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OBIIl;AH XAP AKTEPIICTIIKA P ABOTbl 

AKTyarrbHOCTb npo6rreMhl. IlpHMeHemie ny'IKOB T.lDKellbIX naplLiKCHHbIX 

'IacTIID;, B 'IaCTHOCTII npOTOHOB, B pa;a;IIoTepanIIII IT03BOJilleT Ka'ICCTDCHH0 

yrry'IWIITb npocTpaHCTBeHHbie ;rJ;03Hbie pacnpe;a;erremrn no cpaDHCHIIIO C 

Tpa;a;IID;IIOHHO IICITOllb3yeMbIMII ;rJ;llll llTIIX n;erre:ii ITY'IKaMII arreKTJHlH0D II "(

KBaHTOB. 

O;a;HaKo, IIX npenMyUieCTBa MoryT 6bITb pealIII30BaHbI TOllbKO rrpu ycrro

BIIII a;a;eKBaTHoro urraHIIpoBaHIUI TeparreBTIPICCKOf0 0 6rrriemrn, T .I'. TO'I

Horo coBMememrn MaKCIIMy}4a ;a;onHoro pacrrpe;a;errcmrn c orryxorreDbIM ofrb

eMoM. 

IloBbICIITb TO'IHOCTb rrrram1poBaHirn II03BOllllCT nmpopMauna, rrorry<rnc

Mall c noMOIIIbIO peHTreHoBcKoro KOMITbIOTepHoro To.Morpaqia (PKT). Ho 

H B [)TOM crry'Iae B03HIIKaeT pa;a; rrpo6rreM - 8TO p,mlIII'IH0e II0lI0:iKl'HII!\ 

Terra rran;neHTa BO BpeMll rrpoBe;a;emrn ;a;ua·rHOCTIIKII n IIp0T0HH0ro o6rry

'ICHIIll, II3MCHCHIIe panMepa II B3aIIMOJJilCIT0lIO:iKCHIIll opraHOD rrauneHTa Ha 

rrpoTll:iKCHIUI qipaKUIIOHIIpoBaHm>ro Kypca pa;a;noTepaIIIIII, HCT0'IH0C:TII ()fO 

yKrra;a;KII II qJIIKCaUIIII B TepaIICBTU'IeCK0M Kpecrre. 

B 3Ha'UITCllbHoii MCpe pa3pCWIITb 8TH rrpo6rreMbl II00B0lIIIlI0 6bI coo;a;a

HIIC cncunammupoBaHHoro PKT ;a;rra rrorry<H'HIIll TorroMeTpwrccKoii 1rncpop

Ma11nn II C0BMf'IUCHHoro c ycTaHOBKOII ;a;rra upom~;a;emrn TCJHlIICDTII'ICCK0f0 

o 6rry'H'Hllll rrpoTOHHbIM IIY'IK0M. 

KpoMC rrcpc•u1crreHHbIX upo6rrcM Da:iKHblM llBllllCTCll TaK:iKe norrpoc ne

pexo;a;a OT K08q>q>IIUIICHTOB ocrra6rrcmrn pcHTremmcKIIX lIJ'ICH µ K T0p-

1\103HOii cnoco6HOCTII DCIUCCTDa ;a;rra IIJ>OT0HOD '!/j, 'ITO neo6xo;a;nMo ;a;rra 

urranuponamrn npoToHHoro 06rry<1emrn. IIoaToMy TO'IHOCTb nrram1poBa

HIIll M0:iKH0 II0DbICIITb, ecrru IIMCTb TaK:iKC D03MO:iKH0CTb II3Mep.lITb TOMO

rpa11Mhl c _noMOIUbIO npoToHHoro TOMorpacpa (ITT), KOTOJJbIH nonBorr.aeT 

Hf'II0CJ)C;rJ;CTBCHH0 rrorry'IaTb 1rncpop1rnun10 0 '!/j. 
B Bonpoce IIOBbIWeHirn aqicpcKTIIDHOCTII pa;a;noTepamrn Tll:iKellbIMII na

pa:iKeHHblJ\III 'IaCTIID;aMII Ba:iKHOH llBll.lICTCll TaK:iKC na;a;a'Ia ocyUieCTBlICHII.ll 

K0HTJ>Ollll 3a rrpaBIIllbHOCTbIO O 6rry'ICHIIll, IIlIII BepIIqJIIKaD;II.ll 0 6rry'IeHirn, II 

n;a;ecb IICKlIIO'IIITellbHO IIOlIC3HO MO:iKeT OKa3aTbC.ll npIIMeHCHIIC MeTO;rJ;IIKII 

rronuTpoHHOII aMncc1rnHHOH TOMorpaqinn (II8T). 

IIonIITpOHHall llMIICCII0HHall TOMorpaqiu.a Ha cero;a;H.llWHIIH ;a;eHb .l!Bll.ll

CTC.ll 0;rJ;HIIM II3 HaII6orree rrepcneKTIIBHblX MeT0;rJ;OB pa;a;IIoHyKITII;rJ;HOH ;a;n

arHOCTIIKII, II03BOll.llIOIIIIIX nny'IaTb ClI0:iKHbie 6IIOXIIMII'ICCKIIC rrpon;ecchl, 
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rrpoTeKa10mne B opraHII:JMe -qerroBeKa. Op;HaKo, CTOIIMOCTb K01HIJieKCOB p;mr 

rrpcrnep;eHIIJI II3T p;ual'HOCTIIKII, BKJIIO'IaIOI.QUX ycKOpIITeJib, pa;a;noXIIMII'IeC

KYIO rra6opaTopHIO u CKaHep, u IIJ>OMbllllJieHH0 BbIIIYCKaeMbIX HeKOTOJ>blMII 

3apy6e2KHbIMII <pIIpMa:t.rn, cocTaBJIJieT HeCKOJibK0 MIIJIJIIIOHOB ;a;orrrrapoB 

CIIIA, 'ITO rrperrlITCTByeT rnnpoKoMy pacrrpocTpaHem110 3TOII MeTop;IIKII B 

Poccnu. 

HamrTme 2Ke B Jla6opaTopmr H;a;epHbIX rrpo6rreM OIUIH ycKop11TerrJI, a 

TaK)KC xoporno OCHaIIIeHHOII pa;a;IIOXIIMII'IeCKOH rra6opaTopIIII :JHa'IIITellbHO 

yrrpomaeT na;a;a'IY con;a;amrn ncex Heo6xo;a;nMhlX ycrroBIIII p;lllI rrpoBe;a;emrn 

;a;narH0CTIIKII c ncrrorrb:JOBaHIIeM II3T. 

IJ:errbIO pa6oTbI lIBIIJIIICb panpa6oTKa, con;a;amre II nccrre;a;oBaHIIe xapaK

TepncTIIK KOMIIJICKCa armapaTypbl ;a;rrlI o6ecrre'ICHirn TO'IHOI'0 C0BMCIIIeHirn 

;a;o:JH0I'0 MaKCIIMyMa TeparreBTIPICCK0I'O rrpoTOHHOI'O rry,ua C orryxorreBbIM 

o6'bCMOM, a IIMCHH0: 

• P<'HTI'C'H0BCK0I'0 K0MIIbIOTCJ>H0I'O T0110I'pa<pa, rrpe;a;Ha:1HaTieHHOI'O ;a;rrlI 

rrmrnnponamrn rrpoTOHHoii pa;a;m>Tepamm, ocymecTBJIHeMoII Ha 6a3c 

KmrnnKo-<pnmr1ccKoro _KoMrrrreKca JUIII OHHH; 

• arrrrap,LTypbl p;lllI rrpone;a;cmrn rrpoTOHHOJl KOMIIbIOTCJlHOii. Tmwrpa

<pllll Ha rrneprnm IIJH>T0HHoro rryT1Ka GGO M3B, a TaK2K<' IIJ><H'KTa rrpo

TOHHoro To110rpa<pa p;rra crreunammnponaHHoro pa;a;noT<'parrPBTIPH'

cKoro K0IIMll<'K<"lt Ha 6a:-H' CIIHXJ)0TJ)0Ha c MaKCIIMallbH<>ii ,rnq>rncii 

TrncTnu 250 tvfoB; · 

• op;H0KOllbUCB0I'0 II0:JIITJ)0HH0I'0 :-lMIICCIIOHH0I'0 T0110rpa<pa, IIJH')J:Ha

::rna'ICHH0I'0 ;a;rra uccrrep;omrnnii n o 6rracTII pap;noHyK:inp;m>ii p;nartto

CTIIKII, a TaK)K{' /:t;lllI 113J'ICHillI B0::3110:iKH0CTII IIpII~Il'H<'HlllI II3T B =1a

;a;a-qe nepu<puKaUIIII rrpoTOHHoii Tepamm. 
\. 

Hay'IHalI HOBm:rna II OCHOBHhlC IIOll02KC!{IIlI_, BblH0CIIMbIC Ha =1aIIIIITy: 

• rrpe;a;rro2KeH, pa3pa6oTaH II con;a;aH rop1moHTallbHhlll peHTrPHOBCKnii 

KOMIIbIOTepHbIII TOMorpa<p, COBMCIIICHHbiii C ycTaHOBKoii: /:t;lllI IIJ>0BC';:J;C'

HIIJI TeparrenTII'IecKoro poTauuoHHoro o6rry'IeHirn rrry6oKo pacrrorro-

2KCHHhlX MIIIIICHCII CTaTII'ICCKIIM ropimOHTallbHbIM ny'IKOM rrpoT0HoB; 

• ;a;rrJI CHCTCMbl c6opa ;a;aHHbIX TOMOrpa<pa panpa6oTaH II II3I'OT0BJICH 

128-Bxo;a;oBbIII 12-6IITOBbIH aHarroro-un<ppon011 npeo6panoBaTerrb c rro

rapII<pMII'ICCKOH 3aBIICIIMOCTbIO Ko;a;npoBaHIIJI CIII'Harron ;a;eTCKTOpoB; 
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• rrpe;a;rro2KeH II pearr11nonaH MeTop; KarrII6poBKII KaHarron per11cTpaum1 

peHTI'CHOBCKOI'O TOMorpaqia C IIOMOI.QbIO <paHTOMa B BII;a;e IIIIpaMIIp;bI 

II3 oprcTeKrra, lI03BOlIJIIOI.QIIH aBTOMaTII'ICCKII Y'IIITbIBaTb Bee HCllll

HCHHOCTII TpaKTa ;a;eTCKTIIpOBaHIIJI II o6pa6oTKII CIII'HaJioB; 

• panpa6oTaH II con;a;aH KoMrrrreKc anrrapaTypu p;mr rrpone;a;eHIIJI rrpo

TOHHOII KOMIIbIOTepHoii: TOMorpa<pmr rrpII 3Heprnn rrpoTOHon 660 M:JB, 
rrpoBep;eHbl <paHTOMHbie IICIIbITaHIIJI TOMorpa<pa; 

• crrpoeKTrrponaH BapIIaHT rrpoToHHoro ToMorpa<pa p;rrJI crreunarr11n11po

BaHHoro n;eHTpa rrpoTOHHOH Teparr1111 Ha 3HeprIIIO 'IacTnn; 250 M:JB, 
06ecrre'InBa10mnii: rrorry'IeHIIe TorroMeTpII'IecKoii: IIH<popMan;IIII, Heo6-

xop;11Moii: }l;lIJI rrpe;a;rry'IeB0I'O IIllaHirpoBaHIIJI, p;M p;aHH0I'O BapIIaHTa 

ycTaHOBKII rrpoBep;eHO MO~elIIIpoBaHIIe Il3MepeHIIH Ha IIY'IKC <pa3o

TJ)OHa JUIII OHJ.IH, rroKananrnee rrpIIHD;IIIIIIaJibHYIO B03M02KH0CTb ero 

con;a;aHnJI; 

• rrpe;a;rro2KeH, panpa6oTaH II conp;aH II03IITIJOHHbIH GMIICCIIOHHbIH TO

Morpa<p Ha 0CHOBC KOMII03IID;IIOHHbIX CD;IIHTillllIJITOpoB, CO'ICTaIOIIIIIX 

Marroe Bpe1rn BbICBC'IIIBaHIIJI C OTHOCIITCllbHO BblCOKOH G<p<peKTIIBHO

CTbIO perIICTpan;IIII aHHIII'IllIJID;IIOHHblX '}'-KBaHTOB II IIMCIOIIIIIX cyme

CTBCHHO MCHbIIIYIO CT0IIMOCTb no cpaBHCHIIIO C Tpa;a;IID;IIOHHO IICIIOllb-

3YCMhlMII B II3T KpIIcTarrrraMII repMaHaTa n11cMyTa; 

• II3MepeHbl OCHOBHhlC xapaKTCJ)IICTIIKII II3T II rrpoBep;eHbl ero <paH

TOMHbie IICIIbITaHIIJI, lIOKa3aBIIIIIe B03MO)KHOCTb II0lIY'ICHIIJI II306pa

)KCHIIH p;ocTaTO'IHO BbICOKOI'O Ka'ICCTBa. 

IlpaKTil'ICCKalI 3Ha'IIIMOCTb pa60Thl: 

• 6rrarop;apJI panpa6oTaHHOMY II conp;aHHOMY PKT BrrepBbie pearr11no

naHa B03M0)KHOCTb Il3MepeHIIJI peHTI'CHOBCKIIX TOMorpaMM II rrpone

;a;eHIIJI Ha IIX OCHOBC KoppeKD;IIII rrrraHa rry'IeBOI'O lIC'ICHIIJI Herrocpe;a;

CTBCHHO rrepep; Ha'IalIOM Ka2Kp;oro 113 ceaHCOB <ppaKD;IIOHIIJ>OBaHHOI'O 

o6rry'ICHIIJI n }l;lIJI TOI'O )KC lIOlIO)KCHIIJI rran;IIeHTa, rrpII KOTopoM rrpo

BOp;IITCJI o6rry'IeHIIe, 'ITO II03BOlllllIO aBTOMaTII'ICCKII Y'IIITbIBaTb IIO

rpeIIIHOCTII, CBJI3aHHbie C HCT0'IHOCTbIO <pIIKCaD;IIII rran;IIeHTa B Tepa

IICBTil'ICCK0M Kpecrre, a TaK)Ke C II3MCHCHIICM CTJ>YKTYPhl II B3aIIMHOI'O 

paCIIOlIO)KCHIIJI ero BHYTJ>CHHIIX opraHOB Ha IIJ>OTJI)KCHIIII Bcero Kypca 

rry'Ienoii: Teparr1111; 

• conp;aHHalI ycTaHOBKa ycrreIIIHO IICIIOllb30BallaCb B ceaHcax rrpoTOHHOH 

TeparrIIII 6orrbHbIX paKOM rrmueno;a;a; 
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• panpa6oTaH n con;a;aH npoToHHhIH TOMorpaq> Ha :meprmo 'IaCTIIII 660 
MaB, nonBOlllIIOIIIIIH II:JMepJITh Henocpe;a;cTBeHHO TOpMO:JHYIO cnoco6-
HOCTh Bew;ecTBa uccrre;a;yeMoro ofrneKTa ;a;rrn rrpoTOHOB II IICKJIIO'IIITI, 
OIIIII6Kn, B03HIIKaIOIIIIIe npII Bhl'IIICITeHIIII npo6era npoTOHOB no II3-
MepeHHhIM C noMOlllhlO peHTreHOBCKOro TOMorpacpa K03<pq>IIIIIIeHTaM 
ocrra6rreHIIlI peHTreHoBcKoro nnrry'IeHillii 

• panpa6oTaHHhIII II con;a;aHHbIII rronIITpOHHbIII 3Mncc1rnHHbIH TOMorpacp 
M02KeT 6oITb IICIIOITb30BaH ;a;rrJI 1my'IeHHJI B03M02KHOCTn npIIMeHCHIIJI 
MCTO/J;IIKII II8T B npoBep;eHIIII BepII<pIIKaIImI TepanCBTII'IecKoro npo
TOHHoro 06rry~1emllI, a TaK)Ke )J;ITJI orrepaTIIBHOro KOHTporrJI 3<p<peKTII
BHOCTII rry~1enoro rre~ICHIIJI. 

Arrpo6aII1rn pa6oTbI. OcHOBHbie penyrroTaToI p;nccepTaIIHH p;oKrrap;orna
mrco Ha Hay'IHO-MeTO)J;II'IeCKIIX ceMirnapax JIRII OIIRII, Ha CIIMnonnyMe 
"Pa)J;IIaIIIIoHHaH annapaTypa )J;ITJI rry'IeBOII Tepanmr" (MocKBa, 1989 r.), Ha 
"Pa6o'IeM COBeIIIaHIIII no npo6rreMe BHep;peHHJI II pa3BHTIIJI nonnTpOHHOII 
3MIICCHOHHOH TOMorpacprrrr B Poccrrrr" (,IJ;y6Ha, 1995 r.), Ha Me2Kp;yHapo
)J;HOM KOHrpecce "Roentgen Centenary Congress''. (B10pII6ypr, fepMaHIIJI, 
1995 r.), Ha KOH<pepeHIIIIII c Me2Kp;yHapop;HbIM y'IaCTIIeM "Me)J;IIIIIIHCKal! 
cp1mnKa - 95" (MocKna, 1995 r.), irn Me2Kp;yHapo;a;HoM cnMrronnyMe "Sec
ond International Symposium on Hadrontherapy" (BnrrrrrrreH, IIfae11IIaprrJI, 
1996 r.), Ha "I c'benp;e Me2Kperrr0Harr0Horo o 6IIIeCTBa Jip;epHoii Me)J;IIIIIIHoI" 
(.ny6Ha, 1997). 

Ilo MaTepuarraM ;a;nccepTaIIIIII orry6mrKoBaHo p;eBJITb pa6oT [1-9]. 

CTpyKTypa ;a;nccepTaIIIIII II ee o6ieM. ,I(nccepTaIIIIJI COCTOIIT II3 BBep;e
HIIJI, Tpex rrraB u naKITIO'IeHirn u co;a;ep2KIIT 117 CTpaHIIII MaIIIIIHOIIIICHOro 
TeKcTa, B TOM 'IIICITe 35 prrcyHKOB II 1 Ta6mrIIy. CrrrrcoK II_IITIIpyeMOII rrrr
TepaTypoI BKITIO'IaeT 68 HanMeHOBaHIIII. 

CO,I(EP)KAHIIE P ABOTbl 

Bo BBep;eHIIII o6ocHOBaHa aKTyarrbHOCTb TeMI,I rrccrrep;oBamrn, ccpopMy
mrpoBaHbI IIemI pa6oTbI n OIIIICbIBaeTCJI CTPYKTypa p;nccepTaIIIIII. 

B rrepBOII rrraBe p;IIccepTaIIIIII rrpIIBO)J;IITCJI KpaTKIIH o6nop ocHOBHhIX 
3TaIIOB pa3BHTIIJI TeXHIIKII peHTreHOBCKOH TOMorpaq>IIII OT KITaCCII'IeCKIIX 
rrrreHO'IHhIX ToMorpacpoB p;o cKaHepon IIJIToro II rnecToro rr0Korrem1ii. llop;
po6Ho paccMoTpeHa KOHCTpyKIIIIJI panpa6oTaHHOII rrpII Herrocpep;cTBeHHOM 
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y'IaCTIIII p;uccepTaHTa ycTaHOBKII )J;ITJI rrpoBep;eHHJI peHTreHOBCKOII KOM
IlbIOTepHOH TOMorpacprrn, COBMeIIIeHHoii c arrrrapaTypoii: )J;ITJI o6rry'ICHIIlI 
rrry6oKO pacrrorro2KeHHHbIX MIIIIIeHeH TepaneBTII'IeCKIIM IIJ'IKOM npoTOHOB, 
MeTop;nKa rrpoBep;eHIIJI II:JMepeHnii, rrporpaMMHoe o6ecrre'IeHIIe II ;a;p. Ilpep;
cTaBrreHbI TaK)Ke penyrroTaTI,I ee q>aHTOMHhIX IICIIbITaHIIH II arrpo6aIIIIII B 
ceaHcax rrpoTOHHOH TepaIIIIII 6orrbHhlX paKOM IIIIIIIeBo;a;a. 

OcHOBHoii oco6eHHOCTbIO panpa6oTaHHoro PKT JIBrrJieTcJI MaKCIIMarro
Hoe IICIIOITb30BaHne )J;ITJI opraHII3aIIIIII rrepeMeIIIeHHJI IIaIIIIeHTa KOHCTpyK
TIIBHhIX arreMeHTOB ycTpoiicTBa "MenoH", panpa6oTaHHoro p;rrJI ocyIIIe
CTBrreHIIJI poTaIIIIOHHoro o6rry'l;eHHJI rrry6oKO pacrrorro2KeHHbIX orryxorreii Ha 
CTaTn'IeCKOM ropII30HTaITbHOM IIY'IKe rrpoTOHOB. Bo npeMJI rrpoBep;eHIIlI 
TOMorpacpn'IeCKIIX II3MepeHIIH naIIIIeHT, naq>IIKCIIpOBaHHhlII B IlO]IO)KeHIIII 
cn;a;JI B poTaIIIIOHHOM Kpecl!e ycTpOHCTBa, BpaIIIaeTCJI BMeCTe C KpecrroM, 
B TO npeMJI, KaK IICTO'IHIIK peHTreHOBCKOro II3ITY'IeHIIJI II 6rroK p;eTeKTOJJOB 
HeITO)J;Bil)KHO yKperrrreHbI Ha CTeHax rrpoIIep;ypHoro ITOMeIIIeHHJI. 

, O6w;aH cxeMa ycTaHoBKII rroKa:JaHa Ha. pIIc. 1. 
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128-IWI. 

Aill 

31!11 

Pnc. 1. 
PKT. 

O6IIIaH cxeMa 
1 - IICTO'IHIIK 

IInrry'IeHIIlI C KOITITIIMaTo
poM, 2 - MOHIITOJ)HhIH 
C'IeT'IIIK, 3 - poTaIIIIOH
HbIH cTeHp;, 4 - IIccrrep;y
eMbIH o6'beKT, 5 - 6rroK 
p;eTeKTOpOB. 

B Ka'IecTBe IInrry'IaTeITJI IIcITorronyeTcJI npoMurnrreHHhIH peHTreHoBCKIIH 
aITrrapaT PAII-160 c MaKCIIMarroHOH 3Heprrreii cpoToHoB 140 KaB II TOKOM 
aHop;a - 3 MA. ArrITapaT Bbipa6aThIBaeT IIMnyrrochl IInrry'IeHHJI p;rrIITCITb
HOCThIO ~ 7 MC no 0CH0BaHIIIO c 'IaCTOTOH crrep;oBaHIIJI 50 fII. 

BeepHbIH IIJ'IOK peHTreHoBCKIIX q>oTOHOB c panMepaMII B MecTe pacITo
rro2KeHHJI IIccrrep;yeMoro o6'beKTa 15 MM ITO BepTIIKaITII II 600 MM ITO roprr-
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30HTalrn: q>opMIIpyeTC.lI C IlOMOIIInIO ru;erreBoro KOJIJIIIMaTopa, pacnoJIO)KeH

Horo Ha Bhlxo;a;e peHTreHoBcxoro annapaTa. 

Jl:rr.ll KOHTpOlI.lI 3a IIHTeHCIIBHOCTI,IO II3JiyqeHII.ll ClIJ2KIIT CD;IIHTIIlilI.lIIIII

OHHI,Ill c'!eT'IIIK, ycTaHoBJieHHhlii: 3a KOJIJIIIMaTopoM. 

.IJ:eTeKTIIpyroru;aa: CIICTeMa TOMorpaqia BKJIIO'IaeT 128 CD;IIHTIIJIJI.lITOpoB 

Csl(Tl) u;rrrrnH;a;pII'Iecxoii: q>opMnI, ycTaHoBJieHHhlX GKBIIp;IIcTaHTHO c rnaroM 

12,5 MM II pa6oTaroru;rrx COBMeCTHO co cneKTpoMeTpII'IeCKIIMII qJOTOJMHO

)KIITeJI.llMII <I>8Y-85. 
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Puc. 2. Brrox-cxeMa cncTCMnI c6opa ;a;aHHnIX PKT. 

Jl:rr.ll ycIIJieHII.ll u o6pa6oTKII CIIrHalIOB JMHO)KIITerreii 6rroKa ;a;eTeKTOpcrn, 

a TaK2Ke nepe;a;a'III ;a;aHHnIX B 8BM, ;a;uccepTaHTOM 61,rna pa3pa6c>TaHa u 

II3roToBrreHa cncTeMa c6opa ;a;aHHhlX (CC.IJ:), 6rrox-cxeMa KOTopoii: rrpe;a:

CTaBJieHa Ha puc. 2. 

Bhlxop;Hhle cIIrHaJihl <I>8Y qiopMupyroTC.ll Bxo;a;HhlMII RC u;emIMII, ycu

lIIIBaIOTC.lI II rrocTyrraroT Ha Bxo;a; rrorapIIq>MII'Iecxoro aHarroro-u;uqipoBoro 

rrpeo6panoBaTelI.lI (AIJ;II), KOHCTpyKTIIBHO oqiop1rneHHoro B 5 6rroxax 

KAMAK. 

AHarroroBrur 'IaCTn AIJ;II BKJIIO'IaeT 128 o;a;HoTIIIIHhlX npeo 6pa3oBaTerreii: 

aMIIJIIITy;a;a-BpeM.lI C rrorapIIq>MII'Iecxoii: 3aBIICIIMOCTI,IO rrpeo6pa30BaHII.ll. 

CxeMa pa6oTaeT no npIIHD;IIIIy - 3ap.H;a; II3MepIITeJII,HOil eMKOCTJI ;a:o aM

IIlIIITy;a;Horo 3Ha'IeHII.ll BXop;Horo cIIrHarra, a 3aTeM ee pa3p.lI;a; 'Iepe3 'III

cTo aKTIIBHhlll pe3rrcTop no axcrroHeHD;IIaJII,HOMY 3axoey. Harrp.H2KeHIIe Ha 
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II3MepIITeJII,HOII CMKOCTII cpaBHIIBaeTC.ll KOMIIapaTopoM C IIOCTOllHHhlM orro

pHhlM Hanp.ll2KCHIICM 3 MB. Ilpn 0TOM p;lIIITCJII,HOCTI, Bnixo;a;Horo IIMIIJlII,C:a 

KOMrrapaTopa OKa3hlBaeTC.lI rrporropr:r;IIOHaJinHOII rrorapIIq>My aMIIlIIITY)J;I,I 

BXOp;Horo CIIrHaJia. 

Bhlxop;Hhle IIMIIJJII,Chl KOMIIapaTopoB aHarroroBoii 'JaCTII no DH<!IIIHeii rra

HCJIII IIOCTJIIaIOT B u;uq>pOBOII 6JIOK Ha DXOp;hl 16-xammnHI,IX KOMMyTaTopon 

rrorII'ICCKIIX CIIrHarron Tuna K155KII1, CTpo6upyeMhlX TaKTcmoii: •rnc:ToToii: 

10 MI'u;. B1,1xo;a;1,1 KOMMJTaTopon 3aBe;a:eH1,1 Ha IIIIIHhl ::ianm:u cooTDcTc:Tny-

10ru;ux _MIIKpocxeM 6yqiepHOil rraM.llTII. Ha IIHq>opMau;noHHhlC nxo;a:hl :)TIIX 

MIIKpocxeM co c~ICT'IIIKa ;a;aHHI,IX rrocTyrraeT ;a;nowm1,rii: Ko;a:, YDC'lIIPIIIDillO~ 

IIIIIIIC.ll Ha e;a:IIHIIIIY no 3aBeprneHIIII Ka2K;a:oro rrorrm>ro IIIIKJia orrpoca nxo;a:cm 

KOMMJTaTopoB. 3anncaHHruI n rraMHTII IIHq>OpMau;na ncpe;a;aeTC:ll n 8IlM n 

KOHBCIIepHoM pe2KIIMe co CKOf>OCTI,IO 6 1IKC Ha C:JIOBO D nay:iax 1IP1K)J;Y IIM

rryrr1,caMII peHTreHoncKoro arrnapaTa. 

TaKoe nocTpOCHJie u;uqiponoii 'HlCTH c:ymecTBPHHO ynpomaeT C:XCMY II 

Il03BOlillCT 06oi1TIICI,.TOJII,KO o;a:HIIM £'.'IC'T'IIIKOM a;a:pc•c:a II ;a:aHHhlX. IloJIHO(' 

'IIICJIO Kopnyccrn ::ia;a:PiicTDODaHHhlX D KO;a:IIJH>DIUIIKP 1IIIKJJO!'.XC'M C:OC:TilDJill('T 

OKOJIO 2,2 n IlCJH'C'ICTC Ha 1 Kamm. 

AUII pa6cJTacT D ;a:nana:ioHP nxo;a:HhlX cnrmrnon oT 3 Mil ;a:o 10 Il, rrpn 

:)TOM rrorpPIIIHoc:Tn rrpPo6pa:icmamrn D ;:r,nana:iom• oT 20 uil ;a:o 10 Il He 

IlJlPDI,llIIil PT 3 % . 
IlpoUC'CC IIOlIY'l<'HIIll Touorpaq>IPH'CK(lrO n:io6pa;,K('HIIll MO:-KHO pa::i;a:c!

:nITh Ha TJJII 0!'.HODHhlX :)Tarra: K,mn6ponKa KaHalIOD JH'rIIc:TpaumI, _ u:iMe

IH'HIIC' rrpo<'KUIIOHHnIX ;a:aHHhIX II nx JH'KOHl'T}>.VKUIIH D 8IlM. 

HPo 6xo;a:11110c'Th npoDPp;C'Hllll Karrn6poDKII () fiyc:IODJIC'Ha :iHa'IIITCJII,HOii: 

( ;::i:o 30C.1/c,) Hl'iIIIHC'iiHO!'.ThlO 11!'.IlOilh=l)'C')IhlX q>oToy.:-mmKIITeJieii, KOr)];a ;a;u

Ha)IIPH'CKIIII ;:i;uana:icm IIX BhIXO)];HhIX CIIrHalIOD C:OCTHD_JilleT HCCKOJII,KO Thl

('ll'I. 0Ha npono;:r,IITC:ll rrpn BPJ)TIIKHJihHOM nepe1rnmemu1 CTJIICH'IaTOH IIII

p;t:\IIl)];hl n:i oprcTC'KJia c: rro110rn1,10 cTeH;:i;a ycTpoiicTna "MenoH". B pe

:iyrr1,7a TP µ;rra Ka:-K;:r,oro KaHarra perncTpaum1 n:iMepaeTca Hafiop tJHa'IeHIIH, 

xapaKTPpII:iyromux ero IIOKa:iamrn BO Dce:M B03M02KHOM ;a:IIaila3oHe IItJMC

HCHilll TOJIIUIIHI,I. 

Ha DTopoM :)T,me II3Mcpemrii nccrre;a:yeMhlII 06'1,eKT BpamaeTc.ll B poTa

uuoHHOM CTeH;:r,e c yrrronoii CKOpOCTI,IO 1 ofiopoT ::ia 30 ceKyH;a:. B Te'IeHII~ 

O)];HOro IlOJIHOro o6opoTa cTeH)];a IItJMepaeTCll 180 rrpoeKu;IIii: c IIHTepna

JIOM 2° . .IJ:03a o6rry'IeHIIJI IIccrre;a;yeMoro crroa Terra rrau;neHTa npII aToM He 

npen1,1rnaeT 20 Mpa)];, 'ITO npuMepHo Ha 2 rrop.H;a;Ka MeH1,rne, 'IeM_ B crry

'!ae npoBe;a:eHIIJI ;a:narHOCTII'ICCKOil npou;e;a:ypnl C lICilOJII,30BaHIIeM npoMI,I

IIIlICHHOro PKT, II Ha 4 rrop.H;a:K_a MeHnIIIe ;a:onhl, rrorry'IaeMoi nau;neHTOM 
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ITPII O 6rry'IeHIIII TepaneBTII'IeCKIIM npoTOHHbIM ny'IKOM. 

.il:JUI npoBe;a;emrn IIt3MepeHIIH Ha ycTaHOBKe pearrIInoBaH naKeT nporpaMM 

µ;JUI ceMen:cTBa IBM-coBMeCTIIMhlX nepcoHam,Hl>Ix KOMIIbIOTepoB. ,. 

IIepB1>111 3TaIT IICITbITaHIIH TOMorpaqia npoBo;a;nrrclI c IIcnorr1,noBaHIIeM 

qiaHTOMOB panlIII'IHbIX panMepoB II KOHq>IIrypan;HH. Ha OCHOBe norry'IeH

HbIX TOMorpaMM 6hllIII on;eHeHhl t3Ha'leHIIJf ypOBHJf IIIYMOBOH COCTaBJUIIO

III,eH IIno6pa2KeHII1I II npocTpaHCTBeHHOI'O panpeIIIeHIIJf TOMorpaqia, KOTO-

pble COCTaBIIlIII COOTBeCTBeHHO ~3 % II 4,5 MM. . 

BTopoi BTaIT IInMepeHIIH ITpoBop;IIJIClI B pe2KIIMe, MaKCIIMarr1>Ho ITpII6rrII-

2KeHHOM K peallbHbIM ycrroBIIJfM poTaD;IIOHHOI'O o6rry'leHIIJf 6oJibHbIX paKOM 

ITIIIII,eBo;a;a. 

Bo BpeMlI o6rry'IeHIIJf ITpOTOHHhlM ITY'IKOM nan;eHT BpaIII,aeTCJf B poTan;II-

0HHOM CTeH;a;e, a naMep;JIIITellb ITepeMeHHOH TOJIIII,IIHbI, IIMeIOIII,IIHCJf B co

CTaBe ycTpon:cTBa "MenoH" II yITpaBJUieMhlH OT 8BM, ITo;a;cTpaIIBaeTclI 

TaKIIM o6panoM, 'ITO cyMMapHalI TOJIIII,IIHa naMep;lIIITeJUI II ITan;IIeHTa ;a;o 

o6rry'IaeMOH MIIIIIeHII Bee BpeMlI OCTaeTCJf IIOCTOJfHHOH. 3aBIICIIMOCTb )Ke 

Heo6xop;IIMOH TOlIIII,IIHhl ;a;oITOJIHIITellbHOI'O naMep;lIIITeJUI OT yrrra ITOBopoTa 

CTeHµ;a HatlbIBaeTCJf JIIIHIIen: reTeporeHHOCTII II lIBJUieTCJf ITporpaMMOH 06-

rry'IeHIIJf. 
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PIIc. 3. Jl:Be lIIIHIIII re

TeporeHHOCTII (B HII2K

Hen: 'IaCTII pIIcyHKa) -

IIt3MepeHHaJI C IIOMOIII,bIO 

IIII.IJ: II pacc'IIITaHHaJI ITO 

TOMorpaMMe qiaHTOMa, 

IIMIITIIpJIOIII,ero opraHbl 

rpy;a;Hon: KJieTKII 'IerroBe

Ka. JlIIHIIJf B \epXHen: 'Ia

CTII pIIcyHKa - penyrr1>TaT 

ITpoBepKII pac'I~Ta B pe-

2KIIMe BOCIIpOIIt3Be;a;eHIIJf. 

8Ta naBIICIIMOCTb M02KeT 61>ITI, IIt3MepeHa C IIOMOIII,bIO ITorryrrpoBOp;HIIKO

BOI'O ;a;aT'IIIKa (IIII.IJ:) IIJIII pacc'IIITaHa ITO IInMepeHHOH B TOM 2Ke ce'Ie

HIIII peHTreHOBCKOH TOMorpaMMe 06'1,eKTa, 'ITO II npe;a;cTaBrreHo Ha pIIc. 3. 
TpeTblI, BepXH1f1f KpIIBaJI Ha pIIcyHKe - penyrr1>TaT rrpoBepKII pa60Thl CII

CTeMhl B pe2KIIMe BOCIIpOIIt3Be;a;eHIIJf pacc'IeTHOH JIIIHIIII reTeporeHHOCTII. 
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OHa ITOKat3bIBaeT BeJIII'IIIHJ CIII'Harra IIII.IJ: B naBIICIIMOCTII OT yrrroBOI'O no

JI02KeHII1I CTeH;a;a npII poTaD;IIOHH0M o6rry'IeHIIII q>aHTOMa IIIIK0M EpBrra. 

KaK M02KH0 BIIµ;eTI, IIt3 pIICJHKa, o6e JIIIHIIII reTeporeHH0CTII xopoIII0 

COBrra;a;aIOT ;a;pyr C ;a;pyroM (c T0'IH0CTI,IO ;a;o 0,2-0,3 r/cM2), na IICKlIIO'IC

HIIeM Tex y'IaCTK0B, r;a;e ITp0IICX0p;lIT penKIIe ImMeHeHIIJf T0JIIII,IIHbl BCIII,e

CTBa q>aHTOMa Ha IIYTII IIJ'IKa. TeM He MeHee, ;a;a2Ke Ha 3TIIX y'IaCTKaX 

panrrII'llilI Me2K;a;y KpIIBbIMII He npeBhlIIIaIOT 0, 8 r / cM2. 

To'IHOCTI, pac'IeTa xopoIII0 IIlIJIIOCTpIIpyeT TaK2Ke BepXHjfjf KpIIBaJI pII

CJHKa 3. IIocTolIHHl>IH ypOBeH1> cnrHarra IIII.IJ: (B ITpe;a;errax 3 %) noKan1,1-

BaeT, 'ITO ITIIK EpBrra Haxo;a;IITCJf Ha 0CII poTaD;IIII µ;JUI Bcero ;a;naITanoHa 

Ilt3MeHeHIIJf yrrroB0II Koop;a;nHaTbl CTeH;a;a. 

Y'IIIThlBaJI, 'ITO opraHbl Terra ITaD;IIeHTa MeHJfIOT CB0e Bt3aIIMH0e paCIT0-

JI02Kemre II panMep1>1 na BpeMlI rrpoBe;a;emrn ceaHca rry'IeBoir TepaITIIII (;a;hl

xamie, cep;a;n;e6IIeHIIe, ITepIICTaJibTIIKa II ;a;pyrne ITpon;ecchl), M02KHO naKrrIO

'IIITb, 'ITO ;a;ocTIII'HJTaJI T0'IHOCTI, ;a;ocTaT0'IHa µ;JUI a;a;eKBaTHOI'O ITllaHnpo

BaHIIJf ITpoTOHHoir TepaITIIII, ITO KpairHeir Mepe, oITyxorreir, rroKarrnnoBaHHhlX 
I· 

B o 6rracTII rpy;a;Hon: KJieTKII 'IerroBeKa. 
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A'tCLE. DECREES 

Pnc. 4. ToMorpaMM1>1 o;a;Horo 1m ITan;neHTOB, nnMepeHH1>1e Ha Tpex 

ypoBHlIX 06lIJ'IeHIIJf, II COOTBeTCTBJIOIII,IIe 3TIIM ypoBHlIM 

pacc'leTHbie lIIIHIIII reTeporeHHOCTII. 

OTpa60TKa Ha q>aHTOMe Bcex Heo6xo;a;IIMbIX MeTop;IIK IIOt3BOlIIIJia IIC

ITOJII,t30BaTb TOMorpaqi ;a;rrlI KOHTpOlIJf na ITpaBIIJibHOCTblO yKrra;a;Kn II n;eH-

9 



TponKn ITau;neHTon no npeM.a ITponep;eHna Kypca ITpoToHHOH Tepamm 6om,

HbIX paKoM ITnru;enop;a. A n ITocrrep;y10ru;nx Kypcax rry'lenoro rre'leHna 6orrb

HbIX co cTap;neii: na6orrenamrn: III, p;ll.lI KOTophlx ncITOllbnonaHne BHJTpIIIIo

rrocTHoro Illl)]; IICKlIIO'lalIOCb Im-na HCITpOXO)J;IIMOCTII ITIIIIl;CBOp;a, ITporpaM

MOII 06rrr1eHna ClIJ2KillIII y2Ke lIIIHIIII reTeporeHHOCTII, pacc'IIITaHHhle ITO 

peHTreHOBCKIIM TOMorpaMMaM, ImMepeHHhlM neITocpep;CTBeHHO ITepep; Ha

TialIOM Ka.iKp;oro nn ceaHcon ITpoToHnoro o6rry'leHna, Korp;a ITau;ueHT 6brn 

J.iKC naqmKcnponaH n TepaITeBTII'leCKOM Kpecrre. 

Ha pnc. 4 p;rr.a ITpnMepa n nnp;e nnoyponHei'1 ITlIOTHOCTII ITpep;cTanrreHbI 

T0MorpaMMbl op;Horo II3 ITau;neHTOB Ha Tpex ypoBHJIX o6rry'leHIIK II co-

0TBCTCTBYIOlIIIIe 3TIIM yponmIM paCC'leTHbie lIIIHIIII reTeporeHHOCTII, ITO

rryTICHHbW B ccpnu ceaHCOB q>paKIIIIOHIIponaHHoro lIJ'ICBoro lIC'ICHIIH paKa 

ITnru;enop;a. 

TaKIIM o 6panoM, panpa6onrnml.ll MeTop;nKa ITonnorr.aeT KoppeKTIIponaTb 

nrran 06rry,1emrn: ITau;ncHTa HCITocpep;cTneHHO ITepep; Ka.iKp;bIM ceaHcoM. Ilpn 

;)TOM J'IIITbIBalOTCII nee oco 6eHHOCTII yKrrap;KII ITau;IIeHTa II II3MCHCHIIII 

pacIT0lI0.iKPHIIII Pro BHyTpeHHIIX opramm II IT0lIHOCTblO aBT0MaTm:mpyeTCII 

ITIH>llPCC ITllclHIIponamrn II o 6lIJ"H'HIIII. 

BT<>paH rrrana IT0CBIIIIIPHa MPTop;aM ITp<>T<>HHoii T<>Morpaq>IIII. Pacc1rn

TIHIBaIOTCII 0CH0BHbll' m,BPCTHbH' K0HCTPYKIIIIII TO!\IOrpaqion, IIX )J;OCT0IIH

CTBa. II HP)l;0CTHTKII. ,ll;a!'TCII 0ITm:aHIIP ITPOT0HHoro TO!\Wrpaqia Ha ;)Hep

ruIO TiaCTilll GGO ]\foll. pa:1pa60TaHH<JrO II co:1p;aHH0ro B .JUIII onrrn )l)III 

Il0Bbllllf'HIIII TOTIH0CTII ITllclHIIponamrn upoTOHHOii TPpamm. IlpIIBO;:J;IITCII 

penyrrbTaTbI q>aHT011HbIX IICITbITilHIIii }TTaH0BKII, ('(' 0CH0BHbH' xapaKT('~ 

pIICTIIKII. 

Ilpep;cTaBlICH ITpoeKT ITP0TOHHoro K0!\IllbIOTPpHoro TO!\IOrpaqia )];JIil CIH'

IIIIa.mmuponaHHOro IICHTpa ITpOTOHHoii TPpamm, pa:ipa6aTbIBill'!\HJrO Ha 

6ane cnHxpoTpoHa Ha 3Heprmo TiaCTIIII 250 i\foB, a TaK.iKP ,pP3JllbTaTbI 

Mop;errnponamrn II3!\IepeHIIII Ha ITJ'IKC qianoTpoHa .TIHII OIIHII, IT0;::J;TB!'p

)J;IIBIIIIIe ITpaBIIllbHOCTb OCHOBHbIX IIp;eii:, lIC.iKamnx B 0CH0B!' ITpOPKTa. 

Conp;aHnaa aITITapaTypa p;rrK ITponep;eHIIII ITpoT<rnm>ii To!\rorpaq>IIII TaK.iKP 

conMeru;eHa c ycTponcTBOM "MenoH" (pnc. 5). . 

,ll;IDI ITponep;emrn uccrrep;onaHIIII n npou;ep;ypHOII Ka6Ime cqiop1mponaH 

ynKIIH crra6opacxop;Kru;IIii:cJI ITJ'IOK ITpoToHon c 3Heprnen GGO M3B u pa3-

MepaMII B MCCTC paCITOlI02KeHIIH nccrrep;ye110ro o6'beKTa 3,8 MM ITO ropu~ 

30HTaJIII II 2,8 MM ITO nepTIIKalIII. 

OcTaTO'IHhlll npo6er ITpoToHnoro ITJ'IKa, ITpornep;rnero 'Iepen.o6'beKT, 

II3MCpKeTCK C IIOMOIIl;bIO 6rroKa p;eTeKT0poB (TerrecKorra), C0CT0Kru;ero un 8 

nrracTII'leCKIIX ClllIHTIIlllIKT0pon, ycTaH0BlleHHhlX 0)J;IIH na p;pyrIIM. ,ll;nHa-
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MII'ICCKIIH p;narranon nnMepemrn: rrpo6era cocTanrraeT oKorro 90 r/cM2 • 

TB 

Jll:!CILJilll 

l'Pffllll. 

Jll:!CILJilll 

IIPOUWPHAll lUBlllA 

JBM KAMAI{ 

II1JlbTOBOE 110/ilEUmlE 

B/B 
llllTAHllE 

lfliJY 

Pnc.5. CxeMa ycTa

HOBKII )];JIil ITponep;l'

HIIII ITp0TOHH0II T0-

Morpaq>HII. 1- naKy

y1rnbIII KaHarr, 2 

MOHIIT0J>HbIII CTH'T

TIIIK, 3 poTau;mrn

Hhiii CTCH/1;, 4 
m:crrep;yeMhiii o6'b-

PKT, 5 )l;0ITOJIHJI-

T<'llbHbiiI 3a!\H'/l;lIII

Tl'llb, G 6rroK p;P

T<'KTopon. 

,ll;onolIHIITf'llbHbiii naMC)J;lIIITl'llb BbIIl0JIH('H n:-i llaTyHII II pacIT0JI0.iKCH H('

nocpcp;cTBCHHO nepcp; 6JIOKOM )J;CTCKTopon. Ero TOJIIIIIIHa nu6pamt TaKoii, 

TITO npn oTcyTcTBIUI Ha nyTn ITJ'IKa IIccm•;rwe110r<> o6'bPKTa ITpoT0Hhl 

OCTaHanrrnnaK>TCII B ITOCJIP)i:HPM ITO HaITpaBJil'HIIK> )i:BII.iKCHIIII CIIIIHTHJIJIII

UII0HHO!\I (:TJ('TTIIJK!'. 

,ll;rrH Hop1mponamrn cIIrmmon 6m>Ka )l;PT<'KT<>pon npe;ri:mtnHaTieH MOHII-.. .. 
T0pHbIII CUIIHTIIJilIIIUIIOHHbIII CTICTTIIIK. 

Bm>K-CXl'!\Ia cIIcTPMbI c6opa ;ri:aHHbIX npe;ri:cTaBJIPHa Ha pm;. G. Buxo

.J;HbH' cnrmlllbl q>OTOJ!\IHO.iKIITCJICii OT !\IaKp<>IIMITYllbC0B ycKOJ>IITelIII IT0CTJ

IHIIOT n Cilf'llllclllbH0 panpa6oTaHHbiii 6rroK, BbIIIOJIHCHHhiii n KOHCTPJKTIIBC · 

KA.MAK: Al\mm1Typ;HbW nHaTieHIIII ITp0IIHTerpnponaHHbIX nxop;HbIMII RC 

U!'Illl!\111 cnrmlllOB C Il0M0lllblO ITIIK-p;eTCKTopoB nanoMIIHalOTCK Ha HaKo

IIIITl'llbHbIX C!\IK0CTIIX C11 • B ITp0MC.iKJTKaX Me.iKp;J IIMITJJibCaMII JCKOpII

TClIII eMKOCTII Ka.iKp;oro nn 9 Kanarron nocpep;cTBOM KlII0~1eii:, BbIITOJIHeH

HbIX Ha norreBbIX TpaH3IICTopax, Il0O'Iepep;HO IlO)J;KlIIO'laIOTCK KO nxop;y 12-

panpap;Horo AIJ;II KA007. Ilocrre naneprneHna IIIIKlla oITpoca c ITOMOIIl;bIO 

TCX .iKC TpaH3IICTopoB HaKOilIITeJibHbIC KOHp;eHCaT0phl panpK2KaIOTCK p;o 

Hyrrenoro IT0TCHIIIIarra, nocrre 'lero cxeMa roTona K npuxop;y crrep;yIOru;ero 

IIMITJllbCa ycKopnTeJIJI. 

Ilpou;ecc IT0JIJ'leHna ITpOTOHHOil TOMOrpaMMbl TaK )KC COCT0IIT nn Tpex 
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PIIc. 6. BrroK-cxeMa CIICTeMhI c6opa ;a;aHHhIX ITT. 

,'-

3TaIIOB - Karrn6poBff'IHhIC II::JMepeHIIJl, HaKorrrremie rrpoeKIJ;IIOHHhIX ;a;aHHLIX 

n nx peKoHcTpyKIJ;IIJ£ B 8BM. 

.IJ:rrJ£ Karru6poBKII 6rroKa ;a;eTeKTOpOB IICIIOJih::JyeTCJl Ta )Ke IIIIpaMIIp;a II::J 

oprcTeKrra, 'ITO ·u ;a;rrJ£ Kamr6poBKII PKT. B rrpori;ecce II::JMepeHIIIT · rrpn 

BepTIIKaJihHOM rrepeMelll,CHIIII IIIIpaMII)];hI ycTaHaBJIIIBaeTCJl ::JaBIICIIMO<;Th 

Me2Kp;y aMIIJIIITy;a;oi'r CIIrHaJIOB C'IeT'IIIKOB TeJieCKOIIa II TOJilll,IIHOH Bern,e

CTBa, HaXO)];Jllll,erocJ£ Ha rryTII rrpoTOHHoro IIY'IKa. TaKalI KaJIII6poBKa II0-

3BOJIJ£eT aBTOMaTII'IeCKII Y'IIIThIBaTh 3q>q>eKThI, CBJ£3aHHhie C yMeHbIIIe

HIIeM IIHTeHCIIBHOCTII IIY'IKa BCJiep;CTBIIe J£p;epHoro B::JaIIMo;a;errCTBIIlI -qa

CTIIIJ; C Belll,eCTBOM, HeJIIIHeIT,HOCThlO qlOTOYMH02KIITeJieH II p;pyrne. 

lfoMepemie Ha6opa rrpoeKIJ;IIOHHhIX ;a;aHHhIX rrpOBO)];IITCJl rrpn Herrpephl

BHOM nparn,emrn CTeH;a;a c yrrroBOil CKOJ)OCTI,IO 1 o6opoT ::Ja 5 ceKyH;a;. O;a;Ho

BpeMeHHO CTeH;a; rrepeMern,aeTCJl B. ropH30HTallhHOil IIJIOCKOCTII rreprreH;a;n

KYJIJlJ)HO rry'IKY c rnaroM 3-,- 4 MM na op;IIH o6opoT. Bec1, rrpori;ecc nnMepe

Hnrr rrpoTeKaeT aBTOMaTII'IeCKII II ::JaHIIMaeT B ::JaBIICIIMOCTII OT pa::JMepoB 

IIccrre;a;yeMoro 06'1,eKTa OT 5 ;a;o 10 1nm. 

McrrhITaHIIlI TOMorpaq>a rrpoBO)];IIJIIICI, Ha q>aHTOMax panmI'IHhIX panMe..: 

poB n KOHq>nrypari;ni'r. Ha pIIC. 7 )];lIJl rrpIIMepa IIOKa::JaHO peKOHCTpynpo~ 

BaHHOe II::Jo6pa2KeHIIe q>aHTOMa, IIMIITIIpyrorn,ero opraHhI rpy;a;Hon KJieTKII 

'IeJIOBeKa. Ha TOMorpaMMe OT'IeTJIIIBO rrpoJ£BIIJIIICh OTBepCTIIJl ;a;IIaMeTpOM 
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9 MM, IIMelOlll,IIeCJl B rreHOIIJiaCTOBhIX rraparrrrerrerrIIrre;a;ax, TPII H::J KOTOJ)hIX 

6hIJIII narrorrHeHhI Bo;a;orr, a o;a;Ho - Bon;a;yxoM. TaK2Ke xoporno panJIR'IIIMo 

OTBepcTIIe TaKoro )Ke ;a;naMeTpa, IIMerorn,eecJ£ B Teq>JIOHOBOIT Tpy6Ke. 

Puc. 7. ToMorpaMMa q>aHTOMa, IIMIITII

pyrorn,ero opraHhI rpy;a;HOII KJieTKII 

'IeJioBeKa. 

'" Ilo ToMorpaq>II'IeCKIIM II::Jo6pa2KeHIIJ£M q>aHTOMoB 61,mn orrpe;a;erreHhI oc

HOBHhre xapaKTepIICTIIKII ycTaHOBKII, KOTOpbre OKa::JaJIIICI, O'IeHh 6mmKII K 

xapaKTepncTIIKaM panpa6oTaHHoro PKT. TaK, ypoBeHh rnyMa Ha 1mo6pa-

2KeHIIII COCTaBIIJI 2 -,- 3 %, a rrpocTpaHCTBeHHOe panpernemre ycTaHOBKII 

OKa::JaJIOCh paBHhIM 4 -,- 5 MM B ::JaBIICIIMOCTII OT panMepa nccrre;a;yeMoro 

ofrI,eKTa. 

Ha IIpOTJl)KeHIIII rrocrre;a;HIIX HeCKOJihKIIX rreT Ha 6ane CIIHXpOTJ)OHa c 

MaKCIIMallhHOH 3Heprne:rr BhIBep;eHHhIX -qacTIIIJ; 250 M3B panpa6aThIBaeTClI 

crreri;narrnnIIpoBaHHhIH KOMIIJieKc rrpoTOHHOH TeparrIIn, KOTop1,1:rr rrpe;a;rrorra

raeTCJ£ IIOCTpOIITh B MocKBe. .IJ:rrJ£ 3Toro ri;eHTpa aBTOpCKIIM KOJIJieKTII

BOM, B COCTaB KOTOporo BXO)];IIJI p;IIccepTaHT, 61,m crrpoeKTIIponaH napnaHT 

rrpoTOHHoro ToMorpaq>a (pnc. 8), rrpe;a;Ha::JHa'IeHHoro ;a;rra rrrraHIIponamrn 

rrpoTOHHoro o 6rry'IeHIIJ£. 

Ilpe;a;rrorraraeTCJl, 'ITO MaJihIIl 3MIITTaHC BhIBCp;eHHoro II::J ycKOpIITeJilI 

rry'IKa rro::JBOJIIIT cq>opMnpoBaTh B rrpori;e;a;ypHoi'r Ka6nHe crra6opacxo;a;a

rn,ni'rcJ£ IIY'IOK rrpoTOHOB ;a;IIaMeTpOM 1 -,- 2 MM. 

lIMnyiI1,cH1,r:rr cKaHnpyrorn,nn MarmIT na BpeMJ£ MaKpoIIMrryrr1,ca ycKopn

TeJIJ£ panBopa'IIIBaeT 3TOT rry'IoK B o6rracTII pacrrorro2KeHIIlI nccrre;a;yeMoro 

0 frheKTa Ha ±30 CM. 

KorrrrnMaTOpHaH CIICTeMa COCTOIIT Im p;Byx MHOrorn,erreBhIX KOJIJIIIMaT0-

poB rro 64 rn,errn B Ka2Kp;oM. IIepBhIH KorrmrMaTop Kl pacrrorraraeTCJl rrepe;a;, 

a BTOpo:rr K2 - ::Ja IIccrre;a;yeMhIM ofrbeKTOM TaKIIM o6panoM, 'IT06hr Ka2K;a;aa 

nn nap rn,errei'1 B Kl II K2 rre2Karra Ha npJ£Mo:rr, rrpoxo;a;J£rn,e:rr -qepen ri;eHTp 

cKamrpyrorn,ero MarHIITa. 
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Puc. 8. CxP11a npoTOHHoro T0110rpaqia Ha ;meprmo 'IaCTIIU 250 ~foB. 

Korrm1MaTop Kl qiopMnpyPT G4 ynKnx nJHJTOHHbIX ny•rKa, nJHJHII:-JbI

na10mnx IICCITP;a;ycMbiii o6'bPKT n panmPIHbIX Hanpanm'HIIlIX. KorrmIMaTop 

K2, nponycKalI TOllbKO UPHTpallbHYIO 'HICTb Ka;K;a;oro 11:i ll)"IPii. CHIDKaPT 

BJIIllIHIIP MHOr<lKpaTHOr<) K)'JIOH0B<"Koro paccPlIHIIlI Ha npocTpaHC:TBPHHOP 

p,mpcllICHIIe ycTaH0BKII. 

CncTCMa. MOHIITopon n)"IKa C0CT0IIT 11:i TpPX CUIIHTIIJIJilIUII0HHbIX ("'IPT-1 

'IIIKon - Cl, C2, C3, K0T0JlbI<' Bbipa6aTbmaIOT CIIrHaJibI ;:i::rn <"IIHxpoHnnaum1 

II3MepeHIIII II ;a;Jia mip1mponKn cnrmmon .6rroKa ;a;<'T<'KTopon. 

OcTaTo'IHbIII npo6er ny<IKa nnMPpacTclI 6rroKoM ;a;i•TPKTopon. cocTolI

IUIIM rrn ceMn nrracTII'-IeCKIIX CUIIHTIIJIJilITopon C4- Cl0. pacno:ro;K<'HHbIX · 
'· 

o;a;rrH 3a. ;a;pyrnM B Ha.npanrremm pacnpoCTJJaHCHillI ny•rKa . .Ilria noBblllIP-

HlllI GqlqlCKTIIBHOCTII CBCToc6opa Ka:iK;r:,;bIII CUIIHTIIJIJilITOp nponrnTpnna

eTC.H ;a;nyMJI qlOTOJMHO:iKIITCJUIMII. 

ITepe;a; Ha'larroM nnMepeHIIII c'-IeT'-IIIKII Kam16py10Tc11 c noMolllbIO nupa

MII;r:,;hl Im oprcTeKrra, no;a;o6Ho TOMY, KaK :JTO c;a;erraHo B ITT .Tia6opaTOJHIII 

11;a;epHhlx upo6rreM OH.HM. 
Peamman;II.H upe;a;rraraeMoro naprraHTa ToMorpaqia He BbIJJ;BIIraeT Ka.Knx

JIH6o HepanpeIIIIIMhlX TCXHII'-leCKIIX npo6rreM, o;a;HaKO pearrbHalI ocymecTBII

MOCTb npoeKTa rrpII Ha'-lallbHOH :JHeprnII npoToHoB 250 M0B ;a;om1rna 6hlTb 

noKa\JaHa :JKCIIepIIMeHTalibHO. 
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C :)TOH n;errbIO B nepnou npon;e;a;ypHOll Ka.6nHe KJIIIHIIKO-qlII3Il'-IecKCJrO 

KoMnrreKca JI.HIT OH.HM, B KoTopon: pacnorro:iKeHa anna.paTypa ;a;mI npone

;a;eHII.H npoTOHHOll TOMorpaqirrn, c noMOIUbIO CIICTeMbl K()JllIIIMa.Topon 6brn 

cqiopMnponaH J3KIIH ny'IOK IIpOTOHOB C ,rneprneu 250 M0B. 

,Ilrr.H II3MepeHIIll OCTaTO'IHoro npo 6era npoTOHHoro ny<IKa. 6bIJIII na

;a;en:CTBOBaHbI TOJibKO nepBbie 4 C'-ICT'-II~Ka 6rroKa ;a;eTCKTOJHlB, cyMMa.pmtlI 

TOlIIUIIHa. KOTOpbIX npeBhlllla.rra MaKCIIMallbHbIII npo 6er npoTOHOB 3Toii 

BHeprIIII. ,I(onoJIHIITellbHbIH 3aMe;a;rrnTeJib npII :JTOM HC ncnoJIMJOBaJIClI. 

OcTallbHhle J3llbl ycTaHOBKII 6bIJIII IICnOllb30BaHbl 6en KilKIIX-lIII6o 113-

MeHeHIIH, TaK :iKe, KaK II MeTo;r:,;1IKa npone;a;emrn nnMepemrii. 

B :JTIIX ycJIOBillIX 6bllIII norry'ICHbl TOMorpaq>IPIPCKIIP Imo 6pa;KCHIIlI q>aH

T0M0B. ITpocTpaHCTBeHHOC panpellleHIIC ycTaHOBKII ;a;rra 3HeprIIII npoTOH0B 

250 MaB cocTamrno 4-5 MM. YponeHb lllyMa noccTaHonrrcttttorci IIno6pa

:iKeHIIH OKanarrCH paBHbIM 1, 5-;- 2% npn cpe)J;Heii ;a;onP o6rry•IPHIIlI 0K0JIO 0,4 

pa;a;. 

TaKIIM o6panoM, 6rraro;a;ap11 nIHJBC)J;CHHhlM II:-JMPIH'HIIlIM 6brna n0Kanam1 

npaKTIPiecKalI nonMo:iKH0CTb co:i;a;amrn ITT !fa :mcprmo n1H>T0Hon 250 M3B 

no npe;a;rro;KPHHOII CXCMC C xapaKTCJllICTIIKaMII, y;a;onJIPTBOJllIIOIUIIMII :ia;a;ww 

nrraHnpcrnamrn npoT0HH0II TPpamm. 

B TI)('Tbcii rrrane npnno;a;aTclI ,Han6om'P pacnpocTpam'HHbie napnaHTbI 

noCTlHlPHIIlI ;r:,;PTPKTIIpyIOIUPII 'HICTII no:-JIITlHlHHbIX 31UICCIIOHHbIX TOMO

rpaq>OB. ITo;a;pooH<) npe;a;cTanm'Hbl pP:iyrrbTaTbl II:-J11PlH'HIIii 0CHOBHbIX xa

paKTPilIICTIIK K01IIIO:-JIIUIIOHH<>r0 CUIIHTIIJililIT0pa, pa:ipa6onrnmiro ;a;rrlI IIC-
1. 

noJib:-J0BilHIIlI n IT8T' pac1·110Tp<'Hbl Pro ;J;0C:T0IIHCTBa II HP)J;0CTaTKII. ,I(a-

PTClI onuc:aHIIP co:i;a;aHH<>r0 0/J;H0K0JibU<'B0ro nonIITIHJHHoro 3MIICCIIOHHOro 

T01IOrpaqia Ha 0CH0BP K0MII0:-JIIIUIOHHbIX CUIIHTIIJilllIT0Jl0B, KOHCTPYKUIIII 

Pro ;r:,;PTPKTIIPYIOIUPii •rac:Tn, cucTPMbI c6opa ;a;aHHbIX II T .;a;. ITpmie;r:r;ettbI 

IH':-J)'JlbTaTbI Il31I<'pPHIIII OCH0BHbIX xapaKTCJHICTIIK JCTclHOBKII, a TaK)KC 

IH'K0HC:TpyuponaHH0(' 11:io6pa1KCHIIC qiaHTOMa. 

B o6IUPM nn;a;e nonIITJlOHHbiii 3MIICCIIOHHbiii TOMorpaqi npe;a;cTaBIT.HCT 

co 6oii o;a;tto ·IIlIII HP-CKOllbK0 K0JICU CUIIHTIIJIJilIUIIOHHbIX ;a;eTCKTOpon, pacno

:IO;KPHHbIX C: lllaroM 3 7 20 MM no K0JibUY' II perncTpIIpJIOIUIIX ,-KBaHTbl C 

3Hcprneii 511 K3B, K0T0JJbIC po:iK;a;aIOTClI B aKTax aHHIIrIImID;IIII II03IITp0H0B 

c :JJieKTpoHaMn. Pae-rnTaHHoe B 8BM TOMorpaq>nTJecKoe nno6pa:iKeHne 0T

pa:iKaeT npocTpaHCTBCHH0e pacnpe;a;erreHIIe II30Tona B IICClle;a;yeMOM Ce'le

HIIII Terra nan;neHTa II co;a;ep:iKIIT IIHq>OpMaD;IIIO O MeTa6oJIII3Me Toro _IIJIII 

1rnoro npouecca, npoTeKa10mero B ero opraHII3Me. 

CuIIHTIIllll.HTOpbI, npe;a;HanHa'leHHbie ;a;m.r ncnoJib3onaHII.H B IT8T ;a;orr

:iKHbI o6rra;a;aTb BhlCoKon: aqiq>eKTIIBHOCTbIO perIIcTpaD;IIII 1 -KBaHT0B c aHep-
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rnei'I 511 K0B, xopOIIIIIM 0HepreTII'IeCKIIM panpeIIIeHIIeM, BbICOKIIMII Bpe

MeHHbIMII xapaKTepIICTIIKaMn. Han6orree 'IaCTO IICIIOlib3JeMbIM Ha cero

p;HlIIIJHIIII p;eHb CIJ;IIHTIIliilllTopoM JIBillleTCJI repMaHaT BIICMJTa, nrrn EGO. 
Op;HaKo, II OH He J;a;OBlieTBOpJieT B IIOlIHOll Mepe BCeM rrepe'IIIClieHHhlM Tpe-

6oBaHIIJIM n, KpoMe Toro, JIBillleTCJI OTHOCIITelibHO ;a;oporHM. II00T0My IIO

IICKH HOBbIX ;a;eTeKTOpOB IIOCTOJIHHO Bep;yTCJI. 

B pJI;a;e pa6oT nccrrep;oBarracb B03M02KHOCTh ncrrorrhnoBaHIIJI B II8T rrrra

CTII'IeCKHX CIJ;HHTIIlilIJITOpOB. 0HII OTlIII'IaIDTCJI MalihlM BpeMeHeM BbICBe

'IIIBaHIIJI, rrerKOCTbID B o6pa6oTKe, HII3KOll CTOIIMOCTbID. O;a;HaKo, 0cpcpeK-
", 

TIIBHOCTb perIICTpaIJ;IIII J IIliaCTII'IeCKOI'O CIJ;IIHTIIliilllTOpa rrpn 0HeprHII "(-

KBaHTa 511 K0B O'ICHb HH3Ka II rrpaKTH'ICCKH IlOlIHOCTbID OTCJTCTBJeT 

!pOT00!p<peKT. 

B Jia6opaTopnn Jip;epHhlX rrpo6rreM OIUIH 6brn rrpe;a;rro2KeH HOBhill TIIII 

;a;cTeKTopa ;a;rrJI IIcrrorrhnoBaHIIJI B II8T II rrorry'I~BIIIIIll HanBaHne KOMrronII

IJ;IIOHHoro CIJ;IIHTHlilIJITOpa. OH rrpe;a;cTaBillleT co6oii Ha6op H3 TOHKIIX 'Je

pep;yIDI.IJ;HXCJI crroeB IIliaCTII'IeCKOI'O CIJ;IIHTIIlilIJITOpa II CBIIHIJ;OBOll !pOlibl'II, 

opueHTHpoBaHHbIX rreprreHp;IIKJlIJipHO HarrpaBlieHIIID pacrrpocTpaHeHIIJI Ha

lICTaIDI.IJ;ero "(-KBaHTa (pIIC. 9). IIpII JClIOBIIII, 'ITO TOlII.IJ;IIHa crroeB ;a;ocTa

TO'IHO Marra ;a;rrJI Toro, 'IT06bI ocBo6op;IIBIIIIIHCJI B' penyrrhTaTe BnaIIMo;a;eii

cTBIIJI C "(-KBaHTOM 0lieKTpOH MDI' rrepece'Jb HeCKOlibKO nap crroeB ;a;o MecTa 

CBOell OCTaHOBKII, TO M02KHO Hap;eJITbCJI, 'ITO 0cpcpeKTIIBHOCTb TaKOI'O ;a;e

'I'eKTOpa OKa2KCTCJI BhlIIJe, 'ICM y 'IIICTOI'O rrrracTH'ICCKOI'O CIJ;HHTIIliilllTOpa. 

n11acru4ec1<1,1r:., 
C41.1H1Wl.nS'ITOp 

r 30MM 

<l>3Y 

CBeTOBO,Q 

")'- KBaHT 

cs1.1H4osas:i 
q>Ollbra , 

' 
Puc. 9. KoHCTpJKIJ;IIJI 

KOMII03IIIJ;IIOHHOI'O CIJ;IIH

TIIliilllTOpa. 

.il:lll rrpoBepKII 0TOll IIp;CII 6hlrra panpa6oTaHa ycTaHOBKa, Il03BOilllIDI.IJ;aJI 

ImroTaBlIIIBaTb IlOlIOCbI II3 IIliaCTII'ICCKOI'O CIJ;HHTIIlilIJITOpa panlIII'IHOll IIIII-
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pIIHhl II TOlII.IJ;IIHhl, a TaK2KC IICil0lib30BaH CTaHOK p;illl rrpoKaTKII CBIIHIJ;OBOII 

!pOlibl'II. 

B Ta6lIIIIJ;C 1 IIpIIBep;CHhl pc3JlibTaTbI II3MCpCHIIll 0cpcpeKTIIBHOCTII IIJC

CTII pa3lIII'IHbIX KOMII03IIIJ;IIOHHbIX CIJ;IIHTIIliilllTOpoB, a TaK2KC 'IIICTOI'O rrrra

CTII'ICCKOI'O CIJ;IIHTIIliilllTOpa op;IIHaKOBbIX panMcpoB. KaK II 02KIIp;arrocb, 0cp

!pCKTIIBHOCTb pcrIICTpaIJ;IIII BonpacTaCT C JMCHbIIJeHIICM TOlII.IJ;IIHbI ClIOCB. 

K C02KalICHIIID, rrpII TOlII.IJ;IIHC IIOlIOC rrrraCTII'ICCKOI'O CIJ;IIHTIIliilllTOpa MCHCC 

150 MKM II CBIIHIJ;OBOll qJOlibl'II MCHCe 33 MKM rrpoIJ;CCC c6opKII C'ICT'IIIKa 

nHa'IIITelibHO ycrro2KHJ1eTcJ1, rro0T0My 6b1n:o peIIIeHo orpaHII'IIIThCJI 0TIIMII 

panMcpaMII II BbI6paTb IIX !];lIJI IIpOBC!];CHIIJI BCCX rrocrrep;yIDI.IJ;IIX II3MCpCHIIll. 

Ta6rrIIIJ;a 1. 8cpcpcKTIIBHOCTb pcrIIcTpaIJ;IIII aHHIII'IIilllIJ;IIOHHbIX 

KBaHTOB pa3lIII'IHhlMII C'ICT'IIIKaMII. 

HoMcp TorrI.IJ;IIHa TorrI.IJ;IIHa KorrII'ICCT- 8cpq>CKTIIB-

C'ICT'IIIKa rrrracTIIKa; qJOlibl'II, BO ClIOCB HOCTb, % 
MKM MKM 

1 500 90 49 31 
2 330 45 78 37 
3 230 33 113 41 
4 150 45 146 45,5 
5 - 150 33 160 45 
6 150 25 170 43,5 

~IICTblll 

rrrracTIIK - - - 25 

TaKIIM o6panoM, p;illl KOMIT03IIIJ;IIOHHOI'O Cil;IIHTIIliilllTOpa 6brno IIOlIJ'ICHO 

3Ha'IeHIIC 0!p!pCKTIIBHOCTII pcrncTpaIJ;IIII aHHIII'IIlIJIIJ;IIOHHhlX "(-KBaHTOB Ha 

ypoBHC 45%, 'ITO B 1,8 pana lIJ'IIIIC, 'ICM y 'IIICTOI'O rrrracTII'IeCKOI'O CIJ;IIH

TIIliilllTOpa, II !];lIJI p;Byx C'IeT'IIIKOB, BKlIID'ICHHhlX Ha COBIIap;cHIIC, ;a;acT 

BbIIII'phlIII B 3 ,24 pana. 

BpeMeHHOC panpcIIIeHIIe KOMII03IIIJ;IIOHHOI'O CIJ;IIHTIIliilllTOpa rrpII IICIIOlib-

30BaHIIII cpopMIIpOBaTCilll C IIpIIBJl3KOll K IIOCTOJIHHOll 'JaCTII q>pOHTa CII

l'Harra COCTaBIIlIO 2,1 HC. IIpII IICIIOlib30BaHIIII o6bl'IH01'0 cpopMIIpoBaTCilll 

c !pIIKCIIpoBaHHbIM rroporoM OHO OKanalIOCb paBHbIM 3,8 HC. 

Ha OCHOBC KOMII03IIIJ;IIOHHbIX CIJ;IIHTIIliilllTOpOB 6hllI panpa6oTaH MOp;Jlib 

!];CTCKTIIpoBaHIIJI p;illl op;HOKOlibll;CBOI'O IIOlIHOMaCIIJTa6Horo II8T, CXCMaTII

'ICCKII IIno6pa2KeHHhill Ha pIIc. 10. Mo;a;yrrh rrpe;a;cTaBilllCT co6oii KacccTy 
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c TOHKIIMII CTaIThHhlMII rreperopo;a;KaMII Ha 32 JPieHKII, B KOTOphie B rrpo

u;ecce c6opKII Ha6upaIOTC.!I KOMII03IID;IIOHHhie CD;IIHTIIITIT11T0phl. Ka2K;a;rur Ta

Ka!I H'1ei'rKa co;a;ep2KHT no 160 'Iepe;a;yioru;uxC11 cnoen rrnacTII'IecKoro cn;nH-,.. 
TunnaTopa u cmrnu;oBoii lflorruu TOITI.QIIHoii 150 MKM n 33 MKM coOTBeT-

CTBeHHo. lnar Me2K;a;y ;a;eTeKTopaMII COCTaBIT11eT 5,2· MM, aKcuanhHhlH pa3-

MCp a•reiiKu - 20 MM, pa;a;IIanhHhlH pa3Mep, nnII ;a;nIIHa no HarrpaBnem1IO 

;a;BII2KCHII!I HancTaIOI.Qero ,-KBaHTa - 30 MM. IlnOTHOCTh yrraKOBKII ;a;eTeK

Topon - 90%. B Mo;a;ync ucrronh3YIOTC11 lfloToyMH02KnTen11 <P3Y-85. 

1!)1JTnyMHO:.Kl1TeJJ11 

~-I cpn-H 

Puc.IO. CxeMaTII'Ic-

CKOC 1mo6pa2KCHIIC MO

;a;yna II3T Ha ocHoBe 

KOMII03IID;II0HHhIX 

CUIIHTIIITIT!ITopon ( Blip; 

co CTOJJOHhI HancTaIO

I.QPro ,,~KDaHTa). 

llfrcTHa;a;u;aTh TaKnx 110;a;yn<'ii pa:-i.t-H'W<'HhI no DHYTJl<'HH<'.t-1y ;a;mtU<'TJl.V 

H<'cywcii ;a;10paITIOUIIHm·noii K0HCTpyKUIIII, o6panya H<'Ilp<'phlllH0(' K0ilhU0 

II3 512 ;a;cT<'KT0pon C DHYTIH'HHm.1 ,u;na11PTJHlM 850 :1111. .Una y.t-H'Hhlll<'Hl\!I 

;a;onn cnrrniiHhIX conna;a;<'HIIii II CODila;:J;PHIIii OT pa<TP!IHHhIX ')'-KDaHT0D 

npm,IeHeH KOIThU<'Boii CDIIHUODhlii K0ITITIIWlT0p (·. IIIIIpIIHoii W<'ITII 20 :1111. 

Cne;a;yeT TaK2Ke oT:t-ICTIITh ncnonhny<'MYIO CD<'T<my10 Ko,n;nponKy H011<'pa 

cpa6oTaDIIIero CD;IIHTIIITIT!ITopa, Il03DOITIIDIIIYIO DADIH' .V:ll<'HhllIIITh Ko::111-

'ICCTB0 Heo6xo;a;m,IhIX lfl0Toy1mo2KI1TPncii C 512 ;a;o 256. 3To CTa;m no:-i

M02KHhIM 6naro;a;ap11 TOMY, 'ITO Ka2K;a;h1ii <P3Y C Il01IOWhIO CDC'.TODO)l;a npo

CMaTpIIBaeT TPII coce;a;HIIX CUIIHTIIITITlIT0pa. PacnIOTJ>IIM TJ>II pa3ITil'IHhIX 

cny-qrur ( cM. pnc. 10): 

1. - BCIIhIIIIKa CBeTa rrpoII30IIIITa D CUIIHTIIITIT!IT0pe C;-1, Tor;a;a o;a;Honpe

MeHHO ITO.!IB.!ITC.!I BhIXOp;Hhie IIMilYIThChI <P3Y <Pu II <Pn-1; 

2. - cpa6oTan CIJ;IIHTIIITIT11TOp C;, Tor;a;a cnrHan ITO.!IBIITC.!I TOIThKO Ha lflo

TOYMH02KIITene <Pn; 

3. - cpa6oTan CD;IIHTIIITIT11Top C;+1 - m,mynhChl rrpu;a;yT c <P3Y <Pn n 

<Pn+l II TaK ;a;anee. 
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.Un11 yc11neHII.!I, lflopMnponaHII.!I II ;a;eKo;a;IIpoBaHII.!I cnrHanon, rrocTyrra

IOWHX c <fioToyMH02KHTenen:, a TaK2Ke rrepe;a;a'In ;a;aHHhIX n 3BM B JUIII 

OIUIII 6hlnn panpa6oTaHhl II n:JroToBneHhI Bee Heo6xo;a;nMhie GneKTpoH

Hhie 6noKn, BhlrronHeHHhle B cTaH;a;apTe KAMAK II IBM PC. BpeM.!I o6pa-

6oTKII o;a;Horo co6hITII.!I He rrpeBhIIIIaeT 1 MKC, 'ITO nrronHe y;a;onneTnop.HeT 

rrpep;'h.!IBIT11CMhIM Tpe6onaHII.!IM. 
K HaCTO.!II.QeMy npeMeHn Il3MepeHhI ocnoBHhie xapaKTepncTIIKII co:J;a;aH

HOII ycTaHOBKII II rrony'IeHhI peK0HCTpyIIpoBaHHhIC II306pa2KCHII!I HCK0T0-

phIX lflaHTOMOB C IICITOITh30BamreM IT03IITpOHHhIX II3ITJ'IaTenen:. 

O;a;Hon: II3 HaII6onee na2KHhIX xapaKTepIICTIIK II3T .!IBITlICTC!I ero npo

cTpaHCTBeHHoe pa3peIIICHIIe, orrpe;a;en11eMoe KaK rronHalI IIIIIpIIHa Ha nono

nnHe BhICOThI pacrrpe;a;eneHII.!I peKOHCTpyIIpoBaHH0ro II306pa2KeHIIlI T0H

Koro HIITCBIIp;Horo IICT0'IHII,Ka. 

Ha pIIC. 11 rrpIIB0;IJ;.!ITClI ;a;aHHhIC II3MepeHIIII pa;a;IIaIThH0ro II TaHreH

UIIaIThHOro pa3pCIIICHII!I TOMorpalfla B IIITOCK0CTII ;a;cTCKT0pHoro KOIThUa B 

3aBIICIIM0CTII OT y;a;aneHIIlI IICT0'IHIIKa OT ero OCII. KaK M02KH0 BII;IJ;CTh, D 

UCHTpe ycTaHOBKII pa3peIIIeHIIe C0CTaBff!ICT OK0ITO 4 MM, 'ITO y2Ke 6nII3KO 

K npe;a;eny, orrpe;a;enaeMoMy lflnmI'IecKIIMII <paKTopaMII. 

::g 
::.15 r-----------------
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50 

• fWTM pa.QnanbHOe 
o fWTM TaHre11unanb11oe 
D fWHM pa.QnanbHOe 
,.. fWHM TaHreHl.lltanbHOe 

100 
pacCTOHHHe OT ~eHTpa, MM 

150 

PIIc. 11. 3anIIcIIMOCTh 

norrcpc•moro rrpocT

paHcTBeHHoro panpe

IIICHII!I OT pacCTO!IHII.!I 

;a;o 0CII TOMorpalfla. 

IlpocTpaHCTBeHHoe pa3peIIIeHIIC B;a;onh OCII TOMOrpalfla, orrpe;a;en.!IIOI.QCC 

TOITI.QIIHY nccne;a;yeMoro cnolI, cocTammo 10,5 MM. 

"9:yBCTBIITenhHOCTh ycTaHODKII, xapaKTepII3JIOWaJI CKopoCTh C'IeTa co

Bna;a;eHIIll B naBIICIIMOCTII OT aKTIIBHOCTII II30TOITa, co;a;ep2Karu;eroc11 B IIC

cne;a;yeMOM o6'heKTe, orrpe;a;en11nach cTan;a;apTHhIM cnoco6oM c noMOI.QhIO 

D;IlilIIH;IJ;pII'IeCKOro lflaHTOMa, 3aITOITHCHHOro BOp;HhIM paCTBOJJOM Il30TOITa 

nc . .Un11 npeMeHHoro oKHa cxeMhl conrra;a;eHIIH 11,5 Hen pac'IeTHoro non11 

;a;IIaMeTpOM 45 CM 6hmII rrony'IeHhI cne;a;yIOI.QIIC pe3JilhTaThI, IIpHBe;a;eHHhIC 

K aKTilBHOCTII paCTBopa B 1 MKKII/Mn: 
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• nmrnoe 'HICITO COBnap;eHIIll - 12300 C 1j 

• IICTIIHHI,Ie + pacce.HHHI,Ie - 7700 c 1; 

• cITy'Iaiinhle coBnap;eHII.H - 4600 c-1; 

• cyMMapnalI 3arpynKa no BceM KaHaITaM perucTpau;IIII - 1520000 c-1. 

B1,ma TaK2Ke onpep;eITeHa )J;Oll.H COBnap;em1ii: OT pacce.HHHbIX '}'-KBaHTOB B 

1It3MCplieMbIX p;aHHl>IX, KOTOpalI COCTaBirna 24%. TaKIIM o6pa30M, CKOpOCTI, 

C'IeTa IICTIIHHbIX COBnap;enun:, T.e. COBnap;aHIIH OT Hepacce.HBIIIIIXC.lI KBaH

TOB pop;IIBIIIIIXC.lI B O)J;HOM II TOM 2Ke aKTe aHHIIrIIIT.lIIl;IDI, COCTaBirna 5850 

co61>ITIIH B ceKynp;y Ha 1 MKK11/MIT aKTIIBHOCTII paCTBOpa, 'ITO HaXO)J;IITC.lI 

B COOTBeTCTBIIII C 3q>q>eKTIIBHOCTI,IO KOMn031ID;IIOHHOro CD;IIHTIIITIT.lITOpa II 
TeITeCHl,IM yrITOM ycTaHOBKII • 

• • ••• ••••• ••••• ••••• •••••• 

rl"tll 
t • • • . . ... ' 

• • • • • • . .. "', ... •• • . . . . . . .. . .. . .. . ,. .... 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Puc. 12. ToMorpaMMa 

q>anToMa .IJ:epen30 (no

.lICHeHII.lI B TeKcTe). 

Ha pnc. 12 npep;cTaBITena ToMorpaMMa cTaHp;apTHoro q>aHTOMa .IJ:e

peH3o, npep;cTaBIT.HIOru;ero co6oii u;nITIIHp;p II3 oprcTeKITa p;IIaMeTpoM 200 

MM II TOITID;IIHOH 45 MM, JCITOBHO pa36IIToro Ha IIIeCTI, CeKTopoB, B Ka-

2K)J;OM 113 KOTOpbIX IIMeIOTC.lI OTBepcTII.lI onpep;eITeHHbIX )J;IIaMeTpoB: 2,5; 

3; 3,5; 4; 5 II 6,2 MM. 0TBepCTII.lI 3anoITHeHbI no3IITpOHHhIM II3ITJ'IaTeITeM 
22

Na op;11HaKoBOH aKTIIBHOCTII. KaK M02KHO BIIp;eT1>, Bee OTBepcTn.H xopoIIIo 
pa3llll'IIIMI,I Ha TOMorpaMMe. 

TaKHM o6pa3oM, HeCMOTp.lI Ha npoCTOTy KOHCTPYKD;IIII II HII3KJIO CTOII
MOCTI>, pa3pa6oTaHHalI ycTaHOBKa no3BOIT.HeT noITy'IaTI, II3o6pa2KeHII.lI p;o

CTaTO'IHO Bl>ICOKoro Ka'!eCTBa. 
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B 3aKITIO'IeHim cqiopMJITIIpOBaHI,I OCHOBHl>Ie pe3JITl>TaTl>I pa60TI,I: 

l. Pa3pa6oTaH u 113roTOBITeH rop1monTaIT1>H1>1ii: penTrenoncKnir KOM

n1>IOTepn1,111 TOMorpaq>, npep;Ha3Ha'!eHHl>III )J;IT.lI noITy'IeHirn TonoMeTpII'IC

CKOII 1mqiopMau;nn o BHJTpenneir CTPYKType ofr1>eKTa, neo6xop;IIMOII )];ITH 

nITannpoBaHirn o6ITy'IeHirn, n coBMeru;enn1,111 c ycTaHOBKoii p;ITlI npoBep;eHirn 

npoTOHHoir Tepamm. BITarop;ap.H 3T?MY BnepBhie peammonana B03Mo2K

nocT1> nponep;eHirn pac'!eTa nITaHa o6ITy'IeHII.lI Ha ocnoBe ToMorpaMM, 1m

MepHeM1>1x nenocpep;cTnenno nepep; Ha'!aITOM Ka2Kp;oro II3 ceancon Kypca 

q>paKu;1rnm1poBaHnoro ITJ'IeBoro ITe'!eHII.lI n p;IT.H Toro 2Ke noIT02Kemrn na11;n

eHTa, npu KOTopoM IIpOBO)J;IITC.lI o6ITy'IeHIIe. 

2 . .Il:ITH CIICTeMbI c6opa p;aHHl>IX TOMorpaq>a p;nccepTaHTOM pa3pa60TaH 

II 1mroTOBITeH 128-Bxop;oBhIII 12-611Ton1,1ii anaIToro-11;IIq>ponon: npeo6pa3oBa

TeITh C ITorapIIq>MWieCKOlf 3aBIICIIMOCTI,IO KO)J;IIpoBaHIIlI aMnITHTY)J;hI DXO

)J;Hl>IX CIIrHaITOB. 

3. <PaHTOMHl>Ie II3MepeHII.lI II anpo 6a11;1I.H TOMorpaq>a B ceancax npo

TOHHOII TepanIIII 6oITI,HI,IX paKOM nnru;eBop;a noKa3aITII, 'ITO )J;OCTIIrHyTalI 

TO'IHOCTI, nITaHIIpoBaHII.lI COCTaBITHeT ~ o, 5 r / CM2 ' 'ITO naxop;IITClI B COOT

BeTCTBIIII c npep;'bHBIT.HeMl>IMII Mep;IIll;IIHCKIIMII Tpe6oBaHIIlIMII. 

4. Pa3pa6oTaHa II II3rOTOBITeHa annapaTypa )];ITH npoBep;eHIIlI npOTOH

HOII KoMn1>IOTepno11 T0Morpa4>1m na 0neprIIIO npoToHoB 660 M0B, 6ITaro

p;apH 'IeMy no.lIDIIITac1, D03M02KHOCTI, KoppeKTHOro nepexop;a OT K03qlqJIIll;II

eHTOB ocITa6ITemrn penTrenoncKIIX ITJ'IeII K npo6eraM npoTonon, '!To neo6-

xop;IIMO )];ITH ap;eKBaTnoro nITannpoBamrn npoTOHHOII TepanIIII. IIponegeHhI 

q>aHTOMHl>Ie IICnl>ITaHirn TOMorpaq>a, H3MepeHI,I ero OCHOilHbie xapaKTepn

CTIIKII, KOTop1,1e COCTaBIIITII: npocTpaHCTBeHHOe pa3peIIIeHIIC - 4-;-5 MM, 

pa3peIIIeHne no nITOTHOCTII - 2-;-3 %. 

5. CnpoeKTIIpOBaH BapnaHT npoTOHHoro KOMnl>IOTepnoro TOMorpaq>a 

)];ITH cne11;IIammnponannoro 11;enTpa .npoTonnoir T~pamrn, pa3pa6aT1>rnae

Moro na 6a3e c1mxp0Tpona Ha 3HeprIIIO '!aCTIIll; 250 M0B. .Il:ITH p;annoro 

BapnanTa ycTaHOBKII npoBep;eno Mop;eITnpoBamre H3Mepennir na ny'!Ke q>a-

30Tpona JUIII OIUIII, nop;Tnepp;umnee npaKTII'IeCKJIO D03M02KHOCTh ee 

co3p;aHII.lI. 

6. Pa3pa6oTaH HOBl>IH Tnn Cll;IIHTIIITITHTopa, Ha3BaHHhlll aBTopaMII KOM

no3IIll;IIOHHl>IM, CO'IeTaIOlll;IIH Marroe BpeMH Bl>ICBC'IIIDaHIIlI C )J;OCTaTO'IHO 

Bl>ICOKOII 3q>q>eKTIIBHOCTl>IO perncTpa11;1m aHHHrIIlllill;IIOHHI,IX '}'-KBaHTOB II 

npep;na3Ha'!enn1,11r p;rrlI npuMenemrn B 6rroKax p;eTeKTnpoBaHIIlI II8T. lf3-

Mepen1,1 ero OCHOBHI,Ie xapaKTepHCTIIKII: 3qlqJCKTIIBHOCTI, perncTpall;IIII an-
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HIIrIUUID;IIOHHhlX --y-KBaHTOB - 45 %, Bpel\IeHHOe pa3pewem1e - 2+3 HC. 

7. CrrpoeKTIIpoBaH II co3p;aH op;HoKom,u;eB011 rromITpOHHl>III BMIICCIIOH
HhlII ToMorpaq>, p;eTeKTnpyIDrn;rur 'IaCTl> KOToporo BKJIIO'IaeT 512 KbMrro-
3IID;IIOHHl>IX CD;IIHTIIJIJI1[TOpOB II 256 q>OTOYMH02KIITeJieII, II CO'IeTaIOill;IIII 
HII3KYIO CTOIIMOCTb C B03MO)KHOCTl>IO rrorry'IeHil1[ II306pa2Kemm: /J;OCTa
TO'IHO Bl>ICOKoro Ka'IeCTBa. lfoMepeHhl ero OCHOBHhle xapaKTepIICTIIKII. 
IIpocTpaHCTBeHHOe pa3pewemre B IllIOCKOCTII TOMorpacf>a COCTaBIIJIO 4 MM, 
no OCII - 10,5 MM. IIorry'IeHo TOMorpaq>II'IeCKoe II306pa2KeHne q>aHTOMa 
,I(epeH30. 
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