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find a guaranteed exact solution for a suitable operating time of calculation. The approbation of the theoretical
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Beryn.  ABTOMOOUTHHI  TPaHCHOPTHI IMANPHEMCTBA, SIKIi BUKOHYIOTh BaHTaKHI MDKMICBKI
TIEPEBE3CHHA 1 BOJIOMIIOTH HEBENIMKAM IAPKOM TPAHCIOPTHHUX 3aco0iB (5-15 onmuHuUIB), 3a3HAIOTH
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3HAYHOTO YTUCKY BiA KOHKypeHLil. IIoTOKM TpaHCHOPTHMX 3aMOBJIEHb IS TaKUX MiANPHEMCTB €
CTOXaCTHYHUMH. Y OUIBIIOCTI BHITQAKIB IIi TOTOKH € HadmpocTimmMu MapkoBcekumu [1]. OmHak,
BHUKOHAHHS IIMX 3aMOBIICHb y TIOPSAKY 1X HAJIXOMKEHHS 10 TIepeBi3HUKa, 03 O0TPYHTYBaHHS iX PO3MOALTY
MK TPaHCIOPTHUMH 3aco0aMu, BiJIOBIAHOI MapLIPyTH3alil 1 MOPSAKY NPHUBOIUTH A0 TOTO, LIO MapK
BaHTa)KIBOK BUKOPHCTOBYETHCSI Hee(eKTHBHO. MIDKMIChKI BaHTa)XHI IIEPEBE3CHHS € PO3MOAUICHI Ha
3Ha4YHIA TepuTopii. [Ipobiru 3 BaHTakeM 5K 1 He3aBaHTaKEHI MPOOITH € TOCHTh 3HAYHUMH. 3aMOBJICHHS
XapaKTepU3yIOThCsl YaCOBMMH BikHaMH. PoboTa BOmiMiChKHX eKimaxiB € pernmameHToBano. Lli daxropu
3yMOBIIOIOTH HEBIJJBOPOTHI MPOCTOI PYyXOMOTO CKJIay, HEOTPUMAHHS TEPMiHIB JOCTaBKH, BEIMKI MapHi
npoOiry, 110 mo30aBIIsie ABTOTPAHCIIOPTHE IMiIIPUEMCTBO KOHKYPEHTHHX Tiepesar [2].

[HOAI IepeBiI3HUKH 3aCTOCOBYIOTh TOPU3OHTANIBHY CITIBIPAITIO, 3MICT SKOI MOJISATAE B CIUTEHOMY
PO3MOALT  KIT€HTIB/IOCTAYaNbHHUKIB, a00 CHOUTBHOMY BHKOPHUCTaHHI TPaHCHOPTHUX 3aco0iB
niepeBizHuKamu. OHAK, 00CATH 1 BUIU CITIBIIpaIli TAKOXK BIUTMBAIOTH HA KiHIIEBY €(heKTUBHICTH KOKHOTO
mianpuemcTBa 30kpema [3]. ToMy 3agada BIOpsAKYBaHHS BXiTHOIO MOTOKY 3aMOBJICHb Ha IIEPEBE3CHHS
BaHTaXIB 3 BpaxyBaHHAM 4YacOBMX OOMEKEHb Ha iX BHUKOHAHHS € aKTYaJbHOI. AKTYaIbHICThH il
TIOCHJTIOETBCS M THUM, IO Taka 3a/1a4a MICTUTh BENUKY KUTBKICTb 3MiHHHX, SIKa 3pOCTa€ y Mipy TOTO, SIK
30LTBIIYIOTECS  KUIBKICTH MIATIPHEMCTB, IO B3a€MOIIIOTH, IMPOBI3HA CIIPOMOXKHICTH IEPEBI3HUKIB,
KOHILICHTpAIIis 3aMOBJICHb Ha 3afaHiil TpaHCIOPTHIH MepexKi, Ta 3pOCTalOTh BUMOTH JIO0 ONEPATUBHOCTI
BUKOHAHHS mepeBeseHb [4, 6]. 3pemToro, BIOPsIKYBaHHS BXiJHOTO MOTOKY BHIIAJKOBHUX 3aMOBJICHb €
3aadero0 HeNiHIMHOI omThMi3allii, OCKIIKA BOHA IIOB’S3aHA 3 PO3MOIIIIOM BaHTAXKOIOTOKIB MiXK
OKpEMUMH TPAHCIIOPTHUMH 3aco0aMu, a (aKTHIHAa MTPOAYKTUBHICTb 1 TPHOYTKOBICTh BaHTAXKHHUX
niepeBe3eHb € MOKa3HUKaMU, SIKi IUCKPETHO 3aJIeKaTh Bijl KUILKOCTI 3aMOBIICHB, SIKi BUKOHYIOTBCS 1 BiJ|
KIJIKOCTi aBTOMOOWUTIB, SIKi 3aJTy4eHi 38 OJMHHMITIO Yacy [7].

VY 3B’S3Ky 31 CKIIQHICTIO aHATITUYHOTO PO3IIIAMy 3aaadi Oyiw crpoOH 3aCTOCYBaTH iMiTalliiiHe
MOJICTIFOBaHHsI Ui ToInyKy pimenHs [5, 8]. OmHak, pe3ynabraT iMiTaiii HE 3aBKIM BKa3ylOTh Ha
e(eKTHBHI IIUISIXH BUpIlIeHHs pooiaeMu. ToMy HaMu OyIJio 3aCTOCOBAHO PEAYKIIIIO TIOYaTKOBOI 3aa4i 10
PIBHS TIOJIIHOMIaJIBHOTO aJITOPUTMY, SIKMH MOXKHA BUKOHATH JUISL TOCTATHHOT'O BEJIMKOT'O MACHBY BXiJHUX
JIaHKX 3 JIOTIOMOTO0 Cy4acHHUX KOMIT FOTEpIB Ta BiJIOMOT0 mporpamHoro 3adesmneuetus [10].

MeToro muX JOCHIPKEHb OYyJ0 MiJBUIIMTH €(EeKTHBHICTh KEpyBaHHS MapKOM BaHTaXKHUX
ABTOTPAHCIIOPTHHUX 3aCO0IB HUIIXOM BHOPSIKYBAHHS BXiJHOTO IOTOKY 3aMOBJIEHB 1 pallioHaJIbLHOIO
po3moniny iX BUKOHAHHS MK HasBHUMH BaHTa)XKiBKaMHU 3 BPaxyBaHHAM YacOBHX oOMexeHb. llpu
[bOMY OIIEPaTHBHI PIllICHHS IEpeBi3HWKA MOBHHHI OyTH OOIPYHTOBaHI Ha OCHOBI TapaHTOBAHOTO
TOYHOTO PO3B’S3Ky KOMIUIEKCHOI 33Jadi Npo NPU3HAYCHHS, MapLIPYTH3alii0 Ta BIOPSIKYBAaHHS
CTPYKTYPH 1HTEIPOBAHOI'O TPAHCIOPTHOTO HPOLIECY.

Martepiaan i merogu. [Ipy HasBHOMY CTOXacTHYHOMY IIOTOII 3aMOBJIEHb 1 HMOBIpHil
Koorepalii 3 TapTHepaMH, aBTOMOOUILHHH TIEpEeBI3HMK BHUMYIICHWH MNpUHAMATH Taki pilICHHS:
1) BUKOHATH CaMOCTIii{HO, YM JOPYYHTH BHUKOHAHHS 3aMOBIICHHS MapTHEpaM; 2) 3aJy4dTH YBECh
BJIACHUM MapK BAaHTaXIBOK JUIsI BUKOHAHHS BiIOMOTO OOCSTY IeEpeBE3€Hb, UM OPEHIYBATH/34aTH B
OpeHJIy, BIAMOBIIHO, HEOOXIHI TOJIATKOBI / 3aiiBi, [0 HE BUKOPUCTOBYIOTHCS 3aCO0M. A SKIIO MapK
BJIACHUX + OpPEHAOBAaHMX TPAHCHOPTHUX 3acobiB € cdopMoBaHuil, TO NOTPIOHO pPO3POOHTH
IHTErpOBaHMUH TPAHCIIOPTHHUI MPOLEC ISl HbOTO, TOOTO OOTPYHTYBAaTH MapIIPYTH 1 PO3KIagu poOOTH
BaHTaxiBOK. CaMme Taki 3ajjaui € eKCIIOHEHIIIHHUMH 3a ckianHicTio [12]. TooTo npu 3poctanHi 00csaTy
BX1JIHUX JIaHUX 1X pO3B’S30K HE € rapaHTOBaHWM. Hamu 3aCTOCOBaHO MPUITYIIEHHS, IO i3 3arajbHOI
3a1a4i ONMEPaTUBHOTO KEepyBaHHS MOXKHA BHOKPEMHTH YacTKOBI 3a/adi Ha OCHOBI IONEPEIHBOTO
aHai3y BXIJHOrO IMOTOKY 3aMOBJIeHb. Taka JEKOMITO3MINS 3arajibHOi 3ajadi Ja€ 3MOry OTpHUMATH
3arajbHE PIlIeHHS HA OCHOBI TOYHHMX YaCTKOBHUX, II[0 HE 3MEHIITY€ HOro MpakTU4HOI IiHHOCTI. ToMy y
OUX JOCHI[DKEHHSIX HaMH OILHIOBAJOCh BIUIMB PIICHHA IEPEBi3HMKA JIMILIE CTOCOBHO BHOOpPY
3aMOBJIEHb Ta MOCIiIOBHOCTI BUKOHAHHS Ha IPUOYTOK MiAIPUEMCTBA.

TeopeTruna Mojeab JOCTIKEHb 0a3yeTbcs Ha Takid Qopmaiizaiii. 3aMOBJIEHHS Ha
NepeBe3eHHS BaHTAXIB CKJIaIal0Th CTalllOHAPHUHN MOTIK 1 3a AeIkuid yac 7 BOHH YTBOPIOIOTH MHOXHHY
Z={z1, 75, ... In}. 3aMOBIICHHS € HE3AJICKHUMH. AJle MK HUMH ICHYIOTH BIJHOIICHHS YacCOBOI
CYMICHOCTi, 3MICT SIKOI IOJIAra€ y TOMY, IO BHUTPAaTH Yacy, KOINTIB, a00 IHIIMX pPecypciB Ha
BUKOHAHHS 33/IaHMM TPAHCIIOPTHUM 3acC000M OyIb-SKOr0 3 MHOXHHM Z 3aMoBieHHs Zj, j=1..N
CYTTEBO 3JISKUTh BiJl TOTO, SIKE 3aMOBIICHHS Zj BUKOHYBaJIOCh Oe3nocepenubo nepen zj [11]. Koxne
3aMOBJICHHSI XapaKTEPU3YEThCs IIyHKTAaMM BIJIpaBIIEHHS 1 IPU3HAUYEHHsS KOHCOJIIOBAHOIO BAaHTAXY,
SKi TO3HAYMMO SIK Qv Ta Oy, V,y=1..M. Bingcraup mocrtaBku lvy € Bimomoro. 3 JocTaTHIM piBHEM
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TOYHOCTI MOXXHA HAJaTH OI[IHKY BHUTpAT 4Yacy Ha IEPEBE3CHHS BAaHTaXy MK IyHKTaMHu (v 1 .
BenuunHa @ij — 11e € yac, Ui pyXy aBTOTPAaHCIIOPTHOTO 3aco0y i Yac BUKOHAHHS 3aMOBJICHHS |
TICIIsT BUKOHAHHS 3aMOBJIeHHS i. L{eit gac € OinbIn y3aranbHEHNUM, HDXK 9ac, HEOOXITHUM I TIOi3IKH
Ha lvy. SIKI110 ajj=c0, TO Ie O3HAYAE, 10 3aMOBJICHHS | HE MOXE BUKOHYBATHCH ITICIISI 3aMOBJICHHS . €

TaKO)X BUTPATH Yacy Ha MPOCTiH TPAHCIOPTHOTO 3acO0y y MyHKTaX BiANpaBICHHS 1 MpH3HAUYEHHS
S

BaHTAXy &,

SIKi BUHUKAIOTh BHACTIZOK HEY3TO/DKEHHS OIepalliii TpaHCIOPTHOTO mpotiecy. Yacosi

3aTPUMKH &, ; BUHHMKAIOTH TOMY, IO JO3BOJIEHI 4YacOBi OOMEXKEHHsS 3aMOBJIEHb I, | MOXyTb He

cmiBmajgatu i yepe3 HepuTMiuHicTh mpouecy [13]. Koxkne Zi 3aMOBJICHHST XapaKTepU3y€eTbCI YaCOBUM
BikHOM Wi, sIke BU3HAYa€e JO3BOJICHUI TEpMiH BUKOHAHHS 3aMOBJICHHS, TOOTO:

W, =t -t/ (1)
ne t° — HaWOLIBII MOXKIIMBE Mi3HE 3aKiHYCHHS BUKOHAHHS 3aMOBIICHHS; tib — HAWOUIBII MOXKIMBUN
paHHIi TOYaTOK BUKOHAHHS 3aMOBIICHHSI.

BpaxoByroun 4acoBi BikHA 3aMOBJICHb, @ TAKOXK BHTPATH Yacy Ha iX BUKOHAHHS, MOXKHA OLIHUTU
CYMICHICTb 3aMOBJICHb KOE(IlliEHTOM CYMICHOCTI y TIOCIIIIOBHOCTI | —> | , siKMii BU3HA4MMO 3 Bupasy [10]:

K, =2 @
ci.j a )
y
Jie agj — TPUBAIICTh BUKOHAHHS 3aMOBIICHHS Zj 130JbOBaHO, 0€3 MOMEpPEeTHHOr0 BUKOHAHHS JKOJHUX
3aMOBJICHb, & TAKOXK 03 MArOTOBYHX JIili (HYJIbOBOTO POOITy, OUiKyBaHHS BiIBAHTAXKEHHS TOMIO); &ij
— TPUBAJICTh BUKOHAHHS 3aMOBJICHHS Zj TTiCIIS 3aMOBJICHHS Zi.

AHanorigHo Bupasy (2) MoXxHa BKa3aTH CyMiCHICTh Oyb-SIKUX IBOX 3aMOBJICHb NP BKa3aHii
MOCIIZOBHOCTI X BHKOHAHHs. SIKIIO 3aMOBJICHHS HE BHKOHYIOTBHCS O€3MOCEPEeIHBO 1 MOCIiIOBHO
OJTHWM 1 THM X TPAaHCIIOPTHUM 3ac000M, TO BEIMYHMHA &ij, & TAKOXK iX KOe(illi€EHT CYMiCHOCTI HE Ma€
3micty. baxkaHuMm 3HadeHHsM KoedirieHTa cymicHOCTI € Kcij=1.0, OCKiIBKU TPU I[OMY 3HHUKAIOTh
HEMPOJYKTUBHI BUTPAaTH HAa BUKOHAHHS IEpEBE3€Hb. Y IEpPEBI3HUKA € B HAasBHOCTI R BaHTaXiBOK.
[lumu TpaHCIOPTHHMHU 3aco0aMH MOTPIOHO BHKOHATH O3HA4YE€HY MHOXKHHY 3amMoBJieHb Z. OpHak,
SIKIIO CKJIACTH BiJIIOBIMHY MATPHUIO 4YacoBHUX 3B’S3KiB (@ij), @ TaKOK MATPHUINO KoedillieHTiB
cymicHocTi (Kcij) s Tiel 5k camoi MHOKMHH 3aMOBJIEHB, TO MOXHA MMOOAYWTH, M0 KOEDIIliEHTH
0<Kcij<l. Ile Oys0 OCHOBOI JJIsi MOJIJTYy MHOXXHWHHU 3aMOBJICHb Z TIPU aHaJi3i BXIJHOTO MOTOKY Ha
Taki MAMHOXHMHU Z1, Zo, .. Zu, 1 kKoxHOT 3 skuX Kcij>[Kemin], 16 [Kemin] — mesike MinimasbHe
3HaueHHs KoedimieHTa cyMiCHOCTI. SIKIO B MHOXKUHI Z € Jesike 3aMOBIICHHS Zg, IUIS SIKOTO HE iICHYE
sxxomaHoro 3uaueHHs koedirienta KeiZ[Kemin], a00 Keei>[Kemin], TO Take 3amMOBIeHHS TOTPiOHO
BUKOHYBATH 130JIbOBAHO, OKPEMHUM TPAHCIIOPTHUM 3ac000M. JIJIsT OLIHKHA CYMIiCHOCTI yCiX 3aMOBJICHb

TOPU30HTY BUKOPUCTAEMO CEPENTHE TPYIIOBE 3HAUSHHS Koe(illieHTa CyMiCHOCTI:
N

N
Z Z Kc.i.j
KC — i=1 j=1 ' (3)
N

Koegiuient (3) mokasye, HACKUJIbKM CYMICHHMH € 3aMOBJICHHS, sKi BHOpaHi B OJHY
nigMHoXuHY. [IpH 00uHcIeHH] bOro KoedimieHTa He OepeThCst 10 yBark Te, MO 3aMOBJICHHS MOXYTh
BUKOHYBAaTHUCh PI3HUMH IEPEBI3HUKaMH 1o koomepauii. Tomy naHuii koedimi€HT € IOCTATHIM IS
OIIIHKU €(eKTUBHOCTI JiSUIbHOCTI JIMIIIE OJHOrO IepeBi3HHMKA. TOMY I TaKol OLIHKH BHKOPHUCTAHO

KpUTEpiit, — cymapHuii npuOyToK aBToTpaHcnopTHoro mianpuemctsa (T1) 3a mepion 7:

NN N N NN
Tl :ZZL.,- X P _Zzair.nj “Xij -Ch —Zzafj X -C, = max 4
i=1 j=1 i=1 j-1 i=1 j=1

ne lij — npobir aBToMOOLISI 3 BaHTa)KeM JIJIsl BAKOHAHHS |-TO 3aMOBJICHHS Ticis i-r0; Py — Tapud Ha
BUKOHaHHS npoOiry 3 BantaxkeM Cpm, C¢ — Burpatu kowrtiB ATII Ha 1 rop., BimmoBigHO, pyXy i
IPOCTOK0 TPaHCHOPTHHMX 3ac00iB; &, — TPHMBAIICTh PyXy TPAHCIOPTHOTO 3aco0y IpPU BUKOHAHHI
A
i.j

y MyHKTaX BigIpaBIeHHs 1 IpU3HAUCHHS BaHTaXYy; Xij — ABIMKOBa 3MiHHA 3a/adi.
[omyk onTuManbHOTrO 3Ha4YeHHS KpUTEPito (4) € 3a7a4er0 UiOYMCEeN HOTO MPOrpaMyBaHHS.
3amada € miHIHOIO, a 1l 0OMEXKEHHS CTOCYIOTBCS 3aJaHOi KUTBKOCTI TPAHCIIOPTHHUX 3aC00iB, 9aCOBUX

3aMOBIIEHHS |, ITiCJIsI BUKOHAHHS 3aMOBIIEHHS i; &’ — BHUTPATH Yacy Ha MPOCTii TPAaHCIIOPTHHX 3aC00iB
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BIKOH 3aMOBJICHb, TIPIOPUTETHOCTI 3aMOBJICHb. Taka 3ajjaua Mae rapaHTOBaHUN TOYHUH PO3B’S30K, Ha
BiZIMiHY BiJI BijioMoro ii popmymroBaHHs 3 BpaxyBaHHAM Koomnepailii [9]. OaHak, mob po3B’sa3aTi Taky
3amady MeTOAaMH JIHIHHOTO TpOrpaMyBaHHS, MOTPIOHO BHUKOHATH TIOAII MHOXWHHU Z Ha
MiIMHOKWHH, OCKUIBKH MMOYATKOBA MHOXKHMHA Z € 3aHAJTO BEIWKOIO IS MPOBI3HOT CIIPOMOXKHOCTI
nmapKky OJHOTO TMEpEeBi3HWKA, a 3aMOBJICHHS, SIKI 7O HEi BXOJSTh XapaKTePU3YIOTHCS HU3BKUM
koedimieaToM K. Tomy Oyrno chopmynpoBaHO i po3B’si3aHO 3amady BHOOpPY 3aMOBJIEHB JUISI OJHOT
MiIMHOXHWHU Zy, IK HAUTIPOCTIINNH BUMAJIOK.

Omxke, 3amano MHOXWUHY Z={Z1, Z, ... In}. 3aMOBIECHHS, IO BXOJATh JO MHOXHHH Z,
XapaKkTepu3yoThess MaTpuipsiMu (i), (Keij) 1 cepeanim rpynosumM koedirientom Ke, Skuit iy XuTh, y
JTAHOMY BHIIAJIKy, KpUTEPieEM BiaOopy:

N
> 2 (Kais )

N
_ =l j=1
K = v —> max,, 5)

c

ne Aj = {0;1} — nBiiikoBa 3MiHHa, sika HaOyBae 3HA4YEHHS 1, SKINO j-€ 3aMOBICHHS BXOIUTH O
MiAMHOXIHA Z, 1 0 — B IPOTUIIE)KHOMY BUTIAJIKY.
OOMexeHHS:

i)tj >1. (6)
j=1

ObmexenHs (6) crocyerbessi TOro (hakTy, MO XO04a O OJHE 3aMOBJIEHHS i3 MHOXWHU Z
IIOBUHHO 6YTI/I BUKOHAHC€. OCKiHLKI/I MaKCHMaJIbHa KiJ'II)KiCTI) 3aMOBJICHb, SKY MalOTb BHUKOHATH
aBTOMOO1JTI TIepeBi3HNKA, € HEBIJIOMa, TO i MaKCHUMaJIbHE 3HAUYECHHS CyMH (0) 3aIHIIAETHCS BiIKPUTHM
1 OyJie BUKOHYBATHCH JINIIIE HEPIBHICTb:

N
> 2, <N.
=1

HaBenemo mnpuxiian 3acTocyBaHHA 3aJadi BIOPSOKYBAaHHS BXiIHHX TIIOTOKiB, SIKUH OyB
3aCTOCOBaHUH JIsi Majoi TPAHCHOPTHOI KOMMaHil (B HassBHOCTI Rmax=6 BaHTa)KHHX aBTOIOI3/iB), IO
BUKOHYE MDKMICBKI NIEpeBE3CHHSI BaHTaXiB Ha TepuTopii JIbBiBChKOT 06nacTi (Ykpaina). llomo6oBuit
Haps[ Ha TEPEeBE3CHHS CKIIANAEeThbCsl 3 BHUIAAKOBUX OJHOPA30BUX 3aMOBJIeHb. CepenHsl KUIBKICTh
3aMOBJIEHb, TOTOBHX /10 BUKOHaHHs — 20. KoedimieHT cymicHOCTI 3aMoBIieHb K¢ KOJIMBAETHCS B MEKAX
0,182-0,288, mpu wactii minkom HecymicHux 3amobieHb (Kcij~0) 13%. MmMoBipHicTs mosBu y
BXIZIHOMY TIOTOIll LiTKOM cyMicHuX 3amoBienp P.<0,3% 3a yBechb mepiol CHocTepexeHHS Ha
nignpuemMctBi (tpaBeHb-munerb 2020 poky). Tomy Taki 3aMOBIIEHHS BBaXKalOThCS PIiJKICHUMH.
BuKopHCTOBYIOYM METONUKY, BUKIaAEeHY B cTaTTi [12], Oys10 004MCICHO MAaTPHUIF0 YaCOBHUX 3B’SI3KiB
JUIA CTPYKTYpHOI onTuMizanii. 3a HUMH 004HCIeHO Koe(ilieHTH momapHoi cymicHOCTi. OCKUIbKH
MaKCHMaJlbHa KiTBKICTh 3aMOBIICHB, SIKi TOBHHHI YBIWTH B MHOXHWHY Zy, 3aJI€KUTh BiJ[ KUTBKOCTI
3aiIHANA TPAHCHOPTHHUX 3acO0IB 1 BiJ IMOCIIJOBHOCTI BMKOHAHHS 3aMOBJIEHb, TO HACTYIHI il B
PO3B’ 3Ky 3a/1a4i MPOBOIMINCE iTepaIliitHo.

1. IlpuiiMaemo, IO KUTBKICTH 3aJiSHUX TPaHCHOPTHHUX 3ac00iB R=Rmax. Makcumanbha
KUIBKICTh 3aMOBJIeHb Y MHOHHI Zy=10, craHoBuTH 50% Bix KiMBKOCTI y MHOXMHI Z.

2. IlpoBoauThest BUOIp IIMCHOI KiIBKOCTI 3aMOBJICHB 3a KpuTepieM (5). B pesynbrari oTpuMaHo
MHOXHHY Zy, U151 K01 OyJ10 ZOCATHYTO uncioBoro 3HaueHHs1 K>0.43 Ha MakcCUMaITbHIH iTeparlii.

3. dnst oTpuMaHOoi MHOKUHHU Zy PO3B’SI3aHO 3a7ady po3NOALTY i MapLpyTH3alii 3a KpUTepieM
(4). Sxuro BHACHTIIOK PO3B’SI3KY OTPHMAHO, 110 KUIBKICTh 3a/IiTHUI TPaHCIOPTHUX 3ac001B R<Rmax, TO
noTpiOHO mepeiTn 10 Kpoky | i 30utemmTH po3mip Zy Ha 1. SIkmo R=Rma, OJHAK mpu 1bOMY y
MHOXHHI Zy BUSBIIEHI HEBUKOHAHI 3aMOBIICHHS, TO MOTPIOHO mMepedTH A0 Kpoky 1 1 3MEeHIMTH
MHOXHWHY Z, Ha 1. B iHIIOMY BHUIaJKy ONTHMAaTbHE PIlIEHHS BBAXKAJIOCS 3HAWICHUM.

Taxox 3aMicTh KpuTepito (5) MOXKHA BUKOPHCTOBYBATH HOTO BHI03MIiHY:

22 (Keis )
Kc = == N Z[Kc.min]’ (7)
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Onnak, Bupas (7) MOKHA 3acCTOCYBaTH IIPH HasBHOCTI ampiopHoi iHdopMamii mpo MHOTiK
3aMoBJIeHb. /[ 1pOro OyJ0 BHUKOHAHO EKCIIEPUMEHTANBbHI JOCHIDKEHHS Ha MIiATPHEMCTBI, SKe
BHUKOHY€ 3aMOBJICHHS 3 MIXKMiCHKOI JOCTAaBKH BaHTaXIB.

PesyabTaTu.

MeTor0 TPOBEACHHS EKCIEPUMEHTAIBHOTO JOCHIKEHHSI Oyli0o BCTAaHOBHUTH EMITIPHYHY
3aNeKHICTD MDK KepoBaHMMH (akTopamu 1 (YHKIE€O BIATYKYy, a caMe CYMapHHM MPHOYTKOM
i IPUEMCTBA:

Tl =F(K,,R), (8)

ne IT — cykymHui mpuOyTOK HiATIPHEMCTBA BiJ IMepeBe3eHbh BaHTaXiB; K. — KoedillieHT cyMiCHOCTI
3aMOBJICHb; R — KIJIbKiCTh 3aJIy4eHUX TPAHCIIOPTHHX 3ac00iB.

[IpoBoauBCS MacUBHUN €KCIIEPUMEHT, — CIIOCTEPEKEHHS 32 OTPUMAaHUMH pe3yJbTaTaMH Bix
niseHOCTI ATII pu 3acTocyBaHHI pEeKOMEHAIIH CTOCOBHO PO3MOJILTY 3aMOBJIEHD MK eKiMakamH i
MapHIPYTU3aIi€l0 TPaHCIOPTHUX 3aco0iB. KinbkicTh piBHIB (aktopis: st K. — 19, ans R — 3. Bys
npoBeleHnid ToBHO(akTOpHHU ekcriepuMeHT. KinbkicTh croctepeskens — 19 x 3 = 57. Ha nepriomy
erani ¢akropu K. i R, Oymno mepeBipeHo Ha MYIBTHKOIIHEAPHICTh, TOOTO HA BIACYTHICTH JIiHIHHUX
3B’SI3KiB MK HE3aJIe)KHUMH 3MIHHMMH. MaTeMaTHYHO O3HaKa BiJICYTHOCTI MYJIBTUKOIIHEAPHOCTI
BUPaXa€eThCsl Yepe3 Koe(ilieHT MapHoi perpecii, sKuii Mae mpsIMyBaTH 10 HYJIs, TOOTO:

r. —0 9)

X1 %a

Jus mepeBipku QakTopiB Ha MYJIBTHKOJIIHEAPHICTh OTPHMaHI BHACHTIIOK CHOCTEPEKEHbh Ha
MiAIpUEMCTB] BXimHI maHi Oyino BBemeHo B TaOmuio BXigHux naHux (WorkSheet) B mporpami
Statistica 10 . J{ocnmimkeHHs] MyJIbTHKOJIIHEAPHOCTI Y Liii porpaMi mpoBoAuThes: MeTogoM PDeppapa-
I'moGepa. [mst iporo Oyiio o0YHMCIEHO MapHY KOpENsmio. 3 Hei BU3HAYEHO, IO KOoe(illieHT mapHoi
kopersii Mrrke = 0,0349 mpu HaOopi manmx N = 57. IcTOTHUM BBa)Ka€ThCS KOPEISAIIHHUI 3B’ 30K
dakTopiB mpu IrRic>0,05. Ockinbku 151 yMOBa HE BHKOHYEThcs, To (akropu R i Kc He €
MYJIbTHKOJIIHEApHUMH.

OrtpuMaHi pe3ysibTaTi CTATUCTUYHUX SKCIIEPUMEHTIB OMpaIbOBAHO 32 BiIOMOI METOIHKOKO [13].
OCKUTBKH yCI TPOBEICHI CIOCTEPEKEHHS MalOTh OJIHAKOBY ITOBTOPIOBAHICTH, TO JUIS OLIHIOBAHHS iX
BIZITBOPIOBAHOCTI 3aCTOCOBAHO OIiHIOBaHH! X 3a kputepieM Koxpena (G-kpurepiii):

G, <G, (10)

ne Gr — Tabnuune 3Ha4YeHHs Kputepito KoxpeHa, sike BU3HAYaeThest st cTyneHiB BitbHOCTi f = N — 1, f, =
N i 5%-ro piBHs 3HaurMocTi; N — KiTbKiCTh 0ciiniB; Gp — po3paxyHKoBe 3HaUeHHS KpuTepito Koxpena.
TakuM dYMHOM, CTymeHi BimbHOCTI Juis Kpurepito Koxpena cranoBmste f1=18, f,=57.
PospaxynkoBe 3HaueHHs kpurepito Koxpena craHoButh Gp=0,1125. Ockinbku TabIMYHE 3HAYECHHS
kpurepito Gr =0,1738, To 1ociiim € TAKUMH, IO BiITBOPIOIOTHCS.
[Ticis uporo OyJio MPOBENIEHO PerpeciiHuil aHai3 1 Mo0y0BaHO PIBHSAHHS perpecii BUaY:

TI=7287,45+28,93-R + 45685,53-K — 3,228-R? — 16,96°K_. (11)

[TpoBoauMO OLIIHKY 3HAYMMOCTI KOedilieHTIB perpecii. s 1OTO 3 JONOMOIOK0 MPOTrpaMu
Statistica Bu3HaueHo cepemHio amcrepciro S = 5837,59. Jlng NopiBHAHHS KOXKHOTrO KoeQilieHTa
perpecii noTpiOHO Bu3HaYMTH t-KpuTepit CTiogeHTta i piBHA 3HauuMocTi 0,95 1 crymeHs cBobonu
56. TabnuuHe 3Ha4YeHHs KpuTepito AopiBHIOE 1,672. IIpoBenemMo OLIHKY 3HAYUMOCTI KOXHOTO
koedimienta Bupasy (11) (tadu. 1). 3 manux tads.l poOMMO BUCHOBOK, 0 Koe(DillieHTH perpecii nmpu
¢dakTopi R € He3HAYMMKMU, 10 O3HAYAE HEICTOTHICTh BIUIMBY Ha 3arajbHUU mpuOyTOK Tl KiIbKOCTI
aBToM0O11iB. Tomy OyJi0 mpoBeaeHO MOBTOPHUH, ajie OAHOGAKTOPHUE perpeciiiHuii aHamis.

Tabnus 1. Ouinkoi Kputepii 3HAYMMOCTI Koe(illiEHTIB piBHSHHS perpecii

KoediuienT perpecii t-xpurepiid
bo 0,001064
b1 0,8752
b, 0,195
b1 1696
b1 0,840
b2, 0,000
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Hosa MOJCJIb CYKYITHOI'O IOXOAY BU3HAYNTLCSA 3 BUPA3Y:

y =—123586x + 169188x" — 7094,4x + 8589,6
Total Income: TI=-2829,6 + 88437-K. — 34728 K.?, (12)

TIpH piBHi 3HaUMMOCTI (pakTopy K, — He Hmkge 0,95. Koedimient nerepminaii mpu mpomy — R?=0,9235.
[lpunatHicTe piBHSHHA Ui ONHMCY pealbHOI 3aleKHOCTI KpUTEpilo  ONTHMi3amii

TPAHCIIOPTHUX MPOIECIB BU3HAUCHO 3a KpuTepieM Dimepa, SKUi 00YUCITIOEMO 32 BUPA30M:
s2

I po3sp — S_F21 (13)
ne S, — roJIoBHA JHcIiepcist BUOIPKH; Sy — JUCIIEPCisl afeKBATHOCTI, SIKY BU3HAYAIOTH 32 BUPA30M:
N [~ _
2 _ Zi=1(ypi_yci)
San == "wma (14)

J€ Y¢i — CEPE/IHE 3HAUECHHS 3MIHHOI, OTPUMAHE JIOCIIIIHUM LUISXOM; Ypi — CEPEHE 3HAYECHHS 3MIHHOI,
OTpPHMaHE PO3PaXyHKOBUM IIJISIXOM.

[MincraBuBmm y Bupasu (12)—(14) 4uucioBi 3HAYEHHS CTaTHCTUYHOIO pSIY, OTPHUMAEMO
S2,=10782 i S? = 14422,98. Takum uuHOM, kputepiii Pimepa Fpoyp = 0,74362. Tabmudne 3HA4CHHS
KpUTEpito cTaHOBUTH 2,37. Ockinibku BUpa3 (12) BUKOHYETHCSI, PIBHSHHS perpecii BBAXKAEMO aJICKBATHHM.

I'padiune BimoOpakeHHS TEOPETHYHOI MOZENI Ta EeMMIPUYHUX 3HA4YeHb, OTPHUMAHUX
BHACIIZIOK CTPYKTYpPHOI ONTHMIi3allii, mojaHo Ha puc. 1.

[IpuOyToK, rpH.
60000
50000

40000
30000

0,1 0,3 0,5 0,7 0,9
K.
Puc. 1. 3anesxcnicme ompumano2o npubymky 6i0 UKOHAHHSA 3aMOBIeHb
8i0 Koeiyienma cyMiCHOCMI 3aM06/1eHb

Sk BUIHO 3 pHUC., MPUOYTOK, OTPUMAHMN ITiIMTPHUEMCTBOM, TPU MiABUIICHHI 3HAYCHHS
KoedillieHTa TIpynoBoi CyMicHOCTI 3aMoBiieHb Ha 0,2 NPUBOAUTH JO TOJBOEHHS OTPUMAHOTO
npuOyTKY, HE3aJIEKHO BiJl KUIBKOCTI 3allydeHHMX TPaHCIOPTHUX 3aco0iB. L{poMy crpuse BUOIip i
COPTYBaHHS 3aMOBJICHb 32 CYMICHICTIO.

BucHoBku. KinbkicTh 3afisHUX BIIACHUX aBTOMOOUTIB JUIS BUKOHAHHS 3aJaHOTO 00CATY
3aMOBJICHb € HECYTTEBHM YMHHUKOM, SIKMW BHU3HAYA€ 3arajbHUN JOXiJ BijJl BAHTQXHUX IEPEBE3CHb.
HaTtomicTh MiXx BJIAaCTUBICTIO CYMICHOCTI 3aMOBJICHb B OJIHOMY IOTOII 1 OTPHMaHUM MPHUOYTKOM iCHYE
CYTTEBUI KOPENSLIHHNH 3B’ 30K, SIKUH MOXXHA BUKOPUCTATH AJIS IJIAaHYBAaHHS MPOLIECY IIEPEBE3EHb.

BripoBajkeHHsT yIpaBIiHCHKUX PEKOMEHAIiN 13 3aCTOCYBaHHSIM TOIEPEAHBOTO aHai3y Ta
COPTYBaHHS 3aMOBJICHb J]a€ 3MOTY BIIPOBRJIUTH HOBHUM, ONTHUMAIILHUI 1HTEIPOBAaHUHA TPAHCIOPTHUN
mporec i3 OUTbII eEeKTUBHUM BHUKOPUCTAHHSM HAsBHOTO BJIACHOTO MApKy TPAHCIOPTHUX 3acO0iB.
301IbIIeHHST €KOHOMIYHOT €(hEeKTUBHOCTI JISUTbHOCTI MiAIPUEMCTBA MOKE OyTH JOCATHYTO 33 PaxyHOK
OOIpYHTOBAHUX PIIIEHh CTOCOBHO PO3IMOILTY BIIACHUX TPAHCIIOPTHHUX 3aC00iB, BUOOPY 3aMOBJICHb, SIKi
XapakTepU3yIOThCS  BHIIMMH  3HAYCHHAMH  KoeQillieHTa CyMICHOCTI Ta  yIOCKOHAJICHHS
iHpopmauiiiHoro 3abesneueHHs. ExoHoMiuHMi e(eKT BiJl BOPOBAaKEHHS pPE3yJbTATIB JOCITAETHCS
NUISIXOM 30UThIIEHHS HAJXOJDKEHb y 3B’SI3KY 13 OOCIYroBYBaHHSM OiNbIOI KUIBKOCTI 3aMOBJICHB,
3MEHIIICHHS BiJIMOB, a TaKOXX NIPOTHO3YBaHHS pPEHTAOCIBLHOCTI 3aMOBJICHB, SKi HAIXOIsATh B
3araJikHOMY TOTOLi. 3 iHImoOro OOKy, TPaHCIOPTHA KOMIIAHisl, SIKa BUKOPUCTOBYE 3allpONOHOBaHY B
po0OOTI METOAWKY OINTHMI3aIlii MpoIecy OOCITyrOBYBaHHS BAHTAKOIMOTOKIB, 3HIKYE BHUTPATH Uepes3
3MEHIIICHHS HE3aBAHTAXEHOTO MPOOITy 1 IMPOCTOI0 PyXOMOTO CKJIaIy.
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Introduction. All graphs considered in this paper are undirected, finite, and have no loops or
multiple edges. For a graph G, let V(G) and E(G) denote the sets of vertices and edges of G,
respectively. The degree of a vertex v € V(G) is denoted by d; (v). The maximum degree of vertices
in G is denoted by A(G).

A complete graph [1] is a graph in which every pair of distinct vertices is connected by an
edge. The complete graph having n vertices is denoted by K,,. A bipartite graph is a graph whose
vertices can be divided into two disjoint and independent sets U; and U, such that every edge connects
a vertex in U, to a vertex in U,. A complete bipartite graph is a bipartite graph such that two vertices
are adjacent, if and only if they are in different partite sets. When the sets have sizes n and m, the
complete bipartite graph is denoted by K, ,,.

An edge-coloring of a graph G is an assignment of colors to the edges of the graph so that no
two adjacent edges have the same color. An edge-coloring of a graph G with colors 1,...,t is an
interval t-coloring if all colors are used, and the colors of edges incident to each vertex of G form an
interval of integers. A graph G is interval colorable if it has an interval t-coloring for some positive
integer t. The set of all interval colorable graphs is denoted by 9t. The concept of an interval edge-
coloring of a graph was introduced by Asratian and Kamalian [2]. This means that an interval t-
coloring is a function a: E(G) — {1, ..., t} such that for each edge e the color a(e) of that edge is an
integer from 1 to t, for each color from 1 to ¢t there is an edge with that color and for each vertex v all
the edges incident to v have different colors forming an interval of integers. For a graph G € N, the
least and the greatest values of t for which G has an interval t-coloring are denoted by w(G) and
W (G), respectively.
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The set of integers {a,a + 1, ...,b}, a < b, is denoted by [a, b]. Let I}, be the set [1,k] of
integers, then 27k is the set of all the subsets of I,,. We will denote by 7(I;,) the set of all the elements
from 20k that are an interval of integers. More formally
1(I) = {s:s € 2'k,s is a non empty interval of integers}. The greatest common divisor of two
positive integers a, b is denoted by o(a, b).

For an interval coloring, a and a vertex v, the set of all the colors of the incident edges of v is
called the spectrum of that vertex in @ and is denoted by S, (v). The smallest and the largest numbers

in S, (v) are denoted by S, (v) and S (v), respectively.

We consider the following two problems:

Problem 1: Given a graph G and for some k restrictions on the edges R: E(G) — 2. Find an
interval edge-coloring a: E(G) — I such that a(e) € R(e) for all e € E(G).

Problem 2: Given a graph G and for some k restrictions on the vertices L: V(G) — 2. Find
an interval edge-coloring a: E(G) — I such that S, (v) € L(v) forall v € V(G).

We show that the Problem 1 is NP-complete for complete and complete bipartite graphs. For
complete bipartite graphs we provide a polynomial solution for the Problem 2 when a(n,m) = 1.

Interval edge-colorings have been intensively studied in different papers. Lower and upper
bounds on the number of colors in interval edge-colorings were provided in [3, 4] and the bounds were
improved for different graphs: planar graphs [5], r-regular graphs with at least 2 - r + 2 vertices [6],
cycles, trees, complete bipartite graphs [3], n-dimensional cubes [7,8], complete graphs [9, 10], Harary
graphs [11], complete k-partite graphs [12], even block graphs [13]. In [14], interval edge-colorings
with restrictions on edges were considered. In this case there can be restrictions on the edges for the
allowed colors. In [15, 16], interval edge-colorings with restrictions on the spectrums were considered.

NP-completeness of interval edge-coloring with restrictions on edges for complete
bipartite graphs

Here we consider the Problem 1 for complete bipartite graphs K, ,,. We will show that the
problem is NP-complete even for the case of K,,,, where the restrictions are from [1,n]. Finding an
interval n-coloring that meets the restrictions, is the same as finding an edge-coloring that meets the
restrictions, since dKn,n(") =n for all v € V(K,,,) and all the spectrums are going to be the interval
[1,n]. The problem becomes the following:

Problem 3: Given a complete bipartite graph K, , and some restrictions on the edges
R:E(Ky,,) — 2. Find an edge-coloring a: E(K,, ) = I such that a(e) € R(e) for all e € E(Ky, ).

A Latin square is an n X n matrix M with entries from the set {1, ..., n} such that no column or
row contains any repeated entry.

A partial Latin square is an n X n matrix M with entries from the set {0, 1, ..., n} such that no
column or row contains any repeated entry other than 0.

Problem 4: Let M be an n X n partial Latin square. Is it possible to extend M to a Latin
square, i.e., can we replace each zero entry in M by an element of {1,2,...,n} in such a way that no
row or column contains a repeated entry?

In [17], Colbourn showed that the Problem 4 is NP-complete. We now show that the Problem
3 is NP-complete too.

Theorem 1: The Problem 3 of finding an edge-coloring for a K, ,, with given restrictions

R:E(Kpn,) — 2™ is NP-complete.

Let M be an n X n partial Latin square. Let M,. . be the element in the row r and the column c.
We will create a complete bipartite graph G = K, , with restrictions R: E(G) — 2/ such that finding
an edge-coloring in that graph is equivalent to extending the partial Latin square into a Latin square.
Let V; = {uy, ..., u,} be the set of vertices in the first part (|V;| = n), and let V,, = {v,, ..., v, } be the
set of vertices in the second part (|V,| = n). The vertices V; will represent the rows of the matrix M
and the vertices V, will represent the columns of the matrix M. Let ¢ = M, ;. If ¢ # 0 then we take

R(ui, vj) = {c} (we should use the color ¢ for the edge (u;v;)). If ¢ =0 then we can take
R(ui, vj) = [1,n]. Note that we could remove from R(u;, v;) all the other colors that appeared in that
row or that column, but since we are going to find an edge-coloring we do not have to do it.
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If M is an extended Latin square of M, then taking a(vi, v]-) =M; ; satisfies the restrictions R and
is an edge-coloring (since in a Latin square the elements of each row and each column are different).

Let a be an edge-coloring that satisfies the restrictions R. Taking M; i = a(u;, v;) satisfies the
restrictions of Latin square since the colors are from [1, n], the existing colors of M are colored in their
respective colors, and for each row and each column, the elements are different (since they are the
incident edges of a vertex from K,, ,,,). Hence the Problem 3 is NP-complete.

Corollary 1: The Problem 1 of finding an interval edge-coloring for a complete bipartite
graph K,, ,, with given restrictions R: E(Ky, ,,) = 2/m+m-1 is NP-complete.

The Problem 3 is a special case of finding an interval edge-coloring for complete bipartite
graphs. From the Theorem 1 we know that the Problem 3 is NP-complete, hence the more general
problem is also NP-complete.

NP-completeness of interval edge-coloring with restrictions on edges for complete graphs

Here we consider the Problem 1 for complete graphs and show that the general problem is NP-
complete. We will show that the problem is NP-complete even for the case of K, where the
restrictions are from [1,n — 1]. Finding an interval (n — 1)-coloring that meets the restrictions, is the
same as finding an edge-coloring that meets the restrictions, since dy_(v) =n — 1 for all v € V(Ky,)
and all the spectrums are going to be the interval [1,n — 1]. The problem becomes the following:

Problem 5: Given a complete graph K,, and some restrictions on the edges R: E(K,, ) — 2/n-1,
Find an edge-coloring a: E(K,,) — I,,_; such that a(e) € R(e) for all e € E(K},).

From [4], it is known that w(K,.,,) =2 -m—1=A(K3.,,) and Kj.,4q 1S not interval
colorable. Hence we are interested only in n = 2 - m. Any edge-coloring a: E(K,..,) = I,..,—1 Can be
represented with a matrix M, such that M; ; = a(v;, vj) (v, vj € V(Kz.4,)), and M;; = 2 - m (we color
the diagonal with the color 2 - m to have a full matrix). Note that M is a symmetric Latin square. Any
symmetric 2 -m X 2 - m Latin square M with diagonal elements equal to 2 - m can be transformed
into an edge-coloring of K., by taking a(vi, vj) = M; ;.

Definition: Let n = 2 - m. An n-diagonal Latin square is a symmetric n X n Latin square M
suchthat M;; =nforall1 <i<n.

Note that n-diagonal Latin squares are only defined for even n. In fact, any symmetric Latin
square with odd n should contain all the colors 1,...,n in its diagonal, since each number 1, ...,n
should be used an odd number of times, and in a symmetric matrix, their counts are the same above
and below the diagonal.

The problem of completing an n-diagonal partial Latin square can be reduced to the Problem 5.
For an n-diagonal partial Latin square M we can construct a complete graph K,, and restrictions R the
following way: Let ¢ = M; ; (i # j). If ¢ # 0 then we take R(vi,vj) = {c}, otherwise, if c = 0 then we
take R(vi, vj) = [1,n—1]. In this case finding an edge-coloring a that meets the restrictions is
equivalent to completing M. To construct the Latin square M from a we do the following: we take M; ; =
n, and we take 1\7Il-_j = a(v;,v;) if i # j. Since a is an edge-coloring M is a Latin square. Similarly, if we
have the completed Latin square M we can construct the edge-coloring a by taking a(v;, v;) = M; ;.

In [18], it was shown that the problem of completing a symmetric partial Latin square is NP-
complete, but since the n-diagonal Latin squares are a subclass of symmetric Latin squares, we will
provide proof for this case.

Theorem 2: The problem of completing an n-diagonal partial Latin square is NP-complete.

We will reduce the problem of completing a symmetric partial Latin square of order 2 - m — 1
to the problem of completing a 2 - m-diagonal partial Latin square.

Let M be any (2-m —1) x (2 -m — 1) symmetric partial Latin square. We construct a new
(2-m) x (2-m) matrix T by taking the diagonal of M and adding it as the last row and the last
column of T and by assigning the value 2 - m to the elements in the diagonal of T. Fig. 1 illustrates
that transformation.
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Fig. 1. The transformation of a symmetric partial Latin square M to a 2 - m-diagonal partial Latin
square T.

Since T should be symmetric, the last row will be the same as the last column, and we can
later transform completed T to a completed M by taking the diagonal of M the last row of T (without
the last element). Hence completing the 2 -m-diagonal partial Latin square T is equivalent to
completing the symmetric partial Latin square M, which means the problem of completing an n-
diagonal partial Latin square is NP-complete.

Corollary 2: The Problem 5 of finding an edge-coloring of a complete graph K,, with given
restrictions R: E (K,,) — 2»-1 is NP-complete.

This follows from the fact that the problem of completing an n-diagonal prtial Latin square can be
reduced to the Problem 5. From the Theorem 2 the problem of completing an n-diagonal partial Latin
square is NP-complete, hence the Problem 5 is also NP-complete.

Corollary 3: Let t = E(K,.,,). The Problem 1 of finding an interval edge-coloring of a
complete graph K,.,,, with given restrictions R: E (K,.,,) — 2t is NP-complete.

The Problem 5 is a special case of finding an interval edge-coloring of complete graphs with
given restrictions R on the edges. From the Corollary 2, the Problem 5 is NP-complete, which means
the general problem is also NP-complete.

Interval edge-coloring of complete bipartite graphs with restrictions on vertices

Here we consider the Problem 2 for complete bipartite graphs K, ,, where a(n, m) = 1. From
the Theorem 1 of [3], for K,,, it is known that w(K, ) =n+m—o(m,m) and W(K,m) =n+
m — 1. This means that if o(n,m) = 1 then the number of colors should be t =n+m — 1. For
simplicity, we will assume that the restrictions L on the vertices are from [1,t] (L(v) <€ [1,t] for all
v € V(K 1m))- The problem becomes the following:

Problem 6: Given a complete bipartite graph G = K,,,, with o(n,m) =1 and given
restrictions on the vertices L: V(G) — 2!t (t = n +m — 1). Find an interval edge-coloring a: E(G) —
I; such that S, (v) € L(v) forall v € V(G).

Let V; be the set of vertices in the first part (]V;| = n), and let |V, | be the set of vertices in the
second part (|V;| = m). Let a be any interval edge-coloring of K,, ,,, with n + m — 1 colors.

If we take the vertices of V; and sort them in the ascending order of S, (u) then the spectrums will

look like this: [1,m], [2,m + 1], ..., [n,n + m — 1]. Similarly, if we take the vertices of V, and sort them in
the ascending order of S, (v) then the spectrums will look like this: [1,n],[2,n + 1], ..., [m,n + m — 1].

It means that for each part, the spectrums differ from each other. Now imagine that for the vertices
Uy, ..., Uy (u; € V5) we know the spectrums are [1,m], ..., [n,n + m — 1] and for the vertices vy, ..., vy,
(v; € V) we know the spectrums are [1,n],[2,n+ 1],...,[m,n+m — 1] then we can construct an
interval edge-coloring a such that all the spectrums are correct. The coloring could be a(u;, vj) =i+j-
1. It is easy to check that this coloring is an interval edge-coloring and satisfies the spectrum restrictions.
We can solve the problem with restrictions L independently for the two parts. In the first part,
we need to find vertices u,_, ..., up, such that [i,i + m — 1] € L(u,,). In the second part we need to
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find vertices Vgyr - Vg such that [i,i + n—1] € L(”qi)- Since these are similar problems, we will
show how to solve the problem for one part. The problem becomes the following:

Problem 7: Given vertices u4, ..., u, and for each of the vertices a list of colors L(u;) S
[1,n +m — 1]. Find a permutation py, ..., p,, of the indices 1, ...,n such that [i,i + m — 1] € L(uy,)
forall 1 < i < n or determine that there is no such permutation.

We will construct a bipartite graph F the following way: The left part of the graph will be the
vertices uq, ..., Uy, the right part will be the vertices g4, ..., g, (Where g; represents the interval [i,i +
m —1]). Foreach 1 <i <nand 1 <j <n we will connect the vertex u; with the vertex g; if and
only if [j,j + m — 1] € L(w;). Fig. 2 illustrates the bipartite graph F.

Fig. 2. The bipartite graph F constructed by the vertices uy, ..., u,, and
the intervals g, = [1,m], ..., g, = [n,n + m — 1].

If we can find a perfect matching [19] in F, then it is possible to find indices py, ..., p, such
that [i,i + m — 1] € L(up,) forall 1 <i < n. The edges (up,, g;), 1 < i < n will be all the edges of
the matching.

The complexity of the solution for the Problem 7 will be 0(n?®) for finding a perfect matching.
Note that for each list L(u;) we can find in O(n) all the intervals [j, j + m — 1] € L(u;) using a sweep
line algorithm [20]. For the Problem 7 the complexity of the algorithm will be 0 (n3 + m3).
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ARTICLE INFO ABSTRACT
Received: 05 August 2021 The bone hormone osteocalcin is formed by osteoblasts and is partially
Accepted: 13 September 2021 released into the bloodstream during bone resorption, being a biomarker of
Published: 30 September 2021 bone remodeling. Osteocalcin also plays an important role in the endocrine
regulation of metabolic and energy processes in the body and in their
KEYWORDS coordination. Osteocalcin uses a feedback mechanism to regulate insulin
osteocalcin, type 2 diabetes, obesity, ~ Secretion, insulin sensitivity of peripheral tissues, and adipokine levels. In
insulin resistance, insulin secretion, general, the secretion of osteocalcin and insulin are important factors in the
androgenic security. formation of hormonal-metabolic phenotype, body composition, determination

of regional distribution and metabolic activity of both bone and adipose tissue.
The aim of this study was to establish the relationship between osteocalcin
concentration and hormonal changes in men with type 2 diabetes with and
without obesity on the background of involutive changes. Results. 64 men
with type 2 diabetes, older than 50 years, were divided into 2 groups by
BMI: 1) non-obese, BMI <30 kg / m? (n = 31); 2) -obese, BMI > 30 kg / m?
(n = 33). Lower levels of insulin secretion (lower serum C-peptide and
insulin levels) were observed in non-obese patients in the absence of a
compensatory increase in proinsulin levels. It can be assumed that the
increase in the concentration of osteocalcin in group 1 is compensatory,
although it does not have a significant effect on blood glucose levels.
However, it may have a protective effect on the severity of insulin resistance
syndrome and related metabolic disorders. Lower levels of osteocalcin in the
obese group were associated with a higher degree of insulin resistance and
insulin secretion. There was no significant difference between the two
groups in serum proinsulin levels, as well as in androgen supply, which was
assessed by the levels of total testosterone, testosteronestradiol-binding
globulin, and free testosterone index. Conclusion. Lower levels of
osteocalcin may be a marker of an increased risk of adverse metabolic
changes in obese patients with type 2 diabetes, followed by complications
compared to non-overweight patients.
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B ocranni mecstupiuds Oe33armepedHO BCTAHOBIICHO, IO KICTKA € SHIOKPHHHHM OPTaHOM,
KU BIUTMBAE Ha Oe3niu ()i3i0J0riYHMUX Ta MATOJOTIYHHMX IMPOIECIB IIITXOM CEKpellii TOpMOHIB Ta
BiJlirpae BayKJIMBY POJIb y PETYIIALii roMeocTa3y TIIIOKO3HM, KOOPAUHALT BYTJIEBOAHOTO, JIIiAHOTO Ta
eHepreTuaHoro oominy [27, 28]. Tpu OCHOBHI THIIM KIIITHH Yy KICTIII — OCTEO0IaCTH, OCTEOKIACTH Ta
OCTEOIIUTH — YTBOPIOIOTh KiCTKOBI Ta CEKpeTOpHi hakTopu i3 cuctemHoro aktusHicTio [9, 17, 34].

KicTkoBuii roMeocTas — 1e JUHaMIYHUH 0ajlaHC MK KICTKOYTBOPIOIOYMMH OCTEO0JIACTaMH Ta
pe3opOmiitanMu octeokmactamu. OO0MIBa TUIH KIIITHH €KCIPECYIOTh PEIeNTOpH 1HCYIiHY, Yepe3 sKi
IHCYIIH PETyJIIo€ EKCIpecifo CHermudIidHuX TeHIB, HEOOXIMHHMX IS Mpoideparii, BIOKHBAHHSI Ta
nudepenmialii octeobnactiB Ta octeoknactis [16].

3 KICTKOBMX TOPMOHIB OCTEOKANbIIMH Oepe HAWOULIBII aKTUBHY Y4YacTh B EHAOKPUHHIN
perynmii MeTaboiYHIX TIPOIIECIB Ta BiIirpae poib y maTodizionorii JucMeTabomiuHuX CTaHIB, TAKHX
K mykposwuit giader 2 tumy (I1J[2) Ta ceprieBo-cyauui 3axpoproants (CC3) [8, 33, 35].

OCTCOKaNbIIMH — CTPYKTYpPHUH OUIOK KICTKOBOTO MATpPUKCY, SIKHH CHHTE3y€EThCS
ocTeo0J1acTaMu 1 CTAaHOBUTH OJIM3bKO 25% BCiX HEKOJAreHOBUX KiCTKOBHX OuKiB. JI0 KPOBOTOKY Lieit
OLIOK HAAXOIUTh B MpOIECi pe30pOIlil KICTKOBOI TKaHMHM. 3MIHM HOr0 KOHIIGHTpALii B CHPOBATIIi
KpOBi BiJOOpakalOTh KIITHHHY aKTHBHICTH OCTE€O0JACTiB, TOMY PiBeHb OCTEOKANBIMHY B CHPOBATII
KPOBi BBaKAETHCSI MapKkepoM GopMmyBaHHs KicTku [4, 17].

OcreokanblyH peati3ye ABi (GyHKUIi: BiH peryJiiroe BHYTPIllIHI IPOLECH B KICTII 1 30BHIIIHI —
y BcboMy opraHi3mi. [ligTpumanHs MeTabomi3My TIFOKO3H TICHO MOB'SA3aHO 3 MPOIIECOM PyHHYBaHHS
KiCTKOBOI TKaHWHH. Lle Apyra pojb OCTEOKaTbIMHY — BiH CTUMYJIOE POOOTY KIITHH-PYHHIBHUKIB
ocreo0JacTiB, MPUYOMY JIMIIE B AaKTHBHiH, TOOTO jaekapOOKcHiIbOBaHii, (opmi. 3HMKEHHS
KOHIICHTpallii kKapOokcmiiboBanoro octeokanbiuHy (Glu-OC) y kpoBi Moske OyTH BUOIPKOBUM paHHIM
CHUMIITOMOM 1HCYJIIHOPE3UCTEHTHOCTI MPH OXKHPiHHI, TOJI SIK 3HWKEHHS PiBHA JIeKapOOKCHIHLOBAHOTO
octeokanbinHy (Gla-OC) moB's3yt0Th 3 MOSABOIO PaHHIX MapKepiB 3aMajieHHs HU3bKOTO CTYIEHS, 1110
CynpoBOUKY€E oxupinus [18, 23].

[To3akicTkoBI e(heKTH OCTEOKAIBIIMHY OXOILIFOIOTh 0araTo OpraHiB-MillICHEH, BKIIHOYAIOYH
HiALUTYHKOBY 3aJ103y, HEYiHKY, M’SI3H, XHUPOBY KIITKOBHHY, LIEHTPaJbHY Ta mnepudepudHy HEpBOBY
cucteMy. OCTEOKaJIbIIMH PETYIIOE CEKPELiI0 1HCYiHY, IHCYTIHOUYTIANBICTh NEpUPEPUIHUX TKAHHH, a
TaKOX PIBHI aJIMTIOKIHIB, 0 BKAa3y€ Ha B3a€MO3B’SI3KH MiXK KiCTKOBOIO Ta XHPOBOI TKaHHHamu [20,
21, 26]. IHCyJ1iH Ta JCNTHH, Y CBOIO Y€pry, BIUIMBAIOTh HA OCTEO0JACTH Yepe3 BiIMOBIIHI PELENTOPH,
MOJIYJIIOIOYM CEKPELi0 OCTEOKAIBIMHY 32 MEXaHi3MOM 3BOPOTHOTO 3B’ 3Ky [1]. BusiBneno acomiarito
MK CHPOBAaTKOBUM DIiBHEM OCTEOKANBIMHY, OXHUPIHHAM 1 MeTaboNi3MOM TOKo3u. KiniHIYHUMEU
JIOCITIDKEHHSIMHU 3a(piIKCOBAaHO, 110 BHCOKHUH CHPOBATKOBUH PIBEHb OCTCOKAJIBIIMHY AaCOLIIOBABCSA 3
HACTYITHUM TOKpAILEHHAM TIIIKEMIYHOTO KOHTPOJIIO 1 NMOKa3HUKIB BapiaOenbHOCTI TIIOKO3U MiJ] 4ac
mikyBauHs [3, 4, 7, 24]. Kpim toro, B MeTa-aHaii3i 3adikcOBaHO HEraTHBHY acOIlialli0 1HIEKCY MacH
TiJla Ta OKPY)KHOCTI Taiii 3 piBHeM octeokanbuunay (r = -0,161; 95% CI: -0,197, -0,124, p <0,0001).
Lle Bka3zye Ha Te, M0 OKHUPiHHA € HeOakaHMM (HAKTOPOM IOJ0 METa0ONI3My KiCTKOBOI TKaHUHH,
yepe3 3MEHIIEHHS OCTEOKANBIMHY B CUPOBATI KPOBi, a Takox 3011b1eHHsT C-peakTUBHOTO NPOTEiHY
1 MapaTropMoHy, SIKi COPHUSIIOTH pe30pOilii KicTkoBOT TkaHuHH [13, 14].

BcTanoBimeHo, MO KITBKICTh BICHEPATBHOTO JKHPY TICHO KOPEIOE 3 PE3UCTEHTHICTIO 10
iHCyJiHYy. X04a pEe3UCTEHTHICTh J0 1HCYJIiHY Ta OKUPIHHS 3a3BHYall ICHYIOTh OHOYACHO, NALi€HTH 3
OKUPIHHAM MOXKYTb 3aJIMIIATUCS YyTIMBUMU A0 iHCYNiHY, 32 YMOBH HH3BKOT'O BMICTY BiCIIEpajIbHOTO
XKUpy. Pe3ynbratn ciocTepekeHb CBIiTJ4aTh MPO T€, MO caMme abIOMiHAIBHUN PO3MOIIT KUPY, a HE
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3arajJibHa Maca JKHpPY B OpraHi3Mi, BH3HAYa€ B3AEMO3B'SI30K MDK OXHPIHHAM Ta KICTKOBUM
MmeTabomizmom [12, 25, 29].

IIpu oxwupiaai ta IIJI2 cmocrepiraerbes BiMHOCHO HOpMajghbHa ab0 HaBiThH ITiIBHINCHA
MiHepaibHa MTBHICTh KicTkoBOT TkaHuHu (MILIKT) [9]. Huska mocnimkeHb noka3aiu, M0 0XKUPIHHS
ACOIIOETHCS 3 TMIABUIIEHUM PHU3UKOM IIEPETIOMiB, a 30UIbIIIeHa Maca XKHPY Ta BIJCOTOK JKHUPY B TiMi
no3uTtnBHO 1OB's3aHl 3 MIKT, Tozi Ak 30imbIIeHHsT KiTBKOCTI IEHTPAIBHOTO XKUPY, HABIIaKH, MaJlo
3BopoTHuil 3B's130k 3 MILKT [35]. [Tapamokc B3aeMO3B’SI3Ky OKUPIHHS, BiCHEPATBbHOTO OXKUPiHHS,
HIUTBHOCTI KICTOK Ta PU3MKY IEPEIOMiB MOYKE MOSICHIOBATH PI3HHUIIO B MIiLIHOCTI Ta SKOCTI KiCTOK MiX
PE3UCTEHTHUMH JI0 1HCYIIiHY Ta YyTIHBUMHE JI0 iHCYITiHY ocobamu [6, 11, 19].

[HCYymiHOpPE3UCTEHTHI 0COOM 3 (PCHOTHIIOM OXHPIHHSI MAalOTh UYITKHH MeTaboIidHO
JucyHKIiOHATBPHUKE TPOoQinb >KUpOBOi TKaHWUHM. [lokasaHo, IO TEHH >XUPOBOI TKAHWUHM, IO
PETYIIOIOTH 3alajeHHs], TINOKCII0 Ta YTBOPEHHS MO3aKIITHHHOTO MaTPHUKCY, OyIN MMiIBHIIEH] Y JTronen
3 IHCYIIHOPE3UCTEHTHUM OXKHPIHHIM y MOPIBHSHHI 3 4y TIIMBUMHE [0 iHCYIIiHY ocodamu [5].

B excriepuMeHTi Ha TBapHHAaX BHUSBJICHO, IO OCTEOKAIBLUH CIPHUSE TECTUKYISAPHINA MPOAYKIIii
TECTOCTEPOHY y CaMIliB. Y JIIOJIeHl TaKOX CIIOCTEPIraloThCs CTATeBi BIIMIHHOCTI y MeXaHi3Max
B3a€MO3B 513Ky MK ORI BHCOKHM PIBHEM OCTCOKAIBIIMHY Ta KpaIlliM METaOOJIYHHM CTaTyCOM:
SKIIO Y KIHOK 1HCYJIH-CEHCUTH3YIOUHH e()eKT OCTCOKANBIMHY OYB OIOCEPEIKOBAHUMA aIUIIOHEKTHHOM,
TO Y YOJIOBIKIB TECTOCTEPOH OyB HE3aJICKHUM TPEIAUKTOPOM PiBHS OCTEOKAIBIMHY [5].

Otrxe, 3riJHO 3 CYYaCHUMHM YSBJICHHSIMH, KICTKOBHH TOPMOH OCTCOKIBLMH MOXE OyTu
CYTTEBUM YHMHHMKOM TYMODPAIbHOI PEryJisilii €HepreTM4yHux MpoueciB Ta (HOpMyBaHHS IEBHHUX
KOHCTUTYIIMHUX 1 METa0ONMiYHUX (PEHOTHIIIYHUX O3HAK OpraHi3My, 30KpeMa B acleKTi BH3HAUCHHS
PETiOHANBHOCTI PO3MOALTY Ta MeTabOoNiYHOI aKTUBHOCTI )XKUPOBOi TKaHWHU. Pa3oM 3 THM, HEIOCTaTHHO
BUBUCHMMH JIMIIAIOTBCSI TUTAHHA B3a€MO3B'SI3KIB MK DIBHEM OCTCOKANBLMHY, SK MOAYJISTOpa
MeTabOoJIUYHIX MPOLIECIB Ta KOHCTUTYLIHHO-MeTa0omYHuM (heHoTHIIOM XBopux Ha LI/] 2 Tumy.

Meta poboTu moJsrana y BCTAHOBJICHHI MPUYUHHOTO 3B’S3KY MiXK BMIiCTOM OCTEOKAJIbIIHHY
Ta TOPMOHAIBHMMHU 3MiHamMu y dYonoBikiB 3 I/ 2 Tumy 3 oxupiHHaAM Ta 0€3 HBOrO Ha TIi
IHBOJIFOTUBHHUX 3MiH.

Marepiaju Ta METOAU.

Jo mocnimkeHHs 3ay4eHo 64 mamieHTa 90IOBIYO1 CTaTi, XBOPHUX Ha I[yKpOBHiA Jiaber 2 TuHIty,
BikoM Oinbmre 50-Tu pokiB. BiamosimgHo mo Mixnapogaoro Kojexcy MemudHO! €THKW KIHIYHI
JIOCITIJPKEHHS TIPOBOJIMIIMCH 3@ YCHOFO 3T0JI0K0 TAIIEHTIB MICJIS BiIOBIIHOTO PO3’ICHEHHS.

Bmict OK Bu3Hawyanm METOJIOM XEMUTIOMIHECIIEHTHOTO IMYHOJIOTIYHOTO aHami3y 3
BUKOPUCTAaHHIM IapaMarHiTHUX YacTOK 3a JONOMOrowo imyHoaHamizaropa “Immulite” (Siemens,
Himeuunna) (pedepencHi nokazuuku 2,0-22,0 ur/mun). Ctan ByrJieBOJHOrO OOMiHY BH3HAYalH 3a
piBHEM B cupoBartii KpoBi iHcymiHy (3-25 MxOp/n), npoincyniny (0,5-6,1 nmons/n), C-nentuay (0,81-
3,85 ur/mn), rmoko3u Hatiie (4,1-6,0 MMOIB/IT) Ta TIIIKOBaHOTO TeMorinobiHy (4,8-5,9%). CryniHb
IHCYJIIHOPE3UCTEHTHOCTI OI[IHIOBAJIM 32 JIOIIOMOTOI0 MOJIENI OIiHKK Oa3anpHOTO Tomeoctazy (HOMA-
IR) [31]. CrymiHb iHBOJIOTHBHUX 3MiH OIIHIOBABCS 3a MOKa3HUKAMH 3arajbHOr0 TECTOCTEPOHY (4,94-
32,01 uMob/T), TEeCTOCTEpPOH-eCTpanion 3B’s3yrouoro rinolymiHy (13,5-71,4 HMonp/) Ta HUIAXOM
0OYHUCIICHHS 1H/IEKCY BUTBHOTO TecTocTepony (23-103%).

Innexc macu tima (IMT, kr/M?) po3paxoByBaju 3a 3aralbHONPUHHATHMHA METOAUKAMH.

JIOCTOBIpHICTh PI3HHUII MOKA3HUKIB MK I'pyNaMHd TAalli€HTIB BHU3HAYAIU 3 BHKOPHUCTAHHSIM
napHoro tecty Binmkokcona (Wilxocon two sample test). PizHuio BBaxkanu BiporigHoro mpu P<0,05.

Pe3yabTaTH i iXx 00roBopenHs.

O6crexeHi nanieHTH OyiM po3ziieHi Ha 2 rpynu 3a 3HaueHHsM IMT (tabum. 1):

I'pyna 1 — 6e3 oxupinns, 3 IMT < 30 kr/m? (n=31);

I'pyna 2 — 3 oxkupinnsam, 3 IMT > 30 kr/m? (n=33).

CepenHili BIK MallieHTIB, a TakoX ctaH komneHcanii 11J], He Mamu CyTTE€BOI PI3HHUII MiX
nsoma rpynamu (P>0,05).

OtpumaHi IaHi 3aCBiIUMIN PI3HULIIO y CTaHI BYIJIEBOJHOrO 0OMiHy MiX mauientamu 3 LJ] 2
TUIY 3 OKUPIHHAM Ta 0e3 HbOro. B rpyIii MaiieHTiB 3 OKUPIHHAM BHUSABJICHO JOCTOBIPHO O1IBIIIMIA,
HDK y 0ci6 0e3 oxkupinus, cTymins 1P, Bumi KoHIeHTparlii iHcymiHy Ta C-TIeNTHIy B CHPOBATII KPOBI,
0 BiJMOBiae ()eHOTUITY 3 TIepEeBaKaHHSIM aHA0OIIYHUX mporieciB. PazoM 3 TuM, B maIieHTiB 000X
TPYIl HE CIHOCTEpIrayiocss 3HAYYMIOl PI3HUIN B TOKa3HWKAX IPOIHCYIIHY, SKHH, SK BiJOMO, MOXE
YaCTKOBO KOMITEHCYBaTH Timepriikemiro [30].
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Tabmuus 1. Kniniko-mabopaTopHi MOKa3HUKH Yy Tpylax 4ojoBikiB, xBopux Ha L/ 2, B

3aJIeKHOCTI BiJI CTYTIEHs! OXKHUpiHHA, MeniaHa [HIKHINA KBapTHIb — BEPXHIH KBapPTHIIb |

IMoxa3sHuK I'pyna 1-— I'pyna 2 — P (1-2)
0e3 0KUPiHHA 3 O:KMPiHHIM
IMT <30 kr/m? IMT >30 kr/m?
(n=31) (n=33)

BiKk, p. 61 [55-67] 58 [54-63] > 0,05
OcTeoKaJIbLIUH, HI/MJI 3,7 [2,5-4,8] 2,8 [2,0-3,6] <0,01 (0,005)
HOMA-IR 3,45 [2,2-5/4] 5,6 [3,5-8,9] <0,05 (0,019)
HbAlc, % 8,1[7,0-9,5] 7,9 [7,0-9,3] >0,05
C-nmenTu, Hr/Mi 1,36 [0,63-2,8] 2,8 [2,02-3,43] <0,05
Incyain, McOg/mMa 9,0 [6,4-11,1] 14,7 [10,1-16,5] <0,05
IpoincyJtin, TMOJIB/I 14,41 [7,31- 20,69] 8,07 [6,03-14,1] >0,05
TecTocTepoH 3arajbHuii, 13,9 [10,05-17,7] 10,98 [8,09-16,1] >0,05
HMOJIB/JI
TecTocTepoH-ecTpamion 33,1 [23-60,6] 35,9 [23,7-53,2] >0,05
3B’Hl 3yl04Hii IJ100YJ1iH,
HMOJIB/JI
IHaeKce BiJIbHOIO 26,59 [22,23-42,46] 34,36 [29,93-50,34] >0,05
TecTocTEPOony, %

P — BiporigHicTh pi3HUII MOKa3HHUKIB MAIIEHTIB 3 OXKUPIHHAM Ta 0€3 OKUPIHHS

KonnenTpariist ocreokanpliHy KPOBi y MaIieHTIB rpynu | Oyia JOCTOBIpHO BHIIA ITOPiIBHIHO
3 MOKa3HUKaMHU IPynu 2, M0 MOKE BKa3yBaTW Ha OLIbIII KOMIIEHCATOPHI MOXKIIMBOCTI Y XBOPHX 32
BiZICYTHOCTI OKUPIHHSL.

OtprMaHi HaAMH NaHi € BiIOOpaXeHHSIM HEOJHOPITHOCTI MOPYIIEHbh BYTJIEBOAHOTO OOMIiHY
cepel YOJIOBIKIB, XBOPUX Ha IYKPOBUHU miabeT 2 TuIly, M0 i MpHUBENO M0 iX (DEHOTHUIIYHOI Pi3HUIILI.
ToOTo, cepen Mali€HTIB, M0 HE MalOTh OXUPIHHS, CIOCTEPIranuch OUTBII HHU3BKI PIBHI CeKperil
IHCYJIiHY (OCTOBIpHO HIDKUYMi piBeHb C-menTuiay, iHCYyJiHeMil), 3a BiJICyTHOCTI KOMIICHCATOPHOTO
MiABUIICHHS KOHLEHTpAlii NPOIHCYJIiHY, M0 3 YacOoM IIPHBEIE [0 BHCHAKEHHS NOTEHLIAITy
MIiIITYHKOBOT 3aJ103M Ta HEOOXIAHOCTI NMPU3HAYEHHS 3aMicHOI Tepamii. Mo)KHA NPHUIYCTUTH, IO
3pOCTaHHsl KOHIICHTpAIlii OCTCOKAJBIMHY B I'pymi 1 TakoX HOCUTH 37€OIIbIIOr0 KOMIICHCATOPHUIMA
XapakTep, X04a He CIpPaBIIsI€ 3HAUHUX 3PYILEHb B TIIIKEMii.

CTOCOBHO TAINIEHTIB TPYITH 2 3 OXKHUPIHHAM, 3BOKAIOYH HA MTOTIEPEIHI JOCHTIHKEHHS, 3HIKSHHS
BMICTy OCTEOKaIbI[MHY B KPOBI TICHO IOB’S3aHO 3 HECHPHATIMBUMH TOPMOHAIBHO-META0O0IIYHIMHI
3MiHaMu. 30KpeMa, 3a JaHUMH JITEpaTypu, OCTEOKaIbLHUH IOJIMIIyBaB METa0oJIi3M TIJIFOKO3U B
YOJIOBIKIB Yepe3 CTUMYJIAIII0 CEKpellii iHCYJIiHy, a TakoX Mayia MiCIle He3aJIe)KHa acolliallisi piBHA
OCTEOKAJIbIIMHY 3 BiJICOTKOM kupy, pieaeM JIIBILI, riroko3u Ta incyminy [25]. B iHmomMy pociipkeHHl
y YOJIOBIKIB BiJI3HAYEHO HETATUBHY KOPENAIII0 CHPOBAaTKOBOIO piBHS ocTeokaipiuay 3 IMT,
JiacTONIYHUM apTepialbHUM THCKOM, IJIIKEMI€I0 HaTiie 1 MOCTIpaHAianbHO. BUsBIEHO HeraTwBHi
KOpEJSIiAHI 3B SI3KM  OCTEOKANIBIIMHY 3 TMOKa3HuKamu iHcyiiHemii, HOMA-IR, tpuriinepumamu,
3araJibHAIM XOJIECTEPUHOM 1 TIO3UTHBHI — 3 moka3HuKoM QyHkIil B-kinitua HOMA-f [6].

BpaxoByiour iHBOJNIOTHBHI 3MIiHM Yy MAalli€HTIB 3 IYKPOBHM MAia0eTOM 2 THIy, HACTYIHUM
aCIIeKTOM HAaIlMX AOCHiKeHb OyJ0 BH3HAUEHHS MOXKIMBOIO BIUIMBY 3MEHLICHHS aHIPOTCHHOTO
3a0e3reueHH s Ha 3rajlyBaHi BHIIe 0COOIMBOCTI ByTiieBoHOTO 00MiHy. [IpoTe Hamu He OyIo 3HaiIeHO
CYTTEBOI Pi3HHII B PiBHAX 3arajlbHOTO TECTOCTEPOHY, TECTOCTEPOH-ECTPAIioN 3B’ S3YI0UOro IIo0yIiHy
YH 1HIEKCY BUTFHOTO TECTOCTEPOHY HE3aJIeKHO BiJl HASSBHOCTI UM BiJICYTHOCTI OXKHpiHHA (Tadu. 1).

TakuMm YMHOM, came pI3HUIL y CyTi TOPYUICHb BYIJIEBOJHOTO OOMiHY MOXe OyTH
NEePUIONPUYNHOI (PEHOTUIIYHMX 3MiH TMAI[i€EHTIB, 3 HACTYIHHM pO3BHTKOM YCKJaJHEHb Ta
NEPCHEKTUBOI0 3aMiCHOT I[yKPO3HMKYBAJIbHOI Teparmii. 30KpemMa, MO)KHa CIpPOTHO3YBATH, IO Came
cepell MAIE€HTIB 3 OKUPIHHAM, 110 CTPAXXKIAI0Th Ha IIYKPOBHH fiadeT 2 TUILY, CIIiJl YeKaTH 301IbIIECHHS
YUCIa MAaKPOCYAMHHHMX Ypa)KeHb, 3BaXKAIOUM Ha BIAOMHU B3a€MO3B'S30K MK 3HIDKCHUM BMIiCTOM
OCTEOKaJbIIMHY Ta Kauplu(pikauielo cyauH 1 MeTaOONiYHUMH 3pYLIICHHSAMH CEpLEBO-CYyIWHHOT
cuctemu. PO3BUTOK yCKIanHEHb cepel MAalieHTiB rpynu 1 37e0imbmioro Oyjae 3anexard Bij
CBOEYACHOCTI MIPU3HAYCHHS 3aMiCHOI ITyKPO3HIDKYBAJIBHOI Teparii.
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BucHoBKkH. Y namieHTiB 4OJOBIYOI CTaTi, XBOPHUX Ha LYKPOBHiA HiabeT 2 Tumy, 6e3 0KUPIHHSA
CIIOCTEPIraNoch MiIBUMICHHS BMICTY OCTEOKAIBLMHY, TIOPIBHSHO 3 0CO0AMH 3 OKHPIHHSM, III0 MOXE
MaTé KOMIIEHCATOPHHUH XapakTep, IpOTe He CIPaBIS€ CYTTEBOTO BIUIMBY HA TIIKEMIYHUH KOHTPOJIb.
Pazom 3 TuUM, MOXIUBHHA NPOTEKTHUBHUH e€(QEKT OCTCOKAJIbIMHY Ha BHPAKEHICTH CHHIPOMY
IHCYJIIHOPE3UCTEHTHOCTI 1 TMOB’SI3aHUX 3 HUM MeTabOoNYHUX MOpYIIeHb. BilCyTHICTH OXHPIHHS y
narfienTis 3 [/ 2 Tumy He CympoBOIKyBalaCh KOMIIEHCATOPHHUM ITiABUIIEHHSIM IPOIHCYITIHY, a TAKOX
CYTTEBO HE TiJIBUIIyBajia MOKA3HUKU aHAPOTEHHOTO 3a0e3MeueHHs! Y YOIOBiKiB Ha TJIi 1HBOJOTUBHHUX
3MiH. Y TOH ke 4ac, YOJIOBIKH 3 OXHPIHHAM, Ha TIi HIDKYOTO PiBHS OCTEOKaNbLIMHY, Malu Oijblie
O3HaK IMIJBUIICHOTO PH3UKY METa0ONIYHWUX YCKJIaJHEHb, Cepel HHX OUIBIINA  CTYHiHb
IHCYJIIHOPE3NCTEHTHOCTI, BUIIMHA PiBEHb CEKpeIlil iHCYIiHY.

ABTOpPH 3asBJISIIOTH TIPO BiJCYTHICTh KOH(IIIKTY 1IHTEpECiB.
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EEG patterns in all cases, super- general anesthesia, we were using anticonvulsive drugs in combination with
refractory NCSE, Bilateral periodic immunotherapy and hormonotherapy. In two cases, we could not control
discharges, (BPDs), plasma exchange  statys Epilepticus. The EEG and MRI scan monitoring in dynamics shows
(PE). us that difficulty in control of SE might be caused by exacerbation of the

main disease. In conclusion, the acute disorders of central neuron system
and early response of critical conditions are very important in correct and
high quality management of both: Convulsive and non-Convulsive types of
Status Epilepticus.
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Introduction. Nowadays there are many debates about development and management status
epilepticus (SE) in patients with coma. It is especially difficult to treat SE in patients with unknown
coma. It is impossible to ascertain final diagnosis in some cases, though we have used different
studies. In general, the mortality of SE is about 20 %, but it might be more than 40 % in the elderly
with acute symptomatic SE [1-5] and many co-morbidities [6].

Treatment of SE, especially of refractory or super-refractory stages, is almost an “evidence-
free zone” [7]. Therefore, each clinical case is important and each clinical data must be discussed.

Methods. There were 22 patients with coma under our observation. All patients were divide in two
clinical groups: Patients with different etiological factors (autoimmune, unknown) causing coma- 9 cases
were included in the first group. We diagnosed non-convulsive status epilepticus (NCSE) in 4 cases from
the first group. 13 patients with traumatic brain injury were included in the second group. In 3 cases of this
group NCSE was found. The patients with oncological diseases and secondary brain damages was exclude.

All patient underwent the following studies:

1. Long-term EEG monitoring in dynamics

2. Brain CT or MRT in dynamics

3. Objective neurological status (by GCS)

4. Other basic clinical and Para clinical studies.
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Results. In 3 cases of | group NCSE with refractory and super refractory developing was
observed and in 2 cases of Il group refractory SE was mentioned.
Table 1 shows EEG patterns in all cases of NCSE from both groups.

Table 1. Long-term EEG monitoring shows development NSCE in all cases in dynamic.

Number of patient GCS EEG patterns
2 4-6 Lateralized periodic discharges (LPDs)
2 4-5 Bilateral periodic discharges (BPDs)
3 3-4 Generalized periodic discharges (PDs)
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Fig. 2. MRI data of patients with autoimmune encephalitis.
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Fig. 4. MRI data in dynamics.
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Fig. 6. MRI finding in this case.
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Fig. 8. MRI changes in dynamics.

For management of SE we have used treatment with Valproate Acid (VPA), Levetiracetam
(LEV) and Carbamazepine (CBZ) in high doses.

Fig. 1. shows super-refractory SE EEG monitoring findings- Bilateral periodic discharges

(BPDs).

Fig. 2. shows MRI finding in this case.

Fig. 4. shows super-refractory SE. In this case, we used VPA, LEV and CBZ together with
intravenous Propofol infusion (4 mg/kg/day), pulse corticosteroid therapy with Methylprednisolone,
Thiopental and Ketamine infusion —dosage 2.75 mg/kg. (3 days). Super refractory SE was continued.
EEG monitoring shows generalized periodic discharges (PDs)-negative dynamics.

In additional we used plasma exchange (PE), intravenous immunoglobulin (IVIG). Regardless
of all these EEG dynamics was negative and MRI study revealed negative radiological changes. We
have got depressing of brain activity while used Thiopental infusion. We have received maximal
depression of brain activity and full control under convulsion. Of course, we have positive MRI
dynamics in development of main disease (Fig. 4).
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All cases of refractory and super-refractory SE were hard to be managed and prevented from

developing severe brain damages. Figures 5, 6, 7, 8 show EEG and MRI data dynamics of refractory NCSE.

Conclusions. Refractory and super refractory NCSE have severe clinical developments. It is

difficult to manage each case and it needs treated individually.

Outcome of these cases depends on what is the cause of initial disease and its severeness.
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Essential oils are not panacea, but are an excellent and efficient way of
improving the mood, conquering the emotions, and balancing the hormones.
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essential oils and aromatherapy on the different organs and systems, and in
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Introduction. Humankind has known the miraculous effects of essential oils since ancient
times. The first credible information about extracting essential oils from plants was found on a
Sumerian clay tablet dating back to 5000 BC. In ancient Egypt aromatic plant extracts were used to
treat body and soul. The Father of medicine — Hippocrates, recommended daily aromatic baths and
essential oil massages to his patients. In the Orient — India, China, Japan, and Arabian countries, it is
thought that fragrances settle the mind and open the soul. Cave paintings, Egyptian papyri, preserved
ancient manuscripts, archeological objects, pyramids with royal burials, the Bible, the Quran, and
other sources tell us of the incenses used in the different periods, in different countries and the reason
they were used for (1).

In 1928, René-Maurice Gattefossé — a French chemist and perfumer introduced the term
“aromatherapy” (literally — treatment with fragrances). His observations proved the impressive
curative powers of the oils. In his initial studies using essential oils for perfumes, Gattefossé suffered a
work accident. After burning his face and hands during distillation in the laboratory, he soaked the
affected area in the nearby jar containing lavender oil and discovered that, in addition to the nearly
immediate pain relief, his wounds started healing faster with almost no resulting scars (2). During the
1930s, all progressive clinics in Europe started using essential oils when treating patients with
traumas, as well as in cases of some serious conditions, such as tuberculosis, diabetes, etc. (3).

In the 1960s, new scientific evidence on the curative effects of essential oils was added to the
basic theories of Hippocrates, Galen, and Avicenna. Nowadays, about 2500 different types of essential
oil producing plants have been studied. We are at the third millennium AC. The rich experience in the
sphere of aromatherapy acquired during different periods of human history has a global nature. All
nations around the world have contributed to the development of this field of medicine. The history of
aromatherapy has become part of human culture. Its centuries-old traditions are based on the unity
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between humans and nature. The ancient experience in using plant essential oils helps the current
generation understand the present by studying the past (1).

Definition. Essential oils are various volatile mixes of plant origin, which possess a specific
smell and are part of the non-nitrogenous chemical compounds. The major part of the essential oil
components consists of carbon, hydrogen, and oxygen, and the most common components are
turpentines and their oxygen derivatives. They are almost always denser or thinner liquids, soluble in
alcohol, hydrogen sulfide, fats, and nearly insoluble in water.

Based on their properties and chemical nature, essential oils are starkly different from plant
fats and oils in that they evaporate at normal temperature and do not leave stains on fabrics and paper.

The essential oil content in the fresh green parts of plants does not exceed 1%, and in seeds it
may reach 10%. The amount of essential oils in plants varies from barely detectable traces to 2—3%,
rarely more. Even the different parts of the same plant have different essential oil content. The
accumulation of oils and their quality are influenced by the vegetation stage, the humidity, climate,
soil, the hours of gathering the materials, etc. (1).

Methods of Essential Oil Production.

Method of steam distillation (leaves, flowers, grass, roots, coniferous matter, moss): This is
the most common method. Steam distillation is based on evaporation and the subsequent condensation
of the liquid vapors, and the ability of water vapor to enter into essential oils.

The method of mechanical expression is used in cases when the raw material has a high
essential oil content, e.g. citrus fruits. Citrus essential oil is extracted by cold pressing or centrifuging.

The method of maceration is used in the processing of aromatic flowers. The essential oil is
extracted with fat or neutral oil heated to 60-70°C.

Method of extraction: an organic solvent with a low boiling point is used for the essential oil
extraction, e.g. petroleum ether, ethanol, etc. After that, the solution containing the extracted oil and
aromatic compounds is strained and the solvent is distilled. The remainder consists of the essential oil
mixed with resins and waxes. The product is called an extract.

The method of absorption or enfleurage does not use heating and is applied in some types of
flowers: roses, jasmine, tuberose, etc., which after picking, in varied amount of time, produce essential
oils again. It is based on the ability of fats and fatty oils to absorb essential oils. With this method, the
flower petals, after picking, are arranged on a thin layer of pork or beef fat. The petals are left for 24-
72 hours after which they are replaced by fresh ones. When the fat is maximally saturated with
essential oil, it is washed with alcohol in order to make the aromatic products soluble. Then the
alcohol is evaporated and the absolute is left behind.

Cold pressing is used mainly to extract essential oils from the bark or fruits of plants. This is
how grapefruit, orange, lemon and bergamot oil are obtained (4).

The global production of essential oils amounts to 4.5 million kilograms annually. The
average yield of essential oil from raw materials is 1.5%.

Bulgaria has serious traditions in the cultivation of various essential oil plants. During the
recent years, under the influence of the globally increasing demand, there has been an increase in the
cultivated land both for the more common plants, such as the damask rose, lavender, coriander, as well
as for the less common ones - peppermint, lemon balm, fennel, etc. Bulgarian rose oil possesses
unique and traditional fragrance, and has long been known in many parts of the world. In the recent
years Bulgaria has become a world leader in the production and trade with lavender oil (5).

Essential Qil Use.

Essential oils can be used internally and externally.

External use. The oldest way of using essential oils is diffusion. Nowadays, essential oil
vapors are used. They can be obtained from aroma vials or materials, which can be saturated with
essential oils - spruce branches, dry flowers, fabric, aromatic wax, etc. Another type of external
application are the cold or warm inhalations, cold or warm packs, gargle or mouthwashing. The
aromatherapy massage usually uses essential oils diluted with carrier oils. There are a variety of ways
for the external use of essential oils in spa.

Internal use. The internal use of essential oils started in France. Many researchers think that,
applied under doctor’s observation and in controlled quantities, essential oils taken internally can be
exceptionally efficient (6,7). It is important to know that for internal application only 100% pure
essential oils are used. The risks must be taken into consideration. They can be rare allergic reactions,
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overdose, poor quality of the compound or overestimation of the efficiency (7). In Great Britain, many
aromatherapists think that aromatic oils are not safe when used internally. This mode of application with
therapeutic purpose requires more attention than people realize. According to Tisserand “... only
practitioners, who are qualified to establish a diagnosis, trained in weighing the risks against the benefits,
and familiar with the pharmacology of the essential oil, should prescribe essential oils for oral use" (8).

Aromatherapy. Aromatherapy is one of the main sections of the science of oleoetherology,
which deals with essential oils. Aromatherapy is treatment with scents or fragrances, and has the
privilege to simultaneously be one of the most ancient and most recent therapeutic approaches.
Aromatherapy can be defined as the use of essential oils for the improvement of health, well-being,
and hygiene (9). It uses concentrates extracted from plants called essential oils, which are natural
chemical compounds, complex and highly volatile, characterized by a strong smell and produced as
secondary metabolites of aromatic plants (10). The essential oils in aromatherapy are complex
products, which contain on average around 100 or more chemical compounds, some of which in
minute quantities. Each one of these components has an elaborate effect on the organism (11).
Essential oils act on different levels influencing the functions of the respiratory, nervous, digestive,
excretory, reproductive system, etc.

The effect of essential oils on the organism depends on their application — inhalation, oral intake or
through the skin. When the contact is via inhalation, the molecules of essential oils stimulate the olfactory
nerves, which are directly connected to the limbic system (2), which is responsible for emotions, feelings,
and motivational impulses. The “olfactory memory” is a result of an identifying olfactory process, a
specific scent, which is associated with different memories triggered by the limbic system.

Although the physiological mechanism of action of essential oils, hence aromatherapy, has not
been fully established, it is thought that their molecules stimulate neurotransmitters, such as encephalin and
endorphins, which have an analgesic effect and create a feeling of wellness and relaxation (12).

Research shows that the stimulation of the sense of smell causes immediate changes in
physiological parameters such as blood pressure, pulse, muscle tonus, pupil dilation, body
temperature, blood circulation, and brain activities (13).

When the molecule of the essential oil is inhaled, it reaches the airways, where it is absorbed
by the pulmonary blood vessels and then spread within the body via the blood circulation and tissues.
When applied on the skin, the molecules penetrate through the skin and mucosa, where they are
absorbed and distributed in the body tissues through the blood circulation. With oral intake, the
entering of molecules is via the intestinal mucosa, wherefrom they reach the circulatory system and
are distributed within the body (8).

Essential oils have valuable biological and physiological properties. They suppress the
development of microorganisms (14), stimulate tissue regeneration, stimulate the immune processes in
the organism, improve the circulation, decrease muscle pressure and edemas, can have a diuretic
effect, improve sleep quality, or make one feel refreshed or relaxed (15, 16, 17). Many authors
highlight the proved analgesic effect of essential oils (18, 19, 20). Aromatherapy has a beneficial
effect in conditions related to stress, premenstrual syndrome, depression, digestive disorders,
infections, migraines, and skin problems. Even a minimal concentration of essential oil vapors in the
air can lead to tangible changes in the body (21).

Aromatherapy can be used as a means of recovering the balance and harmony between the
individuals and the environment they live in by helping cope with stress.

Despite the number of studies proving the beneficial effects of essential oils, there is also a
certain dose of skepticism in regard to their efficiency (22).

Energy measurement of essential oils have been conducted using Raman spectroscopy (23),
which is based on the frequency of a monochromatic light source. These studies support the
hypothesis for the existence of energy in essential oils by suggesting that these plant concentrates can
act in compliance with the energy models of the organism, or change them.

Essential oils are dynamic. Strongly sensitive to the way of preservation, entering the body
they have their effect, remain there about 3-4 hours after which are eliminated, unlocking the recovery
process, which can take from several days to a week.

There are three main ways of applying essential oils in aromatherapy:

o Holistic aromatherapy where the goal of the treatment is to achieve a harmonic balance
between body, mind, and spirit (24).
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¢ Medical (clinical) aromatherapy where essential oils are taken orally and are prescribed by
a doctor. The method was best developed by the aroma school of Dr. Valnet according to which
essential oils possess healing properties, which must be controlled. In addition, they enhance the effect
of synthetic medicaments (25).

o Esthetic aromatherapy — the use of essential oils in beauty salons and spas.

Aromatherapy and Spa.

Nowadays, spa centers are a place where everyone can find a cure for the mind, body, and
soul. People visit spas to maintain a good shape, manage stress, find calmness, health, wellness, or just
for pleasure. Spas offer a large variety of methods — traditional and contemporary, Eastern and
Western, with the aim of satisfying the variety of needs of their clients (26).

The use of essential oils is widely spread in spa centers. Fragrances play a key role in spa both
in the form of procedures and to add a scent to a room by using products and oils with aromatic
characteristics.

In order to add scent to certain rooms, the most commonly used sources are aroma lamps.
Aroma lamps are suitable for spaces such as hammam, laconium, caldarium, where the heat is dry and
does not exceed 40-45°C. The relaxation takes place on warmed benches with the main effect being
removing toxins from the body via sweating. Therefore, it is suitable to use essential oils with calming
effect — lavender, peppermint, eucalyptus.

The use of aroma lamps in massage rooms should be in accordance with the procedure, which
takes place, its duration, and the individual preferences of the client.

In order to add scent to a sauna, 5-10 drops of essential oil are added to a wooden bucket full
of water, which is poured on the hot stones at certain time intervals. Eucalyptus or peppermint oil are
the most commonly used ones due to their bronchodilating effect.

Scenting a steam bath is done by adding essential oil to the water in the steam generator —
aroma steam bath.

A key moment is the use of essential oils during a massage — a method known for millennia.
Both 100% pure essential oils as well as essential oil mixed with carrier oil can be used. Most
frequently, a mix of a carrier and several essential oils is used. Carrier oils are extracted from the most
fat-saturated parts of the plant, such as kernels and seeds. They are used to dilute essential oils, which
may sometimes irritate the skin if applied in a concentrated form (9). Carrier oils have a structure
similar to the human fatty tissue and are absorbed easily. They help the skin absorb the otherwise
difficultly penetrating essential oils. They are obtained by cold pressing. Such are almond, argan,
cocoa, apricot, jojoba, shea, and linseed oils among others (27).

In spa, essential oils can be used in various body therapies — exfoliation, moisturizing facial
mask, and relaxing massage.

The oils can also be part of a foam massage. Several drops of essential oil are added to foam
from scentless African black soap. The foam deep cleanses the skin while the oil moisturizes,
improves circulation, stimulates regeneration and acts as a relaxant for the senses.

Aromatherapy baths should not be overlooked. Depending on the oil diluted, they can have
relaxing, energizing or generally calming effect. The therapeutic effect of aromatic baths is due to the
stimulation of skin receptors by essential oils. The components of these compounds penetrate the skin,
enter the circulation, and have a reflective and humoral effect (1).

It is possible to mix essential oils with sea salt or mineral water, therapeutic mud, and algae,
where the oil effects are combined with the specific or non-specific effect of the therapeutic
procedures. Due to their easy penetration through the skin and their reflective effect, aromatic plant
compounds, in a combination with natural factors, have not only a general effect on the body, but also
influence the cardiovascular and central nervous systems, the endocrine and immune systems because
of their multicomponent composition and multipurpose effect (1).

Side Effects of Essential Oil Use.

Side effects are rarely observed in routine aromatherapy. However, when improperly used,
adverse effects may occur. Here as well applies the rule — “the dose makes the medicine.” The
prolonged use of essential oils in high concentrations may lead to adverse reactions in the organism.
For example, taken in high doses, saffron can cause vomiting and diarrhea. Marjoram oil has a potent
spasmolytic effect but in large doses can become a narcotic substance. A similar effect can be
observed in overdosing with anise, peppermint and oregano oil. The possibility of allergic reactions
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and skin irritations is not excluded. Therefore, essential oils must be applied with care and should not
be taken randomly and for long periods of time. The specific use of the essential oils, as well as the
individual approach to each client or patient depending on the age, physical condition and
psychoemotional status should be taken into consideration. The use of essential oils must not be
something that a person is afraid of, but safety when using these oils is important (28, 29).

Conclusions. Humankind has known the miraculous properties of essential oils since ancient
times. Aromatherapy is one of the main sections of oleoetherology, which deals with essential oils.
Aromatherapy consists of treatments with scents and fragrances and has the privilege of being
simultaneously one of the most ancient and most modern therapeutic methods. Essential oils have
valuable biological properties. They stimulate tissue regeneration, the immune processes in the
organism, improve circulation, decrease muscle pressure and edemas, improve sleep quality, and have
a refreshing and relaxing effect. Aromatherapy can be used as a means of recovering the balance and
harmony between the individuals and the environment they live in by helping manage stress. The use
of essential oils in spa centers is very popular. Fragrances play a key role in spa both in the form of
procedures and to add a scent to a room by using products and oils with aromatic characteristics.
Despite the low risk of side effects, prolonged use of essential oils in high concentrations may lead to
adverse reactions in the organism. Therefore, essential oils must be used with care and not taken
randomly and for long periods of time. They are not a panacea but an excellent and effective way to
make our life easier, improve our mood, control our emotions and balance our hormones.

The is a need of current and more thorough studies on the effect of essential oils and
aromatherapy on the different organs and systems, and in many diseases and functional conditions.
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It was found that in most cases, athletes of the strong type with greater
success mastered the material in the process of problem-based learning,
"weak" - when using the reproductive method, and "average" in all cases
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the nervous system proceeds differently. Regardless of the method, strong
boys learn more slowly. The dynamics of change in their indicators indicates
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[ligBumenHss eQeKTUBHOCTI Mpollecy HABYaHHS TEXHili (I3WYHUX BIPaB TPOJIOBKYE
3aJMIIATHCS BAXIIMBOIO 3a/1a4€l0 B ycix BHAax cnopry. CopaBai BelnvesHi pe3epBH eQEeKTHBHOCTI
nporecy (GpopMyBaHHSI CIIOPTHUBHOI TEXHIKM BKJIIOYAIOTh y c00i BpaxyBaHHs BJIACTHBOCTEH HEPBOBOI
CHUCTEMH IOHUX CHoOpTcMeHiB. [Ipore, akcioMaTW4He JUIS BEIUKOTO CHOPTY TOJOXEHHS PO
3aJIeKHICTD €(DEeKTUBHOCTI IaHOTO MPOLECY BiJl iHAWBIAYAIbHUX OCOOJIMBOCTEN HEPBOBOI CHCTEMU HE
CTaJio IIe HaJ0aHHSAM YHMCIEHHOI apMii TpeHepiB, IO NPALIOITh Yy HIKYUX JIAHKaxX 0araTopidyHOTo
BJIOCKOHAJICHHS CIIOPTCMEHIB. B kpalioMy BHMaJKy Ha TPEHYBaHHSIX CIIOPTCMEHIB MAaCOBUX PO3PSIiB
BPaxOBYIOThbCS IX CTaTeBi, BIKOBI Ta ()YHKIIOHAJIbHI 0COONMBOCTI. AJie 1 B CHeliaNbHIN JiTeparypi
JudepeHniioBaHe HaBYaHHS CHOPTUBHUM PyXaM PO3MIISIA€ThCS MOBCIOAHO B TaKOMY 3K pakypci, i
JUIIE B ACSIKUX poOOTax (3M€OLIBIIOro 3 ICUXOJIOTIl) IHAUBIIyIbHAHA TAXIT PO3TIISAAETHCS TaKOXK 1
3 TOYKH 30py CIiBBIIHOIICHHSI MK 37aTHICTIO IMBHJIKO 1 AKICHO OITAHOBYBAaTH HOBI CIIOPTHBHI PYyXH 1
1HAMBITyalbHUMH BJIaCTUBOCTSIMA HEPBOBOI CHCTEMH CIIOPTCMEHIB.
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[poTsirom Aekinbka pokiB 30MpaBcst 1 y3arajJbHIOBAaBCS MPAKTUYHHN Matepiai 3 3aCTOCYBaHHS
HETPaJUIIIHIX METO/IB (JOPMyBaHHS TEXHIKH CIIOPTUBHHUX PYXIB B PI3HUX BHIAX CIIOPTY Y CHIOPTCMEHIB
3 PI3HOIO CHIIOI0 HEPBOBOI CUCTEMH BiTHOCHO 30y/kKeHHS. BChoro B MOCTIIKEHHSX MPUHHSIIN y9acTb 495
criopreMmeniB BikoM 11-13 pokis. Ix Oys10 mozizieHo 3a CH0K0 HEPBOBOI CUCTEMH Ha 3 IPYIH: «CHIIBHUX),
«cepemHix» 1 «cmabkux». [ns mporo Oymu BHKOPUCTaHI HAWOUIBII JOCTYIHI 1 00’€KTHBHI METOAWKH:
pyxoBa Metoauka [6, 7], Tenminr-tect [4], mpoba Ha mepenkoaocTiiKicTs [3].

BrnactuBicTh HEpBOBOI CHCTEMH — CHJla y BiAHOIIEHHI A0 30yIKeHHS Oyja B3fTa B SIKOCTI
¢dakropa iHmMBIMyamizamii 3a Ti€i TPUYUHM, IO BOHA € OULIBII CTIHKOI, PEHETHYHO 3YMOBJIICHOMO 1
MEHII HDXK 1HIII MAJIsArae BikoBUM 3MiHaMm [5, 7].

Jo HerpamnmitHUX MeTomiB (JOpMyBaHHS TEXHIKH CIIOPTHBHUX PYXiB MO)KHA BiTHECTH Oe3mid
TaKHX, 110 HE 3aCTOCOBYIOTHCS B HABYAILHO-TPEHYBAILHOMY TIPOLIECi, 00 3aCTOCOBYIOTHCSI BKpail PiIKo.
Mu BHKOpHCTAIN MPOOJIeMHE HaBYaHHS [1], O/MH 3 BapiaHTIB irPOBOTO METO/Y, METO/I B3aEMOHABYAHHS i
JIBa METOJIH, SIKi BKJTFOYAIOTh B COO1 €IEMEHTH PEMPOLYKTHBHOIO 1 POOIEMHOT0 HaBYaHHsI [2].

B nanomy BUMaaky AOCHiIKEHHS MPOBOJMIOCS B TPhOX HABYAIBHO-TPEHYBAJIbHUX TpyMax
NEepUIOT0 POKY MIiATOTOBKM 3 IIaBaHHS. PiBeHb OBOJIOMIHHS TEXHIKOIO BIpaB BH3HAYaBCS 3a
JIOIIOMOTOI0  CIIETIaIEHO PO3POOJICHOr0 TecToBOro 3aBiaHHs. IIpm mboMy BpaxoByBaBCSl Yac HOTro
BUKOHAHHS, KIJIBKICTh MPUITYIICHUX MOMUJIOK, KiJIBKICTh BUKOHAHHX PyXiB (YacToTa) i OIliHKA 3a
TEXHIKYy, Ky BHCTAaBISUIM 4 EKCHEPTH 3 4YHCNa CTYIEHTiB-MPAKTUKAHTIB CHOPTUBHOTO BY3y. s
00’exTHUBI3aIllT OIIHKK 1 ypaXyBaHHS MMOMIJIOK OyJiH po3poOiieHi crerianpHi KA, M0 TO3BOJISIIH
Tpe]1’ IBJISITA OJTHAKOBI BUMOTH JIO BCIX CIIOPTCMEHIB.

TecToBe 3aBIaHHS BHKOHYBAJIOCS Ha MOYATKY, B CEPEIUHI 1 HANPHKIHIN JOCTIIKSHHS, SKE
MPOJOBKYBAIOCS 3 MICSII, IO JO3BOJIIO MPOCTEKUTH HE TUIBKM TPUPICT MOKA3HHKIB, ane 1 ix
IuHAMIKy. B Xomi AOoCTiKeHbp aHaNi3yBaIics PI3HOMAaHITHI IMMOETHAHHS METOJIIB HAaBYaHHS 3 THITAMHU
HEPBOBOI cUCTeMU criopTcMeHiB. [lepeBakHy KiNbKICTh (On3bko 80% Bija 3arajibHOTO YKCIa THX, XTO
BUTIPOOOBYBABCS) CKJIaHM CIIOPTCMEHH C CEpEeHBOI0 HEPBOBOIO CHCTEMOIO, a B TPYINaX «CHUIBHUXY 1
«cabKHUX» HaJiuyBaJlocss NPUONM3HO OXHAaKoBe uucio aiteid. Lle TumoBa kapruHa Ui Oyab-sKOi
CepeIHLOCTATHCTUYHOI TPYIH JIIOfIeH, PpO3MOMAUICHUX 3a O3HAKOK CHJIM HEPBOBOI CHUCTEMH Y
BIJTHOIIIEHHI J10 30y IKeHHS. [8].

B mpomeci mocmimkeHHs Oynmu mpoBeleHI TpU cepii ekcrepuMeHTiB. B mepmriii cepii
MOPIBHSAHHS €(DEKTHBHOCTI PENPOYKTHBHOTO METOMY 3 IrpOBHM 1 TPOOJIIEMHUM HaBYaHHSM BHSIBHIIO,
10 PENPOAYKTUBHUM (TpaauIliiHUIT) METOM OiJIbII BCHOTO MiAXOMUTh «CIAOKHUMY; IPH MPOOIEMHOMY
HABYaHHI BCl CHOPTCMEHHU JIEMOHCTPYBAIH MPUOIU3ZHO OJTHAKOBI PE3yJIbTAaTH 3 YCiX MOKA3HUKIB; T€ K
BiOyJOCAd 1 3 THMH, XTO HaBYaBCS 3a irpoBol0 Meronukoro (Tabn.l). Kpim Toro, BiporimHo
BCTaHOBJICHO, [0 NMPOOJEMHE HABYaHHS 3a CBOEK €(EKTHUBHICTIO Mae He3allepedHy IepeBary Haj
IHIITUMH METOIUKAMHU.

IHma rpymna cnopTcMeHIiB B JaHOMY €KCIIEpHMEHTI HaBYaJIacs, YeprylodyH udepe3 KOXKHi JBa
TPeHYyBaHHS BHWIIEHABEICHI METOJWKH B Pi3HIA MOCHITOBHOCTI. B pesymprari aHamily oTpUMaHHUX
JIAHUX BUSBUIJIOCS, IO BIPOTIIHUX BIAMIHHOCTEH B C€(PEKTUBHOCTI HABUAHHS MIX TpylaMH, IO
3aCTOCOBYBAJIU IIeH «BiHErpeT», HeMae. AHaji3 IMHAMIKH Pe3yJbTaTiB TECTYBaHHS y CHOPTCMEHIB 3
PI3HOI0 CHJIOI0 HEPBOBOI CHUCTEMH II0Ka3aB, IO MpPU MEPeXoli BiJl pEenpoOAyKTUBHOIO METOJa A0
ITPOBOTO, Y BCIX HHUX CIOCTEpIra€ThCcs CKOPOYCHHSI Yacy Ha BHKOHAHHS TECTOBOIO 3aBJIAHHS 1
3HIKCHHSI OINIHKM 3a TexHiKy. [lpum mepexoji BiJi penpoayKTHBHOI'O METONy 10 MPOOIIEMHOro
HABYAaHHA BiJJOYBa€ThCsS 3BOPOTHE sIBUIIE: 301IbIIEHHS Yacy 1 MigBUIICHHS OlliHKA. Komu 3a irpoBuM
METOJIOM iJic IPOOJIEMHE HABYaHHS, KpAIIUX MOKAa3HHUKIB JOMAralThCs «CHJIbHI», a «CIa0Ki» OUIbII
VCIIIHI TIPU 3BOPOTHBOMY uepryBaHHi. Lle M03BOJNSE TPUIYCTHTH, WO JUIS «CHIBHHUX» OibII
NpUAHSTa Taka Mo0y/J0Ba HABYAHHS, MIPH AKil CIIOYAaTKy POOUTHCS aKLEHT HA OBOJIOJIBaHHI YaCOBUMH
XapaKTepUCTUKAaMH BIpaB (L0 BiANOBIZA€ 3MICTy IrpoBOrO METOLY) 3 MOJAIBIIMNM HOCTYNOBUM
3MIIIIEHHSIM aKI[EHTy Ha OBOJIOJIIHHS TPOCTOPOBUMH 1 IPOCTOPOBO-YACOBHMH XapaKTEPHCTHKAMU
BIIPaBHU, L0 BUBYAETHCA (L€ BIAMOBiZAa€ 3MICTy MPOOJEMHOTO HaBuaHH:). «CialKi» X CXHJIbHI Ha
MOYaTKOBOMY €Talli HaBYaHHS 10 poOOTH, MOB'SI3aHOT 3 OBOJOAIBAHHAM MPOCTOPOBHUX 1 MPOCTOPOBO-
YaCOBHX XapaKTEPHCTHK PyXOBUX Mili.

Byno Takok BCTaHOBIICHO, IO «CEPeIHI» MAIOTh OAHAKOBI YCIIXHM IpHW BUKOHAHHI BIIpaB 3a
Oyapb-fikoi 3 METOOWK, ajie iXHI pe3yabTaTH € TaKOX CepelHIMH B TOPIBHSAHHI 3 1HIIUMHU
THUIOJIOTTYHUMH TPYIIaMH.
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Tabnuus 1. IToka3HUKK YCIINIHOCTI HABYAHHS B YMOBAaX 3aCTOCYBaHHSI Pi3HUX METOIiB

[TokazHuku YMoBH peecTparrii Mertonu HaBYaHHs
PenponyxruBHuit IIpo6nemunit IrpoBuit
n=19 n=18 n=16
X [Pl O3 Xx | P8 x| P] 3
Yac (c) Bucxinni 13.84 1.82 [13.46 1.01 |[13.84 2.22
Kinnesi 12.03 3.03 120 0.58 |12.53 1.78
Piznuis 1.82 |< 005 |146 |[< 0.001 131 (> 0.05
Orminka Bucxinni 10.15 1.57 (9.94 1.21 |10.53 1.65
(6am) Kinnesi 12.17 1.86 [13.50 133 [12.38 2.36
PizanIs 202 |< 0.001 |3.56 |[< 0.001 |2.05 |> 0.05
TTommnka Bucxinai 0.52 0.60 0.26 0.36 0.45 0.46
(KiTTBKiCTB) Kinnesi 0.17 024 |0 0 0.45 0.62
PizanIs 035 |< 0.001 ]0.26 |[< 0.01 |0 > 0.05

B npyriii cepii ekciepuMeHTIB JOCTiIKyBaacsi €(peKTUBHICTh BCE TOTO X PEMPOTyKTUBHOTO
METOy, MpOOJEMHOTO HaBYaHHA 1 JIBOX PI3HOBUIIB METOIMWK, SIKi CIIONy4alOTh B COOi €IeMEHTH
BUIIIE3a3HAYeHUX MeToAiB. Ha mpakTuii 1e Mano BWIIISA 3aCTOCYBaHHS Ha OIHOMY 3aHATTI Takoi
METOAMKH, IO CIIOYaTKy CIaHTeINdyBaja CIHOPTCMEHIB, a MOTIM BHKJaJala Iepel] HUMH BCIO
iH(opMaIIito TIpo Te, IO i K Tpebda 3poduTtn (MpoOdIeMHO-pENPOAYKTHBHA METOANKA). [HIIIa MeToanKa
NpUIycKaja CIOoYaTKy BHJady TOTOBOTO 1O BHKOHAHHS MaTepially i CTBOPEHHS MO XOXIy HOro
BUBYCHHS MMPOOJIEMHUX CUTYalill (PEpoAyKTUBHO-TIPOOIEMHA METOINKA).

ExcnepuMeHT moka3aB mepeBary OCTaHHbOI METOAMKM HaJl HEepILloo, aje BCe X MpoOiieMHe
HABYAHHA 1 TYT BHABHIIOCS HAOLIbII e(peKTUBHUM JUIS BCiX, XTO BHUIIPOOOBYBABCS B 3arajibHii Maci.
B uinomy, B X AOCTiIKEHHSX MiATBEPAMINCS pe3yabTaTH, OTPUMaHi B MEPIIii cepii eKCTIepUMEHTIB
(Tabn.2). Tak, «cnaOki» HaHOUIBIN YCIINTHO HABYAIWCS 3 BHKOPHCTAHHSM TPAIUIIHHOTO METONY,
«Cepe/iHI» CKPi3h BUSBILSUIACS CEPEAHIMH, a «CHIBHD» JOCSATady HAHOUTBIIMX YCHIXiB B TaK 3BaHIi
«PENPOYKTUBHO-TIPOOIIEMHIH METOUIII.

[IpoOnemHe HaBYaHHS, X04 BOHO 1 € caMUM e(EeKTHBHUM, BCE X Mae 1 Hemoiiku. Tak,
BUNPOOYBaHi, 10 HAaBYAIMCS 32 LIEI0 METOAWKOIO, MOCTIMHO BiICTaBaIM IIONO Yacy BUKOHAHHS
TECTOBOTO 3aBJaHHS, 1 JIWIIE HA OCTAHHHOMY 3aHSITTI 3MOTJIM TIOKa3aTH HAWBUINMKA pe3yibTar, M0
CBITYUTH MPO TPY/THOIII B 3aCTOCYBaHHI JIAHOT METOJIMKH 1 TATHE 3a c000t0 OibIN TpuBasie GopMyBaHHS
PYXOBHUX BMiHb 1 HABHKIB 1 1110 MiATBEpIKY€EThCs nocimkenasmu FO.K. babancekoro [1].

AHanmi3 JOUHaMiKd TIOKAa3HUKIB OBOJIOAIHHS BIIpaBaMH, IO BHMBYAJIHMCS, II0Ka3aB, IO
MOBUIbHIIIIE HIXK Yy BCiX ()OPMYBaHHS pPYXOBOTO HABHKY TMPOTIKAE Y «CHIBHHX» CIIOPTCMEHIB
HE3AJIeKHO BIJI METOJMKH HAaBYaHHS, IO 3aCTOCOBYETHCA. Bylo TakoX BHSBICHO, IO YacoOBi
XapaKTePUCTUKH PYXiB Yy BCIX CIOPTCMEHIB (OPMYIOThCS 3HAYHO paHille, HiXK MPOCTOPOBI 1
mpocTopoBo-uacoBi. Ilig uac icnuTiB y BCIX JiTEeH, HE3aJEKHO BiJi METOIUKMA HaBYaHHSI, IO
3aCTOCOBYBAJIACh, CIIOCTEPITAlOCs 3POCTAaHHS BCIX ITOKA3HHUKIB OINMAHYBaHHS TECTOBOIO BIIPABOIO
NEPIIMX TPHOX 3aHSATh, MICJIS YOT'O CIIOCTepiraBcs TpuBanui 3actiil. Lle cBiqunTh, 3a HAILIOO TYMKOIO
po Te, IO CIOPTCMEHH JOCHThH JIETKO CXOIUIIOIOTH OCHOBY (BeAyda JlaHKa) PyXoBoi nii, i Tomy
noyatkoBa (pasa il cTaHOBJIEHHS 32 CBOEIO TPUBAICTIO BUSBIISIETHCSI OUITBIIT KOPOTKOIO HIXK HACTYIIHI.

B Tpertiit cepii excnmepuMeHTIB JocCHiKyBasacsi €(EKTUBHICT 3aCTOCYBaHHS METONY
B3a€MOHABYaHHs 1 MpoOjaeMHoro HaBuaHHS. HaiOUIbIl KOHTPAaCTHUMM BUSBHIIUCS Ppe3yJbTaTH
OBOJIOJIIHHS BIIpaBaMH B TPYIIl «CHJIBHUX» CIIOPTCMEHIB. BOHM MpOaeMOHCTpYBaJId HaWripI cepes
yCiX TIOKa3HUKH TMpH MpoOJEeMHOMY HaBYaHHI 1 HaWBHINI cepel BCIX TIpU 3aCTOCYBaHHI
B3a€MOHAaBYAHHSI.

HaiiGinpin  ycmiimHo mnpoOjeMHEe HaBYaHHS MPOTIKAIO Yy «ciaOkux». Lli pesynbraTtd He
MIOTOJDKYIOTBCSL 3 pe3yjbTaTaMy MEpHIMX JIBOX Cepill eKCIepHMEHTIB, aje B JaHOMY BHIAJKY
BIPOTiTHUX 3MiH a Hi B )KOJHOMY 3 MOKa3HUKIB B 000X THUHOJOTIYHHUX rpynax He BigOyinocs. Tinmeku
«CepelHi» CIOPTCMEHU AOMOTIIHUCS BIpOTIAHOTO MOJIMIIEHHS Pe3yJibTaTiB 3a MOKAa3HUKAMH Hacy i
KUTBKOCTI TTOMWJIOK. MeTOjl B3a€MOHABYAHHS JO3BOJIUB BCIM, XTO BHUIPOOYBABCS, NMPUHTH M0 KiHIII
EKCIIEPUMEHTY 3 JOCUTh BUCOKHMH pe3ybTaTaMH, alie 1 TYT «cepeqHi» 3MOIJIM BipOTiAHO 3MEHIINTH 1
yac BUKOHAHHS TECTOBOT'O 3aBAaHHSI 1 KIJIbKICTh IOMHUJIOK, & «CHIIBHI» 1 «clabKi» — TIJIbKH Yac.
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[linBoastum mincymku 3po0meHoi poOOTH, MOXKHA 3pOOMTH BHCHOBOK, LIO MPOLEC MOYATKOBOTO
HaByaHHS Oyne OuThIn epeKTHBHMM TPH KOMIUIEKCHOMY BHKOPHICTaHHI SIK HETPAIWIIAHHUX, TaK i
TpaauiHnX MeToniB. [loMideHo, 110 3aCTOCYBaHHS €NEMEHTIB MPOOJIEMHOCTI 1 B3a€MOHABYAHHS Ha
MEPIINX 3aHATTAX YCKIAJHIOIOTH OBOJIOAIHHA OCHOBaMH TEXHIKH, a TPaJWILidHA METOIMKa MOPiBHSHO
IIBAKO BHPIIIYyE MTOCTaBIeHY 3aa4y. B momanbsimoMy MeTomu, 10 aKTUBI3YIOTh Mi3HABAIBHY JisUIHHICTB,
BUSIBIUIHICS OUTBIII TiSUTBHIMU 1 JO3BOJIFIIH CIIOPTCMEHAM, III0 HAaBYAIMCS B YMOBAX iXHBOTO 3aCTOCYBaHHS,
3HaYHO BHIIEPEIANUTH CBOIX OAHOMITKIB, IO 3aiMaIHCs 32 TPaIULiHOIO METOJUKOIO.

Tabmuns 2. Iloka3HUKYM YCHIITHOCTI HABYAHHS B YMOBaX 3aCTOCYBaHHS Pi3HUX METOMIB

Iloxasnuku| YmoBu I'PYIIA
peecTpalli(penponykrusno-| IpobremHo- | PerpoiykTnBHa [TpoGnemHua
npoGieMHa perpoxyktuBHa | X ) X )
X 5| X 3 n=18 n=20
n=21 n=22
Yac Bucxigni (12,2 4.3 1148 |2,15 1168 |2,15 11,34 199 199
) Kirmmesi (9,33 |1,69 951 (153  |856 (108  [850 083

Pizanng 2,87 P<0,01 |197 |P<0,01 |312 |P<0,001|2,84 P<0,001
Ouinka Bucxigni |8,61 2,11 9,68 [1,36 8,87 152 8,74 161

(6am) Kimmesi  [1147 (2,19 11,68 |1,84 1111 [2,04 1183  [2,52
Pisuuns 2,86  |P<0,001(2,0 |P<0,001|224 |pP< 3,09 P< 0,001
0,001
K-16 Bucxigni (14,33  [1,33 19,13 |4,39 16,84 (3,89 16,67 2,34

LHMKITB Kimnesi |1463 (3,34 1528 |351 1453 (1,60 13,08 2,07

Pizannsa  |-0,3 P>0,05 (3,85 |P<0,01 |2,31 P<0,05 | 3,59 P<0,01
0,0100,0010,001
Tlommnku |Bucximai |0 0 0,13 10,26 0,57 0,74 0,51 0,69

(k-Tp) Kimmesi 026  |0,66 021 |043 011 0,30 0,38 0,57
Pisuuns  |-026 |P>0,05 [-0,08 |P>0,05 |046 |[P<0,05 [0,13  |P>0,05

B xoni mocmimkeHHs Oyio MOMi4eHO, IO YacTe YepryBaHHS METOJIB B MPOIECi HAaBYAHHS
YCKJIQJHIOBAJIO 3aCBOEHHS Matepianmy. 3’sicyBasiocss TakoXK, [IO TMeEpIie 3aHATTS MPaKTHYHO
XapaKTepu3ye CIPOMOXKHICTh TOTO, XTO BUIPOOOBYBaBCs, 10 (OpMyBaHHS MOTPiOHOTO HaBuKy. Lle
BUSBUJIOCS B TOMY, IO Ti CIIOPTCMEHH, IO HAa TEPIIOMY 3aHATTI IMOKa3aid HaWOiIbII BUCOKI
pe3yJIbTaTH, IPH BUKOHAHHI TECTOBOTO 3aBAaHHs, OYJIM KpAIlMMH 1 HA OCTAaHHBOMY 3aHATTI. J[uHamika
MIPOIIECY OBOJIOJIHHS PYXOBUMH JisIMH CBIIYUTH, 110 B CAMOMY IIOYAaTKy HaBUYaHHS BiJ0YyBa€ThCS
301IBIIIEHHS BUIKOCTI BUKOHAHHS PYXiB (4acTOTa), a TEXHIKA 3aJIMIIAE€THCSI HA HU3bKOMY PiBHI.

[Ipn mopiBHsHHI €(EeKTUBHOCTI METOAIB HAaBUYAHHS BHSBWIOCA, IO HAalMEHII MPUAATHUM IS
HAaBYaHHS € IMPOBUI METO/I, TOJIOBHA CYTTEBICTh SKOTO MOJISATAE B BIICYTHOCTI OPIEHTOBHOT OCHOBH Ji.

Byno BcTaHOBNEHO, 1O B OUIBIIOCTI BUMAJKIB CIIOPTCMEHH CHIBHOTO THITY 3 OUIBIIMM
YCIiXOM OBOJIOJIBaJIM MaTepiajioM B Mpoleci NpoOiIeMHOro HaBYaHHS, «CJabKi» - IpU 3aCTOCYBaHHI
PENPOAYKTUBHOIO METOAY, a «CepedHi» y BCIX BHIAIKax I[OKa3yBajll NPHOIM3HO OIHAKOBI
pe3yJbTaTH.

[Iponiec popmMyBaHHS TEXHIKH Y CHOPTCMEHIB 3 Pi3HOIO CHJIOIO HEPBOBOi CHCTEMH MPOTIKAE
no-pizHoMy. HesanexxHo Big MeToqy MOBiIbHILE HABYAIOTHCS XJOMUMKU CHIBHOTO THITy. JMHaMika
3MiHHU 1X TIOKa3HUKIB CBIIYHUTH MPO Te, 10 HAKOLIBII yCIiXH MPUXOAATHCS HA MEPIIi 3aHATTS, KON
BiZIOYBA€THCS OBOJIOJIIHHS YaCOBUMH XapaKTEPUCTHKaMU (i3WYHUX Brpas. [lomiueHO, 10 «CHIIBHI» B
YMOBaXx 3aCTOCYBaHHsS irpoBOIO METO/AY MOYyBalOTh ceOe OLIbII YNEBHEHMMH 1 MOKa3ylOTh OUIbII
BUCOKI Pe3yJIbTaTH, HiXK 1HIIII.

TakuM 4YMHOM, 3aCTOCYBAaHHS KOMILUIEKCY PI3HOMAHITHMX METOJIIB HABYaHHS B TOEJHAHHI 3
ypaxyBaHHSAM 1HIUBIAYyaJbHO-TUTIONOTIYHUX BIIMIHHOCTEH CIIOPTCMEHIB € THM (aKkToOpoM, MIO
JIO3BOJIAE YCIILTHO BUPILIYBAaTH BCl 3a7a4i CIOPTUBHOI MiATOTOBKU JiTEH 1 Cpusi€ OLIbLI IBUIKOMY
(OpMYyBaHHIO PYXOBHMX HABHKIB 3 OJIbIII BUCOKOIO SIKICTIO.
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