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Abstract. With the purpose to study peculiarities of development and
blood supply of the sphincteric apparatus of the extrahepatic bile ducts
during the prenatal period of human ontogenesis 104 series of
histological sections of the specimens of human embryos, prefetuses, . .
fetuses and newborns measuring from 4,5 to 378,0 mm parietococeygeal
length (PCL) (5-40 weeks of development) have been researched by
means of complex of morphological methods (anthropometry,
morphometry, vascular injections, macroscopy, microscopy, 3D-
reconstructions, statistical analysis). It has been established that
extrahepatic bile ducts are traced in the form of a well-defined tubular
structure, starting from the 6th weeks of the development. The
extrahepatic and intrahepatic bile ducts are isolated, but at the end of the
embryonal period a tendency towards their fusion is traced. The forming
of the intraorgan blood vessels of the common bile duct is detected at the
end of the 7" week of the intrauterine development in prefetuses
measuring 18.0-19.0 mm PCL. The source of the vascularization of the
common bile duct in its retroduodenal and pancreatic portions is the
branches of the gastropancreatic artery, whereas in the inramural
portion— of the inferior pancreaticoduodenal artery. The peculiarities of
spatial structure of the arterial anastomosis around the coiled part of the
cystic duct proved the existence of the locking device (sphincter) between
the neck of gallbladder and cystic duct and play an important role in
Sfunctioning vascular (arterial) component of it. The distinct character and

angioarchitectonics differences in arterial and venous plexuses in the
sphincter segments of the biliary system has been clearly observed at the
end of the fetus period of development and in newborns, which may
indicate an important functional role of the vessels in activity of
sphincters, which provide biliodynamics.

Introduction

Development of diagnostic methods and new
non-invasive technologies in biliary surgery are im-
possible without exhaustive information concerning
the embryogenesis and anatomy of the extrahepatic
bile ducts [1, 3], including variants of blood supply
and myeloarchitectonics of their sphincter apparatus
[2, 7]. The blood supply of the extrahepatic bile ducts
is notable for variability which is important to take
into account during surgical interferences on the or-
gans of the hepatobiliary system [5, 6]. Understand-
ing the etiopathogenesis of congenital malformations
of the system of the pancreatic and bile ducts re-
quires detailed study of their embryonal development
[4, 10]. But the modern reported scientific data are
fragmentary and controversial. Publications of recent
years concerning the formation of the blood channel
of the derivatives of the intestinal tube during the in-

trauterine development (IUD) in human give only
scrappy information [8, 9]. At the same time, ascer-
taining the specific characteristics of the formation of
the blood vessels of the extrahepatic bile ducts
(EBD) at an early stage of human ontogenesis will
help to understand deeper the consistent patterns of
the vascularization of the biliary tract [8, 9]. The
comprehensive study of the prenatal development of
the sphincter apparatus of EBD is morphological
basis for improvement of surgical techniques [11].

The object of research

The goal of this study is establishing the sources
of the anlage and the dynamics of spatio-temporal
transformations of the sphincter apparatus of EBD,
the specific features of the organization of the blood
supply of the EBD in the prenatal period of human
ontogenesis.

© Y. T Achtemiichuk. O. V Tsviwkalo. I Y. Oliinvk V. M. Nahirniak. 2013
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Material and Methods

The study was carried out on 104 series of histo-
logical sections of the specimens of human embryos,
fetuses and newborns measuring 4.5-378.0 mm of
parietococcygeal length (PCL) from the embryologic
collection of Bukovyna State Medical University by
means of the methods of anthropometry, morphome-
try, vascular injections, macroscopy, microscopy, 3D-
reconstructions, statistical analysis. The IUD periods
were systematized on the basis of the classification of
Schmidt G.A. (1968). The obtained digital images of
histologic specimens were studied using 3D-recon-
struction method based on the computer program “Vir-
tual Anatomist” (Kharkiv, Ukraine) [12].

Results

In this study we found that the anlage of the bile
ducts and liver is a hepatic diverticulum which can
be easily seen in a 4.5 mm PCL embryo (Figure. 1).
This hepatic bud is a diverticulum of endoblastic
epithelium of the ventral wall of the upper portion of
the foregut (the future duodenum) into the transverse
septum that is a mesodermal lamina between the
pericardial cavity and the peduncle of the yolk sac.
The cells of the bud rapidly proliferate and grow into
the caudal portion of the mesoderm of the transverse
membrane between the right and left cardinal veins,
into the so-called hepatic mesoderm. The hepatic
diverticulum grows in the surrounding cellular layers
and rapidly divides onto the cranial and caudal por-

Figure. 1. Sagittal section of human embryo of 4.5 mm
PCL. Hematoxylin and eosin staining. Lens: x8; ocular:
x7: 1 — anlage of duodenum; 2 — anlage of liver; 3 —
anlage of gallbladder; 4 — anlage of common bile duct;
5 — anlage of portal vein

tions. At the end of the fourth week, the shape of the
liver bud gradually changes and the head (in the cra-
nial larger portion) and the neck (in the caudal less-
er portion) of the liver diverticulum can be seen very
distinctively. The cranial part of diverticulum is a liv-
er anlage and has dimensions of 500x315 um. The
caudal portion reaches 250x125 pum in size.

The formation of extrahepatic part of the bile duct
is complete somewhere between the end of the fourth
and the beginning of the fifth week of the intrauterine
development. Its formation takes place due to elonga-
tion of the caudal portion of the liver diverticulum.
The caudal portion of the liver diverticulum (the cys-
tic diverticulum), turns into the gallbladder and its
“neck” forms the cystic duct. It has been traced that
cells, forming the gallbladder and the cystic duct orig-
inate from a histologically distinct population of ento-
dermal cells. The stalk of the hepatic diverticulum
between the primitive gut, which is differentiated into
the duodenum and the cystic diverticulum, transforms
into the common bile duct. Thus, intensive processes
of a transformation of the liver diverticulum and the
formation of the human biliary system during the
fourth week take place. Therefore, any unfavourable
factors of the internal or external environment may
bring about the appearance of anatomical variants or
congenital malformations of the gallbladder and EBD.

The intensive proliferation of the hepatic cells
and the elongation of the extrahepatic bile ducts take
place during the fifth week of IUD. At this time, the
intestinal tube starts closing and forming the duode-
num. In the end of the fifth week, lumen of these tu-
bular structures is filled with epithelial cells. During
this period the cystic diverticulum can be easily
traced. Its dimensions reach 250x130 um. The anlage
of the gallbladder is surrounded by a mesenchymal
layer. Its muscular and connective tissue membranes
are formed by the hepatic tissue. The dorsal pancre-
atic diverticulum is formed from the dorsal wall of
the duodenum and is positioned against the place of
the origination of the liver diverticulum and shortly,
the ventral pancreatic diverticulum arises from the
anlage of the bile duct, more caudally from the pri-
mordium of the gallbladder. ## Although the hepat-
ic diverticulum arose from the ventral wall of the
foregut, the processes of growth and rotation of the
duodenum cause a shift of the place of the conflu-
ence of the bile duct and the ventral pancreatic pri-
mordium on the dorsal wall of the intestine and their
location within the bounds of the dorsal mesentery.

At the beginning of the sixth week of TUD, the
size of the hepatic anlage continues to grow inten-
sively. At this time, its transverse size is about 900
pm, the dorsoventral size is about 400 pm, and the
craniocaudal one is about 455 pm. It occupies the
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Figure 2. 3D-reconstruction of serial frontal histotopographic sections of abdominal organs of the prefetus of
21.0 mm PCL. A — anterior view, B — posterior view: 1 — liver; 2 — stomach; 3 — gallbladder; 4 — cystic duct; 5 —
hepatic veins; 6 — esophagus; 7 — pancreas; 8 — duodenum; 7 — jejunum

cranioventral section of the abdominal cavity, and its
right segment exceeds in size its left one reaching out
the posterior wall of the abdominal cavity. The an-
lage of the organ starts gradually separating itself
more distinctively from the diaphragmatic part of the
transversal septum and becomes a true abdominal
structure located between the leaves of the ventral
mesentary which were formed owing to the closure
of the gut and the abdominal wall. The hepatic liga-
ments, and the lesser omentum, in particular, are
formed from the remnants of the transversal and the
ventral mesenteries. The ventral mesentery provides
a special framework to the bile ducts and vessels
which go to the porta hepatic. It degenerates in a cau-
dal direction from them. The lesser omentum, and
the hepatoduodenal ligament in particular, consist of
the portal vein, the hepatic artery and the common
bile duct which are called a portal triad. The forma-
tion of topographic variants and malformations of the
hepatic vessels during this period is possible.

Throughout the sixth week of the development,
vacuolization and recanalization of the lumen of the
tubular structures begin. These processes start in the
duodenal end of the intestinal tube. An abnormality of
the normal processes of recanalization, namely incom-
plete recanalization, may induce the appearance of the
membranous common bile duct with further atresia at
this stage of development. For example, due to viral
inflammatory infections, it may result in sclerotic
changes of the bile ducts. At the beginning of the sixth
week of development, the ventral and dorsal pancre-
atic anlages become contiguous between themselves
within the bounds of the dorsal mesentery. In the end
of the week their complete fusion takes place with the
formation of the definitive pancreas.

We found that the hepatic duct develops from the
superior cranial portion of the hepatic diverticulum. The
caudal parts of the right and left hepatic ducts arise from
the extrahepatic ducts and are well-defined by the end
of the sixth week of development. A reconstruction of
the extrahepatic bile ducts demonstrated their indepen-
dent development from the intrahepatic ductal system.
Both bile systems are separated since the time of their
anlage, but at the end of the embryonal period a tenden-
cy towards their union was detected (Figure. 2).

It was found that at the end of the seventh week of
the IUD when the prefetuses PCL is 18.0-19.0 mm,
CBD is located in the thickness of the mesenchyma of
the ventral mesogastrium behind the superior portion
of the duodenum. It is connected with the duct of the
ventral anlage of the pancreas on the concave surface
of the descending portion of the intestine. The layer of
the mesenchymal cells adjacent to the CBD walls be-
comes separated from the neighboring cells of the sur-
rounding mesenchyma in a caudal direction assuming
a clear-cut circular orientation.

Isolated lumens of the blood vessels of the capil-
lary type are detected in the mentioned above mesen-
chymal layer, primarily on the left and caudally from
CBD. This means the beginning of formation of its
intraorgan blood channels during this period. In the
eighth week of IUD (prefetuses 23.0-29.0 mm in
PCL), one can differentiate 3 portions in the CBD: the
retroduodenal section located behind the superior part
of the duodenum, the pancreatic segment between the
pancreatic head and the medial wall of the descending
portion of the duodenum, and the intramural one — in
the thickness of the medial wall of the organ. The
duodenal branch of the gastroduodenal artery is locat-
ed on the left and in front at a distance of 150 um from



the retroduodenal portion of the CBD. The pancreat-
ic section of the CBD is accompanied by the superior
posterior pancreaticoduodenal artery in a descending
direction (Figure. 3). The inferior pancreaticoduode-
nal artery branch approaches the terminal portions of
the CBD and the pancreas caudally.

Tiny duodenal branches of the gastroduodenal
artery approach the left wall of the retroduodenal
portion of the CBD, primarily, at the front and behind
in a longitudinal direction in the ninth week of the
TUD in prefetuses of 32.0-40.0 mm PCL. The branch-
es in the pancreatic portion of CBD coine from the
superior pancreaticoduodenal artery from the right
and normally to their axes.

Tiny blood vessels, passing mainly from the inferi-
or pancreaticoduodenal artery, are located cranially and
on the left between the circular and longitudinal fasci-
cles of myoblasts, surrounding the intramural portion of
the CBD and the hepaticopancreatic junction.

At the end of the tenth week of TUD (prefetuses
PCL is 45.0-52.0 mm), lumens of the blood vessels
are well identified. Their walls are covered with en-
dothelium and surrounded by a circular layer of mes-
enchymal cells. Vessels are located around the hepat-
icopancreatic junction and between the muscular fas-
cicles of Oddi’s sphincter (Figure. 4). All this is the
indication of the formation of the subepithelial and
intramuscular vascular plexuses of the major duode-
nal papilla. The branches of the inferior pancreati-
coduodenal artery are the sources of its visualization.
The same concerns the intramural CBD portion.

OpwuriHansbHi 4OCNIKEHHS .

Figure 3. Frontal section of terminal portion of common
bile duct of the prefetus of 27.0 mm PCL. Hematoxylin
and eosin staining. Lens: x8; ocular: x7: 1 — common
bile duct; 2 — superior posterior pancreaticoduodenal
artery; 3 — mesenchymal cells; 4 — pancreas

Figure 4. 3D-reconstruction of serial sagittal histotopographic sections of abdominal organs of the male prefetus -

of 48.0 mm PCL. Left antero-inferior view: 1 — liver; 2 — stomach; 3 — duodenum; 4 — common bile duct
galibladder; 5 - cystic duct; 6 — terminal portion of common bile duct; 7 — main pancreatic duct; 8 — superior
mesenteric arteri; 9 — inferior (common) pancreaticoduodenal artery; 10 — kidney and suprarenal gland; 11 - aorta
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Figure 5. 3D-reconstruction of serial frontal histotopographic sections of the female fetus of 130.0 mm PCL.
Anterior view: 1 — mucous membrane of the fundus of gallbladder, 2 — mucous membrane of the body of
gallbladder, 3 — Hartmann's pouch and the neck of gallbladder, 4 — cystic duct, 5 — right branch of the proper
hepatic artery, 6 — cystic artery and vein, 7 — common hepatic duct, 8 — left branch of the proper hepatic artery,
9 — portal vein, 10 ~ branch of the cystic artery, 11 — proper hepatic artery, 12 — spiral arteries of the cystic duct,

13 — anastomoses (arterial circle) of the cystic duct

3D-reconstruction

Figure 6. of serial frontal
histotopographic sections of the male fetus of 290.0 MM
PCL. Anterior view: 1 — mucous membrane of the
gallbladder, 2 — common bile duct, 3 — tunica muscularis
of the medial wall of descend part of the duodenum, 4 —
proper hepatic artery, 5 — portal vein, 6 — superior
mesenteric artery, 7 — pancreatic duct (Wirsung's duct)
8 — right gastroepiploic vein, 9 — gastrodupdenal artery,
10 — anterior superior pancreaticoduodenal vein, 11 —
posterior superior pancreaticoduodenal vein, 12 -
venous plexus of the duodenum

The centers of blood vessels formation were found
in the seventh week of development. At the end of
twelfth week of TUD, all branches of celiac trunk and
superior mesenteric artery are well traced. It was
found that definitive structure of the arterial system of
EBD starts from the beginning of fetus period of hu-
man ontogenesis. Three types of arterial anastomoses
were found on the surface of EBD. Namely, we found
the arterial network, a chain of longitudinal anasto-
moses, and the arterial circle. The peculiarities of spa-
tial structure of the arterial anastomoses around the
coiled part of the cystic duct proved the existence of
the locking device (sphincter) between the neck of
gallbladder and cystic duct. The sphincter plays an
important role in functioning of vascular (arterial)
component of blood supply system (Figure. 5).

The structure of the vascular system of 4-month-
old fetuses starts demonstrating characteristics which
are similar to its definitive topography. Topography
and a structure of the venous plexus differ from those
for arterial structures in areas of an extra- hepatic bile
duct (EBD) sphincter (around the cystic duct and the
terminal part of CBD). The arteries accompanying
CDB develop anastomoses in the form of a chain of
longitudinal vessels close to walls of a duct. These
anastomotic branches resemble the arterial arches
that connect the upper and lower pancreatic-duode-
nal artery. In turn, the same name veins form a plexus
around EBD. That mesh follows arteries laterally.
The anatomical architecture changes in the internal
wall of EBD and in the wall of duodenum. The ter-

_____ [l



OpwrisanbHi JOCNIMHKEHHS.

minal branches of arterial vessels are perpendicular
to the direction of duodenum’s axis and wrap it
around starting from the medial edge and giving
twigs in all layers of the body. Veins form a plexus in
the whole wall of duodenum. A longitudinal to the
medial wall of the descending part of the duodenum
direction of venous plexuses can be seen on the 3D
image reconstruction (Figure. 6).

Thus, during the fetal period of TUD, the chang-
es in structural complexity and spatial transformation
of the vasculature of EBD take place. Structural dif-
ferences in arterial and-venous. plexuses-of the
sphincter segnient of biliary system between the late
fetal period and in newborns are clearly seen. There-
fore, we may assume that they play an important role
in the function of sphincters, which provide the dy-
namics of bile.

Conclusions

1. Intensive processes of a transtormation of the
hepatic diverticulum and form-building of the bile
system throughout the 4th week of the development
may be regarded as a critical period. 2. The extrahe-
patic bile ducts are traced in the form of a well-de-
fined tubular structure, starting from the sixth month
of the development, whereas the intrahepatic bile
ducts are represented by a primitive tubular plate.
The extrahepatic and intrahepatic bile ducts are iso-
lated, but at the end of the embryonal period a ten-
dency towards their fusion is traced. 3. The forming
of the intraorgan blood vessels of the common bile
duct is detected at the end of the seventh week of the
intrauterine development in prefetuses measuring
18.0-19.0 mm PCL. 4. The source of the vasculariza-
tion of the common bile duct in its retroduodenal and
pancreatic portions is the branches of the gas-
troduodenal artery, whereas in the intramural portion
- of the inferior pancreaticoduodenal artery. 5. The
peculiarities of spatial structure of the arterial anas-
tomoses around the coiled part of the cystic duct
proved the existence of the locking device (sphinc-
ter) between the neck of gallbladder and cystic duct
and play an important role in functioning of vascular
(arterial) component of it. 6. The distinct character
and angioarchitectonics differences in arterial and
venous plexuses in the sphincter segments of the bil-
iary system has been clearly observed at the end of
the fetus period of development and in newborns,
which may indicate an important functional role of
the vessels in activity of sphincters, which provide
biliodynamics.

Outlooks of the scientific inquiry
In order to detect possible variants of the blood
supply of the common bile duct it is expedient to in-

vestigate the specific characteristics of the formation
of its blood channel in human fetuses and newborns.

References. 1.Adkins Jr R. B. Embryology, anatomy, and
surgical applications of the extrahepatic biliary system/R. B. Adkins
Jr, W. C.Chapman, V. 8. Reddy // Surgical Clinics of North America.
—2000. - T. 80. — Ne. 1. - C. 363-379. 2.Analysis of the arterial
supply of the extrahepatic bile ducts and its clinical significance / W.
J. Chen,D. J. Ying, Z. J. Liu [etal.] / Clin. Anat. — 1999. - Ne 12, -
P. 245-249. 3. Axremiliuyx }0.T. Ictopis suBdeHHs aHaToMii
COIHKTEPHOTO anapary 1osa-Ne4iHKOBHX JKOBYHUX TIPOTOK JIHOH-
au / 10. T Axremiitayx, O.B.[urukano / Tas-pryeciuii meauxo-
Guonormyeckuit Bectuuk. — 2008, ~ T. 11, u. 1I. — C. 166-168.
4.Bamewolt C.E. Congenital abnormalities of the gastrointestinal
tract/ C.E. Barnewolt // Seminars in Roentgenology. — 2004. —V.
39, N 2. — P. 263-281. 5.Vascular anatomy of the
pancreaticoduodenal region: a review / G. Murakami [et al.] /
Journal of hepato-biliary-pancreatic surgery. — 1999. ~T. 6. — Ne. 1.
~C. 55-68. 6.Monnasckas A. A. Backy.1spu3aums npoM3BOIHBIX
THIIEBAPUTENBHOM TPy OKH HYeoBeKa Ha JTanax NPeHaTabHONO OH-
ToreHesa / A. A. Monnasckas, A. B. CaBu-11IeB / AcTpaxaHCKuii
MEITHIMHCKUA xkypHan. — 2011. — T. 6, Ne 2. — C. 104-107.
7.Roskams T. Embryology of Extraand Intrahepatic Bile Ducts, the
Ductal plate / T. Ros-kams, V. Desmet // The Anatomical Record. -
2008.—T. 291. - Ne. 6.~ C. 628-635. 8.Strazzabosco M. Functional
anatomy of normal bile ducts / M. Strazzabosco, L. Fabris // The
Anatomical Record. —2008. - T. 291. — Ne, 6, — C. 653-660. 9.Blood
supply to the duodenal papilla and the communicating artery between
the anterior and posterior pancreaticoduodenal arterial arcades / H.
Yamaguchi [et al.] // Journal of Hepato-Biliary-Pancreatic Surgery,
—2001. - T. 8. — Ne. 3. - C. 238-244. 10.Axremitayk 0.T. Opra-
HOreHes 3aodepeBuHHOro nmpocropy / 10.T. Axremiiiuyx. —
Yepnisui: ITpyt, 1997. — 148 c. 11.Konecxukos JI. JI. Cunxrepo-
norus. M.: T'3otap-men., 2008, — 152 c. 12.ITarenT Ha KOpUCHY MO~
nens Ne 62646 (Yipaina), MIIK (2011.01) A61B 5/00. Crioci6 3-
D pexoncTpyxiiii aHaToMidHIX 06’ €kTiB 3a Makpodororpadismu ix
anaromiuHux 3pizis / Omitirmk 1. FO., Tabaumiox H. E., Bepuik H.
B., Auromtox O. I1., Jlaspis JI. IL.; 3asBHuK i naTeHTOBN. ByKOB.
Zepx. MeJ. yH-TeT. — Ne 3aapku u 2011 00851; 3asmn. 26.01.2011;-

omy6n. 12.09.2011.—- Bron. Ne 17. - 4 c.

NPOCTOPOBO-YACOBA XAPAKTEPUCTHKA
COIHKTEPHOI'O ATTIAPATY MO3ATNIEYIHKOBHUX
XKOBYHUX INMPOTOK Y NNIPEHATAJILHOMY MEPIOAI
OHTOT'EHE3Y JIIOANHA
10. T. Axmemiiinyk, O. B. Huzuxano,

L I0. Onitinux, B. M. Hazipuax

Pestome. 3 MeTOI0 BHBYEHHA 0COONMUBOCTEH POSBHTKY i KPOBO-
TI0CTa4aHHA CHiHKTEPHOTO anapary No3aNeYiHKOBUX KOBYHKX MPO-
TOK YTIPONOBX TIPEHATANIB-HOTO TePiOay OHTOICHE3Y JIOAMHH J0C~
nimxero 104 cepii ricronorigxux 3pisis npenaparis emGpionis,
TIEPENTIONIB, IUIONIB T4 HOBOHAPOMKEHHX IONHHY 4,5-378,0 MM
Tim’ aHO-KynpykoBoi fomxnHa (TK]T) (5-40 TrokHiB po3BuTKY) 32
JIOTIOMOTOIO KOMILTIEKCY MOP(OIOriTHIX METOAIB (aHTPONOMeTpis,
MopthomeTpis, iR’ eKLis CyarH, MaKpo- i Mikpockorisi, 3D-peKoHcT-
PYIOBaHHS, CTaTMCTHYHUI aHami3). BeraHoBieHo, mo nosanediy-
KOBi JKOBUHi IIPOTOKHM NPOCTEXYIOThCA y (hopmi giTkoi Tpy6aacToi
CTPYKTYpH, DOYMHAIOTH 3 6-T0 TYDKHSA BHYTPILIHA0Y TPOGHOTO Po3-
BUTKY. [T03a- Ta BHYTPINIHEO-NEiHKOB] HKOBYHI IPOTOKH CTIOYAT-
Ky i30/150BaHi, aJ1¢ HATIPHKIiHII 33POKOBOTO NEPIOIY ITPOCTENKY ETh-
s TEHIEHLIA 10 iX cromy4eHHs. POPMYBaHHS BHYTPIlIHBOOPraH-
HUX KPOBOHOCHHX CYZMH CITiTBHOT )XOBYHOI POTOKH BHABIEHO
HANPHKIHL{ 7-10 THXHS BHYTPIITHEOY TPOGHOIO PO3BHTKY B NEpez-
miozis 18,0-19,0 mm TK]1. [xepenamu Backyaspy3auii CrimbHOT
’KOBYHOI MPOTOKH B i MO3aNIBAHAN-IATUNIANOKHLIKOBOMY T2
HiTULTYHKOBOMY BiUIiJIaX € MIKH LTy HKOBO-BAHA LA THIIATIOKHILI-
KOBOI aprepii, B iHTpaMypansHOMy BiZiM — HIDKHBOT TAILUTY HKO-
BO-JBAHA/ILATHITANOKHIIKOBO! aprepii. OcobmBocTi pocTopoBol
GyoBM apTepianbHOr0 aHACTOMO3Y HABKONO 3BUBHMCTO! YaCTHHH
MiXypOBOi MPOTOKH CBiNHaTH PO iCHYBAHHA 3aMMKAIBHOTO NP~
cTpoio (cdirkTepa) Midk MIAKKOIO KOBIHOTO MiXypa Ta MiXypUBOIO
TPOTOKOIO i BiAIrpaioTs BAKIMBY POTb Y (yHKIOHYBAHHI CYIHH-
HOTo (aprepiansHoro) Horo kommonenTa. Ocobmisocti Gynosu Ta
BUIMiHHOCT] aHMIOAPXITEKTOHIKY apTepiaibHKX i BEHOSHHX CIiie-
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TeHb y CHIHKTEPHMX CerMEHTaX JKOBIHOI CHCTEMM TITKO IPOCTENy-
I0TBCS! HAIPUKIHIL TLIOJOBOTO TIEPiOy PO3BUTKY TA B HOBOHAPO/I-
KEHUX, | MOXYTh BKA3Y BATH HA BRXIHBY (hYHKILIOHANEHY POITH Cy-
IMH B JisUIbHOCT cinkTepiB, axi 3a6e3neqyiors Giniomunamiky.

KawouoBi cioBa: no3amediHKOBi *OBYHI NMPOTOKH,
cinkTepHuit amapar, po3BUTOK, IUTiA, MONHUHA.

NMPOCTPAHCTBEHHO-BPEMEHHA S
XAPAKTEPUCTUKA COMHKTEPHOT'O AIITIAPATA
BHEINEYEHOYHBIX XEJYHLIX ITPOTOKOB B
NPEHATAJIbHOM NNEPHOJE OHTOT'EHE3A
YEJOBEKA
0. T. Axmemuiiuyk, O. B. Huzuxano,
H. IO. Onuiinux, B. M, Hazupuax

Pesiome. C Lienbio H3ydeHHs 0COGEHHOCTEH pasBUTHs ¥ KpO-
BOCHAGXKEHNS C(HMHKTEPHOIO anTapara BHENEIEHOUHBIX JKEMIHBIX
TIPOTOKOB B T€4EHNE PEHATANB-HOTO IIEPHUOLA OHTOTEHE3a Ye/I0Re-
Kka rccne08aH0 104 cepum ruCTONIOTMMECKHX CPE30B NPENaparos
3MOPHOHOB, MPEATIIONOB, TUIOJ0B M HOBOPOKACHHBIX YeNoBeKa 4,5-
378,0 Mm TemenHo-kormamkoBo# ekl (TK) (5-40 Henenu pas-
BUTHS) C MOMOIIBIO KOMILTEKCa MOPGOIOTHYECKIX METONOR (AHT-
POTIOMETPHS, MOPHOMETPHS, HHBEKLIHA COCYIOB, MAKPO- M MUKPO-
ckonus, 3D-peKOHCTPY MPOBAHKS, CTATHCTUYECKUI ananu3). YeTa-
HOBJIEHO, 4TO BHETIEYEHOYHBIC HETYHBIE POTOKH IPOCISHKHBAKOT-
cs B popme ueTKo# TpyOGUATOl CTPYKTYpBI, HauMHAs ¢ 6-# HeAe M
BHYTPHYTPOOHOTO pasBHTHS. BHE- 1 BHYTPHIIEYEHOYHBIE KETUHBIE
NPOTOKH CHAuaIa M30MPOBAHE], HO B KOHLIE 3aPO/BILIEBOTO TIEpH-
0713 IPOCNEKMUBAETCH TEHACHLMS K UX COETMHEHuI0, DopMUpoBa-

HHE BHYTPHOPraHHEIX KPOBEHOCHBIX COCY0B OBLIETO KENYHOro
TIPOTOKA BEISBIICHO B KOHLIE 7-# Hellemi BHYTPHYTPOGHOTO pasBu-
THA y nipeamwionos 18,0-19,0 My TKI. Wcrourmkamu BacKysispy-
3a1MK 00MIEr0 XEMTTHOr0 MPOTOKA B €€ [038 41 IBEHAILATHIIEDCT-
HOM Y TO/DKEITYA09HOM OTZAENAX SB/AIOTCH BETBY XKEMYIO4HO-IBa-
HaJIUATHIIEPCTHON APTepyH, B UHTPAMY PATb-HOM OTIENE — HIDKHEH
TIOKEITYIOYHO-ABAHAIATHIIEPCTHOH aprepun. OcoGeHHOCTH Mpo-
CTPAHCTBEH-HOINO CTPOSHUS apTEPHAIbHOTO aHACTOMO3a BOKPYT
M3BUJIMCTOH YacTH JKETYHONO MPOTOKA CBUIETENECTBYET O Cylie-
CTBOBAHHMH 3aNMPATENBHOTO YCTpoticTsa (chuHKTepa) MEKITY HIeH-
KO# JETYHOrO ITy3bIPA M HKETYHBIM MPOTOKOM, M HIPAIOT BAKHYIO
POk B GYHKIMOHHPOBAHHY COCYAUCTOTO (ApTEPHANEHOr0) Ero
KOMIIOHEHT8, OCOGEHHOCTH CTPOSHYS X OT/IMYMS aHTHOBPXUTEKTO-
HUKY apTepHaTbHBIX B BEHOSHBIX CRIETEHMIH B COUHKTEPHEIX Cer-
MEHTAX EITUHOM CHCTEMBI YETKO ITPOCIICKUBANOTCSH B KOHIIE IO
HOTO NEPHOA PA3BUTHA M Y HOBOPOXKIECHHBIX,  MOTYT YKA3hIBATS
Ha BOXHYIO (D)YHKIMOHANBHYIO POJIb COCYAOB B IEATENLHOCTH
COHUHKTEPOB, KOTOPbIE OGECTICYHBALOT GUITHOAMHAMMUKY.
KnioueBble €10Ba: BHENCYSHOUHBIE KEMIHbBIE POTOKH, chun-
KTEpHbIM anmapar, pasBUTHE, TUIOZ, YEIOBEK.
BykoBHHCKHH rOCYIaPCTBEHHBIN MEMLIMHCKUI YHUBEPCHTET, I,
YepHOBIB!
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