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Received: 03 March 2021 The work considers the solution to the urgent problem of reloading grain

Accepted: 16 April 2021 into vehicles and reducing its damage. The possibility of throwing grain at

Published: 30 May 2021 a given range by creating an appropriate ballistic flight path by adjusting
the speed of the electric drive of the belt when it is powered by a frequency

KEYWORDS converter is substantiated. The problem of reducing the focus of grain

scattering by forming the flow of grain and controlling its movement not
only when moving on the belt, but also after the separation of the flow and
its movement in the air. Focusing of the lower layer is achieved by giving
it an additional initial speed, which is provided by the air flow from the fan
installed under the belt. For the frequency converter of the electric drive of
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Experiment planning theory was used to synthesize the control law.

grain transportation, frequency-
regulated electric drive, control law,
regression model, experiment
planning.

Citation: Evgeniya Burdilnaya, Oleksii Chornyi, Valerii Tytiuk, Serhiienko Serhii. (2021) Syntez Zakonu
Keruvannia Elektropryvodom Ventyliatora Zernokydacha dlia Fokusuvannia Zernovoho Potoku. World Science.
5(66). doi: 10.31435/rsglobal_ws/30052021/7584

Copyright: © 2021 Evgeniya Burdilnaya, Oleksii Chornyi, Valerii Tytiuk, Serhiienko Serhii. This is
an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are
credited and that the original publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these terms.

Beryn. 3aBaaHHs arponpoMHUCIOBOTO KOMILICKCY KpaiHU — 3a0e31eueHHs HoTpeOr HaceaAeHHS
B MPOJIOBOJILCTBI, @ TAKOXK 3a0e3IeUeHHs 00CSATIB CHPOBUHH I €KCIIOPTY, Bifl IIbOr0 0€3110CePEeIHBO
3aJICKUTh SIK IPOJOBOJIbYA, TaK 1 EKOHOMiuHa Oe3leka 1 He3auexHICTh Kpainu. OcHOBa Xk
arpornpOMHCIOBOTO KOMIUIEKCY — BHUPOOHUIITBO 3€PHOBHX KYJIbTyp. 3a0€3MEeYeHHsS BHCOKOI SKOCTI
3epHa Ha TEMEpINIHbOMY €Talli PO3BUTKY TEXHOJOTIH CUThCHKOTOCTIOAAPCHKOTO BUPOOHUIITBA
HEMOXJIMBO 0€3 BUKOPHUCTaHHS KOMILUIEKCY CUThCHKOTOCIIOAAPCHKUX MAIUH — K 30MpaNbHUX, TaK i
MpU3HAYEHUX IS OOpOOKM 3epHOBOI KymH micis 30upanHs. OmHaK B Mpoleci Micis30upaibHOl
00poOKHK Ha 3epHO OaraTopa3oBO BIUIMBAIOTH POOOYI OpPraHU CUILCHKOTOCIIOAAPCHKUX MAIHH, TAKUX
SIK TPUMEPH, METATLHUKH, OYUCHUKH 1 T. 1. AHATI3YIOUH CXEMH MiCIsI30upanbHoi 00poOKH 3epHa, 10
3aCTOCOBYEThCS B JaHWN 4Yac B OiIBIIOCTI TOCIIOAAPCTB, JIETKO MOMITHTH, 1[0 HAWOLIBITY KiNBKICThH
omepariii 3 mcaA30upanbHOi OOpPOOKM 3€pHOBOI KYyIM TaK YW IHAKIIe TOB'S3aHO 3 HOro
MIEPEeMIIIICHHSIM, TIepeJionadyBaHHs a00 METaHHSM, 3IIHCHIOBAaHUX 3a JIOTIOMOTOK0 CIICIlialbHUX
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MallliH — 3epHOMETaNbHUKIB. OJHAK 3aCTOCOBYBAaHI MAIIMHU BiJPi3HIIOTHCS 3HAYHOK KUIBKICTIO
HEJOJIIKIB, TOJIOBHMH 3 SIKHX — MOIIKOKEHHS 00p00II0BAHOIO 3epHa poOOoUnMHU opraHamu [1].

AHani3 KOMEpLIMHMX OpraHizaliif, II0 MPONOHYIOTh 3€pHOMETANbHY TEXHIKy Ha PUHKY
VYkpaian [2] mokasap, 0 HAHOIBII MOMTUPEHOIO MPOTO3UITIEI0 € caMe 3epHOMeTaIbHUKH 3M-60Y,
3M-90Y, 3M-100Y. Bonu € HamiiHUMH, MAKCHMAaIbHO ONTHMI3YIOTh POOOYl TPOIECH, CKOPOIYIOTh
TUMYacOBi, iHAHCOBI Ta TPYAOBI PECypCH.

[IpoGiiema 3MEHITICHHSI TPaBMYBaHHsI 3¢pHA MPH MIEPEBAHTAKCHHI I TPaHCIIOPTYBAHHI Ta CIIOCOOH
i BHpilIEHHS pO3rsOaIncs OaraTbMa BITYM3HSHUMHU Ta 3apyOibkHMMH aBropamu [3,4]. OmHum 3
edeKTHBHUX CIOCcOo0iB 3 (popMyBaHHS OaNiCTHYHOI TPAEKTOPIi 3a PaxXyHOK PETYINIOBAaHHS IIBUIKICTIO
KOHBelepa. 3ajjaya BHPINIYEThCS NUISIXOM BCTAHOBJIGHHS YaCTOTHO-KEPOBAHOTO elieKTporpuBomny. [Ipu
IIHOMY HE BUKOPHCTOBYIOTHCS OY/Ib sIKi MEXaHIYHI IIPUCTPOI CIPSIMyBaHHS IMOTOKY 3epHa (puc.1) [5].

Puc. 1. Ilepebypmoska 3epno6o2o mamepiany

Ane ue He J03BOJIAE€ BUPILIMTU MpoOJeMy IIMPOKOTO PpO3JIBOTY 3€pHa B TOulli HOro
MPU3EMIIEHHS — IIUPOKOT0 (POKyCy pO3IBOTY.

3amada BUpINICHHS 3MEHIICHHS (DOKycy poO3NbOTy 3epHa MOXKe OYyTH BHpillIeHa ILISIXOM
(dbopMyBaHHS MOTOKY 3epHA 1 yNpaBiiHHA MOTO PyXOM HE TUIBKH TMPH TEpPEeMilIeHHI N0 KOHBEEPHil
CTpivIli, a # micyst BiJpUBY MOTOKY 1 pyxy HOro B MOBITPI.

ToBmMHA CIOI0 3epHAa HAa KOHBEEPHIM cTpiulli Moxke cTaHOBUTH 5-10 cM. 3miHa cTapTOBOi
BUCOTH OKpPEMHX 3epeH, HaBiThb Ha 10 cM, MPU3BOANUTH A0 3MIHM JAJIBHOCTI IX MOJBOTY, 1 10 MOSBU
po3citoBaHHS 3epeH B Toulli mpuzeMieHHs (puc.2). Tomy, HEOOXiTHO Tak MiAPETYIIOBATH HOTO
MOYaTKOBY MIBHJKICTb, 1100 JIaNTBbHICTh MOJBOTY 3AIUIIAIACS OJHAKOBOIO:

Ah M

Puc. 2. Tpaecxmopii nonvomy cnoié 3epna:
1 — sepxniti cotl, 2 — HUJICHII Ciotl, 2 — HUICHIL CLOU 3 POKYCYBAHHAM

®DoKyCyBaHHS HIDKHBOTO CJIOI0 MO)KHA JOCSATTH [UIIXOM HAZaHHSI WOMYy JOIATKOBOL
moyaTkoBoi mBuAKocTi. OMHAaK, IMOYATKOBA INBHIKICTh IIOTOKY 3€pHA JOPIBHIOE IIBUIKOCTI
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KOHBEEpHOI CTpiuku. ToXX [M0JAaTKOBY IIBUIAKICTE MOXHA 3a0€3MEUUTH, HANpPHKIAA CTPyMEHEM
TTOBITPS BiJl BCTAHOBJICHOTO I1i7] KOHBEEPOM BEHTHIIATOPA (pHC.2, TpaekTopis 2').
MeTa fAOCHiIKeHHSI 1 aKTyalbHHM 3aBIAHHAM € 3aJada CHHTE3y 3aKOHY KepyBaHHS
SJIEKTPOIPUBOIOM BEHTHIIATOPA, 110 3a0e3neuye (hOKyCyBaHHS ITOTOKY 3€pHA B TOYILI TPU3EMIICHHSI.
B manomy mocmimkeHHI Oysi0 BUKOPHCTAHO TEOPII0 TUIAHYBAHHS €KCIIEPUMEHTY JUIS CHHTE3Y
3aKOHY KepyBaHHS Y BUIJISII perpeciiHoi Moaedi.
Pe3ysabTaTu AocaimkeHHsl. 3aKOH KepyBaHHS MoOke OyTH OTpHMaHHl Ha OCHOBI YMOBH
MaAIHHS 3epeH B OJIHIH TouIli (pHC.2):
2
hy +tg(a)- L R
2v5c0s” (o)

ne L - mamemicTs momeotTy BepxHBOTO CIOIO 3€pHA, M, hy, h, - BECOTa BEpXHBOTO i HIKHBOTO CIOIO

gL’
2vécos? (o)

=h2 +tg(OL)L (1)

3epHa, M, Ol - KyT HiAHOMY KOHBEEPA, paj, Vi, V, - WIBHAKICTb CTPIYKM KOHBEEPA 1 CTPYMEHs

MOBITPSI BEHTHJISATOPA, BIIMOBIIHO, M/C.
Ckopouyrouu MoiOHI OTPUMAEMO:

I SN 2
2.2 =hy 2. 2 ' 2)
2vi cos” (o) 2v5c0s” (o)
[Tozraunmo
__ 9 ®)
Zcosz(oc)
[Ticns nepeTBOpeHb OCTATOYHO OTPUMAEMO:
2
v, b - @

B+ (hp—ty)
3anexHicTh (4) € 3aKOHOM KEpyBaHHS IIBHJIKICTIO CTPYMEHS TOBITPS BEHTHIATOPA, IO
3abe3nedye (OKyCyBaHHS JaJIbHOCTI MOJNBOTY IOTOKY 3epHa. OTpuMaHMii BHpa3 3aBIaHHS Ha
NEPETBOPIOBAY YaCTOTH E€JIEKTPONPHUBOLY BEHTHJIATOPA, IO 3a0e3nedye HEeOoOXiIHYy IIBHIKICTh
CTPYMEHS IOBITpPS, HE BPaXOBYE TEPTS 3epHA 00 MOBITPS, a TAKOXK BHIIAJKOBHH XapaKTep PO3IMOILTY
PO3MIpY Ta Macu 3epHUHHU. TOK YHCIOBHH OMHKC TOJIOKEHHSI OKPEMHUX 3€PEH eIITCy PO3CIFOBaHHS TEX
HEOOXiIHO PO3MIIAIATH SIK CHCTEMY BHITaJKOBUX BelIM4MH. LIsi cucreMa ckiiagaeTbes 3 Takux (GaKTopiB

AK: Maca 3epHATKa M, reoMeTpUYHI PO3MIpH 3€PHATKA — HOTO €KBIBaJEHTHHH pajiyc l Ta TOBLIMHA

ciow 3epHa Ha crpiuni Ah. Skmo mepmii jgBa mapamerpa € XapakTEPUCTHUKOK 3€PHOBHX, MIO
TPaHCIIOPTYIOTBCS, TO TOBIIMHA CJIOK0 HA CTPIYIl € BEIMYMHOK, SKy MOXKHA PperyJrOBaTH.
CkopucraemMocss MeTOAaMH Teopii IIaHyBaHHA €KCIIEPUMEHTY, 1 OTpPUMAeMO PIBHAHHS IS
3aNIe)KHOCTI IIBUAKOCTI CTPYMEHS TMOBITPS BEHTHIISATOpA BiJ TapaMeTpiB 3€pHOBUX, IO
TPAHCHOPTYIOTHCS Y BUTIISIJII perpeciiHoi MoJiedi.

Jlnisi BCTaHOBJICHHS! BHJy TUIAHY €KCIIEPHUMEHTY 1 XapaKTepy MOJENi OIIHUMO BIUIMB 3MiHH
BapilioBaHuX (PaKTOPIB HA po3Mip POKYCY pPO3CiIOBaHHS 3epHA.

[pumyctrmo, 1m0 MeTaHHs 3epHa Oy/e MpoBeAeHe Il MIIEHUII 1 KyKYpYy/I3H, sIKi BUOpaHi 3 TUX
MIpKYBaHb, 110 € 36PHOBUMH $IKi CYTTEBO BiIPI3HSIOTHCA 3a PO3MIPOM 1 MACOIO: IMIIEHUII PO3MIp 3epHa
(5,3x3,15x2,5Mm)+40%, maca 0,085mr+40% 1 kykypymsu BimmosigHo (11,5x8x5,35mMm)+40%, maca
500mMr+40% (auB momaTtok) i € sk OM TpaHWYHUMH U PI3HUX KyJbTYp 3epHOBUX. Hanmam Oymemo
OTIepyBAaTH €KBIBAICHTHUM PaJliyCcOM 36pHUHH, IPEJICTABIICHIM Y BUIIISI KYJIi Yepe3 peallbHui 00’ eM:

ne h, I, s - BucoT, TOBXKMHA 1 IIUPUHA 3€PHUHH, MM.

[Tpu MojentoBaHHI MOJBOTY 3epHA BUKOpHUCTaHA BOynoBaHa y Matlab dyHKIiS reHepyBaHHS
BHITAJIKOBOI ITOCTIIOBHOCTI 3 HOPMAaJbHUM 3aKOHOM PO3IMOAUICHHS. AHATI3YIOUM CTATHUCTHYHI JaHI
(mmB. nomatok), mpuiiMeMmo cepemHe kBaapatwuHe BimxwieHHs (CKB) i pamiycy 3epHUHH
oy =0.52 MM, as Mmacu oy, = 6.3 mr.
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[epeBipumo rinotesy, MO iCHye TaKWi peXUM MiAAyBY HIKHBOTO CJIOIO 3€pHA, IPU SKOMY
po3mip ¢okycy maminas 3epra i CKB Oyzne 3MeHmIyBaTwch i ISl HUX ICHYE €KCTpEMyM — Jesike
MiHIMalbHe 3HA4YeHHs. [l [IbOTO BUKOHAEMO PsIJi PO3PaXYHKIB IUISIXOM MOJCTIOBAHHS, Pe3yJIbTaTH
SKUX 3BeJieHl 10 TaOu.l. ToBmmHY cloro 3epHa Ha CTpiulli KoHBeepa npuiiMemo 0,05 M 1 Oymemo
TpUMaTH HE3MiHHOI. JlogaTkoBO mpuilMeMo, IO MIBHAKICTH pPyXy KOHBEEPHOI CTPIUKH
MiATPUMYETHCS HE3MIHHOIO 3aBISKH POOOTI CHUCTEMH KEepyBaHHS IEPETBOPIOBAYEM YacTOTH 1 He

3aJIeKUTh BiJl MACH 3epHA Ha CTPIYIIi.

Tabmumsa 1.

VYcepenHeni mapamMeTpu pO3NBOTY 3€pHA KYKYpPYI3W 3 €KBIBaJCHTHUMH

nmapaMeTpaMu: pagiyc 7mm i Maca S00Mr, mpu MIBHAKOCTI pyXy KOHBeepHOi cTpiukn 13,5 m/c

IBuaKicTh CTpyMEHS Hiametp pokycy Cepenne, M CKB | ducnepcis
TTOBITPS, M/C pPO3MBOTY, M

13,5 5,33 18,1613 0,9046 | 0.897
13,55 58 16,9707 1,1074 | 1.27

13,6 3,2 19,61 0,5405 | 0.311
13,65 3,3 19,5067 0,5468 | 0.342
13,7 3,73 18,9646 0,6884 | 0.492
13,8 5,37 18,1465 0,8996 | 0,882

3 miagyBOM IUCTIEPCis 3HUKY€EThCS Ha 65%

Tabmuns 2. YcepenHeHi mapaMeTpH pO3JIbOTY 3€pHA IMIICHHIN 3 CKBIBAJICHTHUMH

napaMeTpam paaiyc 3Mm i Maca 85Mr, P MBUAKOCTI PyXy KOHBEEPHOI CTPiuKH 9 m/c

IlIBuakicTs cTpymens noBitps, | Jiametp dhoxycy posnboty, | Cepenne, CKB | Hucmepcis
Mm/c M M
9 1,9 10,0725 0,295 | 0.09
9,025 1,77 10,1215 0,2863 | 0.08
9,05 2,6 9,5914 0,4294 | 0.1
91 2,33 9,8985 0,3445 | 0.13
9,2 2,03 9,9036 0,333 | 0.115

3 miiIyBOM JUCTIEPCist 3HUKYEThCS Ha 8%

Tabmuus 3. VYcepenHeHi mapaMeTpd poO3JIBOTY 3€pHa KYKYpyI3W 3 €KBiBaJCHTHHUMU

napameTpaMu paaiyc 7Mm i maca S00Mr, mpu MIBHAKOCTI PyXy KOHBEEPHOI CTPiUkH 9 m/c

IBuakicts cTpymens noitps, | Hiamerp dokycy posnboty, | CepenHe, CKB | ducnepcis
m/c M M
9 15 10,0536 0,258 |0,071
9,025 1,17 10,2428 0,2049 | 0,043
9,05 19 9,8421 0,3037 | 0,098
91 1,8 9,9117 0,2931 | 0,097
9,2 1,43 10,0901 0,2379 | 0.057

[IpoBeneni momepeaHi MOCIIHKEHHS JO3BOJSIOTh CTBEPKYBATH, IO JOJATKOBHH ITiJIyB
3a0e3neuye 3MEHIIEeHHs JMCIepcii, sik npukian, Ha 8% ans mmennii i 39% uis Kykypya3u TIpu
HIBHJKOCTI KOHBeepa 9 m/c 1 10 65% sl KyKypyJI3u NpH MBUIKOCTI KoHBeepa 13,5 m/c. [pukian
posnoniny 3epHa y okyci mokaszaHi y BUIIIAI riCTOrpaMu Ha puc.3.

3 puc.3 BUAHO, IO 3 MiJyBOM IIMPUHA (POKYCY 3MEHITYEThCs 3 3,5 M 10 1 M.

3 OTpUMaHUX pe3yNbTAaTIB MOXHA OJJHO3HAYHO 3pOOUTH BHCHOBOK, IO MapaMeTpH 3epHa i
HIBUJKICTH CTPYMEHsI MOBITPsl BIUIMBAIOTH HAa (POKYC PO3CIIOBaHHS 3€pHa 1 € TUMH (aKTOpaMu, IO
HEoOXiZHO BpaxOBYBaTH B perpeciiiHiii Mozeri.

Po3ristHeMO BIUIMB TOBIIMHHM CIIOIO 3€pHA HA IIUPUHY (GOKyCy po3citoBaHHS. JociiKeHHS
MPOBEIEMO IS TIIIICHUIII 3 TTapaMeTpaMHu IOCTiAy, MpUBeAeHUMHU Yy Tabn.4. Po3paxyHKu 3BeAeMO 10
Tabm. 5.
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Puc. 3. I'icmoepamu po3nodiny nuenuyi npu wieuoxocmi koneeepa 11,5 m/c:
a) 6e3 niooysa, Mean =13.2600; StdDev =0.8020;
0) 3 niooyeom 11.6 m/c, Mean =15.7207; StdDev =0.2293

6 d,M ' T 3 d,M T T T

25

15 n

| |
3 1 | | |
135 13.6 13.7 vaMle ) 9 9.05 9.1 9.15 vy, M/C 6)

Puc. 4. Ycepeoueni napamempu (hoxycy po3ibomy 3epHa:

a) KYKypyO3u 3 eKeiealeHmHuMu napamempamu paoiyc 7mm i maca 500me, npu weuokocmi pyxy
KoHgeepHoi cmpiuxu 13,5 m/c; 6) nuenuyi 3 exgisanrenmuumu napamempamu paodiyc Imm i maca 85me
(kpusa 1) i KykypyOsu 3 exgiganenmuumu napamempamu paoiyc 7um i maca 500me (kpuea 2) npu
WBUOKOCI PYXY KOHBeEpHOI cmpiuku 9 m/c

Tabmuns 4. [TapameTpu 10CHiy Ha BIUTUB TOBUIMHHM CJIOIO 3€pHA HA CTPIYINi

[IBuaxicTs KoHBEEpa V1, M/C 115

[IBuaxicTs cTpyMeHs nositps Vq , m/c 11,6
m, xr 0,000085

Iapamerpu 3epHa My o 0,003

Pozpaxynku npoBeaeMo A TOBIIMHY ciloto 2, 5, 10 cm. BpaxoByroun BUnaKoBUH XapakTep
po3Mipy i MacH 3epHa, KOKEH PO3paxyHOK BUKOHAEMO 5 pa3iB, i BA3HAYMMO CEPEIHE 3HAUCHHSI.
Tabmuus 5. Pozpaxyrku mmpraE GOKYCY po3CiFOBaHHSI 3epHA Bijl TOBIIIMHK CJIOK0 3epHA Ha CTPIUll

ToBIIMHA CJIOK 3epHA HA CTPIYIl, M
0.02 0.05 0.1
Cepenne, M CKB Cepenne, M CKB Cepenne, M CKB
15.0335 0.3978 15.6284 0.2371 14.8172 0.4591
14.3510 0.6250 15.3308 0.3077 15.4420 0.2816
14.1707 0.6454 15.1849 0.3366 14.6649 0.4923
15.3322 0.3120 13.7617 0.7563 13.3269 0.7189
14.9945 0.4329 15.0330 0.4192 14.9293 0.4229
CepenHe 3HaUCHHS
14.7764 | 0.4826 | 14.9878 | 0.4114 | 14.7961 | 0.4750
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Ha ocHOBiI BUKOHAaHHUX pO3paxyHKiB, IPUKJIa/i 3epHa MIICHUII, MOXHA 3pOOUTH BUCHOBOK, 11O
TOBIIMHA CJIOK0 3€pHa, NpU (IKCOBaHIi IIBHIKOCTI CTPIYKA KOHBEEpA, HE BIUIMBAE Ha JAIBHICTH
KuganHs 3epHa. CepeqHe 3HaUeHHsI TPUOJIM3HO OJTHAKOBE JJIsl TOBIIMHH cIoto 2, 5, 10 cM. [{nst nokasy
Oy70 TpoOBENEeHO MO II'SITh MOBTOPIOBAaHb MIApPSAN 1 po3paxoBaHe cepenHe. [Ipwm MOCUTH BeNWKii
KUTBKOCTI MIOBTOPIOBAHB PI3HHLA MiXK CepeIHIMU 3HAUEHHSIMU Oy/1€ 3MEHIITYBaTHUCh.

Sk Buano 3 rpadikis (puc.4), iX mOBEpxXHs BIATYKY Ma€ 3HAUHY KPUBU3HY, TOXK IS 1X OMHCY
BUKOPUCTOBYIOTECSl TUIAHM APYTOro MOPSAKY. Y LBOMY BHUIAJKy 3aCTOCOBYETHCS OPTOTOHAIBHE
LEHTpaJibHE KOMIIO3UIIiiHE TIaHyBaHHA i poTarabenbHe maHyBaHHA. llpu mpomy portarabenbHe
TUTAHYBaHHS J03BOJISIE OTPUMATH O1IBIII TOYHUIH MaTeMaTUYHUH OMHC Yy TOPIBHSIHHI 3 OPTOTOHATHHIM
[EHTPATbHAM KOMITO3WIIIHHIM TUIaHyBaHHAM. Lle mocsraeThcst 3aBAsSKK 30UTBIICHHIO OCIHIIIB B
[EHTpI TUTaHy Ta CTeniaJIbHOMy BUOOPY BETHYMHU 30PSHOTO TUIeYa.

Bukopucraemo poToTabenpHU HEHTpaTbHUKA KOMIO3ULiHHUI miaH [6, 7]. B sakocti Monemni
BUKOPHUCTAEMO TOJIIHOM APYTOTO MOPSAAKY BULY

n n n
y=bo+zbixi+zbijxixj+Zbiixi2, (5)
i—1 i< i—1

ne Y - dyskuis mim; by, by, blj, bjj - xoedimienTn piBHAHHA perpecii; Xj, X i Xi2 - HOPMOBaHi

3HaueHHS (PaKTOPiB.

Texnomorist mpoenernss PLIKII no3Bomnste oTpuMarty MmiABWINEHY TOYHICTH ITPOTHO3YBAaHHS
(byHKUI1 BIATYKY, IPH IOMY 3HAUHO 3HIKYETBCS 3aralibHa KUTbKICTh JJOCTI/IB, 0 HEOOX1HO TPOBECTH.

TakuMm 4YHMHOM, perpeciiiHy MoJellb OTPUMAEMO IUIAXOM IPOBEACHHS YHCIOBOTO
tpudakropaoro OPLIII 3 BapilioBaHuMH (akTOpaMu: IIBUAKICTH CTPIYKH KOHBEEPA, MIBUAKICTH
CTpYMEHS MOBITPSI BEHTWIIATOPA TapaMeTPH 3€pHA: Maca i TEOMETPUIHHUNA PO3MIp.

[Mobynyemo Tpudakropuuit PLIKII exciepumenTy.

Tabnuus 6. [Tnan Tpudaxroprnoro PLIKII ekcriepuMeHTy

[IBuakicTs IIBHAKICTE CTPYMEHS | [[apamerpu MaTemaTHime
Ne KOHBeepa Vq, M/C noBiTps Vq , M/c 3epHa P N— CKB
JOCITiTy (Mean), M (StdDev)
Cl €2 €3
1 -1 -1 -1
2 +1 -1 -1
3 -1 +1 -1
4 +1 +1 -1
5 -1 -1 +1
6 +1 -1 +1
7 -1 +1 +1
8 +1 +1 +1
9 -a 0 0
10 +a 0 0
11 0 -a 0
12 0 +a 0
13 0 0 -a
14 0 0 +a
15 0 0 0
16 0 0 0
17 0 0 0
18 0 0 0
19 0 0 0
20 0 0 0

KonyBanHs 3HaueHHs napamMeTpiB B TOUKax IJIaHy BinoOpaxeHe B Tabid.7
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Tabmuua 7. IlapameTpn KoyBaHHS B TOYKaX Iiany M rq

[Tapametp -a -1 0 +1 +a
HIsunaxicTs KoHBeepa Vi, M/c 9 10,014 11,5 12,986 14
HIBuakicTs cTpyMeHs MOBiTps Vi, M/c 0 0,041 0,1 0,159 0,2
m , kr 0,000085 | 0,0001695 | 0,0002925 | 0,0004155 | 0,0005
Hapamerpi sepia lo, M 0,003 0,0038 0,005 0,0062 | 0,007

3HaueHHs MateMaTudHOro ouikyBanus M i mgucmepcii D 3a pesynbpraramu ekcriepuMeHTY

[oxkasasi B Ta01.8.

Tabnuus 8. PesynbraTn BUKOHAHHS UIaHY €KCOEPUMEHTY

Ne mocmimy Maremaruyae CKB Ne mocaimy Marematnyue CKB
ouixysanns, M o2 ouixysanns, M o2
1 12.2416 0.2511 11 15.5891 0.2825
2 18.8935 0.4156 12 15.3847 0.3663
3 12.2789 0.2469 13 15.0678 0.4108
4 18.5959 0.5333 14 14.8905 0.4444
5 12.4449 0.1749 15 15.0859 0.3958
6 18.5105 0.5210 16 14.7969 0.4928
7 11.7892 0.3528 17 15.1615 0.4009
8 15.8018 1.0644 18 15.5097 0.3004
9 10.1395 0.2420 19 15.0450 0.4391
10 19.8075 0.9820 20 15.1198 0.4058

Perpeciitna Moaenb i cepeinboro 3HaueHHss M mepemiiieHHs 3epHa 3HaieHa y BUIIII

TIOJIIHOMY:

M =15,122 + 2,8654c1-0,303354c2 -0, 288213c3 -

—0,0638362¢1% +0,117679¢22 — 0,0618386¢32 —
—0,276688clc2 —0,339537¢1c3—0,366212c2¢3

3 mapamMeTpaMu:

R-squared = 98,4683 percent;
R-squared (adjusted for d.f.) = 96,9366 percent;
Standard Error of Est. = 0,450603,;
Mean absolute error = 0,253202;
Durbin-Watson statistic = 2,51247 (P=0,7693).
Orminka 3Ha9ymIocTi KoeilieHTiB perpeciiiHoi MoJierni BUKOHaHa 3a KputepieMm Dimepa i BimoOpaxkeHa

kaproro [Tapeto (puc.5)

(6)

@)e1(L)

(3)c2(L)
(2)e3(L)
2LHa3l
1Lna2l
1LHa3L
c2(K)
c1(K)

c3(K)

-|23,49986

‘-2,48789

‘-2,36371

-2,29871

‘—2,13127

-1,73676

,9648776

-,52B409

-50[703

p=,05

Puc. 5. Kapma Ilapemo 05 pezpecitinoi moodeni cepeOHbo2o nepemiujeHts 3epHa

10
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Puc. 6. 3anesxcnicmo cepednvozo nepemiwgenns sepna M = f (Vl,vz)
0Jis napamempie 3epHa y yeHmpi niany

OcTato4HO, micisl BIITyYeHHs He3HAUYIINX KOe(iIlieHTIB MOIeh Ha0y/ie BUTIISY:

M =15,122 + 2,8654c1-0,303354c2 -0, 288213c3 -0, 366212c2c3. (7)

. 2 . o . .
Perpeciitna monens niust CKB o” nepemitiieHHs 3epHa 3HaHIeHA Y BUTJISIIL MTOJTTHOMY:

o2 =0,406289+0,201593cl +0,0714466¢2 +0,0529192c3 +

+0,0702097¢12 —0,0314726¢22 +0,00501422¢3% + (8)
+0,060925c1c2 +0,07585¢1c3+ 0, 075975c2¢3

3 IapaMeTpaMu:
R-squared = 92,6222 percent;
R-squared (adjusted for d.f.) = 85,2444 percent;
Standard Error of Est. = 0,0880771;
Mean absolute error = 0,0542546.
Omninka 3HadymocTi KoediuieHTIB perpeciiiHoi Mojeni BHKOHaHA 3a Kpurepiem @imepa i
BijioOpakeHa kaproro [lapeto (puc.7)

@)e1(L) _8,458397 .

(3)c2(L) ‘2,997738

c1(K) ‘2,945119
2LHa3L ‘2,439793
1LHa2L ‘2,435779
(2)c3(L) 2,220369
1LHa3L ‘1,956491

c2(K) -1,3203
c3(K) 210334

p=,05

Puc. 7. Kapma Ilapemo ons peepecivinoi mooeni CKB nepemiwenus 3epra

RS Global 5(66), May 2021 11
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(11777

(7117547 9
(2777775877 IS
SRR
777 "422: 2> LK

0)

Puc.8. 3anesxcnicme CKB npu nepemiujenti 3epHa:
a) Ons nuteHuyi; 6) 0na KyKypyo3u

OcTato4HO, micis BIITyYeHHS He3HAUYIUX KOe(illieHTiB MO/IeTh Ha0y/1e BUTIISY:

o2 =0,406289 +0,201593c1 + 0, 07144662 +

9)
+0,0702097¢1% —0,0314726¢22 +0,060925¢1c2 +0,075975¢2¢3

3 puc. 8 i naHux nokasaHux y ta6n.1-3 Buano, mo CKB HeniniiiHO 3anexuts Bif Vo. s

3HAXO/UKCHHS ONTHMAIbHOI TPAeKTOpii 3MIHH V) opp, fKa Oyne 3ale3neuyBaTé MiHIMyM O,

npoudepeHitoeMo ol =t (v1,v2.c3) inpupisnsiemo so myss:

2
do
—=0.
d Vo
VY KOJI0BaHMX BXiJJHUX MapaMeTPiB OTPUMAEMO

vy opt =1,1351+0,9679v; +1,207c3, (10)

IO CBiTYUTH MPO JIiHIIHY 3aJIeKHICTh V2.opt 3 IIBUJIKICTIO KOHBEEpA V1 1 MapaMeTpaMHu 3epHa, sKa

3abe3rneuy MiHIMyM 2. I'padiune BinoOpakeHHS V2.opt = f(vl,C3) nmokazane Ha puc.9. y

IMEHOBaHMX BXIJIHUX MapamMeTpax:

V2.opt, Mm/c
|
15

KYKypya3a
10

Vq, M/C

Puc. 9. 3anesxcnocmi V2.0pt = f (V1,03)

TakuMm 9UHOM, OTPUMAaHHWKA 3aKOH KEPYBaHHS CTPYMEHEM TOBITPSI IMiAYBY, B 3aJICKHOCTI Bif
IMIBUIKOCTI KOHBEEpa Ta TMapaMeTpiB IepeBaHTaXyBaHOro 3epHAa. [padiuri 3amexHOCTI
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V2.opt = f (vl,Cg) JAIOTh YSBIEHHS TPO XapaKTep MpoIlecy, HaNpHUKIa, NPy MepeBaHTaKyBaHHSI

TMIIICHUIN HEMAa€e CeHCY TiTyBaTH MOTIK 3€pHA, SKIO MBUIKICTh KOHBeepy MeHIna Hixk 0.92 m/c, a mpu
nepeBaHTaXyBaHHA KyKYPYA3H [TOYaTKOBa MIBUAKICTH CTPYMEHS NMOBITPs MOBUHHA cKiIafgatu 3,25 m/c.

BpaxoBytoun, 110 kepyrounM 3aBJaHHSAM Bifl CHCTEMH YIPaBIiHHS € HE MIBUAKICTH KOHBEEPA,
a JTANbHICTh TPAHCIIOPTYBaHHS 3€pHA, 3MiHUMO piBHAHHSA (10) 3 ypaxyBauusam (4). Bupimytoun (4)
BIZIHOCHO V| OTPHUMAEMO:

g
w=L : (11)
" "\ 2hcos?(a)+ Lsin(2a)

Toni piBHSIHHS 3aKOHY KepyBaHHs OyZe MaTy BUTJIS;

g
Vo oot =1,1351+0,9679L +1,207¢3,
op 2h cos? (a)+Lsin(2a)

Je ¢3 - QyHKIis, 0 3aeKUTh Bijl €KBIBaJICHTHUX NapaMeTpiB 3epHa:

C3 =dag t+ a1t tax Mg + alzl"ez + azzmez .

BucnoBku. Po3B’s3aHHSA akTyanbHOI 3a/1adi IepeBaHTAXKCHHSI 3€pHA Y TPAHCIIOPTHI 3aco0H i
3HW)KEHHS HOrO TpaBMyBaHHS OOTPYHTOBaHE JJSl COCOOY KHAAHHS 3€pHA Ha 3aJaHy JabHICTH 3a
paxyHOK CTBOPEHHS BiONOBIMHOI OamiCTUYHOI TpaekTopii HOro IONBOTY NLISAXOM PEeryIIOBaHHS
gacToTH 00epTaHHs A/l eleKTpOonpHUBOIY KOHBEEPA IPH KUBJICHHI HOro Bil MIEPETBOPIOBAYA YACTOTH.
3MeHIeHHs (POKYCY PO3JIBOTY 3epHA IPU HOro Mpu3eMIICHHI 3a0e3MeuyeThesi (POPMYBAHHSAM IOTOKY
3epHa 1 yNMpaBliHHIM HOTO PyXOM HE TUIBKHM TIpH TMEpEeMIllleHHI 10 KOHBEEPHINA cTpiumi, a W micis
BIIpUBY TIOTOKY i pyXy #ioro B moBiTpi. s GokycyBaHHS HIDKHBOTO CJIOI0 HEOOXiTHO HAamaTH HOMY
JOJaTKy IOYaTKOBY IIBUAKICTH, sIKa 3a0e3MedyeThCsl CTPYMEHEM IOBITPSl BiJl BCTAHOBJICHOTO IIiJ
KOHBEEPOM BeHTWIATOpa. [l MepeTBOproBaya YacTOTH EJEKTPOIPUBOAY BEHTHIISATOPA, Y BUTJIISIL
perpeciitHoi Mozeni, CHHTe30BaHUI 3aKOH KepyBaHHS, SKUH BpaXxOBYe MapaMeTpy 3epHa 1 HeoOXiaHy
JANBHICT, TpaHcHoOpTyBaHHA. [lms cuHTE3y 3akoHYy KepyBaHHS OyJIO0 BHKOPHUCTaHO TEOPIrO
TUTaHYBaHHS EKCIIEPUMEHTY.
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Introduction. Nanotechnology is a science that deals with the creation of new, more complex
materials, devices and systems using particles that are several nanometers in size (nm is part of a
billion meters). The results of this science cover all spheres of the life of society. As one of the main
technologies of the 2st Century, it is used in the production of nanotechnological materials and
instruments, medicine, electronics, military industry, sensor technology, and so on, with the ability to
create wide opportunities. Nanotechnological products are already used in various industries: in the
production of cars and airplanes, computers, clothing items and even sports accessories [1-5].

It is believed that the beginning of nanotechnology was laid by Richard Feynman in 1959 with
the lecture “There's Plent of Room at the Bottom”. In his lecture, he showed for the first time that,
from the point of view of the fundamental laws of physics, he sees no obstacles to work at the
molecular and atomic levels, manipulating separately molecules and atoms.

People used nanoobjects and nanotechnologies of the modern era in the old days in their lives.
These include the example of colored glasses. For example, a cup of Lycurgus, made in the 4th
century, kept in the British Museum, turns green when illuminated from outside, and turns red when
illuminated from within. Electron microscopy studies have shown that this unusual effect is due to the
presence of nanosized gold and silver in the glass. Thus, we can say with confidence that the Lycurgus
cup (fig.1) is made of nanocomposite material.

In the Middle Ages, adding metal dust to glass produced glasses of different colors depending
on the type and amount of metal. It has now been established that these glasses also have bactericidal
properties, that is, they can disinfect the environment.
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Fig 1. Lycurgus Cup, 4th century

At the beginning of the 20th Century, nanoscale particles could not be “seen” by the
microscopes available at that time. After the discovery of the electron microscope in 1931, it became
possible to “see” objects of submicron and nanometer size. After the creation of a scanning tunneling
microscope in 1981, it became possible not only to obtain images of individual atoms, but also to
manipulate these atoms. Thus, the technology that Feynman talked about in the lecture was created.
But the emergence of technology does not at all mean understanding the essence of the process. For
example, although the melting of steel has been known for a long time, the perception of its physical
and chemical foundations was too far. Recall that the secret of the Damascus sword (steel) has not yet
been fully disclosed. As you can see, the interaction of science and technology is not so simple.

For the first time the term nanomaterial (nanocrystal, nanostructure, nanophase,
nanocomposite) was introduced and used in 1981-1986 by the American scientist G. Glater. An
important role in the history of nanotechnology and the development of the ideology of nanoparticles
was played by the discovery in the mid 80 - early 90s of the 20th century of carbon nanostructures -
fullerenes and carbon nanoparticles, as well as the method of obtaining graphene in the 21st century.

Carbon has conflicting and unique properties that set it apart from other elements. Depending on
the structure, it can be both dielectric and conductive, semiconducting, and semi-metallic material, be very
hard and very soft, possess heat-insulating and heat-conducting characteristics. To do this, it is enough to
compare diamond and graphite. Despite the fact that carbon is the eleventh most abundant element in
nature, its atoms are able to form long molecules, connecting with each other, and the ability to be replaced
by other elements led to the formation of an excessively large number of compounds.

The properties of carbon that we show vary at the macro level. When passing through the
nanoscale, the unique properties of carbon are revealed. At this level of measurement, carbon atoms
create nanostructural clusters that differ from each other in structure and size without the participation
of other elements. These include fullerenes, graphenes, nanocarbons, etc.

Graphene is a layer of carbon atoms that resembles the hexagonal lattice of bees. The distance
between carbon atoms in graphene is 0.142 nm [6,7].

The neck of an ordinary pencil consists of graphite layers of graphene. Since the distance
between the layers is very large (0.334 nm), the connection between them (Van der Waals bond) is
weak and they can slide over each other. Therefore, when graphite touches paper, “particles”
consisting of graphene layers remain on the paper (fig. 2).

Fig.2. Crystal structure of graphite

The production of two-dimensional stable, free (without a substrate) graphene from a three-
dimensional graphite structure caused a revolution in this field since two-dimensional structures made
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it possible to have very high electronic properties. Therefore, the electronic properties of graphene are
currently being investigated in hundreds of laboratories around the world [6].

It has been established by theoretical modeling that transistors can be made from graphene,
and its speed is hundreds of times higher than that of modern silicon transistors. Silicon processors
currently allow multiple operations per second without overheating. Since electrons pass through
graphene without resistance, heating is negligible. In addition, graphene itself is capable of quickly
dissipating heat since it conducts heat well. For these and other reasons, graphene-based electronics
can operate at higher speeds and frequencies [7].

The advantage of graphene is not only in its speed. Silicon retains its electronic properties up
to 10 nm. Graphene not only retains and even enhances its electronic properties, but also retains its
basic physical properties, even if its dimensions are less than 1 nm.

For the method of obtaining graphene, Russian-English physicists A.K. Game and
C.S. Novoselov were awarded the 2010 Nobel Prize.

Promising directions for the development of nanotechnology are closely related to carbon
nanotubes. Carbon nano-sleeves are skeletal structures made of only carbon atoms. What is a carbon
nanotube can be understood by imagining the process of converting graphene into a tube by twisting a
graphene layer (fig. 3).

Fig. 3. Manufacturing a nanotube from graphene

The properties of nanotubes depend on the tilt angle of graphene. Of course, nanoparticles are
not made from graphene layers; they themselves are formed under certain conditions, for example, on
the surface of electrodes during an arc discharge between carbon electrodes. During the discharge,
carbon atoms come out to the surface and join together, forming nanoparticles of different types:
single-layer, multi-layer, and with different tilt angles (fig. 4).

Fig.4. On the left - a schematic description of a combined carbon nanotube, on the right - double:
from top to bottom, flat and spiral nanotubes

The diameter of single-walled nanotubes is usually 1 nm, and the length is more than a
thousand times, about 40 microns. They develop perpendicular to the cathode surface and appear to be
spontaneous accumulations of carbon atoms. Depending on the angle of twisting, the nanotubes have
either high conductivity like metals or semiconducting properties.

The bond of carbon atoms in nanotubes with each other has a record strength. In them,
Young's modulus (resistance to tension and compression pressure) exceeds 1TPa, which is 1 million
atmospheres more than that of diamond. The thermal conductivity of nanotubes is 8 times higher than
that of copper. The current density in tubes can be a thousand times higher than in copper.
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Electrical conductivity in nanotubes does not obey Ohm's law, in which electrical resistance is
expressed by the well-known expression:

R="2 (1)

where p is the resistivity of the conducting material; L is its length; S is cross-sectional area.

In this case, the resistance of a nanoparticle is determined by two fundamental physical
constants, regardless of its size and material [8]:

Ro=h/(2¢?)=12,9 kOm, 2
where e is the electron charge (1.6x10° Kl); h - Planck's constant (6.6x10** Joule /sec); R, - electrical
resistance is called quantum, because the resistance of all conductors in the nanosystem is the same.

Resistivity quantization is not the only conductivity feature in a nanosystem. Sometimes, when
the current passes through the nanowire, no “Joule heat” is released. Unusual conductivity, which does
not depend on the length, width of the conductor in the nanosystem and where heat release is not
observed, is called ballistic conductivity (“ballo” - in Greek to throw, “ballistics” - the science of the
movement of artillery projectiles, bullet, etc.,). This is explained by the fact that electrons, like well-
ejected projectiles, pass through nanowires without colliding atoms in the nodes of the crystal lattice.

Quantum (discrete) conductivity in carbon nanotubes was discovered when determining the
dependence of resistance on length. In experiments, the nanotube diameter was 1.4-50 nm, and the
length was 1-5 um. Despite the fact that the sizes varied in such a wide range, the resistance value for
all nanotubes was the same 12.9 kOhm.

Electrons conduct current in conductors and create an "electron cloud". The rms momentum p of
one of the electrons can be found in the expression for the mean square energy E of an ideal gas particle:

E=p%(2m.)=3kT/2, (3)
where k is the Boltzman constant (1.38x102% Joule /K); m. is the electron mass (9,1x10% kg).
At T=300K p=10.6x10"% kg-m/sec.

It is known that each particle can be represented as a wave with a length A=h/p. For metal with
electronic conductivity A=6.2 nm. This means that for carbon nanotubes, the diameter of which is
several nanometers or less, the electronic conductivity will have a mainly wave character. Electrons
through such nanotubes will pass through the way light waves pass through light transmitters. Thus, in
the nanosystem, the concept of electricity turns into optics, while the Joule loss of distribution is
eliminated at the boundary of the nanosystem, for example, in places where the sizes of nanotubes are
commensurate with conductors of ordinary size.

As we have already noted, nanotubes have ballistic conductivity, and no losses arise in it.
Then we can assume that its length is less than the mean free path of an electron.

Let us assume that a voltage U is given between sections A and B of the nanotube. A current |
flows through it (fig. 5).
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Fig.5. Schematic representation of a carbon nanotube

Taking into account that the energy does not propagate, then the change in the electron energy
between the sections A and B will be AF = eU. The change in energy occurs in the time interval At
when the electron passes between the cross-section A and B.

According to the Heisenberg uncertainty principle AE At = h, from here:

U=h/(e -At). 4)

Let us estimate the current intensity in the nanotubes. A nanotube is a homogeneous quantum
structure. Inside it, like in a helium atom, there can be only two electrons with different spin values.
This means that the current between sections A and B of the nanotube will be:

I=2e/At (5)
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Their expressions (4) and (5), one can find the resistance between segments A and B in the
cross-section of the nanotube R,:

R,=U/I=h/(2¢&%). (6)

This expression, as expected, repeats expression (2).

Since there is no heating in nanotubes (theoretically), they can have a high density (more than
107 A/sm?) for the passage of current. If carbon nanotubes had ordinary (not ballistic) conductivity,
then the temperature in them at such a density of such a current would rise to 20,000 K, which would
be much higher than their combustion temperature (700K). The presence of ballistic conductivity
allows many times to reduce the size of electronic circuits.

The demand for nanotubes is very high. And this is estimated in billions of dollars. The shape of
nanotubes allows them to be placed in two types: chaotic and ordered, which affects the quality of
materials. It is possible to modify nanotubes, that is, to combine various chemical groups and nanoparticles
in them. It also changes the quality of both nanotubes and materials made from them [9,10].

Rubber made of long and entangled nanotubes is resistant to destruction under cyclic loading at
temperatures from —140 to + 900°C. Its performance is significantly superior to silicone rubber, which is
considered the best elastic material. The thickness of a simple macromaterial - nanopaper made of
nanotubes - is 3-10 nm. Filters are prepared from nanoparticles, which help to purify water from salts,
destroy viruses, protect against electromagnetic waves, they are used to make heating parts, sensors, etc.

If an electric potential is applied to the ribbons made of parallel-located nanotubes at
temperatures of 80 + 1900K, they can be strongly stretched (artificial muscle). Such converters of
electrical energy into mechanical energy are more efficient than piezoelectrics [11].

The use of nanotubes in nanocomposites, mainly polymer nanocomposites, is becoming more
and more widespread. When a small number of nanotubes is added, the properties of polymers change
greatly, electrical conductivity is formed in them, thermal conductivity increases, mechanical
properties improve, and chemical and heat resistance increases. When nanotubes are added to ceramic
composites, their electrical and thermal conductivity increases, their resistance to electromagnetic rays
increases and, most importantly, their resistance to cracks. Metal composites are also widely used. The
mechanical strength of copper composites is two to three times that of copper. Hybrid composites
usually consist of three components: polymer or inorganic fibers (fabrics), nanotubes, and connectors.
This class includes prepregs. Nanotubes increase the mechanical strength of prepregs by 30-50%.
Prepregs are widely used in the automotive, aviation and shipbuilding industries. They are also used
for making body armor and sports equipment. When used in the blades of 49 m wind power plants,
their weight is reduced from 7.3 tons to 5.8 tons.

Carbon atoms evaporate from the heated graphite surface and merge with each other, forming
molecules not only in the form of nanotubes, but even in the form of spherical or ellipsoidal convex
closed polygons. In these molecules, carbon atoms are located at the vertices of regular hexagons and
pentagons that form the surface of a sphere or ellipsoid. Such molecular compounds of carbon atoms
are called fullerenes, after the American engineer, designer, and architect R.B. Fuller [12-14].

The most symmetrical and best studied fullerene consists of 60 carbon atoms (Ceo). It consists
of 20 hexagons and 12 pentagons in the shape of a cut icosahedron (fig. 6) and resembles a soccer ball,
about 1 nm in diameter (fig.7).

Fig.6. a) icosahedron (20 triangular sides); b) the formation of pentagonal and hexagonal sides with a
cut of the icosahedron; ¢) section of the icosahedron (12 pentagonal, 20 hexagonal)
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Fig.7. Fullerene Ceo

For the discoveries of fullerenes, the American physicist R. Smola, British physicists H. Kroto
and R. Kerley were awarded the Nobel Prize in 1996. Fullerenes Cso are considered a symbol of
nanotechnology [15].

Fullerenes are currently obtained only by artificial synthesis. The conditions of their
occurrence, structure, properties, and field of application have been intensively studied in recent years.
It has been established that fullerenes are obtained in large quantities during an arc discharge in the
content of soot accumulated on the graphite surface.

Fullerenes are found naturally in shungite (rock), fulgurite (sand, quartz struck by lightning),
meteorites, minerals aged 65 million years at the bottom of the seas and oceans. Fullerenes on Earth
are formed when natural gas is burned, and lightning is released. In 2011 study of air over the
Mediterranean Sea showed fullerenes in each of 43 air samples from Barcelona to Istanbul. Fullerenes
were found in large quantities in space in 2010 as a gas, and in 2012 in a solid form [16].

Since each fullerene carbon atom (Ceo) simultaneously refers to two hexagons and one
pentagon, all Ceo atoms are equivalent. But the C-C bonds do not have the same length. The length of
the C=C bond of two hexagons is 1.39 A, and the length of the C-C bond, which is both a side of a
hexagon and a pentagon, is 1.44 A. The study of the properties of fullerene Cgo Shows that it has 4
stable isomers, the atomic mass does not change and is equal to 720 units.

Another widespread fullerene is Cz, which differs from Ceo in the presence of 10 carbon
atoms in the equatorial part, so Cro is slightly longer, resembling a rugby ball in its shape. Compounds
with high (heavy) fullerene containing a large number of carbon atoms (up to 400) are formed in small
amounts and often have a complex isomeric structure. Of the higher fullerenes (C;), the most studied
aren=74,76, 78, 80, 82 and 84.

The first fullerenes were obtained by acting on solid graphite with laser beams and separating
it from vapor condensation. In 1990, fullerenes were produced in grams in a helium atmosphere at low
pressure by burning graphite electrodes in an electric arc. As a result of anodic erosion, soot
accumulates in the chamber walls; it contains a certain amount of fullerene. It is dissolved in benzene
or toluene, and fullerenes Cso and Cro are obtained in pure form from the solution in a ratio of 3:1 and
about 2% heavier fullerenes.

The mechanism of formation of fullerenes is unknown, since the processes occurring in the
burning part of the arc are thermodynamically unstable, which complicates theoretical analysis.

The cost of one gram of Ceo over the past 15-20 years has dropped from $ 10 thousand to $ 5,
which allows their real use.

A molecular fullerene crystal is a semiconductor with a band gap of ~ 1.5 eV, most of its
properties are identical to other semiconductors, which allows them to be used in electronics as a
diode, transistor, photocell, etc.

When fullerenes are used as an additive in the growth of diamond plates by the CVD
(Chemical VVapor Deposition) method, the growth rate is increased 5 times. High thermal conductivity
and chemical resistance make them a promising material for micro-electronics.

It has been found that doping of crystalline semiconducting molecular fullerene (Ceo) with an
alkali metal produces a material with metallic conductivity - fullerite. At low temperatures, it turns
into a superconducting state. Doping of the Ceo crystal is carried out at several hundred °C when
exposed to metal vapors. This gives a structure of the X3;Cgo type (X is an alkali metal atom). In the
potassium compound K3Ceo, the superconducting state is formed at 19 K. This is a record high for
molecular superconductors. Then it was revealed that the superconducting state also exists in XY, Ceo
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compounds (X, Y are alkali metal atoms). A record index of these superconductors (T¢= 33K) was
found in the compound RbCs; Ceo [17].

Carbon nanoparticles can be used as dielectric, semiconducting, conductive and structural
materials, their field of application is gradually increasing.

In general, nanostructured materials science is one of the factors indicating the level of
development of science and technology in the country.

Conclusions. Thus, our studies allow us to note the following results:

1. Carbon nanoparticles can be used both as a structural and electrical material: dielectric,
semiconducting, conducting, including superconducting.

2. At steel works, during melting steel by an arc discharge, the formation and release of
fullerenes on graphite electrodes has not been studied. Such research has promising possibilities.
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IHocTaHoBKa MPoOGJIeMH y 3aralbHOMY BUIVISIAL Ta 1i 3B'SI30K i3 BaKJIMBMMHU HAYKOBMMH YH
NPAaKTHYHUMHU 3aBJAHHSIMM. B KOHTEKCTI ympaBiiHHS MpoLecaMH 1 CHCTEMaMd JIOTiCTHYHOTO
00CITyrOByBaHHS TPAAUILIHHO aKTyaJIbHOI 3aJIMIIAETHCS MTPOOIeMa YMOB HAIaHHS JIOTICTUYHHUX MTOCITYT.
ToOT0, OyayTh BOHH HaJaBaTHUCh CHJIAMH BEPTHUKAJIBHO 1HTETPOBAHOTO (BIACHOTO) MiJPO3JILTY, CHIIAMU
TPeTbOi CTOpOHM (Ha 3acafax ayTCOPCHHIY) Y IependavacThCs MOETHAHHS 3a3HAYEHUX BapiaHTIB B
MIEBHOMY CIIOJTydeHHi. B HayKoBiii jiTeparypi Ta iHIIMX JpKepenax iHdopmarii BioOpaxeHo Oarato
0i3HeCOBHMX CHUTyalill (BUMAIKIB) 3MIHM OpraHi3amisiMy yMOB IIOCTayaHb JIOTICTHYHUX mOChyr. JlaHi

B 3Haunili yacTHHI JOCTIDKEHb aKLIEHT pOOWUTHhCA HA BUMIAIKAX “HEYCHILIHOTO”, Ha IyMKY
aBTOpIB, ayTCOPCHHTY JIOTiICTHYHWX IOCIYT, KOJIM OpraHi3aiis, depe3 JCSKHH 4ac, TIOBEPTAEThCs 0
MOTIEPEIHBOI Oi3HEC-MOJIEII, 3BEPTAETHCS 10 IHIIMX MOCTAYAIbHUKIB JOTICTHYHUX TOCIYT TOIIO. Takum
YMHOM, BHCHOBOK, SIKHUH POOWTHCS, TIONATAE Y HEOOXiTHOCTI pO3POOJICHHS HOBUX 1 BJIOCKOHAJICHHS
ICHYIOUHX METOIB 1 MOZIeTIeH BHOOPY IMOCTAYaIbHUKIB JIOTICTHYHUX TOCIYT, SIKi JJO3BOIMIN O YHUKHYTH,
YU TIPUHANMHI CYTTEBO 3MEHIIIMTH HMOBIPHICTD, ““HEYCITIIITHOCTI, TaK, SIK OCTAHHS PO3YMIETHCS 3a JaHUX
YMOB, CTpaTerii JIOTiCTUYHOr0 ayTCOPCUHTY 1, B IEBHIH Mipi, IPOEKTIB, sIKi 3a0e3MeuyIoTh ii pearizaito.
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ABTOpH JaHOi poOOTH BUXOIATH i3 TOTO, IO B OaueHHI psAy IIKLUI CTPATEriYHOrO YIpaBIiHHS,
30KpeMa, IIKOJIM HaBYaHHS, B3a€MO3B 3Ky MDK cTamismu (DOpMyBaHHA 1 pearnizarii cTparerii, cramis
pearizarii 9acTKOBO, a00 TOBHICTIO, OyzIe 30iraTucs B 4aci 3i cramiero ¢popmyBanns [1]. Le, BignosigHo,
Ma€ BpaxoByBaTHUCA B TIpollecax OpraHizalliiHOro YIpaBJiHHS, HacaMmIepesa, Npu po3poOJieHH] i
BIPOBA/DKEHHI MEXaHI3MiB CTPATEriqHOTro i mopTdeabHoro ynpasiinas [2, 3]. BiamoiaHo, MpUITyIIeHHS
aBTOPiB JaHOi pOOOTH TMoJsirac B TOMy, IO (OpPMyBaHHS 1 peaji3amis OpraHizamiiHOI crparerii
JIOTICTUYHOTO ayTCOPCHUHTY MalOTh BHXOAWTH 3 OauyeHHs JaHOi CTpaTerii sk Takoi, 0 PO3BUBAETHCSL.
BinnosigHo, B paMKkax JaHOTO OaueHHs, CTPATETisl JIOTICTHYHOIO ayTCOPCHHTY MOXKE OYyTH TpECTaBIIcHa
AK TocmiaoBHICT (a3. KoxkHa 3 mux (a3 po3rismaeTses K eKCIIepUMEHT OopraHisarii, SKuii Moxe OyTr
3niticaeHo B (hopmi mpoekTy. IIpoaykToM mBOTO MPOEKTY € PIllleHHS Mpo MPUHAHATTS abo BiIMOBY Bil
CIiyBaHHA TEBHIM, PO3MIAAyBaHii Ha paHii (as3i, Oi3Hec-Mozaeni JOTICTUYHOTO ayTCOPCHHTY, a
Pe3yIbTaTOM — PIlIEHHS PO Mepexij] 10 HaCTYNHOI (hazu abo MOBEpHEHHS JI0 TOEPETHIX.

TakuM YMHOM, aKTyaJbHHIM HAyKOBHM 3aBJAHHSIM € PO3POOJICHHS HOBUX 1 BJIOCKOHAJICHHS
ICHYIOUMX METOJIB 1 Mojenei (hopMyBaHHS MOPT(EIs MOCTAYaIbHHUKIB JOTICTUYHHUX MOCIYT, SIK TaKHX,
IO BH3HAYAIOTH 3MICT MPOEKTIB (OpMyBaHHS 1 peamizalii cTpaTerii JOTICTUYHOTO ayTCOPCHHTY, KON
OCTaHHS PO3TIISIIAETHCS SIK CTPATETisl, KA PO3BUBAETHCA.

AHani3 ocTaHHIX JocaizKeHb i myomikamiii. [1ix ayrcopcunrom (Bia aHri. — outsourcing), B
HAWOUIBI 3aralbHOMY BUIVIIAL, PO3YMIIOTH Iepefady TMPOAYKTIB, SKi paHilmle BHPOOISINCH B
opraHizaiii, Ha30BHi, K TIPAaBWJIO, CIEMIATI30BAaHUM IMIANMPHEMCTBAM. BinmoBigHO, IOTiCTUYHUI
AyTCOPCHHT — € Tieperada JIOTICTHYHHX TIOCIYT, SIKi paHille BHKOHYBAINCH BIACHUMH CHJIAMH,
JIOTICTHYHUM TIpoBaiiziepam, sIKi 3aTy4aroThCsl Ha 3acafaX TPeThoi CTOPOHHM (330BHi). Buan mocyr, siki
3a3BMYall MPUIHATO BH3HAYATH SIK TPAHCIIOPTYBAHHS HA YMOBAX TPEThOI CTOPOHM, BUHUKIIHM B OCTaHHI
poku. Sk 1 y BUNAJIKy JIOTICTHYHOTO OOCIYTOBYBAaHHS B LIJIOMY, Ti/T 3a3HAYEHUMH YMOBaMHU PO3yMIIOTh
Oyab-IKMHA  PI3HOBHJ  TPaHCHOPTYBaHHS, SAKUN MIPOIIOHYETHCS BaHTa)KOBIiJIPABHUKOM
(BaHTaXXOOTpUMYyBauaM) SIK YacTWHA 3arajbHOrO0 TAKETy JIOTICTHYHUX TOCIYT, 3a SKHUMH
TPaHCTIOPTYBAHHS BUCTYIIAE 33 OJHY 13 CKIIaI0BHX [4].

[pencrasnsie iHTepec ineHTHdiKaIis (akTopiB, sKi 3yMOBJIIOIOTH 30UIBIICHHS OOCSTIB
JIOTICTUYHUX MOCIYT, 30KpeMa MepeBe3eHb, SIKi EPEAaloThCs 10 BUKOHAHHS TPETil CTOpOHi. 30KpeMa
. Bayepcokc, I1. Hoepri, K. JIprore, /. Pomxkepc i JI. Yopacioy 3a Taki ¢aktopu Bu3Hauwimm [5]:
BUKOPHUCTAHHS CIELiaIbHUX HAaBUYOK; 3JIaTHICTh JOCSITTH €KOHOMii Macuitaby; 3HWKEHHS PU3HKY
KaITliTATOBKIIA/ICHb; 3a0e3rnedeHHs eekTuBHOro ynpasiinHs. B. [lleddi, B cBoro uepry, Bu3Ha4mMB 3a
Taki (pakropu [6]: THCK KOHKYpEHIIii, 110 HEBIIMHHO 3pPOCTAa€; MiJBHUINEHHS OYiKyBaHb IIOJO PiBHS
TPAHCIIOPTHOTO OOCITyTrOBYBaHHS; PO3BHTOK JEPETYIIALI] SIK 3arajJbHOCBITOBY TEHAEHIIIO; MPOTpec B
KOMIT IOTEpHHX 1 KOMYHIKaI[IITHUX TEXHOJOTisIX.

P. JIait6 i I'. Pernomn, E. bapni i M. Tpeiici, aHami3yroun MisUTBHICTh B iHIYCTPIAIEHO PO3BUHYTHX
KpaiHax (ipM, 10 BUKOPHCTOBYIOTh JIOTICTUYHI TIOCIYTH, SKI HAJAlOTHCS HA YMOBAaX TPETHOi CTOPOHH,
JUHATIDTA BUCHOBKY, 1110 [/, 8]:

1) mepenaya JIOTICTHYHUX JIiSUIHOCTEH 10 BHKOHAHHS TPETid CTOpOHI HaOyBae O3HAK
3araJibHONPUHHSAITOT,

2) HaOLIBII YacTO 10 BUKOHAHHS TPETil CTOPOHI MEePeAarThes MisTIbHOCTI, SIKi HA TTOCTIiHIi
OCHOBI 3JIIHCHIOIOTHCS CaMOI0 ipMOI0, TIPOTE HE € IS Hel OCHOBHUMHU 1 TIOTPEOYIOTh 3aCTOCYBaHHS
[IEBHMX aKTHBIB;

3) IK OCHOBHWIA HPUBIJ J0 BUKOPHCTaHHS IOCIYT, SIKi NMPOIOHYIOTHCS HA YMOBAaxX TPEThOI
CTOPOHH, JICKIAPYEThCS 3HIDKEHHS BUTPAT 1 MiIBUIICHHS PiBHS 00CITyrOBYBaHHS CII0KHWBAYiB;

4) pipmu, K PABHUIIO, 330BOJICHI THM, 10 3aJy4aI0Th TPETIO CTOPOHY;

5) OCHOBHUMH TIEpElIOHAMH CTOCOBHO Tepenadi JisUIbHOCTEH MO0  JIOTICTUYHOTO
00CIIyroByBaHHs TpPETiil CTOPOHI € CTpax BTpPAaTH KOHTPOJIO Ta HEBU3HAUEHICTH BiAHOCHO PiBHS
3a0e3neueHHs 00CITyTrOBYBaHHS TPETHOKO CTOPOHOIO.

[lpu 3ajgydeHHi [0 JOTICTHYHOTO OOCIYrOBYyBaHHsS TPEThOI CTOPOHH IIOCTaE MpodieMa
OLIIHIOBaHHSI 1 BUOOPY MMOCTaYaIbHUKIB JIOTICTHYHHUX MTOCTYT.

CknamHiCTh TMPOIECiB MPUUAHATTS pIlleHh MOJ0 BU3HAYEHHS IMOCTAYaJbHUKIB MPAKTHIHO
Oynb-KMX TPOAYKTiB, B 3HAYHIA Mipi, MMOB’S3Y€ThCSA 3 HEOOXITHICTIO CYMICHOTO aHAJI3y psIy
(axTopiB, IO 3HAXOAATH BiAOOpaKEHHS y BiAMOBiAHUX KpuTepisix. Kpurepii ominioBanHs 1 BUOOpy
MOCTaYaIbHUKIB MPOAYKTIB CTAIM MPEAMETOM 0araTboX AOCHIIKEHb, MOUYMHaouH me 3 1960-x pokis.
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B 3arampHOMY TUIaHi, 32 OOHY 3 BHU3HAYJIBHUX, B Yepeai 3a3HAYEHUX JOCIIIKEHb, PO3TISIAETHCS
pobora I'. JlikcoHa, sxuii ineHTr(iKyBaB 23 mOKa3HUKA, IO MOXKYTh CIIYT'yBaTH 3a KpuTepii Binoopy
MOCTaYaIbHUKIB 1HCTUTYLIOHANBHUME (opraHizamiiinumu) mokynisivu [9]. TlpoBenenuit ormsng
myOJTiKaIiii 3a TaHOI TEMAaTHKOIO, SIKi OYJIM BHIaHI B IMOAATBIIOMY, CBIAYNTH, [0 IPAKTUYHO BCI IIi
MIOKAa3HUKH 30€eperiy CBOK 3HAYYIIiCTh A0 cborofHi. [IpoTe ix mpiopuTeTHICTS 1, BIAMOBiAHO, YacTOTa
BUKOPHUCTAHHSI 3a KPUTEPii 3a3HAIN TIEBHUX 3MiH.

[pami I'. [likcona, gk 1 mocimimkeHHs iHIUX (axiBIliB, BKa3ylOTh Ha Te, IO MPOILEC BUOOPY
MMOCTAaYaJIbHUKIB € OaraTOKpHTepialbHUM 3a cBoelo mpupoznor. B. Biam i Il. Pobincon miitmumm
BHCHOBKY, II[0, 3a3BUYali, iCHYE€ B3a€MO3B’S30K, CBOTO POAY KOMIIPOMIC, MK KPUTEpISIMU BHOOPY
MOCTAaYaIbHUKIB, 1 3a3HAYMIIN, 10 e(EeKT 3a3HaYeHOT0 3B 3Ky BTPAYAETHCS B YMOBAX aHAII3y OJHOTO
kputepito [10]. V. Jlemrici moka3as, 1110 3HAYYIIICTh KPUTEPIiB BapitO€ B 3aJIC)KHOCTI Bijl CHTYaIlii, sKa
CKJIQJIA€ThCS MO0 3aKymiBens [11].

B pobGorti [12], B po3Butok pobotu [13], imeHTH(}iKOBAaHO BHKOPHCTOBYBaHI Ha CHOTOJHI
METOMU 1 MOjeni BUOOpPY IMOCTa4allbHUKIB MPOAYKTIB 1 IMOCITYr, B TOMY YHCIi, JOTICTHYHHX, i
MPOBEICHO iX 3iCTaBHO-MOPIBHSUILHHUN aHaui3. JlaHuil aHami3 Moke OyTH BUKOPHCTAHO NPU MOOYI0BI,
32 YMOBaMH PE3yJIbTaTUBHOCTI i €EeKTUBHOCTI, TOPTQEs MOCTa4aIbHUKIB JIOTICTHYHAX TOCIYT 3a
BHOKpeMITIOBaHUMH (hazamu ctafmiii opMyBaHHS 1 peainizamii cTpaTerii JTOTiCTUYHOTO ayTCOPCHHTY,
PO3TJIsAyBaHUX 3a CTajii, sKi 30iraroThcs B yaci. O4eBHIHO, 110, SK 3a3HAYATIOCS BHINE, KOXKHA (a3a,
sIKa PO3MIIAAETHCS B TAHOMY JOCHIKEHHI, SIK eKCIIEPUMEHT OpraHizailii, SKuii Moxe OyTH 3IiHCHEHO
B (Qopmi TpoekTy, Mae CBOi BiAMiHHI XapaKTEPUCTHKH, SKi, B CBOIO Yepry, BU3HAYAIOTHh BiIAMiHHI
BHMMOTH JI0 METO/IB 1 MO/ieTiel BHOOpY MOCTa4albHUKIB JIOTICTUYHUX MTOCTYT.

OOpani MeToau 1 Mozeni s OOYIOBH TOPTQEIs MOCTaYaIbHUKIB JIOTICTUYHUX TOCTYT 3a
BUIIe3a3HAYeHNMHU (pa3amMyl BiIIOBIIHO BHU3HAYAIOTh METOJOJIOTIYHI ACHEKTH YMPAaBIIHHA 3MiCTOM
MpoekTiB (a3 cTanid GopMyBaHHS 1 peamizalii cTparerii JOTICTHYHOTO ayTCOPCHUHTY — SIK TaKUX, IO
30iraroThCs B 4aci.

YMmoBamu  (opmamizaiii mporecy BH3HAYCHHS MOCTaYalbHUKIB MPOAYKTIB (TOCTyr) B
PO3MISIHYTUX MOJENAX HE IepeadavdaeTbcss 4d ImependadaeTbcs AOBONI OOMEKEHO, BpaxyBaHHS
ocobnmBoCTel Oi3HEC-CUTYaIlii B SIKUX OyAyTh B3a€MOJISITH OpraHi3aiii MOoCTavallbHUKIB 1 OpraHizarii
3aMOBHUKIB. OUEBHIHO, MOXKHA 3ayBa)KUTH, 1110 JaHI 0COOIMBOCTI MOXKYTh OyTH B3ATI 10 YBaru 4epes
BBE/ICHHS BIJNOBIIHUX KpPUTEPiiB B paMKax OaraTOKpUTEpiaibHHUX METOAIB. 30KpeMa, KpHUTepiiB
CIPSIMOBAHOCTI OpTraHi3allii-mocTadyalbHUKa MiATPUMYBAaTH 3asBJICHI 3HAYEHHS KPHUTEPIiB SKOCTI i
BapTOCTI MPOMOHOBAHMX MOCIYT Y BCTAHOBJICHOMY TIEPiOIi, SIK 116 Ma€ MICIle, HAPHKIIaa, B poodoTi [12].
BonHouac, mpocte 301LbIIEHHs TIEpeiKy KpUTepiiB 0e3 BpaxyBaHHsS YMOB iX B3a€MOJIi 3aJIEKHOCTI,
NPUBOAATH 3a 0araThbOX BHIAIKIB, 10 HEBUIIPABAAHOTO YCKIAJHEHHS IIOCTAaHOBKH 1 BHPILICHHS
BIIMOBITHUX 337124 0€3 CyTTEBOTO IMiIBUIIEHHS PE3yIbTATUBHOCTI 1 €EeKTUBHOCTI TPOIIECY BU3HAUCHHS
MOCTaYaIbHUKIB MPOAYKTIB (Tocayr). TakuMm 4MHOM, HayKOBa MPOTaNWHA iMeHTHDIKYEThCS B YaCTHHI
Opaky Mojeseii i MeTOIB, sIKi TO3BOIHIN O MaKCUMAJIbHO aIalTyBaTy MPOIeC BUOOPY NMOCTAYaIbHHKIB
MPOAYKTIB (IOCIYT), 30KpeMa JIOTiCTHYHHX, N0 OCOONMBOCTEW Oi3HeC cHUTyamliid, B SKHX OyAyTh
B3a€EMOJIISITH OpraHizailii HajaBada IOCIYr i OTpMMyBadya OCTaHHIX. B KOHTEKCTI MOJOJIaHHSA JaHOI
MPOTaJIMHU BUAAETHCS 32 TOUUIBHE PO3IIISIHYTH MOXKIIMBICTh BAKOPUCTAHHS MPELEAEHTHOTO METOLY.

Bognowac, posrmsHyTi B po6oTi [12] MeToam i Moxmeni BUOOPY MOCTaYalbHHKIB 1 MOCIYT
MOXYTh OyTH BHKOPHCTaHHI JUIsi BUOOpPY OOMEXKEHO Malyioi KiJIbKOCTI MOCTa4albHUKIB B YMOBax
PO3BUTKY MApTHEPCHKUX BIAHOCHH 1/a00 PO3IOALIY 3aMOBJIEHb MDK IMOCTadaJbHUKAMH, sKi OYJIH
0o0paHi Ha OCHOBI NIPELEIEHTHOTO METOY.

Meta craTTi — 3amnpoIlOHYBAaTH KOHIIENITYalbHY MOJENb MPEleNeHTHOr0 (OpMYBaHHS
noptdenst mocrayaibHUKIB JIOTICTUYHUX MOCIYT B MpoeKTax (OpMyBaHHS 1 peamizallii crparerii
JIOTiICTUYHOTO ayTCOPCUHTY, SIKA PO3IIIAJAETHCS K CTPATETis, IKa PO3BUBAETHCS.

Bukjaax ocHOBHOro martepiajly JOCHiJKeHHSI 3 NMOBHHM OOIDYHTYBAHHSIM OTPHMAHMX
HAYKOBHX pe3yJibTaTiB.

Hnst po3poOiieHHsT KOHLENUii MpeneleHTHOro (GOopMyBaHHS MOPTQens MocTadyalbHUKIB
JIOTICTUYHUX TIOCIYr B MPOEKTax JIOTICTUYHOIO AayTCOPCHUHIY 3aCTOCOBYEMO TilOTe3y Teopii
TIPETIEACHTIB MO0 OJHOMAHITHOCTI MPOCTOPY PIIIeHb, KOJIHM «CXO0XI BXIAHI CHTYyaIlii IPU3BOASATE 10
CXOKMX BUXITHHMX peakiid cuctemm» [14]. Crmimyrouwm maHii TrimoTe3i, AT KOXXHOI HOBOI CHTYyarlil
JOCTaTHBO 3HAWTH OOHY abo KiJibKa ONM3BKMX, CXOKUX J0 Hei cuTyaliil, 3 mepeniky BiJOMHX, i
NpUAMAaTH pillleHHs, CIUPAIOYUCh HA LI CUTYyalii — IpereIeHTH.
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Mogeni Ta iHCTpYMEHTH pealtizalii NpeneJeHTHOr0 METOy MPUHHSTTS pillleHb MOKJIaAcHI B
OCHOBY cHcTeMH miaTpuMku npeneneHTHux pimens (CIIIP) [15]. IIponec ¢pyakmionysanns CIIIIP
MO)kHa TipenctaButu y Burisiai CBR-nmkoty (Bix anri. — case-based reasoning — Meton MipKkyBaHb Ha
OCHOBI IIPELIEICHTIB) puc. 1.

CdopmymnpoBaHa, 3 BUKOPUCTAHHSAM TEOPii MpemeaeHTiB, KOHIenis GopMyBaHHs mopTderiB
MOCTAYaIbHUKIB JIOTICTUYHAX IIOCITYT 3a MPOEKTaMH JIOTICTUYHOTO AyTCOPCHHTY CKIAJA€ThCS 13
HACTYIHUX ETaIliB:

- (hopMyBaHHS MEpeTiKy OCHOBHUX XapaKTEPUCTHK MMOCTAYANbHHUKIB JIOTICTHYHHX TOCIYT;

- TIOIIIYK TPeeACHTIB B 0a3i NaHHUX;

- BiOip 13 MpeneneHTiB MIMOBIPHUX OpraHizallii-TIoCTa4aIbHHUKIB JIOTICTUYHUX ITOCITYT;

- KOpEryBaHHS XapaKTePHCTHK IOCTAYalbHUKIB JIOTICTHYHHX IOCIYT MIOAO IONEPEeIHbO
3aJ]JaHUX 3HAYCHb XaPAKTECPUCTHK;

- TixOip oOpaHKX MPETIeAEHTIB I BUPIMICHHS [TOCTABIICHOI B 3aBaHHI Ha IPOEKTYBaHHS 3a7adi;

- opmyBanHs moptderns MOCTavalIbHUKIB JIOTICTHYHHUX TOCIYT 332 MPOSKTOM JIOTiCTUYHOTO
ayTCOPCHHTY;

- 30epexxeHHs B 0a31 JaHUX XapaKTePUCTHUK MOCTAYAFHUKIB JIOTICTHYHUX TTOCIYT, AKi OYAyTh
BUKOPUCTOBYBATHCS B TIOAAIBIIOMY B IPOEKTAX JOTICTUYHOT'O Ay TCOPCHHTY.

Sk TpakTye Teopis Npele/eHTiB, KOXKHA CHUTyallisl — [I¢ 3HaHHS, sKi HaOyBalOTHCS HUISIXOM
CHUCTeMaTh3alii Ta y3araJbHEeHHS OKpeMHux pisHopimHux ¢akTtiB. [lpomeaypa HaOyTTsS 3HaHbB
3MIACHIOEThCS (haxiBIIMHU-EKCIIEPTaMH, SIKIi HE TUTBKH (PIKCYIOTh CHUTYaIlil0 («B MEBHOMY MicCIi, B
MEBHUI Yac, 3a BiJMOBIIHUX OOCTaBMH TPANMBCS SKHICH BUITAJOK»), ajie W 3IIHCHIOIOTH aHAJi3 i
BUSIBIISIIOTH IPUYHHY i1 TIOSBH, OILIHIOKOYX TTOBHOTY 1 00’ €KTHBHICTH HasBHOI iH(opmarii. [Ticis mporo
imKeHepH 31 3HaHb (Big aHrI. — knowledge engineers) nepeBoasTh 1ii CrielianbHi 3HAHHS Y MAITHHHHMA
¢dbopMaT i IPOBOJATH iX HAKOMUYCHHS B MaM'sITi KOMITTOTEPIB 3 METOIO MOJAIBIION0 BUKOPUCTAHHS B
npolecax NpUHHSATTS pillieHb.

3agaga
dopmyBaHHs rTopTdest

> h Ba3oBe GaueHHs1 mopTdeinst
ImocradaJiJbHUKIB JIOTICTUYHUX ITOCIYT

HoCTa4vyaJIbHUKIB
JIOTICTUYHHX ITOCIYT 3a
MPOEKTOM JIOTICTUYHOIO
ayTCOPCHHTY

Banum na nowyk piwens 3a
nooibnicmio 3aoay

vy

baza nanux
IpEIIeICHTIB

CkoperoBaHe OaueHHs
nopTders NocTa4aIbHUKIB
JIOTiCTUYHHX ITOCIIYT 3a
IPOEKTOM JIOTiCTHYHOTO
ayTCOPCHHIY

e

Bubip iz 6azu mHOoMCUHU
nooibHuUx

IIpeuenentu

Bbaza pecypcis
OPOCKTY
JOTICTUYHOTO

3anpononosani piniennss ma
00CIIyroByBaHHS

imogipni kanouoamu

nocmavanrbHUKA
! OI1P !
Hoesuii Bubip .
Kanouoamies
npeyeoenm

Puc. 1. Konyenmyanvua mooenv npeyedeHmnozo Gopmysaris nopmepenie nocmayaibHuKie
JI02ICMUYHUX NOCTIY2 3G NPOEKMAMU JI02ICMUYHO20 AYMCOPCUHRY
Hageneni eranu ¢popmyBanHs nopTdeniB mocTayaabHUAKIB JOTICTUYHUX MOCTYT 3a MPOEKTaMU

JIOTICTUYHOTO ayTCOPCHUHIY BHKOHYIOTHCSA 3a O€3MocepenHboli B3aeMOil 3 0CO000, sKa IMpHHMae
pitnennss (OINIP). BaratompelieZieHTHI CHCTEMH, SK TMPABUIO, TIABKH OOMparoTh 3 0a3M JaHHUX

24 5(66), May 2021 RS Global



WORLD SCIENCE ISSN 2413-1032

HAUOUTBII TOMIOHI TpENeNeHTH 1 3aluIIalTh mporec aganrtamii Ha posrisa OIIP, ockinbku
aBTOMATH3AIlisl IPOIIECY aJaITallil € CKIaJJHUM 3aBJJaHHSM, PAKTHYHO HE MiJIAEThCS y3aralbHEHHIO.
B apanramii Hemae HEOOXIMHOCTI, OCKIIBKHA OOpaHi MPEIeACHTH MICTATh JOCTATHRO iHGOpMAIii I
NPUAHSTTS 00’ €KTUBHOTO PIlLICHHS.

Sxmo x amanTaris HeoOXiTHa, TO IS 11 TPOBEACHHS MOYKHA BUKOPHCTATH 0a3y 3HAHB IOJI0
PO3BUTKY c(epH JOTICTHYHOTO OOCITyTOBYBAaHHA, SIKa MICTHTh Halip HeoOXimHWX (akTiB, MpaBwI i
METO/IB iIHAYKTHBHOTO /200 a0AyKTUBHOTO MAIIMHHOTO HABYAHHSI.

omo nobymou CIIIIP, To BoHa mepeabavae BUPILICHHS HACTYIHUX 3aBAaHb: PO3POOKY
crocoOy TMOAaHHS 3HAHP IMOAO CHUTYyallii, MOXIMBUX BapiaHTIB NPUUHATTA pPIillleHb 1 TOIIYKY
MOCTAYAIbHUKIB JIOTICTUYHAX IIOCIYT 32 IPOEKTaMH JIOTICTHYHOTO ayTCOPCHHTY; PO3pOOICHHS
METOJIy BUOOpY MOCTa4YaJbHHKIB JOTICTUYHUX MOCIYT 3a BIIMOBIAHUMH MPEICCHTaMU; PO3POOICHHS
MeTony inmeHtudikamii Ta amanTamii TPHAHATTS pIIIEHb, PO3POOJIEHHS MeToAy 30epiraHHs Ta
IHIEKCaIii MperecHTIB.

B ocHoBy dopmanbHoro onucy ¢ynkiionysanas CIIIIP mokiamemo 6a30BUi MPUHIIUI, KOIH
TUTIOBUI TpeleAeHT — e (opManizoBaHa CTPYKTypa, SKa CKIAJAEThCS 13 ommcy MpoOJieMu, Mo
XapaKTepU3y€e CHUTYaIlif0, 1 IMOIIyKy OO0 €KTHBHOTO DINICHHS MO0 CHHCKY MOXIIMBHAX BapiaHTIiB
NPUAHSTTS PillIeHb 1 Tepesiky MOoCTa4aibHUKIB JOTiCTHYHUX TOCHyr. Ha OCHOBI IbOTO TBEpKEHHS
BHMKJIAJIEMO HACTyNHE (pOpMajbHe BH3HAYEHHS: SKIIO OpeneneHT € ckuamaeTbes 3 MHOXKHMHH

M = <S, r, h> e9=S-R-H , JIe cuTyanii S € S | noB's3aHOrO 3 HEO pitrenns I € R ta

sukoHaBui N € H, 1o curyamis S 3amaersca 3a gomomororo (Gopmyn, BukIaaeHuX B [16] Ha
crenianizoBaniii MoBi L. 3Bimcu, Oyap-skiii curyanii S moBMHHI BigmoBimaTh Kigbka pilieHb, a

TOMY JIOIyCKA€MO, 110 TIPEIeIEHTH THITY <3, r, h> Ta <S', r', h'> pizHi, sxkmo I # r'.

Jani B cucremi TUpUHHATTS pillleHp B MeXaX KOHIEMIi, M0 PO3TIIAOAETHCS, ITOJaHO
MHOKHHOIO TIperieieHTiB M:

M =450 0 R (81 (507,00, )

Koxxnuil nperesieHT €; po3risfaeThes K yMOBHA IMILTIKALLis, a CaMe:

1)

S =T )
Taxnm 4uHOM, SIKINO [1Ist 3a/jaHOT 3ajaui S; & S; iCHye mpeueaeHt €; = <S i rj,hj> , TO MOXHa

cTBepKyBaty, mo I i € HaOIMKEHUM PILlIeHHSM U1 3a1a4i S; .
3BiAcu, UMM CHTyalis S aJeKBaTHIIIA OO CUTYyalil S j, THM OLIbLIE 3pOCTAE BipOTiHICTH
MPUIHATTS 00’ €EKTUBHUX PIllIeHb IS Si 1 TUM Onbiie Oyie CIiBIaaTH TOCBiT BUKOHABIIIB h i

[lomo HaOMMKEHHS CUTYaLIil S 1o cuTyarii S j Ta BIJINIOBITHOTO PillIEHHS rj 3aCTOCYEMO

byHKIIII0 HOI[i6HOCTi§, Ha OCHOBI sIKOi (OPMaNi3yIOThCS BiJHOIICHHS TMOJIOHOCTI MiX

MpereIeHTaM1 1 BU3HAYAETHCSI PiBEHBb MOAIOHOCTI SM _

3a3HauMMO, IO BiJHOIICHHS MOAIOHOCTI MOXKe OyTH MOOYJOBaHO TUTBKH JUISI MHOXUHH
BXigHuX (aktopis cutyarii | [15].

Sk Oyno 3a3HauEHO BHWIIE, TPEIEACHTHY CHCTEMY MOXKHA OIMHMCATH HACTYIMHHUM YHHOM:
CTPYKTypa <M ,SM,, K> ,te M — Ga3za npenienenris, SM, — piBeHs nogiGHOCTI, KM 3aJaHUI [T
MHoxuHH iTepnperaniit {2 Ha mosi L ta K — muoxuHa dopmys mosu L .

3BicHO, MmO MHOKMHA MOB K craHoBMTH 0a3y 3HaHB IIOAO0 C(EpH JOTICTHYHOTO

00CIIyroByBaHHs, KA OTPUMaHa eKCIIePTHUM IuisixoM. Toji, 171 KOsKHOTo mperenienTy €; MoskHa 3a
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JIOTIOMOTOK0 OLIHKM IOMIOHOCTI OOYMCIMTH PIBEHb MOMIOHOCTI pimieHHA I} B cuTyanii, HaOIMKeHO

70 S;. Y BUNAAKy, KOJIU € HEOOX1IHICTh BUKOPHCTOBYBATH HasBHI 3HAHHS MIOA0 c(epH JOrICTHYHOTO

00CITyroByBaHHS, CTBEPIKYEMO, 1110 BUPA3 BUIY:

K—)(S—)OSMiSi), 3)

00’€KTUBHO OITUCYE KIIac CUTYyamil Sei .
bank BUXITHUX TpELCICHTIB M saznae eKCTPAITOJISIIII0 BiMHOMICHHS iMIUTiKamii momo (1) i
. . . . . ee * —
(baKTHUHO € 6a3010 3HAHD, KA MicTHTb noxi6Hi immiikanii: M~ =1S; = ‘(Si af )E M. A
TOMY, OPMYJIOIO:
*
M™— (si =7 ri)
b (4)
TaKOK MOKHA OTIMCATH KJIac CUTYyauii S .
TakuM YMHOM, MOXKHA KOHCTaTyBaTH, IO NpEIEICHTHA CHCTEMa BHKOHYE aJalNTOBaHY 0
¢byHKLIT cuTyarii:
{K - (S — <>SMi S, )}i=1...

[Ticas popmanizoBanoro onwcy ¢ynkiionyBanas CIIIIP mepeiinemo mo moOyaoBy anropuTMy
(hopMyBaHHS 0a3u MpEIEICHTIB.

Ax Oyno 3a3HaueHo Buile, rojoBHMM 3apgaHHsAM CIIIIP e mpouemypa HakonM4eHHS Ta
BIOPSKYBAHHS JIOCTaTHHOI MHOXKHHH PIllIEHbh TIPETICACHTIB, SKi aKyMYIIIOIOThCS Y BiIMOBiAHIN 6a3i, sKa
00’€KTHBHO OMICYE HE TUTHKK BUPOOHIYY iH(OpMAIlio, aJe i KaJpoBy — II0JI0 BUKOHABIIIB ITPOEKTIB.

Anroput™m ¢GopMyBaHHs 0a3M NMPELECISHTIB MPEACTABICHO Ha puC. 2.

nU{K’M*’S}>_<>SMi®§iri' (5)

Ilouatok

\ 4

Eman 1: oniaka piBHS 3HAYYIIOCTI 1
MPEICICHTY B PO3TJISHYTIN 0a3i

Eman 2: xnactepHuii aHai3
HPEIEICHTIB 3a BUSBICHUMH 2
O3HaKaMHu

A 4

Eman 3: Bubip nonioHMX
MPEIIeICHTIB 13 3aJJaHO0T MHOXUHHU
3a KpUTEpieM MOMIOHOCTI CUTYaITii

A 4

Kiueus

Puc. 2. Cxema aneopummy ¢popmysanns 6azu npeyedenmis
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Ha erami | Bu3HavaeThcs QyHKIIOHATEHA OIIHKA O3HAK 3HAYYIIOCTI — YUM OLJIbIIE 3HAYCHHS
Mae (pyHKIiA, THM OB Ba)KJIMBA BiJMOBIIHA O3HAKA, 1 HaBMaku. DYHKIIOHAIbHA OIIHKA JO3BOJISIE
MPOBOAXUTH BinOip MOAIOHMX TPENEeNeHTiB, 3aCTOCOBYIOUN BiIHOMIEHHS MOAIOHOCTI, 3 ypaxyBaHHIM
HANOLUTBIII BaXKJIMBUX O3HAK.,

[Ilono 3HaXOMmKEHHS CTyINeHs ONU3BKOCTI 3amaui S; 10 3amaui Sj H, BIAMOBIIHO, OLIHIOBAHHA
.. . . . (w) . - .
Oym3pKocCTI pimeHas I ; /10 IIKAaHOTO BUKOPHCTOBY€EMO Mipy OJTM3BKOCTI TIPEIIC/ICHTIB d j 1, Ha il OCHOBI,

(OpPMYITIOETBCS BiTHOIIEHHS TTO[IOHOCTI MIXK MPETEACHTAMH 1 BUBOJUTHCS Mipa moaiorocti SM éw) :
1

W _[ N2 2 |2
di” = ;Wq (xqi—xqj) ; (6)
w_ 1
SMy™ = 1+d™" (7)
ij

g qu — 3HAYCHHA

XapakTepUCTUK HOBOI 3ajadi Ta 3HAUCHHS XapaKTEpUCTHK 3aaad, sKi 30epiraroTbcss B 0asi
MPETeICHTIB, BiIIOBITHO.

fie W, — 3HAYEHHS BaroBMX KOeQilli€HTIB XapaKTEPUCTHK (Wq € [0,1], q=1 n). X

Skmo Bei 3HaveHHs Baromocti W, OJHAKOBI i AOPIBHIOIOTH OJMHHUILI, TO Mipa OJIM3BKOCTI

Bi/IITOBifa€ eBKITiOBI# Mipi Ta mosHauaeTsest six d. , a BiamoBinma iif Mipa mogiGroCcTi — SM j -

ij»
3BizcH, GyHKI[IOHATBHA OIlIHKA 03HAK BU3HAYAE€THCS HACTYITHUM YHHOM:

2. Z'(Z)(SMgw) {L-sM, )+ M, (1-sm™))
_ ii(i<j

E(w) , (8)

N-(N-1)
e N —gucno TIperie/IeHTiB B 0a3i MPeleeHTIB.

Jlnst erany 2 — MiHimi3amil 3HaueHHsT BUpa3sy (8) 3aCTOCOByeEMO TpamieHTHHE MeTox [17]
KJIACTEPHOTO aHaji3y 0a3u mpeueaeHTiB. MeToro KiacTepusaiii 0a3u MpeleieHTiB € MPUCKOPESHHS
orepanlii BUOIpKM MOJIOHMX MPENECHTIB Ta MOINEPEAHFOr0 YHOPSIKYBaHHS 0a3u NpeleleHTiB B
KOMITAKTHI TpyIu 3acTocyBanus [17].

AnropuTM Knactepu3aiii 0a3yeTbcs Ha OCHOBI (hopMamizariii Bupasis (6) 1 (7).

[Ticnst Toro, sik BuxifHa 0a3a qaHuX c(hOpMOBaHa Ta MOJICHA Ha OKPEMIi KJIACTepH, peali3yeThCs
TpoLieypa TOIyKy MOMIOHMX TpereneHTiB (eram 3), a 3aBISIKH PO3POOIEHOMY METOMY KIacTepHOTO
aHaJi3y Ipele/IeHTIB, CyMapHi BUTPATH Ha MOMITYK €)EKTUBHOTO PIllIEHHS iCTOTHO 3HUKYFOTHCSL.

I[lpu ¢dopmyBanHs 0a3u TMpeNEACHTIB BUKOPUCTOBYIOTHCS MOJIENI IMOAIOHOCTI  abo
JIOITyCTUMOCTI, 3aCHOBaHI HA BUKOPHCTaHHI HEUITKUX a00 HAOMIKEHUX MHOXHH 11010 (popMyBaHHS
rpyn NoJgiOHUX eNeMEHTIB (IIPELeICHTIB).

BucHOBKH 3 [aHOTO JOCTiIKeHHsI i NePCHeKTHBH MOJAAJIBINMX PO3BIIOK Yy JaHOMY
HAMPSIMKY. 3anpoNOHOBAHO, HA OCHOBI METOJy MPEIE/ICHTIB, KOHIENTYAIbHY MOJIENb MPEIeJIEeHTHOTO
¢dopmyBaHHs MOpTdensi MOocTauyaJbHUKIB JIOTICTUYHMX TOCTYr B MpoekTax (opMyBaHHA 1 peaiizawii
CTparerii JIOTiCTHYHOTO AayTCOPCHHTY, sSKa PO3IIISAAEThCS SIK CTpaTerisi, ska po3BHBaeThcsa. Jlana
KOHIIETITYaJIbHA MOJIENIb MOXKE OyTH TIOKJIQJIeHa B OCHOBY PO3POOJICHHS METOMOJIOTIYHMX AacIeKTiB
YIPaBJIiHHS 3MiCTOM 3a3HaYE€HHUX MPOEKTIB.
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diabetic myopathy in children with DM1. These factors accounted for
73.33% of the total dispersion. The first rank place was represented by the
group factor (nitrotyrosine and homocysteine), which accounted for
19.54% of the total dispersion; interpreted as a factor of "oxidative stress".
The second rank place was represented by the content of triglyceride in the
blood serum and the level of the triglyceride-glucose complex, which
amounted to 16.69% of the total dispersion; interpreted as "insulin
resistance factor". The third rank place was interpreted as "the state of
peripheral blood supply"”, which accounted for 13.93% of the total
variance, and included the indicators of the ankle-brachial index before and
after exercise stress. The fourth rank place was interpreted as an
"anamnestic factor”, which accounted for 12.04% of the total dispersion,
and included three risk factors: age, sex of the patient, and duration of
DML1. The fifth factor ("inflammation factor") included the indicators of
glycosylated hemoglobin and interleukin-6, and demonstrates the
development of chronic low-level inflammation against the background of
hyperglycemia. Thus, using factor analysis, we determined that oxidative
stress, insulin resistance, impaired peripheral circulation, duration of
diabetes mellitus, female sex, chronic hyperglycemia, increased activity of
proinflammatory cytokines had a priority effect on the pathogenesis of
diabetic myopathy. We have formed a factorial model that will optimize
the diagnosis of diabetic myopathy, improve approaches to its therapy and
prevention, identifying among children with DM1 the risk group for the
development and progression of this complication.
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It is known that skeletal muscle is the main site of metabolic fuel use in the body, and the
organ for insulin-mediated glucose utilization. Thus, cellular dysfunction of skeletal muscles is one of
the most important pathophysiological signs of diabetes [1]. The importance of the role of skeletal
muscle in controlling the metabolism of the whole body is understood, but research on the
mechanisms of development of diabetic myopathy is negligible.
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For the study of complex systems, it is effective to use factor analysis with the allocation of
principal components (factors). This is a set of pathogenetic influences that are of the greatest
importance in the development of the pathological process.

Aim of study: to determine the pathogenetic factors that determine the development of
diabetic myopathy in children with type 1 diabetes mellitus, and to investigate the factor structure.

Research materials and methods.

The main group included 136 children aged 11 to 17 years (mean age 14.3 + 0.3 years) with
type 1 diabetes mellitus. The duration of the disease ranged from 1 to 10 years. The development of
diabetic myopathy was observed in 45 (33.1%) children. This complication was diagnosed in 19
(24.4%) boys and 26 (44.8%) girls. Diabetic myopathy was diagnosed with a decrease in skeletal
muscle strength and skeletal muscle mass index in comparison with the normative indicators [2]. We
analyzed the data of the anamnesis of the disease, including data on the duration of the course of
diabetes mellitus, sex, and age of children who were examined, the state of glycemic control, the
presence of chronic complications, signs of insulin resistance. To assess insulin resistance, the content
of triglycerides in the blood serum was studied, and the triglyceride-glucose index (TyG) was
determined [3]. To assess the state of the peripheral circulation, the ankle-brachial index (ABI) was
determined before and after physical activity [4]. Investigated the content in blood serum of
nitrotyrosine, homocysteine, and interleukin-6 using enzyme-linked immunosorbent assay.
Commercial kits «Nitrotyrosine» (ELISA, The Netherlands) «Homocysteine» (EIA, United Kingdom),
«Human IL-6 High Sensitive» (ELISA, Austria) were used for the study.

Factor analysis was performed to identify the minimum number of hidden common factors that
had the greatest influence on the development of diabetic myopathy. For the selection of factor complexes,
the Spearman correlation matrix was used. At the next stage, the factorial influence of the studied indicators
was determined. We chose the method of principal component analysis as a method for factorizing the
correlation matrix. We used the Kaiser criterion to determine the number of common factors in the model
(eigenvalues of each factor must exceed 1); common factors explain the overall share, which is over 70%.
We used Rotation Mathod: Varimax for indicators with factor loadings of more than 0.7 Factor analysis
was performed using Rotation Mathod: Varimax, taking into account the results of the initial analysis, and
was also used to describe the dispersion of the principal component data set [5].

At the planning stage of the study, we received permission from the regional commission on
bioethics of Zaporizhzhya State Medical University. All procedures in which the supervised children
participated were in line with the ethical standards of the institutional and national research committee and
the 1964 Declaration of Helsinki, as further amended or compared with ethical standards. Received
informed consent from each patient who was under examination, as well as their official guardians.

Results. As a result of factor analysis, 5 factors were identified that determined the development of
diabetic myopathy in children with type 1 diabetes mellitus. These factors accounted for 73.33% of the
total dispersion (tab. 1), while the first 3 factors accounted for 50.16% of the dispersion.

Table 1. Eigenvalues of factors and percentage of total dispersion

Eigenvalues of Percentage of total Accumulated Accumulated
Factors . ) : percentage of total
factors dispersion (%) eigenvalues : 4

dispersion (%)
1 2,15 19,54 2,15 19,54
2 1,84 16,69 3,98 36,23
3 1,53 13,93 5,52 50,16
4 1,32 12,04 6,84 62,19
5 1,22 11,14 8,07 73,33

Based on the analysis, a matrix of factor loads was formed (tab. 2).
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Table 2. Factor load matrix

Factor 1

Factor 2

Factor 3

Factor 4

Factor 5

Duration of type 1 diabetes mellitus

0,605

Glycosylated hemoglobin (HbA1)

0,773

ABI before load

0,747

ABI after load

0,858

Triglycerides

0,900

TyG index

0,927

Nitrotyrosine

0,871

Homocysteine

0,763

IL-6

0,758

Age

0,780

Sex

0,776

Analysis of the identified factors in the group of children with diabetic myopathy showed that
the first factor determined 19.54% of dispersion and consisted of two potential risk factors: 1) the level
of nitrotyrosine (factor load 0.871); 2) homocysteine level (0.763). Interpreted this factor as a factor of
"oxidative stress".

The second most important factor was the group factor, which had 16.69% of the total
proportion of dispersion, which combined two initial potential risk factors: 1) the content of
triglycerides in blood serum; 2) the level of the triglyceride-glucose index. Interpreted this factor as
"insulin resistance factor".

The third most significant factor contained 13.93% of the total proportion of dispersion, and
included factors that we interpreted as the "state of peripheral blood supply", which included
indicators of the ankle-brachial index before and after exercise stress.

The fourth factor in the matrix contained 12.04% of the total dispersion. Interpreted this factor
as an "anamnestic factor” and included three initial risk factors that had the highest factor load: 1) the
patient's age (factor load 0.780); 2) the sex of the child (factor load 0.776); 3) the duration of the
course of diabetes mellitus (factor load 0.605).

The fifth factor included indicators of glycosylated hemoglobin (factor loading 0.773) and
interleukin-6 (factor loading 0.758). We assume that this factor demonstrates the development of
chronic low-level inflammation against the background of hyperglycemia. Interpreted as
"inflammation factor".

Discussion. Modern ideas about the pathogenetic mechanisms of complications of diabetes
mellitus, including diabetic myopathy, indicate the leading role of oxidative stress in the pathogenesis of
their development [6, 7]. The increased activity of oxidative processes leads to the progression of
pathological changes in the microvascular blood flow and the gradual depletion of the capillary network
in skeletal muscles. This pathological process leads to the redistribution of muscle fibers, their atrophy,
dysfunction of skeletal muscles, and the development of diabetic myopathy [8, 9, 10]. Experimental
studies have shown that the use of the antioxidant properties of alpha-lipoic acid reduces the severity of
morphological changes in the skeletal muscles of rats, which are caused by diabetes mellitus. Also,
treating the muscles with alpha-lipoic acid prevents atrophy. These observations support the important
role of oxidative stress and antioxidant defenses in the development of diabetic myopathy again [11].

Another reason for the development of diabetic myopathy is a decrease in insulin sensitivity.
Elevated blood triglyceride and fatty acid levels and increased intracellular lipid storage are the
distinctive of insulin resistance [12].

Richardson et al. (2005) the earliest scientists to demonstrate increased levels of free fatty
acids leading to intracellular matrix remodeling due to increased collagen deposition in human skeletal
muscle [13]. Similar changes are found in insulin-resistant skeletal muscle [14]. At the same time,
under conditions of insulin resistance, protein synthesis in muscle tissue decreases and there is no
sufficient synthesis of ATP in mitochondria, which is necessary for muscle contraction [15].
Nomura T. et al. (2007) described a close relationship between skeletal muscle health and decreased
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insulin sensitivity. This study demonstrated that insulin resistance is an independent risk factor for
decreased muscle strength [16]. In addition, it is known that in persons who have insulin resistance,
reduced oxidative capacity is characteristic of skeletal muscle [17].

It is known that diabetes mellitus is one of the main risk factors that affect the early
development and rapid progression of diabetic angiopathy [18]. It has been proven that a decrease in
blood supply to skeletal muscles leads to the prevalence of catabolism over anabolism in muscle
tissue, and, as a result, increases skeletal muscle fatigue, and causes a decrease in muscle strength and
a decrease in exercise stress tolerance [19].

It is known that both the duration of the course of diabetes mellitus and sex affect the
development of complications. Sex dimorphic has so far been described in the regulation of skeletal
muscle protein depending on insulin resistance, muscle fiber strength and distribution, mitochondrial
function, oxidative metabolism, and fatigue in mammalian [1]. Known clinical and experimental, which
describe the "female advantage" in the progression of diabetic myopathy, which is explained by
differences in the regulation of skeletal muscle proteins. Experimental animals were used to demonstrate
sex-dimorphic expression of some skeletal muscle proteins: a decrease in the expression of the myosin
heavy chain, which is associated with the rate of muscle contraction; decrease in the expression of
tropomyosins, which have a key role in the structure and regulation of muscle contraction. The above
changes were more pronounced in female rats compared to male rats with diabetes mellitus [1].

One of the main risk factors for the development and progression of myopathy in diabetes
mellitus is chronic hyperglycemia, when the amount of end products of glycation increases.
Hyperglycemia accelerates the decline in muscle mass, and an increase in the concentration of
advanced glycation end products contributes to a decrease in muscle strength [20]. Skeletal muscle
satellite cells can turn into adipocytes in the presence of hyperglycemia. This can lead to fatty
infiltration of muscles, an increase in fat mass and, consequently, to a decrease in muscle mass and
dysfunction of skeletal muscles [21].

Increased activity of proinflammatory cytokines increases the risk of developing diabetic
myopathy [22]. It was investigated that a chronic increase in the concentration of circulating IL-6 has
a harmful effect on skeletal muscles. This can be explained by the fact that intracellular signaling is
inhibited, which leads to the loss of myofibrillar protein and muscle atrophy, and, as a consequence, to
a decrease in muscle strength and muscle mass [23, 24].

Thus, the factor analysis made it possible to determine the leading pathogenetic mechanisms
of the development and progression of diabetic myopathy in children with type 1 diabetes mellitus.

Conclusions.

1. Factor analysis made it possible to determine the leading pathogenetic mechanisms of the
development of diabetic myopathy in children with type 1 diabetes mellitus. Oxidative stress, insulin
resistance, impaired peripheral circulation, duration of type 1 diabetes mellitus, female sex, chronic
hyperglycemia, and increased activity of proinflammatory cytokines are the factors that most
influenced the pathogenesis of the development of diabetic myopathy.

2. The factor model that we have obtained allows us to optimize the diagnosis of diabetic
myopathy, improve therapeutic tactics, and improve prevention by differentiating the developmental
groups and progression of diabetic myopathy among children with type 1 diabetes mellitus.

Conflict of interests: The authors confirm that there are no conflicts of interest.
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Beryn. Xponiunuii  HekameHeBuit  xonemucruT (XHX) — momierionoriyne  3amanbHe
3aXBOPIOBaHH K0BYOBOT0 Mixypa (JKM), Ha sike XBOPitOTh 0COOM HAMOLIBIN Tpare3narHoro Biky [1,2].
HeankoromsHa sxupoBa xBopoba redinku (HAXKXII), sxa € mpo01eMoro He TUTbKH CYy9acHOI TermaToorii,
ase i Mae rio0aabHe 3HAYCHHS TS CTaHy 3/10pOB’s JIFOIMHHM, 3Ha4HO Toripurye nepedir XHX [3].

3HAYHOTO MOMIMPEHHS Ha0yBae moeqHaHHs imemigHoi xBopoou cepis (IXC) Ta HAXKXII, ske
MMaTOTEHETUYHO 3YMOBITIOE TIEPEOIT Ta MPOTrpecyBaHHS MUX JBOX HO30JIOTIH [4].
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Benuke 3HaueHHS B pO3BUTKY MATOJIOTI] OUTiapHOTO TPaKTy HAJal0Th MOPYLICHHSIM Y CUCTEMI
HEHpOTYMOpaIIbHOI PeryIisllii, poJii TacTPOIHTECTWHANBHHUX TENTHAHUX TOPMOHIB, TaKuX SIK
xonernucTokiHiH-mankpeo3umin (XLK-I13), sxuit Takok BUCTyIae y poili HeWpoTpaHcMitTepa [5].
XUK-I13 cnpusie ckopouennto KM Ta poscnadnensto chinkrepa Oani y BiANOBiAb HAa MpUHAOM TkKi
[6]. Hemocratus mpoaykiis XIIK-IT3 moke OyTd OJHI€I0 3 MPHYMH MOPYIICHHS CKOPOYYBaJIbHOI
¢byuxii KM ta cripusita po3Butky XHX [7].

JiarHocTMKa Ta JIIKyBaHHS 3aXBOPIOBaHb TPaBHOTO TpPakTy VYTPyOHEHA Uepe3 wyacrte
MO€AHAHHsI TATOJIOTIl Pi3HUX OpraHiB, sSKi HE TUIBKM aHATOMIYHO, ajle ¥ (PyHKIIOHATBHO MOB’s3aHi
Mixx co6oro [5]. Ha mpoiieci )k0BU4OyTBOPEHHSI, @ TAKOX Ha BIACTUBOCTSX JKOBYI 4aCTO MO3HAYAETHCS
naroJoriyauii cradH mevinku [3]. 3MiHEHHH CKJIaJ KOBYI YHHUTH CBi MOAMGIKYIOYHH BIUTUB Ha
¢yHkuionaneHy 3aaTHicTh JKM. [lepeHacnueHHS KOBUI XOJECTCPUHOM MNPHU3BOJUTH OO HAAMIPHOI
fioro abcop6mii B crinky KM, mo crpusie 3HIDKEHHIO HOTO CKOpoTiauBoi ¢yHKmii. Taki 3MiHK B
MOETHAHHI 3 TIOPYIICHHAM HEWPOSHIOKPHUHHOI PeryIsiii CKOpOoTIuBUX TporieciB y KM moripuryroTs
nepebir XHX [8]. HepuBuenum 3anumaerbes nutaHds BuuBy XIK-I13 Ha ¢yHKIiIO KOBYOBOTO
Mmixypa y xBopux Ha XHX y noeananni 3 HAXKXII ta cradinsHoro [XC.

Mera pocaimaxennsi. JlocmimuTi 3MiHH pPIiBHS XOJEIUCTOKiHIHY-TIAHKPEO3UMIHY Y KpPOBI
xBopux Ha XHX, noennannii 3 HAXXII i1 crabinbroro IXC Ta OUiHUTH HOTO BIUIMB Ha CKOPOTIIHMBY
¢ynkuio XKXKM.

Marepianun Ta ™ertogu. Jlns peamizaimii mocTaBlIeHOI METH TIPOBENEHO KOMIUIEKCHE
obcrexxenHs 60 xBopux Ha XHX, 26 yomnoBikiB i 34 XiHKH, sfKi OyJaM pO3IiJIeHI HA TPH TPYHH
nocmimpkenus. [lepmy rpymy cknmanmum 20 maumieHtiB (cepenmniit Bik 52,054+2,13p.) 3 XpoHIYHUM
HekaMmeHeBUM xosenucturoM 6e3 HAXKXIL Jlo apyroi rpymu yeiiimom 20 xBopux (cepemHid BiK
51,16£3,01 p.) 3 XpoHIYHUM HEKaMeHeBUM Xxoneructurom, moemHannm 3 HAXKXIIL Tpertio rpymy
ckianu 20 nanieHTiB (cepenniit Bik 51,32+2,89 p.) 3 XpOHIYHIM HEKaMEHEBUM XOJICIMCTHTOM Ha TJi
HAXXII i cra6inpuoi IXC. [l koHTponbHOI rpynu BigiOpamu 20 ocib (cepenniii Bik 51,20+2,99 p.),
y SIKUX HE BUSBJICHO TATOJIOTIi TemaTo0iIiapHOi CHCTEMH.

Hiarno3 XHX BcranopmroBamu 3rigHo Hakasy MO3 Vkpainu Ne271 Big 13.06.2005 "IIpo
3aTBEPDKEHHS MPOTOKOJIIB HAJlaHHS MEJIMYHOI JIOTIOMOTH 3a crieliajibHicTio "T'acTpoenTtepooris” [9] Ha
OCHOBI aHaMHE3Y, KJIIHIYHUX 03HAK, JJa00OpaTOpHHUX NoKa3HUKiB, BD/I3 13 MIKpOCKOMIYHUM JOCIiIKEHHIM
JKOBYi, 1HCTPYMEHTAJILHUX METOIB JiarHOCTUKH (Y3)] mediHKky 1 »KOBYOBHMBIIHMX NULIXiB). JliarHo3
HAXXII BCTaHOBIIOBAIM BIJMOBIIHO JI0 YHI(IKOBAHOTO KIiHIYHOTO mpoTokony "HeankoronsHuit
crearorenatut”’ (Hakaz MO3 Vkpainu Ne 826 Bim 06.11.2014 poky) [10], 3rimHO 3 pekoMeHmarisMu
AMepHKaHChKOI  TacTpoeHTeponoriunoi — acomiarii  (AGA), ApjanToBaHoi KIIHIYHOI HACTaHOBU
"HeankoronbHa >kupoBa xBopobOa mneuinku" (2014) [11], pekomeHmamisiMu €Bporeichkol acorriamii 3
BuBueHHa Tneuinku (EASL), €Bpormeiicbkoi acomiamii 3 BuBueHHs agiabery (EASD), €pormeiicbkoi
acorriarii 3 BuB4yeHHst oxxupinns (EASO) (2016) [12]. Hiarros crabinpHoi IXC BepudikyBaim 3a qaHuME
enextpokapmiorpagii (EKD'), Bemoepromerpii Ta/um pesynbraTaMu KopoHaporpadii Ta HasBHOCTI B
aHaMHe31 TepeHeceHoro iH(ApKTy MioKapja BiJIOBIIHO J0 YHI(IKOBaHOTO KIIHIYHOTO MPOTOKOIY
"CrabinpHa imemiuna xsopoba cepus” (Hakaz MO3 Ykpainu Ne 152 Big 02.03.2016 poky) [13].

VYciM XBOpHM BH3HAUaM JIMIAHUE CIEKTP KPOBi 32 BMICTOM 3arajisHOro xoisecrepoiy (3X),
tpuamrainepoiis (TT), XC ninonporeiniB Hu3bkoi (JIITHT), nyxe muzbkoi (JIIIJHT) ta BUCOKOI
ryctuan (JITIBI) 3a momomororo HabOopiB peaktuBiB ¢ipmu «Simko Ltd» (Vkpaina). PiBeHb
XOJICLMCTOKIHIHY-TIaHKPEO3UMiHy B CHPOBAaTLi KpOBI BHU3HAYald iMYHO(DEPMEHTHHM METOAOM 3
BUKOpUCTaHHSIM HapoOy peakTtuBiB ¢ipmu Peninsula Laboratories Inc (CIHIA). Ilpooamioch
TIOJITIO3UITIHE yIIBbTpa3ByKoBe JociipkeHHs KM y 1MoJIoKeHHI Jie)kayH Ha CIHHI, Ha JIIBOMY 0Ol Ta
crosun. Ilix yac mociiKeHHS BUKOPHUCTOBYBAalW NPUIOM 3aTpUMKH IUXaHHA y a3y IIuOOKoro
Bauxy. OuiHIOBaIM CTPYKTYpHI ocobmuBocTi KM Ta »OBYOBMBIZHUX LUISXiB, HASBHICTH BKIIOUYEHD
ta jedopmaniii. BuMiproBanu mo3oBKHIM (BiICTaHb BiJ MIMHKW O JTHA) T4 MOMEPEYHUN PO3MIPH,
IUIOIy MaKCUMAaJIbHOTO 3pi3y JKOBYOBOIO MiXypa MO AOBXHHI, ToBWIMHY cTiHku JKM. Ilamientam
000X Tpymn MAOCHiKEHHsS Ta oco0aM KOHTPOJIBHOI TPYNH NpPOBOAMIM S5-MOMEHTHE (Qpakxuiiine
JIyOJICHaJIbHE 30HAYBaHHs, OI[IHIOBAIM TPUBAIICTh KOKHOT (Da3u Ta 00’ €M BUIIJICHOT KOBYI.

OTpumaHni pe3yabTaTd 00pPOOIISUTH CTATUCTHYHO 32 JOTIOMOTOI0 IIPOTPAMHOTO 3a0e3MeUeHHS
— tabnmuyHoro mpornecopa Microsoft Excel Ta makera npuknangnux nporpam Statistica 10.0 (StatSoft,
CHIA). Po3paxoByBaiau OCHOBHI CTaTUCTHUYHI TTapaMeTpH: cepeaio apudmernyany (M) ta i cepenaHio
moXuOKy (£M), koedilieHT T0CTOBIPHOCTI (), KoedimieHT panrosoi kopesii (r) CripMeHa.
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Pe3ynabTaTu nociigxeHb Ta ix 00roBopeHHs.

[Ipn mocmimpkeHHI TMOKAa3HUKIB IMITHOTO CHEKTPy KpoBi (Tabn.l) BCTAHOBIIEHO IOCTOBIpHE
HapocTaHHA piBHA 3X Y XBOPUX yCIX TPYIT JOCIIKEHHS. 30KpeMa, y TaIlieHTiB | rpymi naHuii MOKa3HUK
Ha 16,5% nepeBunmB piBeHb B KoHTpoidi (p<0,05). Y xBopux II rpymu 3X nHa 35,6% OyB BHIuM 32
MOKa3HUK y 3mopoBux ocib (p<0,05) i Ha 16,5% BummwM mopiBHsHO 3 XxBopumu | rpymm (p<0,05). ¥V
namienTiB Il rpymm nokasauk 3X Ha 50,8% mepesuiuB piBeHbs KoHTpoIEO (p<0,05), 6yB Ha 29,5% BuINM
Bi moka3nuka | rpymm (p<0,05) ta Ha 11,1% Bure piBas y xBopux Il rpymu (p<0,05).

Tabmumst 1. IlokasHWKH JIMAHOTO CIEKTPY KPOBI y XBOPUX 13 XPOHIYHMM HEKaMEHEBUM
XOJICIIMCTHTOM Ha TJIi HEAJTKOTOJIBHOI JKUPOBOi XBOPOOH MEUiHKH i CTaOLILHOI iIIEMIYHOI XBOPOOU cepIlst

XBopi 3 XHX 6e3 | Xsopi 3 XHX+ X];ggl }13< ))((IIT?H

[Tokazuuku 3moposi (N=20) | HAXXII, I rpyma HAXXTI, II cTaBinsom [XC

(n=20) rpyma (n=20) AL,

III rpyna (n=20)
3X, MMOIIB/1 4,43+0,12 5,16+0,17* 6,01£0,28%° 6,68+0,39%0"
TT, MMOITB/TT 1,2540,05 1,52+0,06* 2,56+0,05%° 2.64+0,05%°
Jl\_/{g(}j'[l;’/n 1,34+0,05 1,15+0,03* 0,9120,04%*° 0,79+0,02%*°"
ﬁgigf/n 2,42+0,06 3,32+0,12* 3,81£0,08*° 4,8940,12%°"
ﬁi}iﬁ 0,58+0,03 0,74+0,02* 1,060,047 1,2440,03*°"

[TpumiTku: *: BipOTiAHICTH PI3HUII MOPIBHSHO 3 KOHTPOIBHOKO Tpymoro (p < 0,05); ©: BiporimHicTh
pizHui mopiBHsHO 3 XxBopuMmu 3 XHX 6e3 HAXKXII (p < 0,05); '': BiporimHicTh pi3HUILI MOPIBHSHO 3
xBopumu 3 XHX 3 HAXXII (p < 0,05).

Pieenp TT y mamientie 3 XHX 6e3 HAXKXII 6y Ha 21,6% BuiuM, HiXK y 370pOBUX 0CI0
(p<0,05). Y manientis II i III rpyn neil moka3HUK NepeBUIIUB piBeHb KOHTpoiO y 2,0 Ta 2,1 pasu
BignosimHO. JlocToBipHoi pizHuti mix pieHem TI'y xBopux Il Ta III rpyn He BusiBneHO.

Bcranosneno noctoBipae 3menmenHs: piBHs JIIIBIT y Bcix o0cTexxeHUX XBOpHUX, IO OYJI0
HaiOinbm Bupaxeno y nauieHTi Il rpymu. 3okpema, y xBopux I rpynu pisens JIIIBI' BusiBuBcsa Ha
14,2% Hmwk4nM 3a 1X MOKa3HUK y 370poBux oci6 (p<0,05); y mauientiB Il rpynu nel mokasHuk OyB
HWKuuM Ha 32,1% nopiBHsHO 3 KoHTpoJeM (p<0,05) ta Ha 20,8% — nopiBHsaHO 3 I rpynoro (p<0,05).
VY cBoto yepry, y xBopux III rpynu pisens JI[IBI' 0yB HwkunMm Ha 41,0% NOpPIBHSHO 31 31I0pOBUMHU
(p<0,05), na 31,3% Hmwxunm 3a nokazHuk JIIIBI" y xBopux I rpynu (p<0,05) 1 Ha 13,2% nopiBHsHO 3
xBopumH 11 rpymu (p<0,05) BiamosigHO.

Pigens JIITHI" y xBopux 3 i3ompoBanuM XHX B 1,4 pa3u mepeBUIIMB MMOKa3HUK B KOHTPOII
(p<0,05). ¥ xBopux XHX B moemnanni 3 HAXXII umeli moka3sHHK NEpeBHUILYBaB BEIUYUHY B
3n0opoBux ocid B 1,6 pasu (p<0,05) ta O6yB B 1,2 pa3u BUILIMM MOPIBHSHO 3 XBOPUMH 0€3 CYIMyTHBOT
natoJjorii (p<0,05), Bignopigano. ¥ xBopux XHX na i HAXKXII i cradinenoi IXC pisens JIITHI B
2,1 pa3u TepeBWINMB MOKa3HWK B KoHTponi (p<0,05), B 1,7 pa3iB MOpIBHSAHO 3 Tali€HTaMH 3
i3osp0BaHO0 maTooriero (p<0,05) Ta B 1,3 pasu nopiBHsHO 3 xBopuMu [Ha XHX B moegnanHi 3
HAXXII (p<0,05) BiamoBigHO.

Bemunna JITTJIHT y xBopux [ rpymnu Oynia BUIIOO MOPIBHSHO 3 IMOKa3HUKOM B KOHTpoI B 1,2
pasu (p<0,05); y xBopux Il rpynu — B 1,8 pasiB (p<0,05) Bigmosizno. Y mnamienti Il rpymm piBeHsb
JIIIAHI" BusiBUBCS NOCTOBIpHO miABHIIEHMM B 2,1 pa3u mopiBHsAHO 3 KoHTposieM (p<0,05), B 1,4 pasu
nopiBHAHO 3 XxBopuMH | rpymu (p<0,05) Ta B 1,2 pa3u nopieHsHO 3 xBopumH 11 rpymu (p<0,05).

PiBeHbp TOpPMOHY XOJEUHCTOKiHIHY-TIaHKPEO3UMIHY Yy CHpOBaTLli XBOpuUX | rpymm ckiaB
(2,32+0,24) ar/mn, 11 rpymu — (2,49+0,22) ar/mn, 1l rpynu — (2,4340,19) Hr/Mmn BignoBimHO 1O
MOKa3HUKIB B KOHTpO (5,46+0,17) ar/mi (p<0,05).

[ig yac npoBecHHS 0araTOMOMEHTHOI'O (PPaKIIMHOrO AyOAeHAIBHOIO 30H1yBaHHA y 88,3%
namientie 3 XHX cnocrepiraiu ypuB4acTe BHIUICHHS MiXypoBoi »XOBYi, y 65% mawi€eHTiB 3
noeqaanasiM XHX 1 HAXKXII ta cra6insaoi IXC MixypoBa »KOBY Haaxoauia y MPOOIpKH y BUTIISAIL
JIOMIIIOK J10 [I€4iHKOBOI.
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SAx BugHO 3 Ta0:1.2, y manientis 3 XHX 6e3 HAXXII cioctepiranu nogosxkenns 11 ta 111 ¢a3
B®/13, mo cBimuuth mnpo rineproHito chinkrepa Onai. Kinbkicts Buminenoi 3a gac | ¢a3u Oyna Ha
12,4% wmenmoro, a 3a gac Il ¢a3u — ma 25,8% OUTBIIO y TOPIBHSAHHI 3 KOHTPOJIHHOIO TPYIIONO
(p<0,05). TpuanicTh MixXypoBoi ¢a3u Oyia JeIIo MoJA0BKEHOI 1 cknana (55,25+2,45) xB, mo B 2,1
pasu Ouibine, aHiXk y KoHTponbHiH rpymi (p<0,05). KinbkicTs BuAineHOI OBYi y mik ¢a3i Oyna B 2,2
pasu OUTBIIO0, aHDXK Y 310poBHUX 0ci0 (p<0,05) i ctanoBmna (82,15+2,48) mi. [lokasauku dazm «Cx»-
JKOBY1 CYTTEBO HE BIJPI3HSINCS BiJl TAKHX K€ MOKA3HHUKIB Y KOHTPOJIBHIH TPYIIi.

Tabmuus 2. [loka3auku 6ararogasoBoro 1yoneHaTbLHOTO 30HAYBAHHS Y XBOPHUX 13 XPOHIYHUM
HEKaMEHEBUM XOJICITUCTUTOM Ha TJi HEAJIKOTOJBHOI XKHUPOBOI XBOPOOWM TMEUYIiHKM 1 CTaOLIBHOT
ieMivyHoi XBOpoOu cepiist

. . i +
310poBi XBopi 3 XBopi 3 XHX+ X];ggl;())g_[{ )1(
Iloka3Huku _ XHX 6e3 HAXKXIL, | HAXXIIL, Il rpyna .
(n=20) I rpyna (n=20) (n=20) crabineHOMO IXC |
Py - - 111 rpyna (n=20)
Paza t v t \ t \ t v
I 15,75+ 18,12+ 17,48+ 15,87+ 17,68+ 15,95+ 17,67+ 16,03+
0,51 0,48 0,59* 0,56* 0,55* 0,49* 0,51* 0,53*
I 5,23+ ] 7,56+ ] 8,16+ ] 9,13+ ]
0,29 0,45* 0,51* 0,59*
I 4,37+ 4,02+ 7,64+ 5,06+ 8,47+ 4,85+ 8,99+ 4,71+
0,22 0,15 0,36* 0,32* 0,17*° 0,23* 0,19*°" 0,25*
IV 24,85+ 38,15+ 55,25+ 82,15+ 71,15+ 92,05+ 75,55+ 96,25+
0,91 1,57 2,45* 2,48* 2,33*° 3,02*° 1,96*°" 2,18*°
v 15,35+ 20,35+ 20,55+ 25,80+ 36,75+ 30,90+ 38,55+ 32,50+
0,66 0,76 0,76* 1,76* 2,05*° 1,45%° 1,77%°" 1,87*"

[TpumiTku: *: BIpOTiAHICTDH Pi3HUII MOPIBHSIHO 3 KOHTPOJBbHOIO Tpymor (p < 0,05); °: BiporigHicTh
pizHui mopiHsHO 3 XxBopuMmu 3 XHX 6e3 HAXKXII (p < 0,05); '': BiporimHIiCTh pi3HUII MOPIBHSHO 3
xBopumu 3 XHX 3 HAXXII (p < 0,05).

VY manienTiB 3 moegHanHsM XHX 1 HAXKXII cniocrepiranmu mogosxenss 11 ta I a3z BD/3,
HE BH3HAYAJIOCS JIOCTOBIPHOI Pi3HHMII B KUTBKOCTI BUAUIEHOT sxoBui Brpoiosxk | i I1I ¢a3 B mopiBHsIHI 3
nariedramu I rpynu. Y narientie 3 XHX Ha i HAXKXIT i cra6inehoi IXC tpusanicts I dhazu Oyna
B 2,1 pasu Oinmbia, Hixk y koHTpO:i (p<0,05), B 1,2 pa3u Oinba B TOpiBHSAHHI 3 HamieHTamMu | rpymnu
(p<0,05) ta B 1,1 pa3 — B nopiBHsHHI 3 xBopumH I rpymu (p<0,05). Tpuamicte MixypoBoi ¢azu Oyna
3HAYHO MOJIOBXKEHOM i cknana (71,15+2,33) xB (p<0,05) y manientiB 3 XHX i HAXXII, mo Oyso B
2,9 pasiB Oinblie, HixX cepen koHTpoiro (p<0,05) ta B 1,3 pasu Oinbuie, HiX y mauieHTiB [ rpynu. ¥V
xBopux 3 XHX na i HAXKXII i cra6ineHoi IXC neit nokasuuk 0yB 3,0 pa3u O1IbIINM Y NOPIBHIHHI
3 rpynoto koHTpoio (p<0,05), Ha 26,8% OinpmumM, Hix y namieHtiB [ rpynu (p<0,05) ta Ha 5,8%
OinbIre B mopiBHsHHI 3 nanientamu 11 rpymu (p<0,05). Kinbkicts BuineHoi Buponosx [V ¢dazu xxoBui
Oyna 30inbmenotro o (92,05+3,02) mut (p<0,05) y mamientis 3 XHX ta HAXKXII, o 6yno B 2,4 pasu
OinbIre, Hixk y kKoHTpodi (p<0,05) Ta Ha 10,8% Oinbme, Hix y namienTis | rpynu (p<0,05). V narienTiB
3 XHX na tni HAXXII i cra6ineroi [XC 1eii nokasHuk OyB B 2,5 pa3u OUIbIIMM, HIX y Tpymi
koHTpomo (p<0,05), Ha 14,6% Oinpmie, Hix y naumieHTiB | rpynu (p<0,05) Ta He MaB AOCTOBiIpHOT
pi3HULI B OpiBHAHHI 3 nanientamu Il rpymu.

VY mami€eHTiB MUX TPYMHU CHOCTEPIrajaoch 3ali3Hijie BHUJUICHHs ME4iHKOBOI YKOBYI, 3arajibHa
TpuBasicth a3z  «Cy-xoBui ckiama (36,75+2,05) x8  (p<0,05) mnpu mMoemxHAHHI OCHOBHOI'O
3axBoproBanHs 3 HAXKXII ta (38,55+1,77) xB (p<0,05) npu XHX na i HAXKXII ta crabinsHoi IXC,
1o OyJo Oiblle, HIXK y TPyITi KOHTpoIto 2,4 Ta 2,5 pa3iB BiAMOBITHO.

Pesyibratd yibpTpacoHOrpadiqHOrO IOCTIKEHHS >KOBYOBOI'O MiXypa Ta >KOBYOBHBIIHUX
nuIsixiB (Tabu1.3) cBingaTh Mpo JOCTOBIpHE 301NBLICHHS MO30BXHBOTO Ta MONEPEYHOro po3mipis KM
y BCiX Irpynax AOCHiIKEHHs y MopiBHsIHHI 3 KoHTposieM (p<0,05). Ilnoma makcumansHoro 3pizy KM
y namiedTiB | rpymu Ha 16,6% nepeBuinuia piBeHb IOTO MMOKa3HUKA B KOHTpoli (p<0,05). Y xBopux
Il rpymnu ueit mokazHuk OyB Ha 28,9% BUIIKM, aHDK y KOHTpOJbHIK Tpymi (p<0,05) Ta Ha 10,5% — Hix
y [ rpymi (p<0,05). ¥V mauienti Il rpynu mioma makcumansHoro 3pizy XXM nHa 39,2% nepesumiuna
piBens koHTpOmio (p<0,05), Ha 19,4% Oyna Bumoro, HiX y xBopux I rpymu (p<0,05) ta Ha 8,0%
BHIIOIO TIOPIBHSHO 3 mamieHtamu 11 rpymmu.
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Tabmuus 3. [esxi KiIbKICHI — XapaKTEpUCTHKHM, OTpPUMaHi il 4Yac MPOBEACHHS
yIBTpacoHOrpaigHOTO MOCTiIKEHHS JKOBYOBOTO MiXypa Ta ’KOBUOBHBIIHUX INUIAXIB, Y XBOPHUX 13
XPOHIYHUM HEKAaMCHEBHUM XOJICIIHCTHTOM Ha TJI HEAJIKOTOJIBHOI XKHUPOBOI XBOPOOW TEUiHKH 1

cTalinpHOI ieMiqHO] XBOPOOHU ceplist

310DOBI XBopi 3 XHX | XBopi 3 XHX+ XB}(I)K}IBQ)((;[{ )i(+
Iloxa3uuku Zl_p B 6e3 HAXKXII HAXXII .
(n=20) (n=20) (n=20) CTaOiIBLHOIO
IXC (n=20)

TosnosaxHiii posmip KM, mm | 78,15+2,51 | 96,75£1,22% | 97,75+1,60*° | 100,85+1,53*°
Tonepeunuii posmip KM, My | 23,75+0,96 | 33,65+0,77* | 3830+0,67*° | 41,05+0,47*°"
Hnoma MAKCHMATEHOTO SPI3Y | 16 541090 | 19,2040,62% | 21,32£0,70% | 23,03£0,43%0"
KM 1o oBXHHI, CM
06’eM KM, cv® 37,57+3,88 | 86,57+3,94* | 111,17+2,94%° | 131,56+2,06*°"
ToBmuna crinku KM, My 2,12+0,11 | 7.34£0,59* | 9,93+0,56*° | 11,61+0,58*°"
JliamMeTp 3arallbHOI KOBUHOT | 5 50,031 | 1] 294033% | 926+0,34% 9,88+0,45%°
IIPOTOKH, MM

[TpumiTku: *: BipOTiIHICTH PI3HUII MOPIBHSHO 3 KOHTPOJBbHOIO rpymnoio (p < 0,05); ©: BiporigHicTh
pizHUI mopiBasIHO 3 XxBopumu 3 XHX 6e3 HAXXII (p < 0,05); "*: BiporigHicTh pi3HHMII TOPIBHIHO 3
xBopumu 3 XHX 3 HAXXII (p < 0,05).

06’em XXM y xBopux 3 i3ompoBaHuM XHX B 2,3 pa3su mepeBHWINUB NMOKa3HUK B KOHTPOIII
(p<0,05). Y xBopux 3 XHX B moexnanni 3 HAXXXII el moka3HUK MEPEBUIITUB BEINIHHY Y 3[I0POBUX
oci6 B 2,9 paziB (p<0,05) Ta Oy B 1,3 pa3u BummM nopiBHssHO 3 xBopumu Ha XHX 6e3 HAXKXII
(p<0,05). Y xBopux Ha XHX nHa Ti1i HAXXII i ctabineHoi IXC 00°em JKM B 3,5 pa3u nepeBUINUB 1iei
nmoka3HuK B KoHTpodi (p<0,05), B 1,5 pa3u mopiBHSHO 3 manieHTamu 3 i301p0BaHuM XHX (p<0,05) ta
B 1,2 pa3u nopiBHsiHO 3 xBopuMHu Ha XHX B moennanni 3 HAXKXII (p<0,05).

BcranoBieHo nocToBipHE 30iblIeHHS TOBHIMHU CTiHKM JKM y BCiX Tpymnax AOCIHiIKEHHS.
30kpemMa, BeJMYMHA LBOTO MOKa3HWKA Y XBOpHX | rpynu Oyna BUIIOIO MOPIBHSHO 3 MOKAa3HUKOM B
koHTpoui B 3,5 pasu (p<0,05); y xBopux II rpynu — B 4,7 paszis (p<0,05) BianosigHo. Y nauienTis 11
rpynu ToBIIMHA CTiHKH KM BUSBHBCS JOCTOBIPHO OLITBIIO B 5,5 pa3iB MOPIBHSHO 3 KOHTPOJIEM
(p<0,05), B 1,5 pa3u nopiasiHO 3 XBopuMu | rpymu (p<0,05) Ta B 1,2 pazu nopiBHsHO 3 XBopumH 11
rpynu (p<0,05), oo cBiq4uTh PO 3HAYHE ypakeHHs cTinku JKM npu nmoenHaHii maToorii.

JHiameTp 3araibHOi JKOBYHOI MPOTOKH Y XBOpUX | Tpymu B 2 pa3u NepeBUINUB MOKA3HUK B
koHTpoi (p<0,05). YV xBopux Il rpynu e nokazHUK NepeBHIyBaB BEIHYHHY B 3J0pPOBUX 0ci0 B 1,7
pasu (p<0,05), ognak Oy B 1,2 pa3u HIKYUM MOPiBHIAHO 3 XBopuMH | rpynu (p<0,05). ¥V xBopux 111
rpynu B 1,7 pa3u mepeBUIIMB TMOKa3HWK B KOHTpodi (p<0,05), ame MOCTOBIpHOI pPIi3HUINI Mix
3HAYCHHSMH 1[bOT0 MoKa3Huka y naiiedtis Il ta I1I rpyn He BimzHavyamocs.

BusiBneHo mpsMi KOpemsiiiHI 3B'SI3KM MDK PIBHAMH XOJICIUCTOKIHIHY-TIAHKPEO3UMIHY 1
tpuBanictio Il ¢pazu BOA3 (r=-0,68, p<0,05 - I rpyma, r=-0,71, p<0,05 — II rpyna, r=-0,72, p<0,05 —
I rpyna), Tpusanictio IV ¢aszu BOA3 (r=-0,72, p<0,05 - I rpyna, r=-0,69, p<0,05 — II rpyna,
r=-0,73, p<0,05 — III rpyna), 06’emom XM (r=-0,61, p<0,05 - I rpyna, r=-0,64, p<0,05 — II rpymna,
r=-0,63, p<0,05 — III rpyna). Kopensuiiinuii aHaii3 TakoX BUSIBUB NPSIMi B3a€MO3B’SI3KH MIXK PiBHEM
TT 1 xinbkicTio xoBui opiiii B (r=0,68, p<0,05 — II rpyma, r=0,71, p<0,05 — III rpymna), pieaem 3X Ta
toBimHOK0 critku XXM (r=0,73, p<0,05 — II rpyma, r=0,69, p<0,05 — III rpyma).

BucnoBku. [loennanns XHX 3 HAXKXII i crabinpHoro IXC mposBASETbCS 3HAYHUM
MOPYIIEHHSM JIMiTHOrO OOMiHY, JUCTIMIAEMIi€I0, 3pOCTAaHHAM XOJIECTEPOITY MPOATEPOreHHUX (paKiii
JNONpPOTEiHIB Ta NediUTY JIMONPOTEINiB BUCOKOT T'YCTHHH.

3HMKEHHSI PIBHS XOJEUMCTOKIHIHY-TIaHKpeo3uMiHy y mauieHtiB 3 XHX mnpusBomuts a0
3HIKEHHSI CKOpOTNMBOi 37atHocTi KM Ta miaBuiieHHs ToHycy cdinkrepa Opmi. Opnak, npu
noeananHi XHX 3 HAXXII ta cra6insHoto [XC nomaTkoBUM MexaHi3MOM Yy TIOpyIeHHi poooTu KM
€ BIUIMB TOPYIICHHS JIiMiJHOTO OOMiHYy. 3pocTaHHs piBHS TPHALMITIIIEPOIB Ta 3araJbHOro
XOJIECTEpUHY NMPHU3BOJUTD A0 MiABHUILECHHS HAIXOKEHHs JiMiAiB y cTiHKy KM, 1mo mposBiseTbes il
MTOTOBIIICHHSM Ta TIOTOHIEI0 CaMOTO MiXypa.
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Mae mpobjeMyd 3 HacTaHHAM BariTHOcTi. Ha TtemepimHiii yac MM MaeMo JiMCHO pPEBOMIOLINHI
BIIKPUTTS Ta 0araTto MJOCSTHEHb Y Taly3i pEeNpoOAyKTHBHOI MEIWIIMHU, TaKOX BiJOYBa€ThCA
Oe3nepepBHE ii yIOCKOHAJEHHS, ajieé Ha >Kalb Pe3yJIbTATHBHICTH MPOTPAMH 3aIUIiTHEHHS in Vitro
3anuIaeTbes y Mexax 35-40% [2]. BuBUEHHS BIacCTHBOCTEH CHIOMETPII0 B ITUKJIAX JOIMOMIKHUX
penpoayktuBHuX TexHonorid (JIPT) mpomec Ham3muaitHO ckimamauii. Po3poOka HOBHX MeETOAIB
KOPEeKIIii penenTuBHOI (YHKII €HIOMETPII0 € OAHMM i3 HaHOUIbII BaXKJIMBHX ETAliB y IIpoIeci
iMIuIaHTaLii eMOpioHa, a BiH Bce IIe 3aJHIIA€ThCSI HEAOCTATHLO BUBYCHUM. Y CTaTTi MPEACTABICHO
aHayi3 JaHWX JITEpaTypu Ta pe3yibTaTH BIACHUX PETPOCIEKTUBHHUX JOCHIIKEHb KOPEKIil
PEIEeNTHBHOCTI EHIOMETPII0 y JKIHOK 3 TpyOHO-TIEpUTOHEATFHUM O€3IUIIAIM Ta BHPAKEHUM
BIJICTABaHHSIM €HJOMETPIIO TICIII HEBIAIUX CIPOO AONMOMDKHUX PEMpPOTyKTHBHHX TEXHOJOTIH [6].
Binomo, 1o cepen ycix daxTopi Oe3mmiaas nepiie Micie 3aiimae TpyOHO-TIepUTOHeanbHUH (akTop, a
HAWOUTBII MOIIMPEHOI0 MPUYMHOI0 HEHACTAaHHS BariTHOCTI € MOPYIIEHHS PEIenTHBHOI 34aTHOCTI
eanometpito [1]. BaxkausuMm akTopom mo3utuBHOI mporpamu JIPT € TOTOBHICTH €HIOMETpPIIO IO
IMIUTaHTaIlii  eMOpioHy. YCHIIIHICT, IMIUIAHTAIlil 3aJeKUTh Bl CHUHXPOHI3aIii IPOIECIB,
PELIENITUBHOCTI €HAOMETPiI0 Ta SKOCTI eMOpioHa. IcHyroui Ha chOTOJHI JIiTEpaTypHI HaHi MO0
KOMIUIEKCY B3a€MOIM MK OpraHi3MOM Matepi Ta eMOpIOHOM, BKa3ylOThb Ha Te, IO came
HEIOCTaTHICTh €HIOMETPII0 BIIMOBiga€ 3a OiNbIY YacTHHY yCiX HEBJIAY IMIUIaHTAMii y MOPiBHSIHHI i3
eMOPIOHAJILHUM YHHHHKOM.

Crig BigMITHTH, IO TIOPSA i3 TOCSITHEHHSIMH MEBHUX YCIIXiB y Moau(ikaiii METOIB OIliHKH
Ta TOKpAIIeHHs SKOCTI eMOpiOHIB Ha [aHWH dYac BIACYTHI CTaHAApPTH30BaHI IIIXOOH IIOI0
MPerpaBilapHOi MiJATOTOBKM PELENTHBHOCTI CHAOMETPII0 3 BHUPAKCHUMHU O3HAKaMH BiJICTABaHHS
nepe; HaCTYITHUMH IIUKJIaMH JOTIOMDKHUX PETPOYKTHBHAX TEXHOIOTIH [7].

TakoX CBOTOAHI AaKIEHTYIOTh yBary Ha BIUIMB IOPYIIEHb BYIVIEBOAHOIO OOMIiHY Ta
METa0OIIYHOTO CHHAPOMY Ha PENpOAYKTHBHE 3A0POB’s KiHOK. [lopylieHHS ByrieBoaHOro OOMiHY
Haifyacrtime oOyMOBIIEHE HaJMIpHHM BXXHBAaHHSIM IE€BHUX TPYI NPOAYKTIB, TaKHX SIK COJOOILI,
xbonekapceki BUpoOu, padiHOBaHI MPOAYKTH, MOJIOYHI MPOMYKTH 3 MiABHUIIEHNM BMICTOM ITYKpI,
tomo.[4]. HammipHe BXWBaHHS JaHUX TPOAYKTIB HETaTHMBHO BIUIMBA€ Ha BYTJIEBOJIHHI OOMIH,
BUKJIMKAIOUH 1HCYTIIHOPE3UCTEHTHICTb, IlyKPOBUHl Jlia0eT, MOPYIICHHS y poOOTI MiIILIYHKOBOT 3aJI03H.
HepamionaneHe 1 HagmipHe HacH4YeHHS BYIJICBOAAMHU 3aBKAM IOENHYIOTBCS 13 XPOHIYHUM
nepeOyBaHHAM y CTaHi CTpecy, HMOPYLICHHSAMH y POOOTI IMyHHOI CHCTEMH, JUCTOPMOHAJIBLHUMH
MOPYIICHHSIMH PETPOJTYKTHBHOI CUCTEMH.

BimmivaeTbes, 1m0 BUpakeHa HEIOCTATHICTh CHJIOMETPII0 3HAYHOI MIPOI0 KOPENe i3
30LIBIIEHHSM YHWCIIA JKIHOK 13 TOpPYIIEHHSAMH BYTJIEBOJHOTO OOMiHYy. MertabomiuHi po3naan
PO3BUBAIOTHCSI BHACIIIOK HAJMIPHOTO BXKHBAHHSM II€BHHUX TPYN TPOAYKTIB, TaKHX SIK COJIOJOII],
OOpOIHsAHI BUPOOHM, MOJOYHI TPOJAYKTH 3 TMiJBUIICHAM BMICTOM IYKpi, padiHOBaHI TPOAYKTH.
HanmipHe cnokuBaHHS IMX NPOAYKTIB HEraTHMBHO BIUIMBAE HA BYIJICBOAHHMH OOMiH, BHUKJIMKAIOUH
IHCYTIHOPE3UCTEHTHICTh, IYKPOBHI mia0der, auc0io3 KHUINKiBHUKA, ()epPMEHTATHBHY HEIOCTaTHICTh
TiANUTYHKOBOI 3a103u. HepallioHanbHe B)KUBaHHsI BYTJICBOJHUX MPOMYKTIB MOEAHYETHCS 13 XPOHIYHUM
nepeOyBaHHSM y CTaHi CTpeCy, LI0 MPU3BOJUTH JI0 OPYIIEHb Y poOOTi IMyHHOI CHCTEMH, BUCHAKEHHSIM
(epMEHTaTUBHUX Ta JAE3IHTOKCHUKAL[IMHMX CHUCTEM OpraHi3My, a L€ B CBOIO Yepry NPH3BOIUTH JIO
JICTOPMOHATIBHUX TIOPYIIEHb PENPOYKTHBHOI CHCTEMH, IOPYIICHHSIMHU PEIIENTHBHOCTI.

BusiBiieHO poiib MOpyIIeHb BYTIIEBOJHOTO OOMIHY Ta ayTOoiMyHi3allii XapuoBHMH ajepreHaMu
y TOpYLIEHHI PEUEeNTUBHOCTI eHxoMeTpito. Po3polieHo Ta 3amponoHOBaHO aNrOpUTM IMiArOTOBKH
EHIOMETPIIO 3 3aCTOCYBAHHAM €JIIMIHAIIHHOI JIETH JIJIs1 KOPEKIIIT ByTJICBOJHOIO OOMIHY.

Cai BIAMITHTH, 110 TOPSJ i3 TOCSITHEHHSIMH MEBHUX YCIIXiB y Moaudikallii METOIB OLIHKH
Ta TIOKpAIleHHS SKOCTI eMOpiOHIB Ha CBOTOAHI BIJICYTHI CTaHAAPTH30BaHI MiIXOAW ILIOAO
nperpaBilapHoi MiArOTOBKM €HIOMETPII0 3 BUPQKCHUMH O3HAKaMM BiJICTaBaHHA INEped HACTYIHHMH
[UKJIAMU JIOTIOMIXKHHX PETPOAYKTUBHHUX TEXHOJOTIH.

Martepiaau Ta Mmeroau. [locmipkeHHs TpOBOAWIN Ha Kadeapi akymiepcTBa, TiHEKOJOrii Ta
penpoaykroJorii Ta y BianineHsi miuanysanns cim’i ta JIPT 3 kaGiHeTOM eHAOKPUHHOI THEKOJIOrii Ta
JIEHHUM cTarioHapoM KITiHIKM penpoyKTUBHUX TEXHOJIOTIH YKpaiHCHKOTO JEp>KaBHOTO 1HCTHTYTY
pernpoaykToiorii HarionansHOT MequaHO1 akaaeMii mcasaumioMuoi ocBite imeHi [1JI. [lymuka. s
JOCSATHEHHsI IOCTaBJIEHOI MeTH OyJlo NpOBEICHO KOMIUIEKCHE KIIiHIUHe, 1HCTpyMEHTaJbHE, Ta
nmabopatopHe obctexkeHHs 120 MamieHTOK 3 HEBIAIMMH IHKJIAMHU JOMOMIXHHUX PEMPOIyKTUBHHUX
TEXHOJIOTIH Ta BUPAKEHOIO HEIOCTATHICTIO €HIOMETPIIO.
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KpurepisiMu BKIIOUSHHS Nali€HTOK OyIu:

- Penponyxrusauii Bik Bix 20 1o 40 pokis;

- Herarusnui cipo6u /IPT B anamues3i,;

- BupaxeHna HeJOCTAaTHICTb EHIOMETPIIO (4 MM Ta MEHIIE);

- BiacyTHicTh eHIOMETPi03Y, TATONOTI] TijIa MATKH;

- BigcyTHicTh TinepnponakTuHeMii, Ta iHIINX eHIOKPUHHHUX TOPYIICHD;

- HasBHicTh moOpyIIeHb BYIJIEBOAHOTO OOMiHY (miaBHIIEeHWH iHCymiH Ta iHgekc HOMA,
MiABHIICHUH piBeHb QPYyKTO3aMiHy, HAIJTUIIIKOBA Maca Tina, 06’ em Tanii Oinbiie 80 cm).

KpurepisiMu BUKIIFOYCHHS:

- JoOGpoBinbpHa BiIMOBa BiJl y4acTi y TOCIiIKEHHI;

- Bik 10 20 ta nonax 40 pokis;

- CoMaTH4HI MaTOJOTI], 0 MPEACTaBISIOTh 3arpo3y Mepediry BariTHOCTI, TOJIOTIB, JKATTIO
Marepi Ta II0/a;

- TspKki ICHXOJIOTIYHI PO3JIajH, 3a IKUX HE PEKOMEHIYIOTHCS BariTHICTb.

[TouaTkOBe KOMIUICKCHE KIIiHIYHE OOCTEKEHHS YCiX MAI[iEHTOK, MPOBOAMJIOCS BIJMOBITHO JI0
aNropuTMiB 00CTEeX)eHHS XBopuX 3 Oe3mutiaHicTio (Hakaz Ne 582 Bix 15.12.2003 p. «IIpo 3aTBepmkeHHs
KIIIHIYHUX MPOTOKOIIIB 3 aKyIIEPCHKOI Ta T1HEKOJIOTTYHOI TOMOMOT Y, po3Aii « TakTHKa BeIeHHS KiHOK
3 Oe3mTiAIAM») Ta iHCTpyKii 3actocyBanns JIPT (Haka3z Ne 787 Bix 09.09.2013 p. «IIpo 3aTBepmxeHHs
MOPSIIKY 3aCTOCYBaHHS JOMOMDKHHX PENpOMyKTHBHUX TEXHONOTI B Ykpaini»). OOcTexeHHsS
BKITIOYAJIo B ceOe: 30ip aHaMHe3y, MPOBEACHHS IMEPBUHHOTO OTIISAY, TIHEKOIOTidHe o0cTexkeHHs, Y3/
JOCHIDKEHHSI ~ OpraHiB ~ Majoro Tas3a, Jia0opaTopHe OOCTEKEHHS  BYIJIEBOAHOTO  OOMiHY,
IMYHOTICTOXIMIYHA OITiHKa PEIENTHBHOCTI €HIOMETPII0, 8 TAKOXK KOHCYIIBTAIli CYMIDKHUX CIICIIiaITiCTiB.

Ycix mamieHToK 0yJ10 PO3IMOMiIeHO Ha 2 TPYIIH:

- g0 1-i rpynu yBiiinum 60 manieHtok y sikux HactymHui nukn JAPT Oyae mpoBogutucs 3
KOPEKIIIE€I0 PEICNITUBHOCTI EHAOMETPIIO Ta 3aCTOCYBAHHSM SJIMIHAIIIHHOL TIETH;

- 1o 2-i rpymm yBiiimom 60 xiHOK y sxux HacTymHui mukn [IPT Oyme mpoBommTucs 3a
3arajJbHONPUHHATAMH TPUHIIUIIAMH.

VYnockoHalleHa HaMH TIperpaBilapHa MirOTOBKA Mepe] HACTYITHUME Cpo0aMu JOHOMKHUX
PENPOAYKTUBHHUX TEXHOJIOT1H BU3HAYANIACS CTAHOM PELIENITUBHOCTI €HIIOMETPIIO.

[lepmii#i Tpyni mpoBoawiacs mNperpaBiapHa IMIIrOTOBKOIO 3 JIOTPUMYyBAJIacs iHAWBITYaIbHOL
eNMMIHAIIIMHOT JI€TH 13 BUKIIOUEHHSM TMPOIYKTY-IE3panTopy Ta 3arajlbHUMU PEKOMEHJAISIMH 1010
KpaTHOCTI Xap4yBaHHS, TOEIHAHHS MPOMYKTIB Ta po3Mmipy mopiiil. Takoxk Oyno BHeceHO OOOB’S3KOBI
3MiHH IIOJI0 CIIOCOOY KUTTS MAIIEHTOK: KUTBKICTh BUMTUTOI 3a 100y pimuaun (40-50 MII Ha KT MacH Tijia B
3anexkHocTi Big IMT), wiTki iHTepBamyu MiX MpuifoMaMu ki 4-5 TOIWH, KPaTHICTH Ta Yac MPUHOMIB iKi,
BIZIMOBa Biji ankorojro. IlamieHTKH 3HAXOAWIMCh Ha EIIMIHAMIAHINA JI€TI 13 BUKIIOYCHHIM MPOIYKTY-
JI€3panTopy MpOTSAroM 3-X MICALIB MiJi KOHTPOJIEM IOCIHiJHHMKA, MICJISl YOro IO JAHWM OIMTYBaHH:,
aHKeTyBaHHJ, JJa00OpaTOPHOT'o Ta iIHCTPYMEHTAIILHOTO 00CTEXKEHHS OYyJI0 OI[IHEHO CTaH EHIOMETPIIO.

Y gpyrii rpymi okiHok HactynmHui 1ukn JIPT mpoBoauMBes 3a  3araJibHONPUHHSATHMHU
NPUHIMIIAMH.

Opnepkani pe3ynbrati 00poossiin Ha EOM tumy IBM PC 13 3actocyBaHHSIM IakeTy mporpam
Statistica 6.0 Ta biocTar i METO/IIB aHAJIITUYHOI CTATUCTUKU:

-3a JIOTIOMOTOI0 BHOIPKOBOTO METOJy OIIHIOBAIM IapaMeTpy TeHepallbHOI CYKYITHOCTI 3a
JaHUMU BHOIPKH;

-3a JIOTIOMOT'O0 CTATUCTHYHUX KPUTEPIiB BU3HAYAIH MIPABOMOYHICTh BUCYHYTHX TilOTE3;

-t-KpuTepiii 3aCTOCOBYBAJM JUIsl MOPIBHSHHSA CEPEAHIX 3HAYCHb HE3AIC)KHHMX BHOIPOK Ta
3B’s13aHUX BUOIPOK;

-X?-KpUTEpili — JUIs aHaIl3y CIPSKEHHS O3HaK, OPIBHSAHHS YaCTOT MOJIiH;

-KOpENSIIMHNAN aHasIi3 — I BUBYSHHSI CTOXACTHYHOI 3aJIE)KHOCTI MIXK TIOKa3HUKaMH.

PesynabTaTu nociigxeHHst Ta ix 00roBopeHHs:

3a pe3yibTaTaMyd NPOBEOCHUX JOCHTIHKEHb BCTAHOBJIEHO, IO TiJl Yac aHami3y epeKTHBHOCTI
nperpasijiapHoi KOpEeKIlii eH0OMETPII0 3 BUPKCHUMHU 03HAKAMH BiJICTaBaHHS (<4 MM) Ta KOPEKIIIE0
BYTJIEBOJHOTO OOMiHy (3acTocyBaHHS eiiMiHamiiHOI mieTr) Ha 25,0% MigBUIIYIOTECS MOKAa3HUKH
PELENTHBHOCTI €HIOMETPII0 y MOPIBHSHHI 3 BEACHHSIM HACTYIHHUX LUKIIB 32 3arajlbHONPHHHATHMU
NpUHIMIAME 0e3 mperpaBigapHoi miarotroBku — 10%. Takox Oyio mpoBefeHO yibTpacoHorpadiro
OpraHiB Majioro Ta3y 1 BiIMIYe€HO 30UTBIICHHS TOBIIMHH CHIOMETPif0 (Mo 8 MM) y TpyI, IO
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MPOBOJMIIACS TIperpaBifapHa MiATOTOBKA. TakoX 3a pe3ylbTaTaMH aHKETyBaHHS OyJo BigMiueHO:
HOKPAIIEHHS SKOCTI XHTTA (3MEHIICHHS BTOMH, CTpecy, MOKpAIleHHS HACTPOIO, CHY), 3MEHIICHHS
MacH Tijla, HOpMaJi3alliio MOKa3HUKIB ByTJIeBOJHOTO oOMiHy (3HMKeHHA iHnekcy HOMA, 3HmKeHHS
piBHs QpyKTO3aMiHy).

BucnoBku. JloTprMaHHs eMiMiHAIIIIHOL Ji€TH B KOMIDIEKCI IperpaBigapHoi miaroToBku Ha 25,0%

T/IBUIIly€ TTOKA3HUKHM PELENTHBHOCTI €HIOMETPII0 y TIOPIBHSAHHI 3 BEIEHHAM JKIHOK 3a CTaHIApTHUMH
cxeMamu. 3ampoINOHOBAHMN aNrOpUTM MiATOTOBKM TaKOXK CYTTEBO IMOKpAIy€e 3aralbHi MOKa3HUKU
37I0pOB’s MALIEHTOK, 3HKY€E MeTaOONiuHI IPOsBH Ta abJOMiHAJIbHE OKUPIHHS. PesynbTaTi mpoBeneHnx
JIOCITI/DKeHb CBIiMYaTh PO HEOOXITHICTh MU(EpeHIHOBaHOrO MAXOAY IO KOPEKIlii penenTUBHOCTI
EHJIOMETPIIO Ta IPerpaBilapHOI MATOTOBKH €HIOMETPI0 Tiepe ] HacTymHUMH rukiamu JIPT.
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10.

JITEPATYPA
lonbmamenoBa 1./I. cyyacHi mornsauM Ha MIarHOCTHKY Ta KOPEKLIIO IMIUIAHTaliiHOT pelenTHBHOCTI
CHJIOMETPIIO (ormsn JiTeparypu), I. J1. l'onpmMameoBa, 0. C. [orueHko, I. B. CaBuenko,

O. A. T'ronemamenioBa // TaBpudeckuii Menuko-ouosorndeckuii Bectauk 2013, Tom 16, Ne2, 4. 2 (62).
TFapauep J., lo6ek [. basucua ta xiiniuHa engokpuHoioris. 2020. — MockBa, «binom» — C.17/38/256-
278/412-430.

Jlmukosa 10.A., 3inoBkin J[.A. KiriHiuHa XapaKkTepHCTHKA MAIi€HTOK 3 OE3IDIAIAM i IMyHOTiCTOXIMIUHA
ominka excrpecii Foxp3 i CD56 B engomerpii. [Ipobmemu 3mopoB’s i exosorii. 2019; 1:35-40.

CamoitnoBa A.B. PenenTopHslii crtaTyc SHIOMETpus Yy OKeHIMH ¢ OecriommeM /  A.B. Camoiinosa,
E.B. KoctpoBa, JIL.A. JIroboBreBa // PempomykTHBHBIC TEXHOJOTH CEromHs W 3aBTpa: Marepuaibl XVIII
exeroaHon MexxayHapoaHo korpeperin PAPY, Camapa, 4-6 certsi0ps, 2008 r. — Camapa, 2008. — C. 52-53
Dallenbach-Hellweg G. 1984 “The endo-metrium of infertility. A review. Pathol Res Pract. 178(6):527-37.
Ford H. B. Recurrent pregnancy loss: etiology, diagnosis, and therapy / H. B. Ford, D. J. Schust // Rev
Obstet. Gynecol. — 2009. — Vol. 2, N 2. — P. 76-83.

Kliman HJ, Frankfurter D.” Clinical approach to recurrent implantation failure: evidence-based evaluation
of the endometrium.” /2019 American Society for Reproductive Medicine. Published by Elsevier Inc.
Kunicki M., Lukaszuk K., Woclawek Potocka 1., Liss J., Kulwikowska P., Szczyptanska J. “Evaluation of
granulocyte colony — stimulating factor effects on treatment-resistant thin endometrium in women
undergoing in vitro fertilization.” Biomed Res Int (2914).

Macklon N. 2013, July. Laboratory: The embryo-endometrial interface — role in implantation /
developmental success. The contribution of the endometrium University of Southampton, Academic Unit
of Human Health and Development.

Revel A. “Defective endometrial receptivity” Fertilsteril (2012).

RS Global 5(66), May 2021 43



WORLD SCIENCE ISSN 2413-1032

PHYSICAL EDUCATION AND SPORT

IMPOSB TIOKA3HUKIB 3ATAJIBHOI ®I3UYHOI
MNIJIFTOTOBJEHOCTI Y IOHUX BAXKKOATJIETIB
10-12 POKIB

Byzaiioe €szeniii Bonooumuposuu, Xapxiecvka depoicasHa akademis Qizuunoi Kyismypu, XapKie,
Yxpaina
Incum Bikmop FOpiitosuu, Xapxiscoka oepocasna akademis Qizuunoi Kynemypu, Xapkis, Yxpaina

DOI: https://doi.org/10.31435/rsglobal_ws/30052021/7590

ARTICLE INFO ABSTRACT

Received: 13 April 2021 Purpose: to reveal the level of physical development and special physical

Accepted: 17 May 2021 fitness of weightlifters 10-12 years. Materials and Methods: In this study,

Published: 30 May 2021 young men aged 10-12 took part in weight lifting sections at the Children's
Sports School of Khartsyzsk Children's Sports School, as well as in the sport

KEYWORDS boarding school No. 2 in Kharkov. The experiment involved 48 youths

engaged in weightlifting. Results: show that young weightlifters who were

physical development, special involved in 2 stages of pedagogical experiment, stage 1 (10 - 11 years), stage

physical preparedness, physical 2 (11 - 12 years) - data. The revealed differences in the intensity of the
working capacity, relative values, increase in the indices of physical development over a two-year period of
adaptive capabilities. observations reflect the unevenness and heterochronicity of the maturation of

the children's organism. Even with such a relatively short period of time (two
years), there is a marked difference in the intensity of the increase in the
majority of the studied indicators of physical development. Conclusions: The
material outlined in this publication shows that physical development,
special physical fitness of modern boys aged 10-12, trained in DYUSS,
according to most indicators correspond to the peers of the nineties. These
facts indicate a slowing down of the processes of deceleration of the physical
development of modern children. This is also evidenced by the dynamics of
the indicators of special physical capacity. For the absolute values of the
special physical capacity of the subjects, an increase is established for the
entire biennium. However, the magnitude of the relative intensity of the
increase in the absolute values of the special physical capacity at different
stages of observation is different: the first year - 10,48%, the second - 0,86%
(p <0,01). In other words, for the first year of observation (age 10-11 years),
the rates of special physical capacity increase significantly, and in the second
year (age 11-12 years), practically do not change. On the contrary, for the
relative values of the special physical capacity, the values decrease during
the observation period. At the same time, the intensity of the decrease in the
relative values of the special physical capacity for the first year is 0.96%, the
second one is 7.87% (p <0.01).

Citation: Bugaev E., Dzhym V. (2021) The Level of Manifestation of Indicators of General Physical Fitness
Among Young Weightlifters 10-12 Years Old. World Science. 5(66). doi: 10.31435/rsglobal_ws/30052021/7590

Copyright: © 2021 Bugaev E., Dzhym V. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) or licensor are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Beryn. Bakka arnernka € ONIMIIMCHKAM 1 IMOMYJSPHUM BHJOM CIIOPTY Cepell Cy4acHOi
mosoi (B. Ilnatonos, 2004; JI.C. Asopkin, 2005; M.T. Jlyk'sHos, 1969; B.I'. Onemiko, 2011) [1; 3; §;
18]. [lama oOctaBmHa mpuBepTac yBary (QaxiBIiB A0 pPO3pPOOKH Ta HAYKOBO-METOIMYHOTO
oOIpyHTyBaHHS Te€Opii 1 METOAMKH MiATOTOBKH CIIOPTCMEHIB Pi3HOTO BiKY 1 KBasidikarii.

3rigHo 3 JOCHiIKEHHSIMH, OCOOJIMBO BAYKJIMBUM € €Tall MOYaTKOBOI MiArOTOBKH, TOMY IIO B
el mepion BigOyBaeThCs INIBUAKUA PO3BUTOK CHIIOBHX 3Ii0HOCTEH, CTaHOBIECHHS CIIOPTHUBHOI
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MaicTepHOCT], IHTeHCUBHE MPOTiKaHHs MPOLECiB afanTamii A0 cnenuidyHuX YMOB 3aHITH Ba)KKOIO
amierukoro. [IpoOiieMi TpeHyBaHHS IOHUX CIIOPTCMEHIB Ha €Tali MOYaTKOBOI MITOTOBKH Y BaKKii
aTJIETHLI TPUAUISETHCS TeBHA yBara, BiIOyBa€eThCsl MOCTiiiHE BIOCKOHAICHHS METOJUKH MiATOTOBKH
IOHHUX CIIOPTCMEHIB. 30KpeMa, 32 OCTaHHI POKH MPOBEACHI HAYKOBI MOCIIKEHHS, IPUCBIUCHI Pi3HIM
acrrektam gaHoi mpo6nemu (FO.B. Bepxomanckwuit, 2013; JI.C. JIBopkin, 2005; B.I'. Onemxo, 2011)
[2; 3; 18-19], Bumano aBa meromuunux mociouuka (JI.C. JIBopkin, 2005; B.I". Onemiko, 2011) [3; 18].
Ony0nikoBaHO BETUKE YMCIIO HAYKOBUX cTaTel, BunaroThes mporpamu anst JHOCILL. Bee ne cBigunTh
PO aKTyaJIbHICTh TOCHIHKYBAHOTO HANIPSIMKY.

AHaJi3 ocTaHHIX J0cCTiIKeHb i myOaikaniii. AHami3yrOUn JOCTYIIHY HAayKOBO-METOAHYHY
JiTepaTypy, IPUCBAYEHY MiATOTOBII CIIOPTCMEHIB y BaXXKil aTIETHIN, CIiJI 3a3HAa4UTH, IO Oararo
MUTaHb NPEICTABICHI JOCUTh IHUPOKO.

30KkpeMa, pO3TJINAIOTECA Pi3HI MOTNIAAM MPO BiK MOYATKY 3aHATH BaXKKOIO aTJIECTHKOIO
(JI.C. IBopkin, 2005; B.I'. Onemko, 2011) [3; 18], oOcsar Ta 3MICT TpPEHYBAJILHOI pPOOOTH
(F0.B. Bepxomanckuii, 2013; B.L Ileiiko, 2008) [2; 17], BUKOPUCTaHHS pPi3HOMAHITHUX
tperyBanbHEX 3aco0iB (JI.C. IBopkin, 2005; H.A. Jlamytun, 1973; FO.K. I'aBepmorckuii, 2007;
A.B. Yepmnsik, 1970; B.1O. Txum, 2013) [3; 5; 6; 11; 12].

3B’A30K [JOCHiIKeHHS 3 HAYKOBHMH TMporpaMaMu, IUIaHaAMH, Temamu. Hayxose
JOCHI/DKEHHSI BUKOHAHO 32 TEMOIO 3BEIEHOTo IUTaHy HayKOBO-IOCTinHOI pobotu y cdepi PizuuHOl
KynbTypH 1 criopty Ha 2016 — 2020 pp. 3a Temoro: «IIcuxoceHCOpHA peryisilis pyXxoBoi JisUIBHOCTI
CIIOPTCMEHIB CUTYalliiHUX BUAIB ciopTy» (HoMep 0116U008943).

Mera pgoCTiIKeHHSI: BHUABHTH piBeHb 3arajibHOl (i3MYHOI MiATOTOBICHHOCTI Yy IOHUX
BaxxkoatyeTiB 10-12 pokiB, i BILTHBOM TPEHYBAIBHOTO MPOIIECY.

Metoau nocaimkeHHsi: TeopeTHUHHI METOJ Ta y3arajlbHEHHS JITEpaTypH, IeJaroridyHe
CIOCTEPEKEHHS, TIeJaroriuH1i eKCIEPUMEHT, METO MATEMaTHYHOT CTATHCTHKH.

Marepiaan gocaimkennsi: B manomy mocmimkenHi Opanu ydactb toHakd 10-12 pokiB siki
3aliMarOThCs B CeKLisfX Baxkkoro arierukoro B JHOCII XT3, a Takoxx B ciopTHBHOMY iHTepHaTi Ne2
Mmicta XapkoBa. Jlo excnepumeHTy Oyiio 3aiydeHO 25 IOHAKHW, sSIKi 3aiiMarOThCs B CEKIlii BaXKKOi
aTJIETUKOIO, BC1 BOHU HE MaJld PO3PSAHUX 3BaHb

Pe3yabTaTH AocaigxkeHHs1 Ta iX OOroBOpeHHsl. Y3aragbHEHHS HAyKOBO-TIENArOTi9HUX
MaTepiajgiB CBIMYUTH Npo Te, w0 Imd psg gociiaaukiB  A.l Kypauenkosa, JI.I. Ctorosoi,
P.E. Motunsnckas, ®.A. Vopranchkoi BKa3aiy Ha CHPHUSTINBY Jil0 3aHATH BAXKOKO aTJIETHKOI HA
PO3BUTOK M'S30BOi CHJIM B Hi/UIITKOBOMY i FOHAI[bKOMY Billi. IXHi JOCIiIKEHHS TOBOPATH IIPO
NO3UTUBHUN BIUIMB 3aHATH BAXXKOIO AaTJETUKOI Ha (I3UYHUM PO3BUTOK MOJIOJOIO OpraHizMy i
BUXOBaHHS (isnuamx sikocredd. Ha mymky SLIL Jloko, HaWOimpmuii TeMn MPUPOCTY CHIH
criocrepiraetbest y Bimi 10-12 pokiB, cunoBoi BuTpuBanocti - 13- 14 pokiB. Haituactime xopormri i
BiJIMiHHI PiYHI TEMIH IPUPOCTY M'SI30BOT CHUJIH, 3a3HAYAE aBTOP, CIIOCTEPIraucs y TUX oci0, sKi Mau
cepenHi 00 XOPOIIli BUXiHI Pe3yJIbTaTH B KOHTPOJIBHHUX BUIIPOOYBAHHSX HA MPOSB CHIIH.

Binmomo, 110 po3BHUBaTH CHITy MOTPIOHO Pi3HUMHU BIpaBamu abo 30BCiM 0e3 00TsDKeHb, abo 3
OOTSDKEHHSIMH BEJIBMH Majioi Baru. BusHauaroum onTuMasibHYy Bary OOTSDKEHb AJISI PO3BUTKY CHIIM Y
HIKOJISIPiB-CIIOPTCMEHIB, MiHI3yBaTH MakCHMAalbHi3a BEIMYMHOIO HANPYXeHb NMpu poOOTi 3 BaraMu B
10-12-piunomy Biti (@.I'. Kazapsx). OnTUMansHUM Baror OOTSHKEHbB I CIIOPTCMEHIB I[LOTO BiKY €
50-70% Bix iX BIAcHOI Bar, MpU OMY KUTBKICTh IOBTOPEHb CTAHOBUTH 2-3, a cepis - 10 10 pasis.
PazoM 3 TWUM, OCHOBHMMH METOJAMH PO3BHTKY M'S30BOi CHIIM Yy IOHHX CIIOPTCMEHIB, TIO
B.II. Tyrauesi, H.A. ®omiHy, €: TOBTOpHE BHKOHAHHS CHIJIOBOI BIIPaBU 3 OOTSDKEHHSIM OJHM3BKO
TrPaHUYHOI Ta TpaHUYHOI Baru (METOA MAaKCUMAJIbHUX 3YCHJIb), ITOBTOPHE BHUKOHAHHS CTaTHYHOI'O
CHJIOBOT'O BIIPaBH, HIOBTOPHE BUKOHAHHSI [IIBUKiICHO-CUJIOBUX BIPAaB (METO JUHAMIYHOTO 3yCHILISN).

JonineHO 3BEpHYTH yBary Ha Te, IO JAJS PO3BUTKY HIBHIKICHO-CHJIOBUX SIKOCTEH y IOHHX
CIIOPTCMEHIB JOIIJILHO BUKOPHCTOBYBATH TaKi ()i3WYHI BIpPaBH, CTPYKTypa SKHX OJIM3bKa 110 TEXHIIl
BUKOHAHHS JI0 3MarajibHUX BIpas. [Ipy koMY BaXIIMBO MOEJIHYBATH PO3BUTOK MIBHIKICHO-CHUIIOBHX
SKOCTEW 3 yJIIOCKOHAJICHHSIM TEXHIKM BHKOHAHHS BIIPaB. YBara TpeHepa MOBHHHA OyTH 3BEpHEHa Ha
Te, SIKOI0 MIpOI0 IOHI CIOPTCMEHH peali3yloTh CBOI MOXIHMBOCTI. I[ligBHIEHHS PIBHA PO3BUTKY
¢bi3M4YHMX SIKOCTEW NpW BUKOHAHHI 3MarajbHUX BIIPaB IOB'SI3aHE 3 THUM, IO B OJHMX BUIAJIKax Ha
NEBHUX BIKOBUX €Tamax 3pocTaHHS (i3WYHUX SKOCTeH BiOYBa€Tbcs IHTEHCMBHO, a B IHIIMX -
CITOBITTLHIOETHCS 200 HABITh MPUTTHHSIETHCS.

Xoda TPOBITHUM SKICTIO Ba)XXKKOATJIETIB 1 € M'sS30Ba CHiIa, MPOTE 3AATHICTh PO3BHBATH
MaKCUMAJIbHY CWJIYy 1 BMIHHS BUSBIIATH ii IPOTSATOM KOPOTKOTO MPOMDKKY Yacy HE IOB'S3aHi MK
c00010. MoHa BOJIOAITH 3HAYHOIO CHJIOIO 1 B TOM ke yac He 3yMiTH il peamizyBaTtu. OTxe, Ba>KJIUBO
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BXKE 3 TEPIIUX KPOKIB B BaYKKOATIETUYHOMY CIIOPTI PO3BHBATH MIBHAKICHO-CHIIOBI 37i0HOCTI TpH
MiHOMI IITAHTH HE TUTHKH MaJIMX 1 CEPE/IHIX, aJie 1 BEIUKUX Bar, TOOTO BUPOOJISATH «BUOYXOBY» CHUITY.
3a manumu A.C. Menenepa, JI.C. [IBopkina, A.H. Bopo6iioBa, P.A. Pomana, A.B. UepHnsika ta iH.,
TpenyBanus 31 mranrow Barow B 60-75% edekTHBHO pO3BMBAIOTH IIBHKICHO-CHIIOBI SKOCTi, 50-
80% - mBuaKicHI, a Oinbre 95% - cuiIoBi. Y TpeHyBaHHI Ba)KKOATJIETIB, K Hi B SKOMY iHIIOMY BHII
CIOPTY, YITKO MPOCTEXKYETHCS NPOSB PI3HUX M'SI30BUX HAINpPYKEeHb: JAWHAMIYHHX, CTATHYHHX 1
noctynatotees. OnmHak, Ha nymky AC. MenBenmeBa, CTaTW4HI Hampyrd NIpH iX BHKOHaHHI 0e3
MO€AHAHHSI 3 IHIIMMH BUJAMHU HAIIPy>KeHb HE TIPU3BOJIATH JI0 TIOMITHOTO MPUPOCTY CHIIH.

Heo0OximHO 3a3Ha4nTH TE, MO y BCIX MOKa3HUKAX 3araibHOI (hi3MYHOI IMiITOTOBIEHOCTI 32 JIBa
POKH JTOCIiIPKEHb OTPUMaHI TTO3UTHBHI 3MiHH y X BUKOHAHHI, pe3yJIbTaTH HaBeleH] B Ta0mili 1.

Tabmuns 1. IokazHuky 3arayibHOI (PI3WYHOT MIATOTOBJICHOCTI FOHHMX Baxkkoamieri 10-12

OKIiB (n1=n2=n3=25)
No - 10 pokiB 11 pokiB 12 pokiB
OKa3HUKU — — —

/1 Xitm, X2tm, Xstm,
1. | Birma30m,c 6,20+0,21 5,60+0,22 5,10+0,19
g, | HoHuKoBuii Gir 8,50+0,22 7,90+0,21 7,30+0,23

3x10 M, ¢
3. | Ctpubok y ropy 3 Micuis, cM 35,4+1,9 40,1+1,8 44,6£2,0
4. | CtpuboK y TOBXKHHY 3 MICIIS, CM 157,9+4,3 169,9+4,3 178,0+4,5
5, | STUHAHHA | POSTMHAHHS PYK B yNOpi, 32,5423 39,042,5 44,5425
JIe)KAYM Ha MiI1031, K-Th pa3iB
6. | IlinTsaryBaHHs HA NMEpeKIaMHI, K-Th pa3iB 8,6+1,2 10,6+0,9 12,1+1,0
7. | IlpucimanHs Ha KUTBKICTB pa3iB 3a 30 ¢ 22,2405 24,24+0,7 26,2+0,6

Tak, 3a JABa POKM TPEHYBaHb JIOCTOBIPHO TOKPAIIMINCH MOKA3HUKU TPOSBY IIBHIKICHUX
SKOCTEW, B TOMY YHCIHi 1 3 MPOsiBOM crpuTHOCTI. [TokpaiieHHs pe3ysibTaTiB TeCTyBaHb MPOXOAMIIO
MOCTYNOBO. 3a TMepIIMd 1 JIpyrHii POKH TPEHYBaHb CEPEIAHbO-TPYIIOBHI PE3yJIbTAT IMOJI0JIAHHS
muctanmii 30 M nominmuscs Ha 0,6 ¢ (p>0,05), B Toif 4ac Ak 32 BeCh 4ac MPOBEIACHHS JOCIIHKESHHS
pe3yabpTaT ckopoTHuBcs 3 6,2 ¢ 1o 5,1 ¢ (p<0,05) (Tabdm. 2).

Tabnums 2. Matpuis BiporiZHOCTI pi3HULI pe3ynbrariB 0iry 30 M y roHHX BaxkkoatietiB 10-
12 pokiB (n1=Nny=n3=25)

Poku 10 pokiB 11 pokiB 12 pokiB
10 pokis i t=1,97 t=3,88
p>0,05 p<0,001
11 pokis - - t=1,72
p>0,05

PesynbTat BUKOpUCTaHHS TECTy 3 MPOSBOM CIIPUTHOCTI MijJ Yac MIBHAKICHOTO MpoOiraHHs
quctaHiii 3 X 10 M TakoX MaroTh JIOCTOBIpHE TOKPAIICHHS JIWIIE Micis JBOX POKIB TpEeHYBaHb
(t=3,77; p<0,01) (Tabn.3) mpoTATOM SKUX CKOPOYCHHS Yacy Ha BUKOHAHHS LIbOTO TECTY 3a MEpLINH i
IOpyruii pik Oyno ogHakoBuM (t=1,97 1 1,93).

Tabmuus 3. Matpuus BiporiAHOCTI pi3HULI pe3yNbTaTiB YOBHUKOBOrO Oiry 3 X 10 M y 1oHHX
BakkoamieTiB 10-12 pokiB (n1=n,=n3=25)

Poxu 10 pokiB 11 pokiB 12 pokiB
10 pokis i t=1,97 t=3,77
p>0,05 p<0,01
11 pokis - - t=1,93
p>0,05

AHaJOri4YHy TCHCHIIIIO MAIOTh 1 TTOKa3HHUKH, SIKI BU3HAYAIOTh IIBU/IKICHO-CHJIOBI STKOCTI.
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Tax, 3MiHU pe3yNbTaTiB CTPHOKY y JOBKHHY 3 MICISl 3/11HCHIOBATUCH PIBHOMIPHO, BiJl POKY A0
poky (Tabim. 4). SIkmo Ha MoYaTKy IOCIiIKEeHb HOTO pe3ynbTaT ckiaaas 157,9 cMm, To B 11 pokiB BiH
mocsr 169,9 eMm (t=1,97; p>0,05), a B 12 pokiB 178,0 cm (t=1,30; p>0,05). B 3arami x 3a gBa poku
npupict pesynsTary ckias 20,1 oM (t=3,23; p<0,01).

Tabnuus 4. MaTpuns BiporiqHOCTI pi3HULI pe3yNbTaTiB CTPUOKA y TOBXKUHY 3 MiclLsl Y IOHUX
BakkoatiieTiB 10-12 pokiB (n1=n,=n3=25)

Poxu 10 pokiB 11 pokiB 12 pokiB
10 poxis i t=1,97 t=3,23
p>0,05 p<0,01
11 pokis i i t=1,30
p>0,05

[HmMiA TecT MOB’s3aHUM 3 BUKOHAHHAM CTPUOKY Yy yropy 3 MiCIs, € BaKIHBHM IS
3MIACHEHHSI CTPHOKOBUX BIIPaB y BaXkKiil aTieruili. Moro pe3yyibTaTy MIOPIYHO MMOKPAIyBaIUCh, aje
JIOCTOBIPHI 3MiHH, TOOTO HOT0 TIOKpAIIeHHs OTpUMaHO Yy Bitli 12 pokiB (t=3,33; p<0,01) (Tadm. 5).

Tabmuns 5. MaTpums BipOoTiTHOCTI pi3HHUINI Pe3yIbTaTiB CTPHOKA Y TOPY 3 MiCIs Yy FOHUX
BakkoamieTiB 10-12 pokiB (n1=n,=n3=25)

Poxn 10 pokiB 11 pokiB 12 pokiB
10 poxis i t=1,79 t=3,33
p>0,05 p<0,01
11 pokiB - - t=1,67
p>0,05

CuoBi MOKa3HUKH M’S13iB, IO 3A1MCHIOIOTH 3THHAHHA 1 PO3THHAHHSA PYK B YIOpi JieKadl Ha
MiUI031 32 MEepUINii pik He 3a3Haiu 3HauyHuX 3MiH (t=1,91; p>0,05), He cranocs ix i 3a apyrwii pik
3aHAaTh (t=1,56; p>0,05), y ToM xe yac K 3a ABa POKHU TPEHYBaHb IIei MOKa3HUK MOKpamuBcs Ha 9,4
pasu (t=3,53; p<0,01) BukoHaHHs 1i€i BrpaBu (Tadm1. 6).

Tabnuis 6. MaTpuiist BiporiJHOCTI pi3HUII pe3yabTaTiB 3TUHAHHS 1 PO3THHAHHS PyK B YIIODI,
JIeXKa4yM Ha 1iy1031 y IoHHX BakkoatieTiB 10-12 pokiB (ni=n;=n3=25)

Poxku 10 pokiB 11 pokiB 12 pokiB
10 poxis i t=1,91 t=3,53
p>0,05 p<0,01
11 pokiB - - t=1,56
p>0,05

[Hma BmpaBa CHIIOBOT CHPSMOBAaHOCTI, MIATATYBaHHS Ha TEpPEKIajuHi, OLTBII CKIagHa 3a
TEXHIKOI0 BUKOHAHHA 1 TOMY 32 BEChb IEPioJl TPEHYBAaHHs MMOKa3HUK 3HAYHO HIKYi TOMY CTaHOBHIIU
3,5 pasu (t=2,24; p<0,05), (Tabmn. 7).

Tabnuis 7. Marpuiis BiporiJHOCTI Pi3HMII Pe3yNbTaTiB MiATATYBaHHI Ha TIEPEKIIANHI, K-Th

a3iB y roHuX BaxkkoataeriB 10-12 pokis (n1=ny=n3z=25)
Poxu 10 pokiB 11 pokiB 12 pokiB
10 pokis i t=1,33 t=2,24
p>0,05 p<0,05
11 pokis - - t=1,11
p>0,05

Binbmr cknagHoIO A7 BUKOHAHHS € BIPaBa Ha BUTPUBANICTb, IPUCIAaHHS HA KUIBKICTh pa3iB
3a 30 c. Tomy TOCTOBIpHHX 3MiH 3a MEpIIN Ta APYruil poku, (Tabin.8) HAMU HEe BUSBIICHO, JIMIIE 32
BECh TPEeHYBaJIbHUH nepion 3 10 mo 12 pokis Oyia BusiBieHa nocroBiphicts (t=2,97; p<0,05).
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Tabnus 8. MaTpuis BiporiTHOCTI pi3HULI pe3yNbTaTiB IPUCiAaHHI Ha KiNbKicTh pa3iB 3a 30 ¢
y 1oHHX BaxkkoaTneTiB 10-12 pokiB (n1=n,=n3=25)

Poxu 10 pokiB 11 pokiB 12 pokiB
10 poxis i t=1,56 t=2,97
p>0,05 p<0,01
11 pokis i - t=1,66
p>0,05

TakuMm YMHOM, pe3yNbTaTH, SIKi XapaKTEpU3yIOTh BIKOBY JAWHAMIKY MOKa3HHKIB 3arajbHOi
¢bi3u4HOI MiATOTOBIEHOCTI IOHUX BaxkkoaTyeTiB 10-12 pokiB, cBiq4aTh Mpo T, M0 HAWOUIBINI TEMIIH
MIPUPOCTY TIO BCIM MMOKa3HWKaM CIIOCTEPITa€THCS MPOTATOM JBOX POKiB HaBuaHHs. OmHAK JOCTOBipHA
pi3HUIA y O1BIIOCTI 13 HUX Oyiia BUSBIEHA MIX MEepIIAM i ApyruM pokamu HaB4anHA (p<0,05; 0,01)

BucHoBku. Buknanenuii B maHiidi myOumikariii marepiai, cBiguaTh, 1m0 (Hi3MYHUA PO3BUTOK,
3aranpHa (hi3MYHA MiArOTOBIEHICTh CydacHHX foHakiB 10-12 pokis, mo TpenyroTthes B AFOCIL, 3a
OLITBIIICTIO TOKA3HUKIB BiJIMOBIIalOTh OJHOIITKAM JIEB'STHOCTUX POKiB. 3a3HaueHi (pakTH CBiAYATH TPO
YIOBUTBHEHHS TPOIIECiB enenepanii (pi3suyHOro po3BUTKY CyYacHUX JITEH.

I[Ipo me > CBiAYUTH 1 BHsBJIICHA HaMU JWHAMiKa ITOKA3HUKIB 3arajbHOi (hi3UYHOI
npane3natHocTi. s aOComOTHUX 3HAYeHb 3arajibHOl (PI3UYHOI Ipare3aTHOCTI BUMPOOYBAHHMX,
BCTAHOBJICHO IMiJIBUIIICHHS Ha MPOTsA31 BChOTO JABOpiuHOro mepiony. OmHaK BEIUYMHA BiTHOCHOI
IHTEHCHBHOCTI MPHUPOCTY aOCOJIOTHUX 3HAYCHb CHEHiadbHOI (hi3MYHOI Npare3JaTHOCTI Ha eTarax
CIOCTepeKeHb pi3Ha: nepumii pik - 10,48%, apyruii - 0,86% (p <0,01). Inmmmu caoBamu, 3a nepni
pik cnocrepexenp (Bik 10-11 pokiB) TOKa3HWKH 3araibHOI (PI3UYHOT TMpare3qaTHOCTI 3HAYHO
3pOCTaloTh, a 3a Apyruil pik (Bik 11-12 pokiB) MpakKTUYHO HE 3MIHIOKOTHCS. JIJI BIAHOCHUX BEJIIMYHH
crierianbHoi (pi3UYHOI Mpae31aTHOCTI, HABMAKH, BCTAHOBIICHO 3HI)KEHHS 3HAYEHD MPOTATOM IIEPiOTy
crioctepexxeHb. llpr 1mpOMYy IHTEHCHBHICTh 3HIKEHHS BIHOCHMX BEITHYMH 3araibHOl (i3maHOl
Mpare3IaTHOCTI 3a nepiumii pik - 0,96%, 3a apyruii - 7,87% (p <0,01).

Monanburi gocaiaKeHHsI: HEOOXITHO CIPSAMYBATH Ha BCTAHOBJICHHS HASBHOCTI Ta BUBYCHHS
B32€MO3B 3Ky aHTPOIIOMETPHYHUX OCOOJIMBOCTEH IOHMX Ba)KKOATIIETIB 3 PO3BUTKOM iX 3arajibHUX Ta
crieriabHUX (Pi3UIHUX SKOCTEH.
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