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Ipoussooumenu MOMOPHO2O UHCMPYMEHMA NOOPAZOENSION CE010 NPOOYKYUIO HA KAACCHL 8 3A6UCUMOCIU OM HA3HAYEHUS, HANpU-
Mep, nubl 075t ObIMOBO20 UCHONL308AHUSL, NPOeccuoHabHble nuabl. [Ipu smom Kiaccugpukayus nui no macce u MOWHOCMU NULbHO20
azpezama npopabomana He 6 noiHol mepe. Llenv nHawe2o ucciedoganus — NPoaHAIUIUPOBAMb XAPAKMEPUCTIUKU COBPEMEHHbIX GeH-
30MOMOPHBIX NUL U NPEONOACUMb BAPUAHM UX KIACCUDUKAYUU RO MACCe U MOWHOCU, ONUCBIBAIOWUT pacnpedeieHue UHCMPYMeHma
no knacmepam. Ceedenusi 0 macce u MOWHOCHU NUIbHBIX A2Pe2amos NOYYEHbl HA OQUYUATbHBIX CAlmax e0yuux npou3eooumenetl —
Husqvarna, Jonsered, Makita, Stihl. B nepsyio ouepedv Hac unmepecosanu onvim u NPAKMUKa NPOEKMupoSanus UHCMpPYMenmad, cio-
JlcUBUECs: K HACMOAUeMY 8DEMEHU U OMPAXCAOWUECS, 8 CEA3AX IKCNILYaAmayUuoHHbLx xapakmepucmuk. [1o smou npuuune pasepanuue-
HUsl MOOeJlell N0 PbIHKAM, HA KOMOPLIX OHU NPeoCcmasiienvl, e 0enanocs. Kpumepuem ombopa a61s110ct npednoiceHue Mooeu npous-
sooumenem 6 npunyune. B cymme ona anaruza ucnonvsosanvl xapakmepucmuu 88 modeneil, 3mu cgedeHus AGIAOMCA 00uedoCmyn-
HolMU Ha Oekabpy 2021 2. B3aumocesass maccel 4 MOWHOCHU ONUCAHA C UCNOAb30BAHUEM ANNPOKCUMAYUU OAHHBIX (Memoo0 HaAUMeHb-
wux Keaopamos); 0isl 8blAGNEeHUs. KIACMEPO8 NUL N0 MACCe U MOWHOCIU UCHOIb308AH Memoo k-cpeonux. B pezynvmame npednosicen
CeOyIouuULl 8APUAHM YCIOBHOU KIACCUDUKAYUL COBPEMENHbIX OeH30MomopHbix nun: 1. Jleekue GeH30MOMOpPHbIE NULbL, MOUWHOCHIb
1,3-2,3 kBm, macca nunvrHo2o azpecama, opuenmuposouno, 3,0-5,0 ke; 2. Cpednue nuavi «A»; mowHocms 2,4-3,5 kBm, macca nunvho-
20 azpecama, opueHmupogouro, 5,0 — 6,0 ke; 3. Cpeonue nunvt «By; mownocmo 3,5-5,0 kBm, macca nunvHo2o azpeeama, opueHmupo-
6ouno, 6,0-7,0 xe. 4. Taxcenvie nunvl, mownocmo 4,8—5,7 kBm, macca nunvnoco acpecama, opuenmuposoyno, 7,0-8,0 ke. 5. Ocobo
msdicenvle nuvl, MowHocmsv 4,8—5,7 kBm, macca nuavrHozo azpecama 6onee 8,0 ke.

Ki1ioueBble ¢j10Ba: MOITHOCTD IMIJIBHOTO arperara; Macca NuJIbHOTO arperara, alnnpoKCUMalusa JaHHBIX; KJIACTCpU3alusa JaHHBIX.
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Manufacturers of power tools divide their products into classes depending on the purpose (for example, chainsaws for household
use, professional chainsaws etc.), while the classification of saws by their weight and power of the saw unit is not still completed. The
purpose of the study is to analyze the characteristics of modern gasoline-powered chainsaws and to propose a variant of their classifi-
cation by the weight and power, describing the distribution of the models by clusters. Information about the weight and power of the
saw units is obtained from the official websites of the leading manufacturers such as Husqvarna, Jonsered, Makita, Stihl. The experi-
ence and practice of the chainsaws design are of great interest, due to the fact that they have been developed to date and used in the
relationships of the saws’ characteristics. For this reason, no distinction is made between the models according to the markets in which
they are presented. The selection criterion is the proposal of the model by the manufacturer in principle. In total, the characteristics of
88 models aree used for the analysis, this information is publicly available as of December 2021. The relationship between the weight
and the power is described using data approximation (least squares method),; the k-means method was used to identify the chainsaw
clusters by the mass and the power. As a result, the following version of classification of modern gasoline-powered saws has been pro-
posed: 1. Light gasoline-powered saws; the power ranges between 1.3 - 2.3 kW, weight of the saw unit is approximately 3.0 - 5.0 kg; 2.
Medium chainsaws "A"; the power ranges between 2.4 - 3.5 kW, weight of the saw unit is approximately 5.0 - 6.0 kg; 3. Medium chain-
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saws "B"; the power ranges between 3.5 - 5.0 kW, weight of the saw unit is approximately 6.0 - 7.0 kg. 4. Heavy chainsaws, the power
ranges between 4.8 - 5.7 kW, weight of the saw unit is approximately 7.0 - 8.0 kg. 5. Extra heavy chainsaws, the power ranges between

4.8 - 5.7 kW, the weight of the saw unit is more than 8.0 kg.

Keywords: saw unit power; saw unit weight; data approximation; data clustering.

Beegenne. HecMoTpss Ha pa3BUTHE MallMHU3UPOBAH-
HBIX TEXHOJIOTHH, OEH30MOTOPHBIE MBI IIUPOKO HCIIOJNb-
3YIOTCS TIpH 3aroToBKe apeBecussl [1; 2]. Ilogbop mmmsl,
XapaKTepUCTUKH  KOTOPOM  aJeKBaTHBl  NPHUPOJTHO-
MPOU3BOJCTBEHHBIM YCIOBUSAM, BaXKEH KaK C TOUKHU 3PEHUS
MPOU3BOIUTENLHOCTH [1—4], Tak ¥ 3proHOMMKH TpyAa [5—
7]. IlpousBoaureny MOTOPHOI'O HHCTPYMEHTa HOJIpasfe-
JSIIOT CBOIO MPOJYKIMIO Ha KJIACCHI B 3aBUCHUMOCTU OT
Ha3Ha4YeHUs (HalpuMep, MBI Ul OBITOBOTO HCIIONIB30Ba-
HUS, MPO(EeCCHOHANBHBIE MIIIBI), TIPH 3TOM Kiaccupuka-
IS ITIJT TI0 Macce W MOIIHOCTH IMHMJIBHOTO arperara rnpopa-
Ootana He B monHOW Mepe [8—10]. [erv nHawiezo uccredo-
6aHUsi — TIPOAHATM3NPOBATh XapaKTEPUCTHKH COBPEMEH-
HBIX OCH30MOTOPHBIX NHHJ M TPEJIOKHTh BapHaHT HX
KIaccu(UKAlMU 10 Macce W MOIHOCTH, OIKMCHIBAIOIINIA
pacripe/ie/ieHie HHCTPYMEHTA 0 KiacTepam.

Matepuansl n MeToabl. CBeleHHs O Macce U MOIIIHO-
CTH NMWJIBHBIX arperaToB MOJy4eHb! Ha O(UIMATbHBIX Caii-
Tax BemylmuX mnpousBoauteneii — Husqvarna, Jonsered,
Makita, Stihl [11-14]. B nepByro ouepeb HAC UHTEPECO-
BIM OMBIT M TNPAKTHKA IPOEKTHPOBAHMSI HHCTPYMEHTA,
CJIOKHMBIIHMECS K HACTOAIIEMY BPEMEHH U OTPasKarOIIHECs B
CBSI35IX 3KCIUTyaTallMOHHBIX XapakTepucTHk. 1o 3ol mpu-
YMHE pasrpaHWYEHHUs MOJENel MO PBIHKAaM, Ha KOTOPBIX
OHH TIPEJIICTABIICHBI, HE Jenanock. Kpurepuem otbopa sB-
JSUIOCH TPEUIOKEHUE MOJETH TPOU3BOAMTENEM B IPHH-
mune. B cymme s aHanM3a HCHOJIB30BaHBI XapaKTepH-
cTUKH 88-MM Mojesel, 3TH CBEAEHHs SBISIOTCSA OOIIEI0-
CTYIHBIMH Ha Jiekabps 2021 1. (B KOHIIE CTaThU IPUBOIUT-
Csl CIIUCOK MoJienel mui). B3anMocBs3b MacChl M MOIITHO-
CTH ONHCaHa C HCIIOJb30BAaHUEM ANIPOKCHUMAIH JTAaHHBIX
(MeTon HaMMEHBITUX KBaApaToB) [15—17]; mis BeIBICHHS
KJIaCTEpOB IHJI 110 MAacCE W MOIIHOCTH HCIIOJIb30BaH METOJ
k-cpemrux [17; 18].

AnropuT™M MeTONa k-CpeIHUX pearn3oBaH B cpene MS-
Excel. Pemanack 3ama4a onTUMaIbHOTO pa3OHEHUs] Mojie-
Jel MalllMH Ha KJIACTEPHI MO YCIOBUIO MUHUMYMa OIIHOKH
pazouenwus [18]:

£ a Wil —cg|
&= -t 7
2EAH T 8

— min , (1)

r/ie ¢ — KOOpJMHATA IIEHTPa THKECTH KiacTepa; R — pasz-
MaX BBIOOPKH;, W — BeC MpPHU3HAKa; k — YHCIIO KJIaCcTepOB,
M — YHUCIIO TMPU3HAKOB, MO0 KOTOPHIM IIPOBOIUTCS KJIacTe-
pusanusi; n — pasMep BBIOOPKH (MHAEKC i COOTBETCTBYET
HOMEpY MOJEJIN MalllHbI); j — HOMEp NpPU3HAKa, 110 KOTO-
pOMY IPOBOJIUTCS TPYNITUPOBKA; ¢ — HOMEP KJlacTepa.

Iopsinok peannu3anny aaropuTMa XOpOIIo H3BECTEH:

1. ITpuHUMAETCS YUCIIO KJIACTEPOB JAAHHBIX k, U MPOU3-
BOJIBHO 33aI0TCS MIX IIEHTPHI TSKECTH.

2. Kaxyro Mozienb CleayeT OTHECTH K OIPEACTICHHOMY
KJIacTepy ¢ OJMDKAMIIMM LEHTPOM, T. €. C MUHHMAIIbHBIM
paccrostaueM 1o popmyie (1).
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3. B pesymerate pasmencHHs MOJENeH MO KiacTepam
BBIUHCIIAIOTCSI MX HOBBIE HEHTPHI (KOOPOMHATHI COOTBET-
CTBYIOT CPEIHNM apU(PMETHICCKUM 3HAUCHUSIM NIPU3HAKOB
B ¢-M KJIacTepe).

4. Illaru 2, 3 MOBTOPAIOTCS A0 TeX MOP, MOKAa IIEHTPHI
KJIaCTEPOB HE CTAOMIN3UPYIOTCS.

PesyabTarsl HccienoBaHus U UX o0cy:xiaeHue. Cae-
JeHusa o Macce M u MomHocTy N MUIBHBIX arperaroB co-
MIOCTABJIEHBI HA puC. 1.

M, kr
y=0,1098x2+0,1621x + 3,9399 o
1017 R? = 0,8689 o ©
8 O
A0
2
QEA
OO0
8)) O O
@)
4 . ° ‘:) 1 1 1 1
1 2 3 4 5 6 N, kBt

Puc. 1. ComocTaBnenne MacChl ¥ MOITHOCTH MHJIBHBIX
arperaToB COBPEMEHHBIX OEH30MOTOPHBIX I

B pe3yiibTaTe AlMPOKCUMAIINU JAHHBIX MOJYUCHa IpH-
OIM KEHHAs 3aBUCUMOCTh MAacChl OT MOIITHOCTH:

M =0,1098 N> +0,1621 N +3,9399 2)

C BBICOKHM K03 durmentom aerepmunanuu R = 0,8689.
®opmyia (2) MOXET UCIOIB30BATHCS IPH OLIEHKE -
TOHOMHKH YCJIOBUIl TPyZa, MOCKOJBKY MOAOOp MHIBI OCY-
LICCTBISIETCS C YYETOM TpeOyeMOoil MOITHOCTH, C KOTOPOH,
Kak MMOKa3bIBaeT (2), TECHO CBsI3aHa Macca HHCTPYMEHTA.
OG6paboTaB Te e caMble JaHHBIC, MOXXEM MOJYYHTb
npuOIIDKeHHYO hopMyity mist ouenke N no M:

N =—0,0758 M ? +1,9041 N —5,1393 , 3)

R?>=10,8736.

B Tabnume npuBeneHbl CBENEHUS O BApUATUBHOCTH
TPU3HAKOB Macchl M 1 MoUTHOCTH N MWIBHOIO arperara B
ITH KJacTepax OOBEKTOB, BBISBICHHBIX IO METOAY k-
CpEHUX.

Yucno KIacTepoB ONPENESICHO 3BPUCTHYECKH, C YUETOM
BHU3YaJIbHOTO XapakTepa pacrpeaeneHust JanHbixX. [Ipu peanu-
3al1M AJITOPUTMA Beca MPU3HAKOB W OJIMHAKOBBL, W = 1.
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Taﬁnnua. OCHOBHEIE CBCCHUS O BApUATUBHOCTHU XapPAaKTCPUCTUK 6€H30MOT0prIX W1 B KJIacTepax

N, kBm M, ke
Knacrep n - -

AV min max AV min max
1 29 1,76 1,3 2,3 4.5 3,4 5,1
2 29 2,94 2.4 3,5 5,49 4.8 6
3 19 4,04 3,5 5 6,59 5,8 6,8
4 5,13 4.8 5,7 7,53 7,3 7,9
5 3 6,2 5,6 6,4 10,4 9,8 10,4

B tabanue o0o3HaueHO: n — YHCIO OOBEKTOB B Kila-
crepe, AV — cpenHee apuMeTHdeckoe, min — MHHH-
MaJIbHOE 3HAUYCHHE, MaX — MaKCHMaJIbHOE 3HAUCHHE.

3nadyeHus N, M B IIEHTPax TSHKECTH KIACTEPOB CBSI3aHBI
MPaKTHIeCKH (PYHKIMOHAIBHO TOYHO (pHC. 2):

M =0,2209 N?> —0,5121 N + 4,8574 , 4
R*=10,9792,
N =-0,1095M 2 +2,3974 N —6,8682 , (5)

R?=0,9960.

WuTepBanbl BapbUPOBAaHUS MPH3HAKOB B KiacTepax,
XOTSI M YaCTHYHO MEePECEKAIOTCs, HO BCE JKe, TPaHMIbI Kila-
CTCPOB BBIPAXKCHBI. OTMC‘-ICHHOG CBUACTCIILCTBYCT B IOJIb-
3y BbIOOpa k= 5.

M, kr
y=0,2209x%-0,5121x +4,8574
10 4 R2=0,9792
8
6
4 } } } } }
1 2 3 4 5 6 N, xBr

Puc. 2. ConocraBiieHHe MacChl M MOIIHOCTH ITHJIBHOTO
arperara B IICHTPax TAKECTH KIACTCPOB

OCHOBBIBasICh Ha pe3yJibTaTaxX KIacTepU3aIluH JaHHbBIX,
MOJKEM TIPEJIOKHUTE CICAYIONINIA BapHaHT YCIOBHOU Kilac-
CU(HKAIINN COBPEMEHHBIX OCH30MOTOPHBIX ITHIL:

1. Jlerkue OEH30MOTOpHBIC HHIIBL, MOIIHOCTH 1,3-2.3
kBT, Macca nuibHOrO arperarta, OpUeHTUPOBOYHO, 3,0—5,0
kr. IIpencrasurenu: Husqvarna 120, 130, 135, 240, T435,
439, 135 Mark II, 435, T540 XP® II, 440, 445, 543 XP®,
Jonsered CS 2234, CS 2238 S, CS 2240, CS 2240, CS
2240 S, CS 2250, CS 2250 S 1II, CS 2245, CS 2245 S,
Makita EA3200SRBB, EA3201SRBB, EA3601FRDB,
EA3500SRDB, EA4300FRDB, Stihl MS 201 C-M, MS
241 C-M, MS 241 C-M VW.

2. Cpennue nuiel «Ay; MOmHOCTH 2,4-3,5 kBT1, Macca
MMAIBHOTO arperarta, opueHTHpoBodHo, 5,0-6,0 kr. IIpen-
crapuren: Husqvarna 450 Rancher, 455 Rancher, 460
Rancher, 545 Mark II, 550 XP® Mark II, 550 XP® G
Mark II, 555, Jonsered CS 2255, CS 2253 WH, CS 2258,
DCS5121REG, Makita EAS000PRFL, EAS001PREG,
EAS001PREL, EAS000PREG, EAS000PREL,
EAS5000PRGG, EAS5600FREG, EA6100PREG,
EA6100PREL, EA6100PRGG, Stihl MS 260, MS 261, MS
261 C-M, MS 261 C-BM, MS 261 C-M VW, MS 361, MS
362 C-M, MS 362 C-M VW.

3. Cpemnue bl «By; momHocTs 3,5-5,0 kBT, macca
NWIBHOTO arperara, OpueHTUpoBouHo, 6,0-7,0 kr. IIpencra-
Butemn: Husqvarna 562 XP® (2020), 562 XP® G, 365, 565,
372 XP® X-TORQ, 572 XP®, 572 XP® G, Makita
EA5600FRGG, EA7301PRZ, EA7300PRZ, EA7900PRZ2,
EA7900PRZ1, EA7901PRZ1, EA7900PRZ, Stihl MS 400 C-
M, MS 462 C-M, MS 462 C-M VW, MS 5001 W, MS 500i.

4. Tspxenble THIIbI; MOIIHOCTH 4,8—5,7 kBT, Macca nuib-
HOTO arperara, opueHTHpoBo4HO, 7,0—8,0 kr. IIpencraBute-
mu: Husqvarna 390 XP®, 395 XP®, 585, 592 XP®, Stihl
MS 651, MS 660, MS 661 C-M, MS 661 C-M W.

5. Oco00 TspKenble TUibl, MOIMHOCTE 4,8—5,7 kBT, Mac-
ca mmmpHOrO arperara Oonee 8,0 xr. IlpencraBurenn:
Husqvarna 3120 XP®, Stihl MS 780, MS 880.

OTMeTHM TIepCIICKTHBHBIE, HA HAII B3TJIAI, HATIPABICHIUS
JTATHHEHINETO UCTIONH30BAHMS ITOJTyYCHHBIX Pe3yIbTaTOB:

1. IToryyeHHBIE CTATUCTUYECKHE NaHHEIC, aKTyaJbHBIE
Ha koHen 2021 r., mpy CONOCTaBICHUM CO CBEACHUSIMH,
COOpaHHBIMH paHee, MO3BOJAT Ooyiee MOJHO PacKpHITh
TEHICHIMM H3MCHEHUS XapaKTEePUCTHK OCH30MOTOPHBIX
AT, CBSI3aHHBIC C PA3BUTHEM MPAKTUKU MPOCKTUPOBAHUS U
MPOU3BOJICTBA MOTOPHOTO HMHCTPYMEHTa (Hampumep, Hu3-
MeHeHHue dHeproHaceieHHocty [8; 10; 19; 20] u meTamio-
€MKOCTH).

2. BbIBIIEHHBIE CBS3M MOIIHOCTH M MAacCChl MUJIBHOTO
arperaTa MOTYT HCIIOJIb30BAaThCS MPH OIEHKE 3PTOHOMHUY-
HOCTH  YCIOBHA  TpyAa ¢  Y4eTOM  IPHPOIHO-
MIPOU3BOJICTBEHHBIX (PAKTOPOB.

3. Pa3nmumst Maccel M MOIIHOCTH, XapaKTepHBIC I
MpeJUIaraéMbIX KIACCOB, CBUACTEIHCTBYIOT O IIEIECO00-
Pa3HOCTH JATBHEWUINETO YTOYHEHUSI METOIUK OIICHKH TPO-
M3BOJIUTEILHOCTH OTIEpalliid, CBSI3aHHBIX C MCIIOJIb30BAHHM-
€M PYYHOTO MOTOPHOTO MHCTPYMEHTA.

Asmopckuti eéxnao. JI.B. OtmaxoB — cbop U aHamm3
narsbix (20 %), B.I'. AnexceeHko — cOOp 1 aHaTU3 TaHHBIX
(20 %), C.H. PeBsiko — c6op u aHanu3 gaHHbIX (20 %), A.JL
I'pebenrok — cbop u ananu3 gaHubx (20 %), E.I'. Xutpos
— uJes uccuenoBanus u obiee pykoBoacTso (20 %).
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