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sasursaTo usafrTxoebis uzrunvelyofaSi mniSvnelovani problema 

marcvleulis stabiluri da mzardi warmoebaa, rომლis mTavar mimarTulebad

miiCneva mosavlianobis gazrda, საdaც warmatebis miRweva SeuZlebelia

Tanamedrove teqnologiebis, meqanizaciis saSualebebis da maRalxarisxiani 

saTesi masalis gamoyenebis gareSe, amisaTvis ki aucilebelia marcvleulis 

Zneladmocilebadi sarevelebis Teslisagan da iseTi minarevebisagan gawmenda, 

romelTa zomebi morfologiuri niSnebis mixedviT uaxlovdeba marcvlovani 

kulturebis Teslis zomebs. Mmarcvleulis gawmendis da daxarisxebis 

ZiriTadi datvirTva modis marcvleulis sawmend da damxarisxebel cxaurian 

manqana-danadgarebze. radgan mosavlis aRebis Semdgomi gadamuSavebis periodi 

gansakuTrebiT daZabulia, es ufro maRali mwarmoeblurobis da xarisxis mqone 

marcvleulis damxarisxeblebis Seqmnis aucileblobas iwvevs. 
pirveli klasis saTesi masalis miReba arsebul marcvalsawmend 

danadgarebze aris ZviradRirebuli, xangrZlivi da mravaljeradi gatarebisas 

ukavSirdeba did danakargebs. saTesi masalis momzadebis erT-erT perspeqtiul 

teqnologias warmoadgens vibraciuli daxarisxeba, romlis SeaZleblobebi 

Zalze farToa da bolomde ar aris Seswavlili. vibraciuli damxarisxeblebis 

upiratesobebi mdgomareobs SemdegSi: 

1. vibracia zrdis separirebad masalaSi nawilakebs Soris SeWidulobis

Zalas da masala iqceva, rogorc siTxe (`vibroduRili~);

2. umjobesdeba daxarisxebis maCveneblebi;

3. konstruqciis gamartivebis Sedegad izrdeba danadgaris saimedooba;

4. Senobaze rxevadi muSa organoebis mier gadacemuli dinamiuri

datvirTvebi mcirdeba, radgan xdeba maTi dempfireba drekad sakidarSi;

5. uzrunvelyofilia muSa organos cvalebadi amplitudiT da sixSiriT

rTuli sivrciTi moZraoba.

am  ukanaskneli upiratesobis realizacia advildeba sixSiriT marTvadi 

ukuqceviT-winsvliTi moZraobis eleqtromagnituri vibroamgznebis gamoyenebiT, 

romlis meSveobiT SesaZlebelia vibraciis racionaluri kinematikuri reJimis 

miRweva yoveli teqnologiuri procesisa da konkretuli marcvlovani 

kulturis separaciisaTvis.

eqspluataciis pirobebidan gamomdinare, vibraciuli damxarisxebeli unda 

akmayofilebdes Semdeg moTxovnebs: xanZris da afeTqebis riskis minimizacia, 

saimedooba, maRali mwarmoebluroba, martivi konstruqciა, marTvis, gawyobisa
da teqnikuri servisis siadvile.  

dasmuli amocanebidan gamomdinare, aqtualuria maRalmwarmoebluri, 

mciregabaritiani, energodamzogi marcvleulis damxarisxeblebis Seqmna. 

yovelive amis gaTaliswinebiT, Cvens mier damuSavda marcvleulis saTesi 

masalis eleqtromagnituri vibraciuli damxarisxebeli, romlis amZravad 

gamoyenebulia aseve Cvens mier dapatentebuli rezonansuli ukuqceviT-

winsvliTi moZraobis eleqtromagnituri vibroamgznebi [1, 2]. muSa organos 

rxevebis amplitudisa da sixSiris did diapazonebSi regulireba 

uzrunvelyofilia naxevradgamtariani sixSiris gardamqmneliT. nax. 1-ze 

warmodgenilia am  ukuqceviT-winsvliTi moZraobis eleqtromagnituri 

vibroamgznebiT  aRWurvili sabaziso danadgari, romelic adaptirebulia 

sasoflo-sameurneo warmoebis sxvadasxva teqnologiur procesebTan, 

rogoricaa Zirxvenebis recxva, marcvleulis da fxvieri masalebis 

transportireba, dozireba, Rvinomasalebis daZveleba, ra mimarTulebiTac 

Sesrulebuli iqna garkveuli samuSaoebi [3, 4, 5, 6]. 
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nnax. 1. ukuqceviT-winsvliTi moZraobis eleqtromagnituri vibroamgznebiT 

aRWurvili danadgari.  1 – vibroamgznebi; 2 – CarCo; 3 - sakidi drekadi 

sistema; 4 – Rari.

N nax. 2-ze warmodgenilia marcvleuli kulturebis saTesi masalis 

damxarisxebeli mowyobilobis konstruqciuli sqema. es mowyobiloba 

damontaJebulia CarCoze (nax. 2-1), romelic xistad magrdeba ukuqceviT-

winsvliTi moZraobis eleqtromagnituri vibroamgznebiT  aRWurvili 

danadgaris RarSi (nax. 1-4), Sesabamisad vRebulobT marcvleuli kulturebis 

saTesi masalis damxarisxebel manqanas, romlis muSa organos warmoadgens 

friqciuli araperforirebuli separirebadi uxeSi zedapirebi (nax. 2-2) ganivi 

(nax. 2-6) da grZivi (nax. 1-3) daxris kuTxis cvlilebis SesaZleblobiT. M

manqanis muSaobis teqnologiuri procesi mimdinareobs Semdegnairad: mas 

Semdeg rac vibroamgznebis (nax. 1-1) cvladi da mudmivi denis gragnilebs 

miewodeba Sesabamisi Zabvebi, vibroamgznebSi aRZruli rxevebis zemoqmedebiT 

sawyisi saTesi masala bunkeridan (nax. 2-3)  mkvebavi mowyobilobis (nax. 2-4) da 

drekadi milebis (nax. 2-5) gavliT miewodeba muSaA zedapirebs (nax. 2-2), 

romlebzec narevis komponentebi fizikuri da meqanikuri maxasiaTeblebis 

mixedviT gadaadgildebian gansxvavebuli traeqtoriiT da iyofian.Adayofili 

fraqciebi iyreba Sesabamis saTavsoebSi (nax. 2. -  I, II, III, IV, V). 
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nax. 2. marcvleuli kulturebis saTesi masalis gamwmendi mowyobilobis 

konstruqciuli sqema. 1 – CarCo; 2 - friqciuli araperforirebuli 

saseparacio zedapirebi; 3 – bunkeri; 4 - mkvebavi mowyobiloba; 5 - drekadi 

milebi; 6 –saseparacio zedapirebis ganivi  daxris meqanizmi;  I, II, III, IV, V -
fraqciebis saTavsebi. 

marcvleulis Teslis gawmendisa da daxarisxebis teqnologiuri 

procesis umetes  reJimSi, vibraciuli manqanis muSa zedapir(eb)i horizontis 

mimarT daxrilia grZivad da ganivad. nax. 3–ze warmodgenilia Zalebis 
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moqmedebis sqema nawilakze, romelic moTavsebulia horizontis mimarT ߙ-
kuTxiT grZivad da ߛ-kuTxiT ganivad daxril muSa zedapirze, romlis 

mdebareoba sivrceSi ganisazRvreba Semdegi koordinatTa sistemebiT:  ଵܺ ଵܻܼଵ – 
absolituri (uZravi) koordinatTa sistema; ܻܼܺ – fardobiTi (moZravi) 

koordinatTa sistema, romlis ܱܻܺ sibrtye emTxveva vibraciuli manqanis 

friqciul muSa zedapirs; ܺଶ ଶܻܼଶ - fardobiTi (moZravi) koordinatTa sistema, 

romlis RerZebi moZraobisas rCebian ଵܺ ଵܻܼଵ – absolituri koordinatTa 

sistemis RerZebis paraleluri. (RerZebi ܺ ଵ da ܻ ଶ ganTavsebulia horizontalur 

sibrtyeSi). koordinatTa sistemebi ܺଶ ଶܻܼଶ da ܻܼܺ xistadaa dakavSirebuli 

vibraciuli manqanis muSa sibrtyesTan. ܱܥܤܣ muSa zedapiris mdebareoba ܺଶ ଶܻܼଶ 
fardobiT koordinatTa sistemis mimarT ganisazRvreba grZivi  ߙ da ganivi ߛ 
daxris  kuTxiT. 
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nax. 3. Zalebis moqmedebis sqema nawilakze, romelic moTavsebulia horizontis 

mimarT ࢻ-kuTxiT grZivad da ࢽ-kuTxiT ganivad daxril muSa zedapirze. 

 

vibroamgznebis amgznebi Zalis veqtori ganTavsebulia sibrtyeSi, 

romelic paraleluria ܱܼܺଶ sibrtyisa, amasTan muSa zedapirisa da ܱܼܺଶ 
sibrtyis gadakveTis xazTan qmnis rxevebis mimarTulebis  ߚ kuTxes. nawilakis 

fardobiTi moZraobis diferencialur gantolebebs eqneba Semdegi saxe [7, 8]: 

ቐ݉ܺ̈ = ௑ܨ + ଵ௑ܨ + ଶ௑ܻ݉̈ܨ = ௒ܨ + ଵ௒ܨ + ଶ௒ܼ݉̈ܨ = ௓ܨ + ଵ௓ܨ +  ଶ௓                               (1)ܨ
sadac, ݉ - nawilakis masaa, ܺ̈, ܻ̈ da ܼ̈ - fardobiTi aCqarebebis proeqciebi,  ܨ௑, ܨ௒, ܨ௓ - nawilakze moqmedi gare Zalebis proeqciebi, ܨଵ௑, ܨଵ௒, ܨଵ௓ – inerciis 
gadamტანი Zalis proeqciebi da ܨଶ௑, ܨଶ௒, ܨଶ௓ – inerciis koriოlisis Zalis 

proeqciebi Sesabamisad  ܺ, ܻ da ܼ  RerZebze. 
Nnawilakze moqmedebs Semdegi gare Zalebi: simZimis Zala - ܲ = ݉݃,           ܰ – normaluri reaqcia, xaxunis Zala - ܨ = ݂ܰ. Aaq ݃ – simZimis Zalis aCqarebaa, 

xolo ݂ – srialis xaxunis koeficienti. 

nawilakze moqmedi inerciis gadamtani Zala tolia ܨଵ = ଶ߱ܣ݉− sin߱ݐ, 
sadac ܣ,߱ – Sesabamisad muSa organos gadaadgilebis amplituda da kuTxuri 

sixSirea, ݐ – dro. inerciis koriolisis Zala ܨଶ = 0, radgan muSa sibrtye 
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asrulebs ukuqceviT-winsvliT moZraobas. gamosaxuleba (1)-Si Semavali 

sidideebis CasmiT da saTanado gardaqmniT miviRebT: 

⎩⎪⎪⎨
⎪⎪⎧݉ܺ̈ = ݉݃ tanߙ cos ߛ cosߜ + ଶ߱ܣ݉ ቄcosߜ ቂtanߙ cos ߛ sin(ߙ + (ߚ + ୡ୭ୱ(ఈାఉ)ୡ୭ୱఊ ቃቅ ∙    ∙ sin߱ݐ −  ݂ܰ ௑̇ඥ௑̇మା௒̇మܻ݉̈ = ݉݃ sinߛ ଶ߱ܣ݉− sin(ߙ + (ߚ sin ߛ sin߱ݐ − ݂ܰ ௒̇ඥ௑̇మା௒̇మ                                        ܼ݉̈ = −݉݃ cosߜ ଶ߱ܣ݉+ ୡ୭ୱఋ ୱ୧୬ఉୡ୭ୱఈ sin߱ݐ + ܰ,                                                                 

    (2) 

                               

sadac: ߜ = ܿݎܽ cos ୡ୭ୱఈ ୡ୭ୱఊඥ௖௢௦మఈା௦௜௡ఈమ௖௢௦ఊమ - udidesi daxris kuTxea. 
 im SemTxvevaSi, rodesac nawilaki gancalkevebis gareSe moZraobs (ܼ = 0,ඥܺ̇ଶ + ܻ̇ଶ ≠ 0), normaluri wneva zedapirze iqneba:^ ܰ(ݐ) = ݉݃ cosߜ ଶ߱ܣ݉− ୡ୭ୱఋ ୱ୧୬ఉୡ୭ୱఈ sin߱(3)                        .ݐ 

gamosaxuleba (3)-is gaTvaliswinebiT, nawilakis fardobiTi moZraobis 

gantolebaTa sistema miiRebs Semdeg saxes: 

 

⎩⎪⎪⎨
⎪⎪⎧ ݉ܺ̈ = ݉݃ tanߙ cos ߛ cosߜ + ଶ߱ܣ݉ ቄcosߜ ቂtanߙ cos ߛ sin(ߙ + (ߚ + ୡ୭ୱ(ఈାఉ)ୡ୭ୱఊ ቃቅ sin߱ݐ −   −݂ ቀ݉݃ cosߜ ଶ߱ܣ݉− ୡ୭ୱఋ ୱ୧୬ఉୡ୭ୱఈ sin߱ݐቁ ௑̇ඥ௑̇మା௒̇మ  ܻ݉̈ = ݉݃ sinߛ − ଶ߱ܣ݉ sin(ߙ + (ߚ sin ߛ sin߱ݐ − ݂ ቀ݉݃ cosߜ ଶ߱ܣ݉− ୡ୭ୱఋ ୱ୧୬ఉୡ୭ୱఈ sin߱ݐቁ ∙∙ ௒̇ඥ௑̇మା௒̇మ

  (4) 

nawilaki rCeba zedapirze uZrav mdgomareobaSi (ܼ = 0, ඥܺ̇ଶ + ܻ̇ଶ = 0), 
rodesac ට(ܨ௑଴)ଶ + ଶ(௒଴ܨ) < ଵ݂ܰ,                         (5) 
sadac: ݂ ଵ – uZraobis xaxunis koeficientia, ܨ௑଴ da ܨ௒଴ – uZravi nawilakis mSrali 

xaxunis Zalis proeqciebi, romlebic SeiZleba miRebuli iqnes nawilakis 

zedapirze wonasworobis pirobidan: ܨ௑଴ = ݉ቄ−݃ tanߙ cosߛ cosߜ + ଶ߱ܣ ቂcosߜ ቀtanߙ cosߛ sin(ߙ + (ߚ + ୡ୭ୱ(ఈାఉ)ୡ୭ୱఊ ቁቃ sin߱ݐቅ   (6)      ܨ௒଴ = ݉[݃ sinߛ − ଶ߱ܣ sin(ߙ + (ߚ sinߛ sin߱(7)                                    . [ݐ 
  

nawilaki SeiZleba darCes zedapirze, Tu sruldeba piroba ܰ(ݐ) > 0, e.i. ஺ఠమ ୱ୧୬ఉ௚ ୡ୭ୱఈ = ∗଴ݓ ≤ 1;                              (8) 
sadac: ݓ଴∗-aris gadatvirTvis parametri, e.i. inerciis Zalis ganivi mdgenelis 

amplitudis damokidebuleba simZimis Zalis ganivi mdgenelis amplitudaze. 

 Tu (8) gamosaxulebis piroba ar sruldeba, maSin drois garkveul 

momentSi (3)-iT gansazRvruli normaluri reaqcia gautoldeba nols da 

nawilaki moswydeba vibrirebad zedapirs. Nnawilakis frenis aRmweri 

gamosaxuleba miiReba (2)-Si   ܨ௑ = ௒ܨ = ܰ = 0 mniSvnelobis CasmiT. nawilakis 

siCqaris rxevad zedapirze da mis marTobze proeqciebs Soris kavSiri 

nawilakis zedapirze dartymamde da mis Semdeg ganisazRvreba (2) - (4) 

formulebiT.  
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marcvleuli kulturebis saTesi masalis gamwmend-damxarisxebeli 

manqanis vibroamgznebis eleqtruli nawilis angariSi da sixSiris regulirebis 

sakiTxi Sesrulebulia Cvens SromebSi [1, 2].
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GRAIN SEED SORTER WITH RECIPROCAL ELECTROMAGNETIC VIBRATING DRIVE 
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Summary 
Significant problem in ensuring food security is expanding grain production, the main direction 

of which is considered to be yield increase, where success cannot be achieved without using high quality 
seeds and for that it is necessary to remove hardened weed seeds and such impurities the size of which 
by morphological features approximates to grain seed size and here main load comes on grain sorting 
machines. Since the post-harvest processing period is especially tense it leads to necessity to create more 
productive and quality grain sorters. 

One of the prospective technologies to prepare seeds is vibrating sorting which has the following 
advantages: 

1. Vibration increases blending strength between particles in separation material and
material becomes as liquid (“Vibrating boiling”);

2. Sorting indicators are improved;
3. Reliability of machinery is increased due to simplicity of design;
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4. Dynamic loads transmitted by vibrating working parts on building is decreased due to
their damping in an elastic hanger;

5. A complex spatial movement of grate with variable amplitude and frequency is ensured.
The latter advantage can be ensured by use of frequency controlled reciprocal electromagnetic

vibration exciter through which it is possible to achieve a rational kinetic mode of vibration for each 
technological process and separation of a particular grain culture. The vibrosorter should meet the 
following requirements: fire and explosion safety, high reliability, high performance, ease of operation 
and maintenance. 

Based on the results achieved and the existing tasks it is important to create a highly productive, 
small-scale and energy-saving electromagnetic vibrating grain sorter. With all these in mind it was 
designed a grain electromagnetic vibrating sorter for which as a drive is used a resonance 
electromagnetic vibration exciter patented by us. Adjustment of vibration amplitude and wide range of 
frequencies of working parts is provided by frequency converter. 


