4 USMEPUTEJIbHbIE TEXHONOINH
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KAK DOTO BbLJIO: UCTOPUS U3OBPETEHUS
MATHUTOPE3OHAHCHBIX N30BPAXKEHUM
B.A. UBanoB

[IpuHUMnIBl OCTpOEHUST MarHUTOpe3oHaHCHBIX (MP) mn300paxkeHHil, MOJIOKEHHbIE B
ocHoBy MP-tomorpados, pa3pabotansl B Poccun B 1959— 960 rr. [1]. O1u pa3pabotku Obuin
U3JI0KCHBI B BUJIC YETHIPEX 3asBOK HA M300peTeHus. /[Be M3 HUX OCHOBAHBI HA MCIOJIH30BAHUU
y’ke u3BecTHOro k tomy BpeMmeHu (bsox, [lapcen) siBineHust saepHOro MarHUTHOTO PE30HAHCA
(AAMP) nns neneit n300pakeHU CEYEHHMM pa3IUYHbIX MEIUKO-Onosiornyeckux oObekToB. Ha
nepByto U3 HHUX, "CBOOOAHO MPEHECCHOHHBIA MPOTOHHBIH MHUKPOCKOMN'", MOCIAaHHYIO B KOHIIE
1959 r., ucnpammuBaica nateHT. OJHAKO MAaTEHTHOE BEJOMCTBO CTpPaHbl MPEAYNPEIUIO MEHS
KaK BO3MO’KHOI'O MaTEHTOBJAAENbIa 00 00I0KEHUU KPYIHBIM €KEeMECIYHbIM HajoroM. 5| Obu1
BBIHY)KJICH OTKa3aThCsl OT JajbHeimel nepenucku. B cxeme ycrpoiictBa ([1], puc. 1, cTp. 8)
npeiarajgach cxema mnonydeHus MP-u3o0paxeHus ¢ MOCTOSIHHBIM TI'PaJHEHTOM IOJIs
nperneccuu (puc. 10).

HauOonpmmii MHTEpEC C TOUKU 3pEHUsI 00CYKIaeMON TeMbl U YCTaHOBJICHUS PHOpUTETA
npeCTaBisieT BTOpas W3 3asBoK, Ne 659411/26, 3aperucrpupoBanHas B [ocymapcTBEHHOM
xomurere CCCP no nenam m3zobperenuit u otkpeituii 21.03.60. [To marepuanam 3Toil 3asBKU
OBLIIO BBIIAHO aBTOPCKOE ceuperenscrBo ) CCCP Ne 1112266 ¢ COXpPAaHEHUEM JIAThl MPUOPUTETA.
CoortBetcTBYIOIIas MyOauKaus caenana B Oromerene "OTkpbiTus, uzooperenus”, 1984, Ne 33.
Cxema yctpoiictBa npuseneHa B [1], puc. 3. B 3asBke Ne 673786 ot 18.07.60 mpenmnaranock
"V CTpoICTBO 1S ONpeAeeHus: CKOpocTH KpoBH'', ocHoBaHHOE Ha SIMP, B 3asBke Ne 673875 ot
27.07.60 — "CmocoO ormpeaeneHus CKOPOCTH ABUKEHUS >KUIKOCTEH, Ta30B M HEKOTOPBIX
HOJBM)KHBIX MacC, OCHOBaHHBIN Ha CABHUIE YaCTOT CBOOOAHOI mpeneccuu saep".

Kak cnemyer w3 omnucanms wu3oOperenms Ne 1112266 wu  apyrux 3asBOK, B HHX
c(hopMyIMpPOBaHbI BCE OCHOBHBIE NMPU3HAKH MoTyueHust MP — n3o0pakeHui.

e [IIpemnoxen meton (crocod) HaOMOACHNS BHYTPEHHETO, HEBUAUMOTO IJ1a30M CTPOCHHUS Tell,
OCHOBAaHHBIN Ha SBJICHUH CBOOOAHOM MPEIECCUU SAEp aTOMOB B HEOJAHOPOJHOM MarHUTHOM
noJe.

e [lpu ucronp30BaHMM JAHHOTO CIIOCOOA CO3JAIOTCS YCJIOBUS, MPU KOTOPBIX spa aTOMOB
XUMHUUYECKHUX 3JIEMEHTOB TeJla CaMH SBJISAIOTCS UCTOYHUKAMU 3JIEKTPUUECKUX CUTHAJIOB. DTH
CUTHAJIBI SIBJIIIOTCS] PE3yJIbTaTOM CBOOOJHOM Mpeleccuu siep B MarHUTHOM moiie. [Ipuuem
BHayaJle NPOUCXOAMUT NOJSApHU3aLUs sA€p B OJHOPOJHOM MAarHUTHOM TII0J€, a IOTOM
OCYILECTBIIIETCS] CBOOOIHAS TpeLieccrsl B HEOAHOPOJAHOM MarHUTHOM nose. HeonHopogHbie
HOJIS1 IPU STOM TaKOBBIE, YTO UMEIOT, HAIPUMED, IKCTPEMYM HJIM OCTOSIHHBIN TPaJAUEHT.

e Cursansl, COOTBETCTBYIOLIME KaX/JIOMy U3 YYacTKOB MCCIEIyEMOIo MpeaMeTa, OTACINAI0TCS
Ipyr OT Jpyra M HCHOJB3YIOTCS Ul NOJy4deHus u3o0paxeHus. PaszneneHue curHajioB
OCYIIECTBIISICTCSI, HATIPUMED, C MOMOIIBIO YACTOTHBIX (PHIIBTPOB.

e (Cmoco6 6e3BpeneH 11l )KUBBIX OPTaHU3MOB.

e Cnoco6 B NpUHIMIE TO3BOJISIET MOJYYUTh KapTHUHY pacrpesieieHus OOoJIbIIMHCTBA
XUMHUYECKHX 3JIEMEHTOB B Pa3JIMYHBIX y4acTKax HAOI0JaeMbIX IPEIMETOB.

[Ipennaraemble MOJI0KEHUS HE COOTBETCTBOBAJIM HAYUYHOU MapaJiuTrMe, CIOKHUBIIEIHCS K
TOMY BpPEMEHH B 00JIaCTH HAOIIOACHUA U peructpanuu sieHus IMP. A uMeHHo, cuuTanoch
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HEOOXOMMBIM, YTOOBI OOBEKT (TEJ0), a TAK)KE MAarHUTHOE T0JIE IPELeCCUU ObUTH
OTHOPOAHBIMU. [T03TOMY TOCIIE PACCMOTPEHHS B IBYX WHCTUTYTaX (pH3UIecKOro mpoduis
3asiBKa OblJla OTBEPrHYTA KaK HEpeaan3yemas.

Mexay TeM K TOMY BpPEMEHH YK€ HMEIUCh OSKCIIEPUMEHTAIbHBIE (AKTBI B IOJB3Y
peann3yeMoCTH 3asBJIIEMBIX MOJoKeHUH. beuin nonydenst SIMP-curHanel oT OMOJOTHUYECKUX
00BEKTOB s00Ka W KapTodens [2], B CHEKTpOMETpax BBICOKOTO pa3pelIeHUst YyKe
HCIIOJIb30BAIMCh BECbMA OJJHOPOJIHBIE MAarHUTHBIE TIOTOKH MajOro CEYEHUs M KOHEYHOU IJIUHBI
[3], emte panee dpaniry3 ['adbusp Hadmronan curaansl SIMP B HeomHOpOAHBIX MTOJIIX. OTHAKO ITH
(dakThl BO BHMMaHHE HKCIEPTH30H HE NMPUHUMAJIKNCh, U aBTOPY HUYErOo HE OCTaBaJlOCh, Kak
JATh 3KCIEPUMEHTAIbHBIX MOATBEPKACHUN peann3yeMOCTH IPEUI0KEHHOIO METO/1a. Y KakeM
B CBSI3U C 3TUM, 4TO J10 70-X rT. B CCCP He 6b110 10CcTynHBIX Dypbe-CHIEKTPOMETPOB.

B 1973 r. I1. JlaytepOyp (CLHA) 3adukcupoBan u pas3aeinui CUTHAIBI OT JBYX MalIbIX
00pa3loB BOJbI, HAaXOMSLIUXCA B MPOOMpPKaX JUaMeTpoM | MM B CHJIBHO HEOJHOPOJHOM
MarHUTHOM TIOJIE C TIOCTOSHHBIM TpaaueHToM. Takum oOpa3oMm, OblTa, MO CYIIECTBY,
pealn30BaHa CXeMa C IOCTOSIHHBIM T'PaJMEHTOM I10JIsI IPELIECCHH.

B 1976 r. P. Jlamagman (CHIA) ™erogoM MarHUTHOM (HOKYCHPOBKU TOITYUMIT
n300pakeHHe >KMBOM MBIIIM. YCTPOHCTBO MarHUTHON (DOKYyCHpPOBKM OJU3KO YCTPOWCTBY,
npuBesrieHHOMY Ha puc. 3 [4]. OTMeTuM, 4TO 37€Ch TONOJHUTENBHO IPUMEHEH U3BECTHBIA METO
CUHXPOHHOTI'O AETEKTUPOBAHMSI, ITUPOKO MCIIOJIb3YyEMbIN B TEXHUKE ITOMCKA IKCTPEMYyMa.

[Tocne ony6nukoBanus nomyueHHbIX B CLLIA skcriepiMeHTaIbHBIX PE3yIbTaTOB 5 HaIMcall
nucbMo B ['ockomuTeT M300peTeHMH M OTKpPBITUH, U MHE 0e3 MpoMeUIeHHs ObLJIO BBIJAHO
aBTOopckoe cuzaerenbcTBO Ne 1112266 ¢ coxpaHeHHeM JaThbl MpUOpPUTETA MOAAYM 3asIBKH, a
uMeHHO 21.03.60. AMepuKaHCKUX >K€ YUYEHbIX MPU3HAIOT MEPBOOTKphIBaTeNsiMU MP —
n300pakeHust Ha 3armaje, X0Ts pa3HHIla B CPOKaxX, Koraa ObutH chopMyTupoBaHbl OJU3KHE UACH
y Hac u 3a pyOexom, cocrtaBiger 13—15 ner. II. JlaytepOypy, Hampumep, ObUIO BbIIAHO
MHOKECTBO TIpu30B, Kkpome HobGenesckoii HpeMI/II/I*. Pycckue pocTmkeHus 000iIeHBI
BHUMaHueM. O0 ux daxrte Toiabko ymnomsHyTo. IlpencraBisercs, uto HoOGeneBckuii mpus
JIOJDKEH OBITh TOJIETICH MEXAY OCHOBHBIMH YYaCTHHKaMH pPa3pabOTKH, COCTaB KOTOPBIX K
HaCTOSALEMY BPEMEHH MPO3PAYEH.

B 1980 r. 3a pyOexkom OBUTM CO3MaHBI TIEPBBIC TOMOTpPadbl, PEATU3YIONIHE METO/T
MP-n3o00pakeHuii, 1 Ha4aJIoch "moOeaHOe” MIeCTBUE NAHHOW TEXHHUKH B OOJIBIIMHCTBE CTpPaH
mupa. Ceiivac MP-n300paskeHus] HCHOIB3YIOTCA HE TOJBKO B MEIHUIIMHE U OWOJIOTHMH, HO U B
TEXHHKE.

[Tocne opunmansHoro npusHanus Poccueit cBoero npuopureTa B OTKPHITUH
(n300peTeHnn) MarHUTOPE30HAHCHBIX HM300pakKeHUH COOTBETCTBYIONIAs HHGOPMAIIHS
NOSIBUJIACh B OTEUECTBEHHOM U 3apyOexHoi mpecce. Paznuunoii HanpasienHoctu CMU
OTMEYalOT:

"B mapte 1960 r. 24-netHemy nelireHanTy VIBaHOBY, CIyUBIIEMY Ha aJIeKOM TaexKHOU
"Touke", ABUIACH UJIES] OTKPBITHS, KOTOPOE BIOCIIEICTBUA HA30BYT HE MEHEE 3HAUUTEIIbHBIM,
YEM OTKPBITHE PEHTIE€HOBCKUX JTy4yeil. OHO MPUBEIET K CO3JaHUIO0 MarHUTOPE30HAHCHOTO
tomorpada, OTHOTO U3 APUAUIINX HAYYHO-TEeXHUYECKHX nocTwkennii Bexka" (EBr. [Tanos. U
pOMILET MBICISIIIUN TPOCTHUK. [{enoBoit Mup. 27 ceHT. — 3 okT. 1996 1.). "Hano npeanpuHsaTh
BCE, YTOObI BOCCTAHOBUTH OTEUECTBEHHBIN MPUOPHUTET U CAETIATh IIUPOKO U3BECTHBIM UM
aBTopa" (C. Koncrantunosa "Pe3onanc". M3o0perarens u parponanmzatop. Ne 6. 1985 1.).
AHaJOTUYHOTO COJIEPaHUSI CTaThU MOABUIUCH B razerax "l[Ipasna" ot 7 anpens 1988 r. u ot 18
anpens 1989 r., "Jlenunrpaackas npasaa" ot 9 ¢espans 1991 r., "Beuepuuii Jlenunrpan" ot 10
saBapst 1991 r., "Poccuiickas razera" ot 6 HosiOps 1991 1., "Mopckas razera" ot 18 nexadbps
1999 r. u npyrux.
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B cneunanusupoBaHHOi auTepatype otmeuaetcs: "Brepbie crioco0 HaOIr0AeHUS
BHYTPEHHETO CTPOEHMSI T€J, KOTOphIi OazupoBaiics Ha SIMP, Obul peiokeH COBETCKUM
¢uzukom B.A. lBanoBbiM eme B 1960 r." (Okcnpecc — unpopmarus. HoBocT MeauIIMHBL
u MeauiuHCKor TexHuku. M.: 1983, No 12). CooTBETCTBYIOIINE CCHUIKH HA MOW TPUOPUTET
MOYKHO BCTpeTHTh B KHUTax A.B. Xonuna "Maruutope3onaHcHas ToMorpadus. 3aboneBanue
neHTpaibHoi HepBHOU cuctembl” ("T'unnokpar”, 2000) u apyrux; B paborax B.C. CuzukoBa —
yueOHuKe "MareMaTuieckre MeToabl 00padoTkH pe3ynbTatoB u3Mepenuit” ("Ilonurexnuk",
2001), anexTpoHHOM y4eOHHKe "Y CTOHYUBBIE METOABI 00paOOTKH Pe3yIbTaTOB H3MEPEHHIA",
3MeKTpoHHOM yueOHOM Kypce "Teopus usmepenuit” (2001); B xxypHanax "Hayunoe
npudopoctpoerune” (tom 10, Ne 2, 2000), "Ontuueckuii xxypHan" (tom 67, Ne 4, 2000) u gpyrux
CTaThsIX U U300peTeHusIX o0uM uucioMm 6oree 50, a Taxke B Onorpaduueckom cOOpHUKE
"U3BectHbIe pycckue" (M., 2000).

3a py6exxoM Mos 6rorpadus ¢ ykazanueM ¢akrta u3oopereHus (0TkpbITHs) B 1960 r.
MarHUTOPE30HAHCHOTO M300pakeHus ormyOinrKoBaHa B cripaBounnkax: Mapkuc (CLIA) "Kro
ectb KTO B Mupe", 1996 —2000; "Kto ectb k1O B Hayke u TexHuke", 1998, 2000; "KTo ectb KTO
B ¢puHaHCcax u npombinuienHoctu", 1997, 2000. Kpome Toro, most buorpadus omydarkoBaHa B
cnpaBouHuke "500 6aponoB: JIuaepsl HOBoro TeicayeneTus" (u3natenscTBo "baponsr”, CIIIA).
YkazpIBaeTcs, 4TO BCe IMyOIUKAIMK OHOTrpaduu pereH3npOBaHbl aKaJIeMUIECKUMH Ky pHATaMHU
WIN CTIELUAINCTaMU U HaxoJsATcsa B OubnnoTekax Benymux yHuBepcutetoB (I"apBapn, Kopnen,
Oxkcdopn u apyrux), a Taxke oudmmoreke konrpecca CILIA. S HarpaxaeH cepeOpsiHOM
menanbsio KemOpumkckoro yuuepcutera "Boinatoniuecs: yuensie XX croietus', u3dpan
AMepukaHcKuM OHnorpaduyeckuM nHCTUTYTOM YenoBekom rojga — 1999.

[To—BuarMOMY, MOCTaBIEHHBIE BOMPOCHI TOJHKHBI HAXOAUTHCS B chepe BHUMAHUS
MUpPOBOTO cooduiecTBa. OHU JOJHKHBI PEIAThCS C YUETOM JIOCTUKEHUI YUEHBIX HE TOJIBKO
3amaja, HO ¥ BCETO MMpA, TaK KaK BpEMEHA XOJIOJAHON BOWHBI IPOLLLIH.
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COBPEMEHHBIE METO/IbI BHYTPUBUJIEHUSA (MHTPACKOIINN)
B MEAUIIUHE

3.M. Ilapu:kckuii

B 1895 romy Benukwmii ¢uszuk BunerensMm PeHTreH, sKkcnepuMEHTHpYS C BaKyyMHOMN
TpyOKO#, OTKPBLI HOBBI BUJA 3JEKTPOMAarHUTHOTO HU3Iy4yeHHs, Ha3BaHbld UM X-iydyamu. C
9TOr0 BPEMEHM Haudalach 3pa MHTPACKONMMU — BHYTPHUBMJICHMS, 3axXBaTHBILAs Bce CQepsl
YEJIOBEYECKON JCATEIIHOCTH, BKIIOYas M MEIUUUHY. biaromapHoe 4einoBe4ecTBO B 4YECThb
OTKpbITHs B. PeHTrena Ha3Bano HOBBIN BUJ U3JIy4E€HUS PEHTTEHOBCKUM.

3a npoweamue 6osxee yeM 100 neT npuMeHEeHNE PEHTI€HOBCKUX JIy4eld B MEIUIMHE IS
JMAarHOCTUKM  3a00J€BaHUN OpraHoB M CHCTEM OpraHu3Ma 4YeJOBEKa MHOTOKPAaTHO
YCOBEPIIECHCTBOBAJIOCh. B Hacrosimee BpeMs CymIecTBYeT OOJNBIION CIEKTp COBPEMEHHOMN
PEHTI€HOIMAarHOCTUYECKOM  ammapaTypbl € MHOIO(QYHKIMOHAJIBHBIMH ~ BO3MOKHOCTSIMH.
PentreHoguarHocTHYECKHE anmaparbl MOCIECIHUX IIOKOJEHHH COCTOST M3 OJHOTO WIH



HECKOJIbKUX PEHTTeHOBCKUX M3JIydaTeslied — TaK Ha3blBaeMBIX "pEHTTEHOBCKUX TpyOOoK",
00JTajaroInX CIIOCOOHOCTBIO TEHEPUPOBATh KOHIEHTPUPOBAHHBIM BBICOKOIHEPT€TUIECKUI
IYYOK PEHTI'€HOBCKHX JIyuyeil, KOTOpBIi, MpoH/s yepe3 ucciaelyeMblii 00beKT, mpeodpasyercs B
BUJIUMOE H300pakeHWe, JOCTyNmHOE Jig HaOmoIeHus, aHaim3a W (UKCAlMd TaKUMU
TEXHUYECKHUMHU  YCTPOHCTBaMH, KAk  TEJIEBU3MOHHBIM  BHJICOKOHTPOJBHBIH  MOHHUTOD,
COTIPSDKEHHBIN C YCHJIMTENEM PEHTTEHOBCKOTO HM300pa)KeHHs, BHICOMArHMTO()OHHAS 3amuch
n300pakeHust, poTo- ¥ KHHOChEMKa, UCIOJIb30BAaHUE KACCET C YCHJIMBAIOLUIMMU SKpaHAMU JUIs
bukcanmy M300paKeHUsT Ha PEHTTeHOrpaduvecKyIo IUICHKY, Nu(poBas 3amuch U300paKeHHUS,
OCYyILECTBIIIEMasi COBPEMEHHBIMH  KOMIbIOTEpaMM, CyOTpaKLMOHHBIE (BBIYUTATENIbHBIC)
METOAMKH 3alUCH HM300paXEHHs, B YAaCTHOCTH, CYOTpakuuMOHHas  aHruorpaduss U T.1.
CoBpeMeHHbIE PEHTICHOAMArHOCTUYECKHE KOMIUIEKCHl 000pYy/IOBaHbl yCTPOWCTBAMM IS
(GOopMHPOBaHUS TMOTOKA M3ITyUEHHsI, 00CCIIEYMBAIOIIUMI MaKCUMAJIbHYIO 3aIIUTY TalUeHTa OT
U3JIMIITHET0 O0JyuyeHHsl BO BpeMs IMPOBEACHUs HccieqoBaHus. s 3TuX 1esned MCHoib3yloT
nradparMel, TyOyChl, (PUIBTPBI, OTCEMBAIONIME PACTPHI, KOJUIMMATOPHI, (HOPMUPYIOIINE TTOTOK
PEHTI€HOBCKOTO H3IY4YEHHS B IPOCTPAHCTBE, ABTOMATHUECKHUE PEHTTEHOAKCIOHOMETPHI H
CTAaOMIIM3ATOPHI IPKOCTH U300paxkenus.[6, 13, 15, 17, 18].

PenTreHoauarHocTHUECKUE amnmaparbl B 3aBUCUMOCTH OT KOHCTPYKIMHM M YCJIOBHH
JKCIUTyaTallMM TOJPA3AENsAloT Ha CTAalMOHAapHbIe, MEpelBWKHbIE U 1epeHocHble. K
COBPEMEHHBIM  CTAl[MOHAPHBIM  OTEYECTBEHHBIM PEHTT€HOJMArHOCTHUYECKUM  ammaparam
OTHOCSTCSI, HallpuMep, PEHTIEHOAMArHOCTHYEeCKHuEe KoMIuieKehl "Pentren—50-2" Ha 3 pabounx
mecta, "PymMm—20M" Ha 2 pabGouux MecTa, PEHTICHOJMATHOCTHYECKUU TeJeyINpaBisieMbli
komiuiekc  "Pentren-1001", mnpenHa3HaueHHBIH JUII  OPOBENEHUS  MOJHOrO  o0bema
PEHTI€HOIMAarHOCTUYECKUX —HccaenoBaHuil. CoOBpEeMEHHbIE MEPEIBHKHBIE PEHTI€HOBCKHE
anmnapathl MO3BOJIAIOT HCCIENOBAaTh OOJBHBIX M PAHEHBIX B IOCIECONEPALMOHHBIX ManaTrax u
OTIENEHUsIX peaHuMauuu (Hampumep, namaTHeli anmapat 12[16), B BOEHHO-IOJEBBIX,
AKCIEAMIIMOHHBIX U 3KCTPEMANIbHBIX yCIIOBUSAX (anmnapat 9JI5, uMiynbcHbIN anmapat

"Nlnana-2" u gpyrue). [IoCTOSHHO COBEPIICHCTBYETCS M MOMOIHIETCS HOBBIMU MOJEISIMU
NapK CIEHUAJIU3UPOBAHHON PEHTTEHOAMArHOCTUYECKOM amnmapaTrypbl, K KOTOPOW OTHOCSTCS
dmrooporpadger (1207, 1207-1] ¢ 70- u 100-mm dorokamepamu, a Takxke arooporpadsl
UQPOBON 3amMuChI0 HM300pakEeHUs), MperHa3HAUYEHHBIC JUII MAaCCOBBIX NPO(HUIAKTHYECKUX
oOcnenoBannii Hacenenus. Jlns Poccum 3T0 0COOEHHO aKTyajabHO, IMOCKOJBbKY B CTpaHe
HaOMIOAAEeTCsl POCT JITOYHOTO TyOepKyJie3a M paka Jierkux. K mogoOHOro poja ammapaType
OTHOCATCS ToMorpadsl U TOMOTrpaguyecKkue MPUCTaBKH, MpeIHa3HAuYCHHbIE Ul "MOCIOWHBIX"
PEHTI€HOIMarHOCTUYECKUX MCCIIE0BaHUM, HE YTPATUBIIMX CBOETO 3HAYEHMS AK€ B HAIll BEK
KOMITBIOTEPHOH M MarHUTOPE30HAHCHOM ToMorpaduu; ammapaTsl Uil aHTMOTpapUUecKUX
UCCIIC/IOBAaHM, B YaCTHOCTH, B KapAWOJIOTHH, s TpPOBEACHUS KOpoHaporpadwuu;
CHEeLMANIU3UPOBAaHHbIE  ammapaTbl A HEHPOPEHTICHONOTHYECKMX M YPOJIOIMYECKHX
UCCIIEIOBaHMIA; MaMMorpadbl — 7Sl HCCIEIOBAHUS MOJIOYHBIX XKeJle3, YTO OCOOCHHO 3HAYNMO,
YUUTBIBas MOCTOSHHBIN POCT CilydaeB 3a00JIeBaHUs PaKOM MOJIOYHBIX »kese3 Kak B Poccuu, Tak
U B MHpE; PEHTTEHOJIMAarHOCTHYECKas amnmapaTrypa B CTOMAaTOJIOTMH, B HACTOSILEE BpeMs
OpeCTaBieHHAas  amnmapataMd JUIsl  [AHOPaMHBIX CbEMOK uemocTell M 3y00B  —
opTonaHTomMorpagdamu. B TpPaBMAaTOJIOTHH OTIpe/IeNIEHHOE 3HaYEHUE UMeEeT
3JIEKTpOpeHTreHorpadus (kcepopeHTreHorpadusi), KOTOpYI MPOU3BOIAT O€3 HCIIOJIb30BaHUS
PEHTT€HOBCKOM MJIEHKH, YTO CHUXKAET CTOMMOCTh MCClIeZIoBaHUA. JIeTEKTOPOM PEHTI€HOBCKOIO
U3JTy4YCHUS NPU HUCCIEIOBAHUM MAIMEHTA CIYXHUT 3JIEKTPOCTATUYECKU 3apsDKEHHas celleHOBas
IUIACTHHA, C KOTOpPOW H300pakeHHE IOcie SKCIIOHUPOBAaHUS IEpEeHOCUTCs Ha Oymary, ¢
BO3MOXHOCTBIO IOBTOPHOT'O U MHOT'OKPAaTHOT'O MOCIIEAYIOIIEr0 UCTIOJIb30BAaHUs OJHOM 1 TOH ke
CEJICHOBOM IJIACTUHBI MPU PEHTTCHOIUArHOCTUYECKUX ucchaenoBaHusx.[1, 5, 6, 7, 13, 15, 16,
17].

Takum oOpazom, clenyeT OTMETUTB, 4TO pa3BuUTHE COBPEMEHHOM
PEHTI€HOIMAarHOCTUYECKOH anmapaTypsl UAET 10 MyTH €€ HENPEepbIBHOI'O COBEPIICHCTBOBAHMS,
OCHOBAaHHOTO Ha CaMbIX IEPEAOBbIX TEXHOJOTHSAX, HAa BcE OONbIIEM NPUMEHEHUHM CPEICTB
u(pOBON  perucTpanu PEHTTeHOBCKUX wu300paxeHudd. C OSTOM IENbI0 BUICOCHUTHAI C
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JJIEKTPOHHO-ONTUYECKOT0  YCHUJIMTENS B IPOLIECCE PEHTTEHOJOTMYECKOrO HCCIIENO0BAaHUA
nepeaaeTcss B aHAJIOro-U(ppPOBON MpeoOpa3oBaTellb, a C HETO B AIIEKTPOHHYIO MaMATh, YTO
MIO3BOJIAET 3aMEHUTH HENPEPHIBHOE MPOCBEYMBAHME MMITYJIbCHBIM U TEM CaMbIM CHHU3UTH A03Y
o0yuyeHUs] MalUeHTa, 4YTO B 3Py PEHTICHOAMATHOCTUKM SBJISETCS OJHOM U3 3ajad ee
IpOrpeccUBHOTO pa3sutus [18, 19].

CrnenyroumM SHOXalbHBIM 3TallOM NPUMEHEHHUs] PEHTTEHOBCKUX JIy4ed B MEIUIIMHE
apisierca u3zoOperenne XayHchunbaoMm (G. Haunsfild, 1973) xommeiorepHoro tomorpada, 3a
9ro OH, Kak W B. Pentren 3a otkpeitme X-mydeld, Obur ymoctoeH HoOeneBckoil mpemum.
KommnbrotepHas pentreHoBckass Tomorpagus (KT) ocHoBaHa Ha NOJy4YeHHMH HOCIOHHOTO
PEHTT€HOBCKOTO M300pakeHHsT OpPraHOB Ye€JIOBEKa C MOMOIIbI0 KoMIbloTepa. [IpocBeunBanue
PEHTTEHOBCKMM JIy4OM Tejla IIallMeHTa OCYILECTBIAETCS BOKPYI €ro IMpPOJOJIBHOM OCH,
Onmaromapsi 4eMy MOJY4aroTCs IOIepedHble ToMorpadudeckne "cpesbl" M3ydaeMbIX OpraHoOB U
oThenoB Tena 4yenoBeka. Ilocnenyromee M300pakeHHE Ka)KIOro IMOMEPEYHOro (aKCHaIbHOTO)
tomorpaduueckoro "cpesa" (cios) CTpOUTCS Ha DKpaHE IMOJYTOHOBOTO AMCIUIES C MOMOIIBIO
MaTeMaTHYeCKO 0O0pabOTKH MHOXKECTBAa PEHTI'CHOBCKMX H300paXeHHWH OJHOTO M TOTO K€
MOTIEPEYHOTO CJI0sI, CAICTaHHBIX MO/ PA3HBIMU yTJIAMHU B ITOCKOCTH ciiost. [11, 20, 39].

KomnbrotepHbiii  Tomorpad COCTOMT U3 PEHTICHOBCKOIO U3JIydarens; CHUCTEMBI
JNETEKTUPOBAHUS, PETUCTPUPYIOLIEH IMPOIIEAIIee Yepe3 MCCAeAyeMblii OOBEKT H3IIyUYEHUE;
CKaHUPYIOIIEH YCTAHOBKHM, C IOMOLIbIO KOTOPOW H3Iy4yaTellb M CHCTEMBbl JETEKTUPOBAHUS
NEPEMEIIAIOTCS. BOKPYT HEMOJABI)KHOTO MAallMEHTa; W3MEPUTENIbHON CUCTEMBI JUIsl YCUJICHUS U
npeoOpa3oBaHUsl CUTHAIOB JETEKTOPOB; BBIYMCIHUTEIBHOIO KOMILIEKca Ha ocHoBe DBM s
00paboTKK pe3yJbTaTOB M3MEPEHUI M BOCCTAHOBJICHHUS MO0 HUM HM300paKEHUS, a TaKKe IS
XpaHeHHUs M300paXeHWH Ha MAarHUTHBIX HOCHUTENSAX; IyJbTa YIPABIECHUS C JUCIUICEM
(andaBUTHO-IMGPOBEIM H  TIOJIYTOHOBBEIM  YEpPHO-OEIBIM) ¥ KJIaBHATYpPOW;  CHCTEMBI
JOKYMEHTHPOBAaHUs HM300paXe€HUs B TBEPAbIX KONMSIX HAa OCHOBE MYJBTU(POPMATHOW WM
HNOJIIPOUIHON KaMmepsl; CTOJIa JUIsl MAlMEHTa C IOABMIKHOW [EKOW, CHUCTEMOM YIIpaBICHUS
nepeMeIleHeM U CUCTEMOM M3MepeHHst KoopanHaT. Beicokas pasperaromas cnocooHocts KT,
B 10 pa3 mnpesblmaromas 3TOT MOKa3aTelb sl OOBIYHOM PEHTI€HOBCKOM Tomorpaduu,
no3sosster npu KT nuddepenuupoBaTh cTpyKTyphl OpraHM3Ma 4eJOBEKa MOYTH OAMHAKOBOU
bu3nUecKoi mWIoTHOCTH 0€3 MomoJHUTENbHOTr0 KoHTpactupoBanus. [Ipu KT Bo3MoxkHa oleHKa
IUIOTHOCTEH  MCCIEAYEMBIX TKaHEd — KOMIIBIOTEpHas JeHcuToMeTpus. PesynpraTsl
JEHCUTOMETPUN BBIPAXKAIOTCS B €JUHHUIAX YCJIOBHOM MIKalbl, Macmrad KOTOpOHl HOCTpOeH
TakuM 00pa3oM, UYTO BCE€ TKAaHU M CpEeAbl OpraHu3Ma YelOBeKa HaXOAATCS B JHMAara3oHe
ycinoBHBIX enuHuil: OT —1000 — BeJIMUMHBI, COOTBETCTBYIOIIEH TUIOTHOCTH BO3ayxa, 10 +1000 —
BEJIMYMHBI, COOTBETCTBYIOUIEH IJIOTHOCTH KoOcTU. [l moiydyeHus Hamboiiee 4YeTKOoro
n300paKeHUsT OpPraHoB W marojoruueckux cTpykryp npu KT B ciydae HeoOXoamMocTu
UCTIONB3YIOT 3(P(PEKT ycuaeHnss KOHTPACTHOCTH M300pakeHUs MyTeM BHYTPUBEHHOTO BBEICHHUS
KOHTpacTHOro BemlecTBa (Tak HaszbiBaemas ycuieHHas KT). Mcnonb3oBanue KT ouens
3¢ (GEeKTUBHO NpU HCCIEIOBAHUU JIETKUX U OPraHOB CPEAOCTEHHUs, TOJIOBHOI'O MO3ra, KOCTHO-
CYyCTaBHOIO ammapaTa, MHOTMX MaTaJOrMYecKux CTpykryp. Jlis wuccienoBaHus cepaua
IpUMEHAIOT nuHaMudeckyro KT, npu KoTopoil Ipou3BOAAT CEPUI0 TOMOTPAMM, BBIIIOJIHEHHBIX C
MaKCHMaJIbHOW CKOPOCTBIO B aBTOMAaTHUYECKOM PEXUME, IPU HEOOXOIMMOCTHU CUHXPOHHO ¢ DKI
nanuenTa 8, 9, 11, 19].

Pa3HOBHIIHOCTBIO KOMITBIOTEPHOW TOMOTpauu TOCIETHETO AECATHIICTHS SBISETCS
BoicokockopocTHass KT u  anexrtpoHHo-myueBas KT, mnpencrasistomye  yHUKaldbHbIE
BO3MOXXHOCTH  BBICOKOCKOPOCTHOTO (B TEUEHHE HECKOJbKHX CEKYHJ) HCCIEI0BaHUs
CJIO)KHEHIINX OOBEKTOB UEIOBEYECKOr0 OpraHu3Ma, B YaCTHOCTH, CHCTEMbl KPOBOCHAOXEHHUs
cepaua. Cnenyer momuepkHyTh, uro KT naeT BO3MOXXHOCTH HCCENOBaTh MPAKTUYECKU BCE
00J1acTH Tesla YeloBeKa, OHa BBICOKOMH(OpPMATHBHA MPHU JUATHOCTHUKE TPAaBM U B YPrEeHTHBIX
cutyauusax. KT mo3Boisier TOYHO YCTAaHOBUTH JIOKAJIM3ALMIO U PaclpOCTPAHEHHOCTh
IIaTOJIOTUYECKOr0 TPOLECCA, OLEHUTh PE3YJILTATHI JICUEHUS, @ TAK)KE MPOBOJIUTH TOIOMETPHIO
OpU IUIAHUPOBAHMM JIy4€BOM TepanmuM OHKOJIOTMYECKUX 3a00JeBaHUll, OCYIIECTBIAThH
MIPUIICIBHYIO MYHKITMOHHYIO OMOTICHIO TKaHEH W OpraHoB YenoBeka. [3, 9, 20, 30, 31].



Tomorpaduueckuil MPUHIUI JTyYEBBIX HCCIEIOBAHUI B MEIMLIMHE HaIIE CBOe OiecTsiee
BBIDQ)KEHHE B METOJ€ MAarHUTHO-PE30HAHCHON (MarHUTHO-SNIEPHOHM) TOMorpadpuu u
yIBTPa3BYKOBOM NUAarHOCTUKU. MeTo MarHuTHO-pe3oHaHcHOH Tomorpaduu (MPT) ocHoBan Ha
OTKpBITOM B 1946 1. ®enukcom bioxom u Puuapnom [lypcenn a¢gdekre MarHuTHOTO pe3oHaHca,
3a 4to UM Obuia mpucyxkaeHa HoOenesckas npemusi. B 1977 r. Paiimona JlamanesiH momydun
nepBeie MPT-u3o0pakenus venoBeka, a ¢ 1982 r. Hawanoce cepuifHOE€ TPOM3BOACTBO MP-
tomorpadoB B CIIA u Snonuun. CrnpaBeaarBOCTH pajd HEOOXOIUMO yKa3aTh, YTO BIEpPBbIC
uess BO3MOYKHOCTH HCIIONB30BaHHA d((eKkTa MarHUTHOTO pE30HaHCa IS BHU3YyaJIH3alud
BHYTpPEHHEH CTPYKTyphl Teja 4YejoBeka Obuta oOocHOBaHa mpodeccopoMm JIeHMHIrpaackoro
MHCTUTYTa TOYHONH MEXAHUKH U ONTUKHU

B.A. VBaHoBbIM B mnomaHHOW MM B 60-X TIT. 3asiBKe Ha M300peTEHHE, ABTOPCKOE
CBUJIETEIBLCTBO MO KOTOPOM BbIAAHO yepe3 20 ¢ JuIIHUM JieT. B Hacrosiiee BpeMsi aBTOPCTBO
npodeccopa B.A. eanosa npusHano u B CIIA (Who is who in the world, USA, 1997). [10, 21,
22,26].

IIpu MPT curnanel siaepHOM UHAYKUHUM HMCIHOJIB3YIOTCS Ul HEMHBA3UBHOIO IMOJIYYEHUS
n300paKeHH BHYTPEHHHUX CTPYKTYp YelI0BEYeCcKOro oprannizMa. C 3To 1enbi0 Ha TIOCTOSTHHOE
MarHuTHOE TOJie HaKJIaAbIBalOTCs OoJiee cinabble IpaJMEHTHbIE IO, YacTOTa pe30HaHca slep
HAYMHAET 3aBUCETh OT WX NPOCTPAHCTBEHHBIX KOOPIWHAT, B PE3yJbTaTe 4ero BO30YKICHHE
s7iep MPOUCXOAUT B OTPAHUUYEHHOM OObeMe (Cpe3e), OPUEHTALUIO U PACHOJIOKEHHE KOTOPOTO
BbIOMpaeT wucciaenoBatenb. s momyueHuss uzobpaxenuid B MPT B mepuon peructpauuu
CUTHAJIOB SIEPHOM MHAYKLIMH HAKJIAJbIBAIOT I'PAJUCHTHBIE MOJS U MPUMEHSIOT CIIELHaIbHbIE
pPaauoYacTOTHBIE HMMITYJIBCHBIE IOCJIEIOBATEIBHOCTH, a 3aTEM C IOMOIIBI0 MAaTeMaTH4ECKON
00pabOTKM TMOJyYEHHBIX CUTHAJIOB PEKOHCTPYHPYIOT H300paxkeHue. KapTuHa wu3ydaembix
BHYTPEHHUX CTPYKTyp Ha MP-ToMorpammax mnpeacTaBieHa B OTTEHKaxX 4€pHO-OENoN MIKajbl.
MP-tomorpadsl MOApa3AeNsOTCS Ha NPUOOPBl CO CBEPXHU3KUMH, HHU3KHUMH, CPEIHUMH,
BBICOKMMHM U CBEPXBBICOKMMH TOJISIMH, DTH TEPMUHBI OTHOCATCS K HANPSYKEHHOCTH MAarHUTHOTO
MOJIs COOTBETCTBYIOIIEr0 MarauTa Tomorpada [12, 21, 22, 26, 32].

MPT npumeHSIIOT Npu JWAarHOCTUKE 3a00JEBAaHUI pa3IUYHBIX OPraHOB M CUCTEM
YEJIOBEYECKOr0 OpraHu3Ma. JTO €IMHCTBEHHBIM METOJX JIy4€BOW AMATHOCTHUKH, MO3BOJIIOIINN
HEWHBA3UBHBIM IIyTEM H3Y4YUTh COCTOSHHE CIIMHHOI'O MO3ra; IOJIYYUTh BBICOKOKAYECTBEHHBIC
n300pa’keHHsl TOJIOBHOTO MO3ra M JPYTUX OPraHoB Yy dYenoBeka. K OCHOBHBIM JOCTOMHCTBAM
MPT oTHOCSTCS: HSUHBa3UBHOCTb, O€3BPEIHOCTH (OTCYTCTBHUE JIy4€BOM HArpy3Ku), TpEXMEpHBIN
XapakTep TMOJy4aeMbIX H300pakeHUM, €CTECTBEHHBIM KOHTpAacT OT JBUXKYIIEHCS KpOBH,
OTCYTCTBHE apTe(aKTOB OT KOCTHBIX TKaHEH, BO3MOXXHOCTh NPWKH3HEHHOTO W3YYCHUS
MeTtabonmu3ma TKaHe# (in vivo). HeoOpluaitHO mpuBiekaeT BO3MOXKHOCTh moiyueHus npu MPT
BBICOKOKAUECTBEHHBIX HM300pakeHHN Oe3 BBEJIEHHUS KOHTPACTHPYIOIIEro Ipenaparta  —
oeckontpactHas MP-anruorpadus, MP-yporpadus, MP-muenorpadus. B To ke Bpems OypHO 1
s dexktuBHO pa3BuBaeTcsi MPT ¢ KOHTpacTHBIM YCWICHHEM, YTO IIO3BOJISET 3HAYUTEIHHO
YBEIMYUTh 00BEM AMAarHocTU4YecKor wH(opmanmu, norydaemor mpu MPT. [lns stux neneit
UCHONB3YIOT MP-KOHTpacTHBIE areHTbl — MapaMarHeTUKU (COEAMHEHUs TaJolMHUA) U
cymnepnapaMarHeTuku (coenuHeHus sxenesa). [33, 34, 35, 37].

Hosoe nanpasienne B MPT — BbIlIOJIHEHME MHTEPBEHIIMOHHBIX MPOLENYDP, B YaCTHOCTH
CTEPEOTAKCUYECKOI0 HABEICHMs NPU HEHPOXUPYPrU4ECKHMX BMELIATEIbCTBAX, MOJ KOHTPOJIEM
MPT. [Ins sToro pazpaboTaHbl crielragbHble THITBI MP-ToMOTpad)oB ¢ OTKPHITHIMH HU3KO- HIJITH
CPEIHENONIHBIMU MarHuTaMu, OOECNEeYMBAIOIIUMH Bpady XOPOIIMH AOCTYyH MNpH MOAOOHBIX
BMEIIATEIbCTBAX. B 3THX onepanusax MCHOIb3YIOTCS CIELHAIbHbIE HUHCTPYMEHTHI, KOTOPHIE HE
IPUTATUBAIOTCS MarHUTHBIM IIOJIEM M HE HArpeBarOTCS paguo4acTOTHBIM H3IyYEHHEM. DKpaH
MP-tomorpada, pacnojoKeHHBIH HEMOCPEJCTBEHHO Ha MAarHuTe, U BBICOKas CKOPOCThb
noiaydeHuss MP-n300pakeHuil MO3BOJIAIOT Bpayy KOHTPOJUPOBATh XOJ| BMELIATEIbCTBA
NPaKTUYECKH B pealbHOM MaciuTade BpeMeHu. JlanpHeliee pa3BuTHE MO00HOTO TTOAX0/1a TIPH
MPT — co3paHue poOOTOB-MaHMITYJISATOPOB, KOTOpbIE OYyAyT BBINOJHATH OTACIbHBIC ATAIIbI
CTEPEOTAKCUYECKUX BMEILATENIbCTB, TPEOYIOIUX OCOOEHHO BBICOKON TOYHOCTHU. Bo3moxHOCTH



ucnonb3oBaHusa Meroga MPT B KIMHMYECKON MEOUIIMHE K HACTOSILIEMY BPEMEHH OIpPEICIICHbI
elre Jajaeko He MOJHOCThIo [4, 36, 38].

IIpumenenne MPT B KIMHHMYECKOW MEOUIMHE HMMEET W OIPAHUYECHUS, CBS3AHHBIC C
HEJ0CTaTKaMU 3TOT0 METOJa: JIOCTATOYHO OOJIbLIOE MPU HEKOTOPBIX HCCIEIOBAHUAX BpEMS,
HEOOXO0UMOEe [Jisl TONY4YeHHS W300pakeHHs, YTO MPHUBOJUT K TOSBICHHUIO apTe(dakToB OT
JIBIXAaTeNbHBIX JIBIDKEHUI: HEBO3MOXKHOCTb HCCIIEOBaHUS OOJBHBIX C KiaycTpodoOueii,
MCKYCCTBEHHBIMHM BOJMTENISIMM PUTMA CEpJlA, METAJUIMYECKUMU MpoTe3aMu U T.0. [22, 26, 27,
28].

HecoMHeHHO, BBIIAIOIIYIOCS POJb B COBPEMEHHOM KIMHUYECKOW MEIULMHE WIPaeT
yiIbTpa3BykoBoe wuccienoBanne (Y3U), Ha [0MI0 KOTOPOro B JAMArHOCTHUKE Pa3IMYHBIX
3a0oneBaHuil mpuxonutcst okono 50% Bcero oObeMa Jy4yeBbIX M (YHKIHMOHAJIBHBIX
uccinenoBanuil. IlpuMeHeHne ynabTpa3Byka B MEIUIIMHE OCHOBAHO Ha IbE303JIEKTPUUYECKOM
s¢dexre, oTKpbITOM Jaypeatamu HobOeneckoit mpemun [Ibepom u  Mapueit Kropu. Y3U
MIOCTPOEHO Ha MPUHLUIAX YJIbTPa3ByKOBOW JIOKALMU, KOT/AA JIy4, HAallpaBJICHHBIN OT JaT4yuKa B
TEJNO MalueHTa, BO3BpalllaeTcs K JAaT4yuKy B BUAe "dxa", Hecs HHPOpPMAIMIO O CTPYKType
uccienyemoro oowrekra. MccnenoBanue MOXET MPOU3BOAUTHCS KaK B peXUMeE 3Xorpadum, T.e.
PETUCTpallMd OTPAKEHHOTO OT O0OBEKTa 3XO-CHTHAlla, TaK M B BapuaHTe AOMNIUIeporpaduw,
ocHOBaHHOTO Ha 3(dekre Jlonmiepa, Koraa perucCTPUPYIOTCS CMENICHHE YaCTOThI WMITYJIbCa,
OTPa)KEHHOTO OT JABMXYILETOCs MpEeAMETa — B YACTHOCTH, 3TO YaCTHUIbl KPOBH, UCIOJIb3yEMbIE
KaK OOBEKT yJbTpa3ByKOBOW sokauuu npu Y3U cepana U cocyAaucTON CHUCTEMBI YelOBEKa.
VYHusepcanpHOoCTh Y3/l ompenensercs yHUKaIbHBIMA  CBOMCTBAMM 3TOrO METOAA JIy4e€BOMU
JUArHOCTHKU:

- BBICOKAsl ~ MPOHHKAIOUIas  CIOCOOHOCTh,  COYETAIOMIAsACi C  OTHOCUTEIBHOM
0€3BpeHOCThIO, 0e300JIE3HEHHOCThIO, OTCYTCTBHEM HOHU3UPYIOUIETO BO3ACHUCTBUS  HA
MalMEHTA;

- CIIOCOOHOCTh ~ OOHAapyXMBaTh, JIOKAJM30BaTh M  BU3YaJM3UPOBATh  IOJBHKHBIE
CTPYKTYPBHI;

- BBICOKAs YyBCTBHTEIBHOCTh METOJAa, OOECNEeUMBAIONIass BBICOKMH KOHTpPAacT B
M300paKeHNH OJIM3KUX M0 aKyCTHYECKUM MapaMeTpam cpejl opraHuizMa yenoneka [2, 14].

[TocTostHHO coBepIeHCTBYeTCs TexHonorudeckas 0aza Y3/I. [losBuinch HOBBIE KJIACCHI
npuOOpPOB — CKaHEPHI AJIS MAJIbIX OPraHOB, IPUOOPHI ISl UCCIEIOBAHUS COCYAUCTON CUCTEMBI,
yJIbTPa3ByKOBBIE PEKOHCTPYKTUBHbBIE TOMOTpadHl, MO3BOJIAIOIINE OCYIIECTBIISITh
muddepeHIMannui0  MATKOTKAaHHBIX OOpa3oBaHMi, B TIEPBYIO OdYepeab HOBOOOpPa30BaHUM
MOJIOYHOM >KeNie3bl, U CTPYKTYpHBIM aHanu3 mpemnapatoB kpoBu. McmonszoBanne OBM u
MUKPOTIPOIIECCOPOB Uit  (POPMHUPOBAHUS yIBTPa3ByKOBOro Jydya U LuppoBoil 00paboTku
OTPaKEHHBIX CHUTHAJIOB 3HAYUTENIBHO TOBBICHJIO YETKOCTh H300pa)XKEeHHsI M pa3pelIarollyio
CIIOCOOHOCTh CKAaHUPYIOLIUX YCTPOHCTB. HOBBIMU SIBISIOTCST  CIIOCOOBI TPEXMEPHOTO, BKIIIOYas
CHEKTPAIBHO-I[BETOBOE U ToJorpadudeckoe, MPeACTaBICHHUS YIbTPAa3ByKOBBIX H300paKECHHIA.
[Tponomxaercs pa3paboTKa HOBBIX BapUAHTOB MMHUATIOPHBIX JATYMKOB, BCTPAMBACMBIX B
DHJIOCKOMTMYECKUE TPHOOPHI JJIsi KOMIUIEKCHOW JHAarHOCTUKU 3a00JIEBaHUI IMOJBIX OpPraHOB
YelOBEeKa C OJHOBPEMEHHBIM MPOBEICHUEM MPHUIETbHBIX OHOMCHUNA W JIEYEOHBIX MPOIEAYD.
Pa3pabaTbiBaroTCs M BBITYCKAIOTCS CIIELUAIbHbIE AKYCTUYECKUE JATUUKU (30HIbI) B KOMILIEKTE
¢ (GUKCHPYIOIIMMU U HAMPaBJISIONIMMH YCTPONCTBAMH JJIs TOHKOUTOJBHOW acHUpallMOHHON
Oouonicun, 4To (GOPMHUPYET HOBOE HANPABJICHUE B KIMHHUYECKOW MEIHWIIMHE — MaJOWHBA3WBHBIC
Je4e0HO-IMarHOCTUYECKNE MAaHUMYJISIIMN METOAaMH UHTPACKONUU (BHYTpUBUACHUA) [23, 24].

B Tpetpe Thicsiuenerue orpacip Y3/l B MEIUIMHE BCTyNaeT C MPUHLIMIINAAIBLHO HOBBIMU
pa3paboTKaMU U JOCTHXKEHUSIMH. DTO — 3XOKapJIMOMOHMTOPHI M JOIUIEPOBCKUE HU3MEPHUTEIH
00BEMHOM  CKOPOCTM  KpPOBOTOKAa JJII  HENPEpPHIBHOIO  LIBETOBOrO  HAOMIOAEHMS  3a
(GYHKIIMOHATIBHBIM COCTOSTHUEM  CEPJIEYHO-COCYAMCTON CHUCTEMBI, YIbTPa3BYKOBBIE CKaHEPHI,
oOecrieunBarove BU3yalIu3alulo o0beMHBIX — 3] U TpexXMEpHbIX H300paXKeHHH B peKuMe
peanbHOro BpeMeHu — 4/ co crnenunalibHbIMU MPOrpaMMaMy, TAKUMHU KakK MPO3payHbId PEKUM
CKaHMPOBAHWS, DJIEKTPOHHBIN CKAJbIIENb, aBTOMATHIECKUN pacdeT oObemMa JBIKYIICHCS KPOBH,
W Jpyrue TmepenoBbie pa3paboTku. Takum oOpazoM, chopmMupoBaBIiasics B TOCIETHUE
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JIeCATUIIETUS] HOBasi OTpacib BHYTPUBUICHUS — KOMIIbIOTEpHAs yJIbTpa3ByKoBasi ToMorpadus —
IPOJOJKAET YCIELHO pa3BuBarbes [25, 29].

3aBepiuas Hail 0030p 3HAYEHUS] COBPEMEHHBIX METOJIOB BHYTPUBHUACHUS (MHTPACKOIIUH) B
KJIIMHAYECKON MEAUIMHE, CIEAYET OTMETHUTh, YTO 3TH METOJbI — TPAAULMOHHAS PEHTI€HOJIOTHs,
KT, MPT, VY3Jl, orpaxaroomue OIpeAeICHHbIE 3Tanbl HayYHO-TEXHHYECKOIO Iporpecca,
SIBIISTIOTCSI HE TOJIBKO OCHOBOHM TPIMKU3HEHHON MOP(O-PYHKIMOHATHHOMN THAarHOCTUKHU, HO BCE B
OonblIeH CTENEHW BHEAPSAIOTCSA B JIeUEOHBIH Hpolecc B KOMIUIEKCE C JPYTMMH METOAMKAMU
(MamOMHBAa3UBHBIMU Je4eOHO-TMarHOCTUIECKUMHU MaHHUITYJISLUSMH,
PEHTI€HOAHTMOXUPYPTUUECKUMU METOAUKAMU U T.11.)
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OBPATHASA 3ATAYA TPABUMETPUU KAK 3ATAYA

BHYTPUBUJIEHUSA
HU.H. I'oaos, B.C. Cu3ukon

BBenenune



Ha crhike reojoruM W NOpUKIAJHOM MaTeMaTUKU NOJIy4yuja OOJIbIIOE pa3BUTHE Tak
HasbIBaeMasi oopamuas 3aoada epasumempuu [1-4]. OHa 3aKiI04aeTcsi B TOM, YTO, UCIIONB3YS
U3MEpEHHbIE Ha T[OBEPXHOCTH 3eMJIM aHOMAJIWU TOTCHIMana WIM  HANpPSYKEHHOCTH
TPaBUTAIIMOHHOTO TMOJIS (T.€. MX OTKIOHEHHS OT CPEIHUX 3HAYCHHH), MOKHO MAaTEMaTHYECKIM
yTeM ONpeAEIUTh aHOMAJIUHU IUIOTHOCTHM BEILECTBAa MOJ MOBEPXHOCTHIO 3eMiH (B ee Kope,
MaHTAU U T.I.) B HEKOTOPOH IMPOCTpaHCTBEHHOW oOmact D . [lpm 3TOM moTeHIMan WIIH/H
HaNpsHKEHHOCTh T'PAaBUTAIIMOHHOIO MMOJIA (MJIM MX AQHOMAIMH) MOXKHO HM3MEPHUTh C MOMOILBIO
TPaBUMETPOB.

OnvH U3 BapuaHTOB OOpaTHOW 3amadu (3adaua unmepnpemayuu epasumayuOHHbIX
Ooannvix) [1, 4] MaTeMaTUYECKU CBOJUTCS K PEIICHUIO UHTErpajabHOro ypaBHeHust Opearonbma |
pojia WM K MUHUMHU3AIUM CYMMBI KBaJpaTOB HEBA30K MEXKIY U3MEPEHHBIMU U BBIYMCICHHBIMU
3HaYCHUSMH TIOTEHIHaNa (WM HANpsDKEHHOCTH) B PsZiEé TOYEK IMOBEPXHOCTH 3E€MJIH. JTO
MO3BOJISIET OMNPENENIUTh MapaMeTpbl MECTOPOXKACHUS (IUIOTHOCTb, (OpMY, pa3Mephl, Maccy,
ryOuHy 3aieraHus W T.4.). TakoMy BapHaHTy OOpaTHOM 3agadd TPaBUMETPHUU TTOCBSIICHEI
pabotel B.11. Crapoctenko, B.H. CtpaxoBa u np. [1-4]. JlaHHyI0 3a1auy MOXHO paccMaTpUBaTh
Kak 3ajauy tomorpaduu [S] wim enympusudenusi [6]. [Ipr 3TOM BBOISATCS yIPOINAOITUE MOoOe1u
Mecmopodicoerull: B BUIE YETHIPEXYTOJIbHBIX YCEUEHHBIX MUPAMU], IPU3M, LIUIMHIPOB, OpPyCOB,
MHOTOTPaHHHUKOB, NapaJuIeICHUIEI0B, IEPECEKAIOIIMNXCS CTep KHEN U T.4. [2, 3]. OgHako Takue
Gurypel 00NagaroT HErJaJKUMU IOBEPXHOCTSMM U TOPOXKIAIOT TPOMO3IKUE (XOTS U
HECJIOXKHBIE) (GopMynbl. B pabote [7] mpemiokeHO Ui MOICIUPOBAHHS MECTOPOKICHUN
UCIIONb30BaTh OJTHOPOJHBIEC (a2 TaKKe HEOJHOPOIHBIC) chepoudsi. JlaHHast paboTa mpoAOIKaeT
3Ty TEMaTHKY.

MopaeanpoBaHue MeCTOPOKIEHUSI OJHOPOAHBLIM C(hepounioM

[Monaraem, 4To HEKOTOpast 00IacTh D O] MOBEPXHOCTHIO 3€MITH €CTh OJJHOPOIHAS Cpea
C IUIOTHOCTBIO P, =const, a MECTOPOXKAEHHE COCTOMT M3 OJHOTO WM HECKOJIbKUX

reoJIOTHYECKNX O00BEKTOB ((pyHIAMEHT, UHTPY3HH, pylda, HePTh U T.A.). byaeM uMuTHpOBaTH
TeoJIOTUYECKHEe OOBEKTH, O0pa3ylolue MECTOPOKICHHUE, OMHUM WM HECKOJIbKUMHU
OJTHOPOJTHBIMH JIBYXOCHBIMHU JUTHIICOMIAMHU (DJUTHIICOUIAMH BPAIICHHS, WIH cpepoudamu).

Onpeaenenue. JIwmuncouoom HaA3BIBACTCA TeEJO, OTPAHUYEHHOE TMOBEPXHOCTHIO,
ypaBHEHHE KOTOPOH

2 2 2

F’—z L s =1,

a® b
rae a,b,c — TOIyOoCH S3JUTMIICOMZA, a Haydajlo CHCTeMbl KoopawHaTt &,m,( pacrlojiokeHO B
[EHTpE Tea.

B nanHoii pabote maroTcsi yaoOHBIE IUTsl MMPAKTHYECKOTO UCIOJIB30BaHUS (POPMYJIBI IS
NOTEHIIMAJa U KOMIIOHEHT HANPSHKEHHOCTH TPAaBUTALMOHHOTO TOJs cheponaa Ha MOBEPXHOCTH
3emuIH.

[MoTeHuuaa ¥ HANIPAKEHHOCTH C:KAaTOro cepounaa

Paccmotpum corcameiii cghepoud, nns koroporo a =b > c. [lomectuM HaYano CUCTEMBI
KOOpJMHAT X,),Z B HEKOTOPYIO TOYKY Ha IMOBEPXHOCTH 3€MJIM, IPUYEM OCh Zz HAaIpPaBUM
BEpPTUKaIbHO BHU3 (BriayOb 3emun). IlycTth u3mepurens umeer koopaumHaThel Xx,),0, a HEeHTp

cdepousia — KOOPAUHATHI X, V,,Z, (CM. puc. 1).
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-(x,y,O)

(X0, 20)

Z

Puc. 1. CxaTbin cchepong,

Hns crnydas cocamoeo BIONb z cghepouda B pabore [8] BbIBeAEHBI (OPMYIBI IS
noteHunana V(x,y,z) ¥ KOMIOHEHT HampspkeHHOCTH V. (x,y,z), V.(x,y,z) u V (x,y,z) mns

HEKOTOpOH TOYKH X, y,z BHe cepouna. Ha ux ocHoBe, a Takxke Ha ocHOBE (hopMyi paboTs [7]
MOTYT OBITh OJTY4EHBI CIETYIOUIHe (POPMYJIBI:

(X_xo)2 +(y_y0)2 )
ezaz

V(x,y,0) = 2nypa’ E[atrctgp -
e

2
V4 Zy
-| arct - - —arct R
( gp 1+p2] ezaz(p gp)}

€
V,(x,,0) = 4nvpe—3(p —arctg p)- z,, )

€
Vx(xa)’ao) = _ZTE'Yp 3 (arCtgp_ p ZJ.(X_XO),
e I+p

€
Vy(x,y,O)z—ZTcyp—}(arCtgp— P zj'(y_yo)a
e I+p
e £ =< <1 — chepnunocts cheponna, e =+1-g> — ero SKCHEHTPUCHTET, p = %, qg=—>,
a v r

(l_qz)+J(1_qz)z+(qu;f |

2

”:\/(x_xo)z"‘(y_yo)z"'zoza V=

IHoTeHUMAT ¥ HANPAKEHHOCTH BLITAHYTOIO c(hpeponna

B cnywae gwimsanymoeo Bnons z cghepouda, xornma a =b<c (cM. puc. 2) MOTyT OBITH
MOJIyYEHBI aHAJIOTUYHBIE PopMyIIbl (BHE cheponaa):

11



(X0, 40, 2p)

z

Puc. 2. BuiTaHyTbi cchepong

V(.0 =2mpa” Einlp #1457
206:2 {ln(p+m)—%}_
(x xo) +(y J’O) [l71/l+p —ln(p+m)]}

A3)
VZ()c,y,O):4Tcypi3 ln(‘nerllerz)—L “Zy,
e J1+p?
€
Ve(x,,0) = —2nyp;[px/1+p2 —ln(p+x/1+p2)]-(x—xo),
€
Vy(x,y,0)=—2nvpe—3[p\/1+p2 —ln(p+\/1+p2)]-(y—yo),
rae 8=£Zl, e=+e -1, p=%, q=ﬁ, r=\/(x—x0)2+(y—y0)2+zoz,
a t r

(1—612)+\/(1—qz)Z pag ) +2(y—y0)2
r
2

OnpenesieHne napaMeTpoB ceponia-MecTOPOKIEHHS MO pe3yabTaTam
rpaBUMETPHYECKUX H3MepPeHmit

=

PaccMoTpuM KpaTko JaHHYIO 337ady Ha IpUMepe U3MepeHus noreHuuana V(x, y,0).

IIpeanonoxum, 4ro B psge Touek (x;,);,0), i =17, Ha NOBEPXHOCTU 3EMIIM MU3MEPEHBI C

IIOMOILBI0 IPaBUMETPOB 3HaueHus noreHuuana V, =V(x,,y,,0), i =1,n, rue n — 4ucio TOYEK
u3MepeHus (cM. puc. 3).
O06o03nauum uepes V, =V (x,,,,0), i =1,n, BruncieHHsle coriacHo (2) unu (3) 3HaueHHs

V . Hckomvimu eenuuunamu SIBISIOTCS CIENYyIOLUE napamempwsl cghepouda (AMUTHPYIOLIETO
MECTOPO’KICHHE): TIOIYOCh B TOPU30HTAIBHON MJIOCKOCTU a = b, chepuyHOCTh €, INIOTHOCTH P

1 KOOpAUHATBI OEHTpA X, V,,Z, — BCECTO 6 MCKOMBIX nmapamMeTpoOB.

12



Toury HsMeperii I

: *(X;,4,,0)

Herxonele EeMUHHEL
a:bagpppxﬂ :*yD :ZD

Z

Puc. 3. amepeHune rpaBuMmeTpomM noteHumnana cgepovga

3amaya pemiaetcs MyTEeM MuHuMuzayuu pezyaspusupyioujeco @yukyuonana Tuxonosa
(coenmnHeHNE METO/Ma MHHHUMH3AIMH CYMMBI KBaJpaTOB HEBS30K C METOAOM pETYJISpH3aINN
Tuxonosa) [9, c. 253]:
n 6
%4 2 2 .
YDV -V)Y+ado,p/ = min (4)
i=1 j=1

a.e.p.xy,Yo,2o

THe p,=a, Py =€, Py =P, Py =Xy> Ps =Yy, Ps =2, O, —Beca (B 4acTHoctu, 6, =1).

JlaHHyto 3a/a4y cielyeT pellaTh ¢ UCMOIb30BAaHUEM O2paHuyeHull Ha UCKOMbIE BEIMUNHBI
TUMA

O<a<a e>0, p>0, x,;, <x)<x

max

Ymin < yO < Ymax>  Zmin < ZO < Z max

K,z JOJKHBI OBITh OILIGHEHBl. B Takoil mocTaHOBKe 3afada OyJeT periarbes

max ? > “max

max 2 (5)

e a
METOJI0M HEJTMHENHHOTO nporpammupoBanus [10].
ITocne oTbickanus a, €, P, X, ¥y, Z, MOKHO HAWTU BEPTUKAIBHYIO MOJIyOCh C = Ed , Maccy

4 4
cepomIa-MeCTOPOKIAEHUS m =—Ta’ cp, ero 00beM v =—na’c, TIyOuHy 3a1eranus h=z, u
3 3

T.AO.
0
Toury HsMeperii I
toe(xLyn0) .
X ) Ll ) O - . '
Z

Puc. 4. lamepeHune rpasumeTpoM NoTeHUmnarna HecKosibknx cpeponos

Jlns Gosee TOYHOTO MOJEITHPOBAHHMSI MOXKHO HCIOJIB30BaTh HECKOJBKO CGHEponuaoB C
pa3HBIMHU MapameTpamu (cM. puc. 4).
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JOKAJIA3ATOP JIJISI KOMIIBIOTEPHOM TOMOI'PA®UN

A.B. Ko3zauenko, B.b. Huzkonosoc, B.A. UBanos, }0.3.Iloaouckuii, C.C. I'Bo31eB

Crepeotakcuc  —  camMoCTOATENbHass  OOJACTh  COBPEMEHHOW  HEHPOXUPYPIHH.
CTepeOTaKCI/I‘-ICCKI/IG BMCIIATC/IILCTBA TIMPUMCHAIOTCA C HOCJIbIO JUArHOCTUKU U JICHCHUSA
MHOT00YaroBbeIX (hOpM BUCOYHOW smuiencuu, 6one3nn TypeTTa, HE MOANAIONIIUXCS JICYCHUIO
JIeKapCTBEHHBIMH penapaTamMu (GopM MapKUHCOHU3MA, JUISl CHATHUS TICUXHMUYECKOW 3aBUCUMOCTH
OT HApKOTHKOB Yy TMAlMEHTOB, CTpaJalolIMX ONWAaTHOW HapKOMaHWEW, I SBaKyaluu
BHYTPHMO3TOBBIX T€MaTOM, JUIsl MPOBEACHMUS IyHKIMOHHOH OWONCHU U  JECTPYKIUHU
HOBOOOpa30BaHU MO3Ta.

B crepeorakcuce HaBeleHHE WHCTPYMEHTa Ha IIEJIEBBIE CTPYKTYpbl TOJIOBHOTO MO3Tra
IPOUCXOIUT MO AAHHBIM pacueTHoi Tomorpaduu. B 3amauy nocneaHel BXOAUT Kak MOJy4YEeHUE
JTUArHOCTHYECKUX CBEJACHUN 00 aHATOMHYECKUX OCOOEHHOCTSX CTPOCHHS MO3ra MalieHTa, Tak
N TIOJIYUCHHUC I/IH(i)OpMaHI/II/I O B3aMMHOM IPOCTPAHCTBCHHOM PACIIOJOXKCHHUA LECJICBLIX TOYCK U
HEKOTOPBIX perepHbIX 00bekToB. [lonydyennas nndopmarus 10KHA 00ECIeunBaTh MPOBEICHUE
pacdeToB, HEOOXOIUMBIX JIJISl TTOCJIEAYIOIIEr0 HaBEACHHS CTEPEOTAKCUUYECKOI0 MHCTPYMEHTA Ha
3alaHHble MuIIeHU. Takum o0pa3oMm, pacdeTHas crepeoTakcuyeckas Tomorpadus pasOuBaercs
Kak Obl Ha JIBE COCTaBIIAIOLIME —IUArHOCTHYECKYyI0 W pacueTHylo. llepBas oTBeudaer 3a
uACHTU(DUKAINIO U JTIOKATU3AIMI0 MUIIEHEH, BTopas — 3a HaBeaeHue. Kak mpaBuio, pa3Butue
WIM MOJCPHU3AINS PACUYCTHOW COCTABIISIIOIICH CTEPEOTAKCHUYECKOW TOMOTpauH MPUBOAMT K
pacCIIMPEHHIO BO3MOXKHOCTEH €€ TUarHOCTUYECKOW COCTABIISIONICH.
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Puc. 1. BHewHWn B, CTepeoTakCMYeCcKmX SIOKanmn3aTopoB: a) AnaroHanbHbIN
KT-nokanuaaTop; CTpenkon ykasaHo OCHOBaHue nokanuaaTtopa. 6) ToYeYHbIN
peHTreHoBcknn nokanusatop MY PAH

Jlokanu3zaTopbl — crenuaibHble YCTPOMCTBA, MPUMEHSEMbIE MPU MPOBEACHUU pacueTHOMN
ToMorpaduu, 3aJalolIfe BCIIOMOTATEIbHBIE CUCTEMBI KOOPIMHAT, IpeIHA3HAUYCHHBIC JUIS
npeoOpa3oBaHUsl KOOPAMHAT IIEJIEBBIX TOYEK W3 KOOPAMHATHBIX CHUCTeM Tomorpada B
KOOPAMHATHBIE  CUCTEMBl  CTEPEOTAKCHYECKOro  ammaparta WiIM  MaHUOyjiasTopa. Mbl
OPUEHTUPOBAINUCh HAa BO3MOYKHOCTH OTEUECTBEHHOIO CTEPEOTAKCUYECKOTO MAHUIYJISATOpA
"OPEOJI" [1]. B mpenmectBytomue roasl Hamu [1, 2] pa3paboTaHbl U BHEAPEHBI B KIWHUKY
MO/JIEJIb U COOTBETCTBYIOLIEE MPOrpaMMHoe oOecrieueHue i aquaroHanbHoro KT-nokanusaropa
UMY PAH. Kak mnokazanu KOMMBIOTEpHBIE HccleqoBaHus [3,4] TOYHOCTHBIX CBOMCTB
JIOKaJIM3aTopa, pacyeTHasi COCTAaBIIAIOLIAs METO/a MOXKET ObITh CYIIECTBEHHO YCHUJIEHA 3a CYET
YMEHBILEHUSI MPOJOJBHOIO CEUEHUs] JMaroHajied U OJHOBPEMEHHOM 3aMeHbl Marepuala
nuaroHanei (Ha martepuan ¢ Oosee BBICOKUM KO3()(PULIMEHTOM MOIJIOLIEHHUsS PEHTIC€HOBCKOTO
u3nyuyenus). Kpome Toro, B psAae KIMHUYECKUX Cilay4yaeB pabounii oObeM JioKaiau3aTopa
OKa3aJiCsl HeJIOCTaTOYHBIM JUIsl OXBaTa CyOTalaMUYEeCKUX LIEJIEBBIX CTPYKTYP BHYTPHUMO3TOBOIO
IPOCTPAHCTBAa NAalMeHTOB. [IpoBeAeHHbIE HCCIENOBAaHUS M IPAKTUYECKHE 3aMeyaHus
HEHpOXUPYProB TMOCITYKWJIM TOBOJOM Uil pPa3pabOTKM HOBOH MOJENH JUAroHajJbHOIro
nokanu3aropa. bynem B nanbHeimem HasbiBaTh 3Ty Mozenb "KT-nokammzatop I[THK"
(a00peBHaTypa cocTaBlieHa U3 MEPBbIX OYKB MHUIIMAIOB Pa3paOOTUHKOB).

B Hacrosmieil pabote omnuchIBarOTCS OTJIMYMS KOHCTpykuuu Jokanusatopa I[THK ot
MOJIeNIM, ONUCaHHOM B paborax [1-3], u mocienHue U3MEHEHUS B MPOrpaMMHOM OOECIeYeHUN
nokanu3aropa. [IpuBoasTcst pe3ynbTaThl (PaHTOMHOTO SKCIEPUMEHTA TI0 TPOBEPKE MapaMeTpOB
nokanuzatopa. Hakonen, kpaTko, Ha KIMHUYECKUX MTPUMEPAxX, IEMOHCTPUPYIOTCS BO3SMOXKHOCTH
JUarHOCTMYECKON  COCTaBISIOLIEH  CTEPEOTAKCMYECKOM  KOMIBIOTEPHOH  Tomorpaduu,
ucnonb3ytouiei HoBbiil KT-nokanuzarop.

KT-nokanuzarop — nerkas KOHCTPYKIHs U3 oprcrekia (puc. 1, a), comepxanias AuaroHain
— HUTH W3 HUXpoMA (Deey = 0.3mm). Jlokanmmzatop (UKCHpPYeTCS OTHOCHTEILHO Yepena
HalMeHTa ¢ MOMOIIBIO JIOTKA ¢ OTTUCKOM 3y0OB nanueHTa. Takas gukcauus atpaBmatuysa. [Ipu
KaX/IOM IIOBTOPHOM IPHKYCBIBAHMU MALMEHTOM CBOero jiotka ¢ orruckoM KT-nokammsarop
3aHMMAET OJTHO U TOKE BOCIPOM3BOAMMOE IOJI0KEHUE OTHOCUTEIBHO Yepena U Mo3ra.
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Puc. 2. N'eomeTtpuyeckas mogens KT-nokanusatopa (NOACHEHUS B TEKCTE)

Ha srom xe 510Tke MOXeT (PUKCHUPOBATHCS TOUEUYHBIH PEHTICHOBCKUN JIOKAJIU3aTOP
OPEO/JIA (puc. 1, 6), perepHble TOUKH KOTOPOTO — LEHTPbl METAIIMYECKUX LAPUKOB — 334a10T
BCIIOMOTaTeJbHYI0 CUCTEMY KOOpAMHAT MaHumyisTopa. (IlauueHT npukychlBaeT CBOM JOTOK C
3aKpEIUIEHHBIM PEHTT€HOBCKUM JIOKAIM3aTOPOM BO BpeMs ONepalud Ha 3Tane (paHTOMHOTrO
MonenupoBanuss [1,5].) B  kaxnaplii KOHKpETHbIH MOMEHT BpPEMEHU HAalMeHT MOXKET
¢ukcupoBaTh Ha 3y0ax TOJBKO OIMH JIOKAJIM3aTOpP, OJHAKO T€OMETPUYECKHE COOTHOIIECHUS
MEXy MPOCTPAHCTBEHHBIM IIOJIOKEHHEM 3a(MKCHPOBAHHBIX Ha 3y0ax JIOKaTM3aTOpoB (M MX
cUCTeMaMH KOOPAMHAT) MOCTOSIHHBI U MOT'YT OBbITh BBIYMCIICHBI.

I'eomeTpuueckass MoJenb JIOKaau3aTopa ocTanack mnpexHei (puc. 2). Ilnockoctu rpaneit
JOKaJau3aTopa COBHAJAlOT € OOKOBBIMM TpaHsIMU MPSMOYTOJBHOIO —Mapajulesenumnesaa
A'B'C'D'A"B"C"D", amaronanu nokanuzaropa mnepecekatorcs B Toukax K, C', D'. M3BecTHbI
yribl Mexay auaroHansimMu: ZAKB=, ZByC'C"'=£ZA(D'D" =1. KK' — BbIcOTA JoKanu3aropa h
(yBennyeHa Ha 2 cM 1o cpaBHeHuio ¢ Jokanmuzatopom MMUY PAH). CropoHbsl OCHOBaHUS
napauenenunena a, b m BeicoTa h — JIMHEHHbIE NapaMeTpbl JioKanu3aTopa. Bo3MmoxkHoe
ToMorpaduueckoe ceueHue mepeceKaeT AuaroHanu Jokamuzaropa B Toukax M, L, F, S, N, R.
[ImockocTe ceyeHusi o OompenaesnseT 4eThlpe BBICOTHI Al, h2, h3, h4, Tpu U3 KOTOPBIX —
HE3aBUCHUMBIE BEJIMYUHBL; T.€. MOJIOKEHHUE IJIOCKOCTH CEYEHUS OJHO3HAYHO OIPEAEIAETCS IO
Tpem Beicotam hl, h2, h3. B'xyz, B"xyz — npsmoyronpHbele cucteMbl koopauHat KT-
nokanu3aropa. K'xyz — npsimoyronbHasi cucTeMa KOOPAMHAT OCHOBAaHMs JIoKanu3aTopa. JleBbie
KoopAuHaTHbIe cucteMbl B'xyz, B"xyz, K'xyz konnnneapHsl.
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Pacuetnas Tomorpamma c neneBoit Toukoi (T) cxemMaTudecku UMeET BUJ, MPUBEICHHBIN
Ha puc. 3, rae nudpamu 1-6 0003HAUYECHBI CIEAbl AMArOHAICH JIoKamu3aropa. 15 paccrosHui
MEXIy TouKamMu 1-6 um 6 paccTOSHUM OT LIEIEBOM TOYKHU A0 TOYEK |—6 cimyXar BXOJHBIMU
JAHHBIMU JUISI TIPOTPAMMbl CTEPEOTAKCHYECHX pacyeToB. Jlisi ompeneneHus MOJI0KEHUS
HUCKOMOTO ce4eHHs (0) OTHOCHUTENbHO IuIockocTe rpanert KT-mokanmsaropa w3 Bcex
BO3MOXHBIX CE€UEHHUH JIOKaIu3aTopa BbIOMpaeTcs ceyeHue, Hanbosee OIU3K0e M0 PacCTOSIHUAM

15
2
K H3MEPEHHbIM; MUHHMMU3UpyeTcs OGYHKIUS A, = Z(dwm ~d, Y, rie —
1

TEOPETUYECKUE PACCTOSHUS MEXIY CJleJaMH JuaroHaieu, a — TIOJIYYCHHBIC
PacCTOsAHMA.
2 1 2 1
.\ /
/
N /
N / ‘ 6
! N . 3
- N

Puc. 3. CxemaTtudeckoe nsobpaxeHne Tomorpadnmyeckoro cevHeHms
KT-nokanusaTtopa: a) Mogenb TOMOrpaMmmbl C LIENEBON TOYKON, 6) cxema namepeHus
B3aMMHbIX PaCCTOSIHUIA MEXAy creaamun guaroHanen

B ornnume oT paHee H3IOKEHHBIX AJITOPUTMOB, MPEIOKEH HECKOJIBKO HMHOW CrIocod
OIpee/IeHUs] KOOPAUHAT LENEBON TOUKH.

PaccmoTpuM MIIOCKOCTH O BBIUMCIEHHOTO ToMorpaduueckoro cedenus (puc. 4). Ham
U3BECTHBI KOOpAMHATHI ToYek 1—6 B cucteme koopauHat B'XYZ. V3BecTHbI Takke U3MEpEHHbBIE
Ha TOMOIpaMMax pacCTOSHUS OT MHUIIEHHW A0 CIeAO0B AuaroHaneil jokanuzaropa JT, J=1-6.
[TonoxeHne MUIIEHN Ha IJIOCKOCTH OL MOYHO ONPEIEIUTh TPEMsl HE3aBUCHUMBIMH 3aC€YKaMH,
COOTBETCTBEHHO, MonapHo u3 To4ek 1,2, 3,4 5,6. B pe3yapraTe NOJydHUTCS TPU IOJOKEHUS
MUIIEHN Ha IUIOCKOCTH o. lIporpamMMHoe obecredeHue nokamu3aTopa [S5] mocienoBaTeabHO
crpout s Kaxaok us touek Ty, To, T3 TpexmepHy0 NPSAMOYIOJLHYIO CHCTEMY KOOPIAMHAT
O'x'y'z'; ompenensier mIoOCKHe KOOpAWHATHI TOYKH T; B cucreme koopmaunHat O'xy', i=1-3;
MPUCBANBACT HYICBOC 3HAYCHUE TPEThCH KOOPAMHATE; MPeoOpasyeT KOOPAMHATHI TOUKH T; w3
cucTeMbl koopauuat O'x'y'z' B cictemy KoopauHat Tokanusaropa BXYZ, mocie dero ycpeauser
KOOPJMHATEI BCEX TPEX TOUEK B 3TOH KOoOpAMHATHOH cucteme. Touku O' — cepeqMHbl OTPE3KOB
1-2, 3—4, 5-6; KOOpAIUHATHBIE TUIOCKOCTU Oix’yi COBITaJAIOT C IIJIOCKOCTBIO OL.
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Puc. 4. K anroputmy onpegeneHnsa KoopamHat LiefieBon TOYKN (MOSICHEHUS B TEKCTE)

B paborax [3, 4] B kauecTBe Mephl pa3dpoca TOYEK (HEBSI3KUA MAJSl LIETIEBOM TOYKH)
WCIIOJIb30BAJICS TUAMETP ONMCAHHOW BOKPYT TpeyrojabHuka 11T, T3 B IIIOCKOCTH 0L OKPYKHOCTH.
Opnako, kak u3BectHo, npu npuodmmkernn £ T T,T; k 180° yka3aHHbI AHaMeTp CTPEMUTCS K
6eckoneuHoctu. [ToaToMy Obla mpeiokKeHa qpyrasi OlleHKa JJi1 HEBSI3KH Ha LIEJIEBYIO TOUKY —
cpenHee paccrosiuue Mexay toukamu Ti, To, T, ¥V nmokanmzaropa UMY PAH paGouas yacte
JMaroHajied KOHCTPYKTUBHO 3aKaHuMBasiach, He goxonas 14 mm no Bepummn K, C', D'. B
nokanu3arope I[THK »1o paccrosHue Oblio ymeHbIIEHO Ha | CM; COOTBETCTBEHHO ObUIH
M3MEHEHBI IPAHHULIBI Tepedopa JOMyCTUMBIX CEUEHUI JTIOKAIU3aTopa.

JIJis OLIEHKM IPAaBUJIbHOCTH U3MEPEHMSI JIMHEUHBIX U YIJIOBBIX MapaMETPOB JOKAIN3aTopa,
a TaKkKe JUIsl OLIGHKH KOPPEKTHOCTH €ro TeOMETPUYECKOW MoJenu ¥ MOAU(DUIHMPOBAHHOTO
IPOTPaMMHOTO OOecriedeHrs: ObLTM TpPOBENEHBI 2 cepud (PaHTOMHBIX TOMOTpapHUUECKUX
ucnbpiTaHuil. BHyTpu pabouero oObema JIOKaiau3aTopa 3aKpeluisiid yYCIOBHO TOYEUHYIO
PEHTTEeHOKOHTPACTHYIO MHUIICHb (Kycodek cTayibHOW mpoBoioku & 0.5x1.5 mm). Ilonoxxenue
MUIIEHH OTHOCUTEJIbHO OCHOBAHHUS JIOKAJIM3aTopa, €€ KOOpJAUHATHI B cucTteMe koopauHaT K'xyz
ONpeNIETSITUCh MPSIMBIMU U3MEPEHUSIMU c MOTPEIIHOCTHIO
0.2 mm. Jlokanmu3aTtop, MOMENIEHHBI BMECTE C MHUIIEHBIO B KOJbIIO ToMorpada (Siemens
SOMATOM AR HP), ckanupoBaincs ¢ miarom B 2 MM. [lo ckany, cogepikaiiemMy n300pakxeHue
MUIIEHHU, TPOBEICHBI CTepeoTakcHuueckue pacueThl. OmpeneneHbl pacdyeTHble KOOPAUHATHI
MUIIEHH B cucteMe koopauHaT K'xyz (mpu HaMMyuu mapbl COCEAHHMX CPE30B CO ClelaMu
MUIIIEHW HCIOJB30BaH CKaH ¢ Oonee 4YeTkuM wu3o0paxeHueMm). B mporecce wucnbITaHuit
U3MCHSJIM YroJ HAaKJIOHA TEHTPH U TMOJIOKECHHE JIOKaau3aTopa B Kojblle ToMorpada.
PaccmaTpuBanu 1qBa pa3ivuHBIX IMOJIOKEHHMS MHILIEHH B paboueM oObeMe JoKanuzaropa U 5
BAPUAHTOB PACIIOJIOKEHUSI JIOKAJIU3aTopa OTHOCHUTENbHO TEHTPU Jisi MEepBOM CEepUd W,
COOTBETCTBEHHO, 6 BapuaHTOB — il BTOpoul cepuu. Ha puc. 5 mpuBeneHbl TOomorpamMmma M
COOTBETCTBYIOIIAS € TOMOTpamMMa C M300paKEHHEM MUIICHU ISl OJTHOTO U3 MCCIIEIOBAHHBIX
MOJIOKEHUH JIOKaIu3aTopa.
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Hospital 23
SOMATOM AR
H-SP-CR VD10E

Puc. 5. lNMpumep akcnepumMeHTarnbHbIX TOMOrpaMm: a) TonorpaMmma nosioXXeHus ckaHa,
cogepallero uenesyo ToYKy, 6) TomorpammMa ¢ M3obpaxeHMeM LeneBon TOYKK

B Tabn. 1 npuBeneHsl pe3ysbTaTbl KOHTPOJIBHBIX BBIUMCICHMN MOJIOKEHUS MUIIEHU B
cucTeMe KOOPJMHAT OCHOBaHUs 3yOHOM rutacTiuHbl Manunysstopa "OPEOJI" (K'xyz).

Tabnuua 1
Cepus Howmep ceuenus X Y Z
3 -13.4 67.8 112.1
7 -13.24 68.03 111.89
1 12 -13.24 67.90 111.68
17 -13.69 67.85 112.06
21 -13.63 67.40 109.62
CpenHee 3HaUYCHUE -13.44 67.80 111.47
N3MepeHHOe 3HaYeHHe -14 68 112
2 -7.93 21.57 -0.87
4 -8.01 22.12 -2.45
2 7 -7.40 21.87 -0.83
10 -7.57 21.65 -1.24
12 -7.7 22.6 -3.1
19 -8.4 21.47 -2.26
CpenHee 3HaYEHUe -7.84 21.88 -1.8
M3MepeHHoe 3HaueHue -8 22 -1.5

Kak BuMIHO u3 TaOnaMIbI, OTKIOHEHHWE HCUUCIEHHBIX KOOPAMHAT MHMIIEHH OT HX
MU3MEPEHHBIX 3HAUYEHUH NPEBBIIIAIO TONIIMHY CKaHUPYEMOro cios (2 MM) TOJBKO B OJHOM
ciyyae (1 cepus, ceuenue 21) no koopaunHare z Ha 0.4 MM, YTO, B LIEJIOM, SBJISETCS JOIYCTUMBIM
B PEAJIbHBIX 3aJ]auax CTEPEOTAKCUYECKOT0 HaBEICHUS.

IIporpaMMa CcTEpPEOTAKCUYECKUX pacyeTOB MNapauIe]bHO C KOOPAWHAaTaMU MHUILEHU

ucm usm

15
ompenenser 3HaueHHe GQyHKIUM A, :Z|d —-d — JIMHEWHYI0 HEBSI3Ky MeToja —
1

XapaKTePUCTHKY TOYHOCTU PEKOHCTPYKIIMU MUCKOMOro ceueHus. CpenHee 3Hau€HUE TUHEHHOU
HEBSI3KH TI0 JaHHBIM 00paboTku 57 TOHKHMX cpe3oB coctaBmwio 12.3 mm. Ilpu stom cpennee
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OTKJIOHEHHE M3MEPEHHBIX PACCTOSHUI OT HMX TEOPETHYECKHX (COINIaCHO TeOMETPUYECKON
MOJICJIM) 3HAYECHHI B TepecyeTe Ha OJHO paccTosHue paBHO 0.82 mm. OTmeTuMm, yTO HJIst
IpebIIyIIeld MO  JIOKAIU3aTopa 3TO OTKJIOHEHUE ObUIO paBHO 1.5 MM.

Puc. 6. NMpegonepaunoHHblie Tomorpammel naumeHTa C., cTpagaroLero HapkoTUYECKOM
3aBUCMMOCTbLO. @) TonorpamMmmMa npegonepawumoHHOro nccnegosaHus. 6)
NOKanu3aLMOHHbIN Cpe3; CTpenkaMu yKasaHbl LerneBble TOYKN B MOSICHbIX U3BUITMHAX
obounx nonywapuin mo3sra

C nomourpto nokanuszaropa [THK mnpoBegena mnoarotoBka k 8§ CTEPEOTaAKCHYECKUM
onepauusm: 4 onepanuy y NaMeHTOB ¢ OMUATHOM HAPKOTHUYECKON 3aBUCUMOCTBIO, | omepanus
y TMalueHTa ¢ JApPOKaTeNbHONH (QOpMON TapKHUHCOHU3MA, 2 OIEpalHd CTePEeOTaKCHYEeCKON
Ouoricuy HOBOOOpa3oBaHWUW W 1 omepanus CTepeOTaKCUYECKOW HSBaKyallid BHYTPHMO3TOBOM
remarombl. Ha puc. 6, a mpuBeseHa TomorpaMma C HM300paKEHHEM TOJIOBBI MHAlMEHTa C
(UKCHPOBAHHBIM JIOKAIU3aTOPOM, MOJyUYE€HHAs! IIPU MOJATOTOBKE CTEPEOTAKCUUECKON Omepanuu
OunatepanpHON IUHTYIOTOMUU. Ha puc. 6, 60 mpuBeneHa pacdeTHas TOMOTpamMMma MalueHTa ¢
UACHTU(DUIIMPOBAHHBIMU M JIOKAJTM30BAHHBIMU IIEJIEBBIMU TOYKaMU B TMOSICHBIX HM3BUJIMHAX
o0oux nomymapuii. Jlokanu3annoHHBINA CKaH MOMyYeH IMpU MpeIeTbHOM HAKJIOHE TeHTPU (-19").

BeiBOABI

Paspaborana o6neryennass wmopgens (ITHK) numaronansnoro KT-nokanuzatopa ans
pacYeTHON CTEPEeOTAKCUYECKOW KOMITBIOTepHOW TOoMorpaduu. B kadecTBe amaronaneii B
JIOKQJIN3aTOPe HCHOJB30BATMCh HUTH H3 HHXpoMa (D= 0.3Mm). ITlo cpaBHEHHIO C
IOpeIblIylieldl MOJEIBIO BBICOTA JIOKAJIM3aTOpa yBEIMYEHAa HAa 3 CM, 4YTO IO3BOJIMJIO IpU
MOJIFOTOBKE CTEPEOTAKCHUUECKHUX OIEepaluii TapaHTUPOBAHHO IUIAHWPOBATh HABEICHHE Ha
[IIyOOKHE CTPYKTYpPBI-MHILIEHHU, PACIOJIOKEHHBIE HUXKE MEKKOMHUCCYPAIbHON JIMHUHU, a TaKke
UCIIOJIb30BaTh MAaKCUMAJIbHO JOIYCTUMBIE YIJIbI HAKIIOHA TEHTPH.

MonudunupoBano mnporpammHoe obecneueHne KT-nmokanmuzaropa, B  YacTHOCTH,
IPEJIOKEH HOBBIM AJITOPUTM JIOKAIM3ALMM LIEJEBbIX TOYEK, KPUTEPUN OLIEHKHM TOYHOCTHU
JIOKaJIM3alluy U3MEHEH Ha 0oyiee KOPPEKTHBIM.

OcHOBHasi ~ XapakTepUCTHKa  CXOJUMOCTH  METoJa  IpU  IOMCKE  HCKOMOTO
TOMOTrpapUuecKoro cevyeHus — JUHEHHas HEBs3Ka, MOJy4YeHHas MO pe3ylibTaTaM (aHTOMHBIX
TOMOTPa(QUUECKUX HCTBITAHUN, a TakXKe B IPOLECCEe IMOATOTOBKH K CTEPEOTAKCHYECKHM
BMeEIIATEeNLCTBAM — OblJIa B CPEHEM B TMOJITOpA pa3a HUKE aHAJOTUYHON Xapaktepuctuku KT-
nokanuzaropa UMY PAH. JIuneiinas HeBsI3Ka B IiepecueTe Ha OJHO PACCTOSTHUE J1aeT BEIUUYUHY,
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Omu3kyr0 K | MM, 4YTO DSKBHMBAJCHTHO HWHCTPYMEHTAJIbHON MOTPENIHOCTH HCIIOJIb3YEMOTO
Tomorpada.
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AMP-CHEKTPOCKOINSA TKAHEH 'OJIOBHOT'O MO3T'A
N PASPABOTKA CIIOCOBA OIIPEJAEJIEHUA KOHIUEHTPALIUN

METABOJINTOB
I0.HU. Heponos, 3.M. I'apaiidex, B.K. IBanos

B pabote aHanm3upyrOTCS BO3MOXHBIE MCTOYHHKH IOTPEITHOCTH ompeneneHus meronoM SIMP-ciekrpockormu
KOHLEHTpalyu N-aleTHiacnapraTta B TKaHAX OEJIOro BEIIecTBa TOJOBHOTO Mo3ra. Pa3pa®oTaHo mporpamMMHOE
obecrieueHne, KOTOPOE TI03BOJSIET MHHHMHM3HMPOBATh CHUCTEMATHYECKHE IIOTPEIIHOCTH U ONpPEHeisTh
KOHLEHTpawuo N-aneTmiacnaprara ¢ OIIMOKOH HECKOJIBKO MPOLIEHTOB.

SIMP-crieKTpOCKONHsI BBICOKOTO pa3pelieHus] MO3BOJSET PETUCTPUPOBATh CUTHANBI  OT
HU3KOMOJICKYJISIDHBIX COCJMHEHWH In ViIvVo, €ClM BpEMEHHas XHUMHYecKass CTaOWIbHOCTh
monekyn mpesbimaer 0.01 cek. [To 3Toil mpuurHe B OMONOTMYECKUX TKAHSIX, COJEPKAIINX
TBICSIUM CJIOKHBIX COEAMHEHUN, MOJIEKYJSpHBbIE TPYIIbl KOTOPBIX Y4YacTBYIOT B IIpolieccax
XUMHYECKOTO CHHTE3a M pachnajga, JHIb HEKOTOpbIE  JIOCTATOYHO  CTAaOWJIbHBIC
HU3KOMOJIEKYJISIPHBIE COEUHEHUsI MOT'YT perucTpupoBarscs SIMP-ciekrpomeTpoM.

CoBpemennbie SIMP-tomorpadsl C BBICOKMM TMOJEM, KaKk MPaBUIO, KOMIUIEKTYIOT
npuctaBkamu Uit IMP-cniektpockonuu (Hanpumep, Tomorpad Magnetom-Vision ¢ monem 1,5
Tn, ycranoBnennsnii B [IHWPPU, Cankr-IletepOypr). OT0 MO3BOJSET  BBINOIHATH
CPaBHHUTENbHBIA aHANW3 psiia JOCTYNHBIX JJIsSi PETUCTPAIMHA BEIIECTB, OOPa3yHOIIUXCS B
pe3yipTaTe mporeccoB MeTaboausma (MetaboanuToB). OMHAKO I ONPEIeTICHUsT KOHIIEHTpAIil
TaKUX BEIIECTB C YKa3aHUEM IOTPELIHOCTH Pe3yJIbTaTOB TpeOyercs pa3paboTKa CIelUalbHOM
9KCIIEPUMEHTAILHON METOIUKH U JOTIOJIHUTEIBHOTO TPOrPaMMHOT0 00ECTIeUEHUSI.

OcoOblif MHTEpeC MpencTaBiIseT KOHIICHTpAIUs B TKaHAX Mo3ra N-aleTuiacmaprara
(NAA). DOt1o coeamHeHue HEOOXOIUMO TKaHAM [UIsi OOecredeHus Tepenadyd HEPBHBIX
UMITyJIbCOB. JIJIi HOPMAaJbHOTO COCTOSHHMSI TKaHEeil Oeoro BeliecTBa TOJOBHOTO MO3ra
KoHIeHTpauus NAA, BEpOSTHO, MOXKET CIY>KUThb MEPOM Pa3BUTOCTU HEUpPOHHBIX ceTed. Ho
WCCJIEIOBAHMS B 9TOM HAIPaBJICHUU HAIPSMYIO 3aBUCAT OT BO3MOXKHOCTH MOBBICUTH TOUHOCTH
orpezesieHus] KOHIICHTPAIIH.
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Puc. 1. Beibop obnactu ons HakonneHus cnekrpa

Jlns oueHKH BO3MOXKHBIX BO3PAaCTHBIX HM3MEHEHWl Obuld 00CIeI0BaHbl  310pPOBbIE
nobpoBonbibl 0T 19-u go 60-u ner. Ilpumensnace wmerogmka STEAM  10.0/5000/64
(MHTEpBAJIBI MEXAY HUMITYJIbCcOM BO30YyxkaeHus u SAMP-curnasiom TE = 10 Mc; mHTEpBabI
BPEMEHM MEXKIY BBICOKOUACTOTHBIMU UMITysibcaMu TR = 5000 mc; 4ncio MoBTOPHBIX 3aIlyCKOB
s cymmupoBanus SAMP-curnanmoB NA = 64) ¢ HCMONb30BaHHEM pEXHMa IMOJABICHUS
CUTHAJIOB BOJHI [1].

s onpeneneHust aOCOJIOTHBIX KOHIIGHTPALMKA M3 ATHX K€ 00JIaCTe TOJIOBHOTO MO3ra
HaKaIllJIMBAJIUCh CUTHAJIBI OT MPoTOHOB pactBopureis (H,O). [ToBTOpHO Hcnonb3oBaiachk Ta ke
UMIIYJIbCHAsl IOCJIEJIOBATEIbHOCTh C BBIKJIIOYEHHBIM peXuMoM mnojasieHus AMP-curnana
Bo/bI, 16-pa3psanbie ALl peructpupoBanu Mpu 3ToM H ciaadble CUTHAIBI METa0OIUTOB.

[lepen HaxkomjgeHUWEM JaHHBIX BBINOJIHSIACH TINATENbHA MUHUMH3ALUS TPaJUEHTOB
MarHUTHOTO TIONIE B OO0JIaCTH HUCCIENOBaHHs i Kaxaoro aoopoBoibia. OOmacTb
HcCIIeI0BaHus BEIOHpanach B hopme "ky6a" (20x20x20 MMm’) 1 pasMelnanack B TKaHAX GEIOr0
BeuiectBa Mosra (puc. 1). CnektpanbHas uMH(OpMalMs HaKaruIMBajlach B BHUJE YHCIIOBBIX
MaccuBoB 1o 1024 yucna B 1IKaje BPEMEHHU, KOTOPHIE 3aTE€M MEPECHUIAIUCH Ul TILATEIBHON
00paboTKH HA IEPCOHATBLHBIN KOMIBIOTED.

25
H,0 NAA
A /1000 TE=0.01 s
20 TR=5s
TA=5minbs
1=
10
——

XHMEYe CEKHEL
COBHT / ppm

Lipid

5.00 4.50 4.00 3.50 3.00 2.50 2.00 1.50 1.00 0.50 0.00

Puc. 2. AMP-cnekTp 6enoro BeLleCcTBa rofiloBHOr0 Mo3ra, HakonseHHbIA Npu
TE=10 mc. o BepTMKanu — OTHOCUTENbHbIE €ANHULbI; MO TOPU3OHTANN — XUMUYECKNIA
COBUTM B MUMMIMOHHLIX Aonsix (ppm) TpaguumoHHon ans AMP wkanbl OTHOCUTENBHO
TeTpameTuncunana. MIHTEHCMBHbIE CUTHarbl PETMCTPUPYIOTCS OT MOSMEKYNAPHBLIX
coeguHenun: N-auetmnacnaprtata — NAA (2.01, 2.48, 2.60, 2.64 ppm),
docopokpeatnHa — PCr (3.03, 3.94 ppm), xonnHa — Cho (3.22 ppm), M1monHo3nTona
ml (3.56 ppm); 6onee cnabble curHanbl peErmcTpmMpyroTes ot TaypuHa (3.36 ppm),
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rniotamata (2.11, 2.18, 2.28, 2.36, 3.77 ppm) 1 OT NMNNOHbLIX coeauHeHnn. [ng
CpaBHEHUSA Ha CnekTpe npeacTaBrieH Takke curHan ot NPOTOHOB BOAbI, YMEHbLUEHHbIN
no amnnutyge B 1000 pa3. Bpema HakonneHus cnekrpa:
TA =5 min 6 sec

MeTtaboauThl, XapakTepHble I TKaHeW Oenoro BellecTBa MO3ra 370pPOBBIX JIIOJEH,
PETUCTPUPOBAINCH HA CIHEKTPaxX, BOCCTaHOBIECHHBIX @Dypbe-npeoOpasoBanuem. Ha pwuc. 2
JIEMOHCTPHUPYIOTCS pa3peLIaone BO3SMOXKHOCTH UCIOJIb3YEMOro HaMH MpUoOopa: anmapaTypHoe
paspemenne AB/B = 3x10® ue yerymaer nyu4mmm npruGopam Takoro kiacca.

Ecmun oOecrieueno mOCTOSHCTBO KOdh(dHIMEHTa YCWICHHs amnmapara B pexUMax
HAKOIJICHUS CIIEKTPa M CUT'HAJIa BOABI, TO MOCJEIyIoIas COBMECTHass 00pab0TKa HAaKOIJICHHBIX
SIMP-curnano x-merabonutoB U H,O mo3BosisieT ompenensTh aOCONIOTHBIC KOHIEHTPAIUH
METa0O0IUTOB (METOM, KOTOPBIA HCIONIb3yeTcsl B IHCTUTYTE SKCIEPUMEHTAIBHOM MEIUIUHBI, T.
[Ipara, M.Hajek(om) u ap.). OnHako comocTaBieHUE JIUTEPATYPHBIX JAHHBIX W Hallla MpaKTHKa
MIOKa3bIBAET, YTO pE3yJIbTaThl ONpEJCNCHHUs KOHIEHTpAllMW, KaK MpaBWIIO, COJEpXKaT
CHUCTEMaTHUYECKHE IMOTPEIIHOCTH, KOTOPbIE 3aBUCAT KaK OT METOAMKH IOJYyYEHHs] MCXOAHBIX
YHCIIOBBIX MACCHBOB, TaK U OT CII0c00a 00pabOTKU JaHHBIX.

Jliis pacyera KOHLEHTPALMK X-MeTa00JIUTa IPUMEHSIOT CIIEYIOIIEe COOTHOLICHHUE:

S(x)Np(H,O)exp[-TE /T2(H,0)]
C(x) = C(H,0) , (1)
S(H,O)Np(x)exp[-TE /T2(x)]

rie C(H,O) = 40 Monp/autp — 4YMCIO MOJEH MOJIEKYJ] BOJBl B HCCIEAYEeMOWH TKaHH
(BHyTpHKIIETOUHAasA Boja; AMP-curnansl oT MOJIEKYJ BOAbI, BXOJSIIUX B COCTaB OMONOIMMEPOB,
HE PEerucTpUpYIOTCS JaHHOW METOAMKOMN); S(X) — HMHTEHCHBHOCTH (IUIOINAJb) MPOTOHHOI'O
curnaina x-meradoonura; S(H,O) — uHTEeHCUBHOCTH CUTHaAJIA OT MPOTOHOB BO/bI TKauu; Np(H,0)
= 2 — 4YHCJIO NPOTOHOB B MOJEKyJe BOAb; Np(X) — YHUCIO SKBUBAJCHTHBIX NPOTOHOB B
MoJieKyJsipHO# rpymme x-meradbonura (Np(NAA) = 3 mist ocHoBHOro curiana —CHjz-rpynmsl
NAA); T2(x) — Bpems CHHH-CIIMHOBOW penakcanuu nporoHoB; T2(H,O) — Bpems cnus-
CIIMHOBOM peJlaKcalliy IPOTOHOB BOJIBI.

COMHOXHUTEIb, COAEPXKAIIMNA OTHOLIEHHE OSKCIIOHEHT, XapaKTepu3yeT IONpaBKy Ha
ymenblenne SIMP-curnanoB 3a Bpemst TE wu3-3a cnuH-cimHOBO# penakcauuu (T2). Opnaxo
noctossHHas T2 MokeT ObITh pa3HOW y pa3HbIX HAllMEHTOB, U, YTOObl YMEHBIIUTH BIUSHUE HA
TOYHOCTb PE3YJIbTaTOB 3TOT0 COMHOMKHUTEJS, CIEIYyEeT HCIOJb30BaTh MUHUMAJIbHBIN MapameTp
TE, KOTOpBII 10ITyCTUM B PEXHUME JIOKAJIBHOTO criekTpasibHOro ananusa: TE=10 mc. [Ipu Takom
napameTpe COMHOKUTEIb C OTHOIIIEHUEM SKCIIOHEHT (1) MOKeT U3MEHUTh pPe3yJbTaT He OoJiee
YeM Ha HECKOJIBKO MPOLIEHTOB.

C npyroit croponbl, npu TE=10 Mc HaumHAIOT MPOSBIATHCA 00Jiee KOPOTKOKUBYIIHE
MOJIeKYJIsipHble coeAnHeHus. CUrHaabl HEKOTOPBIX U3 HUX (Hampumep, IiroTamar U INII0TaMHH)
pacmojio’)keHbl B TOM k€ 4acTOTHOM oOnactu, uto u curHail NAA (puc.2). [lpu stom
KOHILIEHTpAllUsl 3TUX BEIIECTB B TKAHAX MOXET ObITh HemocTossHHOM. [lo 3Tol mnpuuuHe
BO3HUKAIOT CUCTEMAaTUYECKUE MOTPEIIHOCTH MpU onpeeneHnu miomaau curiaina NAA. Kpome
storo, npu TE=10 mc SAIMP-curnan ot H,O umeer cyuiectBeHHO Oosiee CIOXHYIO GOpMy —
KpPOME OCHOBHOW COCTaBJISIOIIEH (BHYTPUKIIETOYHAs BOJA), MPUCYTCTBYIOT KOMIIOHEHTBHI OT
IPOTOHOB BOJIbI C IIUPOKUM CIIEKTPOM.

B mmpokoii uyactu AMP-cnexrpa H,O uactnuyno nposBisitorcss npu TE=10 mc Te
MOJIEKYJIbl BOJBI, KOTOpPbIE BCTYNAlOT BO B3auMojeicTBHE ¢ Ouomnoaumepamu. Kpome sroro,
YaCTUYHO TPOSIBIISIOTCS MPOIlecChl OOMEHa MPOTOHAMHU Mexay mousiekyinamu H,O u rpynnamu
R-OH, R-NH pa3znmuunbix coequHeHuit (cMm., Hampumep, [2]).

Otnomenune mnomanei curaanoB S(NAA)/S(H,O) MOXHO ompenenuTh Kak OTHOIICHUE
A(NAA)AV(NAA) /A(H,0)Av(H,0), rme A(x) — ammiutyga curHaiga mnociae @Dypbe-
npeoOpa3oBanusi, Av(x) — mupuHa curHaia. C Lenbl0 MUHMUMM3ALMU TOTPEIIHOCTH Oblia
pa3paboraHa Takash MeETOJMKa OIpeneieHuss KoHueHTpauuu NAA, KoTopas He TpedyeT
BbIUMCIICHUs] IMpUHBI curHana. lllupuna curnana ompenensercss 3Q(QEKTUBHBIM BpEMEHEM
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CIUH-CIIUHOBOM penakcanuu kak  Av(x) = 1/( © Ty*(x)). CnenoBarenbHO, A OMpeesieHus
KOHLIeHTpauuu NAA MOXHO MCIOJIb30BaTh CJIEAYIOLIEE COOTHOIICHHE:
2A(NAA)T, (H,0)
3A(H0)T, (NAA)

[lockonbKy HakoIUIEHHWE CIEKTpa M HAKOIUIEHWE CHUTHajla BOJbI BBINOJHAETCS IpHU
OJIMHAKOBOM HACTPOMKU CHEKTPOMETPA, TO BbIpakeHHE sl T»*(x) B mepBOM MPHUOIMIKEHUN
Oyner umerh oOmee ciaraemoe  YAB, ONMCHIBAIOLIEE  YUIMPEHUE CHUTHAJIOB H3-3a
HEOJIHOPOJHOCTH MarHUTHOI'O TOJIS:

1/T2*(H20) = 1/T2(H20) + yAB,

I/To*(NAA) = 1/To2(NAA) + yAB. (3)

OO6mee cnaraemoe YAB MOXHO HCKIIOUUTH M3 JABYX BblpakeHuid (3). Hcnonb3ys
npeoOpa3oBaHue, MOXKHO TOKa3aTh, 4yTo B (opmyisie (2) BMECTO MOCTOSHHON 71, MOMYCTHMO
ucnonb3oBath mnocrostHuyto 71>*. Ilpumuem mpu TE=10 Mc BHOCMMAas NOTpEIIHOCTh H3-3a
npuOIMKeHHOCTH BhipaxkeHuit (3) He Oynet npesbimaTh 1 %.

N3 xaxgoro mcxoanoro yuciaoBoro mMaccuba (1024 yucna) ans @ypee-npeodpazoBaHus
MbI ucnosib3oBa 500 yucen. DToro OBLUIO JOCTATOYHO, MOCKOJIBKY 3a WHTEpPBajl BpPEMEHU
0.5 ¢ SIMP-curnansl ymeHbIaroTcs 70 mymoBoro ¢ona. [Ipouenypa ®ypre-npeobpazoBanus B
HaIIel mporpamMme MoBTOpsieTCs sl Kakaoro Maccupa (1024 uucna) Heckonbko pas. [lepBoiid
CHEKTP IOJydYaldu C y4E€TOM HAYaJbHBIX YHMCEJl MCXOJHOTO MAacCUBa, a KaKIbli CIIETYIOIINN
HayMHAJICI ¢ OTOpocoM HavanbHbIX 10 uucen u yderom s Dypwe-mpeodOpa3oBaHuUs
cienyroumx 500 yucen UCXOAHOTO YUCIOBOro MaccuBa. Ilockonbky oumgpoBka Ha ToMorpade
mpoBoMiack ¢ nHTepBajgoM BkitoueHus ALl 1 mc, To kaxaomMy oTOpocy HadambHbIX 10 umcen

COOTBETCTBYET JOIOJIHUTENbHAS "3anepxkka’ B peructpanuu SIMP-curnana na 0.01 c.
30

C(NAA) = C(H,0)

exp{~TE[1/T,(H,0)—-1/T,(NAA)]} . )

A(H,0) = Ao exp(-t/T2¥)

¥
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20 A(NAA) = Ao exp(-t/T2*)

15

10
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0 500 1000 1500 2000 2500 3000 3500 4000

Puc. 3. MNMocneposatensHocTb AMP-curHanos ot npotoHoB H,O 1 NAA, nonyyvyeHHas
NPy UCKNOYEHMM HavanbHbIX Yncen ot 0 (nepeas napa curHanos) 0o 90 (nocnegHss
napa curHanos). o BepTukanu — oTHoCUTENbHass aMnNnnTyaa, No ropusoHTann —

nocnegoBaTenbHOCTb CUrHarNoB C “3aepXXKon” perncrpauum

[Tonmyuennast TakuM obpa3om mocienoBaTenbHOCTh IMP-curnanos nocie aecsatu Oypbe-
npeoOpazoBaHuil npezacrasieHa Ha puc. 3. Kak BUAUM, yMEHbIIEHHE aMIUIUTY/Ibl CUTHAJIOB Kak
BOZbI, TaK U NAA 0CTaTOYHO XOPOIIO COOTBETCTBYET YMEHBIICHUIO MO KCIIOHEHIIMAIBLHOMY
3akoHy A(f) = Aoexp(t/T>*). Jdnsa onpeneneHust Ao(x) m T>*(x) wucmonp3oBajgach MpoIEaypa
MHUHUMHU3ALUAA  KBAJAPATHUYHBIX OTKIOHEHUMM s cepud SIMP-curnanos. Haiinenneie
nocTostHHBIC Ao(X) 1 T2*(x) nanee ucmoib30BaMCh s BeruuciaeHus: C(x). [Ipu nckmodennn u3
BBIYMCIIUTEIIBHON INPOLEAYpPbl HAadaJdbHBIX 4YMCEJ HCXOJHOIO MaccuBa yMeHblnarorcs SIMP-
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CUTHAJIBI OT IPOTOHOB TAKUX COEIMHEHUH, KaK IroTamaT, IIII0TaMUH (13-3a uX 0oyiee KOPOTKHUX
KOHCTaHT 73), COOTBETCTBEHHO YMEHBIIIAETCS UX BIMSHUE Ha MOTPEIIHOCTh onpenenenus C(x).

Hcnonwiyst BMecTo cooTHomeHus (1) cootHomeHnue (2), Mbl UCKJIIOUYaeM MOTPEUIHOCTH,
CBSI3aHHBIC C TOTPEITHOCTSIMH ONPEACTICHUs IUIOIMAACH aCHMMETPUYHBIX CHUTHAIOB NAA u
BOJbI. Pe3ynbTaThl pacueToB MO COOTHOUICHHIO (2) MpeacTaBieHbl B TaOl. 1, KOHIEHTpaIuu
JaHbl B EAMHUIIAX MMOJB/IUTp. Pa3zpaGoraHHbIi HaMu crocod MO3BOJMI 00pabaThIBaTh
CIEKTpPHI KaK ¢ MOJaBJICHHEM, TaKk U 0e3 MO/JaBlIeHUs] CUTHaNa BOJAbL. YKa3zaHHas B Ta0n. 1 s
C(x) mOrpenHoCTh BBIYUCISUIIACH MO CISAYIONIEMY BHIPAKEHHUIO!

A 100\/Z‘,(A(t_,)—flj)2
4 N-1.5

rae 4; — amIuIMTyja j-oro curHana, A(f) — aMIUIMTyJa j-Or0 CUTHAaja, BBIYUCIICHHAs 110
cooTHoIeHUIO A(f) = A,exp(-t/T>*), cyMMHUpOBaHUE KBaJPATUYHBIX OTKIOHEHHWH MO KOpPHEM
BBINIOJHAIN N pa3, N — 4yucio ucnoib3oBaHHbIX AMP-curnanos.

OcHOBHasl MOTPEIIHOCTh CBsA3aHa ¢ 00paboTkoit curnamoB NAA: A(NAA)> A(H,0).
Jnst oOcnenoBaHHBIX JTOOPOBOJIBILEB BBIYMCICHHAS HaMU KOHIEHTpanus NAA orianyaercs
He3HauuTeNbHO. CpaBHUM HAIM JIaHHBIE, HAPUMEp, C JTaHHBIMHU TPYIILI [S], KOTOpbIe ObLTH

nosrydeHsl Ha anmapate Bruker Medsp S200 ¢ monem 2 Tt mis myskuunsl 62 jet: C(NAA) =
11.12 mM/L .

2

Tabnvua 1

3o |pmmpacr | ¢ nomsnaomien | o2 nomannemin | )

CHIHANa BoIbl | CHIHANA BOMDI (NAaA)
1 |NS-19 | 948 (+/-6%) | 10.2 (+/- 6 %) 0.93
2 | KZ-20 | 126 (+/-3 %) | 12.7 (+/-4 %) 0.99
3 |DR-20 | 121 (+/-2%) | 11.6 (/- 2%) 1.04
4 |GZ-22 [11.4(+/-7%) | 9.6 (+/-4 %) 1.19
35 |AR-32 |11.3 (+-3%) | 10.1 (+/- 3 %) 1.12
6 |BR-60 |11.9(+-2%) | 12.8 (+/-2%) 0.93
7 |NR-60 | 10.5 (+/-4 %) | 10.6 (/- 2 %) 0.99
Cpennee 11.33 11.10 1.02

N-anerunacnaprar sBIsS€TCS MOJICKYJISIPHBIM COSTMHEHHEM, KOTOpOe TpeOyeTcsi B JaHHOU
cpene st obecrieueHus nepeayd UMITyJIbCOB 110 HEPBHBIM TKaHsM [3, 4], 1 €r0 KOHIIEHTpaIusl,
BEPOSATHO, MPOMOPIMOHANIbHA CPEAHEH TUIOTHOCTU aKCOHOB, JICHIPUTOB M HEPBHBIX KIETOK B
Oenom BemecTBe Mo3ra. Kak M3BECTHO, UMCIO HEPBHBIX KJIETOK C BO3PACTOM YMEHbILAETCS.
Onnako uMmeercs W Apyrasi, MPOTUBOMNOJIOKHAS TeHACHIMS [3]: 4uclio CBsA3€Hl (IEHAPUTOB) y
aKTUBHO (YHKIMOHUPYIOIIETO HEHpOHA yBEIMYUBAETCS C BO3PACTOM. MOXKHO 0XXKHJAaTh, YTO
Takas BO3pacTHas JAWHAMUKA TUIOTHOCTH HEWPOHHBIX ceTeld OyaeT oTpaxkarbes Ha
KOHIICHTpAIlMd METa0O0JUTOB, perucTpupyembix TexHuko AMP. Jlns OGonee moapoOGHOTO
o0CyXJeHUsI Pe3yJbTaTOB MOTPEeOyeTCsl HAKOIUICHHWE AaHAIOTUYHBIX JAHHBIX IS Pa3HBIX
BO3pacTHBIX rpymm ao0poBoibleB. [Ipu onpenenennun C(NAA) HEOOXOIUMO HCIOJIB30BATh
TakKhue METOAMKH, KOTOpble, KaKk ¥ B TMPEJICTABJICHHOM HaM{ BapHaHTE, IO3BOJISIOT
MUHUMHU3UPOBATH BIUSHUE CUCTEMAaTUUYECKUX MOTPEIIHOCTEH.
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IKCIIEPUMEHTAJIBHBIE U TEOPETUYECKHUE ACIIEKTbBI
PEHNEHUS TAPABOJIMYECKOI'O YPABHEHUA UIA CJIYYASA
HETPAHCJIAIIMOHHOI'O MACCOITIEPEHOCA B KHUJKOCTAX

K.B. Manyiisios, 3.I'. Cumonenko, JL.II. Mabuna, B.B. IlnoTHnkoB

W3yyeHre HETpaHCISIMOHHOTO MAaccOolepeHoca B AaHM30TPOIHBIX Cpelax CBsS3aHO C
HIUPOKUM  KPYyTOM TEOPETUYECKNX M TPUKIATHBIX 33a7a4 MaTeMaTUYeCKOW (DU3HKH.
CoBpeMeHHbIE U3MEPUTEIbHbIE TEXHOJIOTUU MO3BOJIAIOT MMPOBOAUTH UCCIIEI0BAHUE MAPAMETPOB
MaccolepeHoca Ha KaueCTBEHHO HOBOM YypOBHE. BBICOKOTOYHBIN METOA M3MEpPEHHS CKOPOCTH
MacconepeHoca (kodddunmenta guddy3un) B )KUIKOW OMHAPHON CHCTEME ¢ TpaHUIeH pasjena
OCHOBaH Ha COBMECTHOM WCIOJb30BAaHUU ONTHYECKUX METOJIOB  MOJIAPU3ALUOHHON
uHTEpHEPOMETPUN U JIA3ePHOUN HYJIb-2JUTAIICOMETpHUH [1]. YHUKaIRHOCTh METO/IA 3aKITI0UASTCS
B BO3MOXXHOCTH PETHCTpAIlUU MapaMeTPOB MACCOMEPEHOCca B PEaIbHOM MaciiTtade BpeMEHU Ha
OCHOBaHUU 3aBUCHMOCTH I10Ka3aTess MPeIOMIICHHS pacTBOpPa OT €ro KOHIIEHTPAIUH.

Ha puc 1. nzo0paxkeHa KioBeTa, KOHCTPYKIUS KOTOPOW 00ECHEedMBAET YETKYHO TPAHHILY
paszena (a3 B Ha4aubHBIH MOMEHT BPEMEHH, B KOTOPOi HaxoasTcs BoaHble pactsopbl KCl/
pasnuuHbIX KoHueHTpauui — C, u C,.

C} C"r

0 X

Puc. 1. QuddysnoHHasa KioBeTa ¢ pacTBOpamMu pasnnyHON KOHLEHTpauun:
X - KoopaunHaTa

MareMaTHuecKoe OINMUCAHHUE JKCIEPUMEHTAa OCHOBAHO AHAIM3E€ M3MEHEHHUS T'€OMETPHH
M30KOHIIEHTPAIMOHHBIX TIOBEpXHOCTeH B mpomecce IuQy3nu. AHAIUTHYECKOE OIMCAHUE
TEeOMETPUHM TaKUX IMOBEPXHOCTEH TpeOyeT oOpalieHusi K UIMNTHYeCKUM (yHKIms Sxkobu —
sn(u,¢), cn(u,¢), dn(u,e), paccMaTpuBaeMbIM Kak (QYHKITHH JBYX HEPEMEHHBIX — apryMeHTa u ,

U JKCHEHTpHcHTeTa €. HavanbHble yCIOBHS 3aJauydl OMHCHIBAIOTCA (yHKIHEH sn(u,s)Lzzl. Ha

puc. 2 mpuBeAEH BUJ 3TOM (YHKIMH NMpPU pa3IMYHBIX 3HAUYEHUSAX IKCIEHTpUcUTeTa. PucyHOK
WUTIOCTPUPYET HadalIbHbIE YCIIOBUS 3aJjaul — CTYNEHbKY KOHUEHTpAluil B HaYaJIbHbI MOMEHT
BPEMEHHU, U IPOLIECC €€ BbIPABHUBAHMS B JalIbHEHIIIEM.
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C,

X

0

Puc. 2. N'paduk pyHKUUN SNAMATUYECKOrO CUHYCa NpU PasnnyHbIX 3HAaYEHUAX
3KCUeHTpUcuTeTa, OTpaxarwLmin USMEeHEHNE KOHLEHTPAaUNOHHOIO Npoduns CUCTEMBI

B pesynbraTe SKcrepuMeHTa BIEpBbIC ObLIa MONydYeHAa (EHOMEHOJIOTHYECKas KpUBas
IPOTEKaHusl Mpoliecca MaccorepeHoca OMHApHON >KUJIKOCTH B pealbHOM MacuiTade BPEMEHH,
IIPUBE/ICHHAs Ha puc. 3.

[lo ocu aGcmucc OTIOXKEHO BpeMs f, 1O OCH OpAWHAT — CHHYCHAas COCTaBIISIOLIAsS
WHTEHCUBHOCTU IIOJIAPU30BAHHOIO W3JIy4YeHUs [, MPOXOIALIEIO 4epe3 HUCCICAYEMYIO Cpendy.
Onpenensist NpOMEXyTKH BpeMEHU {,, ¢,, t;, KOTOPbIE COOTBETCTBYIOT SKCTPEMyMaM KPHUBOU,

OBLTN TIOJTYYCHBI TOYHBIC 3HaUCHUS Ko dutinenta qudPy3uu 11 pa3audHbIX PACTBOPOB.

Pe3ynbTaThl SKCiepUMEHTa 3aCTaBUIIM HAC 3aHATHCS pelieHHeM ypaBHeHUs nuddysuu,
3aMMCaHHOro B Hanbosiee 00IIe U KOPpeKTHOU (popme, MpUHAJISKAIIEeH, TT0 BCEH BHIMMOCTH,
nepy b. Pumana [2, 3]. IlapaGonuyeckoe ypaBHEHHE TEIJIONPOBOIHOCTH (nuddy3un)
NPECTaBICHO UM B BHJIC

50 (sp, U] U @

Sox 2 o, ) o
rae U — remneparypa (KOHUEHTpaUus), X; — I€KapTOBbl KOOPJAUHATHI, ¢ — BpeMs, Dl.j -

ko3 dunmentsr termonpoBogHocTH (Auddy3un), sBsrommecss (QyHKIUSAMH KOOpPAWHAT U

BPCMCHH.
Ta

Y~

4 t, ts

Puc. 3. ®deHomeHonornyeckas KpuBasi npoTekaHMs npouecca MacconepeHoca
OMHapPHOWM XNAOKOCTH

PumaH mcnoiap3oBall B CBOEM peuIiCcHUU HE JACKAPTOBY CHCTCMY KOOpAWHAT, a4 CUCTCMY
koopauHat Jlame [4], CBSI3aHHBIX C JAEKAPTOBBIMU KOOpPIUHATAMU YEPE3 TPUTOHOMETPUUYECKUE
(YHKLINU 3JUIAIICA COOTHOLICHUSMHU

X, = ¢,Snu,Snu,snu;,

X, = ¢,Cnu,Cnu,cni;, (2)

x; = c;dnu,dnu,dnu;.
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B Ttakoii koopaumHaTHON cucTeme mapabonuueckoe audQepeHnanbHOe ypaBHEHUE B
YaCTHBIX TpOoM3BOAHBIX (1) pacmamaercss B CHCTEMY, COCTOAIILYIO W3 TpeX OOBIKHOBEHHBIX
muddepeHIMaTbHBIX YpaBHEHU JIame ¢ HecTallmoHapHOCThIO MIEPBOTO MOPSIIKA

2
_28(1 B 82)dsnu de _ : d sr21u _dD,, dsnu _ D, jsnu,
de dt du du du
denu de d*cnu  dD,, denu
_2¢1 = &2 Yo _ _ 22 -D , 3
{1~ de dt 2 dai du du M )
2
_28(1 _Sz)ddnu de _ D, d a’zzm _ dD;; ddnu ~ Dy dnu.
de dt du du du

Ilogxon Pumana He mOIy4MII JadbHEWINErO pa3sBUTUA II0CIE€ CMEPTH aBTOpa, U
TPAaJULIMOHHBIE PELICHUs MNapabdoiIuyecKuX ypaBHEHUH JudQy3uu M TEIUIONPOBOJHOCTH
NONYYAIOT B MPEIOJIOKEHUN, YTO KOO(QPUUMEHTB nepeHoca D, SBIAIOTCS BEIMYMHAMH

MOCTOSITHHBIMM, HE 3aBUCSIIUMHU OT HAIPaBJICHUS M KOHIEHTpaIuu (Temrepartypsl) [5—7]. D1o,
OUYEBUJHO, HE TAK, YTO MOATBEPKIAETCS BUAOM KpUBOi Ha pPuc. 3.

PaccMoTpuM reoMeTpuro M30MOBEPXHOCTEW B aHU30TPOIHOM TEJIE, UMEIOLEM TOUYCUHBIN
ucToyHuK Termina wiu auddysum [8]. OueBHOHO, YTO ATH TOBEPXHOCTH —HBIUIMIICOMIABI C
U3MEHSAIOIIMMCS 3KCIIEHTPUCUTETOM M BEJIMYMHOW TJABHOM OCH, MOAOOHBIE DJUIMIICAM,
n300pakeHHbIM Ha puc. 4. Takoe mpeacrapneHue sBseTcss Hanbosee OOIUM U JOHKHO OBITh
MOJIU(PHUIIMPOBAHO B KAXKIOM KOHKPETHOM CIIydae ¢ Y4eTOM HaudalbHBIX M TPAaHUYHBIX yCIOBHU
3amaun. Tak, B paccMaTpuBaeMOM HamH ciiydae oJHoMepHou nuddysuu, mpoiecc onuchBaeTCs
OJIHUM U3 ypaBHEHMI cucTeMbl (3), OTpakaloIlUM JBHKEHHE H3HAYAJIBHO IIOCKOro (poHTa

muddy3uu.

Puc. 4. N3onoBepXHOCTN B @aHM30TPOMNHOM Tese

HOCTpOI/IM I[I/I(l)(l)epeHLII/IaHBHOG YpPpaBHCHHE, OIIUCBIBAIOMICC 3SBOJIIOIHUIO JJIIUIICONAA C
SKCHCHTPUCHUTCTOM €; B JJIIIUIICOUT C 3KCHCHTPHUCUTCTOM &, . I[J'IH 9TOI'0 HGO6XOI{I/IMO B34ATb

NPOM3BOJIHBIC OT TPUTOHOMETPUYECKUX (DYHKITHI AJITUIICA TIO AKCIICHTPUCUTETY B BHJIE

B e ) e
denu de d* d\
—28(1—82) ZI;Mi:#—Z(Z—SZu) ;l;u —cnu; 4)
o)A e A () A,

de dt  du® du
rae Z(u) —spmurtoBa Z — dyHKuus SIkoOu, 10mycKaroIias mpeICTaBIeHUEe B BUJIE

Z(u) = j{.azsnzudu . (5)
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CpaBHUM Tenepb KOA(QQHUIMEHTHI, CTOALIME MPH YJI€HaX B YpaBHEHMAX CUCTEMBI (4) c
kodpuimentamu D, B ypaBHenun aupdysuu B ¢dopme (3). OOparum BHMMaHME Ha

KO3 PUITUEHT, CTOAIINN TTPU TIEPBOM MPONU3BOTHON OT TPUTOHOMETPUIECKON (QYHKIIUU AJUIHATICA.
CpaBnuuB BeipaxkeHus (3) u (4), MOXKeM HamucaTh
i _ 57— ). 6)
du
WuTerpupys 3T0 BhIpaKeHHE, MOKHO HaWTH KOA((UIMEHTHI MPU BTOPHIX MPOU3BOIHBIX,
T... UWHTEpecylomme Hac KOdPOUIMEHTH TerionpoBogHoctd (muddy3un), W caenarhb

MPCAIIOJIOKCHUA O XapaKTepE NX U3MCHCHMUS:

D, = 2j(Z—szu)du - 2{(1—%—82)1/[2 +1n94(u)+}rB. (7)
7 %
3nece K = J‘L u E= jﬂl—az sin’ d¢ — JeiiCTBUTENbHBIE TIONHEIE
o A1—¢&>sin’ @ 7
ammuntuyeckue uHterpansl I w I poma, 6, — O-dynknus Sxobu, B — mnocTosHHas

MHTETPUPOBAHUSI.

Bripaxkenue (7) mnokasbiBaer, uto KodpduuueHT auddys3un (TErIonpoBOAHOCTH),
BKJIIOYaeT B ce0si, KpOME IOCTOSIHHOM, amlepuoJUYEeCKyl0 COCTaBISIOLIYI0 W HE SBISETCS
MOCTOSTHHOM BETUYHUHOM (cM. puc. 3).

[Tonyuennoe BeIpakeHue i Kodhdummenta auddy3un XOopomio Ccorjacyercss ¢
pe3ynbTaTaMu 3KCIIEpUMEHTA, a pa3pabOTaHHBIA MaTeMaTHYECKH anmapar JaeT BO3MOXKHOCTb
AQHAIUTUYECKOTO OMHMCAHUS MPOoIecca HETPAHCISIIIMOHHOTO MAacCONepeHoca B KUAKUX CUCTEMAax
C 3apaHee 3a/laHHbIMU cBoicTBamH [9, 10].
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OIMMCAHHUE 1 OBOCHOBAHHUE MOBEPOYHOI CXEMBI
11 CEUCMOITPUEMHUMKOB

HN.B. Crenanos

[IpuBeneHo omnucaHue CXeMbl MOBEPKH CEeHCMOINpPUEMHHUKOB. [IpencraBieHbl MOBEpOUHAsl CXeMa M CTPYKTYpHas
cxema komrekca [IBM — 9TAJIOH - PABOUYUE CPEJICTBA U3MEPEHUU.

HekoTopeie BOIpOCHI METPOJIOTMYECKOT0 O0ECHedyeHHusl CEMCMOpa3BEAKU 10 CHUX IOp
OCTaIOTCSl TUCKYCCUOHHBIMH [1, 2, 3] 1 IpUBJIEKalOT BHUMAHHUE IIIMPOKOTO KPYyra CIEIUAIUCTOB,
4qTo OGYCJIOBJIGHO SHAYCHUCM MCTOAA IJIA U3YUCHUSA HCAP U MOUCKOB IOJIC3HBIX MCKOIMACMbIX (B
NepBYI0 ouepebr HeTH U ras3a).

PT- POT-1

-1

POT-

il

Meron Meron Meron
MPSMBIX MPSIMBIX MPSIMBIX
H3MeEpEeHU HU3MepeHuil U3MEpEeHUI

-

—

1

+

POT-2

POT-2

POT-2

Meron Meron Meron
CIINYEHU CIIMYECHUS CIIMYECHUS
\_/
Bub6po Benocn Bubpoakcen Ceiicmo- Ceiicmo-
METPBbI MCTpPbI €pOMETPEI IIPUEMHUKHU MPUEMHUKHA

Puc. 1. TloBepo4vHas cxema ans CeMCMONPUEMHMKOB

CeiicMONIpUEMHHUKH — TIpeoOpa30oBaTeId MEXaHHMUYECKUX KOJEOaHUN B SJIEKTPUUYCCKUE —
SIBJSIOTCSI BAXKHEUIITMHU DJIEMEHTAMH HU3MCPUTCIIbHBIX ceiCMHUECKNX KaHaJIOB. HQCMOTpH Ha ux
3HAYUTENIbHOE KOJIMYECTBO JlaX€ B KOMIUIEKTE OJHOM CEHCMOCTaHLIMU U ILIUPOKOE
reorpauecKkoe paccpeoToueHHe, HeoO0XO0IUMO O00eCHeyuTh JOCTOBEPHOCTh M EAMHCTBO
pe3ynbTatoB u3MepeHuil ux mapamerpoB. OOBIYHO 3TO JOCTUTAETCA IMyTEM IEHTpalIU3aliu
BOCTIPOM3BEJICHUS Pa3MEPOB COOTBETCTBYIOIIMX EAMHHII M3MEpeHUd. B nmanpHeilem naHHbBIE
CAWHUIBI IEPECAA0OTCA HUKCCTOAIUM 10 TOYHOCTH CPEACTBAM I/ISMepeHHfl.
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[Topsimok BocIpou3BeACHUS M NEpeaud pa3MepoB €UMHULL OT paboyuero 3TajoHa NepBOro
paspsaa CONOTUMHEHHBIM MO TOYHOCTH ATAJIOHAM M Janee — padoyuM CcelcMONpHUEMHUKAM
periaMeHTHpYEeTCs OBEPOUHOM cxeMoii (puc. 1).

Bo rnaBe moBepouHOil cxembl cToUT padoumit stanoH | paspsna (POT I), xotopsiit
SIBJISIETCS HAaUBBICUIMM B OTPACIH CPEACTBOM BOCIPOU3BEACHUS €MHHULL JUIMHBI — M, CKOPOCTH —
M/C B yCKOPEeHHUs — M/c” TIpH KoyeGaTenbHOM ABHKCHHH TBEPIOTO Tela B guanaszone 1300 'y u
nepeaaun pasMepoB ATux enuHun. [lo cymectBy, POT 1 sBisercs BBICOKOTOYHBIM
BUOpOCTeHIOM. TeXHUYECKHE XapakTepucTuku nanHoro BuOpoctenna POT I, a Taxke POT 11,
pabouux CpeaCcTB U3MEPEHUH YaCTUYHO NPUBEACHBI HA IIOBEPOUYHOM CXeMe M HUXKE B ONHCAHHH.

ConomguunennbiMu POT 1 mo tounoctu ssisitorcss POT 1I. Onum mpencraBisitoT coOoit
TIIATEJILHO OTOOpaHHbIE U U3yUYEHHbIE CEHCMOAATUMKH ¢ OOJIBLION CTENEHbIO 3aTyXaHUs (THUIMA
CBVY-1).

IToBepke nmoanexar:
aMIUIUTYTHO-4YaCTOTHAsl XapaKTePUCTHKA;

KkoadduimeHT npeoOpa3zoBaHus;

(ha30BO-4aCTOTHAS XapaKTEPUCTHKA;

coOcTBeHHas yacToTa (4acToTa COOCTBEHHBIX KOJICOAHHMN ),
CTENEHb 3aTyXaHHUS;

OTHOCUTENBHBIN K03()(PUIIMEHT monepeyHoro nNpeoopa3oBaHus;
KO3 QHUIIMEHT HETMHEHHBIX NCKAKEHUH CEHCMOTIPHEMHUKA;
MaKCUMaJIbHBIN BBIXOJHOM CUTHAJ;

9. aKTMBHOE CONMPOTHUBIIEHUE KATYILIKH;

10. mpenenbHBIN yroi HaKJIOHAa CEHCMONPUEMHUKA.

JlanHble TTapaMeTpbl JOHKHBI ObITh U3MEPEHBI B CIEIYIONIMX JUana3oHax U C yKa3aHHOU
HKE TOYHOCTBIO:

a) codbcTtBeHHas yactota — oT 5 110 30 ['1y ¢ morpemHocTbo He Ooiee 2 %;

0) cremneHsb 3aTyXaHusi — OT 3 10 8 ¢ MOrpeUIHOCThIO He boutee 2 %o;

B) ko3¢ dumment npeodbpazoanus — ot 0,05 no 0,2 B/(m/c) ¢ morpemHocThI0 HE Oolee

e A ol e

3 %;

r) ko3 dunueHT HenuHeHbIx nckaxennd — 0,02 no 0,15 % c¢ morpemrHOCTBRIO HE Ooltee
2 %:;

n) cornpotuBieHue katymku ot 500 7o 1500 Om ¢ morpemrHocThiO HE 60s1ee 2 %.

Bpemst moBepkH Mo KaxJIoMy HapamMeTpy IODKHO ObITh B CpelHEM 5 MHUH., HE CUMTas
BPEMEHU YCTaHOBKH Ha I1atopmy.

ITpu nosepke POT II ycranaBnuBaercss Ha ruiatgopMmy BUOpocTeHaa. Jlajnee ¢ MOMOUIbIO
BuOpoctenna koprycy POT II 3amatorcs TpeGyembie BO3ACHCTBUS, a Yepe3 aHAIOro-IU(PpOBOH
npeobOpazosarens (ALIT) orknuk POT II (celicMonpuemuuka) BBoautcs B [[BM. B nanpHeiimem
IPOM3BOIUTCS 00paboTKa MHPOPMAIIMH C IIETBI0 MOJyYeHHs] 3HAYCHUH BBIIICTICPEUNCICHHBIX
napaMeTpoB M UX ciudeHus. [l NJOKyMeHTHpOoBaHUs MH(pOpMalMs BBIBOAUTCS HA MPHUHTED.
Cesi3u LIBM ¢ POT [, POT Il u pabounmu cpeacTBaMu U3MEPEHUN MTOKa3aHbl Ha pUC. 2.

B paboTe moBepoYHON CXEeMBI HCIIONB3YIOTCS J1Ba MeToAa u3MmepeHuil. [lepBoiii — 0OBIYHO
IPUMEHSEMbII METOA MpsMbIX U3MepeHui. IIpu ero ucrnosb30BaHUKM BOCHPOM3BOAAT (3aal0T
Ha BXOJl MpuOOpa U OJHOBPEMEHHO H3MEPSAIOT) €IMHMIY NpsAMbIMU MeToaamu. [Ipu BTOpOM,
Ha3bIBAEMOM 3/1€Ch KOCBEHHBIM METOJIOM, BBIXOJHOM CHUTHaJl CEMCMONpPHUEMHHKA H3MEPSIOT
TaK)KEe MPSMBIM METOIOM, a 3aJAI0T IIyTEM BO3JEHCTBUS NMPSMOYTOJBHBIX MMITYyJIBCOB TOKA Ha
IIPUEMHYIO KaTylIKy ceficMoJaTuuka. DTOT C0c00, €IMHCTBEHHO MPUMEHUMBIHN B F€0JIOTHHU U3-
3a Majoro Beca M rabapuTOB NPUMEHSIEMOro OOOPYAOBaHMS, a TaKXe €ro MPOCTOTHI, YXKe
noxyuui ogoopenue B Ctannapre EBpo-Asuarckoro reopusnieckoro odmectna [4].
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[IBM

Bxognoii Brixognoi

—» IMpunTep

UHTEpQEHC UHTEpPEHC

POT-1 POT-2 PCH

Puc. 2. Cxema cBsizen LIBM ¢ POT-1, POT-2 n paboummun cpegcrsamm namepeHuni

Cpenu TEXHHYECKHX CPEICTB Ul KOCBEHHOIO METO/Ja W3MEpPEHHH IapamMeTpoB
CEMCMONPUEMHUKOB M3BECTHBI XOPOIIO 3apEKOMEHI0BaBIIME ceOsi Ha mpakTuke Tectepsl SMT
100, SMT 150 (I'omnmanmust). Ho mis ux mpuMeHEHHMs, KaK CJIEAyeT W3 BBIIIECKa3aHHOTO,
TpeOyeTcs aTTecTalys 3TOro METoAa MPSIMBIMH METOIAMHU.
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PA3ZPABOTKA METOJA U3MEPEHMIT IAPAMETPOB
CEVICMONIPUEMHHUKOB C BBIXOJTHBIM CUTHAJIOM,
MPOMOPLIMOHAJIBLHLIM BTOPOI TPOU3BOIHOM
MEPEMEIIEHWI CPEJIbI

N.B. Ctrenanos

[IpuBeneH 0030p CyHIECTBYIOIIMX METOJOB OIPEICICHUS] I1apaMeTpoOB CEHCMONPHEMHHKOB. [IpencraBiieHb
0a30BbIC YpaBHEHHS MJIsI BBIUUCICHUS IAPaMETPOB CEHCMONPHEMHHUKOB CO CTENEHBIO 3aTyXaHUs BBIIIE
KpHUTHYECKOI. BBIOpaHbl METO B! ONpe/iesIeHNs] TAPAMETPOB TAKUX CEHCMOIPHEMHHKOB.

BBenenue

CelicMopasBenka MpeacTaBisieT Cco00OMl  COBOKYIMHOCTh  METOJIOB  HCCIEIOBAHUI
T€0JIOTHYECKOTO CTPOCHHS 36MHOI KOpBI, OCHOBAHHBIX HAa M3YYCHHH PACIpPOCTPAHEHUs B HEH
YIOPYTUX BOJH, BO30YX/IaeMbIX KAKUM-THOO HCTOYHUKOM CEHCMUYECKUX KOJIeOaHHH.
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Ilepemenienue yacTul cpelpl, KOTOPBIE BbI3BAHBI BO3JCHCTBUEM CEMCMHUYECKUX BOJIH, IO
CyTM — MEXaHUYECKOE SBJIICHHE, KOTOPOE XapaKTEPU3yeTCs CKOPOCTBIO M YCKOPEHUEM
KOJIEOATENbHOTO  JBM)KEHUS ~ YacTHLl  OTHOCUTEIIBHO HUX  PAaBHOBECHOTO  COCTOSIHMSL.
HenocpencrsenHoe wu3mepeHue STUX BEIWYUH mpoOsieMatuyHo. [lostomy ans stoil menu
ucnonb3ytorcss natdauku  (cedicmonpuemHuku — CII), mnpeoGpasyromue KojedaTelbHbIE
JBWKECHHST YacTHUL] CpeAbl B DJJIEKTPUYECKHE CUTHAIBI, MPONOPUUOHAIBHBIE CKOPOCTH WIH
YCKOPEHUIO ITUX ABM)KECHUU.

B nHacrosmiee Bpems B Poccuu u 3a pyOexoM Mpu NPOBEJACHUH CEHCMOPa3BEIOIHBIX padoT
HauOoJblllee  MPUMEHEHHE  HMMEIOT  CEHCMONPHUEMHUKHM € BBIXOJHBIM  CHUTHAJIOM,
IIPONOPLUOHAIBHBIM [IEPBOM IPOU3BOJIHOMN NIEPEMELICHUIN TIOBEPXHOCTH, M CTEIICHBIO 3aTyXaHUs
MEHEE CIUHULIBL.

[ToBbllIeHNE pa3periaeil CHoCOOHOCTH CelcMOpa3BeAKU TpeOyeT CO3AaHMs HOBBIX
NEepBUYHBIX MpeoOpa3oBareneld, o0ecneynBarouX B IUPOKOM JAHANa30He 4acTOT JIMHEHHOCTh
aMIUIUTY/IHO-YaCTOTHOM  XapakTEpUCTUKHU, 4YTO  MOXET  ObITb  JOCTUTHYTO  IpHU
IIPONOPLHOHAIILHOCTHA BBIXOAHBIX CUTHAJIOB BTOPOMl MPOU3BOJHOMN NMEPEMEIICHUN TOBEPXHOCTU
uccneayemoit cpensl [1]. B momoOHBIX ceficMOnpreMHHKaX MPOINOPLUOHATBHOCTh BBIXOJHOTO
CHTHaJIa BTOPOM MPOU3BOJHON BXOJAHOTO MEPEMEIIECHHS TOCTUTAECTCS 32 CYET BHICOKOW CTEIEHU
3aTyXaHHsl, MPEBBIIIAIOIIEH KPUTHUECKOE 3HAUYEHHUE, TPU 3TOM pabouuii YaCTOTHBIM AMAaIa3oH
TEM IIUpe, yeM OOJIbIlIe CTENEHb 3aTyXaHusl.

JIist CEICMONIPUEMHMKOB CO CTEIIEHBIO 3aTyXaHWsI MEHEE €IMHULBI CYILECTBYIOT METOIUKHU
U amnmaparypa Ui ONpeAcsIeHUs MX IapaMeTpoB. Bce 3T METOApl B OCHOBHOM CBOZATCA K
UCCIICIOBAaHUIO TEPEXOJHOM XapaKTEPUCTHUKU CEUCMOIPHEMHUKA, IPEJICTaBIAIONIeH co0on
3aTyXawlIly cuHycouny [2]. Y HOBBIX CEHCMONPUEMHUKOB IEPEXO/AHAs XapaKTepHUCTUKA
ABJIETCS alIEPUOIUYECKOM.

B cBsi3u ¢ 3THM BO3HHKIIA HEOOXOIMMOCTH Pa3paOOTKH HOBBIX METOOB OIPEIEICHUS
[IapaMeTpPOB CEHCMOIPUEMHUKOB.

Onucanue 1 000CHOBAHHE METOa U3MepeHHu

Pa3zpa®oTka MeTOI0B M3MEpPEHUI MapaMeTpoB CEHCMONPUEMHHUKOB C OOJIBIION CTENEHbIO
3aTyXaHHsI OCIIOKHACTCS CIEAYIOUMMH (haKTOPaAMH:

1. Ilpu onpeneneHuu mapaMeTpoB CEHCMONPUEMHUKOB (YaCTOTBI COOCTBEHHBIX KOJIEOaHUH,
CTENEHM 3aTyXaHHs U T. JI.) HEBO3MOXHBI MpsiMble U3MepeHus. OcTaeTcsi BO3MOKHOCTb
OTIpeIeNIeHNUs 3TUX MapaMeTPOB 0 pe3yJibTaTaM U3MEPEeHUs BbIXOAHBIX curHanos CII.

2. Omgnako mipu OOJBIIONW CTEMEeHW 3aTyXxaHus BbixoaHble curHansl CII HacTonmbKO
U3MEHSIOTCS, YTO CTAaHOBUTCS HEBO3MOXHBIM MCIOJb30BAaTh CYLIECTBYIOIINE METOJIbI
(Mo 3aTyxaHWIO CHUTHAJIOB CBOOOJHOTO JIBHXKEHHS, IO HAOJIOJEHUSM MaKCUMYMOB
BBIXOJHBIX CUTHAJIOB CBOOOJHOIO ABUKEHUS U T. 11.).

3. HcnelTarenpHas — ammaparypa  3adacTyl0 — HETpaHCHOpTaOelbHAa  M3-32  CBOUX
MaccorabapuTHBIX IOKa3aTeeH.

Pa3paboTaHHblil METO/I OCHOBAH HAa M3MEPEHUSAX BBIHYKJIEHHOIO JBM)KEHUS U 00pabOTKU
pe3yJbTaTOB TaKuX HU3MepeHus. PaccMOTpUM naHHBIH METOJl Ha NpuMepe celcMoMeTpa C
NIACCUBHOM KOPPEKIMEH, YCTAaHOBJICHHOTO Ha BHOPHPYIOIIEM OCHOBAaHMHM ¢ dYacToToil f (0e3
NEKTPUUYECKUX OOpaTHBIX CBs3el). YpaBHEHME ABWKEHHS UyBCTBHUTEIBHOTO 3neMeHTa (UD)
TAKOTO CEMCMOMETPA UMEET BU/I:

mx”+ hx’+ cx = maw’ sin ot = 0, (1)
rae  m—macca U3; x - nepemerenue U9; x”’u x’— yckopeHue ¥ CKOpocTh nepemernienus Y9;
h — koapdunuent aemmdupoBanus U3, nponopuoHanbHbId X% ¢ — K03(pduuueHT ynpyroro
conpotuBiieHuss YD; ¢ U ® — aMIUIMTyJa M KpyroBas 4acToTa FapMOHUYECKUX KoJjeOaHui
KopIryca npubopa ¢ 4acToTou f.

VYpasnenue (1) npu m06s1x napamerpax CII ynoOHo paccmaTpuBaTh B BUJE:

x”7+2 [+ 0’x = aw’ sin ot (2)
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h y y
rpe —= 2B HMECT CMBICII YABOCHHOM CTCIICHU 3aTyXaHUS, 0)02 - KBaapar COOCTBEHHOI
m

YacTOTHI; [3 - CTENeHb 3aTyXaHusl; @ — aMILTUTY 1a IepeMelIeHHs Kopiyca mpudopa.
Pemenwe (2) u3BeCTHO, B TOM YUCIIE U MPHU 3HAUUTENbHOM nemiipupoBanuu [3]. [Ipu oy

>[ BBIHY)KACHHYIO COCTaBJISIONIYIO IBHKEHUST YD MOXKHO 3amucarh B BUJIE
2

x= 4o sin(ot + 1) - 3)
V(@ - ")’ —4po’
IIpu 3TOM
2Bw

y=arclg——— , 4)
(n

— mé
rae y — ¢a3a BEIHYXJICHHBIX KOJICOaHUH.

CBoOonHast cocTaBisiiolas JBMKEHUS YD 3aBUCUT OT HEONPEAENCHHbIX HadalbHBIX
YCIOBHH X M X9 U 3aTyXaeT. BbIHYKIEeHHbIE COCTaBIISIOIIME CTAIIMOHAPHBI, TaK KaK KOJeOaHHs
C YacToTOl M>27f MOXXHO TOJJIEPKUBATH IMOCTOSHHO, YCTAaHABIIMBAs, HampuMmep MpuOop Ha
BUOpOCTEH/. 3aMeTUM, uYTO BbIpaxkeHHe (3) MpeAcTaBiseT COOOH  aMIUTUTYAHO-YaCTOTHYIO
XapaKTePUCTHKY, a (4) — (pa30-4aCTOTHYIO XapaKTEPUCTUKY MTpHOOpa.

Tenepp mnepeliieM K caMOMy METOLY OINPENCIICHUN HEU3BECTHBIX IapaMeTpoOB I10
pe3yabpTataM u3MepeHuit BoIxoaHbIxX curnanoB CII. IIpenmonoxxum, uto usmepeHs! Gassl Yy, W
BBIXO/IHBIX CUTHAJIOB JIJISl 4aCTOT M1, . TOra KMeeM CUCTEMY ABYX YpaBHEHHI:

2Bo,
arctg —— =V,
®; — 0,
)
2B

arctg——=5 =V, .

2 0
PemmB cucremy (5) OTHOCHTENBHO Mg U 1, MOTYYUM 3HAYEHUE COOCTBEHHOM YacCTOTBHI
CII u crenienn 3aTyXxanus f3.
[lepeiinem Temepb K 3amucu aMmruutynael. M3 (3) HeTpynHO NOIY4YHTh ypaBHEHHS IS
HAXOXJICHUS Mg U [3:

a,0, =cd,,
V(2 —07) +4pw?
6)
2
a,w, oA,

V(@ —02)? +4p0:

rie ¢ — Ko3(QQUIMEHT A TNpHUBEIEHHUs pe3yJIbTaToB H3MepeHHs (OOBIYHO B BOJIBTAX) K
IIEPEMEIEHUSAM.

PasmMepHOCTBH ¢ MOXHO 3amucarb B BUIE LV'; a1, a; 3nauenns [EpEMEILECHUS CTOJIa IIPU
4acToTax ® = ®; U ® = . Pa3nenus npaByro 4acTh Ha ¢, MOJIYYUM CHUCTEMY YPaBHEHMS IJIS
onpeneneHust o u f. [Ipu aTOM npeanonaraercst 3HaHue a;, A;, A,.

Takum o0Opa3oMm, MepBBI METOJ OCHOBAaH Ha HCIIOJB30BaHUM BHOPOCTEHAA, TaK Kak
HEOOXOIMMO 3HaTh JCHCTBUTENbHBIC 3HAUCHUS a; U a. Bropoil merox He TpeOyer 3HaHHUA
NEHCTBUTENBHBIX 3HaYeHW a. OH OCHOBaH Ha BO30YXXJeHHH UD TapMOHUYECKHUM CUTHAIIOM,
HalpuMep, IyTEM BO3JEHUCTBUSA Ha HEro 4epe3 Karymky. IIpy 3ToM cHiapHO ympoaercs
anmnaparypa, Ho IO-TIpeKHEMY pelaeTcs cucteMa ypaBHeHuil (5). [Ipu 3ToM MOXKHO onpenenuThb
o, B, PUX u apyrue napameTpsl.
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MEXAHUM3M PACIHIPEJAEJIEHUA BPEJIHBIX OTXO10B

HA ITOBEPXHOCTHA
B.A. UBanos, 10.B. XoxJioB

[Ipenmnonoxum, UMeeTcs: MPOU3BOJICTBO, OCTOSIHHO BBHIOPACHIBAIOIIEE B BO3IYX BPEIHbIC
orxofpl. CrnenuanucTsl, MPOEKTUPYIOIIUE JaHHOE IPOU3BOJACTBO, IOJAral0T, YTO BbIOPOCHI
OyIyT MpUMEpPHO B PaBHOHM J0JIe pacmojaraTbCs MO CYIIECTBYIOLIEH B JTaHHOM pailoHE po3e
BETPOB, U B 3TOM OHHU [ONYCKAaIOT CYLIECTBEHHYIO omMOKy. YacTb BpeOHBIX BBIOPOCOB
JECTBUTENFHO PACHPOCTPAHUTCS B ONMDKHEH 30HE MO MEpUMETPY MCTOYHHUKA 3arps3HEHus, a
CyIIECTBEHHAs: 4YacTh OyJneT oOTHeceHa (OCaxkeHa) IO JIMHWM HauOOJBINET0 TpaJueHTa
IPAaBUTALIMOHHOTO TOJs. Best rpsize OyZeT pacnpocTpaHSAThCS B HalpaBICHUM HauOOJBIIUX
3HA4YEHUH MOTEHLIMaIa IPaBUTALIMOHHOTO I10JIs, KOTOPble MOYKHO Ha3BaTh 30HAMHU HAKOIUIEHUS, a
30Hbl HAMMEHBIIETO 3HAYEHHUS TPABUTALMOHHOTO MOTEHIMANa SBIISIOTCS 30HAMHU BBIHOCA
(pazyboxxuBanus). Takum 00pa3zomM, MOXKHO C/IENIaTh CIACAYIOIINE BBIBOIBI:

1. Ecim y Hac BO3HHMKIA HEOOXOIMMOCTh BBIOpATh MECTO JJISi KaKOro-au0o MPOM3BOJCTBA C
BpPEIHBIMU BBIOPOCAMH, TO Mbl JOJDKHBI B NEPBYI0 OYepelb M3YYUTh B JIaHHOM paiioHe
IpaBUTALlMOHHOE T0J€ 3eMiM (C y4eTOoM €ro Bapuanuil) U IOCMOTPETh, B KaKHUX €ro
npezenax HaXoAATCsl HACEJIEHHbIE ITYHKThI U 30HbI dKU3HEIEATEIbHOCTH.

2. Ecniu HaM HEOOXOOMMO pa3MECTUTh 3aXOPOHEHHE BPEIHBIX BEIIECTB, TO €ro HY>KHO
PAaCIIOIOKUTh B 30HE HAWOOJIBIIEr0 TPAaBUTAIMOHHOTO MOTCHI[MANA (30Ha HAKOIUICHHS), a
TaKXKe€ pacCMOTPETb BO3MOXKHOCTh IHIICH(POBBIX BHIOPOCOB BpEIHBIX BEIIECTB OT
3aXOPOHEHHUS, YTOOBI UCKITFOUUTh BO3MOKHOCTB 3apPaKEHUS 30H KU3HEAEATEIIbHOCTH.

OTH yCIOBHS HYXXHO COOJIOJaTh HEYKOCHHUTENIBHO, TaK KaK aOCONIOTHO HaJEXKHBIX
yOexuIl He ObIBAaeT, a IPaBUTALIMOHHOE 10JI€ 3€MIIM BCE BPEMs BapbUPYET M HAIOMUHAET CBOMM
JieicTBUEM 30JI0TOMCKATENs, B JOTKE MPOMBIBAIOIIErO 30510T0. KcTatu roBopsi, MOXKET ObITh,
MOSTOMY TPOUCXOAUT OOOTAIllEeHHE XBOCTOBBIX OTBaJOB OT TMepepadOTKH JparoreHHbBIX
METAJUIOB.

B cBs13u ¢ M3/10’)KEHHBIM Ha CETOIHSIIHIUA MOMEHT, TTO-BHIUMOMY, HEOOXOIUMO TIPOBECTH
PEBU3HIO MECTOIOJIOKEHUH CYIIECTBYIOIUX BPEIHBIX MPOU3BOJACTB M XPAHUIIUL OTPABIISIOIINX
BEIIECTB.

B kauectBe mpumepa MOXKET MOCIYXUTh 30Ha SMaHAllUM BpEIHBIX BEILECTB,
OTpe/ICNIEHHBIX 10 CHEXXHOMY ITOKPOBY B paiioHe cBajku XxuMuueckux Bemiects "KpacHsbiit bop",
Jlenunrpanckas o6nacts [1]. Ha puc. 1 ueTko BHIHO, YTO BOKpPYT 3aXOPOHEHHsI PaCIONI0XKEHO
JIOBOJIbHO PAaBHOMEPHOE MSTHO TPEX THUIIOB 3arpsi3HUTENEW, U MOYEMY-TO Ha CEBepo-3amaj
OTXOAMUT HUIeH( 3TUX K€ TpeX KOMIIOHEHTOB, HO 3TO KaK pa3 SBISAETCS HaIPaBICHUEM
IpaJueHTa rPaBUTALIMOHHOIO MOJIS.

Ecnu paccmarpuBate nocieactBus aBapuu Ha YepHoOblibckoit ADC, To 31ech Hanbosee
ApKO OTpa3wjach JaHHas 3aKOHOMEpPHOCThb. bonblias dvacTe BbIOpoca ylula B CEBEPHOM
HanpasieHuu oT YADC, T.e. 0 HaNpaBJICHUIO YBEIHMUEHHs TPAaBUTALIMOHHOTO MOJI 3€MJIH.

CraenaeMm MOTBITKY PacCMOTPETh MEXaHU3M IOCIIeACTBUS UepHOOBIIBCKOW aBapuu.

B pesynbrate B3phiBa 3HeproOinoka Ha YepHoObuibckoli ADC B arMmocdepy moa
BO3/JICHCTBHEM  MOIIHOTO HWMIyJbca OBUIO  BBIOPOIIEHO 3HAYUTEIBHOE  KOJHYECTBO
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PAAUOAKTUBHOI'O BCUICCTBA, COCTOABIICTO H3 OTACIBHBIX (bpar MCHTOB (OT MaTCpUaJIbHBIX
00JIOMKOB 10 Ta3000pa3Horo cocrosiuus). [locne mpekpamieHus AeMCTBUS SHEPTUU B3phIBa Ha
9TOT KOHIJIOMEpaT 4YacTb, KOTOpas MpelICTaBisuia cOOON KPYMHBIE M CpedHHE OOJIOMKHU
CTPOUTENBHBIX KOHCTPYKILIMH, Olaja B paJnyce B3PHIBHOIO KamyduieTa, KpyHMHONbUIEBAasS — B
30He OJIM)KHETO 3apakKCHWs, a TOHKOJUCIIEPCHAs CyOCTaHIWs, OJHM3Kas IO IUIOTHOCTH K
IJIOTHOCTH OKpyXkatomiei armocdepnl, kak "CuszudoB kameHs", Hayana JIBWIKEHHE TIO
HAKJIOHHOM MOBEPXHOCTH, CKATHIBAsICh C Tropbl. ['Opor0 B JTaHHOM clyyae SIBISUIOCH 3HAUYCHHE
TpaBUTAIMOHHOT'O IIOTCHIIMAJIa IlaHHOfI TOYKU IIOBEPXHOCTHU 3€MJ'H/I, a HaKJIOHHOH
MOBEPXHOCTHIO €My CIYXHJI TPaJAMEeHT TPaBUTALMOHHOTO IMOJig 3€MJIM, T.€. HaIpaBlieHUE
M3MEHEHHs ATOr0 MOTEHIMaNa OT MEHBIIIUX 3HAUYEHUH K OOJBIINM, HO B CEBEPHOM MOTYIIAPHH.

VCJIOBHBIE OBO3HAYEHHA
¢

i rexcax10pOe3010N),

e seraniawn ( Cd, Cu, Cr)
B Thepioli dase

a) e Mecra otGopa npo6

6) o a) 1996 6) 1991

3xk 118 CARMTApHO-3AIINTHOT
20Hb a

Puc. 1. CBogHas cxema pacnpeieieHus 3arpsi3HeHUN CHEKHOTO IIOKPOBA OCHOBHBIMU
ToKcuHaMu nojiurona "KpacHerit 60p" mo ganHsiM cHeromeTpu 3a 1996 u 1991 r.:
M 1:25000, cTpenka yka3plBaeT HalpaBJIE€HUE TJJaBHOTO MOMEHTA

[To mepe nBuxkeHUS (MOXKET OBITh, B COOTBETCTBUU C pa3MepaMH YacCTHIl UM MJIOTHOCTH
BEIIECTBA) HA OTICIbHBIX AHOMANBHBIX YYacTKaX TOJisI TPABUTAIUU  TPOUCXOIUIIO
OCaJIKOBBIMAICHUE (MATHA 3apakKeHHs) JO IOJHOTO HCTOIICHUS paJHallMoHHOro obOmaka. B
JAHHOM TPOIIeCCe pacHpe/ielieHUs] OCaJKOHAKOIICHHUS, M0 BCEH BUAUMOCTH, JOJDKHBI ObUIH
MPUHSTH Y9acTHE KaK MAarHUTHOE IMOJie 3eMJIM, TaK U €r0 3JIEKTPOMArHUTHBIE COCTAaBJISIONINE,
HO BJIMSIHUE 3THUX MOJIEH MOIJIO MPOSIBUTHCS B KOHEYHOW CTaJUU MpoLecca OCaJAKOBBINAICHMUS,
Korjza B cocTaBe oOJaka OCTaJUCh BBICOKOPHEPreTUYECKHME U KOHCOJIMIUPOBAHHBIC
(ymopsioueHHbI€) 3apsHKEHHBIE 110 TIOTI0CAM YaCTHUIIBL.

PestoMupysi M37I0’)K€HHOE, MOXHO CKa3aTb, YTO €CIM MBI IPaBUIBHO pa3depemcs C
pe3yJbTaTaMHU BO3JCHCTBHS TPABUTAIMOHHOIO TOJISI C OKPYKAIOIIEH HAac CpPefoil, Mbl CMOXEM
HE TOJIKO KOHCTaTUPOBaTh (DaKThl BPEAHOTO BIUSHUS HA HEee Halllel KU3HEJCATeIbHOCTH, HO U
NpPEeIBUIETh UX BO3MOXKHBIE TIOCIEICTBHSL.

Kpowme siBiieHui, U310KEHHBIX B HaYaJle CTaTbU, HYy’)KHO OTMETHUTD U CIIEIYIOLIEE.

3HaueHue TrPaBUTALMOHHOIO MOJS HEOOXOAUMO JUIsl CTPOUTENIEH, MPOKIAIbIBAIOIINX KaK
Ha3eMHbIe (IT0I3eMHbIE) TPYOOIPOBOIbI, TAK U MPU MPOKIAIKE JUHUNA METPO.

B stom cinywyae HyXHO BBIOMpaTh MapuipyT "KpacHOW JIWMHHUH", T.e. MBITATbCS BBHIOPATH
HaIpaBJIEHUS HAUMEHBIIIETO TPaJIUEeHTa TPABUTALMOHHOIO MMOJIA, TaK KaK B 30HE MOBBIIIEHHBIX
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I'PaJMEHTOB TPABUTALMOHHOTO TOJSI Ha TPYObI ACHCTBYIOT TOBBIIICHHBIE HATPY3KH, a €CIIU elle
y4eCTb, YTO OHHM HEINOCTOSHHBI BO BpPEMEHHM, MMEHHO 3TH MeCTa MOTryT OBITb MECTaMH
BO3MOJKHBIX aBapHil.

W3noxeHHble B JAHHOM CTaTbe MPUMEPBHI MPUKIAJAHOIO 3HAYEHHsS BO3ACUCTBUSA
IPaBUTALMOHHOTO MMOJIA 3€MJIM Ha OKPYXKAlOIIyl0 HAc Cpely SBIAIOTCS, MO BCEH BUAWMOCTH,
JUIIb MAJIOW TOJIMKOM OT pealibHO CYHIECTBYIOIIEr0, HO, TYMAETCs, MPUILIO BpEMSI IEPEUTH OT
KOHCTaTallMu (pakTOB K pa3yMHOMY HCIOJIb30BAaHUIO MMEIOLIUXCS 3HaHMM. MOXHO crenarb
IIPEATNOJIOKEHNE, YTO ITPAaHULBI MOPEN U OKEAaHOB IIOBTOPSIOT IBM)KEHHE MAHTUIMHOIO MaTepHrala
3emid, SABISSACH MX KOMIIEHCATOPOM B 3€pPKaJbHOM OTpakeHHMH. Ho mepuon IBMOKEHHMS 3THX
cyOCTaHIMI BecbMa BEIMK U HE MOXKET UMETh Uil Hac B HACTOSALIMA MOMEHT MPHUKIATHOTO
3Ha4YeHHs, a BOT MaTeMaTH4YeCKoe OOOCHOBAaHWE MPHJIUBHO-OTIMBHBIX SBJICHUH M UX
OKCTPEMAIIbHBIX 3HAYEHUH KaK BO BPEMEHHU, TaK W MO aMIUIUTYJIE WMENIO Obl NMPaKTUYECKUU
cMmblca. KpoMe 3Toro, ¢ TOYKM 3peHHs MPUKIAIHOIO 3HAYEHUS IPABUTALMOHHOTO MOJSA 3eMIIN
MOYKHO ObUIO OBl IPOAHATU3UPOBATh MOPCKUE U OKEAHUYECKHE TCUEHUSI.

Kcrartu, Ha cerofHAIHNI MOMEHT €CTh HECJIOKHBIN IPpUEM (BKJIFOUYAIOLIUI TOJIBKO YEThIpEe
necTBus  apu(METHKHM) pacueTa B IE€PBOM NPUOIMIKEHUM TIPABUTALMOHHBIX BIUSHHUH
Conneuno-JIyHHBIX Bapualuii Ha OTIENbHYIO TOYKY (IUIOIIA[b) MOBEPXHOCTH 3emiu 0Oe3
[IPUMEHEHUS BBICIIEH MATEMAaTUKU U €€ MHOIOBaPUAHTHOCTH PELICHU.

Cnenyrommm  3TanoM  M3y4ye€HMWs, IO-BUJUMOMY, JOJDKHBI  CTaThb  JUIUTEJIbHbBIE
METEOPOJOTUYECKUE NTPOTHO3BI HA OCHOBE BapHalMi I'PaBUTALMOHHOTO MOJs. XOTs BO3LYIIHAsA
Macca, B OTJIMYME OT JKUAKOW M MacTooOpa3HOM, UMeeT M Apyrue (pakTopbl BIMSHUS, HO, YEM
nanelie (BbII€) OT MOBEPXHOCTH 3€MIIM HAXOIATCS aTMOC(EpHbIE CIOM, TEM MEHBIIE OHH
MOJBEPKEHbI TEMIEpPAaTypHbIM BIMSHUAM M TeM OOJbIIEé HAa HHUX BIUSAIOT BapHalUU
IPaBUTALOHHOIO MOJIA.
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MHUHHU-AMP-TOMOI'PA® KA®E/IPbI U3MEPUTEJIbBHbBIX

TEXHOJIOTUA U KOMIIBIOTEPHON TOMOI'PA®UU
B.K. UBanos, 10.11. Heponos, B.A. UBaHoB

Wzrorosnen munau-AMP-TOMOTpad, KOTOPHIH MO3BOISIET B PEaJbHOM BpEeMEHH: 1) KOHTPONHPOBATH MPOLEAYPY
HakorieHnss SIMP-curranoB, 2) KOHTPOIHMPOBAaTH KAadyeCTBO W300paKeHHsA, 3) BBIIOIHATH CYMMHPOBaHHUE
TOMOTpaPUIECKIX N300paKeHUH.

Hcnonp30BaHuE SBICHUS SACPHOTO MarHUTHOTO PE30HAHCA KaK CPEACTBA Il MAarHUTHOTO
BHYTPHUBHJIEHBsI ObUTO mpemnoxkeHo B 1960 r. [1] B 3asBke Ha M300peTeHHE C ABTOPCKUM
npuoputerom B.A. NBaHoBa. B HacTosiniee BpeMst Ha 3TOM IpUHIUIE 3KCIutyatupyrorcs SAMP-
TOMOTpa(bl MEAUITUMHCKOTO HA3HAYEHUS, KOTOPHIE MU3TOTABIMBAIOTCS PSIOM 3apyOekKHBIX (pupm.
N3-3a BBICOKOH CTOMMOCTH 3THUX NPUOOPOB HX YHCIO B PoccuM 3HAUMTENBHO YCTyIaer
TpeOOBaHUSM COBPEMEHHOTO 3/IpaBOOXpaHeHus. Hapsmy ¢ mMpoKuM MpUMEHEHHEM B OOJIACTH
MeaUIUHbI U Ouonorun, IMP-ToMorpads! MOryT yCHEIIHO HCHOIB30BATHCS U IS TEXHHUUECKUX
WU3MEPECHUM.

SIMP-ToMorpamMMbl MEJUIIMHCKOTO Ha3HAYEHUsI MOTYT COJepKaTh HEKOTOphbIe apTe(aKThl,
KOTOpbIE HE WMEIOT aHATOMHYECKOT0 OOBSICHEHUS M CBS3aHBI ¢ (U3NYECKUMHU OCOOCHHOCTSIMU
JAaHHOTo MeToa. [l mpaBMIIbHOrO 00BsCHEHHS apTe(hakToOB TpeOyeTcs XOPOLIO 3HAaTh KaKk caMo
SBJICHUE SJICPHOTO MAarHUTHOT'O PE30HAHCA, TaK U OCOOEHHOCTH HCIOJIb30BAaHUSI ITOTO SIBJICHUS
JUIs OJTY4YeHUs1 TOMOTpauIecKuX U300paxeHn.
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Jns >¢dexkTuBHOrO mMpenojaBaHus NPeaMETOB, cBsi3aHHbIX ¢ SAMP-tomorpadueii,
HEOOXOIMMO MMETh JCUCTBYIONIYI0O MOAETs ToMorpada, KoTopas mMoria Obl JeMOHCTPHPOBATH
OCHOBHBIE BO3MOJKHOCTM MAarHUTHOro BHyTpuBHAcHHs. OHa JOJKHA IO3BOJATH H3y4daThb
ABJICHHE SIICPHOTO MarHUTHOTO pe30HaHca, ycrpoucTBo SIMP- ammapatypsl, B3auMoaencTBHE
6510k0B TOMOrpada Mex,y co00il U NPUHIMIBI HAKOIIJIEHUS TOMOIpau4ecKoro n300pa>keHHs.
Hns moctmxenust 3tor uenu B CII6 TUTMO (TY) Obur pa3paboTaH U U3TOTOBJICH
cnenuanu3upoBaHublii MUHU-AIMP-ToMorpad, xotopsiit ¢ 2000 r. akKTUBHO HCIIONIB3YETCS MpPU
00y4eHHHU CTYJEHTOB 10 criennaibHocTu "KomnerorepHast Tomorpadust'.

OnHO U3 OCHOBHBIX TpeOoBaHMH 3aech — paspaborka  MuHHU-SIMP-TOoMorpada c
MUHUMAaJIbHBIM YHEPrONOTPEOIEHUEM U BBICOKOM AKCIUTYaTal[MOHHOM HA/IeKHOCTBIO B YCIOBHSIX
y4eOHOro nporecca.

[TporpamMmmHOe obecriedeHre MaHHOTO Tomorpada W Habop (GAHTOMHBIX YCTPOKMCTB
MO3BOJISIIOT TPENoJaBaTeiio JAOCTAaTOYHO OBICTPO W OMEpPaTHBHO B IpelieNax CTaHIapTHOIO
Kypca oOyudaTh CTyAeHTOB. Tomorpad MO3BOJSET JAEMOHCTPUPOBATH KaK CaMoO SIBJICHHE
SJIEPHOTO0 MAarHUTHOT'O PE30HAHCA, TaK ¥ MPUHIIMIIBI TOJTy4YeHHUs] ToMorpaMM. beit mogodpan psj
(aHTOMHBIX YCTPOHCTB MJIsi JEMOHCTPAIlMM MPOIENyphl HAKOIJICHHUS TOMOTPa(UIecKoro
U300paKeHHUs.

Ha naHHBIII MOMEHT HaM HEHM3BECTHO O CHEIHAIbHO pa3pabOTaHHOM JUIsl yUeOHBIX IIeTei
SAMP-tomorpade. @upmbl, Bbimyckawomue poporocrosimue SIMP tomorpadsl mo 3akazam
KPYMHBIX MEAUIIMHCKUX LIEHTPOB, HE 3aMHTEPECOBAHbI B pa3pab0TKe TaKUX KOMIAKTHBIX MUHHU-
npuOOpOB U3-3a TpeOOBaHUS UX HU3KOM CTOMMOCTH MPHU 00ECIIEYeHUH BBICOKON HAJIe)KHOCTH.

B cocraB SIMP tomorpada BXOAST CIASAYIONIUE SJICMCHTEHI.

1. IMoctosHHbIld MarHuT ¢ nojeM Bo= 0.1278 Tn. LlenTp Maruuta uMeeT OJHOPOIHOCTH MOJIS

(dB/dL = 10 °) B mapoBoM o6beme ¢ auamerpoM 20 MM. B 9TOM 10JIe pe3oHaHCHAs 4acTOTa
sJIep aTOMOB BoAopoJa paBHa fo=42.576 MI'u/Txn - 0.1278Tn = 5.44 MI'w.

2. Cucrema coO31aHMs TPAJUCHTHBIX MarHUTHBIX mnoned Gy, Gy, G, OCYIIECTBIAIOMMX
NPOCTPAHCTBEHHOE KOAMpOBaHUE oOpasua. ['panumeHTHas cuUCTeMa COCTOMT U3 Tpex
IUTAHAPHBIX TPAJAMEHTHBIX KAaTyHIeK W YCHJIUTENS MOIIHOCTH, CIOCOOHOTO MOJaBaTh B
KOKAYI0 U3 KaTyLIEeK MMIIYJbChl TOKa mnopsaka lA ¢ numHeliHOCcThO He Xxyxke 0.5%.
Yceunutens nuTaeTcs OT JABYHOJSIPHOTO HMCTOYHUKA TNUTaHHWS HanpsbkeHuemM =12 B.
BrixonHOM TOK mojaeTrcs Ha KaTyIIKW 4epe3 YacTOTHbIe (PUIbTPBI, BXOJHON CHUTHAI U
HanpspKeHUEe NHUTaHus Takke (uiabTpyrorcs. CUTHaI Ha BXOJ YCWJIMTENS TOCTYIMaeT C
HAII(a) nnater ynpasienus. CucreMa KOJUPYIONINX TPATUECHTOB CO3/IaeT B IIEHTPE MarHUTa
rpagueHTsl nonst dB/dx, dB/dy, dB/dz Benuuunoi no 9 MTn/m u nuHeHOCTBIO HE XyXke 1 %
B IIapOBOI 001acTH ¢ AuameTpom 20 MM.
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Puc. 1. brnok-cxema AMP-Tomorpada: YM1, YM2 — ycunutenu MoLwHoCTH
pagmoyacTtoTHoro umnynbsca, CY — cornacytouiee yctponcTteo, Y1, Y2 — ycunurenu
AMP-curHana, ®[1 — dpa3oBble 4ETEKTOPLI

PagnouactoTHas cucrema:
nepeaaTyuk, (OpMHUPYIOMUN BO30YXKIAIONIME PAAMOYACTOTHBIE HMITYJIbCHl  JUIS
MOBOPOTa BEKTOPA HAMAarHUYEHHOCTH MTPOTOHOB o0Opa3ua Ha 90° u 180°;
JaTYUK, B KOTOPBIM 00€CreunBaeTcsi BO30YXK/A€HUE CIIMHOBOW CUCTEMBI U PEeruCTpalus
SIMP- curnaios;
NpUEeMHHUK, ycunuBatoumii IMP-curnansl u npeoOpa3yromuii X B 001acTb HU3KUX
4acToT.
Cuctema 1udpoBoi perucTpauuu. Perucrpanus HOpPUHATOTO CHUTHANA OCYIIECTBIISETCS
ruiatoii ondpoBku. B kauecTse marel orudpoBku B MuHH-SAIMP-TOMOTrpade ncnonp3oBana
CTaHJapTHasI 3ByKOBasi KapTa EPCOHAIBHOIO KOMIIBIOTEDA.
Cucrtema ynpasienus. YtoOsl nporpammuoe obecrieuenue munu SIMP-tomorpada morio
Mo/JaBaTh YIpaBJSAIONIEe BO3ACHCTBHE Ha OJIoku ToMorpada, Obuia paspaboTaHa U
U3rOTOBJICHA IU1aTa yrpasieHus. [lnara umeer untepdeiic ¢ IBM uepe3 muny ISA. Ha
IyiaTe PacIooKEHbI JIBa MapaUIeNIbHBIX TporpamMMmupyeMbix uHTep(deiico 1IBB, mects
[HAII(oB) u omepanuonHble ycunutenu. [IBB ucnonb3yrores ans mopadu ynpaBiIsSIOLIUX
nuckpetHbix curHanoB Ha  [IAII(sI), ¢ BbIXOJAa KOTOPBIX YIIPABJISIONIME AaHAJIOTOBBIC
NOTEHLMAJBI IOJAIOTCS HA ONEPALlMOHHBIE YCUIIMTEINN JJI COTJIaCOBAaHUS C HArpy3Koil.
VYerpoiictBa 00paboTku uHbopmanmu. s yIpaBJICHUS MPOIIECCOM MOy YEHUS
TOMOTpapUUECKOro U300paxeHus, UIsi 00pabOTKU MONTYUYEHHBIX JAHHBIX, I OTOOpaXeHUs
pe3yabTaToB 00pabOTKHM W I OCYHIECTBIEHUST MHTepdeiica ¢ oneparopom B MUHHU-AMP-
tomorpadge mpumeHeH kommbioTep IBM  PC AT 486DX4/100 u pazpaboraHo
COOTBETCTBYIOLEE TPOrPaMHOE 0OeCIIeYeHuE.
[Tocne 3amycka mporpaMMbl M YCIEUIHOM WMHUIMATU3AlMU OOOPYJOBAaHUS HA SKpaHe

oToOpakaetcst mHGopMaIus o rmporecce padoTsl. Bua skpana nmpuseneH gaiee.

B neBoii yacTu 3xpaHa 0TOOpa)karoTCs JeMCTBUTENbHAS U MHUMAs 4YacTH OLM(POBAHHOTO

curHaina. CMHMMH JIMHHSAMM IIOMEYEHBl MHTEPBAJBl BKIIIOUYEHUS TPAJMECHTOB, 4 KPACHBIMU —
UHTEpBaJl JaJbHEUIIEr0 HCIOJIb30BaHUs BEKTOpa ouu(poBKU 3XxocurHana. Tak kak SIMP-
JKCIIEPUMEHT IIOCTOSHHO IIOBTOPSETCS, TO 3Ta KAPTHUHKA IIOCTOSIHHO IIE€PEPUCOBBIBACTCS —
KOHTPOJIb 3a NPOLECCOM HakoIuleHus SIMP-cUrHaiaoB OCyIIECTBIISIETCS B PEAJIbBHOM BPEMEHH.
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[IpenycmoTpeHa BO3MOXHOCTb M3MEHATh MacmTad oroOpaxenus SAMP-curnanoB mo obeum
OCSIM.

B npaBoii yacTi 5KpaHa CHU3Y OTOOpakaeTcsi CHEKTP MOIIHOCTH 3X0-curHana (puc. 2). B
paBoi BEpXHEH 4yacTH IKpaHa OTOOpa)kaeTcsl MOJyuyeHHas ToMorpamma. B HibkHel cTpoke
9KpaHa oToOpaxkatoTcs mapamerpbl SIMP-skcnepumenta: mutensHocTh 90 u 180 rpagycHbIX
umnyabscoB, TE, TR u T.4. Ilog cnekTpoM MOIIHOCTH Ha JUCIUIEE, KPOME 3TOr0, 0TOOpaXKaroTcs
UQPBI, yKa3bIBAIOLINE PEKUMBI paOOThHI TOMOrpada U TeKyllire 3HaueHUs psiaa NapaMeTpoB.
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Puc. 2. Busyanusaums pexumoB paboTbl Tomorpada (BapuaHT npeacTaBreHuns
perncTpupyemMbl CUrHanoB 1 pe3ynbTaToB X 06paboTkn): oTobpakeHne
DENCTBUTENBbHbLIX U MHUMbIX YacTen KOMMSIEKCHbIX Yncen 3apernctpuposaHHoro AMP-
curHana, otobpaxxeHme cnekTpa MOLWHOCTKN, OToOOpaXeHne ToMorpamMmmel
C maTpuuen 64x64, HakonsIeHHOM OT (paHTOMHOrO YCTPOMCTBA, NPeaCTaBNALWEero
cobon umMnuHapuyeckyto getanb n3 tekctonuta ¢ 20 oTBEPCTUAMM, 3aMNOSNTHEHHBIMM
BOOOM

Ha puc. 2 npencraBieHbl KOHTPOJIbHBIE CUTHAJIBI W TOMOTPaMMa OJHOTO M3 (PAaHTOMHBIX
YCTPOMCTB (UMIMHAPUYECKas JETallb U3 TEKCTOIUTA ¢ 20 OTBEPCTUSAMH, 3aII0JIHEHHBIMU BOJOM).
Ha Tomorpamme xopomio 3aMeTHbI Kak KpaeBble MCKaXEHH MPH Mepeiade KPYTIbIX OTBEPCTUI
U3-32 OIPAHMYEHHOTO pa3Mepa MaTpHllbl, TaK U HAapyILIEHHE CHUMMETPUM paCIOJIOKEHUS
OTBEPCTUIl OTHOCHUTEIBHO LEHTpa U3-3a CTAaTHUYECKUX KBAaJIPATUYHBIX COCTABIISIOMIMX
IPaJUEHTOB I10JI IOCTOSIHHOTO MarHuTa.

[TonydyeHHy10 TOMOrpaMMy MOYKHO YBEIIMYUTh Ha BeCh 3KpaH. [Ipu s3ToM noBropenue SAMP-
DKCIIEPUMEHTOB IIPUOCTAaHABIUBACTCA. B 3TOM pexume B JIEBOM BEPXHEM YacTU HKpaHa
oToOpa)kaeTcsi ToMorpamma, cIopaBa OT Hee oToOpaxkaercs Tpaduk pacmpeneacHus
MHTEHCUBHOCTH 3XO-CUTHAJIa B CJI0€ BJIOJIb BEPTUKAIBHOMN NPSAMOM, a 1101 TOMOIPaMMOI — BJI0JIb
TOPU30HTANIbHOU. TeKyllee MoJI0KEHUE CEUCHUH OTHOCUTEIBLHO TOMOTPAMMBbI MMOKa3aHO Ha HEM
KENTHIMU TOYKaMH. B 3TOM pexrMe MOKHO M3MEHUTH SPKOCTh U KOHTPACTHOCTh OTOOPAKEHHS
TOMOTpaMMbI. ToMOTpaMMy MOKHO COXpaHUThH B padodeMm (aitie mist nanpHenein o0paboTKH.
B navane ¢aiina nmomeriaercs MHGOpMaLUs O MapaMeTpax, MPH KOTOPBIX ObUla MOJTy4YeHA
TOMOIpaMMa.

KayectBo Tomorpaduueckoro u300pa)KeHUs ONpeAeseTcs TaKUMU IapamMeTpaMu, Kak
paspemaromias crnocoOHOCTh U KOHTPACTHOCTb. B mpakTuueckoir padoTe 3T mapaMeTpbl
OPUXOAUTCS  OrpaHUYUBATh  W3-32 HEOOXOAMMOCTH MHUHUMH3HPOBATH BpEMS IPOBEIACHUS
AKCTIEPUMEHTAIbHOTO uccienaoBanus [2]. [IporpamMHoe obecniedeHre MO3BOJIIET CyMMHUPOBATh
TOMOTPaMMbl M KOHTPOJIMPOBAaTh Kade€CTBO M300paXKECHUsI H3-32 YIYULICHUS OTHOLICHHS
CUTHAJI/IIIY M.
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B nacrosimee Bpemsi Tomorpad akTUBHO UCTIOIB3YETCsI B Y4eOHOM MpoIiecce MPU U3yUYeHUU
TUCITUIUIAH, cBsi3aHHBIX ¢ SIMP-tomorpadueii. Ycunmusmu mnpernonaBareineii W acHUpPaHTOB
MPOBOJIUTCA €r0 MOAEPHU3ALMUsl C LIEJIbI0 IMOBBIIICHUS KAaueCcTBAa MOJY4aeMbIX TOMOTpaMM H
BBEJICHHS JIOMOJIHUTEIBHBIX PEXKUMOB paOOThl C MPHUBJICUYCHUEM CTYACHTOB [IJISi BBITIOJHEHUS
KYPCOBBIX U JUIJIOMHBIX PaboT.
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CIIOCOBb BU3YAJIM3ALIUU TPAIMEHTOB MAT'HUTHOTI'O ITOJIA C

MOMOIIBbBIO MATHUTHO-PE3OHAHCHOH TOMOI'PA®UHA
I0.U. Heponos, Haccap Myxannan

PexxuM mony4eHuss MarHUTHO-PE30HAHCHBIX TOMOIPaMM € HM30MpaTeiabHbIM YacTOTHBIM
NOJIaBJICHUEM CHUTHaAJla OT TKAaHEH JKMpa HMEeT Ba)KHOE [MAarHOCTUYECKOE 3HA4Y€HHE U
UCIIOJIb3YEeTCs B KIIMHUYECKON IPAKTUKE M0 psAAY HIPUYMH. DTOT PEKUM IPUMEHSIOT, HAalIpUMeED,
Ui OOHApYy>KEHHMsI TPU3HAKOB METAaCTaTUYECKOTO TIOpaKeHUs Ten IMo3BoHKOB. Ha MP-
TOMOTpaMMax MO3BOHOYHHMKA HEKOTOPBIX MAIlMEHTOB B TENaX MO3BOHKOB HAOJIOAIOTCs Oelble
nsaTHa. [IpUauHON UX MPOUCXOKICHHSI MOXKET OBITh KaK JOCTATOYHO 0e300uaHast BO3pacTHas
KHUPOBasl JAECTPYKLUS TeJl IO3BOHKOB, TaK M BOCHAJIMUTENbHbIE SBICHUS C IOBBILIEHHBIM
COJIEp’)KaHUEM BOJIbl M3-32 METACTATUYECKOrO MOPAXKEHUS KaK CIEACTBHE HAIMUYUSA B OPraHU3MeE
37I0KaYECTBEHHOW OINyXOoJId. B 3THX ciydasx HakalIMBarOT JOMOJHUTENIbHbIE TOMOTPAMMBI C
UCIIOJIb30BAaHUEM PEXHMMA TOJABJICHUS KMpa, IIPU KOTOPOM IISITHA OT >KUPOBOM JECTPYKLUU
JIOJKHBI MCYE3aTh.

HccnenoBanue Bo3MoxkHOcTe MP-TomMorpadoB mokaspiBaeT, dYTO JUIS  YCHEIIHOTO
UCIIOJIb30BAHUS TAKOTO peXKMa TpeOyeTcs BBICOKas IPOCTPAHCTBEHHAS OJJHOPOJHOCTh MarHUTHOTO
nosns Tomorpada. ITo CBA3aHO C HEOOXOIMMOCTBIO TMOJIEP)KAHHUSI BBICOKMX METPOJIOTHYECKUX
XapaKTepUCTUK ammapara. JTOT PEXUM COIPOBOXKIAETCSI TAKUMH OCOOEHHOCTSIMU IPOSIBIICHUS,
KOTOpPBIE MOT'YT BOCIIPUHUMATHCS KaK HEU3BECTHBIE apTE(aKThI.

Jlns KOHTPOJBHBIX HCCIEOBAaHUN MBI HCHOJb30BaiM ToMorpad Magnetom Impact,
KOTOPBIM MMeeT cBepXIpoBoAuid MarHuT ¢ nojem 1 Ta. B sToM nosne pe3oHaHcHast yacTtoTa
JUIHUIHBIX IPOTOHOB NpuMepHO Ha 140 ['y HMke pe30HaHCHOM YacTOThl OCHOBHOTO JIJISl YKMBOTO
OpraHu3Ma CUrHajla — CUTHaJla OT IIPOTOHOB BOJIBI.

TomorpamMmbel €  NOJABIEHUEM KHpa IOJY4YalOT C  [OMOLIbIO  HUMITYJIbCHOMN
[OCJIEI0BATENbHOCTH, B KOTOPOH mepea Mojaded Ha HcCcleayeMblil oOpasel; OCHOBHOIO
BO30YKIAIOMIETO MIUPOKOINOI0CHOTO 90-TpagyCcHOro MMMyJibca (C IUAra3oHOM BO3JACUCTBUS
nopsiaka 1 KI'm) nmojmatoT ummysbe HM30MpaTENbHOTO YacTOTHOTO TMOJABIEHHS CHTHajla OT
npotoHoB CH2-rpynn aunuaHeIX COeqUHEHHH (¢ Anana3oHoM Bo3aelcTBus nopsaaka 30 I'm).

AHanu3 pexuMa MOAABICHHS Mbl MPOBOAWIN C MOMOLIbIO MOBEPOYHOI'O YCTPOMCTBA,
KOTOpBIA aBTOpaMu ObL1 coOpaH u3 32 ammyn (auamerp ammysl 30 MM), MOCTaBJIEHHBIX
BIUIOTHYIO JIPYT € JPYroM. Y CTPOMCTBO COAEPKao YEThIpe psijia MO MATh aMITyJl, 3al0JIHEHHbBIX
BOJIOM, pAa3/lENEHHBIX TPEeMs pAJaMU IO YEThIpE aMITyJibl, 3alOJHEHHBIX  PACTUTEIbHBIM
MaclioM, cM. [2].

JlaHHOE YCTpPOWMCTBO HCIIOJIB30BAHO ISl MOJNYyYEHHS M300paKeHUH Kak C IMOJABICHUEM
curHana or CH2-rpynn (puc. 1, a), Tak ¥ ¢ IEPEHOCOM YaCTOTHI MOAABJICHUS HA LIEHTP CUTHANA
BOBI (puc. 1, 0).

Kak Bumum (puc. 1), mojaBiieHHe MNpOSBISETCS HAa TOMOIpPaMMax HaJIMYUEM TEMHBIX
oOnacteil B BUJie nojoc. LIeHTpbl TEMHBIX MOJIOC TOKa3bIBAIOT PACIIONIOKEHHE SKBUIIOTEHIIUANIEH
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— MHOXECTBAa TOYEK, JJIi KOTOPBIX BBIMOJIHSIOTCS PE30HAHCHBIE YCJIOBHS Y3KOMOJOCHOIO
MMOJABJICHHS CUTHAJIOB.

Okazanoch, yto SIMP-curnanbel He MOAAaBIEHBl PABHOMEPHO MO BCEMY CEUYEHUIO aMIIyJl,
KaK MOXHO OBLIO 0KHJ1aTh. T€Hb OT MO/ABJICHUS] BHYTPH aMITyJl UMEET CIOKHBIA KOHTYp. Jis
MHOTHX aMIlyJl, PpAacCIOJIOKEHHbIX B OKPYXEHUU APYrUX aMmImyJj, XOpOLIO BHUAEH KOHTYpP
BOCHMHUKOHEYHOH 3BE3JILI.

3ameTHbI 3(PPEeKThl KaK B3aMMHOTO BIMSHUSA aMITyJl, TaK U MPOSIBICHUS CTAI[MOHAPHBIX
HEOJHOPOJHOCTEH moJisi MarHuTa Tomorpada. B mepBom cnydae ymoOHO paccMaTpUBaTh
U300pakeHHe BHYTPEHHHX aMIyJ MOBEPOYHOTO YCTPOMCTBA, BO BTOPOM — aMIIYI,
pAacCMOJIOKEHHBIX IO KPasiM MOBEPOYHOTO YCTPOKCTBA.

ConocraBieHne ¢ H300pakeHHWEM, B KOTOPOM OJIHA W3 IIEHTPAJIbHBIX aMmmIynl Oblia
BBIHYTa, IOKAa3ajg0, 4YTO WMEHHO CaMO BBICOKOOAHOPOJHOE MArHUTHOE IIOJIE HCIBITHIBAECT
MCKQ)KEHHE: €CJIM aMIlyjla BBIHUMAETCS, TO MCUE3AI0T U TEMHBIE KOJBIEBBIE MOIYOKPY>KHOCTHU
Ha U300PAKEHUIX COCETHUX aMITyJI.

Hckaxkenue monsi pacnpocTpaHsieTcss B amiysie Ha riyOuHy 1m0 10 MM ¢ M3MEHEHHeM
uHTeHCUBHOCTU SIMP-curnanoB. 31ecb Mbl UMEEM PEIKHUI Cllydail HArjasgHOW BHU3yaIH3allud
pacnpeneneHus CTaTUYECKUX IPalu€HTOB MarHUTHOTO MOJIS.

BennunHa peructpupyeMbIiXx U3MEHEHHH IO UMEET BEIMYMHY E€IUHUL] MUJTMOHHBIX
noneit AB/B=10"°. Ee MokHO oueHUTEH P WM3MEHEHUU PACCTOSIHUS MEXKIy aMIlyJamMH IO
JMHAMUKE TEMHBIX TIOJIyOKPYKHOCTEW BHYTPH aMITyJl.
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Puc. 1. a) Tomorpaduyeckoe nsobpaxeHune ceveHmss 32 amnyn, Nosy4eHHOe npwu
HakonneHus AMP-curHanos ¢ npMMeHeHneM nMnynbca YacTOTHOrO NoAaBfieHUs
CUrHanoB OT NPOTOHOB Xupa. 6) AHanorn4yHas TomorpaMmma, nonyyeHHas npu
nepeHoce 4YacToTbl NO4aBfieHMst C NPOTOHOB XXMpa Ha MNPOTOHbI BOAbI

Ecnu ammynbel moBepoOYHOro yCTpOMCTBa pa3MecTUTh B OOIIEM COCYJEe M 3alHUTh COCY[
BOJIOM, TO CJIO’KHBIE TEHH BHYTPH aMITyJI UCUE3al0T. DTO UMEET ClieAyoliee 00bsICHEHHE.

OObeMHBII AMaMarHeTH3M O0OYCIIOBJIEH MPEXe BCEro CPeaHEHl MIOTHOCTHIO BaJIEHTHBIX
AJIEKTPOHOB, JIBMXKEHHE KOTOPBIX YACTUYHO MEHSETCS BHEIIHUM MarHUTHBIM mosieM. MaTtepuai
CTEKJIa, paCTUTEIbHOE Maclio U Boja 00MafaloT OIM3KUMHU TMaMarHUTHBIMH CBOMCTBaMHU, HO Ha
IPaHULE C BO3yXOM UMEET MECTO PE3KOE U3MEHEHUE TMaMarHUTHBIX CBOMCTB.

3Be37000pa3Hble TEHU BO3HHUKAIOT HM3-32 CIIOKHON (POpPMBI BO3AYLIHBIX MPOMEKYTKOB
MEXIY ammyJiaMd JUIsi LEHTPAJIbHBIX aMITyJl MOBEpOYHOro ycrpoilctBa. COOTBETCTBEHHO
BO3HUKAIOT KpaeBble 3(PQEKThl — JIOKaJbHbIE HCKAXEHUS OJHOPOJHOCTH MAarHUTHOTO MOJIS.
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CoBepIlieHHO OYEBUAHO, YTO MOAO0OHBIE KpaeBble A(PQEKThl MOJDKHBI MMETh MECTO U Ha
TOMOIpaMMax C aHATOMUYECKHMMM CTPYKTypamu. Tak, MpH H300paKEHUSX TOJIOBBI TaKKe
UMEIOTCS BHYTPEHHHUE TOJOCTU (Hampumep, Jo0HbIe ma3yxu). Ha rpaHumnax takux mojoctei
TOXKE MMEETCS PE3KOe KpaeBOe M3MEHEHHE OOBEMHONW MAarHUTHOM BOCHPUMMYHUBOCTH.
[TposiBneHNE COOTBETCTBYIOIIMX TEHEU YCIOXKHSIET METUIIMHCKYIO IHArHOCTUKY, MOCKOIBKY
TaKMe TEHU HE OTPAXarT KAKUE-TO PEaJbHbIE aHATOMUYECKHE CTPYKTYyphl. Kpome storo, B
STOW CBSI3M TeNeph CTAHOBUTCS MOHSATHA NpPUYMHA TPYTHOCTEH, KOTOpBIE, KaK IPaBUIIO,
BO3HHUKAIOT IPH MOMBITKaX NoiaydeHuss SIMP-crieKTpoB BBICOKOTO pa3pemieHus in vivo Juis
TKaHel Mo3ra BOJIM3H JIOOHBIX Ma3yX.

IIpn paccMOTpPEeHMM HMHTEHCHBHOCTH CUTHQJIOB OT IIPOTOHOB KPaMHUX aMIlyJl MOXHO
00HapyX)uTh psii ocodeHHocTel. Hanbomblee nmogaBieHne ¢ MaKCUMalbHBIM TMOTEMHEHHUEM
HaOJroaeTCst Il BEPXHETO PsAlia y aMITyJl C JIEBOW CTOPOHBI, a JJIsl HIDKHETO Psifia y aMIryJl,
HA00OpOT, ¢ mpaBoi cTOpoHHI (puc. 1, a). [{ns ToMorpaMMbl ¢ MOJaBICHUEM CUTHAja BOIbI
(puc. 1, 6), Ha060POT, MaAKCUMaIBHOE TOTEMHEHNE HAOIIIOACTCS TSl IPABBIX aMITyJl BEPXHETO
psia U JIEBBIX aMITyJI HIXKHETO PAJa.

W3 storo criemayer, 4T0 MarHWTHOE T0JIE TAaHHOTO ToMmorpada B IUIOCKOCTH XZ MOXKHO B
NepBOM  MNPUONIKEHWH  ONUCAaTh  TOBEPXHOCTHIO, HM3BECTHOM W3 TEOMETPUM  Kak
runiepbonmueckuit napadononn: P(x,z) =XZ (puc. 2).

B(X,7)

A

Puc. 2. NoeepxHOCTb runepbonuyeckoro napabonounga

Ecnu uckmounTh KpaeBble 3(QQEKTh M3-3a AMaMarHeTu3Ma, TO TOMorpammsl (puc. 1)
YKa3bIBaIOT Ha TO, YTO PacIpe/ieIeHHe MAarHWTHOTO TOJs Ha IJIOCKOCTH, MPOXOJIIEH uepes
LIEHTP UCCIIeyeMOro ToMorpada, MOXKHO B IIEPBOM MPHOIMKEHUN TIPEICTABUTH BEIPAKEHHEM

B(x,z) = B, +[(d*Bldxdz) XZ]/2.

JUisi OLEHKH MpOM3BONHOH d’Bldxdz MBI — HCIIONB30BAIM IOBEPOYHOE YCTPOMCTBO €O
CIUIOIIHBIM 3aITOJTHEHHEM IIEHTPa HCCIIEeyeMOro MmpocTpaHcTBa ToMorpada obpasmom. st sToro
yIOOHBIM sIBIIsIeTCst OONBINON 11ap, HarmoTHeHHbIH Bool. [llapoBast GpopMa He nckakaeT MarHUTHOE
1oJie, W TEHHW, CBSI3aHHBIE C TPAHUYHBIM CKAaYKOM JIHAMAarHETH3Ma, JIOJDKHBI OTCYTCTBOBATb.
Wcnonp3oBanHblii Hamu map uMen auametp 238 mm. llap Obut HamodHEH BOOW ¢ J0OaBICHHEM
napaMarHUTHOU coiu MeaHoro kynopoca CuSO4 — 0,5 r/mutp.
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Puc. 3. Tomorpammbl Tpex pasHbix cedeHun wapa. N3obpaxeHus 6bisiv HakonneHbl ¢
NCNonb30BaHMM N3bupaTenbHOro YacToTHOrO NOAABIEHUS: TEHN KakK crieabl
nogaBneHna NPosiBASTCA B BUAe rmnepdbon — ceveHmn runepbonmnyeckoro

napabonounga

Ecnu yacrora pe3oHAaHCHOTO MOJABJICHUS MOJ00paHa OMepaTopoM TaK, YTO B IEHTpPE
n1apa pacrosaraercsi 006JacTb OJaBJICHHsI, TO TEMHBIE TIOJIOCHI OT LIEHTPaJIbHOI o0nacTu OyayT
nepeceKarh map Mo JByM JIMHUSM. DT JIMHUU COOTBETCTBYIOT HAMpaBJICHUsM X U Z Ha puc. 2.

[Ipu yBenuueHun 4yactoThl ojasieHus Ha +30 [’ TeMHbIE MOJIOCHI HA TOMOTpaMMe Iapa
00pa3yIoT /Be TUrepOoIbl, a MPH YMEHbLICHUH 4acTOThl Ha -30 I'11 moIock! Takke 00pasyloT J1Be
TUNepOOIIbl, KOTOPBIE SIBISIFOTCS CONPSKEHHBIMU. J[pyrumMu cioBaMu, IpU NMepeXoe OT YacTOThI
nonasneHus (v, + 30) I'n k wacrote (v, — 30) 't ock rumep6omsl u3mensiercs Ha 90°. [Ipu aTom
HaOo1aeTcs CABUT 30HBI [10/1aBJICHUS oT [EHTpa Ha
AL = 66 mm. CaenoBatesibHO, MOKHO ONPEIEIUTh BEIUUNHY IPAIUCHTA:

[d*Bldxdz)/2 = Av/(y AL AL) =

= (30 T'm)/[(42,57 MI'w/T)(0,066 M)(0,066 M)] = 0,164 MTu/™?,
/i€ Y — THPOMarHUTHOE OTHOIIIEHHE IPOTOHA.

Taxum o0pa3oM, MarHuTHOE Toje uccieaoBaHHoro romorpapa MAGNETOM Impact B
IUIOCKOCTH XZ OyJeT B IEPBOM MPUOIMKEHUHN OMUCHIBATHCA CIEIYIONINM BhIPaKEHUEM:

B(x,z) = B, +[0,164 mTi/m*] XZ.

Kpome 3toro, paccMoTpeHrne TOMOrpaMM MOKa3bIBA€T HAJUYKUE HEOAHOPOIHOCTH MOJIA B
BUJIC MOBEPXHOCTEN AIUIMIITUYECKOTO Mapadosionia, OAHAKO 3Ta HEOJHOPOAHOCTb MIPUCYTCTBYET
C MEHBIIIUM BECOM, YEM PACCMOTPEHHAsI BBILIE.

Od4eBUAHO, 4YTO [UIsI HAACKHOTO KIMHUYECKOTO TPUMEHEHUS peXUMa TOTYyYCHUS
TOMOIPaMM C MOJIaBJICHUEM CUTHAJIOB KHpa TpeOyeTcsl BBHINOJHEHHE KOPPEKLNUU OJHOPOJHOCTH
MarHUTHOTO TOJIs. Y CTPAaHUTh HEOJHOPOAHOCTD I0JII MOYKHO C TTOMOILBIO YCTAHOBKH B TOJIOCTH
CBEPXITPOBOJISIIET0 MarHUTa HEOOIBIIUX (GEPPOMATHUTHBIX IJIACTHH-BKIIA IbIIIECH.

OO6cyxaaeMblii MeTOJl BU3yalu3allMM HEOJHOPOJHOCTEH MarHuTa MOXET SBISATHCS
OCHOBOM JJIsI aBTOMATH3WPOBAHHOM MPOIEAYPhl KOPPEKTUPOBKHU mojsi. [Ipu Hanmumm Habopa
TOKOBBIX KOMIIEHCATOPOB, KOPPEKTUPYIOIIUX pa3Hble KBaJApaTHUYHbIE HEOJHOPOJHOCTH,
JOCTAaTOYHO MPOLEAYPHI IAaroBOro MOMCKA ONTUMAIBHBIX TOKOB KOMIICHCAITUH MTPH JOCTHKEHUH
OJIMHAKOBOI MHTEHCUBHOCTU CUTHAJIOB OT LIEHTPAJIbHOM 00JacTH miapa (Ha ToMorpaMMax TUIa
puc. 3) ¢ MaKCUMaJIbHBIM pacIIMpPEeHUEM 3TOW 00JaCTH O FPAaHULL 1apa.

ABTOpBI BBIpaXarT OnaronapHocTs npodeccopy B.A. VIBaHOBY 3a HHTEpeC K HacTOsIIen
paboTe u moApoOHOE OOCYKIACHHUE €€ Pe3yIbTaTOB.

HPAMASA U OBPATHASA 3AJAYU CUHTE3A

MAT'HUTHOI'O ITOJIA B AMP-TOMOI'PA®E

B.C. Cusukon, M.SI. Mapycuna, C.B. UBanos, T.b. KoJsio0yxoBa,
J.b. Hukonaes, /I.}O. CoxouoB, E.B. XomyTHUKOBa
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BBenenue

B  SIMP-tomorpadmu  HWCKIIOYMTENIBPHO  BaXXHOH  sBISETCA  3aJada  CO3JaHUS
BBICOKOOJIHOPOAHOTO  MarHUTHoro monst BHyTpu  SIMP-tomorpada. OtHOcuTEnbHas
HEOIHOPOJHOCTh HANPSHKEHHOCTH MarHuTHoro nons 4 B npenenax paGouero o0bema J0KHA

owITe Topsimka AH/H ~107 =10 [1-4]. Dto no3Bomut 3(p(EeKTHBHO peImaTh OCHOBHYIO
3anauy AMP-romorpaduu — 3apauy pexoHctpykiuu SIMP-u3obpaxenutii [1, 2, 4].

Kak npaBuio, 3agaua co3gaHusi BBICOKOOAHOPOJHOTO MAarHUTHOTO MOJISL PELIAETCs IyTeEM
BBEJICHUS COJICHOMIAJIBHBIX KOPPEKTUPYIOIIUX KaTyIIEK pa3iM4yHoOro nopsaka [5]. OmHako 3To
SIBJISIETCS] JOBOJIBHO CJIOKHOW TEXHMYECKOM 3a7aveil. B TaHHOM cTaThe paccMaTpUBaeTCs APYron
MOAXOJ] K PEIICHUI0 3amavyv (OpMUPOBAHUS BBICOKOOJHOpOoaHOTO Toyisi B SIMP-tomorpade.
DTOT TOAXOJ OCHOBAaH Ha pacdeTe TaKoro 3aKOHa paclpeiesieHHs TOKa BIOIb OOMOTKHU
(HEeCOJIEHOMIATIbHOM) KaTyIIKH, YTO OH OOECIEeUUT BBICOKYIO OJHOPOJHOCTh MAarHUTHOTO TMOJIS
BHYTPH KaTylmKu. Takas 3agada HasbIBaeTCs s3adaueli CUHmMesd MAHUMHO20 Mo/ BHYTPU
karymiku SIMP-tomorpada [4, c. 55; 6]. Mbl Oynem paccMaTpruBaTh B OCHOBHOM 33J1ady CHHTE3a
Ha OCH KaTYIIKA KaK HamOojee MpocTyro 3amady. [locrme ee permieHuss MOKHO paccMaTpUBaTh
Tak)ke BOIPOC O MarHUTHOM TI0JIe BO BceM paboueM oOobeme Tomorpada.

ITocTanoBKka 3aga4u

Brnepsrie 3amaya cuHTe3a MarHuTHOTO ToJtst ObI1a chopmynupoBana K. Amamuakom [6] (a
3areM B paborax [7] u [4]). OgHako B pabore K. Anamuaka [6] ObLT AOMYIIEH PsiI HETOYHOCTEH.
[ToaTomy MBI Oynem (GopMylIHpOBaTh 3aHOBO Psii TMOJOXKEHHA ero padoTel [6], a Takke
BBINOJIHUM JIaJIbHEHIIIee pa3BUTHE €TI0 UJICH.

Urak, paccMoTpum crenytonyio 3agady AMP-tomorpad uu: onpeaenaurs
pacrpenieneHue IJIOTHOCTH TOoKa J BIOJIb OOMOTKM KaTYIIKH IO 3aJaHHOM HaIpsHKEHHOCTH
MarHuTHOTO mojs H Ha ee ocu. DTO — 3adaua cummesa MAHUMHO20 NOJisL HA OCH KaTyLIKU
SAMP-tomorpada. 3agaua cuHTe3a MOXKET OBITH HpsAMON M oOpaTHOH (cM. Huxke). CoueraHue
IPsIMOTO M 00paTHOTO MOJXO0J0B MOBBIIAET 3((HEKTUBHOCTH pEICHUs 33aJauu cCuHTe3a. B aToM
CMBICIIE JaHHYIO0 paldoTy ClIeyeT paccMaTpuBaTh KaK MPOJOJKeHHE paboTel [8], B KOTOpOH
aKLIEHT c/ieJlaH Ha 0OpaTHOM 3ajaye.

Bbynem paccmartpuBaTh, TIIaBHBIM o0Opa3oM, ciydail H = const, a Takke ciydai
MWIMHAPUYECKOW KaTymIKd C OeCKOHEYHO TOHKOM o0moTkoi. Kpome Ttoro, Oynem
paccMaTpuBaTh JIMIIb OCHOBHOM MarHUT M CTAaTHYECKOE MOJIApH3yIollee Imosie (He Kacasch
TPaIMEHTHBIX TOJIEH).

Ha puc. 1 orobpakeH ciay4ail 6€CKOHEUHO TOHKOH OOMOTKH LMJIMHIPUYECKON KaTyIKH,
rae a €[/, ] — paccrosHue BAOJIbL OOMOTKHM KaTyWIKW, z €[—/,[] — paccTossHME OT LEHTpa

KaTyIIKd BJOJb €€ OCH, [— TONyJUIMHA KaTymikd, H(z)— 3agaHHas HaNpsHKEHHOCTh
MarHuTHOTO TMOJS Ha OcH Karymkud (B uactHoctH, H(z)= H =const), J(a)— uckomoe

pacrpeneneHue Toka BaI0JIb 0OMOTKH KaTyIIKu, R — panycC KaTyIIKH.
J(a)

H{z)

Puc. 1. UnnuHap ¢ 6eCcKoHEYHO TOHKOM 0BMOTKOM
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3aMedadue B ciayuae HEOTHOPOAHOTO paclpeeeHus TIIOTHOCTH Toka J(a)BIOb

0OMOTKH Helenecoo0pa3HO TOBOPHUTH O cojieHOoWaAe. HamoMHuM, 9TO cosneroud — 3TO €IUHBIN,
HAMOTaHHBIM Ha MWIMHIpP TpoBoA ¢ J(a) =const. B nannom xe ciydae (koraa J(a) # const)

HY’KHO TOBOPHUTbH, HAI[PUMeEp, O KaTyIlIKe CIEAYIOLIEro TUMa (CM. puc. 2).

Buten obmoten ¢ Tokom J (@)

OTBORE pla) = %

Hertounnk manpaxerna U

Puc. 2. TexHnyeckas peann3auunda B Buge n3ornnmpoBaHHbIX BUTKOB obMOTKM

Nmeercst omun oOmuit mcrounnk Hampspkenus U. Ot Hero paemaercs N OTBOJOB C
conporusienusamu p(a) =U/J(a), tae N — 4ucio BUTKOB OOMOTKH Karymiku. Kaxasiii 0TBOK
nepenaeT Tok J(a) TOJNBKO Ha OJIMH, COOTBETCTBYIOIIUN €My BHTOK OOMOTKHU, U30JIMPOBAHHBIN

OT JIpyrux BUTKOB. B pe3ynbTaTe momydaercs oOMOTKa M3 N HM30JUPOBAHHBIX APYT OT Jpyra
BUTKOB, B KaX/I0H M3 KOTOPBIX T€UET CBOU TOK J(a).

Cuayuaii 0eCKOHEYHO TOHKOH 00MOTKHM, IpsiMas 3a/1a4a

[Tonaraem, 4to mMMeeTcss OECKOHEYHOE MHOXECTBO BHUTKOB, HAMOTAHHBIX Ha I[WJIMHIP
paauyca R ¥ MONyUTMHBI [ 1 UMEIONMUX IUIOTHOCTh Toka J(a) (cm. puc. 1). B atom ciyuae

MIOJIyYUM CIIEAYIOIIECE BBIPAKECHUE ISl CyMMapHOU HANPsKEHHOCTH MAarHUTHOIO IOJISL B TOUYKE C
KOOPJIMHATON Zz HA OCH MIIJIMHJpPA ¢ 0ECKOHEYHO TOHKOM 00OMOTKOM [8]:

H(z) = J~ J(a)R*da

=
—1\/[R2 +(Z—d)2]
Boluucnenne HanpspbkeHHocTH mojist FH(z) mo 3agaHHOMY pacnpefeneHuio Toka J(a)
cornacHo (1) ecTb npsimas 3adaua.
AHanu3 npsMoii 3a7auu MoKa3bIBaeT, 4To npu J(a)= const nmone H(z) mamaer oT IeHTpa

(1)

KaTYIIKH K ee KpasM, a BHe Katymku H(z) ~|z|” npu |z | o.

OopaTHas 3aga4ya

3anumem (1) B criemyromeM BHUIE, WUCIOIB3YysS TPH ATOM Oe3pa3MepHbIE TEPEMEHHbBIC
s=al/R,x=z/R,s,=1l/R:

sq
j K(x,5)J(s)ds = H(x), —5, <x<s,, )
)
rae
1

-9

CootHomienue (2) ectb wuHTerpainbHoe ypaBHeHue Dpearonsma | poma, roe H(x)—

K(x,s)= 3)

3aJaBaeMas IpaBas 4yacTh (HAMPSDKEHHOCTh MArHUTHOTO TOJI Ha OCH KaTyIIKH), HampuMmep,
H(x)=H = const, K(x,s) — sIpo HMHTErpaJibHOTO ypaBHeHHs, a J(s) — uckomast QyHKIHS
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(pactpeneneHre TOKa BIOJIb OECKOHEYHO TOHKOM OOMOTKHM IHIMHApUYECKOW kaTymku SIMP-
tomorpada).

3amaya pemieHuss ypaBHEHHUS (2), Kak HW3BECTHO, SBISAETCS HEKOPPEKTHOU (CHIBHO
HEyCTOMUMBOMN) 3anaueit [4, 6,7, 9, 10].

Pemenne ypaBHeHMs (2) W ero TexHUYecKas peanuzaius (CM. pHC. 2) TO3BOJAT B
NpUHIMIE co37aTh Ha ocu Karymku SIMP-tomorpada momspusyromee mone ¢ 3aJaHHBIM
3aKOHOM M3MEHEHHUS €T0 HAMPSHKEHHOCTH, B YacTHOCTH, H (x) = H = const.

Pemienue nHTErpajbHOro ypapHeHus (2)

AHanu3 ypaBHeHHs (2), BBINIOJHEHHBIN B padore [8], mokaszan, uro ¢yukmus J(s) mnpu
s €[—S,,5,] MOIXKHA OBITb HEOTPULATENBHOH CHUMMETPUYHOM, MOHOTOHHO BO3pacTalOLIeH ¢

pocTom u obpararomieiicss B 6ecKOHEYHOCTb IIpH | s |[—> s, — 0.

PaccMoTpuM BOMpOC O YMCIEHHOM PEIICHUH ypaBHEHUsS (2). YUUThIBas HEKOPPEKTHOCTH
ypaBHeHHs (2), BOCIIONb3yeMcs MeToJoM peryisipusanuu Tuxonosa [4, 9, 10]. B pabote [6]
TaKXe HCIOJIb30BaH MeToJ peryispuzaunun TuxoHosa. [Ipu 3ToM, Kak IOKa3ago perieHue
YHUCICHHbIX MNpuUMepoB [6, 8], mHpum MalblX 3HAYEHUSAX MapaMeTpa peryJsipu3alud o
peryisipu3oBaHHoe pemienue J (s) nmeer OoiblMe 3HAKONEpeMeHHblE (uIykTyauuu. B To ke
BpeMs, MapaMeTp peryjispu3alMd o JOJDKEH ObITh JEHCTBUTENbHO OuYeHb Mail (Iopsaka
10° —-107""). D10 00yCNOBIEHO TEM, YTO IOTPEINHOCTh 3ajaHus H(Xx) OTCyTCTByeT (ecThb
TOJIbKO IOTPEIIHOCTH YHCICHHOTO alropuTMa M MAaIlUMHHBIX BbluucieHuil). Kpome Toro,
pemenue J (s) IODKHO HMMETh OUYEHb OONBLION auana3oH 3HA4YEHUH (U3-3a CHUHTYJISPHOCTH
ToyHoro pemenus). Ilpu stom pemenue J (s) NOMKHO OBITh MOHOTOHHO BO3PAcCTAIOLIMM OT
neHTpa karymku (s = 0) x ee kpasm (s =+5s,).

YrtoOb! perynsipuszoBaHHoe peuieHue J (s) ObLIO TaKOBBIM, @ UMEHHO, HEOTPULATEIbHBIM

¥ MOHOTOHHO BO3pacTalOlIUM OT LIEHTpa KaTyIIKU K €€ KpasM, HY>KHO BOCIOJIb30BaThCs
METOAOM peryspu3anuy TUXOHOBa ¢ OrpaHUYEHUSIMH Ha PELICHHUE.
B[9,¢c.118] orpaHuYeHUus YyJUTHIBAIOTCS TaKUM oOpa3oMm, uto peuieHue J (s)

UILETCS Ha MHOXECTBE HEOTPHLATEIHBIX MOHOTOHHO HeBoO3pacTaromux ¢yHKuui. OpHako
TaKOMY YCJIOBHMIO YJIOBJIETBOPSIET JIMIIb JIeBasl MOJIOBMHA pemieHusJ (s), T.e. mpu s € (—s,,0].

[ToaTomy B pabore [8] ypaBHeHUE (2) MOAUPUITUPOBAHO K BUAY:
0
j R(x,s)J(s)ds = H(x), —s,<x<0, (4)

%
TIJIe HOBOE SI/IPO PaBHO

1 1
R(x,s) = + .
7 @] Vir@-9T

Jus takoit ¢yukumu J(s), s €[-s,,0], MOXHO HCIOIB30BaTh YCJIOBUE, YTO 3TO —

()

HEOTpHUIaTeIbHAsi MOHOTOHHO HEBO3pacTaromas QyHKIIusI.
Hrak, pemenue J(s) OyaeM HCKaTb B JIEBOM MOJIyHNpPOCTPaHCTBE, T.€. Ipu s € (—s,,0],

II0CJIE YEeTO0 B IIpaBoOM nourynpocTpanctse J(s) = J(-s), s €[0,s,).
JUis nomydyeHus 4HMCIEHHOro pemieHus J (s) METOAoM peryisgpusanud THXOHOBA Ha

MHOXCECTBE HCOTPULATCIIbHBIX MOHOTOHHO HCBO3pAaCTAOIIUX (bYHKI_II/Iﬁ MOXKHO
BOCMoJb30BaTbes mporpammoit PTIPR na @optpane [9, c. 118, 174].
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IIpumep: pemnreHne MeTOI0M peryJasipu3aluy ¢ OTPAHUYCHUAMH

C nomomuipto nporpammel PTIPR 6bi1 pemen cnenyroumii mp u M e p (tuna [4, c. 57],
[6]): s, =1, mar quckperusauuu s = As = Ax =0.0125, 4yucio maroB AUCKpPETH3aLUU B JIEBOM

nonynpocrpaictee  n=s,/As =80 (obmee uncno BurkoB N =2n+1=161), mnone
H(x)=H =const=1, —s, <x<s,.

- 160
Jo (5)

- 140

- 120

- 100

- BO

| - B0

- 40

20

—1.0 -0.B8 —0.& —0.4 -2 0.0 5

Puc. 3. PerynapusnpoBaHHOe peLueHne ¢ orpaHn4eHnsamMm

3agaya pemanach s psAga 3HAUYCHUM Tnapamerpa peryispuzauumu o. Ha puc. 3
oToGpaXkeHbl TIONMy4eHHble peruenus J, (s) mpu o=10"° (kpusas 1), a=10" (xpuBas 2) u
a.=10" (xpupas 3).

Ha puc. 4 oroOpaxeHbl COOTBETCTBYIOIINE HAWEHHBIM pelieHusM J (S) pacrnpeneneHus
HANPSHKEHHOCTH MAarHUTHOTO OIS (cM. (4))

0
H, (x)= j R(x,5)J,(s)ds, —s,<x<0, (6)
5o
npu oo =10~ (xpuBast I) u a.=10" (kpusas 3).
[Ipu sTomM mHTerpan B (4) pacnuchiBaics, a B (6) BUUCIICA MO GopMysie Tpamenui ¢
IOCTOSHHBIM IHaromM A S.
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- 1.02
| H, (x)

— 1.00

—1.0 —0.2 —o.& —0.4 -z 0.0 x

Puc. 4. Hanpsi»>keHHOCTb MarHUTHOroO Nong

Puc. 3 mokas3pIBaeT, 4TO C YMEHBLIEHUEM O OTHOUICHUE Jo (=507, (0)

BO3pacTaeT U pemenue J (§) MepexXoauT B CUHTYISIPHYIO QYHKIUIO. A pHc. 4 OKa3bIBACT, YTO
C YMEHBILIECHUEM Ol OTHOCUTEIbHAS HEOJHOPOAHOCTD MOJIS

_|4. -4
R ]

yObIBaeT, rae H =1 — TouHOe pelieHue.

AH

Pemenue myrem npuéankeHus K S-pyHKIMN

JlanHplli mpuMep OBLI pelIeH Takxke ciexyromuMm crnocodoM. Mckomas ¢ynkuus J(s)
noJiarajiaCh paBHOH (MPUOIMKEHHUE K O-PYHKIINN)
Jy, s =—5,+0,
J(s) = { (7)
J, se(=s,0],
rae J =const =1, a J, BapbupoBanocs. [Ipu 3Tom unrerpan B (4) pacnuceiBaics 1no ¢popmyiie
Tpamneuui, 1 HanpsHKeHHOCTh H (X) paccuuThIBasIach Kak
H(x) = hZOp,-R(x,s,->J(s,-),
=
) 0.5,j=0wmu j=n,
e s, ==s,+h-j, p, ={1,0<j<n.
Ha puc. 5 npuBeaensl paccuntannble HanpsbkeHHoctu H(x)/ H(0) npu J, =110 (xpuBas
1), J, =120 (xpuBas 2) u J, =130 (xpusas 3). Bunum, uto npu HeKOTOpoM J,, OTHOPOJHOCTb
nons (kpuBas 2 Ha puc. 5 npu |x<0.5s,) B cpeanem mopsaka 107 —107*. Ilpu sTom ¢

YBEIMUEHUEM 4YHCJIA BUTKOB N HEOJHOPOAHOCTH IIOJII YMEHBLIAETCS, KaK I0Ka3bIBAET
CpaBHEHHE JJaHHBIX PE3yJIbTATOB C pe3yJibTaTaMu paboThl [§].
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- 1.02

L H(x)/H(0)
- 1.00
37271 i
- 0.98
- 0.98
- 0.94
T T T T T T T T T T
-1.0 —0.8 -0.8 —0.4 -0.2 00 X

Puc. 5. Hanps»keHHOCTU MarHUMTHOro Nnosist Npu pasnuyHblX 3Ha4YeHNNAX Jy

MOXHO clieNaTh CIeAYIOIINE BBIBOIBI.
1. Ecnu pacnipenenenne Toka J(s) BEonb oOMoTku Katymku SIMP-tomorpada caenath

OJIHOPOJIHBIM, 32 HCKIFOUEHUEM KpalHUX BHUTKOB (T.e. THMHA (7)), TO 9TO MO3BOJHT MOBBICUTH
OJHOPOJHOCTH MArHUTHOIO TIOJISI H(x) na ocu xarymku. J[aHHBI BBIBOJ MOXHO

paccMaTpuBaTh Kak MaTEeMaTHYeCKOe OOOCHOBaHME METO/Ia KOPPEKTUPYIOUIUX KaTyIIeK
INanmafinuaa—3amMaTuHa.

2. Ilpu pacnpenenenuu Toka Tumna (7) MOKHO HCIOJB30BaTh OOMOTKY KaTyIIKH B BHIE
COJICHOM/IA (32 UCKITFOUCHUEM KPAHUX BUTKOB).

3. Heomuopoxuocts monst mopsiaka 107 —107*, gocTuraemas M3JOKEHHBIM B JaHHON
CTaTbe METOJIOM, MOXKET HCIOJIb30BaThCSl KaK XOpollee HadajabHOE NPUOIMKEHHE B METOJe
KOPPEKTUPYIOIINX KaTyIlIEK.
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BUPTYAJIbHBIIA MUKPOCKAHEP JIJI1 CKAHUPYIOIIETO

30HAOBOI'O MUKPOCKOIIA
A.B. I'aBpuiios, A.O. I'osnyOok

B cratbe paccMOTpeHBl pe3yibTaThl pa3pabOTKH oOydaromed NIporpaMMbl IIO OCBOGHHIO IIbE30JBHKUTENEH
Pa3NUYHON CTENEeHH NOJBMKHOCTH, UCIOIb3YEMBIX B CKaHHUPYIOIIEH 30HJ0BOM MHUKPOCKOIIMH, a TaKXKe pacueT UX
MareMaTHueckux mozneneil. JlaHHas pa3paboTka mpezroaracT BBEICHHE B KOMIUICKC IHCTAaHIIMOHHOTO OOydYeHus
cucremsl "BuptyanbHas naboparopnas pabora'.

Pabora mocBsiieHa aHaIW3y NPUMEHSEMBIX B CKAaHHUPYIOIIEM 30HIOBOM MHKPOCKOIIS
(C3M) [1] muxpoaBmxkutTenei [2] U UX UCCIECIOBAHUIO C LEIbI0 pa3padOTKU MPUOIMKEHHON
MaTeMaTUYECKOMI MOJIEJIH, MpeIHa3HaYCHHOU IS CO3JaHUs WHTEPAKTUBHOM,
MaTeMaTHU3UPOBAHHOM aHMMalMu. B X0/1e BRIOTHEHUS paOOThl PACCMOTPEHBDI:
®  MUKPOABUKHUTENb B BUAE MHE303JIEMEHTA MPSMOYTOIBHOTO CEUEHHUS C IBYMsI M YEThIPbMsI

AJEKTPOJIAMHU,
®  MHKPOJABI)KUTENb B BUJI€ TOHKOCTEHHOM LUIMHAPUYECKON TPYOKH C IIECTHIO 3JIEKTPOIaMHU.

Bo Bcex crydasx mpenycMOTPEHBI BapHallMd TOJIIMHBI W JUIMHBI 3JIEMEHTa, a Takke
HaIPSKEHUS MEXKIY SJICKTPOIaMH.

[Ipu pa3paboTke cucTeMbl MHTEPAKTUBHOM aHMManuu [3] ObLTM 3al0KEHBI CIEAYIOLINE
BO3MOYKHOCTH:
® B3aUMOJICHCTBHUE C I0JIb30BATEJIEM CUCTEMBI U MPEJCTABICHUE PEaKIIUU IPOrPaMMbl Ha €ro

JEHUCTBUS,
e JeMOHCTpauus HauboJiee HArJIAIHBIM CIIOCOOOM 0COOEHHOCTEH U BO3MOKHOCTEH PAa3TUYHBIX
TUIIOB MUKPOJABM)KUTEJICH U MapaMeTpOB UX pabOTHI.

[IpakTueckass 3HAYUMOCTh HMCCIIEIOBAHUS 3aKIIOYAETCSd B TOM, YTO paccMaTpUBAacMbIe
MUKPOIBMKUTENN OyIyT CIyKUTh MoaysiMu BupTyansHoro C3M. Kpome Toro, ucciemyemas
CUCTEMa OTKPBIBACT MEPCIICKTUBKI JIJIsl €€ IPUMEHEHUS B KAUYeCTBE HHTEPAKTUBHOTO TTOCOOHSI IO
n3yuenuto ycrpoiictea C3M u mpueMoB paboTbl ¢ HuUM. [laHHas pa3paboTKa MOXET OBITh
UCIIONIb30BaHA KaK DJIGKTPOHHAS JOKyMEHTAIHUS K MPHOOpPY WM B PEKIIAMHBIX IIETSX, a TaKKe
JUTSL CO3IaHMS ¥ BHEJPECHHS B yUeOHBIN mporiecc cucteMbl "BuprtyansHas nabopatopus'.

"Buptyanpnas nmabopaTopus" mpencTaBiseT co00il CHCTeMy, COCTOAILIYI0 U3 ONMUCAHUS
METOAWKH TIPOBEACHMs JlabopaTopHOW paboThl, JabOpPaTOPHON YCTAaHOBKHM TMPHUOOPOB,
HKCIIEPUMEHTAIIbHON YacTH Ha OCHOBE MaTEMAaTUYECKON MOJENIN SKCIEPUMEHTA U JIEKTPOHHOT'O
otueTa. Bech nmpornecc paboThl 10KEH TPOUCXOAUTh B MHTEPAKTUBHOM PEKUME C COXPAHEHHUEM
pPe3yJAbTaTOB AJI1 KOHTPOJIA.

PaccmarpuBaemyro cuctemy 1ienecooopasHo co3aBaTh Ha OCHOBE VIHTEpHET- TEeXHOJIOTHI
C BKJIFOYCHHEM B KOMIUIEKC JAUCTAHIIMOHHOTO 00ydeHus (puc. 1) U nmpuMeHeHHeM S3bIKOB Java,
Perl, Visual Basic, ocobenno Flash [3].

OTanuuTEIbHON OCOOEHHOCTBRIO s3blka Flash  gBiseTcss BO3MOXKHOCTL — CO3JAaHUS
WHTEPAKTUBHOTO (UiIbMa, B KOTOPOM pEATU3YIOTCS B3aMMOJICUCTBHE C TIOJ30BATENIEM,
UKIMYECKass aHUMallus, aHUMalus [0 MPOTPaMMHOMY Tepexody, MaTeMaTU3HpOBaHHAsS
aHWMaIIMsl, 9YTO JAaeT IIMPOKHE BO3MOXKHOCTH 1Jisi co3nanus MHtepHer-punoxenuit [3]. Kpome
storo, nmakeT Macromedia Flash 5.0 Obu1 BbIOpaH B CBsI3U ¢ HEOOXOIUMOCTBIO TMOAKIIOUEHUS
WHTEPAKTUBHOTO (hMJIbMa K CAWTy KOMIUIEKCA AMCTAHIIMOHHOTO OOYYEeHHS W MHTEPAKTUBHOTO
IpoCcMOTpa HemocpeAcTBeHHO B Opoysepe Internet Explorer 5.0 u Bbie 3a cueT BCTPOCHHOTO
npowurpeiBatens Flash-¢puibsmos.

C3M, BbIOpaHHBI B KauecTBE OO0BEKTa IS BUPTyalIM3allMH, NPEICTABISIET COOOi
CIIOKHYIO M3MEPUTEIbHYIO CUCTEMY (pHUC. 2), YyBCTBUTEIIBHBIM 3JIEMEHTOM KOTOPOM SIBIISICTCS
JaTYMK — 30H]I.
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IIporpamma i npocmorpa HTML-cTpanuny
[IpourpsiBatens Flash-punsmon

L. Monynu cBsi3u ¢ pa3oit
Mopyinu cBs3u ¢ (a3oit IAHHbIX Ha CTOPOHE
JTAHHBIX Ha CTOPOHE ce Bepa

Java - aneTsl

Java - CKPHIITbL \/ \% API HHTepd)eHcm
Web - cepsep

T roacZom T

weroo o T e

baza maHHBIX CHCTEMBI
JTMCTAaHIIMOHHOTO 00Y4YeHU

Cucrema
“BupryansHas JlabopaTopus”

Puc 1. Cxema komnnekca guCTaHuMoHHOro obyyeHus ¢ cuctemon "BupTtyanbHas
nabopatopus"

HLC3OZ[BI/I)KI/IT6J'H>

Jlatuuk

Ob6paszerg

41

<:> [TepconanbHbIit
X Y

KOMITBIOTEP

Puc. 2. MpuHuyunuanbHasa cxema C3M
OCHOBHBIM 3JIEMCHTOM MO3UIIUOHHUPOBAHUSA 30HOAa ABJISICTCS IIbE30ABUKUTECIIb,
BBIMIOJHAIONIMKM Takke (GYHKIUM MUKpockaHepa. Haumbonbllee pacmpocTpaHeHHE MOTydnia

CucreMa C 30HIOM, YCTAHOBJICHHBIM Ha TPEXKOOPAMHATHOM MHUKPOIABUIKUTCIIC. praBJ'IeHI/Ie
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MHUKPOABIKUTENIEM BeJETCS MpPHU MOMOIIM IEPCOHAIBHOTO KOMIBbIOTEpA uepe3 CHelHaIbHbIN
6ok ympasneHus. C MOMOIIBIO 30HAa (OPMHUPYETCS CHTHAJl O PACCTOSIHUM MEXIYy HUAM U
IIOBEPXHOCTBIO 00paslia, KOTOpbIH IpeoOpasyercs B LU(GPOBOM KOA M Jajee IMOCTyNaeT B
KOMITBIOTEP, PACCUMTHIBAIOLINKA JalbHEWIee TepeMelieHrne 30Hna. biok  ympaBieHus
npeoOpa3yeT CHUTHajbl, [OCTyHAaloIlMe C KOMIIbIOTEpa, B HANpsHKEHUE Ha 3IIEKTPOAAX
NBE30JIBIKUTENSI U OTHM OOECIeunBaeT IOCIEAyIoiee IMepeMelieHne 30Haa. Bce naHHBIE
(KOOpAMHATBI, CHUTHAJBl JaTydKa) OOCUYMTHIBAIOTCA W NPEACTABISIOTCS B IpaUueckoM H
YHCJICHHOM BHJI€ Ha MOHHTOp TIOJB30BATENS W B NaMATh KOMIBIOTEpa Kak HH(pOpMAaIuu o
penbede moBepxHOCTH 00pasia.

Jnst  MOAENMpOBAaHMS TEPEMENICHUS JaTdhKa HEoOXOAMMO 3HAaTh  3aBHCHMOCTD
negopMaluy MbE30JIBUKETEN OT HANpsDKEHUS Ha DJEKTpojAax. IJTO MO3BOJMT 3apaHee
OTIPENIEIUTh TEOMETPHUYECKHE TapaMeTpbl IbE30ABIKUTENS, YTOOBl OOECIEeYHTh 3aJaHHYIO
wiomaab o03opa obpasua. Pasymeercs, MoaenupoBaHHME, MaKCHUMAalbHO MPHOIMKEHHOE K
MOBEJICHHUIO PEAIbHOTO JTaTYMKa, HEBO3MOXKHO 0€3 yueTa CBOMCTB MaTepHaia ITbe30ABHKETENS U
IPOIIECCOB, MPOTEKAIOIIUX B HEM NPH Je(POPMHUPOBAHUU.

Kak wu3BecTHO, mbe30KepaMUUYeCKUii dJeMeHT [4] mpeacTaBiasieT CcoOOW  TBEPIbIi
JTURJIEKTPUK, KOTOPBIM MpHU yHpyrom Ae(GopMUpOBAaHMM MOJSPU3YETCs, BbI3bIBas IOSBICHUE
Pa3HOCTH MOTEHIMANIOB (MPSIMOI Tbe303(ddekT), 1100 ynpyro 1eGopMHUPYETCs IPH MPHIOKEHUN
pasHOCTH moTeHIManoB (oOpaTHbIH mbe303¢dekT). Cambplii HPOCTOM U3 PACCMOTPEHHBIX
IbE30BIDKETENICH MMEET MPSIMOYTOJbHOE CeueHHE C JBYMs dJeKTpoaamu. llpu mpuinokeHun
HaNpsDKEHUS. MEXY 3JEKTPOJaMH OH U3MEHSIET CBOM I'€OMETPUUYECKHE pa3Mepbl — yATHHSIETCS
(YkopauuBaeTcsl) U, COOTBETCTBEHHO, YMEHbIIAET (YBEJIMYMBAET) MONEPEUHOE ceueHUe. JlaHHbIi
THII NbE30/IBUKUTEIIS Yallle BCEro MPUMEHeTCsl Ul NEPBUYHOTO cOMMKeHns o0pasia 1 30H/a.

Bonee yHuBepcanbHBIM SIBISIETCS MBE30/IBUKHUTEND MPSIMOYTOJIBHOTO CEUYCHHS C YETHIPHMS
anektpofamu. [Ipu npunoxeHUH Ha Be mapbl 3JEKTPOIOB PA3HBIX M0 3HAKY HANPSDKEHUM OH He
TOJIBKO HM3MEHSET CBOM TE€OMETPHUYECKHE pa3Mepbl, HO M HW3TUOAETCs, YTO MOXET OBITh
UCIIOJIb30BAaHO MIPU CKAHUPOBAHUU B OJJHOM MJIOCKOCTH.

CambiM 3¢ ¢dexktuBHBIM ©  yaoOHBIM aiusi  C3M  mpu3HaH — TPEXKOOPIMHATHBIN
MHUKpPOABIKUTENIb B BHJE TPYyOKM C ImIeCThbi0 3nekTpogamu. Ha Bcio OOKOBYIO MOBEPXHOCTb
TPyOKH CHapyH W HM3HYTPU HAHECEHBI SJIEKTPOJbl. BHYTpEHHHI SIIEKTPOA OCTaBISIOT 0Oe3
U3MEHEHUH, a BHEUIHMH pa3leisiioT Ha NATh yacTed. Ilpu 3ToM oTaensiercs OoIuH CIIOLUIHOMN
AJIEKTPOJI, 3aHUMAIOIINH JIBE TPETH JJTUHBI U 00ECTICUYMBAIOIINI ITOCTYIATEIbHOE MEPEMEIICHNE
30HAa. OcCTaBIIyIOCS 4YacTh BHELIHEH IOBEPXHOCTU TPYOKH, pa3JeNeHHYI0 Ha 4YeTbIpe
IPOJIOJIBHBIX 3JIEKTPO/IA, UCTIONB3YIOT JJIsi CKAHUPOBAHUSI.

B nensx co3naHus aHUMAaLMOHHBIX (DparMEHTOB UM OINpPENeNIeHUs] pealbHbIX BO3MOKHOCTEH
NBE30/IBIKUTENS  OBUTM PACCUMUTAHBl MAIIMHHBIM CHOCOOOM MaTeMaTHYECKHE MOJEIH C
UCIIOJIb30BAaHUEM CIIETYIOLINX COOTHOILICHHIA:

e (opMmyna yATUHEHUS HE303JIEMEHTA MIPU MPUI0KECHUU K HEMY HaIlPsDKEHHS
- B
h
rae £ — HanpsyKeHHOCTh 2JIEKTPUYECKOro Mojisl; d — Mbe30MOIYJIb; [ - JUIMHA NbE303JIEMEHTa;
h — TOJIIMHA [THE303JICMEHTA;
e (opMyna HAMPSHKEHHOCTH AJIEKTPHUYECKOTO TIOJISI MHE303JIEMEHTa MPH MPHIIOKEHUH K HEMY
MEXaHUUYECKOT0 HaIpsKEHUs

E=do,
rze d — Nbe30MOAYJIb; G - MEXaHHYECKOE HaNpsHKEHUE;
e (opmyna Ui pacyeTa JTUHBI TyTH OKPY>KHOCTH

_ R«
180 °
rae R — paanyc OKpy>XKHOCTH; O - YTOJL.

JInsi Mbe30ABIKUTENS TPSMOYTOJIBHOTO CEUYEHHUSI C JBYMS DJIEKTPOAAMHU pacyeT JJIHHBI [

IPOM3BOJIMIICS C UCIIOJIB30BAHUEM IbE30MOIYJIS d3;
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Ed L

Ah = —23”
h
[Ipu pacyere TONIIMHBI /1 HCTIOIB30BANICS TTHE30MOLY b d3
A = Bt
h

B ciydae mbe30ABIKUTENS MPSMOYTOJBHOTO CEUCHHSI C YETBIPBMS DJIEKTPOJAMHU IS
onpeaciicHrusd CMCIICHUA OT HCHTpaHBHOﬁ OCH paCCUUTBHIBAJIOCH UCKPUBJIICHUC IbC303JICMCHTA.
[IpencraBuB »IIEMEHT KOHCOJIBIO C 3aKPEIUICHHBIM KOHIIOM M JIOIYCKas, YTO HCKa)KEHHBIN
DJIEMECHT 1/13r1/16aeTc;1 o AYTC OKPYKHOCTU, MOKHO OIPCACIINUTL JJIMHBI CTOPOH MbC30ABHKUTCIIA
KaK JJIMHBI YT OKPY)KHOCTEH paguyca R u R+b nipu mmpuHe mbe3odaemenTa b (puc. 3).

1+Al, R

B

1+Al 1 a

Puc. 3. Cxema ans pac4yeTta npocrenen mateMaTmyeckon Mogenu

Onpenenenne  napaMeTpoB CKAaHUPOBAaHUS SIBUWIOCH PE3YJIHTATOM PELIEHUS CHUCTEMBI
YpaBHEHUM:

nRa
A+ AL, TR
o a2, = MR+ D) +f)°‘;

180

b+ AN)
~(an, — AN
o 180° (A + AN,

R

Cmemenne  He3aUKCHPOBAaHHOTO  KOHLIA  IIbE303JE€MEHTa Ax B HalpPaBICHUH,
HEePIEeHANKYJIIPHOM HPOJOJIBHOM OcH, W Ay — BIONb HPOJOIBHOW OCH PACCUMTHIBAIOCH IO
creayoummM GopMyam:

0
Ar=R-(1—cosa)= ¥ Edub | (1807 ME, - E,) |
(E2 _El)d31 7h
0
Ay =A-Rsing = A— bh+Ed, b sin 180 bd31}\(E2 _El)
(Ez _El) 7h

3HAaKM CMENICHUW OMpEeAeSsUIMCh 3HAKaMHM HANpPsKEHHOCTEHW AJIEKTpUYECKOro mnois £ B
dopMynax cMmemieHMid TMbe303JIeMEHTa. B cioyyae paBHBIX HaMpsDKEHHOCTEM — pacyeT
MPOU3BOJWIICA IO CTaHAAPTHOU (popMysie y/UIMHEHUS

Ax =0,

Ay = A\, = AN,

[Ipunstas Momenp TakKe MOAXOAMIIA JIJISl pacueTa Mbe30ABMKETENs B (hopMe TpyOKH, Tak
KaK OTKJIOHEHHUS TPYOKHM TMPOUCXOIAT BO B3aUMHO NEPIEHIUKYIAPHBIX IJIOCKOCTAX W,
CJIEIOBATENIbHO, OTKJIOHEHUS B OJTHOM MJIOCKOCTU HE BIIMSAIOT HA OTKJIIOHEHUSI B IPYTOM.

Pacuer nepemenieHuii mbe30BUKETENS TPOUZBOAMUIICSA C YUETOM CBOMCTB MBE30KEPAMHUKHU
Pb(ZrTi)O3, Hanbomnee yacto ucnoabzyemoit B C3M. Ito 00ycrnoBieHO:
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BBICOKUM KO3(DPHUITMEHTOM 2JIEKTPOMEXaHUIECKOH CBSI3H;
CPaBHHUTEIBHO MPOCTHIM CIIOCOOOM U3TOTOBIEHUS 00pa3IoB U AeTamneil 1000 Gopmbl;
MaJibIM pa30pocoM 3HAUCHUI apaMeTpoB OT 00pasiia K 0Opasily;
XOpoIIel BpeMEHHON U TeMIepaTypHOM CTaOUIbHOCTHIO.
Co3maHHBId Ha OCHOBE pACCUYMTAHHON MOJETM WHTEPAKTUBHBIA (UIBM TpPEICTABISET

HarsIAHY 1O I/IH(1)OpMaI_II/IIO 0 pacClIOCTPAaHCHHBIX BHUAAX HBC30,Z[BI/I)KI/IT6J'IGI71, HX XapaKTCpUCTUKAX U
O BO3MOXHOCTAX HGpGMGHIGHHfI. ®OuiIsM MOXET pa60TaTI) KaKk B ACMOHCTpAlMOHHOM, TaK H
HHTCPAKTUBHOM PCIKUMC.

Cuenapuii punpmMa COCTOUT U3 CIEAYIOMHX (PparMeHTOB.

3acTaBka.
Ornasnenue.
KpaTkas TeopeTrueckasi 4aCTb ¢ aHUMAIIMOHHBIM IIPUMEPOM.
PaGora nbe3oaBmKUTENS MPSIMOYTOIBEHOTO CEUEHUS C IBYMS DJIEKTPOIaMHU.
[lepexon OT MbE30ABMKUTENS C ABYMsI 3JCKTPOAAMH K MBHE30JBIKUTENIO C YETHIPHMS
AIIEKTPOAAMHU.
PaboTa mpe301BHKETENS IPSIMOYTOJIBHOTO CEYSHHS C YETHIPHMSI AJIEKTPOIAMH.
[lepexon OT MbE30ABUKHUTENS C YETHIPbMS B3JEKTPOAAMH K IbE30JBIKUTENIO TpyOuaTon
dbopMBI.
Pabora nbezoaBmwxkuTENs B opMe TPyOKH C IIECTHIO AIEKTPOJAMH.
YcraHoBka gaT4ymka - 30H7A.

B pe3ynbTare npoBeIeHHBIX UCCIICIOBAHUM:
MOCTPOCHBI MPUONIMKEHHBIE MaTEeMaTHYECKUEe MOJETH MM BCEX MPEACTABICHHBIX BHUIOB
MBE30ABIKUTENCH, TT0 KOTOPBIM PACCYUTAHO MOBECHUE PEATbHBIX MTbE30BUKHUTENICH;
YCTaHOBJICHO, YTO IS pa3pabOoTKu paboTOCTIOCOOHOH M HATJISAHON 00ydaromeil mporpaMMeI
Ha Oasze MHTepHeT-caiiTa 1emecoo0pa3Ho MCIOJb30BaTh BO3MOKHOCTH Macromedia Flash
5.0;
CO3/1aH MHTCPAKTUBHBIA (PWIIBM, KOTOPHI MOYKHO MPUMEHSThH B IEIsAX 00ydeHus, B hopme
ANEKTPOHHON JOKYMEHTAIMH K pudopam, a Takxke A7 pekiiaMbl Bo3MoxHocTelt C3M.
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MOHHMTOpPHHTA

I'onoB Mrops HuxosaeBuu — KaHa. TEXH. HAYK, [IEPBbIM 3aMECTUTENb I€HEPAIBHOIO JUPEKTOpa
roc. opranuzanuu "Ces3anreonorus’, ITOKTOpPaHT Kadeapbl W3MEPUTEIbHBIX TEXHOJOTHH H
KOMITbIOTEpHO# ToMorpadun, e-mail: INGolov@mail.ru

Foay6ox Anexcanap OneroBud — A0KTOp (hM3.-MaT. HAyK, 3aM. Aupektopa nmo Hayke MAHII
PAH, golubok@jianin.spb.su

I'onuapenko Muxaun PobepToBud — KaH. TeXH. HAYK, HadaabHUK oTaena HUTM.
I'punmmnan Beagum CepreeBuy — aciupanT Kadeapbl TEXHOJIOTHH TPUOOPOCTPOCHHUS.

I'yabnoB HOpuii AnexcaHapoBU4  — KaHJ. TEXH. HayK, JOIEHT Kadeapbl TEXHOJIOTHUHU
npuOOPOCTPOCHUSI.
I'ypbsinoB Banepuii AnekceeBuu — CT. TmpemnojaBarelb Kadeapbl SIEKTPOTEXHUKU U

IPELU3UOHHBIX JIEKTPOMEXAHUUYECKUX CUCTEM.

I'yraep Urops EBrenbeBud — HavanbHuk otnena OTYIT LIHUU "Dnexrponpudop".

JenucoB KoncrantnHn MuxaiinoBuu — crapuuii npenojaBaTenb Kadeapbl IEKTPOTEXHUKU U
MPELU3HOHHBIX 3JEKTPOMEXAHUUECKUX CUCTEM.

KnanoB UVBan HuxomaeBud — cryaeHT (kadeapa O>IEKTPOTEXHHKH M MPEIM3HOHHBIX
IIEKTPOMEXAHUYECKUX CUCTEM).

HNBanoB Anapeii KOppeBrY — KaHIUIAT TEXHUYECKUX HAYK, TOKTOPAHT Kadeapbl MEXaTPOHUKH.
NBanoB BrnagucmaB AnekcaHapoBHd — JOKTOpP TEXH. Hayk, mpodeccop, 3aB. kadeapou
U3MEPUTENLHBIX TEXHOJIOTHI U KOMIIBIOTEPHON TOMOTpaduu.

NBanoB Bukrtop KoHcTaHTHMHOBMY — acmupaHT Kadeapbl H3MEPHUTEIbHBIX TEXHOJOTHA |
KOMIIBIOTEPHOU TOMOTpaduu.

NBanoB Cranucnap BrnagumupoBud — cTyneHT (kadeapa H3MEpPUTEIbHBIX TEXHOJIOTHH U
KOMIBIOTEPHON TOMOTpadun).

NBanoB Cepreit EBrenpeBud — acriupanT Kadeapbl TEOPETHISCKON HU3UKH U MEXaHUKH.
HNnbuna Jlapuca IlerpoBHa, KaHA. ¢u3.-MaT. HayK, MpENoAaBarenb Kadeapbl H3MEPUTEIbHBIX
TEXHOJIOTHI ¥ KOMIIBIOTEPHON TOMOTpaduu.

Ko3auenko Anekcanap BUKTOpOBHUY — acCCUCTEHT, aCHUPAHT MU3MEPUTEIbHBIX TEXHOJIOTHH U
KOMITBIOTEPHOU TOMOTpaduu.
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Konod0yxoBa TathsiHa BacunbeBHa — cTyneHTKa Kadeapbl U3MEPUTEIbHBIX TEXHOIOTUU U
KOMITBIOTEPHOU TOMOTpaduu.

KopadaeB Bnaaumup AHTOHOBMY — KaHA. TEXH. HAyK, JOIEHT Kadeapbl KOMIBIOTEPHON
TEIUIO(U3UKHU ¥ SKOJIOTHIECKOT0 MOHUTOPHHTA.

KopoBbsikoB Anaronuii HukonaeBM4 — KaHA. TEXH. HayK, JOLEHT Kadeapsl CHCTEM
yIpaBlieHUs] 1 HHPOPMATHKH.
KpuBomeeB Anekcannp [‘eHHanpeBUd — KaHA. Qu3.-MarT. HayK, JOUEHT Kadeapsl

TEOPETUIECKON (PU3UKU U MEXaHUKH.

Kportenko Brnagumup BnagumMupoBuy — KaHA. TeXH. HAyK, JOLEHT Kadeapbl IeKTPOTEXHUKU U
MPELHU3UOHHBIX JIEKTPOMEXAHUUYECKUX CUCTEM.

Ky3pmun Muxaun FOpbseBuu — aciupaHT Kagdeapbl TEXHOJIOTHH TPUOOPOCTPOECHHUS.

Ky3pmun [Opwmit IletpoBmu — KaHa. TexXH. HayK, JOIEHT Kadeapsl TEXHOJIOTHU
npuOOPOCTPOCHUS.
Kynuxos [Imutpuii JIMuTprueBHY — JOKTOp TEXH. HayK, npodeccop kadeapbl TEXHOJIOTHUU
npubOPOCTPOCHUS.

JlyknueB JImMutpuii BsgecnmaBoBuu — cTyAeHT (kadempa SIEKTPOTEXHHKH W TMPEIM3HOHHBIX
JIEKTPOMEXaHUYECKUX CUCTEM).

Makapos Cepreii JleonnnoBuu — 3aB. mabopaTopuei kadeapsl KOMIBIOTEPHON TETUIO(GU3UKH U
9KOJIOTMYECKOI0 MOHUTOPHHTA.

MamnyiinoB KoHctantuH BHKTOpOBHMY — acmupaHT Kadeapbl W3MEPHUTENbHBIX TEXHOJIOTUH U
KOMIIBIOTEPHON  TOMorpaduu, THaBHBIH pegakTop >KypHana "Bompockl HaTypajibHOU
dunocodpun".

Mapycuna Mapus SIkoBiIeBHa — KaHJI. TEXH. HayK, JOLEHT Kadeapbl H3MEPHUTEIbHbIX
TEXHOJIOTHI U KOMITBIOTEPHOH TOMOTrpadu.
Menynenknii Bukrop MuxailnoBuu — KaHA. TEeXH. HayK, MAOLEHT, IOKTOPAHT Kadeapsl

TEXHOJIOTHH MPUOOPOCTPOCHHUS.

MeabHaukoB Butanuii ['eHHagpeBUY — KaHA. TEXH. HAYK, CT. HAYYHBIH COTPYIHUK Kadeapsl
Meabnuuyk Ombra IletpoBHa — cryaeHTka (kadenpa WHPOPMAIMOHHBIX TEXHOJIOTHUH U
OpOrpaMMHUPOBAHMUS).

MemepsikoB IOpuii lBaHoBHY — nOKTOp (u3.-Mart. HayK, 3aB. sabopatopueit UlIMam PAH,
ymesch@impact.ipme.ru

Mupomnnk Wnbst BacunbeBrd — TOKTOp TEXH. HayK, mpodeccop Kadeapsl CUCTEM YIPaBICHHS
U UTHPOPMATHKH.

Mupomnnyenko ['eoprumii IlerpoBud — kaHa. ¢u3.-MaT. HayK, TOLEHT Kadeapsl BBICHICH
MaTEMaTHKH.

Myxannag Haccap — acnupaHT kadeapbl HU3MEPUTEIbHBIX TEXHOJOTMH W KOMIIBIOTEPHOM
ToMorpaduu.

HeronaeB Anexcannp BanepeeBuu — acnupaHT Kadeapsl WHXEHEPHOHM M KOMIBIOTEPHOU
rpaduku.

Hexpacos Oner AnapeeBud — ct. HayuHblid coTpyanuk [THWJI )KK BBMIY nwm. Jlenuna.
HeponoB Opuii WUnbuu — gokrop ¢us.-mMaT. Hayk, mnpodeccop KadeIpbl H3MEPHUTEIbHBIX
TEXHOJIOTHI U KOMITBIOTEPHOI TOMOTrpadum.

HwuskoBosioc Brnagumup benbeBuu — kanaunat ¢us.-mar. HayK, CT. Hay4HBIH COTpPYAHUK
HNucturyTra mo3sra yenoseka PAH.

Hukutnna  Mapus  BrnagumupoBHa — acnupaHTka — Kadeapbl SJIEKTPOTEXHUKH U
IPELHU3UOHHBIX JIEKTPOMEXAHUUECKUX CUCTEM.

Hukudopos Brnagumup OneroBud — JIOKTOp TEeXH. Hayk, mpodeccop Kadeapsl cUCTEM
yIpaBJIeHUs! 1 HHHOPMATHUKH, TIPOPEKTOP.

Huxouaaes JImutpuii bopucoBud — cTyaeHT (xadenpa HM3MEPUTETBHBIX TEXHOJOTUH U
KOMITBIOTEPHOU TOMOTpadun).

Hopun Anexcanap BnaaumupoBuu — Kanz. ¢(u3.-mar. HayK, JOLEHT KadeIpbl BbICIIECH
MaTEeMaTHKH.
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OcunoB /[Imutpuii BnagumupoBud — acnupaHT Kadeapsl 3J1EKTPOTEXHUKU U MPELU3UOHHBIX
AIIEKTPOMEXAHUYECKUX CUCTEM.

Iapukekuii 3axap MuxaiaoBud — JOKTOp MeA. Hayk, mpodeccop Kadenpbl U3MEPUTEIbHbBIX
TEXHOJIOTHI U KOMITBIOTEPHOI TOMOTrpadu.

ITerpoB Cepreii AnekceeBnd — KaHA. XMM. HayK, CT. HayuHblii cotpynHuk WXC PAH,
petrov_9@meil.ru

ILnoTHnkoB Bukrtop Brnagumupouuy — cryneHT (kadenpa MU3MEpHUTENIbHBIX TEXHOIOTUH U
KOMITBIOTEPHOU TOMOTpadun).

IMononckuii Opuit 3ycbeBuy — KaHa. OWII. HAyK, CT. HAy4YHbIH coTpyaHuK VHCTUTYTa MO3ra
yenoseka PAH.

IMonoB HUrops IOpweBuu — noktop ¢us.-mar. Hayk, npodeccop, 3aB. Kadenpoi BbICIIEH
MaTEeMaTHKH.

IHoranoB Makcum BuKTOpOBUY — actipaHT Kadeapbl TeopeTUYecKor (PU3NKN U MEXAHUKH.
IMpucsarun Makcum BragumupoBud — acupanT Kadeapsl TEXHOIOTHH MTPHOOPOCTPOCHHUS.
Pe16un Annpeit Bnagumuposuu — npocgeccop niversity of Jyviskyld, Department of Physics,
PO BOX 35, FIN-40351, Jyviskyld, Finland.

CamoxBanoB AntoH CepreeBuu — M. HayuHbli corpysHuk HWIIMam  PAH,
ymesch@impact.ipme.ru
CepreeB KoHCTaHTHMH AJEKCaHIPOBUY — aCHUPAaHT Kadeapbl CHCTEM YIPaBICHHUS U

uHpopmatuky, e-mail: ser ak@mail.ru

CepeOpsixkoB Cepreil AjnekceeBUY — acHMpaHT Kaeapbl JIEKTPOTEXHUKH U IMPELU3MOHHBIX
IIEKTPOMEXAHUYECKUX CUCTEM.

CusukoB Banepuii CepreeBuu — JOKTOp TEXH. Hayk, mpodeccop Kadeapbl H3MEpPHUTEIbHbBIX
TEXHOJIOTUH W KOMIIBIOTEpHOH Tomorpadum, e-mail: sizikov2000@mail.ru, web-site:
http://de.ifmo.ru/curs/svs.html

Cumonenko 3uHanga [puroppeBHa — KaHAWZAT TEXH. HAyK, AaCCHCTEHT Kadeapsl
U3MEPUTENIbHBIX TEXHOJIOTUH 1 KOMIIBIOTEpHOI TOMOTrpaduu.

CunenpmukoBa TarbsHa FOpbeBHa — mul. HayuHblil coTpynHuk UXC PAH.

Cokono  [Imutpuii IOppeBuu — cryneHT (kadeapa H3MEPHUTEIbHBIX TEXHOJOTHH U
KOMITBIOTEPHOU TOMOTpadun).

CrenanoB lBan BrnamumupoBuu — 3aMecTHTENb AUPEKTOpa Mo HayuyHoW pabote OI'YHIIII
"T'eonmoropaszsenka'.

Cyxanosa XXanna bopucoBHa — acniupaHT Kadeapbl TEXHOJIOTHH TPUOOPOCTPOCHHUS.

Tumonen FOccu — professor University of Jyviskyld, Department of Physics, PO BOX 35, FIN—
40351, Jyvaskyld, Finland.

ToamauveB Banepuii AnekcaHapoBHY — KaHJ. TEXH. HAyK, JOUEHT Kadeaphl AIEKTPOTEXHUKH U
IPELU3UOHHBIX JIEKTPOMEXaHUYECKUX CUCTEM.

TomacoB Banentun CepreeBnd — KaHA. TEXH. HayK, 3aB. Kadeapod SIEKTPOTEXHUKU W
IPELU3UOHHBIX JIEKTPOMEXaHUUYECKUX CUCTEM.

TperbsikoB Cepreii JIMUTpreBUY — acUpaHT Kadeapbl TEXHOIOTUU IPUOOPOCTPOCHHUSL.
YcoabueB Anexkcanap AHAaTOJNbEBUY — KaHJ. TEXH. HAayK, JOLEHT Kadeaphl AIEKTPOTEXHUKU U
IPELHU3UOHHBIX JIEKTPOMEXAHUUYECKUX CUCTEM.

®OuannnoB Anekcanap HukonmaeBuu — KaHA. TeXH. HAyK, JOLEHT Kadeapbl TEXHOJIOIMU
pruOOPOCTPOCHHUSI.

®poaos Hukonail JIMuTpueBud — KaHA. TeXH. HaykK, mpodeccop, 3aB. Kadeapoil TeXHOIOIuu
IprUOOPOCTPOCHHUSI.

®poaos Cepreit BanentnnoBuy — aciupanT Kageapsl BbICIIEH MaTEMaTHKY.

XomyTHukoBa Enena BramumupoBra — ctynentka (kadempa m3MEpUTETBHBIX TEXHOJIOTHNA H
KOMIBIOTEPHON TOMOTpadun).

XoxaoB Opuit BacunbeBuu — u.0. reH. nupekropa "Ces3anreonorus'.

Yexun Muxann CepreeBud — KaHA. TEXH, HayK, JOLEHT Kadeapbl CUCTEM YINpaBICHUS U
UH(POPMATHKH.

Yenunckuii Cepreit AnekceeBUY — aclupaHT Kadeapbl CUCTEM YIpaBieHUs U HHPOPMATHKH.
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HlanomnnkoB Anekceit CHacnaBosuy — urkeHep OTYII HHUU "Dnextponpudop".

IMlapkoB Auekcannp BacuibeBUY4 — JOKTOp TeXH. Hayk, mpodeccop, 3aB. kadeapoit
KOMIBIOTEPHON TEMIOPU3NKH U HKOJIOTUYECKOT0 MOHUTOpUHTA, sharkov(@itcs.spb.ru

Ilepemer Bnagumup Minenu — Bea. naxxenep HUUTM.

SApsbimes Hukonaii AnekceeBud — TOKTOp TEXH. HayK, podeccop kadeapbl pU3MKH.
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