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The thyroid gland represents one of the endocrine glands. 

Despite the relatively small size of the gland, it plays an es- 

sential role in controlling the regulation of metabolism and in- 

dividual cells’ growth using hormones. The main component 

of the hormones is iodine. The gland consists of follicles that 

are the organ’s structural elements, in which the synthesized 

thyroid hormone accumulates in a state associated with pro- 

tein. To construct a model in which the rate of iodine metabo- 

lism is set in dependence on the concentration of substances 

in the colloid. To investigate the change in the size of the 

follicle and the entire thyroid gland from the concentration of 

iodine using a mathematical model. The entire thyroid glands 

work is considered a mega-system, consisting of individual 

follicles having different volumes. The mathematical model 

represents a boundary value problem for a system of nonlin- 

ear differential equations for concentrations of substances in 

the follicle. The dynamics of changes in the size of both an 

individual follicle and the system as a whole is considered 

under various initial and external conditions. The degree of 

influence of follicle volume on the level of iodine in the fol- 

licle as well as on the production of the thyroid hormone is 

assessed. The thyroid gland’s work is studied, and a math- 

ematical model of the thyroid gland is constructed, which 

considers the thyroid gland as a mega-system consisting of 

a certain number of follicles. According to the results of stud- 

ies, this approach allows more accurate tracking of changes 

occurring with a single follicle and, consequently, the work of 

the entire organ. If the thyroid gland is healthy, the follicle size 

distribution is lognormal. 

Key Words: Thyroid gland, Follicle, Mathematical model, 

Thyroid hormone, System of ordinary differential equations. 

La glándula tiroides representa una de las glándulas endocri- 

nas. A pesar del tamaño relativamente pequeño de la glán- 

dula, juega un papel importante en el control de la regula- 

ción del metabolismo y el crecimiento de células individuales 

usando hormonas. El componente principal de las hormonas 

es el yodo. La glándula está formada por folículos que son 

los elementos estructurales del órgano, en los que la hor- 

mona tiroidea sintetizada se acumula en un estado asociado 

a las proteínas. Construir un modelo en el que la tasa de 

metabolismo del yodo se establezca en función de la con- 

centración de sustancias en el coloide. Investigar el cambio 

en el tamaño del folículo y de toda la glándula tiroides a partir 

de la concentración de yodo utilizando un modelo matemá- 

tico. El trabajo de toda la glándula tiroides se considera un 

mega-sistema, que consiste en folículos individuales que tie- 

nen diferentes volúmenes. El modelo matemático representa 

un problema de valor límite para un sistema de ecuaciones 

diferenciales no lineales para concentraciones de sustancias 

en el folículo. La dinámica de los cambios en el tamaño de un 

folículo individual y del sistema en su conjunto se considera 

bajo diversas condiciones iniciales y externas. Se evalúa el 

grado de influencia del volumen del folículo en el nivel de 

yodo en el folículo, así como en la producción de la hormo- 

na tiroidea. Se estudia el trabajo de la glándula tiroides y se 

construye un modelo matemático de la glándula tiroides, que 

considera a la glándula tiroides como un mega-sistema for- 

mado por una determinada cantidad de folículos. Según los 

resultados de los estudios, este enfoque permite un segui- 

miento más preciso de los cambios que ocurren con un solo 

folículo y, como consecuencia, el trabajo de todo el órgano. 

Si la glándula tiroides está sana, la distribución del tamaño 

del folículo es logarítmica normal. 

Palabras clave: glándula tiroides, folículo, modelo matemá- 

tico, hormona tiroidea, sistema de ecuaciones diferenciales 

ordinarias. 
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Introduction

7KH�WK\URLG�JODQG�SOD\V�D�YLWDO�UROH�LQ�WKH�ERG\�RI�YHUWHEUDWHV��
,W�SHUIRUPV�WKH�IXQFWLRQV�RI�VWRULQJ�LRGLQH�DQG�SURGXFLQJ�LR-
GLQH�FRQWDLQLQJ�KRUPRQHV� LQYROYHG� LQ� WKH� UHJXODWLRQ�RI�PH-
WDEROLVP�

$FFRUGLQJ�WR�WKH�0LQLVWU\�RI�+HDOWKFDUH�RI�WKH�5XVVLDQ�)HGHU-
DWLRQ��WKH�QXPEHU�RI�SHRSOH�GLDJQRVHG�ZLWK�GLVHDVHV�DVVRFL-
DWHG�ZLWK�WKH�WK\URLG�JODQG�LQFUHDVHG�E\�����RYHU�WKH�SHULRG�
IURP������WR�������QDPHO\�IURP��������WR��������FDVHV�SHU�
RQH�KXQGUHG�WKRXVDQG�SHRSOH1,2��6R�IDU��WKH�QXPEHU�FRQWLQ-
ues to grow.

2QH�RI�WKH�FDXVHV�RI�WK\URLG�DEQRUPDOLWLHV�LV�D�GHÀFLW�RU�H[-
FHVV�RI�LRGLQH��(YHQ�VPDOO�ÁXFWXDWLRQV�LQ�WKH�LRGLQH�FRQWHQW�
FDQ�OHDG�WR�GLVHDVHV�RI�WKH�WK\URLG�JODQG�EHFDXVH�PHWDEROLF�
SURFHVVHV� DUH� GLVUXSWHG�� OHDGLQJ� WR� PDOIXQFWLRQLQJ� RI� WKH�
ZKROH� RUJDQLVP� ZLWK� WKH� LQFOXVLRQ� RI� PHWDEROLVP�� ,Q� FDVH�
RI�VHULRXV�GHYLDWLRQV��WKH�ERG\·V�PHWDEROLVP�LV�GLVWXUEHG�VR�
PXFK� WKDW� WKH� ERG\� WHPSHUDWXUH� LV� LQVXIÀFLHQWO\� UHJXODWHG��
WKHUHIRUH�� LQVXIÀFLHQW� KHPDWRSRLHVLV� WDNHV� SODFH�� LQ� ZKLFK�
anemia can occur.

0DWKHPDWLFDO�PRGHOV�VLPXODWH�WKH�WK\URLG�JODQG·V�ZRUN��LGHQ-
WLI\LQJ� WKH� FDXVHV� RI� DEQRUPDOLWLHV� LQ� LWV� ZRUN��PHWKRGV� RI�
WUHDWLQJ�IRU�WKH�GLVHDVH�RU�DOOHYLDWLQJ�LWV�V\PSWRPV�

$W�SUHVHQW��PDQ\�PDWKHPDWLFDO�PRGHOV�RI� WKH�WK\URLG�JODQG�
DUH�NQRZQ��+RZHYHU��LQ�PRVW�FDVHV��WKH�PRGHOV�FRQVLGHU�WKH�
WK\URLG�JODQG�DV�D�ZKROH3��6RPH�RI�WKH�PRGHO·V�VWXG\�FKDQJ-
HV�WDNLQJ�SODFH�LQ�WKH�RUJDQ�XQGHU�WKH�LQÁXHQFH�RI�DQ\�GLV-
ease4, including cancer�. In addition, some works reproduce 
WKH�LQWHUDFWLRQ�RI�WKH�WK\URLG�JODQG�ZLWK�WKH�SLWXLWDU\�JODQG�RU�
ZLWK�RWKHU�RUJDQV6.

$� OHVV�SRSXODU� DSSURDFK� OLHV� LQ�PRGHOLQJ� WKH� WK\URLG� JODQG�
DW� WKH�FHOOXODU� OHYHO��2QH�RI� WKH�H[DPSOHV�RI�VXFK�ZRUNV� LV�
a model presented in 7��7KLV�SDSHU�GLVFXVVHV�WKH�EDVH�ELR-
FKHPLFDO�UHDFWLRQV��VXFK�DV�LRGLQH�HQWU\�LQWR�WKH�IROOLFOH��WK\-
URJOREXOLQ�SURWHLQ�V\QWKHVLV��DV�ZHOO�DV�KRUPRQH�SURGXFWLRQ�

7KH�SUHVHQW�SDSHU�GHDOV�ZLWK�D�SRLQW�VLQJOH�FKDPEHU�PDWK-
HPDWLFDO�PRGHO�RI�WKH�WK\URLG�IROOLFOH��7KH�IROOLFOH�PRGHO�LV�UHS-
UHVHQWHG�E\�RQH�FKDPEHU���WKH�XQLRQ�RI�WKH�FROORLG�DQG�WK\UR-
F\WHV��,Q�WKH�SURSRVHG�PRGHO��WKH�UDWH�RI�LRGLQH�H[FKDQJH�GH-
SHQGV�RQ�WKH�VL]H�RI�WKH�IROOLFOH��,Q�WXUQ��WKH�YROXPH�RI�FROORLG�
LQ� WKH� IROOLFOH�GHSHQGV�RQ�WKH�FRQFHQWUDWLRQ�RI� WK\URJOREXOLQ�
and iodine.

7KH� SXUSRVH� RI� WKH� ZRUN� LV� WR� FRQVWUXFW� D�PRGHO� LQ� ZKLFK�
WKH� UDWH� RI� LRGLQH�PHWDEROLVP� LV� VHW� LQ� GHSHQGHQFH� RQ� WKH�
FRQFHQWUDWLRQ�RI�VXEVWDQFHV�LQ�WKH�FROORLG��7KH�PDWKHPDWLFDO�
PRGHO�UHSUHVHQWV�D�ERXQGDU\�YDOXH�SUREOHP�IRU�D�V\VWHP�RI�
QRQOLQHDU�GLIIHUHQWLDO�HTXDWLRQV�IRU�WKH�FRQFHQWUDWLRQV�RI�VXE-
VWDQFHV�LQ�WKH�IROOLFOH�

Methods

7KH�ZKROH� WK\URLG�JODQG�VWXG\� LV� UHJDUGHG�DV�D�PHJD�V\V-
WHP��FRQWDLQLQJ� LQGLYLGXDO� IROOLFOHV�KDYLQJ�GLIIHUHQW�YROXPHV��
:H�XWLOL]HG�D�PDWKHPDWLFDO�PHWKRG��ZKLFK� GHPRQVWUDWHV� D�
ERXQGDU\�YDOXH�SUREOHP�IRU�D�V\VWHP�RI�QRQOLQHDU�GLIIHUHQWLDO�
HTXDWLRQV�IRU�FRQFHQWUDWLRQV�RI�VXEVWDQFHV�LQ�WKH�IROOLFOH�

5HVXOWV�DQG�'LVFXVVLRQ

Forms and Sizes of Thyroid Follicles

7KH� WK\URLG� JODQG� LV� RQH�RI� WKH� RUJDQV� LQFOXGHG� LQ� WKH� HQ-
GRFULQH�JODQG� V\VWHP��7KH\� FRQVWLWXWH�D�XQLÀHG� V\VWHP� IRU�
PRQLWRULQJ� WKH� DFWLYLWLHV� RI� LQWHUQDO� RUJDQV�� 7KH� KRUPRQHV�
UHOHDVHG� E\� WKHP� HQWHU� GLUHFWO\� LQWR� WKH� EORRGVWUHDP�� DV�
ZHOO�DV�LQWR�WKH�WLVVXH�ÁXLG��7KH�WK\URLG�JODQG�LWVHOI�SHUIRUPV�
WKH�IXQFWLRQ�RI�SURGXFLQJ�WK\URLG��L�H���LRGLQH�FRQWDLQLQJ�KRU-
PRQHV�LQYROYHG�LQ�PHWDEROLVP�UHJXODWLRQ��7KH�RUJDQ�YLVXDOO\�
UHVHPEOHV�D�EXWWHUÁ\�DQG�LV�ORFDWHG�LQ�WKH�IURQW�RI�WKH�QHFN��
,W�FRQVLVWV�RI�WZR�OREHV��ULJKW�DQG�OHIW��RI�WKH�FRQQHFWLQJ�LVWK-
PXV�DQG�LQ�VRPH�FDVHV�KDV�D�S\UDPLGDO�OREH�H[WHQGLQJ�XS-
ward8-10��7KH�VL]H�RI�WKH�JODQG�UHODWLYH�WR�ERG\�ZHLJKW�LV�WLQ\�LQ�
DOO�DQLPDOV�DQG�LV�DERXW�������RI�WKH�ERG\ZHLJKW�11.

7KH� PDLQ� VWUXFWXUDO� DQG� IXQFWLRQDO� HOHPHQW� RI� WKH� WK\URLG�
JODQG�LV�WKH�IROOLFOH�10��)ROOLFOHV�DUH�YHVLFOHV��PRVW�RIWHQ�URXQG�
RU�RYDO�LQ�VKDSH��ÀOOHG�ZLWK�FROORLG��SURWHLQ�LRGLQH�FRQWDLQLQJ�
VXEVWDQFH��� 7KH� IROOLFOH� FRQVLVWV� RI� DQ� RXWHU� PRQROD\HU� RI�
IROOLFXODU�FHOOV�WKDW�VXUURXQG�WKH�LQQHU�QXFOHXV�DQG�D�FROORLG��
ZKLFK�LV�WKH�VWRUDJH�UHVHUYRLU�RI�WK\URLG�KRUPRQHV��7KH�FRO-
ORLG� VWRUHG� LQ� WKH� OXPHQ� LV�D� FOHDU�� YLVFRXV� OLTXLG�� ,W� LV�SUR-
GXFHG�E\�WKH�HSLWKHOLXP�RI�WKH�IROOLFOH�DQG�FRQWDLQV�KRUPRQHV�
SURGXFHG�E\�WKH�WK\URLG�JODQG�

Figure 1. Thyroid gland
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7KH�VL]H�RI�DQ�LQGLYLGXDO�IROOLFOH�YDULHV�LQ�D�TXLWH�ZLGH�UDQJH��
7KH�KHLJKW� RI� LQGLYLGXDO� IROOLFXODU� FHOOV� UDQJHV� IURP��� WR����
ѥP��DQG�WKH�GLDPHWHU�RI�WKH�HQWLUH�IROOLFOH�LV�IURP����WR�����
ѥP��7KH�VL]H�RI�IROOLFOHV�DQG�WKH�KHLJKW�RI�WKHLU�FHOOV�YDU\�GH-
SHQGLQJ�RQ�WKH�IXQFWLRQDO�VWDWH�RI�WKH�JODQG12.

7KH�VKDSH�RI�WKH�WK\URLG�IROOLFOH�LV�TXLWH�YDULDEOH��EXW�EDVLFDOO\��
LW� KDV� WKUHH�PDLQ� W\SHV�� QDPHO\� DQJXODU�� URXQG� DQG� RYDO12. 
0RVW� DQJXODU� IROOLFOHV� DUH� DOPRQG�VKDSHG� RU� KHDUW�VKDSHG��
DQG�ZKHQ�YLHZHG�IURP�WKH�HGJH�RU�LQ�SURÀOH��WKH\�DUH�TXLWH�
VOHQGHU�� )ROOLFOHV� RI� EL]DUUH� VKDSH� DUH� RFFDVLRQDOO\� IRXQG��
,Q� VRPH�RI� WKHVH� IROOLFOHV�� WKH� LUUHJXODULWLHV� FRQVLVW� RI� GHHS�
FOHIWV��DQG�LQ�PDQ\�FDVHV�� LQYROYH�D�VPDOO�DUWHU\��7KHUH�DUH�
DOVR� ODUJH�GLYHUWLFXOD�SURWUXGLQJ� IURP�WKH� IROOLFOH�ZDOO��ZKLFK�
DUH�IRUPHG�ZKHQ�WKH�IROOLFOH�FDYLW\�HQODUJHV�IRU� WKH�SDVVLYH�
SODFHPHQW� RI� WKH� JURZLQJ� DPRXQW� RI� FROORLG� LQVLGH12. How-
HYHU��PRVW�RIWHQ��UHVHDUFKHUV�PDNH�DQ�DVVXPSWLRQ�WKDW� WKH�
IROOLFOHV�DUH�VSKHULFDO�

7KH�VL]H�RI�WKH�WK\URLG�JODQG·V�IROOLFOHV�LQ�PDPPDOV�DSSUR[L-
PDWHO\�FRUUHVSRQGV�WR�WKH�VL]H�RI�DQLPDOV�DQG�LV�WKH�ODUJHVW�
LQ�KXPDQV��1RWH�WKDW�WKH�DYHUDJH�VL]H�RI�IROOLFOHV�LQFUHDVHV�
LQ�WKH�RUGHU��PRXVH���������P��UDW13��FDW��JXLQHD�SLJ��UDEELW��
VKHHS��GRQNH\��JRDW��DQG�GRJ��������P12��7KHQ�D�VKDUS�MXPS�
LQ�VL]H�XS�WR����������P�RFFXUV�IRU�FDWWOH14, pigs, camels, and 
KXPDQV�

:LWK� D� IHZ� H[FHSWLRQV�� IROOLFOH� VL]H� WHQGV� WR� LQFUHDVH� ZLWK�
ERG\� VL]H�� ZKLOH� WKH� SHUFHQWDJH� RI� HSLWKHOLXP� GHFUHDVHV��
0DQ\�UHVHDUFKHUV�KDYH�QRWHG�D�GHFUHDVH�LQ�WKH�VL]H�RI�IRO-
OLFOHV�IURP�WKH�SHULSKHU\�WR�WKH�FHQWHU��7KLV�KDV�EHHQ�QRWHG�LQ�
murine deer����KDPVWHU16��DQG�PDQ\�RWKHU�DQLPDOV12. 

7KH� WK\URLG�JODQG�FRQVLVWV�RI�D� ODUJH�QXPEHU�RI� IROOLFOHV�RI�
YDULRXV� VL]HV�� 7KH� QXPEHU� RI� IROOLFOHV� LQ� PDPPDOV� YDULHV�
ZLWKLQ� D� ZLGH� UDQJH� IURP� IRUW\� WKRXVDQG� LQ� UDWV13� WR� DERXW�
WKUHH�PLOOLRQ�LQ�KXPDQV17.

7KXV��WKH�IROOLFOHV�IRU�PRVW�PDPPDOV�KDYH�WKH�VDPH�VKDSH��
+RZHYHU�� WKH� IROOLFOHV·�VL]H�FDQ�YDU\�VLJQLÀFDQWO\�GHSHQGLQJ�
RQ� WKH� VL]H�RI� WKH�PDPPDO� LWVHOI��7KHUH�DUH�DOVR� VPDOO� GLI-
IHUHQFHV�E\�JHQGHU�DQG�DJH18��7KH�VL]HV�RI�QRUPDO� IROOLFOHV�
FRUUHVSRQG�WR�D�ORJQRUPDO�GLVWULEXWLRQ19:

(1)

1RWH� WKDW� LQ20�� IRU� WKH�VL]HV�RI� UDW� IROOLFOHV��GLVWULEXWLRQ����� LV�
REWDLQHG�ZLWK�SDUDPHWHUV�ѥ = 3.78 and ѫ�  ������� IRU� FHQ-
WUDO�IROOLFOHV��DQG�ZLWK�SDUDPHWHUV�ѥ = 3.96 and ѫ� ������IRU�
SHULSKHUDO� IROOLFOHV��0RUHRYHU�� WKH� UDWLR�RI�FHQWUDO� IROOLFOHV� WR�
SHULSKHUDO� IROOLFOHV�UDQJHV� IURP�����WR������+RZHYHU�� LQ�D�
QXPEHU�RI�SDWKRORJLHV��WKH�GLVWULEXWLRQ�RI�IROOLFOH�VL]HV�FDQ�EH�
DSSUR[LPDWHG�E\�VRPH�RWKHU�GLVWULEXWLRQ�IXQFWLRQV20.

Mathematical Model of the Single Follicle

7KH�IROOLFOH�LWVHOI�LV�FRQVLGHUHG�DV�D�VLQJOH�FKDPEHU�LQ�ZKLFK�
WKH� FROORLG� DQG� WK\URF\WHV� DUH� FRPELQHG�� +RZHYHU�� DOO� WKH�
PDLQ�SURFHVVHV� WKDW�PXVW�RFFXU� LQ� WKH� IROOLFOH�� VXFK�DV� WKH�
LQWDNH�RI�DFWLYH�LRGLQH��WKH�DGGLWLRQ�RI�LRGLQH�WR�WK\URJOREXOLQ��
WKH�IRUPDWLRQ�RI�WKH�KRUPRQH��DQG�WKH�UHOHDVH�RI�WKH�KRUPRQH�
WKURXJK�WKH�FKDPEHU�ZDOO�DUH�LQFOXGHG�LQ�WKH�PRGHO��

Following21��LQVWHDG�RI�WKH�DUHD��ZH�FRQVLGHU�WKH�H[SUHVVLRQ�
(њ'���ћ���ZKHUH�њ� ���������ћ = 3.138, and D� LV�WKH�IROOLFOH�
size.

7KH�SHQHWUDWLRQ�UDWH�GHSHQGV�RQ�WKH�FRQFHQWUDWLRQ�RI�LRGLQH�
LQ�WKH�EORRG�Y�DQG�WKH�GLIIHUHQFH�EHWZHHQ�WKH�FRQFHQWUDWLRQ�
RI� LRGLQH� LQ� WKH� IROOLFOH� � DQG� WKH� QRUPDO� FRQFHQWUDWLRQ�

��$�V\VWHP�RI�RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQV�GHVFULEHV�WKH�
SURFHVV�RI�IRUPDWLRQ�RI�WKH�KRUPRQH�LQ�DFFRUGDQFH�ZLWK�7�E\�
FRPSOLFDWLQJ�WKH�RULJLQDO�V\VWHP22:

(2)

(3)

(4)

(5)

ZKHUH�

�LV�WKH�FRQFHQWUDWLRQ�RI�LRGLQH�LQ�WKH�IROOLFOH�

�LV�WKH�FRQFHQWUDWLRQ�RI�LRGL]HG�WK\URLG�KRUPRQH�

�LV�WKH�FRQFHQWUDWLRQ�RI�XQERXQG�WK\URLG�KRUPRQH�

�LV�WKH�FRQFHQWUDWLRQ�RI�KRUPRQH� ;

, , , � DUH� V\VWHP� SDUDPHWHUV� WKDW� FKDUDFWHUL]H� WKH�
UDWHV�RI�LQGLYLGXDO�UHDFWLRQV��

�LV�IROOLFOH�PHPEUDQH�SHUPHDELOLW\��

�LV�D�SDUDPHWHU�FKDUDFWHUL]LQJ�WKH�UDWH�RI�FKHPLFDO�UHDFWLRQV

(TXDWLRQ�����GHVFULEHV�WKH�UDWH�RI�LRGLQH�HQWU\�LQWR�WKH�IROOLFOH�
�ÀUVW�WHUP��DQG�WKH�UDWH�RI�LRGLQH�GHFUHDVH�GXH�WR�LWV�ELQGLQJ�
WR�WK\URJOREXOLQ��VHFRQG�WHUP��

(TXDWLRQ�����GHVFULEHV�WKH�UDWH�RI�FKDQJH�LQ�WKH�FRQWHQW�RI�LR-
GLQH�ERXQG�WK\URJOREXOLQ��ZKLFK�GHSHQGV�RQ�WKH�UDWH�RI�ELQG-

Figure 2. Thyroid gland follicle 4
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LQJ�RI�WK\URJOREXOLQ�WR�LRGLQH�DQG�RQ�WKH�UDWH�RI�IRUPDWLRQ�RI�
WKH�KRUPRQH� .

(TXDWLRQ� ���� FKDUDFWHUL]HV� WKH� UDWH� RI� FKDQJH� RI� IUHH� WK\-
URJOREXOLQ��7KH�ÀUVW� WHUP�GHVFULEHV� WKH� UDWH�RI� IRUPDWLRQ�RI�
IUHH�WK\URJOREXOLQ�E\�WK\URF\WHV��7KH�UDWH�RI�IRUPDWLRQ�LV�DI-
IHFWHG�E\�WK\URWURSLQ��D�KRUPRQH�SURGXFHG�E\�WKH�DGHQRK\-
SRSK\VLV��7KH�DPRXQW�RI�WK\URWURSLQ��LQ�WXUQ��GHFUHDVHV�ZLWK�
DQ�LQFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI�LRGLQH�LQ�WKH�EORRG�v is a 
SDUW�RI�� ��WHUP��'XH�WR�WKH�VWUXFWXUH�RI�WKH�GLIIHUHQWLDO�
HTXDWLRQ� �%HUQRXOOL�HTXDWLRQ�10�� WKH�PD[LPXP�SRVVLEOH�FRQ-
FHQWUDWLRQ�RI�WK\URJOREXOLQ�LV�WKH�YDOXH�RI�H��DQG�WKH�PLQLPXP�
concentration is zero.

(TXDWLRQ�����GHVFULEHV�WKH�UDWH�RI�IRUPDWLRQ�RI�WKH�KRUPRQH�
�DQG�LWV�UHOHDVH�LQWR�WKH�EORRGVWUHDP�

7KH�FROORLG�FRQWDLQV�WK\URJOREXOLQ��LRGLQH�DQG�RWKHU�SURWHLQV��
7KXV��WKH�GLDPHWHU�RI�DQ�LQGLYLGXDO�IROOLFOH�ZLOO�YDU\�EDVHG�RQ�
VWLPXODWLQJ�WK\URLG�KRUPRQHV�DQG�LRGLQH�FRQFHQWUDWLRQV�

(6)

Here �DUH�FRHIÀFLHQWV�RI�SURSRUWLRQDOLW\�EHWZHHQ�WKH�VL]H�RI�
WKH�IROOLFOH�DQG�WKH�i�WK�VXEVWDQFH�

Summary
:H�FRQVLGHU�WKH�ZRUN�RI�WKH�WK\URLG�JODQG�DV�D�V\VWHP�FRQ-
taining N�FHQWUDO� IROOLFOHV��:H�DVVXPH�WKDW� IROOLFOH�VL]HV�DUH�
GLVWULEXWHG�DFFRUGLQJ�WR�WKH�ORJQRUPDO�ODZ������7KH�YDOXHV�IRU�
WKH�IROOLFOH�VL]HV�DUH�JHQHUDWHG�XVLQJ�WKH�lognormal_distribu-
tion�EXLOW�LQ�&���IXQFWLRQ�

1H[W�� ZH� VHW� WKH� WRWDO� FRQFHQWUDWLRQ� RI� LRGLQH� LQ� WKH� EORRG�
��ZKHUH� �DUH�FRQFHQWUDWLRQV�RI� LRGLQH� UH-

FHLYHG�E\�WKH�i�WK�IROOLFOH��7KH�FRQFHQWUDWLRQV�RI�LRGLQH�DUH�GLV-
WULEXWHG�HYHQO\�EHWZHHQ�DOO�IROOLFOHV��,Q�RWKHU�ZRUGV��  takes 
on V/N values.

7KH�ÀUVW�VWHS�LQ�VROYLQJ�WKH�DERYH�V\VWHP�RI�RUGLQDU\�GLIIHUHQ-
WLDO�HTXDWLRQV���������LV�WR�GHWHUPLQH�WKH�LQLWLDO�FRQFHQWUDWLRQV�
RI� DOO� VXEVWDQFHV�� 7KH� LQLWLDO� FRQFHQWUDWLRQV� RI� VXEVWDQFHV�
are selected according to �: ,  
and ��DQG�LQ�WKH�SUHVHQW�ZRUN�WKH�FRQFHQWUDWLRQV�GH-
SHQG�RQ�WKH�GLDPHWHU�RI�WKH�i�WK�IROOLFOH��7KH�VWDUWLQJ�GLDPHWHU�

LV�JHQHUDWHG�DFFRUGLQJ�WR�WKH�ORJQRUPDO�ODZ�E\�IRUPXOD������
WKH�VWDUWLQJ�GLDPHWHU�GLVWULEXWLRQ�LV�VKRZQ�LQ�)LJXUH����

/HW�XV�FRQVLGHU�FDVHV�RI�LRGLQH�H[FHVV�DQG�GHÀFLW�WR�HVWLPDWH�
WKH�JHQHUDO�G\QDPLFV�RI�IROOLFOH�GLDPHWHUV��$W�WKH�XQLIRUP�GLV-
WULEXWLRQ�RI�LRGLQH�DW�HDFK�LWHUDWLRQ�RQ�DOO�IROOLFOHV�HTXDO�WR�  
 ������� WKH� IROOLFOHV·�VL]HV� WHQG� WR�GHFUHDVH�ZKLFK�VSHFLÀHV�
H[FHVV�RI�LRGLQH��

)LJXUHV���DQG���LOOXVWUDWH�FKDQJHV�LQ�RYHUDOO�GLDPHWHU�G\QDP-
ics during twenty days.

:LWK�LRGLQH�GHÀFLW��WKH�GLDPHWHUV�JUDGXDOO\�LQFUHDVH�LQ�VL]H��
VLQFH� WKH� IROOLFOHV� DFFXPXODWH� WK\URLG� KRUPRQHV� LQ� WKHP-
VHOYHV��ZLWKRXW�UHOHDVLQJ�WKHP�LQWR�WKH�EORRG�

Conclusion

,Q�WKLV�SDSHU��WKH�WK\URLG�JODQG·V�ZRUN�LV�VWXGLHG��DQG�D�PDWK-
HPDWLFDO�PRGHO�RI�WKH�WK\URLG�JODQG�LV�FRQVWUXFWHG��ZKLFK�FRQ-
VLGHUV� WKH� WK\URLG� JODQG� DV� D�PHJD�V\VWHP� FRQVLVWLQJ� RI� D�
FHUWDLQ�QXPEHU�RI�IROOLFOHV��$FFRUGLQJ�WR�WKH�UHVXOWV�RI�VWXGLHV��
WKLV�DSSURDFK�DOORZV�PRUH�DFFXUDWH�WUDFNLQJ�RI�FKDQJHV�RF-
FXUULQJ�ZLWK�D�VLQJOH�IROOLFOH�DQG��DV�D�FRQVHTXHQFH��WKH�ZRUN�
RI�WKH�HQWLUH�RUJDQ�

,I� WKH�WK\URLG�JODQG� LV�KHDOWK\�� WKH�IROOLFOH�VL]H�GLVWULEXWLRQ� LV�
ORJQRUPDO�� 7KLV� GLVWULEXWLRQ� LV� UHSURGXFHG� ZLWK� WKH� KHOS� RI�
EXLOW�LQ�IXQFWLRQV�IRU�JHQHUDWLQJ�YDOXHV��

7KH�PRGHO�LWVHOI�LV�WKH�V\VWHP�RI�QRQOLQHDU�GLIIHUHQWLDO�HTXD-
WLRQV��ZKLFK�LV�VROYHG�E\�WKH�(XOHU�PHWKRG��7KH�VL]H�GLVWULEX-

Figure 3. Start diameter

Figure 4. Iodine express

)LJXUH����,RGLQH�GHÀFLW
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WLRQ�FKDQJHV�UHODWLYHO\�ORJQRUPDOO\�XS�RU�GRZQ�GXH�WR�LRGLQH�
GHÀFLW�RU�H[FHVV��UHVSHFWLYHO\��

,Q�IXUWKHU�ZRUN�ZLWK�WKH�PRGHO��LW�PDNHV�VHQVH�WR�XVH�SDUDO-
OHO� DOJRULWKPV� RI� FDOFXODWLRQ��7KH�PRGHO� FDQ� DOVR� EH�PDGH�
HYHQ�PRUH�VRSKLVWLFDWHG��HPSOR\LQJ�FRQVLGHULQJ�WKH�WK\URLG�
JODQG·V�LQWHUDFWLRQ�ZLWK�RWKHU�RUJDQV�RI�WKH�HQGRFULQH�V\VWHP��
HVSHFLDOO\�ZLWK�WKH�SLWXLWDU\�JODQG�

$FNQRZOHGJPHQWV
7KH�ZRUN�LV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�5XVVLDQ�*RYHUQPHQW�
3URJUDP�RI�&RPSHWLWLYH�*URZWK�RI�.D]DQ�)HGHUDO�8QLYHUVLW\�
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