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Annotation: Today, the number of patients with diabetes mellitus (DM) is increasing year by year
in the world. In order to maintain blood glucose levels at a normal level, patients with diabetes mellitus need
to set daily norms for themselves, such as diet, insulin, and other means of lowering blood sugar, and strictly
adhere to them. For this, patients need to regularly check their blood glucose levels at home or in medical
institutions. Currently, glucose measurement is widely used in clinical diagnostic laboratories. When
determining the level of glucose in the human body using a standard glucometer, the patient experiences
painful sensations. In addition, with each new measurement, the patient can infect himself with some disease
or infection that enters the body with blood (for example, hepatitis C, AIDS). Also, daily pricking of the
patient's finger with a needle causes various inconveniences for the patient. Therefore, the diagnosis of
diabetes mellitus is becoming more and more difficult. In such a situation, the use of non-invasive methods
of measuring glucose levels is effective. This article studies the issue of mathematical modeling of glucose
level monitoring in diabetes mellitus based on electrical resistance (ER) values obtained from bioactive
points (BAPs) informative for the BD of the human body.
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AnnoTtanusi: CeroHs B MAPE €KETOTHO YBEININBACTCS YUCIIO ITAIMEHTOB C CaXapHBIM THa0eTOM
(CH). dnsa mognepkaHusi ypOBHS TIIOKO3bI B KPOBHM HAa HOPMAJIBHOM YPOBHE IMMAlMEHTaM C CaXapHBIM
nrabeToM HeoOXOIIMO YCTaHABIINBATE /IS €051 e5KeHEBHBIE HOPMBI, TAKHE KaK JUeTa, MHCYJIHH U IPYTHe
CpeJICTBAa CHIDKEHHUS YPOBHS caxapa B KPOBH, U CTPOTO UX coOmoaTh. {7 3Toro narmeaTaM Heo0XoammMo

PETYJSIPHO IPOBEPSITh YPOBEHB TJIIOKO3bI B KPOBH J0OMa WM B MEIUIMHCKUX yupexIeHusx. B
HaCTOsIIIee BpeMs U3MEPEHHE YPOBHS TITIOKO3bI IIUPOKO HCIIONIB3YETCsl B KITMHUYECKUX IUArHOCTHUECKUX
naboparopusix. [Ipu onpeneneHnn ypoBHS TIIOKO3bI B OPraHU3ME YEIOBEKa C MOMOIIBI0 CTaHAAPTHOTO
[JIFOKOMETpa MAILMEeHT HCIBITHIBaeT OOJIe3HEHHbIE olnymieHus. Kpome Toro, mpu KaKIoM HOBOM
WU3MEPCHHH TAIlMeHT MOXKET 3apa3uThCi KaKUM-THOO 3a00JieBaHMEM WM WH(EKIUEH, MomaBiiei B
opraam3Mm ¢ kKpoBbro (Hampumep, rematutom C, CIIM/Jom). Taxke exenHEeBHBIE YKOIBI UIIION B Talel]
JOCTaBISIIOT NAMEHTy pa3ianyHble HeynoOcTBa. [loaToMy muarHocTika caxapHOro Auadera CTaHOBUTCS
Bce OoJiee CltoXkHOM. B Takol cuTyaiiuu 3¢ (heKTUBHBIM SIBJIICTCS UCIIOIb30BaHNE HEMHBA3HBHBIX METOIOB
U3MEpeHHsT YPOBHS TIUIIOKO3bl. B 1aHHOW cTaThe paccMaTpuBaeTCs BOINPOC MaTEMaTHYECKOTO
MOJICIIUPOBAHNS MOHUTOPUHTA YPOBHS TJIOKO3bl TPU CaxapHOM JAuabeTe Ha OCHOBE 3HAYCHHUN
anekrpudeckoro comnportusierus (OC), momydeHHBIX U3 6noakTuBHBIX Touek (BAII), mapopmMaTHBHBIX
JUTs OOMACCHI YeJIOBEYECKOTO OpraHnu3Ma.
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Annotatsiya: Qandli diabet (QQ) bilan og‘rigan bemorlar soni har yili butun dunyo bo‘ylab ortib
bormogda. Qonda glyukoza migdorini normal darajada ushlab turish uchun diabet bilan og‘rigan bemorlar
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parhez, insulin va boshga gon shakarini tushirish choralari kabi kundalik magsadlarni belgilashlari va ularga
qgat'iy rioya qilishlari kerak. Bunga erishish uchun bemorlar gondagi glyukoza miqgdorini uyda yoki tibbiy
muassasalarda muntazam ravishda tekshirishlari kerak. Glyukoza o‘lchash hozirgi vaqtda klinik diagnostika
laboratoriyalarida keng qo‘llaniladi. Standart glyukometr yordamida glyukoza miqdorini aniqlash og‘riqli
bo‘lishi mumkin. Bundan tashqari, har bir yangi o‘lchov bilan bemor kasallik yoki qon orqali yuqadigan
infeksiya (masalan, gepatit C, OITS) bilan kasallanishi mumkin. Barmoqgqga har kuni igna sanchish ham turli
noqulayliklarni keltirib chigaradi. Shuning uchun diabetni tashxislash tobora giyinlashib bormogda. Bunday
vaziyatda invaziv bo‘lmagan glyukoza o‘lchash usullari samarali hisoblanadi. Ushbu magqolada inson
tanasining biomassasi hagida ma'lumot beruvchi bioaktiv nugtalardan (BAP) olingan elektr garshilik (ER)
giymatlariga asoslangan diabetda glyukoza monitoringini matematik modellashtirish ko‘rib chiqiladi.
Kalit so‘zlar: bioaktiv nugtalar, invaziv, invaziv bo‘lmagan, glyukometr.

Noninvasive monitoring of blood glucose levels does not harm human tissues. Therefore, in addition to
invasive medical methods of measuring glucose levels based on blood sampling, noninvasive

measurement methods using various devices (glucometers) have emerged [1,2,3]. With the help of such
glucometers, it is possible to regularly check glucose levels at home in a noninvasive way. The noninvasive
method allows for easy and quick regular monitoring. For the first time, researchers became interested in
noninvasive diagnostic methods for determining blood glucose levels more than 30 years ago [4]. Since
then, more than a dozen types of glucose measurement methods with different effects have appeared. These
methods are usually divided into optical, microwave and electrochemical methods [5,6]. A noninvasive
method for determining blood glucose levels and hemoglobin using infrared radiation has been developed
[7].

J. Nakatani, M.D. Hyodo, A.l. Nechushkina showed that acupuncture can be used to create a system for
diagnosing diseases using the electropuncture diagnostic method (EPDU), and proved that in diseases,
imbalances occur in the existing meridians of the human body and the appearance of diseased BPNs between
the meridians [13]. To identify imbalances in the meridians, J. Nakatani's "Riodoraku" system was created,
which combines ancient oriental medicine with modern medicine. Currently, active scientific research is
being conducted on the use of the capabilities of BAPs in medicine [14].

Paired comparison method. In order to identify informative BAPs for diabetes mellitus, we use the paired
comparison method for a group of experts. To do this, each expert independently compares to what extent
the BAP in each pair of meridians is more important than the other in diagnosing diabetes mellitus.
Information on the location of BAPs in the meridians is presented in Table 1 [12,17,18].

Table 1. Informative BAPs in the Riodoraku system

N The name of the The arrangement of the BAPs In the meridians
) meridians in the meridians of BAPs Chinese name
1. Lung P-9 Thay-yuan
2. Large intestine Gi-4 He - gu
3. Stomach E-42 Chun - yan
4. Pancreas Rp-3 Thay-bay
5. Heart C-7 Shen -men
6. Small intestine IG-4 Wang-gu
7. Urinary tract V-64 Tsing-gu
8. Liver P-3 Tay-si
9. Pericardium Mc-7 Da-lin
10. Three burners Tr-4 Yan-chi
11 Gallbladder Vb- 40 Tsyu-suy
12. Spleen F-3 Tay-chun
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To determine which of the 12 pairs of BAPs in the human body are important in diagnosing diabetes
mellitus, each expert fills in a 12x12 T-comparison matrix. The value of the t;; element of the comparison
matrix indicates how important, in the opinion of the expert, which of the i and j meridians is more important
than the other. The degree of importance is expressed in fractions of one, where for each i and j meridian
the equality ti; + t;; = 1 is appropriate. If the i meridian is more important in diagnosing diabetes mellitus
than the j meridian, then ¢; > 0,5 (if the i meridian is more important than the j meridian, then the value of
the t; element is closer to one). If meridian i is less important than meridian j in diagnosing diabetes
mellitus, then t; < 0,5 (if meridian j is more important than meridian i, then the value of element ¢t;; is
closer to zero) [19].

The importance of the BAPs that can be used in diagnosing diabetes mellitus according to the data

from each source (expert) is calculated. The score Si given by each expert Ex (k = T,3) on the importance

of BAPs i (i = T,12) is calculated as the sum of the elements of the i-th row of the comparison matrix as
follows:
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Si= Z]r‘l;ti,j=1
ty, n=12, i,j = 1__,1_2

As a result of taking into account the opinion of all experts, the following relationship can be used
to determine the general assessment of the importance of BAPs:

Ci=Yf  Swm, k=3, i=T1Z

Using the generalized ratings of the importance of BAPs, the weighting of BAPs according to the
level of importance can be determined from the following equation:

vi=2c¢y/C, ,i=112
Here C- is the sum of the generalized estimates of the importance of BAPs, i.e.C s 3" Ci,
n=12.

For the convenience of the text, we use the following designations of bioactive points: T1-Tay-
yuan; T2-He-gu; T3-Chun-yang; T4-Tay-bay; T5-Shen-men; T6-Wang-gu; T7-Jin-gu; T8-Tay-si; T9-
Da-lin; T10-Yang-chi; T11-Tsyu-suy; T12-Tay-chun.

[12,17,18] Pairwise comparison matrices filled in based on data from sources (in our case, experts)
are presented in Table 2, and the calculation results are presented in Table 3.

Table 2. Pairwise comparison matrices.

Pairwise comparison matrix completed based on source 1

1 2 3 4 5 6 7 8 9 10 1 12
1 0,6 0,3 0,2 0,1 0,8 0,1 0,1 0,2 0,3 0,8 0,6
2 0,4 - 0,7 0,1 0,2 0,1 0,2 0,2 0,3 0,8 0,4 0,6
3 0,7 0,3 - 0,1 0,3 0,3 0,4 0,2 0,1 0,7 0,4 0,8
4+ | 08 0,9 0,9 0 0,8 0.9 0,8 0,9 0,8 0,8 0,8 0,9
s | 09 0,8 0,7 0,2 - 0,8 0,4 04 0,6 0,9 0,8 0,8
6 0,2 0.9 0,7 0,1 0,2 - 0,3 0,2 01 0,6 04 0,6
7 0,9 0,8 0,6 0,2 0,6 0,7 - 0,4 0,7 0,9 0,8 0,7
8 0,9 0,8 0,8 0,1 0,6 0,8 0,6 - 0,4 0,8 0,7 0,8
9 0,8 0,7 0,9 0,2 0,4 0,9 0,3 0,6 - 0,8 0,7 0,9
0 | 07 0,2 0,3 0,2 0,1 0,4 01 0,2 0,2 - 04 0,6
un| 02 0,6 0,6 0,2 0,2 0,6 0,2 0,3 0,3 0,6 - 0,6
2| 04| 04 0,2 0,1 0,2 04 0,3 0,2 0,1 0,4 0,4 -

Pairwise comparison matrix completed based on

source 2
1 2 3 4 5 6 7 8 9 10 11 12
T, - 0,4 0,6 0,2 0,1 0,3 0,2 0,3 0,2 0,4 0,6 04
T,| 06 - 04 0,2 0,3 04 0,2 0,1 0,2 0,6 0,6 0,3
Ts| 04 0,6 - 0,3 0,2 04 0,1 0,3 0,2 0,6 0,4 0,1
T,| 08 0,8 0,7 - 0,8 0,8 0,7 0,6 0,8 0,8 0,8 0,7
Ts| 09 0,7 0,8 0,2 - 0,8 0,4 0,6 0,6 0,8 0,7 0,6
Te| 07 0,6 0,6 0,2 0,2 - 0,3 04 0,1 0,6 0,6 0,3
T,| 08 0,8 0,9 0,3 0,6 0,7 - 04 0,4 0,9 0,8 0,7
Tsg| 07 0,9 0,7 04 04 0,6 0,6 - 04 0,9 0,8 0,7
T 08 0,8 0,8 0,2 04 09 0,6 0,6 - 0,8 0,9 0,6
Twl| 06 0,4 04 0,2 0,2 0,4 0,1 0,1 0,2 - 0,4 0,4
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Tu| 04| 04 0,6 0,2 0,3 0,4 0,2 0,2 0,1 0,6 - 04
T | 06| 07 0,9 0,3 04 0,7 0,3 0,3 0,4 0,6 0,6 -
Pairwise comparison matrix completed based on 3rd source

T: T2 Ts Ta Ts Te T7 Ts To Tao Tu T
T. - 0,6 0,6 0,2 0,3 0,4 0,3 01 0,2 0,6 0,4 0,4
T, 0,4 - 0,4 0,1 0,2 0,6 0,3 0,2 0,3 0,6 04 0,2
Ts 04| 06 - 0,1 0,2 0,4 0,3 0,2 0,2 0,6 0,2 0,3
Ta 08| 09 0,9 - 0,8 0,8 0,6 0,6 0,6 0,9 0,7 08
Ts 0,7 08 0,8 0,2 - 0,7 0,6 0,7 0,6 0,8 0,7 0,7
Te 06| 04 0,6 0,2 0,3 - 0,2 0,1 0,2 0,6 04 0,3
T, 07 07 0,7 04 04 08 - 08 0,6 08 0,7 0,8
Ts 09| 08 0,8 0,4 0,3 0,9 0,2 - 0,6 08 0,7 0,7
To 08| 07 0,8 04 04 08 04 04 - 0,7 08 0,9
To | 04| 04 04 0,1 0,2 04 0,2 0,2 0,3 - 04 0,3
Tu | 06| 06 0,8 0,3 0,3 0,6 0,3 0,3 0,2 0,6 - 0,4
T | 06| 08 0,7 0,2 0,3 0,7 0,2 0,3 01 0,7 0,6 -

Table 3. According to the importance level of BAPs calculation results.

1 source 2 source 3 source Ci Vi
S 4,1 3,7 41 11,9 0,060
Sz 4 39 3,7 11,6 0,059
Ss 4,3 3,6 35 11,4 0,058
Ss 8,4 8,3 84 25,1 0,129
Ss 73 71 73 21,7 0,111
Se 34 4,6 39 11,9 0,060
S 73 7,3 74 22 0,113
Ss 73 71 71 215 0,110
Se 7,2 74 71 21,7 0,111
Sio 34 34 33 10,1 0,052
Su 4,4 3,8 5 13,2 0,068
Sz 31 58 5,2 14,1 0,072

Based on the results of the calculations, it can be seen that the following BAPs are of great
importance in the diagnosis of diabetes mellitus according to the values of the parameters Vi (i = T,12)
(Table 3):

Tay- bay, Shen-men, Yan-gu, Da-lin, Tay- si.
In the modeling process, it is advisable to use data obtained from these BAPs for all calculations.

As is known, taking into account the main factors affecting the process, various technical, economic
and other issues can be successfully solved using mathematical modeling [20,21]. In modeling the process
of measuring glucose levels in diabetes mellitus, the values of the ER measured in the five BAPs identified
above are used as the main factors. The linear model of the dependence of blood glucose levels on the values
of electrical resistances in BAPs looks like this:

y=a-+ bix1 + ba2x2+. .. +b1oX10. (1)
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The following notations are used here:

x1 — Tay-bay ER amount measured from the left side of the Tay-bay bioactive point;

x2 — Tay-bay ER amount measured from the right side of the Tay-by bioactive point;

x3— Da-lin ER amount measured from the left side of the Da-ling bioactive point;

x4 — Da-lin ER amount measured from the right side of the Da-ling bioactive point;

xs — Vang -gu ER amount measured from the left side of the Yang-xi meridian;

xe¢ —Vang —gu ER amount measured from the right side of the Yang-xi bioactive point;

x7 — Tay-si ER amount measured from the left side of the Tay-si bioactive point;

xg — Tay-si ER amount measured from the right side of the Tay-si bioactive point;

X9 — Shen-men ER amount measured from the left side of the Shen-men bioactive point;

x10— Shen-men — The amount of ER measured on the right side of the Shen-men bioactive point.

Figure 1 shows the comparison of blood glucose levels determined by the unstandardized
form of linear multiple regression equation (8) (blue) and biochemically (red). This figure shows that
equation (8) allows for a sufficiently accurate determination of blood glucose levels based on the EC values
measured in BFNs and the diagnosis of diabetes mellitus.

Figure 1. Mathematical model (blue color) and biochemically obtained (red color) blood
glucose levels.
In summary, the accuracy rate compared to our noninvasive method of determining blood
glucose levels in QD, determined by a mathematical model with a biochemical method, was 95%.
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®unman Kazanckoro (IIpuBomkckoro) denepaibHOTO YHHUBEpcHTETa B ropoe JHknuzake
sharipovalobar82@gmail.com

AHHOTamusi: MeTon THAPOTEpPMAIbHOTO CHHTE3a HU3Yy4aeT IOJy4YeHHE HEOPraHUYeCKUX U
KOOPJIMHALIMOHHBIX COEIMHEHUH B BOJIE U APYTUX PACTBOPSIOLINX CPEJAX TP MOBBIIIEHHBIX TEMIIEPATYPE
u nasneHud. Ilpomecc ocHOBaH Ha pacTBOPEHMM BEUIECTB B aBTOKJIABaX M IIOBTOPHOM UX
MEePEeKPUCTAINIM30BAHUM, T/I€ BOJA WM PA3JIUYHbIE PACTBOPHI MPU BBICOKOW TeMmepaType W JaBICHUU
BBIIIIe aTMOC(EPHOTO BBHICTYIAIOT HE TOJIHKO KaK PacTBOPSIONIAs CPe/ia, HO M KaK aKTUBHO PearupyroIas
cpena.

KarwueBble cjoBa: ruipoTepMalibHbI CHUHTE3, METAJUIOKOMIUIEKC, JIMTAaHJbl, TeMIEpaTypa,
HAHOYAaCTHIIA.
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