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The effect of streptozotocin-induced diabetes on the copper content in the cells
of the immune system of rats
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Abstract. In rats with streptozotocin-induced diabetes in the thymic epithelial cells, blood lymphocytes and white pulp of the spleen,
the copper content was determined by the cytochemical reaction of lumocupferon. It was found that increasing the severity of diabe-
tes in animals was accompanied by the accumulation of intracellular metal. Injections of insulin, adrenaline, and prednisolone cor-
rected excess copper in the studied cells of the immune system of rats with streptozotocin-induced diabetes. Such changes were more
pronounced in the case of the combined action of adaptive hormones.

Keywords: immune system, copper, streptozotocin-induced diabetes.

Introduction. Today, diabetes mellitus (DM) is one of
the most common diseases. Given that this pathology is
accompanied by a large number of complications, name-
ly, the development of organ-specific lesions of many
organs and systems, the issues of prevention, early diag-
nosis and treatment of diabetes are of particular im-
portance [1-3]. According to the World Health Organiza-
tion, 175 million people with diabetes are registered in the
world, and in 2025 there will be 340 million [4-6]. Over
the last decade, the number of patients with diabetes in
Ukraine has grown rapidly — from 1,8 to 2,8%. However,
studies show that their actual number is at least twice as
high, as half of patients do not even know about their
illness. Currently, 1,2 million people in Ukraine suffer
from diabetes [7]. It is known that the cellular mecha-
nisms of autoimmune aggression are the main cause of
destruction of pancreatic B cells in the course of insulin-
dependent diabetes mellitus (IDDM). Lymphocytes and
macrophages are involved in the autoimmune cell chain
of immunity [8-10]. In recent years, it has become known
that one of the main pathogenetic factors in the develop-
ment of IDDM is a violation of the formation of central
tolerance to pancreatic antigens, which may be caused by
changes in the morphofunctional state of antigen-
presenting cells of the thyroid gland [11]. But many ques-
tions remain unresolved. Therefore, studies of blood lym-
phocytes, white pulp of the spleen and thymus in IDDM
are relevant.

A brief overview of publications on the topic. Of
particular interest, in our opinion, are studies of the cop-
per content in these cells, given the role of metal in
strengthening the immune system. Copper has a pro-
nounced immunomodulatory effect, which is clearly evi-
dent in the study of primary and secondary immune re-
sponses. Copper compounds are able to increase the pro-
liferation of the slowly sedimentary fraction of thymo-
cytes; violation of the immunological status by thymec-
tomy or imuran leads to a negative balance. Copper alle-
viates the manifestations of autoimmune diseases (rheu-
matoid arthritis) [12-14]. The participation of copper in
the body's protective reactions, in which the copper con-
tent in the blood increases [15-17]. The amount of this
metal in lymphocytes and thymus was not determined due

to the lack of cytochemical method of its detection. The
development in our laboratory of the reaction of lumocup-
feron (LC) in the above cells allowed to conduct such
studies. It was considered necessary to conduct compara-
tive studies of the level of copper in blood lymphocytes,
white pulp of the spleen and thymic epithelial cells (TEC)
of diabetic animals.

Purpose of research. The aim of the study was to
study the copper content in blood lymphocytes, white
spleen pulp and TEC in different degrees of severity of
streptozotocin-induced diabetes and in the conditions of
action of adaptive hormones on the course of this disease
in rats.

Materials and methods. The material of studies were
blood smears, sections of white pulp of the spleen and
thymus of 81 rats. In all experiments, intact animals
served as controls (n=16), because after studying the
control group of animals (animals injected with saline)
and the intact group (animals without intervention), data
were obtained that did not differ statistically. Other rats
were intraperitoneally administered streptozotocin at a
dose of 200 mg/kg. To compensate for the hypofunction
of the insular apparatus, insulin was administered subcu-
taneously at a dose of 20 units of action/kg, diluted 2
times. The first injection was given 1 day after strepto-
zotocin administration, the other injections were given
daily for 4 days. Increased hypofunction of the insular
apparatus was caused by the previous administration of
adrenaline and prednisolone. Prednisolone was adminis-
tered to animals intramuscularly, and adrenaline — subcu-
taneously in doses of 10 mg/kg and 0,05 mg/kg, respec-
tively. Two hours after the administration of adrenaline,
prednisolone, insulin, and 5 days after the injection of the
diabetogenic substance in animals for life, blood was
taken from the tail to prepare smears. Pieces of thymus
and spleen were taken from slaughtered animals to make
sections. Studies using laboratory animals were conducted
in accordance with the requirements of Article 26 of the
Law of Ukraine "On protection of animals from cruel
treatment”, "European Convention for the protection of
vertebrate animals" (Strasbourg, 1986) and the principles
of bioethics.

Blood smears and frozen sections of the spleen and
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thymus 30-60 um thick were fluorochromed for 1 hour
with 0,1% aqueous solution of LC. Violet light filter
(VLF-1) was used to excite luminescence, and yellow
light filter (ELF-18) was used as a protective (ocular)
filter. Under a fluorescent microscope, copper was detect-
ed by a yellow-green glow.

Evaluation of the intensity of staining of the cytoplasm
of lymphocytes and TEK in setting the reaction of LC was
performed using a microfluorimeter. The fluorescence
intensity was expressed in conventional units (c.u.). The
obtained results were statistically processed according to
the Student's t-test using the program Statistica, 6.0.

Results and discussion. The obtained results indicate
that in control (intact) rats the copper content was 75+5,8
c.u. in blood lymphocytes, 58+4.2 c.u. — in the lympho-
cytes of the spleen, 42+2,5 c.u. — in TEC. In severe strep-
tozotocin-induced diabetes in animals, an increase in
copper levels in blood lymphocytes by 56% (117+13,3
c.u.; P<0,01), lymphocytes of the white pulp of the spleen
- 59% (92+10,0 c.u.; P<0,01), TEC — 79% (75+8,3 c.u.;
P<0,001).

In moderate diabetes in rats, the metal content in-
creased by 44% (108+8,3 c.u.; P<0,01) in blood lympho-
cytes, 43% (83+7,5 c.u.; P<0,01) — in lymphocytes of the
white pulp of the spleen, 60% (67+5,8 c.u.; P<0,01) — in
the TEC.

In the case of the development of mild streptozotocin-
induced diabetes, the amount of copper in the cells of the
blood, spleen and thymus of rats was higher than the
control values, respectively, by 33% (100£9,2 c.u;
P<0,05), 29% (75+5.0 c.u.; P<0,05) and 38% (58+5,0
c.u.; P<0,01).

In animals that did not develop diabetes, the copper
content increased in blood lymphocytes by 23% (92+4,2
c.u.; P<0,05), lymphocytes in the white pulp of the spleen
— 16% (67+1,7 c.u.; P<0,05), TEC — 19% (5043,3 c.u.;
P<0,05).

The copper content increased on average by 44%
(108+£7,5 c.u.; P<0,01) in blood lymphocytes, 43%
(83+6,7 c.u.; P<0,01) in lymphocytes white spleen pulp,
38% (58+4,2 c.u.; P<0,01) — TEC of animals injected
with streptozotocin.

Thus, in rats, the development of severe streptozotocin-
induced diabetes was accompanied by a significant accu-
mulation of copper in blood lymphocytes, white spleen
pulp and TEC. Less pronounced changes in the metal
content in the studied cells were observed in moderate
diabetes. An even smaller increase in intracellular copper
was found in animals with a relatively mild form of the
disease and, especially, in cases where diabetes did not
develop.

A series of experiments was performed to determine
the copper content in the cells of the immune system of
rats with streptozotocin-induced diabetes under the action
of adaptive hormones. After insulin injection in intact
animals, the copper content decreased in blood lympho-
cytes by 33% (50+3,3 c.u.; P<0,01), spleen lymphocytes —
28% (42+3,3 c.u.; P<0,01), TEC - 40% (25+1,7 c.u,;
P<0,001). Adrenaline caused a decrease in metal content
in blood lymphocytes by 44% (42+1,7 c.u.; P<0,001),
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splenic lymphocytes — 43% (33+1,7 c.u.; P<0,001), TEC
— 40% (25+3,3 c.u.; P<0,001). The decrease in copper
content in the studied cells after injection of prednisolone
was 33% (50+3,3 c.u.; P<0,001), 28% (42£2,7 c.u.;
P<0,001), TEC — 21% (33£2,5 c.u.; P<0,05).

After administration of insulin to rats with diabetes in
comparison with the control, the copper content increased
by 33% (100+6,7 c.u.; P<0,01) in blood lymphocytes,
29% (75+4.2 c.u.; P<0,01) — lymphocytes of a spleen,
19% (50+2,5 c.u.; P<0,05) — cells of a thymus. In all
cases, the established values did not differ significantly
from the figures obtained in animals with streptozotocin-
induced diabetes.

In the case of adrenaline to rats with streptozotocin-
induced diabetes, the copper content was higher compared
to control animals by 23% in blood lymphocytes (92+4,2
c.Uu.; P<0,01), 29% in splenic lymphocytes (75+5,0 c.u.;
P<0,05), 19% — TEC (50+1,7 c.u.; P<0,05). For diabetic
animals, the values obtained did not differ significantly.

Similar changes in the amount of metal in the cells
were observed after injection of prednisolone into exper-
imental animals. The figures obtained: 92+5,0 c.u.
(P<0,01), 7543,3 c.u. (P<0,01) and 50+1,3 c.u. (P<0,01).

The combined action of insulin and adrenaline caused
in rats with streptozotocin-induced diabetes a decrease in
copper content in blood lymphocytes by 23% (83+4,2
c.u.; P<0,01), splenic lymphocytes — 30% (58+5,0 c.u.;
P<0,01), thymus cells — 28% (42+ 3,3 c.u.; P<0,01). The
difference from the control values was unreliable.

A similar nature of changes in copper content in blood
lymphocytes and spleen, as well as TEC was observed
after administration of insulin and prednisolone to diabet-
ic animals. The obtained values are respectively: 83£3,3
c.u. (P<0,01), 58+2,5 c.u. (P<0,01), 42+5,0 c.u. (P<0,05).

Thus, injections of insulin, adrenaline, and predniso-
lone corrected excess copper in the studied cells of the
immune system of rats with streptozotocin-induced diabe-
tes. Such changes were more pronounced in the case of
the combined action of adaptive hormones.

Conclusions. 1. In rats with streptozotocin-induced di-
abetes, a gradual increase in copper content from cases
when diabetes did not develop to severe disease: 23%
(P<0,05) — 56% (P<0,001) — in blood lymphocytes, 16%
(P<0,05) — 59% (P<0,01) — lymphocytes of white pulp of
a spleen, 19% (P<0,05) — 79% (P<0,001) — TEC.

2. The content of copper in the studied cells of the im-
mune system of control rats decreased after injection of
insulin by 19% (P<0,05) — 33% (P<0,01), adrenaline —
40-44% (P<0,001), prednisolone — 21% (P<0,05) — 33%
(P<0,001).

3. In rats with streptozotocin-induced diabetes, the con-
tent of intracellular copper was higher compared to the
control group by 19% (P<0,05) — 33% (P<0,01) after
insulin administration, 19% (P<0,05) — 29% (P<0,01) —
adrenaline and prednisolone, but did not differ significant-
ly from sick animals.

4. The combined action of insulin and adrenal hor-
mones caused in diabetic rats a decrease in copper content
in the TEC, blood lymphocytes and spleen by 23%
(P<0,01) — 28% (P<0,01).
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AHHOTanus. PaccMaTpuBaloTCs TONBKO KOHEUHBIE Tpynmbl. B paboTte m3ydaroTcs MUHUMaNbHbIe He F-rpynmsl, rae F — HekoTopbIit
KJIacC TPYIII, SIBJISIOIINECS] €CTECTBEHHBIM O0OOIEHNEM TaKMX KIACCHYECKHX Iy, kak rpymms! [lIMunra n rpymmsr Mumtepa-
Mopeno. ['pynma Ha3siBaeTcss MHHEMaIbHOU He F-TpymIol, ecim oHa He MPUHAIEKUT Kiaccy F, a kaxnas ee coOCTBEHHas OA-
rpymmna npuHaanexurt F. Kinace F HasbiBaeTcs kmaccom OUTTHHTA, €CITH OH 3aMKHYT OTHOCHTENBHO B3THS HOPMAJbHBIX MOATPYIIT
U B3SITUSI IPOU3BEICHUH KOHEYHOTO YicIa HOpManbHBIX F-moarpynm. B paboTe ycTaHOBIEHO BIUSIHUE CBOMCTB MHHUMANIBHBIX HE F-

TPYIII Ha CTPOEHHE 3aJaHHoro kinacca Gurrunra F.

Knrwuesvle cnosa:. xoneunas epynna, Kiacc ecpynn, MUHUMAIbHAS He F-epynna, xknacc Qummunea, Q-pacczzoe}mblﬁ xknacc Oum-

muHed.

Beegenne. PaccMaTpuBaroTCsl TOJIBKO KOHEUYHBIE TPYIIIIBI
U KJIacchl KOHEYHBIX rpymil. Kiaccom rpymnn HasbiBaeTcs
Takoe MHOXECTBO TPYII, KOTOPOE BMECT€ C KaxIou
cBoeii Tpynmnoit G coAepKUT U Bee TPYIIIBI H30MOPGhHBIE
rpynme G . B Teopuu KIacCoB KOHEUYHBIX Ipymm 00Jb-
IIYIO POJIb UTPAKOT MUHUMAJbHBIE He F -rpymnmer (MHaue,
F -kpurideckue rpymmb) Ui 3aJaHHOTO Kiacca TPy
F, ecrectBennbiM 00pazoM 06OOILAIOIIEE TAKHME KIIac-
CHYECKHME BHABI TPYMI, Kak rpymnmnsl Musiepa-MopeHo
(MuHMManBHBIE HealOeneBbl Tpymnmbl) U rpynnsl IMunra
(MUHMMaIbHbIE HEHIJIBIIOTEHTHBIE IPYIIBI) (CM., HAPH-
Mmep, [21, 22]). Ipynma, He npuHaIEKamas Kiaccy F
Ha3bIBAETC MHUHHMAIbHOW He F -rpymmoi, ecin Bece ee
COOCTBEHHBIE TIOArPYIIBI Kiiaccy F npunamiexar.
Kparkuii 0030p ny6auxanmii mo teme. CpoiicTBa u
CTpOEHHE MHUHUMAIbHBIX He F -rpymn mis ompenenen-
HBIX (DMKCUPOBAHHBIX KiaccoB rpymn F usywamuces Ta-
KHUMHU W3BECTHBIMH anreOpanctamu, kak T. Xoykc, M.
Opuk, 10.A. Tomedann, JI. Penen, H.®. Kysennsrit, C.C.
JleBumenxo, B.JI. Masypos, C.A. Ceickun, A.X. XKyp-
toB, B.T. Harpe6eukwuii, C.H. Anamos, H.I1. KortopoBuu
(cMm., Hampumep, [21, c. 247]). Baxuble pe3yabTaTbl O
MHUHUMAIBHBIX He F -rpymmax mis mpousBosnsHON (710-
KaipHOW) ¢Qopmamun F  momyuenst B paGorax
B.H. Cemenuyka, A.J. XonaneBuua, A.D.Bacuibesa,
A.B. Cunoposa u np. (cMm., Hampumep, [2, 14 — 17, 20]).
Ha BaxHOCTh M3y4eHUs MUHUMAIbHBIX He F -rpymn mus
pasmuuHbIX KiaccoB rpynn F Gbuio obpaieHo BHUMA-
aue JILA. lllemeTkoBBIM B ero (pyHIaMeHTaIbHOH cTaThe
«Some ideas and results in the theory of formations of
finite groups» [31, c. 12].

OmHMM W3 IEHTPAIBHBIX BHIOB KJIACCOB TPYIII SIBJISI-
1oTcsl knaccsl OUTTHHTa — KJIACCHI, 3aMKHYTBIE OTHOCH-
TEJILHO B3STHUSI HOPMAJIbHBIX MOATPYII U NPOU3BEACHHIA
HOPMAJIBHBIX HOATPYII, MPHUHAIISKAIINX PAacCMaTPHBa-
eMoMmy Kiaccy. IlepBrie pe3ynpTaTsl 0 Kiaccax @uTTHHTA
66Ut nosyueHs! b. dumepom B padote [26]. Mccnenona-
HueM knaccoB @urrtunra 3anuManucs K. lepk, T. Xoyxkce,
P. Bpaiic, /Ix. Koccu, M. [lukcon, ®@. Jlokerrt, C. Ped-
¢epeiin, H.T. Bopooses, A.H. Cku6a, H.H. BopoOneB u
MHOTHE Apyrue anredpaucTsl (cM., Hanpumep, [6, 7, 23 —
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25, 29, 30]). B teopun kmaccoB @urtuHra GOIBIIYIO POJIH
UTpaloT (QyHKIHMOHANBHBIE MeToabl. Tak, B 1969 rony
b. XapTiu ¢ UX NOMOULIBIO IOCTPOUT JIOKAJIBHBIE KIACChI
@urrunra [28]. Pa3BuBas gaHHBIA (YHKIMOHAIBHBIN
moxxoxa, JILA. llemerkoB u A.H. Ckuba B 1999 romy
BBEJIH B PACCMOTPEHUE () -JIOKaJIbHbIE KiIacchl DUTTHHTA
[19], tne @ — HemycTOoe MHOKECTBO MPOCTHIX HYHCEIN.
[Ipn mocTpoeHNH TakWX KIACCOB HCIOIB3YIOTCS CIICIH-
aJNbHbIC (YHKIMH, HA3bIBACMbIC CITyTHHKAaMH COOTBET-
CTBYIOIIMX KiaccoB (cM., Hampumep, [8, 18]). B 1999
rony B.A. Benepuukos i uccienoBanus kiaaccoB Our-
THHTa TPYII IPEATIOKII HOBBIHM MOIX0, OCHOBaHHBIHM Ha
UCIONB30BaHUM €I OMHONH (YHKIIMH — HaNpaBJICHUSL.
OTO NMpUBENO K OTKPHITHIO CEPUNl HOBBIX BHUAOB KJIACCOB
@UTTHHTa, B YaCTHOCTH, K MOCTPOCHUIO (V) -BEEpPHBIX U
Q) -paccnoennbix kiaaccop durrunra [3 — 5]. Muorue
BakHbIe cBoiicTBa () -paccioeHHbIX KiaccoB DurThHTa
nonyuensl B.A. BenepuukoseiM, O.B. Kamosunoi, B.E.
Eropogotii, E.H. baxxaroBoii u np. (cM., Hanpumep, [1, 9,
11]).

Hean. Hacrosmas pabora mocBslieHa W3yYCHUIO BIUS-
HUS CBOWCTB MUHUMAIIBHBIX He F -rpymnm Ha BHyTpeHHee
crpoenune ) -paccrnoennoro knacca Ourrunra F .
Hcnoab3zyemble MeTOABI, 0003HAYEHUSs], ONpeeIeHus.
[Ipn nokazaTenbcTBE YTBEP)KICHUI NPUMEHSIOTCS Kilac-
CHUYECKHE METOABI TEOPHU TPYII, a TaKKe METOABI TEO-
pUH KJIacCOB KOHEYHBIX TPYMI, B YaCTHOCTH, METOJBI
Teopuu kiaccoB durtunra. Vcnonp3yemsle 0003HauCHHS
U onpenelieHHs CTaHAapTHel (cM., Hampumep, [13, 21,
25]). IlpuBemem JmWilb HEKOTOPbIE W3 HHX. 3alUCh

N<G (N<G, N<G, N<«-G) osnauaer, uto N

SIBISIETCST  TOATPYIIION (COOTBETCTBEHHO COOCTBEHHOMH
MOJATrPYNNONH, HOPMAJIBHOW MOATPYNIOHN, MaKCHUMalbHOM
HopMaikHOM mnoarpymmnod) rpymmsl G. Ilyers F o —
knacc rpymm. I'pynna G HaswslBaeTcss MUHUMAIBHOM He
F -rpynmoit unu, unave, F -xpumuuecxoii epynnoii, ecnun
G ¢F, no xaxnas co6crBennas noarpymma rpynmsr G
npunaiexur kiaccy F [21]. Uepes M (F) o6o3nauaer-
Cs KJIACC BCEX MUHUMaNbHBIX He F -rpymn. Knace rpynn
F wasbiBaercst knaccom Qummunea, iy BBITOTHSIIOTCS
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cnenyromue asa yenosust: 1) u3 GeF u N <G cneny-
er, uto N eF (S, -3amknyrocts); 2) 3 G=NM , rae
N <G, M <G, N,M eF, cienyer,uto GeF (R-

3aMKHYTOCTB). F -paduxarom rpynmet G HasbiBaercs
HauGoJbIIas HOpMabHas moArpynma rpyrnsl G, npu-

Hajexkaras knaccy ®@urruara F | u 0603navaercs GF.

Kunace rpynn F HaswiBaetcs popmayueil, ecnu BbImoIN-
HsoTCes cnenyromue aga yciaosus: 1) u3 GeF u N <G

cnenyer, uro G/NeF (Q -samknyrocts); 2) wu3
G/N,eF u G/N, eF cremyer, 41O
G /(N1 NN, ) eF (R, -3amMkHyTOCTS). F-

kopaouxaiom Tpynnsl G Ha3pIBACTCS HAMMEHbIIAs HOP-
ManpHasi moArpymma rpymmsl G, ¢akrop-rpymma 1o

KoTopoil mpuHamiexuT Gopmanun F, n ob6o3Hawaercs
F

G". Yepes F, F, oGosnauaercs crammaprHoe mpomsBe-

rpyII F1 an

FF=(GeE|3N<G, NeF, G/NeF,);
F1 O F2 —paoduxanvbhoe MPOU3BEICHUE KIACCOB TPy Fl

FOF,=(GeE|G/G; e F); ecm

JCHUC KJIaCCOB u T.C.

u F,, re

F=0,
FOF, =0 [25].
‘-Iep63 E 0003HavaeTcs KilacC BCEX KOHEUHBIX Ipyiil,

| — xmacc Bcex KOHEUHBIX MPOCTHIX Tpymm, {2 — Hemy-
croii moxknacc knacea |; K(G) — xnace Beex mpocteix

TO 10 OIIPEACIICHUIO noJjararoT, 4qTOo

TPYIII, 30MOP(HBIX KOMIO3UIIMOHHBIM (pakTOpam rpym-
net G. Ilycte X — Hemyctoe MHOecTBO Tpymm. Toraa

K(G) ans Beex

GeX; (X) - knacc rpynmn, nmoposxkaennbii X ; B gact-

K(X) - obGbenunenne kmaccos

noctu, (G) — knmace Beex rpymm, W30MOPQHEIX rpymie
G. Yepes E,, obGosnauaercs kmace Becex (Q-rpymnm, T.e.
rpymn - G, K(G)cQ;
O?(G)=G™. Jlnn Ael ucromssyores creayome
obosnauenns: B, =E ), Epn=E., O*(G)=G".
f: Qu{Q}-
rpymn}, tae f(Q)#J, naspsaerca OR -@yuryueii;
bynxmus Q!
R -@ynxyueis; Qysxuus @

dopmanun FR -@ynxyueii.
Oynkun J v () nNpUHHMAKOT OJUHAKOBBIC 3HAYE-

TaKHuX JIIA KOTOPBIX

OyHKUMSA {kmaccer ®urruHTa
I — {xnacce ®urrunra rpynn} HazbiBa-
ercs | —> {memyctrie

durTHHra} Ha3BIBaeTCH

HUS Ha W30MOP(HBIX TPyNHax u3 00JacTH ONpeaeNeHHs.

Knace ®urruira F=(GeE | O%(G)e f(Q)
G’™ e f(A) m Beex AcQNK(G)) maswiBaeres

Q-paCCJloeHHblM xnaccom Qummunea c Q'CnymHuKOM
f u nanpaenenuem @ un obosnauaerca F=COR(f,p);

xracc Purrmara F=(GeE | G*™ eg(A) s

scex AeK(G)) wmaswBaercs paccroennviv xaaccom

n

Dummunea co CNnymHUuKom g u HanpaejieHuem (0 n

11

Science and Education a New Dimension. Natural and Technical Sciences, 1X(31), Issue: 250, 2021 Feb.  www.seanewdim.com

o6osnauaercs F=R(g,p) [4]. Hanpasnenue @ Q-
paccioeHHoro (paccioeHHoro) kinacca MUTTUHTA  Hazbl-
Baercs: @ -nanpaenenuem, ecmu A€ @(A) s moboii

Ael;
E, o(A) =@(A) ws ao6oit abenesoit rpynmner Ael ;

abeneBoil  TpymIbI b -nanpasrenuem, ecnn

r -nanpaenenuem, €Ciu (/)(A) = (ﬂ(A) EA- IS JII000MH

rpymmer Ael [3].
Pe3yabTaThl M MX JOKA3aTEILCTRO.

Teopema 1. AzZ,eQ, F Q-

paccroennvii knace Qummunea ¢ al -nanpasnenuem @

Ilycmo

U 6HYMpEHHUM Q'Cl’lymHMKOM f . Ecnu ecaxas munu-

manenas we F -zpynna obnaoaem maxcumanvnoii Hop-
Manwvnoti nodzpynnoti, cooepacawetica 6t (A) -paduxane

epynnet, mo M(f(A)NFE, cF.

JlokasaTenbcTBo. IlycTh Beskas MUHHManbHas He | -
rpynma o6nagaeT MaKCHMMAIbHOW HOPMANBHOM MOATpYI-
no#t, conepxameiics B (A) -paguxane rpynmst. Ioxa-

xem, uto M (f(A)) NFE, cF. Hpeanonoxum, uaro
naitnercs rpymma G e(M(f(A) NFE,)\F. Torza,

cornacHo semme 3 [16], B G cymjecTByeT MUHHMAIbHAS
we F -mogrpymma H . Ecom H <G, T0, BBULY
GeM(f(A)), nonyuaem, uto H € f(A). Tak kax f —

BHyTpeHHu!l (Q-cnyTHuk knacca ®urtmera F, TO
f(A) cF u nosromy H eF . Iporusopeune. Creno-

BatenbHo, H =G u, 3Hauntr, G — MuHUMansHas He F -
rpymmna. 1o ycnosuro Teopemsl B rpymmne G cymiectByer
MakcuMallbHas HopMaibHas moarpynma N Takas, 4rto

N < G; . Mokaxem, uto N € f (A). Jeiicturenso,
Gy a € F(A) no onpenenenmo f (A) -pagukana rpyn-
mer. Jlanee, 13 N<G un N <G, cruenyer, uro
N <Gy, . B cuny S, -3amknyroctu kinacca ®urrunra

f(A) saxmouaem, uto N € f(A). Paccmorpum dax-
top-rpymy G/ N . Tak kak, cOracHO YCIOBHIO T€Ope-
mel, N <G, 1o no nemme 2.14.2 [13] G/ N - npocras
rpynma. Bo3MOKHEI Cle/lyIoue Clydan.

1) G/N=z=A. s Nef(Z))
G/N eN  crenyer, uto Ge f(Z,)N,. Tax kax f -

IlycTs u

BHyTpennuii () -ciytauk () -paccioeHHoro kiacca Our-
turra F, To, cormacuo memme 15 [3], f(Zp)Np cFu

nostromy G e F . Tlonyuwau npoTuBOpeYHe.
2) Hyers G/N Z A. Tockoneky @

Hanpasyienne () -paccioenHoro kiuacca ®urrunra F, to

r-

cnpase;umBo pasencteo P(A) =@(A)E, . Tak xak A
— mpocras rpynna, @(A) — nemyctas popmanus Dut-
tuara, N <G u G/N — A'-rpynna, To no nemme 11
B8] G™™ =N Tak kax N e f(A) u xnacc f(A)
N7 e f(A)

S,-3aMKHYT,  TO W,  3HAYWT,



G"™ e f (A). Hockonsky G €F E, u, BBusty 3ameua-
111 IX [25 FE,=F0E,,

GeFOE,. Ilo onpenencnnio paxukanbHOro Npomsse-

HUA TJ1aBbI TO

nenus nomydaem, uto G/ G. €E, . Tak xak G <G,
G/G.€E, u O A(G) - nanmensmas noarpymma 8 G,
yrosersopsiomas nannbiv yerosusm, 1o O A(G) = G,
. M3 Toro, ato O*(G)<G n O*(G)c=G;, no caoii-
CTBY HOpMaIbHBIX moArpym creayer, aro O A(G) < G:.
Tak xak Gz €F, 1o, B cuny S, -3amxnyTocTH Kiacca
®urtuara F , nonysaem OA(G) eF . Uz G"™ e f(A)

, ONG)eF, AeQ uroro, uto ¢ — I -HanpasieHne

knacca ®urrudra F, no nemme 12 (1) [3] sakmouaem,
gro G e F. Tonyunnu mporusopeune. CrenoBaresbHO,

M(f(A)NFE, cF. Teopema noxasana.

Cuencteue 1. Iyems A=Z, e Q, F - Q-
paccroennviti kiace @ummunza ¢ DY -nanpasnenuem @
u enympennum € -cnymuuxom T . Ecnu ecaxas munu-

mamvnas ne F -epynna obradaem maxcumanvhoti nop-
Manvoti nodzpynnoti, codepacawetica 6§ (A) -paduxane

epynnet, mo M(f(A)NFE, cF.

JlokasarenbctBo. [TycTh Beskas MUHMManbHas He F -
rpymmna obiagaeT MakCUMalIbHOW HOPMAJIBHOW MOATPYII-
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no#t, conepxameiics B (A) -panuxane rpynmsi. IToxa-
xem, uto M(f(A)) NFE, cF. Tak kax no ycnosuro
@ sBusercs b -HanpasneHueM, TO BBITIONHSETCSA PaBeH-
ctBo E, o(A)=@(A) mns moboit aGenesoil rpymmbl
Acl, orkyna crenyer, uto A€ @(A) nns moboii abe-

nesoit rpynnel A€l . Takum oGpasom, 3akiiroyaeM, 4To
@ — a -Hanpasienue () -paccIoeHHOro kiacca OUTTHH-

ra F. Torma 1o  Teopeme 1
M(f(A) "FE, cF. Crencrsue noxasao.

HNMCEM

Crencreue 2. [Tyems A= Zp e |, F - paccnoennvui
knacc Pummunea ¢ Al -Hanpaenenuem @ u 6HYmMpeHHUM

CNYMHUKOM f . Ecnu ecakas munumanvhas ne F -epynna

obradaem MAKCUMATBGHOU HOPMANbHOU  HOOZSPYANOL,
cooepacawetica ¢ T (A) -paduxane mo

M(f(A)FE, cF.
BeiBoabl. B teopeme 1 mius -paccioenHoro kimacca
@urrunra F ¢ ar -HampaBieHHEM H3YUEHO BIIMSHHE

CBOMCTB MHHHMMaIbHBIX He F -rpymn wa BHyTpeHHee
crpoenne kiacca F, B 4acTHOCTH, ycTaHOBIEHBI yCII0-

epynnbi,

Bust, npu kotopeix knace M (f(A)) NF E, conepxurcs

B F . B xauectBe crnencTBuii moayueHsl COOTBETCTBYIO-
e pe3yibTarhl s () -paccioeHHoro kinacca OUTTHH-
ra ¢ Dr-sanpasnenueM, a Takke M PACCIOGHHOTO
kiacca durTHHTA.
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On the influence of properties of minimal non-F-groups on classes of groups

A. A. Gorepekina, M. M. Sorokina

Annotation. Only finite groups are considered. In this paper we study minimal non-F-groups, where F is a class of groups, which are
a natural generalization of such classical groups as Schmidt groups and Miller-Moreno groups. A group is called a minimal non-F-
group if it does not belong to F, but every its proper subgroup belongs to F. A class F is called a Fitting class if it is closed under
taking normal subgroups and under taking the products of a finite number of normal F-subgroups. We established the influence of the
properties of minimal non-F-groups on the structure of the definite Fitting class F.

Keywords: finite group, minimal non-F-group, class of groups, Fitting class, (2 -foliated Fitting class.
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Abstract. The construction of exact solutions of integro-functional equations is possible only in some cases, so the questions of
studying approximate methods for solving these equations, convergence conditions and estimating the errors are relevant. The article
considers the construction of approximate solutions of linear integro-functional equations. It is shown that, under certain conditions,
such solutions can be obtained by applying one variant of the collocation-iterative method to the problem. The algorithm of the

method and sufficient convergence conditions are indicated.

Keywords: linear integro-functional equation, Fredholm integral equation of the second kind, collocation-iterative method, ap-

proximate solution, collocation nodes.

Introduction. Many problems of applied and theoretical
nature cannot be imagined without the construction and
reaserch of various mathematical models. Economics,
biology, technology and many other fields of human ac-
tivity are increasingly based in their research on the re-
sults obtained in the theory of operator equations. There-
fore, many boundary value problems for differential equa-
tions with argument deviation are models of different
natural processes. The theoretical foundations of these
problems are laid in the works of A. Samoilenko, M.
Perestyuk [11], A.Luchka [7] and other scientists.

Such problems are reduced to solving integro-
functional equations. The exact solution of these equa-
tions can be found only in some simple cases. In more
complex cases, the exact solution cannot be expressed by
elementary functions. Therefore, approximate methods
are important. The research of the projection-iterative
method and its generalizations are devoted to the works of
A. Luchka [8], N. Kurpel [4] and other. The methods of
projection-iterative type include the collocation-iterative
method, which arose as a result of the synthesis of the
method of successive approximations and the method of
collocation. It is quite effective in terms of finding ap-
proximate solutions of different types of integro-
functional equations [1, 2]. The application of the colloca-
tion-iterative method for solving integro-functional equa-
tions is the main object of study of this article.

Analysis of recent research and publications. The
research and theoretical substantiation of the collocation-
iterative method with respect to one-dimensional and
multidimensional Fredholm integral equations, the study
of the rate of convergence of the method depending on the
smoothness of the initial data are devoted to the work of
A.Y. Luchka[7, 9] and E.M. Lutsev [6].

The application of the collocation-iterative method to
find the solution of the boundary value problem for ordi-
nary differential equations with parameters is devoted to
the works of Poselyuzhna V.B. and Semchyshyna L.M.
[10], Kucheruk T. [5]. In these works, the question of
applying the collocation-iterative method (both stationary
and nonstationary) to find the solution of the boundary
value problem for ordinary differential equations with
parameters, for differential equations with small nonline-
arity, and for the boundary value problem for ordinary
differential equations with momentum influence and
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parameters. The application of a modified collocation-
iterative method for solving integral Fredholm equations
of the 2nd kind and differential equations with small non-
linearity is also substantiated.

Despite the considerable many of work devoted to var-
ious aspects of the theory of approximate methods for
solving different types of operator equations, the task of
obtaining compatibility conditions and constructing new
methods for finding approximate solutions of such equa-
tions is still far from being fully solved.

The purpose and objectives of the research. Con-
struction and research of the studied publishing develop-
ments of integra-functional levels by collocation-
interactive method. Describe the conditions and rate of
convergence of this method and approximation errors.

Materials and methods

In space L (a;b) — real and measuring on the interval
(a;b) of functions, summable with a square, consider the
integro-functional equation form

b
y(0)=p(x)y(n(x) = f (x)+ [K(xt) y(t)dtxe (ab), (V)

y(x)=0,x¢(a;b),

where f(X) — known, and y(X) — unknown functions
Ly (a;b). the
h(x),p(x), K(x;t) we assume that they, according to

from Regarding functions

on the interval [a;b] and on the squared [a;b]2 satisfy
the conditions:

[p(x)|<p<on, @)
h(x) — differentiable on [a;b] and
h'(x)=1>0,x-h(x)=c>0, (3)

bb

”Kz(x;t)dxdt: B? <o, @)
aa

We show that equation (1) under conditions (2) — (4)
can be reduced to the integral Fredholm equation of the
second kind. Next to the integral completely continuous

operator K which has a form
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b
(Kv)(x)= [K(xt)v(t)dt, v (x)eLp(ab),
a
we consider the operator S  such as
V(X),X a;h‘la ,
(Sv)(x)= ) 6[ ( )} ©)

v(x)- p(x)v(h(x)),xe[h_l(a);b]
where V(X) - arbitrary function from L (a;b).

Note that this operator, like the operator K , acts from
L, (a;b) to Ly(a;b). Itis easy to show that the opera-

tor S linear. Conditions (2), (3) guarantee its limitation.
Really,

(sv)(x) |

V(X) ‘ _l+—<oo

where SUP taken on V( Ye Ly (asb),v ( )#0.

[S]=sup

These conditions suggest that the operator S reversi-
ble. Inverse operator looks

v(x),xe [a; h_l(a)]
(s™V)(x)-

XeAq,5= 1,_m
Here, as in the future,
Ag :[Cs—l;cs]'
Co =a,cs =h ™ (cs1),Cm =b,
h*(x)=h(n 7 (x)) s =2 m.

So, in other words, expression (6) — is a solution of a
functional equation

y(x)=p(x)y(h(x))=
y(x)=0,x¢[a;b],

(where U (X) — known, y(x) — unknown functions)

u(x),xe[a;b],

using the method of steps. Condition (3) guarantees the
fact that the number of steps M are finite and

ne(222)

O
It is easy to make sure that the operator S_l, as well

as the operator S, linear and limited. Thus, given the
above considerations, we can consider equation (1) as an
operator equation

(Sy)(x) = f (x)+(Ky) (%),
where f ()
from L, (a;b).
Let (Sy)(x)=u(x), then y(x)=(S"tu)(x) and we

are of the equation (7) go to the equation

u(x)=f(x)+(Tu)(x).

™)

—known, Y () — unknown functions

(8)
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Operator T = KS ~L is Fredholm as a superposition of
Fredholm and linear limited operators. In other words,
using the above-mentioned substitution, we transform the
integro-functional equation (1) into the integral Fredholm
equation of the second kind

+IT(x;t)u(t)dt

with a completely continuous integral operator T and

5 [x;(h—l)k (t)},teAS,

K(xt)+ ZK
K(xt),te(cmb),s=Lm-1xe(ab),

i=1
k k-1

where (p~t) (t):h‘l[(h‘l) (t)j.

We can apply the method of successive approxima-
tions, collocation and some collocation-iterative methods
to the problem (1) [3, 6]. Moreover, the most effective of
convergence conditions is the last method, accordingly,
the previous two methods can be considered as partial
cases [5].

Let {goi (x)} — linearly-independent system of func-

©)

T(xt)= (10)

tions from L,(a;b). Suppose, that based on the initial

approximation y, €L, (a;b) and functions s;(x) such
as

Yo (X) = PO Y, (N(X)) =, (x), x e[asb],
Yo(X)=0,x¢[a;b],
we found an approximation Y, ,(X) and function

S,_;(X) . The next approximation y, (X) we find from the
functional equation

¥ (9 =Py, (h(x) = f(x) +I K(xt)z (t)dt,x € [a;b],

Y, (X)=0,x&[a;b],

(11)

which
() =Y, 00+ W (X), W () = Za?m (%) (12)

Unknown coefficients af =a;(n) determined from
the condition

rk(xi) =0, :H,

where

n(x) =109+ j‘ K1)z, (H)dt —z,(x) + p(x)z(h(x)),

(13)
(14)

x, €[a;b] - collocation nodes, i=1,n.
System of functions {nj(x)}, j =1,n are determined
from functional equations
1;(X) = p()17; (h(x)) = ; (x), x € [&;b],
17,(x)=0,x¢[a;b].
Results and discussion. The algorithm is given by re-

placement u, (X) =(Sy, )(X), o (X) =(Sw)(X) reduces
to a collocation-iterative method of solving integral equa-

(15)



tion (9) with a kernel having the form (10). Therefore, the
following statement will take place.
Theorem. If one is not a point of the spectrum of the

integral operator T equation (9), and system of functions
{goi (x)} is complete in space L,(a;Db), then there will

be such a number N, that method (11) — (15) will be
convergent, and convergence rate will increase with in-
creasing N.

Here are some sufficient conditions for the conver-
gence of the method (11) — (15).

Suppose, as mentioned above, functions p(x),h(x)

and K(x;t) satisfy the conditions (2) — (4). System of
functions {@; ()} is complete and orthogonal in

L,(a;b). The answer to the question of which n the

above collocation-iterative method will be convergent,
can be obtained using the algorithm. The essence of these
algorithm is follows.

First, we construct functions by a recurrent formula

U (xt)=U_, (xt) —aE, (N, (t),s=12,..., (16)
where
b b
E,(0) = [U,, (6t (0dt, o' =[plm)dt,  @7)
b

o,(t) = 4,0 - U, (6D, ()dx, (18)
2,0 = o, (t) = p(h™ (D), (N (1)), t e [asb], (19)
@.(t)=0, when t¢[a;b].

We take U, (x;t) = K(x;t), and we find functions

n(x) by solving the functional equation
(15).

After that we write function
U, (xt) =U.(xt) —p.(X) A.(1),s=12,..., (20)

where

b

B.() = a, JU(x; ), (x)dlx. (21)

Next, we solve the functional equation
L (x;t)— p(h™ ()L, (x; h ™ (1)) =U, (x;t),t e[a;b], 22)

L (x;t) =0,t ¢[a;b],
and we find the function L (x;t),s=12,....
Then calculate
b b

q’ = ” L2(x;t)dxdt. (23)

It turns out that if g, <1, then we come to the conclu-

sion that method (11) — (15) will be convergent. If g, >1
, then the question of the convergence of the method re-
mains open. Gradually increasing the number of coordi-
nate functions ¢, (X),i=s+1,5+2,..., according to
the same recurrent formulas (16) — (23) we continued the
calculation until we come to such N, that inequality
g, <1 will be.
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The convergence rate of collocation-iterative method
will be characterized by inequality

[y 00 =y <C,-ai |y (0= yo (¥
C, — some positive constant, and y"(x) — exact solu-
tion of the integro-functional equation

b
y(x)—p(x)y(h(x)):f(x)+fK(x;t)y(t)dt,xe(a;b), (25)

a

(24)

y(x)=0,x¢(a;h),
where f(X) —known, a y(X) — unknown functions
from L, (a;b).

This estimate can be used to finding the number of it-
erations, which necessary to reduce the initial error by the
required number of times.

There also will be a constructive estimate:

||y*<x)—yk(x)||s?_L;;-nys(x)—zs ). (26)

where p, — some positive number, 1<s<k, and
Z,(X) looks like (12).

Direct calculations according to method (11) — (15)
should be performed as follows. First, we define a linear-

ly-independent system of functions {goj (x)} j:l,_n
and by the formula (15) find the system {77,- (x)} . After
that we find functions

Kj(x):'b[K(X;t)ﬂj (t)dt, j :ﬁ- (27)

Next b; the formula
:Bij :(oj(xi)_ Kj(xi)v (28)

we can find the elements of the matrix A (tyr
X1 :ﬁ — collocation nodes). Then we find the in-
verse matrix A" and move on to main calculations.

So, let the approximation Yy, ,(X) and according to

function s, ,(X) already set. Then we perform the itera-
tion

v () = F () - [K(xt)y, , ()et,

and we find a discrepancy

& (X) =V, (X) —s,_,(x). (30)
According to the formula

b = & (x), (31)

(29)

we find the coordinates of the vector bik .

We write the equation Aé_lk = E)k and we find its solution
a = A'be = (af,al,...,a%). (32)
We construct functions
5, (X) =V, () + > aK,(x), j=1,n. (33)
j=1

Then the approximate solution found from the func-
tional equation



Y« (X) = PO Y, (h(X)) =, (x), X € (&;b),
Y (X)=0,x & (a;b).

Conclusions. The results obtained in the article expand
the scope of the collocation-iterative method and enrich
the theory of integro-functional equations. The developed
algorithm of the method can be used to find solutions to
specific mathematical problems that come from physics,
biology, economics and other scientific fields. It is shown
that the collocation-iterative method of solving integro-
functional equations makes it possible to find solutions to

(34)
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the problem. When using this method, at each step of the
iteration there is a need to solve a linear system of alge-
braic equations. Since the basic matrix of the system is
nondegenerate and the same for each iteration step, it is
advisable to find the inverse matrix at the beginning of
this process and then use it step by step to find approxi-
mate solutions. It should be kept in mind that the obtained
results of the convergence method and constructive esti-
mates of the errors of the method are important.
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AnoTamnis. [locmipkeHo cucteMy nudepeHniaTbHIX PiBHSAHB i3 3aNi3HEHHAM Ha mpoMikKy [0, L] i3 N mOBUTBHUMH Ta M DIBUAKAMH
3MIHHUMH. 3ali3HEHHS B CHCTEMI XapaKTepH3y€eThCs JIIHIHHO epeTBOPEHIMH apryMEHTaMH y TOBUIBHUX 1 y IMIBUIKUX 3MiHHHX. JljIst
MOBUIBHUX 1 MIBUAKHUX 3MIHHUX 3a[aHO iHTerpaisHi yMoBH. [Iponeaypa ycepeqHeHHS 3a IBUAKUMH 3MiHHUMH 37iICHEHA K ¥ CHC-
TeMi piBHSHb, TaK 1 B iHTETpaIbHUX YMOBaX. [loBeleHO iCHYBaHHS €IMHOTO PO3B’ 3Ky 3a7ayi Ta OTPUMAHO OLIHKY MOXHUOKU METOIy

YCEpeAHEHHs, sIKa SIBHO 3aJIeKUTh BiJ] MAJIOro apaMeTpa.

Knrwouoei cnosa: niniiino nepemeoperuii apzymenm, mMemoo ycepeoHeHH s, MAlull napamemp, pe3oHauc, iHmezpaibHa yMoea, oyi-

HKA NOXUOKU.

Beryn. BararouacrorHi cuctemMu nupepeHmianbHUX PiB-
HSAHb JOCHipKyBanucs y mnpaisix B.l. Apronpma [1],
€.0. I'pebenikoBa [2], M.M. XamnaeBa [3],
A/l Heitmranra [4] Ta iH. 3Ha4HAN BHECOK Y AOCIIiIKEH-
HS TaKHX CHCTEM HAJIC)KUTh KHUIBCHKIM IIKOJI 3 HEiHIM-
HUX  KOJHBaHb i BimoOpaxkeHO B Tparsx
M.M. borono6oBa i 10.0. Mutpomnonscekoro  [5],
AM. Camoiinenka [6, 7]. 30kpema, HOBHI MiIXiJ y JOC-
JDKeHHI 0araTo4acTOTHUX CHCTEM, AKi B TPOIECi eBo-
JIFOIIT TIPOXOIATH Yepe3 PE30HAHC, BUCBITICHO B MPaLsiX
A.M. Camoiinerka i P.I. Tletpummna 7, 8].

CucTemMu i3 M 4acTOTaMHM 1 3ami3HEHHSM, SKE 3aj]a-
€ThCsI JTIHIWHO mepeTBopeHuME aprymentamu Ha [0, L] y
PE30HAHCHOMY BHIAIKy 3 IHTETPATLHUMH YMOBaMU
nocmimkeni y mpatsx [9,10]. Takoro Tumy piBHSHHS
3aCTOCOBYIOTBCS y 0araTboX 3ajavax, HalpHKIAA, TIPH
MOJICJTIOBAaHHI 3MiHH BEIMYUHH CTPYMY IIiJ] 9ac MPOXO-
JOKEHHS eJIEKTPOBO30M KOHTaKTHUX orop [11].

3HaYHa KiJTBbKICTh Mpallk IPUCBSIYCHA 3a/1a4aM i3 He-
JOKAIGHUMHU yMoBamu. Y mpani [12] mocmimpkyBanucs
BJIACTHUBOCTI PO3B’SI3KY CKAJSIPHOTO IH(epeHIiaTbHOro
PIBHSIHHSI JPYTOrO IMOPSAKY 13 CTalMM 3ali3HEHHAM M

IHTEeTPaJIbHOI0 YMOBOIO
1

u(1)= [u(t)da().
0
3amadi 3 iHITUMHA IHTETPATFHUMH YMOBaMHU BUBYAJIH-
cs B [13, 14] ta in.
IMocranoBka 3axayi. Y naniii poGoTi po3risiHyTO M-
YaCcTOTHY cHCTeMy JudepeHIialbHUX PIBHSIHB i3 JiHIH-
HO IIEPETBOPEHUMHU apryMEHTaMH BUTJISIILY

d

d—i: X (z.8,,0% ), )
d
d_(:: w((gr)+Y(r,aA,(p®), @)

e TE[O,L], Mallii  mapamerp ge(O,gO], UL
a, (r)=a(47), A:(/ll,...,}tp), 0<h<...<4, <1,
s, ()= 0(07), ©=(61...6,), 0<G <...<f <L,

Bekrop-¢pynkuii X, Y i ® mocTaTHpO T7ajaKi 3a BCiMa
apryMeHTaMu Ipu TE[O, L], aeD, D — obOmexena

18

3aMKHeHa omykna obmacte B R", @e R™m>1, 2=n-

NepionyHi 32 3SMIHHUMHU @ .
J

Hust cuctemu piBusiap (1), (2) 3amaHo iHTErpanbHi
YMOBH

a(0) = t([A(r)a(r)dz), 3)
) 0

#(0)=[h(za,.00)d7, (4)
0

Jie BeKTop QyHKIis h Toro s kmacy, mo i X i,

A(7)
— MaTpHuIld HOpsaAKy N.
VYcepenHeHa 3a MBUAKAME 3MIHHIMH 33/1a4da HaOy-
Ba€ BUTILY

%= X (.8y), (5)

z—‘f: ”f: 1Y (r.a,), 6)
L

a(0)= f[IA(r)a(r)dr , %
I_O

7(0)=[ro (z.3,)dr (®)

OrpuMaHa TiciIsA yCepelHeHs 3ajada 3HAYHO IpoC-
tima, HbK TouHa (1)—(4) , OCKINBKH OKpeMo
po3s’sizyerbest  3amada  (5), (7). Skmo po3B’s30k

a=a(r;y), a(0y)=y, re[0L] snaiineno, o

PO3B’SI30K (Ziz(ﬁ(r; )7,1/7,6), q?(o;y,y?,g):z/?, 3Ha-
XOJUTHCS IUIIXOM IHTETPYBaHHSA. 3ajada MOJATae y
3HaXO/KCHHI JTOCTATHIX yMOB iCHYBaHHS Ta €IUHOCTI
po3B’s3ky 3amadi (1)—(4) Ta oTpUMaHHS OLIHKH BiIXH-
JICHHS PO3B’S3KIB 3aJ]ad TOYHOI W yCepeIHEHOl 3ajad,
sIKa SIBHO 3aJIC)KUTh BiJl MaJIOT'0 IapamMeTpa €.
IMo3navenHsi. BBegemo Taki mo3HaueHHS

a(r)=a(n;y+nu), z(a)= IA(r)a(r)dr;

©|I. D. Skutar 2021
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\ (T) — BU3HAYHUK BpoHCBHKOTO MOpsinky Mg, mooy-
,a)(qu')} .

JIOBAaHHH 3a CHCTEMOIO (DyHKIIIH {w(&lr),. ..

Bigomo [10], o

[a(r)-a(e)| < el = pr2 ()
SKIIO
lul<(20) po e =Lexp(pay).  (10)
Takox BUKOHYETBHCSA OI_[iHKa
||/<Tyt//g) (ryt//g”
.:||a ny.w.e)-a(ry ||+
_ (11)
oy e)-a(zmyw e

<%, re[O,L],

-1 . .
e o :(mq) , €56 <6,C, >0 i He 3aNeKUTh Bil &

Taxka » OIliHKA TPABWJIbHA 1 JJIs MOXIIHUX 32 MOYaTKO-
BUMHM 3HaueHHsMHA Y 1 i [10].
Hexaii / — oquan4Ha MaTpUIls NOPAIKY N,

P(y)=1 —@J‘A(r)—aagy'y)dr,
Vi (‘r) = Zc:‘(kv, w(&vr))ev.

Pesonanc B cucremi (1), (2) y Touni 7 3amaerbcs
YMOBOIO

yk(r)zo,k;tO.

LleHTpaJIbHOIO YMOBOIO B OOIPYHTYBaHHI METOXY
YCEpEeIHEHHs] € yMOBa ‘“‘HE3acCTpsiraHHs” CUCTEMH B
MaJIOMy OKOJIi PE30HAHCIB 1 3BOJUTHCS 10 HAKIAaHHSI
JIeSIKMX YMOB Ha BEKTOP 9acTOT.

IcHyBaHHS €AMHOTO PO3B’SI3KYy Ta OOIPYHTYBAHHSA
MeTOy yCepeaHeHHs.

Tepema. Hexaii BUKOHYIOTBCS TaKi YMOBH:

1) (X,Y,g)eC?2™"?(G,01),G =[0,L]x D xR™;
2) weC™?[o,L];

3) Bm3HauHHWK BpoHCHKOTO V(T) BIZIMIHHMH BiI HyJIs
na [0, L];

4) icHye emuHUN PO3B’SI30K ycepeaHeHoi 3amaui (5)—
(8), xommoHenTa é(r;y) SIKOTO HaJIeXHUTh o0nacti D i3

JESKHUM P-OKOJIOM,

5) marpuns P(Y) HeBupomkena i ||P*1(7)||£0'2;

6) A;eClo,L], feC?

<oy, i,j—ln

0z;0z;
Toxl I KOKHOTO TOCUTH MaJIoro0 € € (0,80 ], icHye

€MUHUI po3B’s130K 3a1a4i (1)—(4) i BUKOHYETBCS OL[IHKA
"K(r; y,l//,g)—/?(r; 7,;17,5)" <cpe? Vre [0, L].

JloBexennsi. Hexaii & <&, =min (817(10/ 2, )1/(1 )

Toxi B Knaci Cl[O, L] ICHY€ €TUHHU PO3B’S30K 3ajadi

19

1)-4) i3
(y, l//) = (y +/1,l/7+§) , BU3HA4YeHHIl IpH 7 € [O, L] i
CIIPaBIXKy€eThCs omiHka [9]
"K LY+ up+E )k (0 Y+ uy+&, .9)”
<ce® /2.

[MokaxkemMo, mO meH pO3B’SI30K 3aJ0BOJBHAE IS
& < & inTerpansHy yMoBy (3).

IIOYaTKOBHUMMU YMOBaMHu

(12)

I3 ymos (1), (5) Teopemu maemo

u="1(2)-1(2)=
- afa(zz)(z—’z“)Jr aﬁ(zz)(i—iﬁ R (& €),

e

L =

Rz(y)zj.A(z')[é—ﬁ—a

0

OCKITbKH MaTpHLs P(Y) HEBHUPOKEHA, TO

,u:(I)l(,u,ﬁ,g)::

1(y){afa(zi)(z—i+ R, (,U))"‘ Rl(ﬂ'f’g)}'

Ha migcraBi OIiHOK Al pO3KJIAAiB BEKTOP-(YHKIIH
i3 monorpadii [2], ogepxumo

~ ~  —mn2
IR Ja-a]+[la-a)".

2 _2_ ouo8n?
Je-7ff < 2%

Toni Ha mizgcrasi (9) 1 (12) onepixumo

e N e P R 1 g

Cy =0,05N /8.

AHAJIOTIYHO OCPIKUMO
"Rz (,U

Hexait

)" <o, ||y||2 , C, = const > 0.

C5 = C,0,0305, U <Cge”

-1 _
c5(4c§c302) , (32¢,c5¢5) 1).

, <& =min(gy,5),

&y = min(,o(chcs)_l
Toxi
”(Dl (y,§,5)|| <0.50,[c 05056 +

+262C58°% +80,C,Cq8 ||| +
+ 2(C 050, + 4C1203)||,u||2 1< ce”.

Orie, @8, S, e S, = {Ju:Jul = 557,

INoxaxemo, mo BigoOpaxkeHHs @; — cTHCKaiOUe.
Maemo,
o0, (7)o

. S, (7)) R, 1
6;1:P (y){TQU(Z_Z)-F 6(2 )aRa—,L(zﬂ)-i_%:l



Science and Education a New Dimension. Natural and Technical Sciences, 1X(31), Issue: 250, 2021 Feb.  www.seanewdim.com

OcCKUIBKHA

Bl o(lul). |22 -o{tet ). v
oD,

—Ll<o, [Czaaga 12+¢03] 4] +c; <||/u||+g“ )} : 2’

[

AKIIO
. -mg
<&, =min| &, [02 (0203 +265 (C053+C; +1))J .
OTxe, Uit KOKHOTO &1 € ICHY€e €1MHA HEpyXoMa To-

4Ka 4 BinoOpaxenns ®;, Take wo [|u| < cse”.

PosrmstHemo inTerpansHi ymosu (4) i (8). Maemo

S =Dy(5(u)8) =

J. r,a, (7 ))—g0 (z’,EA (r))]dz’:
= kz:o.[gk (z’, a, (r))exp{ié(lcv,(pgv )}dz’ +

L

+I[go (T, a, (2’))— Jo (z’, a, (T))Jdr n

0
L

+I[go (r, a,

(r))— do (r,EA (r))} =Ry +R, +Rs.

I3 rmagkocti BekTop-(yHKIIT § 3a 3MIHHUMH
r,a, v :Zﬁ , 70 JPYroro TOPSIKY 1 3a 3MIHHHUMU
Py, V = 1,q 10 TopsAKY MQ+2 Ay OCIIAIIIHNX 1HTe-
TpaiB

L (ziy.w.e)=

. S
ng s,ay (sy.w.e exp{LJ‘yg S dsl}d
€9
s & < & TpaBUIbHI oninky [9]
Il
SO‘Gga[(1+” » )sup“gk s,an (S,Y.v, g))”+ (13)

||6gk s,a, (S, y,y/,g))"

+ sup ™ ”]

Il <.

q
e [l = 2.6 k.|
v=l

Ha migcrasi ominku (13) i aHanOri4HOl OIIHKK ISt
noxigHoi Iy (‘[, VA2 8) 32 3MIHHUMH |/ OJIEPKUMO

"Rs(y,é,g)"Sch“, &< & (14)
3acrocyBaBuin oLiHKY (12), oTpumaemo
R (s2.6)] <
p L
< UlZJ-"A(T)"“% (r)-&, (r)”dr < (15)
v=lQ

< 0005”1 2.

Ha nincrasi ouinku (9) Mmaemo

20

[Ral < o105 ] < ergsor055”, (16)
sximo € < (20,05) " = g
Orxe,
"‘Dz (&), 6)" < (Cg A% 2T as) (022+ chs)}ea =1Cee”.
Jusn  £eR™  rtakoro, mo E<cge”  maemo

®,:S, >S,, S; :{§:||§||s cgg"} :

PosrnsiHeMo MaTpuyHy (YHKIIiFO

00, (S(4), 0 d
%:%Rg(y,cf,g)-k%& (1.&,2).

I3 owinku moxigHoOI IO f OCHWISALIIHHOTO iHTerpaia

74 BIIXUJICHHS

a(T, V+uw+€, 8)—5(‘[, V+uy+E, g) OIEPKHMO

a(DZ (é:(/,l), ‘9)
o4

Omke, Ve<e = min(84,85,€6,(2C11)_mq) Ha TIijc-

pO3B’sI3KiB

o a . o
SCpé +C o058 =06 .

TaBi TeOpeMH PO CTUCKAIOUi BimoOpaxenus [15] icHye
€JIMHE 3HAYCHHS (,u, §) Take, WO | < cse”,||€] < coe®
JUISL SIKOTO 33JI0BOJIBHSIIOTBCS yMOBH (2) i (3), ToOTO
iCHy€e eTuHUE po3B’si30k 3aaa4i (1)-(4).

BinmoBigHa oIliHKa A7 TMOXMOKH METOAY ycepen-
HEHHSI BUILUIMBAE 13 TaKOi HEPIBHOCTI

”K (r.y.w.e)—k(r 7,(/7,5||£
S"K (r.yw.e)-k(r ,V,l/7,s)||+
+||/?(z', y,y/,g)—r?(r,y,lﬁ,g)||£

< %czg“ +c 6% =cppe”

TeopeMy oBenEHO.
Ipuknan. Po3riasHeMO OQHOYACTOTHY
OJTHHMM JIiHIHHO TIEPETBOPEHUM apryMEHTOM

cUCTEMY 3

da do 1

—=b, +b,cos(kp+1 ==(d, +d,7).

dz by +b, ( [ %) dz g( 1 27)
ne O<k<-,0=-k/l, b, i d, — nonarui umcna,
v=12.

[HTErpanbHi YMOBH MalOTh BHTIIS]
L

0)=Afa(r)dr
0

L
0) =,6'J-COS(k(p+|(p9)dr,
0

ge crami A>0, #>0,1-al =0.

Pesonanc
7 (7)=da (k+6°1)z.
\ (‘[) =d,d, (1—49) #0, T06T0 ymMOBa 3 TEOPEMH BHKO-

=0,

Busnaunnk

JIOCATAETbCA  TIPHU OCKUIBKH

BpoHcekoro

HyeTbes, sk 1 1,2 Ta 4.
Po3B’s3kK TOYHOI 3a7a4i i BiIMOBIAHOI 11 ycepemHe-
HO1 3a7a4i



L
da - _
d_rzbl' a(O)=A£a(r)dr,
dp 1 _
HaOyBarOTh BUTIISLY
T 2
a(r,,u,ff,g):V+y+blr+szcos(ci+(k+I)§Jdr,

LGrdr |
p(r,&6)=c+21 2 +jcos(—+ k+|)§]dr,
0

a(r)=y+hr, a(r,g)=—d12dzr,
AbL* 2
=1 c=d,(k+16%)/2.
i 2(1- AL) = da(k+10%)/

IToyaTkoBe 3HaUEHHS 3HAXOAUTHCA i3 piBH?[HHSI
1
cr?
E= ﬂICOS(—+(k + I)éjdr =D, ().
5 &
Skmro

£<g, :c/(Sﬂﬂz(kH)Z),

TO 3 acCUMNTOTUKH iHTerpana ®penens [16] Burmusae,
1[0 BHKOHYEThCS YMOBAa CTUCKY BimoOpaxenHs @,,

TOOTO ICHYE €IUHAa HEepyXoMa TOYKa 3 BiJOOparkeHHS
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D,:S, >S,.
S, ={&:|é <eE, & = g7 Iz,

3HaueHHA Ha6yBa€ BUTIIY

|1 AL| J.cos(—+ k+|)(§Jdr.

3 acuMnTOTHKM iHTerpana DpeHens BUILUIMBAE, IO

Tyt

=

mpu 7 =0
la(z. .6, 8)=a(c) < 0o,
lo(7.6.6)-@(z,¢) < e,
Nz [ A
e C, —W[p_AL'ﬂbﬂj.

3ayBakuMo, IO U OTHOYACTOTHOI cUcTeMH 0Oe3 3ari-
3HEHHS OI[IHKa TIOXUOKU Mae MopsiioK & npu £ —>0.

BucHoBkm. )1 CIpOlIEHHS M-YaCTOTHOI CHCTEMH
mudepeHIiaTbHAX PiBHAHD i3 JIHIHHO NMEpEeTBOPCHUMH
apryMeHTaMU W HeNiHITHUMU iHTerpaJbHUMH YMOBaMH
3aCTOCOBAHO MpPOLEAYPY YCEPEIHCHHS 3a IIBHIKHMH
3MiHHUMH. JlOBEeIEeHO iCHYBaHHS €IMHOTO PO3B’SI3KY
TouHOi 3amavi. OJepKaHO OLIHKY MOXHOKH METOIy
yCepeIHEHHs, SIKa SBHO 3aJIeXKUTh B MaJoro rnapamer-
pa Ta KiNbKOCTI MIBUAKHMX 3MIHHHX 1 JIIHIHHO mepeTBo-
pEeHUX apryMeHTiB y Hux. [1o0yzoBaHO mpuKIaa OIHO-
YacTOTHOI CHCTEMH 3 IHTETpaJIbHUMH yMOBaMH, Ha
SKOMY TIPOLTIOCTPOBAHO OTPUMAaHHMI pe3yJIbTar.

JITEPATYPA

. Apnonbn B.U., Koznos B.B., Heitiutant A.JM. MaTtemaruue-
CKHE aCHEKTHl KIACCHYECKOH M HeOecHOW MexaHWKH. Mock-
Ba: YPCC, 2002. 416 c.

. I'pebennkoB E.A., PsooB 10.A. HoBble kadecTBEHHBIE Me-
TOJIbI B HEOecHOM Mexanuke. MockBa: Hayka, 1971. 444 c.

. Xanaes M.M. YcpeaHeHnue B TeOpuu ycToiumBocTu. Mock-
Ba: Hayka, 1986.

. Neishtadt A.l. Averaging, passage through resonances and
capture into resonance in two-frequency system. Russian
Mathematical Surveys. 2014, 69 (5), p.771-843.

. boromro6os H.H., Mutpononsckuii 10.A. Acumnrorndeckue
METO/bI B TEOPUU HEJNMHEUHBIX Koniebanuii. MockBa: Hayka,
1974. 503 c.

. Camoiinenko A.M. K Bompocy 060CHOBaHHS METOAa yCpe-

HCHUS JIA MHOTOYaCTOTHBIX KOJIe0ATENbHBIX CHCTEM. ﬂu(b—

gepeny. ypasnenus. 1987, 23 (2), c.267-278.

. Camoiinenko A.M., [erpummu P.l. MaremaTnyHi acmexTw
Teopil HemiHitHMX KonmBaHb. KuiB: HaykoBa mymka, 2004.
475 c.

. Camoitnenko A.M., Ierpummmn P.M. Meton ycpenHeHus B
HEKOTOPBIX KpaeBbIX 3a1auax. Jupgepeny. ypasnenus. 1989,
25 (6), ¢.956-964.

JIHIWHO TIepeTBOpEHUM aprymeHToM. Heniwitni xorusamnns.
2008, 11 (4), c.462-471.

10.Biryn SL.M., Kpacuokyrcska |.B., Ilerpumun P.l. Ycepex-
HEHHsI B 0araTo4acTOTHHX CHUCTeMaXx i3 JIiHIMHO mepeTBope-
HUMHU apryMeHTaMHu i 0araToTOYKOBMMH Ta iHTeraJ'ILHI/IMI/I
yMoBaMHu. bykosuncokuii mamemamuynuti srcypuar. 2016, 4
(3-4), ¢.30-35.

11.I'pebenmmkoB b.I'., JloxxaukoB A.b. Crabunmzanus cucre-
MBI, coJepralllell MOCTOSHHOE M JIMHEHHOE 3ama3/ibIBaHue.
Jupgepeny. ypasnenus. 2004, 40 (12), ¢.1587-1595.

12.Dingyong Rai, Yuantong Xu. Positive solution and eigenval-
ue intervals of nonlocal boundary value problem with delays.
Math. Analysis and Appl., 2007, 334, p.1152-1166.

13.Johnny Henderson and Rodica Luca. Boundary Value Prob-
lems for Systems of Differential, Difference and Fractional
Equation. Kluwer, Dordrecht-Boston-London, Netherlands,
2016.

14 Jankowski T. First-order differential equations with nonlocal
boundary conditions. Dynamic Systems and Applications.
2015, 24, p.195-210.

15.Konmoropos A.H., ®omun C.B. DnemeHTH Teopun GyHKIHIT
1 QyHKIMOHaNBHOTO aHain3a. MockBa: Hayka, 1981. 544 c.

16.beiitmen I'., Dpaeiin A. Beiciiue TpaHCUeHICHTHbIE (YHK-
muu. Mocksa: Hayka, 1974, Tom 2. 296 c.

REFERENCES

9. Biryn S.JA. IcHyBaHHSA pO3B’SI3KY Ta yCepeAHEHHsS Oarato-
TOYKOBUX KpafIOBPIX 3aga4dy ot 0araTo4aTOTHHUX CHCTEM i3
1. Arnold V. I, Kozlov V. V., Neishtadt A. |., Mathematical

aspects of classical and celestial mechanics. Moscow: URSS,
2002, 416 pp.

. Grebenikov E.A., Ryabov Yu.A. New quality methods in
celestial mechanics. Moscow: Nauka, 1971. 444 pp.

ka, 1986.

. Bogoliubov, N. N., Mitropolskii Yu. A. Asymptotic methods
in the theory of non-linear oscillations. Moscow: Nauka,
1974. 503 pp.

. Khapaev M.M. Averaging in stability theory. Moscow: Nau-

21

6. Samoilenko A.M. On the question of substantiating the aver-
aging method for multifrequency oscillatory systems. Differ-
ential Equations, 1987, vol. 23 (2), pp.267-278.

7. Samoilenko A.M., Petryshyn R.I. Mathematical aspects of the
theory of nonlinear oscillations. Kyiv: Naukova Dumka,
2004. 475 pp.

8. Samoilenko A.M., Petryshyn R.I. Averaging method in some
boundary value problems. Differential Equations, 1989, vol.
25 (6), pp.956-964.



Science and Education a New Dimension. Natural and Technical Sciences, 1X(31), Issue: 250, 2021 Feb.  www.seanewdim.com

9. Bigun Y. I. On existence of solution and averaging for mul-  11. Grebenshchikov, B.G., Lozhnikov, A.B. Stabilization of a

tipoint boundary-value problems for many-frequency systems system with a constant and a linear delay. Differential Equa-

with linearly transformed argument. Nonlinear Oscillation, tions, 2004, vol. 40 (12), pp. 1587-1595.

2008, vol. 11 (4), pp. 462-471. 15. Kolmogorov A. N., Fomin S. V. Elements of the Theory of
10. Bihun Ya.Y., Krasnokutska 1.V., Petryshyn R.I., Averaging Functions and Functional Analysis. Moscow: Nauka, 1981.

in multifrequency systems with linearly transformed argu- 544 pp.

ments and with multipoint and integral conditions. Bukovini-  16. Bateman H., Erdelyi A. Higher Transcendental Functions.

an Mathematical Journal. 2016, vol. 4 (3-4), pp.30-35. Moscow: Nauka, 1974, vol. 2. 296 p

Investigation of a system with linearly transformed arguments and nonlinear integral conditions
I. D. Skutar
Abstract. The system of differential equations with delay on the interval [0, L] with n slow and m fast variables is investigated. The
delay in the system is characterized by linearly transformed arguments in slow and fast variables. Integral conditions are given for
slow and fast variables. The procedure of averaging over fast variables is carried out both in the system of equations and in integral
conditions. The existence of a unique solution to the problem is proved and the accuracy of the averaging method is estimated, which
obviously depends on the small parameter.

Keywords: linearly transformed argument, averaging method, small parameter, resonance, integral condition, estimation of accu-
racy.
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AnHoTanus. B pesynprare ncciaenoaHus ycraHoBieHo, 9yto HK Ha ¢oHe mpoBeneHNH aHTHTPOMOOTHYECKOH Tepanuu Hanbolee
4acTO BO3HHMKAIOT B IIEPETHUX OTJeaX MOJIOCTH HOCA M UMEIOT IPEHMYIIECTBEHHO AUalNee3Hblil Xapakrep. MecTHBIMU IpeApaco-
JaralomuMy (akTopaMu prcka Bo3HHKHOBeHMs HK mpu mpoBeneHun aHTHTPOMOOTHYECKOH Teparuu SIBISIOTCS aTtpoduaeckmit
PHMHUT, HaJIW4ue AeGOopManuy IIeperopojKy HOCa M MOJNUIIO3HOM3MEHHAs CpemHssl HocoBas pakoBnHa. Ha ¢oHe nesarperanTHoOi
tepanun HK mMeroT MeHee MHTEHCHUBHBIN XapaKkTep U CKIOHHOCTh K PEIUANBHPOBAHUIO, YAIle OCTAHABIMBAIOTCS CAMOCTOSTENBHO

4yeM y OOJBHBIX IIPU MIPOBEACHUH aHTUKOATYIIHTHON Tepamuu.

Knioueewvie cnosa: nocosvie Kposome4eHusl, aHmumpo,wb'omuquKaﬂ mepanus, ae3a2pezaHmHaﬂ mepanus, aHmuKoacyisAHmHas

mepanus.

BBenenne. B Hacrosimiee BpeMs  KOHCTaTHpYeTCs
HEYKJIOHHBIH POCT 4nciia OOJBHBIX C MAaTONOTHEH cepaey-
HO-COCYANCTOH CHCTEMBI, HYXXIAIOIIUXCS B IPOBEIACHUN
antutpomboTudeckoit tepamuu [1]. Ha ¢one npuema
AQHTHUKOATYJITHTOB W JI€3arPEraHTOB BCErJa BBIIIE PUCK
Pa3BUTHSI TeMOPPAarMYeckuX OCIOXKHEHUH (B TOM 4yHuCie U
HOCOBBIX). AHTUTPOMOOTHYECKAs TEpamus MOBBIIIACT
puck ¢dartanbHBIX W HedaTaJIbHBIX KPOBOTEYECHUH (IO
CPaBHEHHIO C JIMLIAMH, €€ He MOJIyJaloMHU) B CPEHEM B
1,6 pa3a [8]. [lo 1aHHBIM MHOTHX aBTOPOB YKCJIO CTAI[HO-
HapHBIX OONBHBIX ¢ HOCOBBIMU KpoBoTeueHusMH (HK),
KOTOpBIE HAaXOISTCS Ha aHTUTPOMOOTHYECKOH Teparuw,
coctasisiet oT 29% 10 48%. [7].

OpnHako B JIMTEpaType HEAOCTATOUHO AAHHBIX O YacTo-
Te u xapakrepe HK y stoit kateropuu 60ombHBIX. OcoOeH-
HocTH KimHH4eckod kaptuabl HK Ha ¢one mpoBenenuns
AHTUTPOMOOTHYECKON Tepamuy 10 HACTOAILIETO BPEMEHH
OCTAIOTCS] HEZJOCTATOUHO N3yUEHHBIMHU.

Ienpto wccnenoBaHus SBISUIOCH M3YYEHHE OCOOEHHO-
creii knuHuueckod kaptuHel HK Ha ¢one mpoBenenums
AHTUTPOMOOTHYECKON TEPIIH.

Matepuansl 1 MeToabl. IIpoBeneHo m3yueHne oco-
O6eHHocTel kmuHIYeckor kaptuasl HK y 156 GonpHBIX Ha
(oHe npoBeieHnsT aHTUTPOMOOTHYECKOH Teparnu. Cpenu
00CIIeIOBaHHBIX OOJBHBIX JKEHINMH Obu1o 73(46,8%),
MyxuuH - 83 (53,2%). Bo3pact GonpHBIX Konebaiycst oT
39 no 89 nert, cpeauuii Bozpact coctaBui 66,7+11,8 ner.

Haubomee gactemm (y 79 (50,6% OONBHBIX) MTOKa3aHU-
€M I Ha3HA4YeHUS aHTUTPOMOOTHYECKOil Tepamuu mo-
CIY’)KMJIO HapyIIEHHs CEepAEYHOT0 pPUTMa, OCHOBHOMU
(opMOH KOTOPOTO SBISAJIOCH HAJTMYNE MapOKCH3MAIBHOMN
WA TIOCTOSHHOW (opMBbl GUOpHUIAINN nipencepanii. B
CBSI3U C NEPEHECEHHBIMH TPOMOO3IMOOINIECKUMHU COOBI-
TUSIMH Ha aHTUTPOMOOTHYECKON Teparnuy HaxoaAunock 36
(23,1%) OompHBIX. Pexe mMmoka3zaHHEM K MPOBEACHUIO
AHTUTPOMOOTHYECKON TEepanmuy SBJUINCH CTaOMIIbHAS
CTEHOKap/ys, TepEeHECEHHbIE HHJOBACKYJISIPHBIE BMelIa-
TEJILCTBA (YPECKOXKHBIE KOPOHAPHBIE BMELIATENILCTBA) U
TIOPOKH cepjla, KoTopele oTMedeHsl y 18 (11,5%), 14
(9,0%) u 9 (5,8%) GONMBHBIX COOTBETCTBEHHO.

Ha aHTHKOAryjJssHTHOW TepanmuM HaxoJWIOCh
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(23,7%) ©omeHBIX M 119 (76,3%) OONBHEIX MOTyYaTH
JIe3arpeTaHTHYIO TEPaIHIO.

C nensto ompenenenus nokanmsauuu HK u onenkm
COCTOSIHUS CIIM3UCTON 0OOJIOUKH MOJIOCTH HOCa OOJIBHBIM
BBINOJHAJTIACH TIEPEAHSAS PUHOCKONUS M SHIOCKOMUS IO-
JIOCTH HOCA.

PesyabraTsl n ux o6cy:knenue. OOpamaer Ha ceds
BHUMaHHE 3HAYUTENILHOE MpeobiaiaHie OOJBbHBIX MOXKH-
JIOTO M CTap4yecKoro BO3pacTa, YAETbHBIM BeC KOTOPBIX
cocraBun 73,1%. [IpeoOnamanre OOJBHBIX MMEHHO 3TOU
BO3PACTHOHN T'PYyIIBI OOBACHAETCS TEM, YTO JIIOJHW MOXKH-
JIOTO W CTap4ecKoro Bo3pacTa Ooliee dale HyKAAIOTCS B
MIPOBEJCHUN AHTUTPOMOOTHYECKOH Tepamuy YeM JIHna
MOJIOZIOTO U cpeqHero Bospacta. Kpome Toro, mpu neue-
HUM 3TOTO KOHTHHTEHTa OOJIHBIX HEOOXOANMO YYHTHI-
BaTh BO3PACTHBIC U3MEHEHMS U HAJIWYHE COMYTCTBYIOMIECH
natosiorud. ColyTCTBYIOIIas MATONOTHSA BhIsABIeHa y 109
(95,6%) GONMBHBIX MOXUIIOTO U CTAPUYECKOTO BO3pacra H
Ttonmeko y 16 (38,1 %) OGONBHBIX MOJIOJIOTO U CPETHErO
BO3pacTa.

OtMmeueHa sipkas BBIPAXEHHOCTh CE30HHOCTH BO3HHUK-
HoBeHHsi HK y OOJNbHBIX, MPUHUMABIINX aHTHKOATYJISH-
TBHI WM JI€3arperaHThl. 3HAYNTEIHHOE KOJIMYECTBO OOJb-
HBIX mocTynuio (42,9%) B 3UMHMI NEpHOA, YTO MOXKHO
OOBSCHUTh BIMSHHEM (HaKTOPOB OKPYXKAIOIIEH Ccpelbl
(Hm3KHe TeMIiepaTypsl U Oosiee CyXoil BIbIXaeMBIH BO3-
nyx) Ha BosHukHOBeHHe HK. Ilo Hamemy MHeHmIo, emie
OJHUM M3 (DAaKTOPOB CE30HHOCTH BO3HMKHOBeHHMs1 HK
ABJISIETCA OTOIUIEHHE IIOMEIIEHHH B XOJOJHOE BpeMs
rojia, 4TO MPUBOJUT K CHIDKEHHIO BIIQXKHOCTH BO3IyXa
OKpY’KaloIel Cpeapl M COOTBETCTBEHHO II€pPEChIXaHHe
CIIM3UCTON 000JI0YKM TMONOCTH HOca. [1o HAammMM TaHHBIM
102 (65,4%) GONBHBIX MOCTYIMIN B IIEPHOJ OTOIHTENb-
HOro ce30Ha. TakuMm 00pa3oM, OJTHUM M3 NMPOQHIaKTHYE-
ckux Mepomnpuatuil Bo3HukHOBeHHss HK, mo nHamemy
MHEHHUIO, MOXET OBbITh HCIIOJIb30BaHNE YBIIAXHUTEIEH
BO3/lyXa B IOMEIICHUAX ¥ MHIUBUAYaJIbHOE HCIIOJIb30Ba-
HHE HA3IBHBIX COJIEBBIX CHPEEB M  YBJIAXKHSIOIINX
CPEJ/ICTB B OTOIHUTEIJILHBIN NEPHOI.

ITpu cbope anamHesa 6buTO0 BBIACHEHO, uT0 HK y mC-
CIIeyeMBIX OOJIBHBIX YaIlle BCETO BO3HHKAIN HEIPEACKa-
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3yeMo, 0e3 Kakux-1uOo NpeaIeCTBEHHUKOB IPH HOP-
MaJIbHBIX HU(pax apTepHatbHOrO JaBiieHHs. ToIbKO y 8
(5,1%) 6ompubix HK Bo3HMKIO Ha (hoHE rMneproHnye-
ckoro kpu3za. Onuolt u3 ocodenHocteit HK Ha done mpo-
BEJCHHUS AaHTUTPOMOOTHYECKON Tepanuy, BBISIBICHHBIX
HaMH, SBUJIOCH IIOCTEIIEHHOE Pa3BUTHE KPOBOTCUCHHS B
TeueHne Heckonmpkux auer. Y 110 (70,5%) 6onpaEIx HK
HAYMHAINCH C HE3HAYUTENIBHBIX TEMOPPAarnieckux BbIe-
JICHWH U3 MOJIOCTH HOCA, KOTOPHIM OOJbHBIC HE TPHaBa-
I 0cO000TO 3HAYCHMS M 33 MEAWIIMHCKOH MOMOIIBIO HE
obpamanuce. OT™MedeHo ycmieHnne naTeHcnBHOCTH HK ¢
MOCIIeAYIoNIe HEOOXOANMOCTBIO OKa3aHUsl KBalU(HIH-
POBaHHOW MEJHMIMHCKOW MOMOIIM IIPU Pa3IUYHBIX IPO-
BOKalIMOHHBIX (akTopax: (OpcHpoOBaHHOE CMOpKaHMHE,
¢du3nyeckas Harpy3ka, OCOOEHHO C HaKJIIOHOM TYJIOBHILA,
nablieBasl TpaBMaTU3alys MMOJIOCTH HOCAa M M3BIICUCHHE
U3 MOJIOCTH HOCa CalI(eTOK MM CyXHX BaTHBIX IIApUKOB,
YTO BEPOSTHO MPUBOAWIO K HAPYMICHUIO OOpa3oBaHUS
CTyCTKOB KPOBH H JONOJHHUTEIBHON TpaBMaTHU3alNU
CIIM3UCTON 000JIOUKH HOCA.

[Ipn aHanW3e aHAMHECTHYECKWX MAAHHBIX BBISBJICHO,
gyto cpenu OompHBIX ¢ HK Ha QoHe aHTHKOAryIsIHTHOU
Tepanuy 3Ha4YMuTeNbHO yame (B 1,7 pa3) peunauBbl Kpo-
BOTCUCHHS HAOJIOMANKCh MPU MpUeMe BaphapuHa YeM y
OOJIbHBIX, JICUMBIIUXCS puBapokcadbaHoMm. Tak, u3 11
OonbHBIX Haxojsmuxcs Ha Bapdapune y 8 (72,7%) B
aHamHese yxxe 6pun HK, mpuuem y 6 (75%) u3 HuX MHO-
TOKpaTHbIE (TIOBTOPSIOIIMECS HECKOJBbKO pa3 B roJ Ha
MPOTSHKEHUH JUTMTEIHHOTO BPEMEHH) ¢ HEOJHOKPATHBIMU
TaMIIOHUPOBAHUSIMU TIOJIOCTH HOCA I OCTAHOBKH KpO-
BoTeueHHA u y 2 (25%) 6ompubIx HK ocranaBnmmBanmchk
camocToaTenbHO. Cpeau 26 G0JIBbHBIX, KOTOPHIE MOTyYallid
puBapokcabaH, Toiabko y 11 (42,3%) OonbpHBIX B aHAMHE-
3e O HK, v 7 (63,6%) u3 Hux HK ocranaBimBamich
CaMoCTOATENIbHO. TakuM 00pa3oM, NMpH aHTUKOATYJISHT-
Hoii Tepanuu y 19 (51,4%) OOnbHBIX HAOIIOAATHCH PEIIH-
nusHble HK, n3 xoropeix 10 (52,6%) ocraHOBMIKCH ca-
MOCTOSITeNbHO U 9 (47,4%) HyXIanuce B TaMIOHHUPOBA-
HUH.

Cpenu 119 6ompHbix ¢ HK Ha ¢oHe nezarperanTtHoii
TEpaIMy 3MH30/(bI KPOBOTCUECHUH B aHAMHE3€ OTMEYEHBI
y 46 (38,7%) GonmbHBIX, U3 KOTOPHIX ¥ 35 (76,1%) 6omb-
Heix HK ocranoBminocek camoctositensHo u 'y 11(23,9%)
OCTaHOBKa KPOBOTEYEHHs BBIIOJHEHA TaMIOHHPOBAHHU-
eM.

Cpenu o0cre0BaHHBIX OOIBHBIX ONpPEeNAIach 3aBH-
CHUMOCTh CTENEHHM TSHKECTH KPOBOIIOTEPH OT Xapakrepa
MIPOBOIUMOM aHTHTPOMOOTHUECKOW TePAIIHH.

Ha ¢oHe npoBeneHus aHTHUKOATyJSIHTHOM Tepanuu
cTeneHb kpoBomnotepu cpeau 6ompHEIX ¢ HK pacnpene-
Jsach CIEMyoImUM oopa3om: serkas - 17 (46,0%) 601b-
HBIX, cpemHss - 15 (40,5%) OonbHBIX W TsDKemas - 5
(13,5%) OonbHbIX. [IprdeM U3 5 OONBHBIX C TSKENOH
crernenblo kpoBonotepu 4 (80%) Haxoamnuch Ha Bapda-
pHHE.

Cpenu OONBHBIX TOJMYYaBUIMX J€3arperaHTHYIO Tepa-
o ot 60sbHBIX (76,5%) ¢ JIerkoil cTeneHplo KpoBo-
morepu Obuia B 1,7 pa3 Ooibplie, 4eM NIpPH aHTHKOAry-
nsiHTHOM Tepanuu. COOTHOIIGHHE YIIeNbHOTO Beca 00JIb-
HbIX C KpOBONOTEPEH CPENHEH M TSKEIOU CTEHEHBIO
MEXAy OOJbHBIMU MONYyYaBIIUMHU JI€3arPEraHTHYI |
AHTHKOATYJITHTHYIO Teparnuu coctasmio 1: 2,3.

Takum oOpa3oM Ha (oHe Je3arperaHTHON Tepanuu
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HK nmeror MeHee MHTEHCHBHBIN XapaKTep U CKJIOHHOCTh
K peLUANBUPOBAHMIO, YaIlle OCTAaHABJIMBAIOTCS CaMOCTOSI-
TENbHO, YeM Yy OOJBHBIX HPU INPOBEICHHU aHTHKOAry-
nsHTHOM Tepanuu. Cpelau aHTHKOAryJIsiHTHOW Tepanuu
OoJiee MHTCHCUBHBIM M peluIuBHpylomuii xapakrep HK
OTMe4eH y OONBHBIX, MOTYYIaBIINX BapdapuH.

BceM GonbHBIM OBLTa BBHITIONHEHA TIEPEAHAS PHHOCKO-
must.  JlmarHocTuueckas IEHHOCTh 3HIOCKOIHNYECKOTO
HCCIIEOBAaHMS TOJIOCTH HOCA B YCIOBUSAX IPOJOIDKAOIIE-
rocst HK oxa3anace HEBBICOKOH 1 ObUIA BBIIIOIHEHA TOJb-
k0 14 (8,9%) OOIBHBIM C HENbI0 YTOYHEHHS JIOKAIH3AIHN
HCTOYHHMKA KpoBOTe4YeHUs. Takxke OmZHUM U3 (DAKTOPOB
OTpaHUYEHUs TOKa3aHUIl K MPOBEACHUIO HJOCKOIHUU Ha
BBICOTE KPOBOTEUEHHMS SIBIISUIOCH BEPOSITHOCTH YCHIICHMS
nHreHcuBHocTH HK BenenctBue TpaBMaru3aluu CIM3H-
CTOi 000JIOUKH MOJIOCTH HOCA.

[Tpu puHOCKOMMH 4 GONBHBIX C BHICOKOW WHTEHCHBHO-
cteto HK He npencraBuiioch BO3MOXHBIM YCTaHOBUTH
HCTOYHHUK KPOBOTEUECHUS, OCKOIBKY WHTEHCHBHOE KpO-
BOTEUEHHE 3aTPYAHSUIO OCMOTp HOJNOCTH Hoca. Jlokamm-
3aIys B 3aJHUX OT/eax IOJIOCTH HOca y HUX OblIa ycTa-
HOBJICHa HAa OCHOBAHUH JAHHBIX (h)apHHIOCKOIHH (CTEKa-
HUE KPOBH IO 3a/HEH CTEHKE IJIOTKH) U OTCYTCTBUH BU-
3yalu3allil MCTOYHHMKA KpPOBOTEUEHHS B IIepelHee-
CpeIHEM OTAEeJe MOJIOCTH HOCA.

Hamu Obl1 mpoBeieH aHaAJIN3 3aBHUCHMOCTH JIOKaNIH3a-
i HK ot xapakrepa aHTUTpOMOOTHYECKOW Tepamuu.
[Tpu npoBenenun anturpomboTHyeckoi tepanuu HK u3
TIEpeTHIX OTAENOB IOJIOCTH HOCA, KOT/la MCTOYHHK pac-
nojarancs B 3oue Kuccenn6axa, ormeueno y 144 (92,3%)
6ompubIX. HK U3 3a1HUX 0T/HEI0B HOCA OBUIO TMAarHOCTH-
poBano y 12 (7,7%) OompHbIX. OpHOcTOoponHee HK
HaOmonanoce y 150 (96,1%) u nByxcroponHee — y 6
(3,9%) OonBHBIX.

Yactora HK B 3aaHHMX OTzZenax IOJIOCTH HOca IpHU
MIPOBEJICHUH aHTUKOATYJITHTHOU Tepanuy B 1,6 pa3a Obuia
BBIIIIE AHAJOTWYHOTO TOKAa3aTels MPU MPOBEACHUH Jie3a-
rperanTHoi tepanuu. [Ipruem u3 4 GOJIBHBIX NMPH MPOBE-
JCHUN aHTUKOAryJsHTHOH Tepamuu 3 (75,5%) OompHBIX
Haxomwinch Ha Bapdapuue. Kakoii-mubo 3aBUCHMOCTH
yactoTel HK n3 3agHuX oT/HENnOB HOCA HpH Je3arperaHt-
HOH Tepanuy OT TPYMIIBI Npernapara (MHruOups! GepMeH-
ta [1OI'-1 wmy rpynma THEHONEPUINHOB) HAMH HE OBLIO
BeBiIeHO. OOparmaer Ha ce0s BHHMaHHE, 4TO W3 12
6ompHBIX ¢ HK w3 3amamx otnmenoB Hoca 10 (83,3%)
OONBHBIX MO BO3PACTHBIM KPUTEPUSAM OTHOCHUIIMCH K JIH-
I1aM MOKHJIOTO U CTapUECKOro BO3pacTa.

Takxum o6pazom, HK npu nmpoBenennu aHTUTpOMOOTH-
YecKOH Tepamuy 3HAYMTENBHO dYalle HaOIIomaloTcs H3
HepefHnuX OTAeNoB Hoca, cpenu HK u3 3amumx otnenos
HOca OOJIBIION yJeNbHBIA BEC COCTABISIOT OOJbHBIC TPH
MIPOBEJCHNH AHTHKOATYJITHTHOW Tepanu B MOXWIOM U
cTapyeckoM BospacTe. Hambonbmmii puCK BO3HHMKHOBeE-
nust HK n3 3amHux oTnenoB Hoca MMeEIOT OOJBHBIE NpH
JIeYeHnH aHTaroHucTamu Butamuna K (Bapgapun).

IIpu pHHOCKONUYECKOM OCMOTpE CIIEABI CBEXKEH Kpo-
BU OINpPEAEISUINCH y BCEX OOJBHBIX, IPH 3TOM CTyCTKH
KpOBH B TOJIOCTH HOca HaOmomanuchk y 108 (69,2%) u
reMopparm4eckrie KOpku B oOmactu 30HbI Kuccenpbaxa -
y 64 (41,0%) 6onpabIX. Y 48 (30,8%) OONBHBIX MpH pH-
HOCKOIIMM Ha BBICOTE KPOBOTEUEHHS HE BU3yaJIH3HPOBA-
JIUCHh CTYCTKH KPOBH, YTO BEPOSTHO OBIJIO OOYCIIOBIEHO
SIBJICHUSIMH THITOKOAryJIsIIuK, XapaKTepHOW IpH IpoBe-



JICHUY aHTUTPOMOOTHYECKON TEepamuy.

OOpamaer Ha ce0s BHUMaHHE, 4YTO TOJBKO Yy
31(19,9%) GonpHOTrO BH3YaJU3MPOBAICS KPOBOTOYAIIMIA
COCYJl C IOIATCKAHUEM CBEKEH KPOBH. Y OCTaIbHBIX
6ombHbIX (80,1%) HK HOCcHMio nuamene3Hslii xapaktep
Pa3IMYHON MHTEHCHBHOCTH, HE HMEBILICE ONPEIEICHHOTO
€IUHCTBEHHOro HcTtouHuKa. Juaneneznoe HK xapakre-
PH30BANIOCH HAJINYMEM MHOXKECTBEHHBIX DPaBHOLICHHBIX
HCTOYHUKOB TEMOppAariy, PaccpeIOTOYECHHBIX II0 Bceil
CIIM3HUCTOM 000JI0YKE ITOJOCTH HOCA, IPEUMYIIECTBEHHO B
30He Knccennbaxa. [1pn 3TOM pHHOCKOIIIYECKH BU3YaIH-
3MPOBAIIMCH MHOXKECTBEHHBIE KPOBOUBIUSHHS U TeMOppa-
TMYECKOe MPOIHUTHIBAHUE CIM3HCTON 00OJIOYKH IMOJIOCTH
HOCa.

Cy0aTtpoduueckue U3MCHCHUS CIH3UCTON 000J0YKU
N0JI0CTH HOca (OJ1€AHOCTh, CYXOCTh U ICTOHUCHHE CITU3H-
cTOI 000I0YKN HOCa) BBISBICHBI Y 95 (62,8%) GONBHBIX,
npudem 74 (77,9%) u3 HEX ObUTH OOJIEHBIE TIOXKIIIOTO U
CTap4ecKoro Bo3pacTa. [Ipu3Haku aTpopHUIECKOro pUHH-
Ta MPEHMYIIECTBEHHO JIOKAIM30BAJIHCh B MEPEIHUX OT-
JeJax MeperopoJKu Hoca. M3 BBIICNIPHBEICHHOTO MOX-
HO caenaTh 3akimtoyenue, yro HK npu nposenenun as-
TUTPOMOOTHYECKON Tepamuu dYaile HaONlloAalTCcs Ha
(oHEe MECTHBIX aTPO(UUECKHX M3MEHEHUSX B CIM3HUCTON
000JI049Ke TTOJIOCTH HOCAa.

IloBEpXHOCTHOE PpACHOJIOKEHUE COCYIOB CIM3UCTOU
o0omouku Hoca B obmactu Kuccenbbaxa BBIABICHO Y 36
(23,1%) OonbHBIX. [laTOMOTHYECKH H3BUTHIE COCYIBI
Habmonamuce y 27 (17,3%) OOnbHBIX, U3 KOTOPHIX y 8
OOJBHBIX Ha (hOHE MOBBIICHUS apTEPUATIBLHOTO JABICHUS
BU3YaJI3UPOBAINCE PACIIMPECHHBIC, YaCTHYHO TPOMOH-
poBaHHBIe cocynsl B 30He Kuccenbbaxa, MOCIyKUBIIHE
ucrounrkoM HK. IlaTonmornueckue M3MeHEHHUs COCYJIOB,
NO-BUAUMOMY, CBS3aHBl C TEM, 4YTO OOJBIIMHCTBO
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(90,4%) uccnenmyeMbix OOJBHBIX CTPAJAIH TUICPTOHUYC-

CKOH OOJIE3HBIO M BO3PACTHBIMH M3MEHEHUSIMU COCYIH-

cTOl cTeHku 00NbHBIX (73,1%) MOXKUIOro U CTApPYECKOTO

BO3pacTa.

HckpuBnieHne Neperopoiku Hoca BBISBICHO y 32
(20,5%) OONMBHBIX, MOJHUIIO3HO WM3MCHEHHAs CpEeNHSS
HocoBas pakoBuHa —y 17 (10,9%) u runmeprpodus Hoco-
BEIX pakoBUH — 9 (5,8%) OonpHBIX. Y OOJBIINHCTBA
6ompHbIX (71,8%), Y KOTOPBIX BBISBICHBI HCKPHBICHHUE
MIEPETOPOAKH HOCA HIIH MOJHMIIO3HO W3MEHEHHAs! CPEIHSAS
HocoBasl pakoBuHa, HK Hocuiu ynopHbelii penuguBUpy-
o xapakrep. Takum 00pa3oM HCKpUBIICHHE MEpero-
POJKHM HOCa M MOJIMIO3HO W3MEHEHHAs! CPe/Hssl HOCOBas
paKkoBUHA SIBJIAIOTCS IpEeJpacrojiaraloliuMi (pakropamu
pasButuss HK npu mpoBeseHMHM aHTHTPOMOOTHYECKOMH
Teparnuu.

BoiBoabI:

1. HK =a ¢oHe mpoBeeHUN aHTUTPOMOOTHIECKON Tepa-
MM HanOoJiee YacTO BO3ZHHMKAIOT B MEPETHHMX OTHENaX
MOJIOCTH HOCA M UMEIOT NPEUMYIIECTBEHHO IHareies-
HBIHA Xapakrep.

2. MeCTHBIMH TIpepacHoNaralomnuMy (HakTopaMH pUCKa
Bo3HukHOBeHHs1 HK npu npoBeaeHnn aHTuTpoMOOTHYC-
CKOW Teparuu SIBISIOTCS aTpO(QUYECKHi PUHHT, HaJH-
yue nedopMaliy MeperopoKi HOca U IMOJHUIIO3HO H3-
MEHEHHasi CPEJIHSIs1 HOCOBasi PaKOBHHA

3. Ha ¢one nezarperantHoit tepanun HK umeror menee
WHTEHCUBHBIA XapakTep U CKIOHHOCTh K PELUIUBHPO-
BAHMIO, JaIlle OCTAaHABIMBAIOTCA CAMOCTOSTEIFHO YeM Y
OOJIBHBIX NP MPOBEICHUN aHTHKOATYJTHTHOH Teparuy.
Cpenu aHTHKOAryJIsIHTHOW Tepamuu Oojiee WHTEHCHB-
HBli U peuunuBupyromuid xapaktep HK ormeuen y
OOJBHBIX, TOMYYaBIINX Bap(apuH.
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Clinical features of nasal bleeding in the background of antithrombotic therapy

N. Bychkova

Abstract. As a result of the research, it was found that NB on the background of ATT most often occur in the anterior parts of the

nasal cavity and are predominantly diapedetic. Local predisposing factors for the occurrence of NB during ATT are atrophic rhinitis,

the presence of deformation of the nasal septum, and polyposis of the middle turbinate. On the background of antiplatelet therapy

(APT), NBs are less intense and tend to recur, more often they stop on their own than in patients with anticoagulation therapy (ACT).
Keywords: nosebleeds, antithrombotic therapy, antiplatelet therapy, anticoagulation therapy.
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AnHoTauus. [IpoananuzuposaHo jedeHue 159 nanuentos ¢ curapomMoM Mupuzsu (CM). Oco6oe BHEMaHHE yIESIIOCh A00TepaLy-
oHHO#1 uarHoctuku CM. [luarHos hopMupoBaiics Ha OCHOBE pa3paboTaHHOM HaMu Kiaccudukanuy. YTo mo3BoisieT CIUIaHNPOBATh
U CTaHAAPTH3UPOBATh XMPYPTUUECKYIO0 TAKTHKY, YIy4YIIUTh PE3YJIbTaThl ONEPATHBHOTO BMEMIATENbCTBA U COKPATUTh BEPOSTHOCTH
ocnoxHeHHH. [IpaBuibHas oneHka JaHHBIX Y 3U MO3BOJISIET C BEICOKOW CTENEHBIO BEPOATHOCTH ycTaHOBUTH Hamnyne CM. CM | A u
| b THIIOB He SIBISIIOTCS MPOTUBOIIOKA3aHUEM K IIPOBEACHHUIO OTEPAIUH JTaapOCKOINUYECKUM METOJIOM.

Kniouesnie cnoga: cunopom Mupu3ssu, 1anapockonuieckasn XoneyucmaKmomus, Xo1eyucno-xone00XeanbHblil CEULY.

Beenenne. CM - 510 ocnoxkHeHHast Gopma KerdeKaMeH-
Ho#t Gomesun (OKKB), koTopast XxapakTepH3yeTcst 4acThd-
HBIM CY’KEHHEM OOIIET0 NMEYeHOYHOTO MPOTOKA B PE3YIIb-
TaTe BOCHAIMTENbHO-IECTPYKTHBHBIX IIPOLECCOB 3a CUET
CaBJICHUS U3BHE XEITYHBIM KOHKPEMEHTOM, PACIIONIOKEH-
HBIM B Iy3BIPHOM MPOTOKE MJIM LICHKE KEITIHOTO MTy3bIps,
YTO NPUBOAMT K CTEHO3y MEYCHOYHOTO MPOTOKA M 00pa3o-
BaHMIO OmnroOwnuapHoro cumia. Ilo maHHBIM nuTEpa-
Typbl CM pazBuBaercs y 0,25-6% GOIbHBIX ¢ pa3IUuHBIMU
dopmamu XKKB [1,11].

CM ocraéTcst 0IHUM U3 HAaUMEHee U3yUeHHBIX U Haubo-
Jiee TPO3HBIX OCIIOKHEHUH XOJIeJIUTHa3a, He CMOTPS Ha TO
YTO MEPBOE €ro OMKMCAaHHE MPOU3BEICHO Oosiee MoyBeKa
Hazax [6]. B coBpeMeHHO MpaKTHKE OTCYTCTBYET SOHHOE
MHEHHE B BOIIPOCAaX MOP(OIOTNIECKON CYIIHOCTH IaTo-
JIOTHYECKUX HW3MCHEHMH, COCTaBIIIOIIMX OCHOBY CHH-
JpOMa, CTaAuii TEUYCHHS W TUIIOB, ANArHOCTHKH, BUJIA U
o0bema omnepanuy NpH JAHHOM maTtonoruu. TpymHOCTH
JTOOTICPAIIMOHHOM TUArHOCTUKHU B OOJIBIIION CTEIICHH OMpe-
JIEIISIIOT 3aTPYHEHHS B BEIOOPE TAKTHUKU JICUSHUSI.

Benyiiee 3HaueHHe B JMArHOCTUKE M OIpPEIEICHUN
nanpHeimeit xupyprudeckoir Taktuku npu JKKb u eé
OCJIO)KHEHHUSIX UMEET YJIbTPa3ByKOBas IMarHocTuka. Jlau-
HBIN MeTOJT 00J1a1aeT BBICOKOM CTEEHBI0 HH()OPMATHBHO-
CTH, HEMHBA3MBEH, HE 00JaJacT NMPOTHBOIIOKA3aHUSIMH,
BO3MO)KHOCTBIO BBITIOJIHEHHMSI B KOPOTKHE CPOKHU O€3 mpe-
BapUTEIHHON MOJTOTOBKH B HE3aBHCUMOCTH OT TSDKECTH
cocTostHAs 60sIbHOTO. Tak 'ke HeZJ0OLIEHEHO 3HAUCHHE YIIb-
TPa3ByKOBOW JJMarHOCTHKH B PEIICHUH MPOOJIEMBI TAKOTO
rpo3Horo ocnoxHenust JKKb kak CM.

Kpatkuii 0030p nydmukanmii no teme. /loiaroe Bpems
Hanmmure CM HCKIII0Yalo NPUMEHEHHE JIalapoCcKoIude-
CKOM TEXHHKH BXOJI€ ONIEpaTUBHOTO BMenIaTenbcTBa. Ceii-
4ac e nosBisiercst Bc€ 0oJblie paboT, CBUACTENbCTBYIO-
mux 00 3PEKTUBHOCTH JTaNapOCKONUYECKON KOPPEKIHH
npu paznuuHbix Trnax CM[1,3,7].

P.L. Mirizzi (aBTOp BIEpBBIC ONMMCABIINI TAHHBIH CHH-
Jpom), B cBoeit pabote «Les fistules bilio-biliares internes
spontaneesy (1952) pasgenua CBHIIM Ha CIeIyIOLINE
tunbI[10]: 1) cBUI] MeXTy KETUHBIM ITy3bIPEM H XOJIe/I0-
XOM BBIIIIE MECTa BIIa/ICHHs! ITy3bIPHOTO IIPOTOKA B OOIINI
JKETUYHBII; 2) CBHI PACIOJIOKEH HUKE CIHSHHS ITy3bIP-
HOTO TIPOTOKa W XOJIe[[0Xa; 3) My3bIPHO-TEMaTHKO-XO0JIe-
JIOXealbHbII CBUII — IPOTSHKEHHBIN IeeKT, 3aXBaThIBAIO-
Mt 00IacTu Kak NpoKcuMalbHee, Tak U JAUCTajbHee BIa-
JIEHHUS! y3bIPHOTO MPOTOKA B XOJIEA0X. BONBIIMHCTBO aB-
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TOPOB BBLAEIAIOT JBa TMNa CM, KoTopble ObUIN MpeIo-
xenbl C.K. McSherry B 1982 1.[9]: I Tum — caBnenue re-
MIATHKOXOJIE0Xa KaMHEM, HaXOJIIIMMCS B CaMOM IIy-
3BIpe, ero Ieiike WK My3bipHOM npoToke; 11 Tum — obpa-
30BaHUE CBHIIIA MEXKY JKEITIHBIM ITy3bIPEM H TeTIaTHKOXO-
JIEIOXOM C €T0 00CTPyKINeH KOHKPEMEHTOM.

Knaccugpukamus Csendes (1989): 1. BHenHss1 komiipec-
cust ob11ero xemrqHoro nporoka. II. CBuIl Mexay Kemd-
HBIM IY3BIPEM U IeMaTHKOXOJICIOXOM C pa3pylicHueM 1/3
OKpyxHocTH renatukoxoienoxa. I11. Ceui 1o 2/3 okpyx-
HOCTH 0O0IIero ne4eHo4yHoro nporoka. IV. Ceuig Ha Bech
MPOCBET renaTukoxosenoxa[s].

B. C. CaBenbeB u B. 1. Pesikun Bbinensier ase Gpopmbl
CM: 1) ocTpyro, MOP(OTOTHIECKOI OCHOBOW KOTOPOIA 5IB-
JSIeTCsl Cy>KeHUE MPOCBETa MPOKCHMAIILHOTO OT/eNa rema-
THKOXOJIEIOXA U 2) XPOHHUUECKYIO — CBHIIl MEXKIY JKEITd-
HBIM ITy3bIpEM U BHETICYCHOYHBIM JKSITYHBIM TPOTOKOM][ 2].

B cBoeil mpakTuKe MBI HCIIOJIB3YyeM KIAacCH(HUKALINIO
coOcTBeHHOM pa3paboTku[4]:

I T — BKOJIOUEHHBIN B HIEHKY JKETYHOTO ITy3bIps WU
B IY3BIPHBIA MPOTOK KOHKPEMEHT, CAABIHBAIONIUI rema-
THUKOXOJIETI0X:

A) IIOTHOE TPHJIETaHHUE CTEHOK KETYHOTO My3bIps U
TeTaTUKOXOJIeI0Xa C COXPaHEHHEM CTPYKTYpPbhI HX JABYX
CTEHOK;

b) cpamienue CTeHOK KeITYHOTO ITy3bIpsl ¥ TeaTHKOXO0-
nenoxa ¢ (POpMUPOBAHUEM €HMHON CTEHKH MEXIY HUMH,
CTaaus «OOIIEeH CTEHKI»;

II T — MeX Iy >KETYHBIM My3bIPEM U TeNaTHKOXO0JIe10-
XOM MMEETCSI CBHIIL:

A) cBui 3aHUMAET MeHee 1/2 OKPYKHOCTH MPOTOKA;

B) cBumy 3anuMaet 6osiee 1/2 OKpyKHOCTH MPOTOKa,

III Tun — cBUIL MEXy JKEIUHBIM I1y3bIPEM U MEIaTUKO-
XOJIEZIOXOM, XOJIEOXOJINTHA3, TUCTPO(DUUECKIEe H3MEHe-
HHSI KEITTHOTO ITy3BIPsl, IPUBEIIINE K €r0 THIIOIUIa3HH.

K coxanenuto CM no cytu octaércsi MHTpaonepauu-
OHHBIM JarHo3oM[3]. Yto BeAET K yBEIMYCHHIO BPEMEHH
oliepanyy, HeONpaBJaHHOMY pacUIMpeHHI0 00bEMa BMe-
IIaTeNIbCTBA, PA3BUTHIO TPO3HBIX HWHBAIMAMZMPYIOIINX
OCJIOXKHEHUH Wi axe netanbHoMy ucxoxay|[10]. Xupypry
3a4acTyIO CIIOKHO INPHHSATH pelleHne 0 HeoOXOIMMOCTH
repexoa Ha JarnapoTOMHBIHN ocTym. B ciaydae, xorna nu-
arHoza CM ycTaHOBIIEH JOOTEPAIMOHHO yIa&TCcs B TMOJI-
HOM 00BEME CIUTAHMPOBATH JICYEOHYIO TAKTHKY U O0BEM
OTIepaTHBHOTO BMeraTenscTeal7,8].

Hean. CucremaTn3anus XUPYPru4ecKOd TAaKTHUKU MPH
CM, c nenpio yaydIIeH!s pe3yIbTaToB JEUCHHUS TaHHOTO
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ocnoxnenus JKKb.

Marepuansl u MeToAbl. VccienoBaHne OCHOBaHO Ha
ombiTe JeueHus 159 6ompHbIX ¢ CM (7,4% 13 Beex 60i1b-
ubix JKKB). Bospact ot 32 mo 84 mer, xenmun 103
(64,8%), myskunt - 56 (35,2%). 13 HUX: XpOHHYECKUI XO-
nerrcTuT - 98 (61,6%) GONBHBIX, OCTPBIN XOIEIMCTHT - 61
(38,4%) (xarapambHblii - 36, ¢iaermono3srii - 18, ranrpe-
HO3HBIH - 7). Y 39 (24,5%) GOMBHBEIX OTMEUYANach KINHUKA
MEXaHUIECKOW XKenTyxu (YpOBEHBb oOIiero OmmmpyOmHa
kounebaics ot 34 no 286 mxmons/in). 108 (67,9%) — umenu
MEXaHMYIECKYIO XKeNTyXy B aHamuese. Jlums y 8 (5,0%) He
yIAJIOCTh YCTaHOBUTH JIOCTOBEPHBIX JAHHBIX O HaJIWYUU
KEITYXH.

[NaumeHTs! OBUIM TOJBEPTHYTHI MTOJTHOLIEHHOMY 00CIIe-
JIOBAHMIO, BKIIIOUABILIEMY: KIIMHUKO-J1abopaTopHoe o0ce-
nosanue, Y3U, ®OTJIC, mo moka3zaHHUSIM 3HIOCKOIHYE-
CKyI0 peTporpaanyo xonanruorpaduro (OPXIID).

[lepBBIM 3TamoM HMHCTPYMEHTAIBHOTO OOCIEIOBaHMS
narueHToB ¢ JKKb asmsnocs Y3U, mpu KOTOPpOM IOMHMO
yCTaHOBJICHHS (haKTa XOJICINTHA3A, OTIPEIICIICHNS COCTOSI-
HUSI CTEHKH KETYHOTO ITy3bIpsl M ONIPEACIICHHSI IPU3HAKOB
OWIIMapHOW TUIEPTEH3UH ONPENEISUINCh  CIIEAYIOIINe
NPU3HAKH CBUJIETENbCTBYIOIKE 0 Hannuuu CM: pazmepsl
U PAaCIIOJIOKCHUE KOHKPEMEHTa B JKEIYHOM ITy3bIpe, MH-
TUMHOE MPHJICTaHUE ILESHKH JKETTHOTO My3bIPs C PacIoio-
JKEHHBIM B HEil KOHKPEMEHTOM K IIpaBOMYy JINOO 00IeMy
MEYCHOYHBIM IPOTOKaM, MPH3HAKaM CHaBJICHHS KOHKpe-
MEHTOM OOILET0 EIYHOTO MPOTOKa, HAINYUE pacUIupe-
HUSI BHYTPH- ¥ BHETICUCHOYHBIX JKETIHBIX IIPOTOKOB.

Juarno3 ¢opmupoBaics Ha OCHOBE pa3pabOTaHHON
Hamu knaccuduxanun. Ocoboe BHUMaHNE yASIAI0Ch BO3-
MO>XHOCTH J10OTIepallMOHHON quarHoctTuku CM.

Pe3yabraTsl 1 ux oocyxaesue. CM [ Tuna BbIsIBIIEH Y
124 (78,0%) 60mnbHBIX, CM II THHA - 33 (20,8%) GONBHBIX,
CM I tuna - 2 (1,2%) 60IbHBIX.

ITo mauubiM Y3U y 116 (73,0%) manueHToB yAanoch
JIOOTIEPAIIMOHHO yCTaHOBUTh Juarno3 CM, mo creayro-
LM KPUTEPHUSIM: HAJIMYUE XOJIELHCTO-XO0JIEI0XEeaTbHOIO
ceuma - 4(2,5%) OONbHBIX, BH3yadH3aIUs «OOIIei»
creHkn - 36(22,6%) OGOJBHBIX, BKIMHCHHBIH KPYITHBIA
KOHKPEMEHT B IICHKY jkeaHoro mys3bips - 123 (77,4%),
pacupeHue refaTHKOXo0JIe10Xa BBIIIE MecTa IPUIICTaHus
KeIIHOTO 1y3bIps - 37 (23,3%), nedopmanus CTEHKH re-
MIATHKOXOJIEZ0XA B MECTE MPUIIETaHUsI )KETTHOTO Iy3bIps -
23 (14,5%), ,,CMOpIICHHBIA >KETYHBIH My3BIph - 12
(7,5%), He moumpyercst xemuHblid my3sips - 3 (1,9%). V
43(27,0%) 6016HOTO HE OBLITO BBISIBICHO YIIBTPa3ByKOBBIX
npusHakoB CM WM IPUCYTCTBOBAJ OJJMH U3 KOCBEHHBIX,
KOTOPOMY He MPUIAJIHN JTOPKHOTO BHUMaHHS.

OPXIII" Obla BBINIOJNHEHA BCeM OOJIBHBIM C HAJTHYHEM
MEXaHMUYECKOH XKEJITyXOH, C KEJITyXOl B aHaMHe3e, IIpU
IUaMeTpe Xoyenoxa, no JanaeiM Y3U, 6onee 8 MM, u ipu
HaJIMYMK KOCBEHHBIX 3Xonpu3HakoB CM. [Ipu saTom xoue-
LIICTOXOJIE0X CalIbHBIH CBHIL ObUT OOHapysxeH y 11 6oib-
HBIX, Y 75 OOJIbHBIX OBLIO BBISIBJICHO CAABJIEHHE U3BHE 00-
IIEro YKEITYHOT0 MPOTOKa MIIM OOIIEro MeYeHOYHOTo Ipo-
TOKa Ha ypOBHE XXEITYHOT'O ITy3bIpsl MM ITy3BIPHOTO MPO-
Toka. [Ipu aToM y 35 GOJIBHBIX ObLI BBISIBIICH XOJIEJOXOJIU-
tha3. [Ipyu HamM4YMK XOJIENOXOJIUTHA3A U SIBIICHUN JKed-
HOM rumepTeH3nu 0e3 Mmpu3HaKoB Xonemoxosmrtuasza (17
OOJIbHBIX) MPH TPAHCHIANMJUISIPHOM BMELIATEIHCTBE BbI-
MOJIHSIACh JHJIOCKONUYECKas ManmuiochUHKTEPOTOMUS
(OIICT) u y GOJBHBIX C X0JICIOXOIUTHA30M MaKCUMAJIBHO
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BO3MOJKHAsI JINTOIKCTPAKIHS, y OOJIBIIMHCTBA OOJIBHBIX C
MIPUMEHEHHEM MeXaHHuecKoro murorpunropa. Ilonnas
JIMTOIKCTPAKIMS U3 TEHaTUKOXOJIE0Xa BBINOIHEHA y 28
00JbHBIX (Y 4 U3 HUX BBINOJHEHA 03 TaITHAs JINTOIKCTPaK-
LUsI B HECKOJIBKO PUEMOB) U Y 7 OOJIBHBIX YacTU4Hast. Y
19 manneHToB yCTaHOBJICH HA300MINAPHBIA APEHAXK C IIe-
TbE0 OOecTieueHNs aleKBaTHOTO Iaccaka XKelIdH, CaHaIN
KETYHBIX ITyTeH U NMPOGHUIAKTUKNA MUTPALUH B JKEITHBIC
MIPOTOKHA KOHKPEMEHTOB M3 JKETYHOTO IMy3bIps. Y 3 60Jb-
HBIX YCIICIIHO BBIITOJHEHHBIE PEHTTCHYHIOCKOIMYECKHE
TpaHCTIANWJULIPHBIE BMEIIATENBCTBA SBHINCH OKOHYA-
TENBHBIM METOIOM JieueHus: y 1 6ompHOTO ¢ CM III THIA
nocje afeKBaTHON SHAOCKOINYECKOM CaHaAIUH JKETUYHOrO
nepeBa u He Buzyanuzanuu npu Y3U u SPXIIT xenunoro
my3bIpst 1y 2 6onbHBIX ¢ CM 11 Tuna ¢ Tsokeno comyt-
CTBYIOLIEH MaTOJIOTHEH (CMOPIICHHBIN JKEMUHBIN My3bIph
He coJiep:Kajl KOHKPEMEHTOB, YTO IOCIY>KUJIO MPUUYUHOM
OTKa3a OT XOJICIIUCTIKTOMHUH).

ITpr CM T A tuma (100 (62,9%) 6obHEIX) CUHTAEM pa-
LUOHAJIBHBIM BhInosnHeHue JIXJ. [Ipu aToM Xupypr crani-
KHBAETCsl CO 3HAYUTEIHLHBIMU MOP(OIOTHIECKUMH H3Me-
HEHHS TKaHEH B 30HE OIEPATHBHOTO BMEIIATENIHCTBA,
BCJIEICTBHE PyOIIOBBIX U3MEHEHHH, O/THAKO TIPH XOPOIIEM
3HaHHUU ToIorpado-aHaTOMUYECKUX BAPHAHTOB CTPOCHHMS
00pa3oBaHuii B 30HE renaToAyO/ICHABHOM CBSA3KU M TIIA-
TEeNbHBIX, OEPEKHBIX MaHUIyJsMsX, JIXD oka3biBaeTcs
YCIIEUIHOM.

Y nauuentoB ¢ CM I b Tuna (cramust «oOrieit cTeHKn»)
(24 (15,1%) GosBbHBIX) IPU BOZHUKHOBEHUH TEXHUYECKUX
TPYXHOCTEH BBIZCTICHUS 3aAHEH CTCHKH JKEITTHOTO ITy3bIps
BBINOJHACTCS CyOTOTaNIbHAS XOJICIUCTIKTOMUS 110 paspa-
00TaHHOM HAMH TEXHOJIOTHH JIAIAPOCKOIIMIECKOTO yaae-
HUSI KETTIHOTO ITy3BIPS C COXpPaHEHHUEM (DHMKCHPOBAHHON K
TeMaTHKOXOJIEN0XY €ro CTCHKH.

B ciiyuae CM 11 A tuna (Hammunu nedekra renaTtuxo-
xomenoxa He Oonee 4yeM Ha 1/2 ero OKpYXHOCTH)
(23(14,5%) 60mbHO#) BBIMOIHSACTCSI CyOTOTABHAS XOJIe-
IIUCTIKTOMUS, XOJIETOXOJIUTOTOMUS, TIPH OCTATOYHOM XO-
JIEIOXOJIUTHA3E TIOCIIE YHIOCKOIMYECKON CaHaIMH XoJie-
noxa. Jlanee ciemyeT IIacTHKa FemaTHKOX0JIe10Xa yIacT-
KOM CTEHKH XXEJTYHOTO Iy3bIpsi Ha T-00pa3HOM JpeHaxe.

[Mpu Goubinux pasmepax aedekra (10(6,3%) 601bHBIX ¢
CM 11 b tumna) u y 601pHOM ¢ TpaBMO¥ X0Je10Xa Mpeo-
YTEeHHE OTHAETCSI CO3AaHUI0 OMINOJUIE€CTHBHOTO aHACTO-
Mo3a. B 2 ciydasix ObU10 BRITIOJIHEHO HAIOXKEHHE XOJIe0-
X0JIyOJIeHOaHACTOMO3a (ITpH OJarompUsTHOM PacIoIOkKe-
UM Jedekra), a B 8 - rernaTukoCrOHOAHACTOMO3a Ha BbI-
KJIIOYEHHOH II€TJIe TOHKOM KUIIKHU 110 Py.

IMpu Hammanu CM 11 tima (2(1,2%) nannenTka) merne-
c000pa3HO OTPaHNYUTH ONEPATHBHOE BMEUIATEIHCTBO XO-
JIETIOXOIUTOTOMHUEH ¢ 003aTeIbHOM KOHTPOIBHOM HHTpa-
OIIEePalMOHHON XONaHTHOTpaduei.

Ha stane namapockomuyeckoi pepusun y 25 (15,7%)
OOJIBHBIX OBUTH OOHApPYKEHBI IUIOTHBIC PYOLIOBBIC Cparlie-
HUS B IOANIEYEHOYHOM MPOCTPAHCTBE B JAHHOW CUTyalUU
JabHEeNINe 1anapoCKOMNUECKUEe MaHUITYJIUN Hellele-
co00pa3Hbl, M3-3a BBICOKOTO PHCKA OCIIOXHEHHH. DTHX
OOJBHBIX MBI HE OTHOCHM K YHCITy KOHBEPCHH, TaK KaK I0-
IIBITKA BBIACTICHUS JKETYHOTO Iy3bIpS W3 CpalleHHd He
MIPOU3BOIMINCE. Y 18 M3 3THUX MalMeHTOB B XO/I€ JIanapo-
TOMHOT'O BMEIIATEIHCTBA OBUIO YCTAaHOBICHO HAIMYHE XO-
JICIIICTOXO0JIEI0XEaTFHOTO CBHIIIA.

KonBepcust mpon3BoauIach B CIECAYIOMIUX CUTyalHsX:



y 1 GonbHoro npu BeisiBiaenun CM II tuna, y 4 - u3-3a

HENpPEeoOIUMBIX TEXHUYECKUX TPYIHOCTEH XOJICIIMCTIK-

TOMUH JIAIIApPOCKONNYECKHM METOJIOM (IUIOTHBIN HHHIb-

TpaT, OOIIMPHBIN CIIauHBII MPOLECC B 30HE TPEYTOIbHUKA

Kano) u y 1 GonpHOIT pu TpaBMme XoJienoxa (Tak ke Ha

(hoHE BEIPAKEHHOTO CIIA€YHOT'0 IIPOIIeCcca).

B nmocneonepanuoHHOM neproae HaOMOAAINCh CIETy-
IOIINE OCIIOKHEHUS: BHYTPHOPIONIHOE JKEITIEHCTECUCHHE -
2, THOUIBTPAT TOATIEICHOYHOTO ITPOCTPAHCTBA - 2, TeMa-
TOMa JIOJKA JKEITYHOTO IMY3BIPA - 2, BHYTPHOPIOIIHOE KPO-
BoTeueHwue - 1.

BoiBoabI.

1. Ycranosnenue Hanmuusit CM 10 omepanuu mo3BOseT
NPaBHJIbHO CIUIAHWPOBATh XUPYPTUUECKYIO TAKTHKY, O~
BECTH e€ JI0 BeJloMa ITAllUEeHTa, YTO yMEHbIIAeT ICUXO0JI0-
THUECKYI0 Harpy3ky Ha omepHupymoouyro Opuramgy. Uro
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HOPUBOAUT K YIYYIIEHHIO PE3yJbTaTOB ONEPATUBHOIO
BMEIIIATENLCTBA U COKPAIIEHUIO BEPOSITHOCTU OCIIOXKHE-
HUH.

2. [IpaBunbHast oneHka naHHbIX Y3U mo3BosseT ¢ BBICO-
KOl CTENeHbI0 BEPOSTHOCTU YCTaHOBUTh Hanmuuue CM,
COKpaIIasi NCTI0JIb30BaHNE HHBA3UBHBIX U 3aTPATHBIX Me-
TOJIVIK.

3.CM | A u | b TaIoB He SBIAIOTCA MPOTHBOIIOKA3AHUEM
K ITPOBEJCHHUIO OTIEPAIINH C UCTIOIb30BAaHUEM JIATIAPOCKO-
MUYECKON TEXHUKHU.

4, CranmapTH3anys XUpyprudeckoil TAKTHKH Ha OCHOBA-
HHUH pa3paboTaHHOW KJIaCCU(UKALMH ITO3BOJIMIA HAM CY-
IIECTBEHHO MUHHMU3HPOBATh MocJeonepauoH-
HBI€ OCJIO’KHEHUS U JIETAIbHOCTb.
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Abstract. The treatment of 159 patients with Mirizzi syndrome (MS) was analyzed. Specific attention was paid to preoperative diag-
nosis of MS. The diagnosis was formed on the basis of the classification developed by us. This allows you to plan and standardize
surgical tactics, improve the results of surgical treatment and reduce the probability of complications. Proper evaluation of the ultra-
sound data makes it possible to diagnose the presence of MS with a high degree of probability. MS I-A and I-B types are not a precau-

tions to the surgical treatment by the laparoscopic method.

Keywords: Mirizzy syndrome, laparoscopic cholecystectomy, cholecysto-choledocheal fistula.
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AHHoTanms. PaccMOTpeH MeTo aBTOMAaTHYECKOTO BBIOOPA ONTUMAIBHONW CTPAaTErMH PACXOXKICHHUS CYAOB MPH CHIDKEHHUH UX CKO-
pocTeil Ha NOCTOSHHBIX Kypcax. IIpuBesieH mpuMep OMacHOW CHUTyaluM COMMKEHUS CyJOB M BBIOOD ONTHUMAIIBHOM CTpaTeTHM HX
PaCXOKAEHUS CHIDKEHHEM CKOpPOCTeil akTMBHBIM TopMoxeHHeM. [Ipon3BeieH0 NMHTAMOHHOE MOJETMPOBAHIE MAHEBPA PACXOMKIE-

HUA, TIOATBEPKAAIIEE KOPPEKTHOCTD MPEIOKEHHOTO METOAA.

Knruesvie crosa: 6ezonacnocms cy00804COeHUs, PACXONCOCHUE CYO08 NPU ONACHOM CONUNCEHUL, MAHESD PACXOHCOCHUS. AKMUB-

HbIM MOPMOAHCEHUEM, UMUMAYUOHHOE ManJZMPOGIZHue.

BBenenne. B cTeCHEHHBIX BOIAax BO3pPACTACT PUCK BO3-
HUKHOBEHHUS aBapHil CyJOB H3-3a MHTCHCHBHOTO CYJIO-
XOJICTBa M HABHTAIIMOHHBIX omacHoctell. IlosaTomy crec-
HEHHBIC PalOHBI IUIaBaHUSI C OCOOCHHO WHTCHCHBHBIM
IBIDKEHUEM OOOpYIYIOTCS CTAHIHMAMH YIPABJICHUS IIBHU-
KEHHEM CYJOB, KOTOpble IOMHMO KOHTPOJS IIpolecca
CYJIOBOXJICHHSI 00ECTICUNBAIOT €ro 0€30MacHOCTh, MpeIy-
Ipexaas CTOJIKHOBEHHUS CYZOB B CHUTYaIlUsIX OIACHOTO
cOmmkenusi, uto TpedyeT pa3paboTKu METOJ0B Oe3omac-
HOTO PAcXOX/I€HHs BHEIIHUM YIIPaBICHUEM.

CylecTBeHHON NPUYUHON, Benylled K BO3HHUKHOBE-
HUIO YTPO3BI CTOJIKHOBCHHUS CYJOB, SIBISCTCS CYOBEKTHB-
HOCTB OIICHKH CHUTYAIllii CONIKCHUS W MPHHATHUS pele-
HUH 10 TPeRyNpekICHUI0 CTONKHOBEHHA. [loaToMy s
CHIDKEHUSI BIIUSTHUSI YEIOBEUECKOTo (pakTopa B CHUTyaIlH-
SIX OTACHOTO COJIDKEHHS IIeIeco00pa3sHO aBTOMAaTH3UPO-
BaTh OIpEJeIICHUE MapaMeTPOB ONTHMAIBHON CTpaTeruu
PacxoXkICHUsI CYJZIOB, YeMy TOCBSIIIEHA JaHHAas MyOJrKa-
sl

KpaTtkuii 0030op nyoamkammii mo teme. IIpoGieme
MPEIYNpPEXACHUS CTONKHOBEHHH CyIOB IOCBSIIEHBI
MHOTOYHCIICHHBIE PabOTHl YUYEHBIX pa3HBIX CTpPaH, B KO-
TOPBIX TPEIIOKCHBI pa3IMIHBIC METOMIBI BEIOOpa MaHEB-
pa pacxoxzaeHus. Dopmanuzamus mporecca pacxoxie-
HUSI METOJIOM HEJIHHEHHON MHTETrpaJbHONH MHBapHAHTHO-
cTH TpemnoxeHa B pabore [l], a ommcaHme mporecca
PacXOKACHUS METOJaMH TEOPUH ONTHMAIBHBIX THUCKPET-
HBIX MPOIIECCOB MpejcTaBieHo B pabote [2]. Pabora [3]
MOCBAIIIEHA TpPOIeaype BhIOOpa ONTUMAIBHOTO CTaH-
JTApTHOTO MaHEBPa PacXOXKACHUS Maphl CyA0B.

B3aumoneiicTBue CyI0B B CHTyallMd ONAcHOTO cOIM-
KEHHS M BBIOOp CTpPAaTermu PacXOoXKICHHUS AJS MpeayIpe-
KJICHUS MX CTOJKHOBEHHUS paCCMOTpEHHI B pabore [4], a B
paborte [5] ocBemeHBI BOMPOCH y4YeTa WHEPIHOHHOCTH
CyJlHa TP BBIOOPE €T0 CTPATETHH PACXOXKIICHHUS.

B pabore [6] usnaraercs Teopernyeckoe 000CHOBaHHE
ABTOHOMHOM CyJJOBOHl CHCTEMBI YKIOHEHHSI OT CTOJIKHO-
BEHUS M PACCMATPUBAIOTCA TPeOOBaHHS K aBTOHOMHOM
HaBuranuu. IlokazaHo, 4YTO HCCIEIOBAaHUS [0 aBTOMATHU-
3alliU YNPaBICHUS CYJHOM MOTYT OBITh IPEICTABICHBI
KOMIIBIOTEPHON TEXHOJOTHEH, KOTOpas HCIOJb3YEeT HC-
KYCCTBEHHBIN MHTEJIICKT.

Curyarus 4pe3MepHOTO CONMKEHUH CYJIOB U OKCTPEH-
HOE PAacXOXKJEHHE pacCMOTpeHBI B paboTe [7], a B paboTe
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[8] mpencraBneHsl crnocobbl (hopManM3ali HABHUIAIU-
OHHBIX OITACHOCTEH M WX y4YeT NIpH BEIOOpE CTpaTeruu
pacxoxaenust cynoB. B pabore [9] uccnenoBaHbl mpuH-
[UTBI JIOKATEHO-HE3aBUCHMOTO M BHEIIHETO YIIPABICHUS
MIPOIIECCOM PACXOKACHUS OMACHO COMIDKAIOIINXCS CY OB,
a TaKKe MPUBEACH MOIPOOHBIN aHAU3 METOIOB HUX pea-
JIN3alldY.

Heab. Lenp HacToOsIIEH cTaThu - pa3paboTka METOAa
ABTOMATUYECKOTO OIpENETICHHs MapaMeTpOB ONTHMAIb-
HOH CTpaTeruu pacxoxJICHUA CYJO0B NPHU CHUKCHHUU UX
CKOPOCTEH Ha IIOCTOSIHHBIX Kypcax.

Marepuanbl u Metoabl. B padote [9] anst BHemHErO
YOpaBJICHUS TPOIECCOM PACXOKICHHUS OMAcCHO COJIDKa-
IOIINXCS CYIOB PAacCMOTPEHBI OOJIACTH OIacHBIX 3Haue-
HUI CKOPOCTEH W IMOJTydeHBI YpaBHEHHUS I WX TPaHUII,
KaK 3aBHCHMOCTh CKOPOCTH OIHOTO CyJHA OT CKOPOCTH
BTOPOTO, IPUYEM BBIpaKCHHE JJIS BEpXHEH TpaHUIIBL:

V; = Vosin(K, —y )sin(K, —v7),

rae y* = o - arcsin(d ,/D) -
HuKHSsIs rpaHUIa BHIPAKAETCS aHAIIOTHIHO:
.\, Sin(K, —v.)
" sin(K, - y.)
rae, vy, =o +arcsin(d,/D) -

O‘IeBI/I}IHO, Ipyu TOCTOAHHBIX 3HAYCHHUAX KYpCOB

*
K, K, ¥ napamMetpos Y , Y« IpaHHLbl ONACHOH 061acTH

ckopocteil sBistorcss nuHeHbMH. Ha puc. 1 moxazana
001acTh HEJOMYCTHMBIX CKOPOCTEH IS Haphl OMacHO
COMIIKAIOIINXCS CYJIOB, KYPChl KOTOPBIX SIBIISIIOTCSI HEU3-
MEHHBIMH.

OmnpenesneHre MaHeBpa PACXOXKACHUS ¢ TIOMOIIBbIO 00-
JIACTH OIACHBIX CKOPOCTEH CyJOB OCYIIECTBISETCS Olle-
paTtopoM H, Kak mokasaHo B pabore [9], TpeOyer 3Hauu-
TEILHOTO BpeMeHHU. [laHHBIE OOCTOSITENbCTBA CHHKAIOT
0e301acHOCTh BHIOPAaHHOTO MaHEBpa PACXOXKICHHMs, MO-
9TOMY JJIsl yCTPAaHEHUsI YIOMSHYTHIX HEZOCTATKOB Iiejie-
coo0pa3zHO pa3paboTaTh NpOLENYpPY aBTOMAaTHUECKOTO
OTIpeJIeNIeHNs] TapaMeTPOB MaHEBPA PACXOXKICHUS CYIOB
U3MEHEHHUEM MX CKOPOCTEil.

©|D. Fedorov, I. Burmaka 2021
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Puc. 1. O0nacTb omacHBIX CKOPOCTEH CyI0B

PesyastaThl U uX o0cy:kgenue. (1 BeiOOpa 0e3-
ONACHOTO MaHEBpa PACXOXACHHSA IIPU €ro BHELIHEM
VIPaBICHUN TOPMOXEHHEM OOOMX CyIOB CIEOyeT B

HadaJbHBIH MOMEHT BPEMCHHU tn = O Ha4yaTb TOPMOKE-
HHe 000UX CyAOB (aKTMBHOE WJIM MAcCCHBHOE) JI0 CKOPO-

CTell pacXOoXKICHUs Vly u KOTOpBIE HEOOXOIUMO

2y »
ONPEACIUTG U OHU AOJDKHBI MUHUMAJIBHO OTJINYATHCA OT

HayaJbHbIX 3HaYEHUN COOTBETCTBYIOIIMX CKOPOCTEH V,,
V,.
BeI160op ckopocteil pacxoxaeHus Vly u sz NIpOU3-

BOAUTCS TaKUM 00pa3zoM, 4TOObI JOCTUTAIOCH PABEHCTBO
muctanmn kparyaiimero commxenns D 0 (V. V,,) ¢

MpeeTbHO- A0y CTUMOM AUCTAaHIMEH COMMKEHUL Dd , T.

c. D min (Vl

v sz) = Dd , K MOMEHTY BPEMEHHU OKOHYa-

HUS TIEPEXOIHOTO MPOLECCA, COBIMANAIONIET0 ¢ MOMEHTOM
BpPEMEHHU KpaT4yaullero cOMMmKeHusI.

3Ha4YeHUs1 CKOPOCTEH V1y u sz SIBJISIFOTCSL MEHbIIIH-

MH, YEM HUX HAYAJIbHBIC 3HAYCHUSA Vl n V , T. K. MAHEBP

PacXOXIEeHUSI CYJIOB M3MEHEHHEM CKOPOCTEH BBIMOJIHS-
€TCSl UX TOPMOXKEHUEM, U CyJia ¢ TIOHWKEHHBIMHU CKOPO-
CTSAMHU CJENYIOT J0 MOMEHTa BpPEMEHH KpaTdalllero
CONMKEHUs], TOCIEe Yero YBEJIWYMBAIOT CKOPOCTH [0
HaYaJ bHBIX 3HAUCHUM.

[IpennonoxuM, HadanbHAS CUTyalHs OMAacHOTO CONH-

JKCHHA CyA0B JJId HAa4YaJIbHOTO MOMCEHTAa BPEMCHHU tO = 0
XapaKTepU3yeTcCs IMEJICHIOM (ZO n HHCTaHHHCﬁ D 0- Tax

KaK TeNIeHr O 3a/[aeTcsi C IIEPBOro Cy/HA Ha BTOPOE, TO
JUIS [IEPBOTO Cy/IHA LENecO00pasHO NPHHATb HAaYaIbHBIE
xoopmunatel X0 =0 u Y,;; =0. Torma mauansuse
KOODAMHATHI ~ BTOPOrO  CyAHA  HMEIOT
X,o=Dgysinay,u Y,, =D, cose,.

B nanpHelieM npu IBHKEHUH CYJOB MX KOOPIHMHATHI

3HAa4YCHUA

Xio Y1, X, u Y, a Takke Tekyulue 3HaueHHs
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mucranmn D nonenenra @ msmensiores. Yepes C,,

0003HaYUM CYJIHO, IEPEXOHOM MEPHO N3MEHEHHS CKO-
POCTH KOTOPOTO OOJIBIE MM PaBHBIM JUTMTEIHLHOCTH 00-

IIEro TEPEXOAHOro Ipolecca tp. CynHO ¢ MEHBLINM
TEPEXOMHBIM TIepuojioM obosnaumm C, . Ecim Bpems
Havyaga MaHeBpa PacxXoxaeHus [, paBHO HayalbHOMY
MOMEHTY BpeMeHH [, TO cyaa B TeueHHe HepexoaHOro
mporecca '[p TIPOXOST AUCTAHIINH:

Dix =Smx: Dan =S + Vi (8, —rmn),

rae S, u S, - PaCcCTOSHMS, KOTOPIE POXOISIT CO-
OTBEeTCTBeHHO cyxa C.. u C . 3a BpeMs H3MCHCHUA

nt

CKOpocTell T
mx mn

K MOMCHTY BPEMCHH OKOHYAaHUSA 06H16F0 MEPEXOJHOTO

Y X

npouecca tp KOOPJIUHATHI Cy/I0B mep, mxp+ N mnp B

Ymnp OIPCACIIAIOTCA CICAYONMMU BbIPAKCHUSAMU:
Xop =D sinK =S sinK_;

Y oxp = D COSK 1 =S, COSK
Xomp =D SINK =[S, +V,
Yonp = D COSK =[S, +V,

mny (Lp = v NsinK ..

mny (tp - Tmn )] Cos Kmn '
BBIpa)KeHI/ISI IeJICHTa (Xp U OUCTAaHIUH Dp Ha MO-

MEHT BpeMEHM OKOHYAHHs OOLIEro MepexoAHOro Iporec-
ca '[p AMEIOT BUIT:

2 2
Dp = \/(XmXP - anp) + (mep - Ymnp) !

mnp .

X
a, =arcsin —————°

p
B MOMEHT BpeMEeHH OKOHYAHHS MEPEXOIHOTO MPOIIEC-

ca tp CKOpPOCTH JIBH)KEHHUSI 000MX CyJOB, KaK M OTHOCH-

TEIbHBIN KypcC K CTAaHOBATCA INOCTOSAHHBIMH, a BCJIN-

otp»
YHWHA JUCTAHIIUU KpaTqaﬁmero C6J’II/I)KCHI/I$[ CyaoB Dmin
PacCUUTHIBAETCS C MOMOIIBIO (YOPMYJIIBI:
D, = Apr sin(K,,, —a,)
rJe Ap =sign[sin(K,, —a,)].

3aZ[aBa$ICL 3HAaYCHHUEM CKOPOCTH Vly TNEpBOro CyaHa,
pacCUUThIBACM 3HAYCHUEC CKOPOCTHU sz BTOPOTO CyaHa,

npH KOTOpoii BeluncieHHoe 3Hauenue D ;, pasHo Benu-

aune D . B enyuae Dy, (Viy, V) < Dd Ge30macHoe

y?
PaACXOKJACHUC CyNOB CKOPOCTBHIO Vly HEBO3MOXHO.

HpI/I BBITIOJTHEHUHU MAaHEBpPaA PACXOKACHNUA U3SMCHCHUEM
CKOpOCTeﬁ napbl CyJ0B paCCMOTpUM BAapUAHT, KOr'J1a oba
CyAHa UCIOJIb3YHOT aKTUBHOC TOPMOIKCHUEC.

B stom ciyuae Benmmuunbl 7y, Ty, S, uS, mnepso-

IO U BTOPOTO CYZOB PAaCCUMTBIBAIOTCS 10 (OpMyJIam,
npHUBeACHHBIM B pabote [9]:



ml Vl ly
Ty = [arctg —arctg ],
HVyp1 Vin yp1
m V.
7,, =—2[arctg—2 —arctg—2"]. (1)
MYy Vip2 yp2

Paccrosirus S; u S, MX TOPMOXKEHHS PACCUHTHIBA-

I0TCS TI0 popMyITaM:

V2 + V2
S, =—tIn——2
20V, + V)
m v V2
S, =—2In—>—2 @)

V2V

HyTeM CpaBHCHUA IMOJYYCHHBIX BCIIMYUH le u sz,

ONPENENAOTC  KOOPIMHATHI mxp
u Ymnp. B ciydae cnpaBellIMBOCTU HEPABEHCTBA

X

mnp

CyIlOB mxp:

Tyy > T,y MONyYaeM:

T
mx

=7 T

=1,,,5, =5, S,
V,, =V, V., =V

ly!
V.,
K,.

2

2y

me
Kmn
Ecmu e 7, <7, , T0 nmeem:

v =7, Sp =S, Sy =S4,
me :V’an :V'anyzvly' K K2'

K, =K,

C MNOMOIIBIO TOJYYCHHBIX MMapaMeTpoOB, 3a/1aBasiChb

=T2y, Tmn

mx

CKOpPOCTBIO Vly’ Ha4YuHasg €O CKOPOCTH V2y=V2 u

YMCHbBIIIAA €€ B KaXXIAOM LHUKIIC Ha BbI6paHHOC 3HA4YCHUC

AV

a 3a-

paccumrsiBatorcst suavenns D n D,

2y»

TEM — JUCTAHIUA KpaTqaﬁmero COMMKEHUS D KOTO-

min >
pad CpaBHUBACTCH C HpeﬂeHBHO-HOHYCTHMOﬁ ,IlPICTaHL[I/Ieﬁ
D d- ].[I/IKJII/I‘IéCKI/Ie TOBTOPCHUA BBIYHCIICHU npoaoJi-

JKATCd 0 TEX I1Op, IOKa HE HACTYIUT PABCHCTBO

D in (Vay, V) = Dd , KOTOPOE OIpEJIENsIET HCKOMOE
suauenne V,, . 3Hadenns ckopoctn Vi, 3ajaiorcs u3

maanasona Vi, € [Vy, Vi1, re Vi - Mumamans-

min
Hasl CKOPOCTb, NpU KOTOpPOW ympasisercs cyngHo. Ilo
OIIMCAHHOMY aJITOPUTMY .AJIS1 Ka)KJO0I'0 3HAYCHUsS CKOPO-
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CTH Vly U3 YKas’aHHOIO Jguaria3oHa pacCCYUTBIBACTCA
V2

CKOPOCTb

D min (Vl

YAOBJICTBOPAIOIIAA PaBCHCTBY

yo

v V2y) = Dd , B PE3YNbTATE YEro IMONYYUM

0e30macHbIi MaHEBpP pAacXOXKAEHHA CYIOB C YYETOM
MHEPIMOHHO-TOPMO3HBIX XapaKTEPUCTHK HX TOPMOJKE-
HusL. {1 KaXXao0ro U3 0e30MacHBIX MaHEBPOB PacXoXKIe-
HUSL CYAOB pAcCCUUTHIBAEM MPUPALICHUS CKOPOCTEH
AV, =V, -V, u AV, =V, -V

2y, @ TaKKe KpH-

y 2 2
tepuit ontumansioctn Q = AV,” + AV, .

Kak  paHblle  yNOMMHANIOCh, W3  JamasoHa
[V;,Viin] samaerca cxopoers Vi, naummas us
V., =V, mms koTopoii 1o paHee ONHCAHHOMY ajIro-

PUTMY OIpEnenseTcss CKOPOCTh sz U JUIA TIOTy4E€HHOI0
MaHeBpa PacXOXKACHUS (V1y , sz) paccunThIBaeTCs

kputepuii ontumansroct Q . 3aTeM ckopocTh V1y BbI-

Oupaercs MeHblIed Ha | y3en M pacCUHUTHIBACTCS CKO-
pocTh sz u kputepuii ontumansHoctd Q. Tak mpo-

JOJKAaeTcs JI0 TeX Mop, MoKa V1y =V, in- Y3 moy-
YEHHOI0 MHOYECTBa MaHEBpPOB pacxXoxaeHuUs
(V1y , sz) B Ka4yecTBE ONTUMAJbHOIO BBIOMPAETCs TOT,

y kotoporo Q =min.

Jns pacuera ckopocTell ONTHMaIbHOIO MaHeBpa pac-
XO0XKJCHUS CYJJOB TOPMOXEHHEM Oblla pa3paboTaHa KOM-
IbIOTEpHas mporpaMma. B kadecTBe mpumepa Obuia pac-
CMOTpEHa CUTYyaIlHsl ONIaCHOTO COJIM)KEHHUS CyJOB C Mapa-
MeTpaMmu: nejieHr o=154°, nucranmus D =4 munu, napa-

K, =278°,
Vl =15 ysnoB u V2 =20 y3nos, Dd =1 muns.
C moMOIIpI0 KOMITBIOTEPHOW MPOTPaMMBI, HCIIONb3YS

NPUBEACHHYIO CHUTYaIlMI0 OMAcCHOTO COMMKEHUS JUId aK-
TUBHOTO TOPMOXXEHHSI 00OMX CyZOB OBUIH pacCUUTaHBI

MCTpbl ABUIKCHHUA CYIOB Kl :2370,

onmrumanbhbie ckopoctrn Vo, u V. Tlpu pacuere 1o-

MyCKalIoCh, YT0 00a CyJHA UMEIOT OJJMHAKOBBIC HHEPIIH-
OHHO-TOPMO3HBIE XapaKTePHCTHKH. Pacuer MpOBOAMICS
0 pa3paboTaHHOMY aNrOPUTMY C HCIIOJIb30BaHHEM (HOp-
myi (1) u (2).

B pesyibpraTe pacdera ObUIM OIpEAeIeHbI CKOPOCTH

PacXOKIEHHUs Vly =147 y3u V2y =14,4 ys.

Bru10 mpon3BeieH0 NMUTALIMOHHOE MOJISTUPOBAHNE
IpoIiecca pacxoXKACHUS CYA0B IPH CHIDKEHUH UX CKOPO-
CTel Ha MOCTOSHHBIX Kypcax. Ha puc. 2 mokazaHo Haya-
JIO TIpOIiecCca PACXOKACHH. 3aBEPIICHUE TOPMOKEHUS
IIEPBOTO Cy/HA HA 5 CeKyHJe 0TOOpa)keHo Ha puc. 3, a
3aBepIleHNe TOPMOKEHUS BTOPOTO CyAHA II0KA3aHO Ha
puc. 4. Ha puc. 5 nmokaszana cutyamust Kpar4aiiero
COMMKEHUsL.
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BeiBoabl

1. PaccMoTpeH MeTOJ aBTOMATHYECKOTO BBIOOpa OII-
TUMAJIbHOW CTPAaTeTHH PACXOXKICHUS CYHOB IIPH CHIDKE-
HHUH UX CKOPOCTEH Ha MOCTOSHHBIX Kypcax.

2. [IpuBeneH mpuMep OMACHOW CHUTYallMH CONMKEHUS

CYIOB M BBHIOOp ONTHMAJIBHOIN CTpPATEerHH PacXOXKICHHUS
CHIDKCHHEM FX CKOPOCTEH aKTUBHBIM TOPMOKEHHEM.

3. Ilpou3BeieHO MMHUTAIMOHHOE MOJICIUPOBAHHE Ma-
HEBpa paCXOKICHHUS, MOATBEp)KIAroIiee KOPPEKTHOCTH
MIPEUI0KEHHOTO METO/IA.
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Absrtact. The article is dedicated to the structure of functionally persistent subsystem of information exchange (SIE) in the system of
airspace control. Taking into account the character of hierarchical structure of the subsystem of information exchange the research
was carried out with the help of graph model, namely the questions of best-connected structures were considered. Mathematical
model of functionally persistent subsystem of information exchange is an unoriented graph with reliable vertices and unreliable edg-
es. Optimal algorithm during the choice of topology of functionally persistent subsystem is offered. Given algorithm allows to get the
estimation of functional persistence of system relatively expeditiously.

Keywords: functional persistence; subsystem of information exchange; unoriented graph, topology, algorithm.

Introduction. The research of existing scientifically justi-
fied approaches [1-3] to improving of the effectiveness of
complicated technical systems, to which subsystems of
data transferring belong entirely, allowed to make a con-
clusion about establishing in the last several years the new
priority approach, connected with ensuring the character-
istic of functional persistence in the system.

Under the functional persistence of the object should
be understood its tendency to continue performing its
functions during preset time in the limits, which are preset
by regulatory requirements in conditions of counteraction
and influence of malfunctions and failures [3]. The re-
search showed that functional persistence of complicated
technical subsystem combines the qualities of faultless-
ness, reliability and survivability. Functional persistence
is ensured by the use in complicated technical system
different existing types of indulgence (structural, informa-
tional, temporal, loading etc.) through redistribution of
resources with the aim of eliminating the consequences of
emergencies.

Related publications. Analysis of the works [4-7] was
carried out in the area of projecting optimal topologies
SEI and it revealed two classical approaches to the target-
setting:

- synthesis of the network on the criterion of the mini-
mum of average time of delay in notice in the network
with given limitations on reliability and cost;

- synthesis of the network on the criterion of the mini-
mum of the cost with limitations on the indicators of reli-
ability.

In [8] the use of structural indicators of reliability and
coherence (degree of output arcs) were considered. At the
same time, probabilistic characteristics of elements of the
network - probability of the fault of network nods and
channels of data transmission - were not taken into ac-
count. Lately heuristic algorithms are widely used for
solving the tasks of optimization of networks of big size
[9]. Complexity of their use is due to the adaptation of
their parameters. Research in the sphere of structural reli-
ability of systems [10], the quality of their functioning,
analysis of the criteria of assessing findings, accounting
plurality of really existing limitations for the tasks of big
size almost unexistant.

The aim of the article is development and research of
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the methods and algorithms of analysis of functional per-
sistence, as well as synthesis of optimal topologies of
subsystem of information exchange with the aim of ensur-
ing functional persistence.

Materials and methods. To reach the target will be
used its graph representation as the most widespread and
easy form of representing the structures in general. Let's
say that the vertices of the graph are the nods of commu-
tation, and the edges are communication lines. The meth-
ods of theory of graphs and theory of multitudes were
used for research. The results of the work of the algo-
rithms of structural coherence of subsystem on the indica-
tor of probability of coherence, which allows to reveal
vulnerabilities of the topology of subsystem, the reserving
of which will allow to significantly increase the persis-
tence of subsystem.

Analysis of the works [9-12] in the area of functional
persistence and structural reliability allowed to define a
lot of quantitive indicators of assessing structural reliabil-
ity: minimum cut and probability of coherence. The mul-
titude of methods of calculating the probability of coher-
ence of subsystem of information exchange, like any oth-
er complicated subsystem, fall into two independent sub
multitudes: precise and crude methods of calculation.
Practical use of any method is defined by the task-setting,
the level of precision of initial probabilities of operability
of the elements of the system (subsystem). Some precise
analytical methods are developed for definite structures of
systems of data transmission. Precise methods of defining
the probability of coherence considered in [3] can be
used only for systems in which the number of nods of
commutation is less than twenty. Under condition of in-
creasing the number of nods this task becomes unfeasible
on modern computer facilities. For practical realization of
analysis and synthesis of functionally persistent subsys-
tem of information exchange it is reasonable to use crude
methods. So in the article while defining the probability
of coherence crude methods are used.

Results and discussion. The structure of the subsys-
tem of exchanging information is represented as an unor-
iented graph G(V, E), vieV, ejeE, i,j=1,...,N, which is
described by adjacency matrix S
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1,
s=lsb s ={g

where V — set of the vertices of the graph;

if ; € E:
if e; ¢ E.

E — set of the edges of the graph.

In the graph G(V, E), the vertices of the graph v; are
nods of commutation of SIE, and the edges of graph ejj—
lines of connection

For SIE let's say that the system should perform two
main functions:

—processing, storing and retrieving of the necessary in-
formation;

— transmitting the information between the nods of
commutation

Basing on above we can formulate the main require-
ment to functional persistence of SIE:

1. To ensure functionality of all nods of commutation
(NC):

w, eV <=awl(r)=1 r<[0t),

where V = {Vi } —a set of nods commutation SIE;

co(r) — Boolean function, which takes value 1 if

the NC is functional and 0 — otherwise;
7,t —time of exploitation.

2. To ensure information transmission through main
and reserve routes:

YV, Vv, < 3v; e I, i, j=12,..,n,

where I'; —a set of achievable vertexes of the graph

from the vertice V, ;

N — number NC in the subsystem of processing the in-
formation.

According to above, the method of the search of mini-
mum cut graph (Shtor-Wagner algorithm) is used to de-
fine the probability of coherence [13]. The work of the
algorithm starts with giving the adjacency matrix of an
undirected connected graph is given to the inputs of the
algorithm. The result of the work of the algorithm is the
global incision, that is to say the set of edges of the graph
with minimal total weight, the removal (damage) of any
edge divides the graph into two unrelated subgraphs. On
each iteration we have two sets of graph G : the set of
vertices, which are included in some subset 4 and the set
of other vertices. With the help of the Shtok-Wagner algo-
rithm it is possible to find the incision between them. Ob-
tained incision is put into the set of local minimum inci-
sions, from which the global minimum incision is chosen
later.

At the beginning of the work of the algorithm in adja-
cency matrix C graph G all edges are given the weight

W, =1,t=1,...,m. Shtok-Wagner algorithm realizes

(n-1) iteration, and each of them is made of the following
successive steps:

Block diagram of Shtok-Wagner algorithm is repre-
sented on fig.1

Stage 1. Enter an auxiliary set of vertices 4, which is
empty on the first stage: A=

Stage 2. Add to set A one arbitrary vertice of graph G,
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eg. i, e{l,n} tA=AU{i}
Stage 3. Find the total weight of W edges, which com-
bine the vertices of the set 4 with all other vertices of

graph:W = Z z W;

ieA jeA

Adjacency matrix

!

mA=g

!

to choose i A =4 U{i}

‘ to chooseV; €V

wiA, V) = max{w(4, v)vad}
I

Sawve the incision ;€ G

¥

Combine the two vertices that are
added to the set 4

v

Remowve the edge that is incldent
to these vertices
¥
Fold the weight of the edges in

the combined vertices
T

minC;,{ = 1,--,n

Fig. 1. Block diagram of the Shtor-Wagner algorithm

Stage 4. Find vertice K ,which is not included in set 4,
and which has maximum total weight of the edges from it
to the vertices, which are included into the set A, that is

ZWik .= max ZWij Add vertice « to set 4.
icA I=A icA

Stage 5. Repeat stages 3 and 4 until A is equal to set V
of the graph G : A=V

Stage 6. Combine two added vertices to set 4 as the
last and the second to last, to one. While this the edge
incident with this vertices is removed and the weight of
the edges appeared after merging the vertices is calculat-
ed. Put down the value of total weight of the edges (inci-
sion power) to the set of local reserves. Incision is memo-
rized into some interjacent set S.

Stage 7. Repeat stages 2-6 until on the iteration (n-1)
graph G consists of one vertice.

Stage 8. Choose from the set of local minimal incisions
S the least incision, which will be the estimation of struc-
tural coherence of SIE.

So, while building up the structure of SIE it is possible
to estimate different topologies of the structure by the



lead indicator, which defines the set of minimum inci-
sions of the graph-model SIE.

Proposed indicator of probability for estimating the
functional persistence of SIE, which is defined by the
minimum number of incisions of the graph-model with
the lowest probability of fault, allows to localize the most
vulnerable parts in the topology of network. Also it is
necessary to mention that in need of estimating vulnera-
bility of SIE in the process of its functioning if there are
conditions of the faults of channels and their restoration, it
is necessary to constantly monitor the conditions of net-
works for defining minimum incision of active configura-
tion of the topology of the network and redistribution of
download between channels.

Analysis of active configuration of network allows to
predict critical conditions, when as a result of the influ-
ence of internal and external destabilizing factors on the
channels of transmission there is a potential threat of the
fault of all the network or its part. Practical realization of
the algorithm of the search for critical parts in the network
will allow to significantly improve functional persistence
of the network.
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Conclusions.

1. Using the minimum incision of the graph as the in-
dicator of reliability while projecting the topology of sub-
system of information processing in comparison with
such indicator as minimum level of output arcs of the
graph, generally allows to increase the functional persis-
tence of the topology of the system. Increasing the value
of minimum incision of the graph influences the increase
in possible routs of delivery the information packs and
consequently improves functional persistence of subsys-
tem of data transmission and demotes probability of isola-
tion of separate system nodes.

2. ldentifying minimum incisions in subsystem of in-
formation processing of the system of airspace control
allows to identify vulnerable places in the structure of the
network. Apart from that, minimum incision corresponds
to the area of the network with the lowest capacity.

3. The results of the work of the algorithm of analysis
of structural coherence of subsystem of information ex-
change by the indicator of probability of coherence,
which allow to identify vulnerable places of the topology
of the subsystem, are shown. Reservation of these places
will allow to significantly increase functional persistence
of the system of airspace control.
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Abstract. The paper deals with the probabilistic modeling of training tests subdivision of device production. Increased reliability is
required from devices for control systems of non-stationary objects. This is provided by a number of training operations with
subsequent control. A network model of queuing systems is proposed to describe the process of passing devices through subdivision
of control-training operations. Expressions are obtained, which allow estimating the load of each production section and find its

characteristics of functioning.

Keywords: modeling, training operations, network, queuing system, probability.

Introduction. Control systems for non-stationary objects
(cars, airplanes, ships) include a significant number of
various devices, such as information sensors, controllers
and computers. As a rule, they function in conditions of
an aggressive external environment. The temperature can
vary from -120°C to + 50°C, devices are affected with
vibration during movement, high humidity can lead to
loss of dielectric properties of materials. At the same
time, high requirements are imposed on the reliability of
the operation of control systems for non-stationary
objects. It is possible to provide high reliability of such
objects both at the design stage and at the stage of
production, by including training operations of devices in
appropriate conditions on special stands with subsequent
monitoring for correct functioning [1]. Thus, the
simplified technological scheme of the training tests
subdivision of device production can be the same as in

Climatic test
section

fig. 1.
Finished
gonds
Repair

section  |agn.oo.__
!
Al
.
1 Al
1 \\

Tunlllg Vibration test

r»ectmn seetion
Figure 1 - Technologlcal scheme of the training tests
subdivision of device production

|

Failures of devices during training operations are
random. This leads to congestion of individual
technological sections and transport conveyors, reducing
the capacity and production capacity of the entire system.
At the same time, as practice shows, such production
systems designed according to well-developed methods of
flow-mass production design often can not provide the
required productivity and throughput, despite the
sufficient capacity of the assembly sections. Possible
irregularity of production also render a strong influence
on the performance of the system. In this regard, the
traditional methods of calculation of the flow-mass
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production design of devices production must be
supplemented by probabilistic methods that allow take
into account various random factors affecting the
production process.

In a formalized presentation, each technological
section of the training test subdivision is a service system
consisting of a certain number of service places (these
may be the workplaces of the regulators or the seats in the
climatic test area), the input flow of devices that act as
requests for service, and the place of waiting for requests,
in whose role the intermediate buffers can be used. In the
whole, the training tests subdivision of device production
can be modeling by a queuing network, in which the
assembly section is the source of requests (in this case,
the assembled devices), separate technological sections
are separate service systems.

A brief overview of publications on the topic. A
characteristic feature of the modern stage of development
of society is the increasingly widespread use of large
complex systems with a network structure and stochastic
nature of functioning. The study of the processes
occurring in systems of this kind is carried out within the
framework of the theory of networks of queues and
simulation. The basic work on queueing networks did
James Jackson (University of California, Los Angeles,
mathematics professor) [2]. The work [3] is devoted to the
study of closed homogeneous exponential queueing
networks. To analyze the quantitative distribution of
customers over the nodes of the queueing network, a
diffusion approximation method was proposed in [4].
Along with analytical methods, simulation methods are
widely used to study queueing networks [5, 6].
Simulation modeling allows obtain more accurate results
than analytical methods, but simulation models have a
little typification, in addition, the cost of developing
simulation models is quite high. The applied aspects of
queueing networks, as applied to computer systems, are
described in [7, 8]. It should be noted that most of the
works on the applied use of queueing networks are
devoted to computer systems and networks. Taking into
account the specifics of production processes building
appropriate models of queueing networks is an urgent
task.

Purpose of research. The probabilistic model of the
training tests subdivision of device production will be a
queuing network with an appropriate topology. The aim
of the work is to determine, based on the queuing
network, the load of each production section, the average
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cycle time of control and training tests, the effect of
device failures on the general characteristics of the
system.

Materials and methods. The structure of the training
tests subdivision of device production can be represented
by the network transmission graph, shown in fig. 2. The
node Sp corresponds to the assembly section, S; — to the
tuning section, S, — to the vibration test section, Sz — to
the climatic test section, Ss — to the repair section. Solid
arcs correspond to the passage of devices along the
technological chain without failures; arcs marked with
strokes mean the transfer of failed devices to the repair

section, or a completely defective product. p;; means the
probability of transferring the devices from section i to
section j. Accordingly, p,, is the probability that the
device has passed the vibration test section normally and
p,, is the probability that the device require a repair after
vibration test, p,, is the probability that the device after
section of climatic tests has passed all the training tests
normally and p,, is the probability that the device
require a repair after climatic test, p,, — this is the
probability that the device is not subject to recovery.

Figure 2 — Networks transmission graph

Let us define the transition probability matrix P as
consisting of elements p;;, that is

0 1 0 0 0
0 0 p, 0 py
P=[0 0 0 : @)
P2z Pas
P O 0 0 pa
Pso Pay O 0 0

The peculiarity of this matrix is that the sum of the
probabilities in the rows is equal to one.
We will investigate the functioning of the system in a

stationary state. Let us denote by A; the total intensity of
the input flow of devices in section i in a stationary mode,
7; — the average time of the technological operation in
the i-th section. For the existence of a stationary state, it is
necessary that the inequality p, = 4z; <1 holds for each
section, where p, is a load of i-th section. Then the

following system of equations for the stationary state
corresponds to the graph in fig. 2
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— o+ P30 A+ Pag- A4 =0,

A=A+ Py A4 =0,

Po-Ah -4 =0,

Pos- A —43=0,

Pra- A+ Pog- A+ Pas- A3 — A4 =0.
In the matrix form, the system of equations (2) is

@

written by
-1 0 0 p3y Psol |4 0
1 -1 0 0 pyll|al |0
_lal (3)
0 p, -1 O 0 ||4|=|0
0 0 py -1 0|4 |0
0 Py P P 1) |4 0

If we add to the elements of the last row in system
matrix corresponding elements of all the remaining rows,
we get a row with zero elements. Thus, the determinant of
the system matrix of the system of equations (3) is equal
zero. That is, the system of equations is uncertain. But if
we fix the intensity of the arrival of devices from the
assembly section A, then the system of equations

becomes definite and can be solved relatively A,, that
can be expressed as
A =054,,1=1234. 4)
Let us reformat the system of equations (2) as follows
P30 A+ Pao* A = 4o,
+ Pyr- Ay =4,
-, =0,
Pos- A A =0,
Pra- i+ Poa- A+ Pas Ay —4 =0
Reordering the corresponding rows, rewrite the system
of equations (5) as follows:

®)

-1-4 +Par Ay =1 Ay,
R R O =0 ©)
Pra-A+Po Ay + Py —1:4,= 0,

Pas-dy 1A =0

PaoAs+ Pao- A= 1 4.

The solution of the system of linear algebraic equations
(6) is expediently sought by the Gauss method in a matrix
form, which makes it possible to simultaneously test the
system for solvability. We write the extended matrix
system (6) in augmented matrix form (only coefficients
for unknowns) as follows

1 0 0 py-1
P, -1 0 00
Pia Pas Py —1/0°
0 ps -1 00
0 0 Py Pag 1

Let us realize the direct move of the Gauss method. To
do this, multiply all the elements of the first row by p,,
and add them to the corresponding elements of the second
row. After that, multiply all elements of the first row by

P, and add them to the corresponding elements of the

third row. These operations are formally written as
follows.
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{I=1+1-T1,, M=1+1-p, }
As a result, we get
-1 0 0 Pa1 -1
0 -1 © P21P12 |— P12
0 Pas Pas PaPua—Y pig
0 p,; -1 0 0
0 0 s Pao 1
Next, we perform the following operations
=11+ py, IV=IV+11-p,g, |
As a result, we get
-1 0 O Pas -1
0 -1 0O P41P12 — P2
0 O Pas PaiPiat ParPi2P2s —U— Prs— P12P24g
o 0 -1 P41P12P23 = P12P23
0 0 pg Pao 1

Perform the following operation: §/ .=v + 111 }
As a result, we get

-1 0 0 Pa1 -1

0 -1 0 Pa1Piz — P2

0 0 P34 Pa1Pra+ ParPraP2s =1 | = Prg— ProPos
0 0 -1 P41P12P23 ~ P12P2s

0 0 Pso+Pas Pag+ ParPra+ ParProPas 11— Pry— ProPas

Above the elements of the fifth row perform the following
transformations:

Pso+ P3s =1,

Pao+ PasPra+ ParPioPpy —1=—(1- p40)+ Ps1Prg + PaaPr2Pos =
=~ Pa1t PgaPra + ParPr2Pos =~ p41(1_ p14)+ P41P12P24 =

= —PasPr2 + ParProPas =~ PasPioll— Pos) =~ ParProPas,

1= Pis— PioPas = (1= Prg) = ProPos = Pro— ProPay =

= Dol Pau) = ProPys

As a result, we get

-1 0 O Pas -1

0 -1 0 Pa1Pi2 — P12 @
0 0 Pass ParPis+ PasProPos = U= Py — ProPas

0 0 -1 Pa1P12P23 — P12P23

0 0 1 — P41P12P2s3 P12P23

The fourth and fifth rows of the system (7) are
equivalent. Throw away the fifth row and swap the third
and fourth rows. We get

-1 0 0 Py -1

0 -1 0 P41P12 — P12

0o 0 -1 P41P12P23 — P12P23

0 O  Pas ParPis+ ParPioPos =L — Prg— Pi2Pas

Using the third row, let us perform the following
conversion: {IV =1V +Ill-pg, }

We get
-1 0 O P41 -1
0 -1 0 P11P12 — Pi2
0 0 -1 P41P12P23 — Pi2P2s
0 0 0 pyPis+ PasPioPos+ ParPi2P23Pss —4— Pra— PraPos — ProP23Pay

From the last row follows:
1= Pia + Pi2Pos + Pi2Po3Pss
4=

1— P41P1s— Pa1P12P2s = P41P12P23P34 .
Accordingly, from the third row we get:

A3 = P1oPasz* Ao + PasProPasy

from the second row we get

Pis + P12P2s + Pr2Pr3P3s

A3 = Pr2Paz Ao + ParPr2Pasly

and from the first row we get

A=A+ Py Ay
So

a,

C1- P21P14 = P41P12P24 — Pa1P12P23P34

103 = P12Poz t PaiPraP2sly

®)

Ay = Prp + ParPra@y, & =1+ Pyicy.

The most important indicators of production will be the
intensity of devices that have completely passed the

training tests A ,, and the intensity of completely
defective devices Ay . From the network transmission

graph follows:
Aout = A3P30: Atait = A4 Pao- ©)
Important characteristic of the production process is
the average time of the devices passing through the
training and control operations — T. It, in turn, depends on
the average time spent by devices (customers in terms of

queuing theory) in each section t;,i =1,2,3,4. Then

4
T=>at [9].
i=1

The execution time of a production operation in the i-th
section is constant — 7; . Therefore, a queuing system of
the type M/D/1 can be chosen as a model of production

section.  Then __ A 1 [10]  After
20-p) 44
transformations
t = P +i: A +ri:{ %y +l}ri and
20-p) w 201-4r) 2(1-ai/qt;)
)

_ : Qilg )
= g{za—aiﬂoa) ”}‘“‘

By using obtained expressions the performance of the
training test sections can be reasonably chosen.

Results and their discussion. Let the transition
probability matrix P of the network have the form:
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[0 1 0 0 0

0 0 08 0 02
P=l0 0 0 09 01
07 0 0 0 03
03 07 0 0 0O

Using the expressions (8), we get:

A =1534,, 4, =1234,, 4, =1104,,4, =0,764,.

Accordingly, A,,,=0,774,, Asi =0,764,

Thus, the received expressions allow to estimate
loading of each technological section and to choose its
productivity.

On the fig. 3 depicted the family of curves 4, as a
function of the probability of a complete failure of the
device p,, for different values of the probability of

failures in the vibration test section - p,, .

The dependencies are almost linear, and each section
contributes to the decrease in the performance of the
entire system of training operations.

06 (Y] 015 02 025

03 >
Py
Figure 3. Related intensity of devices that have completely
passed the training tests

005

Conclusions. The paper proposes the use of a queuing
network as a model of the training tests subdivision of
device production. The analytical solution of the
corresponding systems of equations makes it possible to
estimate the load of each training test section, the real
time of the production cycle, the output of suitable
devices from the section. By using obtained expressions
the performance of the training test sections can be
reasonably chosen.
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AnHoTanus. PaccMOTpeHbl IPUYNHBI MOSBICHUS HEONIPEICICHHOCTY BO B3aUMOICHCTBUM CyJOB B IIPOLIECCE PACXOKACHUS, BOSHUKAIOLINE
m3-3a HemocrarkoB MIITICC-72. IIpomsBeneHa opMaam3ayst BOSMOXKHBIX MCXO/IOB OIEHKH HA4YaJIbHOW CHTYalluH COJMKEHHS CyJOB,
HCXOAs U3 CyObeKTHBHOM uHTepnperaimu TpeboBanuii MIITICC-72. TlokasaHo, uto cucteMa 6unapHoit koopaunaiuu MIITICC-72 xa-
PaKTepU3yeTCsl YaCTUYHON KOOPIHMHUPYEMOCTHIO U OIIEHEHA BEPOSITHOCTH KOPPEKTHOTO OIPEIENIEHHST TUIA B3aUMOJICHCTBHS CyIIOB IIPH MX

PaCXOoKICHNH.

Knrouesvie cnosa: bezonacHocms cy008024cOeHUs, pacxoxcoenue cyoos, ourapuas koopournayus, MIITICC-12, munvl 63aumoleticmeus

€y008.

Beenenue. HecmoTpst Ha mpuHUMaeMmble MEpBI, aBapuil-
HOCTH CYZIOB OT CTOJKHOBCHHH OCTaeTCsl Ha JIOBOJIBHO BBI-
COKOM ypoBHE. B mocienHee BpeMst cyla OCHAIIAIOTCS HH-
TETPUPOBAHHBIMIA MOCTHKOBBIMH CHCTEMaMH, MOAXOIbI KO
BCEM KpPYIHBIM TIOPTaM M TPAH3UTHBIM paiOHAM MHTCHCHB-
HOTO CYIOXOJCTBa OOOpPYIyIOTCS CHCTEMaMHU YIIPaBJICHUS
JIBIOKEHHMEM, pa3BuBatoTcs metonnl E-Hapuramum. Onnako
npo0iieMa IpeyIpexIeHUs] CTOIKHOBEHHUH CyJIOB OCTaeTCs
He pemieHHOW. OJHOM W3 CyIIECTBEHHBIX NPHYMH 3TOTO
SIBIETCS. CyOBEKTUBHOCTh OLICHKH CUTyallMi COVDKEHUS U
NpUHATHA pemieHui. CenoBaTeNbHO, B HACTOSIIEE BpeMs
pa3zpaboTKa METOAOB MOBHIIIECHUS 3(P(EKTHBHOCTH TpoLec-
COB PACXO’KJICHHS CYOB SBIIETCS aKTyaJIbHOM.

Kpatkuii 00630p mydimkanuid mo Teme. [l BbIOOpa
MaHEBpa PacXOXKACHUS MPEIUIOKEHO MHOTOUYHCIICHHBIE Me-
TOZBI: HETMHEWHOW MHTErPAIbHONH MHBApHAHTHOCTH, ONTH-
MaJIbHBIX AUCKPETHBIX MPOIECCOB, CHTYAI[MOHHOTO YIIPAaB-
JICHUS, TEOPUU WIP, JMHEMHOIO M HEJIMHEHWHOIO IpOrpaM-
MHpPOBaHUS U Jpyrue, 0030p OOJIBLIIMHCTBA M3 KOTOPBIX
IpejicTaBlieH B cTatke [1].

@Dopmanm3anys B3aMMOIEHCTBUA CyJOB B CUTYallHH
OMacHOro cOMmKeHHs TMpeaioxkeHa B pabore [2] u mokasza-
HO, YTO OCHOBHBIM CIIOCOOOM ONHWCAHMWs B3aHMMOJICHCTBHS
Mapbl ONAcHO COJIMDKAIOIMXCS CYIOB SIBISCTCS OMHapHas
KoopIuHauus, kotopas peainuzoBana B MIIIICC-72, a B
pabotax [3, 4] paccMOTpPEeHBI BOTIPOCHI OMHAPHON KOOPIIH-
HaIU# ¥ Mepa uX 3Q(HEKTHBHOCTHL.

Ha coBpemeHHOM 3Tare OCHOBHbBIE pa3pabOTKU IO pac-
CMaTpUBaeMON MpoOreMaTHKE MOCBSIIEHBI METOJaM JUIS
CHCTEM TPEIyNPEXICHUS] CTOIKHOBEHHH aBTOHOMHBIX CY-
JIOB U PacTIpe/IeNICHHBIM aJrOpUTMaM Ul CUTyauuil cOu-
JKEHH HECKOJIBKUX CyJIOB, B KOTOPBIX OHH MOT'YT OOMEHH-
BaTbCsl HaMEPEHUsMH, HCIoJb3ys cuctemy AlS, uro pac-
cMarpuBaercs B padote [5]. B Heil o0cysknatoTest Kak MeTo-
JIbl, KOTOpbIe Oa3MpyIOTCS HAa MaTeMaTHYECKUX MOJIEIISX,
TaK ¥ CIIOCOOBI, HCTIOIB3YIONINE NCKYCCTBEHHBIN HHTEIUICKT.
B paborax [6,7] npensiokeHsl TPOLERYPhI MONTYYEHNS Ma-
HEBPOB PACXOXKJIEHUS JUIl aBTOHOMHBIX CyAOB. Pacmpene-
JICHHBIE aJITOPUTMBI JUISI CUTYalni COMMKEHHUsT HECKOIBKHX
CYZIOB TIpeJICTaBIIeHBI B padote [8].

Pa6ots! [9-11] mocBsImEHH BOIPOCY y4€Ta MMEIOIIUXCS
B paiOHE IPEACTOSIIEr0 PACXOXKACHHUS HABUTAIIMOHHBIX
OTIaCHOCTEH! MpH BEIOOPE MaHEBpa PacXOKICHNS H3MEHEHH-
€M Kypca.

PaGora [12] mocesiieHa MeToIaM OMpeeeHUsT KOMOU-
HHPOBAHHOTO Z-MaHEBpa COOCTBEHHOTO CyIHA JUIS PAaCXOXK-
JIEHUSI C HECKOJBKUMH LIEJISIMH.

Hens. enpio HacTosAIIEeH CTAaThH SBIsETCS pa3paboTKa
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TIPOLIEAYPHI OLEHKH BEPOSATHOCTH KOPPEKTHOTO OIpETee-
HUS THITA B3aUMOJEHCTBUA CYZ0B B CHTYAaI[HH MX OIACHOTO
COIIDKEHNSL.

Marepuaanbl u Meroasl. B pabote [13] paccMoTpeHBI
3Tarsl Nporiecca MPUHATHS PEIICHHS M0 OLEHKEe HEOOXOoau-
MOCTH PacXOX[EHHS CYJIOB B CUTYallUM MX COJMKCHUH U
TMOKa3aHo, YTO MPOLECC MPUHATHUS PELICHUS COJICPKUT CIe-
JFOLLYE 3TAIbL:

1. KoHTpons okpyxaromed oOCTaHOBKH, T. €. OTHOCH-
TEJIbHBIX TOJIOKEHUH M MapaMeTpoB JIBIKEHUS OKpPYKaro-
IUX [TOABUKHBIX O0OBEKTOB.

2. OOHapyKeHHE CUTYaIH COMKCHUS CY/IOB.

3. OueHKa CTETICH! OMACHOCTH B CITydae COMMKEHUS Cy-
JIOB.

4. Be16op mapaMeTpoB MaHEBPA PACXOXKIACHHSL.

Ha BTOpoM 3Tame mponecca NPHHSATHS PEIICHHs MO Ta-
pameTpaM OKpY’Karolleil 0OCTaHOBKH CIEAyeT PacCUuTaTh
CKOpPOCTh M3MEHEHUsI AUCTAHIIMHM MEXAY CylaMH C IOMO-
LIBIO BBIPOYKESHHUS:

D =V,cos(K; -a) - V,cos(K; -a),
TIe Ki’ Vi, K i " Vj - IapaMEeTpPhI JIBKCHUS CYI0B;

O( - TIeJIeHT C I-T0 Cy/IHA HA j-€ CY/HO.

ITpu OTPHIIATENHLHOM 3HAUEHHU D Cyza COMMKAIOTCSL.

Ha tpetsem atame nporecca NPUHSITHS PEIEHHs PON3-
BOJMTCS OLIEHKA CTEIEHH €ro ornacHoctu. J{is aTtoro Heo6-
XOJIIMO PAacCYUTATh JUCTAHIMIO D  Kpardaiiero cOmu-

min
JKEHUSL.

CuTryanmoHHOE BO3MYILEHHE () BO3HUKAET MPH MPOTHO-
3UPYEMOM TIOTQJIAHNN CYJIOB B JIOMEH HEIOMYCTHMBIX IO-
SUIAH, T. €., KOT/ia MPOTHO3UPYEMOE 3HAYEHUE JUCTAHIINH
KpaT4aMIero COMMmKEHMs D .~ MEHBIE 3HAYCHHS mMpe-

HGHBHO'Z[OHYCTHMOﬁ JUCTAaHIINH COMMKEeHUs D dq’ BCIIMYHHA

KOTOPO# 3aBUCUT OT (hOPMBI JOMEHA HEAOIYCTHMbIX MO3H-
Wi ¥ paKypca COMVKEHNS CY/I0B.
CuTyarioHHOE BO3MYIIIEHHE () MOXKET NMPUHUMATh TPU
3HAUCHUS:
0, D >Dg,
min
= < ..
=11 Dmin < Dd,tZIJ >0,
< o<
2, Dmin < Dd’tzu <0,

raec tZij - UHTCpBaJl BpEMCHU N0 IMOoNaJaHud CyJHa B

TIOAMHOKECTBO HEIOITYCTUMBIX TTO3HUIINMN.
3HaYeHUIM CUTYallMOHHOI'O0 BO3MYIICHHUs (D COOTBET-
CTBYIOT II€pBas, BTOpad U TPETbA 00J1aCTH B3aMMHEIX 00sI-
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3aHHOCTEH.

B 3aBucuMoCTH OT CTENEHM ONMACHOCTH CHTyallln cOJH-
XKEHUS, T. €. 3HAYCHUS CUTYalIMOHHOTO BO3MYIICHUS > 0,
Ha YETBEPTOM OTale NMPUHATHS PELICHUs CIeayeT BhIOpaTh
CTPATETHIO PACXOXKIACHUSL.

B xadectBe moxazarernst 3pPEeKTHBHOCTH aHATUTHICCKIX
CHCTEM TIPEAYNPEXICHNUS CTOJIKHOBEHHI CyIOB LEIeC000-
Pa3HO NPEIUIOKUTH BEPOSTHOCTH OE30MAaCHOTO 3aBEPIICHUS

Tponecca pacxoxXACHUA PS , KOTOpasd SABJIACTCA IMPOU3BEAC-

HHUEM BEPOATHOCTEHN Pj YCHENMIHOro MCXo/1a STaroB mporec-

ca MPUHATHS PELICHNS 10 BEIOOPY CTPATErUH PACXOKICHYIS:
Pg = P1PyP3P,.

PesyabTaTrel m ux o0cy:xknenme. Vcxons w3 ananmmza

0COOEHHOCTEH CHCTEMBI KOOPIUHALIUH, KOTOpasl peanu3oBa-

Ha B MIITICC-72, B naHHOW paboTe paccMOTPHM BEPOSIT-
HOCTh YCIICIITHOTO MCXO/]a BTOPOTO U TPETHEro 3TaIoB, KaK

BEPOSITHOCTb P, KOPPEKTHOTO ONpEJIENEHNs TUIa B3aHMO-

JIENCTBUS CY0B.

HeonpeneneHnocTs BO B3aMMOACHCTBUN CYA0B BO3HHKA-
€T ellle Ha JTale ONpeeNIeHHs YPOBHS OIIACHOCTH CHTYalluu
cOmpkeHns. Mepoii OmacHOTO COMDKEHHS CyJOB SIBISIETCS
COOTHOIIICHUE JUCTAHIMN KpaTdaiero cOMMmKeHU U TIpe-
JIETIbHO - NOITyCTUMOW AMCTAaHLMEH Kpardaiiero cOuke-
HusL. W, XOT4 BeMYMHY NPeAeNbHO-I0ITyCTUMOMN TUCTaHIINU
kpatyaiiiero compxenus MIINICC — 72 He perimameHTH-
PYIOT, B MOPCKOM NIPaKTHKE B OTKPHITOM MOpE IPUHATA Be-
JIMYMHA 3TOM JUCTAHLIUM paBHAs! IPUMEPHO JIBYM MUJIAM.

OTCyTCTBHE QJITOPUTMA ONPEAENIEHUS CUTYallul OIIacHO-
ro COMMKEHHs BEIET K TOMY, YTO B PEAIBHBIX YCIOBHSX
IUIaBaHHUs BEJWYWHA MPEIEIbHO-IOMYCTUMON TUCTaHIIMU
KpaTdaiiero cONMKEHHS ONpenersieTcsl CyObEeKTHBHO CY-
JIOBOZIUITENIEM, TIPUYEM Ha OJHOM U3 CYIOB COMIKCHHE MO-
I'yT pacLEHUBATh KaK OMACHOE, a Ha BTOPOM CUYMTATh, YTO
CyJa pacXoJsATCs YUCTO.

IlocnencTBust Takol COBMECTHOM —IIPOTUBOPEYMBOM
OLICHKH MOTYT OKa3aThCs HETPEICKa3yeMBIMH U TIPUBECTH K
aBapUITHON CUTYalMU.

B ciyuae ompenenenusi obiacTi B3aMMHBIX O0SI3aHHO-
cTell BO3MOXHBI /IBa BapHaHTa: 00a Cy/Ha ONpeJeIHINA O/
Hy ¥ Ty ke 00JacTh WM pa3Hble CMeXHbIe obmacti. Ecmu
0003HauHTh Yepe3 S; U S, 00nacTH B3aMMHBIX OOSI3aHHO-
CTel, KOTOphIe OMNpeneleHBl COOTBETCTBEHHO MEPBBIM U
BTOPBIM CyZaMH, TO BO3MOXKHBI CICIYIOLIME HCXOBl Z;,
Kak MoKa3aHo B TaoO. 1.

Ipu Hamauu ucxoxa Z, KOrjga OIHO U3 CyHOB paclie-

HUBAET CUTYaIHIO COMMKEHUs] O€30MacHO, a BTOPOE CYIHO
rojiaraeT HaJM4yHhe MepBOM 00JacTH B3aUMHBIX OOs3aHHO-
CTe, BO3MOXKHBI CJIETYIOLINE THUITbI B3aUMOJEHCTBUMA:

Taoauma 1. Bo3MOKHEIE HCXOBI

Hcxon Zi Sl Sz
Z, 0(1) 1(0)
Z, 1 1
Z, 2 2
Z, 3 3
z, 1 2
Z, 2 1
Z, 2 3
zZ, 3 2
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- OIHO M3 CYJIOB CJIEYET C HEU3MEHHBIMHU MapaMeTPaMu
(S;=0), a BrOpOE CymHO mOJNAraeT, YTO OHO MACCHBHOE

(S;=0);
- OHO U3 CyJOB CJICAYCT C HECM3MECHHBIMU IMapaMeTpaMunu
(Si =0), a BTOpoe CyOHO TOJaraer, 4Yr0 OHO aKTHUBHOE

(S;=1).
B nepBom cirydae (ucxox Z; ) JOIMYCTHM MEPBOE U3 Cy-

JIOB OLICHHJIO CONMKEHHE KaK ONAcHOE, M TaKKM, KaK CYIHO,
KOTOPOMY YCTYIaroT aopory. Bropoe ke cyaHO cuutaer
cOnmkeHre Oe30macHbIM U BOOOIIE HE HAMEPEHO MaHEBPH-
poBatb. Uepe3 HEKOTOpOE BpeMs NEPBOE CYIHO, COITIACHO
[paBuny 17, npeanpuHAMaeT Mepbl N0 HPERYIPEKICHHIO
CTOJIKHOBEHHMSI M HAYMHACT MaHEBPHPOBATH BOIM3U BTOPOTO
Cy[IHa, BBI3bIBas BO3MOXKHYIO PEAKIMIO BTOPOTO CyIHA, YTO
MOJKET YXYALHTb CUTYALHIO BIUIOTh J0 CTOJKHOBEHUS.

Bo BropoMm ciy4ae (ucxon Z,,) BTOPOE CyIHO BBIIOI-

HSIET MaHEBP PACXOXKIECHUS U CTOJIKHOBEHHUE NpeayTIpekia-
ercs.

Ecmm xaxnoe w3 cynoB ONpenenmio MEepBYI0 00JIacTh
B3aUMHBIX O0S3aHHOCTEH, T. €. peau3oBacs ucxon Z,, To

cyllaM HeoOXOIMMO OIpENeIUTh CBOM MaHEBPbI, KOTOPbIE
COCTABIISIIOT CTPATETHIO PACXOXKICHUSL.

B nepBoii 0071acTH B3aUMHBIX OOSI3aHHOCTEH OJHOM U3
HauboJiee HEOIPE/ICNICHHBIX SIBJISIETCS CUTyallUsl PacxXoxke-
HUS JBYX CYyIIOB, UMEIOLIUX, cornacHo [IpaBuiy 18, oquna-
KOBBIH ITOBBIIICHHBIH NPHOPUTET, HAIPHUMEp, IBYX pbIOa-
KOB, JIOO CYIOB, OTpaHMYCHHBIX CBOCH OCAAKOW M T. 1. B
tako cutyauun MIIIICC — 72 He KOOpIAMHHUPYIOT B3aUMO-
JeficTBHE PacXOSIIINXCA CyJIOB, 4TO ycyryomnsieT u 6e3 Toro
HX 3aTPyJHUTENBHOE TOJIOXKEHHE, YBEIMYMBas PUCK oOmac-
HOCTH CTOJIKHOBEHUSI IIPH MX PACXOXKICHHUH.

JanHyto cuTyaiuio OyJeM XapakTepu3oBaTh HE KOOPIH-
HUPYEMbIM MCXO/IOM Z, ;.

OnmHako W B Clydae pacXOoXKICHWS CYJIOB C MEXaHHJe-
CKMM JBUTATEJIEM BO3HUKAET DS/ HEOTPEICICHHBIX CUTYa-
uuil. OJHOM U3 TaKUX CUTYyalluH SIBJISETCS CUTyalus, KOraa
CyJa C MEXaHHYECKHM JIBUTATE]IeM JBIDKYTCS TPSIMO
HaBcTpedy Apyr apyry. Cormacho [Ipasuny 14 nBa cyana ¢
MEXaHIMYEeCKHM J[BUTATeJIeM, CIEAYIONINe HaBCTpedy IpyT
Jpyry (Ha KOHTpKypcax) IOJDKHBI OTBEPHYTH BIPABO U UH-
CTO pacxosch JIeBbIMU OopTamu. OTMETHM, YTO TaKOH Ma-
HEBP PaCcXOXKJICHUs TpeOyeT olpeieNIeHHON CHHXPOHN3AINH
B MaHEBPHPOBAHUH O0OHX CYIOB, 4TO [IpaBrniamMu HUKaK He
pernaMeHTHpOBaHO. [103TOMy BO3MOXKHO BO3HHKHOBEHHE
OIIACHOCTH CTOJIKHOBeHUs. OIMCaHHAs CHTyalus COOTBET-

CTBYyeT Hcxony Z,,.

Taxxe BO3MOYKHA CHUTyaIys, B KOTOPOH J1Ba CyJHA C Me-
XaHMYECKUM J[BUTATEIeM HaXOJITCS Ha BCTPEUHBIX Hapai-
JIENBHBIX Kypcax, O/HAKO KypCOBBIE YIJIBI PEBOCXOASAT
3HAUEHUsI, XapakTepHble s cuTyauuu [Ipasuna 14, npu-
YeM JUCTAHLMS KpaTdyalIero COMMKEHWS MEHbILE IIpe-
JieTbHO-0MycTUMON auctanuuy. K npuMepy, ecnu aucras-
LI MEXKAY CyAaMH OKOJIO TPEX MUIIb, TO MPH MpeeNbHO-
JomycTuMon muctaHimu 0.5 MHIM KypCOBBIE YTIIBI MOTYT
nocturath He Menee 10 rpamycoB. Takast cutyarust cOmmke-
HUS SIBIISIETCS OMTACHOM M MOYKET XapaKTepH30BaThCs TIEPBOi
005acThI0 B3aMMHBIX 00s3aHHOCTEH. OHAKO TPHBEICHHAS
cuTyanus He nonagaet Hy nof [Ipasuno 14, au ox IIpaBu-
o 15 (mepecekaronmmecs: Kypcbl). ClemoBaTesibHO, TakKas
curyamust MIITICC — 72 He periamMeHTHpyeTcs YeTKOW |
OJJHO3HAUHOM KOOpAMHAIMEH, 4TO CO31aeT HEOIpeNeIIeH-



HOCTB TIPH MaHEBPHPOBAHUH U TOSBIICTCS yTPO3a CTOIKHO-
BEHMS PACXOIAIINXCA CYAOB. PacCMOTPEHHYIO CHTYalHio

OTHEceM K ucxomy Z, .

Paccmotpum ucxon Z,, koraa oba cyaHa uneHTuduim-

pOBaJI BTOPYIO 00NacTH B3aMMHBIX 00si3aHHOCTEH. OOBEK-
TUBHBIE KPUTEPUH OLIEHKU Takoi obmactu B MIIIICC — 72
OTCYTCTBYIOT, 3aTO UMCIOTCS CyOBCKTUBHBIC KPUTCPUH IS
BTOPO# 00JIaCTH B3aUMHBIX OOS3aHHOCTEH «... 3TO JApYyroe
CyJTHO, KOT/Ia ISl HEr0 CTAaHOBUTCS OUEBUIIHBIM, UYTO CYIHO
00s13aHHOE YCTYIHTh JOPOTY, HE MPEANPUHUMAET COOTBET-
CTBYIOIIETO JEUCTBUS, ..., MOXKET MPEANPHUHATH JCHCTBUE,
9T00BI M30EKATh CTOJKHOBEHHS TOJIBKO COOCTBEHHBIM Ma-
Hespom» [10].

Heonpenenennasie TpeOOBaHUS B YCIOBHSAX B3aNMOJEH-
CTBHUS JBYX CYIOB, C YIE€TOM HHAWBHIYAJbHBIX CyOBEKTHB-
HBIX OIICHOK CYZOBOJIHTENICH KaXIOro M3 CYIOB, HPEKIE
BCETO, AHHYJMPYET OCHOBHOM NPHHIMI KOOPIHMHAINU
MIIICC — 72, T. €. BO3MOXKHOCTbh YE€TKOT'O MPOTrHO3a B I10-
BE/ICHUU KaKAOTO M3 B3aUMOJIEWCTBYIOIIMX CYyJIIOB, B pe-
3yJbTaTe 4ero JeHCTBHE CylOB OyAyT HE COTJIACOBAHBI, YTO
MOXET TOBECTH K TsDKeNbIM HocienctBusaM. Ilpasuio 17,
OTIpeseIIsIolIee BTOPYIO 00JIaCTh B3aUMHBIX O0S3aHHOCTEH
U paspeluaroliee MacCMBHOMY CYAHY MaHEBPUPOBATh IS
PaCXOKICHHS, JIMIIIACT MPOTHO3a KaXK0E M3 PACXOIAIIIXCS
CYIOB B YaCTH IOBEICHWS MapTHepa. Tak cymHO, KOTOpoe
JIOJDKHO YCTYTaTh JOPOTY, BO BTOPOH OOJIACTH B3aMMHBIX
o0s13aHHOCTeH JNHIIEHO MH(GOPMAIKMH O MPEIIoyiaracMoM
MOBEJCHUH TACCUBHOTO CyHa, KoTopoe, cornmacHo MIITICC
— 72, IMeeT MpaBo, KaK MPOJIODKATH ABWKEHUE C HEM3MEH-
HBIMHU TIapaMeTpaMu, TaKk W TPEANpPUHITE MaHEBp IS pac-
XOXKICHHS COOCTBEeHHBbIMHU CHIaMu. C Ipyroi CTOPOHBI CY/I-
HO, KOTOpOMY JOJDKHBI YCTyHaTh JOpOTY, HaMepeBasch
MPEANPUHATh MAaHEBP PACXOMKACHHS, MOXKET OXKHIATh Kak
MaHEBPHUPOBAHMS CO CTOPOHBI JIPYroro akTUBHOTO CY/HA,
Tak U €ro JajibHeMIlero Hen3MeHHoro apwkeHus. lloreps
MIPOTHO3a B YCIIOXKHSIOMICHCS CUTYaIly OTIACHOTO COJIFKe-
HUS U (paKTHYIeCKOe OTCYTCTBHE KOOPIMHAIIMH BO BTOPOI
o0JracT B3aMMHBIX 00SI3aHHOCTEH pe3Ko CHIDKaeT Oe3orac-
HOCTBb Tporecca pacxoxkienus. CienosarenbHo, uexon Z,

SIBIISIETCS] HE KOOPIMHUPYEMBIM UCXO/IOM.

B cutyanuu, koraa oba cyjqHa WaAEHTU(GUIMPOBAU Tpe-
TBIO 00JIACTh B3aMMHBIX OOS3aHHOCTEH, PEeaTH3yeTCs UCXO
Z,, KOTOPBIA XapaKTepU3yeIcsi MONHOM HEeONpeeNeHHO-

CTBIO BO B3aMMOJEUCTBUM CYJIOB U OTCYTCTBUEM KOOpPJIMHA-
uuy. B Takol cuTyany oueHb OONBIION PUCK CTOJIKHOBE-
HUS CYZOB.

Paccmorpum ucxon Z 4> KOTJIa OJIHO U3 CYJIOB OTIpeiensi-

eT TepByI0 O0JIaCTh B3aMMHBIX OOSI3aHHOCTEH M JIOJDKHO
YCTYIIUTh IOPOTY, & BTOPOE CYTHO HACHTU(PHIIUPOBATIO BTO-
pyro o0yiacTh B3aMMHBIX OOSI3aHHOCTEH M cebsl KaK MaccuB-
Hoe cyAHO. B Takoii cutyanuu IlpaBunamMu He KOOpAUHUDY-
€TCsl B3aMMOJICHICTBHE CYZIOB M MaHeBp BTOPOTO CyJHA MO-
JKET MOBECTH K BO3HUKHOBEHHUIO PHUCKa CTOJNKHOBeHHs1. Ciie-
NOBaTeNbHO, UCXON Z, OTHOCHTCS K HE KOOPIMHHPYEMbIM
HCXOJaM.

B cnyuae peanusamun ucxoga Z ., IPH KOTOPOM OJHO M3
CYZIOB OIpPEACIIET MEePBYI0 00JIACTh B3aMMHBIX OOS3aHHO-
CTeH M cedst KaKk MMacCHBHOE CYJHO, a JPYroe CyJIHO - BTO-
PYIO 00JIacTh B3aUMHBIX O0S3aHHOCTEH U JIOJDKHO YCTYITUTH
nopory, aeuctBysa coryiacHo IlpaBuyam cyna npousBemyT
COIIACOBAHHBIHM MaHEBp pacxoxxaeHus. [loatomy nexox Z,

SABJIACTCA KOOPAUHHUPYEMBIM UCXOJ0M.
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Hcxonpl Zg u Z, MMEIOT MECTO, KOT/Id OJIHO M3 CyJIOB

UICHTU(PHUIMPOBAJTIO BTOPYIO 00JIACTh B3aUMHBIX 00sI3aHHO-
CTeii, a apyroe - TpeTblo obnacth. Eciu cymaHO BO BTOPOIt
00JIaCTH B3aUMHBIX OOS3aHHOCTCH SIBJISCTCS aKTUBHBIM, TO

peaIM30BaH UCXOJ Z6 , IpUYEM MaHCBPBI obounx CyJOB HC

KoopAuHHUpYeMble. Eciu ke CyIqHO CO BTOpOW 00JAcThiO
B3aUMHBIX OOS3aHHOCTCH SIBISICTCS MACCHBHBIM, TO BO3HH-

KacT UCXO0 Z7 , [IpU KOTOPOM HC BO3HUKACT PHUCK CTOJIKHO-

BEHHS CyJIOB.

Crnenyer otmetuts, uto MIIIICC — 72 KoopauHHUpyeT
B3aUMOJICHCTBHE TOJIBKO ABYX CYIIOB B YCJIOBUSX OTKPBITOTO
MOp#i, T.€. HUTMYHE BTOPOIl ONTACHOMN LIENTM WM MEIIAOIIEro
CyIlHa, KaK ¥ HaBUIallMOHHBIX omnacHoctel, B [IpaBunax He
IpeaycMOTpeHo. I1o3ToMy BO3MOXHBI €l [jBa HCXOja -
Z, B CUTyalllH OMIACHOTO COMMIKCHUS CYIOB IPH HAIMINN

TpeThero cyaHa u Z 4, B Cllydae, €CIIi B PaiioHe MPOBEICHIS

MaHeBpa PaCXOXKIEHUSI HaXO/SITCSI HABUTAI[MOHHBIE ONACcHO-
ctu. [lepeunciennsle ABa NCXOa HAPYIIAOT KOOPIUHHUPY-
€MOCTb B3aHMOJICHCTBHS CY/IOB IIPH PACXOKIICHHN.

[TonBeneM WTOTHM OTHOCHTENIBHO PACCMOTPEHHBIX HCXO-
JI0B, ITIOMECTHB PE3yJIbTaThI B TA0M. 2.

Taosuua 2. Pe3ynprarsl aHATH3a HCXO/IOB

Ne | Ucxon | Xapakrepucruka koopaunupye- | Ilokazarens
/o MOCTH
1 Z,, YaCTUYHO KOOPMHUPYEMBIN 05
2 202 KOOPIMHHUPYEMBbIH 1
3 le OTCYTCTBHE KOOP/IHHALIH 0
4 le YaCTUYHO KOOPHHUPYEMBIH 05
5 Z, s YaCTHYHO KOOPANHUPYEMBII 0,5
6 Z ) OTCYTCTBHE KOOP/IHHALIH 0
7 Z 5 OTCYTCTBHE KOOPAHHALIAH 0
8 Z . OTCYTCTBHE KOOPIMHAIINN 0
9 Z, KOOPIMHHPYEMBbIi 1
10 Z 6 OTCYTCTBHE KOOPIUHAIIN 0
11 7 . KOOPIUHUPYEMBbIit 1
12 Z 6 YaCTUYHO KOOPIMHUPYEMBI 0,5
13 Z 0 YaCTUYHO KOOPIMHUPYEMBI 0,5
CrnemyeT OTMETUTh, YTO WCXO[Bl, MPEITyCMOTPEHHEIE

[paBumamu 9-15, SBIAIOTCS KOOPAMHUPYEMBIMH C MOKa3a-
TessiMU paBHbIMU 1. Beero umcio ucxonor pasao 20. Cym-
Ma MOKazaTesiel KOOpAMHUpYEMOCTH paBHa 12,5, cnenosa-
TEJIbHO, CpeaHuil nokazatens paseH 0,625. Tlostomy
MIIICC — 72, kak cucteMa OWHapHOH KOOPIUHAIIAH, CO-
IJIACHO CPEIHEMY IOKa3aTello, OJIFKe BCEro XapaKTepusy-
€TCsl YaCTMYHOM KOOpAMHHpyeMocTblo. Mcxons w3 u3io-
JKEHHOI0, MOXHO JIOIyCTHTb, YTO IPHU OTCYTCTBUU KOOPIHU-
HUPYEMOCTH [[Ba M3 TPEX CIydYaeB 3aBEpIIArOTCS Oiarorio-
JIy9HO, a TIPH TIOJTHOW KOOPAMHAIIMK BCE TPH CIydasi O6Jaro-
MOJTYYHBI, TIO3TOMY BEPOSITHOCTH OJIarOMONyYHOTO 3aBep-

IICHKA 3TOI0 dTala Pk MOXKET OBITh OIICHCHA, KaK OTHOLIC-

Hue 2,625/3, 1. e. Pk =0,875.
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Estimation of probability of correct determination of type of cooperation of vessels in the situation of dangerous rapprochement

O. V. Yanchetskyy

The reasons of appearance of vagueness in cooperation of vessels in the process of divergence are considered, arising up from the Colregs
failings. Formalization of possible ends of estimation of initial situation of rapprochement of vessels is produced, coming subjective interpre-
tation of the Colregs requirements from. It is shown that the system of the binary coordination Colregs is characterized partial coordination
and probability of correct determination of type of cooperation of vessels at their divergence is appraised.

Keywords: safety of navigator, divergence of vessels, binary coordination, Colregs, types of cooperation of vessels.
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Abstract. In order to calculate the cost of electricity, the urgent task is to create a dynamic model that will calculate the change in the cost
of electricity with a dynamic change in its level. The article considers an example of a local system based on an autonomous diesel gener-
ator. The resulting model allows us to study the change in cost indicators of the economic system when the level of electricity generated
by the generator is changed. The obtained equation allows to calculate the price of the base part of energy depending on the studied level
of energy produced by the generator and its value at a certain point of rest.

Keywords: Microgrid; local generating system; dynamic model; Fisher equation.

Introduction. In December 2019, the European Commis-
sion presented The Green European Deal, an ambitious pro-
gram that describes the transition to a climate-neutral, circu-
lar economy by 2050. This program symbolizes significant
changes in EU policy.

The new political and energy doctrine of the European
Union, adopted in December 2020, describes the rules of re-
forming the European Union in the energy sector and the
creation of a trans-European energy network - TEN-E. The
EU's priorities are shifting from fossil fuels to clean genera-
tion to ensure a fully decarbonised economy by 2050. A
Smart Grid is defined in the TEN-E Regulation (European
Commission) as an electricity network that can integrate in
a cost-efficient manner the behavior and actions of all users
connected to it, including generators, consumers and those
that both generate and consume, in order to ensure an eco-
nomically efficient and sustainable power system with low
losses and high levels of quality, security of supply and
safety. The TEN-E Regulation has identified smart grid de-
ployment as one of 12 trans-European energy infrastructure
priority corridors and areas.

Modern European policy Smart Grid provides the follow-
ing priority areas: the introduction of renewable energy
sources (RES); construction of local systems (Microgrid) for
various purposes; new business processes in liberalized local
markets with the participation of electricity aggregators. The
problem of system flexibility needs to be solved, the role of
aggregators at all levels in the formation of energy as service
policy is growing: national, regional, local (combination of
several energy supply systems) and individual (specific sys-
tem containing active prosumer or virtual power plant,
(VPP)). In addition to new technical and technological solu-
tions, there is a need to improve the mechanisms of Mi-
crogrid in local markets. This encourages the consideration
of the operation of Microgrid facilities in liberalized local
markets, the implementation of flexible tariff policies, in
particular, dynamic tariffing procedures. If at the national
level the price correction (change of tariffs) is carried out at
intervals of 15 minutes (Germany) and 5 minutes (USA),
then at the local and individual levels, changes in the price
of generation and consumption in Microgrid should be con-
sidered at a much shorter interval.

Using a shorter billing interval At, even to fractions of
minutes allow: more accurately optimize energy processes
in the system; to form adequate price signals that will allow
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to make more accurate settlements, to conduct technical and
commercial accounting with greater accuracy; the ability to
refine the signals of the control system by introducing into
the control scheme of the economic component for the use
of primary fuel, production and consumption of electricity.
At the same time, a more accurate summing up of the bal-
ance of energy components in the modes of generation, ac-
cumulation and consumption is carried out, when it is possi-
ble to distinguish energetically constant states of the system
operation and take into account the bidirectionality of elec-
tricity transmission. At the same time, there is a second level
of cash flow balancing associated with the first, energy.

A brief overview of publications on the topic. A signif-
icant amount of scientific research and publications is de-
voted to the problem of Microgrid's functioning in local en-
ergy markets. Thus, as a result of research [1,2], have been
developed integrated models of consumer response and the
theory of tariff price forecasting in dynamic conditions,
which are created through dynamic tariffing of electricity. In
[3] is presented a new algorithm for planning restrictions im-
posed for network security reasons on one basic normally
functioning system and the formation of a list of possible un-
foreseen circumstances (linear excess, block loss, load in-
crease) of the system. A mathematical model of distribution
system planning was also created, which includes three var-
iants of system expansion planning [4]. The real-time tariff-
ing scheme of the power generator presented in [5] is based
on the current states of the system, which are forecast in
hourly scenarios, and the calculated tariff prices for these
states. The disadvantage of this model is its linearity. One of
the approaches to creating dynamic tariffing is also the reg-
ulation of tariffing mechanisms based on optimal manage-
ment [6]. In the model [7] the functions are linear and do not
take into account the dynamic change of the generated
power.

The disadvantages of the considered models [1, 2, 5, 7]
are the use of linearized characteristics and a significant
sampling interval over time.

The purpose of the work is to build a model of dynamic
tariffing and an algorithm for implementing this model for
Microgrid systems, which should ensure the optimal func-
tioning of such systems in today's local markets.

Materials and methods. Consider the construction of a
mathematical model for determining the price of the base
part of electricity, which can be used for tariff pricing for a
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fairly short time interval for a single generator, such as a die-
sel generator, and the consumer. The system under consid-
eration is essentially nonlinear, but to build a mathematical
model of process analysis in "small", we use the description
of processes in this system by linear algebraic and differen-
tial equations [8].

Determining the cost of electricity for dynamic tariffing
depends on two components: economic and technical. We
analyze the economic component on the basis of Fisher
equation, which describes the balance of the economic sys-
tem [9]:

M-V=C,-0Q, (1)

where M — money supply, which makes one revolution
for some time T,,, V — the number of revolutions of the
money supply for the studied period of time; C, — product
price; Q — number of products.

To calculate the cost of energy generated, the right side
of expression (1) should include all costs associated with en-
ergy generation, such as primary fuel costs, for materials,
depreciation, wages, and others determined by the operating
characteristics of the generating equipment. For simplicity
and clarity of presentation of material we will lower all ex-
penses, except for expenses for fuel which is necessary for
production of the electric power by the certain generator (in
our case the diesel generator).

Taking as a base value the part of energy expressed in
(W - sec) we rewrite the Fisher equation in the form:

M-V=Cg-B+C-W 2

where C,C — the cost of the base part of energy and unit
of fuel; W, B — volumes of consumed electricity and pri-
mary fuel.

For further operation with the cost of electricity, we intro-
duce the coefficient ¢ = Cz/C, equation (2) writes with in-
crements A relative to variabled values M, C, B, W. If we
neglect the members of the higher (second) order of minor-
ity, it is obtained:

(M+AM)-V=C-6-B+C-0-AB+AC-0-B+
C-WH+C-AW +AC-W. (3)

Subtracting from equation (3) equation (2) is obtained:
AC-W+0-B)=V-AM—-C-0-AB—-C-AW. (4)

Going from the operator A to d/dt for increments in small
functions C (t) and W (t) and bringing the left and right parts
of the equation to the same dimension given the time of

change of increments, obtained:
dac(t) _ V-AM _ Cp-AB _ c(t) )
dt ~ (WO+0B@D)T (W()+0BO))T W()+0B(t)
dw (t) ©)
dat ' ) o )
where T — the time of deviation of the amount of electric-
ity and its cost relative to the selected values W, and C, at
point of stability.
If considering the operation of the generating system for

some time interval [0, T], when increments %, %
0, then expression (5) can be converted to the form:
dc(t) _ _V-AM—CpAB c(t) ) dW(t)_ (6)
dat wW()+aB(t))t W(t)+a'B(t) dt
After performing algebraic transformations, relation (5)
can be represented in the form:
1 V-AM—-Cpg'AB
o dc(t) = WO +eBO)TCE)  WD+eBE)
dw (t). (7
where W(t) i C(t) — the value of electricity produced and
the cost of its base part at the investigated time moment;
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W, — the value of energy generated by the generator at point
of stability and C, — its cost; T — the duration of the studied
time interval.

To solve equation (7), the integration of the left part is
performed within C(t) to C,. The first term of the right part
from 0 to T, the second part from W (t) to W,. As a result of

integration, it is received:

T  V-AM—Cp-AB

CO 1 . — _— .
fC(f)m dc(t) = fO (W(t)+a-B(t))T-C(t)
Wo 1
fW(f) W (t)+0B(t) aw (0).
The following replacements have been introduced:
(V-4AM — Cg - AB) = A. (W) +a-B(®)-
C(t)) = B, if the value of the functions W (t), B(t), C(t)
taken averaged over the interval [0; T].
T V-AM—-Cp-AB . _ Ti_
fo W(t)+0-B(t))T-C(t) dt = fo BT dt.
On condition that T = t, the definite integral is equal to:
AT _ 29 - %- Note that according to equation (8), the dura-

B-T BT
tion of the interval [0, T] must be equal z, because during
this time there are deviations of energy values and the value
of its base unit from the values at the point of of stability.
Replacement performed: ﬁ = D. Then:
Co 1 Wo 1
fw)% 1dC(®) =D - fW(f) W©+oB@)
accordingly:
In(C,) — ln(C(t)) =— (ln(W0 +o- B(t)) —

@)

dw(t), and

In(W(t) +0-B()))+D, )
c() Wo+0-B(t)
In (c_o) =In ((W(t)+a-3(t))-e0>' (10)

Performing the potentiation of both parts of equation (10)
obtained expression (11), which determines the dynamic
change in the cost of the base part of the energy when chang-

ing the volume of its production:
Wp+0'Byg

c® = (WO +0B(D)eDT Co- (11)
Taking into account that T = t:
W ‘B
c) = 2 V-OAM—CB-AB - Co. 12)

(W(t)+aB(t))-e WO+ BDO)CD)

Here and after, taken into account that the values of the
functions W (t), B(t), C(t) taken averaged over the studied
interval, function (12) will look like:

C(t) = const -eix,
(Wop+0-Bg)-Co _ V-AM—Cp'AB
W®)+aB®) ~ T W(®)+oB®)C(t)
constants. Taking into account that o = C?B in the point of of
stability C = C, and in study time C = C(t) received:
WoCo+Cp*Bo _ V-AM—Cp'AB
w®)+aB@®)' " T wt)-c(©)+CgB()
Using the substitutions made, an expression is obtained to

determine the value C (t):
Wo-Co+Cg"Bo —7”"?;%"‘8
— Zot07%B50 | W(t)-C(t)+Cg'B(t)
c® W (t)+a-B(t) € . (13)

Relation (13) for different cases of system operation can
be simplified when in the equation of exchange a certain
number of increments of values is equal to zero. Thus we
will receive a necessity of performance of a condition V -
AM = Cy - AB, which allows to convert equation (7) to the

where const = are

const =

form 40 - ____€® . dW(t), from which it is obtained
dt W()+o-B(t)  dt

L _ ___aWO _ Thysit is checked that the gains dc—(t),

¢ W(t)+o-B(t) dt

dw (t)

must be equal to zero to perform equation (7) under



the new conditions, and calculation C(t) should be per-
formed at the point of stability. For a state of stability can be

noted that when %(tﬂ =0 anddvg—t(t) =0,V-4AM = Cyz - 4B

, Which corresponds to the condition of economic balance,
which is described by Fisher equation.

Within from C(t), W (t) to C,, W,, where W(t) i C(t) -
the value of produced electricity and the cost of its base part
at the studied time, W, — the value of the the energy pro-
duced by the generator at point of stability, and C, — its cost,
integrated both parts of the simplified equation (7), ie:
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of 50% of the rated power. The diesel generator is designed
for a power of 100 kW. When generating 50% of the rated
power, fuel consumption is 15.52 [/h, that taking into ac-
count only the market value of diesel fuel costs 22.34 - 15.52
=347 uah / h, and received power level is 50 kW - h. Then

Coi = #7 =69 Mah Eor example it was calculated C(t)
50 kW-h

by expression (17), ie not taking into account the deviation
of fuel consumption B(t) from the fuel level B,;, and consid-
ering, when B(t) # By,; that the expression (16). It is accepted
that expressions o - By; and o - B(t) are equal to the energy

fCC(O) —.dC(t) = — fv‘?/?); - dW (t) (14)  attheinput of the generator for the selected operating mode.
t) c(t) O w(t)+o-B(t) !

and accordingly: WA
In(Cy) — ln(C(t)) =— (ln(W0 +o- B(t)) — ln(W(t) +

a-B())). (15) ,

Performing the potentiation of both parts of equation (15), Wi
obtained expression (16), which determines the dynamic  w()}- - — - o o _________
change in the cost of the base part of the energy when the AW
volume of its production changes:
C(t) = 2250 ¢ (16) Wi

W(e)+oB()

Due to the fact that with small deviations B(t) from the
level B, in equation (16) it is sufficient to take into account
only the value W (t) in the denominator, which deviates
slightly from the state of stability:

_ Woi+0'By; i
= W(t)+0-Bg;

oi (17

Wi € AW;

Therefore, the calculated expression (17) is obtained for
the dynamic calculation of the cost of the base part of the
electricity at small deviations from the point of stability. The
using of expression (17) involves a preliminary division of
the range of changes in levels of electricity consumption into
zones, within which there is a current control of consump-
tion of primary fuel and electricity generation at constant tar-
iffs (relative to the point W, with cost Cy). When leaving this
zone, itis necessary to adjust tariffs for the cost of electricity.

The figure shows the i — th interval of change in the gen-
erated energy.

For the above presentation of interval W; = W, C; = C,.

The determination of the cost can be demonstrated by the
example of its calculation for small deviations from some
static level of energy generated at the output of an autono-
mous diesel generator type Teksan TJ138PE5C [15],
namely, with deviations of + 5% from the generation mode

Table. 1. Calculation data

>C

Cir
Figure — The studied interval

The values of fuel consumption and energy at the input of
the generator will have the values given in table. Also in ta-
ble. 1 shows the results of calculations of the cost of the base
part of the energy in the nominal generation mode of 50 kWh
and with a deviation of 5% from the generation mode. In
rates of fuel consumption liters must be converted to grams,
using the conversion factor of fuel, and hours to seconds,
since when creating per-second tariffing, rate of fuel con-
sumption must be taken into account and paid every second.
On the basis of the calculations was showed that the devia-
tion from some small value set for the selected mode of gen-
erating energy tariff value will change accordingly: will in-
crease with a decrease in the value of energy, and will fall
with increasing in the value of energy.

Calculation by expression (17) Calculation by expression (16)
Fuel consumption (£) | Input energy | Output energy c(t) uah | Fuel consumption | Input energy | Output energy c(t) uah
P (S) (kW - h) (kW - h) o) (g) (kW - h) (kW - h) o) A(%)
S
3,62 154,2 475 6,98 3,44 146,5 475 7,29 4,25
3,62 154,2 50 6,9 3,62 154,2 50 6,9 0
3,62 154,2 52,5 6,81 3,8 161,9 52,5 6,57 3,52

Given the fact that the output time of the diesel generator
to the operating mode is greater than the interval of 1s. and
the error (A (%)) between the calculations of the dynamic
change C(t) by two methods is about 4%, in the future it is
advisable to perform the calculation only by expression (17).

Also, for the given model was developed the algorithm of
dynamic tariffing for Microgrid which works in an isolated
mode. Let the load be connected to a meter that registers the
change in the amount of energy received in dynamic mode.
If there are several loads and each is connected to its own
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generator, which is equipped with a microcontroller MCy;,
and each load has its own built-in meter M;. Also, each load
has a microcontroller MC;;.

Using of dynamic tariffing when changing the modes of
operation of the generator should provide an adequate price
for this system for consumers and producers of electricity.

The steps of the developed algorithm are given below:

1. At each time interval, data on the total amount of elec-
tricity produced by all generators is collected Ws =

™ W;. The time interval is selected from the technically



acceptable conditions of dynamic change in the amount of
electricity produced.

2. In asynchronous mode, each load microcontroller re-
ceives information about the amount of electricity consumed

W; and calculates the weight coefficient W,,; = % the cost
Z

of the base part of electricity C; according to the equation
@an.

3. Microcontroller MC,; calculates the weight coefficient
of the cost of the base part of electricity C,,; = Cy; - W,,,; for

-gn C B .
specific generator. Where C,; = 22,

oi

4. Based on the calculated weight coefficients and ob-
tained values of cost of base part of electricity C; the general
microcontroller MC determines the total cost of the base part
of the electricity:

Cz =2it1 Goari " Ci.

5. The microcontroller of each load forms a word for the
exchange protocol via the ethernet network with the server.
The word indicates the weight coefficient of each generator.
The network number N; is also written in each word, as well
as the operating time of the corresponding generator t;, the
amount of generated energy W; and the calculated cost of the
base part of the energy C;.

6. Based on the obtained data on the weight of this gener-
ator, the share of its use and the corresponding cost of the
base part of the electricity are determined.

7. The common microcontroller MC connected to the
server generates a response word and sends it to the micro-
controller MCg; of this particular generator.

8. Word containing the command to increase or decrease
the amount of electricity generated based on W; , as well as
the new calculated cost of the base part of the electricity
Crewi = C; - C,,; based on data of the deviation of the level
of generated energy and the weight coefficient of the cost of
the base part of the energy C,,; this generator.

Features of the general exchange protocol: the microcon-
troller of each load generates a word in binary code which
receives the general microcontroller MC, generates the word
of the answer and sends to the microcontroller of the
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corresponding generator.

Results and discussion. The developed mathematical
model allows to receive a ratio for calculation of cost of base
part of the electric power of the generator at dynamic change
of level of the generated electric power. Also, model allows
to study the influence of rather fast change of level of power
of the generator and power of consumption of the electric
power on change of cost indicators of economic system. This
model will further allow the development of flexible dy-
namic tariffing for different types of Microgrid system. The
dynamic influence of the parameters of the generating sys-
tem and the levels of energy consumption on the economic
indicators of the system is a significant factor in the rejection
of the generally accepted hourly tariffs in the power grids of
Ukraine due to its unprofitability. It is important to use the
model of flexible dynamic tariffing, which will ensure ade-
quate tariff price of electricity for consumers and producers.

Conclusions.

1. The analysis of scientific research shows that the regu-
lation of prices in the energy market now occurs in most
cases in statics, which does not allow for an adequate assess-
ment of the dynamic change in the tariff price of electricity
local systems Microgrid.

2. The urgent task is to create a dynamic model that com-
bines, on the one hand, the energy performance of the energy
generating system, and on the other - the economic perfor-
mance of a closed macroeconomic system. Based on the
equations of increase in the cost of electricity of the local
Microgrid system, an electro - cost model is proposed, which
allows to calculate the cost of the base part of energy de-
pending on the level of electricity consumption.

3. The proposed model allows the use of dynamic tariff-
ing when changing the modes of operation of the generator,
to provide an adequate price for consumers and producers of
electricity. Also the algorithm of technical realization of cal-
culation of cost of base part of energy at change of its volume
in a dynamic mode is offered, on the basis of which the esti-
mation of cost in a dynamic mode for a microgrid of various
functional purpose can be carried out.
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