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1. ɺʚʝʜʝʥʠʝ 

ɼʘʥʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʪʣʘʜʦʯʥʦʛʦ ʢʦʤʧʣʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʥʘ ʙʘʟʝ ʧʣʘʪʳ VectorCARD ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʅʇʌ ɺʝʢʪʦʨè. ʆʥʦ ʦʧʠʩʳʚʘ-

ʝʪ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʶ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

VectorCARDServoInverter ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʧʦʩʪʘʚʣʷʝʤʦʛʦ ʚʤʝʩʪʝ ʩ ʢʦʤʧʣʝʢʪʦʤ. ʇʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ K1921BK01T ʬʠʨʤʳ ʆɸʆ çʅʀʀʕʊè, ʦʪʣʘ-

ʜʦʯʥʦʡ ʧʣʘʪʳ VectorCARD ʠ ʠʥʚʝʨʪʦʨʘ ʠʟ ʢʦʤʧʣʝʢʪʘ DRV8301-HC-EVM ʠʣʠ DRV8312-C2-KIT 

Texas Instruments. ʇʆ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩʦʟʜʘʥʦ ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ VectorIDE 

(Eclipse+GCC+OpenOCD, ʟʘʛʨʫʟʠʪʴ ʤʦʞʥʦ ʧʦ ʘʜʨʝʩʫ http://motorcontrol.ru/production/soft/vector-

ide/). ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʟʘʜʘʥʠʷ ʫʩʪʘʚʦʢ, ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʝʞʠʤʦʚ ʠ ʥʘʙʣʶʜʝ-

ʥʠʷ ʦʩʮʠʣʣʦʛʨʘʤʤ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʇʆ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠʩʧʦʣʴʟʫʝʪ ʜʨʘʡʚʝʨ CANopen (ʚ 

ʚʠʜʝ ʙʠʙʣʠʦʪʝʢʠ), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ ʧʦ ʠʥʪʝʨʬʝʡʩʫ CAN ʩ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝ-

ʨʦʤ. ʉʦ ʩʪʦʨʦʥʳ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʇʆ UniCON ʜʣʷ Windows 

(http://motorcontrol.ru/production/soft/softcanopen/), ʢʦʪʦʨʦʝ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʭʦʜʥʠʢʘ CAN-USB 

ʠʣʠ ʚʩʪʨʦʝʥʥʦʛʦ ʚ VectorCARD USB-UART ʢʦʥʚʝʨʪʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʯʝʨʝʟ CANopen ʩ ʇʆ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

http://motorcontrol.ru/production/soft/vector-ide/
http://motorcontrol.ru/production/soft/vector-ide/
http://motorcontrol.ru/production/soft/softcanopen
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2. ʉʧʠʩʦʢ ʬʘʡʣʦʚ ʧʨʦʝʢʪʘ 

 ʂʘʪʘʣʦʛ asm 

 startup_MCP_gcc.S ï ʩʪʘʨʪʦʚʳʡ ʬʘʡʣ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ. ʇʦ-

ʩʣʝ ʥʝʙʦʣʴʰʦʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʝʨʝʜʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʬʫʥʢʮʠʠ main. 

 ʂʘʪʘʣʦʛ cmd 

 build.ld  ï ʬʘʡʣ ʢʦʤʧʦʥʦʚʢʠ ʧʘʤʷʪʠ ʧʨʦʝʢʪʘ. ʉʣʫʞʠʪ ʣʠʰʴ ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʜʚʫʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʬʘʡʣʘʭ niiet_flash.ld ʠ niiet_ram.ld . 

  niiet_flash.ld ï ʬʘʡʣ ʢʦʤʧʦʥʦʚʢʠ ʧʘʤʷʪʠ ʧʨʦʝʢʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤ-

ʤʳ ʠʟ flash ʧʘʤʷʪʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

  niiet_ram.ld ï ʬʘʡʣ ʢʦʤʧʦʥʦʚʢʠ ʧʘʤʷʪʠ ʧʨʦʝʢʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤ-

ʤʳ ʧʦʣʥʦʩʪʴʶ ʠʟ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ (flash ʥʝ ʧʨʦʰʠʚʘʝʪʩʷ). 

 ʂʘʪʘʣʦʛ include 

core_cm4_simd.h, core_cm4.h, core_cmFunc.h, core_cmInstr .h ï ʟʘʛʦʣʦʚʦʯʥʳʝ ʬʘʡʣʳ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʷʜʨʦʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

K1921VK 01T.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʝʨʠʬʝʨʠʝʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʉʦ-

ʜʝʨʞʠʪ ʦʙʲʷʚʣʝʥʠʷ ʨʝʛʠʩʪʨʦʚ ʚʩʝʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

 ʂʘʪʘʣʦʛ lib 

libc.a, libgcc.a, libm.a ï ʩʪʘʥʜʘʨʪʥʳʝ ʙʠʙʣʠʦʪʝʢʠ GCC ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ 

(ʚʝʨʩʠʷ float point). 

libCANOpen_drv_LIB.a  ï ʙʠʙʣʠʦʪʝʢʘ ʜʨʘʡʚʝʨʘ CANopen. ʈʝʘʣʠʟʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʧʨʦʪʦʢʦʣ ʩʚʷʟʠ ʧʨʠ ʧʦʤʦʱʠ ʠʥʪʝʨʬʝʡʩʘ CAN. 

libV_DPR_eCAP_LIB .a ï ʙʠʙʣʠʦʪʝʢʘ ʬʫʥʢʮʠʡ ʜʘʪʯʠʢʘ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʝʡ CAP. 

libV _PWM_Vect_LIB .a ï ʙʠʙʣʠʦʪʝʢʘ ʬʫʥʢʮʠʡ ʚʝʢʪʦʨʥʦʡ ʐʀʄ. 

libV_UserMemory_LIB.a  ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠ-

ʤʦʡ ʧʘʤʷʪʴʶ ʄʉ01. 

 ʂʘʪʘʣʦʛ src 

K1921VK 01T_init .c ï ʬʘʡʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʝʨʠʬʝʨʠʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝ-

ʨʘ. ʉʦʜʝʨʞʠʪ ʬʫʥʢʮʠʠ ʚʢʣʶʯʝʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʢ ʨʘʙʦʪʝ. 

 ʂʘʪʘʣʦʛ Vinclude 

build.h  ï ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ. ɺr ʙʠʨʘʝʪ ʪʠʧ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ. 

can_macros.h ï ʤʘʢʨʦʩʳ ʜʣʷ ʫʜʦʙʩʪʚʘ ʥʘʩʪʨʦʡʢʠ ʠ ʨʘʙʦʪʳ ʩ ʤʦʜʫʣʝʤ CAN. 

CANBlockTransferInterface.h  ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʠʥʪʝʨʬʝʡʩʘ ʙʣʦʯʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥ-

ʥʳʭ. 

CANOpen_drv.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʜʨʘʡʚʝʨʘ CANopen. 

clarke.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʤʦʜʫʣʷ ʬʘʟʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

co_ODvars.h ï ʦʙʲʷʚʣʝʥʠʝ ʩʣʫʞʝʙʥʳʭ ʩʪʨʫʢʪʫʨ ʜʨʘʡʚʝʨʘ CANopen. 

cood2.h ï ʦʙʲʷʚʣʝʥʠʝ ʩʣʫʞʝʙʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʚ ʬʘʡʣʝ 

cood2.c. 

DRV8301_SPI.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʠʢʨʦʩʭʝʤʦʡ ʜʨʘʡʚʝʨʘ ʢʣʶʯʝʡ 

DRV8301. 

DSP.h - ʬʘʡʣ ʧʦʜʢʣʶʯʝʥʠʷ ʟʘʛʦʣʦʚʦʯʥʳʭ ʬʘʡʣʦʚ ʧʝʨʠʬʝʨʠʠ ʠ ʦʙʲʷʚʣʝʥʠʷ ʩʠʩʪʝʤʥʳʭ 

ʢʦʥʩʪʘʥʪ. 

DSP2833x_EPwm_defines.h ï ʤʘʢʨʦʩʳ ʜʣʷ ʫʜʦʙʩʪʚʘ ʥʘʩʪʨʦʡʢʠ ʠ ʨʘʙʦʪʳ ʩ ʤʦʜʫʣʝʤ 

ʐʀʄ. 

filter.h  ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʠʥʝʨʮʠʦʥʥʦʛʦ ʬʠʣʴʪʨʘ. 

ipark.h  ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʤʦʜʫʣʷ ʦʙʨʘʪʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ.  

main.h ï ʛʣʘʚʥʳʡ ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʧʨʦʝʢʪʘ. 

park.h  ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʤʦʜʫʣʷ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

SM_cmd_logic.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʦʙʨʘʙʦʪʢʠ ʢʦʤʘʥʜ ʠ ʟʘʜʘʥʠʡ. 

SM_ctrl.h  ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʦʩʥʦʚʥʦʛʦ ɼɸ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

SM_NET.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʤʦʜʫʣʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʝʪʴʶ. 
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SM_protect.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʤʦʜʫʣʷ ʟʘʱʠʪ. 

SM_SYS.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʤʦʜʫʣʷ-ʦʙʝʨʪʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʦʩʪʘʣʴʥʳʭ ʤʦʜʫʣʝʡ. 

V_adc.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʤʦʜʫʣʷ ʦʙʨʘʙʦʪʢʠ ɸʎʇ. 

V_AutoOffset.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʤʦʜʫʣ ̫ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʩʤʝʱʝʥʠʷ ʜʘʪʯʠʢʦʚ ʪʦʢʘ 

ʢʘʥʘʣʦʚ ɸʎʇ. 

V_bits_to_enum_numbers.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʤʦʜʫʣʷ "ʣʠʩʪʘʥʠʷ" ʙʠʪʦʚʳʭ ʧʝʨʝʤʝʥ-

ʥʳʭ. 

V_CANtoRS.h ï ʜʨʘʡʚʝʨ ʜʣʷ ʨʘʙʦʪʳ CANopen ʜʨʘʡʚʝʨʘ ʯʝʨʝʟ RS (UART). 

v_common.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʩ ʦʙʲʷʚʣʝʥʠʝʤ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝ-

ʥʠʷ, ʢʦʪʦʨʳʝ ʝʱʝ ʩʣʠʰʢʦʤ ʤʘʣʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʠʭ ʚ ʦʪʜʝʣʴʥʳʡ 

ʤʦʜʫʣʴ. 

V_CurPar.h  ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʨʘʩʯʝʪʘ ʥʘʙʣʶʜʘʝʤʳʭ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

v_data_log.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ 4-ʭ ʢʘʥʘʣʴʥʦʛʦ ʣʦʛʛʝʨʘ ʜʣʷ ʦʩʮʠʣʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʚ ʨʝ-

ʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

V_DPR_eCAP.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʤʦʜʫʣ ̫ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠ̫ ʧʦ ʪʨʸʤ ʜʘʪ-

ʯʠʢʘʤ ʥʘ ʵʣʝʤʝʥʪʘʭ ʍʦʣʣʘ. 

V_UserMemory.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʨʘʙʦʪʳ ʩ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʴʶ. 

V_IQmath.h  ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʙʠʙʣʠʦʪʝʢʠ ʬʫʥʢʮʠʡ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. 

V_pid_reg3.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. 

V_PWM_6_12.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʤʦʜʫʣʷ ʨʝʘʣʠʟʘʮʠʠ ʐʀʄ. 

V_QEP.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʤʦʜʫʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ eQEP. 

V_rmp_ctrl.h  ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʟʘʜʘʪʯʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

V_RTC_Clock.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʤʦʜʫʣ ̫ʨʘʙʦʪʳ ʩ ʯʘʩʘʤʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

V_SSI_Encoder.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʤʦʜʫʣ ̫ʨʘʙʦʪʳ ʩ ʜʘʪʯʠʢʦʤ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʩ 

SSI ʠʥʪʝʨʬʝʡʩʦʤ.  

vhzprof.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʢʨʠʚʘʦʡ U(f). 

Vled.h ï ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʜʠʦʜʥʦʡ ʠʥʜʠʢʘʮʠʝʡ. 

 ʂʘʪʘʣʦʛ Vsrc 

clarke.c ï ʤʦʜʫʣʴ ʬʘʟʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

cood2.c ï ʬʘʡʣ ʩʣʦʚʘʨʷ ʦʙʲʝʢʪʦʚ CANOpen ʚʪʦʨʦʛʦ ʤʦʜʫʣʷ CAN. 

DRV8301_SPI.ʩ ï ʬʘʡʣ ʨʘʙʦʪʳ ʩ ʤʠʢʨʦʩʭʝʤʦʡ ʜʨʘʡʚʝʨʘ ʢʣʶʯʝʡ DRV8301. 

filter.ʩ ï ʬʘʡʣ ʠʥʝʨʮʠʦʥʥʦʛʦ ʬʠʣʴʪʨʘ. 

ipark.c ï ʤʦʜʫʣʴ ʠʥʚʝʨʩʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ. 

main.c ï ʛʣʘʚʥʳʡ ʬʘʡʣ ʧʨʦʝʢʪʘ. ʉʦʜʝʨʞʠʪ main(), ʘ ʪʘʢʞʝ ʦʙʨʘʙʦʪʯʠʢʠ ʧʨʝʨʳʚʘʥʠʡ. 

park.c ï ʤʦʜʫʣʴ  ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

SM_cmd_logic.c ï ʦʙʨʘʙʦʪʢʘ ʢʦʤʘʥʜ ʠ ʟʘʜʘʥʠʡ. 

SM_ctrl.c ï ʦʩʥʦʚʥʦʡ ɼɸ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

SM_NET.c ï ʤʦʜʫʣʴ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʝʪʴʶ. 

SM_protect.c ï ʤʦʜʫʣʴ ʟʘʱʠʪ. 

SM_SYS.c ï ʤʦʜʫʣʴ-ʦʙʝʨʪʢʘ ʜʣʷ ʨʘʩʯʝʪʘ ʦʩʪʘʣʴʥʳʭ ʤʦʜʫʣʝʡ. 

V_adc.c ï ʤʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ ɸʎʇ. 

V_AutoOffset.c ï ʤʦʜʫʣʴ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʩʤʝʱʝʥʠʷ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʢʘʥʘʣʦʚ ɸʎʇ. 

V_bits_to_enum_numbers.c ï ʤʦʜʫʣʴ "ʣʠʩʪʘʥʠʷ" ʙʠʪʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

v_call_back.c ï ʬʘʡʣ ʬʫʥʢʮʠʡ, ʚʳʟʳʚʘʝʤʳʭ ʜʨʘʡʚʝʨʦʤ CANopen. 

V_CANtoRS.c ï ʜʨʘʡʚʝʨ ʜʣʷ ʨʘʙʦʪʳ CANopen ʜʨʘʡʚʝʨʘ ʯʝʨʝʟ RS (UART) 

V_CurPar.c ï ʨʘʩʯʝʪ ʥʘʙʣʶʜʘʝʤʳʭ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

v_data_log.c ï 4-ʭ ʢʘʥʘʣʴʥʳʡ ʣʦʛʛʝʨ ʜʣʷ ʦʩʮʠʣʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

V_IQmath.c ï ʙʠʙʣʠʦʪʝʢʘ ʬʫʥʢʮʠʡ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. 

V_pid_reg3_pos.c ï ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʜʣʷ ʢʦʥʪʫʨʘ ʧʦʣʦʞʝʥʠʷ. 

V_pid_reg3.c ï ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

V_PWM_6_12.c ï ʤʦʜʫʣʴ ʨʝʘʣʠʟʘʮʠʠ ʐʀʄ. 

V_QEP.c ï ʤʦʜʫʣʴ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ eQEP. 

v_rmp_ctrl.c ï ʟʘʜʘʪʯʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 
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V_RTC_Clock.c ï ʤʦʜʫʣʴ ʨʘʙʦʪʳ ʩ ʯʘʩʘʤʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

V_SSI_Encoder.c ï ʤʦʜʫʣʴ ʨʘʙʦʪʳ ʩ ʜʘʪʯʠʢʦʤ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʩ SSI ʠʥʪʝʨʬʝʡʩʦʤ.  

vhzprof.c ï ʢʨʠʚʘʷ U(f). 

Vled.c ï ʫʧʨʘʚʣʝʥʠʝ ʩʚʝʪʦʜʠʦʜʥʦʡ ʠʥʜʠʢʘʮʠʝʡ. 
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3. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) 

3.1. ʆʙʱʠʡ ʦʙʟʦʨ ʢʦʤʧʦʥʦʚʢʠ ʧʨʦʝʢʪʘ 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʥʘʧʠʩʘʥʘ ʚ ʚʠʜʝ ʤʦʜʫʣʝʡ. ʄʦʜʫʣʴ ʦʙʳʯʥʦ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʬʘʡʣʦʚ ï ʟʘʛʦʣʦʚʦʯʥʦʛʦ ʬʘʡʣʘ ʩ ʨʘʩʰʠʨʝʥʠʝʤ *.h ʠ ʦʜʥʦʠʤʝʥʥʦʛʦ ʬʘʡʣʘ ʩ ʨʘʩ-

ʰʠʨʝʥʠʝʤ *.c. ɹʦʣʴʰʠʥʩʪʚʦ ʥʦʚʳʭ ʤʦʜʫʣʝʡ ʠʤʝʶʪ ʧʨʝʬʠʢʩ ñV_ò ʚ ʠʤʝʥʘʭ ʬʘʡʣʦʚ. ʈʷʜ ʤʦʜʫʣʝʡ 

ʠʤʝʝʪ ʧʨʝʬʠʢʩ ñSM_ò, ʯʪʦ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ State Machine (ʜʠʩʢʨʝʪʥʳʡ ʘʚʪʦʤʘʪ, ʤʘʰʠʥʘ 

ʩʦʩʪʦʷʥʠʡ): ʵʪʠ ʤʦʜʫʣʠ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʥʝ ʷʚʣʷʁ ʪʩʷ ʟʘʢʦʥʯʝʥʥʳʤ ʙʣʦʢʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʘʢʦʡ-

ʣʠʙʦ ʦʜʥʦʡ ʬʫʥʢʮʠʠ, ʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʦʛʠʢʫ, ʧʦʩʪʨʦʝʥʥʫʶ ʥʘ ʧʨʠʥʮʠʧʘʭ ʜʠʩʢʨʝʪʥʳʭ ʘʚ-

ʪʦʤʘʪʦʚ, ʠ ʩʣʫʞʘʪ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ ʨʘʙʦʪʳ, ʩʤʝʥʳ ʨʝʞʠʤʦʚ ʠ ʫʧʨʘʚʣʷʶʪ ʦʩʪʘʣʴʥʳ-

ʤʠ ʤʦʜʫʣʷʤʠ, ʪ.ʝ. ʨʝʘʣʠʟʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ çʙʠʟʥʝʩ ï ʣʦʛʠʢʫè. 

ɺ ʧʨʦʝʢʪ ʪʘʢʞʝ ʜʦʙʘʚʣʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʙʠʙʣʠʦʪʝʯʥʳʝ ʬʘʡʣʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨʦʤ ʠ ʝʛʦ ʧʝʨʠʬʝʨʠʝʡ.  

ɺʩʝ ʩʪʘʥʜʘʨʪʥʳʝ *.h  ʠ *.c ʬʘʡʣʳ ʦʪ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʨʝʢʪʦʨʠʷʭ include ʠ src ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʩʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘʧʠʩʘʥʥʳʝ ʬʘʡʣʳ ʘʥʘʣʦʛʠʯʥʦ ʨʘʟʤʝʱʝʥʳ ʚ Vinclude ʠ Vsrc. 

ɻʣʘʚʥʳʡ ʬʘʡʣ ʧʨʦʝʢʪʘ, main.c, ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʬʘʡʣʦʤ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʚʳʧʦʣʥʝ-

ʥʠʝ ʧʨʦʛʨʘʤʤʳ (ʧʦʩʣʝ ʘʩʩʝʤʙʣʝʨʥʦʛʦ startup_MCP_gcc.S). ɺ ʥʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʢʟʝʤʧʣʷʨʳ ʚʩʝʭ 

ʤʦʜʫʣʝʡ, ʘ ʪʘʢʞʝ ʦʥ ʩʦʜʝʨʞʠʪ ʬʫʥʢʮʠʠ-ʦʙʨʘʙʦʪʯʠʢʠ, ʚʳʟʳʚʘʝʤʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤ ʧʨʝʨʳ-

ʚʘʥʠʷʤ ʚ ʩʠʩʪʝʤʝ (ʠʩʢʣʶʯʝʥʠʝ ï ʜʨʘʡʚʝʨ CANopen, ʢʦʪʦʨʡr ʩʦʜʝʨʞʠʪ ʦʙʨʘʙʦʪʯʠʢ ʧʨʝʨʳʚʘʥʠʷ ʚ 

ʩʚʦʝʤ ʬʘʡʣʝ). ɺ ʬʘʡʣʝ main.h ʧʦʜʢʣʶʯʘʁ ʪʩʷ ʚʩʝ ʟʘʛʦʣʦʚʦʯʥʳʝ ʬʘʡʣʳ ʚʩʝʭ ʤʦʜʫʣʝʡ, ʘ ʪʘʢʞʝ ʦʙʲ-

ʷʚʣʷʶʪʩʷ ʵʢʟʝʤʧʣʷʨʳ ʚʩʝʭ ʤʦʜʫʣʝʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ main.c. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚʥʫʪʨʠ ʢʘʢʦʛʦ-

ʣʠʙʦ ʤʦʜʫʣʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʷʜ ʜʨʫʛʠʭ ʤʦʜʫʣʝʡ (ʥʘʧʨʠʤʝʨ, ʪʘʢ ʜʝʣʘʶʪ ʤʦʜʫʣʠ SM_ *), ʪʦ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʢʣʶʯʠʪʴ ʚ ʥʝʤ main.h, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʜʦʩʪʫʧʥʦʡ ʨʘʙʦʪʫ ʩʦ ʚʩʝʤʠ ʜʨʫʛʠʤʠ ʤʦʜʫ-

ʣʷʤʠ ʧʨʦʝʢʪʘ. 

3.2. ʇʨʝʨʳʚʘʥʠʷ ʠ ʠʭ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ɺ ʧʨʦʝʢʪʝ ʇʆ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʷʜ ʧʨʝʨʳʚʘʥʠʡ ʢʦʥʪʨʦʣʣʝʨʘ. ɺʩʝ ʧʨʝʨʳʚʘ-

ʥʠʷ ʩʠʩʪʝʤʳ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ, ʦʧʷʪʴ ʞʝ CAN), ʢʦʥʬʠʛʫʨʠʨʫʶʪʩʷ ʚ ʤʦʜʫʣʝ SM_SYS. ʉʫʱʝʩʪʚʫʝʪ 

ʜʚʘ ʛʣʘʚʥʳʭ ʧʨʝʨʳʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʠ ʨʷʜ 

ʦʩʪʘʣʴʥʳʭ, ʩʣʫʞʘʱʠʭ ʜʣʷ ʢʘʢʦʡ-ʣʠʙʦ ʦʜʥʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʬʫʥʢʮʠʠ. ʕʪʠ ʜʚʘ ʧʨʝʨʳʚʘʥʠʷ 

ʚʢʣʁʯʘʶʪ: 

1. ʇʨʝʨʳʚʘʥʠʝ ç10ʢɻʮè. ʊʘʡʤʝʨ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ NT_TIMER0ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʧʨʝʨʳʚʘʥʠʷ ʩ ʯʘʩʪʦʪʦʡ 10ʢɻʮ. ɺ ʦʙʨʘʙʦʪʯʠʢʝ ʵʪʦʛʦ ʧʨʝʨʳʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʙʆʣʴʰʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ: ʤʦʜʫʣʴ ʐʀʄ, ʟʘʜʘʪʯʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʨʠʚʘʷ U/f, 

ʤʦʜʫʣʴ ʟʘʱʠʪ ʠ ʪ.ʧ. . 

2. ʇʨʝʨʳʚʘʥʠʝ ç1ʢɻʮè. ɸʥʘʣʦʛʠʯʥʦ ʧʨʝʨʳʚʘʥʠʶ ç10ʢɻʮè, ʠʩʧʦʣʴʟʫʝʪ ʦʜʠʥ ʠʟ ʪʘʡʤʝʨʦʚ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʅʫʞʥʦ ʜʣʷ ʟʘʜʘʯ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ, ʦʜʥʘ-

ʢʦ ʪʨʝʙʫʶʱʠʭ ʩʪʨʦʛʫʶ ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʧʦ ʚʨʝʤʝʥʠ. ɿʜʝʩʴ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʝ-

ʪʝʚʳʝ ʠʥʪʝʨʬʝʡʩʳ ʠ ʜʨʫʛʘʷ ʣʦʛʠʢʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʪʘʡʤʝʨ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ NT_TIMER1. 

ʊʨʝʪʠʡ ʪʘʡʤʝʨ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ NT_TIMER2 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʡ. ɿʥʘʯʝʥʠʷ ʩʯʝʪʯʠʢʘ ʪʘʡʤʝʨʘ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʧʨʦʮʝʜʫʨʳ ʚʳʯʠʪʘʶʪʩʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʷ ʚ ʪʘʢʪʘʭ. 

ʂʨʦʤʝ ʵʪʠʭ ʧʨʝʨʳʚʘʥʠʡ ʚ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʝʨʳʚʘʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʘʧʧʘʨʘʪ-

ʥʦʡ ʘʚʘʨʠʠ ʠʥʚʝʨʪʦʨʘ, ʪʨʠ ʧʨʝʨʳʚʘʥʠʷ ʤʦʜʫʣʝʡ ʟʘʭʚʘʪʘ, ʧʨʝʨʳʚʘʥʠʝ ʤʦʜʫʣʷ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʵʥ-

ʢʦʜʝʨʘ ʠ ʜʚʘ ʧʨʝʨʳʚʘʥʠʷ ʜʨʘʡʚʝʨʘ CANopen. 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠʦʨʠʪʝʪ ʧʨʝʨʳʚʘʥʠʡ ʠ ʠʭ ʤʘʩʢʠʨʦʚʘʥʠʝ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʦ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʷ ç10ʢɻʮè ʚʦʟʥʠʢʥʝʪ ʧʨʝʨʳʚʘʥʠʝ ç1ʢɻʮè, ʪʦ ʚʦ ʚʩʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʠʟ ʦʙʨʘʙʦʪʯʠʢʘ ç1ʢɻʮè ʧʨʝʨʳʚʘʥʠʝ 10ʢɻʮ ʙʫʜʝʪ ʟʘʙʣʦʢʠʨʦʚʘʥʦ, ʪ.ʝ. ʢʣʶʯʠ ʠʥ-

ʚʝʨʪʦʨʘ çʟʘʤʦʨʦʟʷʪʩʷè, ʤʦʜʫʣʴ ʟʘʱʠʪ ʧʨʝʢʨʘʪʠʪ ʨʘʙʦʪʘʪʴ ʠ ʪ.ʧ. ʇʦʵʪʦʤʫ ʚʩʝ ʧʨʝʨʳʚʘʥʠʷ ʨʘʩʧʨʝ-

ʜʝʣʝʥʳ ʧʦ ʧʨʠʦʨʠʪʝʪʘʤ, ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʦʝ ʧʨʝʨʳʚʘʥʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʦʩʪʘʥʦʚʣʝ-

ʥʦ ʙʦʣʝʝ ʥʠʟʢʦʧʨʠʦʨʠʪʝʪʥʳʤ. ʇʨʠʦʨʠʪʝʪʳ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʢʦʥʩʪʘʥʪ ʚ ʬʘʡʣʝ DSP.h. ʇʨʝʨʳʚʘʥʠʷ 

ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʧʨʠʦʨʠʪʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʧʠʩʢʝ: 
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1. ʇʨʝʨʳʚʘʥʠʝ ʧʦ ʘʧʧʘʨʘʪʥʦʡ ʘʚʘʨʠʠ ʠʥʚʝʨʪʦʨʘ 

2. ʇʨʝʨʳʚʘʥʠʝ ʤʦʜʫʣʷ ʟʘʭʚʘʪʘ ʠʣʠ ʤʦʜʫʣʷ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʵʥʢʦʜʝʨʘ (ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʧʨʠ-

ʦʨʠʪʝʪ) 

3. ʇʨʝʨʳʚʘʥʠʝ ʩ ʯʘʩʪʦʪʦʡ 10 ʢɻʮ 

4. ʇʨʝʨʳʚʘʥʠʝ ʤʦʜʫʣʷ CAN 

5. ʇʨʝʨʳʚʘʥʠʝ ʩ ʯʘʩʪʦʪʦʡ 1 ʢɻʮ 

 

 

3.3. ɺʚʝʜʝʥʠʝ ʚ CANopen 

ɺ ʇʆ ʜʘʥʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ CANopen ʜʣʷ ʩʚʷʟʠ ʩ ʇʂ (ʧʨʦʛʨʘʤʤʘ 

UniCON) ʠʣʠ ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʉʚʷʟʴ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʰʪʘʪʥʦ ʯʝʨʝʟ CAN ʠʥʪʝʨ-

ʬʝʡʩ, ʦʜʥʘʢʦ ʪʘʢʞʝ ʚ ʜʘʥʥʦʤ ʇʆ ʩʫʱʝʩʪʚʫʝʪ ʜʨʘʡʚʝʨ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦ 

CANopen ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ ʟʘ ʩʯʝʪ ʤʠʢʨʦʩʭʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ USB-UART 

CP2102, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ VectorCARD. ʇʨʦʪʦʢʦʣ CANopen, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʜʘʥʥʦʤ ʇʆ, ʨʘʩ-

ʠhʨʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤ ʩʪʘʥʜʘʨʪʦʤ ʠ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

¶ ʇʦʟʚʦʣʷʝʪ ʩʦʝʜʠʥʠʪʴ ʠ ʘʜʨʝʩʦʚʘʪʴ ʚ ʦʜʥʦʡ ʩʝʪʠ ʜʦ 127 ʫʩʪʨʦʡʩʪʚ; 

¶ ʈʝʘʣʠʟʫʝʪ ʩʝʨʚʠʩ SDO ï ʧʦʜʪʚʝʨʞʜʘʝʤʳʝ ʧʦʩʳʣʢʠ ʩ 8ʶ ʙʘʡʪʘʤʠ ʜʘʥʥʳʭ. ʉ ʧʦʤʦʱʴʶ 

ʥʠʭ ʤʦʞʥʦ ʢʘʢ ʯʠʪʘʪʴ, ʪʘʢ ʠ ʟʘʧʠʩʳʚʘʪʴ ʜʘʥʥʳʝ. 

¶ ʈʝʘʣʠʟʫʝʪ ʩʝʨʚʠʩ PDO ï ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʤʳʝ ʧʦʩʳʣʢʠ ʩ 8ʶ ʙʘʡʪʘʤʠ ʜʘʥʥʳʭ. ʉ ʧʦʤʦ-

ʱʴʶ ʥʠʭ ʤʦʞʥʦ ʪʦʣʴʢʦ ʟʘʧʠʩʳʚʘʪʴ ʜʘʥʥʳʝ. 

¶ ʈʝʘʣʠʟʫʝʪ ʩʝʨʚʠʩ HeartBeat ï ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʤʳʝ ʧʦʩʳʣʢʠ, ʩʠʛʥʘʣʠʟʠʨʫʶʱʠʝ ʦ ʥʘʣʠ-

ʯʠʠ ʫʩʪʨʦʡʩʪʚʘ ʚ ʩʝʪʠ ʠ ʧʝʨʝʜʘʶʱʠʝ ʝʛʦ ʩʪʘʪʫʩ. 

¶ ʈʝʘʣʠʟʫʝʪ ʨʷʜ ʜʨʫʛʠʭ, ʥʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʘʥʥʦʤ ʇʆ ʩʝʨʚʠʩʦʚ. 

¶ ʇʦʩʳʣʢʠ SDO ʤʦʞʥʦ ʧʦʩʣʘʪʴ ʣʶʙʦʤʫ ʫʟʣʫ ʚ ʩʝʪʠ. ʇʦʩʳʣʢʠ ʩʦʜʝʨʞʘʪ ʥʦʤʝʨ ʘʜʨʝʩʘʪʘ, 

ʜʘʥʥʳʝ, ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ, ʘʜʨʝʩ ʦʙʲʝʢʪʘ (ʠʥʜʝʢʩ, ʧʦʜʥrʜʝʢʩ) ʠ ʨʷʜ ʩʣʫʞʝʙʥʳʭ 

ʜʘʥʥʳʭ. 

¶ ʂʘʞʜʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʜʝʨʞʠʪ ʩʣʦʚʘʨʴ ʦʙʲʝʢʪʦʚ ï ʧʝʨʝʤʝʥʥʳʭ, ʢ ʢʦʪʦʨʳʤ ʠʤʝʝʪʩʷ ʜʦ-

ʩʪʫʧ ʯʝʨʝʟ ʧʨʦʪʦʢʦʣ CANopen. ʇʦʩʳʣʢʠ ʤʦʛʫʪ ʘʜʨʝʩʦʚʘʪʴʩʷ ʢ ʣʶʙʦʤʫ ʠʟ ʦʙʲʝʢʪʦʚ. 

SDO ʤʦʞʝʪ ʘʜʨʝʩʦʚʘʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʦʙʲʝʢʪ, PDO ʤʦʞʝʪ ʘʜʨʝʩʦʚʘʪʴ ʜʦ 4ʭ ʦʙʲʝʢʪʦʚ. 

¶ ʂʘʞʜʳʡ ʦʙʲʝʢʪ ʠʤʝʝʪ ʩʚʦʡ ʘʜʨʝʩ ʚ ʩʣʦʚʘʨʝ: ʠʥʜʝʢʩ ʠ ʧʦʜʥrʜʝʢʩ (ʜʚʫʭʫʨʦʚʥʝʚʦʝ ʜʝ-

ʨʝʚʦ). ʆʙʲʝʢʪ-ʠʥʜʝʢʩ ʤʦʞʝʪ ʢʘʢ ʩʦʜʝʨʞʘʪʴ, ʪʘʢ ʠ ʥʝ ʩʦʜʝʨʞʘʪʴ ʧʦʜʥrʜʝʢʩʳ. ɽʩʣʠ ʦʥ 

ʠʭ ʩʦʜʝʨʞʠʪ, ʦʥ ʷʚʣʷʝʪʩʷ ʢʦʨʥʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʆʙʲʝʢʪʳ - ʧʦʜrʥʜʝʢʩʳ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʣʶʙʳʝ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊ.ʝ. ʠʥʜʝʢʩ ʣʠ-

ʙʦ ʢʦʨʥʝʚʦʡ ʦʙʲʝʢʪ ʠ ʝʛʦ ʧʦʜʥrʜʝʢʩʳ ï ʦʙʲʝʢʪʳ ʩʣʦʚʘʨʷ ʩ ʜʘʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʣʠʙʦ ʦʥ ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʜʥrʜʝʢʩʦʚ ʠ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʧʦʣʴʟʚʘʪʝʣʷ. 

¶ ʋ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʠʤʝʝʪʩʷ ʬʦʨʤʘʪ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʚ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʪʦʤ, ʨʝʜʘʢʪʠʨʫʝʤʳʡ ʵʪʦ ʧʘʨʘʤʝʪʨ ʠʣʠ ʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷ, ʪʠʧ ʜʘʥʥʳʭ: ʯʠʩʣʦʚʦʡ, ʙʠ-

ʪʦʚʳʡ ʠ ʪ.ʧ., ʚʠʟʫʘʣʠʟʘʮʠʷ: ʯʠʩʣʦʚʦʡ ʧʘʨʘʤʝʪʨ, ʪʝʢʩʪʦʚʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʠ ʪ.ʧ., ʨʘʟʨʷʜ-

ʥʦʩʪʴ ʜʘʥʥʳʭ, ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠ ʜʨʫʛʦʝ. 

¶ ʋ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʘʪʘ, ʤʦʛʫʪ ʠʤʝʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʪʨʠ-

ʙʫʪʳ (ʧʦʤʠʤʦ ʟʥʘʯʝʥʠʷ ʠ ʩʘʤʦʛʦ ʬʦʨʤʘʪʘ): ʤʘʢʩʠʤʫʤ, ʤʠʥʠʤʫʤ, ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘ-

ʥʠʶ, ʥʦʤʝʨ ʪʝʢʩʪʘ. ʕʪʠ ʘʪʨʠʙʫʪʳ ʭʨʘʥʷʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʣʦʚʘʨʷ ʦʙʲʝʢʪʦʚ ʠ ʧʨʠʥʘʜʣʝ-

ʞʘʪ ʜʘʥʥʦʤʫ ʦʙʲʝʢʪʫ. 

¶ ʋ ʦʙʲʝʢʪʘ ʭʨʘʥʠʪʩʷ ʪʦʣʴʢʦ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ (ʫʥʠʢʘʣʴʥʳʡ) ʥʦʤʝʨ ʪʝʢʩʪʘ. ʉʘʤʠ 
ʪʝʢʩʪʳ ʜʦʣʞʥʳ ʭʨʘʥʠʪʴʩʷ ʚ ʧʘʤʷʪʠ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 

(ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ (ʜʘʣʝʝ ʇʋ), ʢʦʤʧʴʶʪʝʨ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ (UniCON) ʠ 

ʪ.ʧ.). ʕʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʵʢʦʥʦʤʠʠ ʩʚʦʙʦʜʥʦʡ ʧʘʤʷʪʠ ʢʦʥʪʨʦʣʣʝʨʘ. ʉʘʤ ʪʝʢʩʪ - ʵʪʦ 

çʥʘʟʚʘʥʠʝè ʦʙʲʝʢʪʘ, ʧʦʥʷʪʥʦʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠ ʦʪʦʙʨʘʞʘʝʤʦʝ ʥʘ ʧʫʣʴʪʝ ʫʧʨʘʚʣʝʥʠʷ 

(ʇʋ) ʢʘʢ ʠʤʷ ʧʘʨʘʤʝʪʨʘ. 

¶ ʇʦʣʴʟʦʚʘʪʝʣʶ ʥʝ ʫʜʦʙʥʦ ʦʪʦʙʨʘʞʝʥʠʝ ʥʘ ʇʋ ʠʣʠ ʇʂ ʩʣʦʚʘʨʷ ʚ ʚʠʜʝ ʠʥʜʝʢʩʦʚ ʠ 

ʧʦʜrʥʜʝʢʩʦʚ. ʇʦɻʪʦʤʫ ʙʳʣʠ ʚʚʝʜʝʥʳ ʛʨʫʧʧʳ ʧʘʨʘʤʝʪʨʦʚ. ʂʘʞʜʘʷ ʛʨʫʧʧʘ ʠʤʝʝʪ ʩʚʦʝ 
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ʥʘʟʚʘʥʠʝ. ʂʘʞʜʳʡ ʠʥʜʝʢʩ ʩʣʦʚʘʨʷ ʧʨʠʥʘʜʣʝʞʠʪ ʪʦʡ ʠʣʠ ʠʥʦʡ ʛʨʫʧʧʝ. ɽʩʣʠ ʠʥʜʝʢʩ ʩʦ-

ʜʝʨʞʠʪ ʧʦʜʥrʜʝʢʩʳ, ʪʦ ʦʥʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʧʘʜʘʶʪ ʚ ʜʘʥʥʫʶ ʛʨʫʧʧʫ. ʅʘʧʨʠʤʝʨ, 

ʛʨʫʧʧʳ ʧʘʨʘʤʝʪʨʦʚ çɿʘʜʘʪʯʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠè, çʊʝʤʧʝʨʘʪʫʨʳè ʠ ʪ.ʧ. ɺʥʫʪʨʠ ʵʪʠʭ 

ʛʨʫʧʧ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʫʜʫʪ ʚʩʝ ʦʙʲʝʢʪʳ ʩʣʦʚʘʨʷ, ʠʤ ʧʨʠʥʘʜʣʝʞʘʱʠʝ. ʇʨʠʥʘʜʣʝʞ-

ʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʣʦʚʘʨʝ CANopen. 

¶ ɺʩʷ ʩʪʨʫʢʪʫʨʘ ʩʣʦʚʘʨʷ ʦʙʲʝʢʪʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʘʤʷʪʠ ʢʦʥʪʨʦʣʣʝʨʘ. ʏʪʦʙʳ ʇʋ ʠʣʠ ʇʂ 

ʤʦʛ ʘʜʝʢʚʘʪʥʦ ʫʧʨʘʚʣʷʪʴ ʠʤ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚ ʥʝʤ ʪʘʢʞʝ ʙʳʣʘ ʩʪʨʫʢʪʫʨʘ ʵʪʦʛʦ 

ʩʣʦʚʘʨʷ. ʇʦʵʪʦʤʫ ʙʳʣ ʩʦʟʜʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʢʘʯʠʚʘʪʴ (ʧʨʠ 

ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʫʩʪʨʦʡʩʪʚʫ) ʩʪʨʫʢʪʫʨʫ ʩʣʦʚʘʨʷ ʫʩʪʨʦʡʩʪʚʘ (ʚ ʜʝʤʦ-ʚʝʨʩʠʠ ʜʨʘʡʚʝʨʘ 

ʵʪʘ ʬʫʥʢʮʠʷ ʦʪʢʣʶʯʝʥʘ).  

¶ ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʩʣʦʚʘʨʷ ʦʙʲʝʢʪʦʚ ʦʥ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʫʶ ʧʘʤʷʪʴ ʇʋ ʠʣʠ 

ʥʘ ʜʠʩʢʝ ʇʂ, ʯʪʦʙʳ ʥʝ ʪʨʝʙʦʚʘʣʘʩʴ ʧʦʚʪʦʨʥʘʷ ʟʘʛʨʫʟʢʘ ʧʦʩʣʝ. 

¶ ʊʘʢ ʢʘʢ ʚʩʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ, 
ʘ ʧʦʣʴʟʦʚʘʪʝʣʶ ʪʨʝʙʫʝʪʩʷ ʦʪʦʙʨʘʞʘʪʴ ʨʝʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ (ʚʦʣʴʪʳ, ʘʤʧʝʨʳ), ʚʚʝʜʝʥʘ 

ʠʜʝʦʣʦʛʠʷ ʤʘʩʰʪʘʙʠʨʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʄʘʩʰʪʘʙʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ï ʦʪ-

ʜʝʣʴʥʳʝ ʠʥʜʝʢʩʳ ʩʣʦʚʘʨʷ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʡ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ 

ʩʣʦʚʘʨʝ ʦʙʲʝʢʪʦʚ. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ï ʯʠʩʣʦ, ʥʘ ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ ʫʤʥʦʞʠʪʴ 

ʯʠʩʣʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʨʝʘʣʴʥʳʝ ʝʜʠʥʠʮʳ. ʊʘʢ, ʝʩʣʠ ʥʦ-

ʤʠʥʘʣʴʥʦʤʫ ʪʦʢʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 100 ɸ, ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʧʝʨʝʤʝʥʥʘʷ ʨʘʚʥʘ 

0.5, ʪʦ ʦʪʦʙʨʘʟʠʪʩʷ ʟʥʘʯʝʥʠʝ 50ɸ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʜʘʝʪ 

ʦʪʦʙʨʘʞʘʝʤʳʝ ʧʨʝʬʠʢʩ ʠ ʨʘʟʤʝʨʥʦʩʪʴ: ʘʤʧʝʨʳ (ɸ), ʤʠʣʣʠʩʝʢʫʥʜʳ (ʤʩ), ʚʦʣʴʪʳ (ɺ) ʠ 

ʪ.ʧ. ʂʘʞʜʦʤʫ ʦʙʲʝʢʪʫ ʤʦʞʥʦ ʟʘʜʘʪʴ ʣʶʙʦʡ ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. ɺʩʝʛʦ 

ʤʘʩʰʪʘʙʠʨʫʶɦ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 31. 

¶ ʂʨʦʤʝ ʪʝʢʩʪʦʚ, ʩʠʤʚʦʣʠʟʠʨʫʶʱʠʭ ʠʤʝʥʘ ʧʘʨʘʤʝʪʨʦʚ, ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʝ ʧʦʥʷʪʠʝ, ʢʘʢ 

ʧʝʨʝʯʠʩʣʝʥʠʝ. ʇʝʨʝʯʠʩʣʝʥʠʝ ï ʤʘʩʩʠʚ ʪʝʢʩʪʦʚ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʦʙʲ-

ʝʢʪʘ ʜʦʣʞʥʦ ʙʳʪʴ ʪʝʢʩʪʦʚʳʤ. ʅʘʧʨʠʤʝʨ, ʪʠʧ ʪʦʨʤʦʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ: ɺʳʙʝʛ, ɼʠʥʘ-

ʤʠʯʝʩʢʦʝ ʪʦʨʤʦʞʝʥʠʝ, ʏʘʩʪʦʪʥʦʝ ʪʦʨʤʦʞʝʥʠʝ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʧʝʨʝʤʝʥʥʘʷ, ʦʪʚʝʯʘʶ-

ʱʘʷ ʟʘ ʪʠʧ ʪʦʨʤʦʞʝʥʠʷ, ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʦʪ 0 ʜʦ 2, ʛʜʝ 0 ï ɺʳʙʝʛ, 1 - ɼʠʥʘʤʠʯʝʩʢʦʝ 

ʪʦʨʤʦʞʝʥʠʝ ʠ ʪ.ʧ. ɸ ʥʘ ʇʋ ʙʫʜʫʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʢʩʪʳ ʧʝʨʝʯʠʩʣʝ-

ʥʠʷ. ʊʦ, ʯʪʦ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʯʠʩʣʝʥʠʝ, 

ʪʘʢʞʝ ʟʘʜʘʝʪʩʷ ʚ ʬʦʨʤʘʪʝ ʦʙʲʝʢʪʘ. 

¶ ɼʨʘʡʚʝʨ CANopen ʥʝʩʝʪ ʪʘʢʞʝ ʬʫʥʢʮʠʶ ʟʘʛʨʫʟʢʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟ 

ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ. ɺʩʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʩʣʦʚʘʨʴ ʦʙʲʝʢʪʦʚ ʠ ʥʝ 

ʠʤʝʶʪ ʪʠʧ çʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷè ʚ ʬʫʥʢʮʠʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʜʨʘʡʚʝʨʘ CANopen ʟʘʛʨʫ-

ʞʘʶʪʩʷ ʠʟ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ flash ʧʘʤʷʪʠ. ʇʦʩʣʝ ʢʘʢʦʡ-ʣʠʙʦ ʧʝ-

ʨʝʥʘʩʪʨʦʡʢʠ ʧʨʠʚʦʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩ ʧʦʤʦʱʴʶ ʇʋ ʜʦʣʞʝʥ ʜʘʪʴ ʢʦʤʘʥʜʫ ʩʦʭʨʘʥʝʥʠʷ, 

ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʚʩʝ ʟʥʘʯʝʥʠʷ ʩʣʦʚʘʨʷ ʦʙʲʝʢʪʦʚ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ flash. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝ-

ʩʪʚʫʝʪ ʢʦʤʘʥʜʘ ʟʘʛʨʫʟʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʨʘʡʚʝʨ CANopen 

ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʩʣʦʚʘʨʷ ʧʨʠʩʚʘʠʚʘʝʪ ʟʥʘʯʝʥʠʝ, ʟʘʜʘʥʥʦʝ ʫ ʥʝʛʦ ʚ ʘʪʨʠʙʫʪʘʭ ʢʘʢ 

çʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶè. ʊʝʭʥʠʯʝʩʢʠ ʵʪʠ ʢʦʤʘʥʜʳ ʦʪ ʇʋ ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʦʙʲʝʢʪʳ 

ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ ʢʦʤʘʥʜ. 

¶ ɺ ʧʝʨʚʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʧʦʩʣʝ ʩʦʝʜʠʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʚ ʩʝʪʴ (ʥʘʧʨʠʤʝʨ, ʇʂ ʠ ʢʦʥ-

ʪʨʦʣʣʝʨʘ) ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʝʝ. ʂʘʞʜʦʝ ʠʟ ʫʩʪʨʦʡʩʪʚ ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ ʧʦʩʳʣʘʝʪ ʩʦ-

ʦʙʱʝʥʠʝ ʩʝʨʚʠʩʘ HeartBeat (ʦ ʪʦʤ, ʯʪʦ ʦʥʦ ʚ ʩʝʪʠ). ʂʘʢ ʪʦʣʴʢʦ ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʥʘ ʇʂ (UniCON http://motorcontrol.ru/production/soft/softcanopen/unicon/) ʧʨʠʥʠʤʘʝʪ 

HeartBeat ʦʪ ʢʦʥʪʨʦʣʣʝʨʘ, ʦʥʘ ʟʘʧʨʘʰʠʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʝʤ ʩ ʧʦʤʦʱʴʶ ʩʝʨʚʠʩʘ 

SDO. ɸ ʠʤʝʥʥʦ ʯʠʪʘʝʪ ʜʘʥʥʳʝ ʩ ʜʚʫʭ ʦʙʲʝʢʪʦʚ (ʢʦʪʦʨʳʝ ʦʙʷʟʘʪʝʣʥɹʦ ʜʦʣʞʥʳ ʧʨʠʩʫʪ-

ʩʪʚʦʚʘʪʴ ʚ ʩʣʦʚʘʨʝ), ʚ ʢʦʪʦʨʳʭ ʟʘʢʦʜʠʨʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʟʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʚʝʨʩʠʠ ʝʛʦ ʇʆ. ʇʦʩʣʝ ʵʪʦʛʦ ʣʠʙʦ ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʯʠʚʘʥʠʝ ʩʣʦʚʘʨʷ ʦʙʲʝʢʪʦʚ, ʣʠʙʦ, ʝʩ-

ʣʠ ʦʥ ʫʞʝ ʙʳʣ ʩʢʘʯʘʥ ʜʣʷ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʇʂ ʩʪʘʥʦʚʠʪʩʷ ʛʦʪʦʚ ʢ ʨʘʙʦʪʝ ʩ ʫʩʪʨʦʡ-

ʩʪʚʦʤ. 

¶ ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʠ ʟʘʛʨʫʟʢʝ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʚʥʝʰʥʝʡ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ 

ʧʘʤʷʪʠ ʜʨʘʡʚʝʨ CANopen ʧʨʦʚʝʨʷʝʪ ʦʙʱʫʶ ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ ʟʘʛʨʫʞʝʥʥʳʭ ʜʘʥ-

http://motorcontrol.ru/production/soft/softcanopen/unicon/
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ʥʳʭ. ɽʩʣʠ ʦʥʘ ʥʝ ʩʭʦʜʠʪʩʷ, ʪʦ ʜʨʘʡʚʝʨ ʟʘʛʨʫʞʘʝʪ ʧʘʨʘʤʝʪʨʳ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʅʝ ʩʭʦ-

ʜʠʪʴʩʷ ʦʥʘ ʤʦʞʝʪ ʧʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ: ʧʨʦʠʟʦʰʣʘ ʢʘʢʘʷ-ʪʦ ʦʰʠʙʢʘ (ʤʘʣʦʚʝʨʦʷʪʥʦ), ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʰʠʚʢʠ ʢʦʥʪʨʦʣʣʝʨʘ ʩʪʨʫʢʪʫʨʘ ʩʣʦʚʘʨʷ ʠʟʤʝʥʠʣʘʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ, ʫʜʘʣʝʥʠʠ ʠʣʠ ʜʨʫʛʦʤ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʣʦʚʘʨʷ ʦʙʲʝʢʪʦʚ ʦʩʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ ʥʝ ʩʤʦʛʫʪ ʟʘʛʨʫʟʠʪʴʩʷ ʠʟ ʵʥʝʨʛʦ-

ʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ ʠ çʩʙʨʦʩʷʪʩʷè ʥʘ ʩʪʘʥʜʘʨʪʥʳʝ ʥʘʩʪʨʦʡʢʠ. 

¶ CANopen ʜʨʘʡʚʝʨ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʟʦʚʘ ʟʘʜʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʬʫʥʢʮʠʠ 

ʧʨʠ ʦʙʨʘʱʝʥʠʠ (ʯʪʝʥʠʝ ʠʣʠ ʟʘʧʠʩʴ ʩ ʧʦʤʦʱʴʶ SDO) ʢ ʣʶʙʳʤ ʟʘʜʘʥʥʳʤ ʠʥʜʝʢʩʘʤ 

ʩʣʦʚʘʨʷ (ʠʣʠ ʧʦʜʥrʜʝʢʩʘʤ, ʚ ʥʠʭ ʚʭʦʜʷʱʠʤ). ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʳʧʦʣʥʷʪʴ ʢʘʢʫʶ-ʣʠʙʦ ʧʝʨʝʠʥʠʮʠʘʣʠʟʘʮʠʶ ʥʝʢʦʪʦʨʦʛʦ ʤʦʜʫʣʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ 

ʥʘʩʪʨʦʝʢ, ʚʦʟʤʦʞʝʥ ʚʳʟʦʚ ʟʘʜʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʬʫʥʢʮʠʠ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʇʋ ʢ ʝʛʦ 

ʧʘʨʘʤʝʪʨʘʤ. ʌʫʥʢʮʠʠ ʩʦʦʙʱʘʝʪʩʷ, ʧʨʦʠʟʦʰʣʦ ʩʦʙʳʪʠʝ ʯʪʝʥʠʷ ʠʣʠ ʟʘʧʠʩʠ. ʊʘʢʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʬʫʥʢʮʠʠ, ʚʳʟʳʚʘʝʤʳʝ ʜʨʘʡʚʝʨʦʤ, ʥʘʟʳʚʘʶʪʩʷ callback-ʬʫʥʢʮʠʷʤʠ. 

¶ ʉʣʦʚʘʨʠ ʦʙʲʝʢʪʦʚ ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ CAN ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʬʘʡʣʘʭ cood1.c ʠ 

cood2.c.  ʆʧʨʝʜʝʣʷʶʪʩʷ ʦʥʠ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʪʘʙʣʠʮ (ʤʘʩʩʠʚʦʚ), ʚ ʢʦʪʦʨʳʭ ʟʘʜʘʶʪ-

ʩʷ: ʘʜʨʝʩʘ ʧʝʨʝʤʝʥʥʳʭ ʢʦʥʪʨʦʣʣʝʨʘ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʲʝʢʪʘʤ ʩʣʦʚʘʨʷ; ʬʦʨ-

ʤʘʪʳ, ʥʦʤʝʨʘ ʪʝʢʩʪʦʚ, ʤʘʢʩʠʤʫʤʳ, ʤʠʥʠʤʫʤʳ ʠ ʜʨ.; ʘʜʨʝʩʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʩʣʦʚʘʨʷ ʚ 

ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʫʶ ʧʘʤʷʪʴ; ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʛʨʫʧʧʘʤ; ʪʘʙʣʠʮʘ callback ʬʫʥʢʮʠʡ. 

ɼʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʵʪʠʭ ʬʘʡʣʦʚ ʚ ʆʆʆ çʅʇʌ ɺʝʢʪʦʨè ʨʘʟʨʘʙʦʪʘʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʇʆ 

CoodEdit (http://motorcontrol.ru/production/soft/softcanopen/coodedit/): ʨʝʜʘʢʪʦʨ ʩʣʦʚʘ-

ʨʝʡ ʦʙʲʝʢʪʦʚ CANopen, ʧʨʠʦʙʨʝʪʘʝʤʳʡ ʦʪʜʝʣʴʥʦ. 

ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʚ ʇʆ ʢʦʥʪʨʦʣʣʝʨʘ ʧʝʨʝʤʝʥʥʫʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʘʢʦʤʫ-ʣʠʙʦ ʧʘ-

ʨʘʤʝʪʨʫ ʥʘ ʧʫʣʴʪʝ ʫʧʨʘʚʣʝʥʠʷ (ʠʣʠ ʧʨʦʛʨʘʤʤʝ UniCON), ʵʪʦ ʣʝʛʢʦ ʩʜʝʣʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʘʡʣʘ cood1.c ʠʣʠ cood2.c. ʅʘʧʨʦʪʠʚ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʚʳʚʦʜʠʤʦʡ ʚ ʩʣʦʚʘʨʴ CANopen, ʚ ʜʘʥ-

ʥʦʤ ʬʘʡʣʝ ʩʪʦʠʪ ʢʦʤʤʝʥʪʘʨʠʡ ʩ ʥʘʟʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʦʦʪʚʝʪ-

ʩʪʚʠʷ ʧʝʨʝʤʝʥʥʦʡ ʠ ʧʘʨʘʤʝʪʨʘ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʦʠʩʢ ʚ ʜʘʥʥʦʤ ʬʘʡʣʝ ʪʝʢʩʪʘ ʠʤʝʥʠ ʧʘʨʘʤʝʪʨʘ. 

ɼʣʷ ʫʚʝʨʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ UniCON ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʚ ʢʦʨʥʝʚʦʡ ʜʠʨʝʢʪʦʨʠʠ ʩ ʧʨʦʛʨʘʤ-

ʤʦʡ ʚ ʬʦʨʤʘʪʝ pdf. ɹʝʟ ʠʟʫʯʝʥʠʷ ʵʪʦʛʦ ʜʦʢʫʤʝʥʪʘ ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʳ 

ʦʩʪʘʥʝʪʩʷ çʟʘ ʢʘʜʨʦʤè, ʪʘʢ ʢʘʢ ʥʝ ʚʩʝ ʬʫʥʢʮʠʠ ʨʘʙʦʪʘʶʪ ʠʥʪʫʠʪʠʚʥʦ-ʧʦʥʷʪʥʳʤ ʦʙʨʘʟʦʤ. 

 

3.1. ʎʝʣʦʯʠʩʣʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʝʜʠʥʠʮʳ 

ɺʝʩʴ ʧʨʦʝʢʪ ʧʦʩʪʨʦʝʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʪʦʯʢʦʡ ʚ ʬʦʨʤʘʪʝ IQ8.24, ʛʜʝ 8 ʨʘʟʨʷʜʦʚ ʦʪʚʦʜʠʪʩʷ ʧʦʜ ʮʝʣʫʶ ʯʘʩʪʴ, 24 ʧʦʜ ʜʨʦʙʥʫʶ. ɼʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʪʘʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʨʝʘʣʠʟʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ IQmath, ʩʦʜʝʨʞʘʱʘʷ ʬʫʥʢʮʠʠ ʫʤʥʦʞʝʥʠʷ, 

ʜʝʣʝʥʠʷ, ʩʠʥʫʩʘ ʠ ʪ.ʧ. ʚ ʫʢʘʟʘʥʥʦʤ ʬʦʨʤʘʪʝ. ɹʠʙʣʠʦʪʝʢʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʘʢʦʡ ʞʝ 

ʙʠʙʣʠʦʪʝʢʦʡ Texas Instruments ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʵʪʦʡ ʬʠʨʤʳ. ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʠʙʣʠʦʪʝʢʠ ʚ ʧʦʩʪʘʚʣʷʝʤʦʤ ʇʆ VectorCARDServoInverter ʦʛʨʘʥʠʯʝʥʘ ʧʦʜ ʟʘʜʘʯʠ 

ʵʪʦʛʦ ʧʨʦʝʢʪʘ. ʇʦʣʥʘʷ ʚʝʨʩʠʷ ʙʠʙʣʠʦʪʝʢʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʦʙʨʝʪʝʥʘ ʦʪʜʝʣʴʥʦ. 

ɺʝʩʴ ʧʨʦʝʢʪ ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ 

ʢʘʞʜʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ï ʪʦʢʘ, ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʪ.ʧ. ʚʳʙʠʨʘʝʪʩʷ ʥʝʢʦʪʦ-

ʨʘʷ ʙʘʟʦʚʘʷ ʚʝʣʠʯʠʥʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʥʦʨʤʠʨʫʶʪʩʷ ʚʩʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʚ ʧʨʦʛʨʘʤ-

ʤʝ. ʅʘʧʨʠʤʝʨ, ʙʘʟʦʚʳʡ ʬʘʟʥʳʡ ʘʤʧʣʠʪʫʜʥʳʡ ʪʦʢ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʨʘʚʝʥ 5ɸ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʝʩʣʠ ʧʝʨʝʤʝʥʥʘʷ, ʚ ʢʦʪʦʨʦʡ ʭʨʘʥʠʪʩʷ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʚ ʧʨʦʛʨʘʤʤʝ ʨʘʚʥʘ ʝʜʠʥʠʮʝ, ʵʪʦ ʦʙʦʟʥʘʯʘʝʪ 

ʪʦʢ ʚ 5ɸ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʜʣʷ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʳʙʨʘʥ 

ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʙʣʝʤ ʧʝʨʝʧʦʣʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʠʣʠ ʥʝʭʚʘʪʢʠ ʪʦʯʥʦʩʪʠ. ʇʨʦʛʨʘʤʤʘ 

UniCON, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʚʦʜʦʤ ʧʦ CANopen, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʫʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʝʜʠʥʠʮʳ ʚ ʬʠʟʠʯʝʩʢʠʝ ʠ ʦʙʨʘʪʥʦ. ʊʘʢ, ʧʨʦʯʠʪʘʚ ʠʟ ʧʘʨʘʤʝʪʨʘ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʟʥʘ-

ʯʝʥʠʝ, ʨʘʚʥʦʝ 0,5, ʧʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʤʥʦʞʠʪ ʝʛʦ ʥʘ ʙʘʟʦʚʫʶ ʚʝʣʠʯʠʥʫ ʜʣʷ ʪʦʢʘ 5ɸ ʠ 

ʦʪʦʙʨʘʟʠʪ ʧʦʣʴʟʦʚʘʪʝʣʶ 2,5ɸ. ʇʨʠ ʚʚʦʜʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ UniCON, ʥʘʦʙʦʨʦʪ, 

ʧʦʜʝʣʠʪ ʚʚʝʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʙʘʟʦʚʫʶ ʚʝʣʠʯʠʥʫ ʠ ʦʪʧʨʘʚʠʪ ʜʘʥʥʳʝ ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. ʉʧʠ-

ʩʦʢ ʙʘʟʦʚʳʭ ʟʥʘʯʝʥʠʡ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʚ ʛʨʫʧʧʝ ʧʘʨʘʤʝʪʨʦʚ UniCON ɹʘʟʦʚ. ʧʘʨʘʤ. ʀʟʤʝʥʠʪʴ 

http://motorcontrol.ru/production/soft/softcanopen/coodedit/
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ʙʘʟʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʜʘʥʥʦʛʦ ʦʪʣʘʜʦʯʥʦʛʦ ʢʦʤʧʣʝʢʪʘ ʥʝʣʴʟʷ (ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʘʷ ʚʝʨʩʠʷ ʧʨʦ-

ʛʨʘʤʤʳ UniCON). ʇʦʩʤʦʪʨʝʪʴ ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ IQ ʬʦʨʤʘʪʝ ʤʦʞʥʦ ʚʳʙʨʘʚ ʧʫʥʢʪ çʀʥʬʦè ʯʝ-

ʨʝʟ ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʚ UniCON. 
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4. ʅʘʯʘʣʦ ʨʘʙʦʪ  r

4.1. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʟʘʧʫʩʢ ʢʦʥʪʨʦʣʣʝʨʘ 

ʇʝʨʝʜ ʧʨʦʰʠʚʢʦʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʢʦʤʧʠʣʷʮʠʶ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʧʨʦʝʢʪʘ Vector-

CARDServoInverter ʚ VectorIDE (http://motorcontrol.ru/production/soft/vector-ide/) ʠʣʠ ʜʨʫʛʦʡ 

ʩʙʦʨʢʝ Eclipse+GCC. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʧʨʦʝʢʪ ʚ ʩʚʦʝ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

Eclipse (ʯʝʨʝʟ File->Import->General->Existing Projects into Workspace, ʚr ʙʨʘʪʴ ʧʨʦʝʢʪ Vector-

CARDServoInverter). ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʚ ʬʘʡʣʝ Vinclude/build.h ʚʳʙʨʘʪʴ ʚʝʨʩʠʶ ʘʧʧʘʨʘʪʥʦʡ ʯʘ-

ʩʪʠ: ʜʣʷ ʠʥʚʝʨʪʦʨʘ ʥʘ ʙʘʟʝ DRV8301 ʨʘʩʢʦʤʤʝʥʪʠʨʦʚʘʪʴ ʢʦʥʩʪʘʥʪʫ DRV8301_EVM, ʘ ʜʣʷ 

DRV8312 ʢʦʥʩʪʘʥʪʫ DRV8312_EVM, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʫʩʪʠʪʴ ʩʙʦʨʢʫ ʧʨʦʝʢʪʘ. ʋʙʝʜʠʚʰʠʩʴ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʟʘʚʝʨʰʠʣʩʷ ʙʝʟ ʦʰʠʙʦʢ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ (ʧʨʦʰʠʚʢʫ) ʢʦʥ-

ʪʨʦʣʣʝʨʘ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʩʦʟʜʘʪʴ ʦʪʣʘʜʦʯʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʥʘʞʘʚ ʥʘ ʫʛʣʦʚʫʶ ʩʪʨʝʣʦʯʢʫ ʩ 

ʧʠʢʪʦʛʨʘʤʤʦʡ ʞʫʢʘ, ʪʘʤ ʚʳʙʨʘʚ çDebug Configurationséè, ʪʘʤ ʚ ʨʘʟʜʝʣʝ çGDB OpenOCD De-

buggingè ʥʘʡʪʠ ʛʦʪʦʚʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʪ ʜʨʫʛʦʛʦ ʧʨʦʝʢʪʘ ʠ ʩʢʦʧʠʨʦʚʘʪʴ ʝʸ. ɺ ʩʢʦʧʠʨʦʚʘʥʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʟʤʝʥʠʪʴ ʥʘ ʚʢʣʘʜʢʝ Main ʥʘʟʚʘʥʠʝ ʧʨʦʝʢʪʘ ʠ ʧʫʪʴ ʜʦ ʚʳʭʦʜʥʦʛʦ elf ʬʘʡʣʘ. ɽʩʣʠ 

ʧʦ ʢʘʢʦʡ-ʪʦ ʧʨʠʯʠʥʝ ʛʦʪʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʣʷ ʧʨʦʝʢʪʘ ʥʝʪ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʥʦʚʫʶ. ʅʠʞʝ 

ʥʘ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʦ ʩʦʜʝʨʞʠʤʦʝ ʚʩʝʭ ʦʢʦʥ ʩ ʥʘʩʪʨʦʡʢʦʡ ʦʪʣʘʜʦʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 
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ʈʠʩ. 1 ʉʦʜʝʨʞʠʤʦʝ ʦʢʦʥ ʥʘʩʪʨʦʡʢʠ ʦʪʣʘʜʦʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

 

ʉʦʜʝʨʞʠʤʦʝ ʪʝʢʩʪʦʚʳʭ ʧʦʣʝʡ: 
${ eclipse _home} \ .. \ openocd \ bin \ openocd . exe  

- f "${eclipse_home} \ .. \ openocd \ kits \ niiet_com mon.cfg" - s "${eclipse_home} \ .. \ openocd"  

"${eclipse_home} \ .. \ CodeBench \ bin \ arm- none - eabi - gdb.exe"  

 

ɼʘʣʝʝ ʥʫʞʥʦ ʧʦʜʢʣʶʯʠʪʴ JTAG-ʵʤʫʣʷʪʦʨ, ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʥʝʛʦ ʜʨʘʡʚʝʨʘ, ʟʘʧʫʩʪʠʪʴ ʧʨʦ-

ʮʝʩʩ ʦʪʣʘʜʢʠ, ʱʝʣʢʥʫʚ ʚ VectorIDE ʧʦ ʩʪʨʝʣʦʯʢʝ ʨʷʜʦʤ ʩ ʢʥʦʧʢʦʡ Debug (ʩ ʟʝʣʝʥʳʤ ʞʫʯʢʦʤ) ʠ 

ʚʳʙʨʘʚ Debug-ʢʦʥʬʠʛʫʨʘʮʠʶ VectorCARDServoInverter Debug. ɽʩʣʠ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʧʨʦʙʣʝʤʳ, 

ʠʟʫʯʠʪʝ ʠʥʩʪʨʫʢʮʠʶ ʥʘ VectorIDE ʠʣʠ ʦʙʨʘʪʠʪʝʩʴ ʩ ʚʦʧʨʦʩʦʤ ʢ ʩʧʝʮʠʘʣʠʩʪʘʤ ʆʆʆ çʅʇʌ ɺʝʢ-

ʪʦʨè. 

4.2. ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʇʂ ʯʝʨʝʟ UniCON 

ʇʦʜʢʣʶʯʠʪʝ VectorCard ʢ ʇʂ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʭʦʜʥʠʢʘ CAN-USB (ʨʘʟʲʝʤ J7 ʥʘ ʧʣʘʪʝ 

DRV8301-HC-EVM Texas Instruments, ʧʦʣʷʨʥʦʩʪʴ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʳʪʥʳʤ ʧʫʪʝʤ, ʧʝʨʝʚʝʨ-

ʥʫʚ ʨʘʟʲʝʤ, ʝʩʣʠ ʩʚʷʟʠ ʥʝ ʙʫʜʝʪ). ʆʧʮʠʦʥʘʣʴʥʦ ʩʚʷʟʴ ʩ ʇʂ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ ʟʘ ʩʯʝʪ ʤʠʢʨʦʩʭʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ USB-UART CP2102, ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʥʘ VectorCARD ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʜʨʘʡʚʝʨʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ V_CANtoRS, ʧʝʨʝʜʘʶʱʝʛʦ CAN 

ʧʦʩʳʣʢʠ ʯʝʨʝʟ RS (UART) ʠʥʪʝʨʬʝʡʩ. 

ʇʦʜʘʡʪʝ ʧʠʪʘʥʠʝ ʥʘ ʠʥʚʝʨʪʦʨ, ʧʣʘʪʘ VectorCARD ʠ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʟʘʧʠ-

ʪʘʶʪʩʷ ʦʪ ʥʝʛʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʈʝʢʦʤʝʥʜʫʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʠʥ-

ʚʝʨʪʦʨʘ 24ɺ ï ʵʪʦ ʙʝʟʦʧʘʩʥʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ çʥʘ ʩʪʦʣʝè, ʜʣʷ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ 

ACM601V36-01-1000 ʩ ʥʝʙʦʣʴʰʦʡ ʥʘʛʨʫʟʢʦʡ ʜʦʩʪʘʪʦʯʥʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʪʦʢ ʦʢʦʣʦ 1ɸ. 

ɿʘʧʫʩʪʠʪʝ ʧʨʦʛʨʘʤʤʫ UniCON (ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʠʚ ʜʨʘʡʚʝʨʘ ʥʘ usb-can ʧʝʨʝʭʦʜ-

ʥʠʢ). ɽʩʣʠ ʚʳ ʠʩʧʦʣʴʟʫʝʪʝ CAN ʠʥʪʝʨʬʝʡʩ ʩ ʧʝʨʝʭʦʜʥʠʢʦʤ CAN-USB ʬʠʨʤʳ ʤʘʨʘʬʦʥ, ʪʦ ʚʳʙʝ-

ʨʠʪʝ ʚ ʤʝʥʶ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʫʣʷ ʩʚʷʟʠ ʧʨʦʛʨʘʤʤʳ UniCON ʤʦʜʫʣʴ ʩʚʷʟʠ çMARATHONè. ɼʣʷ 

ʩʚʷʟʠ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʧʦʜʢʣʶʯʠʪʝ USB ʢʘʙʝʣʴ ʚ VectorCARD ʚ ʙʦʢʦʚʦʡ ʨʘʟʲ-

ʝʤ X2, ʘ ʚ ʧʘʨʘʤʝʪʨʘʭ ʤʦʜʫʣʷ ʩʚʷʟʠ UniCON ʚʳʙʝʨʠʪʝ çUSB RSè ʜʨʘʡʚʝʨ, ʟʘʜʘʡʪʝ ʥʝʦʙʭʦʜʠʤʳʡ 

ʥʦʤʝʨ ʚʠʨʪʫʘʣʴʥʦʛʦ COM ʧʦʨʪʘ. ʈʘʟʣʠʯʠʝ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ: ʯʝʨʝʟ 

CAN ʠʥʪʝʨʬʝʡʩ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʟʘʛʨʫʞʘʶʪʩʷ ʥʘ ʧʦʨʷʜʦʢ ʙʳʩʪʨʝʝ. 
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ɽʩʣʠ ʚʩʝ ʩʜʝʣʘʥʦ ʚʝʨʥʦ, ʦʪʦʙʨʘʟʠʪʩʷ ʫʟʝʣ ʚ ʩʝʪʠ CANopen ʩ ʥʘʟʚʘʥʠʝʤ çARM_MCPè, ʩʪʘ-

ʥʝʪ ʜʦʩʪʫʧʥʘ ʢʥʦʧʢʘ çʇʦʜʢʣʶʯʠʪʴʩʷè. ʅʫʞʥʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ, ʧʦʩʣʝ ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʢ ʨʘ-

ʙʦʪʝ. ʅʘ ʈʠʩ. 2 ʧʦʢʘʟʘʥʦ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ UniCON ʧʨʠ ʫʩʧʝʰʥʦʤ ʧʦʜʢʣʶʯʝʥʠʠ. 

 
ʈʠʩ. 2 ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ UniCON ʧʦʩʣʝ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʫʩʪʨʦʡʩʪʚʫ 

 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ ʨʘʩʧʦʣʦʞʝʥ ʩʧʠʩʦʢ ʦʙʲʝʢʪʦʚ, ʚ ʮʝʥʪʨʝ ï ʟʥʘʯʝʥʠʷ ʦʙʲʝʢ-

ʪʦʚ ʠʣʠ ʦʩʮʠʣʣʦʛʨʘʬ, ʘ ʚ ʧʨʘʚʦʡ ï ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʫʢʘʟʘʥʠʷ ʧʘʨʘʤʝʪʨʘ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʪʘʢʦʝ ʠʤʝʥʦʚʘʥʠʝ: ɻʨʫʧʧʘ.ʇʘʨʘʤʝʪʨ. ʅʘʧʨʠʤʝʨ, 

ɸʎʇ.ʊʦʢ ʬʘʟʳ A. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʘʨʘʤʝʪʨ ï ʵʪʦ ʦʙʲʝʢʪ ʩʣʦʚʘʨʷ CANopen.  

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʟʫʯʠʪʴ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ UniCON (ʬʘʡʣ çʈʫʢʦʚʦʜʩʪʚʦ Uni-

CON.pdfè ʚ ʢʘʪʘʣʦʛʝ ʩ ʧʨʦʛʨʘʤʤʦʡ). 

ɽʩʣʠ ʧʦʜʢʣʶʯʠʪʴʩʷ ʥʝ ʫʜʘʝʪʩʷ, ʪʦ ʧʨʦʚʝʨʴʪʝ ʩʣʝʜʫʶʱʝʝ: 

1. ɿʘʧʫʱʝʥʘ ʣʠ ʧʨʦʛʨʘʤʤʘ ʧʨʦʝʢʪʘ VectorCARDServoInverter ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ? 

ʉʚʝʪʦʜʠʦʜʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʜʦʣʞʥʳ ʤʠʛʘʪʴ ʚ ʚʠʜʝ çʙʝʛʫʱʠʡ ʦʛʦʥʝʢè. 

2. ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʯʝʨʝʟ CAN ʧʨʦʚʝʨʴʪʝ, ʫʩʪʘʥʦʚʣʝʥʳ ʣʠ ʜʨʘʡʚʝʨʘ ʥʘ ʧʝʨʝʭʦʜʥʠʢ 

usb-can ʬʠʨʤʳ ʄʘʨʘʬʦʥ? ʉʚʝʪʦʚʦʡ ʠʥʜʠʢʘʪʦʨ çUSBè ʥʘ ʧʝʨʝʭʦʜʥʠʢʝ ʜʦʣʞʝʥ ʩʚʝ-

ʪʠʪʴʩʷ. ʄʦʞʥʦ ʟʘʧʫʩʪʠʪʴ ʩʣʫʞʝʙʥʫʶ ʫʪʠʣʠʪʫ canwize (ʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʜʨʘʡʚʝʨʘʤʠ), 

ʦʪʢʨʳʪʴ ʥʫʣʝʚʦʡ ʢʘʥʘʣ, ʚʳʙʨʘʪʴ Baudrate 125 Kbit/s, ʥʘʞʘʪʴ start. ʋʩʧʝʰʥʦʝ ʟʘʧʫʩʢ 

ʧʝʨʝʭʦʜʥʠʢʘ ʛʦʚʦʨʠʪ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʘʙʦʪʳ ʜʨʘʡʚʝʨʦʚ. ʅʘ ʚʢʣʘʜʢʝ CANmonitor 

ʜʦʣʞʥʳ ʙʳʪʴ ʚʠʜʥʳ ʧʦʩʳʣʢʠ ʦʪ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʠ ʚʝʨʥʦʤ ʧʦʜʢʣʶʯʝʥʠʠ CAN. 

3. ɿʘʧʫʩʪʠʚ ʧʨʦʛʨʘʤʤʫ UniCON (ʥʫʞʥʦ ʟʘʢʨʳʪʴ canwize, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʛʨʘʤʤʳ 

ʥʝ ʨʘʙʦʪʘʶʪ) ʫʚʠʜʝʪʴ, ʯʪʦ ʩʣʝʚʘ ʩʥʠʟʫ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ ʥʘʧʠʩʘʥ çʉʪʘʪʫʩ: ʨʘʙʦʪʘè 

(ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ). ʕʪʦ ʦʙʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʫʩʧʝʰʥʦ ʦʪʢʨʳʣʘ usb-can ʧʝʨʝ-

ʭʦʜʥʠʢ. ɽʩʣʠ ʚ ʚʝʨʭʥʝʡ ʣʝʚʦʡ ʯʘʩʪʠ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ ʥʝ ʧʦʷʚʣʷʝʪʩʷ ʚʢʣʘʜʢʠ ʩ 

ʫʩʪʨʦʡʩʪʚʦʤ ʚ ʩʝʪʠ, ʪʦ ʧʨʦʚʝʨʴʪʝ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ CAN ʢʘʙʝʣʷ. ʊʘʢʞʝ 

ʦʪʢʨʦʡʪʝ ʚ ʧʨʦʛʨʘʤʤʝ UniCON ʉʝʨʚʠʩ-ʇʘʨʘʤʝʪʨʳ ʤʦʜʫʣʷ ʩʚʷʟʠ. ʋʙʝʜʠʪʝʩʴ, ʯʪʦ 

ʚʳʙʨʘʥ ʤʦʜʫʣʴ ʩʚʷʟʠ MARATHON, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 125 kBit/s. 

4. ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʯʝʨʝʟ USB-RS ʧʨʦʚʝʨʴʪʝ, ʫʩʪʘʥʦʚʣʝʥʳ ʣʠ ʜʨʘʡʚʝʨʳ ʥʘ ʤʠʢʨʦ-

ʩʭʝʤʫ CP2102, ʦʪʦʙʨʘʞʘʝʪʩʷ ʣʠ ʚ ʜʠʩʧʝʪʯʝʨʝ ʫʩʪʨʦʡʩʪʚ Windows ʚʠʨʪʫʘʣʴʥʳʡ 

COM ʧʦʨʪ? ʋʙʝʜʠʪʝʩʴ, ʯʪʦ ʵʪʦ ʠʤʝʥʥʦ ʪʦʪ COM ʧʦʨʪ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʘ-

ʪʝ VectorCARD: ʦʪʢʣʶʯʠʪʝ USB ʢʘʙʝʣʴ, ʫʙʝʜʠʪʝʩʴ, ʯʪʦ ʚʠʨʪʫʘʣʴʥʳʡ COM ʧʦʨʪ 
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ʧʨʦʧʘʣ. ʇʨʦʚʝʨʴʪʝ, ʚʝʨʥʦ ʣʠ ʟʘʜʘʥ ʥʦʤʝʨ COM ʧʦʨʪʘ ʚ ʥʘʩʪʨʦʡʢʘʭ UniCON, ʚʳ-

ʙʨʘʥ ʣʠ USB-RS ʤʦʜʫʣʴ ʩʚʷʟʠ. ʇʘʨʘʤʝʪʨʳ COM ʧʦʨʪʘ ʤʝʥʷʪʴ ʥʝ ʩʣʝʜʫʝʪ: UniCON 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʩʪʨʘʠʚʘʝʪ ʧʘʨʘʤʝʪʨʳ COM ʧʦʨʪʘ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʠʤ. 

5. ɽʩʣʠ ʚʤʝʩʪʦ ʦʜʥʦʛʦ ʫʟʣʘ ʚ ʩʝʪʠ ʩ ʥʘʟʚʘʥʠʝʤ çARM_MCPè ʧʦʷʚʠʣʦʩʴ ʜʚʘ ʩ ʥʘʟʚʘ-

ʥʠʝʤ çʕʤʫʣʷʪʦʨè, ʵʪʦ ʟʥʘʯʠʪ ʚ ʥʘʩʪʨʦʡʢʘʭ UniCON ʚʤʝʩʪʦ ʧʝʨʝʭʦʜʥʠʢʘ ʩʚʷʟʠ 

CAN ʚʳʙʨʘʥ ʵʤʫʣʷʪʦʨ. ʆʪʢʨʦʡʪʝ ʚ ʧʨʦʛʨʘʤʤʝ UniCON ʉʝʨʚʠʩ-ʇʘʨʘʤʝʪʨʳ ʤʦʜʫʣʷ 

ʩʚʷʟʠ. ɺʳʙʝʨʠʪʝ ʤʦʜʫʣʴ ʩʚʷʟʠ MARATHON, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 125 kBit/s. 

6. ɽʩʣʠ ʥʠʯʝʛʦ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʥʝ ʧʦʤʦʛʘʝʪ, ʦʙʨʘʪʠʪʝʩʴ ʚ ʧʦʜʜʝʨʞʢʫ. 

4.3. ʇʦʜʢʣʶʯʝʥʠʝ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ 

ɼʚʠʛʘʪʝʣʴ Leadshine ACM601V36-01-1000 ʠʟ ʢʦʤʧʣʝʢʪʘʮʠʠ çmotor control-ʧʦʣʥʘʷè ʦʩʥʘ-

ʱʝʥ ʜʚʫʤʷ ʜʘʪʯʠʢʘʤʠ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ: ʠʥʢʨʝʤʝʥʪʘʣʴʥʳʤ ʵʥʢʦʜʝʨʦʤ ʠ ɼʇʈ ʥʘ ʵʣʝʤʝʥʪʘʭ ʍʦʣ-

ʣʘ. ʇʠʪʘʥʠʝ ʜʘʪʯʠʢʦʚ ʦʙʱʝʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʦ ʢ ʢʦʥʪʘʢʪʘʤ 4 (+5ɺ) ʠ 5 (çɿʝʤʣʷè) ʣʶʙʦʛʦ 

ʠʟ ʨʘʟʲʝʤʦʚ J4 ʠʣʠ J10 ʥʘ ʧʣʘʪʝ ʠʥʚʝʨʪʦʨʘ DRV8301-HC-EVM Texas Instruments: ʠʥʚʝʨʪʦʨ ʧʠʪʘʝʪ 

ʜʘʪʯʠʢʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ. ɺʳʭʦʜʳ ʜʘʪʯʠʢʘ ʥʘ ʵʣʝʤʝʥʪʘʭ ʍʦʣʣʘ ʧʦʜʢʣʶ-

ʯʘʶʪʩʷ ʢ ʢʦʥʪʘʢʪʘʤ 1-3 ʨʘʟʲʝʤʘ J10: 1 ï ʢʦʥʪʘʢʪ HallU+, 2 ï ʢʦʥʪʘʢʪ HallV+, 3 ï ʢʦʥʪʘʢʪ HallW+. 

ʕʥʢʦʜʝʨ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʢʦʥʪʘʢʪʘʤ 1-3 ʨʘʟʲʝʤʘ J4: 1 ï ʢʦʥʪʘʢʪ EA+, 2 ï ʢʦʥʪʘʢʪ EB+, 3 ï ʢʦʥʪʘʢʪ 

EZ+. ʆʜʥʘʢʦ ʠʥʜʝʢʩʥʘʷ ʤʝʪʢʘ ʵʥʢʦʜʝʨʘ ʚ ʜʘʥʥʦʤ ʜʚʠʛʘʪʝʣʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦ-

ʚʦʜ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥ ʜʣʷ ʜʨʫʛʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ. 

ɼʚʠʛʘʪʝʣʴ DT4260-24-005-04H-PT ʠʟ ʢʦʤʧʣʝʢʪʘʮʠʠ çmotor control-ʫʧʨʦʱʝʥʥʘʷè ʠʤʝʝʪ 

ʪʦʣʴʢʦ ʜʘʪʯʠʢʠ ʍʦʣʣʘ. ʇʠʪʘʥʠʝ ʜʘʪʯʠʢʦʚ (ʯʝʨʥʳʡ ʤʠʥʫʩ, ʢʨʘʩʥʳʡ ʧʣʶʩ) ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝ-

ʥʦ ʢ ʢʦʥʪʘʢʪʘʤ 4 (+5ɺ) ʠ 5 (çɿʝʤʣʷè) ʣʶʙʦʛʦ ʠʟ ʨʘʟʲʝʤʦʚ J4 ʠʣʠ J10 ʥʘ ʧʣʘʪʝ ʠʥʚʝʨʪʦʨʘ 

DRV8312-C2-KIT Texas Instruments. ɺʳʭʦʜʳ ʜʘʪʯʠʢʘ ʥʘ ʵʣʝʤʝʥʪʘʭ ʍʦʣʣʘ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʢʦʥ-

ʪʘʢʪʘʤ 1-3 ʨʘʟʲʝʤʘ J10: 1 ï ʢʦʥʪʘʢʪ HallU+ (ʙʝʣʳʡ), 2 ï ʢʦʥʪʘʢʪ HallV+ (ʟʝʣʝʥʳʡ), 3 ï ʢʦʥʪʘʢʪ 

HallW+ (ʩʠʥʠʡ). 

4.4. ʅʘʩʪʨʦʡʢʘ ɸʎʇ 

ɽʩʣʠ ɸʎʇ ʥʘʩʪʨʦʝʥʦ ʥʝʚʝʨʥʦ, ʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʱʠʪ ʠʥʚʝʨʪʦʨʘ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦʙ ʦʪʦʙ-

ʨʘʞʝʥʠʠ ʚʝʣʠʯʠʥ, ʨʘʙʦʪʘʪʴ ʥʝ ʙʫʜʫʪ. ʂʘʞʜʘʷ ʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ, ʢʘʢ ʤʠʥʠʤʫʤ, 

ʪʨʝʤʷ ʦʙʲʝʢʪʘʤʠ: 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ. ɼʣʷ ʢʘʞʜʦʡ ʚʝʣʠʯʠʥʳ ʦʥ ʟʘʜʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʜʠʥʠʮʘʭ 

ʠʟʤʝʨʝʥʠʷ. ɽʛʦ ʤʦʞʥʦ ʣʠʙʦ ʥʘʡʪʠ ʧʦʜʙʦʨʦʤ, ʣʠʙʦ ʨʘʩʩʯʠʪʘʪʴ: ʦʥ ʨʘʚʝʥ ʪʦʤʫ, ʯʪʦ ʜʦʣʞʝʥ 

ʠʟʤʝʨʷʪʴ ʜʘʪʯʠʢ, ʢʦʛʜʘ ɸʎʇ ʠʟʤʝʨʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (ʥʘ ʢʦʥʪʨʦʣʣʝʨ ʧʨʠʭʦʜʠʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʤʝʨʷʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʚʭʦʜ ɸʎʇ 0 ï 3.3ɺ, ʥʘ 

ʥʝʛʦ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ ʩ ʜʘʪʯʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʚʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ç0è ʥʘ ʚʭʦʜʝ ʢʦʥ-

ʪʨʦʣʣʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0 ɺ ʥʘ ɿʇʊ, 3.3 ʚʦʣʴʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 66ɺ ʥʘ ɿʇʊ, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʚʝʥ 66. 

¶ ʉʤʝʱʝʥʠʝ. ɽʩʣʠ ʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ ʨʘʚʥʘ ʥʫʣʶ, ʘ ʨʝʘʣʴʥʦ ʠʟʤʝʨʷʝʪʩʷ ʥʝ ʥʫʣʝʚʦʝ ʟʥʘ-

ʯʝʥʠʝ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʤʝʱʝʥʠʝ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ.  

¶ ʀʟʤʝʨʷʝʤʦʝ ʟʥʘʯʝʥʠʝ. ʆʪʦʙʨʘʞʘʝʪ ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. ʊʘʢ, ʝʩʣʠ 

ʜʘʪʯʠʢ ʠʟʤʝʨʷʝʪ ʬʘʟʥʳʡ ʪʦʢ ʜʚʠʛʘʪʝʣʷ, ʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʩʠʛʥʘʣʘ ʠʟʤʝʨʷʝʤʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ çʜʨʦʞʘʪʴè, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʦʮʠʬʨʦʚʢʠ 

ʤʛʥʦʚʝʥʥʦʡ ʚʝʣʠʯʠʥʳ (çʩʪʨʦʙʦʩʢʦʧʠʯʝʩʢʠʡ ʵʬʬʝʢʪè). ʇʨʠ ʦʪʢʣʶʯʝʥʥʦʤ ʠʥʚʝʨʪʦʨʝ ʚ 

ʟʥʘʯʝʥʠʷʭ ʪʦʢʦʚ ʬʘʟ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʥʫʣʝʚʳʝ ʚʝʣʠʯʠʥʳ, ʢʦʣʝʙʣʶʱʠʝʩʷ ʚ ʨʘʡʦʥʝ ʥʫʣʷ. 

ʆʥʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʩʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʙʦʪʝ 

ɸʎʇ. 

ʅʘʩʪʨʦʡʢʫ ɸʎʇ ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʠʥʘʪʴ ʩ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʚʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʈʘʩʩʯʠ-

ʪʘʡʪʝ ʠʣʠ ʧʦʜʙʝʨʠʪʝ ʪʘʢʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʯʪʦʙʳ ʦʪʦʙʨʘʞʘʝʤʦʝ ʠʟʤʝʨʷʝʤʦʝ ʟʥʘʯʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʨʝʘʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʥʘ ɿʇʊ (ʧʘʨʘʤʝʪʨʳ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʯʪʠ 

ʚʝʨʥʳʤʠ). 

ʅʘʩʪʨʦʡʢʫ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʨʦʱʝ ʚʩʝʛʦ ʚʚʝʩʪʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʚ ʨʘʙʦʪʫ ʠ ʧʦ ʘʤʧʝʨʤʝʪʨʫ ʚ ʬʘʟʘʭ ʜʚʠʛʘʪʝʣʷ ʥʘʩʪʨʦʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʊʘʢ ʢʘʢ 

ʙʝʟ ʥʘʩʪʨʦʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʝʩʪʴ ʨʠʩʢ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ-ʪʦʢʦʚʫʶ ʘʚʘʨʠʶ, ʠʣʠ, 
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ʥʘʦʙʦʨʦʪ, ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʝʸ ʣʦʞʥʦ, ʞʝʣʘʪʝʣʴʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠ-

ʣʝʥʠʷ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʠʶ (ʩʤ. ʚʳʰʝ). ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʠʟʚʝʩʪʠ ʧʫʩʢ ʜʚʠʛʘʪʝʣʷ (ʩʤ. ʧʦʩʣʝʜʦʚʘ-

ʪʝʣɹʥʦʩʪʴ ʧʫʩʢʘ ʚ ç4.7 ɿʘʧʫʩʢ ʧʨʠʚʦʜʘè) ʠ ʥʘʙʣʶʜʘʪʴ ʥʘ ʵʢʨʘʥʝ ʇʂ ʪʦʢ ʚ ʬʘʟʘʭ ʜʚʠʛʘʪʝʣʷ. ɽʩʣʠ 

ʟʥʘʯʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ UniCON ʠ ʥʘ ʘʤʧʝʨʤʝʪʨʝ ʦʪʣʠʯʘʶʪʩʷ, ʧʦʜʩʪʨʦʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʅʝ ʩʣʝ-

ʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘʩʪʨʦʡʢʫ ʥʘ ʦʯʝʥʴ ʤʘʣʳʭ ʪʦʢʘʭ: ʧʦʩʪʘʨʘʡʪʝʩʴ ʩʦʟʜʘʪʴ ʪʦʢ ʥʝ ʤʝʥʴʰʝ ı ʥʦʤʠ-

ʥʘʣʘ, ʠʥʘʯʝ ʥʘʩʪʨʦʡʢʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝ ʦʯʝʥʴ ʪʦʯʥʦʡ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʥʘʩʪʨʦʡʢʠ ʩʦʭʨʘʥʠʪʝ 

ʚʩʝ ʟʥʘʯʝʥʠʷ ʚ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʫʶ ʧʘʤʷʪʴ, ʥʘʞʘʚ ʢʥʦʧʢʫ çʩʦʭʨʘʥʠʪʴ ʧʘʨʘʤʝʪʨʳè. ʇʦ ʫʤʦʣʯʘʥʠʶ 

ʜʘʪʯʠʢʠ ʪʦʢʦʚ ʜʣʷ ʠʥʚʝʨʪʦʨʘ Texas Instruments ʥʘʩʪʨʦʝʥʳ ʚʝʨʥʦ, ʦʜʥʘʢʦ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ 

ʧʦʜʩʪʨʦʡʢʘ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ ï ʦʪʨʝʜʘʢʪʠʨʫʡʪʝ ʩʤʝʱʝʥʠʷ ʪʦʢʦʚ ʬʘʟ, ʯʪʦʙʳ ʚ ʩʨʝʜʥʝʤ ʠʥʜʠʮʠʨʦ-

ʚʘʣʩʷ ʥʫʣʝʚʦʡ ʫʨʦʚʝʥʴ ʪʦʢʘ, ʘ ʟʘʪʝʤ ʜʘʡʪʝ ʢʦʤʘʥʜʫ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ. ʅʘʩʪʨʦʡʢʘ ʩʤʝʱʝ-

ʥʠʷ ʤʦʞʝʪ ʚʧrʦʣʥʷʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʩʪʦʷʥʠʠ ʦʩʪʘʥʦʚʘ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʚʢʣʶʯʠʪʴ ʤʦʜʫʣʴ 

ʘʚʪʦʩʤʝʱʝʥʠʷ ɸʎʇ ï ʚʧʠʩʘʪʴ ç1è ʚ ʧʘʨʘʤʝʪʨ ʅʘʩʪʨʦʡʢʠ ʉʋ.ɸʎʇ ʘʚʪʦ ʩʤʝʱ.. ɽʩʣʠ ʘʚʪʦʩʤʝ-

ʱʝʥʠʝ ʘʢʪʠʚʥʦ, ʪʦ ʚ ʦʩʪʘʥʦʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠʚʦʜʘ ʩʤʝʱʝʥʠʝ ɸʎʇ ʜʣʷ ʪʦʢʦʚ ʬʘʟ ʙʫʜʝʪ ʧʦʜ-

ʩʪʨʘʠʚʘʪʴʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʪʦʙʨʘʞʘʣʩʷ ʥʫʣʝʚʦʡ ʪʦʢ. ɺʦ ʚʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʤʝʱʝʥʠʷ ʧʝʨʝʩʯʠ-

ʪrʚʘʪʴʩʷ ʥʝ ʙʫʜʫʪ. 

 

4.5. ʅʘʩʪʨʦʡʢʘ ʤʦʜʫʣʷ ʟʘʱʠʪ 

 ʄʦʜʫʣʴ ʟʘʱʠʪ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʚʩʝ ʢʨʠʪʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ ʠ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʠ. ʇʨʦʚʝʨʴʪʝ ʚʩʝ ʫʩʪʘʚʢʠ ʟʘʱʠʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʞʠʜʘʝʤʳʤ ʟʥʘʯʝʥʠʷʤ. ɺ 

ʜʘʥʥʦʤ ʇʆ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʟʘʱʠʪʳ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʦʢʫ ʚ ʬʘʟʝ (ʥʘʧʨʠʤʝʨ, ʥʘ ʫʨʦʚʥʝ 10 ɸ), 

ʤʠʥʠʤʘʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʥʘ ɿʇʊ (ʧʨʠʤʝʨʥʘʷ ʫʩʪʘʚʢʘ 12 ɺ), ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʥʘ 

ɿʇʊ(ʧʨʠʤʝʨʥʘʷ ʫʩʪʘʚʢʘ 48 ɺ) ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ (ʧʨʠʤʝʨʥʘʷ ʫʩʪʘʚʢʘ 3000 

ʦʙ/ʤʠʥ). ʋʩʪʘʚʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ, ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʯʸʪʢʦ ʧʦʥʠʤʘʪʴ, ʜʣʷ ʯʝʛʦ ʵʪʦ ʜʝʣʘʝʪʩʷ ʠ 

ʢ ʯʝʤʫ ʧʨʠʚʝʜʝʪ. ʅʝʩʤʦʪʨʷ ʥʘ ʘʧʧʘʨʘʪʥʳʝ ʟʘʱʠʪʳ ʚ ʠʥʚʝʨʪʦʨʝ Texas Instruments, ʝʛʦ ʧʦ ʥʝʦʩʪʦ-

ʨʦʞʥʦʩʪʠ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʠʟ ʩʪʨʦʷ, ʥʘʧʨʠʤʝʨ, çʟʘʜʨʘʚè ʟʘʱʠʪʫ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʠ 

ʩʦʟʜʘʚ ʨʝʢʫʧʝʨʘʪʠʚʥʳʡ ʨʝʞʠʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

4.6. ʈʝʞʠʤʳ ʨʘʙʦʪʳ (ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ) 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʥʠʤʘʝʪ ʩʠʛʥʘʣʳ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ), ʨʘʩʩʯʠʪʳʚʘʝʪ ʠ ʚʳʜʘʝʪ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʣʶʯʠ ʠʥʚʝʨʪʦʨʘ, ʦʪ ʢʦʪʦʨʦʛʦ ʧʠ-

ʪʘʝʪʩʷ ʜʚʠʛʘʪʝʣʴ. ʅʘʙʦʨ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ, ʩʦʩʪʘʚ ʠ ʪʠʧ ʨʝʛʫʣʷʪʦʨʦʚ ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, ʢʘʢʫʶ ʚʝʣʠ-

ʯʠʥʫ ʠ ʢʘʢ ʪʨʝʙʫʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʪʴ. 

ɺ ʜʘʥʥʦʤ ʇʆ ʨʝʘʣʠʟʦʚʘʥʦ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ: 

1. ʉʢʘʣʷʨʥʘʷ ʉʋ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʩ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʘʤʧʣʠ-

ʪʫʜʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʧʦ ʟʘʢʦʥʫ U(f).  

2. ʏʘʩʪʦʪʥʦ-ʪʦʢʦʚʘʷ ʉʋ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ ʪʦʢʘ ʩ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʧʦʜʜʝʨ-

ʞʘʥʠʝ ʝʛʦ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʘʤʧʣʠʪʫʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʫʣʷʪʦʨʦʚ ʪʦʢʘ.  

3. ʉʠʩʪʝʤʘ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʝʪ ʢʦʥʪʫʨʳ ʪʦʢʘ ʠ ʩʢʦʨʦʩʪʠ. ɺʥʝʰʥʠʡ ʢʦʥʪʫʨ ʩʢʦʨʦ-

ʩʪʠ ʚʳʜʘʝʪ ʟʘʜʘʥʠʝ ʚʥʫʪʨʝʥʥʝʤʫ ʢʦʥʪʫʨʫ ʪʦʢʘ ʦʩʠ q, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝ-

ʣ.̫ ɺʝʢʪʦʨ ʪʦʢʘ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ. 

4. ʉʠʩʪʝʤʘ ʩ ʢʦʥʪʫʨʦʤ ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪ ʚ ʦʩʥʦʚʝ ʚʝʢʪʦʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʝʥʠʷ ʠ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʨʘʙʦʪʢʫ ʧʨʠʚʦʜʦʤ ʟʘʜʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. ɺ ʠʪʦʛʝ ʦʙʨʘʟʫʝʪʩʷ ʪʨʸʭʢʦʥʪʫʨ-

ʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʯʠʥʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʢʦʨʨʝʢʮʠʝʡ. 

ɺʩʝ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʳ ʠʟ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ ʚ ʬʘʡʣʝ sm_ctrl.c, 

ʢʦʪʦʨʳʡ ʦʨʛʘʥʠʟʦʚʘʥ ʚ ʚʠʜʝ ʤʘʰʠʥʳ ʩʦʩʪʦʷʥʠʡ (ʜʠʩʢʨʝʪʥʦʛʦ ʘʚʪʦʤʘʪʘ). ʂʘʞʜʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʘʚʪʦʤʘʪʘ. ɾʝʣʘʝʤʦʝ ʩʦʩʪʦʷʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʘʚ-

ʪʦʤʘʪʘ, ʚ ʢʦʪʦʨʦʝ ʦʥ ʧʝʨʝʭʦʜʠʪ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʠʚʦʜʘ, ʟʘʜʘʝʪʩʷ ʚ ʧʝʨʝʤʝʥʥʦʡ (ʅʘʩʪʨʦʡʢʠ 

ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ), ʯʪʦ ʥʘ ʚ ʇʆ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʤʝʥʥʦʡ sm_ctrl.state. 

ʈʝʞʠʤ ʩʢʘʣʷʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 3) 

ʉʣʫʞʝʙʥʳʡ ʨʝʞʠʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʘʩʠʥ-

ʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʨʝʟʠʩʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ, ʭʦʣʦʩʪʦʤ ʭʦʜʝ ʠ ʪ.ʧ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠ-
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ʨʦʚʘʥʠʷ ʠ ʥʘʣʘʜʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʪʨʘʜʠʮʠʦʥʥʦʝ ʩʢʘʣʷʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ɸɼ/ʉɼ ʩ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʡ ʢʨʠʚʦʡ U/f. ʅʘʩʪʨʦʡʢʘ ʢʨʠʚʦʡ ʦʛʨʘʥʠʯʝʥʘ ʜʚʫ-

ʤʷ ʦʧʦʨʥʳʤʠ ʪʦʯʢʘʤʠ ʯʝʨʝʟ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʛʨʫʧʧʳ ʂʨʠʚʘʷU-f: ʅʫʣʝʚʘʷ ʦʧʦʨʥʘʷ ʯʘ-

ʩʪʦʪʘ, ʅʫʣʝʚʦʝ ʦʧʦʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʇʝʨʚʘʷ ʦʧʦʨʥʘʷ ʯʘʩʪʦʪʘ, ʇʝʨʚʦʝ ʦʧʦʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. 

ʈʘʟʛʦʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪ ʟʘʜʘʪʯʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɿʀ (ʧʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʝʥ ʚ ʧ. 5.3). ʉʪʨʫʢʪʫʨʘ 

ʩʢʘʣʷʨʥʦʡ ʉʋ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 3 
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ʈʠʩ. 3 ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʩʢʘʣʷʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

 

ʈʝʞʠʤ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 4) 

ʉʣʫʞʝʙʥʳʡ ʨʝʞʠʤ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ ʪʦʢʘ ʩʪʘʪʦʨʘ (ʧʦʣʷ ʜʚʠʛʘʪʝʣʷ) ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʠ ʥʘʨʘʩʪʘʶʱʝʡ ʯʘʩʪʦʪʦʡ. ʉʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʨʘʟʦʤʢʥʫʪʦʡ ʧʦ ʧʦʣʦʞʝ-

ʥʠʶ ʨʦʪʦʨʘ, ʪ.ʝ. ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚʝʢʪʦʨʘ ʪʦʢʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʝʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ, ʘ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʪʯʠʢʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʈʦʪʦʨ ʤʘʰʠʥʳ ʧʨʠ ʵʪʦʤ ʜʦʣʞʝʥ 

ʚʨʘʱʘʪʴʩʷ ʩʠʥʭʨʦʥʥʦ ʩ ʧʦʣʝʤ ʩʪʘʪʦʨʘ.  ʇʨʠ ʥʝʚʝʨʥʦʡ ʥʘʩʪʨʦʡʢʝ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʠ ʪʝʤʧʘ ʟʘʜʘʪ-

ʯʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʤʦʞʥʳ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʧʣʦʪʴ ʜʦ çʚʳʧʘʜʝʥʠʷè ʤʘʰʠʥʳ ʠʟ 

ʩʠʥʭʨʦʥʠʟʤʘ. ʕʪʦʪ ʨʝʞʠʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠ ʥʘʣʘʜʢʝ ʧʨʠʚʦʜʘ, ʥʘʩʪʨʦʡʢʝ ʨʝʛʫ-

ʣʷʪʦʨʦʚ ʪʦʢʘ, ʧʨʦʚʝʨʢʝ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ ʙʝʟ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʠ 
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ʈʠʩ. 4 ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

 

ɿʘʜʘʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʪʦʢʘ ʜʚʠʛʘʪʝʣʷ ɿɸɼɸʅʀʗ.ʉʢʦʨʦʩʪʴ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ 

ʙʣʦʢ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʟʘʜʘʪʯʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɿʀ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʣʠʥʝʡʥʦʡ ʪʘʭʦʛʨʘʤʤʳ ʨʘʟʛʦʥʘ ʜʚʠʛʘʪʝʣʷ. ʉ ʝʛʦ ʚʳʭʦʜʘ ʩʠʛʥʘʣ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʠʥʪʝ-

ʛʨʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʜʘʥʠʝ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʝʢʪʦʨʘ 

ʪʦʢʘ q.  
ʀʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʜʚʫʭ ʬʘʟ ʜʚʠʛʘʪʝʣʷ i*a, i

*
b ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ ʙʣʦʢʘ ʬʘʟʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ɹʌʇ. ɽʛʦ ʟʘʜʘʯʘ - ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʪʦʢʠ ʠʟ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʜʚʫʭ-
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ʬʘʟʥʫʶ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ Ŭ, ɓ. ʊʦʢ ʬʘʟʳ c ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ 

(ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʩʦʝʜʠʥʝʥʳ ʚ ʟʚʝʟʜʫ).  

ʊʦʢʠ ʬʘʟ ʚ ʢʦʦʨʜʠʥʘʪʘʭ  Ŭ, ɓ (i*
Ŭ, i

*
ɓ) ʧʦʩʪʫʧʘʶʪ ʥʘ ʙʣʦʢ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ɹʂʇ_2, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʦʢʦʚ ʠʟ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ ʚʨʘʱʘʶ-

ʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ d,q. ʇʦʣʦʞʝʥʠʝ ʦʩʠ d ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʝʢʫʱʠʤ ʟʥʘʯʝʥʠʝʤ ʫʛʣʘ  q. 
ʊʦʢʠ  i*q, i

*
d ʧʦʩʪʫʧʘʶʪ ʥʘ ʇʀ-ʨʝʛʫʣʷʪʦʨʳ ʪʦʢʦʚ, ʚʳʭʦʜʳ ʢʦʪʦʨʳʭ ʧʦʩʣʝ ʦʙʨʘʪʥʦʛʦ ʢʦʦʨʜʠʥʘʪʥʦ-

ʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʙʣʦʢʝ ɹʂʇ_1 (ʧʦʚʦʨʦʪ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʥʘ ʫʛʦʣ  q) ʟʘʚʦʜʷʪʩʷ ʥʘ ʠʥʚʝʨʪʦʨ 

ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʙʣʦʢ ʦʛʨʘʥʠʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʚʘʞʥʦʩʪʠ.  

ɿʘʜʘʥʠʝ ʥʘ ʘʤʧʣʠʪʫʜʫ ʪʦʢʘ (ɿɸɼɸʅʀʗ.ʊʦʢ ʫʜʝʨʞʘʥʠʷ) ʧʦʜʘʝʪʩʷ ʥʘ ʦʜʠʥ ʠʟ ʨʝʛʫʣʷʪʦ-

ʨʦʚ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʨʝʛʫʣʷʪʦʨ ʪʦʢʘ ʧʦ ʦʩʠ d. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʫʣʷʪʦʨʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʦ-

ʩʪʦʥ̫ʥʳʡ ʪʦʢ ʩʦʛʣʘʩʥʦ ʟʘʜʘʥʠʶ i*sd_ʟʘʜ, ʥʦ ʪʘʢ ʢʘʢ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ d, q, ʚ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʶʪ 

ʨʝʛʫʣʪ̫ʦʨʳ, ʚʨʘʱʘʝʪʩʷ, ʪʦ ʚʨʘʱʘʝʪʩʷ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʚʝʢʪʦʨ ʪʦʢʘ ʚ ʦʩʷʭ a, b, c, ʩʚʷʟʘʥʥʳʭ ʩ 

ʬʘʟʘʤʠ ʜʚʠʛʘʪʝʣʷ. ʈʘʙʦʪʘ ʨʝʛʫʣʷʪʦʨʦʚ ʪʦʢʘ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʦʩʷʭ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʩʪʘʪʠʯʝ-

ʩʢʫʶ ʦʰʠʙʢʫ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʪʨʝʭʬʘʟʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʘʷ ʧʨʠʩʫʪ-

ʩʪʚʦʚʘʣʘ ʙʳ, ʝʩʣʠ ʙʳ ʨʝʛʫʣʷʪʦʨʳ ʪʦʢʦʚ ʨʘʙʦʪʘʣʠ ʚ ʦʩʷʭ Ŭ, ɓ ʠ ʥʘ ʠʭ ʚʭʦʜ ʧʦʜʘʚʘʣʦʩʴ ʙʳ ʩʠʥʫʩʦʠ-

ʜʘʣʴʥʦʝ ʟʘʜʘʥʠʝ ʪʦʢʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʦʩʠ d,q ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʩʚʷʟʘʥʳ ʩ ʬʘʢʪʠʯʝ-

ʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʨʦʪʦʨʘ, ʢʘʢ ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʚʝʢʪʦʨʥʦʤ ʫʧʨʘʚʣʝʥʠʠ, ʘ ʣʠʰʴ ʧʦʚʦʨʘʯʠ-

ʚʘʶʪʩʷ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʩʪʦʷʥʠʷ ʤʘʰʠʥʳ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʜʦʣʞʝʥ ʩʪʘʪʴ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʪʦʢ ʚ ʬʘʟʘʭ ʜʚʠʛʘʪʝʣʷ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʱʠʡ ʦʪ ʨʘʟʣʠʯʥʳʭ ʥʝʣʠʥʝʡʥʦʩʪʝʡ, ʚʣʠʷʥʠʷ "ʤʝʨʪʚʦʛʦ" ʚʨʝʤʝʥʠ ʠʥʚʝʨʪʦʨʘ, 

ʢʦʣʝʙʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʚʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʈʝʞʠʤ ʫʜʝʨʞʘʥʠʷ (ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 2) 

ʕʪʦʪ ʨʝʞʠʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʞʠʤʫ ʬʠʢʩʘʮʠʠ ʜʚʠʛʘʪʝʣʷ ʧʦʜ ʪʦʢʦʤ ʠ ʥʝʦʙʭʦʜʠʤ ʧʝʨʝʜ ʧʝ-

ʨʝʭʦʜʦʤ ʚ ʨʝʞʠʤ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʚʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ ʪʦʢʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʘʤ-

ʧʣʠʪʫʜʦʡ ʠ ʥʘʨʘʩʪʘʶʱʝʡ ʯʘʩʪʦʪʦʡ) ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʦʪʦʨ ʜʚʠʛʘʪʝʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʚʝʨʥʫʣʩʷ 

ʠ ʟʘʬʠʢʩʠʨʦʚʘʣʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʝʭʘʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝʜʫʶʱʝʝ ʥʘʯʘʣʦ ʚʨʘ-

ʱʝʥʠʷ ʚʝʢʪʦʨʘ ʪʦʢʘ ʚ ʨʝʞʠʤʝ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʟʘʜʘʥʥʦʡ ʬʘʟʳ ʠ ʩʦ-

ʧʨʦʚʦʞʜʘʝʪʩʷ ʤʝʥʴʰʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʨʦʪʦʨʘ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʘʥʘʣʦʛʠʯʥʘ ʩʪʨʫʢʪʫʨʝ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʟʘ ʦʜʥʠʤ ʠʩʢʣʶʯʝʥʠʝʤ: ʫʛʦʣ ʧʦʣʦʞʝʥʠʷ ʚʝʢʪʦʨʘ ʪʦʢʘ Ū ʥʝʠʟʤʝʥʝʥ ʠ ʟʘʜʘʝʪʩʷ ʥʫʣʝ-

ʚʳʤ. 

ʈʝʞʠʤ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 5 ʠʣʠ 6) 

ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 5 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʩ ʜʘʪʯʠʢʦʤ ʧʦʦʞʝ-

ʥʠʷ ʥʘ ʵʣʝʤʝʥʪʘʭ ʍʦʣʣʘ, ʘ ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 6 ï ʩ ʠʥʢʨʝʤʝʥʪʘʣʴʥʳʤ ʵʥʢʦʜʝʨʦʤ. 

ʆʩʥʦʚʥʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ  ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʷʪʴ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʧʦ-

ʣʦʞʝʥʠʝʤ ʨʦʪʦʨʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʜʘʪʯʠʢʫ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ (ɼʇʈ). ʆʨʪʦʛʦʥʘʣʴʥʳʝ ʧʦʜʚʠʞ-

ʥʳʝ ʦʩʠ d,q ʥʘʧʨʘʚʣʷʶʪʩʷ ʪʘʢ, ʯʪʦ ʦʩʴ d ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʨʦ-

ʪʦʨʘ. ʊʦʛʜʘ ʪʦʢ ʩʪʘʪʦʨʘ ʧʦ ʦʩʠ q, ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʥʘʧʨʷʞʝʥʠʝʤ ʧʦ ʵʪʦʡ ʦʩʠ, ʦʧʨʝʜʝʣʷʝʪ ʤʦʤʝʥʪ, 

ʨʘʟʚʠʚʘʝʤʳʡ ʜʚʠʛʘʪʝʣʝʤ. ʊʦʢ ʧʦ ʦʩʠ d (ʚʦʟʙʫʞʜʝʥʠʝ) ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʚʝʥ ʥʫʣʶ, ʪʘʢ ʢʘʢ ʚʦʟ-

ʙʫʞʜʝʥʠʝ ʫ ʤʘʰʠʥʳ ʦʪ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ.  ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʉɼʇʄ ʧʦʜʦʙʝʥ ʜʚʠʛʘʪʝʣʶ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʪʘʢ ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ ʧʦ ʦʩʠ q ʥʘʧʨʷʤʫʶ ʟʘʜʘʸʪ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ (ʘʥʘʣʦʛ 

ʷʢʦʨʥʦʡ ʦʙʤʦʪʢʠ ʢʦʣʣʝʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ). 

ʅʘ ʈʠʩ. 5 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʜʘʪʯʠʢʦʚʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɿʘʜʘʥʠʝ ʯʘ-

ʩʪʦʪʳ ɿɸɼɸʅʀʗ.ʉʢʦʨʦʩʪʴ (ɤ*ʟʘʜ ʥʘ ʈʠʩ. 5) ʧʦʩʪʫʧʘʝʪ ʥʘ ʟʘʜʘʪʯʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɿʀ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʠʥʝʡʥʳʡ ʨʘʟʛʦʥ. ʉ ʝʛʦ ʚʳʭʦʜʘ ʟʘʜʘʥʠʝ ʯʘʩʪʦʪʳ ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʫʤʤʘʪʦʨ ʇʀɼ ʨʝʛʫ-

ʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ, ʚ ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʟʘʚʦʜʠʪʩʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʦ ʩʢʦʨʦʩʪʠ ʩ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ 

ʨʦʪʦʨʘ. ɺʳʭʦʜʦʤ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʠʝ ʥʘ ʪʦʢ ʧʦ ʦʩʠ q. ʕʪʦ ʟʥʘʯʝʥʠʝ ʧʨʦʧʦʨʮʠ-

ʦʥʘʣʴʥʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ ʤʦʤʝʥʪʫ ʤʘʰʠʥʳ. ʆʥʦ ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʫʤʤʘʪʦʨ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ ʪʦʢʘ 

ʧʦ ʦʩʠ q, ʚʳʭʦʜʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʦʩʠ q. ɸʥʘʣʦʛʠʯʥʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʨʝʛʫʣʷʪʦʨ ʪʦʢʘ ʧʦ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʦʩʠ d, ʟʘʜʘʥʠʝ ʥʘ ʚʭʦʜʝ ʢʦʪʦʨʦʛʦ ʥʫʣʝʚʦʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʦʩʴ d ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʚʦʟʙʫʞʜʝʥʠʝ ʤʘʰʠʥʳ, ʘ ʦʥʦ ʚ ʉɼʇʄ ʚʥʝʰʥʝʝ.  
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*᷊ ɤ*

 
ʈʠʩ. 5 ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʅʘʧʨʷʞʝʥʠʷ ʩ ʨʝʛʫʣʷʪʦʨʦʚ ʪʦʢʦʚ ʧʦʩʪʫʧʘʶʪ ʥʘ ʙʣʦʢ ʦʙʨʘʪʥʦʛʦ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ (ʧʦʚʦʨʦʪ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʥʘ ʫʛʦʣ q) ɹʂʇ_1, ʘ ʟʘʪʝʤ ʟʘʚʦʜʷʪʩʷ ʥʘ 

ʠʥʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ. ʀʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʬʘʟ ʜʚʠʛʘʪʝʣʷ i*a, i
*
b ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ ʙʣʦʢʘ 

ʬʘʟʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ɹʌʇ. ɺ ʵʪʦʤ ʙʣʦʢʝ ʦʥʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʠʟ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠ-

ʥʘʪ ʚ ʜʚʫʭʬʘʟʥʫʶ ʜʝʢʘʨʪʦʚʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ Ŭ, ɓ. ʊʦʢ ʬʘʟʳ c ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʧʝʨʚʦʤʫ ʟʘʢʦ-

ʥʫ ʂʠʨʭʛʦʬʘ (ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʩʦʝʜʠʥʝʥʳ ʚ ʟʚʝʟʜʫ). ʊʦʢʠ  i*Ŭ, i
*
ɓ ʧʦʩʪʫʧʘʶʪ ʥʘ ʙʣʦʢ ʢʦʦʨʜʠ-

ʥʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ɹʂʇ_2, ʧʦʚʦʨʘʯʠʚʘʶʱʠʭ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʥʘ ʫʛʦʣ  q.  ʅʘ ʚʳʭʦʜʝ ʧʦ-

ʣʫʯʘʝʤ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ d,q, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦ ʧʦʪʦʢʦʩʮʝʧʣʝ-

ʥʠʶ ʨʦʪʦʨʘ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʦʚ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʥʘ ʚʭʦʜʘʭ ʨʝʛʫʣ̫-

ʪʦʨʦʚ ʪʦʢʦʚ ʧʦ ʦʩʷʤ d,q. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʭʦʜ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ (ʟʘʜʘʥʠʝ ʥʘ ʪʦʢ/ʤʦʤʝʥʪ) ʠʤʝʝʪ ʦʛʨʘʥʠ-

ʯʝʥʠʷ: ʈʝʛ. ʩʢʦʨʦʩʪʠ.ʄʘʢʩʠʤʫʤ ʚʳʭʦʜʘ ʠ ʈʝʛ. ʩʢʦʨʦʩʪʠ.ʄʠʥʠʤʫʤ ʚʳʭʦʜʘ. ʇʨʠ ʵʪʦʤ ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʤʠʥʠʤʫʤ ʫʩʪʘʥʦʚʣʝʥ ʥʫʣʝʤ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ 

(ʫʩʣʦʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ), ʘ ʤʘʢʩʠʤʫʤ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʳʤ ʟʘʜʘʥʠʶ ʪʦʢʘ ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ɿɸɼɸʅʀʗ.ʄʘʢʩ. ʪʦʢ ɺʋ. 

ʋʩʪʘʥʦʚʢʘ ʤʠʥʠʤʫʤʘ ʠ ʤʘʢʩʠʤʫʤʘ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʨʝʞʠʤʘ ʨʝʢʫʧʝʨʘʮʠʠ ʫʩʪʘʥʦʚʢʦʡ ʬʣʘʛʘ ʅʘʩʪʨʦʡʢʠ 

ʉʋ.ʈʝʢʫʧʝʨʘʮʠ.̫ ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʠʥʠʤʫʤ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʦʣʫʯʠʪ ʟʥʘʯʝʥʠʝ ʤʠʥʫʩ ɿɸɼɸ-

ʅʀʗ.ʄʘʢʩ. ʪʦʢ ɺʋ.  

ʆʩʪʦʨʦʞʥʦ! ʕʪʦʪ ʨʝʞʠʤ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʚʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʘʩʩʝʠʚʘʥʠʷ ʵʥʝʨʛʠʠ ʪʦʨʤʦʞʝʥʠʷ ʚ ʨʝʟʠʩʪʦʨʝ ʩʨʘʙʦʪʘʝʪ ʟʘʱʠʪʘ ʧʦ ʧʨʝʚʳʰʝʥʠʶ 

ʥʘʧʨʷʞʝʥʠʷ ʟʚʝʥʘ ʧʦʩʪʦ̫ ʥʥʦʛʦ ʪʦʢʘ. 

ɺʥʠʤʘʥʠʝ! ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʵʪʦʛʦ ʨʝʞʠʤʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʥʘʩʪʨʦʡʢʫ ɼʇʈ. ʃʠʙʦ 

ʚʨʫʯʥʫʶ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʛʣʘʚʝ 4.7, ʣʠʙʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʝʞʠʤʦʤ ʘʚʪʦʥʘʩʪʨʦʡʢʠ ʩʤʝʱʝʥʠʡ 

ɼʇʈ (ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 29). 

ʇʨʠʤʝʯʘʥʠʝ. ɽʩʣʠ ʯʠʪʘʪʝʣʴ ʧʣʦʭʦ ʟʥʘʢʦʤ ʩ ʧʨʠʥʮʠʧʘʤʠ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷʤʠ, ʪʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢ ʧʨʦʯʪʝʥʠʶ ʚʚʦʜʥʘʷ ʩʪʘʪʴʷ çɺʝʢʪʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠ-

ʛʘʪʝʣʝʤ çʥʘ ʧʘʣʴʮʘʭè, ʜʦʩʪʫʧʥʘʷ ʧʦ ʩʩʳʣʢʝ https://geektimes.ru/company/npf_vektor/blog/269486/ . 

 

ʈʝʞʠʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 10) 

ʉʪʨʫʢʪʫʨʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʈʠʩ. 6) ʧʨʠ ʧʦʤʦʱʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʥʝʰʥʝʛʦ ʢʦʥʪʫʨʘ 

ʧʦʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ, ʨʝʘʣʠʟʫʝʪ ʧʦʜʜʝʨʞʘ-

ʥʠʝ ʧʨʠʚʦʜʦʤ ʟʘʜʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ q*
ʟʘʜ. ʈʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝʥʠʷ (ʈʇ) ʠʤʝʝʪ 

https://geektimes.ru/company/npf_vektor/blog/269486/
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ʪʠʧ ʇʀɼ, ʭʦʪʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʯʘʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʧʫʱʝʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ 

(ʈʉ) ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʇ-ʨʝʛʫʣʷʪʦʨ (ʂʠ ʠ ʂʜ ʥʝʦʙʭʦʜʠʤʦ ʦʙʥʫʣʠʪʴ). 

˸ͦ͒ͯ͡Έ 
̊ˮ ,˸ 
͙͍͔ͤͪͭͦͪ

ˢ̇˽

˸

ˣ̅˽

_ ˾_́q

ˣ˴_˽2

ˣ˴_˽1

 ˾˿

d,q

0
˾_́d

d,q

˨˽˾

ɤ*

i* sd

i* sd

i* sq

i* sq

i* sq_ʟʘʜ U* sq_ʟʘʜ

U* sd_ʟʘʜ
U* sŬ

U* sɓ

i* sŬ

i* sɓ

i* a i* b

*᷊

ia

ib

ic

˸ͦ͒ͯ͡Έ 
͙ͦ͋ͪ͊͋ͦͭ͟ 
˨˽˾ (͔̏ͤͦ͒ͪ͟)

*᷊ ɤ*

 ˾˽

*᷊

*᷊ʟʘʜ ɤ*ʟʘʜ

 
ʈʠʩ. 6 ʉʪʨʫʢʪʫʨʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ: ʪʨʝʭʢʦʥ-

ʪʫʨʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʯʠʥʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

 

ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʘʝʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɼʇʈ ʪʠʧʘ çʠʥʢʨʝʤʝʥʪʘʣʴʥʳʡ ʵʥʢʦʜʝʨè, ʪʘʢ ʢʘʢ 

ʪʦʯʥʦʩʪʠ ɼʇʈ ʥʘ ʵʣʝʤʝʥʪʘʭ ʍʦʣʣʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ. ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʩʪʨʫʢʪʫʨʳ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ ɼʇʈ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʛʣʘʚʝ 4.7, ʣʠʙʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʝʞʠʤʦʤ ʘʚʪʦʥʘ-

ʩʪʨʦʡʢʠ ʩʤʝʱʝʥʠʡ ɼʇʈ (ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 29). ʇʦʣʴʟʦʚʘʪʝʣʴ ʟʘʜʘʝʪ ʞʝʣʘʝʤʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚʘʣʘ ʨʦʪʦʨʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫʩʘʭ ʚ ʧʘʨʘʤʝʪʨʝ ɿɸɼɸʅʀʗ.theta_elec. ʇʘʨʘʤʝʪʨ 

ɿɸɼɸʅʀʗ.ʉʢʦʨʦʩʪʴ ʚ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ (ʚʳʭʦʜ 

ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʠʷ). ʇʘʨʘʤʝʪʨ ɿɸɼɸʅʀʗ.ʄʘʢʩ. ʪʦʢ ɺʋ ʚ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪʦʦʙʨʘʟʫʶʱʠʡ ʪʦʢ ʩʪʘʪʦʨʘ (ʚʳʭʦʜ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ). ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʪ-

ʥʦʡ ʩʚʷʟʠ ʧʦ ʢʦʥʪʫʨʫ ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ, ʫʯʠʪʳʚʘʶʱʝʝ 

ʩʦʚʝʨʰʝʥʥʦʝ ʚʘʣʦʤ ʜʚʠʛʘʪʝʣʷ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ.  

 

 

ʈʝʞʠʤ ʘʚʪʦʥʘʩʪʨʦʡʢʠ ʩʤʝʱʝʥʠʡ ɼʇʈ (ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 29) 

ʈʝʞʠʤ ʨʘʙʦʪʳ ʧʦ ʩʪʨʫʢʪʫʨʝ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʝʥ ʨʝʞʠʤʫ 4 (ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʝ ʫʧʨʘʚʣʝ-

ʥʠʝ), ʦʜʥʘʢʦ ʚ ʜʘʥʥʳʡ ʨʝʞʠʤ ʜʦʙʘʚʣʝʥʘ ʣʦʛʠʢʘ ʧʦʜʩʪʨʦʡʢʠ ʩʤʝʱʝʥʠʡ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦ-

ʨʘ (ʧʘʨʘʤʝʪʨʳ ɼʇʈ-ʍʦʣʣ.ʉʤʝʋɦʛʦʣ ʠ ɼʇʈ-ʕʥʢʦʜʝʨ. ʉʤʝʋɦʛʦʣ). ʉʤʝʱʝʥʠʷ ʧʦʜʩʪʨʘʠʚʘʶʪʩʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʘʢʩʠʤʫʤʫ ʪʦʢʘ ʬʘʟʳ A ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʫʣʝʚʦʝ ʧʦʢʘʟʘʥʠʝ ʦʙʦʠʭ ʜʘʪʯʠ-

ʢʦʚ ʧʦʣʦʞʝʥʠʷ. ʕʪʦʪ ʨʝʞʠʤ ʢʦʨʨʝʢʪʥʦ ʥʘʩʪʨʘʠʚʘʝʪ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʧʨʠ ʫʩʣʦʚʠʠ ʦʪ-

ʩʫʪʩʪʚʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʫ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ. 

 

4.7. ɿʘʧʫʩʢ ʧʨʠʚʦʜʘ (ɹʳʩʪʨʳʡ ʩʪʘʨʪ) 

ʋ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʫʧʨʘʚʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, 

ʢʣʘʩʩʠʯʝʩʢʘʷ U/f ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʫʶ-

ʱʘʷ ʠʩʪʦʯʥʠʢ ʪʦʢʘ ʠ ʪ.ʧ. ɾʝʣʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʝʪʩʷ ʚ ʧʘʨʘʤʝʪʨʝ ʅʘʩʪʨʦʡʢʠ 

ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ. ʈʝʞʠʤʫ ʨʘʙʦʪʳ çʦʩʪʘʥʦʚè, ʪ.ʝ. ʦʪʩʫʪʩʪʚʠʶ ʚʳʙʨʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʯʠʩʣʦ 0. ʈʝʞʠʤʫ ʨʘʙʦʪʳ U/f ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʤʝʨ 3. ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʜʚʠʛʘʪʝʣʷ ʥʝʦʙʭʦʜʠ-

ʤʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʧʘʨʘʤʝʪʨʝ ʟʘʧʠʩʘʥʦ ʵʪʦ ʯʠʩʣʦ. 

ʇʝʨʝʜ ʧʝʨʚʳʤ ʧʫʩʢʦʤ ʫʩʪʘʥʦʚʠʪʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʬʘʟ ʚ ʤʦʜʫʣʝ ʟʘʱʠʪ (ɿʘʱʠʪʳ.Imax) 

ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ: ʦʢʦʣʦ ʪʦʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ, ʢʦʪʦʨʳʡ ʚʳ ʦʞʠʜʘʝʪʝ ʫʚʠʜʝʪʴ, ʪ.ʝ. ʥʘ 

ʛʨʘʥʠʮʝ ʩʨʘʙʘʪʳʚʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʨʠʪʴ ʩʨʘʙʘʪʳʚʘʥʠʝ ʟʘʱʠʪ, ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʪʦʢʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʦʞʠʜʘʝʤʳʤ ʟʥʘʯʝʥʠʷʤ ʠ ʧʨʦʠʟʚʝʩʪʠ ʙʦʣʝʝ ʨʘʥʥʝʝ ʦʪʢʣʶʯʝʥʠʝ, ʝʩʣʠ ʯʪʦ-ʪʦ ʧʦʡʜʝʪ ʥʝ 

ʧʦ ʧʣʘʥʫ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʝ ʤʦʞʥʦ ʚʝʨʥʫʪʴ ʫʩʪʘʚʢʫ ʥʘ ʧʨʝʞʥʠʡ ʫʨʦʚʝʥʴ.  

ʋʙʝʜʠʚʰʠʩʴ, ʯʪʦ ɸʎʇ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ (ʚ ʥʘʧʨʷʞʝʥʠʠ ɿʇʊ ʘʜʝʢʚʘʪʥʦʝ ʟʥʘʯʝʥʠʝ, ʟʥʘʯʝʥʠʷ 

ʪʦʢʦʚ ʬʘʟ ʢʦʣʝʙʣʶʪʩʷ ʚʙʣʠʟʠ ʥʫʣʷ), ʚ ʤʦʜʫʣʝ ʟʘʱʠʪ ʟʘʜʘʥʳ ʘʜʝʢʚʘʪʥʳʝ ʟʥʘʯʝʥʠʷ, ʟʘʜʘʥʘ ʚʝʨʥʘʷ 
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ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʝʪ ʧʨʦʙʣʝʤ ʚ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ, ʤʦʞʥʦ ʜʘʪʴ ʢʦʤʘʥʜʫ ʧʫʩʢʘ. ʇʨʠʤʝʨʥʳʝ 

ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ACM601V36-01-1000 ʧʨʠ ʧʠʪʘʥʠʠ ʠʥʚʝʨʪʦʨʘ ʦʪ ʠʩ-

ʪʦʯʥʠʢʘ 24ɺ ʩʣʝʜʫʶʱʠʝ: ɿʘʠɦʪʳ.ʄʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ = 5 ɸ, ʐʀʄ.ʏʘʩʪʦʪʘ ʐʀʄ = 20 ʢɻʮ, 

ʂʨʠʚʘʷ U-f.ʅʫʣʝʚʘʷ ʦʧʦʨʥʘʷ ʯʘʩʪʦʪʘ = 0 ɻʮ, ʂʨʠʚʘʷ U-f.ʅʫʣʝʚʦʝ ʦʧʦʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ = 0,7 

ɺ, ʂʨʠʚʘʷ U-f.ʇʝʨʚʘʷ ʦʧʦʨʥʘʷ ʯʘʩʪʦʪʘ = 3000 ʦʙ/ʤʠʥ, ʂʨʠʚʘʷ U-f.ʇʝʨʚʦʝ ʦʧʦʨʥʦʝ ʥʘʧʨʷʞʝ-

ʥʠʝ = 5 ɺ. ɼʣʷ ʟʘʧʫʩʢʘ ʟʘʜʘʡʪʝ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ 2-5 ʦʙ/ʤʠʥ (ɿʘʜʘʥʠʷ.ʉʢʦʨʦʩʪʴ) ʠ ʥʘʞʤʠʪʝ 

ʢʥʦʧʢʫ ʇʫʩʢ ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʢʥʘ UniCON. JTAG ʵʤʫʣʷʪʦʨ ʧʨʠ ʵʪʦʤ ʜʦʧʫ-

ʩʪʠʤʦ ʦʩʪʘʚʣʷʪʴ ʧʦʜʢʣʶʯʝʥʥʳʤ ʩ ʟʘʧʫʱʝʥʥʦʡ ʩʝʩʩʠʝʡ ʦʪʣʘʜʢʠ, ʦʜʥʘʢʦ ʞʝʣʘʪʝʣʴʥʦ ʥʝ ʦʩʪʘʥʘʚ-

ʣʠʚʘʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʐʀʄ. 

ʏʪʦʙʳ ʜʦʙʘʚʠʪʴ ʧʘʨʘʤʝʪʨ ʚ ʦʩʮʠʣʣʦʛʨʘʬ, ʥʫʞʥʦ ʱʝʣʢʥʫʪʴ ʧʦ ʧʘʨʘʤʝʪʨʫ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ, 

ʚʳʙʨʘʪʴ ʧʫʥʢʪ çɼʦʙʘʚʠʪʴ ʚ ʦʩʮʠʣʣʦʛʨʘʬè ʠ ʣʶʙʦʡ ʠʟ ʯʝʪʳʨʝʭ ʢʘʥʘʣʦʚ. 

 
ʈʠʩ. 7 ɼʦʙʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʚ ʦʩʮʠʣʣʦʛʨʘʬ 

ʇʨʠʤʝʨʥʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʦʚ ʬʘʟ (ɸʎʇ.ʊʦʢ ʬʘʟʳ A, B, C) ʠ ʟʘʜʘʥʥʦʛʦ ʬʘʟʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ (ʐʀʄ.Uaɿʘʜ) ʜʣʷ ʪʘʢʠʭ ʥʘʩʪʨʦʝʢ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 8. 

 
ʈʠʩ. 8 ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʪʝʩʪʦʚʦʛʦ ʟʘʧʫʩʢʘ 

 

ɽʩʣʠ ʧʨʠʚʦʜ ʨʘʙʦʪʘʝʪ, ʘ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʦʚ ʧʦʭʦʞʠ ʥʘ ʧʨʠʚʝʜʝʥʥʳʝ, ʧʦʜʘʡʪʝ ʢʦʤʘʥʜʫ 

ʦʩʪʘʥʦʚʘ (ʢʥʦʧʢʘ ʉʪʦʧ ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʢʥʘ UniCON). 

ʊʝʧʝʨʴ ʧʝʨʝʡʜʝʤ ʢ ʥʘʩʪʨʦʡʢʝ ʨʝʛʫʣʷʪʦʨʦʚ ʪʦʢʘ. ɼʣʷ ʥʘʯʘʣʘ ʚʳʙʝʨʝʤ ʨʝʞʠʤ ʫʜʝʨʞʘʥʠʷ ï ʚ 

ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ ʚʚʝʜʝʤ ʟʥʘʯʝʥʠʝ ç2è. ɺ ʦʩʮʠʣʣʦʛʨʘʬ ʜʦʙʘʚʠʤ ʪʦʢʠ ʬʘʟ ʠʟ ʛʨʫʧʧʳ 

ɸʎʇ. ʊʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʦ ʥʘʙʣʶʜʘʪʴ ʟʘʜʘʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʐʀʄ.Uaɿʘʜ). 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʫʩʢʘ ʚ ʧʘʨʘʤʝʪʨ dlog.StartBitL  ʚʚʦʜʠʤ ʟʥʘʯʝʥʠʝ 

ç00000010è, ʚ dlog.StartBitH  ï ç00000000è, ʚ ʧʘʨʘʤʝʪʨʝ dlog.ɿʘʧʠʩʳʚʘʪʴ ʩʥʘʯʘʣʘ ʚʳʙʠʨʘʝʤ 

çɼʘè. ʇʘʨʘʤʝʪʨʳ dlog.StartBitL  ʠ dlog.StartBitH  ʟʘʜʘʶʪ ʪʨʠʛʛʝʨʳ ʩʨʘʙʘʪʳʚʘʥʠʷ ʦʩʮʠʣʣʦʛʨʘʬʘ, ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦ ʩʦʙʳʪʠʶ ʧʝʨʝʭʦʜʘ ʤʘʰʠʥʳ ʩʦʩʪʦʷʥʠʡ ʤʦʜʫʣʷ sm_ctrl ʚ ʩʦʩʪʦʷʥʠʝ 2 (ʩʪʨʫʢʪʫʨʘ 
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ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ). ʇʦʜʨʦʙʥʝʝ ʦ ʨʘʙʦʪʝ ʤʦʜʫʣʷ ʦʩʮʠʣʣʦʛʨʘʬʘ ʯʠʪʘʡʪʝ ʚ ʨʫʢʦʚʦʜʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝ-

ʣ̫ ʢ ʧʨʦʛʨʘʤʤʝ UniCON, ʘ ʪʘʢʞʝ ʚ ʛʣʘʚʝ 5.4. 

ʅʘʞʠʤʘʝʤ ʢʥʦʧʢʫ çʇʫʩʢè ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʢʥʘ UniCON, ʟʘʭʦʜʠʤ ʚʦ 

ʚʢʣʘʜʢʫ çʆʩʮʠʣʣʦʛʨʘʬè ʠ ʥʘʞʠʤʘʝʤ ʢʥʦʧʢʫ çʆʙʥʦʚʠʪʴè (ʈʠʩ. 9). 

 
ʈʠʩ. 9 ʆʢʥʦ ʦʩʮʠʣʣʦʛʨʘʬʘ 

ɽʩʣʠ ʧʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ çʆʙʥʦʚʠʪʴè ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ ʈʠʩ. 10, ʟʥʘʯʠʪ ʧʦ ʦʜʥʦʤʫ ʠʟ ʘʢ-

ʪʠʚʥʳʭ ʪʨʠʛʛʝʨʦʚ ʧʨʦʠʟʦʰʝʣ ʟʘʭʚʘʪ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʠ ʝʸ ʤʦʞʥʦ ʟʘʛʨʫʟʠʪʴ. ʆʜʥʘʢʦ ʝʩʣʠ ʵʪʦ ʧʝʨ-

ʚʳʡ ʟʘʧʫʩʢ ʦʩʮʠʣʣʦʛʨʘʬʘ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʩʮʠʣʣʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪ-

ʢʘʟʘʪʴʩʷ ʦʪ ʟʘʛʨʫʟʢʠ ʦʩʮʠʣʣʦʛʨʘʤʤʳ, ʪʘʢ ʢʘʢ ʪʘʤ çʤʫʩʦʨè. ʆʩʮʠʣʣʦʛʨʘʬʠʨʦʚʘʥʠʝ ʧʦ ʪʨʠʛʛʝʨʫ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʪʘʢʞʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʟʘʱʠʪʳ (ç1è ʚ ʤʣʘʜʰʝʤ ʨʘʟʨʜ̫ʝ 

dlog.StartBitH  ʘʢʪʠʚʠʨʫʝʪ ʪʨʠʛʛʝʨ ʧʦ ʧʝʨʝʭʦʜʫ ʧʨʠʚʦʜʘ ʚ ʩʦʩʪʦʷʥʠʝ çʉʪʦʧè) ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ 

ʬʦʨʤʫ ʠʥʪʝʨʝʩʫʶʱʠʭ ʚʝʣʠʯʠʥ ʚʦ ʚʨʝʤʷ ʘʚʘʨʠʡʥʦʛʦ ʩʦʙʳʪʠʷ. ʏʪʦʙʳ ʫʚʠʜʝʪʴ çʧʨʝʜʳʩʪʦʨʠʶè 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʪʨʠʛʛʝʨʘ, ʩʣʝʜʫʝʪ ʚ dlog.ɿʘʧʠʩʳʚʘʪʴ ʩʥʘʯʘʣʘ ʚr ʙʨʘʪʴ çʅʝʪè. 

 

 
ʈʠʩ. 10 ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʟʘʛʨʫʟʢʠ ʟʘʭʚʘʯʝʥʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ 

 

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʟʘʧʫʩʢʘ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʥʫʞʥʦ ʱʝʣʢʥʫʪʴ ʧʦ ʢʥʦʧʢʝ 

çɼʘè. ʇʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʧʨʠ ʥʝʥʘʩʪʨʦʝʥʥʳʭ ʨʝʛʫʣʷʪʦʨʘʭ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʧʦʜʦʙʥʦ ʈʠʩ. 11. 
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ʈʠʩ. 11 ʇʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʧʫʩʢʘ ʧʨʠ ʥʝʥʘʩʪʨʦʝʥʥʳʭ ʨʝʛʫʣʷʪʦʨʘʭ 

ʇʨʦʮʝʩʩ ʧʦʜʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʫʣʷʪʦʨʦʚ ʪʦʢʘ ʨʘʩʩʤʦʪʨʝʥ ʥʘ ʨʠʩʫʥʢʘʭ ʥʠʞʝ. ʉʥʘʯʘ-

ʣʘ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʥʫʣʷʝʪʩʷ, ʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʜʦ ʧʦ-

ʷʚʣʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʦʙʦʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʪʦʢʘ 

(Iq,Id) ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ ʠ ʠʟʤʝʥʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʏʘʩʪʦʪʘ ʐʀʄ ʚ ʜʘʥʥʦʤ ʦʧʳʪʝ ʙʳʣʘ ʟʘ-

ʜʘʥʘ 20ʢɻʮ (ʧʘʨʘʤʝʪʨ ʐʀʄ.ʏʘʩʪʦʪʘ ʐʀʄ), ʪʠʧ ʐʀʄ ï ʚʝʢʪʦʨʥʘʷ ʐʀʄ (ʧʘʨʘʤʝʪʨ 

ʐʀʄ.ʊʠʧ ʐʀʄ ʨʘʚʝʥ ʥʫʣʶ). 

 
ʈʠʩ. 12 ʂʧ=0,04 

 
ʈʠʩ. 13 ʂʧ=0,07 
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ʈʠʩ. 14 ʂʧ=0,2 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʩʪʠ ʥʝʤʥʦʛʦ ʫʤʝʥʴʰʠʤ ʂʧ. 

 
ʈʠʩ. 15 ʂʧ=0,12 

ʂʘʢ ʚʠʜʥʦ, ʚ ʢʦʥʪʫʨʝ ʪʦʢʘ ʝʩʪʴ ʩʪʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ (ʟʘʜʘʥʠʝ ʨʘʚʥʦ 2ɸ, ʘ ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘ-

ʯʝʥʠʝ ʤʝʥʴʰʝ ï ʦʢʦʣʦ 1ɸ). ʋʩʪʨʘʥʠʪʴ ʝʸ ʧʦʤʦʞʝʪ ʠʥʪʝʛʨʘʣʴʥʘʷ ʯʘʩʪʴ ʨʝʛʫʣʷʪʦʨʘ. ʇʦʜʙʦʨ ʂʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ ʜʘʣʝʝ. 

 
ʈʠʩ. 16 ʂʠ=0,01 
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ʈʠʩ. 17 ʂʠ=0,04 

 
ʈʠʩ. 18 ʂʠ=0,16 

 

ʈʝʛʫʣʷʪʦʨʳ ʪʦʢʘ ʥʘʩʪʨʦʝʥʳ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʟʘʧʫʩʪʠʤ ʝʛʦ ʚ ʯʘʩʪʦʪʥʦ-

ʪʦʢʦʚʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ (ʚʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ ʪʦʢʘ ʩ ʟʘʜʘʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ), ʅʘʩʪʨʦʡʢʠ 

ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = ç4è. ɼʚʠʛʘʪʝʣʴ ʜʦʣʞʝʥ ʚʨʘʱʘʪʴʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ (ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ), ʟʘ-

ʜʘʥʥʦʡ ʚ ɿɸɼɸʅʀʗ.ʉʢʦʨʦʩʪʴ, ʬʦʨʤʘ ʪʦʢʦʚ ï ʩʠʥʫʩʦʠʜʘʣʴʥʘʷ (ʈʠʩ. 19). ʅʘʯʘʪʴ ʨʘʙʦʪʫ ʩʣʝʜʫʝʪ 

ʩ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ, 2-5 ʦʙ/ʤʠʥ. 

 
ʈʠʩ. 19 ʌʦʨʤʘ ʪʦʢʦʚ 

ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʟʘʧʫʩʪʠʪʴ ʚʝʢʪʦʨʥʫʶ ʉʋ, ʥʫʞʥʦ ʧʨʦʚʝʨʠʪʴ ʨʘʙʦʪʫ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ. 

ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʟʘʧʫʩʪʠʪʴ ʜʚʠʛʘʪʝʣʴ ʚ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ (ʨʝʞʠʤ ʨʘʙʦʪʳ 

4), ʟʘʜʘʪʴ ʥʝʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ, ʢ ʧʨʠʤʝʨʫ, 2 ʦʙ/ʤʠʥ ʠ ʥʘʙʣʶʜʘʪʴ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ ʪʦʢʦʚ 

ʠ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ: ɼʇʈ-ʍʦʣʣ.ʕʣʋʛʦʣ (ʩ ʜʘʪʯʠʢʘ ʥʘ ʵʣʝʤʝʥʪʘʭ ʍʦʣʣʘ) ʠ ɼʇʈ-

ʕʥʢʦʜʝʨ.ʋʛʦʣ. ʵʣʝʢʪʨ. (ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʩ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʵʥʢʦʜʝʨʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫ-
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ʩʘʭ). ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʵʥʢʦʜʝʨ ʜʦʩʪʫʧʝʥ ʥʝ ʚʦ ʚʩʝʭ ʢʦʤʧʣʝʢʪʘʮʠʷʭ ʦʪʣʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢ-

ʪʦʚ. 

ʂʦʨʨʝʢʪʥʳʡ ʩʠʛʥʘʣ ʩ ɼʇʈ ʜʣʷ ʜʘʪʯʠʢʘ ʥʘ ʵʣʝʤʝʥʪʘʭ ʍʦʣʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 20, ʘ ʜʣʷ 

ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʛʦ ʵʥʢʦʜʝʨʘ ï ʥʘ ʈʠʩ. 21. ʊʠʧ ʜʘʪʯʠʢʘ ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʘʨʘʤʝʪʨʝ ɹʘʟʦʚ. ʧʘʨʘʤ.ʊʠʧ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ. ʄʦʞʥʦ ʘʢ-

ʪʠʚʠʨʦʚʘʪʴ ʦʙʘ ʜʘʪʯʠʢʘ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʦ ʵʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦ-

ʩʪʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʭʦʜʫ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʧʨʝ-

ʨʳʚʘʥʠʷ ʟʘ ʛʨʘʥʠʮʫ ʧʝʨʠʦʜʘ ʵʪʦʛʦ ʧʨʝʨʳʚʘʥʠʷ (ʩʨʘʙʦʪʘʝʪ ʟʘʱʠʪʘ). 

 
ʈʠʩ. 20 ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʩʠʛʥʘʣʘ ɼʇʈ ʥʘ ʵʣʝʤʝʥʪʘʭ ʍʦʣʣʘ 

 
ʈʠʩ. 21 ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʩʠʛʥʘʣʘ ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʛʦ ʵʥʢʦʜʝʨʘ 

ʉʠʛʥʘʣ ʩ ɼʇʈ ʣʶʙʦʛʦ ʪʠʧʘ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʨʘʩʪʘʶʱʠʡ ʭʘʨʘʢʪʝʨ, ʝʛʦ ʧʝʨʠʦʜ ʜʦʣʞʝʥ 

ʩʦʚʧʘʜʘʪʴ ʩ ʧʝʨʠʦʜʦʤ ʪʦʢʘ ʚ ʬʘʟʘʭ, ʘ ʦʙʥʫʣʝʥʠʝ ʩʠʛʥʘʣʘ ɼʇʈ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʨʘʡʦʥʝ ʤʘʢ-

ʩʠʤʫʤʘ ʪʦʢʘ ʚ ʬʘʟʝ A. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʪʯʠʢ ʩʯʠʪʘʝʪʩʷ ʥʘʩʪʨʦʝʥʥʳʤ. ɽʩʣʠ ʩʠʛʥʘʣ ɼʇʈ ʦʪʩʫʪ-

ʩʪʚʫʝʪ ʠʣʠ çʩʦʚʩʝʤ ʥʝ ʧʦʭʦʞè ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ, ʧʨʦʚʝʨʴʪʝ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʦʚʦ-

ʜʦʚ ɼʇʈ ʢ ʨʘʟʲʝʤʘʤ ʧʣʘʪʳ ʠʥʚʝʨʪʦʨʘ. ɽʩʣʠ ʭʘʨʘʢʪʝʨ ʩʠʛʥʘʣʘ ɼʇʈ ʩʧʘʜʘʶʱʠʡ, ʘ ʥʝ ʥʘʨʘʩʪʘʶ-

ʱʠʡ, ʧʦʤʝʥʷʡʪʝ ʤʝʩʪʘʤʠ ʣʶʙʳʝ ʜʚʝ ʬʘʟʳ ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ. ɽʩʣʠ ʩʠʛ-

ʥʘʣ ʧʦ ʦʜʥʦʤʫ ʜʘʪʯʠʢʫ ʥʘʨʘʩʪʘʝʪ, ʘ ʧʦ ʜʨʫʛʦʤʫ ʩʧʘʜʘʝʪ ï ʧʨʦʚʝʨʴʪʝ ʠʣʠ ʧʦʤʝʥʷʡʪʝ ʩʠʛʥʘʣʳ ʦʜ-

ʥʦʛʦ ʠʟ ʜʘʪʯʠʢʦʚ ʤʝʩʪʘʤʠ. ɽʩʣʠ ʧʝʨʠʦʜ ʩʠʛʥʘʣʘ ɼʇʈ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʠʦʜʘ ʪʦʢʘ, ʧʨʦʚʝʨʴʪʝ ʧʘ-

ʨʘʤʝʪʨ ɹʘʟʦʚ. ʧʘʨʘʤ.ʏʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ: ʝʩʣʠ ʧʝʨʠʦʜ ɼʇʈ ʙʦʣʴʰʝ, ʯʝʤ ʪʦʢʘ, ʯʠʩʣʦ ʧʘʨ ʧʦʣʶ-

ʩʦʚ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʫʤʝʥʴʰʠʪʴ. ʇʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʧʘʨ ʧʦʣʶʩʦʚ 

ʥʫʞʥʦ ʩʦʭʨʘʥʠʪʴ ʧʘʨʘʤʝʪʨʳ (ʢʥʦʧʢʘ çʉʦʭʨʘʥʠʪʴ ʧʘʨʘʤʝʪʨʳè) ʠ ʧʝʨʝʟʘʛʨʫʟʠʪʴ ʦʪʣʘʜʦʯʥʫʶ ʧʣʘ-

ʪʫ, ʩʙʨʦʩʠʚ ʧʠʪʘʥʠʝ ʠʣʠ ʚʧʠʩʘʚ ç1è ʚ ʧʘʨʘʤʝʪʨ ʅʘʩʪʨʦʡʢʠ ʉʋ.ʇʝʨʝʟʘʛʨʫʟʢʘ. ɽʩʣʠ ʦʙʥʫʣʝʥʠʝ 

ʩʠʛʥʘʣʘ ɼʇʈ ʥʝ ʩʦʚʧʘʜʘʝʪ ʧʦ ʚʨʝʤʝʥʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʪʦʢʘ ʚ ʬʘʟʝ A, ʥʘʩʪʨʦʡʪʝ ʩʤʝʱʝʥʠʝ ʜʘʪʯʠʢʘ 

ʧʦʣʦʞʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ɼʇʈ-ʍʦʣʣ.ʉʤʝʋɦʛʦʣ ʠ ɼʇʈ-ʕʥʢʦʜʝʨ. ʉʤʝʋɦʛʦʣ ʪʘʢ, ʯʪʦʙʳ ʵʪʠ ʜʚʘ 

ʩʦʙʳʪʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɼʣʷ ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʛʦ ʵʥʢʦʜʝʨʘ ʪʘʢʫʶ ʥʘʩʪʨʦʡʢʫ ʩʤʝʝɦ-

ʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʘʪʴ ʢʘʞʜʳʡ ʨʘʟ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʢʦʤʧʣʝʢʪʘ ʚ ʨʘʙʦʪʫ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʜʫʨʘ ʧʨʠ-

ʯʘʣʠʚʘʥʠʷ ʠ ʩʠʛʥʘʣ ʠʥʜʝʢʩʥʦʡ ʤʝʪʢʠ ʚ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʤ ʇʆ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. ɼʣʷ ɼʇʈ ʥʘ 
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ʵʣʝʤʝʥʪʘʭ ʍʦʣʣʘ ʥʘʩʪʨʦʡʢʫ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʦʜʠʥ ʨʘʟ ʜʣʷ ʜʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʩʦʭʨʘʥʠʪʴ ʧʘʨʘ-

ʤʝʪʨʳ ʚ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʫʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʧʘʤʷʪʴ ʫʩʪʨʦʡʩʪʚʘ. 

ʅʘʩʪʨʦʡʢʘ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ çʚʨʫʯʥʫʶè ʧʦʣʝʟʥʘ ʢʘʢ ʦʙʫʯʘʶʱʠʡ ʧʨʠʤʝʨ. ʏʪʦʙʳ ʵʢʦ-

ʥʦʤʠʪʴ ʚʨʝʤʷ ʧʨʠ ʢʘʞʜʦʤ ʟʘʧʫʩʢʝ, ʤʦʞʥʦ ʟʘʧʫʩʢʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʥʘʩʪʨʦʡʢʫ. ʆʥʘ ʨʝʘʣʠʟʦʚʘ-

ʥʘ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. ɼʣʷ ʟʘʧʫʩʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʩʤʝʱʝʥʠʡ ʦʙʦʠʭ 

ɼʇʈ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 29 ʠ ʟʘʧʫʩʪʠʪʴ ʧʨʠʚʦʜ ʙʝʟ ʥʘʛʨʫʟʢʠ ʥʘ 

ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 2-5 ʦʙ/ʤʠʥ. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʞʠʤʝ 29 ʘʥʘʣʦʛʠʯʥʘ ʯʘʩʪʦʪʥʦ-

ʪʦʢʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ (ʨʝʞʠʤ 4), ʦʜʥʘʢʦ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦʙʘʚʣʝʥʘ ʣʦʛʠʢʘ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʡ ʧʦʜʩʪʨʦʡʢʠ ʩʤʝʱʝʥʠʡ ʦʙʦʠʭ ʪʠʧʦʚ ʜʘʪʯʠʢʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʟʘʧʫʩʪʠʪʴ ʵʪʦʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ 

ʧʦʜʦʞʜʘʪʴ ʦʢʦʣʦ ʤʠʥʫʪʳ, ʩʤʝʱʝʥʠʷ ʜʘʪʯʠʢʦʚ ʥʘʩʪʨʦʷʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦ-

ʮʝʩʩʘ ʘʚʪʦʥʘʩʪʨʦʡʢʠ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʤʝʱʝʥʠʡ ʜʘʪʯʠʢʦʚ ʚ ʦʩʮʠʣʣʦʛʨʘʬ (ʧʘʨʘʤʝʪʨʳ 

ɼʇʈ-ʍʦʣʣ.ʉʤʝʋɦʛʦʣ ʠ ɼʇʈ-ʕʥʢʦʜʝʨ. ʉʤʝʋɦʛʦʣ). 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʟʘʧʫʩʢʘʪʴ ʜʚʠʛʘʪʝʣʴ ʚ ʚʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʩ ʨʝʛʫʣʷʪʦʨʦʤ ʩʢʦʨʦ-

ʩʪʠ (ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 5 ʠʣʠ 6). ʉʣʝʜʫʝʪ ʧʨʦʚʝʨʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʙʨʘʥʥʦʛʦ ʪʠ-

ʧʘ ɼʇʈ ʚ ʧʘʨʘʤʝʪʨʝ ɹʘʟʦʚ. ʧʘʨʘʤ.ʊʠʧ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. ʅʘʩʪʨʦʡʢʠ 

ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 5 ï ʜʣʷ ɼʇʈ ʥʘ ʵʣʝʤʝʥʪʘʭ ʍʦʣʣʘ, ʘ ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 6 ï 

ʜʣʷ ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʛʦ ʵʥʢʦʜʝʨʘ. 

ɺʝʢʪʦʨʥʘʷ ʉʋ ʩ ʥʘʩʪʨʦʡʢʘʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʜʚʠʛʘʪʝʣʷ ʥʝ-

ʫʩʪʦʡʯʠʚʦ ʨʘʙʦʪʘʝʪ ʥʘ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪ̫ʭ (ʤʝʥʝʝ 500 ʦʙ/ʤʠʥ), ʧʦɻʪʦʤʫ ʟʘʜʘʚʘʪɹ ʩʣʝʜʫʝʪ ʙʦӢʣɹ ʠhʝ 

ʟʥʘʯʝʥʠʷ. ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ ï 500..2000 ʦʙ/ʤʠʥ. 

 
ʈʠʩ. 22 ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʨʘʙʦʪʳ ʚʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʅʘ ʈʠʩ. 22 ʧʦʢʘʟʘʥʘ ʨʘʙʦʪʘ ʚʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɺʳʭʦʜ ʟʘʜʘʪʯʠʢʘ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʠʝʤ ʩʢʦʨʦʩʪʠ.  ɿʘʜʘʥʠʝ ʠ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ (ʛʦʣʫʙʦʡ ʠ ʨʦʟʦʚʳʡ ʛʨʘʬʠʢʠ) - ʟʘʜʘ-

ʥʠʝ ʨʝʛʫʣʷʪʦʨʘ ʪʦʢʘ ʧʦ ʦʩʠ q ʠ ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʧʦ ʦʩʠ q. ʇʦʢʘʟʘʥ ʧʫʩʢ ʠ ʧʨʠʣʦʞʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʢ ʜʚʠʛʘʪʝʣʶ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʦʩʮʠʣʣʦʛʨʘʤʤʳ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʪʦʢ ʧʦ 

ʦʩʠ q ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʘʪʴ ʟʘʜʘʥʠʝ ʩʢʦʨʦʩʪʠ (ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ). ɺ ʜʘʥʥʦʤ ʦʧʳʪʝ ʨʘʟ-

ʨʝʰʝʥʥʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʚʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ʦʛʨʘʥʠʯʝʥʠʝ ʚʳʭʦʜʘ ʨʝʛʫʣʷʪʦʨʘ 

ʩʢʦʨʦʩʪʠ) ʙʳʣ ʟʘʜʘʥ ʨʘʚʥʳʤ 1ɸ (ʧʘʨʘʤʝʪʨ ɿʘʜʘʥʠʷ.ʄʘʢʩ. ʪʦʢ ɺʋ). 

ʈʝʛʫʣʷʪʦʨ ʩʢʦʨʦʩʪʠ ʚʝʢʪʦʨʥʦʡ ʉʋ, ʢʘʢ ʠ ʨʝʛʫʣʷʪʦʨʳ ʪʦʢʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-

ʠʥʪʝʛʨʘʣʴʥʳʡ. ɽʛʦ ʥʘʩʪʨʦʡʢʠ ʪʘʢ ʞʝ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʜʠʥʘʤʠʢʠ ʠ ʪʦʯ-

ʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ. 

 

ɼʣʷ ʟʘʧʫʩʢʘ ʩʪʨʫʢʪʫʨʳ, ʟʘʤʢʥʫʪʦʡ ʧʦ ʧʦʣʦʞʝʥʠʶ (ʅʘʩʪʨʦʡʢʠ ʉʋ.ʨʝʞʠʤ ʨʘʙʦʪʳ = 10), 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʙʥʫʣʠʪʴ ʧʘʨʘʤʝʪʨ ɼʇʈ-ʕʥʢʦʜʝʨ.ʏʠʩʣʦ ʦʙʦʨʦʪʦʚ, ʝʩʣʠ ʦʥ ʥʝ ʥʫʣʝʚʦʡ, ʯʪʦʙʳ 

ʧʨʠʚʦʜ ʥʝ ʥʘʯʘʣ çʦʪʤʘʪʳʚʘʪʴ ʠʭ ʥʘʟʘʜè. ʇʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ 

ʥʘʩʪʨʦʝʥʳ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʧʦʣʦʞʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʢʘʯʝʩʪʚʝʥʥʦ ʥʘʩʪʨʦʠʪʴ 

ʨʝʛʫʣʷʪʦʨʳ ʪʦʢʦʚ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʳʝ ʘʚʪʦʢʦʣʝʙʘʥʠʷ. ʊʘʢʞʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʙʥʫʣʠʪʴ 

ʠʥʪʝʛʨʘʣʴʥʫʶ ʯʘʩʪʴ (ʂʠ) ʚ ʨʝʛʫʣʷʪʦʨʝ ʩʢʦʨʦʩʪʠ. ʉ ʧʦʩʪʘʚʣʷʝʤʳʤ ʚ ʢʦʤʧʣʝʢʪʝ ʜʚʠʛʘʪʝʣʝʤ 

ACM601V36-01-1000 ʪʘʢʠʝ ʥʘʩʪʨʦʡʢʠ ʦʙʝʩʧʝʯʘʪ ʜʦʩʪʘʪʦʯʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ. 

ʇʝʨʚʳʡ ʨʘʟ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʟʘʧʫʩʢʘʪʴ ʧʨʠʚʦʜ ʩ ʥʝʙʦʣʴʰʠʤ ʨʘʟʨʝʰʝʥʥʳʤ ʪʦʢʦʤ (ɿɸɼɸ-
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ʅʀʗ.ʄʘʢʩ. ʪʦʢ ɺʋ), ʨʘʚʥʳʤ, ʥʘʧʨʠʤʝʨ, 1ɸ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʠʪʴ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʥʘ 

1000ʦʙ/ʤʠʥ. ɺ ʧʘʨʘʤʝʪʨʝ ɿɸɼɸʅʀʗ.theta_elec ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʟʘʜʘʝʪʩʷ ʞʝʣʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫʩʘʭ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʥʘʩʪʨʦʡʢʘ ʢʦʥʪʫʨʘ ʧʦʣʦʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʧʨʦʮʝ-

ʜʫʨʘ ʠ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʜʘʥʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʟʫʯʠʪʴ ʜʘʥʥʳʡ ʚʦ-

ʧʨʦʩ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʵʢʩʧʝʨʠʤʝʥʪʠʨʫʷ ʩ ʨʘʟʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ ʠ ʧʦʣʦʞʝ-

ʥʠʷ ʥʘ ʜʘʥʥʦʤ ʢʦʤʧʣʝʢʪʝ. ʇʨʦʩʪʝʡʰʝʝ ʧʨʘʚʠʣʦ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤ ʧʦʜʯʠʥʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʘʢʦʝ ï ʥʘʯʠʥʘʷ ʩʦ ʚʣʦʞʝʥʥʦʛʦ ʢʦʥʪʫʨʘ ʧʦʚʳʰʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʫʣʷʪʦʨʦʚ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʥʝ ʥʘʯʥʫʪʩʷ ʢʦʣʝʙʘʥʠʷ, ʟʘʪʝʤ ʫʤʝʥʴʰʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʜʚʘ ʨʘʟʘ ʠ ʧʝʨʝʡʪʠ ʢ ʚʳʰʝʩʪʦʷʱʝʤʫ 

ʢʦʥʪʫʨʫ. 

 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʥʘʩʪʨʦʡʢʠ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʦʜʘ ʚ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠ-

ʤʫʶ ʧʘʤʷʪʴ. ʕʪʦ ʜʝʣʘʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ UniCON ʧʫʪʝʤ ʥʘʞʘʪʠʷ ʥʘ ʢʥʦʧʢʫ çʉʦʭʨʘʥʠʪʴ ʧʘʨʘʤʝʪ-

ʨʳè, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʩʧʨʘʚʘ ʩʚʝʨʭʫ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ CANopen, ʜʦʩʪʫʧʥʳʭ ʥʘ 

ʟʘʧʠʩʴ, ʩʦʭʨʘʥʷʪʩʷ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ flash ʧʘʤʷʪʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʙʫʜʫʪ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʧʨʠ ʧʝʨʝʟʘʛʨʫʟʢʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚ ʧʨʦʮʝʜʫʨʝ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʜʨʘʡʚʝʨʘ 

CANopen. 
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5. ʄʦʜʫʣʠ ʇʆ ʠ ʠʭ ʥʘʩʪʨʦʡʢʘ 

5.1. ʇʀɼ ʨʝʛʫʣʷʪʦʨ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʫʩʪʨʦʝʥ ʧʦ ʩʭʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ: 

Kp

Ki

Kd

1/ p

p

 
ʈʠʩ. 23 ʉʪʨʫʢʪʫʨʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

ʇʀɼ ʨʝʛʫʣʷʪʦʨ ʨʝʘʣʠʟʦʚʘʥ ʚ ʬʘʡʣʝ V_pid_reg3.c ʚ ʚʠʜʝ ʤʦʜʫʣʷ TPidReg3. ɺ ʧʨʦʝʢʪʝ ʤʦ-

ʜʫʣʴ ʇʀɼ ʨʝʛʫʣʷʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʪʦʨʦʚ ʪʦʢʘ, ʩʢʦʨʦʩʪʠ (ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ). 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʡ ʩʧʦʩʦʙ ʥʘʩʪʨʦʡʢʠ ʪʘʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ï ʧʦʜʙʦʨ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʂ ʧʨʠʤʝʨʫ, ʯʪʦʙʳ ʥʘʩʪʨʦʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ, ʤʦʞʥʦ ʩʥʘʯʘʣʘ ʦʙ-

ʥʫʣʠʪʴ Ki  ʠ ʟʘʜʘʪʴ ʤʘʣʝʥʴʢʠʡ Kp. ʇʦʚʳʰʘʪʴ Kp ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʨʝʘʢʮʠʠ ʥʘ 

ʩʢʘʯʦʢ ʟʘʜʘʥʠʷ ʥʝ ʩʪʘʥʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʤ. ʅʝʩʢʦʣʴʢʦ ʩʥʠʟʠʪʴ Kp ʜʦ ʫʩʪʨʘʥʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʩʪʠ. 

ɸʥʘʣʦʛʠʯʥʦ ʧʦʚʳʰʘʪʴ Ki  ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʝʤʣʝʤʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʘ ʠʣʠ ʜʦ ʧʦʷʚ-

ʣʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʩʪʠ. 

ʈʝʛʫʣʷʪʦʨʳ ʪʦʢʦʚ ʧʦ ʦʩʷʤ d ʠ q ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘʤʠ. ʉʥʘʯʘʣʘ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʢʦʥʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʟʘʪʝʤ ʚʥʝʰʥʠʝ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʦʛʦ ʇʀɼ ʨʝʛʫʣʷʪʦʨʘ ʤʦʞʥʦ ʠʟʫʯʠʪʴ ʚ ʜʦʢʫ-

ʤʝʥʪʝ pid_reg3.pdf Texas Instruments, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʣʝʛʢʦ ʥʘʡʪʠ ʚ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʝ. 

5.2. ʂʨʠʚʘʷ U/f 

 ʂʨʠʚʘʷ U/f ï ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʳ, ʧʨʠʢʣʘʜʳʚʘʝʤʳʭ ʢ ʜʚʠʛʘʪʝʣʶ. ɼʘʥʥʳʡ 

ʙʣʦʢ ʩʣʫʞʠʪ ʜʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʭʦʜʥʦʡ ʯʘʩʪʦʪʳ 

(ʪ.ʥ. ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ). ʈʘʩʯʝʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʤʝʞʜʫ ʜʚʫʤʷ ʦʧʦʨʥʳʤʠ ʪʦʯʢʘʤʠ: 

U

f

U[0]

U[1]

f[0] f[1]

 
ʈʠʩ. 24 ɺʠʜ ʢʨʠʚʦʡ U/f 

ʅʘʩʪʨʦʡʢʠ ʤʦʜʫʣʷ ʩʦʜʝʨʞʘʪʩʷ ʚ ʛʨʫʧʧʝ ʂʨʠʚʘʷ U-f. ʅʘʧʨʷʞʝʥʠʝ ʠ ʯʘʩʪʦʪʘ ʢʘʞʜʦʡ ʪʦʯʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʂʨʠʚʘʷ U/f ʩʠʤʤʝʪʨʠʯʥʘ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. 
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ʄʦʜʫʣʴ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʢʘʣʷʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʈʝʘʣʠʟʦʚʘʥ ʚ ʬʘʡʣʝ vhzprof.c ʚ 

ʚʠʜʝ ʤʦʜʫʣʷ TVhzProf. 

 

5.3. ɿʘʜʘʪʯʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ɿʀ) 

ɼʘʥʥʳʡ ʙʣʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʪʝʤʧʦʚ ʨʘʟʛʦʥʘ/ʪʦʨʤʦʞʝʥʠʷ (ʫʩʢʦʨʝʥʠʝ) ʜʚʠʛʘʪʝ-

ʣʷ. 

t

fɺʓʍ

ʇʫʩʢ ʉʪʦʧ  
ʈʠʩ. 25 ʇʫʩʢ ʠ ʪʦʨʤʦʞʝʥʠʝ ʧʦ ʟʘʜʘʪʯʠʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʅʘʩʪʨʦʡʢʠ ʪʝʤʧʘ ʨʘʟʛʦʥʘ/ʪʦʨʤʦʞʝʥʠʷ ʟʘʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ɿʀ.T ʨʘʟʛʦʥʘ ʜʦ ʥʦʤʠʥʘʣʘ. 

ʊʝʤʧ ʫʩʢʦʨʝʥʠʷ ʠ ʟʘʤʝʜʣʝʥʠʷ ʵʪʦ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʯʘʩʪʦʪʘ ʩ ʥʫʣʷ ʜʦʩʪʠʛʘʝʪ ʥʦʤʠʥʘʣʴ-

ʥʦʡ. ʊ.ʝ. ʪʝʤʧ ʨʘʟʛʦʥʘ ç5 ʩʝʢʫʥʜè ʟʥʘʯʠʪ, ʯʪʦ ʩ 0 ɻʮ ʜʦ 100ɻʮ ʯʘʩʪʦʪʘ ʙʫʜʝʪ ʥʘʨʘʩʪʘʪʴ 5 ʩʝʢʫʥʜ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʧʨʠʤʝʨ, ʩ 20 ɻʮ ʜʦ 40 ɻʮ ʨʘʟʛʦʥ ʙʫʜʝʪ ʠʜʪʠ 1 ʩʝʢʫʥʜʫ. ʊʦʨʤʦʞʝʥʠʝ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʥʘʦʙʦʨʦʪ. ʅʦʤʠʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ɹʘʟʦʚ. ʧʘʨʘʤʝʪ-

ʨʳ. ʅʦʤʠʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʠ ɹʘʟʦʚ. ʧʘʨʘʤʝʪʨʳ. ʏʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ ʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʧʘʨʘ-

ʤʝʪʨʝ ɹʘʟʦʚ. ʧʘʨʘʤʝʪʨʳ. ʅʦʤʠʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ. 

ɿʘʜʘʪʯʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʨʘʟʛʦʥʝ ʠ ʪʦʨʤʦʞʝʥʠʠ ʜʚʠʛʘʪʝʣʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʪʨʫʢʪʫʨ ʫʧʨʘʚʣʝʥʠʷ. ʈʝʘʣʠʟʦʚʘʥ ʚ ʬʘʡʣʝ v_rmp_ctrl.c ʚ ʚʠʜʝ ʤʦʜʫʣʷ TRMPCtrl. 

5.4. ʄʦʜʫʣʴ ʬʘʟʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʌʘʟʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʚʦʜʷʪ ʪʨʝʭʬʘʟʥʫʶ ʩʠʩʪʝʤʫ ʚʝʣʠʯʠʥ A,B,C ʩʦ ʩʜʚʠʛʦʤ ʥʘ 120Á 

ʚ ʜʚʫʭʬʘʟʥʫʶ ʩʠʩʪʝʤʫ Ŭ,ɓ ʩʦ ʩʜʚʠʛʦʤ 90Á. ɺ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʳʚʘʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʂʣʘʨʢ (Clarke). 

Iʰ

I  ̡
Is

B

ʰ

 ̡

C

ˢ

Ia=

Ib

Ic

120ϲ 

 
ʈʠʩ. 26 ʇʨʠʥʮʠʧ ʬʘʟʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʬʘʟʳ, ʪ.ʝ. ʘ IA = IŬ. 

ɺ ʇʆ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʟʥʘʯʝʥʠʝ, ʧʨʠʥʷʪʦʝ ʟʘ ʨʫʙʝʞʦʤ. ɺʭʦʜʳ ʤʦʜʫʣʷ clarke: as ï ʬʘʟʘ A, 

bs ï ʬʘʟʘ B. ɺʳʭʦʜʳ: ds ï ʬʘʟʘ Ŭ, qs ï ʬʘʟʘ ɓ. ʌʦʨʤʫʣʳ, ʧʦ ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʝ ʚ ʜʘʥʥʦʤ ʤʦʜʫʣʝ, ʩʣʝʜʫʶʱʠʝ: 

;

2

3

ds as

as bs
qs

=

+ Ö
=

 

ɺ ʇʆ ʜʘʥʥʳʡ ʤʦʜʫʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʦʢʦʚ ʩʪʘʪʦʨʘ ʠʟ ʪʨʝʭʬʘʟʥʦʡ ʩʠ-

ʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʜʚʫʭʬʘʟʥʫʶ. ʈʝʘʣʠʟʦʚʘʥ ʚ ʬʘʡʣʝ clarke.c ʚ ʚʠʜʝ ʤʦʜʫʣʷ TClarke. 
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5.5. ʄʦʜʫʣʴ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʂʦʦʨʜʠʥʘʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʦʨʘʯʠʚʘʶʪ ʜʚʫʭʬʘʟʥʫʶ ʩʠʩʪʝʤʫ ʩʦ ʩʜʚʠʛʦʤ 90Á ʥʘ ʟʘ-

ʜʘʥʥʳʡ ʫʛʦʣ. ɺ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʳʚʘʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʇʘʨʢʘ (Park). ɺ ʦʩʥʦʚʥʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʩʝʡ Ŭ,ɓ ʢ ʚʨʘʱʘʶʱʠʤʩʷ d,q ʠ ʦʙʨʘʪʥʦ (ʦʙʨʘʪʥʦ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʚʝʨʩʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ipark). 

Iʰ

I  ̡
Is

q

d

ʰ

 ̡

Id

Iq

 

 
ʈʠʩ. 27 ʇʨʠʥʮʠʧ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ɺ ʇʆ ʦʙʦʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ. ɺʭʦʜʳ ʤʦʜʫʣʷ park: ds ï ʦʙʳʯʥʦ ʬʘʟʘ Ŭ, qs ï 

ʦʙʳʯʥʦ ʬʘʟʘ ɓ, ang ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʦʩʝʡ. ɺʳʭʦʜʳ: de ï ʦʙʳʯʥʦ ʬʘʟʘ d, qe ï ʦʙʳʯʥʦ ʬʘʟʘ q. ɼʣʷ 

ʤʦʜʫʣʷ ipark ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʦʩʠ ʥʘʟʚʘʥʳ ʥʘʦʙʦʨʦʪ (ʚʭʦʜʳ ï de ʠ qe, ʘ ʚʳʭʦʜʳ ds ʠ qs). 

ʌʦʨʤʫʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʇʆ ʚ ʤʦʜʫʣʷʭ park ʠ ipark ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 

cos( ) sin( );

cos( ) sin( ).

cos( ) sin( );

cos( ) sin( ).

de ds ang qs ang

qe qs ang ds ang

ds de ang qe ang

qs qe ang de ang

= Ö + Ö

= Ö - Ö

= Ö - Ö

= Ö + Ö

 

ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʪʨʫʢʪʫʨʘʭ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʨʘʱʝʥʠʷ ʢʦʦʨʜʠʥʘʪ. ʈʝʘʣʠʟʦʚʘʥ ʚ ʬʘʡʣʝ park.c ʚ ʚʠʜʝ ʤʦʜʫʣʷ TPark (ʧʨʷʤʦʝ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ) ʠ ʚ ʬʘʡʣʝ ipark.c ʚ ʚʠʜʝ ʤʦʜʫʣʷ TIPark (ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠ-

ʥʘʪ). 

5.6. ʄʦʜʫʣʴ ʐʀʄ 

 ʄʦʜʫʣʴ ʐʀʄ (ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ 

ʠʥʚʝʨʪʦʨʘ ʠ ʦʪʨʘʙʦʪʢʠ ʟʘʜʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ. ʅʘ ʚʭʦʜ ʤʦʜʫʣʷ ʧʦʩʪʫʧʘʝʪ ʟʘʜʘʥʠʝ ʚ ʚʠʜʝ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʦʩʷʤʠ ʘʣʴʬʘ, ʙʝʪʘ (ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʢʦ-

ʦʨʜʠʥʘʪ). ɽʩʣʠ ʤʦʜʫʣʴ ʐʀʄ ʚʢʣʯʁʝʥ, ʪʦ ʥʘ ʩʣʝʜʫʶʱʝʤ ʧʝʨʠʦʜʝ ʐʀʄ ʟʘʜʘʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʙʫʜʝʪ ʦʪʨʘʙʦʪʘʥʦ. ʄʦʜʫʣʴ ʦʪʨʘʙʘʪʚrʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʥʠʢʘʢʦʡ ʵʚʦʣʶʮʠʠ ʚʝʢʪʦʨʘ ʚʦ 

ʚʨʝʤʝʥʠ ʦʥ ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪ: çʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʴè ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʤʦʜʫʣʴ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʫʪʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ. 

 ʄʦʜʫʣʴ ʐʀʄ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʝ 10ʢɻʮ, ʥʘ 

ʵʪʦʡ ʯʘʩʪʦʪʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠ ʦʙʥʦʚʣʷʶʪʩʷ ʫʩʪʘʚʢʠ ʩʨʘʚʥʝʥʠʷ ʪʘʡʤʝʨʦʚ ʐʀʄ ʤʠʢʨʦʢʦʥʪʨʦʣ-

ʣʝʨʘ. ʆʜʥʘʢʦ ʯʘʩʪʦʪʘ ʐʀʄ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʘ ʣʶʙʦʡ. ʇʨʠ ʵʪʦʤ ʦʪʨʘʙʦʪʢʘ ʐʀʄ ʠ ʠʟʤʝʥʝʥʠʝ 

ʝʛʦ ʟʘʜʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʘʩʠʥʭʨʦʥʥʦ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ, ʥʘ ʦʧʠ-

ʩʘʥʠʝ ʢʦʪʦʨʳʭ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʜʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. 

 ʄʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ çʥʘ ʭʦʜʫè ʠʟʤʝʥʷʪʴ ʯʘʩʪʦʪʫ ʐʀʄ, ʤʸʨʪʚʦʝ ʚʨʝʤʷ, ʪʠʧ ʘʣʛʦʨʠʪʤʘ 

ʐʀʄ. 

ɸʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ ʜʚʘ: ʩʠʥʫʩʦʠʜʘʣʴʥʘʷ ʠ ʚʝʢʪʦʨʥʘ ̫6-ʪʠ ʩʝʢʪʦʨʥʘʷ ʤʦʜʫ-

ʣʷʮʠʷ. 

ʉʢʚʘʞʥʦʩʪʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʐʀʄ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨ-

ʤʫʣʘʤ: 
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. .

. . . .

. . . .

1
;

2

1 3 1
;

2 2 2

1 3 1
.

2 2 2

A ʟʘʜ

B ʟʘʜ ʟʘʜ

C ʟʘʜ ʟʘʜ

U

U U

U U

a

b a

b a

g

g

g

= -

å õ
= - Ö - Öæ öæ ö

ç ÷

å õ
= - - Ö - Öæ öæ ö

ç ÷

 

ʉʢʚʘʞʥʦʩʪʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʧʝʨʠʦʜ ʐʀʄ ʠ ʟʘʛʨʫʞʘʶʪʩʷ ʚ ʨʝ-

ʛʠʩʪʨʳ ʩʨʘʚʥʝʥʠʷ ʤʦʜʫʣʝʡ ʐʀʄ. 

ʅʘ ʈʠʩ. 28 ʧʦʢʘʟʘʥʘ ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʫʣʷ ʐʀʄ. ɿʘʜʘʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʳʤ ʦʩʷʤ ʘʣʴʬʘ (Ualpha) ʠ ʙʝʪʘ (Ubeta) ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ ʤʦʜʫʣʷ ʠʟ ʙʦʣʝʝ ʚʳʩʦʢʦʫʨʦʚʥʝ-

ʚʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ (ʠʟ sm_ctrl). ʀʭ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʩʪʫʧʥʳ ʧʦʣʴʟʦʚʘ-

ʪʝʣʶ ʜʣʷ ʯʪʝʥʠʷ ʚ ʧʝʨʝʤʝʥʥʳʭ ʐʀʄ.Uaɿʘʜ ʠ ʐʀʄ.Ubɿʘʜ. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʙʣʦʢ ʨʘʩʯʝʪʘ ʠʭ ʘʤ-

ʧʣʠʪʫʜʳ, ʨʝʟʫʣʴʪʘʪ ʢʦʪʦʨʦʛʦ ʧʦʤʝʱʘʝʪʩʷ ʚ ʐʀʄ.U_ʘʤʧʣ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ Ualpha ʠ 

Ubeta ʧʦʩʪʫʧʘʶʪ ʥʘ ʙʣʦʢ ʢʦʨʨʝʢʮʠʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʟʚʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʊʘʢ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʚʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʦʥʠʞʝʥʦ, ʪʦ ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʵʪʦʤʫ ʧʦʚʳʩʠʪʴ ʟʘʜʘʥʠʝ ʥʘ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʅʘ ʙʣʦʢ ʧʦʩʪʫʧʘʝʪ ʬʣʘʛ 

ʨʘʟʨʝʰʝʥʠʷ ʨʘʙʦʪʳ (ʧʘʨʘʤʝʪʨ ʐʀʄ.ʂʦʤʧʝʥʩʘʮʠʷ Ud) ʠ ʥʘʧʨʷʞʝʥʠʝ Ud ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʜʘʪʯʠʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʧʦʜʩʪʨʦʡʢʠ ʢʦʤʧʝʥʩʘʮʠʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʐʀʄ.ʂʦʵʬ. ʢʦʤʧʝʥʩʘʮʠʠ Ud, ʠʩʧʦʣʟɹʫʶʱʠʡʩʷ ʚ ʬʦʨʤʫʣʝ ʢʦʤʧʝʥʩʘʮʠʠ:  

Ualpha_ʧʦʩʣʝ = Ualpha_ʜʦ *[  1+( Uʥʦʤ-Uʠʟʤʝʨ)* ʂʚʳʭ/ Uʥʦʤ], 

Ubeta_ʧʦʩʣʝ = Ubeta_ʜʦ*[ 1+( Uʥʦʤ-Uʠʟʤʝʨ)* ʂʚʳʭ/ Uʥʦʤ], ʛʜʝ  

ʂʚʳʭ - ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʝʥʩʘʮʠʠ ʐʀʄ. ʂʦʵʬ. ʢʦʤʧʝʥʩʘʮʠʠ Ud;  

Ualpha_ʜʦ, Ubeta_ʜʦ ï ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʦʩʷʤ ʘʣʴʬʘ, ʙʝʪʘ ʜʦ ʙʣʦʢʘ ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʫʣʴʩʘʮʠʡ; 

Uʥʦʤ ï ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʚʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ; 

Uʠʟʤʝʨ ï ʠʟʤʝʨʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʚʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʝʥʩʘʮʠʷ ʥʠʢʘʢ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʪʦʙʨʘʞʘʝʤʦʡ ʘʤʧʣʠʪʫʜʝ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʐʀʄ.U_ʘʤʧʣ, ʪʘʢ ʢʘʢ ʨʝʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ Ud ʠ ʨʘʙʦʪʝ ʙʣʦʢʘ ʢʦʤʧʝʥʩʘʮʠʠ ʪʘʢʞʝ ʤʝʥʷʪʴʩʷ ʥʝ ʜʦʣʞʥʦ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʝʥʩʘʮʠʠ ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠ-

ʝʤ, ʨʝʘʣʠʟʫʝʤʳʤ ʠʥʚʝʨʪʦʨʦʤ. ʊʘʢ, ʝʩʣʠ ʧʨʠʚʦʜ ʨʘʙʦʪʘʝʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʩ ʤʘʢʩʠʤʘʣʴ-

ʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʠ ʚ ʵʪʦ ʚʨʝʤʷ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʚʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩʥʠʞʘʝʪʩʷ, ʪʦ ʫ ʤʦʜʫʣʷ 

ʐʀʄ ʥʝʪ ʨʝʟʝʨʚʘ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʟʘʜʘʥʠʝ ʥʘ ʘʤʧʣʠʪʫʜʫ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʟʘ ʠʩʢʣʶʯʝʥʠ-

ʝʤ ʨʘʙʦʪʳ çʧʦ ʛʨʘʥʷʤ ʰʝʩʪʠʛʨʘʥʥʠʢʘè, ʯʪʦ ʦʧʠʩʘʥʦ ʥʠʞʝ).  ʇʨʘʚʠʣʴʥʦ ʢʦʨʨʝʢʮʠʷ ʤʦʞʝʪ ʨʘʙʦ-

ʪʘʪʴ ʪʦʣʴʢʦ ʠʣʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʚʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʠʣʠ ʧʨʠ ʟʘʧʘʩʝ ʚ ʘʤʧʣʠ-

ʪʫʜʝ ʟʘʜʘʥʠʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʞ̫ʝʥʠʷ. 

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʙʣʦʢ ʨʘʩʯʝʪʘ ʘʤʧʣʠʪʫʜʳ, ʥʦ ʫʞʝ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ Ualpha ʠ Ubeta. ʀʭ 

ʘʤʧʣʠʪʫʜʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʙʣʦʢ ʦʛʨʘʥʠʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʣʣʠ-

ʥʝʘʨʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ. ʅʠʞʝ ʙʫʜʝʪ ʜʘʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 

ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʙʣʦʢʘ. ɼʘʣʝʝ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʠ ʦʛʨʘʥʠʯʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʣʷ ʦʪ-

ʣʠʯʠʷ ʥʘʟʚʘʥʳ UalphaNorm ʠ UbetaNorm, ʧʦʩʪʫʧʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʙʣʦʢ, ʨʝʘʣʠʟʫʶʱʠʡ ʘʣ-

ʛʦʨʠʪʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʢʣʶʯʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʚʳʙʨʘʥʥʦʛʦ ʪʠʧʘ ʐʀʄ. ɹʣʦʢ ʫʧʨʘʚ-

ʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ:  

¶ ʐʀʄ.ʊʠʧ ʐʀʄ: ʚʳʙʠʨʘʝʪ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʠʣʠ 6-ʪʠ ʩʝʢʪʦʨʥʳʡ ʘʣʛʦʨʠʪʤ; 

¶ ʐʀʄ.ʏʘʩʪʦʪʘ ʐʀʄ: ʟʘʜʘʝʪ ʯʘʩʪʦʪʫ ʐʀʄ ʚ ʢɻʮ; 

¶ ʐʀʄ.ʄʝʨʪʚʦʝ ʚʨʝʤʷ (ʤʢʩ): ʟʘʜʘʝʪ ʚʝʣʠʯʠʥʫ ʤʝʨʪʚʦʛʦ ʚʨʝʤʝʥʠ ʚ ʤʢʩ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʙʣʦʢʘ ʷʚʣʷʶʪʩʷ ʩʢʚʘʞʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʩʪʦʝʢ ʠʥʚʝʨʪʦʨʘ GammaA, Gam-

maB, GammaC. ʇʦʜ ʩʢʚʘʞʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥʠ ʦʪʢʨʳʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʨʭʥʝʛʦ 

ʢʣʶʯʘ ʩʪʦʡʢʠ ʢ ʧʝʨʠʦʜʫ ʐʀʄ. ʉʢʚʘʞʥʦʩʪʠ ʩʪʦʝʢ ʧʦʩʪʫʧʘʶʪ ʥʘ ʙʣʦʢ ʦʛʨʘʥʠʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ 
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ʩʢʚʘʞʥʦʩʪʠ. ʊʘʢ ʢʘʢ ʧʨʠʢʣʘʜʳʚʘʪʴ ʢ ʢʣʶʯʘʤ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ, ʩʨʘʚʥʠʤʳʡ ʩ ʚʨʝʤʝʥʝʤ ʠʭ 

ʢʦʤʤʫʪʘʮʠʠ ʥʝʞʝʣʘʪʝʣʴʥʦ (ʜʣʷ ʤʦʱʥʳʭ ʠʥʚʝʨʪʦʨʦʚ), ʤʦʞʥʦ ʠʩʢʫʩʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʪʴ ʤʠʥʠ-

ʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʝ ʩʢʚʘʞʥʦʩʪʠ. ʊʘʢ, ʝʩʣʠ ʩʢʚʘʞʥʦʩʪʴ ʣʶʙʦʡ ʠʟ ʩʪʦʝʢ ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʥʴʰʝ ʟʘ-

ʜʘʥʥʦʛʦ ʚ ʧʘʨʘʤʝʪʨʝ ʐʀʄ.ʆʛʨʘʥʠʯʝʥʠʝ ʤʠʥ. ʩʢʚʘʞʥ. ʚʨʝʤʝʥʠ ʚ ʤʢʩ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʥʫʣʝʥʠʝ 

ʵʪʦʡ ʩʢʚʘʞʥʦʩʪʠ. ɽʩʣʠ ʐʀʄ.ʆʛʨʘʥʠʯʝʥʠʝ ʤʠʥ. ʩʢʚʘʞʥ. ʨʘʚʝʥ ʥʫʣʶ, ʙʣʦʢ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. 

ʇʦʩʣʝ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʢʚʘʞʥʦʩʪʠ GammaA, GammaB, GammaC ʧʦʧʘʜʘʶʪ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʳʭʦʜ ʢʦʥʪʨʦʣʣʝʨʘ ʚ ʚʠʜʝ ʐʀʄ-ʩʠʛʥʘʣʘ ʠ ʫʧʨʘʚʣʷʶʪ 6ʶ ʢʣʶʯʘʤʠ ʠʥʚʝʨʪʦʨʘ. 
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ʈʠʩ. 28 ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʐʀʄ 

 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʨʘʙʦʪʳ ʙʣʦʢʘ ʢʦʣʣʠʥʝʘʨʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ 

ʦʙʨʘʪʠʤʩʷ ʢ ʨʠʩʫʥʢʫ ʥʠʞʝ (ʩʧʨʘʚʝʜʣʠʚʦ ʪʦʣʴʢʦ ʜʣʷ ʚʝʢʪʦʨʥʦʡ ʐʀʄ). 
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ʈʠʩ. 29 ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʙʦʪʳ ʚʝʢʪʦʨʥʦʡ ʐʀʄ 

ʅʘ ʥʝʤ ʠʟʦʙʨʘʞʝʥʳ ʰʝʩʪʴ ʙʘʟʦʚʳʭ ʚʝʢʪʦʨʦʚ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʩʭʦʜʷʱʠʭʩʷ ʠʟ ʮʝʥʪʨʘ ʢʦ-

ʦʨʜʠʥʘʪ. ʕʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʬʘʟʥʳʝ ʘʤʧʣʠʪʫʜʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʣʦʞʝʥʳ ʢ 

ʜʚʠʛʘʪʝʣʶ ʧʨʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ʢʣʶʯʝʡ ʠʥʚʝʨʪʦʨʘ. ʅʘʧʨʠʤʝʨ, ʙʘʟʦʚʳʡ ʚʝʢʪʦʨ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʚ ʩʪʦʨʦʥʫ ʦʩʠ ʬʘʟʳ ɸ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʦʪʢʨʳʪʠʝʤ ʚʝʨʭʥʝʛʦ ʢʣʶʯʘ ʩʪʦʡʢʠ ɸ 

ʠʥʚʝʨʪʦʨʘ ʠ ʦʪʢʨʳʪʠʝʤ ʥʠʞʥʠʭ ʢʣʶʯʝʡ ʩʪʦʝʢ B ʠ C. ɺʩʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫ-

ʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ, ʣʝʞʘʪ ʚʥʫʪʨʠ ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʙʘʟʦʚʳʤʠ ʚʝʢʪʦʨʘʤʠ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ ʠ ʥʝ ʤʦʛʫʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʝʛʦ. ʅʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ ʦʪʤʝʯʝʥʳ 

ʩʨʘʟʫ ʜʚʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ: ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʦʩʷʤʠ alpha ʠ beta, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʙʦʪʘ ʤʦʜʫʣʷ ʚʝʢʪʦʨʥʦʡ ʐʀʄ ʠ ʦʩʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʠʤ ʪʨʝʭʬʘʟʥʳʝ ʦʩʠ A,B,C. ɽʩʣʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʝʪ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʥʝ-

ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ, ʥʘʧʨʠʤʝʨ Uʟʘʜ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ, ʪʦ ʙʣʦʢ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ. ɽʩʣʠ ʞʝ Uʟʘʜ ʧʨʝʚʳʩʠʪ ʰʝʩʪʠʫʛʦʣʴʥʠʢ (ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ, ʝʩʣʠ, ʥʘʧʨʠʤʝʨ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘ-

ʜʘʩʪ ʚ ʤʦʜʫʣʝ ʢʨʠʚʦʡ U/f ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʝ ʥʘʧʨʷʞʝʥʠʝ), ʪʦ ʪʨʝʙʫʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʚʝʢʪʦʨʘ. ʀʩ-

ʧʦʣʴʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʢʦʣʣʠʥʝʘʨʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚʝʢʪʦʨʘ 

(ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʧʨʘʚʣʝʥʠʝ) ʩʦʭʨʘʥʷʶʪʩʷ, ʘ ʘʤʧʣʠʪʫʜʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʚʝʣʠ-

ʯʠʥʳ. ɽʩʣʠ ʦʛʨʘʥʠʯʠʚʘʪʴ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʚʧʠʩʳʚʘʥʠʝʤ ʚ ʰʝʩʪʠʫʛʦʣʴʥʠʢ, ʪʦ ʧʨʠ ʪʘʢʦʤ ʦʛʨʘ-

ʥʠʯʝʥʠʠ ʚʳʭʦʜʥʦʝ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʙʫʜʝʪ ʥʝ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ (ʧʦʭʦʞʠʤ ʥʘ ʪʨʘʧʝʮʠʶ), ʧʦ-

ʵʪʦʤʫ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʦʢʨʫʞʥʦʩʪʴʶ, ʚʧʠʩʘʥʥʦʡ ʚ ʰʝ-

ʩʪʠʫʛʦʣʴʥʠʢ. ʆʢʨʫʞʥʦʩʪʴ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ. ʇʘʨʘʤʝʪʨ ʐʀʄ.U_ʦʛʨ ʫʧʨʘʚʣʷʝʪ ʘʤʧʣʠʪʫʜʦʡ 

ʦʢʨʫʞʥʦʩʪʠ, ʢʦʪʦʨʦʡ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʠʷ. ʂʦʛʜʘ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʨʘʚʝʥ 1.0, ʪʦ ʚʝʢ-

ʪʦʨ ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥ ʤʘʢʩʠʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʝʱʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʠʩʢʘʞʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ (ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʚʝʢʪʦʨʥʳʭ ʪʠʧʦʚ ʐʀʄ). ɽʩʣʠ ʟʘʜʘʚʘʪʴ ʵʪʦʪ ʧʘ-

ʨʘʤʝʪʨ ʙʦʣʴʰʝ 1.0, ʪʦ ʥʘʯʥʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʙʦʪʘʪʴ ʦʛʨʘʥʠʯʝʥʠʝ ʚʝʢʪʦʨʘ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʤ 

ʪʘʤ, ʛʜʝ ʦʢʨʫʞʥʦʩʪʴ ʧʨʝʚʳʩʠʣʘ ʝʛʦ. ʊʘʢ, ʝʩʣʠ ʟʘʜʘʪʴ ʐʀʄ.U_ʦʛʨ=1,155, ʪʦ ʦʢʨʫʞʥʦʩʪʴ ʙʫʜʝʪ 

ʦʧʠʩʘʥʘ ʚʦʢʨʫʛ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʛʨʘʥʠʯʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʛʨʘʥʷʤ 

ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ.  ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʳʤ ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʜʣʷ ʠʥʚʝʨʪʦʨʘ. ʇʨʠ ʥʘʧʨʷ-

ʞʝʥʠʠ ʥʘ ʟʚʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 540 ɺ (ʧʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʵʪʦ çʦʙʳʯʥʳʡè ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦ-

ʪʳ), ʪ.ʝ. ʢʦʛʜʘ ʬʘʟʥʦʝ ʜʝʡʩʪʚʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʭʦʜʝ 220 ɺ, ʧʘʨʘʤʝʪʨʫ ʐʀʄ.U_ʦʛʨ=1,0 ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʥʦʝ ʜʝʡʩʪʚʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʜʚʠʛʘʪʝʣʝ 220ɺ (ʠʣʠ 311 ɺ ʘʤʧʣʠʪʫʜʥʦʝ ʬʘʟʥʦʝ) 
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ʙʝʟ ʫʯʝʪʘ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʣʶʯʘʭ ʠ ʤʝʨʪʚʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʧʠʪʘʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ 48 ɺ 

ʧʨʝʜʝʣʴʥʦʝ ʜʝʡʩʪʚʫʶʱʝʝ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʠʪ 19,5 ɺ. ʀʥʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʣʶʙʳʤʠ ʩʧʦʩʦ-

ʙʘʤʠ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʜʘʞʝ ʮʝʥʦʡ ʠʩʢʘʞʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙ-

ʭʦʜʠʤʦ ʟʘʜʘʪʴ ʐʀʄ.U_ʦʛʨ=1,155 (ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʦʜʫʣʝ ʢʨʠʚʦʡ U/f). ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʚʳʩʠʪʩʷ ʜʦ 360 ɺ ʘʤʧʣʠʪʫʜʥʦʛʦ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʧʨʠ 

540 ɺ ʥʘ ɿʇʊ). ʂʨʦʤʝ ʧʦʚʳʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʪʘʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʜʘʝʪ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʝʨʴ 

ʚ ʢʣʶʯʘʭ ʠʥʚʝʨʪʦʨʘ (ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʢʦʥʢʨʝʪʥʳʤ ʘʣʛʦ-

ʨʠʪʤʦʤ ʨʝʘʣʠʟʘʮʠʠ ʚʝʢʪʦʨʥʦʡ ʐʀʄ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʤʫʪʘʮʠʡ ʥʘ ʧʝʨʠʦʜʝ ʐʀʄ 

ʩʦʢʨʘʱʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ (ʚ ʚʝʢʪʦʨʥʦʡ ʐʀʄ). 

 ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʠʥʚʝʨʪʦʨʝ TI ʧʠʪʘʥʠʝ ʜʨʘʡʚʝʨʦʚ ʢʣʶʯʝʡ çʙʫʪʩʪʨʝʧʥʦʝè. 

ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʜʣʷ ʧʠʪʘʥʠʷ ʜʨʘʡʚʝʨʘ ʚʝʨʭʥʠʭ ʢʣʶʯʝʡ ʠʥʚʝʨʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʜʝʥʩʘʪʦʨ, ʢʦ-

ʪʦʨʳʡ ʟʘʨʷʞʘʝʪʩʷ ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʦʪʢʨʳʪ ʥʠʞʥʠʡ ʢʣʶʯ ʠʥʚʝʨʪʦʨʘ. ʇʦʵʪʦʤʫ ʚ ʣʶʙʦʡ ʩʭʝʤʝ 

ʐʀʄ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʥʘ ʢʘʢʦʡ-ʪʦ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʥʠʞʥʠʝ ʢʣʶʯʠ ʠʥʚʝʨʪʦʨʘ ʦʙʷʟʘʪʝʣʴ-

ʥʦ ʦʪʢʨʳʚʘʣʠʩʴ ʥʘ ʧʝʨʠʦʜʝ ʐʀʄ. ʀʥʘʯʝ ʸʤʢʦʩʪʴ ʨʘʟʨʷʜʠʪʩʷ ʠ ʚʝʨʭʥʠʝ ʢʣʶʯʠ ʧʝʨʝʩʪʘʥʫʪ 

ʫʧʨʘʚʣʷʪʴʩʷ. ʅʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʚʘʞʥʦʩʪʠ ʠʥʚʝʨʪʦʨʘ ʚ ʤʦ-

ʜʫʣʝ ʐʀʄ, ʯʪʦʙʳ ʩʢʚʘʞʥʦʩʪʴ ʧʦ ʢʘʞʜʦʡ ʩʪʦʡʢʝ ʥʠʢʦʛʜʘ ʥʝ ʧʨʝʚʳʰʘʣʘ, ʥʘʧʨʠʤʝʨ, 90%. ɼʣʷ 

ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨ ʐʀʄ. U_lim. ɽʩʣʠ ʩʢʚʘʞʥʦʩʪʴ ʧʨʠʙʣʠʟʠʪʩʷ ʢ 100%, ʪʦ ʚ ʤʠʢʨʦ-

ʩʭʝʤʝ ʜʨʘʡʚʝʨʦʚ ʢʣʶʯʝʡ ʩʨʘʙʦʪʘʝʪ ʟʘʱʠʪʘ, ʯʪʦ ʚ ʇʆ UniCON ʦʪʦʙʨʘʟʠʪʩʷ ʢʘʢ ʘʧʧʘʨʘʪʥʘʷ ʘʚʘʨʠʷ.  

ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨ ʐʀʄ. U_lim ʧʦ-ʨʘʟʥʦʤʫ ʨʘʙʦʪʘʝʪ ʜʣʷ ʚʝʢʪʦʨʥʦʡ ʠ ʩʢʘʣʷʨʥʦʡ ʐʀʄ. 

ɼʣʷ ʚʝʢʪʦʨʥʦʡ ʐʀʄ ʝʛʦ ʤʦʞʥʦ ʟʘʜʘʪʴ ʨʘʚʥʳʤ 90% (ʭʦʪʷ ʧʨʠ ʵʪʦʤ ʧʦʩʪʨʘʜʘʝʪ ʠʟʤʝʨʝʥʠʝ ʪʦʢʘ, 

ʥʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʩʪʘʝʪʩʷ, ʩʤ. ʧʦʜʨʦʙʥʝʝ ʛʣʘʚʫ 5.1). ɼʣʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʐʀʄ ʧʨʝʜʝʣʴ-

ʥʳʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ ʟʥʘʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ 70% ʚ ʩʠʣʫ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʜʘʥʥʦʤ ʪʠʧʝ ʤʦʜʫʣʷʮʠʠ. 

 ʄʦʜʫʣʴ ʐʀʄ ʨʝʘʣʠʟʦʚʘʥ ʚ ʬʘʡʣʝ V_PWM_6_12.c ʚ ʚʠʜʝ ʤʦʜʫʣʷ TPWM_6_12. ɺ ʬʘʡʣʝ 

ʥʘʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʨʝʘʣʠʟʘʮʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʐʀʄ, ʨʝʘʣʠʟʘʮʠʷ ʚʝʢʪʦʨʥʦʡ ʐʀʄ ʚʳʥʝʩʝʥʘ ʚ 

ʙʠʙʣʠʦʪʝʢʫ libV_PWM_Vect_LIB.a. 

5.1. ʄʦʜʫʣʴ ɸʎʇ 

ʄʦʜʫʣʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʬʘʡʣʝ V_adc.c ʚ ʚʠʜʝ ʤʦʜʫʣʷ ʩ ʥʘʟʚʘʥʠʝʤ TAdcDrv. ʄʦʜʫʣʴ ʠʟʤʝʨʷ-

ʝʪ ʪʦʢʠ ʬʘʟ ʜʚʠʛʘʪʝʣʷ (ʪʦʢ ʬʘʟʳ A ʠ B, ʪʦʢ ʬʘʟʳ C ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʜʚʫʭ ʜʨʫʛʠʭ) ʠ 

ʥʘʧʨʷʞʝʥʠʝ ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠʥʚʝʨʪʦʨʘ. ʇʘʨʘʤʝʪʨʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʛʨʫʧʧʝ ɸʎʇ. ʆ 

ʥʘʩʪʨʦʡʢʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʠʩʘʥʦ ʚ ʛʣʘʚʝ 4.4. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʧʠʩʘʪʴ ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ ʬʘʟ. ɺ ʠʥʚʝʨʪʦʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʫʥʪʦ-

ʚr ʝ ʜʘʪʯʠʢʠ ʪʦʢʦʚ ʬʘʟ. ʊʦʢ ʬʘʟʳ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʘʜʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʰʫʥʪʦʚʦʤ ʢʘʣʠʙʨʦ-

ʚʘʥʥʦʤ ʨʝʟʠʩʪʦʨʝ. ʕʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʨʝʟʠʩʪʦʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʥʠʞʥʠʤʠ ʢʣʶ-

ʯʘʤʠ ʠʥʚʝʨʪʦʨʘ ï R80, R81, R82 ï ʩʤʦʪʨʠʪʝ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ ʠʥʚʝʨʪʦʨʘ ʧʦ ʩʩʳʣʢʝ 

http://motorcontrol.ru/production/controlcards/controlcard_nt32m4f1/ ʚ ʨʘʟʜʝʣʝ ʜʦʢʫʤʝʥʪʘʮʠʷ. ʉʠʛ-

ʥʘʣ ʩ ʨʝʟʠʩʪʦʨʦʚ ʧʦʜʘʝʪʩʷ ʥʘ ʦʧʝʨʘʮʠʦʥʥʳʝ ʫʩʠʣʠʪʝʣʠ (ʜʚʫʭ ʨʘʟʥʳʭ ʪʠʧʦʚ, ʚʩʪʨʦʝʥʥʳʝ ʚ ʜʨʘʡ-

ʚʝʨ ʢʣʶʯʝʡ ʠ ʚʥʝʰʥʠʝ çʦʙʨʘʟʮʦʚʳʝè), ʧʦʩʣʝ ʯʝʛʦ ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʚ ʢʦʥʪʨʦʣʣʝʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʟʤʝʨʠʪʴ ʢʦʨʨʝʢʪʥʦ ʪʦʢ ʚ ʬʘʟʝ ʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʚʢʣʶʯʝʥ ʥʠʞʥʠʡ ʢʣʶʯ ʠʥʚʝʨ-

ʪʦʨʘ ï ʚ ʠʥʦʡ ʩʠʪʫʘʮʠʠ ʪʦʢ ʬʘʟʳ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʜʨʫʛʦʤʫ ʢʦʥʪʫʨʫ, ʚ ʦʙʭʦʜ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʨʝʟʠʩʪʦʨʘ.  

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ. ɺ ʪʝʢʫʱʝʤ ʧʨʦʝʢʪʝ ʠʟ-

ʤʝʨʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʪʨʦʛʦ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʐʀʄ ʦʪʢʨʳʚʘʶʪʩʷ ʥʠʞʥʠʝ 

ʢʣʶʯʠ ʠʥʚʝʨʪʦʨʘ, ʪ.ʝ. ʚ ʤʦʤʝʥʪ ʧʨʠʣʦʞʝʥʠʷ ʥʫʣʝʚʦʛʦ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʢʦ-

ʛʜʘ ʪʘʡʤʝʨʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʬʦʨʤʠʨʫʶʱʠʝ ʐʀʄ, ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʩʯʝʪʝ ʚʚʝʨʭ-

ʚʥʠʟ. ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʧʦ ʩʦʙʳʪʠʶ ʟʘʧʫʩʢʘʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʪʦʢʦʚ ɸʎʇ ï ʩʤ. ʈʠʩ. 30.  

http://motorcontrol.ru/production/controlcards/controlcard_nt32m4f1/
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ʄʦʤʝʥʪ ʠʟʤʝʨʝʥʠʷ 

ʪʦʢʦʚ (ʟʘʧʫʩʢ ɸʎʇ)

 
ʈʠʩ. 30 ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʐʀʄ ʠ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ ɸʎʇ 

 

ʇʨʦʙʣʝʤʘ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʐʀʄ ʧʝʨʝʭʦʜ-

ʥʦʡ ʧʨʦʮʝʩʩ ʚ ʘʥʘʣʦʛʦʚʳʭ ʮʝʧʷʭ ʤʦʞʝʪ ʥʝ ʫʩʧʝʪʴ ʟʘʢʦʥʯʠʪʴʩʷ ʢ ʪʦʤʫ ʤʦʤʝʥʪʫ, ʢʦʛʜʘ ʧʨʠʭʦʜʠʪ 

ʚʨʝʤʷ ʠʟʤʝʨʷʪʴ ʚʝʣʠʯʠʥʫ ʪʦʢʘ. ʊʘʢʞʝ ʩʠʪʫʘʮʠʷ ʫʭʫʜʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʢʚʘʞʥʦʩʪʠ, ʢʦʛʜʘ ʚʩʸ 

ʤʝʥʴʰʝʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʤʝʞʜʫ ʚʢʣʶʯʝʥʠʝʤ ʥʠʞʥʝʛʦ ʢʣʶʯʘ ʠ ʤʦʤʝʥʪʦʤ ʠʟʤʝʨʝʥʠʷ. ʅʘ ʜʘʥʥʦʤ 

ʦʪʣʘʜʦʯʥʦʤ ʢʦʤʧʣʝʢʪʝ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʘʥʘʣʦʛʦʚʦʡ ʮʝʧʠ ʤʝʞʜʫ ʢʦʤʤʫʪʘʮʠʝʡ ʢʣʶ-

ʯʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ɸʎʇ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3-4 ʤʢʩ. ʕʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʯʘʩʪʦʪʳ ʐʀʄ ʠ ʩʢʚʘʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ. ʕʪʦ 

ʚʨʝʤʷ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʦʨʠʛʠʥʘʣʴʥʦʤ ʢʦʤʧʣʝʢʪʝ TI ʩ ʠʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ, ʪʘʢ ʢʘʢ ʚ ʜʘʥʥʦʤ 

ʢʦʤʧʣʝʢʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʫʩʠʣʠʪʝʣʠ ʥʘ ʧʣʘʪʝ VectorCARD, ʧʨʝ-

ʦʙʨʘʟʫʶʱʠʝ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ɸʎʇ ʦʪ ʜʠʘʧʘʟʦʥʘ 0-3ɺ ʢ ʥʝʦʙʭʦʜʠʤʦʤʫ ʜʣʷ 

K1921BK01T ʜʠʘʧʘʟʦʥʫ 0-1,5ɺ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʥʘʣʦʛʦʚʳʝ ʮʝʧʠ ʟʘʪʷʛʠʚʘʶʪ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦ-

ʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʦʥʠʞʘʪʴ ʯʘʩʪʦʪʫ ʐʀʄ ʜʣʷ çʫʣʫʯʰʝʥʠʷè ʠʟʤʝʨʝʥʠʷ ɸʎʇ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʦʩʪʦʨʦʞʥʦ, ʪʘʢ 

ʢʘʢ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʬʘʟʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ACM601V36-1000 ʥʝʙʦʣʴʰʘʷ: ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘ-

ʥʠʷ ʠʥʚʝʨʪʦʨʘ 24ɺ ʧʫʣʴʩʘʮʠʠ ʪʦʢʘ ʥʘ ʯʘʩʪʦʪʝ ʐʀʄ 20ʢɻʮ ʥʘ ʧʝʨʠʦʜʝ ʐʀʄ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 

0.3ɸ. ʆʜʥʘʢʦ ʤʦʜʫʣʴ ʐʀʄ ʧʦʩʪʨʦʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʫʣʝʚʦʛʦ ʚʝʢʪʦʨʘ 

ʥʘʧʨʷʞʝʥʠʷ (ʤʦʤʝʥʪ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ) ʬʘʢʪʠʯʝʩʢʠʡ ʪʦʢ ʚ ʬʘʟʝ ʜʚʠʛʘʪʝʣʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʚʦʝ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʫʣʴʩʘʮʠʶ, ʠʟʤʝʨʝʥʠʝ ʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʦ. 

ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʐʀʄ 10-20ʢɻʮ ï ʧʨʠ ʵʪʦʡ ʯʘʩʪʦʪʝ ʜʦʩʪʠʛʘʝʪʩʷ ʦʧʪʠʤʫʤ ʤʝʞʜʫ 

ʢʘʯʝʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʠ ʧʫʣʴʩʘʮʠʝʡ ʪʦʢʘ ʥʘ ʧʝʨʠʦʜʝ ʐʀʄ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟ-

ʤʝʨʝʥʠʷ ʪʦʢʘ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 0.15ɸ. 

ʅʘ ʨʠʩʫʥʢʝ ʈʠʩ. 31 ʧʦʢʘʟʘʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʪʦʢʘ ʬʘʟʳ, ʩʥʷʪʘʷ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʜʘʪʯʠʢʘʤʠ: 

ʰʪʘʪʥʳʤ ʰʫʥʪʦʚʳʤ ʜʘʪʯʠʢʦʤ ʪʦʢʘ (ʢʨʘʩʥʳʡ ʠ ʛʦʣʫʙʦʡ ʩʠʛʥʘʣʳ) ʠ ʚʥʝʰʥʠʤ ʜʘʪʯʠʢʦʤ ʪʦʢʘ ʥʘ 

ʵʬʬʝʢʪʝ ʍʦʣʣʘ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʪʠʧʘ, ʩʠʛʥʘʣ ʢʦʪʦʨʦʛʦ ʙʳʣ ʟʘʚʝʜʝʥ ʥʘ ʩʚʦʙʦʜʥʳʡ ʚʭʦʜ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨʘ (ʬʠʦʣʝʪʦʚʳʡ ʩʠʛʥʘʣ). ʊʘʢʞʝ ʩʠʥʠʤ ʧʦʢʘʟʘʥʘ ʩʢʚʘʞʥʦʩʪʴ ʥʘ ʢʣʶʯʘʭ ʬʘʟʳ A ʠʟ ʤʦ-

ʜʫʣʷ ʚʝʢʪʦʨʥʦʡ ʐʀʄ. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʧʦʣʫʯʝʥʘ ʚ ʩʢʘʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʯʘʩʪʦʪʝ 

ʐʀʄ 20ʢɻʮ, ʪʠʧ ʐʀʄ ï ʚʝʢʪʦʨʥʘʷ. ɺʠʜʥʦ, ʯʪʦ ʧʦʢʘ ʙʳʣ ʚʢʣʶʯʝʥ ʥʠʞʥʠʡ ʢʣʶʯ ʠ ʥʝ ʢʦʤʤʫʪʠ-

ʨʦʚʘʣʩʷ, ʪʦʢ ʬʘʟʳ ʠʟʤʝʨʷʣʩʷ ʢʦʨʨʝʢʪʥʦ (ʧʦʢʘʟʘʥʠʷ ʰʫʥʪʦʚʦʛʦ ʜʘʪʯʠʢʘ ʪʦʢʘ ʠ ʚʥʝʰʥʝʛʦ ʦʙʨʘʟʮʦ-

ʚʦʛʦ ʩʦʚʧʘʜʘʣʠ). ʂʦʛʜʘ ʢʣʶʯʠ ʬʘʟʳ ʥʘʯʘʣʠ ʢʦʤʤʫʪʠʨʦʚʘʪʴʩʷ, ʧʦʷʚʠʣʘʩʴ ʦʰʠʙʢʘ ʚ ʠʟʤʝʨʝʥʠʠ ʪʦ-

ʢʘ ʧʦʨʷʜʢʘ 0.15ɸ. 
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ʈʠʩ. 31 ʊʦʢ ʬʘʟʳ, ʠʟʤʝʨʝʥʥʳʡ ʚʥʝʰʥʠʤ ʜʘʪʯʠʢʦʤ ʪʦʢʘ (ʬʠʦʣʝʪʦʚʳʡ), ʠʟʤʝʨʝʥʥʳʡ ʯʝʨʝʟ ʰʫʥʪ (ʛʦʣʫ-

ʙʦʡ ʠ ʢʨʘʩʥʳʡ) ʠ ʩʢʚʘʞʥʦʩʪʴ ʥʘ ʢʣʶʯʘʭ ʬʘʟʳ ʧʨʠ ʨʘʙʦʪʝ ʚʝʢʪʦʨʥʦʡ ʐʀʄ ʧʨʠ ʯʘʩʪʦʪʝ 20ʢɻʮ. ɺ ʦʜʥʦʡ ʢʣʝʪ-

ʢʝ 1,5ɸ. 

 

ʇʨʠ ʯʘʩʪʦʪʝ ʐʀʄ 10ʢɻʮ ʩʦʚʧʘʜʝʥʠʝ ʪʦʢʦʚ ʣʫʯʰʝ, ʦʜʥʘʢʦ ʧʦʷʚʣʷʶʪʩʷ ʩʣʳʰʠʤʳʝ ʰʫʤʦ-

ʚʳʝ ʵʬʬʝʢʪʳ ʦʪ ʜʚʠʛʘʪʝʣʷ ʠʟ-ʟʘ ʧʫʣʴʩʘʮʠʠ ʪʦʢʘ ʥʘ ʧʝʨʠʦʜʝ ʐʀʄ. 

 

ʊʘʢʞʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ (ʫʤʝʥʴʰʝʥʠʷ ʰʫʤʘ ɸʎʇ) ʧʨʠʤʝʥʷʝʪʩʷ ʫʩʨʝʜ-

ʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʧʝʨʠʦʜʘʭ ʐʀʄ. ʊʘʢ, ʦʩʥʦʚʥʦʡ ʮʠʢʣ ʨʘʩʯʝʪʘ ʢʦʥʪʫʨʦʚ 

ʪʦʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ 10ʢɻʮ. ʇʨʠ ʯʘʩʪʦʪʝ ʐʀʄ 20ʢɻʮ ʦʙʨʘʟʫʝʪʩʷ ʜʚʘ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʤʝʱʘʶʪʩʷ ʚ ʘʧʧʘʨʘʪʥʦʝ FIFO ʤʦʜʫʣʷ ɸʎʇ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʘ ʟʘʪʝʤ ʠʟ ʥʠʭ ʚʳʯʠʩ-

ʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʫʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʙʦʣʴʰʝʡ ʯʘʩʪʦʪʝ 

ʐʀʄ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʫʩʨʝʜʥʝʥʠʷ. 

 

 

5.2. ʄʦʜʫʣʴ ɼʇʈ ʥʘ ʵʣʝʤʝʥʪʘʭ ʍʦʣʣʘ 

ɼʇʈ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʜʠʩʢʨʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʍʦʣʣʘ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪ ʩʚʦʝ ʚʳʭʦʜʥʦʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ. ʅʘ ʈʠʩ. 20 ʧʦʢʘʟʘʥʳ ʚʨʝ-

ʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ. ʀʟ ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜ ʢʦʥʪʨʦʣʣʝ-

ʨʘ, ʧʨʦʛʨʘʤʤʥʳʤ ʜʨʘʡʚʝʨʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʩʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩ ʰʘʛʦʤ ʚ 60 

ʛʨʘʜʫʩʦʚ (ʜʦʩʪʫʧʥʦ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʚ ʧʘʨʘʤʝʪʨʝ ɼʇʈ-ʍʦʣʣ.ʕʣʋʛʦʣ6). ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʫʛʣʦʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʠ ʪʝʢʫʱʝʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʦʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ, ʥʝʧʨʝʨʳʚʥʦʝ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ ʜʚʠʛʘʪʝʣʷ (ʜʦʩʪʫʧʥʦ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʚ ʧʘ-

ʨʘʤʝʪʨʝ ɼʇʈ-ʍʦʣʣ.ʕʣʋʛʦʣ). ʀʤʝʥʥʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʣʝʝ ʜʣʷ ʚʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʞʝ ʢ ʧʘʨʘʤʝʪʨʫ ɼʇʈ-ʍʦʣʣ.ʕʣʋʛʦʣ ʧʨʠʙʘʚʣʷʝʪʩʷ ʟʘʜʘʚʘʝʤʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʟʥʘ-

ʯʝʥʠʝ ʩʤʝʱʝʥʠʷ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʶʩʪʠʨʦʚʢʠ (ʢʘʣʠʙ-

ʨʦʚʢʠ) ʧʦʣʦʞʝʥʠʷ ʜʘʪʯʠʢʘ (ʧʘʨʘʤʝʪʨ ɼʇʈ-ʍʦʣʣ.ʉʤʝʱʋʛʦʣ). ʇʦʤʠʤʦ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʦ-

ʜʫʣʴ ʚʳʯʠʩʣʷʝʪ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ (ʩʢʦʨʦʩʪʴ), ʟʘʩʝʢʘʷ ʚʨʝʤʷ ʤʝʞʜʫ ʤʝʪʢʘʤʠ ʜʘʪʯʠʢʘ. 

ɿʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʚ ʚʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʫ ʫʧʨʘʚ-

ʣʝʥʠʷ ʠ ʜʦʩʪʫʧʥʦ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʚ ʧʘʨʘʤʝʪʨʝ ɼʇʈ-ʍʦʣʣ.ʉʢʦʨʦʩʪʴ. 
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ɼʠʩʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ

ɿʥʘʯʝʥʠʝ ʫʛʣʘ 

ʢɻʩʪʨʘʧʦʣʠʨʦʚʘʥʥʦʝ

 

ʈʠʩ. 32 ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ 

ʀʥʪʝʨʧʦʣʷʮʠʶ ʤʦʞʥʦ ʦʪʢʣʶʯʠʪʴ ʧʘʨʘʤʝʪʨʦʤ ɼʇʈ-ʍʦʣʣ.ʀʥʪ-ʧʦʣʷʪʦʨ ʚʢʣ. ʆʥʘ ʪʘʢʞʝ 

ʦʪʢʣʶʯʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʠʞʝ ʫʩʪʘʚʢʠ ɼʇʈ-ʍʦʣʣ.ʋʩʪʘʚʢʘ ʩʢʦʨʦʩʪʠ. ʉʢʦʨʦʩʪʴ 

ʦʙʥʫʣʷʝʪʩʷ, ʝʩʣʠ ʩʦʩʪʦʷʥʠʝ ʜʘʪʯʠʢʘ ʥʝ ʠʟʤʝʥʷʣʦʩʴ ʙʦʣʝʝ ɼʇʈ-ʍʦʣʣ.ʋʩʪʘʚʢʘ ʦʙʥʫʣʝʥʠʷ ʩʢʦʨʦ-

ʩʪʠ ʚ ʤʠʣʣʠʩʝʢʫʥʜʘʭ. ʉʤʝʱʝʥʠʝ ʫʛʣʘ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ɼʇʈ-ʍʦʣʣ.ʉʤʝʱʋʛʦʣ. 

ɺ ʧʘʨʘʤʝʪʨʝ ɼʇʈ-ʍʦʣʣ.ɼʠʩʢʨʝʪʥʳʝ ʚʭʦʜʳ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʜʠʩ-

ʢʨʝʪʥʳʭ ʚʭʦʜʦʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʠʸʤʘ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ. ɺ ʧʘʨʘʤʝʪʨʝ 

ɼʇʈ-ʍʦʣʣ.ʉʯʸʪʯʠʢ ʧʨʝʨʳʚʘʥʠʡ ʧʦ ʧʨʠʝʤʫ ʚʠʜʥʦ ʩʨʘʙʘʪʳʚʘʥʠʝ ʧʨʝʨʳʚʘʥʠʡ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʬʨʦʥʪʦʚ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ. 

ʄʦʜʫʣʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʙʠʙʣʠʦʪʝʢʝ libV_DPR_eCAP_LIB.a ʚ ʚʠʜʝ ʤʦʜʫʣʷ ʩ ʥʘʟʚʘʥʠʝʤ 

TDPReCAP, ʢʨʦʤʝ ʪʦʛʦ ʠʤʝʶʪʩʷ ʦʙʨʘʙʦʪʯʠʢʠ ʧʨʝʨʳʚʘʥʠʡ CAP ʚ ʬʘʡʣʝ main.c. 

5.3. ʄʦʜʫʣʴ ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʛʦ ʵʥʢʦʜʝʨʘ 

ʄʦʜʫʣʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʬʘʡʣʝ V_QEP.c. ʀʥʢʨʝʤʝʥʪʘʣʴʥʳʡ ʵʥʢʦʜʝʨ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʘʪʯʠʢʘ ʥʘ 

ʵʣʝʤʝʥʪʘʭ ʍʦʣʣʘ, ʥʝ ʚʳʜʘʸʪ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ, ʘ ʣʠʰʴ ʧʦʢʘʟʳʚʘʝʪ, ʥʘ ʢʘʢʦʡ ʫʛʦʣ ʠ 

ʚ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʜʚʠʛʘʪʝʣʴ. ʈʘʟʨʝʰʝʥʠʝ ʵʥʢʦʜʝʨʘ ʜʚʠʛʘʪʝʣʷ ACM601V36-01-

1000 ʩʦʩʪʘʚʣʷʝʪ 1000 ʤʝʪʦʢ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʙʦʨʦʪ. ʂʘʞʜʘʷ ʤʝʪʢʘ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʜʠʩʢʝ ʵʥʢʦʜʝ-

ʨʘ ʩʦʟʜʘʝʪ 4 ʬʨʦʥʪʘ, ʧʦʵʪʦʤʫ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʙʦʨʦʪ ʜʘʪʯʠʢ ʩʬʦʨʤʠʨʫʝʪ 4000 ʬʨʦʥʪʦʚ (ʩʫʤ-

ʤʘʨʥʦ ʧʦ ʦʙʦʠʤ ʢʘʥʘʣʘʤ A ʠ B). ɺ ʤʦʜʫʣʝ ʦʙʨʘʙʦʪʢʠ ʤʝʭʘʥʠʯʝʩʢʠʡ ʫʛʦʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʡ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʦʙʦʨʦʪ ï ʧʝʨʠʦʜ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʪ.ʝ. ʤʠ-

ʥʠʤʘʣʴʥʳʡ ʫʛʦʣ, ʧʨʦʡʜʷ ʢʦʪʦʨʳʡ ʩʣʝʜʫʶʱʠʡ ʩʝʚʝʨʥʳʡ (ʢ ʧʨʠʤʝʨʫ) ʧʦʣʶʩ ʦʢʘʞʝʪʩʷ ʪʦʯʥʦ ʚ ʪʦʤ 

ʤʝʩʪʝ, ʛʜʝ ʙʳʣ ʧʨʝʜʳʜʫʱʠʡ ʩʝʚʝʨʥʳʡ ʧʦʣʶʩ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʦʙʦʨʦʪ ʨʘʚʝʥ ʤʝʭʘʥʠʯʝʩʢʦʤʫ, ʨʘʟ-

ʜʝʣʝʥʥʦʤʫ ʥʘ ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ. ɼʣʷ ʜʚʠʛʘʪʝʣʷ ACM601V36-01-1000 ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ ʨʘʚʥʦ 4 

ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʙʦʨʦʪ ʩʦʩʪʘʚʣʷʝʪ 90 ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫʩʦʚ. ʀʥʜʝʢʩʥʘʷ ʤʝʪʢʘ (ʨʝʧʝʨ) ʚ ʵʥ-

ʢʦʜʝʨʝ ACM601V36-01-1000 ʦʪʩʫʪʩʪʚʫʝʪ. 

ʋʛʦʣ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ (ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠʡ) ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʧʘʨʘʤʝʪʨʘʭ 

ɼʇʈ-ʕʥʢʦʜʝʨ.ʋʛʦʣ. ʵʣʝʢʪʨ. ʠ ɼʇʈ-ʕʥʢʦʜʝʨ.ʋʛʦʣ ʤʝʭ.. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʧʦ 

ʵʥʢʦʜʝʨʫ, ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ɼʇʈ-ʕʥʢʦʜʝʨ.ʉʢʦʨʦʩʪʴ. ʊ.ʢ. ʵʥʢʦʜʝʨ ʧʦʢʘʟʳʚʘʝʪ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʝ ʩʤʝʱʝʥʠʝ ʨʦʪʦʨʘ, ʝʤʫ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʫʛʣʘ, ʯʪʦʙʳ ʧʨʠ ʥʫʣʝʚʦʤ ʫʛʣʝ 

ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ ʦʥ ʧʦʢʘʟʳʚʘʣ ʥʫʣʝʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʫʛʦʣ. ʉʤʝʱʝʥʠʝ ʟʘʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ 

ɼʇʈ-ʕʥʢʦʜʝʨ.ʉʤʝʱʋʛʦʣ. ʕʪʦ ʩʤʝʱʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʘʠʚʘʪʴ ʢʘʞʜʳʡ ʨʘʟ ʟʘʥʦʚʦ ʧʨʠ ʟʘ-
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ʧʫʩʢʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʟʥʘʝʪ, ʚ ʢʘʢʦʤ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʣʦ-

ʞʝʥʠʠ ʥʘʭʦʜʠʪʩʷ ʚʘʣ ʜʚʠʛʘʪʝʣʷ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʠ ʯʪʦ ʩʯʠʪʘʪʴ ʥʫʣʝʚʳʤ ʧʦʣʦʞʝʥʠʝʤ. ʇʨʦʮʝʜʫʨʘ 

ʥʘʩʪʨʦʡʢʠ ʩʤʝʱʝʥʠʷ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ 4.7. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʝ-

ʘʣʠʟʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʝʤʫ ʩʧʦʩʦʙ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʶʩʪʠʨʦʚʢʠ ʵʥʢʦʜʝʨʘ, ʥʘʧʨʠʤʝʨ, ʧʦ ʩʠʛʥʘʣʫ ʩ 

ʜʘʪʯʠʢʘ ʥʘ ʵʣʝʤʝʥʪʘʭ ʍʦʣʣʘ, ʧʦ ʨʝʧʝʨʥʦʡ (ʠʥʜʝʢʩʥʦʡ) ʤʝʪʢʝ (ʝʩʣʠ ʦʥʘ ʠʤʝʝʪʩʷ ʚ ʠʩʧʦʣʴʟʫʝʤʦʤ 

ʜʘʪʯʠʢʝ), ʧʦ ʢʦʥʮʝʚʳʤ ʚʳʢʣʶʯʘʪʝʣʷʤ ʠ ʪ.ʧ. 

ʄʦʜʫʣʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʬʘʡʣʝ V_QEP.c ʚ ʚʠʜʝ ʤʦʜʫʣʷ ʩ ʥʘʟʚʘʥʠʝʤ TposspeedEqep. 

5.4. ʄʦʜʫʣʴ ʮʠʬʨʦʚʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ (ʜʘʪʘʣʦʛʛʝʨ) 

ʈʝʘʣʠʟʦʚʘʥ ʚ ʬʘʡʣʝ V_data_log.c ʚ ʚʠʜʝ ʤʦʜʫʣʷ TDataLog. ʆʩʫʱʝʩʪʚʣʷʝʪ ʮʠʬʨʦʚʦʝ ʦʩʮʠʣ-

ʣʦʛʨʘʬʠʨʦʚʘʥʠʝ (ʟʘʧʠʩʴ ʚ ʯʝʪʳʨʝ ʤʘʩʩʠʚʘ) ʟʥʘʯʝʥʠʡ ʠʟ ʯʝʪʳʨʝʭ ʚʳʙʨʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʝʨʝ-

ʤʝʥʥʳʭ. ʄʦʜʫʣʴ ʨʘʙʦʪʘʝʪ ʩʦʚʤʝʩʪʥʦ ʩ ʨʝʞʠʤʦʤ çʚʳʙʦʨʢʘè ʦʩʮʠʣʣʦʛʨʘʬʘ ʇʆ UniCON. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʚ ʩʣʦʚʘʨʝ ʦʙʲʝʢʪʦʚ ʜʦ ʯʝʪʳʨʝʭ ʣʶʙʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʦʥ 

ʭʦʯʝʪ ʦʩʮʠʣʣʦʛʨʘʬʠʨʦʚʘʪʴ, ʠ ʜʦʙʘʚʣʷʝʪ ʠʭ ʚ ʦʩʮʠʣʣʦʛʨʘʬ UniCON. ɿʘʪʝʤ ʧʝʨʝʭʦʜʠʪ ʥʘ ʚʢʣʘʜʢʫ 

ʦʩʮʠʣʣʦʛʨʘʬʘ çʚʳʙʦʨʢʘè. ɺ ʵʪʦʪ ʤʦʤʝʥʪ UniCON ʟʘʧʠʩʳʚʘʝʪ ʘʜʨʝʩʘ (ʠʥʜʝʢʩ, ʧʦʜʳʥʜʝʢʩ) ʞʝʣʘʝ-

ʤʳʭ ʜʣʷ ʦʩʮʠʣʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʩʣʦʚʘʨʷ CANopen ʚ ʧʘʨʘʤʝʪʨʳ dlog.ind_subind1-4 ʛʨʫʧ-

ʧʳ dlog. ɼʘʣʝʝ ʬʫʥʢʮʠʷ dlog_background_analizer ʚ ʇʆ ʄʂ ʧʦ ʠʟʚʝʩʪʥʳʤ ʘʜʨʝʩʘʤ ʩʣʦʚʘʨʷ CAN-

open ʚʳʯʠʩʣʷʝʪ ʘʜʨʝʩʘ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʥʘʩʪʨʘʠʚʘʷ ʥʘ 

ʥʠʭ ʫʢʘʟʘʪʝʣʠ dlog_iptr1-4. ʊʘʢʞʝ ʪʘ ʬʫʥʢʮʠʷ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʣʝ ʢʦʤʘʥʜ control, ʯʝʨʝʟ ʢʦʪʦʨʦʝ 

UniCON ʫʧʨʘʚʣʷʝʪ ʦʩʮʠʣʣʦʛʨʘʬʦʤ (ʢʦʛʜʘ ʟʘʧʠʩʳʚʘʪʴ ʜʘʥʥʳʝ, ʩʧʨʘʰʠʚʘʝʪ, ʛʦʪʦʚʘ ʣʠ ʦʩʮʠʣʣʦ-

ʛʨʘʤʤʘ ʠ ʪ.ʧ.). 

ɺ ʬʫʥʢʮʠʠ data_log_update ʦʩʮʠʣʣʦʛʨʘʬ ʟʘʧʦʣʥʷʝʪ ʯʝʪʳʨʝ 16ʪʠ ʨʘʟʨʷʜʥʳʭ ʤʘʩʩʠʚʘ ʧʦ 256 

ʪʦʯʝʢ ʟʥʘʯʝʥʠʷʤʠ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʚʳʙʨʘʣ ʧʦʣʴʟʦʚʘʪʝʣʴ. ʌʫʥʢʮʠʷ ʚʳʟʳʚʘʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ 

ʚʳʯʠʩʣʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (10ʢɻʮ) ʠ ʟʘʧʠʩʳʚʘʝʪ ʚ ʤʘʩʩʠʚ ʟʥʘʯʝʥʠʷ ʦʯʝʨʝʜʥʦʡ ʪʦʯʢʠ. ɿʘ-

ʧʠʩʴ ʤʦʞʥʦ ʜʝʣʘʪʴ ʥʝ ʢʘʞʜʳʡ ʪʘʢʪ ʨʘʩʯʝʪʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʩ ʧʨʦʨʝʞʠʚʘʥʠʝʤ, ʢʦʪʦʨʦʝ ʟʘ-

ʜʘʝʪʩʷ ʯʝʨʝʟ UniCON ʥʘ ʚʢʣʘʜʢʝ çʚʳʙʦʨʢʘè ʚ ʧʦʣʝ ʚʚʦʜʘ çʜʝʣʠʪʝʣʴè: ʥʘʧʨʠʤʝʨ, ʢʘʞʜʳʡ ʧʷʪʳʡ 

ʪʘʢʪ ʨʘʩʯʝʪʘ ʠʣʠ ʢʘʞʜʳʡ ʩʦʪʳʡ. 

ɿʘʧʫʩʢ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʢʘʢ ʚ ʦʪ ʢʦʤʘʥʜʳ UniCON, ʪʘʢ ʠ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦ ʧʦ ʪʨʠʛʛʝʨʫ ʚ ʇʆ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʦʩʮʠʣʣʦʛʨʘʤʤʫ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʫʶ ʢʘʢʦʤʫ-ʣʠʙʦ ʩʦʙʳʪʠʶ. ɿʘʧʫʩʢ ʦʩʮʠʣʣʦʛʨʘʬʘ ʚʥʫʪʨʠ ʇʆ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ 

dlog.set_mode(1, &dlog); ʕʪʘ ʬʫʥʢʮʠʷ ʟʘʧʫʩʢʘʝʪ ʟʘʧʠʩʴ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʩ ʪʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʦʥʘ 

ʚʳʟʚʘʥʘ. ʕʪʘ ʬʫʥʢʮʠʷ ʨʘʟʤʝʱʝʥʘ ʚʦ ʤʥʦʛʠʭ ʫʯʘʩʪʢʘʭ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ï ʧʨʠ 

ʟʘʧʫʩʢʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʨʝʞʠʤʝ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʦʩʪʘʥʦʚ ʠ ʪʘʢ ʜʘʣʝʝ. ʏʪʦʙʳ 

ʚʳʙʨʘʪʴ, ʢʦʛʜʘ ʢʦʥʢʨʝʪʥʦ ʥʫʞʥʦ ʚ ʜʘʥʥʦʤ ʦʧʳʪʝ ʟʘʧʫʩʪʠʪʴ ʦʩʮʠʣʣʦʛʨʘʬ, ʩʜʝʣʘʥʘ ʙʠʪʦʚʘʷ ʧʝʨʝ-

ʤʝʥʥʘʷ dlog.StartBits, ʛʜʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʯʝʨʝʟ UniCON ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʦʪ ʠʣʠ ʠʥʦʡ ʙʠʪ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʩʦʙʳʪʠʶ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʟʘʧʫʩʢ ʦʩʮʠʣʣʦʛʨʘʬʘ 

ʧʦ ʩʦʙʳʪʠʶ ʚʢʣʶʯʝʥʠʷ ʚʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʪʨʦʢʘʤʠ: 
 if  ( dlog . StartBits  & (1 << 4))  

 dlog . set_mode(1, & dlog );  
ʏʪʦ ʦʟʥʘʯʘʝʪ çʟʘʧʫʩʪʠʪʴ ʦʩʮʠʣʣʦʛʨʘʬ, ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʩʪʘʥʦʚʠʣ 4ʡ ʙʠʪ ʥʘʯʠʥʘʷ ʩ ʥʫʣʝʚʦʛʦè. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʫʩʪʘʥʦʚʠʪʴ ʚ ʧʘʨʘʤʝʪʨʘʭ dlog.StartBitL  ʠ dlog.StartBitH  (ʥʠʞʥʷʷ ʠ ʚʝʨʭ-

ʥʷʷ ʯʘʩʪʠ ʧʝʨʝʤʝʥʥʦʡ StartBits) ʞʝʣʘʝʤʳʝ ʙʠʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʩʪʫʧʣʝʥʠʶ ʞʝʣʘʝʤʦʛʦ ʩʦ-

ʙʳʪʠʷ ʚ ʧʨʦʛʨʘʤʤʝ. ʂʘʢʠʝ ʙʠʪʳ ʢʘʢʠʤ ʩʦʙʳʪʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʞʥʦ ʫʟʥʘʪʴ, ʚʳʧʦʣʥʠʚ ʧʦʠʩʢ 

ʩʪʨʦʢʠ dlog.set_mode ʚ ʧʨʦʝʢʪʝ ʇʆ. 

 UniCON ʧʦ ʥʘʞʘʪʠʶ ʢʥʦʧʢʠ çʦʙʥʦʚʠʪʴè ʩʯʠʪʳʚʘʝʪ ʪʝʢʫʱʠʡ ʩʪʘʪʫʩ ʦʩʮʠʣʣʦʛʨʘʬʘ. ɽʩʣʠ 

ʝʩʪʴ ʫʞʝ ʟʘʧʠʩʘʥʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ, UniCON ʧʨʝʜʣʦʞʠʪ ʦʪʦʙʨʘʟʠʪʴ ʝʸ. ɽʩʣʠ ʪʝʢʫʱʝʡ ʦʩʮʠʣʣʦ-

ʛʨʘʤʤʳ ʥʝ ʟʘʧʠʩʘʥʦ, ʚ ʤʦʤʝʥʪ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʦʙʥʦʚʠʪʴè ʟʘʧʠʰʝʪʩʷ ʠ ʦʪʦʙʨʘʟʠʪʩʷ ʥʦʚʘʷ ʦʩ-

ʮʠʣʣʦʛʨʘʤʤʘ. 

 ʏʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʜʝʪʴ ʧʨʝʜʳʩʪʦʨʠʶ, ʘ ʠʤʝʥʥʦ ʦʩʮʠʣʣʦʛʨʘʤʤʫ ʜʦ ʠ ʚʦ ʚʨʝʤʷ 

ʥʘʩʪʫʧʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʙʳʪʠʷ, ʧʨʠʤʝʥʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʟʘʛʨʫʟʢʠ 

ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʠʟ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ UniCON ʟʘʧʫʩʢʘʝʪ ʦʩʮʠʣʣʦʛʨʘʬ ʚ ʨʝʞʠʤ ʧʦʩʪʦʷʥʥʦʡ 

ʢʦʣʴʮʝʚʦʡ ʟʘʧʠʩʠ ʚʳʙʨʘʥʥʳʭ ʜʘʥʥʳʭ. ɼʘʣʝʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦʙʳ 

ʟʘʧʠʩʴ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʚʥʫʪʨʠ ʄʂ ʧʨʦʠʟʦʰʣʘ ʩʥʦʚʘ ʧʦ ʟʘʜʘʥʥʦʤʫ ʠʤ ʩʦʙʳʪʠʶ. ʂʦʛʜʘ ʚʥʫʪʨʠ 
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ʇʆ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚʳʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ ʟʘʧʠʩʠ ʦʩʮʠʣʣʦʛʨʘʤʤʳ dlog.set_mode, ʪʦ ʝʩʪʴ ʜʚʘ 

ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘ ʧʦʚʝʜʝʥʠʷ. ʇʝʨʚʳʡ ï ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʟʘʧʠʰʝʪʩʷ ʩʥʘʯʘʣʘ, ʪ.ʝ. ʥʘʯʘʣʴʥʦʤʫ 

ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʨʘʙʘʪʳʚʘʥʠʷ ʪʨʠʛʛʝʨʘ, ʪ.ʝ. ʧʨʝʜʳʩʪʦʨʠʠ ʥʝ ʙʫʜʝʪ. ɺʪʦ-

ʨʦʡ ʚʘʨʠʘʥʪ ï ʧʦ ʚʳʟʦʚʫ dlog.set_mode ʦʩʮʠʣʣʦʛʨʘʬ ʜʦʧʠʰʝʪ ʤʘʩʩʠʚ ʜʦ ʢʦʥʮʘ ʠ ʦʩʪʘʥʦʚʠʪʩʷ (ʦʩ-

ʮʠʣʣʦʛʨʘʬ ʧʦʩʪʦʷʥʥʦ ʧʠʰʝʪ ʜʘʥʥʳʝ ʝʱʸ ʩ ʧʨʦʰʣʦʛʦ ʨʘʟʘ). ʇʦʚʝʜʝʥʠʝ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʤ ʟʘʜʘʥʠʝʤ ʧʝʨʝʤʝʥʥʦʡ dlog. ɿʘʧʠʩʳʚʘʪʴ ʩʥʘʯʘʣʘ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʦ çʥʝʪè, ʪʦ ʧʦ-

ʣʫʯʠʪʩʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʩ ʧʨʝʜʳʩʪʦʨʠʝʡ. ʆʜʥʘʢʦ ʨʘʟʤʝʨ ʧʨʝʜʳʩʪʦʨʠʠ ʚ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʟʘʜʘʪʴ ʥʝ-

ʚʦʟʤʦʞʥʦ, ʵʪʦ ʵʣʝʤʝʥʪ çʫʜʘʯʠè ï ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘ ʢʘʢʦʤ ʵʣʝʤʝʥʪʝ ʤʘʩʩʠʚʘ ʩʯʝʪʯʠʢ ʟʘʧʠʩʠ ʦʩ-

ʮʠʣʣʦʛʨʘʤʤʳ ʦʢʘʞʝʪʩʷ ʥʘ ʤʦʤʝʥʪ ʩʨʘʙʘʪʳʚʘʥʠʷ ʪʨʠʛʛʝʨʘ ʠ ʚʳʟʦʚʘ dlog.set_mode. ʇʨʠ ʞʝʣʘʥʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʦʨʘʙʦʪʘʪʴ ʤʦʜʫʣʴ ʦʩʮʠʣʣʦʛʨʘʬʘ ʜʣʷ ʝʛʦ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʚʝʜʝ-

ʥʠʷ. 

 ɿʘʛʨʫʟʢʘ ʟʘʧʠʩʘʥʥʦʡ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʚ UniCON ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ ʧʝʨʝʜʘʯʫ ʤʘʩʩʠʚʘ 

ʜʘʥʥʳʭ ʜʨʘʡʚʝʨʘ CANopen (ʬʫʥʢʮʠʷ ʙʣʦʯʥʦʡ ʧʝʨʝʜʘʯʠ), ʠʣʠ, ʝʩʣʠ ʵʪʘ ʬʫʥʢʮʠʷ ʧʦ ʢʘʢʦʡ-ʪʦ ʧʨʠ-

ʯʠʥʝ ʥʝ ʨʘʙʦʪʘʝʪ, ʧʦʵʣʝʤʝʥʪʥʳʤ ʚʳʯʠʪʳʚʘʥʠʝʤ ʜʘʥʥʳʭ ʯʝʨʝʟ ʩʣʫʞʝʙʥʫʶ ʧʝʨʝʤʝʥʥʫʶ 

dlog.next_value_var. 

 ʆʩʦʙʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʮʠʣʣʦʛʨʘʬ 16ʪʠ ʨʘʟʨʷʜʥʳʡ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʦʩʮʠʣʣʦʛʨʘʬ 

32ʭ ʨʘʟʨʷʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʦʩʮʠʣʣʦʛʨʘʬʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʝʸ ʩʪʘʨʰʘʷ ʯʘʩʪʴ. ɼʣʷ ʧʝʨʝʤʝʥʥʳʭ ʚ 

ʬʦʨʤʘʪʝ IQ8.24, ʥʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʚʩʷ ʮʝʣʦʯʠʩʣʝʥʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʵʪʦ ʧʨʠ-

ʝʤʣʝʤʦ. ʇʦʩʣʝ ʫʩʝʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʧʦʣʫʯʘʝʪʩʷ ʬʦʨʤʘʪ 8.8, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ çʚʳʙʦʨʢʘè ʦʩ-

ʮʠʣʣʦʛʨʘʬʘ ʧʝʨʝʤʝʥʥʳʝ ʙʫʜʫʪ ʠʤʝʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʩʝʯʝʥʠʝ ʬʦʨʤʘʪʘ 8.8 (ʚ ʦʪʣʠʯʠʝ ʦʪ çʥʝ-

ʧʨʝʨʳʚʥʦʛʦè ʨʝʞʠʤʘ, ʛʜʝ ʧʝʨʝʤʝʥʥʳʝ ʟʘʧʨʘʰʠʚʘʶʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʙʝʟ ʫʩʝʯʝʥʠʷ ʬʦʨʤʘ-

ʪʘ, ʥʦ ʤʝʜʣʝʥʥʦ). ɽʩʣʠ ʜʦʙʘʚʠʪʴ ʚ ʦʩʮʠʣʣʦʛʨʘʬ ʢʘʢʦʡ-ʣʠʙʦ 32ʭ ʨʘʟʨʷʜʥʳʡ ʩʯʝʪʯʠʢ, ʪʦ ʚ ʨʝʞʠʤʝ 

çʚʳʙʦʨʢʘè ʥʝ ʙʫʜʝʪ ʚʠʜʥʦ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʤʣʘʜʰʠʭ 16ʪʠ ʨʘʟʨʷʜʦʚ, ʯʪʦ ʠʥʦʛʦ ʥʝʧʨʠʝʤʣʝʤʦ. ʅʝʦʙ-

ʭʦʜʠʤʦ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʪʘʢʦʛʦ ʩʯʝʪʯʠʢʘ ʢʦʧʠʨʦʚʘʪʴ ʝʛʦ ʟʥʘʯʝʥʠʝ ʚʥʫʪʨʠ ʧʨʦʛʨʘʤʤʳ ʄʂ ʚ 16ʪʠ 

ʨʘʟʨʷʜʥʫʶ ʧʝʨʝʤʝʥʥʫʶ, ʥʘʧʨʠʤʝʨ, ʚ ʦʪʣʘʜʦʯʥʳʝ ʧʝʨʝʤʝʥʥʳʝ Debug3,4. 

 ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʙʦʪʝ ʬʫʥʢʮʠʠ ʦʩʮʠʣʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʦʯʠʪʘʪʴ 

ʚ ʨʫʢʦʚʦʜʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʧʨʦʛʨʘʤʤʫ UniCON. 

 

5.5. ʄʦʜʫʣʴ ʟʘʱʠʪ 

ʄʦʜʫʣʴ ʟʘʱʠʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʘ ʘʚʘʨʠʡʥʳʭ ʩʦʙʳʪʠʡ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʩʨʝʘʛʠʨʦʚʘʪʴ ʠ ʧʨʝʜʧʨʠʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ ʧʦ ʧʨʝʢʨʘʱʝʥʠʶ 

ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʙʝʟʦʧʘʩʥʦʤʫ ʦʪʢʣʶʯʝʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʄʦʜʫʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝ ʪʦʣʴʢʦ ʟʘʱʠʪʫ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠʥʚʝʨʪʦʨʘ (ʟʘʱʠʪʫ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ ʠ ʪ.ʧ.), ʥʦ ʠ ʟʘʱʠʪʫ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʚʠʛʘʪʝʣʷ (ʟʘʱʠʪʫ ʦʪ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʠ ʪ.ʧ.). ʌʠʢʩʠʨʦʚʘʥʠʝ ʠ ʦʪʨʘʙʦʪʢʘ 

ʟʘʱʠʪ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ ʧʨʦʛʨʘʤʤʥʳʤʠ (ʥʘʧʨʠʤʝʨ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ) ʩʨʝʜʩʪʚʘʤʠ ʢʦʥʪʨʦʣʣʝʨʘ, 

ʪʘʢ ʠ ʘʧʧʘʨʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʨʘʡʚʝʨʘ (ʟʘʱʠʪʘ ʢʣʶʯʝʡ ʠʥʚʝʨʪʦʨʘ ʦʪ ʩʚʝʨʭʪʦʢʘ ʠ ʧʝʨʝʛʨʝʚʘ ʦʙ-

ʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʘʚʘʨʠʶ ʠ ʦʪʢʣʶʯʘʪʴ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝ ʩ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤʠ ʟʘʜʝʨʞʢʘʤʠ). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʫʣʷ: 

¶ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ (ʜʣʷ ʧʨʦʛʨʘʤʤʥʦ-ʨʝʘʣʠʟʫʝʤʳʭ ʟʘʱʠʪ) ï 10 ʢɻʮ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʢʩʘʮʠʠ ʜʦ 32 ʘʚʘʨʠʡʥʳʭ ʩʦʙʳʪʠʡ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʡ ʥʘʩʪʨʦʡʢʠ ʩʧʠʩʢʘ ʨʘʟʨʝʰʝʥʥʳʭ ʠ ʟʘʧʨʝʱʝʥʥʳʭ ʘʚʘʨʠʡ; 

¶ ʧʨʦʪʦʢʦʣʠʨʦʚʘʥʠʝ ʚʦʟʥʠʢʘʶʱʠʭ ʘʚʘʨʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ çʞʫʨʥʘʣʝ ʘʚʘʨʠʡè (ʩʦʭʨʘʥʷ-

ʝʪʩʷ 50 ʧʦʩʣʝʜʥʠʭ ʘʚʘʨʠʡ). 

 

ʉʧʠʩʦʢ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʘʚʘʨʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ. 

 

ˉ ʊʠʧ ʘʚʘʨʠʠ ʆʧʠʩʘʥʠʝ 

ʇʘʨʘʤʝʪʨ ʧʦʨʦʛʘ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʚ 

ʛʨʫʧʧʝ çɿʘʱʠʪʳè 

ɹʠʪ ʤʘʩʢʠ-

ʨʦʚʘʥʠʷ ʘʚʘ-

ʨʠʠ 
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ˉ ʊʠʧ ʘʚʘʨʠʠ ʆʧʠʩʘʥʠʝ 

ʇʘʨʘʤʝʪʨ ʧʦʨʦʛʘ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʚ 

ʛʨʫʧʧʝ çɿʘʱʠʪʳè 

ɹʠʪ ʤʘʩʢʠ-

ʨʦʚʘʥʠʷ ʘʚʘ-

ʨʠʠ 

1.  ʇʦʥʠʞʝʥʠʝ Udc 
ʇʦʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ɿʇʊ ʥʠʞʝ 

ʫʩʪʘʚʢʠ 
ʄʠʥʠʤʘʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ 

mask1L.b1 

1111 1110 

2.  ʇʦʚʳʰʝʥʠʝ Udc 
ʇʦʚʳʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ɿʇʊ ʚʳʰʝ  

ʫʩʪʘʚʢʠ 
ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ 

mask1L.b2 

1111 1101 

3.  ʈʝʟʝʨʚ   
mask1L.b3 

1111 1011 

4.  ʈʝʟʝʨʚ   
mask1L.b4 

1111 0111 

5.  ʈʝʟʝʨʚ   
mask1L.b5 

1110 1111 

6.  ʈʝʟʝʨʚ   
mask1L.b6 

1101 1111 

7.  ʈʝʟʝʨʚ   
mask1L.b7 

1011 1111 

8.  ʈʝʟʝʨʚ   
   mask1L.b8 

0111 1111 

9.  ʉʙʦʡ ʧʨʦʛʨ-ʳ 1ʢɻʮ 

ʇʨʦʛʨʘʤʤʥʘʷ ʦʰʠʙʢʘ 1ʢɻʮ (ʧʨʝʚʳʰʝʥʠʝ 

ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʚ 

ʧʨʝʨʳʚʘʥʠʠ 1ʢɻʮ) 

- 
mask1H.b1 

1111 1110 

10.  ʉʙʦʡ ʧʨʦʛʨ-ʳ 10ʢɻʮ 

ʇʨʦʛʨʘʤʤʥʘʷ ʦʰʠʙʢʘ 10ʢɻʮ (ʧʨʝʚʳʰʝʥʠʝ 

ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʚ 

ʧʨʝʨʳʚʘʥʠʠ 10ʢɻʮ) 

- 
mask1H.b2 

1111 1101 

11.  ʈʝʟʝʨʚ   
mask1H.b3 

1111 1011 

12.  ʈʝʟʝʨʚ   
mask1H.b4 

1111 0111 

13.  ɸʇʇɸʈɸʊʅɸʗ ɸʧʧʘʨʘʪʥʘʷ ʘʚʘʨʠʷ ʠʥʚʝʨʪʦʨʘ - 
mask1H.b5 

1110 1111 

14.  ʈʝʟʝʨʚ   
Mask1H.b6 

1101 1111 

15.  ʈʝʟʝʨʚ   
mask1H.b7 

1011 1111 

16.  ʈʝʟʝʨʚ   
mask1H.b7 

0111 1111 

17.  ʈʝʟʝʨʚ   
mask2L.b2 

1111 1101 

18.  ʈʝʟʝʨʚ   
mask2L.b3 

1111 1011 

19.  ʈʝʟʝʨʚ   
mask2L.b4 

1111 0111 

20.  ʈʝʟʝʨʚ   
mask2L.b5 

1110 1111 

21.  ʄʘʢʩ. ʪʦʢ ʬʘʟʳ ɸ ʇʨʝʚʳʰʝʥʠʝ ʪʦʢʘ ʬʘʟʳ ɸ; 
ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʪʦʢ 

mask2L.b6 

1101 1111 

22.  ʄʘʢʩ. ʪʦʢ ʬʘʟʳ ɺ ʇʨʝʚʳʰʝʥʠʝ ʪʦʢʘ ʬʘʟʳ B 
ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʪʦʢ 

mask2L.b7 

1011 1111 

23.  ʄʘʢʩ. ʪʦʢ ʬʘʟʳ ʉ ʇʨʝʚʳʰʝʥʠʝ ʪʦʢʘ ʬʘʟʳ C 
ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʪʦʢ 

mask2L.b8 

0111 1111 

24.  ʈʝʟʝʨʚ   
mask2H.b1 

1111 1110 

25.  ʈʝʟʝʨʚ   
mask2H.b2 

1111 1101 

26.  ʄʘʢʩ. ʩʢʦʨʦʩʪʴ ʇʨʝʚʳʰʝʥʠʝ ʫʩʪʘʚʢʠ ʟʘʱʠʪʳ ʧʦ ʩʢʦʨʦʩʪʠ 
ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ 

mask2H.b3 

1111 1011 

 

ɺʩʝ ʫʩʪʘʚʢʠ ʟʘʱʠʪ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʚ ʛʨʫʧʧʝ ɿʘʱʠʪʳ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʣʶʙʦʡ ʥʝʟʘʤʘʩ-

ʢʠʨʦʚʘʥʥʦʡ ʘʚʘʨʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʤʛʥʦʚʝʥʥʦ ʦʪʢʣʶʯʘʝʪʩʷ (ʦʪʢʣʶʯʘʶʪʩʷ ʢʣʶʯʠ). ʂʘʞʜʘʷ ʘʚʘ-

ʨʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʘʩʢʠʨʦʚʘʥʘ. ʇʨʠ ʝʸ ʤʘʩʢʠʨʦʚʘʥʠʠ ʇʆ ʢʦʥʪʨʦʣʣʝʨʘ ʥʝ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʦʙʳʪʠʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʨʦʜʦʣʞʠʪ ʨʘʙʦʪʫ (ʝʩʣʠ ʵʪʦ ʚʦʟʤʦʞʥʦé). ɼʣʷ ʤʘʩʢʠ-
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ʨʦʚʘʥʠʷ ʩʣʫʞʘʪ ʧʘʨʘʤʝʪʨʳ ʩ ɿʘʱʠʪʳ.ʄʘʩʢʘ ʘʚʘʨʠʡ 1L  ʧʦ ɿʘʱʠʪʳ. ʄʘʩʢʘ ʘʚʘʨʠʡ 2H. ʋʩʪʘ-

ʥʦʚʣʝʥʥʳʡ ʥʦʣʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʙʠʪʝ ʤʘʩʢʠʨʫʝʪ ʘʚʘʨʠʶ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʥʦʤʝʨʘ ʙʠʪʘ ʠ ʤʘʩʢʠ-

ʨʫʝʤʦʡ ʘʚʘʨʠʠ ʩʤ. ʚ ʪʘʙʣʠʮʝ (ʥʫʤʝʨʘʮʠʷ ʙʠʪ ʩ ʝʜʠʥʠʮʳ). 

ʄʦʜʫʣʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʬʘʡʣʝ SM_protect.c ʚ ʚʠʜʝ ʤʦʜʫʣʷ ʩ ʥʘʟʚʘʥʠʝʤ TSMProtect. 

 

5.6. ʄʦʜʫʣʴ ʯʘʩʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʄʦʜʫʣʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʬʘʡʣʝ V_RTC_Clock.c ʚ ʚʠʜʝ ʤʦʜʫʣʷ TRTCClock. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʟ 

ʩʝʙʷ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʯʘʩʘʤʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʇʆ UniCON. ɿʘʧʘʢʦʚʳʚʘ-

ʝʪ ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʚ ʧʝʨʝʤʝʥʥʫʶ packed_time, ʜʦʩʪʫʧʥʫʶ ʚ ʧʘʨʘʤʝʪʨʝ ʊʝʢʫʱ. ʟʥʘʯ. ʏʘʩʳ ʨʝʘʣʴ-

ʥʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʨʘʩʧʘʢʦʚʘʥʥʦʤ ʚʠʜʝ ʚʨʝʤʷ ʜʦʩʪʫʧʥʦ ʥʘ ʧʘʥʝʣʠ UniCON ʩʧʨʘʚʘ ʩʚʝʨʭʫ. ɼʣʷ 

ʫʩʪʘʥʦʚʢʠ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ RTC_Clock_Set_Time, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪʩʷ ʯʝʨʝʟ 

ʬʫʥʢʮʠʶ ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ ʜʨʘʡʚʝʨʘ CANopen (ʚ ʬʘʡʣʝ V_call_back.c) ʧʨʠ ʟʘʧʠʩʠ ʚ ʧʘʨʘʤʝʪʨ 

ʊʝʢʫʱ. ʟʥʘʯ. ʏʘʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

 

5.7. ʄʦʜʫʣʴ ʨʘʙʦʪʳ ʩ ʜʨʘʡʚʝʨʦʤ ʢʣʶʯʝʡ DRV8301 

ʄʦʜʫʣʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʬʘʡʣʝ DRV8301_SPI.c ʚ ʚʠʜʝ ʤʦʜʫʣʷ Tdrv8301interface. ʉʣʫʞʠʪ ʜʣʷ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʭʝʤʳ ʜʨʘʡʚʝʨʘ ʢʣʶʯʝʡ DRV8301 ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ SPI (ʜʣʷ ʢʦʤʧʣʝʢʪʘ 

ʥʘ ʦʩʥʦʚʝ DRV8301). ʅʘʩʪʨʘʠʚʘʝʪ, ʧʦ ʩʢʦʣʴʢʠʤ ʢʘʥʘʣʘʤ ʫʧʨʘʚʣʷʶʪʩʷ ʢʣʶʯʠ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʨʝʘʢ-

ʮʠʷ ʥʘ ʘʚʘʨʠʶ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫʩʠʣʠʪʝʣʝʡ ʜʣʷ ʰʫʥʪʦʚ ʠ ʪ.ʧ. 

 

5.8. ʆʪʦʙʨʘʞʝʥʠʝ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʘ 

ʅʘ ʛʣʘʚʥʦʤ ʵʢʨʘʥʝ ʇʋ (ʛʨʫʧʧʘ ʊʝʢʫʱ. ʟʥʘʯ) ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʪʝʢʫʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʦʜʘ. ʅʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʴ, ʪʦʢ ʩʪʘʪʦʨʘ ʠ ʪ.ʧ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʘʥʦ, ʢʘʢ ʧʨʦ-

ʠʩʭʦʜʠʪ ʚʳʯʠʩʣʝʥʠʝ ʵʪʠʭ ʚʝʣʠʯʠʥ. 

 ̧ ʉʢʦʨʦʩʪ ɹï ʪʝʢʫʱʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʚ ʦʙʦʨʦʪʘʭ ʚ ʤʠʥʫʪʫ. ɺʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʜʘʪʯʠʢʫ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʪʠʧʘ ɼʇʈ). ɼʣʷ ʩʢʘʣʷʨʥʦʡ ʠ ʯʘ-

ʩʪʦʪʥʦ-ʪʦʢʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʟʘʜʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʩʣʝ ɿʀ (fʚʳʭ ʥʘ 

ʈʠʩ. 3). 

 ̧ ʊʦʢ ʩʪʘʪʦʨʘ ï ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʩʪʘʪʦʨʘ ʜʚʠʛʘʪʝʣʷ. ɺʳʯʠʩʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʠ ʬʘʟʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʨʘʚʥʦ ʪʦʢʫ ʧʦ ʦʩʠ q, ʪ.ʢ. ʧʦ ʦʩʠ d ʪʦʢ ʟʘʜʘʝʪʩʷ 

ʥʫʣʝʚʳʤ. 

 ̧ ʕʣʋʛʦʣɿʘʜ ï ʟʘʜʘʥʥʳʡ ʫʛʦʣ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ. ɺʳʯʠʩʣʷʝʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ. 

5.9. ʈʘʟʣʠʯʥʳʝ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ 

ɺ ʛʨʫʧʧʝ ʅʘʩʪʨʦʡʢʠ ʉʋ ʩʦʙʨʘʥʳ ʨʘʟʣʠʯʥʳʝ ʥʘʩʪʨʦʡʢʠ, ʥʝ ʚʦʰʝʜʰʠʝ ʚ ʦʪʜʝʣʴʥʫʶ ʪʝʤʘ-

ʪʠʯʝʩʢʫʶ ʛʨʫʧʧʫ ʧʘʨʘʤʝʪʨʦʚ. 

ʅʘʩʪʨʦʡʢʠ ʉʋ.ʈʝʞʈʘʙ ïʨʝʞʠʤ ʨʘʙʦʪʳ ʠʥʚʝʨʪʦʨʘ. 2 ï ʨʝʞʠʤ ʫʜʝʨʞʘʥʠʷ (ʟʘʜʘʥʠʝ ʧʦʩʪʦʷʥ-

ʥʦʛʦ ʪʦʢʘ), 3 ï ʩʢʘʣʷʨʥʘʷ ʉʋ, 4 ï ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʘʷ ʉʋ, 5 ï ʚʝʢʪʦʨʥʘʷ ʉʋ ʩ ʆʉ ʧʦ ʜʘʪʯʠʢʫ ʍʦʣʣʘ, 

6 ï ʚʝʢʪʦʨʥʘʷ ʉʋ ʩ ʆʉ ʧʦ ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʤʫ ʵʥʢʦʜʝʨʫ. 

ʅʘʩʪʨʦʡʢʠ ʉʋ.ʈʝʢʫʧʝʨʘʮʠʷ  ï ʨʘʟʨʝʰʝʥʥʳʝ ʨʝʢʫʧʝʨʘʮʠʠ. ɺʣʠʷʝʪ ʥʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʨʝʛʫʣʷʪʦʨʦʚ ʪʦʢʘ. 

 

5.1. ʇʝʨʝʤʝʥʥʳʝ ʜʣʷ ʦʪʣʘʜʢʠ 

ɺ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʡ ʚʝʨʩʠʠ ʜʨʘʡʚʝʨʘ CANopen ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʷʪʴ ʩʚʦʠ ʧʝʨʝʤʝʥʥʳʝ 

ʚ ʩʣʦʚʘʨʴ ʦʙʲʝʢʪʦʚ ʠ ʥʘʙʣʶʜʘʪʴ ʠʭ ʚ UniCON ʦʪʢʣʶʯʝʥʘ. ʆʜʥʘʢʦ ʚ ʩʣʦʚʘʨʴ ʚʳʚʝʜʝʥʳ ʥʝʩʢʦʣʴʢʦ 

ʩʣʫʞʝʙʥʳʭ ʦʪʣʘʜʦʯʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʚ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʥʫʪʨʠ ʇʆ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʨʠʩʚʘʠ-

ʚʘʪʴ ʣʶʙʳʝ ʜʘʥʥʳʝ ʠ ʥʘʙʣʶʜʘʪʴ ʠʭ ʟʘʪʝʤ ʚ ʇʆ UniCON. ʕʪʠ ʧʝʨʝʤʝʥʥʳʝ ʜʦʩʪʫʧʥʳ ʚ ʛʨʫʧʧʝ ʧʘ-

ʨʘʤʝʪʨʦʚ çɼʣʷ ʦʪʣʘʜʢʠè, ʘ ʚʥʫʪʨʠ ʇʆ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ Debug1- Debug4 (ʜʦʩʪʫʧʥʳ ʚ ʩʣʦʚʘʨʝ 
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ʪʦʣʴʢʦ ʥʘ ʯʪʝʥʠʝ), DebugW1- DebugW4 ʜʦʩʪʫʧʥʳ ʠ ʜʣʷ ʟʘʧʠʩʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʜʫʣʴ ʮʠʬ-

ʨʦʚʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ data_log 16ʪʠ ʨʘʟʨʷʜʥʳʡ. ʀ ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʦʩʮʠʣʣʦʛʨʘʬʘ UniCON çɺʳ-

ʙʦʨʢʘè, ʢʦʛʜʘ ʜʘʥʥʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʤʘʩʩʠʚ ʢʦʥʪʨʦʣʣʝʨʘ, ʚ ʢʘʞʜʫʶ ʪʦʯʢʫ ʟʘʧʠʩʳ-

ʚʘʶʪʩʷ ʪʦʣʴʢʦ 16 ʨʘʟʨʷʜʦʚ. ɽʩʣʠ ʧʝʨʝʤʝʥʥʘʷ 32-ʭ ʨʘʟʨʷʜʥʘʷ, ʪʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʦʜʝʨʞʠʤʦʝ ʝʸ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ (ʜʣʷ ʬʦʨʤʘʪʘ IQ8.24 ʧʨʠʝʤʣʝʤʦ). ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʩʤʦʪʨʘ 16ʪʠ ʨʘʟʨʷʜʥʳʭ ʧʝʨʝ-

ʤʝʥʥʳʭ (ʪʘʢʠʭ ʢʘʢ ʩʯʝʪʯʠʢʠ, ʩʦʩʪʦʷʥʠʝ ʥʦʞʝʢ ʠ ʪ.ʧ.) ʧʝʨʝʤʝʥʥʳʝ Debug3, Debug4 ʩʜʝʣʘʥʳ 16ʪʠ 

ʨʘʟʨʷʜʥʳʤʠ. 

 

5.2. ʉʯʝʪʯʠʢʠ 

ɺ ʛʨʫʧʧʝ ʧʘʨʘʤʝʪʨʦʚ ʉʯʝʪʯʠʢʠ ʩʦʜʝʨʞʘʪʩʷ ʧʘʨʘʤʝʪʨʳ ʩʦ ʩʯʝʪʯʠʢʦʚ ʧʨʝʨʳʚʘʥʠʡ. ʇʦ ʠʭ 

ʠʥʢʨʝʤʝʥʪʠʨʦʚʘʥʠʶ ʠʭ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʨʳʚʘʥʠʡ ʠ ʬʦʥʦʚʦʛʦ ʮʠʢʣʘ. 

ʊʘʢʞʝ ʚ ʛʨʫʧʧʝ ʧʘʨʘʤʝʪʨʦʚ ʉʯʝʪʯʠʢʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʘʨʘʤʝʪʨʳ, ʦʪʦʙʨʘʞʘʶʱʠʝ ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʨʘʩʯʝʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʚ ʢʘʞʜʦʤ ʠʟ ʧʨʝʨʳʚʘʥʠʡ ʚ ʪʘʢʪʘʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. T_10ʢɻʮ 

ʠ T_1ʢɻʮ ʧʦʢʘʟʳʚʘʶʪ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʚ ʧʨʝʨʳʚʘʥʠʷ 10ʢɻʮ ʠ 1ʢɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʵʪʠʤ ʜʘʥ-

ʥʳʤ ʫʜʦʙʥʦ ʦʮʝʥʠʚʘʪʴ ʧʨʦʮʝʥʪ ʟʘʛʨʫʟʢʠ ʷʜʨʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ɺ ʇʆ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʵʪʦ 

ʚʨʝʤʷ ʚʳʩʯʠʪʳʚʘʝʪʩʷ ʪʘʡʤʝʨʦʤ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ NT_TIMER2. 
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6. ʆ ʤʦʜʫʣʴʥʦʩʪʠ ʧʨʦʛʨʘʤʤ 

 
ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʙʦʣʴʰʦʤ ʧʨʦʝʢʪʝ ʪʨʝʙʫʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʥʘ ʣʦʛʠʯʝʩʢʠʝ 

ʙʣʦʢʠ. "ɺʩʪʨʦʝʥʥʦʡ" ʤʦʜʫʣʴʥʦʩʪʠ ʷʟʳʢʘ ʉʠ ʥʘ ʦʩʥʦʚʝ ʟʘʢʣʶʯʝʥʠʷ ʢʦʜʘ ʚ ʬʫʥʢʮʠʠ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺʳʭʦʜʦʤ ʠʟ ʩʠʪʫʘʮʠʠ ʩʪʘʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʷʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ Java, ʉʠ++ ʠ ʪ.ʧ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʩʚʷʟʘʪʴ ʚ ʝʜʠʥʳʡ ʤʦʜʫʣʴ ï 

"ʢʣʘʩʩ" ʮʝʣʳʡ ʨʷʜ ʬʫʥʢʮʠʡ, ʧʝʨʝʤʝʥʥʳʭ; ʧʦʟʚʦʣʷʶʪ ʦʛʨʘʥʠʯʠʪʴ ʦʙʣʘʩʪʴ ʚʠʜʠʤʦʩʪʠ ʯʣʝʥʦʚ ʵʪʦʛʦ 

ʢʣʘʩʩʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʚʩʝʤʫ ʧʨʦʝʢʪʫ, ʩʜʝʣʘʚ ʚʦʟʤʦʞʥʳʤ ʦʙʨʘʱʝʥʠʝ ʪʦʣʴʢʦ ʯʝʨʝʟ ʠʤʷ ʩʘʤʦʛʦ 

ʢʣʘʩʩʘ (ʦʙʲʝʢʪʘ), ʥʘʧʨʠʤʝʨ: 

 
ClassDisplay.Print("my string");  

 

ɺʥʫʪʨʠ ʞʝ ʩʘʤʦʛʦ ʢʣʘʩʩʘ ʦʙʨʘʱʘʪʴʩʷ ʢ ʧʝʨʝʤʝʥʥʳʤ ʵʪʦʛʦ ʢʣʘʩʩʘ ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʦ ʠʭ ʠʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʥʘʟʚʘʚ ʧʝʨʝʤʝʥʥʳʝ ʢʦʨʦʪʢʠʤʠ ʠʤʝʥʘʤʠ, ʩʜʝʣʘʪʴ ʧʨʦʛʨʘʤʤʫ ʙʦʣʝʝ 

ʥʘʛʣʷʜʥʦʡ.  

VectorIDE ʠ GCC ʧʦʜʜʝʨʞʠʚʘʝʪ ʉʠ++, ʥʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ (ʠʣʠ ʧʨʠʚʦʜʠʣʠ 

ʨʘʥʝʝ) ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʷʜʘ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʣʷ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ, 

ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʘʥʘʣʦʛʠʯʥʫʶ ʉʠ++ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʷʟʳʢʝ ʉʠ. "ʄʦ-

ʜʫʣʴ" ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʫ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʘ 

ʪʘʢʞʝ ʫʢʘʟʘʪʝʣʠ ʥʘ ʬʫʥʢʮʠʠ ʤʦʜʫʣʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ "ʚʥʝʰʥʝʛʦ" ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʉʘʤʘ ʨʝʘ-

ʣʠʟʘʮʠʷ ʬʫʥʢʮʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ ʬʘʡʣʝ, ʘ ʠʤʝʥʘ ʬʫʥʢʮʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʩ ʧʨʝʬʠʢʩʘʤʠ. ɺ 

ʩʘʤʫ ʞʝ ʩʪʨʫʢʪʫʨʫ ʫʢʘʟʘʪʝʣʠ ʥʘ ʵʪʠ ʬʫʥʢʮʠʠ ʜʦʙʘʚʣʷʶʪʩʷ ʩ ʢʦʨʦʪʢʠʤʠ ʠ ʧʨʦʩʪʳʤʠ ʠʤʝʥʘʤʠ. 

ʇʨʠʤʝʨ:  
 

ƳƳȥɒɕɠɝɠɔɠɩɟɭɛ ɦɒɛɝ ɞɠɖɥɝɱƙ  
 
struct  SDataLog{ ƳƳȬɡɢɗɖɗɝɗɟɚɗ ɣɤɢɥɜɤɥɢɭ 3$ÁÔÁ,ÏÇ ƽɟɗ ɯɜəɗɞɡɝɱɢɒƗ ɒ ɡɢɠɣɤɠ ɣɚɞɔɠɝɮɟɠɕɠ ɚɞɗɟɚƾ  
 

int  BufNum; ƳƳɜɒɜɒɱ-ɤɠ ɡɗɢɗɞɗɟɟɒɱ  
 

void  (* Update)( struct  SDataLog *); ƳƳɥɜɒəɒɤɗɝɮ ɣ ɚɞɗɟɗɞ ʏ5ÐÄÁÔÅʏ ɟɒ ɝɰɓɥɰ ɦɥɟɜɨɚɰƗ ɔ ɜɠɤɠɢɥɰ ɡɗɢɗɖɒɗɤɣɱ 
ɥɜɒəɒɤɗɝɮ ɟɒ ɣɤɢɥɜɤɥɢɥ 3$ÁÔÁ,ÏÇƚ  
 
} ;  
 
ƳƳɔ ɚɞɗɟɚ 3$ÁÔÁ,ÏÇ ɡɢɗɦɚɜɣ ʏ3ʏ ɚɞɗɗɤ ɣɞɭɣɝ 3ÔÒÕÃÔƗ ɣɤɢɥɜɤɥɢɒƚ  
 
 
typedef  struct  SDataLog TDataLog; ƳƳɠɓɬɱɔɝɱɗɞ ɤɚɡ ɣ ɚɞɗɟɗɞ 4$ÁÔÁ,ÏÇƗ  
 
ƳƳɜɠɤɠɢɭɛ ɤɗɡɗɢɮ ɱɔɝɱɗɤɣɱ ɯɜɔɚɔɒɝɗɟɤɠɞ ʏÓÔÒÕÃÔ 3$ÁÔÁ,ÏÇʏƚ  
 
ƳƳȠ-ɡɢɚɟɨɚɡɗƗ ɗɕɠ ɞɠɘɟɠ ɟɗ ɔɔɠɖɚɤɮƗ ɟɠ ɤɠɕɖɒ ɔɠ ɔɣɗɞ ɡɢɠɗɜɤɗ ɡɢɚɖɗɤɣɱ ɡɠɝɮəɠɔɒɤɮɣɱ ɖɒɟɟɠɛ ɣɤɢɥɜɤɥɢɠɛ ɣ ɜɝɰɩɗɔɭɞ  
 
ƳƳɣɝɠɔɠɞ ÓÔÒÕÃÔƗ ɤɒɜƗ ɜɒɜ ɯɤɠ ɣɖɗɝɒɟɠ ɔɭɪɗ ɡɢɚ ɠɓɬɱɔɝɗɟɚɚ ɥɜɒəɒɤɗɝɱƚ Ȱɗɡɗɢɮ ɘɗ ɞɠɘɟɠ ɡɠɝɮəɠɔɒɤɮɣɱ  
 
ƳƳɤɚɡɠɞ 4$ÁÔÁ,ÏÇ ɚ ɣɝɠɔɠ ÓÔÒÕÃÔ ɠɡɥɣɜɒɤɮƗ ɜɒɜ ɓɥɖɗɤ ɡɠɜɒəɒɟɠ ɟɚɘɗƚ  
 
ƳƳɔ ɚɞɗɟɚ 4$ÁÔÁ,ÏÇ ɡɢɗɦɚɜɣ ʏ4ʏ ɚɞɗɗɤ ɣɞɭɣɝ 4ÙÐÅƗ ɤɚɡƚ  
 
ƳƳȭɢɚ ɣɠəɖɒɟɚɚ ɯɜəɗɞɡɝɱɢɒ ɣɤɢɥɜɤɥɢɭ ɔ ɚɟɚɨɚɒɝɚəɒɨɚɠɟɟɠɛ ɩɒɣɤɚ ɡɢɠɕɢɒɞɞɭ ɗɞɥ ɖɠɝɘɟɭ ɓɭɤɮ ɡɢɚɣɔɠɗɟɭ əɟɒɩɗɟɚɱ  
 
ƳƳɡɠ-ɥɞɠɝɩɒɟɚɰƚ Ȣɝɱ ɯɤɠɕɠ ɔ ɜɒɘɖɠɞ ɞɠɖɥɝɗ ɡɢɗɖɥɣɞɒɤɢɚɔɒɗɤɣɱ ɣɡɗɨɚɒɝɮɟɭɛ ÄÅÆÉÎÅƙ  
 
#define  DATALOG_DEFAULTS { 0,\   
 
DataLogUpdate, \   
 
}   
 
ƳƳɤɥɤ $ÁÔÁ,ÏÇ5ÐÄÁÔÅ -  ɚɞɱ ɜɠɟɜɢɗɤɟɠɛ ɦɥɟɜɨɚɚ  
 
 
ƳƳɤɗɡɗɢɮ ɡɢɚ ɚɟɚɨɚɒɝɚəɒɨɚɚ ɞɠɖɥɝɱ ɖɠɣɤɒɤɠɩɟɠ ɟɒɡɚɣɒɤɮ  
 
//TDataLog Dlog = DATALOG_DEFAULTS;  
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ƳƳɡɠɣɝɗ ɩɗɕɠƗ ɞɠɘɟɠƗ ɟɒɡɢɚɞɗɢƗ ɔɭəɭɔɒɤɮ ɦɥɟɜɨɚɰ $ÁÔÁ,ÏÇ5ÐÄÁÔÅƙ  
 
//Dlog.Update(&Dlog);  
 
 
ƳƳȠ ɜɠɟɨɗ əɒɕɠɝɠɔɠɩɟɠɕɠ ɦɒɛɝɒ -  ɡɢɠɤɠɤɚɡɭ ɦɥɟɜɨɚɛ ɞɠɖɥɝɱƚ  
 
void  DataLogUpdate( TDataLog *);  
 
 
 
ƳƳȠ ǉƚɣ ɦɒɛɝɗ ɞɠɖɥɝɱƗ ɦɒɜɤɚɩɗɣɜɚƗ ɟɒɧɠɖɚɤɣɱ ɤɠɝɮɜɠ ɢɗɒɝɚəɒɨɚɱ ɣɒɞɚɧ ɦɥɟɜɨɚɛƚ  
 
void  DataLogUpdate ( TDataLog *p)  
 
{  
 

int  myBuf=p- >BufNum; ƳƳɜɒɜɚɗ-ɤɠ ɠɡɗɢɒɨɚɚ  
 

....  
 
}  

 

ʇʝʨʝʜʘʚʘʪʴ ʚ ʬʫʥʢʮʠʶ ʤʦʜʫʣʷ ʫʢʘʟʘʪʝʣʴ ʥʘ ʩʘʤ ʵʢʟʝʤʧʣʷʨ ʩʪʨʫʢʪʫʨʳ ʦʙʷʟʘʪʝʣʴʥʦ ï ʯʝʨʝʟ 

ʥʝʝ ʬʫʥʢʮʠʷ ʤʦʜʫʣʷ ʤʦʞʝʪ ʦʙʨʘʱʘʪʴʩʷ ʢ "ʩʚʦʠʤ" ʧʝʨʝʤʝʥʥʳʤ ʠ ʚʳʟʳʚʘʪʴ ʜʨʫʛʠʝ ʬʫʥʢʮʠʠ ʤʦ-

ʜʫʣʷ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʚ ʬʫʥʢʮʠʠ ʤʦʜʫʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʵʢʟʝʤʧʣʷʨ ʩʪʨʫʢʪʫʨʳ ʥʝʣʴʟʷ (ʚ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʦʥ ʙʳʣ ʥʘʟʚʘʥ dlog). ʕʪʦ ʥʘʨʫʰʠʪ ʤʦʜʫʣʴʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ, ʥʝ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʵʢʟʝʤʧʣʷʨʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʅʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʫʣʴ 

TDataLog ʜʣʷ çʣʦʛʠʨʦʚʘʥʠʷè ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʟʘʧʠʩʳʚʘʪʴ ʚ ʨʘʟʥʳʝ ʙʫʬʝʨʳ. ɽʩʣʠ 

ʤʦʜʫʣʴ ʥʘʧʠʩʘʥ ʘʙʩʪʨʘʢʪʥʦ, ʪʦ ʤʦʞʥʦ ʧʨʦʩʪʦ ʩʦʟʜʘʪʴ ʨʘʟʣʠʯʥʳʝ ʵʢʟʝʤʧʣʷʨʳ ʩʪʨʫʢʪʫʨ dlog0 ʠ 

dlog1 ʠ ʧʨʠʩʚʦʠʪʴ ʠʤ ʨʘʟʣʠʯʥʳʝ BufNum.  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʙʦʪʘʪʴ ʩ ʥʠʤʠ ʥʫʞʥʦ ʪʘʢ:  

 
dlog 0. update (&dlog 0);  
dlog 1. update (&dlog 1);  
 

ʇʨʠ ʵʪʦʤ ʦʜʥʘ ʠ ʪʘ ʞʝ ʬʫʥʢʮʠʷ DataLogUpdate ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʢʟʝʤʧʣʷʨʘ-

ʤʠ ʩʪʨʫʢʪʫʨ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʳʝ ʥʦʤʝʨʘ BufNum. ɽʩʣʠ ʚ ʬʫʥʢʮʠʠ DataLogUpdate ʦʙʨʘʱʘʪʴʩʷ 

ʥʘʧʨʷʤʫʶ ʢ dlog, ʪʦ, ʦʯʝʚʠʜʥʦ, ʩʜʝʣʘʪʴ ʜʚʘ ʨʘʟʥʳʭ ʵʢʟʝʤʧʣʷʨʘ ʠ ʨʘʙʦʪʘʪʴ ʩ ʜʚʫʤʷ ʙʫʬʝʨʘʤʠ ʩʨʘ-

ʟʫ ʥʝʣʴʟʷ. 

ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʤʦʜʫʣʴʥʦʩʪʠ ʧʨʠʤʝʥʝʥʘ ʚ ʧʨʦʝʢʪʝ VectorCARDServoInverter. ʗʟʳʢ ʉʠ++ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʠʩʪʦʨʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʠ ʧʨʠʯʠʥʘʤ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʫʞʝ ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʛʦʪʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʥʘ ʉʠ. 
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7. ʉʦʛʣʘʰʝʥʠʷ ʧʦ ʦʬʦʨʤʣʝʥʠʶ ʠ ʩʪʨʫʢʪʫʨʝ ʧʨʦʛʨʘʤʤʳ 

 

7.1. ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ, ʬʫʥʢʮʠʡ ʠ ʪ.ʜ. 

ʀʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ ʠ ʬʫʥʢʮʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʠʰʫʪʩʷ ʩʪʨʦʯʥʳʤʠ ʙʫʢʚʘʤʠ, ʢʘʞʜʦʝ ʥʦʚʦʝ 

ʩʣʦʚʦ ʩ ʟʘʛʣʘʚʥʦʡ ʙʫʢʚʳ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ, ʚʦʟʤʦʞʥʦ, ʧʝʨʚʦʡ). ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʧʦʜʯʝʨʢʠʚʘʥʠʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʣʦʚ. ʅʘʧʨʠʤʝʨ:  

 
 long  DebugW1;  

 TSMCtrl  sm_ctrl ;  

void  AdcDrv_init ( TAdcDrv *p)  
ʂʦʥʩʪʘʥʪʳ ʚʩʝʛʜʘ ʦʙʲʷʚʣʷʶʪʩʷ ʟʘʛʣʘʚʥʳʤʠ ʙʫʢʚʘʤʠ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʩʣʦʚ ʧʦʜʯʝʨʢʠʚʘʥʠʝʤ:  

 
#define  CTRL_RUN_VECTOR_HALL       5 
ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʬʫʥʢʮʠʠ ʠʣʠ ʢʦʥʩʪʘʥʪʳ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʤʦʜʫʣʶ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʧʨʝʬʠʢʩʳ:  

 
 void  DPReCAP_Init( TDPReCAP*);  

 void  AdcDrv_slow_calc ( TAdcDrv*) ;  

 #define  PROT_FAIL    2 

7.2. ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʠʧʦʚ  

ʊʠʧʳ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʪʠʧʳ ʩʪʨʫʢʪʫʨ, ʠʤʝʥʫʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʝʨʝʤʝʥʥʳʤ ʠ ʬʫʥʢʮʠʷʤ, 

ʥʦ ʩ ʧʨʝʬʠʢʩʦʤ "T". ʅʘʧʨʠʤʝʨ:  
 

TSMProtect  
 

7.3. ʂʦʤʤʝʥʪʘʨʠʠ ʢ ʢʦʜʫ ʧʨʦʛʨʘʤʤʳ 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʇʆ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʘ ʚ ʩʠʩʪʝʤʝ doxygen. ʇʨʠʜʝʨʞʠʚʘʷʩʴ ʩʠʥʪʘʢʩʠʩʘ ʢʦʤ-

ʤʝʥʪʘʨʠʝʚ doxygen ʧʨʠ ʧʦʤʦʱʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʪʠʣʠʪʳ (https://ru.wikipedia.org/wiki/Doxygen) 

ʚʦʟʤʦʞʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʝʥʪʘʨʠʝʚ ʢ ʧʨʦʛʨʘʤʤʝ. 

ɺ ʪʝʨʤʠʥʘʭ doxygen, ʯʪʦʙʳ ʦʙʦʟʥʘʯʠʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʉʀ-ʬʫʥʢʮʠʡ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ. ʉʪʨʫʢʪʫʨʘ, ʩʦʜʝʨʞʘʱʘʷ ʚ ʩʝʙʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʩʩʳʣʢʠ 

ʥʘ ʬʫʥʢʮʠʠ ʤʦʜʫʣʷ, ʥʘʟʚʘʥʘ ʢʣʘʩʩʦʤ. ɸ ʬʫʥʢʮʠʠ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʚ *.c ʬʘʡʣʝ, 

ʥʘʟʚʘʥʳ ʤʝʪʦʜʘʤʠ ʩ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʢʣʘʩʩʫ. ʕʪʦ ʩʜʝʣʘʥʦ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʜʠʨʝʢʪʠʚʘʤʠ doxygen, ʪʘʢʠʤʠ ʢʘʢ ç\classè, ç\addtogroupè ç\memberofè.  

 

https://ru.wikipedia.org/wiki/Doxygen
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8. ɿʘʢʣʶʯʝʥʠʝ 

ɼʘʥʥʳʡ ʜʦʢʫʤʝʥʪ ʧʦʩʪʦʷʥʥʦ ʜʦʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʦʙʥʦʚʣʷʝʪʩʷ.  

ʇʦʩʣʝʜʥʶʶ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʝʨʩʠʶ ʜʦʢʫʤʝʥʪʘʮʠʠ ɺʳ ʤʦʞʝʪʝ ʥʘʡʪʠ ʥʘ ʥʘʰʝʤ ʩʘʡʪʝ: 

http://motorcontrol.ru/production/controlcards/controlcard_nt32m4f1/. 

ʇʦ ʣʶʙʳʤ ʧʨʦʙʣʝʤʘʤ, ʚʦʧʨʦʩʘʤ ʠ ʧʨʝʜʣʦʞʝʥʠʷʤ ʦʙʨʘʱʘʡʪʝʩʴ ʥʘ ʠʥʪʝʨʥʝʪ-ʬʦʨʫʤ ʆʆʆ 

çʅʇʌ ɺʝʢʪʦʨè http://motorcontrol.ru/forum/, ʘ ʪʘʢʞʝ ʟʚʦʥʠʪʝ ʧʦ ʪʝʣʝʬʦʥʫ +7(495)303-37-54. 

ɽʩʣʠ ʚʳ ʥʘʰʣʠ ʦʰʠʙʢʫ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʠʣʠ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʦʩʴʙʘ ʧʦ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʦʧʦʚʝʩʪʠʪʴ ʦʙ ʵʪʦʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʆʆʆ çʅʇʌ ɺʝʢʪʦʨè ʣʶʙʳʤ ʫʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ. 

http://motorcontrol.ru/production/controlcards/controlcard_nt32m4f1/
http://motorcontrol.ru/forum/

