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O03A OBNYYEHUA NALWMEHTOB NPU OBCNEQOBAHMWK C MNOMOLLULKO

®MIOOPOrPA®A CEMEWCTBA «lpoCkax»

l'[p::mc,ueum HIMEPEHHA JO30BLRIX XAPAKTEpPHCTHE
wanyyennd B kabune dunooporpada «[1poCran-2000»,
B OPrCTEKAe M BHYTPH (haHTOMA HermoBeKa IPOH3BOJ-
craa (upmsl «Pelican Products», Torrance, CA, USA,
HITOTOBIEHHOTD M3 TKAHEIKBUBAJIEHTHOM PE3INHEL.
Venosua HaMepeHHit TPOMOAETHPOBANLL C MOMOLLEIO
Monte-Kapno nporpamyel GEANT. Chenano cpas-
HEHHE pe3yILTATOBR HaMepeHuit ¢ pacuetamu. [Tpeano-
#eH crocob H3IMEPEHHA J035I Dﬁﬂ}’“'ﬂﬂ]lﬂ NanHeHTa ©
noMouEe aetektopa (puvoporpada, W gana oLeHKa
NMOTPEHOCTH TAKOID HIMEPCHMA,

MouTe-Kapno nporpamma GEANT

Moure-Kapno nporpamma GEANT [1] asnserca
GasncHoil Bo Beex (huzndecknx 1abopaTopHax Mipa [
OTTHCAHNA NPOXO#ICHHA HATY4eHHA Hepes BetltecTso. B
ITOil NporpaMMe swionena obilenpustanias B Hayy-
HoM cooOLIecTBe IKCIEPHMENTANIBHAA HHpOpMaLA,
COEPAALLAA JAHIBIE O B3IAHMONCHCTBHH BCEX BHIIOB
HAMyuenus (KaK YacTHl, TaK H 3MeKTPOMATHHTHOTO) B
mpokoM Aanasone 3xepruit (ot 10 k3B u go coten
raraiekTpol-soieT). TTpoteces! B3anMoaeiicTBIA H3-
AyHEeHHS ¢ BELECTROM PashirPIBAIOTCA B COOTBETCTBHH
¢ (hyHaAMEHTANBHBIMH 3aKOHAMK GHINKH, MaTeMaTH-
YecKHil annapar KOTOPLIX pPeain30BaH B NPOTPaMME.
Bxomieivu gaHHeiMH juig nporpasyel GEANT asna-
HOTCH: SHEPreTHYECKHH CIIEKTP HCXOAHOTO H3JTYYeHHA,
reoMeTpia 00BEKTOB MPOXOMAIAEHHA HITYHEHHA, TUIOT-
HOCTE M XIMHHeCKHiT coctan Marepuanos, TTporpamma
GEANT nozBonaeT MMeTh NMOMHYI0 HH(POPMALHID
(THNBI BIANMOASHCTEHI HINYMEHHA C BELLECTBOM, MPo-
CTPAHCTBEHHAA KAPTHHA PACTIPOCTPANEHHA HATYYeH A,
IHEPreTHHECKHE NOTEPH BO BCEX TOMKAX CPe/Ibl TPOXOHK-
JeHHA ¥ T.J1.) O NPOXORICHHH HATYUYCHHA Yepe3 Bele-
CTBO JI0 TIONMHOTO ero NOTJIOLEeHHA.

dmooporpag «MNpoCkan-2000»
Ina perucrpauny pPeHTreHOBCKOTO M3NyHeHMH,
npoiie/lliero Yepes naunenTa, so duooporpade

«ITpoCran-2000» [2] ucnons3yeTcs KpeMHHEBbI H-
HeitHBli aeTexTop, cocToAwmit ua 1024 aneMeHTOB.

HetexTop pacrnoloxeH BEPTHKAILHO (pasMep 1o esep-
thkan 400 yy). Beepoobpasustii BepTHREANEHEIA peH-
TreHOBCKHiT ny4ok dopMupyerca wenesoi auadpar-
Moil umpunoii 2,4 mm. etexTop 1 mienesas anadpar-
Ma YKperuleHs! Ha o01eil wTanre, copepluaonesi npu
CEAHNPOBaAHHH MALHEHTA BpAIIATENBHOC ABHAEHHE B
FOPHIOHTANEHON MIOCKOCTH BOKPYr (POKYCHOTO MAT-
Ha HCTOYHHEAL M3TY4YCHHA. CHHMOK BBRIMOAHHASTCA B
penTrenosamMTHoi Kabine, obecneunsaoueii 6e30-
naciyio paboty nepconana. Obume rabapurtel duiroo-
porpada 1020x1650x2350 smm.

SKCNoO3WUMOHHAA [o3a B kabuHe
dnwoporpadga B orcyrcTEne daHToma

H3mepeHns 3KCO3HIMOHHOI 03kl B Kabuue duio- -
oporpadia NPoH3BOIHIHCE KIHHHYECKHM J0ZHMETPOM
27012 ¢ nounzaunonnoil kamepoit VA-R-254, Mame-
perna npn 80 u 100 kB semonHeHs! Ha pacCTOAHNH
100 e oT poxyca uerounuka uamyyenns, npn 120 kB -
nia pacctoannax 65, 80 u 100 cm.

[MpH 3agaHHOM HANPAXKEHHMH Ha PEHTIEHOBCKOI
Tp}"ﬁKE‘. BEITHYMHA CUIHana OT NPpAMOro H3NYGCHHA,
PErHCTPHPYEMOT O CKBO3E BO3AYILHYIO Cpely, Nponop-
LHOHANBHA TOKY MEKIY KATOMAOM H aHOIOM TPYOKH.
Josa obnyuenns moboro ckanupyeMoro oGbeKTa Tak-
e MPONOpPUHOHANEHA TOKY NPH (PHKCHPOBAHHOM Hil-
npmxenni. Takum oOpaioM, 3TH TpH NapaMeTpa: TOK,
CHIHAT, 1032 — Jo/kHBL GBITEH CBA3AHEI THHEHHOI 3a-
BHCHMOCTBIO,

PopMbl 3aBHCHMOCTEH, CBA3BIBAIOLIMK 3TH TPH Id-
pamerpa, OBUIH NpoBepeHsI NOCPEICTEOM HiMepennii. B
KaMeCcTBEE HIMEPCHHOID CHIHATA HCMOML30BANACh Ty -
cymya aMumTya curnanos (A DC-oTcueTsl AeTeKTOpa
HATYUEHNs) € IEBOTO H PABOTO HHAHHX KBAIPATOB M-
posoro cinMia. [Inomans kamIoro KBaaparta, BKID-
watomero 50x50 feTer THPYIOUNX HAMyHeHHE SueeK (TTHK-
ceneit), cocTanaa npubnusuTensho | om?, Beibop atnx
30H OBYCIOBIEH TeM, 4TO MITYUEHHE HA JETEKTOpP Mo-
CTYNAET BCETIA Hepes BOZAYLyIo cpeay. B pesynsrate
BElTHYITHA H3MEPEHHOTo CHIHAMA MPH 3a/1aHHOM HAINps-
AHEHMH ONMPLIcTACTCH TOIBRO BEMHYHHON TOKA.
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Ha pue. ] noxasane! TpH rpadmka s3apucHMocTed s
HIMEpPEHHH IKCMO3ZHIHOHHBIX 03, BRIMOIMHEHHEIX Ha
paccroanuy 100 cM OT MCTOMHHEA HITYYCHIA TPH TPex
3naveHHax Hanpsxenus. Ha sepxuem rpadmxe (puc. 1a)
MOKA3aHa 3aRHCHMOCTE H3MEPEHHOH 10361 OT H3IMEPEH-
HO# BenmHuuHEl Toka. Ha cpennem rpadmxe (puc. 1b)
NpeacTapileHd 3aBHCHMOCTE BEIIHMHHEBI H3MEPCHHOTO
TOKd OT BeHYHMHBI HIMEPCHHOTIO CHIHAIA. Huamnii
rpaduk (pue. /c) NOKA3BIBAET 3ABHCHMOCTE H3MEDEH-
HOM 0O3BI OT BEMTHMHHE] H3IMEPEHHOT'O CHIHANA.
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Puc. 1. 3aBUCMMOCTE MAMERPEHHOW B BO3OYxE
BKCNOIMUMOHHOR O03kl OT TOKa (a), MAMEPEHHOrD TOoKa
ot curdana (b) ¥ SKCNO3MUMOHHOR 0036 OT curHana (c)
Ha paccTonHuk 100 cM OT MCTOYHWKE MaNYYeHHA. JIMHKK

onga rpadwkos () v (b) - onWcaHMe NaMepaHui
KBAAPATUMHOR 33BMCUMOCTEIO, ANA rpadwkoe (c) -
ONUCaHKE MAMEDEHWA NMHERHON 3AEBVCHUMOCTLIO

IMpu npaEHALHOM H3MEPeHH 103561, TOKA W CHIHA-
na Bee rpa(uKy J0/KHEL COOTBETCTBOBATE JHHEITHOM
3ABHCHMOCTH, CBA3BIBAIOWICH H3MepAeMble BETHYHHBL
Ha nepesix aeyx rpadmkax (puec. Ja, b) nuneiinoil 3a-
BucuMOCTH He Habmiogaercs, Ha nusneMm rpaduke
(pue. Ic) muHeiiHaA 3aBHCHMOCT 0361 OT CHIHANA 6CTh.

JInnefinas 3aBHCHUMOCTE J03bI OT CHIHANA Habmwo-
JAaeTca M ANA H3MmepeHHi, soinonyennslx npu 120 kB
Ha paccTosunAx 63, 30 u 120 cM oT MCTOUHHKA H3ITY-
denud (puc. 2a). TTOCKONBKY BENHYHHA TOKA H3MEpPA-
Jach NG HA HAYANBHOM 3TANe BPeMeHH CKaHHpoBa-
HHA, HeTHHEHHOCTh CBA3H CHIHAN-TOK 1 1032-TOK MO®-
HO O0BACHHTE HecTADHNILHOCTRIO BEMHHMHHLI TOKA Ha
NPOTAKEHHH TIEPHOA CKAHMPOBAHHA (JUIHTENBHOCTE
CKAHHPOBANMA COCTARIANA OKOMIO 6 ¢),

[MponopUHOHANEHOCTE HO3BI CHIHAILY B H3MEPEHH-
Ax (0D03HAYEHHEIX HHIEKCOM M) H PACHETHBIX JTAHHBIX
{0D03HAMEeHHEIX HHIEKCOM §) MO3BONAET CBA3ATEL pac-
YeTHEIE IO3E! ¢ H3IMEPEHHEIMH 1O BelIHYHHE H3IMEpPEeH-
HBIX M PACYETHBIX CHTHAJIOB.

Hexops 13 nureiinodl ceasn noswt (D) ¢ curHanoM
(4 =4DC):
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Puc. 2. Mpadued (2) = 3aBMCUMOCTE MAMEDEHHOR B
BO3AYHE BKCNOZMUMOHHOW 0036l OT CUrHANA Ha
paccTosHuax 65, 80 » 100 cm oT dokyca MCTONHWEKR
nany“eHus Npw Hanpaxedu 120 kB, nuHMK - onucaHue
H3MEDEHWA NMHERHOW 3aBKMCHMMOCTED. Mpadmkn (b) -
SABMCMMOCTE M3MEDEHHBIX (METKW) W PACYMTAHHBLIX
(nuHKK) nporpammoil GEANT 3kCno3vUMOHHLIX 003 B
BO3[yXe OT PACCTORHWMA A0 (GOKYCa MCTOYHWKA
MZNYYEHUA NPW TPEX IHAYEHWAX NPUACKEHHOMO
HanpaRKeHua

DH’J = k]':ll ’ AJ‘I‘J‘;
D=k A=k, (k-A), (1)

Beraucned Koadgdmnnent (k), nepesoasumMi paciet-
HEIiT curnan (4,) B ananor uamepenHoro (k-A,):

A D
ﬂ:kﬁi—}k:—m-_"—r {2}
DM "du Dm AJ

Dot Koathduunent cocrasun: ana 80 kB - 4,16;
ana 100 kB - 4,82; qna 120 kB - 5,79.

B nansueiiiem, 114 onpeeNeHHOCTH, BCE H3MEPEH-
HBIE H PACHETHbIE 103bI NPHBELeHbl K CNPaBOYHOMY
curnany A%, = 30000. [Ins m106six TEKYIUHX H3MEpPeH-
HeIX D, A, ¥ pacteTHsx D, A 10351 H CHIHANA 3TOT
NepeBoyl AeIacTea cnenylowed onepauneii:

o o
pr=2ap; pp=tap,. @

A, kA

Ha pue. 2b nokasausl 3aBMCHMOCTH H3MEPEHHBIX H
PACYETHEIX J103 OT PACCTOAHMA 10 HCTOYHHKA M3nyUe-
HMA NPH PASIHYHBIX TIPHIOMCHHBIX HATIPAKECHHAX,
HamepenHnsie H pacueTHBIE 10361 Ha puc. 2b npusene-
HBl K cnpasounomy cirHany A%, = 30000. Pacuernsie
NO3El B peaenax olHbok coracyoTed ¢ H3MEPEHHEL-
MH.

Pacnpepenenve go3sl B haHtome m3
oprecTekna

Cﬂmaﬂhl HIMEPEHHA H BBINTOITHEHBl PACHETBI Pac-
MpeacjieHna Q03bl BHYTPH OpPrCTeRla pasMepamMy
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20x20x20 cm*. TTonepeynoe ceyeHHE OPICTEKNIA B 1IEH-
TPalbHON MIOCKOCTH (BHI CBEPXY) C NMPOCBEpNEHHEL-
MH A8 QO3HMETPOB OTBEPCTHAMM NMOKA3AHO Ha
pree. 3. Ouamerp oTeepetuii 5 MM, [Ins usmepeHuit
J03bI HCNIONIB3DBATHCL TEPMGJHOMHI[EC[IEH"HIHE JO3H-
serpel (TJIA) u3 LiF auaMerpos 4,34 MM; TonIHHOH
0,99 Mm; Becom 43 mr (numotHocTs 2,936 rfem?). Ka-
mubposka TJIJ] Gelna BEITIONHEHA NPH HX IKCMO3HIHH
HA PEHTTEHOBCKOM M3TydeHMH B Boaoyxe. [na nmepe-
kanubposku nokasanuit TJII, noMeleHHEIX B MaTe-
PHANEBL € pazlm}"i TUNIOTHOCTBEY H XHMHYECKHM COCTa-
BOM, Henons3orannuck Moute-Kapno pacuers oTHo-
LICHHA YHEPrOBLIICNeHHA B MATEPHANAX K JHEPrOBLI-
JeneHHio B TabneTkax, MOMELEHHBIX B 3TH MaTEPHANEL
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Puc. 3. Nonepeydoe cevexve (BWa cBEpxy) haHToMa U3
opreTekna. B oTEepcTMA OMamMeTpomM 5 MM NOMEWRIOTCH
pgoaumetpe TNO. Oce OF coenagaer ¢ 0Ces0R NKUHWeR
My4xa Many-4eHun, BykBol «A» oTMEHEHA poHTaNEHaRA
NAOCKOCTL C TREMA OTBEPCTHAMKM NOL A03MMeTpe TN

Hna wanpaaennit 80, 100, 120 kB usmepennsie 1
PACYETHEIE IKCIOIHLHOHHEIE JO3k] B OPICTEKNE BAOML
OCH NMy4Ka H BO (PPOHTANLHOH IIOCKOCTH NPHBEAEHE
Ha puc. 4. HopMHpOBKa H3MEPEHHEIX H PACYETHEIX 103
COOTBETCTBYET crnipaBouHoMy curnany A%, = 30000.
YcpeatenHoe no BeeM 9 ToukaM OTHOLUEHHE pacyer-
HEIX 7103 K HaMepeHHBIM coctasnser: and 80 kB -
0,99+0,11; ana 100 kB - 0,81%0,07; ana 120 xB -
1,0320,05.

H3 31X SaHHEX MOMHO CENaTh CNelylouiHe BLI-
BOOEL
1. Pacuernsie no3s npy 80 & 120 kB s npenenax oum-

DOK COTNACYIOTCA C H3MEPEHHEIMIM.

2. CpaBHeHHE H3MEPEHHEIX 103 BIOIb OCH Ny4YKa U BO
(hpoHTaNEHON NIOCKOCTH NPH PasHBIX 3HAYEHHAX
HalpAKeHHA MOKa3bIBACT, YTO M3MEPEHHBIE 103K
npu 100 xB 3asniensl. Jo3a BIONL OCH Ny4YKa W
BO (ypoHTaneHoi nnockoctH npi 100 kB nomkxa
GBITh paBHa, IPHMEpPHO, NoaycyMme 103 npu 80 u
120 kB, 4TO BEIMOJMHASTCA ANA PACYSTHEIX JAHHEIX,
HO He BBIMOMHACTCA JUTA H3IMEPEHNil,
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Puc. 4. ObGny4eHne aHToMa W3 OprcTexna.
Pacnpegenenve goael no raybude gadToma (a, c, 2) ¥
8o dpoHTansHOR nnockocTy (b, d, f). S (cm) -
paccToAHue 00 QOoKYCa MCTOMHMKE Many4eHus, X (ocm) -
NoNepeYHoe B rOPU3cHTANLHOR NIOCKOCTH OTKNOHEHWE
OT oCK Ny4ka. Ha rpadmkax TOMKM — W3MEDEHMA, NMMHUK —
pacuyeT nporpamMmMoR GEANT

PacnpegeneHue A03bl B
TKaHesKEuEaneHTHOM daHToMe yenoeeka

BEINONHEHEl H3MEPEHHA M NPOH3BENEHEl PACYETEI
pacnpefeneHus 10361 o0bayuenus B aHTOME YemoBe-
Kd, BIUTOTHYIO NMPHIETAoMero K MI0CKOCTH NallHeH-
Ta, Haxojamefica Ha paccroanun 100 ey oT HCTOYHM-
Ka H3nyyeHusa. Mamepenys BRINOMHEHE! ¢ UCMONB3O-
sanueM danToMa npoussoacTea pupmel «Pelican
Products», Torrance, CA, USA, H3roTOBNEHHOTO H3
TKAHEIKBHBAJIEHTHOH pesHHbl. PaHTOM COCTOHT H3
39 cnoes. Tonumua cnos 25 mM. B kamaoM cioe ecTh
CKBO3HBIE KAHAJIEL IHAMETPOM 5 MM, KY/1a NOMELIATHCE
nosumetpsl TJII, Iar mexay kanamamu 15 mm. s
pacueToB NpPOXO#ISHNA HITYYeHHA M BETHYHH 103 B
nporpaMMy GEANT Orina 3anosxeHa reoMeTpus Kop-
nyca, CKeNeTHOM 4YacTH, COHHHOrO MO3ra M JErKHX
jranToma. NeoMeTpHA OCTANBHEIX BHYTPEHHHX Opra-
HOB, He BhIAENEHHBIX B (laHTOME, B3ATa H3 MATEMaTH-
yecKoro onucanus daHToMa B3pocioro denoseka [3].

Ceuenne ganToMa B IUVIOCKOCTH, B KOTOpOil npo-
H3BOIHIMCh H3MEPEHHA 103 BAOML OCH My'4ka, TNOoKa-
3aHO B HIGKHEH yacTH puc, 5. MeTku Ha puc. 5 obosna-
YAIOT HIMEPEHHLIE D03k, IHHHAMH NMOKA3AHEl pacieT-
HEIE 3ABHCHMOCTH Q0361 OT PACCTOAHHA 10 HCTOYHHKA
HITYYUCHHA. HBMEPEHHHE H pacHeTHRIC O3B NMPHBE-
neHsl K cnipaBounomy ciurnary 4%, = 30000.

BHyTpH (aHTOMa pacueTHBIE 03Bl COMMACYIOTCA €
n3MepeHHBMH ipH Hanpaxenun 80 xB. Ilpn 100 n
120 B u3aMepeHHEIe 3HAYEHHA 103b1, B CPE/IHEM, HHKE
pacueTnnix. B sosayumoit cpene nepen gasToMoM M
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3d HHM PACHETHERIE O3B B NMPEICIIax ommboK corna-
CYROTCH C HIMEPEHHBIMH INPH BCEX 3HAYHEHHAX HATIPH-
ACHHA.

| VRt o ST VTP N) DPUTRPErAG Iy Pel EPOLUIE] Srurns i

I{I:I.':I I Il w0
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Puc. 5. O6GnyvyeHde TKaHEIKBWBANEHTHOTro ¢adHToMa
yenoseka. MaMepeHHHe W pacyeTHbIe 0036l BAONE OCH
ny4ka nepen GaHToMOoM, BHYTPW aHToMa 1 38 QaHToMOM.
S(cm) - paccTosHue A0 GOKYCa MCTOMHWKA Many4eHua. Ha
CXEME B HWXHEH Y3CTH NPMBENEHD NONEPEYHOE CEYEeHMEe
rpyaHon knetTew anToMa: OF — Hanpaenedye ocK Ny4ka,
1 — noagoHOYHKK; 2 — pebpa; 3 — CIMHHOR MO3r; 4 — KOHTYP
kopnyca. Ha rpadwmkax TOYKM — W3MEPEHWA, NUHKUKM —
pacuyeT nporpaMmmon GEANT

W % " 8 80 #5100

BE1H cnenaHsl H3MEpeHHA H TIPOM3BeIe sl pacye-
THI 103 33 (AHTOMOM YelOBEKa NPH JBYX ero opHeH-
TAUMAX K mydky: 1) danTom cniuHoil K nyuky — uame-
peHid BuIMOMHEHE! B 9 Toukax, oBpasylolix KBajpar,
war uaMmepenuii B nonepeanoi XY mnockocri 10 cm
no X u Y nanpasnenuss; 2) panrom neseiM SoKOM K
MY4KY — H3IMEPeHHA BBITIONHEHE! B 3 TOUKAX N0 BEPTH-
kam ¢ warom 10 eM. Koopamnara n3Mepennii no ocu
Z — 104 cym. OTHOUIEHHE pacHeTHBIX 103 K MIMEpPEH-
HEIM B 3THX TOYKAX NpeacTasneHo Ha puc. 6. Jlesas
KONOHKA IpaMKOB COOTBETCTRYET OPHeHTalHH (haH-
TOMA CITMHOI K MyYKYy, NpaBas — AeBEIM DOKOM K My4-
Ky. PesynsTarel PUTHPOBAHMA KOHCTAHTON OTHOIIE-
HUA pacteTHOH J03b! K H3MepeHHOIH, NMpHBeAeHHbIE Ha
rpadmirax puc. 6, NOKA3LIBAIOT, YTO [UIS BCeX 3Haye-
HHI HANPAXKEHHA 3TO OTHOIUEHHE B NIpefenax olnbox
DIM3KO K eMHHLE, TO CTh PACUETHBIE JIO03E] COTNacy-
I0TCA € H3MEePeHHBIMH,

CpaBHeHHe M3MepeHHBIX H PACYETHEIX 103 BHYTPH
(hanToMa YeoBeKA M PALOM C HUM (puc. §, 6) nokassl-
paet cueayiouee. B sosmyiunoit cpene nepei hanToMOM
H 33 HHM H3MEPEHHA M PAcueTHl B Npejenax olHboK
COTNacyloTes NIPH BCeX 3HaYeHHax Hanpakenns. Buyr-
put QaHTOMA H3MEPEHHS M PACYUETE COTTIACYIOTCA B Npe-
Aenax owmbok npu nanpsskenny 80 kB (xota, B cpen-
HEM, HIMEPEHHEIE A03bI Ha 5 % wiwe pacuerHbix). [pu
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Puc. 6. ObGnyyeHne TKAHEIKBMBANEHTHOrD (avToma
yanoseka. OTHOWEHWE PACYETHBIX 03 K M3MEREHHDIM 33
hAHTOMOM: NEBAA KONOHKE rpaduKkos — GaHToM CNUHOA K
Mysky, NP3Ean KONOHKa rpaguKkos — GaHToM nessim Bokom
K myuky. N 03HavaeT HoMep ToukW. KoopaoWHaTe Touexk ond
NEBOR KONOHKW rpadwkos: Homepa 1, 2, 3 - ¥ = =10 cm,
X =-=10,0, + 10 cm; Homepa 4, 5, 6 — ¥ = 0 cm,
X=-10,0, + 10 cm; Homepa 7, B, 9 = ¥ = +10 cm,
X = =100, + 10 cm. KoopovHaTel TOYEK ANA NPasoi
KONOHKW rpadgwumkos: Homepa 1, 2, 3 - X = 0 cm,
¥ =-10,0, + 10 cm. TpeyronsHbiMKM CKODKaMKH HA KEXKO0M
rpadurke obo3HaYEHO YCPEOHEHHOE NO BCEM TO4YKaM
OTHOLIBHWE PACHETHOW A03Ll K wamepeHHoi ¢ owwbron
Ha CPEaHIO BENWYMHY

100 kB suyTpu thanTOMA M3MEpeHHHEIE N03B], B Cpel-
HeM, Hike pacueTHeIX Ha 25 %, npu 120 kB — na 40 %,

Mo coBokyMHOMY CPAaBHHTENRHOMY AHATNHY H3Me-
PEeHHBIX H PACYETHEIX 103 B BO3AyXe, (aHTOME H3 Opr-
CTEeKJIA M TKaAHeIKBHBAJNEHTHOM (hanTOoMe yenopexa
MOMHO CHENATh CIHeayIolHe BEIBOIEL

1. MaMepennsa 103 B BO3MYIIHOH cpeie BEINOIHEHE]
nosumeTpamy, He TpeGyioummy kakoifi-nubo gonomn-
HUTENBHOH KanuDpOBKY NPH HX HCNONb30BaHHH. B
BOZOYLIHOIE cpelie B OTCYTCTBHE (aHTOMa pacdeTHEIE
J03bI COTTACYIOTCA ¢ M3IMEPCHHBIMH NPH BCOEX 3HaHe-
HHAX HANpRKeHUa W HA BCeX PacCTOSHHAX OT HCTOY-
HMKa H3nmydenns. TIpn obnyyeHnH TKAHEIKBHBATIEHT-
HOI'O [IJH.}H'CIME HEJIOBEKA HIMEPCHHEBIE 3THMH JQO3HMET-
paMi I03Ll B BO3AYXE Nnepef GaHTOMOM H 34 HHM Tak-
AC COTTIACYIOTCH € BEIMHCIIEHHEIMH ITPH BCEX 3HAMEHHAX
HATIPAXEHHA W NpH moboil opHeHTalMN (aHToMa.

2. Ong nos suyTpy (hanToMa U3 OPrerexia M TKa-
HeskBHBANeNTHOTO (hanTOMA YellOBEKa B YACTH JIaH-
HEIX HabnioaeTca pacXoxieHHe PACYETHBIN 103 C H3-
MEpEeHHBIMH. 371ech HIMepeHHs 103 BuimonHens: TJI
Jo3HMeTpaMH, TpeDyIOINMMH NPH KaX10M HX HCTIONE-
30BAHHH KaNMHOPOBEY K cpejie, B KOTOpoil MMH H3Me-
paeTcH [103a.
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3. Hexons w3 nanosennoro B nyukrax | u 2, no-
THYHO NPeroNokHTE, 4TO B TeX CAyYasx, KOTaa W3-
Mepeniisie B (pAHTOME H3 OPrcTeKia H TKaHeIKBHBa-
NIEHTHOM (haHTOME YenoBeKa 035l 3aMETHO PACXOIAT-
¢ ¢ pacueTHBIMH, Kanubposka TJIJI nozumerpos Onuta
BEINONHEHA HEKOPPEKTHO.

Cnoco6 uamepeHwa [03bl 0ONy4eHUA
nauyweHTa No cUrHany c geTtexkTopa
cdnwoporpada

B mafia. | npueeleHEl HOPMHPOBAHHBIE HA JKCIO-
3HLMOHHYIO 103y B Bo3ayxe (paccrognue 1 m oT He-
TOUHHEA H3Ny4eHHd) pacdeTHble ek THBHBIE N03bI
oBnydeHns TKaHEIKBHBANIEHTHOTO (haHTOMA HenoBe-
ka npu 80, 100 u 120 kB. B mafa. 2 npuseiensl HOp-
MHPOBAHHEIE HA 3KCNO3NLHOHHYIO 103y B BO3IyXe
pacyeTHEIE SKBHBANEHTHEIE J03bI ODJIYUeHHA OTIENE-
HEIX opraHoB (anToMa yenobexa. DdupekTHEHBIE H
3KBHBANIEHTHEIE J103B1 BEIYMCIICHE! B COOTBETCTBHH C
OCHOBHEIMH CAHHTAPHBIMH NpaBiiaMH oDecnedeHua
paauannonHoii Hezonacnoctu [4]. IIpusenennsie B
mate. § ¥ 2 BEMTHYHHBL HOPMHPORAHHEIX 103 MO3BOJSA-
10T ¢ npHeMaemMoil TOYHOCTBIO, HCMOMbB3yA CHIHAM C
aerexTopa quirooporpatha, oueHHTE aGCOMIOTHEIE 3HA-
YeHHA 03, NMOMYYeHHBIX PealbHBEIM B3POCHIBIM Yeno-
BEKOM TIpH M060M pelkHMe ero CKAHMpOBAHMA B Ka-

Bune qunooporpatha.

Tabma 1
Buiuvcnennoe nporpammoid GEANT otHoweHne

addbeKTMBHOR 00361 obny4eHus
THaHESKBMBaneHTHoro cdanToma Yenosexka (Mk3e)
K 9KCMO3WUMOHHOR aose obnyvyenua (MP) B
BO30yXxe Ha paccrosHuyn 1 M

U=80xB |U=100xkB |U/=120KkB

Bdvp. no3a / xKcn. Ao3a 2,412 3,018 3,474

Jsts 970 Leny nepHoaHYecKH, B OTCYTCTBHE MaL-
€NTOB, NPON3BOANTCA Kanubpoeka (mooporpaiha no
BETIHYMHE OTHOIIEHHA 3KCMO3HIoNHOI po3st D(U, [)
B BO3IYXE Ha paccroamun 1 M ot dokyca H3INyHeHNS K
CHMMaEMOMY TIPH 3a0aHHOM Hanpsaennn U curnany
A(U, I ¢ Tecroroii 3ouk1. [Tox TecToBoit 30100 1MOHH-
MAETCH obnacrte npHeMa JeTCKTOPOM H3NMYUEHHH, HE
HAXOOAUIARCH B «TCHH» IMALHEHTA. Benuwunna toxa [
NPOH3BONEHA.

KanuGporounslil koadduunent k

y=2U.D @

AU, T

OTpPefenseTcs TOMBKO BEIHYHHON HaAPAKEHHA H HE
FABHCHT OT BEeMMHYHHEI TOKA, NOCKONBKY H 10348, H CHI-
HAJ TIPH 3aJaHHOM HATPEKEHHH TPONOPUHOHANBHE
penyunHe Tora, [epuopguyeckas kanudpoeka (unoo-
porpada Tpelyerca Ana oTCIeKHBAHUA CTabuUIbHOC-
TH paboThl PEHTIEHOBCKOrO ANNAPATA B pealibHOM
BPEMEHH. OKcnozrUHonHAanN JA03a B BO3IOYXE H3IMEpPH-
ETCA MACTIOPTHIOBAHHEIM AO3HMETPOM.

CpﬂE}f MOCIe CKAHHPOBAHMA NAalHeHTa TTPH 3aTaH-
HoM Hanpsxennn U no semnumnne curnana A(U, 1) ¢

Tabtmma 2

BeiuucneHHoe nporpammoil GEANT oTHoweHue
IKBEWMBANEHTHOA A03bl oBnyyeHua (Mk3s)
BHYTPEHHUX OPraHOB TKaHEe3KBMBANIEHTHOrO
daHToMa YenoBeKa K 3KCMo3MUMOHHOW pose
obnyuenna (MP) B BO3ayXe Ha paccTosHuM 1 m

Markue TEaHu

Opran U=80kB |U=100xB|LU=120kB
ToNOBHOR MOZr 0,026 0.052 0,078
AKTHBHLIRA KOCTHEIR 4,816 5,965 6,816
MO3r
Koxa 3,439 3,816 4,096
LnTosnaHan Keneaa 0,781 1,254 1,693
Cepaue 2,535 3.614 4,465
Nerkue B,3B6 10,158 11,474
MeveHs 1,404 1,860 2,175
Mok 1,061 1,219 1,307
HaanouedyHan ¥enesa 2,667 3,035 3,272
CenszaHka 3,763 4,491 4,938
Kenyaok 0,965 1,342 1,605
MogxenyAO4HER Kene3a 1,711 2,293 2,684
3obHan ®eneia 1,202 1,895 2,509
Muweson, 3421 5,044 6,430
TOHKMA KMLLIEHHWE 0,070 0,108 0,132
TONCTHIA KHLLBYHWME 0,061 0,096 0,123
Mouesoh ny3sps 0,004 0,008 0.012
My®cEve nonoesLe 0,003 0,004 0,005
opraHe

KocTHeie TEaHK

Oprax U=B0kB |U=100kB |U=120xB
Yepen 0,175 0,281 0,360
Nuuesoit ckanet 0,268 0,491 0,667
Mo3BOHOMHWE 15,333 18,886 21,123
Pebpa 25,614 29,518 31,693
Nonatem 37,8BB6 45,193 49,877
KrOYMLLB 6,781 9,798 12,149
Tas 0,078 0,123 0,148

TECTOBOI 30HB! BEIMHCIIASTCA COOTBETCTBYIOLIAN 3TO-
MY CHIHAIY JKCTIOZHUHONHAA N033a B BO3OYRE Ha pac-
crosuuu |
DU, D=k AU, D). (5)
3aTem HopMHpoBanpeie TabIMYHBIE IHAMCHHA 3K-
BHBAMEHTHBIX 102 0BNy4HeHHs OTAL/IBHBIX OPraHoB M
apexkTHRION O3B YMHOMKAIOTCA Ha 3TY BEAHUHHY
IKCMO3ULIHONHHON /103K B Bo3ayxe. DTo 1 ByAyT HCKO-
MBIC OLIEHKH abCcOMOTHEIX 3HAYCHNIT SKBHBANEHTHEIX
J103 ofnyuenng OTAeNEHBIX opravoe W sdupexTBnOil
N03b1 OBIYYEHNA B LEIOM, NOMY4YEHHEIE MallHeHTOM
npH AaHHoM CKaHHPOBAHHH PDEHTTEHOBCKHM ITYHKOM.
ﬂj‘{ﬂ NMPHBAZKN 0351 {JEJ'I}"IE:IIHJI TIALUHEHT® K I.Illl[b'
POBOMY PENTIEHOBCKOMY CHHMEKY KalHOpOBOYHEE
AHAYCHHA HEMEPCIiHDﬁ IKCMOZHIIHOHHOI J03k] B BO3-
AYXE H CHIHaJlA © TECTOBOM 20HBI PErYNAPHO 3aHOCAT-
cid B 5&3)" JAHHBIX KOMILIOTEP, TS YHe XpaiaTea
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HOPMHPOBAHHEIE HA JKCMIO3HIHOHHYIO 103y B BO3Y-
Xe 3HaYeHHA IKBUBAJCHTHBIX 103 ODIIyueHHs OTAENb-
HBIX opratoB ¥ shderTHBHEIX 103 o0nydyeHHs B Le-
nmom. Pacuer texyuieil no3st obnyueHHs nauneHTa u
pacrnedarka Ha CHMMOK ODECNeuHBAIOTCA NPOrpaMM-
HbIM OoDecnedeHHeM.

Bonee 20 % suepruu ofaydeHns, HE3ABICHMO OT
MOIHOTHL MALMEHTA, BelOendeTcd Ha nepebix 10 oM rmy-
Buub ero kopnyca. ITosroMy ocHOBHAS NOTPEITHOCTE
B OTpefiefieHHH 10361 ODIIYyYeHHA BOSHHKACT H3-34 Ba-
PHMALHH NepeaHero (hpoHTa aTAKH NallHeHTa H3myde-
HHEM, MAH, TIpOLLE roBOpA, BapHALHEH MO3HIHH ero
CITHHEL,

Hoza obnyduena — BeIHYHHA, NTPONOPIHOHANTLHAS
OTHOLIEHHIO JHEPrOBELICIEHHA K Macce. DHepropeyie-
feHHe MPONOPHHOHANTEHO MaJaI0eMy HAMYYeHHD
(= exp{=5 / A}). Tlpu puKCHpPOBAHHBIX MOMEPEUHBIX
AX 1 AZ pasMepax nauyeHTa BEPTHRKAILHEIL A Y pas-
Mep 30HBI TPAMOTO 0BTy IeHHA MPOTIOPLIHOHANEH YAATeH-
HoCTH (~ 5) nepenHero ()poHTA ATAKH OT HCTOYHHMKA W3-
mydesita. JuatmT, aeMenT o6beMa AV =AX X AY X AZ n
MACCa, HAXOOAUTHECA B 30HE MPAMOTo GEJI}"-IEHHH, TaK-
e NPONOPUHOHANEHEL YIATEHHOCTH Nepeanero GpoH-
Ta ATAKH OT HCTOMHHKA H3TydeHHs, Taxum obpazom,
[uts malMeHTa saganHoil nonnoTel (AX 1 AZ dukcH-
poBansr) Ao3a obiIydeHHs NPoNopUHOHAIEHA NAaa0-
wwei IHepruy ¥ obpaTHO NpONOPUHOHANBHA ero pac-
CTOAHHI IO HCTOYMHHEd H3ITYYHCHHH:

D 1{;3 (6)

Bapuaumio 1o3el obnyueHHs MOXHO OLEHHTB, HC-
NONE3YA CTATHCTHYECKOE TIPaBHIo [5] nepenoca oLm-

Dox:
sD~[ <2 a5 =p-(L1+1]ss. (7)
a5 x
OTcropa cnenyeT oUeHKa OTHOCHTeNBHOI norpent-
HOCTH B OTpeiefieHHH 103kl Kak (PYHKLHH BAPHALIHI
nepensero GpoHTA ATAKH H3MYYCHHA:

D 1 1
o [N I 7 8
o G ®
B opmyne (8) nepsoe cnaraemoe B ckoDkax npe-
HeOpe#IMO MATO 110 CpaBHEHHIO Co BTOphIM (S ~ 80 oM
npi U = 80...120 kB, A ~ 4000...5000 cm), 1 s oueH-
KH OTHOCHTENLHOI NorpeiiHocTi npueMnema dopmy-
Ja

D 5

B cooreercramn ¢ dopmynodt (9) senmunna oTHO-
CHTE/ILHOM NOTPelIHOCTH B OLEHKE 1035 obmyyeHun
Boapactaer Ha 1,25 %% Ha kamawiid cCAHTHMETP Heonpe-
JeNeHHOCTH Nepe/inero (PPoHTA aTaky H3IYUeHHS.

Hepenmnil GponT aTakH HIMYYCHHA MOMKET CMe-
IWATHCA 34 CUET JABYX OCHOBHBIX NPHYHH!

1. ITpu gmxciposaHoil MONHOTE NALIMEHTA — 34 CHET
CMELUIEHHHA €0 MOIHNIIIH. Pacuer 035 Dﬁ.ﬂ}"-]ﬂlil![ﬂ NnpH
CMEIIEHHH IMO3HIIHH TEKAHEIKBHBANICHTHOIO li!a}ITDMﬂ
yenopeka Ha 85 = 10 cM B CTOPOHY HCTOYHHKA H3TYyve-

HuA nokazan 12%-Hoe Bojpacrauue 103l oDIy4HeHns,
4YTO B CpEdHEM COOTBETCTBYET BO3PACTAHMIO NO3bl HA
1,2 % Ha Kamaplil cAHTHMETP cMelleHnA (aHToMa OT
IUIOCKOCTH NALMEHTA B CTOPOHY HCTOYHHEA HTYUEHHA,

2, ITpn (purCHPOBAHHONA NO3HLUMH — VIOTHOE ITPH-
JleraHHe K NIOCKOCTH MalMenTa — 32 CHeT BAPMALIMH
MONMHOTH NatmenTa. PacueTnsie o3kl B paHTOMAX Ye-
noseka ¢ rnybunoit no nyuxy 20, 30, 40 ey cooTHOCAT-
ca kak 1,17:1,0:0,85. B cpegHeM 3TO COOTBETCTBYET
JOMOMHUTENLHOMY OTKIOHeHW1o Ha 1,6 % nosm or
HopMatTHexoil (npy 30 cM) Ha KaxIBH caHTHMETD OT-
KIOHEHHH MOTHOTH (PAHTOMA YeloBeKa OT cpeinHeii
eenu4HHEL (30 cM).

Takum obpazoM, cpelHAs BeIHYHHA M3MEHEHMs
JIO3E] 33 cYeT H3MeHennd Ha 1 oy nmubo mosuimy, aubo
MONHOTH NauMenTa cocrasnaer 0,5 (1,2 + 1,6) = 1,4 %.
Dra pemuynHa 6IH3Ka K olleHke o dopmyne (9), co-
crasnmomeii 1,25 %.

[MpoBefeM OLEHKY BEMHUMHBL cpefHeil norpewHo-
CTH 10351 00IyYenna No CHrHany ¢ getextopa duiioo-
porpada npH oIHOBPEMEHHOH BAPHAILMH U MONTHOTEI,
H IIO3HLMH MALHMEHTOB B CIEAYIOUINY npeienax:
®  TONHOTA — IITYBHHA M0 NYUKY — PABHOMEPHO BAPb-

upyerca B untepsane ot 20 no 40 cm;

* MOIHINA — PACCTOAHHE MEXIY IPYILI0 H II0CKO-

CTRIO NALMEHTA — BAPLHPYETCA B HHTEPBANE OT

0 no 2 cm.

Jo3a obnydeHna B 3THX NPEANOIOMEHHAX ABIAET-
ca (pyHKUMel IBYX NapaMeTpoB: p, — NOMHOTA Nal-
EHTa, p; — NO3HUHA Nauuenta. Ins oleHkH norpeut-
HOCTH 10361 OBNYYEHHA HCMONB3YEM CTATHCTHYECKDE
npasuno [5] nepenoca onmboxk:

1 !
b oD
ab=_||=— +| — ;
IMpoussonuse 0D [ dp MoO®HO OLUEHHThL KAK OTHO-
LeHHE NPHPAaEHHA PYHKLIHH K NPHPALLEHHIO apryMeH-

Ta. B kauecTse norpewHocTy 8p MOXKHO B3ATH JHCTIEP-
CHIO PABHOMEPHOTO pacTipe/leficHis TI0 NapamMeTpy p.

E}p Pm.u-pmin '

= =pmﬂ!-pﬂ‘hﬂ.
&p = o(p) s

HORCIH]IDBKH HHCAEHHBIX 3HAYCHNTT 103 1 HuTep-
BATOB BAPHAINIM NapaMeTpos B hopmyny (10) maer:

8D =+J(0,09)" +(0,01)? =0,1. (13)

Taxum obpazom, cpeHAd NMOTPEUIHOCTE OLEHKH
JLO3BI 1O CHrHANyY ¢ Aerektopa (pruooporpada npy pa-
PHALMH MOMHOTEL # MO3MIHHY NALHECHTOB B PACCMOT-
PEHHBIX Npejenax COCTABIAET BENHYHHY NOPALKA
10 %. TIpn atom nomuuupymounym (9 %) sensercs
BKIAJL B CYMMAPHYIO NOCPeIIHOCTE, 00YCNOBIeHHEL
BapHaleil MoMHOTEl NalHEHTOB.

3aknw4yeHne

(10)

(12)

HPGEEJ].CIIG CPABHEHHE H3MEPCHHBIX H PUCHETHBIX
A03 B BO3OVXE, dJﬂIITﬂME H3 OPICTERNA H TKAHEIKBH-
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BaneHTHOM danToMe yenopeka. Ilpennoxen cnocob
M3MEPEHHA 03kl 00IYYeHHA NallMeHTa Mo CHTHATY ¢
agetexktopa dmiooporpada, W nposeneHa olUEHKA Mo-
IPeLIHOCTH H3MepeHHOiT TakuM criocoBoM 2038l

Brisojs

I. HaMmepenntsle 1 pacueTHble YKCNOZMUHOHHEE
JA036I B BO3OYXE COIMACYIOTCH B MPEICilax omnbok IpH
BCEX JHAMEHHAX HATIDAXKCHHA H HA PA3HBIX PACCTOH-
HMAX OT HCTOMHUKA HITYYCHHS.

2. Mamepennele M pacyeTHEIC A03LI COTMACYIOTCA B
npenenax ownbor B GpaHTOME W3 OPrCTERAA NPH Ha-
npaxennax 80 1 120 kB, B TkaHesksuBanenTHOM han-
ToMe 4elloBeka — Npu HanpaxeHnn 50 kB,

3. Pacxomienne H3IMEpPEHHBIX M PacqdeTHEIX 103 B
thanTome n3 oprereraa npu 100 KB 1 B TRanesxksusa-
nexnTHOM (anToMe yenosexa — npu 100 1 120 B, nau-
Gonee BepoaTHO, 0DYCIOBIEHO HEKOPPEKTHOM Kannd-
poekoil TJIII nozuMerpos.

4. CpeqHas MOrpelIHOCTE H3MEPeHHA 103kl obmy-
UEHHA MAlHeHTa 10 CHIHANY C JeTeKktopa (uuoopor-
pada cocrapnger nopaaka 10 %.

Chucox mumepamypoi:

1. GEANT - Detector Description and Simulation Tool,
- CERN, Geneva, 1993,

2. http//www roentgenprom.ru.

3. Eckerman K.F., Cristy M. and Ryman J.C. The DRN]}
http//homer.ornl.gov/

mathematical phantom series. —
Dec, 1996,

4. CII 2.6.1.799-99 OcuopHEIE CAHHTAPHBEIE NpaBHIa

obecneveHHA be30macHoCTH

(OCITOPB-99).
5. STATISTICS. Lectures on Elementary Statistics and
Probability by DEREK J.HUDSON. — Geneva, 1964.
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