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AHHOTamus. MeToJIoM MarHUTHO-pe30HaHCHOW Tomorpaduu Ha sapax ¢ropa-19
MOJIyYeHBbI TOCPE30BbIe HM300paXEHUsSI JIbIXaTeNbHOM CHUCTEMBbI JTAOOPATOPHBIX
KHUBOTHBIX (KpbIC) ¢ maroM B 1.5 Mm. J[J1s1 3TOro )KMBOTHBIC B MPOIIECCE MPOBEICHHUS
HcCleoBaHus B TeueHrue 30 MUHYT ABIIIAIA C TOMOIIBIO anmapara UCKyCCTBEHHOU
BEHTWJISIIINM JIETKUX CMechio (propupoBaHHOTO raza mepdroprukiodyrana CyFg u
kuciopoaa B o0bemMHoM cooTHomeHnu 70% Ha 30%. [Toka3zaHo, 4To M300pakeHus,
MOJIydYeHHbIE B pexuMe 0e3 3aJepX KU JbIXaHus, MO3BOJISIIOT ~ OTYETJIMBO
BU3yaJIM3UPOBATh Tpaxer, OpPOHXUM M OTAeNbl Jerkux. llocTpoeHa TpexmepHas
PEKOHCTPYKIIUSL JIbIXaTEIbHONH CHUCTEMBbl. BO3MOXHOCTH MOJyYaTh KadeCTBEHHBIC
M300paKEeHUsI IbIXaTEIbHON CUCTEMBI 0€3 3aJIepKKH JIbIXaHUs OCOOEHHO Ba)KHA JIJIs
MalMEHTOB C TSHKEJBIMU IMyJbMOHOJoTHYeckuMu 3adosieBanusamu (XOBJI, ¢bubpos,
acTMa).

KioueBbie ciosa: F-MPT, BU3YAJIM3aLlAsl IBIXaTEIbHON CUCTEMBI, BU3yAJIM3allus
JeTKuX, PTopcoaepxaiire ra3pl, NepPTOPIUKIOOyTaH.

Abstract. The visualization of respiratory system of humans and animals is an
important biomedical task. Up-to-date, there are some methods aimed at lung
imaging (CT, X-ray, spirometry, SPECT). However, they are able to reveal global
lung lesions or/and use harmful ionizing radiation. Therefore, the development of

techniques for visualization of respiratory system using method of magnetic
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resonance imaging (MRI), which does not cause changes in structure (on molecular
level) and functions of biological tissue, is of current interest. The use of
conventional MRI techniques aimed at the visualization of hydrogen nuclei for lung
Imaging is very complicated because of low concentration of hydrogen atoms in
lungs. However, there are some techniques, which allow to obtain MR images of
respiratory system. They are based on the visualization of gases which fill the organs
of respiratory system (lungs, trachea, bronchi) and create strong NMR signal on the
larmor frequency of the inhaled gas. The hyperpolarized (HP) noble gases (***Xe,
He, ®Kr) or fluorinated ones can be used for this purpose. Although the quality of
MR images of lungs obtained with HP gases is very high, this technique is not widely
applied in clinic because of complex and expensive procedure of the HP gas
production. On the other hand, fluorinated gases are much cheaper and does not
require any specific preliminary preparation. In this work, we use gas
perfluorocyclobutane (PFCB) C4Fs as inhaled for MR lung imaging gas, which was
mixed with oxygen in the proportion of 70% to 30%, respectively. In comparison
with the other fluorinated gases used in this field before (CF,4, SFe, C,F¢), PFCB has 8
magnetically equivalent nuclei and it is more lipophilic because its molecule contains
only CF,-groups. We showed the possibility to obtain 3D **F-MR images of
respiratory system with the sufficient resolution for diagnostic unventilated lung
areas, which can appear as a result of damages or diseases. Obtained images also
allow to visualize trachea and bronchi. We did not use breath-holding methods during
the MRI study and obtained *°F-MR images for a longer time with higher resolution
than it can be obtained for a breath-holding time (around 15 seconds). Such an
approach could be especially important for patients with pulmonology diseases
(COPD, fibrosis, asthma, etc.), because it is difficult for them to take deep breathes
and hold it even for 15 seconds. At the same time, the carrying out of longer
procedures that do not hamper their spontaneous breathing does not cause any
malaises.

Keywords: *F-MRI, respiratory system imaging, lung imaging, fluorine-containing
gases, perfluorocyclobutane.
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1.BBeaenue

B Hacrosimiee BpeMsi OCHOBHBIMM METOJAaMHU JMArHOCTUKUA 3a00J1eBaHUMN
JIBIXaTeIbHOM CHUCTEMBI YEJIOBEKa SBISIOTCS pPEHTreHorpaduss ¥ KOMIbIOTEpHAs
(pertrenoBckas) tomorpadus (KT). KnauHunMCTB, Kak MpaBWiIoO, JTOBOJBHBI
IPOCTPAHCTBEHHBIM pa3pelieHUeM PEHTTEHOBCKUX M300pa)KeHUM, OJHAKO XOTEJIOCh
OBl TIOJIy4aTh HE TOJHKO AHATOMHYECKHE, HO M BEHTWISAIIMOHHO-TIEP(PY3UOHHBIC
o0pa3bl JErKMX 0e3 HCIOJb30BaHUsA HOHHU3MpYIOMEro u3iaydeHus. Merog MPT
SBJISIETCA BXKHBIM JUATHOCTUYECKUM MHCTPYMEHTOM HM3YyUECHUSI MSATKUX TKAHEH Tela
yenoBeka. OnHako cranmaptHeie meroguku MPT, ocHOBaHHBIE Ha peErHCTpalvd
SIMP curHamoB oOT sAep BOJOpPOAA, HE CIOCOOHBI BHU3YyaJIM3WPOBATh JIETKHUE.
OcHOBHOI mNpoOJIEMOIl SBISIETCS TO, YTO KOHLEHTpalus BOJOPOJCOAEpKAIICH
KUJKOCTH B JIETKUX, MOHOMEPHBIM CJIOEM MOKPBIBAIOIIEH aJIbBEOJIbI, OKa3bIBACTCS
HEJIOCTaTOYHOM I BU3yalu3aluyd IOCPEACTBOM MpOTOHHOW MPT, mnockombpky
SAMP-curnan nponopruoHaneH NPOTOHHOW IIJIOTHOCTH, KOTOPasi B OpraHax JIbIXaHus
MMeeT OYeHb Maiylo BenuuuHy. CylliecTByeT, OJHAKO, allbTepHATUBHBIN CIOCO0,
OCHOBAHHBIM HA HWCMOJIb30BAaHWM THUIEPHOJISIPU30BAHHBIX Ta30B (129Xe, 3He, 83Kr),
MO3BOJISIONIMK  TOJyYaTh BBICOKOMH(OPMATHUBHBIC H300pakeHus Jierkux [1,2],
colepKaliie Kak aHATOMHYECKYH0, TaK M (DYHKIIMOHAIBbHYIO WH(OOpPMAIUIO O
nbIxaresbHoM cucteme. OHAKO W 3TOT METOJl HE MMEET IMIMPOKOTO MPUMEHEHUS B
KJIIMHAYECKOW TMPAKTUKE BBUJY BBICOKOM CTOMMOCTH M OOJBIIMX TPYyI03aTpaT MpH
MOATOTOBKE BU3YAJM3UPYIOLIUX MPENapaToB.

BmecTte ¢ Tem, umMeeTcsi 3HaUUTENbHO 0oJiee mpocTas U BecbMa 3(ppeKkTuBHas
METO/IMKA, OCHOBaHHAasi Ha BU3yanu3amuu sigep ¢ropa-19, ¢ momornsio KOTOpOit
BEJIyTCSl MCCIIEOBAaHUs, HAICJICHHbIE Ha TOJYyYEHUE KayeCTBEHHBIX H300paKeHHM
NETKUX, HAMOJHEHHBIX (TOopcoaepk aluM Ta3oM. BriepBble Takue H300pakKeHUs
obutn mosydeHbl B 1982 romy. Torma ObLIO TIpOBEAEHO HCClEAOBaHUE Ha
BBIPE3aHHBIX JICTKUX Kpoyinka ¢ mnpumeHenuem rasza CF, [3]. 3arem mocne
IUIATENBHOTO IMEpPEPhIBA B U3YYECHUU METOJA YF-MPT 65110 MPOJAEMOHCTPHUPOBAHO
JbIXaHWE KpbhIC ¢ ucrnojb3oBanueMm raza C,Fg [4]. U tonpko B 2008 romy ObLau

BIICPBLIC OHY6HI/IKOB3HBI pPE3YJIbTATBI HCCIICIJOBAHUS UYCIOBCUYCCKUX JIETKUX C
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UCIIONIb30BaHueM cMecu SFg u kucimoponma [5]. 3amerwM, 9TO KadecTBO TaKUX
U300pKEHU HUXKE, YeM Yy TeX, 4YTO MOTryT ObITh MOJYyYEHbl MPU MOMOIIH
TUINIEPIOJISIPU30BAHHBIX T'a30B, HO 3TOT METOJ UMEET U CEPbE3HbIE MPEUMYIIIECTBA —
OH ropaszio JCNICBJIC U B KIMHUYECKUX YCIOBUIX HAMHOTIO MPOIIE PeAIU3yEM.

I[Ipy wWccnemoBaHWM  JIETKUX  METOIOM YE.MPT  06b14HO MOJIYyYaroT
CTaTUYECKHe, AUHaAMUYecKne W auddy3rnoHHbIE M300pakeHus Jerkux. llomydenne
CTaTUYECKUX U300pKEHUI OCHOBBIBA€TCSA Ha TOM, UYTO HEKOTOPBIH 00BEM
nepdTOpUPOBAHHOTO Ta3za BBoaWTcS B JErkue, a camo MPT ckanupoBanme
MPOBOAMUTCS TIPU 3aJepKKe JbiXxaHus manueHta (o 15 cexynna). bmaromapst stoi
3ajiepkKe apTedakThl, CBA3aHHBIE C JBIDKEHHEM [allUCHTAa WU JIbIXaHUEM,
COKpamjalTcsi 10  MuHUMyMa. [lpu  3TOM  HUCHONB3YIOTCA  OBICTpBIE
CHeKTpocKonuueckue MeTo bl (mopsaka 20 u3MepeHuil B CEKyH/y), YTO CTAHOBUTCS
BO3MOXKHBIM OJ1arojiapsi KOpoTkomy Bpemenu 1/ penakcaruu siaep ¢ropa-19 [3-7].
[Tocne Toro, Kak ra3 BbIJIBIXAETCs, SKCIIEPUMEHT MOXHO BBITTOJIHUThH MTOBTOPHO.

Junamuyeckasi Bu3yanuzaius J€rkux opuia Brnepssie onucana B 2001 roxy. B
AKCIIEPUMEHTE UCCJEe0Bajach KHUHETHKAa BIOXa W BBIJIOXAa C UCIOJIb30BaHUEM
JMHAMUYECKOro rpagueHTHOro 5xo [8]. Tlo3mHee mpoBOAMIMCH BO  BpeMms
JBIXaTEIBHOTO IUKJIAa U3MEPEeHUSI 00bEMA JETKUX KPBIC, TOAKIIOYEHHBIX K anmapary
uckycctBeHHoW BeHTwisinmu  Jerkux (MBJI) [9]. Tlomywas moapsa MPT
M300paKEHMs JBIXaTEIbHOM CHUCTEMbI, MOXHO OBLJIO CJIEAUTh 3a HAIMOJIHEHHEM
Jerkux razom (Wash-in) wim BeIMBIBaHHEM Ta3a U3 Jierkux (Wwash-out).

BcenenctBue TOro, 4TO UCHOJB3yEeMble Ha CETOJHAIIHMN  JACHb IS
BU3yallM3allMii  JIETKUX  (TOpCOJepKalue Ta3bl SBISIIOTCA  JUMO(POOHBIMH,
CTAHOBUTCS HEBO3MOKHBIM TIPSIMOE M3MEPEHHE Ta3000MEHa B JIETKUX, MOCKOJIBKY
muno¢oOHbIE Ta3bl HE MPOHUKAIOT B MEMOPAHbI aJTHBEOI.

JonosHuTeNbHYIO (QYHKIIMOHATBHYIO WH(DOPMAIIMIO O JIBIXaTEIBHOM CUCTEME
MOTYT JaThb JIU(Py3HOHHO-B3BEIIEHHbIE H300paXKEHUSI, KOTOPBHIE OTPAKAIOT
MOOWJIBHOCTh PE30HAHCHBIX YACTHUI[ B BHIOPAHHOM HANpaBJICHUH KOaupoBaHus. B
cllyyae OpraHoB JnbixaHus auddys3us He sBIAsSETCS CBOOOJHOM, Tak 4YTO JTa

MOOWMIJIBHOCTH OTIPENIESETCSl He TOMbKO caMoauddy3ueil raza B JErKUX, HO 3aBUCUT
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U OT TEOMETPHUYECKHX OCOOCHHOCTEH  CTpOCHHsI  JbIXaTelbHBIX  ITyTEH.
CnepnoBatenbHO, TOJydeHHbIE AUG(Y3MOHHBIE U300paXEHUsI OTPAXKAIOT HE TOJIBKO
ra3o00MeH, OHHM 3aBUCAT €€ U OT CTPYKTYpbl JETKMX U OT BBIOPAHHOTO
HanpaieHus koauposanus [10-15].

2. duznyeckue nNoaxoabl k peaausanuu meroga MPT na sigpax ¢propa

B nameii pabote Mbl ucnionb3oBanu ra3 neppropuukiodyran (IIOLB) C4Fg B
KauecTBE BU3YaIU3UPyEeMOro (PTOPUPOBAHHOTO raza. ITOT ra3 UMEET Psijl CEPhE3HbIX
OTIMYUANA OT HCCIENOBAHHBIX O HACTOSIIETO BpPEeMEHH (TOPCOAEPIKAIIUX Ta30B.
BaxxHo, 4TO ero BpeMs penakcaluy |; Ha MOPSIIOK MPEBBIIAET BPEMEHA peaKCaluU
YIOMSIHYTBIX BBIIIE ra30oB. Takke HaJ0 OTMETUTh, YTO €T0 MOJIEKYJIa COCTOUT U3 4-X
rpynn CF,, T.e. umMeeT 8 MarHMUTHO-DKBHUBAJCHTHBIX aTOMOB (TOpa, KOTOpHIE
0OyCJIOBIIMBAIOT MHTEHCUBHBIN cuUHTJIETHBIA criektp AMP. Kpome Toro, stor ras
BeCbMa JUMNO(PUIIEH U SBISAETCA MOTEHUUAIBHBIM areHTOM JUJIsl OLEHKH Nepy3uu B
nerkux [16].

OGbrar0 “°F-MPT 1300paskeHHUs] YCIOBEYECKUX JICTKUX MONYYaloT 33 OUCHb
KOpOoTKoe Bpems (10 15 cek). DTo NpUBOJUT K HEKOTOPOMY YXYAIICHUIO OTHOLIEHUS
CUTHAJIa K IIyMy, HO HUBEIUpPYETCA CHIKeHueM pasperieHuss MPT-uzo0paxenuii.
Takum 06pasom, ~F-MPT u3006pakeHHss OOBIMHO IMOTYYalOT OT BCEX JIErKHX
LEJMKOM, JJIsi 4er0 HCMOJIb3YIOT OJWH TOJCTBIM cpe3 TOJIMHON Oosiee 6 cMm.
COOTBETCTBEHHO, ATH M300paKEHHS MPEACTABIISIIOT COOO0M OJIHY M3 TPEX JIETOUHBIX
MPOEKIUH (aKCHAIbHYI0, CArUTTAJIbHYI0 WJIM KOPOHAPHYIO), YTO 3HAYUTEIBHO
3aTPyAHSIET ONpENETCHUE JTOKAIN3alud KaKMX-TU00 MaTOJOTMYECKUX MU3MEHEHUH B
JETKUX TO JaHHBIM H300paxkeHusiM. B nmanHoit pabore mpensaraeTcsi MPOBOIUTH
BU3yalIM3allMI0 U, COOTBETCTBEHHO, JHMArHOCTUKY JbIXaTEIbHON  CHUCTEMBI
71a00paTOPHBIX KUBOTHBIX 3a CUET HEMPEPHIBHOM MMOJa4H Ta30BOM CMECH B JIETKHUE B
TE€YEHUE JUIUTEIbHOTO, HO He Oosee 30 MUHYT MPOMEXKYTKa BPEMEHHU, HEOOXOAUMOTO
JUTSL TIOJTyY€HHUsI KaueCTBEHHBIX MOCPE30BbIX M300paXKEHUHN JbIXaTEIbHOW CHUCTEMBI.
OcHoBHOI Tmenpl0 Hamei padboTel Obuto, ucmonb3ys ra3z [IDIb, mnokazate
BO3MOKHOCTh MOJy4Y€HUS HH(POpMALMM O BEHTHJIMPYEMOCTHU PAa3IUYHBIX OTJIEJIOB

JIETKUX KPBICHI C BHICOKOM TOYHOCTBIO. {1151 3TOro pemanuce clienyromue 3aaadn: 1)
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perucrpanus CTaHIApTHBIX '"H-MPT U300paKeHU TPYAHOW KIETKU KPBICHI; 2)
HCCIICOBAHHE BO3MOXKHOCTH IIOJNYYCHHSI KAYECTBEHHBIX IOCPE30BBIX — F-MPT
M300paXEHU JIeTKUX 0e3 3a/IepKKU JbIXaHUs; 3) COMOCTABICHUE BEHTUIUPYEMOTO
o0beMa Jrerkux Ha F-MPT H3006paXeHHsX ¢ MX aHATOMHYECKHM oOpasoMm Ha ~H-
MPT uzo6pakeHusx.

3. MatepuaJjibl 1 METObI

Bce »skcnepuMeHTalbHBIE TPOUEAYpPhl C >KUBOTHBIMH MPOBOAMINCH B
COOTBETCTBUM C JOKyMeHTOM «lIpaBuna maboparopHoii npaktuku B Poccuiickoii
Oeneparun» (2003). B skcnepuMeHTax HMCHOJIB30BAIUCH OECIOPOJIHBIE 3/I0POBBIC
kpbickl BecoM 250-300 r. Kpwicel Obltum  aHecTe3upoBaHbl 12% pacTBOpoM
xjopairuapara u3 pacuera 300 mMkr xjopairuapara Ha 1 Kr Beca >KMBOTHOTO,
pPacTBOp BBOJAWJICA BHYTPUOPIOIIMHHO. AHECTE3UPOBAHHBIX KPBIC MHTYOHpPOBAIU U
noakiouany K annapaty MBJI, Ha BXoJ KOTOpOro moaaBaliach JAbIXaTelbHAs CMEChH
70% Cy4Fg, 30% O,.

MPT wuccnemoBanust in vivo mpoBoguwnuchk Ha 7-Tnm MPT ckamepe Bruker
BioSpec 70/30 USR ¢ mporpammusiM obecniedennem ParaVision 5.0. 'H- u *F-MPT
M300paKeH s OTydaI ¢ ucrnons3oBanneM H/'°F 06beMHOI mpreMo-Tiepenaroleil
pamuodactotHoi (PU) KaTymku C BHYTpeHHHM amamerpoM 72 wMM. 'H-MPT
M300paKEHMsT PErHCTPHPOBAINCH C  IEIBI0 COOTHECEHHS —F CHIHATOB ¢
AHATOMUYECKUMHU CTPYKTYPaMHU.

[IpenBapurenbHOe MIMMMHPOBAHUE M OIpEAESIEHHE OCJIa0JIeHUs] CUTHaja
OCYIIECTBJISUTHCH Ha (PaHTOMHOM 00pasiie — 25-MJ1 rTepMeTHIHOM (IIaKOHE, YaCTUIHO
3anoaHeHHOM XUuAKkuM [IDIIb, HaxoasmmMes: B paBHOBECHH C HACBIIIEHHBIM [TAPOM
npu Temmeparype 20°C.

Jlnst  momydeHuss M300pa)KEHUW JIBIXATEIbHOW CHUCTEMBI  J1abOpaTOPHBIX
KUBOTHBIX HCIIOJI30BAJIaCh UMITyJbcHas nocienoBarenbHocth (UII) 3D True Fast
Imaging with Steady Precession (True-FISP). CkanupoBaHue BBIOJHSIIOCH CITYCTSI
5-10 MuHYT MOCTIe TOAa4M IbIXaTeIbHON CMECH B JIETKHE JTA0OPATOPHBIX )KUBOTHBIX.
3ajepKKa mMepel HayajloM HCCIeqoBaHUs ObUla HEoOXOoauMa [UJIsi HACBIIICHMS

JIBIXaTEIHbHOM CUCTEMBI YKUBOTHBIX ()TOPUPOBAHHBIM Ta30M.
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“F-MPT M300paKeHHsI TMOJIyYaJuCh B KOPOHAPHOW MPOEKIUH, & OCHOBHBIE
napaMeTpbl CKaHMPOBAHUS 33/JaBAIMCh CIEIYIOUIUMU: BpeMsi moBTopeHusi TR 2.6
Mc, Bpemst 9xo TE 1.3 mc, o6macts ckauupoBanns FOV 4.8x4.8x3 cm®, marpuia
ckaHupoBaHua 32x%32x2(0, mnpocTpaHCTBEHHOE pazpemienne 1.5x1.5x1.5 MM,
KoJndecTBO HakomieHud 1024, momoca mnpomyckanus uactoT S50 kl'm, yron
orkmonenns FA 30°, Bpemst ckanmpoBanus 28 MuH.

Jlast peructpaunn H-MPT u3o6paxernii 6buta ncronbsosana WUIT 2D Multi
Slice Multi Echo (MSME) ¢ oxuuM Bpemenem 5xo. H-MPT mu306paxenus
MOJIyYaJIUCh B KOPOHApHOW MPOEKIHMH C CHUHXPOHHU3ALMEH MO JBIXaHUIO CO
CJICYIOIIMMHY [TapaMeTpaMy ckanuposanus: TR 550 mc, TE 11 mc, FOV 4.8x4.8 cv?,
MaTpuia ckannpoBauus 160x160, paspemrenne 0.3x0.3 MM’ KonuaecTBo cpe3os 20,
TOJILIMHA cpe3a 1.5 MM, uyncio HakomiIeHul 2, nosioca npomyckanus yactor 50 k',
BpeMs CKaHUPOBaHUsA 12 MUH.

OOpaboTtka mnonyyeHHbix MPT wn300pakeHHil MPOBOAMIACH C IMOMOILBIO
nporpammel Imaged, kotopast HaxoauTcs B cBOOoHOM aoctyne B Uatepuere [17]. B
pamMKax STOW MPOrpaMMbl PACCUUTHIBAIUCH 3HAYEHUS OTHOIIEHUN CHUTHA/IIYM
(SNR) na °F MPT u3o6paxennsx u dopmupoBanack kombunaumst ‘H- u F-MPT
n3zoopakenuit [18]. Taxke mocpemctBom mporpammbl Imagel mpousBoawmiack 3D
PEKOHCTPYKIHS MOTydeHHbIX - F-MPT 06pasos.

4. Pe3yabTaThl U 00CY:KIeHUE

Ha pwuc.] npencraBieHbl COBMENICHHBIC 'H- u “F-MPT HU300paKeHUs
JILIXaTeJIbHOM CHUCTEMBbI OJIHOM W3 JIa0OpPaTOPHBIX KpbIC. JlJIS OTAENBHBIX CpPE30B
snauermst SNR Ha F-MPT 1306pakeHUsX COCTABHIIN BEINUYHHY OT 4 110 8.

Kak BuaHo m3 puc. 1, mocpesoBsie ~F-MPT H306pakeHHs IBIXATCIbHOI
CUCTEMbI JTAOOPATOPHBIX KPBIC MO3BOJISIIOT JOCTATOYHO TOYHO BU3YaJIM3HPOBATh HE
TOJIBKO OTZEINbI JTETKUX, HO H TPAXEro ¢ OpoHxaMi. OTMETHM, 4TO IS MOTydeHns —F
MPT u300pakeHuil IbIXaTeIbHONM CHCTEMbl Mbl HE KCIOIb30BaJIM CHUHXPOHU3AIUIO
no gpixanuto. C OAHOM CTOPOHBI, JIOTUYHO NPOU3BOAUTH CKAHUPOBAHHE B
OTIpeeNICHHBIA TPOMEKYTOK BPEMEHH IbIXaHHS JKUBOTHOTO, YTOOBI HE JIOMYCTHUTH

nosiBnenue Ha MPT uzo0paxkenusix apredakToB IBIKESHHS TPYIHON KIETKH, OJHAKO,
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C ApPYroil CTOpoHbI, Nr00as 3aAepikKa MPUBOIUT K YBEIHMUYECHHIO OOIIET0 BPEMEHU

CKaHHUPOBAaHMH.

1.1
Puc. 1. CoBmectrbie "H+°F-MPT H306paKeHHs TErKUX KPBICHL.
OpauHapHBIMU CTpEJIKaMU yKa3aHa Tpaxesl U IBOWHBIMU CTPEJIKaMH OTMEUYEHO
MOJIOKEHUE OPOHXOB.

MBI HE HUCIONB30BaIM METOAUKY 3allUCU YE-MPT U300pKEHUN JIETKUX C
3aJIep)KKON JIpIXaHUs (B ciaydae JJabOpaTOPHBIX KUBOTHBIX TaKash METOJUKA TPYJIHO
peanuzyema). [Ipu 3TOM, KaKk BUIHO U3 pHC.], KAKHUX-TMOO apTePakToB, BHI3BAHHBIX
IBWKCHUEM BCIIEACTBUE [bIXaHUSA IIOJONBITHOTO JKMBOTHOI'O, HE BO3HHUKACT.
[Tocpe3oBbie BF-MPT n3o0pakeHus ObUTM CKOMIIOHOBaHbl B 3D  00pa3ssl,
IIPEACTABIICHHBIE HA pUC. 2. TpexMepHas peKOHCTPYKILMS MMO3BOJISIET C pa3peIICHUEM
B 1.5 MM paccMOTpeTh BCIO JIBIXAaTEJIbHYI0 CHUCTEMY >KMBOTHOrO. CTOUT OTMETHTB,
YTO Ha BCEX IOJYYECHHBIX YF-MPT M300paKEHUSIX XOPOILO BUIHBI HE TOJBKO CAMU

JIETKWE, HO U Tpaxeu ¢ OpOHXaMU — yKa3aHbl CTpeJIKaMu Ha puc.l, 2.

Puc. 2. TpexmepHast peKOHCTPYKITUS JETKUX KPbIChI. CTPENKH YKa3bIBAIOT
Ha Tpaxerw U OpOHXMU.
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5. 3ak/Il0ueHHe

B  Hacrosmiedt pabore Cc  ucmoib30BaHHEM  (DTOPUPOBAHHOTO  Tasza
nepTOPLUKIOOYTAH HONYYEHb OTYCTINBBIC TOCPe3oBble (¢ urarom B 1.5 mm) “F-
MPT wu300pakeHHsT JbIXaTEIbHONW CHCTEMBbl JabOpaTOPHBIX KpbIC. MeTouka
coCTOsJIa B HENpPEpBhIBHOUM Mojade (TOPUPOBAHHOTO Ta3a B JIETKUE XUBOTHOTO U
HEMPEPBIBHOM CUMTHIBAHWM CHTHaja B TEYEHHE Mojydaca. OTOT NOAXOH, He
TpeOYIOIUIA TIPU M3MEPEHUSAX OCYIIECTBIATh 3aJEPKKy JAbIXaHUs, SIBISETCS
OCOOEHHO TOJIE3HBIM JUIsl [AUWEHTOB C TaKUMH  IYJIbMOHOJOTMYECKUMH
3a001€BaHUsIMHU, KaK XpOHUYECKasd 0OCTpyKTUBHAs 0oJie3Hb Jierkux (XOBJI), ¢pudpos
WM acTMa — UM TPYJHO JieJaTh TIyOOKHE BIOXH U 3a/I€PKUBATH JbIXaHUE JaKe Ha

KOpoTKoe Bpems okosio 10-15 cekynn.

Pabota BemosHeHna Ha obopyaoBanuu LIKIT MI'Y "buocnektporomorpadus”

u nogaepxkana rpantom PODOU Ne 17-02-00465-A.
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