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1 EJEKTPOTEXHIKA TA EHEPTOTEXHOJIOTIII

1.1 Mepekaan Ta nepexaananbkmii anamiz tekery “The Flyback
Transformer”

3appanns 1. 3HalaiTe y TaONUII aHIJIOMOBHI Ta yKpaiHCHBKOMOBHI
BIJIMOBIAHUKNA BHKOPHCTAaHUM Yy TEKCTI TEpMiHAM Ta TEPMiHOJOTIYHHM
CJIOBOCTIOITYYCHHSIM.

1. voltage a. 4acToTa, YaCTOTHICTh

2. generator b. MynETUMETP

3. flyback transformer | c. nepBuHHa 00BHTKa

4. plasma arc d. BuXimHU# TpaHCHOPMATOP PIAKOBOI PO3TOPTKH
5. ferrite core €. MOJISIPHICTh OOBUTKH

6. winding f. mma3moBa jyra

7. frequency 0. HaBill 3BOPOTHHOTO 3BSI3KY
8. multimeter h. cxema, Mepexa

9. capacitor i. reHepaTop

10. primary coil J. KOHIEeHCATOP

11. feedback coil K. koedimienT Tpanchopmariii
12. turn ratio 1. Hanpyra

13. circuit m. ¢epuroBe ocepis

14. coil polarity N. IPUCOCOK

15. suction cup 0. 00OMOTKa

3aBmanns 2. [lpounraiite Tekct. BuzHaute B HhOMY TEpMiHH Ta
TEPMIHOJIOTIUHI CJIOBOCHOIYYEHHS, HE TMPEACTaBIeHI y TONEPeTHbOMY
3apmanHi. [lepexnmamiTh X  yKpalHCBKOIO  MOBOK,  3a3HAyarO4u
BUKOPHCTaHUH CIOCiO nepekiiaaanbkoi TpanchopMariii.

THE FLYBACK TRANSFORMER

A very simple road to your basic high voltage generator is the
transistor driven flyback transformer. This circuit uses a common flyback
transformer to boost typical battery voltages up to the multi-kilovolt range.
It will make a several thousand-degree continuous 2 cm plasma arc.

The main component of the system is the ferrite core flyback
transformer. Flyback transformers can be found in any equipment with a
Cathode Ray Tube (CRT) like televisions or computer monitors. There are
many types of flybacks out there.




Most of the ones you will find today will have a rectified output
(DC) and the primary windings will not be removable as they are potted in
with some kind of polymer. Any flyback will work in this circuit, but
depending on the flyback, the high voltage output may be used for some
applications and not others. For example, if you have an old flyback
without rectified output or have removed the rectifier in a new flyback, the
high voltage output will be radio frequency AC and will work for a plasma
globe whereas a rectified output flyback will not. Although with an
unrectified flyback you can drive a plasma globe, you cannot charge
capacitors. But with a rectified output you can charge capacitors.

Winding. If you have an old flyback with removable windings, don't
be in such a hurry to remove them and wind your own. If there are at least
two sets of coils, you can use the original windings with no problems. It
would probably work even better than winding your own coils. | would
actually prefer a flyback with the windings potted inside as they don't get
damaged.

Locating the Coils and Coil Polarity. The flyback circuit diagram
calls for two sets of coils: a primary coil and a feedback coil. The turn ratio
is really not that critical so usually any two coils in the flyback primary will
work.

Locate two sets of coils on the horse-shoe-like configured pins by
testing the flyback pins for continuity. Often times there are more than two
pins connected to a single coil in the transformer. You will need to try the
different positions to see which configuration works better for your
application. After you have located two independent sets of coils on your
flyback, hook them up to the circuit with any polarity. If you turn on the
power and you don't hear a whine or hum, try reversing the polarity (switch
the leads) of one of the coils. If nothing now, reverse the polarity of the
other coil. If nothing now, reverse the polarity on the first one you switched
again. So the take home message is trial and error. Flybacks can be very
picky as to coil polarity because some of them have a rectifier built in them.
So try each configuration (8 of them with two sets of coils) until it whines.
Any two sets of coils in a potted flyback should work, so don't try new coils
until you're sure you've exhausted all possible combinations.

The high voltage will come out of the fat wire from the top of the
flyback — usually connected to the CRT with a suction cup. You will not be
able to locate the high voltage return pin with a multimeter. The only way
to do it is to bring the high voltage line down to the pins and whichever one



it arcs like mad to is the one you are looking for. Try to stay away from
arcing to any of the pins used for coils. High voltage is not so good for your
transistor or power supply.

3aBnannst 3. Hapnaiite XapakTepuUCTHKY Ta TEpEeKNIa CKIaIHUM
TEPMIHOJOTIYHUM  CJIOBOCTIOIYYEHHSM, BHKOPHUCTaHHUM y  TEKCTI.
IIpoxomenTyiiTe crmocodbu ix mepekmamy: basic high voltage generator,
transistor driven flyback transformer, typical battery voltages, several
thousand-degree continuous 2 cm plasma arc, ferrite core flyback
transformer, rectified output flyback, flyback circuit diagram, horse-shoe-
like configured pins.

3aBmannst 4. BcraHOBiTH cHHTakcHYHI (QYHKLIi BUIUICHUX
0e30co00BuX (GOopM Ji€cioBa Ta MEPEKIaNiTh PEUCHHS 3 OrJsAy Ha
BCTaHOBJIEHY cIeH(DiKy.

1. This circuit uses a common flyback transformer to boost typical
battery voltages up to the multi-kilovolt range.

2. Any flyback will work in this circuit, but depending on the
flyback, the high voltage output may be used for some applications and not
others.

3. If you have an old flyback with removable windings, don't be in
such a hurry to remove them and wind your own.

4. Locate two sets of coils on the horse-shoe-like configured pins by
testing the flyback pins for continuity.

5. You will need to try the different positions to see which
configuration works better for your application.

6. The only way to do it is to bring the high voltage line down to the
pins and whichever one it arcs like mad to is the one you are looking for.

7. Try to stay away from arcing to any of the pins used for coils.

3aBnanna 5. Buznaute Bua 0OCTAaBUHHHUX MIAPSIHUX PEUYCHb Ta
nepeKIagiTh HACTYIHI CKJIQIHOMIIPSIH] PEeUCHHS.

1. The primary windings will not be removable as they are potted in
with some kind of polymer.

2. If you have an old flyback without rectified output or have
removed the rectifier in a new flyback, the high voltage output will be radio
frequency AC and will work for a plasma globe whereas a rectified output
flyback will not.



3. Although with an unrectified flyback you can drive a plasma
globe, you cannot charge capacitors.

4. If there are at least two sets of coils, you can use the original
windings with no problems.

5. The turn ratio is really not that critical so usually any two coils in
the flyback primary will work.

6. After you have located two independent sets of coils on your
flyback, hook them up to the circuit with any polarity.

7. Flybacks can be very picky as to coil polarity because some of
them have a rectifier built in them.

8. Any two sets of coils in a potted flyback should work, so don't try
new coils until you're sure you've exhausted all possible combinations.

3ananns 6. 3po0iTh muckMoBHiA Tiepeknan tekcty “The Flyback
Transformer”, 3sepratoun yBary Ha OCOOJHBOCTI Ta CrieIU(DiKy MeperIasy
JEKCUYHHX, TPAMAaTHYHUX Ta CTHIICTUYHUX KOHCTPYKIIHL.

3aBnanna 7. llepexnmamitb TeKCT  aHTIINWCHKOIO  MOBOIO,
BUKOPHCTOBYIOUH CrieIianbHy TEPMIHOJIOTIFO. [IpoxomenTyiite
BUKOpHUCTaHi TpaHchopmariii.

[Mpuanun aii npucTpois 3axucHoro BigiMkHeHHS ([13B) criamaeTbes
3 MiJICYMOBYIOUOTO TpaHcopMaropa CTpyMy, UyTIUBOIO BHUMHKAIBHOTO
pelie, MexaHi3My BiJJIMKHEHHS 3 KOHTAKTHOKO CHCTEMOIO i KOJIa KOHTPOJIIO.
Uepez BikHO TpaHcopmaropa CTPyMy IMPOITYCKAIOThCS BCi poboui
nposigauku (L1, L2, L3, N). SIkmo B koi 3a micuieM BctaHoBieHHs [13B
OyJie IpOTiKaTh CTPYM Y 3€MITIO UM B 3aXUCHUHA npoBigHUK PE, Hanpuknan,
y BUMAJKy 3aMHUKaHHS Ha KOPITYC YW BUIAJKOBOTO JOTHKY JIIOJUHH JIO
CTPYMOIIPOBIJTHOI ~YaCTHHHM, BEKTOPHa cyMa CTpyMiB y poOouux
NPOBIIHUKAX, MPOMYyIIEHUX 4epe3 TpaHchopmarop ctpymy, Oyae matu
3HAYCHHS, BiJIMIHHE BiJ HyJsl, TOOTO 3 SIBUTHCS TU(PEPEHIIHHUNA CTPyM.
HasBHicTs mudepeHuifHOro cTpyMy 3yMOBIIIOE MOSIBY €JIEKTPOPYLIIHHOT
CHJIM Y BTOPHHHIN 0OMOTLI TpaHC(OpMaTopa CTPyMy, sIKa 3a JOIOMOIOIO
BUMHKAIIFHOTO peJie 3allyCcKae MeXaHi3M BiIIMKHEHHS. TakuM YHHOM,
BinOyBaeTbCsl IUBUAKE BHUMHUKAHHS YIIKOJDKEHOI YaCTHHU MEPExi.
BinnosigHo mo mepmoro 3akoHy Kipxroda, nopmansHa poGora II3B
3a0e3neuyeThes 1 MPH HECHMETPUYHOMY HaBaHTaKeHHI. Te  came Mae



MicIle TIpH HEHOBHIM KIUIBKOCTI pOOOYMX TPOBITHUKIB (TpHUdasHi
eJIEKTpOCIIOKMBadi 0e3 mpoBigHuKa N).

Po6oTa BHMHKaNbHOTO pesie 3 MOCTIHHUM MarHiToM 0a3yeThCsl Ha
NPUHIIMII CyNeprno3uii (HaKIaJeHHs1) ABOX MAarHiTHUX IOJiB: MAarHiTHOTO
MOJISl TIOCTITHOTO MAarHiTy 1 3MIHHOTO MAarHiTHOTO IIOJSI, CTBOPIOBAHOTO
Kepyrouoi 00MOTKOI0 (KoTymkoro 30ymkeHHs). [lpum  yBIMKHYTHX
koHTakTax [I3B sKkip pene mpUTATHYTO 00 SipMa KOTYLIKH BHACTIAOK [ii
Mar"iTHOTO TOJS TOCTiiHOTO MarHiTy. I[lpoTmairoda cwmma po3TSATHYTOI
MPYKUHA CHPSMOBaHA Ha BiATATYBaHHS sKops. [licist mosiBM Ha Kepyrodii
00MOTILI Yepe3 HasiBHICTh TUPEPEHIIHHOTO CTPYMY eNIEKTPOPYILIiiHOT crin
BiIOYBa€ThCsl HAKJIAJEHHS MOCTIMHOrO 1 3MIHHOTO MAarHiTHOTO IOJIB. Y
MIEBHUI1 MOMEHT HETaTHBHOTO HAIIIBIIEPiOy 3MIHHOTO CTPYMY B Kepyrodiit
KOTYIII[i TpH TEPeBUIICHHI BETMYMHH AudepeHUiiiHIM CcTpyMOM
3a3[aJIeTiib BCTAHOBJICHOTO 3HAUEHHS, Pe3yJbTylo4a €HEpris MarHiTHOTO
MOJISi BHUSBHUTHCS MEHIIOI BiJl TOTEHIINHOI €Heprii MpYXWUHH, IO
CIPUYMHHUTE MUTTEBE BiAMAIaHHS SIKOPS, 1 SK HACHIJOK - PO3MHUKAHHSI
KOHTaKkTiB. [lOBTOpHE BMHKaHHS MTPOBOJMTHCS BpPYYHY 32 JOMOMOTOIO
pyuku kepyBaHHA. CnoxwuBana moTyxHicTe [I3B  mpm  ioro
CIIpanboBYBaHHi ckiamae 6mu3bko 10 Br, mo Habarato pasis MeHIIe, Hix
MOKHa OyJIo O JAOCATTH, BAKOPUCTOBYIOYH 3BHUANHY KOHCTPYKIIIO peie 3
BTSATYBaHHSIM SKOpS B KOTYIKY. KOHCTpyKIis BiJIMUKalIbHOTO peie
JO3BOJISIE€ CHOXHMBATH MOTYXHICTh O01u3bK0 50 MKBT. OgHak mpu Takomy
YYTJIMBOMY BHKOHAHHI HE JIOCSTAEThCS JOCTATHS  JIOBIOCTPOKOBA
eKCILTyaTalliiiHa HaJiHHICTh.

1.2 Tlepeksiang Ta mepexyananbkuii aHamiz tekcry “Dielectric
Response Methods for Diagnostics of Power Transformers”

3aBnannsa 1. 3HalifiTh y TaOJUI[ aHTJIOMOBHI Ta YKpaiHChKOMOBHI
BIJIMOBIITHUKA BHKOPHCTAaHUM Y TEKCTI TEpMiHAM Ta TEPMIHOJOTIYHUM
CIIOBOCHOTYYEHHSIM.

1. insulation a. HaBeJieHHH (1HIyKOBaHUIA) 3apsin

2. power transformer b. pozimMkHyTE KOJTO

3. permittivity C. CHHYCOIaJIbHa eJICKTPH3allis, 30y DKCHHS
4. loss factor d. Temn HapocTaHHs

5. spectroscopy €. peaJbHi YMOBH EKCIUTyaTallii




6. time domain f. i3ostist

7. conductivity 0. miHiiiHa MOZEb

8. sinusoidal excitation h. nmiemexkTpuuna crama; JieleKTpUYHA
MIPOHHUKHICTH

9. induced charge i. YacOBHH iIHTEpBAI

10. short circuit j. IpoBimHIiCTH

11. open circuit K. cunoswmii TpancdopmaTop

12. linear model |. eexTpryHa EMHICTB

13. rate of rise M. koeiIieHT yTpar

14. field condition N. KOJIO KOPOTKOTO 3aMHKaHHS

15. electric capacitance 0. COEKTPOCKOITisI

3aBnanns 2. Ilpounraiite TekcT. BuzHaute B HhOMY TEpMiHH Ta
TEPMIHOJIOTIUHI CJIOBOCIOJIYYCHHS, HE MPEACTaBICHI y IONEPEeIHBOMY
3aBmaHHi. llepexmanmiTe 1X  yKpaiHCBKOIO  MOBOIO,  3a3HA4alOud
BUKOPHCTaHUH CIOCiO nepekiiaaanbkoi TpanchopMariii.

DIELECTRIC RESPONSE METHODS FOR DIAGNOSTICS
OF POWER TRANSFORMERS

The dryness and ageing state of the oil-paper insulation is a key
factor in both the short and long term reliability of a power transformer
since moisture has deleterious effects on dielectric integrity and insulation
ageing rates. Today the water content of the cellulose of a transformer in
service is determined indirectly via moisture measured from oil samples
according to IEC 60422. Moisture distributes unequally between the oil and
the pressboard, the greater part residing within the solid insulation. Because
the water concentration in the oil is highly temperature dependent, the
measurement of moisture in oil is not a particularly reliable indicator of
dryness in the cellulose, particularly not for lightly loaded transformers.
Although in principle moisture can also be extracted from pressboard
samples and measured, this approach is hampered by the impossibility of
obtaining samples from critical locations. Furthermore, a significant
variation in results can arise from different practices regarding sample
storage and preparation.

Most recent attention has been directed to methods of determining
moisture content and ageing of the pressboard and paper more directly by
measuring the effects of moisture on electrical properties. Rather than the
traditional measurement of power frequency loss angle, recent attention has
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focused on measuring various dielectric response parameters, which
characterise some known polarisation phenomena. The three foremost tech-
niques are:

1. Recovery or return voltage measurements (RVM).

2. Dielectric spectroscopy in time domain, i.e. measurements of
polarisation and depolarisation currents (PDC).

3. Dielectric frequency domain spectroscopy (FDS), i.e.
measurements of electric capacitance and loss factor tg8 in dependency of
frequency.

Until recently the RVM technique has by far been the most
frequently used method. However, there has been much controversy
surrounding the technique, which has been criticised on various grounds:

- moisture determinations, as derived by the evaluation method used,
are often much higher than obtained by other methods;

- the recommended interpretation scheme is too simplistic;

- the technique does not take into account dependencies on geometry
and oil properties.

On the other hand there had not been much knowledge available on
how to interpret the results of the PDC and FDS measurements. The work
in this direction has been in progress for a few recent years and more
advanced tools are available today. The possibilities of modeling the
transformer insulation properties as well as of comparing the data obtained
by means of the three techniques have been developed.

As a result CIGRE Working Group 12.18.TF reviewed the opinions
of users of polarisation techniques and concluded that although such
techniques showed promise, more work was required to validate the
techniques and improve the interpretation of results. Subsequently Task
Force 15.01.09 was set up in 1999 to compare the three main techniques.
Initial work has concentrated on measurements with all the techniques used
on an insulation model. The model was designed specifically to investigate
the influence of insulation geometry on dielectric responses. Comparisons
using a mathematical model of polarisation behaviour, was also done.
Furthermore, the influences of the thermodynamic moisture equilibrium
between paper and oil as well as the oil conductivity were tested with this
model. In parallel, number of activities were undertaken in UK,
Switzerland and Sweden, which included measurements with the different
techniques on selected power transformers under field conditions.

Measuring Methods. To measure polarisation and depolarisation
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currents (PDC) following a DC voltage step is one way in the time domain
to investigate the slow polarisation processes. Both polarisation current, i,
(t) as well as depolarisation current, ig (t) contain information about the
dielectric response function, f(t), provided the test object is charged for a
sufficiently long time. It is easiest to use the depolarisation current i, (t)
where there is no DC current present. Many solid dielectric materials have
dielectric response functions that decrease slowly with time. A rule of
thumb says that the test object should be charged for at least 5 to 10 times
as long as it is depolarised in order to get a depolarisation current, which is
proportional to the dielectric response function. It also is possible to
estimate the DC conductivity, o4, Of the test object from the measurements
of the polarisation and depolarisation currents.

The recovery voltage method (RVM) is another time domain method
used to investigate slow polarisation processes. First, applying a step DC
voltage for a specified time period charges the object. During this period,
the polarisation current flows through the test object. Afterwards the test
object is short-circuited (grounded) for a certain time (usually shorter than
the charging time) and the depolarisation current flows. When the short-
circuiting (grounding) period is finished, the recovery voltage Ug (t) is
measured under open-circuit conditions. The source of the recovery voltage
is relaxation of the remaining polarisation in the insulation system, giving
rise to an induced charge on the electrodes. It is intricate to calculate, oy,
., and f(t) from a given recovery voltage time dependence. Therefore so-
called polarisation spectrum has been introduced. The polarization spec-
trum is established by performing a series of recovery voltage
measurements with stepwise increasing charging time t. and short-circuit
time ty, usually with the ratio t. / ty =2. For each sequence the peak of the
recovery voltage Ugrmin and the initial rate of rise of the recovery voltage
dUg / dt are recorded and plotted versus the charging time used.

An equivalent method in the frequency domain to investigate the
polarisation is to measure the responses from sinusoidal excitations at
different frequencies (FDS). On this basis the complex relative permittivity
¢ (w) at the frequency of the applied field, assuming a capacitive test object,
can be found. It is important to notice that the imaginary part of the
complex relative permittivity, ¢” (w) (loss part) contains both the resistive
(DC conduction) losses and the dielectric (polarisation) losses, and that at a
given frequency it is impossible to distinguish between the two. However,
at very low frequencies the resistive part will often dominate. In this case
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the imaginary part, ¢” (w) of the complex relative permittivity, has a slope
of w! and the real part ¢’(w) is constant. Based on this the conductivity o
of the test object may be calculated. Another way of presenting the
measured information of a FDS is to use the loss factor: tg 6=¢” (W)/ & ’(w).

Today, all the three techniques are used for diagnostics of insulation
of power transformers either with commercial available instruments or with
"home made" test set-ups. As an alternative to the simplistic and ques-
tionable interpretation of the polarisation spectrum still supplied and
recommended by the manufacturer of the commercial RVM instrument,
some of the users have instead introduced own evaluation procedures. The
manufacturers of the PDC and FDS instrumentation offer today more
advanced interpretation tools based on extended linear models.

3apanna 3. Hapaiite XapakTepuCTHKy Ta NepeKiaa CKIAIHUM
TEPMIHOJOTIYHUM  CJIOBOCTIONYYEHHSM, BHKOPHUCTAHHM Y  TEKCTI.
IMpokomenTyiiTe crocobu ix mepeknamy: long term reliability, insulation
ageing rates, power frequency loss angle, various dielectric response
parameters, return voltage measurements, dielectric frequency domain
spectroscopy, transformer insulation properties, thermodynamic moisture
equilibrium, recovery voltage method, given recovery voltage time
dependence, stepwise increasing charging time, "home made" test set-ups.

3apnannsi 4. 3BepHiTh yBary Ha Bukopuctanus Participle Il B
HaJaHUX MPHUKIagaX, MPOKOMEHTYHTE OCOOJIMBICTH Ta CHOCIO iX
nepeknany: lightly loaded transformers, the most frequently used method,
the evaluation method used, the recommended interpretation scheme,
selected power transformers, another time domain method used to
investigate slow polarisation processes, so-called polarisation spectrum, the
charging time used, the applied field, more advanced interpretation tools
based on extended linear models.

3apnanns 5. BkaxiTe 4acTMHY MOBM Ta CHHTaKCHYHY (QYHKIIO
BI/I,Z[iJ'IeHI/IX CIIIB Ta nepeKnaﬂin pC€UYCHHA 3 OIIIAY Ha BCTAHOBJICHY
cnerudiky.

1. Moisture distributes unequally between the oil and the pressboard,
the greater part residing within the solid insulation.

2. Furthermore, a significant variation in results can arise from
different practices regarding sample storage and preparation.
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3. Most recent attention has been directed to methods of
determining moisture content and ageing of the pressboard and paper
more directly by measuring the effects of moisture on electrical properties.

4. Rather than the traditional measurement of power frequency loss
angle, recent attention has focused on measuring various dielectric
response parameters, which characterise some known polarisation
phenomena.

5. However, there has been much controversy surrounding the
technique, which has been criticised on various grounds.

6. The possibilities of modeling the transformer insulation properties
as well as of comparing the data obtained by means of the three techniques
have been developed.

7. Comparisons using a mathematical model of polarisation
behaviour, was also done.

8. First, applying a step DC voltage for a specified time period
charges the object.

9. The source of the recovery voltage is relaxation of the remaining
polarisation in the insulation system, giving rise to an induced charge on
the electrodes.

10. The polarization spectrum is established by performing a series
of recovery voltage measurements.

11. Another way of presenting the measured information of a FDS is
to use the loss factor: tg 6= ¢” (W)/ &’(w).

3apnanns 6. BcraHOBiTH cHMHTakcH4Hy (QYHKUiO iH(QIHITHBY B
MNPEACTABJICHUX PCUYCHHAX Ta nepeKna;[iTL iX.

1. On the other hand there had not been much knowledge available
on how to interpret the results of the PDC and FDS measurements.

2. CIGRE Working Group 12.18.TF concluded that more work was
required to validate the techniques and improve the interpretation of results.

3. Subsequently Task Force 15.01.09 was set up in 1999 to compare
the three main techniques.

4. The model was designed specifically to investigate the influence
of insulation geometry on dielectric responses.

5. To measure polarisation and depolarisation currents following a
DC voltage step is one way in the time domain to investigate the slow
polarisation processes.

6. It also is possible to estimate the DC conductivity of the test object
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from the measurements of the polarisation and depolarisation currents.

7. It is intricate to calculate, oy , €., and f(t) from a given recovery
voltage time dependence.

8. An equivalent method in the frequency domain to investigate the
polarisation is to measure the responses from sinusoidal excitations at
different frequencies.

9. It is important to notice that the imaginary part of the complex
relative permittivity contains both the resistive losses and the dielectric
losses, and that at a given frequency it is impossible to distinguish between
the two.

Bapaanusi 7. 3po0ith mmchMOBHI mepeknan Tekery “Dielectric
Response Methods for Diagnostics of Power Transformers”, 3seprarouun
yBary Ha 0COOJMBOCTI Ta CrieNU(iKy Mepekiany JIeKCHUHNX, TpaMaTHIHUX
Ta CTHJIICTUYHUX KOHCTPYKITiH.

3aBnanns 8. llepexnamiTh  TEKCT  aHIVIIKWCBKOKD  MOBOIO,
BUKOPHCTOBYIOUH CrieIianbHy TEPMIHOJIOTIIO. [IpokomenTytiTe
BHUKOPHCTaHI TpaHCcopMaIlii.

106 3abe3neunT podoUHii cTaH i Oe3eKy eNeKTPHYHHX YCTaHOBOK
Ta TPWIAIiB, YyCi TPOBIMHUKA TIOBHHHI OyTH 130JIbOBAaHUMH, IO
JIOCSTAEThCS TPYOUATOKO 130JIAIII€0, OOIUICTEHHSIM IPOBOJIB Ta JIAKOBUM
noKpUTTsIM. CTapiHHS 130J1iT MPU3BOJAMUTE JIO TOTO, IO CTPYMH BHTOKY
MOXYTh IpPOTIKaTH 3 OJHOTO IPOBIJHWKA B IHIMH, a I BHUKIHKAE
HOIIKO/DKEHHS PI3HOTO CTYIEHIO CKIIaTHOCTI.

Bynp-sike oOnamHaHHS 3 TIOMIKO/PKEHOIO 130JISIIIEI0 3  YacoM
BUXOJUTh 3 Jajay, L0 MPHU3BOJIUTH JI0 TMOXKEKI ab0 10 HEMPaBHILHOTO
(dbyHKIioHyBaHHS yciel enekTpoyctaHoBku. ll[o6 BuacHO oTpuMyBaTH
iH(pOpMaLlil0 TIPO CTapiHHA 130JIA1i1, HEOOXIHO MEPIOIMYHO BUKOHYBATH
BUMIpIOBaHH ii onopy. Lle moTpiOHO He Juilie i eJeKTpoanapaTypH, a i
IUIE MEpPEeX EJEeKTPOXHBIICHHS, 0 SKUX L amaparypa mig egnaHa. Lli
BUMIDIOBaHHS ~ BHKOHYIOTBCS,  KOJIM  BMHKAa€ThCS ~ HOBe  abo
PEKOHCTpYyHOBaHe OONaHAHHS, 1 IEPIOTUYHO POBOAATHCS TAKUM YHHOM,
1100 OLIHUTH SKICTH 130JIAL11 IO Mipi 11 cTapiHHA.

Hienektpuine TECTyBaHHS BU3HAYA€E 371aTHICTh 130J1s1 1
BUTPUMYBATH HAJUIMIIKOBY HANpYry CepelHboi TpuBayocti 0e3
BUHHUKHEHHS iCKpOBOTO po3psiay. Ha mpakTuii Taka HaJUIMIIKOBA HAIpyra
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MOX€ BHHHMKHYTH B pe3ylbTaTi ymapy OmuckaBkd. [lieneKTpudHuil TecT
Ma€ Ha METi BIIEBHUTHUCH Y TOMY, III0 MacIITa0N BUTOKY CTPyMy HE BHIII
BiJ HOpMOBaHUX. Lleil TecT mpoBOIUTHCA LUISXOM MPHUKIAAAHHS HAPyTH
3MIiHHOTO CTPYMY, @ TaKOX MOK€ OyTH BUKOHAHWH LUISXOM MpPUKIIaJaHHS
HA/UIMIIKOBOI HANPYyrd IOCTIHHOrO cTpyMy. B pesynbraTi TecTyBaHHA
OTPUMY€ThCSI BEIWYMHA HAIIPyTH, BHpaXkeHa B KutoBosmbTax. Komm
JUENeKTPUYHUN TECT MPOBOAMUTHCS TPH TMOIIKOKEHIN 1301111, TO BiH Mae
TIEBHOIO MIpOI0 PYHHIBHUI XapakTep, 3aJIe)KHO BiJl OTY>KHOCTI TECTOBOTO
npuiany, SIKAM TIPOBOOUTHCA BuMmiproBaHHi. Came ToMmy mel Tect
OPOBOAMTHCS JIMIIE Y BHUMAAKy HOBOIO a00 pPEKOHCTPYHOBaHOTO
oOmagHaHHS, 1 B EKCIUTyaTallif0 BBOAATHCS TUIBKH Ti MPUCTPOTL, SKi
MPOUIILIHN LEH TECT.

BumiproBanHsl onopy 1301A1lii TPOBOAATHCS HUIIXOM MPUKIAIAHHS
HANpPYTH MOCTIHHOTO CTPyMYy, OiIbIII HU3BKOI 32 TY, 110 BUKOPUCTOBYETHCS
IpU AieJIeKTPUYHOMY TecTyBaHHi. Ll BennunHa onopy, sika OTpUMYEThCS B
pe3ynpTaTi BUMIPIOBAaHHS, XapaKTepu3ye SKICTb 130Imii MiX JBOMa
npoBigHuKamu. HepylHIBHMI XapakTep IbOIO METOLY KOPWUCHHMN st
CIIOCTEPEKEHHS 32 CTapiHHAM 130JIAMii HAa TMEBHIH AINSHIN €NeKTPHIHOTO
obOnamHaHHSA a00 HA MPOMHUCIOBINM ycraHoBmi. Lleil MeTom TakoX Moxe
BUKOPUCTOBYBATHCh, K OAMH 13 3aXOJiB IJIAHOBO-TIONEPEIKYBAILHOTO
PEMOHTY.

Ha MPAKTHIII YCTaHOBKa a0o ITSTHKA oOJIaqHAHHSA
3HECTPYMJIIOIOTBCSA, @ Ticysl TOTO JI0 HEl NMPUKIAJAEThC TeCTOBA Hampyra
MOCTITHOTO CTPYMY, 1 OTPUMYEThCS BeNMUYMHA omnopy i3omsmii. [lig gac
BUMIpPIOBaHHS 130JIALi1 LIOAO 3a3€MJICHHS, PEKOMEHIYETbCS NPUKIALaTH
JOJATHUI TOMIOC TECTOBOI HAmpyrd [0 KOHTYpY 3a3eMyieHHsA. Yci
CTaHJApTH, IO CTOCYIOThCS €JEKTPUYHMX YCTAHOBOK 1 OOJaJHAHHSA,
BU3HAYAIOTh YMOBH BUMIPIOBaHb 1 MiHIMaJbHI TpPaHWYHI 3HAYCHHS
BHMIPIOBaHHS 130JIAILI.

1.3 Tlepekaan Ta mepekjagaubkuii anamaiz tekery “The Moyle
Interconnector: Completing the Western European Power Grid”

3apnannsa 1. 3HalaiTe y TaONUII aHITIOMOBHI Ta yKpaiHCHBKOMOBHI
BIJIMIOBIAHUKNA BHKOPHCTAaHUM Y TEKCTI TEpMiHAM Ta TEPMiHOJOTTYHUM
CJIOBOCIIOTYYEHHSIM.



16

1. interconnector a. TBOKOHTYpHA JIiHis

2. power grid b. mepeTBOpIOBaY CTPyMy, KOHBEPTEP

3. generating plant C. OIHOKOJIOBA JIiHisI €JIEKTPOIIEPECHITAHHS
4. spare capacity d. ckumanns (BIAKIIOYCHHS ) HABAHTAKCHHSI
5. spinning reserve €. HABaHTa)XCHUM pe3epB; 00epTOBUIl pe3epB
6. supply f. nepecunanus

7. converter g. (emuHa) eNeKTPOeHePreTHYHA CHCTEMa

8. double circuit line | h. kabensHa Tpaca

9. single circuit line | i. pe3epBHa NOTYKHICTh

10. substation J. BUMYIICHHI TIEPECTili; panTOBE BiJKIIOYCHHS
11. load shedding K. 06'eqHyBasIbHA JTiHIs (EHEPTOCHCTEM)

12. forced outages | migcTantis

13. transmission m. Haj3eMHa (TOBITPsIHA) JIiHisI 3B’ SI3KY

14. cable route N. eJIEKTPOCTAHIIIS

15. overhead line 0. CTIEKTPOKHUBIICHHS; CIIEKTPOIIOCTAYaHHS

3aBnanusa 2. [Ipounraiite Tekct. Bu3HauTe B HOMY TEpMiHU Ta
TEPMIHOJIOTIUHI CJIOBOCIOJIYYCHHS, HE MPEACTaBICHI y IONEPEeIHLOMY
3apnanHi. [lepexnmamiTh X  yKpalHCBKOIO  MOBOK,  3a3HAvYarO4u
BUKOPHCTaHUH cIocid mepeknaaanbkoi TpanchopMartii.

THE MOYLE INTERCONNECTOR: COMPLETING THE
WESTERN EUROPEAN POWER GRID

Up to the end of 2001, Ireland was not only a geographical island; its
electric power systems were also isolated from the rest of Europe. As the
North-South Interconnector between the systems of Northern Ireland
Electricity (NIE) and the Republic of Ireland's Electricity Supply Board
(ESB) had also been out of service for twenty years before 1995, the island
actually was home to two island systems, one twice the size of the other.

The Northern Ireland system, being the smaller of the two, was
particularly challenged with the issues that confront all island systems, i.e.
choice of generating plant, system reliability, control of frequency and
voltage, management of spare capacity and spinning reserve, among others.
Its customers generally faced higher cost and had to accept poorer quality
of supply than what is the standard in the Western European Grid - as
represented by the system of ScottishPower (SP), just 50 km away across
the Irish Sea. To end the isolation, NIE had signed agreements with SP
already in 1990 to construct a High Voltage Direct Current (HYDC) con-
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nection between the two systems. The project is sponsored with
approximately one third of the total cost by the European Regional
Development Fund.

Since the connection is in place, both NIE and ESB now have access
to the electric power market in the whole United Kingdom as well as -
through the Cross Channel HVDC Link - to the European System.

The Moyle Interconnector is configured as a dual monopole,
submarine HVDC link. Each monopole is rated 250 kV d.c, 250 MW and
consists of the a.c./d.c. converters at either end including their controls, 63
km of d.c. cable, and a fibre optic communication link between the
converters. At BallycronanMore on the NIE side, the converter station ties
into the existing 275 kV a.c. system through a double circuit line. At
Auchencrosh on the SP side, a single circuit 275 kV line connects to the
existing Coylton substation, 64 km away.

For an island system such as in Northern Ireland, which depends on
the d.c. link for approximately 20% of its total demand at anytime, one
major planning consideration is the amount of spinning reserve to be kept
on line and the loading of larger generation units. For cost reasons,
spinning reserve is typically limited and complemented by an under-
frequency load shedding scheme to keep the system from collapsing in case
of major loss of generation. It is not uncommon that there is a delay of
several seconds before system frequency drops to a level that causes load
shedding.

In contrast, forced outages of an HVDC transmission often are of
short duration and the system «recloses» within less than a second which
may not cause the load shedding scheme to come into effect. Also, HVDC
system emergencies may be postponed until system operators have called
up additional generation, e.g. in case of loss of redundancy. Such
incidences, while counted as forced outages, would not have a severe
impact on the system and it would seem appropriate to give them a
different classification. Similar considerations would seem to be
appropriate also in other cases when planning HVDC interconnections and
specifying their performance.

Apart from system considerations, the design for the Moyle
Interconnector was influenced by environmental aspects. Though the
location of the 275 kV transmission systems and associated substations in
Scotland and Northern Ireland determined the general area in which the
converter stations could be located, various undersea cable routes between
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Northern Ireland and Scotland were studied, reviewing such aspects as high
sea currents, deepness of the seabed, exposed bedrock, post war dumping
of munitions as well as reliability and environmental impact. The overhead
line route selection, the seabed route selection and the landfall evaluation,
together with the underground cable route selection and converter station
site selection were then developed and co-ordinated towards selecting a
preferred route which would meet the objective that the project should
create the least disturbance to the environment. The preferred route was
further refined after consultation with local authorities, statutory consultees
and affected parties.

Additional studies then had to be performed to look at the
environmental effects of all the elements of the Interconnector, using
modern computer graphics techniques to assess the visual and landscape
effects, reviewing aspects of ecology, archaeology, forestry and tourism
and recreation, perform noise surveys and an assessment of electric and
magnetic field strengths. The undersea aspects of the Interconnector,
including marine biology, war graves, shipwrecks and safety to mariners,
were studied. The overall assessment was finally presented in three separate
documents: Environmental Statement covering the Scottish elements,
Environmental ~Appraisal covering the wundersea elements and
Environmental Statement covering the Northern Ireland elements.

3aBmannst 3. 3BepHITH yBary Ha BHUKOPHCTaHI B TEKCTI Ha3BH
HAIlIOHAJIbHUX EHEProCHCTEM Ta CTaHII EHEepronocTayaHHs, a TaKOX
Ha3BH OQINIHHUX YCTaHOB Ta JokyMeHTamii. Hamaiite ix mepexman,
BKA3aBIIM BUKOPUCTaHy Nepekanambky Tpanchopmarrito: the North-South
Interconnector, Northern Ireland Electricity, the Republic of Ireland's Elec-
tricity Supply Board, the Western European Grid, the system of
ScottishPower, the Coylton substation, the European Regional
Development Fund, Environmental Statement, Environmental Appraisal.

3ananna 4. Hapalite XapakTepuUCTHKy Ta NEpeKiIaa CKIATHUM
TepMiHOJ'IOFi‘IHI/IM CJIOBOCIHIOJIYYCHHAM, BUKOPUCTAHUM y TEKCTI.
IIpoxomenTyiiTe crmocobu ix mepekmamy: a dual monopole, submarine
HVDC link, a fibre optic communication link, a single circuit 275 kV line,
various undersea cable routes, high sea currents, the underground cable
route selection, converter station site selection, magnetic field strengths.
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3aBaanusa 5. BecranoBiTh cuHTakcu4HI (GyHKIT 6€30c000BUX (hopm
JIiECITOBA, BUKOPUCTAHUX Y TIPEJCTABIIEHUX PEUEHHSX, Ta 3p00ITh mepeKital
3 OIJISILy Ha 1i PYHKIII.

1. The Northern Ireland system, being the smaller of the two, was
particularly challenged with the issues that confront all island systems.

2. To end the isolation, NIE had signed agreements with SP already
in 1990 to construct a High Voltage Direct Current connection between the
two systems.

3. Each monopole is rated 250 kV d.c, 250 MW and consists of the
a.c./d.c. converters at either end including their controls, 63 km of d.c.
cable, and a fibre optic communication link between the converters.

4. One major planning consideration is the amount of spinning
reserve to be kept on line and the loading of larger generation units.

5. Spinning reserve is typically limited and complemented by an
under-frequency load shedding scheme to keep the system from collapsing
in case of major loss of generation.

6. The system «recloses» within less than a second which may not
cause the load shedding scheme to come into effect.

7. Similar considerations would seem to be appropriate also in other
cases when planning HVDC interconnections and specifying their perfor-
mance.

8. The underground cable route selection and converter station site
selection were then developed and co-ordinated towards selecting a
preferred route.

9. Additional studies then had to be performed to look at the
environmental effects of all the elements of the Interconnector, using
modern computer graphics techniques to assess the visual and landscape
effects, reviewing aspects of ecology.

10. The undersea aspects of the Interconnector, including marine
biology, war graves, shipwrecks and safety to mariners, were studied.

3apaanns 6. 3poOiTh mHchbMOBHI Tepekian Tekcry “The Moyle
Interconnector: Completing the Western European Power Grid”,
3BEpPTAIOYM yBary Ha OCOOJIMBOCTI Ta cnenugiky nepekiany JeKCHYHHX,
rpaMaTUYHUX Ta CTHIIICTHYHUX KOHCTPYKLIH.

3aBnannsa 7. IlepexnamitTh  TEKCT  aHIUIIACBKOK  MOBOIO,
BUKOPUCTOBYIOUH CreIianbHy TEPMIHOJIOTIIO. IIpokomeHnTyiiTe
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BHKOpHCTaHI TpaHcdopMartii.

Huni mnpuctpoi aBTOMAaTHYHOTO BMHUKAaHHS PE3EpPBY  IIHPOKO
3aCTOCOBYIOTHCSI B CHUCTEMax EJIEKTPONOCTaYaHHS MICT 1 MPOMHCIOBUX
MIIIPUEMCTE Ha PO3MOAUILHUX IMIACTAHINIAX MEpeX, IO MaroTh 1IBa M
OinpIIe Kepenia JKUBJICHHS, ajie MPAMIOIOTh 32 CXEMOIO OJHOOIYHOTO
KUBIICHHS.

OpanM 3 HaWBaXKJIMBIMINX KOMIIOHEHTIB TEXHIYHOI iHGQPACTPYKTypH
OyIp-IKOi CHOpPYOM € CHCTeMa eNeKTPOINoCTadaHHsA. BimiMKHeHHS
CJIGKTPOXKMBJICHHS, HAaBiTh KOPOTKOYAacHe, B CyYaCHHX YMOBax,
30e01IbIIoro, € Iyke HeOakaHUM, a 4acoM 1 HempumycTuMuM. s
3amo0iraHHs MOAIOHWM SIBHIAM CIYTYIOTh CHCTEMH TapaHTOBaHOTO
€JIEKTPOIIOCTaYaHHSI.

lapanToBaHe  eneKTpomocTayaHHs  (CHCTeMa  TapaHTOBaHOI'O
enektporioctadands - CI'E) — me cykymHICTh oprasizariifHO-TeXHIYHAX
3ax0fiB, SIKI Jal0Th 3MOTY Y BHIAJKaX BUMKHEHHS OCHOBHHX JKepell
30BHIIIHBOTO EHEPrONOCTaYaHHS 3AIMCHIOBATH HOTr0 3a JIOMOMOTOI0
aBapiiiHUX (pEe3epBHMX) JDKEpPEN 30BHIIIHHOTO EINEeKTPOIOCTadaHHS abo
reHepaTopiB Ha yac, 0OMEXXEHUH TUTHKH 3allacaMy IajIiBa.

HapiiiHicTh OyIb-IKOi CHUCTEMHM - BEJIMYMHA KOMIDICKCHA, IO
nepeadayae, HacaMIiepes1, MOXKIUBICTD MPOJOBXKEHHS 11 poOOTH HaBiTh 3a
HECTIPaBHOCTEH TIEBHUX eleMeHTiB. JlOCSAIrTH BHCOKHMX IIOKa3HHUKIB
HAJAIMHOCTI MOJKHA, BXKMBAIOYM BIIMOBIIHMX TEXHIYHMX OpraHizaliiHUMH
3axoniB. Kpim Toro, HajiiiHicTh 3a0e3neuye W omepaTHBHa poOoTa
oOciyroByroduoro mnepcoHany. HailedekTuBHIIMA Ccrocid IiABHIEHHS
HaJiHHOCTI — pe3epBYBaHHS, KOJM OCHOBHE JDKEPEJIO €JIEKTPOXKHUBIICHHS
nyomoeTbess  pedepBHUM. OpHak — Oe3leyHe pe3epBYBaHHS  TaKOTO
BOXIIMBOTO KOMIIOHEHTa, sk ABP, 3 mormsgy peanbHoi ekcrutyararii
nocuth cknagne. Ha Puc.1 300paxena y3aranbHeHa cxeMa rapaHTOBaHOTO
€JIEKTPOTIOCTAYaHHsI, sIKa MICTUTh CHCTEMY 0e3repebiifHOro rapaHTOBaHOTO
enextponoctadanus (CBI'E).

Tak, Hanpuknaza, BizmoBa npuctporo ABP CBI'E mpusBoauts 10
TOTO, MO Y Pa3i BiZIMKHEHHS OCHOBHOI €JIEKTpOMEpeXi HaBiThb BIAJIO H
BYACHO 3allyllleHa eJICKTPOCTAHINisS JOIMOMOTTH BXKE HIYMM HE MOXKe. 3a
0CcOOJMBO KPUTHYHUX HABAHTAKEHb CHTYallil0 BHUIPABIATH JKepela
Oe3nepeOiitHOro KUMBIICHHS, alie, 3a3BUYail Ha HETPUBAJIWKA 4ac, 1 HaBiTh
HaWBIINOBIJANBHIII CIIOXKWBadi OyAyTh 3HECTpyMJIeHI. [Hakine Kaxy4dn
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HENOMITHHWH Ha mepmuii norisig npuctpiii ABP € myke BayKIHBOIO JTAHKOIO
CHCTEMH TapaHTOBAHOTO EJIEKTPOIIOCTadYaHHSI.

[Tix yac mMpoeKTyBaHHS CHCTEM T'apaHTOBAHOTO EJEKTPOIIOCTAYaHHS,
npu3HaUYeHUX s 3a0e3neueHHs Oe3nepebiitHOT poOoTH mepioi Kareropii
eJNIeKTpOTpuiiMadiB i 0cOOMMBOI TpymH eJIeKTPONpHiiMadiB IMepIIoi
KaTeropii HaAiitHOCTI, B&XKJIMBUM € BUOIp THITy IPUCTPOIO0 aBTOMATHYHOTO
BMUKaHHS PE3EPBY.

1.4 Tlepeksag Ta mnepekJaJalbKHii aHaTi3 Tekcry “Turning
Wind Rower on its Side”

3aBnanna 1. 3HaiijiTh aHIJIOMOBHI Ta  YKpaiHChKOMOBHI
BIJIMOBIAHUKNA BHKOPHCTAaHUM Y TEKCTI TEpMiHAM Ta TEPMiHOJOTIYHHM
CJIOBOCTIOTYYEHHSIM y TaOIHIIi.

1. wind turbine a. obepTaHHs

2. fossil fuel b. BupoGIATH, TeHEpYBaTH

3. leading edge C. BUKOITHE TTAJIMBO

4. reinforce d. BUKOpHUCTaHHS1, 3aCTOCYBaHHSI
5. rotation €. CTAaHIAPTHUH, Tpa Il HHUI
6. generate f. BiTpsiHa TypOiHa

7. conventional 0. MiJKpIIIIOBaTH

8. strain h. poGounii mpyr

9. cross-section i. MeXaHIYHEe Hapy>KEeHHs

10. deployment J. monepeunuii iepepis, npodinn

3aBmanns 2. Ilpounraiite Tekct. BuzHaute B HhOMY TEpMiHH Ta
TEPMIHOJOTIYHI CIOBOCIOIYYCHHS, HE TMPEACTaBIeHI y TONEPEeTHEOMY
3apmaHHi. llepexmanmiTe 1X  yKpaiHCBKOIO  MOBOIO,  3a3HA4alOuu
BUKOPHCTaHUH CIOCiO nepekiiaaanbkoi TpanchopMariii.

TURNING WIND POWER ON ITS SIDE

Wind turbines are springing up in all sorts of places around the
world, from China to California, but most of them have the same basic
design: the blades rotate about a horizontal axis, as in an old-fashioned
windmill. Such turbines can generate electricity at a cost not much higher
than non-renewable, fossil-fuel sources-provided the wind is blowing. But
if proponents of a rival design are to be believed, electricity can be
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generated from wind even more cheaply, using turbines that rotate about a
vertical axis, like a playground roundabout.

TMA, a company based in Cheyenne, Wyoming, announced in
November that its first vertical-axis wind turbine (VAWT) would soon be
ready for commercial production. The TMA system has two sets of vertical
blades. The two inner blades, each shaped like a half-cylinder, catch the
wind and rotate about a central axis, while the three outer blades, shaped
like aircraft wings, are fixed. The interaction between the two sets of blades
causes a drop in pressure in front of the rotating blades' leading edges,
which further increases the rate of rotation, TMA claims that its system
harvests 43-45% of the wind's available energy; conventional propeller-
style turbines, in contrast, have efficiencies of 25-40%.

In winds of more than 80 kph (50 mph), furthermore, the blades and
gearboxes of conventional turbines cannot cope with the strain, and they
have to be shut down, TMA says its vertical-axis design can still work even
at wind speeds as high as 110 kph, however. The ability to harvest high-
speed winds is particularly valuable, since each doubling of wind speed
results in an eightfold increase in available energy, TMA also claims that its
design is quieter and less visually obtrusive than conventional turbines.

A British consortium, Eurowind Developments, which includes vT
Group, a shipbuilding and engineering company, and Mott Macdonald, a
consultancy, believes vAwWTS could be the best design for giant offshore
turbines. Such a turbine, with a capacity of ten megawatts, would be able to
power around 10,000 homes. Today's largest horizontal-axis turbines
produce around five megawatts, and are proving difficult to scale up. Each
blade has to be more than 60 metres long, and the bigger the blade, the
greater the stress it experiences as it turns: the blade's own weight
compresses it at the top of the cycle and stretches it at the bottom. As a
result, blades must be made and transported in one piece, which is ex-
pensive. Reinforcing the blade to enable it to withstand these forces further
increases cost and reduces efficiency.

The blades of a VAWT, in contrast, do not have to undergo this
repeated stretching and compression. Nor does their cross-section vary
from top to bottom, which makes them cheaper to manufacture than
windmill blades, the shape of which must be painstakingly engineered.
VAWT blades can also be made in pieces and joined together on site. So
vertical-axis designs should enable wind turbines to be scaled up more
easily, resulting in cheaper electricity, even for vAWT designs of similar
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efficiency to conventional turbines. "If we can build a ten megawatt turbine
for only slightly more than other companies build five megawatt turbines,
then the efficiency question goes out of the window," says Steven Peace of
Eurowind.

Neither TMA nor Eurowind has yet proved the technology in
commercial deployments, however, and the mainstream wind industry
remains sceptical about the benefits of VAWTS, in large part because the
idea is not new. Simple VAWTS, with a couple of sails pushed around by the
wind, have been around for centuries, and were being used in Persia
thousands of years ago. In 1922 a Finnish engineer, S.J. Savonius, im-
proved on this primitive design, and devised a turbine based on two half-
cylinder blades, as TMA uses. In 1931 a Frenchman, Georges Darrieus,
patented a wind turbine that operates on an entirely different principle with
two thin, curved blades fixed to a central axis, in a design often compared
to an egg-beater.

Turbines based on the Savonius design are already used for small-
scale generation in remote locations. Even large-scale VAWTS have been
tried before. In the early 1990s the British government funded a trial in
Carmarthen Bay in Wales, which culminated in the construction of a 500
kilowatt, 35-metre turbine. But it failed after six months because of a
manufacturing fault, and the trial was wound up shortly afterwards. The
project's final report concluded that vAWTS had no applications on land, but
they should be reconsidered "if offshore wind energy becomes more
attractive".

That day has now come, so it might be time to give the technology
another look. Nigel Crowe, director of the British Wind Energy
Association, says the use of horizontal-axis turbines has as much to do with
historical factors as technological merit. "Why do we use horizontal axis
turbines? Why do we use VHS, not Beta-max?" he asks. "They are the ones
that got accepted first, and got established in the marketplace. The industry
now is going through some major changes. Maybe the goalposts have
moved a bit and maybe it is the right time to look again.” With plans afoot
to build wind farms off the coast of Britain and elsewhere, the fortunes of
the VA WT may be about to take a turn for the better.

3apmanna 3. Bu3HauHe, 4y Ma€ HEO3HAUYCHUN Ta O3HAYCHHMI
apTUKIIb Y PEYCHHI JIOJAaTKOBE CMHUCJIOBE HABAHTAXCHHS, 1 MEPEKJIAIiTh
peUCHHS:
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1. The blades rotate about a horizontal axis, as in an old-fashioned
windmill.

2. The two inner blades, each shaped like a half-cylinder, catch the
wind and rotate about a central axis, while the three outer blades, shaped
like aircraft wings, are fixed.

3. If we can build a ten megawatt turbine for only slightly more than
other companies build five megawatt turbines, then the efficiency question
goes out of the window.

4. Neither TMA nor Eurowind has yet proved the technology in
commercial deployment.

5. But it failed after six months because of a manufacturing fault, and
the trial was wound up shortly afterwards.

6. They are the ones that got accepted first, and got established in the
marketplace.

7. The ability to harvest high-speed winds is particularly valuable.

3apnanns 4. 3HalAITE y TEKCTI MiAPSAHI O3HAUYBAJIbHI PEYCHHS 1
MEPEKIAITh iX YKPaiHCHKOIO.

3aBmannst 5. 3HalgiTP y TEKCTI NPUKIAAA BUKOPHCTAHHS
nienpukmetHUKiB |, 1| y cunTakcnuHii QyHKIIIT 03HAYSHHS Ta IEPEKIAIiTh
iX, 3a3Ha4al0YU MOXIIMBI TpaHChopMaAIii.

3apnanns 6. [lepeknaniTe peueHHs 3 TEKCTy, 3BepPTalOUM yBary Ha
0COOJIMBOCTI TEpeKNaay CKIAIHUX MOJANbHUX MpUCYAKiB. Hamaiite
KOMCHTAap.

1. Such turbines can generate electricity at a cost not much higher
than non-renewable, fossil-fuel sources.

2. But if proponents of a rival design are to be believed, electricity
can be generated from wind even more cheaply.

3. In winds of more than 80 kph, furthermore, the blades and
gearboxes of conventional turbines cannot cope with the strain, and they
have to be shut down.

4. A British consortium, Eurowind Developments, believes VAWTS
could be the best design for giant offshore turbines.

5. Such a turbine, with a capacity of ten megawatts, would be able to
power around 10,000 homes.

6. Each blade has to be more than 60 metres long.
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7. As a result, blades must be made and transported in one piece,
which is expensive.

8. So vertical-axis designs should enable wind turbines to be scaled
up more easily, resulting in cheaper electricity.

9. That day has now come, so it might be time to give the technology
another look.

10. With plans afoot to build wind farms off the coast of Britain and
elsewhere, the fortunes of the VAWT may be about to take a turn for the
better.

3aBnanns 7. 3po0iTh nHCHMOBHIA TIepekian Tekcry “Turning Wind
Rower on its Side”, 3Bepratoun yBary Ha OCOOJHBOCTI Ta crenudiky
HepeKIIay JISKCHYHHX, TPAMATHYHHUX Ta CTHIICTHIHUX KOHCTPYKIIIH.

3aBnanna 8. llepexnmamitb TeKCT  aHTIINWCHKOIO  MOBOIO,
BUKOPHCTOBYIOUH CrieIiabHy TEPMIHOJOTIFO. IIpoxomenTytiTe
BUKOpHUCTaHi TpaHchopmaliii.

Cucrema COHSYHHX €NIEKTPOCTAHIIIN Ha Aaxax i (hacagax OyAWHKIB, a
TaKOX B IycTensx Oyne 3B’si3aHa 3 MEpPEekKel0 BITPOBHX EIEKTPOCTaHIIN
BEC, po3ramoBaHux B3I0BK MOPCHKOTO y30epexoks, /e iCHY€ MOCTiHHHN
nepeHoc MoBITpsHUX Mac. CyuacHi BITPOBI e€NEKTPOCTaHLii MarTh
MaKCHUMaJbHY OJIMHUYHY TOTYXHICTh 2 MBT i cOOiBapTICTh eeKTpoeHepril
2,7 uenru 3a 1 xBT/T.

Bci enexrpocrannii B 21 CT., 10 BHKOPUCTOBYIOTH ITOHOBJIOBaHI
JoKepena eHeprii, OyqyTh KepyBaTHCA KOMIT IOTepaMu 0e3 TOCTiiHO1
NPUCYTHOCTI 4eproBoro mepcoHany. LlupotHi mnepectpymu eHeprii
JO3BOJIAT Yy JBa pa3u 30UIBIINTH TOTYXXHICTh BHKOPHUCTOBYBaHHMX
EJICKTPOCTAHIIIN 32 paxyHOK Iepe/iadi He BUKOPHCTOBYBAHOI B HIYHUIA yac
MOTYXHOCTI ISl TIOKPUTTSI MiKiB HABAaHTKEHHS Ha OCBITIIIOBaHI CTOpPOHI
3emui. JlrogcTBO 3MOXe TOETHYBAaTH 1 KOHIIGHTPYBAaTH CBOi E€KOJOTiYHO
YHCTI €HEPreTHYHI PECypcH AJISi CTBOPEHHS T1THUX YMOB JKHTTS KOXHil
JOAMHI 1 peaiizamii BENMKHX MPOEKTIB Ha 3emMyli ¥ y KOCMIYHOMY
npocropi. Lle npukiaa mepuoro NUsIXy po3BUTKY SHEPreTHYHUX CUCTEM —
JOKOpiHHa 3MiHa ICHYIOYMX TEXHOJOIH OJepXaHHS Ta CIIOKUBAaHHA
eHeprii.

Mo cToCyeTbCS HpPYroro NUISIXy — YIOCKOHAICHHS ICHYHOUHX
TEXHOJIOTI OJIep’KaHHs Ta BUTPAT CHEPreTHYHHUX PECYpPCiB, TO OCHOBHHM
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3aBIaHHAM € IIIBHINCHHS €(QEKTUBHOCTI CHEPreTHYHUX MPHUCTPOIB,
3MEHIIEHHS MKiATUBUX BigxonmiB. Tak, Oe3momym’siHE KaTaiTHYHE
CHATIOBAHHS € TEPCICKTUBHUM METOJIOM 30UTbIICHHS ©()EeKTUBHOCTI
CHIAJTFOBAHHS TIAJIMBA 1 3HIKEHHS NIKIJIMBUX BUKHIIB. Y IIBOMY TpOIleci
peaxiii OKMCIIOBAaHHS TaJIMBa TMPOTIKAIOTh Ha TIOBEPXHI KaTali3aTopa MpH
HU3BKUX TeMIlepaTypax, 3a0e3leuylour IOBHY KOHBEpCIlO MalnBa B
MPOAYKTH TJIMOOKOTO OKHCIIOBAaHHS 1 3amo0iraroud YTBOPCHHS OKCHJIIB
azory.

1.5 Tlepekaaa Ta mepexkJaganbKuii anamis texery “To Fusion in
a Doublet”

3aBnanna 1. 3HaiijiTh aHIJIOMOBHI Ta  YKpaiHChKOMOBHI
BIJIMOBITHUKA BWUKOPHCTAHUM Vy TEKCTI TEpMiHaM Ta TEPMIiHOJOTiYHUM
CJIOBOCTIONYYEHHSIM y TaOIHIIi.

1. doublet a. TEPMOSIICPHHUI PeaKTop

2. magnetic bottle b. ribpuanuit saepHO-TEPMOSAEPHUI peakTop
3. thermonuclear reaction | c¢. 6manker, 000IOHKA

4. secondary d. popmyBau

5. current flow €. BTOPUHHE KOJIO

6. magnetic confinement f.(X0n0AMIIbHIIA) TETTIOHOCIH

7. fusion . JIUII0JIb

8. reaction chamber h. ynoBinbHIOBaY

9. fusion reactors i. TOPOI/IHE MAarHiTHE MoJje

10. fission reactor j. TEpMOsIZIEpHA peaKIlis

11. shaper k. Mar"iTHa «Iisikay, npoOKOTPOH
12. moderator 1. siepHMiA CUHTE3

13. blanket M. MarHiTHe 3aTpUMaHHs (IU1a3MH)
14. coolant N. eNEeKTPUYHUIN CTPYM

15. toroidal magnetic field | 0. peakmiiina kamepa

3apnanns 2. Ilpounraiite Tekct. Buznaute B HbOMY TepMiHH Ta
TEPMIHOJIOT1YHI CIIOBOCTIOJIyYEHHS, HE NPEACTaBJICHI y TMONEepPeIHbOMY
3apaanHi. [lepexnamiTh 1X  yKpaiHCBKOK  MOBOIO,  3a3HAYalOuu
BUKOPHUCTaHUH crocib mepeknaganbkoi Tpancopmalrii.
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TO FUSION IN A DOUBLET

Doublet 111 is unigue among large fusion machines. It is the largest
fusion machine in the world thus far to be funded for engineering and
construction. It is the only one which contains its plasma in a distinctively
noncircular cross section. Perhaps most significant, Doublet has been
developed in an industrial setting at General Atomic rather than in a
university or in a national laboratory where most fusion work has been
carried on in the past.

Doublet Il is shown schematically in Fig.1l, accompanied by
diagrams of two plasma configurations. The figure shows a noncircular
reaction chamber which is fixed in shape by the hot liner and the copper
field shaper. Later versions of the machine will use additional magnetic
fields instead to shape the plasma. This will make it easier to search for
optimum shapes than in a machine where solid walls have to be replaced.

How Doublet operates. When the B-coil is energized, it generates a
toroidal magnetic field. This field is essential for stability of the plasma.
When this field reaches a constant value, the reaction chamber is charged
with a neutral gas, usually hydrogen. Then a current pulse is run through
the E-coil to produce a toroidal electrical field. This accelerates the
electrons of the hydrogen gas atoms. With a proper field, the gas becomes
almost totally ionized, at which point it is called plasma.

Plasma is a good electrical conductor and when current flows in the
E-coil, the plasma responds like the secondary of a transformer with a
current flow of its own. The current in the plasma does two things — it heats
the plasma and it generates magnetic fields which serve to confine the
plasma. This is a key feature of this machine. It cannot have solid internal
coils so the plasma is used to conduct the current needed to confine it.

This is the magnetic bottle concept. The plasma is a conductor, and
when it tries to move in the magnetic field, it feels an opposing force. The
very clever thing the designer does is to shape the magnetic field so that no
matter which way the plasma tries to move, it experiences a force pushing
it back. This is important because the plasma is tenuous and if it drifts into
the wall, it loses its heat quickly. Good magnetic bottles are produced
today, but through the 1950s and well into the 1960s, the magnetic
confinement approach to fusion was plagued by bottles that leaked all their
plasma very quickly.

Fusion will take place in plasma if all the conditions are right and if
the plasma is composed of the right materials. The first problem is to
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achieve the right conditions. This is what the scientists think they are about
to achieve with the new plasma physics machines now coming along.

The right conditions involve the temperature of the plasma, its
density in particles per cc, and the time it can be contained for the fusion
reaction to take place. The threshold plasma temperature for self-sustaining
reactions is about 50,000,000 K. The particle density and confinement time
have a range of values — if one can be made higher, the other can be lower.
The product of density times time, however, must be 10* cm® — seconds at
50,000,000 K for a thermonuclear reaction.

Doublet 11 is designed for these conditions. It will use hydrogen gas
for its plasma. When it is brought to the proper combination of temperature,
density, and confinement, a fusion reactor will be simulated.

Plain hydrogen is a convenient material for these plasma physics
tests. Up to the point of combustion, it approximates the performance of its
two isotopes, deuterium and tritium, which will be used in fusion reactors.
There is no reaction, of course, with plain hydrogen, and no radioactivity.
Therefore, the machine is simpler and less expensive. It can be built faster,
which speeds up plasma research — a prerequisite for successful fusion
power reactions.

Suppose that after some optimizing of conditions and plasma shapes
has been done on Ill, the torus is charged with the proper amounts of
deuterium and tritium, and a fusion reaction is initiated. A great deal of
energy would be released, most of it in the form of neutrons at an energy of
14 mev. (This compares with 1-2 mev neutrons in the familiar fission
reactor). The other product of the reaction would be helium.

In a complete fusion reactor, the neutron energy would be captured
via moderator, blanket and coolant. 111, of course, has none of these, nor
does it have numerous other features of the complete fusion reactor.
Development of these lies ahead as the research successes in plasma
physics are consolidated, and work in the engineering areas of the program
is accelerated.

3apgmanna 3. Bu3HauHe, 4y Mae HEO3HAUCHUN Ta O3HAUYCHMI
apTUKIIb Y PEYCHHI JIOJAaTKOBE CMHUCJIOBE HABAHTAXCHHS, 1 MEPEKJIAIiTh
pEYCHHSL.

1. Later versions of the machine will use additional magnetic fields
instead to shape the plasma.

2. With a proper field, the gas becomes almost totally ionized.
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3. Therefore, the machine is simpler and less expensive.

4. Plain hydrogen is a convenient material for these plasma physics
tests.

5. The plasma is a conductor, and when it tries to move in the
magnetic field, it feels an opposing force.

6. This is a key feature of this machine.

7. Then a current pulse is run through the E-coil to produce a toroidal
electrical field.

3apnanns 4. Busznaure agekBaTtHuUil ciocib mepekiaay iMEHHUKIB Y
GyHKIIT JTIBOCTOPOHHBOTO O3HAa4YeHHS 1 3po0iTh mepeknax: plasma
configurations, particle density, confinement time, fusion power reactions,
plasma shapes, neutron energy, research successes, plasma physics.

3aBnannsa 5. 3BepHITh yBary Ha BUKOPWUCTaHI B TEKCTI MiIpsIIHI
03HAYyBAIIbHI PEUEHHS 1 IEPEKIIAIITh iX YKPaiHCHKOIO.

1. It is the only one which contains its plasma in a distinctively
noncircular cross section.

2. Doublet has been developed in an industrial setting at General
Atomic rather than in a university or in a national laboratory where most
fusion work has been carried on in the past.

3. The figure shows a noncircular reaction chamber which is fixed in
shape by the hot liner and the copper field shaper.

4. 1t generates magnetic fields which serve to confine the plasma.

5. The magnetic confinement approach to fusion was plagued by
bottles that leaked all their plasma very quickly.

3aBnannss 6. BusHaure cuHTakcH4yHy GYyHKIiIO 1HQIHITUBY Y
pedeHHi Ta 3po0iThk Tepekya 3 OTJsILy Ha 10 cenuiky.

1. It is the largest fusion machine in the world thus far to be funded
for engineering and construction.

2. This will make it easier to search for optimum shapes than in a
machine where solid walls have to be replaced.

3. Then a current pulse is run through the E-coil to produce a toroidal
electrical field.

4. It cannot have solid internal coils so the plasma is used to conduct
the current needed to confine it.

5. The very clever thing the designer does is to shape the magnetic
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field so that no matter which way the plasma tries to move, it experiences a
force pushing it back.

6. The first problem is to achieve the right conditions.

7. The right conditions involve the temperature of the plasma, its
density in particles per cc, and the time it can be contained for the fusion
reaction to take place.

3apnanns 7. 3po0iTh MMCHMOBHI Mepekiiaa TekcTy “To Fusion in a
Doublet”, 3Bepraroun yBary Ha OCOONMBOCTI Ta cCreiu(iky Mepexiamsy
JIEKCHYHUX, TPAMATHYHUX Ta CTUIIICTHYHUX KOHCTPYKIIIH.

3aBnanna 8. llepeknmamith TEKCT  aHTIIHCHKOIO  MOBOIO,
BUKOPHUCTOBYIOUH cremianbHy TEPMiHOJIOTIIO. IIpoxomenTyiite
BUKOpHUCTaHi TpaHchopmaliii.

TepMosiiepHi peakTopu epeBaXHO KIACU(PIKYIOTHCS BiMOBIAHO 0
TUIy «yTpumyBaHHs» (confinement) rapsiuoi r1na3mu. bBinbmiicts
JIOCII/DKEHb CTOCYIOThCS MATrHITHOTO YTPUMYBaHHS IUIa3Mu. B Takid
KOHCTPYKIII TOTYXHI MAarHiTH yTPUMYIOTH Tapsdy IUIa3My B IEHTpI
KaMepH, He JIAl04H Tii pyHHyBaTH Kamepy.

[HmMi monyNApHUK THUN yTPUMaHHS — II€ 1HEPUIHHUK peakTop,
HAWOUTBII IHTEHCUBHI JOCHI[DKEHHA II0 SKOMY BEAyTh aMepHUKaHCBHKi
HayKOBIl. B  HBOMY KpHUXITHI KYyJIbKH MaJBHOTO  («IIEJIETH)
BUCTPUTIOIOTBCS. B IEHTP KaMepH, Ta «OOCTPUIIOIOTHCS» TOTYXHHM
nazepoM. OCKIJIbKM KaMepa € MOPIBHSHO BEJMKOIO, IIIbHICTh €Heprii, 110
HarpiBa€ CTIHKM KaMepH, € HeIOCTaTHbOIO MJs iX pylHyBaHHS. IcHye
TaKOX PSJi MEHII TOIIMPEHUX METOJIB YTPUMaHHS IUIa3MH, HAIPUKIA,
pO3psia, e CTPYM IO MPOXOAUTH Yepe3 Miia3My reHepye BiacHE MarHiTHe
nojge, ab0 eJeKTPOCTaTHYHE YTPUMAaHHS, [J€ 10Hi30BaHA IIIa3Ma
YTPUMYETHCS CHJIOI0 €NIEKTPOCTATHYHOTO BIJIITOBXYBaHHS, SIK Y peaKTopi
®dapHcBopTa-Xipima.

Pi3Hi TMIIM peakTOpiB MarOTh CBOI MepeBaru Ta HexoJiku. Tokamaku
€ IMOBIPHO HaWKpalie AOCTI[DKCHHM THUIIOM, IO € HaHOIMmKIUM [0
NPaKTUYHOTO BHUKOPHCTaHHs. Peaktop 13 1HEpHIHHUM YTpUMaHHIM
NPOAYKY€E IJIa3My i3 HaWKpalluMH XapaKTepUCTHKaMHU, Ta € HaHKpamuMm
TUIIOM  pEaKkTopy  Ais  30pOMOBMX  JOCHIIKEHb, T'CHEpYyBaHHs
PEHTTeHIBCBKMX MPOMEHIB, HaaMaluX pPEakTOpiB Ta, IMOBIpHO, B
MalOyTHBOMY Ui KOCMIYHHX IOJBOTIB. PeakTopu mboro TUIy 3ajieXkarh


http://uk.wikipedia.org/w/index.php?title=%D0%A0%D0%B5%D0%B0%D0%BA%D1%82%D0%BE%D1%80_%D1%96%D0%B7_%D1%96%D0%BD%D0%B5%D1%80%D1%86%D1%96%D0%B9%D0%BD%D0%B8%D0%BC_%D1%83%D1%82%D1%80%D0%B8%D0%BC%D0%B0%D0%BD%D0%BD%D1%8F%D0%BC_%D0%BF%D0%BB%D0%B0%D0%B7
http://uk.wikipedia.org/w/index.php?title=%D0%A0%D0%B5%D0%B0%D0%BA%D1%82%D0%BE%D1%80_%D1%96%D0%B7_%D1%81%D0%B0%D0%BC%D0%BE%D1%81%D1%82%D1%8F%D0%B3%D1%83%D1%8E%D1%87%D0%B8%D0%BC%D1%81%D1%8F_%D1%80%D0%BE%D0%B7%D1%80%D1%8F%D0%B4%D0%BE%D0%BC&action
http://uk.wikipedia.org/w/index.php?title=%D0%A0%D0%B5%D0%B0%D0%BA%D1%82%D0%BE%D1%80_%D1%96%D0%B7_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%81%D1%82%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%BC_%D1%83%D1%82%D1%80%D0%B8%D0%BC%D0%B0%D0%BD%D0%BD%25
http://uk.wikipedia.org/wiki/%D0%86%D0%BE%D0%BD
http://uk.wikipedia.org/w/index.php?title=%D0%A0%D0%B5%D0%B0%D0%BA%D1%82%D0%BE%D1%80_%D0%A4%D0%B0%D1%80%D0%BD%D1%81%D0%B2%D0%BE%D1%80%D1%82%D0%B0-%D0%A5%D1%96%D1%80%D1%88%D0%B0&action=edit
http://uk.wikipedia.org/w/index.php?title=%D0%A0%D0%B5%D0%B0%D0%BA%D1%82%D0%BE%D1%80_%D0%A4%D0%B0%D1%80%D0%BD%D1%81%D0%B2%D0%BE%D1%80%D1%82%D0%B0-%D0%A5%D1%96%D1%80%D1%88%D0%B0&action=edit
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Ha manwBi y ¢opmi «memer» imeampHOi (OpMH, BHACHIIOK OOCTpLTY
HOTYXXHHMM JIa3epoM Ll opMa 03BOJISIE TEHEPYBATH CUMETPHUHY YAAPHY
XBUJIIO LI0 PO3irpiBa€ mMmanbHE 10 CTaHy AyKe IIijabHOI Tuia3mu. Ha
NPaKTULI Ll BUABUIOCH HAA3BUYANHO CKIIAHUM 3aBJaHHSIM.

PeakTopwm, 110 mparoroTh Ha CyMimIi AEWTEpir0 Ta TPUTIIO, MArOTh
psan HemommikiB. Peakmis mpoaykye 3HAYHY KUTBKICTH HEWUTPOHIB, IO
aKTUBYIOTh (PaliOaKTUBHO 3apa)kal0Th) pEaKTOp Ta TEIUIOOOMiHHUK.
HacmpaBmi, HEUTpOHHU IO 3'SIBISIIOTHECS B TPOIECI PeaKIlil MOTIMHAIOTHCS
3aXMCTOM PEAKTOpY, Ta TEIUIO L0 BUALISETHCS BUKOPHUCTOBYETHCS [UIS
HarpiBaHHs TEII000MiHHHKA, 110, CBOEIO 4eproto,
BUKOPUCTOBYBAaTHUMEThCSI Il 00epTaHHs TeHepaTopa. Takoxk BUMararoTbes
3aXO0JIM JJIS 3aXHCTY BiJl MOXKIIMBOTO BUTOKY PajlioaKTUBHOTO TPUTIIO.

Tinbku 6nmu3bko 20% eHeprii cuHTe3y € y hopMmi 3apsPKEHUX YaCTOK
(pemwita HEHTPOHM), MO OOMEXKYE MOXKIMUBICTH TPSMOTO TEPETBOPEHHS
eHeprii cuHTe3y B enekTpoeHeprito. Bukopucranas D-T peakmii 3anexuTh
BiJ HasBHUX 3amaciB JITIiIO, 110 € 3HAYHO OOMEXEHIIIMMH HIK 3aracu
neutepito. HelitponHe ompomineHHs mmig yac D-T peakiii HacTiabKu
3Ha4YHe, M0 micis nepmoi cepil TectiB Ha JET, HalibinpmoMy peakTopi Ha
CHOTOJTHIIITHIN JIEHb 110 BUKOPUCTOBYE II€ MAJIHBO, PEAKTOP CTaB HACTLIBKH
pPaaioaKTUBHUM, IIO JUIS 3aBEPIICHHS PIYHOTO IMKIY TECTIiB JIOBEIOCH
JI0JIaTH pOOOTH30BaHy CUCTEMY JUCTAHIITHOrO 00CITyrOByBaHHS.

IcHyIOTB, B TEOpii, aNbTepHATHBHI BUAM NAIBHOTO, 110 MT030aBIIeHI
BKa3aHUX  HEMOJIKiB. AJle 1X  BUKOPUCTAHHIO  MEPELIKOJKAE
¢dbyHnamenTanbHe ¢izuuHe oOMexeHHs. [l[o6 oTpumatH JgocTaTHIO
KUTBKICTh €Heprii i3 peakilii cHHTe3y, HEOOXiTHO yTPUMYBATH TOCTATHHO
mineHy MiasMy npu Temnepatypi cuutesy (10° K) mporsrom meBHOro
yacy. lle#i ¢GyHIaMeHTanbHHH acCIeKT CHHTE3Y OIUCYETHCS JOO0YTKOM
TYCTHHM TUIa3MH, N, HA Yac YTPUMaHHS HArpitoi IUIa3MHu, T, IO
BUMAraeTbCcsl JJIsl TOCATHEHHS TOYKM piBHOBaru. loOyTOK, nt, 3aJeKUTb
BiJl THIy MAJLHOTO 1 € (QYHKIIEI TeMIlepaTypH IUazMu. [3 ycix BHIIB
NALHOTO JISHTepili-TpUTiEBA CyMilll BUMara€ HaWHWKYOrO 3HAYEHHS NT
HIOHaMEHIlE Ha TOPSOOK, Ta HaWHIDKYY TeMIlepaTypy peakuii,
moHaliMenme B S5 paziB. Takum umHoM, D-T peakiis € HeoOXiTHUM
NEepUIMM ~ KPOKOM, OJIHaK BUKOPUCTAaHHS IHIIMX BWIIB  MAILHOTO
3aJIMILIAETHCS BAXKJIMBOIO METOIO IOCTIIKEHb.


http://uk.wikipedia.org/w/index.php?title=Joint_European_Torus&action=edit
http://uk.wikipedia.org/w/index.php?title=%D0%9F%D0%BB%D0%B0%D0%B7%D0%BC%D0%B0&action=edit
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2 XIMIA 1 ®I3UKA

2.1 Mepexnan Ta mepekJaganbkuii ananiz tekery “A Chemical
Reaction”

3apmannst 1. 3HaiiniTh aHTJIOMOBHI Ta  YKpaiHCBKOMOBHI
BIJIMOBIAHUKNA BHKOPHCTAaHUM Yy TEKCTI TEpMiHAM Ta TEPMiHOJOTIYHHM
CIIOBOCTIOTYYEHHSIM y TaOIHIII.

1. reactant a. XiMivHa CIOTyKa

2. chemical decomposition b. ximiyHa peyoBHHA

3. interconversion C. i0H

4. displacement d. karamizarop

5. chemical substance €. XiMiuHHii 3B'I30K

6. chemical equation f. reTeporeHHuit, HEOTHOPITHMIA
7. zero order reaction 0. XiMiYHE PO3KJIaJaHHs

8. enzyme h. oOmiH, peakitisi 0OMiHY

9. catalyst i. B3aEMOIICPETBOPCHHHSI

10. collision j. 3aMimneHHs

11. chemical bond K. ximiuHe piBHSHHS

12.ion |. peakiiis HyJIbOBOTO MOPSIIKY
13. heterogeneous M. peareHT, pearyryva peuoBHHA
14. metathesis N. 3iITKHEHHS

15. chemical compound 0. hepMeHT, eH3UM

3aBmanns 2. [lpounraiite Tekct. BuzHaute B HhOMY TEpMiHH Ta
TEPMIHOJIOTIUHI CJIOBOCHONYYEHHS, HE TMPEACTaBIeHI y TONEPeTHbOMY
3apmanHi. [lepexnmamiTh X  yKpalHCBKOIO  MOBOK,  3a3HAyarO4u
BUKOPHCTaHUH CIOCiO nepekiiaaanbkoi TpanchopMariii.
A CHEMICAL REACTION
A chemical reaction is a process that always results in the
interconversion of chemical substances. The substance or substances
initially involved in a chemical reaction are called reactants. Chemical
reactions are usually characterized by a chemical change, and they yield
one or more products which are, in general, different from the reactants.
Classically, chemical reactions encompass changes that strictly involve the
motion of electrons in the forming and breaking of chemical bonds,
although the general concept of a chemical reaction, in particular the notion



http://en.wikipedia.org/wiki/Chemical_decomposition
http://en.wikipedia.org/wiki/Chemical_equation
http://en.wikipedia.org/wiki/Catalyst
http://en.wikipedia.org/wiki/Chemical_substance
http://en.wikipedia.org/wiki/Reactants
http://en.wikipedia.org/wiki/Chemical_change
http://en.wikipedia.org/wiki/Product_%28chemistry%29
http://en.wikipedia.org/wiki/Electrons
http://en.wikipedia.org/wiki/Chemical_bond
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of a chemical equation, is applicable to transformations of elementary
particles, as well as nuclear reactions.

Different chemical reactions are used in combinations of chemical
synthesis in order to get a desired product. In biochemistry, series of
chemical reactions catalyzed by enzymes form metabolic pathways, by
which syntheses and decompositions ordinarily impossible in conditions
within a cell are performed.

The large diversity of chemical reactions and approaches to their
study results in the existence of several concurring, often overlapping, ways
of classifying them. Below are examples of widely used terms for
describing common kinds of reactions.

e Isomerisation, in which a chemical compound undergoes a
structural rearrangement without any change in its net atomic composition;

e Direct combination or synthesis, in which two or more chemical
elements or compounds unite to form a more complex product:

N2 + 3 H2 — 2 NH3

e Chemical decomposition or analysis, in which a compound is
decomposed into smaller compounds or elements:

2 Hzo —2 H2 + 02

« Single displacement or substitution, characterized by an element
being displaced out of a compound by a more reactive element:

2 Na(s) + 2 HCI(aq) — 2 NaCl(aq) + H,(g)

o Metathesis or Double displacement reaction, in which two
compounds exchange ions or bonds to form different compounds:

NaCl(aqg) + AgNO3(aq) — NaNOz(aq) + AgCI(s)

Acid-base reactions, broadly characterized as reactions between an
acid and a base, can have different definitions depending on the acid-base
concept employed.

Organic reactions encompass a wide assortment of reactions
involving compounds which have carbon as the main element in their
molecular structure. The reactions in which an organic compound may take
part are largely defined by its functional groups.

Reactions can also be classified according to their mechanism, some
typical examples being:

 Reactions of ions, e.g. disproportionation of hypochlorite

e Reactions with reactive ionic intermediates, e.g. reactions of
enolates

 Radical reactions, e.g. combustion at high temperature
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« Reactions of carbenes

The rate of a chemical reaction is a measure of how the concentration
or pressure of the involved substances changes with time. Analysis of
reaction rates is important for several applications, such as in chemical
engineering or in chemical equilibrium study. Rates of reaction depends
basically on:

« Reactant concentrations, which usually make the reaction happen at
a faster rate if raised through increased collisions per unit time,

e Surface area available for contact between the reactants, in
particular solid ones in heterogeneous systems. Larger surface area leads to
higher reaction rates.

e Pressure, by increasing the pressure, you decrease the volume
between molecules. This will increase the frequency of collisions of
molecules.

e Activation energy, which is defined as the amount of energy
required to make the reaction start and carry on spontaneously. Higher
activation energy implies that the reactants need more energy to start than a
reaction with lower activation energy.

e Temperature, which hastens reactions if raised, since higher
temperature increases the energy of the molecules, creating more collisions
per unit time,

e The presence or absence of a catalyst. Catalysts are substances
which change the pathway (mechanism) of a reaction which in turn
increases the speed of a reaction by lowering the activation energy needed
for the reaction to take place. A catalyst is not destroyed or changed during
a reaction, so it can be used again.

e For some reactions, the presence of electromagnetic radiation, most
notably ultra violet, is needed to promote the breaking of bonds to start the
reaction. This is particularly true for reactions involving radicals.

Reaction rates are related to the concentrations of substances
involved in reactions, as quantified by the rate law of each reaction. Note
that some reactions have rates that are independent of reactant
concentrations. These are called zero order reactions.

3apnanns 3. Busnaure agexkBatHuil cioci6 nepekiaay iMEHHUKIB Y
¢GyHKIIT JTIBOCTOPOHHBOIO O3HAa4YeHHS 1 3poliTh nepeknan: double
displacement reaction, acid-base concept, reaction rate, reactant
concentration, surface area, activation energy, rate law, reactant
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concentration.

3aBnanns 4. 3BepHITH yBary Ha BHKOPHCTaHI B TEKCTI MiApSAHI
03HAaYYBaJIbHI peUeHHS 1 MEPEKIAiTh iX YKpaiHCHKOIO.

1. A chemical reaction is a process that always results in the
interconversion of chemical substances.

2. Chemical reactions are usually characterized by a chemical
change, and they yield one or more products which are, in general, different
from the reactants.

3. Chemical reactions encompass changes that strictly involve the
motion of electrons in the forming and breaking of chemical bonds.

4. The reactions in which an organic compound may take part are
largely defined by its functional groups.

5. Rates of reaction depends on reactant concentrations, which
usually make the reaction happen at a faster rate if raised through increased
collisions per unit time.

6. Catalysts are substances which change the pathway of a reaction
which in turn increases the speed of a reaction by lowering the activation
energy needed for the reaction to take place.

3aBmannst 5. 3BepHITH yBary Ha BHUKOPHCTaHI B MpPEJCTaBICHUX
3pa3Kax O3HAYCHHA, BKa)KiTB, YUM BOHHU BI/Ipa)KeHi, Ta 3p06iTI> MNEepeKIIana.

1. In biochemistry, series of chemical reactions catalyzed by
enzymes form metabolic pathways, by which syntheses and
decompositions ordinarily impossible in conditions within a cell are
performed.

2. Single displacement or substitution, characterized by an element
being displaced out of a compound by a more reactive element: 2 Na(s) + 2
HCl(ag) — 2 NaCl(aq) + H,(g).

3. Acid-base reactions, broadly characterized as reactions between an
acid and a base, can have different definitions depending on the acid-base
concept employed.

4. Organic reactions encompass a wide assortment of reactions
involving compounds which have carbon as the main element in their
molecular structure.

5. Activation energy is defined as the amount of energy required to
make the reaction start and carry on spontaneously.

6. This is particularly true for reactions involving radicals.
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7. Reaction rates are related to the concentrations of substances
involved in reactions, as quantified by the rate law of each reaction.

3aBnanns 6. Bmsnaure cuHTakcuuHy (QyHKLOiI0 iHQIHITHBY B
MIPEICTaBICHNX 3pa3Kax Ta 3p00iTh epeKiaa 3 OTJIsAY Ha IO Creln]iKy.

1. Different chemical reactions are used in combinations of chemical
synthesis in order to get a desired product.

2. Direct combination or synthesis, in which two or more chemical
elements or compounds unite to form a more complex product: N, + 3 H,
— 2 NH;.

3. Metathesis or Double displacement reaction, in which two
compounds exchange ions or bonds to form different compounds: NaCl(aq)
+ AgNO3(aq) — NaNOs(aq) + AgCI(s).

4. For some reactions, the presence of electromagnetic radiation,
most notably ultra violet, is needed to promote the breaking of bonds to
start the reaction.

5. Higher activation energy implies that the reactants need more
energy to start than a reaction with lower activation energy.

3apaanns 7. 3po0OiTh muchkMOBHIA mepeknan tekcry “A Chemical
Reaction”, 3Bepratoun yBary Ha OCOOJMBOCTI Ta crerudiky mepexiasy
JIEKCHYHHX, TPAMATHYHHUX Ta CTHIICTHYHUX KOHCTPYKILii.

3aBnanns 8. llepexnamith TEKCT  aHIVIIACHKOO  MOBOIO,
BUKOPUCTOBYIOUH crenianbHy TEPMIHOJIOT1FO. ITpoxomenTyiite
BUKOPHCTaHI TpaHCopMaIlii.

Monekyna ¢gropoBoanto HF ckiamaeTscst 3 aTOMIB Pi3HUX XIMIYHHX
€JIEMEHTIB, ase o0u1Ba BOHM — HeMmeTand. OTxe, 3B'SI30K MK HUMH
KOBAJIICHTHUH, alle JyXe TOJSIPHHUHA, OCKUIBKH eleKTPOHEraTUBHICTh
Onyopy 3Ha4HO BHIIA, HiX [igporeny. Cuiy 34eTieHHS MK TOJSPHUMH
MonekyiamMu  ¢ropoBogHro HF  Oinbmii, HDK MDK — HENOJISIPHUMHU
Mmonekyinamu ¢ropy F2, tomy Temmepatypa minaBneHHs ¢propoBonHio HF
NOBHMHHA OyTH BUIIOIO, HiX y (ropy F2, ane Habararo HWXYOIO, HIX Y
¢ropuny Hatpito NaF, 6o 1ie iioHHa croyka.

A KOJM BM IOYAJIH BUBYEHHS OPTaHIYHHUX CIIOJIYK, TO OMITHIIH, 11O
3aJIeXKHICTh BJIACTHBOCTEH PEUOBHH BiJl IXHBOI'O CKJIay 1 OyI0BH O0COOJINBO
SICKPaBO BHSBISIETHLCS HA MPHUKIIAJl OPTaHIYHUX PEYOBHH. BusBneHHIO 11i€i


http://en.wikipedia.org/wiki/Concentrations
http://en.wikipedia.org/wiki/Rate_equation
http://en.wikipedia.org/wiki/Chemical_synthesis
http://en.wikipedia.org/wiki/Chemical_synthesis
http://en.wikipedia.org/wiki/Combination_reaction
http://en.wikipedia.org/wiki/Chemical_synthesis
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Ammonia
http://en.wikipedia.org/wiki/Metathesis_reaction_%28chemistry%29
http://en.wikipedia.org/wiki/Ion
http://en.wikipedia.org/wiki/Silver_nitrate
http://en.wikipedia.org/wiki/Sodium_nitrate
http://en.wikipedia.org/wiki/Silver_chloride
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Ultra_violet

37

3aKOHOMIPHOCTI CHpHUsi€ Teopis XiMIYHOi Oy/TOBH, Ha OCHOBI SIKOi BH
BHBYAIIM OPraHivHiI crioyku. L[5 Teopis 1 po3kpuira HOBY CTOPIHKY 3B'SI3KY
MIX CKJIaZIOM, OyIOBOKO 1 BIACTHBOCTSIMH PEUYOBHUH.

Tak, HampukiIaja, SKIIO BaM MPONOHYIOTh MOPIBHATH BIACTHBOCTI
nporineny C3H6 i mponmany C3HS8, To BU mepemycim 3BepTaeTe yBary Ha
ckimax i OymoBy HWX cCHONyK. SIKICHMM CKiTaj, y HUX OJHAKOBHIA: IIi
peUOBHHHU CcKIagaoThess 3 atomiB KapGony i [imporeHy, a kinbKicHUi
CKJIaJl pi3HWH: HA ONHY W Ty camy Kinbkicth aromiB KapOony (Ha Tpm)
mpuIajgae pizHa KiabKicTh atomiB ligporeny (6 i 8). Omxke, y Monekymi
NpPOMiJICHY HE BHCTAada€e JTBOX aToMiB ['igporeHy 10 MOBHOTO HACHYECHHS
BCiX BalieHTHOCTel aToMiB KapOony. lle o3Hauae, 1mo mpomiieH — Iie
HEHACHYEHUH BYTIJIEBOICHD 3 OAHUM moaBiitHNM 3B's13koM CH3 - CH=CH2.
Y Mosekysi K TpOMaHy BCi BaJeHTHOCTI aToMiB KapOoHy MOBHICTIO
HacHYeHi aToMaMu [iporeHny, ToMy 3B'SI3KH B HOTO MOJIEKYJIi OpJHHAPHI,
o610 mpocti CH3—CH2—CH3.

BigmiaHicTe y OyIOBI MOJNEKYNl I[HX BYTJIEBOIHIB 3YMOBIIOE
BIIMIHHICTh 1 B IXHIX XIMIYHHUX BJIACTHBOCTSX. Tak, MPOMIJIEH JIETKO
OKHCHIOEThCA TepMaHTaHaToM kKamiro KMnO4 (cdiomeroe 3abapBieHHS
PO3YMHY IIBUJIKO 3HHUKAE), a TIPOIAH, Oy Iy4n HACHYCHUM BYTJICBOIHEM, 32
IUX YMOB HE OKHUCHIOETBCSL.

2.2 Tlepeknag Ta  mepekaaalbKuili  aHAmi3  TeKCTY
“Stereochemistry”

3aBnanna 1. 3HaiimiTe aHTTIOMOBHI Ta  YKpaiHChKOMOBHI
BIJIMTOBIIHUKA BHKOPHCTAaHUM Y TEKCTI TEpMiHAM Ta TEPMiHOJOTIYHHM
CJIOBOCHIOTYYEHHSIM Y TaOJIHII.

1. stereochemistry a. ONTHYHA i30Mepist

2. supramolecular b. nuc-rpancusomep

3. property C. MiKHapogHHII COFO3 TEOPETHYHOI Ta
MPUKIATHOT XiMil

4. tartaric acid d. HagMONEeK YIS pHUIA

5. plane polarized light €. ajmidaTuyHe Kijbple

6. optical isomerism f. BUHHA KHCIIOTa

7. priority rule g. eHaHTIOMep, ONTHYHHH 130Mep

8. racemization h. npaBuI0 pH3HAYEHHS IPHOPITETIB
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9. chirality I. crepeoxiMisi

10. cis-trans isomer j. koHpopmMep (KoH(OPMAIIHHUI i30Mep)
11. aliphatic ring K. mackomossipu3oBaHe CBITIO

12. IUPAC |. n3epkanbHe BinoOpaxeHHs (300pakeHHs)
13. conformer m. paremizaitis

14. enantiomer N. XipaJbHICTh

15. mirror image 0. BIIACTHBICTb

3aBnannsa 2. [Ipounraiite Tekct. Bu3HauTe B HBOMY TEpMiHU Ta
TepMiHOJ'IOFi‘IHi CJIOBOCIIOJIYYCHHS, HC HpeILCTaBJ'ICHi Yy nOonepeaHbomMy
3aBmaHHi. llepexmanmiTe 1X  yKpaiHCBKOIO  MOBOIO,  3a3HAYalOuu
BUKOPHCTaHUH CIOCiO nepekiiaaanbkoi TpanchopMariii.

STEREOCHEMISTRY

Stereochemistry, a subdiscipline of chemistry, involves the study of
the relative spatial arrangement of atoms within molecules. An important
branch of stereochemistry is the study of chiral molecules.

Stereochemistry is a hugely important facet of chemistry and the
study of stereochemical problems spans the entire range of organic,
inorganic, biological, physical and supramolecular chemistries.

Stereochemistry includes methods for determining and describing
these relationships; the effect on the physical or biological properties these
relationships impart upon the molecules in question, and the manner in
which these relationships influence the reactivity of the molecules in
guestion (dynamic stereochemistry).

Louis Pasteur could rightly be described as the first stereochemist,
having observed in 1849 that salts of tartaric acid collected from wine
production vessels could rotate plane polarized light, but that salts from
other sources did not. This property, the only physical property in which
the two types of tartrate salts differed, is due to optical isomerism. In 1874,
Jacobus Henricus van Hoff and Joseph Le Bel explained optical activity in
terms of the tetrahedral arrangement of the atoms bound to carbon.

One of the most infamous demonstrations of the significance of
stereochemistry was the thalidomide disaster. Thalidomide is a drug, first
prepared in 1957 in Germany, prescribed for treating morning sickness in
pregnant women. The drug however was discovered to cause deformation
in babies. It was discovered that one optical isomer of the drug was safe
while the other had teratogenic effects, causing serious genetic damage to
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early embryonic growth and development. In the human body, thalidomide
undergoes racemization: even if only one of the two stereoisomers is
ingested, the other one is produced. Thalidomide is currently used as a
treatment for leprosy and must be used with contraceptives in women to
prevent pregnancy-related deformations. This disaster was a driving force
behind requiring strict testing of drugs before making them available to the
public.

Cahn-Ingold-Prelog priority rules are part of a system for describing
a molecule's stereochemistry. They rank the atoms around a stereocenter in
a standard way, allowing the relative position of these atoms in the
molecule to be described unambiguously. A Fischer projection is a
simplified way to depict the stereochemistry around a stereocenter.

Types of stereoisomerism are: atropisomerism, cis-trans isomerism,
conformational isomerism, diastereomers, enantiomers, rotamers.

Atropisomers are stereoisomers resulting from hindered rotation
about single bonds where the steric strain barrier to rotation is high enough
to allow for the isolation of the conformers. The word atropisomer is
derived from the Greek. The name was coined by Kuhn in 1933, but
atropisomerism was first detected in 6,6’-dinitro-2,2’-diphenic acid by
Cristie in 1922.

Oki defined atropisomers as conformers that interconvert with a half-
life of more than 1000 seconds at a given temperature. Atropisomers are an
important class of compounds because they display axial chirality. They
differ from other chiral compounds in that they can be equilibrated
thermally whereas in the other forms of chirality isomerization is usually
only possible chemically.

The most important class of atropisomers are biaryls such as the
aforementioned diphenic acid which is a derivative of biphenyl with a
complete set of ortho substituents. Others are dimers of naphthalene
derivatives such as 1,1'-bi-2-naphthol. In a similar way aliphatic ring
systems like cyclohexanes linked through a single bond may display
atropisomerism provided that bulky substituents are present.

Cis-trans isomerism (or geometric isomerism or configuration
isomerism) is a form of stereoisomerism describing the orientation of
functional groups within a molecule. In general, such isomers contain
double bonds, which cannot rotate, but they can also arise from ring
structures, wherein the rotation of bonds is greatly restricted.
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The term "geometric isomerism™ is considered an obsolete synonym
of "cis-trans isomerism™ by IUPAC. It is sometimes used as a synonym for
general stereoisomerism (e.g., optical isomerism being called geometric
isomerism); the correct term for non-optical stereoisomerism is
diastereomerism.

There are two forms of a cis-trans isomer, the cis and trans versions.
When the substituent groups are oriented in the same direction, the
diastereomer is referred to as cis, whereas, when the substituents are
oriented in opposing directions, the diastereomer is referred to as trans. An
example of a small hydrocarbon displaying cis-trans isomerism is 2-butene.

Conformational isomerism is a form of stereoisomerism involving
the phenomenon of molecules with the same structural formula existing as
different conformational isomers or conformers due to atoms rotating about
a bond. Different conformers can interconvert by rotation around single
bonds, without breaking chemical bonds. The existence of more than one
conformation, usually with different energies, is due to hindered rotation.
The comparative stabilities of different conformers of a molecule are
usually explained through differences in a combination of steric repulsion
and electronic effects. A simplified example is that of a butane molecule
viewed in the Newman projection shown - i.e. as if viewed down the
central C-C bond with relative rotations of C? and C3 illustrated. Rotamers
are conformers that differ only by rotation along one single bond. The
rotation barrier is the activation energy required to jump from one
conformer to another conformer.

Two important forms of conformational isomerism exist:

1. Linear alkane conformations with staggered, eclipsed and
gauche conformers;

2. Cyclohexane conformations with chair and boat conformers.

Another example of conformational isomerism is the folding of
molecules, where some shapes are stable and functional, but others are not.
Conformational isomerism is also found in atropisomers.

Diastereomers (or diasterecisomers) are stereoisomers that are not
enantiomers  (nonsuperimposable mirror images of each other).
Diastereomers can have different physical properties and different
reactivity. In another definition diastereomers are pairs of isomers that have
opposite configurations at one or more of the chiral centers but are not
mirror images of each other.
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In simpler terms two stereoisomers are said to be diastereoisomers if
they are not mirror images of each other and one or more stereogenic
centres differ between the two stereoisomers. According to this same
definition, cis-trans isomerism is a form of diastereomerism.

If a molecule contains a single asymmetric carbon atom or
stereocenter, it will have two mirror image forms. If a molecule contains
two asymmetric carbons, there are up to 4 possible configurations, and they
cannot all be mirror images of each other. The possibilities continue to
multiply as there are more asymmetric centers in a molecule. In general, the
number of diastereomers of a molecule can be determined by calculating
2", where n = the number of chiral centers in the molecule. This holds true
except in cases where the molecule has meso forms.

Tartaric acid contains two asymmetric centers, but two of the
"isomers" are equivalent and together are called a meso compound. This
configuration is not optically active, while the remaining two isomers are
D- and L- mirror images, i.e. enantiomers. The meso form is a diastereomer
of the other forms.

Enantiomers is one of two stereoisomers that are nonsuperimposable
complete mirror images of each other, much as one's left and right hands
are "the same™ but opposite. Enantiopure compounds refer to a sample
having within the limits of detection molecules of only one chirality.

Enantiomers have, when present in a symmetric environment,
identical chemical and physical properties except for their ability to rotate
plane-polarized light by equal amounts but in opposite directions. A
mixture of equal parts of an optically active isomer and its enantiomer is
termed racemic and has a net rotation of plane-polarized light of zero.

Two symmetrical enantiomers often do have different chemical
properties related to other substances that are also enantiomers. Since many
molecules in the bodies of living beings are enantiomers themselves, there
is often a marked difference in the effects of two symmetrical enantiomers
on living beings, including human beings.

3apnanns 3. Busnaurte cuHTakcmuHy QyHkuio Participle Il y
HAJIaHUX PEYCHHSIX 1 MePEKIIaiTh iX YKPaiHCHKOIO.

1. Louis Pasteur observed in 1849 that salts of tartaric acid collected
from wine production vessels could rotate plane polarized light, but that
salts from other sources did not.
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2. In 1874, Jacobus Henricus van Hoff and Joseph Le Bel explained
optical activity in terms of the tetrahedral arrangement of the atoms bound
to carbon.

3. Thalidomide is a drug, first prepared in 1957 in Germany.

4. There is often a marked difference in the effects of two
symmetrical enantiomers on living beings, including human beings.

5. Two symmetrical enantiomers often do have different chemical
properties related to other substances that are also enantiomers.

6. The most important class of atropisomers are biaryls such as the
aforementioned diphenic acid.

7. In a similar way aliphatic ring systems like cyclohexanes linked
through a single bond may display atropisomerism provided that bulky
substituents are present.

8. The existence of more than one conformation, usually with
different energies, is due to hindered rotation.

9. A simplified example is that of a butane molecule viewed in the
Newman projection shown - i.e. as if viewed down the central C-C bond
with relative rotations of C? and C? illustrated.

10. The rotation barrier is the activation energy required to jump
from one conformer to another conformer.

3aBnannsa 4. 3HaWIITe Y TEKCTI MiIPsIHI O3HAYYBaJdbHI peueHHS i
nepeKyIaiTh iX yKpaiHCHKOIO.

3aBnanna 5. BkaxiTe cuHTaKcW4Hy (QYHKIIIO BHIIJICHHX CIIB,
3a3Ha4yTC, YMM BOHHU BI/Ipa)KeHi, Ta HepeKJ’[a,I[iTL PECUYCHHA.

1. Stereochemistry includes methods for determining and
describing these relationships.

2. Thalidomide is a drug, prescribed for treating morning sickness in
pregnant women.

3. It was discovered that one optical isomer of the drug was safe
while the other had teratogenic effects, causing serious genetic damage to
early embryonic growth and development.

4. This disaster was a driving force behind requiring strict testing
of drugs before making them available to the public.

5. Cahn-Ingold-Prelog priority rules are part of a system for
describing a molecule's stereochemistry.

6. Many molecules in the bodies of living beings are enantiomers
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themselves.

7. Atropisomers are stereoisomers resulting from hindered rotation
about single bonds.

8. Cis-trans isomerism is a form of stereoisomerism describing the
orientation of functional groups within a molecule.

9. When the substituents are oriented in opposing directions, the
diastereomer is referred to as trans.

10. An example of a small hydrocarbon displaying cis-trans
isomerism is 2-butene.

11. Conformational isomerism is a form of stereoisomerism
involving the phenomenon of molecules with the same structural formula
existing as different conformational isomers or conformers due to atoms
rotating about a bond.

12. Different conformers can interconvert by rotation around single
bonds, without breaking chemical bonds.

13. Another example of conformational isomerism is the folding of
molecules, where some shapes are stable and functional, but others are not.

14. This configuration is not optically active, while the remaining
two isomers are D- and L- mirror images.

15. Enantiopure compounds refer to a sample having within the
limits of detection molecules of only one chirality.

3aBmanns 6. Bkaxite cuHTakcHuHy (QyHKIIIO iHOIHITHBY Y peUeHHI
Ta 3po0iTh Mepekia] yKpaiHChKOI0.

1. The drug however was discovered to cause deformation in babies.

2. Thalidomide is currently used as a treatment for leprosy and must
be used with contraceptives in women to prevent pregnancy-related
deformations.

3. They rank the atoms around a stereocenter in a standard way,
allowing the relative position of these atoms in the molecule to be
described unambiguously.

4. A Fischer projection is a simplified way to depict the
stereochemistry around a stereocenter.

5. The steric strain barrier to rotation is high enough to allow for the
isolation of the conformers.

6. The rotation barrier is the activation energy required to jump from
one conformer to another conformer.

7. In simpler terms two stereoisomers are said to be diastereoisomers
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if they are not mirror images of each other and one or more stereogenic
centres differ between the two sterecisomers.

8. The possibilities continue to multiply as there are more
asymmetric centers in a molecule.

9. Enantiomers have identical chemical and physical properties
except for their ability to rotate plane-polarized light by equal amounts but
in opposite directions.

3aBnannsa 7. 3pobiTh  THCBMOBWH  TEpEeKNIal]  TEKCTY
“Stereochemistry”, 3Bepratoum yBary Ha O0cCOONMBOCTI Ta crenudiky
nepeKiIany JISKCHYHUX, TPAMAaTHYHHX Ta CTUIIICTHYHUX KOHCTPYKIIIH.

3aBnanns 8. llepexnamiTh TEKCT  aHIVIIHACBKOO  MOBOIO,
BUKOPHUCTOBYIOUH cremianbHy TEPMiHOJIOT1IO. [IpokomenTyiiTe
BUKOPHCTaHI TpaHcopMaIlii.

OnTtryHi i30MepH BIHOCATH 10 CTEpeoizoMepiB. Ajie Ha BiAMIHY BiJ
IIUC-TPAaHC-130MePiB, TEMIIEPaTypH TOIUICHHS W KUITIHHA, TYCTHHA Ta 1HIII
BJIACTHBOCTI ONTHYHHUX i30MepiB OMHAKOBi. BOHM BiApI3HSIOTHCA JIHIIIE
AKTHBHICTIO BiJTHOCHO TUIOCKOITOJIIPH30BAHOI'0 CBITIIA. 3IaTHICTh 00CpTaTH
TUTOIIMHY TIOJISIpH3allii TOISAPU30BaHHOTO CBiTJa OyJia Ha3BaHA ONMUYHOIO
AKMUeHicmio, a caMi PEUYOBUHU - ONMUYHO AKMUGHUMU. SIBUILE ONITUYHOT
AKTUBHOCTI IOIIMpPEHE CepeJl OpPraHidYHWX PEUOBHH  MPUPOIHOTO
MOXOJKCHHSI (OKCUKUCIIOTH, aMiHOKHCJIOTH, BYTJICBOIM, OIIKH, HYKJIECTHOBI
kucnotn). lle sBume Mae Benuke Oi0JIOTiYHE 3HAYEHHS, OCKUIBKH
NOB’s3aHE 3 ACHMETPI€I0 PEYOBHH, MO BXOJATH IO CKIALy >KUBHX
opranizmiB. ONTHYHO aKTUBHI PEYOBHMHH ICHYIOTH y BHIJISAJI ONTHYHUX
i3omepiB: mpaBux (+)-bopm (koHpirypamiit) 1 miBux  (-)-popm
(koH(iryparii), TOOTO y BHINISII CTEPEOi30MEpIB, SKi BiIAPI3HIIOTHCS
PI3HUM PO3MIIIIEHHSIM JIIFAHIB Y TPOCTOPi HABKOJIO aCHMETPUIHOTO aToMa
C". ATOoM Byr7em 3 4YOTHPMA pi3HMMH 3aMiCHHKaMmu (yiraHzamm)
Ha3UBAIOTh acumempuunum (IO3HAYAETHCS 3ipoukoro C*).

OnrtuyHi i30MepH 1I€ TaKOX HA3MBAIOTh ONTUYHUMH aHTHIIOJAMHU
a00 enanmiomepamu. EHaHTiOMEpH MalOTh OJHAKOBI XIMiYHI BJIACTHBOCTI
A BIAPI3HAIOTBCS JIMIIE PEaKUidHO 3JaTHICTIO BiAHOCHO ONTHYHO
aKTUBHMX peareHTiB. IIpaBwuii i niBHi cTepeoizoMepH A3epKaIbHO MOAiOHI
Mk co0010, ajiie He CYMICHI, SIK HE MOXKHA CYMICTHUTH TIpaBy i JIBY PYKY,
TOMY TaKi MOJICKYJH Ha3UBaIOTh ILIe Xipaivhumu (BiI TpelbK. “xipoc” -
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pyka) abo ewnammiomepamu (BiL TPEUbK. ‘“‘enammioc” -npomunexcruil).
IIpukmamom ontudHOi i30Mepii MOXyTh OyTu 1BI (OpMH MOIOYHOT
kucnoTu (2-rigpokcuriponanoBoi). Oana 3 ¢opm, mo obepTae MIOMUHY
noJiipu3allii CBiTa BIiBO (IPOTH TOJUHHUKOBOI CTPLJIKH), Ma€ Ha3BYy
JiBooOepTarouoi (-) MOJIOYHOI KHCIOTH, a iHIIA, ska 00epTae IUIONINHY
MOJISAIpH3aIlil Ha TaKW XK€ KyT, ajle BIPaBO (3a TOOJUHHUKOBOIO CTPIIKOIO),
Ma€ Ha3By IpaBooOepTarouoi (+) MOJIOYHOT KUCIIOTH.

Ilpu 3minryBaHHI PIBHOMOJISIPHUX KiTbKOCTEH (+)- 1 (-)-i30MepHHX
(hopM YTBOPIOIOTBCS ONTHYHO HEAKTUBHI (HEMisUTbHI) CHOIMYKH -
payemamu, SKi TO3Ha4alOThbcs 3Ha4koM I. Ilpu HasBHOCTI B MoJeky:mi
OpraHiyHoi pe4yOBHMHHM N aCHMETPHUYHHUX BYIJICHEBUX aTOMIB KiJIbKICTh
IPOCTOPOBHX  130MepiB  BU3HA4aeThca  (QopMynoro 2",  HampHKIaz,
MOHOECTEpP BUHHOI KHCIIOTH Ma€ YOTHPH CTEPEOi30MEPH.

2.3 Tlepexiag Ta nepexjafanbKHili aHaXi3 Tekcry “Smooth
Operator”

3aBnanna 1. 3mHaiimiTe aHTTIOMOBHI Ta  YKpaiHCBKOMOBHI
BIJIMOBIIHUKNA BHKOPHCTAaHUM Y TEKCTI TEpMiHAM Ta TEPMiHOJOTIYHUM
CJIOBOCIIOTYYEHHSIM Y TaOJIHII.

1. graphite a. KBa3iuacTHHKA

2. graphene b. rpadin

3. lubricant C. eext Xona

4. buckyball d. 3ma3ka

5. pencil lead €. MIacTHHA

6. theory of relativity f. rpadir

7. wafer g. cybaTOMHa YaCTHHKA
8. the Hall effect h. dbynepen

9. quasiparticle i. pepmioH, pepMi-yacTHHKU
10. fermion J. TEOpis BiTHOCHOCTI
11. subatomic particle K. oniBueBuii rpudens

3aBmanns 2. [lpounraiite Tekct. BuzHaute B HhOMY TEpMiHH Ta
TEPMIHOJIOTIYHI CJIOBOCIIONYYEHHS, HE MpPEACTAaBICHI y IONEPEIHBOMY
3aBmanHi. [lepexnmanmith X  yKpaiHCBKOIO ~ MOBOIO,  3a3HAYal0uu
BUKOPHUCTaHUI CIIOCIO mepeKnaianbkol Tpanchopmallii.
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SMOOTH OPERATOR

Diamonds are forever, or so the saying goes. But the most stable
form of carbon is actually graphite. Until recently, graphite was regarded as
rather a dull substance — fit for making pencil leads and lubricants,
certainly, but not the stuff of Nobel prizes. However, a session at the
American Physical Society meeting held this week in Baltimore, on a
newly discovered form of graphite called graphene, showed how wrong
that prejudice was.

Graphene was first made in 2004, by Andre Geim of the University
of Manchester, in Britain. The material completes a set. Until 1985,
graphite was known only as bulky crystals. Such crystals can extend
indefinitely in all three dimensions. In that year, though, buckyballs (or
buckminsterfullerenes, to give their proper name) were discovered — and
shortly afterwards they were followed by buckytubes. In essence, these
forms of carbon are zero- and one-dimensional versions of graphite, since
buckyballs are individual molecules composed of exactly 60 carbon atoms
that cannot extend themselves in any dimension, and buckytubes are
molecular cylinders that can extend only along their lengths. Graphene is
the two-dimensional counterpart of these, consisting of carbon sheets just a
few atoms deep that can extend along all their edges.

Unlike buckyballs and buckytubes, which engineers spent a long
time struggling to commercialise, graphene may head quite rapidly to
market. That is because it is an amazingly good conductor of electricity.
Electrons travel through it so fast that their behaviour is governed by the
theory of relativity rather than classical physics. (Relativity becomes
important as an object's speed approaches that of light.) That, combined
with graphene's chemical stability (it fails to react with the gases and
moisture present in air at room temperature) makes it an attractive material
for electronics. If ribbons of graphene could be created on an industrial
scale, they would make superb connections inside computer chips. Such
chips would be smaller and faster than anything yet seen.

Which is exactly what Walt de Heer of the Georgia Institute of
Technology, has in mind. He described to the meeting how his team uses
established microelectronic-manufacturing techniques to add graphene
interconnections to computer chips. He thinks that large-scale production of
graphene wafers will soon be feasible, with an experimental graphene tran-
sistor expected within six months.

What really tickled the meeting's fancy, though, was not better chips,
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but a phenomenon that makes graphene truly unique. For Dr Geim has
shown that it demonstrates a characteristic never seen before in any
material — and one that challenges the fundamental laws of physics.

In 1879, a physicist called Edwin Hall discovered a phenomenon
now known as the Hall effect. If a thin sheet of conductive material
carrying an electric current is placed in a magnetic field, the electrons
forming the current will be pushed towards one of the faces of the sheet,
creating a pool of electrical charge there.

The Hall effect is now the stuff of school physics lessons. But at
smaller scales, such as those involving graphene, quantum theory comes
into play. Instead of being merely pushed aside, the electrons are forced to
move in circular orbits. Those orbits, moreover, are constrained to have
particular radiuses, and thus particular energy levels. This leads to the so-
called quantum Hall effect.

Even that, however, is familiar ground for undergraduates. What Dr
Geim, in collaboration with Philip Kim of Columbia University, in New
York, has done, is to show that in graphene the Hall effect is not merely
guantum, but relativistic, too.

One consequence is that graphene plays host to all sorts of weird
effects that were previously thought to occur only in plasma around neutron
stars. Those effects can now be probed in desk-top experiments. Another is
that graphene contains things known as quasiparticles, which are beasts that
have many of the properties of real subatomic particles (protons, neutrons,
electrons and so on), without actually being truly real objects.

Quasiparticles are not, in themselves, novel. But Dr Geim's particular
quasiparticles are. They are of a type known as massive chiral fermions.

Chirality refers to "handedness", in that the left hand is the chiral
opposite of the right hand. Unfortunately, particle physics predicts that any
particle that has chirality cannot have mass, so a massive chiral fermion is a
contradiction in terms. Which is all rather mysterious. But there is some-
thing delightful about the idea of fundamental physics being challenged not
by results from a zillion-dollar particle accelerator, but by a couple of
blokes with a piece of high-tech pencil lead.

3ananns 3. Busnaure cunrakcuuHy Qyskuito Participle y nHaganux
PEUCHHSIX 1 MepeKIamiTh iX yKpaiHCHKOIO.

1. A session at the American Physical Society meeting held this
week in Baltimore, on a newly discovered form of graphite called
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graphene, showed how wrong that prejudice was.

2. Buckyballs are individual molecules composed of exactly 60
carbon atoms.

3. Graphene is the two-dimensional counterpart of these, consisting
of carbon sheets just a few atoms deep that can extend along all their edges.

4. That, combined with graphene's chemical stability, makes it an
attractive material for electronics.

5. He thinks that large-scale production of graphene wafers will soon
be feasible, with an experimental graphene transistor expected within six
months.

6. For Dr Geim has shown that it demonstrates a characteristic never
seen before in any material.

7. In 1879, a physicist called Edwin Hall discovered a phenomenon
now known as the Hall effect.

8. If a thin sheet of conductive material carrying an electric current
is placed in a magnetic field, the electrons forming the current will be
pushed towards one of the faces of the sheet, creating a pool of electrical
charge there.

9. But at smaller scales, such as those involving graphene, quantum
theory comes into play.

10. This leads to the so-called quantum Hall effect.

3aBnanns 4. 3HalAITh y TEKCTI MAPSAAHI O3HAYYBAIbHI PEUYCHHS i
nepeKyIaiTh iX yKpaiHCHKOIO.

3aBnanHa 5. 3HANWIITF y TEKCTI MAPAIHI TOJATKOBI pedeHHS 1
NepeKyIaiTh iX yKpaiHCHKOIO.

3apnanns 6. Bkaxite cuHTakcuyHy QyHKLII0 iHQIHITHBY Y peUeHHI
Ta 3po0iTh Mepekia yKpaiHChKOI0.

1. In that year, though, buckyballs (or buckminsterfullerenes, to give
their proper name) were discovered.

2. Unlike buckyballs and buckytubes, which engineers spent a
long time struggling to commercialise, graphene may head quite rapidly to
market.

3. It fails to react with the gases and moisture present in air at room
temperature.
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4. His team uses established microelectronic-manufacturing
techniques to add graphene interconnections to computer chips.

5. Those orbits, moreover, are constrained to have particular
radiuses, and thus particular energy levels.

6. What Dr Geim has done is to show that in graphene the Hall effect
is not merely quantum, but relativistic, too.

3apaanusi 7. 3po0iTh MHUCBMOBHII Tepekiaan TekcTy “Smooth
Operator”, 3Bepraroun yBary Ha OCOOJHBOCTI Ta CHelmU(piKy HepeKiagy
JIEKCUYHHX, TPAMaTHYHUX Ta CTHIICTUYHUX KOHCTPYKIIIH.

3aBaanna 8. [lepexknamiTh TEKCT aHTTIHCHKOID  MOBOIO,
BUKOPUCTOBYIOUH CIELiaNbHY TEPMIHOJOTIIO.

I'padit, MaTepian sKWii BUKOPUCTOBYETHCA B ONIBIISIX, MOXKE CTAaTH
OCHOBOIO HOBOTO KJIaCy HaHOGJICKTPOHHHX MPUCTPOIB, SKI MarTh
BJIACTUBOCTI BYTJIEIIEBUX HAaHOTPYOOK. [IpoTe iX BHPOOHHMIITBO MOKJIHBE
MIPU BUKOPHUCTaHH] ICHYIOUMX TEXHOJIOTiH B MIKPOEIEKTPOHIIII.

BuxopuctoByroun TOHKI mmapu rpadiTy, Bimomoro sk rpadiH, B
TexHonoriynoMy iHcTUTYTI mwTary Jkopais y cmiBhpaili 3 y4eHUMH 3
HarionansHoro HaykoBo-gociigHoro 1eHtpy B @pamniii (Centre National
de la Recherche Scientifique) po3poOuiaM KOHTPOJIBHO-TIEPEBIPOUHMI
TPaH3UCTOP, 3AMKHYTHH TPHUCTPIH 1 JIHIFO TUPKYJISPHOTO 3B'A3Ky. “Mu
PO3paxoOBYEMO CTBOPUTH NPHUCTPid, aHAJIOTIB SKOMY B KpEeMHi€BIH
€JIEKTPOHIIIl HE iCHY€, TOOTO IIe MOBHICTIO 1HIIMK TIOTJIA]] Ha eNEKTPOHIKY”,
- xaxe Bont nme Xeep, npodecop Texniko-izmunoi mKOIHM MmTATY
Jlxopmkis. “Halmoro TOJIOBHOIO METOH € IHTEIpajbHa €JIeKTPOHHA
CTPYKTYypa, sKa MPaIioe Ha OCHOBI Audpakiii enekTpoHis, a He audysii. Le
JI03BOJIUTh BHITYCKaTH MyK€ MaJEHbKI TPHCTPOi 3 MOyKe BHCOKHM
Koe]ilieHTOM KOPHUCHOI Jii 1 y’Ke MaluM €HeprocrnoXHBaHHIM.”

He Xeep mnepenbavae BUKOpPHCTAHHS TpadUHHOT ENEKTPOHIKH B
ocobmuBuX cdepax, NPUMIPOM 3BHYAHHUX KPEMHIEBUX CHUCTEMax.
I'padunni cuctemMu MOXYTb OYTH BHUKOPUCTaHI, SK OCHOBa JUIs
MOJIEKYJISIDHOT ~ €JIEKTPOHIKH, BHPIIIUBINK TpoOieMy oOrmopy, sKa €
TOJIOBHOIO MPOOJIEMOIO B TakuX cucTemax. Jle Xeep i HOoro Kojern novaiu
3 TOro, IO IUIACTHHY KapOily KpeMHilo, marepiaiy, IIO CKJIaJaeThCs 3
aTOMIB KPEMHIIO 1 BYTJICII0, HATPIIM B BHCOKOMY BaKyyMi, 1110 BUBUILHHIIO
3 MOBEPXHI IJIACTUHH aTOMH KPEMHIIO 1 OTpUMalK TOHKWH map rpadina.
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Jlani BOHM HaHECIM HAa TOBEPXHIO (DOTOOIMIPHUN MaTepiall, SKUid
BUKOPHCTOBYETHCSI B MIKPOENEKTPOHIl. BuKoOpucTOByI0OuM ONTHYHY
mitorpadiro UM eNeKTPONpPOMEHEBY JiTorpagil0c BOHM CTBOPHIM Ha
MOBEpPXHI  CTPYKTYpY, a TOTIM  BHKOPHUCTOBYIOUM  3BHYAiiHE
MPOTPABIIOBaHHS TpuOpanw 3aiBuii rpadin. “Mum poOMMO Taky camy
miTorpadiro, IO BUKOPUCTOBYETHCS B MIKPOCTIEKTPOHII, - Kaxke ae Xeep, -
IIe T€ X caMe, aJie 3 IHIIUM MaTepiaioM. Y IIbOMY TO i YHIKQJIbHICTh.”

BuxopucToByroun eneKTponpoMeHeBy JiTorpadilo BOHH CTBOPHIH
pO3Mip eleMeHTa iHTerpaibHOI cxeMH — 80 HaHOMETpIB, a 3a JTOMOMOTOI0
HoBo1 Hanousitorpagii Georgia Tech's Microelectronics Research Center
MOYKHa 3MEHIIUTH 10 10 HAHOMETPIB B IIUPUHY.

I'padmHHA cxeMa IEMOHCTPY€E BUCOKY MOOIUIBHICT €IEKTPOHIB — JI0
25.000 cM2 Ha BOJBT-CEKYHAY, MOKA3yIOYH, L0 €IECKTPOHH PYXaIOThCS 3
HU3BKOIO YACTKOIO PO3CilOBaHHA. BuYeHi TakoX MpPOJEeMOHCTPYBAIN
€JIeKTPOHHY KOTEPEHTHICTh MPHU OMU3BKHUX 10 KIMHATHOI TeMIepaTypax, a
TaKoXX JOBeNM eQeKT KBaHTOBOi iHTepdepeHiii. Bonnm mnependayaroTs
OaicTHYHUH Mepexia KOIU CTPYKTypa Oyie 10CTaTHBO MaJa.

BuenuM Bxe BAANOCS CTBOPUTU IUIOCKUH MOJBOBUH TPAH3UCTOP.
[Ipuctpiit 3miHIOE Omip, KO HA OpaMKy MOJAEThCS HANpyXeHHs. TuM He
MEHIIE, IPUCTPI Ma€e ICTOTHUH BHUTIK CTPYyMY, SKH BYCHI CHOJiBArOTHCS
YCYHYTH 32 JIOTIOMOT'OI0 BHECEHHSI HEBEJIMKUX KOPUTYBaHb.

Takox BUEHI CTBOPHIIN JFOUHI MPUCTPi KBAHTOBOI iHTepdepeHirii,
KUTBIIETIOIIOHOT CTPYKTYpH, SIKE JIOTIOMOXKE B YIPaBIiHHI €JIEKTPOHHUMH
XBHJISIMH.

Kirouem 10 BiacTMBOCTEH 1HTETrpaibHOI CXEMH € TOBIIMHA CTPIUOK,
AKi BIJOKPEMIIFOIOTH €IIEKTPOHH B KBAHTOBOMY €(QeKTi, Taki X, sKi
CIIOCTEpITalThCsl B ByIJlelleBUX HaHOTpyOkax. LllupuHa cTpidok ynpasise
HIMPUHOIO 3a00POHEHOT CHEPreTUYHOT 30HU MaTepiaiy.

He Xeep i1 ioro koserun movamu podory 3 rpadinom B 2001 i
orpuManu minTpumky kommadii Intel B 2003. IlizHimme BOHM OTpHMau
Komanany npemiro HaHOpPO3MIpHHUX MUDKIUCHMILIIHAPHUX JOCIIKEHb
(Nanoscale Interdisciplinary Research Team) Bix AMepHKaHCBKOTO
HalllOHAJIbHOTO HaykoBoro (oHay. TakoX BOHM 3apeecTpyBalM OAMH
MAaTeHT Ha IXHI METO/ BUTOTOBJIEHHS rpad)MHHOT IHTETPATHbHOT CXEMHU.



