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Yanu npauiosaTtu ncuxonorn. Metoauku npo-
BeAEeHHS NPodECINHOro NCcmMxodisionoriyHoro
nobopy HaBedeHi y “MeToanyHnx pekomeHaa-
LisiX WOoA40 BUAIB i NOpsaKy NPOBEAEHHS MCUXO-
disionoriyHmMx 06CcTEXeEHb | LOOOPY NPaLIBHUKIB
JIOKOMOTUBHUX Opuran”, 3aTBepOXXeHMX Haka-
30M Ykp3anisHuui. O6cTexeHHs NpoBOAATb HA
aBToMaTm3oBaHOMy komnnekci “Jonyck”, Ha
SKOMY peani3oBaHi BCi METOAWKN, BUSHAYEHI Y
cymicHomy Hakasi MO3 Ykpainum ta LdepxHar-
napoxopoHnpadi “Nepenik pobiT, ae € noTpe-
6a B npodeciiHomMmy nobopi”. OBCTEXEHHS NPO-
BOOSATb TAKOX Y JliKyBasibHUX 3akfagax 3anis-
HMUb Nikapi HEBPOMNATOA0rK Ta NcuxiaTpu.

Ha 2006 pik 3annaHoBaHO CTBOPEHHS
we 6-12 kimHaT ncuxodizionoriyHoro godopy
y NepLuy 4epry, B nacaxupcbkux geno Ykpasan-
i3HML.

Mporpamoto nepenbavyeHo CTBOPEH-
HS KiMHAT NCMxo@i3ioNoriYHOro PpO3BaHTaXEH-
HS1 TOKOMOTMBHUX Bpurag y 6a3oBux JTOKOMO-
TUBHUX Oeno, e 3a pe3dynbTatamm 06CTeXeHb
NPOBOASATL NCMX0dIi3ionoriyHe po3BaHTaAXEHHS
Ta, KOPEry4m 3axoan 3 MeTo NpodinakTnkm
nopyweHb GYHKLIOHaNbHOro cTaHy, 3abeane-
YeHHs BUCOKOI Mpaue3gaTHOCTI NpoTArom po-
60401 3MiHW 1 BiAHOBNEHHS MiCAs iT 3aKiHYEHHS.
Koperytoumn 3axoam nokasaHi BCiM npawiBH1UKam
Ta, CKJlagalTbCs 3 METOAIB NCUXONOriYHOI ca-
MOperynauii, TCUXOEMOLLIMHOrO PO3BAHTAXEH -
HA 1 MoOinisauii Ta enemMeHTIiB KOrHITUBHOIO
npodecinHoro TpeHiHry. Ncuxonorn NpoBo-
OATb TAKOX MCUXOJI0TYHE KOHCYJIbTYBaHHS, LLLO
nonsira€e B HagaHHi NPauUiBHMKY MNCUXOJOTYHOI
JOMNOMOrU y BUPILLIEHHI NPOONEM eK3UCTEHLI-
anbHOro XapakTepy, MiX0COOUCTICHUX

Y/IK 626.02:612.015.46

KOHONIKTIB, BHYTPILWHbO CiMENHUX Npobnem,
NpodeciiHOro opieHTyBaHHS 1 BUGOPY TOLLO.

Ocobu, 6ynun yyacHMKaMm 41 nikBigaTo-
pamu BUPOBOHMUYMX BUNALKIB i3 TPaBMYBaHHSAM i/
4y cMepTenbHUM pe3ynbTatom abo manm roc-
TPy NCUXOTPaBMy BUPOOHNYOro Y1 HEBMPOOHU-
4Oro xapakTepy HanpaBnalTbCA Ha peabinita-
LiriHY nporpamy. Y 3aneXHOCTi Bif, TSXKOCTi cTa-
Hy npauiBHMKa peabiniTauyinHa nporpama
MICTUTb Y cObi: BU3HAYeHHs PiBHA NPOdECINHO
3HAYUMUNX FKOCTEN; NCMXONOTiYHY AiarHOCTUKY
" KOpekLUito, ncuxoTepanito B T.4. 3 KOTHITUBHUM
TPEeHiHrom; gisioTepanito; Npn HeobXiaHOCTI A0
LbOro 404al0Th TPAAMLUIHY dpapmakoTepanito,
y TOMy 4yuncni ncuxopapmakoTtepanito. [0noB-
HOIO METOI0 NCMXoTepanii € peanisauia pe3eps-
HMX CUJT i MOXJTMBOCTEN NpaLiBHMKA, BiOTBOPEH-
HS MOro LiNliCHOCTI 9K 0COOUCTOCTI, NiABULLLEH-
HS MOro mMoTmBalil N onNnTUMI3aLii eMOUINHOro
CTaHy. 3aBepLUeHHs peabinitauinHol nporpamu
nepenbavyae BiAHOBNEHHS OOMNYCKHOIO PiBHSA
NPOMECINHO 3HAYNMMUX AKOCTEN i OTPUMAHHS
[03BOJ1Yy Ha NonepeaHin Bua, OisnbHOCTI.

3annaHoBaHO CTBOPEHHS peabiniTauini-
HUX LLEHTPIB Ha KOXHIi 3anisHuui. Ha cborogHi
nBa ueHTpu Ha loHeubkin Ta lNiBoeHHO-3axigHin
3ai3HULSAX YXKe MpauioiTb.

Peanizauia ocHoBHMX 3aBaaHb [1porpa-
MM 0AcCTb 3MOry 3MEHLIUTU BNAUB JIIOACbKOrO
YMHHMKA Ha 6e3rneky pyxy nois3aie 3a paxyHoK
NiABULLIEHHS Npaue3gaTHOCTI M HaaiMHOCTI po-
60T NOKOMOTMBHUX Opuran, 36epexeHHs 300-
POB’A Ta 3HUXEHHS PiBHS 3aXBOPIOBAHOCTI N1O-
KOMOTUBHMX Opurag Ta pauioHasbHO BUKOPUC-
TOBYBaTW TPYAOOBi pecypcu.
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Gas bubbles that appear in the blood
during decompression, and after diving, cause
changes to the haemostatic system. The level of
haemostatic activation observed after
decompression can be used in the verification
of decompression tables, and to evaluate the risk
of decompression sickness occurring in the pre-

clinical phase.

During decompression and after
completion, the blood of divers may contain a
certain number of organically tolerated
asymptomatic bubbles which are referred to as
silent bubbles. They do not produce any
pathological symptoms, but once they exceed
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the diameter of the capillaries they cause micro-
emboli which cause the development of local
hypoxia (2, 5, 6).

The most popular and used criterion for
evaluation of decompression sickness risk in
divers, is the absence of decompression
sickness type | symptoms (bends.) Another
criterion is developed by means of detecting the
presence of gas bubbles in the blood by
Doppler’s test. However, gas bubbles may
appear in divers even when there are no
symptoms of decompression sickness (DCS)
present. Again DCS may occur even with no gas
bubbles detected in the Doppler’s test. This
testifies to the lack of any correlation between
this test and the DCS manifestation (4, 12).

Other evidence indicating that the
Doppler’s test and the lack of bends do not
suffice to perform a safe decompression, is a
manifestation of aseptic necrosis of the bones
in divers after a period of time. The risk of aseptic
necrosis of the bones as a late consequence of
diving makes it necessary to search for other
indices to recognize sub-clinical signs of gas
bubbles present in the body. Selected
parameters of homeostasis may be the particular
index needed to identify and determine the risk
of decompression sickness (7, 8).

So it seems justifiable to search for
changes that result from the presence of gas
bubbles in the blood. The intravascular bubbles
cause haemostatic changes. So in order to
assess decompression sickness risk the level of
blood platelet haemostasis and the level of
plasmatic haemostasis in divers after
decompression may be very important.

Changes in the haemostatic parameters
and fibrynolysis may indicate a mistaken
decompression schedule, and thus may serve as
a basis for the evaluation of divers safety under
hyperbaric conditions (1,2,3,5,9,10,11)

Material and methods

The study data was obtained as a result of
simulated saturated diving, using various
breathing media, short simulated diving on air
and trimix and saturated heliox diving
(operational) in the Baltic Sea.

The following were tests were carried out:

- five simulated air saturated dives, with the
participation of 21 divers,

- twelve simulated nitrox saturated dives,
with the participation of 31 divers,

- thirteen simulated heliox saturated dives,
with the participation of 39 divers,

- ten simulated short air dives, with the
participation of 50 divers,

- ten simulated short trimix dives, with the

participation of 50 divers,
- seven saturated heliox dives in the Baltic
Sea, with the participation of 28 divers.

Simulated saturated dives differed from
one another in the time of stay at plateau: from
48 hours to 119 hours 20 minutes. It was found
that after 48 hours of stay in hyperbaric
conditions the body of a diver gains a level of gas
balance, regardless of the duration of plateau,
which differed from one dive to another. The
duration of decompression was planned as
though divers had stayed in plateau only 48
hours and following the plateau pressure values
(from 0,28MPa to 1,1 Mpa). The duration of the
shortest decompression was 25 hours and 27
minutes, of the longest one — 104 hours and 16
minutes.

Simulated short air dives were carried out
under a pressure of 0,7 Mpa, which responds to
the depth of 60 meters. The duration of stay
under this pressure (plateau) was 35 minutes.
The same pressure and the duration of stay
(plateau) were used in simulated short trimix
dives. The composition of the trimix mixture was
: 02 - 22%, N2 — 42%, He-36%. The total time
of decompression for both types of dives was 3
hours and 7 minutes.

Saturated heliox dives were performed in
the Baltic Sea during regular underwater work
carried out by divers. Depending on the
operations to be performed the divers remained
from 20 to 40 days under a pressure of 0,83 MPa
(depth of 73 m). The decompression time was
equal for all the dives and was 68 hours and 23
minutes.

The safety of divers was assessed on the
basis of the following:

- subjective and objective examination — to
exclude the decompression sickness
symptoms,

- assessment of the selected haemostatic
parameters of fibrinolysis,

- radiological examinations — to exclude
aseptic necrosis of the bones.

The parameters determined in the environment
of the hyperbaric chamber were as follows:

- oxygen partial pressure,

- nitrogen and helium partial pressure,

- temperature in the chamber and relative
humidity.

Results and Discussion

The examinations presented proved a
statistically significant reduction in the number
of blood platelets and an elevation of blood
platelet sensitivity to ADP after simulated air
exposures.

Also after simulated air exposures an
increased activation of platelets was observed
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manifested as an increased component

expression of the receptor to fibrinogen (ZD61),

as a higher percentage of the platelets with the

PADGEM molecule, an increment of the

percentage of micro-platelets and of platelet

aggregates, a decrease of the factor Xll

concentration, and a decrease in the

concentration and activity of PAI-1.

Analogical changesin the short dives were
observed only in the divers breathing air,
whereas in those breathing trimix no changes in
the haemostatic parameters examined were
found.

After the saturated heliox and nitrox dives
with no changes in the haemostatic system,
some corrections to the decompression time
were introduced. In some dives the correction
of time allowed a reduction to the
decompression time by as much as 10 hours.

The haemostatic changes may be
interpreted as an indicator of the decompression
sickness hazard, as evidenced by the three
cases of decompression sickness which
occurred after the air dives. Regarding the risk
of decompression sickness after the short dives
to 60m depth, itis recommended that instead of
air a safer breathing mixture — trimix (0,-22%,
N, — 42%, He-36%) should be used.

In comparison to a helium-containing
breathing mixture, the use of air as a breathing
medium in diving, is more liable to cause the
development of decompression gas bubbles and
may be the reason for the risk of decompression
sickness and of aseptic necrosis of the bones to
occur.

Conclusions:

1. In divers subjected to simulated short and
saturated dives, as well as performing
underwater work in conditions of saturation,
changes in a number of haemostatic
parameters are observed, which may well
indicate the development of gas bubbles in
the blood of divers.

2. The criteria to assess an individual’s risk of
decompression sickness may be the changes
in platelet haemostasis and in fibrinolysis,
particularly reduction of the blood platelets
number, increase of the percentage of micro-
platelets and of expression on platelet CD 62P
and CD 61 molecules.

3. Decompression schedules after the
simulated saturated dives with the use of
nitrox, heliox and trimix subjected to tests are
correct.
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Pedepart
MeToAauka oueHKN PUCKOB NPU NOrpPyXeHn-
s1X, OCHOBaHHasa Ha N3y4eHnn psapa napa-
MeTpoB remMocrasa
Be3onacHOCTb HbIPSAbLLMKOB OLLEHMBANMU
Ha OCHOBaHWUW MNPOBEAEHUS:
- CcyObEKTMBHOIo 1 06bLEKTUBHOIro 06cneno-
BaHUS;
- OLEHKM N30paHHbIX FreMOCTaTM4YeCckux napa-
MeTpoB pnbpUHONN3a;
- paguonornyeckoro obcnenoBaHus.
Mpn KPaTKOBPEMEHHbIX MOrPYXEHUS 1 NO-
rPYXEHNSAX B CPEOE HACbIWEHMN, a TakkKe Npu
BbIMOJSIHEHUM NOABOAHLIX paboT, Habnoganu

YIIK613.047

M3MEHEHNS reMOCTaTUYECKMX nokalaTenen,
4YTO CBMAOETENLCTBYET 06 06pa3oBaHNM Ny3blpb-
KOB rasa B Kposu. Kputepnem oueHKn MHANBU-
OyanbHOro pucka passBuUTus OEeKOMMNPECCUOH-
HOM B60NEe3HN MOXET OblTb MBMEHEHUSI FEMOC-
Tasa n GUBPMHONMN3a KPOBSIHbIX MNACTUHOK,
yMeHbLUEHNE KONnYecTra TpoMOoLNTOB, yBE-
JIN4eHMe NPOLEHTHOro CoAepPXaHUs MUKPO-
MACTMHOK M 3KCNPECCUN HA YacTULLAX MOJIEKY
CD 62P n CD 61. lNpoBeneHa oueHka apdek-
TUBHOCTM pa3paboTaHHbIX AEKOMMPECCUOHHbIX
PEXMMOB NOCSIE MOAENNPOBAHHOIO NOrpyxe-
HUS B HACbILWEHHOW cpeae C UCMOJIb30BaHMEM
HUTPOKCA, FreNus N TPOMHOW CMEecCH.

BEPEIrOBI PAAIONTIOKALIAHI CUCTEMU MOPCbKOIO ®J10TY AK
IOKEPENO BMNJINBY EJIEKTPOMAIHITHUX BUNTPOMIHIOBAHb HA
HACEJIEHHA
Adymarcoknii 10.4., TomawweBcbka J1.A.

IHCTUTYT ririeHn Ta meaguyHoi ekosorii iM.O.M.Map3eesa AMH YkpaiHu,
KuniB

Cepen 4MHHUKIB, 9Ki BMAMBAOTb Ha
piBEHb 300POB’A HAaCENIEHHS, BaX/IMBE MicLe
HanexuTb €NeKTPOMAarHiTHUM
BunpomiHioBaHHam (EMB) [1, 2]. OgHum 3
OCHOBHUX HaNpPaMKiB KOMMAEKCY O0CNIAXEHb
npu ririeHiyHomy pernameHtyBaHHi EMB €
BU3HA4YeHHS daKTNYHO iCHYIO4YOrO0
HaBaHTaXeHHs Ha HaceneHHs [3]. PeanbHuUM
[KepesioM OCTaHHix € 6eperosi paaionokaLiiHi
ctaHuji (BPJ1C) mopcekoro ¢nory.

BPJIC npaytoTbe B iMAOyAbCHOMY
PEeXUMi BUNPOMIiHIOBAHHA HAa AOBXMHI XBUAb 3 Ta
10 c™m 3 wBMakicTio obepTaHHA aHTeHn 16 06/
XB. Y 3B’3ky 3 TuM, Wo BPJIC po3stawioBaHi gk
npaBwJIo Ha TEPUTOPIAX NOPTY Ha BiacTaHi 100-
1000 ™ Big, ceNUHNX 30H, BOHW € OXXEepenom
eJIeKTPOMarHiTHoro 3abpyaHeHHs He TiNbkn B
nopTy, a N B HaceneHnx nyHkTax nobnmay. MNMpu
LbOMY  €JiIeKTpOMarHiTHa obcTaHoBKa
BU3HAYaETbCH TEXHIYHUMN XapaKTepucTnkamm
CTaHLUil, pexumamun ekcnayartauii, ymoBamu
PO3MILLLEHHS, TUMOM HaBKONULLHBLOIT 3a0yO0BN,
ocob6nmBocTaAMU penbedy Ta POCIANHHOTIO
MOKPUTTH MiCLLEeBOCTi. PiBeHb Hanpy>XeHOCTi
enekTpomarHitHoi eHeprii (EME) 3anexunTsb Big
MiCLEe3HaxooKeHHs oxepena BUNPOMIHIOBAHHS
— Ha TepPUTOPIi HACENEHNX MIiCLb BiH MOXe
cknagatn 10 — 100 mkBT/Ccm2.

3abesneyvyeHHs HeOOXiAHNX CaHiTapHO-
FriEHiYHMX YMOB MPOXWBAHHSA HacesieHHd B
30Hax PO3MilLEHHS BPJIC MOBUHHO
006yMOBNIOBATUCb HAYKOBUM OOIrPYHTYBAHHAM

0e3neyHunx s 300P0oB’a NIOANHU HOPMATUBHUX
PiBHIB HA OCHOBI BU3Ha4YeHH$s BGionorivyHoi ail EMB
B €KCNepUMeEHTasIbHUX OOCHIAXEHHNAX [4, 5].

MeTolo Oyna po3pobka rpaHWU4HO
nonyctumoro pisHsa (F[AP) EMB 3 ypaxyBaHHAM
pexunmy poboTtn BPJIC. B ekcnepumeHTiB Ha
Oinux wypax MoOentoBanochb efleKTpoMarHiTHe
none (EMTI) 10-cm pgianasoHy. Ha ocHoOBI
aHani3dy napamMmeTpiB MOOENbOBAHOIro nons 3
no3uuin NOoranMHeHOT Ta nagat4oi eHepril
BCTAHOBJIEHO HaMeHLWNN ePEeKTUBHNI PIiBEHDb
ang ymoB 4-x Micai4HOT Aji no 16 rogmH Ha ao0y,
akun gopisHioe 100 mkBT/cm?2. 3a meTooom
MaTeMaTU4yHOro njiaHyBaHHA €KCNEPUMEHTY
Oynu BmBYeHi Taki pisHi EME: 100, 500 i 2500
MKBT/cM2. TBapuH po3noainganu Ha rpynmu
BiANOBIAHO Ait04Oro piBHA. ONpPOMiHEHHS
30iMCHI0OBANM AUCTAHUIMHUM METOA0M, AKUMn
[03BOJIIE 3BEPXY HA BCiX TBAPMH pa3om 6e3
B3aEMHOI0 eKkpaHyBaHHS, WO BignoBigae
yMOBaMm fji pakTopa Ha HaCENEHHS.

AHaniza oTpumMaHux pesynbTaTis
nokasas, WO y BCiX NigaoCnigHnx TBapwH
3MEHLLYETBLCS NPUPICT Macu Tina B NOPIBHAHHI 3
KOHTposieM. CnocTtepiraBcs pO3BUTOK MPOLLECIB
rafnbMyBaHHS B LLeHTPaJibHi HEPBOBIN CUCTEMI,
3HUXEHHS  PYXOMOT akTMBHOCTI. [lpwu
NPOOOBXEHHI BMJNBY BUMPOMIHIOBAHHS
XapakTep BiANOBiAHOI peakuii Ha 3-My — 4-my
MicAausaX NiABULLYETLCH MOPIr e1eKTPOLLKIPSAHOT
YyTAMBOCTI.
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