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ParronansHOE MCHONB30BaHUE MIPUPOIHBIX PECYPCOB — BaXKHBIH (DaKTOP 3KOHOMHYECKOTO
ycriexa COBPEMEHHBIX NMPEANPHUATHH. B 3HauNTENbHON Mepe 3TO OTHOCHUTCS U K JIECOIMIIb-
HBIM IIPEANPUATHAM JIECONPOMBIIUIEHHOI0 KoMIuiekca Poccuu. Llens npouecca neconumne-
HUSI COCTOHT B ITOJYYCHUH MHJIOMAaTEPUalIOB PAa3IMIHOTO Ha3HAYEHHS M TEXHOJIOTHUECKOMN
IIenbl U3 KPYIIIBIX JiecoMaTepranoB. [Ipy onTUMu3anuy paciiia ApeBeCHHbl HEOOX0ANMO
YUYHUTBIBaTh BCE MPOJIYKTHI JIECONMIICHHS, B TOM YHCIIE IIENy U ONwiIku. B padore Obutn mo-
CTaBJIEHBI 3aJ]a4ll pacueTa 0ObeMa ONWIIOK MPH paciuie OpeBHa, KOTOPOE MOJEIHPYETCS B
BU/Ie HWJIMHJIPA, YyCEUEHHOro KOHyca M mapabosonna BpameHus. [ penieHus 3TuX 3aaad
HCIIOJIB30BaHbI MCTOJAbBI MAaTCMAaTHYCCKOT'O aHAaJIM3a U aHAJIUTHYCCKOM réoMeTpun, KOTOPhIC
6I)IJ'II/I pc€ain30BaHbl B BUAC CIICIIUAJIBHOI'O MMTPOTrpaMMHOTO MOJIYJIA. B MOJECJIX YYTCHBI pa3-
BaJIBHBII ¥ OpycOBO-pa3BalbHBIA CIOCOOBI pacmiiia, KOTOpbIE BOCTPEOOBaHbI HA BCEX CO-
BPEMCHHBIX JIMHUAX JICCOTTUIICHUSA. VYuTeHa Takxke pas3janvyHas TOJIHWHA MpOoIuia npu nep-
BOM U BTOpOM IIpoxoaax. HecMoTps Ha To, 4To Mozens OpeBHa B BHIE mapabonounaa Bpa-
IIEHUS CJIO)KHEe W TOYHEe, YeM B BHJIE YCEUEHHOTO KOHYCa, Ha €€ OCHOBE ITOJIydeHBI Oolee
npocthie GOpMYIIBI JUIst pacyeTa 00beMa HPOITHiIa, YTO BaXKHO, IOCKOJIBKY pacder o0bema
OIWJIOK BBIMOJIHSIETCSI JUIsl KaXKI0T0 MOCTaBa B FeHepaTope MocTaBoB. [IpesioxeHHbIe /st
pacdera 00beMOB ONMIIOK (POPMYJIBI UCTIOJIB3YIOTCSI B CUCTEME TIIAHUPOBAHHS JECOMMIBHO-
rO IPOM3BOJICTBA, B KauecTBe 0a30BOI BhIOpaHa MOENb B BHJE Mapaboyionaa BpamieHus.
®opmybl JaroT Oosiee TOUHBIE PE3yJIbTAThI 110 CPABHEHHIO C UCIIOIb3YEMBIMH Ha IIPEIIPH-
SITUH, TIOTPEIIHOCTD BBIYHUCIIEHHSI KOTOPBIX cocTaBsieT oonee 1...2 %.

Kniouesvie cnosa: pactun OpeBeH, 00beM ONMIOK, ONTUMH3ANNA, MapaboIoua BpalleHus,
pacyeT MHTErpajoB.

Beeoenue

3amaya pacuera 00beMa OMMIIOK BO3HHUKIIA MPH pa3pabOTKE CUCTEMBbI IIaAHH-
pOBaHMA JieCOMUIBHOTO mpou3BojcTBa [1-3, 9]. XoTs onuiIKkM CUMUTAIOTCS OJHUM
U3 HAUMCHEC BOCTpe6OBaHHI)IX IMPOAYKTOB, IOJTYYECHHBIX B IMIPOLECCE JICCOIMUIICHM.
3HaTh UX 00BEM TSI PA3IMYHBIX ITOCTABOB HEOOXOAMMO MPH PaCcUETe 0KUIAEMOTO
00beMa TEXHOJIOTMYECKOM IIIETIBI.

[To >xenaHuro 3aKa3uMka, MPU PeATU3aALUU CUCTEMbl ONTHUMAIBHOIO IUIAHU-
poBaHHS TIPOU3BOJICTBA [6, 7] orpaHrueHUe HA 00BEM OIMMIOK MOXKET OBITH BKITIO-
YCHO B OIrpaHUYCHUA 3ada4d, YTO OTCYTCTBYECT B JAPYIUX CUCTEMAX OIITUMAJILHOI'O
pacKpost MIIOMAaTEPHAIIOB.
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ITockoNIBKY MOCTaB BKJIIOYAeT B ceOsl He-
CKOJIBKO MPOITHJIOB, CyMMapHbBIii 00BhEM OMHIOK
CKJIaJIpIBACTCS U3 00BEMa OMMJIOK JJIsi KaXO0TO
Hpormia. ITo UCHONB3YeTCsl B pacuerax, KOTo-
pble OyayT BapbHpOBAThCS B 3aBHCHMOCTH OT
Mozenu OpeBHa. PaccMoTpum monenu OpeBHA B
BHJC LWINHAPA, YCEYCHHOr0 KOHyca M mapabo-
JIOH/Ia BpaICHHSI.

Beenem oOue 00o03HayeHUs: I' — paguyc
BEPIIMHHOTO TOpIla OpeBHa, R — paanyc Komiie-
BOTO TOpIa OpeBHa, L — niiHa OpeBHa.

ITycTs mpommn PAcIONIOKEH Ha PACCTOS-  pyc, 1. [paduueckoe MpesiCTas-
HUU OT X1 0 X2 OT OCEBOW JIMHUU LIEHTPAJILHOU JIeHHE TIPOIIIA B LHIHHADE
cummerpun OpeBna (puc. 1). Torma, mosaras
IUTONIab CeYeHUs: OpeBHa B T. X Kak S(X),
o0BeM mpomnuia

V= T S(x)dx.

X
Mooenv obvexma PAcKpos 6 suoe L][UJZUHOP(I

B stom ciyuae r = R, Torga cedenue OyneT mpeAcTaBiATh coOOM HpsMoO-

yrombHHK co cropoHamu 2+ R? — x* u L. Takum o6pasom, 06beM npormuia

V :ZLJZa\/R2 —x%dx.

Haitnem
x = Rsint, . 2
j«/Rz —x?dx = :.[«/R2 —R?sin’t Rcostdt = R—(t+5|ntcost).
dx = Rcost 2

. X .
Iloacrasimss t = aI’CSInE U YYHUTBIBASI, YTO cos(arcsmt) = \ll—tz, IIOJIy-

qacM

2( 2)
J\/Rz - xzdx=R—Larcsin%+% 1—X—J :%(Rzarcsin%Jr xy/R? — xzj. (1)

2 R?

Takum o6pazom,

. X X
V= L(Rz(arcsmﬁz—arcsmﬁj +X,3[R? = X2 = x,\[R? —xfj.
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Mooenb obvexma packpos 6 ude yceuenHo2o KOHyca

Hns pacyera oObeMa ONMJIOK, ITONyYEHHOTO TPHU MCIOJIB30BAaHUN TEXHOJO-
THH pacmiiia OpyCOBKOH, pPacCMOTPUM JIOTIOJHHUTEIHHOE YCIOBHE: HEOOXOIUMO
HalTH 00BeM (QUTYpPBI, OTPAHHUEHHON YCEUYEHHBIM KOHYCOM, IIOCKOCTSIMH IIPOITH-
Jia, a TaK)Ke TUIOCKOCTSIMHU TIPOITHJIA IByXKaHTHOTo Opyca mmpuHoit 2W (puc. 2).

2W

Puc. 2. I'padmueckoe npencrasieHue mpo-
IUJIa B YCEYEHHOM KOHYyCe (CepbIM LIBETOM
BBIICJICHO HAYaJo IPOIHIIA)

r

X

Ceuenue npeacrasisieT co00i Gurypy, Kotopas CBEpXy U CHHU3Y OIpaHHue-
Ha OTpe3KaMHu, 1Mo OokaM — runepooamu, a B ciiydae, KOr/ia MPOIH IByXKaHTHOT'O
Opyca mepecekaeTcsi C HICKOMBIM IPOIMJIOM, — €IIe M OTPe3KaMH 1o OOKaM.

Jnist pacueTa ruomanu cedeHus BOCIoIb3yeMcs clleayromei GpopMyoi:

8281—32,

rjae Sy — IIOIIA/Ih CEUSHUS /10 BEPXHEr0 OCHOBAHUS KOHYCA;
S, — TuIoImAaaE ceueHus OT HMKHETO OCHOBaHUs KOoHyca (puc. 3).

Puc. 3. Ilnomaas ce4eHUs] YCEYEHHOTO
KOHyca (ABYXKaHTHBIH Opyc s mpo- -
CTOTHI HE N300paXKEH)

Sz
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Bocmonbe3yemcst ciemyromieit hopMyJIoii is pacdera MoOBEpXHOCTH KoHyca [5]:
X+ Y2 = a2,
Haiinem nmapamerp a — yroii HakJIoHa 00pa3yrolnei KOHyca K ero OCH.
O003HaUUM Z; — amNIUIMKaTa TOYKU MepecedeHus] HIDKHET0 OCHOBaHUs yce-
4YeHHOTro KoHyca ¢ ocbto 0z. [TofcTaBuM B ypaBHEHUE OBEPXHOCTH KOHYCa TOYKH
(r,0,z)u (R, 0,2z, +L): P ,
rr=az Ri=a(z, + L)~

r
W13 nepsoro ypaBHeHus cieayer, uyto z, = —. IlogcTaBuM maHHOE BhIpae-
a

HHE BO BTOPOE YpaBHCHUE!

R-r
a=
L

OTcrofa BbICOTa IONHOTO KOHYca H, sxBuBaneHTHas z; + L.

r rL RL

H=z+L=—+L= +L= .

a R-r R-r

3adukcupyeM X = b u Haiinem ruromaap ceueHus B JAHHOH TOYKe. 3aMETUM,
yro mpu X = D 3HaueHus Y OyAyT MEHSTbCS B nauamaszone [y, Yi], rae

y, = max | VR =67, W |.

W3 ¢opmyIisl I0Iaau TOBEPXHOCTHU CIEIYET, YTO

7=Y"——

a

Torma nckomas miomane (puc. 4)
Y1
S = 2Hy, —gjwly2 +bdy,
ay

NOCKOJIbKY 2HY; — TIomiaap npsMOyroibHUKA, a HHTETPaJl — 3TO IUIOMIAb MO JIU-
HHEH, SBISIONICHCS epeceYeHreM KOHyca U IUIOCKOCTH X = Db. B cBsi3u ¢ Tem, uro
KOHYC SIBIISIETCSI CHMMETPHUYHOI (DUIYpOM, HHTErpal MOXKHO pacCMaTpHBaTh HE HA
BCEM MPOMEKYTKe [V, V1], @ Ha ero nmonoxutenproi yactu [0, yi].

z |

Puc. 4. TInomans ceueHus kKoHyca (1300-
pa)xeHo C yU4eTOM JBYXKaHTHOTO Opyca)

A4

Y W Q W b
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BbInonHUB OACTAaHOBKY U BOCIIONB30BABIINCH (DOPMYIION MHTETPUPOBAHUS
0 YacTsM, TIOCJIe HEKOTOPBIX Mpeodpa3oBaHuii moiayunm [4, 8]:

_Myz +b2dy:%(y y? +b® +Db? Iog(yh/y2 +b? ))

Takum 006pazom, II0MAas CCUCHUS

S =2Hy, —ﬁ(ymjyf +b? +b? Iog(yl N +b2)—b2 Iogb).

Haiiem 00beM HCKOMOTO MpOIHIA, KOT/Ia U3BECTHA (DYHKIIMS TUIOMIAAN Ce-
gyenus S(X) (BepHemcs Kk b = X).

Paccmotpum 1Ba ciydas, korma VR —x® >W :mpu X<+VR?*-W? u
npu X >+R? -W?. B mepBom ciyuae y, =W, Bo BTOpPOM Y, = R? —x? . Eciu

TIPOMIUT TIOTaZiaeT B 00a cilydas, T. e. koraa v R —W? momanaer B uHTepBan [Xi,
X2], pa3OuBaeM MPOITKJI HA IBE YaCTH U CUATAEM KaXKIYIO OTACIBHO.

1. TepBbiii cayuaii (X <R* —W?2):

S=2HW—%(W 2+x2+x2Iog(W+ 2erz)—leogx);

v :TS(x)dx= 2HW (x, =%, ) -

_%(WTWdXJr T X2 Iog(W +1sz +x? )dX—]ZX2 log dej-

He Oynem nmpuBOIuTE pacyeT JaHHBIX HHTEIPATIOB B CBSI3M C TPOMO3AKOCTHIO
BBIYMCIIEHUM U pe3yJibTaTa.

2. Bropoit ciyuait (X >+/R* —W?):

(X2 |09(R+\/ﬂ)—x2 log x);
(x2 Iog(R+\/ﬂ)—x2 log x)j dx.

Kak u B IIEPpBOM Cliy4dac, HE 6y,Z[CM MNPUBOAUTL pAaCUYCT AAHHBIX MHTCIPAJIOB B
CBA3U C TPOMO3AKOCTBIO BBIUKCIICHUH 1 pe3yibTara.

S=2HR?*-x? - L
R-r

V=IS(X)dX=I(H R* —x* _RI:r

Mooenv obvekma packpos
8 BU0e YCeUeHHO20 INIUNMULECKO20 NApaboIoudd 8paujeHus

I'paduueckrie cxemMbl B TaHHOM citydae OyIyT MIOXOKH Ha CXEMbI YCEUESHHOTO

KOHYycCa, 0JJTHaKO (OpPMYJIbl OYAYT OTIMYATHCS.
3anmmeM GpopMyity MOBEpXHOCTH napabosonaa BpamieHus [5]:
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X2 + VYo = ayz.
Haiinem napamerp a.
O003HauUM Z; — anmjikKaTa TOYKM MepecedeHus] HIDKHETO OCHOBaHHsS yce-
geHHoro napabononza ¢ oceio 0z. [ToncraBuM B ypaBHEHHE MOBEPXHOCTH Tapado-
nouma touku (r, 0, ;) u (R, 0, z; + L):

r’ = a’z;, R? = a%(z, + L).
r 2
U3 nepBoOro ypaBHEHHs CIEAYyeT, 4TO Z; = (—) . [logcTaBuM aHHOE BBI-
a
paskeHHe BO BTOPOE YPaBHEHHE:

R? =a{(32+LJ =r*+a’L.

[omyuum

Orcroma ciefyeT, 4TO BBICOTA IOJHOrO Mapabosionaa, HSKBHBAJEHTHAS
1+ L,

2 2 2
r r-L R°L
H221+L: — +L:ﬁ+L:ﬁ.
a R —r Re—r
BapukcupyeM X = b u Haiizem mIOIIaab CCUYCHUS B TAHHOW TOYKE. 3aMETHM,
gyro npu X = b 3HaueHus y OyayT MeHATbCS B auamnasone [-Yi, Yi], rae

y, = max{ R? —bz,W}.
W3 hopmyiibl mionaan MOBEPXHOCTH CIEIYET, YTO
y2 + bZ
= —2
a

Tor/:[a HUCKOMad I10aab
Y1

S =2Hyl—§f(y2 +b2)dy.
0

OGocHOBaHKE ITOH IUIONIAAN AaHAJIOTHYHO OOOCHOBAHHIO (DOPMYJIBI yCeUeH-
HOT'0 KOHYCa, KOTOpPOe OBLIO IIPHBE/ICHO paHee:
Y1 3 3
f(yz +b2)dy=y—+b2y ° =4 by,
5 3 y, 3
Haiinem 00beM HCKOMOTrO MpOIMIIA, KOT/Ia M3BECTHA (QYHKIMS IUIONMIAIN Ce-
yenust S(X) (BepHemces k b = X).

[1o aHAJIOTHH ¢ KOHYCOM PAacCMOTPHUM jBa ciydasi, korma v R —x? =W .
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B nepBoM ciydae, korga X <+R?> —W?, umeem y; = W, Bo BTOpOM, KoT/a
x>yR* —~W? umeem Y, =+ R*—x* . Ecm mpomwt nonasiaet B 06a cirydas, T. e.

xorma +R? —W? monanaer B uHTEpBal [X1, X,], pa3buBaeM MpoONMI Ha 2 YACTH K
CUUTAEM KXKIYIO OTJCIBHO.

1. epasiit cyuait (X <R —W?):

V=T(2HW——L—+WXde_2W(3R2x W2x — x)x2

.
2. Bropoii ciyuaii (x> yR? —W?):
V= ;“IZHJRZ X2 —é{%(RZ - x2)g +x2R? —XZD dx.

[lepBoe cnaraemoe paccuuThiBaeM 1o dopmyie (1), 1 ocTaibHBIX HE Oy-
JIeM TPUBOJUTH MPOMEKYTOUHBIC PACUEThl BBHIY T'POMO3IKOCTH BBIUYUCICHHM, a
3alMIIeM JIKIb KOHEYHbIH pe3yabraT [10]:

%I(Rz - Xz)ngZZ—i[X@RZ —2X2)\/W+3R4arcsin%];
S "RZ_XdX—‘( X(~R?+2x° )\/ﬁ+R4arcsin%].

I'pynnpys crnaraemsle, oay4aeMm

4
R—arcsm—+— R? — (SR2 —2x* —3R*+ 6x2) =
4 R 24
4

=R—arcsm—+— R? — x? (R2+2x2).
4 R 12

[loacraBuM mosydyeHHOE BhIpaK€HHE B HCXOAHYIO (Qopmyny aiasi oObema

MpoTnHa:
V =2H %[Rz arcsin%+ xR —xzj -
2

2[R esin® 4 X R (Re 4 20|
arcst T R x(R +2X)Jx1

a’\ 4
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['pynmupys craraeMble OTHOCHTENBHO arcsin u Xy R? — X* u yunThIBas, 910

RZ 2
2 i
d” = —— , UMEEM CIIEIYIOLIIEE!

X[ e RY) z_z( R zj_

arcstLHR 2a2J+X\/R x*| H 6a2(R +2x) -
2 2

:arcsin%(HRz— H; }+xx/R2—x2[H _ﬂ_x_\ _

6 3a°)
HR> . X (5H  x%)
= arcsin— + xJJR? = x? | — - = |.
2 R 6 3a2J

st monyvenust GopMyIibl TUIOINATN CEUSHHS Il YCEYSHHOTO Tlapabosiounsa,
HEOOXOMMO BBIYECTh M3 IUIONIAIU MOHOTO TapaboIonaa IIomaap mapadoaona,
OTPaHUYCHHOTO MIIOCKOCTHIO Z = I

Buisoowi

1. B pabote npezcrasiaeHsl GpopMyInsl [l pacdeTa 00beMa ONWIOK s pas-
HBIX MOJIeNiel OpeBHA. X0Ts MO/IeNh OpeBHA B BHJE MTapaboIouIa BpaIleHUs CI0XK-
Hee U TOYHee, YeM B BHUJIE YCEUCHHOT'0 KOHYca, MOJTydeHbl Oojee mpocTsie hopMy-
JbI Ui pacdera o0beMa MPOIHiIa, YTO BaXKHO, IOCKOJIBKY pacdyeT o0bemMa ONUIIOK
BBITIOJTHACTCS JUISl KaXK/I0T0 IT0CTaBa B TeHEPATOPE MOCTABOB.

2. PacueTsl UCTIONB3YIOTCS B CUCTEME IUIAHWPOBAHUS JIECOMIBHOTO TPOU3-
BOJICTBA, B KauecTBe Mojenu Obl1a BbIOpaHa MOAENb B BUJE napabosonsa Bpalie-
HHA.

3. ®opmyitsl garoT Oostee TOYHBIH pe3yabTaT Ul pacyera 00beMa OIHIIOK 110
CpaBHCHUIO C HMCIIOJIL3YEMBIMH Ha NPCANPUATHN, TOTPEINHOCTE BBIYMCIICHUSA KOTO-
pbIX coctaisieT 6oee 1...2 %.
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Calculation of Total Sawdust Volume After a Log Sawing

1. V. Arhipov, Master

V.A. Kuznetsov, Doctor of Engineering, Professor

Petrozavodsk State University, Lenina, 33, Petrozavodsk, Republic of Karelia, , 185910,
Russia; e-mail: alien_aria@mail.ru; e-mail: kuznetcv@mail.ru

Rational use of nature resources is important factor of economic success of modern enter-
prises. Substantially it belongs to the sawing enterprises, the most characteristic for timber
industry complex of Russia. The aim of the sawing process consists in processing round
wood into sawn lumber, as well as technological wood chips. By optimization of wood saw-
ing it is necessary to consider all products of sawmilling, including technological chip and
sawdust. In work problems of calculation of sawdust volume during the log sawing were
defined, in a case when the log is modeled in the form of the cylinder, the truncated cone
and a rotation paraboloid. For their solution it was used methods of the mathematical analy-
sis and analytical geometry which were implemented in the form of the special program
module. As a way of a log sawing in models were considered split-method, and also brick
and split-method, that meets requirements of all modern lines of sawmilling. Also various
thickness is considered during sawing at the first and at the second pass at log sawing. It
should be noted that in spite of the fact that the log model in the form of a rotation parabo-
loid is more difficult and more exact, than in the form of the truncated cone, a formula for
calculation of volume of saw dust turned out simpler that is important as calculation of saw-
dust volume is carried out for everyone a sawing schedule in the sawing schedule generator.
The received calculations are used in system of planning of sawing production, as model the
model in the form of a rotation paraboloid was chosen. Formulas yield more exact result for
calculation of sawdust volume in comparison with used at the enterprise which error of cal-
culation makes more 1-2%.

Keywords: log sawing, amount of dust, optimization, paraboloid of revolution, calculations
of integrals.
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