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THUIIOBI CYXOXKUNJIKOBI CTPYHH MITPAJIBHOI'O KJIAITAHA TA AHOMAJIBHO
PO3TALIOBAHI CTPYHHU JIIBOI'O IIVTYHOYKA CEPLSI JIFOAUHU

"""""""" AN MANNNNAA 2 ANANANANNANNANNNNNNNNNN NN

V poGoti mpeacraBieHi TPHBUMIpPHI MOJET CTPYKTYpHOT opraHizallii THIIOBMX CYXOKWMIKOBHX CTPYH MiTpalbHOTO
KITarnaHa Ta aHOMaIbHO PO3TAIIOBAHUX CTPYH JTiBOTO ILTYHOYKA CepIid JIFOAUHM, 10 BKa3yIOTh Ha BiIMIHHOCTI IX cTpYKTypHOI
opranizauii. TTogaHo pe3yibTaTH OCTIIKEHHS 3pi3iB TUTIOBHX CYXOXKWIKOBHX CTPYH MITPalbHOTO KJIarlaHa Ta aHOMAIbHO
pO3TAIIOBAHUX CTPYH JBOTO MITYHOYKA CEPL JTFOAMHM METOAOM JIa3epHOi TONApUMETpii, WO I03BOIUIM TPOBECTH
cucTeMaTuyHuil adaniz rtomorpadii aHI30TPOIHUX BIACTUBOCTEH KONAareHOBUX BOJOKOH, €NAcTUYHHX BOJOKOH Ta
KapaioMiOUUTIB uepe3 ojeprKaHi PO3MOAITA IHTEHCHBHOCTEH MW PI3HAX MOMAPH3AUIMHNX OpieHTaUisX 300pakeHb BEKTOP-
napamerpa CTokca, nonspusauiiini Manu (asuMyTiB Ta enimmudHoCcTell monspusauii) Ta eremMeHTH MaTpuus Mroepa Ta ix

BIATIOBITHMX CTATUCTIIHIX MOMEHTIB 1-10 — 4-T0 MOPSAKIB.

Po6oma € ¢ppazmernmom HIP «Bzaemo36’230k Qizuunux enacmugocmeii i MopgonoeiuHux o3Hax 6ion02iunux meaHum
Y HOpMI ma npu ix cmpykmypHiil peop2anizayii 6 konmexkcmi naseprol nonapumempiin (Ne oepore. peeccmpayii 0111U006502).

BigTBopeHHST TpUBHMIpHOI apXiTeKTypu OioOridHMX O00’€KTIB € HEeBiI’€MHUM 3aBJaHHAM
MOPGONOriYHUX AOCITiPKEHb, 10 TPYHTYIOTBCS Ha aHalli3i TIOIMMHHWUX TiCTOJOTIYHUX Mpemnapartis [1].
CyuacHi MopdoorivHi HoCHiKeHHs BIMaraloTb BUCOKOI AKOCTI 1IFOCTPaTHBHOCTI PE3yNIBTATIB, YOMY
MOJKe CIIPUATH TPUBUMipHA PEKOHCTPYKIis Ta MoAemoBaHHs [3, 4]. CTBOpeHHs TPUBUMIpHUX Monelel
cyxoxuikoBux ctpyH (CC) HeoOXiIHO NS LiNiCHOTO PO3YMiHHS CTPYKTYPH K €INHOT PyHKUIOHAIBHOT
CHCTEMH, HacTh MOXKIHMBICTB Bi3yamizalil IX BHYTPILIHBOIO BMICTY, B3aeMOXii iX CTPYKTYpHUX
KOMIIOHEHTIB y MpOCTOpi, a TaKoK AAcTb 3MOTY YSBUTH THUMYacoBi a00 MOCTifHI BIAXWMJIEHHSA Bil
HOpMabHOI OYI0BH.

Cy4acHUM MeTOOOM HOCTIIKEHHS CTPYKTYpH OioJIOTIUHUX TKaHWH € Jla3epHa TONIIpUMETpis 3
BUKOPUCTAHHAM pi3HUX METOMIB aHali3y OTPUMaHUX JaHUX, B OCHOBI SKUX JexaTb Taki
byHIaMeHTaTbHI TOHSTTS, SK MONMIpW3aliliHi BIACTMBOCTI CBIiTJIA, MIO OMNMHCYIOTHCS MAaTpULEH
KorepeHTHOCTi [2]. POoTOMEeTpUYHI, ClIeKTpalbHi, NoIipu3aliiiai Ta KopensuiiHi XapakTepuCcTUKHU M0,
pO3CisTHOTO GIONOTITHUMIE TIapaMi BUTIPOMiIHIOBAHHSI, CTAFOTH HOCiIsIMU iH(opMarlii po 1X BIacTHBOCTI.
Ockinpkn ocHoBy CC ckiamae cronyyHa TKaHHHA, OCHOBHUMU KOMITOHEHTaMU SIKOI € KOJareHoBi I
eIaCTHYHI BOJIOKHA, a TaKOX TParIstOThCS M’30Bi KIITHHU, Oylo 6 AOUITBEHUM TPOBECTH BUBYCHHS
NoNApr3aUiffHuX 0co0MBOCTE X 300paXeHs.

Metoto poboti Oyno CTBOPEHHS MOZeNi TPHUBHMIPHOI OpraHizalii THUIOBHUX CYXOXHIKOBHX
CTPYH MiTpaJbHOTO KilaraHa Ta aHOMaJTbHO PO3TalIOBAHMX CTPYH JTIBOTO IIYHOYKA CepLs.

MarTepias Ta MeToAu JocaigzkeHHsl. MarepiaqoM A5t JOCTiKEHHS MOCTYXUIH CYX0KUITKOBI
CTPYHM JIIBHX LIITYHOUKIB 45 cepreus Jroaeit 3pisoro Biky. g mociimkeHHs Oy BUKOPHUCTaH METOJ
CBITJIOBOI MIKpOCKOIT, METOJ TPUBUMIPHO! PEKOHCTPYKUIT Ta MEeTOA JaszepHoi monspuMmerpil. s
CBITJIOBOT MiKpOCKOTTIi TicTONOTIUHI TpenapaTi 3abapBaioBaivics reMaTOKCHITIH-e03MHOM i 3a Beiirept-
BaH-["i30H. [l TpUBUMIpHOT peKOHCTPYKLIT BUKOPUCTOBYBaIUCE hoTorpadii cepil ricToMoriuHuxX 3pi3is,
BUTOTOBIEHNX 3@ 3araylbHOTIPUHHATOI0 METOIWKOIO, fKi B TMOHAJBIIMX eTarnaXx PeKOHCTPYKUil
06pobnsanucs 3 BUKOPUCTAHHSM IPOTPaMHOT0 KoMImlekey «Amira for microscopy» ta «Autodesk 3ds
Maxy». Jlns MeToOuK nasepHoOl TONsSpUMeTpil BUKOPHUCTOBYBaM HezadapOOBaHi TiCTONOTIUHI 3pi3,
ToBIMHOK 20-30 MKM, BUTOTOBJEHI Ha 3aMOpPOXYHOUYOMY MikpoToMi. Busuwamn posmoninu
IHTEHCUBHOCTEH TpU pi3HMX TMoNspu3aliitHuX opieHTalisx 300pakeHb BekTop-mapamerpa CTokca,
nonspusaliiiii Mamu (a3uMyTiB Ta eNimIM4YHOCTell mosispusauii) Ta eleMeHTH MaTpulbs Mromiepa Ta iX
BIAMOBIAHWUX CTATMCTUYHUX MOMEHTIB 1-ro — 4-ro MOpsAKiB.

PesyabTtaTH JocaifkeHHss Ta IX 00roBopeHHsl. BUKOHaHI MakpOCKOIMIYHI JOCHiMKEHHS
KJIallaHHUX arnapaTiB cepls JIOAWHM B HOPMi BCTAHOBWIH, 110 y JiBoMy uutyHouky (JILI) tumosi CC y
BUTTIAII TSDKIB TPOCTATAIOTHCS Bill BEpXiBOK COCKOMOMIOHHX M’S3iB i CIIOMYYalOThCS 3i CTyJIKaMu
KjamaHa. 3aneKHO BiA THUIY MNPUKPIMJIEHHs MO0 CTYJOK MITpalbHOro kiarnaHa cepen tunosux CC
Bumineso CC mepemnpoi cTynku, CC 3amgHboi cTyaku Ta komicypansHi CC. VY mepenHift crynui
po3pisHstoTh CC MOTOBLIEHOI 30HW, LIO KPIMJATbCS A0 LITYHOUKOBO! MOBEPXHI OO HiMAHKM, LLO
3HAXOJMUTHCA MK JIIHIEIO 3MUKaHHs CTYJOK i BITBHUM KpaeM cTyJku Ta omopHi CC, 1o BiAXOZATE BiJ
MepeIHBOr0 Ta 3aHBOr0 COCKOMOMIOHMX M’s3iB Ta KPIMIATLCSA A0 LUTYHOUKOBO! MOBEPXHI MO MiBKOJY
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IePeIHBOI CTYJIKH 110 JIiHil SMUKAHHS CTYJOK Ha 4 i 8 roauay uudep6iaTy roxnHamKa. Y 3aIHii CTyJLI
pospisusioTs CC notoseroi 30un, CC po3LIeNIeHb 3aHbOT CTYJIKH, WO KPIMIATBCS OO PO3LIETIIEHb
Mixk ii pecTonamu Ta 6azanbHi CC, 110 PUKPIMTIOITECS 10 OCHOBU 3aIHLOT CTyNKH. J[Bi KOMicypaibHi
CYXOXKWIIKOBI CTPYHW BIsJIONOZIOHO KpimisaThess 10 TIEPEAHbO-JIATEPAIEHOT Ta 3aIHLO-MeLialbHOT
KOMiCypalbHUX 30H CTYJNOK MiTpalbHOTO knamaHa. Ciix 3ayBaOXUTH, IO cepel YCiX THIIB
CYXOKMIIKOBHX CTPYH HAWIOBWIMMHM € OTOPHI CYXOXWITKOBI CTPYHM MNEPEAHBOT CTYJIKH MiTpanmbHOro
KJIaTlaHa ceplis JTI0IMHY. [X ToBKUHA CTAHOBUTD 18,23 = 2,586 mm (Tabm.1).

Tabnuusa 1
IlapameTpu 10BKHHM Ta LIMPUHU CYX0KUJIKOBUX CTPYH MIiTpaJibHOI0 KIaNaHa cepust Jrofeii 3pinoro Biky

. ) [TapameTpu CyX0KUIKOBUX CTPYH, M=m, MM
CyX0XWIKOBI CTPYHH

JoBxuna Toswuna
Oropui CC 18,23 2,586 1,53 =0,586
CC notoBIIEHOT 30HU NEPEAHBOT CTYIKU 17,47 =2,543 1,450,461
CC noToBIIECHOT 30HU 3aHBOT CTYIIKU 14,37 = 2,059 1,180,334
CC po3IIeruIeHs 3aHb0T CTYIKHI 13,03 £2,512 0,95 =0,422
Bazaneni CC 10,0 £2,716 0,88 0,387
Komicypanbni CC 14,0 +3,314 0,89 +0,232

Haitroseriummu CC e tex onopri CC mepeanboi cTyIKM MiTpaibHOro Kiianana cepus JIFOAMHM.
[x ToBmmHa ckmamae 1,53 + 0,586 mm. Basameri CC 3agHBOi CTYIKH MiTpaldbHOTO KlamaHa €
HaNKOPOTLINMHU (CepelHs NOBXKWHA CTaHOBUTEH 10 + 2,716 MM) Ta HalTOHIAMY (cepenHs ToBUIMHA —
0,88 £ 0,387 mm) (Tabi. 1).

HocmikeHns BUKOHaHi 3a J10MOMOr0I0 CBITIOONTHYHOT MiKpockorii Tnmosux CC MiTpaJIbHOTO
KJlafaHa oKasany, 1o 3 YCiX MOBepXOHb CTPyHa BKpUTa eHpoTenieM I1ix enoTenieM mo Beilt moBepxi
CC noxanizyersest myxkuii mepudepiiiHnii KoareHoBo-enacTHURWIL Mmap, KUt BiZIMEKOBYE CTPHXKEHD
CTpYHH, WO ¢opmye il BHyTpimHiN octoB (puc. 1). Ilepudepiitauii KonareHoBo-eTacTHYHIIT wap
YTBOPEHWH TYXKOFO BOJIOKHWCTOIO CIOJYYHOK TKAaHWHOK 3 PO3TALIOBAHUMM B Hill e1acTHYHIMM
BOJIOKHAMH, SIKI MArOTh ITO3I0BXHIll HAIPAM, KiTBKIiCHO ITepeBakaloTh Hal KOMAreHOBIMHI BOTOKHAMMU Ta
KIiTHHAMI PiOpOGNacTUYHOTO psigy. B HBOMY, B HampsMKy BiZ COCKOMOMIGHOrO M’si3a 10 CTYJKH
KJiaTiana, MpoXoAsTh MaricTpaibHi KPOBOHOCHI CYINHU.

BryTpiuHili ocTos abo ctpmkers CC GopMyoTh TMOTYXHi MTyYKH KOJIAT€HOBUX BOJIOKOH, fKi
TMPSAMOJTIHIHHO OPiEHTOBAHI Ta IIINBHO yIAKOBAHi B3IOBK cTpyHu. EnacTuuni BOJIOKHA po3TaloBYOTHCS
B HEBEJMKIN KIJBKOCTI Ta MPOHU3YIOTH BClo TKaHWHY CC. V MiCLX BiIXOMKeHHs THIoBHX CC BiJl
COCKOTIOZMIOHNX M’A3iB BUABIAIOTECS [IYYKH CEPUEBMX M’S30BHX BOIOKOH, AKi CYNPOBOIKYFOTHCS
KPOBOHOCHUMU CyIHMHAaMH, 110 NPOHUKaOTh Y ToBwy CC He Oinblie sk Ha 1/3 11 TOBKHHU. AHOMATBHO
posrawosani ctpyun (APC) mpeacTaBisioTs cobor0 Tski, sAki Ha BimMminy Bin Ttwnosmx CC, He
MPUKPIMIIOKOTECA JI0 CTYJIOK MITpaJbHOTO KiamnaHa, a eKTOMiuHO (iKCyIOTBCS 710 BINBHUX CTiHOK
LUITyHOYKA, MDKIITYHOYKOBOT MePEropoIKil, COCKOMOMIGHUX M A3iB, IepeTHHAOYH noposxkHuHy JILI.

[Ipu Mopdonoriunomy nocnimkenti APC 30BHI BHCTeNEH] eHIOTeTiEM, Mix AKIM JIOKalli3y€eThbes
nepudepiiiHuil KoNIareHoBo-eNaCTHYHMIT 1ap i3 MepeBakaHHAM y HBOMY €JJaCTUYHUX BOJOKOH, LIO
BIIMEIKOBY€ LIEHTPATBHUN CTPUKEHB CTPYHH.

3a J0MOMOroK0 ricTONONiYHIX METOAIB AOCTiIKEHHS BCTAHOBIEHO, 1O cepen APC 50 %
CKNanawoTh cTpyHn (ibposHo-m’a30Boro tumy, 27 % — dibposHoro tuny ta 23 % cranosnate APC
M’A30Boro Tury. OcobnusocTsiMi Oynosu APC ¢i6po3Ho-M’s3080r0 TUITYy € Te€, WO CTPUIKEHb HAHUX
APC yTBOpeHuii myukamu LIiNbHO yNakoBaHMX i MPsIMOITiHiHHO OpPIEHTOBAHUX KOJIATE€HOBUX BOIOKOH, a
TAKOXK KapAIOMiOUMTaMH, siKi HalfuacTilue J0Kami3yloThes y BUMISL] OCTPIBLIB Yy MicUsX NPUKpINIeHHs
O CTIHKH ILITYyHOYKa a0 O COCKOMOMIGHOrO M’s3a, abo MPOCTArarOThes B3IOBXK BCiel CTPYHHU,
noxinstoun i nasnin. OcoGnusictio APC M’130B0ro iy € Te, L0 OKPiM CKOPOTJIMBUX KapIioMiOLMTIB,
AKi (OPMYIOTB OCHOBY CTPYHH, BUSBIIEHi eleMeHTH MpOBLIHOI cucTeMu cepusd, a caMe KIITHHH
[ypkinbe. Tictonoriuna Gynosa APC ¢i6posnoro Tumy XapaKTepU3yeThCs TUM, IO CTPUIKEHb TaKMX
CTPYH C(HOPMOBaHMII TOBCTHMH IIiNTbHO YIAKOBAHMMU IYYKaMU KOJAreHOBUX BOJNOKOH, OpieHTOBaHUX
NPsIMOJTIHIHO B3IOBXK CTPYHH.

3a JI0NOMOroro MeTo/la TPUBUMIPHOT PEKOHCTPYKILT 3MOIETb0BAHO IIPOCTOPOBY OYIOBY TUIIOBHX
CC wmitpanbroro knanana Ta APC JII cepus nroauHiL.

Otpumani 300paxenns tinosoi CC MiTpanbHOTO KlamaHa cepls JIFOIUHMU i ATBEPIKYOTh
pe3ynbTaTh TiCTONOMIYHOrO JOCHIIKEHHs 11010 HasBHOCTI UEHTPANLHOTO 1IiNLHOTO KOJIareHoBOro
CTPIKHA CTPYHH, OTOYEHOIO MYXKUM TIepr(epiiHNM KOJ1areHoBO-e1aCTHIHIM WAPOM i3 KPOBOHOCHHMH
CYAMHAMH, 110 MPOXOAATE Y HbOMY (puc. 2). ¥ 3pizax o6UHCIIEH] BIICOTKOBE CITiBBIIHOIIEHHS BiTHOCHOT
TUIOLI LEHTPaILHOTO KoNareHoBoro cTpikns CC, MyXKoi KOMareHoBO-e1acTHIHOT nepudepii Ta rrouty,
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AKy 3aliMaroTh B CC KpOBOHOCHI CylMHM. AHalli3ylo4M 3MiHU CIIiBBiIHOIIEHHsS BiTHOCHOI ILIOLII, SKY
3aiiMaroTh Wi CTPYKTYpW B 3pizax (Tabs. 2) BWABIEHO, WO B HANPSIMKY BiI COCKOMOMIOHMX M’A3iB 10
CTYJKU KJallaHa IOCTYNOBO 30iNMBIIyeThCcA BiHOCHa MUIOMIA ITyXKOTO MepudepiliHoro KolareHoBO-
ejactuunoro wapy (3 18,5 % mo 24,1 %) Ta 3MeHIIyeTbCcs TUTONA, SIKY 3aliMae LEHTPaNbHUI
konareHosuii ctpmwkens CC (3 78,1 % no 72,7 %).

Tabnuug 2
ITapameTpu BigHOCHOT IJI0INI KOMITOHEHTIB THIOBOI CYXO0XKHJIKOBOI CTPYHH
[TopsinxoBuii HoMep 3pi3y Binnocna mnoma crpykrypu (%)
LeHTpambHuit KOTareHOBHH ITyxka KoTareHoBo-eTacTHIHA Cynvan
CTpPIDKCHD nepudepis
1. 78,1 18,5 34
2, 77,4 19,2 3,4
3. 77,5 19,1 3,4
4. 77,4 19,2 34
5. 77,3 194 3,3
6. 77 19,8 3,2
7. 76,5 20,1 3.4
8. 76,3 20,4 33
9. 76,1 20,6 33
10. 75,4 21,4 3,2
11. 74,4 22,3 3,3
12. 73,3 23,5 3,2
13. 72,8 24 3,2
14. 71 25,9 3,1
15. 70,6 26,3 3,1
16. 71,3 25,6 3,1
17. 71,2 25,6 3.2
18. 72,2 24,7 3,1
19. 72,1 24,8 3,1
20. 72,7 24,1 32

MetogoM 3D-pekoHcTpyKuUii BcTaHOBIeHO, w0 y Tumoy CC i3 cockomogibHoro M’si3a
NPOHWKAIOTE Big 3 10 5 KPOBOHOCHMX CYIWH, TIPSIMYIOYHM OO CTYJIKW KjaraHa B OTOYEHHI TOBCTHX
CIIOTYYHOTKAHUHHUX (yTaipiB. KpOBOHOCHI CyIMHU He Tamy3aThcs i He aHACTOMO3YHOTh MiK COOO0HO
(puc. 2). Awnanisyroun 3MiHM CTiBBiIHOIIEHHS BiTHOCHOI TUIONI KPOBOHOCHWX CyanH (Tadm. 2),
BCTAaHOBJIEHO, L0 IX IIJIOIIA Mail’ke He 3MiHIOEThCS B MOPIBHAHHI 11 B 3pizax 6iig cockomoaibHoro m’s3a
(3,4 %) Ta B 3pi3ax cTpyHu Oins crynkm kmamana (3,2 %). Lli maui maroTe migcraBy BimHecTH wi
KPOBOHOCHI CYJIMHU 10 CYJIUH MaricTpaTbHOTO THITY.

MeTogoM TpHUBMMIpHOT PeKOHCTPYKWil 3MOAeNbOBaHO MpPOCcTOpoBy Oymoy APC JIII cepus
monunu Gidposnoro tuiry. CTBopeHa TPHBHMIPHA MOZENb BKasye Ha Te, 1o cepuesnna APC yTBopena
UEHTPAJTLHUM KOJIAr€HOBUM CTPMKHEM, SKMH OTOUeHHIt MepudepiiHuM ImapoM MyXKol BOJOKHUCTOL
CIONYYHOI TKaHWHW. Y TopiBHAHHI i3 THHOBHMU CC, B AKHUX CIIOCTepiraeTbes OIWH LEHTPAbHUIN
cTpikenb, B APC iX kinekicTh cTaHOBHTE Bif 2 10 4 (puc. 3). KomareHoBi BOOKHA B KOXKHOMY i3
CTPHKHIB PO3TAILOBAHI MEHII IIiJIBHO, BOHW MEPEXOAATh OXUH B OIHWH B3IOBK CYXOKWMIIKOBOT CTPYHH
Ta iX Kinbkicth mo xoay APC 3miHoeTbca. Mixk coGOK CTPWXKHI po3aineHi mpoluapkamu MyxKoi
BOJIOKHHCTOI CIIOTyYHOI TKAHUHU, B AKill IPOXOIATH KPOBOHOCHI CYIMHM MiKPOIMPKY/IATOPHOIO pycla,
1[0 AHACTOMO3YHOTh MiXk C00010 Ta GOPMYIOTh CiTKY (puc. 4).

Puc. 1. Tumosa cyxoxun- Puc. 2. Tpusumipwa wmomens Puc. 3. TpuenmipHa Mozmens Puc. 4. Tpusumipra Mozenn
KOBA CTPyHa MITPAILHOTO KTarma-  THIIOBOI CYXOXHIKOBOI CTPYHM — aHOMAIBHO PO3TALIOBAHOI CTPYHH  aHOMAlbHO pO3TaIloBaHOI
Ha cepusi moauHu. MikpodoTo.  MITpambHOro — KnanaHa — cepust — JIBOTO LUIyHOYKa Ceplist IOAMHHU.  CYXOKWIKOBOI  CTPYHM  J1IBOIO
3a0.:Befirepr-Ban-I'i3on. 36. 400:  moxuHm. LITYHOYKa Ceplst JIFOIWHH.

1 enporeniit; 2— nepndepiitauit  ITpozopo-cuuiil komip — nepudepiitHuil MyxXKuii KoIareHoBoO-eJaCTHYHUH Wap; 3elleHnit Komip — UeHTpanbHui
KOJIareHOBO-ENacTUYHUM Wwap; 3—  KoNareHoBMii CTpUIKEHb CTPYHU; YEPBOHMIT — KDOBOHOCHI CYAMHH.
KOJIareHOBUH CTPUIKEHE.
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Ipu mpoBefeHH] aHaTi3y 3MiHU CIIiBBiAHOLIEHHs BiZHOCHOI ILIOLI, SIKy 3aliMaroTh ckianoBi APC B
3pizax (tabsn. 3) BUSBIEHO, IO BiTHOCHA TUIOMIA ITYXKOTO MEPU(EPITHOrO KOJIareHoBO-eJIaCTUYHOTO apy Mo
X0y CTpPYHH 3MiHFOeThCs 3 35,3 % Ha omHOMy KiHWI g0 46,3 % Ha iHIIOMy, a IUIoLIa, sKy 3aiimMac
HEHTpalbHI KomareHoBuit ctprkeds APC 3minroeTses 3 59,8 % 1o 50,1 % BimmoBigHo.

Tabmmusa 3
IMapaMeTpu BiTHOCHOT MJIOWIi CTPYKTYP AHOMAJIbLHO PO3TAIIOBAHOT CTPYHM (iGpO3HOro THITY JiBOro MIIYHOYKA
TlopsinkoBuit Homep Binnocha miowma ctpyktypi (%)
3pi3y IlentpanpHuit KoIareHOBHH ITyxka KolareHoBO-€NacTU4YHa Cynuan
CTpUKEHD nepudepis
21. 50,1 46,3 3,6
22. 52 44,3 3,7
23. 51,2 44,7 4,1
24. 51,9 43,2 4,9
25. 50,5 44 5,5
26. 49 44,7 6,3
27. 48,3 44,6 7,1
28. 48,6 43,8 7,6
29. 49,3 43,1 7,6
30. 50,7 41,1 8,2
31 49,4 42 8,6
32. 50,4 41,2 8,4
33. 52 39,8 8,2
34. 51,7 40,1 8,2
35. 53,2 39,4 7.4
36. 55 38,3 6,7
37. 55,9 37,9 6,2
38. 5755 37 5,5
39. 58,6 36,2 5,2
40. 59,8 35,3 4,9

MeTox azepHoT MONAPUMETPiT MATBEPANB JaHi TiCTONOTIYHIX JOCIIDKEHb 00 CTPYKTYpPHOT
oprafizanii CC JIII cepus momuHd. [IpoBeneHi AoCHiIkeHHS 300paxkeHb 3pizi tumoBux CC
MmitpansHoro kiarana ta APC JIL cepus MOOWHM METOAOM Ja3epHO! TONSPUMETPil HO3BOJMIH
MIPOBECTH CHCTEMATHYHMN aHami3 Tomorpadii aHi30TPOMHUX BIACTUBOCTEN KONAreHOBUX BOJOKOH,
eNacTUYHWX BOJIOKOH 1 KapjaiomionuTiB. JlocnmikeHHS Nonspu3auiifHol CTPYKTYpH KOMIIOHEHTIB
CTIONMYYHO! TKaHWHU B 3paszkax 3pizie CC JIII BusBUIM BUpa3Hi JBONPOMEHE3ATOMIIHOIOUI BIaCTUBOCTI
KOXKHOTO i3 THITIB BOJOKOH — SIK KOJAreHOBMX, TaK i €JacTHYHMX. XapaKTep MpOsIBIB aHI30TPOIHUX
BIACTUBOCTEN TIPOSBIAETBCS Yy pi3HiIM TomorpadivHilt apXiTeKTOHIUI BKazaHWUX TUIIIB BOJOKOH i3
BIIMIHHUM OJIMH BiJl OJHOTO piBHEM BEJIWYWHM [BOTpoMeHe3artomyieHHs. KimbkicHa OlUiHKa wUi€l
BETMUWHN 34iHCHEeHa IITSIXOM OL[iHIOBaHHS 3HAYeHb CTATHCTHYHUX MOMEHTIB HIDKYMX 1 BUILMX MOPAIKIB
y TOJSIPU3AiTHUX MPOeKIisX 300paxeHb OKpeMUX MiNsSHOK 3pa3kiB. BcTaHOBMEHO, IO CYTTEBOO
PI3HMIEI0 Y BIAMIHHOCTAX CTATUCTHYHUX OLIHOK MarOThb BEJMUMHU aCUMETPIT Ta eKclecy B Po3Mofiiax
nospusaliitHuX Mar. Ha puc. 5 mpencTaBleHW#t Mpukian MONspU3aliifHOTO BHUIINEHHS CTPYKTYpH
KOJIAareHOBWX BOJIOKOH Y BUTJIAAI YIIOPSIKOBAHO! CTPYKTYPH 3 BUCOKMM piBHEM OMTHYHOI aHi30TpoIlii,
110 MPOSIBIISIETLCS Y MPOCBITIAEHHI MOJIsApU3aLifiHOT TONONOriYHOT Manu.

Kopensuiiina xapaxkTepucTuka HaHO! MONApU3aLiliHO BiADIIETPOBaHOI KOMATEHOBOI CITKH Y
BUTTIsIII HEMPOMOAYJIbOBaHOI B mepudepiiiHiii obmacTi 3alnekHOCTi Bka3dye Ha BMOPSAKOBaHUI Ta
BeJIMKOMacIITaOHUM XapakTep MposABiB aHi30TPOMIl MyUKiB KOJareHy.

AHani3 npuBeneHUX MNojspuzauifiHuX mam BekTop-nmapaMeTpa CTokca Mokasas, 110 MOpsif i3
ICHYBaHHSM pO3BUHYTOI CTPYKTYPH @HI30TPOMHMX MpOsBIB IyUYKiB KOJAareHOBUX BOJOKOH iCHYE
HEBMOPSKOBaHA TOIMOJOTIsA eNacTHUHUX BOJOKOH, SIKi TMPOSBMNSIOTECS JIMIIE B MEBHUX, BH3HAUCHUX
Opi€HTALIsX aHAI3aTOP-TI0JIIPU3ATOP HALLIOT eKCepUMEHTaIbHOI cXeMu (puc. 6).

AHI30TpOIHY po3ranykeHy Tororpagito enacTH4YHMX BOJIOKOH BIANOCh BUIINUTH NUILE A
cuTyauil aHaiizy 300pakeHb Yy UUPKYIAPHUX CTaHaX MOJApU3alil, O NpPOSBIAETbCS Y CTATHCTHUHOMY
MOMEHTI TPeTBOTO MOPAAKY (acuMeTpil) BekTop-napaMmeTpa Ctokca S4.

Crioci6 BUsIBJIEHHSI OUIHKM CTYyIeHs aHi3oTpornii KapAioMiOUMTIB, a camMe MiO3MHY K OCHOBHOT
CKJIQNOBOI, MOXIMBHH 3a TOMOJOTIYHO JIOKali30BaHOK 1 ()a30BO-HEOJHOPIJHOK  CKIIAL0BOO
AHI30TPOMHNUX YTBOPEHb B 3HAYEHHSX CTATUCTHYHMX MOMEHTIB BULLMX TOPAIKIB BEKTOp-NapameTpa
Croxca S3 (puc. 7).
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Puc. 5. Tonspusauiitni Marm Puc. 6. CrpykTypa BeKTOp-llapameTpa Puc. 7. Tlomspusauifini Manu BeKTOp-
(eninTuuHicTh nonmspusauii) cyxoxunkosux Crokca S4  CyXOKMIIKOBOI  CTPyHM Ta  [apamerpa Crokca S1-S4 1m8 aHOManbHO
CTpPYH JIBOT0 LIITyHOYKa Cepls THOAUHHU. po3paxoBaHi ricrorpaMu pO3MOALTYy — PO3TALIOBAHOI CTPYHH JBOTO  IUIyHOHYKA

iHTeHCUBHOCTEl, Kopenauiiina XxapakTepu-  (azumyT nonspusauii 450).
THKA Ta CIEKTP [NOTYXXHOCTI CUTHATY.

BHaciigok po3po0ieHa Ta 3ampollOHOBAHA 1O BHKOPWCTAHHA METOIMKA MOJISPHU3ALifHOT
cenexiil 300pakeHb 111 BUABJIEHHs eJacTUYHIX, KOJNAreHOBHX BOJIOKOH i KapliOMiOLMTIB y 3pi3aX
tunosnx CC Ta APC JIII misxoM OLiHKM CTaTUCTMYHHX MOMEHTIB BHIUMX TMOPSIKIB (acuMeTpii Ta
excliecy) opieHTauiitnoro S3 Tta ¢asoBoro S4 mapamerpy CTokca y po3paxOBaHWX MOJsAPH3aLiiHMX
Marax J0CTiKyBaHUX 3pa3KiB.

YV npoBeleHUX MOJNSApU3ALIMHIX  JOCHIIKEHHSX KONAareHoBi, elacTWYHI BOJOKHA Ta
KapAiOMiOLMTI TIPOABISIOTH BiAMIHHI OJMH BiJl OAHOTO aHi30TPOIHI BJIACTUBOCTI, siKi Bi3yani3yroTbes B
pi3HUX MoONAPU3aLifHAX CTaHaX 30H/IYHOUOrO Ta aHali3yruoro MyukiB (asumyTax nonspuzauii).
[1I15X0M YIpaBIliHHs CTAHAMK a3UMYTY Ta elNTHYHOCTI NOJISPU3aLlii BCTAHOBIIEHO, L0 Al e1acTHYHIX
BOJIOKOH XapaKTepHi BiMiHHI 38 KilbKiCHAMU MOKA3HNKAaMU BETMYUHY aHi30TPOMI, sKi AlarHOCTYIOThCS
y LAPKYASPHUX CTAaHaX MONAPU3aLii, a came, y CTATHCTMYHOMY MOMEHTI TPETHOrO MOPAIKY (acMeTpii)
BekTOp-apamerpa Crokca S4. JIIs KONareHOBHX BOJOKOH XapakTepHi MpOsABH  YIOPSIKOBAHOL
iepapxiuHoi aHi30TPOMHOI apXiTEKTOHIKM i3 BMPA3HOK Pi3HULEIO 3HA4YeHb CTATHCTHYHOrO MOMEHTY
YeTBepTOr0 IMOPAAKY (eKcuecy) emimTudHOCTell NomsApu3auii 3o6paxkenHs. Jnd KapAioMiOLHUTIB
BiZIMiYaeTbCs TOIOJIONIUHO JOKani3oBaHa Ta (a3oBO-HEOQHOPIAHA CKIIal0Ba aHi30TPOMHMX YTBOPEHDL B
3HaueHHAX CTATUCTHYHMX MOMEHTIB BUIIUX TTOPsIKIB BeKTop-NapameTpa CTokca S3.
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1. ONOpHi CyXOKHUJIKOBI CTPYHHU CTYJIKH MITpaIbHOTO KJIalaHa ceplls € HalIOBIIMMU (CepelHs JOBXKIHA
cTaHoBUTH 18,23 £ 2,586 MM) Ta HaiiToBCTimMMY (cepents ToBWHHA — 1,53 £ 0,586 MM) Ha BiaMiHy Bil
GasaTbHUX CYXOXKHUIKOBUX CTPYH, W0 € HallKOPOTIINMH (cepelHs JoBxuMHA ckiaamac 10 = 2,716 mm) Ta
HaftonmnMu (cepenns ToswrHa — 0,88 + 0,387 Mwm).

2. Tlix eHpmorenieM, SKUH 30BHI BKpUBa€ TUIOBY CYXOXXUIKOBY CTPYHY, pO3TalllOBYETHCS KOJAareHOBO-
efacTUYHMI 1ap MyXKOi BOJOKHHCTOI CIMOTYYHOI TKAHWHWM, B SKOMY TIPOXOASTH MaricTpalbHi
KPOBOHOCHI CYIUHU B HAMpsIMKY BiJl cOCKOMOAIOHOro M’f3a 10 CTYNKM KianaHa. OCTOB CYXO0XKUIKOBOI
CTPYHW YTBOpEHWIl MIINBHO pO3TAIIOBAHUMH  KOJAareHOBUMM  BOJOKHAMM, sIKi TPAMOJIHINHO
OpiCHTOBAHMMHU B3[OBXK CTPYHH. Y MicCISIX BIIXOKEHHS CyXOXKMJIKOBUX CTPYH Bil COCKOMOIIOHMX
M’S131B JTOKATI3YFOTHCS MYYKW CEPLEBUX M’ A30BHX BOJIOKOH.

3. Mogerti TpocTOpoBOi OpraHi3aLii THIIOBUX CYXOKMITKOBUX CTPYH MiTPalbHOTO KJlalaHa Ta aHOMabHO
PO3TALIOBAHWX CTPYH JIBOTO UITyHOUKAa CepIs JIOAWHU BKa3yrOTh Ha BIAMIHHICTB X CTPYKTypHOT
opramizarii. TUTIOBa CYyXO0XKMIIKOBA CTPYHa yTBOPEHA OJHNUM LEHTPAIBHO PO3TAIIOBAHUM CTPHIKHEM, L0
OTOYEHUI MepudepiltHuM KOTareHOBO-eMaCTUYHUM ILIapOM, B SIKOMY TPOXOIUTEH JO 5 KPOBOHOCHMX
CYJIMH MaTicTpalbHOTO THITY. AHOMANBHO PO3TAIlOBaHA CTPYHA yTBOPeHa 2-4 CTPUKHAMH, IO PO3LIJIeHI
MYXKOK ~ BOJOKHWCTOK ~ CIOTYYHOK — TKAaHWHOIFO, B AKilf  TPOXOAATH  KPOBOHOCHI  CyJIMHU
MiKPOUMPKYISTOPHOTO PyCIIa.

4. TIpoBesieHi JOCTiIKeHHS aHi30TPOIHUX BIACTUBOCTe!l KONAreHOBHUX i eTaCTHYHUX BOJOKOH y CKIaii
TUTIOBUX | aHOMAJBHO PO3TAILOBAHNX CYXOJKMIKOBHX CTPYH BCTAHOBHIIH, IIO IS e/IACTHYHWX BOJIOKOH
XapakTepHa BiIMiHHA 3a KITBKICHUME IIOKa3HMKaM{ BeNMYMHA aHi30TpOIlii, sfKa MiarHOCTYETBCS Y
CTATHCTUYHOMY MOMEHTI TPeTbOro MOPSAKY (acumerpii) BekTop-mapamerpa Crokca S4. [
KOJIAreHOBUX BOJIOKOH XapaKTepHi MpOsBH yHOPSAKOBAHOI iepapXidHO! aHi30TPOMHOI apXiTeKTOHIKH i3
BUPA3HOKO Pi3HULIEIO 3HAUEHD CTATHCTUYHOTO MOMEHTY YeTBEpPTOTO MOPSIKY (eKcIecy).

Iepcnekmugu nodanbuiux 00CidHCeHb: 3a 00NOMO200 Memody Na3epHol noaspumempii npogecmu 00CiONHCeHHs
3MiH CRONYUHO-IMKAHUHHO20 KOMROHEHINY KIANAHHO20 anapamy cepys NoouHu npu o020 oucniasil.
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THIMYHBIE CYXOKIMJIBHBLIE XOPALI MUTPAJBHOT O TYPICAL MITRAL VALVE CHORDAE
KJIAITAHA T AHOMAJIBHO PACTTIOJIOKEHHBIE XOPJIbI TENDINEAE AND ABNORMALLY LOCATED
JIEBOI'O JKEJIYJOYKA CEPIIA YEJTIOBEKA CHORDAE TENDINEAE OF THE HUMAN
®enontox JI. 1., Manuk 10. 10. HEART LEFT VENTRICLE
Fedonyuk L.Ya., Malyk Yu.Yu.
B paGote mnpenmcraBleHbl TpeXMepHble MOJENH CTPYKTYPHOIl In the article presents the three-dimensional models

OpraHu3alMi THITHYHEIX CYXOKMIBHBIX XOpI MUTparbHOro kimarmana # of the structural organization of the typical mitral valve
aHOMAIPHO ~ PACIIONOKEHHBIX ~ XOPA  JIEBOrO JKemymouka cepmua  chordae tendineae and abnormally located chordae of the
YENI0BEKA, YKa3bIBAFOIIME HA PAsITiys WX CTPYKTYpHOH oprammsammu.  left ventricle of the human heart, indicating differences in
lonamer pesynbTaTsl HCCIENOBAHUA CPE30B TUIMYHBIX M aHOMATbHO their structural organization. Submitted the results of
PACTIONOKEHHBIX  CYXOKMITBHBIX XOpI JIEBOro JKelymouka cepaua research of sections of the human left ventricle chordae
eII0BEKa METOMIOM JTasepHOH TIOIAPUMETPHH, TIO3BOJMBINNE MpoBecTH  tendineae by laser polarimetry method, which allowed to
CHCTEeMATHYeCKIil  aHa/i3  Tororpaun  aHM30TPOTHEIX  cBoficTB  conduct a systematic analysis of the topography of the
KOJLTareHOBbIX BOJIOKOH, 371aCTHYHbIX BOJOKOH W KapAMOMHMOUMTOB ¢  anisotropic properties of collagen fibers, elastic fibers and
TIOMOUIBIO  MOJIYH4EHHbIX  paclpejeNleHnit  MHTCHCMBHOCTeH npu  cardiomyocytes obtained through the intensity distribution
Pa3/MYHBIX  TIOAPU3AMMOHHBIX  OPUEHTALNSX H300pakeHnil Bekrop at different polarization orientations of images of
napaverpa  CTOKca, — NONAPM3AMOHHBIX — KapT  (a3uMyToB 1 parameter vector Stokes, polarization maps and Mueller
CIMTUTHYHOCTEH TOJIAPH3ALIN) 1 JEMEHTOB MaTpui Mrofitepa i ux — matrix elements and their corresponding statistical

COOTBETCTBYIOUINX CTATHCTHYECKMX MOMEHTOB 1-T0 - 4-r0 MopsiaKos. moments of the 1-st — 4-th order.
KaroueBble c10Ba: CyXOXWIbHBIE XOPIbl, MHTPanbHbIil Key words: chordae tendineae, mitral valve,
KJTaraH, TpeXMepHas Modesb, Ta3epHas TToISpUMeTpHs. three-dimensional model, laser polarimetry.
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MOP®OJIOTTYHA XAPAKTEPUCTUKA CYXOKNJIKOBUX CTPYH NEPECEPJHO-
IIIYHOYKOBUX KJIATMAHIB CEPIS IJIOAIB, HOBOHAPOKEHUX I JITEN TPYIHOTO BIKY
B HOPMI

NONSpU3aUiliHl BIaCTUBOCTI CYXOXKUIKOBUX CTPYH
MepeaCePAHO-IITYHOUKOBUX KIIANaHiB CeplLs TUIOAIB, HOBOHAPOMKEHNX i JiTell IPyAHOTO BikY 3a IOMOMOTOK KOMITTEKCY
aJIeKBATHIX METOLIB MOP(OITOTIMHOTO TOCTIIKEH . Y pe3yIbTaTi IPOBEAEHOT0 MaKPOCKOMITHOTO 10 CI IKeHHS BCTaHOBJIEHO,
10 CTYJIKK MITPATbHOTO Ta TPUCTYIKOBOTIO KIIATIAHIB CEPIL 3B A3aH] 3 COCKOMOIIGHIMU M’ 3aMH 33 JIOTOMOTOI0 CYXOKHITKOBHX
CTPYH, SIKi MarOTh BHTIISI TOHKUX (BiGPO3HNX HUTOK.

Y pesyasrari npoBeneHHs 3D MOZEMIOBAHHS KIaNaHHOTO amapary ceprs rwioxa 90,0 TiM’SHO-KYTIPUKOBOT
HOBXUHI BUABIICHO, IO COCKOTIOMiIOHI M 31 6e3TMocepeIHbo MepexoaTh Y CTYIKH NepeICepAHO-ILTYHOUKOBUX KIIaraHiB. Y
nnodis 135,0 MM TiM’THO-KYNPUKOBOT JOBKUHH CYXOKIIKOBI CTPYHU fBJISIOTH COGOM M’A30Bi TS%i, MO B 10 1&TBIIOMY
[EPETBOPIOIOTLCA HA CYXOKMIKOBI CTPYHH, y CKIall AKMX J0MiHye wiinpHa odopmieHa crodydda TkamuHa. Y TOBL
CYXOKHMIIKOBUX CTPYH TUTO/IB | HOBOHAPOKEHNX IiTefl, OKPIM MYUKiB KONAreHOBHX BOJIOKOH, 3yCTPidaioThes MMyUKH CeplieBrX
M’A30BHX KIITUH, 110 € 3MOry BIIHECTH IX [0 CyXOKWIKOBUX CTpyH (ifpo3Ho-M’s30B0ro tumy. Ipu imyHorictoximMiunomy
JOCII/DKEHH]  CyXOXKUITKOBHX CTPYH CIIOCTEPIraeThesl MO3UTHMBHA peakitis: Anti-Human Collagen TV+, mo Bkazye Ha
MPUCYTHICTb KonareHy IV B GasanbHiit MemGpaHi kapaioMiounTis, ONTHUYHI BIACTHBOCTI CYXOKUIKOBHX CTPYH MITpPaIbHOIO Ta
TPUCTYIKOBOIO KIANaHiB CepLs Na0Th MOKINBICTL MM(EPEHIII0BATH y iX CKTali KOMTAreHoB, enacTudHi Ta M’S30Bi BOIOKHE,
MATBEPKYHOUH THITOHATKHICTh CYXOKUIKOBOI CTPYHH.

Kumrouosi cioBa: ceprie, mioau, HOBOHAPOUKEHI, iTH TPYIHOTO BiKY.
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Hesaxaroun Ha BENMKY KiNbKiCTh HAYKOBHX JOCTIIKEHb, NPUCBAYEHHX BUBUEHHIO CTPYKTYpHOI
opraHizauii kmananHoro amaparty cepus (KAC) [2, 4, 5, 8, 9], HM3Ka TWUTaHb WIOTO OCOGIMBOCTEH OynoBu
cyxoxunkosux ctpyd (CC) njomiB, HOBOHApPOMKEHMX | MAiTed IPYOHOro BiKy 3amUIIAETbC] HE 10 KiHUA
3’scoBaHnMu. 3a narumu MO3 Vkpaitn, B CTPYKTYpi BpojkeHO! MaTonorii aiTeil mepmoro poky xutTs 14,2 %
BUNAAKIB CKIanaloTh BpomkeHi Bamu KAC, TeMnm 3pocTaHHs AKX HallBUUIMEA cepen ycix 3apeeECTPOBaHUX
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