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The work a mathematical model of the movement of raw ma-
terials screw top and theoretically justified the possibility of
autoregulation process by providing elasticity turns of the
screw. When loading of raw meat in grinding down for his
crushing characterized by a significant volume contraction of
raw meat in a short period of time. Modes of operation tops
studied thoroughly enough and the results of these studies
have been defined depending on productivity, specific energy
consumption tops on the number of planes cutters, hole di-
ameter grids and speeds knife and auger. But the amount al-
lowable pressure of flow, in which there 1s no breakdown of
the structure of raw meat, not justified and little explored. In
that during grinding meat grinder highest pressure occurs at
the end of the screw on the inner surface of the lattice, be-
cause this point occurs through extrusion of meat Slitting ma-
chine. Knowing the pressure efflux minced, wherein destruc-
tion of the structure begins to occur from the meat and the
relationship between the pilot pressure and the maximum size
of the gap, one can choose the geometrical and physical char-
acteristics of the screw, that the maximum allowable pressure,
will flex the screw turns in the direction opposite to the direc-
tion of movement of meat, thus forming a gap between it and
the housing, through which part of the product will flow in
coil screw, and another part will gradually pass through the
lattice without destruction of the structure.

MATEMATMYHE MOAENIOBAHHA NPOLIECY
TPAHCNMOPTYBAHHA | TIPOTUCKYBAHHA M’ACA
B WHEKOBUX NOAPIBHIOBAYAX

B.10. CyxeHko

Hayionanenuii ynieepcumem 6iopecypcis i npupoookopucmysanus Yxpainu

Y cmammi cmeoperno mamemamuuny mMooOensb pyxy CUpOSGUHY UIHEKOM 608YKA | Meo-
DEMUYHO OOTPYHIMOBAHO MOJICTUBICIb AGMOPERYTIOBAHHS Npoyecy 3d PAaxyHoK 3a-
Oesneyenns eracmudnocmi eumkie uinexd. Ilpu sasanmanicenti m siCHOT CUPOSUHU Y
8068YOK OJisl i NOOPIOHEHHS XapaKkmepHe 3Haune 00 €MHe CIMUCKAHHS M SICHOI Cupo-
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BUHU 3a KOPOMKULI NPOMICOK Yacy. Pexcumu podbomu 6064Ki6 GUSHAIUCL OOCUMb
IPYHIMOBHO | 3 pe3yibamamut yux O0CaioNceHs 0y GU3HAYEHT 3aNeACHOCMI Npo-
OYKMUBHOCI, NUMOMUX GUIMPAM eHepeil 810 KibKOCMI Pi3aibHUX WIOWUH, Oiamem-
Ppi6 omeopie tpamokx i WeUOKOCmel 0Oepmants HOXCI6 ma utHexa. Ae sequdunu 0o-
NYCIMUMUX TUCKIE GUMIKAHHS, NPU SAKUX He 6I00YBACMbCsl PYIHYBAHHS CIMPYKIMYpU
M SICHOT cuposunl, HENOBHICINIO OOTPYHMOBAHT | Mao OociOdcenHi. B npoyeci noo-
pibnenns m’aca y 6064Ky HAUOLTLULUE MUCK GUHUKAE Y KIHYI WHEKA HA GHYMPIULHIT
NOBePXHI TPAMKU, TMOMY WO 8 Yitl 30HI 6I00Y6AEMbCsl NPOOAGTIOBAHHS M SICA Yepe3
pi3anvHull MexaHizm. 3Halo4u GeIUYUHY MIUCKY GUMIKAHHS ¢haputy, npu sikomy
NoOYUHac 8i00Y8aAMUCS PYIHYBAHHS CIMPYKIMYPU M S1CA, | BUKOPUCMOBYIOYU eKChepU-
MEHMANILHY 3ANEAHCHICTNb MINHC MAKCUMATBHUM MMUCKOM | 8ETUYUHOIO 3A30pPY, MOICHA
max nidiopamu ceomempudni i QizuUHI XapaKmepucmuKy WHexda, wo npu SpaHudnHo
OONYyCMUMOMY MUCKY SUMKU UIHEKA NOYHYMb GIOUHAMUC 6 HANPAMKY, NpOomu-
JIEIICHOMY 00 HANPAMKY NepemilyeHts M '5ca, YmEopioodu Npu YbOMy 3a30p MidkC
HUM [ KOpNYCOM, Yepe3 AKUll YacmuHa npooyKmy nepemede 3a 8UmoK uiHexd, d iHuia
yacmuna 0yoe nocmynogo NpOXooumu 4epes ipamxu 6e3 pyiHy8anHs CIMpyKmypu.

Kniouogi croea: v ’sico, 60640k, uitex, Ipamru, Muck.

[licns 3aBaHTaXKEHHS M ACHOI CHUPOBMHM y BOBUOK 3[IHCHIOETHCS 1i mogayda
IITHEKOM JI0 PI3aJIbHUX I1HCTPYMEHTIB. J[s LBbOrO e€ramy XapaKTepHE 3HauHE
00’€MHE CTHCKaHHS M SICHOI CUDOBMHU 3a KOPOTKHI MpoMiKOK vacy. [Ipoiiec ctu-
CKaHHA 1 MPOAABJIOBAHHSA M’sica 4Ue€pe3 IPaTKM BOBYKIB JOCUTh MOBHO JOCIHIJ-
’KYBaBCSl aBTOpaMu mpaip [1—35], mpoTe BENTWYMHM JOMYCTUMHUX THCKIB BHTI-
KaHHS, TIPU SIKUX HE BIAOYBAETHCSA PYHHYBAHHS CTPYKTYPH M SICHOT CHPOBUHHU, HE
o0rpyHroBaHi. OKpiM LBOTO, 32 00’ €KT JOCIIHKEHHA Opalid TUIbKH SAJIOBUYHHY. Y
3B’43Ky 3 LIUM JIOLJIbHO PO3POOUTH MAaTeMaTUYHY MOJAENb MPOLECY TPAHCIOPTY-
BaHHA 1 MPOJABIIOBAHHA CUPOBMHU YE€PE3 IPATKU BOBYKA, 100 MAaTH MOKJIUBICTh
3aCTOCOBYBATH ii /it Oy ib—KOi CUPOBHUHH.

Opnum 13 nepmmx pexumu podotu BoBukiB aochiaue A.l Ilenees [6, 7]. 3a
pe3yabTaTaMu LUX AOCHIHKEHb OyJM BU3HAUYEHI 3aJIGKHOCTI MPOAYKTHUBHOCTI,
MATOMUX BUTPAT €HEPrii BOBUKA BiJ KIUJIbKOCTI Pi3ajbHUX IUIOIIWH, J1aMETPIB
OTBOPIB IPATOK 1 IIBUIKOCTEH 0OEpPTaHHA HOXKIB Ta IIHEKA.

Jlns BuzHaueHHsa Tucky P (I1a), HeoOXiAHOTO /i BUTIKAHHA HEASPOPMOBAHOTO
KyCKOBOTO M’sca Micjsi 00OBaJIKH, 3alIPOIMIOHOBAHA TaKa 3aJCKHICTb:

P=1265-10"-d7"% .1 (1)

ne d — miaMmeTp OTBOPY, M;, J/ — IMIBUAKICTh BUTIKAHHSA, M/C.

Tuck BUTIKaHHA ANA 3a37aleriap aehOopMOBAaHOTO M’sica 4Yepe3 OTBOPHU
aiamerpom d (M), a moTIM AepOpMOBAHOTO 4Ye€pe3 OTBOPH JlameTpoM d; (M)
BU3HAYAETHCA 32 POPMYJIOKO:

P=12,75-10°(d/d,)"" -V, )

Ha puc. 1 HaBoauThCs TpadiuHa 3ai€KHICTh TUCKY BUTIKAHHA P SJIOBUUUHU BiJl
IIBUKOCTI BUTIKAHHA }' 1 cTyneHs nepopmysanus (d,/d,), 3MiHa V 3HaxonuThes B
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mexax 0,05+0,25 m/c. TlpuBeaeH1 3aJeKHOCTI OTPUMaHI B pe3yibTaTi 00poOKH

EKCIIEpUMEHTAIbHUX JaHUX aBTopaMu mpaiii [3].
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Puc. 1. 3ane:kHicTh THCKY Bix IIBHAKOCTI BHTIKAHHA M’sica Yepe3 I'PaTH i AlaMmeTpa
oTBOpiB BHXigHOI rpaTku d; nedopmanii npoaykTy:
1—0,25;2—0,20;3 —0,15;4—0,10; 5— 0,05 m/c; d;= 0,13 m

OtpumMaHi aHaMITAYHI 1 TpadiuHl 3aJEKHOCTI HE BPAXOBYIOTh Koe(illieHTa
€(pEKTUBHOCTI BUKOPUCTAHHS TIJIONII IPATKH.

AL Ilenees [8] HaBoguTh POpMyYITY AJ1s1 PO3PAXYHKY €PEKTUBHOIO TUCKY TTPU MPO-
JABJIIOBaHHI M SICHOI MacH Yepe3 OTBOPH (3T1HO 3 OITOPOM TOYATKY 3CYBY MACH):

P=4k-6,/d, (3)
ae k — Koe(IlIeHT, O BPaxoBy€ CHIBBIAHOIICHHS PO3MIpPIB, AIAMETP OTBOPIB 1
IIBMJKICTh BUTIKAHHS TIPOAYKTY; 0, — rpanmuHe HanpysxkeHHs scyBy (TH3), H/m’;
d — niameTp OTBOpY, M;

A.B. T'opbaroB [9] mocniKyBaB TPaHCMOPTYBAHHS MJIACTHYHO-B SI3KUX M’ SICO-
MPOAYKTIB MO TpyOomnpoBoaax. Ha miacraBl oTpuMaHuX €KCHEPUMEHTAIbHAX JaHUX
BUCHUM OyJ10 3p00JICHO BUCHOBOK, IO PO3PAXyHOK TPYyOOMPOBOAIB JJIsI M SICHOTO
dapiy npu mBuaKocT MeHIne 0,1 M/C MOKHA TIPOBOJUTH 3@ TaKUM KpUTEPIlaIbHAM
PIBHSIHHSIM:

-0,8 n-0,118 0,882
P=1800-7-d7*%- 6" (m-w )", (4)
ae n — IIacThyHa B sA3kicTh, [la-c; W — mBuakicts Teuii, m/c; [ 1 d —
BIJIMOBI/THO, TOBXKWHA 1 IIaMETP TPyOONPOBOY.
Ha migcraBi pe3ynbTaTiB MPOBEASHUX AOCTIHKEHb aBTopamMu [4] Oyin oTpruMaHi
3aJIOKHOCT1 TUCKY BUTIKAHHS SAJIOBUUMHU P B IIBUAKOCTI BUTIKAHHS V 1JIs1 TPAaTOK
3 PI3HUMH J1aMETPAMU BUXITHUX OTBOPIB (pUC. 2).
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Ha nymky aBTOpiB aociimpkeHHs [4], 3poCTaHHA THCKY BHTIKAHHA IIPH
30UIbIIECHHI IIBUJKOCTI MOAa4i MPOAYKTY B TIPATKU Hacammepen MNOB A3aHE 31
3MIHAMM CTPYKTYPHO—MEXAHIYHUX BJIACTHBOCTEH M’sica, MIPOIO SIKMX y MPOIEC]
MPOJABJIOBAHHA BUCTYIAa€ FpaHUYHE HanpyskeHHs 3cyBy (I'H3).

VY [3] npoBeneHi AOCHIKEHHS 3 BU3HAUCHHS 3aJIKHOCTI MOTY>KHOCTI IPUBOY
BOBYKA B1J IIBUAKOCTI BUTIKAHHA M sica uepe3 Ipatku (puc. 3). Pazom 3 TuM, TUCK
BCEPE/IMHI KaMEPH 1 AKICTh (hapIily HE BUBHAYAIKCE.

OP ITax10’ 1.8

%\ 1,4 //Zl
301
20_“\\‘ : / 2__m
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Puc. 2. 3anexuicTe THCKY BHTIKAHHA Big Aiamerpa Puc. 3. 3miHa noTy:kHOCTI NIpHBOaY

OTBOPIB I'PATKH NMPH Pi3HUX MBHAKOCTAX MoAaYi BOBYKA 3AJI€2KHO Bil IIBHAKOCTI
npoaykry: 1 — BHTIKAHHA M’sica yepe3 rpaTtku: 1 —
0,0011 m/c; 2 — 0,0025 m/c; 3 — 0,0050 m/c; 4 — cymapHa HEOOXIAHA MOTYKHICTh, KBT; 2
0,0093 m/c; 5 — 0,0150 m/c (koediuieHT — MOTYXKHICTh mozdayi, kBr; 3 —
e(peKTMBHOCTI BUKOPUCTAHHSA IUIOLII rpaTku @ = 0,47,  IOTYXKHICTh HA IONOJIAHHS TEPTS B
TOBII[UHA IPATKU 6207005 M) piSaJ'II:HOMy MexaHiSMi, kBT, 4 —

NOTY)KHICTb, SIKA BUTPAYAETHCS HA
pi3aHHS TPOAYKTY, KBT

JIJisi BUBHAUEHHS TUCKY B Kamepl TpaHCHOPTYBaHHsS M’sica y [2] OyJsia 3amporio-

HOBaHa (popmyna:
. e 1,667
p=12,81-10’ 2+—(b-t—2)—(1——ij-e‘B" A dr |, (5)
k k)
A€ { — [ac penakcarii, ¢; p — mapaMmerpu (QyHKIIii BIUIMBY; kK — KoedirieHT 3a-
MOBHEHHS MEPIIOro BUTKA IIHEKA.
AHam3zyoud oTpumMani B npai [10] gaH1, HEMOXJIMBO BU3HAYUTH, K 3MIHIOBATH-
METhCS TUCK B poOOUiii KaMepl BOBUKA MPH 3MiHI KOe(ilieHTa € EeKTUBHOCTI ILIO-
Il IpaTKX, TOOTO MPU 3HMKEHHI i1 IPOMYCKHOI CTPOMOKHOCTI.

Ha oCcHOBI MaTeMaTUYHOrO MOJEIIIOBAHHS MPOLECY NOAPIOHEHHA M’sica Y BOB-
yKax OOTPYHTYBATH MOMKJIMBICTh aBTOPETYJIFOBAHHA MPOLECY MOJayl CUPOBUHM 1
TUCKY Ha IpaTKax.

BpaxkaeMo, 1110 MexaH14Ha cuctema (puc. 4, a), sika CKJIQJIaeThCA 31 IHEKa pa3oM
3 HOXKEM 1 MPOAYKTOM, IO 3HAXOAWTHCS MK MOBEPXHEIO IIHEKA 1 BHYTPILIHHOIO
TOBEPXHEIO KOPITyca, Ma€e OJIHY CTYMiHb cBOOOAMW. Lle o3Hauae, 1o KiHeMaTHYHI Xa-
PAKTEPUCTUKH IMHEKA, HOXKA 1 PyXOMOTro MOAPIOHIOBAHOTO MPOAYKTY MOBHICTIO BU-
3HAYAOTHhCA 00EPTAJIBHAM PYyXOM IITHEKA.
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Kpim Toro, mpuiimaemo, 110 OpoIEC PyXy MPOAYKTY € CTAJIUM 1 OalaHC CUJIOBUX
Al Ha 1IHEK 3 OOKy ABUTYHA 1 MPOAYKTY MPHU3BOAUTH A0 OJHOTO PIBHSAHHSA
PIBHOBAru, sIKE€ 3aMHUCYEThCA 3a JOMOMOIOK MPHUHIMITY MOKJIMBUX MEPEMIIIEHb
JJIL CUCTEMH 3 OJHUM CTYIIEHEM CBOOOIU TaK:

(M,-M_)-3¢—-(1-K)-P,,, -S,-35=0, (6)

on

ne M, — obepToBuii MOMEHT MPHUKIIAJA€ThCA A0 ITHEKa 3 00Ky BoBuka, Hm; M, —
MOMEHT CUJI OMopy OO€pTaHHIO, OOYMOBJICHWI HAABHICTIO TEPTS MPOAYKTY MO
MOBEPXHI IMHEKA MPU HOro o0epTaibHOMY PyCl 1 OMOPOM, 10 BUHHUKAE B mapi
rpatka — HDK, HM; 8¢ — MOXJIMBE KyTOBE MEPEMIIIEHHS ITHEKAa HABKOJO BICI Z;
(1-K)6S — MOXJIuBE MEpEMIIIEHHS! MPOAYKTY Y3I0BXK KOPIyca 3a HasgBHOCTI
o0epTaHHs MPOAYKTY HABKOJO BiCl Z; K — KOe(Illi€HT, 10 BPaXOBY€ MIpY BTATY-
BaHHA NPOAYKTY B oOepTanbHuil pyX (K = 0 — Hemae o0epTajbHOro pyxXy Mpo-
aykty, K = 1 — moBHE BTATYBaHHA MPOAYKTY B 00EpTANbHUN PYX); Pyon — AOMYC-
TUMUH TUCK Ha TPOAYKT nepen rpatkoto, [1a; S, — mioma nepepizy mHeka, mnep-
TIEHMKYIAPHOTO OCi Z, M°, 8S — MOXIIMBE MEPEMIleHHS MPOIYKTY Y3I0BK
KOpIyca 3a MOBHOI BIZICYTHOCTI 00€pTaHHS MPOAYKTY HaBKOJIO OCl Z, TOOTO TUIbKH
MPU HOro NOCTYNMaJIbHOMY MIEPEMIIIEHH], M.

P
M
c 7y Y Zy
A 3
,,,,, ,%ku, Gy g ey 4 I1
A,
Lt
P}:[or[
a) 0)

Puc. 4. llpuHnunoBa cxeMa BOBYKA: A — MeXaHIYHA cHCTeMA; 0 — BHTOK IIHEKA

BusnauenHa 3anexHocTi koedimieHTa K BiA (I3UYHUX XaPAKTEPUCTUK
M’ ACHOI CHPOBHUHH, FT€OMETPUYHUX NAPAMETPIB YCTAHOBKH 1 KYTOBOI IIBUJKOCTI
0o0€pTaHHs IIHEKA MAa€ BEJIUKE 3HAUEHHS JJIs1 MOJICIFOBAHHS MPOLECY BUTIKAHHA
npoaykrty. Llel mporec MmaTuMe HaitO1IbITy € eKTUBHICTh NPU HaOMMKeHH1 K
10 HYJIS 1, HaBMAKKW, HAMEHIy €()EeKTUBHICTD, SKINO BelruunHa K HAOIMKAETh-
cs 10 oauHUIl. B ocTaHHbOMY BUNAJKY, SIK BUJHO 3 PIBHAHHA (6), 3yCHJIs
CTUCKYBaHHS MPOAYKTY MIXK IITHEKOM 1 IpaTKaMH JOPIBHIOE HYJIO 1 00epTaib-
HUHA MOMEHT ABUIYHa M, BUTPauaTUMETHCA TUIBKW HA MOAOJIAHHA ONOPY TEPTA

M, npun o0epTaHHI IPOAYKTY.
KoepimienT K, skuii MO)KHa Ha3BaTA KOEPILIEHTOM MPOBEPTAHHS MPOAYKTY, B
nepioMy HaOMMKEHHI MO)KHA BM3HAUMTH SK BITHOIICHHS KyTOBOI IMBHUIKOCTI
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o0epTaHHs a)l(c_l) NPOAYKTY Ha MOBEPXHI IIHEKA MpH ¥ = R, (KoopauHaTa ¥

BIIJTIUY€ETHCA BiJl OC1 Z) O KyTOBOI IBUAKOCTI O0EPTAHHS IIIHEKA (c_l) :

K=0/o. (7)
Koedimient K MokHa BUpa3uTH (PopMyJIor0, HaBeneHoO y [98]:
K =cos’a—0,5-f-sin*-2c, (8)

ne f — koedilieHT TEPTA M’ SICa 110 TBUHTOBIM ITOBEPXHI.

Tpeba matn Ha yBasi, IO KyTOBA IIBHIKICT OOEPTAHHA NMPOAYKTY (), KOM-

MJIEKCHO 3aJCKUTh Bl YCIX (PI3MYHUX 1 FEOMETPUYHMX MMAapaMeETPIB MPOIECY.
3aNeXKHICTh MDK MOXJIMBAMU TIEPEMIIICHHAMU O¢ 1 OS 3HAXOAUThC 31

CHIBBIIHOIIECHH
h/5S = 27[/5(1) , 9

1€ 7 — KPOK TBUHTOBOI JIIHIT HAa pajlyci IIHEKa R, M.
[3 cniBBigHOLIEHHS (9) OTPUMYEMO:

o = 277565’ : (10)
Ha ocnogi (10) piBHicTb (6) HaOyA€ TAKOrO BUTJISIIY:
(M, —MC)%E(I—K)-PMSQ _0. (11)

Bennuuny S, 3Haxoaumo 3a GopMyJIor0:
S, =nR; -cosaL, (12)
A€ o¢ — KYT HaXWJIy TBUHTOBOI JIHIT 1IHEKa, rpa. (puc. 4, 0).

3 piBasHHA (11), BpaxoByroun (12), 3HaX0AUMO 3aJSKHICTH MK 00€pTaIbHUM
MOMEHTOM JIBUTYHA M, , KyTOBOIO HIBUJKICTIO OOEPTAHHSA IIHEKA @ 1 TPAHUYHAM

THUCKOM Ha NPOAYKT P,  :

2
O—" ‘R -h
M,=M,+ L —don "2 .cosa. (13)
20
MowmeHT cun onopy M, Takoxk € CKIagHOK (PyHKLI€O (I3UUHUX, FEOMETPUY-
HUX 1 KIHEMAaTHYHHUX MapaMeTpiB mpolecy. BenuurHy 1bOoro MOMEHTY 3py4YHO BU-

Pa3sHUTH Yepes PISHULIO @ — @, . Lle mae ¢isnunnmii cene, ockuibku npu @ =0 Mo-

MEHT CWJI ONOPY € HAHOLIbIMM. SIKINO 5k @ = @, TO B LIbOMY BUIAJKY IPOXYKT

HE KOB3a€ MO MOBEPXHI ITHEKA 1 MOMEHT CHJI OMOpPY JOPIBHIOE HYJO. BBaxkaewmo,
110 MPOAYKT HE MPUJIUIAE A0 CTIHOK ITHEKA 1 B IbOMY BUIAJAKY MOMEHT CUJI OTIOpY
MO)Ke OyTH BU3HAUYCHHH 3a (HOpPMYJIOIO:

MC:f((D)‘((D—(Dl), (14)
ne pyHkimsa f (0)) MO)Ke OyTH 3HaleHa TITBKM €KCIIEPUMEHTAIbHUM ILITXOM 1

TIJIbKY 111 KOHKPETHOrO 00J1aTHAHHS.
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3 ypaxyBaHHsaM piBHOCTI (14) popmyna (13) HaOyae TaKOro BUTJISIY
P, -R:-h
Mgz(oo—ml)-[f(m)+50”2—200socj. (15)
®

[lonaMo BEIMUMHY () — @, 4€PE3 MACOBY BUTPATY MPOAYKTY. SAKINO 3BOPOTHUIHA
1

pYX MPOAYKTY B IMHEKOBOMY KaHaJl BOBYKA BIJACYTHIH, TO MacoBa BUTpaTa Npo-

nykty (), BH3HauYaeThCA 32 POPMYJIOHO:

2
nd
QM=V-Sp-p=V—4 n, (16)
ae V — MBHUIKICTh PyXy NPOAYKTY B30BX OCI KaHajy (MoAaBajibHa IBUAKICTD),
M/C, 0 — IiNBHICTb TIPOAYKTY, KI/M°; S , — CyMapHa IIoIIa OTBOPIB IPaTKH, M
2
nd
S =—mn, (17)
S|

d — niaMeTp OTBOPIB IPaTKU, M; ¥ — KUIbKICTh OTBOpIB, IIIT.

[IIBUAKICTh TMOCTYNAJBHOTO PYXYy NPOAYKTY 3HAaWAEMO, BHUKOPUCTOBYHOUH

3QJICKHICTh MK IIHCHUMHM HECKIHUCHHO MAJIUMU MEPEMIIICHHAMU MOCTYNAJIbHOTO
PYXY MPOAYKTY 1 KyTOBUM NIEPEMIIICHHSAM

2n

dp=(1-K)- s (18)

[lominuBIM JiBY 1 mpaBy 4YacTWUHMW PiBHAHHA (18) Ha HECKIHUEHHO Mauit
MIPOMIXKOK Yacy df , 3 ypaxyBaHHAM 3HaueHHs K 3 (hopMyin (8) BU3HAUUMO:

h
V=(o-0,)—. 19
(0-) (19)
Ha miacrasi ¢popmynu (19) Bupas Ajis MacoBOi BUTPATH NPOIYKTY HaOy/1€ TaKko-
r0 BUTJISAY:

h-d*-n-p
0, =(0-0,) 4 "P
8
Busnauaroun 3 piBHSAHHS (20) pI3HULIO © —©; 1 MACTABIAOYM il y Bupas (15),
3HAUIEMO IIYKaHY 3aJICKHICTb:

80 P, Rk
=— 0)+—~—=——cosa |. 21
’ h-dz-n-p[f( ) 20 @D

V piBHaAHHI (21) BenuuuHa P, , 1714 pI13HUX BB CHPOBUHU Ma€ OyTH OTpUMa-

Ha [UISIXOM MPOBEACHHS Cepli EKCIIEPUMEHTALHUX AOCHIKEHD /I BUSHAUCHHAM
IPaHUYHUX TUCKIB, 10 HE MOPYUIYIOTh CTPYKTYpH MpoayKTy. Toxal piBHsSHHS (21)
MO)KE€ OyTH BUKOPUCTAHE JI1 €KCTIEPUMEHTAIBHOIO BU3HAYCHHS (PYHKIIT j(a)) B

(20)

MeKax ~ 3MIHM  BHUMIpDIOBaHMX  mapamerpiB: M, <M <M _,;0'<o<Lo";

QilSQi SQiZ'
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Piuanna (21) 3B’43ye BUTpaTy CHpOBUHHU (), Ta 00EPTOBUI MOMEHT BUT'YHA
M , mpsAMonponopuiiHO0 3aIEKHICTIO, TooTo pu O, =0 1 M, =0,

Ane e He 30BciM Tak. PiBHsHHA (21) Tpeba po3yMiTH B TOMY CEHCI, IO MPH
0, =0 pyx DpoayKTy B IPOCTOP1 MI’K HIHEKOM 1 KOPITyCOM a00 1nepe0ya0BY€ThCA
(3’ IBNIAETHCA 3BOPOTHHH pyX), a00 MPOAYKT 3aXOIIIOETHC TIILKU B 00€pTaIbHUM
pyx. MOMEHT chJl OMopy, 1110 BUHUKAE MPHU LIbOMY, 3HAUHO MEHIIMA MOMEHTY CHJI
OMOpY 3a HAagBHOCTI MOCTYNaJbHOI XOAW MPOAYKTY. B nbomy Bumaaky i odep-
TaJlbHUH MOMEHT JIBUTYHA OYJi€ 3HAUHO MEHIIUM Bl HOro 00epTaJbHOTO MOMEH-
Ty 3@ HaABHOCTI MOCTYyNaJIbHOrO PyXy MPOAYKTY.

Po3paxyeMo nepemillieHHs 1 HAaMpY>KeHHA Y BUTKaX IHEKa. OCKUIbKA BUTKH
ITHEKa MarTh JOCUTh CKJaAHy GopMmy, TO A MOPOBEACHHSA aHATITHUYHUX
MIpDKYBaHb TOJAHO BHWTOK Y BHIIAAI IWJIHAPHYHOI IMaiOM 13 30BHIIIHIM
paaiycom R,, aKa >KOPCTKO 3aKpiruieHa Ha Baly paaiyca Ry, (puc. 5).

ToBmuHa BUTKA JOPIBHIOE 2/, TUIOIIMHA BUTKA HaXWJICHA 10 BICI Baja Mg Ky-
TOM Ol — (KyT Mi?K HOPMAJLJTIO # JI0 TUJIOIIMHU BUTKA 1 BICCIO BaJia z ).

BBaxaeMo, MO TPOLYKT
2h pyxaeTbCcsi B JI0NATHOMY
R, HampsiMi ocl z' 1 B I[bOMY K
Hampami BiIOyBa€TbCA TI1ABU-
HICHHA TUCKY Ha TOBEPXHI
BUTKIB IITHEKA.

3B’SHKEMO 3 BUTKOM IIIHEKA
ITHIPUYHY CUCTEMY KOOp-
JUHAT *#, ¢, z, TOYATOK SKOI

B <
=

3HAXONWUTHCSA B IIEHTP1 Cepe-
HbOI TUIOMMHW BuUTKa. Ha
TOBEPXHI BUTKA z = —/ THCK
Puc. 5. Cxema BUTKA mHEKA JOPIBHIOBATHME — I 1€osa, a
Ha MOBEPXH1 z = h— P, cos

(P, < P,), TOGTO BHTMH BHTKA BiI0yBATHMETHCS y HANPAMKY, MPOTHIGKHOMY PyXy

poayKry. [IpuiiMeMo, 1110 OCHOBHMM YUHHUKOM BUTHHY € HOPMAJIbHUI TUCK, AKAN
JI€ HA KOKHY MOBEPXHIO BUTKA.

[Ipy aHAIITUYHUX PO3PAXyHKAX BUKOPUCTOBYEMO PIBHSHHS TEOP1i MPY>KHOCTI,
3anMcaHl B TmiepeMilieHHsaX (piBHsAHHA Jlame). PiBHsuHs Jlame 11 0oChOBOro
nepeMiiieHHs U, 3anucaie B HAJIHAPWYHIA CUCTEM1 KOOP/IUHAT, MA€ BUTJISA;

AU, +(K+1)2—§=O, (23)

ne A— oneparop Jlariaca, 3anMcaHuii B IMUTTHAPAYHIA CHCTEMI KOOPIHMHAT:
1 1o
A:_.E[,,EJJF o 1o (24)
r or\_or) 9Z° r- 0
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K= & (25)
1)
ae A u g — xoediieHTy (mapamerpu) Jlame, 10 MarOTh BUTJISIA;
Lo £
= S U=, (26)
(1+G)-(1—2G) 2(1+G)
ne K — woaynb mOpyxkHOCTI, o — Koedimient Ilyaccona; 6 — o0’eMHa
nedopMmariris MmaTepiaay BUTKA, 10 BU3HAYAETHCS 3a (POPMYJIOHO:
1 0 oU
e = —s—|7r- U =+ z N 27
r 8r( ) Oz @7)

ne U, — pajiajibHe NePEMIIICHHS TOUOK BUTKA.
JInsi BU3HAUCHHSI HAMPY>KEHh B TOUKAX BUTKA CKOPHCTAEMOCS PIBHSHHSM, IO

3B’A3y€ OCbOBE NEPEMILIECHHS U/, 3 TOTOBHUM HOPMAJIbHUM HAIPYKEHHAM T,
oU,

T =20+2 . 28
2 Y (28)

[Ipu po3B’sa3yBaHHI piBHSAHHSA (23) mpuiiMeMo, 110 OCHOBHUM BUAOM jAedop-
Mallli BUTKIB IIIHEKA € BUTWH y HANPAMKY, TPOTUJICKHOMY HAIMPSAMKY OCI z, AKUi
BiI0yBa€eThCA 0€3 AKOro-HeOyib 3HAUHOT'O PaaiaibHOTO MEPEMIIIICHHS TOUYOK BHT-

Ka. Y LbOMy BHNAAKYy MOKHA npuiiHatu U/, >>U a y Bupasi it 00’ eMHOI

nepopmartii (27) npuiiasa U, =0 .
Toni piBaanHA (23) 1 (28) 3 ypaxysansam (24) 1 (27) npu U, = 0 #abymyTs Ta-

KOT'O BUTJISIY:

o’U,

07%

oU
T, :(?\,+2M) 8ZZ : (30)

ou, 1-0U,
+ +

or? r-or (K+2)

0; (29)

PiBHsHHSA (29) 1 (30) po3B’SA3yIOTh 32 TAKUX TPAHUYHUX YMOB:
z=-h, 1,=-Fcosa

y4

z=h,t, =—-P,cosa

z=R,,,U,=0.

['paHUYHI YMOBHU 03HAYAIOTh, 1110 BaJl, Ha IKOMY 3aKpIILJICHUH BUTOK, ABJISIETHCS
’KOPCTKOIO OMOPOIO.

VY pesynbTaTi po3B’ 3Ky piBHAHB (29) 1 (30) 3 ypaxyBaHHSAM IPaHUYHUX YMOB
OTPUMAEMO TaKi BUPA3u AJI1 OCbOBOr0 MepeMillleHHs [/, 1 TOIOBHOIO HOPMaJIbHOTO
HaNpy>KEeHHS 7

(B-R)h-cosa 1 | 1 &eosin-Ky(n-r) in

> COS—2z —

+
i A+2u 12 |75 2 Ky(n-Ry)
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_l(ijz K+2- Rzzo r? _(Pl—Pz)-cosocZ 31)
4\ h 8-h 2(A+2p)

1 & cosin-Ky(n-r) . in z}

=(B- p){ » sinZz- 2 |.

T i I‘Ko(”‘Rzo) h  2h

PF+P)
-cosoc—( ! 22) cosoc‘ (32)

Y supasax (31), (32) K, (nr)i K,(nR,,) — dyskuii beccenst apyroro poxy,

YSIBHOT'O apTYMEHTY, HYJIbOBOTO TTOPSIKY:
n= % K+2. (33)

BukopucroByrouu piBHICTb (31), 3Haii1eMO 3aKOHOMIPHICTh NEPEMILIEHHS TOYOK
CEPEAVHHOI TUIONIMHY 3aJISKHO BiJl paaiaibHOI KOOPJIMHATH ¥ TOUOK I[I€T MJIOLIH-
HU. J[ns 1boro B npasiit yactuHi piBHAHHA (31) npuiimemo, mo z = 0. Ilicad upo-
IO OTPUMAEMO:

(P,—P,)-h-cosa
A+21

{ 1 wcosan(n-r)+K+2-R220—r2}

U, (r0)= -

D)

34
12 n*i5i Ko(n-Rzo) 8-h° 59

[lincTaBuBiM B piBHAHHA (34)7 = R, , 3Hai/IeMO OCbOBE MEPEMIIIEHHS TOYOK
Ha 30BHIIIHBOMY PajlycCl IHeKa R, :
(P,—B)-h-cosa
A+21

U,(R,,0)=-

{ T ("'R2)+K+2'R§O_R§] 35)

2 > 2

T i=1 'Ko(n'Rzo) 8'h

[IpoBeaeHu po3paxyHOK NEPEMIIIECHb Y BUTKAX THYUYKOTrO ITHEKA M JI€0 PI3HHULI
THUCKIB Ha HOro pod0ody MOBEPXHIO 1€ MOKIMBICTh 3a0€3MEUUTH CAMOPETYJIIOBAHHA
Mojiayul CUPOBUHM. SIKIIO HAWOUIBIIMK 3 1MX THUCKIB € MaKCHUMAaJIbHO JOIYCTUMHM
U1 1IOTO MPOAYKTY, TO € MOXJIMBICTh BU3HAUYEHHA TaKOTrO 3a30py MK BHUTKaAMH

ITHEKA 1 KOPITyCOM BOBYKA, MIPU SKOMY MPOAYKT MEpeTeue 3 001acTi MiABUIIEHOTO B
00J1aCTh TOHMKEHOT O TUCKY. [IpruoMy et 3a30p U1 3a1aHOrO IOy CTUMOTO TUCKY

Tpeda BU3HAYATU €KCIIEPUMEHTANIBHO. [ pO3paxyHKy 3a30py 6 PO3IIIHEMO CXe-
My, TIOAAHY Ha puc. 6.

Ha puc. 6 nokazani: R, — BHyTpIlHINA paalyc Kopiyca BOBUKa, M; R, — 30B-
HIIHIA pajalyc mHeKa, M; R,, — BHYTPILIHIN paalyc BUTKa, M; M — KpuBa 3ruHy
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CEPEMHBOI TUIOIIMHA BUTKA IHEKA, M;

0

HIX TOYOK BHTKA IITHEKa, IO 3HAXO-
JTSIThCA B CEPEIUHHIM TIIOMMHI B
UAR;, 0) OCBOBOMY HAIIPSIMKY, M.
Jl0 BUTWHY CEpenuHHA TUIOIIMHA
~| BHTKa 3akiMajia MONOKEHHSA, TIPU AKO-
My KyT o =0 (muB. puc. 5). OCKUTbKH
L IPH PO3PaxyHKaX BETMUMHOK pajia-
JBHOTO TepeMileHns [/, HeXTyBaJM
MOPIBHSHO 3 OCHOBUM MEPEMILIEHHSM,
TO JOBXHHA Ayrd M TpuOIM3HO
JIOPIBHIOE PI3HULI PadiyCiB R, 1R,
T00TO: UML =R, — R,,.

[Tpyn HEBENMMKKUX BUTHHAX CEPEIMHHOI IUIOMMHY 3aMiHAMO ayry ML ii xopaoro. B
1OMY BUMAAKY BEJIMUMHA 3a30pY O BU3HAYAETHCA 3a (HOPMYJIOHO;

A

Puc. 6. Cxema xopnyca BoOBUYKA 3i IIHEKOM

=R —Ry—(R, = Ry)-coscx . (36)
OueBuaHO, 110
2
U.(R,,0 . U.(R,,0
Mzsma, cosq = 1—[Mj . (37)
R2_R2O R2 _R2O

Ha miacrasi cniBBiaHOLIEHb (37) piBHAHHSA (36) Ha0yBa€e TAKOTO BUTJISAIY :

S=R —Ry—(R,—Ry)- 1—[Mj . (38)

[TincrasuBum B piBHICTS (38) BUpa3 U, (R2 , O) 3 paHille OTPUMAHOIO PIBHSAHHSA

(35), MOXKHA 3HAWTH 3aJSKHICTh MDK BETMUMHOIO 3a30py O 1 MPUKIAACHOIO P13HU-
1[I0 TUCKIB HAa poOOU1i MOBEPXHI BUTKIB IITHEKA.

VY nporiect noapiOHEHHS M’sica Y BOBUKY HAMOUThIIMI TUCK BUHUKAE Y KIHI[ IITHEKA
Ha BHYTPILIHIA MOBEPXHI IPATKK, TOMY 1110 TYT BIIOYBAETHCS MPOAABIIOBAHHS M’ sICa
yepe3 pi3aibHUA MexaHI3M. 3HaIOUM BEIWYHUHY THCKY BUTIKaHHSA (papiily, MpU SKOMY
MOYUHAE BLL[6yBaTI/IC${ pyHHYBaHHA CIPYKTYpH M’sica, 1 BUKOPUCTOBYIOUM €KCIIE-
PUMEHTAJIbHY 3aJICKHICTh MIXK MAKCUMAJIbHUM THCKOM 1 BETMYMHOO 3a30pY O , MOXKHA
TaK MiiopaTy reoMeTPUyHi i (isudHi XapaKTEPUCTHKH IIHEKA, 1O MPY IPAHMUHO JI0-
TyCTUMOMY THCKY BUTKH LIHEKA IOUHYTh BIATHHATHCA B HANPAMKY, HPOTHHIICKHOMY
70 HaMpAMKY TIEPEMIIIEHHS M 5ICa, YTBOPIOIOUM TIPU 1[IbOMY 3a30p MK HUM 1 KOpITY-
COM, uepe3 AKUIA YacTUHA MPOAYKTY MepeTeye 3a BUTOK IHEKA, a IHINA YacThHa Oyne

MOCTYITOBO MPOXOAMTH Y€pPE3 IPaTKK O€3 pyHHYBaHHS CTPYKTYPH.

BucHoBKku

1. Po3pobaeHa MaTeMaTHYHA MOJIENb MTPOLIECY TIEPEMIIIICHHS CUPOBUHHU IHEKOM,
110 3B’S13y€ MIXK COOOK) TPAHWYHUN JOMYCTUMUIA TUCK HA CUPOBUHY MEPEN IPaTKaMH,
00epTOBHIA MOMEHT Ha BaJly INHEKA, BUTPATH MPOAYKTY 1 KyTOBY IIBHJIKICTb.
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2. 3anpornoHoBaHa (popMyia AJisl BU3HAUCHHS MEPEMILIEHbD 1 HAMPY>KEHb Y BUTKAX
ITHEKA 3 METOIO OIIIHKK MOTPIOHOT0 3a30pY MK KOPITYCOM 1 BUTKOM IITHEKA BOBUKA.

3. BcraHOBjI€HA MaTEMATUUHA 3AJIEKHICTh BEIMUMHU 3a30pY (MK KOPITYyCOM BOBUY-
Ka 1 BUTKAMH IIHEKA) 1 MPUKJIAICHOK PI3HULICIO TUCKIB HA POOOUIA MOBEPXHI BUTKIB
IIHEKA IS MAOOPY F€OMETPUUHUX 1 (PI3MUHMX XaPAKTEPUCTHUK IITHEKA 3 €TACTUYHOIO
T'BUHTOBOIO TTOBEPXHEIO 3 METOIO 3aM00IraHHA PyHHYBaHHIO CTPYKTYPH M’ sica.
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MATEMATMYECKOE MOAENTIUPOBAHME NPOLLECCA
TPAHCNMOPTUPOBAHUA U NPOAOABJIIUBAHNA MACA B
LWHEKOBbLIX USMEJIbMMTENAX

B.10. CyxeHko
Hayuonanvnwiii ynusepcumem ouopecypcos u npupooonois306anus Y kpaurvl

B cmamwe nocmpoeHa MamemamudecKasl MOO€]Ib OBUNCEHUS CoblPbsl ULHEKOM 6OJIMKA U
meopemu4ecKu 000CHOBANHA BO3MONCHOCIN® AaAsmopecynuposansl npoyecca 3d cuem
odecneyenus 2MACMUYHOCINU BUINKO8 ULHEKC. Hpu 3ACPY3KE MACHO2O CblPbil 6 6OTHOK
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0TIl UBMEIbYEHUSI XAPAKMEPHO SHAYUMENLHOE 0OBEMHOE CHCAMUE MICHO2O CbIPbsl 3d
KOPOMKUL NPOMEICYMOK 8pemeHu. Pedxxcumvl pabomel GONUKOE USYHAWIUCL OOCMA-
MOYHO OCHOBAMETILHO U NO Pe3VIbMamam Smux UCCie0o8anull owviiu onpeoeneHtvie
3a6UCUMOCIIU. NPOUSEOOUMETBHOCHIL, YOETbHBIX PACX0008 SHEPeUU OM KOIUYEeCMEd
pe3ameibHuIX WIOCKOCMET, OUamMempos Omeepcmuil peulemox u cKopocmeti epaye-
Hust Hoiceli u uiHexa. Ho eenuuuner 0onycmumvix OaeneHuil 6blmexanus, npu Komo-
DbIX HEe NPOUCXOOUM PAa3pyULeHUs CIPYKIMypbl MSICHO2O0 CblpPbsl, HE NOJIHOCMbIO 000C-
HOBAHHbBL U MAIO UCCTE008aHbL. B npoyecce uzmevieHus: Msca 6 60N4Ke Haubovuiee
Oagnenue GO3HUKAEn 8 KOHYe UIHEKA HA GHYMPEHHEl NOGEPXHOCIU PeutemKU, NOMOMY
YMo 6 MOl 30He NPOUCXOOUM NPOOABTIUBAHUE MSCA Yepe3 Pe3amelbHblil MEXAHUIM.
3Has genuuuny OagneHust ucmeyenus apuia, npu KOMopom HavyuHaem npoucxooums
paspyuLeHue Cmpykmypul MACa, U UCNONB3YSI SKCNEPUMEHIMAIBHYIO 3A6UCUMOCTb Me-
2HCOY MAKCUMATLHBIM OAGNEHUEM U GETUHUHOT 3A30PA, MOICHO MAK NOO0OPAms 2eo-
Mempuyeckue u (puzuyecKue XapaKkmepucmuxu UHeKa, 4mo npu npeoeisHo OONnyCmu-
MOM OQGNeHUY GUMKIU UIHEKA HAYHYM OMeubamvCsi 8 HANpasieHuu, NPOmMUEONONOMHC-
HOM HAnpasnenuio nepemeyeHust Msca, 0o0pasoepiédst Npu smom 3a30p MeHCOy HUM U
KOPNYCOM, 4epe3 KOMOpblil 4acms NpOOYKmMAa nepemeyem 3a GUMOK UHeKd, a Opy2as
yacme 6yoem noCmeneHHo NPOXooUums 4epe3 peutemku 0e3 paspyuteniss CmpyKmypel.

Knioueenie croea: yvsco, 80140k, uiHEK, peutemrd, Oaenetue.

—— Scientific Works NUFT 2014. Volume 20, Issue |——— 165



