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3URFHV�VSDODQLD�MHVW�]ELRUHP�]MDZLVN�IL]\F]Q\FK�L�FKHPLF]Q\FK��F] VWR�Z]DMHPQLH�

VL �ZDUXQNXM F\FK��7R�Z]DMHPQH�XZDUXQNRZDQLH�VSUDZLD�� H�UR]SDWU\ZDQLH�SURFHVX�
VSDODQLD�Z\á F]QLH�MDNR�]MDZLVND�FKHPLF]QHJR�QLH�RGGDMH�SUDZLGáRZHJR�REUD]X�WHJR�
SURFHVX�� GODWHJR� WHRULD� VSDODQLD�PXVL� XZ]JO GQLDü�� RSUyF]� ]MDZLVN� F]\VWR� FKHPLF]�
nych, róZQLH �ZLHOH�]MDZLVN�R�FKDUDNWHU]H�IL]\F]Q\P���

1DMZD QLHMV]\PL� VSR UyG� W\FK� RVWDWQLFK� V � SURFHV\� SU]HQRV]HQLD�PDV\� L� HQHUJLL��
NWyUH� Z\VW SXM � Z� ND G\P� SURFHVLH� VSDODQLD� L� V � VSRZRGRZDQH�� MDNR� QDVW SVWZR�
UHDNFML� FKHPLF]QHM�� JUDGLHQWDPL� VW HQLD� L� WHPSHUDWXU\�� -H HOL� ZUHV]FLH� UR]V]HU]\ü�
WHRUL � VSDODQLD�SDOLZ�JD]RZ\FK�QD�XNáDG\�]QDMGXM FH� VL �Z� UXFKX�� WR�NRQLHF]QH� MHVW�
XZ]JO GQLHQLH��L�WR�Z�V]HURNLP�]DNUHVLH��SUDZ�K\GURPHFKDQLNL��]ZáDV]F]D�WHRULL�VWUX�
PLHQLD��

6SDODQLX�SDOLZ�JD]RZ\FK�SR ZL FRQR�NLOND�PRQRJUDILL� >���������@��D�SUDNW\F]QLH��
Z� ND G\P� SRGU F]QLNX� WUDNWXM F\P� R� SUREOHPDFK� VSDODQLD� V � RGU EQH� UR]G]LDá\�
RPDZLDM FH� VSDODQLH� JD]yZ� >��� ��� �@�� :� NROHMQ\FK� SRGUR]G]LDáDFK� SU]HGVWDZLRQR�
SUREOHPDW\N � ]DSáRQX�� XSURV]F]RQ � WHRUL � ODPLQDUQHJR�SáRPLHQLD�� RSLVDQR� VWUXNWXU �
SáRPLHQLD�NLQHW\F]QHJR�L�G\IX]\MQHJR�RUD]�NLQHW\N �XWOHQLDQLD�PHWDQX��:�NR FX�UR]�
G]LDáX�RPyZLRno typowe konstrukcje palników gazowych.�

�����=DSáRQ�PLHV]DQLQ\�JD]RZHM�
,QWHQV\ZQD�UHDNFMD�HJ]RWHUPLF]QD��Z\ZRáDQD�Z�PLHV]DQLQLH�SDOQHM��MHVW�QD]\ZDQD�

]DSáRQHP�� =DSáRQ� MHVW� QDMSRZV]HFKQLHM�Z� SUDNW\FH� VSRW\NDQ\P� VSRVREHP� GRSUR�
ZDG]HQLD� XNáDGX� UHDJXM FHJR� GR� SURFHVX� VSDODQLD�� =D�PLHV]DQLQ � SDOQ ��Z� NWyUHM�
QDVW SLá�]DSáRQ��XZD D�VL �WDN ��Z�NWyUHM�SáRPLH �UR]SU]HVWU]HQLD�VL �QLHRJUDQLF]HQLH�
WDN H�SR�]DSU]HVWDQLX�G]LDáDQLD� UyGáD�]DSáRQX��2]QDF]D�WR�� H�MDNLHNROZLHN� UyGáR�
]DSáRQX�� QS�� LVNUD� HOHNWU\F]QD�� SáRPLH � SLORWXM F\� LWS��� SRZLQQR� ]DSHZQLDü� W\ONR�
]DSRF] WNRZDQLH� SURFHVX� VSDODQLD�� D� GDOV]H� MHJR� UR]SU]HVWU]HQLDQLH� VL � SRZLQQR�
SU]HELHJDü�QLH]DOH QLH�RG� UyGáD�]DSáRQX��7DNL�VSRVyE�]DSDODQLD�PLHV]DQLQ\�QD]\ZD�
VL � ]DSáRQHP� Z\PXV]RQ\P. Oprócz tego sposobu inicjowania procesu spalania, 
PR H�E\ü� VWRVRZDQ\� MHV]F]H� VSRVyE�GUXJL��SROHJDM F\�QD� UyZQRPLHUQ\P�SRGJU]H�
ZDQLX�FDáHM�PDV\�PLHV]DQLQ\�SDOQHM��3R�RVL JQL FLX�RNUH ORQHM� WHPSHUDWXU\�–�]ZD�
QHM� WHPSHUDWXU � VDPR]DSáRQX� –� GDOV]H� SRGJU]HZDQLH� VWDMH� VL � ]E GQH�� JG\ ��
Z�PLHV]DQLQLH�QDVW SXMH�V]\ENLH�SU]\VSLHV]HQLH�UHDNFML�VSDODQLD��F]HPX�WRZDU]\V]\�
JZDáWRZQ\�Z]URVW� WHPSHUDWXU\��7DNL�VSRVyE�]DSRF] WNRZDQLD�SURFHVX�VSDODQLD�QD�
]\ZD�VL �VDPR]DSáRQHP��

3RZV]HFKQLH�]QDQH�V �GZD�PRGHOH�PHFKDQL]PyZ�]DSáRQX�JD]yZ�−�PHFKDQL]P�UH�
DNFML� áD FXFKRZ\FK�Z�ZDUXQNDFK� L]RWHUPLF]Q\FK� L�PHFKDQL]P�FLHSOQ\��0HFKDQL]P�
UHDNFML�áD FXFKRwych omówiono w rozdziale 1, a mechanizm cieplny w rozdziale 7. �
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�������=DSáRQ�Z\PXV]RQ\�
:� XU] G]HQLDFK� WHFKQLF]Q\FK� QDMF] FLHM� MHVW� VWRVRZDQ\� ]DSáRQ� Z\PXV]RQ\� ]D�

SRPRF �SáRPLHQLD��LVNU\�HOHNWU\F]QHM�L�JRU FHM� FLDQNL�OXE�VSDOLQ���
=DSáRQ� ]D� SRPRF � SáRPLHQLD� PD� FKDUDNWHU� ]DUyZQR� FLHSOQ\�� MDN� L� áD FXFKRZ\��

3áRPLH � ]DSDODM F\�� SRGWU]\PXM F\� VSDODQLH�� QD]\ZDQ\� SáRPLHQLHP� SLORWXM F\P��
QDMF] FLHM�MHVW�XV\WXRZDQ\�X�SRGVWDZ\�SáRPLHQLD�JáyZQHJR��3áRPLH �JáyZQ\�R�GX HM�
PRF\�FLHSOQHM�U]DGNR�XPLHMVFDZLD�VL �QD�VDPHM�NUDZ G]L�Z\ORWX�SDOQLND��7XUEXOHQWQ\�
SáRPLH � G\IX]\MQ\� MHVW� SáRPLHQLHP� SU]HZD QLH� XQLHVLRQ\P� �U\V�� ������� D� SáRPLH �
ZVW SQLH�]PLHV]DQ\FK�JD]yZ��QD�VNXWHN�FKáRG] F\FK� FLDQ�SDOQLND��SDOL�VL �Z�SHZQHM�
QLHZLHONLHM�RGOHJáR FL�RG�Z\ORWX�]�SDOQLND��3áRPLH �SLORWXM F\�VWDQRZL�QLH�W\ONR�Z\�
VRNRWHPSHUDWXURZH� UyGáR� FLHSáD�� RG� NWyUHJR� SRGJU]HZD� VL � SRF] WNRZ\� RGFLQHN�
SáRPLHQLD�JáyZQHJR��DOH�JHQHUXMH�URGQLNL�LQLFMXM FH�Z�UHDNFMDFK�áD FXFKRZ\FK�SURFHV�
VSDODQLD�� :]URVW� WHPSHUDWXU\� SáRPLHQLD� SLORWXM FHJR�� MHJR� Z\VRNR FL�� VNUDFD� F]DV�
]DSáRQX�SáRPLHQLD�JáyZQHJR�� UHGQL�F]DV�]DSáRQX�VWHFKLRPHWU\F]QHM�PLHV]DQLQ\�PHWD�
QX�]�SRZLHWU]HP�SáRPLHQLHP�PHWDQRZ\P�R�Z\VRNR FL����PP�Z\QRVL������÷������V��

,VNUD�HOHNWU\F]QD��SRGREQLH�MDN�SáRPLH �SLORWXM F\��RGG]LDáXMH�QD�PLHV]DQLQ �SDOQ �
FLHSOQLH�L�FKHPLF]QLH��&LHSOQLH�–�ER�MHVW� UyGáHP�Z\VRNLHM�WHPSHUDWXU\��FKHPLF]QLH�–�
SRQLHZD � MRQL]XMH� L� G\VRFMXMH� Z� Z\VRNLHM� WHPSHUDWXU]H� JD]�� :\ZRáDQLH� ]DSáRQX��
Z�PLHV]DQLQLH�SDOQHM�Z\PDJD�SHZQHM�SURJRZHM�ZDUWR FL�HQHUJLL�LVNU\��

0LQLPDOQ �ZDUWR ü� HQHUJLL� LVNU\�PR QD�RNUH OLü� QD� SRGVWDZLH�PRGHOX� FLHSOQHJR�
]DSáRQX�/HZLVD�L�YRQ�(OEHJR�>�@��:�PRGHOX�W\P�]DNáDGD�VL �� H�ZDUXQNLHP�]DSáRQX�
MHVW� GRSURZDG]HQLH� WDNLHM� LOR ü� HQHUJLL� GR� PLHV]DQLQ\� SDOQHM� Z� ZDUVWZLH� JUXER FL�
SáRPLHQLD�ODPLQDUQHJR�� H�PLHV]DQLQD�RVL JQLH�WHPSHUDWXU �DGLDEDW\F]Q �SáRPLHQLD��
� ( )00 77F$E+ XYZ −= ρ � ������
JG]LH��+�–�PLQLPDOQD� HQHUJLD� ]DSáRQX��$�– przekrój poprzeczny podgrzewanej waU�

VWZ\��E[ �–�JUXER ü�F]RáD�SáRPLHQLD��ρ \ –�J VWR ü�SRF] WNRZD��F] �–� UHGQLH�FLHSáR�
ZáD FLZH��7 ^ �–� WHPSHUDWXUD� DGLDEDW\F]QD� SáRPLHQLD��7 \ �–� WHPSHUDWXUD� SRF] W�
NRZD��

3U]\� ]DáR HQLX�� H� $�  � E[�_ � L� E[ �  � D�V̀ �� ]H� Z]RUX� ������� JG\�� D�  � λ�F] ρ \ ���
λ�–�ZVSyáF]\QQLN�SU]HZRG]HQLD�FLHSáD��V̀ �–�SU GNR ü�VSDODQLD�ODPLQDUQHJR��RWU]\PDP\�
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=DOH QR ü�������RNUH OD�ZSá\Z�FL QLHQLD��WHPSHUDWXU\��URG]DMX�L�VNáDGX�PLHV]DQLQ\�
SDOQHM� QD� PLQLPDOQ � HQHUJL � ]DSáRQX��:� Z\QLNX� EDGD � VWZLHUG]RQR�� H� HQHUJLD� WD�
]DOH \�SRQDGWR�RG�URG]DMX�L�RGOHJáR FL�PL G]\�HOHNWURGDPL�RUD]�RG�SU GNR FL�PLHV]D�
QLQ\�SDOQHM��

0LQLPDOQH�ZDUWR FL�HQHUJLL�]DSáRQX��X]\VNDQH�QD�GURG]H�GR ZLDGF]DOQHM�GOD�Uy �
Q\FK� JD]yZ�Z�PLHV]DQLQLH� ]�SRZLHWU]HP� L� WOHQHP��SU]\� Uy Q\P�FL QLHQLX� L�GOD� Uy �
Q\FK�RGOHJáR FL�SRPL G]\�HOHNWURGDPL�SU]HGVWDZLRQR�QD�U\VXQNDFK�����������L�������
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=DSáRQ� RG� FLDáD� VWDáHJR� R�Z\VRNLHM� WHPSHUDWXU]H�Z�ZDUVWZLH� SU]\ FLHQQHM� MHVW�

F] VWR� VWRVRZDQ\�� 0RGHO� FLHSOQHJR� ]DSáRQX� RG� QDJU]DQHM� FLDQNL� SU]HGVWDZLá��
-�%��=HOGRZLF]� >��@�� -HGQD� ]H� FLDQ� QDF]\QLD�Z\SHáQLRQHJR�QLHUXFKRP �PLHV]DQLQ �
SDOQ �MHVW�SRGJU]HZDQD�GR�WHPSHUDWXU\�7t ��U\V��������:�SU]\SDGNX�QLVNLHM�WHPSHUDWXU\�
SRGJU]HZDQHM� FLDQNL�7tWu ��NLHG\�QLH�Z\VW SXMH�UHDNFMD�FKHPLF]QD��UR]NáDG�WHPSHUDWX�
U\�SRPL G]\� FLDQNDPL�MHVW�OLQLRZ\��NU]\ZD�����*G\�WHPSHUDWXUD� FLDQNL�7t _ �MHVW�Z\ �
V]D��Z�ZDUVWZLH� �UR]SRF]\QD�VL �UHDNFMD�FKHPLF]QD��NU]\ZD�����,OR ü�FLHSáD��MDND�MHVW�
SU]HND]\ZDQD�RG� FLDQNL�GR�JD]X�SU]H]�ZDUVWZ �G[��]DOH \�RG�JUDGLHQWX�WHPSHUDWXU\�
G7�G[�� =H� Z]URVWHP� WHPSHUDWXU\� FLDQNL� JUDGLHQW� G7�G[� PDOHMH�� D� JG\� WHPSHUDWXUD�
FLDQNL�7t�v �–�MHVW�UyZQ\����NU]\ZD����L�ZWHG\�QDVW SXMH�]DSáRQ�PLHV]DQLQ\��3U]\�GDO�
V]\P�Z]UR FLH�WHPSHUDWXU\� FLDQND�SU]HVWDMH�E\ü� UyGáHP�FLHSáD��D�RGELHUD�FLHSáR�RG�
PLHV]DQLQ\�–� JUDGLHQW�]PLHQLD� ]QDN�QD�XMHPQ\��.U\W\F]Q\�ZDUXQHN�]DSáRQX�– róZ�
QR ü�VWUXPLHQL�FLHSáD�T u � �T _ ��WR�MHVW�LOR FL�FLHSáD�Z\G]LHODM FHJR�VL �Z�UHDNFML�T u �L�VWUDW\�
FLHSáD�QD�SRGJU]DQLH�PLHV]DQLQ\�JD]yZ�PLHG]\� FLDQNDPL�T _ �–�MHVW�UyZQRZD Q\�ZD�
UXQNRZL��G7�G[�t � �����
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-H HOL�VWUHID�UHDNFML�MHVW�PQLHMV]D�QL � ����G��WR�VWUXPLH �FLHSáD�GR�FKáRGQHM� FLDQNL�
RNUH OD�UyZQDQLH��
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-H OL�SRPLQ ü�]PLDQ �VW HQLD�PLHV]DQLQ\�SDOQHM�SU]\� FLDQFH�L�G\IX]M ��UyZQDQLH�
HQHUJLL�SU]HGVWDZLü�PR QD�Z�SRVWDFL�
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Dla warunków granicznych [� ����7� �7t ��[� �G��7� �7 \ �NU\W\F]QH�ZDUXQNL�]DSáR�
QX�QLHUXFKRPHM�PLHV]DQLQ\�FLDáHP�VWDá\P�R�Z\VRNLHM�WHPSHUDWXU]H�RNUH OD�UyZQDQLH�
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5yZQDQLH�������ZL H�JHRPHWU\F]QH�Z\PLDU\�XNáDGX�� WHPSHUDWXU\� FLDQHN�L�IL]\�
NRFKHPLF]QH�SDUDPHWU\�PLHV]DQLQ\�SDOQHM�SU]\�MHM�]DSáRQLH���
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�������6W HQLRZH�JUDQLFH�]DSáRQX�
3URFHV�]DSáRQX�FKDUDNWHU\]XMH�VL �RNUH ORQ\PL�VW HQLRZ\PL�JUDQLFDPL��SR]D�NWó-

U\PL� ]DSáRQ� QLH� QDVW SL� Z� DGQ\FK� ZDUXQNDFK�� :� JD]RZ\FK� PLHV]DQLQDFK� SDOL��
ZR–SRZLHWU]H��QDZHW�ZWHG\��JG\� UyGáR�]DSáRQX�MHVW�QLHVNR F]HQLH�ZLHONLH��]DSáRQ�
QDVW SXMH�Zówczas��NLHG\�VW HQLH�VNáDGQLNyZ�SDOQ\FK�Z�PLHV]DQLQLH�]�XWOHQLDF]HP�
Z\VW SXMH�Z�RNUH ORQ\FK�JUDQLFDFK��WDE��������

-H OL�Z�PLHV]DQLQLH�SDOQHM�XG]LDá�SDOLZD�MHVW�QLHZLHONL��WR�LOR ü�Z\G]LHODM FHJR�VL �
FLHSáD�]�SURFHVX�VSDODQLD�QLH�MHVW�Z�VWDQLH�GRSURZDG]Lü�V VLHGQLHM�ZDUVWZ\�GR�WHPSH�
UDWXU\�]DSáRQX�–�WR�MHVW�GR�SURSDJDFML�SáRPLHQLD��1DOH \�SU]\�W\P�]D]QDF]\ü�� H�SRG�
JU]DQLH�V VLHGQLFK�ZDUVWZ�JD]X�PXVL�]DSHZQLü�WDN �WHPSHUDWXU ��Z�NWyUHM�QLH�W\ONR�V �
NRPSHQVRZDQH� VWUDW\� HQHUJLL� GR� RWRF]HQLD�� DOH� SRGJU]HZDQD� MHVW� ]LPQD� PLHV]DQND�
SDOQD�QDSá\ZDM FD�GR�VWUHI\�VSDODQLD�Z�WDNLP�VWRSQLX��D HE\�PRJáD�E\ü�]DLQLFMRZDQD�
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w którym: /¦�§�¨ �–�GROQD�OXE�JyUQD�JUDQLFD�]DSáRQX�����D © �–�]DZDUWR ü�L�WHJR�VNáDGQLND�
SDOQHJR�Z�SDOLZLH�����

6W HQLRZH�JUDQLFH�]DSáRQX�]DOH �RG�FL ��
QLHQLD�L�GOD�PDOHM F\FK�MHJR�ZDUWR FL�]EOL DM �
VL � QD� RJyá� GR� VLHELH� �U\V�� ������ =DZV]H� WH �
LVWQLHMH� FL QLHQLH�� ]� UHJXá\� SRQL HM� FL QLHQLD�
atmosferycznego, przy którym obie granice 
]ELHJDM � VL �� 3XQNW� WHQ�Z\]QDF]D�PLQLPDOQH�
FL QLHQLH�]DSáRQX��SRQL HM�NWyUHJR�]DSáRQ�GD��
QHM�PLHV]DQLQ\�MHVW�QLHPR OLZ\���
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QX�� FR� QD� SU]\NáDG]LH� PHWDQX� Z� PLHV]DQLQLH��
]�SRZLHWU]HP�SRND]DQR�QD�U\VXQNX������QDWRPLDVW�
UR]FLH F]HQLH�PLHV]DQLQ\�SDOQHM�RERM WQ\PL�VNáDG��
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�����3áRPLH �ODPLQDUQ\��
�������:VW SQH�ZLDGRPR FL�R�SáRPLHQLDFK�ODPLQDUQ\FK�

:�GRVWDWHF]QLH�GáXJLP�SU]HZRG]LH�� ]DPNQL W\P�]� MHGQHJR�NR FD� L�Z\SHáQLRQ\P�
QLHUXFKRP �� GRZROQ �PLHV]DQLQ � SDOQ � �PLHV]DQLQD�Z� VWDQLH� FKHPLF]QHM� QLHUyZQR�
ZDJL���SR�]DLQLFMRZDQLX�]DSáRQX��QS�� LVNU �HOHNWU\F]Q ��SRZVWDQLH� IDOD� UHDNFji, która �
Z� SRVWDFL� SáRPLHQLD� ]DF]QLH� VL � SU]HVXZDü� Z� VWURQ � ]DPNQL WHJR� NR FD� SU]HZRGX��
0HFKDQL]P�SU]HPLHV]F]DQLD�VL �SáRPLHQLD�MHVW�QDVW SXM F\���

3R�]DLQLFMRZDQLX� UHDNFML�� F]\OL�SRGJU]DQLX�PLHV]DQLQ\�SDOQHM�� ]JRGQLH� ]�SUDZHP�
$UUKHQLXVD��]ZL NV]D�VL �SU GNR ü�UHDNFML��:\G]LHODM FH�VL �SU]\�W\P�FLHSáR�QDJU]HZD�
V VLHGQLH�ZDUVWZ\� ZLH HM�PLHV]DQLQ\��Z�NWyUHM�]DF]QLH�VL �V]\END�UHDNFMD��-HGQRF]H�
QLH�Z�VWUHILH�SRGJU]HZX�L�UHDNFML�E G]LH�]DFKRG]Lü�G\IX]MD� ZLH HM�PLHV]DQLQ\�SDOQHM�

do produktów spalania, a produktów spalania w odwrotnym kierunku. Aktywne roG�
QLNL�L�SURGXNW\�SU]HM FLRZH�E G �G\IXQGRZDü�]H�VWUHI\�VSDODQLD�Z�REX�NLHUXQNDFK��

2SLVDQ\�SURFHV�SURSDJDFML�IDOL�UHDNFML��SU]HPLHV]F]DQLD�VL �F]RáD�SáRPLHQLD��Z�QLH�
UXFKRPHM�PLHV]DQLQLH�QD]\ZD�VL �ODPLQDUQ\P�VSDODQLHP��3U GNR ü�SU]HVXZDQLD�VL �
WHM�IDOL�UHDNFML�E G]LH�QD�RGFLQNX�GáXJR FL�NLONX� UHGQLF��/� ��÷�G��VWDáD��D�MHM�NV]WDáW��
SRPLMDM F�SU]\ FLHQQ �ZDUVWZ ��WDUFLH�L�FKáRG] FH�G]LDáDQLH� FLDQ\��E G]LH�SáDVNL���

3U GNR ü�UR]FKRG]HQLD�VL �F]RáD�ODPL�
QDUQHJR� SáRPLHQLD� Z]JO GHP� ZLH HM�
PLHV]DQNL� �OXE� Z]JO GHP� FLDQ� SU]HZR�
GX��Z\QRVL�Vî L�MHVW�QD]\ZDQD�SU GNR FL �
VSDODQLD� ODPLQDUQHJR�� 'OD� ZL NV]R FL�
PLHV]DQHN� SDOQ\FK�� SU]\� ]Z\Ná\P� FL ��
QLHQLX�� JUXER ü� VWUHI\� VSDODQLD� MHVW� QLH�
ZLHOND�L�Z\QRVL�RNRáR���PP��&KDUDNWHU\�
VW\F]Q �FHFK �ODPLQDUQHJR�SáRPLHQLD�MHVW�
WR�� H� Z� WHM� FLHQNLHM� ZDUVWZLH� ]DFKRG] �
SU]HPLDQ\� FKHPLF]QH� L� IL]\F]QH�� Z� Z\�
QLNX�NWyU\FK�]PLHQLD�VL �VNáDG�FKHPLF]Q\�
L�WHPSHUDWXUD� JD]X�� Z\F]HUSDQ\� ]RVWDMH�
VNáDGQLN� ]QDMGXM F\� VL � Z� QLHGRPLDU]H�
�QS�� SDOLZR� Z� PLHV]DQNDFK� XERJLFK����
D�WHPSHUDWXUD�RVL JD�ZDUWR FL�]EOL RQH�GR�
WHRUHW\F]QHM� WHPSHUDWXU\� VSDODQLD� GDQHM�
PLHV]DQNL�� 6WUXNWXU � VWUHI\� VSDODQLD� OD�
PLQDUQHJR� SáRPLHQLD� SU]HGVWDZLRQR� QD�
U\VXQNX�������

�:�SXQNFLH�[ ï � WHPSHUDWXUD� ZLH HJR� JD]X� ]DF]\QD� VL �SRGQRVLü��NRV]WHP�HQHUJLL�
GRSURZDG]RQHM� �SU]H]� SU]HZRGQLFWZR�� ]� REV]DUX� UHDNFML��:�REV]DU]H� SRGJU]HZDQLD�
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UHDNFMD� UyZQLH � SU]HELHJD�� DOH� MHVW� RQD� SRZROQD� L� GRSLHUR� RG� SXQNWX� SU]HJL FLD��
�7� �7 ( ��V]\ENR ü�UHDNFML�VL �]ZL NV]D��:�W\P�REV]DU]H�LOR ü�Z\G]LHORQHJR�FLHSáD�MHVW�
]QDF]QD��SU]HZD D�QDG�VWUDWDPL�QD�U]HF]�REV]DUX�SRGJU]HZDQLD��:�NR FX�WHJR�REV]D�
UX�WHPSHUDWXUD�RVL JD�VZRM �PDNV\PDOQ �ZDUWR ü�7 ) * ��3XQNW\�[ ï �L�[ ) * �QLH�V �Z\UD QLH�
RNUH ORQH��JG\ �]DUyZQR�7+ �MDN�L�7 ) * �V �RVL JDQH�DV\PSWRW\F]QLH��:�REV]DU]H�UHDNFML�
]QDMGXMH�VL ��Z V]\�RG�QLHJR��REV]DU� ZLHFHQLD��2EOLF]HQLD�Z\ND]XM �� H�RG�SRF] WNX�
REV]DUX� ZLHFHQLD�VSDODQLX�XOHJD�MHG\QLH�NLONDQD FLH�SURFHQW�JD]yZ��UHV]WD�VSDOD�VL �
Z�REV]DU]H�LQWHQV\ZQHM�UHDNFML��Z�NWyUHM�WHPSHUDWXUD�MHVW�MX �EOLVND�ZDUWR FL�7 ) * ��

*UXER ü� F]RáD� SáRPLHQLD� MHVW� WUXGQD� GR� RNUH OHQLD� Z� VHQVLH� IL]\F]Q\P�� 0R QD�
SU]\M ü�� H�PLDU �JUXER FL� F]RáD�SáRPLHQLD� MHVW�JUXER ü�REV]DUX� LQWHQV\ZQHM� UHDNFML�
OXE�RGFLQHN�Z\]QDF]RQ\�SU]H]�SXQNW\�SU]HFL FLD�VW\F]QHM�Z�SXQNFLH�7 ( �]�RVL �[�L�OLQL �
7 ) * � �FRQVW��U\V�������

*UXER ü�F]RáD�SáRPLHQLD�ZHGáXJ�SUDF\�>�@�PR QD�WH �RNUH OLü�]H�Z]RUX�
� τDE, ≈ �� ������
w którym: D� �λ�F+ ρ�– ( ��D�–�ZVSyáF]\QQLN�Z\UyZQDQLD�WHPSHUDWXU\��λ�–�ZVSyáF]\QQLN�

SU]HZRG]HQLD�FLHSáD��ρ�–�J VWR ü��τ�–�F]DV�UHDNFML��
&]DV�UHDNFML�Z�IXQNFML�V]\ENR FL�UHDNFML�FKHPLF]QHM�RNUH OD�]DOH QR ü�

� � 1−≈ :ρτ �� ������
VW G�SU GNR ü�VSDODQLD�ODPLQDUQHJR�
� 1111 −−−− ==≈ τλρτ D:FEV -./ �� �������

3U GNR ü� VSDODQLD� ODPLQDUQHJR� ]DOH \� RG� V]\ENR FL� UHDNFML�� ZVSyáF]\QQLND� SU]H�
ZRGQLFWZD�FLHSOQHJR�L�FLHSáD�ZáD FLZHJR��3R�Z\HOLPLQRZDQLX�Z�]�UyZQD �������L��������
RWU]\PDP\��
� 1−= 01 DVE �� �������
FR� R]QDF]D�� H� JUXER ü� F]RáD� SáRPLHQLD� MHVW� RGZURWQLH� SURSRUFMRQDOQD� GR�SU GNR FL�
VSDODQLD�ODPLQDUQHJR���

:\VW SXM F\�QD�U\VXQNX�����SXQNW��[ ( ��7 ( ��MHVW�ZD Q\�GOD�VWUXNWXU\�SáRPLHQLD�ODPL�
QDUQHJR�L�Z\PDJD�RSLVDQLD��:�SXQNFLH��[ ( ��7 ( ��HOHPHQW�PDV\�JD]X�]PLHQLD�VL �]�XMHP�
QHJR�QD�GRGDWQLH� UyGáR�FLHSáD� �GØ 7�G[Ø �������GODWHJR�QLHNLHG\� MHVW�QD]\ZDQ\�SXQNWHP�
]DSáRQX�� D�7 ( �–� WHPSHUDWXU � ]DSáRQX�� 7H� RNUH OHQLD� QLH� V � MHGQDN� FLVáH�� D� WHPSHUDWXUD�
]DSáRQX�PR H�E\ü�]GHILQLRZDQD�EH]�NRU]\VWDQLD�]�SRM FLD�F]RáD�ODPLQDUQHJR�SáRPLHQLD���

�������3UDZR�0LFKHOVRQD�
-H HOL� ODPLQDUQ\�SáRPLH �Z�SU]HZRG]LH��SU]H]�NWyU\�SU]HSá\ZD�PLHV]DQLQD�SDOQD��

]� SU GNR FL � Vî � MHVW� SáDVNL� �WDNLH� ]DáR HQLH� PR QD� SU]\M ü�� JG\� SRPLQLH� VL � WDUFLH��
ZDUVWZ �JUDQLF]Q �RUD]�FKáRG] FH�RGG]LDá\ZDQLH� FLDQHN���WR�F]RáR�SáRPLHQLD�E G]LH�
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]DFKRZ\ZDáR�XVWDORQH�SRáR HQLH��,QDF]HM�PyZL F�–�Z]JO GHP�]HZQ WU]QHJR�REVHUZD�
WRUD�F]RáR�SáRPLHQLD�E G]LH�QLHUXFKRPH��3U GNR ü�UXFKX�F]RáD�SáRPLHQLD�Z�RGQLHVLH�
QLX�GR�PLHV]DQLQ\�SDOQHM�WR�SU GNR ü�VSDODQLD�ODPLQDUQHJR��2GQLHVLHQLH�GR�PLHV]DQLQ\�
SDOQHM� MHVW� LVWRWQH�� JG\ � Z� F]ROH� SáRPLHQLD� Z\VW SXMH� JZDáWRZQD� ]PLDQD� J VWR FL���
D�Z�QDVW SVWZLH�–�SU GNR FL�JD]X��GODWHJR�SU GNR ü�VSDODQLD�Z�RGQLHVLHQLX�GR�SURGXN�
tów spalania b G]LH�Uy QD�RG�Vî ���

%DUG]LHM� RJyOQ\P� ]DJDGQLHQLHP� MHVW� UR]FKRG]HQLH� VL � ODPLQDUQHJR� SáRPLHQLD�
Z�R URGNX��Z�NWyU\P�Z\VW SXM �JUDGLHQW\�SU GNR FL��=DJDGQLHQLH�PR H�E\ü�UR]ZD D�
QH�QD�SU]\NáDG]LH�SU]HZRGX��Z�NWyU\P�SROH�SU GNR FL�Z�SU]HNURMX�SRSU]HF]Q\P�QLH�
MHVW� MHGQRURGQH��'OD� XSURV]F]HQLD��Z� QLF]\P�QLH� ]PQLHMV]DM FHJR� RJyOQR FL� NR FR�
Z\FK�UH]XOWDWyZ�UR]ZD D ��SU]\M WR�� H�Z�MHGQ\P�SXQNFLH�SU]HNURMX��QS��Z�RVL��SU G�
NR ü�JD]X�Y� �Y ;=< > ��:H�ZV]\VWNLFK�LQQ\FK�SXQNWDFK�Y�!�Y ;=< > �� MDN� WR�SRND]DQR�QD�U\�
VXQNX������=DáR RQR�MHV]F]H��FR�UyZQLH �QLH�ZSá\ZD�QD�NR FRZ\�Z\QLN��D�]QDF]QLH�
XSUDV]F]D�]DGDQLH�� H�WHPSHUDWXUD�VSDODQLD�MHVW�PDáD��W]Q��Z�FDá\P�VWUXPLHQLX��SU]HG��
L�]D�F]RáHP�SáRPLHQLD�7� �FRQVW���

2@? A
B�9 B C B
D:E�4�F�GH6 F�AI4�J�4�7�K6 FLA�6 J
4�3�8 7LM 7�GH6 K�7�E�KF�N"3PO8 3�GH6 F�K 6 7@QRK 6 F S�F�5�K�3�EI3"5�K?�GTO 3"M UVO"E 5�W 3 J�6
�
=DVDGQLF]H� S\WDQLD� WR�� MDND� E G]LH� SU GNR ü� SU]HVXZDQLD� VL � F]RáD� SáRPLHQLD�

Z]JO GHP� FLDQ�UXU\�RUD]�MDNL�E G]LH�MHJR�NV]WDáW"�
-H HOL�V���Y ;=< > ��WR�SXQNW�'�E G]LH�VL �SU]HVXZDá�]�SU GNR FL �XQRV]HQLD��

� XVYZ −= min � �������
Z�NLHUXQNX�]�OHZD�QD�SUDZR��WDN�ZL F�SXQNW�'
, który w chwili (τ�–�Gτ��]QDMGRZDá�VL �
Z�SXQNFLH�\
��]QDMG]LH�VL �Z�FKZLOL�τ�Z�SRáR HQLX�\��-HJR�SU]HPLHV]F]HQLH��Z]JO GHP�
FLDQ�UXU\��Z\QLHVLH�
� )(dd min YZ VY[ −= τ �� �������

5R]SDWUXM F�GRZROQ\�SXQNW�F� OH F\�QD�IURQFLH�VSDODQLD��Z�FKZLOL��τ�–�Gτ��SXQNW�
WHQ� ]QDMGRZDü� E G]LH� VL � Z� SRáR HQLX� F
�� Z� FKZLOL� τ� ]DMPLH� ]D � SRáR HQLH� F�� -HJR�
SU]HPLHV]F]HQLH�Z]JO GHP� FLDQ�UXU\�Z\QLHVLH�SR�F]DVLH�Gτ�
� )(dd VY[ −= τ �� �������
JG]LH��Y�–�SU GNR ü� VWUXPLHQLD� UyZQROHJáD�GR�RVL�[�Z�SXQNFLH�F��V�–�SU GNR ü�F]RáD�

SáRPLHQLD��VNáDGRZD�SURVWRSDGáD�GR�RVL�[��Z�SXQNFLH�F��
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&]RáR� SáRPLHQLD� QLH� E G]LH� ]PLHQLDáR� VZRMHJR� NV]WDáWX�� MH HOL� ND G\� MHJR� SXQNW�
GR]QD�WDNLHJR�VDPHJR�SU]HVXQL FLD��Z�W\P�VDP\P�NLHUXQNX��W]Q��SRZLQQR�E\ü�
� ...ddd 10 === [[[ � �������

=JRGQLH�]�W\P�UyZQDQLHP�RWU]\PDP\�]�]DOH QR FL��������L��������
� qVYVY −=− min �������

3U]\�]DáR HQLX�� H�F]RáR�SáRPLHQLD�PD�E\ü�QLHUXFKRPH��Z]JO GHP� FLDQ�UXU\���FR�
QDVW SL��JG\�
� rVY =min �������
]�F]HJR�Z\QLND�� H��
�� VY = � �������
�
D�WR�R]QDF]D�� H�DE\�F]RáR�SáRPLHQLD�]DFKRZDáR�
XVWDORQH� SRáR HQLH�� Z� ND G\P� MHJR� SXQNFLH�
SU GNR ü� GRSá\ZX� PLHV]DQNL� PXVL� E\ü� UyZQD�
SU GNR FL� SU]HPLHV]F]DQLD� VL � F]RáD� SáRPLHQLD�
�WD�SU GNR ü�QLH� MHVW� UyZQD�Vs ��� MDN� WR�SU]HGVWD�
ZLRQR�QD�U\VXQNX�������

�
3U GNR ü�SU]HPLHV]F]DQLD�VL �F]RáD�SáRPLHQLD�PR H�E\ü�UR]áR RQD�QD�GZD�ZHNWR�

U\��QRUPDOQ\�Vs �L�VW\F]Q\�V t ��3R�R]QDF]HQLX�N WD�PL G]\�Y�L�Vs �SU]H]�α��WDN� H��

� αcos=V
V u �� �������

]JRGQLH�]�UyZQDQLHP��������PR QD��]DPLDVW���������QDSLVDü�

� αcos=Y
V u � �������

]�F]HJR�Z\QLND�QDVW SXM FH�WZLHUG]HQLH��]QDQH�SRG�QD]Z �SUDZD�0LFKHOVRQD��
DE\� F]RáR� SáRPLHQLD� E\áR�Z� GDQ\P� SXQNFLH� XVWDORQH�� PXVL� RQR� E\ü� QDFK\ORQH��
�Z�W\P�SXQNFLH��GR�SU GNR FL�Y�SRG�WDNLP�N WHP�D��DE\�U]XW�ZHNWRUD�Y�SU GNR FL�
QDSá\ZDM FHJR�VWUXPLHQLD�QD�QRUPDOQ �GR�F]RáD�SáRPLHQLD�E\á�UyZQ\�SU GNR FL�
VSDODQLD�ODPLQDUQHJR�Vv ���

=�SUDZD�0LFKHOVRQD�Z\QLND�ZQLRVHN�� H�SU]\�XVWDORQHM�ZDUWR FL�Y�� MH HOL�]ZL N�
V]HQLX� XOHJQLH�ZDUWR ü� Vs �� WR� N W�α� XOHJQLH� ]PQLHMV]HQLX��Z�JUDQLF]Q\P�SU]\SDGNX��
JG\�Y� �Vs ��F]RáR�SáRPLHQLD�E G]LH�SURVWRSDGáH�GR�ZHNWRUD�Y��2GNU\FLH�SUDZD�0LFKHO�
VRQD�SR]ZROLáR�QD�MHGQR]QDF]QH�]GHILQLRZDQLH�SU GNR FL�VSDODQLD�ODPLQDUQHJR��RSUD�
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FRZDQLH�PHWRG�MHM�SRPLDUX�L�HNVSHU\PHQWDOQLH�Z\ND]DQLH�� H�Vs �MHVW�U]HF]\ZL FLH�VWDá �
IL]\NRFKHPLF]Q �PLHV]DQLQ\�SDOQHM���

�������8SURV]F]RQD�WHRULD�SURSDJDFML�ODPLQDUQHJR�SáRPLHQLD�
:�F]ROH� ODPLQDUQHJR�SáRPLHQLD��QD� VWRVXQNRZR�QLHZLHONLHM�RGOHJáR FL�� ]DFKRG] �

ró QH�SURFHV\�FKHPLF]QH�L�IL]\F]QH��Z�Z\QLNX�NWyU\FK�F]RáR�SáRPLHQLD�SU]HPLHV]F]D�
VL �]H�VWDá �SU GNR FL �Z�NLHUXQNX�QLHVSDORQHM�PLHV]DQNL��:�FHOX�XVWDOHQLD�WHRULL�SUR�
SDJDFML�SáRPLHQLD��W]Q��SRGDQLD�IXQNF\MQHM�]DOH QR FL�SU GNR FL�VSDODQLD�ODPLQDUQHJR�
RG� ZDUWR FL� SDUDPHWUyZ� XNáDGX� UHDJXM FHJR�� QDOH \� SU]HGH� ZV]\VWNLP� RNUH OLü� IL�
]\F]Q\� PRGHO� ]MDZLVND�� :� RJyOQ\P� SU]\SDGNX� QDOH DáRE\� Z]L ü� SRG� XZDJ �� H��
Z�F]ROH�SáRPLHQLD�]DFKRG] �QDVW SXM FH�SURFHV\��

D��HJ]RWHUPLF]QD�UHDNFMD�FKHPLF]QD��
E��SU]HQRV]HQLH�HQHUJLL��]JRGQLH�]�JUDGLHQWHP�WHPSHUDWXU\���
F��SU]HQRV]HQLH�PDV\��]JRGQLH�]�JUDGLHQWHP�VW HQLD���
6WUXNWXU �ODPLQDUQHJR�SáRPLHQLD�RNUH ODM �UyZQDQLD�SU]HQRV]HQLD�PDV\�L�HQHUJLL��
•�SU]HQRV]HQLD�HQHUJLL�
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:�FHOX�X]\VNDQLD�DQDOLW\F]QHJR�UR]ZL ]DQLD�SU]\M WR�SHZQH�XSURV]F]HQLD��]�NWó-
U\FK�QDMZD QLHMV]H� ]DNáDGD�� H� UyZQDQLD� SU]HQRV]HQLD�PDV\� L� FLHSáD� V � WR VDPH�� FR�
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]DOH � RG� WHPSHUDWXU\�� Z� REV]DU]H� F]RáD� SáRPLHQLD� Z\VW SXMH� W\ONR� MHGQD� UHDNFMD��
L�ZVSyáF]\QQLNL�G\IX]ML�ZV]\VWNLFK�VNáDGQLNyZ�V �VRELH�UyZQH��2WU]\PXMH�VL �ZyZ�
F]DV�SURVW\�PRGHO�SURSDJDFML�SáRPLHQLD��XZ]JO GQLDM F\�W\ONR�FLHSOQ �VWURQ �SURFHVX��

:�PHWRG]LH�=�).�6�SU]\M WR�� H�REV]DU�SáRPLHQLD� MHVW�SRG]LHORQ\�QD�NLOND�VWUHI���
Z�NWyU\FK�RNUH ORQH�VNáDGRZH�UyZQDQLD��������RGJU\ZDM �GRPLQXM F �URO ��D�QDVW S�
QLH� QD� SRPLQL FLX� GOD� W\FK� VWUHI�PQLHM� ]QDF] F\FK� F]áRQyZ� UyZQDQLD� L� UR]ZL ]DQLX��
Z�WHQ�VSRVyE�X]\VNDQ\FK�XSURV]F]RQ\FK�UyZQD �GOD�SRV]F]HJyOQ\FK�VWUHI�RUD]�QD�LFK�
JUDQLFDFK��=PLDQ\�ZDUWR FL�SRV]F]HJyOQ\FK�F]áRQyZ�UyZQDQLD��������SU]HGVWDZLRQR�
QD�U\VXQNX�������-DN�Z\QLND�]�WHJR�U\VXQNX��SáRPLH �SRG]LHORQR�QD�WU]\�VWUHI\��

��,��–�SRGJU]HZDQLD�PLHV]DQLQ\�SDOQHM��Z�NWyUHM�SU GNR ü�UHDNFML�FKHPLF]QHM�:�≈�����
�,,��–�]DSáRQX� w której d È 7�G[ È �≈����
,,,��–�UHDNFML�Z�WHPSHUDWXU]H�EOLVNLHM�WHPSHUDWXU]H�NR FRZHM�VSDODQLD��G7�G[�≈����
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3R�ZSURZDG]HQiu w równaniu (3.23) oznaczenia Zρ� �P��JG]LH�P�–�PDVRZD�SU G�
NR ü�SU]HSá\ZX��GOD�ZDUXQNyZ�EU]HJRZ\FK��
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3R�ZVWDZLHQiu wzorów (3.25) i (3.26) do równania (3.28)�

�
5,0

01

1

),(
2

)(
1














=− ∫

ß à
G

á

á
â 7&7:T77PF

λλ
� �������

L�XZ]JO GQLHQLX�P� �Zρ��RWU]\PXMH�VL �

�
5,0

010
1

),(2
)(

1















−
= ∫

ã äå

åæ G7&7:T77FZ λ
ρ

� �������



çIè`é ê é�ë:ì í:è=é�ê ì îgï�é�ð�ñ"îkò:ó�ô ��

:\]QDF]RQD�UyZQDQLHP��������ZDUWR ü�MHVW�LGHQW\F]QD�]�SU GNR FL �VSDODQLD�ODPL�
QDUQHJR�

�
5,0

2
01

2
0

1

),(
)(

21















−
= ∫

õ ö
G

÷

÷ø 7&7:77F
TV λ

ρ
� �������

-DN�ZVSRPQLDQR�SRSU]HGQLR��7 ù �≈�7 ú û ��F]\OL�
� 001 7777 −=− ü ý �������

=�UyZQDQLD�ELODQVX�Z\QLND�� H�
� T&F77 þ 000 )( =− ρÿ � � �������
JG]LH�& � �–�SRF] WNRZH�VW HQLH�JD]X�SDOQHJR��F]\OL��

�
2
0

22
02

0
2 )(

ρ
T&77F � =−� � � �������

3R�SRGVWDZLHQLX��������GR��������RWU]\PXMH�VL �

�
5,0

2
0

1

),(
2














= ∫

� �
G

�

�
7&7:T&V λ � �������
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Równanie (3.36) jest tylko pierwszym krokiem w oblLF]HQLX� WHRUHW\F]QHM�ZDUWR��
FL�V��'UXJL�NURN�SROHJD�QD�VFDáNRZDQLX�FDáNL�Z\VW SXM FHM�Z�W\P�UyZQDQLX��:\PDJD�
WR�SU]\M FLD�]DáR HQLD�R�SRVWDFL�Z\UD HQLD�RSLVXM FHJR�UHDNFM �VSDODQLD�:��

3U]\MPXM F�� H�SU GNR ü�UHDNFML�MHVW�RNUH ORQD�UyZQDQLHP�NLQHW\F]Q\P��
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mienia. Równanie (3.38) pozwala na uzyskanie wyn
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�������3U GNR ü�VSDODQLD�ODPLQDUQHJR�±�Z\QLNL�GR ZLDGF]DOQH�
5R]FKRG]HQLH� VL �SáRPLHQLD�Z�SU]HZRG]LH� MHVW� W\ONR� MHGQ\P�]�SU]\NáDGyZ�Z\VW �

SRZDQLD�SáRPLHQLD� ODPLQDUQHJR��0R QD� WH �Z\PLHQLü� LQQH�� MDN� UR]FKRG]HQLH� VL �SáR�
PLHQLD�Z�NXOLVWHM�ERPELH�VWDáHJR�FL QLHQLD�RUD]�SáRPLH �Z�SDOQLNX�%XQVHQD���

.XOLVWD�ERPED�VWDáHJR�FL QLHQLD�VNáDGD�VL �]�FLHQNLHM�UR]FL JOLZHM�RWRF]NL��QS��ED �
NL�P\GODQHM�OXE�FLHQNLHM�EáRQNL�]�WZRU]\ZD�V]WXF]QHJR���Z\SHáQLRQHM�PLHV]DQLQ �SDO�
Q � �U\V�� ����D��� :� URGNX� ERPE\� V � XPLHV]F]RQH� HOHNWURG\� ]DSDODM FH� JD]� LVNU �
HOHNWU\F]Q ��3R�]DSDOHQLX�REVHUZXMH�VL �SU]HPLHV]F]DQLH�ZHZQ WU]�ERPE\�F]RáD�SáR�
PLHQLD� L� MHGQRF]H QLH� UR]V]HU]DQLH� VL � EáRQNL� ]DFKRZXM FHM� NV]WDáW� NXOLVW\�� 3URFHV�
WUZD�D �GR�Z\F]HUSDQLD�VL �PLHV]DQLQ\�DOER�GR�S NQL FLD�EáRQNL��Z�W\P�F]DVLH�SU G�
NR ü� UR]FKRG]HQLD� VL � F]RáD�SáRPLHQLD�PD� VWDá �ZDUWR ü� VT �� NWyU �PR QD�RNUH OLü� ]H�
Z]RUX��
� 12

max
3 −−= U VW55V WX �� �������

JG]LH��5 Y ��5Z\[ ] �–�SRF] WNRZ\�L�NR FRZ\�SURPLH �ED NL�P\GODQHM��W ^ _ �–�F]DV�UR]SU]H�
VWU]HQLDQLD�VL �SáRPLHQLD�RG���GR�5Z\[ ] ��

'X H� ]QDF]HQLH� SUDNW\F]QH� L� WHRUHW\F]QH�PDM � SáRPLHQLH�� NWyUH� SRZVWDM � ZWHG\��
JG\�]�SU]HZRGX��Z�NWyU\P�SU]HSá\Z�PD�FKDUDNWHU� ODPLQDUQ\��PLHV]DQLQD�SDOQD�Z\�
Sá\ZD�GR�QLHUXFKRPHJR�RWRF]HQLD��:�W\P�SU]\SDGNX�SáRPLH �PD�FKDUDNWHU\VW\F]Q\��
G]ZRQRZDW\� OXE� SUDZLH� VWR NRZ\� NV]WDáW� L� MHVW� OHNNR� XQLHVLRQ\� SRQDG� Z\ORWHP��
]�SU]HZRGX��

1DMOHSLHM�]QDQ\P�SU]\U] GHP�VáX F\P�GR�RWU]\PDQLD�WHJR�URG]DMX�SáRPLHQLD�MHVW�
SDOQLN�%XQVHQD��U\V����12b), w którym mieszanina palna jest wytwarzana przez zas\�
VDQLH�SRZLHWU]D�]�RWRF]HQLD�SU]H]�JD]�Z\Sá\ZDM F\�]�G\V]\��5RO �PLHV]DOQLND�VSHáQLD�
UXUND� SDOQLND�� 1DGPLDU� SRZLHWU]D� PR QD� Z� SHZQ\FK� JUDQLFDFK� UHJXORZDü� SU]H]�
RSXV]F]DQLH�OXE�SRGQRV]HQLH�WDUF]NL�UHJXODF\MQHM��3RQLHZD �SDOQLNL�%XQVHQD�V �]Z\�
NOH�NRQVWUXRZDQH�Z� WHQ� VSRVyE�� H�ZVSyáF]\QQLN�QDGPLDUX�XWOHQLDF]D� MHVW�PQLHMV]\�
RG�MHGQR FL��QDG�SáRPLHQLHP�REVHUZXMH�VL �F] VWR�REV]DU�GRSDODQLD��Z�IRUPLH�ZWyUQH�
JR�SáRPLHQLD�G\IX]\MQHJR��=HZQ WU]Q\�L�ZHZQ WU]Q\�VWR HN�EXQVHQRZVNLHJR�SáRPLH�
QLD�PR QD�UR]G]LHOLü��MH HOL�Z\ORW�SDOQLND�XPLH FL�VL �Z�V]HUV]HM�UXUFH��:WHG\�EXQVH�
QRZVNL� VWR HN� SR]RVWDQLH� QD� UXUFH� ZHZQ WU]QHM�� D� QD� Z\ORFLH� ]� V]HURNLHM� UXUNL�
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SRZVWDQLH�SáRPLH �G\IX]\MQ\��Z�NWyU\P�VSDODQLH�]DFKRG]L�Z�Z\QLNX�Z]DMHPQHM�G\�
IX]ML�SR]RVWDáR FL�SDOLZD�L�WOHQX�DWPRVIHU\F]QHJR���

2VREOLZR FL � SDOQLND� EXQVHQRZVNLHJR� MHVW� SURVWROLQLRZR ü� OLQLL� SU GX� ZLH HM�
PLHV]DQLQ\�SU]\�SRGHM FLX�GR�F]RáD�SáRPLHQLD��:\QLND�WR�]�WHJR�� H�SURGXNW\�VSDODQLD�
PRJ � VL � ]D� F]RáHP� SáRPLHQLD� VZRERGQLH� UR]V]HU]Dü�� /LQLH� SU GX�ZL F� Sá\QQLH� VL �
Z\NU]\ZLDM � ZHZQ WU]� VWUHI\� VSDODQLD�� 3U]\� QLHVNR F]HQLH� PDáHM� V]HURNR FL� F]RáD�
SáRPLHQLD�PR QD�SU]\M ü�� H�QDVW SXMH�]DáDPDQLH�OLQLL�SU GX��

:\M WNRZH�]QDF]HQLH�WHRUHW\F]QH�VWR NRZ\FK�SáRPLHQL�ODPLQDUQ\FK�SROHJD�]�MHGQHM�
VWURQ\�QD�W\P�� H�VWDQRZL �RQH�VWRVXQNRZR�GRJRGQ\�SU]HGPLRW�EDGD �GR ZLDGF]DOQ\FK��
]�GUXJLHM�]D �−�WHRUHW\F]QD�DQDOL]D�WHJR�SáRPLHQLD�MHVW��VSR UyG�ZV]\VWNLFK�SáRPLHQL��
QDMEDUG]LHM�GDOHNR�SRVXQL WD��1LHUXFKRPH�SRáR HQLH�SáRPLHQLD�EXQVHQRZVNLHJR�L�MHJR�
QLHVNRPSOLNRZDQ\�NV]WDáW�VSUDZLDM �SU]\�W\P�� H�WHQ�ZáD QLH�SáRPLH �MHVW�F] VWR�VWR�
VRZDQ\�GR�Z\]QDF]DQLD�ZDUWR FL�VT �Uy Q\FK�PLHV]DQLQ�JD]RZ\FK���

�

� �
�3'-5=S��-S q4r+s-I�J@0�)+� % >@:-/ � 5 % 0 2iF<��)9F-'.5 % ��� 0(M*�?I(� ,-� 0�,-� ��tu�=vA;*5wI�J-0�)+� % H�(/ ,-� ><�3x3:*,-540�,-�yt F-v

�
3U GNR ü�VSDODQLD�ODPLQDUQHJR�Z�SDOQLNX�%XQVHQD�Z\]QDF]D�VL �]H�Z]RUX�

� � $
9V z = �� �������

w którym: 9�–�REM WR FLRZH�QDW HQLH�SU]HSá\ZX�PLHV]DQLQ\�SDOQHM��$�–�SRZLHU]FKQLD�
VWR ND�SáRPLHQLD���

2EOLF]RQD�Z�WHQ�VSRVyE�SU GNR ü�VSDODQLD�ODPLQDUQHJR MHVW�REDUF]RQD�QLHZLHONLP�
Eá GHP�� Z\QLNDM F\P� ]� RGPLHQQHJR� RG� VWR ND� NV]WDáWX� SáRPLHQLD� SU]\� MHJR� ZLHU]�
FKRáNX�L�SRGVWDZLH��:LHU]FKRáHN�WR�SXQNW�RVREOLZ\�L�PD�IRUP �]DRNU JORQ ��FR�Z\QL�
ND�]�SU]\VSLHV]HQLD�UHDNFML�QD�VNXWHN�GRGDWNRZHJR�SRGJU]HZX�FHQWUDOQHJR�VWUXPLHQLD�
PLHV]DQLQ\�SDOQHM�ZHZQ WU]�VWR ND��:\MD QLHQLH�IRUP\�GROQHM�F] FL�VWR ND�ZL H�VL �
]� FKáRG] F\P� RGG]LDá\ZDQLHP� FLDQNL�� ]PQLHMV]HQLHP� SU GNR FL� Z� ZDUVWZLH� SU]\�
FLHQQHM��D� WDN H�]�G\IX]M �PLHV]DQLQ\�SDOQHM�Z�JUDQLF]QHM�ZDUVWZLH�Z\Sá\ZDM FHJR�
VWUXPLHQLD���

E��D��
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6WRVRZDQH� V � MHV]F]H�GZLH�PHWRG\�Z\]QDF]DQLD�SU GNR FL� VSDODQLD� ODPLQDUQHJR���

D�PLDQRZLFLH�PHWRGD�SáDVNLHJR�SáRPLHQLD�L�PHWRGD�ERPE\�VWDáHM�REM WR FL��:V]\VWNLH�
SU]HGVWDZLRQH�PHWRG\�V �V]F]HJóáRZR�RPyZLRQH�Z�SUDFDFK�>����@���

0DNV\PDOQH�ZDUWR FL� SU GNR FL� VSDODQLD� ODPLQDUQHJR GOD� Uy Q\FK� SDOLZ� SRGDQR��
Z�WDEHOL�������
� { ��F<0(/ �y�-S r

|}�4><5b'�)+�(/ ,@037?� &u% � I(�@H & ��><� I(�-5AH<�(/ ��,-� �3/ ��)8� ,<� & ,@0(M*�+~ ���

���(/ � 7C� s�'*)?F<�*/
I4J-0�)8� I=�(,*'

��5AH-P�� I��('�,*,-� >
,<�(��).� � & :
H-��79� 0 % & ���
��/ �3�A�N�<� �

� �L�<� �
)?� 5

Wodór ��� q=; ��� �@; r*�@�{ / 0�,-0�>?7 M*/ � � $ r@; �*� �@; ��r-�
|�0 % ��, � �R� q=; �@� �@; ���<�
� % ��, � �A��� q=; q�� �@; �*�@�
� & ��H<��, �d� �C� q=; �*� �@; �*�*�
f O x3: % ��, � � �9� � q=; �*� �@; ���-�
f O ��0�, % ��, �d� �9� � q=; �*� �@; �*�@�
f O � 0�>5w��, � �u�9� � q=; �*� �@; ��r<�
� % '@/ 0=, � � �R� q=; q=� �@; ���@�
� I(0 % '@/ 0=, � �A�R� q=; r@� q(; ���@�
xy0�,@��0�, � �u��� q=; �*� �@; �*�@�
|�0 % ��,-��/ � � �A$ � q=; �@� �@; ���*�
�R7�:<5w� � & I=��0�>97 M*/ � �ys � �*; �Lq �@; ���*�
Siarkowodór ��� s �*; �*� �@; �*�@�

�
3U GNR ü� VSDODQLD� ODPLQDUQHJR

GOD�PLHV]DQLQ�VNáDGDM F\FK�VL �]�NLO��
NX� VNáDGQLNyZ� SDOQ\FK�PR QD� Z\�
]QDF]\ü�]H�Z]RUX�

�����
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...
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w którym: Q ¢ �� Q £ �–� SURFHQWRZD� ]D��
�������������������ZDUWR ü�VNáDGQLND�Z�PLH��
�������������������V]DQLQLH�SDOQHM��
�
�
�
� �3'-5=S��-S q=�-S(� & ��>-� 1�5AH<�(/ ��,-� ��/ ��)8� ,-� & ,@0(M*�79�*�*� & :<;�)80 % ��,*:.� % / 0�,*>*:97 M�/ �C~bq=���
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3U GNR ü�VSDODQLD�ODPLQDUQHJR��Z\]QDF]RQ �QD�SRGVWDZLH�EDGD �GR ZLDGF]DOQ\FK�
GOD�ZRGRUX��PHWDQX�L�WOHQNX�Z JOD�Z�]DOH QR FL�RG�VNáDGX�PLHV]DQLQ\�SDOQHM��SU]HG�
VWDZLRQR�QD�U\VXQNX�������3U GNR ü�VSDODQLD�ODPLQDUQHJR�SU]\MPXMH�PLQLPDOQ �ZDU�
WR ü� GOD� VNáDGX� PLHV]DQLQ\� SDOQHM�� RGSRZLDGDM FHJR� JyUQHM� OXE� GROQHM� VW HQLRZHM�
JUDQLF\�]DSáRQX��D�PDNV\PDOQ �ZDUWR ü�GOD�VNáDGX�PLHV]DQLQ\��GOD�NWyUHM�ZVSyáF]\Q�
QLN�QDGPLDUX�SRZLHWU]D�MHVW�Z�SU]\EOL Hniu równy 1,1. �

3U]HGVWDZLRQH�GDQH�GR ZLDGF]DOQH�RGQRV] �VL �GR�SU GNR FL�VSDODQLD�ODPLQDUQHJR��
RNUH ORQHM�SU]\�Uy Q\FK�VWRVXQNDFK�SDOLZD�GR�XWOHQLDF]D��NWyU\P�MHVW�SRZLHWU]H��

=PLDQD�VW HQLD�WOHQX�Z�XWOHQLDF]X�ZSá\ZD�QD�]PLDQ �SU GNR FL�VSDODQLD�ODPLQDU�
QHJR��MDN�WR�SRND]DQR�QD�U\VXQNX�������
=H� Z]URVWHP� WHPSHUDWXU\� SU GNR ü�
VSDODQLD�ODPLQDUQHJR�UR QLH��U\V���������
D� PDOHMH� ]H� Z]URVWHP� FL QLHQLD� �U\V��
�������

�3'-5=S��-S q��<S(� & ��>-� 1�5AH<�(/ ��,-� ��/ ��)8� ,-� & ,@0(M*�C).0 % �6O
,�:.�*/ � & P ,*'-I�J979� &A% � I(�

5 % 0�,-� �d).0 % ��,*:-; % / 0�,*:.������ % :<;
7¤).� 065b����,-� ,-� 03H�(/ ,@0 2R~ �6�
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�3'-5=S��@S q=�<S(�}H@� '�7 % 0=)9H<0 & � % : & '�H<�-I=� % ><��790 2i,<�3H & ��><� 1y5AH<�(/ ��,-� ��/ ��).� ,<� & ,-0(M*��)80 % ��,*:¥~ ���
�
:Sá\Z� FL QLHQLD� L� WHPSHUDWXU\� QD� SU GNR ü� VSDODQLD� ODPLQDUQHJR� VT � GOD� UHDNFML�

MHGQRHWDSRZHM�RNUH OD�Z�SU]\EOL HQLX��ZJ�>��@� równDQLH��

� 
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w którym: (�–�HQHUJLD�DNW\ZDFML��S�L�7 ^ _ �–�FL QLHQLH� L�WHPSHUDWXUD�VSDODQLD��Q�–�U] G�
UHDNFML��

3U GNR ü�VSDODQLD�ODPLQDUQHJR�WR�QLH�W\ONR�MHGHQ�]�SDUDPHWUyZ�Z�WHRULL�VSDODQLD��
WR� WDN H� ZD Q\� SDUametr, którego znDMRPR ü� MHVW� QLH]E GQD� SRGF]DV� SURMHNWRZDQLD�
palników, komór spalania i zabezpiHF]H �SU]HFLZZ\EXFKRZ\FK���

«(¬
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�3'-5=S��-S q=�<S6��H@� '�7I(� ,-� 0�,-� �3,<�dH & ��><� 1�5bH-�(/ ��,-� ��/ ��)8� ,-� & ,-0(M��?�6I(0 % '@/ 0�,@:<;�)80 % ��,*:?� % / 0�,*>@:C7 M*/ �C~ �*�

�����3áRPLH �NLQHW\F]Q\�
-HGQ �]�ZD QLHMV]\FK�ZLHONR FL�FKDUDNWHU\]XM F\FK�SURFHV�VSDODQLD� MHVW�F]DV�VSD�

ODQLD� W ^ _ �� NWyU\�G]LHOL� VL �QD�� F]DV�PLHV]DQLD�−� QLH]E GQ\�GR�RVL JQL FLD� MHGQRURGQHM�
PLHV]DQLQ\�SDOLZD�L�XWOHQLDF]D��F]DV�SRGJU]HZX�−�QLH]E GQ\�GR�RVL JQL FLD�WHPSHUD�
WXU\�]DSáRQX�L�F]DV�FKHPLF]QHM�UHDNFML�
� ® ¯=° ±²=³�´wµ±i¶ °A· ¸· ² WWWW ++= �� �������

-H HOL�F]DV�IL]\F]QHJR�VWDGLXP�SURFHVX�W ¹ º » � �W Ziº ¼b^ » ���W _�½w¾w¿ �MHVW�GX R�NUyWV]\�QL �F]DV�
UHDNFML�FKHPLF]QHM��WR�WDNL�SURFHV�SU]HELHJD�Z�REV]DU]H�NLQHW\F]Q\P�L�QLH�]DOH \�RG�
DHURG\QDPLNL�VWUXPieni gazów i dyfuzji, a tylko od charakterystyki spalanej mieszanL�
Q\��HQHUJLL�DNW\ZDFML�WHPSHUDWXU\�L�VW HQLD�UHDJHQWyZ��

.LQHW\F]Q\�VSRVyE�VSDODQLD�SROHJD�QD�ZVW SQ\P�SU]\JRWRZDQLX�MHGQRURGQHM�PLH�
V]DQLQ\�SDOQHM�SDOLZD� L�XWOHQLDF]D��SU]\� F]\P� VSDODQLH� ]DFKRG]L�SU]\� VWDá\P�ZVSyá�
F]\QQLNX�QDGPLDUX�XWOHQLDF]D�RUD]�]DGDQHM�WHPSHUDWXU]H��

-H HOL�F]DV�IL]\F]Q\�SURFHVX�MHVW�UyZQ\�OXE�ZL NV]\�RG�F]DVX�UHDNFML�FKHPLF]QHM��
WR�SURFHV�VSDODQLD�SU]HELHJD�Z�REV]DU]H�G\IX]\MQ\P�L�ZáD FLZR FL�SDOLZD�RUD]�WHPSH�
UDWXUD�VSDODQLD�QLH�RGJU\ZDM �GX HM�UROL��]QDF]HQLH�PD�QDWRPLDVW�DHURG\QDPLND�VWUX�
PLHQL�SDOLZD�L�XWOHQLDF]D��D�]ZáDV]F]D�SURFHV\�G\IX]ML���

3áRPLH �ZVW SQLH� ]PLHV]DQHJR�SDOLZD� L� XWOHQLDF]D� F] VWR� MHVW� RNUH ODQ\�PLDQHP�
SáRPLHQLD� NLQHW\F]QHJR�� 3áRPLH � NLQHW\F]Q\� SRZVWDMH� SU]H]� ZVW SQH� ]PLHV]DQLH�
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UHDJHQWyZ�SDOLZD�L�XWOHQLDF]D�SU]HG�G\V] �SDOQLND�Z�PLHV]DOQLNX��:�SáRPLHQLX� W\P�
ZVW SQD� VWUHID� SRGJU]HZDQLD� L� LQLFMDFML� XWOHQLDQLD� SDOLZD� V\WXXMH� VL � SU]HG� F]RáHP�
SáRPLHQLD�� 'DOHM� SRáR RQD� MHVW� JáyZQD� VWUHID� UHDNFML�–� F]RáR� SáRPLHQLD�� D� ]D� QL �−�
VWUHID�SRSáRPLHQQD��U\V����������

Ã3Ë@Ì(Í�Ê-Í Î=Ï-Í6Ã�Ä�Å=Ð@É È=Æ�Ë.ÌAÑ Ò�Ó-Ç ÈyÇ@Ñ Ò4Ô9Õ<Ò�ÖwÈ�Ñ ×*ÖuËCØ¤Õ*É Ä�Ô.Ç Ò=Ó-Ç ×CÐ<Ç Ó-Ò�Ñ Ë-Ù=Å(Ó*Ë*ÔEÚLÎ
–
ÕÈ(Û Ç Ø9Ä@Ü�Ý

–
ÌAÕ<È(Û Ç Ó*Ë-Ü

Ê
–
×*Ñ Û Ò�Ó@Ç È(Ù�Å�Ü�Þ

–
Ñ Ò�Ô?Õ-Ò�Ö4È�Ñ ×�ÖwÈ6Ü*ß

–
Õ*É Ä�Ô8Ç Ò Ð<Ç Ó-Ò�Ñ Ë-Ù=Å(Ó�Ë-Ü@à

–
Ø�Ñ á6ÖAÓ*ËCÕ@É Ä6Ô8Ç Ò Æ�Ë-â ×@Å6ËwãwÓ*Ë

�
=D�NRQLHF�VWUHI\�SRGJU]HZDQLD�L�LQLFMDFML�UHDNFML�SU]\MPXMH�VL �WHQ�SXQNW��Z�NWyU\P�

SU]HELHJD�VDPRLVWQLH�SURFHV�XWOHQLDQLD�SDOLZD��EH]�GRVWDUF]DQLD�FLHSáD�]�JáyZQHM�VWUH�
I\� UHDNFML�� FR� Z� SU]\EOL HQLX� RGSRZLDGD� SXQNWRZL� SU]HJL FLD� QD� NU]\ZHM� UR]NáDGX�
WHPSHUDWXU\��

:�JáyZQHM�VWUHILH�UHDNFML��Z�F]ROH�SáRPLHQLD��]DFKRG] �LQWHQV\ZQH�UHDNFMH�XWOH�
QLDQLD�SDOLZD��R� F]\P� ZLDGF] �GX H� JUDGLHQW\� WHPSHUDWXU\� L� VW HQLD��:�JáyZQHM�
VWUHILH�UHDNFML�SRZVWDM �SURGXNW\�SR UHGQLH�L�NR FRZH�XWOHQLDQLD�SDOLZD��Z�W\P�URG�
QLNL� G\IXQGXM FH� GR� VWUHI\� SRGJU]HZDQLD� L� LQLFMDFML� UHDNFML�� SRF] WNXM FH� UHDNFMH�
XWOHQLDQLD�SDOLZD���
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�:�SáRPLHQLX� NLQHW\F]Q\P�� SU]\� QLHGRPLDU]H� XWOHQLDF]D��Z\WZDU]D� VL � GUXJL� ]H�
ZQ WU]Q\�VWR HN�W\SX�G\IX]\MQHJR��U\V���������'RSDODM �VL �Z�QLP�SURGXNW\�F] FLR�
ZHJR�XWOHQLDQLD�SDOLZD��MDN�QS��WOHQHN�Z JOD���

�����6WUXNWXUD�SáRPLHQL�G\IX]\MQ\FK�
�3U]H]�SáRPLHQLH�G\IX]\MQH�UR]XPLH�VL �WDNLH��NWyUH�SRZVWDM �Z�ZDUVWZLH�JUDQLF]�

QHM�PL G]\�VWUXPLHQLDPL�JD]X�SDOQHJR�L�JD]RZHJR�XWOHQLDF]D�OXE�SRPL G]\�VWUXPLH�
QLHP� JD]X� SDOQHJR� D� RWDF]DM F\P� JR� QLHUXFKRP\P�XWOHQLDF]HP� �U\V�� �������2EV]DU�
LQWHQV\ZQHM� UHDNFML� FKHPLF]QHM��ZLGRF]Q\� MDNR� ZLHF FD� SRZLHU]FKQLD�� ]QDMGXMH� VL ��
Z�PLHMVFX��Z�NWyU\P�VWRVXQHN�G\IXQGXM FHJR� VWUXPLHQLD�SDOLZD�GR� VWUXPLHQLD�XWOH�
QLDF]D�SU]\MPXMH�ZDUWR ü�VWHFKLRPHWU\F]Q ���

Ã3Ë@Ì(Í�Ê-Í Î(ä-Í*å-Ù�æ-Ò�Ô8È�Ñ<Õ*É Ä�Ô8Ç Ò=Ó-Ç ÈyÆ�Ë-â ×*Å(Ëwã4Ó-Ò(ç*ÄÚLÎ
–
Õ<È(Û Ç Ø9Ä@Ü�Ý

–
ÌAÕ<È(Û Ç Ó*Ë-Ü

Ê
–
×*Ñ Û Ò�Ó-Ç È(Ù�Å�Ü�Þ

–
Ñ Ò�Ô?Õ-Ò�Ö4È�Ñ ×�ÖwÈ6Ü*ß

–
Õ*É Ä�Ô8Ç Ò

�
:�SáRPLHQLX�G\IX]\MQ\P�FKHPLF]QD�UHDNFMD�VSDODQLD�MHVW�ZL F�]DZV]H�SRSU]HG]R�

QD�F]\VWR�IL]\F]Q\P�SURFHVHP�PLHV]DQLD��NWyU\�]DOH \�RG�SUDZ�U] G] F\FK�G\IX]M �
Z�VWUXPLHQLDFK�JD]RZ\FK��=H�Z]JO GX�QD�WH�SUDZD��SáRPLHQLH�G\IX]\MQH�G]LHO �VL �QD�
ODPLQDUQH� L� WXUEXOHQWQH��Z� SLHUZV]\P�G\IX]MD�PD� FKDUDNWHU� F]\VWR�PROHNXODUQ\���
Z�GUXJLP�–�WXUEXOHQWQ\��8ZDUXQNRZDQLH�PHFKDQL]PX�VSDODQLD�Z�SáRPLHQLDFK�G\IX�
]\MQ\FK�SURFHVDPL�SU]HQRV]HQLD�XZLGDF]QLD�VL �Z\UD QLH�Z�]HZQ WU]Q\P�Z\JO G]LH�
W\FK� SáRPLHQL�� 3áRPLHQLH� ODPLQDUQH� PDM � SRSU]HF]Q\� Z\PLDU� QLHZLHOH� ZL NV]\� RG�
Z\PLDUX� Z\ORWRZHJR� RWZRUX� G\V]\� SDOLZRZHM�� D� LFK� ]HZQ WU]QD� SRZLHU]FKQLD� MHVW�
JáDGND� L� Z\UD QLH� ]DU\VRZDQD�� :� SáRPLHQLDFK� WXUEXOHQWQ\FK� QDWRPLDVW� Z\PLDU�
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SRSU]HF]Q\�]QDF]QLH�SU]HZ\ V]D�Z\PLDU�G\V]\�SDOLZRZHM��D�SRZLHU]FKQLD�SáRPLHQLD�
QLH�PD�RNUH ORQHJR�NV]WDáWX�L�SRGOHJD�FL Já\P�]PLDQRP��WDNLP�MDN�GUJDQLD�L�IDORZD�
QLH��=PLDQ �Z\JO GX�PDNURVWUXNWXU\�SáRPLHQL�G\IX]\MQ\FK�SRGF]DV�SU]HM FLD�RG� OD�
PLQDUQ\FK�GR�WXUEXOHQWQ\FK�SRND]DQR�QD�U\VXQNX�������

3U]HM FLH�SáRPLHQL�G\IX]\MQ\FK�]�REV]DUX�ODPLQDUQHJR�Z�WXUEXOHQWQ\�RGE\ZD�VL �
VWRSQLRZR��Z�WHQ�VSRVyE�� H�XWUDWD�VWDWHF]QR FL�SRZLHU]FKQL�SáRPLHQLD�UR]SRF]\QD�VL �
SU]\�ZLHU]FKRáNX��D�QDVW SQLH�–�Z�PLDU �Z]URVWX�SU GNR FL�VWUXPLHQLD�–�SU]HVXZD�VL �
Z�Gyá��-HGQRF]H QLH�SáRPLH �XOHJD�VNUyFHQLX��'DOV]H�]ZL NV]DQLH�SU GNR FL�VWUXPLH�
QLD� QLH�ZSá\ZD� MX � QD� ]PLDQ �PDNURVWUXNWXU\� L� SáRPLH � XWU]\PXMH� VWDá � Z\VRNR ü�
�U\V���������6]F]HJyOQ �FHFK �SáRPLHQL�WXUEXOHQWQ\FK�MHVW�WR�� H�Z�SHZQ\P�REV]DU]H�
SU GNR FL�PRJ �Z\VW SRZDü� GZD� LFK� URG]DMH�� ]Z\NáH�� UR]SRF]\QDM FH� VL � X�Z\ORWX��
]� SDOQLND�� L� W]Z�� ÄXQLHVLRQH´�� XV\WXRZDQH� Z� SHZQHM� RGOHJáR FL� QDG� Z\ORWHP� �U\V��
������� 7DN�� Z� ZLHONLP� VNUyFLH�� PR QD� VFKDUDNWHU\]RZDü� SáRPLHQLH� G\IX]\MQH� ]H�
Z]JO GX�QD�SU]HZD DM FH�Z�QLFK�SURFHV\�IL]\F]QH���

ÃdË-Ì(Í�Ê-Í Î=ê-Í6ëìË-ÌwÄ�Ð-Ä íyÆ�Ë-â ×@Å(Ëwã4Ó@Ò6ç@Ä�Õ*É Ä�Ô.Ç Ò�Ó-Ç È3Ø¤Å�È(Û Ò Ó-Ä Ù(Ç-Ä*Æ�Õ�Ö Æ�Ð-Ä Ù(Ç@Ø�Ë�Õ*É Ë�Ø�×9Ô+Ò�Ñ È�Ó*×?ÅyÕ-È(Û Ó-Ç Ð-ÈCîwÎ=Ê�ï
�
1DMSURVWV]\P�SU]\NáDGHP�SáRPLHQLD�G\IX]\MQHJR�MHVW�SáRPLH �SRZVWDM F\�QD�Z\�

locie z cylindrycznej rurki, z której w\Sá\ZD�SDOLZR�JD]RZH�Z�QLHUXFKRPH�RWRF]HQLH�
JD]RZHJR� XWOHQLDF]D�� %DUG]LHM� ]áR RQ\� SU]\NáDG� RWU]\PXMH� VL �� JG\� UXUND�� ]� NWyUHM�

Z\Sá\ZD� JD]�� MHVW� XPLHV]F]RQD� ZVSyáRVLRZR� ZH�
ZQ WU]� GUXJLHM� UXU\� R� ZL NV]\P� SURPLHQLX�� SU]H]�
NWyU �SU]HSá\ZD�SRZLHWU]H���

:� WDNLP� SU]\SDGNX� PRJ � SRZVWDü� SáRPLHQLH��
R�GZyFK�Uy Q\FK�NV]WDáWDFK��Z�]DOH QR FL�RG� LOR FL�
SRGDZDQHJR� XWOHQLDF]D�� MDN� SRND]DQR� QD� U\VXQNX�
������
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–
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–
ÅyÓ@Ç Ò(Æ*Ä�Ô.Ç È�ÖbÒ�Ôô×*Ñ Û Ò�Ó-Ç È6Ù=Å�È
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=H�Z]JO GX�QD�VWDELOQR ü�SáRPLH �G\IX]\MQ\�WR�QDMF] FLHM�VSRW\NDQ\�Z�XU] G]H�
QLDFK�SU]HP\VáRZ\FK�W\S�SáRPLHQLD��'X H�]QDF]HQLH�PD�ZL F�RNUH OHQLH�MHJR�GáXJR�
FL�L�NV]WDáWX��%XUNH�L�6FKXPDQQ�>�@�SU]\M OL�� H�Z�ODPLQDUQ\P�SáRPLHQLX�G\IX]\MQ\P�
VSDODQLH�ORNDOL]XMH�VL �Z�QLHVNR F]HQLH�FLHQNLHM�ZDUVWZLH��FR�R]QDF]D�SU]\M FLH�]DáR�
HQLD�� H�SU GNR ü�UHDNFML�FKHPLF]QHM�MHVW�QLHVNR F]HQLH�GX D��:�SáRPLHQLX�G\IX]\M�
Q\P�SU GNR ü�VSDODQLD�OLPLWXMH�MHG\QLH�SURFHV�G\IX]ML�SDOLZD�L�XWOHQLDF]D���

Na podstawie równania dyfuzji�
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SU]\� ]DáR HQLDFK� XSUDV]F]DM F\FK�� D�PLDQRZLFLH�� H� VSDODQLH� SU]HELHJD� EH]� ]PLDQ\�
OLF]E\�PROL��SU]\�VWDáHM�WHPSHUDWXU]H�L�VWDá\FK�ZVSyáF]\QQLNDFK�G\IX]ML��RUD]� H�G\IX�
]MD� ]DFKRG]L� W\ONR�Z� NLHUXQNX� SRSU]HF]Q\P� GR� SáRPLHQLD�� D� SU GNR FL� SDOLZD� RUD]�
SRZLHWU]D�V �UyZQH�

dla warunków brzegowych:�
[� ����L��\�<�5 õ ���&� �&ö ���JG]LH�&ö �−�SRF] WNRZH�VW HQLH�SDOLZD��
[� ����L��5 õ ≤ \�≤�5 ÷ ��&� �& øbù ���JG]LH�&øwù �−�SRF] WNRZH�VW HQLH�XWOHQLDF]D��
\� �����\� �5 ÷ L��[�!����∂�&��∂\� ���
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RWU]\PDOL� UR]ZL ]DQLH� UyZQDQLD� �������� RNUH ODM FH� NV]WDáW� ODPLQDUQHJR� SáRPLHQLD�
G\IX]\MQHJR�
� ( ) ( )
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w którym:�- � � - õ �−�ZDUWR FL� IXQNFML�%HVVHOD�SLHUZV]HJR�URG]DMX��ϕ�−�ZDUWR ü�ZáDVQD�
RGSRZLDGDM FD� SLHUZLDVWNRZL� UyZQDQLD� - õ �ϕ5÷ ��  � ��� \� � � −� ZVSyáU] GQD�
SáRPLHQLD��Y�−�SU GNR ü�VWUXPLHQLD��

3U]\NáDG� Z\QLNyZ� REOLF]H � SRZLHU]FKQL� SáRPLHQLD� ODPLQDUQHJR� QD� SRGVWDZLH�
równania (3.46)�SU]HGVWDZLRQR�QD�U\VXQNX��������

-H HOL�Z� UyZQDQLX� �������SU]\MPLHP\�� H�\� � ���� WR�RWU]\PDP\�Z]yU�QD�GáXJR ü�
ODPLQDUQHJR�SáRPLHQLD�G\IX]\MQHJR��
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JG]LH�&ö�� �&ö �–�VWRVXQHN�VWHFKLRPHWU\F]QHJR�GR�SRF] WNRZHJR�VW HQLD�SDOLZD���
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�
'áXJR ü� G\IX]\MQ\FK� SáRPLHQL� WXUEXOHQWQ\FK� Z� QLHUXFKRP\P� RWRF]HQLX� QDMF] �

FLHM�MHVW�RNUH ODQD�]DOH QR FL �>�@��
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w której: / � �−�GáXJR ü�SáRPLHQLD��G � �−� UHGQLFD�G\V]\�JD]RZHM��ρ � ��ρ�−�J VWR ü�SDOLZD��
L�RWDF]DM FHJR�SRZLHWU]D��Y � �−�SU GNR ü�SRF] WNRZD�JD]X��ν�−�ZVSyáF]\QQLN�
OHSNR FL��'�−�ZVSyáF]\QQLN�G\IX]ML�

OXE�Z�IRUPLH�XSURV]F]RQHM�

�
7,0
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0

20 
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JG]LH��.� �I��9��α��'�ν���9�−�QDW HQLH�SU]HSá\ZX�SDOLZD��α�−�ZVSyáF]\QQLN�QDGPLDUX�
XWOHQLDF]D��

'OD�SURSDQX�QD�SU]\NáDG�EH]Z\PLDURZD�GáXJR ü�SáRPLHQLD�MHVW�RNUH ORQD�]DOH QR�
FL ��

�
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1D� GáXJR ü� WXUEXOHQWQ\FK� SáRPLHQL� G\IX]\MQ\FK� Z� VWUXPLHQLX� SRZLHWU]D� PDM �
ZSá\Z�� SU GNR ü� L� WHPSHUDWXUD� SRF] WNRZD� SDOLZD� RUD]� XWOHQLDF]D� L� ]DZLURZDQLH�
VWUXPLHQL��1LH�EH]�]QDF]HQLD�V �ZáD FLZR FL�IL]\F]QH�L�FKHPLF]QH�SDOLZD��6WZLHUG]RQR��
H� LP�ZL NV]\�ZVSyáF]\QQLN� G\IX]ML��PQLHMV]\� OHSNR FL� L�PQLHMV]H� ]DSRWU]HERZDQLH�
SRZLHWU]D��W\P�SáRPLH �MHVW�NUyWV]\���
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:�SáRPLHQLX�G\IX]\MQ\P��SRGREQLH�MDN�Z�SáRPLHQLX�ZVW SQLH�]PLHV]DQ\FK�JD]yZ�
�SDOLZD�L�XWOHQLDF]D���]H�Z]JO GX�QD�GRPLQXM FH�SURFHV\�IL]\F]QH�L�FKHPLF]QH��PR QD�
Z\Uy QLü� WU]\� JáyZQH� VWUHI\�� D� PLDQRZLFLH�� VWUHI � SRGJU]HZDQLD� L� LQLFMDFML� UHDNFML�
FKHPLF]Q\FK��JáyZQ �VWUHI �UHDNFML�RUD]�VWUHI �SRSáRPLHQQ ���

:�SáRPLHQLX�G\IX]\MQ\P�Uy QH�MHVW�W\ONR�XV\WXRZDQLH�W\FK�VWUHI��6WUHID�SRGJU]H�
ZDQLD�L�LQLFMDFML�UHDNFML�FKHPLF]Q\FK�MHVW�SRáR RQD�SR�REX�VWURQDFK�F]RáD�SáRPLHQLD��
FKDUDNWHU\]XMH� VL � QLHZLHONLPL� JUDGLHQWDPL� VW HQLD� SDOLZD� RG� ZHZQ WU]� SáRPLHQLD��
L� XWOHQLDF]D� ]� ]HZQ WU]� SáRPLHQLD� RUD]� QLHZLHONLPL� JUDGLHQWDPL� WHPSHUDWXU\� ]� REX�
VWURQ��1D�RELH� VWURQ\� F]RáD� SáRPLHQLD�� ]� JáyZQHM� VWUHI\� UHDNFML�� G\IXQGXM � SURGXNW\�
VSDODQLD��SRGJU]HZDM F�]�MHGQHM�VWURQ\�SDOLZR��D�]�GUXJLHM�−�XWOHQLDF]��G\IXQGXM �WDN H�
FHQWUD�DNW\ZQH�–�URGQLNL��LQLFMXM F�UHDNFMH�XWOHQLDQLD�SDOLZD���

:� JáyZQHM� VWUHILH� UHDNFML�� V]HURNR FL� RG� XáDPND�PLOLPHWUD� GR�NLONX�PLOLPHWUyZ��
SDOLZR�XWOHQLD� VL � FDáNRZLFLH��$QDOL]XM F� VWUHI � LQWHQV\ZQ\FK� UHDNFML� ]�NLHUXQNX�RVL�
SáRPLHQLD��SDOLZR�SRF] WNRZR�SRGOHJD�SURFHVRP�SLUROL]\��R�F]\P� ZLDGF]\�REHFQR ü�
Z� WHM� VWUHILH� VDG]\� L� ]ZL ]NyZ�& ÷ � L�&+�� FR� SU]HMDZLD� VL � yáW\P�NRORUHP� WHM� VWUHI\�
SáRPLHQLD��'DOHM�Z\VW SXMH�VWUHID�LQWHQV\ZQHM�UHDNFML�XWOHQLDQLD��Z�PLDU � MDN�]ZL N�
V]D�VL �VW HQLH� WOHQX��R�F]\P� ZLDGF]\�SRF] WNRZR�EUDN�SURPLHQLRZDQLD�Z� ZLHWOH�
ZLG]LDOQ\P��D�QDVW SQLH�NRORU�QLHELHVNL�WHM�VWUHI\��2EV]DU�WHQ�FKDUDNWHU\]XMH�VL �QDM�
ZL NV]\PL�VW HQLDPL�URGQLNyZ�L�QDMZ\ V] �WHPSHUDWXU �>��@��0DNV\PDOQD�WHPSHUD�
WXUD� Z� WHM� VWUHILH� MHVW� ]EOL RQD� GR� WHPSHUDWXU\� DGLDEDW\F]QHM� PLHV]DQNL� VWHFKLRPH�
WU\F]QHM�� JG\ � UHDJHQW\� ]QDMGXM � VL � Z� UyZQRZDG]H� WHUPRG\QDPLF]QHM�� FR� Z\QLND��
]�IDNWX�� H�SU GNR FL�UHDNFML�OLPLWXM �SURFHV\�G\IX]ML��*áyZQD�VWUHID�UHDNFML�]QDPLHQQD�
MHVW�ZL F�GX \PL�JUDGLHQWDPL�VW HQLD�L�WHPSHUDWXU\��6]HURNR ü�JáyZQHM�VWUHI\�UHDNFML�
QLH� MHVW�� MDN� MX �XSU]HGQLR�ZVSRPQLDQR��GHWHUPLQRZDQD�V]\ENR FL � UHDNFML�FKHPLF]�
Q\FK�� OHF]� V]\ENR FL � SURFHVX� WUDQVSRUWX�PDV\� L� FLHSáD�� -H HOL� SU GNR FL� WUDQVSRUWX�
PDV\� L� FLHSáD� V �Z\VWDUF]DM FR�GX H�� WR� LQWHQV\ZQR ü� VSDODQLD�SU]\SDGDM FD�QD� MHG�
QRVWN � REM WR FL� OXE� SRZLHU]FKQL� VWUHI\� E G]LH� WDND� VDPD� MDN� PLHV]DQNL� XSU]HGQLR�
SU]\JRWRZDQHM�� JG\ � QLH�PD� ]QDF]HQLD�� H� UHDJHQW\� GRSá\ZDM � ]� GZóch przeciwnych 
VWURQ���

6WUHID� SRSáRPLHQQD� Z� SáRPLHQLX� G\IX]\MQ\P� MHVW� SRáR RQD� SRGREQLH� MDN� VWUHID�
SRGJU]HZDQLD�L�LQLFMDFML��]�REX�VWURQ�F]RáD�SáRPLHQLD��L�QLH�PR QD�MHM�IL]\F]QLH�Z\G]LH�
OLü�� WDN�MDN�Z�SáRPLHQLX�NLQHW\F]Q\P��:�VWUHILH�SRSáRPLHQQHM�GRPLQXM �SURFHV\�róZ�
QRZDJRZH��6WUHID�WD�FKDUDNWHU\]XMH�VL �QLHZLHONLPL�JUDGLHQWDPL�VW HQLD�L�WHPSHUDWXU\��

�����6WDELOQR ü�SáRPLHQL�
6WDELOQR ü�SáRPLHQL�MHVW�Z�WHRULL�VSDODQLD�UR]XPLDQD�GZRMDNR��:�SLHUZV]\P�SU]\�

SDGNX�SU]H]�VWDWHF]QR ü�SáRPLHQLD�UR]XPLH�VL �RGSRUQR ü�SáRPLHQLD�QD�PDáH�]DEXU]H�
QLD��:�W\P�]QDF]HQLX�ODPLQDUQ\�SáRPLH �MHVW�VWDELOQ\��MH HOL�SR�XVWDQLX�G]LDáDQLD�PD�
áHJR��SU]\SDGNRZHJR�]DEXU]HQLD��ZUDFD�GR�SLHUZRWQHM�SRVWDFL��:�GUXJLP�SU]\SDGNX�
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SU]H]� VWDELOQR ü� UR]XPLH� VL � ]HVSyá� ZDUXQNyZ�� NLHG\� Z\VW SRZDQLH� SáRPLHQLD� MHVW�
PR OLZH�� 3U]HNURF]HQLH� W\FK� ZDUXQNyZ� SRZRGXMH� SU]HUZDQLH� SURFHVyZ� VSDODQLD��
L�]DQLN�SáRPLHQLD��:DUXQNL�VWDELOQR FL�Z�W\P�]QDF]HQLX�RNUH ODM �QLH�W\ONR�PR OLZR ü�
LVWQLHQLD�SáRPLHQLD��DOH�WDN H�MHJR�SRVWDü��NV]WDáW���

6WDELOQR ü�SáRPLHQLD�Z�SLHUZV]\P�]QDF]HQLX�MHVW�]DJDGQLHQLHP�F]\VWR�WHRUHW\F]�
Q\P�� Z� GUXJLP� QDWRPLDVW� MHVW� SUREOHPHP� R� QDMZL NV]\P� ]QDF]HQLX� SUDNW\F]Q\P��
3RGVWDZRZ �]DVDG ��MDN �PXVL�VSHáQLDü�ND G\�]HVSyá�XU] G]H �GR�VSDODQLD��XU] G]H�
QLD� ]DVLODM FH�� SDOQLN�� NRPRUD� VSDODQLD��� MHVW� Uealizowanie takich warunków, które 
XPR OLZLDM � RWU]\P\ZDQLH�� SU]\� GDQ\P� SDOLZLH�� VWDELOQHJR� SáRPLHQLD� RNUH ORQHJR�
URG]DMX�� QS�� WXUEXOHQWQHJR�� G\IX]\MQHJR��:DUXQHN� WHQ�� ]ZáDV]F]D�Z� RGQLHVLHQLX� GR�
XU] G]H �SU]HP\VáRZ\FK�� MHVW� ]Z\NOH� IRUPXáRZDQ\� V]HU]HM��8U] G]HQLH� GR� VSDODQLD�
PXVL�GDZDü�VWDELOQ\�SáRPLH �Z�SHZnych granicach zmian parametrów zasilania. Im 
V]HUV]H� V � JUDQLFH� SDUDPHWUyZ�� G]L NL� NWyU\P� PR OLZH� MHVW� XWU]\PDQLH� VWDELOQHJR�
SáRPLHQLD��W\P�EDUG]LHM�HODVW\F]QH�MHVW�XU] G]HQLH��

7\SRZ\�Z\NUHV�VWDELOQR FL�SáRPLHQL�EXWDQX�Z�SU]HVWU]HQL�QLHRJUDQLF]RQHM��ZHGáXJ�
autorów pracy�>��@��SU]HGVWDZLRQR�QD�U\VXQNX�������-H HOL�]PQLHMV]Dü�SU GNR ü�VWUX�
PLHQLD� JD]X� WDN�� H� SU GNR ü� UR]FKRG]HQLD� VL � F]RáD� SáRPLHQLD� SU]HZ\ V]\� M �� SáR�
PLH �SU]HVNRF]\�GR�ZQ WU]D�SDOQLND��7HQ�SU]HVNRN�]DFKRG]L�]DZV]H�Z�REV]DU]H�SRG�
NU]\Z �SU]HVNRNX��=�GUXJLHM�VWURQ\��SRGF]DV�]ZL NV]DQLD�SU GNR FL�VWUXPLHQLD�PR H�
QDVW SLü�DOER�]HUZDQLH��MH HOL�VW HQLD�OH �QD�OHZR�RG�SXQNWX�$���DOER�RGHUZDQLH�RG�
Z\ORWX�SDOQLND��MH HOL�VW HQLD�OH �QD�SUDZR�RG�SXQNWX�$���'DOV]H�]ZL NV]DQLH�SU G�
NR FL�SURZDG]L�Z�NR FX�GR�SU]HNURF]HQLD�NU]\ZHM� ]HUZDQLD�SáRPLHQLD��:�REV]DU]H�
]DNUDWNRZDQ\P�SáRPLH �PR H�]QDMGRZDü�VL �E G �X�Z\ORWX�]�SDOQLND��E G �E\ü�XQLH�
VLRQ\��3RZUyW�XQLHVLRQHJR�SáRPLHQLD�]�SRZURWHP�GR�Z\ORWX�SDOQLND�Z\PDJD�MHGQDN�
]QDF]QHJR�]PQLHMV]HQLD�SU GNR FL��SU]HM FLD�SU]H]�OLQL �RSXV]F]DQLD�SáRPLHQLD���
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1D�OHZR�RG�SXQNWX�%�QLH�Z\VW SXM �SáRPLHQLH�XQLHVLRQH��:�SU]HG]LDOH�VW HQLD�SD�
OLZD�Z�PLHV]DQLQLH�]�SRZLHWU]HP�]QDMGXM FHJR�VL �PL G]\�SXQNWDPL�$� L�%�]HUZDQLH�
XQLHVLRQHJR� SáRPLHQLD� Z\VW SXMH� SU]\� PQLHMV]\FK� SU GNR FLDFK� QL � EH]SR UHGQLH�
]HUZDQLH�]�G\V]\�SDOQLND��:�SREOL X�SXQNWX�%�NU]\ZH�V �QDU\VRZDQH�OLQL �SU]HU\ZD�
Q ��JG\ �QLH�GOD�ZV]\VWNLFK� UHGQLc dysz palników zjawisko to jest obserwowane. �

:� SU]\SDGNX� XVWDORQHM� UHGQLF\� SDOQLND� LVWQLHMH� MHGQR]QDF]QD� ]DOH QR ü�PL G]\�
SU GNR FL �VWUXPLHQLD�D�OLF]E �5H��WR�]QDF]\�PR QD�RNUH OLü�REV]DU�SU]HSá\ZyZ�ODPL�
QDUQ\FK�L�WXUEXOHQWQ\FK��RULHQWDF\MQLH�]D]QDF]RQR�WR�QD�U\VXQNX�������-DN�]�WHJR�Z\�
QLND�� REV]DU� VWDELOQR FL�Z]JO GHP�SU GNR FL� SáRPLHQL� NLQHW\F]Q\FK� MHVW�Z VNL�� SáR�
PLHQLH�ODPLQDUQH�áDWZR�XOHJDM �SU]HVNRNRZL��SáRPLHQLH�WXUEXOHQWQH�–�]HUZDQLX��3U]\�
GX \FK� UHGQLFDFK�SDOQLND�NU\W\F]QD�ZDUWR ü� OLF]E\�5H�PR H�E\ü�RVL JDQD� MX �SU]\�
SU GNR FL� RGSRZLDGDM FHM� SU]HVNRNRZL�� :� WDNLP� SU]\SDGNX� LVWQLHQLH� ODPLQDUQHJR�
SáRPLHQLD�NLQHW\F]QHJR�PR H�E\ü�Z�RJyOH�QLHPR OLZH��=QDF]QLH�ZL NV] �VWDELOQR ü�
Z]JO GHP�SU GNR FL�Z\ND]XM �SáRPLHQLH�ERJDWH�Z�SDOLZR��=H�Z]URVWHP�VW HQLD�SD�
OLZD�Z�PLHV]DQLQLH�JUDQLFD�]U\ZX�SáRPLHQLD�SU]HVXZD�VL �Z�VWURQ �ZL NV]\FK�SU G�
NR FL�� D�SU]\� MHV]F]H�ZL NV]\P�VW HQLX�]HUZDQLH�SáRPLHQLD� DQL�SU]HVNRN�QLH�PRJ �
QDVW SLü��1D�SUDZR�RG�SXQNWX�$�MHVW�MHG\QLH�PR OLZH�]HUZDQLH�SáRPLHQLD��FR�MHVW�Z\QL�
NLHP�WHJR�� H�−�Z�QDVW SVWZLH�LQWHQV\ZQHJR�WXUEXOHQWQHJR�PLHV]DQLD�−�GR�VWUXPLHQLD�
JD]X�GRSURZDG]DQH�V �]E\W�GX H�LOR FL�SRZLHWU]D� L�SRZVWDMH�PLHV]DQLQD��NWyUD�SU]H�
NUDF]D�GROQ �VW HQLRZ �JUDQLF �]DSáRQX��

�������6WDELOQR ü�SáRPLHQLD�ODPLQDUQHJR�
=MDZLVNR� SU]HVNRNX� SáRPLHQLD� RUD]� MHJR� ]HUZDQLD� QDMáDWZLHM� MHVW� SU]H OHG]Lü� QD�

SU]\NáDG]LH� SDOQLND�%XQVHQD��&]RáR� ODPLQDUQHJR� SáRPLHQLD� NLQHW\F]QHJR� SU]\MPXMH�
VWDELOQH�SRáR HQLH�Z�IRUPLH�VWR NRZHM�SRZLHU]FKQL��Z�WHQ�VSRVyE�XNV]WDáWRZDQHM��DE\�
Z�ND G\P�MHM�SXQNFLH�VNáDGRZD�SU GNR FL�Y�QRUPDOQD�GR�F]RáD�SáRPLHQLD�E\áD�UyZQD�
SU GNR FL�VSDODQLD�ODPLQDUQHJR��FR�Z\QLND�]�SUDZD�0LFKHOVRQD��=�SUDZD�WHJR�Z\QLND�
MHV]F]H� MHGQR� VSRVWU]H HQLH�� H� SU GNR ü� VWUXPLHQLD�PR H� ]QDF]QLH� SU]HZ\ V]Dü� Vp ��
QLH� SRZRGXM F� ]HUZDQLD� SáRPLHQLD�� DOH� QLH� PR H� E\ü� PQLHMV]D� QL � Vp �� ER� SáRPLH �
SU]HVNRF]\� GR� SDOQLND�� F]\OL� VWUDFL� VWDWHF]QR ü�� 3U]\� Z]UR FLH� SU GNR FL� VWUXPLHQLD�
PLHV]DQLQ\�SDOQHM�VWR HN�SáRPLHQLD�UR QLH��D �SU]\�RNUH ORQHM�SU GNR FL�XOHJD�]HUZD�
QLX��=PQLHMV]DM F�SU GNR ü�VWUXPLHQLD��]PQLHMV]D�VL �VWR HN�SáRPLHQLD��D �GR�FKZLOL��
NLHG\�SáRPLH �SU]HVNRF]\�GR�ZQ WU]D�SDOQLND�–�GR�PLHV]DOQLND��0HFKDQL]P�VWDELOL]D�
FML�F]RáD�SáRPLHQLD�Z�SDOQLNX�%XQVHQD�SU]HVWDZLRQR�QD�U\VXQNX��������

3URILO�SU GNR FL�SU]HSá\ZX�ODPLQDUQHJR�PD�NV]WDáW�SDUDEROL��PR QD�ZL F�]DáR \ü��
H�SU]\� FLDQFH�SDOQLND�MHVW�OLQLRZ\��3U GNR ü�VSDODQLD�ODPLQDUQHJR�Z�SREOL X� FLDQNL�
SDOQLND�SU]\MPXMH�EDUG]R�PDáH�ZDUWR FL��Z\QLNDM FH�FKRüE\�W\ONR�]�GX HJR�RGSURZD�
G]HQLD�FLHSáD�GR� FLDQNL��-H HOL�SU]\SDGNRZR�NUDZ G �SáRPLHQLD�XV\WXRZDü�Z�SREOL X�
FLDQNL�SDOQLND� �SRáR HQLH���–� U\V��������Z�PLHMVFX��JG]LH�SU GNR ü� VWUXPLHQLD�PLH�
V]DQLQ\�SDOQHM�E G]LH�]QDF]QLH�ZL NV]D�RG�SU GNR FL�VSDODQLD� ODPLQDUQHJR��F]RáR�SáR�
PLHQLD� SU]HPLH FL� VL �Z�SRáR HQLH� ��� JG]LH� RELH� SU GNR FL� E G � VRELH� UyZQH�� -H HOL�
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F]RáR� SáRPLHQLD� ]RVWDQLH� SU]\SDGNRZR� SU]HPLHV]F]RQH� Z� SRáR HQLH� ��� WR� SU GNR ü�
VSDODQLD�E G]LH�ZL NV]D�RG�SU GNR FL�VWUXPLHQLD�L�SáRPLH �FRIQLH�VL �Z�SRáR HQLH����
3RáR HQLH� �� MHVW� SRáR HQLHP� VWDWHF]Q\P� SáRPLHQLD�� -H HOL� SU GNR ü� VWUXPLHQLD� E �
G]LHP\�]PQLHMV]Dü�� WR�VWDWHF]QH�SRáR HQLH�F]RáD�SáRPLHQLD�E G]LH�VL �SU]HPLHV]F]Dü�
GR�Z\ORWX�]�SDOQLND��D �Z�NR FX�SáRPLH �SU]HVNRF]\�GR�ZQ WU]D�G\V]\�SDOQLND���
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]� ]DáR HQLD�� H�ZDUXQNLHP� VWDWHF]QHJR� SRáR HQLD� F]RáD� SáRPLHQLD� MHVW� UyZQR ü� JUD�
GLHQWyZ�SU GNR FL�QD�JUDQLF\�VWUXPLHQLD��
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Po podstawieniu równania (3����� GR� UyZQDQLD� ������� L� XZ]JO GQLHQLX� �������
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FR�R]QDF]D�� H�GOD�]DGDQHM�PLHV]DQLQ\�NU\W\F]QH�ZDUXQNL�SU]HVNRNX�L�]HUZDQLD�SáR�
PLHQLD� RNUH OD� ZLHONR ü� �9�π5 � �� NWyUD� SRZLQQD� E\ü� VWDáD�� QLH]DOH QLH� RG� ZLHONR FL�
SDOQLND��2F]\ZLVWH�MHVW�� H�NU\W\F]QD�ZDUWR ü�JUDGLHQWX�]HUZDQLD�E G]LH�ZL NV]D�QL �
JUDGLHQWX� SU]HVNRNX�� FR� GREU]H� RGGDM � Z\QLNL� GR ZLDGF]DOQH� SU]HGVWDZLRQH� QD� U\�
VXQNX������>�@���

=DNUHV�VWDELOQHM�SUDF\�SDOQLND�PR QD�]ZL NV]\ü�� VWRVXM F�QS��FLDáD�QLHRSá\ZRZH��
WXQHOH�UHF\UNXODF\MQH��7HQ�URG]DM�VWDELOL]DFML�SáRPLHQLD�RPyZLRQR�Z�UR]G]LDOH����

���#�E���#� �
���'���C��� �#�E�"�#�B�����"�
� ����� �D��� �� #¡ �"�����7�C¢3���#� �����
�4���"�C -¡' �£D�
¤ ¡�¥9� �E�#� ��� ¦ ���
 �£D¢ �
¦ ��§¨
−
�����C¢D���#� ���
¤ ¡�¥9� ���#� �'©
�

−
���C���"�+ -¡� 3��¤ ¡'¥9� ���#� �

�����.LQHW\ND�FKHPLF]QD�XWOHQLDQLD�PHWDQX�
2PDZLDM F�]DJDGQLHQLD�VSDODQLD�SDOLZ�JD]RZ\FK��QDMZL FHM�XZDJL�SR ZL FRQR�GR�

W\FKF]DV�IL]\FH�SURFHVX��1D�]DNR F]HQLH�Z\SDGD�ZL F�ZVSRPQLHü�R�FKHPLL�SURFHVX��
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.LQHW\N �FKHPLF]Q �XWOHQLDQLD�SURVWHJR�Z JORZRGRUX��Z\VW SXM FHJR�Z�ID]LH�JD�
]RZHM�Z�ZDUXQNDFK�QDWXUDOQ\FK��QDMOHSLHM�SU]H OHG]Lü�QD�SU]\NáDG]LH�PHWDQX��0HWDQ�
MHVW�SRGVWDZRZ\P�VNáDGQLNLHP�JD]X�]LHPQHJR�L�MHGQ\P�]H�VNáDGQLNyZ�SRZVWDM F\FK�
SRGF]DV�XWOHQLDQLD�Z JORZRGRUyZ�Z\ V]\FK��D�VDP�WH �JHQHUXMH�Z JORZRGRU\�Z\ �
V]H�Z�SURFHVLH�XWOHQLDQLD��U\V���������

0HFKDQL]P�RSLVXM F\�XWOHQLDQLH�PHWDQX�Z\GDMH�VL �REHFQLH�GREU]H�SR]QDQ\��FKR�
FLD �ELHU]H�Z�QLP�XG]LDá�RNRáR�NLONXG]LHVL FLX�]ZL ]NyZ�FKHPLF]Q\FK��

&] VWR� VWRVRZDQ\� VFKHPDW� UHDNFML� XWOHQLDQLD� PHWDQX� SU]HGVWDZLRQR� SRQL HM��
>����������@��
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���� & « +  ���+� �& « + ª ���+ « �� ����+&1���2� �1&2���+��
���� & « + ª ���0� �& « + « ���+ « ���0�� ����&1���2+� �1&2��+��
���� & « + ª ���0� �& « + � ���+���0�� ����1&2���+� �1+���&2��
����� & « + ª ���+� �& « + � ���+ « �� ����1+���2� �1���2+��
����� & « + � ���0� �& « + « ���+���0�� ����1+���+� �1���+ « ��
����� & « �+ � ���+� �& « + « ���+ « �� ����+&1���2� �&1���2+��
����� & « + « ���0� �& « +���+���0�� ����+&1���2� �1+���&2�
����� & « + « ���+� �& « +���+ « �� ����1+���2+� �+���+12�
����� & « + « ���2� �&+ « ���&2�� ����1+���2� �12���+�
����� & « + « ���2+� �&+ � ���&2�� ����1&2���2� �&2���12�
����� & « + « ���& « + « � �& ª + � ���+�� ����1 « 2���+� �1+���12�
��� & « + « ���& « +� �& ª + « ���+�
�
1LH� ZV]\VWNLH� SU]HGVWDZLRQH� Z� W\P� VFKHPDFLH� UHDNFMH� V � MHGQDNRZR� ZD QH���

:� ]DOH QR FL� RG� WHJR��Z� MDNLFK�ZDUXQNDFK� FL QLHQLD�� WHPSHUDWXU\�� LOR FL� XWOHQLDF]D��
L�VNáDGX� URGRZLVND�SU]HELHJD�SURFHV�XWOHQLDQLD�PHWDQX��QLHNWyUH�UHDNFMH�V �GRPLQXM FH��
D�SR]RVWDáH�PR QD�SRPLQ ü��JG\ �LFK�ZSá\Z�QD�SU]HELHJ�SURFHVX�MHVW�QLHZLHONL���

8WOHQLDQLH� PHWDQX�� SRGREQLH� MDN� LQQ\FK� Z JORZRGRUyZ�� R� F]\P� ZVSRPQLDQR��
Z�UR]G]LDOH�SLHUZV]\P��LQLFMRZDQH�MHVW�URGQLNDPL��UHDNFMH��������������7HUPLF]Q\�UR]�
NáDG�PHWDQX��UHDNFMD����PD�]QDF]HQLH�W\ONR�Z�Z\VRNLHM�WHPSHUDWXU]H�SU]\�QLHGRPLD�
U]H�XWOHQLDF]D���3RZVWDá\�Z�Z\QLNX�UHDNFML��–��URGQLN�PHW\ORZ\�&+ � �UHDJXMH�JáyZQLH��]�URGQLNLHP�WOHQRZ\P�–�UHDNFMD�����

3RZVWDM F\�Z�WHM�UHDNFML�IRUPDOGHK\G�&+ « 2�XWOHQLD�VL �GR�URGQLND�&+2��UHDNFMH�
��–����D�WHQ�]�NROHL��Z�UHDNFML�XWOHQLDQLD�OXE�Z�UHDNFML�UR]NáDGX��WZRU]\�WOHQHN�Z JOD���
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3RGVWDZRZ\�áD FXFK�SU]HPLDQ�PHWDQX�GR�WOHQNX�Z JOD�ZRGRUX�L�ZRG\�MHVW�RSLVD�

Q\�SLHUZV]\PL����UHDNFMDPL���
5HDNFMH�RG�����GR�����RSLVXM �XWOHQLDQLH�ZRGRUX��SURGXNWX�SR UHGQLHJR�XWOHQLDQLD�

PHWDQX��D�UHDNFMH�����L�����–�XWOHQLDQLH�WOHQNX�Z JOD��
7HQ�SURVW\�VFKHPDW��áD FXFK�SU]HPLDQ�$�QD�U\V��������MHVW�NRPSOLNRZDQ\�UHNRP�

ELQDFM � &+ � � –� UHDNFMD� ���� :� VWHFKLRPHWU\F]Q\FK� SáRPLHQLDFK� PHWDQRZ\FK� RNRáR�
����&+ � �UHNRPELQXMH�GR�HWDQX��:�SáRPLHQLDFK�XERJLFK�Z�XWOHQLDF]�LOR ü�UHNRPELQX�
M F\FK�URGQLNyZ�DONLORZ\FK�Z]UDVWD�GR������5HDNFMD�UHNRPELQDFML�URGQLND�PHW\OR�
ZHJR�LQLFMXMH�GUXJL�JáyZQ\�áD FXFK�SU]HPLDQ��áD FXFK�%��U\V����������

3RGVWDZRZ\�SUREOHP�XWOHQLDQLD�PHWDQX�GRW\F]\�ZL F�LGHQW\ILNDFML�JáyZQHM�GURJL�
UHDJRZDQLD� URGQLND� &+ � �� =DUyZQR�Z� SáRPLHQLDFK� ERJDW\FK�� MDN� L� XERJLFK� Z� XWOH�QLDF]��XWOHQLDQLX�PHWDQX�WRZDU]\V]\�XWOHQLDQLH�Z JORZRGRUyZ�Z\ V]\FK��=�UHNRPEL�
nacji rodników CH � � L�& « +  �PRJ �SRZVWDZDü�SURSDQ� L�EXWDQ��:�VWHFKLRPHWU\F]Q\P�
SáRPLHQLX�PHWDQRZ\P�SU]\� FL QLHQLX� DWPRVIHU\F]Q\P� ]� RNRáR� ����& « +  � SRZVWDMH�
& � + ® � L� & ª + ¯ ° �� =DLQLFMRZDQ\� UHDNFM � ���� SURFHV� EXGRZ\� Z JORZRGRUyZ� Z\ V]\FK���
D�QDVW SQLH�LFK�XWOHQLDQLD��MHVW�RSLVDQ\�UHDNFMDPL�RG����GR�����

:�SáRPLHQLX�ERJDW\P�Z�SDOLZR��SU]\�QLHGRPLDU]H�XWOHQLDF]D��GRPLQXM �SURFHV\�
SLUROL]\�XWOHQLDM FHM��D�SR�Z\F]HUSDQLX�VL �XWOHQLDF]D�–�SURFHV\�SLUROL]\��3URFHV\�SLUR�
OL]\�XWOHQLDM FHM�L�SLUROL]\�Z�Z\QLNX�UHDNFML�PL G]\�F] VWHF]NDPL�SDOLZD�L�SURGXNWDPL�
SR UHGQLPL��D�WDN H�Z�Z\QLNX�UHDNFML�PL G]\�VDP\PL�SURGXNWDPL�SR UHGQLPL��SURZD�
G] �GR�UR]ELFLD�MHGQ\FK�Z JORZRGRUyZ�L�SRZVWDZDQLD�QRZ\FK��QLHMHGQRNURWQLH�Z\ �
V]\FK�RG�VXEVWUDWX�ZHM FLRZHJR��áD FXFK�%�L�&�QD�U\V����������

=� UHDNFML�FKDUDNWHU\VW\F]Q\FK�GOD�SURFHVyZ�SLUROL]\�XWOHQLDM FHM� L�SLUROL]\�SU]HG�
VWDZLRQR�W\ONR�F] ü�UHDNFML��FR�áDWZR�VWZLHUG]Lü��SRUyZQXM F�Z\PLHQLRQH�UHDNFMH�]H�
VFKHPDWHP�PHFKDQL]PX� �U\V�� ������� 3R]QDQLH� UHDNFML� SLUROL]\� XWOHQLDM FHM� PD� GX H�
]QDF]HQLH�SUDNW\F]QH��0HWRGD�GZXVWRSQLRZHJR�VSDODQLD� MHVW�MHGQ �]�F] VWR�VWRVRZD�
Q\FK�PHWRG�REQL HQLD�LOR FL�JHQHURZDQ\FK�12± �Z�SDOHQLVNDFK�NRWáRZ\FK���

:�GZXVWRSQLRZ\P�VSDODQLX��Z�SLHUZV]\P�VWRSQLX�VSDODQLH�SDOLZD�SURZDG]L�VL �SU]\�
QLHGRPLDU]H�XWOHQLDF]D��FR�R]QDF]D�� H�GRPLQXM �Z�QLHM�UHDNFMH�SLUROL]\�XWOHQLDM FHM��

3R]RVWDáD�GX D�JUXSD� UHDNFML� �UHDNFMH���–123) to reakcje generacji tlenków azotu �
L�RGG]LDá\ZDQLD�]ZL ]NyZ�D]RWRZ\FK�]�SURGXNWDPL�SR UHGQLPL�XWOHQLDQLD�Z JORZR�
GRUyZ��'R�QDMZD QLHMV]\FK�]�WHM�JUXS\�UHDNFML�QDOH \�]DOLF]\ü�UHDNFMH���–����RSLVXM �
FH�UR]V]HU]RQ\�PHFKDQL]P�JHQHUDFML�WHUPLF]Q\FK�WOHQków azotu.�

2SLVDQLH�]PLDQ�VW H �Z�F]DVLH�SRV]F]HJyOQ\FK�VNáDGQLNyZ�HOHPHQWyZ�SU]\M WH�
JR�V\VWHPX�����UyZQD �FKHPLF]Q\FK�Z\PDJD�UR]ZL ]DQLD�V\VWHPX�UyZQD �Uy QLF]�
NRZ\FK�UyZQDQLD�]DFKRZDQLD�HQHUJLL�RUD]�UyZQD �]DFKRZDQLD�VNáDGQLNyZ�& ² ��

� ( ) ( )7&I7& ³´´
,

, =
τG

G �� �������

]�ZDUXQNDPL�SRF] WNRZ\PL��& ² �τ� ���� �& ² ° ��7�τ� ���� �7 ° ���
JG]LH��& ² ° ��7 ° �–�VW HQLH�L�WHPSHUDWXUD�SRF] WNRZD��
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�:DUWR FL� VWDá\FK� NLQHW\F]Q\FK� �ND GD� UHDNFMD�PR H� VL � FKDUDNWHU\]RZDü� WU]HPD�
VWDá\PL�� VWDá � SU]HGHNVSRQHQFMDOQ � V]\ENR FL� UHDNFML� N ° �� Z\NáDGQLNLHP� SRW JRZ\P�
SU]\�WHPSHUDWXU]H�Q�L�HQHUJL �DNW\ZDFML�(��RUD]�VSHF\ILND�SU]\M WHJR�GR�REOLF]H �PR�
GHOX� UHDNFML�ZSá\ZD�QD�RWU]\PDQH�UR]ZL ]DQLD��:HU\ILNDFMD�SU]\M WHJR�PRGHOX�Z\�
PDJD� EDGD � HNVSHU\PHQtalnych, w których PR QD� SRUyZQDü� UR]NáDG\� VW HQLD� OXE�
RGQLH ü� VL � GR� PDNURVNRSRZ\FK� SDUDPHWUyZ� SURFHVX� VSDODQLD�� WDNLFK� MDN� SU GNR ü�
VSDODQLD�ODPLQDUQHJR�F]\�WHPSHUDWXUD��
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�����1RZH�WHFKQRORJLH�VSDODQLD��EH]SáRPLHQLRZH�VSDODQLH�
%H]SáRPLHQLRZH�VSDODQLH� MHVW�QRZ ��RG�QLHGDZQD� VWRVRZDQ � WHFKQRORJL �XPR OL�

ZLDM F � SRGZ\ V]HQLH� HIHNW\ZQR FL� FLHSOQHM� SURFHVX� VSDODQLD� L� SU]HGH� ZV]\VWNLP�
]PQLHMV]HQLH� HPLVML� WOHQNyZ� D]RWX� L� WOHQNX�Z JOD� >��� ���� ���� ��@�� %H]SáRPLHQLRZH�
VSDODQLH�]QDOD]áR�JáyZQLH�]DVWRVRZDQLH�SU]\�VSDODQLX�JD]X�Z�SDOHQLVNDFK�SU]HP\VáR�
Z\FK��1DOH \�MHGQDN�]D]QDF]\ü�� H�SURZDG]RQH�V �V]HURNR�EDGDQLD�L�F]\QLRQH�V �SUó-
E\� ZGUR HQLD� WHM� WHFKQRORJLL� GOD� SDOLZ� Sá\QQ\FK� L� VWDá\FK� QLH� W\ONR� Z� SDOHQLVNDFK�
SU]HP\VáRZ\FK��DOH�WH �Z�NRWáDFK�RSDODQ\FK�S\áHP�Z JORZ\P��

:� OLWHUDWXU]H� SU]HGPLRWX� WD� WHFKQLND� VSDODQLD� QD]\ZDQD� MHVW� QDMF] FLHM� +7$&�
�+LJK� 7HPSHUDWXUH� $LU� &RPEXVWLRQ��� )/2;� �)ODPHOHVV� 2[LGDWLRQ��� '&7� �'LOXWHG�
&RPEXVWLRQ�7HFKQRORJLHV��L�((&��([FHVV�(QWKDOS\�&RPEXVWLRQ����

5HDOL]DFMD� EH]SáRPLHQLRZHJR� VSDODQLD� Z\PDJD� VSHáQLHQLD� SHZQ\FK warunków 
RGQR QLH� GR� WHPSHUDWXU\� L� VNáDGX� PLHV]DQLQ\� SDOQHM�� D� WDN H� XNV]WDáWRZDQLD� RGSR�
ZLHGQLHM�DHURG\QDPLNL�VWUXPLHQL�SRZLHWU]D��SDOLZD�L�VSDOLQ��1DMZD QLHMV]H�]�QLFK�WR��

•�WHPSHUDWXUD� SRZLHWU]D� GRVWDUF]RQHJR�GR�NRPRU\� VSDODQLD� SRZLQQD�E\ü�Z\ V]D�
RG�WHPSHUDWXU\�]DSáRQX�SDOLZD�����÷�����°C), a w niektórych zastosowaniach PR H�
GRFKRG]Lü�QDZHW�GR������°&��

•��PXVL�E\ü�]DSHZQLRQ\�Z\VRNL�VWRSLH �UHF\UNXODFML�VSDOLQ�Z�REV]DU�PLHV]DQLD�VL �
SDOLZD�]�XWOHQLDF]HP��SU]HG�UR]SRF] FLHP�SURFHVX�VSDODQLD���

•�VSDODQLH�SU]\�QLVNLP�VW HQLX�WOHQX��SRQL HM��÷���REM����
•�usytuowanie dysz paliwa i powietrza w taki sposób��D HE\�PLHV]DQLH�]DFKRG]LáR�

Z�GDOV]HM�F] FL�NRPRU\�VSDODQLD�SR�Z\PLHV]DQLX�]H�VSDOLQDPL��UR]FL JDM F� W\P�VD�
P\P�VWUHI �UHDNFML��U\V���������

:� NRQZHQFMRQDOQ\P� SDOQLNX� SURFHV� LQWHQV\ZQHM� UHDNFML� FKHPLF]QHM� ORNXMH� VL ��
Z�F]ROH�SáRPLHQLD� L�NR F]\� VL � WX � ]D�QLP�� VW G�Z\QLNDM �Z\VRNLH�JUDGLHQW\� VW H ��
L�WHPSHUDWXU\��FR�VSU]\MD�SRZVWDZDQLX�GX \FK�VW H �WOHQNyZ�D]RWX��3U]\�VSDODQLX�]H�
VWRSQLRZDQLHP�SRZLHWU]D�JHQHUXMH�VL �VWUHI �UHGXNF\MQ �]�QLHZLHONLP�VW HQLHP�WOHQX��
3RQDGWR�QLH�Z\VW SXM �Z�QLP�REV]DU\�EDUG]R�Z\VRNLFK�WHPSHUDWXU��MDN�Z�SU]\SDGNX�
VSDODQLD�NRQZHQFMRQDOQHJR���

1DWXUD�EH]SáRPLHQLRZHJR�VSDODQLD�QLH�MHVW�MHV]F]H�GRNáDGQLH�SR]QDQD��6SDODQLH�EH]�
SáRPLHQLRZH�NRQWURORZDQH�MHVW�]DUyZQR�NLQHW\N �FKHPLF]Q ��MDN�L�SURFHVHP�PLHV]DQLD�
VL � SDOLZD� L� XWOHQLDF]D�� 6WRSQLRZ\� GRSá\Z� GR� SDOLZD� XWOHQLDF]D� Z� REHFQR FL� VSDOLQ�
VSU]\MD� UyZQRPLHUQHPX� UR]NáDGRZL� WHPSHUDWXU�� VW\PXOXMH� WH � SURFHV\� SLUROLW\F]QH��
SU]\F]\QLDM F� VL � W\P� VDP\P�GR� UHGXNFML� WOHQNyZ� D]RWX�� 3RGREQH� MHVW� GR� VSDODQLD� ]H�
VWRSQLRZDQLHP�SRZLHWU]D��DOH�]QDF]QLH�EDUG]LHM�HIHNW\ZQH�L�SU]\MD]QH�GOD� URGRZLVND��

*áyZQ\PL�FHFKDPL�FKDUDNWHU\]XM F\PL�EH]SáRPLHQLRZH�VSDODQLH�V ���
•�KRPRJHQL]DFMD�SáRPLHQLD�–�UHDNFMD�VSDODQLD�SU]HELHJD�Z�]QDF]QHM�REM WR FL�NR�

PRU\� VSDODQLD� EH]� ZLGRF]QHJR� F]RáD� SáRPLHQLD�� REVHUZRZDQH� V � Z\UyZQDQH� SROD�
WHPSHUDWXU�L�VW H ��]�Z\M WNLHP�REV]DUX�SRáR RQHJR�Z�SREOL X�SDOQLND��]�QLHZLHONLPL�
LFK�JUDGLHQWDPL�>�����@��U\V����������
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•�]PQLHMV]HQLH�VL �IOXNWXDFML�SáRPLHQLD��VWDELOL]DFMD�SáRPLHQLD��>�@��
•�Z\VRNL�Z\UyZQDQ\� UDGLDF\MQ\� VWUXPLH �FLHSáD����÷����N:�P « �zarówno Z�SR�

EOL X�SDOQLND��MDN�L�NR FX�NRPRU\�VSDODQLD�>��@��
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=�DQDOL]\�SUDF\�SLHFyZ�SU]HP\VáRZ\FK�RSDUW\FK�QD�WHFKQRORJLL�EH]SáRPLHQLRZHJR�

VSDODQLD�Z\QLND�� H�FKDUDNWHU\]XM �VL �RQH���
•�ZL NV] �HIHNW\ZQR FL �FLHSOQ � �RV]F] GQR ü�SDOLZ���÷�����]ZL NV]HQLHP�Z\�

GDMQR FL�SLHFD�GR�����>��@����
•�UyZQRPLHUQ\P�UR]NáDGHP�WHPSHUDWXU\�SLHFD���
•�QLHZLHONLP�VW HQLHP�12± �Z� VSDOLQDFK�GR�NLONXG]LHVL FLX�miligramów na metr 

V]H FLHQQ\��R�U] G�PQLHMV]\P�RG�QDMHIHNW\ZQLHMV]\FK�WHFKQLN�QLVNRHPLV\MQHJR�VSDOD�
QLD�L�R�GZD�U] G\�ZLHONR FL�Z�RGQLHVLHQLX�GR�NRQZHQFMRQDOQHJR�VSDODQLD�>��@���
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-DN�NV]WDáWXM �VL �VW HQLD�WOHQNyZ�D]RWX�SU]\�VSDODQLX�JD]X�Z�SDOQLNX�NRQZHQ�

FMRQDOQ\P��]�]DVWRVRZDQLHP�PHWRG\�UHGXNFML�12± �–�VWRSQLRZDQLX�SRZLHWU]D�L�SU]\�
VSDODQLX�Z�EDUG]R�SRGJU]DQ\P�SRZLHWU]X�SRND]DQR�QD�U\VXQNX�������1DOH \�SRG�
NUH OLü�� H�Z�EH]SáRPLHQLRZ\P�VSDODQLX�REVHUZXMH�VL �QLH� W\ONR�EDUG]R�PDáH�VW �
HQLD�WHUPLF]Q\FK�WOHQNyZ�D]RWX��DOH�WDN H�SRZVWDMH�LFK�PQLHM�]�D]RWX�SDOLZRZHJR�
�U\V���������
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3UDZLGáRZ �RUJDQL]DFM �SURFHVX�VSDODQLD�EH]SáRPLHQLRZHJR�]DSHZQLD�]DVDGQLF]R�
SDOQLN� ]� XNáDGHP� UHNXSHUDFML� FLHSáD�� 3RZV]HFKQLH� ]QDQH� V � NRQVWUXNFMH� SDOQLNyZ�
-$63(5��/1,��5()(0$7��)/2;��3U]HJO G� LFK� NRQVWUXNFML� RUD]� LQVWDODFML� SU]HP\�
VáRZ\FK�SU]HGVWDZLRQR�Z�SUDFDFK�>������@���

6 G]L� VL �� H� XU] G]HQLD� ]� EH]SáRPLHQLRZ\P� VSDODQLHP� E G � VWDQRZLá\� QDVW SQ �
JHQHUDFM � SDOHQLVN� SU]HP\VáRZ\FK��*áyZQH� ]DVWRVRZDQLD� WHFKQRORJLL� EH]SáRPLHQLR�
ZHJR�VSDODQLD�]QDMG �VL �Z�SU]HP\ OH�V]NODUVNLP��FHUDPLF]Q\P��GRVW SQH�MX �V �SDO�
QLNL�R�PRF\����÷����N:���PHWDOXUJLF]Q\P� �GRVW SQH� V �SDOQLNL�R�PRF\��÷��0:���
L� SHWURFKHPLF]Q\P�� 3U]HZLGXMH� VL �� H�PR QD� M � E G]LH� ]DVWRVRZDü zarówno�Z� NR�
WáDFK�RSDODQ\FK�S\áHP�Z JORZ\P��MDN�L�SU]\�VSDODQLX�RGSDGów [������@���

�����3DOQLNL�JD]RZH�
3DOLZR�JD]RZH�VSDOD� VL � ]D�SRPRF � VSHFMDOQ\FK�XU] G]H �– palników gazowych. 

)XQNFMH�WHJR�SDOQLND�V �Uy QH�L�Z\QLNDM �QDMF] FLHM�]�URG]DMX�L�]DNUHVX�MHJR�]DVWRVR�
ZD � WHFKQLF]Q\FK��'R�SRGVWDZRZ\FK�]DOLF]D� VL �� SU]\JRWRZDQLH�Z�RNUH ORQ\P�VWR�
VXQNX�� Z� SDOQLNX� OXE� QD� Z\ORFLH� ]� QLHJR�� PLHV]DQLQ\� SDOQHM� SDOLZD� ]� SRZLHWU]HP��
]DSHZQLHQLH� FL JáHJR� ]DSáRQX�PLHV]DQLQ\� SDOQHM�� FDáNRZLWHJR� L� ]XSHáQHJR� VSDODQLD��
XVWDELOL]RZDQLH�F]RáD�SáRPLHQLD�QD�Z\ORFLH�]�SDOQLND��]DSHZQLHQLH�RNUH ORQHM�DHURG\�
QDPLF]QHM� VWUXNWXU\� SáRPLHQLD�� RGSRZLHGQLH� XNLHUXQNRZDQLH� SáRPLHQLD� Z� NRPRU]H�
VSDODQLD�L�]DEH]SLHF]HQLH�SURMHNWRZDQHM�Z\GDMQR FL�FLHSOQHM�NRPRU\�VSDODQLD��&] VWR�
SDOQLNRP�QDU]XFD�VL �GRGDWNRZH�ZDUXQNL��Z�SRVWDFL�QS��RJUDQLF]HQLD�HPLVML�VXEVWDQFML�
WRNV\F]Q\FK�SRZVWDM F\FK�Z�SURFHVLH� VSDODQLD� OXE�]DSHZQLHQLH�RNUH ORQHM�FKDUDNWH�
U\VW\NL�SURPLHQLRZDQLD�SáRPLHQLD��

'X D�Uy QRURGQR ü�NRQVWUXNFML�JD]RZ\FK�SDOQLNyZ�SU]\F]\QLáD�VL �GR�SRZVWDQLD�
Uy Q\FK�NODV\ILNDFML��Z\Uy QLDM F\FK�VSRVyE�G]LDáDQLD�OXE�FHFK\�NRQVWUXNF\MQH�SDOQL�
NyZ��1DMF] FLHM�VWRVRZDQD�NODV\ILNDFMD��RSLVXM FD�SDOQLNL�ZHGáXJ�VSRVREX�G]LDáDQLD��
G]LHOL�SDOQLNL�QD��

•�SDOQLNL�]HZQ WU]QHJR�PLHV]DQLD�� W]Z��G\IX]\MQH��Z�SDOQLNDFK� W\FK�SDOLZR� L�SR�
ZLHWU]H� V � SRGDZDQH� RGG]LHOQLH�� D�PLHV]DQLH� QDVW SXMH� GRSLHUR�Z� G\V]\�Z\ORWRZHM�
SDOQLND�OXE�Z�NRPRU]H�VSDODQLD�QD�Z\ORFLH�]�G\V]\�SDOQLND��

•�SDOQLNL�ZVW SQLH�]PLHV]DQ\FK�JD]yZ��W]Z��NLQHW\F]QH��Z�SDOQLNDFK�W\FK�]DSHZ�
QLRQH�]RVWDMH�]PLHV]DQLH�SDOLZD�]�RGSRZLHGQL �LOR FL �SRZLHWU]D��L�WDN�SU]\JRWRZDQD�
PLHV]DQLQD� MHVW� SRGDZDQD� GR� NRPRU\� VSDODQLD� ]� SU GNR FL � ]DSRELHJDM F � SU]HVNR�
NRZL�SáRPLHQLD��

•�SDOQLNL� NLQHW\F]QR�G\IX]\MQH� WR� SDOQLNL� ]� QLHSHáQ\P� ZVW SQ\P� PLHV]DQLHP���
Z� NWyU\P� JD]�PLHV]D� VL � ]� F] FL � SRZLHWU]D� NRQLHF]QHJR� GR� VSDODQLD� SU]HG� G\V] �
Z\ORWRZ �SDOQLND��D�SR]RVWDáD�F] ü�SRZLHWU]D�MHVW�SRGDZDQD�RGG]LHOQLH�L�PLHV]D�VL �
]H�ZVW SQLH�SU]\JRWRZDQ �PLHV]DQLQ �SDOLZD�RUD]�SRZLHWU]D�Z�NRPRU]H�VSDODQLD�QD�
Z\ORFLH�]�SDOQLND��

Schematy omówionych palników przedstawiono na rysunku 3.29.�
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Rys. 3.29. Schematy palników: A –
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.ODV\ILNDFMD�SDOQLNyZ�Z\Uy QLDM FD�LFK�FHFK �NRQVWUXNF\MQ �G]LHOL�SDOQLNL��ZHGáXJ��

31����0�������QD���
•�SDOQLN�JD]RZ\�LQ HNWRURZ\��DWPRVIHU\F]Q\��WR�SDOQLN�]H�ZVW SQ\P�]PLHV]DQLHP�

SDOLZD� L� SRZLHWU]D�� NWyUH� MHVW� ]DV\VDQH� SU]H]� JD]� Z\Sá\ZDM F\� ]� G\V]\� SDOLZRZHM�
SDOQLND��U\V���������

•�palnik gazowy nadmuchowy, w któryP�SRZLHWU]H�MHVW�SRGDZDQH�SU]H]�XU] G]H�
QLH� QDGPXFKRZH�� ]� SHáQ\P� L� QLHSHáQ\P�ZVW SQ\P�PLHV]DQLHP�RUD]� EH]�ZVW SQHJR�
]PLHV]DQLD�SDOLZD�L�XWOHQLDF]D��

3U]\NáDG�QDGPXFKRZHJR�ZLURZHJR�SDOQLND�SRND]DQR�QD�U\VXQNX�������
,QQD�NODV\ILNDFMD�SDOQLNyZ��Z\QLNDM FD�]�LFK�NRQVWUXNFML��D�GRW\F] FD�VSRVREX�RU�

JDQL]DFML�SU]HSá\ZX�VWUXPLHQL�SDOLZD�L�XWOHQLDF]D�QD�Z\ORFLH�]�SDOQLND��REHMPXMH�SDO�
QLNL�ZLURZH�L�R�SU]HSá\ZLH�QLH]DZLURZDQ\P��

:� SDOQLNDFK� ZLURZ\FK� QDMF] FLHM� ]DZLURZDQLX� SRGGDMH� VL � VWUXPLH � SRZLHWU]D�
SLHUZRWQHJR��U\V���������U]DG]LHM�RED�VWUXPLHQLH�SDOLZD�L�XWOHQLDF]D��D�W\ONR�Z�VSHFMDO�
Q\FK�]DVWRVRZDQLDFK�MHG\QLH�VWUXPLH �SDOLZD��

,VWQLHMH� MHV]F]H�FDáD�JUXSD�SDOQLNyZ�R�VSHFMDOQ\P�SU]H]QDF]HQLX��QD�SU]\NáDG�GR�
VSDZDQLD�SRG�ZRG ��GRSDODQLD�JD]RZ\FK�RGSDGyZ�SU]HP\VáRZ\FK��U\V��������LWS��
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Rys. 3.32. Palnik do dopalania gazów odpad
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