YEeHHUs] OTCYTCTBYET IIPOIECC IPOSBICHUS,
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KOTOpBIl MOT OBl N3MEHNTH pa3mep win ¢popMy dactum. CiieoBaTeNnbHO, 3Ta IICHKA UMEET
MIPOCTPAHCTBEHHOE  pa3pelleHHe B  MHKPOHAX, KOTOpPOE  OTpPaHMYEHO  TOJBKO
000py/IOBaHMEM, HICHIOJIB3YEMBIM BO BpeMsl pa0oThl. [INIeHKy CKaHHpOBaM Ha IUIAHIIETHOM
ckanepe EPSON EXPRESSION 10000 XL B mpoITycKammeM pexuMe, 0e3
[BETOKOppEKIHH, ¢ pa3zpemenneM 2400 Touek Ha oM. AOCONTIOTHYIO KATHOPOBKY TUTCHKU
MIPOBO/IMIIM OJHOKPATHO C HCIIOJIb30BAaHWEM CLUUHTHUIALMOHHBIX CYETYHKOB B PEXKHME
HaKOIUICHUS! CTATUCTUKH 32 HECKOJIBKO COTEH LHUKIIOB YCKOpHUTENs. V3MepeHHBIH pa3mep
mydka B (okyce (paccrosHue oT kKpuctauia 17 cm) paBeH 30 MkMm Ha momyBbicoTe. [lpu
H/IeaNIbHBIX YCIIOBHUSX pa3Mep Iydka B (okyce ompenensiercs BenuduHold F X 6; ~10 MxM.
W3Meputh TOYHO Takyld Majyl0 BEIWYMHY JaHHBIM METOJOM TPYIHO, MOCKOJBKY
pasperieHre ckanepa Haxogurcs Ha ypoBHe 10 mxm. [TosToMy Hamr n3MepeHHBIH NpOPIIL
JIaeT 3aBBIIICHHYIO OIIEHKY PeaNbHOro pazmMepa c(hOKyCHpOBaHHOrO Imydka. Takum oOpazom,
Ha mydke nporoHoB 50 B B UDBD [IpoTBUHO BHEpBbIE 3KCIEPUMEHTAIbHO MPOBEPEHA
(oKycHpOBKa ITy4Ka BBICOKOH HSHEPTUH KPUCTAUIMYECKHM YCTPOWCTBOM Ha KOPOTKOE
paccrosiHue nopaaka 10 cM.

[MogoOHoe (okycupyromiee KpUCTaUIMUECKOe YCTPOHCTBO OBIJIO MCHBITAHO Ha ITydKe
MTOJIOKHUTEIHHBIX THOHOB ¢ UMITyJbcoM 180 I'3B/c Ha skcriepuMenTanbHO# ycTtanoBke UA9,
pacnonoxeHHON Ha kaHajie dactull nyuka H8 nHa yckopurtene SPS CERN [63]. [Tnactuny
tonupHoi 500 MkM u anmuHOM 10 MM, OOKOBBIE TOBEPXHOCTH KOTOPOM MMOBEPHYTHI HA YT
3° rpamyca OTHOCHTENbHO KpHcTamumorpadguyeckux rockocted (111) paBHOMepHO
M30THYNH Ha yroa 3.5 mpaa. Oxxunaemoe OKYCHOE pacCTOSHHE COCTABIIIO OKOJIO 15 cM.

CxeMa SKCHEPHUMEHTAIFHOW YCTAaHOBKM Takas >ke, KaK IIOKa3aHO Ha pHCyHKe 14.
BpemeHHass cTpyKTypa TpPOXOHSINEro ITydyKa COCTOsIa M3  IUIOCKOH — BEpIUWHEI
HPOJOIKUTENFHOCTEIO 0KOJI0 10 CeKyH[I, KOra MPUCYTCTBOBAJIM YaCTHIIBI MyYKa, a 3aTeM
okoio 35 cekyHn Oe3 mydka. M3mepeHHas yriioBasi pacXOAUMOCTb, KaK B TOPU3OHTAIILHOM,
TaK U B BEPTUKAIBHON ITOCKOCTSIX, MaJaloIIero myuka cocrasisuia okoio 30 mxpan (RMS).
I'onnoMeTp BBICOKOH TOYHOCTH JAOIYCKal OPUEHTALMIO (DOKYCHPYIOLIEro KpUCTalia B
00enx OpTOrOHAIBHBIX IUIOCKOCTSX C TOYHOCTBIO 10 2 Mkpan. Ha mepBom srtame Hamero
HCCIIeIOBaHMS OBUIO NMPOBEACHO CKAHUPOBAHUE TOPU3OHTAJBHBIX YIJIOB OPHEHTALUU ¢
KpHUCTaJUIa U HalJIeHO MOJIOXKEeHWe KaHanupoBaHus. Ilocie sToro Obul mpoBexeH HaboOp
JAHHBIX CTATHCTHUKH.

Ha pucynke 8 mokazaHbl pacnpefielieHHe MHTEHCHBHOCTHM IydKa 3a KPHCTaIOM B
3aBUCUMOCTH OT YIJIOB OTKJIOHEHHS YacTHL O, M Pe3ylbTaThl PEKOHCTPYKIIMH OTHOAIOIIeH
My4Ka MOJIOKUTENBHBIX MHOHOB ¢ uMITyiibcoM 180 I'3B/c 3a kpucramiom.
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Puc. 17. Pacnpedenenue uHmeHcugHOCHU NYYKA 3d KPUCMATIOM 8 3d8UCUMOCINU OM Y08
omxnonenus wacmuy 0, (a), 6occmanosnennas ocubaoweri nyuKa NOIOACUMETbHbIX NUOHOS C
umnynvcom 180 I'B/c 3a kpucmannom (b) u npogunu nyuxa eonusu kpucmanna (I = 0cm) u 6
poxanvroii mouxe (Ly= 15,5 cm) (c). Obnacmeb 1 coomeemcmeyen HeKaHATUPOSAHHBIM YACIIUYAM,
obaacmy 2 - KanaauposanHvim yacmuyam (oxono 10% om unmencusHocmu nadarowezo nyuxa),
o6aacmu 3 - Oexananuposannvim uacmuyam (18% no cpasnenuio ¢ NOTHOCHbIO OMKIOHEHHBIMU
yacmuyamu). Yepras npsamas IuHus - YeHmp pacnpeoeneHis KaHAIUpO8aAHHbIX YaACHUY, NPOUEOWUX
600716 noanouU Onunsl kpucmanna (a). Cpeonexeadpamuunoe snauenue (RMS) pazmepa nyuxa 6
doxkyce cocmagnsiem oxono 8 mxm u okono 125 mxm e6nuszu kpucmainia (c).

Taxum o0pa3oMm, I8 JAHHOTO KPUCTaILIA C KOPOTKUM (HOKYCHBIM PACCTOSHHEM MOpSIKaA
15 cM cobmomaeTcsd NPUHLMI JIMH3BL, TO €CTh HMEeTCs JIMHEHHas 3aBUCHMOCTH yIJa
OTKJIOHEHHSI YaCTHUIBI OT €€ IONEepeuyHON KOOpIMHATHI B JHMH3E (CM. PHCYHOK 8a), a
K03 UIMEHT CKAaTU MydKa cOCTaBiseT mpuMepHO 15. CremyeT OTMETUTB, YTO pa3Mep
Iydka MPU HICAIBHBIX YCIOBHAX (POKYCHPOBKH OIpENeNseTcs YrioBOH pacXOIUMOCTBIO
yacTull B mpenene ymia JlMHoxappa, W I HAIEro ciiydas oH paBeH F X 8;~3 MKM.
VYimpeHue H3MEpeHHOro npoduis MOXHO OOBSICHHTH adeppalissMH B KpHCTaIe U
KOHEYHBIM IIPOCTPaHCTBEHHBIM pa3pelIeHHeM MHUKPOCTPHUIIOBBIX JETEKTOPOB (KOTOpHIE
HaXOMATCS Ha YPOBHE HECKOJIBKHUX MKM).

JanHoe (OKYCHOE PAcCTOSIHUE HE SABIAETCS NMPENeioM Uil STOrO THIIA KPHCTAIIOB.
VY4uTBIBast, YTO YroJl H3ruda IIACTHHBI 0L MOXKET OBITH MpencTaBieH Kak & = L/Rpqnq, TIE
Ryeng - pamdyc M3ruba IDIACTHHBI, KOTOPBIA MOXKHO B3ATh PAaBHBIM TPEM KPHUTHUYECKHM
pamnycam kanamupoBaHus 3R, (cm. [15]). Torma ams ¢GOKyCHOTO pacCTOSHHUS TONTydaeM

D
BbIpakeHue: F = 3ZRC' W3 3TOrO BBIpaXKEHHS CIEXyeT, YTO, IPUMEHS Ooliee TOHKYIO

mI1acTUHKY okono 100 MKM, MOKHO TONXYYHTH (POKYCHOE paccTOsSHHE Tmopsiaka | cM B
IIMPOKOM JHama3oHe HSHepruil. Hampmmep, mis mractuebl pazmepamu D = 100 MxwM,
L =20 MM, Ryopg = 3 X 2 M, MOXXHO TIOTY9IHTH (POKycHOEe paccrosHue F = 3 cm s 1
T»B-HBIX "acTHIL.

Takoe yCTpOHCTBO ITO3BOJISIET pearn30BaTh YIOMSHYTHIC TIpemiokeHus [56 — 60] 6onee
ONTUMANIBHO, KaK 3TO paccMOTpeHo B [64]. B dacTHOCTH, MOXXHO yMEHBIIUTH pa3Mep
CTAJKMBAIOUIMXCSA ITyYKOB JI0 HAHOMAacmTaba Ha JIMHEWHBIX O3JIEKTPOH-TTO3HTPOHHBIX
korutaiinepax tana CLIC u ILC (puc. 18a).
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Puc. 18. a- IIpumenerue 08yx KpUCIMALIUYECKUX YCMPOUCME Ol OP2AHUZAYUU KOHEUHO20 (hOKYCA HA
CLIC. b- ucnonv3osanue KopomxoghoKycHo20 KpUucmauia 0is UsMeperus MasHumHno2o momenma A,
eunepona na BAK nymem epawenus cnuna, T-Humesuonas 6HympeHHsis MUllerb Ha YUpKyIupyoujem
nyuxe, Si-1 kopomxoghokycuwitl Kpucmani, Si-2 «0ObIUHBLILY U0SHYMbLL KPUCTATLL.

B oaroif cxeme KpUCTauTbl BCTPAaWBAIOTCS B CYIIECTBYIOIIYIO MAarHHTHYIO ONTHKY,
(dokycupyst Ty4OK pa3MepoM HECKONBKO JECATKOB MHKPOH [0 HaHO Macmirada.
[IpenBapuTenbHbIe OLEHKH IIOKA3bIBAIOT, YTO pa3sMep Mydyka B (POKyce KpHCTAUIOB Xp
MOXHO YyXaTh B HECKOIIBKO JIECATKOB pa3, a CJeJOBaTeJbHO, IMOJYYNUTh BBIMIPHIII B

1
CBETUMOCTH B ThICsA4y pa3 (Lum~ x_Z)' Pazymeercs, 3Ty cxeMy MOXXHO peaii30BaTh TOJIBKO
F

NIPYU OrpaHUYEHHOW HWHTEHCHUBHOCTH myuyka. CremyeT OTMEeTHTh, KOHEUHBIH (okyc Ha
KpUCTAJUIAX MOXHO IIPUMEHUTh W B  KOJBLEBBIX KoO/Ulaiiiepax C yMEpPEHHOHU
MHTEHCUBHOCTBIO IUPKYJIMPYIOIIEro IIydka, HalmpuMep, Ha OyAylmMX MIOOHHBIX
KoJutaiiepax.

Taxke ¢ IOMOIIBIO KOPOTKO(POKYCHOIO KPHCTAJUIMYECKOrO YCTPOWCTBA MOXKHO
ontumMu3upoBarh IaHupyembelii Ha BAK omeir [56-59] mo wu3MepeHHMIO MarHHUTHBIX
MOMEHTOB KOPOTKOXHBYIIIUX YaCTHUI] C TOMOIIBIO TOBOPOTA CIIMHA B U30THYTOM KpHCTAJLIE
(puc. 18b). 3mech mnpexacTaBieHa ABYX-KPUCTAIbHAs CXeMa M3 KOPOTKO(POKYCHOIO U
«OOBIYHOT0» OTKJIOHSIOIIEr0 KpHUCTAIa. JTa CXeMa, B OTIMYHE OT MPUHATOrO Ha
yctaHoBke LHCb mpeanokeHus ¢ OOHUM «OOBIYHBIMY» KPHCTAJUIOM Ul IIOBOPOTA CIIMHA,
YBEJIMYMBACT BBIXOJ OTKJIOHEHHBIX I'MICPOHOB Ha ABa IOPAAKA 33 cUeT (POKYCHPYIOIIETO
s¢dexra (OTHOLIEHHME yrila KOHYCa PpOXICHUS THUIIEPOHOB, Mopsaka 1 wMpanx, K
KPUTHYECKOMY YIJIy KaHAIWPOBaHMA, okomo 10 MKpam). DTO MOXKET CTaTh PEIIAIONIIM
(aKTOpPOM YCIIENTHOCTH BBIIOJIHEHHUS SKCIIEPHUMEHTA.

OueBumHO, 4YTO B OygymieM KpYr BO3MOXKHBIX IIPUMEHEHHH KOPOTKO(QOKYCHOIO
KPHCTAJUIMYECKOTO YCTPOMCTBA Ha YCKOPUTEISIX 3HAYUTEIBHO PACIIMPUTCS, MOCKOIBKY
MPOCTOE YCTPOWCTBO HA PEIKOCTh yIadyHO paboTaer.

3.3. ®oKycHpoBKa U3 TOYEYHOI0 MCTOYHHKA B NapaJljeJbHbIH MMy4oK

Panee Obuta oapoOHO paccMoTpeHa (HPOKYCHPOBKA CI1a00PacXOIAIIEro MOI0KUTEIBHOTO
My4Ka BBICOKOW HSHEprud B JHMHEHHbIH (okyc. [IpOTHBOMONOXKHBIA Clydail OTKIOHEHHS
Y3KOr0 ITydKa C BBICOKOH PacXOAWMOCTBIO B MAPAIECIBHBIA ITydOK Ba)KEH I HOBBIX
CHoco0OB MONydeHHs BTOPHUHBIX MydkoB Ha LHC mwim Opyrux ycKOpPHTENSIX BBICOKOM
SHEPIHUH, PACCMOTPEHHBIX B CIIEAYIOIIEM pa3ciie.

Jnst ucnibiTaHmiA ObLT BEIOpaH aHATOTHYHBINA KPHCTAJII CO CKOIIEHHBIM TOPIIOM, YTO U JUIS
(OKYCHPOBKH MapaJUIebHOr0 Mydka K TOYEYHOMY UCTOYHHKY (CM. PHCYHOK 12a), TOJNBKO
MOBEPHYTHIA B Jepkarene Ha 180° OTHOCHTENFHO HOpMAlld K TUTOCKOCTH M3THOA.
Kpucrammmaeckas kpemaneBas miactuda (111) ¢ TpameneBHIHBIM IOMEPEYHBIM CEYCHUEM
nMena mmpuHy 2 MM 110 X, Beicoty 70 MM 1o Y, u muHY oT 20 10 40 MM BIOIB IyYKa IO
KoopAMHaTe Z, 3a CYET CKOLIEHHOro InepenHero topua. IIpu 3ToM paauyc MmonepeyuHblid
n3ruba KpUCTajuia cocTaBisut 6,8 M, pokycHoe paccrosHue 1,7 M, a CpemHuiA yroa moBopora
gacru 1,8 mpan [65].

OkcriepuMeHT ObUT TipoBenieH B [IpotBrHO Ha mydke mporoHoB 50 I'9B Ha kanane 4a
yekopurenst Y-70. Cxema dKCrepuMeHTa TOKa3aHa Ha pucyHke 19a. Ilydok mpoToHOB
YMEpEHHOH MHTEHCMBHOCTH mopsika 10° wacTwiyc BeBomwics 3 yckopurens Y-70
KpHCTAIMIEeCKUM  iediekTopoM. C MOMOIIBI0 KOJNIMMATOpoB (OopMHUpOBajics NPOhHIIb
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Iy4YKa ¢ PE3KMMH TpaHulaMu S, X S, = 8 X 10 MM” M PacXoIUMOCTEIO 0, = 0,2 Mpan. Jlns
CO3JJaHUSI TOYEYHOTO WCTOYHHMKA PACXOSIIErocsl IydKa IPOTOHOB ObLIa YCTaHOBJIEHA
aKTHBHAs MHIIEHb B BUAE TOHKOM IUIacTWHBI (TommmHOM 150 MKM) W3 TSDKEIoro
cumHTIILISITOpa CsI. Ha MMIIeHs Monajana JIMilb Maas J0Ns ITyuka HHTEHCHBHOCTHIO 2% 10°
yactury/c. Ilydok mnpoTOHOB OBUT pacmymieH 10 HEOOXOOMMOH BEIMYHMHBI  YIIIOBOM
pacxomumoctu o, = 0,36 mpan (wmm FWHM = 0,92 mpan). [lonydeHHbI TakuM oOpa3zom
pacXoIsIMICS U3 TOYEYHOrO MCTOYHMKA ITy4OK HAIpaBisUics Ha (POKYCHPYIOUIYIO KPOMKY
KpHUCTaJUTa, KOTOPBIA Bpamayics B ToHHOMETpe. DhGheKT (OKYCHPOBKH M IMOCICAYIONIETO
OTKJIOHEHHUSI PACXOJIIErocss Iydka (PUKCHpOBAICS CHUHTWILIALHOHHBIM TOIOCKOIOM (C
maroM 1,2 MM), BKIIOYEHHBIM Ha COBNQJEHUS CO CIMHTHWILIATOPOM TOHKOW MHIIICHH,
TIOMEYeHHasl MapKepoM 2 Ha pucyHke 19a), TOUKM M KpacHasi JIMHHS — IKCIIEPUMEHT, YepHas
JIUHUSA — pacyer.

(@ Target Crystal Hodoscope
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Puc. 19. a — Cxema sxcnepumenma no obpammnoui ¢poxycuposke na npomonnom nyuxe 50 I'>B, (b) -
Tpogpunu nyuxa 0ns opueHmupo8aHHO20 U pasoPUeHMUPOSAHHO20 KPUCMANNA, MOYKU U TUHUY —
IKCHEPUMEHM, SUCIOZPAMMA — pacuem OJis OPUEHMUPOBanHo20 Kpucmaia. (¢ - OpuenmayuonHas
3a8UCUMOCTIb KOIUYECEA OMKIIOHEHHBIX KDUCMALIOM YaACMUY (6e1U4UHA NUKA.

Ha pucynke 19b mpezcraBieHbl pe3ynabTaTbl HCHbITaHWi. KpacHble TOYKM M KpacHas
JIMHYUS TIOKA3bIBAIOT HPOQWIb ITydKa, IPOLICAIIEr0 4epe3 OpHEHTHUPOBAHHBIN KpHCTAILI,
CHHHE TOYKH W CHHSS JUHUS — Npouib ITydKa I pa30pHEHTHPOBAHHOrO Kpuctamia. Ha
pucyHke 19¢ Toukamu ¥ KpacHOH JIMHKEH MMOKa3aHa 3aBUCUMOCTD KOJINYECTBA OTKJIOHEHHBIX
Ha TOJTHBIH yTroJl YacTHI] OT yIJla IOBOPOTa KPHCTAJIA B TOHHOMETPE.

Oxomo 35 + 5 % wacrui, najaromMXx Ha (QOKYCHPYIOUIYI0O KPOMKY KpHCTala,
3aXBaTBIBAIACH B PEXKIM KaHAIMPOBAHIS (3Ta 30HA ITOKa3aHa Ha pucyHke 1.9a mapkepom 1),
1 0koJ0 14 £ 3 % yacTHIl OTKIOHSIINCH 3aTEM Ha MOJHBIN yroi 1,8 Mpal, cOOTBETCTBYIOIINH
m3ru0y Kpucraiua (3Ta 30HA TIOKa3aHa Ha pucyHke 19a wmapkepom 2). Ilupraa
opueHTanoHHON kpuBoit FWHM = 105 Mkpan. Ota y3kas BeIMYWHA YIIIOBOTO WHTEPBAJA,
KOT/1a BU/JICH OTKJIOHEHHBIN ITy9IOK, COOTBETCTBYET T€OMETPUUECKUM MTapaMeTpaM H3MEPEHUH,
KOT/Ia BPAIIAIOIINICA KPUCTAIIT «CMOTPUT» Ha MUIICHb. [loydeHHbIe 3KCIepUMEHTAIbHbIE
JAHHBIE COIJIACYIOTCA C  pe3yJbTaTaMH  KOMIBIOTEPHOTO  MOJEIHPOBAHUS  ONbITA,
BEITIOTHEHHOTO MeTofioM Momnte-Kapno ¢ mpumMenennem anroputMa [66]. B sTom Metome
YYHUTBIBAIOTCS TEOMETPHS PACIIONOKEHNSI MUIICHH M KPUCTAUIA, 3aXBAaT YACTUIl B PEXUM
KaHAIMPOBAHWSA M JACKaHATUPOBAHME BHYTpW KpHcTawia. COrIacHO pacderaMm, B pPEKHME
KaHAIMpoBaHUs 3axBaThBaeTcs 43% gactul, u 16% OTKIOHSETCS Ha MONHBIA YTOII.

European science Ne 4 (68) = 30



Bonee nperanmpHOE WccnemoBaHMS IOJOOHOrO (OKYCHPYIOMIETO KPUCTAITHIECKOTO
ycrpoiictBa 0buT0 BBIMONIHEHO coBMecTHO ¢ CERN Ha mydke MOJNIOKHTENBHBIX IMHOHOB C
nmynascom 180 I'3B/c Ha skcniepumenTanbHOM ycraHoBKe UA9, pacrionokeHHOH B KaHaje
TPaHCHIOPTUPOBKM 3apsbkeHHbIX uvacTun HE yckopurens SPS [67]. DkcnepumeHTtanbHas
yCTaHOBKA ObLIa Takas ke, Kak OMrcaHa paHee Ha puc. 14.

VcranoBka UA9 mo3BONSET OTCIEXHMBATh TPEKU YACTHILI, BBUICTAIOIIUE W3 TOYEYHOIO
WCTOYHHWKA, BEIOMPast Hy)KHBIE COOBITHS C TOMOIIBIO HaJlaraeMbIX ONpaHUUEHUH KaTTHHTA (CM.
pucyHok 20b). [y yBenM4YeHUs pacXOIMMOCTH ITydKa ObUTa YCTaHOBJICHA TOHKAsI CBHHIIOBAS
MHUIIICHb (JUTHHON OKOJIO 2 MM) BOJIM3M IEPBOM TPEKOBOM CTaHIMU. KpucTamt co CKOMICHHBIM
TOPIIOM Ha BXoje UMen (okycHoe paccrosHue 12,5 M. Takoro ke THIa KPUCTALI, TOIHKO B
TIepEeBEPHYTOM ITO3MLIUM, HCIIONB30BAICS JUIsl (DOKYCHPOBKM IAapajuIeIbHOTO ITydKa B
TOYEYHBII HMCTOYHHMK B pabote [54], pamuyc m3ruda R B TOPH3OHTAIBHOM IUIOCKOCTH
coctapisier 160 M, a cpemamii yroa u3ruda coctapiser 0,25 mpaj.

C mnomouipl0 BpalleHHWsT KpUCTalyla B TOHHOMETpe OBLIO C/eNaHO CKaHMpOBaHHE
TOPU30HTAIIBHBIX YTJIOB OPUEHTALUH @, KPUCTAJUIa M HAlICHO MOJIO)KEHNE KaHAJMPOBAHUS.
[ocne aroro Okl mpoBeneH HAOOp JaHHBIX. bonbline craTHCTHYECKHE JaHHbBIE OBLIH
TMIOJTYYEeHBI, KOrJa KPHCTaUl B ONTHMAIILHOM TIOJIOKEHUH ObUT paBHOMEpHO 3acBeueH. Ha
pucynke 20a moka3zaHa 3aBUCHMOCTh TOPHU3OHTAJIBHOTO yrja OTKJIOHEHMS 4YacTul] B
KpucTayiec 6, OT TmomepeuHol KoopauHaTel x. HaOmromaercs crporas JMHEHHas
3aBUCHMOCTH YIJIa OTKIOHEHHS BBIXOASIIUX YACTHUIl OT KOOPAMHATHI, YTO CBUAETEIbCTBYET
0 KadyecTBE W3rOTOBICHHMS (OKyCHpYIOImEro ycrpoiicrea. Jluums OO  meHTpa
pacripezieneHuss KaHAMPOBAaHHBIX YacTHI[ Oblla HalieHa C IMOMOLIBIO aIlpOKCUMAIUH
00JIaCTH CHHUX TOYEK JIMHEWHOU (yHKIMEH, TAe 3Ha4eHHs MapaMeTpOB COCTaBHIIH p; = -
68,2 + 0,05 mxpan, py=-220,3 + 0,03 mxpa.
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Puc. 20. a - Pacnpedenenue 2opusoHmanbHoco yana omxioHerus yacmuy 6, om nonepeynou
Koopounamvl X 6 nosuyuu Kananuposanus. Qbnacme cunux moyex (1) coomeemcmesyem noiHocmuio
OMKIIOHEHHBIM KAHANUPOBAHHLIM Yacmuyam. Obracms yepHbix moyex (2) cocmoum u3s
HEKAHATUPOBAHHLIX U dekananuposanibix wacmuy. JTunus OO0 coomeemcmeayem yenmpy
pacnpeoenenus KaHAIUpOBAHHBIX YACMUY, KOMOpble NPOX00Am 8001b NOJHOU OTUHbL Kpucmanid, b-
Cxemamuyeckoe uzobpasicenue ombéopa codbimuil ¢ nomowsio kammunea, ¢ - Pacnpedenenue uacmuy
no yanam ¢, 3a Kpucmaniom. dacme nyuxa, cgpokycupo8anHo2o u OMKIOHEHHO20 KPUCHALIOM,
noxasaua cnesa.
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Uro0bI BOCCTaHOBUTH TPEKH B OOPATHOM HAIpaBJICHHH, 00JaCTh YAaCTHI, OTKIOHEHHBIX
KpHCTaJUIOM, OblIa rmomedeHa (cM. cuHHME TOYKM Ha pucyHke 20a). BoccraHoBnenue
MI0KA3aJI0, YTO BCE YACTHUIIBI NPHJIETENN W3 BHPTYaIbHOrO (DOKyca, KOTOPBIH COBHATaeT C
(hOKYCHBIM paccTOSTHHEM KpHCTailia, paBHBIM 12,5 M. CpeaHeKkBaipaTHYHbIA pa3Mep IydKa
B (oKasIbHOM Touke paBeH S, = 0,2 MM. [TonHbIil pa3Mep mydka B 3TOH TOUYKE paBeH 3 MM.
To ectp, Kpucrann obiazaeT CBOHCTBOM CEIEKTHBHOW (hOKYCHPOBKH. M3 Bcex TpeKoB OH
OTKJIOHWJI TOJIBKO IOPIMIO YAaCTHII, BBUICTAIONMX M3 y3KOH monocku. Cieayer OTMETHTh,
yto pazMep 0,2 MM COOTBETCTBYET €CTECTBEHHOMY IpeJeny Ha pa3Mep MHUllleHu [66]:
0, =0, xF=0,015x%x12,5= 0,19 mm

Jnst onpenenennst 3p(EKTUBHOCTH OTKIOHEHHsS] PACXOJIIErocsl IMy4Ka KpHCTaJUIOM
ObUT HaJIOkKeH KaTTHHT Ha KoopauHaty X (-0,2 MM < x < 0,2 MM) B 1iockocTd (oKyca u
OTCIIe)KEHBI BCE TPEKH, BBIXOASAIIME M3 3TOW TOJOCKM B TEpEIHEM HampaBJICHHH (CM.
pucyHok 20b). Ha pucynke 20c moka3aHo pacripene/ieHue YacTUll B X - IUIOCKOCTH IO yIiiaM
@y 33 KpUCTaIIIOM. J10JIsl OTKIIOHEHHBIX KPUCTAJIJIOM YacTHIl Ha MOJHBIA yroi, pachojioyKeHa
cieBa ¥ paBHa 22%.

Takum o00pa3oM, NPOJEMOHCTPHPOBAHO, YTO (DOKYCHPYIOIIMI KpPUCTAII OTKIOHWII
pacxomsmuiics MYYOK C  Oppqm = D0 MKpaz ~ 48, c¢ sddexkruBHocthio 22%. 31O
MIPUMEPHO Ta ke IPPEKTUBHOCTh, C KOTOPOH TaKOro K€ THIAa KPUCTAII B TIEPEBEPHYTOM
INOJIOKEHUU C TMPSAMOYTOJIbHBIM TOPHOM Ha BXOJAE€ OTKIIOHAI HapaJ'IJ'IeJ'ILHbIﬁ IIy40K C
pacxoauMocThIo okono yraa Jlunaxapaa [54].

D¢ (eKTUBHOCT, OTKJIOHEHUSI ITydKa C pacXOAMMOCTBIO Topsaka yrina Jlnuaxapnaa
MOHO OIEHHTB 110 cooTHOMmeHno: Eff = 0,75 * 0,75 * 0,86 * e ~#°/87 = 0,29 (cm. [15]),

rae mnepBblii MHOXuTenb (.75 o03HauaeT MOBEPXHOCTHBIM aKIENTaHC, BTOPOM —
Ko duuueHt morepp B  y3kod miaockoctu  (111), Tpermii —  y4uThIBaer
HaJPKCIIOHEHIMAIBHOE TIOTJIOIIEHNE YacTHIl B Hayale KpUcTauia (CM. PUCYHOK 4 B pabote
[68]), a oSkcHOHEHUMANBbHBIA KOI(PPHUIMEHT ONUCHIBACT IIOTEPI0 YACTHIl H3-32a
JIeKaHaJHUPOBAHUS B KPHUCTAJUIE CO cpeaHelt JuHon 40 MM U JJTMHOM JeKaHaIupoBaHus 87
MM. OTa JUIMHA AEKaHAIUPOBaHUS Obula OleHeHa C OONBLIOW TOYHOCTBIO Ha OCHOBE
Pe3yNbTaToOB HEJABHUX U3MEPEHUH Uit MMOHOB ¢ uMiyiibcoM 180 I'B/c u muockoctu (110)
B pabore [68]. Cornmacuo [15] mnmmHa nexananupoBanusi B miockoctd (111) - L,;(111)
CBsA3aHa C JJIMHOM JekaHanupoBanus B riockocTd (110) - L;(110) coorHomeHneM
L;(111) = L,;(110) *d(111)/d(110), rme d(111) u d(110) — MEKIUIOCKOCTHbIE
paccTostHus B 9THX wiockocTsx u Ly (110) = 71 mm, d(111) = 2,35 A, d(110) = 1,92 A.

Taxum o0pa3oM, CKOLIEHHBIH TOpEI Ha BXOJE ITy4Ka B KPHCTAJJI, TO €CTh TEXHOJIOIHSA
(OKYCHPOBKHM KpHCTajsla, HE BHOCHT CYIIECTBEHHBIX IONOJHUTENBHBIX MOTEPh B
3¢ PEKTUBHOCTH OTKIIOHEHHUS ITyYKa KPUCTAIIIIOM.

I'maBa 4. CxeMbl mNoJy4YeHHMsl BbIBeJeHHbIX MNYYKOB BTOPHYHBIX YACTHI Ha
KPUCTAJUIMYECKHX JJIeMeHTax

Cetiuac xpymabie yckopurenu (bompmiolt amponssrii xommaiimep BAK) m mpoexTst
oynymux (Future circular collider FCC) npennasnauens! it paboThl B MOZIe KOJLIaiaepa,
Ha BCTPEUHBIX Imydykax. HemaBHO, B paMKax mporpaMmbl «(u3uKa 3a Tpeneramu
KOJUTAiIepOB», MOSBUINCH NPEATIOKEHHS HCCIEN0BAHUN ¢ (MKCHPOBAHHON MHIIEHBIO Ha
BAK (cm [51 —53] u ccpuikm). OmHaKo, TEXHHYECKash CTOPOHA BOIMPOCa, TAE TPeOYIOTCS
KOHKPETHBIE CXEMBI TIOJIYICHHUS BBIBEICHHBIX MYYKOB YACTHI, MOAPOOHO HE mpopaboTraHa.
TpaauoHHBIN MyTh JUIS MOTYYEHUS BBIBEICHHBIX ITydKOB YacTHI], PEaM30BaHHBIA Ha
COBPEMEHHBIX KPYITHBIX yCKopHuTemnsx mpotoHoB [3Buex suepruit (CIIC B LIEPH, V70 B
N®BS u ap.) mpennonaraer MeIJICHHBIN BBIBOJ IPOTOHHOTO ITy4YKa, POJKICHNE BTOPUIHBIX
YaCTHIl HA MHIIEHH, UX (POKYCHPOBKA M TPAHCIIOPT B MPOTSDKEHHBIX MAarHUTOONTHYECKHX
kaHanax [69, 70]. Jns ToBHBIX SHEpPTUil TaKOW CIOCOO TONYYEHUS BTOPUYHBIX YaCTHI]
CTAaHOBUTCS CJIMIIKOM 3aTpaTHBIM UM TpeOyer OONbIIMX IUIOMAAEH CBOOOAHOTO
MIPOCTPAHCTBA.

Ecnu sHeprust yckopeHHoro my4ka npotoHoB E > 1 TaB, kak Ha Oonpmmx kosutaiinepax
(xmacca BAK wu BpIIE), TO 3HEPTHS BTOPHYHBIX YACTHUI] cMemaercs 3a cotHu [3B. Pazner
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TaKMX 4YacTHI[ C MHIIEHH B JabopaTopHoil cucreme ordera 6[mpan] = 400/P[['3B/c]
CTAaHOBHUTCS MEHee WM Mopsaka 1 Mpaa. DTo 00CTOSATENBCTBO TMO3BONSAET OCYIICCTBHTH
YIUBUTENBEHO MPOCTOH CHOCOO MONYYESHHS IMyYKOB YaCTHIl, OCHOBAHHBIA HA TPHMECHCHUH

KPHUCTAJUIMYECKOTO  (POKYCHPYIOIIET0 yCTPOWCTBA, PAacCCMOTPEHHOTO B  IPEABLIyIIEM
paszene.
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Puc.Z1. a- Cxema nojiy4enus nyuka 6mopudHblx yacmuy. 1- yupKyaupyowuu npomoHHsll ny4oK, 2Z-
GHYMPEHHsis MulieHb, 3 — KPUCIAIIUYecKull (pokycupylowutl snemenm, 4- 30na gusuueckoul
yemanosku. b- Hopmuposannvie cnekmpuvl podcoenust T -Me30H08 6 MUMEHU Ha 0OHO siI0epHoe
83auMoOeticmsue 8 Cmeope y2ios, KOmopble nepekpbleaent KpUcmaii. - dghgexmusrnocms nogopoma
nyuKa npomoHO8, 3aX6A4EHHO20 6 PEHCUM KAHATUPOBAHUS, OM Y2lia u32uba KpemHueso2o u
2epMane8o20 Kpucmanios. d- Cxema Qopmuposanus BMoputiHo20 NyuKa ¢ Y3KUM UMNYIbCHOIM
UHMEPBATLOM.

[Ipemmaraercss cxema [71], mokazanHas Ha puc.2la. Bropuunslie wactmupl, m u K
ME30HBI, TEHEPUPYIOTCS HA MUHUATIOPHON BHYTPEHHEH MUILEHH, YCTAaHOBJICHHOM B KOJBIO
KPYITHOTO MPOTOHHOI'0 YCKOpHUTENs ¢ dHepruei nopsaka 1 ToB u Gonblie (370 MOTYT OBITh
BAK, FCC). Mumensio MOXeT ObITh CTpyHHas MHIICHbP Ha OCHOBE Ta3a. B HECKONbKHX
Metpax (He 6omee 10 M), pacnonaraercst KpUCTaUIMIEeCKoe ycTpoiicTBo. Kpucrammmueckoe
YCTPOIMCTBO HE TONBKO (HOKYCHPYET, HO M OTKJIOHSET ITy4OK YaCTHUI, IpHYeM, Ha BBIXOZE
MOTyJaeTcsl MapaJyielbHBI, B mpeaenax ymia JluHaxapaa, Mydok. 3aMeTuM, yroi
Jlunpxapna B mynetul 3BHO# 0061actu snepruii okono 10 mukpopaa. Jlist BeIBoja mydka 3a
TIPE/IeNbl KOJIBIIEBOI0 YCKOPUTENS, YTOObI HE 33J€Th MarHUTHI, JOCTATOYHO YIJIa TI0BOPOTa
B KpHUCTaJZIE MEHEE OJHOr0 rpagyca. B mpenplaymeld riaBe MOKa3aHO, YTO B TaKUX
YCIOBUSIX KPHUCTAIUIBI MOT'YT (popMHpOBaTh CHOKYCHPOBAHHBIC ITyYKH ITHOHOB M KAOHOB C
BBICOKOH 3 dexTrBHOCTEI0. Ha puc. 21b mokazaHel pe3ynbTaTel pacdyera CIeKTpa IMHOHOB,
POXKIOCHHBIX HAa MHUIICHH, TOMAJAIOMNX Ha (OKYCHPYIONIYI0 KPOMKY KpHCTaia, C
npuMeHeHneM ¢opmynsl  Manenceka [72]. Tpum pasHble KpWUBBIE  YUUTHIBAIOT
TEOMETPUUECKHi (HaKTOp, YIUTHIBAIOIINI MECTO PACIIONIOKEHHUS KPUCTAIIa OTHOCHUTEIHHO
opOuTHl IUpKynupyromero mydka. KpuBas 1 mokasana [y ciaydas, KOrAa KpHUCTasll
pacrionoxxeH 1o yrioMm kK mumieHd Ha 0.1 mpan. Kpusas 2 orpakaer cmywaif, Koraa
KpHCTau1 oTCcTOUT Ha yrou 0.2 Mpaz, 4yToOBl He 3a7eBaTh LUPKYIUPYIOMUil mydok. Kpusas
3 — 9TO ciy4ail Ui HYJEBOTO yria BbIIETa YacThl. | OpM3OHTANBHBIN M BEPTHKAIBHBINA
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3axBaT (POKYCHPYIOIIETO KpUCTAJIIA TI0JIaraicsi paBHBIM 2 Mpaj, YTO JOCTHXHMO B PaMKax
CYIIECTBYIOIIUX TEXHOIOTUH. D((PEKTUBHOCTH MOBOPOTa B KPHCTaJUIE YYUTHIBAIAChH IO
[14]. B 3aBucumocTn OT yria HOBOPOTA YacTHIl B KpHCTaJlIe, 3PPEKTUBHOCTh OTKIOHEHUS
Oyner majmaTtb COrJacHO KpHBOM Ha pHc. 21c. YTOJ OTKIOHEHHWS YacTHIl B KPHCTaUIe B
KOHEYHOM cyeTe OYAET ONpeessIThCsl TeOMETpHel pacrioiokeHus PU3NIECKO YCTaHOBKU
Ha ycKopwuTesie. MUHUMAaIIBHBIM YToJl opsiKa JoJeH rpaayca HeoOXOUM, YTOOBI BHIBECTH
c(OpMHUPOBaHHBIN IMyYOK 32 MPENebl BAKYYMHOW KaMephl, HE 33/IeB MarHUTBl YCKOPHUTEIS.
B aTOoM ciyuae WMHTEHCHBHOCTH BBIBEIICHHBIX YaCTHI[ OyAyT OJHM3KM TOKa3aHHBIM Ha
puc.2lc. [Insg yrima mOBOpPOTa OKOJO YETHIPEX TIPaayCcoB, YIOOHOrO it KOMITAKTHOTO
PacHooKeH!s] YCTaHOBKH, HHTEHCUBHOCTH ynaayT B 20 pa3 A KpEMHUEBOIO KpUCTaJlIa U
B 10 pa3 ans repmanueBoro kpucrauia. [IockoabKy BBIBEIEHHBIH My4YOK 00JamaeT Majoi
YIIIOBOH PAacXOAMMOCTBIO, JOBOJBHO JIETKO OPraHM30BAaTh AHAJIN3 BHIBEICHHBIX YaCTHIL IO
UMITYJIbCY, WCIOJIb30BaB TOPH3OHTAIBHBIM MarHuT. [Ins opraHu3anuyl Iydka 4YacTul] C
Y3KHM HMITYJbCHBIM MHTEPBAJIOM, KaK B MAarHUTOONTHYECKOM KaHajle, MO)KHO IPUMEHHTh
CXeMY BBIBOJA, TJI€ MEKAY MUILEHBIO H KPUCTAJUIOM PACIIOJIOKEH MAarHUT, OTKIOHSIOUINH
YacTUIBl B OPTOrOHAJBHON IJIOCKOCTH, IO OTHOUIEHHWIO K OTKJIOHEHHIO B KpHUCTaJlJe.
OcobenHocTH (POPMUPOBAHUS MyYKa C Y3KUM HMITYJIbCHBIM MHTEPBAJIOM IOSICHSIIOTCS Ha
puc. 21d. UIluprHa MMIOYIBCHOTO WHTEpBaja OyleT paBHAa OTHOIIEHUIO ITONEPEYHOrO
pa3Mepa KpucTaia K JUHEHHON NTUCTIEPCHUH, CO3J]aBaeMOM MAarHUTOM. 3aMETUM TakKe, YTO
B Ka4y€CTBC MarHurta MOXXHO HMCIIOJb30BAaTh OJWH H3 IITATHBIX }IHHOHeﬁ YCKOpHUTEIIA,
PacCIIOIOXKUB IIEPE] HUM MULICHbD.

BaxHpIM BOIIPOCOM  IIPUMEHACMBIX CXEM C BHyTpeHHeﬁ MHIICHBIO  SABJISICTCA
BO3MOXKHBIM pPEXUM padoThl yckopurtens. Eciu paccMaTpuBaeTcs MapasuTHBIH pPEXUM
paboThl BHYTpEHHEH MWUILIEHH, COBMELICHHBI C paboToi Komalaepa, WHTEHCHBHOCTb
SIIEPHBIX B3aUMOAEHCTBMHA B MHIIEHM HE JO/DKHA MPEBBIIIATh BEJIUYUHY IOTEPh Ha
IITATHBIX KOJUTMMATOPAaX, KOTOPasi COCTABISAET Bennunny He Gonbuie 108 yactui B cexynmy
[73]. Jnst momydenus Ooliee WHTEHCHUBHBIX ITY4KOB, Hampumep, Juisi (GopMHUpoBaHHUs
HEUTPUHHBIX U MIOOHHBIX IIyYKOB, JIOJDKHA OBITh NMPEAYyCMOTpEHa aBTOHOMHas paboTa B
Ka4yecTBe OCHOBHOro mnorpebutens. Ciemyer OTMETHTbh, NPU BBICOKHX dHeprusx BAK
KOPOTKHE BHYTPEHHHE MUIICHU PaboTaioT ¢ 3()(EKTHBHOCTHIO, KOTOpas MPHUOIIKAETCS K
€IUHUIE, TIOCKOJIBKY paccesHHE 4YacTHIl Ha CTCHKH BAaKyyMHOM KaMmepbl Mpu
MHOTOOOOPOTHOM [IBIKEHHU OTCYTCTBYET. YTOI MHOTOKPAaTHOTO PACCEsTHUS 0 MOMEHTa

I'sB Lnuct

SIIEPHOTO B3aUMOJICUCTBHSL B MUIeHH O[mpajn] = 14/P[T] , Te Lyyo - snepHas

Lrad
JunHa, L,,q — palualMoHHas UIMHA, paBeH Bcero 3 Mkpan. Ciexyer otMeTuts, B UOBD
HUMeeTCsS 3HAYUTEINbHBIN JKCIIEPUMEHTAIBHBIA ONBIT paboThl ¢ KOPOTKUMH BHYTPEHHUMHU
mMumieHsMu [74,75]. TBepaoTensHbIe OEpPIIUIHEBEIE MHUIIICHH MOTYT BBIICPKUBATH HATPY3KH
10! mporoHoB B cexyHmy. HeCOMHEHHO, CTPYHHBIE MUIIEHH MOTYT BBIIEPXKATH HA OJUH-
JiBa MOpsAAKa OOJbIlIe MHTEHCUBHOCTHU ITy4Ka. IIpu JOocTaTOYHO TOHKOW MHIIEHH (TOJIIHHA
MUIIEHM MOKET perylupoBaThCs JABIEHHEM Ia3o0BOM cTpyH) mopsiaka 1 mr/cM?, Bpems
BBIBOJIA NOIHONH MHTeHcHBHOCTH nydka 10'3 6ymer cocraBnarte 10 cekyHn (c yderom
BpemeHu oxHoro obopora 0.1Mc mpu 30 xumomerpoBoii e ToHHENsA BAK). 3amernm,
YTO BBIAENAEMAas MOIMHOCTE B TOHKOM MMIIEHH JAaXe INpH TaKoW WHTEHCUBHOCTH
OUPKYIHAPYIOMIETo Imy4yka cocTaBut Beero 30 BT, uto He BrrmsaauT hanTactuaHo. OCHOBHAS
TEXHHUYECKas mpobiiemMa OymeT 3ammra o0OpYyHOBaHUS IOcie MumieHHu, omHako B LIEPH
HAMEETCs OITBIT OPTaHU3AINH KOJUTMMATOPOB IS OOJBIIION WHTCHCUBHOCTH ITy4Ka [76].

4.1 Kanan noJiokuTeJIbHO 3apsSi’KeHHBIX YaCTHIl HA KPUCTALIHYECKOM JJleMeHTe B
Y-70

C uncmonb30BaHMEM OINMCAHHOTO BBIIE MeTona Ha Yyckopurene Y-70 moctpoeH
TECTOBBIM KaHaJ IOJIOKUTENbHBIX ITMOHOB HOBOTO THIA, KOTOPHIH HE MOTpediser
anexTprdeckoi snepruu [77]. Ilepen KonbIeBEIM MarHUTOM OTKPBITOTO THIA YCTAHOBIICHA
BHyTpeHHss1 MumieHb (Puc. 22a). IlonoxnTenbHO 3apsHKEHHBIE NHOHBI BBITAJIKHBAIOTCS
TOPU3OHTAJIBHBIM MAarHATOM BO BHYTPEHHIOIO YacTh KOJBIEBOTO 3aJla YCKOPHUTEINS,
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(oKycHpYIOTCS M OTKJIOHSIIOTCS I0 BEPTHUKAIM (OKYCHPYIOUIMM KPHCTAJUIOM B 30HY
¢usmyeckoil yctaHoBkH. Kpucramn NeWcTByeT Ha ITy4OK JIOKAIBHO, HE MMEET OOpaTHBIX
moied, Kak y MarHuToB, II09TOMY Ha KOpPOTKOW ©0a3ze oOecreunBaeT OYUCTKY OT
HEXKeIaTeNbHBIX (DOHOBBIX YACTHII, YTO JEJaeT BO3MOXKHBIM BBIBOJ ITydKa M3 KOJBLIEBOTO
3aj1a uepe3 HeOOJIbIIOe OTBEPCTUE B 3alUTE.

1 - Target

2 — Magnet

3 - Focusing crystal
4 — Physical setup

Puc.22. a- Cxema ghopmuposanus nyuka 6MOPULHbIX NOTOHCUNENLHO 3APAHCEHHBIX NUOHOB C
noMOWbIO 6HympenHell Muuenu u Qoxycupyioweeo kpucmanna. b- Cxema goxkycupyrowezo
KPUCMANIUYECK020 YCMpOUCMEa Ha 0CHO8E MACCUBA U302HYMbIX KpUCMAnnos: 1 —muwens, 2 —
mpaexmopuu yacmuy, 3 —Maccue KpUcmanios, c- KOHCMpYKyus ycmpoucmea.

KiroueBbIM MOMEHTOM Il  peaiu3allid  Takoro KaHaja SIBJISIETCSl  CO3/aHHE
(oKycHpYIOLIEro KpUCTaIlIa, KOTOPBINA JOMKEH UMETh OOMbINOoN yrou n3ruba, nopsaka 100
Mpaj (4TOOBI BBHIBECTH IMYYOK 32 3alUTy HA KOPOTKOW 0ase), U OIIyTUMBIA IOIEepPEeYHbIN
pa3mep. i 3TOro mpeIoKeHa HOBas CXeMa KpHUcTallla, MoKasaHHas Ha Puc. 22b,c.
IIpumensiercss MaccuB KPHCTAJUIOB BMECTO OZHOTO. DTO U MO3BOJSET PEIIUTH Cpasy IBe
3aJa4d — yBENMYMUTH Yrol W3ruba 3a c4eT NMPUMEHEHHs TOHKHMX IUIACTHH, M YBEIUYHTH
KOJIMYECTBO OTKJIOHEHHBIX YACTHII 33 CUeT OOJbLIEro pasmepa, oOpa30OBaHHOTO MacCHBOM
KpUCTAJJIOB. B peanbHOM yCTpOWCTBE HUCHONB30BAIMCHh 7 KPUCTAJUIMYECKUX IJIACTUH
tommuHO 0.4 MM. Takoe KpuCTaluIMYecKoe YCTPOHWCTBO MMEET YITIOBOW 3aXBaT OKOMIO 1
MpaJ [0 BEPTUKAIX U 3 Mpaj M0 TOPU30HTAIIH.

[upuaa IMITYyTBCHOTO MHTEPBaJa paBHA OTHOLIEHHUIO ITONIEPEYHOr0 pa3Mepa KpucTaia
K JTUHEHHOU AWCIIEPCHH, CO3/1aBaeMON MarHUTOM, KaK OOBIYHO B MarHWTHOH ontuke [70]:

2P0 1g] = ervst__ H
o (%] = G5y, Tie Heryse 970 pasMep KPHCTAWUIA N0 FODH3OHTANIN, @peng YIOT
100

MIOBOpPOTa TNHOHOB, D paccTOsSHHE MEXKIy MarHUTOM M KpUCTaIoM. B HameMm ciydae
o Ap o o
JOCTUTHYTBIN ITapaMeTp p—o = 4%. Ilpn npuMeHEeHNH HWTEBUIHOW BHYTPCHHEH MUILICHH,
0

Ha KoTopylo Hasogutcsi 1012 TPOTOHOB B IMKJIE, MHTEHCHBHOCTh Iy4Ka BTOPHYHBIX
NMOHOB cocTaBwia ~10° wacTvil 3a IMKI. DTO COOTBETCTBYET OKUIAHMSM, C YIETOM
MOTEPh YACTHIl B CHIIBHO M30THYTOM KpHCTaJlIe. 3aMETHM, HU3Kasi MHTEHCHBHOCTD ITydKa
CBs3aHA C OTHOCHTENFHO HEBBICOKOW SHeprueil mportoHHoro mydka 50 I»B B V-70. Ha
Oynymux YCKOpHUTEIsIX T9BHOro Kiacca, rje BTOPHYHBIC YAaCTHIBI MMEIOT Y3KHH KOHYC
pasnera, 3 (heKTUBHOCTh KPUCTATUTNYECKOH CHCTEMbI PE3KO BBIPACTET.

4.2. TIpumeHenne ¢GOKYCHPYIOIIMX KPUCTAIOB sl (pOpMHUPOBAHMA MyYKOB
HEHTPHHO HA COBPEMEHHBIX YCKOPUTEJIAX
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B pamkax xomma6oparu UA9 moka3zano [78—80], 4To B pexuMe KaHATHPOBAHUS PE3KO
YMeHbIIaeTcs KyJIOHOBCKoe paccesHue (B 8 pas). Ha puc. 2ab (pe3ynpratsr UA9) nmoka3aHbl
3aBHCHMOCTH CPEJHEKBAJIPATUYHOIO YIJIA PACCESTHUSI YACTHI OT PACCTOSHHUS IIPOXOXKIICHUS
B KpHCTaJUIe JUIsl KaHAJMPOBAaHHON M HEKaHAJIMPOBAHHOW (pakiuil Imydka, MOSCHSIOIINE
3TOT 3 eKT.

s

y |
(purad)

1141418 1+

40

— . — ] T e Ty ‘
s ) 45 Limm 5 o LX x {mm)

Puc.23. a- H3mepennoe 3nauenue cpeonekeadpamuiHo20 yeaa noJ0HCUMENbHO 3aPANCEHHbIX Yacmuy,
osudiCcywuxcs 3a npeoenamu oonacmu kananuposanus. Kpusas 1 coomeemcmeyem vacmuyam ¢
umnynvcom 400 I'3B/c (kpucmann 1). B smom ciyuae ons yoobcmea cpasHens pe3yiomantsi
usmepenuil oviiu ymHodtcenvl Ha kodgguyuenm 400/180. Kpusvie 2 u 3 coomeemcmayom umnynscy,
pasromy 180 I'2B/c u kpucmannam 3 u 4, coomeemcmeenno. Kpusas 4 npeocmasnsiem cobotui pacuem.
b - 3asucumocms cpeonexeadpamuunoeo yana paccesnusi npomonos 400 I'5B/c, npowedwiux
KPUCIAN 8 pedcUMe KAHATUPOBAHUS, C PASHBLIMU HAYATLHBIMU YNaMu (HOKA3AHO HA PUCYHKE 8
MKPao), om moayuHsl KpUCmaid.

Cronp cnaboe KyJTOHOBCKOE DPAcCesHHE B PEXKHUME KAHAIUPOBAHUS O3HAYAET, 4YTO
BEPTHKAJIbHO W  TOPHU3OHTAIFHO  (OKYCHPYIOLIME  KPUCTAJIBI,  PAaCIOJIOKEHHbIC
[IOCIIeZIOBAaTeNbHO, HE OyAyT MemaTh Apyr ApYry. OTO MO3BOJIAET CO31aBaTh CHCTEMBI
(opMHUpOBaHHs IydKa M3 HECKOIBKHX IIOCIIEAOBATEIBLHO PACIIONIOKEHHBIX KPHCTAJIIOB,
HaIpHMep, CO3/1aBaTh aKCHAJIbHO CUMMETPHYHbIEC IIyYKH ITMOHOB U KAOHOB IJIsl FEHEpaluu
HEUTPHHO II0 HOBOM CXEME.

Ha xanane 4a Y-70 npoBeneH skcnepuMenT [81] mo mpoBepke KpHUCTAJUIOONTHYECKON
CHCTEMBI, COCTAaBJICHHONW W3 3THX KpPUCTAJIOB, a HMMEHHO, JBYyX-KpHCTaJIbHas CXEMa,

MO3BOJISIFOIIAST TTONYYHTh AKCHAIbHO-CUMMETPUYHBIN IIY4OK il TeHepalud HEHTPHHO
(puc.24).
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hodoscope

Puc. 24. a- [lgyx-kpucmanvhas OnmuyecKkas cxema o popMupo8anus akCuanbHO-CUMMEMPUUHOL0
nyuka, b- Kongueypayus ycmanoexu KPUCTAJLII ¢ akmugnou muuieHvro u 08yMsi YOKyCupyiomumu
xkpucmannamu: T — akmusenas muwiens, Si-h — 20pu30HMansHO QOKYCUPYIOWUIL KPUCTALTL 8
2onuomempe, Si-v — 6epMUKAIbLHO QOKYyCUPYIOWUL KpUucmann 8 conuomempe, H — cyunmunnsayuonnwiii
2000CKOn, c- 08yMepHOoe uzobpadicenue npoghunetl nyuxka: - HeomrkioHeHHblll ny4oK npomonog 50
I3B, 2 — omknoHen bl O 20pU30HMANY NYYOK NEPEbIM KPUCTNANIOM 34 CYem KAHANUPO8aHus, 3 —
OMKNIOHEHHBI NO 6EPMUKANU NYHOK 6MOPLIM KPUCANIOM, HO He 3aX8A4EHHbLI NepEbiM KPUCATIIOM
6 KaHanuposHue, 4 — aKkCUuanbHO CUMMEMPUYHBLL NYYOK ¢ MAIOU pacxooumocmpio (yeon Jlunoxapoa,
30 mKpad), npowteduiuii uepesz 08a KPUCMANLA 8 PElCUMe KAHATUPOBAHUSL.

o~

Hdns  peanmmsamum  cxeMbl  (OpPMHPOBAaHHMA Iydka JBYMs  IIOCJIEHOBATEIbHO
PacHoNOXeHHBIMH  (DOKYCHPYIOLIMMH KpUCTaJUIaMH Ha Y-70 OBUIO H3rOTOBIEHO 2
9K3EMIUIpa KPUCTAIUIMIECKUX YCTPOUCTB C (POKYCHBIM paccTosHueM 1.7 M 1 2 M Ha OCHOBE
IUIACTHH TpanenuuaaIbHONH (OPMBI CO CKOLIEHHBIM TOpLOM. OTHOCHTEIBFHO HEBBICOKAs
s¢dexTuBHOCTS OBOIHOrO KaHanmupoBaHus (0komo 1.4 %) oOBsCHAETCS CpaBHUTEIBHO
HU3KOH »Heprueil mporoHoB 50 [B, raoe mimHa nexaHaTUPOBAHUSA COCTABISET ~2 CM.
D heKTUBHOCTH KPUCTAJUIMYECKON CHCTEMBI Pe3KO Bo3pacrtaer juisi TABHBIX SHEPrHid, Te
JUIMHA JTeKaHaIupoBaHus cBhIe 50 cM (COrJacHO M3MEPEHHBIM BennanHaM [68].

IIpumeHeHne Takol cXeMbl C BHYTPEHHEW MMILEHBIO U IBYMSI KpPHUCTANIAMU IMTO3BOJIUT
peann30BaTh Ha KPYIHBIX YCKOPHTENSX HOBBIM MeTOA ()OPMHPOBAHUS Iy4KOB HEHTPHHO,
KOTOpBIM OTIMYAETCA CYHIECTBEHHOM IPOCTOTOM, IO CPAaBHEHUIO C MPUMEHSIEMBIMU
CXeMaMH ceifuac, KOTOpble TpeOyIoT BBIBOJA MPOTOHHOTO ITy4Ka, €r0 B3aWMOAEHCTBHE C
BHEITHEH MUIIEHBI0O H (POKYCHPOBKY TIHOHOB W KAOHOB, pOIUTENEH HEHTPHHO,
CHELUATBHBIMI CHJIBHOTOUHBIMH 3JEKTPOMArHUTHBIMU YCTPOWCTBaMH — TopHamu [71].
Taxkast rpoMo3/1Kasi cxema IO3BOJISET MOTYYUTh MyYOK HEHTPUHO TOIHKO B OHOM 33aHHOM
HalpaBJICHWH, B TO BpeMsI KaK KPHUCTAUIBI JIETKO MOTYT OBITh YCTAaHOBIICHBI B
MPOM3BOJIBHBIX ~ TOYKAX YCKOPUTENS JUIS 30HAMPOBAHUS 3€MIM C  TIOMOIIBIO
BBICOKO3HEPTreTHYHBIX HEHTpHHO (puc.25a).

KonmmuectBennass wHpOpMamus O CHEKTpaXx W TOTOKAX HEWTPUHO TOIPOOHO
npezcTaBieHa paHee B pabore [82]. C MOMONIbIO aHATUTHYECKOrO ITOIXOJa W METOoAA
Monre Kapmo paccumranbl CHEKTpbl HEHTPHHO OT pacmaza NMHOHOB, C(OPMHUPOBAHHBIX
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(hOKYCUPYIOIIUMH KPUCTAJUTAMH, B TOHHEJE JUIMHOW 5 KM U 25 KM. Pe3ynpTaTsl pacyeToB
it FCC mpencraBneHsl Ha pucyHke 25b.

accelerator

Puc.25. a - Hnmocmpayus 30n0uposanusi 3emnu nyuKom Helumpuno om Kpucmainos. B amot
cXeme nyuKu NUOHOB U KAOHOB 2EHEPUPYIOMCA HA BHYIMPEHHUX CIMPYIHBIX 2A306bIX MUULEHSX,
OMKNIOHAIOMCA U POKYCUPYIOMCA KPUCIAINAMU, daiee 00pa3yIom HEUmpuHo 6 pacnaoHbiX MOHHENAX.
b - Paccuumanmvle Hopmuposanmble pacnpeoenenus nyykog Heiumpuno no suepeuu [82]. Cepas
KpUBas coomeemcmeyenm pacnaoiomy mounenio 25 km, ocmansioie — 5 km onunol. Lugper nao
KpusbiMu 0003HAYAIOM Y2080t KOHYC 8 MULIUPAOUAHAX, 8 NPEVeNax KOMOPO2o HeUmpuHo
PACRPOCMPAHAIOMCSL.

4.3. KpuctajinyecKkuid MIOOHHBIH KoJ1aiiaep

Wnes miooHHOrO KOMaiiaepa paszpadarsiBaiack ¢ 70-x rogos [83]. B Hacrosiee Bpems
paccMaTpHUBarOTCS MPOEKTHI KOJUTAWAEPOB MIOOHOB C Pa3HBIMU IHEPTHAMHU, HaunHas oT 120
B [84], nnst uzydenust 6030oHa Xurrca, 10 THBHBIX SHepruii B myuke [85, 86] B kauecTBe
aJIbTEPHATHBBI IPOEKTaM 3JEKTPOHHBIX JMHEHHBIX KosutaiinepoB. CoBpeMEHHbBIE MPOEKTHI
MIOOHHBIX KOJUTAHEPOB OYEHb JOPOTH M CIOXKHBI M TPEOYIOT MOCTPOSHHS IIENOYKH HOBBIX
CBEPXIIPOBOASAIINX YCKOPHUTENEH Al pemeHus MpoOJeM C KOPOTKMM BPEMEHEM JKH3HH
MIOOHOB ¥ YMEHBIIEHHEM YMHUTTAHCA ITydKa.

B 3Tux mpoexTax MIOOHBI OJYYarOTCSl HA MUIICHSIX NMPH HU3KHUX MM MPOMEKYTOYHBIX
SHEPrusx. 3aTeM IociI€ YMEHBIICHWS SMHTTAHCA IydKa OHHM JOJDKHBI OYEHb OBICTPO
YCKOPHTBCS, TIOCKONIBKY BPEMS JKH3HH OY€Hb Maso (T, = 2 MKC C CHCTEME MOKOs). 31ech
MBI XOTHM TIPEUIOKHUTH BAPHAHT KOJJIalepa, I/ie MIOOHBI MOXKHO TTOJy9HUTh Ha aJpOHHOM
KOJUTaiiiepe Mpy BBICOKOW HEPTUHU C IOMOIIBIO (POKYCHPYIOMINX N30THYTHIX KPHCTAILIOB.

B mpenpiaymem pasgene IokasaHO, YTO B JBYXKPHUCTAJIbHOW CXeME B pacrajHOM
TYHHENE JUIMHOM B HECKOJIBKO KHIOMETPOB B pe3yibrare pacnaga m, K — [V, MOXHO
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TTONYYHTh IMyYKH HEUTPUHO BBICOKMX SHEPTHHA. DTH HEHTPHUHO COMPOBOKIAIOTCS MIOOHAMH
OUYCHb BBICOKOH YHEPTHHU, KOTOPEIC MOT'YT OBITH MCIIOIB30BAHKI 1 MIOOHHOTO KOJUTalepa
HoBoro turna [87].

Puc. 26. Kpucmannuueckuii mioonnwiii koanauoep. Ty, — enympennue muwieny 6 601uuiom aoponnom
xonnaiioepe, FCy , — 0syxxpucmanvhvie poxycupyrowue cucmemvt, DTy , — pacnadnvie mynnenu,
BL, , — macnumoonmuueckue kananol.

Cyrp Hamero ImpeyIOKEHUs IokazaHa Ha puc. 26. BHyTpeHHue MHIIEHH
T,, ycTaHOBJEHBl B JABYX pa3lMYHbIX KOJNbLIAX OJHOr0 M3 OONBIIMX aJPOHHBIX
xomnaiinepos (T>B — xmacca). Jlpe doxycupyronmx KpucTallndeckux cucreMmsl FC,
O6p33yIOT IIY4YKH BTOPUYHBIX TMMOHOB M KAOHOB, KaK OIIKMCAaHO BBIIIEC. MrooHHBIE IIY4YKH
o0pasyioTcst B pacmafnblX TyHHensx DT, , mmuHol okomo kunomerpa. Ilockombky macca
MIOOHa MHOrOo OOnbIle Macchl HEWTPHHO, OHH POXIAIOTCA C MalbIMH yIIaMH B
11ab0paTOPHOH cHUCTEME OTYeTa.

Ecnu sHeprust mepBUYHOTO MPOTOHHOrO Mydka cocraBisier 7 TaB, kak B BAK, To
MOKHO PacCUMTHIBATh HAa 00pa30BaHHUE MIOOHHBIX ITy4YKOB MOpsiaKa coTeH ['9B B pacmagHbIx
TYyHHENAX. YTJbl 00pa30BaHMS MIOOHOB INPH TaKMX JHEPIUsAX HAXOAATCA B Ipeaenax
JECSITKOB MKpajA. OTO NPHUBOIUT K 3HAYEHUIO DMMTTaHCA MIOOHHOTO Iydka OKoio 1
MMXMpaJl B KOHIIE paclajHoro TyHHens. [lapamerpbl MIOOHHOTO Iydka pPacCUUTHIBAINCH
MetogoM Monte Kaprno ¢ yueroM KHMHEMAaTHKH IByXdacTH4YHOro pacmaga [88]. Pasmep
MIOOHHOTO Iy4ka B HHTepBajie ummynbcoB 450-550 I9B/c, kak mokaszamu pacdersl,
BIIHCBHIBAETCS B allepTypy THIIOBBIX KBaAPYMONIBHBIX JHH3 AuamerpoMm 200 mm. B stom
Cllydyae MAarHHTOONTUYECKME KaHalbl TPaHCIIOPTHPOBKM 4YacTHl BL;, C HavanbHBIM U
KOHEYHBIM OOBEKTUBAMH JIMH3 C BBICOKMM TPaAUEHTOM MAarHHTHOTO IIONS MOTYT
3aXBaTbIBaTh M (POKYCHPOBATH MIOOHHBIE ITy4KH B OOJBIIOM [HAIla30HE HMITYIECOB B
HECKOJIBKO TIPOLICHTOB.

Hmwke MBI maguM OdYeHb NMPHUOJIHM3UTENBHYIO OLEHKY CBETHMOCTH TaKOTO MIOOHHOTO

koutaiinepa. M3BectHa Qopmyna Uit ONpeleNeHUs CBETUMOCTH Koiutaimepa: L = f X
2

ooz o TIE f-4yacrora cTonKHOBeHHI, N-4HCIIO YaCTHIl B ITyYKe, o-pa3Mmep my4ka. Hampumep,
w1 BAK, roe Bpamatorcst okono 3000 cryctkoB ¢ dactoroi oOpameHuss okosno 10000
000poToB B cexkyHay (T.e. f = 3 x 107 ¢™1), untencusrocts 10! wactun B cryctke u
My90K pPa3MepoM B HECKOJBKO JECATKOB MHKPOH B MeECTe BCTPEYH, JTO JaeT
senuuuny 1034 cm~2¢™1. Crycrku nuonos BenuuuHoit 1073 X 101! = 108 wacTun 6ymyT
TEHEPUPOBATHCS HA TOHKMX CTPYHHBIX MuwmeHsix Ty, amuHoit 0.1 r/cM? (B3anmozeiictBue
WHTEHCHUBHOTO IUPKYIHPYIOMIET0 ITydKa C TOHKHIMH MHIICHSIMH paccMoTpeHo B [71]).
[lpyanmas Bo BHMMaHWE BBHIOpaHHBIH [uana3oH uMmnyascoB 10% wu  pasmep
c(hOKYCHPOBAHHBIX MIOOHHBIX ITy4KOB IMOpSJIKa J0JeH MWIJIMMETpa B TOUKE IepecedeHus
MIOOHOB, TONy4aeM 3HaueHne cermmoctd L,~107 x 10'* x 10° = 10** cm™?c™". Ho

[S&0%¢ TIPUMECHUTH JOIIOJTHUTCIIBHO B 3TOM BapyaHTE MIOOHHOI'O Konnafmepa
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KOPOTKO()OKYCHBIE KPHCTAJUIBI B TOYKE BCTpeY, KaK B CIydae C PACCMOTPEHHBIM BBIIIE
JJIEKTPOH-TIO3UTPOHHBIM KoJUTaiimepoM (cM. puc.18a), muest KpUCTaIUIMIECKOro MIOOHHOTO
KoJuTaiiziepa CTaHOBUTCS OUCHB IIPHUBJIEKATENFHOM. B 3TOM ciryqae cBeTMMOCTD yBEINYUTCS
noL = 10?7 em2¢7L.

OTOro HEJOCTaTOYHO IS IOJHOMACIITAOHBIX MIOOHHBIX SKCIEPHMEHTOB, HO TaKYIO
CXEeMy MIOOHHOTO KOJjaijepa MO)XKHO HCIIONb30BaTh, 10 KpaifHedl Mmepe, B KadecTBe
UCTIBITATENBHOTO CTEHJA Ul OyIyHNIMX SKCIEepUMEHTOB. HeocrmopuMoe MoOnoXHTENbHOE
Ka4ecTBO 3TOTr0 IPEJIOKEHNUS 3aKIF0YaeTcs B €ro npocrore. Her HE0OX0IMMOCTH CTPOHUTH
HOBBIN ycKopHTelb. [IpoeKT MOXKeT OBITh pealii30BaH B CYIIECTBYIOINX yckopuresix BAK
u Teatpon, 1160 B crposimemcst FCC 1 3akoHCepBHpOBaHHOM poccuiickoM npoekte YHK.

Crnenyer oxunath, uyto npu 3Hepruu FCC (50 T3B) cBeTMMOCTH TaKOro MIOOHHOTO
KoJlTaiiiepa 3HaAUYUTEIbHO BO3PACTET 3a CUET YMEHBUICHHS SMHUTTAHCAa MIOOHHOIO ITyYKa.
MBbI HazieeMcsl IPOBECTH JIETAIbHBIE PACUETHl M ONTHMU3AIMH B OYIyIIEM.

Taxke OTMETHM, 4YTO B TpeIaraéMoOd cXeMe MOXKHO OpPTraHH30BaTh PEXHM
CTOJIKHOBEHHS 7T, K ME30HHBIX ITy4KOB THBHBIX dHepruil. 11 cBeTUMOCTh TaKOro ME30HHOTO
KoJulaiinepa Oyaer Ha [Ba TMOpsJIKa BBIIE MIOOHHOM MOABI 3a cyeT OoJblIei
MHTEHCMBHOCTH M MEHBILETO SMUTTaHca nyuka L, ~ 10%° cm~2¢™1. Jlng aToro Hajo junib
yOpaTh MIOOHHEIE (PMIIBTPBI U3 MATHUTOONTHYECKMX KaHANIOB BL 5.

3aki0uenne

B pabore MbI TNpEICTaBUIM HOBbIE NPUMEHEHHs HW3O0THYTBIX KPHCTaJUIOB B
YCKOPUTENFHONH HayKe, KOTOpble, Mbl HAJEeMCs, MOTYT CTUMYJIHUPOBATh HOBBIC
JKCIIEpUMEHThl 10  (u3nMKe BBICOKMX OSHepruil. PaccMOTpeHHBIE  BO3MOXKHOCTH
(hopMUPOBaHUs MYYKOB KpUCTAJUIAMU OYIyT CIOCOOCTBOBATH MPOIBHKECHHUIO MPOTrPaMMBI
«pusuka 3a mpeaenamMu KomakaepoB». ChOpMyYIHPOBAHHBIE MPEAIOKEHUS IS
IIPUMEHEHUS KPHCTAJLIOB Ha OomnbIIMX YCKOPHUTENAX MOAKPEIISIOTCS
SKCIIEPUMEHTAJIBHBIMM  MCCIEAOBaHUAMHM Kak Ha yckopurensx ULHEPH, Tak u Ha
0Te4YeCTBEHHOM yckoputeine ¥Y-70.
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BRANCHING RATE OF CRACKS IN SOLIDS
Alekseev A.A. (Russian Federation)

Alekseev Anisiy Anisievich — candidate of technical sciences,
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Abstract: an analysis of the criteria and mechanisms of crack branching has been
performed. Works on the study of crack branching in polymers and steel, fractographic
study of the fracture surface are considered; crack branching criteria such as dynamic
stress intensity factor, crack speed. It has been established that a crack during branching in
brittle plastics reaches a maximum propagation speed V*=500-800 m/s.

Keywords: crack, branching, crack speed, vessel.

CKOPOCTD BETBJIEHUS TPEILIMHBI B TBEPIBIX TEJIAX
AuekceeB A.A. (Poccniickas ®@enepanusi)

Anexcees Anucuil Anucuesuy — KaHOUOAM MeXHUYECKUX HAYK,
Hnemumym gusuxo-mexuuueckux npobrem Cesepa CO PAH um. B.I1. Jlapuonosa @I'EYH ®UL]
«AHL] CO PAH»,
2. Axymck

AHHOmMAYWUA: GLINONHEH AHATU3 KPUMEPUEes U MEXAHUZMO8 BeMBILeHUs MPeujutbl.
Paccmompenvl pabomur no ucciedosanuio gemeneHus mpewunsbl 8 noauMepax u
cmanu,  PpaKkmozpapuyuecKkomy  UCCIE008AHUI0  NOBEPXHOCMU  PA3PYULEHUS,
Kpumepuu  Geme@NeHusi  MpewjuHbl  KaKk  OUHAMUYeCKUll  Kod(duyuenm
UHMEHCUBHOCIU HANPSIDICEHUT, CKOPOCMb MPewuHbl. Y CmManosneno, Ymo mpewuna
npu  GemeNeHuu 6 XPYNKUX nIacmuxax oocmuedaenm npeoerbHOU CKOPOCmu
pacnpocmpanenus V' =500-800 w/c.

Knrwueswvie cnosa. Tpewuna, semenenue, CKOpoOCHb Mpeujut, cocyo.

BerBnenne TpemuHbl HaOJIONAETCS B MaTepualiaX pa3IMYHOM TMPHUPOABL: CTEKJIe,
nonumMepax [1-5], Meramnax [6-7] cKalbHBIX ITOPOAAX H Jp., OJHAKO, BOIIPOCHI, CBSI3aHHEIE C
YCTAQHOBIICHHEM €IMHOTO KPUTEPHsS M OOBSCHEHHEM MEXaHH3Ma BETBJICHHS TPEUIMHBI B
TBEPJbIX TeNaX, OCTAIOTCSI OTKPBITBIMH, a BBIBOJBI PAa3HBIX AaBTOPOB HEPEIKO
MIPOTUBOPEUHBBI

OcCHOBOMONATAOIUM TI0 IKCIIEPUMEHTAIBHOMY HCCISOBAHHIO 3aKOHOMEPHOCTEH
pa3pylIeHHs PU OBICTPOM PACHPOCTPAHEHUH U BETBJICHHH TPEIIMHBI SBISETCS MK padboOT
K. Ravi-Chandar, W.G. Knauss [1], B KOTOpPBEIX B KadecTBe OOBEKTa HCCIICIOBAHUSI
npuMmensuicss Matepuan Homalite-100. TIpoBemeHbI SKCIIEpUMEHTHI 0 JTUHAMUYECKOMY
HATPY)KEHHUIO TIOCKHX MPSIMOYTOJIbHBIX OOpa3loB ¢ OOKOBOW TPEHIMHOW HA YCTAHOBKE
AJIEKTPOMATHUTHOTO HATPYXKCHHUS, C M3MEPEHHEM CKOPOCTU TpPEIIMHBI U Koddduimenra
WHTEHCUBHOCTU HANpspkeHUH Kjp BBICOKOCKOPOCTHBIM (hOTOrpa)MpOBaHHEM M TEHEBBIM
METO/IOM KayCTHUK. YCTaHOBIICHO, 4YTO TOBEPXHOCTh PAa3pyIICHUs pas3jeisercs Ha
3epKaJIbHYI0, MAaTOBYIO U MEPhEeBYIO 30HBI. CKOPOCTh TPEIIMHBI COCTABISIET B 3TUX 30HAX:
3epkanbHas — 220 m/c, B MaTOBOH U mepbeBoil 30HaX — oT 220 1o 500 m/c mpu BETBICHUU
TpemHbl. CKOPOCTh TPEMIMHBI OCTAeTCsA IOCTOSHHOW W HE3aBUCHMOW OT BO3pACTaHWUSA,
yObiBanuss win mocrosHcTBa Kjp. KoaddunmeHT wuHTEeHCHBHOCTH HanpspkeHuil Kip,
HAMPOTUB MEHSETCS 3HAYMTENbHO. CKOpOCTh, ¢ KOTOPOH TpelMHA PACHPOCTPAHSETCH,
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onpeJeNisieTcss YpOBHEM HHTEHCHBHOCTH HaNpsbKEHUH Mpu uHUIManuu. IlokazaHo, 4to
BETBJIEHUE TPELIMHbI HACTYMAET MPHU MOCTOSTHHONW CKOPOCTU TPEUIUHBI, U HET OJHO3HAYHOMN
cBsi3u Mexty KMH 1 ckopOoCThIO TpEUIUHBI.

B pabore C.B. Cepencena, f1. Hemena [2] ObuTM TIPOBEINCHBI SKCIICPUMEHTHI TI0
CTaTOMWHAMHYECKOMY HATPYKEHHIO TOHKHX TUTOCKMX 00pa3IloB M3 MOIMMETIIMETaKpUIaTa
(ITMMA) 1 3IIOKCHIHOM CMOJIBI, ¢ H3MEPEHHUEM CKOPOCTH PACIPOCTPAaHEHUS TPEIIUHBI 10
MIPUHIIUITY Pa3pbiBa TOKOHECYIIUX MPOBOJHUKOB MPU MEPECEUCHUU HUX KPAEM TPEUIUHBI.
Berenenne tpemmnHbl B obOpasmax [IMMA He Obutlo TONy4eHO, NPH HOMHHAJIBHBIX
HanpsokeHusasx o—=41,5 MIla u 0=62,5 MIlla TpemmHa pacnpocTpaHsiaach IO TPSMOH,
Jocturana ckopoctu 450 M/c. B o0Opasiax M3 SHOKCHAHOW CMOJBI OBLIO IMOJYUEHO
BETBJICHUE TPEIUHBI, C MOBBIIICHUEM YPOBHS HOMHHAJIBLHOTO HAMPSHKEHUS YBETUUYUBAJIOCH
HayaJbHOE YCKOPEHHE M CKOPOCTbh paCHpOCTpaHEHus TpemuHbl. [Ipu  gocTkeHun
ckopocTd V=400 M/c BO3HHKAeT TEHAEHIHU K BETBICHUIO TPELIMHBI, IIPH STOM YEM BBIIIE
YpOBEHb HOMHHAJILHOTO HAMPSDKEHUs O, TEM paHbllle HAUMHAETCS BETBIIEHUE TPEIIMHBI U
YBEITUUUBACTCS YKCI0 BeTrieHuil. [Ipu Hanpshkennun <38 MIla BeTBiIeHUs HET; IpH OoJiee

o>0,/10
BBICOKHMX HAaIIPsSHKCHUAX Ha IMOBCPXHOCTHU H3JIOMa o6pa3ua 3aMCTHbI CJICIbI

HMHTECHCUBHOI'O MUKPOPA3BETBIICHUS TPEUIMHBI M BEIPHIBAHUE YAaCTHI] MaTepHaa.

B pa6ore E. Sharon, J. Fineberg [3] nmpoBeneHbI S5KCIIEPUMEHTHI M0 KBa3UCTATHYECKOMY
HArPY)KEHHIO Ha paCTsHKEHHE TOHKUX MIOCKHUX 00pasnoB u3 [IMMA ¢ 60KOBO# TPeIIuHOM,
WHUIIMALMSA TPEIIMHBI IIPOBOAMIACH Jie3BHeM. IIpoBOAMIIOCE H3MEPEHHE CKOPOCTH
TPEIIUHBI TOKPBITHEM CTOPOHBI 00pa3iia TOHKMM MPOBOIINM cioeM. Tloka3aHo, 4To MpH
V<340 m/c (0,36 V%) pa3pylieHre OMUCHIBAETCSA OAMHOUYHOMN TPEUUHOM, BEIIIE KPUTHIECKOH
CKOPOCTH TOSBJISIOTCS MajiCHbKHE OOKOBBIC BETBH, 3TO COINPOBOXKIACTCS H3MEHEHHEM
MOBEPXHOCTH paspymieHus. [Ipu V=550 M/c MEHSETCS MOBEPXHOCTE Pa3pyIIEHHs TPEIIHHEI,
obpa3syercs LiepoxoBartasi 30Ha, IIMPHHA BETBU CTAHOBUTCS PAaBHOW IIMpUHE 00pa3la u
TPEIHA CTAHOBUTCS MPAKTUUECKHU JIBYMEPHOH.

B pabore N.H. beaus [4] npoBemeHbl SKCIIEPUMEHTANBHBIE HMCCIEIOBAHUS KUHETHKH
OBICTPBHIX TpPEIIMH B IuacThHaX w3 [IMMA mpu Harpy:K€HHH HMITYJIbCHBIM JaBIEHHEM C
BapualMell aMmIUIMTYAbl W JJIMTEIBHOCTH  HMMITyJbca.  Vconmp30BaMCh  METOABI
(GhOTOYNPYrocT M KAayCTHK ISl PETUCTPALMM JUHAMHYCCKUX IPOIIECCOB IIPH ITOMOIIN
CBEPXCKOPOCTHOM KMHOKAMEphl. Y CTAHOBIIEHA CBS3h MEXAY CKOPOCTBIO POCTa TPEUTUHBI U
MaKpOCTPYKTYPHBEIMH OCOOEHHOCTSMM ITOBEPXHOCTH paspyienus: npu V<270 m/c penbed
MMOBEPXHOCTH pa3pylleHust - 3epkambHbi, 270 M/c<V<450 m/c — matoBeIi, V>450 m/c —
mepoxoBatblif. Iloka3aHo, 4YTO BETBICHHWE TPEIIUHBI TPOUCXOAWT TIPU JOCTHKEHUH
KOX((UIMEHTOM HHTEHCUBHOCTH HanpspDkeHui Kjp KpuThdeckoil BemuuumHbel (Kjp=Kjp),
KOTOpasi COOTBETCTBYET IPEAEIbHON CKOPOCTH PacIpOCTPaHEHHUS TPEIMHEI V=750 m/c — st
IUIACTHHBI TONIIUHOW 5 MM Kjp=4,5 MHa\/M, TonmuuaoM 7,5 MM Kjp=5...5,5 MHa\/M,
Tommmuoin 10 MM Kj;=6,3...7,1 MIlaVm. YcraHoBIeHa OJHO3HAYHAsl CBS3b MEXKIY
JUHAMAYCCKAM KO3((OHUIIMEHTOM HHTCHCUBHOCTU HAIPSLKEHMI Kjp U CKOPOCTBIO TPEIIUHEI
IIPH MaJbIX CKOPOCTSX, IMOKA3aHO, YTO IPH BBICOKOM ckopoctu V>270 M/C OJHO3HAYHOCTH
Mmexnay Kip u V Hapyiiaercs BO3ASHCTBHEM OTPaKEHHBIX BOJIH.

B pa6orax O.b. Haiimapka [5], C.B. VBapoBa mIpu HCHBITAaHHAX MPEIBAPUTEIHHO
HarpykeHHbIX o0pasioB oc=10-70 MIla ¢ MHHMIMAIMEX TPEIIMHBI OCTPBIM IIPEIMETOM,
perucTpanyiell CKOPOCTH TPEIIWHBI, MO HANPSKSHUH, 3KCIEPUMEHTAIBHO OOHApY)KEHO
CYIIECTBOBAaHUE KPUTHUECKHX CKOPOCTEH pacmpocTpaHeHuss TpendH B [IMMA:
TpeenbHast CKOPOCTh PaCIpOCTPAHEHHUST TPEIIMHBI B KBAa3UCTATHYECKOM pekuMe V=220
M/C ¥ CKOpOCTh Hadayia MUKpoBeTBIeHWs Vz=450 m/c, mpu ckopoctu 0,4Vz=530 m/c
MPOVCXOUT PE3KUH IEepexoa OT MPAMOJUHEHHOro paclpoCTpPaHEHHS TPEIIMHBI K ¢¢
BeTBJICHUIO. KaKIoil CKOPOCTH COOTBETCTBYET KAUeCTBEHHOE WM3MCHEHHE IOBEPXHOCTH
pa3pyIICHUs U TOJST HANIPSDKCHUH.

Takum 00pa3oM, TpelrHa NMPH BETBICHHM B HOMHHAIBHO XPYIIKUX MaTepuajgax —
XPYIKHX IUIACTHKAX JOCTHraeT MpelenbHOH CKOPOCTH pacmpoctpanenus ¥ =500-800 m/c
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[1-5] (pumc. 1). Ha naHHBI MOMEHT 110 KOHIIA HE YCTAHOBJICH (DH3UYCCKUN MEXaHU3M
nepexoia TPEIUMHbl OT NPSIMOJIMHEWHOrO pPACIpOCTpaHEHHsT K BeTBIEHHIO [8],
OOBSCHSIONIMIA  CYIIECTBOBAHKME OSKCICPUMEHTAIBHO HaOIromaromelics TpeaenbHON
CKOPOCTH paclpOCTPaHEHHUs TPEIIUHBI V.

CKOpOCTb TpeluHbI, Mic
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Puc.1. Ckopocmb mpewjunvl 6 Xpynkux noIuMepax Ha pasiuyHblx Smanax pacnpocmpaHeHus
mpeujuHbl.
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AHAJIM3 3BEPUHOI'O CTUJISI BPOH30BOI'O BEKA B
IOHBHAHU (KUTAS)
u X. (Poccuiickas ®enepanusn)

1y Xanvoa - mazucmp ucmopuieckux Hayx,
Poccuiickuil ynugeepcumem opyoicowvl Hapooos,
2. Mockesa

Annomauyun: 6 cmamve aHAIU3UPYEMCsL U UCCAEOYeMcsl 36ePUHbILL CIULTb OPOH308020 6eKa
6 FOnvuanu, 0eo-3anaonviii Kumaii. Mol nonazaem, umo 6 6ponzoeom éexe 8 FOubHanu yoice
CYWecmeosai pa3eumplil 36EpUnbIL CMUilb, U 8 NPOYECcce PA3BUMUS HA He20 OKA3AL GIUSHUE
36EPUHBLIL CINUIL Ce8epHo20 Kumasi u ckughckutl cmuib eepazuiickux cmeneil.

Knroueevte cnosa: pecuon FOuvbHamb, OPOH306blLI 6eK, 36EPUHBILI CMUb, €8PAZUUCKAS
CMENHAsl apxeonocust.

ANALYSIS OF THE BRONZE AGE ANIMAL STYLE IN YUNNAN
(CHINA)
Shi H. (Russian Federation)

Shi Handa - Master of Historical Sciences,
PEOPLES' FRIENDSHIP UNIVERSITY OF RUSSIA,
MOSCOW

Abstract: the article analyzes and explores the animal style of the Bronze Age in Yunnan,
southwestern China. We believe that in the Bronze Age there was already a developed
animal style in Yunnan, and in the process of development it was influenced by the animal
style of northern China and the Scythian style of the Eurasian steppes.

Keywords: Yunnan region, Bronze Age, Animal style, Eurasian steppe archaeology.

B morpebenusix OponzoBoro Beka HOHbHAHM OOHApY)KEHO OONBIIOE KOJIUYECTBO
NPEKPacHO MOAENUPOBAHHBIX OpPOH30BBIX HM3JENHI, BKIOYas OBITOBYIO yTBapb, OPYAHSI
Tpyda, OpYXHE, MY3bIKalbHble HWHCTPYMEHTH, YKpaimleHus u T.0. [lomaBisomee
OOJBIIMHCTBO ATUX OPOH30BBIX M3AEIUH YKpalIeHO H300paKCHUSIMH >KUBOTHBIX, IPHYEM
BUJIBI )KUBOTHBIX Ype3BbIYaiiHO OoraTel. B naHHO cTaThe MBI 00001IMM 1 Knaccuduuupyem
TUIBl  KMBOTHBIX, BHABI Y30pOB M  COICpXKAHHE Y30pOB, BCTPEHUAIOMIMXCS B
apXEOJIOTHYECKHX HAXOIKaX, a TAKKe BCECTOPOHHE PACCMOTPUM HX XYHOXKECTBEHHBIC
O0COOEHHOCTH, TEXHHKY JHTbS W IEKOPATHBHBIE INpPHEMbl B CPAaBHEHHH C JPEBHUMH
JaHHBIMU.

1. Knaccupukanus 3BepuHOro CTUJIs

B 3aBHCHMOCTH OT COCTOSHMS aKTHBHOCTH >KHBOTHOTO, COYETaHHs THIIOB IaTTEPHOB
KMBOTHBIX MOXKHO YCJIOBHO pa3/ieNiUTh Ha CTaTHYECKHE NAaTTEepHbI JKUBOTHBIX,
JMHAMUYECKHE TaTTePHBI )KUBOTHBIX, ITATTEPHBI aKTHBHOCTU YEJIOBEKa M JKMBOTHBIX TPEX
KaTeropuil.

Cratnyeckre KHBOTHBIC, KaK MPaBHIIO, H300paKarOT OJHOTO MM HECKOJIBKHX YKUBOTHBIX
CTOS, CHIS WM JieXa, ¥ BCTPEYAIOTCS B OCHOBHOM Ha OPYXHM - KHHXKalax, YeKaHaX H
KOIIbSIX, @ TaKKe Ha KPYIJIBIX M MPIMOYTOJBbHBIX YKpalleHWsX mpspkek. Hampuwmep,
opHameHT mpsokku [lm3adimane "Kpyrmeni kpaéh  o6e3psapl"  (M71:98)  ykpamen
HEeOOJBIION MONYNPO3payHOi O00E3bIHKOW Ha Kparo, KOTOpas OMOSCHIBAET OPHAMEHT
TIPSDKKH 110 KPYTy TMPOTHB YacoBoi cTpenku [1, puc. 69]. Kpome Toro, menHsIil mocox c
kposmkoM (M1:18a), 6poH30BHIi TOMOp ¢ KponukoM (M12:6), GpoH30BBIH MeY ¢ PYKOSITKOM
B Buze o6e3psHbl (M3:36), 3acTekka B BHAE TonoBEl THrpa u3 TsaubueiMsao (M41:48) u
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3acTeXKa B BHZE I'OJIOBBI ObIKa ¢ MormibHuKa STHyToy (M314:8) yKparieHsl cTaTHIHBIMA
(uUrypaMmu >KMBOTHBIX.

JlMHaMUYHBIE )KUBOTHBIE MOTHBBI B OCHOBHOM JIEMOHCTPUPYIOT CBHpEIBIE CHEHBI "JIpaKu
TUTpa U OBIKA", "TUTP KycaeT CBUHEBIO", "BOJIK U JICOMap.I NepyTcs 3a onieHs ", "BOJNK KycaeT
oBny" u T.71. [Ioq0OHBIE MOTHBBI BCTPEYAIOTCSI B OCHOBHOM Ha KOpITyCe JIOMAIlIHEeH yTBapH,
OPYXHMH U YKpaIICHHUSX-YrOBUIAX HENpPaBWIBLHOW (opMbl. CBHUpeIbIe CIEHbl KyCaHUs W
60pBOBI APYT C IPYroM, TaKOro poja Y30pbl B OCHOBHOM BCTpPEUAIOTCSl Ha JKWIOH yTBapw,
KOpITyCE OpPY)XHUSl M YKpaIIeHUsIX MPsHKEK HenpaBmwiIbHOW (GopMbl. Hampumep, pakoBUHHBIH
cocyn Iluzaiimane M71:142, Ha BepxHel M HIDKHEW 4acTSIX KOTOPOrO BBIIPaBUPOBAHBI
YeThIpe TPYMIIBI H300paXkeHnit 00pbOBI KHUBOTHBIX: OOpBOa THIpa ¢ KOPOBO, OOpbOa THUrpa
C BOJIKOM, 3Mes, NOXKUPAIOIIasi NTHUILY, BOJK, MOKHUPAIOIINA Kpoluka U T.J. BpoH30BBIE
TIpeZIMETHl C W300pakKeHWEM CIeH OOphObI J>KMBOTHBIX, a TakxKe OpOH30Bas NpsDKKa
Hluzaiinians "nBa THrpa, noxupatomue ckor" (M3:67), npsbkka '"neomapa M BOJIK,
noxupatonme oer" (M3:65), "turp Ha crimae Obika" (M7:32), npsbxka Jluizsimans "turp,
noxxupatommii ceuapo” (M20:29) u np.

VY30p ¢ y4yactueM 4YeloOBeKa W IKMBOTHBIX, T.€. Y30p C Yy4YacTHEM JKMUBOTHBIX U
MIPEMMYIIECTBEHHO YEJIOBEKa, OOBIYHO BBIPAXKAET TaKHE BHJIbI COLMAIILHON NESITENbHOCTH,
KaK 0XOTa, PUTYyalbl, KNBOTHOBOJACTBO, JlaHb, MU BCTPEYaeTCs B OCHOBHOM Ha KOpITyce
JIOMalllHe# yTBapu M IyroBUIaX, U OpHAMEHTaxX HenpaBWIIbHOH (opmbl. Hanpumep, cocyn
Juid xpaHeHus: pakoBuH llInnaitmans M71:142, Ha KpBIIIKe - ClIeHa OXOTHI Ha OJIEHS JBYX
TPYNIl pblLapeH; yKkpamieHus npspkek JInipsmanp "IBa 4elnoBeKa OXOTATCS Ha oJeHs"
(M13:7), "nBa yenoBeka oxorstcst Ha cBuHei" (M13:8), "Tpu denoBeka CBA3BIBAIOT CKOT"
(M13:8). K sromy >xe Tumy y3opa OTHOCATCS Npsbkka "J[Ba uenoBeka, OXOTSMIMECS Ha
onenst" (M13:7), npsbxka "JIBa uenmoBeka, oxoTsmuecs Ha cBHHbIO" (M13:8) u npspkka "Tpu
YeoBeKa, CBs3biBaromue opika" (M14:2).

2. Ilpuponnbie 0COOCHHOCTH M COHMHAJIBHASA KH3Hb OTPa3WINCh B JeKope ¢
’KABOTHBIM IIPHHTOM.

(1) Hpupoanas cpena. Jlromu Opon3oBoro Beka FOHBHAHM B OCHOBHOM JKHMBYT B
CyOTpOIIMYECKOM - TPONMYECKOM THIE IUIaTO C BIAXHBIM MYCCOHHBIM KJIMMAaTOM
HentpansHoro miato FOHbHAHB, B pErnoHe MPHUATHBIN KINMAT, YEThIPE BPEMEHH rofia, Kak
BECHOH, NPHUPOXHBIE YCIOBUS NPEBOCXOMHBI, OONbIIE MOIYraeB, MaBIHHOB M APYTHUX
CyOTPONMYECKUX PACIIPOCTPAHEHHBIX TUKHX KHUBOTHBIX [2].

W300paxkeHHs )KUBOTHBIX HAa MHOTHUX OpPOH30BBIX H3AENHUSX MOTYT OBITH MOATBEPIKICHBI
HUCTOPUYECKUMM JaHHbIMH. Hanpumep, cocyn nns xpaHenuss pakoBuH llluzaiimanb
M71:133, comepXumMoe KOTOPOTO OTIUTO Ha KpPBIIIKE, OTPAKAaeT HEKOTOPBIX
pacnpocTpaHEHHBIX CYOTPONMYECKUX >KHBOTHBIX, YPE3BBIYAHO SPKO ITOKA3bIBas CLEHY
OOpb0bI MEXIy >KUBOTHBIMH; Ha KpBIIIKE B IEHTPE ABYXCIOHHOE YETHIPEXPOXKKOBOE
JIEpeBO, KOTOPOE MOYKHO paccMaTpHBATh KaK OCHOBY JUISl CIIEHBI B OKPYXCHUH JKYHIJIEH,
BHHU3Y JlepeBa HAXOAWUTCS THUTP, KOTOPBIH, Ka)KeTcs, 3axXBaThIBaeT IBYX KOPOB DPAIOM C
HUMH, KOpPOBa TIepe/l BEPXHEH YacThIO POTrOB TUTPA, a Apyras MpoOupaercs d4epe3 3aIHue
HOTH TUTPa, U3-3a OTPOMHOTO pa3Mepa KOPOBBI THIP Ka)KETCS YPE3BBIYAWHO OOIE3HECHHBIM
n3-3a Ocajibl KOPOBBI, OTKpBIBAas POT Ul IIUIEHWS; Ha BETKAaX JepeBa HAaXOAATCA JBa
MaJIEHBKHX XBOCTOKOJIA, KOTOPBIE CTOSAT Ha CIIMHE APYT Apyra, KOTOPbIE UCIIBITHIBAIOT OOJIb.
Turpy, mo-BuauMomy, o4eHb OOJIBHO OT OCabl CKOTA, OH OTKPHIBAET POT, YTOOBI MINIETH;
Ha BETBSX AEPEBa, HA CIIMHE JIBYX XBOCTATBIX 00€3bSH, CHIAT JBE MaJCHbKUE ITHIIBI, TI0-
BHIVIMOMY, TIOCTPAJaBIIHE OT CIICHBI O)KECTOUCHHOM 00pBOBI, U OosiTcs erath" [3, ¢. 333].
Hpyroit npumep - menusiid Opacner Jlmmasmans M13:4, Ha NHIEBOH CTOpPOHE KOTOPOTO
BBITPAaBUPOBAHBI TUTD, JIEONIAP/, CBHHBSI, PbI0a, IM4ena, KpeBeTKa U APYTrue AUKHE KUBOTHBIC
(puc. 1) [4]; cymxa mns crpen u3 SAudyroy M13:365, Ha nHIeBoit cTOpOHE KOTOPOil Taxke
BBITPAaBUPOBAHBI IIABJIMHBI, 00EBOH PHCYHOK "1Ba THrpa, moXuparomye Oblka", HACEKOMEIE,
3MEH U APYrue NTHIBI U KUBOTHBIE, PHIOBI M HACEKOMBIE, KOTOPBIE OOBIYHO BCTPEYAIOTCS B
Tpormkax W cyorponmkax [5]. TodHO JEeMOHCTPHpPOBAIM NPHPOAHO-KIMMATHICCKUE
0COOEHHOCTH pernoHa J[ssHpYM OpPOH30BOrO BEKa.
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Puc. 1. Paszseprnymoe uzobpagicenue o0nonnewezo bpaciema.

2. CoumanbHasg xku3Hb. U3 3ammceit Ceima Ilgaus B "Ilu 1m3u" crnemyer, uTo roro-
3anaanblii Kutaii yxe B OpOH30BOM BeKe Iepellen K 3emile/ielibueckoMy oOriectBy. B
norpe0eHusIX KylnbTyphl [IsiHb HaiiieHo 0O0JbIlIoe KOJMYECTBO OCTATKOB pHca, OPOH30BBIX
CeNTbCKOXO3SIICTBEHHBIX OPYAMHU, MPEIMETOB C HM300pPaXKCHUSIMH CENIbCKOX 035ICTBEHHBIX
PUTYaJIOB U 3EPHOXPAHMIHUIN, HO M3-3a paboBIAAETHUECKOr0 CTPOs, COXPAHABIIETOCS B
MepuoJ CYIIECTBOBaHMS TocydapctBa [[sHb [6], oxoTa M >KMBOTHOBOJCTBO OCTAaBAaJINCh
BOXHEUIIMMUA BHIAMU OOLIECTBEHHOM [EATENBLHOCTH JIOAECH HM3LIEero cociaosus. Ha
OpoH3axX KyabTypbl JISHb MHOTO MOTHBOB, TOCBSILEHHBIX JESITENBHOCTH JIIOJIEH,
OTPaKAIOUIMX B3aMMOOTHOIICHUS MEXKIY JIOABMH M JKUBOTHBIMH W  COIMAJIBHO-
SKOHOMHYECKHE YCIIOBHS KU3HU HacedeHus JsHb, B OCHOBHOM 3TO CEJIhCKOXO03SCTBEHHbBIE
PHUTYaJIBl, 0XOTa U CKOTOBOZACTBO.

Putyan noknonenus. B nepuon KOHbHAHB CyIIecTBOBAJ IETBIH PSI PUTYAJIOB, CBA3aHHBIX
C CEeIbCKMM XO3SICTBOM, 3aHMMABIIUM OUYCHb BA)KHOE MECTO B OOIIECTBEHHOMW YKU3HHU, H,
Kak IpaBHIIO, CBA3aHHBIX C YOMICTBOM OBIKOB. Hampumep, cyMKa JuIst CTpes, HaliileHHas B
M113:365 B Sudyroy, ykpallleHa Ha IISITOM CIIOE€ JIAIEBOM CTOPOHBI PHCYHKOM '"dETBIpE
YelloBeKa CBSI3BIBAIOT KOPOBY', TIPHUEM JIBa YEJIOBEKA JEPKAT TEJIO KOPOBBI, OAUH JIEPIKUT
TEJI0 KOPOBBI M XBATaeTCS 3a pora, a OpPyrod oOCUMHU PyKaMH TSHET KOPOBY 3a XBOCT [5],
n3o0pakasi CIEHY CBSI3BIBAaHMS KOPOBBI TIEpPEl PHUTYyajoM; VyKpalleHHe IPsDKKA U3
JInmpsamans  "XepTBonmpuHomienre — kopoBbl"  (M24:365)  sBISeTcI  CHMBOJIOM
"JKepTBONPHHOIICHHUS KOPOBHI". YKpalleHUs MPSHKKUA 'KepTBEHHOM KOpOBBI" JIMI3SIIaHb
(M24:90) (puc. 2) [7, c. 654] "Tlocne XaHbCKON KHUTH - OHOrpadus I0KHBIX BapBapoB U
3anaaHbIX BapBapoB", "JsHe BaH, mocie WkyaHbpyH TakkKe ...... MMEIOT COJISTHBIC TIPY/IbI,
TIOJISE ¥ PBIOHBIE JIOBJIH, 30JI0TO, cepedpo M >KMBOTHOBOJICTBO Ooraroe."[8, ¢. 14]. B "Xyasn
Towkn - KOxueiii Kurtait Wxn" taxke comepxkurcs: "Ye3n 1[3uapanH, MwKkoy Takke ......
ye3]1 TIOYBBI (OOJIBIION) IMITOCKHMI MPOCTOPHBIH ...... COJICHBIC TIPY/IBI, ITOJISI M PHIOOJIOBCTBO
OoratbiX, cepedpo u 30JI0TO OOraThIX KMBOTHOBOJACTBA." [5]. ITo 3TOMY MOXKHO CYIUTH, UTO
rocynapctBo JIsHp 6oraTto MaTepuaIbHBIMU OJlaraMu, ¥ TaM OBLIH BEITPABUPOBAHBI Y30PEI
"yOuiicTBO JKepTBHI" Ha pakoBuHaX XpaHmwnuma [3, c. 333], m3 TAHBIOBIMAO C Yy30pOM
"yOMHCTBO JKEPTBBI KOpPOBBI' Ha TPSDKKE OpHAMEHTa TAakKe IIOKa3blBaeT CIEHY
JKEPTBOIIPUHOIICHHS.
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Oxora. B 3aBucuMocTy OT pa3nmunii B M300paKeHUH (QHUI'Yp OXOTHHKOB B OXOTHHYBHX
MOTHBAX MX MOXXHO YCIIOBHO pa3/IeINTh Ha OXOTY Ha phIllapel 1 0XOTY HAa OXOTHHKOB.

Oxorta Ha peinaps. Hanpumep, B Ilunaiimans M71:142 Ha Kpbllike cocyna Ais XpaHEHUs
PaKoBHH M300pa)XeHBI JBa HaOOpa CIIEH OXOTHI, B OHOM W3 KOTOPBHIX PHILAPh, OXOTHUK U
TOHYas BMECTE NPECIENYyIOT OJIEHS, a B JIPYIrOM - PBILAPh C TOHYEH IpeciieqyeT OJICHS;
pHIIapy B 000MX HaOOpax MOTHBOB XOPOIIIO SKUIMPOBAHEL, JIep>KaT MOBOIBS B JIEBOU pyKe U
OpY)KHE B INpaBOH, HANpaBJSIOT KOHEH K OJIEHIO, a OJeHb B crpaxe Oexut [9, c. 73]. Ha
npspkke Jlnmzsmane M13:7 m3o0pakena cuena "OxoTa AByX MYXYUH Ha OJeHs', T JIBOE
MY)X4YHMH, 002 B BBICOKMX OyHKaX M C JUIMHHBIMH TI€PhSIMH Ha TOJOBE, JEPXKAT KOIbS U
HAHOCAT yZHapbl IO TENy OJEHsS, a TOH4Yas y HUX 3a CIMHOM HaOpachIBaeTcs Ha OeIleHo
Oerymiero nepezn HUIMU oJieHst (puc. 3-1). OTu priapu ObUIH OETHI B IPUYY/IIUBBIE OJIEMK/IBI C
TUTIOMaXKaMH Ha TOJIOBaX, a 00BEKTaMU MX OXOTHI OBUTM TPaBOSIHBIE )KUBOTHBIE, TAKHE KaK
OJICHW, HE OTJIMYaBIIMECS CBUPENOCThIO, TaK 4YTO, KaK BHJHO, TIOJ00OHas OXoTa
MIpe/IHa3HAvYaIaCh IS PAa3BJICUEHHUS U OTABIXA BBICIINX CJIOEB HACEIEHHs rocynapcrsa JIsHb.

Oxora. Hanpumep, Ha mnyroBuiie "Bocempb oxorsmmxcs turpoB" (M17:14) Ha rope
HInwkait n300paXkeH CTOSAMIMK B LIEHTPE TUTP, LIECTEPO M3 HUX TMOJHSIIM KOMbS U KOJNIOT
TUrpa, OJMH CTOMT PSJIOM C TUIPOM, a APYrOM JEPHKMT M€Y M KOJET TUIpa IO TOJIOBE,
KOTOPYIO THUTP IT0 HEOCTOPOXKHOCTH MPOKYCHII J0 3€MJIM; KPOME TOr0, B OXOTE Y4acTBYIOT
JIBE TOHYHUE, JIBe CO0AaKM KyCaloT THIpa 3a eI M CIUHYy coorBercTBeHHO [10, c. 89].
Hpyroit npumep - myrosuta Jlu I[3amans "/[Be oxorHuusn cBuHbU" (M13:8), Ha KOTOpOIA
U300paKeHbl JiBa OXOTHHKA C JIByMsl coDakaMH, Npecieayloliue KkadaHa, IpuieM OJIMH M3
HHX JIEPKHUT M€Y M HAHOCHT yzap 1o OeapaM CBHHBH, a IPYroro CBUHbS KyCaeT 3a Talliio;
noa CBUHBLEH HaxoOuTcCs roHvas, Kycarouas €€ 3a TaJlio, a Apyras ron4das, no-BUAUMOMY,
Haryrana u yoeraet (puc. 3-2) [4]. OxoTHuKH Ooliee MPOCTO OfIeBAIOTCs, OOCHIe, UX olIIee
UCIIONB30BAaHUE KUHXKAJOB M yOumiicTBa 10ObuM mwiM Oe30pyxkHas 0XOTa, 0XoTa, Ooiee
KOJUIEKTHBHAsI JAESATEIbHOCTh M HMMEET CBOE pa3fielieHHE Tpyna, OOBEKT OXOThl THUIPHI,
neonapasl, kabaHbl U APYTUe CBUPEIIbIE 3BEPH, CLICHBI OXOTHI ONAcHbIE, KaXKeTCsl, YTO 3THM
BUJIOM OXOTHHYBEH JEeATEIbHOCTH IIOJDKHBI 3aHUMAThCS HU3ILIME KIAcChl HApOAA, YTOOBI
MIOA/IEP>KUBATh CBOU CPEACTBA K CYIIECTBOBAHUIO.

Pa3Benenune ckota. M300pakeHUs Macymierocss CKOTa BCTPEYAIOTCS HA JEKOPE HEKOTOPBIX
OpoH30BbIX MpeaMeToB. Ha cknanckom pakoBuaHOM cocyne u Yxaiimans M12:2 B HikHe#
YacTH HENOCPEACTBEHHO BBIMPABUPOBAHO M300pa’kKeHUE OJHOTO YeJIOBEKa, IACYIIEro CKOT,
CKOTOBOJIA, JIEPKALLETO B PYKax THIYOK JUISl CKOTA, C BEPEBKOM, PUBSA3aHHOM K IOJIOBE CKOTa,
BCETo JBEHAIATh FOJIOB CKOTA; B TO )K€ BPEMs OTIIUTO M300paKEHNE ABYX YEIOBEK, IACYIINX
Jomanei, 1Ba YeloBeKa Aep)KaT UIMHHBIA IIECT, YTOOBI MACTH CEMHAAIATh JUIMHHBIX
mommaneii [10, c. 77]; cknaackon pakoBHHHBIN cocyn Jlu [[3smane "ykpomierne", Ha KpBIIIKe
cocyla YeTKO IIOKa3aHa CIIeHa YKpOIIEHHs JIomIag MHOxecTBoMm jroxeit [11, c. 8-9].
PakoBunnbli cocyn Ilm3aiimans M12:1, oTnuTE ABE TpyHIbl M300paKEHUH IAacCTyXOB,
Tpylna W3 TpeX 4YelOBEeK, MAaCyIMX MIeCTh KO3, TpyNHa W3 IBYX YEJIOBEK, NACyLIUX
OIUHHAIIATH OBEI; OTHOBPEMEHHO OTINTO H300paxkeHme mactyxa csmuer [10, c. 89].
VYkpauienus: npsbkek kimacca "¢urypsl B jmome", moma Tuma "cyxoi Opyc" Takke HUMEIOT
Oomblliee KOMMYECTBO M300pa)KEHHWI KPYIMHOTO POraToro CKOTa, JIOMIAfeH, Kyp W JApYrux
KMBOTHBIX Ha HIDKHEM ypoBHE. Kak BUIIHO, peKIM COIEpKaHHS CKOTa B OCHOBHOM JTHEBHOH -
T0JIEBOM, HOYHOM - 3aKPBITHIN B HY)KHEN YaCTH CyXOCTOMHOIO JKMIIMLIA.

KopoBa - camoe pacnpocTpaHeHHOE AoOMamIHee >XHBOTHoe. JKuBast yTBapb, OpyXHE,
YKpamieHuss W T.[. CHAaO)KEHBI y30paMH KOpPOB, HANpHUMEp, IMN3aWMIaHECKUA METHBIN
crosunii  Obik  (M6:56), MemHBIe YyKpamleHWs TpspDKeK crosdero Opika (M22:41),
TUIRBSIIAHECKAA JBOWHOW cTOSUMi ObIk dekaH (M13:25), mpoBomodHas mKkarynaka "msaTh
Op1koB" (M23:6), mm3aiimanbckre yKpameHus npsbkek "6oeBoit Obk" (M7:33) (puc. 4-1) u
T.J1. DTO TOBOPHUT O TOM, YTO KOPOB MOXKHO HCIIOIB30BaTh Kak IS €1Ibl, TaK M IS JOCYTa.
"Boesoit ObIK" (M7:33) (puc. 4-1), Kak BUJHO, MOXKET MCIOIB30BATHCS KAK JUIS €IIbl, TaK U
st otasixa. Kpome toro, B morpeGeHnsIX KynbTyphl JIsSHb HaleHo OOJbIIoe KOJMYECTBO
ME/IHBIX KOPOBBHX T'OJIOB M YKpAIIeHWH M3 HHUX, @ TaKKe KOPOBBH TOJOBHI HAa KPBIIIKaxX
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COCYJIOB JIUIsI XpaHEHHs] MOJIIFOCKOB M YKpaIlleHHs! HerpaBuiIbHOM (opmel (puc. 4:2), u3
Yero MOXKHO cJeJaTh BBIBOA, YTO JIIOAW JISHb COXpaHsUIM KOPOBBH TOJIOBHI Mociie 3a00s
KOpoB; Itoau Ba kynbTypsl CUMEHT OCTaBIISIM Yepena LEeNbIX KOPOB MO KapHU30M J0Ma
TI0CJIe TTAacThOBI KOPOB, YTO MCIONB30BAJIOCH YISl ydeTa KOJIMYECTBa pa3 MmacThObl KOPOB U
XBAaCTOBCTBA, a I10 KOJMYECTBY KOPOBBHX TOJIOB MOXXHO OBLIO ONpENENUTh OOTaTCTBO U
6exHOCT X035€B JToMa. [1o KOJMYecTBY TOJIOB BOJIA MOXKHO OIPEAEIHTH OOraTCTBO TJIaBBI
cembu [12, c. 23]. Takum oOpa3oM, MOXXHO YTBEp)KAaTh, YTO IMOMHUMO TOTrO, YTO BOJA
MIPUHOCWIXA B JKEpTBY OoraM ¥ OOTHMHSM, YMOTpPeOJIsUIM B THINY BO BpPEMS PHUTYaJOB U
HCTONB30BaIM sl NPOBEJIEHMS JO0Cyra, OH Takke HaJeleH AYXOBHBIM 3HAUYCHHEM
N300MIIHS MaTepUaNIbHBIX OJ1ar U SIBIISIETCS] CHMBOJIOM OOraTcTBa.

Jlomamy Takxke SBIAIOTCS JOMAITHUMHU >KUBOTHBIMH, KOTOPBIX COAEpKaT B OONBIIOM
KonuuecTse. M300paxkeHue JIOMAaAU Yallie BCEro BCTPeUaeTcs B OXOTHUYbEH NeaTeNbHOCTH,
B IYTELIECTBUAX 3a JAHBIO, B CLIEHAaX BOMHBI U B APYTUX BHUIAX JEATENBHOCTU JIIOJAEH U
YKHBOTHBIX, OOBIYHO OHa UCIIOJIB3YETCSl KaK CPEACTBO NEPEABIKEHUS.

OOpa3 cobaku dalle BCETO BCTPEUAeTCd B OXOTHHYbEH JEATENIBHOCTH M JOJDKEH
HCTONB30BaThCS JUIsl OXOTHI. J[pyrue poMalllHHe >XUBOTHBIE JOMDKHBI HCIOJIB30BaThCS
TOJIBKO JUIS €7bI.
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Puc.4. Bponszogvie apmeghaxmol ¢ OblubuMu MOMUSAMU. 1. KHonKu, 2. ykpaweHue.
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Puc.5. 1. Jlamynnvie knonku ¢ memamuxou "Vrycwl scueomnwix"; 2. bponsosas cmamys 6vixa.

3. Xyno:kecTBeHHOE 3aMMMCTBOBaHMeE.

BiusiHMe MHO3EMHBIX KYJIbTYp Ha KYJIbTYPY KOPEHHBIX HapoAOB ObUIO Ooiiee MIMPOKHM,
CMEJIBIM M TBOpUECKUM. HeKoTopble yueHbIe CUNTAIOT, YTO 3BEPHUHBII JIEKOPATUBHBINA CTHIIb
Opon3 KynbTypbl KOHbHaHb BO3HHK MO/ BIHSHHEM CKH(CKOW KynbTypsl [13].

Ckudckas KynbTypa Oblla co3/iaHa CKU(aMi Ha OCHOBE UX KOYEBOI'O M OXOTHHYBEro ObITa U
JUTUTEIIPHOTO BHEIIHETO OOMEHa, M B KAueCTBE OCHOBHOM JCKOPAaTHBHOW TEMbI B HEH
HCIIOJIB30BAJINCh KHWBOTHBIC, 1/1306pa>1<eH1/m KOTOPBIX BCTPECUHAIOTCA HAa MHOI'MX IPEeAMETax
JieKopa 1 BOCHHOM opyuH. CKu(CKOe HCKYCCTBO OBLIO HIMPOKO PACHPOCTPAHEHO M OKa3aio
‘IpeBBbI‘IaﬁHO Fny601<oe BJIMSHUE Ha XYAOXXECTBECHHBIC CTHJIIM KOYEBBIX M ITOJYKOYEBBIX
Hapo0B Cubupu, MOHIOIBCKOT0 HAOPhs M NIPUIICTAIOIINX TeppuTopuii [14, ¢. 22]. bombiioe
KOJIMYECTBO MPOU3BENICHUI MCKYCCTBA CKU(CKOro CTHIIS HaiJIeHO Ha mobepexbe UepHoro
Mmopst, B Kazaxcrane, Ha Aunrae, B IOxuoii Cubupu u T.1. CKu(CKOe UCKYCCTBO HCIIBITAIIO
BIIMsIHME NO3/HeTo neprona BecHsl n Ocenu u nepuoia Bororomyx rocyapcTs B CEBEPHBIX
peruonax Kutas, npomnwto uepe3s CuHbIAH M l'aHbCy Ha IOT. Ha IO, 3aT€M pa3BUTHE U
pacrpocTpaHeHHe ero XyI0KECTBEHHOTO CTHIIA B I0r0-3amaqHoM peruone [ 15].

Hekoropble n300paskeHUsI KHUBOTHBIX Ha OpOH3aX KyJIbTYphl JISHB CXOXH C y30pamu
CKH(CKOH KyIBTYpBI, KOTOPbIE, BO3MOXKHO, B ONPEACIICHHON CTEIICHH WCIBITANN BIUSIHHE
CKH(CKOM KyIbTYpHl B MaTepHalaX M XyJO)KECTBEHHOH KOMIIO3HLHMH, M HPECTaBIIOT
CXOJHbIE MOJEIbHBIE XapaKTEPUCTUKU M KYJIbTYpHbIE KOHHOTauuu. Hampumep, nBa
ykpamenuss mnpspkek Jlm  [zsmanes M51:271, MI13:45  ykpameHsl #300pa)keHHEM
JIbBOBUJIHOTO YYJOBHINA, NpHUYeM JieB -3T0 He lleHTpanbHas paBHuHa Kutas, a IOro-
3amagHbIil pernoH pacnpoctpaneHHoro uynoBuma. CoriacxHo "Kuwre mosmueit Xanp',
caMble paHHHE JbBBI OBIIM NPHHECEHBI B Jap TOCyIapCTBOM AHBIIM B IEPHOA 3amaaHon
XaHp, a M0 pe3ysibTaTaM THIOJIOTHYECKOTO HCCIEAOBAHUS M ONpeneNieHus yriaepoza-14
COOTBETCTBYIOIMX apTe(haKTOB, HalIEHHBIX B JIMIBAIIAHb, MOXXHO CYIUTh, YTO BEPXHHI
TIIPe/ieNl UX BO3pacTa NMPHUXOAUTCS MPUMEPHO Ha mepuoj Bororomux rocynapcrs, 4To sSIBHO
paHbIIIe BPEMEHHU NIPUHECEHMS JAaHH JIbBaM TOCYIapcTBOM AHBIIM, ITOATOMY H300pakeHUe
YyIOBHIL C XapaKTEPUCTHKAMHU JHBOB SBILIETCS MPOXYKTOM PACHPOCTPAHEHMS CKH(CKON
KyIbTypel. B CKuU(CKOH KyJIbType CYIIECTBYET OONBIIOE KONMYECTBO PHCYHKOB OO
KUBOTHBIX (''7eB, moxuparommii oneHsa", '"meB, TMOXupaommii Kabana", "THrp,
TTOXKHUpAIOMui oJeHd", "0apc, MOKUpAIOMMA ONieHs" U T.J.), a TAaKXKE PUCYHKOB BEPXOBOM
e37p! [13]. XymoxkecTBeHHBIN CTUITb MTOTOOHBIX N300paKCHUH JKUBOTHBIX B KYIbType JsHb
OYEHb MOXOXK Ha CKU(CKHH, HO KOHKPETHBIE MEPCOHAXHM U OCOOEHHOCTH >KUBOTHBIX SIBHO
OTJIMYAIOTCS, HAIIPAMED, OAEXK/a M OPYANS OXOTHI BUTA3EH CHIBHO OTIIMYAIOTCSA OT BHUTS3EH
B CKH()CKOM HCKYCCTBE; B TO K€ BpeMs B KyiabType [IsHb 00pa3bl )KUBOTHBIX B CKU(CKOM
HCKYCCTBE 3aMEHSIOTCSI 00pa3aMy >KHBOTHBIX, XapaKTepHBIX Uil J{gHb, TaKMX Kak THUTD,
jeorapy, BoIK. B To e Bpems KynbTypa JsHB ¢ moMoIIbi0 00pa3oB THIpa, Jieomapia,
BOJIKA M JIPYI'MX PaclpocTpaHeHHbIX B FOHPHAHM )KMBOTHBIX 3aMEHSET 00pa3bl )KUBOTHBIX B
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CKA()CKOM HCKYCCTBE, HANpUMEp, B CKHU(PCKOM HCKYCCTBE pora OBUIM W30THYTHI HIIH
3aKpYUYCHBI CIIHPAIIBI0, N300paskeHHe OJICHs B KyabType J[SHb He mMeeT 3Tol 0COOCHHOCTH,
a M300pakCHUE 3MEH B HIDKHEH YacTH HEMPABIIHLHON ()OPMBI TIPSHKKH OpHAMEHTA TaKKe He
BCTpeYaeTcs B CKU()CKUX MPOU3BEACHUAX UCKyccTBA. Kak BHIHO, 3BEpUHOE IEKOPATHBHOE
HCKYCCTBO JSTHCKOH KYJBTYpBhl B ONPEJECICHHON CTENEHU YHACIEIOBAJIO M 3aUMCTBOBAJIO
TEMBI ¥ CTUIIA CKU(CKOT'O UCKYCCTBA, a TAKKE B MPOIECCEe PA3BUTHSI B HETO COOCTBCHHBIX
MIPUPOIHBIX YCIOBHUH, 0COOCHHOCTEH CONMAEHON KH3HH.

4. BuiBOox

Bponsbr Opon3oBoro Beka KOHBHAHB OTIMYAIOTCS OONBIIMM pPa3HOOOpA3HeM H300parkeHUI
JKMBOTHBIX Ha HUX, OOraTcTBOM (hOpPM JKHBOTHBIX, pa3HOOOpa3UEM THITOB JKHBOTHBIX MOTHBOB.
PacnipocTpaneHHBIE M300pa’keHUS )KUBOTHBIX W THIIBI Y30POB HE TOJBKO TOYHO OTPAKAFOT
0COOCHHOCTH TPOITUYECKOr0 M CyOTPONMUYECKOTO KIMMAaTa M PACIPOCTPAHCHHBIX KUBOTHBIX
IOHbHaHH, HO M PACKPHIBAIOT B3aWMOOTHOIICHHUS 4YENOBEKA U JKUBOTHBIX, OTPAXKAIOT
COLMATTBHO-D)KOHOMHYECKHE YCIIOBUSl JKM3HM HapoJa [siHb B IUIAHE PHUTYaloOB, OXOTHI U
CKOTOBOJICTBA; B TMEPUOJ] CyIIECTBOBaHMA JIpeBHEro TrocynapcTBa JAsHb TaKUE€ BUJIbI
JIeATENTbHOCTH, KaK CEeIbCKOXO3SHUCTBEHHBIE PUTYaJbl, 3aHUMAId OYEHb BAXKHOE MECTO, U B
pHUTyaiax 00bIYHO UCONB30BATUCH ObIKH. OXOTHUYHIA MMPOMBICET B TOCYAapCcTBe JIIHE MOXHO
pa3nenuTh Ha KOHHYIO OXOTY JJISL Pa3BJICUCHHSI M OT/IbIXA BBICIIHX CIIOCB OOIIECTBA U OXOTY JUIS
HOJUIEP)KAHUsST CPENICTB K CYIIECTBOBAHHMIO HHU3IIMX CJIOEB OOIIECTBA; B TO JKE BpeMs
JKMBOTHOBOJICTBO B rocynapctBe [IsHb ObUIO 4Ype3BBIYAHHO pa3BUTO, a CKOT OBLI CaMbIM
BRXHBIM BHUJIOM JIOMAIlIHETO CKOTa, KOTOPBHIM 3aHWUMal 4YpE3BHIYAHHO BaKHOE MECTO B
MaTepUaIbHON U JyXOBHOM KYJIbTYpe OOLIECTBA TOIO BPEMEHH U SIBJISUICS CHMBOJIOM OOraTcTBa.

[TogBoast Wror, MOXXHO CKa3aTh, YTO H300pa)KCHUs >KUBOTHBIX Ha OpOH3aX OPOH30BOro
Beka IOHBHAHM SBISAIOTCS OTPAXKEHHEM MPUPOIHON CPEbl U COIMATBLHO-IKOHOMHUYECKOM
*u3HU FOHbHAHU, BOIUIOIIEHHEM HMHTETPALMH JKU3HU M UCKYCCTBA JPEBHUX IOHHHAHBIICB,
CBUJIETEIBCTBOM KYJIbTypHOr0 oOMeHa Mexay IOHbHaHBIO M ee coceqsiMU. YKpalleHus B
BHJIC )KUBOTHBIX HA IOHBHAHBCKUX OPOH3aX MPEKPACHO BBIPAXKAIOT XYJ0)KECTBEHHYIO MBICIIb
JPEBHUX IOHBHAHBIEB, YTO MPHJAET UM HEINOBTOPUMOE OYAPOBAHHE U SIBIISETCS
3aCITY’KEHHBIM XYI0’KECTBEHHBIM JOCTOSHHEM.
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Abstract: the article discusses the main approaches to the analysis of financial performance
indicators of an enterprise. Categories of financial indicators are given, depending on the
aspects of activity that they measure. Some methods of increasing efficiency based on
financial indicators have been studied. It is concluded that increasing the efficiency of an
enterprise requires a systematic approach, continuous analysis of financial indicators and
the adoption of measures.
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Financial performance indicators of an enterprise are measures that are used to assess the
financial results and efficiency of an enterprise. They help measure the financial performance,
profitability and sustainability of an enterprise, as well as assess its ability to generate profits,
use resources efficiently and ensure financial sustainability. Most of the financial indicators of
a company’s performance can be calculated on the basis of its financial statements; their
calculation is part of the financial analysis of the enterprise’s activities.

Financial ratios can be divided into several categories depending on the aspects of
performance they measure:

* Profitability indicators. These indicators reflect the company's ability to generate profit.
They include such indicators as net profit, return on sales, return on assets, return on capital,
etc. Profitability indicators allow us to evaluate the efficiency of using the enterprise's
resources and its ability to provide profit for owners or investors.

* Profitability indicators. The values of these indicators demonstrate how much profit
from the main activities falls on various costs, revenue, etc. Among the profitability
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indicators are the profitability of fixed and variable costs, sales profitability, price ratio,
production leverage, etc. Profitability makes it possible to evaluate the efficiency of the
company’s activities and the use of resources.

* Liquidity and solvency indicators. They reflect the financial stability and ability of the
enterprise to pay off its obligations. Such indicators include the current liquidity ratio, quick
liquidity ratio, absolute liquidity ratio, etc. They allow you to assess the financial readiness
of the enterprise to resolve short-term financial obligations.

» Asset turnover indicators. These indicators measure the efficiency of using the
enterprise's assets to generate revenue or profit. These include indicators of inventory
turnover, accounts receivable turnover, total asset turnover, etc. Turnover indicators allow
you to evaluate the effectiveness of asset management and optimization of their use.

* Capital turnover indicators. Their values reflect the efficiency of the company's use of
its own and borrowed capital. These include turnover ratios of own, short-term and long-
term borrowed funds, etc.

Among other things, based on these indicators, one can draw a conclusion about the
level of product sales by the organization.

* Indicators of autonomy. They reflect the level of debt of the enterprise and its ability to
pay debts. Such indicators include the financial leverage ratio, interest coverage ratio, total
debt to capital, etc. These indicators allow you to assess the financial stability of the
enterprise, its ability to manage debts and risk financial obligations.

* Investment efficiency indicators. These indicators reflect the performance of an
enterprise's investments and its ability to generate profit on its investments. They include
indicators of return on investment, payback ratio, net present value (NPV), internal rate of
return (IRR), etc. Investment efficiency indicators allow you to evaluate the profitability and
effectiveness of an enterprise's capital investments.

* Business activity indicators. They are inextricably linked with various company
turnover indicators. Among the indicators of business activity are resource and capital
productivity, the duration of the operating and financial cycles, the business activity ratio,
etc. These indicators allow us to assess the overall activity of the enterprise in its industry.

These categories of financial performance indicators are interrelated and form a holistic
picture of the financial condition and performance of the enterprise. They help management
and stakeholders assess the financial performance, resource efficiency and sustainability of the
enterprise. In addition, these indicators can be used to compare with competitors, analyze
trends and make decisions to improve the financial results and efficiency of the enterprise.

It is important to note that the choice of specific financial indicators for assessing the
performance of an enterprise should be based on its strategy, industry characteristics and
assessment purposes. It is also necessary to take into account financial reporting standards
and requirements, regulatory authorities and accepted industry practices.

To obtain a more accurate picture of the company’s financial condition, it is advisable to
compare its performance indicators with standard and industry average values, as well as
with calculated minimum acceptable values for certain indicators. This will allow you to
assess the weaknesses of the organization in the context of the economics of enterprises as a
whole and the sphere

its activities in particular.

Financial analysis of an enterprise’s activities, on the basis of which conclusions are
drawn about the need to improve its efficiency in this area, in addition to the calculation and
analysis of performance indicators, also includes an analysis of the structure and dynamics
of various indicators in its reporting forms (balance sheet, financial results statement, cash
flow statement), analysis of the life cycle stage, analysis of the probability of bankruptcy
according to various models, etc. In addition, the financial analysis should always be
preceded by a brief summary of the company, its features and current market position.
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After conducting a financial analysis of the enterprise’s activities and identifying its
financial problems, company managers make decisions on the directions and methods of
increasing its financial efficiency.

One method of improving performance based on financial performance is to improve
operational efficiency. This can be achieved by optimizing costs, improving inventory
management, reducing production and transportation costs, and increasing the efficiency of
business processes. For example, an enterprise may consider the possibility of automating
processes, introducing new technologies, or improving the quality management system.

Another method of improving performance based on financial indicators is to improve
management reporting and data analysis. An enterprise can develop more detailed financial
statements that include various performance indicators and use them to monitor and control
financial performance. Data analysis can identify trends, anomalies, and potential problems
so that appropriate action can be taken to improve performance.

An equally important method of increasing efficiency is budget management. The
development and strict adherence to a budget plan allows you to control expenses, plan
income and resources, and ensure the financial stability of the enterprise. Budget
performance monitoring and variance analysis help identify problem areas and take action to
improve them.

Another important method is the analysis of the profitability of the enterprise. By
analyzing financial indicators such as profit, return on assets, return on sales, you can
determine how successfully an enterprise uses its resources and generates profit. Identifying
ineffective areas allows you to focus efforts on improving them, for example, by reducing
costs or increasing revenue.

Wealth and investment management also plays an important role in improving
efficiency. Rational distribution of capital between various projects and investments helps
optimize profitability and risk. Analysis of investment projects and assessment of their
expected financial indicators allow us to make informed decisions and choose the most
promising directions for the development of the enterprise.

It should be noted that improving efficiency based on financial indicators is a continuous
process. The business environment is constantly changing, and the enterprise must be ready
to adapt and innovate. It is necessary to constantly evaluate your financial performance,
compare it with competitors and industry standards, and actively work to improve it.

Thus, increasing the efficiency of an enterprise based on its financial indicators requires
a systematic approach, continuous analysis and adoption of measures. Budget management,
profitability analysis, capital and debt management, monitoring and analysis of financial
data - all these methods help an enterprise optimize its financial activities and achieve its
financial goals.
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European experience - France. By the beginning of the 2000s. The shortage of
oncologists and the heterogeneity of medical practice patterns have led to inequalities in the
provision of cancer care between different regions of France.

The French Health Policy Act, adopted on August 9, 2004, initiated fundamental
changes in the internal structure of the health care system at the national and regional levels
[1]. The law provided for the implementation of five National Plans, one of which was the
National Cancer Control Plan. The main strategic goal of the Plan was to promote teamwork
and minimize spatial disparities in access to care by reviewing the geographic distribution of
oncologists. French administrative regions have been advised to review the distribution of
cancer treatment services to ensure equal access to cancer treatment for all citizens,
regardless of where they live.

In 2009, as part of the Second National Cancer Control Plan, INCa initiated the creation
of 17 national cancer clinical centers based on a reference approach [2]. Selected reference
centers, based on the experience of highly specialized medical teams with interdisciplinary
competencies, accumulated expertise in rare diseases. Each national center coordinated the
work of regional or interregional centers. Four pathology reference centers complemented
the system of national cancer centers.

Reference centers provided diagnosis of diseases, determined therapeutic strategies,
compiled and disseminated care protocols, coordinated research activities, and trained
specialists. The National Cancer Control Plan emphasized the importance of close
interdisciplinary collaboration. Effective coordination of all health care providers was
essential to promote high-quality services to all cancer patients, regardless of location.
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One of the reference centers, created in 2009, was the Institut Régional fédératif du cancer
en Franche-Comté (IRFC-FC, the federal regional cancer institute of Franche-Comt¢), which
serves as a regional oncological reference center for the region of Franche-Comté
(administrative region in eastern France with a population of about 1.2 million people).

Before the establishment of IRFC-FC, eight peripheral hospitals provided cancer
treatment in the region. These hospitals were completely independent - patients were treated
at the discretion of local doctors, who did not always specialize in oncology. IRFC-FC has
introduced a new system of cancer care throughout the region [3]:

* A mobile oncology group was created on the basis of the reference center, which
regularly visited each interregional center to provide services for the examination of
diagnosed diagnoses;

« Interdisciplinary teams were created at the reference center to help local doctors make
decisions on patient treatment strategies;

* A regional patient database (“Dossier Communicant Cancer”) was created, containing
all individual data on cancer patients and providing doctors with access to the data,
regardless of where the patient is diagnosed and treated;

e In order to standardize cancer care, a regional application for chemotherapy
administration was developed based on the general chemotherapy management guide
(Bonnes Pratiques de Chimiothérapie software).

In 2013, France had 131 national reference centers for rare diseases, linked to a network
of 500 regional centers (centres de compétences maladies rares) that facilitate the provision
of specialized care and advice to patients “on site”.

The key functions of French reference centers are:

* coordination and structuring of activities between national and regional centers,
technical platforms (for genetic diagnosis, medical imaging and functional testing) or any
other structures involved in the treatment of patients suffering from a rare disease;

* examination of complex cases;

« providing highly specialized care for patients in difficult situations;

* participation in international scientific research;

* educational activities.

Network of European Reference Centers [4].

The AIM (International Association of Mutual Benefit Societies) report, released in
2000, predicted the emergence of large centers of excellence, specialized in narrow areas
and providing treatment without geographical reference to a specific region of residence of
patients. In 2006, the RDTF (Rare Diseases Task Force) report shifted its focus from the
“physical movement of patients” to the “movement of knowledge and expertise” that would
be accumulated in “centers of excellence” (the original name of reference centers).

In March 2011, the European Commission adopted Directives

and 2011/24/EU on the application of patients’ rights in cross-border healthcare (EU
Directive on Patients’ Rights in Crossborder Healthcare). The Directive was to develop
solutions to promote the development of European centers of excellence in the treatment of
rare or complex diseases.

In March 2017, the first reference centers were launched in Europe. At the initial stage,
the network of reference centers (ERN - European Reference Networks) consisted of more
than 900 highly specialized medical institutions located in 313 hospitals in 25 EU Member
States (plus Norway).

The main purpose of establishing reference centers was to reduce the time to diagnose
diseases, reduce the number of inappropriate tests, increase the accuracy of diagnoses and
develop new viable treatments.

ERNs are virtual networks of healthcare professionals across Europe, bringing together the
experience and competencies of the most highly qualified teams of doctors. The ERN promotes
maximum interaction between EU countries in the diagnosis and treatment of rare and complex
diseases that require the concentration of highly specialized knowledge and resources.
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ERN is based on existing clinical and research institutes that successfully implement the
diagnosis and treatment of rare diseases.

The treating physician remains responsible for their patient, but can connect to the ERN
and gain access to the best expert knowledge that will help adjust the chosen treatment
strategy.

In order to verify the diagnosis and confirm the patient’s treatment regimen, ERN
coordinators conduct “virtual” consultations with medical specialists in various disciplines,
using a dedicated IT platform (eHealth) and various telemedicine tools (telepathology,
teleradiology, etc.).

As part of its activities, ERN strives to improve the standards of diagnosis and treatment
of diseases, to strengthen the coordination of work in all medical institutions in Europe.
Network institutions provide a platform for the development and development of diagnostic
algorithms and treatment regimens. The centers are in constant contact with hospitals in
order to identify the most effective treatment: they develop new recommendations and
analyze the results of their implementation, create registries of best practices and unique
cohorts, and participate in research. By collecting a large pool of data and providing access
to a knowledge base, the ERN provides incentives for manufacturers to develop new drugs
to treat rare diseases.

In addition, ERN conducts educational activities to improve public and professional
awareness of rare diseases, thereby increasing the likelihood of early and accurate diagnosis.
ERN specialists organize open training courses and programs, as well as conduct working
visits to regional reference centers.

The network aims to develop a referral system that would provide treatment to at least
75% of all cancer patients in the EU.

Most multidisciplinary centers require multiple consultations during a single patient visit.
The MDC approach is based on constant interaction between medical professionals and
coordination of their efforts, which is usually implemented through a council in which doctors
from different specialties gather to review and discuss the next steps in treating the patient.

In the usual case, the patient is forced to receive sequential, rather than parallel,
consultations with doctors, which often leads to inconsistent and contradictory treatment
regimens. In MDC, on the contrary, the patient is at the center of decision making. This
allows the team to make coordinated decisions and reduces the likelihood of duplicative
tests and/or conflicting plans of care.

For example, at the Sunnybrook Odette Multidisciplinary Center (Toronto, Canada), all
patients are seen by physicians from the medical and surgical oncology departments on the
same initial visit. In addition, they are visited by the same nurses, which ensures a high level
of continuity of care. Each patient undergoes a multidisciplinary discussion, which may
include presentations from the Endocrinology, Diagnostic Radiology and Interventional
Radiology teams, to develop a comprehensive, individualized treatment plan. Treatment
recommendations are always communicated and discussed with the attending physician.

If the patient cannot be transported to the clinic, the MDC provides telemedicine
consultations, developing treatment plans that can be adapted at the patient’s medical facility.
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Let's analyze the economic potential of St. Petersburg. St. Petersburg is a major transport
hub for trade with European countries. Both railway tracks and sea routes pass through the
city. Accordingly, active international trade passes through the city [1].

The main share of trade is with European countries, but trade is also carried out with the
CIS countries. The data is shown in the table.

The largest share of trade accounted for the Netherlands, as well as the USA, Great
Britain, and China.

Imports of goods occurred mainly from China, Germany, and Korea.

In terms of the structure of exports and imports, St. Petersburg is an active foreign trade
exporter of mineral products (oil exports via pipelines), machinery and equipment. Imports
account for the bulk of international supplies of machinery and equipment, food products,
and chemical products.

If we study imports and exports in more detail without taking into account exports, it is
worth noting that St. Petersburg is a supplier of elevators, paints and varnishes, metal-
cutting machines, confectionery, cereals, flour, canned fish, margarine, radio equipment and
cars for other regions of the Russian Federation. In terms of investments, there is a decrease
in the volume of investments in 2019-2020.

Most of the investment is made from private funds, mainly due to the fact that the share
of foreign investment is decreasing, while the share of government investment is unchanged.
It is worth noting the low share of funds raised from credit institutions - the share is only
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8.4%, which indicates the unavailability of credit for organizations. In budget financing, it is
worth noting that most of the funds are provided from the budget of the constituent entity of
the Russian Federation [2].

The main share of investments falls on transportation and storage, real estate
transactions, and manufacturing.

Also, the structure of transport flow allows us to identify the region’s relationships with
other countries and regions. Passenger turnover data shows the following distribution: 5% of
the population arrives from neighboring regions, 4% from international traffic.

Thus, St. Petersburg is a major platform in the Russian Federation for foreign trade with
European countries. St. Petersburg is also an active exporter of passenger cars to both
domestic and foreign markets.

The main goal of development is to increase the standard of living of the population, in
which economic growth is only one of the conditions for achieving the goal. Therefore,
assessing the standard of living of the population and identifying problems and growth areas
is one of the key points of economic analysis [3].

Cash income and expenses of the population. Real cash incomes of the population are
increasing. The average growth rate is 1.15% for 2016-2021. According to the structure of
the population's monetary income, the main part is made up of wages of hired workers. The
main contribution to the growth of real cash incomes comes from rising wages, but social
benefits and income from property are also growing.

However, as the structure of the use of cash income of the population shows, the income
received is not enough to live on and to create savings. The exception is 2020, where the
pandemic limited the ability to use income. This shows that the share of entertainment in the
structure of spending by residents of St. Petersburg was only 9.6%, and the bulk of
consumer spending actually went on necessary things.

The inability of the population to form savings is a critical problem when assessing the
standard of living of the population. Let's look at which industries have the lowest wages.
The greatest deviation is observed in the sectors of the hotel business, agriculture, real
estate, construction, and trade. And trade and real estate transactions are key sectors of the
GRP of St. Petersburg. The average monthly salary is 68 thousand rubles.

The average pension is 16 thousand rubles. The average pension is 80% higher than the
minimum subsistence level. The cost of living is 11.5 thousand rubles.

Among the negative trends: the share of expenses for the purchase of non-food products
and food is decreasing, the share of expenses for taxes and fees is growing. On the positive
side, the share of expenses for services increased slightly.

For the main categories of food products, purchasing power has not decreased critically
(either remained at the same level, or increased, or decreased by less than 1%).
Consumption in the main categories of goods also remained at the same level or increased.
The cost of the minimum set of food products also did not increase significantly - from 2015
to 2020 it remained at the level of 4200—4900 rubles per month.

Non-food items also did not see strong growth in most categories. The exception is the
school supplies category, where prices increased by 160% from 2015 to 2020.

Of the services, there was also no strong increase in the cost of private services; most of
them even became cheaper (for example, the cost of staying in a hotel increased by only
21%. But for public services, contributions for capital increased significantly repairs (163%
from 2015 to 2020), other services grew in cost at an average rate. The share of transport
and medical services to the population has increased.

Housing and construction. From 2016 to 2021 the cost of 1 sq. m of housing increased in
new buildings by 44% from 93 thousand rubles. up to 133 thousand rubles, in secondary
houses by 61% from 82 thousand rubles. up to 133 thousand rubles. The average salary
increased by 55% from 44 thousand rubles. up to 68.5 thousand rubles. The availability of
secondary housing has thus decreased significantly; in general, the cost of secondary
housing has become equal to that of new buildings.
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The volume of new housing starts remained relatively stable from 2016 to 2021.

At the same time, the average housing area is gradually decreasing. More one-room
apartments are being built (68%), the share of two-room apartments is decreasing.

Thus, we can say that housing affordability for the population is decreasing. The price of
housing is rising, the area is decreasing. The decline in the construction of apartments with
more than one room makes it more difficult to create a family with children.

There is no single trend regarding the commissioning of social infrastructure facilities; it
has changed from year to year.

Education. The number of organizations carrying out educational activities under
educational programs of preschool education, child care and supervision is gradually
increasing from 1185 in 2015 to 1224 in 2020, as well as the number of organizations
carrying out educational activities under educational programs of primary, basic and
secondary general education from 745 up to 770. However, there are still not enough such
organizations - there are 113 students per 100 places in 2020.

The number of vocational education and training organizations increased significantly -
from 64 in 2015 to 112 in 2020, which indicated an increase in the availability of secondary
vocational education.

But the number of universities has decreased - from 83 in 2015 to 68 in 2020. This
means that the availability/quality of higher education has decreased. At the same time, the
flow of admission and graduation of specialists does not change and remains at the same
level. A corresponding trend is observed in data on the graduation of specialists.

In terms of the availability of educational tools, a positive trend can be noted - the
number of personal computers per 1000 people increased from 108 in 2015 to 137 in 2020.

Among university graduates, the majority are graduates in the humanities: economists,
lawyers, teachers. The direction of IT and technology in construction has become more
popular. 61% of graduates complete a bachelor's degree, 26% also receive a master's degree.
Almost 50% of students study at the expense of budget funds.

Thus, the key directions in education are: increasing the availability of preschool
educational institutions, improving the quality of education in universities and increasing the
production of specialists with practically applicable technical education.

Healthcare. The main health indicators are shown in the table. It is worth noting that despite
the general increase in the accessibility of hospital organizations for the population, the
availability of certain specializations has decreased: therapeutic, surgical, gynecological profiles.

The supply of doctors and paramedical personnel to the population has also increased.

Thus, in healthcare, the key remains to maintain the availability of medicine and increase
the availability of therapists and surgeons for the population.

Culture. Key indicators on cultural infrastructure show that the number of theaters has
decreased. The number of museums, libraries, and leisure organizations remained at a stable
level. The number of sanatoriums has increased, the number of organizations for children's
recreation has decreased. The number of hotels and sports facilities has increased
significantly. Thus, in the field of culture, the development of children's recreation
organizations is a priority.

In general, in terms of the standard of living of the population, it is worth noting that it
remained at a stable level, there were no sharp improvements or declines. On the other hand,
in some areas the standard of living has deteriorated. The availability of housing for
purchase has decreased, and the share of government spending has increased. goods and
services, taxes, there is a shortage of kindergartens and a reduction in the number of
universities. In the field of healthcare, it is necessary to restore the availability of surgeons
and therapists for the population, and in the field of culture, the availability of children's
recreation organizations.
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Defining specific goals and targets, choosing effective means to achieve them - all this is

the key to successful planning in various areas. Success in planning is guaranteed to those who
understand what steps need to be taken to achieve their goals.
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Business planning is a derivative of project activities and evaluates its effectiveness. It
includes the development of an entreprencurial strategy, the formation of implementation
stages and evaluation of results, as well as attracting resources to achieve the company’s
strategic goals. At the same time, the business plan implements operational measures to
achieve strategic goals [1].

The document, known as a business plan, contains a detailed description of all aspects of
the business, analyzes the main problems that an entreprencur may face, and determines how
to solve them. This document is an official expression of the intentions and prospects for the
development of the company and is recommended to be drawn up for a period of 3-5 years,
preferably with the participation of the director.

The business plan presents the main indicators monthly for the first year, quarterly for the
second year and annually for the third and subsequent years. The structure and content of the
business plan depend on the size and type of activity of the company.

A business plan is an important tool that requires careful preparation and effective use. It
can be developed by various participants such as managers, stewards, companies, consulting
organizations or business groups. This document, which perfectly describes the development
strategy of a large company, makes it possible not only to find potential partners and investors,
but also to determine the direction of further development [2].

In modern practice, a business plan has various objectives, one of which is the ability to
use the plan to develop a business strategy. It is especially important to note that this activity
plays a key role in the early stages of company creation and in identifying new areas of
activity. Planning is also an important function of the business plan, since it allows the
company to assess and monitor the development potential of new areas of activity [3].

In addition, creating a business plan with the participation of all employees will allow them
to increase awareness of future activities, coordinate efforts and create motivation to achieve
their goals. As a result, the business plan becomes an indispensable tool for the effective
management and development of the company. According to researchers, the participation of
employees in the process of drawing up a business plan helps to increase their awareness and
requires joint efforts to achieve set goals.

In the fields of information technology and medicine, for example, in the United States, it
has become common practice to use business plans to achieve various goals, such as changing
the ownership of a company, obtaining loans or attracting investments. Mutual funds, hedge
funds and business angels have contributed significantly to the development of high-tech
companies in this sector. Giants such as Intel, Microsoft and Apple entered the market thanks
to the design of their enterprises [4].

In contrast to international experience, zoning practices such as business plans are rarely used
in the official policies of Russian commercial organizations. This lack of clear planning leads to
inconsistent decisions by owners and limits the ability to effectively manage the business.

However, it is worth noting that design plays an important role in achieving success in any
field of activity. A business plan is an important tool for organizing a business and contributes
to the achievement of set goals. Due to the lack of widespread Russian planning practices,
effective management of commercial enterprises is becoming increasingly difficult.

The goal of the future Russian business plan is to attract partners and investors, as well as
ensure strategic planning and development of new areas of activity. The only decisive factor
when obtaining a loan is the presence of a clear business plan since this process is becoming
increasingly complex. Creating motivation to achieve common goals and coordinating efforts
and responsibilities are also important elements.

ents in the implementation of the business plan. After preparing the quarterly balance
sheet, you can identify any errors and losses that need to be corrected to move the company
forward [5].

Business planning is an integral part of the work of all organizations, regardless of their
size and nature of activity. In the case of small enterprises with a stable business, planning may
be less formal and limited to a review of key aspects of the activity. However, as the size of
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the company grows or the business environment changes, the design process becomes more
formal, complex and extensive. As part of this process, more and more employees are actively
involved in planning various aspects of the company's business.

Drawing up a business plan involves planning the company’s activities for different
periods of time, both near and far. The main purpose of drawing up a plan is to ensure the
efficiency and success of the company. However, in addition to the main goal, there are other
tasks that may be important when planning [5].

One of these goals is social objectives, which also play an important role when drawing up
a business plan. These goals cover a wide range of aspects, such as improving general well-
being, overcoming shortages of goods and services, preserving the environmental situation,
creating new cultural values and developing scientific and technological potential. In addition,
social goals also include improving the psychological climate and expanding business contacts
and international relations.

Another important goal when preparing a business plan is to improve the position of the
entrepreneur. To achieve this goal, it is necessary to develop and strengthen the economic
potential of the entrepreneur. Important factors in this process are production potential,
financial resources, technical potential, scientific and educational resources, as well as
intellectual resources. These factors are necessary for the successful implementation of
entrepreneurial activities and improvement of the entrepreneur's position. Taking these
considerations into account is essential to achieving your goals and creating a sustainable
business.

Developing contacts, traveling abroad, joining associations and other activities can also be
included in preparing a business plan to achieve specific goals and objectives.

It should be noted that there are two main approaches to drawing up a business plan. One
of them assumes that the project initiators independently develop a business plan, but always
with the head of the company and receive advice from experts, including potential investors.
Foreign banks and mutual funds widely practice this approach, refusing to consider
applications for financing without the participation and advice of the manager.

Based on foreign practice, it can be argued that this approach is better. This approach to
developing a business plan requires the active participation of not only its authors, but also
sponsors who have the necessary knowledge about the credit market, the availability of
available funds and the risks associated with this business [6].

When drawing up a business plan, a different approach is proposed, in which the writers of
the business plan can act as clients. In this case, the development of a business plan is
entrusted to specialized companies, marketing teams and individual agents. If necessary,
consulting firms and experts will also be involved.

Harmonizing the interests and conditions of all these parties will be a key element in the
process of drawing up a business plan [7].

Drawing up business plans for modern organizations requires considering their specific
requirements and characteristics. Depending on the type of organization, design can be a
complex process.

Organizations with a single center, consisting of one enterprise, can draw up action plans
for each enterprise separately. This simplifies the planning process since it is necessary to
consider the characteristics of only one company.

However, in the case of a multi-business organization with two or more companies,
separate plans must be drawn up for each company and combined into a joint business plan.
This is due to the need to consider the specific requirements and characteristics of each
company, as well as the need to create consistent goals and strategies for the entire
organization.

When preparing a business plan for a start-up enterprise, the main attention is paid to the
calculated indicators. Reporting data for the previous year can be used for comparison with
planned indicators. This allows you to evaluate the potential efficiency and success of the
proposed business.
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The most complex business plan is designed for organizations that require significant
investment and external financing. In this case, special attention should be paid to the
description and characteristics of the investment project. The business plan then describes
other aspects of the project, such as marketing strategy, organizational structure and financial
forecasts. All these sections must be carefully compiled and supported by appropriate
calculations and analyzes to attract external funding and investors.

An important part of the business plan is to assess the financial condition of the company
and the compliance of available resources with the goals set. At the same time, it is necessary
to take into account any difficulties and pitfalls that may arise in the process of implementing
the business plan. Thus, an entrepreneur can prepare for unforeseen situations and take the
necessary measures to overcome them [8].

In the modern economy, investments play a significant role in achieving the material well-
being of a country, region or company in a given industry. Investments are the result of past
investments that contribute to the current level of development. However, they also have long-
term consequences in terms of financial, economic performance and productivity levels.
Constant research into investment processes helps us better understand their economic
significance at various levels of implementation.

Investing is making financial investments in promising projects in order to maximize
profits or achieve other interests of the investor, including environmental or social projects.
From a financial point of view, investments are assets that generate income. From an
economic point of view, investments include the costs of developing, restructuring, and
improving physical assets, as well as changes in working capital associated with these
processes.

In the theory and practice of an investment project, the organization of financial, material,
and human resources will be carried out primarily to complete certain tasks within a
predetermined time frame, considering certain financial and positive changes that correspond
to all established parameters.

There is no doubt that the structure and presentation of a business plan is important
because it helps create a strong impression on potential investors or lenders, helping them
understand the project and decide about financing it. A business plan is an integral part of
successful entrepreneurship in general. This gives the entrepreneur the opportunity to identify
key aspects of his activities, develop strategies and tactics to achieve his goals, and analyze
financial stability and potential risks [9].

It is important to note that a business plan is not only a tool for attracting investment, but
also the basis for managing a company in the future. This provides an opportunity for
systematic analysis of business and its management and allows you to anticipate and plan
possible changes and challenges from the external environment.

In general, we can conclude that strategy is an important tool in management and business
in general. It determines the long-term goals and objectives of the company and allows you to
choose the most effective methods for achieving them. Correct development and
implementation of strategies helps to increase business efficiency and ensures its sustainability
and long-term development.
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Coenanvl 8b1800b1 0 MOM, YMO 01 pedarusayuu 000N MoOeau HeoOXO00UMbl CUCHMEMHAs
20Cy0apcmeentas no00epiCcKa  azpoOmypUCHUYecKux Xo3sacme U azpomypusma  Kak
cexmopa cghepbl  ycaye, HOPMAMUGHO-NPAGOGOe U UHGOpMayUoHHOe obecneueHue
NPOOBUIICEHUSL  AZPOMYPUCTIUYECKO20 NPOOYKMA HA  PECUOHATLHOM U HAYUOHATbHOM
VPOGHSX, Op2anuzayus azpomypucmuyeckux obveounenui u HT-pecypcosé ¢ 6azamu
OGHHBIX 07151 CO30aHUSL PLIHKA AZPOMYPU3MA 8 MACWmMadax 20cyoapcmed u OuUHaHco8as
noooepicka.

Knrouegsle cnosa: azpomypusm, 9K0102Usl, CEIbCKULl OMObIX, pazsumue, ynpasieHue.
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Agritourism is one of the areas of ecotourism, which involves immersion in a rural
lifestyle, and not just a vacation associated with the contemplation of natural landscapes
without a negative impact on the environment. Initially, agritourism was intended for domestic
tourism and only at a certain stage of development became attractive to foreigners. The reason
for turning to agritourism in Western European countries was the crisis of the European
agricultural model, when, because of the introduction of quotas and the active development of
the urban environment, agriculture began to lose its attractiveness, and farmers had to look for
new sources of income [1].

In turn, for tourists, rural holidays have become the most attractive alternative to traditional
beach holidays. Increasing production loads, the ever-accelerating pace of urban life, and the
popularization of natural recreation and organic nutrition played a big role in this.

Agrotourism models in different geographical regions have their own characteristics. Thus,
the Anglo-American model is practiced in the UK, USA and Canada. The prerequisites for its
development were the active construction of roads in the post-war period, which is why the
main consumers of this model were motor tourists. The first organization for city residents
who wanted to help in agriculture was the Working Weekends on Organic Farms (WWOOF)
organization, founded in 1971 in England.

The British model of agritourism organization is of interest due to its special types of
accommodation for tourists. The most popular are three relatively cheap accommodation
options: farmhouse accommodation with breakfast only (B&B); in a separate small building,
on a self-catering basis and in a large isolated converted outbuilding with a sleeping area with
beds, a kitchen, bathrooms and designed for 8-15 tourists (bunkhouse).

In parallel to these types of accommodation, in a few areas of the UK, rural VIP tourism
has developed, aimed at the wealthy population, offering accommodation in old manors that
have undergone complete reconstruction, and newly built mini-hotels or houses in a traditional
English style.

In the United States, the most popular destinations for agritourism are the states of
California, Colorado, Hawaii, Montana, North Carolina, Pennsylvania, Vermont, Virginia and
Wyoming. Travelers can choose between fiuit picking, wine and cheese tasting, horseback
riding, fine dining of local cuisine and much more. The cost of living on a farm can be reduced
if a tourist expresses a desire to do simple housework for a couple of hours a day.

A distinctive tradition of American agritourism is state fairs, offering agricultural
expositions, concerts, parades, and carnivals that are accessible to the masses. Some of these
fairs last for 3-4 weeks and receive several million visitors from all over the world. To help
tourists, there are such large resources as FarmStay U.S and agritourismworld.com, where you
can find all the necessary information on agritourism holidays. There are no federal laws
regulating the development of regional agro- and ecotourism in the United States; this
responsibility lies with the enterprises themselves and tour operators who provide marketing
and promotion.

The Western European model of agritourism emerged against the backdrop of the
agricultural crisis, as an addition to agricultural activity, helping to avoid degradation and
depopulation of the rural sector. The leadership of the European Union has created Worldwide
Opportunities on Organic Farms (WWOOF) - a set of international agritourism programs that are
designed to combine tourism with ecological organic agriculture. The formation of a new form of
tourism took place in waves and non-simultaneously in all countries; in a few countries (Austria,
Italy, France) rural tourism existed for a long time without government support.

The European countries of the “first wave”, which proclaimed the transition to the
development of agritourism in the 80s, implemented two types of programs: state and
supranational, aimed at developing the tourism sector in the political, financial, organizational,
legal, and information spheres. Despite the common features of agritourism in Western
European countries, each of them can offer something special, characteristic only of it.

The tradition of welcoming tourists to Austrian farms dates back more than a century,
helped by well-developed agriculture and world-famous alpine landscapes. Currently in

71 = European science Ne 4 (68)



Austria there are over 3,400 farms offering rural recreation services. Today, the main
directions of agritourism are ecological and children's recreation, recreation on grape and horse
farms, recreation for people with disabilities, and recreation on farms in the format of a healthy
diet using organic products. The organization "Urlaub am Bauernhof", uniting 2800 farms in 8
states of Austria, will provide any information regarding accommodation, cultural life,
attractions, sports, barrier-free environment, and offer many related recreation options [2].

A distinctive feature of agritourism in France is the diversity of regions, the combination of
several types of recreation and personal preparation of food from environmentally friendly
rural products. Tourists can be accommodated in farms, villas, apartments, chalets, fishermen's
houses, cottage villages in the coastal zone, and small home hotels. Moreover, only a third of
the owners of agricultural estates are farmers, the rest belong to citizens and tourism
companies. The most famous regions of agritourism are Brittany, the Loire Valley, Provence,
Bordeaux, the reserves of the Cevennes, Vanoise, and the Pyrenees. The forms of recreation
are very diverse: fishing, tours of landmarks and castles, excursions to wineries and cheese
factories, horseback riding, ecotourism to mountain parks and reserves.

Tourism and holidays in the villages and farms of Italy were popular throughout the 20th
century. There are three areas of agritourism: gastronomic (in agricultural farms specializing in
a certain type of product), health (rural settlements in resort areas and national parks) and
sports (specialized sports facilities in rural areas). The most famous regions are Tuscany (25%
of all farms), Sicily, Sardinia, Calabria, Pisa, and the area around Milan.

Agritourism has reached the highest level of development in Spain, where the total number
of rural hotels, farms and villas is more than ten thousand. A distinctive feature of this area of
tourism is the combination of traveling through agricultural regions with relaxation on the
seashore and getting to know the culture and way of life of the country through participation in
traditional festivities and festivals. In addition to rural hotels, farms, villas and ancient
mansions, the following options are available in Spain: “casa rurales” - renting out only part of
a rural house for the summer; “Refugio” and “Fonda” are very budget accommodation options
with a minimum of amenities [3].

In Germany, small businesses in rural tourism are supported by the Ministry of
Agriculture. A prerequisite is a careful attitude towards traditional crafts and maintaining the
skills of running a farmstead. German agritourism estates are united by today's largest resource
landtourismus.de, which presents all types of rural housing. Among German regions, the
Rhine Valley is considered particularly attractive, famous for its winemaking, ancient castles
and various museums. The choice of accommodation is simply huge: horse farms, eco-estates,
houses with various types of baths, rural houses for cyclists, skiers and newlyweds, country
sports centers. Tourists are offered courses in tractor driving, making salted bagels, the basics
of organic cultivation, healthy cooking, gardening, contemplation, and meditation.
Agrotourism in Germany is closely connected with events: many national holidays, folklore
festivals and country fairs attract a large number of tourists from different countries.

The European countries of the “second wave” include recognized leaders of the tourism
industry, for whom it was important to reorganize the industry itself, reduce the environmental
load in traditional holiday destinations and switch tourist flows from the coast to inland areas.
First, these are Greece and Cyprus, whose rural housing stock generally had a high level of
comfort, characteristic of the “first wave” countries.

The Eastern European model of agritourism is characteristic of the “third wave” countries,
which included former countries of the socialist camp and some republics from the USSR that
joined the EU. It was formed in conditions of a poorly developed rural housing stock, required
the development of programs for the reconstruction of villages and therefore became more
expensive compared to the Western European model. The advantage was that the “third wave”
countries developed state agritourism programs based on the ready-made EU model.

The Asian model of rural tourism is practiced in less developed tropical countries, where
private houses are unsuitable for accommodating tourists, but there is a rich tourism potential,
a developed culture of hospitality and a stable influx of foreign tourists. In contrast to the
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Anglo-American model, it is based on national flavor, offers many additional services and
accommodation in specially built national villages and expensive hotels in rural areas.

The analysis of the development of foreign agrotourism allows us to conclude that to
implement any model it is necessary:

e systemic government support for agrotourism farms and agrotourism as a service
sector;

e regulatory, legal and information support for the promotion of agritourism products at
the regional and national levels;

e organization of agrotourism associations and IT resources with databases to create an
agrotourism market on a state scale;

e finance support (system of preferential lending or subsidies for agricultural farms).
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B3AVMOJIEMCTBUE BY3A U IPEAITPUSATHS: OIIBIT
BA30BOM KA®EJIPHI IO ITOJATIOTOBKE
KOHKYPEHTOCHOCOBHBIX BbIITYCKHHUKOB JJISA
PEI'MOHAJIBHOI'O PBIHKA TPYJIA
Kononasinckuii [I.A. (Poccuiickas ®enepanus)

Kononnsncxuil [mumpuii Anexceeguu — Kanouoam neoazoeudeckux Hayk, OOyeHm,
bazoeas kagedpa 6 2. Jlenuncke-Kysneyxom,
Tomckuti 20cy0apcmeentvlii apXumeKnypHo-Cmpoumenvhbvlil yHusepcumen, 2. Tomck

Annomayun: ¢ cmamve aHarU3Upyemcs npoodiema no020MOGKU KOHKYPEHMOCNOCOOHbIX
BbINYCKHUKOG 8Y3d, HOCPEOCMBOM 0000UjeHUst ONbIMA CO30AHUSL CUCIEMbL 83AUMOOETICMEUs.
ey3a u pabomooameneil, opeanusayuu 0a3060U Kageopsl, Yuéma cneyupuru u
nompe6Hocmell  pecUOHANbHOZ0 pblHKA mpyod. B kauecmee 0cHo6HO20 noOxooa
npeocmasneHo  20Cy0apCmeeHHO-4aCcmHoe NApMHEPCME0 N0 NO020MO8Ke  KAOpos,
gblOeNieHbl €20 HanpaeneHus u gopmol. Oxapakmepuzoéana OesmeibHOCmb 6a3060i
rkageopul. Onpedenena cneyu@urka pecuoHAIbHO2O PbIHKA mpyod, e20 NOmpeOHOCU 6
Kaopax, Ha OCHO8e KOMOPLIX PA36UBANIOCH 63auMooelicmeue 6y3a u pabomodamenetl,
co30asanace 6a306as Kageopa u OCywecmensiiach no020mo6Kd KOHKYPEHMOCHOCOOHbIX
cneyuanucmos. Ilpeonosxcenvt psad MepOnpusmuil 1o Op2aHu3ayuu  63auMo0etiCmeus
CMyO0eHmos ¢ NOMEHYUATbHLIMU PAOOMOOaAmesIMU.

Kniouesvie cnosa: 6y3, cmydenmol, pabomodamenu, 3aumodelicmaue, bazosas kageopa,
PBIHOK mMpyod, KOHKYPEHMOCHOCOOHbLE GbINYCKHUKU

INTERACTION BETWEEN UNIVERSITY AND ENTERPISE:
EXPERIENCE OF THE BASIC DEPARTMENT IN PREPARING
COMPETITIVE GRADUATES FOR THE REGIONAL LABOR
MARKET
Konoplyansky D.A. (Russian Federation)

Konoplyansky Dmitry Alekseevich — PhD in pedagogics, Associate Professor,
BASIC DEPARTMENT IN LENINSK-KUZNETSKY
TOMSK STATE UNIVERSITY OF ARCHITECTURE AND CIVIL ENGINEERING, TOMSK

Abstract: the article analyzes the problem of training competitive university graduates by
generalizing the experience of creating a system of interaction between the university and
employers, organizing a basic department, taking into account the specifics and needs of the
regional labor market. The public-private partnership for personnel training is presented as
the main approach, its directions and forms are highlighted. The activity of the basic
department is characterized. The specifics of the regional labor market, its needs for
personnel were determined, on the basis of which the interaction of the university and
employers developed, the basic department was created and the training of competitive
specialists was carried out. A number of measures are proposed to organize the interaction
of students with potential employers.

Keywords: university, students, employers, interaction, basic department, labor market,
competitive graduates.

BBenenne.
AKTyaJbHOCTh  NPOOJIEMBI  COBEPIICHCTBOBAHUS  Iporecca TpodeccroHaIbHOMI
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TOATOTOBKM  BBITYCKHUKOB ~ By3a  OOYyCJIOBJIEHa  M3MEHSIONMMHUCS  COLMAJILHO-
SKOHOMHYECKHMH YCIOBHSMH, ONPEACISIOMNMI HE00XO0AMMOCTh OBICTpPOI ajanTanyu
BBIITYCKHUKOB Ha COBPEMEHHOM pBIHKE TpyJa M HACYIIHBIMHU ITIOTPEOHOCTSIMH 3KOHOMUKH
peruona [1]. Tlostomy riaBHOH 3amaueil By3a sIBIsieTCsl OOecHedeHHE IOTPeOHOCTEH
oTpaclieil pernoHaIbHON 3KOHOMHKH B TIOATOTOBKE KOHKYPEHTOCIIOCOOHBIX CHEHaIIFCTOB.
Ha rocynapcTBeHHOM ypOBHE CTOMT 3ajaya TFapMOHU3MPOBAaTh OTHOLIEHHS B IIETOYKE
«TOCY/IapCTBO-BY3-paboToqaTeNIn», YTO 00ECHEYUT KOHKYPEHTOCHOCOOHOCTh MOATOTOBKH
CHELHUAIICTOB BHICIIMMH YU4eOHBIMU 3aBEJICHUSIMUA B COOTBETCTBUH C TPEOOBaHUSIMHU PHIHKA
Tpyna [2].

[o HameMy MHeHUIO, 0c000€ 3HAYCHHE B YCIIOBUSX HAPACTAIOIIEH KOHKYPEHIINH MEXITY
BBICHIMMHM ~ Y4eOHBIMH  3aBEACHHSMH 32 aOWTYPHEHTOB, aKTyaJH3allH BOIIPOCOB
KOHKYPEHTOCIIOCOOHOCTH BBIIYCKHHKOB BY30B Ha DPBIHKE TpY/Aa, YCHJICHHS IMpoOiIeM HX
TPYIOYCTPOHCTBA, MPUOOPETAr0T BO3MOKHOCTH BY3a COJEHCTBOBATh MPOQecCHOHATBHOM
Kapbepe BBIITYCKHUKOB BY3a-MOJIOJIBIX CIielMaucToB [7]. B ocHOBe Takoi paboThl JOmKHA
JIeKaTh HalaXEHHas CUCTeMa B3aMMOJCHCTBUS By3a C pabOTOHAaTeNsIMH C  YYeTOM
KOMILJIEKCHOM TMarHOCTUKU COBPEMEHHOT0 PhIHKA TPYZa U TPAaHCIMPOBAHUS BO3MOXKHOCTEH
pBIHKa 00pa3oBaTeNbHBIX YCIYT, a Kak OMHOM M3 (OpM Takoro B3aWMOJEHCTBHUS MOXET
SIBIIAITHCS Oa3oBast kadespa, co31aHHAsI COBMECTHO C MPOQIIBLHON OpraHn3alueii.

H3/10:keHHEe OCHOBHOT0 MaTepHaJia CTAThH.

B xonme npoBegeHHOro HaMM HCCIE[OBaHMsA ObUla CO3AaHAa CUCTEMa roCyJapCTBEHHO-
4acTHOro napTHepcTBa. L{enbio Takoii crcTeMbl SBIISIOCH 00ECIIeYeHNE BRICOKOTO KauecTBa
npo¢eCCHOHANBLHOM TOATOTOBKH CIICIHAINCTOB HA OCHOBE KOMIUIEKCHOTO COTPYIHHUYECTBA
C 3aMHTEPECOBAHHBIMU OPTaHU3AIMSAMH - CTPATETHYECKUMU MMapTHEPAMHU.

B npoBeseHHOM HaMU HCCIEAOBAaHUU CHCTEMbI (DYHKIIMOHAIBHOTO B3aUMOJICHCTBHS U
COTPYJHHYECTBA BCEX YYACTHUKOB MOATOTOBKU KOHKYPEHTOCIOCOOHBIX BBIITYCKHHUKOB BY3a,
rIe IOCTPOCHHE MOJOOHOH CHCTEMbI MNPEAIONAran0 OpraHU3alMi0 TOCYIapCTBEHHO-
YaCTHOTO IApTHEPCTBA MEXIY BY30OM W  INPOMBIIUIEHHBIMU  (CTPOUTEIBHBIMH)
MIPEANPUSATUIMH, OCHOBAHHOTO Ha BOBJICUCHUH JCHCTBYIOIIUX MPEINPUATHH, SBISFOLIUXCS
MOTEHIUAJIBHBIMH Pa00OTOAATENAMY, B BOCIIMTATEIbHO-00pa30BaTENbHBIA MPOLECC, a TAKKe
B Iporecchl (JOPMUPOBAHUS U M3MEPEHUsI KOHKYPEHTOCIIOCOOHOCTH BBITYCKHUKOB BY3a U
MOBBIICHUS YPOBHS X MOTUBALMH K OynyIeil mpogecCHOHANBHON IeITeIbHOCTH;

B kadecTBe KIIIOUEBBIX HAINpaBJIECHHH TI'OCYJapCTBEHHO-UAaCTHOIO MapTHEPCTBA IpU
(opMHPOBaHUN KOHKYPEHTOCIIOCOOHOCTH BBITYCKHUKOB OBLIN ONPEAENICHBI CIEAYIOLIHE:

— BOCCTAHOBJICHHE B PaMKaxX B3aMMOJEHCTBUSI BY30B C PabOTONATENAMHU CBs3EH
MIPEAIPUSITHI U BY30B;

— (dopMHpOBaHHE MEXaHU3MOB M METOIHK NPOrHO3MPOBAHMS CTPYKTYPHI PHIHKA
TpyJa Ha YpOBHE PErHOHa M OTPACiH UISl COBMECTHOIO ONpeleneHus Npopuist U o0bema
MIOATOTOBKU CIIEIIMAIINCTOB, B OTHOLICHMH KOTOPBIX OyAET CyIIECTBOBAaTh CIIPOC CO
CTOPOHBI paboToHaTeNeH;

— B3aMMOAECHCTBHE ¢ paboTomaTelsIMM IIPH  ONpENENEHHH TpeOOBaHMH K
KBaIM(HUKAINA KOHKYPEHTOCIIOCOOHBIX BBIITYCKHUKOB;

— (bopMupoBaHe 00ECIIEUNBAIOIINX ITOJTOTOBKY CIICIIHAICTOB Ha OCHOBE y4eTa
MMEIOINXCS U TIePCIIEKTUBHBIX TIOTpeOHOCTEN paboronateneil (PMHAHCOBO-DKOHOMHYIECKIX
MEXaHU3MOB;

— (opMHpOBaHHE TEXHOJIOTWI MOHUTOPHHIA COCTOSHUS PBIHKA, UX IPHMCHECHHE
IUIsL  YCTpaHeHWs pa3pblBa MOTPEOHOCTEH pBIHKAa Tpyna B KaapaX HeoOXOTUMOH
KBTM(pHKaUUKM W TpeOOBAaHWI B OTHOMICHMH BO3MOXXKHOTO YPOBHS ITOATOTOBKH
BBIITYCKHUKOB CO CTOPOHBI paboTonaTenel [3];

AKIEHTHpYsT BHHUMAaHHE Ha HEOOXOAMMOCTH pa3BUBaTh TOCYAAPCTBEHHO-YACTHOE
MIAPTHEPCTBO NPH (OPMUPOBAHMH KOHKYPEHTOCTIOCOOHOCTH BBIITYCKHHUKOB, MBI IIOJIaraem,
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YTO CIlelyeT B paMKax B3auMOJEHCTBHS C pabOTONATENsIMU OCYLIECTBISITH CIIETYIOIINE
MEpOIIPUSTHS:

- OpraHU30BBIBaTh YYMTHIBAIONIMNE WHIWUBHIYyaJbHbIE OCOOEGHHOCTH  OyIymmx
CHELHUATIICTOB CTAXKUPOBKH U Y4eOHO-TIPON3BOCTBEHHBIE TIPAKTHKH;

- OpraHM30BBIBATH Mpo(eccHoHaFHOE 00yUYEeHHE CTYICHTOB Ha MPEANpUITHsIX [6];

- OTKpbIBaTh IIPOM3BOJICTBEHHBIE HAYYHO-HCCIIETOBATENBCKIE JlabopaTopun, 0a3oBbIE
Katenpsr;

- ISl IPOBENIEHHS 3aHATHH MPAaKTHYECKOTO M JIAOOPATOPHOI'0 XapakTepa - COBMECTHO
HCIIONIb30BaTh MaTepPHaIbHO-TEXHIYECKYIO 0a3y.

B 5TOi#l CcBsSI3M B KauecTBe OCHOBAaHWS JUISL OCYIIECTBJIICHHS Ha IMPAKTHKE KOHIEHIINU
(opMHUpPOBaHUST KOHKYPEHTOCIIOCOOHOCTH BBITYCKHHUKOB C Y4E€TOM MPHCYIIEH PHIHKY Tpyna
pervoHa crneuu(uKd BBICTYNAIOT CYIIECTBYIOUIME Ha pPETHOHAIBHOM pBIHKE TpyZAa
cTpaTteruueckue morpedHoctu [8].

[TonHoLIEHHOE BOBIICUEHHE CTYIEHTA B MPAKTHYECKYIO NESTEILHOCTh HEBO3MOXHO 0e3
OpraHu3allii KOHTAKTa C MOTCHIMANIBbHBIM paboromarenem [5]. Tombko HaOmomast 3a
JIeATENLHOCTBIO AEHCTBYIOIIMX CIIEHAIMCTOB U IPUHUMAs B HEHl yJacTHe, CTYJeHT MOXKET
COCTaBUTH IpencTaBieHue o Oynymeit npodeccun. [ToaTroMy ¢ mepBoro roga o0yueHus Ha
OCHOBaHHH 3apaHee JTOCTHI'HYTHIX JIOTOBOPEHHOCTEH B paMKaX roCyAapCTBEHHO-YaCTHOTO
NapTHEPCTBA PEKOMEHIYETCs CIIeTyIOIIee:

- OpraHuzanusi «IPaKTHYECKUX» B I03HABATEIbHOM OTHOIICHHH OKCKYpPCHU
CTYJEHYECKHX TPYII Ha ASHCTBYIOIIEe NPEANpUATHE (B YUPEXKIACHHUE);

- Ha3HA4YCHHUC TIIOCTOSAHHOIO M 3aHATOIro JIMIIb 3THUM HAaCTaBHHKa HpaKTHqCCKOﬁ
JIeATETLHOCTH CTYJICHTA Ha MPEANPUSITHH;

- COrJIacOBaHHME TEMAaTHK HCCIEIOBATEIbCKUX, KYPCOBBIX M KOHTPOJIBHBIX pPabOT
CTYZIEHTa CO CBOMM HACTaBHUKOM Ha IPEIIPHATHH;

- OIpeJieNIeHNe ©KEMECSUHBIX YacOB [UIsl JUYHOI'O KOHTAKTa CTYAECHTa C HACTABHUKOM C
LIEITBIO TTPOSICHEHNUS JUIsl TIEPBOTO MPOU3BOICTBEHHBIX U UCCIIEI0BATEIBCKUX BOIPOCOB;

- OKCMEpTHas OLIEHKa HACTaBHUKOM KakK JOCTI)KEHMH CTyJIEHTa Ha KaXXJOM TOIy
Oo0ydeHHUs, TaK M €ro JMYHOCTHBIX KayecTB, B IIEPBYIO OuYepenb, OTBETCTBEHHOCTH WU
LIEJICYCTPEMIIEHHOCTH CTYJCHTA;

- OpraHu3alys ¥ MPOBEIEHUE CO CTOPOHBI NMPENPUATHS (YUPEKICHUSI) CTYAEHUECKUX
KOHKYPCOB B paMKax BOBIICUCHHS B IPO(ECCHOHANBHYIO IeSITeNbHOCTD [12];

- coZIeiCTBHE HACTAaBHHKA B TPYHOYCTPONCTBE BBIIYCKHHMKA By3a Ha COOTBETCTBYIOIIIEE
npennpusTue (B yapexxaenue) [11].

bazoBast kadeapa DI'OY BO «Tomckuil TocyqapCTBEHHBIH — apXUTEKTYPHO-
CTPOUTENbHBIN yHUBepcuTeT» B I. JleHnHcke-Ky3HenkoMm Oblia co3gaHa COBMECTHO ¢
npoduneabM npeanpustaem OO0 «3koCrpoii JIK» B nemnsix:

- MPaKTUYECKOW MOATOTOBKM OOYYAIOMIMXCS MO OCHOBHBIM 00pa30BaTeNbHBIM
nporpammam (OOII), HanpaBiIeHHBIM Ha (OPMHPOBAHUE, 3aKPEIUICHUE U Pa3BUTHE YMEHHUH
U KOMIIETeHIINH, U MpelycMaTPUBAIOIIed BO3MOXKHOCTh NPOBECHHS BCEX BUIOB Y4eOHBIX
3aHATHH W OCYIIECTBICHUS HAYYHOW [ESITEIBHOCTH; MOATOTOBKKA KampoB miasi OO0
«QxoCrpoit JIK»;

- COBEpIIEHCTBOBAHUS KadecTBa OOpa3oBaHWSI IIyTEM HCIIOIb30BAaHHUSI B
00pa30BaTENILHON MESITENFHOCTH PE3YIBTATOB HAYYHO-HCCIIEOBATENBCKAX padoT, HOBBIX
3HAaHUH W JOCTIDKCHWH HAYKH M TEXHUKH, PACIIMPEHUsS] MCCIIEN0BATEIHCKOTO MPHHIUIA
o0ydeHHss W HayJdHOW COCTaBJISIOIICH OOpa3oBaTENbHOM AEATENFHOCTH, B TOM YHCIE
MIPUBJICYECHHUS OOYUYAIOIMXCSl K MPOBEACHHUIO HAYYHBIX HMCCIIETOBAHMH IO PyKOBOICTBOM
HayJHBIX PAOOTHUKOB YHUBEPCHUTETA,;

- IIOATrOTOBKH KOHKypeHTHOCHOCO6HLIX CIICIUAJIHUCTOB Ha OCHOBC
COBCPHICHCTBOBAHUA Ka4eCTBa O6pa3OBaHI/I${ OyTeéM HCIOJb30BAHHA B O6paBOBaT€HLHOI>'I
ACATCIIBHOCTU PE3YJIbTATOB, HOBBIX 3HAaHHN H COBPEMCHHBIX ,Z[OCTI/I)KGHI/Iﬁ HAayKn H
IpONU3BOACTBA,
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- COBEPILIEHCTBOBAHMS 00Pa30BaTENIFHOIO MPOIIECCca, YCUICHHS €r0 MPaKTHYECKOH
HaIpaBJICHHOCTH Ha OCHOBE TPHBJICYECHUs] K MPENOJABAaHUIO BHICOKOKBAIN(HIIMPOBAHHBIX
CHELNATNCTOB-TIPAKTUKOB ¥ HCIIOJBb30BaHMS MaTepHalbHO-TeXHHYecKoH 6a3sl OO0
«9xoCrpoit JIK»;

- WHTErpalvy HayKd, BBICIIETO O0Opa3oBaHMS U MPOW3BOICTBA JUISI TOITOTOBKH
BBIITYCKHUKOB TIr'ACY, OpPraHU3alMOHHO-METOANYECKOE COIPOBOXKICHUE
poeCCHOHANBHON ITONTOTOBKH; IPOBEICHUE COBMECTHBIX HAYYHBIX MHCCIENOBAaHHN IO
MIPUOPUTETHBIM HAIPABICHUSAM TEXHHKH W TEXHOJIOTHi; 3()(EeKTHBHOE HCIOIB30BaHHE
unHoBanonHoro noreHnuana TTACY u OO0 «39koCrpoit JIK.

JJist moCTHKEeHMS OCTaBJIEHHBIX 1IeNei ObUIN PEeleHbI CIIeNYIONINe 3a/1a4H:

- OCYILECTBWIN KOMILUIEKCHOE B3aUMOJEHCTBUE B 00pa30BaTeNbHON, HAYYHOH U
WHHOBaLMOHHOM cdepax ¢ Opranuzanuei - crparerndyeckum naptaepom TTACY;

- peann3oBaii MPOrpaMMbl MOATOTOBKH KaJpoB B HHTepecax OpraHuzanuu u
peruoHa;

- TPUBJICKIIA K Y4€OHOMY MpOIECCY BBICOKOKBATH(DHUITUPOBAHHBIX PaOOTHHUKOB
Opranu3zanuu;

- npoBeny Ha 6a3e OpraHu3alyy NPAaKTHYECKUE 3aHSITHHA, BCEX BHUIIOB MPAKTHK,
JMIUIOMHOTO  TpoekThpoBanusi  cryneHtoB TT'ACY ¢ memplo  mpuoOpereHwHs
npoeCCHOHANBHBIX YMEHWH W HAaBBIKOB 1O BHIOPAHHOMY HAIPaBJICHHIO, OTBEYAIOLIHMX
TpeOOBaHMAM pbIHKA TPYyJa, Ha OCHOBE 3aKIIOUEHHS IOMNOJIHUTEIBHOTO JOrOBOpa Ha
IIPOBEJICHUE NIPAKTUKU CTYIEHTOB;

- OpraHM30BaJIM LEJIEBYIO MOATOTOBKY CHENMAIICTOB B MHTepecax OpraHusanuy,

- npoBenu CcrakupoBku Ha 0Oaze Opranmszauum npenopaBateneii TIACY u
NOBBILICHUS KBaNMU(UKALMM W  TEPEeNoATrOTOBKM paboTHUKOB OpraHmzaimuu Ha Oase
TIrACY;

- OpraHM30BaJM W IIPOBEIM COBMECTHBIE HAYYHO-HCCIIENOBATENbCKHE PAaOOTH,
COBMECTHBIC HAy4HBIE MEpOIpHUATUS (CeMUHAphl, KOH(epeHIHH) M0 MNPOGUIIO
Opranuzanuy;

- BBIIYCTHJIM COBMECTHBIE HAy4yHble U HAay4YHO-METOAWYECKHE IyOJIMKalny,
COZEHCTBOBABIINE BHEAPEHHIO IIEPCIIEKTHBHBIX pa3paboToK B IPOM3BOACTBEHHBIN IIPOLIECT;

- chopmupoBanu NpEeIIOKEHUS IO 3aJaHUSAM Ha KypCOBOE M IHIUIOMHOE
IIPOEKTUPOBAHHE, BBITIOTHEHUE MaruCTEPCKUX TUCCEPTALIHL;

- MIPOAHANU3UPOBAIN U IOATOTOBIWIIM PEKOMEHAALMH I10 COBEPILICHCTBOBAHUIO
y4eOHBIX IUIAaHOB M PAabOYMX MPOrpaMM y4eOHBIX AMCLUIUIMH [0 HampaBlieHUsM ba3oBoii
Kageapsl ¢ NPUBJICYEHHEM BBICOKOKBaTH()UIMPOBAHHBIX paOOTHHKOB OpraHu3aiuy, CKop-
PEKTHUpPOBANM y4eOHbBIE IUIAHBI B COOTBETCTBUE C MOTPEOHOCTSIMH PETMOHAIBHOTO PHIHKA
Tpyna;

- NPUHSAA ydacTHe B paboTe y4eOHO-METOAMYECKHX COBETOB MO NMPOQUIEHBIM
Jutst Ba3oBoit kadeapsl HapaBIEHUSM TTOrOTOBKH;

- BKJIIOYWIN  BBHICOKOKBATM(HIMPOBAHHBIX paboTHMKOB OpraHmzamyii B COCTaB
TOCY/IapCTBEHHBIX 9K3aMEHAIIOHHBIX KOMHCCHH;

- OKazalmyd CONCUCTBHE B TpyaoycTpoiicTBe BhITycKHUKOB TI'ACY Ha ocHOBe
TIPEIBAPUTENHFHO COMIACOBAaHHBIX 3asBOK HAa IIOMCK M MOXOOp IEPCOHAla Ha BAaKaHTHBIC
JoIpKHOCTH OpraHm3arym.

Ha ba3oBoii kadenpe oCyIIecTBISIOTCS CIeTyIONINe BUBI JeTeTEHOCTH.

1. yaeOHO-MeTOmMYIeCKas AEeSTEEHOCTh:

1.1. Yyacrue B pa3paboTke, yTBEp)KJCHUH B YCTaHOBJICHHOM IOPSJIKE W pealu3aluu
obpazoBarenbHbix mporpamMm  (OIl) TIACY mo COOTBETCTBYIOIIMM HampaBiICHUSIM
TIOATOTOBKH (CHEUATBLHOCTSIM).
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1.2. TIpoBenenue Bcex BWIOB y4eOHBIX 3aHATHH IO AWCHUIUIMHAM, 3aKpEIUICHHBIM 32
Kaenpoil B COOTBETCTBHU C Y4eOHBIMM IUIAHAMM, MPOTpaMMaMH Y4eOHBIX ITUCIUILIVH,
pacricaHueM YYeOHBIX 3aHATHH, PYKOBOJACTBO CaMOCTOSITEJIBHOW pPabOTOH CTYAEHTOB,
MIPOBEEHUE TEKYIEr0 KOHTPOJIS 3HAHMH, 3K3aMEHOB U 3a4ETOB, B TOM YHUCIIE!

= opraHusanys U nmpoBEACHUC BCCX BUAOB IMPAKTHUK CTYJCHTOB Ha MPCANIPUATHUUN C
HCIOJIb30BAaHUEM TEXHOJIIOTMYECKUX BO3MOXKHOCTEH MpCAIPUATUS;

- obecrieyeHne yCIOBUH IS MTOJATrOTOBKH M HammcaHus KypcoBbix pabot u BKP,
yudactie B ¢opmupoBanun Tem BKP, obecrieueHne HaydHOTO pyKOBOACTBA KypCOBBIMH M
BBIITYCKHBIMH  KBaJIM(PUKAIIMOHHBIMA Pa0oTaMu 00y4aroluxcs, PyKOBOJACTBO Yy4eOHO -
HCCIIeIOBATEIbCKON PabOTOMH CTY/ICHTOB;

- YTEHHE CHEHUATBHBIX KYpPCOB, OOECIEYHMBAIOMINX Y4eOHO-HAYUHYIO U
KOHCTPYKTOPCKO- TEXHOJIOTHYECKYIO TIOATOTOBKY M CIIEIHAIN3ALHIO 110 TPOMUITI0 OTpaciu
U TIPEIIPHATHS;

- PYKOBOJZICTBO ITOJrOTOBKOM JINCCEPTAIIMOHHBIX pabOT Ha COMCKaHHUE YUEHBIX CTENeHEeH
cooTtBeTcTBYytomIero npoduis acnmpanramu TTACY.

1.3. Yyactue B Meponpusitiax, npoBoguMbeix TTACY, mo MonepHHM3anuu y4eOHOTO
mpollecca M TOBBINIEHUIO KadecTBa oOydeHus. OOecrieueHre TMOBBIMICHUS KavyecTBa
npenoAaBaHus IMYTEM COBEPIICHCTBOBAHUS HMMCEIOMINUXCA METOAMK O6y‘leHI/I$[, HU3Yy4YCHUE U
BHEJJPEHHE HOBBIX METOAMK U TEXHOJIOTHH 00ydEHHS.

2. HayuHo-uccrnenoBarenbckas A TEIbHOCTD:

2.1. Opranuzanus, MpoBeIeHUE U peaju3alys COBMECTHRIX ¢ OpraHuzaiueil HayqdHo-
UCCIIEIOBATENbCKIX, OMNBITHO-KOHCTPYKTOPCKUX M TPOEKTHBIX PabOT C IpUBJICYEHHEM
CTY/ICHTOB, acllMpaHTOB M TpenonaBarencii ba3zoBoit kadenpel. Co3gaHue TBOPHECKUX
KOJUIEKTHBOB JIJISl peai3allii COBMECTHBIX HAyYHO - MCCIIEIOBATENBCKHUX ITPOCKTOB.

2.2. CopeiicTBUe HayYHO-HCCIECIOBATEIBCKON JEATEIBHOCTH YHHUBEPCHUTETa ITyTeM
NIPUBJICYCHHUS SKCICPUMEHTAJIbHOW M TPOU3BOJACTBEHHOM 0a3bl MpeanpusTUs Ul
BBINOJHEHHS SKCIIEPUMEHTAILHOM YacTH Hay4HO-UCCIIEJ0BATEIbCKUX Pa0OT YHUBEPCUTETA.
ObGecnieueHne  JOCTyma K = TEXHOJOTMYECKOMY  OOOPYZOBAaHMIO  NPEANPUATHA
IpernojaBaTeei 1 HAy4YHBIX COTPYIHUKOB BY3a, B TOM YHCJE IIyTEM MPEIOCTABICHUS €ro
BO BPEMEHHOE T0JIb30BaHHE.

2.3. IlpoBemeHne COBMECTHBIX HAYYHO-TIPAKTHUECKUX MEPONPHUATHHA (CEeMHUHApOB,
KOH(EepeHIN) M0 NPHOPUTETHBIM HAYYHO-TEXHHYECKHM HampasieHusM. OpraHusanus
COBMECTHBIX HaYYHBIX M HAYYHO-METOJMIECKUX ITyOIUKAIIH.

3. JesitensHOCTh TipoduiibHOI OpraHu3anyu:

3.1. OOecrieueHre MPOBENCHUS TPAKTHYECKUX 3aHSITHUH, CEMHHApPOB, JaOOPaTOPHBIX
NPaKTUKYMOB M HWHBIX BHAOB Y4YeOHOH OEATENBHOCTH, IPEIyCMOTPEHHBIX Y4eOHBIM
TUTAHOM.

3.2. IlpemocraBnenue crymeHraM TI'ACY wmect [mig TpoXOoxIeHUs y4eOHOM,
MIPOU3BOJCTBEHHON U NPEIJAUITIOMHON NPAKTHUK.

3.3. Obecrieuenne OpraHW3alyedl YCIOBHI Ui TOATOTOBKH OOYYaIOIIMMUCS
BBIITYCKHBIX KBAIM(UKAIMOHHBIX pPa0OT ¥ HHBIX BHAOB pPadOT, NPELYCMOTPEHHBIX
00pa3oBaTeNpHON MPOrpaMMOii, B TOM YHCJE yJacTHe B (DOpMUpPOBAHHW 3aJaHUN M TEM
JUTUTOMHOTO ¥ KypCOBOTO ITPOEKTUPOBAHMS, 0€3BO3ME3IHOE NPEOCTABICHNE HH(OPMAIIH
U MaTepHajoB, HE SBIAIOMIMXCS KOMMEPUYECKOH TaWHOMW, Ui HAMHCaHWSA BBITYCKHBIX
KBAM(UKAIIMOHHBIX paboT W WHBIX BUAOB paboT, TPEAYCMOTPEHHBIX OCHOBHOM
00pa3oBaTeNFHON IPOTrPaMMOIA.

34. VYwuactme B o0ecredyeHHe pPYKOBOJCTBA, KOHCYJIBTHPOBAHHUS  BBITYCKHBIX
KBAJTM(UKAIIMOHHBIX Pa0OT, BRIIOIHIEMBIX 110 3a1aHIf0 OpraHu3aliim.

3.5. Yuactue B IpOMEKYTOYHON M HTOTOBOM aTTECTALNH CTY/ACHTOB, B PELICH3UPOBAHUH
BBINTYCKHBIX KBaTH()UKAIIMOHHBIX padoT.

3.6. IlpoBenenume HEOOXOOWMBIX OPraHW3AIMOHHBIX MEPONPHATHH, BBIIEICHNE
TIOMEIICHNH M COOTBETCTBYIOIIMX TEXHWYECKHMX W MaTEpUANbHBIX CPEACTB Ha YCIOBHUSX
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0€3BO3ME3THOTO M COBMECTHOT'O HCIIOJBb30BaHMS, HEOOXOMUMBIX ISl JIOCTIIKEHUS
Ka4eCTBEHHOM ITOATOTOBKH CTYJICHTOB C Y4E€TOM BO3MOXKHOCTEH OpraHn3amnun.

3.7. Co3znmanue 0€30MacHBIX YCIOBUN OOYICHHS W COOJIOJICHHE CICIMATbHBIX YCIOBHH
JUIL  TIONYYeHWs  BbICHIEro  oOpa3oBaHMs  OOyYalOIIMMHCS C  OrpaHWYEHHBIMH
BO3MOXKHOCTSIMH 3/I0POBBSL.

[poBeneHHbBI aHAM3 TTO3BONSET OTMETHTH CIEAYIOIIEE - PEryIMpPOBaHIE, 1IeJIb KOTOPOTO
COCTOMT B  ONpENENCeHWH  JIETENbHOCTH, OPUEHTUPOBAaHHOW Ha  (opMHpoBaHHE
KOHKYPEHTOCIIOCOOHBIX BBIITYCKHUKOB, JIOJDKHO OCHOBBIBATBHCSI HA IIOKA3aTeNsX, KOTOpHIE
OTpaXkaloT CrienM(UKY PHIHKA TPY/A PETHOHA, YIUTHIBAIOT MTOTPEOHOCTh PETMOHAIBHOTO PHIHKA
TpyZa B KaJpax BBICOKOH KBasmpukanuy. [1pu sTom KirodeBast mpodiemMa COCTOUT, Kak U paHee,
B HEOOXOIMMOCTH YYUTBHIBATH HHTEPECHI OY/IyIINX CIIENUAINCTOB, KOTOPBIE MOI'YT OTJIMYATHCS
OT OTpeOHOCTEl pernoHaIbHON SKOHOMHUKH.

B Teuenue nocneaHero BpeMeHu paboTonaTeny, NpeACTaBlICHHbIE Ha PhIHKE TPY/a PErHoHa,
JIEMOHCTPHPYIOT 3aUHTEPECOBAHHOCTh B MOJIOTOBKE KaJpOB BBICOKOH KBAJIM(HKALUH IO
IIMPOKOMY JTHaria3oHy CIIENUaIbHOCTEH, a TakKe CHElUAINCTOB, HMMEIOIIUX —BBICIIEE
obpazoBanue. [Ipn SToM Xapakrep NOTPeOHOCTH B YKa3aHHBIX CIEIMAINCTAX SBISIETCS
pasIMYHBIM B Pa3IMYHBIX Topofax M paiioHax oOmactu. CyliecTByeT pas3pblB MEXIy
CIENUAIBHOCTSAMH, KOTOPBIE TIONy4aeT MOJIOAEKb, U XapaKTepoM padoThl, Ha KOTOPYIO
YCTpauBarOTCsl MOJIOIbIE JTFOITH [9].

[To pe3ynpraTamM NPOBEAEHHOTO MCCIEIOBAHUS BBIBICHO, YTO OCOOCHHOCTh PHIHKA TPYZAa
00JaCTH COCTOMT B HAJIHMYWH CIICIUAIUCTOB, TPEOYIOIMXCs Npodwis W KBanudukaimy;
CYILIECTBOBAHUM  KOOp/IMHAIIMM  JICSTEIFHOCTH, B paMKax KOTOPOH  OCYIIECTBIISETCS
KOJUICKTUBHOC TPOABWKEHUE TOBAPOB W YCJIYIr, B 3HAYUTCIBHOM 4YHCIC YYaCTHHKOB,
HCO6XOJII/IMOM JJIsT TOro, YTOOBI TMOJIYYUTH TIOJOKHUTEIBHBIC PE3YJIbTAThl KIACTEPHU3aAlINU;
TEPPUTOPUAIIEHON KOHLICHTPALMU IIPEIIIPUSTHH.

[poBeneHHbI# aHaNM3 TO3BOJMJI YCTAHOBHUTH, 4YTO (DaKTOpaMH, ONPEICISIONMU
COCTOSIHHE, B KOTOPOM HaXOAWTCS PHIHOK TPYy/Ia PETHOHA, SBIIIOTCS: YPOBEHb 3apIUIaThl; CIIPOC
U TpeUIOKEHUE TPYIOBBIX PECYpPCOB; COKpAIlleHHe KOIMYeCTBa PAaOOTHHKOB B HEKOTOPBIX
OTpacIsixX, SIBISIFOLIMXCS TPUOPUTETHBIMH, COCTOSIHHE 3/I0pPOBbsi PAOOTHHKOB; YBEITHYCHHE
MaciTaboB KPaTKOCPOYHOW 3aHSTOCTH; YPOBEHb Pa3BHTHSI CIIOCOOHOCTH TPYIOBBIX PECYPCOB
pETMOHa K UWHTEHCUBHOW W IPONO/DKUTENBHOM TPYHOBOM JEATENBHOCTH; TEHACHLIMSA
COKpAIlleHHs] TIEpCOHAIa Ha CPeNHMX M KPYIHBIX NPEINPUATHSIX PErHoHa; oTpacieBas U
MPOCTPAHCTBEHHAs] KOHIEHTPAIls MPEUIOKEHHS TPYAOBBIX PECYPCOB; YBEIUYEHUS
3HAYUMOCTHU TPYIOBOM MUTPALIMU - BHEIIHEW U BHYTPEHHEM.

B kavecTBe MOTEHIMANIBHOrO padoTOmATelNls MPEINpHUsITAE MMEET IPaBO BBICTYNATH C
MPE/JIOKEHUSIMU  TI0 COBEPIICHCTBOBAHUIO 00pa30BaTENILHOTO Tpolecca U COAEpIKAHUS
0o0pa3oBaHUsi B COOTBETCTBMM C TpeOOBaHWsMU Oynymield  npodeccHOHANbHON
JesTenbHOCTH cTyaeHToB [10].

B kadecTBe 31eMeHTa OpraHU3aIMH TOCYJapCTBEHHO-YAaCTHOTO ITAPTHEPCTBA BHICTYIIAa
MIpeaBapuTeNbHasl IOATOTOBKA MENAroroB, MPENOAAONINX CIIeHaIbHbIe AUCIUILTHHEI [4].
Jns nocTmKeHHs MaHHBIX IeNiell OCYIIEeCTBIUIOCh B3aMMOIICHCTBHE C TpeACcTaBUTEIEM
paboromartens, BBICTYIIABIIMM B pOMM HACTaBHMKA, II0 BOMPOCAM, CBS3aHHBIM C
poeCCHOHANBHOMN JEATETHHOCTHIO OYIYIIMX CHEIHUATNCTOB, YTBEPKICHHE B COBMECTHOM
mopsiike rpaduKoB M BHIOB pabOT, KOTOpPHIC CIIEAYeT BBITIONHATH CTYACHTaM, IUIAHOB U
IIPOTrpaMM MPOU3BOJICTBEHHOT'O O0yICHHUS.

BriBoabI.

HccnenoBanne mMO3BONIMIO BBISIBUTH, YTO B3aUMOACUCTBUE MEXAY PETHOHANIbHON
cucteMord 00pa3oBaHUS W TPOQECCHOHATHHO-00PA30BATEIBHEIM KIACTEPOM OOECIICUUT
BO3MOYKHOCTh KOPPEKTHPOBKH MEXaHHU3MOB W (DYHKITMA B3aMMONCHCTBHS MEXKIY BY3aMH,
TIPEANIPUATHAMH, OOLIECTBEHHBIMH OPTaHM3ALMAMH M TOCOpraHaMH IpH (OPMHUPOBAHUH
KOHKYPEHTOCIIOCOOHOCTH  BBIITYCKHUKOB; COKpAIleHWs pa3pblBa YPOBHA YCIYT II0
npoopueHTanIMM M 3aKaza Ha (popMHpOBaHHE KOHKYPEHTOCIIOCOOHOCTH BBIMTYCKHHKOB;
COTJIaCOBAaHUSI METOZOB, ¢opM, GYHKOWH, 3amad, Ieldeld pPEernoHaJbHON CHCTEMBI
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npodopueHTaIMK €  3a7adaMy, LeNAMH, (QYHKIMSIMH  CHUCTEMBl  (OPMHUPOBAHHMS
KOHKYPEHTOCIIOCOOHOCTH BBIITYCKHUKOB BY3a.

MBI UCXOIWIIM M3 TOTO, YTO, (GOPMUPYS OpraHU3ALMOHHO-TIEArOrnIecKie yCIOBHH B
paMKax CHCTEMBl B3aUMOAEHCTBHS MEXAY BY30M, IpenofaBaTeleM, CTYyIEHTOM U
paboronareneM oOecrieuMBaeTCsl BOSMOKHOCTh MOOMJIM30BATh MOTEHIMAT CTYAEHTOB, WX
TBOPUECKHE W WHTEJUIEKTYyaJbHBIE CIIOCOOHOCTH, CTHUMYJIHPOBAaTh HX CTPEMIICHHE K
CaMOpa3BUTHIO B ITPO(EeCCHOHATEHOM OTHOIIEHHUH 3a CUET MPAKTHIECKON AESTeIBHOCTH 110
pelreHuto npodeccHoHaNbHBIX 3azad. lleneHampaBieHHoe (GOpMUpPOBaHUE YCIIOBUH
rOCYyIapCTBEHHO-YaCTHOTO NMAapTHEPCTBA, CIIOCOOCTBYIOIIMX AKTHBHOMY B3aMMOJECHCTBUIO
MEXIy By3aMH M OpTaHM3aLMsIMUA NpU (OPMHUPOBAHUN NPO(ECCHOHANBHBIX KOMITETEHIIUIH
CTY/ICHTOB, IIO3BOJIJIO OOECIEUYHTh KOHKYPEHTOCHOCOOHOCTH BBIITYCKHHKOB C YYETOM
MIPUCYIIUX PHIHKY TPYy/Ja PETHOHA OCOOEHHOCTEH.
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I'aeBa A.B. (Poccuiickas ®Degepanus)

l'aesa Anna Braoumuposna - cmapuiuti npenooasamen,
Qunuan Poccuiickozo 2ocydapcmeenno2o npogeccuonanbHo-nedazosuyeckozo yHusepcumema 6
2opooe Huowcnem Tacurne,
2. Huorcnuu Tazun

Annomayun: 6 cmamve U3NONCEHbL OCHOBHbBIE TNOLONCEHUs KOHUENYUU 6IACu 8
Gunocoghcro-norumuuecxou konyenyuu b. Paccena. Ha ochoge Ouckypc-ananusa evloeneHo
onpedeienue NOHAMUSL «BIACMbY, NPEOCMABIEHA MUNONO2USL GIACMU, d MaK Jice
PAccMOmMPeHo COOMHOUleHIe NOHAMULL «61ACTby U «noaumuxa». B yenom, npedcmasgnena
VHUKAIbHASL AHATUMUYECKAsl KOHYenyus gnacmu. /lannas Konyenyus 1acmu Moxcem ovlmo
UCNONb308AHA 8 Kayecmee MemoOOI0SUecK020 OCHOBAHUSL 8 NOHUMAHUU ONpPeoesieHHbIX
mem 6 npoyecce obyueHus cmyoenmos 6 evicuiel wxone. Ilo maxum npeomemam Kax
Qunocogua, coyuonozus, NOAUMONOUA U  OPYeUM  MEHCOUCYUNTUHADHBIM  KYPCAM.
Memoouxa Ouckypc-ananuza no3gonsem UHMePNPemuposams OCHOBHbIE NOJOHCEHU
meopuu B. Paccena u packpeimv CywHOCMb U cOOepicaHue Mmakoeo (heHomeHa
uenogeuecko20 obujecmea, Kak 6aacmv. DleMeHmbl NpeocmaeieHHO20 OUCKYPCUBHO2O
ananuza mozym Oblmb UCNOL306AHbI KAK HA MEOpemuyecKux, max u Ha NpaKmuieckux
3auAmMuAX 6 evicwel wKone. Memoduka npeononazaem —8CeCMOPOHMUL — AHATU3
NepeoUCMOYHUKA, €20 pa3oeieHue HA OMOelbHble CMbICI08ble Yacmu U PopMuposanue
yenocmuo2o npedcmasieHuss o uccieoyemom AgneHuu. CneoogamenvbHo, npeocmasieHHbili
OUCKYPCUBHBIL AHAU3 MOdHCem Oblmb onpeoeneHHbIM MemoOUudecKUM pyKO8OOCEOM Npu
aumanuse nepeoucmoynHukos. B nawem ciayyae smo paboma b. Paccena «Power: A new
social analysisy.

Knrouegvle cnosa: ouckypc-ananus, 61acmo, ROIUMUKA, MUNbL 6IACMU, MUNOLO2US BACTU,
b. Paccen.

DISCOURSE ANALYSIS OF B.RUSSELL'S PHILOSOPHICAL AND
POLITICAL RESEARCH "POWER: A NEW SOCIAL ANALYSIS"
Gaeva A.V. (Russian Federation)

Gayeva Anna Viadimirovna - Senior lecturer,
BRANCH OF THE RUSSIAN STATE VOCATIONAL PEDAGOGICAL UNIVERSITY IN NIZHNY
TAGIL,
NIZHNY TAGIL

Abstract: the article outlines the main provisions of the concept of power in the
philosophical and political concept of B. Russell. Based on the discourse analysis, the
definition of the concept of "power" is highlighted, the typology of power is presented, as
well as the relationship between the concepts of "power" and "politics" is considered. In
general, a unique analytical concept of power is presented. This concept of power can be
used as a methodological basis for understanding certain topics in the process of teaching
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students in higher education. In subjects such as philosophy, sociology, political science and
other interdisciplinary courses. The method of discourse analysis allows us to interpret the
main provisions of B. Russell’s theory and reveal the essence and content of such a
phenomenon of human society as power. The elements of the presented discursive analysis
can be used both in theoretical and practical classes in higher education. The methodology
involves a comprehensive analysis of the primary source, its division into separate semantic
parts and the formation of a holistic view of the phenomenon under study. Therefore, the
presented discursive analysis can be a definite methodological guide in the analysis of
primary sources. In our case, this is the work of B. Russell "Power: A new social analysis".
Keywords: discourse analysis, power, politics, types of power, typology of power, B.
Russell.

VIIK 37.372.83

B coBpeMeHHOH cOIMAaIbHO-NIOMTUTHUECKOW HayKe IMOHATHE «BJACThY) SBIAETCA
LEHTPAJIbHBIM TOHATHEM, KOTOPOE MOABEPTaeTcsl BCECTOPOHHEMY HAy4YHOMY aHalIu3y. JTo
SBIIETCA HECIy4allHbIM, TaK KaK OHO SBJIAETCA MCXOJHON eAMHUIIEH, OCHOBaHHEM
OpraHHU3alNH COILMATBHO-TIOIUTHYECKON JKU3HH JII000T0 0011ecTBa.

CoumanbHo-nonutHyeckass W ¢uinocodckas AUCKYyCcCUsl O  BJAacTH, KOTOpas
pa3BopauMBaeTCs B HayKe, KaK KIacCHYECKOH, TaK M COBPEMEHHOM CBs3aHa C MHOXKECTBOM
METOJOJIOTrHYCCKUX JHUIICMM.

Hcrnonb3ys MeTo]| IUCKypc-aHaIn3a MHe Obl XOTeloCh OOpaTHTh CBOE BHHUMaHHE Ha
COBPEMEHHYIO U OPUTMHAJIBHYIO KOHLIEIIINIO BIIACTH, BRICTpOeHHYI0 beprpanom Paccenom
B pabore “Power: A new social analysis”, koropas mpeacTaBisieT COO0OH CHHTE3
COLIMAJIBHOTO, ITOJMTHYECKOro, (rioco)ckoro M MCHXOJOTMYECKOTO aHalIM3a BIACTH.
Paccern BriepBbIe criena NOMBITKY PACCMOTPETh BIIACTh KaK CIOKHOE, MHOTOCTPYKTYPHOE U
MHOTO(YHKIIMOHAJILHOE SIBJICHHE, KOTOpPOE 3aTparkBaeT BCE CTOPOHBI OOLIECTBEHHOT'O
OBITUS ¥ CYIIHOCTh YE€JIOBEYECKOM JITUHOCTH Ha BCEX YPOBHsX ee motpedHocreit. [loaTomy
aHaJM3 BJIACTH, U3JIOXKEHHbIH Paccenom, sBIIsSeTCsl JOCTaTOYHO MHTEPECHBIM M TOJIE3HBIM
JUIS €€ JaJIbHENINIEro TEOPETUIECKOro M IMIIMPUIECKOr0 PACCMOTPEHHUS B HAYyKe.

1. Cymmnocts Bnactu B koHnenimu b. Paccena.

Haumnas cornmanbHblii aHanmm3 Biactd, b. Paccen ¢ ompenenenus crenuduku
YeJoBeuecKoil mpupoasl. Pacces oTMeudaeTr 4To, MEXIy UYeIOBEKOM U JPYTHMMU >KUBOTHBIMU
UMEIOTCSl  pa3sHOOOpasHble pa3IWyus, HEKOTOpble HWHTEINIEKTyalbHble, HEKOTOpPHIS
SMoIMOHaNbHble. OIHO W3 TJIaBHBIX 3MOLMOHAJBHBIX Pa3IMYUi - TO, YTO HEKOTOpBIE
YeJOBEUECKHE HKETaHUs, B OTIMYME OT XKEINaHWH >KUBOTHBIX, SBISIFOTCS IO CYIIECTBY
0e3rpaHMYHBIMH U HECIIOCOOHBIMH K IIOJHOMY YIOBJICTBOpPEHHMIO. 3 OGecKOHEeYHBIX
KEJTAHUHM YeJI0OBEKa OCHOBOIIOJNATAIONIMMHE SIBIIAIOTCS JKEJIAHWS BIACTH W CIABbl, KOTOpBIE
MOT'YT OBITh PAaCIIEHEHBI OJJUHAKOBO, C LIENBIO JTOCTHKEHUS IPAKTHUECKUX LETIEH.

Bracte, sBisieTcsl LEHTPATIbHBIM TOHATHEM U NPOOIEMON COLMANbHBIX HAyK, TaK K&
Kak SHeprusi sBiseTcs (yHIamMeHTanpbHOW KoHuenuueidl B ¢usuke. [lomoOHO sHepruw,
BJIACTh UMEET MHOr0 (OpM, THIIOB OOTaTCTBAa U BOOPYKEHHS, IPAKTAHCKUX ITOITHOMOYHUH,
BIHMAHHE Ha MHEHHe. Hu o7lHa M3 NaHHBIX XapaKTEPUCTUK HE MOXKET OBITh pacIiCHEHa Kak
MMOJYUHEHHAS 000N Npyro, W HET HU OJHOW, OT KOTOpOH OBl Apyrue SBIUTUCH
npon3BoaHbIMH. [lombITka OOpamieHust K OfHOM u3 (GOpM BIACTH, O3HAYAET, HAPUMED,
paccMoTpeHne 0oraTcTBa B M3OJISIMM, ¥ OHA MOXET OBITh JIMIIb YaCTHYHO YCIIEIIHA, TaK
Ke, KaK M3y4eHHEe OIHOH (OpMBI 3HEpruu OynmeT neeKTHO B HEKOTOPHIX TOYKAaX, €CIU
Jpyrue GopMbl He IPUHATH BO BHUMaHKE. boraTtcTBo MoXeT ciejoBaTh N3 BOCHHON BJIACTH
WJIN OT BIMSAHUA Ha OOIIECTBEHHOE MHEHHE, TaK K€, KaK JII0ObIe M3 HUX MOT'YT CIIEI0BAaTh U3
GorarcTBa. 3aKOHBI COLMAIBHOM IMHAMHKH - 3aKOHBI, KOTOPbIE MOTYT TOJBKO OBITH
3asBJICHBI B TEPMHUHAX BIACTH, & HE B TEPMUHAX TOH WM WHOW (OPMBI BIacTH. B npexHue
BpeMEHa, BOCHHas BJAacTh ObUIa W30JIMPOBAaHA, CIEICTBUEM TOTO, 4YTO Modena WM
TIOpaXkeHHe, Ka3aJoch, 3aBHCENA OT CIy4alHBIX KauyecTB KOMAaHAYIOUMX. B Hamm nHH,
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0OBIYHO 00paIaroTCsi K SKOHOMUYECKOHN BJIACTH, KaK UCTOYHHKY, U3 KOTOPOTO BCE ApYyrue
BUABI CJIEIYIOT, HO JaHHOE IIOJIOKeHHe Paccen cumraer OOnbIIoi OmMOKOH BOSHHBIX
HCTOPUKOB, YCTapPEBIIUM YTBEPIKICHHEM CETOTHSIIHETO JTHS.

[osTomy HeoOx0omMMO TocTpoeHue Oojee afeKBaTHOM KOHIETIINN BIAacTH, KOTOpas Obl
cMorJa B OOJbINEH Mepe PACKPHITh €€ CIIEU(pUKY U CYIIHOCTb.

CymecTByer 00JbIIOE KOJHMYECTBO Pa3IuiUil MeXITy OOIIecTBaMH, OCHOBOM KOTOPBIX
SIBIIAIOTCSL UX Pa3W4Mg B OTHOIIEHWH K BiacT. OHM OTJIMYArOTCS, HAUMHAs CO CTENEHU
BIIMSIHUS BJIACTH, KOTOPOH 00JalaloT MHAWBUIYYMBI WM OPTaHU3ALUK; 3TO OYEBHIHO, YTO
BCIIECACTBHE YBEIWYEHHs OpraHW3allMM, HalpuMep, TOCyAapcTBO, HMeeT OoJblee
KOJIMYECTBO BJIACTH TEIEeph, YeM B IpekHUE BpeMeHa. OHU OTIMYAIOTCS, TaKXKe TeM, 4TO
KacaeTcs BHUJA OpraHU3alWy, KOTopasl SBIAETCS HanOoliee BIMATEIBHOW: BOEHHBIN
JIECTIOTHU3M, TE€OKpaTHs, ILTYTOKpaTHs, ABJSIOTCA O4EHb HECXOAHBIMU TUNAMH. B-Tperbux,
OHU OTJIMYAIOTCS Pa3HOOOpa3ueM CIOCOOOB JIOCTIDKEHHWS BJIACTH: TepeAada BIAcTH 10
HacJeJCTBY 00pa3yeT OJWH M3 BHUJIIOB BIIACTHOTO JIMJEpa, KadecTBa, TpeOyemble OT
CBAIICHHOCTY)KHUTENS, IPOU3BOIAT JIPYroil BHUJ, AEMOKpATHUsl NMPOU3BOAUT TPETHH BHJ, a
BOliHa 4eTBepThIH. VICXOIs M3 3TOro pasiuyHble OCHOBAHHUS BIIACTH, OOYCIABIMBAIOT €€
XapaxkTepHble 4epThl U ocoOeHHOCTH. OCHOBaHME BJIACTH TAaKKE CBA3aHO C MPoOIeMoi
BBIJIENIEHUsI CyObeKTa U O0BEKTa BIIACTH, TO €CTh «JIHAEPOB U HX TOCIIEI0BATENEH.

Wmnynbe K BiacTd uMmeeT JBe (OpMBI: SIBHBIM, B JIMAEPax; HESBHbIM, B HUX
nocnenosatensx. Korga mronu oXOTHO CHIENYIOT 3a JIUAEPOM, OHU JENAIOT 3TO C LENbI0
NpUOOpETeHNs BIACTH TPYIIIO, KOTOPO OH KOMaHJYeT, U 4YBCTBYIOT, YTO €r0 TPHYM(BbI
uX. BompmMHCTBO mrofell He 4YyBCTBYeT B ce0Oe KOMIIETEHTHOCTb, HEOOXOOUMYIO I
MPOABMIKCHUS UX TI'PYIIIILI K 1'[066)16, U TI03TOMY PA3bICKUBAIOT KallkiTaHa, KOTOprﬁ, KaK UM
Ka)keTcsi, 00MamaeT XpaObpOCThi0 U MPOHUIATEIbHOCTHIO, HEOOXOAUMBIMH IS TOCTHIKCHHS
MIPEBOCXOACTBA. Jlake B PEIUIUHU 3TOT UMITYJIbC TOSIBIISCTCS.

OTO nenaeT BO3MOXKHBIM HEPaBEHCTBO BO BIIACTH, IOSBJICHHE KOTOPOTO SIBISAETCS
HEen30eXHOCTBIO, U KOTOPOE MMEET TeHJICHIMIO B OONbIIEH CTENCHH yBEIMYMBATHCS, YEM
YMEHBILIATHCS, TIOCKONBKY OOLIECTBO CTAHOBHUTCS OPraHMYECKHUM.

HepaBeHcTBO B pacrpeneneHMH BIAcTH BCErJa CYIIECTBOBAJIO B UEIIOBEUYECKHX
o61rHax. 9To ObUIO BO3MOXHO YaCTUYHO OJlarojapsi BHEIIHEH MOTPEOHOCTH, YaCTUYHO T10
IIPUYMHAM, KOTOpbIe MOT'YT OBITh HalJileHbl B uesoBeueckod mpupoze. Jlronu Bo BiacTty,
IOKa OHM BEPAT B CBOI COOCTBEHHYIO KOMIIETEHTHOCTH, BEIOYT ce0sl IO-IEIOBOMY,
OCYIIECTBIISUI BIACTHBIE IOJIHOMOYHS, HO KOTJ]a OHU YYBCTBYIOT ce0sl HEKOMIIETEHTHBIMH,
OHH NIPETIOYUTAIOT CIEA0BATh 3a JIUJIEPOM. TakoBa CyIIHOCTh YEIOBEUECKOM IPUPOIBL.

Takum obpa3om, mo Paccemy, BIacTb MOXET OBITh ONpeleneHa Kak MPOH3BOICTBO
IIPeAHA3HAYCHHBIX BIMAHUHA. OTO — TakuM 00pa3oM, KOJMYECTBEHHAs KOHLEINS:
YUHUTHIBAET [[Ba THUIIA JIOAEH C MONOOHBIMH JKETaHHAMM, €CIH OIUH IOCTHUraeT TaKuX XKe
KETaHUH, 9TO M JPYroi, a TarxkKe IPyrue, OH UMEET OOoiblee KOIMYECTBO BIIACTH, YEM
apyroii. Ho He nMeercss HUKakuxX TOUHBIX CPEACTB CPABHEHMs BIACTH ABYX JIIOJEH TOrO,
KOMY, BO3MOXKHO, IOCTHYb OJTHOW TPYIINBI XKETaHUH, U IPYyroi; HallpuMep, JBa X y10KHHKA,
KaXJIbplii W3 HUX JKEJIAaeT INHCATh XOPOILIME KapTHHBI, CTAaHYT OOTraThIMH, U, KayKAbIH
IIpeyCreeT B HAIMCAHNHU XOPOIINX KapTHH ¥ B CTAHOBJICHUH JPYroro 60raTeiM, OOJbIIE HET
JIpYroro TMyTH, TOCPEICTBOM KOTOPOrO BO3MOXXHO OBUIO OBl OBIAAETh OOJBIIUM
Konm4uecTBOM BiacTH. OfHAKO, TPYAHO CKa3aTh, 9TO A MMeeT OoJbIlee KOMMIECTBO BIACTH
yeM B, eciiu HECKONBKO BAMSIHUN MpeHa3HaueHb! 11 B.

Hcxonst 3 BCero CKa3aHHOTO BBIIIE, MOXHO CKa3aTh, YTO CYIIHOCTh BIIACTH Kak
COILMATIBHO-TIOIMTHYECKOTO, JKOHOMHYECKOTO W HAEOJIOTMYecKoro sBieHus Paccen
ycMaTpuBaeT B CHeUU(UKE dYeTOBEYEeCKOH NpHpoAbl. buonormueckne 0coOCHHOCTH
YeJIOBeKa M SBIIIOTCA LEHTPAJIbHBIM OCHOBAHMEM BIIACTH, ITOCPEACTBOM HYEro OHa
BO3HHKAET BIIOCIIE/ICTBUN KaK COLMAILHOE SBJICHHE.

2. Tumonorus Bnactu b. Paccena.

Paznanbie GOpMBI BIACTH MOYKHO KIIaCCH(HUIMPOBATH pa3HBIM CIOCOOOM:

- BO-TIEPBBIX, KIACCU(HKALS BIACTH MO OTHOLIECHHUIO K JIFOISIM;
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- BO-BTOPBIX, KiaccH(UKalys BJIACTH IO OTHOIICHHIO K KakOMY-JIIMOO Jienmy Win
BOIIpOCaM;

- B-TPEThUX, KIacCU(UKaIMs BJIACTU [0 OTHOIICHMIO K HEYEIOBEYECKHUM (opMam
KH3HU.

Paccen akueHTHpyeT cBoe BHMMaHHE Ha KJIACCU(HKAIMM BJIACTH IO OTHOIICHHIO K
JIO/SIM, TO €CTh €ro HMHTEepecyeT IJIaBHBIM 00pa3oM COIMAIbHO-NOJIUTHYECKUH acleKT
BJIACTH B OOLIECTBE.

OH co3zaer CBOIO THIIOJOTHIO BJIACTH, B OCHOBE KOTOPOH JISKUT CHOCOO BIIACTHOTO
BIMSHUSA Ha WHAMBUAYyMa (IOCPENCTBOM (DM3MYECKOTO BO3JEHCTBHS; HArpajoi,
HaKa3aHWEeM WM KaKUM-JHOO JPYrMM CTHMYJIOM; BIMSIHUEM Ha €r0 MHEHHE, IOCPEICTBOM
MIpoTIaraH/isl) U crenru(UKoN CyIIeCTBOBAHHS M PACIIPEEICHUs BIacTH B paMKax TOW WA
WHOI opraHu3anyu (OMOOrHs OpraHU3aIHi).

Taxoke B OCHOBY cBOel Tunonoruu Paccen 3akiaIpiBaeT HHAMBUAYaIbHBIE CIIOCOOHOCTH
U BO3MOXXHOCTH BJIACTH, KaK SIBJEHHS, KOTOPOE TIPHCYLIE TOJBKO YEIOBEYECKOMY
00IIIeCTBY, B TOM BHUJIE, B KOTOPOM OHO MPOSIBIISIETCS B HEM.

HUcxona u3 storo, b. Paccen Beienser cienyronue TUIBI BIACTH.

1. TpaaguuuionHas Biactb. MiMeer Ha cBOEH CTOpOHE CHITY NMPHUBBIYKH; 3TO HE JOIDKHO
OIPaB/bIBATh €€ B KaXKAbIH MOMEHT, HH JIOKa3bIBaTh HEMIPEPHIBHO, YTO HUKAKAs OMITO3UIIUS
HC 10CTAaTOYHO CHJIbHA, ‘{TO6I)I CBEPruyTh €€. Kpome TOTr0, OHA IMMOYTH HEU3MECHHO CBA3aHa C
PEIUTUO3HBIMU nin KBasUpCIUTInO3HBIMU BE€paMu, CTPpEMAIINXCA I1OKa3aTh, qTO
CONPOTHUBIIEHHE €l ecTh 3710. BO3MOXHO, COOTBETCTBEHHO, TOJIaraThCsl Ha OOIIECTBEHHOE
MHeHHe B OOJIblIel CTeleHH YeM, Ha BO3MOXKHOCTh PEBOIIOIMOHHOIO 3aXBaTa BIACTH. JTO
uMeeT JaBa Oojee WM MEHee MPOTHUBOIOIOKHBIX TOCIHEICTBHS: C OJHOH CTOPOHBI,
TpaJUIMOHHAS BIIACTh, YyBCTBYET ce0st O€30MacHOM, YTOOBI BO MHOTOM H30€XKaTh aKTUBHOW
MOJIUTHUYECKOM THPAaHUM; C APYroi CTOPOHBI, HECNPABEIJINBOCTb BIACTH B TOT WM MHOM
MOMEHT MOXXET ObITh ONpaBgaHa CWIOW Tpaauimu. [ocroactBo Teppopa Bo MDpanimu
WUIIOCTPUPYET  PEBOIIOLUMOHHBIM BUJ TUPAHWM, HMEIOLIEH TpPaJULMOHHBIM  BUA.
TpamuuuoHHas BIacTh MOXKET OBbITh IIPEJICTABIICHA B ABYX €€ OCHOBHBIX (hopmax:

- penuruo3Has BIacTh (MM Kak Ha3bIBaeT ee Paccen — BlacTh CBSICHHUKOB);

- KOpOJIEBCKAasl BJIACTb;

2. «O0Ha)KeHHas» BIIacThb. BracTh, He OCHOBaHHYIO Ha TpaauIMH WIH coryacuy, Paccen
Ha3bIBaeT «OOHAXKEHHOW» BIAacThio. MIMEHHO JaHHAs XapaKTEpUCTUKA B 3HAYUTEIbHOMN
CTENECHU OTJIMYAeT €€ OT TPAAUIMOHHON BiIacTH. JIaHHBIN THI BIACTH CYLIECTBYET TaM, T/
TpaJULMOHHAS BJIACTh COXPAHSAETCS, B XapaKTepe PeXUMa M 3aBUCHUT OT HEOrPaHWYEHHOM
CTEIeHH, YyBCTBA OE30MaCHOCTH WIIM HEHAISKHOCTH.

«OOHaXXeHHas» BIACTh OOBIYHO BOCHHAs, M MOXKET UMETh (JOPMY BHYTPEHHEH THpaHUH
WIN HWHOCTPAaHHOTO 3aBOEBaHMA. BmacTe rocymapcTBa Haj  3aKOHOIOCTYIIHBIMH
TrpaXJaHaMH - TpPaAWMIMOHHAs, HO BJACTh HAJ MATSKHUKAMH, «OOHAKEHHAs.
Opranuszanuy, B pa3BUTHH U M3MEHEHNH BJIACTH IPOXOAAT TPH MOCIEIOBATENbHBIC CTAANH:
CHayaja TOABJSIETCA BJIAcTh (DaHaTHUECKas, a HE TPaJWIMOHHAs Bepa, BeayIlas K
3aBOEBAHMIO; 3aTE€M TPaJUINOHHAS BIACTh; M, HAKOHEII, TPEThSI CTaANsI HA KOTOPOH BIIACTh,
UCTIONB3yeTCs TPOTHB TEX, KTO OTKIOHSETCS OT TPAAWLUM, W KOTOpas CTAHOBHUTCS
«OOHAXEHHOM.

3. PeBomronmoHHas BiacTh. llpeacraBisier co0O0if  CTONKHOBEHHE (haHATUIHBIX
KOHKYPEHTOB, MO0 B MHOCTPAaHHOM 3aBOEBAaHHH, JTHOO B PEIUTHO3HOM MpECIeIOBAHHH,
WM B BOMHE KJIACCOB, KOTOpas OCYILUECTBISIETCA TPYIION, a HE WHIMBHUIAYYM, KOTOPBIH
WILET BIAcTh, M UILET He UII COOCTBEHHOM IMOJB3HI, a paau kpeno. Ho Tak Kak BIacTs - 3T0
CPE/ICTBO B JIUTEIBHOM KOH(IMKTE, KOTOPBIf B UTOTE MOXET CTaTh 3a0BITBIM, MUMEETCS
TEHJICHIINs, OCOOCHHO, eciaum Ooprba IMHHA W Cepbe3Ha, IS (haHaTH3Ma, YTOOBI CTATh
TIOCTETICHHO TPeo0pa30BaHHOM B TMPOCTOE TMpecienoBaHue mobensl. Pazmmume Mexmy
PEBOIIIOIMOHHON 1 «OOHa)XEHHOM» BIACThI0 HAMHOTO MEHBIIE, YeM 3TO, KaKeTcs, Ha
nepBelid B3IAA. B JlatuHckol AMepuke, BoccTaHue NMpoTuB VcmaHuu Benock, CHayana,
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JInbepanaMu U 1EMOKpaTaMu, HO 3aKOHYEHO OBUIO yTBEp)KJICHHEM BOSHHOW JUKTATYpHI, U
OT/AEJICHHBIMH MSATEXAMU.

4. DxoHOMHYECKasl BIACTh. DKOHOMUYECKAsl BIACTh, B OTJINYME OT BOCHHOM BIIACTH, HE
TIepBUYHAs, HO IPON3BOIHAs. B mpenenax ogHOro rocynapcTBa, OHa 3aBHCHT OT 3aKOHA; B
MEXIYHApPOIHBIX OTHOIICHUSIX OHA TOJHKO HE3HAYMTENIHFHO 3aBHCHT OT 3aKOHA, HO KOrja
BOBJICKAIOTCSI OoJbIIve MPOOIEMBI, OHa 3aBUCHUT OT BOWHBI WIHM Yrpo3bl BOWHBI. BbuI10
OOIENPHUHATO TPUHUMATh O3KOHOMHYECKYIO BIIACTh 0€3 aHajuu3a, W 3TO BElO, B
COBPEMEHHOE BpeMsi, K HEYMECTHOMY aKIEHTy Ha JKOHOMHKY, B IPOTHBOIIOJIOXHOCTh
BOWHE W TIpomnarasje, B NMPUYMHHOM WHTEPIpPETaly WUCTOPHH. DKOHOMHYECKas BIIACTh
MIPE/ICTAaBIsIET COOOH CHOCOOHOCTh PEIIUTh, TPH TIOMOIIM BOOPYKEHHOW CHIIBI, €CIH
HEoOX0AMMO, KOMY OyIyT IO3BOJNATH TIPETEHNOBATh HAa TE WJIM HHBIE CpE/ICTBA
MaTepHalbHOrO mpou3BoiacTBa. Kpemur — ommH u3  Oonee aOCTPakTHBIX BHUJIOB
SKOHOMHYECKOH BIIACTH, KOTOPBIH 3aBUCHUT OT FOPHIMYECKOTO IMpaBa IepelaTh H3JIHIIEK
Npe/IMETOB TOTpeOJIeHHsT OT TeX, KTO MX MpPOW3BEN JPYrHUM, KOTOpbIE 3aHSTHI
MPOU3BOJUTENbHON paboToii. B ciydae dyacTHOM Kopropanuu 4eJoBeKa, KOTopas
3aMMCTBYET, I€HbI'H, 0053aTe/IbCTBA MOTYT OBITh MPEAINUCAHBI B COOTBETCTBUH C 3aKOHOM,
HO NPEKpalIaloT CBOE CYIIECTBOBAHKE, B CIydae HAJIOKEHUS Ha HUX MPABUTEIHCTBEHHBIX
CaHKIMIA. DTa CaHKIMS MOXET TepleTh Heynady, kak B Poccuu mocne Peomtonyy; koraa
3a€MIIMK MPOCTO MpuoOperaeT COOCTBEHHOCTh Kpenutopa. Hampumep, Coerckoe
HpaBI/ITeJ'ILCTBO, HUMEJIO BJIACTH U MPAaBO pEIIaTh, KTO UMEET AOCTYII K 30JI0TbIM IIPHUHCKaM
Ha JleHe.

5. Boennas Bnacth. B OCHOBe MaHHOrO THNA BJIACTH JISKUT CHOCOOHOCTH U
BO3MO)KHOCTh HENOCPEJCTBEHHOI'0 (PU3UUECKOr0 BO3JCUCTBHS HaJ BIACTHBIM OOBEKTOM.
DKOHOMHYECKAsT U BOEHHAs BIIACTh HUKOI'Jla B NPOLIJIOM HE 6BIJ'II/I TaK CBs3aHbI, KaK B
Hacrosiiiee Bpems. Hukakast Halyss He MOXKET ObITh MOIHOW O3 pa3BUTON MHIYCTPUHU U
JIOCTYyTIA K ChIPbIO ¥ IIPOAOBOJILCTBUIO. MSTEX, TOCPEACTBOM BOCHHOM BJIACTH, HEOOXOIUM
IUIsl TOTO, YTOOBI TOCYapCTBO CMOIJIO IPHOOPECTH JOCTYI K TAKOMY CBIPbIO, KOTOPOTO HET
Ha ero COOCTBEHHOH TePPUTOPHUH.

OKOHOMHUYECKasi BJIACTh BOCHHOW EIWHMIBI (KOTOpPBIE MOTYT OBITh COCTaBJCHBI W3
HECKOJIbKUX HE3aBUCHMBIX FOCY/IapCTB) 3aBUCUT OT:

1) cocoGHOCTH 3aIUTUTH COOCTBEHHYIO TEPPUTOPHIO;

2) CIOCOOHOCTH 3alUIIATH TEPPUTOPUU PYTHX;

3) By1aieHUs ChIPhEM, POAOBOILCTBUEM, U HHIIYCTPHEH;

4) IOCTaBOK TOBAPOB U YCIIYT, HEOOXOANMBIX JPYTUM BOCHHBIM CIMHHIIAM.

Bce 3Tn, BoeHHBIE M JKOHOMHYECKHE (DaKTOPbI HEPa3pBHIBHO CMEIIAHBI; HAmpuMmep,
SlnoHMs, BIOJNHE BOSHHBIMH CpEACTBaMH, HpHoOpena cbippe Kuras, koTopoe sBiIseTcs
HEOOXOMUMEIM I €€ OOoiblIell BOEHHOM CHIIBI, M IIOJOOHBIM CIIOCOOOM AHIIIHI U
Opannusa npuodpenu HepTh Ha brkaemM BocToke, HO 00a 3aBoeBaHUS OBLTH HEBO3MOXKHBI
0€3 TpEeapIAyNIIEr0 NHAYCTPHAIBHOTO pa3BUTHA. Ba)KHOCTh 3KOHOMHYECKHX (DaKTOpOB B
BOEGHHOI BIIACTH YBEIMYHBAETCS, MOCKOJBbKY BOMHA CTaHOBUTCA MEXaHU3HPOBAaHHOW H
Hay4HOH, HO 3TO - HE 3aKJFOUEHHUE O TOM, YTO CTOPOHA C MPEBHIAOIINM 3KOHOMUYECKUM
pecypcoM IOKHA 00S3aTeNbHO MTOOSINUTE.

Bo BHYTpeHHMX 3KOHOMHMYECKMX OTHOLICHHSX OTJEIBHOTO TOCYNapCTBa, 3aKOHHBIC
Ha0OpHI OTPAHUYUBAIOT TEM, YTO MOKET OBITH BBIIIOIHEHO B ITyTH M3BJICUCHHUS OOraTcTBa OT
npyrux. MTHANBAIYYM WITH TPYIITIA ODKEH 00JIafaTh MOMHOW WIH YaCTHYHONH MOHOITONHEH
HaJ ApyruMH. MOHOIIOIMM MOTYT OBITh CO3/IaHBI B COOTBETCTBHM C 3aKOHOM; HaIpHUMeEp,
TIATCHTHI, aBTOPCKHE IIpaBa, M COOCTBEHHOCTh 3eMi. OHM MOTYT TakKe OBITh CO3JaHBI
KOMOMHAaIMeEH, Kak B cIydasx TpecToB U po¢coro30B. Kpome Toro, 4ro yacTHbIE THIA WIH
TPYNIIBI MOTYT W3BJIEKATh CBOW BBITObI, 3aKJII0Yasi CIEITKH, BCE )K€ TOCYIapCTBO COXPAHSET
mpaBo OpaTb CHJIOH, 4To OBl TO HM OBIIO, 3TO paccMaTrpuBaeTcss HeoOXoammbIM. U
BIIMATENbHBIE YACTHBIE TPYIIBI MOTYT CTHMYJIHPOBaTh T'OCYIApCTBY HCIIOIB30BATh 3TO
MIPaBO, TAKXKE KaK BIACTh CO3/IaHMS BOWHBI, CIIOCOOOM, KOTOPBIH SIBISETCS BBITOIHBIM JUIS
HEro, XOTS He 00A3aTeNbHO JJIsl HallMd B IIEJIOM; OHM MOTYT TakKKe 3acTaBJIsATh 3aKOH
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paborath Ha cebs1, HarIpuMep, TO3BOJISII KOMOMHAIIMN MPEANPUHUMATENSIM, HO HE pab0dnM.
Takum oOpazoM, QakTuueckasi CTENeHb SKOHOMUYECKOro O0JIafaHWs HWHAWBHIYYMa WIIH
TPYNITBl 3aBUCHT OT BOGHHOW CHIIBI M BIIMSHUS Yepe3 MporaraHay BechMa Tak MHOTO Ha
(akTOpBl, OOBIYHO paccMaTpHBaeMble B IKOHOMHKE. DKOHOMHMKA KakK OTHENbHAs Hayka
HepeaJNCTHYHa, W BBOAWT B 3a0Ny)KIEHHE, €CIM €€ PacCMaTpUBaTh KakK IPaKTHIECKOe
pykoBoacTBO. OHa JIMIIb - OAWH " AJIEMEHT " OueHb BAXKHBIM 3JEMEHT, UIsl UICTUHHOTO U
LIMPOKOT0 HAYYHOI'0 U3y4YEHHS BIIACTH.

6. Briacte oOmiectBeHHOro MHeHHs. Jlerko ycniplmaTh, 4To OOIIECTBEHHOE MHEHHE
BCEMOTYIIIE, M YTO BCe JIpyrue (hopMbl BIACTH TOJy4EeHBI U3 HEro. ApMust Oecrioie3Ha, eciu
conjatel HE BEpAT B NPUUYUHY, 110 KOTOPOH OHM OOpIOTCS, WIHM, B Cllydae HAaeMHHKOB,
YBEPEHHBIX B CIIOCOOHOCTH MX KOMAaHAYIOIIEr0, YTOOBI BECTH X K mobene. 3aKOH - BaXKeH,
€CJIM €ro YBaKaloT. DKOHOMHYECKHE YYPESKAEHHS 3aBHCAT OT YBaKCHHS K 3aKOHY.
Penurnoznoe MHeHHE 4acTO OKa3bIBAJIOCH OOJIee MOIIHBIM, YeM TrocynapcrBeHHoe. Eciu, B
000N cTpaHe, OOJBIIMHCTBO 33 COLMAIN3M, KalWTajlu3M CTaHeT HeocyllecTBUMBbIM. Ha
TaKUX OCHOBAaHHSX MOKHO CKa3aTh, YTO OOIIECTBEHHOE MHEHHUE - OKOHYATENbHasl BJIACTh B
of1ecTse.

Ho »t0 OBUTO OBI TOJBKO TOJIOBMHA MPABIBI, €CIM WIHOPHPOBATh NPUYUHBI ITOTO.
HctunHO, 4TO 00IIECTBEHHOE MHEHHE SIBJISIETCS CYIIECTBEHHBIM DJIEMEHTOM BOSHHOM CHITBI,
TaK)Xe UCTHHHO, YTO BOSHHAsI CHJIa MOXKET CO3/1aBaTh OOILECTBEHHOE MHEHHE.

B coBpemMeHHOM O0OIIECTBE HOBBIX HMH(POPMAIIOHHBIX TEXHOJOTHH OOIIECTBEHHOE
MHEHHE U €ro BJIACTh NproOperaeT Bce OOJNBIIYI0 MOIIb U CHITy, Oiarogapsi BO3MOXKHOCTH
MaHUNYISIMKA CO3HAHWEM M JeWcTBUAMHU Jofed. [lostomy, B Hauboliee pa3BUTHIX
JIEMOKPAaTHYECKUX OOIIEeCTBaxX, BIACTh OOLIECTBEHHOTO MHEHHS MMEET OOJbIlle CHIIbI U
BO3MOXHOCTHU I10 CPAaBHECHUIO C APYI'MHU TUIIAMHU BJIaCTH, TaK KaK OHaA B 60Hblﬂeﬁ CTCIICHU
COOTBETCTBYET COBPEMEHHBIM PEasIiAM COLMATIbHON JKU3HU.

7. Bnactb ¢unocodo. Haubosee MHTEpECHBIM M OPUIMHAIBHBIM THIIOM BJIACTH B €€
knaccudukarmu b. Paccenom, sBisieTcst Takoi THIT BJIACTH, KaK BIACTh Guiiocodos. Bracts
¢unocopoB 3aKiIrOyaeTcs B TOM, YTO, JIOJH, 3aHUMAroImuecss GUIocoPCKUM M HayYHBIM
OCMBICIICHHEM COLMAJIbHOM pEaJbHOCTH, BBICTPAaUBAIOT B CBOMX TEOPETHYECKHX
KOHIIEIIIUSAX MUPOBO33PEHUECKUE NIEH, KOTOPBIEC BIIOCIECACTBUN HAXOAAT CBOE IPUMEHEHHE
B IPAKTHKE U BO3MOKHO, YTO MOTI'YT CTaTh OCHOBOM BCEW COLMAJIBHOMN >XKU3HU. J[aHHBII TUII
BJIACTU MOXKET OBITh CBA3aH C BIACTBIO OOLIECTBEHHOI'O MHEHHS, TaK KaK TEOPETHYECKHe
unen ¢puocodckoil HaAyKu SBILIOTCS ITOBCEMECTHO PACIIPOCTPAHEHHBIMHU B OOIIECTBE, XOTS
HE BCEM M JOCTYIHBIMH. TeM caMblM OHH MOTYT C(OPMHPOBATH 4acTh OOIIECTBEHHOTO
MHeHUsI B (hopMe 0COOBIX MPEACTABICHUI U HIIeH.

Taxum oOpa3oM, HECMOTPS HA JOCTATOYHOE PA3IN4Ue MKy JaHHBIMU TUIIAMH BIIaCTH,
Paccen nmpeanpuHsII NONBITKY U3 0000IIEHNS B paMKaX €IMHOI TUITONIOTHH. DTO OKa3aloch
JeHCTBUTEIBHO BO3MOXKHBIM Ha OCHOBE TOrO, YTO MEXIY JAaHHBIMH THIIAMH BJIACTH
CYIIECTBYeT NpsiMasi B3aUMOCBSI3b, H 9TO IOKa3bIBaeT Paccen, ¢ OqHOM CTOPOHBI, OMH THUII
BJIACTH MOXKET IOPOIMTH OPYIO; C APYrod CTOPOHBI, OAWH THII BJIACTH MOXKET SBIIATHCS
CIIEICTBUEM JIPYroro.

MpbI paccMOTpeNH O HACTOSIIEr0 BPEMEHM YYyBCTBAa, KOTOpBIE SIBIAIOTCS HamOoiee
B)XHBIMH IICHXOJOTMYECKUMH HWCTOYHHKAMHU BJIACTH: TPAaJHMIMsA, OCOOCHHO B (opme
YBaXKEHHS K CBSIICHHHKAM M KOPOJNSM; CTpaX M IepCOHANIbHAS aMOWIHs, KOTOpPBIS
SBJIAIOTCS HCTOYHUKAMH «OOHa)KEHHOI» BIIACTH; 3aMEHa HOBOTO KPe/Io Ha cTapoe, KOTopoe
SIBJIACTCS MCTOYHHKOM DEBOJIOLMOHHOW BJIACTH M T.J.; TaKKe MPEANPHHSIIN IIOMBITKY
THUITOJIOTU3UPOBATH BIACTb.

Kaxxnprit Tvn BacTH, BEIIENEHHBI PacceoM, mMeeT cBoe HanOOINbIIEe MPOSBICHUE H
CYIIECTBOBaHHE B pPaMKaX KOHKPETHBIX MOJUTHYECKHX DPEKHUMAaX, KOTOpBIE SBIAIOTCS
0COOBIMH CTPYKTYPaMH, HEOOXOANMBIMH JJISI PEATH3ALINH BIIACTH.

Kpome mommtHdeckoro pexnma, MOCPEACTBOM KOTOPOrO0 BO3MOXKHO CYIIIECTBOBAaHHE
Biacti B oOmectBe, b. Paccen ormewaer, Takke 3aBHCHMOCTh BIACTH OT COLMAJIBHBIX
OpraHu3alyii, B KOTOPBIX OHa BO3HHKAET H Pa3BHBACTCS.

European science Ne 4 (68) = 86



[TosToMy, Terepb HEOOXOOUMO PACCMOTPETH CIEAYIOIINI pa3jeN TEeOpHH BIIACTH, Ha
KOTOpOM aKILEeHTHpYeT cBoe BHMMaHue b. Paccenm — 3To m3ydeHme opraHmzamuii, depes
KOTOpBIE BJIACTh PEaTU3yeTCs B OOLIECTBE.

3. BnacTe u nonuTHka.

OCHOBHOII XapaKTEPUCTUKOW TOJUTHUKHU SIBIAETCS TO, YTO OHA BCETJa IpEAIojiaraeTt
OCYIIECTBIICHHE BJIACTU OJTHUM YEIOBEKOM HJIH JIFOIbMH 110 OTHOIICHHUIO K ApyruM. Bracts
B COOTHOIIEHHH C ITOJIUTUKOHN - 3TO CIIOCOOHOCTH OJJHOT'O YeJIOBEKa, IeHCTBOBATH IPYTOro B
MHTEpecax MepBoro, JF0OBIMU cpeacTBaMHy. [lonuTHKa BCeraa mpeonaraeT: o H YeJI0BeK,
MoOYXKIaeT qPYruX JeWCTBOBATh TaK, KaK OH )KeJaeT.

JByMst XapaKTepHBIMHU YEPTaMH MOJIUTHKH SIBIISIETCSL:

1. monuTHKa, BCera BOBJIEKAET CO3JaHne OOIINX PeIIeHNH [T TPYIII JIIOJIEH;

2. peleHus], TPUHATHIC YWIEHAMH OJHOW TPYIIBI OCYIIECTBIIAIOT BIACTh HAJ APYTHMHA
JIIO/IEMH.

Briacte MOXET COCTOSTh M3 IIMPOKOrO pPa3sHOOOpa3usi WHCTPYMEHTOB, KOTOpBIE
MOMOTalOT OJHOMY YEJNOBEKY 3aTpoHYTh JAEHCTBUSI Ipyroro. Biacte Moxer OBITh
abcomorHa. Biaacts MOXKeT OBITH OCYIIECTBIICHA KaK NMPHUHYKAECHHE, KOT/Ia Mbl BBIHYXaeM
YeJoBeKa JeNaTh KOe-4TO OH, WIM OHAa HE XOTeja JelaTh, Kak YOeXICHHe, KOrja MBI
yOexaaeM KOro - To, 4TO 3TO — TO, YTO OHA WJIM OH JICHCTBUTEIBHO XKeJIaeT NeaTh, WK KakK
CTPOUTEIIBCTBO CTHUMYJIOB, KOrJa MbI JC€IaeM aJ'[I)TepHaTI/IBHI:Jﬁ B3IJIs1A HACTOJIBKO
HETIPUBJICKATEIbHBIM, YTO TOJNBKO OJIMH pa3yMHbIH BbIOOp ocraercs. CrnocoOHOCTbH
OCYILIECTBIISITH JIIOOYIO M3 3THX ()OPM BJIACTH MOXKET OBITh OCHOBAaHA Ha JEHbrax Bellax,
NPUBSI3AHHOCTH, (U3UUECKON CHie, IOPUIMYECKOM CTaTyce, BJAJCHUH BaKHOM
uHdopmaimer, noOeKIaromEed  yIBIOKOH, CHIBHBIMH  COFO3HMKaMH, HaMEpEeHHEM,
oryastHueM M ap. JIroOble u3 3THX (PAKTOPOB IMOMOrarOT HEKOTOPBIM JIFOMISAM 3aCTaBUTh
JpYTUX JIOAeH NeHCTBOBaTh, KaK OHM kenaioT. OHM, Kak mpexanonaraercs, o0ecreynBaroT
OLIyLIEHHE PAa3HOOOPa3Hs M CIONKHOCTH BJIACTH, a HE KaK MCUEPIIBIBAIOIIMN CIIMCOK BCEX
BaXKHBIX €€ UCTOUHHUKOB. /[e/10 B TOM, 4YTO BCsI MOJIUTHUKA BOBJIEKAET UCIIOIL30BAHHUE BIIACTH,
U Takasi BIACTh MOXET OpaTh pa3iniHble GOpMBbIL.

Takum o0paszom, nuckypc-aHanu3 pabotsl b. Paccena mokasai, uTo Bo-epBbIX, BIACTh,
no Pacceny, MoxxeT ObITh OIpejeneHa Kak NPOU3BOJCTBO MpeIHAa3HAYCHHBIX BIHUSHUNA. B
COOTHOIIEHUH BJACTH C TOJUTUKOW M MOIUTHYECKOHM >KH3HBIO OOIINECTBA, ITO SIBISAETCS
BaXXHBIM U 3HAYUMBIM, BJIACTb - 3TO CIIOCOOHOCTh OJHOT'O UENIOBEKA, AEHCTBOBATH APYrOro
B HMHTEpecax IepBOro, JIOOBIMH CpeACTBaMH. llodMTHka Bcerna NpeAronaraer: OIUH
YeNnoBeK, MOOYXKIaeT APYrux IeHCTBOBATh TaK, KaK OH XKejaeT.

CymHocTh  BIACTH  KaK  COLMAJIbHO-NIOJMTHUYECKOTO,  SKOHOMHYECKOTO U
UJICOJIOTHYECKOro sBJIeHHs Paccen ycMmaTpuBaer B cHeLM(UKE YelOBEYECKOW MPHPOABL
Buonornueckne 0COOCHHOCTH YEJOBEKA M SBIAIOTCS LEHTPAIBHBIM OCHOBAaHHWEM BIIACTH,
IIOCPE/ICTBOM YETO OHA BO3HHUKAET BIIOCIIEICTBUHU KaK COLMAIIBHOE SIBJICHHE.

[Ipoananu3upoBaB CyIIHOCTH BIACTH, Paccen mpeanpuHUMAaeT MOMNbITKY ITOCTPOSHHS €
THUIIOJIOTHH, TA€ OH BBIJIEISET pa3HOOOpa3HBIE TUITBI BIACTH:

- TpaJWIMOHHAs BIACTh (BKJIIOYAIONas B ceOsl BE Pa3HOBHIAHOCTH — PEIUTHO3HYIO U
MOHAPXUYECKYIO BIIACTH);

- «OOHaKEHHAs» BIIACTb,

- PEBOIIOIIMOHHAS BIACTb;

- SKOHOMHYECKas BIIACTD;

- BOCHHAS BJIACTb;

- BIIACTH OOIECTBEHHOT'O MHEHNS;

- BIIacTh (HUIrocodos.

JlaHHasT THIONOTHS TIPEACTaBJIsAET COOOH MOMBITKY CHHTE3a M MHOTOMEPHOTO aHAJIN3a
BJIACTH, KOTOpas OXBATHIBACT MPEHMYIIECTBEHHO HE TOJBKO c(epy HCKIIOYUTENHHO
TIONIMTHYECKNX OTHOIICHHUH, HO O0IIEYeTIOBEUECKYIO )KU3Hb B LIENIOM.

Brmacte peammsyercs B oOmiecTBe, uYepe3 Ppa3BETBICHHYIO CHCTEMY COLMAIbHBIX
opranmzaimii. Opranmsanus, y Paccema — 3ro rpymma mrozmei, AGHCTBHS KOTOPBIX
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HalipaBJICHbI Ha OOCTUKCHUEC O6IHI/IX uenef/'l. Haubonee 3HaunMoe MeCTO IO CHCHI/I(I)I/IKG n
CTPYKTYpE OpraHu3alui BJIACTU 3aHUMAIOT TMOJUTUYCCKHUC OpraHu3alnv, B paMKax
KOTOPBIX BJIACTH ABJIACTCA OCHOBOM I peain3ali U MpoOBCACHUS IMTOJIMTHUKA B 06HIGCTBC.

I/ICXOZ[H Hu3 9TOro, Paccen 06pamaeT CBOC BHHUMAHHEC Ha np06neMy COOTHECCHHEC BJIACTHU
u nomutuku. OH NpUXoAUT K MHEHHIO O TOM, YTO BJIACTb YAUBUTCIBHO YHUBEPCAJIBLHOC
SIBJICHUC, OIPCACIIAIOIICS O6IIII/I€ peuicHuA JJid IpyIin moz(ef/i. A IIOJIMTHKA, TOrJa, COCTOHUT
H3 CO3aaHuA O6IJ_II/IX peIJ_IeHI/Iﬁ JJIA TPpYIIIbI € TIOMOIIBIO BJIACTH.

Taxum o6pa30M, HpO6J’ICMLI IIOJIMTHKH, MOJIUTHYECKON JKU3HU BBIABUHYJIMCb HA OHO U3
NEPBBIX MECT CpE€AM MHOI'MX BOIPOCOB COBPCMCHHOCTH. BOBZ[efICTByﬂ Ha BCC€ CTOPOHBLI
O6H18CTB€HHI)IX OTHOmeHHﬁ, CI)OpMI/IpyH COIUAJIbHO-TTOJIUTUYCCKYIO 06CTaHOBKy,
MOJIUTUYCCKAs )KU3Hb BBICTYIIACT (baKTOpOM COMAJIbHOI'O Mporpecca Uiin 3acTos.
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Abstract: this article describes the decisive role of spiritual culture in modern society and
its influence on national development. The article reflects the evolution of spiritual culture
in the 2l1st century towards individualism, an eclectic approach to spirituality, and the
combination of ancient wisdom with modern concepts. The impact of technology,
globalization, and emerging spiritual movements on contemporary spiritual culture is
explored. Also, the article analyzes the concept of socialization, education, the development
of a unique model of spiritual culture for young people, and spiritual upbringing.
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CYTb IOHATHUA JYXOBHASA KYJIbTYPA
AonpysnaeB B.U. (Pecmy0immka Y30ekucran)

A60ynnaes baxooup Hemaunosuy — npenodasamein,
Vpeenuckuii mexnonozuueckuii ynueepcumem « PAHY»,
2. Ypeenu, Pecnybnuxa ¥Y30exucman

Annomayun: 8 0aHHOU cmamve ONUCHIBAETNCA Peularuas poib OYXO8HOU KyIbmypbl 8
cospeMeHHOM 0buecmee U ee GIUsAHUe HA HAYUOHATbHOe pasgumue. B cmamve ompadcena
3gooYUs OYX06HOU Kyabmypwl 6 XXI éexe 6 cmopoHy UHOUBUOYATUIMA, IKIEKIMUYECKO2O0
nooxoda K  OYXOBHOCMU, COYemanus  OpeeHeli  MyOpOCmU C  COBPEMEHHbLMU
npedcmasnenuamu. Hccredyemes 6nusHue MmMexHOIO2Ul, 2100aAIu3aYUU U BOZHUKAROUJUX
OVXOBHBIX  OBUIICEHU HA COBPEeMEeHHYI0 OyxoeHyro Kyaemypy. Takoce 6 cmamve

European science Ne 4 (68) = 88



AHATUBUPYIOMCS. KOHYENYUU COYUATUAYUU, 00PA3068aHUS, PA3PAOOMKU YHUKATILHOU MOOeU
O0YX0BHOU KYIbMypbl MOL00ENHCU, OYXOBHO20 BOCHUMAHUSL.

Knrwueesvle cnosa: Oyxosnas Kylbmypa, HAYUOHANbHOE pa3gumue, 20Cy0apCmeeHHas
NOAUMUKA, — UHOUBUOYAIU3M, — 8blculee  00pA3068anue,  COYUANU3AYUSL,  KYIbIYPHASL
UOEHMUYHOCMY, 2100ATU3aYUsL, MEXHOIO0SUU, PA3BUBAIOUUECS OYXOBHBIE OBUNCECHUSL.

INTRODUCTION

Stabilization of the spiritual and moral environment of society is an important factor of
national development. That is why raising spirituality has become one of the priorities of
state policy. It is an understanding of legitimacy and a theoretical basis for public policy. It
requires correct and scientific reasoning.

Although the meaning of this term may vary, it refers to collective and individual
expressions related to spirituality in a certain group or society, beliefs, values and customs.
In order to understand this concept more deeply, it is necessary to understand the essence of
its two main sub-concepts, spirituality and culture.

LITERATURE ANALYSIS

A.Erkayev said, “Social consciousness, worldview, belief, religion, religious practice,
national idea, national ideology, human manners, moral qualities, artistic, scientific and
other creative researches, achievements in this regard, artifacts and cultural artifacts of
society over the centuries heritage, traditions, visions of our contemporaries about the future
and positive dreams and plansis are connected to spirituality [1]”. Spirituality refers to the
internal landscape of individuals, encompassing their thoughts, beliefs, emotions, attitudes
and values. The Arabic term “ma’no” forms the basis of the concept of spirituality, denoting
the significance or essence of a person. One’s spiritual identity is reflected in their inner
world.

As Professor K.Nazarov admitted, spirituality reflects the internal and external behavior,
beauty, feelings, and experiences of people. Spirituality is a collection of highly developed
humanitarian qualities in people. This is a philosophical concept that covers a wide range of
content and subtle aspects of a person. Spirituality is a system that determines the actions
and relationships of people, formed during their mutual relations, education and life
experiences and manifested in their inner worlds [2].

In foreign literature, we find opinions on the issue of spiritual culture. In particular,
E.J.Tisdel talks about the connection of spirituality with cultural identity and its importance
in higher education. He emphasizes that research and teaching are both spiritual and
intellectual processes. Because education is transformative, it must help students discover
and reclaim their cultural identity. Because this process often affects spirituality [3].

J.Dyson suggests that spirituality should not be considered synonymous with religion or
related to each other [4]. According to R.A.Tanyi, spirituality is an integral part of a person
and has a subjective, immaterial and multifaceted nature. Spirituality and religion are often
used interchangeably, but these two concepts are quite different. Spirituality involves a
person’s search for meaning in life, while religion involves a view of a higher power or
God. For some people, spirituality may be related to religion, but not for everyone [5].

RESULTS AND DISCUSSION

It is known that the concept of culture in a broad sense covers all stages and types of
creative processes related to people’s activities and lives, but in a narrow sense, it is used in
the sense of their spiritual way of life.

The development of spiritual culture in modern society reflects dynamic changes in
beliefs, values, and interpersonal relationships. As societies undergo various changes, the
role of spiritual culture also adapts and changes accordingly.

It is no exaggeration to say that the 21st century witnessed the rise of individualism.
Emphasis on personal experience, individuality, and independence led to the emergence of
an eclectic approach to spirituality.
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The formation of the spiritual culture of young people is carried out in the processes of
socialization and self-education under the influence of the factors of modern socio-cultural
reality. Accordingly, the specific nature of the process of spiritual education is determined
and it is required to create an integral model of the spiritual culture of young people that
ensures self-awareness and stable social mobility of the young generation. This model can
be implemented in the course of targeted activity of social institutions. For this, it will be
necessary to develop the concept of the system of socialization and spiritual education of the
self-fulfilling generation of young people, which should form the basis of the activity of
social institutions that implement the spiritual education of young people. Because it is
precisely under this concept that the solution of the tasks of forming new values, personal
and civil qualities and spiritual culture is ensured [6].

CONCLUSION

In summary, the 21st century has been marked by a dynamic relationship between
tradition and innovation as individuals seek to reconcile ancient ethical principles with
modern insights. To help young people develop self-awareness and sustainable social
mobility, it is crucial to provide them with a comprehensive model of spiritual culture that
integrates processes of socialization and self-education. Recognizing the interconnectedness
of spirituality, cultural identity, and higher education is vital in emphasizing the deep
significance of spiritual culture in the contemporary world.
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