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ABSTRACT

The development of road transport, both economically and socially, is of
great importance for humanity. But along with the tremendous benefits and
unlimited potential of road transport, there are many problems, particularly
with its operation in human settlements, particularly in cities. These
problems are related to the oversaturation of the road network of cities with

KEYWORDS

modeling methods, queuing theory,
street and road network, traffic flow,
traffic jam, system "flow input to the
run - the movement of the flow on
the race - the output of the flow from
the race ("Distillation").

road transport, which leads to a decrease in speed, congestion, increased travel
time. Ensuring the required capacity of the site is the main indicator of creating
conditions for the efficient functioning of the transport system of cities.

Each section has its own planning features that allow the car to move at an
acceptable speed and at the same time not create any situations that could
lead to the formation of congestion.

It is known that the lower the speed, the greater the time spent. Speed is one
of the most important indicators of traffic flow. Any reduction in the speed
of traffic flows compared to the permitted leads to economic losses. And if
we consider the reduction of speed, taking into account the stop in motion
(delay), it leads to much greater economic losses.
In order to improve traffic management on the main street and road network of the city, it is necessary to develop a
simulation model of traffic flow. Modern simulation is used mainly to study situations and systems that can be
described as queuing systems.
Based on the theory of queuing, where the movement of road transport is a random process, which is characterized by
different probabilistic characteristics, the system "Overtaking" is considered. The flow of road transport is a flow of
requirements, and the cross section of the road is a service apparatus. In this case, the entire road or a separate section
can be shown as a set of infinitesimal segments or a set of cross sections of the road. As a result of this assumption, it
follows that the entire road is a service apparatus for the traffic flow moving on it.
It is proved that the system of flow entry to the race - flow of the flow on the race - exit of the flow from the race
("Overflow™) is an integral object of traffic control on the highway and the main road network of cities.
With the help of this system, the movement of vehicles during the formation of "bottlenecks" was analyzed and the
efficiency of its work was proved.
The obtained results will help to determine the behavior of the traffic flow when changing the geometric parameters of
the road and when changing the characteristics of the traffic flow.
However, it should be noted that one of the important aspects of the task of improving traffic management is its
consideration from the standpoint of providing flexibility to take into account the state of flows and their possible
changes in the road network, and only then, given this, it is necessary focus on the feasibility of implementing certain
measures related to improving traffic management. The most effective measures are those that can maintain their
effectiveness at different levels of road congestion.

Citation: Polishchuk V., Nahrebelna L. (2021) Formation of Road Traffic Management Principles in the
System "Perehin”. World Science. 8(69). doi: 10.31435/rsglobal_ws/30082021/7652
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1. Beryn. 3aTpuMKH TpPaHCHIOPTY MOXKYTh HOCHTH CHUCTEMHHN YH JIOKaJbHUHI XapakTep.
CucremHmnii xapakrep 0e3mocepeqHBO MOB'SI3aHUM 13 PO3IDIaHyBaHHAM MicTa. JlokampHUI Xapaktep
3aTPUMOK TIOB'SI3aHHMI 13 TMPOITYCKHOIO CIPOMOKHICTIO TPAaHCHOPTHHX BY3JiB Ta iHIIMX €JICMEHTIB
BYJIMYHO-IOPOKHBOI MEpPeXKi 1 3ac00iB opraHizarii J0poKHBOTO PyXy.

TpaHcnopTHI 3aTPUIMKHK 1 TOBXKHMHA YepPrd YTBOPIOIOTHECS HA BYJIMYHO-IOPOXKHIA Mepexi depes
Pi3HI MeEpelKoay, SKi CIPUYHHSIOTE BUMYIIEHI 3MiHHM IIBUAKOCTI PyXy 1 30UIBIIYIOTH YacoBi BUTPATH.
3HIKEHHS IIBUAKOCTI PyXY 1 BAHMKHEHHSI YePI'H OUiKYBaHHS PU3BOIUTH JI0 TIOSIBU 3aTPUMKH TPAHCTIOPTY.

3aTopoBi CTaHW, YaCTO BHHWKAIOTh, JOBIO TPHUBAIOTh Ta 3aiMalOTh 3HAYHHUM MPOCTIp, 5K
MPaBWJIO € HACHIJKOM 3arajbHOi HEPO3BUHEHOCTI BYIWYHO-JAOPOXKHBOI MEPeXi MICT B IIIOMY.
BopoThba 3 HMM TOTpeOye KOMILICKCHMX Mip, IO MOBHHHI 3aCTOCOBYBATHCS HE JIMIIE B MICIISX
BUHUKHCHHS 3aTOPIB, a i Ha TOPOKHIM Mepexi pailoHy, MaricTpaii abo HaceneHoro myHkKTy [1-3].

3aTop, CKOHIIECHTPOBAHUN B MEKaxX Malloi 30HH, pOOUTH BIUIMB HA iHIII TPAHCIIOPTHI MOTOKH 1
y BUNAJKY, SKIIO iHTEHCUBHICTD PyXy IMEPEBUILY€E MPOMYCKHY CIPOMOXKHICTh, 3aTOP MOLIHPIOETHCS
oinpm mmpire. {06 yHUKHYTH MOAiOHOI cHTyallii HEOOXIJHO PO30Cepe/DKYBaTH 3aTOPH 3 METOIO
3MEHIIICHH BILUTUBY Ha iHIII TPAHCIIOPTHI MMOTOKH.

TpaHcrOpTHI  MOTOKM  XapaKTePU3YIOThCS:  IHTCHCUBHICTIO, CKJIQJ0M, IIBHJKICTIO,
IHTEpBaJlaMH M)XK aBTOMOOUISIMH, IIUIBHICTIO MMOTOKY. BHaci0ok B3a€MO/Ii1 aBTOMOO1JIIB B TIOTOIII BCI
Il XapaKTEPUCTUKU (PYHKIIOHAIHHO 3B’ s[3aH1 OAWH 3 OJTHUM.

MopnentoBaHHS - OAWH 13 HAWOUIBII PO3MOBCIOKEHHX METOIB IOCITIDKEHHS IPOIECiB
(GYHKI[IOHYBaHHSI CKJIaJHUX CUCTeM. € JMOCHUTh BEJIHKa KUIbKICTh METOJIIB MOOY0BH MaTeMaTHUYHUX
Mojiesei 1 3aco0iB pearizallii MOJEeIOIYNX aITrOpUTMIB [4].

VY Teopii i mpaKTUIl MOACITIOBAHHS CHCTEM BaXKITUBE MICIE TIOCITAIOTh MOJIEINI CHCTEM MacOBOTO
obciyroByBanus (CMO). Taki cuctemMu 3yCTpiyaloThCs HaM IOJCHHO. Lle mporecu oOCIyroByBaHHs B
Yyep3i Ha 3alpaBHii cTaHIlii, y marasuHi, OiOmiorer, kade, TakoXK Pi3HI CIIyKOM PEMOHTY 1 MEIUYHOI
JIOTIOMOTH, TPAHCIIOPTHI CHCTEMH, aepoIoOpTH, BOK3AJIHM TOIIO. YeprH BHHUKAIOTH 1 3a TOTpeOH
CKOPHUCTATHUCh TeNeOHHIM 3B'SI3KOM 200 TiepeiaTy NoBiioMiieHHs 1o [HTeprery. bubie Toro, Oynb-ske
BUPOOHHMIITBO TaKOX MOXKHA IMOJATH SK TOCIHIJIOBHICTh TakuxX cucteM. OcobmuBoro 3nadeHHs CMO
HaOym B iHpopMarut. Lle cucremu, Mepexi nepenaBanss iHhopmartii, 0a3u i OaHKA TaHUX.

IcHye pO3BHHYTHI MaTeMaTHYHHH amapar Teopil MacoBOro OOCIYroByBaHHS (HAYKOBII
3axXiIHUX KpaiH I}0 TEOpi€l0 HAa3MBAIOTh TEOPI€I0 Yepr), IO Ja€ 3MOTY aHali3yBaTH €(EeKTHBHICTbH
¢ynkuionyBanHs CMO meBHHX TUIIB i BHU3HAYaTH 3QJICKHICTh MK XapaKTEPUCTHUKAMH IIOTOKY
BHMOT, KiJIbKICTIO KaHaITIB (IPUCTPOIB ISl OOCITyTOBYBaHHS), IX IPOAYKTUBHICTIO, IPAaBUIIAMU POOOTH
CMO Ta 1i eheKTUBHICTIO.

OcHoBu Teopii mMacoBoro ob6ciyroByBanHs (TMO) Oynu 3akiafieHi B Ipamsx AaTChbKOIO
MaTeMaTHKa, criBnpauniBHuka Konenrarencokoi Tenedonnoi komnanii A.K. Epnanra (dpopmyntoBanas
NPUHIMITY CTaTUCTUYHOI DIBHOBAard) 1 OTPUMAIM MOJAIBIIOTO PO3BUTKY B pPoOOTax Oaratbox
BITYM3HSHMX Ta 3apyOiKHMX BueHHX, Takux sk T. Eurcer, I'.O. demn, E. Momin, O. KonMoropos,
A. Xinumn, K. Ilanmem, I'. bamapin, A.Mapkesuy, b. JliBmwm, HO.M. Kopuumes ta in. Cucremu
MacoBOTO OOCIIyTOBYBaHHSI PO3TJISLIANMCS Yy PI3HUX CHTYyalisX i 3a IX JOMOMOIOI0 pO3B’A3yBaJIUCS
Oararo 3a/1a4 3 pi3HUX HanpsMKiB [5-11].

Jnst nociipKeHHST YMOB PyXy 3MIIIAHOTO Ta CKJIAJHOTO TPAHCIOPTHOIO IIOTOKY Ha
MaricTpanbHiil ByJTUYHO-AOPOKHIN Mepexi MicTa HEOOXiZHO 1 TOCTaTHBO PO3IJISTHYTH CHCTEMY «BXiJ
MOTOKY Ha MEepeTiH — pyX IMOTOKY Ha MEPeroHi — BUX1JI MOTOKY 3 meperony» («Ileperiny).

2. MeToauka mpoBeaeHHs T0CTiIKeHb.

Cucrema «BXil NMOTOKY HAa NeperiH — pyX NOTOKY HAa NeperoHi — BHXiI MOTOKY 3
neperony» («Ileperin»)

Opranizaifiss JOPOKHBOTO PYXy BHOCHTH BIJIOBIMHI OCOOJIMBOCTI B3a€MOJIi €JIEMEHTIB
cuctemu «lleperin». Lle mor’s3ane 31 cryneHem (GoOpMyBaHHs MOTOKIB HA CMyrax HpOi3HOI YaCTHHHU
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MIEPEroHy 3a PaxyHOK KiJIbKOCTI cMyT pyxy. Ckialn TpaHCIOPTHOTO MOTOKY € Pi3HHM BiJ JIETKOBHX
aBTOMOOIJIIB 10 BaHTAKHHUX, BEIMKOTA0APUTHHX 1 BEIMKOBAHTAXHUX aBTOMOOUTIB. [[msa ¢izmanoi
peaiizamii TaKUX CXeM OpraHizarii JOPOXKHBOTO PYXy MOJMIIMBO BHKOPHCTOBYBATH TEXHIUHI 3aCO0M
oprasizanii JTOpOXKHBOTO PyXy SK MOCTIHHOI Iii, Tak 1 31 3MiHHOIO iH(OpPMAII€I0 PO XapaKTep Pyxy
Ha eJeMeHTax cucteMu «Ileperiny.

Y3araipHIOIOYN B3a€MO/IIIO €IIEMEHTIB IIi€1 CHCTeMH ii MOYKHA MPEACTaBUTH PUCYHKOM 1.

—_— - . -
—— — —
— . ————
BxiA, NOTORY Ha NeperiH Pyx MOTOKY Ha NEPErOHi BWXi[, NOTOKY 3 NEpPEroHy

Puc. 1. linichuii 06’exm ynpasninus pyxom Ha asmomoOinbHii 0oposi: cucmema «llepeziny.

3. Pe3yabTat qociaiTKeHsb.

Enemenm «6xi0 nomokxy na nepezimny .

- Ha TEPEerOHi CMYTH PYyXy HE PO3IUICHI CYLIIHHOIO JIHI€I0, IO O3HAYa€E, 10 TPAHCIIOPTHI
3ac00M PI3HUX THIIB PYyXalOThCA Y CYINUILHOMY IOTOIl, B3a€MOJIIIOTh MK COOO0I0, BUKOPUCTOBYIOUH
BCi CMYTH pyXy MPOi3HOI YaCTUHH MariCTpai.

EnemeHT «BXi IMOTOKY Ha IMEPETiH» € HAWOIBII CKIaTHUM SIK 3 (i3HIHOI TOYKH 30py, Tak i 3
NOTJISITy MaTeMaTHYHOTO OIKCy JaHoro mporecy. PosrmsHemo #oro moknangHime. OCHOBHOIO
GyHKII€I0, SIKY BUKOHYE NaHWI eJeMEeHT, € 3a0e3leueHHs] BIMBAHHS TPAaHCIIOPTHOIO MOTOKY, IO
copMyBaBcsl Ha MiAXOi 10 MEPEroHy, abo APYropsAHOrO TPAHCIIOPTHOTO MOTOKY B OCHOBHMH MOTIK,
IO PYXAEThCSI 30BHINIHBOIO CMYTOIO MPOI3HOT YaCTHHU TEpPEroHy TOJIOBHOI JIOPOTH, a IMOTiM, B pasi
NoTpeOu, MepeMIIlyeThCs Ha 1HIII CMyTH. BIMBaHHS IpyropsiTHOTO MOTOKY B OCHOBHIH BiJJOyBa€ThCS B
30HI aa-68 (puc. 2). Ilpu 1mpOMY ciij cka3aTd, IO BIMBAHHS APYTOPSTHOTO TIOTOKY B OCHOBHIiH
MOXJIMBO JIUIIIE Y THX BHUIMAJKaX, KOJU B OCHOBHOMY IIOTOINl € JOCTATHS KiIbKICTh IHTEPBATIB MiX
aBTOMOOLISIMHU, IO J03BOJISIIOTH Oe3NeYHe 3/IiCHEHHs] MaHEBPY BIIMBaHHS. [HaKie APyropsiiHUi MOTIK
YTBOPIOBATUME YEPry aBTOMOOLNIB, SIKI YEKATUMYTh IOSIBY TAKOTO iHTEpBaly. TakuM UYMHOM, €JIEMEHT
«BXiJ] TOTOKY Ha TIEpETiH» MPEICTaBISETHC HANOUTBIIT CKITAJHAM Y BCii AaHii cuctemi «lleperiny.

L S L, Vfo:ﬂ_o

8.4 . ee.

A
A4
4

A2
A
2

i—o .

A
Y

Puc. 2. Bxio nomoxy na nepezin
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EnemeHT «BXiJ MOTOKY Ha MEPETiH» € CaMOCTIHHOIO CHCTEMOIO0 MacoBOTO OOCITyroBYBaHHS.
ITokaxemo 1e Ha mpukiangi (pucyHok 2). Ockinbku Oyap-fKa CHCTEMa MAacOBOTO OOCITYTrOBYBaHHS
XapaKTEePHU3y€EThCsl HASBHICTIO TMOTOKY BUMOT ab0 amapaTtoM OOCITyTOBYBaHHS, TO HEOOXITHO UiTKO
oxapakTepu3yBaTH JiaHy cuctemy [12].

VY naHiif cucreMi «BXiJ MOTOKY Ha TEpeTriH» amapaToM OOCIYrOBYBaHHS € 30HA ad — 66, a
TOYHIIIE TONEPEYHNI Tepepi3 KpalHbOI CMYTH TOJOBHOI OPOTH, B SKOMY 3MiHCHIOETHCSI BIMBAHHS
JpYTOPSITHOTO TIOTOKY B OCHOBHMMA. [lpu Takili MOCTaHOBLI NMUTaHHS amapaT OOCIyTrOBYBaHHS Ha
TOJIOBHIM JOpO3i MpPOBOAWUTHME OOCIYrOBYBaHHSI BiJpa3y [JBOX TIOTOKiB BHMOT (aBTOMOOLTIB).
Ilepmmii MOTIK BUMOT € TPaHCHOPTHHH IOTIK Ha OCHOBHIA JOpo3i 1 KpaHBOI CMYTH 1 IpyTHd —
TPAHCIIOPTHHH TOTIK, 110 BXOJUTH HA OCHOBHY JOPOTY.

®Di3uuHMi BXiA aBTOMOOITIB A0 HEperoHy BiAOYBa€TbCA 3a IOMOMOTOI0 TPHOX CMYT PYXY
(pucyHok 3).

nep

A
Y

Puc. 3. Bxio na nepezin 3a 00nOMO2010 MPbOX CMY2 PYXY

JlaHa MoJienb TIOKa3ye pyX TPaHCIIOPTHUX 3aC00iB y BHIIAJIKY, KO Oy/e 3a00pOHEHO pyX IO
onHIN cMy3i pyxy. [loTik TpaHcopTy MOTPiOHO OyJe 3raHsATH 13 3aKPUTOi CMYTH pyxXy. s Toro, moo
HE YTBOPHUBCS 3aTOp IMOTPIOHO 3HATH BiJCTaHb 3 SIKOT MOTPIOHO MOYMHATH 3raHATH TPAHCIIOPT 13
3aKPUTOI CMYTH.

- (hopMyBaHHS BXOJy MOTOKY Ha IEpPETiH MPU YMOBI KOJIM 3a00pPOHEHO PyX IO JBOX CMyrax
pyxy (pucyHok 4).

c nep
nep

Y
A
Y

A

>
>

Puc. 4. Bxio na nepeein 3a 00nomo20i0 080X cCMye pyxy
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ABTOMOO1TI B3a€EMOJIIOTH MK CO00I0, BHKOPHCTOBYIOUH 00UABI cMyrH pyxy. HaaxomkeHHs
BCIX THUIIB TPAaHCIIOPTHUX 3aCO0IB J0 MEPETOHY Bi0OYBAa€THCS MO YOTHPHOX CMyraX. AJie AJs TOTO,
o0 TPaHCHOPT MEPEeMICTHBCA i3 ABOX 3aKPUTHX CMYT Ha JBI iHIII, HEOOXiTHO BBECTH IUISHKY IS
MIEPEMIIIICHHS] TPAHCIIOPTY 3 KpalHiX cMyr Ha cepenHio (Lucp), SKa MOYMHAETHCS MICHS JIISTHKH
crabimizamii motoky (Lc);

- (hopmyBaHHS BXOy MTOTOKY Ha IEPETiH MPU YMOBI KOJIH 3a00POHEHO PyX MO TPhOX CMyTax
pyxy (pucyHOK 5).

I c Lm’;i
nep

Puc. 5. Bxio na nepezin 3a 00nomoeor ooHiel cmyau pyxy

Jana Mozens mokasye pyX TPaHCIOPTHHX 3aCO0iB y BHIIAAKY, KOJIH 3a00pPOHEHO PYyX IO TPHOX
cMyrax pyxy. TpaHCHOPTHHI MOTiK MOTPIOHO MEPEPO3MOAUISATH, TIEPEMILlyBaTH TPAHCIIOPT i3 TPHOX
cMyT B oJiHY. PyXx y TakoMy Bunaaky OyJe HaiOinbII yTpYJHEHUM.

Enemenm ,,Pyx nomoky na nepezomi”.

[pu posrasii x pyxy MOTOKY aBTOMOOLTIB, III0 3HAXOAATHCS HA MEPEroHi aBTOMAaricTpani CIix
NPUITH 10 BUCHOBKY, IO Jy)K€ BEJMKa KUIbKICTh YMHHHUKIB 3yMOBJIIOE (DOPMYBaHHS TPAHCIIOPTHOIO
MOTOKY Ha CMyTaxX pyXy 3 THMH a0o iHImmMMH mapamerpamiu. Jlo IMX YMHHUKIB HEOOXiHO BiTHECTH, Y
HEpLIy Yepry JOBKUHY HEPEroHy, MO3I0BXKHIN MOXMI, MIMPUHY NPOI3HOI YaCTHHH Ta 1HIII T€OMETPHYHI
EIIEMEHTH, a TAaKOXK BEJTMUMHY iHTEHCHBHOCTI, CKJIa/I TPAHCIIOPTHOTO MOTOKY. KpiM Toro, Ha hopMyBaHHs
MOTOKY aBTOMOOLUTIB Ha TEPEroHi sIK MOTOKY BUMOTI, POOWTH BIUIMB HE TUIHKM ITOTIK aBTOMOOLTIB, IO
HAJIIMIIOB 10 TIEPEroHy, ajie i aBTOMOOLTI, 0 IO HROT'O paHillle HAMINILIN 3 TIONIePEeTHhOTO TIEPETOHY, a
TaKOX Ti MAHEBPH, SIKi BiIOYBaIOTHCS NP PI3HUX BUIMAJIKAX BXOJY MOTOKY Ha IIEPETiH.

Y 3B’A3Ky 3 TakOKW IIOCTAaHOBKOIO IUTAaHHS MepeAdadyacTbesi MOMKIMBAM  OINHUCATH
TPAHCIIOPTHUH TMOTIK HA MEPETOHi, IK CTAliOHAPHUI OPJAMHAPHHUN MOTIK 3 0OMEKEHOI0 MicIsiero abo
peKypeHTHHI TOTiK BUMOT. OOMeKeHa MICIsiIisi BUPaXaeThCsl B TOMY, 1[0 HAa OTHC TIOTOKY BILJIMBAE
aBTOMOO1IIb, 1110 TPOUIIOB Yepe3 JIOBUTLHO y3STHI MONEPEYHUH TIepepi3 MeperoHy y MOMEHT HOYaTKy
cnoctepeskenb. CiiJl cka3aTd, IO CTaliOHAPHUN OpAMHAPHUN TOTIK 3 OOMEXKEHOI MICIAIIEI0 €
y3arajbHEHHAM HaWIPOCTILIOr0O MOTOKY BUMOT (aBTOMOO1JIIB).

VY 3B’S3Ky 3 UM, MOXHa CTBEPIKYBaTH, 1[0 Ha IEPEroHi BiOYBAe€ThCs TpaHCchoOpMaIlis
TPAHCHOPTHOTO TIOTOKY 3 HAHTPOCTIIIOTO B PEKYPEHTHUIA.

1) - popmyBaHHS MOTOKIB Ha IEPETOHI BiI0OYBAETHCS MO TPHOX cMyTax (puc. 6).

» » R
> >
- » R ——
> >
> > _
g >

Puc. 6. Opeanizayis 00poscHb020 pyxy Ha nepezoni N0 MPboX CMy2ax pyxy.
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Ha meperoni cMyru pyxy He pO3AUICHI CYIUIRHOKO JIiHI€I0, 1€ O3HAYa€, M0 TPAHCHOPTHI
3aco0W PI3HUX THUIIIB PYXalOTbCA y CYIUIBHOMY TOTOIIl, B3aEMOMIIOTh M COOOI0, BUKOPHUCTOBYIOUH
BCI CMYTH pyXy MPOi3HOI YaCTHUHH.

2) - ¢popMyBaHHs MOTOKIB Ha MEPETOHI BiJOYBAETHCS MO IBOX cMyrax (puc. 7).

ABTOMOO1TI B3a€EMO/IIIOTH MiXk CO00I0, BHKOPUCTOBYIOUH J[BI CMYTH PYXY;

Puc. 7. Opeanizayis 00podicHb020 pyxy Ha nepe2oHi no 080X CMy2ax pyxy

3) - GpopMyBaHHs MOTOKIB Ha MEPETOHI BiI0OYBAETHCS MO OJHIN CMY3i pyXy (PHCYHOK 8)

Puc. 8. Opaanizayis 0opooicnbo2o pyxy na nepezomi no 00Hili cMy3i pyxy

B kiHLi neperony, Ae NOYMHAETHCS TpaHCHOpMaLlis TPAHCIIOPTHOTO IIOTOKY 3 PEKYPEHTHOIO Y
HAWMPOCTIMMHA JUTS MiArOTOBKH 1 371MCHEHHS BUXOJAY YaCTHHU MOTOKY Pi3HOTO CKIIAay 3 MEperoHy,
HEOOXIIHO TOCHIUTH Pi3HI BUMAJKHU YJIANITYBaHHS €JIEMEHTY «BUXIJ] IOTOKY 3 IEPETOHY.

Enemenm «Buxio nomoky 3 nepezonyy:

Po3rnsiHeMo eneMeHT ,,BUXi MOTOKY 3 IEPEroHy”’, SKHI € CaMOCTIHHOIO CHCTEMOIO MacOBOTO
00CITyroByBaHHS.

Ha neperoni cMyru pyxy He po3IiIeH] CYIJIBHOIO JIHIEI0, 110 03HAYAE, 110 TPAHCIIOPTHI 3aCO0H
PI3HMX THITIB PYXarOTHCS Y CYHUILHOMY TOTOIIl, B3aEMOJIIFOTh MK COOOI0, BHKOPHUCTOBYIOUHM BCI CMYTH
PYXY MPOi3HOI YaCTHHH MATiCTpalli. CXeMa ,, BAXO/Iy TIOTOKY 3 IIeperoHy’’ BUIVISIATUME STK HA PUCYHOK 9.

W=
H

Puc. 9. Buxio nomoky 3 nepezomuy
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OCHOBHHMI TpPaHCIOPTHHUH TOTIK, MIO PYXAa€ThCS 30BHIIIHBOIO CMYTOIO MPOi3HOI YacTUHH
TOJIOBHO{ JIOPOTH, B 30HI BHXOIY IIOTOKY 3 II€PEroHy ITOYMHAE PO3IMOALIATHCS, YTBOPIOIOYH IIPH
oMy JaBa TOTOKH. OJWH, OCHOBHHH, TNPOMOBXKYBaTHME pyX B MpPAMOMY HampsMmi 1 JApyTui,
JOpYTrOpsAHUN — TOCTyHmae Ha BUXiN 3 TeperoHy. BximHuil moTik aBTOMOOLNIB Ha amapar
o0CITyroByBaHHS, SKHNM € TIONMEPEYHUH TIepepi3 KpalHBOI CMyru Tpoi3HOi dYacThHU Oyzae, K
yKa3yBaJjocs BHIIE, TPOCTHM, TOOTO CTalliOHAPHUM OpAMHApHUM 0Oe3 micisiaii. [Ipomyckna 3qaTHICTR
amapaty OOCIyroByBaHHS [OPIBHIOE OAMHUIN, OCKUIBKMA IOTNEPEYHUH TMepepi3 CMyTrd MOXKe
00CIIyroByBaTH OJHOYACHO TUIBKHA OJUH aBTOMOOLNB. [To Mipi 3BiNbHEHHS amapary 0OCITyroOBYBaHHS
BiJl TIOTIEPEIHHOTO aBTOMOOINSA 0 OOCITyroByBaHHS NMPUHAMAETHCA HACTYITHHUH 32 HUM aBTOMOOIJb.
TakuM 4YHHOM, CHCTEMa € TIOBHOAOCTYNHOIO, a IUCHUIUIIHA OOCITyroByBaHHS IIOJATaE B
00cITyroByBaHHi BUMOT (aBTOMOOLIIB) y Mipy HaAXOKEHHSI 13 3arajibHO1 YeprH.

dopmyBaHHS BUXOIY MOTOKY 3 IIEPETOHY 3 TPHOX CMYT Ta BXIJl y YOTHPH CMYTH HaBEAECHO Ha
pucynky 10.

®i3MuHO BHXiN TpPaHCIOPTHHX 3acO0iB BiIOYBAa€TbCs 3a JOMOMOTOK TPHOX CMYT.
TpancnopTHI 3ac00U MEPEMIIIYIOThCS TI0 IUPUHI TPOI3HOT YACTHHHU BUIBHO;

Puc. 10. Buxio nomoky 3 nepezomny 3 mpbox cmye ma 6xio y 4omupu cmyeu

dopmMyBaHHSI BUXOJly MOTOKY 3 MEPErOHY 3 JBOX CMYT PyXy, Ta BXiJ[ Y YOTHPH CMYTH PYXy
HaBEJICHO Ha pUCYHKY 11.

Puc. 11. Buxio nomoky 3 nepezomny 3 080X cmye ma 6xio y Homupu cmyau

dopMyBaHHS BUXO/y TIOTOKY 3 TIEPErOHY 3 OJIHIET CMYTH PYXY, Ta BXiJl y YOTHPU CMYTHU PYXY
HAaBEJICHO Ha PUCYHKY 12.

Puc. 12. Buxio nomoky 3 nepe2ony 3 00HI€L cMyau ma 6xio y Yomupu cmyeu

OO6uzaBa MOTOKH, IO BUXOSATH, SIK OCHOBHHIA, TaK 1 APYTOPSIIHUHA OyAyTh MIPOCTUMH, OCKITBKU
TYT Ma€ Micle eeKT MPOCiloBaHHA, KOJIHM 3aKOH PO3MOJiTy iMOBIpHOCTI MOsBU OyJe TOM ke, o 1y
BXITHOTO TIOTOKY, IIPOTE TMapaMeTpH iX BiIPi3HSIOTHCSA BiJM IMapaMeTPiB OCTAHHBOT'O, TAKOTO, IO
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yTBOpUB iX. Lle BaKIMBO BCTaHOBUTH, OCKIUIBKM 1 OCHOBHHMA, i APYTOPSIHUMA MMOTOKH MOCTYNAlOTh B
iHIIi cucremu obcyropyBanus [13-14].

4. BucnoBku. O1xe, OyJI0 PO3TIISTHYTO aBTOMOOUTBHY JOPOTY SIK anapar oO0CIyroByBaHHS 3a
JIOTIOMOTOI0 TEOPii MaCOBOTO 0OCITYTOBYBaHHSI.

Bu3HayeHO OCHOBHI TTOKAa3HHMKH CHCTEMH MAacOBOIO OOCIYrOBYBaHHS IUISl TIPOIYCKY
TPAHCTIOPTHOTO TTOTOKY IO OAHIN cMy3i pyX. BusiBjieHo ixHiii BIUTUB HA YTBOPEHHS 3aTOPOBUX CTaHIB.
JoBeneHo, mo 11t yIOCKOHAIEHHS! MariCTpalbHOI BYJIMYHO-IOPOKHBOT MEpEXi MICT, 3a JIOMOMOTOI0
CUCTEMH MacOBOT'0 00CIYrOBYBaHHsI, CJ1i/I BU3HAYUTH BC1 JIIJITHKYU JIOPIT 3 BEIMKOK IHTGHCUBHICTIO Ta
PO3pOOUTH aNTOPUTM IIBHIIKOI JIIKBiAamii 3aTopy. ApKe, HA TaKWX TUITHKaX MpW BUHUKHEHHI OYy[Ib-
SKOTO 1HIM/ICHTY, 110 3MYCHTh IIEPEKPUTH CMYTY PYXY, € MOXKIIHBICTh YTBOPEHHIO 3aTOPY.

VY IOCKOHAIMTH yNpaBlliHHA IOPOXKHIM PyXOM, BIUIMHE Ha 3MEHIIEHHS 3aTOpiB y MicTax,
MTOKPAIIUTh TICHXO0(i3107I0TIYHI CTaHW BOJIiB, EKOJOTIYHHM CTaH HABKOJHWIITHHOIO CEPEIOBHINA Ta
3MEHIINTh €CKOHOMIUHI BUTpPaTH KpaiHu.

OCKiNbKH 3aTOp BHUHHKA€ y TOMY BHIIQJIKYy, KOJH B TPAHCIOPTHIH Mepexi 3’ SBISIOTHCS
MIEPErOHH «BY3bKi MICIIsI», TOMY, YIIPaBIIiHHS Y BUMYIICHOMY PEXHMI PyXy, B TIEpIIy Yepry, Mae OyTu
CHpsIMOBAaHE HAa CTBOPEHHS TaKMX YMOB PyXy, IpPU SIKUX 33J0BOJIBHSIOTHCS OOMEKEHHS IS YCiX
MEPETrOHIB BYJIMYHO-IOPOKHBOI MEPEXKI.

Bupobnenns 1 BIpoBaKeHHs 3aX0/IiB, OB’ SI3aHUX 3 YIOCKOHAJICHHS YIPaBIiHHS JOPOXKHIM
PYXOM TIOBHHHI OyTH CIpSMOBaHi, y TIEPIITy 4epry, Ha MiJBUIICHHS MPOIYCKHOI 3JATHOCTI TOJIOBHUX
TPAHCTIOPTHUX apTepiil MicTa — MaricTpaIbHOI BYJIMYHO-IOPOXKHBOI MEPEKi 3 HAWO1IBII IHTEeHCHBHUM
PYXOM 1 3aBaHTaXKEHICTIO.

PazoMm 3 Tum, cmif 3a3HAUMTH, IO OJHUM i3 Ba)KIMBHX ACIEKTIB 33Jadi 3 yIOCKOHAJICHHS
YIOpaBIiHHSA TOPOXKHIM PyXoM € ii po3rsin i3 mo3uiii 3abe3meueHHs] THYYKOCTI IIOJ0 BpaxXyBaHHS
CTaHIB MOTOKIB Ta 1X MOXIHMBHX 3MIH Ha JIUISHKaX BYJIUYHO-IOPOKHBOI MEpEXi, 1 JIUIIE MOTiM, 3
OTJISI/1y Ha 11e, HeOOX1THO OPIEHTYBATHCS Ha MOIUILHOCTI BIIPOBAPKEHHS THX YU THIIUX 3aXO0JIiB.

Haii6inbm edexTuBHI 3ax0qu e Ti, SKi MOXKYTh 30€piraTi CBOIO €(EeKTHBHICTh MPHU Pi3HUX
PIBHSX 3aBaHTAXKEHOCTI JIOPIT.
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IMocTtanoBka mpodaemu. OTHUM 3 KIIOYOBHX HANPAMKIB PO3BUTKY CY4aCHOTO CYCHIJILCTBA €
¢opMyBaHHS 1HTErpOBaHOrO iH(QOPMALIMHOrO MNPOCTOPY HA OCHOBI HOBITHIX iH(OpMaLiHUX
texHoJorii. [ToTpeda MmiBUIEHHS MPOITYCKHOI CIPOMOXKHOCTI Ta MIBHIKOIT 1H)OKOMYHIKaIIHHIX
MepeX MOCTIHHO 3pocTae. YmpaBliHHSI 1HOOKOMYHIKAIHHUMU MepexkaMu, Mo (YHKIIOHYIOTh B
pi3HUX (DI3MYHHMX CepellOBHIIAX i 30BHIIIHIX YMOBaX, € AY)K€ BaXJIMBOIO MPOOJIEMOIO K 3 MO3MLIN
PO3pOOKH CHCTEMH YIIPABIiHHS, TaK 1 3 MO3MIIK peaizaliii yrpaBiIiHHs B Tporieci QyHKI[IOHYBaHHS
1H(OKOMYHIKAIIITHOT MEpEexi.

OcHOBHa CKJaIHICTh, II0 BHHUKAE INPH YNpaBliHHI 1HOOKOMYHIKALIHHOIO MeEpexero, —
HEBU3HAYEHICTh 1 HEJOCTATHICTh ampiopHOi iHpopManii mpo 00’€KT ympaBiiHHs, HasBHICTh
HeBiTOMUX (haKTOPIB, IO CYTTEBO BILIUBAIOTH HA HOTO MOBEIIHKY, 1, IK HACTIIOK, IMPOOJIEMaTHIHICTh
noOyJJ0BU HOro aJeKBaTHOI aHATITUYHOI Mojeni. JlogaTKOBI CKIaIHOIII BUHUKAIOTh TPH yIpaBIliHHI
iHQOKOMYHIKAIIfHUMI ~ MepekaMH B  yMOBax BIUIMBY 30BHILIHIX 3aBajJ, CTBOPIOBaHHX
CIemiani30BaHNMK TEXHIYHUME 3acobamu [1].
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JlecTpyKTHBHI BIUTUBH CHPSIMOBYIOTBCS Ha pyHHYyBaHHS iHQOpMaliiiHUX MOTOKIiB, IO
[UPKYJTIOIOTh MIX €JIeMEHTaMH MEepeXi; 3HIDKEHHS MIBHAKOCTI iHGOpMAIifHOro 0OMiHYy MIiX
€JIeMEHTAaMH CHCTEMH YTPABIIHHS, MIO CYTTEBO 30UIBIIy€E TPUBAIICTH IHKIY YIOPaBIiHHS 1, 5K
HACIIOK, 3HWXKY€E e(EeKTHBHICTh YMPaBIiHHSI MEpekero; 3abe3ledyeHHs AOCTaTHHO MAacoBaHOTO i
JIOBTOTPUBAJIOTO BUBEACHHS 3 JIaly MEPEKEBUX TEXHITHUX 3aC00iB.

CTBOpeHHSI CHCTeM, anpiopHO OPIEHTOBAHMX I POOOTH B YMOBaX HEMOBHOTH iH(opMaIlii,
BUMAara€ 3aJly4eHHS HETPATUIIIHUX TMIiAXOMIB JO YHPaBIiHHS 13 3aCTOCYBaHHSM METOJMIB Ta
TEXHOJIOTIM IITYYHOTO iHTENEKTy. AKTyaJbHHM 3aBIaHHAM € PO3pOOKa HAyKOBO-OOTPYHTOBaHUX
METOJIIB 1 TEXHIYHUX PIIIeHb IS CHCTEM 3B’SI3KYy, 3[JaTHUX 3a0e3MMeUnTH 3aBajlOCTiiiKe MpUMaHHA
JTUCKpeTHOI iHQopMamii B yMOBax iHTEHCHBHOTO BIUTUBY 3OBHINIHIX 3aBal, Ta (opMm i crocobiB
yIepeKyBILHOI MPOTUAIl BIUIMBAM PI3HUX NECTa0UII3yI0unX 1 JECTPYKTHBHUX UYMHHHUKIB 3 OOKY
HaBKOJIMIIHBOI'O CEPEIOBHUILA SIK HEHABMHUCHOT'O, TaK 1 HABMHUCHOI'O Xapakrepy. B 3B’s3Ky 3 1IUM Bce
OLMBII aKTyaTbHUM CTA€ 3aBJaHHS OI[IHKM IOTOYHOTO CTaHy iH()OKOMYHIKAI[iHHOT MEPEXi.

AHaJi3 ocTaHHIX Hocaikens i myduaikamiii. Buxonsuu 3 cydacHUX HayKOBUX KOHIIEHIIIH,
nporecH KepyBaHHS iH(OKOMYHIKAIiHUMH MepeXaMH pO3TrOpTalOThCS Yy MPOCTOpi Ta daci i
HEPO3PHUBHO TOB’sI3aHi 3 MPOIlecaMy ITePETBOPEHHS PEUOBHHM, eHeprii Ta iHdopmaii. [e o0ymoBiroe
JOLTBHICT, BHUKOPHCTaHHS MaTeMaTHYHOTO amapary Teopii iHdopmamii Juis aHamizy MpoleciB
aBTOMATHU30BAaHOTO KOHTPOJIIO Ta KepyBaHHs [2]. Ba3oBuUM MOHATTAM Teopil iH(oOpMalii € MOHATTS
EHTPOMIl K MipH HEBU3HAYEHOCTI AESIKOi CHUTYyaIlil, MAaTEeMaTHIHO TOYHHU 3MICT SKOTO BUILIMBAE 3
poGit K. lllennona [3].

BukopucTaHHS TOHSATTS EHTpOMii B MaTeMaTWIl JO3BOJMJIO OTPUMATH Psii  3HAYHUX
pesynbraTiB. Tak, B Teopii OIiHIOBaHHS NIIAXOM MaKCHMi3allii eHTpori BCTaHOBIEHI POOACTHICTh
OIIHOK, JTOCSITHEHHS MHCIIepPCisiMH HIKHBOI Mexi B HepiBHOcTi Pao-Kpamepa. 3milicHeHO psifg
JOCHTIDKeHb Ta Yy3araibHeHb eHTpomii [4-7]. Meron MakCMMyMy EHTpOMi 3aCTOCOBAHO ISt
3HAXO/KEeHHS! QYHKIIH po3nofiny ¢(i3W4HUX BeNMYUH. EHTpOMiHI METOIM YCHIIIHO 3aCTOCOBYIOThH
TIPH MOJICTFOBAHHI CHCTEM 3 BEIMKUM YHCIIOM PiIBHOWMOBIPHUX CTaHiB.

Entpomis, sik Mipa pi3HOMaHITHOCTI 1 OpPraHi3oBaHOCTiI CUCTEMH, TIEPIIl 32 BCE, XapaKTepU3ye
cTymiHb ii  HeBH3Ha4YeHOCTi  (meTepMmiHoBaHOcTi). CuHcTeMa  BB@KAETCS  TUM  OLIBII
JETePMiHOBAaHOBAHOIO, YMM MEHIIE 3Ha4eHHs 11 eHTpomii, ToOTO YuM Omkde BesmunHa H 10 HyJIs.
Ile BinmOyBaeTbCs B TOMY BHIIQAKY, KOJIHM OJHE 3 MOJMJIMBUX CTAaHIB CHCTEMH MAa€ IYXE BHUCOKY
HMOBIPHICTB (4aCTOTY) MPOSIBU.

Entpomito Tako MOXXHa pO3IIAIATH B SIKOCTI MIpH pO3CIFOBaHHS, i1 B ILOMY CEHCI BOHa
noAidHa 1O CTaTHCTHYHOrO TMOHATTA "mucrepcis'. Aje sKIo Jucnepcis € aJeKBaTHOIO Miporo
PO3CIIOBaHHS TUTBKH ISl CHIEMIAIHUX PO3MOALITIB HMOBIPHOCTEH BUTIAJIKOBUX BEIMYHH (30KpeMa, st
posnoainy ["ayca), To eHTpoITis He 3aJIeXKHUTH BiJ] TUITY po3oiny. Kpim Toro, eHTporis Mae 1 psj iHIImX
KOpHCHUX BractuBocteil. [lo-mepiie, HeBU3HAYEHICTh Oy/Ab-SIKOT CUCTEMH 3POCTAE 13 3pOCTAHHIM YHCIIa
MOJKJIMBUX PE3YIIbTATiB. A, TIO-JIpyTe, Mipa HEBH3HAYEHOCTI Ma€ BIIACTHBICTh aTUTHBHOCTI.

CrarnyHU# MiAXig [0 pilleHHS 3a7ad KOHTPOJIO i yHpaBiiHHS 0a3yeTbcs Ha BHU3HAYCHHI
KibKocTi iH(opMmanii I, sky HEoOXiHO BBECTH B KOHTYp KEpyBaHHS AJSl 3MEHIICHHS EHTpPOMii
00’eKxTa KepyBaHHsI H Bij ISIKOTO TOYATKOBOTO 3HaueHHs Ho 10 KiHueBoro 3HadeHHs Hy [4]. Onqnak
JUHAMIKa TPOIIECY KepyBaHHS IIPH TaKOMY INJIXOJi 3alHIIA€ThCS MPUXOBAHOIO, IO HE JIae
MOJKJIMBOCTI BCT@HOBHUTH HEOOXIJIHWH Yac KepyBaHHs, 3aKOHOMIPHOCTI 3MEHIICHHS CHTPOMii Ta
CHIBBiAHOIIEHHS M)XK OCHOBHUMH NIOKa3HUKaMH MIPOLIECY KEPYBaHHS.

Meta nociaigeHHss — oOTpyHTYBaHHS iHGOPMAIliHHUX TTapaMeTpiB MPH aBTOMATH30BAHOMY
KOHTPOJII TOTOYHOTO CTaHy 1H(POKOMYHIKaIiHHOT MEpeXi B yMOBaX BIUIMBY 30BHIIIHIX 3aBaJI.

Buknaa ocHoBHOro Martepiajy aociaizxeHHs. KOHTpoOIb cHCTEMOIO yIIpaBiIiHHS TOTOYHOTO
crany iH¢pokomyHikaniiiHoi Mmepexi (IKM) 3nificHioeTscst Ha 6a3i iHdopmamii npo BeTWIMHU
KOHTPOJIBOBAaHHX MapaMeTpiB 1 30HU IX JomycTUMOro BigxuieHHs. KonrponboBani mapamerpu [KM i
OTOYYIOUOTO CEPEIOBUINA B CKJIAJHUX YMOBaX CHUTHAIBHOI i1 3aBaJOBOT OOCTAHOBKH € BHIIAJKOBUMHU
iH(pOopMaLiHIMHU TIpOLIECaMU.

Entponito HOpManbHO pO3MOJMIJIEHOTO TPOLECY IMPH 3MIHIOBAHOMY KpOIli KBaHTYBaHHS
BU3HAYAIOTh 3a PIBHSIHHAM:

H(x) = log 22 (1)

e Ax — KpPOK KBaHTYBaHHA, 0, — CCPCAHbOKBAAPAaTUIHE Bi}_IXI/IJ'IeHHSI napamMmeTpa, Iio BI/IMipIOCTI:Cﬂ.
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Ha puc. 1, a) HaBegeHO KpWBY 3MiHH €HTPOIi B 3aJ€KHOCTI BiJl KPOKY KBAaHTYBaHHS IS
muckpetHoro mnpomecy. Cimii 3a3HauMTH, [ 3aJEXHICTh CHOPaBeIMBa 1 ISl HETEPEepBHO
PO3MOIIEHOTO TIPOIECy, SKWA KOHTPONIOEThCA 3 iHTepBasiom Ax. Ilpm mpomy BcepemwHi KpOKY
KBaHTYBaHHS AX IpoIec 3aMiHIOETHCSA OJHIEI0 TOYKOIO 1 MOTO CTaHW BCEpEeOuHI iHTepBaly He
BIZIPI3HSAIOTHCA. BiAmoBimHO, HEMEPepBHUN KOHTPOIL 3BOIUTHCSA 10 muckperHoro. [lpm Ax = 100%
3mina eaTporii AH=0, i HaBmaku mpu Ax - 0 - AH = o,

AH,
6iT 6

0 20 40 60 80 100
AX, %
a)
fx)
7] ><§ 2
f(x)
y
%
%
o 1.2 || X n X
. U AX L
6)

Puc. 1 — Enmponisi KOHmponw»08ano2o npoyecy npu sMiHIO8AHOMY KPOYL KGAHMYGAHHSL:
a) — 3smina enmponii (ingopmayis), 6im;
0) — cicmoepama HOPMAILHO PO3NOOLIEHO20 NPoYec).

[Ipu aBTOMaTHYHOMY BUMIpIOBaHHI IIapaMeTpPiB B yMOBaX BIUIMBY 30BHILIIHIX 3aBaJ BEJIMYUHA
Ax noBuHHA OYTH HaQAIMHO BijJiiJieHa Bia 3aBaj. SKIIO KOHTPOJbOBAHHH MapaMeTp BHUMIPIOETHCS 13
3aIli3HIOBaHHSIM T, TO B MOMEHT OTpUMaHHs iH(popMaiii HEBH3HAYCHICTh Oyje BUINA, HDK 32
BIICYTHOCTI 3ami3HIOBaHHS. Hexall koopAauHaTa X KOHTPOJBOBAHOIO MapameTpa SBISETHCS
CTAlliOHAPHAM Ta HOPMAIBHO DO3MOIIICHHM BHIAIKOBHM ImpouecoM X(t) Ha Bipisky T. HMoro
kopessiiiiHa ¢yukiis K, (T) BigoMma i1 3aTyxae 3a nepion t,. [IpuiiMemo, 1110 B MOMEHT BUMIPIOBaHHS
to 1 32 BiACYTHOCTI 3amli3HIOBAaHHS EHTPOIMis KOHTPOJILOBAHOro mpouecy Hy,, a 10 BUMIpIOBaHHS
EHTPOIIiSl HEKOHTPOJBLOBaHOrO mpouecy Oyna Hy,. Ilpu BUMipiOBaHHI OTpUMYyBaHa KiIBbKIiCTh
iHpopMmallii Oyie TOpiIBHIOBATH Pi3HHUII SHTPOTIIM:

] = Hl—m(x) - HKl'[(x)' (2)

[licna BumiproBanHst eHTpornisi Hy,(X) He 3anuIIaeTbes MOCTIHHOIO, a HEMEPEpBHO 3pOCTaE,
HOKH He jocsrHe 3HadeHHs Hy,(x) (puc. 2). BenuunHa | TakoX 3MIiHIOETHCS y 9aci, TOMy IO Y
piBHsHHI (2) 3MiHIOETBCA H oy ().
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Puc. 2. Tpackmopii 3minu enmponii nicisi KOHMpoOIo

3 4acoM TicJis BUMIPIOBaHHS BU3HAYCHICTh CUCTEMHM 3HIDKYETHCA. Lle 00yMOBJICHO THM, IO
KOPEeJSIis MK 3HAYEHHSM BHUIIAJKOBOTO TIPOIeCy B ty 1 t, 3aTyxae€, i poOOWTH BHUCHOBKH TIPO CTaH
CHUCTEeMH B MOMEHT 4acy t, 10 BUMIPIOBAHHIO, IIPOBEIEHOMY B t; JOCTOBIpHO HE MOkKHA. KilbKicTh
iH(opMaItii s 1bOr0 BUTIAAKY [8]:

J= —%log(l —r?), 3)
ne 7 — Koe(illieHT KOpensIii Mix X Ta y;
1 +00 400
r = [ (e = M) = my ) () dcdly.

®DyHKIIisI TBHOCTI KUMOBIPHOCTI TSI IbOTO BHITAJIKY:

floy) =

1 1
exp { —————= X
2no,oyV1 — 12 { 2(1-1?%)

(x — mx)z _ 2r(x — mx)(y B my) + y— my)z
o2 00y op

BaxIMBOIO yMOBOIO MiJBUIIEHHS SKOCTI KOHTPOIIO SIBISIETHCS 3HIDKCHHS 1 TOBHE yCYyHEHHS
3ami3HIOBaHHS B iHQopMartiiiHoMy nporieci. [IpoinrocTpyeMo 11e momoxeHHs..
Hexaii cranionapauii BumajakoBuil mporec x(t) KOHTPOJIOEThCS i3 3alli3HIOBAHHIM t, B
MOMEHT X4 (t — 7). Koedirient kopermsimii mix x(t) i x, (t — 75):
1 4+ oo K, (T)
r =2 [0 [T = el - 1) - mf (rxg)dedx, =20 = R ()
X
ne R, (1) — HopmoBaHa kopensuiitna gpyunkuis (mpu R(0)= 02 = D,); K,(7) — xopensuiiina GyHKuis
nporecy x(t).
[Mixcrasistoun R, (T) B popmysy (3), oTpumMaemo:

Jx = —5log[1 - RZ(D)]. @)

3 piBHsHHs (4) BUaHO, 1o mpu R, (t) =1 J, = —oo; npu R,.(t) = 0 J, = 0, To6TO Ipu 3MiHi
0 <1, <719 iadopmarnis 0 < J, < —oo,

®iznuHo 3MiHY iH(poOpMalii B MeXax Bl HyJs O HECKIHYEHHOCTI MOXHA TIOSICHUTH
HACTYIMHUM 4uHOM. lIpn BHMipIOBaHHI MaroTh CIIpaBy 3 ABOMa cucteMamu: X, 1 X,. Ilpaktuuno 3a
HasIBHOCTI 3ali3HIOBaHHS HE BIAETHCS BUMIpATH iHpOpMaLiiiHi mapaMeTpu cuctemMu Xg i mpo Hel
pOOJIATE BHCHOBKHM 3a TMapaMeTpaMH CUCTeMH X, SIKi KOpelolTh 3 Xy. 3a YMOBH BiACYTHOCTI
3aI1i3HIOBaHHS TIPOBOIMIIMCH OM BIUMIpIOBaHHS MapaMeTpiB X, 1 koedilieHT kopensiii OyB Ou piBHUM
onuHMI (ToAist gocTtoBipHa). [To Mipi 30UIBIIEHHS 3aMi3HIOBAHHS KOEQIIIEHT KOPEIAIil 3HNKYEThCS,
a pa3oM 3 HUM 3HIKYETBCS 1 JIOCTOBIPHICTh OTpUMaHHA iHpopMauii npo cuctemy X, uepes X,. Ilpu
T, = Tg (To — TIMOMHA KOPEIAMIMHOrO 3B’ 3Ky ) KOPENAIIAHIA 3B’ 30K MMOPYIIYETHCS, i CUCTEMH Xy i
X, craroTh B iH(pOpMAaIifHOMY BiZHOIICHHI He3aleKHUMH. ToMy iH(OpMaIIis TIpo cTaH cucTeMu X,
yepe3 X, IpH T3 > T CTA€ PiBHOIO HYJIO.
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SIKmo BHMIpIOBaHHS MPOBOAMTHCS O€3 3ami3HIOBaHHS, TO PEECTPYIOTH HapameTpu Xg.
[adopmaris mpo cucreMy 3 HENmepepBHOIO MHOXXHHOIO CTaHIB MpPHU aOCOJIIOTHO TOYHOMY BUMIpi
(Ax = 0) cranoButh J, = —oo. OmHAK B MPaKTHYHHUX BUmMagkax Ax # 0, TOMy II0 MPWIAIH MArOTh
30HY HEYYTIMBOCTI 1 BUMIp 3aBXKAU 3IIHCHIOETHCS 3 JCIKUM 3ali3HEHHIM T3 = A, SIKE 3aJeXKHUTh BiJ
cnocoOy i anapatypu BumiptoBanHs. Tomy [, # —oo, a Ma€ KiHLIeBE 3HAYCHHSI.

Juia aHamizy 3MiHIOBaHHS €HTpOMII mporecy BcepenuHi intepBany 0 — Ty HEOOXigHO 3HATH
KiJIbKiCHE BHpaKeHHs Kopesiiiinoi ¢pyHkiii R, (7). Ha puc. 2 mokasaHa TpaekTopis 3MiHH €HTPOITii
KOHTPOJIbOBAaHOTO Tiporecy B iHTepBani 0 — T, mpu HOpPMOBaHIM Kopensuiinid (yHKUii mpouecy.
Slkmo BUMIpIOBAaHHS 3IIWCHIOETHCS O€3 3ami3HIOBaHHSA, TO B MOMEHT t = 0 (KOJM NPOBOAUTHCS
BUMIPIOBaHHS) EHTPOIIS 3MIHIOETbCS CTpuOkoM Bim H,, no H,,. 3 wacom H,; = H,;. Skmo
BUMIPIOBAHHS 31IMCHIOETBCS 13 3alli3HEHHAM T5, TO BU3HAYAIOTh €HTPOMiI0 Hf, iKa CyTTEBO BUIIA 3a
H,,. KpuBa 3MiHUN eHTporii B 9aci miciasl BUMiIpIOBaHHS 3aJIeKUATH Bil KOpesiiiHoi QyHKIIT mporecy i
nepe0yBa€e B 30HI Mi>K €eKCIIOHEHTO0 1 1 psiMoto 2.

SAxmo IKM BumymeHa (GYHKLUIOHYBaTH B YMOBax BIUIMBY 30BHIIIHIX 3aBajJl i E€HTpOIIiS
KOHTPOJIbOBAHOTO MPOIIECY 3MIHIOETECS B Yaci, HEOOXiMHO 3MIMCHIOBATH 0OaraTopa3oBHil KOHTPOIb
mapaMeTpiB. B pe3ynpTaTi MOCHIJOBHHX BHUMIPIOBaHb EHTPOIS KOHTPOJBOBAHOTO IPOIECY
nepioauvHo (B MOMEHTH BUMIPIOBaHb) CTYNIEHEBO 3HMKYEThCSA. ToMy mpu 6aratopazoBoMy KOHTPOIi
BOXJIMBO BMITH BU3HAUaTH: MaKCHUMalbHE 3HaueHHS eHTpomii H,,.,(x) Ta indopmauii, orpumanoi
NIPY BUMIPIOBAHHI [ jmqx; MIHIMaNbHE 3HaYCHHS eHTpoOIii H,i,(x) Ta iHbopManii [y min, CEPEIHE
3Ha4eHHs eHTpomii Hep () Ta indopmartii Jy p.

Crin 3a3Ha4MTH, IO MPU NEPIOTUIHOMY OaraTopa3oBOMY IOCIiOBHOMY KOHTPOJi 00 ’€KT
KOHTPOJIIO B 1H(pOPMAIIITHOMY BiJIHOIIECHHI OCTIHHO 3HAXOUTHCS B MIEPEXITHOMY PEKUMI. 3HAYCHHS
eHTpomii 00’€KTa MOXKHa BBa)KAaTH BH3HAYCHUM IIMIIE HAa JEIKMX KOPOTKUX Bifpi3KaxX dYacy Mix
BHAMIPIOBaHHSIMH 200 B TOMY BHMIAJIKY, KOJH iHPOpMAIis Tpo 00’ €KT HE HAIXOAUTh, TOOTO [, = 0.

BaxJimBOo METOJONOTIYHO PO3PI3HATH AWCHEpCito KoHTpossoBaHoro mporecy (KIT) i
mucriepcito BumiproBanus KII. KoHTponboBaHMii mporiec B MOMEHT BHMipIOBaHHS 00 €KTHBHO Mae
mucnepcito Dy = 0@y AKY B Pe3yIbTaTi KOHTPOJIO (TUILKH KOHTPOJIIO, 3 HE KepyBaHH:A) 3MiHUTH
HEe MOXKHa. ICHYIOTh Takox 00’ekTHBHA eHTpois Hip(X) KOHTPOIBOBAHOTO MPOIECY O KOOPAMHATI
X Ta EHTPOIIs 3 eleMEHTaMU Cy0’ €KTHBI3MY, SKUH HAKJIJa€ThCs JIFOJJUHOI0 B MOMEHT BHMipIOBaHHS
(3BiTY TIOKa3iB MpUIAJy, CIPUAHATTS iHPOpMAIIii TOMIO).

Tomy entpomist KIT npu BumMiproBanHi 6e3 3aBaj Oyne 00’ ektuBHO0O Hyp(X), a mpu HassBHOCTI
3aBaj 31 CTOPOHH OIEpPaToOpa i NPHIALiB TMEBHOW MiIpol0 Cy6’ekTHBHOWO Hip(x). Cryminb
cy6’extuBHOCTI Hycpp () 3amexuth Bin kpamiikamii, HaBMIOK i IOCBimy omepartopa, a KimbKicHe
po3pizHsHHASA BenuanH Hir (x) Ta H},(n (x) BU3HAYAETHCS MOXMOKAMH TEXHIYHUX 3aC0O0IB BUMIPIOBAHHS
i orepatopa. ToMy y BCiX BHMAAKaX TOTPUMYETHCS HEPIBHICTb:

Hyr (%) = Hyn (x).

TakuMm YMHOM, HEBM3HAYEHICTH MpOIECy Iicisl BUMIPIOBAaHHS MOXKe OyTH OLIBIIOI abo
JIOPIBHIOBATH ICTUHHIH HEBH3HAYCHOCTI TIPOIIECY, 10 BUMIPIOETHCS B JIAHUI MOMEHT 4acy.

OTpumMyrour B MOMEHT BUMipioBaHHs iH(opManito npo mapamerpu IKM, moxHa 3HaTH Bce
(110 MO’KJIMBO) TOYHO 1 OTPUMATH EHTPOIII0 KOHTPOIhOBaHOTO Tiporiecy Hyp(x); 3HaTH Bce, ane He
TOYHO, IPU EHTPOIMii KOHTPOJILOBAHOTO MPOLECY H},m (x); He oTpuMyBaTH JOAAaTKOBOI iH(opMmaii i
MaTH MOYaTKOBY eHTpomito Hoy(x); oTpumary me3iHdopMartito i 36iIbIINTH EHTPOTIIO 0 BEIMUMHH
Hyp(x). Bei Ha3BaHi eHTpOMii 3HAXOSITHCS Y CITIBBiJHOLICHHI:

Hign(x) > Hign(x) > Hyn(x) > Hyn(x).

B wmpomy Bumanky enrpomii BimoOpaxaroTb Mipy He3HanHs y moBeniHmi IKM i mipy
HEBH3HAYEHOCTI y ()yHKIIIOHYBaHHI.

[Ipu xonTponi napamerpiB IKM Mu nisHaeMoch, B IKOMY CTaHi 3HaXOAUThHCS Mepexka B JaHUN
MOMEHT 1 siIka MMOBIpHICTH ii mepexoay B HOBWH cTaH B HalOmmkuoMmy MmaniOyTHbOMY. KinbkicTh
MOJMJIMBUX CTaHIB MEpEeXi IpU LIbOMY HE 3MiHIOE€ThCs. Hampuxian, KOHTPOJIbOBaHMUN Hapamerp
3MiHtoeThC B Mexkax a < x° < b. B MOMEHT BMMipIOBaHHS BiH BHABUBCA DPiBHUM Q. 3HAIOUH,
IMBUJIKICTh 3MiHH KOHTpOJbOBaHOTO mapameTpa dx°/dt = c, MoxHa mepen6aunTy, IO 3a 4ac t BiH
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HEe 3MiHUTBCs Oinblue, Hix Ha Ax® = ct. TakuM YMHOM, TIpM KOHTPOJi MOKHA BCTAHOBMTH, K€
3HaYeHHS IMapaMeTpa B el MOMEHT 1 Ka HMOBIpHICT OTO 3MiHM B HAHOMIKIOMY MaiiOyTHROMY .

EnTpomis nmpu KOHTPOII XapaKTepu3ye YNCIO MOKIIMBHIX CTaHIB 00’ ekTta. [Ipu KoHTpOIi BOHA
3MIHIOETHCS Ha BEJTUYHHY:

Jx = Hgn(x) — H}lcn(x):

Ie J, — KibKicTh iHpopMaii, ika MiCTUTbCS B CUTHAJIl BUMipIOBaHHSI.

T |
H
Toum -TBHM=1’5TU P1:Pi=Pn=P
7
b
;F —— ] 3 {
2|
o
¥
0 4y t, t3 ty
a)
H
Taum = To Pip=P =P, =
C 0 [ S S N | A I 2 [ A YA U
I ™~
=
=
v
0 ty ty t3 ty ts tg t7
6)
A
Teum < Tp P1:P1:Pn:P
]
jum
L _ X
P
6)

Puc. 3. Enmponis npu bazamopazoeomy KOHmMpOi
anP1=P2=P3=P;
a) — Taum > Tos 6) — Tgum = Tos B) = Tgum < Tp
SIK 3MIHIOETBCSI €HTPOIIiS KOHTPOJILOBAHOTO Mapamerpa Npu OaraTtopa3oBHUX MOCHTIJOBHUX
BUMIPIOBaHHSX TPOLTIOCTPOBAHO Ha pHC. 3.
B mepummx TppboX BuIagkax OTPUMAaHHS iHpOpMauii NpoxXoguTh Oe3 3ami3HIOBaHHS, NPU
piBHOIMOBIpHHX cTaHax mnapamerpa, P; = P, =+ = P; = -+ = P,. 3MIHIO€TbCS TIIBKH 1HTEpBAI

KOHTpoJto. JIjia mepmioro BUMAAKy (puc. 3, a) Tpyuy > To, MU apyroro (puc. 3, 0) Tyuy = Tg, AT
TPETHOTO (PHC. 3, B) Tpyuy << Tp.
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Entpomnis mpouecy y BCix TpbOX BHMAAKaX 3MIHIOEThCS CTYNEHEBO. B MOMEHT BHMipIOBaHHS
EHTpOMis 3HWKyeThcs Ha Benmnunay AH = Hy,, — H,, (Bick abcmuc cymimena 3 H,,), a moTiM BOHa
3pocTae 3 9acoM i mocsrae (abo He mocsrae) 3HaAYCHHS H,, B 3aJI€XKHOCTI BiX TOTO, B KWK MOMEHT
yacy 3AIHCHIOETBCS HACTYNMHE BHMIpIOBaHHS. J[ng cCOpOIIEHHS 3MIHIOBaHHS CHTPOMil Mix
KOHTPOJIBHUMH BUMipaMH alipOKCUMOBAHO JIIHIHHOIO (DYHKIII€IO.

Cepenne 3HaueHHS! eHTpomii Hy napameTpa KOHTPOJIBOBAHOTO IPOLIECY XapaKTepU3ye Mipy

M3
Bu3HaueHocTi  (opranizosanocti) KII. Cepenne 3uauenHst entpomii Hy, . 3a1€KUTh Bif 4ucria
BUMIpIOBaHb Ha Bi/Ipi3Ky 4acy T. UuM yacTilie mpoBOAsSTHCS BUMIPIOBAHHS, THM HI)KYa CEpeTHS CHTPOITis

rnpouecy (Ha6J'II/DKa€TI)C$1 JO0 3Ha4YCHHs HKH). B HABCACHUX TPbOX BHUIIAZKAX YaCTOTHU KOHTPOJIO

3HAXO/UATHCS Y CIIBBIIHOMIEHHI W1 < Wy < W3, BUIOBIIHO CepeHi eHTPOMii Hyy, > Hyy, > Hyy, -
KinbKicHO cepenHIO eHTPOMilo KOHTPOJIBOBAHOTO MPOLeCy MOXXKHA BU3HAUMTH 3a IUiomieto F
3HIDKEHHS €HTPOIIT TP KOHTPOJIi Ta YaCTOTI BUMIPIOBAaHHS @ Ha iHTepBaji kouTpoio T [8]:

_ 1| 17 ,
HKH = HHK _](t) = HHK - TZ _Ef log[(l - Rx(T))n] dt
1 0
npu t < 7o,

ne @ = M/T — dactoTa KOHTPOJIFO; N — YKCIO PIBHONMOBIPHHUX CTaHIB mapameTpa; T, — IJIHOMHA
KOPEJALIHHOTO 3B’SI3KY BUIIaJKOBOTO MPOLIECY.

BucHoBku. [Totpeba 3a0e3MeUeHHS SIKICHOTO (YyHKIIOHYBaHHS Cy4acHHUX
1H(QOKOMYHIKaIlIHHUX MEPEXK B YMOBaX BIUIMBY 30BHINIHIX 3aBaj] 0OYMOBITIOE€ HEOOXITHICTh KOHTPOITIO
napameTpiB Mepexi i 30BHIITHBOTO CEPEAOBUILA.

Jnst aHanizy OpoleciB KOHTPOJIO TapameTpiB iHQOKOMYHIKAIIMHUX MepeX IOUUIBHUM €
BUKOPHCTaHHS MAaTEMaTHYHOTO arapary Teopii iHdopmariii.

[lepioguuanii GaraTopa3oBHil MOCHIAOBHWN KOHTPOJb TapaMeTpiB iHPOKOMYyHIKaIiiHOT
Mepexi 3abe3neuye BU3HAUCHHS CTaHy MEpEKi B yMOBaxX BIUIMBY 30BHIIIHIX 3aBaj 1 HMOBIpHICTH i1
TIEPEeX0/ly B HOBHM CTaH B HAHOIMKIOMY MailOyTHbOMY.

BaxinBor0 yMOBOIO MiZBHILEHHS SKOCTI KOHTPOJIIO SIBJISIETHCS] 3HMDKEHHS 1 TOBHE YCYHEHHS
3alli3HIOBaHHSI B iHOpMAaIiifHOMY Tpo1Ieci.

[Ipu mepioguuHOMy OaraTopazoBOMy MOCITIJOBHOMY KOHTpOJi 00’€KT B iH(pOpMaIiiHOMY
BIZJHOIIIECHHI IOCTiIHO 3HAXOAWTHCS B IEPEXiIHOMY pPEXHMi. 3HAUEHHs EHTPOIii 00’€KTa MOXKHA
BB2)XKaTH BU3HAUCHHMM JIMIIE HA JESIKHX KOPOTKUX BiJpi3Kax 4acy MiXK BHMIPIOBaHHSMH a00 B TOMY
BUTIAJIKY, KOJIK iH(opMarlist po 06’ €KT He HAAXOaUTh, To0TO [, = 0.
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1. Introduction. Multi Criteria Decision making — (MCDM) is one of the actual problem in
the theory of decision-making [1-2]. From a mathematical point of view, it belongs to the class of
vector optimization problems. The criteria can be divided into two groups: the criteria for which the
maximum value is optimal and the criteria for which the minimum value is optimal. MCDM problems
can be solved with an accuracy of many non- dominated alternatives or many trade-offs. Obtaining a
single solution can only be implemented on the basis of some compromise scheme that reflects the
preferences of the decision maker (DM). Methods for solving this problem can be divided into two
large groups: methods using the aggregation of all alternatives according to all criteria and the solution
of the resulting single-criterion problem, the second group is associated with the procedure of pairwise
comparisons and stepwise aggregation. The first group includes methods: weighted average sum,
weighted average product and their various modifications [3-4], the second group includes - Analytical
Hierarchy Process (AHP), Elimination and Choice Translating Reality (ELECTRE). The Technique
for Order of Preference by Similarity to Ideal Solution (TOPSIS), Preference Ranking Organization
Method (PROMETHEE) [5-17]. The work [3] provides information about popularity of various
methods of multi-criteria decision-making. This paper discusses the ELECTRE method.

The ELECTRE method was developed by group of the French scientists led by professor
B. Rua at the end of 60th years This method was very popular for solving multi-criteria problem under
certain conditions. In general the ELECTRE method is based on the approach of pairwise comparison
of alternatives.
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The fuzzy ELECTRE method was developed by Chen in 2006 [6] for problem with linguistic
uncertainty.

2. Description of the method.

We consider the problem where decision DM makes decisions in linguistic form.

Consider all stages of fuzzy ELECTRE method:

1. First we define linguistic variables for criterion weight importance (Table 1) and the
decisions with fuzzy trapezoidal numbers (Table 2).

Table 1. Linguistic variables of criterion weights

Linguistic Variables Trapezoidal Fuzzy Numbers
Very Low (VL) (0,0.1,0.2.0.3)
Low (L) (0.1,0.3,0.45,0.7)
Medium (ML) (0.4,0.5,0.7,0.8)
High (H) (0.5,0.6,0.75,0.85)
Very High (VH) (0.6,0.7,0.8,0.9)
Table 2. Linguistic variables for the decision
Linguistic Variables Trapezoidal Fuzzy Numbers
Very Poor (VP) 0,1,2,3)
Poor (P) (1,34.7)
Medium Poor (MP) (4,5,7,8)
Good (G) (7,8,9.9.25)
Very Good (VG) (9, 9.25,9.5,10)

2. Present the linguistic decisions as the matrix of outcomes (alternatives - criteria) n -
number of criteria m - number of alternatives (Table 3).

Table 3. MCDM problem representation

Cl CZ C3 Cn
Al 511 )512 2{13 ?Eln
AZ X2~1 522 §23 )EZn
A3 X31 X32 X33 X3n
Am Xm1 sz Xm3 an

Where X;; = (;, Eij, Cij» dij) is fuzzy trapezoidal representation of linguistic terms.
3. Calculate normalized matrix
R=(rj)i=12.mj=12,..n
4. The normalized fuzzy decision matrix is calculated with the formulas given below, where J
and J; represent the maximization criteria set, and minimization criteria set respectively.

ai]- bij Cij d

- a; a; a; ai_ .

Ty =G, ey oy ag ) € @)
d; =max;d;j,j €] (3)
a; = mina;;,j € J; (4)

5. Calculate weighted decision matrix

‘7 = (vij)'i = 1,2, . n (5)
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Where

Uy =0 Wy, i =12,..m;j=12,..n

6. Determine concordance set J. (set is all criteria in which alternative k is superior than
alternative [) can be determined by following criteria

Cra = U, Ukj = Uy}

(6)

7. Determine discordance set J; (set is all criteria in which alternative k not is superior than
alternative [) can be determined by following criteria
di = {J, Uj < Uy}
8. Determine the concordance matrix where elements is calculated by formula
C~kl = ZjEékl W]
9. Determine the discordance matrix where elements is calculated by formula

10.

11.

12.

13.

dp =

max| ¥ j— 7|
JEDk

J

Determine average concordance index

Cy

— 1 m
k

- m(m-1)

Determine average discordance index

*

_ 1
- m(m-1)

Determine Boolean concordance matrix F

max| ¥ j— 7|

L1201 Crt

m m J
k=1 Zl=1 dkl

if &, = . then fi; = 1 othewhise fi; = 0
Determine Boolean discordance matrix G

lf dkl > dN* then gkl = 1 othewhise gkl =

14. Calculate global preference matrix E by multiplication E = FG
15. Determine alternative with max preference by calculation sum of preference indexes by
row of global matrix

3. Practical example.

(7)
(8)

(9)

(10)

(11)

(12)

(13)

As practice problem we consider equipment selection problem with following 4 criteria and 3

alternatives:

C1- price

C2- noise level

C3- usability

C4- dimension

As seen for C3 optimal decision is maximum for other three criteria is minimum.

Consider application of fuzzy ELECTRE method for this problem. All computations were
performed in Ms Excel.

1. Presentation of decisions in linguistic decision matrix (Table 4)

Table 4. Linguistic decision matrix

C, C, Cs Cs
A VG VG MP
A, MP G VG
As G VG MP G

The vector of criteria importance is presented as follows
w = (ML,H,VH,H)
2. Convert linguistic presentation in trapezoidal fuzzy numbers (Table 5)
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Table 5. linguistic presentation in trapezoidal fuzzy numbers

(o ¢ Cs Ca
A, (9, 9.25, 9.5,10) (7,8,9.9.25) (9, 9.25, 9.5,10) (45,7.8)
4, (0.4,0.5,0.7,0.8) (7,8,9.9.25) (4,5,7,8) (9, 9.25, 9.5,10)
As (7,8,9.9.25) (9, 9.25, 9.5,10) (4,5,7.8) (7,8,9.9.25)
W= (04,0507,08)  (0.5060.750.85) (0.60.7,0809)  (0.50.6,0.750.85)

3. Calculate normalized fuzzy decision matrix by corresponding formulas (Table 6)

Table 6. Normalized fuzzy decision matrix

C: C, Cs C,
A, | (0.40,0.42,0.43,0.44) (0.76, 0.78,0.88,1) (0.9,0.93,0.95,1) (0.5,0.57,0.8,1)
A, | (0.5,0.57,0.8, 1) (0.76,0.78,0.88, 1) (0.7,0.8,0.9,0.93) (0.4,0.42,0.43,0.44)
A, | (0.43,0.44,0.5,0.57) (0.7,0.74,0.76, 0.78) (0.4,0.5,0.7,0.8) (0.43,0.44,0.5,0.57)
4. Calculate weighted normalized fuzzy decision matrix (Table 7)
Table 7. Weighted normalized fuzzy decision matrix
Cy C, Cs Cy
A, | (0.16,0.21,0.3, 0.36) (0.38,0.47,0.66,0.8) | (0.54,0.65,0.76,0.9) (0.25,0.34,0.60.0.85))
A, | (0.2,0.29,0.56,0.8) (0.38,0.47,0.66,0.8) | (0.42,0.56,0.72,0.83) (0.2,0.25,0.32,0.38)
A, | (0.17,0.22,0.35,0.46) (0.35,0.44,0.57,0.62) | (0.24.0.35,0.56,0.72) (0.22,0.27,0.38,0.49)
For ranking alternatives we have used following method / 7/
R(4) = %(a+ b +%(d —0))
Let A; and A; two fuzzy numbers,
i)  R(A;)>R(A)then A; > 4,
(i)  R(4;) <R(4;)then 4; < 4; (13)

(iii)

R(Al) = R(A}) then Ai = A]

5. Determine concordance and discordance sets
For determine concordance and discordance sets we use formulas (6) and (7)
As result we have got set of concordance and discordance sets (Table 8)

Table 8. Concordance and discordance sets

Concordance set Discordance set
C(1,2)=(2,3,4) D(1,2)=(1)
C(1,3)=(2,3,4) D(1,3)=(1)
C(2,1)=(1,2) D(2,1)=(3,4)
C(2,3)=(1,2,3) D(2,3)=(4)
C(3,1)=(1) D(3,1)=(2,3,4)
C(3,2)=(4) D(3,2)=(1,2,3)
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A, A, As
A, (0,0,0,0) (1.6,1.9,2.3,2.6) 1.6,1.9,2.3,2.6)
A, (1.5,1.8,2.25,2.55) (0,0,0,0) (0.42,0.56,0.72,0.83)
A, (0.4,0.5,0.7,0.8) (0.5,0.6,0.75,0.85) (0,0,0,0)
and a discordance indexes matrix by formula (9) (Table 10)
Table 10. Discordance indexes matrix
Ay A, A;
A, (0,0,0,0) (0.8,0.89,0.93,0.94) (0.033,0.033,0.25,0.56)
A, (1,1,1,1) (0,0,0,0) (0.111,0.095,0.375,1)
A, (1,1,1,1) (1,1,1,1) (0,0,0,0)

Next we calculate average concordance index by formula (10) and average discordance index
(11) respectively. Calculate Boolean preference concordance matrix F (Table 11)

Table 11. Boolean preference concordance matrix

Ay Ay Az
A, 0 1 1
A, 1 0 0
A, 0 0 0

and Boolean preference discordance matrix G (Table 12).

Table 12. Boolean preference discordance matrix

A 4, As
A 0 1 0
4, 1 0 0
As 1 1 0

Finally calculate and global preferences matrix E (Table 13)

Table 13. Global preferences matrix

Ay Ay Az
A, 0 1 0
4, 1 0 0
A, 0 0 0

As we see two alternatives result we have alternatives A, and A, have same preference, it

means that problem have two solutions.
Conclusions. The article is devoted to the problem of multi-criteria decision making for

equipment selection. The analysis of existing methods for solving this problem is given. The fuzzy
ELECTRE is used as a method for solving this problem. The issues of practical implementation of this

method are discussed in details.
As practical problem the equipment selection problem with 4 criteria and 3 alternatives is

considered. The results of the solution at all stages are presented.
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1. Introduction. Decision making problem with imperfect information is very actual problem.
As known in many practical cases we need to be satisfied of expert information and the linguistic
assessments. One is effective method of modelling linguistic information is fuzzy set approach. The
are many scientific works dedicated to applications of classical fuzzy approach which is named fuzzy
type-1 proposed by L. Zadeh (1965) [1]. In 1975 L. Zadeh [2] proposed more general approach fuzzy
type-2, which expands the features of classical fuzzy type-1 model. Chen in 1985 proposed
generalized fuzzy set concept [3]. L. Zadeh in 2011 proposed fuzzy Z-numbers approach [4]. All these
approaches allow not only modelling our imprecise knowledge about factors and also take in account
our imprecision about membership function. All these models have more powerful features for
modelling uncertainty [6-16].

2. Preliminaries. In this article we discuss about application of generalized trapezoidal fuzzy
numbers (GTFN) for modelling MADM problem [6].

Definition: General fuzzy number. A fuzzy set A, defined on the universal set of the real
numbers R, is said to be generalized fuzzy number if it is membership function has the following
characteristics:

(i) wuz:R - [0,1] is continous

(i) pz(x) =0 forall x (—ogald, )

(iii) uz(x) is stricly increasing on [a, bland stricly decreasing on [c,d]

(iv) uz(x) =w, forall xe[b,c],where 0 <w < 1.
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Generalized trapezoidal fuzzy number A = (a,b,c,d,w) is said to be generalized fuzzy
number if its membership function is given

0 x<a
[x—a <b]
x <
b—a
Ur(X) =< w b<x<c
xX—c J
c <
d—c
0 x>d
'|A f i -'H':._:
; 1_
L 3 —  GTFN
pix) E L
Fi : i
o a b e 4

Fig 1. Comparison between membership function of TFN and GTFN

Here W plays role of confidence level.
Consider arithmetical operations on two trapezoidal GTFN numbers: A, and A, numbers are
given:
Ay = (aq,by,¢1,dy,w1) Ay = (az, by, ¢3,d3,w3)
Addition
A, @ A, = (a; + ap, by + by, 1 + ¢y, dy + dy; min(wy, wy))
Subtraction
A; © Ay = (ay — ap, by = by, ¢ = ¢3,dy — dp; min(wy, w5))
Scalar Multiplication
(Aa, Ab, Ac, Add;w) A > 0
(Ad, Ac, Ab, Aa;w) A < 0
Ranking function
For ranking alternatives we have used following centroid method /6/
dc—ab w c—b

(dc)—(a+b)'§(1+(d+c)—(a+b)

R(A) = %2 + 92 (1)
Let A; and A; two fuzzy numbers,
V) R(A) <R(A;) then 4; < 4,
With GTFN we can represent the crisp interval and also imprecise interval. If a=b and c=d and
W = 1 we have imprecise interval with confidence level WW/.
If a=b, c=d and w=1 then we have crisp interval.

i =1

(920,370)=<a+b+c+d— )

Ranking function

3. Problem statement and solving method

Let’s consider supplier selection problem with GTFN. This problem is formalized as MADM
problem. Exist 3 potential suppliers 4; (i = 1,2,3) and their activity are described by 4 attributes:

C;- raw quality, C, — risk factor, C5 —service level, C, — company profile.

Let's say that for decision making group of 3 experts established E, (k =1,2,3) and
corresponding weight coefficients are determined

A = (0.30.45 0.25)
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For 4 attributes C; (i = 1,2,3,4) are determined weight coefficients

® = (0.3 0.15 0.2 0.35)

In table 1 are presented linguistic terms which will be used for alternative evaluation “Very
Low” (VL), “Low” (L), “Medium” (M), “High” (H), “Very High” (VH) (Fig.2)

Table 1. Linguistic terms for alternative evaluation

Linguistic term GTFN values

Very Low (VL) (0,0.1,0.2.0.3;0.6)

Low (L) (0.1,0.3,0.45,0.7;0.7)
Medium (0.4,0.5,0.7,0.8;0.8)
High (H) (0.5,0.6,0.75,0.85;0.85)
Very High (VH) (0.6,0.7,0.8,0.9;1)

fix)4

W, L

Ws 1
Wz T
W; |

0 01 02 03

04 05 06 07

[ v\

08 09 1

-~
X

Fig. 2. Linguistic terms for alternatives evaluation

Experts using these terms have evaluated any potential suppliers and results are presented in

following tables 3-5

Table 3 Alternatives evaluation by 1% expert

C, C, Cs Cy
Ay H VH VH
A; H M H
As VH VH
Table 4 Alternatives evaluation by 2" expert

Gy G, C3 Cy
Ay H VH H H
A, M H VH VH
Az H VH M VH
Table 5. Alternatives evaluation by 3 expert

&} & Cs Cs
Ay M H H H
A, H VH VH H
Az M H M VH

First we carry out aggregation by experts using formula

< ~(k
Al = @iy (M)

RS Global

8(69), August 2021

27



WORLD SCIENCE ISSN 2413-1032

and we have achieved following results:

A;,=(0.46,0.57,0.75,0,86;0,8)

A, =(0.55,0.65,0.77, 0.87;0.85)

A;5=(0.53,0.63,0.77,0.87;0.8)

A,,=(0.53,0.63,0.77,0.87;0.8)

A,,=(0.46,0.56,0.73,0.83;0.8)

A,,=(0.50,0.60,0.75,0.85;0.8)

A,3=(0.57,0.67,0.79,0.89;0.85)

A,,=(0.55,0.65,0.77,0.87;0.8)

A3,=(0.73,0.79,0.87,0.92;0.8)

A5, = (0.58,0.68,0.79,0.89;0.85)

As; =(0.40,0.50,0.70,0.80;0.8)

A;, = (0.57,0.67,0.79,0.89;0.85)

These results can be presented as collective decision matrix
A11A12A13A14

R=| Az1A22A23A4
A31A32A33A34

On next step we carry out aggregation by attributes using formula

A = &, (0dy)

As result we have global evaluation of all alternatives (Table 6)

Table 6. Global evaluation of all alternatives

Alternatives GTFN values
Ay (0.51,0.61,0.76,0.87;0,8)
A, (0.52,0.62,0.76,0.86;0.8)
Az (0.58,0.67,0.79,0.88;0,8)

For comparison alternative decisions we will use Rank function (1)
Rank(4,)=3.52> Rank(A43)=3.49> Rank(4,)=3.45
It means that best is supplier A,

Conclusions. In this article have been considered problem of MADM under linguistic
uncertainty. As model of decision making used group decision making approach and as model for
modeling uncertainty have been used GTFN model. As test problem for proposed model have been

used the supplier selection problem.
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Analysis of the current research state to make mathematical models of the atmosphere
dynamics. The basis of atmosphere dynamics' modern models is the laws of conservation of mass and
energy, which along with the laws of thermodynamics; describe the processes of the atmosphere,
ocean, and their interaction [1]. In mathematical terms, those are systems of multidimensional
nonlinear differential equations [2 — 4]. Those systems include some input parameters known from the
experiment with the specified error. The input parameters here usually mean the coefficients of the
equations, the initial fields, the features of the integration domain, etc. In each case, it is possible to
describe with some reliability some acceptable set of input parameters and the results of processing the
measurement data to assess the system’s state under consideration.

In this regard, it is notable that the solution of any particular class problem is defined as a
function of the coordinates of space and time and as a function of input parameters.

Thus, to evaluate the validity of the obtained solution in the space of input parameters, it is
necessary to study the behavior of the corresponding object by variations on their admissible set.

The mathematical models' sensitivity theory that considers these issues was developed in
optimal control theory and identification of different systems [5]. The formulation and methods of
solving inverse problems, which are its basis, estimate the input parameters from the factual
information about the modeled system.

Some input parameters for ecology and environmental protection problems (power of
pollution sources, turbulent diffusion coefficients, etc.) can be determined only from experimental
data. Hence, to process the experimental data of the problems under consideration, it is appropriate to
solve inverse problems [6].

The mathematical formulation of the research problem. Emission sources of various
pollutants characterize the mathematical model of pollution transfer during technical equipment
operation. The exhaust devices run contaminants removal from the working area of the equipment in
the premises. The greatest effect from the exhaust devices is achieved when the ventilation outflow of
polluted air can be placed close to the pollution source.

The simplest scheme of pollutant emission during the technological equipment operation, as a
rule, is replaced by point sources, or a system of point sources that are characterized by a given
intensity and time of emission. Thus, adequate to the entire process, a physical model is built, where
the whole process of pollution transfer by technological equipment is a system of point sources of a
given location, intensity, and mode of operation.

Modeling the harmful impurities transfer against the background of atmospheric processes
plays a significant role in this problem study. Suppose the model structure is given and determined by
a system of nonlinear differential equations of environmental mechanics. Then the state of the natural
environment is described by a vector of indicators, one of which is the concentration level of harmful
substances in the air basin.

Mathematically, this problem is formulated as follows. The amount of pollution per unit

volume of air is denoted by @ [kg / mS]. The pollution source is presented as the point sources:

‘9i(t)5(r _ri) (1)

where J(r—1;) is Dirac delta function; & (t) isthe intensity of pollution sources. Possible
environmental pollution is presented as a system of n point sources:

> (1)
)

Under such conditions, the differential equation for the harmful impurities transfer are
presented as follows:

2 2 2
a7(‘[)+U 82+U aip+u 62+6<15:/1 U 0 q§+U 0 q§+U 0" +P(X,Y,2)
ot X ox Y oy Z 97 X 6x2 y ay2 z 622

: ()

where {U, U, ,U,} are velocity vector components [m/s]; o isthe coefficient of spontaneous

decay of particles, [1/3]; w is the turbulent diffusion coefficient, m* /s; P(X,y,z) is a set of point
sources modeled by relations (1), or (2).
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Information about the atmosphere state, particularly the velocity vector {UX,Uy,UZ}

components, for the problems (1) — (3) is the input.

Each specific simulation problem is possible with some probability based on a priori information
to describe some good set of input parameters and the results of processing the measurement data to
assess the system’s initial state. Then the solution of a specific problem is defined as a function of spatial
coordinates and time and as a function of input parameters. Hence, to evaluate the obtained solution, it is
necessary to study its behavior with the variation of the input data. That is the essence of studying the
model sensitivity to variation of input data. However, no less important are the methods of solving
inverse problems, which essence includes estimating the input parameters based on the factual
information about the modeled system and the information known from the experiment.

Mathematical modeling of the harmful impurities transfer problem. The differential equation
for the harmful impurities (3) transfer is highly measurable and non-stationary. Efficient solutions are based

on splitting the problem on a time interval t, ; <t <t on a sequence of simpler problems.

Reducing complex problems to simpler ones is usually possible when the original operator of
the problem (3) can be represented as the sum of the simplest operators.

Therefore, considering the specified equation (3) can be shown as:

%er A®= fin DxD, , 4)

where the function A> 0 does not depend on time and is formed as follows:
A=A +A +A . (5)

Applying local-one-dimensional schemes of splitting by spatial variables (X,Y,z ) for equation
(4), we can make the three simplest equations of the following form

forx:
at ax 3 o2 3.
l(x, y,z,tyfl): D, (X, y,Z), (6)
for y:
2
0P 00, g -, 00 T
o Yoy 3 o° 3
@,(xy,2t, )= ®,(x,y,2) )
for z:
a¢3+uza¢3+g¢3:ﬂa cb3+i
at oz 3 ozt 3
X, Y,2t, )= D, XY, 2t
o, y.2t,.)= Bk y.2t,) ®)

Starting from (6) - (8), the difference splitting scheme can be made in many ways. The
implicit schemes lead to making systems of linear algebraic equations (SLAE)

C<1>Yp+1,1 - Yp,l + Dpr—l,l = fp,l 1 (9)

having a three-diagonal structure ( p=1,2m —1 are network mesh numbers).

In SLAE (9), the {Cp,Dp,fpyl}coefficientS include information about the equation itself,

boundary, and initial conditions.
Consider further a simple and convenient method for solving difference boundary value problems
of the form (9). It is one of the variants of excluding the unknown and is called the run method. Then the

availability of two vectors is possible E ; and G p »suchthatforany Y, thereis a fair ratio
Y, ,=E )Y ,.+G,. (10)

p+L,1
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Let us lower the index by one p in equation (10), which gives
Y ., =E ¥, +G . (11)
Substituting ¥, ,, from relation (11) in SLAE (9) and solving it relatively Y
the following recurrent relation:

o1 » We obtain

Y .= —pY . +
"t 1-D,E,, "™ 1-D,E,,
A comparative analysis of relations (9) and (12) demonstrate that they are both fairto all ¥, , .
Then we get the system:

C Doy~ fos W)

C
Ep:—p’
1—DpEp71
DE ,—f
p:—lp E)_lE pd at p=12m-1. (13)
T Hptp1

From the given conditions on the left border we define E; and G, , then to determine E,
and Gp at all points in the direction of growth p upto p=2m —1 one can use the recurrent relation
(13). Next, the value is determined from the right boundary condition Y, ,, and equation (11) with

known coefficients E / and G, is used to compute values ¥, for ¥ etc., in the descending

p+L,1
direction p fromp=2m-1to p=1.

Procedure (13) is called direct run, (13) - reverse. On solutions of arbitrary linear system N
equations with N unknown exclusion methods usually have to spend arithmetic operations in

quantity N2 . This reduction in the number of arithmetic operations for solving SLAE (9) by the run
method was achieved by successfully using the specifics of this system.

The difference splitting scheme (6) - (13) is economical and certainly stable. In this sense, it
combines the advantages of explicit schemes (explicit schemes do not improve in the number of
arithmetic operations) and implicit schemes.

Development of methods for solving multidimensional non-stationary problems of type (1) -
(3), associated with splitting methods and provides the economic and sustainable implementation of
numerical models (6) - (13) on a PC.

The computer simulation results on a modular computer system. A program was run to
assess the mathematical model’s feasibility to compute the harmful impurities transfer in the region for
areas that represent the shape of a regular rectangular parallelepiped. The computations were
performed based on the multiprocessor computing system [7 — 9].

Fig. 1 demonstrates the transfer of harmful impurities concentrations from the ground source
of pollution in the form of patterns and isolines in the middle horizontal plane of the parallelepiped
when the velocity vector components are identically equal to zero.

Fig. 2 represents the results of modeling the transfer of harmful impurities from two-point

sources of pollution at given components of the velocity vector u, ,u, , different in the direction in the

horizontal plane of the region.

For soft boundary conditions in the simulation results for the middle surfaces on the Z
coordinate, there are bends of isolines (Fig.2b); the use of the same compiled algorithms based on
boundary conditions of the 4th kind allows avoiding them (Fig. 2a). That circumstance also allows
considering the specified boundary conditions at the modeling of transfer of impurity against
atmospheric processes as transparent.
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Fig. 1. Concentrations’ transfer and the isolines from a point source of contaminants located in
middle horizontal plane of parallelepiped’s control volume

Fig. 2. Solution modeling of a three-dimensional problem under different asymptotic boundary
conditions: a) solution of a three-dimensional problem with asymptotic boundary conditions of the fourth
kind; b) solution of a three-dimensional problem with soft boundary conditions of the second kind

Conclusions. The paper covers the mathematical modeling of applied problems of ecology
based on personal computing clusters. With:

1. The rapid development of industry in all countries worldwide posed to humanity an acute
problem of environmental protection to preserve the planet's ecological systems. In this regard,
environmental science is now forced to deal with problems of previously unknown complexity. New
problems require new ways to solve them. Nevertheless, mathematical modeling, computational
experiments on parallel cluster systems with a sufficiently complete mathematical content of the
phenomena we study form the basis of new scientific research technology, analysis, and forecasting.
Today's reality is that due to the development of parallel computing and, especially with the advent of
computing clusters, the fundamental problems in the potentially infinite increase in peak performance
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of computers disappeared. That opens the way to the widespread use of mathematical modeling,
making basic and applied research more effective.

2. This article considers the statement and methods of solving environment dynamics
identification problems which essentially consists of an estimation of input parameters on the actual
information on the modeled system known from the experiment.

3. The research aims to solve the problem of modeling the air pollution processes by
mathematical models that adequately describe the fundamental processes. It can explore issues such as
a detailed analysis of the atmosphere of the city or industrial area, short-term forecast of air quality in
the region, evaluation of long-term air purification programs, optimal emission management,
transboundary transfer, etc.

4. The multidimensional equation of transfer of harmful impurities was reduced to a sequence
of schemes involving unknown quantities in a single direction, alternately in the longitudinal,
transverse and vertical. The use of implicit schemes leads to systems of linear equations of algebra
having a three-diagonal structure. Thus, the methodological basis of the difference splitting schemes
provides the economic and sustainable implementation of numerical models by scalar runs. On the
other hand, it is known that the greatest effect of a parallel processor is in cases where it is used to
perform matrix computations of linear algebra.

5. To analyze the mathematical models' feasibility assessment, a package of applications was
developed to compute the harmful impurities transfer. The solution of several applied problems on the
identification of environmental dynamics is given.

6. At the present stage of scientific research, a numerical experiment is one of the most
important areas in studying the internal aerodynamics of the environment. The information obtained
by numerical computations allows correctly comprehending and understanding the physical effects
obtained by the experimental method and, in some cases, replacing the physical or field experiment
with a machine, as is cheaper. Note that machine experiment is sometimes the only possible way to
obtain information about the process under study. Given the further progress in the research
methodology of parallel numerical methods and parallel computing systems, we can expect a further
and significant increase in numerical computations of environmental aerodynamics problems on more
complete mathematical models of atmospheric dynamics shortly.
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Introduction. All graphs considered in this paper are undirected (unless explicitly said),
finite, and have no loops or multiple edges. For an undirected graph G, let V(G) and E(G) denote the
sets of vertices and edges of G, respectively. The degree of a vertex v € V(G) is denoted by d (v).

Let I, be the set {1, ..., k} of colors. For aset S let 25 be the set of all the subsets of the set S. For a
graph G and a function L: V(G) — 2!k alist coloring B: V(G) — I, is a coloring of the graph vertices with
integers from I, such that for every vertex v, 8(v) € L(v) and every two adjacent vertices have different
colors. It was first introduced in [3] and [4]. For each vertex v the set L(v) is called a list of colors.

A block graph or clique tree [1] is a type of undirected graph in which every biconnected
component (block) is a clique (every two distinct vertices in the clique are adjacent). Fig. 1 illustrates
an example of a block graph.

Fig 1. A block graph.
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A cut vertex is any vertex whose removal increases the number of connected components [1]
illustrated in Fig 2. Any connected graph decomposes into a tree of biconnected components called the
block-cut tree of the graph [2]. In block graphs each block is clique.

Fig 2. Each color corresponds to a biconnected component. Multi-colored vertices are cut vertices,
and thus belong to multiple biconnected components.

A complete bipartite graph is a simple bipartite graph such that two vertices are adjacent if and
only if they are in different partite sets. When the sets have sizes n and m, the (unlabeled) complete
bipartite graph is denoted by K, ,,, [1].

For a directed graph G if there is an edge from a vertex u to a vertex v we will denote it as

u — v. The graph G is called the underlying graph of a directed graph Gifv(G) = V(@) and between
any pair of vertices u and v, if the directed graph has an edge u — v or an edge v — u, the underlying
graph includes the edge (u, v).

For atree T and a vertex r let T,. be the directed graph whose underlying graph is T and in T,
each edge is directed in such a way that for all vertices v € T,. there is a path in T, from r to v. We
will say that T is a rooted tree with the root r. Fig. 3 illustrates the rooted tree T,, with the root v;.

Fig. 3. A rooted tree T, with the root v;.

A vertex u is said to be the parent of the vertex v, denoted by p(v) if u - v and in such a
case, the vertex v is said to be a child of the vertex u. The children of a vertex v € V(T;.) are the set of
all vertices W < V(T,.) such that v — w for all w € V(T,). A vertex having no children is said to be a
leaf vertex. For a vertex v let ST (v) be the subtree induced [1] by all the vertices w such that there is a
path fromvtow in T,..

List coloring was first introduced in [3] and [4]. The list-coloring problem is NP-complete for
general perfect graphs [5], and is also NP-complete for many subclasses of perfect graphs, including
split graphs [6], interval graphs [7,8], and bipartite graphs [9]. In [6] a polynomial solution was
provided for partial k-trees with the time complexity of O(|V (G)|**?). In [10] different subclasses of
perfect graphs were considered where the vertex coloring problem has a polynomial solution but the
list coloring problem is NP-Complete [11, 12]. In [13] the extended version of list coloring was
considered where the colors are intervals of integers and it was shown that for bipartite and complete
graphs the problem is NP-Complete.

RS Global 8(69), August 2021 37



WORLD SCIENCE ISSN 2413-1032

NP-completeness of the list coloring for complete bipartite graphs

Given a complete bipartite graph K, ,,, with vertices in the first part denoted by V; and the
vertices in the second part denoted by V, (V(Kn,m) =V, UV,). In K, ,, for every vertex u € V; and
every vertex v € V, there is an edge connecting them (u,v) € E(K,,,,). We are going to prove that
the list coloring of K, ,, is NP-complete even if the lists have at most 3 colors |[L(v)| < 3 forall v €
V(G). To do that we are going to show that the problem of 3-satisfiability (3-SAT) [12] can be solved
by finding a list coloring of some K, ,,, and L.

Problem 1: Given a complete bipartite graph K;, ,, and lists of colors L: V(Kn_m) - 21k with
|L(v)| < 3. Find a list coloring g for it.

3-SAT Problem: Given a collection € = {cy, ..., ¢;,} Of clauses on a set X = {x4, ..., x,,} of
Boolean variables such that |c;| = 3 for i = 1, ..., m. Is there a true assignment for X that satisfies all
the clauses in C.

Theorem 1: The Problem 1 of finding a list coloring of complete bipartite graphs where lists
can have at most 3 colors is NP-complete.

Proof. We will reduce the 3-SAT problem to the Problem 1. Assume we have an instance of 3-
SAT with n variables X and m clauses C. We must construct a complete bipartite graph and provide
lists of colors on it such that there is a list coloring on that graph if and only if there is a satisfying true
assignment for X. Let x? be defined the following way: x° = x when ¢ =1 and x? = —x when
o = 0. In that case each clause has this form ¢; = (x* V x2 v x;;) where x;3, x5, x;3 € X and
0i1, 032,033 € {0,1}.

We will construct the graph K, ,,, the following way: for each variable x; for i = 1,...,n we
will construct a vertex u; in V; (|V4] = n) and for each clause c; for i = 1,...,m we will construct a
vertex v; € V, (|V,| = m). For every vertex u; and a vertex v; there is an edge (ui,vj) € K, . For
every variable x; we will introduce two colors. The color i will represent x; and the color n + i will
represent —x;. Hence k = 2 = n and we will construct the lists the following way: for every vertex u;
the list L(u;) = {i,n + i}. For every vertex v; we will take its clause ¢; = (x;* V x2 vV x*) and
the colors will be L(v;) = {i1 + (1 — 0;1) *n, i2+ (1 — 0;3) *n,i2 + (1 — g;3) * n} which means,
if the variable x; appears in the form of x; in c; then we have the color j in L(v;) and if the variable x;
appears in the form of —x; then we have the color j + n in L(v;).

Now let us show that finding a list coloring on this K, ,,,, L is equivalent to finding a satisfying
true assignment in C, X.

Let us first show that if a4, ..., a, € {false, true} is a satisfying solution for C, X such that
assigning a; to x; makes all ¢; = true then there is a list coloring B: V(Kpm) = {1, ...,2 * n}.

For the vertices in V; let B(u;) = j if a; = false and B(u;) = n+j if a; = true. Now for
each ¢; one of the a;*, a,?,alj® is true. Suppose ai* = true. If g;; = 1 then a;; = true and we
will take B(v;) = i1 and if 0;; = 0 then a;; = false and we will take 8 (v;) = i1 + n. Note that from
this coloring the only conflict that can happen for the vertex v; is the vertex u;; because we either
color it with i1 or i1 + n and in V; only the vertex u;; can have these colors. But we color the vertex
v; With i1 when a;; = true in which case the color of the vertex u;; is i1 + n, and we color the vertex
v; with i1 + n when a;; = false in which case the color of the vertex u;; is i1. In other words, we
color the vertices of 7, with the colors for which they become true in the assignment and we color the
vertices of V; with the opposite colors. This means that any satisfying assignment in C,X is also
producing a list coloring in K, ,,, L.

Now suppose we have a list coloring g in K, ,,, L, let us show that there is a satisfying
solution for C, X. For each vertex in u; we either have S(u;) =i or B(u;) = n+i. Let us construct
the assignment a,, ..., a,, the following way: a; = true if f(u;) =n +iand a; = false if B(u;) = i.
We now want to show that taking x; = a; is a satisfying solution for every c; clause. ¢; = (xfl"1 v

x5V x7i3) and we need to show that one of the a;}’*, a2, als® is true. Without loose of generality
assume the color of the vertex v; is il + (1 — gy;) * n. If g;; = 1 it means f(v;) = i1 which means
B(u;;) =il + n (because the colors should be different), which means a;; = true resulting afl"l =

true and hence c; = true. If g;; = 0 it means f(v;) =il + n which means S(u;;) = i1, which
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means a;; = false resulting afl“ = true and hence c; = true. This means that any list coloring in
Knm, L is also producing a satisfying assignment in C, X proving that the two problems are equivalent,
which means the Problem 1 is NP-complete.

A polynomial algorithm for the list coloring of block graphs.

For a given block graph G let N = |V (G)| and there are restrictions L on the vertices such that
for each vertex v the restriction L(v) is a set of colors that is allowed to use for the vertex v and
L(v) < I, (for a given k). We need to find a vertex coloring 8 such that for each vertex the restriction
ismet f(v) € L(v).

Problem: Given an arbitrary block graph G with N = |V(G)| vertices and given arbitrary
restrictions L for every vertex v with L(v) < I,. Determine whether it is possible to have a vertex
coloring B: V(G) — I such that 8(v) € L(v) for every vertex v.

For the block graph G let us construct its respective block-cut tree and denote it as T. Each
vertex in T is either a cut vertex or a block of the graph G. Fig 4 illustrate a block graph and its
respective block-cut tree. Vertices 2, 8, 13, 14, 15 in the graph G are respectively the vertices
€1, €z, C3,Cy, Cs I the block-cut tree T. In the block-cut tree T if the vertex is a cut vertex in the graph
G we will call it a cut vertex in T and if the vertex is a block of the graph G we will call it a block
vertex in the tree T. We will draw cut vertices with circles and block vertices with squares. If the
vertex v is a block vertex in the tree T then let B(v) be the block of the graph G associated with that
block vertex. Since G is a block graph B(v) will be a clique. For a cut vertex v in the tree T let C(v)
be the cut vertex in the graph G.

Fig 4. Block graph on the left and its respective block cut tree on the right.

All the leaf vertices in T (dr(v) = 1) are block vertices since a cut vertex is always connected
to at least 2 different block vertices in the tree (because removing a cut vertex of the graph G will
make the graph disconnected).

If the block graph does not contain a cut vertex, then it is a complete graph. Let us first see
how we can solve the list coloring problem in the case of complete graphs. For every vertex from
V4, ..., Uy We need to select a color from 1, ...,k that meets the restriction S(v;) € L(v;). We will
construct a bipartite graph the following way: the first partition V; will be {v,, ..., vy} and the second
partition V, will be {uy, ..., uy}. In this bipartite graph we will construct an edge (v;,u;) if the color
j € L(v;). In that case finding a list coloring is equivalent to finding a matching of size N in this
bipartite graph because we need to assign a color to each vertex in a way that all the colors are
different and the restrictions are met. Fig 5 illustrates that bipartite graph.

RS Global 8(69), August 2021 39



WORLD SCIENCE ISSN 2413-1032

Fig 5. The bipartite graph constructed from the complete graph with provided list of colors.

Moving forward we will assume that there is at least one cut vertex in the graph G. Let r be
an arbitrary cut vertex in T which will also be a cut vertex in the graph G. We are interested in the
rooted tree T, . In that case T,, would look like the tree shown in Fig. 6. Since r is a cut vertex the
children of the vertex r are block vertices.

r

Fig 6. The rooted block-cut tree T,

For each vertex v in the tree T let U(v) be the subtree ST (v) if the vertex v is a cut vertex
and the subtree induced by the subset V(ST (v)) U {p(v)} of the vertices in T,. if the vertex v is a block
vertex. Fig. 7 illustrates the subtree U (v3) and the subtree U(v,) in T,,, .

AN

Ug U9

Fig 7. The subtree U(v3) on the left and the subtree U(v,) on the right in the tree T, .
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For a subtree U(v) let root(U(v)) be the vertex v if it is a cut vertex, and the vertex p(v) if it
is a block vertex. For a block vertex v the vertex p(v) is a cut vertex and C(p(v)) is included in the
block B(v), C(p(v)) € B(v). For a non-root cut vertex v in T, the vertex p(v) is a block vertex and
C(v) € B(p(v)). For every v the vertex root(U(v)) is a cut vertex that is connected to some child
block vertices.

For every vertex v € T, let SG(v) be the subgraph of the block graph G induced by all the
vertices that are included in any of the block vertices of U(v) in T,., i.e. if u is a block vertex in T,. and
u € V(U(v)) then V(B(u)) € V(SG(v)). Let dp[v][c] = 1 if it is possible to have a list coloring in
the subgraph SG(v) in a way that the vertex C(root(U(v)) has the color c. Since the vertex
root(U(v)) is a cut vertex we want to color it with the color ¢ and have a vertex coloring in SG (v). If
it is impossible to have such list coloring then dp[v][c] = 0. Here ¢ goes from 1 to k.

In order to calculate the values of dp[v][c] we will need to calculate these values for the
children ug, ..., u,, of the vertex v in T,.. Suppose we already calculated the values for the child
vertices, how can we use those values to calculate dp[v][c]? We will consider two cases: the vertex v
is a cut vertex and the vertex v is a block vertex.

If the vertex v is a cut vertex, then the vertices uy, ..., u,, are block vertices and for subtrees
U(u;) we have root(U(ui)) = v. Which means they all have the common vertex v. In this case
root(U(v)) = v too, so we essentially want to know for which colors c if it is possible to have a list
coloring of the subgraph SG(v). In this case dp[v][c] = 1 if and only if dp[u;][c] =1 for all i =
1,...,m since root(U(u;)) = v and hence the color of the root(U(u;)) should be the same color c.
Fig 8 illustrates this case.

v

uy U2  o0@® |Um

Fig 8. The subtree U(v) when the vertex v is a cut vertex.

If the vertex v is a block vertex it means that the child vertices u,, ..., u,, are cut vertices and
the vertex root(U(v)) =p(v) is also a cut wvertex. In other words, the vertices

C(p(v)), C(uy), ..., C(up) € B(v). Fig 9 illustrates this case.

/
il (i) oo lim

Fig 9. The subtree U(v) when the vertex v is a block vertex.
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Consider the block B(v), since it is a clique, we should make sure that all the vertices in this
block have different colors. Let ¢t = |[V(B(v))| — 1 and let the vertices of B(v) be {go, ..., g} such
that go = C(p(v)), g1 = C(wy), ..., g = C(up). The vertices go, g1, ..., gm are cut vertices and the
vertices gm+1, ---, g¢ are not cut vertices in the block graph G. In order to find a list coloring of SG (v)
we need to find a list coloring for the block B(v) and also for all the subgraphs SG(u,), ..., SG (uy,).
This means we need to find distinct colors ¢, ...,c; such that ¢; € L(g;) for all 0 <i <t and
dp[u;][c;] = 1 for all the child vertices (1 < j < m). If we are calculating the value dp[v][c] it means
that ¢, = ¢. We will construct a bipartite graph the following way: the left partition will be V; and will
have the vertices {go, ..., g¢} and the right partition will be V, with the vertices uy, ..., u,. To calculate
the answer for the color ¢ € L(g,) we will construct the edges of the bipartite graph the following
way: for the vertex g, we will only add the edge (go, u.), for the vertices g4, ..., gm We will add an
edge (gq up) if dplg,llb] = 1, for the vertices g,,41, .-, g: We will add an edge (g, up) if b €
L(gy)- Finding a maximal matching of size t + 1 means assigning different colors to the vertices
Jo, --» g Such that the restrictions L(g;) are satisfied, and it is possible to color the subgraphs SG(u;)
for all the child cut vertices. If we find such matching, we assign dp[v][c] = 1 otherwise we assign
dp[v][c] = 0. Fig 10 illustrates the bipartite graph for this case.

Fig 10. The bipartite graph for a block with vertices g, ..., g¢-

We can calculate the values of dp[v][i] in the tree T, from the bottom to the top. If there is a
color i such that dp[r][i] = 1 it means we were able to find a list coloring for SG(r) which is the
entire graph G. Storing the results of maximal matchings will allow us to later construct the list
coloring from top to bottom.

Let us now calculate the complexity of the algorithm. For every block of the graph G we
would need to find a maximal matching. If N = |[V(G)| and we want to color with the colors from
1, ..., k then for a block of size t we would need to calculate a matching for a bipartite graph that has t
vertices on the left partition and k vertices on the right partition which can be done in O(t * t * k) for
every color i. Since the sum of the number of vertices from all the blocks is O(N) then it would take
about O(N? * k?) operations. If k = O(N) then the algorithm will run in O(N*). Note that we can
always assume that k = | Uyey ) L(¥) | < Xyev(e)|L(v)| since we can remove the redundant colors
and reindex the colors. This means that k is less than the size of the input and hence the algorithm has
a polynomial time complexity.
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ABSTRACT

Using modern anatomical methods, 57 preparations of human fetuses 4-10
months and 7 newborns were studied in order to create models of distances
of supra-, suborbital and chin openings between themselves and to standard
landmarks in fetuses and newborns taking into account their morphometric
parameters. The model of the distance from the supraorbital foramen to
bregma (Y1): Y1 = Po + 0.092 x parietal-heel length of the fetus, where o ::
2,783, if the age period = 4 months; 3,106 = 5 months; -0.662 = 6 months;
4,728 = 7 months; 2,676 = 8 months; 0.402 = 9 months; -1,727 = 10 months;
9,094 = newborns; model of the distance between the supra- and suborbital
foramina (Y2): Y2 = Bo + 0.011 X parietal-heel length of the fetus, where Bo ::
8,147, if the age period = 4 months; 9.086 = 5 months; 10,260 = 6 months;
12,020 = 7 months; 12,129 = 8 months; 15,164 = 9 months; 17,429 = 10
months; 18,808 = newborns; model of the distance between the orbital and
chin openings (Y3): Y3 = o + 0.002 x parietal-heel length of the fetus, where
Bo :: 8.987, if the age period = 4 months; 9,134 = 5 months; 9,892 = 6
months; 12,250 = 7 months; 11,636 = 8 months; 16,755 = 9 months; 17,877
= 10 months; 18,054 = newborns; model of the distance between the chin
holes and the lower edge of the mandible (Ya4): Y4 = Bo + 0.008 x parietal-
heel length of the fetus, where Bo :: 0.268, if the age period = 4 months;
0.178 = 5 months; 0.020 = 6 months; -0.152 = 7 months; 0.020 = 8 months; -
0.115 = 9 months; -0.079 = 10 months; -0.039 = newborns; model of the
distance between the orbital foramina (Ys): Ys = o + 0.030 x parietal-heel
length of the fetus, where Bo :: 5,762, if the age period = 4 months; 5,895 =5
months; 11,227 = 6 months; 13,793 = 7 months; 11,691 = 8 months; 11,173
=9 months; 12,633 = 10 months; 14,494 = newborns; model of the distance
between the orbital foramina (Ye): Ys = po + 0.008 x parietal-heel length of
the fetus, where Bo:: 9,272, if the age period = 4 months; 11,081 = 5 months;
13,467 = 6 months; 16,854 = 7 months; 15,912 = 8 months; 17,653 = 9
months; 22,635 = 10 months; 23,447 = newborns; model of the distance
between the chin holes (Y7): Y7 = Bo - 0.014 x parietal-heel length of the
fetus, where o :: 12,959, if the age period = 4 months; 15,282 = 5 months;
18,117 = 6 months; 23,178 = 7 months; 23,175 = 8 months; 30,496 = 9
months; 32,227 = 10 months; 33,272 = newborns.
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3amikaBleHHS MIONO JOCHIDKEHHS OKPEMHX CTPYKTYp IIENEMHO-TUIEBOI UISTHKH Y
MepUHATATGHOMY OHTOTEHe31 IIOAWHH iHINiHOBaHE IMONAIBIIMM DPO3MMPEHHSIM HAMpAIfOBaHb MIOI0
IHAWBIMyanbHOI aHATOMIYHOI MIHJIIBOCTI OpraHiB, cMCTeM Ta ()OPMH Tijla JIIOJWHHU, SKI pa3oM i3
HApOIICHHAM Y HAayKOBHX PO3pOOKax iHTErpaTHBHOIO MiaXony, € (yHAaMeHTOM MeAuuuHu [3].
Po3yMiHHS OCHOBOIIOJIO)KHUX TPUHIIHINB, IO TOB’S3aHI 3 PO3BUTKOM CTPYKTYp IIEIEITHO-ITHIEBOI
JIUISHKY Ma€ BOKJIMBE TIPAKTHYHE 3HAUEHHSI B MIEJICTTHO-IUIEBIH Xipyprii, croMaToJorii Ta nemiatpii [5].

BuBueHHs IHAMBIZyaNbHUX aHATOMIYHHUX OCOOJIMBOCTEH HaA-, IIiJIOYHOSMKOBUX Ta
mi100piAHMX OTBOPIB y IUIOAIB Ta HOBOHAPOKEHHUX 3 HACTYMHOIO MOOYIOBOIO MaTeMaTUYHUX MOJENei
€ aKTyaJbHHUM 3aBJaHHSM MOPQOIOTIYHOT HAYKH, 3Ba)KAIOYH HA 301IBIIEHHS YaCTOTH HMPUPOIKEHUX
Ban mienenHo-nmumneBoi mutsHkH [10-12]. CucremMaTu3oBaHi MaHi MPO OCOOJMBOCTI IMPOCTOPOBO-
YaCcOBHX IEPETBOPEHb MOP(POMETPHUYHHX MapaMeTpiB NaHUX CTPYKTYp Ta 3’ACyBaHHS iX KOpeJsii
CIIPUATAMYTPH 1HAWBITyamizallii HOPMH, yJIOCKOHAJIEHHIO METOJIB PaHHBO! JIarHOCTHKH Ta PO3poOIi
HOBHUX CITOCOOIB XipyprivHOi KOPEKIIii MpuporkeHnx Ba s [1, 2, 7].

AHaToMiuHI 0cOONMBOCTI 0araThOX BaKIMBUX CTPYKTYp 1 AUISIHOK Yepera B 3HA4HINA Mipi
olMcaHa y JIOpOCIHX JIIOJCH, a MUTaHHAM MOP(OMETPUYHUX MEPETBOPEHb HAJ-, MiJOYHOSMKOBUX Ta
MiAO0OPIMHAX OTBOPIB Y IUTOMIB Ta HOBOHAPOKCHHUX JIFOAWHH TIPUCBIUCHO HEBEIHMKAa KITbKICTh
HAayKOBUX MyOJiKalliii, HasBHI CynepewInBi JaHi, sIKi MaloTh (parMeHTapHuii xapakrep [3, 4, 6, 8, 9].
HesBakatoun Ha Te, L0 MEpHHATAIBHUN TEpioJ] PO3BUTKY BiTHOCHO KOPOTKHUI, MEpEeTBOPEHHS
Oprasi3My 3a Iieil Jac € JOBOII CYTTEBUMH Ta OTPEOYIOTh IETATLHOTO BUBUEHHS.

Mera nocaimzkeHHsI: pO3pOOUTH MOJENI BifICTaHEeH HAM-, IMiIOYHOSIMKOBHX Ta IiT0OPITHUX
OTBOPIB MiXK COOOI0 1 0 CTaHJAPTHHUX OPIEHTHPIB y TUIOMAIB 1 HOBOHAPOKEHHUX 3 BPaxXyBaHHSM iX
MOp(OMETPUIHUX TTapaMETPiB.

Marepiaa Ta meroau. JlocmimkeHHs] mpoBeneHo Ha 57 mpemaparax IuioAaiB JoguHu 4-10
MiCSIiB Ta 7 HOBOHApOIDKEHHX (30KpeMa, 5 130JbOBaHMX OPraHOKOMILIEKCiB) 000X craTei, Oe3
30BHIIIHIX 03HAK aHATOMIYHUX BIAXWICHb a00 aHOMaJIil Ta 0e3 SIBHMX MaKpPOCKOIIYHHMX BiIXHJICHb
Bil HOpManbHOI OyJOBM dYeperma 3a JIONIOMOTOI0  aJICKBAaTHUX aHATOMIYHMX  METOJIB:
MaKponpenapyBaHHs, BUTOTOBIEHHS TONOrpadoaHaTOMIYHUX 3pi3iB, KOMIT IOTepHOI ToMorpadii,
kpaHiometpii. KpaHioMeTpuyHe HOCTIKEHHS TPOBOAMIN B TOPU3OHTANIBHINA BYIIHO-OYHIN TUIOIIWHI,
B TaK Ha3BaHii «(QpaHK(QypTCHKIA TOPU3OHTAN», Mepen IMM KOXKHUH 00’€KT (ikcyBaiu B
KpaHiocraTi. Jnasg moOymoBM MaTeMaTWYHHX MOJIENield BHKOPHCTOBYBAIM Taki MophomeTpudHi
napamMeTpH: y T03JJOBXXHbOMY HarpsMi: BiICTaHb BiJ] HAJJOYHOSIMKOBOTO OTBOPY /0 bregma crpasa Ta
311iBa, BiJICTaHI MK Haj- Ta MiJOYHOSMKOBHMH OTBOPaMH, BiJICTaHI MiX MiJOYHOSMKOBHMHU Ta
MiZ00piITHUMHI OTBOpaMH, BiAICTaHI MiX MiIOOPIAHMMH OTBOpPAMH IO KpPal HIKHBOI IIENENH; Y
MIOTIEPEYHOMY HAIPSIMi: BiICTaHi MK HaJl-, MiJOYHOSIMKOBUMH 1 TI1I00PiTHUMH OTBOPAMHU.

CratucTUYHHN aHaNi3 OTPUMAaHHX JaHUX MPOBOJIMIIN 33 JOTIOMOTOIO JIIIEH30BaHOI MPOrpaMu
RStudio. Ilepesipsuiack HynboBa Timore3a Mpo Te, 110 BUOIPKM B3ATI 3 OAHOrO poO3MOAiTy, abo 3
PO3MOJILTIB 3 OJHAKOBUMH MeJliaHAMHU:

Ho: {kokHa Tpyna Mae 0JIHAaKOBHUH pO3MOiN }

Hi: {koxHa rpyna He Ma€e OTHAKOBOTO PO3IOALTY }

BuxopucroByBanmun Ttect CrThloieHTa, HemapameTpuuHui kpurepiii Kpackena-Yommica (mae
BIINIOBI/Ib Ha THTaHHS YU € BiJMIHHICTh MK pO3IOAUIAMH TPYI, OJHAK HE BKa3ye sIKi came TPyIu
BUPI3HAIOTECS), TecT KoHoBepa-ImaHa siisi MOPIBHSHHS CTOXacCTHYHOTO JIOMIHYBaHHS Ta OTPHUMAaHHS
pe3yJbTaTiB MK Pi3HUMH MONApHUMH TOPIBHSAHHIMMU miciist TecTy Kpackena-Yosica Uit cTOXaCTHYHOTO
JoMiHyBaHH cepest k rpyn. CTaTUCTHYHO 3HAYYIIMMU BBaKau 3HadeHHs nipu p<0,05.

[IpoBeseHa OIiHKaA XapakTepy PO3IMOILIIB U KOXKHOTO 3 OTPUMAHHUX BapialliiHUX PsJIiB, CepeiHi
JUISL KOXKHOI O3HAKH, L0 BHBYAETHCS, CTAHAAPTHE KBaJpAaTHMYHE BiIXWIICHHS, NPOLECHTUILHUNA pO3Max
NOKa3HUKiB. Po0oTa BUKOHaHa 3 TOTPUMAaHHSAM OCHOBHHX I0JI0XKeHb | enbciHehKol Aeknaparii BeecBiTHBOT
MEJJMYHOI acoljiallii Mpo €TUYHI MPHHIMINA TPOBEJCHHS HAyKOBO-MEIWYHUX JOCHIKEHb 33 Y4acTio
moauan (1964-2000) Ta Hakazy MO3 Ykpainu Ne 690 Big 23.09.2009 p. i € ¢pparmeHTOM KOMILIEKCHOT
TUIAHOBOI 1HII[IATMBHOI HAayKOBO-IOCIIMHOI poOoTn Kadeap anaromii yrogauHu imeHi M.I. TypkeBuua,
aHaToOMIl, KIIHIYHOI aHaTOMii Ta oOIepaTHBHOI Xipyprii ByKOBHHCHKOIO JIEp)KaBHOTO MEIUYHOTO
yuiBepcutery MO3 VYkpainu: «3aKOHOMIPHOCTI CTaTE€BO-BIKOBOI Oy[0BM Ta TOHOrpad)0aHaTOMIYHHX
NIEPETBOPEHb OPraHiB i CTPYKTYpP OpraHi3My Ha Ipe- Ta MOCTHATAIFHOMY eTanax oHTorene3y. Oco0auBocTi
neprHaTaIbHOI aHaToMii Ta emOpioTonorpadii», Homep AepxkaBHoi peectpanii 0120U101571.

RS Global 8(69), August 2021 45



WORLD SCIENCE ISSN 2413-1032

Pe3yabTaTu nociigkeHHs Ta iX o0roBopeHHs. [IpoBiBIIM MOPIBHAHHS CEPEIHIX 3HAYCHD
ycix Mop(oMeTpUYHHX MapaMeTpiB BiJCTaHI BiJ HAJIOYHOSIMKOBOTO OTBOPY M0 bregma cmpaBa Ta
31TiBa, BiIICTaHI MK Haa- Ta ITIOYHOSIMKOBHMH OTBOPAMHM, BIICTaHI MK ITiJOYHOSMKOBHUMH Ta
Mi00PiTHUMHU OTBOPAMHU, BiICTaHI MiXK MiAOOPITHUMH OTBOPAMH JI0 KPaK0 HUXKHBOI IISJICITH, BiICTaHi
MIX HaJ-, MJOYHOSAMKOBHAMH 1 MiIOOPITHUMH OTBOPaMH y BCiX BIKOBHX IpyIax, BHKOPHCTABIIHU TECT
Binkokcona, Mo)kHa KOHCTaTyBaTH, IO BCi p-value Oinpmii, HiXK piBeHb 3HaumMocTi 0=0,05, 1o
BKa3ye Ha BIJICYTHICTb 3HAuuMOi pi3HULI, KpiM rpynu «HoBoHapomkeHi» BiacTani Bif
HaJI0YHOSIMKOBOTO OTBOpY 110 bregma 3miBa i cmpasa. OTke, Ha OCHOBI CepenHiX apru(QMeTHUYHHX
JAHUX JOCTI/DKYBaHUX TIapaMeTpiB, MOOY/IOBaHI MOJEN NPOTHO3YBaHHS HOPMAaTHBHUX 3HAYEHBb
MOpP(HOMETPUYHMAX TTOKA3HUKIB BiJICTAHEW A0 HAaJ-, MiIOYHOSIMKOBHMX Ta MiI0OpiIHUX OTBOPIB Yy
IVIOAiB TA HOBOHAPOIKEHUX MiX COOOIO 1 10 CTaHAAPTHUX OPIEHTUPIB 3 BUKOPUCTAHHSM BiKY TI0Ja
Ta HOro TiM’STHO-TI’ AITKOBOI TOBKHHHU.

Mopnenp BincTaHi BiI HAJOYHOSMKOBOTO OTBOpPY g0 bregma (Yi1) y 1miomiB Ta
HOBOHAPOPKCHUX Ma€ BUTISL (puc. 1):

Y1=Po+ 0,092 X TiM’SIHO-IT’ITKOBa JIOBKHHA TUIO/A,
ne Po:: 2,783, sxmio Bikoswii mepion = 4 wmic; 3,106 = 5 mic; -0,662 = 6 mic; 4,728 = 7 mic; 2,676 = 8§
Mic; 0,402 = 9 mic; -1,727 = 10 mic; 9,094 = HOBOHAPOKEHI.
KoeinieHT nerepminariii Mozaesi ctanoBUTh 96,48 %.

BiRCTaRb B HARONHORNKOBOrD OTBSRY A0 bregma ()
\
\
\

Tint S0-ATKOB 3 AOEKINHA (1)

Puc. 1. [liaezpama mooeni siocmani 8i0 HA0OHHOIMKOB020 0mMeopy 00 bregma 6 niodis ma
HOBOHAPOOICEHUX

Monens BificTaHi M’k HaJ- 1 MJOYHOSIMKOBUMH O0TBOpaMu (Y?2) y TUIO/IB Ta HOBOHAPOKEHUX
Mae BUrin (puc. 2):
Y2=Po+ 0,011 x TiM’sIHO-TT’ITKOBa JIOBXXHMHA TUIO/IA,
ne Po: 8,147, sxmo BikoBuid niepiox = 4 mic; 9,086 = 5 mic; 10,260 = 6 mic; 12,020 = 7 mic; 12,129 =8
Mic; 15,164 =9 mic; 17,429 = 10 mic; 18,808 = HOBOHAPOKEHI.
KoeiuieHT nerepminariii Mojesi cTanoBUTh 95,45 %.

i Age

/ 4marnth

Ve 5ot

\ Newbom

BACTaNS WK Ha- | MIROUHGRMKOBHM GTBOPaMA (M)

T AHG-ITATKOBE AOBXHHE ()

Puc. 2. Jliaezpama modeni giocmani misic Hao- i NIOOYHOAMKOBUMU OMEOPAMU 8 NL00I8 Ma
HOBOHAPOONCEHUX
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Mogens BigcTaHi MiXK HaJOYHOSMKOBUMH i migOopimHumu otBopamu (Y3) y IUIOHIB Ta

HOBOHAPOKCHUX Ma€e BUTIAL (pHc. 3):
Y3 =Bo+ 0,002 X TiM’IHO-TI’ITKOBA JOBKHHA TUIOJA,

ne Po: 8,987, sxmio BikoBui nepion = 4 mic; 9,134 = 5 wmic; 9,892 = 6 wmic; 12,250 = 7 wmic; 11,636 = 8
Mic; 16,755 =9 mic; 17,877 = 10 mic; 18,054 = HOBOHApOKEHI.
Koeoimient ngerepminariii mogeni cranoButh 90,94 %.

BiacTake MK MLCHHORMKS BN Ta MASGRIRKKM oTaOpaMY (h)

Age
4mantn
s manth
= &monih
—— 7monmn
—t L = 8month
- = amonth
10 manm

Newbom

00
Tind'RHO-MTATKOBE 10BXHHE (MM)

Puc. 3. [iaepama mooeni 8iocmani misn HAOOUHOAMKOSUMU | NIOOOPIOHUMU OMEOPAMU 8 NI0JI8 Ma

HOGOHapO()DiceHMX

Mopnenp BimcTaHi MK MIOOPITHUMH OTBOPAMHU 1 HIDKHIM KpaeM HWKHBOI menernn (Ya) y
TUTOZIB Ta HOBOHAPOKEHUX Ma€ BUTIIAL (puc. 4):

Y24 =Po+ 0,008 x TiM’IHO-IT’ITKOBa TOBKHMHA TUIO/A,

ne Po:: 0,268, sxmio Bikoswii nepion = 4 mic; 0,178 = 5 mic; 0,020 = 6 mic; -0,152 = 7 mic; 0,020 = 8
Mic; -0,115 =9 mic; -0,079 = 10 mic; -0,039 = HOBOHApOIKEHI.
KoeiuieHt nerepminariii Mojesi ctanoButh 82,25 %.

BU1cTau Wik NSGOPILHHM STEGROM T8 HVOKHIM KBBEM HiKIb0! Luenent (vm)

i Hewtom

Tind Ao-1'ATOBA AOBNIHE (114)

Puc. 4. liaepama mooeni giocmani misic niobopioHUMU OMEOPAMU T HUIICHIM KPAEM HUICHLOI Wenenu

6 N100i8 Ma HOBOHAPOOIICEHUX

Mogens BiJICTaHI MK HaZOYHOSIMKOBUMH OTBOpaMH (Ys) y IUIOAIB Ta HOBOHAPOKEHUX Ma€e

BUTII (pHC. 5):

Ys = Po+ 0,030 x TiM’IHO-IT’ITKOBa TOBXXHMHA TUIO/IA,

ne Bo:: 5,762, sxmo BikoBui nepiox = 4 mic; 5,895 = 5 mic; 11,227 = 6 mic; 13,793 = 7 mic; 11,691 =8
Mic; 11,173 =9 wmic; 12,633 = 10 mic; 14,494 = HOBOHAPOKEHI.
KoeiuieHt nerepminariii mozaesi cranoButh 92,02 %.
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|
3
i

. Hewnom

BIGCTEHE Mi% HAAOSHORMKOBIMI 0TBO

TiMAHO-ATHOBS L0BRIHE (M)

Puc. 5. [iaepama mooeni 8iocmami misne HA0OUHOSAMKOSUMU OMBOPAMU 8 NI00I68 MA HOBOHAPOONCEHUX

Mogens BifCTaHi MK TiIOYHOSAMKOBHMHU OTBOpaMH (Ye) y IUIOAIB Ta HOBOHAPO/HKEHUX Mae
BUTIIAL (pUC. 6):
Ye=Po+ 0,008 x TiM’sTHO-TT’ITKOBa TOBXXHMHA TUIO/IA,
ne Bo: 9,272, sximo Bikouit nepion = 4 mic; 11,081 = 5 mic; 13,467 = 6 wmic; 16,854 = 7 mic; 15,912 =
8 mic; 17,653 =9 wmic; 22,635 = 10 mic; 23,447 = HOBOHAPO DKEHI.
Koediuient nerepminanii moaeni cranoButh 93,94 %.

H

& * Age

B 4 month
= / 5 menin
: - — & manth
ER g . — 7 e
H O S 1 = 8 month
2 o = 5o
= 10 montn
3 . Hewsom
i .

=

[

Tina'avao-niaTeosa Aosmeia (1)

Puc. 6. [iaepama mooeni siocmani mise RiOOYHOAMKOBUMU OMEOPAMU 8 NA0OIE MA HOBOHAP OONCEHUX

Mogens BiacTaHi Mk migoopigauMu oTBopaMu (Y7) y IUIOJIB Ta HOBOHAPOJKCHHUX Mae
BUTIIAL (pUC. 7):
Y7=Po— 0,014 x TiM’THO-II’ITKOBa JOBXWHA IJI0/I2,
ne Po:: 12,959, sxio BikoBui nepiox = 4 mic; 15,282 = 5 wmic; 18,117 = 6 mic; 23,178 = 7 mic; 23,175
= 8 mic; 30,496 = 9 mic; 32,227 = 10 mic; 33,272 = HOBOHAPOKEHI.
Koeinient nerepminariii moaeni cranoButh 93,96 %.

et GTEOPAMA (1]

BiacTans Mk NiABapAHY

Tind'AHO-N'ATKOBA AOBKIHA (hab1)

Puc. 7. Hiaepama mooeni siocmani misic niobopioHuMu 0meopamu 6 niodié ma HOBOHAPOONCEHUX
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BucHoBku. CTBOpeHi MOzENi HOPMAaTHBHUX MOP(QOMETPUYHHUX MapaMmeTpiB BiACTaHEW A0 HaJ-,
TTiIOYHOSIMKOBHX Ta TiJOOPIIHIX OTBOPIB Y IUIOAIB Ta HOBOHAPOHKEHUX MiX COOOIO 1 10 CTaHAAPTHHUX
OpIEHTHUPIB: MOJIEIb BIJICTaHI BiJl HAAOYHOSIMKOBOTO OTBOpY 110 bregma (Y1): Y1 = Po + 0,092 x Tim’stHO-
I’ATKOBA JIOBXKUHA w10/, Je Po: 2,783, skiio BikoBuil mepion = 4 mic; 3,106 =5 mic; -0,662 = 6 Mic;
4,728 =7 mic; 2,676 = 8 mic; 0,402 = 9 wmic; -1,727 = 10 mic; 9,094 = HOBOHapOHKEHI; MOIENb BiACTaHi
MK Ham- i migogHosMKoBEME oTBopaMu (Y2): Y2 = Po + 0,011 X TiM’SHO-IT’ATKOBA JTOBXKHHA TUIOMA, JIE
Bo:: 8,147, sixio BikoBHiA niepion = 4 mic; 9,086 = 5 mic; 10,260 = 6 mic; 12,020 = 7 wmic; 12,129 = 8 wmic;
15,164 = 9 wmic; 17,429 = 10 mic; 18,808 = HOBOHApPOKEHI; MOJECNb BiJICTaHI MiXK HaJIOYHOSIMKOBUMH 1
migoopigaumu otBopamu (Ys): Ys = Bo + 0,002 X TiM’siHO-IT’ ITKOBa TOBXKHHA IUIoa, Ae Po: 8,987, saxiio
BiKOBHI Tiepion = 4 Mic; 9,134 = 5 mic; 9,892 = 6 mic; 12,250 = 7 mic; 11,636 = 8 mic; 16,755 = 9 wic;
17,877 = 10 wmic; 18,054 = HOBOHAPOKEHI; MOJICTh BiJICTaHI MK MiJOOPITHIMH OTBOPAMH 1 HMKHIM
KpaeM HIDKHBOI mieaer (Ya): Ya = Po + 0,008 X TiM’sIHO-IT’ ITKOBa TOBXHHA 1102, 1€ Po.: 0,268, Ko
BikoBHii miepion = 4 wmic; 0,178 = 5 mic; 0,020 = 6 wmic; -0,152 = 7 mic; 0,020 = 8 wmic; -0,115 = 9 mic;
-0,079= 10 wmic; -0,039 = HOBOHApO/PKEHI; MOJAENb BIJICTaHI MiX HAJOYHOSMKOBUMH OTBOPaMH
(Ys): Ys=Po + 0,030 x Tim’siHO-IT’ITKOBa JIOBXHHA TU10Aa, 1€ Po: 5,762, KO BiKOBHI niepion = 4 Mic;
5,895 = 5 wic; 11,227 = 6 wic; 13,793 = 7 wmic; 11,691 = 8 wmic; 11,173 = 9 wmic; 12,633 = 10 wmic;
14,494 = HOBOHApPODKEHI; MOIEIb BiAcTaHI Mk mimouHosiMKoBEME oTBopamu (Ys): Ys = Po + 0,008 x
TIM’SHO-IT’ITKOBa JTIOBXKWHA TWIoAa, ne Po: 9,272, skmo BikoBuil mepiog = 4 wic; 11,081 = 5 wic;
13,467 = 6 wmic; 16,854 = 7 wic; 15912 = 8 wic; 17,653 = 9 wmic; 22,635 = 10 wmic;
23,447 = HOBOHAPO/DKEHI; MOJIENb BiicTaHi Mix migoopixHnmu otBopami (Y7): Y7 = Bo— 0,014 x Tim’stHO-
I’ ATKOBA JIOBXKWHA 1102, 1e Po.: 12,959, skiio BikoBuit nepion = 4 mic; 15,282 = 5 wmic; 18,117 = 6 wmic;
23,178 =7 mic; 23,175 = 8 mic; 30,496 = 9 mic; 32,227 = 10 mic; 33,272 = HOBOHAPOHKEHI.

IlepcnekTHBH MNOAANBIIUX HOCHiIKeHb. [IpoBemeHHS KpaHIOMETpil CTPYKTYyp JHLSA Y
JIUTSYOMY Billi 3 HACTYITHUM CTaTUCTUYHHUM aHAIi30M 1 TOOYI0OBOIO MOJIEIICH ITPOTHO3YBaHHSI.
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Received: 16 June 2021 Ovarian tumors may be found in women of any age and the period of
Accepted: 13 August 2021 pregnancy is no exception. Besides, this period is related to some specific
Published: 30 August 2021 adnexal tumors. A systematic use of ultrasonography in the first trimester of

pregnancy has led to a wider detection of symptomless adnexal tumors.

KEYWORDS The majority of adnexal tumors diagnosed during pregnancy are accidental
pregnancy, ovarian cysts, findingg of routin_e examinati_ons of pregnancy. _
ultrasonography, obstetrical According to various estimations, the incidence of adnexal neoplasms during
complications. pregnancy makes up from 0.19 to 8.8 %. Most of cases are diagnosed in the

first trimester and their incidence gradually decreases as the period of
pregnancy grows: Trimester 1 —from 21.4 to 75.7 %; Trimester 2 — from 10.9
to 44.4 %; Trimester 3 — from 4 to 22.2 %; after labor — from 0 to 7.1 %.

Most of adnexal tumors during pregnancy are benign and physiological and
often regress spontaneously.

Depending on their size and location, ovarian tumors may be related to an
adverse obstetrical result caused by mechanical influence. They increase the
risk of abortion (from 0 to 6 %), preterm labor (from 5.8 to 10.4 %) and
mechanical impediment to labor.

In view of the above mentioned considerations, one of the objectives of our
research is to make a retrospective analysis of perinatal peculiarities in
women with benign ovarian neoplasms.
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Introduction. According to various estimations, the incidence of adnexal neoplasms during
pregnancy makes up from 0.19 to 8.8 %. Most of cases are diagnosed in the first trimester and their
incidence gradually decreases as the period of pregnancy grows: Trimester 1 — from 21.4 to 75.7 %;
Trimester 2 — from 10.9 to 44.4 %; Trimester 3 — from 4 to 22.2 %); after labor — from 0 to 7.1 % [3, 5].

Ovarian tumors during pregnancy usually present no symptoms and are diagnosed as
ultrasonographic or surgical findings. At cesarean sections, adnexal tumors are found in approximately
0.3% of cases [8]. Only a small part of women present symptoms, mostly pain, from 8 to 69 %
according to various sources [1, 2]. In approximately 31 to 72 % of cases, there is a spontaneous
regression. The most important predictors of persistence are visual morphological competence and a size
of over 5 cm. Tumors that persist throughout pregnancy are usually pushed upwards from the small
pelvis cavity as the size of the uterus increases. Sometimes they may compress adjacent organs, in
particular the urinary tract and the lower part of the digestive tract, with subsequent symptoms in these
organs. A tumor may also present a mechanical obstacle for labor by impeding fetal descent [4, 6].
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Most ovarian tumors during pregnancy are benign and mainly represented by functional cysts
(follicular cysts, corpus luteum cysts and lutein cysts), teratomas and cystadenomas. Various sources
provide different data on the structure though [7, 9].

Research materials and methods.

One of the objectives of our research is to make a retrospective analysis of perinatal
peculiarities in women with benign ovarian neoplasms.

The basic group comprises 88 case records of labor in women with benign tumors and tumor-
like growths in the period of 5 years (from 2015 to 2020), the reference group includes 55 case records
of labor in women without any ovarian neoplasms. The records were selected at the Regional Perinatal
Center (Ivano-Frankivsk).

Research results.

The selected case records present the following distinction of patients depending on the time
of detection of tumors (Fig. 1): before pregnancy: 8 patients (9.1 %), first trimester of pregnhancy: 48
patients (54.5 %), second trimester: 31 patients (35.2 %), third trimester: only 1 woman (1.1 %).

B Trimester 3 B before
1,1% pregnancy
=  91%

M Trimester 2
35.2%

[
® Trimester 1
54,5%

Fig. 1. Distinction of patients with ovarian neoplasms depending on the time of detection of tumors

25 patients (28.4 %) underwent a surgery for ovarian neoplasms, including ovarian resection
in 8 women (9.1 %) and cystectomy in 18 women (20.5 %). 16 women (18.2 %) underwent a surgery
during pregnancy, with the use of laparoscopy in 10 women (62,5 %) and laparotomy in 6 women
(37.5 %); 9 women (10.2 %) underwent a cesarean section.

More than half of the women operated during pregnancy (56,3 %) underwent a surgery in the
period from 17 to 24 weeks of pregnancy (Fig. 2), 37.5 % of women were operated earlier (from 6 to
16 weeks) and 1 woman (6.35 %) was operated in the 26" week of pregnancy.

W 2528
weeks
6,3%

M 6-16 weeks

7.5%
M 17-24 weeks

56,3%

Fig. 2. Distinction of patients operated for ovarian neoplasms during pregnancy depending on the
time of surgery
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The analysis of age distinction of patients has found no significant difference in comparison
with the reference group (Table 1): about a half of women were aged between 20 and 30 (44.3 % and
50.9 % in the basic and the reference group respectively, p>0.05), a little lower percentage of women
were from 31 to 40 years old, about 10 % younger than 20 and only 3 women from the basic group
and 1 woman from the reference group were older than 40 (3.4 % and 1.8 % respectively, p>0.05).

We have found no difference either in the distinction of the women from the researched
groups by their social position (Table 2): the biggest number of women were employees (40.9 % and
36.4 % in the basic and the reference group respectively, p>0.05), about a third of women were
unemployed, 20 % of women in the basic group and 25 % of women from the reference group were
workers, 5.7 % and 1.8 % respectively were students (p>0.05).

Table 1. Age distinction of patients

Basic group, Reference group,
AgQe, years n= 88 n=55
ge.y Abs. Abs.
% %
number number

below 20 9 10.2 4 7.3
20-30 39 44.3 28 50.9
31-40 38 43.2 22 40.0
41 and more 3 34 1 18

Note. * - statistically significant difference with regard to the figure from the reference group (p<0.05)

It should be noted that 18.2 % of women from the basic group were not married, which is 3
times higher than the respective percentage in the reference group (5.5 %, p<0.05) and may be
indicative of a certain adverse psychological effect on women.

Table 2. Social position of patients from the researched groups

Basic group, Reference group,
Parameter n= 88 0= 2
Abs. Abs,
% %
number number
Social positon:

e workers 18 20.5 14 25.5
o employees 36 40.9 20 36.4

e students 5 5.7 1 1.8
e unemployed 27 30.7 19 34.5
unmarried 16 18.2* 3 5.5

Note. * - statistically significant difference with regard to the figure from the reference group (p<0.05)

The presence of a concomitant extragenital pathology may be one of the factors of
development of the ovarian pathology itself and perinatal complications of pregnancy. According to
our retrospective analysis, women with benign ovarian neoplasms present a significantly increased
level of somatic morbidity. The most frequent concomitant pathologies are those of the digestive tract
and the hepatobiliary system, which were found in the case records of over a third of the patients from
the basic group (37.5% vs. 10.9 % in the reference group, p<0.05). The incidence of autonomic
dysfunction is four times higher than the respective incidence in the reference group (28.4 % and
7.3 % respectively, p<0.05).

52 8(69), August 2021 RS Global



WORLD SCIENCE

ISSN 2413-1032

Table 3. Extragenital pathology in patients from the researched groups

Basic group, Reference group,
Patholo n= 88 N= 55
9y Abs. % Abs. %
number number
Cardiovascular pathology 12 13.6* 3 55
Autonomic dysfunction o5 28.4% 4 73
Thyroid gland pathology 13 14.8* 2 3.6
Metabolic syndrome 11 125 3 55
Urinary system pathology 7 8.0% 1 18
Pathology of digestive tract and
hepatobiliary pathology 33 37.5* 6 10.9
Allergy 15 17.0 6 10.9

Note. * - statistically significant difference with regard to the figure from the reference group (p<0.05)

A statistically significant difference between the researched groups was also found in the
incidence of cardiovascular pathology (13.6 % vs. 5.5 %, p<0.05), thyroid gland pathology (14.8 % vs.
3.6 %, p<0.05) and urinary system pathology (8.0 % vs. 1.8 % respectively, p<0.05). The incidence of
the metabolic syndrome in the basic group is twice as high as in the reference group, yet this
difference is not statistically significant (12.5 % vs. 5.5 %, p>0.05).

According to the information contained in the medical records, women from the basic group
present a significantly positive history of infectious diseases (Table 4), except for childhood infections:
almost half of women from the basic group (44.3 %) and about a third from the reference group (30.9 %,
p>0.05). Patients from the basic group suffered two times more frequently from flu and acute respiratory
viral infections (29.5 % vs. 14.5 % respectively, p<0.05). What should be noted is the particularly high
incidence of urinary system infections (42.5 % vs. 9.1 % in the reference group, p<0.05).

Table 4. History of infections of patients from the researched groups

Basic group, Reference group,
Infectious diseases n=88 N= 95
Abs. % Abs. %
number number
Childhood infections 39 443 17 30.9
Frequent flu and acute respiratory viral
infections 26 29.5* 8 145
Acute and chronic respiratory diseases 16 18.2 6 10.9
Infections of the urinary system 37 42 0* 5 91

Note. * - statistically significant difference with regard to the figure from the reference group (p<0.05)

The analysis of the peculiarities of the menstrual function in women from the researched
groups (Table 5) has revealed a higher incidence of early menarche in the patients from the basic
group (11.3 % vs. 3.6 % in the reference group, p<0.05), and the majority of such patients did not have
a regular menstrual cycle in the beginning, in contrast to the women from the reference group (62.5 %
vs. 55%, p<0.05). Half of patients from the basic group complained of various menstrual
irregularities, which is 5 times more than in the reference group (51.5 % vs. 9.1 %, p<0.05).
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Table 5. Peculiarities of the menstrual function in women from the researched groups

Basic group, Reference group,
Parameter n= 88 n=55
Abs., Abs.
% %
number number
Menarche:
o cearly 10 11.4* 2 3.6
o late 11 125 4 7.3
Irregular menstrual cycle in the
beginning 55 62.5* 3 5.5
Menstrual irregularities 45 51.1* 5 91

Note. * - statistically significant difference with regard to the figure from the reference group (p<0.05)

Only a quarter of the women from the basic group present no gynecological pathology in their
medical history (26.1 %), which can be said about the majority of women from the reference group
(83.6 %, p<0.05). As Table 6 shows, the most frequent pathologies are inflammatory diseases of the
uterus and the uterine appendages (40.2% vs. 10.9 % respectively, p<0.05). Other frequent
pathologies are those affecting the cervix uteri (20.5 % vs. 5.5 %, p<0.05) and endometrium (8.0 % vs.
1.8 %, p<0.05) and infertility (12.5 % vs. 1.8 %, p<0.05). The polycystic ovary syndrome (PCOS) was
found in only 9.1 % of patients from the basic group. 4 women from the basic group present uterine
fibroids in their medical history. More women from the basic group than from the reference group
underwent gynecological surgeries. For instance, a fifth of them presents adnexal surgeries (ovarian
resection/removal, tubectomy) in their medical history: 20.5 % vs. 1.8 % (p<0.05). 14.8 % of patients
underwent cold coagulation of the cervix uteri (vs. 1.8 % in the reference group, p<0.05). 1 women
(1.1 %) from the basic group presents myomectomy in her medical history and another one — cold
coagulation of foci of endometriosis.

Table 6. Gynecological pathology and surgeries in patients from the researched groups

Basic group, Reference group,
Parameter n=88 n= 55
Abs. Abs.
% %
number number

Inflammatory diseases of uterus and
uterine appendages 37 42.0* 6 10.9
Diseases of cervix uteri 18 20.5% 3 55
Uterine fibroids 4 45 ) )
Endometrial pathology 7 8.0* 1 1.8
PCOS 8 9.1 - -
Cold coagulation of cervix uteri 13 14.8* 1 18
Cold coagulation of foci of endometriosis 1 11 ) )
Myomectomy 1 11 ) )
Adnexal surgeries (ovarian
resection/removal, tubectomy) 18 20.5* 1 1.8

Note. * - statistically significant difference with regard to the figure from the reference group (p<0.05)

According to the data of obstetrical history (Table 7), there are significant differences between
the two researched groups: the basic group presents a significantly lower percentage of first
pregnancies (42.0 % vs. 58.2 %, p<0.05) and first labors (53.4 % and 70.9 % respectively, p<0.05). At
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the same time, women from the basic group present a significantly higher percentage of pregnancy
losses in their medical history: accidental abortions (14.8 % vs. 5.5 %, p<0.05), medical abortions
(19.3% vs. 3.6 %, p<0.05), habitual non-carrying of pregnancy (8.0 % and 1.8 % respectively,
p<0.05). The percentage of preterm labor in the medical history is significantly higher too (15.9 % and
7.3 % respectively, p<0.05).

Table 7. Obstetrical history of patients from the researched groups

Basic group, Reference group,
Parameter n=88 N= 55
Abs. % Abs. %
number number

First pregnancy 37 42.0* 32 58.2
First labor 47 53.4* 39 70.9
Accidental abortions 13 14.8* 3 5.5
Medical abortions 17 19.3* 2 3.6
Habitual non-carrying of pregnhancy 7 8.0* 1 1.8
Cesarean section 11 12.5 3 5.5
Preterm labor 14 15.9 4 7.3

Note. * - statistically significant difference with regard to the figure from the reference group (p<0.05)

Pregnancy and labor in women with benign ovarian neoplasms are characterized by a high
incidence of complications (Table 8). For instance, a quarter of the women from the basic group
presented exacerbation of urogenital infections (25.0 % vs. 7.3 %, p<0.05). A third of cases (31.8 %)
were characterized by a threat of miscarriage, and the percentage of a threat of preterm labor is still
higher (37.5 % vs. 3.6 %, p<0.05). A third of cases from the basic group are characterized by placental
dysfunction (31.8 % vs. 10.9 % in the reference group), which corresponds with a significantly higher
percentage of intrauterine growth restriction (20.5 % vs. 3.6 % in the reference group, p<0.05) and
fetal distress (20.5 % vs. 5.5 %, p<0.05). One has also found a significantly higher percentage of
preterm labor (28.4 % vs. 5.5 % in the reference group, p<0.05) and abnormal labor (14.8 % vs. 1.8 %,
p<0.05). A third of the women with benign ovarian tumors had to undergo a cesarean section to
deliver their babies (31.8 % vs. 9.1 %, p<0.05).

Table 8. Course of pregnancy and labor in patients with benign ovarian neoplasms

Basic group, Reference group,
Parameter n= 88 N= 55
Abs. % Abs. %
number number
Early gestational toxicosis 16 18.2 6 10.9
Acute respiratory viral infections during
pregnancy 5 5.7 2 3.6
Exacerbation of urogenital infections 22 25.0* 4 7.3
Threat of miscarriage 28 31.8* 4 7.3
Threat of preterm labor 33 37.5* 2 3.6
Anemia 13 14.8 4 7.3
Placental dysfunction 28 31.8* 6 10.9
Intrauterine growth restriction 18 20.5* 2 3.6
Preeclampsia 11 12.5* 1 1.8
Fetal distress 18 20.5* 3 55
Abnormal labor 13 14.8* 1 1.8
Preterm labor 25 28.4* 3 55
Cesarean section 28 31.8* 5 9.1

Note. * - statistically significant difference with regard to the figure from the reference group (p<0.05)
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2 patients (2.3 %) from the basic group had a non-developing pregnancy and 1 woman (1.1 %)
had a stillbirth. 85 women from the basic group and all 55 from the reference group had a live birth.
According to the data from the medical records, almost a third of the babies from the basic group were
born in a state of asphyxia (28.2 % vs. 5.5 % in the reference group, p<0.05), with 7.1 % of cases of
severe asphyxia (Table 9). 28.2 % of cases were characterized by prematurity (vs. 5.5 %, p<0.05) and
17.6 % by hypotrophy (vs. 1.8 % (p<0.05).

Table 9. Condition of the newborn babies of patients from the researched groups

Basic group, Reference group,
Parameter n= 88 N= 59
Abs. % Abs. %
number number

Asphyxia at birth 24 28.2* 3 55
- moderate 18 21.2* 3 5.5

- severe 6 7.1* - -
Prematurity 24 28.2* 3 5.5
Hypotrophy 15 17.6* 1 1.8
Complicated course of the early neonatal period 14 16.5* 2 3.6

Note. * - statistically significant difference with regard to the figure from the reference group (p<0.05)

Conclusions. Pregnancy and labor in women with benign ovarian neoplasms are characterized
by a high incidence of complications. For instance, a quarter of the women presented exacerbation of
urogenital infections (25.0 %), a third of cases (31.8 %) are characterized by a threat of miscarriage
and the percentage of a threat of preterm labor is still higher (37.5%). A third of cases are
characterized by placental dysfunction (31.8 %), which corresponds with a significantly higher
percentage of intrauterine growth restriction (20.5 %) and fetal distress (20.5 %). One has also found a
significantly higher percentage of preterm labor (28.4 %) and abnormal labor (14.8 %). A third of the
women with benign ovarian tumors had to undergo a cesarean section to deliver their babies (31.8 %).

REFERENCES

1.  Sherard, G.B.3rd, Hodson, C.A., Williams, H.J., Semer, D.A., Hadi, H.A., & Tait, D.L. (2003). Adnexal
masses and pregnancy: a 12-year experience. Am. J. Obstet. Gynecol., 189, 358-362.

2. Schmeler, K.M., Mayo-Smith, W.W., Peipert, J.F., Weitzen, S., Manuel, M.D., & Gordinier, M.E. (2005).
Adnexal masses in pregnancy: Surgery compared with observation. Obstet. Gynecol. 105, 1098-1103.

3. Condous, G., Khalid, A., Okaro, E., & Bourne, T. (2004). Should we be examining the ovaries in
pregnancy? Prevalence and natural history of adnexal pathology detected at first-trimester sonography.
Ultrasound Obstet. Gynecol., 24 (1), 62-66.

4. Benaglia L., Bermejo A., Somigliana, E., Scarduelli, C., Ragni, G., Fedele, L., & Garcia-Velasco, J.A.
(2012). Pregnancy outcome in women with endometriomas achieving pregnancy through IVF. Hum.
Reprod., 27 (6), 1663-1667.

5. Kryvokulskyi, B.D., Kryvokulskyi, D.B., & Zhulkevych, 1.V. (2014). Dynamika zmin hemostatychnoho
potentsialu na operatsiinomu etapi likuvannia patsiientiv z pukhlynnymy zakhvoriuvanniamy zhinochoi
statevoi systemy [Dynamics of changer of memostatic potential on the operational phase of the treatment of
patients with malignant diseases of the female reproductive system]. Shpytalna khirurhiia — Hospital
Surgery, 4, 92-96 [in Ukrainian].

6. Arena, S., Canonico, S., Luzi, G., Epicoco, G., Brusco, G.F., & Affronti, G. (2009). Ovarian torsion in in vitro
fertilization-induced twin pregnancy: combination of Doppler ultrasound and laparoscopy in diagnosis and
treatment can quickly solve the case. Fertil. Steril, 92 (4), 1496.€9- 13. DOI:0.1016/j.fertnstert.2009.06.029.

7. Benaglia L., Somigliana E., Calzolari, L., Busnelli, A., Cardellicchio, L., Ragni, G., & Fedele, L. (2013).
The vanishing endometrioma: the intriguing impact of pregnancy on small endometriotic ovarian cysts.
Gynecol. Endocrinol., 29 (9), 863-866.

8. Fruscella, E., Testa, A.C., Ferrandina, G., Manfredi, R., Zannoni, G.F., Ludovisi, M., Malaggese, M., &
Scambia, G. (2004). Sonographic features of decidualized ovarian endometriosis suspicious for
malignancy. Ultrasound Obstet. Gynecol., 24 (5), 578-580.

9.  Guerriero, S., Ajossa, S., Piras, S., Parodo, G., & Melis, G. B. (2005). Serial ultrasonographic evaluation of
a decidualized endometrioma in pregnancy. Ultrasound Obstet. Gynecol., 26 (3), 304-306.

56 8(69), August 2021 RS Global



WORLD SCIENCE ISSN 2413-1032

OCOBJJIMBOCTI MEHCTPYAJIBHOI'O HUKJIY KIHOK
PEPTUJIBHOT'O BIKY, IO 3A3HAJIN KOHTY3Ii I YAC
BONOBHUX 1IN

Kamincokuii B’auecnae Bonooumuposuu, 0.meo.n., npoghecop, 3asidysay xaghedpu axyuwepcmesa,
2IHeKOoJ102li ma penpodyKmonozii YKpaincbko2o 0epicagno2o iHCmumymy penpooykmono2ii
Hayionanenozo ynisepcumemy oxoponu 300pog’a Yxpainu imeni 1LJI. lynuxa. m. Kuis, Ykpaina,
ORCID ID: https://orcid.org/0000-0002-5369-5817

Anacmacin Banepiiesna Cepoentok, nikap axywep-cinexonoz Kuinixu penpooykmueHux mexnonoeii
Yxpaincokozo depacasnozo incmumymy penpooykmonoeii Hayionanbrnoeo yHieepcumemy oxopoHu
300pos’s Yrpainu imeni I1J1. lynuxa. Adopeca: m. Kuis, Yxpaiua,

ORCID ID: https://orcid.org/0000-0002-7212-2678

DOI: https://doi.org/10.31435/rsglobal_ws/30082021/7659

ARTICLE INFO ABSTRACT

Received: 17 June 2021 The article presents an analysis of literature data and the results of our own

Accepted: 16 August 2021 retrospective studies of the characteristics of the menstrual cycle in female

Published: 30 August 2021 combatants who have undergone concussion. Clinical and anamnestic
factors have been identified that negatively affect the menstrual function of

KEYWORDS women of reproductive age, who received contusions during hostilities. The

health. women veterans. menstrual relationship between the state of mental health of women and menstrual

cycle, autonomic dysfunction, post-  irregularities has been established. _

concussion syndrome. Aim: to identify and evaluate changes in the menstrual function of women -

veterans of reproductive age. Also, to establish the relationship between

menstrual irregularities in women - veterans of reproductive age who have

undergone contusion, and the state of their somatic and mental health.
Materials and method: The research was conducted at the Department of Obstetrics, Gynecology and Reproductology
of the National University of Health of Ukraine named after P.L. Shupika. To achieve this goal, a comprehensive
clinical and laboratory examination was performed in 567 women of reproductive age (main group and comparison
group) who participated in hostilities and suffered contusions, the average age of the subjects was 27.08 + 4.23 years.
The period of stay in the combat zone is 29.34 + 9.21 months, the time from the moment of receiving a mild traumatic
brain injury (contusion) is 18.8 + 9.2 months. Group I - 399 fertile women who suffered contusions during the fighting
with PKS. Group Il - 168 women of childbearing age who suffered contusions during hostilities without PKS (mean
age 32.21 £ 7.32 years).
Results: The results of the studies revealed statistically significant deviations in the characteristics of the menstrual
cycle of women who participated in hostilities who were injured with PKS, compared with women without PKS. It has
been proven that women-viskovosluzhvits more often develop menstrual irregularities, namely a decrease or increase
in the number, lengthening or shortening of the menstrual cycle by 7 days. Taking into account the revealed menstrual
irregularities in the women under study, it can be argued that the detected changes are due to the influence of both
craniocerebral trauma and stress factors associated with military service. This justifies the need to develop a program
for monitoring and supporting the reproductive health of women-viyskovoservices, as well as medical and
psychological rehabilitation of veterans, aimed at their full adaptation to a peaceful life.

Citation: Kaminskiy V. V., Serbenuyk A.V. (2021) The Peculiarities of the Menstrual Cycle at Female
Military ~ Personnel ~ That  Suffered  Contusion in  Hostilities.  World  Science.  8(69).  doi:
10.31435/rsglobal_ws/30082021/7659

Copyright: © 2021 Kaminskiy V. V., Serbenuyk A. V. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) or licensor are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

B craTTi OMIISIHYTO CydYacHI HiIXOAM A0 €TIONaTOreHe3y MOPYIIeHh MEHCTPYAILHOTO IUKITY Y
JKIHOK, 1[0 3a3HANM KOHTY3il mix dac OoiioBux nid. [IpoaHanmizoBaHO B3a€MO3B’SI30K MiX
PENPOAYKTUBHUM Ta MEHTAILHUM 3I0POB’SIM JKiHOK-YYaCHUIL OOHOBHX JTiH.
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BigmoBigno mo Busznauenns BOO3 (2016), penpoayKTHBHE 30pOB'sl — II¢ CTaH IOBHOTO
(13MYHOTO, TICHUXIYHOTO 1 COLIATBHOTO ONaromomydds, aje He TUTbKkH. [Ipm #oro OmiHIN TaKoX
BPaxOBYIOTh TaKi Ba)KJIMBI TOKA3HUKHU SIK, 3[aTHICTh 1O 3a4arTsd 1 HAPOIHKEHHA 3JOPOBHX iTEH,
Onaromosryqdst Matepi, MOKIMBICTh CEKCYaJIIbHUX BiTHOCHH 0€3 pU3MKy BHHHMKHEHHS 3aXBOPIOBAHb,
IO MepeNaloThCsl CTATEBUM IUIAXOM, Oe3meKa MPOTAroM BariTHOCTI, moinoriB. Ha TemepimmHiii gac y
JIEKITPKOX MDKHAPOJHHAX YroJaX MPIOPUTETOM € DPENPOIYKTHBHE 370POB’S HACeNeHHS. 3 KOXKHUM
JHEM Bce OLIBIIOT yBaru NpuIUISIOTh PENpOIyKTHBHOMY 3/I0POB’10 HaIlil.

Haii0inpm moMiTHUM IS KiHOK 1 SIK TPaBHJIO HAWIEPIINM CHMIITOMOM, IO BKa3y€e Mpo 3MiHK
PENPOAYKTUBHOTO 3I0POB'A, € MOpPYyIIEHHS MeHCTpyanbHOi (yHKmii. Lle moBoii posmoBcromkeHa
MATOJIOTIS Y KiHOK—ydJacHHUIb OooBux nid. [lopymenus menctpyamsnoro mukry (IIMLL) xiinigHO
TPOSIBIISIIOTECS Y BUIVIAAI Mi3epHHX, PiIKICHUX MeHCTpyaniid abo X HaBNAaKW HAaAMIpPHUX 1 4acTHX
MEHCTpyarlii, TaKoX OyBarOTh BapiaHTH KOJM MEHCTPYallis BiACYTHSI. AHOMaIbHI MaTKOBI KpOBOTEH,
SK TIpaBUJI0, 0OYMOBIIEHI MOPYIIEHHAM PETyImii MeHCTpyanbHoi ¢yHKii. [Ipu oMy, Ha meprmit
IUIaH BHUCTYMAalOTh HE CTPYKTYpHi, a (QyHKUiOHambHI mopymeHHs. Baxmmso, mo [IMIL]
XapaKTEePU3YIOThCS PELUIUBYIOUUM MEPEOIroM Ta YaCTHM PO3BUTKOM aHEMii.

Bimomo, mo perymsmis MeHCTpyanmbHOI (YHKII BiZOYBa€ThCS 3a y4acTIO II'STH JIAHOK 3a
MEXaHI3MOM 3BOPOTHOTO 3B’SI3Ky (KOpa TOJOBHOI'O MO3KY; TiMOTAlaMyC; TimoQi3; S€UHUKH; MaTKa).
Hopmanbaa MeHCTpyainbHa QYHKIIIS 3MIHCHIOETHCSI BHACIIOK MTPABHILHOI CHHXPOHHOT B3aEMOJIIT YCiX
JAHOK HEWPOEHAOKPUHHOI Peryisiii. Y JKiHOK — y4YacHHWIb OOWOBMX [if, IO 3a3HAIHM KOHTY3il
HaJI3BUYaliHO YacTo BWHHUKaIOTH [IMI] came BHacmioK MOpymieHHS Ha SKOMYCH 3 PiBHIB peryJsimii
MEHCTPYaJILHOTO IHKITY.

Merta: BUSBUTH Ta OMIHUTH 3MiHU MEHCTPYaIbHOI (PYHKIIi XiHOK ()epPTHIBHOTO BIiKY, IO
3a3HaNIM KOHTY3il mif 9ac OoioBux mif. Takok BCTAaHOBHUTH B3a€MO3B’S30K MK IOPYIICHHSMH
MEHCTPYaAJIFHOTO IHMKIY Yy XIHOK — BETEpaHOK DPEMpOIyKTHBHOTO BiKy, IO 3a3HAJU KOHTY3ii Ta
CTaHOM iX COMaTHYHOT'O T4 MEHTAJILHOTO 3/I0POB 4.

Marepianun Ta Meromu. JlocmimpkeHHS TpOBOAMIM Ha Kadedpi akymepcTBa, TIHEKOJNOTii Ta
penpoayKTosorii YKpaiHChKOTO JEpXKaBHOTO IHCTUTYTY PenpoayKTonorii HamioHanbHOTO YHIBEpCHTETY
oxopoH# 370poB’st Ykpaiau imeni [1LJI. [llymuka. J{ns nocsrHeHHsI MocTaBlieHOi MeTH OyJ10 TPOBEIEHO
KOMIDTIEKCHE KIIiHIYHE Ta TabopaTopHe 0OCTEeKEHHs KIHOK yYaCHHII, OOHOBHX JIili PETPOLyKTUBHOTO BiKY.
B nmocmimkenns yBifinum 567 kiHOK (DepTHIBHOTO BIiKY, SIKi Opajm ydacTh y OOHOBHX MisiX Ta 3a3HAIN
KOHTY3ii, cepeqHiii Bik oOcrexennx 27,08+4,23 poku. TepmiH mniepeOyBaHHsS B 30HI OOHOBHX it
29,34+9,21 wmicsrii, yac 3 MOMEHTY OTPUMAHHS JIETKOTO TPABMAaTHYHOTO VIITKO/PKEHHS MO3KY (KOHTY3ii)
18,8+9,2 micsi. | rpymy cknamu mani odctexeHHst — 399 kiHOK (pepTHIIBHOTO BiKY, IO 3a3HAIM KOHTY3il
min wac OoroBux miit 3 TIKC. II rpyna — 168 xiHOK (epTUIBHOTO BiKY, IO 3a3HANM KOHTY3ii MiJ 4ac
ooitoBux fiii 6e3 [TKC (cepenniii Bik 32,21+7,32pokwu).

[Ipu oOcTekeHHI JKIHOK [EeTallbHO BHBYEHO CKaprd, TiHEKOJOTIYHWH, aKyIIepChbKUi,
COMATWYHHMN, Ta iHpeKniiHNi aHamHe3. Takok OIIHIOBaJ M CTaH 30BHIIIHIX 1 BHYTPIIIHIX CTATEBUX
OpraHiB MpH TiHEKOJIOTIYHOMY OiMaHyaJbHOMY JOCIHIPKEHHI Ta OTJIsI/Ii IIMHKH MaTKH y Ji3epKajiax.
BukopucToByBanu OakTepionoriyHi MeToAM OOCTEXKEHHS 3 METOI0 JIarHOCTUKM OaKTepialbHOIO
Barino3y. IlpoBoamim MikpockomiyHe 1 OakTepiosoridyHe JOCHiPKEHHS BHIUIEHb 3 TiXBH,
HEePBIKAJIBHOTO KaHANy 1 YpeTpH. 3a JIOMOMOTOl0 iHAWKATOPHOI CMYXXKH BHUMIproBanu 3HaueHHs pH
BuaieHb. [Ipu Mikpockorii MiXBOBMX Ma3KiB, BH3HAYaIM HasBHICTH ab0 BIJICYTHICTH 3amaibHOI
peakuii. BusHayanm sikicHMHA 1 KiJIbKICHMH CcKJaJ MIiKpo(Jaopu 3a JAOHNOMOIOI0 OakKTepiojoriyHOro
nociimpkenns. Ctan 0ioleHO3y IMIXBU OLIHIOBAJIM 3a BMICTOM JIaKTOOAIIMJI, HAIBHICTIO MATOTCHHHX i
YMOBHO MIKpPOOPTaHi3MiB 3 KUIbKICHUM iX BH3HaueHHsM. OOCTEXKEHHs Ha YpOTeHiTalbHi iH(peKIil
(x1amMizio3, MIKOIUIa3MO3, TPHUXOMOHIA3, ypearsia3Mo3, TOHOpes) NPOBOAWIM 3 BUKOPUCTAHHSIM
METOY MOJIiMEPa3HOi JIaHIFOTOBO1 peaKiii.

CoHockormilo Ta jommieporpadird MNPOBOAMIX 3a  CTAHAAPTHOK  METOAMKOI i3
3aCTOCOBYBAaHHSM TPaHCAa0IOMiHAIBHOTO 1 TPAHCBATriHAIBHOTO KOHBEKCHUX JIaTUYMKIB 4acTOTOIO 3,5 Ta
5 MI'm 3a ZOHOMOrO0 yIbTPa3ByKOBHX amapaTiB, 3a0e3leueHuX NpwiIagaMu 3 JOMNIUIEPOBCHKIM
0JIOKOM TyJIbCYI0UOi XBHJII 1 (DYHKI[IEIO KOJIBOPOBOTO IOIILIEPIBCHKOIO KamTa)a Ta MOMKIHBICTIO
01aJIbI10T KOMITFOTEPHOT 00POOKH JOMILIICPOrpaM.

CuUMNTOMAaTUKY HACIiAKIB KOHTY3ii HA MOMEHT OOCTEKEHHS BH3HAYaIH 32 ONHUTYBaJbHHUKOM
Iumepona [5]. IIpu oMy HarieHTKaMH BUKOHYBaJIACh CAaMOOITIHKA BJIACHUX CUMIITOMIB 3 OTJISITY Ha
ceorogeHus. Jlnsa ckpuniary mo IITCP Oymo Bukopucrtano omutyBambHmid PCL-m (Bepcis mis
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BilicbkoBHX) [6]. ocmijpkeHHS cTaHy BEreTaTHMBHOI peryisiuii MpoBEASHO NUISIXOM 3allOBHEHHS
ONHUTYBAIbHUKA Cy0’ €KTHBHOI OILIHKH JUCTOHII (32 onuTyBasibHUKOM A.M. BeitHa, 1998) [7].

XapakTepUCTHKY MEHCTPYadbHOTO IIMKIY MPOBOJMIN 3TiTHO CHUCTEMHU BH3HAYCHHS
nmapaMeTpiB  HOpMajbHOI MeHcTpyanbHOi kpoBoTeui (FIGO, 2018). OminroBanu iHTepBaI
MIDX MEHCTpyarisMu (Hopma >24-<38 nHiB), TPUBAIICTh MEHCTPYaJIbHOI KpoBOTedi (HOpMa <8 nHIB),
perynsipHicTh  (BapiabeNmpHICTh ~ MEHCTpyalnbHOro  IWMKIy  <7-9 iHIB) Ta  BIiJICYTHICTh
MDKMEHCTPYaIbHUX KPOBOTEH.

CraructuuHy 0OOpOOKy pe3ynbTaTiB JOCHI[KEHb MPOBOJWIN 3 BHUKOPUCTAHHSIM MaKeTy
mporpam Statistica 6.0 Ta mporpamuoro makery «Microsoft Office» 3a cTaHmapTHUMH METOAMKAMHU
ommcoBoi cratuctuku (Mintmep O. I1., 2016).

PesysbTaTn Ta o0Oropopennsi: MeHcTpyanbHa (YHKIIS JOocTipKyBanmacs y 399  kiHOK
(bepTIIBHOTO BIKY, 1110 3a3HaIM KOHTY3i1 i yac 6oioBux miii ¢ TTIKC (I rpyma). Pe3ynbraTi H0CITiIKSHHS
TIOPIBHIOBAJIICS 3 aHAJIOTTYHUMH ITOKa3HUKaMHU y 168 KIHOK (hepTHIIBHOTO BiKY, IO 3a3HAIN KOHTY3I1 Mif
yac OoroBux aiii 6e3 [IKC (I1 rpyma). Bik MeHapxe CTaTHCTUYHO 3HAYMMO BiJPI3HSBCS MDK TpyrnaMu
(X2=42,1, p<0,001). B I rpymi menapxe y 8-9 pokiB crocrepiranocst y 2-x Bunajakax, y Il rpymi — Oymu
BiZICYTHi. Y KiHOK-y4aCHHIIb OOHOBHX Mii, 10 3a3HAIN KOHTY3ii MeHapxe po3mounHanocs y 10-11 pokis
3HauHO yacrime (p=0,002; p=0,001), a 'y 14 pokiB — pizmie, uum y rpymi nopisastaas (p<0,001).

Bik meHapxe y *iHOK-BiicbKOCNY)XBOBHMLb, WA 3a3HAAWU KOHTYS3Il i
rpyny NOpiBHAHHA

15

10

.J I I

. - - i BN HEE BN BER Hs .

8 pokie 9 pokis 10 pokis  11pokie 12 pokie 13 pokie 14 pokie 15 pokis 16 pokie 17 pokis

W | rpyna Il rpyna

Puc. 1.

VY [ rpyni MeHapxe BiiMidanocs J0cToBipHO YacTime, Hix y Il rpymi —y 12,8-1,5 pokis i 13,3+1,3
pokiB BigmosigHo (p<0,001). ¥ xiHok I rpynu BusiBIIeHO OibII TpHUBaJie BCTAHOBJICHHS! MEHCTPYaJIbHOTO
Kty 5,5+4.8 poki, y II rpymi 3,0+1,8 pokiB (p<0,001). TpuBamicTe MEHCTPYaIbHOTO IHKIY, Y
CepeHhOMY, He BiJpi3HsUIAcCs MK rpynamu - 28,7+3,3 1 28,312, 0mniB (p=0,040).

Tabnuns 1. XapakTepucTHKa MEHCTPYaIbHOT QYHKINT Y IOCIIIKYBaHHX JKIHOK

I rpyna II rpyma
TToxasHuk (n :p??,gg) (n:%}éS) P
Memnapxe 12,8+1,5 13,3+13 <0,001
Tepmin BcTaHOBIICHHS
PETYJISPHOIO MEHCTPYAITBHOTO 5,5+4,8 3,0£1,8 <0,001
UKy
TpuBasicte MEHCTpYaIlii, JHIB 4,8 +1,7 39=£1,2 <0,001
TpuBaiicth MEHCTPYaJIbHOTO 28,7433 28.342.0 <0,140
IIMKJTY, THIB
ITopy1ieHHs MEHCTPYalbHOTO 44418 8.044.6 <0,001
uKiy, ade (%)
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Busineno, mo y mamientok | rpymu 3HayHO wuacrime, yuMm y Il rpymi cmoctepiraBes
MEHCTpYyaJTbHUIN UK TpuBaimicTio MeHmne 21 mgas —y 15 (6,7%) 1 4 (2,4%) (p=0,040), a Takox
TPUBAIICTH MEHCTPYaAIbHOTO UKy 1m0 29-32 aust —y 100 (44,2%) i 53(31,5%) (p=0,007) i Ginbre 32
oHiB - y 15 (6,7%) 1 1 (0,6%) (p=0,003).

TpuBanictb MEHCTPYaNbHOrO UUKY
Y *IHOK- BETEPAHOK, WO 3a3HAJ/IN KOHTY3il

70 65,8
50 W <21 oA
50 .

423442 B 21-28 awis
40

31,5
30 29-32 gHA
20
> 32 oHAa

10 6,7 6,7

2,4
0 . [ 06

| rpyna Il rpyna

Puc. 2.

TpuBanicTb MeHCcTpyau,ii y }KiHOK- BETepaHoK,
LLO 3a3HANM KOHTY3Ii

100

91,1
90
80
68,9
70
60
50
40
30 22,8
20
8,9
10 5,8
2,5
0 |

| rpyna Il rpyna

Puc. 3.

VY I rpymi meHctpyanii Oynu Ouiein TpuBanumu, B cepenHbomy, 4,8 +1,7 nuis (y I rpymi -
3,9 £1,2 muis, p <0,001). V I rpymi oxiromeHopest (TpuBaiicTh MEHCTpyaIllii 1o 1-2 JHs) crocrepiraiacs
y 10 ( 2,5%) sxiHoK, oimenopest (Oinbine 7 muiB) —y 23 (5,8%) 1 Oyna BiacytHboro y 11 rpymi (p=0,039,
p=0,002). ¥ I rpymi cTaTHCTHYHO 3HAYMMO YacCTillle CHOCTEPIrajycs TPUBaIi MeHCTpyalii (1o 6-7 nHIB)
-y 91 (22,8%), y I rpymi - y 15 (8,9%)(p<0,001) i 3HAaUHO pijie MEHCTpYyaIllii TpUBAIICTIO 3-5 JHIB y
275 (68,9) 1 153<91.1% (p <0.001). ITopymieHHS MEHCTPYaJILHOTO IMKITY 3apeecTpoBaHi y 289 (72.4 %)
xiHok | rpymm i1 46 (27,3%) ob6crexenux I1 rpymu (p <0,001). ¥V xiHOK-y4acHUIL OOHOBHX Iiif
MOPYIICHHS! MEHCTPYaIbHOTO MKy PO3BUBATHCS, Yyepe3 2-3 Micsui nepeOyBaHHs Ha ciyx0i, a00 miciist
oTpuMaHoi TpaBMmHu. [IOpyIIeHHS MEHCTPYaJbHOTO IHKIY MAlOTh PI3HOMAHITHHM XapakTep IIe MOXKeE
OyTH HeJOCTaTHICTb JioTeiHOBOI (a3u, AaUMKIIYHI MAaTKOBI KPOBOTEYi, TillepHOIiMeHOpes,
riMOMEHCTPYyaIbHUM CHHAPOM, BTOPUHHA aMEHOPES.
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Tabnuus 2. XapakTepucTHKa NOPYILIEHb MEHCTPYaIbHOI MYHKIIIT

XapakTtep mopyIieHb I rpyma (n=399) II rpyma (n=168) P
abc. % a0c. %
[Mopymienus puTMy 113 28,3 8 4,8% <0,001
MeHCTpyalii

lNneprnionimeHopest 88 22,1 14 8,3 <0,001

Bropunna ameHopes 41 10,3 2 1,2 <0,001

AnwsromeHopest 28 7,0 32 19,0 <0,001

AIUKIIYHI MATKOBI 27 6,7 0 0 <0,001
KpOBOTEYi

lNmomeHcTpyanbHUH 16 4,0 0 0 <0,009
CHHJIPOM

Haii0inpm vacTo peecTpyBajimcs MOPYLIEHHS PUTMY MeEHCTpyauiii — y 28,3% xiHok (y
Il rpymi - 4,8%, p<0,001). 3nauHo yacrimie y xxiHok | rpynu po3BuBanacs rinepronimMernopes — 22,1%
(IT rpyna - 8,3%, p<0,001);a Takox anUKIIYHI MaTKOBI KpoBoTedi — y 6,7% 1 TimOMEHCTpyanbHUR
cuaapom — 4,0%, y xinok Il rpymm - Oymu BimcytHi, (p <0,001; p = 0,009). Takum umHOM,
MEHCTpyalibHa (PYHKIIS y JKIHOK-BETEpaHOK, IO 3a3HAIHM KOHTY3il XapaKTepu3yBajiacs, OiIBIIO0
TPHUBANICTIO MEHCTpyalii Ta OiIbII TPUBAJUM MCEHCTPYaJbHUM LUKJIOM, 3HAYHOIO YacTOTOIO
HopyILIeHb MeHCTpyainbHOi QyHKUIT (72,4%). Cepen mopylieHb MEHCTPYaIbHOTO LUKITY IEepeBaXkKalid
MOPYIIEHHS pUTMY MEHCTpYyaIliii, 3HAYHO YacTillle HiX Yy TPYI MOPIBHSHHS, 3yCTPidaIucs BTOPHUHHA
aMeHopes, FMINOMEHCTPYabHUM CHUHAPOM, allUKIII4YHI MAaTKOB1 KPOBOTEYI.

BucHoBku. 3MiHM MEHCTPYaJIIbHOTO IIMKIY, SKi TPOSBISIOTHCA: TOPYUICHHSIM PHTMY
MEHCTpYallii, TiNeproiMeHOPeEro, AIMKIIYHUMH MAaTKOBUMH KPOBOTE€YaMH, TilIOMEHCTPYaIbHHM
CHUHJIPOMOM, OOYMOBJICHI BIUTUBOM, SIK CaMOi 4eperHO-MO3KOBOI TpaBMH Tak i crpec-(pakTopamu,
OB’ SI3aHUMHU 3 BIHCHKOBOIO CIIY)KOOKO y JKiIHOK-BICBKOBOCIY>KOOBIIIB, y4acHUIb OOHOBHX iH, 110
3a3HAIM KOHTY3il. Pe3ymbraTé mTpoBeeHHWX IOCHI/DKEHb CBiq4aTh MPO HEOOXiTHICTH PO3POOKH
MPOrpaMu MEUYHOTO Ta TICHXOJIOTIYHOTO CYNPOBOJY KIHOK - BIHCHKOBOCTYXOOBIIIB Ta BiJIIOBiIHOI
MEMKO-TICUXOJIOTIYHOT peadimiTallii BETepaHOK CIPSIMOBAHOI Ha MOBHOIIIHHY aIalTallil0 J0 MUPHOTO
KHTTS Ta 30epeKeHHsI PENpPOTyKTHBHOTO 3/10POB’ L.
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ABSTRACT

The analysis of the causes of postoperative complications was carried out, as
well as of the failures and errors or the same omissions in postoperative
management. The total number of cases was 177 (5%) among more than
3500 patients, being operated on various clinical and anatomical forms of
craniocerebral trauma.

In 63.8% (in 113 patients), worsening of condition was associated with the
postoperative hemorrhage, which in 54% of cases was shell- recurrent. In
36.6% of observations (in 64 patients), deteriorated states of the brain
swelling or edema were associated with an increase of cerebral edema.

The main causes of the postoperative volume hemorrhages were the
inadequacy of homeostasis and fluctuations in blood pressure during the first
hours and days after surgery, with a tendency of significant increase of that
latter. Diagnostic errors were the result of underestimation or incorrect
evaluation of neurological symptoms and clinical signs of repeated
volumetric hemorrhages.

Late diagnosis of postoperative complications resulted in a lethal outcome in
79 (44.6%) cases among 177 patients with the complications in the
postoperative process. Neurological and clinical signs and their combinations
characteristic for postoperative volumetric hemorrhages are given in the
article, as well as are offered the ways of their prevention.

Hemorrhage, Hematoma and cerebral
edema.
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BBenenue. IlocneonepanioHHBIE OCIOXHEHHS TIPU dYepermHo-Mo3roBoil TpaBme (UMT)
BCTpevatoTcsi oBosibHO 4vacto [1-10]. K umcny Hambosee TsDKENbIX, HEPEAKO ApamMaTHUECKH
3aBEPIIAIONINXCS TOCIEONEPANMOHHBIX OCIOKHEHUI OTHOCSITCS KPOBOM3IHUSHUS, KOTOPBIE YacTo
OKa3bIBAIOTCSI OOBEMHBIMH U BEAYT K COABJICHHUIO M K AWUCIOKaMy Mo3ra [2-7, 8, 9]. [Ipu moBTOpHBIX
KOMIIPECCUSIX W JUCIOKAIMAX PEAaHHMAIlMOHHBIE MEPONPHUATHS, B TOM YHCIE M TOBTOPHBIE
BMEIIIATENILCTBA, OKA3bIBAOTCS YacTo Oe3ycCrelmHbiMe 1, 1o gaHaeiM Jamieson u Yelland [9], 1o 39%
CIIy4aeB 3aBepUIAlOTCS (aTalbHBIM HCXOAOM. DTUM M ONPEAEISIETCS aKTyaJlbHOCTh HCCIEIOBaHUS
XapakTepa U IPUYHH II0CIIEONEPAIMOHHBIX OCI0KHEHUH IIPU BMEILIATEIbCTBAX MO IIOBOLY Pa3IM4YHbIX
KIIMHUKO-aHaToMu4YecKux Gopm Tspkenoir UMT.

Oco0y1o aKkTyaJlbHOCTh MpoOJieMa NPEBEHIMH W PaHHEH MACHTU(HKAINH IOCIEONEePAIMOHHBIX
OCJIOKHEHUI ~ mpuoOpeTaeT B  HECHELMAIM3UPOBAHHBIX  JICUEOHBIX  YUPEKICHMAX,  Kyzda
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TOCIIUTATIM3UPYIOTCS IEPBUYHO IOABILIIOIIEe OOJIBIIMHCTBO MOCTPAJABIIMX U TIE, KaK W3BECTHO, HE
BCET/Ia UMEETCs] BO3MOXKHOCTD ajiekBaTHOM AuarHocThky (KT, MPT) 1 akTHBHOTO HEHpOXHPYPruuecKoro
MOHUTOPHHIA 32 COCTOSIHUEM U Pa3BUTHEM IIPOLIECCA B IIOCIEONEPALIMIOHHOM IIEPHO]IE.

MartepnaJbl 1 MeTOABI. B 0OCHOBY HccleoBaHUS MOJI0KEHBI pe3yJIbTaThl aHAJIN3a XapaKTepa
W TPUYUH TIOCJICONIEPALUOHHBIX OCIOKHEHHH, a TakKe YyOyIlleHHH M OmHOOK B HMX paHHEM
pacriosHaBaHuM y 177 OOJIBHBIX C OCJIO)KHEHHBIM IIOCJICONEPALMOHHBIM TEYEHHEM M IOBTOPHBIM
BMEIIATEILCTBOM IIPU PA3IMYHBIX KIMHUKO-aHaTOMHYecKuX hopmax UMT.

Cpemu 177 HabmoneHwuil ¢ OCIOKHEHHBIM TIOCICOTIEPAIMOHHBIM TeUeHHEM MY>KYIHH ObiIo 112,
JKeHIMH -57, aereir — 8, B Bo3pacte oT 7 jm0 76 meT. YpoBeHb Co3HaHWs o orepamuu mo KT
7 ocTpaaaBIIMX OBUTH B SICHOM co3HaHuu (15 Gamnos), 28 — B cocTostHuM ymepeHHoro orirymenust (13-
14 6amnoB), 32 — B rmyookom ormymrenn# (11-12 6amos), 49 - B cocrostaru comopa (9-10 6aiios), 34 —
B COCTOSIHMM YMEPEHHOH KOMBbI (6-8 0aimnoB) u 27 mocTpaaaBinX ObUIM B COCTOSHUHU TITYOOKOW KOMBI
(4-5 6amtoB). B KOMIBIOTEPHOM MEPHOE BHIOOP BMEIIATEIHCTBA OCYIIECTBISUICS C YYETOM YPOBHS
CO3HAHMS, CTEINECHU AHUCIOKALMA CPEOUHHBIX CTPYKTYp M COCTOSIHUSL JIMKBOpPHBIX cucteM. B 116
HaOMy/ieHnsIX Oblla OCYIIECTBICHA KOCTHO-TUIACTHUECKas TpemaHauus W B 61 ciydae — OJHO-U
JBYCTOPOHHAsI IEKOMIIPECCUBHAS! KDAHUOTOMHUSI C MOJKOHBIM COXPAHEHHUEM KOCTHOTO JIOCKYTa.

B noxommbioTepHOM TiepHoze B 68 HAOMIOAEHHSIX, B PAHHEM IOCICONIEPAlMOHHOM TIEpHOJE,
OBUIO OTMEYEHO YXYALICHHE COCTOSIHHS OOJIBHBIX W CHIKCHHE YPOBHS CO3HAHHMSA Ha HECKOJIBKO
bamioB — B 23 xe caydasx g0 9-10 u 6-8 6ammoB mo LIKI. B orcyTcTBHM cpencTB afeKBaTHOM
JUArHOCTHKH MMeJa MECTO BBICOKasi CMEPTHOCTh — B 37 ciydasix cpeau 68 mocTpaJaBIInuX, MPOTUB 42
ciryqae cpeny 109 aHATOTHYHBIX HAOIOIEHI KOMITBIOTEPHOTO MTEPHOA.

Knuanveckuii marepuan, ¢ y4éToM OHOMEXaHM3Ma U MAaTOMOP(OIOTHIECKUX 0COOEHHOCTEN
nocneactsuit UYMT mo mepuogam, mpeacTaBiieH pas3lieNbHO. B MEPBYIO TPYITY BOILIM 68 ciayuyaeB
MOCJICONEPALIMOHHBIX OCIOXHEHUI JTOKOMIIBIOTEPHOTO NEPHOAA, U BTOPYIO rpymmy coctaBuiu 109
clly4aeB KOMIIbIOTEpHOTo neproa (Tadi. 1)

Tabnwia 1. [ocneonepallioHHbIE OCIIOKHEHUS IO TIEPHOJIaM U 10 OMOMEXaHU3MY HEHPOTPaBMBI

Kannnueckue Ywuciio BMemaTeabCTB U
Yuciio BMEmaTeabCTB Yucio BMemaTeabCTB
TIEPUOIBI MOCJIEOTIePAIIHOHHBIX N M
N Y OCJIOKHEHUH TPU W ocnoxxHeHuit npu
OCJIOKHEHHH TI0
WHEPIIMOHHBIX TPaBMax MMITPECCUOHHBIX TPaBMax
nepuoiamMm
= X = . X = = X
m Q m Q M
S 2 S 2 S
e g = 5 5= 5 g =
o o o
SR 5 8 & g 8 g Z =
25 % 2 g % 2 g L=
3 3 S o = S o = S o
= 5 o 5 o =
S QS & = SIS = SIS
= g2 SR m © Q m ° 9
= < (5] (0] O
o o, o ] o ] C
= 5 = = = = = = &
S & o S B 3 S B 3} S B
ISERS) = = 3 = = 3 = = 3
JoX om = = = = = a]
OKOMIIBIOTEPHBINA
A P 1515 68 1035 56 480 12
ePUOL
KommberorepHbIii
P 1990 109 1536 89 372 17
ePUOL
177 145 29
Bcero 3505 2571 852
5% 5,6% 3,4%

AHamm3 Matepuana M oOcy:kaeHwe. [Ipn mpumepHO paBHBIX YHCIaX BMEMIATENBCTB IIO
NeprojaM, 3HauMTeNIbHOE NpeolalaHnue YKCiIa TOCIEONEPAMOHHBIX OCIIOKHEHUH (IIOYTH BABOE) BO
BTopoi rpymnme (109 ciywaeB) npoTtuB mepBoi (68 ciyuaeB) sIBISETCS, MO-BUAMMOMY, CIIEIICTBHEM
OTCYTCTBUSI aJI€KBATHBIX CPEACTB JWArHOCTUKH B JOKOMIBIOTEpHOM mepuozne. [Ipu 3TomM pe3ymnbrarsl
ayTOIICHU BBIABIJIM HE OJHU CIIy4aW HEAWArHOCTHPOBAHHBIX MOBTOPHBIX OOBEMHBIX KPOBOW3IMSHUM B
TIEPBOI TPYIMIE — B TPYIIE JOKOMITBIOTEPHOT0 Tieproia. HecooTBeTCTBHE YacTOTHI TOCIIEOIEPAIIOHHBIX
OCJIOXHEHUI 0COOEHHO 3aMETHO BHYTPY MHEPLIHOHHBIX TPaBM — 56 HaOIIOICHUsI IEPBO TPYIIIbL, IPOTUB
89 ciyyaeB BTOPOIA TPyIIIBI — IPYIIIB KOMIBIOTEPHOTO Tieproa (Tabd. 1).

[lpy WMIOPECCHOHHBIX TpaBMax TaKOe HECOOTBETCTBHE HE HAOMIOJANIOCh: YacTOTa
MIOCJICOTIEPALIMOHHBIX OCJIOKHEHUH OcTaBajlach NMPUMEPHO HAa OJHOM YpOoBHE — 12 HaOmoJeHUN B
JIOKOMITBIOTEPHOM TIepHOJIe, MPOTHB 17 CiIydaeB KOMIBIOTEpHOro mepuoma (tadmn. 1), 9ro ObUIO
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CBSI3aHO, IO-BUANMOMY, C TE€M, 4TO, B OTIMYME OT HHEPLUOHHBIX TPaBM, XapaKTEPU3YHOLIUXCS
MHOTO(OKaNbHOCTBI0O U AU(PY3HBIM TOpaKEHHEM MO3ra, MpPHU HMIPECCUOHHBIX TpaBMax
NOBPEKICHUSI HOCWIHM, KaK IPaBWIO, JOKAIbHBIA, Oojiee OrpaHMYEHHBIH XapakTep M IO3TOMY
MIOCJICOTIEPALIMOHHBIE OCIOKHEHHS OTHOCHUTENBHO JIErKO HASHTH()UIMPOBAINCh U B OTCYTCTBUHU
aIeKBaTHBIX CPEICTB AMArHOCTUKU TaKUMHU YETKHUMHU KIMHUKO-HEBPOJOTHYECKHMH MPU3HAKAMU, KaK
«CBETJIBIM MEpUOoI» BPEMEHM, pPEUEBbIE PACCTPONMCTBA, OCTPOE HApyIIEHHE WM HapacTarollee
YTHETEHUE CO3HaHUS, Opaaukapius, aHM30KOpHUS C CHMIITOMaMH KOHTpajaTepalbHOW MHUpaMHIHOMN
HEIOCTaTOYHOCTH U T.J., KOTOPBIE ITOYTH BCETAa NPUCYTCTBOBAIU B PA3IUYHBIX COYETAHUIX U ObLIN
BIIOJIHE JOCTATOYHBI JUIsI WACHTHU(QUKALMU XapakTepa OCJIOXHEHuH. B cBsi3m ¢ otuM, npu
UMIIPECCUOHHBIX ~TpaBMax TIIOCIEACTBUS OCJIOKHEHHH U TOBTOPHBIX BMEIIATENbCTB  OBLIH
CPaBHHUTEIBHO ONIAromoylydyHbIMH U (haTaqbHble HCXOIbl — eIUHWYHBIMH. Cpead HHUX U CiIydau
ri1yOOKOH MHBaNUAM3aINN OOJBHBIX OBUTH TaKXKE CPAaBHUTEIBHO PEIKUMHU.

[TocneonepanioHHbIe OCIOKHEHHS MPEoOIafaiy Cped WHEPIHOHHBIX TpaBM — B 5,6%
ciryyasx, npotus 3,4% cilyyaeB UMIIPEeCCUOHHBIX TpaBM (Tad:. 1). Ilpn nHepunOHHBIX TpaBMax, B CBSI3U
C KaBUTALMOHHBIM OMOMEXaHU3MOM H MHOTO(OKaIbHOCTHIO MOBPEKICHNSI MO3Ta C YaCTHIM TIEPBUYHBIM
MOPaKEHHEM CPEIMHHO-CTBOJIOBBIX CTPYKTYp, @ TAaKKe B CBA3M C HEPEIOKHMH COILYTCTBYIOLIMMH
TSDKEJIBIMA  BHEUEPEIHBIMU TIOBPEXKACHUSIMU, OOIIMM TSDKEIBIM COCTOSHUEM W TOJMMOP(HOCTHIO
HEBPOJIOTHYECKUX CUMIITOMOB M KJIMHHYECKHX IIPU3HAKOB, CBOEBPEMEHHOE PacllO3HABAHUE XapakTepa
OCJIO’)KHEHUH, B OTCYTCTBHU CPEICTB aJCKBaTHOM AWArHOCTUKH, ObIJIO BECbMa 3aTPyIHEHHBIM, C UM U
ObUTa CBsI3aHA BBICOKAs CMEPTHOCTh OT OCJOXHEHUH Cpelu MHEPIHMOHHBIX TpaBM — B 37 (54.4%)
cirydasx cpenu 68 IOCIeoNnepalMOHHBIX OCIOXKHEHUH AOKOMIbIOTEpHOro mepuoma u B 42 (38.5%)
ciyyasx cpeau 109 mocneonepaoHHBIX OCIOKHEHH KOMIBIOTEPHOTo Neprosa. B obmiem ke cpenu
177 OONBHBIX C OCIIOKHEHHBIM TIOCJICONEPALMOHHBIM TEYEHHEM H TOBTOPHBIM OIEPaTHBHBIM
BMEILIATENILCTBOM, B 79 (44.6%) ciydasix Obul KOHCTaHTHpoBaH (artaneHblii ucxoa. Cpemu 98
BBDKHBIINX, TPU BBIMKCKE y 17 ObUIM OTMEYeHBI yMepeHHble u Yy 21 — rpyOble TICHXO0OpraHuYecKue
JeeKThl: B 2 CIydasx — armalndecKuid CHHAPOM U Y 4 OOJBHBIX - BETETATHBHOE COCTOSHEE. DTO OBUIH
OoJbHBIE, B  OCHOBHOM, C  HWHEPHUOHHO-TU(P(]Y3HBIMA  MOpAKEHHUSMH, MHOTOOYaroBHIMU
reMopparmueckuMy yIIHOaMu, HaXOAUBIIUECS JI0 ONEpaIii B KOMaTO3HOM COCTOSTHUH.

HauOonee yactoif mpuYMHON MOCIeONEepallMOHHBIX OCIOXKHEHUH — B 63,8% ciydasx (y 113
OOJIBHBIX) SIBUJIMCH NIOBTOPHBIE KPOBOMBIUSHHUS, KOTOpbie B 47 (41,6%) ciydasix ObLTH CaTeIMTHO-
IUIOCKOCTHBIMHU (0 10 MM TONIIMHOM) U OTAENBHO HE COCTABISUIM KPUTHUYECKYIO Maccy, HO Ha (oHe
OCTEOIUTACTHYECKOH KPaHHOTOMHUM M YMEPEHHOTO OTe€Ka MO3ra, C KOTOPBIM OHH,KaK IPaBHIIO,
COYETAINCh, YCYTYOISUTH COCTOSIHUE MTOCTPAJaBIINX, B CBS3U C 4eM OBbLIO OCYIECTBICHO MOBTOPHOE
BMEILATENBCTBO — yJaJICHHE KOCTHOTO JIOCKYTa C MOJKOXHBIM €ro coxpaHeHueM. B ocrtanbHBIX 66
(58,4%) HaOmrofieHHAX WMeENd MeCcTO O0BEMHBIE KpoBomanusHUSL. B 64 (36,2%) HabmromeHusIx
yXyJIIIeHHE COCTOSIHMS OONBHBIX OBIJIO CBA3aHO € yriryOneHueM oTeka Mo3ra. Cpeam Hux B 9 cimyvasx
UMENTM MECTO HEpAaCIO3HaHHBIE JIO OINEepalul TeMOpparduecKue YIIUObI, PacloJOXKECHHBIE Ha
MIPOTUBOIIONIOXKHOM cTopoHe. B 37 ciyuyasx oTMe4eHbI caTelIuTHBIE CyOaypabHble THAPOMBI, HO OHU
He ObUTM HampsDKEHHBIMH W He BbI3bIBaM Macc-3ddexkra — pacrekanuce B OOMIMPHOM
MIOJIAMIIOHEBPOTHYECKOM ~ MIPOCTPAHCTBE. B OTHENBbHBIX ciydasx YIalsUIMCh NYHKIHOHHO U
paspelaiuch, Kak MpaBHiIO, KO BPEMEHH OTCPOUYCHHOTO CHATHUS IIBOB, MOATOMY HE BO3HHKAaga
HEO0XOIUMOCTb IOBTOPHOTO BMEIIATENBCTBA.

[TocneonepanroHHbIe KPOBOMZIHMSIHNSA B OOJNBIIMHCTBE ciay4yaeB — B 74 (65.5%) HabmroneHusx
Obutn 000s0ueuHBIMU. BO3HMKanu OHM dalie mocje yJaleHHs COMMEHHBIX remaroM. [loBropHBIE
obonoyeuHble OOBEMHBIE KPOBOWBIHSIHUS Pa3BUBAUCH BCIIEJCTBHE KPOBOTCUCHHS M3 COCY/IOB
TBEPAOH 00OJIOUKH M TUINIONYECKUX BEH KOCTHOTO JockyTa. Cpeaut 113 BTOPUYHBIX KPOBOMIUSHUIA,
B 40 (35.4%) HaOaroneHUAX TeMaToMbl ObUTH PELUIUBHBIMH U JIOKAIM30BAIMCh B MECTax OBIBILETO
00BEMHOTO KPOBOMBITHSHHSL.

OnHOW M3 CYIIECTBEHHBIX NPUYMH, BEIYIIUX K HOBTOPHBIM OOBEMHBIM KPOBOM3IIUSHHSAM,
SIBISLIOCH HECOBEPILIEHCTBO TIeMOCTa3a, OCYIICCTBICHHOTO NPH HU3KUX MHPPax apTepUabHOTO
JaBJICHUs] M €ro HECTaOMIBHOCTb B TEUYEHUE IEPBBIX YacCOB M CYTOK IMOCJIE BMELIATENbCTBA C
TEH/ICHIIMEH K 3HAUYUTEIbHOMY MOABEMY: Cpeii OOJBHBIX C IMOCIIEONepaMOHHBIM KPOBOU3IUSHUEM Y
74 reMocCTa3 OKa3ajcs OCYILICCTBICHHBIM IIpH apTepraibHoM AapieHuu 80/50 — 90/60 MM pT CT. U B
paHHEM TMOCIEONEePalHOHHOM EPUOJEe OTMEYEH €ro MoabEM A0 HOPMalbHBIX M BBICOKMX LUQD.
Cpenu 64 GOMBHBIX C OTEKOM MO3Ta JIUIIL Y 6-TH OBIT OTMEYCH MOABEM apTePHATBHOTO JABICHUS, U
3TO MMEJNO0 MECTO Ha BTOpbIE U IOCJIEOYIOLIME CYTKH IIOcie BMeELIaTelbCcTBA — Ha 3Tale, Korjaa
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3aBepIIeHBI WM 3aBEPIIAIOTCS TeMOKOAryJISIIMOHHBIE TpoIlecchl B paHe. Hu3kue KoaryisimumoHHBIE
CBOMCTBAa KPOBH CBHITPAIM OMNPEICICHHYIO POJb B Pa3BUTHH IOBTOPHOTO KPOBOMBIHUSHUA U B
¢opmupoBanun remMaToM y 16 OONBHBIX, ABOE W3 KOTOPHIX CTpamanu remodmimeii. [loBropHBIE
00BEMHBIE KPOBOMIIMSHUS MMEIM MECTO Yalle y OOJBHBIX C THICPTOHUYECKON OO0JIE3HBIO MO0
CKJIOHHBIX K apTepHajbHON THIEPTCH3UW. DTH W JPYrue HeOnarompusTHbie (HaKTOpbl U (HaKTOPHI
pucKka mproOpeTanu 0coboe 3HAa4YeHHWE IPU XHUPYPTUUECKUX TOTPEITHOCTAX M HECOBEPIICHCTBE
reMOoCTa3a, OCYIIECTBICHHOTO B YCIOBUAX apTePUATbHON TUIIOTOHUH.

CpaBHHTETBHBI  aHaMW3 HAOMIOACHWUH ¢ NPUMEHEHWEM  KOCTHOIUIACTHYECCKOM |
JIEKOMIPECCUBHOM  KPaHUOTOMHM  CBHJETEIBCTBYET, HUYTO  IMOCIEONEPAMOHHbIE  OOBEMHBIE
KPOBOUBIIUSHUS BCTPEYATNCHh dYalle y OOJBHBIX C KOCTHO-IUIACTUYECKOW KpamuoToHueH. I[lpu
JIEKOMIIPECCUBHOM KPAaHUOTOMHH 4Yallle BCTPEYAINCh CATEIMTHBIE C OTEKOM MO3Ta IIOCKOCTHEIE
reMaToMbl. OTHOCUTENBHAS PEAKOCTh BTOPUYHBIX OOBEMHBIX KPOBOUBIUSHUHN NIPU JEKOMIIPECCUBHON
KPAaHHOTOMHH CBHJIETENFCTBOBANA €MI€ pa3 O WX 3aBHUCHMOCTH, HapsAy C HECTaOWIBHOCTHIO
apTepualibHOTO JABIIEHHUS B paHHEM TIOCICONEPAllMOHHOM IIEPHOAE, OT MEIKOTOYEUHOTO
KPOBOTEUCHHS U3 COCY/IOB TBEPAOH 0OOJOYKH M JAMUILIO? KOCTHOTO JIOCKYTa, HA YCTPaHEHHE KOTOPBIX
B IIPOIIECCE U B KOHIIE OTIEPAIlN, KaK 0Ka3aloChk, HE BCETIa YIAEISIIOCh JODKHOE BHUMAHHE.

Y OONBHBIX C JEKOMIPECCHBHOW KPAaHHMOTOMHEW YXYHAIICHHUE COCTOSHMS OOJIBHBIX B pslC
ciydaeB ObLIO CBSA3aHO C «IPOOYKICHUEM» «IPEMITIONINX) UCTOYHIKOB TEMOPParuy B o4arax ymruoa u
Pa3MO3KEeHHsT MO3Tra Ha CTOPOHE, MPOTHBOIOJIOXKHON BMEMIATENBCTBY, YTO OBIIO CBS3aHO, BHIMMO, C
HOpPMaJIM3allMeH WM TIOBBIIICHHEM, [0 MEPE BBIXO/a OOJILHBIX U3 COCTOSHHS TPAaBMATUYECKOTO IIOKA,
apTepUaIbHOTO JaBIICHUS C BOCCTAHOBJICHHWEM W ycwieHWeM mepdy3unm mo3ra. B 9 wHabmromeHmMsIX
KOMITBIOTEPHOE MCCIIE0BAaHNE BBIIBUIIO CMEIIIEHHE MO3ra B CTOPOHY JIEKOMITPECCUBHOIN KPaHHOTOMUHU.
VY 5 U3 HUX NIpH TIEPBOH OTepaIK, HAPsAY C ICKOMIIPECCUBHON KPaHUOTOMUCH, ObLIa OCYILECTBIICHA U
TpedrHAIMS B THIIMYHBIX MECTaX Ha MPOTHBOTIOIOKHOW CTOPOHE, HO TeMaToMa He Oblia BhIsSBIEHa. Y 3
OosbHBIX ObLTa yAajeHa cyOmypaibHas ruapoma. [lapakiuHUUECKHe HCCIEeIOBAaHMS HCKIIOYAH, Kak
Oyaro, Hanu4re 0OBEMHOTO KPOBOMBIHSHHUS JTHOO pPa3MO3KEHH MO3Ta Ha JPYrod CTOPOHE, HO, TEM He
MEHEee, YXYJIIIICHUE COCTOSIHUS ¥ BCeX 9 OOJIBHBIX OKA3aoCh CBA3AHHBIM C BTOPUYHOM reMopparueii u
CO CMEIIEHHEM MO3ra B CTOPOHY JEKOMIIPECCHH, HYTO CBHAETENILCTBOBAIO O JIOONEPAIIMOHHOM
MIPOCMOTPE KOHTPAIATEPATHHO PACTIONOKEHHBIX (PAKTOPOB pUCKa. B Takmx ciydasix K TUCIIOKAIAW BENT
HApacTalOUIMii OTeK MO3ra B 30HE ymKOa W pPa3MO3KEHHUS Ha CTOPOHE, IPOTHBOIOIOKHOM
BMemaTenscTBy. [losTomy, B cinydae muddy3sHOro mopakeHWss Mo3ra, B OCOOCHHOCTH IIpH
WHEPIMOHHBIX TPaBMax, OJHOCTOPOHHSSA JICKOMIIPECCUBHAS KPAHUOTOMHS OBbIBAE€T MHOTNIA HE TOJBKO
Mastod(PEeKTUBHOM, HO BEIET K YXY/IIIEHUIO COCTOSIHIUS O0mbHbIX [11, 12, 13, 14].

Takum 00pa3oMm, BBISBICHHE XapakTepa M MPHYUH MOCIEONEPAIMOHHBIX OCIOKHEHUH B
OTCYTCTBHUH aJICKBATHBIX CPEJCTB JMATHOCTHUKU YACTO COIMPSHKEHO CO 3HAYMTEIBLHBIMHU TPYIHOCTSIMHU.
KiuHuka  TOBTOPHBIX — KPOBOMBIMSHUN ~ MacKuUpyeTcss  HOJIUMOP(HOH  HEBPOIOTHYECKOH
CUMITOMATHUKOW U BBIPAKCHHBIMU OOIEMO3TOBBIMH SIBJICHHSIMH, B OCOOCHHOCTH Yy TOCTPAJABIIMX C
JTUQPy3HbIM (TP WHEPIHUOHHBIX TpaBMax) IMopakeHHeM wMo3ra. OmMOKM B pacro3HaBaHUU
XapakTepa OCJIOXHEHHH W MPOCUYETHl B TAKTHKE BEACHUS OOJBHBIX B IOCIICOTEPAIIHIOHHOM ITEPHO/IC
BCTPEYAIOTCS W CPeIr OOJBHBIX, HAXOIIIIMXCS B JOOMEPAIMOHHOM IIEPHONIC B CO3HAHUUA WU B
COCTOSIHMM oOriyuieHus. OJHAKO CpPaBHUTENbHBIM aHAIM3 C COMNOCTABICHHUEM HEBPOJIOTHMYECKUX
CUMITOMOB M KJIMHMYECKUX IPU3HAKOB JO- U TOCIEONEPAMOHHOTO TIEPUOJIOB, B OOJBITUHCTBE
CJTy4aeB, MO3BOJISI CBOEBPEMEHHO WACHTU(UIIUPOBATH XapaKTep OCIOKHEHUN Y TAKUX OOJIbHBIX.

O BO3MOXHOM Pa3BUTHH IOCIIEONEPAIIMOHHBIX OOBEMHBIX KPOBOHMIUSHUNA M TOBTOPHOTO
CIABIJIEHUS] MO3Ta MOTYT CBHJIETEIIbCTBOBATD:

1. «3aTpyTHEHHO-3aTsKHOI» BBIXOJ M HETIOJHBIM BBIXOJ] U3 COCTOSHUS HApKO3HOTO CHAa U
OTCYTCTBHE CO3HAHUs Yy OOJIbHBIX, CO3HAHHWE KOTOPHIX JO OMNEpaluu ObLIO COXPaHEHO WK OBbLIO
HapYIIEHO JIUIIh 10 CTSTICHH OTIIYIIICHIS;

2. pedeBoe, JBHUTATEIILHOE W/WIIM pede-ABUraTeIbHOE OECIIOKOMCTBO, W/WIHM OCTpas yTpata
CO3HAHMS MTOCIIE «CBETIIOT0» MEPHOIa BPEMEHH B PAHHEM TOCIIEONIEPAIIMOHHOM TIEPHO/IE;

3. IOBTOpHAsi yTpaTa CO3HAHHS WJIM IOCTEIIEHHOE €ro YrHETeHHWE B TEUCHHE HECKOJIbKHX
YacoB ITOCIIE BBIXO0JIA B CO3HAHUE OOJIBHBIX, HAXOAUBIIUXCS B JJOONIEPAIMOHHOM IEPHOJIE B COCTOSTHUU
OTJIYIICHHS WJIH B COTIOPO3HOM COCTOSTHHH;

4. BBRISBJICHHE WM HapacTaHUE CUMITOMOB KOMIIPECCHH MO3ra (pE4eBBIX pPaCcCTPOMCTB,
aHU30KOpWH, OpaguKapIvud, MUPAMHUIHOW HEIOCTaTOYHOCTH, KpPaHMWO-0a3albHON CHMIITOMATHKHY,
(OKaTHHBIX MUTPUTIAIKOB U JIp.) B MOCIECONEPANIMOHHOM TIEPHOJIE;
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5. BBISIBIIGHWE WM HapacTaHWE JUCIOKAI[MOHHBIX CHMIOTOMOB  (AMCCOIMMPOBAHHBIX
TJ1a30/ABUTATEIBHBIX HApYIICHUH, JIBYXCTOPOHHUX MATOJOTHYECKUX CTOMHO-MHUPAMUIHBIX 3HAKOB;
JUCCOLMAIUN MEHUHICAIBHBIX CHMIITOMOB, MBIIIEYHOIO TOHYCAa M CYXOKUJIbHO-IIEPUOCTAIBHBIX
pedIieKkcoB Mo OcH Tena, HaJMuue TOMOoJIaTepaJbHONH aHW30KOPHH M WIICHIIaTepalbHbX MPH3HAKOB
NUPaMHUTHON HEAOCTaTOYHOCTH, (DOKAIBHBIX SMUMPHUIIAIKOB, KapHO-PECIIUPATOPHBIX PACCTPONCTB U
Iip.) Ha (DOHE YTHETEHHOTO CO3HAHM.

Takast «<MO3aUYHOCTBY» HEBPOJOTUYCCKUX M KIMHHUYSCKUX CHMIITOMOB 00Jiee XapaKTepHa s
mu¢dHy3HOTO TOBPEXKISHUSI MO3Ta ¢ TIEPBUYHBIM MMOPAKEHHEM CPEAMHHO-CTBOJIOBBIX CTPYKTYp, UTO
yalie WMeeT MECTO NpH WHEPIMOHHBIX TpaBMax, HO TEM HE MEHee He CieqyeT 3a0bIBaTh U O HX
BO3MOXXHOM JHUCJIOKAIIMOHHOM MEXaHU3ME M O BTOPUYHOM MOBPEKICHUHU STUX CTPYKTYP, BBI3BAHHOM
MTOBTOPHBIM O0OBEMHBIM KPOBOUZIIHSTHAEM;

6. HEYCTOMYMBOCTh apTEPUATIBLHOTO JABJIECHUS CO 3HAUMTEIBHBIM €ro NMOABEMOM B TEUEHHUE
MEPBBIX YAaCOB U CYTOK IIOCJIE BMEIIATEIbCTBA, CPABHUTEIBHO C €r0 YPOBHEM B MOMEHT IPOU3BOACTBA
reMocTa3a, B COYETaHWU C PE3KUM HJIM IMOCTENEHHO HApacTAalOIIMM YIHETEHWEM CO3HAHUS U C
yriyOieHreM JIMOO BBISBICHUEM THE3THOU U TUCIIOKAIMOHHOW HEBPOJIOTHUECKON CUMIITOMATHKY;

7. qEcconManys MEXIy MAallOTPaBMAaTHYHBIM OIEPATHBHBEIM BMEIIATEIHCTBOM (yHajeHHe
reMaToM 4epe3 TpeUHAIMOHHBIE OTBEPCTUS MM METOJIOM OTPaHUYEHHOH KpaHHOTOMUH),
YCTPAHSIOIIMM CHABJICHHE MO3ra, W HECYLIECTBCHHBIMU aHATOMUYECKUMHU MOBPEXKICHUSMH,
BBISIBJICHHBIMH [PU KOMIIBIOTEPHOM HCCJIEIOBAaHUU M B IPOLIECCE OMEPATUBHOIO BMELIATENIbCTBA, C
OJIHOM CTOPOHBI, W TIYOWMHOW pACCTPOMCTBA CO3HAHMS, BBIPAKCHHOCTBIO OYaroBOH W
JIUCIOKAIMOHHOM  CHUMIOTOMATHKM U BHUTAJIBbHO-CTBOJIOBBIX  PACCTPOMCTB B paHHEM
MOCIIEOTIEPALIMOHHOM TIepHoJIe — C IPYro U T.1.

CoyeraHue TPHUBEACHHBIX TPH3HAKOB JHOO BBIABICHHE W/WIM yriIyOlleHHE Jpyrux
HEBPOJIOTMUECKUX CHUMIITOMOB U KIMHUYECKUX IMPU3HAKOB B PAaHHEM IOCJIECONEPALUOHHOM IEPUOJE,
JOJKHBI HAaBeCTHM HA MBICIb O BO3MOXHOM DPa3BUTHHM IOCIEONEPALMOHHBIX  OOBEMHBIX
KPOBOUBIUSHUNA U TTOOYINUTH K TPOBEACHUIO JOMOIHUTENHHBIX HCCIENOBAHUI THOO K TIPOU3BOJICTBY
pPEBHU3UM OIEPAllMOHHONW paHbl. BeDKHMIaTenbHAs TaKTHKAa B COMHUTENBHBIX CIIydasX, paBHO Kak U
3aro3zaoe MpoBeAeHNE JTOTIOHUTENbHBIX NCCIIEZ0BAHUI U TPOBEIEHNE TOBTOPHOI'O BMEIIATEIhCTBA
C TIPOMEJIEHUEM, YpeBaThl pPa3BUTHEM TpyObIX, HeoOpaTHMbIX siBIeHWH. [lo3mHss muarHoctwka u
OTCPOYCHHAS PEBH3US PaHbl BEIyT, HAPSJY C BBICOKOH JeTadbHOCTBHIO (110 44.6%, Mo Hammm
JTAHHBIM), K Pa3BUTHIO TPYOBIX IICHXOOPTaHUYECKUX AS(PEKTOB U K MHBAIUAN3AINH OOJTHHBIX.

3akarouenue. [IpuynHON OmMOOK B paclo3HaBaHUM XapaKTepa IOCIEONepallHOHHBIX
OCJIOXKHEHHUI Y OOJIBHBIX, ONEPUPOBAHHBIX MO-TIOBOY PA3JIMUHBIX TSKEIBIX KIMHUKO-aHATOMHYCCKHX
dopm UMT, sBnsercss 4acTo HENPaBUIIbHAS OIIEHKA HEBPOJIOTHYECKUX CHMIITOMOB ¥ KIMHUYECKUX
MIPU3HAKOB TIOBTOPHBIX OOBEMHBIX KPOBOMBIUSHMUN, YTO BEJIET K 3aJep)KKe HEOTIOXKHOM, YacTo
JKU3HEHHO Ba)XKHOH Omepalyuu — Omepalyy PpeBU3UU PaHbl. ITO YPEBATO U ONMACHOCTHIO HENPABUILHOTO
BBIOOpa JIe4eOHOW TaKTHKH - I[IAOJIOHHBIM H (DOPCUPOBAHHBIM MPOBEJACHUEM JETHAPATAIIMOHHON
Tepanmuu Ha (OHE 3aTSDKHBIX M 4YacTo Oe3ycCIeNIHBIX pPeaHMMAallMOHHBIX Meporpusithid. Hepenko
BCTpeUaroulieecss yHIYJIUPYIOLIEE COCTOSHUE CO3HAHMSI M HEKOTOpash MOJOXKHUTENbHAs IUHAMHUKA B
HEBPOJIOTHYECKOM CTaTyceé CO CMEHOH TMEepUOJOB 3arpy’KeHHOCTH M COHJIMBOCTH TI€PHOAAMHU
MPOSICHEHHOTO CO3HAHUS C HAJMYMEM OJHOCIOKHOTO pedeBoro (,,Ja“ u ,,HeT’) KOHTAKTa ¢ OOJbHBIMU
4acTo OIMMOOYHO paclieHWBaeTcss Kak 3(dekrT aerumparallMOHHOW TepanuW, W BOMPOC O
JIOTIOTHUTENBHBIX HCCIIEIOBAHUSAX CTABHUTCS HEPEOKO C TPOMEICHWEM, KOTJa IUCIOKAIMOHHBIE
CUMIITOMBI CTaHOBSITCS TPYOBIMH, a BHTAJIbHO-CTBOJIOBHIE PACCTPONMCTBA — BBIPAKEHHBIMH U
HEOOpaTHUMBIMU. bBECKOHTPOIFHOE TPOBEACHHE PEAaHUMALMOHHBIX MEPOMPHUATHI, B OCOOEHHOCTH
(hopcHpOBaHHON JETHIPATAIIMOHHONW Tepanvi y OOJNBHBIX C OCJIOKHEHHBIM IOCIIEONEPAIIHOHHBIM
TEYEHUEM [0 BBIICHEHUS XapakTepa W NPUYUH OCJIOKHEHUH SIBIACTCS TAKTUUECKUM IIPOCUETOM.
IToaTomMy BBIOOpY JIe4eOHOM TAKTWKH, B TOM HYHCIIE W MOBTOPHOMY OIEPATUBHOMY BMEIIATENHCTBY,
JIOJIKHO IPEIeCTBOBATh, 10 BO3MOXKHOCTH, YTOUHEHHE XapaKTepa MOCICONEePAHOHHBIX OCIOKHEHUI.
Kommerotepao-Tomorpaduueckuii Meros, B ocobeHHoct MPT, ¢ abCOMOTHON OCTOBEPHOCTHIO
MO3BOJISICT BBISIBUTh HAJIMYME U XapakTep OCIOXKHEHUM, MPOCIENUTh 33 COCTOSHHEM CPEIUHHBIX
CTPYKTYp U, IPH HaJOOHOCTH, H30paTh 00BEM U CTOPOHY MOBTOPHOT'O BMEIIATEIbCTBA.

B mnane mnpeBeHIMH TMOCIEONEPAIIOHHBIX OOBEMHBIX KPOBOMIMSHHUM Ba)KHOE 3HAYCHHUE
MpUOOPETAIOT, HAPSY C HEHPOXUPYPrHIECKUM MOHUTOPHUHIOM, JMHAMUYHBINA KOHTPOJIb M YIIPABJICHUC
apTepUAIILHBIM JIaBJICHUEM B TEUEHHUE MEPBBIX YACOB U CYTOK IOCJE BMEIIATENbCTBA. [ J1aBHAs e poib
JIOJDKHA OBITH OTBE/ICHA MEIaHTUIHON XUPYPrUUecKoi 00paboTKe ONepaMoHHO’ PaHbl ¢ TINATEITBHBIM
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WHTPAONEPAIIMOHHBIM U KOHEYHBIM I€MOCTA30M IIPH HOPMAJIBHBIX WU MOBBIIIEHHBIX Y THIIEPTOHUKOB
midpax aprepuanbHoro pgasieHusA. OnepaTHBHOE BMEIIATEIBCTBO NPH  KOCTHO-IUIACTUYECKON
KPaHHOTOMHH >KEJIATENBHO 3aBEpIIaTh YACTUYHBIM OTCIIAUBAHMEM MBIIIEYHO-HAIKOCTHUYHOTO CJIOS
(HMOKHEH, MBIIIEYHON €ro 4acTH) OT KOCTHOT'O JIOCKYTa, ¢ THIATeNbHOH 00paboTKOi BHYTpEeHHEH ero
MIOBEPXHOCTH M TOALIMBAHUEM IUIACTUYECKH HapalleHHOH TBepIod 0OOJOYKHM K HAJKOCTHHIE BAOIb
Kpasi TPEMTaHALIMOHHOTO OTBEPCTHS C MOATATUBAHNEM €€ K KOCTHOMY JIOCKYTY 4€pe3 HaJIOKEHHBIE B HEM
MHKpooTBepcTust [15.16.], 4To MOXKET SBUTHCS HAJCKHBIM MPOPHIAKTUICCKUM MEPOIPUSITHEM POTHB
MOCJICONEPALIUOHHBIX 00BEMHBIX KPOBOM3IMAHUM 1 KOMIIPECCUU MO3Ta.

BoiBoabl. Ilpu BMemaTenscTBax IO MOBOAY PA3IUYHBIX KIMHUKO-aHATOMHYECKHUX (GOpM
TKETOM YEepermHO-MO3TOBOM TpPaBMBI paHHUN TMOCIEONEPallMOHHBIM mepuoa 10 5% ciaydaes
XapaKTepU3yeTCsl OCIOKHEHHBIM TedeHHEM. llocneonepalliOHHbBIE OCIIOKHEHHS BCTPEYAIOTCS Yalle
MIPU NHEPLIUOHHBIX TPaBMax.

B crpykType Xupyprudeckmx OCIOXHEeHHWH mpeoOmamaroT (mo 63.8%  ciydaeB)
MIOCJICOTIEPALIMOHHBIE KPOBOM3IMAHMSA, KOTOpele B mpenenax 58.4% u 41.6% ciydaeB SBIAIOTCS
COOTBETCTBEHHO O0OBEMHBIMH U CATENUTHO-TTIOCKOCTHBIMH.

1. [TpyunHO# mocneonepanvoOHHbIX O00bEMHBIX KPOBOM3IMSHHUN SIBJISIOTCS HECOBEPILEHCTBO
remMocTasa, OCyIIECTBIEHHOTO MPH HU3KUX HU(pax apTepHalbHOTO AaBICHUS, U €r0 HECTaOUIBHOCTh
B TEYEHHE IIEPBBIX YacOB W CYTOK IIOCIE€ BMEIIATENBECTBA C TMOABEMOM [0 HOPMAIBHBIX H
MOBBIIIICHHBIX ITUMD.

2. VIcTOYHHKOM KPOBOMBIIHMSHUHN CITy’KAaT MEJIKHE BETBH CpPEIHEH MEHHHICaIbHOW apTepuu U
JUIUIONYECKHE COCYAbI MPONMIa KOCTEH Yepena U BHYTPEHHEN IOBEPXHOCTH KOCTHOT'O JIOCKYTa, YeEMY
HE BCEIa yAeyseTcs JOJDKHOE BHUMAaHUE.

3.B Hecmenuanu3MpOBaHHBIX ~ CTAllMOHApPaX, B OTCYTCTBHM  aJEKBATHBIX  CPEICTB
JVAarHOCTHKH, TPUBEACHHAs B CHUCTEMY IE€pPEUYEHb KIMHUYECKHX IPU3HAKOB M HEBPOJIOTHYECKHX
CUMIITOMOB W HX COYETaHWs, MOTyT TIOMOYb B HJICHTHU(UKANUM XapakTepa H NPUUYUH
MOCIIEOTIEPALIMOHHBIX OCIIOKHEHUM.

BeisiBiienre u/win yriiyOiieHHe TPUBEICHHBIX WIN JPYTHX HEBPOJIOTHYECKUX CHMIITOMOB U
KIMHAYECKAX TPU3HAKOB, paBHO Kak W JI00as OTpUIATeNbHas JUHAMUKA COCTOSIHHSI OOJBHBIX,
JIOJDKHBI SIBUTHCS IIOKA3aHUEM IS JOOOCIIeA0BaHUS IOCTPAIABIINX.

4. Ilpu OTCYTCTBHM aJI€KBaTHBIX CPEICTB TUArHOCTUKM, BO BCEX COMHMTENBHBIX CIIydasx,
PEBU3UIO paHBl CJEAYET PEIIMTENBHO TMPEANOYECTh BBDKHIATENBHOW TAKTHKE W 3aTSDKHBIM
pEaHUMAIMOHHBIM MEPOTIPUATHIM C (POPCUPOBAHHOMN JACTHPATAIIMOHHON Tepanuei.
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