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Laparoscopic surgery, a cornerstone of contemporary surgical practice, revolutionizes traditional
surgical techniques by employing minimally invasive procedures. However, this innovative approach poses
intricate challenges, particularly in respiratory management, necessitating a comprehensive understanding
of its physiological implications. Pneumoperitoneum involves insufflating the abdominal cavity with carbon
dioxide (CO2) to create a suitable working space. The introduction of CO2 into the peritoneal cavity elevates
intra-abdominal pressure, prompting physiological adaptations that compromise respiratory function. These
alterations, including increased peak inspiratory pressure, decreased dynamic respiratory system compliance,
and the promotion of intraoperative atelectasis, underscore the intricate interplay between pneumoperitoneum
and respiratory physiology.

Amidst these challenges, positive end-expiratory pressure emerges as a crucial intervention for mitigating
the adverse effects of pneumoperitoneum on respiratory mechanics. By maintaining airway patency and
preventing alveolar collapse during expiration, positive end-expiratory pressure helps counteract the reduction
in functional residual capacity associated with elevated intra-abdominal pressure. Additionally, positive end-
expiratory pressure serves to optimize lung recruitment, thereby improving ventilation-perfusion matching and
enhancing oxygenation.

Mechanical ventilation during laparoscopic procedures further complicates respiratory management,
potentially exacerbating lung injury. The application of protective lung ventilation strategies, such as low
tidal volume combined with judicious positive end-expiratory pressure titration, represents a cornerstone in
mitigating ventilator-induced lung injury and reducing postoperative pulmonary complications. However, the
optimal implementation of these strategies remains a subject of ongoing debate, highlighting the need for
personalized approaches tailored to individual patient characteristics and surgical contexts.

Understanding the pivotal role of positive end-expiratory pressure in mitigating the adverse respiratory
effects of pneumoperitoneum underscores its importance as a cornerstone intervention in laparoscopic
surgery. By optimizing positive end-expiratory pressure levels based on patient characteristics and procedural
requirements, healthcare practitioners can effectively mitigate the risk of pulmonary complications and enhance
surgical outcomes.

Key words: positive end-expiratory pressure;
pneumoperitoneum

lung protective ventilation; laparoscopic surgery;

INTRODUCTION
Every year, approximately 230 million patients
worldwide require surgical intervention under general
anesthesia and MV [76]. Laparoscopic procedures
are increasingly becoming the preferred method
of surgical intervention each year. This technique
involves making minimal surgical incisions to create
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access ports, insufflating the abdominal cavity with
CO2, and placing additional ports under direct visual
control through the camera to facilitate the introduction
of laparoscopic instruments [74]. Laparoscopic
surgery offers numerous benefits to patients, such
as improved cosmetic outcomes due to minimized
incision sizes, reduced frequency of perioperative
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complications, decreased blood loss, reduced
postoperative pain syndrome, and faster reco-
very [37, 56, 75]. The use of laparoscopic methods
is also associated with a general reduction in hospital
stay duration and healthcare expenditure [72].

Anesthesiologists must understand  that
laparoscopic surgery poses unique risks to
patients, requiring a deep understanding of the
practical and physiological changes associated
with surgical techniques, patient positioning, and
pneumoperitoneum application. The demographic
composition of patients undergoing various
laparoscopic procedures currently encompasses a
wide range of body mass indices and comorbidities.
Therefore, careful optimization and stabilization of
patients' conditions throughout the perioperative
period are essential.

Despite the numerous advantages of laparoscopy,
it is not without risks. For certain procedures, the
benefits of laparoscopy may outweigh intraoperative
risks. Absolute contraindications to laparoscopy are
rare, but relative contraindications include severe
ischemic or valvular heart disease, increased
intracranial pressure, and uncorrected hypovolemia.
Therefore, understanding these peculiarities and
appropriately adjusting the parameters of MV during
the perioperative period is of paramount importance.

MV is an integral component of general anesthesia
during laparoscopic surgeries. Despite rapid
advancements in medicine and the emergence of
next-generation ventilators, MV remains a potentially
unsafe procedure and can have damaging effects on
lung tissue [6, 19, 42]. When inadequately adjusted,
MV can lead to damage to both lung tissue (ventilator-
associated lung injury — VALI) [77] and respiratory
musculature [38, 64], thereby causing injury even
to initially healthy lung tissue and exacerbating
parenchymal respiratory insufficiency. Furthermore,
postoperative pulmonary complications (PPCs) may
arise — a group of respiratory system disorders without
a clear definition, associated with both surgery itself
and anesthesia/MV.

The incidence of PPCs after abdominal
surgeries is approximately 5% [12], with 12-58% of
patients undergoing abdominal surgery developing
PPCs [4, 12]. Moreover, PPCs are significantly
associated with prolonged hospital stays and
increased mortality risk. The use of protective lung
ventilation (PLV) strategies, including low tidal
volume (TV) and PEEP, aims to prevent atelectasis
development and improve gas exchange [24, 66]. It
has also been shown that PEEP reduces mortality
in patients with acute respiratory distress syndrome
(ARDS) and critically ill patients [2].

In elective abdominal surgery under general
anesthesia, atelectasis occurs in nearly 90% of
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patients [41]. Despite studies showing the positive
effects of protective MV on disease outcomes, the role
of individual components of this method in improving
treatment outcomes remains subject to discussion.
PLV during the perioperative period for abdominal
surgeries in patients with intact lungs reduces the risk
of developing PPCs. The main proven component
of PLV is the use of low TV, while the application of
alveolar recruitment maneuvers and PEEP in open
and laparoscopic interventions in non-obese patients
remains debatable. However, a recent meta-analysis
of three randomized clinical trials during non-cardio-
thoracic and non-neurosurgical operations suggests
that high PEEP with a recruitment maneuver does not
reduce the risk of PPCs [11].

The authors of the Cochrane review published
in 2014 concluded that there was insufficient data to
justify conclusions about the impact of intraoperative
PEEP on mortality and PPCs [8, 10]. Due to the
ambiguity of existing data, many authors actively
develop the idea of personalized selection of
intraoperative PEEP levels [22, 33, 57].

PATHOPHYSIOLOGY OF THE EFFECT
OF PNEUMOPERITONEUM
ON THE RESPIRATORY SYSTEM

Laparoscopic surgery necessitates the
establishment of pneumoperitoneum to create a
suitable working space within the abdominal cavity,
ensuring safe insertion of trocars and instruments,
as well as optimal exposure of the abdominal
contents. CO2 insufflation into the peritoneal cavity
stands as the prevailing method for elevating the
abdominal wall and generating space within the
abdominal cavity. CO2, being a clear, non-flammable
soluble gas, is introduced at a flow rate of 4-6 L/min,
resulting in an elevation of intra-abdominal pressure
to 10-20 mmHg. Sustained delivery of gas at a rate
of 200-400 mL/min is maintained to uphold this
pressure. The primary objective is to sustain intra-
abdominal pressure below 15 mmHg, as clinical
manifestations of heightened intra-abdominal
pressure, such as renal and respiratory impairments,
manifest between pressures of 15 to 25 mmHg [51].
Although increased intra-abdominal pressure triggers
physiological responses that may be undesirable,
especially among patients with limited physiological
reserves, these alterations can be effectively
managed to mitigate patient morbidity during both
intraoperative and postoperative periods.

PNP and the patient's position required for
laparoscopy induce pathophysiological changes that
complicate anesthesia management [32]. PNP is a
complex but well-tolerated physiological condition
that significantly affects respiratory mechanics: it
creates increased peak inspiratory pressure and
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plateau pressure, decreases dynamic respiratory
system compliance, and contributes to the formation
of intraoperative atelectasis [23, 29, 32, 50]. PNP
reduces thoracopulmonary compliance by 30-50%
in healthy and obese patients [17, 20]. It is expected
to reduce functional residual capacity and promote
atelectasis due to diaphragm elevation and altered
distribution of lung ventilation and perfusion from
increased airway pressures [3].

During laparoscopy, CO2 absorption across the
peritoneal membrane may precipitate hypercapnia
and acidosis, necessitating meticulous regulation
of minute ventilation [28]. Under anesthesia,
augmented intra-abdominal pressure and cranial
displacement of the diaphragm, coupled with
alterations in thoracoabdominal configuration,
contribute to compressive atelectasis [34, 68].
Elevated atelectasis, in turn, reduces the alveolar
pool available for ventilation, resulting in increased
dead space, ventilation-perfusion mismatch, and
diminished arterial oxygenation (Pa02) [49, 71].

Transpulmonary pressure (PL) during positive-
pressure ventilation, crucial for lung inflation [3],
is determined by lung and chest wall elastance
(EL and ECW, respectively), relative to airway
opening pressure (PRS). While PL approximates
half of PRS in healthy individuals owing to the near
equivalence of EL and ECW [25, 67], laparoscopic
surgery significantly diminishes PL due to augmented
ECW resultant from PNP [13]. This decreased lung
pressure compromises gas exchange and lung
mechanics, facilitating atelectasis in dependent lung
regions. A recruitment maneuver (RM) followed by
the application of standard PEEP at 5 cm H20 is
commonly advocated to restore PL [13]. However,
physiological evidence underscores the imperative to
individualize PEEP immediately post-RM to optimize
alveolar recruitment while minimizing alveolar
overdistention [46]. Despite these physiological
considerations, the optimal level of PEEP during
laparoscopic surgery remains unclear.

It is well-established that general anesthesia
and mechanical ventilation engender atelectasis
in gravity-dependent lung regions [3]. Additionally,
pneumoperitoneum, high concentrations of inhaled
oxygen, and general anesthetics predispose patients
to the formation of atelectasis during laparoscopic
procedures [52, 73]. It has already been demonstrated
that volatile anesthetics such as enflurane and nitrous
oxide reduce the ciliary movement of respiratory
epithelium, decrease the stability of surfactants, and
increase mucus production [76].

However, the effect of PNP on lung tissue is not
straightforward; some studies report that PNP reduces
lung tissue compliance, while others do not confirm
this. Clearly, during laparoscopic procedures under
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conditions of carbon dioxide pneumoperitoneum,
patient positioning, and relaxation, increased alveolar
pressure occurs because of alveolar collapse (resulting
in negative transpulmonary pressure). Additionally,
with PNP, the end-expiratory lung volume decreases.
One method to prevent PNP from affecting lung tissue
is adjusting PEEP. The optimal level of PEEP remains
contentious, but the use of zero PEEP has been
associated with worse outcomes, including increased
hypoxemia, ventilator-associated pneumonia, and
hospital mortality [44].

POSITIVE END-EXPIRATORY PRESSURE
AS ATOOL TO MANAGE ADVERSE EFFECTS
OF PNEUMOPERITONEUM

General anesthesia with controlled MV appears to
be the safest method for laparoscopic surgeries [32].
Mechanical ventilation is associated with an increased
risk of barotrauma, volutrauma, atelectrauma, and
biotrauma to the lungs, leading to the development
of multi-organ failure consequently [36, 44].
Approximately 30% of surgical patients undergoing
general anesthesia with MV, according to large
cohort studies, are classified into intermediate and
high-risk groups for developing acute postoperative
lung complications [4, 5]. Alveolar stretching and
atelectasis trigger the release of inflammatory
mediators, resulting in lung and organ damage [26].
To date, five damaging factors of MV have been
clearly defined through numerous clinical and
experimental studies: barotrauma, volutrauma,
atelectraumaticinjury, mechanotransduction,andbiotrau-
ma [69, 70]. However, recent research has identified
another mechanism of lung tissue injury known as
patient self-inflicted lung injury.

Protective lung ventilation has been developed
over the past few decades and has mainly focused on
patients with ARDS and ALI. Animal and human data
clearly indicate that MV can cause and exacerbate
lung injury, hence the current medical standard is the
use of protective lung ventilation strategies in patients
with ARDS or ALI [63, 77]. Many researchers have
conducted several large, randomized trials showing
that using low TV is associated with improved
outcomes and reduced incidence of ventilator-
induced lung injuries [18, 79]. In addition to low TV,
increasing the level of PEEP is now considered an
integral part of LPV [39].

It is important to note that mechanical ventilation
itself is one of the main contributing factors to the
development of VALI [45]. To reduce the risk of
developing VALI/PPCs, it is necessary to implement
protective ventilation during the perioperative period,
which includes: low TV — aimed at reducing alveolar
overdistension (volutrauma); minimal inspiratory
oxygen concentration (FiO2); alveolar RM - for forced
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opening of collapsed alveoli; limiting airway pressures
and mandatory use of PEEP - to increase functional
residual capacity and prevent airway and alveolar
collapse during expiration (atelectrauma). These
measures improve ventilation-perfusion matching
and blood oxygenation.

Ventilation with high TV and low PEEP has been
associated with significantly more lung damage as
measured by the Lung Injury Score (LIS) [1]. Analysis
of changes in the concentration of Tumor Necrosis
Factor-alpha (TNFa), Interleukin-1 beta (IL13), and
Interleukin-6 (IL6) mediators showed a significant
increase in the concentration of all pro-inflammatory
cytokines in the group of patients with «traditional»
ventilation compared to the second group [1]. The
increase in the concentration of pro-inflammatory
mediators in bronchoalveolar lavage fluid indicates
the development of biotrauma in patients with
«traditional» ventilation [1] [79]. Ventilation in the
«traditional» mode, i.e., using unreasonably high
tidal volumes and low PEEP in patients with severe
trauma and intact lungs, is associated with damaging
effects, contributes to an increase in the incidence
and severity of nosocomial pneumonia, and increases
the duration of controlled ventilation and the length of
patient stay in the ICU [1] . However, it does not affect
the 28-day mortality of patients.

PNP also plays an important role, often exceeding
airway pressures during mechanical ventilation with
carbon dioxide during laparoscopic surgery [59].
This pressure gradient typically causes cranial
displacement of the diaphragm and collapse of
adjacent lung tissues. Additionally, PNP reduces
respiratory system compliance and oxygenation [27].
All these factors associated with increased intra-
abdominal pressure ultimately led to atelectasis [55].
It is believed that PEEP can prevent atelectasis by
keeping the airways open and providing adequate gas
exchange at the end of expiration under conditions
of high intra-abdominal pressure [26]. However, it is
necessary to adjust the level of PEEP individually
according to the patient's characteristics, the surgical
intervention, and consider the patient's position.
Some studies suggest that very low levels of PEEP
may potentially contribute to atelectasis formation
by promoting repeated closure and opening of small
airways, leading to atelectrauma [16]. However,
higher levels of PEEP may increase airway pressure
and likely have a negative impact on hemodynamics,
predominantly by affecting the right heart chambers.

Selecting the optimal level of PEEP can prevent
the development of PPC. With high PEEP levels,
alveoli may become over-distended, potentially
increasing pulmonary vascular resistance. However,
using low levels of PEEP may be insufficient to prevent
atelectasis [26]. Studies comparing PLV strategy
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with standard mechanical ventilation (MV) without
PEEP have shown a protective effect in patients with
normal lung function undergoing abdominal surgery,
reducing the incidence of PPCs [23, 62]. Despite the
conducted studies recommending the use of low tidal
volume [26], the optimal level of PEEP has not yet
been established [23, 62]. A multicenter observational
study found that approximately 20% of patients
do not receive PEEP during routine anesthesia
assistance [31].

In the «Intraoperative Protective Ventilation Trial»,
which included patients undergoing major abdominal
surgery with intermediate and high risk of PPC, PLV
strategy using lower tidal volumes and PEEP of 6 cm
H20, compared to standard MV practice involving
higher tidal volumes without PEEP, was associated
with improved clinical outcomes [23]. Another study
involving patients undergoing abdominal non-
laparoscopic surgery for more than 2 hours showed
that PLV strategy with PEEP of 10 cm H2O improved
respiratory function and reduced the modified Clinical
Pulmonary Infection Score compared to standard
ventilation strategy [62]. However, another study
found that low tidal volume combined with low PEEP
(3 cm H20) might induce postoperative inflammation
and increase the risk of PPC in major surgeries such
as hepatectomy [62]. In a multicenter study involving
patients undergoing open abdominal surgery at high
risk of PPC, a high PEEP ventilation strategy (12 cm
H20) did not reduce the incidence of PPC but was
more likely to cause hemodynamic instability [58].
Therefore, the authors recommend a low tidal volume
ventilation strategy combined with low PEEP (<2 cm
H20) [58].

During laparoscopic surgery, various patient
positions may be used, including Trendelenburg
position (head down), reverse Trendelenburg position
(head up), lithotomy position, and lateral position,
aimed at facilitating surgical access. Individuals
with a high body mass index, severe cardiac or
respiratory diseases, as well as elderly individuals,
may be particularly susceptible to significant
changes in position. This susceptibility is explained
by the impairment of their organ function, leading to
cardiorespiratory physiological changes.

The Trendelenburg position leads to a decrease
in functional residual capacity. In combination with
PNP, this position further reduces functional residual
capacity, potentially lowering it below the closing
capacity. This leads to airway collapse and the
development of atelectasis. Such atelectasis can
exacerbate existing ventilation-perfusion mismatch.
Applying PEEP during ventilation helps prevent this
phenomenon. Diaphragmatic displacement caused by
increased intrathoracic pressure leads to decreased
compliance. Lung displacement in the cranial
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direction in the Trendelenburg position may result
in endobronchial intubation or airway displacement,
and repeated movement of the endotracheal tube
may cause upper airway edema. Additionally, the
Trendelenburg position may increase intracranial
pressure, provoke cerebral edema, and contribute
to the development of subconjunctival hemorrhage,
which is exacerbated by hypercapnia resulting from
CO2 absorption during pneumoperitoneum.

The reverse Trendelenburg position can eliminate
ventilation-perfusion imbalance, reduce intracranial
pressure, and decrease the risk of passive
regurgitation. However, it carries the risk of reducing
venous return, leading to hypotension, and possibly
causing cerebral and cardiac ischemia in predisposed
patients. Therefore, it is very important to address any
pre-existing hypovolemia before starting the surgical
intervention.

During continuous CO2 insufflation during
pneumoperitoneum, arterial partial pressure of carbon
dioxide (PaCO2) progressively increases after the
start of CO2 insufflation in patients under mechanical
ventilation during gynecological laparoscopy in
the Trendelenburg position or during laparoscopic
cholecystectomy in the reverse Trendelenburg
position. Due to decreased tidal volume and
subsequent minute ventilation, the CO2 level in these
patients often increases [15]. Despite a significant
increase in PaCO2 after pneumoperitoneum in the
standard group (tidal volume 10 mL/kg, PEEP 0)
in the reverse Trendelenburg and Trendelenburg
positions, no difference was found in the group with
low tidal volume (6 mL/kg) and PEEP 5 cm H20
in any position. [7]. The influence of the reverse
Trendelenburg position on respiratory mechanics
is less known [15, 20], although some studies
suggest worsening of respiratory mechanics in obese
patients [47, 54].

The study by Russo et al. examined the effects
of PEEP on the respiratory system and cardiac
function using transthoracic echocardiography [60].
They showed that PaO2 values were improved in
the PEEP 5 and 10 groups, while both PaCO2 and
end-tidal carbon dioxide (EtCO2) increased after
gas insufflation in the control group with PEEP 0.
Although both were reduced with PEEP 10 cm H20,
PEEP 5 cm H20 only improved EtCO2 values.
In another study, tidal volume 10 mL/kg versus
6 mL/kg and PEEP 5 cm H20 were used, and positive
benefits were observed in PaCO2 values and arterial
blood gas pH [7]. However, PaO2 values decreased
after pneumoperitoneum in both groups; to prevent
this, a recruitment maneuver could be performed
after PNP [7].

Increased intra-abdominal pressure and the
development of compartment syndrome worsen lung
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biomechanics and gas exchange [43, 48]. In obese
patients, pneumoperitoneum does not significantly
increase pleural pressure or compress the lungs at
resting volume. Adding PEEP of 7 cm H20 resulted in
a significant decrease in respiratory system elastance
with pneumoperitoneum, but not before, and PEEP
did not affect lung elastance [40]. Additionally, no
correlation was found between BMI and changes in
esophageal pressure with pneumoperitoneum. The
main conclusion drawn from these results is that the
passive respiratory system has a remarkable ability to
adapt to a sudden increase in abdominal volume and
pressure without compressing the lungs [40].

It is important to distinguish the effects of
pneumoperitoneum during laparoscopic surgery from
the effects of gradual increases in intra-abdominal
volume caused by less acute conditions such as
pregnancy, obesity, and ascites. Although conditions
like obesity are associated with increased abdominal
pressure [9, 65], they typically do not reach the levels
observed with pneumoperitoneum (20 cmH20). In
chronic conditions, there is likely enough time for
adaptation of the skeletal muscles of the abdominal
wall and possibly the diaphragm to accommodate the
additional intra-abdominal volume without causing
a significant rise in abdominal pressure. Adaptation
of the diaphragmatic muscle length will reduce
diaphragmatic tension and transdiaphragmatic
pressure, allowing the diaphragm to shift further into
the chest, thereby increasing pleural pressure at rest.

CONCLUSION

In conclusion, while the optimal ventilatory
support settings for AHRF in the intensive care unit
(ICU) are well-established, there remains ongoing
debate regarding the appropriate ventilation strategy
for patients undergoing general anesthesia in the
operating room. Research conducted in the ICU has
highlighted the protective benefits of low TV ventilation,
along with increased PEEP, leading to improved lung
tissue preservation, enhanced survival rates, and
shortened hospital stays. However, the application
of these strategies in elective surgeries with lower
risk profiles, particularly in laparoscopic procedures,
requires further investigation. Despite the documented
advantages of laparoscopic surgery, including faster
recovery and reduced hospital stays, the potential
impact of PNP on respiratory function cannot be
overlooked. Addressing the role of personalized
PEEP levels during laparoscopic procedures may
offer promising avenues for improving respiratory
biomechanics, mitigating atelectasis formation, and
minimizing organ dysfunction. Further research in this
area is warranted to optimize perioperative ventilatory
management and enhance patient outcomes in the
context of laparoscopic surgery.
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Jlanapockonuyeckas Xupyprus, siBrstoLlasiCd OCHOBOWM COBPEMEHHOW XMPYPruyeckon MpakTuku, npuBe-
HOCUT PEBOSIIOLUNOHHBIE U3MEHEHNS B TPaAMUMOHHbIE METOObl XMPYPrnYeckoro BMellaTenbCTBa 3a cyer
NCNonb30BaHUsi MMHMMArbHO MHBa3UBHbIX npoueayp. OgHako 3TOT MHHOBAUMOHHbLIN MOAXOA CTaBUT Nepea
MeOMULMHCKUM COOBLLIECTBOM CINOXHbIE 3afadn, 0COOEHHO B 06nacTu ynpaereHust OblXxaHueM, 4To Tpebyer
rnyOOoKOro MOHUMaHUS ero U3noNorMyecknx nocneacTeunii. NMHEBMONEPUTOHEYM, HEOTbEMITEMAsi COCTaB-
naLWasn nanapockonnyeckon XMpypruu, npegnonaraeT MHCYnauuio OpOLWHOM NOMOCTU YINEKUCTTbIM Fra3oMm
(CO2) ons co3gaHusa noaxoasiwero padodero npoctpaHcTBa. OAHAKoO 3TO MOXET NMPUBOANUTL K hmamonoru-
Yecknm aganTaumsaM, oKasbiBalLWMM OTpuUaTeNbHOE BMWUSIHME Ha PECnMpaTopHyko cuctemy. ViameHeHus,
Takue Kak NnoBbILLEHWNE NMUKOBOIO MHCMMPATOPHOIO AABNEHUs1, CHUXKEHNE ANHAMUYECKON NoAaTIMBOCTU OblXa-
TENbHOM CUCTEMbI U Pa3BUTME MHTPAONEPALIMOHHOIO aTternekTasa, NogYepKMBatoOT CITIOXXHOE B3aMMOAENCTBME
MeXxay MHEBMOMNEPUTOHEYMOM U (OM3NONOTNEN ObIXaHWS.

B cBeTe aTnx NpobnemM NonoXxuternbHOE AaBeHNe B KOHLIE BblAoXa BbICTYNMaeT BaXXHbIM MHCTPYMEHTOM
ONS1 CMArYeHNs1 HeraTMBHOTO BITUSIHUS MHEBMOMNEPUTOHEYMa Ha MexaHUKy AbixaHus u rasoobmeH. MNoaaep-
XMBasi MPOXOOMMOCTb ObIXaTeNbHbIX NMyTEN M MpenoTBpallas anbBeEONsIPHbIA KOManc BO BpPems BblOoXa,
NONoXNTENbHOE OaBlNEeHNe B KOHLE Bbl4OXa MOMOraeT MpPOTUBOCTOSATb CHMDKEHUIO (PYHKLMOHANbHOW ocTa-
TOYHOW €MKOCTW, CBSI3aHHOW C MOBbILWEHHLIM BHYTPUOPIOLWHBbIM AaBrneHneM. Kpome Toro, nonoxurtenbHoe
[aBreHne B KOHLE BblgoXa CIY>XUT ANs1 ONTUMM3aUUN PEKPYTUPOBAHUS NErkUX, TEM CaMbIM yry4llas BeHTU-
NAUMOHHO-NEPdY3NOHHOE COOTHOLLEHME 1 NOBhLILIAs OKCUreHaumio.

VIcKyccTBEHHasi BEHTUNALMS NETKMX BO BPEMS NanapoCKONMYEeCcKMX onepaumnin cama no cebe MoxeT noTeH-
uuanbHo ycyrybnstb noBpexaeHue nerkmx. NpumeHeHne NPOTEKTUBHBLIX CTPATENin BEHTUIALUK NTETKNX, TaKMX
KaK HU3KN ObiXxaTenbHbli 06beM Nerknux B CO4eTaHUKN C MONoXUTENbHbLIM JAaBNEHNEM B KOHLIE BblOoXa, ABMs-
IOTCHA AOKa3aHHbIMW KOMMOHEHTAMWN AN CHUXKEHNS] BEHTUSITOP-aCCOLMMPOBAHHOIO MOBPEXAEHUS NETKNX W
nocrieonepaumoHHbIX NIEFOYHbLIX OCITOXHEHUR. ONTUManbHOE NPUMEHEHME 3TUX CTpaTerni ocTaeTcs npeg-
METOM MOCTOSIHHbIX CMOPORB, YTO NOAYEPKMBAET HEOOXOAMMOCTb NEPCOHANN3NPOBAHHbLIX NOAX0O0B, YYMTbIBaA-
FOLLIMX OCOBEHHOCTU NALMEHTOB N XUPYPruYeckue ycrioBus.
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Kasipri xvpyprusinblk ToXipuOeHiH Heridi 6onbin TabbinaTbiH NanapoCKONUANbIK XMPYpPrusi a3 UHBa3UBTI
npoueaypanapabl KongaHy apkbifbl O9CTYPIi XUPYPrusnblK a4icTepre peBONIOUUSIbIK ©3repictep aKkenegi.
Ananga, 6yn MHHOBaLMANbIK TOCIN MeauuuHanblK KoFamaacTblkka KypAaeni MiHOeTTep Kosiabl, acipece OHbIH,
dousnonornsnblik cangapblH TepeH TYCiHyAi KaeT eTeTiH ThiHbIC anyabl 6ackapy canacbiHga. lNHeBmonepu-
TOHEeyM, NanapoCcKONUANbIK XUPYPIUsiHbIH axkbipamac 6eniri, Konannbl XXyMbIC KEHICTIrH Kypy YLUIH il KybICbIH
KeMipkbILWKbIN raseiMeH (CO2) uHcydnauusanayabl kamtuabl. Ananga, 6yn ThiHbIC any XyheciHe Tepic acep
eTeTiH duanonorusnelk 6erimagenynepre akenyi MyMKiH. TbIHbIC any KbICbIMbIHbIH, >XOFapbifaybl, TbIHbIC any
XYMECIHIH AMHaMuKanblK MKEMAINIriHIH TeMeHaeyi XeHe MHTpaonepaunsnblk atenektasgblH 4aMybl CUSKTbI
earepictep NMHEBMOMEPUTOHEYM MEH TbIHbLIC any uanonorusicbl apacbiHaarbl KypAaeni e3apa apekeTTecyai
KepceTegi.

Ocbl npobremanapgbl eckepe OTbIpbIN, AEM LWbIiFapyablH COHbIHAA OH KbicbiM (OLLOK) nHeBmonepuTo-
HEYMHbIH TbIHbIC afly MexaHuKacbl MEH ra3 anmMacyblHa Tepic 9CepiH asanTyablH MaHbI3abl Kypanbl 6onbin
Tabbinagbl. ThiHbIC any XonAapbiHbIH ©TKI3MILTIFH cakTay XXoHe OeM LublFapy KesiHae anbBeonsapribl Konnan-
CTbiH, angbiH any apkbiibl OLOK kypcakiwinik KbICbIMHbBIH >XOFapbifiaybiIMeH OarnaHbICTbl OyHKUMOHanNgb
Kangblk CbIMbIMABLILIKTEIH TOMEHAEYiIHe Kapchl TypyFa kemekTeceni. CoHbiMeH kaTap, ALLOK ekneHi TapTygbl
OHTaMnaHablpyFa KbI3BMET eTefi, ocbinaniua xengety-nepdy3nsanblk kKaTbiHACTbI XKakcapTabl XKeHe oTTerimeH
KaHbIKTbIpYObl apTThipagbl.

JlTanapockonusnblk onepauusnap KesiHae MexaHuKanblK XKenaeTy eKneHiH 3akbiMaaHyblH HallapnaTybl
MYMKiH. OKMeHiH TbIHbIC any KeneMiHiH TeMeHAIr CUSIKTbl NMPOTEKTUBTI XengeTy cTpaternsanapbiH KongaHy
OLLOK-meH Gipre ekneHiH xenaeTkiluneH 6annaHbICTbl 3akbIMOaHybIH XXoHe onepauusiaaH KeniHri exkne ackbl-
HyrapblH a3anTy YLWiH ganengeHreH KoMnoHeHTTep 6onbin Tabbiaabl. byn cTpatervsnapgbl OHTannbl Kos-
OaHy nauneHTTepaiH epeklenikTepi MeH XMpypruanblK XXargannapabl eCKepeTiH XeKkenenaipinreH Tacingepaiy
Ka)KeTTinNiriH KepceTeTiH TypakThl NikipTanac TakblpblObl 6onbin kana 6epeai.

Kinm ce30ep: oem WbiFapyablH COHbIHAA OH KbICbIM; ©KMEHiH MPOTEKTUBTI XenaeTinyi; nanapockonusnbIk
XUPYPrusi; MHEBMOMEPUTOHEYM
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