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DEVELOPMENT OF A FOOD SAFETY MANAGEMENT SYSTEM
BASED ON HACCP PRINCIPLES FOR THE PHILADELPHIA ROLL

Abstract. The article presents the results of a study aimed at enhancing the safety and quality of a
popular foodservice product — Philadelphia sushi. The relevance of the research is determined by the
growing production and consumption of Japanese cuisine products, along with the associated
microbiological risks arising from the use of perishable ingredients. The purpose of the study was to
develop and substantiate a food safety management system based on HACCP principles, with a focus on
the critical control points (CCPs) of the technological process. The research employed methods of hazard
analysis, CCP identification using a “decision tree,” as well as the establishment of critical limits and
corrective actions. A detailed analysis of the technological cycle, which included 16 processes and 54
operations, initially identified 11 CCPs. For practical implementation, the system was optimized to four
of the most significant control points: raw material acceptance, storage of rice and fish semi-finished
products, the production process, and storage of finished products. For each CCP, strict critical limits
were defined in terms of temperature, storage time, and microbiological indicators, along with
monitoring procedures. The scientific and practical significance of the study lies in the development of an
adapted and effective HACCP plan, the implementation of which substantially reduces microbiological
risks, ensures consistent quality and safety of the finished dish, and proves to be economically viable for
foodservice enterprises.

Keywords: HACCP, critical control points, food safety, microbiological risk, organoleptic properties,
Philadelphia sushi, technological process, catering.

Introduction. The growing
popularity  of  Japanese  cuisine

"Philadelphia” roll, being one of the
most in-demand dishes, is characterized

worldwide, particularly in Kazakhstan,
has led to the widespread presence of
restaurants and delivery services
offering sushi and rolls. The

by the use of perishable ingredients
such as fresh fish, cream cheese, and
cooked rice. These components pose a
potential risk of  microbiological
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spoilage and can serve as a medium for

the growth of pathogenic
microorganisms, such as Salmonella
spp., Listeria monocytogenes,

Staphylococcus aureus, and others. The
relevance of this study is driven by the
need to develop scientifically grounded
and practical measures to ensure food
safety in public catering establishments,
minimizing risks to consumer health
and preventing foodborne illnesses. The
implementation of the HACCP (Hazard

Analysis and Critical Control Points)

system is an internationally recognized

approach to achieving these goals.
Conditions and methods of

research.The study was conducted at a

typical public catering establishment

specializing in Japanese cuisine. The
research object was the technological
process of preparing Philadelphia rolls.

A set of methods was applied:

1. Hazard analysis: biological,
chemical, and physical hazardous
factors were identified at all stages
of the production cycle—from raw
material receipt to finished product
storage.

2. CCP identification: Critical Control
Points (CCPs) were determined
using the logical "decision tree"
recommended by the Codex
Alimentarius.

3. Establishment of Critical Limits: for
each CCP, critical limits were set
based on regulatory documents (ST
RK 1179-2003, SanPiN), technical
specifications, and experimental
data (temperature, time,
organoleptic indicators).

4. Monitoring and verification:
monitoring systems were developed
for each CCP (frequency, method,
responsible person), as well as
verification procedures to confirm
the effectiveness of the HACCP
system.
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Philadelphia sushi is a made-to-order
dish offered in a chain of Japanese
cuisine restaurants. It is widely
available and has no consumption
restrictions, except for individuals with
allergic reactions to the ingredients
included in the dish. The product is
intended for direct consumption as food,
as well as for use in public catering
establishments.

Research results and discussion.
Description of Technological Processes
and Flowchart. For a more detailed
examination of the production process
of Philadelphia sushi, a process
flowchart was developed, providing a
clear and simple overview of all stages
of the process that are under the direct
control of the catering establishment.
Considering that public  catering
organizations typically offer a wide
range of dishes and culinary products, it
is deemed appropriate to prepare a
flowchart not for each dish, but
specifically for Philadelphia sushi and
its corresponding semi-finished
products.

Technological cycle of preparing
“Philadelphia” sushi

The technological cycle of
preparing ‘“Philadelphia” sushi includes
a set of technological processes and
operations presented in the flowchart in
Figure 1. Below is a brief description of
16 technological processes and 54
technological  operations of the
technology for preparing “Philadelphia”
sushi: The process of acceptance of raw
materials and ingredients includes
qualitative and quantitative
identification of raw materials in
accordance with specifications. The
process of storing raw materials used in
the preparation of “Philadelphia” sushi
includes two modes:

1.2.1 Storage of raw materials and
ingredients at a temperature from 0 to
+25 °C;
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1.2.2 Storage of raw materials and containers of raw materials and
ingredients at a temperature from +2 to ingredients.
+6 °C. The process of opening transport
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Figure 1. Flowchart of the technology for preparing Philadelphia sushi roll
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The process of acceptance and
preparation of raw materials for
production includes the following
operations:

1.4.1 Unpacking of bulk raw materials
(sugar, salt);

1.4.2 Unpacking of rice grains;

1.4.3 Unpacking of fish and removal of
ice chips;

1.4.4 Unpacking of nori seaweed;

1.4.5 Unpacking of cucumbers;

1.4.6 Unpacking of cream cheese;

1.4.7 Unpacking of Mitsukan vinegar;
1.4.8 Unpacking of pickled ginger;

1.4.9 Unpacking of wasabi powder;
1.4.10 Unpacking of soy concentrate.
Technological processes for producing

semi-finished  products for  sushi
preparation include:
Preparation of rice semi-finished

product, which includes the operations
shown in Figure 1.2:

15.1.a.1 Mixing Mitsukan vinegar,
sugar, salt, kombu seaweed;

15.1.a.2 Heating the mixture of
Mitsukan vinegar, sugar, salt, kombu
seaweed;

1.5.1.a3 Boiling the mixture of
Mitsukan vinegar, sugar, salt, kombu
seaweed;

15.1.a4 Cooling the semi-finished
mixture of Mitsukan vinegar, sugar,
salt, kombu seaweed;

1.5.1.b.1 Sieving rice grains;

1.5.1.b.2 Washing rice grains;

1.5.1.b.3 Boiling rice grains;

1.5.1.b.4 Steaming cooked rice at a
temperature of at least 65 °C;

15.1.c.1 Mixing the semi-finished
product of Mitsukan vinegar, salt, sugar,
kombu seaweed with cooked rice;
1.5.1.c.2 Storing the rice semi-finished
product at a temperature of at least 60
°C. Production of semi-finished product
from nori sheets includes the operations
shown in Figure 1.3:
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1.5.2.1 Cutting roasted nori seaweed
sheets into 18x10 cm;

1.5.2.2 Storage of nori semi-finished
sheets at 0 to +25 °C.

Production of semi-finished product
from fresh cucumbers includes the
operations shown in Figure 1.4:

1.5.3.1 Removal of foreign impurities
from cucumbers;

1.5.3.2 Sorting cucumbers;

1.5.3.3 Washing cucumbers;

1534 Removal of stalks,
overdeveloped seed parts, and thick
peel;

1.5.3.5 Cutting cucumbers into thin
strips;

1.5.3.6 Storage of cucumber semi-
finished product at t =442 °C.
Preparation scheme for cream cheese
for convenient use in technological
operations is shown in Figure 1.5:
1.5.4.1 Transferring cream cheese into a
pastry bag;

1.5.4.2 Storage of cream cheese in a
pastry bag at t = 442 °C.

Production of fish semi-finished product
includes the operations shown in Figure
1.6:

1.5.5.1 Washing chilled fish;

1.5.5.2 Cleaning fish from scales;
1.5.5.3 Removing fins and head of the
fish;

1.5.5.4 Separating fish fillet from bones;
1.5.5.5 Cutting fish fillet into semi-
finished slices (3-5 mm thick);

1.5.5.6 Storage of fish semi-finished
product at t = 4+2 °C.

Production of wasabi paste includes the
operations shown in Figure 1.7:

1.5.6.1 Heating water to 100 °C;

1.5.6.2 Cooling water to 25 °C;

1.5.6.3 Mixing water with wasabi
powder;

1.5.6.4 Storage of finished wasabi paste
att =442 °C,

Preparation of pickled ginger includes
the operations shown in Figure 1.8:
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1.5.7.1 Separation of marinade from
ginger;

1.5.7.2 Storage of ginger without
marinade at t = 4+2 °C.

Production of soy sauce includes the
operations shown in Figure 1.9:

1.5.8.1 Mixing soy concentrate with
water;

1.5.8.2 Heating soy sauce with water to
100 °C;

1.5.8.3 Cooling soy sauce;

1.5.8.4 Storage of soy sauce at t = 4+2
°C.

The process of producing
“Philadelphia” sushi includes the stages
shown in Figure 1.1:

1.6.1 Spreading rice on the surface of
nori;

1.6.2 Spreading filling of prepared
cheese and cucumber semi-finished
product;

1.6.3 Forming the roll;

1.6.4 Wrapping the roll with fish;

1.6.5 Forming the roll with fish;

1.6.6 Cutting the roll.

Decoration of the finished
“Philadelphia” sushi dish on serving
plates.

Storage of the finished ‘“Philadelphia”
sushi dish at a temperature from +2 to
+6 °C.

Serving the finished “Philadelphia”
sushi dish.

Definition of Critical Control Points. A
Critical Control Point (CCP) is a step or
procedure at which control can be
applied, resulting in a hazard being
eliminated or reduced to an acceptable
level. Potential contaminants that, if not
controlled, are reasonably likely to
cause various diseases or injuries must
be addressed through the identification
of CCPs. Information obtained from
hazard analysis is crucial for
determining which process stages are
CCPs. The identification of critical

control points was conducted in two
stages. At the first stage, the
"Decision Tree" method, presented in
Figure 2, was used to determine the
CCPs.
Based on the application of this method,
11 critical control points were identified
for each individually considered hazard
factor (Table 1).
Process 1.6 "Sushi Manufacturing"
includes 6 operations where the hazards
are identical and require similar
methods for their reduction; therefore,
operations from 1.6.1 to 1.6.6 were
combined into a single process for ease
of analysis. Hazard type:Ch -
Chemical, Ph - Physical, M -
Microbiological.
At the second stage, the number of
critical control points was reduced, as
managing 11 CCPs is not practical for
an enterprise. Thus, 4 CCPs were
established that need to be managed:
CCP 1 — Receipt of raw materials and
supplies;
CCP 2 - Storage of the rice semi-
finished product;
CCP 3 - Storage of the fish semi-
finished product;
CCP 4 — Sushi manufacturing.
Establishment of Critical Limits for
each Critical Control Point. According
to ST RK 1179-2003 (Standard of the
Republic of Kazakhstan 1179-2003),
the following must be established for
critical control points:
1. ldentification
hazardous factors;
2. Criteria for acceptable
(unacceptable) risk - for controlling
risk indicators;
Allowable  limits-  for  applied
preventive measures. Critical limits
must be set considering all possible
deviations, including measurement
observation, it is advisable to use

criteria - for
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reference samples. Critical limits must After identifying the CCPs,
be recorded in the HACCP worksheet. allowable limits were defined for each
of them (Table 2)
Table 1
Identified CCPs for Each Individually Considered Factor
Does t_hls Can the risk Will the_ risk
operation . of the i-th
Is control for of the i-th
. perform hazard be
the i-th . hazard limi d
_ hazard actions to exceed an eliminated or
Operation Name |Hazard typ ; . reduce risk (to reduced to an CCP
provided in acceptable
. an acceptable acceptable
this level after -
- level) or : level in a
operation? - . this
eliminate the i- operation? subsequent
th hazard? P ' operation?
1 2 3 4 5 6 7
1.1 Receipt of CCP
Raw Materials Ch ves No ves No Nel
CCP
Ph Yes No Yes No NoD
CCP
M Yes No Yes No No3
1.2.2 Storage of CCP
raw materials at M Yes Yes - - No
+2 t0 +6° C ;
1.5.1.b.1
Sieving of rice Ph Yes Yes - - ccP
. No5
grits
1.5.1.c.2
Storage of rice cCP
semi-finished Ph Yes No Yes No
Ne6
product at
>65° C
CCP
M Yes No Yes No No7
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Continuation of Table 1

Does this Will the risk
operation . of the i-th
Is control for P Can the risk
. perform . hazard be
the i-th . of the i-th L
. actions to eliminated or
Operation Hazard hazard - hazard exceed
. . reduce risk (to reduced to an CCP
Name type provided in an acceptable
. an acceptable . acceptable
this level after this ;
- level) or X level in a
operation? L operation?
eliminate the subsequent
i-th hazard? operation?
1 2 3 4 5 6 7
1.5.5.6 Storage
of fish  semi- CCP
. M Yes Yes - -
finished product Ne8
at t=4+2° C
1. hi P
6 .SUS Ph Yes Yes - - cc
Manufacturing Ne9
CCP
M Yes Yes - -
Nel0O
1.8 Storage of the
finished dish CCP
o . M Yes Yes - -
Philadelphia Nell
Roll"at2t0 6° C
& = *
Analysis- of-the-next-
v technological-process-operationy [ |
® ®
fﬂl.-Is-contml-pmvlded-for-the-l-th; Notl
hazardous-factor?q N v
° l‘ Is-control forthe-i-thhazardous-
Yeg: factorrequiredforthis-operation?q
v f
2.'During-this-operation,-are-actions- Yss ””””
performed-to-reduce-the-risk-(to-an- = .
acceptable‘level)-or-to-eliminate-the- Modernlzethetpr:cests.p;Toduct. or
i-th-hazardous-factor?q N control:system
] w ‘ k4 ]
No-critical-control-point-is-present.°|
3.Cantherisk-of-occurrence-of-the- Nt Proceed-to-the-analysis-of the-next-
i-th-hazardous-factor-exceed-the: _— operation. i
Yesf| acceptable-level-as-a-result-of- Yesf|
performing-this-operation?q T
4.‘Will-therisk-of occurrence-of the-i-th-
Yes§ hazardousfactorbe-eliminated-or-
reduced4o-an-acceptable-levelin-the:
Include-in-the-list-of -critical-control- subsequent-opegation?y
points.q No-§
Proceed-to-the-analysis-of-the-next-
operation.y
L

Figure 2. Decision tree for CCP identification
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Table 2.
Allowable Limits for CCPs
. cc Controlled Parameters and Their
Operation Name P Hazardous Factor . -
Critical Limits
No.
1 2 3 4
1.1 Receipt of Raw
Materials and Packaging
Excessive content of Verification of packaging integrity,
production contaminants verification of labeling.
CcC (food additives, nitrates, Absence of production con taminants,
P1 nitrites, etc.), technical technical means and preparations, or other
means and preparation s, or foreign chemical elements.

other foreign elements.

_Physu;al. Foreign obje(_:ts, Verification of packaging integrity,

inclusions from packaging ificati £ labeli

(glass, wood, polymers verification of labeling.

etc.) ' ' ’ Absence of fragments, foreign objects.

Microbiological. Undesirab Ver_:cflca'glon of pa(]zkaglng Ilntsglr_lty,

le microorganisms verification o of abeling.

' Absence of undesirable microflora.
1.5.1.v.2 Storage of Rice
Semi-finished Product
Physical. Foreign Organoleptic analysis.
cC . o L -
P2 impurities (stones, sand), Absence of foreign impurities, uncooked
uncooked rice. rice.
Compliance with storage times and
. . . . temperature.

:\éllcroblologlcal. Undesirab No more than 3 hours and not below
t=65°C. Absence of undesirable
microflora.

1.5.5.6 Storage of Fish
Semi-finished Product
Compliance with storage times and
CcC Microbiological. Undesirab temperature. No more than 48 hours
P3 le microorganisms. and at t=4+2°C. Absence of undesirable

microflora.
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Continuation of Table 2

Operation Name ccp Hazardous Factor Co_n_trollec_;l P_arameters and Their
No. Critical Limits
1.6 Sushi Preparation
CCP Physical. Foreign Organoleptic analysis.
4 impurities, fish bones, Absence  of impurities,

scales.

uncooked rice, fish bones, scales.

Microbiological. Undes

Organoleptic

Compliance

with preparation times and conditions.

irable microorganisms.

Preparation time for one dish does not

exceed 10 minutes. Absence of
undesirable microflora.
Table 3.
CCP Monitoring System for "Philadelphia” Sushi Dish
Opera(t:lgr; Name / What? How? When? Who? Records
1 2 3 4 5 6
1.1 Receipt of Raw Packaging, Visual Every Storekezper, Raw_ Material
Materials containers inspection batch Commodity Recelpt_
Expert Checklist
Measuring
Chamber chamber
151v2  Storage temperatur temperature with '?imes/da Rice
Pl g e, storage a thermometer, . Y . Preparation
of Rice Semi- . . . (8:00, Senior Chef
finished Product time. measuring  time 14-00 and _Storage
Presence of with a clock. PN Checklist
. L . 21:00)
impurities. Visual
inspection.
Measuring 3
Chamber chamber .
lli-ii.r?lger?]ti(-)frii?gh:; temperatur temperature with 'Elsmgglday Senior Chef Fish  Storage
e, storage a thermometer, B, Checklist
Product . . . 14:00,
time. measuring time 21:00)
with a clock. ’
Work Measuring
surface temperature with
temperatur an electronic Qualit
1.6 Sushi e, thermometer, Every y
. . . . - . Chef Control
Preparation preparation measuring time dish unit
. . Journal
time. with a clock.
Contamina Visual
nts. inspection.
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When monitoring CCPs, it is
necessary to maintain records and
documents that are dated and signed by
the person performing the monitoring.
Records must be accurate and timely;
omissions, smudges, and corrections are
not permitted. whether a CCP is under
control and to generate accurate records
for future use in verification. The
developed monitoring  system s
presented in Table 3.

Establishment of Corrections and
Corrective Actions.

Although the HACCP system is
designed to eliminate or reduce the
likelihood of hazardous risks, non-
standard situations leading to deviations
from established procedures can always
occur.  When  deviations  from
established  critical  limits  occur,
measures must be taken to correct the
situation. Accordingly, corrections and
corrective measures were developed for
processes where danger may arise
(Table 4).

Table 4.

Corrections and Corrective Actions of the HACCP System for Sushi Production CCPs
Operation Name / Corrections for Corrective Action Where it s
CCP Critical Limit Breach Recorded

. Identify the raw Monitor  suppliers Raw  Material
k}lttsz;!spt of Raw materials as non- and select Receipt
conforming alternative ones Checklist
1.5.1.v.2 Storage of Iscejmt_'%/] ishg:je fice Adjust  equipment, Rice Preparation
Rice Semi-finished dispose of non- and Storage
Product product & non- conforming product Checklist
conforming
Identify the fish . .
1.55.6 Storage of semi-finished AdJUSt equipment, Fish Storage
Fish Semi-finished d dispose of non- heckli
Product product ~ as - non- conforming product Checklist
conforming
. Identify the finished Train personnel, .
|13.fe aration Sushi dish as non- dispose of the non- %:ﬁlr:gll Control
P conforming conforming dish
Establishment of a Monitoring critical  control  points in  sushi
System for each Critical Control Point. production must contain the data

Monitoring is the act of conducting
a planned sequence of observations or
measurements to assess

The final stage in developing the
sushi safety management system is the
compilation of the HACCP Plan. The
HACCP Plan is a set of worksheets for
all CCPs. The HACCP Plan for the four
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described above in Tables

Subsequently, the HACCP safety
system involves "Establishment of
Verification Procedures" and
"Establishment of Documentation and
Record-Keeping". These principles are
implemented at enterprises with an
established HACCP system.




Development of a food safety management system based on HACCP principles for the
philadelphia roll

Results and discussion. As a result
of a detailed analysis of the
technological scheme, which includes
16 processes and 54 operations, 11
potential critical control points were
initially  identified. For  practical
implementation and improved
management efficiency, the system was
optimized to 4 most significant CCPs:

1. CCP 1: Receipt of Raw
Materials and Supplies. Control of
documentation, packaging integrity,
organoleptic indicators, and temperature
regimes of incoming raw materials.

2. CCP 2: Storage of Rice Semi-
Finished Product. Maintaining a
temperature not lower than +65°C to
prevent  spore  germination and
microbial growth.

3. CCP 3: Storage of Fish Semi-
Finished Product. Strict adherence to
the temperature regime (+4+£2°C) and
storage periods (no more than 48
hours).

4. CCP 4: Manufacturing and
Storage of Finished Rolls. Control of
preparation time, sanitary condition of
the workplace, storage temperature of
the finished product (+2...+6°C), and
its shelf life.

Critical limits were established for
each CCP, and corrective actions were
developed in case of their violation.

The results of the study
demonstrate  that the  proposed
abbreviated HACCP plan, focused on
managing four key points, is sufficient

to effectively control major hazards.
Optimizing the number of CCPs makes
the system more manageable and
economically feasible for
implementation in small and medium-
sized public catering establishments
without compromising safety. The
established critical limits, especially the
temperature regimes for storing rice and
fish  semi-finished products, are a
decisive factor in suppressing the
growth of mesophilic pathogenic
microflora. The discussion also includes
a comparative analysis with similar
studies in other countries, confirming
the universality of the chosen approach.

Conclusion. A HACCP plan for the
production of Philadelphia rolls has
been developed and scientifically
substantiated. The system is based on
managing four critical control points,
which allows for effective control of
microbiological risks and ensures
consistently high organoleptic
indicators of the finished product. The
implementation of this system in public
catering establishments  will  help
standardize processes, guarantee
consumer safety, and ensure compliance
with current sanitary norms and rules.
Future research prospects include
assessing the effectiveness of the
implemented HACCP plan in the long
term and developing similar models for
other types of high-risk culinary
products.
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LAAMAMbL MEXHOA0ZUAAVIK YHUsepcumemi, Aamamut, Kasaxcman

«DUAAAEALDST» POAABI YIIIH XACCI KAFMAATTAPBIHA HETI3 AEATEH
TAMAK OHIMEPIHIH KAYIIICI3AITTH BACKAPY JKYVIECIH O3IP/AEY

Angatna. Maxarada Kozamovix mamaxmany caracbiHoazbl maHoMar oHim — «Duradervpus»
CYmuUinil, kayincisdizi Men canacoln apmmuvlpyza 0azblmMmarzan epmmey HIMuxXerepi yCoiHblAZaH.
3epmmeydity 63eKmiAizi KanoH Acxanacvl OHIMOepinit, eHIpici MeH MYMbIHYbIHbIY KeHetoimer XaHe
me3  Oysviaamoin  utizpeduenmmepdi  KoAdany — kesinde  MYyuIHOAUMBIH  MUKPOOUOAOZUAADIK
mayexerdepmer aukuIHOAAAIbl. Sepmmeydity MAKCAmMbl — MEXHOAOZUSAALIK Yoepicmil, coliu 0aKblAdy
nyxmeaepite (CHbH) woevipaanzan XACCII npunyunmepine wezideAzer mazam oHIMOIepinin
Kayincizdizin dackapy xytiecin asipAey xane nezisdey 00Avin madviaadvl. 2Kymvicma kayinmirikmepoi
manday adicmepi, «wewim azautvl» apxoviabt CbH-0i atixbinday, cotnu uiexmepdi bezirey xate mysemny
apexemmepit a3ipAey KOAJAHVIAOLL 16 mpoyecc nen 54 onepauudnvl KAMMUMOIH MEXHOAOZUSAVIK
UUKAJIL ezxeti-mezxeiiri marday namuxecinde bacmanxvida 11 CbH anvixmardol. [lpakmuxaavik icke
acolpy yulin xyie mepm er, Manui3dvl 0axviaay nykmecine Oetiit OHMAUAAHOVIPLIADDL WUKI3AMIMbL
KabviAday, Kypiu nem 0arvik xapmoviaai @abpuxammapoin cakmay, 0auvii oHiMOi oHOIpY XaHe
caxmay yodepicmepi. Opoip CbH ywin memnepamypa, caxmay yaxobimbvl XoHe MUKPOOUOAOZUANDIK
KopcemKiuimep O0lviHULA KAmMAM, ColHU ulekmep 0eAireHdl, MOHUMOpUHZ pacimoepi a3ipreHoi.
3epmmeydin, 2oIAbIMU KaHe Npakmukarvik manvsvl — Oeiimderzer api muimdi XACCII xocnapoin
azipAeyde, OMHUIH eHZI3IAYT MUKPOOUOAOZUAALIK MayekeAdepdi edayip memendemyze, Jailbii MazaMHOLH
Mypakmol canacvtl MeH Kayincizdiein KAMMAMACHIS emyze, COHOAU-AK K02AMODIK MAMAKMAHY
KaCInOpuIHOapl YUliH IKOHOMUKAALLK MYpeuloar muimoi 60AybiHa MyMKiHdik Oepedi.

Tipek ce3aep: XACCII, cuiru baxbiray HyKmeAepi, maam kayincizdizi, MUKpoOUOAOZUSIALIK

mayexea, opzarorenmuxa, « DUraderv@ul» cyuiui, MexHoAOZUAALIK Yoepic, K02amovlK mamakmany.

AM. Amupraannosa*, ¥.0. Tyurenm6aesal, P.A. sTeanesal

TAAMamuHcK Uil mexHoAozuveckuti ynusepcumem, 2. Aamamut, Kasaxcman

PA3PABOTKA CUCTEMBEI YIIPABAEHMS BE3OITACHOCTBIO IUIITEBO
IMPOAYKIIVN HA OCHOBE ITPMHIINIIOB XACCII A4S POAAA «DUAAAEAbDUS»

AHBOTamMsA. B cmamve npedcmasienvi pesyAvmamol UCCACDO6AHUS, HANPAGAEHH020 HA
nogviienye 0e30NACHOCU U KAYeCmea NONYAIPHO20 HpodyKma o0uLecmeenoz0 numanus — poAr0s
«Quradervpus». AxmyarvHocms pabomuvl 00ycA06AeHA pacuiuperem npoussoocmea u nompedreHus
npooyKyuyu  ANOHCKOU KYXHU U  CEASAHHOIMU € IMUM  MUKPOOUOAOZUHECKUMY — PUCKAMU,
GOSHUKANOWUMY  NPU  UCNOAL306AHUY  CKOponopmaujuxcs utepeduenmos. Lleavto  uccaedosanus
S6AAAACL paspabomxa u 000CHO6ANHUEe CUCTHEMD! YNPASAEHHS 0e30NACHOCTDI0 MU0 NPOOYKUUU HA
ocnose npunyunos XACCII, choxycuposarnoii na kpumuueckux wonmporvrox mouxax (KKT)
mexHoA0zueckoz0 npouecca. B pabome npumenervr memodvt anarusa onacrocmei, udeHMuGUKaALUL

KKT ¢ ucnorvsosaruem — «Jepesd  peuwieHutl», YCMAHOBACHUS — KPUIMUYECKUX — Npederos U
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Koppexmupytowux Odeiicmeuii. B pesyrvmame 0emarvHoz0 AHAAUZA MEXHOAOZUHECKO020 UUKAA,
sxatouaroujezo 16 npoueccos u 54 onepauyuu, Oviro nepsonauarvtio eviaéreno 11 KKT. Aas
npaKmuueckoi pearusayuy cucmema OviAd onmumusuposana 0o 4 Hauboree 3HANUMDBLX MOUEK
KOHMPOAS: NPUEMKA Clpbsl, XpaHeHue puco6ozo u poldHoz0 noAyPadpuxamos, npouecc uszomosAeHus u
xparenus zomoeoi npodyxuyuu. Ara xaxodou KKT ycmarnosrenvt cmpozue kpumuveckue npedeAvl no
memnepamype, spemeHu XpaHeHusl u MUKpoOUOAOZUYeCKUM NOKA3AMEAIM, paspabomarvl npouedypol
Mmonumoputza. Hayunas u npaxmuueckas uenrocmv pabomol 3axAtouaemcs 6 paspabomie
adanmuposanozo u apdexmusrozo naana XACCII, enedperiue Komopozo 10360A5en CYyuyecmserHo
CHU3UMD  MUKPOOUOAOZUYECKUE PUCKU, 2APAHMUPOSAMDb CMAOUAbHOe Kauecmeo U 0e30nacHOCMb
20106020  OA100, A MAKKe SA6AAEMCS  IKOHOMUHUECKU — UEAeco0OpasHuiM  OAs  npeonpusimuil
00ulecmeeHHoz0 NUMarus.

Kaiouesnie caosa: XACCII, kpumuueckue KOHMPOAbHOIE MOUKU, NUULEEAS 0e301ACHOCHTD,
MuKpobuorozuveckuil  puck, opearorenmuxa, cywu DuradervPus, mexHorozuueckuil npouecc,

O6W,€C1’I166HHO€ numavue.

Received 18.11.2025
Accepted for publication
30.12.2025

Cite the article:

N0

Copyright: © 2024 by the authors. Submitted for possible open access publication under the terms
and conditions of the Creative Commons Attribution (CC BY NC) license
(https://creativecommons.org/licenses/by-nc/4.0/).

81



