
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü4 692. Briassulis G., Andreopoulos J. // 20th Int. Symp. Shock Waves(1995). Abstracts. Pasadena, CA. Grad. Aeronaut. Lab. Calif.Inst. of Technol., 1995. P. 527.3. �à â¨ª®¢  �.�., �â¥¬¥ª® �.�., �ã£ ¥¢ �.�. // �¥áâ.�®áª. ã-â . �¨§. �áâà®. 1998. ü3. �. 63 (Moscow University Phys. Bull. 1998. No. 3).4. Kiefer J.H., Hajduk J.C. // Proc. 12th Int. Symp. Shock Wavesand Tubes. Jerusalem, 1980. P. 97. �®áâã¯¨«  ¢ à¥¤ ªæ¨î13.01.99������ �������� ������� 621.315.592 ������� �������� ��������������������� | ��������������� ������������� ���������� ���������. �. �â¨« , �. �. �á¨¯®¢, �. �. �¥¡®â à¥¢ (�����)�ë¢®¤¨âáï   «¨â¨ç¥áª®¥ ¢ëà ¦¥¨¥ ¤«ï íää¥ªâ¨¢®£® ¯®á«¥¤®¢ â¥«ì®£® á®¯à®â¨¢«¥¨ï á®«¥ç-®£® í«¥¬¥â  (��) (n+ -p)Si á ¯à®á¢¥â«ïîé¨¬ ¯®ªàëâ¨¥¬ ¨§ ®¯â¨ç¥áª¨ ¯à®§à ç®£® ¯à®¢®¤ïé¥£®®ªá¨¤ ,  ¯à¨¬¥à ®ªá¨¤  á¯« ¢  ¨¤¨ï ¨ ®«®¢  (indium{tin{oxide | ITO). �ëà ¦¥¨¥ ¯®ª §ë¢ ¥â§ ¢¨á¨¬®áâì íâ®£® á®¯à®â¨¢«¥¨ï ®â ¯ à ¬¥âà®¢ ��,   ¨¬¥® ®â ¢¥«¨ç¨ë á«®¥¢®£® á®¯à®â¨¢«¥¨ïIT� ¨ n+ -c«®ï, ª®â ªâ®£® á®¯à®â¨¢«¥¨ï ¬¥¦¤ã n+ -á«®¥¬ ¨ ITO, ®â è¨à¨ë ¬¥â ««¨ç¥áª¨å¯®«®á®ª â®ª®á®¡¨à îé¥© á¥âª¨,   â ª¦¥ ®â à ááâ®ï¨ï ¬¥¦¤ã ¨¬¨.�â ¤ àâë¥ á®«¥çë¥ í«¥¬¥âë (��) ¨§(n+ -p)Si ®¡ëç® ¨¬¥îâ ¤¨í«¥ªâà¨ç¥áª®¥ ¯à®á¢¥â«ï-îé¥¥ ¯®ªàëâ¨¥. �®íâ®¬ã ä®â®£¥¥à¨à®¢ ë© â®ª,¨¦¥ªâ¨à®¢ ë© ¢ n+ -á«®©, â¥ç¥â ª ¬¥â ««¨ç¥áª¨¬¯®«®áª ¬ â®ª®á®¡¨à îé¥© á¥âª¨ (���) â®«ìª® ç¥-à¥§ n+ -á«®© (à¨á. 1). �¡ëç® ç áâì íää¥ªâ¨¢®£®ã¤¥«ì®£® ¯®á«¥¤®¢ â¥«ì®£® á®¯à®â¨¢«¥¨ï ��Rsn , á¢ï§ ãî á à á¯à®áâà ¥¨¥¬ ä®â®â®ª  ¯®n+ -á«®î, ¢ëç¨á«ïîâ á ¯®¬®éìî ¢ëà ¦¥¨ï [1]Rsn = �1 + wL�RnL23 ; (1)���������	
��¨á. 1. �å¥¬  ¯à®æ¥áá  áê¥¬  â®ª  ¢ �� á ¯à®á¢¥â«ïîé¨¬¯®ªàëâ¨¥¬ ¨§ IT�: Jp(x) | ¯«®â®áâì ä®â®â®ª , ¨¦¥ª-â¨à®¢ ®£® ¢ n+ -á«®©; Vn(x) | à á¯à¥¤¥«¥¨¥ ¯®â¥-æ¨ «  ¢¤®«ì n+ -á«®ï; DIn(x) | à á¯à¥¤¥«¥¨¥ â®ª ,¯à®â¥ª îé¥£® ¯® n+ -á«®î; D | ¤«¨  ¬¥â ««¨ç¥áª®©¯®«®áª¨

£¤¥ Rn | á«®¥¢®¥ á®¯à®â¨¢«¥¨¥ n+ -á«®ï, 2L |à ááâ®ï¨¥ ¬¥¦¤ã ¯®«®áª ¬¨ ���, w | ¯®«ãè¨-à¨  íâ¨å ¯®«®á®ª. �«ï �� á í«¥ªâà®¯à®¢®¤ïé¨¬¯à®á¢¥â«ïîé¨¬ ¯®ªàëâ¨¥¬ ¥ª®â®àë¥  ¢â®àë [2]¯à¨¬¥ïîâ ¢ëà ¦¥¨¥ â¨¯  (1), ¢ ª®â®à®¬ ¢¬¥áâ®Rn ¨á¯®«ì§ãîâ íää¥ªâ¨¢®¥ á«®¥¢®¥ á®¯à®â¨¢«¥¨¥RnRa=(Rn + Ra) , £¤¥ Ra | á«®¥¢®¥ á®¯à®â¨¢«¥¨¥¯à®á¢¥â«ïîé¥£® ¯®ªàëâ¨ï. �¤ ª® ¤«ï â ª¨å ��íâ  ç áâì ¯®á«¥¤®¢ â¥«ì®£® á®¯à®â¨¢«¥¨ï ¤®«¦ § ¢¨á¥âì â ª¦¥ ®â ª®â ªâ®£® á®¯à®â¨¢«¥¨ï Rc¬¥¦¤ã n+ -á«®¥¬ ¨ ¯«¥ª®© ITO (i-á«®©   à¨á. 1) [3].�¥«ìî ¤ ®© à ¡®âë ¡ë«® ¢ë¢¥áâ¨   «¨â¨ç¥á-ª®¥ ¢ëà ¦¥¨¥ ¤«ï ¯®á«¥¤®¢ â¥«ì®£® á®¯à®â¨¢«¥-¨ï �� â¨¯  ITO/(n+ -p)Si, ãç¨âë¢ îé¥¥  «¨ç¨¥ª®â ªâ®£® á®¯à®â¨¢«¥¨ï   £à ¨æ¥ ITO/(n+ )Si.�¥è¥¨¥ ¤ ®© § ¤ ç¨ ¯à®¢®¤¨âáï ¯à¨ ®¡ëçëå¢ â ª¨å á«ãç ïå ¤®¯ãé¥¨ïå,   ¨¬¥® çâ® ¢¥«¨ç¨-  ª®â ªâ®£® á®¯à®â¨¢«¥¨ï ¬¥¦¤ã ¬¥â ««¨ç¥áª®©¯®«®áª®© ¨ n+ -á«®¥¬ ¯à¥¥¡à¥¦¨¬® ¬ « ,   â ª-¦¥ çâ® ¢¥«¨ç¨  ä®â®â®ª  Jp , ¨¦¥ªâ¨à®¢ ®£® ¢n+ -á«®©, ¥ ¬¥ï¥âáï ¢¤®«ì íâ®£® á«®ï: Jp(x) = const .�«ï ¯®«ãç¥¨ï ä®à¬ã«, ®¯¨áë¢ îé¨å à á¯à¥¤¥«¥¨¥â®ª  ¢ ITO, n+ - ¨ i-á«®ïå, ¥®¡å®¤¨¬® à¥è¨âì á¨á-â¥¬ã ãà ¢¥¨©dVndx =�RnIn; dVadx =�RaIa;dIndx = Jp � J; dIadx = J;Vn� Va = JRc; (2)ª®â®à ï ¢ á®ç¥â ¨¨ á £à ¨çë¬¨ ãá«®¢¨ï¬¨Vn(L) =DIn(L)Ru; Va(L) = 0;In(0) = 0; Ia(0) = 0 (3)



70 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 4®¯¨áë¢ ¥â ¯à®æ¥áá ¯à®â¥ª ¨ï â®ª    ãç áâª¥0< x < L .�¥à¥¬¥ë¥ Vn , Va , In , Ia , J á®®â¢¥âáâ¢ã-îâ à¨á. 1. �ëà ¦¥¨¥ ¤«ï á®¯à®â¨¢«¥¨ï ¯®¤ª®-â ªâ®© ®¡« áâ¨ Ru , ä¨£ãà¨àãîé¥£® ¢ £à ¨ç-®¬ ãá«®¢¨¨ (3), ¡ë«® ¯®«ãç¥® ¢ à ¡®â¥ [4]:Ru = (1=D)pRnRc cth�pRn=Rcw� , £¤¥ D | ¤«¨ ¬¥â ««¨ç¥áª®© ¯®«®áª¨.�¥è¥¨¥ ¤ ®© á¨áâ¥¬ë ãà ¢¥¨© ¨¬¥¥â ¢¨¤Ia(x) = (Jpga)x+ 2JpAs sh(sx);In(x) = (Jpgn)x� 2JpAs sh(sx);J(x) = Jpga+ 2JpA ch(sx);Va(x) = 2JpAgnRc[ch(sL)� ch(sx)] ++ Jp gnRn2 (L2� x2);Vn(x) = 2JpAgnRc[ch(sL)� ch(sx)] ++ Jp gnRn2 (L2� x2) + JpgaRc + 2JpRcA ch(sx);£¤¥ s2 = (Ra+Rn)=Rc , k2 = Rn=Rc , ga = Rn=(Ra++Rn) , gn =Ra=(Ra+Rn) ,A= sL2 sh(sL) gnkL cth(kw)� gakL cth(kw) + sL cth(sL) :�®« ï à áá¥¨¢ ¥¬ ï ¬®é®áâì P ¢ ITO, n+ -,i-c«®ïå ¨ ¯®¤ª®â ªâ®© ®¡« áâ¨ ¢ëç¨á«ï¥âáï ¯® ¨§-¢¥áâ®© ä®à¬ã«¥P =RaD LZ0 I2a(x) dx++RnD LZ0 I2n(x) dx+RcD LZ0 J2(x) dx+RuD2I2n(L):� ª¨¬ ®¡à §®¬, ã¤¥«ì®¥ ¯®á«¥¤®¢ â¥«ì®¥ á®-¯à®â¨¢«¥¨¥ ��, ¨¬¥îé¥£® ¯«®é ¤ì D(L+w) , ¬®¦-® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥Rs = PLDJ2p �1 + wL�= �1+ wL���( RnRaRn +Ra L23 +Rc +Rcg2n�sL cth(sL)� 1���Rc �gnsL cth(sL) + ga�2sL cth(sL) + kL cth(kw)):(4)
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��¨á. 2. � ¢¨á¨¬®áâì ¨§¬¥àï¥¬®£® ¯®á«¥¤®¢ â¥«ì®£® á®-¯à®â¨¢«¥¨ï Rsm = Rs=�D(L + w)� , ®à¬¨à®¢ ®£®  Rsm(w = 0) , ®â Rc : Ra = 40 O¬, L = 1;5 ¬¬,w = 0;1 ¬¬ (1) ¨ 0;05 ¬¬ (2), Rn = 40 (a), 80 (b)¨ 160 O¬ (c)�à¥¤áâ ¢«ï¥â ¨â¥à¥á ¨áá«¥¤®¢ âì ¢«¨ï¨¥ è¨à¨-ë ¬¥â ««¨ç¥áª®© ¯®«®áª¨ w   ¢¥«¨ç¨ã ¯®á«¥¤®-¢ â¥«ì®£® á®¯à®â¨¢«¥¨ï. �®à¬ã«  (4) á®áâ®¨â ¨§áã¬¬ë ç¥âëà¥å ç«¥®¢, ã¬®¦¥®©   (1 + w=L) ,¯à¨ç¥¬ ç¥â¢¥àâë© ç«¥ áã¬¬ë | ¥¤¨áâ¢¥ë© § -¢¨áïé¨© ®â w , ® à ¢¥ ã«î ¯à¨ w = 0 . �¢¥-«¨ç¥¨¥ â®«é¨ë ¯®«®áª¨ ¯à¨¢®¤¨â ª ã¬¥ìè¥-¨î ¨§¬¥àï¥¬®£® ¯®á«¥¤®¢ â¥«ì®£® á®¯à®â¨¢«¥¨ïRsm = Rs=[D(L+w)] , ® ¥ ¡®«¥¥ ç¥¬   10% ¤«ï ¢á¥åà áá¬®âà¥ëå § ç¥¨© ¤àã£¨å ¯ à ¬¥âà®¢ (à¨á. 2).�â«¨ç¨â¥«ì ï ®á®¡¥®áâì á®áâ®¨â ¢ â®¬, çâ®, ª®£¤ ª®â ªâ®¥ á®¯à®â¨¢«¥¨¥ Rc ¢®§à áâ ¥â, ¢á¥ ªà¨-¢ë¥ áâà¥¬ïâáï ª ¢¥«¨ç¨¥ L=(L + w) . �«ï ¬ «ëåRc (Rc < 0;001 �¬ �c¬2 ) ¨§¬¥àï¥¬®¥ á®¯à®â¨¢«¥-¨¥ ®áâ ¥âáï ¥¨§¬¥ë¬. � ªá¨¬ «ì®¥ ã¬¥ìè¥-¨¥ Rsm (¯®àï¤ª  10%)  ¡«î¤ ¥âáï ¢ ¤¨ ¯ §®¥§ ç¥¨© 0;01 < Rc < 1 �¬ �c¬2 . �â® ã¬¥ìè¥¨¥ã¡ë¢ ¥â á ¢®§à áâ ¨¥¬ Rn=Ra ¨ ã¢¥«¨ç¥¨¥¬ à á-áâ®ï¨ï ¬¥¦¤ã ¯®«®áª ¬¨ 2L .� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ ���� (£à â96-02-16812a).�¨â¥à âãà 1. Dhariwal S.R., Mittal S., Mathur R.K. // Solid-State Electron.1984. 27, No. 3. P. 267.2. �à¥¬çãª A.�., �¢¥à®«®¢«¥¢ �.�., � ¢«®¢ �.�., � á-ª¨ �.�. // �§¢. ¢ã§®¢, �«¥ªâà®¨ª . 1997. 5. C. 51.3. Chaoui A., Ardebili R., Manifacier J.C. // Solar Cells. 1985. 14.P. 133.4. �â¨«  �.�., � àâ¥¥¢ �.�., �ã¡¨ �.�. // ��� ����.1985. 280. C. 408. �®áâã¯¨«  ¢ p¥¤ ªæ¨î18.11.98


