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Hemn:

- pa3paboTaTh NOPUHIUMHAIBHYIO CXEMy HMIYJbCHOTO  TOHHUXKAKOIIETO
npeoOpa3oBaTels HaIPsKCHU,

- pean30BaTh MIPOTrpaMMy IKCIIEPUMEHTAIBHBIX UCCIICI0OBAHNM;

- DKCIEPHMEHTAJILHO HKCCIICIOBATh 3aBHCHMOCTH BBIXOJHOTO HANPSIKCHUS
peoOpa3oBaTeIs OT BXOJHOTO, BEIXOJHOTO HAMMPSIKEHUS OT BBIXOJHOTO TOKA;

- OLIEHUTDb KaueCTBO CTAOMIM3aIy HaIIPSDKEH NS

Bsenenue

Hwuxe npuBeeHo momaroBoe pykoBoJICTBO Mo online pa3paboTke Ha caiite
Texas Instruments NMpUHIMIHAIBHON CXeMbl MOHUIKAIOIIETO IMpeoOpa3zoBaTes
HanpsokeHus (DC-DC, koHBepTepa) H  HUCCIEIOBAHUIO €r0  BBIXOJHBIX
xapakrepuctuk ¢ nomoinisio CAITP WEBENCH Power Designer. PykoBoAcCTBO
npeanojaracT BIAJCHUE AaHTJIMMUCKUM SI3bIKOM Ha YPOBHE IOJb30BATEs,
HaJMyue pErucTpanu Ha caite https:/www.ti.com (s 3TOro norpedyercs
AJICKTPOHHAS TIoYTa 3a mpeaenamu PO — Hanpumep, Ha gmail.com). Insg Bxoja
Ha calT MOoXkHO uctoiab3oBaTh VPN, Opaysepsl Google Chrome, Firefox He Himke
60 Bepcuu, pazpemeHue 3kpana He xyxe 1280x1024.



https://www.ti.com/

Pesynbrarel paboOThl - MOpUHIMIHAIBHAS CXeMmMa MpeoOpa3zoBarels,
creurguKaIus 31EMEHTOB, MPou3BoAUMBIX Texas Instruments u e€ nmapTHépamu,
neyaTtHas IulaTa, TpaUKu 3aBUCHUMOCTEH BBIXOJHOTO HAMNPSHKEHUS MPH
YBEIIMYCHUM HArpy3KH W  HU3MEHEHHM BXOJHOIO  HANpPSHKEHUs,  PAI
JIOTIOJTHUTEIBHBIX MMapaMeTPOB - JOCTYIHBI JIJI1 CKAUMBAHUS TIOCJIE PETUCTPALIUU
Ha caifte Texas Instruments. CxeMy MOHO 3KkcriopTrpoBath B Altium Designer,
Cadence OrCAD, TINA-TI, CadSoft EAGLE, Mentor Graphics, P-CAD.

Otuér mo mnabopaTopHOM pabOTE COACPKUT TUTYJbHBIM JIUCT, IIEJH,
o0ocHoBanus BbiOopa HMC, mpuHIUNHAIBHYIO cXeMy (0003HAUYCHHS AJIEMEHTOB
JOJIKHBI YUTAThCA), TpadUKU peakinii Ha U3MEHEHUS BXOJIHOT'O HANpsHDKEHUS U
BBIXOJHOTO TOKA, MyJIbCallMii, TaOJUIIbI, PACUETHI, BHIXOJHBIC XapaKTEPUCTUKH,
BbIBOJIbI. Daisibl online pe3yabTaToB UCCIEAOBAHUN MPUIIATAtOTCS K OTUYETY.

Hcxonnblie JaHHBIE 1/ POCKTUPOBAHUSA:
Bxonnoe HanpsixeHUE Vinmin = Ne )KypH + 10 B, V i max = No xxypu + 16 B,
BoixonHoe HanpsikeHue Vo, = TpeThbs mudpa Ne rpynmst + Ne sxypH, B
BrixogHol ToK lowmax =4 A — 0,1(Ne xxypH), A
BXxoaHoM UMIyIbCHBIA TOK — MUHUMAJIBHOE 3HAUYECHUE
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Reference designs » Design tools & simulation > ~ Embedded development ) Packaging »

Automotive Models & simulators Hardware kits & boards Find Tl packages

Communications equipment ~ WEBENCH# Power Designer Code Composer Studio™ IDE & development tools  Find product by package

Enterprise systems Power stage designer Embedded software (SDKs) Part marking lookup

Industrial Power for processors & FPGAs Moisture sensitivity level search

Personal electranics Filter designer

Analog circuits

myTl account

: Ryazan State Radio Engineering University | Edit
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PucyHnok 3. Bri6op CAITP WEBENCH Power Designer




2. Hayano npoekTUpoOBaHUA

WEBENCH® Power Designer | Overview | Design Resources | TI.com - Mozilla Firefox =
4> WEBENCH® Power Designer X | 4
<« c @ © & hitpsi//www.ti.com/desigr rce & | - I v IND @ 5 =
WEBENCH® Power Designer
) Get started with the industry's most powerful end-to-end de
Power stage designer
Power for processors &
FPGAs
) : WEBENCH® Power Designer creates customized power supply circuits b
ilieqdesigner end power supply design capabilities that save you time during all phase:
Analog circuits
Embedded development
Hardware kits & boards Try now Design Easy to use Latest features Support and training

Code Composer Studio™ IDE
& development tools

Embedded software (SDKs)

Third-Party Network V!V we be ale h ®

POWER DESIGNER

Easy power supply design. Select. Customize.
Simulate. Export.

The new improved WEBENCH Power Designer
makes designing power supplies easy.

« Intuitive form inputs
« New improved layout

« Simulate, optimize, export, repeat..
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< c @ U & bench ti.com - ng- e Do ® &% =

WEBENCH® POWER DESIGNER

Create a new DC/DC power design

WEBENCH® Power Designer creates customized power supply circuits based on your requirements. The environment gives you end-to-end
power supply design capabilities that save you time during all phases of the design process. Learn more

Q, Part Number

Input Output

Supply type is Vour®

125 v

Vin Min *

15 v

0

1 Isolated Output

Advanced v Advanced v

Design Consideration

I want my design to be

Design Parameters v

1 agree that the use of TI's WEBENCH tools is subject to the Webench Notice, TI's Site Terms and Conditions of Use, and TI's Privacy Policy.
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WEBENCH® POWER DESIGNER NEW DESIGN

elect a Design

Input: DC 15V -24V SELECT CUSTOMIZE SIMULATE EXPORT
ch
Qutput: 12.5Vat2 A Temp: 30°C anoe

Filters CLEAR 187 matching designs out of 187 total designs Sort by: Default ~ TABLE VIEW

= Filter by Part Number LMR33630B- D Compare  §
SolC

SIMPLE SWITCHER®
3.8V o 36V, 3A
. = = . Synchronous Buck

[ = : b Converter With Ultra-Low

Regulator Type A~

I:l Module (Integrated Inductor)

D Converter (Integrated Switch) | * | .:-” | _'_ EMI

D Controller (External Switch) Efficiency: 94.6%
BOM Cost: $1.88

Design Attributes ~ Footprint: 206 mm?
BOM Count: 13

Efficiency (%) Topology: Buck

89-99 Frequency: 1.4 MHz

@ @ IC Cost: $0.75| Tku

CUSTOMIZE SIMULATE EXPORT
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Power Designer - Mozilla Firefox

4 Power Designer X | +
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=  WEBENCH® POWER DESIGNER NEWDESIGN  LOGIN
Select a Design
SELECT CUSTOMIZE SIMULATE EXPORT
Input: DC15V-24V  Output: 125Vat2A  Temp: 30°C  Change
151 matching designs out of 187 total designs Sort by: Default - TABLE VIEW
Filters CLEARFILTERS
LMR33630B-SOIC (] compare
= Filter by Part Number SIMPLE SWITCHER® 3.8V to 36V, 3A
Synchronous Buck Converter With Ultra-Low
EMI
Regulator Type ~
S ] | Efficiency: 94.6%
D Module (Integrated Inductor) Lo doe BOM Cost: $1.88
Converter (Integrated Switch) I ‘ Footprint 206 mm?
BOM Count 13
|:| Controller (External Switch)
Topelogy: Buck
Frequency: 1.4 MHz
Design Attributes A IC Cost: $0.75 | Tku
e CUSTOMIZE SIMULATE EXPORT

Pucynok 7. Beidepem Converter - npeoOpa3oBaTeib HAMPSIKEHUS

Ecnu Be100p Converter HeBo3MOXeH, BeiOUpaiite Controller.

Ha pucynke 7 BbiOOpy ynosiaeTBopsitor 151 Bapuant WC. BriOupaemas
NOJKHA UMETh KpacHyro Haamuch SIMULATE.

ncC



3. Pazpa0oTka NpUHIMIINAJBLHOM CXeMbI NIPeodpa3oBaTeJis

Power Designer - Mozilla Firefox

3 Power Designer X ‘ +

&« @ (OB ti.com w N @ @

= WEBENCH® POWER DESIGNER NEW DESIGN

Select a Design
Input: DC15V-24V  Output: 12.5Vat2A  Temp: 30°C  Change

TPS54531

3.5V to 28V Input, 5A, 570kHz Step-Down
Converter with Eco-mode

SELECT CUSTOMIZE SIMULATE E

Compare

= Filter by Part Number

s -*'—J = o Efficiency 94.9%
Regulator Type -~ - xn ]“ ‘ BOM Cost: $2.21
T2 2 . = L Footprint: 380 mm?2
D Module (Integrated Inductor) ape Lo e = P

| BOM Count: 14

Converter (Integrated Switch)

Topology: Buck
D Controller (External Switch) Frequency: 570 kHz
IC Cost: $0.53 | 1ku

i i A
Design Attributes CUSTOMIZE ~ SIMULATE  EXPORT

Pucynok 8. Beioop (Compare) MUC TPS54531.
Br160p momkeH ObITh 000CHOBAaH (Hampumep, camasi AemiéBasi, CaMblii OOJIBIION
KIIJI, MeHbIIIe BCEro HABECHBIX 3JIEMEHTOB, MEHBIIIE pa3Mep NIeYaTHOM IJIaTHI)



* Power Designer

&« c @

x‘+

Power Designer - Mozilla Firefox
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=  WEBENCH® POWER DESIGNER

Simulate TPS54531DDAR - 15V-24V to 12.50V @ 2A

Input: DC15V-24V  Oulput: 125Vat2A

Temp: 30°C  Change

Run New Simulation

@ Bode Plot
(O startup

O Load Transient
O Input Transient
O Steady State

START

Schematic

SELECT

To change components, click Customize on the header

CUSTOMIZE

[]

X

-
1=

-

NEW DESIGN

SIMULATE

T

In @ @ ¥ =

MYDESIGNS €

EXPORT

Wavef

Some
simulations
may

take up
1015
minutes.

Pucynok 9. IlpuHnunmanpHas cxema paspabaTeiBaeMoro mnpeoodpasoBareis. B
OT4€Te HOMUHAJIBI PAAUO3IEMEHTOB JTOKHBI YUTATHC.
B mporecce uccnenoBanus HEOOXOAMMO BBITIOJHUTH Bce cumysiiuu — Bode
Plot, Startup, Load Transiert, Input Transiert, Steady State, Haxxumas



4. UccaenoBanue npeodpasoBaresisi HANPSKEHU s

FUWET UESIgNET - MIUZINE FITETOX

X Power Designer X | =+
&« c @ U & ti.com s n Mo ® 5%
=  WEBENCH® POWER DESIGNER NEWDESIGN  MYDESIGNS
Simulate TPS54531DDAR - 15V-24V to 12.50V @ 2A
SELECT CUSTOMIZE SIMULATE EXPORT
Input: DC15V-24V  Output: 12.5Vat2A  Temp: 30°C  Change
Simulations < Load Transient
Run New Simulation )
Schematic Wavef
O Bode Plot Q :: Q
O Startup To change components, click Customize on the header Some
simulations
@ Load Transient may
vin
O Input Transient take up
“:“ E VIN 015
O Steady State _— L chost  VEwich minutes
1Switch | linductor L1
START — = =
TPS54531 e
ut 2,
. )
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NEW DESIGN

N O ®

o
]

WEBENCH® POWER DESIGNER

MYDESIGNS €

Simulate TPS54531DDAR - 15V-24V to 12.50V @ 2A

Input: DC15V-24V Temp: 30 °C

Run New Simulation

o Bode Plot

O Startup To change Q : : Q
compenents, click

O Load Transient Customize on the

O Input Transient

header
O Steady State

Output: 12.5Vat2 A Change

Schematic

Simulation Jobs

= 1.,
Load Transient - 1 O =

Pucynok 11. Uaér uccnenopanue

SELECT CUSTOMIZE SIMULATE EXPORT H
Waveforms
Simulation is in progress. Do not reload the page while streaming
CANCEL SIMULATION
Sim Status: 96% complete: Simulation Running
14.00
; o J\—/
=
]
g 12.00 \/
11.00 — T T T T T
0.8m im 0.0012 0.0014 0.0016 0.001
Time(sec)
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*3 Power Designer * ‘ +
<« c o D & webench.ti.com er-designe ching-re nulate/67r 0 - o In @O @
= WEBENCH® POWER DESIGNER NEW DESIGN MY DESIGNS

Simulate TPS54531DDAR - 15V-24V to 12.50V @ 2A

Input: DC15V-24V  Output: 12.5Vat2A  Temp: 30°C  Change
O Input Transient header

O Steady State

SELECT CUSTOMIZE SIMULATE EXPORT

Simulation Jobs \ \ ’

=1 e, £ 2
e . - -
Load Transient - 1 o ¥ - I ’7_ L
“dris - &

10ut sim: 1 (A)
VOut sim: 1 (V)

08 \
0.6 [ "
04 ' |

0.2

0.0 ! ! ! ! 1
Omsec 0.Zmsec 0.4msec 0.6msec 0.Bmsec 1.0msec 1.Zmsec

Time (msec)

Pucynok 12. Peakuus mpeoOpa3oBatesisi HanpsHKEHUsI Ha POCT BBIXOAHOTO TOKA
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WEBENCH® POWER DESIGNER

NEWDESIGN MY DESIGN
Simulate TPS54531DDAR - 15V-24V to 12.50V @ 2A

SELECT CUSTOMIZE SIMULATE EXPORT
Input: DC15V-24V  Output: 12.5Vat2A  Temp: 30°C  Change
O Input Transient header
22
O Steady State
2.0 N
OTKpbITHe «WBDesign6_Load Transient-1.pdf» o
Bel cobWpaeTeck oTKphITh:
. . || WBDesign6_Load Transient-1.pdf
Simulation Jobs i
— A ABNAKLLMACA: DOpMaT NepeHocMMeIX AokyMeHTos (PDF) (19 ;
L W3 blob: -
Load Trai Q ¥ 1 ':
£ - =
‘¢ Kak Firefox cnegyeT o6paGoTaTs aToT daiin? ‘@
= 5
é OTKpLITE € NOMOLLH Firefox é
OTkpbiTe B | [pOCMOTP AOKYMEHTOE (M0 YMONYaH...
‘CoXpaHuTL dain
OTmeHa
i]msec 0.2msec 0.4msec 0.6msec 0.8Bmsec 1.0msec 1.2msec
Time (msec)

Pucynok 13. CoxpaneHue pe3yabTaTOB UCCIIEAOBaHUs B (aiii



Power Designer - Mozilla Firerox

£ Power Designer X | +

&

&« c ‘m‘ U & n ¢ ti.com/[ . t -re t tel6? wes &

= WEBENCH® POWER DESIGNER NEW DESIGN

Simulate TPS54531DDAR - 15V-24V to 12.50V @ 2A

SELECT CUSTOMIZE SIMULATE
Input: DC15V-24V  Output: 125Vat2A  Temp: 30°C  Change

Simulations <« Input Transient
Run New Simulation i

Schematic Waveforms
O Bode Plot
o Startup To change _ :: Some simulations may take up to 15 minutes.

components, click
O Load Transient Customize on the
@ Input Transient header

o Steady State {_ I By "_'
START

Simulation Jobs

Load Transient - 1 9 i

Pucynok 14. Be16op ucciegoBanusi u3aMeHeHus HanpsbkeHus Input Transient
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& Power Designer % | +

&« C'{D O & he vebench.ti.com/power-design witching-requlat mulate/67nop we @ Y * m o ® ='=°

WEBENCH® POWER DESIGNER NEWDESIGN  MYDESIGNS @

Simulate TPS54531DDAR - 15V-24V to 12.50V @ 2A

SELECT CUSTOMIZE SIMULATE EXPORT :
Input: DC15V-24V  Output: 12.5Vat2A  Temp: 30°C  Change
Run New Simulation .
Schematic Waveforms

O Bode Plot

O Startup To change Q L] Q Simulation is in progress. Do not reload the page while streaming
compoenents, click

O Lood Transient Gustomize on the CANCEL SIMULATION
O -~ | oz svuaton |

O Steady State =

Sim Status: 48% complete: Simulation Running

13.00

12.80
Simulation Jobs

12.60
Input Transient - 2 O
12.40 — T T T T

- 0.5m im 0.0015 0.0020 0.0025
Load Transient - 1 Q i

VOut(V)

Time(sec)

Pucynok 15. Unér uccnenoanue
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&9 Power Designer b4 | +
&« & @ Q& ps ebench.ti.com/power-de o -reg o/67nop 0 - & + IN @O @
= WEBENCH® POWER DESIGNER NEWDESIGN MY DESIGNS
Simulate TPS54531DDAR - 15V-24V to 12.50V @ 2A
SELECT CUSTOMIZE SIMULATE EXPORT
Input: DC15V-24V  Output: 125Vat2A  Temp: 30°C  Change
Run New Simulation .
Schematic Waveforms 57 ADD WAVEFORMS
O Bode Plot
O Startup To change @ : : g D Show Marker
compenents, click
O Load Transient Customize on the Zoom-In: Click and drag, Zoom-Qut: Click zoom out icon
O Input Transient headet 29

O Steady State T—F

Simulation Jobs

Input Transient - 2 g b

Load Transient - 1 o t

-

VOut sim: 2 (V)
Vin sim: 2 (V)

Omsec 0.5msec 1.0msec 1.5msec 2.0msec 2.5msec

Time (msec)
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WEBENCH® POWER DESIGNER

NEW DESIGN MY DESIGNS

Simulate TPS54531DDAR - 15V-24V to 12.50V @ 2A

SELECT CUSTOMIZE SIMULATE EXPORT
Input: DC15V-24V  Output: 125Vat2A  Temp: 30°C  Change
Run New Simulation :
Schematic Waveforms X2 ADD WAVEFORMS
O Bode Plot
O Startup To change : : [ OTkpbiTHe «WBDesigné_Input Transient-2.pdf»
compoenents, click
O Load Transient Customize on the Bel cobupaeTecs OTKpLITh:
O Input Transient header . _ |/ wBDesigné_Input Transient-2.pdf
O Steady State - I ’ ABNAOLMACA: GopMaT NepeHoCMMEIX 4okyMeHToB (PDF) (23
- 1 u3 blob:
Kak Firefox cnegyeT o6paBotath aToT ain?
OTKpLITE € MoMoLsH Firefox
Simulation Jobs
OIKpeITe B | [TPOCMOTP AOKYMEHTOE (M0 yMONYaH.. ™ .
>
Input Transient - 2 (8 4 iCoxpaHmTL $ain -
E
" T 7]
Load Transient - 1 c
o - OTmeHa s
) 1
| |
123
122
121
Omsec 0.5msec 1.0msec 1.5msec 2.0msec 2.5msec
Time (msec)
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= WEBENCH® POWER DESIGNER NEW DESIGN

Simulate TPS54531DDAR - 15V-24V to 12.50V @ 2A

SELECT CUSTOMIZE SIMULATE

Input: DC15V-24V  Output: 12.5Vat2A  Temp: 30°C  Change

Simulations & Steady State

Run New Simulation 3

Schematic Waveforms
o Bode Plot XA
_ _ Q I & A _
o Startup To change components, click Customize on Some simulations may take up to 15 minutes.

the header
O Load Transient

(O input Transient 1 u- T

© Steady State

START

Simulation Jobs

I4=

Input Transient - 2 0

Load Transient - 1 9

Pucynok 18. Bei6op uccinenoBanus nynbcanuii Steady State SYPARYN
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< & Q @ | & hitpsi//webench.ticom/power-designe tching-regulator/simulate e o * N O @ E? H
= WEBENCH® POWER DESIGNER NEWDESIGN ~ MYDESIGNS @
Simulate TPS54531DDAR - 15V-24V to 12.50V @ 2A
SELECT CUSTOMIZE SIMULATE
Input: DC15V-24V  Output: 125Vat2A  Temp: 30°C  Change
O Input Transient hear:ler 12479
O Steady State ‘
12.478
12477 ( ‘
Simulation Jobs |
S 12476 ‘
E 12455 |
“
Input Transient - 2 9 g
> 12474
Load Transient - 1 9
12.473
12.472
12471
Ousee 10usec 20usec 30usec 40usec
Time (usec)
Performance Summary
sim ID Vout Peak-to-Peak Vout Average Inductor Current Peak-To-Peak
3 6.95mV 1247V 044 A

Pucynok 19. Ilynbscanuy BEIXOTHOTO HATPSKEHUS



*i Power Designer x

< c @

Power De

1.ti.com

WEBENCH® POWER DESIGNER

Simulate TPS54531DDAR - 15V-24V to 12.50V @ 2A

Input: DC15V-24V

Run New Simulation

O Bode Plot
O Startup

O Load Transient
O Input Transient
O Steady State

Simulation Jobs

Steady State- 3

]
]
]

Input Transient - 2

Load Transient - 1

Quiput: 12.5Vat2A

Temp: 30°C

Change

Scheml Waveform

To change
components
Customize o
header

L |«

|4

VOut sim: 3 (V)

12.479

12.478

12.477

12.476

12.475

12.474

12.473

12.472

1247
Ousec

i

julator/simulate/6” === & ¥ L in @ @

NEW DESIGN MY DESIGNS

e

SELECT CUSTOMIZE SIMULATE

OTKphITHE «WBDesign6_Steady State-3.pdfa»
Bl coBMpaeTeck OTKPLITh:

|| WBDesign6_Steady State-3.pdf

ABMARLWWACA: DopmaT NepeHoCMMELX AokyMmeHToR (PDF) (17
vz blob:

Kak Firefox cnegyet o6pa6oTarth aToT daiin?

OTKpEITh © NOMOLULH Firefox

OTKpEIT B | [POCMOTP AOKYMEHTOR (M0 YMONUaH... ¥

{COXpaHWTE daiin

OTmeHa

l ( \

10usec Z20usec 30usec 40usec

Time (usec)

Pucynok 20. CoxpaHeHue pe3yabTaToOB UCCIEA0BaHuUs B (aiin



5. O0padoTka pe3yJbTATOB

O6o3nausTe [Out sim =1, , VOut sim = U,,, 3anonnure Tabnuiy 1

Jnsa nomyuenus 3Hadenud I, wm U, npunoxure ropu3OoHTAIbHYIO JIMHEWKY K

rpaduKy peakiuu nmpeoOpazoBaTesisi HapsKEHUs Ha pOCT BBIXOJIHOTO TOKa (puc.

12) m mnocraBpT€ B COOTBETCTBHME BEJIMYMHAM HAINPSKEHHS Ha JIEBOU

BEPTUKAIBHOM OCH 3HAYEHUs BEJIIMYMH TOKAa Ha MPAaBOM BEPTUKAIBHON OCH.

3enénbie nudpsl B Ta0IMIAX U GOpMyJIax IPUBEJAEHBI B KaUe€CTBE MPUMEPA.
Tabmuua 1.

L, |02 |04 (0,6 |08 [1,0 [12 [14 [1,6 |1,8 [20
U, |11,6 |11,8 [12,0 [12.2 [12.4 [12,6 [12,8 [ 13,0 [13,2 [ 13,4

[Toctpoiite rpadux U, =f(I4) (oOpazerr Ha puc. 21 - HampuMep, MO METOIUYKE
KprokoB A.H. IToctpoenue rpadukoB B oguux ocax B Calc Ne 7203).

PaccuuraiiTe  3HaueHHME  BHYTPEHHETO  CONPOTHUBJICHUS  CTaOMJIM3aTOpa
HaMpsoKeHU 1Mo Gpopmyiie
Us max = Un min 134-11,6 B
Ri= = =10m
IH max ~ I]-[ min 2,0 - 0,2 A




BbIxogHble XapakTepucTuKu
14

13,5
13
12,5
12

11,5

BbixogHoe HanpskeHne, B

11

10,5
0 0,5 1 15 2

BbixoaHoli Tok, A

Pucynok 21. Peakiius rmpeobpasoBarejisa Ha M3MeHeHMe BhIXOIHOI'O TOKa

2,5



O6o3nausre VIn sim = E,, VOut sim = U, no rpaduky peaxkuuu
npeoOpazoBareilsl Ha M3MEHEHHE BXOJHOIO HampsbkeHus (kak Ha puc. 16),

MPUJI0KUB TOPU3OHTAIBHYIO TUHEHKY, 3aTI0JTHUTE TaOIUITy 2
Tabmnuria 2.

E, (17,2 |(17,5 |18,0 |185 [19,0 (20,0 (20,5 |[21,0 |21,5 |22,0

U, [12,14 [12,20 [12,25[12,34 [ 12,43 12,56 | 12,65 | 12,74 [12,8 [12.9

[Toctpoiite rpadux U, =f(E¢) (0Opazer Ha puc. 22 ).
PaccunTaiiTe 3HaueHne KodQpuIreHTa cTadUIn3anum mo Gopmyie
(Eomax= Eomin) ¥ (Usmax T Uy min) (22,0 —17,2) * (12,9 + 12,14)

K. = = =
(Un max = Uumin) * (Eo max + Eo min) (12,9 —12,14) * (22,0 + 17,2)

= 3,36 pa3a



BbIXO/IHble XapaKTepUCTUK
13

12,8
12,6
12,4
12,2

12

HanpshkeHne Ha Bbixoze, B

11,8

11,6
16 17 18 19 20 21 22 23

HanpsxeHne Ha Bxoge, B

Pucynok 22. Peakius npeoOpa3oBatesis Ha U3MEHEHHE BXOJHOTO HAMPSIHKEHUS.



3Has MPUHITUIIBI JCHCTBUS MMpeoOpa3oBaTess HaMpsHKEHUsI, B BBIBOJIAX:

l. IloscHuTe B3aMMOCBSI3b BEIWYMH BBIXOJHOrO TOKa I, M BBIXOJIHOIO
HanpspbkeHus U, .

2. llosgcHuTe B3aMMOCBSI3b BEJIWYHUH BBIXOJHOTO HampsikeHus U, U BXOIZHOTO
HanpsbkeHus Ky .

BriBOALI
1. ITpu yBenmueHnun BbIXOHOTO TOKA I, BeixogHoe Hanpsikenue Uy

2. IIpu yBenmyeHnn BXOIHOTO HanpskeHus Ey BbIxoaHOE HanpspokeHue Uy,
3. Brytpenunee conpotuBnenue R paao 1 Owm

4. Koapdunment cradbunuzannuu K., papen 3,36
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