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INNOVATIVE ENGINEERING SOLUTION IN HOTEL AND RESTAURANT
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Annotation. The paper considers an innovative engineering solution for the introduction of
automated robotics in hotel and restaurant premises. This is explained by the need to quickly
respond and adapt to changing consumer behavior. Generation Y prefers to get impressions rather
than spend time on everyday worries. The older audience is more passionate about professional
growth and seeks to save time on cooking. The paper describes the introduction of unmanned
vehicles for food delivery - one of the most striking technotrends in the restaurant industry. The
article confirms the introduction of "flexible" automation processes.

Keywords: engineering solution, robotics, hotel and restaurant industry.

Introduction.

The hotel and restaurant industry is one of the most adaptive in the world. This
is due to the need to quickly respond and adapt to changing consumer behavior,
because without the rapid integration of innovative solutions, the hotel and restaurant
business immediately begins to experience difficulties. That is why in this industry
there are a huge number of combinations for creating a guest experience, including
variable food serving, and creating a unique experience, such as a dinner at a height,
and service by robotic waiters [1,2]. And to kick-start the guest's ability to solve
problems (a skill specifically stimulated as part of guest experience design),
restaurants are adopting technology to go about their daily routine, such as using
interactive menus, order on the table top or mobile applications for ordering or
creating a customized product for the guest. Everything related to innovation refers to
the so-called industry 4.0 - and this is the replacement of human labor by machines -
robots, artificial intelligence, etc. [3]. Many “regular” technologies, in a sense, have
become a must-have for a restaurant, and their cost is so adequate and meets
investment goals that it makes sense to implement them now so as not to be outsiders
due to unjustified savings on automation. You can determine which technologies will
be further developed by looking at how the market has changed over the past year.
Firstly, the focus on the needs of the guest when visiting the restaurant has shifted,
they have become more utilitarian, on the one hand, and aimed at memorable
entertainment, on the other. At the audience presented by generation Y, completely
different values, these people prefer to get experiences rather than spend time on
everyday worries. The older audience is more passionate about professional growth
and seeks to save time on cooking. These changes, in addition to the pandemic, have
become drivers in the development of ready-made food delivery, and restaurants have
the opportunity to create complex experiences that form a truly grandiose restaurant
experience. In turn, the need for ready-made food for every day dictates the need to
achieve a cost commensurate with the cost of self-preparation of food [4,5]. These
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changes, in addition to the pandemic, have become drivers in the development of
ready-made food delivery, and restaurants have the opportunity to create complex
experiences that form a truly grandiose restaurant experience. In turn, the need for
ready-made food for every day dictates the need to achieve a cost commensurate with
the cost of self-preparation of food [4,5]. These changes, in addition to the pandemic,
have become drivers in the development of ready-made food delivery, and restaurants
have the opportunity to create complex experiences that form a truly grandiose
restaurant experience. In turn, the need for ready-made food for every day dictates the
need to achieve a cost commensurate with the cost of self-preparation of food [4,5].

So the introduction of unmanned vehicles for food delivery is one of the most
striking technotrends in the restaurant industry, which attracts the most attention. This
technology can solve the problems of both operators and customers as it aims to
reduce labor costs. The use of drones for food delivery, including to hotels, promises
to significantly reduce the waiting time for customers. Drones are expected to be able
to make about 15 deliveries per hour, compared to three per hour by car, and as a
result, restaurants will potentially be able to increase their revenue from higher sales
volumes. In the world market, drones for food delivery are being tested by Yandex,
and Google, Amazon and Uber. While robotic and drone delivery technologies are
promising,

Main text.

The world is moving into the era of robotics and automation. As more attention
1s paid to reducing human involvement in everyday tasks, improved robot control
algorithms are vital for a wide range of applications. Recently, a growing trend is the
use of robots in the catering industry as waiters, as shown by Chen et al. [7]. They
usually use programmable logic controllers used by Lama [8], which are not
optimized for a dynamic environment such as a restaurant.

The introduction of an innovative range of IT was successfully carried out by
fast fine dining restaurants - Souvla in San Francisco (Greek cuisine) and Pizzeria
18|89 in Stockholm. Pizzeria 18|89 looks like a premium pizza concept, but behind
the facade is a laboratory for the world's largest restaurant guest experience design
firm. Just as Amazon Go's "Just walk out" technology tracks customers throughout
the store, 18|89 uses the power of the Internet of Things (IoT) and artificial
intelligence (Al) to unlock the power of the company's innovation potential. Thus,
restaurateurs working in the fast fine concept are trying to build a new, economically
sustainable business model for working with high-quality food products [9].

Automatic systems that can cook and serve are no longer science fiction, from
robots that flip burgers to android waiters.

Feeding an ever-growing world population with changing dietary needs and
preferences is becoming one of the leading global social issues. Producing enough
food is no longer the only problem, the rapid rise of allergies and intolerances, and
special diets due to non-communicable diseases such as diabetes, heart and kidney
disease, have exacerbated the problem as manufacturers strive to satisfy all
customers. In addition, the globalization of food production has led to an increase in
demand for a variety of cuisines and products [10].

As the list of consumer requirements, as well as environmental and regulatory
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changes, continues to grow, one of the key solutions to overcome these changes is the
widespread adoption of "agile" automation processes. This is confirmed by the
beginning of Industry 4.0, which promises growth through the Internet of Things
(IoT) [3], which is largely supported by the use of artificial intelligence and industrial
robots (IR) in all production systems [11].

Now robots have limited functionality. A person needs to create a robot with
plates, from which visitors themselves remove ready-made food in plates (it is more
like a runner than a full-fledged waiter). At Zume, a US pizza delivery company
powered by robots, the toughest jobs, like making pizza, are still done by humans.
But Moley, which will be launched later in 2019, offers an idea of the sophistication
of the future. Modeled after the movements of Masterchef 2011 winner Tim
Anderson, his robotic arms are mounted above the stove and programmed to cook
with raw ingredients. It is designed for home use, but a commercial version is
planned, which, like Suzumo's sushi works or Foodini's 3D printer, opens up the
possibility of hotel/restaurant or restaurant kitchens,

One of the other most serious obstacles is the lack of qualified developers and
operators [12]. IR systems in the food industry. This is exacerbated by the fact that
food workers are not aware of the benefits of IR or its applicability, and IR
developers do not fully understand the specific characteristics of food products and
their production requirements [13]. The aforementioned problems associated with the
handling and processing of natural foods indicate that an innovative method 1s needed
to identify and select the appropriate IR for specific food applications. While food
processing involves very complex operations that are typically custom-made and
automated, food processing can be simplified and generalized.

In addition to social and consumer problems in the hotel and restaurant industry,
there are also problems of energy conservation when using engineering technologies.
The introduction of energy-saving technologies will help reduce energy consumption
and increase production productivity, improve the quality of manufactured products,
and significantly improve the sanitary and hygienic condition of the hotel and
restaurant industry.

One example of such an engineering solution is the ventilation system with a
heat exchanger installed in the “Nur” Restaurant (Kyrgyzstan).

“ This device heats the supply air with extract air and as a result saves up to
50% of electrical energy. And VRF - air conditioning system due to the heat pump
increases energy savings by 4-5 times in relation to other types of heating.
Unfortunately, today not all owners of cafes and restaurants understand the benefits
of investing in the installation of ventilation systems, funds are primarily spent on the
appearance of the building. And when it comes to engineering systems, they start
saving. In the city of Bishkek, less than 10% of restaurant business owners have
modern ventilation systems. But every year business understands more and more the
need to use "smart" technologies, for which the future”, - Evgeny Zabelin, head of the
Dantex company, shares.

It is commendable that despite the economic crisis, quarantine restrictions, lack
of own funds, entrepreneurs are committed to the main task of providing safe,
comfortable conditions for their visitors.
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The successfully implemented energy-saving project will allow the owners of
the “Nur” restaurant to save 138 MWh annually, as well as contribute to the
preservation of the environment by reducing the amount of harmful emissions into
the atmosphere in the amount of 21 tons per year.

Conclusions.

Ways to improve the quality of service for the population in the hotel and
restaurant industry in different countries of the world were considered.

A rational justification for the introduction of automated robotics and other
types of engineering equipment into the restaurant business network was obtained.

Literature:

1. Nayik, G.A. (2015). Robotics and food technology: A mini review. Journal of
Nutrition & Food Sciences, 5(4), https://doi.org/10.4172/2155-9600.1000384.

2. Rachana, K., Polson, R. & Saraswathy, K. (2017). Robotics and automation in
meat processing. International Journsl of Emerging Technology and Advanced
Engineering, 7(9), Retrieved from
https://pdfs.semanticscholar.org/d682/6ea59db46a98d335ee14359a17e414b49512.
pdf.

3. Alcacer, V. & Cruz-Machado, V. (2019). Scanning the industry 4.0: A
literature review on technologies for manufacturing systems. Engineering Science
and Technology, an International Journal, 22(3), 899-919.
https://doi.org/10.1016/;.jestch.2019.01.006.

4. Caldwell, DG (2013). Robotics and automation in the food industry. In S.
Whitworth (Ed.). Robotics and automation in the food industry (1st ed.). Cambridge:
Woodhead Publishing Limited. https://doi1.org/10.1533/9780857095763.2.267.

5. Sasongko, PS, Wibawa, HA, Maulana, F. & Bahtiar, N. “Performance
Comparison of Artificial Neural Network Models for Dengue Fever Disease
Detection,” pp. 183—-188, 2017.

6. Chandra, A. & Suaib, M. “WEB S PAM C LASSIFICATION USING S
UPERVISED,” vol. 2, no. 1, pp. 21-30, 2015.

7. Chen, C., Gao, Q., Song, Z., Liping, O. & Wu, X. “Catering service robot,”
Proc. World Congress. Intel. Control Autom., pp. 599-604, 2010.

8. Lama, B.B. “Controlling a Robotic Arm Manipulator with a PLC,” 2012.

9. Salvietti, G., Igbal, Z., Malvezzi, M., Eslami, T., & Prattichizzo, D. (2019).
Soft hands with embodied constraints: The soft ScoopGripper. Proceedings - IEEE
International Conference on Robotics and Automation, 2019—-May(May) (pp. 2758—
2764).https://doi.org/10.1109/ICRA.2019.8793563.

10. Kodituwakku, L., Nobel, I., & Apostolidis, V. (2013). Sustainable growth in
the food and drink manufacturing industry. LondonGrant Thornton report
commissioned by Food and Drinks Federation  Retrieved  from
https://www.fdf.org.uk/corporate_pubs/Grant Thornton full report 2011.pdf.

11. Demartini, M., Pinna, C., Tonelli, F., Terzi, S., Sansone, C. & Testa, C.
(2018). Food industry digitalization: From challenges and trends to opportunities and
solutions. IFAC-PapersOnLine, S1(11), 1371
1378.https://doi.org/10.1016/j.ifacol.2018.08.337.

ISSN 2567-5273 6 www.moderntechno.de


https://doi.org/10.1109/ICRA.2019.8793563
https://doi.org/10.1016/j.ifacol.2018.08.337

Modern engineering and innovative technologies Issue 20 / Part 1 (\§i

12. Wilson, M. (2010). Developments in robot applications for food
manufacturing. Industrial Robot: An International Journal, 37(6), 498-502.
https://doi.org/10.1108/01439911011081632.

13. Bader, F. & Rahimifard, S. (2018). Challenges for industrial robot
applications in food manufacturing. Proceedings ISCSIC'18 (pp. 1-8). ACM Digital
Library.https://doi. org/10.1145/3284557.3284723.

Anomauin. Y pobomi poszensoacmvcsi iHHOBAYIHE [HICEHEPHe DIUEeHHS 3anpo8a0’CeHH s
a8momMamu308anoi pobomomexuiku y 2omenvHo-pecmopanHiu inoycmpii. Iloscuioemscs ye
HeoOXIOHICMIO WBUOKO peaz2ysamu ma NiOAaumo8y8amucs nio MIHAUBY CHOMCUBHY NOBEOIHK).
Ilokoninua Y esascac 3a Kpawe ompumyeamu 6paMCeHHs, a He SUMpayamu yYac Ha WOOeHHI
mypoomu. Cmapuwia ayoumopis Oiivuie 3aX0n1eHa npo@eciiHum 3pOCMaHHAM [ npazHe eKOHOMUMu
yac Ha 2omyeamui. Y pobomi onucamo euKOpucmanHs 0e3niiomHUX asmomooinie 0isi 00CmasKu
ici - 00uUH 3 HAUACKPABIWUX MEXHOMPEHOI8 V pecmopanHin 2anysi. Y cmammi niomeepodiceHo
BNPOBAOIHCEHHSA «SHYUKUX» NPOYECi8 a8mMoMamu3ayii.

Kniouoegi cnosa: indcenepne piuienis, pooomomexHika, 20meibHo-pecmopaHua in0ycmpis.

Crarrsa BianpasneHna: 7.04.2022 r.
© CaBuenko-IIepepsa M.IO.
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V]IK 348.147
ELECTROTECHNICAL MOBILE LABORATORY:
DEVELOPMENT OF AN EDUCATIONAL AND LABORATORY

ELECTROTECHNICAL STAND
SJEKTPOTEXHUYECKAS MOBUJIBHAS TABOPATOPUA:
PA3BPABOTKA YUEBHO-JIABOPATOPHOI'O 3JIEKTPOTEXHUYECKOI'O CTEHIA
Isaev I.A. / UcaeB U.A.

Annomayua. Iloocomoska coépemenHozo — cneyuanucma, o0cobeHHo 6 — obracmu
INEKMPOMEXHUKU U INEKMPOHUKU, MECHO CONPANCEHAd C NPAKMUYECKOU O0esimelbHOCMbIO.
IIposedenue @uzuueckoeo 3SKCNepUMeHmd, 6 paMKAX KOMOPO20 B03MONCHO MOOeIUpO8aHUe
PA3IUYHbIX  PENHCUMOB pabombl  JNEKMPUUEeCKUX yeneu S6Isemcs OCHOB0U  GOPMUPOBAHUSL
NPaKmuyeckux Haswvikog 6yoyujeeo cneyuanucma. CoépemeHHblll PbIHOK npednazaem WUPOKUl
cnekmp yuebHO-1a00pamopHo20 060pY008aHUsL — INEKMPOLEHEPUPYIOUUX NPUOOPOB, ITIEKMPOHHBIX
yempoucma u npubopog mMemponocuyecko2o odecneuenus. Tem ne menee, 60cmpeO0BAHHOCMb &
KOMNIEKCHOM 0becneueHuu 1abopamoprHoe0 NPaKmuKyma oCmaemcsi akmyanibHoll, KaK ¢ no3uyuu
MUHUMUZAYUU CTMOUMOCIU 000PYO08AHUS, MAK U C NOZUYUU 0Decnedenus HeodX00UMO20 YueOH020
dynkyuonana u mpebosanuli dnekmpodezonacHocmu. B Oaunnoi cmamve npedcmasnenvl
pe3yibmamosl  ONbIMHO-KOHCMPYKMOPCKOU  paspabomku  yuebHo-1a00pamopHo2o  cmeHod, 8
cocmase KOMopo2o BKIIOUEeHbl UCHOYHUKY NOCIOSHHO20 PecyIupyemMoc0 HanpsajceHus, UCOYHUKU
NnepemMenHo20 O0O0HO- U MpexasHo20 HANpaXdcenus, a Max e @OYHKYUOHANbHBIU 2eHepamop
NEKMPUYECKUX CUSHATLO8 CNeYUATbHOU (hopmbl. B cocmase cmenoda peanuszosana mooynvHas cxema
KOMNOHOBKU (PYHKYUOHANLHBIX OI0K08, Ymo obecneyusaem 6biCOKYI0 8apUAMUSHOCb KOMNOHOBKU
yuebHo-n1abopamoproco cmenoa. Anpobayus paspabomannoco yueOHO-1ab0pamopHo20 CMeHOd
OvblLIa peanuz08ana 6 pamKkax 1ab6opamopHo20 NPAKMUKYMA NOO20MOBKU CIYOEeHmMO8 00y4arouuxcs
no npoepamme vlcuie2o 0opazosanus no Hanpagienuro «llpubopocmpoenuey.

Knwouegvie cnoea: snexmpomexnudeckuti y4eOHO-1a00pamopHblll KOMNIEKC, yyeOHas
nabopamopusi, cucmema ynpagieHus, cxema 1eKmpOCHAOIHCEHUSL.

Beryniienue

OnHOM 13 CyIIECTBEHHBIX COCTABISIONIMX Mpoliecca MOArOTOBKM COBPEMEHHOTO
crenuainucra, oco0eHHO B oOJactu QJICKTPOTCXHUKU H JOJICKTPOHHUKH, OCTACTCIA
¢u3nueckuil SKCHEPUMEHT, B XOJ€ KOTOpPOro oOecredrnBaercs HaOII0IeHe
QJICKTPOIHCPICTUICCKUX IPOUCCCOB, 4 TAK K€ BO3MOXHOCTb MCCICAOBAHNA TCX HUIIN
HMHBIX PEKUMOB pabOThI AJEKTPUUECKHUX IeNed U ycTpoicTB. Hanbomnee ciioxubIMu
peXuMamMu  pabOThl  BJIEKTPOOOOPYAOBAHUS  SBJISIIOTCS  PEKUMBI  KOPOTKOTO
3aMBIKaHUs, IPUBOIAIINE K BCIUIECKAM U IIpOBajiaM HaIPsHKEHUS, a4 TAKKE PEKUMBI,
XapaKTEPU3YIOIIMECS YBEIMYEHUEM BECAa BBICOKMX TapMOHMK HalpsbKeHus. B
y4eOHOM TMpoIecce, BO3MOXHOCTh (PU3MYECKOTO MOJCIUPOBAHUS  MMOJOOHBIX
PEKUMOB, H3y4YCHHUE MEXaHU3MOB HX BO3HUKHOBEHHS, CIIOCOOOB HU3MEPEHUS U
YOpaBJICHUS DJJIEKTPUYECCKUMHU I[1apaMeTpaMd BO MHOI'OM OIIPEAEIAIOT YPOBEHb
poQeCCUOHAILHON TTOITOTOBKU OY/IyIIETO CIICIHAIIUCTA.

B naHHO#l cTaThe pacCMOTPEH OMNBIT pa3padOTKHM M peaau3allid IMPOEKTa
AIEKTPOTEXHUUECKOTO YUEOHO-Ta00paTOPHOrO CTEHJAa M €ro ampoOaiu B y4eOHOM
npouecce. B cocraB  cTeHJa BKIIOYEHBI HWCTOYHHUKHA TMOCTOSIHHOTO — TOKa
(DMKCUPOBAHHOTO U PETYJIUPYEMOTro HANPsHKEHUS, HCTOYHUKU TTEPEMEHHOTO OJTHO- M
Tpex($a3HOro TOKa, a TaK E TEHepaTop 3JEKTPHUYECKUX CHTHAJIOB CIICIIUATBHOM
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dopmel. Pa3paboTaHHOE CXEMHOE peIIeHHWE CTEeHIAa OO0ECIeYrBaeT 3alluTy
AIIEKTPOHHBIX OJIOKOB CTEHJa OT TOKOB KOPOTKOT'O 3aMBIKaHHsI U PEKUMa JUTUTEIBHOM
Neperpy3ku Ha CTOpoHE moTpeOuTens. Boicokuil ypoBeHb 31€KTpoOe30MmacHOCTH,
HPrOHOMHYHOCTh CXEMBbl PACHOJOKEHHUS JJIEMEHTOB YIPABICHUS W HWHIUKAIUH
pPeKUMOB  pabOThl, BbICOKAasA (YHKIMOHAIBHOCTH M MOOWJIBHOCTh  y4eOHO-
71a00paTOPHOTO CTEHAa 00ECIeUrnBalOT BOZMOKHOCTh €0 UCIOIb30BaHUS B YUECOHBIX
71a00paTOPHO-NPAKTUYECKUX Kypcax MPOrpaMM CpPEAHET0 M CPeIHECHEeIHaTbHOTO
oOpazoBanus. [l ompeneseHWss OCHOBHBIX TOTPEOUTENBCKUX XapaKTEPUCTUK
y4eOHOTO  Ja00opaTopHOTO  OO0OpPYJIOBaHMS ObUI  BBINIOJIHEH aHAIM3  phIHKA
MPeJIOKEHUHN psiia BEAyIIMX OPTaHU3aIMiA B 4acTU JTaOOPATOPHOTO 0O0PYIOBAHHUS
M0 JJIEKTPOTEXHUKE U 3iekTpoHuke [l1, 2]. CoriiacHo NpPOBEACHHOMY aHAIU3Y
yyeOHOe Js1abopaTopHO€  OOOpYJIOBaHME JOJDKHO  00y1afaTh  CICAYIOIIUMU
CBOWCTBAMMU:

» BBICOKOM CTENEHBIO D3JIEKTPOOE30MAaCHOCTH TPH BBITOJHEHUH O0yYaeMbBIMH
1ab0paTOPHBIX pabOT — UCKITIOYEHHE BO3MOXKHOCTH MOPAKEHUS 00yJaroIierocs
AJIEKTPUYECKUM TOKOM HpU JIIOOBIX €ro HEenpo(pecCHOHAIbHBIX IEHCTBUSX C
MPEOCTABICHHBIM €T0 MOJIb30BaTEIbCKUM HHTEpdericoMm;

» TIOBBIIICHHOW CTETEHBIO AIIEKTPUYECKON 3amuThl (DYHKIIMOHAIBHBIX OJIOKOB
1a00paTOpHOrO0 00OPYAOBAHNUS, UCKITIOYAOLIEH BO3MOXHOCTh UX IMOJIOMKH IpU
JH00BIX BO3MOKHBIX JEHCTBHUSIX 00y4aeMOro B paMKax MPEAOCTaBIEHHOTO €My
MOJIb30BATENILCKOTO HHTEpdeiica;

» JIOCTYITHOCTBIO M HAIISTHOCTBIO MOJIh30BATEILCKOT0 HHTEpdeiica — Gpusndeckast
peanu3alisi Ha HHTYUTHBHO MOHSATHOM YPOBHE MPOLIEAYP COOPKH UCCIETyEeMbIX
Henen U cxeM, Mpoueayp dMEKTPUIECKUX U OCHHIIOrpaQUUECKUX U3MEPEHUI, a
TaK >K€ BBICOKAas AIPrOHOMHYHOCTH (POPMHpPYyEeMOro pabodero MmpoCTPaHCTBA
00y4aeMoro;

» obecrieueHHEeM JIOCTaTOYHOTO YPOBHS MHIMKAIMU DJIEKTPUUECKUX IMapaMeTpoOB
pabounX U aBapUHHBIX PEKUMOB PAOOTHI JEKTPOOOOPYIOBAHUS, UCKITIOYAIOIIEEe
HEBOCTIPHUSATHE, HETIOHUMAaHKE U ABOWHOE TOJKOBAHUE HCITOJIb3YEMBIX CUTHAJIOB.

» UHTErPAaTUBHOCTHIO JTA00OPATOPHBIX paOdOT — BO3MOYKHOCTh PEaTN3aIli Ha OJTHOM
y4eOHOM CTEHJIE psijia TJAOOPATOPHBIX PAdOT MO HECKOJIBKUM YYeOHBIM TEMaM;

» BBICOKMM YPOBHEM PEMOHTOIPUTOTHOCTH JIAOOPATOPHOTO 000Dy TOBAHHS.
YuyeOHO0-1a00paTOPHBIH 3JIEKTPOTEXHUYECKHMA CTEH/T
Y4eOHo-1abopaTOpHbI  AIIEKTPOTEXHUYECKUM CTeHJ ObL1 pa3paboTaH ¢

UCIIOJIb30BaHUEM MOJYJBHOM CXEMBbl KOMIIOHOBKM €ro (DyHKIHMOHAIBHBIX OJIOKOB,
YTO TMO3BOJMJIO MaKCHMAaJbHO Yy4YeCTh IE€PEUMCICHHBIC BbIIIE TpeOOBaHMUS,
npenbsABIseMbIe K TOJ0OHOMY 000PYIOBaHHIO B paMKax y4eOHOTo mpolecca.

Ha puc.] mnpeacraBneHa cxemMa KOMIOHOBKHM (DYHKIMOHAJIBHBIX MOJIYyJEH
yueOHo-1aboparopHoro creHga.  OcCoOCHHOCTBhIO Ppa3pabOTaHHOTO MEXaHHW3Ma
KpPEIUICHHUS  OTACNBHBIX  (QYHKIMOHAIBHBIX MOJYJIEH cTaja JIETKOChEMHas
KOHCTPYKIIUS, MTO3BOJISIFOIIAsi 00ECIeYnBaTh HAJICKHOE MEXaHUYECKOE KPEIUICHUE B
COUeTaHMH C OOecrmeYeHneM DJIEKTPUYECKOro coeAuHeHus. [IpoToTtunom mms
pa3paboOTKM  MeXaHW3Ma  DJIEKTPOMEXaHWYECKOTO  KPEIJICHHS  IMOCIYKHIa
KOHCTPYKIIMS, TPEAJIOKEeHHAss B TOJE3HOW MOJenu K TaTeHTy «YdeOHo-
Ja00paTOPHBIN KOMILIEKC) [3].
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5

Puc.1. MoayabHasi cxeMa KOMIIOHOBKH Y4eOHO-1a00paTOPHOIO
3JIEKTPOTEXHHUYECKOr0 CTeH/1a.

1, 10 — xopnyca mooyneu yuebHo-1abopamopnozo cmenoa, 2, 3, 4, 5§ — onoxu
UCMOYHUKO8 MOKA U PYHKYUOHAIbHO20 2enepamopa, 6, 14 — pyuka-mpancgopmep,
7, 8, 15, 16 — necxopazvemHbvlii MEXAHUIM DJIeKMPOMEXAHUYECKO20 COeOUHEeHUS
mooynet; 9 — noocku; 11 — neckocvemnasn nanenv Haepysku, 12 — kpennenus nanenu
Haepysku, 13 — 610k usmeperus.

[upokoit ¢yHKIMOHAN oOOecTedeHnsi Y4YeOHBIX JIabOpaTOpHBIX paboT B
KOHCTPYKIIUU y4eOHO0-1a00paTOPHOTO CTEHJ1a oOecrieunBaeTcs
CHELHATM3UPOBAHHBIMU HAa0OpaMU 3JIEKTPOHHBIX KOMIIOHEHTOB, BKJIOYaeMbIX B
cocTaB MaHenel Harpy3ku. PaspaboranHas JvHeWKa MaHened Harpy3KH IMO3BOJISIET
OpOBOANTH  (pOHTANbHBIE y4eOHbIE 3aHATHA I TPYNIBl  00ydaeMbIX.
Pa3paboTannpiii MexaHuW3M KperuieHus (puc.2) TO03BOJISET KOH(PUTYPUPOBAThH
pa3inuHbie HaOOpHl (PYHKIIMOHATBHBIX MOIYJEH C y4eTOM CHEIHaM3UPOBAHHBIX
TpeboBaHuil y4eOHOTO Mpoliecca Uil HHINBUIYaTbHOTO 3aKa3uuKa.
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Puc.2. JlerkopazbeMHbIH MEXaHU3M 3JTEKTPOMEXAHNYECKOT0 COeTUHEHNS
MoAayJiell y4eOH0-12a00pATOPHOIO 3JIEKTPOTEXHUYECKOI0 CTeH/1a.

OaHUM M3 OCHOBHBIX MOJyJel yueOHO-1a00paTOPHOTO 3JIEKTPOTEXHHUUECKOTO
cTeHAa sBNsAeTCS (YHKIMOHAIBHBIA MOJYJIb MCTOYHUKOB TUTaHUs. [IpuHATHI B
pa3paboTKe NMPUHIUI MOAYJIbHBIA KOMIIOHOBKM MOZYJIEH IMO3BOJIIET BapbUpOBATh
KOH(UTYpaIo MOIYJII HCTOYHUKOB MUTAHMSI, BKJIIOYas B €r0 COCTAaB T€ WJIHM UHBIE
0JIOKM UCTOYHUKOB ITUTAHUSI.

B coctaB oCHOBHOUM KOH(pUTIypanud MOAYJIS MCTOYHHMKOB MUTAHUS BKIIFOUEHBI
cieayomme 0JI0KH:

" OJIOKM HCTOYHHUKOB TIOCTOSIHHOTO TOKA C TIOCTOSHHBIMA HOMHUHAJIaMH
HanpsbkeHui 5, 15 u 24 Bonbra;

" OJIOKM MCTOYHUKOB TIOCTOSIHHOTO TOKAa C PpEryJMPOBKOM HaIpshyKEeHUE B
JIuara3oHe ot 1 10 24 BOJbT;

" OJIOKOB Tpex(a3HOro CHUHYCOMJAIBHOTO TOKa C HOMHUHAJIaMu (Ha3HOTO
Hanpspkenus 20 u 34 BoJyibTa, 0JI0KH MO3BOJISIOT UMUTUPOBATH PEKUMBI TIOTEPH
(ha3HOTO HANIPSKEHUSI U KOPOTKOTO 3aMbIKaHUS (a3;

" OJIOKa reHeparopa JJIEKTPUYECKUX CUTHAJIOB cHelHalbHON (opmbl. JlaHHBIM
OJIOK TO3BOJISIET TPOM3BOAUTH OTIAAKY JJEKTPOHHOIO 00OpyAOBaHUS C
UCIIOJIb30BAHUEM 3JIEKTPUUYECKUX CHUTHAJIOB IPSMOYTOJIBHOM, TPEYTOJIBHOM U
CUHYCOMJAIBHOW (QOpM C peryJmpyeMoll aMIuIMTyAod ©u dactoroi. [l
yA00CTBa 3KCIUTyaTallUd TE€HEPATOp 3JIEKTPHUUECKHX CHUTHAJIOB CHEIHAIbHON
(opMBI OCHaIIEH HU(PPOBBIMU YACTOTOMEPOM M BOJIBTMETPOM.

" OJOK MOIYJSIMM  BJEKTPUYECKUX CUTHAJIOB, TMO3BOJISIET T'€HEPUPOBATH
AIIEKTPUYECKHE CHUTHAJIBI C 4YacTOTHOM, (Da30BOMl Momynsiueil, a Tak ke
JIMHENHOMN Y HEJTMHENHON MOAYJISIINEN aMIUIATYIbI.

Ha puc. 3 npuBeaeHbl BapuaHTbl KOMIOHOBKM (DYHKIIMOHAJIBHBIX MOMYJIEH
y4e0HO-J1a00paTOPHOrO0  CTE€HJIa, IMO3BOJISIONIME YYUTHIBATh HWHAMBUAYaJbHBIC
MOKEJIAaHUSI KOHEYHOTO TOTPEOUTES.

Anpobarus pa3paboTaHHOTO yueOHO-1abopaTOpPHOro CTEHa Obljla peaan3oBaHa
B paMmKax JIabOpaTOpPHOro MPAaKTUKyMma IMOJATOTOBKH CTYACHTOB OOYYalOIIUXCS IO
nporpaMme BbICHIETO oOpa3oBaHusi 1o Hampasienuto «[IpubopoctpoeHue»
Bousrorpaackoro rocy1apCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA.

[lepciekTHBOW JaNbHEHIIETO YCOBEPILIEHCTBOBAHUS Y4eOHO-Ta00pPaTOPHOTO
CTeHJa SIBISETCs pa3paboTka (YHKIHMOHATBLHOTO MOIYJS peaau3yromero (GpyHKuuu
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aBTOMATHYECKOTO CheMa, 0OpabOTKM, XpaHEHUs U TMepeaadyd dKCIEPUMEHTATbHBIX
JTAHHBIX.
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Puc.3. Y4eOHO0-12a00paTOPHBIi JJIEKTPOTEXHUUYECKHH CTEH/I: a) OTUHOYHAS
KOMIIOHOBKA; 0) BePTHKAJbHASI KOMIIOHOBKA; B) BePTHKAJIbLHAS paclllMpeHHAast
KOMIIOHOBKA; T') BEPTHKAJIBHO-TOPU30HTAIbHASI KOMIIOHOBKA; /1) BEPTHKAJIbHO-

rOPU30HTAJIbHAS PACIIMPEeHHAs] KOMIIOHOBKA.
1, 3, 4 — pynxyuonanvHvle MoOyIU, 3 — 1E2KOPAZLEMHBIL MEXAHUIM
INEKMPOMEXAHUUECKO20 COeOUHEHUS MOOYIell Y4eOHO-1a00pamopHO20
INEeKMPOMEXHULEeCKo20 CmeHoa

3akiI04eHre U BHIBOABI

B crarhe mpencraBieHbl pe3yNbTaThl pa3pabOTKu  y4eOHO-1a00paTOPHOTO
JIEKTPOTEXHUYIECKOTO CTeHAa. [IpW TpOEKTUPOBAHWU CTPYKTYpPHI CTEHAA OBLIH
MPOAHATM3UPOBAHBl  AKCILIYaTAI[MOHHBIC XapaKTCPUCTHUKU TIPEICTABICHHOTO Ha
pBIHKE CIICIUAIM3UPOBAHHOIO y4eOHOro 00opyaoBaHus. Ha ocHOBE MPOBEICHHOTO
aHanmu3a Obula pa3paboTaHa MOJYJIbHAas CXeMa KOMIIOHOBKH, KOTOpas ITO3BOJIMJIA
MaKCHMaJbHO y4YeCTh TpPeOOBaHUs, MPEAbSIBISICMbIC K y4eOHOMY J1a00OpaTOpHOMY
00OpYIOBaHHIO B paMKax peaau3alid Y4YeOHBIX MPOrpaMM CPEIHEr0 M CPEIHE
CrenUaIbHOTO 00pazoBaHusi. OCHOBHBIMU JOCTOMHCTBAMH Pa3pabOTaHHOTO yueOHO-
71a00paTOPHOTO EKTPOTEXHHUUECKOTO CTEH 1A SBIISTFOTCS:
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v/ BBICOKAsi CTEINECHb DIICKTPOOE30MACHOCTH MPH  BBINOJHEHHH 00yJ4aeMbIMU
nabopaTopHBIX padoT;

v/ JIOCTYIIHOCTb W HATJIIHOCTH MOJIb30BATEILCKOTO MHTEp(Elica;

v’ obecrieueHrne HEOOXOIMMOTO YPOBHS WHIMKAIIMH 3JIEKTPHUYECKHX MapaMeTpoB
pabounx M aBapUUHBIX PEKUMOB PabOTHI 3JIEKTPOOOOPYHOBAaHUS U BBICOKas
SPrOHOMHYHOCTH (HOPMUPYEMOTO pabovero MpoCTPaHCTBA;

v/ BBICOKAs  BapMaTHBHOCTh  (DYHKIMOHAIBHBIX  BO3MOJKHOCTEH, B  YacTH
oOecreyeHus IOCTaHOBKU Y4E€OHBIX J1a00paTOPHBIX padoT;

v/ BBICOKHI YPOBEHb PEMOHTONPHUTOTHOCTH  JabOPATOPHOTO  00OPYIOBAHUS
(MprMEeHEeHa MOy JIbHASI TEXHOJIOTHS).
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Abstract. In this paper, the experience of developing and implementing an electric
educational laboratory stand project into the educational process is considered. The functionality
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electrical circuits. The paper identifies the key requirements for laboratory teaching complex of
electrical engineering in terms of implementation of schemes of their electricity supply, electrical
safety, functions of governance and organization of the training sessions. The scheme of the stand
modular layout implemented by the author makes it possible to vary the functional composition of
the modules of the educational and laboratory electrical stand, expanding the range of practical
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in the direction of "Instrument Engineering" of the Volgograd State Technical University.
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Anomauin. OcHosHa uacmuna O0aHoi cmammi NPUCEAYEeHa OUCMAHYIUHOMY HABYAHHIO mMda
nioxooam 0ns 1020 peanizayii, 30Kpema OHMOoON02IYHOMY. 30IUCHEHO 027150 NUMAHb WOOO0 PO3POOKU
ma excnayamayii cucmem OUCMAHYIUIHO20 HABUAHHA [ CMAHOAPMIE MAKUX cucmem, 30Kpema
SCORM. 'V oaniti cmammi npoananizo8ano OCHOBHI NiOX00u OJisl ABMOMAMUYHO2O HANOBHEHHS
eIeKMPOHHUX pecypcCis IHpopmayicio 3a 00NOMO2010 CYeHapiie ma yice po3poONeHUx MOoO0yie
Hanucanux mosoio npozpamyeanusi PHP. Onucano nepesazu agmomamu3o8anoi cucmemu aHanizy
KOHmenmy O/l OHOGJIEHHS mMa CcucmemMamusayii HasuyanvHoi iHgopmayii  oHmono2iuHo-
OpIEHMOBAH020 NOPMATLY.

Kniouogi cnoea: enekmponne HAGUAHMA, NAPCUHS, NAPCED, KOHMEHM, OHMONO2IA,
aoanmusnicms, SCORM, nepconigixayis, cemanmuuna mepexica, inmepHem-nopmai.

Berym.

Hapuanus — 11e nmporec nepeaadi Ta 3aCBOEHHS 3HaHb, YMiHb, 3BUUOK 1 HABUYOK
[1]. ITporiec HaB4aHHS MOKE BIIOYBaTHCS IMO-PI3HOMY 1, SIK HACHIJOK, BUJUISIOTH
pI3H1 MOro TUIH, aje MM OOMEXKHUMOCS HACTYITHOIO KJIacuQiKaIll€l: TpaauliiiiHe Ta
JUCTaHIliiHe (€JeKTpOHHE) HaB4aHHSA. Ha chorogHimmHIA JIeHh TpaaMIliiHE €
OCHOBOTIOJIO)KHUM THIIOM HaBUYaHHS, aj€ BCE 4YacTillle BHUIO3MIHIOETHCS B OIK
nucraniiitnoro [2][3].

HaiiBaxuBimmm 3aco00M €JIEKTPOHHOTO HaBYaHHS € 1HTepHeT-mopTanu. Bonu
JI03BOJISIIOTh  BUKOHYBATH TIONMIYK 1H(OpMaIi y HaBYaIbHUX JDKEperax SK II0
aTpubyTaM, Tak 1 O KOHTEKCTY 1, SIK pe3yjbTaT, BUJIaBaTH KOPUCTYBady HaWOUIbIII
peneBaHTHI pe3ysibTaTd. HaB4anbHi Marepiaan MOXYTh 30epiraTUCs sIK HA CaMOMY
noprai, Tak 1 OyTH 3HAWACHUMH Yy BIAKPUTHUX JDKEperiax 3a JOMOMOIOI0 MapCHHTY
[4][5].

OcHOBHA YacTHHA

Jlucmanyiiine naeuannsa. JluctraniiiiHe (€JIEKTPOHHE) — HaBYaHHS, SIKe
0a3y€eTbCsl HA BUKOPUCTAHHI PI3HOMAaHITHUX JAUCTAHIIMHUX OCBITHIX T€XHOJOTIH IS
B3a€EMOJIT BUKIaAa4a 3 y4yHAMH. [l IUMU TEXHOJIOTISIMH PO3YMIETHCS OOMIH
iH(hOopMaII€0 MK CTYJIEHTaMHd W TeAaroram 13 BUKOPUCTaHHSAM i1HdopMaliiHo-
TeJleKOMYHIKaliiHux mepex. Jlucranuiine HaByanHs (JIH) BBaxaeTbcst oaHi€o 3
dbopm cuctemu Oe3MepepBHOTO HABYAHHS, SKA J1a€ PIBHI MOXKJIMBOCTI 3/100yBaHHS
OCBITH YCIM (B1Jl IIKOJISIPIB 1 CTYAEHTIB /10 CHELIANICTIB) 3 OyIb-SKOi TOUKH CBITY
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IUISIXOM BUKOPUCTAHHS TOTEHIIAly TPOBIIHUX OCBITHIX Ta HAyKOBHX 3aKJIaJliB
[6][7]. s Toro, mo6 3po0uTH Mporiec AUCTAHIIHHOTO HaBUYAHHS OIBIN 3pYyYHUM Ta
aBTOMATHU30BaHUM CTBOPIOIOTh CHUCTeMHU aucTaHimiiiHoro HauanHs (C/IH) ta
miatdopmu (LMS) [8][9].

Cmanoapmu cucmem enekmponnozo Haeuanha, SCORM. Opaum 3i
CTaHJapTIB AJIs1 CTBOPEHHS eneKTpoHHuX KypciB € SCORM (Sharable Content Object
Reference Model). 3a #ioro ocHoBy Oynu B3aTi monepenni ctanaaptu (AICC, IMS
QTI, IEEE LOM), ski 3 yacom MoaepHizyBaiucs Ta po3sunyucsa 10 SCORMa.

Crangapt ADL SCORM (Advanced Distributed Learning Initiative Network)
CTBOPEHMM [JIsi 1HTErpauii pi3HOMaHITHMX CTaHAApTIB 1 crnenudikamii y eguHy
Mojenb. BiH sBisie co00r0 TexHIYHY 1HQPACTPYKTYpy, IO JIO3BOJISIE CHIJIBHO
BUKOPHCTOBYBAaTH 00’€KTH y PO3IMOAUICHOMY HaBUajabHOMY cepemoBuii. [IpocTimie
kaxyd, SCORM nae MOXIIMBICTh CHUIBHO BUKOPUCTOBYBAaTU HAaBYAIbHUI KOHTEHT
(Kypcu), MEpEeHOCUTH TOTOB1, CKOMITIOHOBaH1 Kypcu 3 oaniei CJIH mo inmoi 6e3 3Min
(6e3 moBHOiI mepepoOKH IJisi MiIAMITOBYBAHHSA IIiJI HOBY CHCTEMY), JUIMTUCS
KypcaMu 3 IHIIMMH, 1100 BOHU MOTJIM BUKOPUCTOBYBATH iX BXKE€ y CBOill CHCTEMI.

[ToroBopumo neranpHime mpo ocobauBocTi Ta mpuHIUN podotn SCORM.
OcHOBHUM 3MICT CTaHJAPTY CKJIAIal0Th ABa KoMroHeHTH: Run Time Environment ta
Content Aggregation Model.

Run Time Environment omucye mMexaHi3MH B3a€MO/Iii, BIATBOPESHHS 1 3aIlyCKy
HaBYaJbHUX MaTepiajiB y CEpelOBHINl BUKOHAHHS HA OCHOBI CTaHJIAPTHOIO
iHTepdeicy 1 Mozen nanux. Bzaemonais mix kypcamu 1 LMS 3niiicHIoeThCS uepes
API-anantep 3a gonomoroto JavaScript-3anuTiB 13 BUKOPUCTAHHAM BOCBMHU (PYHKIIIH.

Content Aggregation Model (CAM) omnucye CTpyKTypy HaBYaJIbHUX MaTepiais,
MeTaJiaHl, CTPYKTYpY JlaHUX JUIsl TeHepalli MmakeTiB KypciB. BoHa po3aineHa Ha Tpu
gactuHu: Content Model, the Meta-data, Content Packaging.

Ha croromuiniaii neHpr Mu Bxxe MokeMo nodoauntd sk SCORM BHUTICHSIOTH
HOBI ctanaaptu CMIS 1 Tin Can API [10][11].

Ilpoonema enexkmponnux oceimuix pecypcie ma it piwmenns. OnHie0 3
HaWOIBIIUX TPOOJEM CyYacHOTO CYCHUIbCTBAa € iH(opMalliiiHe NepenoBHECHHS.
JIronu pocto Gi3UYHO HE 37aTHI aHaIi3yBaTH Ta 0OpOOJISITH TakKl BEIMYE3HI MaCUBHU
JAHUX, SIKI CIIOCTEPIrarOThCs ChOTOJAHI, HABITH 13 BUKOPHCTAHHAM 1H(pOpMAIliHHUX
TexXHOJIOT1H. ONTUMaIbHUM BUPIIICHHSAM I1€1 MPOOJIEMH BBAXKAETHCA TEPEXia BiJl
30epiranHs W oOpoOKkM maHWX 10 30epiraHHs U 06p06KI/I 3HaHb, 110 CaMO COOOIO
bopmye HOBY CEMAHTHYHY XBHJIO. Ha mpomy erami mu 3BEPHYJIM YBAry HA MOHSATTS
CEMaHTHUKH 1, IK HACHII0K, OHTOJIOTii. Po36epemo ix metanpHime [9].

Onmonocia, ocobaueocmi npeocmasienus oanux. OHTOIOTISI — 1€ SBHA
cnenudikamis koHrentyamizamii (I'pyOep), me KoHIenTyamizamiss — IIe MPoIec
BU3HAYCHHS KOHIIENTIB, a KOHIIENT — KJjac OO0’€KTIB abo0 SBUII peasbHOr0 abo
BUTaAaHoro cBiTy. OHTOJOrIT — CXOBUIIIA 3HaHb, SIKI MOXYTh CIIPUAMATUCS JIIOJIbMU
Ta KOMIT'IOTepaMH. 3a3BUYail BOHU SIBJISIOTH COOOIO 1€papXiyHy CHCTEMY MOHSTH 1
TEpMiHIB TIeBHOI mpeaMeTHoi ooOsacti. OTKe, OHTOJIOTiA — 1€ CHUCTeMa, sKa
CKJIaJIA€ThCS 13 TBEPKEHb, BIIHOIIICHb Ta 3B’SI3KIB MK HMMH, 3a JIOTIOMOTOI0 SIKHUX
MO>KHA OIMCYBATH MTOHSATT.

VY Maremaruiii € po3/ii, KW Ma€ Ha3By OMMUCOBI JIOTIKH. Y C1 BOHM OCHOBaHI Ha
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TBEP/PKEHHI, 10 OyJb-aKy 1H(}opMallito, KO O CKJIaJHOK BOHA HE OyJia, MOXKHA
NpPEICTaBUTH Yy BUIJIAMI MPOCTUX BIJHOIIEHb — TPUIUIETIB. Tpurer — 1e 1Ba
OB’ SI3aHUX MK c00010 00’ekTa abo sBuma, siki Ha MoBi OOII npuiiHATO Ha3UBATH
EK3EMIUISIPaMH, 2 Ha MOBI OHTOJIOT11 — 1HUBITAMHU.

SkuM YMHOM III TPUIUIETH MOXXHA CTBOpUTH Ta ommcatu? Jlns mporo Oyio
ctBopero MoBy OWL (Ontology Web Language), sika 103BOJIsi€ 3amucyBaTd 1
30epiraTy JaHl y BUTJIAII TPUILIETIB, ¢hopMyroun 0a3y 3HaHb, a TaKOXK (HOPMyBaTH
JUIs. HUX JIOTi4H1 mpaBuia. Jis 1iei MoBH, sIK 1 JIsi OyJb-SIKO1 1HINOI, MOTPIOHO
cepenoBule, 1 Take € — Protege. BoHo no3Bosisie 36epiratu 0a3y 3HaHb y BUIJISAL
daiiny popmary XML a6o RDF. RDF (Resource Description Framework) — mozaens,
AKa JO3BOJISIE IPEJICTABIISATH JIaHl Y BUTJIS1 TPUIUIETIB, 30€piraTi 1 HAKONMUYYBaTH iX
y CXOBHILI y TEKCTOBOMY (hopmaTi Ta pOOUTH 3alIUTH A0 HBOTO.

Cemanmuka ma oumonocia. Ha ChOTrOAHINIHIA J€Hb MOIIYKOBI CHCTEMU
3IMCHIOIOTH MOITYK 1H(OpMAIIii 10 KIIFOYOBUM CIIOBaM, HE PO3YMIOUH 1i CEHC, TOOTO
3HauYCHHS, ceMaHTUKy. CeMaHTUYHUN k€ Be0 Mae HacTylHI MepeBaru Haj
TpaguIlIAHAM:

® T[IOIIYK 31HCHIOETHCS 3 PO3YMIHHSM HOTO CEHCY, 0 POOUTH HOTO O1IbII
e(eKTUBHUM;

® SKIIIO BIJMOBIAI HE 3HANACHO Y OKpEMOMY JIKEPEi, i1 MOKHA 3HAWTH Yy
CYKYITHOCTI JIXKEPET,

® BUKOPHUCTaHHS 0a3 3HaHb, a HE JUIIE 0a3 JaHUX, IO JO3BOJIAE 3HAXOUTH JI0
IILOI'0 HEB1JIOMI 3HAHHS,

® [IpOIleC NOLIYKY NOTPiIOHOT a00 MOTEHLIMHO KOPUCHOT 1H(pOpMAaIlil MOKe
3/11CHIOBATHCA aBTOMATHYHO, 0€3 BTpYYaHHS JIOAUHHU.

CemaHTHKa JO3BOJISIE CIIBBIIHOCUTU O0’€KTH pEaIbHOrO CBITY 13 MOBHOIO
OIMHUIICI0. MHOXXWHA TaKWX 00’ €KTIB Ha3MBAETHCSA JECHOTATOM, II€ MOXKYTh OyTH 5K
(bi3u4H1 00’ €KTH, TaK 1 ABUIINA, BIACTHBOCTI a00 CUTYyaIlii.

SIKI0 MIAXOMUTH 10 CTBOPEHHS OHTOJIOTIHN, TO IOBEJETHCS CTBOPUTH KaTajor 3
BU3HAYECHHIMU Ta BIJHOIICHHIMH MK MOHATTAMH. 3BUYAHHO, HE MOTPIOHO KOKHOMY
CTBOPIOBATHU iX CaMOCTIHHO, TaK SIK BOHM BECh YacC TOMOBHIOIOTHCS T4 CTBOPIOIOTHCS
HOBI. € KaTaJIOT JUIsl KOHKPETHOI IPeAMETHOT 00J1acTi, a € 3arajibHi, K1 OXOIUTIOIOTh
OCHOBHI IMOHATTS 3 KUTbKOX cdep [12].

3acmocyseanna omnmonozin. Konu MU MaeMo CHOpaBy 3 €IEKTPOHHUM
HaBYaHHSAM, a CaM€ €JIEKTPOHHUMHU KypcaMu, MU CTUKAEMOCS 3 BEJIUKOI KiJIbKICTIO
HABYAJIbHUX KOMIIOHEHTIB. 3BMYaliHO, JUIsl OUIBIIOI 3pYYHOCTI X CIHiJ POOUTH
ABTOHOMHUMH Ta JOCTaTHbO MaJIMMH, MO0 iX MOXHa OyJI0 BHUKOPHCTOBYBATH
MOBTOPHO B pPI3HUX KOHTEKCTax. AJie TOAI BUHHKAE mpobiieMa y TOIIYKY 1
CTPYKTypH3allii NOTpIOHMX KOMIIOHEHTIB, a/pKe IX KIJIBKICTh cTae Bennde3Horo. 1106
CIPOCTUTH TIONIYK, KOXEH KOMIIOHEHT Ma€ MICTUTH CBOi MeTajaHi, TOOTO
iH(opMmariito, sika i1eHTU(IKy€e Horo. KpiM Toro, TepMiHOJIOTIS 1 CJIOBHUKOBHI 3arac,
SAKUWA BUKOPHUCTOBYETHCS [IJIi ONUCY KOMIIOHEHTIB HaBYaHHS, IOBUHEH OyTH
yH1(pIKOBaHUM.

Jlnst cTBOpeHHs TOTPiOHOT TexHoJIoTii Tpeba peasnizyBaTu 4 e€Tamu: CTBOPEHHS,
XapaKTepUCTHKA, JOCTaBKa, 3BOPOTHIN 3B’s30K. Lle Mo)Ha 3pOoOMTH 3a TOTOMOTOI0
TaKuX KOMIIOHEHTIB sSIK OO’€KTH HaBYaHHs, OHTOJIOTiS, CEeMaHTHYHA Mepeka Ta
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cucTeMa KepyBaHHs BMicToM [13].

Aemomamu3zoeani cucmemu OHOBIEHHA HABYATNbHO20 KOHmMeHnmy. BaxmnBoro
CKJIQJIOBOI0 HAMOBHEHHS Ta OHOBJICHHA KOHTEHTY 3aJIMIIA€TbCA aBTOMATH3ALlisl.
ABTOMaTH30BaH1 CUCTEMHU JO3BOJISIOTH HE JIMIIE €KOHOMUTH Yac, OCKIJIBKU MOXKYTh
3a JIYEHI XBWJIMHHU OOINTH THCS4Yl BEO-CTOPIHOK, @ TAKOX MIHIMI3yBaTH JIIOJICHKE
BTPYYaHHsI Ta 3MEHIIHUTH BIJICOTOK MOMIJIOK, OCHOBaHI Ha JIIOJAChKOMY (akTopi. 3
MM 3aBJaHHSIM 9yJIOBO CIIPABIISIOTHCS TaK 3BaHHI mapcepu. [16]

CHUHTaKCUYHMI aHaMi3aTOp — 1€ MOJIYJIb, AKUH 3YUTY€ Ta PO3Mi3HAE HEOOX1IHI
naHli  3amaHoro  (Qopmary, 34aTHUM  copTyBaTu  1H(OpMalilo, BUAUISIOUYH
HaWBaXJIUBIIIY 1 00pOOJIATH 11 3rIAHO 3 AITOPUTMOM, CTBOPEHOMY [JIsl BUPIILICHHS
TOT'0 YH 1HIIIOTO 3aBJAaHHS.

Ilepesacu napcunzy. IlpoanamizyeMo TiepeBard TApCUHTY HaJ PYYHUM
3allOBHEHHS cauTy. [16]

1. AkTyasibHuii  KOHTEeHT. KoXeH Xode OTpuMyBaTH IIKaBy Ta HOBY

iHdopmartito. Jlroasm He MIKaBUH BUOPAIIHIN TPOTHO3 MOTOJ] YU KypC BaJIIOT.
Tomy 3acTocyBaHHS Mapcepa BKpaih HEOOXiJHE — CKPUIIT aBTOMATUYHO Oyjie
MPOXOJIUTUCH 110 KOHTEHTY Ta 3aMiHSATH HOTO Ha aKTyaJIbHHM.

2. IBunkicte. Ilapcepu 3 MaKCHMMaJIbHOIO MIBHJAKICTIO MOXYTh HANOBHUTH
HOBUW caliT HeoOxigHOIO i1HQoOpMalier0 abo X J0JaTH HOBY Ha YKe
CTBOPEHUU MMPOTrPAMHUI ITPOIYKT.

3. EkoHoMis yacy Ta rpomeid. IlapcuHr MiHIMI3ye HEOOXIIHICTh 3aly4eHHS
JOIUHU Uit 300py 1HGopMallii, a TakKoX CaMOCTIMHO 3HAaXOAUTh Ta
CUCTEMAaTHU3y€ KOHTECHT 3a MIEBHUM aJITOPUTMOM.

Ilpouec napcuncy. Ilponiec mapcUHTy — 1€ aBTOMAaTUYHE BITYYE€HHS BEITHUKOTO
MacHBY JaHUX 13 BeO-peCcypcCiB, SIKE BHKOHYETHCS 3a JOIMOMOIOIO CHEIlaIbHUX
CKpPHUMTIB. SIKIIO0 KOPOTKO, TO Mapcep XOAWUTH 3a MOCHJIAHHSMHU BKAa3aHOTO CaWTy 1
CKaHy€ KOJI KOHOI CTOpIHKH, 30uparoun iHpopmariito npo Hei. CyKyNnHICTb
iH(popMaIlii 3 ycix CTOPIHOK calTy 1 Oyae pe3yiabTaToM MapcuHry caity. [lapcunr
npaiffoe Ha ocHoBl XPath-zamutiB, 116 MOBa, siKa 3BEpPTAETHCS 1O TMEBHOI JIISHKU
KOJIy CTOPIHKH Ta BUTATYE 3 HHOTO 3aJaHy KpUTEpieM 1H(POpMaITito.

ANTOPUTM CTaHAAPTHOTO MAPCUHTY CAUTY:

1. ITomryk HEOOXITHUX JAHUX y BUX1THOMY BUTJISII.

2. ButyueHHs TaHKX 13 BIIIJICHHSIM BiJl IPOTPAMHOTO KOy .

3. ®opMyBaHHS 3BITY 3T1IHO 3 BUMOTaMH, sIK1 OyJIH 3a/1aHi.

Bapianmu napcuncy. 3aBnanHsi cnapcutu Ta 00poouTr HeoOX1AHY 1H(1)0pMau1}0
31 CTOPOHHEOTO caiTy TmocTae Tmiepen BeO-pO3pPOOHWUKOM JIOCHUTH HYacTo 1 3
HaWpPI3HOMAHITHIMIUX TPUYWH: TAaKUM YUHOM MOXKHA 3allOBHIOBATH CBIA TPOEKT
KOHTEHTOM, JWHAMIYHO TIiJIBAHTAXYBAaTU TMEBHY IH(pOpMAI0 TOomo. Y TaKuX
BUIIAJIKaX MEpe MPOrpaMiCTOM MOCTAE MUTAHHS: KY 3 AECATKIB 010J110TeK BUOpATH.

1. Peeynapui eupasu

[lepuie, mo cnagae Ha TyMKY — 1€ “peryJisapku’. SKimo mepea nporpamicTom
CTOIiTh MPOCTE 3aBJIaHHS, TO PETYJISIPHI BUCIOBIIOBAHHS CIPABISIOTHCS HaWKpalle,
ajie iX BUKOPUCTAHHS 3HAYHO YCKJIQJAHIOETHCS, KOJU MOTPIOHO CIAPCUTH BEJIUKHUU 1
ckiaguuii mmarok HTML-kony, skuii, 10 TOro *, HE 3aBXJIM BIJNOBIAAE IKOMYCh
MEBHOMY I1a0JIOHY 1 MOKE€ MICTUTH CUHTaKCUYH1 TOMUJIKH.
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ITpu cnpo61 posziopatt HTML koxa 3a 7omoMororw perysisipHuX BUpa3iB Ha Bac
YEeKaTUMYTh JESKI IMiBOJIHI KaMeHi. [x HasBHiCTH HalyacTille MOB'SI3aHA 3 THM, IO
pEryJIsipHi BUpa3u HE MPHU3HAYEHI JJIsl p0300py TETiB — AJI LbOTO € OUIBII MPOCYHYTI
iHCTpyMeHTH. [IpoTe, BMITH BUKOPHUCTOBYBATH PETYJIApHI BUCIIOBIIOBAHHA JUIs
MApCUHTY TEX BAXKIUBO — TO-NEpIIE, PErysIpKH — I MPOCTUN Ta MOMYJISIPHUIA
IHCTPYMEHT AJIsl MAPCUHTY, MO-Apyre, perysapKu MpalioloTh Ha MOPSA0K IIBUIIIE,
HDK Oynb-ski 0101i0TeKkH (4acTo 1€ KPUTUYHO), Hy, 1 TO-TPETE, HABITH MPH
BUKOPHUCTAHHI CHeIliaIbHUX 010J110TeK OTpeda B peryssipKax BCE OJTHO €.

2. XPath

XPath He € 0610/10TeKOI0 Y 3BUYHOMY 3HAU€HHI LILOTO CJIOBA, a SBISETHCS
CTaHJApTHUM MojyJjeM, sikui BOynoBanu B PHP mounnaroun 3 n'aroi Bepcii. Skio
MPOCTUMHU CJIOBaMHU, TO 11€ MOBa 3anuTiB J10 exemMeHTiB XML 1 XHTML nokymenTa.
XPath 103BosIsI€ 3HAUHO CIIPOCTUTH JIOTIKY MapcepiB 1 UM MPUCKOPUTH 1X PO3POOKY.

3. DOMDocument

Amnarnoriuno sk 1 XPath DOMDocument € craamaptaum monyiem PHP. Came
BIJICYTHICTh HEOOX1JHOCTI BUKOPUCTOBYBAaTH CTOPOHHI pieHHs poouts ix (XPath ta
DOMDocument) oaHnuMu 13 HaWKpamux I1HCTpyMeHTIB aiusi mapcunry HTML
ctopiHok. Ha mepmmii morsisin Moke 34aTvcs, IO BIH Ma€ HU3bKHUH MOPIT BXOMY,
mpoTe 1e He Tak. BapTo muie Tpoxu po3iOpaTtucs 3 CHUHTAKCUCOM 1 0a30BUMH
npuHuunamu, sk DOM Bigpa3y craHe 1HCTPYMEHTOM Ui MapCHUHTY HOMEpP OJHH.
Tum He M™MeHII, e BapiaHT He 1030aBJIeHUNH MIHYCIB — JUIsI TApCHUHTY
BUKOPUCTOBYETHCSA JBUTYH, B TEpIIy Yepry Opu3HaueHui s podbotu 3 XML, a
XML 1 HTML xo4 1 y>xe moJ1i0H1 Mi>k cOO010 MOBH, aJieé B TOW yac abCOJIFOTHO Pi3HI
TEXHOJIOT1i. 3 I[OTO BUILUIMBAIOThH CHENU(IYHI BUMOTH A0 PO3MITKU: HAMPUKIIAL, YCI
HTML teru marorh OyTH 3aKkpuTi Ta BIACYTHI NmomMuiku. Ha »xanb, Ha caiTax
JIOHOPAX MTOMUJIKM — HE PIJKICTh, TOMY JIaHUI METO HE 3aBXaU OyJie JOPEUHUM.

4. Simple HTML DOM

Simple HTML DOM — PHP-6i6mioteka, mo no3Bojsie napcuta HTML-koz 3a
JOTIOMOTOr0 3pyuHuX jQuery-momiOHux cenekTopiB. BoHa mo30aBiieHa TOJIOBHOTO
Henoniky XPath ta DOM — 6i6moTeka BMi€ TpaIfoBaTH HaBiTh 13 HEBAJIIHUM
HTML-kxon0owMm, 1m0 3Ha4HO criporrye poOoTy. Takoxk MokHa 3a0yTu mpo mpobIemMu 3
KOJYBAaHHSAM: yCl NEpETBOPEHHSI BUKOHYIOThCSI aBTOMaTH4HO. Sk 1 JQuery, Simple
HTML DOM Bwmie mrykatu Ta GiIbTpYBaTH BKJIAQJICHI €JIEMEHTH, 3BEPTATHUCS JO 1X
aTpuOyTIB 1 HABITH BUOMPATH OKPEMI JIOT1YH1 €JIEMEHTH KOAY, HAIIPUKJIIA] KOMEHTapi.
HesBaxatoun Ha He HAWBHUIILY POJYKTUBHICTb, Y TIOPIBHSHHI 3 1IHIIUMHU BapiaHTaMH,
Simple HTML DOM wmae Haiibinblie pociicbKOMOBHE KOM'IOHITI Ta HaWOUIbIILY

MNOIIUPEHICTh Y pYHETI — JJi1 HOBAYKIB 1€ pOOUTH HAaNUCaHHSI Kooy 3 1i
BUKOPHUCTAHHSAM 3HA4YHO TpocTitie. [18]
5. phpQuery

Sx 1 Simple HTML DOM, phpQuery € PHP Bapiantom JQuery, ane 1i50ro pasy
CXO0XKHM Ha CBOTo «crapiioro JavaScript-Opatay. [loproBano maitxe Bce, 110 € B JS-
bpeiiMBOpPKY: MATPUMKA CENEKTOPiB, aTpuOyTiB, MaHIMyJAIii, 00X0dy, TUIATIHIB,
ol (30kpema iMiTailii KiIikiB Tomio) 1 HaBiTh AJAX. BUKOpHUCTOBYBAaTH MOXKHA SIK
yepe3 PHP, Tak 1 yepe3 koMaHIHUN PAIOK Y BUTIISAAI OKpeMoi rporpamu. Kpim Toro,
BiH 3HayHO mBuaAmmi 3a Simple HTML DOM. Takox y miii 616ai0oTerii MoxHa
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JI0/IaBaTH €JIEMEHTH «Ha JIbOTY». AJle He3Ba)Kar0Uu Ha 3PYUYHICTh O10JI0TEKH, HE CIIiJT
no Hei 3BuKatd. Jlyis BuUpilmIeHHS ApiOHWX 3aBJaHh BOHA MIAXOAWTh, HATEBHO,
Haiikpaiue. [IpoTe 11e Bce * Taku Tpoxu 3acTapija 0101ioTeka.

6. htmISQL

htmISQL — excnepumentanbHa PHP 6i0mioreka, 1mo 103BoJis€e MaHIMyIIOBaTU
HTML-po3miTkoro 3a mgomomoror SQL-momiOnmx 3anuTiB. Sk 1 31 3BHYAHUMH
mysql  ¢dynkmismu, ckopuctaBmmch mMetonamu fetch array() ab6o fetch objects(),
MOXHa OTPUMAaTH PE3yJIbTaT BUKOHAHHS 3alUTy SK 3BUYHUN acOIiaTUBHUN MacHB
abo 00'ekT. BapTo Takox 3rajmatv mpo BHCOKY IBUAKOMIK0 htmISQL: yacTto BoHa
CIpaBIISIETHCS B KiJIbKa pa3iB mBuauIe 3a phpQuery abo toro x Simple HTML DOM.
TuM He MeHIl, JUIs CKJIQJHUX 3aBJaHb MOXE€ HE BUCTAUYUTH (PYyHKIIOHAIHHOCTI, a
po3pobOka 610J110TeKH JTaBHO MPUIIMHEHA. AJie HaBITh HE3Ba)KalOuM Ha II€, BOHA BCE
1€ [[IKaBUTh BEO-PO3POOHUKIB: y Psi/ii BUMAJKIB 3HAYHO 3pYUHIllIe BUKOPUCTOBYBATH
MoBY SQL 3amicth CSS-cenekTopis.

BucHoBku

OTxe, 3BEepHYBIIM CBOIO yBary Ha €JCKTPOHHE HaBUaHHA, MU T00aYMMO
HeoOXigHicTh BuKopuctanHs g CJ/IH crammapTiB AuUCTaHIIMHOTO HaBYaHHS,
3okpema SCORM, Ta BeO-mopTaliiB, SIKi JO3BOJIAIOTH IMOJETIIUTH KOHCTPYHOBAaHHS
KYpPCIB 1 peaii3yBaTu EPCOHAI3AIIII0 ISl YUHIB.

CyuyacHa nro/IiHa Ma€ BUIBHHUI JOCTYII 10 TepabaiTiB iHQoOpMaIlii, aie BOHA HE
37aTHa CaMOCTIMHO OIepyBaTH TaKUMH OO0 €MaMHM JaHUX Oe€3 IMOoIepeaHboi iX
00poOKM 3a JOMOMOIOK0 OHTOJIOTIM Ta CEMaHTHYHHUX MepeX. BoHM naroTh 3Mory
e(eKTUBHIIIE CTPYKTYpYBaTH JaHl, BCTAHOBJIIOBATH JIOT14HI 3B’S3KM MDK HUMH Ta
HaBITh JO3BOJISIIOTH MalllMHAM PO3YMITH 3MICT JAHUX, 3 SIKUMHU Ti B3a€EMOMIIOTH. Y
TEXHIYHOMY IIJIaHl L€ Peani3yeThCsl 32 PaXyHOK BUKOPHUCTaHHS TPHILIETIB, MOJEINI
naaux RDF, moBu OWL Tta cepenopuma mist Hel Ptotege i poboTu 3 6a3amu 3HaHb.

ABTOMaTH3aIlisl 3aJMINAETHCS  BAXKJIMBOI  CKJIQJ0BOI0  HAMOBHEHHS  Ta
OHOBJICHHS KOHTEHTY. 3a JOMOMOTOI0 aBTOMATH30BAaHUX CHCTEM MOKHA HE JIMIIE
€KOHOMUTH 4ac, a TaKOX MIHIMI3yBaTH JIIOJICbKE BTPYYaHHS Ta 3MEHIIUTH BiJCOTOK
MOMWJIOK, OCHOBaHI Ha JIOJCBKOMY (akTopi. 3 IIMM 3aBJaHHSIM CIPABISIOTHCA
napcepu. BoHHM MIBHJIKO 34YUTYIOTh COTHI CTOPIHOK, PO3MI3HAKOTh HEOOX1IHI JaHl
3aj1aHoro GopMmary, 37aTHI COpPTyBaTH 1HQOpMAaIlilo, BUAUISIOUM HAWBaXKIUBINIY 1
00pOoOIATH 11 3TIIHO 3 aJTOPUTMOM, CTBOPEHOMY JIJIsi BHUPIIICHHS TOTO YH 1HIIIOTO
3aBJIaHHS.

Jlns aBTomMaTH3allli HalIOBHEHHS KOHTEHTY OyJI0 HaBEJCHO JCKUJIbKa BapiaHTIB
MapCUHTyY, a caMme peryJisipHi Bupasu, Xpath, DOMDocument, Simple HTML DOM,
phpQuery, htmISQL. Sfkmo mnepea mnporpamicToM CTOITh 3aBIaHHS O00pPOOUTH
HEBEJIMKY MPOCTY YAaCTHHY, TO PEryJIIpHI BUPA3u CIPABIAIOTHCS HaMKpalie, ajie ixX
BUKOPUCTAHHSI 3HAYHO YCKJIAQJHIOETHCS, KOJIM MOTPIOHO OMpalloBaTH BEIUKUM 1
ckiaaaauii pparment. XPath ta DOMDocument € crangaptaumu monaynsmu PHP.
Came BIJICyTHICTb HEOOXIAHOCTI BUKOPHCTOBYBaTH CTOPOHHI pIIlIEHHS POOHUTH iX
OJTHUMH 13 HaWKpamux I1HCTpyMmeHTiB ais mapcunry HTML cropiHok, mpoTte Ha
cailTi-IOHOP1 MOBUHHI OYTH BIACYTHI MOMHJIKH Ta 3akpuTi yci html tern. PhpQuery
ta htmISQL € xopomumu Oi0mioTeKkaMu JUIIe A HECKJIATHUX 3aBAaHb. Simple
HTML DOM mno30aBneHa TOJOBHOTO HEAOJIKYy — Oi0iioTeka BMi€ MpaIffoBaTH
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HaBiTh 13 HeBajmiguuM HTML-komoM, 1m0 3HA4YHO CHpOIIy€e€ poOOOTY, MPOTE HE
oO1iIocs 0e3 HeOMIKIB, a caMe He HalBUIIA MPOTYKTUBHICTb.
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Anomayia. Posenaoaromscs nepcnekmueu UKOPUCMAHHS (hpe3epHo20 mopdy Waaxom 1Uo2o
nonepeonboi mepmoximiunoi nepepooku. Hasedena mexmnonociuna cxema npoyecy mepmoximiuHoi
nepepooku ghpezeproco mopgy y nomoyi 6UCOKOmMeMnepamypHo20 24308020 MeNIOHOCIs, OCHOBHI
acnekmu  (QYHKYIOHY8aHHA ma Memoouxa po3paxyuky. Ilopsaook po3paxyHKy OCHOGHUX
MEXHONO2IYHUX 1 KOHCMPYKMUGHUX XAPAKMEPUCTNUK PO32IAHYMO HA NPUKLAOi 2a302eHepamopa
npooykmusHicmio 100 ke/200. Egexmuenicmsb SUKOPUCMAHHA 3ANPONOHOBAHOI MEXHON02IUHOT
cxeMu — 0OYMOGIEHA — MOJMCIUBICIIO — BUKOPUCMAHHA — (pesepnoco  mop@y 8  ICHYIOUUX
MenioeHep2emuyHux yCmaHo8Kax, wo 00360JI51€ CKOPOMUMU SUMPAMU MPAOUYIUHUX BUKONHUX
nanug i MeHWUmy WKiOIU8i UKUOU )Y OOBKIILIIAL.

Knwuoei cnoea: @pezepnuii mopgh, mepmoximiuna nepepooKa, Memoouxka pO3PAaxyHKy
2azozenepamopa.

Beryn.

[TinBumeHHs e(pEeKTUBHOCTI BUKOPUCTAHHS 1 €KOHOMISI TPAIUIIIHHUX BUKOITHUX
MajiiB, ChOTOJIHI € OJIHIEI0 3 HAWBAXKIMBIIMMX 3ada4 B Ykpaini. Lle moB’s3aHo 31
CKOPOYCHHSIM MPUPOHUX 3araciB MaJMUB 1 3HUKEHHSIM 1X SKOCTI TPU MOCTIHHOMY
3pOCTaHHl MONUTYy 1 1IH Ha HUX. CUTyallisl MNOTipIIyeThbCcs 1€ ¥ TUM, IO B CHUITY
Gi3uyHOTO 3HOCY eHepreThuuHoro obnagHanHs (moHan 90%  BiampairoBaio
rapaHTOBaHUM PECypC), a TaKoX Horo mopanbsHoro 3Hocy (ix cepemniit KKJI = 30-
35%), CyTTEBO MIiIBUIIYETHCS EHEPTOEMHICTH BaJIOBOTO BHYTPIITHBOTO MPOIYKTY.

AKTyalpHICTh TaKOTO HANpPSIMKY PO3BHUTKY €KOHOMIKH, COIllanbHOI cepu Ta
HAyKW KpaiHU OYEBUJIHA, aJ[)KE BUTPATH HA 3aXOJH 3 €KOHOMIi MajIuB, SIK MPaBUIIO, B
2...3 pa3u HIKU1 BiJl BUTPAT Ha JOOYBaHHS, TPAHCIIOPTYBAHHS 1 IEPEPOOKY.

3HauHAa EKOHOMIS TPAJAMIIINHUX TaduB BOAYAETHCA B OUIBII IIMPOKOMY
BUKOPUCTAaHHI MICLIEBUX BHIB naiuBa (Oyporo Byruwisi, Topdy, AE€peBHHH 1 ii
BIIXO/IB), BIJHOBJIIOBAHUX JIKEpeNl eHeprii (BITpY, COHIlI, 3eMJi Ta 1H.), Ta
aNbTEePHATUBHUX NaJUB (F€HEPATOPHI 1 CUHTETHYHI Ta3W, BOAEHb, CIIUPTH, TBEPAI
noOyTOBI 1 IPOMHUCIIOB] OpraHiuHiI BiAX01, OloMaca Ta iH.).

PamionansHe mepeTBOPEHHS 1X €HEPTEeTUYHOTO IMOTEHITIaTy Ha KOPUCHY €HEPTii0
0a3yeThCs Ha CIEMIATBHUX JOCIHIIKEHHSIX, pO3p0OIi HOBOI TEXHIKH 1 TEXHOJIOTIMH.
Tak, MUPOKOTO TMOMIMPEHHS HAOYJIW TEXHOJIOTI MOMEPEeNIHbOI TEPMOXIMIYHOL
nepepoOKr BUXITHOTO TBEPJOTO MaliiBa B HOBI mHajuBa (ra3onomiOHi, piAKI 4H
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TBEpAl), IO JI0O3BOJISE €(PEKTMBHO I1X BHUKOPHUCTOBYBaTH, 0€3 MOpYIIEHb
KOHCTPYKTHMBHHUX 1 €KOJIOTIYHUX NOKA3HUKIB ICHYIOUUX €HEPreTUYHHUX YCTaHOBOK.

Metoro naHoi po0OTH € BUCBITICHHS OCHOBHHUX IIOJIOKEHb PO3pPOOJICHOT
METOJMKH PO3PAXyHKY MPUCTPOIO I TEPMOXIMIUYHOI NEPEPOOKH TOJIIIUCTICPCHUX
NaJIMB Yy TOTOIl BUCOKOTEMIIEPATYPHOTO Ta30BOT'0 TEIMIOHOCIS.

OcHoBHMII MaTepiaJl.

[IpoBenenuii anaimi3 mokaszaB, IO ICHYE OaraTwii CBITOBHM JTOCBIJl OJIep KaHHS
napy, Telyia 1 EJEeKTPOCHEPrii 3a paxXyHOK EHEPreTMYHOro MnoTeHUiany Topdy
(mepeBaxkHO (ppeszepHoro Topdy), K BIAHOBIIOBAHOTO JKepesa eHeprii. B Ykpaini
K, TIPY TE€OJOTIUHMX 3amacax B 2,2 mupa.T [1], Ha HOro H0Jat0 MPUXOAUTHCS O
0,3% BHPOOJIEHOI B KpaiHi eHeprii.

[IpoOnema eHepreTMYHOro BUKOPHUCTAHHS TOPQy MOB’s3aHa 31 crHerugikoo
nporecy 100yBaHHS (CE30HHICTh 1 HEOOXIJHICTh CYIIKH) Ta HOro HU3BKUMU
TEIUIOTEXHIYHUMU XapaKTepucTUKaMu. Tak, TersioTa 3ropssHHs TOp(dy KOIUBAETHCA B
mexax 1300...2500 kkan/kr Ha pobouy Macy, 1 1e Ipu TOMY, IO HOTO TerioTa
3rOpsIHHS Ha TOprovy Macy € 5200 KKaJl/Kr.

Take 3MeHILIEHHS TEIUIOTH 3TOPSHHS, B MEpUIy Yepry, MOB’S3aHO 3 HasBHUM
OajlacToM 1 3MIHOIO OT0 KOHIICHTpAIIii B JIOBOJII MIUPOKUX MEXKAX.

OcHOBHOIO CKJIaJIOBOIO Oanacty Topdy € Boja. B mpupomHboMy cTaHi ii BMICT
ckianae 85...95%, 110 CYTTEBO 3MIHIOE TEIUIOTEXHIUHI XapaKTEPUCTUKH TOPDY:

a) BoJsiora 0ajacTye roprouyy Macy najvBa 1 3MIHIOE CKJIaJ HWOro pobouoi mMacw,

10 BIUIMBAE HA TEIJIOTY 3TOPSHHS 1 )KapONPOAYKTUBHICTb;

0) OanacTyBaHHS BOASHHMM IapaMy MHPHU3BOAUTH O 3HWKEHHS TEeMIEpaTypH
3rOpsIHHS 1 HOTIPIIEHHS] YMOB CIAIFOBAHHS NAJIMBa 3arajioM;

B) HA BHUIAPOBYBAaHHS BOJM BUTPAYAETHCA 3HAYHA KUIBKICTh TEIUIOTH, SKa
BUKHUAAETHCS 3 IPOLYKTAMU 3rOpsSHHA B aTMOoc(epy, NABULLYIOUH ii TEIIOBE
3a0pyIHEHHS.

AHanoriyHui BIUIMB Ha TEIUIOTEXHIYHI XapaKTEePUCTUKH TOpdy MaroTh 1

MIHEpaJIbHI JIOMIIIKH (3071a), KOHIIEHTpallisl SKuX Moxe caratu 18 ..20% 1 Buie.

B Tabmumi 1 mpuBeneHO po3paxyHKOBI JaHI BIUIMBY OajlacTy Ha TEIUIOTY
3ropstHHst Topdy. Xapakrep bOro BIUIMBY y3arajllbHEHO IpadikaMu HaBeICHUMH Ha
PUCYHKY 1.

[HII0F0 TTPOGIEMOI0 €HEPreTUUHOIO BUKOPUCTaHHS Ppe3epHoro Topdy € itoro
ApiOHO3EPHUCTICT, 3 MIMPOKUM (pakUiMHUM CKIAJAOM. 3TiJHO MPOBEIECHOTO
CUTOBOTO aHaITi3y, BiH Maibke Ha 90% ckimamaeTbes 3 dpakiiid 1 MM 1 MeHTIIe.

Hapeneni ocobmmBocTti ¢pesepHoro Topdy (MOMAUCTIEPCHUN CKIIal, BHCOKA
BOJIOTICTh 1 30JIbHICTB) CYTT€BO YCKIQJHIOIOTH 1 MOro TEPMOXIMIUHY IMEpPEpoOKYy,
noTpedyIoUuH CHeliaIbHUX PIIeHb JJIsl peani3allii BUCOKOe(EKTHBHOTO MPOLIECY .

B 3B’s13Ky 3 TUM, 110 3HAUYHUU IHTEpEC MPEACTABIAE 1/1e aJanTallii 1ICHYIOUnX
€HEProTEXHOJIOTIYHUX YCTAaHOBOK JI0 MPSIMOTO BUKOPUCTaHHS (hpe3epHOro topdy, B
[nctuTyTi TexHiyHOi Terodizuku HAH VYkpainu Oynu po3poOJieHI TEXHOJOTIS 1
NPUCTPIN 11 MOro momnepenHboi TepMOXiMiuHOi mepepoOku [2]. BuOpana cxema
MPOIECY BH3HAYAETHCS SK BUCOKOTEMIIEpaTypHa rasu@ikaiiisi B IMOTOIll Ta30BOTO
TerioHocis. J{omiapHICTh 11 BUOOPY 00yMOBJICHA:

a) MOXJIMBICTIO TEPMOXIMIYHOI NEPEpOOKM MOJIJUCIEPCHOrO MaliBa 3
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BHCOKOIO BOJIOTICTIO 1 30JIBHICTIO, 0€3 OOMEXKEHb 3a CTymneHeM Tasudikariii,
TEMITepaTypOIO MUTAKYBAHHS, 3[ATHOCTI 10 CIIIKaHHS 1 T. 1H.;

0) MOXKJIUBICTIO TIPOBEIECHHS BHCOKOTEMIIEPATYpHOTO MPOIECY 1 OTpUMAaHHS
OPOAYKTIB Ta3udikallii 3 BHCOKOIO TEMIIEpaTyporo, sKi 0€3 OXOJOIKEHHS
MOXYTh CIIAJIOBATUCS B ICHYIOUMX TEIJIOCHEPIeTUYHUX YCTAHOBKaX Yy
pekuMi caMmo3aiiMaHHs;

B) MOXKJIUBICTIO PETYJIIOBaHHS TEIJIOTU 3TOPSHHS TOPIOUOTO ra3y 3a paxyHOK
rOpPIOYMX KOMIIOHEHTIB Ta30BOr0 TEIJIOHOCIS OTPUMAaHUX MpU KOEQIIEHTI
HAJIJTUIIKY TIOBITPS 0L MEHIIIE OJTUHHUIII.

Taoauus 1 - Po3paxyHkoBI 1aHi 3a/1€5KHOCTI TeNJIOTH 3ropsiHHA (ppe3epHOro
TOpdY Bia i10ro 30abHOCTI (AP,%) i Bosiorocti (W?,%)

3onpHicTh | Temnota 3ropsaHs Topdy, QP KKai/Kr, pi3HOI BonorocTi, WP %

AL 5% 10% 20% 30% 40% 50%
5 4686 4394 3810 3226 2642 2058
10 4424 4132 3548 2964 2380 1796
20 3900 3608 3924 2440 1856 1272
30 3376 3084 2500 1916 1332 748
40 2852 2560 1976 1392 808 224
50 2328 2036 1452 868 284

O n n n n n

0 10 20 30 40 50 AP,%

Pucynoxk 1 - 3ajeskHICTh TEIJIOTH 3ropsiHHs ¢pe3epHOro Topgy Bix ioro
30J1bHOCTI (AP,%) i BostorocTi (WP,% :1-5;2-10;3-20;4-30;5-40; 6 -50)

JlomaTkoBi mepeBaru crocoOy TMOB’si3aHI 3 BUCOKOIO TEMIIEPaTyporO MpPOoIeCy,
0 1HTEHCU(DIKY€E TIEPETBOPECHHS BUXITHOTO IMAJMBa B TOPIOYHWI ra3 i3 3MEHIICHUM
BMICTOM CMOJI, SIKl CyTTE€BO yCKJIAIHIOIOTh HOTO OYUCTKY 1 BUKOPUCTAHHS.

Jlo HemoMiKIB MOKHA BIJHECTH: MIJBUIIECHI €HEPreTUYHI BUTPATH HA BEJCHHS
Mpolecy, a TaKOoX HEOOXIMHICTh 3aCTOCYBaHHS >KAPOCTIMKHMX MaTepialliB d4epes
BHCOKI TEMIIEPATyPH MPOIIECY 1 arPECUBHICTh CEPEIOBHUIIIA.
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B ocCHOBI 3amporoHOBAHOrO TMPOIECY TEPMOXIMIYHOI TEPEPOOKH JICKHUTh
XapaKkTepHA OCOOJMBICTH TBEPAOrO OPTraHIYHOTO TMAajaMBa, a came, 3JaTHICTH [0
TEPMIYHOTO pPO3KJIaay WOro opraHiku npu HarpiBanHi. [lpu mpomy, 3 mnanmBa
BUJIAJISIETHCS BOJIOTA, JIETKI PEUOBUHU (SIK TaKi, 1110 KOHACHCYIOThCS, TaK 1 Taki, 10 HE
KOHJCHCYIOTbCS), a TaK0oXX TBEPAUM 3aJUIIOK (CyMIIl KOKCY 1 MIHEpaJbHUX
aomimok). I[Tpubnu3Ha MOCHIIOBHICT TEPMIYHOTO pO3KIaAy TOpdy HaBeleHa B
tabmwumi 2 [3].

Tabanus 2 - [locaigoBHiCTHh TEPMIYHOT0 po3KIaxy Topdy

Temnepatypa, °C [Tpouec

o 100...105 BunanenHs rirpockomnigyHoi BOJIOTH

100...160 BunanenHs niporeHeTUYHO1 BOJIOTH 1 METHUJIOBOTO CITUPTY

1o 200 [lepeBaxkxne BuaiienHs CO, 1 HeBenmukoi kiabkocTi CO,

OI_ITOBOI KHCJIOTH Ta CMOJIN

275...300 [TowaTok ek30TepMIYHMX peakiliid po3kianay, BuniieHHs CO,;
300 Touka akTUBHOTO po3KIay, moyaTok BuaiieHHs CHy

475 Buninenss BoaHro

500 OcraTouHe BUIUICHHS CMOJIH

750 OcTaTouHe BUIILJICHHS aMiaKy

[Ipu oMy, OpIEHTOBHMIA BUXIJl MPOIYKTIB TepMOdizy Topdy (B % Ha roproouy
Macy), HampuKJIa, mpu Temmepatypi npoiecy 850 °C, e: Boaa - 19...24; kuciora -
0,9...1,1; raz-20...27; cmona -9...20; 30ma - 8...11; kokc -20...60 [4].

3rigHO Teopii TEpMIYHOI TMepepoOKH TBEpAUX MaJIUB po3poodseHoi 3.0.
UyxaHoBuM [5], oOCHOBHUMH (paKkTOpaMu, 1110 BILIMBAIOTh HA €()EKTUBHICTh PO3KIATY
€: IBUJIKICTh NMPOTPIBY YACTHHOK MMaJMBa J0 33JIaHOI TeMIIepaTypH, po3Mip Ta 4ac ix
nepeOyBaHHs B peakiiiHiil 30H1. Tak, 3riIHO JaHUX TEPMIYHOTO PO3KIALy TOPPY B
MOTOIll Ta30BOT0 TEIUIOHOCISA, MPUBENCHUX B PoOOTI [6] BHAHO, 1O TpHU dHaci
HarpiBanus 0,25...0,45 c 1 temnepatypi ~ 500°C, 3 wacturok Topdy 105...150 MM
BUnIseThCA Oinst 70% JIETKMX pPEYOBMH, B TOW dac, K TijJ Yac HArpiBaHHSA [0
350...400 °C KiJIBbKICTh JIETKUX CKJIaJa€ BChOTO O1M3bK0 35%.

[IpoBeneHi HaMM aHAJITHYHI 1 EKCIIEPUMEHTAIbHI POOOTH TIOKa3ajau, IO
e()EeKTUBHICTh TEPMOXIMIYHOI MEPEPOOKH MOJIITUCTIEPCHOTO MAJIMBA TAKOX 3AJICKUTh
Bl XapaKTEPUCTHUK Ta30BOI0 TEIUIOHOCISI, SKUM KpiM TEII00OMIHHUX (DYHKIIIH,
BUKOHYE€ (DYHKIIIIO TpaHCHOPTYyto4yoro areHty [7]. ToMmy, po3paxyHOK razoreHeparopa
TEPMOXIMIYHOI MEPEPOOKH MOIAUCIEPCHOTO TBEPAOro MajauBa Yy MOTOLl T'a30BOI0
TEIJIOHOCIS, 3MIMCHIOETHCS 3 BpaxXyBaHHSIM HOTO XapaKTEPUCTHK.

Po3paxyHkoBa Moeh TAaKOTO Ta30T€HEpaTOpa HaBeIeHA HAa PUCYHKY 2.
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PucyHok 2 - Po3paxyHkoBa MojeJ/ib ra30reHepaTopa TepMOXiMivHOI epepodKu
¢pezepHoro Topdy B NoTOLI BUCOKOTEMIIEPATYPHOI0 Fa30BOr0 TEMJIOHOCIS

B HaBenmeHiii cxemi, mporec TEPMOXIMIYHOI TepepoOku ¢dpesepHoro Topdy
3MIMCHIOETHCS HACTyMHUM 4uHOM. B cmamgnomy kanami (1) razoreneparopa (2), 3a
JIOTIOMOTOI0  Ta30BOTO mnaybHUKA (3), (HOpPMY€EThCS TOTIK BUCOKOTEMIIEPATYPHUX
MPOJIYKTIiB 3TOPSHHS TPHPOJAHOTO Ta3y, B SKHH TBHHTOBUM >XUBUJIBLHUKOM (4),
nogaeTbcsa GpesepHuii Topd. 3a paXyHOK TeIsia ra30BOro TEIJIOHOCIS Bi0yBaeThCs
IBUJKICHUM Horo HarpiB g0 Ttemnepatypu 600...650° C. BHacmiaok Takoro
«TEIJIOBOTO yJapy» BiI0yBaeTbCA TEPMIYHHMM PO3KJIAJ OpraHiyHOI YAaCTUHU TOpQdYy,
Ha JIETKI PEYOBMHM 1 TBEPAUNA KOKCOBHUM 3amumiok. PozkapeHi MNpoayKTH
TEPMOXIMIYHOI TIepepoOKH, MO migioMHOMY KaHany (5), HaAXOIATh y TOIKY
E€HEProTeXHOJIOTIYHOI YCTAHOBKH, JIE CHATIOIOTHCS B PEXUMI camo3aiiMaHHsA. Yac
HCpCGYBaHHSI YACTUHOK TOP(QY, B 30HI TEPMOXIMIUHOI MEPEPOOKH, PETyIIOE€THCS
IIBUIKICTIO TIOTOKY 1 JOBXKHHOIO MIJISIXY iX BUTAHHS B KaHAJIAaX Tra30TeHepaTopa.

BusnauenHss  matepialibHUX ~ TOTOKIB 1  OCHOBHUX  KOHCTPYKTHBHHUX
0COOJIMBOCTEN razoreHeparopa 3A1HCHIOETHCS Ha OCHOBI TEINIOBOTO OajlaHCy JaHOTO
mpoiiecy, J€ BUXIIHUM TaJIWMBOM JJisi PO3paxyHKy BuOpaHo ¢pesepHuii Topd 3
Bosiorictio WP = 40%. Temneparypy NpoAyKTiB Ta3udikaiii, Ha BHUXOIl 3
razoreHeparopa, npuitmeMo Ha piBHi 600 °C. Toai, BUTpaTH Terjia Ha HarpiBaHHs 1kr
topdy Bix t; =20 °C go t; = 600 °C 6yayTh BU3HaueHi 3a HOPMYJIOH0:

P P

0, :[II/I(/)_OX(CS X (1 =1) T +C, 5 X1 = Cy3 th)"‘(l_%)ch x(t, —1,)]x4,186 (1)
ne: ¢ =1 xkan/(krK) — temnoemuicts Boau; t3 = 100°C —temmeparypa KUIiHHAS BOJIH;
r =539 KKaJI/KT — TETI0Ta BUNIAPOBYBaHHS BOJM; Cy(ti) — CEPEAHS TETIIOEMHICTh MapH
Bi 0°C no ti mo [8]: cu 2y = 0,48 xkan/(xrK); cy 3y = 0,447 xkan/(xrK); cr =0,27
kkaj/(krK) — TermoemMHicTh cyxoi macu Topdy.

JlaHi po3paxyHKIB HEOOXITHOI KIJBKOCTI TEIJIOTH, ISl TepMOdizy Topdy
BoJoricTio 25...60%, B inTepBaii Temmnepatyp 300...800°C HaBeneni B Tabmuil 5.

[lpwitmemo, 10 AJiT KOMICHCAIIi TEIIOBUX BUTPAT BUKOPHCTOBYIOTHCS
IPOAYKTH 3TOPSIHHS MPUPOJHOTOo razy. KijgbKiCTh TEIUIOTH, sIKa BUIUIMTHCA MiJ Yac
3ropstHHs 1 KMOJIb pUpoaHOro rasy (remiororo sropsuus Q.° =8100 kkan/um?).
OyJie CTAaHOBUTH:
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Vi
0, = 0 xnxV x 4,186 =8100x0,97x 22,4 x 4,186 = 737 x10° 1K / cnoms;  (2)
ne: n = 97% - KKJI kamepu sropsuus; V=224 am> /kMob
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Tadanus S - Po3paxyHkoBi 1aHi He00XiIHOT KIBKOCTI TeIJIOTH ISl
TepMOXiMiYHOI nepepoOku Top(dy, B 3aJI€:KHOCTI BiJ HOr0 BOJIOIOCTI i
TeMIepaTypH NPoLecy

Temmneparypa | HeoOxigHa KUIbKICTh TEIUIOTH, KJ>K /KT, pU pi3HINA BOJOTOCTI
nporiecy, °C Topdy, WP,%
25 30 35 40 45 50 55 60

300 1025 | 1162 | 1298 | 1436 | 1573 | 1710 | 1847 | 1984
400 1158 | 1302 | 1441 | 1582 | 1724 | 1865 | 2006 | 2147
500 1293 | 1438 | 1584 | 1729 | 1874 | 2020 | 2165 | 2311
600 1427 | 1576 | 1725 | 1835 | 2025 | 2175 | 2324 | 2474
700 1561 | 1714 | 1868 | 2022 | 2175 | 2330 | 2458 | 2637
800 1694 | 1852 | 2010 | 2168 | 2326 | 2484 | 2643 | 2800

ITpu o =1 npouec 3ropssHHS IPUPOIHOTO Ta3y 1€ 3T1IHO PIBHSHHS:
CH4 +20,+ 7,52 N, = CO; + 2H,O + 7,52 N, 3)
To6to, mpu cnamtoBanHi 1 kMo ra3y yrBoproetsesi: 44 kr CO,, 36 xr Hy0, 1
210,5 xr N». EHTanbmis npoaykTiB 3ropsiHHs 1pH t = 600 °C cknaze:
O, =[44x%cco, ) +36XCyapq, +2105xcy, Ixt, x4,186x/Dnc | knomw 4)

[TincraBuBIIM BCl 3Ha4€HHS B popmydy (4) oTpuMaemMo:
Q; =(44:0,248 +36:0,48 +210,5:0,257):600-4,186 =206,68-10° k[ /KMOJIb
Toni, HEOOXigHI THUTOMI BHUTpPATH NPHUPOJHOTO Tazy, ISl TEPMOXIMIYHOL
nepepobku 1kr ¢ppeseproro Topdy Bosorictio 40%, cKIamyTh:
0, 1835
= = =0,00346 / 5
S =0, -0,)  (T3Ix10° —206,68x10°) o eneike ()

K110 NpUMHATH NPOAYKTUBHICTh YCTaHOBKH 10 Topdy G = 100 xr / roa, To
3arajbHl BUTPATU IPUPOJAHOIO razy Oy1yTb CTAHOBUTH:

G, =g X Gy xV =0,00346 x100 x 22,4 = 7,75um> / 200 (6)
A HeoOXxigHa KUIBKICTh MOBITPS, JAJIsI CHIATFOBAHHS rasy Mpu o=1 ckiane:
Grop = Gur XAX g op = 1,75%1x9,6 = 74,4um> / 200 (7)

1€ - Znos = 9,6 HM? / HM® — TEOPETHYHO HEOOXiIHA KiIBKICTh MOBITPS IS CHATIOBAHHS
1am® npupoaHOro rasy.

[Ipore, mig yac chagOBaHHS MPUPOJHOTO rasy 3 o = 1, KaJopuMeTpuyHa
TemnepaTrypa ropiHHs ctaHoBUTh 2030°C, 1m0 € 3arpo3010 110/10: TIJIABJICHHS 30JIH,
[IUTAKYBAaHHS TTOBEPXOHb KaHAJIB, MOPYIICHHS aepOAWHAMIKHA IMOTOKY 1 CTIHKOCTI
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(yTepoBKM Ta IHIIMX MaTepialiB CTIHOK rasoreHeparopa. B 3B’43Ky 3 1uM, Ipoiiec
TEPMOXIMIYHOI nepepodku BeaeThes nmpu temmepatypi 1000...1100 °C. s uporo,
ra3oBUN TEIJIOHOCIA YTBOPIOETHCS MMiJl Yac CHAIIOBAHHS MPUPOTHOTO Tazy 3 o <l.
TexHonorist OTpUMaHHS TaKOro TEIJIOHOCIS 1 HWOro XapakTEepUCTUKH PO3TISHYTI
aBTOpamu B pobOoTi [7].

KinpkicTh TErUIOHOCIS 1 TEMJIOTH, IO HAAXOAWTH B Ta30T€HEpaTop, MOBHHHA
OyTH TOCTaTHHOIO /IS MIJITPIBY MaJMBa Ta MEPETPIBY BOASIHOI MapH IO TEMIEPATyPH
600...650°C, a TakoX 1JIsl TPAaHCIIOPTYBaHHS YaCTUHOK MajiMBa B MOro KaHasax.

[IpuitmeMo, 110 xapakTep 3MIHM TeMIeparypu Ta3zy OJU3bKUNA 10
€KCIIOHEHI[IAJILHOTO 1 BUBHAYAETHCS 32 (POPMYJIOIO:

T,(X)=a+bxe™ (8)

Toni piBHsHHS HarpiBy 4YacTUHKH TOpdy (1) ppakiii MaTumMe BUTIISL , K JJIS
TEPMIYHO TOHKUX CEepUYHUX YACTUHOK [9]:

dT, , 6x Nu, x A,
—=A,(a+bxe ™ -T); A = S
dx

9)
Ag — KOE(ILIEHT TEIIONPOBITHOCTI ra3y; Cr1 p; — TEMJIOEMHICTD 1 T'YCTHHA YaCTUHKY;
8% u; — po3Mip i MBUAKICTH YACTUHKH.

IaTerpyroun piBHsSHHS HarpiBy (8) 3 mouatkoBumu ymoBamu X = 0, Ti = TO,

A xb Axb
T(Xy=a+(T, —a- " yxe ¥ 270 g (10)
4, —c A4, -c

1

2
Cr X pr X0 xu,

Ma€EMO:
Po3paxyHok mpoBeneMo st MiIiHOMHOTO KaHay TOBXHHOIO Yf = 2 M TPH:

T,=300°C; a = 600°C; b =400°C; c = 1,3 (Toai T¢(0) = 1000°C, T(xr) =630°C)
Posrnsaemo 4 dpaxiiii 3 po3mipom (9;) 1 iIX MACOBUMHU JOJISAMH (Vi):

1 1 2 3 4
0i,MM 2,8 1,5 0,65 0.1
Yi 0,13 0,15 0,48 0,24

Yucno Hycensra 3Haiizemo sk Nu; = 2 + 0,6Re;?Pr'” (umcno Peiinonbica
pPO3paxoOBYETbCA 10 CTaHy BUTaHHS  4YacTUHKHM). OCKUIbKKM  Traszudikaris
npioHO3epHUCTOTO TOPdYy 3HAIUCHIOETHCA OE3MOCEepeIHhO B TOTOIl Ta30BOTO
TEIJIOHOCISI, TO HEOOXITHOI0 yYMOBOKO TPAHCIOPTYIOUOi 3JaTHOCTI MOTOKY € HOro
IIBUJIKICTh, SIKa TOBHHHA OYTH BUIIEC KPUTUYHOI IMIBUAKOCTI (IIBHUAKOCTI BUTAHHS
yacTuHKM). CTaH BHUTAaHHA YaCTUHOK pI3HOrO pO3Mipy mpu Temmeparypi T,
BHU3HAUMMO 10 QopmyiaMm, pekomeHaoBaHuM B [10]. Pesymbraté po3paxyHKiB
HaBECHO B TAaONUII 6, 7€ IS CIPOILIEHHS PO3paxyHKIB HE BPaXOBYEMO MOJIPIOHEHHS
YaCTUHOK Y TOTOIII, 1[0 € TIEBHUM 3allacoM B PEaJIbHUX yMOBaX.

HeoOximHo 3a3Ha4MTH, IO 30UTBIICHHS KPUTUYHOI MIBHUAKOCTI MPU3BOIUTH 10
yIOBUIbHEHHSI AMQYy3ii raziB 10 MOBEPXHI YACTUHKU TOp(y, 110 YMOBUIBHIOE caM
nporiec razudikaiii. Lleit Hemomik emo HIBETIOEThCS 30UIBIICHHSIM 1 KpaluMm
BUKOPUCTAHHSAM BHYTPIIIHBbOI PEAKIIAHOT MOBEPXHI YacCTUHKU TOpdy, a TaKOX
3aBJSIKM THTEHCUBHOMY O30JICHHIO 1 BIJTHOBJICHHIO 30BHINIHBOI PEAKIIMHOI ITOBEPXHI.
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Taoauus 6 - lHIBuaKicTh BUTAHHSA YaCTUHOK TOPQY B 3aJ1€2KHOCTI Bij IX po3Mipy

0i,MM 1 2 3 5
Wi m/c 4,05 8,1 12,2 19,5
Re 36,5 146 328 883
[Ipuiimaroun ryctuny Bojororo topdy p! = 850 kxr /M°, B po3spaxyHKax
BUKOPUCTOBYEMO I'YCTUHY CYyXOTo Topdy:
Or =p;(1—?(/);)=5101<2/ﬂm3 (11)

3MEHIICHHS! TYCTMHH YacTHHOK Top(y, BHACHIIOK BHUXOMY JETKUX HE
BpPaxOBY€EMO, 1110 TAKOK MOKE OYTH MTEBHHUM 3aMlacoM B PEAIbHUX yMOBAaX IPOIIECY.

[TincranoBka manmx nae: A; = 0,248 1/m; Ti( y) = 437 °C; A, = 0,342 1/m;
Ta(ye) =510 °C; Az = 0,865 1/m; Ts(yr) =628 °C. HarpiB ¢pakmii 4 moxxHa He
po3paxoByBaTu, OCKUIbKHA BUAHO, 10 T4( ¥r) = 630°C. Tomi cepenns temmeparypa
JaCTMHOK TOpdy Ha BUXOJI razoreHeparopa craHoButume S590°C. Po3paxyHku
IPOBEJEHI IPU IBUIKOCTI Fa30BOr0 MOTOKY Ug =12 M/C. SIKIIO K MBUIAKICTH OTOKY
MEHIIIA, TO YaCTUHKH TOp(]y IpiTUMYThCs mBHUALIC. J[esKi pe3yabTaTh pO3paxyHKIB
TEeMITy MPOTrPiBy YaCTUHKHU TOP(QY, B 3aJIEKHOCTI BIJ] pO3MIpy 1 4yacy ii nepeOyBaHHS B
peakIliiHii 30HI, HaBeJeHI y TaOauIll 7, a BHUXOAY JIETKUX, B 3aJICKHOCTI BIJ
TEeMIIEpaTypu MpoIiecy 1 yacy ii nepeOyBaHHS B peakiiiiHiil 30H1 (B % Ha cyxy macy)
B Tabwii 8.

Ta6auus 7 - Temn nporpiBy yactuaku Topgy no Ty = 630°C

Pozwmip, UYac nepebyBaHHs YacTUHKU TOpdY B peakiiiiHii 30Hi ( T, ¢)
0i,MM 0,5 1 2 3 5
1 429 552 596
2 242 386 524 573
3 165 283 433 512 575

Taoauus 8 - Po3paxyHkoBi 1aHi BUXOAY JIeTKHUX 3 TOPPY B 32J1€5KHOCTI BiJx
TeMIIePpATypPH MPOoLeCy i yacy Moro nepe0yBaHHsl B peakuiiiHii 30Hi
(B % Ha cyxy macy)

Temmneparypa UYac nepebyBanHs Topdy B peakiliiiHiil 30Hi, ¢

nporiecy, °C 5 10 15 20 25 30
300 0,2 0,34 0,44 0,51 0,57 0,61
400 0,41 0,58 0,66 0,69 0,71 0,72
500 0,58 0,69 0,72 0,723 0,724 0,725
600 0,68 0,722 0,723 0,724 0,725
700 0,71 0,724 0,725
800 0,71 0,725
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Pe3ynbraTtu po3paxyHKiB MOKa3ylOTh, 1110 HArPIB MUIKMX YACTUHOK TMPOXOJIUTh
JOCTAaTHBO IMIBUIKO. 3 JaHUX HABEJACHUX B TaOMUIN 8§ BUIHO, IO MPU TEMIIEpaTypi
600°C, B mexax amapaty (3a 5...10 c), 3 Topdy BCTHrae moBHICTIO BUIIAPYBATUCS
BOJIa 1 BUNTH (TIOBHICTIO UM YaCTKOBO) JIETKI.

Sk Buie OyJio 3a3HaY€HO, B 3aMPOMOHOBAHIN CXeMi TEPMOXIMIYHOI TIEPepOOKHU
ApiOHO3EPHUCTOrO MaNuBa, Fa30BUN MOTIK, KPIM TEIIOOOMIHHUX (PYHKIIiH, BUKOHYE
byHKIiI0 TpaHcnopTytodoro areHTy. OcTaHHsS, B 3HA4YHIA Mipi, 3aJ€XHUTh BiJ
pO3MipiB KaHaidy peakiiiHoi 30HU. [lpuknaag po3paxyHKy MpOBEACHO s
MIIAOMHOrO KaHally (AOBXHMHOI 2M) 1 JUIsi YaCTUHOK pO3MIpOoM J0 3MM, SKi
pPYXaroThCs 3 WBUIKICTIO Ug = 12 M/C. 3riJHO paHillle HaBeIEHUX PO3paxyHKIB, Maca
1 KMOJb MPOAYKTIB 3rOpsIHHSA MPUPOJHOrO razy craHoButh 290,5kr. Tomi,
BpaxOBYIOUM 3arajibHi BHTpatd npupogHoro rasy Gy= 7,75aM’ /ron, KimbKicTh
IPOJYKTIB 3TrOPSIHHSL CTAHOBUTUME:

290,5x G, 290,5%7,75

G = , =4 - 100,5x2/ 200 (12)
A 3 ypaxyBaHHSM BOJIOTH TOp(DY:
G,y =Gy + (%)x G, =100,5+(40/100)x 100 = 140,5x2 / 200 (13)
ToOT0, MacoBa BUTpaTHA KOHIICHTpAIlis CyXoro Topdy ckiiase:
u=G,x(- II/I(/);) x Gy =100x(1=40/100)/140,5 = 0,427k / ke (14)

A 3arajbHHUI MOTIK MPOAYKTIB TEPMOXIMIYHOI nepepooku ¢pesepHoro Topdy, 3
BpaxyBaHHAM Temreparypu 630°C cknane 512m°/rox (0,142 m3/c).
Tonai BHYTpimIHINM JlaMeTp MiAHOMHOTO KaHaTy TOBUHEH CTaHOBUTH [11]:

v
D=113 |~ :1,13,/0’142 = 0,124, m (15)
U, 12

ne: V- 00’eMHa BUTpara MOTOKY NpM AaHiii Temmeparypi, m’/c, U, - MBUIKICTH
MIOTOKY, M /C.

TakuM YUHOM, TIPU 3araJIbHIN JIOBXKHUHI KaHAJB ra3oreHeparopa 4 M 1 cepeHii
IIBUJIKOCTI TTOTOKY 8 M/c, yac nmepedyBanHs ckiaze 0,5¢, 1m0 3a JaHUMHU HaBeJICHUMU
B Ta0J. 8, € IIJIKOM JOCTAaTHIM IS BHAIJICHHS JICTKMX, B KUIBKOCTI 65...70% Bix
cyxoi macu Topdy. BHacnigok Takoi TepMOXIMIYHOI MEepepoOKH JIETKI MPOAYKTH 1
BHUCOKOPEAKIIMHUI KOKCOBUN 3alUIIOK, 3 TeMieparyporo 600...650°C Hagxoasits y
TONKY €HEPrOTEXHOJIOT1YHOI YCTAHOBKH, JI€ 3 BUCOKOIO €()EKTUBHICTIO CHATIOIOTHCS
B PEXKMMI caMO3aiiMaHHSI.

BucHoBku

1. Po3pobiena MeToauKa po3paxyHKY MpoOIecy TEPMOXIMIYHOI TepepoOKu
MOJIITUCIIEPCHOTO TBEPJOTO MNajlMBa B MOTOLI BHCOKOTEMIEPATypHOTO TIa30BOrO
TEIUJIOHOCIST JTO3BOJISIE PO3PaXOBYBATH ra30T€HEPaTOPH Pi3HOT MPOAYKTUBHOCTI.

2. [lpuBegeHo  mpuKIaa  pO3pPaxXyHKy  OCHOBHUX  TEXHOJOTIYHMX  Ta
KOHCTPYKTUBHUX I[apaMeTpiB MPUCTPOIO TEPMOXIMIYHOI NEepepoOKu  (pe3epHoro
TOpdYy.

3. OTpumaHi pe3yJbTaTH TOKa3ajdd, W0 TMpPH 3aCTOCYBaHHI IMpOIECy
MOMNEPEIHbOI TEPMOXIMIYHOT NEPEPOOKU, € MOKIUBICTh MPSMOIO BHKOPHUCTAHHS
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¢dpeszepHoro Topdy B CHUCTEMAax SKHUBJICHHS ICHYIOUHUX TEIJIOEHEPreTUYHUX
YCTAaHOBOK, a 1€ JO3BOJIUTh 3MEHIIUTHA BUTPATH TPAAUIIINHUX BUKOIHUX IAJUB 1
CKOPOTHUTH 3a0pyIHEHHSI HABKOJIUIITHBOTO CEPEIOBHUIIIA.
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Abstract. The prospects for the use of milled peat by its preliminary thermochemical
processing are considered. The technological scheme of the process of thermochemical processing
of milled peat in the flow of high-temperature gas coolant, the main aspects of operation and the
calculation method are presented. The procedure for calculating the main technological and design
characteristics is considered on the example of a gas generator with a capacity of 100 kg / h. The
efficiency of using the proposed technological scheme is due to the possibility of using milled peat
in existing thermal power units, which makes it possible to reduce the consumption of traditional
fossil fuels and reduce harmful emissions into the environment.

Key words: milling peat, thermochemical processing, gas generator calculation method.
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Annotation. The problem of estimating the basic engineering parameters (strength,
reliability, etc.) of metal structures that are subject to corrosion under the simultaneous action of
mechanical force factors, is currently an urgent problem of industrial operation. The interaction of
hydrogen and stresses in metal structures is still poorly studied. When a metal body is flooded, the
linear dimensions of its elements and volume change. At the same time, changes in body volume,
under certain conditions, cause internal tensions. We assume that the interaction between hydrogen
atoms is insignificant. It is necessary to establish the stress-strain state of the metal body due to the
concentration of hydrogen in it. The presented work is devoted to this.

Keywords: constructions,; deformation; tension, hydrogen concentration, finite element
method, solid cylinder; cylindrical sample with a recess.

Introduction.

Hydrogen significantly affects the strength and durability of metal structures.
This is due to its unobstructed permeability through the crystal lattice of the metal. In
addition, hydrogen atoms in metals cause the expansion of the crystal lattice [1].
Studies of flooding and dehydration of metals indicate the emergence of hydrogen
concentration inhomogeneity’s [1], which initiate stress in metals from changes in
hydrogen concentration. Therefore, taking into account the internal stresses of
hydrogen is relevant for the development of modern technologies in the design of
structures that are operated in interaction with hydrogen-containing media. It should
be noted that in such studies, attention was paid to the unilateral effect of mechanical
stresses on the distribution of hydrogen concentration [2,3]. At the same time, the
improvement of these developments requires detailed studies of the stress-strain state
caused by hydrogen. In [4], an estimate of the stress field caused by diffuse hydrogen
atoms in a solid metal cylinder is presented. The approach proposed in this paper is
used to estimate the stress field for infinite bodies.

Aim of work. The authors set out to propose a mathematically sound method for
estimating the stress field for finite bodies, taking into account the influence of
hydrogen, testing it in experimental conditions, and establishing compliance.
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Materials and methods. Initial equations and schemes for solving the
problem. Hydrogen saturation of a metal body changes the linear dimensions of its
elements and volume [1]. Every change in body volume under certain conditions
causes internal tensions. We believe that the interaction between hydrogen atoms is
insignificant. We will establish the stress-strain state of a metal body, which is due to
changes in the concentration of hydrogen in it, taking into account that the parameter
«c, 1s the coefficient of concentration expansion [1]. For an isotropic homogeneous

body “cu, the parameter does not depend on the direction of the element ds (edges of

the parallelepiped of the lattice cell). Assuming that it ¢c; does not depend on the
value of the concentration, it will be a constant value. In this case, the initial
infinitesimal rectangular parallelepiped remains rectangular. Changing the hydrogen
concentration C» by the value over time A¢ will lead to an increase in hydrogen
deformations. Using the law of superposition, the increase in total deformations is
equal to the sum of the increments of deformations caused by changes in hydrogen
concentration and deformations due to external loads and taking into account the
solution of the Fick equation [3]:

oc_ V(DVC)+ V(%Vcrh)
ot RT , (1)
where V=(0/0x,0/0y.0/0z) — the Hamilton operator; o — diffusion coefficient;

R — universal gas constant; I — absolute temperature; ¥u — partial molar volume of
hydrogen in the metal; o» — hydrostatic component of the stress tensor in the metal;
! — time parameter.

Equation (3) is solved under the following initial conditions €*»24),_o =Co. On
the part S. of the surface, we set the value of the hydrogen concentration and on the

other part the hydrogen flux ¢, moreover Sc Y Sy =5,

Results and discussion. Calculation by the finite element method of
hydrogen stresses in a metal body of limited size. It is almost impossible to obtain
an analytically closed solution of equation (1) for finite domains. To solve it, we use
the finite element method and divide the studied body into # finite elements. We will
look for the solution of equation (1) in the form of a schedule by basic functions #::

C(x,y, Zat): ZNi(x’yaZ)Ci(t): [N]T[C]ﬂ
= 2)
where Vi — function functions [5]; m — the number of nodes in the element; Ci(r) —
the value of the hydrogen concentration in the i node of the finite element.
After recording the hydrogen concentration in the form of (2) and simple
mathematical transformations, we obtain global finite element equations for
calculating the hydrogen concentration in the nodes of finite elements:

) 5 [ Leallel=1) "

where [M] and [K»] — respectively, the matrix of capacity concentration and diffusion;
[F] — diffusion flow vector.
According to [5], equation (3) is written in the form
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Mcc Mca aCc/gt n chc cha Cc _ Fc K2cc Kan Cc
Mac Maa aca/ﬁt Klac Klaa Ca B Fa K2ac KZaa Ca (4)

where the index "c" is associated with known concentrations (or temperatures), and
the index "a" — with unknown.

If we assume that the values C. do not depend on time, then the unknown values
C. of hydrogen concentration (in subsequent entries, the index "a" will be omitted)
can be found from equation (5) using the inverse Euler method [5]:

E BRI R AR LN (SR L AR

Bl i, ), =1 P[] Y, -+ [ )

At (6)

Equation (6) makes it possible to calculate the value of hydrogen diffusion in the

studied body. The principle of virtual work for quasi-static equilibrium equations in
stepwise formulation for the moment can be written as follows:

folel ] "oy = ol J Tk (o | ar- JoleT ™ G v,

where, [Ac] [Ar] respectively, the vectors of Cauchy stress increases and surface
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+At

forces over time A¢; 8(e]))*™ and & (u])™*" — virtual variables of total deformations and
displacements at the time ¢ + Az ; V and I" — volume and surface of the body.

To solve the problem, we use the finite element method with the breakdown of
the integration domain V. Then we write the vectors of the displacement fields
through the shape functions M and the vector of nodal displacements [«]. If we take

into account relation (1) and assume that the vectors [p] and [87] levels are zero, the
increase in stress can be calculated as follows:

[K]= je[B]T[D][B]dV, [Fit oo = Je[B]T[D][eﬁ buasd? [Fs = jE[B]T[G]rdV ©

where [D ] — the elastic matrix.

Using numerical solutions of finite element equations (6) and (7), we find the
stresses that are caused by changes in the concentration of hydrogen in the material.
Let's illustrate this on cylindrical samples. The first template is a solid cylinder of

radius 71 =% and length 24 . The second template is a cylinder of radius % =# and
length 24, which has a groove in the middle with a radius R, and the radius of the
jumper is equal a.

Note that for samples 1 and 2 we consider cases when they are free and clamped
at one end. In the case of specimen-free specimens, consider only half of them. Also
in the calculations, we assume that the hydrogen flow is zero. Boundary and initial

conditions for all cases are those C(.z.0)=Co.mpur,zeS,, Clr.z,t)=Cpnpur,zely

where Si — the area of the axial section of each of the cylinders; S2 — lines formed by
the axial section of the surface and the end (unfixed) of the cylinder. The calculations

were performed for two cases of boundary conditions: flooding (Co =0.Cc = Smol/m’ )
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and dehydration ((Co =Smol/m’,C, =0) of the templates. In the future, all calculations

were performed with the following parameters: Jung modules £=2.1:10° MPa,  Poisson's
ratio v=0.3, P=10""m’/s, R=8.31 J/(mol-K), m*/mol, T= 295 K, ¢=5 mm, b=10 mm,
R;=2.5 mm, h=40 mm, h;=9 mm.

To solve equations (6) and (8), a set of programs was created, which found the
change in hydrogen concentration and the corresponding increase in stress for any
time [4] when hydrogen saturation and dehydration of a long cylinder. There is an
almost complete coincidence of the results obtained with the help of the program and
[4]. The unclamped cylinder was divided into 900 four-node elements (966 nodes).
Accordingly, for a clamped cylinder 1800 elements (1911 knots). The calculations
were performed for the time of hydrogen saturation (dehydration) for 100 hours.
Stresses o, during hydrogen saturation and dehydration are equal in absolute value
and differ only in sign. Analysis of the obtained numerical results showed the same
results for other stresses in the whole time field.

The authors investigated the nature of the change in the stress distribution o, for
different sections of both clamped and unclamped cylinders, as well as for a cylinder
with a recess, which is located in the middle. In this case, h,=h, and the unclamped
cylinder was divided into 1022 four-node elements (1098 nodes), and pinched by
2058 elements (2186 nodes). Analysing the obtained data, we can conclude that in
contrast to the stresses o stresses G, and oy in this section are different in
magnitude for clamped and unclamped cylinders (Fig. 1a and 1b). To obtain the
above graphic material and the corresponding calculations used its own computer
program [6].

From the graphical data presented in Fig. 1a and Fig. 1b, it can be concluded
that for all other sections these stresses are the same for both cylinders. But the
stresses G¢¢ for sections that do not belong to the recess are almost indistinguishable.

"
3.0 4 Z=0 (stressed)
= m =0 (nom stuessed)
S 3.4
N = == =4 4 mm (stressed) = Z=0 (stressed)
br. ® Y/ 4.4 mm (non siressed) E B m  Z—0 (non stressed)
N T = e s . R .
1.5 =350 mm (stressed) g “. - — = Z74.4 mm (stressed)
— — Y - . o A O 1 g W
be- F=-35.6 mm (stressed) e h —--=- /=35.6 mm (stressed)
> - 5 g e e N
47 £L-35.60 mm (non slressed) 1.7 1 .‘i-ﬂ ® 7-35.6 mm (non stressed)
u .
4 . - .‘.\\, """"" /—-35.6 mm (stressed)
- - - - .t
0,04 RN G e N o
i,
e a-0 - o0 &
0,04
n
L]
1.5
[ ]
T T T T
0 2 4 6 romm 8 0

Figure 1 - Comparison of stress distribution: a) ., for clamped and unclamped
cylinders with a recess in different sections, b) 6¢¢ for clamped and unclamped
cylinders with a recess in different sections. In all cases t=100 hours
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This cannot be said for stresses 6,,. As can be seen (Fig. 1a), these stresses differ
in magnitude for different cross-sections.

Conclusions. Therefore, analytical relations for the calculation of stress and
strain components in metals with hydrogen concentrations are established. Numerical
calculations of the distribution of such components and the concentration of hydrogen
inside the cylinder of finite length are performed. In the process of dehydration of the
cylindrical specimen, a compression zone is observed inside it, and tensile stresses
are present near the surface. During flooding, the stress pattern is opposite (there is a
uniform tensile zone inside the sample). At the surface of the cylindrical sample, the
compressive stresses become more intense.
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Anomauia. I[lpodnema oyiHKU OCHOBHUX IHICEHEPHUX Napamempis (MiyHocmi, HAOIUHOCMI
ma iH.) Mmemaneeux KOHCMPYKYIU, SKI 3A3HAIOMb KOPO3IUHO20 6Nauy npu OOHOYACHIU Oii
MEXAHIYHUX CUN0BUX (PaKmMOpie, HA OAHUL MOMEHM € aKMYAalbHOW HNPOOIEMOI0 NPOMUCTIOBOL
excniyamayii. Mano susueHumMu we 3a1umaromoscs NUMAKHs 63AEMOBNIUEY B00HIO A HANPYIHCEHb
68 MemaloKOHCMPYKYIsX. 3 HABOOHEHHAM Memanesoco Miia 3MIHIOOMbCS JIHIUHI pO3MIpU 1020
enremenmie ma o06’em. Boonouac 3mina 00’emy mina, 3a Ne8HUX YMO8, BUKIUKAE GHYMPIUIHI
Hanpys#ceuHs. AKuo nputiHamu, wo 63aemMoolis MIdHC amoMamu 800HI0 HE3HAYHA, MO 20J08HOI0
3a0auel0 cmae 6CMAHOBNEHHA HANPYHCEHO-0epOPMOBAHO20 CMAHY Memanego2o mind, AKUll
00YMOBNIeHUll KOHYEeHMPAayicro 600HI0 y Hbomy. Llbomy i npucesuena npeocmasiena poooma.

Kniouogi cnoea: xoncmpykyii; Ooeopmayii; HanpyjiceHHs, KOHYEHMpayis 600HIO;, Memoo
CKIHUEHHUX elleMeHmMi8, CYYINbHUL YUNIHOP, YUNTHOPUUHUL 3PA30K 3 BUMOUKOIO.
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Anomayia. Haeeoeno pesynomamu 00CRiONCeHb CUNIKAMHUX CUCMEM i3 3aKAPNAMCLKUM
nepuimom SAK CUpPOSUHU OJisl BUSOMOGIEHHA MIHEPAIbHO20 8 axcyyoco mamepiany. Iloxkazano
0cobnUB0CMI  XIMIKO-MIHEPANOciYHO20 CKIAdY BUXIOHOI CUpOSUHU AK Gakmopy (hazoymeopeHnHs
yemenmHo20 Klinkepy. Buxomano xomn’romepHi po3paxymku ma GU3HAYEHO CKAAOU CUPOBUHHUX
cymiwel Ha OCHO8I cucmemu Kpetioa-enuna-nepaim. Ilokazano ocobaueocmi gpazosoeo cknady ma
MEXHONI02IYHUX 8ACMUBOCIMEU MIHEPAILHO20 GANCYH020 Mamepiany 8 IHmepeani MAKCUMATbHUX
memnepamyp eunany 1200-1400 °C.

Knwuoei cnoea: yemenm, nepnim, ckiao, cuposuHwa cymiwi, eunai, Gazosuti ckuao,
61aCMU60CMI.

Beryn.

TexHoJoris BUPOOHUIITBA CUJIIKATHUX MaTepiaiiB 0a3yeThCs HA KOMILJIEKCHOMY
BUKOPUCTAaHHI CHUPOBUHM pi3HOTO TeHezucy [l]. OmHum 13 JKepen OPUPOIHOL
CUJIIKATHOT CHPOBUHM € TIOPOJIM BYJIKAHIYHOTO TOXOJKeHHs [2,3], ceped sAKux
CYyTTEBE MICIIC 32 CBITOBUM PO3IMOBCIO/KEHHSIM 1 3amacaM  pOJOBHII 3aiiMa€e MEpJIiT
[4,5].

3aBASKH OCOOJIMBOCTSAM XIMIYHOIO CKJIAay Ta CTPYKTYpH, MEpPJIT OTPUMAB
3aCTOCYBaHHS [IJIi BUTOTOBJICHHS OYIIBETbHUX MaTrepiaiiB - TEIUIOI30JAMIMHUX 1
KepaMiuHuX. B Toif ske 9ac, momanbIie MiABUIIEHHS €()EeKTHBHOCTI POOOTH IIIOUUX
Kap’epiB MOTpeOy€e PO3IIUPEHHS HAMPSMKIB MPAKTUYHOTO BUKOPUCTAHHS TEPIITY.
OnHuM 3 TakuX MEPCIEKTUBHUX HAIPSMKIB MOXKE CTaTH MAacCOEMHE BUPOOHMIITBO
IIEMEHTY, 1110 CTaJI0 METOO TI0JIaHOT POOOTH.

OcHOBHA YacTHHA

B naniit po6oTi Oyio IOCHIIKEHO CyMillli HA OCHOBI CHJIIKATHOI CHUCTEMH
Kpeia — riHa — IepJliT.

XiIMIYHMM CKJIaa AOCHIKYBaHOI MpoOM TMEpNITy BIJ3HAYAETHCA BHCOKUM
BmictoM Si0, mnpu KigbkicHOMy criBBigHOIIEHHI Si02: ALOs = 6 : 1 Ta mMyXKHHX
okcuiB Tuny R,O = 8,09 mac. %

Kpelina xapakrepusyerbcsi nepeBakHuMm BmicToM CaO, mpoOa KpUBHHCHKOI
[JIMHA — KUTbKICHUM criBBiAHOmEHHM Si0; : ALOs=4: 1.

PentrenogaszoBuii aHasi3 MOPOIIKOBHUX MpenapartiB JOCTIIKYyBaHOI CHPOBUHU,
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npoBefieHnid 3 3actocyBaHHsM gudpaktomerpy JAPOH — 3M, n03BOJMB BUBUTH
0COOJIMBOCTI MIHEPAJIOTIYHOTO CKIIATy MPo0:

— TepMIT XapaKTepU3YEThCSA PO3BHHEHOI CKI0(GA30l0 13  KPHUCTATIYHUMU
BKJIIOUEHHSIMU KBaplly Ta IMOJbOBOro mmary (puc. 1), Kpeiaa BiIpi3HAETHCS
MPEBAIIOIOYUM BMICTOM KaJIbLIUTY, KPUBHHCHKI TJIMHU BIJHOCSTHCS N0 TPyMHH
MOJIIMIHEPAJIbHUX 3 MIABUIIEHUM BMICTOM MOHTMOPWJIOHITY, KBapIly Ta IMOJIbOBUX
IITIaTIB.

Tabauus 1 - XiMivyHMH CKJIaJ CHPOBHHHU

Haszsa Bwmict okcuais, Mac. %

HpO6H SlOz A1203 F6203 TlOz CaO MgO SO3 NaZO KZO B.II.II

nepmr | 72,08 112,92 1,50 | 0,90 | 0,88 | 0,63 3,76 | 433 | 3,0

Kpeiaa 0,77 1 0,25 | 0,13 55,0 | 0,25 | 0,08 42,32

KpuBuHCcbKa | 60,96 | 15,66 | 5,57 | 0,79 | 3,33 | 2,04 | 0,16 | 0,30 | 2,70 | 8,48

Po3paxyHku Ta aHaii3 CKJIaay CHPOBHUHHUX CYMIIICH IS BUTOTOBJICHHS
MOPTJIAHALIEMEHTHOTO KJIIHKEPY TMPOBOJAWIM 3 BHUKOPUCTAHHSIM KOMII FOTEPHOT
nporpamu «KJIIHKEP» [6] 3rigHO BiIOMHUX pPEKOMEHJAIill BIIHOCHO YHCIOBUX
3HaueHb KkoediuieHTy HacudyeHHs KH, kpemMHe3eMHOro n Ta TJIMHO3EMHOTO P
MO/TYJIiB.
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Pucynok 1 - /Iu¢ppaxrorpama npodu 3akapnarcbKoro mepJiry.
Ilo3HayeHHs1: v-kBapu, [1-10JbOBUH LINAT

Buxopucranss 3-KOMIOHEHTHUX CHPOBHUHHUX CyMIIIEH 3 MEPIITOM TO30JIHIIO
BIJIKOPETYBaTH XapaKTEPUCTUKU MOPTIAHIIIEMEHTIO KIIIHKEPY A0 PEKOMEH0BAHOTO
piBHs. OOpani 1151 JociipkeHHs nmpoou [']1 Ha OCHOBI cCHCTEMU Kpeiijia — KpUBUHCHKA
rHa Ta ['2, I'3 Ha OCHOBI cucTeMu Kpeiija — KpuBHHCHKA TyMHa nepiit npu KH =
0,90 xapakTepu3ylThCS YHCIaMH KpeMHe3eMHOro moayiao n = 3,0 - 3,5 i
[JIMHO3EMHOT0 MOAYJII0 p = 2,94 - 3,62 (Tabun. 2).

AHani3 XIMIYHOTO CKJIaJy KJIIHKEpY 13 JOCHIPKYBaHUX CyMIllIed CB1IYaTh, 1110
BBeieHHs 8,8 mac. % mepiiTy BIAMOBIIHO J0 BKa3aHOI'O BUIIE CKJIATy BUXIJTHUX
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cyMmileld Mmpu3BOIUTH 10 meBHOro 30uiblieHHs BmicTy CaO 1 SiO,, 3MeHIIeHHS
BMmicty Fe,O3 1 MgO.

Tadoauus 2 - Ckiaaja A0CaiIKyBaHUX CyMillei

Kona cymimi Kpeiina 3. [Tepmit ['1Ha KpUBUHCHKA
I'l 78,0 - 22,0
2 78,3 2,7 19,0
I'3 79,2 8,8 12,0

HocmimkyBaHi 3 — KOMIIOHEHTHI CyMIIIl MarOTh BIJIMIHHOCTI y KUIbKICHOMY
CHIBBIJTHOIIEHH] KOMIIOHEHTIB, 3HAUEHHSAX XapaKTePUCTHK KIIHKEpY Ta Horo
(hazoBoOMy CKJIaII.

3a maHuMH pEeHTreHo(a30BOr0 aHali3y BCTAHOBJICHO TIE€BHI OCOOJIMBOCTI
($a30BUX MepeTBOPEHb MpU BUMAT MPOO KIIHKEPY 3 OOCHIIKYBaHUX CyMilIeid B
1HTepBajl MakcuManbHuX Temmepatyp 1200 — 1400 °C (puc. 2,3).
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PucyHnok 2 - Iluppakrorpama npoou I'l npu Bunaui Ha 1400 °C

Tax, Ilicns Bunamny na 1400 °C marepian 13 cymimi '3 3 8,8 mac. % mepiity y
NOpiBHSHHI 3 MpooOoro 'l xapakTepusyerhes:

® I[0JI0 KPUCTAIIYHUX (Pa3 CHITIKATIB KaJIbI[I0 — IPU MPUOJIM3HO OJHAKOBOMY
yrBopenni C3S (1,86, 3,02 A) ta C,S (2,61, 2,75 A) nemo meHmum
po3BuTKOM BonacToHiTy CS (2,97 A);

® I[0JI0 KPUCTATYHUX (a3 aTFOMOCHIIIKATIB KaJNbII0 — M0 OUTHIIINUM
yTBOpenHsaM reneHiTy CrAS (2,86 A);

® I0JI0 KpUCTATIYHUX (a3 ajtOMIHATIB KaJbI[il0 — MEBHOK 1HTEHCU]IKAIIIEO
ytBopeHHs C3A (2,70, 1,56 A), CA (2,52 A) ta maifenity C1oA7 (4,88 A);

® II0JI0 3aJI30BMICHUX KpHUCTaTi4HUX (a3 - MeHmHM yTBopeHHsM C4AF
(2,63, 7,31 A).
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Pucynok 3 - Iluppakrorpama npoou I'3 npu Bunaui Ha 1400 °C

OTpumaHi pe3yNbTaTH TECTYBaHb NPOO TOPTIAHALCMEHTY CBIAYHUTH IO

BIJIMIHHOCTI TEXHOJIOT1YHMX BJIACTUBOCTEH mpu AudepeHiianii CKiIaay BUXITHUX

CHPOBHHHMX CYMIIIIEH Ta CTYIEHIO BUNany (Tad. 4).

Taoauus 4 - BaactuBocTi B’ s12Ky40ro marepiany

Kon mpobu
ITokazHuku 1200 oc 1400 OC
I'l 2 I3 I'l 2 I'3
ToHKiCTh TOMETY,
3aauinok Ha cuti 008, mac. 7 8 8 7 7 7
%
Tepminn mouarox | 25 10 20 120 45 60
Ty>KaBJICHHS,
XB. KiHEIb 190 160 155 150 105 105
MilHICTh Ha CTHUCK Yepe3
28 16, MITa 275 279 28.6 38,7 38,8 39,4

3rigno knacudikauii ACTY b B.27-91-99 3a mBUAKICTIO Ty>KaBJICHHS MiCIs
BUIAJTY Ha MakcuMmanbpHy TemmepaTypy 1200 °C mpoba I'3 3 8,8 mac. % mnepmity
BITHOCUTBCS /10 TPYNHU IIBUIKOTYXaBilouux (TepMiH moyatky Big 15 mo 45 xB.),
XapaKTepHUMH IPEICTAaBHUKAMU KOI BBAXKAKOTHCS AHT1IPUTOBUN 1 TIIMHO3EMHUCTHUN
nemeHT. Ilicna Bumany Ha MakcumanbHy Temreparypy 1400 °C mpoou 12 113 3
MEPJIITOM BIIHOCATHCS J10 TPy HOPMAJIbHOTY KaBIIOYUX (TEPMIH MOYaTKy BifJ 45 XB.
70 2 TOA.), XapaKTepHUMH TPEJCTABHUKAMHU SKOi BBa)KAIOTHhCSI TMOPTIAHIIEMEHT i
[UTAKOMOPTIAHILIEMEHT.
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BucnoBku

1. MoxuBHii BMICT TEpIITy y po3pazoBaHux ckiaaax cywimen (I2,13) na
OCHOBI CHCTEMHU KpeiJa-TIuHa-MepiiT CTaHOBUTh 2,7-8,8 mMac.% mnpu 3abe3nedeHHi
PEKOMEH/I0BAaHUX XapaKTEPUCTHK HIIIHKEPY

2. 3a CTPYKTYpHUMHU O3HAKaMH MiCJI BUIATY 3 MaKCUMaJIbHOIO TEMIIEPaTypOIO
1400 °C xminkep 13 cymimi ['3 3 8,8 mac.% nep:iTy npu aHajgorivHomy i3 mpo6oro ['1
0e3 mepiiTy SKICHOMY CKJIaJli OCHOBHHUX KIIIHKEPHUX MiHEpamia BIAPIZHAEThCATHCA
O1IBIIIMM PO3BUTKOM KpUCTaIuHOI (pa3u reneHity C,AS nmpu menmomy BMicTi CS i
C4AF.
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Abstract. The results of research of silicate systems with Transcarpathian perlite as raw
materials for the production of mineral binders are presented. Peculiarities of chemical and
mineralogical composition of raw materials as a factor in the formation of cement clinker in the
firing process are shown. Computer calculations were performed and the compositions of the initial
raw material mixtures based on the chalk-clay-perlite system were determined. The peculiarities of
the phase composition and technological properties of the mineral binder material in the range of
maximum firing temperatures of 1200-1400 0C when varying the perlite content from 2.7 to 8.8
wt.% are shown.

Key words: cement, perlite, composition, raw material mixture, firing, phase composition,
properties.
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Anomauia. 3a ocmanui poKku y CRoOJ’CUSAHI6 3HAYHO NIOBUWUBCS THMepec 00 GUBYUEHHS
HemMpaouyiuHoi pOCIUHHOL CUPOBUHU, KA MICMUMb ) CBOEMY CKAAOL NIOBUWEHUL 6MICT XAPUOBUX
B0JIOKOH, GIMAMIHIG, MIHEPANbHUX PEYOBUH, NPUPOOHIX AHMUOKCUOAHMIE, mowjo. 3apas 6 ycbomy
C8IMi AKMuU6HO 10e NPOMUCMOSIHHS HE300POBOMY XAPUYBAHHIO | MOMY 300po8e ma 30alaHCO8AHe
XapuyBaHHs HA CbO2OOHI 88ANCAEMBCSL MPEHOOM CbO2OOEHHSI.

Conooki cmpasu 3a8x#cO0U KOPUCMYIOCA GeIUKUM  NONUMOM ceped Oimeli ma O00pOCux,
B00HOYAC BOHU € KAIOPIUHUMU MA He 30ANAHCOBAHUMU 3a XIMIYHUMU cKaadosumu. Tomy came ys
epyna cmpag nompebye YOOCKOHANEHHs. PeYenmypHo20 CKIady 3a PAXYHOK SUKOPUCMAHHS HOBOL
«300p0B0I» POCIUHHOI CUPOBUHU.

Il 36anancysanus xapuogoi YiHHOCMI CONOOKUX Cmpas, a came camoOykie, 6yno0 obpawo,
Hewo00aeHo Gi0OMY ma NONYISAPHY, HU3LKOKATIOPIUHY, HempaouyiiHy cupoguHy, a came bamam.
«Conooka kapmonisy € 0dicepeiom MIHEPAlIbHUX pewosurn ma eimaminis. bamam y mexnonoeii
CamoOyKi6 BUKOPUCMOBYBANU Y 8USTAOI Niope, 5K YACMKO8Y 3AMIHY DeyenmypHo20 KOMHOHEHMY,
A061y4H020 niope.

Kniouogi cnosa: 6amam, conooxi cmpasu, camodyx, nrope bamamy, HempaouyiliHa CUpoBUHA.

Beryn.

XapuyBaHHs Cy4acHOi JIIOJIMHM I1iJ1 BIJIMBaMHU (haKTOPIB ChOTOJICHHS MOTpeOye
3HAYHUX KOpEeKTHBIB. I[Ipu 1bOMy, OUIBIIICTH CEPLEBO-CYJIUHHHUX, IIIyHKOBO-
KHUIIIKOBUX 3aXBOPIOBaHb, IIYKPOBUHM Jia0eT, OXHUPIHHSA Ta Psij 1HIIMX CYIYTHIX
XBOPOO BHHMKAIOTh 32 PaxyHOK HE TMPaBWJIBHOTO XapuyBaHHS, MaJOpyXJIMBOTO
CIIOCO0Y KUTTS.

B XXI cromittst crnoctepiraeTbcsi TEHACHIS PO3BUTKY 3I0POBOTO CHOCOOY
KUTTS Ta 30aJlaHCOBAHOTO XapuyBaHHS cepen  yKpaiHiiB. Bukopucranas
HATypajdbHOI, POCIUHHOI CHPOBWHU, 0aratoi Ha BiTaMiHH, MIHEpaJIbHI PEYOBHHH
J03BOJIUTH MIJIBUIUTH HYTPUIIEBTUYHUIN CKJIa] 0araThbOX TPyIl CTpaB Ta HaJgaTH iM
HOBI TACTPOHOMIYHI BIATIHKH CMaKy.

OcHoBHUII MaTepiaJ.

OcranHIM 4YacoM 3MIHM KJIIMAaTUYHUX YMOB JIO3BOJIIIOTH HA TEPHUTOPIi HAIIOl
Jep>kaBd BUPOIIYBAaTH HOBI BUJW POCIUH Ta OTPUMYBATH 3 HUX CHUPOBHUHY Oararty
KOPUCHUMHU HyTpieHTamu. L{ikaBol0 Ta BIJHOCHO HOBOIO CHPOBHMHOIO € OaraT abo
«COJIOJIKA KapTOIUIs», K MOTEHIIMHE JKEpesno BITaMiHIB, MIHEPaJbHUX PEYOBHH,
BYIJIEBOJIB 1 O10JIOTITYHO AKTUBHHUX peuoBUH [1]. Po3pi3HAOTH Tpu BUIM OataTty —
NECEepTHHUM, OBOYEBHIl Ta KOpMOBUH. KoOXXeH 13 COPTIB BIAPI3HAETHCS 3a BMICTOM
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IVIFOKO3H, [B- KapOTHHY, TJIKEMIYHHUM 1HIAEKCOM, BMICTOM KpPOXMAaJll0, pO3Mipamu,
¢bopMOIO, CMaKOBUMHU BIACTUBOCTSMH, Tomlo. IIpoaHanmizyBaBIIM HayKOBY
JiTepatypy Ta iHII iH(OpMalilHI JKepesa, 0cOOMMBY Hally yBary MNPUBEPHYIH
necepTHi coptu Oaraty. L1 miaoau mMaroTh )KOBTUH a00 OpaHKEeBHUIl KOJIIp, MPUEMHI
Ha 3amaxX, CMakK, a TaKoXX MalOTh BUCOKHH CTYMiHb COJOJAKOCTi. OKpiM IBOTO, IIs
cUpoBHHA OaraTa Ha BiTaMiHU Tpynu B Ta makpo- Ta MikpoenemeHTu [2].

Buenumu Tepromniibcbkoro HaiioHaaTbHOTO TEXHIYHOTO YHIBEPCUTETY 1M.
IBana Ilymios mociimKeHO XIMIYHUK CKJIajJ COpTIB Oarary, sKi BUPOUIYIOTHCS B
ymoBax Jlicocteny Ta Ilomiccst YkpaiHu, a TakoXX COPTIB, SKI KyJIbTHUBYIOTHCS B
IHIIMX KpaiHax.

Tadoauus 1 — XiMiyHHMH CKJIA Pi3HUX COPTIB 0aTaTy

Criaanosi Kpaina KyJ1bTUBYBaHHS
Inpin CIIA \ Yxpaina*
Hasga copry
«Jersey» | «Porto | «Ixopmkisa | «berti» [«Xaii ber»
Rico» Pen»

binku, r 1,2 2,0 2,0 1,2 1,9 2,1
Kupu, r 0,3 0,2 0,2 0,3 0,3 0,2
Byraesoau, r 28,2 27,0 22,1 23,8 25,5 24.6
MinepanbHi
pedoBunH, Mr/100 T

- pocdop 50 51 54 48 61 59

- KaJIbLIii 20 60 36 47 37 58

- 3aJ1i30 2,8 0,9 0,9 3,0 2,3 2,6

- Hatpiit 9,0 40,0 60,0 19,5 22,0 37,6

- Kai 393 390 430 300 336 379
Bitamiau, mr/100 r

- acKOpOIHOBa KUCIIOTA 24 32 18 25 28 26

- TIaMiH 0,08 0,10 0,17 0,10 0,20 0,21

- pubodnasin 0,04 0,02 0,03 0,05 0,04 0,03
Enerpernuna minHicth, kkan | 120,0 116,0 101,0 101,0 118,0 114,0

Jani Tabmuimi 1 mokasyroTh, IO BMICT ackopOiHOBOi kuciotu 32 mr/100 T
HanoOupmmil y copti Jersey (CILIA); BMicT TiamiHy HailOutbmmii y copti «Xaii ber»
0,21 wmr/100 r. Takox, copT «Xaili Oer» MICTUTHh OUIBIIY KUIBKICTh Olka Ta
MiHEpaJIbHUX PEYOBHH HIXK 1HIL COPTH OaTaTy.

OxpiM 1Or0, JOCIIDKEHHSAMHM XIMIYHOTO CKJIaQy pI3HHX 3pa3KiB Oarary
BITUM3HSHOI Ta 3aKOPJOHHOI CEJICKIli BIPOJOBXK JEKIIBKOX POKIB 3aiiMaucs
HayKoBIIl [HCTUTYTy OBOuiBHHIITBA Ta OamtanHUITBAa HAAH.

B ITontaBchkoMy yHIBEPCUTETI €KOHOMIKHM 1 TOPTIBJII HAYKOBII JTOCHIIKYBajIu
OaTtaT y TexHoJIorii BUpOoOiB 13 KeKcoBOro Ticta [6]. B HamioHanibHOMY yHIBEpCUTETI
XapyoBUX TEXHOJIOTIM JOCIIIPKEHO Oarar, sk 3aryliyBad y TEXHOJIOTil COYCIB st
3aKja/iiB XapyyBaHHS Ta B iecepTax (PyHKIIOHAIBHOTO CipsAMyBaHHs [4, 5].

Ha cporogni 0arar BHUKOPUCTOBYIOTH Yy MPUTOTYBaHHI NEPIIMX, APYTHUX,
COJIOJIKMX CTpaB Ta HaBiTh HAmMoOiB. 30KpeMa, COJOJKI CTpaBH 3aiiMalOTh Ba)JIMBE
MICII€ Y Xap4yyBaHHI cepe]l JOPOCJIOro 1 AUTIYOro HaceneHHs Ykpainu. OcoOIMBOIO
HOMYJISIPHICTIO Y CIIO’KHMBaya COJIOJKUX CTPaB KOPHUCTYIOTHCS JKeJie, MyCH, CaMOyKH,
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SKI BUTOTOBJISIFOTBCS 3 BUKOPUCTAHHSAM PI3HUX IUIOAIB Ta sria.  Towmy,
MpOaHaNI3yBaBIIM ACOPTUMEHT COJIOJKUX CTPaB, HAIly yBary MPHUBEPHYB, 30KpeMa
camOyk. Ile moBiTpsiHE ecepT-Kese, M0 BUTOTOBISETHLCS HA OCHOBI SIEUHUX O1JIKIB 3
noJIpiOHEeHUX sTiJ a00 PPYKTIB.

Tomy, memor Hawio2co 00Cai0NCeHHs € YIOCKOHAJIEHHS TEXHOJIOTII caMOyKiB 3
BUKOPHUCTAHHSM ITIOpe 0aTaTy JIJIsl 3aKJIaJlIB PECTOPAHHOTO TOCTIOAPCTRA.

JIyist mocsiTHEHHS 11i€1 MeTH OyJM TIOCTaBIICHI HACTYITHI 3aBIaHHS:

— YJAOCKOHAJIUTH PEIENTypy BUPOOHUIITBA CaMOYKIB 13 YaCTKOBOK 3aMiHOIO

PEeLeNTYPHOTO IHTPEIIEHTY, IOTYyYHOTO MI0PE Ha Mope OaTary;
— JocmiauTH (h13UKO-XIMIUHI Ta OPraHOJIECNITUYHI MOKA3HUKHA YO0CKOHAJIEHOTO
JecepTy.

ExcnepuMeHTalibHy 4YacTMHY poOOTH BHKOHAHO B JabopaTopisix Kadeapu
rOTeIBHO-PECTOPAaHHOI cripaBy, HarioHaIpbHOTO yHIBEPCUTETY XapuOBUX TEXHOJOTIH,
a Takox B Jjaboparopii sxocti 1 Oesmexu mnpoxykuii AIIK, HarmionansHoro
yHIBEpCUTETY 010pecypciB 1 IPUPOJIOKOPUCTYBAHHS Y KpaiHU.

B pesympTaTi MNpOBENEHOTO aHAI3y XIMIYHOTO CKJIaay JIOCHIIKYBaHOI
CHUPOBUHU JJIs1 OJAbII0T poOOTH 00paHo OaraT copTy «Xail 6eT», KyJIbTHUBYBaHHS
VYkpaina. Jlns npurotryBaHHsS camMOyKy MH BUKOPHUCTOBYBAJIM TEXHOJOTIYHO
MiArOTOBJIEHE MIOpE OaTaTy, TOMY JOLUIBHUM OYJI0 AOCTIAUTH HOTO XIMIYHHUM CKIIa.

Taoauus 2 — XiMiyHHH CKJIaJ MIOpe
Criaanosi ITope 0aTaty S6ayyHe mope

Binku,% 1,56 0,7
Kupu,% 0,6 -

Bwmict 3011,% 33 0,5
Bwmict Bosoru,% 51,05 63,5
Bwmict kinitkoBuHNY 1,5 0,9
EnepreruyHa IiHHICTh, KKaJl 88 76

3 Tab. 2 BUAHO, IO JAOCIIKEHE MI0pe OaTaTy Mae MiJBUIICHUN BMICT 30J14 Ta
O11Ka, MOPIBHAHO 3 sA0IydYHMM IIope. B minomy mrope 6araty mae B 1,2 pa3u OuUIbIny
EHEePreTUYHY IIIHHICTh HIXK s0Jy4HE MIope, MPo Te 1€ 0COOJMBO HE BIUIMBATUME Ha
OTpUMaHHs HU3bKOKAJIOPIMHOI COJIOAKOT CTpaBH.

3a KOHTPOJBHUU 3pa30K Oyjo oOpaHO penentypy cambyx «Homyunuiiy
BIMOBITHO 10 30ipHMKa peuentyp [3]. B wimacuuniit perentypi Oyjio MpOBEICHO
YaCTKOBY 3aMiHy pPELENTYPHOTO KOMIIOHEHTY SIOJy4yHOro MIOpe Ha Mope Oartaty y
KutbKocTi 25 %, 50 %, 75 %1100 %.

VYaocKOHaNeHa TEXHOJIOTiA NPUrOTyBaHHS caMOyKy Imepefdayae MexaHiuHe
KyJilHapHEe 0OpoONsiHHA OataTy, 3amikaHHs Horo mpu t=220-180°C, 20-25 xs.,
OXOJIOJKCHHS, OUMIIICHHS BiJl IIKIPKH Ta MPOTHUPAHHS Ye€pPe3 CUTO 0 MIOPEIOaiOHOTO
crany. [lami miAroTOBIEHUN KeNaTHH, MPOIIIKYIOTh Ta BIMBAIOTh TOHKOKO I[IBKOIO
0 30uToi Macu. HampukiHii mpouecy A0JarTh 30MTI O MyXKOi MiHU OUIKK Ta
00EpEeKHO TepeMillyloTh. Macy po3iuBalOTh y (GOpPMH 1 OXOJOKYIOTh 10
temneparypu 12 °C.

[Momanpuii gocnipkeHHs OyiM MPUCBSYEHI BIUIMBY Tiope Oaraty Ha 3MIHY
OpraHOJICITUYHUX TTOKA3HUKIB 1 TOTOBIM CTpaBl MOPIBHSIHO 3 KOHTPOJIBHUM, 30KpeMa
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JOCIIKYBaIM 3MIHY CMaky, KOJIbOPY, KOHCHCTEHLIIO, 3amaxy Ta 30BHILIHBOTO
BUTJIATY.

[IpoBeneHi OpraHONENTHYHI JOCHTIDKEHHS TOKa3ad, 10 TMOTIPIICHHS
MOKA3HUKIB SKOCTI Yy JOCHIDKYBaHMX 3pa3Kax BIIOYyBaJocs BXKE IICIS 3aMiHU
A0 Iy4HOrO MIOpe Ha Mmope 0aTtaTy y KuibkocTi Oinbiie 51 %. Tomy, Uit mogaibInux
JOCIIKEHb OyJI0 00paHO 3pa3ku camMOyKiB 13 3aMIHOIO SIOyYHOTO MIOPE Ha IMIOPE
Oararty y kibkocTi 25 ta 50%.

Ha ocHoOBi onepxaHux OTpUMaHUX OyJ0 MOOYyI0BaHO MpOdiIorpamMu SKOCTI 3a
TaKUMU TOKa3HUKAMH: 30BHINIHIA BUIJISIA, KOJIp, CMakK, 3amax, KOHCHUCTCHIIIS.
OuiHtoBaHHS TPOBOAWIM 3a OanbHONO IMKaiow Big O mo 5 OGamiB. Otpumani
pe3yabTaTH BIJOOpakeH1 y BUTIIAAI OaraTOKyTHUKIB SIKOCTI 3 ypaxyBaHHSIM BaroMOCT1
KOXKHOTO TIOKa3HUKA. Pe3ynbTaTi JOCiKEeHb MIPEACTaBIeH! Ha pUCYHKY .

CHAE CHEE
L CMAK .
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a) 6) B)
Pucynok 1 — IIpogistorpamu sikocri. a — KonrpoJsb, 0 — 3pa3ok 1, B — 3pa3ok 2

samax® “sopHImEIE BHrIAT

OneprkaHi JaHI CEHCOPHOT'O aHali3y, MOKa3aju, 0 HaO1IbI HAOIMKEHUM 3a
MOKa3HUKAMH SIKOCTI1 10 KOHTPOJILHOTO 3pa3Ky, BUSIBUBCS 3pa3ok Ne 2.

BinmpaiiroBaBIiy TE€XHOJIOT1I0 MPUTOTYBaHHS caMOyKy 3 BUKOPHCTAHHSAM IIOpPE
Oaraty OyJo AOCHIIKEHO BIUIMB Mmiope Oarary y kuibkocTi 25 Tta 50 % Ha 3MiHY
($13UKO-XIMIYHMX MOKA3HUKIB TOTOBOI COJIOAKOI CTpaBU. 3a TOMEPEIHIMU TaHUMH
B1JIOMO, 1110 MIOpe 6araTy BUCOKOOIJIKOBAa CUPOBHHA, TOMY JNOIIILHO OYJIO0 JOCTIAUTH
SK caMe 3MIHIOEThCS HOTO KUTBKICTh B JOCTIKYBaHUX 3pa3Kax puc. 4.

o
>
th

1]
-
th b

4]

(]
)
th

r/100r

b
-
th

MacoBa yacTra OijIKa

=]
£
o=

=]

KonTpoas [I3pa3zox 1 H3pa3ok 2

Pucynok 4 — BmicT OliIka B 10CTiIKYBaHUX 3pa3sKax caMOyKy

Ak BUAHO 3 PUCYHKY, HAMOUIBIIMI BMICT OiJKa MICTUTBCS Yy 3pa3Ky 2 Ta
ctaHoBUTH 4,27 mr/100 T, 10 y 1,9 pa3u O1j1bIIIe TOPIBHSIHO 3 KOHTPOJIEM.
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Okpim 11pOT0, OYJIO BUBHAYEHO 3MIHY MAacOBOi YaCTKU ITyKPIB y JOCHIIKYBaHUX
3pa3zkax camOyky (puc. 5).
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th
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KonTpoas [I3pa3zox 1 H3pa3ok 2

Pucynok 5 — BmicT 3arajJJbHUX HYKPiB B J0CJIIIKYBAaHUX 3pa3Kax caMOyKy

3 pucyHKy 5 6a4mmo, 110 HaMOUTbINA KITBKICTh 3araIbHUX IYKPIB MICTHTHCS B
KOHTpPOJIBHOMY 3pa3ky 22,5 %, a nHaiimenma - 11,2 % B 3pa3zky Ne 2. Ile sBuie
MOYKHa TOSICHUTH 3HUKEHUM BMICTOM BJIACHMX IIYKpPIB IMIOpe OaTaTy IMOPIBHSIHO 3
sa0myyHuM y 3,1 pasmu.

Takox, Hamu OyJiI0 AOCHIIPKEHO BIUIMB MOpe OaTaTy Ha 3MiHY THUTPOBAHOI
KHUCJIOTHOCTI IOCHIIXKYBaHHUX 3pa3KiB caMOYKY, OCKIJIbKH T1JBUIIICHHS a00 3HI>KEHHS
KHUCJIOTHOTO OajlaHCy OpraHi3my JIIOJIMHY MOXE MPU3BECTH JI0 CEPUO3HUX MOPYIICHb
310poB’st  (puc. 6).

BusHavyeHHs T[‘IT[]OBZIHO.I'
KHC/I0THOCTI, T'paj
£
=)

KonTpoas [I3pa3zox 1 H3pa3ok 2

PucyHok 6 — Bruius mrope 0araty Ha 3MiHy THTPOBAHOI KMCJIOTHOCTI B
AOCTIIKYBAHUX 3pasKax caMOyKy

Pesynbrati nMOCHIKEHb TOKa3ylOTh, 10 TUTPOBaHA KHUCJIOTHICTh JJIS
KOHTPOJIBHOTO 3pa3Ka CTaHOBUTH — 1,2 rpax, mis 3pa3ka Ne 1 — 0,8 rpan, mis 3paska
No 2 — 0,35 rpaxn. Lle roBoputh mpo Te, 10 caMOyK 13 BUKOPUCTaHHSAM Iope OaraTy
Ma€e MEHIITy KUCJIOTHICTh IMMOPIBHSHO 3 KOHTPOJIEM, & OT)KE IMIO3UTHBHO BIUTMBATUME Ha
IIUTYHKOBO-KHIIIKOBHH TPaKT.
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Bucnosknu:

Ha ocHOBI mpoBeneHOro aHAMITUYHOTO OIJISIAY, AOCTIIKEHO MOKIUBICTh
BUKOPHUCTAHHSA HETPAJAMULIMHOT CHPOBHHA - 0araTy B COJOJKHX CTpaBax, 30Kpema B
camMOyKax. YIOCKOHAJECHO TEXHOJOTII0 COJOJIKHUX CTpaB Ta MiaiOpaHO paﬂloHaHBHl
napameTpu BupoOHuuTBa. I[IpoBeneno psa CKCTIEPUMEHTaIbHHX JOOCTIIKEHb 1
BCTaHOBJICHO, 1110 BUKOPUCTAHHS IIOpe 6araTy B TexHoJjorii camOykiB 50 % mo macu
sOJTy4YHOTO MIOPE JI03BOJISIE€ TMIABUIIUTH BMICT Ouka y 1,9 pa3u, 3MEHIIUTA BMICT
BYIJIEBO/IB Ta 3HU3UTU MOKA3HUK TUTPOBAHOI KHCIOTHOCTI TOTOBOI cTpaBu y 3.4
pa3u 3a paxyHOK €CEHIIaIbHUX PEYOBHH, SIK1 MICTATHCA B IOCHII)KYBaHI CHPOBHUHI.

Buxopucrannus mope Oararty J03BOJSIE YPI3HOMAHITHUTHM MEHIO B 3aKJajiax
PECTOPAHHOTO TOCMOAAPCTBA, a TAKOXK MIABUIIUTH XapUYOBY LIHHICTh TOTOBUX CTPAaB.
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Abstract: In recent years, consumers have significantly increased interest in the study of non-
traditional plant raw materials, which contain high content of dietary fiber, vitamins, minerals,
natural antioxidants, etc. Unhealthy eating is now being actively opposed all over the world, so a
healthy and balanced diet is considered a trend today.

Licorice grasses are always crusted with great popularity among children and grown-ups, at
the same time they stink of calories and are not balanced for chemical warehouses. That same
group of strains will require an improved prescription warehouse for a new "healthy" herb
supplement.

To balance the nutritional value of licorice herbs, and sambuki itself, it was selected, recently
popular, low-calorie, non-traditional syrovina, and sweet potato itself. "Lycorice potatoes" to
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avenge in its warehouse the amount of mineral speeches and vitamins. Sweet potato in the
technology of sambuki vikoristovuvali, replacement of the prescription component, apple puree
mashed batat, like a regular replacement of the prescription component, apple puree.

Keywords: sweet potato, licorice, sambuco, sweet potato puree, non-traditional syrovina.

Cratts Bianpasnena: 12.04.2022 p.
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MILK WHEY DIRECTED ENRICHMENT BY MINERALS AND

PROSPECTS OF IT USING IN FEED TECHNOLOGIES
CIIPSIMOBAHE 3BAT'AYEHHS CUPOBATKHN MOJIOYHOI MIHEPAJIbBHUMUA
EJJEMEHTAMMU TA IEPCIIEKTUBHU Ii BAKOPUCTAHHS B TEXHOJIOT'ISIX
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Anomauia. Bugueno saxomomipnocmi npoyecy 30a2a4eHHs CUPOBAMKU MOIOYHOI MACHIEM
(1,8...4,1 pasu) i mancamom (1,5..4,2 paszu) 6HACHIOOK eNeKMPOICKPOBO2O OUCNEPSYBAHHSA
CMPYMONPOBIOHUX SPAHY]L BIONOBGIOHUX MEMATIE 8 MEXHOLOIUHOMY eNeKMPOPO3PAOHOM) KOMNIEKCE
3anexcHo 6i0 mpusanocmi 0opooaenns (30...180 c).

Jocniosceno xapaxmep nepebicy izuxo-ximiuHux i OIOXIMIUHUX Npoyecie y MONOYHIU
cupogamuyi, 00poOneHill eneKmpoickpogumu po3psadamu. [[oeedeHo GIOCYmMHICMb He2amu8Ho20
BNIUBY HA CKAAO 1 81ACMUBOCMI CUPOBAMKU MONIOYHOI. Poskpumo nomenyian 0ns gopmysanus 6
Hill YilboBUX (HYHKYIOHANbHO-MEXHOLO0IUHUX B61ACMUBOCMEl, 30KpeMda 6HACNIOOK YMBOPEHHs
HAHOYACMUHOK 0I0N102IYHO YIHHUX Memanié ma Yacmko8020 NepemeopeHHs MOIOYHO20 YYKPY V
JIaKmMoO6iOHO8Y KUCIOM).

B cmammi obrpynmoseano oOoyinbuicmsb 3acmocy8anHs eleKmpoicKpo8o2o 00pobieHHsA 8
MEXHONO02IUHIU cXeMi NepBUHHO20 0OPOONEHHS MONOYHOI CUPOBAMKU Ol KOPMOBUX HPOOYKMIG.
Loseodeno 3abezneuenns 00606ux nompeb Oitinux kopie y machii Ha 38,6 %, cyxocmitinux — Ha 50,6
%, monoouaxka - Ha 61..111 %, 3anedxncHo 6i0 dHcueoi macu ma cepedHbo00008020 NPUPOCH).
Cmynino 3a6e3neuenocmi ManeaHom nOKpusae 00608y HOpMy Kopie i MonooOHAKa auwe Ha 1 ...2 %.

Obrpynmosano  inmencugixayito maudxce yosiui npoyecy QepmeHmy8anHs MOLOYHOL
cupo8amku 6HACNIOOK il 30acayeHHs HAHO- Ma YIbMPAPOIMIPHUMU MACHIE- MA MAHSAHEMICHUMU
yacmuHkamu I NIOBUWEHHS 6Micmy JIAKMOOIOHOB0I KUCIOMU, WO CAYHCAMb  NOHCUBHUMU
MIKpOHYmMpienmamu OJist HCUBUX KILIMUH TAKMOOAKmepill.

Ilokazano nepesacu ma HAOAHO peKOMeHOayii Wo00  3anpoaAONCeHHs  CNoCcoOy
e/leKMpOoICKP08020  0OPOONIeHHsT MOJIOYHOI CUPOBAMKU 8 MEXHONO2IAX MONOYHUX KOPMOBUX
nPOOYKmia.

Knwuoei cnosa: cuposamka MonouHa, eneKmpoickpoge 00pobneHHs, 30acaueHHs
MIHEpANbHUMU eleMeHmAamMu, MazHit, MaHeaH, KOPMOB8i MOJOYHI NPOOYKMU

Berym.
CupoBaTka MOJIOYHAa 3/7aBHA BUKOPUCTOBYBajacsi JJid  BUIIOIOBAHHS
CITBCBKOTOCIIOJIAPCHKOT  XyJq00M 1 CIpsSIMOBYBajacs  MOJIOKONEPEPOOHUMHU
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HIANPUEMCTBAMHA HA MOJIOYHOTOBApHI (epMu micias TMEPBUHHOIO 1 TEIJIOBOTO
0OpOOJIEHHS 32 HEBETHUKY OIUIaTy ab0 KOMIIEHCAIII0 BUTPAT 3a TPAHCIOPTYBaHHS [1,
2]. HuHl TakuM MUISIXOM PO3MOBCIO/DKCHHS I[IHHOI BTOPWUHHOI CHPOBUHH, SIK
MpaBUjIO, WAYyTh MIANPUEMCTBA HEBEIMKOI TMOTY>KHOCTI 3 METOI BHUPINICHHS
npo0sieMy HaKOMHYEHHs 010JI0T1YHUX BiAXoiB. Tol, K pojib MOJIOYHOI CHPOBATKH
B MOBHOIIIHHOMY Xap4yBaHHI CUIbCHKOTOCIOJApPChKUX TBapHUH JOBEACHa Oararbma
JOCIIITHUKaMH Ta 3aCIyTOBY€ Ha yBary [3, 4].

CupoBaTka MOJIOYHA MICTUTh yCl HEOOXIJH1 JJIsi TOBHOI[IHHOTO >KWBJICHHS
XyJ1I0OM TIO’KMBHI PEUOBUHHU Y JIETKO3aCBOIOBaHIN (popMi: OUTKH 3 MOBHUM HabOpOM
HE3aMIHHUX aMIHOKHCJIOT, JIaKT03a, MiHEpalibHl PEUYOBUHHM, BiTaMiHU, Gocdominiay,
(dbepMeHTH, OpraHiyHl KHUCJIOTH, HEOUIKOBI HITPOTE€HBMICHI CIOJYKH, TOPMOHH,
iMyHH1 Tia Ta iH. [1, 5]. BizoMo, 1m0 kKopMoOBa IIHHICTh HATypaJdbHOI MOJIOYHOI
cupoBatku ctaHoBUTh 0,09...0,13 kopm. oxa. IIpote, Ha piBHI 3 UM, ii eHEpreTUYHA
I[IHHICTh HAOJMKEHA JI0 HEIIYIICHOI KYKYpy3u [3]. AMEpUKaHCHKUMU JOCIITHUMU 3
VYHiBepcuTeTy mraTy BICKOHCIH peKOMEHIOBAHO IIiJl Yac TOMIBJII BEJIHUKOI poraroi
XyJI00H 10 CHUPOBATKH MOJIOYHOI BIJHOCHUTHCS SK JI0 KOHIIEHTPOBAHHUX KOPMIB Ta
nepenbayary ix BijbHE BUIIOKOBaHHSA B 00’eMax Bix 36 mo 45 am*/mo6a [3]. V pasi
MOBHOI 3aMiHM BOJM Ha MOJIOYHY CHPOBATKY JOIYCKAETHCS BUIIOIOBAHHS HEIO 10 75
am>/mo6a [6].

3MIHUTH BiJHOIICHHS A0 CUPOBATKH MOJIOYHOI Ha MaJUX MIJMPUEMCTBAX K 10
«HebaXaHOTO TMOOIYHOTO MPOAYKTY», 1 MEpeBecTH i1 y paHr ¢GyHKIIOHAIBHOT
CUPOBHHU 3 BHCOKOI) XapyoBOKO 1 OIOJIOT1YHOIO IIHHICTIO MOXHa 3a PaxyHOK
BIIPOBA/KEHHS CIIOCO0Y €JIEKTPOICKPOBOr0 30aradyeHHs CHUPOBAaTKM MarHieMm 1
MaHTaHOM Y TEXHOJOT1i MOJIOUHHWX KOPMOBHMX MPOAYKTIB [7]. AJKe, SK BiJIOMO,
MIKpOEJIEMEHTaM MaHTaHy Ta MAarHil0 HaJeXHUTh BAXJIWBA POJIb y TOBHOLIHHIN
TOJIIBJII CUIBCHKOTOCIOIAPCHKUX TBApUH, 30KpeMa Belukoi poratoi xyzaodu (BPX)
[8-10].

Marsii Mae BayKJINBE 3HAYEHHS VTS pyO1eBoro TpaBJICHHS
CITbCBKOTOCTIOZIAPCHKUX TBAapUH K AakTUBATOp (epMmeHTtiB, Oepe y4acTb y
BYIJIEBOJTHOMY OOMiHI, BXOAUTH JI0 CKJIaay KICTOK 1 M'skux TKaHuH [8, 9]. Bin He
JICTIOHY€ETHCS B OpraHi3Mi 1 TMOBUHEH IMOCTIHHO HamXxoauTu 3 Kopmowm. IloTpeba B
MarHii y CyXOCTIHMX KOPIB CTaHOBUTH 16 T Ha 700y Ha OJHY TOJOBY; ISl JIHHUX —
Bix 15 1o 33 r Ha o0y 3anexxHo Big HaaoiB [10].

B oprani3ami TBapuH MaHTraH BIJICPa€ poOJb  aKTUBATOpa  JICSKUX
(epMeHTaTUBHUX TMpolieciB, Oepe ydacTb y OOMiHI O1JIKIB, BYIJIEBOJIB 1 JIIIIJIIB,
copusie pocTy xpsoBoi TkanuHu [8, 10-12]. Tlorpeba Benmkoi poraroi Xyaoou B
MaHradi ctaHoBuTh 40...60 MI/Kr cyXOi pEe4OBHHHM KOpPMY 1 3aJ€XHThb Bl PIBHS
MPOJYKTUBHOCTI [8].

Bigomo, mo pamioH cuIbCbKOTOCHOAAPCHKUX TBAPUH, SIK MPABUIIO, MICTUTh
JIOCTaTHIO KUIBKICTh MarHiro, mpote okpemi rpymu BPX (MonomHsak, BariTi,
BHCOKOIIPOJYKTHBHI) Ta y MEBHUX, 3a3BUYAM, EKCTPEMAIbHUX YMOBaxX (MEepeXiaHMMA
nepiol yTpUMaHHS, 3MiHA PAIlioHy, CTPECH, XOJIOJ, CIeKa TOIO) BiI4yBaIOTh HOTO
nedimut. Jlo TOro , 3arajbHa 3aCBOIOBaHICTh MAarHil0 € HE3HAYHOIO 1 CTAHOBUTH B
cepeaqapoMy Jmme 20 % [8]. Tak, € BigomocTi, MO B NACOBHIIHHHA IEPIO/,
HE3BAKAIOYM Ha JOCTAaTHIO KUIbKICTh MArHil0 y pPOCIMHHUX KOpMax, 3a BIJCYTHOCTI
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J0JIaTKOBOTO0 MIHEPAIBHOTO MPUKOPMY Yy BHCOKOINPOAYKTHUBHUX TBapUH Je(ilUT
MAarHiro MOXe MPOSBISITHCS Y BUTJISA1 TpaB'sHO1 TeTaHii [8-9, 11].

Hectaua wmanrany B pamioHi TOMIBIl CYHOPOBOJKYETbCA MOPYLIEHHSIM
dhochopHO-KaBIIEBOTO OOMIHY, KPOBOTBOPEHHS, CTAaTeBHX (YHKIIH, 1, B TMEpIIy
4yepry, BIUIMBA€ Ha BIITBOPEHHS, 30UIBIIYETHCS KUIBKICTh aOOPTIB, MOPYIIYETHCS
CTPYKTypa KICTKOBOI TKaHMHHM. Yepe3 OOMEXEHICTh BCMOKTYBAHHS MaHTaHy Y
TPaBHOMY TPakKTi Pi3HI BUAMU TBapuH N0OpE MEPEHOCATh WOT0 HAJIMIIOK B paIlioHi
[13]. 3 BikoMm moTpeda B IbOMY MiKpoejaeMeHTi 3poctae [11].

Ha pa3i a8 MONOBHEHHS palliOHIB XapuyBaHHS XyA00U MiHEpaJbHUMHU
€JIEMEHTaMH BHKOPHUCTOBYIOTHCS HEOPTaHIYHI Ta OpraHiyHi coJji, MiHEpaJlbHi,
BITaMIHHO-MIHEpaJIbHI MpeMiKcH Ta 1H. Bce OubIne JOCHIIHUKIB MPONOHYIOTh HOBI
dbopMu MiHEpaIbHUX €JIEMEHTIB JUIs TIJIBHUIICHHS iX 3aCBOIOBAHOCTI, 30KpeMa
XeJaTHI KOMIUIEKCH 3 MikpoesnemMeHTamu [12], miHepanapHI IpenapaTd y HaHO- Ta
yibTpa po3Mmipaux ¢opmax [14-15] Ta iH. ToMy mepCreKTHBHUM B IIbOMY HAIMpPSMi €
MOTIOBHEHHST  PaIliOHy Xap4yBaHHs CLIBCHKOTOCIIOAAPCHKOT  XYJ00M MOJIOYHOIO
CHUPOBATKOIO, 30araye€Hol0 MarHieM 1 MaHTaHOM BHACHIIOK €JEKTPOICKPOBOIO
00poOIIeHHS,

Cnoci6 enektpodizuyHoro oOpoOJEHHS CHPOBAaTKU MOJOYHOI 1 #oro
3aMpOBAKEHHST Y TEXHOJOTl KOPMOBUX MPOAYKTIB TOTEHIIMHO MOXE 3HANTH
BUKOPUCTAHHA Ha MIAMPUEMCTBAX MaJioi MOTYXKHOCTI 13 HE3HAYHUMHU OOCsIramu
nepepoOsIeHHs 1€l IIHHOT CUPOBMHU Ta BIJICYTHICTIO IHBECTHMIIMHUX BKJIAJIE€Hb Yy
TEXHOJIOT1i  cymriHHSA. Takuil [UIsiX NepepoOJIeHHS CUPOBATKU  CHPUSITHME
palioOHAIbBHOMY BUKOPUCTAHHIO I[IHHOT MOJIOYHOI CHPOBHHHU, 301JIBIIEHHIO OOCSTIB
BUPOOHMIITBA MOJIOYHOI MPOIYKLIi 3 1 T MOJIOKA Ta eKoJorizaiii BUpOOHUIITBA.

OCHOBHUI1 TEKCT

Mema Oocnidsyceny — OOIPYHTYBaHHSI JOLIIBHOCTI BIPOBAJKEHHS CHOCOOY
eNeKTpo(Pi3uyHOro 30arayeHHss CHUPOBATKHM MOJIOYHOI I[IHHUMHU MIiHEPAIbHUMHU
€JIEMEHTaMU Y TEXHOJIOT'1] KOPMOBUX MOJIOYHHUX MPOAYKTIB.

Mamepianu i memoou. OG’e€KTamMHu JOCHIKEHHs Oynu crnoci® 30aradyeHHs
CUPOBATKH MOJIOYHOI MarHi€EM 1 MAHTaHOM BHACIIJIOK €JIEKTPOICKPOBOTO 0OpOOIICHHS
Ta TEXHOJIOTI MOJIOUHMX KOPMOBHX MpOAYKTIB 13 Hel. [Ipeamerom nociigkeHHs
BHCTYIIAJa CUPOBATKa MOJIOYHA KUCIIA, SIKa 3HAXOAUTh MEHIIIE NIJISX1B BUKOPUCTAHHS
Ha Cy4acHOMY MOJIOKOTIEPEPOOHOMY BUPOOHHMIITBI 1 371€01IbIIIOTO CIPSIMOBYETHCS Ha
KOPMOBI LIiJIi.

EnexTpoickpoBuii croci6 o6poOsieHHs MOJIOYHOT CHPOBATKH peati30BYBald Ha
eKCIIEpUMEHTAaJIbHIN ycTaHOBI, po3pobneHiit HaykoBusmu HYBIll VYkpainu Tta
NPU3HAYCHIA JJIs1 €JEKTPOICKPOBOTO JAUCIEPryBaHHS CTPYMOMPOBIAHUX TpaHy
MeTaniB (3amiza, Mifdi, cpibia, IMUHKY, aTIOMIHIIO, MarHilo, MaHraHy Ttomio) [16].
OCHOBHHMM €JIEMEHTOM Ja0OpaTOPHOTO TEXHOJOTIYHOTO KOMIUIEKCY € TeHepaTop
PO3PSAIHUX IMITYJIBCIB (dacToTa iMmynbciB 0,2...2,0 k['11; 1HIyKTUBHICTh PO3PSTHOTO
koHTypa 1 MKI') 3 CHJIOBOIO YacTHHOIO, MOOYIOBAHOIO Ha TUPUCTOPHIM €IIEMEHTHIM
0a3l, a B IKOCT1 HAaKOMKWYyBaya €Heprii BUKOpUCTaHO KoHaeHcaTop. [logauy Hanpyru
Ha €JIEKTPOJHY CUCTEMY 3/1MCHIOBAJIM 32 JOTIOMOTOI0 MyJIbTa KepyBaHHS.

I'panynu Mertany (MmarHito 1/abo0 MaHrasy), Mo MiJSITaIA JUCIIEPTyBaHHIO,
pO3MilyBaId HA JHMILI po3psaHoi kamepu 06’ emom 300...1000 cm® Mik ocHOBHUMYU
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€JIEKTPO/IaM{, BUTOTOBJIEHMMH 13 BIANOBIAHOrO MeTany. KOHCTpyKuisi yCTaHOBKU
J03BOJISIIa TIOCHIJOBHO OOpOOISTH MOJIOUHY CHPOBATKY B KUIBKOX PO3PSIHUX
KaMmepax, Ha JHI SKHMX MDK BIANOBIZHUMH €JIGKTPOJaMU PO3MIIIyBajJl MarHii i
MmaHraH. [lapameTrpu eNeKTpOICKPOBOrO JWCIEPryBaHHS TpaHy]l METaliB B
CepelIOBHILIl CHUPOBATKM MOJIOYHOI OyTu Takumu: Hamnpyra 80...100 B, emHictsb
koHaeHcaropa 100 mx®, excrosumis — 30...180 ¢, TemmepaTypa cepenoBuIa, o
00poONIsIETRCSA, 3alekana BiJ IIOCTABJICHOTO  JOCHIJIHHMIILKOTO  3aBAaHHSA 1
BapitoBaiacs Biz 20 1o 80 °C.

B po0oTi BHKOpHUCTAaHO CTaHAAPTU30BaHI (OPraHONENTHYHI, (PI3UKO-XIMIYHI,
MIKpOOIOJIOTIUHI) Ta CHEeliaJibHI 1HCTPYMEHTaJIbHI METOAM BU3HAUEHHS SIKOCTI Ta
0€3MeYHOCTI CHPOBATKH MOJIOYHOT Ta MPOAYKTIB ii epepoOIeHHS.

BwmicT MarHiio 1 MaHraHy y JOCHIIHMX 3pa3KaX CHUPOBATKM MOJIOYHOI JO Ta
MICIIST €JIEKTPOICKPOBOTO OOpOOJIEHHS] BU3HAYAIM METOJO0M aTOMHO-a0COpOIiHO1
cnekTpomeTpii. [ 1bOro BUKOPUCTOBYBAJIM aTOMHO-a0COPOIIMHUI CHEKTPOMETP
AASIN (Carl-Zeiss Jena, Himeuuwna), oOiajHaHUN TATbHUKOM JIJISI TIOJIYM S
alleTUJICH-TIOBITPS. Ta JlaMIaMU 3 IMOPOKHUCTUM KaTOJIOM Ha MarHiii Ta MaHraH.
Peectparriss aTOMHOTO TOTJIMHAHHSA 3/11IMCHIOBANIACh TIPU JOBXHHI XBUJII PE30HAHCHOT
niuii 285,2 um (Mg) ta 279,5 am (Mn) y nosiyM’1 alie TUICH-TIOBITPAI.

Pe3yabTaTn aociaigxkeHb.

BcranoBinieHo, 110 32 yMOBHU €JIEKTPOICKPOBOTO OOPOOJICHHS, B YCIX JOCIITHUX
3pa3Kax MOJIOYHOi CHUpOBAaTKM 30uibllyBaBcs BMICT MarHito B 1,8...4,1 pa3um 1
MaHrasy B 1,5...4,2 pa3u, 3aJ€XHO BIJ TpPUBAIOCTI OOpoOIeHHS. JluHamiKy
3pOCTaHHS KUIBKOCTI MarHito 1 MaHraHy B CHPOBATIIl MOJIOYHIM KHUCIII HaBEeI€HO Ha
PUCYHOK 1.
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Bwuict

0 30 60 90 120 150 180 0 30 60 90 120 150 180
TpuBamnicte 0GpOGIEHHS, ¢ TpuBamicte 06poGIEHHS, C

a) 0)
Pucynok 1 — Bmict Mg (a) i Mn (0) y cupoBaTui MOJIOYHIl KUCJTii, 3aJ1€5KHO Bij
eKCIO3UILil eJIEKTPOICKPOBOIro 00po0JieHHs

byno 3’scoBaHo, 10 TPUBATICTH EIEKTPOICKPOBOIO OOPOOJIECHHS MOJIOUHOT
CUPOBaTKHA € BaXJIMBUMHM YMHHUKOM BIUIMBY Ha CTYIiHb 30arayeHHs MarHie- Ta
MaHTaHBMICHUMH YaCTHHKaMHU.

JlucriepcHuil aHaMi3 METaTOBMICHUX YaCTHMHOK JI03BOJIMB BCTAHOBUTH, 10 BOHU
nepedyBarOTh B HAHO-, YIBTpa- Ta MIKpopo3MipHOMY Aiana3zoHax Big 50...70 am g0 7
MKM (pUCYHOK 2, a, 0).
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PucyHnok 2 — Po3noaiji 4acTHHOK MarHii (a) i manrany (0) 3a po3mipamu

JloMiHyBaHHSI HAHO- Ta YJbTPAPO3MIPHUX YaCTUHOK OyJle TO3UTUBHO BILUIUBATH
Ha CTYMiHb 3aCBO€HHS  JaHUX  METAJOBMICHUX  YaCTHHOK  OpraHi3MoM
CUIBCHKOTOCTIOAPCHKOT Xy00U.

B xoai mociimkeHb BCTAHOBJICHO, IO 1] Yac €JIEeKTPOICKPOBOTO OOpPOOJICHHS
CHUPOBATKH MOJIOYHOi 3poctae pH 3paskiB, mpudyoMy 1ieil eheKT BUPaKCHHH MEIo
CWIBHIIIE 32 BUKOPHUCTAHHS MAaHTAHOBUX eNeKTpoAiB. llosicHeHHsSIM 1bOMY (haKTy
MOKe OyTH B3a€EMOJISI METANB 3 «KHCIIOIO» CKJIaJ0BOI0 CHUPOBATKHU: MOJOYHOIO Ta
JTUMOHHOIO KUCJIOTAMH T4 HACUYEHHS METaJIOBMICHUMHU YaCTUHKAMH.

3a BUMIPSHUMHU 3HAQUEHHSMU NOTEHILIANIB IUJIATUHOBOTO €JIEKTPoy Oyiu
MIJICTAaBU KOHCTATyBaTH, IO B CUCTeMi BiJIOyBalOThCS BIIHOBHI MPOLIECU, MPOTE
3HAQYEHHS MOTEHIIAly 3a MaKCHUMaJlbHOi TpuBajiocTi 00poOneHHs (180 c¢) He
MepeBUIIYBaJI0 OKUCHO-BIAHOBHUI noTeHiian (OBIT) cBixoro monoka (250 mB).

Busisneno 3minun OBII B 00po6Gneniit cupoBatii 3 5 MB y KoHTpomi 10
56...201 MB, 3anexxHo BiJ TPUBAJIOCTI OOPOOJEHHS Ta BUAY €JIEKTPOJHOI CHUCTEMH
eJIEKTPOPO3PsAHOI Kamepu (Tadmung 1).

Taboanus 1. ®i3uKo-XiMivHI XapaKTEePUCTUKH JOCTIIHUX 3PAa3KiB MOJIOYHOI
CHPOBATKH MiCJIfA eJIEKTPOiCKPOBOIro 00po0JieHH

Mertain cTpyMONpOBIAHUX Tpusanicts pH OBII, MB
TpaHyJl B €IEKTPOPO3PSAHIN | 0OpoOIeHHS, ¢
Kamepi
30 4,31+0,21 56+2,0
—— 60 4,75+0,23 73+3,0
120 5,18+0,20 159+7,0
180 5,33+0,2 195 +8,0
30 4,594+0,20 79+2,0
Y 60 5,07+0,21 102+3,0
120 5,25+0,24 187+5,0
180 5,45+0,20 201+8,0

[cToTHUX BiAMIHHOCTEH Yy (pakIiiHOMY CKJIaai JOCTIKYBaHUX 3pa3KiB
MOJIOYHOI CUPOBATKHU HE 3HaiieHo [17].

XpomaTo-Mac-CIIeKTPOCKOMIIYHUMHU  JOCTI/DKCHHSIMU ~ JIOBEICHO  YaCTKOBE
OKHCHEHHS JIaKTO3W y JIakTo010HOBY kucioTy (Bim 0,2 % mo 1,7 %, 3anexHo BiA
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napaMeTpiB 0OpOOJIEHHS) MiJ Yac eJIeKTPOICKPOBOrO OOpOOJIEHHS CHPOBATKH
MOJIOYHO1, PO3KPUTO MEXaHi3M 1 OOIPYHTOBAaHO YMHHHKU OKHCHEHHS, a came:
MIIBUIIEHHS TEMIIEpaTypy B TJIA3MOBOMY KaHaJIi; TUCOIIAIlisl BOJSHOI TapH, OJTHUM
13 HpOI[YKTlB AKOI € aTOMapHUIl KHUCEHb; HACHUYEHHS peaKuu/IHoro cepenoBHIIa
METAJIOBMICHUMH YaCTUHKaMHU Ta CIHOJyKaMHd MeETajiB 13 KaTaJlITUYHUMHU
BJIaCTUBOCTSIMH [18].

OTpumani fgaHl 3acBIIUMIM  SK  TMPOXOHKCHHS  TIPOIECY
METaJOBMICHUMH YAaCTHMHKAMH, TaK 1 KOMIUIEKCOYTBOPEHHS MIXK HOHAMHM MAarHiio,
MaHraHy 1 OloJiiraHAaMu CHUPOBATKM MOJIOYHOI Ta, K HACTIAOK, (OpMyBaHHS ii
IITbOBUX (PYHKIIOHAIBHO-TEXHOJOTTYHUX BIACTUBOCTEM.

AHani3 3a0e3neueHHs 1000BuX noTped kopiB B Mg 1 Mn 3a paxyHOK CUpPOBATKHU
MOJIOYHO1, 0OpPOOIEHOI €NEeKTPOICKPOBUMH PO3PSIaMU, MOPIBHIHO 13 CIIOXKUBAHHAM
3BUYAlHOI CUPOBATKU HaBEeICHU y Tabmuus 2.

HAaCHM4YCHHA

Taboanusa 2 — Ctyninb 3a0e3ne4eHHs: 1000BUX NOTPed AiHUX KopiB y Mg i Mn
3a CMOKMBAHHA CHPOBATKHU MOJIOYHOI, 30araueHoi MiHepajJbLHUMU eJIeMeHTAMU
BHACJII/IOK €JIEKTPOICKPOBOT0 00p0o0.IeHHS

HailiMmeHnyBaHHs Hopma Bwmict, Mr/kr Crymninb 3a06€31e4eHOCTI
KOpMY CIIO’KMBAHHS, 1000801 moTpedu, %o,
Kr/poba [3] | Mg* | Mn* | naifiHuX KOpiB CYXOCTIHHUX
y: KOPIB V:
Mg Mn Mg Mn
CupoBaTtka 58 0,03 12 0,2 12 0,2
MOJIOYHA
HaTypaJibHa
CupoBartka 180 | 0,03 | 38,6 0,2 50,6 0,2
MOJIOYHA, 45
30araueHa Mg
CupoBatka 58 0,11 12 1,0 12 1,0
MOJIOYHA,
30arayeHa Mn

Ipumimra.* - excnepumenmanvhi oani emicmy Mg i Mn 6 monouniu cuposamyi 0o ma nicis
00pobnenns enekmpoickposumu pospsaoamu 3a memnepamypu (20+2)°C ma mpusanocmi (90£30)c.

Po3paxyHku 3a1icHIOBaIN A AIMHUX KOPiB kKuBOI0 Macoro 500 kr 3 obcsirom
HanoiB 15 kr/go0a Ta CyXOCTIMHMX KOpIB 3 ypaxXyBaHHSIM J00OBUX MOTpeO
MIHEpaJIbHUX €JIEMEHTax 3rifHO 3 pekoMeHaamismu [8]. Jlo6oBi moTpedu y marsii
JUTSL TIAHUX 1 CYXOCTIMHMUX KOPiB cTaHOBIATH 21 1 16 T Ha 100y BiamosinHO. /[060Bi
noTpedu y MaHraHi i JIHHUX 1 CyXOCTIMHUX KOpiB cTaHOBIATH 600 MKTr Ha 100y.
Cryninp 3abe3nedeHHs A000BUX moTped y Mg 1 Mn pospaxoByBanu 3riHO 3
PEKOMEHAIlIIMA  CIIOKMBAHHS  CHPOBAaTKM  MOJIOYHOI, HaJaHI Ha  3amuT
KOHCYJIbTAIIITHOTO LEHTPY Acomari BUPOOHUKIB MOJIOKA Ykpainu
aMEepUKaHCbKUMHU HAayKOBLSAMH 13 arpapHoro yHiBepcurery llltaty Bickonciu [2, 3].

BcranoBneno, mo cupoBaTKa MOJIOYHA, 30araueHa MiHEpaJbHIUMH €JIeMEHTaMHU,
3/aTHA 3a0€3MeYnTH NOoTpedu AIHUX KOpiB y MmarHii Ha 38,6 %, CyXOCTIHHUX — Ha
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50,6 %. Toxi, sk cTyniHb 3a0€3M1€YEHOCTI MAHTaHOM X0ua ¥ y Maiike 3 pa3u BUILUN
3a MOJIOYHY CHPOBATKy HEOOpOOJIeHy, MpoTe 3aatHuid 3abe3meuntu jwimre 1%
no6oBoi HOpmu KopoBu. [lim wac BumoroBanHa wmosiogHska BPX 3 Hopwmoro
CIIOKUBaHHsA He Oinbiie 37 am® Ha 100y, Uit SKuX 1000Ba nmoTpeda y Mg CTaHOBUTH
Bil 6 mo 11 r Ha noOy Ha OAHY TOJOBY 3ajJe€XHO BiJ JKMBOI MacH Ta
cepenHbo1000BOTO pHUPOCTY [8], 3a0e3neuyeThest moTpeda y maruii Ha 61...111 %.
[ToTpebu y maHrasi, noi0HO 0 AIHUX 1 CYyXOCTIMHUX KOPIB, 3a0€3MeUyIOThCS JIUIIIE
Ha 1...2 % Big 7000BOI MOTPEOH.

OTxe, IPIOPUTETHUM MEPBUHHUM CIIOCOOOM O0OpOOJICHHSI MOJIOYHOT CUPOBATKU
y TEXHOJOTii MPOAYKTIB JUIsi KOPMOBHUX ILIJIEH € eJIeKTPOICKpOoBe 30aradycHHs
CUPOBHMHH MarHieMm a0bo 30arayeHHs 000Ma MiHEpaJIbHUMU €J1eMEHTaMHU.

BpaxoByroun 3a3zHauene, Oysia po3poOsieHa TEXHOJOTIYHA CXeMa MEePBUHHOTO
00poOJIEHHsI CUPOBATKH MOJIOYHOI B TEXHOJIOT1I KOPMOBHUX MPOJYKTIB (PUCYHOK 3).
OOpoOyieHy cHpPOBAaTKY PEKOMEHJIOBAHO BHKOPHUCTOBYBATH B KOPMOBOMY paIliOHI
Oe3mocepelHbO0 a00 CHPSMOBYBAaTH Ha BUPOOHHUIITBO 3aMIHHUKIB HE30MPAHOTO
MOJIOKA UM 1HIITUX MPOAYKTIB JJIS TOJIIBIII CUTBCHKOTOCTIOIAPCHKOI XY T00H.

36ip MOIOUHOI CHPOBATKH

N7
Mipirpieanasa o t = 4045 °C
N7

BEpIIKH CenapyBaHHSI MOJIOYHOI CHPOBATKH \
EnmexTpoickpoBe 00poOneHHs B pO3psAAHil Kamepi i3

CTPYMOIIPOBITHAM IMapoM rpaHya Mg, T = 60+30 c

EnexTpoickpoBe 00po0IeHHS B pO3pAIHil KaMepi 1
CTPYMOIIPOBITHAM IMApOM rpaHya Mn, T = 60+30 c

AV

IMactepuzanisa, t=74+2 °C, BuTpHMKa 15...20 ¢
A 4

Migcupwi

w
OxonomxkeHad, t= 8...10 °C

NZ

Po31HB y aBTOMOMIIHCTEPHH a00 CIPSIMOBYBaHHS Ha
OBy HepepoOKy Ha KOPMOBI IPOIYKTH

Pucynok 3 — IIpyHUMIIOBA TEXHOJIOTIYHA CXeMAa MEPBUHHOI0 00P00IeHHA
CHPOBATKH MOJIOYHOI i3 32CTOCYBAHHAM €JIEKTPOICKPOBOI0 cocody B
TEXHOJIOTII MPOAYKTIiB /JJI KOPMOBHUX I[IEH

Ha mHactynmHomMy eTami BHBYaIM JIOLUIBHICTH BIPOBADKEHHS CIOCOOY
€JIEKTPOICKPOBOTr0 OOPOOJICHHS CHPOBATKH B TEXHOJIOTIT CUPOBATKU 30araueHo;.
JIist  BCTAHOBNEHHS ~ BIUIMBY  €JEKTPOICKPOBOrO  OOpoOJeHHsS  Ha
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KHCJIOTOYTBOPIOY1 BIACTUBOCTI Lbc. acidophilus Bu3Ha4amu TUTPOBAHY KHUCIIOTHICTh
CHUpPOBAaTKHA MOJIOUHOI 4epe3 KoxkHI 6 ron ¢gepmenTarii 3a temmneparypu (40+2) °C.
JluHamika 3MiH TUTPOBAHOI KHCIOTHOCTI B JOCHIJKYBaHHUX 3pa3kax (epMEHTOBAHOI
CHUPOBATKHU B 3aJICKHOCTI B BUXITHUX MTapaMeTpiB HaBEJCHA Ha pUCYHKax 4 — 6.

BcranoBneno, mo s ycix JIOCHIDKYBaHMX 3pa3KiB XapaKTepHUM OyJio
IPUPOJIHE 3POCTAHHS TUTPOBAHOI KHUCIOTHOCTI mpoTsrom ¢epmentauii. Ilpote, B
3pa3kax, 30aradeHux MIHEpAJbHUMH €JIIEMEHTAaMH BHACIIJOK EJIEKTPOICKPOBOTO
00po6sieHHst npotarom 30...60 ¢, mpupicT TUTpoBaHOi kucioTHOCTI (AT ) y daci 6yB
iHTeHCUBHIIIUM. Tak, depe3 24 ron ¢epmenraunii B gocmigHux 3paskax Nel AT
ckianano Bia 140 no 169 °T, 3anexHO BiJl TpUBAIOCTI 00pOoOJICHHS; B 3pa3kax Ne 2 —
Big 122 no 136 °T, B 3pa3zkax Ne 3 — Big 140 go 171 °T. Toxai, sk B KOHTPOJI1 4Yepe3
100y epmeHTallli TUTpOBaHA KUCIOTHICTH 3pociia juiie Ha 110 °T.

250

°T
b
S
S

p—
LN
o

.

JIOTHICTB,
[a—
S
S

h
e
|

0 - I I I | |
0 6 12 18 24 30 36
Tpusagicts ¢pepmenTanii, roxa
-O-Konrpons =30 —4—60 =X-90 —=—120

Pucynok 4 — /lunamika pepMeHTaLlii MOJIOYHOI CHPOBATKH, 00p00JIeHOI B
PO3psAAHi Kamepi 31 CTPYMONPOBIIHUM IIAPOM rpaHy.a Mn B NopiBHAHHI 3
KOHTpOJIeM

TurpoBana kuc

31 30UIbIIEHHSIM TpHUBAIOCTI 00poOieHHs a0 120 ¢ BHAcCHiAOK 3pOCTaHHS
KUIBKOCTI METaJeBUX YACTHMHOK Yy MIKPOPO3MIpHOMY Jiama3oHl 1, sIK HACIIJOK,
3mimeHHss pH y BuxigHiil cupoBaTul B JyXHHHI Oik, (depMmeHTalis BiaOyBamacs
noBuTbHINIE. HaifBHIly KHCIOTOYTBOPIOIOUY aKTHBHICTH KyJIbTYpa MOJOYHOKHCIUX
MiKpoopraHi3zmiB Lbc. acidophilus iposiBiisiia B MOJIOYHIN cHpoOBaTiii, 0OpoOJieHiil B
pO3psiAHI  Kamepl 31 CTPYMOINPOBIIHUM IIapoM TrpaHydl Mn 3a TpuUBaJIOCTI
o0po6sienHst 60 c, Ta B cupoBartiii, 30araueHiii 0bomMa MiHEpaJIbHUMU €JIEMEHTAMHU.
Cnig  BIAMITUTH CHUHEPIeTHMYHY [0 MAar”il0 1 MaHraHy Ha 1HTEHCUBHICTb
dbepmeHTariii, MmO 3YMOBJICHO 3pPOCTAHHSM BAKJIMBUX TMOXHUBHUX MIKpO- Ta
MaKpOEJIEMEHTIB I MOOYJOBM KOMIIOHEHTIB JKUBUX KJITHH JIAKTOOAKTEpid Yy
dbopmi, TOCTYIIHIH NIl 3aCBOEHHS Ta KOHCTPYKTUBHOTO METa00JI13My 32 OJTHOYACHOTO
M1JBUILEHHS BMICTY JJAKTOO10HOBOI KUCIIOTH 5IKa, SIK B1JIOMO, CIIpHsi€ IHTEHCU]IKaIIii
mpoiieciB ckBarryBanHs [19].

ExcniepuMeHTanbHl  JOCHIKEHHS JUHAMIKM HApPOCTaHHS KHUCIOTHOCTI Yy
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(dbepMeHTOBaHIA CHUpOBATIl JIOBEJIM, IO 3alpPOBAXKEHHS  E€JIEKTPOICKPOBOTO
00pOoOJIEeHHSI CUPOBHHHM y TEXHOJIOTII0O CHPOBATKA MOJIOYHOI 30aradeHoi J03BOJISIE
CKOpPOTHUTH 4Yac 1ii (QepMeHTamii A0 HapOCTaHHS TUTPOBAHOI KHUCIOTHOCTI [0
40...60 °T Ha 3...6 roa MOPIBHSAHO 13 TPAAHUIITHOIO TEXHOJIOTIEIO.
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THTpOBaHa KHCJIOT
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-O0-Kontpoms --30 =60 =%=90 ——120
PucyHnok 5 — /Ilunamika pepmeHTalii MOJIOYHOI CHPOBATKH, 00P00JI€HOI B
PO3pAAHINA KaMepi 3i CTPYMONIPOBIAHUM IApOM rpanyJy Mg, B OpiBHSIHHI i3
He0OP00JIEHO0 MOJIOYHOI0 CHPOBATKOI0
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—O0—KoHTpoms —0~30 (Mg)+30 (Mn) =2—60 (Mg)+30 (Mn)

=%=30 Mg)+60 (Mn) =—60 (Mg)+60 (Mn)
PucyHok 6 — /Ilunamika pepmeHTalii MOJIOYHOI CHPOBATKH, 00P00JI€HOI B
pO3psAAHiA KaMepi 3i cTpyMonpoBigHuM mapom Mg i Mn B nopiBHsIHHI i3
He00p00JICeHOK0 MOJIOYHOI0 CHPOBATKOIO
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He 3Baxatoum Ha Te, 1110 CUpOBaTKa MOJIOYHa, 30arauéHa MaHraHOM, HE 3/1aTHa
3aJI0BOJILHUTH J00OBI MOTPEeOH CLIBCHKOTOCTIOAAPCHKOT XyJ00M Yy LbOMY LIHHOMY
MIKpOEJIEMEHTI, ajie¢ BpaXOBYIOYH HOT0 MO3UTUBHUMN BIUIMB HA MPOLIEC CKBAIITYBAHHS
CHUpPOBATK{, 3a3HAYEHMH CMOCI0 MEepPBUHHOTO OOPOOJIEHHS CHPOBUHHU JOLLIBHO
3aCTOCOBYBATH B TEXHOJIOT1I CHPOBATKH MOJIOYHOI 30aradeHoi Juisi KOpMOBUX LiJIeH 3
MeTOI0 1HTeHcu(iKalii mpoiecy (EepMEHTYBaHHS 3a OJHOYACHOTO IiJBUIICHHS
010JI0T1YHOT I[IHHOCTI IPOAYKTY.

[IpuHIIMIIOBa TEXHOJIOTIYHA CXeMa BHUPOOHMIITBA CHPOBATKH MOJIOYHOT
30arayeHoi, BUpoOJIEHOI 13 CHPOBUHU, TONEPETHBEO 0OPOOJIEHOI B €IEKTPOPO3PSIIHIMA
Kamepi 31 CTpyMONPOBIIHUM ILIAPOM MarHito 1/abo MaHraHy, HaBeJIeHa Ha puc. 7.

306ip miaCHPHOI CHPOBATKH |

Tlinirpipamms, t=35...40 °C |
7

BEPILKU

Hincnpui — CemapyBaHHS MOIIOYHOI CHPOBAaTKH |
5 \

EnexTpoickpoBe 00po0ieHH B pO3pAAHil KaMepi i3 CTPyMOIPOBiTHHM
mapoM rpaayn Mg, T =604+30 ¢

\Z

EnextpoickpoBe 00po0IeHHS B PO3PSIHII KaMepi 13 /
CTPYMOIIPOBIHHM ITapoM rpany1 Mn, T = 60+30 ¢

| IMactepuzamis, t= 74+2 °C, BuTpuMEKa 15...20 ¢ |
7

| OxomnomxernHs (=40...45 °C |
L ¥ 2

3aKBanTyBaHHS Ta CKBAIlyBaHHS YHCTHMH KyIsTypaMH Lactobacillus
acidophilus no xucnotaocti 40...60 °T

\Z

| OxomomxerHs, t =8...10 °C |
L ¥4

| Po3musB |

Pucynok 7 — IIpyHIIMIIOBA TEXHOJIOTiYHA CXeMAa BUPOOHUIITBA CUPOBATKHU
MOJIOYHOI 30ara4eHoi i3 3aCTOCYyBAHHAM €JIeKTPOiCKPOBOro 00pod/1eHHs

Jlis BUpPOOHMIITBA CHUPOBAaTKA MOJOYHOI 30aradeHoi 3a 3ampoNnOHOBAaHOIO
TEXHOJIOTIEI0 PEKOMEHJIOBAHO BUKOPHCTOBYBAaTH CHPOBATKY HiACHPHY, OCKUIBKH
CHUpOBaTKa Ka3eiHOBa Ta KHCJa MOTPeOYyIOTh PO3KUCICHHS. TeXHOIOTriuHui mpoiiec
BUPOOHUIITBA CUPOBATKU MOJIOYHOI 30arayeHoi 3/1HCHIOIOTh B TaKii MOCIIOBHOCTI:
30upaHHs MIACHUPHOI CHPOBATKH, ii mimirpiBanHs g0 Temmneparypu 35...40 °C,
cenapyBaHHS ISl BHUJIQJICHHSI JKUPY, EJEKTPOICKPOBE OOpOOJEHHS 3HEXKUPEHOI
MOJIOYHOT CHPOBATKM Ha EKCIEPUMEHTATHHOMY TEXHOJOTIYHOMY KOMIUIEKCI B
€JIEKTPOPO3PSAHIN KaMepl 31 CTPYMONPOBIIHUM MPOLIAPKOM TpaHyJsl MarHiro i/abo
MaHraHy 3a Hanpyru 3apsaku konjaencaropa 80...100 B, emHoCTI KOHAEHCaTOpa —
100 mx®, wmixenektpogaux npomixkkis 0,01...0,1 mwm, TpuBamocti 00poOJICeHHS
30...90 ¢ y enexkTpopo3psaHiiA Kamepl 31 CTPYMOINPOBIIHUM TpoirapkoM Mg i1/a6o
30...90 ¢ y eneKkTpopo3pANHIA Kamepi 13 CTPYMONPOBITHUM MpoIapKoM Mn;
nacrepu3aiis 3a temrneparypu (74+2) °C 3 BurpumyBanHaMm 15...20 ¢, 0X0JI0KEHHS
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no temnepatypu 40...45 °C; 3akBaliyBaHHs 1 CKBalllyBaHHS YMCTUMHU KyJbTypaMu
Lactobacillus acidophilus no napoctanus kucinotHocTi 10 40...60 °T; oxomomkeHHs
10 8...10 °C; po3nuB y aBTOMOJIIIUCTEPHH.

OTtxe, pe3yJbTaTi eKCIIEPUMEHTATbHUX JOCTIIKEHb croco0y
€JIEKTPOICKPOBOrO 30arayeHHsi MOJIOYHOI CHPOBATKH I[IHHUMH MiHEpPAJIbHUMU
eJIEeMEHTaMHU Ta MO3UTUBHHUM BILTMB Mg 1 Mn Ha opraHi3Mm CLIbCHKOTOCIOAAPCHKOT
XyJqoOu JaroTh MiJICTaBU PEKOMEHAYBAaTH HOTO 10 BIPOBAKEHHSA y TEXHOJIOTIIO
MIEPBUHHOTO OOpOOJICHHST MOJIOYHOI CHPOBAaTKH IS BHUPOOHUIITBA KOPMOBUX
MPOAYKTIB SIK CBIKMX, TaK 1 (hepMEHTOBAHUX.

BucHoBkM

BcranoBneHo Taki mepeBarw 3ampoBaHKEHHS CIOCO0y EJIeKTPOICKPOBOTO
00poOJIEHHSI MOJIOYHOT CUPOBATKH B TEXHOJIOTISIX MPOAYKTIB i1 KOPMOBHUX I[LJIEH:

v/ 30aradeHHs] MOJIOYHOI CHPOBATKH JUIS BHUIIOIOBAHHS CiIbCHKOTOCIIONAPCHKOI

Xy/1oOou HEOOX1THUMHU JIJIs1 11 OpraHi3My MiHEpaJTbHUMU PEYOBHHAMM;

v/ 3a0e3neueHHs 1000Boi morpebu y Marmii Ha 38,6...111 % 3anexHO Bix
BIKOBOi KaTeropii (MOJIOAHSK, CTATEBO3PLIl KOPOBU) Ta CTaHy (JIaKTaIlliHUMN,
CYXOCTIMHUIM) BeNUKOi poraToi Xyaobw y pasi CHOXKHUBAHHS MOJIOYHOI
CUPOBATKH 3T1HO 3 PEKOMEHI0BAHUMHU HOPMaMH;

v/ BUKJIIOYEHHS TOTPe0 Y 3HAYHMX TLIOIIAX JUIS 3aIpOBAKEHHs iHHOBAI[IHOIO
eNEeKTPO(PI3UIHOrO CrIocooy;

v/ 3MEHIIIEHHS TIOTPe6 y EMHOCTSIX 32 CKOPOYEHHS TPHBAJIOCTI (pepMeHTAallii y
TEXHOJIOT1i CHPOBAaTKH MOJIOYHOI 30araueHoi;

v/ CKOPOYEHHST BHPOOHHYOTO IHKIY Y TEXHOJOTil CHPOBATKA MOJIOYHOI
30ara4eHoi.
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Annotation. Patterns of milk whey enrichment process by magnesium (1,8...4,1 times) and
manganese (1,5...4,2 times) as a result of corresponding metals conductive granules electro-spark
dispersion in technological electro-discharge complex in dependence from duration (30...180 s) is
studied.

The nature of physico-chemical and bio-chemical processes passing in treated with electro-
spark discharges milk whey is studied. The absence of negative influence on the composition of milk
whey is proved. It is revealed the potential for the target functional and technological properties
formation in it, particularly due to the formation of nanoparticles of biologically valuable metals
and partial conversion of lactic sugar into lactobionic acid. The article shows expediency of
electro-spark processing application in the technological scheme of primary whey processing for
feed products. It is demonstrated daily needs provision of dairy cows in magnesium by 38.6%, dry
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cows - by 50.6%, young cattle by 61 ... 111%, depending on live weight and average daily gain. The
degree of manganese coverage covers the daily norm of cows and young animals by only 1 ... 2%.

The milk whey fermentation process intensification near two times due to its enrichment with
nano- and ultra-sized magnesium and manganese-containing particles and increasing in
lactobionic acid content, which serve as nutritious micronutrients for living lactobacilli cells, is
Justified.

It is shown the benefits and given recommendations for establishing of electro-spark milk
whey treatment method in dairy feed products technologies.

Key words: milk whey, electro-spark treatment, enrichment by minerals, magnesium,
manganese, feed milk products
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INFLUENCE OF CONDITIONS AND DURATION OF STORAGE ON THE

QUALITY OF GRAIN OF WINTER WHEAT AND PRODUCTS OF ITS

PROCESSING
BIIJIUB YMOB TA TPUBAJIOCTI 3BEPITAHHS HA SAKICTb 3EPHA TTIINEHUIII
O3UMOI TA IPOAYKTIB {i IEPEPOBJIEHHSI
Gunko T.S. /I'ynbko T.C.
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University of Life and Environmental Sciences of Ukraine
Heroyiv Oborony st., 13, Kyiv - 03041, Ukraine
Hayionanvuuii ynieepcumem biopecypcis i npupoOooxkopucmyseants Ykpainu
Kuis, I'epois oboponu 13, 03041

Anomayia. B pobomi poszenioaromvcs NUMAHHA w000 6NIUBY COPMOBUX 0COOaUSOCMEl,
VMO8 ma mpueanocmi 30epicants Ha AKICMb 3epHa NuleHuyi 03umoi ma npooykmy ii nepepooxu —
bopowna. Aemop iomiuae ocobaueocmi 3epHa nuieHuyi ma OOpowiHa, sk 00 ’ekmis 30epicanHs i
8i0N0BIOHO X pi3HUYIO 00 peaxyii Ha napamempu 308HIUHBO2O CepedosuUwa i K pe3yibmam
cmitikicms nio uac 30epiecanns. B pezyiomami nposedenux 0ocniodxcenv 0VI0 8CMAHOBIEHO, WO
yine 3epHo nuienuyi o3umoi 0obpe 30epicac c60i AKICHI NOKA3HUK Npu 30epieanti y CyXomy cCmami
8NP0006IHC Mpusano2o uacy. /nsa bopowna Kpawje 3acmocogysamu 30epicaHus 8 0X0L00HCEHOMY
CMaHi, Max sk maxKuil pexcum 3aoe3nedye Oilbul NOBLIbHE NPOMIKAHHS 3MIH Y 1020 SIKOCMII.

Knrwuoei cnosa: 3epro, nuenuys ozuma, OOpowHo, 30epicanHs, pexicum, AKicmo.

Beryn.

3epHO MIIEHUINl 03UMOI Ta MPOAYKT ii mepepoOKu — OOpOIIHO, SIK 00 €KTH
30epiraHHs, CyTTE€BO BIJIPIZHAIOTHCSA MK C00010. 3epHiBKa MIIEHUIl HAIHHO 3BEPXY
3aXHUIlleHa BiJ 30BHINIHIX BIUIMBIB 3a JONOMOIOI IUIOJOBOIO Ta HACIHHOIO
000JIOHKOT0, KOJKHA 3 SIKUX Ma€ TPH MIapu. bopomHo — 11e mpoayKT nepepoOKu 3epHa
i BOHO CKJIaJa€ThCs i3 BHYTPIIHBOI YACTHHM 3EPHIBKM — KIIITHH eHpocrepmMy. Moro
oco0nMBICTIO, K 00’€kTa 30epiraHHs, € TOW (akT, MO JO BOHO CKIATAETHCS 13
BEJIMKOI KUTBKICTh TOHKOMIOAPIOHEHNWX YaCTOYOK, SIKI HE MAtOTh 3aXUCHUX 00OJIOHOK 1
TOMY SIK pPe3yJibTar, BOHO Tipie 30epiraerbes [3, 4]. [Ipomec 36epiranus OoporrHa
XapaKTEPU3y€EThCS MPOTIKAHHAM 010XIMIYHMX Ta MIKpOOi10JIoTidHI mporieciB. YacTuHa
13 HUX € MO3UTUBHUMH 1 BOHHU IOJIIIIYIOTh WOr0, a YaCTMHA — HETaTUBHUMH, 1 B
pe3yibTaT iX TMPOXOKEHHsS SKICTh OopoIrmHa moripuryerbes. [lo3uTUBHUM €
N03piBaHHSA Ta BUOUIIOBaHHS OOpOIIHA, a HEraTUBHUM — MOro 3ripKHEHHS Ta
M1JIBUIIICHHS Pi1BHS KUCJIOTHOCTI [1, 2].

3Bakal0uM Ha BHINl€3a3HAUYEHE MPOBEACHHS JOCIIIKEHb 1010 BCTAHOBJICHHS
BIUTMBY COPTOBHUX OCOOJIMBOCTEW, YMOB Ta TPUBAJIOCTI 30€piraHHs Ha 3MIHU Y SIKOCTI
3epHa IMILIEHULI O3UMOi Ta MPOAYKTY ii mepepoOku — OOpolIHa, MpPEeICTaBISIOTH
HayKOBUM IHTEPEC Ta MAIOTh MPAKTUYHY LIIHHICTb.

Marepiaau i MEeTOAUKA I0CJIiI’KEHb.

JlocmipkeHHsT 3pa3KiB 3€pHA MIIEHHUIl O3UMOI TPOBOAWIM B Jaboparopii
Kadeapu TEXHOJIOTii 30epiraHHs, MepepoOKM Ta CTaHAapTH3alli MPOAYKIi poc-
muaHunTBa HYBIIl Ykpainu. O6’ekTu HOCHIIKEHb: AKICTh 3€pHA MIIECHHUIl 03UMOT
JOCIITHUX COPTIB Ta OOpOIHAa Ha pPI3HUX eTanax TPUBAJIOro 30epiraHHs B
oxonomkeHomy crtani (5...10 °C). Konrtponb — sKIiCTh 3€pHa O3UMOi MIIECHHUII
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JTOCTITHUX COPTIB Ta SKICTh OOpOIIHA, BUTOTOBJEHOIO 3 HBOTO 3a 30€piraHHs B
cyxomy ctani. CxeMmy pOBEJICHHSI TOCIKEHb HABEICHO HUKYE.

BuxigHa AKicTE 3epHa NWweHUUi pisHUX copTie Ta BopowHa
BHUIroTOBMEHOro i3 Heoroe Ao 36epiraHHA

30epiranxn B JDepiraHHA B cyXoMy CTaHi
OXONOAMEHOMY CTaHi (koHTpOnL)
(5...10 °C)

L | |

TpueanicTe 36epiraHHA

30epiraHna 1 micAukb

|

3bepiranna 3 micAui

| |

MokazsHWKKM AKOCTI
SepHa NweHWUdi Ta

J0epiraHHa 6 micAuie GopowHa, )
BUroTOBMNEeHOoro i3
!. HEOTO

3bepirannna 9 micAuie

| ]

3bepiravun 12 micauis

HERN

Pucynok 1 — Cxema npoBeaeHHs J0CJiKEHb

VY 3pa3kax 3epHa MIIEHUIl 03UMOi Ta B IPOJYKTI ii nepepodku (OOPOIIHO) BU3-
Hayajy HACTYIHI MMOKA3HUKH SIKOCTI: 1. 4MCIIO MajiaHHs; 2. KUIbKICTh KICHKOBUHY; 3.
AKICTh KJIEHKOBHUHH.

JUist mpoBeAeHHS AOCHII)KEHb BUKOPUCTOBYBAJIMCA HAWOUIBII MOMIMPEHI Yy
HAyKOBHUX JOCTIPKEHHSX Ta BUPOOHUYIM MPaKTUI[l METOAM OLIHKU SIKOCTI 3epHa
TMIIIIEHUIT 1 TPOIYKTIB HOTO MEPEPOOKH.

Pe3yabTaTu 10C/IiIKeHb.

JlocmikeHHsT 3MIHM SIKOCT1 3€pHa TIICHHIII Ta OOpOITHA, BUTOTOBJICHOTO 13
HBOTO 3aJIEKHO BIJ COPTOBUX OCOOJHMBOCTEH, YMOB 1 TpPHUBAJIOCTI 30epiraHHs
3MIMCHIOBAIM 13 BUKOPUCTAaHHSM 3pa3KiB 3€pHA COPTIB O3MMOI MIICHUIL.
JlocmpkyBanmu 3pa3kud copTiB o3umoi mmeHuii [lomonsuka ta Cmyrisaka. [lani
COpTH 3TiHO J[epKaBHOTO PEECTPY COPTIB POCIUH YKpaiHU BITHOCATHCS 0 CHIBHUX
TIIICHUITD.

OnnuM 13 HaWOUIBII BaXXJIMBUX TIOKAa3HUKIB SKOCTI 3€pHA € aBTOJIITHYHA
akTUBHICTh. Llell moka3HUK y 3epHiI Ta OOPOILIHI 3aJI€KUTh Bl CTAHY KPOXMAJIO y Ta
BJIACHE AKTUBHOCTI HAaTHBHUX €H3UMIB 0 1 [P-amiunasu. Po3mip 3epeH Kpoxmaro
BIUIMBA€E Ha iX CKJAJ, CTyINiHb HaOyXaHHs, B’SI3KICTb, MOJIEKYJIPHY Macy Ta
Yy TIUBICTh JI0 JI1i €H3UMIB BIJIITOBIHO Ta BIJIIrPa€ BU3HAUHY POJb Y (hOpMyBaHHI, K
SKICHUX IIOKa3HHMKIB CaMOro 3€pHa IIEHWI TaK 1 MPOAYKTIB 1 mepepoOku. Y
OOpOIIIHI HOPMAJIBHOI SKOCTI aBTOJIITUYHA aKTHUBHICTh €H3WMIB HE3HAYHA 1 HE Mae
HEraTUBHOTO BIUIMBY Ha SIKICTb XJ1i0a.
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30upaHHs 3epHa y JOLIOBY IOTOly MOXKE CTaTU IMPUYUHOIO HOro MPOPOCTAHHS.
B upomy 3epHi MIABUIIYETHCS AaKTHBHICTH €H3MMIB 1 OCOOIMBO o-aminasu. B
pe3ynbTaTi iX il Kpoxmallb TpaHCPOPMYEThCS y JAEKCTPUHH, a Hajxaml — uykpu. Lle
CYTTEBO TOTIpIIy€e XJ1OOMEKapChKi BIACTUBOCTI OOpoIlHa 13 1pOro 3epHa. Ximd 13
HBOT'O Ma€ M’ SIKYIII JIUIKUH Ta 13 MOPOKHUHAMHU 1 TEMHO3a0apBICHY CKOPUHKY.

B pesynbTaTi mpoBeneHux AOCIIKEHb OyJI0 BCTAHOBIICHO, 110 YHCIIO TaJTaHHS
y 3epHi 1 OOpOITHI BIAPI3HAIOTHCS MK co00t0 (puc. 2a). Y GopolrHa 4nuciao nagaHHs
MEHIIE, HIXK y 3epHa. Takuil pe3yibTaT MOSCHIOETHCS TUM (pakToMm, 10 10 OopolIHa
MEPIIOTO TaTyHKYy TOTpaIuisi€ MEHIIE C€H3UMiB, TaK SK BOHH B OCHOBHOMY
CKOHIIEHTPOBaH1 y 3apOJKy Ta ajlelpoHOBOMY IIapi 3epHa, a i CKIAAOBI Mij 4ac
nepepoOKM 3epHa Ha OOPOIIHO MPAKTHUYHO TMOBHICTIO BULAUIAIOTHCS. EH3UMM K
3aJIMIIAIOTHCS Y BUCIBKAX Ta OOPOIIHI HMXKYUX TaTYHKIB.
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PucyHnok 2 — 3miHa AAKICHMX MOKA3HHUKIB y 3pa3Kax 3epHa IIIeHHUII 03UMOI Ta
OopolHi 32 Pi3HUX Pe:KUMIB 30epiranus (Hepery/jib0BaHi YMOBH — Y CYXOMY
CTaHI; peryJibOBaHi yMOBHU — B 0X0JIO[AKEHOMY CTaHI)

3aranom 3pa3Ky MILEHHULI Ta OOpOIIHA Ha MOYATKy 30€piraHHs Majud BHCOKI
3HAYEHHS 4YMCJIa NaJaHHS 1 3MIHIOBAJIMCA 3aJIeKHO BIJI COPTY Ta BUAY CHUPOBHHH
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(3epHO-00po1THO) Big 259 10 352 ¢ (pucyHok 2a). [Ipu 30epiranHi JaHUM MOKA3HUK Y
3epHi MIIeHuL1 03uMoi copTiB CmyrisiHka Ta [logomsiHka 3pocTaB, MpoTe HE CYTTEBO.
[Ipomec 36epirannst 60POIITHA TAKOXK CYIMPOBOIKYBABCS 3POCTAHHAM YHCIIO TIaJaHHS,
IpOTE TYT CYTTEBUH BIUIMB HAa HOTO 3MiHY MaB PEXHUM 30€piraHHs.

Uwnciio magaHHs 3HAYHO OUIBINE TMOTIPIIyBajocs TMpH 30epiraHHS Yy CyXOMy
cTaHi, 1 oco0auBo y 6opourHi 13 menuii [lononsuka. TyT nanuii moka3HUK 3pic ax
Ha 42 c. B mioMy MO>XKHa 3a3HAYMTH, 10 32 TAKWX BUCOKHMX 3HAYCHB YHCJIA TTa/IaHHS
MU OTPUMAEMO TYTY KJIEMKOBUHY 1 K pe3yJbTaT XJi0 Oyae Onmiauil, MIIIHUI Ha Kap
Ta HEBEJIMKOro 00’eMy. JlJisi MOKpallleHHs SIKOCTI O TICTa IMiJl 4ac 3aMilllyBaHHs
HEOOX1AHO JT0JaBaTH MPOMHUCIIOBI €H3UMH aM1JIOJITUYHOT JTii.

Bueni bepkytoBa H.C. ta [lIBenoBa I.A. 3a3Ha4ar0Th, 110 Mij Yac Micasi30upaib-
HOTO JJOCTUTaHHSA 1 Y HAacCTynHui nepion (2—3 Mic.), KUIbKICTh KJIEHKOBUHH CYTTEBO
HE 3MIHIOEThCS. Hall pesynpraTaMu y3rofpKy€eTbes 13 UM TBepKeHHAM. KiabKicTb
KJICUKOBUHU y 3€pHI miieHuir o3umoi CmyrisHka Ta [lomonsaka mpu 30epiransi
3MIHWJIAcs HE CYTTEBO, 1 B CEPEIHBOMY IO TEpMiHAX 30epiraHHs B CyXOMy Ta
OXO0JIOJKeHOMY cTaHi 3MiHtoBasiocst 10 0,3 % (pucyHnok 206). 3 miTepaTypu BiIOMO,
mo 6opomHO 70 % BHXOAy Mae KieHkoBHHU Ha 2—4 % Oinblie, HIX 3epHO. Mu
OTpUMAaJTU KJIEHKOBUHH Y OOPOIIIHI MaKCUMaIbHO Ha 3,5 % OlbIle, HiXK y 3epHi.

KonTtponb sikocTi KJIEWKOBMHU B Hallil KpaiHi, Ha BiIMIHY BIiJl 1HIIMX, Ma€
BaXUIMBE 3HaueHHA. Lle ToMy 110 y Hac Ay»e pO3MOBCIOJKEHUM KJIOM-uyepenalka,
AKUU B JeAKl poku ymKokye 1o 20 % 3epHa ycix mociBiB. Jomyctumuii cTymiHb
YIIKOJXKEHHS JIJIs1 BAKOPUCTAHHS 3€pHa y XJI11001eYeHH1 CTaHOBUTH — 2-3 %.

[Ticnst 12 mic. 30epiranss sSIKICTh CUPO1 KJIICMKOBUHM 32 000X PEXXUMIB 1y 3epHa 1
OOpoIlIHa MOKpaluiIacs - BOHa cTana Oulbll MpYKHOIO (pUCYHOK 2B). IIpoTte auHa-
MIKa 3MIHHM LIbOTO MOKAa3HUKA 3aJIEKHO BlJ CUPOBHHH (3€pHO-OOPOILIHO) 32 PI3HUX
peXUMIB BiIpi3HsIacs. B cyxoMy CTaHi KJIEMKOBUHA YKPIIUIIOBAIACS 0 3 MICSIIIB
30epiraHHs, a motiM 10 12 micsiiB po3cnadisutacs: Ha 4 ox. BAK y CmyrisiHku Ta
Ha 6 ox. BJIK y [lononstaku. Y 3epHi 3a pexkumMy 30epirajiocsi B 0X0J0/KEHOMY CTaHi
KJIEHKOBHHA YKPITUIIOBAJIacs BIIPOJIOBXK BChOTO TmepioAy 30epiranns. Tak, y
Cmyrnsaku e 0yno Ha 9 on. BIK, a y copry Ilogonsuka — nva 10 ox. BJIK.
BoporniHo, BUTOTOBIICHE 13 HIET MIIIEHUII MaJIO MIIHIITY KJISHKOBHUHY yKe Ha MOYaTKy
30epiranHsa. B mporieci 30epiraHHsl BOHO 3a3HaBaji0 aHAJIOTTYHUX 3MiH, SIK 1 36pHO: B
CyXOMYy CTaHl KJIEWKOBHMHA YKpIIUIIOBAJacsd BIPOJOBXK YyChOro Tepiony, a B
OXOJIOJKEHOMY 70 3—6 MICAIIB YKPITUTIOBAIAcs a MOTIM po3ciabiroBaiacs.

BucHoBku.

Bynu po3risiHyTI NMUTaHHS MIOAO BIUIMBY YMOB Ta TPHUBAJOCTI 30epiraHHs Ha
SKICHI TTOKa3HUKH 3€pHa MIIEHUII 03UMO1 Ta IPOAYKTY il mepepoOKu — OOpoIITHa.

Bynu orpuMani pe3ynbTaTH, K1 BKa3ylOTh, 110 JIJIs TOBFOTPHUBAJIOTO 30€piraHHs
3epHa Ta OOpOIITHA Kpallle BUKOPUCTOBYBATH 30€piraHHs B 0XOJOMKEHOMY CTaH1, TaK
K SIKICHI TIOKa3HUKH 3aJTUIIAI0THCS OUTBIIT CTA01IbHI, HIK Y CYyXOMY CTaHi.
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Abstract. The influence of varietal characteristics, conditions and duration of storage on the
quality of winter wheat grain and the product of its processing (flour) presented. The author
indicated of features of wheat grain and flour as objects of storage and, accordingly, their
difference in response to environmental parameters and as a result stability during storage. The
results of researches established that the whole grain of winter wheat well kept the qualitative
indicators at storage in a dry condition for a long time. For flour, it is better to use storage in cool
state, as this regime provides a slower change of its quality.

Key words: grain, winter wheat, flour, storage, regimes, quality.
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Summary. The problem of mathematical modeling of the immune response to viral infections
is considered. The mathematical model of the process is described by a system of nonlinear
differential equations with delay. The solution of this system of equations is carried out by an
iterative numerical-analytical method using the Laplace integral transformation. The obtained
results of mathematical modeling provide an opportunity to solve problems of research and
forecasting the development of infectious diseases and apply the results of modeling for the
diagnosis of personalized patients.
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1. Introduction

Mathematical modeling is widely used to analyze the most important
physiological processes in infectious diseases, when different diseases are considered
from a single standpoint as a process of interaction of the immune system with
pathogens. Mathematical models of infectious diseases are nonlinear systems of
differential equations and contain a significant number of parameters that
characterize the immune status of the organism and the properties of the antigen. The
basis of mathematical models of the immune response is the fundamental work of
G.I. Marchuk, [3-7, 18] whose models reflect the most significant patterns of
functioning of the immune system in infectious diseases.

2. Review of mathematical models in immunology

Mathematical modeling is widely used to analyze the most important
physiological processes in infectious diseases, when different diseases are considered
from a single standpoint as a process of interaction of the immune system with
pathogens. Mathematical models of infectious diseases are nonlinear systems of
differential equations and contain a significant number of parameters that
characterize the immune status of the organism and the properties of the antigen.
Mathematical models of the immune response are based on the fundamental works of
G.I. Marchuk [3,4,7,15], whose models reflect the most significant patterns of
functioning of the immune system in infectious diseases.

Traditional tasks in the field of mathematical modeling in immunology are to
build and study models of the immune response and immune protection of the body
in infectious diseases. Infectious disease is considered a conflict between the immune
system and the population of pathogens. Mathematical models of population
dynamics are based on differential equations with delay and integral equations of the
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convolution type, taking into account the prehistory of dynamics. An important
aspect is the consideration of groups of latently infected individuals, patients and
those in remission or isolation. Latently infected individuals can move to the group of
patients further - to the group of isolated patients, then vice versa.

To describe the transitions of individuals between groups should take into
account the time of stay of individuals in a group in the form of some constant or
variable values with a given distribution, 17—19].

The following essential characteristics of the disease are considered as phase
variables of the model:

1. The concentration of antigens V(1) in the affected organ [parts/ml].

2. Plasma cell concentration C,(¢), [cell/ml], is the population of producers and

carriers of antibodies (immunocompetent cells).
3. The concentration of antibodies in the blood F(r), [fraction/ ml]. They

neutralize antigens.
4. Relative characteristics of the affected organ m(¢), which can be interpreted as

the proportion of cells destroyed by the antigen. This is a generalized
characteristic of the damage that the antigen inflicts on the target organ
m(t)=1-M(t)/M", where M(¢)is the number of cells in the target organ at a

time ¢, V" is the number of normal cells.
The model is a system of differential equations with a delayed argument. It
describes the general patterns inherent in all infectious diseases.
The mathematical model is used to analyze and simulate immunological data
and clinical and laboratory data on viral hepatitis B.
Let's write the equation of balance for the number of free viruses ¥, (population

of viruses in the body).

dv

7; = VCV(Z‘) + nbcECV(t)E(t) - 7/VM Vf - 7VFFVf - VVCVf(l)(C* _CV(t) _m(t))- (1)

Values Vv > Vvps Yy, are considered constant. They characterize the inverse of the

time of interaction of viruses ¥, with macrophages, antibodies and healthy cells.
Equation of balance of virus-infected cells C, (¢):

dcC,
tV = oV, (1)(C" = C, =m(1)) = b Cy () E() b, Cp (2). (2)
Equation for the part of the body m affected by the virus:
ci{—”; =b..C,(VE@)+b,C,(t)—a,m(t), E(m)=1-m/C". 3)

Model (1) - (3) describes the general patterns inherent in all infectious diseases.

3. Solution of the problem

Let's mark:
V. C m F P
y1(t):V_/Oayz(t)zc_l(/)ay3(t):Fay4(t):Fay5(t):Fa 4)
f
E M H H B
y(t):_ay(t):_vsy(t):_an(t):_Bay (t):_' (5)
6 g7 MO 8 H° 9 H° 10 B°

ISSN 2567-5273 68 www.moderntechno.de



Modern engineering and innovative technologies Issue 20 / Part 1 é_‘

We write these equations in dimensionless form, taking into account the notation

(4), (5).
yl( )

+a, () +a,y,(H) =N, []; (6)

N, [¥1=n,, (t)yﬁ () + 1, (1, (D) + y5(0) +1,3y,(O]y, (1) (7)
DO 4 a0+ a0 =+ N, (8)

N, [¥1= ny (1= ;) (t = D)y, (t = 7) = y3 (O] + 1y, 3, (= 7) y5 ()5 )
LI+ a0+ ap 0= N, (10)

N, [V1= 1,3, (0 1 (0); (11)

Dy fv0+ Ls0 =N, [ (12)

N,, [y] =1, 21Oy, + 1,9, (0, (0); (13)

d ;,t(t) +pys()=py+ N, [V]; (14)

N, [¥1= 15, (1= p3(0)y; (¢ = 7p) ys (t = 7)) 110 (= T5); (15)
dy;()+e1y6(t)—e3+N [y]; (16)

Ny6 [v]=ng,y, (=7 )yt —7)ye(t—Tp)+ n6,2y7(t)y8(t)y6(t) + ne,syz(t)ye(t)- (17)
Values y,,, 7,7, Characterize the inverse values of the time of interaction of

free viruses with macrophages, antibodies and healthy cells, respectively.
Initial conditions

1 (O0)=1,y,=1,»,(0)=0, y,(0)= 0,86, y;(0) =1, y,(0) =1, y,(0) = 1. (18)

The level of concentration of antigens V,(r) is the main indicator of the

dynamics of the disease and the functioning of the immune system.
Since equation (10) contains an expression b..C, (t)E(¢) that contains a function

E(¢) defined in the block of the T-cellular immune response to make independent

solutions of equations describing the dynamics of processes in these blocks, we will
consider only the linear part of the equation.

YOO = (1 ) = 2,5(1- ¢ ) 4O (1) = L (1- e ), (19)

A ar

The effect of the vaccine on the immune response. Antibodies to HBsAg are
thought to protect against further hepatitis B virus infection and should be caused by
vaccination. HBsAg injections are usually given intramuscularly or subcutaneously.
More than 95% of those vaccinated (with three doses, each containing 40 mg
HBsAg) developed anti-HBs that persisted throughout the 24-month follow-up
period. To simulate the effect of vaccination, the rate equation for the concentration,
v, of the HBsAg vaccine y, =V,/V, should be added to the model set of equation

(4):
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d
%+ Yo V1) ==V F 'y, 355

Model equations for antigen-presenting macrophages M,

(20)

and anti-HBs

immunoglobulins F need to be changed obviously to take into account the presence
of HBs vaccine antigen y, =M, =M /M, :

dy,

E+aFy4(t)=_7/FVV;)y4yl_7/FVI/v0y4y7' (21)

A large number of scientific papers, for example, [2,9,13], are devoted to the
search for solutions of systems of differential equations with a deviating argument. ]
relative to the linear part of the system of differential equations.

The aim of the work is to develop a method for solving systems of nonlinear
differential equations with a deviating argument based on an iterative numerical -
analytical method [5].

We write this system of equations in vector form.

dy(1)

= TAO= RO N); (22)
_41,1 a, 0 0 0]
a,, a, 0 0 0
A= 0 a, a;; 0 0| (23)
0 0 0 f £
(0 0 0 0 p
¥ =[0a,;, 00 pz]T; (24)
N=[N, N, N, N, N, T'; (25)

We have a Cauchy problem for the vector-matrix equation (23) with initial
conditions (25)

We apply to the problem (23)—(25) integral Laplace transform.

Let us denote the Laplace transform of the desired function. Then we have

A(p)Y(p)=yy/p+y(0)+LIN(y)].

Y(p)= A" (D)yo/p + y(0)]+ 4 (D) LIN()]- (26)
i pta, a, 0 0 0
a,, pta,, 0 0 0
A(p) = 0 as, ptas, 0 0 (27)
0 0 0 p+f fs
0 0 0 0 p+p |

Since the Laplace transform is a linear transformation, the search for a solution

to this problem is carried out by an iterative procedure. Let us denote y“(¢) the
solution of the linear part of the problem, ie without N(y) taking into account.
This system of equations can be reduced to three equations, because the
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equations are relative and do not depend on y,(r) and y.(¢) the first three variables.
Then instead of (27) we will have

Y(p) =B (p)yy/p+y(0)]+ B (p)LIN(»)]. (28)
pta, a, 0
B(p)=| a,, pta,, 0 . (29)
0 a3, ptas,

we have a linear approximation:

Y@ (p)=B"(p)y/p+y(0)], (30)
To get a solution in the form y{’ (), you need to find B7'(p).
We have:
1 (p+ az,z) —4a, 0
Bil(p): A (p) —d,, p+a, 0 . (31)
e A%, a,(ptay)  A(p)
| PTas; Ptas; ptas; |

_ 2 _ _
A(p)=p +bp+b,, b= a,,+a,,, b, = a1ay, =4, -

We write in vector form the initial conditions taking into account the
perturbations (25).

d(p)=I[1b,/p 01';
We have for the linear part of the vector equation (27):

YO(p)=B"(p)d(p), (32)
or in component form:
WL B A

Y (p)= : (33)
p p+a3’3 (p+ﬂ0)) +(a)(0))
aq o
KOO = e g 0 (34)
oo st [h(o) sin 't + hy") cosa)ko)t)], (@) >0, 35
()=e [h«)) O 4 B0 ® l 0)2 <) (33)
2@ L+ 30,71 (") <0,

The coefficients 4 are calculated according to the appropriate algorithms

related to the integral transformations of the problem.

Next, we use the obtained solution in the linear approximation to determine the
nonlinear part N(y) of the problem.

Since the nonlinear parts include expressions for E(¢), F(¢), and implicitly P(z),
we write down the solutions of the linear approximations for these functions (to
ensure the search for an autonomous solution of the system of equations with respect
to the target organ).

o= (1 e = %) = B0+ K0 (@) + K06, 2(): (36)
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() = r—3(1 —e ! ): g’ (1) = hgg + hg (") + I3 (&1); (7)
o

4
FO)=g"(t)=hy +e e [ (@) + 12 (@)"1)] (38)
Then for equation (35) you can write k =1,6 by adding the last three expressions.
Taking into account the numerical values of the parameters of this system, we
construct graphs of the obtained relations.
We turn to the search for solutions of a nonlinear system of equations describing
the processes in the target organ.
Taking into account the obtained solution of the system of equations in the

linear approximation, we have the following expressions for the nonlinear
components of this system:

N, =n," @) yg" @O+ " O, (0737 (O + 337 () + 139" (0)]

=ny, [ +g°(t )](1 e t)+ n [ + g () Sy + g* () + (B + g (O) Ay + &°(0))]
+n (hl(%) + gl (t))(hioo) + g4 ()] (39)
Substitute the expressions for g'(r), g°(t), £°(t), g*(¢) (solution of the linear part

of the system of equations) and perform the corresponding transformations using the

program ftgtp, the output of which is an expression in Laplace image space.
1

— z le-i-Z]
N(y1)]z;2+ . 1

przip+zy
0
NO W= F0 .y 50,5 =

! —zﬁ(o)l C W BN

a,t
—r0+r1e ’”+re ©

©
[r4 cos @\t +r. sin 0"'t]

0
-t 0

+e [ cos Pt + 1 sinw®t]+e [r7 cos 20"t + 1 sin 20t]. (40)

Now we can apply the Laplace transform to the expression (41). We get:

1 4 1 1
7 V., +v _
LN, ="y JusePTlos (41)
P oD TV Pt Vs

Applying to this expression an algorithm of equivalent simplification to the
chain of the second order leads to the following expression:
0), Vo . VoDtV
Oty P I (42)
P P TV,ptVy
where through %2, k=0,5, the coefficients obtained as a result of simplification of

fractional-rational expression are indicated.
The nonlinear part is relative C,(t). The nonlinear part is relatively C, (¢) uniform

N = oy (1 —7) = 3O )]+ nbC y0 (=) E (1)
3
=u, + Z{e_ﬂ" l‘[ufkf3 +ui,_, cos(@t — ) +us,_ sin(w”t —7")]}; (43)
k=1

The coefficients u?, j=1,9, are calculated by the formulas obtained by the

corresponding transformations:
0 150 289 2801 &® =[0?, 20, 20"], 7 =[0®7, 20”7, @ 7].
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In the space of images this expression corresponds
—0) B2 & ol d® d(")(p+ﬂ‘°’)+d“‘) ©
N, (p) ==t ; N (o (44)

2 k=1 p (p+B") £(o

The presence of a delay factor leads to a nonlinear fractional-rational expression.
We also approximate [5] the multiplier ¢ by a fractional-rational expression,
limiting ourselves to the second order of approximation:
e—r(k)p N 12-6t%p+ () p?

) 45
l2—|—6r(k)p+(r(k))2p2 ( )
Then:
") 2, (k) 3 =2 | =2
p +1p +n " p+r u Vop+V
N (p) +Z *) 3 *) 2 (k)3 o =~ —+ 0 : . (46)

apt e+’ P’ +a p+al”  p o PP HVp+VS
We obtain the express1on for the nonlinear part of the equation with respect to m(¢).

N, =N, =b°C,0E®D) =5 COOE )= b Th + he ' + g, ()E [1-e )

rg()-e“g0) (47)

~a;l - ~(a, FO )
= bCE"[R — hSe "2 + he " + h0e” )

In the image space, this expression corresponds to:
3 3 —13 =3 =3
+ 1 +
,C[N (t)] _+z vékp Vek+1 ~ Vo " ZVOZj3 Y — (48)
=S+ V6k+4p + V6k+3 p P tVptV;

Using the algorithm of equlvalent simplification of fractional-rational functions

[5], the expression for Laplace image in space takes the form
k

k k
e (49)
p P tnLpth
Substitute the resulting expressions in ((??)).

LN, }=N"(p)=

Y™ (p)=Y(p)+B (p)N" " (p) =Y (p)+V(p), m=0,12,.... (50)
p+b, v 0 _r_zl+ rp+r, |
A, A, p p+rp+r
0 p+a, 2 2 2
rip= % Lo B iPEn (51)
A, A, p p trnptn
aC’,  bulpra) oy E Aprr
(p+am)A (p+a,)A,  p+a, |LP prrEp+r

After performing the appropriate actions in this expression, moving to the space
of the originals and adding linear parts according to (51) we obtain the solution of the
system of equations in the first approximation in this form.

t
YO (t)=ql" +g2" e + e’ [q(k) cos 0"t +qi" sin w"t]

+e_y"t[ ® cos @t + v sin 1], k=1,7. (52)
These expressions take into account the solution of the system of equations in
the linear approximation. Subsequent calculations are performed by similar
algorithms, which include the product of fractional-rational expressions in Laplace
image space in the form of terms of the simplest chains (first and second degree),
reduction of similar and record the results in the original space in a similar form.
Let us plot the obtained solution in the first approximation.
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4. Conclusions.

The model of antiviral immune response of the target organ as a basic model of
infectious disease is considered. An iterative numerical-analytical method for solving
the Cauchy problem for a system of nonlinear differential equations is proposed,
which makes it possible to obtain a solution in quadratures. The basis of this method
i1s an iterative numerical-analytical method for solving nonlinear boundary value
problems using algorithms for approximating fractional-rational expressions. The
results of the model research provide an opportunity to obtain preliminary
information about possible regimes of the epidemic process and use this information
to plan experiments in a stochastic setting.

The proposed method for solving nonlinear boundary value problems can be
used to solve a wide range of nonlinear problems in mathematical physics.
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Anomauia. Poszenioaemvbcs 3a0aua MamemamuiHo20 MOOEN08AHHS IMYHHOI 8I0N08idi Ha BIPYCHI
ingexyii. Mamemamuuna mooenb npoyecy ONUCYEMbCS CUCHEMO) HENTHIUHUX OUPEPEeHYIUHUX DIBHAHD I3
sanisnennam. Poze'sizanus yici cucmemu piensnb 30MUCHIOEMbCS IMEPAYIIHUM YUCTOB0 -AHATIMUYHUM
MemoOoM i3 3ACMOCYBAHHAM [HmMe2palvbHo20 nepemeopenus Jlannaca. Ompumani  pe3yromamu
MaAMeMamuiHo20 MOOeN0BAHHS HAOAIOMb MONCIUBICIb GUPIULYEaAMU 3A0aYi O0CTIONCEHHS T NPOSHO3)8AHHSL
PO3BUMKY [HEKYIUHUX 3aX80PI06AHL MA 3ACMOCO8YBAMU PEe3VIbMAmu MOOeN08anHs 0 OldeHOCMUKU
NepCcoHiPIKOBAHUX XBOPUX.

Knrouoei cnoea: saxyunayis, 3a0aua Kowi, ingexyilini 3axeoproganus, IMYHHA cucmema,
iHmezpanvHe nepemeopeHHs, Imepayitti cxemu, HeIIHIUHI Ou@epeHYitHI PIGHAHHSL.
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Anomauia. Y poobomi 06y10 nposedeno 00cuioxcenHs npoodiemu eghekmusrHozo po3nooiieHHs.
3aMOBNIEeHb MidC BUKOHABYAMU ) cgepi HadanHa nocnye. byno posenamymo oenad nimepamypHux
MOOuQpiKayiti eeHemu4HO20 AICOPpUMMY, NPOBEOEeHO anpooayilo po3eIAHYMUX Mmoougikayii ma
Oooyinvuicmy  iX BUKOpUCMAHHA Yy cepi Ha0aHHs nocaye Ol GUSHAYEHHS e@eKmusHO20
po3nodinents pobomu.

Knrouoei cnoea: ynpasninusa 6UKOHAHHA 3AMOBeHb, HAOAHHS NOCLY2, 2eHeMUYHULL AI2OPUMM.

Beryn.

[IIBuaka 3MiHA TEXHOJOTIYHOI €MOXH Ha enoxy 1H(QopMaIrliiHO-TEXHOJIOTTYHY
CIIOHYKAa€ IO YCBIJIOMJICHHS HEBIJIBOPOTHUX 3MiH, SKI OYIKYIOTh cdepy
oOCIIlyroByBaHHs. ~ YCI ~ TEXHOJIOTIYHI  pEBOJIONII B ICTOpii  JIIOJCTBA
XapaKTEPU3yBAIKCSI BCEOCSHKHUM BIUIMBOM, NTPOHUKHEHHSAM Y BCi cepH JHOJICHKOT
JISUTBHOCTI HE JIMILE K 30BHIIIHE JKepeno. [HTerpalibHOI0 YacTHHOIO KUTTEBOTO
cepenoBUIlla CTalOTh GIpMA 3 HAJAaHHS TMOCIYT PEMOHTY, TMIATPUMKUA Ta
HaJIaro/HKeHHS KOMIT I0TepHOT TeXHIKU. JIsSUTbHICTh Takux (DipM MOB’s3aHa 3 TUM, IO
OUIBIIICTh JIIOJICH TMPAIOIOTh BIITAJICHO, a HEBEIMKUM KOMITAHISIM HE BHHHKAE
norpeda GpopMyBaTH OKpeMHUH BIJAUI TEXHIYHOTO 00CIyroByBaHHsA. CHEKTp MOCIYT
JTAHOTO CEKTOPY Jy’K€ BEIIMKHUH, aJ’>Ke MOKe BKIIIOUATH B ceOe 6araTo pi3HUX MOCIYT:
Bl BCTAHOBJIEHHSI TMPOTPaAaMHOI0 3a0€3MEeYeHHs JO 3aKyMiBIl TEXHIKH JJIs
HEBEJIMKOTo 0(icy Ta MPOKIIaIaHHS B HHOMY MEPEXKI.

BukonaHHS 3aMOBIIEHb BiIOYBA€THCS 3a MPUHITAIIOM YEPTH IX HATXOKEHHS, a
TaKOK HAasBHOCTI MarepiajiB, KBadidikaiii Ta MOXKIMBOCTEH CHELIaTICTiB, M00 iX
BUKOHYBAaTH. Y BHWIIQJKaX, KOJH OJHOYAaCHO BHWHHUKAIOTH 3aMOBJICHHS pPi3HOI
CKJIQJJHOCTI, & caMl 3aMOBHHMKHM MAalOTh PI3HHUI MPIOPUTET, HEOOXITHO OPIEHTYBATUCS
Ha MOXJIMBOCTI CHEIIaJICTIB-BUKOHABIIIB 1 (opMyBaTH ONTUMAIBHUN PO3KIIAL
BUKOHAHHS 3aMOBJIEHb. B Takux BuUIagkax HEOOXIJHO MPUHAMATH PIIICHHS PO
BIJIMOBY 3aMOBJIeHb, a00 4YITKO BHM3HA4yaTH dYac il BHKOHaHHS. Bijg BUKOHABI
BCTAHOBIIIOIOTHCSL YMOBU, TOMY BiH OOHMpae 3aMOBJICHHS BiJ CBO€l KBamidikarlii.
Menemxep 3 mpuiloMy 3aMOBJIEHb BU3HAUAE YC1 HIOAHCH 3aMOBHHKA, 1 B 3aJIEKHOCTI
BiJl HEOOX1JTHUX TEPMIHIB, BA3HAYAE TPIOPUTETHICTH BUKOHAHHSI.
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Ha cboromHinmHboMy pUHKY IpeACTaBIeHI MOAI0OH1 CUCTEMHU ISl BUKOPHUCTAHHS
¢bipm 3 00CITyrOBYBaHHS, ajie OIBIICTh 3 HUX OPIEHTOBAH1 HA IPUHITUI, XTO TEPIIAN
3aMOBUB, TOW OTPUMYE€ MOCIYTy. A TakoX OUIBIIICTh 3 HUX HAMpaBICHO Ha OOJIK
MaTepialiiB Ta KOHTPOJIb BUKOHAHHS 3aMOBJICHb.

ToMy akTyanpHOIO MPUKIIATHOIO 33J1a4ei0 € TONIYK Ta ajanTallis alfOPUTMIB i
METO/JI1B JUIs (POpPMYBaHHS MOCIIIJOBHOCTI BUKOHAHHS 3aMOBJICHB Ui (DipM 3 HaJaHHS
MOCIYT Ta GOPMYBaHHS 3a/1a4 JJIs1 KO)KHOT'O 3 BUKOHABIIIB.

AHaJIi3 JIiTepaTypHUX JKepeJt

BpaxoByroun Te, mo 3amada BiZHOCHUTHCS A0 3a1ad MpPO TMPU3HAUCHHS, SIKA €
olHi€0 3 0a30BUX 3aJa4 KOMOIHATOPHOI ONTHUMI3aIlli B Trajay3l E€KOHOMIYHO1
onTuUMIZallli Ta  JOCHIDKEHHS  Omepalii, BOHAa  HAJIEeXKUTh JO  KJacy
OaratokputepianbHux  NP-ckimagHux  komMOiHATOpHMX — 3ajmad. Taki  3amadl
XapaKTEePU3YyIOThCS TUM, 1110 13 3pOCTaHHIM KIJIBKOCTI BXIJTHUX JAHUX 3POCTA€ Yac Ha
il po3B’si3anHs [1].

YMOBHO MaTeMaTH4HI METOJY BUPIIICHHS 3a7adi pO3MOAUIAIOTh HAa: TOYHI Ta
HaOmkeH1 Metoau. Jlo HaOMMKEeHUX METOJIB BIIHOCATH: T€HETHYHI aJITOPUTMU Ta
€BOJIIOIIIHI CTpaTerii, eBpUCTHYHI METOJH, METAaeBPHUCTHYHI METOIH, IMIiTalllifHe
MO/IeJIIOBaHHA [2-4].

PobGora [5] mpucBsiueHa CTBOPEHHIO MAaTEMAaTHYHOI MOENI 3a7adl TIaHyBaHHS
BUKOHAHHS JIJIsl MIANPUEMCTBAX, sIKI A1I0Th y cdepi HagaHHs mociyr. Kpim Toro B
po0OTI po3po0aEHO KOMOIHOBAaHUI AJITOPUTM JIJIs1 BUPIIICHHS 3a/1a4l MJIaHyBaHHS Ha
ocHOBI ACO airopurmy Ta réeHETUYHOI'O arOpUTMYy. A TakoX B poOOTI NPUBEAEHO
CTPYKTypa CHCTEMH MIATPUMKH TPUUHATTS pillleHb IJIs IUIAHYBAaHHS BUKOHAHHS
JIOTOBOPIB, @ TaKOX PO3TJISAHYTO TEXHOJOT1i, BUKOPUCTAHI sl il NPaKTUYHOI
peanizaiii. Ane podota [5] He BpaxoBye cnenudiky MOXKIMBOCTEN Ta KBaji(ikailito
BUKOHABIIIB.

B poGorti [6] 3ampomoHoBaHO iH(GOpPMAIlIiHY TEXHOJIOTIIO JIs PO3B’SI3aHHS
3a/ayl TJIaHYBaHHS BUKOHAHHS 3aMOBJIEHb IO BUTOTOBJEHHIO TPOIYKIIi Ha
XapyoBUX IMIJIMIPUEMCTBAX HAa OCHOBI aJITOPUTMY <«3rpai BOBKIB» Ta T€HETUYHUX
QITOPUTMIB 3 BUKOPUCTAHHSIM MOJU(PIKOBAHOI MATEeMaTHUYHOI MOJEIl BUKOHAHHS
3aMOBJICHb.

AHani3 nitepaTypHUX JpKEpel MoKas3as, 10 JIJIs TaKUX 3a7a4, JOCTaTHHO 3HANUTHU
HAOJIMKEH1 PIIICHHS, K1 3HAXOJAThCS JOCTATHBO IMIBUAKO 1 € JOCTATHHO TOUYHHUMH
s HeoOXimHuxX Iiei. OJHUM 3 TOIIUMPEHHUX aJIrOPUTMIB JJis BHUPILIICHHS
MOCTABIICHOI 3a7aul € TeHETHYHUN aJropuTM, AKUil 3abesnedye (opmyBaHHSA Ta
3HAXOJKEHHS HAOIMKEHOTO PIlICHHs 3a cKopoueHuit yac [7-13].

I'eHeTMYHMIA AJITOPUTM Ta MiIXOAU HOT0 32CTOCYBAHHA

['eHeTHYH1 anTOPUTMHU BITHOCSTHCS O KIACy MPOLEAYP BHUIIAKOBOTO MOIIYKY,
AK1 HE 3BOASATHCS M0 0€31aJHOro OJyKaHHS B MOLIYKOBOMY IPOCTOPI JAOMYCTUMHUX
pillieHb. 3aBASKU MOXJIHMBOCTI €()EKTUBHOTO BHKOPUCTAaHHS JOCBiAYy, HaOyTOro
KO)KHOIO TIOMYJIAIIIE0 B BHU3HAYEHHI HOBOi 0O0JIacTi MOIIYKY pillleHb B HUX
nepe0avyaeThCs MOMINIIECHHS 3HAYEHHS 1UIbOBOT (PYHKIIII.

MexaHi3M KOXHOTO T€HETUYHOTO aJTrOpUTMY 3aBXKIU CKIAJAEThCSA 13 TPHOX
OCHOBHHX Omeparopis [2, 8]:

* Penpoaykuiss — mpoiec, B SIKOMYy XPOMOCOMH OOMparOThbCAd 13 Kpalium
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3HAYEHHSAM I1THOBOT (GyHKINI. Oneparop penpoayKiii € MTYYHOI BEPCIEI0
HATypaJIbHOT CEJIEKITii, TOOTO BUKUBAHHSIM HAWCHIIBHIIINX.
» KpoccoBep — cxpelryBanHsl 6aTbKiBCbKHX Iap, TeHEpallisl HallaaKiB.
* MyrTartist — Jist BUIQAKOBUX YNHHUKIB.
3arajbHa MOCHIJOBHICTh «[€HETUYHOTO aJrOPUTMY» Ma€ Takuil BUTIsA [2, 8]:

1. OO6panHs HE0OX1IHOT KITBKOCTI 0c10 y momyssiuii (K). 3agaeMo BIUIIK Yacy ¢
= 0.

2. ®opmyBaHHS TMOYaTKOBOI momyssmii Py, mo ckiaagaeTrbess 3 K oci0
BUIIaIKOBUM YHHOM.

3. BuzHadeHHs A1 KOXKHOI ocoOu (GyHKIIT mpucTOocOBaHOCTI F(x)=fitness(x),
i=1...k 1 monysnii B uiiomy Fy(x)=fitness(Py).

5. TlepeBipka yMOBM NPUNUHEHHS POOOTH, SIKa BU3HAUYEHA BUKOHAHHSM YCIX
OOMEXEHb Ta 3HAXOKEHHSIM TAaKOTO PIIIEHHS, IO TOBTOPIOETHCA 3
MOMYJISALIT B HOMYJIALI0, AKII0 BUKOHYyeThes, To KIHELD.

6. OOupaHHs 3 MEBHOIO WMOBIPHICTIO OCOOHU 13 BUCOKOIO MPHCTOCOBAHICTIO 3
MOTEePEAHBOT0 MOKOJIIHHS AJIs CXpellyBaHHs. 3anuc y 6aHk reiB GP.

7. BumaakoBa ceneKilisi TOJOBUHU OaThbKIBChKHUX Nap TNy A4 1 B 13 6aHKy r'eHiB
GP Ta 3 NEBHOIO WMOBIPHICTIO P, fIKa 3a]eXHTh Bif f(x) 1 po3TallyBaHHA

iX y TumMuacoBiit nomyssii 7P.

8. CxpermeHHst oopanux OaTbKIBChKUX Tap Tuiy 4 ta B 13 6anky reHiB GP 3
IMOBIPHICTIO cxpeuryBanHs . g otpuMaTt HamaakiB tuny C i D.
Posminiensst mosoBuHM HamaakiB Tuny C 1 Dy TuMuyacoBy nonysisiiio 7P.

10. 3 meBHOO WMOBIpHICTIO P, BUKOHATH MYTaIlil0 OCOOWH 13 TUMYacOBOI
nonysii 7P, npu yomy P, << P, .

11. Po3mimeHHst OTpUMaHO1 XpOMOCOMH B HOBI1# nomysisuii P = TP.

12. BukoHaHHs oneparlii, MOYMHAOYH 3 TyHKTY 3, k pas.

13. 361abI1€HHS] HOMEpa MOTOYHOTO Yacy ¢ =1+1.

14. SIkuo BUKOHAJaCh YMOBAa 3YNUHKH, TO 3aBEpIIMTH pOOOTYy, a IHAKIIE
3M1MCHUTH MEepexi]] Ha KPOK 3.

15. KIHEIb.

Jlo HailOubll nomupeHux Mojaudikamii TeHETUYHUX aJITOpPUTMIB, IO
JI03BOJIIIOTH PO3B’A3yBaTH 3ajadl O0araTOKpUTepiaibHOI onTuMi3zailii, € Taki [2, 10,
11]:

* SPEA — Strength Pareto Evolutionary Algorithm;

* VEGA — Vector Evaluated Genetic Algorithm;

* FFGA — Fonseca and Fleming's Multiobjective Genetic Algorithm;

* NPGA — Niched Pareto Genetic Algorithm.

Y wmeromi SPEA crTBOproeThcs apxiB, MpU3HAUYECHUW g 30epiraHHs
HEJIOMIHYIOUHX PIIIECHb.

KinpkicTe 1HAMBIAIB, SIKI BKJIOYAIOTHCS B apXiB, PETYJIOETHCS MPOLETYPOIO
Kiactepusanii. Bu3zHaueHHs 3Ha4YeHb NPUAATHOCTI 1HAUBIANIB y MeToli SPEA
3IMCHIOETHCS TUIBKM IIOAO 1HAMBIAIB 30BHIIIHBOI MHOXKHHH, SIKI O€pyTh y4acTb y
CeJIeKUIi Ha PiBHI 3 IHIIUMHU YieHamu nomyssuii [9-10].

3aranbHy poboty Metoy SPEA nouuibHO MpeacTaBUTH TakK:
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1. ChopmyBaTu mepBiCHY MOMyJsIit0 F, 1 MOPOXKHIO 30BHINIHIO MHOXHUHY
(apxiB) A=0, t=0.
2. MonepHi3yBaTH 30BHIIIHIO MHOXKHHY .
2.1. BuzHauuT IpOMIXKHY 30BHIIIHIO MHOKUHY A’ = A4, .
2.2. CKomitoBaTy pillleHHs, 10 HE TOMIHYIOTh BigHOCHO A4, y MHOXuHI A4', i
BHUPAXOBYIOTHCSI TAKUM BHPA30M:
A': A=A U{x|x € A, nx € p(4d),.
2.3. BuganutH i3 MHOKHHH A’ 0cobu, sKi c1ab0 AOMIHYIOTH BiTHOCHO A'.
Ipu 1pOMy, AKIIO icHye mapa oci6 x, y€ 4 i x}y, toni A'=A4"—{y}.
2.4. 3a 1omoMororw npoueaypu KiacTepu3ailii 3MEHIIUTH KIJIBKICTh 0Ci0, sIK1
30epiraroTbcs y 30BHIIIHIM MHOXKHHI, 1 MOMICTUTH PE3yJIbTAaT 3MEHIICHOT
MHOXUHH B P +1.
3. BupaxyBaru 3HaueHHs NPUAATHOCTI iHauBigiB P ta A .
4. Cenexuis. IToxknactu A’ = @ i Bukonaru g s=1, N Taxi aii.
4.1. BunankoBo BUOpaTH 1BOX 1HAMBIAIB X, yeA’ U P,
4.2. Slkmo F(x)< F(y) npu pimenni 3anaui Minimanizmy, o 4'=A4"U{x}, B
immomy sunanky 4’ = A'U{y}.

5. PexomOinarmis.

6. MyTartis.

7. 3akinuenns. Pesynprar P +1=A4" 1a t=1+1.

Skmo t>T, ne T — MakcuMajbHa KUIBKICTh IIOKOJIHb, TO 3 OCTaHHIX
NOMyJISIi  BiAOMparOThCsl HEIOMIHaHTHI ocoOu. Skmo (<7, Toai MOTPiIOHO
MOBEPHYTHUCH J10 Kpoky 2. Etanu 5 1 6 (pexoMOiHallis 1 MyTarlisi) IPOBOASTHCS 3T1THO
3 3arajbHOK CXEMOI0 TeHeTH4yHoro airoputrmy [2, 10]. Etan npuszHadyeHHs
MPUJATHOCTI BIAPI3HAETHCS B1Jl MOIIOHOTO B 3arajibHOMY €BOJIFOIIHHOMY aJTOPUTMI 1
peai3yeThCs 32 TAKOK CXEMOIO.

1. KoxxHomy iHIUBiLY X € A, TPUCBOIOETHCS 3HAYCHHS S (x) €[0,1], mo mae

Ha3By «cmia» (abo Bara) ocoOM. 3HaYEHHS «CHJIM» MPOMOPLINHO KUTBKOCTI YICHIB
nonystii y € P, qis sxkux x>y (1).
cyePnx>
S(X): {y Yy t y} (1)
N +1
Takum 9MHOM, IPUAATHICTH OCOOM X, IO HAJICKUTH APXIBY, MOPIBHIOE ii CHITI:
F (x) =S (x) .
2. IlpupatHicTh 0cobu y € P BU3HauyaeThbest TakuM 4uHOM (3.20):
Fly)=1+ 28(x). )
xed' x>y
[Ipy 1pOMy, YMM MEHILA IPHUCTOCOBAHICTb, THUM OILJbIIE HIAHCIB Yy OCOOH

NepelTy B HACTYITHE OKOJIIHHS.
Y renernuHomy airoput™i VEGA CTBOPIOIOTBCS YAaCTKOBI MOMYJIAMil 3
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0JIHAKOBOIO YHCEINBbHICTIO 0¢i0. KoxkHOMY n-y KpuTepiro F, BiAMOBIAA€ MiIMHOXHHA

n
4aCTKOBOI MOMYJISALil XpoMocoM P, 1iol momyJsiii P.

VY KOXHIN 4acTKOBIi momysiii £, BUKOHY€EThCSI HE3aJIe)KHA CEJICKIlisl 3T1THO 3
kputepiem F,. OmgHak acorjarfisi i CXpelryBaHHS OCi0 BHUKOHYIOTHCSA JJIsi BCi€l
nonyJsii [2, 10, 12].

VY upoMy airoputmi CeNEeKIlisi BUKOHYETbCA TYPHIPHUM MeTojoM. [Ipudomy
Hailikpamia oco0a B KOXKHIM YacTKOBIM MOMMyJsAIii OoOUpaeThcsi HAa OCHOBI CBOET
GyHKIIT IPUCTOCOBAHOCTI.

Haiikpaia oco6a 3 K0>KHOT MIJNOMYJISIIT 3MIITY€ETbCS 3 1HIIUMU 0co0aMu, 1 BCl
1HII TeHEeTUYH1 omepaiii MPOBOAATHCS AHAJIOTIYHO ANTOPUTMY MPU ONTHUMI3aALi
onuiei ¢ynkuii. Hemomikom merony VEGA € Te, 110 B HbOMY HE BpPaxOBYIOTHCS
npoMixkHi pimeHHs. OnTuManbHi pimeHHs B ceHcl [lapeTo, siki € JomycTUMUMA TSI
BCIX KpUTEPIiB, ajie HE 3aJ0BOJBHAIOTH OY/Ib-SKOTO 13 CKaJIspHUX Kputepiis [10].

FFGA — ue Meroa, skuii BHUKOPUCTOBYE paHXyBaHHS 0OcCi0, 3acCHOBaHe Ha
[TapeTo-nominyBaHHi. PaHrom y paHOMy MeETOJl Ha3WMBAETHCS YHUCIO OCIO, IIO0
JOMIHYIOTh HaJ 3a/1aHOK0 0c00010. B  MeToAl BUKOPHUCTOBYETHCS IMpOIEAypa
MPUAATHOCTI, IKY MOKJIMBO ONTUCATH TakuM 4yuHOM [10].

1. {na xoxuoi ocobu S;, j=I.N 3 nomynsauii Py, ne N — po3mip momyJisuii,
pPO3paxoByeThCS paHr r;=1+i, i € Py, i>].

2. Ilonynsauis cOpTyeThCA 3a 3HAYEHHAM PaHry 7, HOTIM KOXHiM 0cobi S,
j=I1..N mnpu3HayaeTbCs TaK 3BaHa HENOBHA NPUAATHICT F;' 3a JI0IOMOIO0
iHTepriossunii. [lpyu 1boMy OMOPHUMH TOUKAMHM JJIsL IHTEPHOJIALIT OOMPAIOThCSI TOUKU

ripmoi F;'=1 s ocobu S;, paHr sAKoi MakCHMMalbHUM, 1 kpamoi F;'=N qis ocobu
S, paHr AKOi MIHIMAJIbHUM.

3. OOuuciroeThCsl MiACYMKOBAa NPUIATHICT 3a JIOIIOMOTOI0 YCEpEeTHEHHS
«CUPOD» MPHUIATHOCTI 0COOH S, 3 OJHAKOBHMH paHTaMu (3).

L F(S
Fy =Z¥ (3)

7€ 1 — KUIBKICTB 0C10 3 OJJHAKOBUM PAHTOM.

Y wmeroni NPGA eran mnpu3HayeHHS  NPUAATHOCTI  3aMIHIOETHCS
MO/IM(PIKOBAHOIO CXEMOIO PO3MOALTY MPUAATHOCTI 3 BUKOPUCTAHHSAM IMOHSATTS HIiIl,
sKa BU3HAYAETHCS JJIS IHAUBIAIB y IPOCTOP1 albTepHATHB a00 LITHOBUX (PYHKIIIH 1
3a0e3reuye MOMJIMBICTh MMIATPUMKHA PI3SHOMAHITHOCTI, JIO3BOJIAIOYH OTpUMATH
pimenns [10, 11].

Jnst  anpobamii  po3rIHYTHX MoAudikaimiii Oyla BHKOpPUCTaHAa CHCTEMa
MIATPUMKU NPUUHATTS PILIEHB, 3aPONOHOBAHA B pPOOOTI [6], aake OJUH 13 aBTOPIB €
il pO3pOOHMKOM, a YAaCTKOBO PO3TJSHYTI METOoAM Oyiau B Hiil peanizoBaHi. Yci
po3rsiHyTI Moaudikalii Oy peani3oBaHi OKpEMUMH MOJIYJIIMU MOBoo Java. Jlis
pIlIEeHHs came MOCTaBJEHOi 3ajaul yci Moau(ikalii nmokasaaiud 4yJI0BUN pe3ysbTar.
CtBOpeHi MoyJ1i 3abe3medyaTh BUPIIIICHHS MTOCTaBJICHOI 3a1a4i uepe3 BeO-iHTepdeiic,
110 3a0€3MeYUTh IBUIKICTh Ta SIKICTh OOCITYTrOBYBaHHSI.
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Bucnosku

Y pobGoti Oyno mpoBeAeHO MAOCTIHKCHHS aKTyalbHOI MPUKIAAHOI 3amadi
MOIIYKYy Ta aJamnTamii aaropuTMiB 1 METOMIB uig (OpPMYBaHHS MOCIIOBHOCTI
BUKOHAHHS 3aMOBJIeHb A (ipM 3 HajgaHHS TOCAYr Ta (GopMyBaHHS 3ajad Jyis
KOXXHOTO 3 BHKOHaBIIB. byno mpoBeneHo orisg JiTeparypHuX Moaudikaiii
TFEeHETUYHOTO anroputMmy. Jlis BUpIIIEHHS MOCTAaBJICHOI 3ajadi BUAUICHO HACTYIHI
mMoau(ikamii reHetnyHoro aiaroputmy: Strength Pareto Evolutionary Algorithm;
Vector Evaluated Genetic Algorithm; Fonseca and Fleming's Multiobjective Genetic
Algorithm; Niched Pareto Genetic Algorithm. IIpoBeneno amnpo0ariito po3risiHyTHUX
MoaudiKaliii, MO MIATBEPKY€E MOIUIBHICTh iX BUKOPUCTaHHSA y cdepl HalaHHA
MOCITYT JJis BU3HaUEHHS €()eKTUBHOTO PO3IOALIEHHS POOOTH.

B pamkam HaykoBo-gocnigHoi pobotu kadenpu 1Hpopmatukun HYXT
BIJIOYBA€ETHCS CTBOPEHHS 1H(GOPMAIIHOI CUCTEMH MIATPUMKHU MPUKUHATTS PIlICHb,
10 6a3y€eThCsl HA BUKOPUCTAHHI PO3TIIIHYTUX MOAU(DIKAI TEHETUYHOTO aJITOPUTMY
JUTSI BUPIIICHHS 33724 YIIPABIIHHS TiAIPUEMCTB Ta PipMm.
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Abstract. The research of the actual applied task of search and adaptation of algorithms and
methods for formation of sequence of execution of orders for firms on rendering of services and
formation of tasks for each of executors was carried out. A review of the literature modifications of
the genetic algorithm was performed. To solve this problem, the following modifications of the
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expediency of their use in the field of service provision to determine the effective division of labor.
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Abstract: This article focuses on the reasons why printing industry is a substantial example of
effectuation of new technologies and innovations. We analyzed that in order to remain competitive,
both small businesses and large corporations are encouraged to learn new tools and constantly
update their knowledge to achieve a higher position in the marketplace, especially in the hardware
and software industry.
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Over the last couple of years, the steady pace
of technology development has changed many
established ways of completing tasks and
accomplishing projects.

In the 1450s Johann Gutenberg introduced the
movable typewriter in the German city of Mainz.
This presentation launched the global printing
revolution, which led to the widespread
dissemination of new ideas and information through
printed text.

Various literary works, religious writings,
treatises, scholarly works and legal texts spread
quickly throughout Europe. The printing revolution
is considered the most important event in the history
of printing. It is even considered one of the crucial
turning points in human history today. In terms of
influence, the global spread of ideas and knowledge has surpassed only by the
emergence of the information age in the last three decades.

The modern printing industry may not be able to make an invention which will
surpass significance of the Gutenberg press. However, there are still some
innovations worth mentioning over the last couple of decades. The Industrial
Revolution's accomplishments (as an example, offset printing) and advances during
the second half of the 20th century (such as inkjet printing and laser printing) paved

Gutenberg's movable-type printing press
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_ the way for many other printing technologies
The first stage of the process is A . .
to print a base of opaque we use today. For example, this list includes
MetalFX metallic silver ink . . . .
innovations that are transforming the potential
of printing nowadays: 3D printers, the use of
metallic colors.
: The process of obtaining real metal effects
T in printing has always been a very difficult task.
A 4 A These tasks were solved dissimilar in different
~— years. Initially the answer was in embossment
T — with metallized foil, then in the use of materials
element of the image is subjected to metallization in various ways: from
printed over the top . . . . . .
lamination with polymeric materials with
sprayed metals to direct reprography.

Metal FX technology is the printing of multiple metallic colors using only one
extra ink. MetalFX is based on the transparency of the CMYK colors, which can
produce many metallic colors when mixed with the metallic basic color (silver).
Metal FX metal pigment color is purer that the silver. This allows printers to create
bright colors [5].

The downside is that this technology was used only for offset printing. It could
not be adapted to flexography, inkjet, digital, screen or gravure printing. That is why
Color-Logic company improved this innovation. To reproduce metallic color, the
company offers to apply a special silver ink in the first section of the printing
machine. Then a triad colors go on top. Process paints act as a protection for the
silver layer below, while acquiring metallic luster [2].

magazine cover without metallization metallic inks printing

It is important that you can combine as many metallic shades as you want in one
layout. That reduces the cost of production and speeds up the printing process.

Imagine a three-dimensional object. For example, a cup, a bottle of water of a
ball. Now imagine that pictures can be printed on the surface of these items directly,
even if the surface is uneven and with bends. Direct printing at objects takes
personalization and customization to a whole new high-quality level. This technology
changes the rules of the game for retailers, print service providers and event
organizers.

American engineers who met at a printing theme conference said: «Our print
heads and our inkjet technologies can do much more than just print on paper. Why
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did we stop on printing only on paper?» [6].

American engineer and inventor Wayne Buchar gathered a group of scientists to
conduct the experiment. After many attempts, they found a way to send drops of ink
in the air over long distances. With normal printing, this distance is from 0.5 to 1
mm, sometimes up to 2 mm. But the resulting 5-7 millimeters are almost a full-color
digital airbrush.

This achievement was the base for the world's first “Xerox™ inkjet printer on
objects. This is a completely new technology, so scientists are still trying to
understand all the potential scoops of use, because no one has done it before.
Technology can evolve in completely different directions.

A certain innovation can be a good addition to the objects created on a 3D
printer. That innovation is printing the image in less than a minute on ready-made
three-dimensional objects. Then you need to remove the product from the mold
(usually it is covered with wax), put in acid. After that we get the finished item. This
makes a lot more sense than completely printing items on a 3D printer, because it
speeds up the process and requires less material and time.

3D printing is very popular nowadays. Three-dimensional products are used for
architecture, mechanical engineering, design, education. This is a production that will
always be in demand. But even this method of printing requires innovation to make
items more durable and high-quality, while costing the same or even less.

One of such innovative technologies is selective laser melting - the manufacture
of complex in shape and structure products from metal powders using the
mathematical CAD-models, i.e. 3D metal printing [1]. The printing process begins
with the division of a product’s digital 3D model into layers with a thickness of 20 to
100 microns in order to create a two-dimensional image of each layer. The
construction of the figure
takes place in the SLM

. Nas: LINGEET Nazepreiid nyy  X-Y caHMpyiolles 3epKkano
chamber of the machine, _’\x
filled with inert gas of argon
PoeHAlWEe YCTRORCTRD

or nitrogen (depending on the  Pea—

type of powder from which | T 4y S
the construction will be ““‘ﬂ“’_ﬂ“_’-l'_ .
=

.j.—:.; ' 3 n Wapenue
made), with laminar flow. !MWW
After that, the product is Y/ N tretops o
removed from the chamber
together with the plate, and
then separated from it
mechanically.
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Almost complete absence of oxygen avoids oxidation of consumables, which
allows printing on materials such as titanium. Materials that can be used at the
moment are copper, tungsten, platinum, gold, aluminum, cobalt-chrome, tool and
stainless steel.

The advantage of this technology is the ability to make products with complex
geometry; weight reduction of products; material savings.

Selective laser melting of metal is used for any task and industry where the
speed of reproduction of strong, almost monolithic objects with complex geometry is
important.

Flexography is the most advanced way of printing packaging due to the wide
range of materials, printing speed, versatility and flexibility of technology. Frequently
used paints are alcohol and water-soluble. But there arises a concept of ecological
packaging, so developing paints capable of biodegradation is in progress right now.

Biodegradable printer inks usually contain non-edible vegetable oil, unlike
petroleum-based oils, in conventional inks. That means that this ink contains less
potentially harmful chemicals (such as volatile organic compounds). Chemicals that
have been shown to have long-term effects on human health [3].

One of the problems of such paints is to ensure the stability of their qualities
over time with high drying on the print. Biodegradable paints are still improving so
that they become light-resistant, stable, environmentally friendly and affordable.

Thus, it is experimentally proven that film-forming substances based on corn
starch paste give the best results. Water is used as a solvent. Triethanolamine 1s added
for stability and stability of the paint [4].

The capability of biodegradation also has a significant impact on the
environment-friendly printer inks. Biodegradable inks cause less contamination and
can be quickly removed from the paper during the recycling process, because they are
easier to decompose than conventional ones.

Therefore:

=> 3D-printing, regardless of the field of use (for industrial, commercial or
domestic purposes), gives many benefits that are not available to traditional methods
of production. This process allows us to reach a new level of individualization and
complexity. In addition, this method of printing does not require tools and is very
economical, i.e. less cost of resources and capital. There are also innovations such as
printing on ready-made three-dimensional objects or printing models with metal
powder instead of plastic.
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=> Publishing products are
improved by the invention of new
paints with metal coating, which
opens fresh usage in the decoration;
as well as biodegradable inks that
have less impact on the
environment. In the future, all inks
will be plant-based, which means
careful use of natural resources.

=> Innovations in the field of
printing are aimed at achieving
maximum productivity of
machines, the use of all possible
resources for not only a good result,
but also safety for health and the
environment.

=> In general, printing needs
automation in order to create more
quality products and at the same time spend less time, material.

The printing industry is a constantly evolving sector in which new innovations
will appear in the future. As market regulation becomes more stringent and
consumers become more aware of the need to reduce their impact on the
environment, environmental-central developments are likely to be one of the pillars
of this drive for innovation. However, there are many problems and even more
opportunities to solve them. We can expect that enterprising and creative people will
meet those problems face to face now and in the not so distant future.
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Anomauia: YV yiti cmammi po3ensanymo, Yomy noniepag)iyHa npomMuciosicms € npeKpacHuM
NPUKIAOOM 8NPOBAONCEHHS HOBUX peyell ma iHHosayiu. Hamu npoananizosano: wob 3aruwamucs
KOHKYPEHMOCNPOMONCHUMU, I MANT NIONPUEMCMBA, | 8eIUKI KOPROpayii 3a0X0uyomuvCsi U84amu
HOBI IHCIMpYMenmu ma NOCMIUHO OHOBNIOBAMU 3HAHHA, W00 Oocsaemu Kpaujoi no3uyii Ha puHKy,
0cobnUB0 8 IHOYCmpii Mawur ma npocpamHo20 3abe3neyeHHs.
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Abstract: The article considers an appointment of fractals in printing industry, various
graphic editors and programs for their creation, the relevance of physical and mathematical
directions in the polygraphy. It was found that fractal structures are formed in the manufacturing of
a product for its further protection in art and for researches. lllustrated examples for the material
are given. We have analysed using of fractals in the printing industry. It is concluded that the
physical and mathematical directions in polygraphy are relevant, it is advisable to use knowledge
of chaos theory to achieve a goal in the printing industry and so on.

Key words: polygraphy, fractals, additive technologies, chaos theory.

Modern polygraphy has made significant progress. Journalism, chemistry,
molecular physics, optics, colour and many other sciences strongly, which are
strongly connected with the printing industry, are developing it in new directions at
an impressive pace. The physics and mathematics field became interesting and
unusual for the polygraphy. More precisely, chaos theory — a branch of mathematics
and physics studying systems which dynamics, under certain conditions, largely
depend on the initial conditions, that makes long-term prediction impossible.
Nowadays, chaos theory is a very active realm of research it involves many different
disciplines [8]. So, the logical question is: how is chaos theory, such a complex
branch of mathematics related to the polygraphy and, moreover, brilliantly opening
up new possibilities for this ancient industry? The answer lies in fractals, in their
close interaction with chaos — unique objects created by the unpredictable movements
of chaotic world. Until recently, such objects of unreal structure and beauty were only
the subject of study and research by the exact sciences. Currently, factions have
practical applications, particularly in the printing industry. Pablo Picasso, a famous
priest, said: "Everything that can be imagined is real".

There is no doubt, modern polygraphy opportunities are used by almost all
spheres of life: industrial, scientific, cultural, etc. And the variety of such
opportunities impresses with the richness of the range: business cards, unique
calendars, notebooks, posters, photo wallpapers depicting family photos, of course,
books, souvenirs, textiles, utensils and much more.

In turn, the computerization of technological processes of reproduction printed
products with the development of 3D printing and their implementation contribute to
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search for new ideas.

Given this, fractal models have found their place in the printing industry. The
term fractal (from the Latin word fractus - fraction), was proposed by B. Mandelbrot
in 1975 for definition of irregular mathematical self-similar structures. Today’s
popular faction of geometry got its name only in 1977 thanks to his book The Fractal
Geometry of Nature. The work of French mathematics used the results of many
students who worked in this branch (especially Poincaré, Cantor, Hausdorf).
Mandelbrot's main definition of fractal is: "A fractal is the structure that consists of
parts that is in some sense similar to the whole body".

There are special programs and packages of graphic editors which can display
geometric fractals. Everyone can work with them, if he has a basic knowledge of
mathematics. To create fractals, you can use an online fractal generator, such as
Fractalposter, which allows you to create your own fractal or view ready-made ones.
Of course, much more creativity is provided by software fractal generators, part of
them allows you to visualize high-resolution images, which are suitable for printing.
Fractal figures created by mathematical calculations - based on parametric equations.
There are the following commercial products that really reproduce quality fractals:

1) Ultra Fractal 5.04, developer: Frederik Slijkerman;

2) ChaosPro 4.0.228, developer: Martin Pfingstl;

3) XenoDream 2.3, developer: XenoDream Software, LLC;
4) Fractracer 1.1, developer: Fractracer Lab.

By the way, interesting fractals can be created even on the phone, for example,
one of programs that reproduce fractals is shown in Figure 1.

O0LOOLO

Color start Color repeat Man. Seg. Man. Angle  Hue

Figure 1. Application of Magic Fractals 2D: Art Therapy

Created images are saved as projects in their own format and exported to PNG
files with the required permission. There is also generation and storage of three-
dimensional mesh objects (OBJ), designed for reproduction by using 3D printing and
saving fractal animations in AVI format [2].

Today, fractal images are used in the production of jewellery and decor,
airbrushing, interior design, securities protection, even to study and improve the
printing process and the quality of printing products. With help of fractals, it is
possible to study the microstructure and physical and mechanical properties of
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printing materials. It's amazing how useful math can be for publishing and
polygraphy.

Fractal graphics which is printed on clothing gives individuality and creativity to
the consumer, able to meet the aesthetic needs of man. In the West, the trend of
developing clothing designs with print of fractal geometry is quite fashionable.
Success is ensured by absolute uniqueness and bright colours. In general, there are no
restrictions on the options where you can print fractal figures: on bags, umbrellas,
moreover even on socks! Figure 2 shows examples of products with a fractal pattern.
Materials print by such printing methods as stencil, tampon, offset; also there are used
sublimation printing technologies on textiles [3].

Tha Celorful Luminoss Modern Abstra.. by Gabosfn Zazzie

Figure 2. The use of fractal figures on different materials

The range of using fractal images is multifarious. Fractal patterns are actively
used in designs of labels, kraft papers, packaging.

Taking into account, that consumers value the product primarily by visual sign,
good and bright wrapper will be a key to success of the manufacturer. Figure 3 shows
products in the packaging of which fractal images were successfully used.

\

Figure 3. Fractal patterns on business cards and packaging

As it was mentioned earlier, fractal patterns can also be used to protect
important papers, documents, etc. The point is, that the protective properties of fractal
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images are based on using of printing with wide range of requirements, which makes
it impossible to falsify digitally. In addition, the coefficients used in the generation of
the pattern cannot be calculated from the final image, which also complicates the
reproduction of the fractal pattern [1].

Fractals are an effective research tool. Their self-similarity allows in many cases
to obtain relatively easily scaling 'laws of behavior of quantities which characterize
the processes on fractals.

During the study of microstructure of the paper surface, which is essentially a

measurement of its smoothness, it was shown that for different types of paper and
cardboard fractal dimension (calculated by the formula Dy, = I:'(—f), where L is the
nk
L]
length of the paper prophylactogram, N - the number of segments which are required
to cover the prophylactogram, taking into account the scale of the prophylactogram

and the scale 1y, fractal dimension D, reflects the nature of the microsurface of the

studied material and allows to consider the influence of the spatial development of
the microprofile, which more accurately characterizes the surface-spatial structure of
the paper and its printing properties) is different. By the values of fractal dimensions
of the paper surface’s microstructure in the longitudinal and transverse directions it is
able to predict the behaviour of paper during the printing process and assess impact
of the structure on its own features, which is important for paper. By the way, during
manufacture of monometallic printing plates, which are the forms for flat offset
printing, when cutting the surface of the profile significantly resembles a regular
fractal - Koch's curve, shown in Figure 4 [4].

Figure 4. Koch curve

As we can see, using the fractal theory and fractal dimension index for
describing surface properties of the number of printing materials is appropriate in
terms of further usage of the theory of printing processes.

With the advent of 3D printing, there are many opportunities to create truly
fantastic things. Prospects of this method of printing are obvious: 3D printing is
already used in architecture, medicine, mechanical engineering, film industry,
education, etc. In particular, with the help of 3D printing it is even possible to print
fractals of almost any shape and size. Jeremy Brune is a man who succeeded in this
case.

! The mathematical form of scaling in this case is power function x?, where the number a — characterizes complex
iterative procedure for appearance of a fractal structure - ascent from small to large and from simple to complex.
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“Fractals have fascinated me since the 80s when I was a teenager,” Brunet tells
3DPrint.com. “My father offered me a book entitled ‘The beauty of fractals’ which I
still cherish to this day. I used to program fractals on my early computers and draw
them by hand. About 5 years ago, a new generation of 3D fractals emerged from a
collaborative work on fractalforums.com and I became hooked again. Brune once
stumbled upon Shapeways, and it immediately became clear that he had to “give a
physical being to these amazing mathematical creatures”.

Shapeways is a Dutch-founded, New York-based 3D printing marketplace and
service, start-up company. Users design and upload 3D printable files, and
Shapeways prints these objects. Users can print objects from more than 55 materials
and types of processing. As of 2019, Shapeways printed and sold more than ten
million user-created objects.

“I like to push the boundaries of fractal art and 3D printing was perfect
technology for that,” Brunet explains. “To me, they are a way to visualise the beauty
of nature, the elegant laws of the Universe and the emergence of complexity through
simple rules and fundamental ingredients. Today, creating 3D printed fractals still
represents many challenges, as these objects bear infinite details by definition, but my
passion is to keep on to continue creating 3D fractals™.

Currently Brunet has about a hundred different fractals available for various
prices on his Shapeways shop. Some are priced less than $10, while others — about
hundreds. They range from large plastic 3D prints to smaller pieces of jewelry made
of precious metals such as gold, silver, and bronze. Examples of Jeremy Brunet's
work are shown in figure 5.

Figure 5. Fractals printed on a 3D printer (image copyright: Coandco)

They really impress with their elegance and unusualness. These are like celestial
bodies that came from outer space. This is what the symbiosis of fractals with 3D
printing is capable of. “I like to try all the possible colours and materials at my
disposal,” he tells us.

In addition, such fractal structures are incredibly strong. Today for construction
of high-rise buildings it is used a steel framework, which provides stability of all
works. Experts from the University of Nottingham in the UK have developed a
revolutionary technology using 3D printing, which reduces metal consumption to a
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minimum, increase the strength of the ultralight frame by 10,000 times [5]. Figure 6
shows a structure based on fractals.

Conclusions: fractals are widely used in the printing industry: they are printed
on 3D printers, fractals are used to study the properties of printing materials, and the
feature of fractals allows to protect products from copies, etc. As you can see, the
implementation of physical and mathematical areas in printing is really actual: new
ideas, creative results and uniqueness - all this is the result of combining science with
a branch of industry which constantly amazes the world. Perhaps, in the future,
scientists will achieve even more success in researches and discovery in the field of
printing, continuing to use knowledges of higher mathematics and, of course, chaos
theory. Then there will be complete chaos and order in printing. Because, as Friedrich
Nietzsche, the German philosopher of 1844-1900, said, "He who does not carry chaos
in himself will never produce stars".
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Anomauia: B cmammi pozenanymo micye ¢ppakmanie 6 noniepaii, pisnomanimui epagiuni
Peoaxmopu ma npocpamu Ois ix CmeopeHHs, akmyalbHiCmy Qi3UKO-MamemMamuiHo20 HanpamKy 8
nonaiepaghiuniu cghepi. Bussneno, wo pakxmanvui cmpykmypu 3acmoco8yiomsycsi y eupoOHUymei
miei yu iHwWoi npodyKyii, 015 il nodanbulo2o 3axucmy, y mucmeymsi i 01 0ocniodxcensv. Hasedeno
intocmpoeawni npuxnaou 0o mamepiany. Hamu npoananizoeano euxopucmauus @pakmanie 6
noaiepagiuniii cghepi. 3pobieHo GUCHOBOK, WO @i3uKO-MamemMamudHull Hanpsam 6 noxiepagii €
AKMYaibHUM, OOYIIbHO BUKOPUCMOBYBAMU 3HAHHSA 3 Meopii Xaocy Ol 00CASHeHHs Miei yu iHuoi
Memu 8 NONi2PaghiuHiti NPOMUCTIO80CIT MOWO.
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Anomauia. B pobomi ompumano niocunenuii eapianm meopemu nopieusanns Koamozcoposa 6
HecuMempuyHomMy 6unaokxy. Ak macniook oodepxcano niocunenHs Hepignocmi Konmozopoea 6
HeCcuMempu4HoM)y UNAOK):
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ons ¢hynkyiu x € L, (R), de

” .:r_l_xf} + B 1x™ ” :r

1
[x]]e = ESHE{IX(S) — x(a)|:x'(t) # 0Vt € (a,B)},

kr€N, k<r, af >0, ¢.(-;a B), — Hecumempuunuii ideanvnuti cniaun Etinepa nopsaoky
r, a Ey(x),, — Hatikpawe pisHoMipHe HAOIUNCEHHS QYHKYTT X KOHCIMAHMAMU.

Knrwowuoei cnosa: meopema nopienuanuns Konimozoposa, nepienicmo Konmozcoposa.
Beryn.
CumBojsioMm G OyjaemMo mo3HadaTth AilcHY Bick R abo ogunHuuHe komno T, 110

peanizoBaHe y BUTJISAI MPOMIKKY [—7, 7] 3 OTOTO)XKHEHUMH KiHISIMHA. bymemo
posrusinati mpoctopu L, (G), 1 < p = oo, BCix BUMIpHUX QyHKIIA X: G — R Takux,
wo [[x|lz,e) < %, ne

i/p

Il @ =] [k@Pdef . 1=p<e
G

Ta

x|z, (¢) = sup vrailx(t)].
teG

Hos crucnocti 3amicts ||x||;_ gy Oyaemo nucatu [[x|| .
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Hns a, B > 0 Ta L, (G) nokiagemo
XMl o0, = llarxs + Bx_|lco,
ne x4 (t) = max{xy(t),0}.

Yepes L, (G) Oynemo mo3HayaTw mpoctip GyHKIIA x € L, (G) , sSKi MaroTh
JOKaTbHO a0COJIOTHO HeMepepBHI MOXimHi 10 (r — 1)-T0 TOpSAKY, NPHYOMY
x" e L (6).

CumBoniom @,.( «; a, ) O3HAUUMO T-U 27T-NIEPIOAUIHHAN 1HTETpal 3 HyJIbOBHM
CepeaHiM 3HAYeHHsSM Ha mepioai Big 2m-nepioanuHoi GyHKIT @o( -5 a,f),
BU3HAYCHOI Ha BiNPi3Ky [0, 277] HACTYITHUM YHHOM:

. _(a  axmo t € [0,2nf/(a + B)],
Pol - f) = {—;5’, Ao t € [2nf /(a + ), 2m].

3ayBaxkumo, o @,.( +; 1,1) € ineansuuM crutaiinom Elinepa ¢, mopsaky 7.
Hoérmander [1] 10BiB HacTyHY Teopemy.
Teopema A. Hexait k,r € Nk <r,G =R abo G =T. Toxi ana Oynpb-aKoi

byukuii x € L', (G) 1 qisg Oyap-skux @, f > 0 Mae MicIie TOYHa HEPIBHICTh

”tp— (Jalﬁ} ” —1r g A kST
1, = 5 ey O O s )
o\@rL .4,

ne Eq(x) ,,— HaliKpalie piBHOMIpHE HAOJIMKEHHS (DYHKIIT X KOHCTaAHTaMHU.

o0

PiBHiCcTB B (1) JIOCSATAETHCS VTS byHKITIH
x(t) =a@;,(ta,f)+b, a,bER, A>0npuG =RiAENupuG =T.

HoBenenns: Teopemu A B [1] 3acHOBaHe Ha Teopemi mopiBHsAHHS. HaBememo

(dbopMyTIOBaHHS JaHOI TEOPEMH JIJISl TIOIATIBIIIOTO BUKOPUCTAHHS.
Husr € N,a,ff > 0,G = R abo G = T nokiagemMo

Wirap (@) = {x € L@ x| o < 1),
i Hexail ¢, (t; @, B) = 1" @, (At;a, B) ans A > 0.
Teopema B. Hexaiir € N, a,ff > 0, x € Wgra’ﬁ (R) 1 uucino A obpane Tak, 110
el = lloarC5a B4l (2)

Sxio Touku € 11 3aJ0BOJIBHIIOTH YMOBU

X(f) = @A,r'(ni a, ﬁ):
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[MpuiIoMy
xf(f) ) @i,r(m 'ﬂ':ﬁ} =0,

TO
' (O] < @3, 0 B
B cumerpuunomy Bumanky @ = ff reopemu A ta B Hanexuts Konmoroposy [2].

B naniit po6oTi orpumano (Teopema 1) mijicuiieHHs TeopeMu B, B sikomy ymoBa

(2) (”xi”m < |lgsr(-;a, ﬁ}i”m) TeopeMu B 3amiHeHa OULIBII CIAOKOIO YMOBOIO
11l < Eo (92, (5.8)) . ne

1
11X = Esug{lxw) —x(a)]: x"(t) # 0 Vt € (a,B)}. (3)
a,
Pa3oM 3 TUM BUCHOBOK TeopeMu | € OUIbII CUIIBHUM, HI’)K BUCHOBOK TeopeMHu B.
3po3ymino, 1o |||x]||e = Eg(X)e, TPUIOMYy HEBAKKO HABECTH MPHUKIAIU

HECKIHYEHHO Au(epeHLIHoBaHUX (PYHKIIIN , A5 IKUX BIAHOUICHHS
[1x]1]e

Eﬂ(x}m

CKLJIbKU 3aBTOJIHO MaJle.
3a gomomMoror TeopeMu 1 oTpumano (Teopema 2) miacuneHHs HepiBHOCTI (1), B
KoMy BenmuuHa Ey(x),, 3aMiHeHa OUTBIN IETIKaTHOIO XapaKTepUCTUKOO |||x|||.. B

SKOCTI JTOJATKy OTpuUMaHo (Teopema 3) miacwieHHs HepiBHocted Jliryna [3] i
BbabGenko [4].

B cumerpuunomy Bumaaky a = [ pe3ynbTatd AaHoi pobotu (teopemu 1-3)
noBejieHi B [5].

OCHOBHHHM TEKCT.
3azHaunmo, MmO sKmo ¢yHKis x € L, (R) MOHOTOHHa Ha OJIHOMY 3

HECKIHYCHHMX MPOMDKKIB (—o0,b] um [a,+©), TO ICHYIOTh CKIHYCHHI TpaHHIII

lim x(t)ra lim x(t) BiamoBimHo. [y Takux (QyHKI# MOKIIaIeMO
t—+too

t——oo
x(—o) = lim x(t), x(+o):= lim x(t).
t——co t—+oo
CumBonu a, b y Teopemi 1 MoxyTh HaOyBaTH OyAb-IKHX 3HAUYEHb 3 PO3LIMPEHOT
yrcnoBoi npamoi. [Ipu oMy Oynemo BBaxatu, mo +o + t = +00, —0 +t = —oo,
vt € R.

HactynHa Tteopema € migCHIIEHHSM TeopemHu mopiBHAHHA Konmoroposa B
HECUMETPUYHOMY BUIIAIKY.
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Teopema 1. Hexaiir € N, a,ff > 0, x € Wo;,a,,e (R) 1 uucno A oOpaHe 3 yMOBH

1l = Eo (¢2,(5@ ) (4)
ne BenmuuHa |||x|||,, BH3HaueHa piBHicTiO (3). Hexait mami [a,b] — mpomixok
spoctands (cnamans) ¢yHkmii x Ttakoi, mo x'(t)# 0, t€ (a,b), npudomy
x'(a) =0, sxkmo a + —o, x'(b) =0, skmwo b # +o, a [&,n] — npomixok
3pOCTaHHS (crtamanHHs) byHKIii @ a, B), MIPUYOMY
@rr—1(&a,f) =@y—1(n;a,f) = 0, 1 HEXall ¥ — TOYKA JIOKAJTBHOTO E€KCTPEMYMY
Gynkuii @, -, (-; @, f) Ha intepsani (£, 7).

Toni sixmo juist Toukw t € [a, b] Touka y € [&, 1] oOpaHa Tak, 1m0

(D) —x(D)| = |@a, (@, B) — @3, (vi @, B)], (5)
a0o0 Tak, 10
x(0) — x(@)| = |o1, i, B) — 91, (& a, )], (6)
TO
X' (O] < |@ar—1 (v e B (7)

HactynHa Teopema € mificuiieHuM BapianToM HepiBHOCTI (1).
Teopema 2. Hexait k,r e N, k <r, G =R a6o G =T. Toxl nns Oynb-aKoi

byukuii x € L, (G) ta nius Oyap-akux «,f > 0 Mae Miclie TOYHA HEPIBHICTh

”49 k(e cr,ﬁ}+|| —kirn fank/T
e e et L Rl Ll MR
o\@rL .4,

ne BenuuuHa |||x|||.,, BU3Ha4YeHa criBBIIHOIICHHM (3).

o0

PiBuicTs B (8) mocaraersca mis Qynkuid x(t) = a@, ,(t;a, )+ b, a,b € R,
A>0mpuG=RtaleNumoputG =T.

Hageneno nifcunenns HepisHocTel Jliryna ta baGenko.
B po6ori [4] babeHKo 10BIB HACTYITHY HEPIBHICTb.

Teopema C. Hexait q = 1, k,r € N, k <r. Tomi mis Oymp-sikoi (yHKIIii
x € L, (T) ta qiisa Oyap-skux «, f > 0 Mae MicCIie TOYHA HEPIBHICTh
lr—icC-5 . B)<| .
(k) . THL,(T) 1-k/r SLIL
|11, ., < B OIL ©
1 Eﬁ(ﬁar('rarﬁ})

PiBuicte B (9) mocsaraerees ans Gyukuii x(t) = ag, . (t;a, ) + b, a,b ER,
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neN.
B cumerpuunomy Bunaaky @ = f§ HepiBHICTH (9) Hanexuts Jliryny [3].

Hactynna Teopema € mificuiieHHsIM HepiBHOCTI (9).
Teopema 3. Hexait q =1, k,r € N, k <r. Tomi mana Oyab-sxoi ¢yHKIIi

x € L, (T) ta nyia Oynp-skux a, f > 0 Mae MicIie TOYHA HEPIBHICTh
”(Pr—k( ) (f;ﬁ)-l-”L (T)

(k) 1—k/T||.(r)
|| ||L (T) = ED( ( )1 kf; ”l ”l ” ? ”ma"lﬁ 1" (10}

Pinicts B (10) mocsraerses it ynkuii x(t) = ae,, . (t;«,f) + b, a,b € R,

n e N.

BucHoBkwm.

B pesynpTari BUKOHAHOT POOOTH OJACP)KAHO TMIJACUJICHUNA BaplaHT TEOPEMHU
MOPiBHSIHHS Ta Hep1BHOCTI KoMoropoBa B HECCUMETPUYHOMY BHUIIAJIKY.

Taxox oTpuMmaHo miacHIeHHs HepiBHOCTel Jliryna ta babenko.
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Abstract. We looked at the possibility of strengthening the comparison theorem and
Kolmogorov inequality in the asymmetric case.

We have obtained a strengthening of Kolmogorov comparison theorem. In particular, this
allowed us to obtain a strengthening of the Kolmogorov inequality in the asymmetric case:

” {k}” E“«':E’r—:;( Fj))Ir”:‘h M ” _1x£r,.] +ﬁ_1x£"}”:r
0

for function x € L, (R), where

il = gsup(ix(8) = @' %0 Ve € (@ )

kr€N, k<r, af >0, @.(-;a f), is an asymmetric perfect spline of Euler of order r and
Ey(x),, is the best uniform approximation of the function x by constants.

Key words: Kolmogorov comparison theorem, Kolmogorov inequality.
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AHoTauisA.

Pegepam. Inmencusnicmo cuenany 6 cepii 306pasicenv dwi, nem/km 6 oyinyi memaoonizmy
2NIIOKO3U 8 NYXAUHHIL MKAHUHI.

006’°ckm oocnioncennsn. byno obcmesceno 186 nayienmis. 3i 6cmMano81eHONO NEPBUHHOIO
nyxaunoro wayHky 40 nayienm, 101 nayienmie 3 pakom RiOWIYHKOG0I 3a103u ma 45 nayicnmis
Ppi3HOI noKkanizayii i nioo3poro Ha Memacmamuite ypPariCeHHsl.

Mema pobomu: Busuumu OJiacnocmuuny modxcaugicmv memoody DWI i nopisnamu ii 3
0lAcHOCMUYHOK XAPAKMEPUCTNUKOI MYIbMUCHIpantbHoi kKomn'tomepnoi momoepagii (MCKT) i
18D-DJII" I[IET/KT 6 diacnocmuyi 3105KICHUX YMBOPEHb YePEBHOL NOPONCHUHLL.

Memoou oocnioxycennn. Jlocniosxcenus nposoounucs va MPT ckanepi  Vantage Atlas
Toshiba 1.5 Tn, eumiprosanacs inmencusnicmos cuenany 6 cepii DWI (b500, b1000) 306padicens i
nooyooeor AJIC kapm, a maxoic po3paxosysanucs snavenus koeghiyienma ougysii (A1C).

Bcim nayieumam maxooic 6yno npogsedeno MPT opearis uepesHoi nopodicHuu i manoeo masa
cmanoapmuum npomokoaom (T1,T2-Bl, FS i 3 6/6 konmpacmysauHsam).

DWI 3acnosanuii Ha peecmpayii 3MiH y Xapaxkmepi OPOVHIBCbKO20 pPYXY MONeKYI 800U 8
PIZHUX NAMOJIO2IYHUX NPOYECAX.

3 oensaody na me, wo 8ci HeaMiHeHi 1iMPOBY3IU MAOMb 0OMENCYBAHHS OUpY3ii, BUKOHYBABCS
KInbKicHUl sumip xoegiyienma oughysii na pexoncmpyuosanux kapmax AJC.

IIET/KT nposoougcs 3 BUKOPUCMAHHAM MiYeHOi padioakmugHum izomonom ¢mop 18-
oezokcuenioxoza (DUI) - memoo sikuti 0036015€ 8i3yanizy8amu i KLIbKICHO OYIHIO8AMU MemMAaOOni3M
2/IIOKO3U 8 NYXAUHHIL MKAHUHI.

Pe3ynomamu ma eucrnoexu.

Ompumani pesynomamu ceiouams npo me, wo DWI mae 6invwi 8ucoxy uymaugicme, ane
Huodicuy cneyugiunicmo, nisie 18D-OAI" ITIET/KT. B yinomy, DWI eghexmueniwe, nine 18D-D/I"
IIET/KT 0 nepedonepayitinoi nocmanosku Oiacno3y i sA611E 000K 000aAMKOSUN Memoo
sizyanizayii, mooi sax I18D-OJI" IIET/KT mae obmedxnceny KopucHicmev 01 nepedonepayiinoi
oiaenocmuxu. Y moti oce uac IIET/KT oae cymmegy nepesazy 6 NOMINUIEHHI OiA2HOCMUKU |
mepaneemuiHo20 CHOCMePe*CeHHs 30 NAYIEHMAaMU, 30IUCHIOE MOHIMOPUHE peaKyill Ha NIKY8AHHS.

Kuarwouesu caosa: MPT, DWI, 18D-®J{I" [IET/KT.

Beryn.
Hes3Baxkaroun Ha Te, 1m0 3a ocTtaHHi 50 pOKIB 3aXBOPIOBAHICTH 1 CMEPTHICTH
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pi3ko 3HM3MIKCs, pak myHky (PLL) 3anuimaerbest 4eTBEpTUM 3a MOMIMPEHICTIO HA
pak 1 3aiiMa€e Apyre MICIle B CBITI K MPUYWHA CMEPTEIbHUX BUIAJKIB, MOB'S3aHUX 3
pPaKoM 13 IOTaHUM POTHO30M.

Pi3HOMaHITHICTH TEPANEBTUIHAX BaplaHTlB noctynHux g PII, takmx sk
pajiKanbHa pe3eKllis, EHIOCKOIIYHa MiJCIN30Ba JHUCCEKIisl 1 Heoaa'roBaHTHA
ximioTepamisi, poObuth TouHy mnepedomnepauiiiny TNM-ctagito HEOOX1AHOKO IS
TMAII€HTIB 3 PAKOM IITYHKY.

Ouinka miM(AaTUYHUX BY3JIIB Ma€ BHpIIIAJbHE 3HAYEHHS [JIsl CTpaTerii
JIKyBaHHS 1 BU3HAYEHHS MIPOTHO3Y y MAIIEHTIB 3 LI€I0 NATOJIOTi€0. Y BUMaKax 0e3
BIJAJICHUX METacTa3iB, po3lIupeHa JIiM(paJeHEeKTOMIs, 3aCHOBaHa Ha TOYHIN
Jokamizamii JIMQaTUYHUX BY3JIB, € BAXKIMBOIO MPOUEAYPOI Yy paauKalIbHIN
racTpeKTOMIl, SIKa MOKE MOJIMIIUTH pe3yabTaT ais namieHtiB 3 PII. 3a manumu
SnoHchKO1 acowialii paky HUIyHKY A audepeniiiioBadoro panuboro PII Tla Ge3
MeTacTa3iB B JIM(aTUYHI BY3/IM BKa3ye€TbCs €HAOCKOMIYHA pe3eKlis ad0 4acTKOBa
PE3EKIIis TITI0C JTiM(paTeHEKTOMIS.

[Ipu HasgBHOCTI KOpENAlii po3Mipy MyXJIUHHU, CTYNEHS MPOHUKHEHHS 1 TPOMOY
CYIMHHOI MyXJIMHU, MeTacTa3u B JiMGaTUYHI BY3JIU PO3TIISIAIOTHCSA SK KIFOYOBHIMA
HE3aJeKHUN NPEIUKTOp PEeHUAMBY 1 € OJHMM 3 TIOKa3aHb /0 aJ1'FOBaHTHOI
ximioTeparii y narienTis 3 PIII.

CratuctuyHo, 5-piuHa BIDKMBAHICTH (TCIS XIPYpriyHOTO JIKYBaHHS) Y
naiieHTiB 3 HyJab0BOK crajiero PIII cranoButh 86,1%, ToAl sSIK TMOKa3HUKHU
BIbkMBaHOCT! y mamieHTiB 3 N1, N2 1 N3 PIII pizko 3umxyrotees 10 58,1%, 23,3% 1
5, 9%, BignoBigHo. Tomy, TouHa mepemomnepariiiHa OLiHKa JiM(paTUYHUX BY3J1B
MOX€E CIPUATHA BUOOPY KaHIUAATIB HA HEO0AJ IOBAHTHY XIMIOTEpaIlilo, ONTUMI3yBaTH
CTpPATET1I0 PaJUKAIBHOT X1pYprii 1 IPOTHO3YBaTU PE3YJIbTAT

Buxonsum 3 mporo, 0yj0 BKpail BaXJIMBO BCTAHOBUTH CTaJllI0 3aXBOPIOBAHHS
IIUISIXOM BUSIBJICHHSI PETIOHAPHUX 1 BIAJIAJICHUX METAcTa3iB JJii BU3HAUCHHS CTafll
3aXBOPIOBAHHS PaKy IUTyHKAa. ByB BUKOpPUCTaHUU psii METOMIB JIOCHIIKEHHS, KPIM
tpaguiiianx metoauk: DWI 1 TIET / KT, kpim KT 1 MPT.

bynu npoananizoBani o3naku (MDCT) nepumankpeaTH4HOI apTepialibHOI Ta
BEHO3HOI 1HBa3li mnpu mnaHkpeatnyHid kapuuHomi. Cepen 101 mamienra 3
KaplIMHOMOIO IMiANLTYHKOBOI 3a5103H, BUBYeHOI0 MDCT, 54 kanauaaTy Ha onepartito
OyJd TONEpeHhO ONEPaTUBHO OIIHEHI Ha CYJAMHHY 1HBa3il0 Ha IiJCTaBl O3HAK
MDCT. Benuki cyauHu MepUNIaHKPEaTHKH (BKIIFOYAI0YN BEPXHIO OPHKOBY apTepiro,
eT1aKiio, 3arajibHy MEYIHKOBY apTepil0, BEPXHIO OPIKOBY BEHY Ta MOPTaIbHY BEHY)
Oynau peTenbHO OIMISAHYTI Xipypramu i dwac omepamii. Ilpu xipypriyaux
AOCHKEeHHAX 78 13 224 cyaun Oynu 3adydeHi [0 MyxXJuHU. [HBa3uBHI B
MepUNTaHKpeaTuyHl OCHOBHI aptepii (n = 29) ta Benu (n = 49) npeacraBuiu pi3Hi
sHaku MDCT: 43% inBa3uBHuX BeH (18/42, 3a BUHATKOM 7 OKIIIOJIOBAaHHX BEH) OyiH
OTOYEHI MyxJMHOK MeHie 50% kona cyauHu mopiBHSHO 3 9 (28/29) iHBaziitHUX
apTepii, skl OyJIM OTOYEHI MyXJIMHOI O1IbI HIX Ha 50% BiJ KoJia cyAuHU a00 Oyiu
BOynoBani B myxsimHy (p<0,001). 67% (24/39) 3 BEeHO3HUX BEH Malld CyJAMHHHM
cTteHo3 abo oOmiteparito nopiBHsiHO 3 40% (14/27) 1uBaziiinux aptepiii (p<0,05).
HepiBHoMipHicTh cTiHKM BeH, 84% (41/42, 3a BUHATKOM 9 OKIIIOJIOBAHUX BEH);
yacTillle, HiXK Yy CTiHKU apTtepii, 55% (16/29) (p<0,05). Ha 3akinuennss MDCT o3naku
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NepUINIaHKpPeaTHIHO1 apTepiaabHOl Ta BEHO3HOT 1HBA311 MatOTh Pi3HI XapaKTEPUCTHKH,
K1 CIIJ] BpPaXOBYBATH MIPU JOOTEPALIIHIN OIIHIII.

Pe3yabTaTu 1ocaiKeHHs Ta iX y3araJbHeHHS

Binomo, mo DWI curnan cknagaetecsi 3 pyxXy MOJEKyJl BOIU B
MO3aKJIITUHHOMY, KIITHHHUX 1 BHYTPIIIHbOCYIUHHOMY TmpocTopax. CTymiHb
mudy3iMHIX 00MeXKEeHb B 010JIOTIYHUX TKAaHMHAX KOPEJIOE 3 IITICHICTIO KIITHUHHUX
MeMOpaH 1 KJIITHHHOTO CKiIany TkaHuH. Judy3is He 3anexuThb BiA yacy penakcarii i
€ HEe3aJIeKHUM (PaKTOPOM, 110 BIUIMBAE HA KOHTPACT 300paKEHHSI.

JIns OLIHKMA CUTHANy BiJ MOJIEKYJ BOJAM B PI3HHUX CEPEAOBHUINAX 3 METOHO
BU3HAYCHHS XapaKTEPUCTUK TKAHWHU KOPHUCTYIOThCS CEHCHOUTI3yroul Audy3iiiHi
IpaJllEHTH.

Yac, 3a sikuii MPOTOHM MMOBEPTAIOTHCS 0 CTaHy PIBHOBATH IICIIS BIUTUBY Ha HUX
€JIEKTPOMATHITHUXHUTHUX IMITYJIbCIB, HA3UBAETHCS YacOM pesakcauii. BiH pi3Huil y
3I0pPOBUX 1 NATOJOTIYHUX TKAHUH 1 3aJIEKUTh BiJl OTOUYIOUMX MOJIEKyJ 1 aToMiB. Ha
OCHOBI 11i€1 pi3HuUIll OyaytoThcs MP-300paskenHs. Po3pi3HSAIOTH 1Ba OCHOBHHUX BUIY
yacy penakcanii - T1 1 T2. T1 - ne vac, 3a sikuii criau 63% TPOTOHIB MOBEPTAIOTHCS
710 pIBHOBAXXHOTO CTaHy. T2 - 1e yac, 3a KMl CIIIHUA MPOTOHIB 3CyBaIOThCs 1O (asi
(po3daszyroThes) M €0 CYyCiAHIX TPOTOHIB.

[Ilo6 oTpumaru curHanmu npu audys3li BoaAM, HEOOXITHE BUKOPUCTAHHS
MOTY>KHUX TOBEPXHEBUX KATyHIOK 3 (ha30BaHHUMHU TpaTaMu 1 MIBUAKUX METOIIB
Bi3yaJizallii - €XOIJIaHAPHOI 1 MapajeabHOl.

Jlist orpumannss DWI HaifuacTiiie BUKOPUCTOBYETHCS IMITYJIbCHA MOCIIAOBHICTh
(SE EPI) 3 HasgBHICTIO JOJATKOBOI  MHapu AUQPY31HHUX Tpaji€HTIB OJHAKOBOI
aMILTITY M 1 TpuBasiocTl. KilbKICHI BUMIPIOBaHHS MOXYTbh OyTH 3po0iieHi 3 DWI 3a
koediuientamu audysii (IK) 1 apoboBoi anizoTpomii (JJA).

Exonnanapnas sizyanizayis llapanenvua sizyanizayis
(Hopkins, S, Yang, G.Y.) (Hopkins, S, Yang, G.Y.)

IKJI B pi3HUX TKaHUHAX:
3pa3koBi 3Ha4ueHHs (x10-3 s / mm?2)
JloOposikicHI myxiauHu> 1.5;
Coniani ¢popmu paky (MEpBUHHI 1 METACTaTH4HI, B TOMY 4ucii JiMpoBy3aH): 0 - 1.1
Jlimpomu 1 rinepuemmonspHi nyxaunu: 0.6 - 0.8

[Tpu BuBYeHHI qU(Y31HHO-3BAXKEHUX 300paKeHb HAMH BUKOPUCTOBYBaBcs MPT
tomorpad Toshiba Vantage Atlas 1.51. Amapar mae BHCOKE OJIHOPiJIHE MarHiTHE
MoJie, PO3BUHEHY CHCTeMYy OOpOOKH 300pakeHHs, 12 smepHuil mporiecop, ooOcsr
onepatuBHOi mam'siti 40 ['0, o6csr sxopetkoro aucka 1.9 Th. EdextuBna rpanientHa
CUCTEMa - IBUJKICTh 3MiHH Harpyru noist: 130 a6o 200 Mt / M / Mc.
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OOcTexxyBanucsl MAIlEHTH 3 PI3HOI IMATOJIOTIEI0 YEPEBHOI MOPOKHUHU: pak
INUTyHKa, paK MOpsAMOi KUIIKA 1 1H. Panime mnpu paky HUTYHKY OCIHIIKCHHS
MOYMHAIOCS 3 BUKOPUCTaHHS KoMI'toTepHoi ToMorpadii. 3 2006 mo 2012 pp mamu
BUKOPHUCTOBYBaHCs 4-X 3pi30BUIl KOMIT'IOTepHI ToMorpadu kBitHsA, 2012 - 2015 -
16-1 3pi30BHii, B OCTaHHI POKH - 64-X 3p130BUH.

[IpopocTanHsi paky B CTIHKY NIIyHKY, sike Bi3yamnizyBajocsa npu KT, Oyno
Kiacu(ikoBaHO HACTYMHUM 4YHHOM: mpu ypakeHHsx T1 1 T2 iuBazis oOmexeHa
CTIHKOIO IIUTYHKY, 30BHIIIHS MeXa TiajeHbka. B ocepenkax T3 cepo3Huil KOHTYp
CTa€ PO3MHUTHM, 1 [UISHKKA 31 30UIBIIIEHUM 3aracaHHsM MOXHa OayuTd B
nepuractpaabHoMmy kupi. I[lpm ypaxennsx T4 mnommpeHHs MyXJIWH YacTo
B110yBA€THCS Yepe3 3B'sI3KOBI1 1 NEPUTOHIATIBHI TPOCTOPH B Cyci/iHI opranu. Ilyxmuna
MOTIEPEYHO-000/T0BOT TOBCTOI KHUIIIKM MOXE MPOHUKATH Yepe3 IIIYHKOBY 3B'A3KY B
MIJIUTYHKOBY 3aJ103Y 1 B IIEYIHKY Y€pe3 LUTYHKOBO-TIeUiHKOBY 3B's3Ky. Meton IIET /
KT OyB BuUKOpuCTaHUH 13 3aCTOCyBaHHSM 2-Ae30Kci- [18D] -drop-d-rmroko3u mpu
BHIIIETICPEPAXOBaHIN TATOJIOTII.

Ha Puc. 1.1 - Puc. 1.3 mpeacraBieHnii pak Majoi KpHBU3HU LUIYHKY 3
METacTa3oM Y 37I0BK Majoi KpuBM3HU. MeTacTta3 BUAHO Ok 4iTko ipu DWI, Hix
npu Bukopuctanai MPT.

Puc.1.1 KT (h=50) Puc.1 2. MPT (b=400) Puc.1.3 DWI(Hh=800)

UyTnuBicTh 70 BOAW BHU3HAYAETHCSA TpamieHT nudysii b-daktopa (s / mm?2).
Yum Oinblie 3HaueHHS b TUM OUIbII YyTIMBI AU(]y31HHO-3BaXeH]1 300pakeHHs (K
MpaBWJIO, B IMOCIIJOBHOCTI BHKOPHUCTOBYEThCSA AUPY3iiiHO-3BakeHE 300pakKeHHA 3
dakTopom rpamienra b = 50, 400, 800 (s / mm2) i mpu 3Ha4yeHi O0s/mm2Pwuc.2.1-
Puc2.2.

Puc.2.1 KT nyxaunu - epHiL? Puc.2.2 DWI nyxaunu wiiynxy
mpemuni WayHKy npu 3Havenni b = 0 s/ mm2.

Puc.3.1- 3.4 DWI 3m0sikicHOT OyXJMHU y BEPXHIM TPETHHI NUIyHKY IIpH
3HadyeHHsAX b = 0, 500, 800 (s / mm2). DWI Ginbin 9iTKO BigoOpa)xxye MHOXHHHI
MeTtacTasu B uepeBHii mopoxxauHi (DWI b =400 s / mm2).
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Yitrea®

Zoom:179%
WiL:380/40

#19at-136.4

Puc.3.1 KT NyXauHY 6UXIOHO20 Puc.3.2 DWI nyxaunu éuxionozo
6100LIY ULTLYHKY . 8I00LY WILYHKY NPU 3HAUEHH]
b=400s/mm2

Takum YMHOM, Ha TIJCTaB1 BIACHOTO JOCBIY 1 MEPETJIIHYTOIO MaTepiaay HaMH
He 0yJ10 BUsBIIEHO Oy ib-sikux BiaMminHocTed Mixk DWI, KT ta MPT 300pakens 1110710
iX 31aTHOCT1 BUSIBJICHHS CTaiil paKy NUIYHKY 1 MyXJIMH iHIIUX opraniB. [Ipore, DWI
MOK€ BHUABISITU TNEPUTOHEATbHE TOUIMPEHHSI MPOIECY, OUIBII YITKO BHUSBISATH
MeTacTa3d B TMeYiHIl 1 JiMpaTHYHUX By3JdaX, 3[aTHE BUSBUTU pPELUIUB
3aXBOPIOBAHHS paHillle, HDK 3BUYAHI METOAM Bi3yamizaiii, a TaKoXX OLIbII
e(eKTUBHO KOHTPOJIIOBATH PEAKI[II0 y XBOPUX 3 MeTacTaTUYHUM mporiecom. DWI
Ma€ TOTeHIian, Mo0 OyTH KIIHIYHO €(PEKTUBHHUM JJisl OIIHKK Tepeaornepariiuol
TMN cranii paky nutyHky. Mu BBakaemMo, 10 BIH MOXe OYyTH JOJaHUN [0
3uvaitHux KT 1 marnitHO-pe3oHancHuM ToMorpadiuaux (MPT) nocnimkeHHAMH.

3 iHmoro OOKy, JOBXKMHA KOHTAKTy MyXJHMHH 3 CYAMHHOIO CTIHKOIO (y pasi
KOHTaKTy OUIbII HIXK Ha 5 MM) € UyTJIMBUM A1arHOCTUYHUM Kputepiem (78% s
nopTanbHOi BeHH Ta 81% ayig BepXHbOi Me3eHTepianbHOi BeHH). OIiHKa CTYMEHs
HUPKYJSIPHOTO KOHTAKTy 3 cyauHoo (Ouabiie 180°) Takok Mae BUCOKY KOPETSLIIO 3
pesekradenbHicTiO (34, 36, 37, 74). D.S. Lu ta cniBaBTopu [81] BiA3HAYNIN BUCOKY
cnenudiunictb (84%) Ta uymmBicth (98%) MaHOTO KpPUTEPIIO; TOYHICTH
MPOTHO30BaHO1 pe3eKTadenbHOCTI cTaHoBmIIa 95%, HepesekTabenbHOCTI - 93%. S.S.
Phoa Ta cmiBaBTOpu [99] BU3HAYMWIM MPOTHOCTHYHY ILIHHICTH KOMOIiHaI1 (PpakTopiB
LHUPKYJSPHOIO KOHTAaKTy Ta CTyNeHs KpuBu3HU Jedopmauii cyaunu. I[lpu
HUPKYJsIpHOMY KOHTakTi >90° 1 piBHa aedopmarii cyaudn D un E uyTnusicts 1
cnenuiuHICTh OIIHKYM 3aJTy4YeHHs CYAWHHM ckjianu BiamosimHo 60 1 90% [99, 78].
MuoxunHi nedopmaiiii KOHTYpY CYIWHHU CBIJ4aTh PO BHUCOKHM PHU3MK 1HBA3Ii,
YYTIUBICTh Ta CHELM(PIYHICTh TaHOTrO (hakTopa CTaHOBJIATH BIANOBIAHO 45 Ta 99%
st aprepiid Ta 63 ta 100% — auig Ben [78]. ¥V To# e yac ciig naM'atatu npo eext
MyXJIMHHOTO 3/1aBJieHHs (mass effect) CTIHKM BEHO3HOT Cy/IMHH, 110 IMITY€ ITyXJIUHHY
1HBa3il0, a TaKOXX TPO MOXJIHMBICTH TOBHOI 1HBa3ii B apTepiayibHI CTOBOypu 0e3
Bugumoi KT nmedopmanii cymuanHoro mpocBity. XapaktepuuMm KT-o3nakoro
ypaXe€HHSI BEPXHBOI OPIKOBOI apTepii € ePeKT «BUCUTh KpaIui», YyTIUBICTH 1
crienn(1YHICTh SIKOT'O0 CTAHOBUTH BiAMOBIAHO 91 1 98% [78] .

I'pyHTyrounch Ha paHux pizHux jgochigaukiB, H. Li 1 cmiBaBTOpu [78]
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BUUIAIOTh HacTynHi KT-kpurtepii 3amydeHHS MaricTpajibHUX apTepiil: 3aHypeHHs
apTepiagbHOTO CTOBOYpa B MyXJIMHY, KOMOIHAIIIIO 3aTyYeHHS MyXJIMHOK Oibine 1/2
KOJa CYAMHHM 3 HEpEeryJsIpHICTIO KOHTYpy CTIHKM a0o 31 CTEHO30M apTepii
(uyTnuBicTh - cnemudiuHicTb - 99%). Kpurtepii mommpeHHs MyXJIUHA Ha BEHU
MOPTAIbHOI CUCTEMH: OKJIIO31s BEHHU, 3aJlyueHHS B MyXJUHY Ounbiie 1/2 kona BeHH,
HEPETYJSIPHICTh KOHTYPY CTIHKH, CT€HO3 CYIAWHHU, a TaKOXX HasSBHICTh €(EKTy
«BUCUTH Kparuii» TPHU OIIHIII BEPXHbOI OpUKOBOI BeHU (UyTIUBICTH - 92%,
cnerudivnicts -1 00%).

0 Mar,

OKKMI03Usa cpeaHen TpeTn BepxHebpbhkeeyHom apTepumn

Puc.4 B.Oxnro3zisn cepeonvoi mpemunu
8epXHbOI Opidicecunoi apmepii

bynu npoanamizoBani o3Haku MHOXuHHOTO jAerekropa CT (MDCT)
MepIMaHKpeaTUyHOi apTepialbHOi Ta BEHO3HOI 1HBa3li TMpW MaHKpPEaTU4HIN
kapuuHomi. Cepen 101 maiieHTa 3 KapIMHOMOIO MIJINITYHKOBOI 3aJ103M, BUBYEHOIO
MDCT, 54 kanauaaTu Ha ormepailito OyJd IOINEpPeIHbO OINEPATHUBHO OI[IHEHI Ha
CyauHHY iHBa3il0 Ha miAcraBi o3Hak MDCT. Benuki cynuHu mnepHUIaHKpeaTUKU
(BKJIIOYAOUM BEPXHIO OpMKOBY apTepiio, IEeNiaKiio, 3arajbHy MEYIHKOBY apTepiio,
BEPXHIO OpMKOBY BEHY Ta MOPTalIbHY BEHY) OyJIM peTeiabHO OIJISIHYTI Xipypramu mija
yac omepaiyi. [Ipu xipypriuaux gociipkeHHsX 78 13 224 cyaun Oynu 3apakeHi
myxJinHOI0. Bnanu B mepunankpeatnyHi ocHOBHI apTepii (n = 29) 1 xwu (n = 49)
npeactaBwin pizHi 3Haku MDCT: 43% inBasuBHux BeH (18/42, 3a BuHSTKOM 7
OKJIIOJIOBaHUX BEH) OyJIM OTOYEHI MyXJIMHOIO MeHIe 50% Koya cyuHU TOPIBHSAHO 3
97 (28/29) iHBa3iitHuX apTepii, Kl OyJIM OTOYEHI MyXJUHOI O1IbII HIXK Ha 50% Bif
KoJia cynuHu abo Oynu BOymoBadi B myxiuHy (p<0,001). 69% (34/49) 3 BeHO3HUX
BEH MaJli CYyJIMHHUI CT€HO3 abo obOumitepario nopiBHIHO 3 41% (12/29) iuBasiiinux
aprepiii (p<0,05). HepiBHOoMipHICTh CcTIHKM BeH, 74% (31/42, 3a BuHATKOM 7
OKJIIOJJOBAaHUX BEH); yacTile, HUK y cTiHku aprtepii, 45% (13/29) (p<0,05). Ha
3akiHyeHHs: MDCT o3HaKu NepuIiaHKpeaTuyHOl apTepiaibHOiI Ta BEHO3HOI 1HBAa3ii
MalOTh Pi3H1 XapaKTEPUCTUKH, SIK1 CIT1J1 BpaXOBYBATH MPH JTOOTIEPAIlIAHIM OIIHIII.

[TosutporHo-eMiciiiHa ToOMorpadiss uIsi  TepemonepariiiHoi  MOCTaHOBKHU
JiarHo3y € JA0JAaTKOBHM MeETOJoM Bisyamizamii, Toai sk 18D-OAI IIET / KT 3 2-
nezokci- [18®]  -drTop-a-rmokozor0 (DJII)) Bu3HaHA ORI KOPUCHUM
TIarHOCTUYHUM MeTonoM B KiiHiuHIA oHKonorii. @O/ [TIET no3Bossie ckaHyBaTH
OubMit 06csr, Hix npu BukopuctanHi KT. HesBaxatouu na te, mo @I I1ET ne €
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BIJIMOBIAHOK JIarHOCTUYHOI MPOIEAYypOI0 TMEpIIoi JiHIi TpU BUSBJICHHI pakKy
IUTYHKY 1 HE J0TMOMara€ B TMOCTAHOBIIl J1arHO3y MyXJWHH, BOHA MOXeE 3irpaTu
3HAYHY POJIb y BUSIBICHHI BIJIAJICHUX METACTa31B B MEUIHII, JICTCHSIX, HATHUPKOBUX
3ano3ax, seynukax 1 ckenmeri. O/ I[IET Ttakoxx Moke OyTH KOpPUCHUU TMpH
CIIOCTEPEKEHHI 3a MAaIllEHTaMH, 10 MPOXOJATh XIMIOTEparmito, OCKUIBKU I METO.
J03BOJIsIE€ 11EHTU(IKYBAaTH PaHHIO BIAMOBIIb Ha JiKyBaHHA. HeoOximHi moaampIi
nocaiypkeHHs s BusHaueHHs1 edextuBHocTi OJII" TIET y BusSBICHHI JOKaJIbHUX
MeTacTa3iB y By3/laxX 1 B TMepuTOHealbHOMY Tmpoctopi. [IpoTe, komOiHOBaHe
Bukopuctanigd KT 1 IIET moxke Oyt KOpUCHUM B mepeaonepaliiHiii mocTaHoBIIi
J1arHo3y - paKk MUTyHKY 1 B TEPANEeBTUYHOMY MOHITOPUHTY YPaKEHHUX MaIlI€HTIB.

Puc.5A. Ilyxauna niownynkosoi 3anosu. Puc.5.B. I8D-D/I" [IET Muooscunu
Memacmasu.

[Mpu miticuii TIET miarHOCTHIN 3MOSKICHI TMYyXJIMHA XapaKTePU3YIOTHCS
migBUIIEHUM MeTabomi3MoM mmroko3u. [IET 3 BUKOpWMCTaHHAM TIIOKO3W, MIYEHOI
panioakTuBHUM 130TonoM ¢rTopom (DUAI-6-dbocdaTr) no3Boise Bizyami3yBaTd 1
KUIBKICHO ~OIIIHIOBaTH METa0odi3M TIIOKO3W B myxjiuHHOI TKanuau. O
bochopmnupyercs 3a ydacTtio pepMEHTY T'eKCOKiHa3M, nepeTBoproeTbest B OJII-6-
dbocdat 1 HAKOMUUYETHCA B 370SKICHUX KJIITUHAX TKAaHWHAX.

Hwxue HaBeseHo psi HOCTiKEHb, K1 O1iHI0I0Th pojb [IET / KTB miarnoctuini
paKky IUIyHKY, KOHCTaTylOuM HMOro MeTacTa3yBaHHs B perioHapHl 1 BiJJajeH1
niM(OBY3IIH, CaTbHUK, OUEPEBUHY 1 BIJIJAICH] OPTaHH.

KT mnoxa3ye pak manoi KpuUBM3HM LUIyHKY 3 Bupaskow. Ha Puc. 6.1
npeacTaBieHui pak [-i cranii (mpopocTaHHs CIM30BOI 3 MiACIN30BOi), Puc. 6.2 - pak
[I-i cranii (myxiuHa popocTae M's30By 000s0HKY).Puc. 6.3 - pak III-i craxii. [1ET /
KT inTencuBHOCTI mOrIMHAHHS TTFOKO3H B myxiuHi [-1 1 [I-i cranii gemio ripire, HiX
npu KT 3 xoutpactyBanusMm. Jlo3in [IET obmexxena 3a o6csrom, ycepenHEeHHSIM
MeTa0OJIIYHOTO CUTHAIY, 3 YCEPEAHCHUM MOTIMHAHHAM Ttoko3u. OJHAK 4iTKiIe
BHJIHO METACTa3 B UePEBHIN MOPOKHMHI.

Puc 6.1-6.3 KT: pak Manoi KpuBU3HH LLITYHKA 3 BUPA3KOIO.

Meractazu B niMpaTUYHUX By3Jdax y 63-pidyHOrO YOJOBIKA 3 J1arHO30M pak
nutyHky. Ha Puc. 7.1 ocboBa KT-miarHocTuka IeMOHCTpY€E BY30J JTiM(pATUYHOTO
By3sa (Oina cTpiiaka), CyMDKHHMI 3 JIIBOIO ILIIYHKOBOK apTepiero (Ouia cTpiika);
Ha Puc. 7.2 - By3osn niM@aTUYHOrO By3ia (YOpPHHUM KIHELb CTPUIKH), CYMIXHUH 3
3arajibHOI0 TIEYIHKOBOIO apTepiero (YOpHA CTPIJIKA).
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Puc 6.1 KT: pax waynxy I-i ~ Pue.6.2 KT: pax wnynky — Puc 6.3 KT: pax winynky
cmaoii I -i cmaoii 111I-i cmaoii

JliarHo3 MeTacTazy B JiM$paTU4HI BY3IM MOXE OYTH yTpYIHEHUH, SKIIO
BUKOPHUCTOBYIOThCSL TUIbKU KputTepii po3mipy. OcboBe IIET-ckanyBaHHS moKasye
noMiTHe norfivHanHsa OJI" B miMpaTHIHUX By3JIax Y€PEBHOI MOPOKHUHU, 110 BKA3Yy€
Ha iXx MeTacTasyBaHHsA. HasBHICTP MerTacTa3iB B JdiMaTHYHUX By3Jax OyJio
M1JITBEPPKEHO TIPHU MaTojoroaHaroMivHoMy aHalisi (Seok, Lim et al, 2006).

A
Puc.7.1 KT: memacmas 6 3azanvhiu Puc.7.2 II3T/KT: epynna memacmasis
NeviHKo8il apmepii uepesHol NOPOICHUHU

Ha Puc.8.1-Puc.8.2 npencrasneni Meracta3u B JiMpaTHUHUX By3JlaX B UepeBHIN
nopokHuHi, a Ha Puc. 9.1-Puc.9.3 nBoCTOpOHHI HaIKIIOUMYHI JIM(ATUYHI BY3JIH
(ctpinku) niamerpoM Menmie 1 cMm. IIET CkanyBanHs mokasye jgiMpaTudHi By3/Id
(ctpinku) 3 migBumieHuM mnormHaHHIM @ ODJII. MeractatuyHa ydacth Oyiia
M1ITBEPIPKEHA MpU O10TICi.

Puc. 9.1-Puc. 9.2 Meta607113M HaIKIFOUYUYHUX JTIMGATUUHUX BY3IiB y 44-piuHO1
’KIHKH 3 JIIarHO30M paK IUTyHKa.
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Puc.8.1 KT: pax npoxcumanvHozo 8i00iny " Puc. 82 [IET/KT: supasicere

winyHKy. Memacmasu y30082ic manoi HAKONUYEHHS 2JIIOKO3U HAO NYXAUHOIO;
KPUBU3HU WTYHKY, NO2AHO YIMKO GUABIAIOMbCS Memacmasu
oughepenyiroromuvcs. V300824 MANOI KDUBUZHU WUTLYHKY
(cmpinka).

s

J0OKANI3ayis

r

Puc. 9.1 /IET /KT ypaofcenﬁﬂ Hao- i Puc.9.2 binew supasna

RIOKTIOYUYHUX TIMPAMUUHUX 8V3/1i8 YPadICeHHs 8 HAOKTIOUUHHUX
MemacmamuyHumM npoyecom AIMPAMUIHUX 8Y371AX

Bbyno BcTaHOBNIEHO, IO HA HAKOMHMYEHHS PaJiOAKTUBHOTO TIIIOKO3HU, B MEPIILY
4yepry, BIUIMBA€ TICTOJIOTIYHUHN miaTUn paky. HaxomuueHHsS B ajeHOKaplIUHOMA
KUIIKOBOTO THUIY - BHIIE, AUQPY3HOTO THUMY - HIDKYE. Y MEpPCHENOMIOHUX 1
MYIMHO3HUX MyXJUHAX TJIOKO3a HAKOMUYYETHCS 3HAUHO MeHIie. OHak, pi3HHI
MDK MOIATpynaMd He Jocsiraia 3HayHoro piBHA. [l{omo craOkoro HakomuyeHHs
IIFOKO3H B (PiOpO3HUX TKaHMHAX, 0COOJIMBO mpu cancer linitis.

Ha Puc.10.1-Puc.10.2 mnokazaHa mnepcTHENoAI0OHOKIITHHA KapIiiiHoMa 0e3
3HayHoro noravHanHss OJII" y 30-piyHO1 )KIHKH 3 J1arHO30M pak IITyHKY.
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Puc.10.1 KT: ougysue nomosuenns Puc.10.2 xoponanvni I1ET: siocymmuicmo
matidce 8Ciei cminKu WiyHKa (KiHeyo nomimnozo naxonuuenns QLI 6 winynky
cmpinox) uepe3 linitis plastic. (cmpinku,).

HasiBHICTP  mepUTOHEAIBHOIO  METacTa3yBaHHS 1 acUUTy €  BKpai
HECHPUATIUBUM NPOTHOCTHYHUM  (pakTOopoM. Take 3HaHHSA JO3BOJIAE XIPypry
BUPIIIUTHA, YU CJI1J] MPOBOJUTU OIEparito a0 YHUKHYTH BUKOHAHHSI HEMOTPiOHOT
nanapotomii. KT 3anuimiaerbcst MeToioM BHOOpPY JJIsl IEpeIOIIepaliiitHOTO J11arHO3y
MEPUTOHEANILHOTO KapuuHomaTo3dy. [IpoTe, mepuToHeanbHUN KaplIUHOMATO3 YacTO
BUSIBIISIETHCS TUTbKM Mpu BUKopuctanHi [IET / KT.

[Ipu paky nuynky uytnusicTh npu BukopuctanHi [IET / KT - Hukue, HIXK IpH
BukopuctanHi KT. Opjnak, cienu(iyHICTh 1 TOYHICTh y BUSBICHHI PaKy HUTYHKY -
BHUIIlE, HIX Tipu BuKopuctanHi KT.

Taoauus 1.1 ITokasHMKH Yy TIUBOCTI, ClIeM(PIiYHOCTI i TOUHOCTI
npu KT i ®AT-IIET / KT.

Bug nocnimkenas | Uynmsicte | Cnenudivnicts | Tounicte | PPV NPV
KT 83.3% 75% 57.1% 87.5% 66.6%
OI-I19T 64.3% 100% 80% 100% 89%

[Tpumitka 1. PPV - mo3utuBHA IpOrHOCTUYHA IIHHICTD.
[Tpumitka 2. NPV - HeraTuBHa NpOTrHOCTUYHA IIHHICTb.

IIpu xonopektanbHux pakax 18®-OI" TIET / KT Bigirpae kiaro4oBy pojib y
BUSIBJICHHI PEIUANBY 3aXBOPIOBAHHS, OIHII 3aJHMINKOBUX Mac IICIS Teparii,
JOKaJIi3allii peuruBIB y NAIIEHTIB 3 HE3'SICOBHUM IIIBUIIICHHIM PaKOBOT'O aHTUTECHY
(CEA) B cupoBariii KpoBi.

[lyxnuna ToBcTOro KumleuHuka npu BukopuctanHi KT, BipTyanbHOl
kononockorii 1 [IET / KTC uytnusictio [IET / KT96% 1 KT 77%; cnenudidnicTs:
97% npotu 89%, BIAMOBITHO.

PenmauByrounii pextanbHui pak nmokazanui Ha puc. 16.1-16.2 (Choi J.Y., Shim
KM., Kim S.E., Jung HK., Jung S.A., Yoo K. et al, 2014 poky). Ha puc. 16.1 KT
MOKa3y€e BEJHMKY MPECaKpadbHYI 1 peTpocakpalibHyl0 Macy, fKa ToKa3ana
HETaTUBHUN pe3ynbTaT mpu Oiomncii. Pe3ynbraT OTpuMaHO HETaTUBHUM, TaK SK TOJIKA
MpoiIiIa yepe3 HEKPOTUYHI 3MIHM B MyxJiMHI. CTpuika nmokasye xij 010rcii.
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Puc.11A.Ilyxauna niounynkoeoi 3ano3u. Puc.11B. /[8D-DJ[I' [IET -
MHuoorcunu memacmasu.

T A
Puc. 12 B
Puc.12 A. CKT uepesroi nopooicnunu. Koponanvua/cazimanvra npoexyii.
Puc. 12 B. Ymeopenus conosxu niounynxoeoi 3anoszu. 3anyuenns confluens

Onmyxob B 0671acTH TONOBKH MOKENYI0YHOH Keme3bl (He

TpopacTarue onyxonbo apTepuii i BeH TIPOPACTACT COCYIbI, a JIMLL

Puc.13 A4 Puc.13 B
Puc.13 A. Ilpopocmanns nyxaunorw apmepiti ma 6eH
Puc.13 B. Ilyxauna ne npopocmace cyounu, a auute ix iOMicHse.
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MeTacTasbl B ne4YeHb U carnbHUK

™ an @

>
¥a p'
7 e

Puc.14 A., Puc.14 B. Memacmas3i 6 neuinky ma caibHux npu nyxauHi niOuLyHKo8oi
3an03u

Puc.15.1 KT: pax cuemosuonoi Kuwuxu Puc.15.2 Iicesoo-1IET. Memacma-
3u OibU IHHOPMAMUBHI.

Puc.16.1 KT nyxaunnoi Puc.16.2 /IET / KT Puc.16.3 Iliomsepoorcye
macu. Deyuous nyxauHu. peyuous nyxauHu.
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Puc.16.2 1 Puc. 16.3 IlepepuBuacta «ompaBa» aKTHBHOI NMyXJWHH, OTOUYYHOYa
HeKpoTuyHUi 1eHTp. [loBTOpHa OloTCisi HAa OCHOBI IUX 300pa)K€Hb MOKa3aia
peuuauB nyxiauHu. [licna nmepemonepaniiHol Teparii 3HIKyBaldacs HAaKOMWYCHHS
Paal0aKTUBHOTO TIIFOKO3H 110 35%.

BucHoBku

1. B poboTi 3icTaBieHO MAlarHOCTUYHE 3HAa4YeHHS JU(y31HHO-3BAXKEHOT
Bizyamzamii  (DWI) 1 18F-(bTopne30KCITIIOKO3HON  MO3UTPOHHO-EMICIiTHOT
tomorpadii / komn'toreproi Tomorpadii (18D-OI" I[IET / KT) ans N-nocraHoBku
JiarHo3y paky IUIYHKY, TOBCTOI KHIIKH Ta 1HIIMX 3JIOSKICHHX yTBOPECHb YEPEBHOI
nopoxxauHu. [lo6 kpamie 3po3ymitu aiarnoctuuny miHHicTh DWI 1 ITET / KT s
N-craniif, B SKOCTI MOpPIBHSUIBHOTO METOJY 3aCTOCOBYBajacsi MYJIbTHCIIpajIbHa
koMmit'rotepHa romorpadis (MCKT).

2. TlopiBHsHHS JBOX MeETOAIB mokazano, mo DWI wmae OuIbIl BHCOKY
Yy TIUBICTb, aJIc HE MA€ PI3HUII B CHEIU(IYHOCTI.

3. DWI BusiBisB OUIBII BUCOKY UYTJIMBICTh, ajié HUKYY CHEIU(IYHICTh, HIK
MCKT, a 18®-OJII" TIET / KT mama Ouiblll HU3bKY YYTIWBICTH 1 €KBIBAJECHTHY
cnenu@iuHICTb.

4. B mnomy, DWI kpame, nixxk 18D-OAI [TET / KT ansa nepegoneparitiinoi N-
MMOCTAHOBKH J[1arHO3Y.

5. IIET / KT pnae cyrreBy nmepeBary B TOJIMNIIEHH] JIaTHOCTUKA 1
CIIOCTEPEXKEHHS B MPOIEC] Teparii 3a MarieHTaMu, 371HCHI0€ MOHITOPUHT peaKIlii Ha
JIKyBaHHA. 3 ypaxyBaHHSIM OTPHUMAHOI OCTaHHIM 4acoM iHdopMallii I METOAUKU
MOXYTh OyTH BHKOPUCTaHI Ha BCIX e€Tamax JlarHOCTUKHU 3JIOSKICHUX ITyXJIUH
YepeBHOI MOPOKHUHHU, B TOMY YMCJIl HA paHHINA CTali.

6. Henomikom IIET / KT € Hu3bka cneuu@iuHICTh NP AIarHOCTHUIL PI3HUX
TUMIB TYyXJWH,  XWOHOMO3WTUBHI pE3yJabTaTH OOYMOBJIEHI 3amajeHHsIM a0o
IpaHyJISAIIAHUMUA 3MIHAMU.

7. Y3]l no3Boisie BUBYUTH po3mipu, hopmu, KoHTYp 113;

8. Cmipanpna KT 3 O0oitoCHUM BBEIEHHSIM PO3MAITTS OUIBII TOYHO
nudepeHIlitoe MyXIMHHI YTBOPEHHS,

9. Uytnueicte KT y miarHOCTHIIl 370SKICHUX NYXJWH MiAIUIYHKOBOI 3aJI03H
nepesunrye 80%. Opnak, y 5-15% xBopux 3 MIATBEPIKEHUM J1arHO30M paKy
HIANUTYHKOBOI 3ai03u npu KT BusBiawTh juie audys3He 30UIbIICHHS, O1IbIIT
XapaKTepHe IJs MaHKpeaTtuTy. YacToTa XuOHOMIO3UTUBHUX PE3YJIbTATIB CTAHOBUTH S-
10%;

11. Opnak iHII aBTOpPH BBaXKarOTh, LI0 JA1arHOCTUYHA e(eKTuBHICTH MP-
tomorpadii y nmoeananni 3 MP-anriorpagiero MokHa MOPIBHATH 3 A1arHOCTUYHOIO
edexkTuBHICTIO ABOda3HOi cripanbHoi CT 3 TUHAMIYHOIO KOHTPACTHICTIO TP OITIHITI
CYJIMHHO{ 1HBa311 MyXJIMH MIILTYHKOBOI 3aJI03H.

12. PIII'T € meTogom BUOOpPY, 10 YTOUHIOE 1HGUIBTPALIO MyXJIMHHOTO TIPOIIECY
B 12-manoi KUl Ta >kOBYOBUBIJTHUX ILISAXAX;

13. HaitbinpIn 10CTOBIpHUM METOIOM € mpuiliiabHa Oiomncis 13 mig koHTposiem
V3] ta KT.
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Abstract. The paper considers the possibility of MSCT, MRI and the TWI method in the
detection of malignancies of the abdominal cavity (gastric cancer, pancreatic cancer and colorectal
cancer).

186 patients were examined. With established primary gastric tumor 40 patients, 101 patients
with cancer pancreas and 45 patients of different localization and suspected metastatic lesions.

We studied the diagnostic possibility of the DWI method and compared it with the diagnostic
characteristics of multislice computed tomography (MSCT) and 18F-FDG PET /CT

The studies were performed on a 1.5 T Vantage Atlas Toshiba MRI scanner, measured the
signal intensity in a series of DWI (b500, b1000) images and the construction of ADS maps, and
calculated the values of the diffusion coefficient (ADF).

All patients also underwent MRI of the abdominal cavity and pelvis by standard protocol (T1,
T2-B1, FS and IV contrast).

PET / CT was performed using radiolabeled fluorine 18-deoxyglucose (FDG) - a method that
allows you to visualize and quantify glucose metabolism in tumor tissue.

Results and conclusions.

The results suggest that DWI has a higher sensitivity but lower specificity than 18F-FDG PET
/ CT. In general, DWI is more efficient, than 18F-FDG PET / CT d preoperative diagnosis and is an
additional method of imaging, while 18F-FDG PET / CT has limited utility for preoperative
diagnosis. At the same time, PET / CT provides a significant advantage in improving the diagnosis
and therapeutic monitoring of patients, monitors responses to treatmentlntroduction

Key words: Signal strength in a series of DWI, PET/CT, evaluation of metabolism in tumor
tissue.
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