


BBEAEHUE

BaanMogencTBMA 4aCTMU BLICOKUX JHEpPruMi CONPOBOMAATCA, Kak
npasuno, obpasoBaHneM 60OMbLWOrO YMCMa BTOPUUHBIX YacTuuy, BueTa-
ownx, ocobeHHO B 3IKCNEepUMEHTax C PUKCMPOBAHHOM MUUIEHbLID, NOA
MansLiMK YrfaMum OTHOCUMTENbLHO HanpaBfeHMA MNEepBUYHON 4YacTuuw . Kpo-
Me TOro, ramMMa-kBaHTHl M3 pacnagoB z° -ME3OHOB Takke oO6pas3ywT
3NeKTPOMarHUTHbBE NMBHU MPEUMYUIECTBEHHO B nepeaHeM HanpasneHvw,
Bce 3TO MpPUBOAUT K TOMYy, UTO TPEKOBbE AETEKTOPH, MMeluue KO-
HeYyHoe MNpPOCTPaHCTBEHHOe pa3peweHne, 3a4acTyl He MOryT, ocobeH-
HO B Cfiyyae OTCYTCTBMA MAarHWTHOrO NONA, BLIAENUTL OTAENbLHY
TPAEKTOPUID M3 NMBHA POMOAVWMXCA 4YacTUY M, COOTBETCTBEHHO,
fAaTb  MHPOPMauMD O BepuwmHe B3auMOAENCTBMA.

Mpu McnNoNb30BaHUU NPOTAMEHHON MUWEHW 1, 0COGEHHO, C POCTOM
3HEPrMn B3auMMOAQENCTBUA TPYAHOCTH B onpeaeneHnn BepliMHH CyuecT-
BEHHO BoO3pacTawT. 3auyacTylw ANA 3TOM uenu MCNOMbL3yeTCA B OH-
MM odd=-NanH pemume cneymansHued TpUMrrep Ha yacTuyy, BuneTan-
uyo nog GonbwuM yrnom, oaHakKo MO YCNOBWMAM 3KCNepuMeHTa 3To
AaNeKo He BcCerfa BU3IMUMHU,

CyuecTBYWOT MeToas onpeAeneHMA HanpaBneHWA NMBHA U, COOTBET-
CTBEHHO, BEpPWWHL B3aUMOAENCTBMA MO aMNIMTYAHO-KOOPAHMHATHOM
MHDOPpMauMKM, HanpuMmep, C NOMOWLI CErMEHTUPOBAHHBIX KANOPUMETPOB.
0gHaKo, KAk NpaBuno, KaNopMMeTpsl PacnonarawTCA AANeKo OT Mu-
WeHn h, COOTBETCTBEHHO, TOUHOCTL TaKOW Npoueayps HeBenuka.
KpoMme Toro, Takas MeTtoamka TpebyeT CyuecTBEHHOrO YCNOWHEHWA Wu,
€CTECTBEHHO, YAOPOKaHWA PErncTpupyower annapaTtypst.

B gaHHOM paboTe Ha npuMepe ronOBHOW YacTW CNekTpoMmeTpa
NA-4 npeanpuHATA NOMBTKA ONpeaeneHns BEpWMHH B3auMO4encTBUA
Nno NUMBHEBOM WHPOPMAUMM, 3aPErMCTPUPOBAHHOM rekcaroHanbHbMK
NPONOPUMOHANbHBIMU KAaMEPaMM .

OCHOBHBIE XapPaKTEPUCTUKM FOMOBHON 4YacTu cnexkTpomeTpa’/l’:

- anvHa Muwenn - 10 M,

- 3Heprua nNapgavumx MmwoHoB - 100:280 a8,

- cpegHun yron BeleTa pacCefAHHOro MOOHA /eQUHCTBEHHOW n3Mepae-
MOM uacTuubl/ - 60 mMpag, :

- QEeTEeKTOps ~ ] reKcarcHanbHbIX TPEXKOOPAMHATHLIX MpONOpUMOHaANL-

HbIX KaMep C WaroM HaMoTKU 2+3 MM, MoMepeuyHbLMU pa3Mepamu -

1,522,1 M,

MarHMTHOEe none B obnacTu MuUweHn M peTexkTopa OTcyTcTByeT

/cm. puc. 1/.
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PPONTANbLHBLIWM CNEKTPOMETP

ANTHTAAD
CYNEPMOAYNIL

]l

MHWLWEHHK 1,2

21,7 M -

Puc. 1. CxeMa ronosHO#l yacTH cnekTpoMeTpa NA-4. -

OcHoBHas uaen npegnaraeMoro Metoga - MCNOMNb30BaTb TOMNbLKO
KOOPAMHATHYI0 UHPOPMALMIO OT NUBHA BTOPUYHPX YacTuy /BepHee -
ero yactu/ ansa ¢opMuposaHusa ''kBasuTpeka’', C MoMowbi® KOTOPOro
onpefennTh BepuMHY B3auMMOQENCTBUA .

OCHOBHBE NOMOXEHMA W NPOUEAYPA

) Nipewne Bcero. ana MPOCTOTH. MDEAnONOXUM, 4YTO

- 3ppeKTUBHOCTb NpOoNOopuUOHanbHLIX kamep 6nnaka k 100%,

- BTOpMUHbIE YacTUubL He B3aumogelcTBywT B obnacTu kamep,

- HeT ¢oHa, B TOM uucne ''wymAuux'' KaHanNnOB INEeKTPOHUKM.
EcTecTBeHHO, 4YTO HapyweHue 3TUX yCNOBUM B onpepeneHHoOW cTtene-
HW 3aTpyAHAET peweHue 3agau4, HO, KakK YBuAUM B AanbHeliwem,
HecywecTBEHHO,

B cnyuyae OTCYTCTBUA MArHMTHOrO NONA KOOpAWHATH BTOPUUHBLIX
3apAKEeHHBIX YacTuly B NPONOPUMOHANbHLX KaMepax nexaT Ha NpAMbIX
NMHUAX.

Beegem onpeapeneHue "yemmpa zeomempuuecxolr msacecmu” /Urv/
KaK cpegHero paccTOAHWA OT NpousBonbHOM ocu /z-ocu/ Ao HaBopa
KOOPAMHAT OT 3apAMEHHLX TPEKOB B KawgoW MAOCKOCTW SeTeKTopa.
MowHo BuaeTb, uTo UIMT-ToukM 06pasywT HEKOTOPHIN '‘addeKTHBHLM
Tpek'', 3KBUBaANEHTHuWl peanbHoMy. [elcTBUTENbLHO, €Cnu BCe n
BTOPUUHHX TPEKOB NPOXOAAT uepe3 BCe KaMepw /peTexTtopw/, TO
M KoOpAuHaTH TOueK, MNONyJeHHHX ycpegHEeHWeM KoOopauHaT Tpekos
B KamQoM Kamepe, TaKKe NEXAT Ha NPAMOW NMHWK, NpoxogAumein ue-
pe3 obuyo BepuwHy /BepuvHY B3aMMogelicTBUA/; TaHreHC yrna Hak-
NOoHa 3TOM NUHUKU eCTb cpegHee TAHreHCcOB Yrna HaknNoHa CyMMupye-
MbiX * MPAMbIX .

B obwem we cnyuae, KOraga uyepes3 pas3nuMuHsie NNOCKOCTU Kamep
/peTeKkTopos/ NMPOXOAUT pa3Hoe UUCIO BTOPUUHLIX TPEKOB, 3TO NO-
nomeHve HesBepHO, M Heobxogumul onpepeneHHsie Npasuna ANA BbYMC-
nexwna UrT-koopauHart.

flpy OTCYTCTBUM BTOPUUHLIX B3AUMOAEMCTBUM BCE TPEKU UMERT
oblwy TOUKY - BepumHy B3aumogencTBuAa. Takum obpa3om, ecnu Mo
BO3bMEM KOHYC C BeEpPUHMHOW B 3TOM TOYKE U C MOBEPXHOCTbLIO, Onpe-
AeNAEMON NUHUAMMU, CBA3LIBAIWWMKM 3TY BEPWWHY C FpaHWULyaMM camon
yAaneHHoOW NNOCKOCTU Kamep, TO Nlerko BuAeTb, UTO BCE TpeKwu
8HYymMpU 3TOro KoHyca GyayT nepecekaTb Bce Kamepol. Bepga cymmu-
poBaHMe B KaMepax NO KOOpAMHAaTaM TONbKO BHYTpWM 3TOro KOHyca,
Mo nonyunm ''xopouwue'' U T-koophuHaTsl .

Ha puc. 2 npeactasneHo Tpu BapuanTa Bubopa nepsoro npubnu-
KeHUAR gNAR BepluunHN KOHyca /ny V%,VZJ B IONOBHOM 4acTU CNEKT-
pomeTpa NA-4:

1/ paneko BBepxX NO NYyYKY OT PeanbHON BEPWMUHDI;

2/ B6nU3N peanbHONM BepWwWHb;

3/ BHM3 MO MyuKy OT peanbHOW BEpWMHSLI,

BuaHo, uTO B cny4dae 2 AWHENHbH ¢MT, NPOBefEeHHbH NO KoopAuHa-
Tam Ul'T, nNpoxoauT NpakTU4eCKW uepe3 BEPWMHY B3aMMOQENCTBMA.
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Puc. 2. CxeMa BbSopa nepBoro nmpubnmuxeHus misa ''KoHyca
cymMMupoBaHus''.



B cnyuyae 1 nuHeWHb® ¢oMT no koopauHaTam UMT pgaeT koopAauHaTw
BEpWMHbB KOHYCa VXl, VYl, VZl, KOTOpbi€ CMeleHb OT VXO, VYO,
VZOB CTOpPOHY peanbHOW BepuwuHbi. Mbl MOXEM B3ATb 3TU KOOPAWHATH
B KauecTBe HOBOW BepwMHbB KOHyCa M NOBTOPUTL npoueaypy. UTepa-

UMM MNOBTOPANTCA /KOOPAMHATH, KOHYCh, OMTH .../ A0 Tex nop,
noka

a/ uncno uTepaumit He MNPeBLICUT pas3yMHOro npegena /obbiYHO
3+5/;

6/ pa3HOCTM MeMpay CTapbiMM M HOBLIMM 3HAUEHUAMU KOOPAMHAT
BEpWHHbI )

AZ = VZ, - VZ AR =R, -R

i-1°" i-1°"

rae

R, = \/vxf+ VYf

He CTaHyT MeHbwe TpebyeMoi TOUHOCTM.

NogobHble ¥e pe3ynbTaTe MONYYAWTCA M B 3 BapuaHTe, OQHAKO
CMelleHMA B ITOM Clny4yae MeHbWe, M BpPeMeHaMu uTepauum nNpekxpawa-
0TCA, XOTA BeplMHa KOHYCa eujle faneka OT peanbHOM BepliMHbl B3a-
MMOOENCTBUA .

Heo6xoAUMO OTMETMUTb, UTO NPU CYMMUPOBAHUM KoOpAMHAT NO
BCeA OrpaHUUYEHHOM KOHYCOM YacTU NNOCKOCTWM KaMepsl KoopauHaTbl
Ur'T moryT okasaTbcA oueHb OMM3KO K OCM NyuKa, T.K. NUBEHb
BTOPUYHBIX, B OCHOBHOM, CHUMMETpPUUYEH OTHOCUTENbHO HanpasneHus
nepsu4HOn. B 3TOM cnyuyae yron 6g HaknoHa NpAMON, NPOXOARWEN
uepe3 UFT, 6ypeTr oyeHb Man u, COOTBETCTBEHHO, BepwuHa B3aNMO-
AENCTBMA, BbUNCNAEMAA KaK TOYKA nepeceyeHMA 3TOW NPAMOM C nep-
BUUYHLIM Tpekom, OyaeT onpegeneHa c 6GonbwWMMM NOTPEWHOCTAMM.
NoaToMy ANA CyMMMpOBaHWA nNpeanaraeTcA UCNONbL3OBaTb TONbKO
YacTb NMBHA /a3uMyTanbHbe orpaHudeHusa/.

B yacTHOM cnyuyae NA-4 cnekTpoMeTpa ANA CyMMMpPOBAaHMA B Ka-
Mepax sbubupanucb TonNbKo obnacTu, NPOTUBONONOXHLIE NO A3MMYTY
obnacTM NpoOXOXAEHUA TpekKa pPacCesHHOrO MIOHA /asuMyT paccCefaH-
HOrO MIKOHA onpeAfenAncR B OCHOBHOM, TOpOMAANbHOM, 4acTu CNeKT-
pomeTpa/.

Npu 3TOM, Kak cnepayeT M3 KUHEMaATMKKU, 3THU obnacTM NNOCKOC-
Ten kKamep AONKHLH cogep¥aTb Bonbwylw YacTe NUBHA W, Kpome TOro,
Bcerpa 65> 0.

Takum obpa3om, obnacTbe kOHyca ans nwboil kamepo B ronoOBHOMN
yacTu NA-4 cnekTpomeTpa 6Guna pasgeneHa Ha WecThb a3uMyTanbHbIX
CeKTopoB /60° kamgwit/. Ecnu paccesHHbit MIOOH npoxoguT, Hanpu-
mep, uepes cektop IV /_U, -Y-ocu/, TO Buuncnenue U T-xoopamn-
HaT npoBoguTcA Tonbko B cekTtope III /+U, +Y-ocu/ /cm.puc.3/.

Bce 31O o3HauaeT, OfHAKO, UTO MOWHO MCMONL30BATb ANA BHYMC-
nennAa Touek UFT Tonbko 2 npoekuumn u3 3 ANA Kawaol rekcaroHanb-
HOM KaMmepsl.
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Puc. 3. CxeMa CyMMHPDOBAHHMSi XHTOB B IUIOCKOCTH
IIpOIIOPIMOHANIBbHOM KaMephl.

NpumeuaHne. B cnydyae NpAMOYroOfbHbIX NPONOPUNOHANbBHLIX Ka-
Mep yenecoobpa3’HO MCNONLIOBATb KBAAPaHT, MNPOTUBOMONOKHLIA Tar-
rMpoOBaHHOM yacTuue.

B KOHKpPETHOM MPUNOXeHWM K aKcnepumeHTy NA-4 npouepypa onpe-
AeNneHWA BepliHbl B3aWUMOAEMCTBUA NO NIMBHIO BTOPUUHBIX YacTuy B
rekcaroHanbHbX KaMepax COCTOANa B chneayouwem.

1. B kayecTBe HauyanbHOro 3HayeHua VZ, BepwuHH KOHyca pac-
cMaTpvBanoch fgsa BapuvaHTa:

a/ VZO= 100 cM / =3,5 M BBepx NO Ny4YKy OT Hayana MuleHu
VZi = 430 cm/;

6/ VZy=VZ, - Touka nepeceyeHus NPOAONKEHUA PACCEAHHOrO
MIOOHA U3 TOPOMAANbLHOM YacTu cnekTpomeTpa.

B kauecTBe VX4 VYj-koopauHaT Gpanucb KOOpAUHATH nep BUUYHON
yacTuus B nydkoBom ropgockone /VZy = 370 cM/.

2. Mo asuMMyTy pacCeaHHOro MIKOHA ANA BCeX Kamep OnpefenAanmnchb
CeKTopa CYMMMPOBaHWA KOOPAMHAT NUBHA M HAbop COOTBETCTBYOWUX
npoekuywit - /+U,+V/, /U, V/, /+UsY/, /-U,-Y/, /+V=Y/, u
/-V,+Y/.



3. W3 BuGpaHHON BepwMHH nNpoBOAUACA KOHYC K KpaaM camol
yhaneHHoW kamepw /kamepa N7/ v BHUMCNANUCH HApYMHue rpaHnyH

obnacteil CyMMMpPOBAHWA BO BCEx OCTanbHMX MMNOCKOCTAX - [JMax
v max Ymax min
bl

min min *

Cnepgyer OTMeTMT?, UTO BBMAY BHICOKON WMHTEHCUBHOCTM NepBuUMd-
Horo nyuka (=5:10" u/umkn) npu nposegeHum 3KCMNEepuMeHTa B
UeHTPpanbHeIX 06NaCTAX rakcaroHanbHWX KaMep MCKYCCTBEHHO MOHW-
wanace 3¢PeKTUBHOCTL. llO3TOMY NpU CyMMMPOBaHWM LEHTpanbHbie
obnactn /R < 5 cM/ urHopuposammce.

L, B kawpgoi nnockoctu no Kaxaoin koopavHaTe B BLGpaHHOM
oﬁnacrurfyMMMpOBaHnn onpegenAnuchk CrnegyiiMe BenuuUHL :

¥ (koopawnata cnepa 4acTuybl NUBHA)
1

N

rae ¢, - koopaguHaTta UI'T B gaHHoW o6nactu,

N
3, (koopawnaTa cnena wacTuusl nueHA)2
s2 _ 1
k - ’
N
2 2 /
o, = CcT - =
k= VCy-sy Wy =Lioy
-~ A7 PP TIE. — - -—
RS v MLV WIITHYEB HaLivy JIMBHA B O0NACTU, K = 1=/ ANA Kawx-

DOV NpoeKuun.

5. Mpu ycnosun HeHyneseix KoopauHaT c, He MeHee uem B 3
NNOCKOCTAX NPOBOAWIICA NMHEAHLN PMT B Kamgon npoekuymu. Mo pe-
3ynbratam ¢uTta npoeogunca ''smbpoc'' /ecnm 3To Heobxogumo/

" AL - i > >
nnoxoi'' Toukn - (c, ~c it )2. WZ> 1. Nocne 3Toro nuHeiHbi gut
NOBTOPANCA /4MCNO ToueK B dPuTe [ONKHO BuTe > 3/.

6.MNo okoHuyaHMM npoueAypb dMTUpoBaHMA B ABYX NPOEKUMAX onpe-
AENANUCE KOOpAMHATbi VZP VXP VYIB obnacTn MUHMManNLHOro pac-
CTOAHWA MeXay MepBUYHBIM TPEKOM W '‘TpeKoM nnBHA''.

Ecnm

AZ = [VZy-VZ,] < 1 m

nwnn

AR =\/(VX0—VXI)2+(VY0 - VY 1)2 < 5 MM

BeplMHa VZl, VXI,_VYlanHuManaCb KaK Xopowas.

B nmpotueHom cnyuae BcA npouepypa NnoBTOpANacb, a B KayecTee
KOOpAWHAT CTapTOBOW TOYKW 6GpanuCb 3HAYEHWA

<
N
<
]
]

VKg + 0,0x (VX - VX, ),

:

VY + 0,0 (VYo - VY ).

7. Bwixop vn3 npoueaypu npoucxoaun nmbo no gocTuxeHun Heobxo-
AMMON TOYHOCTM, AMBO No uucny uTepauyun.

NpepycMOTpeH BapnaHT ABYXKPATHOrO M3MEHEeHUMA NO a3uMyTy ob-
NacT CYMMMPOBaHMA B CAYyYaAX:
- HepocTaTouyHOro uucna ''‘xopoumx!' Toyek aAnNA nAuHeMHoro ¢uTa
8 npoekuyun /dymcno Touek < 3/;
- npeBLNEeHUA MAKCUMMANLHOIrO uucna uTepalyun 6e3 [OCTUKEHWA Tpe-
6yeMOn TOUHOCTMU;
- eCnNM TaHreHc yrna HaknoHa ‘‘nueHeBoro Tpeka'' meHbwe 0,01,

NPOBEPKA NPEANOKEHHOW NPOUEAYPHI HA MOAENWUPOBAHHbIX
COBbITHAX

OnAa mogenupoBaHMA cobbiTuii Buna vMcnonb3oBaHa aganTUPOBAHHARA
anA NA-4 cnexkTpomeTpa nporpamma GEANT (SIMUL NA-4 727 ) ¢ mo-
aMonumMpoBaHHuiMu nognpor pamMmamu HADRON u GUDGIT.

CtaHgapTHaa NA-4 nporpamma PATRAC ucnons3oBanacs [NA BOC-
CTaHOBNEHWA NapaMeTpOB PaACCEeAHHOro MOHa, a pa3paboTaHHaAnA
nporpamMma SHOWER - ana onpegeneHua ''nuBHeBoro Tpeka'' u He3asu-
CMMOr O BOCC I dHUBJIIEHNA BEPWARD B3anmMOLENCT BFiA .

HeobxogMM0O OTMETUTbL, YTO NpU MOAENUMPOBAHUM MBl HE CcTapanuchb
TOYHO BOCNPOU3BECTM CaMO B3auMoaenucTBue, BepHee, aApPOHHYK
yacTb rnybOKOHeynpyroro pacCeaHuMa MPoHa /onpefeneHHas Mopens,
pacnagw v B3auMoaercCTBMA BTOPMUYHBX M T.n./, a cTpemunuch 6o-
nee uUnM MeHee peanucTUUHO BOCNPOM3BECTU KAPTUHY NUBHA B rekca-
roHanbHuX KaMepax /uncno XuTos, Mx pacnpegeneHuna/, 4Tobb npo-
BEpUTb UYBCTBMTENbHOCTb NPEeAnOMeHHON MeTOAMKU K PasnUuYHbIM Tu-
nam coBuTuil /agpOHHHNE MMBHW, 3NEKTPOMArHUTHHE NMBHU U UX KOM-
6uHauun/ .

1. TeHepauma 3apAMEHHbLIX agpoHOB

CHavana npu aHeprum 280 3B reHepupoBanock cobuTue rny6oko-
Heynpyroro paccesHua /THP/ MooHa B ronoBHOM 4acTu CneKTpoMeTpa.
3aTeM,aQnA yMeHbWeHUA AoNu cobuTUM C Manon MHOKECTBEHHOCTLI,Ha
MHBApPMaHTHY® Maccy obpa3oBaBUWMXCA afpOHOB

2 2 2
w =2mp-u -Q +2mp.

rpoe Q2 - nepegaHHLIM 4-umnynsc, :/=E0un- 3HepruA agpoHOB B
nabopaTopHOi cucTeme, m, = Macca NpOTOHAa, HaKNaAHBaNOCh OrpaHu-
yeHue
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/A/ W2 > 20 aB=2,

U3 kuHemaTukn [HP onpegenAnucb KOMMOHEHTH agpOHHOIO NMBHA
PX, PY, PZ, 3atem, cornacHo pabote /8/, Buuucnanoce cpegHee
UMCNO 3apAKEHHBIX YacTuly

<n> = 1,1+ 0,89 In(W?2),

U, cornacHo pa6ote’4/, COOTHOWEHWe MeKAY CPeaHMMW Yucnamm no-
NOKNTENBHO M OTPULATENbHO 3apAMEHHbX 4YacTul, UCXOoAR M3 Benu-
UMHB

R = (0,59 - exp(x) +1,91). 0,5,

roe X - CKEeMNUMHroBaa nepeMeHHas. -
Otciopa
<n>_ = <n>ch/1ﬁ~FR, <n>, = <n>, ~-<n>_ .

lanee, cornacHo pacnpegenexuwio [yaccoHa,
obpasoBaBumMxcA #— M K -MmesoHoB, npuuem

reHepuMpoBanuch uucna

<n>_ 4 =0,85.<n> , <n> . =09-<n>_ .
B kauecTeBe kpuTepua otbopa ans ''monHoueHHocTn'!

BanocCb OrpaHuyeHue

NUMBHA HakKnanbi-

/B/N (I‘] ++N_+N ++N _)>2

0T6pomeHHue no KDMTepMﬂM /A/ n /B/ cobuiTna coctasnAnmn =3%
OT NONHOrO UYMCNa CreHepupoBaHHLIX COobbiTUM rNyboKOHeynpyroro
paccesnima.

Danee, pnA nepBbix N*= N -1 CreHepupoOBaHHbIX 4YacTUL NUBHA
CNyuYanHbiM 06pa30M, cornaCHo paboTam /4.:5.,8/ onpegenanucs Be-
IMUnHe z . = El M(p ) M3 tabnuy ¢yHKkuun PROZ=exp(-3.61:"
.z)/z v PROPT'E
m (pp); . Ha atom aTane ﬂpOBOAMﬂMCb chegylouwme nNpoBEpPKM :

N*
a/04< 2 2z, <0,9;

1

npnY HapyweHun 3ITOro Kputepma reHepauyma no Zi NOBTOpPANAacChH,

6/ (b)), < 05- Ehad ’

Npu HapyleHun 3TOro ycnosua (p ) 0,35 MN3B/c. 3atem cnyuan-
HeM oBpasoM ansA KaMgoro anpoHa reHepupoBancsA as3uvMyTanbHuA yron
M, COOTBETCTBEHHO, PX; M DYy; KOMNOHEHTH uMnynbcoB. [pogonebHan
KOMNOHEHTa onpepenAnack Kak

8

exp( 3. 8 p %), U, COOTBETCTBEHHO, Ehad*Z cv 9

= \/(Eilad )2

rae m; - Macca 7- umm K-Me30Ha.
ﬂocneAHeu ns3 CFEHEDMDOBaHHHX yactuy N - N* = 1 npunucusa-
mce M'HecKoMNeHCUpOoBaHHbE'' KOMMOHEHTH MMMYnNbCOB

2 2
-(pT)l —mi,

N* N*
= PX ->1: PX,,  PY pgr= PY -21 PY;»

PXy asT

a Takwe '‘HeckoMneHcupoBaHHan'' aHepruA

B kauecTBe MpOARONbLHOM KOMNOHEHTH ANA 3TOK uacTuub BuBupanace
bonbwan na gByX BENMUYUH

N*
= PZ - X pz;
1

PZ{AST

R F 2 .. -2 _2
e =V M1 AST TYYLASTT ¥Y LASTT Ya# ¢

Ha nocnepHem 3Tane reHepayuu aApOHHOIO NWBHA OCYWeCcTBNANOCH
npoBegeHne TPEeKOB uepe3 AETEKTOpH M OUUPPOBKA XUTOB.

Ha puc. 4a npeacrasneHs pacnpepeneHnAa no AVZ-pa3HOCTAM
MEXKAY CreHepupOBaHHHMW Z ~KOOpAMHATaMM BepuuH B3aWMOAEACTBUA
M BOCCTaHOBMEHHbMM C nomoyblo nporpamm SHOWER n PATRAC, a Ha
puc. 46 - cootseTcTeByWMe pacnpepgeneHWA NO R - PacCTOAHUAM OT
Z=0CH.

Ha puc. 4B npeactaeneHo pacnpefeneHne NO MHOKECTBEHHOCTH
3apANEHHBIX YacTuUy ANA FeHEepUPOBAaHHbIX COGLITUM .

Kak eugHo w3 puc. ha,6, pacnpegenenne no AVZ
pamMme SHOWER BHMNAAMT cnerka noyxe,
nee peanucTuUuHO,
pammei PATRAC.

Hebonbwas CcTaTUCTUKA reHepauum He NO3BONAET, OAHAKO,
nate 6Gonee onpepeneHHoe 3aKNKYEHUHE.

nocne npor-
a pacnpepeneHue no R - 6o-
yeM COOTBETCTBYlIMe pacnpepeneHua fiocne npor-

cae-

2. Tenepauva INEKTPOMArHUTHLIX fMBHEW

Npu redHepauun INEKTPOMArHUTHBIX JIMBHEW Mbl HE CTpeMunuchb
B AeTanAx BOCMPOM3BECTM MX XapaKTEepUCTMKU, a cTapanuce nony-
UUThb AOCTATOUHO peanucTUUHY KapTUHY nUBHeNH B rekcaro-
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Puc. 4. PacrnpepgeneHue 1o
AVZpasHocTaAM MeXOy CreHepu-—
POBAHHBIMH Z ~KOOPAHHATAaMH
BepIHMH B3aUMOLEeHCTBUH H TEMH,

o aVZ=VZp~VZgen
PATRAC

rrrrrr OVZ=VZ oo, ~YZgen
SHEVER

a UYTO BOCCTAQHOBIIEHBI B INOMONLIO
avz nporpamMmM SHOWER u PATRAC B
(M) clyuae reHepanuM BMecTe C

-2 -1 0 1 2
paccessHHbIM: . MIDOHOM TOJIBKO 3a-—

pAXeHHHX agpoHoB /a/. Coor-—
BETCTBYWNHE pacipeelneHus
no BenuuuHe R - paccroaHuHio
OT BOCCTAHOBIIEHHOH BepUHHbI
5 0o ocu z /6/. PacnpepeneHue
coObiTUH O MHOXEeCTBEHHOCTH
3apsKeHHbHX agpoHoB /B/.

R BLPUYIHS! NS 1POrPAMMS/
7777 SREVEK

R BEPUINHBI M3 TPOT PAMMb!
PATRAC

2 e (CM)

i 6

§ MAOKECTBENHOC TS JAPRMNENNBIX
YACTAU [T1PH (EHEPAUIH AAPOM-
MOro ANBHR

HanbHLIX Kamepax C TeM, uTobb NpoBepuTb CNOCOBHOCTL HaweMl npor-
paMMbl BOCCTaHOBUTbL BepwMHy B3auMoaelcTBuA .

Mpu reHepauyun Npegnonaranocsk:

a/ 6onbwoe uMCNo XMTOB B Manon obnacTu NNOCKOCTU KaMepsl;

6/ pas’nuuHoe UYMCNO XMTOB B PasHbiXx NNOCKOCTAX KaMep;

B/ OTCYTCTBME COBNagawvWmMx XUTOB B COCEAHMX MMNOCKOCTAX.

M npegnonaranu Takke, UTO 3NEKTPOMarHUTHue NueHM obBpasywnT-
CA y-KBAHTaMW OT pacnagos n°-Me30HOB, W, MNOCKONbLKY 3HEprua
3TUX MEe30HOB BefnKa, OCb OTAENLHOrO NMBHA NPAKTMYECKM coBna-
AaeT € HanpasneHuem 7°-Me30Ha,

KpoMe TOro, nocCKOonNbKy cpeaa, B KOTOPOM PacnpocTpaHAeTCcA Nu-
BeHb /WUAKOBOAOPOAHLIE MUWEHW, BO3AQYX, TPEKOBbe AeTeKTopw/ ume-
eT AOCTATOUHO Manylw NAOTHOCTb, CaMu NUMBHM Mt cunTanu ''‘passuea-
oummMnca'', T.e. u uncno vactuy /ete”/ B nueHe, u ero nonepeu-
Hble pasaMmepsl NIMHEMHO BO3PacTawT C PACCTOAHMEM OT BEpWWHL NUMBHA.

WaBecTHO, UTO nonepeuHsie pa3Meps '‘passuBalwerocs’’ NMBHA
AOCTaTOUHO XOpOWO ONUCHBARTCA (yHkumel Buga ’7/

R = e—k/L

rae k - nokasaTtenb, 3aBUMCAWMIA OT NAOTHOCTW Ccpegsl, a L - npo-
AONbHLIE Pa3Meps NMMBHA B PAAUMALMOHHBLIX eguHuuax.

10

B HaweM cnyuyae Manou NNOTHOCTW AOCTATOYHO XOPOWMM ABRAETCA
nuHerHoe npubnuxeHue

R =Ry - (1+kz),
rae Z - paccTosHue OT BepuwwnHsl NUBHA /B MeTpax/.

To we caMoe OTHOCMTCA M K uucny vacTuy /anekTpoHos/ B nueHe.
KpoMe TOro, 3TO 4YMC/IO AONKHO GHTb NPONOPUMOHANBLHO IHEPrum Y-
kBaHTa /n°-Me30Ha/, T.e.

N(Z)::kl-NO-E”o~Z.

C yyeTOM 3Tux NpeanonoOXeHWi reHepauus 3NeKTPOMAarHWTHLIX NuUB-
Hel B ronoBHOK 4YacTu cnekTpoMeTpa NA-4 ocywecTBnAnack cnepyw-
umM obpasom:

1. Uucno xXMTOB OT INEKTPOMArHUTHOrO NUBHA B KamAOM NNOCKOC-
TM NPONOPUMOHAaNbHLIX KaMep onpegenAanochb Kak
NGENi =2,0 +0,5-p- Az, <NGEN

max '’

rae 2,0 u 0,5 - gOCTaTOUHO NPON3BONbHLIE KOHCTAHTH, p ~ WUMMNYNbLC
poanTenbckoro n° -Me3oHa (B [3B/c), Az; - paccToAHue OT Bepun-

Hbi B3aMMOAENCTBMA A0 AAHHOM NNocKocTu /B MeTpax/, NGEN ., =70

/orpaHuueHue redepauumn/ .

2. B kauecTBe poauTenbCKoro p°-me3oHa GpancA 3apAMeHHbLN Me-
Jo0on ng dApUI‘"‘iU;l I encpdymn. BNHHLJIHJIHLD OYKN tHicpeceYennAd I peERd
3apAKEHHOro Me30Ha C NNOCKOCTAMM KaMmep.

3. KoopguHatsl 3TUX TOUYeK nepeceyeHMAa UCNONbL3OBAaNMChb 3aTeM
KaK UEHTpH rayCCOBCKMX pacnpefeneHni xXxuToB 4YacTuy NUMBHA B gaH-
HOM NnockocTu. B kawaol nnockocTu Apoucxoguno NGEN, pas obpa-
weHMe K CTaHAapTHOM noanporpamMMe redepauyuu no layccy

NORMCO (AX, BY, XCESH, YCESH, o , o , 0),

rae AX, BY - koopauHaTH rEeHepupOBaAHHOINO OTAENbLHOr0 XMTa B AaH-
HOM nnockocThn; XCESH, YCESH - koopAauHaTh UEHTPa rayCcCoOBCKOro
pacnpeaeneHuAa B AAHHOW NNOCKOCTU; oy , 0 WHUPHUHA FaAyCCOBCKOIO
pacnpegeneHua B AaHHOM NNOCKOCTH.

B kauectBe o, , oy 6panMcb BenUUUHL

v -

axi = ay1 = 00(1 +k2- Azi)’
rAe Az; - B MeTpax, a B KauecTBe o, 6panock oy = 1 cm.

AnAa BenuuuHsl Kk, uccnegosanuck cnydam ke, = 0,06, 0,25 u 0,L4.

CnegyeT OTMETUTL, UTO ANA NANOTHOCTeN cpef B FONOBHOM 4acTu
NA-4 cnekTpoMmeTtpa ky, =0,1,

L, Ha sawnounTensHOM 3Tane, nocne CTaHAapTHON NPOBEPKM Ha
cosnaganuue KoOOpAuMHaTH, NpoBogMNach OuMPPOBKA XWUTOB.
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Puc. 5. TunHuHas KapTHHaA CcMO-
JeJIHpOBAaHHOIo coObnITHA, Korpga
BMECTE C paccesHHbM MIOHOM
reHepHpYeTCsl TONIbKO OJMH
9JIeKTPOMATHUTHBIH JIHBEHE .

MIOOH +IA~M AVIBENS

HeTpygHo BuvgeTb, UTO A
BCAKOW reHepauuMu nonepeuyHbe
pasMepbt NMMBHA AMNA [AHHOro
Az;- OAMHAKOBbI, a YMCNO XMTOB
L B [AHHOM NNOCKOCTW 3aBUCUT OT
gt -3+ _1_%4_ _ 3HEpPrum NMBHA.

Ha puc. 5 npeactaBneHa
TUNMYHAA KapTHMHaA OQHOroO anek-
TPOMaArHUTHOTO NMBHA B OfHOM
NpoeKunnu rekcaroHanbHbiX Ka-
Mep /He B MacwTtabe/.

Ha puc. 6 naobpaweHm 06-
nactu, 3aHATbIE 3NEKTPOMArHUT-
HbiIM NUBHEM Ha 20 -~ypOBHe
/=90% xutoB/ B nocnepHel rek-
caroHanbHoOM kamepe N7 gna
Pa3NMYHBIX 3HaAYeHUH k,, Korpa
. BepmMHA R2IAUMONLIACTRMA ~ B
cepeanHe MuweHu /Az = 12 M, p_o = 10 aB/. HeTpygHo BuaeTs,
4yTo obnacTu, 3aHATbHE NMBHEM, AOCTATOYHO BENWUKWH.

XoTenocb 6b OTMETMTbL, 4YTO nofobHaa npoyeaypa reHepauuu
/6onbwoe YUCNo XMTOB, Pa3fUMUYHOE YUCNO XMTOB B Pas3HbiX MNOCKOC-
TAX, OTCYTCTBME COBMafalMX XMTOB B COCEAHMX MNAOCKOCTAX/ npo-
BOAMT OQHOBPEMEHHO M MNPOBEPKY peanbHuX YCMOBUMIA IKCNEpUMEHTa,

a WMEeHHo:

- He 100%-Hy0o 20DPEeKTMBHOCTbL Kamep,

- HanMumMe BTOPUUYHLIX B3aUMO[ENCTBMUIA,

- Hannuue "wymaumx'' v ''MepTBoiX'' KaHanos.

PaspaboTtaHHaa nporpamma reHepauyuu Morfna, OQHaKo, reHepupo-
BaTb NPWU KawgoM 3anycCke TOMbKO ornpepgeneHHoit Tun coBuiTuAa /Ha-
npuMep, TOMNbKO AAPOHHLIM SIMBEHb, TOMbLKO OAUH 3MEKTPOMArHWTHHH
NMBEHb, TOMbKO agpOHb U OAUH BNEKTPOMArHUTHLIN NuBeHb U T.4./.
310 cospasano onpepeneHHsie TPpyAHOCTM, HO MO3BOMNANO, B TO Xe
BpPEMA, OUEHUTb YYBCTBUTENbHOCTb NpeAnOMEHHONW npouegypbl onpege-
neHMs BepuwuHL B3anwMmopeMcTBuA /nporpamma SHOWER/ no OTHOweHWo
K Pas3nnuHbiM Tunam cobbiTuit.

Buinn creHepuposaHs M 06paboTaHu cnepyowmMe Tumnbi COBBITUM
/BMecTe C pacCeaHHbIM MIOOHOM/ :

1/ TONLKO OAWH INEeKTPOMArHUTHLIA NUBEHD ,

12

x_f AT

/s ;

.@ HE IPPEXTHEIAR
LENTPANLITAR OBNACTS

() PASMEP AHEHA 1A
26

YPOBHE

OBAACTH CHITIAALITBIX
TPOBONOK, SAIUTTAR AMIBHEM

A K=04
g BAPNARTS AN K'=0,25
K =0,06

1
I
* CAEL PACCESIMHOIO MIOOHA
i .
cymmmPosanms amgng no Pr+TEBre
A+ + Cys (VACTHYIHO)

Puc. 6. O6iacTH, 3aHATHE XUTAaMH SJIEKTpoOMar—
HHTHOT'O JIMBHA B nocijegHeit /N7/ rekcarosamb-—
HOH KaMepe IS pPas3JIMUHbBIX 3HaueHuil Koadpduuu—
eHTa K,.

2/ TONbKO ABA 3NEKTPOMArHWTHBLIX MNUBHA,

3/ TONbKO TpU INEKTPOMArHMTHBLIX NUBHA,

L/ 3apAmeHHbe TpekM + OAUH 3INEKTPOMArHWUTHBIK NWBEHL ,

5/ 3apameHHbie Tpeku + ABa 2NEeKTPOMArHUTHLIX NUBHA,

6/ 3apameHHbe Tpeku + TpU INEKTPOMarHUTHHIX MMBHA.
B kamgom cnyuae 6bino creHepuposaHo v 06paboTaHO MO HecKonbKo
coTeH cobuiTuii. Bpema, pacxogyemoe Ha reHepaywio n obpaboTky
oAaHoro cobuTua Ha 3IBM VAX-11/780, cocTtaenano B cpegHem 6,2 c.

CneayeT oTMETMTb, 4TO B cnyvae /6/ NNOTHOCTHM XMTOB B nNpo-
NOpUMOHANbHBIX KaMepax AJIA FeHepupoBaHHbHIX W peanbHbuix cobbiTuii
rnyboKoHeyrpyroro paccefaHMA MIWOHOB Ha BOAOPOAE MNPU IHEPIruM
280 I'aB npakTuuecku cosnaganm.
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i ' —— PATRAC

i 7> SHOVER

- a k=006
AVZ (M)

-2 -1 0 1 2

s d k=025

| avz

-2 - 0 1 2

o ®

3 5 k =0,4

B . Aavz

-2 -1 0 1 2

Puc. 7. PacnpepmeneHus mno AVZ-
PA3HOCTSM Z —KOOPOHHAT BepIHH
B34aHMOOEHMCTBHH NpH BOCCTAHOB-—
JIEHHH C TOMOmbI NPOTr'paMM
SHOWER n PATRAC, korgma BMecTe
C paccestHHbIM MWOHOM I'eHepHpy-—
eTCcsA TONMbKO OOHH 3JIeKTpoMar-
HHUTHHIH BeHb: a/ k, = 0,06,
6/ k2= 0,25, 8/ ky, = 0,4.

Ha puc. 7 nokasans AVZ -
pacnpeneneHMA ANA pasfiMuHbIX
aHauennih ko = 0,06, 0,25 u
0,4, xorga BmecTe c paccesH-
HbilM MIKOHOM eHepupoBancA
TONbKO OAMH 3NEeKTPOMarHMUTHLIM
nmBeHb, a Ha puc. 8 - npep-
cTaBneHs cooTBeTcTBYlowMe R -
pacnpeapeneHna. Ha 3aTux xe

prcyHkax npusefeHbl Takke W pe3ynbTaTel obpaboTku cobwuituit no
nporpamme pekoHCTpykuun PATRAC - BOCCTaHOBAEHWI BepWMHL B3au-=
MOAENCTBUMA TONLKO MO paccesHHOMY MiOOHY. Ha puc. 9 npuBegeHs

AVZ-pacnpegeneHua AnAa pas-
NUUHBIX 3HAUEHUN k2 . Koraa
BMECTE C pacCesHHbM MIOOHOM L
reHepMpoBanock ABa 3NeKTpoO-
MarHMTHoIX nuBHA. Ha puc.10
npeactasnens AVZ-pacnpe-
AENeHnA, Korpa paccCeAaHHbn
MIOOH FEeHepuMpOBaNCA BMecTe

C 3apAXeHHHMW agpoHaMu B
CONpPOBOKAEHWUW OQHOr o,

OAByX ¥ Tpex 3MeKTpOMarHuT-

PEIYABTAT PABUTHI
NPOrPAMM

—— PATRAC

7> SHOVER

Heix nueBHen. Ha puc. 11 no- 0
Ka3aHa TMNMUYHAA KapTuHa
nogobHoro cobutna /He B
macutabe/. HakoHey, Ha
puc.12 npuBeaeHs ABYMepHbie

Puc. 8. Pacrnpepenenusa 1o

R-pacCTOsHHAM BOCCTAHOBJIEH—
HbIX BeplHH OT Z—OCH [AJNA TeX
Xe YCJOBHiH, YTO H Ha pHC.7:
a/ kg= 0,06, 6/ ky; = 0,25,

a k=006
i B = = R(C™m)
2 4 3 8 10
8§ k=o025
R(CM)
L § k=04

Y R(cM)

B/ ko = 0,4. Y
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AVZ-pa3HoCTAM NpH TeHepaiHH
paccesHHOrO MiOQHa B CONpPOBO-
KIOEHUH 3apSKEHHBIX AOPOHOB H:
a/ oOHOrO 3MeKTpOMAarHHTHOIrO
nuBHA, kg = 0,25; 6/ nByx
31eKTPOMAarHUTHBIX JIMBHeH, Ky =
= 0,25; B/ Tpex aneKTpoMar-
HUTHbIX JUBHeR, Ko = 0,25;

r/ Tpex 3JeKTpoMarHHTHX
nuBHe#, ky = 0,4,

pacnpegeneHua KoopauHaAT Bep-
WWH B3aWUMOAENCTBUA ANA pas-
JMUHBIX YCNOBWIA FeHepauuu .
BugHO, uTo peaynbTaTth paboTu
nporpammel SHOWER BnonHe npu-
eMrfieMbl, BO BCAKOM Cflydae OHM
BuFNAQAT HE XyXe pe3ynsTaToB
BOCCTAHOBN@HMA BEPWMHB MO
pPacCeAHHOMY MIOOHY .

Takum obpa3oM, npusefeHHue

) Puc., 9. PacnpemeneHusa no
PATRAC AVZ-pasHocTaM, korga BMecTe
SHOVER C paccestHHIM MIOOHOM T'eHepH-—
pOBAaNoCh OBa 3JIeKTPOMArHUT—
i Hbx nuBHA: a/ Ky = 0,06,
L a k:o'os 6/ kz = 0,25, B/'kg = 0,4.
| ) - AVZM)
-2 0 1 2
§ k=025
avZ
4 k=04
I —— PATRAC
Puc. 10. Pacnpenenenus no A ]

cunvc R
“hvvYen

rr 7 LH rrrr
- a AAPansl A
N 1 IA-M AHBENS
. AVZ

-2 -1 0 1 2

AAPOMBI M
2 3A M _ANBHA

AAPOHBI
3 IN-M ANBHR

k=025

AVZ
-2 - 0 1 2

AAPONBI M
F 3 2 -M AHBITR

o k=04

AVZ

nccnenpoBaHMA NOKa3salMn, Ha Haw
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MIQON + T PERH +ANBEHS

Puc. 11. TunHuHas KapTHHA
CMOIENTMPOBAHHOI'O COOGLITHS ,
Korpga .BMecTe C pacCesaHHbIM
MIOOHOM T'€HEepHPYWTCH s3apsikKeH—
Hble aZpOHbl H 3TMEKTPOMAT'HHT—
Hblil JIHBEHb.

B3rNAL, 4YTO MNpoueaypw TUNa
nporpamMmp SHOWER BrionHe pa-
6oTocnocobHB AnA onpegeneHun
BepwMHL B3anMogencTemA No
KOOPAWHATHOW MHpOpMayMu nue~
HA B TPEeKOBbIX AETEeKTOpax M
MOTrYT NPUMEHATbLCA Torpa, Kor-
[a ApYrve MeTopAs HemnpuMeHWMb ,
MM MOFryYT ObTb HE3aBUCUMBIMU,
[OMNOAHUTENDBHBIMU K APYTUM,
TPaAUUMOHHBIM MEeTOAaM,
PesynbTaTth NpMMeHEHWA pas-
paboTaHHOM MeTOaukM k ofpa-
GoTKE peanbHux cobbiTMiA GyayT
onybnuKoBaHw no3pHee.

B 3aknoueHue asTop npuHocuT rnybokyk GnaropapHocTe W.A.Ca-
rumy. W.A.TonvteuHy. B.C.Kucenesy, M.¥0.KasapunoBy, H.l.Tary-
Haweunu, E.B.Tenwokosy, A.A.llukaHAHy 3a nomoub W MONE3Hsie ob6-
cykpaeHua u Bcel konnabopauum NA-4 - 32 BO3MOMHOCTL NpOBEAEHUA

M;cnenoaamm . XGEN
fEN TOABKO TPEKH AAPOHOB -
3F .
or .ﬂ
_3 L .. "I
1 1.0 1 L xsh
- a -3 03
1m'c. . YGEN
'S 1 i 1 L 1 i ' i ZSh [l 1 I 1 i YSh
1000 303
16

4

N

VZgen

TOAKO 3A-M ANBEHS

L1191 xsh
10001 -3 03
1y &
100} 7
K N
10}
Y.
b oudog g sh
Zoen 400 1000 ~30 3
X
TPEKH AAPOMOB GEN
1 A -MAIMH. AMBEMHSL
PR S B I xSh
-303
“ﬁN
3.—.
ok .
_3-—
L1 1 1 ! L N 1 ZSh Ld 1 ySh

L1
-303

Puc. 12, [lBymepHele pacmnpepeneHusa KOODOHHAT /X, ¥y, 2 / cMomenu-—
POBaHHHIX H PEKOHCTDYHDOBAHHHIX nporpamMmoii SHOWER BepmmH B3aumo-
AeHcTBHH, KOr'ga BMECTEe C pacCCesHHBIM MIOOHOM T'eHEepHPYITCH:

a/ TonbkoO sapaxeHHbE angpoHbi; 6/ TONBKO OOMH 93NeKTpPOMArHHTHLIN
fMBeHb; B/ 3apsxeHHbHE aJpOHH B CONMPOBOXOEHHH OLHOT'O 3NeKTpO-
Mar#sUTHOI'O JIMBHA §
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Zeen TPEKH AAPOHOB M Xcen
2 3A-MArH. AMBHA
3 -
o -
_3_
B § I T T | Xsh
r =303
1000+
YeeN
3L .
- 0 N
1 1 1 1 1 i 1 - Zsh Y
1000 I O sh
-30 3
[Ipodoaxenue puc.l12
r/ 3apsxeHHble aJipoOHbB B CONPOBOXIEHUH OBYX 9J€KTpoMalHHTHbIX

rrees

v~

GaRaariraL e
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