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B pe3ynbraTte npoBeIeHHBIX HCCIIETOBAHU MO MOBBIIICHHIO O0€30MaCHOCTH TPY/Aa B YCIOBHIX U3MEHSIOMINXCS TTapamMe-
TPOB MPOHM3BOJCTBEHHON Cpe/ibl MPOMBIIIICHHOTO BBIPANMBAHUS KIIFOKBBI KPYTHOIUIOAHOM pa3paboTaHa MaTeMaTHuecKast
MOJI€JTb, KOTOPAsI TO3BOJISIET OMPEACIUTD ONITUMAIbHBIE 3HAUYCHUSI (PAKTOPOB, MPU KOTOPBIX JTOCTUTAETCS MAKCHMAIBHOE 3HA-
YEHUE ITOJTHOTHI Oe30acHON 00PE3KH CTETIONUXCS TOOETrOB KJIIOKBEL. YCTaHOBICHO, YTO HAMOOIBIIYIO OIACHOCTH AJIsl TPaB-
MHUPOBaHHS MEXaHU3aTOpa Ha KIFOKBEHHOM Y€K MPEJICTABISCT BHITIOJTHEHUE TEXHOJIOTHYECKOTO Mpolecca Mo MOJHATHIO,
pacuechIBaHHIO U 00PE3Ke CTENIONUXCS TOOETOB KIIOKBEHHUKA.

Kniouesvie cnosa: 6€30macHOCTh TPyAa, TPOU3BOACTBEHHAS Cpela — KIIOKBEHHBIN UeK, MEXaHU3UPOBAHHBIC PabOTHI,
TEXHUYECKHE CPEACTBA.
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As a result of the research on improvement of labour safety in the conditions of changing parameters of cranberry pro-
duction the mathematical model has been developed. The model allows determining optimal values of the factors when the ma-
ximum value of fullness of safe cutting of cranberry shoots is reached. It is established that the process of shoots raising,
brushing and cutting is the greatest danger for a machinery operator to be injured on a cranberry check.
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Beenenune. KittokBa kpynnornoanas (Oxycoccus macrocarpus) — 0JHa 13 HanboJiee MOJIOABIX KYJIlb-
TYp CPEAH SITOAHBIX PaCTEHUH, BeIpamuBaeMbIx B Pecriybnuke benapyce. s HopmanbHOro GyHKIIHO-
HUPOBAHMS KIJIOKBEHHBIX YEKOB, TMOAJEPKaHUS MX B PabOYeM COCTOSHHH, 00ECIeHYeHHUs TOJKHOTO
yXxoJa 3a KyJbTYpOH, 3aKJIaAKW HOBBIX IUIOMIAAEH TpeOyeTcs 3HaUMTEIbHOE KOJIMYECTBO BBICOKOKA-
YECTBEHHOT'0 COPTOBOTO TOCAI0YHOI0 MaTepralia (4epeHKOB KJIIOKBHI). PemeHue 3Toro BOIpoca BO
MHOT'OM 3aBUCHUT OT TEXHUYECKHX BO3MOKHOCTEH HCIOIB3yEeMbIX Ha YeKaX CPEACTB MEXaHU3aIUH, 110-
3BOJISFOIINX TIOBBICUTD 3((EKTHBHOCTH U 0€30MaCHOCTh TEXHOJIIOTUYECKUX OTIEPATIHA.

Cy1iecTBeHHOE BIIMSHHUE Ha KAUeCTBO M 0€30MaCHOCTh MEXaHU3UPOBAHHOTO pacuechIBaHUSI U 00-
PE3KH TIOOETOB KJIFOKBHI B YCIOBHSX U3MEHSIONIUXCS ITapaMeTPOB MMPOU3BOJCTBEHHON Cpenbl (M3MeHe-
HUSI Ha YeKaX JJIMHBI CTEIIOMINXCS TOPU30HTAIBHBIX MOOETOB KIIOKBEHHHKA, BBICOTHI KIIFOKBEHHHKA,
yIila OTKOCOB YeKa W JIp.) OKAa3bIBAIOT KOH(MUTYpanus pabodnx OPraHoB U PEKUMBI PabOTHI TEXHUYE-
CKOT'O CpEJ/ICTBA.

Lens ucciienoBannii — MOBBIIICHHE 0€30MACHOCTH TPY/Ia B YCIOBHUSAX W3MEHSIOIIUXCS TTapaMeTPOB
MIPOM3BOACTBEHHOMN CPEbl TPOMBIIIJIEHHOT'O BEIPAIUBAHMS KPYITHOIIOIHON KITFOKBEI.

AHanN3 TUTEPaTyPHBIX JaHHBIX [ 1] MO3BOMMII cenaTh BHIBOA, YTO TEXHUUYECKHE CPEACTBA AJIs TIOJI-
HSATHS, PACUECHIBAHNS M O0PE3KH CTETIONIUXCS TOPU30HTAIBHBIX TTOOETOB KITIOKBHI (B TaJIbHEHIIIEM CTEITIO-
HIMXCSI TOOETOB) MOT'YT BKJIIOYAaTh KOHCTPYKTHUBHBIE AJIEMEHTHI Pa3HO00pa3Hoi koHdurypanuu. Kpome
TOTO, OOJTBITIOE KOIMYECTBO (PaKTOPOB Pa3TMYHON TPHPOJIBL, BIUSIONINX Ha BBITIOTHEHHE TEXHOJIOTMYECKOTO
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rporiecca, JeliaeT 1nejaecoo0pa3HbIM IMOCTAHOBKY OTCEUBAOIIUX DKCIIEPUMEHTOB [2—3], TTO3BOJISIONINX
Ha TIePBOM 3Talle UCCIICA0BAHMH BBISIBUTh HaHOOJIee CYIeCTBEHHbIE (DaKTOPBI, KOTOPBIE MOT'YT B JIallb-
HeHmeM OBbITh UCIIONB30BaHbl A CO3/aHUSl TEXHHUYECKOI'0 CPEACTBA, MOTEHIIMAIBLHO 00JIaJaromero
TpeOyeMbIM KOMILIEKCOM IKCIUTYaTaIlMOHHBIX ToKa3aresei. B tabm. 1 mpuBeneHs! GpaxTopsl, OAUH U3
KOTOPBIX KOJIMYECTBEHHBIH — X| (CKOPOCTh, U3MEHAIOMIAACS B 3aBUCUMOCTH OT JJIMHBI CTEJIOIUXCS 0-
0€roB, BHICOTHI KJIFOKBEHHHMKA) M [1Ba Ka9€CTBEHHBIX — X, (THIT) M X3 (KOHQHUTypanus), pa3audHas KOM-
OMHAIMSI KOTOPBIX OKA3bIBACT BIUSET HA MapaMeTp ONTHMH3AUHH Y (MIOJHOTY OOpPE3KH CTEIMIOMIMXCS
MOOETOB KIIFOKBEHHUKA).

Ta6nuna |. HarypajbHble ©H HOpMHPOBAHHBIE 3HAYEHUS PAKTOPOB TEXHUYECKOT0 CPEICTBA
AJ151 MOTHSITHSI pacyechbIBaHUsI U 00Pe3KH CTETIOIINXCS M00eroB KJIIKBEHHHKA

Hopmupoanusie 3nauenus pakropos, X, ,r=1,2,3
DakTop X =-1 | X =+1
Hatypanbnble 3naueHus GaKkTOPOB, X,
CKOpOCTh IBMIKEHUSI arperara, KM/4 2,6 5,1
Twun pacuechIBaroero ycTpoucTsa I'pebenka Bbapaban

Kondurypanus pabouux 31eMeHTOB
pacyechIBAIOIIET0 YCTPOHCTBA C/IBOCHHBIE NIPY)KUHHbIE 3yObsi KoHconu-npyTkn

JlJ1sl TOCTaHOBKM OTCEMBAIOILETO 3KCIEPUMEHTA ObLI B3ST HACHIIEHHBINH IUIaH OpoOHOro (ak-
TOPHOTO JKcHepuMenTa Tuma 23! ¢ KonmdecTBOM ombITOB N = 4 M IeHepHpPYIONHM COOTHOITEHHEM
X3 =-X1X,[4]. B pesysbrate npose/ieHus SKCIEPUMEHTA ¥ 06pabOTKH JAHHBIX METOIAMU MaTEMAaTH-
YEeCKON CTAaTHCTHKH OBLIO TIOTYyUEHO CIEAYIOlIee YpaBHEHNE PEerpecCui ePBOTO MOPSIKa!

Y =86,7-4,8X1-29X, -2,5X3. 1

TakuMm 00pa3oM, aHaJIU3 PE3yJIBTATOB OTCEHBAIOIIETO IKCIIEPHUMEHTA MO3BOJSACT CICNATh CIIEAY-
IO E BBIBO/BI:

) TI0 CTEMEHU 3HAYUMOCTH Ha MapaMeTp ONTHUMH3AINH JTHHEHHBIC 9)(EKThI B BHIOPAHHOM HHTEP-
BaJlc BAPbMPOBAHUSA PACIIONAraloTCs Ceayomum obpasom: X, > X, > X; (4,8 > 2,9 > 2.5);

0) CHIKCHHE CKOPOCTH JIBM)KEHUS MAlIMHHO-TpakTopHoro arperata (MTA) (TpakTop + TexHuYe-
cKoe cpeacTBo) ¢ 5,1 1o 2,6 km/4, BRI3BAHHOE M3MEHEHHEM JITTMHBI CTeTIomuXcs mooderos Ha 28 % (cpen-
Hee 3HauCHUE JUTMHBI TOOETOB Ha OTEIBHBIX YYaCTKaxX ueka cocTaBisuio oT 50 1o 70 cM) MOBkIMIAST HA
10 % xonmuecTBO 0OpE3aHHBIX CTEIIOMINXCS MTOOETroB, T.€. IMOCAA0YHOTO MaTepuaa;

B) HCIIOJIb30BaHKHE I'PCOCHKU B KOHCTPYKIIMU TEXHHYECKOTO CPEJCTBA BMECTO PACUECHIBAIOIICTO
OapabaHa Tak)ke TO3BOJSAET YBEIIMUNUTH KOJIMUECTBO OOPE3aHHBIX CTENFOINXCS mo0eros Ha 6 %o;

I) IpUMEHEHHE B KauecTBE Pa0dOYMX AJIEMEHTOB PAacyeChIBAIONIETO YCTPOHCTBA CABOCHHBIX IpY-
KUHHBIX 3yObEB MO3BOJISACT MO CPABHEHHUIO C KOHCOSIMU-TIPYTKAMU YBEIUYUTh MOJTHOTY O0PE3KH CTe-
JIONIUXCS T00eroB Ha 5 %, 4TO OIIYTUMO C YYETOM arpoTeXHUYECKUX TPeOOBaHUI Ha BBIMIOJHEHHUE
TEXHOJOTHYECKOT0 TPoIlecca;

1) ONITHMAaJIbHOE COYCTAHNE 3HAYCHUI PacCMOTPEHHBIX (aKTOPOB ISl JOCTHIKEHUSI BHICOKOH CTe-
neHu o0pesku creromuxcs noderos (bonee 95 %) cnenyromee: x; = 2,6 km/4 (X| = —1); x, — rpebenka
(X, =—1), x5 — caBoeHHbIE NPYXHUHHBIE 3y0bs (X5 = —1).

TakuMm 00pa3om, HauTydIas KOHCTPYKIUS TEXHUYECKOTO CPEACTBA JJIsl HOAHSATHUSI, pACYCChIBAHU S
1 00pE3KH CTENIONINXCS MOOETOB KIIOKBEHHUKA HA YEKE BKJIOUAET B CeOsl pacuechIBAIOIIEe YCTPOU-
CTBO B BHJIE TPEOCHKHU CO CABOCHHBIMU MPYKUHHBIMH 3yObsiMU. JJIs1 00pE3KU CTEIOIHUXCS M0OEroB
KPYITHOTUIOJTHOHM KJTFOKBBI PAaCUEChIBAIOIIECE YCTPOUCTBO MOJHIUMACT UX, IPH ITOM IMEPEIHIE KOPOTKHUE
MPOAOJDKCHUS KpalHUX HAPYKHBIX BUTKOB CIIUpAJICH KaXJI0H Maphbl ¢ OTTHOOM UX KOHIIOB B CTOPOHY,
IIPOTUBOMOJIOKHY K0 HANIPABJICHUIO JIBUKEHU ST OECKOHEYHOM LeTH (v, ), PACUECHIBAIOT BEPXHMUI CIIOH 110-
0eroB KJIIOKBBI, a 3aJHHE JUIMHHBIC MPOAOJDKCHUS KPalHUX HAPYKHBIX BUTKOB CIHpalieil pacyechiBa-
0T HIDKHHM, 00Jiee MPOYHBIH, CI0H MOOETOB ¢ MAKCHMATBHBIM MX 3aXBATOM.

Ha BTopom 3Tane uccienoBaHuii Obliia IOCTaBJICHA 3aja4ya 10 ONTHMU3AIUH PEKUMOB BBITIOJHE-
HUSI TEXHOJIOTUYECKOT0 TPOoIlecca BHIOPAHHBIM TEXHUYECKUM CPEICTBaM, 00ECIIEYUBAIOIIUX B YCIIO-
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BUSIX M3MEHSIOMICHUCS BBICOTHI KIIFOKBCHHUKA, JJIMHBI CTEIONIUXCS MOOErOB MOTHOTY, O€30MacHOCTh
N Ka4eCTBO UX 06pe3KI/I. Hpe}:[BapI/ITeHBHBIMI/I HUCCJICAOBAHUAMM BBISIBJICHBI HanbOosee CYyHICCTBCHHBIC
(hakTOpbI, BAUSAIONME HA 3TOT mpotiecc. ClenyeT OTMETHTh, 4TO BCe 0003HaUEHHBIC (DAKTOPBI, yPOBHU
¥ UHTEPBAJIbI BAPHHPOBAHN S KOTOPHIX MTPUBEACHBI B Ta0J. 2, TAKKe XapaKTEPU3YIOT COCTOSTHUE U H3Me-
HEHUS MMapaMeTPOB MMPOU3BOJICTBEHHON cpejibl (KIFOKBEHHOTO yeka). Tak, HarmpuMmep, BEIOOP CKOPOCTH
nBrkeHuss MTA (v,) 1 9acTOTBI BpalmIeHus pexyero 6apabana (71,) OMpenensIeTcs ¢ y4ETOM I'yCTOTHI
CTEJIIOLIMXCA N0OEroB Ha YeKEe M BHICOTHI KJIIOKBEHHMKA, a yctaHoBka MTA cpesa moberos (k) 3aBu-
CHT OT BBICOTHI KJTIOKBEHHUKA. BBINIENIpUBEICHHOE 03HAYALT, YTO ISl BBHITIOJHEHHS TEXHOJIOTHYECKOTO
Mpolecca MPUXOAUTCS HEOJHOKPATHO (JCCATKHU Pa3 3a CMEHY) BBITIOIHSATE PETYJIMPOBKU BBICOTHI Cpe3a
no0eroB, YacTOTHl BpAICHUs pexyIiero 6apabdana, ckopoctu ABkeHuss MTA, 4To cka3biBaeTcsl Ha
YTOMJISIEMOCTH MEXaHU3aTOpa U, KaK CJICACTBHE, BO3PACTAHUIO BEPOSITHOCTH €r0 TPABMUPOBAHUSL.

Tab6nuna 2. HanmenoBanue ¢pakTopoB, yPOBHH H HHTePBAIbI HX BADLUPOBAHMS ST ONTHMH3ANHHI
TEeXHOJIOTHYeCKOro npouecca NoHsITHs, pacdecbIBAHUS U 00Pe3KH CTeTI0IMMXCs N00eroB KJIIKBeHHHKA

daxrop CxopocTb aBrxkeHus | YacToTa BpaleHUs PExXYIIEro BblCOT%CpeSa
MTA, v,, kM/4 Gapabana, ng, 06/MuH pactenuii, i, cMm
OcHosHoM ypoBeHb, X, =0 3,85 545 13,7
WHTepBan BappupoBaHUS 1,25 115 6,2
Bepxnuit yposens, X, = +1 5,10 660 19,9
Husxuuit yposens X, = —1 2,60 430 7,5
BepxHuii 3Be31Hb1 ypoBenb X, = +1,2154 5,37 685 21,2
Hwmxnuii 38e318b11 yposens X, = —1,2154 2,33 405 6,2
DopmyIIsl IepeBoaa HaTypaIbHBIX 3HAYCHUH (aKTOPOB X, = x1—3,85 v, X2 545 .37 13,7
B HOPMHPOBaHHbIC, U 0OPATHO 1,25 ’ 2 115 3 6,2 ’
x1=3,85+1,25X, Xy =545+115X, x3=13,7+6,2X3

Pesynbrarhl 00pabOTKH AKCIIEPUMEHTAIBHBIX JAHHBIX MO3BOJMIIN MOMYYHUTh CIEIYIOIIee ypaBHe-
Hue perpeccuu [4]:

; 2 2
Y =88,67—4,12X; +1,77.X +0,68X3 —0,71.X,.X3 —1,78()(12 -0,73) —2,69()(22 —0,73) —2,91()(32 —0,73) Q)
[lepeBoa HOPMUPOBAHHBIX ONTUMAJIbHBIX 3HAYCHU ()AaKTOPOB B HATYypajbHbIC 10 (hOpMYyJiaM, pH-
BEJICHHBIM B TaOJI. 2, TaeT CIeAYIONINe Pe3yiIbTaThI [4]:

X1y, =Vay, =2,37 KM/4; Xo, =ng,,, =584 o6/Mun; x5 =h., =144 cm

AbconoTHAsA NOrPemHOCT napamerpa Y (X, ..., X)), pacCYMTaHHOroO N0 OPTOrOHATM3UPOBAHHOMY
MHOTO(DaKTOPHOMY YPaBHEHHUIO PETPECCHHU BTOPOTO Topsiika (3), ompenensercs mo hopMmyie

2 2 k 2 2 k 2 2 k 2 2
AthNk(n—l);N—B;0,95 S (b0)+S (b])ZXr+S (b]z)Z(XrXS) +S (bll)Z(Xr —7\,]{) . (3)
r=1
r<s

r=1 r=I1

IloncTaBisig panee moydeHHbIE JaHHBIE B ypaBHEHHE (3), TTOITydaeM, 4To MpeieTbHast aOCOM0THAS
HOrPEMHOCTh Y, TI0 JaHHBIM IPOBEAEHHOIO JKCIiepuMenTa, papHa AY, . = 0,7 %.

Takum oOpa3oM, momydeHHass MaTeMaTHYeCcKass MOJETb MO3BOJISAET HAHTH HE TOJBKO ONTHMAIIb-
HBIC 3HaYCHUsI (HAKTOPOB, IPU KOTOPBIX OCTUTAETCS MaKCHMallbHOE 3HAYCHUE MOTHOTHI Oe30MacHOM
00pE3KM CTENIOIMXCA M00EroB KIIOKBBI, HO U a0COTIOTHYIO IOrPEIIHOCTh STOH BEIUYMHBL YV =
(96,7 £0,7) % [4].

JUts OLeHKM TToKa3areneil ynoOCTBa, TOCTYITHOCTH M 0E30IMacHOCTH PErYIHPOBOK TEXHUYECKUX
CPEICTB ISl MEXaHU3UPOBAHHBIX PabOT Ha KIIIOKBEHHBIX YE€KaX BOCIIOJIB3YEMCs CIISYIONICH 3aBHCH-
MOCTBIO [5]:

Kny =aS., +bSy +cSh,

“)
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rae Ky, — nokasarenb PUCIIOCOOIEHHOCTH k-ro TEXHMYECKOTO CPEJICTBA K i-i TEXHOJIOTM4ECKO pery-
JUPOBKE; a, b, ¢ — K03(hHUIIMEHTHI yI00CTBa, TOCTYITHOCTH U OE30MaCHOCTH PETYJIMPOBOYHBIX padoT
COOTBETCTBEHHO; S — CyMMa 0aJlIOB SKCIIEPTHOM OLICHKH MOKa3aTelsei y1o0cTBa, JOCTYITHOCTH U Oe-

30MaCHOCTH i-i1 PEeryJINpOBKU k-r0 TEXHUYECKOTO CPEACTBA; S l.lk S} — COOTBETCTBEHHO CyMMa KBaJpa-
TOB U KyOOB 0aJIJIOB, BBICTaBJICHHBIX SKCIIEPTaMH 33 Y00CTBO, JOCTYITHOCTh 1 O€30MaCHOCTH ITPOBEe-
HUS i-i PEryJIUpOBKU k-IO TEXHUYECKOI'O CPEACTBA.

3HaueHus S, S l.lk U S ONpPE/eNsIN B COOTBETCTBHH C BEIOPAHHOM IS KOHKPETHBIX HCCIICA0BaHUH
OIICHOYHOH IKaJION. 3a BRICOKHHA YPOBEHH MPUCTIOCOOICHHOCTH TPUHUMAJICS YPOBEHB, OIICHUBACMBII
B 5 OaioB, cpeaHuii — 4 0ajia 1 yI0BICTBOPUTEIIBHBIN — 3 OaJia.

[Ipu BRIBOZIE aHAMUTHYECKOM 3aBHCHMOCTH TTOKA3aTeN sl BRITTOTHEHMUS TEXHOJIOTMIECKOM PeryIHpOB-
KU TEXHUYECKOTO CPE/ICTBA YUUTHIBAIHU CICAYIOIIEE:

1) MmakcuManpHOE 3HAUEHUE CyMMBI 0aJlJIOB, BEICTABIEHHBIX AKCTIIEPTAMHU 32 BBITIOIIHEHUE PETYITH-
POBKH OyJIET, KOTJla BCE 3HAUCHUSI MMOKa3aTelel ee MPUCIOoCco0IeHHOCTH (YA00CTBa, IOCTYITHOCTH U Oe-
30MaCHOCTH) OLIEHUBAIIUCH dKcIiepTamMu B 5 6aios. [lpu sTom

S, =5t

(t — gucio mokasaresei MpUCIOCOOICHHOCTH i-H PEryJIuPOBKHU A-I'0 TEXHHYECKOTO CPEACTBA).
Torna

S, =25¢;
S5 =125¢; ®)
Kn :1,0;

2) cpenHee 3HaUYCHHUE CyMMBI 0AJIJIOB 32 0€30MacHOe BBIIIOJTHEHUE PETYINPOBKU paBHO 2,5. B aToM
cirydae

S1=2,5¢

Sy =6,25¢;
S3=15,625¢;
K =0,5;

3) HauMeHbIIEE 3HaYeHUE S| NMPUHUMAET, KOTJa BCE MOKA3aTENM MPUCHIOCOOIEHHOCTH pabodero
OopraHa TEeXHHYECKOTO CPEICTBa K TEXHOJIOTHYECKOM PEryIMpOBKe OLEHEHBI B 1 0aml U BBIOTHSIETCS

ycIIoBHE
S, =8,=S8;upasnnl £, a K= 0.

[MpuHUMas BO BHUMaHKE BBIIICH3I0KEHHOE, COCTABUM CHCTEMY YPaBHCHHUIA:
a-5t+b-25t+c-125t =1,0;

a-2,5t+b-6,25t+c-15,625t =0,5; 6)
at+bt +ct=1,0.

Pemas cuctemy ypaBHeHHi (6), TOTyUHM:

1 1 1

a=———; ; c=—.
10,15¢ 11,5¢ 176,25¢

[TonmcraBus 3HaueHUS KOIPPHUIIUEHTOB @, b U ¢ B Hhopmyiy (4) 1 TIpoaenaB COOTBETCTBYIOMTUE TIpe-
00pa30BaHus, MOy YHM:

l m
N _ 15,38 —17,484 - i R
i 176t

Beipaxenue (7) MO3BOJISET C yYETOM PE3yJIbTAaTOB IPEABAPUTEILHOIO aHKETHPOBaHHS yI00CTBa,
JOCTYITHOCTH ¥ 0€30MaCHOCTH TEXHOJIOTHIECKON peryJaupoBKH padodyero oprana TeXHUYECKOTO Cpe/l-
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CTBA OLIEHUTH €r0 IPUCIOCOOJCHHOCTDh K BBITIOJIHEHUIO MEXaHU3UPOBAHHBIX Pa0OT HA KIIIOKBEHHOM
YEeKe.

O0001IeHHBIH MOKa3aTeNb MPUCIIOCOOIEHHOCTH A-T'0 TEXHHUYECKOTO CPEACTBA K TEXHOJIOTHYECKHM
pErylnnpoBKaM Ha KJIIOKBEHHOM ueke (K yjpc ) pacCUnuThIBAJICA KaK CpEJHEE T€OMETPUYECKOE 3HaUEeHN I
Knk, a 0e30MacHOCTh BBINOJHEHHS OTACIBHO B3STOH i-i TEXHOJIOIMYECKOH peryanpoBku (Kgp,) 110
dopmyite [6]:

Kgp, =1,5Kn, —0,5K7 . ®

Puck TpaBMHpOBaHHs OnepaTopa MpH BLIMOIHEHHUH i-i TEXHOJIOTMUECKON PEeryIupOBKe k-ro TeXHHU-
4eckoro cpenctsa (Pg;, ) ONpenessan N0 BbIPaKEHHUIO

Pry, =[1=(,5K i = 0,5K 1)1 ik » )

TI€ p;; — CTaTHCTHYECKAs BEPOATHOCTH BBINOJIHEHHS 3a CMEHY i-H PEryJIMPOBKU A-IO TEXHHYECKOTO
cpeacTBa (OIpenenseTcs ¢ yueToM U3MEHEHHH TapaMeTpoB IPOHU3BOACTBEHHOM Cpe/ibl).
st onpenenenust MpOrHO3HOTO 0000LIEHHOTO MTOKa3aTelsl pUcKa TPAaBMUPOBAHUS OllepaTopa Mpu

BBITIOJTHCHU U UM PETYJIMPOBOK k-ro TEXHUYECKOrO cpeacTBa (PRTCjk ) ,I[J'ISIj-FO TCXHOJIOTMYCCKOI'0 Ipo-

1iecca MCNoJb30Bau GOopMyJTy JUls pacyeTa CpeHel reoMeTpUYECKo 3HadYeHu Pr,, :

PRTC = (’/PRnkPRizk PRi,,k > (10)

e Pryys Priyys-» PRy — PACK TPABMHPOBAHHS ONEPATOPA NPH BBIIOIHEHHH UM i-i PErylMpOBKA
@=1,2,...,n) k-T0 TEXHHYECKOTO CPEIACTBA.

BesomacHoCTh TPOBE/ICHUSI TEXHOJOTHYECKUX PEryJIMPOBOK TEXHUYECKUX CPEACTB B TEUCHUE TOja
UX DKCIUTyaTallui B YCIOBHAX N3MEHSIONIMXCS MAapaMeTpoB IPOH3BOACTBEHHOM cpesibl Prp PACCUMTHI-
BaJu 110 hopmyiie

Prp =TT P(AL),

I M — KOJIMYECTBO TEXHUUECKUX CPEACTB, UCIOJIb3YEMBIX COIVIACHO TEXHOJIOIMU HA YEKE B TEUEHUE
roaa; P(A;) — BeposTHOCTb G€30MIaCHOTO BBITIOJIHEHHUSI TEXHOJIOTMUYECKUX PErYIHPOBOK A-T0 TEXHHUYE-
CKOI'O CPEJCTBA IIPU €ro dKCILIyaTalluy B TEYEHUE Ioja:

P(Ar)=1-Ppqc.

TOYHOCTB OLIEHKH MPHUCIIOCOOICHHOCTH TEXHUYECKHX CPEACTB K BBIIOIHEHHUIO TEXHOJIOTMUYECKUX
PETYIMPOBOK CYIIECTBEHHO 3aBHCHUT OT KOJIMYECTBA HKCIEPTOB M MX KBAIH(HUKAIHWH. YMEHBIICHHUE
Yycia 9KCIEPTOB MPUBOAUT K CHH)KEHHIO TOUHOCTH OLIEHKH, a TPU CIHIIKOM OOJBIIOM UX KOJIHYe-
CTBE CTAaHOBHTCS CJIOJKHEE BBIABIIATH MX COTIACOBAaHHOE MHEHHME. {1 yCTaHOBJIEHUS HEOOXOIUMOTO
KOJIMYECTBA SKCIEPTOB C LEIbI0 OLIEHKH MPHUCIIOCOOICHHOCTH TEXHHYECKUX CPEICTB K TEXHOJIOTHYe-
CKHUM PEryJINpOBKaM, MIPEATIOI0KHM, 4TO BETHUYNHA CPETHEr0 KBaIPaTHUECKOTO OTKIOHEHHS G IIPH Ma-
JI0H BBIOOpPKE 71, paBHsieTcst 1,5 en., u TpeOyeTcsi, 4ToObl cpeHee apudMETHIECKOE 3HaUeHUE BEIOOPKH
X Haxommnoch He najee, 4eM Ha PACCTOSHUHU OJHOHN eIMHHMIBI (B HameM coydae | 6amia) oT cyMMBI
1 (cpemHero 3HaueHMs OLCHKH). J{11 HOPMAJIBHOTO PACHPEICNICHHSI 9TO TPeOOBaHNE 03HAYAET, YTO I10-
JIOBMHA LIMPUHBI JOBEPUTEIILHOIO HHTEPBAJA, T. €. IOJIOBUHA OT

v Yens | (7 Uiano|_ 2“1—(1/20, (12)

Jn Jn Jn

JAOJI’KHA paBHATBCA 1. Takum O6p.':130M, 9TO YCJIOBUC MOXKHO 3allUCaTh B CIACAYIOMIEM BUC:
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[lonarasi, Hanpumep, o = 0,10 npu ¢ = 1,5, nonyyaem:

(1,29-1,5)°

1,29-1’—5 W N = ~ 4,0,

Jn’ 1,0

T. €. MUHUMAJIbHBIH 00bEM BBIOOPKH (72) — KOJIMYECTBO 3KCIIEPTOB JIJIsl MPOBEICHUS UCCIICIOBAaHUN —
JIOJKHO OBITh HE MeHee YeThIpex. [Ipr 3ToM BEpOsITHOCTH TOTO, YTO BEIOOPOUHOE Cpe/iHee OyAeT OTIu-
4aThCsl OT CPETHET0 COBOKYITHOCTH He Oonee ueM Ha 1 6amnm, cocraBisier 90 %. KommeTreHTHOCTB dKC-
epToB (MEXaHW3aTOPOB) B YaCTH 3HAHWN W yYMEHHS NMPUMEHUTH Ha MPAKTHUKE TEXHOJOTHYECKUC pe-
TYJIUPOBKU TEXHUYECKUX CPEICTB Ul YXOAa 3a KIIOKBECHHUKOM U YOOPKH SITOJ OMPENSIIsIA MyTeM
TECTUPOBaHUS (TECT MEXaHWYeCKOH MoHATIIMBOCTH «berHeray). Cienyer OTMETHTbh, YTO BCE MEXaHU-
3aTOPBI, UMEIOIIUE MMPAKTHIECKUI ONBIT pabOThI, TOKAa3alIid HEOOXOAUMbIC 3HAHUSL.

O1eHKy MoKa3atesis MPUCIIOCOOICHHOCTH TEXHUUYECKUX CPEJICTB K TEXHOJIOTHYSCKUM PEryJInpOB-
KaM 3KCIIEPTHI IIPOBOJUIN OTJCIIBHO KaK B IIEJIOM TI0 I'pyIINaM rokasaresei (ya00CTBO, JOCTYITHOCTb,
0e30MmacHOCTh), TaK M MO MOKA3aTeIsIM BHYTPH Tpynibl. Bo Bcex cimydasx MpoBepsasiach COTJIAaCOBaH-
HOCTh PAHXXUPOBOK JAPYT C APYTOM JIISI 4ETO HCIONb30BaJICs Kod(duiueHT konkopaanuu [7]:

W= ;i, (13)
k“n(n—1)
rrae S — cymMMma KBaApaToB pa3HOCTEH (OTKIOHEHUH) MEXYy (PaKTHUECKUMU CyMMaMHU PaHTroB (j-ro ma-
pameTpa y j-ro 3KCIepTa) ¥ UX CPeJHUM 3HAUEHUEM; k — YHCIIO IKCIIEPTOB; /1 — YHCIIO MTOKA3aTeNeH.
AJIeKBaTHOCTB pacHpeesIeHns PAH)KUPOBOK AKCIIEPUMEHTAIbHBIM JAHHBIM IPOBEPSUIH C UCHOb-
30BaHHEM F kputepus Ouinepa npu BHIOPaHHOM YPOBHE 3HAUMMOCTH M YUCIIAX CTETeHeH cBOOObI [2].
CoracHo Momy4eHHBIM pe3yibTaTaM, HauMeHee YIO0OHBIMHU SIBIISIIOTCS PETryJIMPOBKH BBICOTHI Cpe3a
CTEJIIOLIMXCS TOOETOB KIIOKBEHHUKA, BHICOTHI YCTAHOBKH BaJIbLia AJ11 KOHTAKTHOI'O HAHECEHU S PacTBO-
pa repOUIIMIA HA COPHYIO PAaCTHTEIBHOCTh, TTOJIaul pabodyero pacTBopa Ha Bajell, MOTyyIioB dakena
pacmbuIa pacbUIMTENCH ONPBICKUBATENS, yIIa HAKJIOHA JOMOJIHUTEIBHON CEeKIIMU Xeaepa AJisl pacue-
ChIBaHUS M OOPE3KHU CTEJIOLIUXCS 1100ET0B KIIIOKBEHHUKA. Cpeay TPyAHOLOCTYIIHBIX MOXKHO Ha3BaTh
PETYJIHNPOBKY yIjla HAKJIOHA JOTIOTHUTEIBHON CEeKIUH Xenepa ISl HOAHSTHS, pacuechlBaHUs U 00pe3-
KM CTEJIOLINXCSI OOEroB, MOJOKEHHUS MOJA0Ha OTHOCHUTENIBHO Baslblla TEXHUUYECKOIO CPEACTBa AJIs
KOHTAKTHOTO HAHECCHHS pacTBOpa repOMLU/a Ha COPHSKH, yIja HAKJIOHA JONOJTHHUTEIBHOW CEKIIMH
Oapabana 11 yOOpKH ATON «HA Bomey». Hanbonee onmacHBIMH SIBIISIIOTCS PETYIUPOBKU BBICOTHI Cpe3a
CTEIIOLINXCS TOOETOB KITFOKBEHHHUKA, YTJIa HAKJIOHA JIOTIOJTHUTEIBLHOM CEKITHH Xeiepa JUIsl 00pe3KH CTe-
JIOIIKXCcs TOOEroB Ha OTKOCAax 4yeka, 1ojadu pabouyero pacTBopa repouunia Ha Bajel TEXHUYECKOTo
CpeaCTBa Il KOHTAKTHOTO CMauyMBaHUs COPHOM PACTUTENBHOCTH M Ap. YCTAaHOBJIEHO, YTO B IIEJIOM
0e30MacHOCTD BBIMIOJIHEHHUSI TEXHOJOIMYECKUX PEryIMPOBOK TEXHHYECKUX CPEACTB, UCIOIB3YEMbIX
B TEYCHUE roJla Ha KIIOKBEHHBIX YeKax (Prp), cocTaBinsgeT 65 %, HanOOIbIIMH PUCK TPABMUPOBAHMS
oneparopa MCXT nporunosupyercs (Tabi. 3) npH BBINOJHEHUH TEXHOJIOTMYECKUX MPOLECCOB MOMHS-
THSI, paCUeChIBAaHUS U OOPE3KH CTETIONINXCS TOOETOB KIFOKBEHHUKA, a TAK)KE OMPBICKUBAHUS TTOCAOK
Ha 4deke (mokazarenb pucka 14,0 u 12,3 % cooTBETCTBEHHO).

Tab6numa 3. [lokazaTe/ M NPHCNIOCO0JEHHOCTH TEXHHYECKUX CPEACTB K PeryJnpoBKaM, 6€30MacHOCTH YIPaBJeHUs
TEeXHOJOTHYeCKHMH NMPOoIlleccaMH HAa KJIIOKBEHHOM YeKe M pHCKa TPaBMHPOBaHUs onepaTopa

O06001IeHHBIH TTOKa3aTelb npHucnocobteHHocTH | [Tokasaresb picka TpaBMUPOBAHUSI OllepaTopa
HasnaueHnne TeXHHYECKOTO cpencrtsa,
TEXHHUYECCKOTO CpeHCTBa K TEXHOJIOTUYECKHUM TEXHUYECCKOTO Cpe}lCTBa l'lpl/l BBITNIOJTHCHU U
HCIOJIB3yEMOI'0 Ha KIIIOKBEHHOM Y€KE o
perynuposkam Ha deke (K, ) perymupoBok (P, ), %
Jlns mogHATHS, pacdechIBaHUS U 00pe3KU
CTEJIOLIUXCSI TOOETOB KIIFOKBEHHHKA 0,37 14,0
OnphICKUBAHHE TTOCAI0K KITIOKBBI HA YEKAX 0,50 12,3
J17151 KOHTaKTHOT'O HAaHECEHU s PacTBOpPa
repOUIUIa HAa COPHYIO PACTUTEIBHOCTD 0,59 7,4
Jl1s1 cpe3a COpHSIKOB HaJ sSIPyCOM KITIOKBEHHUKA 0,63 3.8
Jl71s1 yOOPKH STOJ «HA BOJIEY 0,64 3,5
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]
=

[ToBbICHUTE 0€30MACHOCTH BBIMIOJIHEHHSI MEXaHU3UPOBAHHBIX PabOT Ha KIIOKBEHHBIX YEKaX MOXKHO
Onaromaps COBEpIICHCTBOBAHUIO KOHCTPYKIIUH UCIIONb3yEMBIX TEXHUUECKUX CPENICTB, MEXaHU3MOB HX
PETyIMPOBOK, a TAKKE YETKIUM COOJFOJICHHEM HayUYHO-000CHOBAHHBIX PEKUMOB IKCITITyaTaIiH.

Ha ocHOBaHMU NPOBEICHHBIX UCCIICIOBAHUMN, C yUETOM CMEHHOM BHIPAOOTKH TEXHUYECKUX CPEICTB
¥ pa3MepoB KJIIOKBEHHOT'0 YeKa, OIpeIeNieHa YacToTa PEryIMPOBOK paOOINX OPraHOB TEXHUIECKUX CPE/ICTB
(Tab. 4), pazpaboTana HoMorpaMmMa (PUCYHOK) JJIsI BBIOOPa PEKMMOB MEXaHU3UPOBaHHON 00PE3KH CTe-
JIONIMXCS TOOETroB KJIIOKBEHHHKA C YIETOM M3MEHSIOIMXCS TapaMeTPOB MTPOM3BOACTBEHHOMN CPEIbI.

Taonuma 4. YacToTra BHINOJHEHUSI TEXHUYECKUMHU CpeACTBAMHU TEXHOJOI'HYECKHUX PEryJiupoBoK

HaumenoBanune TeXxHHUECKOrO KonuuecTBo BhInoaHeHUi
HaumenoBanue PEryjinpoBoK
cpeicTBa peryJIupoBOK 3a CMEHY
BeicoTa cpe3a crentoimuxcs no6eros KJIOKBEHHHKA (OIepaTHBHAS) JUJIst TIOHSITHS, PACUCCHIBAHUS 27-32
YacroTa BpamieHus pexyiiero bapadana (ornepaTuBHas) U 00PEe3KH CTETIOMUXCS 67-73
YToJ HaKJIOHA IOTNOJIHUTEIBbHON CeKIINH (OrepaTuBHA) Mo0OEeroB KIOKBEHHUKA 11-16
CKOpOCTh JIBMKEHUS (OTIepaTHBHAS) 101-121
YacroTa BpalieHus Bajblla (OepaTHuBHAS) JI71s KOHTAKTHOTO HAHECEH s 202-222
BeicoTa ycTaHOBKH BaJiblia (OnepaTHBHas) pacTBopa repounuaa 95-115
Ilonaua pabouero pacTBopa repOuIMaa Ha BaJiel] (orepaTHBHAS) Ha COPHYIO PaCTUTENBHOCTh 202-222
[TonoxxeHue MogA0Ha OTHOCHTENBHO Bajblla (OepaTuBHAs) 170-172

Tak, HanpuMep, 4ToOBI JOCTHYB 88 % MOTHOTHI OOPE3KH Ha YEKE CTEIIOMINXCS MOOETroB KIFOKBEH-
nuka (I1,), mpu cpennem 3nauenuu ux auunsl (L ) 60 cM 1 BeICOTE KIITOKBEHHHMKA (/1) 12 cM (puCyHOK),
HE00XO0IUMO, YTOOBI CKOPOCTH (V,) IBUKEHH S MAIMHHO-TPAKTOPHOTO arperaTa Obiia 2,8 KM/4, 4acToTa
BpamieHus pexytiero 6apadbana — 550 o6/muH. [Ipu aTOM oBpexieHne KirokBeHHNKa MTA He mpeBbI-
mraet 3,8 %, 4To COOTBETCTBYET TPEOOBAHMIM Ha BBIMOJHEHHE PACCMATPUBAEMOT0 TEXHOJIOTHYECKOTO
mporecca.

3aksouenue. B pe3ynsraTte mpoBeIEeHHBIX UCCIEIOBAaHUHN pa3paboTaHa MaTeMaTHIecKas MOJEIb,
KOTOpast NO3BOJISIET HAMTHU HE TOJBKO ONTHUMAaJIbHbIE 3HAUCHUS (DAKTOPOB, IPU KOTOPBIX TOCTUTACTCS
MaKCHMMaJIbHOE 3HauCHHE MOJHOTHI 0e30MacHOi 00pEe3KH CTENIOMIMXCS MOOETroB KIIOKBBI, HO U abco-
JIOTHYO HOTPEIHOCTD 3TOH Benu4uusl: Y, . = (96,7 £ 0,7) %.

O6ocHOBaHAa 3aBHCHMOCTH JUISl OMNpPENENIEHHs II0Ka3aTeNsl IMPUCIIOCOOIEHHOCTH TeXHHUYECKUX
CPEACTB K TEXHOJIOTHYECKUM PETYJINPOBKAM Ha KIIOKBEHHOM 4YeKe. YCTaHOBJICHO, YTO HAHUOOJIBIIYIO
OTTaCHOCTH JJISl TPABMUPOBAHUSI MEXaHMU3aTOpa Ha KIIOKBEHHOM YeKe MPECTABIISET BHITIOJTHEHNE Me-
XaHU3UPOBAHHBIX paOOT MO MOJHATHUIO, PACYECHIBAHUIO 1 O0PE3Ke CTEIIOIINXCS T0OETOB KIIIOKBEHHUKA
(Pryc. =14 %). Jlnsa BbIOOpa 6€30MAaCHBIX PEXKHMMOB OTHX PAOOT, C yUETOM H3MEHSIOIUXCS TapaMETPOB
MPOU3BOJCTBEHHON Cpe/Ibl, pa3padoTaHa HOMOTpaMMa.
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