A2

201892451

(19) EBpa3unckoe 2) 201892451 13 A2
naTeHTHOeEe
BeAOMCTBO
(12) OITMCAHHUE U30OBPETEHUS K EBPASUNCKOU 3ASABKE
(43) Aara ny6nukauum sasiskm (51) Int. Cl. GO1V 5/10(2006.01)
2019.07.31
(22) [ata nonaum 3aaBku
2018.11.27
(54) CIIOCOb OJHOBPEMEHHOI'O OIPEJAEJEHUSA IJIOTHOCTHU U ITIOPUCTOCTH
T'OPHOM MOPO/bI
(31) 2018102735 (57) U306pereHre OTHOCHTCS K CIOcobaM ormpere-
(32) 2018.01.24 JIEHUS TCOPU3NUECKUX TTapaMETPOB IUTACTOB TOPHBIX
(33) RU MOPOJI C KCIIOJBb30BAHUEM aIllaparypbl WMITYIIBCHO-
(71) 3assurens: T0 HEWTPOH-TaMMa-KapoTaxa. TeXHHUIECKUM pe3yilb-
OEJNEPAJIBHOE TaToOM U300PETEHHS SBISIETCS BO3MOKHOCT OTHOBpE-
T'OCYAAPCTBEHHOE MEHHOTO OTIpEIeNICHIS TNIOTHOCTH U TIOPUCTOCTH TOP-
YHUTAPHOE INPEANIPUATHUE HOM mopoapl. TEXHUUECKUH pe3ynbTaT AOCTUTAETCS
"BCEPOCCHUUCKUIN HAYYHO- TEM, YTO HAXOISAT OTHOLICHHS CUCTOB OJIMKHETO U
I/ICCJIEI[OBATEJII)CKI/Iﬁ JATBHETO0 TaMMa-JIeTEKTOPOB Pa3[eNbHO IS CUETOB,
HUHCTUTYT ABTOMATUKHA UM. MIOJIyYE€HHBIX BO BPEMSI HEUTPOHHBIX UMITYNbcOB RIN
H.JL. IYXOBA" (RU) U B poMexyTKax Mexxay HuMmu RRC, npenBapuTens-
0 HaXOIAT KaJIMOPOBOYHBIE (DYHKIUH IS ITIOTHOCTH
(72) Wsobpetarens: i .
Mukepos Burasmii Msanosua (RU) RINcm(pv) u opuctoctét RRC,(p) B BUIE THHEHHBIX
(YHKLHH COOTBETCTBEHHO OT IIOTHOCTH P M IOPUCTO-
(74) nMpencrasutens: cH p, onpenensoT Bxoasme B RIN on(p) 1 RRC.or(p)

VYabsauun O.B. (RU)

KaTrOpoBoYHEIE K03 duIMeHTs k 1 m, a Taxke KOH-
cranThl a 1 b, Beraucisror 3uadeHust RIN . 1 RRCopr
mytem koppekunu RIN u RRC ¢ ncnons3oBanuem mo-
Jy9EHHBIX KaJIMOPOBOYHBIX (DYHKITHIA, HAXOIST TLIOT-
HOCTb P ¥ TIOPHCTOCTH P TOPHOH MTOPOJIBI COTTIACHO BBI-
PaKCHUSIM:

p = (RINg —a)k
p = (RRCorr — b)/m.

ISYT6810¢

v



Cnoco0 0AHOBPEMEHHOTO OMPEACIICHHS TUIOTHOCTH U MOPUCTOCTH TOPHON MOPO/IbI

MIIK GO1V 5/10

N3o0perenne OTHOCHUTCA K CrocobaM OmpenesieHus TeoU3nIeCKuX
[IApaMEeTPOB  IIACTOB TOPHBIX NOPOJ C  HCHOJIB30BAHUEM  alllaparypsl
UMITYJIbCHOTO HEUTPOH-raMMa-KapoTaka M MOXKET OBITh MCIIOJB30BAHO IS
OJHOBPEMEHHOI'O ONPENECTICHUA IUIOTHOCTA W TOPUCTOCTA TOPHBIX MOPOJA B
nporecce OypeHrus HepTera3oBbIX CKBOKHH WJTH UX UCCICAOBAHMS.

H3BecTen «MNyJIbCHBIA HEUTPOHHBIA METOJ KApPOTaKa A ONPEACIICHUS
HECKOJIbKUX TMapaMeTPOB TOPHBIX MOPOA», BKIOUAOIIUKA OOJIyYEHHE MOPO/Ib
UMITyJIbCaMH  OBICTPBIX HEUTPOHOB, PETUCTPALUIO HSHEPreTUYECKOrO CIEKTpa
raMMa-KBaHTOB, [0 KpaWHEW Mepe, Ha OJHOM pPACCTOAHMHM OT MCTOYHHMKA
HEUTPOHOB BO BPEMA HEUTPOHHBIX HMITYJbCOB W B TEUYEHUE OMNPEAECIIEHHOIO
BPEMEHU TIOCTIE, N0 KpalHEW Mepe, OOHOW TPYIIbl HEUTPOHHBIX HUMITYJIBCOB, a
TAK)KE€ PErUCTPALAIO SHEPrETUYECKOIO CIIEKTpAa W BPEMEHHOW 3aBUCUMOCTH
CKOPOCTH CU€Ta MOCJIE MOCICIHEr0 HEUTPOHHOrO UMITyJibca. KaHaACKUA MaTeHT
nzooperenne CA 2896051 Al, MIIK GO1V 5/10,07.01.2016.

Henocrarkom anasnora sBAsS€TCA  OTHOCUTEIBHO HHM3Kasd TOYHOCTH
ONPENCIICHUS] HEUTPOHHOW TMOPUCTOCTH TOPHOW TOPOALI MNPU  HAJIUYUHU
KPUCTAUIM3AUMOHHON BOJIbI, MPUMECEH, TMOTJIOIAOIINX TEMJIOBBIE HEUTPOHBI, A
Tak)ke TIPH MUHEpaM3aIiii OypoBOTO pacTBOpa W/HMIM TUTACTOBOM BOJIBI, KOTOPHIE
BJIMSIOT HA UHTEHCUBHOCTh TaMMa-KBAHTOB PaAUAlMOHHOTO 3aXBara.

H3BecteH cnocol® u3mepenus «HeWTpoHHOW MOPUCTOCTH, OCHOBAHHBIN Ha
WCTIOJIb30BAHUM HECKOJIBKUX TaMMa-AE€TEKTOPOB W WMIYJIbCHOTO HEWTPOHHOIO
WCTOYHUKA», BKJIIOYAIOIMMUA OOJydeHHe TMOpOoJAbl TpyNNnaMH HEWTPOHHBIX
HMMITyJIbCOB OIPEACIIEHHOW JUIMTENIbHOCTH, PETUCTPALMIO TaMMa-KBaHTOB, IO
KpalHEel Mepe, Ha JBYX pPaCCTOSHUAX OT HCTOYHHUKA B CTPYNIUPOBAHHBIE
VHTEPBAJIBL BPEMEHU, COAECPIKAILME PAHHUE W MO3JHUE CUe€Ta TaMMa-KBAaHTOB,

BBIUMCJICHUE B3BCIICHHOM CYMMBI CUHCTOB I'dMMAa-KBAaHTOB, 3apCTUCTPUPOBAHHBIX B



KaXXJIOM MHTEpPBAJIC BPEMEHH, BBIUMCICHUE OTHOIICHUSA B3BEIICHHOW CyMMBbI IS
MEPBOT0O IETEKTOPA K B3BEIICHHOW CyMME JJIs1 BTOPOTO AETEKTOPA, UCIOJIb30BAHUE
OTHOIICHUS Il OMpPEACNICHUA BOJAOPOJHOTO HMHIACKCA (TMOPUCTOCTH) TOPOJIBI.
3asBka Ha uzooperenne WO 2013/148998 A1, MIIK GO1V 5/10, 03.10.2013.

Henocrarkom anHasiora sBAsE€TCS  OTHOCUTEIBHO HHM3Kasd TOYHOCTh
ONPEACTICHNUS] HEUTPOHHOM TOPUCTOCTA TOPHOM MNOPOAbl TMPU  HAJMYUHA
KPUCTAJUIM3AMOHHON BOJIbI, MMPUMECEH, MOTJIOMIAOINAX TEMJIOBBIE HEUTPOHBI, a
TaK)ke TIPH MUHEpaM3aIii OypOBOTO pacTBOpa W/HMIIW TUIACTOBOM BOJIBI, KOTOPHIE
BIIUAIOT HA HHTEHCUBHOCTh raMMa-KBaHTOB PaIMallHOHHOIO 3aXBaTa.

NzBecTHB «MeTOa B yCTPOKMCTBO OMNpeAe/iCHU TIJIOTHOCTA TOPHOM MOPO/IBI
C TOMOIIBIO UMITYJIbCHOTO HEUTPOHHOTO HU3IYyUECHHUS», BKIIOUAIOIIAN KOPPEKIHIO
KOJIMUECTBA 3apPETMCTPUPOBAHHBIX T'aMMa-KBAHTOB HEYNPYroro paccesHus ¢
yaeToM 3(ddekra mepeHoca HelTpoHOB. 3asBka Ha m3oOpeTeHue CA Ne 2657591
Al, MIIK GO1V 1/40, 06.03.2008. IIpoToTwum.

B sToM Merone Ha MNEpPBOM 3Tane€ BBIUYMUCIACTCS CKOPPEKTUPOBAHHOE
OTHOILIEHHE CKOpPOCTEH cueTa OJMKHEr0o W JAJbHETO 30HJ0B  COTMJIACHO
cooTHommeHuto (1):

CINEL=RIN - Z-RNF¥, (1)
rae:
CINEL - CcKOppeKTHpOBaHHOE OTHOIIEHHE CKOPOCTEH cuera OJIMKHEro u
JAJIHETO 30HI0B;
RIN — oTHollleHHE CKOpOCTEH cueTa raMMa-KBaHTOB HEYNPYTroro paccestHus
ONM>KHUM M TAJIbHUM JIETEKTOPaAMHU,
RNF — oTHollleHHE CKOpOCTEH cueTa raMMa-KBAHTOB PAJMALMOHHOTO 3axBara
ONMM>KHUM M TAJIbHUM JIETEKTOPaAMHU;
k m Z — xanmubGpoBouHbIE KOA(DPHUITMEHTHI, KOTOPHIE MOAOMPAIOTCS W3 YCIOBHS
MuHuMaabHOM  uyBcTBUTENbHOCTH CINEL Kk mopucroctd ¢ MOMOIIBIO
KaJTMOPOBOYHBIX U3MEPEHUH M MOJEIBHBIX PACUETOB.
k  3aBucMT OT  yIJIOBOM  UYBCTBUTEIBHOCTH  ramma-feTekropa (s

SKpaHUPOBAHHOTO ramma-aerekropa 0,75>k>0,5).



[110THOCTH TOPOBI B YKa3aHHOM METO/IC BHIUHMCIIACTCA U3 BRIpAXKEHU (2):
p =M:In(CINEL) + N (2)
Wi (5
p — IUJIOTHOCTb MOPO/IBI;
M u N — kanubpoBouHble KOA(DPHUITUEHTHI, KOTOPbIE MOAOUPAIOTCS ¢ TIOMOIIBIO
KaJTMOPOBOYHBIX U3MEPEHUN U MOACITBHBIX PACUETOB.
Hemocrarkom mpoTroTHNa SIBJISETCS HEBO3MOXKHOCTH OJHOBPEMEHHOTO
OTIPEACIICHHS] TUTOTHOCTH W TIOPHCTOCTH TOPHOM ITOPOIBI.
Texanueckum  pe3ysnbTaToM  H300pPETEHUA  SABISAETCA  BO3MOXKHOCTH
OJTHOBPEMEHHOTO OTIPEACIICHHS] TNIOTHOCTH W TIOPUCTOCTH TOPHOM TTOPO/IBI.
Texanueckuii pe3yabTaT JOCTUTACTCS TEM, YTO B CTIOCOOE OTHOBPEMEHHOTO
OTIPEICIICHHSI TIFIOTHOCTH W TIOPUCTOCTH TOPHOM TTOPOJIBI, 3aKITIOYAIOIIEMCS B TOM,
9TO OOJYYarOT TOPHYIO MOPOAY UMITYJIbCHBIM UCTOYHUKOM OBICTPBIX HEHTPOHOB,
PETHCTPUPYIOT TaMMa-U3JIydeHHE OIMOKHUM ¥ JaJdbHUM, OTHOCHTEIIEHO
UMITYJIbCHOTO MCTOYHHUKA OBICTPHIX HEHTPOHOB, raMMa-IE€TEKTOPaMHU Pa3ACIbHO
BO BpEMsA HEUTPOHHBIX HMIYJbCOB M B TPOMEKYTKAX MEXAY HHUMH, HAXOMIST
OTHOIIEHUSI CUETOB OJMKHETO W JAJIBHETO TaMMa-IE€TEKTOPOB Pa3NEIbHO IS
CUETOB, MOJYYEHHBIX BO BpeMsl HEHTPOHHBIX MMMYJbcoB RIN u B mpomexyTkax
mexay HUMH RRC, Tpou3BOAAT KOPPEKIMIO OTHOIICHHS CUETOB OJIMKHETO |
JABHETO JIETEKTOPOB BO BPEMs HEHTPOHHBIX UMITYJIbCOB C MCIOJb30BaHreM RIN
1 nonpaBku B BuAe ¢GyHKIMK oT RRC, monyyaroT cKOppeKTHpOBaHHOE 3HAUCHHE
RIN¢oy, TpEaBApUTENEHO HAXOAAT KAMMOPOBOUHBIE (PYHKIHMHM IS TUIOTHOCTH
RIN¢o(p) B BUIE:
RINon(p) = [RIN(p) + f}(RRC(p))] 3)
u opuctoctdt RRC.,(p) B BHIE:
RRCeon(p)=[RRC(p) + £2(RIN(p))], 4)
dyaxkmmn  fi(RRC(p)) m £H(RIN(p)) wHaxomar takum oOpazom, dYTOOBI
kanmuOpoBouHbie GYyHKIMA RIN(p) 1 RRCo(p) OblM muHEHHBIME QyHKIHSAMMU,

COOTBETCTBEHHO, OT TUIOTHOCTH P W MOPUCTOCTH P:

RINcon(p) =k-p+a (%)



RRCon(p) =m-p +b (0)
rae k u m - kanmubpoBounbie KOADPHUIMEHTH, @ 1 b —KOHCTAHTHI,
onpeaesiIoT KamuOpoBouHbie Kod(hduimenTs k 1 m, a Takke KOHCTAaHTHI a U b,
BHIUMCIISIIOT 3HAaueHUsA RINg,, m RRC. myrem xoppekimuu RIN um RRC ¢
UCTIOTb30BAHUEM TTOTYUYCHHBIX KATMOPOBOUHBIX (DYHKITHH, HAXOIAT TUIOTHOCTH P |
MTOPUCTOCTH P TOPHOM TOPOJIBI COTJIACHO BBHIPAKCHHSIM:

p = (RINor — a)/k (7

p= (RRCcorr - b)/m (8)
HN300peTeHmre NOSICHAETCS YePTEKAMMU.

Ha ®wur. 1 cxemarnyHO mMOKa3aHbl OCHOBHBIC AJIECMEHTH M HMX B3aMMHOC
pacnoyioKEHUE JUIi  OJHOM M3 BO3MOJKHBIX KOHCTPYKLMWA CKBAaKHUHHOTO
YCTPOWCTBA, MPEIHA3HAYCHHOTO /I pPeajn3alui NpeiaracMoro HeHTpoH-raMmMa
METO/a, TAE:

1 — oxpaHHBIH KOPITYC CKBAKUHHOTO YCTPOMCTBA,
2 — WMMOYJbCHBIA HCTOYHUK OBICTPHIX HEUTPOHOB,
3,4 — OnMKHUKM M AATTbHUM TraMMa-AeTEKTOPHI,

Ha ¢wur. 2 npuBeneHa 3aBUCUMOCTh 5 — OTHOIIIEHUSA CYETOB raMMa-KBaHTOB
HEYTpyroro paccestHusi oT motHocTr RIN(p),

Ha ¢wur. 3 npuBeneHa 3aBUCMMOCTh 6 OTHOIICHHWS CYETOB raMMa KBAHTOB
paaraimoHHOTO 3axBaTa oT miotHocTH RRC(p),

Ha ¢wur. 4 npuBenaeHa 3aBUCMMOCTh 7 KalmuOpPOBOYHOW (YyHKIHH OT
wioTHOCTH RIN,(p) mpu £;(RRC(p)) = — RRC(p)/12,

Ha ¢wur. 5 npuenena 3aBUCUMOCTh 8 OTHOINEHUSA CUETOB raMMa KBAHTOB
paauamoHHOTO 3axBaTa oT mopuctoct RRC(p),

Ha ¢wur. 6 npusenena 3aBUCUMOCTh 9 OTHOIIIEHWA CUYETOB raMMa KBAHTOB
HEYTpyToro paccessausa oT mopuctoctu RIN(p),

Ha ¢wur. 7 npusenena 3aBucumocts 10 kammOpoBouHOW (YHKIMHA OT
nopuctoct RRCeor(p) mput f(RIN(p)) = - (RIN(p))’/9 ,

[{unuHApUYECKUH OXpaHHBIN KOpIyC | BBIMOJHACTCS U3 CTAJIA TOJIIMHOMN B

HCCKOJIbBKO MHUJIJIUMCTPOB.



NMnyJibCHBIA MCTOYHUK 2 OBICTPBIX HEUTPOHOB MOXET ObITh BBITIOJIHEH B
BUJI€ T€HEpPaTOpa HEUTPOHOB C 3Hepruer 2,5 MsB wunu 14 M»sB, pacnonoxken
COOCHO C OXPaHHBIM KOpIycoM | W CIyXuT s 0OJlydeHUus TOPHOM MOPOJbI
UMITYJIbCAMH OBICTPBIX HEUTPOHOB.

bmwxauiét 3 w ganpHud 4 ramMMa-ACTEKTOPHl HEHTPOHOB CIIy’KaT IS
perucTpanuyu raMMa-KBaHTOB, MOCTYMAOIIMX HA HUX W3 OKpy»karomiei cpeasl. B
KauecTBe OnmxHero 3 W jajgbHero 4 JeTeKTOPOB MOTYT HMCIOJIb30BAThCS
CHUHTUUIALIUOHHbBIE AETEKTOPHI. JleTeKTOopbl 3 ¥ 4 MOTYT ObITh BBHITIOJTHEHBI B BUJIC
KACCET, COJEpKAIUX  HECKOJIbKO  CIUHTWUISIMOHHBIX  JETEKTOPOB, W
PaCIOJIOKEHHBIX COOCHO ¢ OXPAaHHBIM KoprycoM 1.

ITpuBenennsic HA Dur. 2, 3, 5 1 6 3aBUCUMOCTH PACCUUTAHBI B MOJEIBHBIX
OMUCAHUAX CKBAKHUHBI, CKBAKUHHOTO NpPUOOpAa M MOPOAbl MPU PATUUHOU
IJIOTHOCTH P W TOPUCTOCTH P, MPU PACCTOSHUAX OIMKHETO0 M JIAJIbHETO
JETEKTOPOB OT UMITYJIbCHOTO UcTOYHMKA 2 (14 M»B HeliTpoHOB), paBHbIX 30 cM H
60 cM, COOTBETCTBEHHO.

Ha ®wur. 4 u 7 npuBeneHsl 3aBUCHMOCTH KAITMOPOBOUHBIX (PYHKIHH OT
mwioTHOCTH 7 - 1t RIN ,(p) 1 mopuctoctu 10 - st RRCo(p).

3aBUCUMOCTH 5 1 6 XOpOIIO OnUCchIBatOTCA BoipakeHusimu (9) u (10):

RIN(p) = 3,5854 + 1,9042-p — 0,3571-p* 9)
RRC(p) =-14,4506 + 18,1883-p — 4,5658-p7, (10)
a 3aBucumoctu 8 u 9 - Beipaxerusamu (11) u (12):
RRC(p) = 1,6246 + 0,0978-p — 0,0012-p (11)
RIN(p)=6,1218 + 2,2446-10™p -1,0036-10™"p (12)

B paccmarpuBaeMom mpumepe 3aBUCUMOCTH 7 W 10 MMEIOT BHA TPSAMBIX
marmii mpu f;(RRC(p))=-RRC(p)/12 n £,(RIN(p))=-(RIN(p))’/9.

[Ipu mobbrue HedTH W YrIAECBOAOPOMOB JKEIATEIHLHO 3HATH BMECTE W
IJIOTHOCTh P, W TIOPUCTOCTh P TOPHOW MOPOAbI (KOJUIEKTOpA), COACp KaIle
yraeBoaopoabl. COBMECTHOE OMPENCTICHUE 3TUX XaPAKTEPUCTUK HEOOXOIUMO IS
nojacuera o0beMa IUJIACTOBOM HEPTH B KOJJIEKTOPE. 3HAHWE IJIOTHOCTH W

IMOPUCTOCTHU TAKIKC BAKHO B CJIYyYaC CTaApbIX He(bTHHBIX CKBAXXHUH, TJII KOTOPBIX
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uHdOpMaIsA O MIOTHOCTH WM MOPUCTOCTH JUOO HeaoCcTaTodHa, U0 BOOOIIEe
OTCYTCTBYET.

OgHuM #3 METOJOB, HWCIMONB3YEMBIX I OMPEACICHHUS TIJIOTHOCTH W
MOPUCTOCTH TOPHOW TMOPOIBI, SBJIAECTCA METOJ HMMMYJIbCHOTO HEHTPOH-ramMma-
kapoTaxka. [lpu peanuzanmm 53TOr0 METOJA TOPHYIO TMOPOaY OOIy4aroT
uMITyJIbcaM# ObICTPHIX (14 M»B) HEHTPOHOB M PETHCTPUPYIOT raMMa-H3IydeHHE,
BO3HHMKAIOMIEE B TOPOJE, TaMMa-ICTEKTOPOM, HAXOMAIMMUAMCS Ha HEKOTOPOM
PACCTOSTHAM OT UCTOYHHKA OBICTPHIX HEUTPOHOB.

[Tpu o6mydeHrn rOpHOH TOPOABI OBICTPEIMU HEHTPOHAMHU raMMa-HU3ITyUCHHUE
BO3HHMKAET B OCHOBHOM B PE3yJIbTaTe ABYX THUIIOB AACPHBIX peakiuii. K mepsomy
TUITY OTHOCHTCSA HEYNIPYTOE paccesiHue OBICTPHIX (C HEprHUeH, mpuMepHo, Oonee 1
M>5B) welitporoB. BTopoit Tin peakiuii — 3TO 3aXBaT HAATEIIOBBIX W TETIJIOBBIX
HEHTPOHOB. M3ydaembie TPy 3TOM TaMMa-KBAHTHI HA3bIBAIOTCSA, COOTBETCTBEHHO,
raMMa-KBaHTaMH HEYIIPYTOTO PACCESHUS W PAHAIMOHHOTO 3aXBaTa.

Hcnonp3oBanre UMIYJIBCHOTO UCTOYHUKA OBICTPHIX HEWTPOHOB MO3BOJIACT
PETHCTPUPOBATh OTACIBHO TaMMa-KBAaHTHl HEYINPYTroTO pacCcesHus W Tramma-
KBAaHTOB PAJAMAIIMOHHOTO 3axBaTa. Bo BpeMsa HEHTPOHHOTO wHMIyJbca (Kak
NPaBWJIO, JTUTENIEHOCThIO <10 MKC) JETEKTOp TaMMa-HU3JydeHHsS B OCHOBHOM
PETUCTPUPYET TaMMa-KBAHTBl HEYNPYTOro PaccesiHuA, a MOocjae €ro OKOHYaHUA -
raMMa-KBaHTHI PaIHAIlMOHHOTO 3aXBaTa.

HN3mepenus mIoOTHOCTH WA TTIOPUCTOCTH TTOPO/IBI TPAJAUIIMOHHO MTPOBOMIST C
WCIIOJIb30BAHUEM JBYX JACTEKTOPOB TamMMma-u3aydeHus. [Ipu sTomM mokazaHus
OMMKHETO JETEKTOPA UCTIONIB3YIOTCS JAJTA yUeTa BIMSAHUS CKBOKUHBI, CKBRXKHHHOTO
yCTPONCTBA W €ro TOJIOKEHUs B CkBaxkmHe. Kpome Toro, cxema ¢ AByMs
JETEKTOpaMHA O0ECTIEYMBACT KOPPEKIIUIO OTHOIICHUS TOKA3aHWKH OJIMKHETO W
JABHETO JIETEKTOPOB Ha (DIYKTyallMW WHTEHCHBHOCTH WUMITYJIbCHOTO MCTOYHHKA
OBICTPBIX HEUTPOHOB.

B Tom ciyuae, korma Boia u yriieBOIOPOIBI COEPHKATCS TOIBKO B TIOPOBOM
MIPOCTPAHCTBE MOPOBI, KOJUUECTBO PETUCTPUPYEMBIX TaMMa-KBAHTOB HEYIIPYTOTO

PAaCCCAHUA U PAAHAIMOHHOI'O 3aXBaTa OIIPCACIIAIOTCA INIOTHOCTBIO U ITIOPHUCTOCTBIO



MOPOJBI, COOTBETCTBEHHO. [Ipy 3TOM MEXy TNIOTHOCTBIO ¥ MOPUCTOCTHIO TOPOIbI
CYILIECTBYET B3aWMMHO OJHO3HAYHasA OOpaTHas CBA3b. JTO CBSA3b MPOSBIIACTCS B
TOM, YTO C YBEJIMYCHHEM IUIOTHOCTH (YMEHBIIICHHEM TMOPUCTOCTH) OTHOIIECHUE
CYETOB HAa JBYX JETEKTOPAaX raMMa-KBAHTOB HEYIPYrOro paccesHus pacTer, a
OTHOILIEHHE CYETOB raMMa-KBAaHTOB PAaJMALIMOHHOrO 3axBara nagaet. Poct ogHoro
OTHOILLECHUA U TTAACHUE APYTOr0 B3aUMO3aBUCUMBI, TOCKOJIBKY ITPOUCXOMAT 3a CUET
B3aUMOJICUCTBUAS TrAaMMa-KBAaHTOB C OJHOW Y TOM K€ TTOPOAOM.

OOpaTtHass CBSi3b  MEXJY YKA3aHHBIMH  OTHOIICHHUSIMU  TO3BOJISET
CKOPPEKTHPOBATh M TMPEBPATHTh B JHHEHHBIC (PYHKIIMH 3aBHCHMOCTH OT
IJIOTHOCTA OTHOLIECHHSI CYETOB HA ABYX JIETEKTOPAX raMMa-KBAaHTOB HEYNPYrOro
paccesiHhs ¢ yYETOM OTHOIICHUS CYETOB TaMMa-KBAaHTOB PAJUALIMOHHOIO 3aXBara,
a TAaKXK€ 3aBUCHMOCTh OT TMOPUCTOCTH OTHOLICHUS CYETOB TIaMMa-KBAaHTOB
PAaJIAALMOHHOIO 3axBaTa C Y4YE€TOM OTHOIICHUA CUETOB TaMMa-KBaHTOB
HEYIPYTOro PacCesHUS.

dakTopamu, 3aTPYAHAIOIIAMU HM3MEPEHUE MOPUCTOCTH HEUTPOH-raMMa-
METOJIOM, SBJISIFOTCA TPHUCYTCTBHE B IIOPOJAE CYIIECTBEHHBIX KOJMYECTB HE
COJZIEPIKALLIEUCS B TOPAX KPUCTAJUIA3AUMOHHON BOJBI, MMPUMECEH, MOTJIOMIAIOIIUX
TETUTOBBIC HEWUTPOHBI, a TaKXXe MHHEpaM3anus OypoBOTO pacTBOpa W/HJIH
IIJIJACTOBOU BOJBI.

Hamuume »tHX (akTOpoB HM3MEHSIET WHTEHCHBHOCTH TIaMMa-KBaHTOB
pPaaAALIMOHHOIO 3axBaTa. B 3TOM cilyyae B3aMMHO OJHO3HAYHAS CBS3b MEXKOY
W3MEPECHHBIMU IJIOTHOCTHIO U TOPUCTOCTHIO OTCYTCTBYET.

[TpyurHa pacxoXkACHUS MOXET ObITh YCTAHOBJICHA C MCIOJIb30BAHUEM
umMmerotelics HHGOPMAIAN O JIMTOJIOTHH TTOPOBl W/HITHA CIIEKTPA PETHCTPUPYEMOTO
raMmma M3JIy4YCHHUS.

Cnoco6 peam3yroT CIEAYIOMMUM 00pa3oM.

[IpeaBapuTenbHO OMPEACTAIOT KaTuOpoBOUYHBIE KO3 ¢uIieHTs k 1 m, a
TaKX¢ KOHCTAHTHI @ M b ¢ MOMOIIBIO M3MEPEHUN KaauOpOBOYHBIX (DyHKIHI Ha

FeO(bI/ISI/ILIeCKI/IX MOACIIAX IOopod € HW3BECTHOM ILIOTHOCTBIO H IOPHUCTOCTBIO B



OTCYTCTBUE KPUCTALUTU3ALUMOHHON BOABI B MOPOAE, MHUHEpPAIM3ALMU BOABI B
CKBQ)KMHE U B MOPAX, a TAK)KE MPUMECEH, MOTIOMIAOIINX TETUIOBbIE HEUTPOHBI.

BximrodaroT UMIyJIbCHBIM MUCTOYHUK 2 HA TEHEPALMIO UMITYJIBCOB OBICTPBIX
HEUTPOHOB. bBBICTpPBIE HEWTPOHBI BBIXOAAT M3 HMIYJbCHOTO HCTOYHHUKA 2 M
MOTAAIOT B TPOMBIBOYHYIO (CKBAKMHHYIO) KHIKOCTH, OOCAJHYIO KOJIOHHY, a
3aTeM B TOPHYIO MOPOy BOKPYT CKBakuHBI (Ha Pur. 1 He mokazaHbl), B KOTOPHIX
ObICTPBIC HEHTPOHBI UCTIBITHIBAIOT YIIPYTUE U HEYIIPYTHUE CTOJIKHOBEHHUS C AJIPaMU,
BXOJAIIMX B HX COCTAaB XHUMHUUECKUX JJIEMEHTOB, BCJICICTBUE YEr0 TEPAIOT
SHEPIHI0, CTAHOBATCA C TEUECHUEM BPEMEHM OSIUTEIJIOBBIMU, a 3areM |
TETJIOBBIMH.

['aMMa-KBaHTBI, BO3HUKIIHE B OKPYXAIOWIEH cpele BO BpeMs U B
MPOMEKYTKAX MEXKAY HEUTPOHHBIMU MUMITYJIbCAMU, YACTUYHO MOMAJA0T B TaMMa-
neTekTopsl 3 U 4. DIEKTPUUECKUE WMIYJIbChI, BO3HUKAIOIIUE IO JCHCTBHEM
raMMa-KBaHTOB B KaXXIOM U3 TamMMa-IeTekTopoB 3 u 4, NOCTYymaiT B
ANIEKTPOHHYIO cxeMmy (Ha dur. 1 He mokasaHa), 00ECTICUMBAIOIIYIO YCHUIICHHUE
MMITyJIbCOB, MX CUET M Nepeadyy B HA3EMHYIO amnmaparypbl MOCIE KaXAoro
VMITYJIbCA UCTOYHUKA 2.

[ToBTopsitoT mporecc peructpanmu aas N>1 HEHTPOHHBIX HMITYJIBCOB,
KOJIMYECTBO KOTOPBIX OMPEACACTCA YCTAHOBJICHHONW TOUHOCTBIO U3MEPEHHM.

C momoIpio Ha3eMHOM ammapatypbl onpeaenstor otHomeHus RIN, RRC.
BBIUKCISIOT CKOPPEKTUPOBAHHBIC OTHOIICHUS CUETOB OJIMKHETO W JIaJIbHETO
JETEKTOPOB BO BPEMsSI HEUTPOHHBIX UMMYJIbCOB RIN ,, 1 B TPOMEKYTKAX MEXKIY
HeHTpoHHBIMU mMmyibcamMu RRC,,; ¢ uicnons3oBanmem cootHommenuit (3) u (4).
Jlns pacematpuBaemoro npumepa RIN,,, 1 RRC,,,; cocTaBisioT:

RINgor = RIN - RRC/12 (13)
RRC,y = RRC - RIN*/9 (14)

Haxonar mioTHOCTh p W MOPUCTOCTh P TOPHOM MOPOABI C TOMOIIBIO
KaTnOpoBOYHBIX Kod(duimenTos k m m, a Takke KOHCTaHT a W b coriacHo
BBIPAXKEHUSAM

p = (RINgy —a)k (15)
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p= (RRCcorr - b)/m (16)

KamuOpoBounsie kox¢dumuentsr k, m, a 1 b Haxomar u3 kanuOPOBOYHBIX
3aBUCUMOCTEMN, MOJNYYEHHBIX MU PACCMAaTPUBAEMOW TOPHOW MOPOMABI, MPUMEPHI
KOTOpBIX TipenactaBjieHsl Ha ®ur. 4 u dur. 7. B paccMatpuBaeMoM cliydae
k=0,497; a=4,665; m=9,792; b=-23,8886.

[TycTh B U3MEPEHUAX MIIOTHOCTH M TOPUCTOCTH TOPHOM MOPO/Ibl OTHOIICHHUE
CUETOB OJIMDKHErO 30HAAQ K JajJbHEr0 30HJAa BO BPEMsA HMMIYJIbCOB COCTAaBJISET
RIN=6,115, a mexay ummynscamu RRC=2,5. Cornacuo Beipaxernsm (13) u (14)
stuM 3HaueHUsAM RIN m RRC coorBercTByt0T RIN=5,907 m RRC.,,=-22,907.
Boruncnenust p u p ¢ ucnoiab3oBanueM BbipakeHuit (15) u (16) u npuBeneHHBIX
BBIIIIC 3HAYEHUSA KaTHMOPOBOYHBIX KOX(D(PHUIIMEHTOB MAIOT Il HUAX 3HAUYCHHS
p =2.50 r/em’ u p=10%.

Jlasiee  BBIUMCACTCS 3HAYEHWE MOPUCTOCTH TOPHOW TMOPOABI TpH
MOJIYYEHHOM 3HAUEHHUH IUIOTHOCTU € YYETOM TOT0, YTO MOPHI 3aMOJIHEHBI BOIOU. B
TOM CJIy4ae, KOT/la TOpHas MOpOJa COCTABJICHA U3 KAJbLUTA, TUIOTHOCTh KOTOPOTO
MpM  HYJIEBOM MOPUCTOCTH cocTaBisier 2,71 r/cM’, H3MepeHHOe 3HAUEHHUE
miotHocTH 2,50 T/CM® O3HAYAeT, YTO BOJOHACHIIIEHHAA MOPHCTOCTh TOPHOM
nopoAbl TOJKHA cocTaBiATh 12%. Takum 00pa3oM, pacXxOoxACHHE MEXIY
U3MEPEHHBIM M BBIUYKMCIECHHBIM 3HAUEHHSAMH TMOPUCTOCTU cocTaBysaieT 2%.
N3BectHo (TexHudueckas WHCTPYKIHS TIO TPOBEACHUIO TeO(DHU3MUECCKUX
UCCISIOBAHMM B padoT mpubopamMu Ha Kadelie B He(PTAHBIX M ra30BbIX CKBAKHMHAX.
PJI 153-39.0-072-01. Mocksa, 2001), uTto aGCcomOTHAs TOTPENTHOCTh U3MEPEHUS
MMOPUCTOCTH TPH 3HAYCHHSAX TOPHCTOCTH OKojio 10% HE AobKHA MPEBBHIIIATH
1,3%. Takum o0pa3om, HaOMIOJAEMOE PACXOKJICHHE MEXAY HW3MEPEHHBIM H
BBIYMCJICHHBIM  3HAQUEHUSIMHU  MOPUCTOCTH,  MPEBBIIIAIOIIEE  JOMYCTUMYIO
MOTPENTHOCTh, YKAa3bIBAIOT HA HAJIWYWE OJHOTO WM HECKONBKHX (DaKTOPOB,
BIMSIONINX HAa M3MEPEHUs: CBA3AHHON (KPUCTAITU3ALMOHHON) BOJBI, MPUMECEH,
MOTJIOMIAOIIMX TEIJIOBBIE HEWTPOHBI, MUHEPAIN3ALMKU BOABl B CKBAXXUHE WJIU B

nopax.



[IpuBenennsie Boie BhipaskeHus (15) u (16) 11 BEIUMCICHUS TIOTHOCTH U
MOpUCTOCTH paboTailoT W B o0meMm caydae. [Ipu sToM  KaauOpoOBOUYHBIE
ko3ddunmerTsl a, k, b, m ompemensroTcs OTASHBHO I KaKIOH HU3MepseMoit
MOPOABI MyTEM MPOBEICHUA KATUOPOBOUHBIX U3MEPEHHM.

Takum oOpa3oM, 3asABJICHHBI TEXHUYECKUHA PE3YyJIbTaT - BO3MOXKHOCTh
OJTHOBPEMEHHOTO OMPEACNICHUsA TUIOTHOCTH P W MOPUCTOCTH P TOPHOM MOPOJIbI
JOCTHUTACTCS 3a CUET MPEABAPUTEIIHBHOTO HAXOXKIACHHUS KaTHOPOBOUHBIX (DYyHKITHIA
nytem uaMepenns RIN u RRC Bo BpeMs v B TpoMexyTKax MEXAy HEHTPOHHBIMH
UMITYyJIbCAaMH Ha TeO(U3MUECKHUX MOJENSIX TOPHBIX MOpoj, Koppekmuu RIN Bo
BpeMsI HEUTPOHHBIX UMITYJIbCOB, a RRC - B mpoMexyTkax Mexay HEHTPOHHBIMHU
UMITYJIbCAaMH, OOCCTICUMBAIONIEH JIMHEHWHOCTh KaJIMOPOBOYHBIX (YHKIHHA OT
IJIOTHOCTH P U MOPUCTOCTH P, COOTBETCTBEHHO, OMPEACICHUS KATMOPOBOUHBIX
kod(dummenToB k m m, a Takke KOHCTAHT a U b, 0OMydeHHs] TOPHOM MOPOIBI
WUMITYJIbCHBIM HCTOYHUKOM 2 OBICTPBIX HEHWTPOHOB, HAXOIALIEMCS B MPOYHOM
Kopmyce 1, U perucrpanuu ramMmMma-usydyeHus ONMMKHUM 3 U JajbHuUM 4 ramma-
JETEKTOPAMH, TAKXKE€ HAXOJALIMMHUCS B MPOYHOM Kopmnyce 1, pa3ienbHO BO Bpems
HEUTPOHHBIX HUMITYJIbCOB W B TNPOMEXKYTKAX MEXKAY HUMHU, HAX0XKICHUU
OTHOIIIEHHS CUETOB OJIM>KHETO 3 W JajibHET0 4 raMma-AeTEKTOPOB Pa3eabHO I
CUETOB, TMOJYYEHHBIX BO BpeMs HEHTpoHHbIX uMmyiabcoB RIN, a Takxke B
npoMexyTkax Mexay HUMH RRC, BbIUMCIEHUA CKOPPEKTHUPOBAHHBIX 3HAUYCHUI
RINgor 1 RRCy ¢ mcmonp3oBanmeMm kamuOpoBouHbIX (yHkmmid (3) u (4),
OMPENCNICHUs] TUIOTHOCTH P M TOPUCTOCTH P TOPHOH MOPOABI COTJIACHO

BeIpakeHusM (15) u (16).
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dopmya n300peTeHUA
Cnoco0 OJHOBPEMEHHOTO OMNpPEAETACHUA IUIOTHOCTH W TOPUCTOCTH TOPHOM
MOPO/Ibl, 3aKIIOYAIOIIUNCSA B TOM, UYTO OO0JIy4arOT FOPHYIO MOPOAY HUMMYJIbCHBIM
HUCTOYHUKOM OBICTPBIX HEUTPOHOB, PETUCTPUPYIOT TaMMa-U3TyueHUE OIVKHUM |
JAIBHUM, OTHOCUTEIBHO HUMITYJIbCHOTO MCTOYHMKA OBICTPHIX HEUTPOHOB, raMma-
JNETEKTOPAMH Pa3JIeIbHO BO BPEMS HEUTPOHHBIX MMMYJBCOB U B NPOMEXKYTKaX
MEXJy HHUMH, HAXOAAT OTHOIIEHWA CYETOB OJMXKHET0 W JAJIbHEr0 TraMma-
JETEKTOPOB Pa3JeabHO JJIsI CUETOB, TOJYUYEHHBIX BO BpEeMsA HEUTPOHHBIX
umiyabcoB RIN u B mpomexyTkax mexay HuMu RRC, npou3BOAAT KOPPEKIUIO
OTHOILICHHUSI CUETOB OJIMKHETO M JAJIbHETO JACTEKTOPOB BO BPEMs HEUTPOHHBIX
UMITYyJIbCOB ¢ wcmojib3oBanrieM RIN m mompaBku B Buae ¢ynkmum ot RRC,

MOJyYarOT CKOPPEKTUPOBaHHOE 3HA4YeHHE RIN ., OTJIMYAKIIMIICS TeM, 4YTO

MIPEABAPUTEIIFHO HAXOAT KamMOpoBoUHbIe (DyHKITUU /T TWIOTHOCTH RIN.(p) B
BU/IC:
RINcon(p) = [RIN(p) + £1(RRC(p))]
u opuctoctit RRC,(p) B BUIE:!
RRCeon(p)=[RRC(p) + £2(RIN(p))],
byakmmm  f1;(RRC(p)) m  f(RIN(p)) mHaxomar Ttakum o00pazom, YTOOBI
kamnOpoBouHble GYHKIMHA RINg(p) 1 RRCo(p) ObLTH MUHEHHBIME DYyHKIIHSAMH,
COOTBETCTBEHHO, OT IJIOTHOCTH P ¥ TTIOPUCTOCTH P:
RINu(p)=kp + a
RRC on(p) =m-p+b
rae k u m - kamuOpoBouHbIe KO3(DGUIIHEHTHI, 2 © b —KOHCTAHTHI,
OTIPENEISIFOT KaMOpoBOUHbIE KOd(hduimeHTs k ¥ m, a Takke KOHCTaHTHI a U b,
BhIunCIISIIOT 3HaueHus RINg,, m RRC., myrem xoppekiuu RIN m RRC ¢
WCIIOJTb30BAHUEM TIOJTYUCHHBIX KaTMOPOBOUHBIX (DYHKITHH, HAXOJAT TUIOTHOCTD P H
MOPUCTOCTH P TOPHOM TOPO/IbI COTIACHO BBHIPAKCHHSIM
p = (RINg, — a)k
p = (RRCy — b)/m
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