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)DVROD� SRFKRG]L� ]� $PHU\NL� �URGNRZHM� L� 3RáXGQLRZHM�� JG]LH� MDNR� MHGQD� 
]� QDMVWDUV]\FK� UR�OLQ� XSUDZLDQD� MHVW� RG� SRQDG� ����� � ODW�� 3R� RGNU\FLX� $PHU\NL�
przywieziono do Hiszpanii i Portugalii dwa gatunki –� IDVRO
� ]Z\F]DMQ��
(Phaseolus vulgaris L.) i fasol
�ZLHORNZLDWRZ�� �Phaseolus multifl orus L. Wild. 
syn. Phaseolus coccineus L.). :�;9,�ZLHNX�IDVRO
�XSUDZLDQR�Z�RJURGDFK�ERWD-
QLF]Q\FK� ZH� :áRV]HFK�� )UDQFML�� 1LHPF]HFK� L� Z� $QJOLL�� :� 3ROVFH� IDVROD�
]Z\F]DMQD�E\áD�]QDQD�Z�NR�FX�;9,�ZLHNX��3RF]�WNRZR�XSUDZLDQR�M��MDNR�UR�OLQ
�
R]GREQ�� Z� NODV\F]Q\FK� RJURGDFK�� D� GRSLHUR�Z�;9,,�ZLHNX�ZHV]áD� GR� XSUDZ\�
MDNR�ZDU]\ZR��:� SRáRZLH�;9,,�ZLHNX� IDVROD�Z\VW
SRZDáD� MX*� QD� WHUHQLH� 3UXV�
:VFKRGQLFK��Z�.UyOHZFX��:�;9,,,�ZLHNX� MHM�XSUDZD�]QDF]QLH� VL
� UR]V]HU]\áD�� 
a w wieku XIX i na poF]�WNX�XELHJáHJR�VWXOHFLD� IDVRO
�X*\WNRZDQR�SU]HZD*QLH� 
w formie suchych nasion [33,45]. 

3RPLPR� GX*\FK� Z\PDJD�� WHPSHUDWXURZ\FK� ]DVL
J� JHRJUDILF]Q\� XSUDZ\�
IDVROL� MHVW� V]HURNL�� =� XZDJL� QD� Uy*QH� MHM� IRUP\�� R� VWRVXQNRZR� NUyWNLP� RNUHVLH�
wegetacji , uprawiana jesW� QD�ZV]\VWNLFK�NRQW\QHQWDFK�� D�Z�JUXSLH� UR�OLQ� VWU�F]-
NRZ\FK� ]DMPXMH� JOREDOQLH� GUXJLH� PLHMVFH�� SR� VRL�� SRG� Z]JO
GHP� SRZLHU]FKQL�
]DVLHZyZ� L�SORQyZ��2EV]DU�XSUDZ\� IDVROL�Z��ZLHFLH�Z\QRVL�RNRáR������POQ�KD�
SU]\�]ELRU]H�RNRáR������POQ�WRQ�>��@��1DMZL
NV]\�DUHDá�XSUDZ\�IDVROL�Z\VW
SXMH�
w krajach Ameryki (USA, Meksyk, Brazylia), Azji (Indie, Chiny) oraz niektórych 
NUDMDFK�$IU\NL��:�(XURSLH�QDMZL
NV]D�SRZLHU]FKQLD�]DVLHZyZ�Z\VW
SXMH�Z�5X-
PXQLL��3RUWXJDOLL��5RVML��QD�8NUDLQLH�L�%LDáRUXVL� 

W Polsce, w uprawie polowHM�� UR]SRZV]HFKQLRQH� V�� JáyZQLH� IRUP\� NDUáRZH�
fasoli zwyczajnej (Phaseolus vulgaris���.UDMRZD�XSUDZD�WHJR�JDWXQNX�Z\QRVL�RNRáR�
�������KD��D��UHGQLH�SORQ\�QDVLRQ�NV]WDáWXM��VL
�QD�SR]LRPLH����GW⋅ha-1 [49,85]. 

1DVLRQD� IDVROL� VWDQRZL�� FHQQ\� SRNDUP� ELDáNRZ\� ��UHGQLR� ���� ELDáND���
]ZáDV]F]D�Z� *\ZLHQLX� F]áRZLHND��%LDáNR� IDVROL� FKDUDNWHU\]XMH� VL
�Z\VRN��ZDU-
WR�FL��ELRORJLF]Q���D�QDVLRQD�SRVLDGDM��UyZQLH*�VWRVXQNRZR�GX*R�IRVIRUX�L�*HOD]D��
=DZDUWR�ü�WáXV]F]X�Z�QDVLRQDFK�MHVW�PDáD�L�ZDKD�VL
�Z�SU]HG]LDOH����-2,6% [33].  

=H�Z]JO
GX�QD�QLVN��]DZDUWR�ü�WáXV]F]X��Z\VRN��]DZDUWR�ü�ELDáND��]ZL�]NyZ�
PLQHUDOQ\FK� L� ZLWDPLQ� RUD]� ZáyNQD�� D� WDN*H� REHFQR�ü� VXEVWDQFML� W]Z�� ELR-
DNW\ZQ\FK��QDVLRQD�UR�OLQ�VWU�F]NRZ\FK��D�JáyZQLH�QDVLRQD�IDVROL�XZD*DQH�V��]D�
FHQQ\�VNáDGQLN�UDFMRQDOQHM�GLHW\��$UW\NXá\�VSR*\ZF]H�]�XG]LDáHP�QDVLRQ�VWU�F]-
NRZ\FK� SRZRGXM�� W]Z�� VSáDV]F]HQLH� NU]\ZHM� FXNURZHM�� REQL*HQLH� SR]LRPX�
FKROHVWHUROX� L� WUyMJOLFHU\GyZ� ZH� NUZL�� FR� SR]ZDOD� WUDNWRZDü� MH� MDNR� VNáDGQLNL�
GLHW\� ]DSRELHJDM�FHM� FKRURERP� F\ZLOL]DF\MQ\P�� :\QLNL� EDGD� epidemiologi-
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F]Q\FK� SRWZLHUG]DM�� NRU]\�FL� ]GURZRWQH� QDVLRQ� UR�OLQ� VWU�F]NRZ\FK�� NWyUH�
REMDZLDM��VL
�]PQLHMV]HQLHP�U\]\ND�FKRUyE�QRZRWZRURZ\FK�>��@� 

)DVROD�� MDNR� UR�OLQD� PRW\ONRZD� SRGREQLH� MDN� ZV]\VWNLH� VWU�F]NRZH� MHVW�
GREU\P�SU]HGSORQHP�GOD� ]Ey*��']L
NL�ZVSyá*\FLX� ]� EDNWHULDPL� EURGDZNRZ\PL�
pozostawia w glebie od 60 do 120 kg N⋅ha-1�RUD]�]QDF]QH�LOR�FL�PDV\�RUJDQLF]QHM�
Z� SRVWDFL� UHV]WHN� SR*QLZQ\FK�� 3RWHQFMDOQH� NRU]\�FL� ]� XSUDZ\� UR�OLQ� VWU�F]NR-
Z\FK��Z� W\P� IDVROL� V]F]HJyOQLH� V��ZLHORUDNLH� L� X]QDMH� VL
� MH� ]D�ZD*QH� GOD� URO-
QLFWZD�]UyZQRZD*RQHJR�� 

Mimo licznych zalet uprawy fasoli j ej powierzchnia w Polsce jest niewielka,  
D� XG]LDá� Z� VWUXNWXU]H� ]DVLHZyZ� PQLHMV]\� QL*� Z� NUDMDFK� 8QLL� (XURSHMVNLHM�� -HGQ�� 
]� JáyZQ\FK� SU]\F]\Q�PDáHJR� ]DLQWHUHVRZDQLD� XSUDZ�� WHM� UR�OLQ\ jest brak specja-
listycznych maszyn do zbioru. Stosowane obecnie tradycyjne metody zbioru fasoli za 
SRPRF�� PDV]\Q� SU]H]QDF]RQ\FK� GR� ]ELRUX� LQQ\FK� UR�OLQ�� QS�� ]ER*RZ\FK�� FKDUDN-
WHU\]XM��VL
�GX*��HQHUJRFKáRQQR�FL��L�PDá��HIHNW\ZQR�FL��HNRQRPLF]Q�� 

StosowaniH� GR� ]ELRUX� IDVROL� NRVLDUHN�� NRPEDMQyZ� ]ER*RZ\FK� L� PáRFDUQL�
VWDFMRQDUQ\FK� GR� RPáRWX� SRZRGXMH�� ZHGáXJ� ZLHOX� EDGD�� >�������������������@��
SRZVWDZDQLH�QDGPLHUQ\FK�VWUDW�SORQX��NWyUH�NV]WDáWXM��VL
�Z�SU]HG]LDOH���-60%. 
6WUDW\� WH� Z\VW
SXM�� Z� IRUPLH� XE\WNyZ� QDVLon (25-30%) oraz nasion uszkodzo-
nych mechanicznie (15-35%). 

7UXGQR�FL� Z� ]PHFKDQL]RZDQLX� ]ELRUX� IDVROL� QD� VXFKH� QDVLRQD� V�� SRZRGR-
ZDQH�JáyZQLH�QLHNRU]\VWQ\PL�DQDWRPLF]QR-PRUIRORJLF]Q\PL� L� IL]\F]Q\PL�ZáD�-
FLZR�FLDPL�UR�OLQ\�>��������������@��GR�NWyU\FK�QDOH*��� 

• QLHUyZQRPLHUQR�ü�GRMU]HZDQLD�� 
• QLVNLH�RVDG]DQLH�VWU�NyZ�QD�UR�OLQDFK�L�LFK�ZUD*OLZR�ü�QD�RV\S\ZDQLH�

VL
�QDVLRQ� 
• PDáD�RGSRUQR�ü�QDVLRQ�QD�XV]NRG]HQLD�PHFKDQLF]QH� 

=QDMRPR�ü�ZáD�FLZR�FL�IL]\F]Q\FK�UR�OLQ�XSUDZQ\FK�RUD]�]DNUHVX�LFK�]PLHQ-
QR�FL� SRVLDGD� LVWRWQH� ]QDF]HQLH� SU]\� NRQVWUXNFML� PDV]\Q� ]ELHUDM�F\FK� RUD]� GR�
XVWDODQLD�SDUDPHWUyZ�NLQHPDW\F]Q\FK�]HVSRáyZ�URERF]\FK� 
2. CHARAKTERYSTYKA BIOLOGICZNA FASOLI 

:�ZDUXQNDFK� NOLPDW\F]Q\FK� (XURS\� XSUDZLDQH� V�� �� JDWXQNL� IDVROL� SRFKR-
G]HQLD� DPHU\ND�VNLHJR�� IDVROD� ]Zyczajna (Ph. vulgaris L.) i fasola wielo-
kwiatowa (Ph. multifl orus Wild, syn. Ph. coccineus L.).  

:�REU
ELH�JDWXQNX�Ph. vulgaris�/��ELRU�F�SRG�XZDJ
�GáXJR�ü�áRG\JL�Z\Uy*QLD�
VL
�QDVW
SXM�FH�RGPLDQ\�ERWDQLF]QH�� 
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• NDUáRZ��– var. nanus��0DUWHQV��R�áRG\G]H�NUyWNiej (25-40 cm) i sztywnej,  
o 4-��PL
G]\Z
(ODFK� 

• W\F]NRZ�� – var. communis� �$VFKHUV��� R� áRG\G]H� ZLRWNLHM�� ZLM�FHM� VL
��
GáXJR�FL�GR���P��Z\PDJDM�FHM�SRGSRU\�� 

:�XSUDZLH�SRORZHM�]QDF]HQLH�JRVSRGDUF]H�PDM��W\ONR�RGPLDQ\�NDUáRZH��,VWQLHM��
UyZQLH*�IRUP\�SR�UHGQLH��W]Z��ELF]\NRZDWH��R�GáXJR�FL�áRG\J�RG����GR�����FP��QLHFR�
SáR*�FH�VL
��OHF]�QLH�PDM�FH�]GROQR�FL�RZLMDQLD�VL
�ZRNyá�SRGSRU\�>��@�� 

6WU�NL� IDVROL� RGPLDQ� NDUáRZ\FK� V��ZLHORQDVLHQQH�� RVL�JDM�� GáXJR�ü� RG� �� GR� 
��� FP��:LHONR�ü��NV]WDáW� L� ]DEDUZLHQLH� VWU�NyZ�V�� FHFKDPL�RGPLDQRZ\PL�� ,VWQLHMH 
]DOH*QR�ü� PL
G]\� NV]WDáWHP� VWU�ND� D� NV]WDáWHP� QDVLRQ�� 6WU�NL� GáXJLH� L� RNU�JáH�
w SU]HNURMX�SRSU]HF]Q\P�PDM��QDVLRQD�ZDOFRZDWH�L�Z\GáX*RQH��:�VWU�NDFK�SáDVNLFK 
QDVLRQD�V��VSáDV]F]RQH��D�Z�RZDOQ\FK�– raczej owalne [33,41,45].  

/LF]ED�QDVLRQ�Z�VWU�NX�MHVW�FHFK��]PLHQQ���]DOH*Q��RG�ZáD�FLZR�FL�JHQHW\F]Q\FK�
JDWXQNyZ�L�RGPLDQ��D�WDN*H�RG�XPLHV]F]HQLD�VWU�ND�QD�SL
WUDFK�áRG\JL��&HFKD�WD�MHVW�
XMHPQLH� VNRUHORZDQD� ]� ZLHONR�FL�� QDVLRQ�� 6WU�NL� Z� �URGNRZHM� F]
�FL� áRG\JL� V��
najliczniej wypHáQLRQH��2GPLDQ\� IDVROL� SU]H]QDF]RQH� GR� XSUDZ\� QD� VXFKH� QDVLRQD�
PDM��VWU�NL�]�VLOQLHM�UR]EXGRZDQ��ZDUVWZ��SHUJDPLQRZ���VNOHUHQFK\P���QL*�RGPLDQ\ 
V]SDUDJRZH�� �ZLDGF]\� R� W\P� ]DZDUWR�ü� ZáyNQD� Z� VXFKHM� PDVLH� VWU�ND�� NWyUD� 
X�RGPLDQ�V]SDUDJRZ\FK�Z\QRVL�RNRáR���08%, a u odmian  uprawianych na suche 
QDVLRQD�GRFKRG]L�GR������>��@��&HFK\�WDNLH�MDN��ZLHONR�ü��NV]WDáW��EDUZD�RNU\Z\�
QDVLHQQHM�� VPDN� L� F]DV� JRWRZDQLD� RGJU\ZDM�� ]DVDGQLF]H� ]QDF]HQLH� Z� IDVRODFK�
SU]H]QDF]RQ\FK�QD�VXFKH�QDVLRQD��V��ERZLHP�SU]HWZDU]DQH�QD�FHOH�VSR*\ZF]H�� 

:LHONR�ü� QDVLRQ� MHVW� FHFK�� FKDUDNWHU\VW\F]Q�� GDQHM� RGPLDQ\� L� MHVW� QD� RJyá�
Z\UyZQDQD�� :DUXQNL� ZHJHWDFML�� D� V]F]HJyOQLH� ZLOJRWQR�ü� JOHE\� L� SRZLHWU]D� 
Z� RNUHVLH� IRUPRZDQLD� RZRFyZ� RUD]� ]DJ
V]F]HQLH� VLHZX� PRJ�� ZSá\ZDü� QD�
ZLHONR�ü�QDVLRQ�>��������@��0DVD������QDVLRQ�MHVW�]ZL�]DQD�]�LFK�ZLHONR�FL��L�GOD�
DNWXDOQ\FK�SROVNLFK�RGPLDQ�ZDKD�VL
�Z�SU]HG]LDOH����-700 g [33,45].  

.V]WDáW�QDVLRQ�MHVW�FHFK��RGPLDQRZ���1DVLRQD�IDVROL�]Z\F]DMQHM�PDM��NV]WDáW�
QDMF]
�FLHM� NXOLVW\� MDMRZDW\�� RZDOQ\�� F\OLQGU\F]Q\�� QHUNowaty. Na rysunku 1 
SU]HGVWDZLRQR�FKDUDNWHU\VW\F]QH�NV]WDáW\�QDVLRQ�IDVROL�>��@�� 
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Rys. 1.� &KDUDNWHU\VW\F]QH� NV]WDáW\� QDVLRQ� IDVROL�� D� – kulisty; b – jajowaty; c – owalny; d – 
cylindryczny; e – nerkowaty 
Fig. 1. Characteristic shapes of bean seeds: a – spherical, b – egg-shaped, c – oval, d – cylindrical, 
e – kidney-shaped 
 

1DVLRQD� IDVROL� R� Z\PLHQLRQ\FK� NV]WDáWDFK� PRJ�� Z\VW
SRZDü� MDNR� EDUG]LHM�
OXE�PQLHM� VSáDV]F]RQH��:HGáXJ�NODV\ILNDFML�NV]WDáWyZ�QDVLRQ� >��@��Z�SU]\SDGNX�
kiedy a < b < l (rys. 2) nasiona�QDOH*\�X]QDZDü�]D�SRGáX*QH��1DVLRQD�NUDMRZ\FK�
RGPLDQ� IDVROL� FHFKXM�� VL
� SRZ\*V]�� SURSRUFM�� Z\PLDUyZ� L� GODWHJR� PR*QD� MH�
RNUH�ODü�MDNR�SRGáX*QH� 

 

 
Rys. 2. Typowe rozmiary nasion fasoli : l –�GáXJR�ü��b –�V]HURNR�ü��a –�JUXER�ü 
Fig. 2. Typical dimensions of bean seeds: l – length, b – width, a – thickness 

 
:� SU]\SDGNX� JUXER�FL� QDVLRQD� PRJ�� E\ü� ]QDF]QLH� ]Uy*QLFRZDQH� L� GODWHJR�

ZHGáXJ�WHM�FHFK\�SRZV]HFKQLH�RNUH�OD�VL
�MH�MDNR�EDUG]LHM�OXE�PQLHM�VSáDV]F]RQH� 
%DUZD�áXSLQ\�QDVLHQQHM�MHVW�Z�GX*\P�VWRSQLX�VNRUHORZDQD�]�EDUZ��NZLDWyZ��

2GPLDQ\�R�NZLDWDFK�ELDá\FK�PDM��QDVLRQD�ELDáH��NUHPRZH��NDZRZH�OXE�EU�]RZH��
D�RGPLDQ\�R�NZLDWDFK�ILROHWRZ\FK�L�SXUSXURZ\FK�PDM��QDVLRQD�FLHPQREUXQDWQH��
ciemnooliwkowe, fioletowe lub czarne [33,45]. 

       a         b          c                   d                  e 

a b 

l 
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1D� U\VXQNX���SU]HGVWDZLRQR�EXGRZ
� QDVLona fasoli [25]. W nasionach tych  
Z� RGUy*QLHQLX� RG� JDWXQNyZ� UR�OLQ� MHGQROL�FLHQQ\FK� Z\VW
SXM�� GZD� OL�FLHQLH�
JURPDG]�FH�VXEVWDQFMH�]DSDVRZH��ELDáNR�L�VNUREL
��RNU\WH�áXSLQ��QDVLHQQ���NWyUD�
FKURQL� QDVLHQLH� SU]HG� ZSá\ZDPL� ]HZQ
WU]Q\PL�� 3RPL
G]\� OL�FLHQLDPL� ]najduje 
VL
� NRU]RQHN� ]DURGNRZ\� –� UDGLFXOD�� NUyWNL� K\SRNRW\O� RUD]� ]DZL�]HN� S
GX� – 
SOXPXOD�]�GZRPD�PDá\PL�OLVWNDPL�PáRGRFLDQ\PL� 

 

 
Rys. 3. Budowa nasiona fasoli: A –�Z\JO�G�]HZQ
WU]Q\��%�–�EXGRZD�áXSLQ\�QDVLHQQHM��&�– budowa 
zarodka: 1 – znaczek (hilum), 2 – okienko, 3 – guz nasienny, 4 – komórki palisadowe, 5 – 
hypoderma, 6 –�NRPyUNL�PL
NLV]RZH����–�OL�FLHQLH����– korzonek zarodkowy (radicula), 9 – kolanko 
SRGOL�FLHQLRZH��hypokotyl), 10 –�]DZL�]HN�S
GX��plumula��]�GZRPD�OLVWNDPL�PáRGRFLDQ\PL 
Fig. 3. Bean seed structure: A – external view of bean seed; B – structure of bean seed cover; C – 
structure of bean seed germ: 1 – hilum, 2 – micropyle, 3 – seed nodule, 4 - palisade cells, 5 – 
hypoderm, 6 – parenchyma cells, 7 – cotyledons, 8 – radicle, 9 – hypocotile, 10 – shoot ovary with 
two juvenile leaves 
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2NUHV� ZHJHWDFML� RGPLDQ� IDVROL� NDUáRZHM� ]Z\F]DMQHM�� XSUDZLDQ\FK� QD� VXFKH�
QDVLRQD�� Z\QRVL� RG� ���� GR� ���� GQL�� 'áXJR�ü� RNUHVyZ� UR]ZRMRZ\FK� SRV]F]H-
JyOQ\FK�W\SyZ�L�RGPLDQ�]PLHQLD�VL
�SRG�ZSá\ZHP�ZDUXQNyZ�XSUDZ\��$NWXDOQH�
odmiany fasoli zwyczajnej uprawianej na VXFKH�QDVLRQD�]DNZLWDM��SR�RNRáR���-55 
GQLDFK�RG�VLHZX��D�IDVROD�ZLHORNZLDWRZD�]DNZLWD�SU]HFL
WQLH�SR����GQLDFK�>��@� 
���86=.2'=(1,$�1$6,21�:�:$581.$&+�2%&,�)(��'<1$0,&=1<&+� 
    I METODY ICH OCENY 

Uszkodzenie mechaniczne nasion fasoli , podobnie jak i innyFK�UR�OLQ�XSUDZQ\FK��
UR]XPLDQH� MHVW� MDNR� VWDQ� QDUXV]HQLD� QDWXUDOQHM� FL�JáR�FL� WNDQHN�� 6WUDW\� MDNR�FLRZH�
SORQX�Z� F]DVLH�PHFKDQLF]QHJR� ]ELRUX� QDVLRQ� VWDQRZL�� HIHNW� WHJR� W\SX� XV]NRG]H���
8V]NRG]HQLD� SRZVWDM�� ZVNXWHN� RGG]LDá\ZDQLD� REFL�*H��� JáyZQLH� G\QDPLF]Q\FK, 
SRFKRG]�F\FK�RG�HOHPHQWyZ�URERF]\FK�PDV]\Q��2EFL�*HQLD�WH�SU]HQRV]RQH�V��EH]-
SR�UHGQLR� OXE� SR�UHGQLR� �QS�� SRSU]H]� PDV
� VáRPLDVW��� QD� QDVLRQD�� 6NXWNL� RGG]LD-
á\ZDQLD�REFL�*H��REMDZLDM��VL
�QLH�W\ONR�Z�SRVWDFL�SRJRUV]HQLD�ZDUWR�FL�ELRORJLF]QHM�
nasion jako mDWHULDáX� VLHZQHJR�� DOH� WDN*H� ZSá\ZDM�� QD� LFK� ZáD�FLZR�FL� SU]HFKR-
walnicze i technologiczne [33,40,77]. 

%DGDQLD� RGSRUQR�FL� QDVLRQ� QD� XV]NRG]HQLD� PHFKDQLF]QH� VSURZDG]DM�� VL
� 
Z� SUDNW\FH� GR� Z\ZRáDQLD� RNUH�ORQHJR� REFL�*HQLD� L� RFHQ\� SR]LRPX� XV]NRG]H��
jako efektX�JáyZQHJR�WDNLHJR�REFL�*HQLD�� 

=�XZDJL�QD�VSHF\ILF]Q\�FKDUDNWHU�SUDF\�]HVSRáyZ�PáyF�F\FK�PDV]\Q�GR�]ELRUX 
QDVLRQ�UR�OLQ�VWU�F]NRZ\FK��Z�W\P�IDVROL�QD�VXFKH�QDVLRQD��NRQLHF]QD�MHVW�ZLHG]D�
QD�WHPDW�LFK�RGSRUQR�FL�QD�XV]NRG]HQLD�PHFKDQLF]QH�JáyZQLH�Z�WUDNFLH�REFL�*H��
dynamicznych.  

:�ZDUXQNDFK� ODERUDWRU\MQ\FK� REFL�*HQLD� G\QDPLF]QH� SRMHG\QF]\FK� QDVLRQ�
PRJ��E\ü�UHDOL]RZDQH�PL
G]\�LQQ\PL�SRSU]H]� 

a) uderzanie z podparciem (rys. 4 a), gdzie nieruchomy obiekt uderzany jest 
elementem udarowym [20,58], 

b) uderzanie bez poGSDUFLD��U\V���E��>�����������@��Z�NWyU\P�ZLUXM�FH�]�RNUH�-
ORQ��SU
GNR�FL��REURWRZ��UDPL
�XGHU]D�Z�EDGDQ\�RELHNW� 

c) XGHU]DQLH�RELHNWHP�Z�QLHUXFKRP��SU]HV]NRG
��U\V���F��>��@� 
%LRU�F�SRG�XZDJ
�FKDUDNWHU�SUDF\�]HVSRáyZ�PáyF�F\FK�QDMEDUG]LHM�]EOL*RQ\P�GR�

warunkyZ� U]HF]\ZLVW\FK��Z� WHVWDFK�Z\WU]\PDáR�FLRZ\FK�� MHVW� XGHU]DQLH� EH]� SRG-
SDUFLD�RUD]�XGHU]DQLH�EDGDQ\P�RELHNWHP�Z�QLHUXFKRP��SU]HV]NRG
� 
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Rys. 4.� 6SRVRE\� XGDURZ\FK� REFL�*H�� QDVLRQ�� D�� XGHU]HQLH� ]� SRGSDUFLHP�� E�� XGHU]HQLH� EH]�
podparcia, c) uderzenie w nierXFKRP��SU]HV]NRG
 
Fig. 4. Types of impact loads acting on seeds: a) impact with support, b) impact without support, c) 
impact against fixed obstacle 

 
:�SUDNW\FH��G]LDáDQLD�SURILODNW\F]QH��PDM�FH�QD�FHOX�]DSRELHJDQLH�SRZVWDZDQLX�

XV]NRG]H��PHFKDQLF]Q\FK�� VSURZDG]DM�� VL
� GR� XVWDODQLD� JUDQLF]QHM�ZDUWR�FL� F]\Q-
QLND�GHWHUPLQXM�FHJR�RNUH�ORQH� VNXWNL� IL]\F]QH� L�ELRORJLF]QH�� MDNLH�PRJ��Z\VW�SLü�
w technologii uprawy, zbioru, transportu i przechowalnictwa nasion. 

8V]NRG]HQLD� PHFKDQLF]QH� QDVLRQ� PR*QD� QDMRJyOQLHM� SRG]LHOLü� QD� ]HZQ
WU]QH� 
L� ZHZQ
WU]QH�� 8V]NRG]HQLD� ]HZQ
WU]QH� VSRZRGRZDQH� V�� JáyZQLH� SU]H]� HOHPHQW\�
URERF]H�PDV]\Q� ]ELHUDM�F\FK� L� WUDQVSRUWXM�F\FK��SRGF]DV�JG\�XV]NRG]HQLD�ZHZQ
-
WU]QH� OL�FLHQL�PRJ�� E\ü� VSRZRGRZDQH� UyZQLH*� QDSU
*HQLDPL�ZHZQ
WU]Q\PL�� NWyUH�
powstaM�� SRG� ZSá\ZHP� JUDGLHQWX� WHPSHUDWXU\� L� ZLOJRWQR�FL�� 8V]NRG]HQLD� PHFKD-
QLF]QH� QDVLRQ�PR*QD� SRG]LHOLü� UyZQLH*� QD� WDN� ]ZDQH�PDNUR- i mikrouszkodzenia. 
-H*HOL� XV]NRG]HQLH� SROHJD� QD� ZLGRF]QHM� XWUDFLH� MDNLFKNROZLHN� F]
�FL� QDVLRQD, to 
NZDOLILNXMH� VL
� JR� MDNR�PDNURXV]NRG]HQLH�� MH�OL� QDWRPLDVW� IUDJPHQW\� WNDQHN� V��
XV]NRG]RQH��OHF]�QLH�RGG]LHODM��VL
�RG�QDVLRQD�– to mamy do czynienia z mikrou-
szkodzeniem [77]. 

:�SRZV]HFKQLH�VWRVRZDQ\FK�PHWRGDFK�EDGD��RFHQ\�MDNR�FL�XV]NRG]H��PHFKD-
QLF]Q\FK� QDVLRQ� UR�OLQ� VWU�F]NRZ\FK� >�,52,72], za makrouszkodzenia uznawano 
ZLGRF]QH�S
NQL
FLD�RNU\Z\��OL�FLHQL�RUD]�XE\WNL�MDNLFKNROZLHN�LFK�F]
�FL��1DWRPLDVW�
GR� PLNURXV]NRG]H�� ZOLF]DQR� QLHZLGRF]QH� PLNURS
NQL
FLD� RNU\Z\� QDVLHQQHM� L� OL�-
FLHQL�� D� Z\NU\ZDOQH� E\á\� SU]\� SRPRF\� GRGDWNRZ\FK� SU]\U]�Gów lub specjalnych 
PHWRG�� 2� LOH� PDNURXV]NRG]HQLD� V�� áDWZH� GR� LGHQW\ILNDFML�� WR� NODV\ILNDFMD� PLNUR-
XV]NRG]H��QDVWU
F]D�ZLHOH�Z�WSOLZR�FL� 

:� SL�PLHQQLFWZLH� GRW\F]�F\P� PHWRG� EDGDQLD� XV]NRG]H�� PHFKDQLF]Q\FK�
]LDUQD�QD�V]F]HJyOQ��XZDJ
�]DVáXJXM��SUDFH�6WURQ\�>��@��=DSURSRQRZDQ\�SRG]LDá�

a)        b)            c) 

F 

 F F 
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PHWRG�QD�EH]SR�UHGQLH� L� SR�UHGQLH�� SR]ZDOD�QD�Z\RGU
EQLHQLH� LFK� FHFK�charak-
WHU\VW\F]Q\FK��0HWRG\�EH]SR�UHGQLH�]ZL�]DQH�V��]�RFHQ��ZL]XDOQ��VWDQX�SRZLHU]FKQL�
EDGDQHJR�RELHNWX�OXE�MHJR�REUD]X�L�]DZLHUDM��Z�VRELH�]QDF]Q��GR]
�VXELHNWywizmu. 
,VWRWD� WHM� JUXS\� PHWRG� SROHJD� QD� RNUH�OHQLX� OLF]E\� XV]NRG]RQ\FK� QDVLRQ� RUD]� LFK�
F]\VWR�FL�Z�EDGDQHM�JUXSLH��3U]\�RFHQLH�ZL]XDOQHM�]LDUQD�VWRVXMH�VL
�QDMF]
�FLHM�OXS
�
SUHSDUDF\MQ��R���-NURWQ\P�SRZL
NV]HQLX��:\QLN�DQDOL]\�]DOH*\�Z�]QDF]Q\P�VWRSQLX�
od�GR�ZLDGF]HQLD�RVRE\�GRNRQXM�FHM�RFHQ\��RVWUR�FL�MHM�Z]URNX��VWRSQLD�]P
F]HQLD�
i V]HUHJX�LQQ\FK�RELHNW\ZQ\FK�F]\QQLNyZ��:�FHOX�X]\VNDQLD�ZL
NV]HM�GRNáDGQR�FL�
SRPLDUyZ�VWRVXMH�VL
�RNUH�ORQH�PRG\ILNDFMH�Z�SRVWDFL�EDUZLHQLD�EDGDQHJR�RELHNWX�
lub znaczniejszych�SRZL
NV]H��MHJR�REUD]X�  

:� EDGDQLDFK� ]Ey*� VWRVRZDQR� Sá\Q� /XJROD�� DOH� ]QDF]QLH� OHSV]\P� GOD� NOD-
V\ILNDFML�XV]NRG]H��PHFKDQLF]Q\FK�]LDUQD�RND]Dá� VL
�PLNUREDUZQLN�)DVW�*UHHQ��
NWyU\�]DVWRVRZDá�.RHKOHU�>��@��%DUZQLN�WHQ�]QDOD]á�SRZV]HFKQH�]DVWRVRZDQLH�Z�
USA, pr]\�ZL]XDOQHM�RFHQLH�XV]NRG]H��]LDUQD�NXNXU\G]\�� 

6WRVXM�F� ZL]XDOQ�� PHWRG
� RFHQ\� XV]NRG]H�� ]LDUQD� NXNXU\G]\� 6KPLGW� L� LQ��
>��@��D�QDVW
SQLH�:DOO�L�1RUULV�>��@�Z\ND]DOL�EDUG]R�GX*H�]Uy*QLFRZDQLH�Z�RFHQLH�
WHJR� VDPHJR� PDWHULDáX�� SU]HSURZDG]RQHM� SU]H]� NLONX� REVHrwatorów. Do grupy  
PHWRG� EH]SR�UHGQLFK� ]DOLF]D� VL
� UyZQLH*� PHWRG
� UHQWJHQRJUDILF]Q�� >��������@��
,VWRW��WHM�PHWRG\�MHVW�]Uy*QLFRZDQD�SRFKáDQLDOQR�ü�PL
NNLHJR�SURPLHQLRZDQLD�;�
SU]H]�R�URGHN�R�Uy*QHM�J
VWR�FL��:V]\VWNLH�V]F]HOLQ\�L�ZROQH�SU]HVWU]HQLH�SRZLH-
tU]QH� R� RGSRZLHGQLHM� ZLHONR�FL�� ]QDMGXM�FH� VL
� Z� SáDV]F]\(QLH� SU]HFKRG]HQLD�
SURPLHQL�;��PR*QD� ]DUHMHVWURZDü�QD� ]Z\NáHM� NOLV]\� IRWRJUDILF]QHM�� 3RF]�WNRZR�
WHFKQLNL�UHQWJHQRJUDILF]QH�VWRVRZDQH�E\á\�GR�NRQWUROL�ZHZQ
WU]Q\FK�XV]NRG]H��
ziarna, powodowanych przez LQVHNW\� *HUXM�FH� Z� VSLFKU]DFK� L� PDJD]\QDFK�
SRUWRZ\FK� >��@�� 2EHFQLH� ]DVWRVRZDQLH� ODPS� R� QDSL
FLX� ��-��� N9� L� QDW
*HQLX�
SU�GX� RG� NLONX� GR� NLONXG]LHVL
FLX� PLNURDPSHUyZ� SR]ZDOD� QD� UHMHVWURZDQLH��
XV]NRG]H�� ]LDUQD�� NWyU\FK� QLH� PR*QD� � Z\NU\ü� QD� GURG]H� EDUZLHQLD�� 6WRVXM�F�
LQWHQV\ZQH�QDZLO*DQLH�QDVLRQ�Z�ZRG]LH�GHVW\ORZDQHM�SU]H]����JRG]LQ\� �VWZLHU-
G]RQR�Z\UD(QLH�ZLGRF]QH��PLNURXV]NRG]HQLD�RNU\Z\��QDVLHQQHM�L�OL�FLHQL�>��@� 

0HWRG\� SR�UHGQLH� SR]ZDODM�� RFHQLü� XV]NRG]HQLH� QD� SRGVWDZLH� ZLHONR�FL�
ZDUWR�FL� SDUDPHWUyZ�� PDM�F\FK� ]ZL�]HN� ]� ZLHONR�FL�� XV]NRG]HQLD�� ]� ]DFKR-
ZDQLHP�RELHNW\ZQR�FL�RFHQ\��:�UyG�PHWRG�SR�UHGQLFK�Z\Uy*QLD�VL
�WU]\�JUXS\�� 

���0HWRG\� RSDUWH� QD� EDGDQLX� ]GROQR�FL� NLHáNRZDQLD� QDVLRQ�� 6WRSLH�� XV]NR-
G]HQLD� QDVLRQ� MHVW� RGQRV]RQ\� GR� *\ZRWQR�FL� ]DURGND�� 0HWRGD� WD� PD� GX*H��
SUDNW\F]QH� ]QDF]HQLH� SU]\� RFHQLH� PDWHULDáX� UHSURGXNF\MQHJR�� 2FHQD� ]GROQR�FL�
NLHáNRZDQLD� VáX*\� MDNR� ZVND(QLN� MDNR�FLRZ\� QDVLRQ�� SU]\� F]\P� XV]NRG]HQLD��
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PHFKDQLF]QH�VWDQRZL�� MHGHQ�]�ZLHOX�F]\QQLNyZ�ZSá\ZDM�F\FK�QD�Z\QLN�NR�FR-
wy oceny. Z innych sposREyZ� SRPLDUX� *\ZRWQR�FL� ]DURGND�� GHWHUPLQRZDQHM�
SR]LRPHP�XV]NRG]HQLD�QDVLRQ�MHVW�RFHQD�NLHáNRZDQLD�]�]DVWRVRZDQLHP�NZDVX�VLDU-
NRZHJR��1DVLRQD�]DQXU]D�VL
�Z�����UR]WZRU]H�NZDVX�QD���JRG]LQ\��Z temperaturze 
20-21o&�� D� QDVW
SQLH� SU]HP\ZD� ZRG�� L� XPLHV]F]D� QD� �5 minut w 2% roztworze 
Z
JODQX� ZDSQLD�� � 3R� SRQRZQ\P� SU]HP\FLX� QDVLRQD� SRGGDMH� VL
� SURFHVRZL� � NLHá-
NRZDQLD�� &DOGZHOO� L� +DPSVRQ� >�@� VWZLHUG]LOL�� *H� NZDV� VLDUNRZ\� SHQHWUXMH� W\ONR�
w PLHMVFDFK� XV]NRG]HQLD� RNU\Z\� QDVLHQQHM� L� QLH� XV]NDG]D� ]DURGND�� MH�OL� RNU\ZD�
w RNROLF\� ]DURGND� QLH� MHVW� QDUXV]RQD�� 0RG\ILNDFM�� WHM� PHWRG\� MHVW� NLHáNRZDQLH�
QDVLRQ�QD�SRGáR*X�]ZLO*RQ\P�UR]WZRUHP�NZDVX�VLDUNRZHJR�R�VW
*HQLX������-0,07%. 
7DNLH� VW
*HQLH� NZDVX� VLDUNRZHJR� QLHFR� XWUXGQLD� SURFHV� NLHáNRZDQLD� QDVLRQ�
XV]NRG]RQ\FK��VWZDU]DM�F�]EOL*RQH�ZDUXQNL�GR�NLHáNRZDQLD�Z�SROX�>��@��=DVDGQLF]��
ZDG��W\FK�PHWRG�MHVW�SU]HGH�ZV]\VWNLP�GX*D�F]DVRFKáRQQR�ü�DQDOL]�  

���0HWRG\�DEVRUSFML�ZRG\� OXE� UR]WZRUyZ�EDUZL�F\FK�]�Z\NRU]\VWDQLHP� LFK�
ZáD�FLZR�FL�RSW\F]Q\FK�OXE�IOXRUHVFHQF\MQ\FK��� 

Mc Ginty [44] stwLHUG]Lá��*H�SR]LRP�XV]NRG]H��PR*H�E\ü�RNUH�ORQ\�SRSU]H]�
SRPLDU�NLQHW\NL�DEVRUSFML�ZRG\�SU]H]�SRU\��-HGQDN*H�PHWRGD�WD�Z�RGQLHVLHQLX�GR�
]LDUQD� XV]NRG]RQHJR� MHVW�PDáR� SUHF\]\MQD��.LQHW\ND� DEVRUSFML�ZRG\� ]DOH*\� QLH�
tylko od poziomu uszkodzenia mechanicznego, OHF]� WDN*H� RG� ZLOJRWQR�FL��
SRF]�WNRZHM��WHPSHUDWXU\�L�SU]HELHJX�UR]ZRMX�]LDUQD�>��@�� 

&KRZGKXU\� L� %XFKHOH� >��@�� Z� URNX� ����� RSXEOLNRZDOL� SLHUZV]�� SUDF
� QD�
WHPDW� ]DVWRVRZDQLD� PHWRG\� NRORU\PHWU\F]QHM� GR� RNUH�ODQLD� XV]NRG]H�� ]LDUQD�
NXNXU\G]\�� Z\NRU]\VWXM�F� Z�  tym celu barwnik Fast Green. Istota tej metody 
SROHJD� QD� RNUH�OHQLX� SR]LRPX� DEVRUSFML� EDUZQLND� QD� XV]NRG]RQ\FK� SRZLHU]FK-
QLDFK� ]LDUHQ�� 6]F]HJyáRZH� EDGDQLD�Z� W\P� ]DNUHVLH� VSRZRGRZDá\��*H�PHWRGD� WD�
]QDOD]áD� V]HURNLH� ]DVWRVRZDQLH� Z� RFHQLH� XV]NRG]H�� PHFKDQLF]nych ziarna 
kukurydzy w USA. Sposób przeprowadzania pomiarów jest prosty i szybki. Czas 
trwania analizy pojedynczej próbki nie przekracza 5 minut. Z kolei Christenbury 
i %XFKHOH� >��@� ]DSURSRQRZDOL� QRZ��PHWRG
� SRPLDUX� XV]NRG]H��PHFKDQLF]Q\FK�
ziarna kukurydz\�� Z\NRU]\VWXM�F� IOXRUHVFHQF\MQ\� EDUZQLN� ELDáND�� ,VWRWD� WHM�
PHWRG\� SROHJD� QD� W\P�� *H� PHFKDQLF]QLH� XV]NRG]RQH� ]LDUQR� SR� rozdrobnieniu, 
w FHOX�X]\VNDQLD�MHGQRURGQHM�VXEVWDQFML��]DQXU]D�VL
�Z�FLHF]\�]DZLHUDM�FHM�F]\QQLN�
IOXRU\]XM�F\��D�QDVW
SQLH�SU]\�X*\FLX�V\VWHPX�IRWRHOHNWU\F]QHJR�RNUH�OD�VL
�QDW
*HQLH�
�ZLDWáD� IOXRUHVFHQF\MQHJR�� 8*\W\� EDUZQLN� IOXRU\]XMH� ZyZF]DV�� JG\� ]ZL�*H� VL
�
FKHPLF]QLH�]�ELDáNLHP�]QDMGXM�F\P�VL
�Z�]LDUQLH�  
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'R� WHM� JUXS\� PHWRG� ]DOLF]D� VL
� UyZQLH*� PHWRG
� NRQGXNWRPHWU\F]Q�� >��@��
która polega QD�SRPLDU]H�SU]HZRGQR�FL�MRQRZHM�WHVWRZDQHJR�UR]WZRUX��]DZLHUD-
M�FHJR� VROH� VRNX� NRPyUNRZHJR� UR]SXV]F]RQH� Z� RNUH�ODQHM� REM
WR�FL� ]GHMR-
QL]RZDQHM� ZRG\�� ,P� Z\*V]\� MHVW� SR]LRP� XV]NRG]H�� PHFKDQLF]Q\FK� Z� ]LDUQLH��
W\P�VW
*HQLH�VROL�Z�UR]WZRU]H�L�MHJR�SU]HZRGQR�ü�MHVW�Z\*V]D��=DVDGQLF]��ZDG��
tej metody jest jednodobowy okres przygotowywania roztworu testowego. 

3. Metody o niewielkim znaczeniu praktycznym lecz istotnym z poznawczego 
punktu widzenia. 

1DOH*�� GR�QLFK�PHWRG\� UHRORJLF]QH� >�����������@�� VSURZDG]DM�FH� VL
�do po-
PLDUX� ]DOH*QR�FL� SRPL
G]\� VLá�� L� RGNV]WDáFHQLHP� EDGDQHJR� RELHNWX� ]� XZ]JO
G-
QLHQLHP� F]DVX� WUZDQLD� GDQHJR� SURFHVX�� 5HRORJLF]QH� ZáD�FLZR�FL� ]LDUQD� SRG�
N�WHP�RFHQ\�XV]NRG]H��EDGDá�0DQEHFN�>��@��6WZLHUG]Lá��*H�]H�Z]URVWHP�SR]LRPX�
XV]NRG]H�� PHFKDQLF]Q\FK� ]LDUQD� FL
*DU� REM
WR�FLRZ\� L� F]DV� UHODNVDFML� QDSU
*H��
PDOHM�� OLQLRZR�� D� RGNV]WDáFHQLD� Z]UDVWDM��� =� LQQ\FK� EDGD�� Z� W\P� ]DNUHVLH� >��@�
Z\QLND�� *H� ]H� Z]URVWHP� ]DZDUWR�FL� ELDáND� Z]UDVWD� HQHUJLD� L� SR]LRP� QDSU
*H��
RVLRZ\FK�Z�SURFHVLH� �FLVNDQLD��0HWRG\� WH� QLH� SR]ZDODM�� MHGQDN�QD�Z\RGU
EQLHQLH�
Uy*QLF� Z� SR]LRPLH� XV]NRG]H�� WHFKQRORJLF]Q\FK� ]� MDNLPL� PDP\� GR� F]\QLHQLD�
w WUDNFLH�PHFKDQLF]QHJR� ]ELRUX� L� REUyENL�PDWHULDáX��:\QLND� WR� SU]HGH�ZV]\VWNLP�
z PDáHM�UHSUH]HQWDW\ZQR�FL�SRMHG\QF]\FK�]LDUHQ�SRELHUDQ\FK�GR�EDGD��Z\WU]\PDáR�-
FLRZ\FK��Z�VWRVXQNX�GR�SR]LRPX�XV]NRG]H��PDV\�]LDUQD�Z�EDGDQHM�SUyEFH� 

$UQROG�L�5REHUWV�>�@�RSUDFRZDOL�PHWRG
�Z\]QDF]DQLD�SROD�QDSU
*H��Z�PRGHODFK�
HODVWRRSW\F]Q\FK�� NWyU�� ]DVWRVRZDOL� GR� DQDOL]\� ]DFKRZDQLD� VL
� ]LDUQLDND� SV]HQLF\��
0HWRG\�EDGD��HODVWRRSW\F]Q\FK�PDM��]QDF]HQLH�MHG\QLH�WHRUHW\F]QH��JG\*�SR]ZDODM��
QD� IRUPXáRZDQLH� PDWHPDW\F]QHJR� RSLVX� PHFKDQL]PX� SRZVWDZDQLD� XV]NRG]H��
w RELHNWDFK�UR�OLQQ\FK� 

:\PLHQLRQH� JUXS\� PHWRG� EDGDQLD� XV]NRG]H�� PHFKDQLF]Q\FK� ]LDUQD� PDM��
zarówno wady, jak i zalety. Wybór metRG\�]DOH*\�SU]HGH�ZV]\VWNLP�RG�Z\PDJD��
VWDZLDQ\FK� SU]H]� X*\WNRZQLND�� 'OD� FHOyZ� SUDNW\F]QHM� RFHQ\� MDNR�FL� ]LDUQD�
QDMEDUG]LHM�SU]\GDWQH�V��PHWRG\�V]\ENLH�L�áDWZH�Z�VWRVRZDQLX��Z�NWyU\FK�ZSá\Z�
F]\QQLNyZ� VXELHNW\ZQ\FK� QD� Z\QLN� NR�FRZ\� MHVW� PDNV\PDOQLH� RJUDQLF]ony. 
:DUXQHN� ]QDF]QHJR� RJUDQLF]HQLD� ZSá\ZX� F]\QQLNyZ� VXELHNW\ZQ\FK� QD� RFHQ
�
VSHáQLDM�� PHWRG\� SR�UHGQLH�� Z� NWyU\FK� Z\QLN� SRPLDUX� UHMHVWURZDQ\� MHVW� SU]H]�
PLHUQLN�SU]\U]�GX� 
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������&=<11,.,�.6=7$à78-�&(�32=,20�86=.2'=(��0(&+$1,&=1<&+��
NASION  

Na podstawie dot\FKF]DVRZ\FK� EDGD�� >�����������@� PR*QD� VWZLHUG]Lü�� *H�
w REU
ELH� XSUDZLDQ\FK� UR�OLQ� VWU�F]NRZ\FK� QDMQL*V]�� RGSRUQR�FL�� QD� XV]NR-
G]HQLD�PHFKDQLF]QH�FKDUDNWHU\]XM��VL
�QDVLRQD�IDVROL��:\Uy*QLDM��VL
�RQH�GX*\P�
]Uy*QLFRZDQLHP� NV]WDáWyZ�� Z\PLDUyZ� JHRPHWU\F]Q\FK� L� PDV\� >�����@�� 6NáDG�
FKHPLF]Q\� SRV]F]HJyOQ\FK� JDWXQNyZ� QDVLRQ� MHVW� ]Uy*QLFRZDQ\� ]DUyZQR� SRG�
Z]JO
GHP� LOR�FLRZ\P� MDN� L� MDNR�FLRZ\P�� 1DVLRQD� W\FK� JDWXQNyZ�� NWyUH�
]DZLHUDM��ZL
FHM�WáXV]F]yZ�V��PQLHM�SRGDWQH�QD�XV]NRG]HQLD�PHFKDQLF]QH��7DNLP�
SU]\NáDGHP� V�� QDVLRQD� VRL� R� ]QDF]Q\P� SU]HG]LDOH� ]DZDUWR�FL� WáXV]F]yZ� ���-
������NWyU\FK�RGSRUQR�ü�QD�XV]NRG]HQLD�MHVW�Z\UD(QLH�Z\*V]D�RG�QDVLRQ�IDVROL��
JG]LH�]DZDUWR�ü�WáXV]F]yZ�]DZLHUD�VL
�Z�SU]HG]LDOH����-2% [16,35]. 

�����.V]WDáW�QDVLRQ�RUD]�PLHMVFH�REFL�*H� 

Przy ocenie oGSRUQR�FL�QDVLRQ�QD�XV]NRG]HQLD�PHFKDQLF]QH�QDOH*\�EUDü�SRG�
XZDJ
� PLHMVFH� SU]\áR*HQLD� VLá\�� =� OLF]Q\FK� EDGD�� >�������������@� Z\QLND�� *H�
QDVLRQD�UR�OLQ�VWU�F]NRZ\FK�Z\ND]XM��QDMZL
NV]��SRGDWQR�ü�QD�XV]NRG]HQLD�SU]\�
REFL�*HQLDFK� G]LDáDM�F\FK� RVLRZR� Z]GáX*� OL�FLHQL�� %DGDQLD� Z\NRQDQH� QD� NLONX�
RGPLDQDFK�IDVROL�W
�WH]
�SRWZLHUG]DM��>��@��1D�U\VXQNX���SU]HGVWDZLRQR�SR]LRP�
XV]NRG]H��QDVLRQ�WU]HFK�RGPLDQ�IDVROL��$WXW��,JRáRPVND�L�:LHMVND�XGHU]DQ\FK�RG�
VWURQ\� ERF]QHM� �$��� RG� VWURQ\� ]DURGND� �%��� RG� ZLHU]FKRáND� �&�� L� Rd strony 
JU]ELHWRZHM��'���3U]\�XGHU]HQLDFK�RG�VWURQ\�ZLHU]FKRáND��&��� OLF]HEQR�ü�XV]NR-
G]RQ\FK� QDVLRQ� E\áD� QDMZ\*V]D��1DMPQLHM� XV]NRG]RQ\FK� QDVLRQ� RGQRWRZDQR�Z�
F]DVLH�XGHU]H�� RG� VWURQ\�ERF]QHM� �$���3RGREQH� ]Uy*QLFRZDQLH�Z�RGSRUQR�FL� QD�
XV]NRG]HQLD�Z�]DOH*QR�FL�RG�PLHMVFD�G]LDáDQLD�VLá�RGQRWRZDQR�Z�F]DVLH�REFL�*H��
�FLVNDM�F\FK� >�����@�� :LHU]FKRáHN� QDVLRQD� Z� SRUyZQDQLX� ]� SR]RVWDá\PL� PLHM-
VFDPL� FKDUDNWHU\]XMH� VL
� GX*�� NU]\ZL]Q�� SRZLHU]FKQL�� FR� SRZRGXMH� Z� F]DVLH�
REFL�*H�� Z\VW
SRZDQLH� NU\W\F]Q\FK� QDSU
*H�� Z\WU]\PDáR�FLRZ\FK� Z� W\P�
PLHMVFX�� 3RQDGWR� REFL�*HQLD� RG� VWURQ\� SáDV]F]\]Q\� SRG]LDáX� OL�FLHQL�PRJ�� Z\-
ZRá\ZDü�LFK�SU]HPLHV]F]DQLH�VL
��FR�]�NROHL�PR*H�SURZDG]Lü�GR��FLQDQLD�RNU\Z\�
L�SRáyZNRZDQLD�QDVLRQ��2SLVDQ\�SU]HELHJ�XV]NRG]H��PD�PLHMVFH�JáyZQLH�Z�]D-
kresie niVNLFK�ZLOJRWQR�FL�QDVLRQ�>��@��3RZ\*V]H�VSRVWU]H*HQLD�QDOH*\�XZ]JO
G-
QLDü�Z�SU]\SDGNX�EDGD�� SRGDWQR�FL� QDVLRQ� UR�OLQ� VWU�F]NRZ\FK�QD� XV]NRG]HQLD�
PHFKDQLF]QH��2�RGSRUQR�FL�QDVLRQ�QD�XV]NRG]HQLD�PHFKDQLF]QH�Z�WUDNFLH�REFL�-
*H�� XGDURZ\FK� EH]� SRGSDUFLD� GHF\GXM�� Z� GX*\P� VWRSQLX� LFK�Z\PLDU\� JHRPH-
WU\F]QH� L�PDVD��1DVLRQD�ZL
NV]H�� R�Z\*V]HM�PDVLH�Z\ND]XM��Z� WUDNFLH� XGHU]H��
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PQLHMV]�� RGSRUQR�ü� QD� XV]NRG]HQLD� QL*� QDVLRQD� PQLHMV]H� L� R� PQLHMV]HM� PDVLH�
[52,77].  

1D� U\VXQNX� �� L� Z� WDEHOL� �� SU]HGVWDZLRQR� Z\QLNL� EDGD�� ZáDVQ\ch ilustru-
M�F\FK� SURFHQWRZ\� XG]LDá� XV]NRG]RQ\FK� QDVLRQ� Uy*Q\FK� RGPLDQ� IDVROL� SRGF]DV�
REFL�*H��XGDURZ\FK�EH]�SRGSDUFLD�>��@��3U]HGVWDZLRQH�Z\QLNL�SRWZLHUG]DM��W
�]D- 

 

Rys. 5.�8V]NRG]HQLD�PHFKDQLF]QH�QDVLRQ�Uy*Q\FK�RGPLDQ�IDVROL 
Fig. 5. Mechanical damage to seeds of various bean cultivars  

 
Tabela 1. Charakterystyka badanych odmian fasoli  
Table 1. Characteristics of selected bean cultivars 
 

Atut ,JRáRPVND Wiejska Wyszczególnienie 

Specification  x δ V(x) x δ V(x) x δ V(x) 

'áXJR�ü� 
Length (mm) 8,1 0,49 6,0 13,7 1,07 7,7 13,7 0,83 6,1 

6]HURNR�ü� 
Width (mm) 6,3 0,38 6,0 6,9 0,36 5,2 8,4 0,50 6,9 

*UXER�ü� 
Thickness (mm) 5,2 0,27 5,2 5,7 0,46 8,0 7,6 0,40 5,2 

Masa 1000 nasion  
Weight of 1000 seeds (g) 191,0 10,2 5,3 395,0 24,5 6,2 648,5 37,0 5,7 
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]DOH*QR�ü�� JG\*� QDMQL*V]�� RGSRUQR�FL�� QD� XV]NRG]HQLD� FHFKRZDáD� VL
� RGPLDQD�
Wiejska –� R� GX*\FK� QDVLRQDFK� L� QDMZL
NV]HM� PDVLH�� 1DWRPLDVW� PDáH� QDVLRQD�
RGPLDQ\� $WXW�� R� ]QDF]QLH� PQLHMV]HM� PDVLH� FHFKRZDá\� VL
� NLONDNURWQLH� ZL
NV]��
RGSRUQR�FL��QD�XV]NRG]HQLD�RG�QDVLRQ�RGmiany Wiejska. 

1D� U\VXQNX� �� SU]HGVWDZLRQR� ]DOH*QR�FL� XV]NRG]H�� PHFKDQLF]Q\FK� Uy*Q\FK�
IUDNFML� QDVLRQ� IDVROL� RGPLDQ\� 3HUOLþND� RG� SU
GNR�FL� HOHPHQWX� XGDURZHJR� >��@��
8]\VNDQH� Z\QLNL� Z\ND]Dá\�� *H� QDVLRQD� JUXEV]H�� �IUDNFMD� SRZ\*HM� �� PP�� E\á\�
bardziej podatne na SRZVWDZDQLH� XV]NRG]H�� –� JáyZQLH� Z� ]DNUHVLH� Z\*V]\FK�
SU
GNR�FL�XGHU]H���SRQDG����PÂ V-1) od frakcji nasion najmniejszych. 
 
 
 
 
 
 
 
 
 
 

Rys. 6. Uszkodzenia mechaniczne nasion fasoli trzech frakcji: 1 – nasiona < 5 mm; 2 – nasiona 5-6 mm; 
3 – nasiona > 6 mm 
Fig. 6.  Mechanical damage of bean seeds of three size fractions: 1 – seeds < 5 mm, 2 – seeds of  5-6 mm, 
3 – seeds > 6 mm 

 
3U]HGVWDZLRQH�Z\QLNL�GRZRG]���*H�Z�WUDNFLH�XGHU]H��Z\VW
SXM��GX*H�ZDUWR�FL�

VLá�Z]DMHPQHJR�RGG]LDá\ZDQLD��NWyU\FK�ZLHONR�ü�Z]UDVWD�]�SUzyrostem masy nasion i 
NZDGUDWHP�SU
GNR�FL�]JRGQLH�]�]DVDG��]DFKRZDQLD�HQHUJLL��SRZRGXM�F�SU]HNURF]HQLH�
GRSXV]F]DOQ\FK�QDSU
*H��SRV]F]HJyOQ\FK�WNDQHN��WM��RNU\Z\�QDVLHQQHM�L�OL�FLHQL�DOER�
W\ONR�OL�FLHQL��Z�SU]\SDGNX�XV]NRG]H��ZHZQ
WU]Q\FK��  
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�����:LOJRWQR�ü�QDVLRQ 

-HGQ\P� ]� JáyZQ\FK� F]\QQLNyZ� ZSá\ZDM�F\FK� QD� ]PLHQQR�ü� IL]\F]Q\FK�
ZáD�FLZR�FL� QDVLRQ� MHVW� LFK� ZLOJRWQR�ü�� /LF]QH� EDGDQLD� Z\ND]Dá\�� *H� LVWQLHMH�
]DOH*QR�ü� PL
G]\� SR]LRPHP� ZLOJRWQR�FL� QDVLRQ� D� LFK� RGSRUQR�FL�� QD� XV]NR-
dzenia mechaniczne. Powszechnie wLDGRPR��*H�Z�ZDUXQNDFK�REFL�*H��G\QDPL-
F]Q\FK�� SU]\URVW� ZLOJRWQR�FL� QDVLRQ� IDVROL� Z� RNUH�ORQ\P� SU]HG]LDOH�� SRZRGXMH�
]ZL
NV]HQLH�RGSRUQR�FL�QD�XV]NRG]HQLD�PHFKDQLF]QH�>��������������@� 

:� UDPDFK� EDGD�� ZáDVQ\FK� SRGGDQR� REFL�*HQLRP� XGDURZ\P� EH]� SRGSDUFLD�
nasioQD� Uy*Q\FK� RGPLDQDFK� IDVROL� >��@�� 1D� U\VXQNX� �� SU]HGVWDZLRQR� SR]LRP�
XV]NRG]H�� PHFKDQLF]Q\FK� QDVLRQ� Z� ]DOH*QR�FL� RG� LFK� ZLOJRWQR�FL�� :� WHVWR-
ZDQ\FK� RGPLDQDFK� ]DREVHUZRZDQR� Z\VW
SRZDQLH� QDMNRU]\VWQLHMV]\FK� ZLOJRW-
QR�FL�� Z� SU]HG]LDOH� NWyU\FK� QDVLRQD� FHFKRZDá\� VL
� QDMZ\*V]�� RGSRUQR�FL�� QD�
XV]NRG]HQLD�PHFKDQLF]QH��1DMNRU]\VWQLHMV]D�ZLOJRWQR�ü�GOD�QDVLRQ�RGPLDQ\�$WXW�
]DZLHUDáD�VL
�Z�SU]HG]LDOH���-�����D�GOD�QDVLRQ�RGPLDQ\�,JRáRPVND�L�:LHMVND�Z�
przedziale 23-25% . 
 

Rys. 7. Uszkodzenia mechaniczne nasion fasoli w� ]DOH*QR�FL� RG� LFK� ZLOJRWQR�FL�� 2GPLDQ\�� 
1 – Atut, 2 –�,JRáRPVND����– Wiejska 
Fig. 7.  Mechanical damage of bean seeds with relation to their moisture content. Cultivars: 1 – 
Atut, 2 –�,JRáRPVND����– Wiejska 
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3R]LRP�XV]NRG]H�� ]PLHQLDá� VL
�Z\UD(QLH�Z�]DOH*QR�FL�RG�ZLOJRWQR�FL��3U]\�
QL*V]\FK�ZLOJRWQR�FLDFK�SU]HZD*Dá\�XV]NRG]HQLD�Z�IRUPLH�SRáyZNRZDQLD�QDVLRQ��
D�SU]\�ZLOJRWQR�FLDFK�Z\*V]\FK�–�S
NQL
FLD�RNU\Z\�QDVLHQQHM� 

3U]HGVWDZLRQH� Z\QLNL� �ZLDGF]�� R� W\P�� *H� ]PLDQD� ZLOJRWQR�FL� QDVLRQ� SR-
ZRGXMH�]Uy*QLFRZDQLH�LFK�ZáD�FLZR�FL�SODVW\F]QR-VSU
*\VW\FK��1DVLRQD�R�QLVNLHM�
ZLOJRWQR�FL� FHFKXM�� VL
� GX*�� VSU
*\VWR�FL�� SU]\�QLHZLHONLFK�RGNV]WDáFHQLDFK�� FR�
Z� F]DVLH� XGHU]H�� SRZRGXMH� Z\VW
SRZDQLH� ]QDF]Q\FK� VLá� SU]\� PLQLPDOQ\FK�
RGNV]WDáFHQLDFK�GRSURZDG]DM�F\FK�GR�SRZVWDZDQLD�XV]NRG]H���:�PLDU
�Z]URVWX�
ZLOJRWQR�FL� QDVLRQ� GR� QDMNRU]\VWQLHMV]HJR� SU]HG]LDáX�� LFK� ZáD�FLZR�FL� SODVW\-
czno-VSU
*\VWH� ]PLHQLDM�� VL
�� FR� SURZDG]L� GR� ]ZL
NV]DQLD� SRFKáDQLDQLD� HQHUJLL��
/RNDOQLH� Z\VW
SXM�� ZL
NV]H� RGNV]WDáFHQLD�� QLH� SU]HNUDF]DM�FH� MHGQDN� ZDUWR�ci 
GHIRUPDFML� VSU
*\VWHM� L� Z� WHQ� VSRVyE� QLH� GRFKRG]L� GR� XV]NRG]H��� 'DOV]\� SU]\URVW�
ZLOJRWQR�FL�QDVLRQ�SRZRGXMH�Z\UD(Q��XWUDW
�VSU
*\VWR�FL�L�SRSUDZ
�LFK�ZáD�FLZR�FL�
SODVW\F]Q\FK��:�W\P�SU]\SDGNX�GRFKRG]L�GR�WUZDá\FK�GHIRUPDFML��NWyU\FK�VNXWNLHP�
V�� S
NQL
FLDPL� RNU\Z\� QDVLHQQHM�� OL�FLHQL� OXE� RE\GZX� F]
�FL� UyZQRF]H�QLH�� 1LH�
]DZV]H�ZLOJRWQR�ü�QDVLRQ�GHF\GXMH�R�WHUPLQLH�]ELRUX��=ELyU�IDVROL�SU]\�ZLOJRWQR�FL�
nasion w zakresie 21-����PR*H�SURZDG]Lü�GR�VWUDW�SORQX�Z�IRUPLH�QLHGRPáRWyZ�  
�����5RG]DM�L�SU
GNR�ü�REFL�*H��G\QDPLF]Q\FK 

/LF]ED� XV]NRG]RQ\FK� QDVLRQ� RUD]� VWUXNWXUD� XV]NRG]H�� ]DOH*�� JáyZQLH� RG�
SU
GNR�FL� HOHPHQWX� XGDURZHJR�� :]URVW� SU
GNR�FL� XGHU]H�� SRZRGXMH� ZL
NV]��
OLF]HEQR�ü�XV]NRG]RQ\FK�QDVLRQ��Z�NWyU\FK�SU]HZD*DM��PDNURXV]NRG]HQLD�Z�SR-
VWDFL�S
NQL
ü�RNU\Z\��SRáyZNRZDQLD��LWS�>�����@�� 

5\VXQHN���SU]HGVWDZLD�Z\QLNL�EDGD��ZáDVQ\FK��GRW\F]�F\FK�]PLDQ\� OLF]HE-
QR�FL�XV]NDG]DQ\FK�QDVLRQ�IDVROL�Z�]DOH*QR�FL�RG�SU
GNR�FL�XGHU]H��>��@��� 

2EFL�*HQLRP� XGDURZ\P� ]RVWDá\� SRGGDQH� QDVLRQD� Z� QDMNRU]\VWQLHMV]\FK�
zakresach wilgoWQR�FL� �����– Atut, 25% –� ,JRáRPVND� L�:LHMVND��� SU]\� NWyU\FK�
]DQRWRZDQR�QDMZ\*V]��RGSRUQR�ü�QD�XV]NRG]HQLD��=�X]\VNDQ\FK�GDQ\FK�Z\QLND��
*H�JUDQLF]QH�SU
GNR�FL�XGHU]H���SU]\�NWyU\FK�QDVLRQD�QLH�XOHJDá\�XV]NRG]HQLRP�
E\á\�]Uy*QLFRZDQH�L�Z\QRVLá\�RGSRZLHGQLR��19 m⋅s-1�GOD�RGPLDQ�$WXW�L�,JRáRPVND�
oraz 7 m⋅s-1�GOD�RGPLDQ\�:LHMVND��1DVLRQD�WHM�RGPLDQ\�Z\Uy*QLDá\�VL
�GX*��PDV���
tj. ponad 3-NURWQLH�ZL
NV]��RG�QDVLRQ�RGPLDQ\�$WXW�L�SUDZLH��-NURWQLH�ZL
NV]��RG�
QDVLRQ�RGPLDQ\� ,JRáRPVND��8]\VNDQH� UH]XOWDW\�EDGD��ZVND]XM��QD�SRWU]HE
� LFK�
XZ]JO
GQLDQLD� SU]\� XVWDODQLX� SDUDPHWUyZ� NLQHPDW\F]Q\FK� ]HVSRáyZ�PáyF�F\FK�
podczas zbioru fasoli . 
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Rys. 8.� :Sá\Z� SU
GNR�FL� XGHU]H�� QD� SRZVWDZDQLH� XV]NRG]H�� QDVLRQ� Uy*Q\FK� RGPLDQ� IDVROL�� 
1 – Atut; 2 –�,JRáRPVND����– Wiejska  
Fig. 8.  Effect of impact speed on seeds damage of different bean cultivars: 1 – Atut; 2 –�,JRáRPVND��
3 – Wiejska 

 
:HGáXJ� 'REU]D�VNLHJR� >��@�� NRU]\VWDM�F�

z danych eksperymentalnych otrzymanych w 
quasi-VWDW\F]Q\FK� WHVWDFK� Z\WU]\PDáR�FLRZ\FK��
PR*QD� RNUH�OLü� JUDQLF]Q�� SU
GNR�ü�� SRZ\*HM�
NWyUHM� QDVLRQR� XGHU]DM�FH� R� SU]HV]NRG
� OXE�
elementy robocze maszyn ulega uszkodzeniu 
w IRUPLH�SRáyZNRZDQLD��3URFHV�SRáyZNRZDQLD�
WR�SU]\SDGHN�REFL�*HQLD�QDVLRQD�VLá��Z�]DNUHVLH�
QLHZLHONLHM� GHIRUPDFML�� NWyUD� PRJáDE\� VSRZR-
GRZDü� SRZVWDZDQLH� QDSU
*H�� �FLQDM�F\FK� Z�
RNU\ZLH� QDVLHQQHM� SRPLMDM�F� VLá
� ]ZL�]DQLD�
OL�FLHQL�SU]H]�]DURGHN��1D� U\VXQNX���SU]HGVWD-
wiono schemat takiego procesu. 

:� FHOX� RNUH�OHQLD� JUDQLF]QHM� SU
GNR�FL�
HOHPHQWX� XGDURZHJR� QDOH*\� Z\]QDF]\ü� QDVW
-
SXM�FH�SDUDPHWU\� 

 

G'
� ]

 
 
Rys. 9.�6FKHPDW�SURFHVX�SRáyZNRZD-
nia nasion  
Fig. 9. Schematic of the process of 
seed halving  
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a) pole powierzchni przekroju okrywy AS��SRGOHJDM�FHM��FLQDQLX��U\V����� 
     AS = π (b g – g2) + 2 (a-b) g ;                                 

GOD� QDVLRQ� RNU�Já\FK�SU]\M
WR��*H�a = b = DZ,  VW�G�SDUDPHWU�AS przyjmuje 
SRVWDü� 

                                           AS = π (DZ g – g2) ;                                         (2) 

b) QDSU
*HQLH�Z�]DNUHVLH�GHIRUPDFML�QLV]F]�FHM��NU\W\F]QHM�� 
 

F ; 2 = 
AS  

c) SUDF
�GHIRUPDFML�QLV]F]�FHM�L: 
 

F d . 
L = 

2  
 
1D�U\VXQNX����SU]HGVWDZLRQR�SROH�SU]HNURMX��FLQDQHM�RNU\Z\�>��@� 

 
 

E

D�E
D

 
 
Rys. 10.�3ROH�SU]HNURMX��FLQDQHM�RNU\Z\��D�–�GáXJR�ü�QDVLRQD��E�–�V]HURNR�ü�QDVLRQD��F�– grubo�ü�
okrywy  
Fig. 10. Section of area of sheared seed cover: a – seed length, b – seed width, c – seed cover 
thickness 
 

 
:DUWR�FL� REX� SDUDPHWUyZ� PR*QD� Z\]QDF]\ü� HNVSHU\PHQWDOQLH� Z� SURFHVLH�

XNáDGX�SU]HGVWDZLRQHJR�QD�U\VXQNX����.RU]\VWDM�F�]�]DVDG\�]DFKRZDQLD energii 
PR*QD�REOLF]\ü�SU
GNR�ü�NU\W\F]Q��HOHPHQWX�XGDURZHJR�R�PDVLH�m�XGHU]DM�FHJR�
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]�JUDQLF]Q��SU
GNR�FL��VP,�NWyU\�PR*H�VSRZRGRZDü�XV]NRG]HQLH�RNU\Z\�QDVLHQ-
QHM�� 3RUyZQXM�F� HQHUJL
� NLQHW\F]Q�� L� SUDF
� GHIRUPDFML� QLV]F]�FHM� Z� SURFHVLH�
SRáyZNRZDQLD�RUD]�SU]HNV]WDáFDM�F�UyZQDQLH� 

 
m Vp

2 F d 
2 

= 
2 

;                                                 

RWU]\PXMH�VL
�Z\UD*HQLH�QD�SU
GNR�ü�NU\W\F]Q�� 

m

dF
Vp

 = . 

3R� SU]HSURZDG]HQLX� SRPLDUyZ�ZHGáXJ� SU]HGVWDZLRQHM�PHWRG\NL� RWU]\PDQo 
GRSXV]F]DOQH� SU
GNR�FL� RPáRWX� GOD� Z\EUDQ\FK� JDWXQNyZ� UR�OLQ� VWU�F]NRZ\FK�
�WDE�� ���� �ZLDGF]�� RQH� R� GX*\P� ]Uy*QLFRZDQLX� RGSRUQR�FL� QD� SRáyZNRZDQLH�
nasion poszczególnych gatunków i odmian.  

 
Tabela 2.� *UDQLF]QD� SU
GNR�ü� RPáRWRZD� GOD� QDVLRQ� UR�OLQ� VWU�F]NRZ\FK� R� ]Uy*QLFRZDQHM� PDVLH� 
L�Z\WU]\PDáR�FL�RNU\Z\�QDVLHQQHM�QD��FLQDQLH 
Table 2. Limit speed of threshing for seeds of leguminous plants with varied mass and shearing 
strength of seed cover 
 

3U
GNR�ü�OLQLRZD�V0 dla nasion  
Linear speed of threshing V0 for seeds (m⋅ s-1)  

R�Uy*QHM�PDVLH� 
with different mass  

Z\WU]\PDáR�FL 
strength  Gatunek 

Species 
Odmiana 
Cultivar 

m�U mmax mmin Lmax   Lmin 

Bobik 
Broad 
 
 
Fasola 
Bean 
 
 
 
Groch 
Pea 
 
 
Soja 
Soybean 

1DGZL�OD�VNL 
Bronto 
Dino 
 
Blanka 
Nida 
Segal 
Longina 
 
Agat 
Diament 
6]H�FLRW\J� 
 
Nawiko 
Polan 

13,65 
12,80 
10,09 

 
4,61 
4,95 
7,62 
5,30 

 
12,61 
14,84 
12,57 

 
20,92 
25,64 

12,49 
12,12 
9,35 

 
4,32 
4,62 
6,61 
4,98 

 
12,08 
14.09 
11,84 

 
19,22 
23,77 

14,65 
13,55 
11,03 

 
5,06 
5,19 
8,22 
5,99 

 
13,46 
16,40 
13,25 

 
21,98 
28,33 

11,31 
11,26 
9,12 

 
2,59 
3,32 
6,10 
3,66 

 
7,63 
7,40 
6,43 

 
6,00 
4,26 

16,68 
14,80 
10,96 

 
6,43 
6,35 
8,82 
6,55 

 
15,17 
20,28 
17,06 

 
38,74 
45,50 
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8]\VNDQH� GDQH� ZVND]XM��� *H� QDVLRQD� IDVROL� XOHJDá\� XV]NRG]HQLRP� MX*� SU]\�
QLHZLHONLFK� SU
GNR�FLDFK�� FR� SRWZLHUG]D� ]QDQ�� Z�UyG� SUDNW\NyZ� RSLQL
� R� LFK�
GX*HM� SRGDWQR�FL� QD� SRáyZNRZDQLH�� 1DMZ\*V]H� �UHGQLH� ZDUWR�FL� GRSXV]F]DOQHM�
SU
GNR�FL�]DQRWRZDQR�GOD�QDVLRQ�VRL�RGPLDQ�3RODQ� L�1DZLNR�QLH]DOH*QLH�RG� LFK�
Z\PLDUyZ�JHRPHWU\F]Q\FK��:DUWR�FL�WH�PRJ��E\ü�MHGQDN�]DZ\*RQH��FR�]ZL�]DQH�
MHVW� ]� GX*�� SODVW\F]QR�FL�� QDVLRQ� VRL� �]DZDUWR�ü� WáXV]F]X��� GOD� NWyU\FK�ZL
NV]D�
GHIRUPDFMD� OL�FLHQL� ZSá\ZD� QD� ZDUWR�ü� SUDF\� GHIRUPDFML� QLV]F]�FHM�� Z� RSDUFLX�
o NWyU��Z\]QDF]RQR�JUDQLF]QH�SU
GNR�FL�RPáRWRZH� 

0DM�F�QD�XZDG]H�XSURV]F]HQLD�SU]\M
WH�Z�PHWRG\FH�Z\]QDF]DQLD�NU\Wycznej 
SU
GNR�FL�Z�WHVWDFK�REFL�*H��VWDW\F]Q\FK��X]\VNDQH�Z\QLNL�QDOH*DáRE\�SRUyZQDü�
]�UH]XOWDWDPL�RPáRWX�EDGDQ\FK�RGPLDQ�UR�OLQ�VWU�F]NRZ\FK� 
������.URWQR�ü�REFL�*H��L�URG]DM�PDWHULDáX�HOHPHQWX�XGDURZHJR 

3U]\�RPáRFLH�IDVROL�XV]NRG]HQLRP�PHFKDQLF]Q\P�SRGOHJDM��SU]HGH�ZV]\VWNLP 
WH� QDVLRQD�� NWyUH� NLONDNURWQLH� XGHU]DM�� ]� GX*�� SU
GNR�FL�� R� HOHPHQW\� NOHSLVND�
]DQLP� SU]HGRVWDQ�� VL
� SR]D� V]F]HOLQ
� URERF]�� SRPL
G]\� E
EQHP� PáyF�F\P�
a klepiskiem (rys. 11).  

 

 

 

 

 

 

 

 

 

 
Rys. 11.�3U]\NáDG�ZLHORNURWQHJR�XGH-
rzania ziaren o listwy klepiska 
Fig. 11. Example of multiple impact of 
seeds against ribs of thresher concave 

%DGDQLD�]D�SRPRF��V]\ENLFK�]GM
ü�ILOPRZ\FK�Z\ND]Dá\��*H�SU
GNR�FL�]LDUHQ�
Z� PRPHQFLH� XGHU]HQLD� R� OLVWZ\� NOHSLVND� OXE� R� FHS\� V�� F]
VWR� ZL
NV]H� RG�
SU
GNR�FL�REZRGRZHM�E
EQD�PáyF�FHJR�>��@� 

0DM�F� QD� XZDG]H� Z\NRU]\VW\ZDQLH� GR� RPáRWX� IDVROL� FHSRZ\FK� ]HVSRáyZ�
PáyF�F\FK� NRPEDMQyZ� ]ER*RZ\FK�� SU]HSURZDG]RQR� EDGDQLD� ZSá\ZX� ZLHOR-
NURWQ\FK�XGHU]H�� QD�SRZVWDZDQLH�PHFKDQLF]Q\FK�XV]NRG]H�� QDVLRQ� IDVROL� >��@��
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Na rysunku 12 przedVWDZLRQR�Z\QLNL�GRW\F]�FH�ZSá\ZX�ZLHORNURWQ\FK�XGHU]H��
HOHPHQWX� XGDURZHJR� ]� Uy*Q\FK� PDWHULDáyZ� QD� SRZVWDZDQLH� XV]NRG]H�� QDVLRQ�
IDVROL�RGPLDQ\�3HUOLþND� 

 
Rys. 12.�:Sá\Z�SU
GNR�FL�XGHU]H��QD�XV]NRG]HQLD�PHFKDQLF]QH�QDVLRQ�IDVROL����– stalowy element 
udarowy i stalowa przeszkoda, 2 – dwukrotne uderzenie elementem stalowym, 3 – element udarowy 
z PCV i stalowa przeszkoda, 4 – gumowy element udarowy i stalowa przeszkoda, 5 – dwukrotne 
uderzenie elementem udarowym z PCV 
Fig. 12.  Effect of impact speed on mechanical damage of bean seeds: 1 – steel impact element and 
steel obstacle, 2 – double impact with steel element, 3 – impact element of PVC and steel obstacle, 
4 – rubber impact element and steel obstacle, 5 – double impact with impact element of PVC 
 

Nasiona� E\á\� XGHU]DQH� HOHPHQWHP� XGDURZ\P� Z\NRQDQ\P� ]H� VWDOL�� JXP\�
�WZDUGR�ü� ��� 6KRUH� $�� L� 3&9� �WZDUGR�ü� ��� 6KRUH� $��� 3RPLDU\� UHDOL]RZDQR� 
w dwóch wariantach: 

1. dwukrotne uderzenie nasiona przez stalowy lub wykonany z PCV 
element udarowy. 

2. jednokrotne uderzenie elemeQWHP� XGDURZ\P�� JG]LH� QDVLRQR� XGHU]DáR� 
Z�QLHUXFKRP��SU]HV]NRG
�VWDORZ�� 

1D�SRGVWDZLH�X]\VNDQ\FK�Z\QLNyZ�PR*QD� VWZLHUG]Lü��*H� OLF]HEQR�ü�XV]NR-
G]RQ\FK�QDVLRQ�E\áD�Z\*V]D�Z�SU]\SDGNX�GUXJLHJR�ZDULDQWX�REFL�*H��� WM��NLHG\�
XGHU]DQH�QDVLRQD� WUDILDá\�Z�QLHUXFKRP�� VWDORZ�� Sá\W
��=DOH*QR�ü� W
� ]DREVHUZR-
ZDQR�JáyZQLH�Z�]DNUHVLH�Z\*V]\FK�SU
GNR�FL�XGHU]H���1DOH*\�]ZUyFLü�XZDJ
�QD�
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 25 

Z\VRN�� OLF]HEQR�ü� XV]NRG]RQ\FK� QDVLRQ� SU]\� GUXJLP� ZDULDQFLH� REFL�*H��
z X*\FLHP� JXPRZHJR� HOHPHQWX� XGDURZHJR�� 3RZVWDáH� XV]NRG]HQLD� SU]HNUDF]Dáy 
OLF]HEQR�FL� XV]NRG]RQ\FK� QDVLRQ� SR� XGHU]HQLDFK� HOHPHQWyZ� XGDURZ\FK� ]H� VWDOL� L�
3&9� Z� SLHUZV]\P� ZDULDQFLH� REFL�*H�� L� E\á\� UyZQLH*� Z\*V]H� RG� OLF]HEQR�FL�
uszkodzonych nasion przy zastosowaniu elementu udarowego z PCV w drugim 
ZDULDQFLH� REFL�*H��� =QDF]Q\� SURFent uszkodzonych nasion przy drugim wariancie 
REFL�*H��Z\QLNDá�]�QDGPLHUQHM�SU
GNR�FL�QDVLRQ�XGHU]DM�F\FK�Z�QLHUXFKRP��VWDORZ��
Sá\W
�� 3U
GNR�ü� SR� RGELFLX� QDVLRQD� RG� HOHPHQWX� XGDURZHJR� ]DOH*DáD� JáyZQLH� RG�
ZVSyáF]\QQLND�UHVW\WXFML��D� WHQ�]DOH*Dá�RG�PDWHULDáX�HOHPHQWX�XGDURZHJR��:DUWR�FL�
ZVSyáF]\QQLNyZ�UHVW\WXFML�Ä5´�QDVLRQ�EDGDQHM�RGPLDQ\�IDVROL�Z\QRVLá\� 

• stal: R = 0,48, 
• PCV: R = 0,44, 
• guma: R = 0,58. 

=QDM�F� ZDUWR�ü� ZVSyáF]\QQLND� UHVW\WXFML� L� SU
GNR�ü� HOHPHQWX� XGDURZHJR��
SU
GNR�ü�QDVLRQ�SR�XGHU]HQLX�PR*QD�RNUH�OLü�]H�Z]RUX� 

V = VU (1 + R), 

gdzie: VU –�SU
GNR�ü�HOHPHQWX�XGDURZHJR��P⋅s-1), R –�ZVSyáF]\QQLN�UHVW\WXFML� 
3R�SRGVWDZLHQLX�ZDUWR�FL�GOD�SRV]F]HJyOQ\FK�PDWHULDáyZ��SU
GNR�ü�XGHU]H��

QDVLRQ�Z�QLHUXFKRP��Sá\W
�VWDORZ��PR*QD�RNUH�OLü�ZHGáXJ�QDVW
SXM�FHM�IRUPXá\� 
V = 1,44 – 1,58 VU 

=� X]\VNDQHM� ]DOH*QR�FL� Z\QLND�� *H� QDVLRQD� XGHU]Dá\� Z� QLHUXFKRP�� Sá\W
� 
]� SU
GNR�FL�� Z\*V]�� RG� SU
GNR�FL� HOHPHQWX� XGDURZHJR� Z� JUDQLFDFK� RG� ��� GR�
�����FR�VNXWNRZDáR�SRZVWDZDQLHP�Z\UD(Q\FK�XV]NRG]H��QDVLRQ�� 

8V]NRG]HQLD�SRZVWDáH�Z�F]DVLH�MHGQRNURWQ\FK�XGHU]H��QDVLRQ�SU]H]�HOHPHQW�
XGDURZ\�Z\NRQDQ\�]�WHVWRZDQ\FK�PDWHULDáyZ�Uy*QLá\�VL
�LVWRWQLH�>��@��:�F]DVLH�
XGHU]H��QDVLRQ�R�ZLOJRWQR�FL�������]�SU
GNR�FL�����P⋅s-1�XV]NRG]HQLD�Z\QRVLá\��
dla stali – 52%, dla PCV – 27% i dla gumy – 0%. UzyskDQH�ZDUWR�FL�XV]NRG]H��
GRZRG]��� *H� QDMZáD�FLZV]\P� PDWHULDáHP� GR� SURGXNFML� HOHPHQWyZ� E
EQD�
PáyF�FHJR�MHVW�JXPD��SRG�ZDUXQNLHP��*H�RGELWH�QDVLRQD�QLH�E
G��XGHU]Dü�Z�VWD-
ORZH�HOHPHQW\�NOHSLVND��8]\VNDQH�Z\QLNL�SRWZLHUG]DM��EDGDQLD� LQQ\FK�DXWRUyZ�
[18], które dRW\F]\á\�QDVLRQ�VRL� 

=DREVHUZRZDQH�]DOH*QR�FL�V��LVWRWQH�SU]\�NRQVWUXNFML�]HVSRáyZ�RPáRWRZ\FK��GR�
IDVROL��:�SLHUZV]HM�NROHMQR�FL�QDOH*\�SU]HDQDOL]RZDü�NRQVWUXNFM
�NOHSLVND�SRG�N�WHP�
]ZL
NV]HQLD�MHJR�SU]HVLHZDOQR�FL�L�RJUDQLF]HQLD�OLF]E\�HOHPHQWyZ��R�NWyUH�PRJá\E\�
XGHU]Dü� QDVLRQD�� 1DVW
SQLH� PR*QD� ZSURZDG]Dü� ]PLDQ\� Z� E
EQLH� PáyF�F\P�� QS��
SU]H]�]DVWRVRZDQLH�RJXPLRQ\FK�FHSyZ��]PQLHMV]DM�F�Z�WHQ�VSRVyE�VNXWNL�LFK�RGG]LD-
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á\ZDQLD�QD�QDVLRQD��:SURZDG]HQLH�MHG\QLH�PRG\ILNDFML�E
EQD�PáyF�FHJR�PR*H�QLH�
SU]\QLH�ü�RF]HNLZDQHJR�HIHNWX��W]Q��]PQLHMV]HQLD�XV]NRG]H��QDVLRQ� 

:� F]DVLH� SUDF\� FHSRZ\FK� ]HVSRáyZ�PáyF�F\FK� GRFKRG]L� UyZQLH*� GR� XGHU]H��
QDVLRQ� ]� SRGSDUFLHP�� Z� VSRVyE� EH]SR�UHGQL� OXE� SR�UHGQL� SU]H]� VáRP
�� 'R� WDNLFK�
XGHU]H�� GRFKRG]L�Z�PRPHQFLH�SU]HPLHV]F]DQLD� VL
�PDV\� UR�OLQQHM� SU]H]� V]F]HOLQ
�
URERF]�� SRPL
G]\� REUDFDM�F\P� VL
� E
EQHP� D� QLHUXFKRP\P� NOHSLVNLHP�� =� WHJR�
Z]JO
GX� SURZDG]RQR� EDGDQLD� QDG� SRZVWDZDQLHP� XV]NRG]H�� QDVLRQ� Z�ZDUXQNDFK�
REFL�*H��G\QDPLF]Q\FK�]�SRGSDUFLHP�� 

:� UDPDFK� EDGD�� ZáDVQ\FK� SU]HSURZDG]RQR� SRPLDU\�� Z których element 
XGDURZ\�XGHU]Dá�Z�QDVLRQR�XPLHV]F]DQH�QD�VWDáHM�SRGSRU]H�>��@��%DGDQLRP�SRG-
GDQR�QDVLRQD�IDVROL�RGPLDQ\�3HUOLþND�R�ZLOJRWQR�FL�Z�]DNUHVLH���-20%. Pomiary 
wykonano przy zastosowaniu stalowego elementu udarowego oraz stalowego 
elementu udaroZHJR�]���PP�ZDUVWZ��JXP\��8]\VNDQH�Z\QLNL�SU]HGVWDZLRQR�QD�
rysunkach 13-16.  

 

 
 
Rys. 13.�:LHONR�ü�XGDUyZ�VLá\�Z�]DOH*QR�FL�RG�ZLOJRWQR�FL�QDVLRQ�IDVROL�SU]\�REFL�*HQLDFK�Uy*Q\PL�
elementami udarowymi. 1 –�HOHPHQW�XGDURZ\��]�ZDUVWZ��JXP\����– stalowy element udarowy 
Fig. 13. Value of force impact with relation to bean seeds moisture in loading with various impact 
elements: 1 – rubber-coated impact element, 2 – steel impact  
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Rys. 14. Siła maksymalna w zaleŜności od wilgotności nasion fasoli przy obciąŜeniach róŜnymi 
elementami udarowymi. 1 – element udarowy z warstwą gumy, 2 – stalowy element udarowy 
Fig. 14. Maximum force values with relation to bean seed moisture in loading with various impact 
elements: 1 – rubber-coated impact element, 2 – steel impact element 

 
Rys. 15. Siła średnia w zaleŜności od wilgotności nasion fasoli przy obciąŜeniach róŜnymi 
elementami udarowymi. 1 – element udarowy z warstwą gumy, 2 – stalowy element udarowy 
Fig. 15. Mean force values with relation to seed moisture in bean seed loading with various impact 
elements: 1 – rubber-coated impact element, 2 – steel impact element 
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Rys. 16.� &]DV� WUZDQLD� VLá\� Z� ]DOH*QR�FL� RG� ZLOJRWQR�FL� QDVLRQ� IDVROL� SU]\� REFL�*HQLDFK� Uy*Q\PL�
elementami udarowymi. 1 –�HOHPHQW�XGDURZ\�]�ZDUVWZ��JXP\����– stalowy element udarowy  
Fig. 16. Duration of effect of impact force with relation to bean seed moisture in loading with 
various impact elements: 1 – rubber-coated impact element, 2 – steel impact element 
 
:DUWR�FL�XGDUX�VLá\��VLá\�PDNV\PDOQHM�L��UHGQLHM��]PLHQLDá\�VL
�]�ZLOJRWQR�FL��QDVLRQ�
i rRG]DMHP�PDWHULDáX� HOHPHQWX� XGDURZHJR��:�F]DVLH� XGHU]H�� HOHPHQWX� XGDURZHJR�
z ZDUVWZ�� JXP\� QDVLRQD� XOHJDá\� ZL
NV]\P� XV]NRG]HQLRP�w porównaniu ze sta-
lowym elementem udarowym. =Uy*QLFRZDQLH� ZDUWR�FL� PLHU]RQ\FK� ZLHONR�FL�
IL]\F]Q\FK�Z�F]DVLH�REFL�*H� spowodowanH�E\áR�Uy*Q\PL�ZáD�FLZR�FLDPL�VWRVR-
ZDQ\FK�PDWHULDáyZ�HOHPHQWX�XGDURZHJR��:�F]DVLH�XGHU]H��JXPD� MDNR�PDWHULDá�
VSU
*\VW\� RGNV]WDáFDáD� VL
� L� RGG]LDá\ZDáD� QD� ]QDF]QLH� ZL
NV]�� SRZLHU]FKQL
�
QDVLRQD� Z� SRUyZQDQLX� GR� VWDORZHJR� HOHPHQWX� XGDURZHJR��:� Z\QLNX� Uy*Q\FK�
VSU
*\VWR-HODVW\F]Q\FK� ZáD�FLZR�FL� VWDOL� L� JXP\� F]DV� RGG]LDá\ZDQLD� HOHPHQWX�
XGDURZHJR�QD�QDVLRQD�Z�WUDNFLH�REFL�*H��E\á�Uy*Q\��3U]\�XGHU]HQLDFK�VWDORZ\P�
HOHPHQWHP� XGDURZ\P� F]DV� REFL�*HQLD� QDVLRQ�Z\QRVLá� RG� ���� GR� �����V�� D� SU]\�
uderzeniach elementem udarow\P�]�ZDUVWZ��JXP\�F]DV�WHQ�E\á�]QDF]QLH�GáX*V]\�
L�Z\QRVLá����-�����V� 

:LHONR�FL�LPSXOVyZ�VLá\�]DOH*Dá\�UyZQLH*�RG�ZLOJRWQR�FL�QDVLRQ��1DMZ\*V]H�
ZDUWR�FL�LPSXOVyZ�VLá�RUD]�ZDUWR�FL�PDNV\PDOQ\FK�L��UHGQLFK�VLá�RGQRWRZDQR�GOD�
QDVLRQ�R�ZLOJRWQR�FL���-18%. Przy�]DVWRVRZDQLX�HOHPHQWX�XGDURZHJR�]�ZDUVWZ��
JXP\� F]DV� REFL�*H�� QDVLRQ� R� ZLOJRWQR�FL� Z� SRGDQ\P� Z\*HM� SU]HG]LDOH� E\á�
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QDMGáX*V]\��:\GáX*RQ\�F]DV�RGG]LDá\ZDQLD�VLá�QD�QDVLRQD�Z�F]DVLH�XGHU]H���E\á�
VSRZRGRZDQ\� ZáD�FLZR�FLDPL� VSU
*\VWR-elastycznymi zastosowanego elementu 
udarowego. 

5.  :$572�û�6,(:1$�1$6,21�86=.2'=21<&+� 
3RZV]HFKQLH� ZLDGRPR�� *H� XV]NRG]HQLD� PHFKDQLF]QH� QDVLRQ� SRJDUV]DM�� LFK�

MDNR�ü�� REQL*DM�� ]GROQR�ü� NLHáNRZDQLD� L� ZSá\ZDM�� XMHPQLH� QD� SURGXNW\ZQR�ü�
UR�OLQ�� -HGQRF]H�QLH� SUDNW\ND� Z\ND]XMH�� *H� RJyOQD� OLczba uszkodzonych nasion 
QLH�MHVW�ZáD�FLZ\P�PLHUQLNLHP�MDNR�FL�PDWHULDáX�VLHZQHJR�L�QD�WHM�SRGVWDZLH�QLH�
PR*QD�V�G]Lü�R�]DFKRZDQLX�VL
�WDNLFK�QDVLRQ�Z�ZDUXQNDFK�SRORZ\FK�>��@��-HGQ��
]� SU]\F]\Q�REQL*HQLD� ]GROQR�FL� NLHáNRZDQLD� V��PHFKDQLF]QH�XV]NRG]HQLD�SRZVWDáH 
podczas zbioru i w procesie pozbiorowej obróbki nasion [21,65]. 

Na rysunkach 17-���SU]HGVWDZLRQR�Z\QLNL�EDGD��ZSá\ZX�XV]NRG]H��QDVLRQ�
IDVROL� QD� LFK� ]GROQR�ü� L� HQHUJL
� NLHáNRZDQLD� >��@�� %DGDQLRP� SRGGDQR� QDVLRQD�
IDVROL�RGPLDQ\�/DXUD�R�ZLOJRWQR�FL��������NWyUH�E\á\�XGHU]DQH�RG�VWURQ\�ZLHU]-
FKRáND�SU]H]�REUDFDM�F\�VL
�VWDORZ\�HOHPHQW�XGDURZ\� 

3RPL
G]\� OLF]HEQR�FL�� XV]NRG]RQ\FK� QDVLRQ� D� LFK� ]GROQR�FL�� NLHáNRZDQLD�
VWZLHUG]RQR� XMHPQ�� NRUHODFM
�� :� PLDU
� Z]URVWX� XV]NRG]H�� VSDGDáD� ]GROQR�ü� 
L� HQHUJLD�NLHáNRZDQLD� �U\V�����������:�]DNUHVLH�XVWDORQHJR�SU]HG]LDáX�SU
GNR�FL�
XGHU]H�� �����-12,89 m⋅s-1�� XV]NRG]HQLD� Z\QRVLá\� RG� ��� GR� ����� D� ]GROQR�ü� 
L�HQHUJLD�NLHáNRZDQLD�REQL*\áD�VL
�]�����GR�RGSRZLHGQLR�����L������2WU]\PDQH�
Z\QLNL� ]QDMGXM�� SRWZLHUG]HQLH� Z� EDGDQLDFK� SU]HSURZDG]DQ\FK� UyZQLH*� QD�
QDVLRQDFK�LQQ\FK�UR�OLQ�VWU�F]NRZ\FK�>��@� 

*áyZQ��SU]\F]\Q��VSDGNX�]GROQR�FL�L�HQHUJLL�NLHáNRZDQLD�E\áR�Z\VW
SRZDQLH�
QDVLRQ�QLHQRUPDOQLH�NLHáNXM�F\FK��U\V�������1DVLRQD�PDUWZH�Z\VW
SRZDá\�VSRUD-
G\F]QLH� L� QLH� PLDá\� ]QDF]QHJR� ZSá\ZX� QD� NR�FRZ�� ]GROQR�ü� NLHáNRZDQLD�� 
=� WHJR�Z]JO
GX�PR*QD�]DáR*\ü��*H�Z�F]DVLH�XGHU]H��GRFKRG]LáR�GR�QDUXV]HQLD� OXE�
XV]NRG]HQLD� ]DURGND�� FR� Z� NRQVHNZHQFML� SRZRGRZDáR� QLHQRUPDOQH� NLHáNRZDQLH�
QDVLRQ��0DáD� OLF]ED�PDUWZ\FK� QDVLRQ�PR*H� �ZLDGF]\ü�� *H�Z�PLQLPDOQ\P� VWopniu 
GRFKRG]LáR�GR�FDáNRZLWHJR�XV]NRG]HQLD�OXE�RGHUZDQLD�]DURGNyZ�Z�F]DVLH�REFL�*H�� 

3U]HGVWDZLRQ��WH]
�SRWZLHUG]DM��EDGDQLD�6WURQ\�>��@��Z�NWyU\FK�Z\ND]Dá��*H�
PDNV\PDOQH�REQL*HQLD�HQHUJLL�L�]GROQR�FL�NLHáNRZDQLD�SRZRGXM��JáyZQLH�PHFKD-
niczne uszkodzenia zarodka. 
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Rys. 17.� 8V]NRG]HQLD� PHFKDQLF]QH� QDVLRQ� Z� ]DOH*QR�FL� RG� SU
GNR�FL� XGHU]HQLD� �� – mikro-
uszkodzenia, 2 – makrouszkodzenia, 3 –�XV]NRG]HQLD�RJyáHP 
Fig. 17. Mechanical damage of bean seeds with relation to impact speed: 1 – micro-damage, 2 – 
macro-damage, 3 – total of damage 
 

 
Rys. 18.� :Sá\Z� SU
GNR�FL� XGHU]HQLD� QD� HQHUJL
� L� ]GROQR�ü� NLHáNRZDQLD� QDVLRQ�� �� – energia 
NLHáNRZDQLD�QDVLRQ����–�]GROQR�ü�NLHáNRZDQLD�QDVLRQ 
Fig. 18. Effect of impact speed on germination energy and capacity of bean seeds: 1 – seed 
germination energy, 2 – seed germination capacity 
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Rys. 19.� 3URFHQWRZ\� XG]LDá� PDUWZ\FK� L� QLHQRUPDOQLH� NLHáNXM�F\FK� QDVLRQ� Z� ]DOH*QR�FL� RG�
SU
GNR�FL�XGHU]HQLD 
Fig. 19.  Part of dead and abnormally germinating seeds in relation to impact speed 

6.  TECHNOLOGIE ZBIORU FASOLI  

0HFKDQL]DFMD�]ELRUX�IDVROL�QDSRW\ND�QD�V]HUHJ�WUXGQR�FL�Z\QLNDM�F\FK�JáyZ-
QLH�]�QLHNRU]\VWQ\FK�ZáD�FLZR�FL�ELRORJLF]Q\FK� L� IL]\F]Q\FK� UR�OLQ� >������������
�����@��GR�NWyU\FK�]DOLF]D�VL
� 

• RGPLHQQR�ü� SRNURMX� Uy*Q\FK� RGPLDQ� IDVROL�� ]QDF]QLH� UR]V]HU]DM�FD�
]DNUHV�Z\PDJD��VWDZLDQ\FK�PDV]\QRP� 

• QLVNLH�RVDG]DQLH�VWU�NyZ��FR�SRZRGXMH�GX*H�VWUDW\�QDVLRQ�Z�F]DVLH� ��FL-
QDQLD�UR�OLQ� 

• ZUD*OLZR�ü� GRMU]Dá\FK� VWU�NyZ� QD� XGHU]HQLD�� D� W\P� VDP\P�RV\S\ZDQLH�
VL
�QDVLRQ� 

• QLHUyZQRPLHUQR�ü�GRMU]HZDQLD�UR�OLQ�Z�REU
ELH�SODQWDFML��D�WDN*H�VWU�NyZ�
QD�WHM�VDPHM�UR�OLQLH� 

• PDáD�RGSRUQR�ü�QDVLRQ�QD�XV]NRG]HQLD�PHFKDQLF]QH��SRZVWDM�FH�SRGF]DV�
RPáRWX� 

• SRGDWQR�ü�QDVLRQ�QD�WUZDáH�]DQLHF]\V]F]HQLD�S\áHP�JOHERZ\P��G\VNZDOL-
LNXM�FH�MH�MDNR�PDWHULDá�NRQVXPSF\MQ\�L�VLewny. 
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:\PLHQLRQH� ZáD�FLZR�FL� XWUXGQLDM�� NRQVWUXNFMH� PDV]\Q� GR� ]ELRUX� SRG�
Z]JO
GHP�Z\PDJD�� DJURWHFKQLF]Q\FK� WHM� UR�OLQ\�� =ELyU� IDVROL� SU]HSURZDG]DQ\�
jest metodami jedno –�L�ZLHORHWDSRZ\PL�>�������������������@���ZLDWRZH�WHQGHQ-
cje mechanizacji zbioru fasoli �]PLHU]DM��MHGQDN�Z�NLHUXQNX�]ELRUX�GZXetapowego, 
Z� NWyU\P�Z\VW
SXMH�ZLHOH�ZDULDQWyZ�� 5y*QL�� VL
� RQH� JáyZQLH� SLHUZV]\P� HWDSHP�
MDNLP� MHVW� ]ELHUDQLH� VDP\FK� UR�OLQ�� (WDS� WHQ� PR*H� SROHJDü� QD� SRGFLQDQLX� OXE�
Z\U\ZDQLX�UR�OLQ�DOER�QDUXV]DQLX�V\VWHPX�NRU]HQLRZHJR��D�QDVW
SQLH�XNáDGDQLX�LFK�
Z�ZDá\��=ELyU�IDVROL�]�ZDáyZ�RGE\ZDü�VL
�PR*H�]D�SRPRF��DGDSWRZDQHJR�NRP-
EDMQX�]ER*RZHJR�OXE�NRPEDMQX�VSHFMDOLVW\F]QHJR� 

=ELyU�MHGQRHWDSRZ\�]ZL�]DQ\�MHVW�]�]DVWRVRZDQLHP�DGDSWHUD�GR�]ELRUX�IDVROL��
NWyU\� PRQWXMH� VL
� QD� NRPEDMQLH� ]ER*RZ\P� Z� PLHMVFH� ]HVSRáX� *QLZQHJR�� FR�
XPR*OLZLD�QLVNLH��FLQDQLH�UR�OLQ��LFK�Z\U\ZDQLH�OXE�SRGFLQDQLH� 

Na rysunku 20 przedstawiono schemat blokowy stosowanych technologii 
zbioru fasoli na suche ziarno. 

Rys. 20. Technologie zbioru fasoli na suche nasiona 
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Fig. 20. Technologies of bean harvest for dry seeds 

W krajowej praktyce rolniczej maszyny specjalistyczne do zbioru fasoli stoso-
ZDQH�V��Z�QLHZLHONLP�VWRSQLX��8*\ZD�VL
�SURVW\FK�QDU]
G]L�GR�SRGFLQDQLD�UR�OLQ��
NRVLDUNL� OLVWZRZH��D�QD�PDá\FK�SODQWDFMDFK� UR�OLQ\�Z\U\ZDQH�V�� U
F]QLH��2PáRW�
SU]HSURZDG]D� VL
� NRPEDMQDPL� ]ER*RZ\PL� OXE� VWDFMRQDUQ\PL� PáRFDUQLDPL�� 7H�
PHWRG\�]ELRUX�V��SUDFRFKáRQQH�L�SRZRGXM��Z\VRNLH�VWUDW\�SORQX�– od 25 do 60%, 
]� NWyU\FK� ]QDF]�FD� F]
�ü� SU]\SDGD� QD� PHFKDQLF]QLH� XV]NRG]RQH� QDVLRQD�
[4,22,61,62,83]. 
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���&=<11,.,�.6=7$à78-�&(�()(.7<:12�û�352&(68�20à278 

-DN�Z\QLND�]�SU]HJO�GX�OLWHUDWXU\�>��-��@��RFHQ\�MDNR�FL�SUDF\�]HVSRáyZ�Páy-
F�F\FK� GRNRQXMH� VL
� QD� SRGVWDZLH� RJyOQLH� SU]\M
W\FK� NU\WHULyZ�� GR� NWyU\FK�
]DOLF]\ü�QDOH*\� 

• VWUDW\�LOR�FLRZH�]LDUQD�Z�PáRFDUQL�GR������ 
• F]\VWR�ü�]LDUQD�QLH�PQLHMV]D�QL*����� 
• makrouszkodzenia ziarna do 2%. 
.RPEDMQ\�]ER*RZH�VWRVRZDQH�V��SRZV]HFKQLH�GR�]ELRUX�]LDUQD�]Ey*��D�WDN*H�

UR�OLQ� QLH]ER*RZ\FK�� Z� NWyU\FK� ]QDF]�FH� PLHMVFH� ]DMPXM�� UR�OLQ\� VWU�F]NRZH��
a Z�LFK�REU
Eie fasola zwyczajna (Ph. vulgaris L.) uprawiana na suche nasiona.  

:� NUDMX� X*\ZD� VL
� JáyZQLH� NRPEDMQyZ� ]ER*RZ\FK� ]� FHSRZ\P� ]HVSRáHP�
PáyF�F\P��1D�U\VXQNX����SU]HGVWDZLRQR�NODV\ILNDFM
�F]\QQLNyZ�ZSá\ZDM�F\FK�
QD� MDNR�ü� SUDF\� FHSRZHJR� ]HVSRáX� PáyF�FHJR�� =QDF]Hnie niektórych z tych 
F]\QQLNyZ��Z� NRQWHN�FLH� SRZVWDZDQLD� XV]NRG]H��PHFKDQLF]Q\FK� QDVLRQ�� RPy-
ZLRQR� Z� SRSU]HGQLFK� UR]G]LDáDFK�� :Sá\Z� SR]RVWDá\FK� F]\QQLNyZ� QD� MDNR�ü�
RPáRWX�SU]HGVWDZLD�U\VXQHN���� 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rys. 21��.ODV\ILNDFMD�F]\QQLNyZ�ZSá\ZDM�F\FK�QD�MDNR�ü�SUDF\�FHSRZHJR�]HVSRáX�PáyF�FHJR 

C=<11,.,�:3à<:$-�&(�1A POWSTAWANIE 86=.2'=(��0(&+$1,&=1YCH 

1$6,21�:�&=$6,(�20à2TU 
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Fig. 21. Classification of factors affecting the quality of beater-type thresher unit operation 
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:Sá\Z�NRQVWUXNFML,QIOXHQFH�RI�FRQVWUXFWLRQ
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Rys. 22. :Sá\Z�Z\EUDQ\FK�F]\QQLNyZ�QD�MDNR�ü�RPáRWX 
Fig. 22.  Effect of selected factors on threshing quali ty  

 
1D� MDNR�ü� RPáRWX� LVWRWQ\�ZSá\Z�PDM�� SDUDPHWU\� SUDF\� ]HVSRáX�PáyF�FHJR��

Idealny proceV�RPáRWX�WR�WDNL��Z�F]DVLH�NWyUHJR�QLH�Z\VW
SXM��*DGQH�VWUDW\�Z�SR-
VWDFL�QLHGRPáRWyZ�L�XV]NRG]H��PHFKDQLF]Q\FK�QDVLRQ�� 

1D�U\VXQNX����SU]HGVWDZLRQR�SU]HELHJ� LGHDOQHJR�SURFHVX�RPáRWRZHJR��D�QD�
U\VXQNX����SU]HELHJ�SURFHVX�RPáRWRZHJR�QDMF]
�FLHM�VSRW\NDQHJR�Z praktyce – 
ze stratami ziarna.  
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Rys. 23. �,GHDOQ\�SURFHV�RPáRWRZ\�– bez strat. 1 –�QLHGRPáRW����– uszkodzenia ziarna 
Fig. 23. Ideal threshing process – no losses. 1 – non-threshed seed residue, 2 – damage to seeds 

 

 
Rys. 24. Rzeczywisty proces RPáRWRZ\�– ze stratami.  1 –�QLHGRPáRW����– uszkodzenia  ziarna 
Fig. 24. Real threshing process – with losses. 1 – non-threshed seed residue, 2 – damage to seeds 
 
2PáRW� EH]� VWUDW� MHVW� QLHRVL�JDOQ\�� DOH� SU]H]� XVWDZLHQLH� ZáD�FLZHM� SU
GNR�FL�
REZRGRZHM�E
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SDUDPHWUyZ�URERF]\FK�GHF\GXMH�EH]SR�UHGQLR�RSHUDWRU�NRPEDMQX� 
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8.  &+$5$.7(5<67<.,�=(632àÏ:�0àÏ&�&<&+ 

W tendencjach rozwojX�NRQVWUXNFML� ]HVSRáyZ�GR�RPáRWX� IDVROL�PR*QD�]DREVHU-
ZRZDü� GZD� NLHUXQNL�� 3LHUZV]\�� WR� DGDSWDFMH� ]HVSRáyZ� PáyF�F\FK� NRPEDMQyZ�
]ER*RZ\FK�� D�GUXJL� WR�NRQVWUXNFMH� ]HVSRáyZ�SU]H]QDF]RQ\FK�Z\á�F]QLH�GR�RPáRWX�
IDVROL��%DGDQLD�Z\ND]Dá\��*H�NRPEDMQ\�]ER*RZH�QLH�VSHáQLDM��SRGVWDZRZ\FK�Z\PD-
JD��DJURWHFKQLF]Q\FK�SU]\�]ELRU]H�IDVROL��JáyZQLH�]�SRZRGX�SRZVWDZDQLD�QDGPLHU-
Q\FK�XV]NRG]H��PHFKDQLF]Q\FK�QDVLRQ�>����������@��3RGVWDZRZ\P�]HVSRáHP�URER-
F]\P�� SRZRGXM�F\P�PHFKDQLF]QH� XV]NRG]HQLD� QDVLRQ� MHVW� ]HVSyá�PáyF�F\� >�����, 
�����@��3RWZLHUG]DM�� WR�Z\QLNL�EDGD��Sosnowskiego i Jecha� >��@��GRW\F]�FH�RFHQ\�
MDNR�FL�RPáRWX�IDVROL�NRPEDMQHP�]ER*RZ\P�=������WDE����� 

 
Tabela 3��:Sá\Z�]HVSRáyZ�URERF]\FK�NRPEDMQX�=�����QD�PHFKDQLF]QH�XV]NRG]HQLD�QDVLRQ�IDVROL 
Table 3. Effect of working assemblies of Z 056 combine on mechanical damage to bean seed 
 

Mechaniczne uszkodzenia nasion  
Mechanical damage to seed (%) 

=HVSRá\�URERF]H�– Working assemblies 

O
dm

ia
na

 
C

ul
ti

va
r 

 

Rodzaj uszkodzenia 
Kind of damage 

I II  III  IV V 

Makrouszkodzenia 

Macro-damage 
18,87 19,00 20,98 24,15 27,69 

Mikrouszkodzenia 

Micro-damage 
27,76 28,10 28,30 29,10 40,90 

6áR
ZLD

QND
 

Razem 

Total  
46,63 47,10 49,28 53,25 68,59 

Makrouszkodzenia 

Macro-damage 
16,67 17,05 24,84 25,04 30,25 

Mikrouszkodzenia 

Micro-damage 
27,50 27,50 29,30 32,30 39,00 Sa

ba
 

Razem 

Total  
44,17 44,55 54,14 57,34 69,25 

 
3RPLDUDPL�REM
WR�QDVW
SXM�FH�]HVSRá\�URERF]H��,�–�]HVSyá�PáyF�F\��,,�– sita, 

III –�SU]HQR�QLN��UXERZ\�]LDUQD��,9�–�SRGQR�QLN�]LDUQD��9�–�SU]HQR�QLN��UXERZ\�
UR]áDGRZF]\��2PáRW�SU]HSURZDG]RQR�SU]\�SU
GNR�FL�REZRGRZHM�E
EQD������P⋅s-1 
�6áRZLDQND�� L� �����P⋅s-1� �6DED���:LOJRWQR�ü� QDVLRQ� EDGDQ\FK� RGPLDQ�Z\QRVLáD�
RGSRZLHGQLR� ���� L� ����� 'R� QDMZ\*V]\FK� XV]NRG]H�� QDVLRQ� GRFKRG]LáR�
w ]HVSROH� PáyF�F\P� ������-�������� L� �UXERZ\P� SU]HQR�QLNX� UR]áDGRZF]\P�
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(11,91-���������:�VWUXNWXU]H�XV]NRG]H��SU]HZD*Dá\�PLNURXV]NRG]HQLD�Z postaci 
S
NQL
ü� RNU\Z\� QDVLHQQHM�� 6WUDW\� Z� IRUPLH� QLHGRPáRWX� VWDQRZLá\� RG� ��� �6áR-
wianka) do 4% (Saba). 

 

 
Rys. 25.� =DOH*QR�ü�PHFKDQLF]Q\FK� XV]NRG]H�� QDVLRQ� L� ZDUWR�FL� QLHGRPáRWX� RG� SU
GNR�FL� REZR-
GRZHM� E
EQD�PáyF�FHJR�� SU]\� Uy*Q\FK�ZLHONR�FLDFK� V]F]HOLny roboczej. 1 – uszkodzenia mecha-
niczne nasion, 2 –�QLHGRPáRW 
Fig. 25.  Relationship of mechanical damage to seeds and level of non-threshed seed residue to 
perimeter speed of threshing drum at different working slot sizes. 1 – mechanical damage to seeds, 2 
– non-threshed seed residue  

 
,VWRWQ\P� F]\QQLNLHP� GHF\GXM�F\P� R� MDNR�FL� RPáRWX� IDVROL� MHVW�PL
G]\� LQQ\PL�

SU
GNR�ü�REZRGRZD�E
EQD�PáyF�FHJR�>�����������@��3RZV]HFKQLH�VWRVRZDQH�NRP-
EDMQ\� ]ER*RZH� QLH� SRVLDGDM�� PR*OLZR�FL� UHJXODFML� REURWyZ� E
EQD� PáyF�FHgo 
w ]DNUHVLH�QLVNLFK�SU
GNR�FL�REZRGRZ\FK��=�WHJR�Z]JO
GX�SU]HSURZDG]RQR�EDGDQLD�
MDNR�FL� SUDF\� ]HVSRáX� PáyF�FHJR� NRPEDMQHP� =� ���� QD� VWDFMRQDUQ\P� VWDQRZLVNX�
SRPLDURZ\P� XPR*OLZLDM�F\P� PL
G]\� LQQ\PL� RPáRW� SU]\� QLVNLFK� SU
GNR�FLDFK�
REZRGRZ\FK� E
EQD� PáyF�FHJR� w zakresie od 7,22 m⋅s-1. Na rysunku 25 przed-
VWDZLRQR�LOXVWUDFM
�XV]NRG]H��L�QLHGRPáRWX�QDVLRQ�Z�]DOH*QR�FL�RG�SU
GNR�FL�REZR-
GRZHM�E
EQD�L�ZLHONR�FL�V]F]HOLQ\�SRPL
G]\�E
EQHP�D�NOHSLVNHP�>��@� 

3U
GNR�ü�E
EQD�– Drum speed (m⋅s-1) 
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=� X]\VNDQ\FK� GDQ\FK� Z\QLND�� *H� QDMQL*V]H� XV]NRG]HQLD� PHFKDQLFzne nasion 
Z\QRVLá\� ����� D� SR]LRP� QLHGRPáRWX� VWDQRZLá� RNRáR� ����� :]URVW� SU
GNR�FL�
REZRGRZHM�E
EQD�PáyF�FHJR�SRQDG������P⋅s-1� SRZRGRZDá� LVWRWQ\�SU]\URVW� OLF]HE-
QR�FL� XV]NRG]RQ\FK� QDVLRQ�� 1DWRPLDVW� ]ZL
NV]HQLH� V]F]HOLQ\� URERF]HM� SRPL
G]\�
E
EQHP�PáyF�F\P�D�NOepiskiem (wlot/wylot), w przedziale 20/10-36/26 mm w istotny 
VSRVyE�ZSá\ZDáR�QD�VSDGHN�XV]NRG]H��QDVLRQ�Z�SU]HG]LDOH�Z\*V]\FK�SU
GNR�FL�
REZRGRZ\FK�E
EQD�PáyF�FHJR��������-17,26 m⋅s-1). 

������$GDSWDFMH�]HVSRáyZ�PáyF�F\FK�NRPEDMQyZ�]ER*RZ\FK�GR�RPáRWX�IDVROL 
W celu zmechanizowania zbioru fasoli dokonywano szeregu adaptacji kom-

EDMQyZ�]ER*RZ\FK��'RW\F]\á\�RQH�ZSURZDG]DQLD�]PLDQ�Z�NRQVWUXNFML�NOHSLVND�
OXE�E
EQD�PáyF�FHJR��Z]JO
GQLH�Z�RE\GZX�F]
�FLDFK�]HVSRáX�PáyF�FHJR�>�������
51,56]. 

'R� SRZV]HFKQ\FK� UR]ZL�]D�� DGDSWDF\MQ\FK� NRQVWUXNFML� FHSRZHJR� ]HVSRáX�
PáyF�FHJR�QDOH*\��VWRVRZDQLH� 

• JáDGNLFK�FHSyZ�VWDORZ\FK�L�RVáRQ�SRPL
G]\�FHSDPL� 
• JXPRZ\FK�OXE�SRJXPRZDQ\FK�FHSyZ�RUD]�JXPRZ\FK�E
EQyZ�PáyF�F\FK� 
• NOHSLVN�R�]ZL
NV]RQHM�SU]HVLHZDOQR�FL� 
*áDGNLH�FHS\�L�RVáRQ\�E
EQD��REQL*Dá\�XV]NRG]HQLD�QDVLRQ�IDVROL�Z�JUDQLFDFK�RG�

�� GR� ���� D� SU]\� ]DVWRVRZDQLX� JXPRZ\FK� OXE� SRJXPRZDQ\FK� FHSyZ� QDVW
SRZDá�
VSDGHN�OLF]HEQR�FL�XV]NRG]RQ\FK�QDVLRQ�R��-�����/HSV]��MDNR�ü�RPáRWX�X]\VNLZDQR�
]�NOHSLVNLHP�R�]ZL
NV]RQHM�SU]HVLHZDOQR�FL�>��������@�� 

Na rysunku 26 przedstawiono schemat listwowego klepiska bez poprzecznych 
HOHPHQWyZ�� D� QD� U\VXQNX� ��� Z\QLNL� GRW\F]�FH� ZSá\ZX� ]PLDQ� Z� NRQVWUXNFML�
FHSRZHJR�]HVSRáX�PáyF�FHJR�QD�MDNR�ü�RPáRWX�IDVROL�SU]\�Uy*Q\FK�SU
GNR�FLDFK�
REZRGRZ\FK�E
EQD�PáyF�FHJR�>��@�� 

Z�X]\VNDQ\FK�GDQ\FK�Z\QLND��*H�RJXPLRQH�FHS\�]�NOHSLVNLHP�R�]ZL
NV]RQHM�
SU]HVLHZDOQR�FL� SRZRGRZDá\� VSDGHN� OLF]HEQR�FL� XV]NRG]RQ\FK� QDVLRQ� NRV]WHP�
Z]URVWX� QLHGRPáRWX� JáyZQLH� Z� ]DNUHVLH� QLVNLFK� SU
GNR�FL� REZRGRZ\FK� E
EQD�
PáyF�FHJR������-9,79 m⋅s-1). 

W celu poSUDZLHQLD�MDNR�FL�RPáRWX��D�JáyZQLH�REQL*HQLD�XV]NRG]H��QDVLRQ�SRG-
GDQR� EDGDQLRP� NOHSLVNR� VHJPHQWRZH� R� ]ZL
NV]RQHM� SU]HVLHZDOQR�FL� �EH]�Z]GáX*-
Q\FK� OLVWHZ�� >��@�� 1D� U\VXQNX� ��� SU]HGVWDZLRQR� VFKHPDW� WHJR� UR]ZL�]DQLD�� D� Qa 
U\VXQNX� ��� ]LOXVWURZDQR� ZSá\Z� ]PLDQy konstrukcji klepiska na uszkodzenia 
i QLHGRPáRW�QDVLRQ�SU]\�Uy*Q\FK�SU
GNR�FLDFK�REZRGRZ\FK�E
EQD�PáyF�FHJR� 
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Rys. 26. Listwowe klepisko bez poprze-
cznych elementów. 1 – listwa klepiska, 2 – 
element poprzeczny. 
Fig. 26. Rib-type threshing concave 
without cross-members. 1 – rib of concave, 
2 – cross-member 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rys. 27.�:Sá\Z�SU
GNR�FL�E
EQD�PáyF�FHJR�QD�PHFKDQLF]QH�XV]NRG]HQLD�QDVLRQ�L��QLHGRPáRW�SU]\�
]DVWRVRZDQLX� Uy*Q\FK� UR]ZL�]D�� NRQVWUXNF\MQ\FK� ]HVSRáyZ� PáyF�F\FK�� �� – zespóá� PáyF�F\�
kombajnu Z 056, 2 –�E
EHQ�PáyF�F\�]�RJXPLRQ\PL�FHSDPL�L�NOHSLVNR�EH]�SRSU]HF]Q\FK�HOHPHQWyZ� 
Fig. 27. Effect of threshing drum speed on mechanical damage of seeds and non-threshed seed 
residue with various designs of threshing units. 1 – threshing unit of Z 056 combine, 2 – threshing 
drum with rubber-coated beaters and concave without cross-members 

8V]
NRG

]HQ
LD�L

�QLH
GRP

áRW�
 

D
am

ag
e

 o
f 

se
ed

s 
 

an
d 

no
n-

th
re

sh
ed

 s
e

ed
s 

(%
) 

�

��

��

��

��

��

��

� � �� �� �� �� ��
3U
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2 
1 

 

uszkodzenia nasion – damage of seeds 
QLHGRPáRW�– non-threshed seed residue 

7,22          9,73         12,24        14,75        17,26  
3U
GNR�ü�REZRGRZD�E
EQD�PáyF�FHJR� 
Threshing drum perimeter speed (m⋅s-1) 
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Rys. 28. Klepisko segmentowe.  
1 – segment klepiska, 2 – bok klepiska, 
3 –�á�F]QLN�PRFXM�F\ 
Fig. 28. Segmented concave.  
1 – concave segment, 2 – concave side, 
3 – attachment pin 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Rys. 29.� 3RUyZQDQLH� MDNR�FL� RPáRWX� IDVROL� Uy*Q\PL� ]HVSRáDPL� PáyF�F\PL�� �� –� FHSRZ\� ]HVSyá�
PáyF�F\� NRPEDMQX� ]ER*RZHJR� =� ����� �� –� E
EHQ� PáyF�F\� ]� RJXPLRQ\PL� FHSDPL� L� NOHSLVNR�
segmentowe 
Fig. 29. Comparison of bean threshing quality for different thresher units. 1 – beater-type thresher 
unit of Z 056 combine, 2 – threshing drum with rubber-coated beaters and segmented concave 
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GNR�ü�REZRGRZD�E
EQD�PáyF�FHJR� 
Threshing drum perimeter speed (m⋅s-1) 

uszkodzenia nasion – damage of seeds 
QLHGRPáRW�– non-threshed seed residue 
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3UH]HQWRZDQH� NOHSLVNR� ZH� ZVSyáSUDF\� ]� E
EQHP� PáyF�F\P� Z\SRVD*RQ\P� 
w ogumione�FHS\�SRZRGRZDáR�Z�F]DVLH�RPáRWX�IDVROL�VSDGHN�OLF]HEQR�FL�XV]NR-
G]RQ\FK� QDVLRQ� R� RNRáR� ���� –� Z� VWRVXQNX� GR� FHSRZHJR� ]HVSRáX� PáyF�FHJR�
NRPEDMQX�=� �����1DWRPLDVW� QLHGRPáRW�Z]UyVá�Z�EDGDQ\P�SU]HG]LDOH� SU
GNR�FL�
REZRGRZHM�E
EQD�PáyF�FHJR�RG���GR���� 

W celu ogUDQLF]HQLD� XV]NRG]H�� QDVLRQ� SRGHMPRZDQR� SUyE\� RPáRWX� IDVROL�
GZXE
EQRZ\P� ]HVSRáHP� PáyF�F\P� NRPEDMQX� ]ER*RZHJR� W\SX� 6.-6 [76]. 
:\QLNL� EDGD�� Z\ND]Dá\� V]HUHJ� QLHGRVWDWNyZ� NRQVWUXNF\MQ\FK� Z\PLHQLRQHJR�
]HVSRáX��U\V� �����NWyUH�ZSá\ZDá\�QD�SRZVWDZDQLH�QDGPLHUQ\FK�XV]NRG]H��QDVLRQ�
Z�JUDQLFDFK�RG����GR������'X*D� OLF]ED�F]
�FL� URWDF\MQ\FK��QDGPLHUQD�GáXJR�ü�
NOHSLVN� L� QLHRGSRZLHGQL� LFK� NV]WDáW�� E\á\� SU]\F]\Q�� QLVNLHM� MDNR�FL� SUDF\� WHJR�
]HVSRáX�PáyF�FHJR�� 

 
Rys. 30.�'ZXE
EQRZ\�]HVSyá�PáyF�F\�NRPEDMQX�]ER*RZHJR�6.�– 6. 1 –�SLHUZV]\�E
EHQ�PáyF�F\��
2 –�GUXJL�E
EHQ�PáyF�F\����–�E
EHQ�SRGDM�F\����– separator, 5 –�RGU]XWQLN�VáRP\ 
Fig. 30. Twin-drum thresher unit of SK-6 cereal combine. 1 – first threshing drum, 2 – second 
threshing drum, 3 – feeder drum, 4 – separator, 5 – straw ejector 

 
'R� RPáRWX� IDVROL� VWRVRZDQR� UyZQLH*� ]
EDWH� ]HVSRá\� PáyF�FH� >�����@�� 8V]NR-

G]HQLD�QDVLRQ�SU]\�RPáRFLH�W\PL�]HVSRáDPL�NV]WDáWRZDá\�VL
�QD�SR]LRPLH�RNRáR������ 
:� UDPDFK� EDGD�� ZáDVQ\FK� SU]HSURZDG]RQR� Z� ZDUXQNDFK� ODERUDWRU\MQ\FK�

RFHQ
� ]
EDWHJR� ]HVSRáX� SU]\� RPáRFLH� IDVROL� RGPLDQ\� ,JRáRPVND� >��@�� :\JO�G�
konstrukcji badanego prototypu przedstawiono na rysunku 31. Na rysunku 32 
]DSUH]HQWRZDQR� UH]XOWDW\� SU]HSURZDG]RQ\FK� EDGD��� 3U]\� ]ZL
NV]DQLX� SU
GNR�FL�
REZRGRZHM�E
EQD�PáyF�FHJR�]������GR�������P⋅s-1 QDVW
SRZDá�SU]\URVW�OLF]HEQR�FL�
XV]NRG]RQ\FK�QDVLRQ�]�����GR������SU]\� MHGQRF]HVQ\P�VSDGNX�QLHGRPáRWX�]���GR�
����1DMQL*V]H�VWUDW\�RVL�JQL
WR�Z�F]DVLH�RPáRWX�SU]\�SU
GNR�FL�E
EQD������P⋅s-1 (3% 
– uszkodzenia nasion, 5% –�QLHGRPáRW��� 

3 

1 
4 

2 
5 
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Rys. 31.�=
EDW\�]HVSyá�PáyF�F\�� 
1 –�E
EHQ����–�]�E�E
EQD���– klepisko,  
4 – listwa poprzeczna, 5 –�]�E�NOHSLVND 
Fig. 31. Cog-type thresher unit. 1 – drum, 
2 – drum cog, 3 – concave, 4 – cross rib, 
5 – concave cog 

 
 

 
Rys. 32.�:Sá\Z�SU
GNR�FL�E
EQD�]
EDWHJR�]HVSRáX�PáyF�FHJR�QD�SR]LRP�XV]NRG]H�� L�QLHGRPáRWX�
fasoli . 1 – uszkodzenia nasion, 2 –�QLHGRPáRW 
Fig. 32. Effect of cog-type thresher unit drum speed on level of damage and non-threshed seed 
residue of bean. 1 – damage to seeds, 2 - non-threshed seed residue 
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GNR�ü�REZRGRZD�E
EQD�PáyF�FHJR�– Threshing drum perimeter speed (m⋅s-1) 
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W FHOX� SRSUDZLHQLD� HIHNWyZ� RPáRWX� IDVROL� SRGHMPRZDQR� SUyE\� SRG]LDáX�
SURFHVX�RPáRWRZHJR�QD�GZD�HWDS\��RPáRW�ZVW
SQ\�L�]DVDGQLF]\��:�UDPDFK�EDGD��
ZáDVQ\FK�SRGM
WR�UyZQLH*�SUyE
�SU]\VWRVRZDQLD�SU]HQR�QLND�áD�FXFKRZR-listwo-
ZHJR�NRPEDMQX�]ER*RZHJR�GR�ZVW
SQHJR�RPáRWX�IDVROL��1D�U\VXQNX����SU]HGVWD-
ZLRQR�ZLGRN�RJyOQ\�DGDSWRZDQHJR�SU]HQR�QLND�áD�FXFKRZR-listwowego [60].  

 

 
Rys. 33.�$GDSWRZDQ\�SU]HQR�QLN�SRFK\á\�NRPEDMQX�]ER*RZHJR�=�����GR�ZVW
SQHJR�RPáRWX�IDVROL��
1 –�N�WRZQLN�SRSU]HF]Q\����–�GROQD�REXGRZD�SU]HQR�nika, 3 –�SDOHF�VSU
*\VW\ 
Fig. 33. Adapted sloped conveyor of Z 056 cereal combine for initial threshing of bean. 1 – cross 
angle bar, 2 – lower housing of conveyor, 3 – flexible finger 

 
:\QLNL� SRPLDUyZ�Z\ND]Dá\�� *H�Z\PáDFDOQR�ü� IDVROL� QD� SU]HQR�QLNX� SRFK\á\P�
Z\QRVLáD� RNRáR� ���� SU]\� XV]NRG]HQLDFK� PHFKDQLF]Q\FK� QDVLRQ� Z� JUDQLFDFK�
������ -HGQDN� SRGVWDZRZ\P� SUREOHPHP� Z� F]DVLH� RPáRWX� E\á� EUDN� PR*OLZR�FL�
RGVHSDURZDQLD�QDVLRQ�RG�VáRP\�SU]HG�]HVSRáHP�PáyF�F\P� 
�����=HVSRá\�PáyF�FH�GR�IDVROL�]Z\F]DMQHM 

Maszyny specMDOLVW\F]QH�SU]H]QDF]RQH�Z\á�F]QLH�GR�]ELRUX�IDVROL�X*\ZDQH�V��
JáyZQLH� SU]\� SURGXNFML� QD� GX*\FK� SODQWDFMDFK�� 0RJ�� RQH� Z\VW
SRZDü� MDNR�
PDV]\Q\� SU]\F]HSLDQH� GR� FL�JQLNyZ� OXE� NRPEDMQ\� VDPRELH*QH�� Z� W\P� WDN*H�
NRPEDMQ\�]ER*RZH�QRZ\FK�JHQHUDFML�Z\SRVD*RQH�Z�]DPLHQQH�]HVSRá\�PáyF�FH�
do fasoli . 

Firma Lili stone (USA) [56], w produkowanych do zbioru fasoli kombajnach, 
VWRVXMH�SDOFRZH�]HVSRá\�PáyF�FH��1D�U\VXQNX����SU]HGVWDZLRQR�SDOFRZ\�]HVSyá�
PáyF�F\� WHM� ILUP\�� D� QD� U\VXQNX� ��� Z\QLNL� EDGD�� NRPEDMQX� /LOLVWRQH� ������
ktyU\P�]ELHUDQR�SRGFL
W��L�]JDUQL
W��Z�ZDá\�IDVRO
�RGPLDQ\�$OID� 

1 

3 
2 
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Rys. 34.� �3DOFRZ\�]HVSyá�PáyF�F\�ILUP\�/LOLVWRQH 
(USA): 1 –�E
EHQ����–�SDOHF�VSU
*\VW\����– klepisko, 
4 – palec klepiska 
Fig. 34. Finger-type thresher unit of Lilistone 
(USA) combine: 1 – drum, 2 – flexible finger,  
3 – concave, 4 – concave finger 

 
Rys. 35.� 8V]NRG]HQLD� PHFKDQLF]QH� QDVLRQ� Z� ]DOH*QR�FL� RG� LFK� ZLOJRWQR�FL� SRZVWDM�FH� SRGF]DV��
zbioru fasoli kombajnem Lilistone 6200. 1 – makrouszkodzenia nasion, 2 – mikrouszkodzenia 
nasion 
Fig. 35. Fig. 35. Mechanical damage to seeds with relation to seed moisture, in seed harvesting with 
Lili stone 6200 combine. 1 – macro-damage to seeds, 2 – micro-damage to seeds 

 

Jak wynika z uzyskanych danych (rys. 35) makro- i mikrouszkodzenia nasion 
zPLHQLDá\� VL
� Z� ]DOH*QR�FL� RG� LFK� ZLOJRWQR�FL� L� Z\QRVLá\� RGSRZLHGQLR�� �-4,3%  
i 0,5-������1DMQL*V]��ZDUWR�ü�PDNURXV]NRG]H��RGQRWRZDQR�GOD�QDVLRQ�]DZLHUDM�F\FK�
RNRáR�����ZLOJRWQR�FL�� 

:�UDPDFK�SURZDG]RQ\FK�EDGD��ZáDVQ\FK�Z\NRQDQR�L�SU]HEDGDQR�WU]\E
EQR-
wy paOFRZ\�]HVSyá�PáyF�F\��1D�U\VXQNX����SU]HGVWDZLRQR�VFKHPDW�RJyOQ\�WHJR�
]HVSRáX�>��@� 
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Rys. 36.��7U]\E
EQRZ\�SDOFRZ\�]HVSyá�PáyF�F\�GR�IDVROL����–�E
EHQ�PáyF�F\����–�SDOHF�VSU
*\VW\�
E
EQD����– perforowane klepisko, 4 –�SDOHF�VSU
*\VW\�NOHSLVND 
Fig. 36. Three-drum finger-type thresher unit for bean. 1 – threshing drum, 2 – flexible finger of 
drum, 3 – perforated concave, 4 – flexible finger of concave 

 
Badania przeprowadzono na stacjonarnym stanowisku pomiarowym, gdzie 

SRGGDQR�RPáRWRZL�IDVRO
�RGPLDQ\�,JRáRPVND�R�ZLOJRWQR�FL�QDVLRQ�Z�SU]HG]LDOH�
17-�����1DMZ\*V]�� MDNR�ü� RPáRWX� �XV]NRG]HQLD� QDVLRQ�–� RNRáR� ���� QLHGRPáRW�
RNRáR�����X]\VNDQR�SU]\�SU
GNR�FL�REZRGRZHM�E
EQyZ�PáyF�F\FK�Z�JUDQLFDFK�
9 m⋅s-1 (rys.37). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Rys. 37.� 8V]NRG]HQLD� L� QLHGRPáRW� IDVROL� Z� ]DOH*QR�FL� RG� SU
GNR�FL� REZRGRZ\FK� E
EQyZ�
PáyF�F\FK����–�QLHGRPáRW����– uszkodzenia mechaniczne nasion 
Fig. 37. Damage of seeds and non-threshed seed residue with relation to perimeter speeds of 
threshing drums. 1 – non-threshed seed residue, 2 – mechanical damage to seeds 

3U
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:\VRND� MDNR�ü�RPáRWX� IDVROL�SU]\�]DVWRVRZDQLX�SDOFRZHJR�]HVSRáX�PáyF�FHJR�
Z\QLND�]�FKDUDNWHUX�SUDF\�VSU
*\VW\FK�HOHPHQWyZ�URERF]\FK��:\G]LHODQLH�QDVLRQ�]H�
VWU�NyZ�MHVW�VNXWNLHP�SU]HF]HV\ZDQLD�PáyFRQHM�PDV\�VSU
*\VW\PL�SDOFDPL�E
Enów 
SU]\�QLHZLHONLFK�SU
GNR�FLDFK��6SRVyE�RGG]LDá\ZDQLD�SDOFyZ�QD�PáyFRQ��PDV
�PD�
V]F]HJyOQH�]QDF]HQLH�SU]\�QLVNLFK�ZLOJRWQR�FLDFK�QDVLRQ�IDVROL��NWyUH�V��ZUD*OLZH�QD�
XV]NRG]HQLD� PHFKDQLF]QH�� 6]F]HJyáRZH� Z\QLNL� GRW\F]�FH� EDGD�� SUH]HQWRZDQHJR�
]HVSRáX�PáyF�FHJR�RSXEOLNRZDQR�Z�SUDFDFK�6RVQRZVNLHJR�L�.X(QLDUD�>�����@�  

:� LQQ\P� UR]ZL�]DQLX� GR� RPáRWX� IDVROL� ]DVWRVRZDQR� ZLHORE
EQRZ\� ]HVSyá�
PáyF�F\��NWyUHJR�VFKHPDW�SU]HGVWDZLRQR�QD�U\VXQNX����>��@� 

 

 
Rys. 38.�:LHORE
EQRZ\�]HVSyá�PáyF�F\�GR� IDVROL�� D�– kierunek pr]HPLHV]F]DQLD�PáyFRQHM�PDV\�� 
b – separacja ziarna, 1 –�JXPRZDQH�E
EQ\����–�SU]HQR�QLN�VHSDUDF\MQ\ 
Fig. 38. Multi -drum bean thresher unit: a – movement diretcion of threshed mass, b – seed 
separation, 1 – rubber-coated drums, 2 – separating conveyor 

 
Zespyá� WHQ� VNáDGD� VL
� ]� WU]HFK� SDU� E
EQyZ� R� �UHGQLF\� ���� PP�� SRNU\W\FK�

ZDUVWZ�� JXP\� R� JUXER�FL� ��� PP�� %
EQ\� PRFRZDQH� V�� QD� VSU
*\QDFK� RGFL�-
*DM�F\FK��NWyUH�XPR*OLZLDM��RGFK\ODQLH�VL
�RG�VLHELH�SU]\�RNUH�ORQ\P�GRFLVNX�Z�
czasie przemieszczania PáyFRQHM� PDV\� UR�OLQQHM�� 3U
GNR�ü� REZRGRZD� SLHUZV]HM�
pary wynosi 1,3-1,5 m⋅s-1,�D�GUXJLHM�L�WU]HFLHM�SDU\�RGSRZLHGQLR�R�����Z\*HM��3U]\�
RPáRFLH� IDVROL� Z\PLHQLRQ\P� ]HVSRáHP� PáyF�F\P� XV]NRG]HQLD� PHFKDQLF]QH�
QDVLRQ�QLH�SU]HNUDF]Dá\�������D�QLHGRPáRW�Z\QRVLá�RNRáR�����2PáRW�RGE\ZDá�VL
�
SU]\�QLVNLFK�ZLOJRWQR�FLDFK�QDVLRQ�L�VWU�NyZ��WM��SRQL*HM����� 

:�RVWDWQLFK� ODWDFK�FRUD]�SRZV]HFKQLHM�GR�]ELRUX�]Ey*� VWRVXMH�VL
�NRPEDMQ\� 
]�RVLRZ\P�]HVSRáHP�PáyF�FR-Z\G]LHODM�F\P��NWyUH�Z\Uy*QLDM�� VL
�GX*��Z\GDM-
QR�FL�� L� QLVNLPL� XV]NRG]HQLDPL� ]LDUQD�� 3RZV]HFKQR�ü� VWRVRZDQLD� W\FK� NRPEDM-
QyZ�Z\VW
SXMH�QLH�W\ONR�Z�86$�L�.DQDG]LH�DOH�WDN*H�Z�(XURSLH� 
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1D� U\VXQNX� ��� SU]HGVWDZLRQR� NRQVWUXNFM
� E
EQyZ�PáyF�F\FK� VWRVRZDQ\FK�
w kombajnach firmy Case [89]. 

 

 
Rys. 39�� 2VLRZH� E
EQ\� VWRVRZDQH� Z� NRPEDMQDFK� ILUP\� Case IH: a) pierwszej generacji ,  
b) nowej generacji: 1 –�ZFL�JDM�FD� áRSDWND� E
EQD�� ��– cepy, 3 – powierzchnia cylindryczna, 4 – 
OLVWZ\�VHSDUXM�FH����– krótkie cepy, 6 –�HOHPHQW�VHSDUXM�FR-Z\JDUQLDM�F\ 
Fig.  39. Axial drums used in combines from Case IH company: a) first generation, b) new 
generation: 1 – impeller blade, 2 – beaters, 3 – cylindrical surface, 4 – separating ribs, 5 – short 
beaters, 6 – separating-raking element 
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.RQVWUXNFMD� RVLRZHJR� ]HVSRáX� PáyF�FHJR� VNáDGD� VL
� ]� ZLUQLND� E
EQD� RVLR-
wego i� VWDáHJR� F\OLQGUD�� :� F]DVLH� RPáRWX� PDVD� UR�OLQQD� MHVW� SU]HPLHV]F]DQD�
UXFKHP��UXERZ\P�Z�V]F]HOLQLH� URERF]HM�PL
G]\�REUDFDM�F\P�VL
�E
EQHP� L� VWD-
á\P� F\OLQGUHP��:� F]DVLH� SUDF\�� Z� SU]HGQLHM� F]
�FL� ]HVSRáX� QDMSLHUZ� QDVW
SXMH�
SURFHV�RPáRWX��D�QDVW
SQLH�Z�W\OQHM�F]
�FL�– proces separacji . 

2PáRW�L�VHSDUDFMD�V��Z\QLNLHP�]áR*RQHJR�SURFHVX�Z\FLHUDQLD��XGHU]H�� L�G]LD-
áDQLD� VLá\� RG�URGNRZHM�� .RPEDMQ\� ]ER*RZH� ]� RVLRZ\PL� ]HVSRáDPL� PáyF�FR-
Z\G]LHODM�F\PL� Z� SRUyZQDQLX� ]� NRPEDMQDPL� Z\SRVD*RQ\PL� Z� FHSRZH� ]HVSRá\�
PáyF�FH� Z� PQLHMV]\P� VWRSQLX� XV]NDG]DM�� ]LDUQD�� 6SRZRGRZDQH� MHVW� WR� LQQ\P�
VSRVREHP� Z\G]LHODQLD� ]LDUQD� Z� ]HVSRáDFK� RVLRZ\FK�� 3ROHJD� RQ� ERZLHP� QD�
Z\FLHUDQLX�PáyFRQHM�PDV\��SU]HPLHV]F]DM�FHM�VL
�ZRNyá�F\OLQGUD�QD�GX*HM�GáXJR�FL��
np. 2,8 m w kombajnie Case IH 2166. Procesy Z\G]LHODQLD� ]LDUQD� RGE\ZDM�� VL
�
SU]\�]QDF]QLH�QL*V]\FK�SU
GNR�FLDFK�HOHPHQWyZ�URERF]\FK�E
EQD�RVLRZHJR�Z�SR-
UyZQDQLX� ]� FHSRZ\P� ]HVSRáHP� PáyF�F\P�� 0DM�F� QD� XZDG]H� QLVN�� RGSRUQR�ü�
QDVLRQ� IDVROL� QD� XV]NRG]HQLD� PHFKDQLF]QH� NRPEDMQ\� ]� RVLRZ\P� ]HVSRáHP�
PáyF�FR-w\G]LHODM�F\P� ]QDOD]á\� Z\NRU]\VWDQLH� GR� RPáRWX� IDVROL�� 2JUDQLF]HQLH�
VWRVRZDQLD�W\FK�NRPEDMQyZ�Z�NUDMRZ\P�UROQLFWZLH�Z\QLND�]�NOLPDWX��NWyU\�F]
VWR�
XQLHPR*OLZLD�SU]HSURZDG]HQLH�]ELRUX�SU]\�QLVNLFK�ZLOJRWQR�FLDFK�UR�OLQ� 

:�FHOX�]ZL
NV]HQLD�PR*OLZR�FL�Z\NRU]\Vtywania tej konstrukcji kombjanów do 
]ELRUX� UR�OLQ� R�Z\*V]\FK�ZLOJRWQR�FLDFK�� ]QDF]Q\P� ]DFKZDV]F]HQLX� L� ]Ey*�Z\VR-
NRVáRPLDVW\FK�� ILUPD� &DVH� ,+� SRGM
áD� PRGHUQL]DFM
� SURGXNRZDQ\FK� NRPEDMQyZ�
i ZSURZDG]LáD�GR�VWRVRZDQ\FK�SRMHG\QF]\FK�ZLUQLNyZ�E
EQyZ�RVLRZ\FK�R�GáXJR�FL�
�����PP��Z�PLHMVFH�GRW\FKF]DVRZ\FK�FHSyZ�L�OLVWHZ�VHSDUXM�F\FK��NUyWNLFK�FHSyZ�
UR]PLHV]F]RQ\FK��UXERZR�GRRNRáD�FDáHM�MHJR�SRZLHU]FKQL�F\OLQGU\F]QHM��U\V�����E���
1D� VNXWHN� ]ZL
NV]HQLD� SURFHVX� Z\FLHUDQLD� SRGF]DV� RPáRWX� X]\VNDQR� PQLHMV]H�
uszkodzenia�]LDUQD��3RMHG\QF]\�ZLUQLN�R�ZL
NV]\FK��UHGQLFDFK��RG�����GR�����PP��
MHVW�PQLHM�SRGDWQ\�QD�RZLMDQLH��]ZáDV]F]D�GáXJLFK�áRG\J�R�]QDF]Q\P�]DFKZDV]F]HQLX�
SODQWDFML�L�GX*HM�ZLOJRWQR�FL�UR�OLQ� 

1LHNWyUH� ILUP\� SURGXNXM�FH� NRPEDMQ\� ]� RVLRZ\P� ]HVSRáHP� PáyF�FR-wy-
d]LHODM�F\P�Z\SRVD*DM��MH�Z�GRGDWNRZH�]HVSRá\�GR�RPáRWX�UR�OLQ�VWU�F]NRZ\FK��
3U]\NáDGHP�PR*H� E\ü� ILUPD� $JULFR�0DFKLQHU\� /WG� �86$��� NWyUD� Z� Z\SRVD*HQLX�
VZRLFK� NRPEDMQyZ� ]ER*RZ\FK� SRVLDGD� RVLRZ\� ]HVSyá� PáyF�FR-Z\G]LHODM�F\� GR�
UR�OLQ�VWU�F]NRZ\FK�>��@��1D�U\VXQNX����SU]HGVWDZLRQR�ZLGRN�RJyOQ\�WHJR�]HVSRáX� 

3URFHV�RPáRWX�SROHJD�SU]HGH�ZV]\VWNLP�QD�Z\FLHUDQLX�L�SU]HF]HV\ZDQLX�Páy-
FRQHM�PDV\� SU]H]� VSU
*\VWH� SDOFH� E
EQD��:� WUDNFLH� RPáRWX� IDVROL� R�ZLOJRWQR�FL�
RNRáR� ���� SUH]HQWRZDQ\P� ]HVSRáHP�PáyF�F\P�� XV]NRG]HQLD� PHchaniczne nie 
SU]HNUDF]Dá\�ZDUWR�FL���� 
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Rys. 40.�2VLRZ\�]HVSyá�PáyF�F\�GR�UR�OLQ�VWU�F]NRZ\FK�ILUP\�$JULFR�0DFKLQHU\�/WG�� �86$�����– 
�UXERZ\� E
EHQ� PáyF�F\�� �� –� RWZyU� ]DVLODM�F\�� �� –� NOHSLVNR� JáDGNLH�� �� –� NOHSLVNR� Z\FLHUDM�FR-
VHSDUXM�FH����– palec, 6 – otwór wylotowy 
Fig. 40. Axial thresher unit for legumes of Agrico Machinery Ltd. (USA). 1 – worm-type threshing 
drum, 2 – feeder hole, 3 – smooth concave, 4 – abrasion-separation concave, 5 – finger, 6 – outlet 

������=HVSRá\�PáyF�FH�GR�]ELRUX�IDVROL�V]SDUagowej  

2PáRW�QDVLHQQLNyZ�IDVROL�RGPLDQ�V]SDUDJRZ\FK�MHVW�]QDF]QLH�WUXGQLHMV]\�RG�
RPáRWX� IDVROL� XSUDZLDQHM� QD� VXFKH� QDVLRQD�� :\QLND� WR� ]� LFK� DQDWRPLF]QR-
PRUIRORJLF]Q\FK� L� IL]\F]Q\FK�ZáD�FLZR�FL� >����@��6WU�NL� V�� EH]ZáyNQLVWH� L�PL
-
VLVWH��D�SU]\�RPáRFLH�áDWZR�VL
�áDPL��SRSU]HF]QLH�SR]RVWDM�F�]�QDVLRQDPL��FR�MHVW�
SU]\F]\Q�� GX*\FK� VWUDW� SORQX� Z� F]DVLH� ]ELRUX� JáyZQLH� Z� IRUPLH� QLHGRPáRWX��
Ponadto nasiona odmian szparagowych podobnie jak nasiona odmian na suche 
]LDUQR�áDWZR�XOHJDM��PHFKDQLF]Q\P�XV]NRG]HQLRP�� 

PoszXNLZDQLHP� UR]ZL�]D�� NRQVWUXNFML� ]HVSRáyZ� PáyF�F\FK� GR� IDVROL� V]SD-
UDJRZHM� ]DMPRZDá� VL
� %LHJDQRZVNL� >���@�� :� VZRLFK� EDGDQLDFK� SU]HWHVWRZDá�
4 ZDULDQW\�PRGHORZ\FK� ]HVSRáyZ�Z\FLHUDM�F\FK� GR� RPáRWX� IDVROL�� NWyUH� SU]HG-
VWDZLRQR�QD�U\VXQNX�����RUD]�]HVSyá�PáyF�F\ kombajnu Z 040.  

2EHMPRZDá\�RQH�RGSRZLHGQLR� 
• WI  –�Z\FLHUDQLH�QDVLRQ�PL
G]\�GZRPD�ZVSyáELH*QLH�SRUXV]DM�F\PL�VL
�WD�PDPL�

parciano-JXPRZ\PL� R� XU]H(ELRQ\FK� SRZLHU]FKQLDFK�� 3RGF]DV� SRPLDUyZ� WD�PD�
GROQD�SRUXV]DáD�VL
�]�SU
GNR�FL������P⋅s-1, a górna – 4,4 m⋅s–1. 

• WII –� Z\FLHUDQLH� QDVLRQ� ]H� VWU�NyZ� PL
G]\� GZRPD� E
EQDPL� VWDORZ\PL�
XU]H(ELRQHM� SRZLHU]FKQL�� SRUXV]DM�F\PL� VL
� ]� Uy*Q\PL� SU
GNR�FLDPL� REZR-
dowymi: górny 0,5 m⋅s-1, dolny 7,5 m⋅s-1��SU]\�V]F]HOLQLH�Z\QRV]�FHM���PP� 
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• WIII  –�Z\FLHUDQLH�QDVLRQ�PL
G]\�WD�P��JXPRZ��SRUXV]DM�F��VL
�]�SU
GNR�FL��
SRVW
SRZ����� m⋅s-1� L�ZVSyáELH*QLH�REUDFDM�F\P�VL
�E
EQHP�JXPRZ\P�]�SU
G-
NR�FL��REZRGRZ�������m⋅s-1. 

• WIV –�Z\FLHUDQLH�QDVLRQ�PL
G]\�]
EDW��WD�P��Z\NRQDQ��]�JXP\�SRUXV]DM�FHM�VL
�
]�SU
GNR�FL��SRVW
SRZ������P⋅s-1, a nieruchom\P�NOHSLVNLHP�D*XURZ\P�Z\NR-
QDQ\P�]�N�WRZQLNyZ�SU]\�V]F]HOLQLH�URERF]HM�ZORW����PP��Z\ORW���PP� 

• W0 –� ]HVSyá�PáyF�F\�NRPEDMQX�]ER*RZHJR�=�����]�]DEXGRZDQ\PL�SU]HVWU]H-
QLDPL� PL
G]\� FHSDPL� E
EQD� R� V]F]HOLQLH� URERF]HM� ��� PP� �ZORW�� L� ��� PP 
�Z\ORW���SU]\�SU
GNR�FL�REZRGRZHM�E
EQD�PáyF�FHJR�����m⋅s-1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rys. 41.� 6FKHPDW\� PRGHORZ\FK� ]HVSRáyZ� PáyF�F\FK� GR� IDVROL� V]SDUDJRZHM�� ���� –� WD�P\�
Z\FLHUDM�FH����–�E
EHQ�JXPRZ\����–�WD�PD�JXPRZD���-6 –�VWDORZH�E
EQ\�Z\FLHUDM�FH����–�]
EDWD�
WD�PD�Z\FLHUDM�FD����–�NOHSLVNR�D*XURZH� 
Fig. 41. Schematics of model thresher units for snap bean. 1,2 – abrasion belts, 3 – rubber drum, 4 – 
rubber band, 5,6 – steel abrasion drums, 7 – toothed abrasion band, 8 – perforated concave 
 
 
 
 
 
 

W I W II  

W III  W IV 
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Tabela 4��:Sá\Z�NRQVWUXNFML�]HVSRáX�PáyF�FHJR�QD�MDNR�ü�RPáRWX�IDVROL�EDGDQ\FK�RGPLDQ 
Table. 4. Effect of thresher unit design on threshing quali ty of bean cultivars under study 
 

:DULDQW\�RPáRWX 

Variants of threshing 
Odmiana 

Cultivar 

:VND(QLN�MDNR�FL�RPáRWX 

Index of threshing quality 

(%) W0 WI WII WII I WIV 

Aura 

makrouszkodzenia 

macro-damage 

mikrouszkodzenia 

micro-damage 

QLHGRPáRW 
non-threshed residue 

12,10 

 

6,90 

 

6,30 

0,20 

 

0,30 

 

5,50 

4,70 

 

4,10 

 

0,20 

2,30 

 

2,00 

 

4,20 

3,30 

 

3,50 

 

0,70 

=áRWD�6D[D 

makrouszkodzenia 

macro-damage 

mikrouszkodzenia 

micro-damage 

QLHGRPáRW 
non-threshed residue 

13,20 

 

16,80 

 

31,10 

0,70 

 

0,25 

 

35,70 

2,40 

 

2,60 

 

18,50 

4,56 

 

3,95 

 

7,20 

1,27 

 

2,45 

 

14,50 

 
$QDOL]D�Z\QLNyZ� SU]HGVWDZLRQ\FK�Z� WDEHOL� ���ZVND]XMH�� *H� GR� RPáRWX� QDVLRQ�

IDVROL� RGPLDQ\� $XUD� �SRVLDGDM�FHM� V]W\ZQH� L� S
NDM�FH� Z]GáX*� V]ZyZ� VWU�NL��
QDMNRU]\VWQLHMV]\� SRG� Z]JO
GHP� LOR�FL� XV]NRG]H�� MHVW� ]HVSyá� :I – z gumowymi 
WD�PDPL� Z\FLHUDM�F\PL� RUD]� :III –� ]� JXPRZ\P� E
EQHP� L� WD�P�� Z\FLHUDM�F���
=HVSRá\� :II –� ]H� VWDORZ\PL� E
EQDPL� RUD]� :IV� ]� ]
EDW�� WD�P�� L� NOHSLVNLHP�
powRGRZDá\�QDMQL*V]H�VWUDW\�Z�IRUPLH�QLHGRPáRWyZ��=HVSyá�:IV MHVW�UyZQLH*�MHGQ\P�
]� EDUG]LHM� NRU]\VWQ\FK� GR� RPáRWX� IDVROL� V]SDUDJRZHM� RGPLDQ\� =áRWD� 6D[D� SRVLD-
GDM�FHM� EH]ZáyNQLVWH�� áDPL�FH� VL
� SRSU]HF]QLH� VWU�NL�� =HVSyá� PáyF�F\� NRPEDMQX�
Z ���� �ZDULDQW� RPáRWX� – W0�� SRZRGRZDá� RG� NLONX� GR� NLONXQDVWX� UD]\� ZL
NV]H�
XV]NRG]HQLD� PHFKDQLF]QH� QDVLRQ� RG� SR]RVWDá\FK� ]HVSRáyZ� PáyF�F\FK�� SRPLPR�
QLVNLHM�SU
GNR�FL�REZRGRZHM�E
EQD�PáyF�FHJR�– 5,8 m⋅s-1. 

8Z]JO
GQLDM�F�Z\QLNL�EDGD��]DZDUW\FK�Z�WDEHOL���DXWRU�SU]HSURZDG]Lá�GDOV]H�
EDGDQLD� PRGHORZHJR� ]HVSRáX�PáyF�FHJR�:IV� ]� Uy*Q\PL� NRQVWUXNFMDPL� NOHSLVN�
FKDUDNWHU\]XM�F\FK� VL
� RGPLHQQ�� SU]HVLHZDOQR�FL�� L� DNW\ZQR�FL�� Z\FLHUDQLD�
PáyFRQHM�PDV\�>�@��1D�U\VXQNX����SU]HGVWDZLRQR�VFKHPDW�WHJR�]HVSRáX� 
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Rys. 42.�6FKHPDW�]HVSRáX�PáyF�FHJR��� –�E
EHQ�]JQLDWDM�F\����–rolka podporowa, 3 –�]
EDWD�WD�PD�
Z\FLHUDM�FD�� ��– rolka podporowa, 5 –� E
EHQ� QDS
GRZ\�� ��– klepisko uniwersalne, 7 – klepisko 
sekcyjne, 8 –�NOHSLVNR�VHNF\MQH�Z\GáX*RQH 
Fig. 42. Schematic of thresher unit: 1 – crushing drum, 2 – support roller, 3 – toothed abrasion band, 
4 – support roller, 5 – drive drum, 6 – universal concave, 7 – section concave, 8 – lengthened secion 
concave 
 

'R�RPáRWX�Z\NRU]\VWDQR�WU]\�NOHSLVND��R�Uy*QHM�SU]HVLHZDOQR�FL�L�DNW\ZQR�FL�
wycierania: 
• uniwersalne (ryV�� ���� SR]�� ����Z\NRQDQH� ]H� VWDORZ\FK�N�WRZQLNyZ�������PP��

w NWyU\FK� Z� MHGQ\P� ]� ERNyZ� Z\NRQDQR� SRGáX*QH� RWZRU\� R� Z\PLDUDFK�
12/17 mm; 

• VHNF\MQH��U\V������SR]�����Z\NRQDQH�]�WDNLFK�VDP\FK�N�WRZQLNyZ��SRG]LHORQH�
QD� VHNFMH�� ]D�OHSLRQ�� RUD]� WU]\� R� ]Uy*QLFRZDQHM�� SRZL
NV]DM�FHM� VL
� Z� NLH-
UXQNX�Z\ORWX�PDV\�ZLHONR�FL�RWZyUyZ��WM�������������L�������PP� 

• VHNF\MQH� Z\GáX*RQH� �U\V�� ���� SR]�� ���� Uy*QL�FH� VL
� RG� VHNF\MQHJR� W\ONR�
Z\GáX*RQ�� L� EDUG]LHM� DNW\ZQ�� SLHUZV]�� VHNFM���Z\NRQDQ�� ]� X*HEURZDQ\FK��
VW\NDM�F\FK�VL
�]H�VRE��SU
WyZ�VWDORZ\FK�R��UHGQLF\����PP� 
3RPLDU\�SURZDG]RQR�SU]\�SU
GNR�FL�SRVW
SRZHM�WD�P\�Z\FLHUDM�FHM�����P⋅s-1 

L� VWDá\FK�SDUDPHWUDFK�E
EQD�]JQLDWDM�FHJR��QDFLVN�– 250 N⋅m-1�� SU
GNR�ü�REZR-
dowa – 2,5 m⋅s-1. 

$QDOL]D�Z\QLNyZ�SU]HGVWDZLRQ\FK�Z�WDEHOL���Z\ND]DáD��*H�Z�F]DVLH�RPáRWX�
IDVROL� V]SDUDJRZHM� QDMPQLHM� NRU]\VWQ\P� E\áR� NOHSLVNR� VHNF\MQH� Z]GáX*QH��
'RW\F]\áR� WR� ]ZáDV]F]D� XV]NRG]H�� QDVLRQ�� NWyU\FK� ZDUWR�ü� E\áD� QDMZ\*V]D� 
L� Z\QRVLáD� ������ :\VRNLH� XV]NRG]HQLD� QDVLRQ� SRZVWDáH� QD� W\P� NOHSLVNX�
WáXPDF]\ü�QDOH*\�EDUG]LHM�DNW\ZQ���Z\GáX*RQ��SRZLHU]FKQL��WU�F��VHNFML�NOHSLVND�
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�X*HEURZDQH� SU
W\�� Z� SRUyZQDQLX� GR� SR]RVWDá\FK� NOHSLVN� Z\NRQDQ\FK� W\ONR� 
]� N�WRZQLNyZ��1DMQL*V]H� XV]NRG]HQLD� QDVLRQ� ������� RGQRWRZDQR� SU]\� ]DVWRVR-
waniu klepiska sekcyjnego. 

 
Tabela  5��:Sá\Z�NRQVWUXNFML�NOHSLVND�QD�MDNR�ü�RPáRWX�IDVROL 
Table 5. Effect of thresher concave design on bean threshing quali ty 

 

Typ klepiska – Type of concave 

Wyszczególnienie – Specification  
Jed. 

miary 
Unit  

Uniwersalne 
Universal 

Sekcyjne 
Section 

Sekcyjne 
Z\GáX*RQH 

lengthened section 

Uszkodzenia nasion, w tym: 

Damage of seeds, incl. 

• makrouszkodzenia   

macro-damage 

• mikrouszkodzenia  

micro-damage 

1LHGRPáRW��Z�W\P�QDVLRQD� 
Non-threshed residue, incl. seeds 

• ]H�VWU�NyZ�Z�VáRPLH 
from ears in straw 

• ]H�VWU�NyZ�SU]HVLDQ\FK�SU]H] 
klepisko 

from ears screened through concave 

1DVLRQD�Z\PáyFRQH�SU]HVLDQH�SU]H]�
klepisko 

Threshed seeds screened through 

concave 

% 

 

% 

 

% 

 

% 

 

% 

 

% 

 

 

% 

5,8 

 

3,9 

 

1,9 

 

24,0 

 

17,3 

 

6,7 

 

 

79,0 

4,5 

 

3,5 

 

1,0 

 

8,6 

 

8,1 

 

0,5 

 

 

75,0 

8,6 

 

5,5 

 

3,1 

 

3,3 

 

3,2 

 

0,1 

 

 

70,3 

 

 
:LHONR�ü� QLHGRPáRWX� SU]\� SRV]F]HJyOQ\FK� NOHSLVNDFK� E\áD� ]Uy*QLFRZDQD� 

L� Z\QRVLáD� ����� QD� NOHSLVNX� VHNF\MQ\P� Z]GáX*Q\P� �QDMEDUG]LHM� DNW\ZQ\P���
8,6% na mniej aktywnym klepisku sekcyjnym i 24% na najmniej aktywnym 
klepisku uniwersalnym. Uzyskane wyniki ZVND]XM�� QD� GDOV]H� XGRVNRQDODQLH�
NOHSLVND�VHNF\MQHJR�L�VHNF\MQHJR�Z]GáX*QHJR� 
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9. PODSUMOWANIE 

0HFKDQL]DFMD� ]ELRUX� IDVROL� QDSRW\ND� QD� V]HUHJ� WUXGQR�FL� Z\QLNDM�F\FK�
JáyZQLH� ]� QLHNRU]\VWQ\FK� ZáD�FLZR�FL� ELRORJLF]Q\FK� L� IL]\F]Q\FK� UR�OLQ�� GR�
których zalicza sL
��RGPLHQQR�ü�SRNURMX�Uy*Q\FK�RGPLDQ�IDVROL��QLVNLH�RVDG]DQLH�
VWU�NyZ��ZUD*OLZR�ü�GRMU]Dá\FK� VWU�NyZ�QD�RV\S\ZDQLH� VL
� QDVLRQ��PDá�� RGSRU-
QR�ü�QDVLRQ�QD�XV]NRG]HQLD�PHFKDQLF]QH��QLHUyZQRPLHUQR�ü�GRMU]HZDQLD� UR�OLQ�
Z�REU
ELH�SODQWDFML��D�WDN*H�VWU�NyZ�QD�WHM�VDPHM�UR�OLQLH�� 

1DVLRQD�IDVROL�FHFKXM��VL
��Z�UyG�XSUDZLDQ\FK�UR�OLQ�VWU�F]NRZ\FK��QDMQL*V]��
RGSRUQR�FL�� QD� XV]NRG]HQLD�PHFKDQLF]QH��6WRVRZDQLH� GR� ]ELRUX� IDVROL� NRPEDM-
QyZ� ]ER*RZ\FK� OXE� NRVLDUHN� L� PáRFDUQL� VWDFMRQDUQ\FK�� SRZRGXMH� SRZVWDZDQLH�
strat w formie ubytków nasion (25-30%) oraz nasion uszkodzonych mechanicznie 
Z�LOR�FL�RG����GR������ 

2� SRGDWQR�FL� QDVLRQ� IDVROL� QD� SRZVWDZDQLH� XV]NRG]H�� Z� JáyZQHM� PLHU]H�
GHF\GXMH�NV]WDáW��ZLHONR�ü�RUD]�VWRSLH�� LFK�XZLOJRWQLHQLD��6WZLHUG]RQR�Z\VW
SR-
wanie korzystnego�SU]HG]LDáX�ZLOJRWQR�FL� ���-25%), w którym nasiona charaktery-
]RZDá\� VL
� QDMZ\*V]�� RGSRUQR�FL�� QD� XV]NRG]HQLD�� 0D� WR� LVWRWQH� ]QDF]HQLH� SU]\�
RNUH�ODQLX�WHUPLQX�]ELRUX� 

:� ZDUXQNDFK� REFL�*H�� G\QDPLF]Q\FK� QD� SRZVWDZDQLH� XV]NRG]H�� QDVLRQ�
PLDáD� ZSá\Z� SU
GNR�ü� L� NURWQR�ü� XGHU]H�� RUD]� PDWHULDá� HOHPHQWX� XGDURZHJR��
*UDQLF]QH�SU
GNR�FL�XGHU]H��E\á\�]Uy*QLFRZDQH�Z�]DOH*QR�FL�RG�RGPLDQ\�L�ZLO-
JRWQR�FL� QDVLRQ�� 'OD� RGPLDQ� GUREQRQDVLHQQ\FK� LFK� ZDUWR�FL� E\á\� SRQDG� GZX-
NURWQLH�Z\*V]H�RG�SU
GNR�FL�Z\VW
SXM�F\FK�X�RGPLDQ�JUXERnasiennych.  

3U]\� RFHQLH� ZSá\ZX� NURWQR�FL� XGHU]H�� QDVLRQ� RUD]� URG]DMX� PDWHULDáX� HOH-
PHQWX�XGDURZHJR�QDMQL*V]H�ZDUWR�FL�XV]NRG]H��Z\VW
SRZDá\�SU]\�]DVWRVRZDQLX�
JXPRZHJR� HOHPHQWX� XGDURZHJR� SRG� ZDUXQNLHP�� *H� QDVLRQD� SR� XGHU]HQLX� QLH�
WUDILDá\�Z�WUZDá��SU]HV]NRG
� 

�ZLDWRZH� WHQGHQFMH�PHFKDQL]DFML�]ELRUX� IDVROL�]PLHU]DM��Z�NLHUXQNX�]ELRUX�
GZXHWDSRZHJR�� Z� NWyU\P�Z\VW
SXMH� ZLHOH� ZDULDQWyZ�� 5y*QL�� VL
� RQH� JáyZQLH�
SLHUZV]\P�HWDSHP�MDNLP�MHVW�]ELHUDQLH�VDP\FK�UR�OLQ��(WDS�WHQ�PR*H�SROHJDü�QD�
podcinaniu lub wyrywaniu ro�OLQ� DOER� QDUXV]DQLX� V\VWHPX� NRU]HQLRZHJR�� 
D�QDVW
SQLH�XNáDGDQLX�LFK�Z�ZDá\��:�GUXJLP�HWDSLH�]ELyU�IDVROL�]�ZDáyZ�RGE\ZDü�
VL
�PR*H�]D�SRPRF�� DGDSWRZDQHJR�NRPEDMQX�]ER*RZHJR� OXE�NRPEDMQX�VSHFMD-
listycznego do zbioru fasoli.  

Przy mechanicznym zbiorze fasolL�QDVLRQD�V��XV]NDG]DQH�JáyZQLH�Z�SURFHVLH�
RPáRWX��JG]LH�GRFKRG]L�GR�REFL�*H��G\QDPLF]Q\FK�SRFKRG]�F\FK�RG�HOHPHQWyZ�
URERF]\FK� ]HVSRáyZ�PáyF�F\FK��=� SU]HSURZDG]RQHM� DQDOL]\�Z\QLND��*H� R� SRZ-
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VWDZDQLX� XV]NRG]H�� QDVLRQ� IDVROL� Z� F]DVLH� RPáRWX�� GHF\GXM�� JáyZQLH cechy 
NRQVWUXNF\MQH�]HVSRáyZ�PáyF�F\FK��:�FHOX�RJUDQLF]DQLD�XV]NRG]H��QDVLRQ�IDVROL�
GRNRQ\ZDQR� V]HUHJX� DGDSWDFML� FHSRZ\FK� L� ]
EDW\FK� ]HVSRáyZ�PáyF�F\FK� NRP-
EDMQyZ� ]ER*RZ\FK�� 3ROHJDá\� RQH� JáyZQLH� QD� ]ZL
NV]HQLX� SU]HVLHZDOQR�FL�
klepisk oraz na stosowaniu elHPHQWyZ� JXPRZ\FK� Z� E
EQDFK� PáyF�F\FK��
6SR�UyG� SU]HGVWDZLRQ\FK� UR]ZL�]D��� QDMOHSV]�� MDNR�ü� SUDF\� X]\VNDQR� ZLHOR-
E
EQRZ\P� SDOFRZ\P� ]HVSRáHP� PáyF�F\P� ���� – uszkodzenia nasion i 2% 
QLHGRPáRW��� =DGRZDODM�FH� Z\QLNL� MDNR�FL� RPáRWX� IDVROL� RVL�JQL
WR� NRPEDMQHP�
z wyPLHQQ\P� RVLRZ\P� ]HVSRáHP� PáyF�FR-Z\G]LHODM�F\P� GR� UR�OLQ� VWU�F]NR-
Z\FK��Z�NWyU\P�SURFHV�RPáRWX�SROHJDá�JáyZQLH�QD�Z\FLHUDQLX�L�SU]HF]HV\ZDQLX�
PáyFRQHM�PDV\�SU]H]��OLPDNRZR-SDOFRZ\�E
EHQ�PáyF�F\� 

1DMNRU]\VWQLHMV]\P�UR]ZL�]DQLHP�GR�RPáRWX�IDVROL�V]SDUDJRZHM�SRG�Z]JO
GHP 
OLF]HEQR�FL�XV]NDG]DQ\FK�QDVLRQ��RND]Dá� VL
� ]HVSyá�PáyF�F\�]�JXPRZ\PL� WD�PDPL 
Z\FLHUDM�F\PL�RUD]�]�JXPRZ\P�E
EQHP�L�WD�P��Z\FLHUDM�F�� 
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11. STRESZCZENIE 

3UDFD�]DZLHUD�LQIRUPDFMH�GRW\F]�FH�SUREOHPyZ�]ZL�]DQ\FK�]�PHchanicznym 
]ELRUHP�IDVROL�JáyZQLH�]�XZ]JO
GQLHQLHP�SU]\F]\Q�SRZVWDZDQLD�PHFKDQLF]Q\FK�
XV]NRG]H��QDVLRQ�Z�F]DVLH�]ELRUX�WHM�UR�OLQ\� 

1D� SRGVWDZLH� EDGD�� ZáDVQ\FK� L� SU]HJO�GX� OLWHUDWXU\� GRNRQDQR�Z� SLHUZV]HM�
NROHMQR�FL�DQDOL]\�FHFK�DQDWRPLF]Q\FK�L�IL]\F]Q\FK�Qasion fasoli w aspekcie ich 
RGSRUQR�FL� QD� XV]NRG]HQLD�PHFKDQLF]QH�Z�ZDUXQNDFK� REFL�*H�� G\QDPLF]Q\FK��
1DVW
SQLH�SU]HGVWDZLRQR�F]\QQLNL�ZSá\ZDM�FH�QD�SRZVWDZDQLH�XV]NRG]H��QDVLRQ�
Z� SURFHVLH� RPáRWX�� RUD]� FKDUDNWHU\VW\NL� ]HVSRáyZ�PáyF�F\FK� GR� RPáRWX� IDVROL�
zwyczajnej i szparagowej. 

3U]\�RFHQLH�RGSRUQR�FL�QDVLRQ�QD�XV]NRG]HQLD�PHFKDQLF]QH�EUDQR�SRG�XZDJ
�
JáyZQLH� REFL�*HQLD� XGDURZH� ]� XZDJL� QD� FKDUDNWHU� SUDF\� ]HVSRáyZ� PáyF�F\FK��
3U]HDQDOL]RZDQR�ZSá\Z�Z\PLDUyZ�JHRPHWU\F]Q\FK�QDVLRQ�� LFK�PDV\� L�PLHMVFH�
SU]\áR*HQLD�VLá\��$QDOL]RZDQR�UyZQLH*�SRZVWDZDQLH�XV]NRG]H��Z�]DOH*QR�FL�RG��
WDNLFK�F]\QQLNyZ�MDN�SU
GNR�ü�L�NURWQR�ü�XGHU]H���ZLOJRWQR�ü�QDVLRQ�RUD]�URG]DM�
PDWHULDáX�HOHPHQWX�XGDURZHJR� 

W pracy przedstawiono technologie zbioru fasoli oraz przeanalizowano 
czynniki decyGXM�FH�R�SRZVWDZDQLX�XV]NRG]H��QDVLRQ�Z�F]DVLH�RPáRWX��6WZLHU-
G]RQR��*H�XV]NRG]HQLD�QDVLRQ�SRZVWDáH�Z�SURFHVLH�RPáRWX�IDVROL�]DOH*��JáyZQLH�
RG� FHFK� NRQVWUXNF\MQ\FK� ]HVSRáX� PáyF�FHJR�� SU
GNR�FL� REZRGRZ\FK� E
EQyZ�
PáyF�F\FK�L�ZLOJRWQR�FL�QDVLRQ�� 

PrzedstawionR�DGDSWDFMH�FHSRZ\FK� L�]
EDW\FK�]HVSRáyZ�PáyF�F\FK�NRPEDM-
QyZ� ]ER*RZ\FK�� 3ROHJDá\� RQH� JáyZQLH� QD� ]ZL
NV]HQLX� SU]HVLHZDOQR�FL� NOHSLVN�
RUD]�QD� VWRVRZDQLX� HOHPHQWyZ�JXPRZ\FK�Z�E
EQDFK�PáyF�F\FK��'REUH� HIHNW\�
RPáRWX� IDVROL� X]\VNDQR�ZLHORE
EQRZ\P� SDOFRZ\P� ]HVSRáHP�PáyF�F\P� ����– 
uszkodzenia nasion, 2% –�QLHGRPáRW�� 

:� SUDF\� ]DSUH]HQWRZDQR� UyZQLH*� ]HVSRá\� PáyF�FH� GR� IDVROL� V]SDUDJRZHM�
uprawianej na suche nasiona. 

6áRZD� NOXF]RZH�� IDVROD�� XV]NRG]HQLD� QDVLRQ�� RPáRW�� FHFK\� IL]\F]QH�� REFL�-
*HQLD�G\QDPLF]QH 
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12. SUMMARY 

This work presents information concerning problems related to mechanized 
harvesting of beans, primarily in the aspect of causes of mechanical damage to 
seeds in the course of bean harvest operations. 

On the basis of the author’s own studies and of review of literature, the author 
begins with an analysis of the anatomical and physical features of bean seeds in 
the aspect of their resistance to mechanical damage under dynamic loads. Next, 
he presents factors affecting the occurrence of damage to seeds in the process of 
threshing, as well as characteristics of thresher units used for navy and snap bean 
threshing. 

In the assessment of seed resistance to mechanical damage impact loads were 
primarily taken into consideration, due to the character of operation of threshing 
units. The effect of geometrical dimensions of seeds, the mass, and the point of 
force application were analysed. Also analysed was the occurrence of damage 
with relation to such factors as the speed and multiplicity of impacts, seed 
moisture, and the material of the impacting element. 

The work presents also the technologies of bean harvest and an analysis of factors 
determining the occurrence of seed damage during threshing. It was found that seed 
damage occurring in the course of threshing depends primarily on the design features 
of the thresher unit, perimeter speeds of threshing drums, and seed moisture content.  

The author presents adaptations of beater- and cog-type thresher units of 
combine harvesters. The adaptations consisted primarily in increasing the screening 
capacity of thresher unit concaves and in the application of rubber elements in 
threshing drums. Good bean threshing effects were obtained for a multi-drum finger-
type thresher unit (3% – damage to seeds, 2% – non-threshed seed residue). 

In the work the author presents also thresher units for snap bean grown for dry 
seeds.  

Keywords: bean, damage to seeds, threshing, physical features, dynamic loads 
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