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Wacjlpaaoa M.n., Wa.Ppaaoaa M.r. 14-11336 

npoTOHHo-HOHH8ll panaorpatl~Hll, nepcneKTHBbl HCROnb30B8HHll 

a MellHllHHCKOll naaraocTHKe. 4acTb II. 

PaccMaTpaaaJOTCll pa6oThl no npoToaao-aoaaoll ToMorpa.Paa, nollTBep
~aJOmae ee npeaMymecTaa nepell peaTreaoacKoll TOMorpa.Paell, 

06cyJKil8JOTCll ROTeHUHSflbHbl9 B03MOlKHOCTH npOTOHHQ-HOHHOli p81lHOrpa
tllBH B M91lH.UHHCKOli llH8I'HOCTHKe H nepcneKTHBbl 3TOI'O HOBOI'O aanpaaneHilll, 

Pa6oTa BhmonHeaa a Jla6opaTOpHH BhiCOKHX aaeprHll 011$111. 

npenpBBT 06'bel1HBeBROI'O HBCTHTyT8 lUlepRbiX BCCnellOBBRBA. lly6H8 1978 

0 1978 06'beJ1JIB8HBbll: HBCTRTyT R.Q8pBblJC BCCRBI!.OBBBBIJ /lyfiBB 

BBE,4EHHE 

B 111 ony6nuKoaaua I qacTb o63opa, B KOTopoil H3no
)l(eHbl «iiHJHqeCKHe npHHUHfibl npOTOHHO·HOHHOH pa,IJ,HOrpa«iiHH 
H pe3ynLTaTbl npHMeHeHHB MeTo.u.a ocTaToquoro npo6era. 
Bo I I qacTH o6cy)I(,IJ,aiOTCB pe3ynLTaTbl npHMeHeHHB npoTo
HOB H a-qacTHU B TOMOrpa«iiHH, a TaK)I(e fiOTeHI.J;HanbHble 
B03MO)I(HOCTH H nepcneKTHBbl npOTOHHO·HOHHOH pa,IJ,HOrpa

«iiHH. 

4. IIPOTOHHO- HOHHA.JI TO MOT PAtl>H.Jl 

Ilpoue.u.ypa nonyqeuux npocTpaucTaeuuoil KapTHHbl pac
npe.u.eneuux nnoTHOCTeil uccne.u.yeMoro o6'beKTa Hl .u.aHHblX 
o pacnpe.u.eneHHH HHTerpanbHblX nnoTHOCTeil o6'beKTa B 
HeCKOnbKHX HanpaBneHHRX HOCHT Ha3BaHHe TOMOrpa«iiHqe
CKOH npoue.u.ypbl. Y)l(e B Teqeuue px.u.a neT B Me.IJ.HUHHCKOH 
npaKTHKe HCnOnblYIOTCJl annapaTbl ,IJ,nJI npoCTpaHCTBeHHOH 
peKOHCTPYKUHH 06'beKTa Ha OCHOBe cepHH ,IJ,ByMepHbiX peHT
reHOBCKHX H306pa)l(eHHH, nonyqeHHblX npH o6nyqeHHH 06'beK· 

Ta no.u. pa3HblMH yrnaMH. 
3a nocne.u.uue uecKonLKO neT aKcHanbHaJI peHTreuoa

cKax TOMOrpa«iiHR C npHMeHeHHeM 3BM BCTynHna B CTa,IJ,HIO 
WHpoKoro npuMeHeHHJI. KaK noKalana npaKTHKa, cospe
MeHHble peHTreHOBCKHe TOMOrpa«iiHqeCKHe annapaTbl, TaKHe, 
KaK EMI H ACTA, noJaonxroT o6uapy)I(HBaTb palHHUY B nnoT
HOCTRX MBrKHX TKaHeH - 1 ,00/o npH noKanH3ai.J;HH OCOfieH
HOCTH B o6naCTH pa3MepOM HeCKOnbKO MHnnHMeTpOB; MO)I(eT 
06Hapy)I(HBaTbCJl H MeHbWaJl pa3HHI.J;a nnOTHOCTH n;eHOH 
yaenuqeHHJl .IJ.Olbl o6nyqeuux. 
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IIpocTpaucTBeHHas peKOHCTPYKIJ;HJI o6'beKTa c 
nOMO~LIO npOTOHOB H HOHOB He npe,IJ;CTaBnJieT npo6neMLI. 
Bonpoc B TOM, HaCKO.ilLKO 3Ta HOHHaJI TOMOrpa4!HJI OKa)l(eTCJI 
34>4!eKTHBHOB, KaKHe cynHT npeHMy~eCTBa nepe,IJ; peHTre
HOBCKOB TOMOrpa4!Hei, KaKHMH He,IJ;OCTaTKaMH H ,IJ;OCTOHHCT
BaMH 6y,IJ;eT o6na,IJ;aTL B CBJI3H C TeM, qyo 4!H3HKa B3aHMO
,IJ;eBCTBHJI npOTOHOB H peHTreHOBCKHX nyqei C Be~eCTBOM 
pa3.ilHqHa. BLICOKaB KOHTpaCTHOCTL H306pa)l(eHHJI, nonyqeH
HaJI B KOHTaKTHOB pa,IJ;Horpa4!HH, HH3KHB ypoBeHL ,IJ;03 o6ny
qeHHJI acenJIJOT yaepeHHOCTL B nepcneKTHBHOCTH HOHHoi 
TOMOrpa4!HH. 0,IJ;HaKo ee BHe.IJ;peHHe B npaKTHKy Tpe6yeT 
6onLWHX YCH.ilHB B MeTO,IJ;HqeCKOM nnaHe H 3KCnepHMeH
TanLHOro nO,IJ;TBep)I(,IJ;eHHJI TeopeTHqeCKHX npe.IJ;nOCLI.ilOK. qTO 
)l(e C.IJ;enaHO B 3TOB o6naCTH? C u;enLIO BLIJICHeHHB KOHKy
peHTOCnOC06HOCTH npOTOHHOB TOMOrpa4!HH nepe,IJ; peHTre
HOBCKOB Cormack H Koehler 12 / nocTaBHnH 3KcnepHMeHT 
B nyqKe npoTOHOB rapaap.IJ;cKoro IJ;HKnoTpoHa, KOTOPLii 
noKa3an, qyo C nOMO~LIO HeC.ilO)I(HOB annapaTypLI MO)I(HO 
Ha,IJ;e)I(HO perHCTpHpOBaTL H nocne peKOHCTpyKIJ;HH .ilOKanH-
30BaTL yqaCTKH pa3MepOM nopJI.IJ;Ka HeCKO.ilLKHX MH.ilnH
MeTpOB, OTnHqaiO~HXCJI no nnOTHOCTH OT OKpy)l(aiO~ero 

ae~ecTaa npHMepHo ua 0,5o/o. CpaaueHHe .IJ;03 pa.IJ;Hau;HH 
npH npOTOHHOB H peHTreHOBCKOB TOMOrpall>HqecKOB npou;e,IJ;y
pe .IJ;enaeTCJI B pa6oTax 13 - 51 . 

Ou;eHKH noKa3LIBaiOT, qyo npeHMy~eCTBo npHMeHeHHB 
npOTOHOB H HOHOB B03pacTaey C TO.il~HHOB HCCne,IJ;yeMoro 
o6'beKTa. Martin cqHTaeT, qyo npeHMy~eCTBO no .IJ;03aM 
pa.IJ;HaiJ;HH npH HCnO.ilL30BaHHH npOTOHOB no cpaBHeHHIO C 
peHTreHOM ,IJ;.ilJI TOMOrpa4!HH ronOBLI COCTaBnJieT - 15; 
ou;eHKH, KOTOpLie .IJ;aeT Hanson ,IJ;nJI Tex )l(e ycnoBHi, He
CKO.ilLKO MeHee OnTHMHCTHqHLI: OH npHBO,IJ;HT IJ;H4lpy 8. 

C 161 
rowe H .IJ;p. HaqanH TOMorpall>HqecKHe Hccne,IJ;oBaHHB 

C nOMO~LIO a - qaCTHIJ; Ha 184-,IJ;IOBMOBOM IJ;HK.ilOTpOHe Jloy
peHCOBCKOB na6opaTOpHH B liepKnH /CiliA/ C u;enLIO nony
qeHHJI ,IJ;aHHLIX 0 npOCTpaHCTBeHHOM pa3peWeHHH MeTO.IJ;a H 
ero qyacTBHTenLHOCTH K H3MeHeHHJO nnoTHOCTei. IIyqoK 
a -qacTHIJ; c 3HeprHei 900 M3BHanpaansncJI Ha ycTaHOBKy, 
BK.iliOqaiO~YIO CHCTeMy ,IJ;eTeKTOpOB H3 Tpex nponopu;HOHanL
HLIX KaMep H TeneCKOna H3 13 CIJ;HHTH.il.ilJIIJ;HOHHLIX cqeyqHKOB 
.IJ;nJI H3MepeHHJI ocTaToqHoro npo6era I puc. 1/. B npou;ecce 
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BpaL.U,tlKll4UUCR cryfl 

Puc. 1. CxeMa ouazHocmut~ecKoii ycmaHoeKu OAJI noAy'leHUJI 
paouozpaMM c noMOJ11b10 a- t~ac1!1Uf.l. 

o6nyqeuHJI o6'beKT, pa3Me~eHHLii B cneu;HanLHOM Kpecne, 
Mor apa~aTLCJI BOKpyr ocH, o6nyqeuHJI .IJ;enanHcL c onpe.IJ;e
neHHLIM yrnoBLIM HHTepaanoM. YcTaHOBKa KOHTponHpoaa
nacL H ynpaanJinacL c noMo~LIO 3BM PDP-15. )J.aHHLie o6 
ocTaToquoM npo6ere, Koop.IJ;HHaTax npoxo)I(,IJ;eHHJI qacTHIJ;LI, 
yrne noaopoTa H .IJ;p. HaKannHaanHcL Ha MarHHTHoineHTe 
H HcnonL30BanHcL .IJ;nJI nocne,IJ;yro~ei TpexMepuoi peKoH
CTPYKIJ;HH pacnpe,IJ;eneHHJI nnoTHOCTH Hccne,IJ;yeMoro o6'beK
Ta, HnH nonepeqHoi aKcuanLHoi TOMorpall>HH. )J.nJI onpe.IJ;e
neHHJI B03MO)I(HOCTei annapaTypLI npOBO,IJ;H.ilHCL H3MepeHHB 
Ha pa3nHqHLJX TKaueno,IJ;o6HLIX o6pa3u;ax /ll>aHTOMax/, Ha 
TKaHJIX )I(HBOTHLIX H qenoBeKa. 

IIapannenLHO H3yqanHCL MaTeMaTHqecKHe MeTO.IJ;Lipe
KOHCTpyKu;HH o6'heKTa H cnoco6LI HaH6onee HarnJI.IJ;Horo H 
npocToro npe,IJ;cTaaneHHJI HHil>opMau;HH. HaHnyqwHe pe3ynL
TaTLI ,IJ;ano npHMeHeHHe HTepaTHBHOrO MeTO,IJ;a TpexMepHOB 
peKOHCTpyKIJ;HH Ha OCHOBe cepHH ,IJ;ByMepHLIX pacnpe,IJ;eneHHB, 
pa3pa6oTaHHoro a 171 . 

Ha onHcaHHoi BLIWe ycTaHOBKe 6Lino nonyqeHo a-ToMo
rpall>HqecKoe H3o6pa)l(eHHe ronoBLI qenoaeKa, o6nyqeHHe 
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,IJ;enanocL B 64 yrnoBLIX no3BUBJIX. Ha puc. 2 ouo cpaauu

aaeTCJI C peHTreHOBCKBM TOMOrpaclluqeCKHM H306pa)l(eHHeM 

/npuMeHJJ:ncJI annapaT EMI/. 

llonyqeumo H3o6pa)KeHHJI c noMOIULIO annapaTa EMI 

COOTBeTCTBOBana ,IJ;03a 1,6 pao, C nOMOIULIO a -qacTHU -

o,o3 pao. 
0,IJ;HH H3 OCHOBHLIX BLIBO,IJ;OB 3TOB pa60TLI COCTOHT B 

TOM, qTO npHMeHeHHe a -qaCTHU npH TaKOB ,IJ;HarHOCTHqe

CKOB npoue,IJ;ype npHBO,IJ;HT K MeHLWHM ,IJ;03aM pa,IJ;uauuu no 

cpaBHeHHIO C peHTreHOM. qT06LI nonyqHTL O,IJ;HHaKOBOe 

npOCTpaHCTBeHHOe pa3peweHHe OT a -qacTHU H peHTreHOB· 

CKHX nyqeii /c noMOIULIO annapaTa EMI/,B nepaoM cnyqae 

Tpe6yiOTCJI 3HaqHTellLHO MeHLWHe ,IJ;03LI. 

Pe3ynLTaTLI 3THX pa6oT no,IJ;TBep)I(,!J;aiOT onTHMHCTHqe

CKHe TeopeTuqecKHe npe,IJ;CKa3aHHJI 06 yMeHLWeHHH ,!);03 npH 

TOMOrpacllHH ronOBLI C nOMOIULIO a - qacTHU no cpaBHeHHIO 
u '81 

c ,IJ;03aMH npu peHTreHOBCKOH ToMorpaclluu ' · . 

B BTOre Ha onHCaHHOB BLIWe ycTaHOBKe 6LinH HaqaTLI 

HCCne,IJ;OBaHBJI nauHeHTOB. 3KCn03HUHJI 06'LeKTa npH pa,IJ;HO

rpal}luqecKoii npoue.IJ;ype ,IJ;nHTCJI uecKonLKO MHHYT. B TaKHX 

ycnOBBJIX ,IJ;BH)I(eHHe nauueHTa HllH ero BHyTpeHHHX opraHOB 

CHH)I(aeT KOHTpaCTHOCTL H306pa)KeHHJI. ll03TOMY O,IJ;HOB H3 

OCHOBHLIX 3a,IJ;aq JIBllJieTCJI nOBLIWeHHe 6LICTpO,IJ;eBCTBHJI pe

rHCTPHPYIOIUeii annapaTypLI. 

Pa6oTLI, BLinonHeHHLie B Toil )Ke na6opaTopuu ua nyqKax 

TJI)I(ellLIX HOHOB, TaKHX KaK 
12

C,yKa3LIBaiOTHaB03MO>KHOCTL 

nonyqeHBJI pa,IJ;HOrpal}luqeCKHX H306pa)KeHHB MeTO,IJ;OM TOMO· 

rpai}IHH npH HCnOnL30BaHHH TBep,IJ;OTenLHLIX ,IJ;eTeKTOpOB ;g; • 

llpe)I(,IJ;e qeM nepeXO,IJ;HTL K npOCTpaHCTBeHHOB peKOHCT

PYKUHB, He06XO,IJ;HMO peWHTL BOnpoc 0 TOM,B KaKOM BH,IJ;e, 

y,IJ;o6HOM ,IJ;nJI auanu3a · c noMOIULIO 3 B M, ,IJ;Oll)I{Ha 6LITL npe,IJ;

CTaBneHa KOnHqecTBeHHaJI HHI}IOpMaUBJI, CO,IJ;ep)KaiUaJICJI B 

Ka)K,IJ;OM cnoe TBep.IJ;oTenLHoro ,IJ;eTeKTopa. 3Ta npo6neMa 

6Lina peweua cne,IJ;YIOIUBM o6pa3oM. Ka)K.IJ;Liii cnoii paBHOMep

HO OCBemaeTCJI HCTOqHHKOM CBeTa, KOTOpLIB B pe3yllLTaTe 

pacceJIHBJI Ha MHKpOCKOnuqecKHX OTBepCTHJIX nona,IJ;aeT B 

06beKTHB TeneKaMepLI, ,IJ;aBaJI H306pa)KeHHe, pa36HBaeMOe 

Ha 204x156 :meMeHTOB. Hul}lopMaUHJI c Ka)K,IJ;Oro 3neMeHTa 

npu rpa,IJ;auuu ,IJ;O 64 ypoaueii JIPKOCTH 3anucLiaaeTcJI B na

MJITL 3BM. ,lJ.anee 3Ta BHI}IOpMaUHJI MO)KeT 6LITL nO,IJ;Bepr

HyTa KonuqecTBeHHoii o6pa6oTKe. RpKOCTL Ka)K,IJ;Oro 3ne-
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MeHTa nponopUHOHanLHa qucny OCTaHOBOK /OTBepcTHH/ B 
cnoe. 

2. IIOTE~HAJihHhlE B03MO)J(HOCTH 
IIPOTOHHO- HOHHOH PA,4HOT PA<PHH, 
IIEPCIIEKTHBhl 

2.1. Ilolii€HfiUQAbHble 603MOJICHOC1/IU 

/10,11/ 
B pa6oTax y,IJ;eneuo 6onLwoe MecTo o6cy)I(,!J;eumo 

noTeHUHanLHLIX B03MO:>KHOCTeH npOTOHHO-HOHHOH pa,IJ;HO
rpaWHH. B KaKHX cnyqaxx, ,IJ;nJI o6uapy:>Keuux KaKHX HMeuuo 
naTonoruqecKHX H3MeHeHHH npHMeHeHHe npoTOHHOH H HOB
HOB pa,D;uorpawuu MO:>KHo cquTaTL uau6onee uenecoo6pa3-
HLIM? Steward cquTaeT, qTo oua cnoco6ua ,IJ;aTL ace TO, qTo 
,IJ;aeT coapeMeuuax peuTreuorpawux. MeTo,IJ; npu
MeHHM B TeX cnyqaJIX, KOr,IJ;a nopa:>KeHHJI TKaHH npHBO,IJ;JIT 
K H3MeHeHHIO ee nnOTHOCTH HnH K H3MeHeHHJIM MopwonorHH, 
,IJ;a:>Ke KOr,IJ;a OHH OTHOCHTenLHO ManLI. liM :>Ke 6LinH pac
CMOTpeHLI B03MO:>KHOCTH npOTOHHO- HOHHOH pa,D;HOrpa«iiHH ,IJ;nJI 
o6uapy:>KeHHJI wupoKoro Kpyra auyTpuqepenuLix nopa:>Keuuii. 
B px,IJ;e cnyqaea ,IJ;nJI Toquoii ,IJ;HaruocTHKH ueo6xo,IJ;uMa uu
WOpMaUHJI He TOnLKO 0 MeCTe pacnono:>KeHHJI H pa3Mepe 
nopa:>Keuuoro yqacTKa, uo u o6 H3Meueuuxx, KOTOpLie 
ua6nro,IJ;aJOTCJI KaK BHYTPH nopa:>Keuuoro yqacTKa, TaK u Ja 
ero rpaHHUaMH, llOCKOnLKY MOryT HMeTL MeCTO BTOpHqHLJe 
xaneuux. Steward cquTaeT, qTo npoTouuo-uouuax pa,IJ;uorpa
wux OKa:>KeTcJI cnoco6uoii o6uapy:>KHBaTL 6onLWHHCTBO no
pa:>Keuuii ronoauoro MOJra, BKnroqax uepe6panLuyro 3,IJ;eMy; 
B03MO:>KHO, C ee noMOIULIO MO:>KHO 6y,IJ;eT 06Hapy:>KHBaTL 
ueonnaJMy rpy,IJ;uoii :>KeneJLI npu ManLix ,IJ;OJax pa,IJ;uauuu. 
llpoTouuo-uouuax pa,IJ;uorpawux 6naro,D;apx ee 6eJonacuocTu 
MO:>KeT npuMeHJITLCJI u ao MHorux ,D;pyrux cnyqaJix, uanpu
Mep ,IJ;nJI ,IJ;uaruocTHKH rpauynoMaToJa H paKoaoro nopa:>KeHHJI 
nerKoro. Steward cquTaeT, qTo cnucoK oprauoa, ,IJ;nJI ,IJ;ua
ruocTHKH 3a6oneBaHHH KOTOpLIX npuMeHHM MeTO,IJ; HOHHOH 
pa,IJ;uorpawuu, Mo:>Kuo pacnpocTpauHTL ua ace qenoaeqecKoe 
Teno. MeTo,IJ; Mo:>KeT npuMeHJITLCJI ,IJ;nJI o6uapy:>KeHHJI KaK 
nepBHqHLJX, TaK H BTOpHqHLIX onyxoneii 6onLWHHCTBa Opra
HOB, a TaK:>Ke,B03MO:>KHO,H ,IJ;nJI pacn03HaBaHHJI ,IJ;06poKa· 
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qecTBeHHLix H JnoKaqecTBeHHLIX onyxoneii H AHW41epeuuua
UHH HX OT HeonyxoneBLIX COCTOJIHHH. HanpHMep, MOryT 
o6uapy:>KHBaTLCJI nopa:>KeHHJI nerKoro, nepauquLie H BTo
puquLJe, noKanuJoBaHHLie H AHWWY3HLie. YqacTKH nerKoro, 
uanonHeHHLie :>KH,IJ;KOCTLIO B napeHXHMe /qTo cnyqaeTCJI 
npu oTeKax nerKoro, 3,IJ;eMe H HHWaPKTax nerKoro/, ,IJ;on:>K
HLI nerKo o6uapy:>KHBaTLCJI H3- Ja 6onLworo KOHTpacTa 
nnoTHOCTH. CunHK03 nerKux ,IJ;on:>KeH o6uapy:>KHBaTLCJI y:>Ke 
ua pauueii cTa,IJ;HH 6one3HH; B 3TOM cnyqae Macca cunu
K03HLIX OTno:>KeHHH yaenuquaaeT Macey neroquoii TKaHH, 
3TO llPHBO,IJ;HT K CHH:>KeHHlO npo6era qacTHULI B MeCTe npo
XO:>K,IJ;eHHJI nopa:>Keuuoii TKauu. Cnyqaiiuoe pacnpe,D;eneuue 
MenKux nopa:>Keuuii B TKaHH nerKoro npuae,IJ;eT K ywupeuuro 
rayccoaa pacnpe,D;eneHHJI ToqeK ocTaHOBKH qacTHU no cpaa
ueuuro c o6LJquo ua6nro,IJ;aeMLIM pacnpe,D;eneuueM. Pa,IJ;uo
rpawuqecKuii MeTOA noJBOnJieT o6uapy:>KHTL o6a BH,IJ;a no
pa,:>Keuuii. 

HJMepeHHJI nnoTuocTH TKaueii noKaJanu, qTo c ucnonL-
30BauueM ,qByMepHOB peKOHCTPYKUHH, BepOJITHO, MO:>KeT 
6LITL o6uapy:>KeH uuwapKT MHOKap,IJ;a. HeCOMHeHHO, MaKpo
CKonuqecKue HHWapKTHLie nopa:>KeHHJI JaMeTHO OTnuqaJOTCJI 
no llnOTHOCTH OT OKpy:>KaiOIUeB HX MHOKap,D;LI; OCTaeTCJI 
noKaJaTL, u 3TO oqeuL aa:>KHaJI nepcneKTHBa, qTo MoryT 
,IJ;HarHOCTHpOBaTLCJI npe,D;CTaBnJIIOIUHe uau6onLWHB HHTepec 
OCTpble HWeMuqeCKHe COCTOJIHHJI H npOH3BO,IJ;HTLCJI HX Knac
cuwuKaUHJI in vivo. 3To uanpaaneuue aKTHBHo uccne,IJ;yeTCJI. 
HMeeTCJI MHO:>KeCTBO B03MO:>KHOCTeii ,IJ;nJI ,IJ;HaruocTHKH Ja6o
neaauuii ,D;pyrHX qacTeB Tena: HHWapKTOB B o6naCTH 6pro
WHHLI, UHPP030B H :>KHpOBLIX nepepO:>K,IJ;eHHB neqeHH, Tpaucy
,IJ;a TOB u BLinoTeaauuB: :>KH,IJ;KOCTH H3 cocy,IJ;oB I 3KCy,IJ;a THBHLie 
npoueccLI/, onyxoneB: KHWequuKa u nonoBLIX oprauoa. B nep
cneKTHBe - o6uapy:>Keuue TaKux uau6onee ueynoBHMLIX ony
xoneB:, KaK KapuuuoMa no,ZJ;)I(eny,IJ;oquoB: :>KeneJLI; H3MepeHHJI 
nnOTHOCTH nOKa3LIBaiOT, qTo CO apeMeHeM, B03MO:>KHO, 6y,IJ;eT 
peanH30BaHa ,IJ;HarHOCTHKa H 3THX nopa:>KeHHH. 

Steward yKa3LIBaeT eiUe ua PJIA B03MO:>KHOCTei ucnonL-
30BaHHJI npoTOHHO-HOHHOH pa,D;uoarpawuu B Me,IJ;HUHHe, llO,IJ;· 
qepKHBaJI llpH 3TOM, qTo peanH3aUHJI TaKOH nporpaMMLI 
npe,qnonaraeT JuaquTenLHLiii TexuuqecKHX nporpecc B 3Toii 
o6naCTH. IJ.eHHOCTL MeTO,IJ;a npOTOHHO·HOHHOH pa,D;HOrpaWHH 
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AJI.R Me,IJ,HD;BHCKOH ,IJ,BarHOCTBKB 3aBBCBT OT TOro, HaCKOllLKO 

llpBMeHBM OH B KllBHB'IeCKBX ycnOBB.RX. KaK MeTO,IJ,, He 

Tpe6yiOUUIH BMeWaTenLCTBa BO BHyTpeHHBe opraHbl, BMeiO· 

IQBH ,IJ,OCTaTO'IHO WBpOKBH ,IJ,Bana30H 6e30llaCHOCTB, OH 

TaBT B ce6e 60JILWBe llOTeHIJ,BaJILHble B03MO:>KHOCTB, B 

nepB)'IO O'lepe,AJ. ,AJI.R paHHeii ,IJ,BarHOCTBKB 3a6oJieBaHBH. 3TO 

oco6eHHO Ba:>KHO B Tex cnyqa.Rx, KOr,IJ,a B,AeT pe'IL o reHeTB

qecKBX 3~eKTax, HanpBMep cTaBBTC.R sonpoc o coxpa

HeHBB nno.zta B yTpo6e MaTepB. IIpBBJie'leHBe 3Toro MeTo,IJ,a 

AJI.R ono3HaBaHBJI onyxoneii ,IJ,enaeT cyliJ,eCTBeHHO 6onee 

3~eKTBBHbiM Jie'leHBe, 'ITO C O'leBB,AHOCTLIO npBBe,IJ,eT K 

llOBbiWeHBIO BLDKBBaeMOCTB. 

BIDKHOe npeBMyliJ,eCTBO MeTO,IJ,a COCTOBT B B03MO>KHOCTB 

BB3yaJILHOrO npe,ACTaBJieHB.R M.RrKBX TKaHeii, BO MHOrBX 

CJiy'la.RX .ABtl>cllepeHIJ,BaiJ,B.R HOpMaJILH:LIX B naTOJIOrB'IeCKBX 

TKaHeii ,IJ,OJI:>KHa 6:LITL 3Ha'IBTeJILHO JIY'IWe, 'leM npB peHT· 

reHorpaclJBB. Mo>KBo cnwwa TL apryMeHT, 'ITo B 6onLWBHCTBe 

CJiyqaeB peHTreHOBCKBe JIY'IB 6onee y,IJ,06Hbl ,AJI.R ,IJ,eMOH· 

CTpaD,BB KOCTHLIX TKaHeii. 0,1J,HaKO B3BeCTHO, 'ITO 60JILWa.R 

'laCTL Tena B 6onLwa.R qacTL 6one3Heii, nopruKaiOIIJ,BX ero, 

OTHOCBTC.R K MJirKOH KOMllOHeHTe TKaHB, B, CJie,IJ,OBaTeJILHO, 

AJI.R BX BCCJie,IJ,OBaHB.R npBrO,IJ,eH JIBWL MeTO,IJ,, ll03BOJI.RIOUUIH 

nony'laTL oco6o KOHTpacTHoe B3o6pa>KeHBe. HeKoTopLie 

B3 3TBX 6oJie3Heii o6Hapy>KBBaiOTC.R B C llOMOIIJ,LIO peHT· 

reHorpaclJBB. IIpB 3TOM MHOrBe naTonorB'IeCKBe B3MeHeHB.R 

06Hapy>KBBaiOTC.R JIBWL KOCBeHHO. 

Ha OCHOBe 60JILWBX pa3JIB'IBH B ,IJ,OCTB>KBMOM KOHTpacTe 

B306pa>KeHBH OT BOHOB B clJoTOHOB SteWard npe,IJ,llOJiaraeT, 

'ITO 6y,IJ,eT MHOrO CBTyaiJ,BH, npB KOTOpbiX nopa>KeHB.R 6y,IJ,yT 

o6Hapy>KBBaTLC.R c noMoliJ,LIO BOHHoii pa,ztBorpaclJBB B He 

6y,IJ,yT o6Hapy>KBBaTLC.R peHTreHorpaclJBeii. Steward yTsep

>K,IJ,aeT,'ITO,HecMOTP.R Ha BBe,IJ,eHBe B npaKTBKy TaKBX COBpe

MeHHbiX annapaToB ,IJ,JI.R peHTreHorpaclJBB, KaK EMI BACTA, 

HeCMOTp.R Ha TO, 'ITO 3Ta COBpeMeHHa.R TeXHBKa O'leHL 3clJ· 

clJeKTBBHa, ee B03MO:>KHOCTB OrpaHB'IeHbl clJB3B'IeCKBMB CBOH· 

CTBaMB peHTreHOBCKBX Jiyqeii:. )J.anee, KaK YCTaHOBJieHO 

TenepL, CKaHBPYIOIIJ,Be annapaTw EMI B ACTA ,IJ,aiOT so3-

MO:>KHOCTL llpOCMOTpeTL cpe3LI TKaHB roJIOBLI TOJIIIJ,BHOH OT 

7 ,IJ,O 8 ..w.M. Cneu.BaJILHOe Bccne,IJ,oBaHBe coTeH ToMorpaclJB-
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'leCKBX "cpe30B" M03ra llOKa3aJIO, 'ITO BHTepec MoryT 

npe,ACTaBJI.RTL KaK pa3 Te yqaCTKB, B306pa>KeHB.R KOTOpbiX 

npB TaKOH BHTerpaJILHOH npoD,e,IJ,ype OKa3biBaiOTC.R pa3Mbl· 

TLIMB. 3TO He 03HaqaeT, 'ITO pe3yJIJ.TaTbl peHTreHOBCKOH 

TOMOrpaclJBB C npBMeHeHBeM 3BM He npe,ACTaBJIJIIOT orpoM

HOrO BHTepeca, O,AHaKO 6y,IJ,y'IB CllOC06HOH peKOHCTpyBpo

BaB'I' Cpe3bl TOJIUUIHOH 1 MM, BOHHa.R pa,IJ,BOrpaclJB.R OTKpbiBaeT 

nepe,ll, ,ABarHOCTBKOH ,IJ,aJIJ.HeiiWBe nepcneKTBBbl. 

Ba>KHO B TO, 'ITO ,AJI.R ,IJ,OCTaTO'IHO TO'IHOrO XBpyprB-

'IeCKOrO B pa,ABOTepaneBTB'IeCKOrO Jie'leHB.R 'faCTO MO>KeT 

He Tpe6osaTJ.C.R ,IJ,ByMepHa.R peKOHCTPYKu.B.R. Bo MHorBx 

CJiy'la.RX, no·BB,ABMOMy, ,AOCTaTO'IHO 6y,zteT ,IJ,BYX pa,ll,BOrpa

clJB'IeCKBX B306pa>KeHBH, C,AeJiaHHbiX JIB60 llO,IJ, yrJIOM 90° no 

OTHOWeHBIO ,!J,pyr K ,ll,pyry, JIB60 llO,IJ, ,!J,pyrBM y,IJ,06Hb1M yrJIOM. 

MeTo,IJ, no3BOJI.ReT onpe,zteJIJITh nono>KeHBe nopa>KeHHLIX 

y'laCTKOB TKaHB C TO'IHOCTJ.IO, Tpe6yiOIIJ,eHC.R B COBpeMeHHOH 

.R,Il,epHoii TepanBB. CHa'lana onyxonJ. o6Hapy>KBBaeTC.R c 

llOMOIIJ,LIO BOHOrpaclJBB, 3aTeM BLI6paHHLIH yqacTOK TKaHB 

o6nyqaeTc.R. 

Ceii'lac y>Ke HeCKOJihKO clJB3B'IeCKBX rpynn pa6oTaeT Ha,IJ, 

C03,AaHBeM yCKOpBTeneii, KOTOpble MOryT BblllOJIH.RTL ,IJ,BOH· 

HYIO ponJ.: cny>KBTL u.en.RM ,IJ,BarHoCTBKB B u.en.RM pa,ll,BOTe

paneBTB'IecKoro ne'leHB.R. HacKOJILKO npoTOHbl B BOHbl 6y,IJ,yT 

npBrO,IJ,Hbl ,AJI.R ,ABarHOCTB'IeCKBX IJ,eJieii: B KJIBHB'IeCKBX 

YCJIOBBJIX, 6y,AeT 3aBBCeTL B CBJILHOH CTeneHB OT llYTB, 

KOTOpbiM llOH,IJ,eT TeXHBKa. KaK ,ABarHOCTB'IeCKBH BHCTpy

MeHT MeTO,IJ, BOHHOH pa,ll,BOrpaclJBB MO>KeT OKa3aTLC.R npB

MeHBMbiM He TOJihKO ,IJ,JI.R HY>K,IJ, JI,IJ,epHOH Me,IJ,BIJ,BHLI, HOB ,IJ,JI.R 

MHOrO'IBCJieHHbiX BMMYHOJIOrB'IeCKBX, XBMB'IeCKBX, IJ,BTO

JIOrB'IeCKBX B 3H,IJ,OCKOllB'IeCKBX BCCJie,AOBaHBH. 

2.2. IlepcneKmuebl 

Bo3MO>KBOCTh wBpoKoro npBMeHeHB.R BOHHoii pa,IJ,Bo

rpaclJBB .AJI.R IJ,eJieH Me,AHD;BHCKOH ,ABarHOCTBKB 3aBBCBT,BO· 

nepBbiX, OT TOro,HaCKOJihKO onpaB,AaiOTC.R B peaJihHOH KJIBHB· 

'leCKOH npaKTBKe Te llOTeHIJ,BaJihHble B03MO>KHOCTB MeTO,IJ,a, 

KOTOpble 6WJIB B3JIO>KeHbl BbiWe,B,BO·BTOpbiX, HaC.KOJihKO 

npOCTOH, Y,IJ,06HOH B ,IJ,OCTYllHOH OKIDKeTCJI COOTBeTCTBYIOIIJ,a.R 

annapaTypa ,AJI.R WBpOKOrO llpBMeHeHBJI B KJIBHB'IeCKBX 

YCJIOBB.RX. 

11 



Pa3pa6oTKa !l>H3HqecKHX, MeTo.n;HqecKHX H TexHono

rHqecKHX BOllpOCOB, CBJI3aHHbiX C pa3BHTHeM 3TOrO HOBOrO 

HanpaBJieHHJI, npHBJieKaeT BHHMaHHe HeCKOJibKHX HCCJie.n;o

BaTeJILCKHX rpynn B CiliA, IllaeiiuapHH, BenHKo6pHTaHHH, 

Illaeu;HH, cl>paHUHH, B EaponeiicKoM u;eHTpe g.n;epHbiX Beene

.n;oaaHHH /U,EPH/. B CCCP nnaHHpyeTcJI co3.n;aHHe ycKopH

TeJIJI, npe.n;Ha3HaqeHHOrO JJ;JIJI illHpOKOrO HCllOJib30BaHHJI B 

MeJJ;HIJ;HHe ,B TOM qHcJie H JJ;JIJI JJ;HarHOCTHK~ 12 : JlOCKOJILKY HH

Tepee K 3Toii npo6neMe HMeeTcJI y uenoro pg.n;a Hccne.n;o

BaTeJILCKHX HHCTHTYTOB, 3aHHMaiOIIJ;HXCJI li>H3HKOH BbiCOKHX 

3HeprHH, MO>KHO HaJJ;eJITbCJI, qTo B CKOpOM BpeMeHH 60Jib

illHHCTBO TeopeTHqecKHX H MeTOAHqecKHX npo6JieM pa.n;Ho

rpa!l>HH 6y.n;eT peweHo. 

Heo6xo.n;HMbl ycHJIHJI, HanpaaneHHLie Ha pa3BHTHe cooT

BeTCTBYIOIIJ;eH annapaTypbl JJ;JIJI HCllOJib30BaHHJI MeTOJJ;a B 

KJIHHHqecKoii npaKTHKe. Ceiiqac y>Ke CTano peanLHOCTLIO 

C03JJ;aHHe 60JibHHU Ha 6a3e yCKOpHTeJieii, o6opyJJ;OBaHHbiX 

HOBeiiweii cneu;HaJILHoii annapaTypoii. 

HTaK, c !l>H3HqecKoii, TexHonorHqecKoii H 3KOHOMHqe

CKoii ToqeK 3peHHJI He BHJJ;HO cepLe3HbiX npenJITCTBHH JJ;JIJI 

HCllOJib30BaHHJI MeTOJJ;a. 

KpaTKHii o63op noKa3LIBaeT, qTo 6naro.n;apg ycHJIHJIM 

li>H3HKOB, HH>KeHepoB, Bpaqeii H MaTeMaTHKOB TeopeTHqe

CKH 060CHOBaHO H BBOJJ;HTCJI B npaKTHKY JJ;HarHOCTHKH 

HOBOe HanpaBJieHHe - npOTOHHO-HOHHaJI paJJ;HOrpa!l>HJI. Ja.n;a

qa npOTOHHO-HOHHOH pa.n;Horpa!l>HH He TOJibKO JJ;aTb Kaqe

CTBeHHOe H306pa>KeHHe 06'beKTa HCCJieJJ;OBaHHJI, HO TaK>Ke 

H KOJIHqeCTBeHHLie JJ;aHHble, Ha OCHOBaHHH KOTOpbiX MO>KHO 

06Hapy>KHTb Ha paHHeH CTaJJ;HH pa3JIHqHble 3a60JieBaHHJI H 

npHHJITL caM Lie 34>!l>eKTHBHLie Mepbl .n;ng HX neqeHHJI. He

COMHeHHO, qTo pa3BHTHe HOBOrO HanpaBJieHHJI CBJI3aHO 

C npo6neMOH HCllOJib30BaHHJI CyiiJ;eCTBYIOIUHX YCKOpHTe-

JieH 
112

-
141

H B03MO>KHOCTJIMH C03JJ;aHHJI HeJJ;OpOrHX 34>!l>eKTHB

HbiX YCKOpHTeJieH npOTOHOB H HOHOB KaK JJ;JIJI JieqeHHJI H 

JJ;HarHOCTHKH, TaK H JJ;JIJI peweHHJI .n;pyrHX MeJJ;HKO- 6HOJIOrHqe

CKHX npo6JieM.IIO OIJ;eHKaM aMepHKaHCKHX cneu;HaJIHCTOB/ 151, 

CTOHMOCTb npOTOHHOrO YCKOpHTeJIJI,npHrOJJ;HOrO JJ;JIJI HCCJie

JJ;OBaTeJibCKHX,MeJJ;HIJ;HHCKHX u;eneii H npOH3BOJJ;CTBa paJJ;HO

HYKJIHJJ;OB, COCTaBJIJieTnpHMepHo5+6,aCTOHMOCTbHOHHOro-

8-'-10 MAH.OOAAap08. 
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Pa3pa60TKa HOBOrO HanpaBJieHHJI B JJ;HarHOCTHKe -

npOTOHHO-HOHHOH pa.n;Horpa!l>HH - BCeJIJieT Ha.n;e>KJJ;Y Ha TO, 

qTo B 6nH>KaiiweM 6y.n;yiiJ;eM pa.n;HonorH 6y.n;yT pacnonaraTL 

eiiJ;e OJJ;HHM 34>!l>eKTHBHbiM opy>KHeM npOTHB 6oJie3Heii. 

Mbi 6naro.n;apHbl aaTopaM opHrHHaJILHbiX pa6oT npo!l>ec

copaM P.JI.MapTHHy, B.B.CT10ap.n;y, M.ryTeiiHy, ,ll;>K.Co

AHHO, C.A.To6Hcy, E.B.IieHTOHY, K.XaHcoHy, H.B.qy

BHJIO H .n;p., a TaK>Ke AOKTOpy li>H3.-MaT.HayK0.B.CaaqeHKO, 

npo!l>. A.H.Py.n;epMaHy H KaH.n;.Me.n;.HayK r .B.MaKapoaoii, 

npe.n;ocTaBHBWHM B Harne pacnopJI>KeHHe pg.n; JIHTepaTypHLix 

HCTOqHHKOB DO npo6JieMaM paJJ;HOrpa!l>HH. 

Pa6oTa B 3HaqHTeJILHoii cTeneHH 6blna CTHMynHpoaaHa 

npo4l. A.H.Py.n;epMaHoM, no.n;qepKHYBWHM 3aHHTepecoaaH

HOCTL pa.n;Honoroa H apaqeii B noJIBJieHHH no.n;o6Horo o63opa. 
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