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This work was aimed at studying the effect of different perioperative treatment strategies following
indirect revascularization on regional blood flow and microcirculatory network of soft tissues in
patients with critical lower limb ischemia. The study was conducted in 210 patients (154 men, 56
women) with critical lower limb ischemia aged from 28 to 74 years, who were receiving hospital tre-
atment during 2001-2019, with the ischemia duration of two-months-up-to-four-years. The cause of
critical ischemia was the occlusion of the arteries of the femoral-popliteal-tibia and tibia-foot seg-
ments of the atherosclerotic and thromboangiotic genesis. The regional blood flow was examined
through non-invasive instrumental techniques (the determination of oxygen saturation of skin,
rheovasography, Doppler ultrasonography, ultrasound duplex scanning). The state of the microvas-
culature and neoangiogenesis was evaluated by complex morphological and immunohistochemical
studies of tru-cut biopsy specimens of ischemic limb soft tissues in 80 patients (55 men, 25 women).
Non-parametric tests were used to analyze digital data. It was found that in contrast to controls,
the combined administration of intravenous laser blood irradiation and cytokine therapy with
'Roncoleukin’ in the perioperative period of revascularizing osteotrepanation with intraosseous la-
ser irradiation accelerates neoangiogenesis and increases the number of functionally active micro-
vessels with open lumen in the soft tissues of ischemic limb. The statistically significant improve-
ment in regional blood flow and skin oxygen saturation was observed after indirect revascularizati-
on as well. The combination of intravenous laser blood irradiation and cytokine therapy in the pe-
rioperative period of indirect revascularization by osteotrepanation with bone marrow laser irra-
diation creates favorable conditions for increasing regional blood flow and promoting neoangioge-
nesis to improve microvasculature in critically ischemic lower limb.

Keywords: Occlusion of arteries, critical ischemia, indirect revascularization, laser irradiation, cytokine
therapy, regional hemodynamics, microvasculature

(bokepust u coast, 2011; BypoB u coasr., 2019;
3areBaxuH U coaBT., 2011; Kazakos u Xyxk, 2019;
[TokpoBckuii 51 COABT., 2018; Han.

INTRODUCTION

The treatment and prognosis of the critical

lower limb ischemia (CLLI), caused by the occlu-
sion of their distal arteries have not lost their rele-
vance. Reconstructive surgery of the arteries of
lower extremities in CLLI is the main treatment
strategy for this severe category of patients; ho-
wever, in 5.8-16.5% of cases there are adverse
outcomes, and in 8.8-20.4% — major amputations

doi.org/10.29228/jlsb.55

pexomenmarmu, 2019; Biancari et al., 2007). X-
ray endovascular surgery does not always provide
a complete revascularization of the limb
(3ateBaxuH u coasr., 2011; KazakoB u XKyk,
2019; Xosankuu u coast., 2019; Bosh et al.,
2007; Clair et al., 2005). Conservative therapy as
an alternative to disabling surgery (disabling sur-
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gical intervention) is also ineffective (Ham.
Pexomenmgannmn,2019). In the surgical treatment of
patients with CLLI, a separate group is made up
of indirect methods of revascularization which
includes revascularizing osteotrepanation (ROT),
lumbar sympathectomy (LSC) in combination
with other surgical interventions and various mo-
difications of perioperative complex therapy
(F'acanoB u Kocaes, 2019; 3ycmanoBuu, 1999;
Kocaes, 2011; 2012a; 20126; KportoBckuii wu
3yaun, 2005; CyxoBatsix u OpnoBa, 2013; Aslya-
ev et al., 2016). The state of the microvasculature
of the affected soft tissues of the lower extremities
of patients with CLLI under different schemes of
perioperative treatment with indirect revasculari-
zation remains poorly understood, especially from
the standpoint of modern morphology and non-in-
vasive instrumental diagnostics (Nowak-Sliwins-
ka et al., 2018). Meanwhile, an objective assess-
ment of the morphological and functional state of
micro-vasculature would not only optimize perio-
perative therapy in indirect revascularization, but
also improve the prognosis in patients with CLLI.

OBJECTIVES

The purpose of this research is a comprehen-
sive non-invasive-instrumental and morphological
study of regional blood flow and microvasculature
of soft tissues under various perioperative treat-
ment regimens following indirect revascularizati-
on in patients with critical lower limb ischemia
(CLLI) caused by the occlusion of their distal ar-
teries.

MATERIALS AND METHODS

A permission to conduct the study was obtai-
ned from the Ethics Committee of the Scientific
Center of Surgery named after Acad. M.A.Topc-
hubashev. The study contingent was composed of
80 patients who were familiarized with all aspects
of the upcoming treatment before it began and ga-
Ve written consent to carry it out.

Twenty-eight-to-seventy-four years old pati-
ents of both sexes (55 men and 25 women) suffe-
ring from critical ischemia from 2 months up to 4
years were hospitalized in the Department of Vas-
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cular Surgery of the Scientific Center of Surgery
named after Acad. M.A.Topchubashev in the peri-
od from 2001 to 2019. The reason for the deve-
lopment of critical ischemia was the unreconstruc-
table occlusion of femoral-popliteal-tibial and ti-
bial-foot segments of arteries, which was of athe-
rosclerotic and thromboangiotic origins. As con-
comitant diseases, there were arterial hypertensi-
on, coronary heart disease, chronic cerebrovascu-
lar disease, chronic obstructive bronchopulmo-
nary diseases, as well as pyloroduodenal erosive
lesion and renal failure.

In order to establish a diagnosis of critical lo-
wer limb ischemia and evaluate the effectiveness of
the proposed method, clinical and instrumental stu-
dies were carried out: the determination of oxygen
saturation of skin, rheovasography, Doppler ultra-
sonography, ultrasound duplex scanning, and mul-
ti-spiral computed tomography angiography. Using
instrumental methods of research, we determined
such indicators of arterial and venous blood flow as
the rheographic index (RI), linear velocity of blood
(LVC) in the popliteal artery, gradient of regional
systolic pressure (GRSP), gradient of post-occlusi-
ve venous pressure (GPOVP), venous arterial in-
dex (VAI), which was measured in the standing
and supine positions. Oxygen saturation of skin in
the distal part of the foot was also studied.

In the perioperative period, 34 patients recei-
ved standard treatment, 32 patients - standard tre-
atment plus intravenous laser blood irradiation, 32
patients - standard treatment plus cytokine therapy
with ‘Roncoleukin’, 33 patients - standard treat-
ment plus intravenous laser irradiation of blood
along with the cytokine therapy with the 'Ronco-
leukin', 31 patients - in the ROT with intraosseous
laser irradiation - standard treatment plus intrave-
nous laser blood irradiation along with the cyto-
kine therapy with «Roncoleukiny.

The state of regional arterial and venous blo-
od flow in patients was studied upon their admis-
sion to the clinic and upon the completion of tre-
atment. Some of the parameters of regional arteri-
al and venous blood circulation were compared to
the identical indicators of 48 healthy individuals
(the “reference group”).

The microvasculature of ischemic soft tissues
of the lower extremities was studied in a total of
80 patients (55 men, 25 women). It was perfor-
med by non-traumatic tru-cut biopsy of soft tissu-
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es of the foot (skin, subcutaneous tissue, fascio-
aponeural layer and muscles), lower leg and thigh,
along with general histological (hematoxylin-
eosin, picrofuxin) and immunohistochemical
analyzes (VEGF, CD31, CD34, collagen of IV
type and Ki67; “Roche Diagnostics”) according to
the standard procedure (Dey, 2018).

To determine the possible correlations of the
studied parameters with various schemes of perio-
perative treatment, the obtained clinical and inst-
rumental data was processed by using non-para-
metric tests with the calculation of the Pearson's
chi-squared test (¥2) and correlation coefficient (r)
at a confidence level of P = 0.95 (fOnkepos B.U.
1 coaBT., 2011).

RESULTS AND DISCUSSION

Regional arterial and venous blood flow was
characterized by controversial changes. Upon ad-
mission to the clinic, patients had severe blood
flow disturbances, which were also accompanied
by a significant suppression of the level oxygen sa-
turation of skin. Revascularizing osteotrepanation,
in general, had a positive effect on the studied para-
meters of regional blood flow, which was confir-
med by an increase in the number of patients with
positive clinical dynamics. Moreover, the best re-
sults were observed for operations of revasculari-
zing osteotrepanation with simultaneous laser irra-
diation of bone marrow in the postoperative period
during 7-8 days. It is pertinent to mention that
upon completion of treatment, 25-27 out of 31 pati-
ents showed a significant improvement in almost
all the considered indicators of regional blood flow
in the critically ischemic limb. Of particular note
are the rheographic index and the gradient of regio-
nal systolic pressure, the improvement of which
was recorded in 87.1% of patients (Table 1).

In parallel with instrumental non-invasive
examination of regional blood circulation, neoan-
giogenesis and the density of microvasculature in
the small soft tissue biopsy specimens of critically
ischemic limb were also comprehensively studied
based on a combination of a number of morpholo-

gical parameters. In particular, neoangiogenesis
analysis revealed that after the completion of
complex treatment, 40 patients out of the exami-
ned 80 (50.0%) showed an acceleration of the for-
mation of new microvessels in previously necro-
biotic tissues, especially in the endomysium of
muscles and fascial-adipose tissue. The maximum
stimulation of this process was inherent to the
subgroup of patients who received intraosseous
and intravenous laser irradiation in combination
with cytokine therapy in the perioperative period
(14 patients with an increase of neoangiogenesis;
77.8%; Table 2).

The above-mentioned data allowed us to sug-
gest that laser stimulation of the bone marrow and
venous lining in combination with immunomodu-
latory therapy in the perioperative period can pro-
mote the formation of microvessels, which is con-
sonant with modern understanding of angiogene-
sis (Nowak-Sliwinska et al., 2018).

An analysis of the microvasculature density
indices upon completion of treatment of patients
revealed a similar pattern. Thus, the total density of
various microvessels (arterioles, precapillaries, he-
mocapillaries and postcapillary venules) tended to
increase in 34 patients out of 80 examined (42.5%).
As in the case of neoangiogenesis, the maximum
increase in the average number of microvessels
was detected in patients with intraosseous and int-
ravenous laser irradiation in combination with
cytokine therapy in the perioperative period (11 pa-
tients; 61.1%; Table 3).

It should be noted that the morphologically
verified microvessels of a specific necrobiotic-
altered (but not necrotic) tissue microzone were
roughly divided into two types: functional (with
preserved structure and lumen) and non-functio-
nal (without a clearly structured wall and lumen
less than 4.1 um ). Based on the results, the pro-
portion of functional microvessels during perio-
perative therapy accompanying the revasculari-
zing osteotrepanation with bone marrow laser ir-
radiation was higher in those patients who under-
went complex perioperative treatment with intra-
venous laser irradiation in combination with
cytokine therapy.
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Table 1. The indicators of regional blood flow and oxygen saturation of skin under the usage of various
perioperative therapy strategies for indirect revascularization in patients with critical ischemia of the lower

extremities of distal arterial occlusive origin (number of patients, ,2; p; r *)

Study

Cont. . . ROT operation + ROT operation
groups group ROT oE)eratlon LST oEeratlon LST with BMLI
_ n=42 n=51 = _
. n=48 n=38 n=31
Indicators
VAI decreased 18 25 x2:4’355 32 x2:61304 28 x2:111162 26 12:161414
lying p<0,05 p<0,05 p<0,001 p<0,001
not changed 30 17 r=0,3 19 r=04 10 r=0,5 5 r=0,6
VAI decreased 17 25 2:5’230 34 x2:9668 28 X2:121451 25 12:151474
standing p <0,05 p <0,01 p <0,001 p <0,001
not changed 31 17 r=0,3 17 r=0,4 10 r=0,5 6 r=0,6
g decreased 21 28 | 2-4473 33 | 224380 27 226411 27 | 214844
S p <0,05 p <0,05 p <0,05 p <0,001
P notchanged | 27 | 14 r=03 18 r=03 11 r=04 4 r=06
G d d 1 2 1 2 2
P ecrease O | | 2=q4ea | 31| P=aae | 2 | 2=u1604 | 2| 2=15070
o} p <0,05 p <0,05 p <0,001 p <0,001
\P/ not changed 29 16 r=03 20 r=03 9 r=05 5 r=06
increased 20 27 X2:41593 36 X2:8,418 28 12:8,816 27 12:161131
RI p<0,05 p<0,05 p<0,01 p<0,001
not changed 28 15 r=0,3 15 r=0.4 10 r=0.4 4 r=0,6
increased 18 26 2=5339 32 2=6.304 28 211,162 26 2=16,414
LVC p <0,05 p <0,001 p <0,001 p <0,001
notchanged | 30 | 16 | =03 19 r=0.4 10 r=0.5 5 r=0,6
increased 18 25 224,355 33 2=7,328 29 2=12,894 26 2=16,414
0SS p <0,05 p <0,01 p <0,001 p <0,001
notchanged | 30 | 17 r=03 18 r=04 9 r=05 5 r=06

Note: ROT - revascularizing osteotrepanation; LST - lumbar sympathectomy; ROT + LST - revascularizing osteotrepanation +
lumbar sympathectomy; ROT with BMLI - revascularizing osteotrepanation with bone marrow laser irradiation;
VAI - venous arterial index; GRSP - gradient of regional systolic pressure, GPOVP - gradient of postocclusal

venous pressure; RI - reographic index; LBV - linear blood velocity; OSS - oxygen saturation of skin;

*..2 p, r were calculated between the corresponding indicators of the control and individual surgical groups of
patients

162



The state of regional blood flow and microvasculature of soft tissues in various schemes

Table 2. The intensity of neoangiogenesis under the conditions of applying various perioperative therapy
regimens for revascularizing osteotrepanation in patients with critical lower limb ischemia of distal arterial

occlusive origin (at the end of treatment; number of patients, ,2; p; r*)

Indicator . . . . t
Group of Patients The intensity of neoangiogenesis E

increased (1) 5
Comparison (control; n=15)

not changed 10

increased (1) 9 2=2,143
Intravenous laser irradiation (n=15) p>0,05

not changed 6 r=0,4

increased (1) 8 £=1,222
Cytokine therapy with 'Roncoleukin® (n=15) p>0,05

not changed 7 r=0,3

R 2_
Intravenous laser irradiation + cytokine therapy with increased (1) 11 Xp;%loeg
'Roncoleukin’ (n=17) not changed 6 r:d,4

R 2_
Bone marrow laser irradiation + intravenous laser increased (1) 14 =6,617
irradiati kine th ith "Roncoleukin’ n= p<0.05
irradiation + cytokine therapy with 'Roncoleukin’ n=18) [ 4t changed 4 r=0.6

Note: *-,2, p, r - were calculated between the corresponding indicators of the examined groups of patients

Table 3. The density of microvessels under the conditions of applying various schemes of perioperative therapy
for indirect surgical revascularization in patients with critical ischemia of the lower extremities of distal arterial
occlusive origin (at the end of treatment; number of patients, ,2; p; r *)

2
Indicator Density of )ICO
Group of patients microvessels r
c ) trol- n=15 increased (1) 4
omparison (control; n=
P ( ) not changed 11
increased (1) 8 2=2,222
Intravenous Laser Irradiation (n=15) p>0,05
not changed 7 r=0,4
increased (1) 7 2=1,292
Cytokine Therapy with ‘Roncoleukinum® (n=15) p>0,05
not changed 8 r=0,3
. 2_
Intravenous laser irradiation + cytokine therapy with increased (1) 10 * ;%%%8
‘Roncoleukinum® (n=17) not chanaed 7 p_ '
g r=0,4
. 2_
Bone marrow laser irradiation + intravenous laser irradiation + increased (1) - Xp;?a%lf)s
cytokine therapy with '‘Roncoleukinum’ (n=18) not changed 7 r=d 5

Note: *-,2, p, r - were calculated between the corresponding indicators of the examined groups of patients
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CONCLUSIONS

1. The combination of generally accepted conser-
vative treatment regimens (protocols) with bo-
ne marrow and intravenous laser irradiation in
the perioperative period during revascularizing
osteotrepanation operations contributes to the
partial repair of the microvasculature, as evi-
denced by the results of the instrumental and
morphological examinations of the regional
blood circulation and microcirculation in pati-
ents with critical low limb ischemia caused by
distal arterial occlusion.

2. Intravenous laser irradiation in combination
with cytokine therapy in the perioperative peri-
od of revascularizing osteotrepanation with bo-
ne marrow laser irradiation produced compara-
tively better long-term outcomes in correction
of the regional blood flow and neoangiogene-
sis in patients with critical lower limb ischemia
caused by distal arterial occlusion.
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30-day postoperative ourcomt after infrainguinal

Asag otraflarin arteriyalarimin distal okkliiziyalar1 mangoli kritik isemiyasi olan xastalords dolay:
revaskulyarizasiya zamam perioperasion terapiyanin miixtalif sxemlorindo regionar qan axininin
va yumsaq toxumalarin mikrosirkulyasiya sobakasinin vaziyyati

C.V. Kosayev', i.9. Hasonov?

'Akad. M.A.Topcubasov adina Elmi Carrahiyya Markazi,
Milli Onkologiya Markazi

Tadqiqatin maqsadi arteriyalarin distal steno-okkliiziyas1 fonunda asagi otraflarin kritik isemiyast olan
xastolards regionar gan axininin va yumsaq toxumalarin mikrosirkulyasiya sabokasinin vaziyyyastini dola-
y1 revaskulyarizasiya omoliyyatlar1 zamani perioperasion dovrdeki miixtslif miialico sxemlori soraitindo
Oyranmakden ibarat olmusdur . Tadqiqat kontingenti 2002-2019-cu illorde miialice almis 2 ay — 4 il miid-
datinda kritik isemiyal1 28-74 yash 210 xastodon ibaratdir (154 kisi vo 56 qadin). Kritik igemiyanin bila-
vasito sobabi - bud-dizalti-baldir vo baldir-ayaq poncesi seqmentlori arteriyalarinin aterosklerozla vo
trombangitlo sortlonmis okkliiziyasidir. Regionar arterial vo venoz gan axini gostaricilori, derinin oksigen-
lo saturasiyasi geyri-invaziv instrumental ((reovazoqrafiya,ultrasas doppleroqrafiya , ultrasas dupleks so-
nografiya va s.), 80 xastads (55 kisi, 25 qadin) neoangiogenez va mikrosirkulyasiya sabakasinin vaziyyati
iso - kritik isemiyali agsagi otraflarin yumsaq troxumalari tru-cut bioptatlarinin kompleks morfoloji-im-
munhistokimyovi analizlori ilo 6yronilmisdir. Komiyyat gostoricilori geyri-parametrik statistika tisullar
ilo tohlil edilmigdir. Miiayyan edilmisdir ki, siimiikiliyinin lazer siialanmasi ils birlikds aparilan revaskul-
yarizasiyaedici osteotrepanasiya amsliyyati zamani perioperasion dovrds lazerls venadaxili stialandirma
va sitokinoterapiya asagi straflarin kritik isemiyaya moruz qalmis yumsaq toxumalarinda neoangiogenezi
stiratlondirir, monfazlori sarbast (funksional-foal) mikrodamarlarin sixligini artirir, arterial vo venoz gan
axinlarinin asas gostaricilorini, hamg¢inin dorinin oksigenls saturasiyasi saviyyasini, miiqayisa qrupu ila
nisbatdo, shomiyyatli dorocads - bozan isa statistik-etibarli xarakterds - yaxsilagdirir. Qeyd edilon prose-
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durlarin birlikds aparilmasi omoliyyatdan vo miialicodon sonraki bir neca illik dovrde do xastalorin Klinik
vaziyyatinin va dyronilmis gostaricilorin nishi-qanastboxsliyina sorait yaradir.

Acgar sézlar: Arteriyalarin okkliiziyasi, Kritik isemiya, dolayr revaskulyarizasiya, lazer siialanmasi,
sitokinoterapiya, regionar hemodinamika, mikrosirkulyasiya

CocTosiHHe PETHOHAPHOI0 KPOBOTOKA H MUKPOLUPKYJIATOPHOI0 Pyc/ia MATKMX TKaHell npu
Pa3/IMYHBIX cXeMaX NepHoNepAlMOHHOI Tepanuu NP HeNPsIMOi peBacKyJIsipu3aluu Y 00JIbHBIX €
KPUTHYECKOH MilleMueil, BbI3BAHHON OKKJII03Hel TMCTATBHBIX apTepuil HHKHUX KOHEYHOCTel

JI:k.B.Kocaes' , M.A.I'acanos?

1 o
Hayunwiti yenmp xupypeuu umenu axademurxa M.A. Tonyybawesa
Hayuonanvuwii Llenmp Onxonozuu

Ilenpro HACTOSIIEro WCCIENOBaHMS ABISUIOCH HM3YYEHHE COCTOSIHHS PETMOHAPHOTO KPOBOTOKA U
MHUKPOLIMPKYJISITOPHOW CETH MSTKHUX TKaHEH y OOJIbHBIX KPUTHYECKOH HIIeMHH Ha (HOHE OUCTAIBHOU
OKKIJIIO3UH apTepuil HWKHUX KOHEYHOCTEH B 3aBHCUMOCTH OT JIe4eOHON TaKTHUKU B IEPHUONEPALUOHHOM
TICPUOJIC NP HENPsAMOM peBacKyspu3anuu. Mccnenopanue npoBoamiiock y 210 6onbHbIX (154 MyxuuH,
56 KEHIH) ¢ KPUTUIECKOH UIIeMueil HIDKHUX KOHEYHOCTEH B Bo3pacTe oT 28 1o 74 net, HaXoIsAIIiXCs
B cTauroHapHoM JieueHuu B 2001-2019 rr., npoA0mKUTENRHOCTHEO HIIEMUHU B TEUEHUU OT 2-X Mec. 110 4-
x jet. [IpuunHOM KPUTHYECKON UIIEMHHU SIBHJIACH OKKJIIO3US apTepuil OeapeHHO-TI0AKOIEHHO-0ePIIOBOTO
U OEepIOBO-CTOITHOTO CETMEHTOB aTe€POCKIEPOTHYECKOT0 U TPOMOAHTMUTHUYECKOTO TeHesza. HemHBas3us-
HBIMH HMHCTPYMEHTAJIBHBIMH HCCIENOBAaHMSIMU (peoBazorpadus, yabTpa3ByKoBas pomnmieporpadusi,
yIBTPa3ByKOBOE IYMIUIEKCHOE CKAaHUPOBaHME W JAp.) OBUIM HM3YYEHBl MOKAa3aTeld pPErHOHapHOTO
KpoBOTKa. B tru-cut OmonraTax MSrKMX TKaHeW HIIeMH3UpoBaHHO# koHeuHocTH y 80 OGosbHBIX (55
MYXUYUH, 25 >KEHIIUH) KOMIUIEKCHBIMH MOP(OJOTHYECKMMHU M HMMYHOTHMCTOXMMUYECKUMH HCCIIEN0-
BAaHMSIMU K€ OBUIO M3YYEHO COCTOSIHHE MHUKPOLHPKYJISATOPHOIO pycia M HeoaHrumorenesa. Lludposbie
nokazarend ObUIM 00paboTaHbl CTATUCTHYECKHMMH METOJAMH Ul HENapaMeTPUYEeCKUX KPUTEPHUEB.
BrusiBiieHO, YTO NpUMEHEHHE BHYTPUBEHHOTO JIa3€PHOTO OOIy4eHHs] KPOBU M LUTOKMHOTEPAIMH POHKO-
JEHKUHOM B MEPHONEPALIOHHOM IEpPHOAE MNpH PEBACKYJSAPU3YIOIEH OCTEOTpPENaHallud C BHYTpPH-
KOCTHOMO3TOBBIM JIa3€pHBIM OOJlydeHHEM, II0 CpPaBHEHHI0O C KOHTPOJIBHOH TPYNNOH, YycKopsieT
HEOAHTHOTCHE3, YBEJIMYMBACT YHCIO (PYHKIUOHAIBHO-AKTUBHBIX MHKPOCOCYIOB CO CBOOOJHBIM
MIPOCBETOM B MATKHX TKaHIX HIIEMH3UPOBAaHHON KOHEYHOCTH. B CpaBHEHMHM ¢ KOHTPOJIBHOM TpyMIOi,
HENpsMbIE METOABl  PEBACKYISAPHU3ALMKA  CTATUCTHYECKH JOCTOBEPHO  YIYYINAIOT  IOKa3aTElH
pPErMoHapHOro KPOBOTOKAa M CaTypalMio KOXXH KHCIopoaoM. CodeTaHHOe MpHUMEHEHHE BHYTPUBEHHOTO
Ja3epHOro OOJy4YEeHUS! KPOBH M LUTOKMHOTEPANMH B IEPUONEPALMOHHOM IEPHOJE TNPH HENpsIMOil
PEeBACKYJIIDH3AaLlMM  OCTEOTpENaHalMeld C KOCTHOMO3IOBBIM  JIa3epHBIM  OOJy4YeHHEM  CO3/aeT
OJIaroNpUATHBIE YCIOBHUS IJISl CTUMYJISLIMU PETHOHAPHOTO KPOBOTOKA M aKTHBAIIMM HEOAHTHOTEHE3a C
yIIydIIeHHeM MUKPOLUPKYIISTOPHOTO pyciia B KPUTHYECKU-UIIIEMU3UPOBAHHBIX HIPKHUX KOHEYHOCTSX.

Knrouegvie cnosa: Oxxniozua apmepuil, KpUMuueckas ueMus, Henpamas peeacKyaapusayus, ia3epHoe
obnyuenue, YuMoKUHOMePanusl, pecUOHaApHAs 2eMOOUHAMUKA, MUKPOYUPKYISIMOPHOE PYCIO
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